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FOREWORD

During 2015 NCBJ operated under quite stable cmmdit Three important projects were completed. &hesre:
Accelerators and Detectors, Computing Centre Swiedlish acronym: CIS) and 4 Labs. Innovative tetbgies
for medical accelerators were proposed under tisé groject and the construction of a new plasmerdier was
completed under the third. The number of paperdighéd in refereed journals increased to nearly 800 the
number of citations reached more than 8000 this.yElae corresponding Hirsch index increased to ¢Rfng

NCBJ the 5th position in Poland among all instistd@d universities.

A new Department named Complex Systems (PolismgandUZ) was formed. It comprises two Laboratoribs:
Laboratory of Information Technologies and the Bion of Nuclear Energy and Environmental StudiesthBnake
extensive use of the computer resources of CIS.stipercomputer in CIS (155th on the TOP500 lighefworld’s
supercomputers) is currently used mainly for bassearch in particle physics, analysing petabytelata from the
Large Hadron Collider at CERN, and for time consumimolecular calculations for projected new
radiopharmaceutical products in close cooperatiith the POLATOM Radioisotope Centre and the Ingtitaf
Nuclear Chemistry and Technology (IChTJ). Although still expect that NCBJ will play a key role the
Technical Support Organisation for the nuclear poplant to be built in Poland, there has beerelifftogress in
this field due to the rather slow development af Bolish nuclear programme. In spite of this, thirhational
School on Nuclear Power was very successfully asgainfor the 8th time and gathered about 180 ppatits from
many countries. The School attracted as many ade@firers from 9 countries, and was supplemented by
3 workshops (on-site at Swierk and at the Natiétggository in Réan, about 140 km from Warsaw).

In 2015 NCBJ was for the first time co-organisegéther with CERN) of the CERN Accelerator Schdghly
evaluated by the CERN authorities. Another immatrevent, organised together with the Facultyhofsits of the
University of Warsaw, was 19th annual InternaticBahference on Particle Physics and Cosmology (CO9M4).

The NCBJ Research Council awarded 3 habilitations®PhDs in 2015. In June Lech Szymanowski wees del
the full professor title by the President of PolaBdonistaw Komorowski, while in September the heelected
President of Poland, Andrzej Duda , awarded Mi&padliaski the full professor title.

From year-to-year an increase in the number of geugeneration employees is observed. Throughmsityear
university graduates could compete in the Gradahthe Year contest. Monika Szotucha, who performedtron
calculations at the MARIA reactor, won the natiophhse of the contest. She competed in the intenatfinals,
with 5 other participants from Brazil, France, Thetherlands, Russia, and Great Britain.

Radioisotope production at NCBJ is possible thatokthe MARIA nuclear reactor. It is the 4th mostweoful
research reactor in Europe and it produces radapss, Mo-99 and Tc-99m in particular, for two il patients a
year. The reactor staff, in collaboration with #®LATOM Radioisotope Centre, are preparing thewesefor full
production line synthesis of the Tc-99m isotopalispensable in most hospitals with nuclear medicimeds.
POLATOM prepared a new project called CERAD (Cerftr the Design and Synthesis of Radiopharmacastic
for Molecular Targeting) which will allow the ddepment of a large range of new radioisotopes preduwsing
a 30 MeV Cyclotron — the heart of the project. Pheject was approved and will be launched soon.

2015 was announced by UNESCO as the “Internatigealr of Light” and was a highly dynamic year foESY

Lab., home of the largest free-electron laser irope. NCBJ continued its contribution to the 3m long XFEL in
Hamburg, and is also involved in the preparatiorinsfruments for the ESS - the European Neutrorl&jwen

Source - which will serve the community of neutrgraphers. Much work has also gone into updatinghtheron
instruments installed on the horizontal channelthefMARIA reactor. In 2014 the MARIA reactor Iglrated its
40th anniversary of successful work.

In 2015 we also celebrated the 60th anniversatii@founding of our Institute. Bronistaw KomorowslPresident
of Poland, awarded some outstanding Polish nuglegsicists/chemists, some employees of the formtitute of
Nuclear Research who actively supported the dertioareovement in Poland during the 1980s, as weanre of
the most deserving NCBJ/ IChTJ employees, Officargl Knights’ Crosses of the Polonia Restituta ©atel
Crosses of Merit.

Krzysztof Kurek
Director
National Centre for Nuclear Research
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GENERAL INFORMATION

LOCATIONS
Main site: Warsaw site: L ékite:
30 km SE from Warsaw (divisions BP1, BP2, BP3) iglon BP4)
Swierk, 69 Haa street 5 Uniwersytecka street
05-400 Otwock 00-681 Warsaw 90-950 £6d

MANAGEMENT OF THE INSTITUTE

Director

Deputy Director for Science

Deputy Director for Research Infrastructure

Deputy Director
for Economy and Development

Deputy Director for Administrative and
Technical Affairs

Deputy Director
for Nuclear Safety and Radiation Protection

Scientific Secretary

Spokesman

Spokeman for Nuclear Power

Professor Grzegorz WROCHNA (till 24.10.2015)
phone: +48 22 2731001, +48 22 2731583

+48 22 5532254

e-mail: Grzegorz.Wrochna@ncbj.gov.pl
Krzysztof KUREK, D.Sc. (from 25.10.2015)
phone: +48 22 2731001, +48 22 55332254
e-mail: Krzysztof.Kurek@nchbj.gov.pl,
director@ncbj.gov.pl

Professor Ewa RONDIO
phone: +48 22 2731585, +48 22 5532375
e-mail: Ewa.Rondio@ncbj.gov.pl

Prefedrzysztof WIETESKA (till 31.12.2015)
phone: +48 22 2731474
e-mail: Krzysztof.Wieteska@ncbj.gov.pl

Zbigniew GOEBIEWSKI, MSc Eng
phone: +48 22 2731582
e-mail: Zbigniew.Golebiewski@ncbj.gov.pl

Marek JUSZYIZ, MSc
phone: +48 22 2731614
e-mail: Marek.Juszczyk@ncbj.gov.pl

Adam HRYCZUK, MSc Eng
phe#& 22 2731333, +48 22 2731045
e-mail: Adam.Hryczuk@ncbj.gov.pl

Krzysztof KUREK, D.Sc. (tit20.2015)
phone: +48 22 5532239, +48 22 2731581
e-mail: Krzysztof.Kurek@ncbj.gov.pl
Professor Krzysztof WIETESKA
(from 25.10.2015)
phone: +48 22 2731518
e-mail: Krzysztof.Wieteska@ncbj.gov.pl

Marek SIECZKOWSKI, MSc Eng
phone: 512 583 695
e-mail: Marek.Sieczkowski@nchbj.gov.pl

Andrzej STRUPCZEWSKD Emg
Phone:: +48 22 273
e-mail: andrzej.strupczewski@ncbj.gov.pl
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SCIENTIFIC COUNCIL (2011-2015)

The Scientific Council was elected on 1 July 20#i the scientific, technical and administrativeffstat the
Institute. As a result of merging The Andrzej SoHastitute for Nuclear Studies and The InstitufeAtomic
Energy a supplementary election was conducted o8ef8ember 2011. The Council has the right to coRfd

andhabilitation degrees in physics (DSc).
Representatives of scientific staff:

Helena Biatkowska, Profess@eputy Chairperson
Ludwik Dobrzyaski, Professor

Zbigniew Guzik, Assoc. Prof.

Edward lller, Assoc. Prof.

Anna Wysocka-Rabin, Assoc. Prof.

Agnieszka Syntfeld-Kauch, PhD

Bogumita Mystek-Laurikainen, PhD

Mieczystaw Mielcarski, Assoc. ProDeputy Chairman
Marek Moszyiski, Professor

Marek Rabaski, PhD

Stanistaw Roho#iski, Professor

Representatives of Management:

Ewa Rondio, Professor

Krzysztof Wieteska, Professor
Grzegorz Wrochna, Professor
Representatives of technical personnel:
Alina Markiewicz, MSc

Jacek Pracz, MSc

Jerzy Wysokiski, M.Eng.

External members:

Krzysztof Rusek, Professor

Marek Sadowski, Professor

Janusz Skalski, Assoc. Prof.

Adam Sobiczewski, Professor

Dariusz Socha, PhD

Ryszard Sosnowski, Profess@hairman
Andrzej Strupczewski, PhD

Zbigniew Werner, Assoc. Prof.
Grzegorz Wilk, Professor

Wojciech Wilicki, Professor

Stawomir Wronka, PhDDeputy Chairman

Krystyna Jabtaska, Professor
Danuta Kisielewska, Professor
Pawet Kukotowicz, Professor
Piotr Malecki, Professor

Tomasz Matulewicz, Professor

Janusz Mika, Professor, Professor
Marek Pajek, Professor

Bogdan Patosz, Professor
Andrzej Patrycy, M.Eng.
Stanistaw G. Roho#ski, Professor

Michat Waligorski, Professor

Andrzej Zibik, Professor
Janusz Ziotkowski, Professor

Institute of Physics, Polish Acaylef Sciences,
Warsaw
AGH University afédice and Technology, Cracow
Holy Cross Cancert€erKielce
The Henryk Niewodnigghi Institute of Nuclear
Physics,
Polish Academy of Sciences, Cracow
Institute of Expenimal Physics, Faculty of Physics,
University of Warsaw
former Instibfitdtomic Energy
Institute of Physics, Jée Kochanowski University,
of Humanities and Sciences, Kielce
Institute of High PnesBinysics,
Polish Academy of Sciences, Warsaw
Energoprojekt Warszawa S.
Institute for Theoretical Physldsjversity of Warsaw
The Henryk Niewodraaski Institute of Nuclear
Physics, Polish Academy of Sciences, Cracow
Silesian University of Technology
The N. Copernicusdk®mical Centre, Warsaw
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SCIENTIFIC COUNCIL (2015-2019)

The new Scientific Council was elected on 1.07.20y 5he scientific, technical and administrativafof the
Institute. The one elected for the term 2011-20drictuded its work accordingly. The Council hastigat to
confer PhD and habilitation DSc degrees in physics.

Representatives of scientific staff:

Tomasz Matulewicz, Professo€hairman,Institute of Experimental Physics, University oB¥8aw

Ryszard Broda, Assoc. Prof.
Izabela Cieszykowska, PhD
Piotr Garnuszek, Assoc. Prof.
Michat Gryzinski, PhD Eng

Marek Sadowski, Professor
Dariusz Socha, PhD Eng

Michat Spalihski, Assoc. Prof.
Marek Szczekowski, Assoc. Prof.

Edward lller, Assoc. ProfDeputy Chairman Adam Szydlowski, Assoc. Prof.

Urszula Karczmarczyk, PhD Eng
Nicholas Keeley, Assoc. Prof.
Michat Kowal, Assoc. Prof.
Zuzanna Marcinkowska, PhD

Mikotaj Tarchalski, MSc Eng

Wojciech Wilicki ProfessorDeputy Chairman
Anna Wysocka-Rabin, Assoc. Prof.

Piotr Zalewski, Assoc. Prof.

Marek Moszyiski, Professoeputy Chairman Izabella Zychor, Assoc. Prof.

Wilodzimierz Piechock,i Professor

Representative of Management:

Krzysztof Kurek, Assoc. Prof.
Ewa Rondio, Professor

Agnieszka Syntfeld-Kauch, PhD

Representatives of technical personnel:

Janusz Jaroszewicz, MSc Eng
Jan Kopé, MSc Eng
Jerzy Wysokiski, Eng

External members:

Andrzej Chmielewski, Professor, Deputy Chairmaninstitute of Nuclear Chemistry and Technology, Véars

Krystyna Jabtaska, Professor,
Jan Kalinowski, Professor,
Danuta Kisielewska, Professor,
Ewa tokas, Professor,
Bartlomiej Nowak, DSc,

Pawet Olko, Professor,
Bogdan Patosz, Professor,
Andrzej Rabczenko, Professor,
Krzysztof Rusek, Professor,
Michat Waligorski, Professor,
Krzysztof Zaremba, Professor,

- Institute of Physics, Polishderay of Science, Warsaw
- Institute of ThearatiPhysics, University of Warsaw
- AGH UniversitySgience and Technology, Cracow
- Nicolaus Copernikus Ceottgstronomy, Warsaw
- Kozminski University, Wsaw
- Institute of Nuclear RtsjsPolish Academy of Science, Cracow
- Institute of High &wes Physics, Polish Academy of Science, Warsaw
- President of Ridafdvisor
- Heavy lon Laboratthyiversity of Warsaw
- Institute of Nuctd@hysics, Polish Academy of Science, Cracow
- Institute of Ratbatronics, Faculty of Electronics and Information
Technology, Warsaw University of Technology
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DEPARTMENTS AND DIVISIONS OF THE INSTITUTE

NUCLEAR FACILITIES OPERATIONS DEPARTMENT
Director of the Department — Grzegorz KRZYSZTOSZBASc Eng

- MARIA REACTOR OPERATIONS DIVISION (EJ2)
Head of Reactor — Andrzej G@#B, MSc Eng

- REACTOR RESEARCH AND TECHNOLOGY DIVISION (EJ3)
Head of Division — Janusz&#8TKA, MSc Eng

- RADIATION PROTECTION MEASUREMENT LABORATORY (LPD)
Head of Laboratory —Tomasz Pliszagki, MSc Eng

MATERIAL PHYSICS DEPARTMENT
Director of the Department — Professor Jacek JAGIHKIL

- MATERIALS TESTING LABORATORY (LBM)
Head of Laboratory —-Ewa HAJEWSKA, PhD

- NUCLEAR METHODS IN SOLID STATE PHYSICS DIVISIONRM1)
Head of Divison =Jacek J. MILCZAREK, PhD

- PLASMA/ION BEAM TECHNOLOGY DIVISION (FM2)
Head of Divison —Cezary POCHRYBNIAK, PhD

DEPARTMENT OF FUNDAMENTAL RESEARCH
Director of the Department — Professor StanistavdwWwbzynski

- NUCLEAR PHYSICS DIVISION (BP1)
Head of Divison —-Bohdan MARDSKI, PhD

- THEORETICAL PHYSICS DIVISION (BP2)
Head of Divison —Michat KOWAL, PhD

- HIGH ENERGY PHYSICS DIVISION (BP3)
Head of Divison —Maciej] GORSKI, PhD

- ASTROPHYSICS DIVISION (BP4)
Head of Divison — Agnieszka POLLO, PhD, DSc

10
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NUCLEAR TECHNIQUES & EQUIPMENT DEPARTMENT
Director of the Department — Jacek RZADKIEWICEZhD

- PARTICLE ACCELERATION PHYSICS & TECHNOLOGY DIVISDN (TJ1)
Head of Division —Stawomir WRONKA, PhD

- RADIATION DETECTORS DIVISION (TJ3)
Head of Division - Tomasz SZEXNIAK, PhD,

- ELECTRONICS AND DETECTION SYSTEMS DIVISION (TJ4)
Head of Division —Michat GIERLIK, PhD

- PLASMA STUDIES DIVISION (TJ5)
Head of Divison —JarostadEBROWSKI, PhD

- NUCLEAR EQUIPMENT DIVISION- HITEC (ZdAJ)
Director of Division - Pawet KRAWCZYK, PhD

DEPARTMENT OF COMPLEX SYSTEM
Director of the Department - Professor Wojciechsltki

- LABORATORY FOR INFORMATION TECHNOLOGIES (UZ1)
Head of Divison - Adam PADEE, PhD

- LABORATORY FOR ANALYSES OF COMPLEX SYSTEMS (UZ2)
Head of Divison - Karol Wawrzyniak, PhD Eng

- LABORATORY FOR NUCLEAR ENERGY AND ENVIRONMENTAL AMLYSES (UZ3)
Head of Divison - Professor Mariuszliyowski

EDUCATION AND TRAINING DIVISION )
Head of the Division— Professor Ludwik DOBRX®KI

RADIOISOTOPE PRODUCTION CENTRE POLATOM (OR)
Director of Centre —Dariusz SOCHA, PhD Eng

TRANSPORT DIVISION (ZTS)
Director, Bogdan GAS, Eng.

11
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12

MAIN RESEARCH ACTIVITIES

Elementary particle physics, astro- & cosmic ray pkisics and cosmology

© © N ook wDbd

High-energy hadron-hadron interactions.

Elastic and inelastip and e interactions. Nucleon structure.

Rare decays.

Baryon resonances and near threshold meson producti

Neutrino physics.

Astrophysics: optical detection of short burstsgéascale structure, dark matter.
Cosmic ray physics.

Cosmology.

Theory of lepton and hadron interactions.

Nuclear physics

1
2
3.
4.
5
6
7

Relativistic ion collisions.

Nuclear reactions.

Nuclear structure.

Properties of heavy and superheavy nuclei (theory).

Theory of nuclear matter, hypernuclei & nucleausture and dynamics.
High-energy atomic physics.

Exotic atoms.

Plasma physics and technology

1.
2.
3.
4,

Development of methods and tools for plasma diatip®s

Studies of light emitted from hot plasma jet ard jateraction with solid targets.

Thin Nb and Pb film coating by means of arc disgkarunder ultra-high vacuum conditions.
Nonlinear effects in extended media & Bose-Einsteindensates (theory).

Detectors, accelerators, physics of materials & apigations

1.

S e

~

Modification of surface properties of solid matésiay means of continuous or pulsed ion and plasma
beams.

R&D of linear accelerators for high-energy electron
Accelerators for hadron therapy.

Small electron accelerators for X-ray therapy.

Optimization of TiN coating processes for accelamstructures.

New detection methods and their application in sysxperiments, nuclear medicine and homeland
security.

Electronics for large-scale experiments in highrgnehysics.
Systems for nuclear radiation spectroscopy.
R&D of special silicon detectors for physics expggnts and environmental protection.
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VI.

VII.

Solid state physics

1. Materials structure studies by nuclear methods.

2. Technology of modifying surfaces of industriallyedsmaterials.

Nuclear technology in energy generation

1. Physics and technology of nuclear reactors.

2. Nuclear power energy generation.

3. Management of spent nuclear fuel and radioactiveevaNucelar transmutation.
Nuclear technology in health and enviromental protetion, management of hazards

1. Development of new radiopharmaceuticals for diatjo®snd radionuclide therapy.

2. Dosimetry and nano-dosimetry.

3. Computer modelling of radiation sources, transpbradiation through matter and radiation dose

calculations.

X-ray sources for medicine and industry.

New methods for obtaining radioactive isotopes.

Methods of assessment and forecasting of envirotahtmeats from nuclear and industrial facilities.

Nuclear Safety
ien ncil DIRECTOR
Scientific Counc Commision
Research Sector Operational Sector
. De Director
Deputy Director fo‘,m;;ymach Research Support Department
for Scientific Affairs infrastructure Department of Nuclear Safety
Sclentific Secretary and Health Care
Nuclear Facilities o patnen
oporahon Depamm Research Oepanmen" Oepaﬂmen'.l
of Economy of Administrative
: and Development and Technical
Material Physics Nuclear Techniques Affairs
l and Equipment
Depa e Department
Radoisotope
Centre Transport Division
Department POLATOM
of Complex System

13
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SCIENTIFIC STAFF OF THE INSTITUTE

PROFESSORS

BIALKOWSKA Helena
BLOCKI Jan(**)
CHWASZCZEWSKI Stefan(**)
CZACHOR Andrzej(**)
DABROWSKI Janusz (**)
DABROWSKI Ludwik
DABROWSKI Mariusz
DOBRZYNSKI Ludwik
INFELD Eryk (**)

10. JAGIELSKI Jacek (**)

11. JASKOLA Marian (**)

12. KROLAK Andrzej (**)

13. MEISSNER Krzysztof
14. MOSZYNSKI Marek

15. MROWCZYNSKI Stanistaw (**)
16. PARUS Jozef (**)

17. PATYK Zygmunt

18. PIASECKI Ernest (**)

19. PIECHOCKI Wiodzimierz
20. RONDIO Ewa

21. ROSZKOWSKI Leszek
22. SADOWSKI Marek

NN E

ASSOCIATE PROFESSORS

BRODA Ryszard
DELOFF Andrzej (**)
GARNUSZEK Piotr
GUZIK Zbigniew

ILLER Edward (**)
KEELEY Nicholas
KOWAL Michal

KUPSC Andrzej
KUREK Krzysztof

10 MIELCARSKI Mieczystaw (**)
11 MIKOLAJCZAK Renata
12 POLLO Agnieszka

13 SKALSKI Janusz

OCO~NOOOTA WNE

ASSISTANT PROFESSORS

ADAMUS Marek
ANDRZEJEWSKI Krzysztof
BANTSAR Aliaksandr
BARLAK Marek
BERLOWSKI Marcin

BLUJ Michat

BOIMSKA Bozena
BORYSIEWICZ Meczystaw
CZARNACKI Wiestaw(**)
10. CZUCHRY Ewa

11. DOROSH Orest

12. DURKALEC Anna

13. FIJAL-KIREJCZYK lzabela
14. FRUBOES Tomasz

CoNooAWNE

14

23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

SANDACZ Andrzej
SIEMIARCZUK Teodor(**)
St OWINSKI Bronistaw(**)
SOBICZEWSKI Adam
SOSNOWSKI Ryszard
SPALINSKI Michat
STEPANIAK Joanna(**)
SZEPTYCKA Maria (**)
SZYMANOWSKI Lech
TUROS Andrzej (**)
TYMIENIECKA Teresa(**)
WIBIG Tadeusz(**)
WIETESKA Krzysztof
WILCZY NSKI Janusz(**)
WILK Grzegorz

WISLICKI Wojciech
WROCHNA Grzegorz
WYCECH Stawomir (**)
ZABIEROWSKI Janusz
ZDUNEK Krzysztof(**)
ZWEGLINSKI Bogustaw(**)

14 SMOLANCZUK Robert
15 SZCZEKOWSKI Marek
16 SZLEPER Michat

17 SZUTA Marcin

18 SZYDLOWSKI Adam
19 SZYMANSKI Piotr (*)
20 WERNER Zbigniew
21 WRONKA Stawomir
22 WYSOCKA-RABIN Anna
23 ZALEWSKI Piotr

24 ZYCHOR lzabella

25 ZUPRANSKI Pawet (**)

15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.

GIERLIK Michat
GOLDSTEIN Piotr
GORSKI Maciej
GRODZICKA-KOBYLKA Martyna
GRYZINSKI Michat
HAJEWSKA Ewa(**)
HARATYM Zbigniew(**)
HELLER Michat(*)
HRYCYNA Orest
HRYCZUK Andrzej
JAKUBOWSKI Lech (**)

JANKOWSKA-KISIELINSKA Joanna(**)

KAZANA Malgorzata
KIREJCZYK Marek
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29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

76.

77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

KORMAN Andrzej
KOWALIK Katarzyna
KOWALSKA Kamila
KRZEMIEN Wojciech
KUPRASKA tukasz
KURASHVILI Podist
KWIATKOWSKI Roch
LAGODA Justyna
LORKIEWICZ Jerzy
MAJCZYNA Agnieszka
MALEK Katarzyna
MALINOWSKA Aneta
MALINOWSKI Karol(**)
MALKIEWICZ Przemystaw
MARCINKOWSKA Zuzanna
MARIANSKI Bohdan
MAURIN Jan(**)
MELNYCHUK Dmytro
MIESZCZYNSKI Cyprian
MIJAKOWSKI Piotr
MILCZAREK Jacek

MY SLEK-LAURIKAINEN Bogumita
NAWROCKI Krzysztof
NAWROT Adam (**)
NIETUBYC Robert
NOWAKOWSKA-LANGIER Katarzyna
NOWICKI Lech (**)

OSKO Jakub

PAWELOWSKI Marek
POCHRYBNIAK Cezary
POLANSKI Aleksander
POTEMPSKI Stawomir
PROKOPOWICZ Rafat
PRZEWLOCKI Pawet
PSZONA Stanistaw(**)
PYLAK Maciej

PYTEL Krzysztof
RABINSKI Marek
RATAJCZAK Renata
ROZYNEK Jacek
RUCHOWSKA Ewa
RZADKIEWICZ Jacek
SERNICKI Jan

SESSOLO Enrico Maria
SKEADNIK-SADOWSKA Elzbieta (**)
SKORUPSKI Andrzej (**)
SOKOLOWSKI Marcin(*)
SOLARZ Aleksandra
STONERT Anna
STRUGALSKA-GOLA Ekbieta
SULEJ Robert

SWIDERSKI tukasz
SYNTFELD-KAZUCH Agnieszka
SZABELSKI Jacek
SZCZESNIAK Tomasz
SZEWINSKI Jarostaw
SZNAJDER Pawet
TROJANOWSKI Sebastian
TRZCINSKI Andrzej

TULIK Piotr(**)

89.
90.
91.
92.
93.
94,
95.
96.
97.
98.
99.
100.
101.

TYMINSKA Katarzyna
UKLEJA Artur

WAGNER Jakub

WASIAK Jan
WAWRZYNCZAK-SZABAN Anna
WAWRZYNIAK Karol
WIELGOSZ Monika
WILLIAMS Andrew
WOJCIECHOWSKI Andrzej(*)
WOJTKOWSKA Jolanta (**)
ZALIPSKA Joanna
ZEBROWSKI Jarostaw

ZIN Pawel

OTHER RESEARCH STAFF

©COeNOTRALDNPRE

WWWwWwwwwwwrhnlRhRNNNNNNNNRPRRPERRERRERPEPRR
©CONOOORWNEP,OO®®NDORWNMEOOONO®OGOAWNEO

ADRICH Przemystaw
AUGUSTYNIAK Witold(**)
BATSCH Tadeusz
BIELEWICZ Marcin

BILOUS Waldemar (**)
BIRNBAUM Grazyna
BLACHNIK Marcin
BOETTCHER Agnieszka
BOMARK Nils Erik

BOREK —KRUSZEWSKA Elbieta
BUDZIANOWSKI Armand
BURAKOWSKA Agnieszka
BYSZEWSKA-SZPOCNSKA Ewa
CHMIELOWSKI Wtadystaw (*)
CIESLIK lwona
CIESZYKOWSKA lIzabela
DOROSZ Michat

DZIEL Tomasz

DZIEWIECKI Michak(**)
FILIKS Anna

FINDEISEN Michat

FISZER Marzena

GAJEWSKI Jacek

GOJSKA Aneta

GORSKI Ludwik(**)
HOFFMAN Julia (*)

JANIAK Tomasz

JANOTA Barbara

JARON Antoni

JAWORSKI Wojciech
JEDRZEJCZAK Karol(*)
JEDRZEJEC Henryk(**)
KAPUSTA Maciej (*)
KARCZMARCZYK Urszula
KLIMASZEWSKI Konrad
KELUDKIEWICZ Dominik Daniel
KONIOR Marcin

KORSAK Agnieszka
KORYTKOWSKI Michat

15



Annual Report 2015

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

*
*)

N O 0o WN B

10
11
12

13
14
15

16

17
18

16

KRAWCZYK Pawet 62. SAWICKA Agnieszka
LICKI Janusz(**) 63. SENDAL Jagoda

LIPKA Robert 64. SLAPA Mieczystaw (**)
LISTKOWSKA Anna 65. SOBKOWICZ Pawet
LUCZAK Pawet 66. SOCHA Dariusz

LUCZYK Arkadiusz(**) 67. SOWINSKI Mieczystaw (**)
LUSZCZ Mariusz(**) 68. STANISZEWSKA Joanna
MALETKA Krzysztof 69. STEFAN Dorota
MARKIEWICZ Alina 70. STRUPCZEWSKI Andrzej
MAURIN Michat 71. SWIDERSKA Karolina
MIELCZAREK Jakub(**) 72. SZABELSKA Barbara
OLSZACKI Michat 73. SZYMCZYK Wiadystaw(**)
PADEE Adam 74. SZYSZKO vel Chogzy Tomasz
PAWLAK Dariusz 75. TARCHALSKI Mikoftaj
PIJAROWSKA-KRUSZYNA Justyna 76. TRACZYK Piotr (*)
PLAWSKI Eugeniusz 77.  TYMINSKI Zbigniew
PLEWA Grzegorz 78. WASILEWSKI Adam
PLUCINSKI Pawet (¥) 79. WOJDOWSKA Wioletta
RAJEWSKA Aldona (*) 80. ZADROZNY Adam
ROMANCZUK Maltgorzata 81. ZAREBA Barbara
RZEMEK Katarzyna 82. ZOLADEK-NOWAK Joanna
SASINOWSKA lwona 83. ZOLTOWSKA Matgorzata

on leave of absence
part-time employee

VISITING SCIENTISTS

Aprile E. Columbia University, New York, USA

Ackerman C.M. NRG, Petten

Adamczyk M. IAEA, Austria

Balaji R. INSA Renne, France

Balashevskyi O. Energoatom”, UKR

Baron-Wiechec A. Culham Centre for Fusion Energy

Belovsky L. Nuclear Power Plant Research Institute
(VUJE), Slovenia

Bilicki M. University of Cape Town, Republaf South
Africa

Bilicki M. Leiden University, Nederlands

Bomark N. University of Agder,Norwegian

Boussarie J.P. Institute of Nuclear Physics,QFsayce

Capdevielle J.-Noél Laboratoire AstroParticul€esmologie -
APC, Université Paris Diderot, France

Capdevielle N.P. University of Paris,France

Carrington M. Brandon University, Canada

Chewpraditkul W. KMUTT, King Mongkut's Universityf

Technology Thonburi, Bangkok, Tailand

Chewpraditkul Weerapong  KMUTT, King Mongkut's Ugisity of
Technology Thonburi, Bangkok, Thajland

Choi K.Y. Tajwan
Choudhury A. Harish-Chandra Research InstitutegIndi

16-121
08.06.
31.08.
24-25.11
02-06.11
0@3.
02-06.11

19.01-23.01.

20.11.2015
05-08.12
18-24.03
7.10-22.10

10005
14.0442.0
27.09-24.10

27.09.-24.10.

30.05-02.06
27.04-09.05

BP2
EJ1/UZ3
EJ1/UZ3
LBM
EJ1/UZ3
TJ4
EJ1/UZ3

BP4

BP4
BP2
BP2
BP4

BP4
BP3
TJ3

TJ3

BP2
BP2
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19

20

21

22

23
24

25
26
27
28
29
30
31
32

33
34

35

36

37
38
39

40

41

42
43

44

45
46
a7

48
49
50
51
52
53
54

Daranyi A.

Ddilek P.

Durkalec A.

Duspiva J.

Fedorko L.
Gadoé J.

Garosi P.
Garrido
Geissel H
Gtéwka M.
Gorodetzky P.
Grabowski A.

Grosseau Poussard J.L.

Gusztav M.

Hamel M.
Hatala B.

Horvathm A.|
Hozer Z.

Hryhorenko O.
lovene A.
Kereszturi A.

Klamra W.

Klocok J

Kool P.B.
Kvizda B.

Ladygina M.

Lansberg J.P.
Leclercq R.
todygina M.

Lotrus P.
Loiseau B.
Lukashevich A.
Magner A.
Magner A.
Malini V.
Massacrier L

15-21.11

MTA EK, Hungarian Academy of Sciences21-22.10

Centre for Energy Research, Hungary

Nuclear Power Plant Research Institute
(VUJE), Slovenia

Laboratoire d'Astrophysique de Malese
France

Nuclear Power Plant Research Institute
(VUJE), Slovenia

Mochovce NPP

21-22.10

16.12.14 - 5.01.15

02-06.11

02 06.11

MTA EK, Hungarian Academy of Science21-22.10

Centre for Energy Research, Hungary

CAEN, Viareggio, Italy
CSNSM, Orsay, France
GSI-Darmstadt, Germany
Warsaw University of Technology
APC, Universite Paris_7, France
CEA,Saclay, France

Universite La Rocheaitede

08-10.06
26-31.10
24.09 - 2.10
0683707
1242
11-16.10

21.09

MTA EK, Hungarian Academy of Sciences21-22.10

Centre for Energy Research, Hungary

CEA LIST,, Saclay, France
Nuclear Power Plant Research Institute
(VUJE), Slovenia

MTA EK, Hungarian Academy of Scieac
Centre for Energy Research, Hungary

MTA EK, Hungarian Academy of Sciences

Centre for Energy Research, Hungary

Institut for Nuclear Research,Kligkraine

CAEN, Viareggio, Italy

MTA EK, Hungarian Academy of Saies
Centre for Energy Research, Hungary

Departament of Physics Royal Institfte
technology, Stockholm, Sweden

Nuclear Power Plant Research Institute
(VUJE), Slovenia

Radworks, Holand

Nuclear Power Plant Research Institute
(VUJE), Slovenia

Institute of Plasma Physics, Kharkov
Ukraine

Institute of Nuclear Physics,QFsance
ADIT, USA

Institute of Plasma
Physics,Kharkov,Ukraine

Saclay, France
Universite Paris VI, France
Virginijus VILEINISKIS LEI
Institute for Nuclear Research,Kiev aike
Institut for Nuclear Research,Kiev, Ukea
Commercial service provided to TWI Ltd.
Institute of Nuclear Physics,OrBeafice

12-16.10
21-22.10

21-22.10

21-22.10

19-23.09
08-10.06
21-22.10

07-17.12

21-22.10

18-20.03
21-22.10

21.09.-03.10.

14-20.06
20-21.05
21.09-03.10

18.02
16-26.11
02— 061
15-31.05
21.09-04.10
14-18.12
14-20.06

EJ1/UZ3

EJ1/UZ3

BP4

EJ1/UZ3

EJ1/UZ3
EJ1/UZ3

TJ3
BP1
BP1

Polatom
BP4

TJ3

LBM

EJ1/UZ3

TJ3
EJ1/UZ3

EJ1/UZ3

EJ1/UZ3

BP1
TJ3
EJ1/UZ3

TJ3

EJ1/UZ3

TJ1
EJ1/UZ3

TJ3

BP2
TJ3
TJ5

TJ1
BP2
EJ1/UZ3
BP2
BP2
TJ4
BP2
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55 Mazurek T.
56 Mielczarek J.

57 Moretti S.

58 Neuer M.

59 Neuer M.

60 Nocente M.
61 Parnovskyi S.

62 Perevoznikov O.

63 Perseo V.
64 Pin-Wei Wang

65 Prat P.

66 Reymond J.-M.
67 Rigamonti D.

68 Rousse J.-Y.
69 Sakthong O.

70 Semina V
71 Shams A.

72 Sheubani A.

73 Skarpa F.

74 Sreebunpeng K.

75 Stempniewicz M. M.

76 Takeuchi Tsutomu T.

77 Tardocchi M.

78 Tkaczyk A.
79 Trifonov A.r

80 Vasile A.
81 Wallicka I.
82 West A.

83 Witzanyova N.

84 Wréblewska Z.
85 Yann L.

86 Young Rang Uhm

87 Zaitsev D.

88  Zuk LW.

89 Zybin P.

18

Warsaw University of Technology

Universite de Grenoble, on leawenf
NCBJ

University of Southampton,UK

0131808
27.07.-2.08.

16-17.11
5-8.12

Division of Measurement and Automation, 23.04.-24.04.

INNORIID, Germany

Division of Measurement and Automation, 07-13.04

INNORIID, Germany
Instituto di Fisica del Plasma, Mdattaly
University of Kiev, Ukraine
Energoatom”, UKR
University of Milano Bicocca, Italy

Laboratoire d'Astrophysique de Miles
France

23-27.02
214Q9.
02-06.11
G6-31.07

2.06-8.06.

Laboratoire AstroParticule et Cosmolegie 14-17.12

APC, Université Paris DiderdgErance
Saclay, France
University of Milano Bicocca, Italy

Saclay, France
KMUTT, King Mongkut's University of

Technology Thonburi, Bangkok, Thajland

18.02

222-18.03;
28.09-02.10

18.02
27.09.-24.10.

Joint Institute for Nuclear Researchbria, 06-13.12

Russia
NRG, Petten

25.05-29.05.

Nuclear Science and Technology Rasear 24-25.11

Institute (INSTRI).Atomic Energy
Organization of Iran

Institute of Nuclear Physics,OrsagnEe

KMUTT, King Mongkut's Universgf
Technology Thonburi, Bangkok, Tailand

NRG, Petten

Nagoya University, Japan

Instituto di Fisica del Plasma ®ie
CValdirola”, Milano, Italy

University of Tartu, Estonia

Joint Institute of Power and Nuclear
Research "Sosny

CEA, France
Warsaw University of Technology
ADIT, USA

Nuclear Power Plant Research Lrstit
(VUJE), Slovenia

Warsaw University of Technology
Saint-Gobain Crystals

Korea Atomic Energy Research Listit
Republic of Korea

International Humanitarian University
Odessa, Ukraine

SOSNY,Minsk, Belarus

Zaporizhzhya NPP, UKR

12-24.10
07-13.04

08.06.

32D7.
12-17.10.
28-31.12.

02.10

02.10.
02-06.11

21-22.10
06817.07
20-21.05
02-06.11

.00620.07
27.05.
14-18.09

24.11.

10-13.06
13-16.10
02-06.11

Polatom
BP4

BP2

TJ3

TJ3

TJ4
BP2
EJRUZ
TJ4
BP4

BP4

TJ1
TJ4

TJ1
TJ3

LBM

EJ1/UZ3

Polatom

BP2

TJ3

EJ1/UZ3

BP4

TJ4

JIRJZ3
EJ1/UZ3

EJ1/UZ3
Polatom
TJ3
EJ1/UZ3

Polatom
TJ3
Polatom

BP4

EJ1

EJ1/UZ3
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PROJECTS

RESEARCH PROJECTS IMPLEMENTED WITH THE FUNDS FORIENCE

National Science Centre

10.

11.

12.

13.

14.

Recombination dose meter of new generation for sxoassessment on workplaces in radiation fidlds o
reactors and accelerators

Principal Investigator: M. Gry#ski, PhD

No. N N404 1350 39

Analytic structure of the scattering amplitudesafd exclusive processes in QCD
Principal Investigator: J. Wagner, PhD
No. 2011/01/D/ST2/02069

Nuclear states of antiprotons and strange mesons
Principal Investigator: Prof. S. Wycech
No. 2011/03/B/ST2/00270

Non-equilibrium quark-gluon plasma
Principal Investigator: Prof. St. Mrowcagki
No. 2011/03/B/ST2/00110

In vitro and in vivo investigations of the radioralstinfluence on the ability of CCK2R receptors gimgy by
the radiolabelled gastrin analogs

Principal Investigator: Assoc. Prof. R. Mikotajczak

No. 2011/03/B/ST5/02734

Isotropization of cosmological models
Principal Investigator: O. Hrycyna, PhD
No. 2012/04/S/ST9/00020

Cosmological models testing with deep galaxy susvey
Principal Investigator: Assoc Prof. A. Pollo
No. 2012/07/B/ST9/04425

Application of holographic methods to the studystbnly coupled Yang-Mills plasma
Principal Investigator: Assoc Prof. M. Speki
No. 2012/07/B/ST2/03794

Investigation of the CP and CPT symmetries andtheture and decays of mesons at low energies in
experiments KLOE/KLOE-2

Principal Investigator: Prof. W. \8licki

No. 2013/08/M/ST2/00323

Critical phenomena in the nuclear nonextensiveesyst
Principal Investigator: J. Rgnek, PhD
No. 2013/09/B/ST2/029897

Participation of the POLGRAW group in VIRGO gravitaal wave observatory
Principal Investigator: Prof. A. Krolak
No. DPN/N176.VIRGO/2009

COMPASS experiment- study of the structure of theleon
Principal Investigator: Prof. A. Sandacz
No. 2011/01/M/ST2/02350

T2K — the second generation neutrino experiment
Principal Investigator: Prof. E. Rondio
No. 2011/01/M/ST/02578

Studies on neutrino properties and proton decay aviarge liquid argon detector ICARUS T600
Principal Investigator: J. £agoda, PhD
No. 2012/04/M/ST2/00775
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

20

Studies of proton-proton, hadron-nucleus and ngeteicleus collision at relativistic energies in NASHINE
experiment at CERN SPS

Principal Investigator: Prof. J. Stepaniak

No. 2012/04/M/ST2/00816

The study of fundamental properties of nuclear enatt the ALICE experiment at the CERN Large Hadron
Collider

Principal Investigator: Prof. T. Siemiarczuk

No. 2013/08/M/ST2/00598

Study of CP symmetry breaking and search for Neysieh in LHCb experiment
Principal Investigator: Prof W. \8licki
No. 2013/10/M/ST2/00629

Multiple choice problem in quantum cosmology
Principal Investigator: P. Matkiewicz, PhD
No. 2013/09/D/ST2/03714

Classification if z~1
Principal Investigator: K. Matek, PhD
No. 2013/09/D/ST9/04030

Studies of CPT symmetry violation
Principal Investigator: W. Krzemie PhD
No. 2014/12/S/ST2/00459

Axino dark matter in scenarios with low reheatiagiperature of the Universe after
Principal Investigation: S. Trojanowski, PhD
No. 2014/13/N/ST2/02555

Decays onto tau leptons - a tool to probe propedfea Higgs boson with the CMS experiment at LHC
Principal Investigator: M Bluj, PhD
No. 214/13/B/ST2/02543

Participation in the upkeep, data collection ang damalysis of the CMS experiment at the LHC in GER
(2015-2016)

Principal Investigator: Assoc. Prof. P. Zalewski

No. 2014/14/M/ST2/00428

Search for a new exotic boson in light meson decays
Principal Investigator: D. Pszczel
No. 2014/15/N/ST2/03179

The synthesis and characterization of copper eittioatings deposited by use of plasma surface esgig
methods

Principal Investigator: K. Nowakowska-Langier, PhD

No. 2014/15/B/ST8/01692

A search for long-lived massive charged particEagithe CMS detector at the LHC operating at proto
proton collisions energy of 13 TeV

Principal Investigator: Assoc. Prof. P. Zalewski

No. 2014/15/B/ST2/03998

The nitride semiconductor stuctures for long-liledavoltaic nuclear batteries on galium nitridesttdies with
reduced of dislocations

Principal Investigator: P. Laskowski, MSc

No. 2014/15/D/ST7/05288

T2K - the second generation neutrino experiment
Principal Investigator: Prof. E. Rondio
No. 2014/14/M/ST2/00850

Classification and clustering analysis of infrasedected galaxies
Principal Investigator: A. Solarz, PhD
No. 2015/16/S/ST9/00438
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Ministry of Science and Higher Education

1.

10.

11.

12.

13.

14.

Observation of astrophysical processes in stroagijnal fields wiith high time resolution in défent ranges
of spectrum and polarization

Principal Investigator: Assoc. Prof. L. Mankiewicz

No. ID2010000160

Study of Mueller-Navelet jets in the CMS
Principal Investigator; T. Fruboes, PhD
DPN/MOB131/111/2013

Search for cosmological singularity resolutionsgans of coherent states and with special empbagise
ambiguity in the choice of internal clock

Principal Investigator: P. Maikiewicz, PhD

No. DPN/MOB132/111/2013

Location of manganese atoms in semiconductor éagtfter ion implantation and pulse plasma treatment
Principal Investigator: Assoc. Prof. Z. Werner
No. W7/ELETTRA/2014

Participation in calculations and design of thetgndinac in ESS project
Principal Investigator: S. Wronka, PhD
No. W174/ESS/2014

Assesment of Regional Capabilities for new readimeelopment through an Integrated Approach
Principal Investigator: B. Mystek-Laurikainen, PhD
No. W41/7.PR-EURATOM/2015

Preparing ESNII for HORIZON 2020
Principal Investigator: A. Przybyszewska, MSc.
No. W13/7.PR-EURATOM/2015

The development and construction of an Electroraimccelerator for the GBAR Experiment
Principal Investigator: S. Wronka, PhD
No. W17/GBAR/2015

Intermediate bands produced by pulsed electrorimgedf Ti implanted GaAs and GaP
Principal Investigator: Z. Werner, PhD
No. W27/SPIRIT/2015

Mobilnosc Plus — IV edycja programu
Principal Investigator: S. Trojanowski, PhD
No. DN/MOB/029/1V/2015

Structural transformations in RE-ion bombarded Apaxial layers
Principal Investigator: R. Ratajczak, PhD
No. W28/SPIRIT/2015

Development and qualification of a deterministibesme for the evaluation of gamma heating in expemtad
reactors with expoitation as example MARIA reand Jules Horowitz Reactor

Principal Investigator: M. Tarchalski, PhD

No. W226/JHR CEA/2012

Nuclear Reactor Safety Simulation Platform
Principal Investigator: M. Spirzewski, MSc.
No. W121/7.PR EURATOM/2013

Advanced Safety Assessment: Extended PSA

Principal Investigator: M. Borysiewicz, PhD
No. W36/7.PR EURATOM/2014
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15.

Preparation of ALLegro — Implementing Advanced Nsaclfuel cycle in Central Europe
Principal Investigator: A. Przybyszewska, MSc.
No. W57/7.PR EURATOM/2013

National Centre for Research and Development

1.

10.

11.

12.

22

Device for fast localization of the radioactivetigoes, dedicated for border guard
Principal Investigator: S. Wronka, PhD
No. PMPP/W/01-09.11

HTRPL (SPREJ1) - The development of high- temperature reactargfitustrial applications (research
network leader — AGH Univeristy of Science and Treithgy Cracow)

Strategic Program “Technologies Supporting Develepinof Safe Nuclear Power Engineering”

No. SP/J/1/166183/12

ALTECH - Alternative methods of technetium-99m production
Applied Research Programme — programme path A
No PBS1/A9/2/2012

DOSIMEMS - Passive, wireless MEMS dosimeter for the highatioin dose monitoring
MNT ERA-NET
No MNT/DOSIMEMS/2012

ISOTTA - ISOTope Trace Analysis (network leader - Universit Silesia in Katowice)
ERA-NET ASPERA-2
No ERA-NET-ASPERA/03/11

ZNOLUM - Light emitting photonic structures based on Zn@lanted with rare earth elements (research
network leader — Institute of Physics Polish Acagef Sciences)

Applied Research Programme — programme path A

No PBS2/A5/34/2013

GRAN-T-MTC - Phase I clinical trial using a novel CCK-2/gastéaeptor-localizing radiolabelled peptide
probe for personalized diagnosis and therapy aépatwith prograssive or metastatic medullary thgro
carcinoma

ERA NET TRANSCAN

No ERA-NET-TRANSCAN/01/2013

ATOMSHIELD - Trwalos¢ i skutecznéé betonowych oston przed promieniowaniem jorizyim w obiektach
energetykigdrowej (leader - Institute of Fundamental TechnimagResearch Polish Academy of Sciences)
Applied Research Programme — programme path A

No PBS2/A2/15/2014

INTRA-DOSE - Kompleksowy System do Radioterapibdoperacyjnej (leader — National Centre for Nuclea
Research)

Applied Research Programme — programme path B

No PBS2/B9/26/2014

RaM-scaN -System kontrolujcy sktad chemiczny surowcéw do produkciji cementacpjacy w trybie

ciggtym (online), oparty o neutronavanaliz aktywacyjr i generator neutronéw (leader — National Certure f
Nuclear Research)

Applied Research Programme — programme path B

No PBS2/B2/11/2013

SMOC - Opracowanie pikselowego detektora radiograficzneggarciu o technologiMulti-Pore-Optics
(leader — Imagine RT Sp. z 0.0.)

Programme INNOTECH programme path IN-TECH

No INNOTECH-K3/IN3/6/225974/NCBR/14

MCAS - Universal, multichannel control and data acquisitsystem (leader — National Centre for Nuclear
Research)

TANGO

No TANGO1/267932/NCBR/2015
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13. GRAFEL - Zaawansowane uszczelnieniagoai ruchomych na bazie kompozytéw elastromerowo-

grafenowych (leader — National Centre for Nucleasé&arch)
Applied Research Programme — programme path B
No PBS3/B6/24/2015

RESEARCH PROJECTS GRANTED BY FOREIGN INSTITUTIONS

1.

ESS - The European Spallation Source and the Supaucting Proton Linac
Agreement No. 01/1PJ/2009

CERN - Design and construction of the Linac4 acedbe
No. K1562/LINAC4

IAEA - Accelerator-based alternatives to non-HEWdurction of Mo-99/Tc-99m
No. 17419

EURAMET - lonizing radiation metrology for the métagical industry
Principal Investigator : Z. Tymski, MSc
MetroMetal JRP INDO4

EURAMET - Metrology for radioactive waste managemen
Principal Investigator: Z. Tymski, MSc
MetroRWM JRP ENV09

CEA - Development and qualification of a deterntinischeme for the evaluation of gamma heating in
experimental reactors with exploitation as exanMheRIA reactor and Jules Horowitz Reactor
Principal Investigator : M. Tarchalski, MSc

Commisariat a I'energie Atomique et aux Energiteidatives No 13PPLA000012

EURAMET - Biologically Weighted Quantities in Ratherapy
Principal Investigator: S. Pszona, PhD
BioQuaRT JRP No SIB06

RESEARCH PROJECTS CO-FINANCED BY 7TH FRAMEWORK PRREGVME, HORIZON 2020

1.

NURESAFE - Nuclear Reactor Safety Simulation Platform
Contract No. 323263 (2013-2015)

ALLIANCE - Preparation of ALLegro — Implementing Advanced Mac Fuel Cycle in Central Europe
Contract No. 323295 (2013-2015)

NC2I-R - Nuclear Cogeneration Industrial Initiative - Rastaand Development Coordination
Contract No. 605167 (2013-2015)

ASAMPSA_E - Advanced Safety Assessment: Extended PSA
Contract No. 605001 (2013-2016)

ARCADIA - Assessment of Regional CApabilities for new Reacevelopment through an Integrated

Approach
Contract No. 605116 (2013-2016)

EuCARD-2 - Enhanced European Coordination for AcceleratoeReh & Development
Contract No. 312453 (2013-2017)

TAWARA_RTM - TAP WATER RADIOACTIVITY REAL TIME MONITOR
Contract No. 312713 (2013-2016)

ESNII plus - Preparing ESNII for HORIZON 2020
Contract No. 605172 (2013-2017)
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10.

11.

12.

13.

14.

15.

16.

JENNIFER — Japan and Europe Network for Neutrino and Intgrigiontier Experimental Research
Contract No. 644294 (2015-2019)

SKPLUS —Super-Kamiokande plus
Contract No. 641540 (2015-2019)

C-BORD - Effective Container inspection at BORDer controints
Contract No. 653323 (2015-2018)

VINCO - Visegrad Initiative for Nuclear Cooperation
Contract No. 662136 (2015-2018)

BRILLIANT — Baltic Region Initiative for Long Lasting InnovA® Nuclear Technologies
Contract No. 662167 (2015-2018)

EUROfusion — Implementation of activities described in theaBmap to Fusion during Horizon 2020 through
a Joint programme of the members of the EUROfus@rsortium
Contract No. 633053 (2014-2018)

OPERRA —Open Project for the European Radiation Researel Ar
Contract No. 604984 (2013-2017)

IVMR - In-Vessel Melt Retention Severe Accident Managen$trategy for Existing and Future NPPs
Contract No. 604984 (2015-2019)

PROJECTS CO-FINANCED BY THE EUROPEAN UNION UNDER EHEUROPEAN REGIONAL

DEVELOPMENT FUND (ERDF), SWISS CONTRIBUTION

1.

24

CIS - Computing Centre iSwierk: infrastructure and services for power indyist

Implementation period: 05.01.2009-31.12.2015
Project value: 124 390 408,74 PLN
ERDF: 98 996 681,68 PLN
Designated subsidy 17 470 002,65 PLN
Agreement No.: POIG.02.03.00-00-013/09

4LAB - Strenghtening of the innovation potential of thstitute inSwierk for development of technologies
based on ionising radiation

Implementation period: 01.01.2010-30.06.2015
Project value: 39 675 524,67 PLN

ERDF: 33 675 466,00 PLN
Agreement No.: RPMA.01.01.00-14-030/10-00

PNT - Construction of the Science and Technology Parkglvith the modernization of accompanying
infrastructure of the Centre Bwierk

Implementation period: 01.01.2010-30.11.2015
Project value: 49 997 138,58 PLN

ERDF: 42 289 853,64 PLN
Agreement No.: RPMA.01.04.00-14-008/10-00

BayesFITS -Bayesian approach to multi-parameter problemdirsigs and beyond involving parallel
computing and large data-sets

Implementation period: 01.01.2011-31.12.2015
Project value: 5 360 480,00 PLN
ERDF: 4 556 408,00 PLN
Agreement No.: WELCOME/2010-3/1
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5. PSAP -Information Technologies for Astrophysical Obsdimas in wide range of energy (leader — National
Centre for Nuclear Research)

Implementation period: 01.10.2011-30.06.2016
Project values: 4396 116,61 PLN
SWISS Contribution: 86,82%

Agreement No: 3/2011

6. HOMING PLUS - Mechanical properties of zirconium/zirconia systat high temperatures - the role of
internal and interfacial stresses

Implementation period: 01.02.2014—31.12.2015
Project values: 287 000,00 PLN

ERDF: 243 950,00 PLN
Agrement No.: HOMING PLUS/2013-8/7

7. PWHP. Utworzenie i realizacja interdyscyplinarnyahglogzycznych, midzynarodowych, stacjonarnych
studiéw doktoranckich Innovative Nuclear and Sunsthle Power Engineering (leader —Warsaw University

Technology)

Implementation period: 01.01.2014 - 30.06.2015

Project value: 3134 342,00 PLN

ESF: 2 664 190,70 PLN

Agreement No.: UDA-POKL.04.01.01-00-038/13-00
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PARTICIPATION IN NATIONAL CONSORTIA AND SCIENTIFIC

NETWORKS

NATIONAL CONSORTIA :
Nuclear Science Center

National Consortium ‘XFEL-POLAND’
for collaboration with the European X-ray Free
Electron Laser - Project XFEL

National Consortium
‘High Temperature Nuclear Reactor in Poland’

National Consortium ‘FEMTOFIZYKA'
for collaboration with the FAIR project in GSI Dastadt

National Consortium ‘COPIN’
for scientific collaboration with France (IN2P3stitute)

National Consortium for Hadron Radiotherapy (NMJR

National Consortium of scientific Network ‘Pdlisalculation

system for experiments at LHC-POLTIER’
Warsaw Science Consortium

Polish Synchrotron Consortium
Consotrium EAGLE

National Consortium ‘PL-TIARA’

National Consortium ‘COMPASS-PL’
National Consortium ‘NEUTRINA-T2K’
National Consortium ‘HADRONY-NAG61/SHINE'
Polis Consortium VIRGO

Consortium “Polish Particle Physics”
Polish Consortium ALICE-PL

Consortium ISOTTA

Consortium NEUTRINA — ICARUS T600
Consortium ELA-MAT Polska

Consortium CMS-Polska

Consortium Polska@ISOLDE

SCIENTIFIC NETWORKS :
Polish Astroparticle Physics Network
Polish Neutrino Physics Network
Polish Nuclear Physics Network
Polish Network of Physics of Relativistic lonliixons
Polish Network of Neutrons-Emission-Detection
Polish Network of Neutron Scatterers (NeutroNET)

Polish Network of Radiation Protection and Nacl8afety

Coordinator: NCBJ

Institute representative:

G. Wrochna
G. Wrochna/Zokbiewski

G. Wrochna/M. Pawtoivsk

B. Zwglinski

L. Szymanowski

G. Wrochna/A. Wysocka-Rabin

W. dhdiki
G. Wrochna/M. Jndec
R. Niettiby
J. Skalski
S. Wronka
A. Sandacz
E. Rondio
Jiepaniak
A. Krolak
E. Riond
T. Siemiarczuk
J. Szabelski
E. Rondio
G. Wrochna
P. Zalewski
Z. Patyk

Institute representative:

G. Wroahn
E. Rondio
G. Wrochna
St. Mrowczyiski
J. Szydtowski
L. Dobrzyski
L. Dobrzyski
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DEGREES

Professor title

1. Michat Spaliiski (National Centre for Nuclear Research)
2. Lech SzymanowsKNational Centre for Nuclear Research)
Habilitation
1. Ryszard Broda(National Centre for Nuclear Research)
“Wydajnos¢ detekgji licznikdw z ciektym scyntylatorem w pomaah aktywnéci radionuklidow”
2. Michat Szleper(National Centre for Nuclear Research)
»The Higgs boson and the physics of WW scatteriefpte and after Higgs discovery”
3. Stawomir WronkgNational Centre for Nuclear Research)
JInterlaced Energy LINAC”
PhD theses
1. Arkadiusz tuczyiNational Centre for Nuclear Research)
“Power Dissipation Reduction in SMOVE Superscalardéssor Architecture”
2. Artur Wodyiski (National Centre for Nuclear Research)
“The influence of relativistic effects on the numlenagnetic resonance spectra”
3. Zofia KalinowskgInstitute of Plasma Physics and Laser Microfusion
Badanie transformacji energii promieniowania lasergo do fali uderzeniowej w procesie oddziatywaego
promieniowania z ptaskimi tarczami masywnymi zmgch materialtéw w odniesieniu do koncepcji udarooveg
zaptonu termajdrowego”
4. Roch Kwiatkowskf{National Centre for Nuclear Research)
»Analiza wynikéw najnowszych pomiaréw jonow, elekiidw i promieniowania widzialnego plazmy w
uktadach PF-360 i PF-1000"
5. Sebastian TrojanowskNational Centre for Nuclear Research)
“Supersymmetric dark matter in light of recent sbas for nem physics”
6. Kamil SzewczakCentral Laboratory for Radiological Protection)
»0cena narzenia radiologicznego podczas badiazyjnych na uktadzie PF-1000"
7. Adam Zadreny (National Centre for Nuclear Research)
“Search for gravitational waves in coincidence vdattical observations”
8. Pawel SznajdefNational Centre for Nuclear Research)
“Study of azimuthal asymmetries in exclusive leptmjuction of vector mesons on transversely poldrize
protons and deuterons”
9. Marcin Michat BielewicANational Centre for Nuclear Research)

“Spektrometria neutronéw o energiach paejylOMeV w ofowiowo-uranowym zastawie eksperymentai”
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DEPARTMENTS AND DIVISIONS OF THE INSTITUTE
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NUCLEAR FACILITIES OPERATION DEPARTMENT

Director of Department: Grzegorz Krzysztoszek, Mgy
Phone: +48 22 2731080

e-mail: Grzegorz.Krzysztoszek@ncbj.gov.pl
Overview

The MARIA research reactor operated for 4806 hau015 at power ranging from 18 to 25 MW. The teawas
mainly used for irradiation of materials used irdicgsotope production for the RC (Radioisotopes t&gn
“Polatom” and the Mallinckrodt Pharmaceuticals camyp and for performing physical research at théebof the
reactor horizontal beam ports. Especially intensioek took place between mid-October till early Beiber, when
168 pieces of irradiated uranium targets for préidncof Mo-99 were dispatched from the reactorgorcessing in
the Netherlands.

On the basis of prepared nuclear safety and regledb protection documents, the MARIA reactor haser
authorized by the President of the National AtoBmergy Agency for operation up to March™21025.

In collaboration between NCBJ, CEA-JHR and Aix-Malle University measurements were made in thetoeac
using the KAROLINA calorimeter, an ionization chaenland two SPNDs (self-powered neutron detectdtsse
experiments allowed a comparison of the results@disurements with calculations.

In preparation for the export of the last batchspént nuclear fuel to the Russian Federation, tdolgg allowing
the protection of MR type fuel elements duringteansport was developed.

At the end of the year an agreement for the supphuclear fuel was signed. This will ensure thacter operation
for the next three years.

Grzegorz Krzysztoszek
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MARIA REACTOR OPERATIONS DIVISION

Head of Division: Andrzej Gab, MSc Eng
phone: +48 22 2731088
e-mail: a.golab@ncbj.gov.pl
Overview

There are 50 employees (engineers and techniciar&)ng in the Maria Reactor Operation Unit.
The main activity of this unit is carrying out thafe operation of the MARIA research reactor.
In 2015 the reactor operated 4300 hours at poweiddrom 18 MW to 25 MW.
The main activities carried out at the MARIA reacteere focused on:
= jrradiation of target materials in the vertical ohels and in the rabbit system
= jrradiation of uranium targets f6™o production
= neutron scattering condensed matter studies wiltrore beams from the reactor horizontal channel
= neutron radiography studies
= neutron modification of minerals
= training
Irradiation of target materials such as: Fe®Cl, Lu,O;, SmC}, S, Co etc. was performed for the Radioisotope
Centre Polatom and irradiation of uranium targets werformed for Covidien. In addition productidni$ir seeds

used for Intravascular Radiation Therapy and lotiwviag **4r source ribbon for oncology applications wererieat
out.

The neutron irradiation service utilizing the MARI#&actor also includes the colouring of topaz n@terThe
irradiation of minerals in special channels locatetsidethe reactor core changes their clear alagtate to shades
of blue, thereby increasing the commercial valugh&f product. Blue topaz is released to the maakehon-
radioactive material, conforming to strict inteiipagl criteria.

The commercial irradiation of uranium plates fdvio production was carried out at the MARIA reacior2015
within 17 reactor operation cycles. Since July 20i&nium plates have been irradiated at threeipaosiinside the
irradiation rig. This means that one irradiatiorcleyperforms the irradiation of 24 uranium targétgerage activity
of ®Mo at the end of irradiation (EOI) obtained from eorirradiation channel was 260 TBq for
8 targets loaded inside the irradiation channel 26@ TBq for channels with 12 uranium targets. Botidn of the
radioisotop€°Mo by irradiation of highly-enriched uranium (HEWrgets reached the level*IBq in 2015.

An important activity performed in 2015 was focusewd preparation of the technology for irradiatiofiow
enriched uranium plates fiMo production, related to the Global Threat Redrctitiative.

Andrzej Gaogb
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PERSONNEL

Technical staff

Marian Bgk

Sylwester Bk

Wiestawa Bk

Zdzistaw Bk

Bolestaw Broda

Michat Czarnecki, MSc Eng
WiestawCwiek

Andrzej Frydrysiak, MSc Eng
Marcin Gadé

Andrzej Gojb, MSc Eng
Ryszard Goralski

Kazimierz Grzenda

Ireneusz Hora

Jacek ldzikowski, MSc Eng
Ireneusz lwaski, Eng

Janusz Jaroszewicz, MSc Eng
Krzysztof Jezierski, MSc Eng
Rober Keler

Dariusz Krawczyiski
Waldemar Kultys

Edward Kurdej

Dariusz Kwiatkowski

Rober Laskus

Franciszek Lech

Jan Lechniak, MSc Eng
Krzysztof Lechnik

Jan Macios

Mateusz Lysiak

*part time employed
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Research and technical staff

Janusz Jaroszewocz, MSc Eng
Krzysztof Majchrowski

Rober Marczak

Adrian Michalski

Dariusz Mucha

Pawel Nowakowski, MSc Eng
Hanna Odziemczyk

Ireneusz Owsianko, MSc Eng
Mariusz Ostanek

Krzysztof Sierask*

Wiestaw Sikorski

Stefan Skorupa

Mieczystaw Skwarczski
Ryszard Stanaszek, MSc Eng
Janusz Suchocki

Piotr Szaforz, MSc Eng
PawelSwiech

Emil Wilczek, MSc Eng

Piotr Witkowski, Eng

Tomasz Witkowski

Pawel Wojtczuk

Marcin Woéjcik

Jarostaw Zienkiewicz, M Sc Eng
KrzysztofZotadek
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REPORTS

Estimation of radiological protection on the terit of Nuclear Centréwierk and its vicinity (2014)
B. Filipiak, ... ,Z. Haratym, J. Osko, T. Pliszczyaski, B. Snopek B. Boimski, S. Domaiski,

M. Dymecka, R. Ejsmont, M. Feczko, A. Garbolinski, B. Karpinska, J. Lechniak, A. Pawelczuk
B. Piotrkowicz, K. Rzemek R. SosnowiecM. Szostak W. Sniegai, M. Tulik , M. Umaniec,

K. Wisniewska K. Wojdowska, J. Wojnarowicz, Z. Worch, D. Zielinska, ... et al.

PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Application of the Code of Conduct in Polish resbareactor Maria

A. Golab

Regional Meeting on Applications of the Code of diar on Safety of Research Reactors (Portugal,
Lisbona, 2015-11-02 - 2015-11-06)

Full core conversion from HEU to LEU fuel in MARI&actor

G. Krzysztoszek

The 9-th Technical Meeting on Lessons Learned femfRRRFR Programme (Uzbekistan, Samarkand,
2015-06-03 - 2015-06-05)

MARIA research reactor in supply chain of Mo-99

G. Krzysztoszek

Mo-99 2015 Topical Meeting on Molybdenum-99 Teabgiohl Development (USA, Boston, 2015-08-31 -
2015-09-03)

Oral Presentation

Recent upgrades and new scientific infrastructfiresearch MARIA research reactor, Otwdsiierk,
Poland

M.A. Gryzinski, J. Jaroszewicz J. Milczarek, R. Prokopowicz K. Pytel, M. Tarchalski

Advancements in Nuclear Instrumentation Measuremetihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

The 14 MeV Neutron Irradiation Facility in MARIA Retor

R. Prokopowicz, K. Pytel, M. Dorosz, A. Zawadka, J. Lechniak, M. Lipka , Z. Marcinkowska,

M. Wierzchnicka, A. Matkiewicz, I. Wilczek, T. Krok, M. Migdal, A. Koziet

Advancements in Nuclear Instrumentation Measuremietihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

Poster

Recent upgrades and new scientific infrastructéiresearch MARIA research reactor, Otwdbkierk,
Poland

M.A. Gryzinski, J. Jaroszewicz J. Milczarek, R. Prokopowicz K. Pytel, M. Tarchalski

Advancements in Nuclear Instrumentation Measuremietihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

The 14 MeV neutron irradiation facility in MARIA agtor

R. Prokopowicz K. Pytel, M. Dorosz, A. Zawadka, J. Lechniak, M. Lipka , Z. Marcinkowska,

M. Wierzchnicka, A. Matkiewicz, I. Wilczek, T. Krok , M. Migdal, A. Koziet

RRFM European Research Reactor Conference 2015gManBucharest, 2015-04-19 - 2015-04-23)
European Nuclear Society, Brussels, Belgium Nal%20

First Results of MC type LTA and Fuel Elements SigpTests After Conversion in MARIA Reactor
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M. Migdat, J. Lechniak, E. Borek-Kruszewska
RERTR-2015 - 36th International Meeting on RedlEmdchment for Research and Test Reactors (Korea,
Seoul, 2015-10-11 - 2015-10-14)

LECTURES, COURSES AND EXTERNAL SEMINARS

MARIA reserach reactor operation in 2614

G. Krzysztoszek

Athens, IPTA, 2015-05-22

The Characteristics and Irradiation Capabilitie#/@RIA research reactor in NCBSwierk”

G. Krzysztoszek
Cadarache, CEA-INSTN, 2015-11-04

" in English

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

G. Krzysztoszek
Deputy Chairman of Council for Nuclear Safety aratition Protection, National Atomic Energy Agency
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RESEARCH REACTOR TECHNOLOGY DIVISION

Head of Division: Janusz #&tka, MSc Eng
phone: +48 22 2731091
e-mail: j-piastka@ncbj.gov.pl
Overview

The main tasks of the Division are to support theration of the MARIA research reactor in;
- neutronics, thermal-hydraulic calculations and tyadmalysis,

- design of new equipment and technological systemprbduction and experiments,

- preparation of project documentation, constructtechnical equipment and technological reactoresyst
in the framework of modernization or renovation,

- measurement technology, including in-core measun¢sne

- new nuclear detectors, their calibration and masiufe,

- repair of equipment and technological systems efréactor,

- reactor spent fuel management,

- production of equipment or technological systemsebaon our own documentation or other authorized
design units in the mechanical workshop,

- conducting the warehouse and archives of the depatt

The Division operates under the new Quality AsscealRrogramme for the MARIA Reactor Facility calledJ-
MARIA-15.
The Division consists of five groups:

- Reactor Measurement and Analysis Group,

- Reactor Technology Group,

- Design and Technology Group,

- Technical Group,

- Mechanical Workshop.

There are 26 employees including 4 researchersRtih degrees.

The main work carried out in 2015 dealt with:

MARIA Reactor Safety Report -2015, Safety Classifion of Structures, Systems and

Components in the MARIA Research Reactor and thaliQuAssurance Programme for the MARIA Reactor
Facility, PZJ-MARIA-15, were prepared and approwgdtheNuclear Safety Department of the National Atomic
Energy Agency.

Preparation of technical documentation associati¢td @ncapsulation of spent fuel for Spent Fuel 8td@pt from
the MARIA reactor to the Russian Federation in 2Qh6éier the project on removal of the Russian-origfiAs due
to the Global Treat Reduction InitiativEhe work was performed under the Blanket Master Contract No 00108513.
Technology of irradiation of annular uranium taggtr molybdenum production was prepared.

Neutronic, thermo-hydraulic and safety calculatiard analyses for experimental irradiations in KARIA
reactor. Neutronic calculations for MARIA reactgpevation. Irradiation of target materials in thelnfast and
14 MeV neutron field in the MARIA reactor for scidit and research purposes. Irradiationby highedgamma

rays adjacent to spent nuclear fuel. Analysis &f thotopic composition of irradiated materials bgmgna
spectrometry, measurements of minerals.

Experiments in the MARIA reactor in cooperation WICEA and Aix-Marsille University — a set of in-eor
instrumentation, including new-design nuclear heptialorimeters, used to characterize the radidtald in the
MARIA reactor. The measurements are used to véngynumerical codes for nuclear reactors.

Janusz Rjstka
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REPORTS

Quality Assurance Program for MR Type Spent Fuelagpsulation for Shipment in 2016 in brief
PZJ KAPS_MR_2016

E. Borek-Kruszewska J. Pigstka

NCBJ, Raport Nr B-34/2015

PARTICIPATION IN CONFERENCES AND WORKSHOPS

38

Invited Talk

Postpowanie z wypalonym paliwem z reaktora badawcAdé®IA

E. Borek-Kruszewska J. Pigstka

Badania materialowe na potrzeby elektrowni konwemajnych i gdrowych oraz przemystu energetycznego
(poland, zakopane, 2015-06-17 - 2015-06-19)

NCBJ No. (2015)

Mozliwosci wykorzystania reaktoragirowego w nauce o konserwacji
M. Dorosz, E. Mista, J.J. Milczarek
Nakisciste i zabytki (Poland, Krakéw, 2015-09-25 - 201%25)

Comparison of calibration of sensors used for thentjfication of nuclear energy rate depositiow, 4tth
advancements in nuclear instrumentation measuremetfitods and their application (animma), 20-24lapri
2015, lisbon congress center.

J. Brun,M. Tarchalski, C. REynard-Carettd. Pytel, A. Lyoussi,J. Jagielski D. Fourmentel, J-F. Villard
Advancements in Nuclear InstrumentationMeasuremetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Oral Presentation

MARIA - kolejne 10 lat. Wybrane analizy bezpieagtva.

M. Lipka

Jubileuszowe sympozjum Narodowego Centrum Bagdrowych (Poland, Otwock, 2015-06-15 - 2015-06-
15)

Safety Analysis in the MARIA reactor

M. Lipka

IAEA Training Workshop on Research Reactor Relitedelling: from Core Optimization to Safety
Analysis and Various Applications (Austria, Wigd2015-10-12 - 2015-10-16)

The 14 MeV Neutron Irradiation Facility in MARIA Retor

R. Prokopowicz, K. Pytel, M. Dorosz, A. Zawadka, J. Lechniak, M. Lipka , Z. Marcinkowska,

M. Wierzchnicka, A. Matkiewicz, I. Wilczek, T. Krok , M. Migdal, A. Koziet

Advancements in Nuclear Instrumentation Measuremetivods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

Development and experimental qualification of aakdtion scheme for the evaluation of gamma heating
experimental reactors. Application to MARIA andekiHorowitz (JHR) MTR Reactors

M. Tarchalski, K. Pytel, P. Siréta, A. Lyoussi, C. Reynard-Carefte]agielski M. Wroblewska,

D. Fourmentel, L. Barbot, J. Brud, Marcinkowska, C. Gonnier, G. Bignan, J.F. Villard, C. Destoushe
A. Boettcher, R. Prokopowicz, A. Luks

Advancements in Nuclear InstrumentationMeasuremietihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)
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Recent upgrades and new scientific infrastructéiresearch MARIA research reactor, Otwdtkierk,
Poland

M.A. Gryzinski, J. Jaroszewicz J. Milczarek, R. Prokopowicz K. Pytel, M. Tarchalski

Advancements in Nuclear Instrumentation Measuremietihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

Delayed Gamma Measurements in Different Nucleae®eh Reactors Bringing Out the Delayed
Contribution with the Gamma Spectra Calculations

D. Fourmentel, V. Radulovic, L. Barbot, J-F. ViliG. Zerovnik, L. SnojV. Tarchalski, K. Pytel
Advancements in Nuclear InstrumentationMeasuremetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Numerical and Experimental Thermal Responses d@ji&icell and Differential Calorimeters: from Out-of
Pile Calibration to Irradiation Campaigns

J. Brun,M. Tarchalski, C. Reynard-Caretté&. Pytel, A. Lyoussi,J. Jagielski D. Fourmentel, J.F. Villard,
M. Carette

Advancements in Nuclear InstrumentationMeasuremetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Calculation to Experiment Comparison of SPND SigrnialVarious Nuclear Reactor Environments

L. Barbot, V. Radulo, D. Fourmentel, L. SnoM. Tarchalski, V. Dewynter-Marty, F.Malouch.
Advancements in Nuclear InstrumentationMeasuremetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Seismic Impact on MARIA reactor reactivity and powbanges

M. Lipka

RRFM European Research Reactor Conference 2015gRanBucharest, 2015-04-19 - 2015-04-23)
European Nuclear Society, Brussels, Belgium Nal%20

Poster

First Results of MC type LTA and Fuel Elements SigpTests After Conversion in MARIA Reactor

M. Migdal, J. Lechniak, E. Borek-Kruszewska

RERTR-2015 - 36th International Meeting on Reduemdchment for Research and Test Reactors (Korea,
Seoul, 2015-10-11 - 2015-10-14)

The 14 MeV neutron irradiation facility in MARIA agtor

R. Prokopowicz K. Pytel, M. Dorosz, A. Zawadka, J. Lechniak, M. Lipka , Z. Marcinkowska,

M. Wierzchnicka, A. Matkiewicz, I. Wilczek, T. Krok , M. Migdal, A. Koziet

RRFM European Research Reactor Conference 2015gRanBucharest, 2015-04-19 - 2015-04-23)
European Nuclear Society, Brussels, Belgium Nal%20

Recent upgrades and new scientific infrastructéiresearch MARIA research reactor, Otwdbkierk,
Poland

M.A. Gryzinski, J. Jaroszewicz J. Milczarek, R. Prokopowicz K. Pytel, M. Tarchalski

Advancements in Nuclear Instrumentation Measuremetihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

LECTURES, COURSES AND EXTERNAL SEMINARS

Thermal to 14 MeV neutron converter in MARIA reactor fusion applicatiorfs
R. Prokopowicz
Warsaw, Polish Physical Society, Plasma Physici@&e@015-03-17

¥in Polish
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DIDACTIC ACTIVITY

E. Borek-Kruszewska- Keeping practices students of Warsaw Univemsityechnology Faculty of Power
and Aeronautical Engineering (3 persons)

M. Dorosz - Neutron flux measurements for ITC PW student$\22015
M. Dorosz - Neutron flux measurements for WAT students 1t2¥15

M. Lipka - Classes from the Theory of the Heat MachinetherWWarsaw University of Technology, The
Faculty of Power and Aeronautical Engineering.

M. Lipka - Supervision of the Student Engineering Projéatdlysis of the fuel element cooling in the
nominal conditions" in the Faculty of Power and dwatical Engineering, Warsaw University of
Technology

Z. Marcinkowska - Introduction to Nuclear Power, Warsaw Universigture.

Z. Marcinkowska - Neutron characteristic of MARIA reactor coreffDsion model.

R. Prokopowicz- Neutron measurements in MARIA reactor - labanatdasses in reactor physics for
Warsaw University of Technology

R. Prokopowicz- Validation of the MARIA reactor MCNP numericabatel by means of neutron activation
measurements, University of Warsaw

K. Pytel - Reactor physics exercises for students of WaiBastnical University

K. Pytel - Supervision of intership of student from Aix Maille University

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

Z. Marcinkowska
NCBJ Scientific Council

PERSONNEL

Research scientists
Marcinkowska Zuzanna, PhD
Pytel Krzysztof, PhD
Prokopowicz Rafal, PhD Eng
Dorosz Michat, MSc
Tarchalski Mikotaj, MSc Eng

Rersearch-technical staff
Borek-Kruszewska Ebieta, PhD Eng
Wierzchnicka Malgorzata, MSc Eng

Technical and administrative staff
Czajka Wactaw
Kaczyhska Danuta
Kurdej Jadwiga
Koziet Alina, MSc
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Lipka Maciej, MSc Eng
Migdal Marek

Pigstka Janusz, MSc Eng
Polak Jerzy, MSc Eng
Przybysz Zbigniew
Pytel Beatrycze, MSc
Sobiech Etbieta
Swiech Bogdan
Wrébel Wiestaw
Wilczek Ireneusz
Wilczek Janusz

Wéjcik Mieczystaw
Zawadka Antoni
Zdunczyk Zbigniew
Zurawski Adam
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RADIATION PROTECTION MEASUREMENTS LABORATORY

Head of Division: Zbigniew Haratym, PhD/ TomaszsRtizynski, MSc Eng

phone: +48 22 2731032

e-mail: zbigniew.haratym@ncbj.gov.pl / tomasanizynski@ncbj.gov.pl
Overview

The activities of the Radiation Protection Measwrata Laboratory are focused on environmental mangoand
the assessment of the radiation exposure of peBplentific interests mostly concern methods ofedixadiation
dosimetry and internal dosimetry.

The main tasks of the Laboratory include:

- Radiation monitoring of thwierk Centre and Ré@n (KSOP) sites,

- Surveillance of radiation safety,

- Radioactive waste control (especially liquid vegst

- Preparedness for radiation protection in emergenaditions,

- Development of radiation protection measuremants methods,

- Calibration of radiation protection monitoringstruments,

- Personal dosimetry,

- Sewage and drainage water activity measurements,

- Environmental radiation monitoring,

- Research in dosimetry (described below’L

- Setting up neutron station at the MARIA reactor (described below 2) — internal project “Neutrony H2".
In 2015 the Radiation Protection Measurement Laboyacontinued successfully its activities concegnithe
improvement of measuring procedures within two dosaf the Laboratory which are accredited by tlodish
Centre for Accreditation (PCA), namely:

- The determination of internal body contaminatigwhole body counter, thyroid counter and radiolagic
analysis of excretions) — Accreditation No. AB 567.

- Calibration of dosimetric instruments — in refeze gamma and neutron radiation fields and surface
contamination monitors — Accreditation No. AP 070.

The scientific activities of the Radiation Protecti Measurements Laboratory are performed mostlythey
Laboratory of Mixed Radiation Dosimetry (head obdaatory and “Neutrony H2" leader dr. eng. Michat
A. Gryzinski — contact by e-mail m.gryzinski@ncbj.gov.pl oy phone: +48 22 2731157). The research group
consists of six PhD’s, three graduate physicists@are engineer.

1° The main subjects of scientific studies concern:

- Development of dosimetry methods for hadron thgrawith particular emphasis on boron-neutron cagptu
therapy (BNCT) and investigation of radiation figldear radiation therapy facilities;

- Development of methods for the determination pérational dosimetric quantities and dose distidmuvs.
LET in mixed radiation fields, using high-pressigrization chambers;

- Design and construction of recombination ionmatthambers and dosimeters;

- Investigation of processes of ionization and relsimation of ions in gases under pressure up tdPa;M

- Metrology of mixed radiation fields (including lsed and high energy fields);

- Neutron dosimetry in a wide energy spectrum {fre@uspectrometry — passive and active)

- Verification of installed dosimetry systems (neadiapplications);

- Polish Society of Medical Physics — reactivatiminthe Radiation Protection section. The main gafathe
section is maintaining the membership of PolandhénIRPA (International Radiation Protection Assdion);

- Coordination of the preparation of an Integratghagement System for NCBJ;

- Developing the concept of absorbed dose distohudssessment based on PET and SPECT imagingueem
simulations and Monte Carlo calculations for SIR&rapy;

- Shields testing: stands for isotope sources aactor fields (testing concrete samples for shigidi

2° The second form of activity was dedicated to fowgna research-training stand at the MARIA reactor:

- Constructing a uranium neutron converter foeasg neutron beam (16 cm?s™);

- Thermo-hydraulic analyses (CFD) of the neutronwvester, aimed to optimize and enable safe outpuh®
epithermal neutron beam;

- Adapting a research room at the MARIA reactorrigantal channel no.2) — filter/moderator, shutsielding;
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Forming frames for the new Laboratory for BionediResearch based on international collaboration.
The research work was partly financed by researghtg from the Polish Ministry of Science and HigBeducation

and from the National Centre for Research and gveént (Poland).

Tomasz Pliszczgki
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REPORTS

Introductory measurements of particulate matteceatration in ambient air in the vicinity of a potial
location of a nuclear power plant (Krokowa commune)

M. Bogusz J. Bzdak, M. Lasiewicz, B. Mystek-Laurikainen, M. Sowinski, H. Trzaskowska
Narodowe Centrum Badalgdrowych

Assesment of the conditio of radiological protetio the territory and in the vicinity of the Natial
Radioactive Waste Repository inkn (2014) )
M. Dymecka, A. Garbolinski, Z. Haratym, T. Pliszczyaski, B. Snopek W. Sniegan, D. Zielinska

Estimation of radiological protection on the teorit of Nuclear Centréwierk and its vicinity (2014)
B. Filipiak, ... ,Z. Haratym, J. Osko, T. Pliszczyaski, B. Snopek B. Boimski, S. Domaiski,

M. Dymecka, R. Ejsmont, M. Feczko, A. Garbolinski, B. Karpinska, J. Lechniak, A. Pawelczuk
B. Piotrkowicz, K. Rzemek R. SosnowiecM. Szostak W. Sniegai, M. Tulik , M. Umaniec,

K. Wisniewska, K. Wojdowska, J. Wojnarowicz, Z. Worch, D. Zielinska, ... et al.

PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

EURADOS survey on in-vivo monitoring data of expd$ereigners in Japan due to Fukushima Daiichi
NPP accident

M.A. Lopez, P. Fojtik, D. Franckl. Osko

EURADOS Annual Meeting 2015 (Croatia, Dubrovnikl2@2-09 - 2015-02-12)

Kontrola naraenia wewgtrznego na promieniowanie jonizgg - zasady monitoringu i szacowania dawki
J. Osko

Il Konferencja z zakresu detekcji promieniowaniaizojgcego oraz kontroli jakézi w rentgenodiagnostyce,
radioterapii i medycynie nuklearnej (Poland, Kliniké, 2015-05-11 - 2015-05-15)

Emisje substancji szkodliwych z elektrowadijowych w czasie eksploatacji

M. Wielgosz, A. Strupczewski

Miedzynarodowe Targi Energetyczne (Poland, Kielce 5203-05 - 2015-03-05)
Eko-atom (in press)

Current status of Boron Neutron Capture Therapyajod

E.A. Jakubowska

The Application of Nuclear Technology to Supportiddeal Sustainable Development: Health, Agriculture
Energy, Industry and Environment - Internationairfpsium (Indonesia, Salatiga, 2015-10-26 - 2015-10-
28)

Current Status of Boron Neutron Capture Cancerdpein Europe

M. Wielgosz, M.A. Gryziaski, E.A. Jakubowska M. Maciak, K. Tyminska

The Application of Nuclear Technology to Supportiddeal Sustainable Development: Health, Agriculture
Energy, Industry and Environment - Internationairppsium (Indonesia, Salatiga, 2015-10-26 - 2015-10-
28)

Oral Presentation
Passive multi-layer neutron spectrometer for neutealiation dosimetry
M. Maciak, N. Golnik, K. DworeckiS. Domaaski, P. Tulik,A. Araszkiewicz

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (Rd|aVilga, 2015-05-25 - 2015-05-30)
SPIE Proceeding N0.9662 (2015) p. 96622E
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The research and training station based on inggitiission converter at the Maria reactor.
M.A. Gryzinski, M. Wielgosz, M. Maciak
VIII Young Researchers BNCT Meeting (Italy, Pag2ia]5-09-13 - 2015-09-17)

Filter/moderator system for a BNCT beam of epitherneutrons at nuclear reactor MARIA.

K. Tyminska
VIII Young Researchers BNCT Meeting (Italy, Pag2ia]5-09-13 - 2015-09-17)

Filter/Moderator system for epithermal neutron bedr-2 canal of MARIA reactor — numeriaalodel.

K. Tyminska

Kongres z okazji 50-lecia Polskiego Towarzystwglikedycznej (Poland, Warszawa, 2015-09-03 - 2015-
09-05)

Determination of absorbed dose and radiation guasiar eye phantom irradiated with therapeuticqrot
beam using a ring shaped recombination chamber

E.A. Jakubowska N. Golnik, M.A. Gryzi nski

RAD 2015 Conference (Serbia and Montenegro, BU2lyes-06-07 - 2015-06-11)

Lessons learned from the EURADOS Survey on in-vianitoring data and internaldose assessments of
foreigners exposed in Japan at the time of FukusliaiichiNPP accident

M.A. Lopez, P. Fojtik, D. Franckl. Osko, U.C. Gerstmann, C. Scholl, A.L. Lebacq

International Conference on Individual Monitorin§ionising Radiation (Belgium, Bruges, 2015-04-20 -
2015-04-24)

BNCT research-educational station at MARIA reactor.

M. Wielgosz, M. Maciak

Congress of Polish Society of Medical Physics a@ihiversary of PSMP (Poland, Warszawa, 2015-09-03 -
2015-09-05)

Heat exchange modelling in uranium fuel assembly.

D. Zgorzelski, M. Wielgosz

X1 Migdzynarodowa Konferencja Elektroniki i Telekomunjk&tudentéw i Mtodych Pracownikéw Nauki
(Poland, Warszawa, 2015-04-23 - 2015-04-24)

Intelligent uranium fission converter for neutrgreduction on the periphery of the nuclear reactoe
(MARIA reactor inSwierk - Poland)

M. Maciak, M.A. Gryzinski, M. Wielgosz

Advancements in Nuclear Instrumentation Measuremetihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

Multipurpose epithermal neutron beam on new reestation at MARIA research reactorSwierk-Poland
M. Maciak, M.A. Gryzi nski

Advancements in Nuclear Instrumentation Measuremetivods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

Dosimetry for Radiation Protection with RecombinatChambers

E.A. Jakubowska P. Tulik,M. Maciak

Kongres z okazji 50-lecia Polskiego Towarzystwglikedycznej (Poland, Warszawa, 2015-09-03 - 2015-
09-05)

Recent upgrades and new scientific infrastructfiresearch MARIA research reactor, Otwdsiierk,
Poland

M.A. Gryzinski, J. Jaroszewicz J. Milczarek, R. Prokopowicz K. Pytel, M. Tarchalski

Advancements in Nuclear Instrumentation Measuremetihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)
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Dosimtery for BNCT

E.A. Jakubowska P. Tulik

Kongres z okazji 50-lecia Polskiego Towarzystwgl&ikedycznej (Poland, Warszawa, 2015-09-03 - 2015-
09-05)

PTFM No. (2015) p. 26

Przeciwnowotworowa terapia borowo-neutronowa. Stasio szkoleniowe.
M.A. Gryzinski, M. Wielgosz, M. Maciak
Il Mi gdzynarodowa Konferencja Radiofarmaceutyczna (Pqladd, 2015-05-28 - 2015-05-29)

Characterization of low-LET radiation fields foradiation of biological samples using recombination
chambers

P. Tulik, S. Lepak, K. Domeska,E.A. Jakubowska

11th International Conference Mechatronic 2015 @, Warszawa, 2015-09-21 - 2015-09-23)

Poster

Reneissance of the Boron Neutron Capture Theradg B

M.A. Gryzinski, M. Maciak, M. Wielgosz

RAD 2015 Conference (Serbia and Montenegro, BUsl¥e5-06-07 - 2015-06-11)
RAD Association, Ni§, Serbia ISBN: 978-86-8030BM0.3 (2015) p. 79 - 81

What we know about Oslo meteorite from cosmogesutope analysis

Z. Tyminski, M. Stolarz, T. Kubalczak. Tyminska, E. Kotakowska, T. Dziel, A. Burakowska,
E. Mista, P. Saganowski

European Planetary Science Congress (France, Na@@b-09-27 - 2015-10-02)

Long time observations of the emission change afldrtalifornium source
S. Domaiski, B. Boimski, P. Tulik
RAD 2015 Conference (Serbia and Montenegro, BUgl¥es-06-07 - 2015-06-11)

How to calibrate neutron dose ratemeters.

S. Domaiski, B. Boimski, K. Wi sniewska

Kongres z okazji 50-lecia Polskiego Towarzystwglkikedycznej (Poland, Warszawa, 2015-09-03 - 2015-
09-05)

Research stand for concrete shielding tests

£. Murawski , M.A. Gryziaski, K. Tyminska

RAD 2015 Conference (Serbia and Montenegro, BUgl¥es-06-07 - 2015-06-11)
RAD Association, Nis, Serbia No.3 (2015) p. 199-201

Characterization of reference neutron fields atspatecondary standard Dosimetry Laboratory
P. Tulik, S. Domaiski
RAD 2015 Conference (Serbia and Montenegro, BUsl¥e5-06-07 - 2015-06-11)

Mobile device for automatic measurements of exposuionizing radiation.

£. Murawski

Congress of Polish Society of Medical Physics a@thiversary of PSMP (Poland, Warszawa, 2015-09-03 -
2015-09-05)

Intelligent uranium fission converter for neutr@rsduction on the periphery of the nuclear reactoe
(MARIA reactor inSwierk - Poland)

M. Maciak, M.A. Gryzi nski, M. Wielgosz

Advancements in Nuclear Instrumentation Measuremietihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)
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Multipurpose epithermal neutron beam on new resestation at MARIA research reactordwierk-Poland
M.A. Gryzinski, M. Maciak

Advancements in Nuclear Instrumentation Measuremetihods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

Measurements of iodine activity in thyroid aftedi@odine therapy

J. Osko, T. Pliszczyaski, R. SosnowiecA. GendekA. Dudzinski

Kongres z okazji 50-lecia Polskiego Towarzystwgl&ikledycznej (Poland, Warszawa, 2015-09-03 - 2015-
09-05)

Recent upgrades and new scientific infrastructéiresearch MARIA research reactor, Otwdtkierk,
Poland

M.A. Gryzinski, J. Jaroszewicz J. Milczarek, R. Prokopowicz K. Pytel, M. Tarchalski

Advancements in Nuclear Instrumentation Measuremdetivods and their Applications - ANIMMA 2015
(Portugal, Lisboa, 2015-04-20 - 2015-04-24)

The pilot study on internal exposure monitoringha€lear medicine personel

P. Tulik, K. Malec,J. Osko, A. Budzyiska

Kongres z okazji 50-lecia Polskiego Towarzystwgl&ikledycznej (Poland, Warszawa, 2015-09-03 - 2015-
09-05)

X-ray and neutron radiography studies of archagcéd@bjects
E. Mista, J.J. Milczarek, P. Tulik,I. Fijat-Kirejczyk
11" International Conference Mechatronics 2015 (Polawrsaw, 2015-09-21 - 2015-09-23)

Wykorzystanie obrazowania radiograficznego w baatamarcheometrycznych i konserwatorskich
E. Mista, J.J. Milczarek, I. Fijat-Kirejczyk , P. Tulik, T. Kosinski, W. Dziewiecki
Chemia analityczna w ochronie zabytkéw XV edycgai®d, Warsaw, 2015-12-04 - 2015-12-05)

LECTURES, COURSES AND EXTERNAL SEMINARS

Radiochemical methods for determination alpha atd bmitting isotopes in biological and environnaént
sampled

K. Rzemek

Klimkéwka, Il Konferencja z zakresu detekcji pramogvania jonizugcego oraz kontroli jakdci w
rentgenodiagnostyce, radioterapii i medycynie nakiej , 2015-05-12

Stand for testing the effectiveness of shieldingiagf ionizing radiation in nuclear power statfbns
£. Murawski
Zakopane, National Centre for Nuclear Research,evals Research Laboratory, 2015-06-18

BNCT Workshop’
E.A. Jakubowska
Cracow, National Center for Nuclear Research, RoBociety for Medical Physics, 2015-09-07

3 in Polish
®)in English

INTERNAL SEMINARS
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Competences of Environmental Analysis Laboratory
A. Burakowska, J. Bzdak, M. Bogusz
Otwockswierk, National Centre for Nuclear Research, 202523

®)in English
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DIDACTIC ACTIVITY

S. Domaiski - NCBJ employee training. Combined courses A, BA.A
M. Dymecka - Radiation Protection Training, 8th Internatio8ahool on Nuclear Power, 27-30.10.2015

J. Osko - External supervisor of Damian Renik's mastesith&Preparation and calibration of the portable
device for thyroid contamination measurements"”, 8&farUniversity, Faculty of Physics

J. Osko - Master thesis conultant. Katarzyna Malec, "Téseament of medical staff internal exposure”,
Warsaw University of Technology,
Faculty of Electronics and Information Technology

J. Osko - Radiation protection training course for NCBaft22-25 June 2015
J. Osko - Radiation Protection Training, 8th Internatio®ahool on Nuclear Power, 27-30.10.2015

A. Pawelczuk- Prowadzenie szkaiez zakresu ochrony radiologicznej w ramach instiukvstpnego dla
nowoprzyjmowanych pracownikéw oraz praktykantévokbrantéw (przeszkolono 85 oséb).

T. Pliszczyaski - Radiation Protection Training, 8th InternatioBahool on Nuclear Power, 27-30.10.2015
K. Rzemek- Radiation Protection Training, 8th InternatioBghool on Nuclear Power, 27-30.10.2015

R. Sosnowiec Radiation Protection Training, 8th Internatio®ahool on Nuclear Power, 27-30.10.2015.

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

S. Domaiski
Polish Society of Medical Physics

N. Golnik

The Committee on Medical Physics, Radiobiology Biebnostic Imaging of the Polish Academy of
Sciences , member

Polish Society of Medical Physics, Vice President

European Radiation Dosimetry Group, EURADOS, regmetive of the voting member, member of the
WG11 working group

Member, Polish Radiation Research Society

Polish Journal of Medical Physics and EngineeriRglish Journal of Medical Physics and Enginegring
Polish Society of Medical Physics

M.A. Gryzi nski

Session chairman on Kongres z okazji 50-lecia FegkTowarzystwa Fizyki Medycznej in Warszawa,
Poland

Member of Organizing Committee on Kongres z ok&@jlecia Polskiego Towarzystwa Fizyki Medycznej
in Warszawa, Poland

Member of Advisory Board on Kongres z okazji 50ideolskiego Towarzystwa Fizyki Medycznej in
Warszawa, Poland

President of the Mazovia branch

cztonek grupy roboczej WG3 "Dosimetry and treatn@ahning”

Corresponding member EURADOS WGS9 - Radiation ptaiaalosimetry in medicine

Corresponding member EURADOS WG11 - High energyatamh fields

voiting member

voiting member

National Centre for Nuclear Research
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Z. Haratym
Association for the Promotion of Quality in Radisitmlogical Analysis (France)

E.A. Jakubowska
Secretary of Polish Society for Medical Physicsarg@aw Division

M. Maciak
Polish Society of Medical Physics

t. Murawski

Member of Organizing Committee on Congress of Rdlieciety of Medical Physics 50th anniversary of
PSMP in Warszawa, Poland

Polish Society of Medical Physics

J. Osko

Session chairman on |l Konferencja z zakresu d@tpkemieniowania jonizujcego oraz kontroli jakai w
rentgenodiagnostyce, radioterapii i medycynie naikiej in Klimkéwka, Poland

Session chairman on Warsaw Medical Physics Me@tivgarszawa, Poland

Member of Advisory Board on Warsaw Medical Phy$iteeting in Warszawa, Poland

Polish Society of Medical Physics

full member EURADOS WG?7 - Internal Dosimetry

T. Pliszczyaski
Association for the Promotion of Quality in Radisitmlogical Analysis (France)

P. Tulik

Member, Polish Society of Medical Physics

Polish Society for Biomedical Engineering

Polish Journal of Medical Physics and Engineerigglitorial Advisory Board Polish Society of Medica
Physics

K. Tyminska
Member, Polish Society of Medical Physics
Corresponding member EURADOS WG6 - Computationalrdetry

M. Wielgosz

Member of Organizing Committee on Congress of Rdlieciety of Medical Physics 50th anniversary of
PSMP in Warszawa, Poland

Polish Society of Medical Physics

M. Zielczynski
Member, Polish Society of Medical Physics
Member, Polish Radiation Research Society
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PERSONNEL

Research scientist

Bartosik tukasz, PhD Eng (since 1.09.2015)
Domaiaski Szymon, MSc
Gryzinski Michat A., PhD Eng
Haratym Zbigniew, PhD
Jakubowska Edyta, MSc Eng
Maciak Maciej, MSc Eng
Murawski tukasz, Eng

Osko Jakub, PhD Eng
Pliszczyiski Tomasz, MSc Eng
Rzemek Katarzyna, MSc Eng
Tulik Piotr, PhD Eng
Tyminska Katarzyna, PhD
Wielgosz Monika, PhD Eng

Technical and administrative staff

Araszkiewicz Agnieszka, MSc

Boimski Btazej, Eng

Bogusz Matgorzata, MSc Eng (since 16.10.2015)
Dymecka Matgorzata, MSc Eng

Ejsmont Ryszard, Tech.

Feczko Maciej

Garboliaski Andrzej, Tech.

Karpinska Barbara

Korab Marzena, MSc.

Kurdej Alicja, Tech.

Leszko Aneta (since 1.09.2015)

Madry Magdalena, MSc (since 21.11.2015)
Pawelczuk Andrzej, Eng

Piotrkowicz Barbara

Prusihska Maria, MSc Eng

Snopek Baydar, Eng

Sosnowiec Renata, Tech

Szostak Magdalena, MSc (until 31.08.2015)
Sniegm Wiestawa, MSc Eng

Umaniec Marianna, Tech

Wisniewska Kazimiera

Wojdowska Katarzyna, MSc

Worch Zofia

Zielinska Danuta
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MATERIAL PHYSICS DEPARTMENT

Director of Department: Professor Jacek Jagielski

phone: +48 22 2731443
e-mail: Jacek.Jagielski@ncbj.gov.pl
Overview

In 2015 research activities in MPD were concentrate the continuation of our previous work on stgdof
materials expected to be used in a nuclear enviegahrand the use of nuclear techniques for modifinaand
analysis of solids. Main achievements in 2015 wg@yabtaining two European grants (in common vather NCBJ
Departments) VINCO and BRILLIANT, (ii) agreementtlithe HelmholtzZentrum Berlin on the acquisitioh o
experimental devices from HZB and (iii) successfampletion of the 4Lab Project sponsored by EUcstmal
funds. It is worth pointing out that the VINCO peof is coordinated by DFM NCBJ. Two smaller grdotprojects
on copper nitride and graphene-reinforced elastsmare obtained from NCN and NCBIR. DFM is involvied
NCBJ is preparations to play the role of TSO in Bwish Nuclear Power Plant Plan. The key compoigtthe
Materials Research Laboratory (MRL) which is théque facility in Poland disposing of the equipmereded to
perform analyses of radioactive structural materi@he Laboratory was designed for testing suevaié specimens
from a planned nuclear power plant. MRL has thetifigte of Testing Laboratory Accreditation No. AR5. The
Laboratory has also been granted 2nd Degree ApbktvédB-038/27 by the Office of Technical Inspectidt also
has the License of the National Radiological Pridacand Nuclear Safety Department Nr. 1/93/"METGr f
investigation of irradiated materials up to 100The hot laboratory consists of an assembly of B2l leot cells
arranged in a single line. All cells are designedhandle 3700 GBq (100Ci) of 1 MeV gamma emittecheof the
cells is equipped with a viewing window and withste-slave or tongs manipulators. The hot cellsamected by
a special inert transport system. The assemblpbédlls is equipped with ventilating and activesteasystems.

Among the main research topics in the MPD are:

» X-ray diffraction: structure of safe antidepresaikaloid aptazepine obtained in first enantiosélecsynthesis
and topography investigations of crystal latticéedts in ferroelectric niobates with tungsten besiructure.

« Neutron scattering: magnetic and atomic short rarder in Mn 3NigsCug 4 pseudo-binary alloy studied with
neutron elastic scattering, studiesloé drying process.

« Mechanical properties: studies of strength andressd of materials used in nuclear engineeringysisabf the
role of irradiation on functional properties of glamers.

e Corrosion properties: studies of zirconium corrasio nuclear reactors, modification of oxidatiorsistance
using plasma or ion-beam doping of steels.

+ Studies 6the synthesis and mechanical properties of Oxitdpddsed Strenghtened (ODS) steels.

« Development of new ferromagnetic semiconductorspantronic.

+ Studies ofthe dependence of specific features of plasma surfagmeering methods on the structuretioé
deposited layers.

e Optimisation of thin film Pb photocathodes

The researchers of the MPD published 73 sciergiiflolications and made 69 presentations at confeseinc2015.

Jacek Jagielski
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NUCLEAR METHODS IN SOLID STATE PHYSICS DIVISION

Head of Division: Jacek J. Milczarek, PhD
phone: +48 22 2731233

e-mail: Jacek.Milczarek@ncbj.gov.pl
Overview

The Department is involved in research on the @sioopic structure and dynamics of condensed msystems.
The techniques employed permit studies to be pmddrfrom the atomic level to macroscopic phenomena.
Methods based on the interaction of radiation waithtter comprise X-ray (XRD and synchrotron radigtiand
thermal neutron (neutron scattering and neutroiogadphy) techniques. Some specialized techniquels as high
pressure systems, rapid quenching and sol-gel midtave also been applied. A few theoretical andprdational
studies on properties of uranium oxide have alemlwarried out.

The Department consists of three labs:
Regional Laboratory of Neutronography,
X-ray Diffraction Laboratory,
Technology of nano-systems
There were 14 employees with three full profesaoig 8 researchers with PhD degree.

The main work completed in 2015 dealt with:

- X-ray diffraction studies of active pharmaceuticampounds.

- Enantioselective synthesis @){(+)-mianserin and)-(+)-epinastine

- Synthesis and structure of new chiral (+)-3-careaged monotosylated diamines.

- Complex crystalline phases in the M§FAg(SOF)(2) phase diagram (M = Na, K, Rb, Cs).

- Electron and Scanning Microscopy characterizatiomanostructured coatings.

- Micro- and nano-scale structure of,@k-TiO, composite coatings.

- Nanoscale matrices of phosphors for biomedicaliegibns.

- Toxicity of active optical nanoparticles in YABOs),:Cr*.

- The effect of phase decomposition on phonon spéttvin, sNig :Clg 4 pseudo-binary alloy.

- Effect of hydrostatic extrusion on the crystallgteucture of copper single crystals.

- Small angle neutron scattering studies on Cr dape8 steels.

- Spontaneous migration of water in quasi-2-dimeraisgstems with strong evaporation.

- Application of neutron imaging in cultural heritaged paleontological research.

- The neutron imaging investigation of metallic finofsthe Late Roman and Early Migration periods frtiva
t¢zany archaeological site.

Jacek J. Milczarek
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PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Mozliwosci wykorzystania reaktoragrowego w nauce o konserwaciji
M. Dorosz, E. Mista, J.J. Milczarek
Nakisciste i zabytki (Poland, Krakéw, 2015-09-25 - 201%25)

Thermal neutron imaging of archaeological artefactsand bio-archaeological remains from Poland
J.J. Milczarek

Application of 3d Neutron Imaging and Tomograph¢intural Heritage Research, Final Research
Coordination Meeting of the Coordinated Researcbjéut, laea (Italy, Firenze, 2015-04-20 - 2015-0%-2
IAEA No. (2015)

Oral Presentation

Badania obiektoéw archeologicznych kultury przewagsgrzy wyciu radiografii i tomografii neutronowej
. Fijal-Kirejczyk , J.J. Milczarek, E. Mista, J. Zotadek-Nowak, J. Zotadek, Z. Jurkowski

IX Ogolnopolska Konferencja Rozpraszanie NeutronBl\etody Komplementarne w Badaniach Fazy
Skondensowanej (Poland, Chlewiska koto Siedle&-B8107 - 2015-06-11)

Water migration in composite systems with synthe¢iolites )

| Fijat-Kirejczyk , J.J. Milczarek, J. Zotadek-Nowak, M. Majdan,Z. Jurkowski, J. Zotadek

XX ZEOLITE FORUM Scientific Meeting of The Poligolite Association (Poland, Stryszawa, 2015-09-22
- 2015-09-26)

Poster

X-ray and neutron radiography studies of archagcéd@bjects
E. Mista, J.J. Milczarek, P. Tulik,l. Fijal-Kirejczyk
11" International Conference Mechatronics 2015 (Polawrsaw, 2015-09-21 - 2015-09-23)

Wykorzystanie obrazowania radiograficznego w baatamarcheometrycznych i konserwatorskich
E. Mista, J.J. Milczarek, |. Fijat-Kirejczyk , P. Tulik, T. Kosinski, W. Dziewiecki
Chemia analityczna w ochronie zabytkow XV edycgaifd, Warsaw, 2015-12-04 - 2015-12-05)

Studies on the Structure of Composites Based odeO&ystems

L. Gorski
Konwersatorium Krystalograficzne (Poland, Wroct&015-06-25 - 2015-06-27)

DIDACTIC ACTIVITY

J.J. Milczarek - Lectures on "Application of Neutrons in Reseaaokd Technology of Materials"
Faculty of Materials Science and Engineering, WarSaiversity of Technology

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

K. Cmiel

Association of Engineers and Technicians of Chehhichustry
J. Jankowska-Kisielinska

member Polish Society of Neutron Scattering
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J.J. Milczarek
Polish Neutron Scattering Society
Polish Physical Society

K. Wieteska

Session chairman on Badania Materiatowe na PotrEédktrowni Konwencjonalnychigdirowych oraz Przemystu
Energetycznego in Zakopane, Poland

Member of Advisory Board on Badania MateriatoweRwdrzeby Elektrowni Konwencjonalnychadiowych oraz
Przemystu Energetycznego in Zakopane, Poland

member, Polish Synchrotron Radiation Society

PERSONNEL

Research scientists Milczarek Jacek J., PhD
Swiderska Karolina, MSc

Budzianowski Armand, PhD Zotadek-Nowak Joanna, MSc
Cieslik lwona, PhD
Czachor Andrzej,Professor Technical staff
Dgbrowski Ludwik, Professor Jurkowski Zdzistaw
Fijal-Kirejczyk I1zabela, PhD Wojcik Tadeusz
Gorski Ludwik, PhD Zotadek Jan

Jankowska-Kisiefiska Joanna, PhD
Maurin Jan, PhD Sc
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PLASMA/ION BEAM TECHNOLOGY DIVISION

Head of Division: Cezary Pochrybniak, PhD
phone: +48 22 2731558

e-mail: cezary.pochrybniak@ncbj.gov.pl
Overview

The FM2 Division was focused on plasma physicsiapfibns in materials engineering science, sokidesphysics,
microanalysis in photonics materials and ancieshenological objects, also computer simulation efedts in
solids. As in the previous year, our main topicacifvity were as follows:

- Development of new ferromagnetic semiconductorssfintronics — ZnO single crystals Co ion implanted
investigation of structural and magnetic features,

- Study of IPD plasma pulse features under gas iojeconditions,

- High Intensity Plasma lon Beams in technologicalli@gtions,

- Superconductive cathodes for efficient electron gaptimisation of thin Pb films on Nb photocathede

- Molecular dynamics simulations of defect transfaioraat various stress level,

- ZNOLUM project —detailed investigation of light ettimg photonics structures,

- Archerometry — materials study of archaerologidgEots using non- and microinvasive methods,

- Strengthening of the innovation potential of thetitaite inSwierk for the development of technologies based
on ionizing radiation — 4Labs Project (definiteigi$hed on 30 VI 2015).

A ferromagnetic semiconductor operating at room perature with ferromagnetism (FM) controlled by an
electronic system (charge carriers) is the dreameséarchers interested in the development of rgpiics. We
focused on ZnO doped with cobalt which is belietete a prospective material in which high tempesaEM is
predicted theoretically. Admittedly FM was detectednO but its interpretation is far from completehe results
of various groups are inconsistent with one ano#imgl depend to a great extent on the preparatabmadéogy. We
also began new investigations on multi band gapaeructors. Our first results — highly doped GaRitanium
ions looks very interesting. We rebuilt the crylital structure ofa semiconductor doped with highose of
titanium.

We have also focused on IPD technology for synthekimetastable alloy layers. The Impulse PlasmpoBigon
(IPD) technique is the only method of plasma sw@feegineering (among plasma based technologieshveltiows
the synthesis of layers on a cold unheated subsdrat ensures good adhesion. This year we studigetail Fe-Cu
alloy layers.

A thin Pb film photocathode is a promising materfdinned to be used in a superconducting eledinan. One
way in which we tried to prepare this was by higittwum arc deposition using the compact depositystem
constructed in late 2011. The second way we toegrépare such layers was using the hot plasmaocheHiPIB.
Pulsed plasma treatment has been recognized asormaisprg method for the preparation of thin film
superconducting photocathodes and will be develapddrther activities. A thick film of Pb must leposited on
the back wall of a modified electron gun resonator.

We focused on the development of efficient toolstfee simulation of defects in single crystals € ticChassy
code. This is a very useful tool for our researckalid state crystalline structures in NRA and RBSestigations.
RBS, especially in the project ZNOLUM - light erinity photonic structures basic on ZnO implanted wéite earth
elements. This year we focused on optimization hef &nnealing process for ZnO single crystals ayeréa
implanted with Re ions.

The archaeometry studies on ancient objects twedniswer/reconstruct e.g. the circulation of silierEarly
Medieval Poland and others. This kind of preciobgect needs special treatment by non- and micrsinea
methods, such as SEM, EDS, EDX, XRD, Raman Spexipysand neutronography. These methods allow a-wide
ranging study of archaeological relics. Archaeognitthe subject of a PhD thesis.

In 2015 the FM2 Division employed 28 persons, twaiwembers constituted the scientific staff, sevelorged to
the research-technical staff, eight constituted¢lenical and the rest - administrative staff.

Cezary Pochrybniak
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REPORTS

Study on pigments used in ancient tiles originedenfarchaelogical site in Aveh, Iran
E. Mista
Iran (in press)

PARTICIPATION IN CONFERENCES AND WORKSHOPS
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Invited Talk

Thin layer Pb photocathode deposition for impropgedormance of SRF guns (status in May 2015)
R. Nietubye¢, J. Lorkiewicz, J. SekutowiczM. Barlak, D. Kostin,A. Kosinska, R. Barday, R. Xiang,
R. Mirowski, M. Frelek, W. Pawlak, T. Sworobowicz J. Witkowski, W. Grabowski

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (Rd|aVilga, 2015-05-25 - 2015-05-30)

OES studies of plasmoids distribution during thattw deposition with the use of the IPD method
controlled by the gas injection

K. Nowakowska-Langier, R. Chodun, K. Zdunek, S. Okrasa, Kwiatkowski, K. Malinowski,

E. Sktadnik-Sadowska M.J. Sadowski

9-th Symposium on Vacuum based Science and Teghrinloonjunction with the 14-th Annual Meeting of
the German Vacuum Society (DVG) (Poland, Kolobr28gh-11-17 - 2015-11-19)

Skarby Pojezierza Mazurskiegoswietle bada starozytnych aliay

E. Mista, A. Gojska

Odkryte na nowo — archeolodzy i historycy na trdptaggemnic Warmii i Mazur (Poland, Mgowo, 2015-
12-09 - 2015-12-10)

Air prospection of the Baltic Sea

E. Mista, K. Trela

2-nd National PhD and Student Science Conferemterregional contacts in the Baltic Sea. Trade,
conflicts, migrations, dispersion of ideas (Polaftlaisk, 2015-05-14 - 2015-05-15)

Mechanism of damage buildup in ion bombarded comgaingle crystals

A. Turos, J. Jagielski L. Thome

The 19th International Conference on Surface Modifon of Materials by lon Beams (SMMIB-19)
(Thailand, Chiang Mai, 2015-11-22 - 2015-12-27)

Surf. Coat. Technol. (2015)

Comparison of calibration of sensors used for thengjfication of nuclear energy rate depositiom, 4ith
advancements in nuclear instrumentation measuremetfitods and their application (animma), 20-24 Apri
2015, Lisbon Congress Center.

J. Brun,M. Tarchalski, C. Reynard-Carett&. Pytel, A. Lyoussl,J. Jagielski D. Fourmentel, J-F. Villard
Advancements in Nuclear InstrumentationMeasuremietihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Badania proweniencyjne oraz technologiczne artéfaktrcheologicznych wykonanych ze stopéw srebra i
miedzi

E. Mista, W. Duczko A. Turos, P. Kalbarczyk, J. Dudek, A.gdzierski, D. Wyczotkowski, M. Widawski,
J. Gaca

Naukisciste i zabytki (Poland, Krakéw, 2015-09-25 - 201%25)

Krakéw No. (2015)
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Mozliwosci wykorzystania reaktoraglrowego w nauce o konserwaciji
M. Dorosz, E. Mista, J.J. Milczarek
Nakisciste i zabytki (Poland, Krakéw, 2015-09-25 - 200%25)

Analiza chemiczna dekoracyjnych kafelkbw nasciehrg¢ranu

D. Wiodarczyk E. Mista, |. Zmuda-Trzebiatowska, P. Kalbarczyk, M. Kolbadinejad|.ashkari
Nakisciste i zabytki (Poland, Krakéw, 2015-09-25 - 200%25)

Krakéw No. (2015)

Recent high-temperature plasma studies by the N&€&Bd, Poland

M.J. Sadowski E. Skfadnik-Sadowska R. Kwiatkowski, K. Malinowski, K. Nowakowska-Langier,
J. Zebrowski, K. Czaus, W. Surafa, D. Zatoga, M. Kubkowska, M. Paduch, E. Zielinska, P. Kubes,
I. Garkusha, V. Makhlay, M. Ladygina

ICDMP Annual Meeting and Workshop (Poland, Wars2®4,5-09-11 - 2015-09-13)

Oral Presentation

Signal acquisition in Cherenkov-type diagnosticglettron beams within tokamak facilities
M. Rabinski, L. Jakubowski, M.J. Sadowskj J. Zebrowski, M.J. Jakubowski, K. Malinowski,
R. Mirowski

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (RdJaWilga, 2015-05-25 - 2015-05-30)

Improvement of Pb-based thin layers deposited osMistrate

A. Kosinska, M. Barlak, J. Lorkiewicz, J. SekutowiczR. Nietuby¢, £. Kurpaska, K. Nowakowska-
Langier

YUCOMAT 2015 (Serbia and Montenegro, Herceg N@45208-31 - 2015-09-04)

Elektrodynamiczne przyspieszanie obiektow

A. Horodenski, C. Pochrybniak, A. Sitnik

XX Miedzynarodowa Konferencja Naukowo—Techniczna Uzhiej@015 (Poland, Jachranka, 2015-06-08
- 2015-06-11)

Polsko-francuska wspotpraca naukowa dla wspar@aaju energetykigdrowej. French — Polish
Collaboration on nuclear materials: NCBJ story anydpersonal experience

C. Mieszczwski

MADRALIN- 2015 Wybrane aspekty bezpigsiea pdrowego w Polsce (Poland, Warszawa, 2015-11-24 -
2015-11-25)

Modification of the surface layer of zirconium ajtousing high intense pulsed plasma beams (HIPPB)
B. Sartowska, W. Starosta, L. WalM. Barlak

21st International QUENCH Workshop (Germany, Kargk, 2015-10-27 - 2015-10-29)

Karslruhe Institute of Technology Editor: MartineBtbruck No. (2015)

Badania obiektéw archeologicznych kultury przewasfrzy wyciu radiografii i tomografii neutronowej
|. Fijat-Kirejczyk , J.J. Milczarek, E. Mista, J. Zotadek-Nowak, J. Zotadek, Z. Jurkowski

IX Ogélnopolska Konferencja Rozpraszanie NeutronBl@tody Komplementarne w Badaniach Fazy
Skondensowanej (Poland, Chlewiska koto Siedle-26107 - 2015-06-11)

Development and experimental qualification of aakdtion scheme for the evaluation of gamma heating
experimental reactors. Application to MARIA andekiHorowitz (JHR) MTR Reactors

M. Tarchalski, K. Pytel, P. Siréta, A. Lyoussi, C. Reynard-CarefteJagielski M. Wrdblewska,

D. Fourmentel, L. Barbot, J. Brug, Marcinkowska, C. Gonnier, G. Bignan, J.F. Villard, C. Destoughe
A. Boettcher, R. Prokopowicz, A. Luks

Advancements in Nuclear InstrumentationMeasuremdetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Numerical and Experimental Thermal Responses djlSicell and Differential Calorimeters: from out-of

Pile Calibration to Irradiation Campaigns
J. Brun,M. Tarchalski, C. Reynard-Carett&. Pytel, A. Lyoussi,J. Jagielski D. Fourmentel, J.F. Villard,
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M. Carette
Advancements in Nuclear InstrumentationMeasuremietihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Development of the Cherenkov-type diagnostic systestudy runaway electrons in tokamaks
L. Jakubowski, K. Malinowski, R. Mirowski, M. Rabinski, M.J. Sadowskj J. Zebrowski,
M.J. Jakubowski

1st EPS Conference on Plasma Diagnostics (Italgs€ati, 2015-04-14 - 2015-04-17)

Poster

X-ray and neutron radiography studies of archagcéd@bjects
E. Mista, J.J. Milczarek, P. Tulik,I. Fijat-Kirejczyk
11" International Conference Mechatronics 2015 (Polawtirsaw, 2015-09-21 - 2015-09-23)

The role of magnetic energy on glow discharge Iaatibn under reduced pressure

K. Nowakowska-Langier, RafalChodun, KrzysztofZdunek, SebastianOkrasa

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Analiza sktadu chemicznego ceramikioi@nnej (XI1_XV w.) z Qom, Aveh i Mashhad w Iranie
M. RudnickaE. Mista, I. Zmuda-Trzebiatowska, P. Kalbarczyk, M. Kolbadinejadlashkari,

G. Sliwi nski

Chemia analityczna w ochronie zabytkow XV edycgaifd, Warsaw, 2015-12-04 - 2015-12-05)

Advanced characterization of the crystal evoluti@nchanneling and MC simulations - Application to
nuclear oxides bombarded with low-energy ions

F. Garrido, T.H. Nguyerl,. Nowicki, C. Bachelet, J. Bourcois, A. Debelle, A. GentiisHaddad,

S. Mylonas, L. Thome

IBA 2015- 22nd International Conference on lon Besmalysis (Croatia, Opatija, 2015-06-14 - 2015-06-
19)

Nucl. Instr. and Meth. B (2015)

Wykorzystanie obrazowania radiograficznego w baataniarcheometrycznych i konserwatorskich
E. Mista, J.J. Milczarek, |. Fijat-Kirejczyk , P. Tulik, T. Kosinski, W. Dziewiecki
Chemia analityczna w ochronie zabytkow XV edycgaifd, Warsaw, 2015-12-04 - 2015-12-05)

Coating and processing of thin lead layers on miwbior photocathodes in superconducting RF electron
injectors

R. Nietuby¢, J. Lorkiewicz, A. Kosinska, M. Barlak, J. Sekutowicz, D. Kostin, R. Barday, R. Xiang,

R. Mirowski, J. Witkowski, W. Grabowski

PLASMA 2015; International Conference on Researah&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Phys. Scr. (2015)

Damage buildup and structure recovery in RE-ionlamigd ZnO

R. Ratajczak, E. GuziewiczA. Turos, A. Stonert, D. Snigurenko, K. Kopalko

IBA 2015- 22nd International Conference on lon Besmalysis (Croatia, Opatija, 2015-06-14 - 2015-06-
19)

Durability changes of cobalt-tungsten carbide tadisr ion implantation

J. Narojczyk, D. MorozovZ. Werner, M. Barlak, M. tagodzhski

9-th Symposium on Vacuum based Science and Tegjrinloonjunction with the 14-th Annual Meeting of
the German Vacuum Society (DVG) (Poland, Kolobr28gh-11-17 - 2015-11-19)

Zinc oxide films grown at low temperature— eledatiproperties and hydrogen contamination
E. Guziewicz, T.A. Krajewski, D. Snigurenko, D. dsz, E. Przezdziecka, G. Luka, R. Jakiela, K. Kpal
A. Stonert, R. Ratajczak
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Jaszowiec2015- #international School and Conference on the Physicemiconductors (Poland, Wista,
2015-06-20 - 2015-06-25)

Pokrycia ochronne koszulek cyrkonowych dlagksizenia ich odporrigi na utlenianie w warunkach awarii
typu LOCA

W. StarostaM. Barlak, P. Tomassi, B. Sartowska, L. WalM. Mitkowska

MADRALIN- 2015 Wybrane aspekty bezpigsizga pdrowego w Polsce (Poland, Warszawa, 2015-11-24 -
2015-11-25)

Structural, optical and electrical properties of¥single crystals andepitaxial films implanted withand

Yb

E. GuziewiczR. Ratajczak, D. Snigurenko, M. Stachowicz, T.A. Krajewshi, Stonert, A. Turos
Jaszowiec2015- #international School and Conference on the Physicemiconductors (Poland, Wista,
2015-06-20 - 2015-06-25)

Physico-chemical study on iron ores, materialsfanthace residue originate from International Iron
Smelting Days Workshop in Poland

E. Mista, P. Linke, W. Weker, P. Kalbarczyk, K. TrelaZmuda-Trzebiatowska
Archaeometallurgy in Europe 2015 (Spain, Madrid] 26-01 - 2015-06-03)

Epitaxial ZnO films implanted with Er and Yb

A. Guziewicz,R. Ratajczak, D. Snigurenko, M. Stachowicz, T.A. Krajewshi, Stonert

XVII International Conference on II-VI CompoundsidRelated Materials (1I-VI 2015) (France, Paris,
2015-09-13 - 2015-09-18)

Badania wtaciwosci mechanicznych i strukturalnych stali typu OD3ganaczonych dla energetyki
termopdrowej.

W. Pawlak, J. Jagielski . Kurpaska, M. Lewandowska, M. Chmielewski, |. adik, K. Perkowski
Jubileuszowe Sympozjum Narodowego CentrumBagtirowych (Poland, Otwock, 2015-06-15 - 2015-06-
15)

Hydrogen contamination in ZnO films grown at lownfgerature

E. Guziewicz, T.A. Krajewski, D. Jarosz, E. Pideecka, G. Luka, D. Snigurenko, R. Jakiela, K. &l&p,
A. Stonert, R. Ratajczak, J.W. Sobczak

XVII International Conference on II-VI CompoundsidRelated Materials (1I-VI 2015) (France, Paris,
2015-09-13 - 2015-09-18)

Air prospection of the Baltic Sea region
E. Mista, K. Trela
The first international conference on Truso, (Palaklblg, 2015-05-17 - 2015-05-18)

Comparative study of radiation-induced damage igmeaium aluminate spinel by means of IL, CL and
RBS/c techniques

I. Jozwik,J. Jagielski G. Gawlik,P. J&wik, R. Ratajczak, G. Panczer, N. Moncoffre, A. Wajler,

A. Sidorowicz, L. Thome

IBA 2015- 22nd International Conference on lon Befamalysis (Croatia, Opatija, 2015-06-14 - 2015-06-
19)

Structural, optical and electrical properties of¥single crystals and epitaxial films implantedhnitr and
Yb

E. GuziewiczR. Ratajczak, D. Snigurenko, M. Stachowicz, T.A. Krajewshi, Stonert, A. Turos

XVII International Conference on II-VI CompoundsidrRelated Materials (1I-VI 2015) (France, Paris,
2015-09-13 - 2015-09-18)

Quasiamorphous ZnO layers produced by the ALD tiegien

A. Turos, E. GuziewiczA. Stonert, D. Snigurenko, B.S. Witkowski, R. Diduszko, M.li2e

XVII International Conference on II-VI CompoundsidRelated Materials (1I-VI 2015) (France, Paris,
2015-09-13 - 2015-09-18)

Research on the corrosion and ornamentation ah#tal artifacts from archaeological site Czaszkowo,

61



Annual Report 2015

Poland.

P. KalbarczykE. Mista, A. Rzeszotarska-Nowakiewicz, T. Nowakiewicz

XXV Analytical Seminar in Poznan: Modern methodsanfiple preparation and determination of trace
guantities of elements (Poland, Po#zna015-04-09 - 2015-04-10)

Studies of pulsed plasma-ion streams during the& propagation and interaction with SiC-targets

E. Skladnik-Sadowska R. Kwiatkowski, K. Malinowski, M.J. Sadowskj K. Czaus D. Zatoga,

J. Zebrowski, K. Nowakowska-Langier

International Conference on Plasma Science ICOPEZ0urkey, Antalya, 2015-05-24 - 2015-05-28)

Research on interactions of plasma streams with @Fgets in the Rod Plasma Injector facility

D. Zaloga R. Kwiatkowski, E. Sktadnik-Sadowska M.J. Sadowski K. Nowakowska-Langier
International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

What we know about Oslo meteorite from cosmogesotope analysis

Z. Tyminski, M. Stolarz, T. Kubalczak§. Tyminska, E. Kotakowska, T. Dziel, A. Burakowska,
E. Mista, P. Saganowski

European Planetary Science Congress (France, Nag@d$5-09-27 - 2015-10-02)

LECTURES, COURSES AND EXTERNAL SEMINARS

Synthesis of copper nitride layers by pulsed magnetputtering methdd
K. Nowakowska-Langier
Warsaw, Institute of Fundamental Technological ResePolish Academy of Sciences , 2015-11-18

Progress in deposition and smoothing of thin-ldgad photocathodes on niobium; test results anddut
prospects

J. Lorkiewicz

Berlin, Helmholtz Centre Berlin (HZB), 2015-02-13

Recent achievements in cathodic arc depositedithirPb photocathodes flattenifig
J. Lorkiewicz
Hamburg, Deutsches Elektronen Synchrotron (DES¥)5204-08

Plasma pulsed irradiation preparation of lead abpteto-cathod8s
R. Nietuby¢
Barcelona, ., 2015-04-21

Status of preparation at NCBJ Swierk of thin-lalged photocathodes for SRF injecfors
J. Lorkiewicz
Rossendorf, Helmholtz Zentrum Dresden Rossendit§-22-04

3 in Polish
®)in English

INTERNAL SEMINARS

Science popularization on the changing-educatitaralscape of Polarfd
L. Nowicki

Otwock-Swierk, NCBJ, 2015-01-15

Archaeometry in NCNR

E. Mista

Otwock, National Centre for Nuclear Research, 20553
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Material microanalysis in archaeometallurgical egst
E. Mista
Otwock-Swierk, National Centre for Nuclear Reseafdii2 Division, 2015-10-14

Project IBIS Il - history, and plans for futdre
A. Horodenski
Swierk, National Center for Nuclear Research, 201512

Rentgenowskie badania strukturalne wzrostu cienkiatstw Nb na szafirze (001).
R. Nietuby¢
Otwockswierk, NCBJ, 2015-11-25

¥in Polish

DIDACTIC ACTIVITY

E. Mista -
The course conducted in the framework of the Véstihildren University "What archaeologist doingtwit
the atom?", April 2015

K. Nowakowska-Langier - "Preliminary studies of synthesis and charast¢ions of copper nitride layers"
A. Turos - scientific advisor of PhD thesis of Przemyslaawlik

A. Turos - Thesis advisor of Ewelina §a

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

J. Jagielski

Boehmische Physical Society

Nuclear Physics Committee Polish Physical Society

Member and President of the Scientific Counciltaf tnstitute of Electronic Materials Technology

E. Mista

Vice-President, Polish Nuclear Society - Youth Foru

Member, European Nuclear Society - Young Generatf&NS YNG)

Member, Women in Nuclear

Member, Inter-Society for Scientific Research anotértion of the World Cultural Heritage HUMANICA

R. Nietuby¢
Polish Synchrotron Radiation Society

K. Nowakowska-Langier
Polish Synchrotron Radiation Society (PSRS)

C. Pochrybniak

Member Polish Solar Energy Society

Member Polish Photovoltaics Society

Chairman of Economics Council Institute of Atomindfgy Polatom

A. Turos

Member of the Materials Research Society
member of Boehmische Physical Society
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PERSONNEL

Scientific staff

Barlak Marek, PhD
Jagielski Jacek, Professor
Lorkiewicz Jerzy, PhD Eng.
Mieszczyski Cyprian, PhD
Nietuby¢ Robert, PhD
Nowakowska-Langier Katarzyna, PhD Eng
Nowicki Lech. PhD
Pochrybniak Cezary. PhD
Ratajczak Renata. PhD
Stonert Anna. PhD

Turos Andrzej, Professor
Werner Zbigniew, Professor

Research — technical staff
Horodeiski Andrzej, MSc Eng

Kosinska Anna, MSc Eng
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Kowalska Ewa, MSc Eng
Mirowski Robert, MSc Eng
Mista Ewelina, MSc
Namyslak Kamil MSc Eng
Strzelecki Grzegorz, MSc.

Technical Staff
Bojarczuk Janusz
Gniadek Krzysztof
Karpisz Stanistaw
Kuk Mirostaw
Staszkiewicz Bogdan
Trembicki Andrzej
Wiraszka Andrzej
Zagorski Jerzy

Administrative staff
Woznica Magdalena, MSc
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MATERIAL RESEARCH LABORATORY

Head of Division: Ewa Hajewska, PhD
phone: +48 22 231061

e-mail: Ewa.Hajewska@nchbj.gov.pl
Overview

The Material Research Laboratory (MRL) is one akéhlaboratories included in the Department of Male
Physics (MPD) of the National Centre for Nucleas®ach (NCBJ). MRL is engaged in research work icogeall
aspects of materials engineering. Investigatiorss @arried out on structural materials and theirdedl joints
including investigations performed on irradiatedtenals. The MRL Hot laboratory is the only fagilin Poland
able to handle and perform mechanical, structunal eéhemical investigations of materials irradiatechuclear
reactors. All studies performed in MRL are conddaecording to a Quality Assurance Program.

The main part of the Hot Laboratory is a set ofhb2 cells with lead shielding to enable handlingadioactive

materials with activity levels up to 4 TBq related®®Co. Every cell is equipped with different devicesyding

flexibility for a wide nuclear research programmevdlving metallurgical, physical and chemical tegtiof
irradiated structural materials. The main equipniestalled in MRL includes:

. Instron 8500 Dynamic Testing System with two 100 fkAimes for testing tensile and compressive sttengt
low cycle fatigue resistance, fracture toughnessdicharacteristics and crack growth resistaneg5@°C to
1000°C temperature range,

. Instrumented Wolpert Pendulum Impact Testing MaehifWW 30/15 for dynamic tests of Charpy-V type
specimens carried out at -15Q to 800°C temperature range, for determination of significkorce and
deflection values, partial energy values and charestical fracture mechanical values,

. DIA-TESTOR 7521 Wolpert Hardness Testing Machine tists using the Brinell, Vickers and Rockwell
procedures,

. ROBOFIL 200 Spark Erosion Machine for specimen grafion

. ISOCS (In Situ Object Counting System) Shield Sysfer in situ gamma spectroscopy with a germanium
detector.

«  ARL 3460 Spectrometer for quantitative analysethefchemical composition of metals.

The devices are fully automated, remotely operatetinstrumented.

The remaining equipment of the hot cell complegwadi us to perform:

. Cutting out of samples from irradiated reactor congnts

«  Sample preparation for metallographic examination

e Optical microscopy

e Thermal treatment and annealing

. Chemical analysis

At the end of 1998, the laboratory for non-desikgctesting of materials was put into operatiorihiea MRL. The
non-destructive laboratory is equipped with newigpent and uses different methods of investigatgrgh as:
visual inspection, liquid penetration inspectiortrasonic examination, radiographic inspection atcucture
investigation.

MRL holds the Accreditation Certificate of Testihgboratory No AB 025 which confirms fulfillment dhe
ISO/IEC 17025:2001 criteria and since 1995 holds @ertificate of Testing Laboratory“Degree Approval No
LB-038/27 granted to the MRL by the Office of Tewtat Inspection. This indicates that MRL fulfilsetleriteria of
the standard PN-EN IOS/IEC 17025:2005.

In 2015 several research projects funded by MNiSAEA, FNP (Foundation for Polish Science) and NG:te
carried out MRL. Currently, two new projects fundagdthe European Commission: VINCO and BRILLIANTear
in operation. In 2015 the main areas of researctemarconium oxidation, zirconium alloys, SiC, pghlores,
mechanical investigation of 316 SS steels, fainoaand mechanical properties of ODS RAF steels strneks
corrosion of steels. Among these tests, speciahtitin was given to an investigation of the mecatenproperties
of irradiated layers. In 2015 MRL researchers mtgd 3 high impact journal papers and participated
international conferences.

Ewa Hajewska
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PARTICIPATION IN CONFERENCES AND WORKSHOPS
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Invited Talk

Przyktady zastosowania metod NDT do badania wylmamyementow konstrukcji elektrownjdrowych

B. Zajac
Nieniszczce Badania Materiatéw (Poland, Zakopane, 2015-03-2815-03-20)

In-situ phase and stress analysis of high temperaitconia scale developed on pure zirconium and Z
Nb1% alloy as studied by Raman spectroscopy.

t. Kurpaska

Xlllth International Conference on Molecular Spastcopy (Poland, Wroctaw, 2015-09-09 - 2015-12-13)
J. Mol. Struct. (2015)

Mechanical properties of irradiated Gd-based pyiarels as studied by nanoindentation techniqueectff
of grains and grain boundaries

t. Kurpaska

18" International Conference on Radiation Effectsriaulators (REI-18) (India, Jaipur, 2015-10-26 - 301
10-31)

Nucl. Instr. and Meth. B (2015)

Thin layer Pb photocathode deposition for improgedormance of SRF guns (status in May 2015)
R. Nietuby¢, J. Lorkiewicz, J. SekutowiczM. Barlak, D. Kostin,A. Kosinska, R. Barday, R. Xiang,
R. Mirowski, M. Frelek, W. Pawlak, T. Sworobowicz J. Witkowski, W. Grabowski

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (RdjaVilga, 2015-05-25 - 2015-05-30)

Oral Presentation

Improvement of Pb-based thin layers deposited osWiistrate

A. Kosinska, M. Barlak, J. Lorkiewicz, J. SekutowiczR. Nietuby¢, t. Kurpaska, K. Nowakowska-
Langier

YUCOMAT 2015 (Serbia and Montenegro, Herceg Nddi5208-31 - 2015-09-04)

Poster

Badania wtaciwosci mechanicznych i strukturalnych stali typu OD3ganaczonych dla energetyki
termopdrowej.

W. Pawlak, J. Jagielski t.. Kurpaska, M. Lewandowska, M. Chmielewski, I. dgik, K. Perkowski
Jubileuszowe Sympozjum Narodowego Centrum Bagrowych (Poland, Otwock, 2015-06-15 - 2015-06-
15)

Identifying sub-oxide phases at the metal-oxideriplhase developed on pure zirconium using Raman
spectroscopy technique

t. Kurpaska

European Congress and Exhibition on Advanced Maleand Processes - EUROMAT 2015 (Poland,
Warszawa, 2015-09-20 - 2015-09-24)

Microstructural and mechanical evaluation of threaiium // zirconia interphase.

t. Kurpaska
2015 MRS Fall Meeting & Exhibit (USA, Boston, 241529 - 2015-12-04)
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LECTURES, COURSES AND EXTERNAL SEMINARS

Ultrasonic Phased Array and TOFD. Application ex@amf OmniScah
B. Zajac, G.Olszewski
Warsaw, Olympus Polska, 2015-02-26

Badania materialowe na potrzeby elektrowni konwamajnych i jdrowych oraz przemystu energetycznego
National Centre for Nuclear Research, Jubilee Syinnd

B. Zajac, G. Olszewski, Z. Rozemblicki

Otwock-Swierk, National Centre for Nuclear Reseaf5-06-15

Badania materialowe na potrzeby elektrowni konwemajnych i jdrowych oraz przemystu
energetycznego; XXIl Seminarium naukowo-techniczne

G. Olszewski,B. Zajac, Z. Rozemblicki

Zakopane, LBM, NCBJ, 2015-06-17

The modern equipment for the structural materialdysin dynamic load conditién
J. Wasiak
Zakopane, National Centre for Nuclear Research,evlat Research Laboratory, 2015-06-19

Work safety of high-pressure steam pipelines of gowwits under modernizatidn
J. Wasiak
Zakopane, National Centre for Nuclear Research,@vlat Research Laboratory, 2015-06-19

The estimation of measurement uncertainty - worg&ho
M. Frelek
Warsaw, POLLAB - Polish Research Laboratories CR01,5-06-29

Materialgraphy - workshdp
M. Frelek
Warsaw, Struers Sp. z 0.0, 2015-10-08

European XFEL Users Meeting 2015
W. Pawlak
Hamburg, European XFEL, DESY, 2015-01-28

Elements of the back - end of the nuclear fuele&ygéological storage of nuclear spent fuel

M. Frelek

Oskarshamn, Royal Institute of Technology (KTH)nhues University in Sweden, Swedish Nuclear Fuel
and Waste Menagement Company (SKB), NOVA CentEs;@®-08

8. International School of Nuclear Poler
M. Frelek
Warsaw, National Centre for Nuclear Research, 200526

Modern laboratory - DNA 4Y series. Weight measuretaén the light of the requirements of accreditati
and certification procedure.

M. Frelek

Warsaw, Radwag - Electronical Scales, 2015-03-18

Accreditation in regulated territory. The rulesnddions and current statéis.
M. Frelek
Warsaw, Polish Centre for Accreditation, 2015-03-18

Lab problems - the series of lectufes

M. Frelek

Warsaw, Polish Research Laboratories Club POLLAB Bolish Committee for Standardization, 2015-03-
19
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Quality assurance for ISO/IEC 17025 accreditedratosies with CRMs and PT Scherfies
M. Frelek
Warsaw, Tushovics Instruments Sp. z 0.0 and ERAtAr§\Company, 2015-03-19

3 in Polish
®)in English

DIDACTIC ACTIVITY

t. Kurpaska - Promoter of the engineering work. M. Giggkia University of Warsaw. Title of work

"Physical, chemical, mechanical properties andtalggraphic structure of polymorphic variants otania

implanted ions Ar2 +"

B. Zajac - Eddy Current testing course level 2 accordingMsEN 4179 for Staff Training Center
"INTERPROFESJA"18-22.052015, Warszawa

B. Zajac - Ultrasonic testing course level 2 according BN ISO 9712 for Staff Training Center
"INTERPROFESJA", 24-29.09.15; 16-25.11.15, Warszawa

PERSONNEL

Research scientists
Waldemar Bilous, PhD
Matgorzata Frelek, MSc Eng
Ewa Hajewska, PhD

tukasz Kurpaska, PhD
Wioleta Pawlak, MSc Eng
Martyna Przyborska, MSc Eng
Tadeusz Wagner, MSc Eng
Jan Wasiak, PhD

Mariusz Wieczorkowski, MSc Eng
Bogdan Zajc, MSc Eng.

Technical and administrative staff
KonradCwiek

Mirostaw Jagodziski

Jagoda Zdzistaw, Eng

Stanistaw Mucha

Grzegorz Olszewski, Eng

Alicja Ostrowska

Zbigniew Rozenblicki

Jadwiga Wojciechowska-Kwaiewska
Tadeusz Zych
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DEPARTMENT OF FUNDAMENTAL RESEARCH

Director of Department: Professor Grzegorz Wilk
Phone: +48 22 5532226

e-mail: wilk@fuw.edu.pl
Overview

The scientific activity of DBP in 2015 is presenteddetail in the sections devoted to its four Biwns: the Nuclear
Physics Division (BP1), Theoretical Physics DivisiBP2), High Energy Physics Division (BP3) and rAphysics
Division (BP4), to which | refer for details andrtiuer references. Here | present a short overvi€lae main
achievements selected for achievements of the whstitute to be presented to the general pubéc ar

(*) Publication by M.P.Hellera and M.Sp#dkiego (from BP2) onHydrodynamics Beyond the Gradient Expansion:
Resurgence and ResummatidPhys. Rev. Lett. 115, 072501 (2015).

(*) The pivotal role of ProfL. Roszkowski (from BP2) in the organization in Warsaw of thentaus international
conferenceCOSMO-15must be specially acknowledged.

The Nuclear Physics Division (BP1) concentratedl@mm energy nuclear physics (mostly in collaboratiwith the
Heavy lon Laboratory, University of Warsaw; planbllaborate with ISOLDE at CERN are in progre#is)activity in
high energy nuclear physics connected with the ldsroollaboration at the Deutsches Elektronen Syichr (DESY)
in Hamburg was finally closed. Also activity context with the large-scale international collabonat®ANDA in the
FAIR project was practically frozen because of veeyious problems and delays in work on this ptogeperienced at
the GSI laboratory. Attempts to renew the activity the BP1 division towards true nuclear physicyehdeen
undertaken and are now supervised by the new HeBB1 Prof. Z.Patyk (moved to BP1 from BP2).

The Theoretical Physics Division (BP2) works in s#ocollaboration with experimental groups at CERBEI,
Kamiokande and Frascatti and in collaboration i Universities of Warsaw, Kielce, Paris, Liegentdon and such
institutes as PAN, CERN, GSI, JINR, RIKEN. It contates on the properties of heavy and superheawiein
properties of nuclear matter and nuclear collisien®tic atoms; phenomenology of collisions of twadr and leptons;
supersymmetry and cosmology, nonlinear effectsxiereled media and the Bayesian approach to multinpeter
problems in physics and beyond. In all of them mangw interesting results were found (cf.
http://www.ncbj.gov.pl/en/theoretical-physics-dieis-bp2 for detailed information). Its main achievents have
already been mentioned above. The others are meqdtio the report by the division leader.

The activities of the High Energy Physics DivisiBP3) concentrated mostly on the LHC experiment$GH, CMS,
and LHCb and on neutrino physics. At the end of 2DHC re-started after the shutdown and new datacanstantly
being collected. This year special emphasis shioeldut on the work on prompt photon production dongreat part by
the Warsaw group of the PHOS detector at the ALEXReriment. Our Neutrino Physics group, as parthef K2K
collaboration, shaes a part of the glory causethby2015 Nobel prize in neutrino physics. This gralsoadded to its
previous achievements new, very valuable resulBOib.

Among the achievements of the Division of Astrggics, (BP4), are the first successful test ef BHUSO-Ballon
experiment, new results in investigations of thegdascale of the Universe and, still unofficialparticipation in the
possible discovery of gravitational waves (mostataly this will be the main subject of scientifitérest in 2016, see
links to the recent materials posted on the NCBJ page:

http://www.ncbj.gov.pl/en/aktualnosci/gravitationmhves-discovered-100-years-after-einstein-hadiptedithem
http://www.ncbj.gov.pl/en/aktualnosci/what-knowragitational-waves
http://www.nchbj.gov.pl/en/aktualnosci/looking-omletransitions-possibly-related-candidates-granital-waves

Grzegorz Wilk
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NUCLEAR PHYSICS DIVISION

Head of Division: Professor Zygmunt Patyk
phone: +48 22 55 32 229

e-mail: zygmunt.patyk@ncbj.gov.pl
Overview

Our scientific activities in 2015 concentrated nhaion two subjects: low energy nuclear physics amgkdium
energy physics.

«  Activities of the low-energy direct reactions gran@015 resulted in ten publications in referemgpals and
an invited talk at the XXXIV Mazurian Lakes Confaoe on Physics. A new collaboration with our cajleas
from Padua under the aegis of the POLITA agreerastalready produced results with a publicatioRhygs.
Rev. C 92, 024615 (2015) on the reactions induge®b incident on &Ni target. Mr. Oleksandr Hryhorenko
successfully passed the entrance examination foitihce as a PhD student and should join the girotipat
capacity in September/October 2016.

. In a collaboration with GSI-Darmstadt the masse®méxotic nuclei were determined for the firstegiriluclei
were extracted from the reaction’dU on a beryllium target. Masses were determineshiisochronous mass
spectrometer under two different conditions with @mcertainty of a few keV. The results were partly
published in Physics Letters B.

e The group is involved in the Hermes collaboratidnttee Deutsches Elektronen Synchrotron (DESY) in
Hamburg. The group has finished the analysis aistrarse target-spin asymmetry in exclusisemeson
electro-production. The results were published im. Phys. J. C35 600 (20150he Hermes collaboration
ceased basic activity (at the end of 2014). Howetrer group will work at least through the currgear to
finish an analysis and prepare publications. Treug is continuing an analysis of the decay of the
resonance into the lepton paér e at the WASA experiment. The angular distributibrdecay products of the
virtual photon is studied in order to establish plodarization states of the photon. The WASA experit has
also ceased taking data and part of the groupuvslved in analyses of the COMPASS experiment.

. Prof. B. Zwkglinski, dr A. Trzcinski, and eng. G.¢kik are engaged in a large-scale internationahbolation
PANDA (antiProton ANnihilations at DArmstadt) inghFAIR project. In 2015 their activities were foedson
preparation of tripartite (FAIR_Gmbh-JU-NCBJ) arigdstite (JU-NCBJ) contracts permitting the openarig
the funding stream. Among the annexes of the cotstia a technical report containing a detaileccdpson
of the slow-control system for the cluster-jet &trgpf the PANDA detector. This is one of the two
contributions planned by NCBJ to PANDA. The papation of eng. A. Chiopik [NCBJ Dept. TJ-4] in the
project is acknowledged.

Zygmunt Patyk
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PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Strong Coupling Effects in Near-barrier Heavy-idadfic Scattering
N. Keeley K.W. Kemper K. Rusek
XXXIV Mazurian Lakes Conference on Physics (Pol&makski, 2015-09-06 - 2015-09-12)

Oral Presentation

Wzrost zainteresowania reakayntezy*'B(p, )20, czy uda si powr6ct do koncepciji zbudowania ultra
czystego reaktoragrowego? Polski wktad w badania.

A. Malinowska, A. Szydtowski M. Jaskota

XLIII Zjazd Fizykéw Polskich (Poland, Kielce, 2008-06 - 2015-09-11)

Two identical pions correlations at small relatimementa in collisions of Al+Al and Ni+Ni at 1.9A @e
V. Charviakova, R. Kotte, K. Piasecki, T. Matulewicz
XI Workshop on Particle Correlations and Femtosc{gland, Warsaw, 2015-11-03 - 2015-11-07)

Poster

Determination of impact parameters in aligned bugadf projectile-like fragments i7’Au + *’Au
collisions at 23A MeV

T. Cap, K. Siwek-Wilczyiska,J. Wilczynaski, F. Amorini, L. Auditore, G. Cardella, E. DeFilipp

E. Geraci, L. Grassi, A. Grzeszczuk, E. LaGuidaraan, T. Kozik, G. Lanzalone, |. Lombardo,

R. Najman, N.G. Nicolis, A. Pagano, M. PagaPiaseckj S. Pirrone, R. Ptaneta, G. Politi, F. Rizzo,
P. Russotto, I. Skwira-Chalot, A. Trifird, M. Trimehi, G. Verde, W. Zipper

XXXIV Mazurian Lakes Conference on Physics (Pol&makski, 2015-09-06 - 2015-09-12)

Acta Phys. Pol. B (2016)

Two identical particle correlations at small refatimomenta in collisions of Al+Al and Ni+Ni at 1.98eV
V. Charviakova, R. Kotte, K. Piasecki, T. Matulewicz
XXXIV Mazurian Lakes Conference on Physics (Pol&akki, 2015-09-06 - 2015-09-12)

LECTURES, COURSES AND EXTERNAL SEMINARS

72

Dynamical Non-locality in Nuclear Potentials; Derstration of a Practical Meth8d
N. Keeley
Warsaw, University of Warsaw, 2015-04-16

Transverse-target-spin asymmetry in exclusiveectroproductioh
B. Marianski
Hamburg, DESY Hamburg, 2015-07-30

DC87 status Transverse-target-spin asymmetry itusixe o electroproductioh
B. Marianski
Hamburg, DESY Hamburg, 2015-11-17

Exclusivew meson production in Compas from 2012 Bata
B. Marianski
Geneva, CERN, 2015-11-30

Exclusivew meson production in CompAs.
B. Marianski
Genewa, CERN, 2015-12-09

" in English
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DIDACTIC ACTIVITY

T. Cap - Open physics classes for school students orgdriy Polish Physics Society and the Faculty of
Physics at the University of Warsaw.

V. Charviakova - Physics Workshop for schoolkids, Faculty of RbgsUniversity of Warsaw

V. Charviakova - Summer School of Physics, Department of Phy&losyersity of Warsaw. Lectures in
the physics workshop.

A. Korman - Protection of the diploma dissertation of the BMlent tukasz Fura

B. Marianski - Lectures on ekonometry in WSZ-SW

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

V. Charviakova

FOPI colaboration, GSI Darmstadt. Study the charastics of heavy ion reactions, to reconstruct the
properties of the hot and dense reaction zonerarbiigate particle production at the SIS beamgiesr
ISOLDE, CERN. Experiments in the fields of nuclaad atomic physics, solid-state physics, materials
science and life sciences.

N. Keeley
Fellow of the Institute of Physics
Council member. National Centre for Nuclear Redearc

J. Wilczynski )
Member of the Scientific Council of the Nationalre for Nuclear Research in OtwoSkvsierk

P. Zupranski
Member of the Scientific Council of the HERMES Gdilbration at DESY

B. Zwieglinski
Coordination Board of the PANDA Detector activiti@NS representative
representative of NCBJ, National Consortium FEMTQRIHCS

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING
COMMITTEES

N. Keeley
Fellow of the Institute of Physics

J. Wilczynski
Member of the Scientific Council of the Nationalre for Nuclear Research in OtwoSkvierk

P. Zupranski
Member of the Scientific Council of the HERMES Gdilbration at DESY

B. Zwieglinski

Coordination Board of the PANDA Detector activiti€NS representative
representative of NCBJ, National Consortium FEMTQRIHCS
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PERSONNEL
Research scientists

Witold Augustyniak, PhD*

Marian Jaskota, Professor*

Nicholas Keeley, Assoc. Prof.

Andrzej Korman, PhD

Bohdan Mariaski, PhD

Dmytro Melnychuk, PhD to September 30
Zygmunt Patyk, Professor from July 1
Ernest Piasecki, Professor.* to November 30
Ewa Ruchowska, PhD to October 31
Andrzej Trzciski, PhD

PawetZupraiski, Assoc. Prof.*

Bogustaw Zwgglinski, Professor*
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Janusz Wilczgski, Professor to October 22

Technical and administrative staff
Dorota Dobrowolska

Ryszard Kacprzak* to October 31
Grazyna Kesik, Eng.

Wiestaw Pietrzak* to December 11
Zbigniew Szczepaniak to August 31

*part-time employee
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THEORETICAL PHYSICS DIVISION

Head of Division: Michat Kowal, Professor NCBJ
phone: +48 22 5532281

e-mail: michaal.kowal@ncbj.gov.pl
Overview

The Theoretical Physics Department consists of I3@ipists and 4 PhD students working on differesgeats of
low and high energy physics, plasma and nonlips@nomena as well as on general problems of quasiotizof
particle dynamics, astrophysics, string theory angmology. The “BayesFITS” project devoted to they&sian
approach to multi-parameter problems in physics lzeybnd involving parallel computing and large dsdts was
alsocarried out within our department.

Close collaboration with experimental groups atRBE(COMPASS, CMS and ALICE) and other laboratories
(like; GSI, Kamiokande or Frascatti) should be timred. Results of our scientific activity in 20%#re presented
in 170 publications in total, 25 with less thandauthors. Our results were presented at more @dacoferences
and/or workshops.

Our research effort was mainly concentrated orfdhewing topics:

» properties of heavy and superheavy nuclei;

» properties of nuclear matter and nuclear collisions

* exotic atoms;

* Bayesian approach to multi-parameter problems ysigb.
« phenomenology of collisions of hadrons and leptons;

» theoretical cosmology;

e string theory;

« nonlinear effects in extended media.

In all of them very inereting results were achived.special relevance and interest in 2015 arefdhewing
work:

1. Michal P. Heller andMichat Spalinski
Hydrodynamics Beyond the Gradient Expansion: Renag and Resummation
Phys. Rev. Lett. 115, 072501

2. B. Pire and.. Szymanowski
Neutrino Production of a Charmed Meson and the Swarse Spin Structure of the Nucleon
Phys. Rev. Lett. 115, 092001

3. P.JachimowiczM. Kowal, andJ. Skalski
Candidates for long-lived high-K ground statesuperheavy nuclei
Phys. Rev. C 92, 044306

4. Hervé BergeronkEwa Czuchry, Jean-Pierre Gazed@rzemystaw Matkiewicz, andWiodzimierz
Piechocki
Smooth quantum dynamics of the mixmaster universe
Phys. Rev. D 92, 061302(R)
5. Jacek Raynek
Nuclear equation of state and finite nucleon volsme
Journal of Physics G: Nuclear and Particle PhySicdime 42, Number 4, 045109

Collaborations with several universities and insés have been maintained ( e.g. the Universitfeg/arsaw,
Kielce, Paris, Liege, London and Scientific Ingtitsilike: PAN, CERN, GSI, JINR, RIKEN).

Michat Kowal
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PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

SUSY dark matter: lessons from and for the earlivehse, and related issues
K. Kowalska, L. Roszkowski E. SessolpS. Trojanowski, K. Turzynski,A. Williams
PLANCK 2015 (Greece, loannina, 2015-05-25 - 201229p

Diffractive production of jets at high-energy iretpCD shock-wave approach

R. Boussarie, A.V. Grabovskl, Szymanowski S. Wallon

Photon 2015: International Conference on the Striteetand Interactions of the Photon and the 21th
International Workshop on Photon-Photon Collisi@mal International Workshop on High Energy Photon
Linear Colliders (Russia, Novosibirsk, 2015-01-12045-01-19)

No. (2015)

Smoking guns of supersymmetric dark matter
K. Kowalska, L. Roszkowski E. SessolpS. Trojanowski, K. Turzynski,A. Williams
The Spacetime Odyssey Continues (Sweden, Stoc@dl5:06-02 - 2015-06-05)

Production of a forward Jpsi and a backward j¢hat HC

R. Boussarie, B. Duclou&, Szymanowski S. Wallon

Photon 2015: International Conference on the Striteetand Interactions of the Photon and the 21th
International Workshop on Photon-Photon Collisi@mal International Workshop on High Energy Photon
Linear Colliders (Russia, Novosibirsk, 2015-01-12045-01-19)

No. (2015)

SUSY dark matter: lessons from and for the earlivehise
K. Kowalska, L. Roszkowski E. SessolpS. Trojanowski, K. Turzynski,A. Williams
DSU-15, Dark Side of the Universe (Japan, Kyotd,5202-14 - 2015-12-18)

Candidates for Long Lived High-K Ground States uip& Heavy Nuclei
P. JachimowiczM. Kowal, J. Skalski
Super Heavy Nuclei International Symposium (USAle@e Station, 2015-03-31 - 2015-04-02)

Probing GPDs in photoproduction processes at hacisthiders

D.Y. lvanov, B. Pirel.. Szymanowskij J. Wagner

Photon 2015: International Conference on the Stiteetand Interactions of the Photon and the 21th
International Workshop on Photon-Photon Collisi@ml International Workshop on High Energy Photon
Linear Colliders (Russia, Novosibirsk, 2015-01-1245-01-19)

No. (2015)

Accessing transversity GPDs in neutrino-productiba charmed meson

B. Pire,L. Szymanowski

16th conference on Elastic and Diffractive ScattigfEDS 15) (France, Borgo, Corse, 2015-06-29 -3201
07-04)

No. (2015)

Adiabatic Fission Barriers

P. JachimowiczM. Kowal, J. Skalski

XXII Nuclear Physics Workshop “Marie & Pierre Cutigazimierz Dolny, Poland 2015 (Poland,
Kazimierz Dolny, 2015-09-22 - 2015-09-27)

Towards resolving generic singularity problem ofigel relativity
W. Piechocki
Quantum Gravity in Cracow (Poland, Cracow, 2015485- 2015-05-10)
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Photon dissociation into two and three jets: ihgiad final state corrections

R. Boussarie, A. Grabovskl, Szymanowskj S. Wallon,

16th conference on Elastic and Diffractive ScattgfEDS 15) (France, Borgo, Corse, 2015-06-29 -3201
07-04)

Neutralino dark matter: interplay of direct, inditeand LHC searches
E. Sessolo
IBS-MultiDark Workshop (Spain, Madrid, 2015-11-23015-11-28)

Level spacing distribution of the Bianchi IX model

W. Piechocki

7th Workshop on Quantum Chaos and Localisation Bmema (Poland, Warsaw, 2015-05-29 - 2015-05-
31)

Mueller-Navelet jets at the LHC

B. Ducloué L. Szymanowskj S. Wallon

16th conference on Elastic and Diffractive ScattgfEDS 15) (France, Borgo, Corse, 2015-06-29 -3201
07-04)

Possible Implication of a Single Nonextensiyelstribution for Hadron Production in High-Energp
Collisions

G. Wilk

11-th Polish Workshop on Relativistic Heavy-lonl@mns (Poland, Warszawa, 2015-01-17 - 2015-01-18)

Reconstructing CMSSM parameters at the LHC wigh14 TeV via the golden decay channel

A. Fowlie, L. Roszkowski M. Kazana

SUSY 2015 - the 23rd International Conference qre&ymmetry and Unification of Fundamental
Interactions (USA, Lake Tahoe, 2015-08-23 - 20829)

Nuclear Equation of State and with finite nucleafumes.

J. Rozynek
Quarks and Nuclear Physics (Chile, Valparaiso, 208502 - 2015-03-06)

On quasi-power law ensembles

G. Wilk

International School on Complexity; 15th CoursewNeends in statistical mechanical foundations of
complexity - applications in high energy physidasma physics, long-range interactions, edge obsha
and elsewhere. Directors: G. BENEDEK — R. GALVAQ RAPISARDA — C. TSALLIS (ltaly, Erice;
Ettore Majorana Foundation and Centre for Scientffiulture, 2015-07-27 - 2015-08-03)

On ubiquity of quasi-power law distributions

G. Wilk

Foundations of Complex Systems Science - CS-DCotl8l ¥/conference (USA, Tempe, 2015-09-30 - 2015-
10-01)

Theoretical description of decay properties of shpavy nuclei
A. Sobiczewski
Super Heavy Nuclei International Symposium (USAleGe Station, 2015-03-31 - 2015-04-02)

Dark matter: How to kill a candidate and how togkéealive
K. Kowalska, L. Roszkowski, E. SessolpS. Trojanowski, K. Turzynski,A. Williams
Understanding the early Universe (Switzerland, Gen@015-01-06 - 2015-01-16)

Decay chains of superheavy nucleus 293-117
A. Sobiczewski
XXXIV Mazurian Lakes Conference on Physics (Pol&makski, 2015-09-06 - 2015-09-12)
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Affine Coherent States in Quantum Cosmology
P. Malkiewicz
14th Marcel Grossmann Meeting (Italy, Rome, 201887 2015-07-18)

Looking for supersymmetry: the power of complemsatytan LHC and dark matter searches

K. Kowalska, L. Roszkowski, E. SessolpS. Trojanowski, A. Williams

Rencontres de Moriond: QCD and High Energy Intei@tt (Italy, La Thuile, 2015-03-21 - 2015-03-28)
ARISF No. (2015)

On gamma N to gamma rho N at large gamma rho iaraimass

R. Boussarie, B. Piré,. Szymanowskj S. Wallon

Photon 2015: International Conference on the Stiteetand Interactions of the Photon and the 21th
International Workshop on Photon-Photon Collisi@ml International Workshop on High Energy Photon
Linear Colliders (Russia, Novosibirsk, 2015-01-12015-01-19)

No. (2015)

Time Issue in Quantum Gravity
P. Malkiewicz
14th Marcel Grossmann Meeting (Italy, Rome, 201887 2015-07-18)

Oral Presentation

On integrability of the 1D Vlasov equation
P. Goldstein
8th Symposium on Integrable Systems (Polandz,28115-07-03 - 2015-07-03)

LHC phenomenology of light pseudoscalars in the NIWIS
N.-E. Bomark, S. Moretti, S. Munit,. Roszkowski
EPS-HEP 2015 (Austria, Vienna, 2015-07-22 - 20189y
Proceedings of Science (EPS-HEP2015) (2015)

Candidates for High-K Ground States in Super-hédwglei
P. JachimowiczM. Kowal, J. Skalski
XXXIV Mazurian Lakes Conference on Physics (Pol&makski, 2015-09-06 - 2015-09-12)

LHC phenomenology of light pseudoscalarsin the NMSS
N.E. Bomark, S. Moretti, S. MunirL. Roszkowski
EPS-HEP 2015 (Austria, Vienna, 2015-07-22 - 20189y

GPDs in heavy mesons production and Compton stagter

J. Wagner, L. Szymanowski D.Yu. lvanov

6th International Conference on Physics Opportesitat an Electron-lon Collider (France, Palaiseau,
2015-09-07 - 2015-09-11)

GUT-inspired SUSY and the g-2 anomaly: prospeatt KC 14 TeV
K. Kowalska, L. Roszkowski, E. SessolpA.J. Williams

PLANCK 2015 (Greece, loannina, 2015-05-25 - 201229p
PROCEEDINGS OF SCIENCE (PoS) (2015)

SUSY dark matter: Highlights from BayesFITS
E. Sessolo
Astrofizyka czstek w Polsce 2015 (Poland, Warszawa, 2015-05200115-05-13)

Sensistivity of CTA to dark matter annihilationstire Galactic Center
L. Roszkowski E. SessolpA.J. Williams

EPS-HEP 2015 (Austria, Vienna, 2015-07-22 - 201829y
PROCEEDINGS OF SCIENCE (PoS) (2015)

79



Annual Report 2015

80

SUSY dark matter, interplay of DD, ID, and the LHC

L. Roszkowski E. SessolpA.J. Williams

COSMO-15: 19th annual International Conference amtiele Physics and Cosmology (Poland, Warsaw,
2015-09-07 - 2015-09-11)

Results of the gluon Sivers asymmetry extractiomfiCOMPASS data with transversely polarised targets
A. Szabelski
Quarks and Nuclear Physics (Chile, Valparaiso, 208502 - 2015-03-06)

Nuclear compressibility and excluded volume effects

J. Rozynek

XXII Nuclear Physics Workshop “Marie & Pierre Cuti&azimierz Dolny, Poland 2015 (Poland,
Kazimierz Dolny, 2015-09-22 - 2015-09-27)

Axino and gravitino dark matter with low reheatitegnperature
L. Roszkowski, S. Trojanowski, K. Turzyaski

EPS-HEP 2015 (Austria, Vienna, 2015-07-22 - 20189y
Proceedings of Science (EPS-HEP2015) Vol. 201552838

Sensitivity of CTA to dark matter annihilationsthre galactic centre
A.J. Williams
Astrofizyka czstek w Polsce 2015 (Poland, Warszawa, 2015-05200115-05-13)

Spontaneous fission of odd-Z &/or odd-N nuclei

W. Brodzinski, J. Skalski

XXII Nuclear Physics Workshop “Marie & Pierre Cuti&azimierz Dolny, Poland 2015 (Poland,
Kazimierz Dolny, 2015-09-22 - 2015-09-27)

The Relic Density of Heavy Neutralinos

A.J. Hryczuk, M. Beneke, A. Bharucha, F. Dighera, P. Ruiz-Feme®. Recksiegel

COSMO-15: 19th annual International Conference amtiele Physics and Cosmology (Poland, Warsaw,
2015-09-07 - 2015-09-11)

Superstatistical cluster decay
G. Wilk, Z. Wiodarczyk
Xl Workshop on Particle Correlations and Femtosc{pgland, Warszawa, 2015-11-03 - 2015-11-07)

Poster

Supersymmetric dark matter with low reheating terapee
L. Roszkowski S. Trojanowski, K. Turzyaski
Astrofizyka czstek w Polsce 2015 (Poland, Warszawa, 2015-05200115-05-13)

Integrability analysis of the one-dimensional Viagguation
P. Goldstein
International Conference PLASMA-2015 (Poland, Wansz, 2015-09-07 - 2015-09-11)

Supersymmetric dark matter with low reheating terapee
L. Roszkowski, S. Trojanowski, K. Turzyaski
Understanding the early Universe (Switzerland, Gen@015-01-06 - 2015-01-16)

Supersymmetric dark matter with low reheating terapee
L. Roszkowski S. Trojanowski, K. Turzyaski
Invisibles15 School (Spain, Miraflores de la Siefkéadrid), 2015-06-15 - 2015-06-20)
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Future impact of CTA on SUSY models

L. Roszkowski E.M. SessolpA.J. Williams

COSMO-15: 19th annual International Conference amtiele Physics and Cosmology (Poland, Warsaw,
2015-09-07 - 2015-09-11)

Dynamics and observational constraints on Bran&déamsmological model

O. Hrycyna
Testing Gravity 2015 (Canada, Vancouver, 2015-81-2015-01-17)

Supersymmetric dark matter with low reheating terapee

L. Roszkowski S. Trojanowski, K. Turzynski

COSMO-15: 19th annual International Conference amtiele Physics and Cosmology (Poland, Warsaw,
2015-09-07 - 2015-09-11)

LECTURES, COURSES AND EXTERNAL SEMINARS

Dark matter, a review with a viéw
L. Roszkowski
Torun, Nicolaus Copernicus University, 2015-01-22

Possible Implication of a Single Nonextensiyelistribution for Hadron Production in High-Energp
Collision?

G. Wilk

Warszawa, University of Warsaw, Faculty of Phydiastitute of Theoretical Physics, 2015-01-26

Towards a usable source of atomic pairs: measurofarrelation functions of atoms scattered in the
collision of Bose-Einstein consensétes

P. Zin

Warsaw, Division of Optics Institute of Experimémaysics, Faculty of Physics, University of Warsaw
2015-03-26

Time Issue in Quantum Gravity
P. Malkiewicz
Warsaw, University of Warsaw, 2015-04-17

Impact of interaction between quasiparticles ongdw@metric amplification process in Bose-Einstein
condensafe

P. Zin

Krakéw, Wydziat Fizyki, Uniwersytet Jagiéski , 2015-10-15

Mixmaster Universg
P. Malkiewicz
Paris, France, Astroparticle and Cosmology, Parisikérsity Diderot, 2015-03-06

Discovery prospects of light pseudoscalars in tMSISM
N.E. Bomark
Norway, University of Oslo, 2015-04-24

Where is SUSY: implications of Higgs boson for SU&MW dark matter searches
L. Roszkowski
Athens, University of Athens, 2015-05-19

What is Dynamics in Quantum Gravify?
P. Malkiewicz
Rio de Janeiro, CBPF - Centro Brasileiro de PesgsiEisicas, 2015-10-21

Neutralino dark matter: lessons from the LHC faedt and indirect detection searches

E. Sessolo
Ann Arbor, MI, USA, University of Michigan, 2015-20
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GUT-inspired SUSY and the g-2 anomaly: prospeats HC 14 Te\?
E. Sessolo
Geneva, CERN, 2015-12-03

3 in Polish
®)in English

INTERNAL SEMINARS

82

Supersymmetry on the eve of the LHC Rin 2
E. Sessolo
Warsaw, Poland, NCBJ, 2015-01-14

From QCD based description of transverse momenpeuts to simple distributions based on nonextensiv
statistical mechanifs

G. Wilk

Warsaw, National Centre for Nuclear Research Daparit of Fundamental Research , 2015-02-11

Generalized Parton Distributions in Deeply Virt@ampton Scatterirg
J. Wagner
Saclay, IRFU-SPhN, CEA, 2015-02-20

Fermiology and magnetic structure of gadoliniumjrto calculation supplemented with experimental
datd

M. Pylak

Warsaw, National Centre for Nuclear Research, 202525

Cosmological singularity problém
W. Piechocki
Warsaw, National Centre for Nuclear Research , 203511

Measurement of the charged-pion polarisability @npas8
K. Kurek
Warsaw, NCBJ, BP2, 2015-03-25

Correlation functions of atoms scattered in thdisioh of Bose-Einstein condensdtes
P. Zin
Warsaw, Centre For Theoretical Physics, Polish Agray of Science, 2015-04-01

Black hole physics and holograghy
G. Plewa
Warsaw, NCBJ, 2015-05-27

Quantum Dynamics of Mixmaster Univetse
E. Czuchry
Warszawa, Narodowe Centrum Baddrowych, 2015-10-28

Quantum Mixmastér
E. Czuchry
Warszawa, Narodowe Centrum Badidrowych, 2015-12-02

¥ in Polish
® in English
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DIDACTIC ACTIVITY

P. Goldstein- Lectures in Statistical Physics (for Ph.D. studeat NCBJ)
A. Sobiczewski- Care of Ph.D. student: Michat Palczewwski

A. Sobiczewski- Seminar on nuclear theory, conducted commontig miof. J. Bbrowski (NCBJ) and
prof. S.G. RohoZiski (Warsaw University)

J. Wagner - Course for PhD students "Elements of Quantumhdeirs and Quantum Field Theory"

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

E. Czuchry
member of Polish Society of Relativity

J. Dgbrowski
Fellow of the American Physical Society
Acta Physica Polonica,Bviember of the International Editorial CouncilAéta Physica Polonica B

P. Goldstein
Polish Physical Society
American Mathematical Society

O. Hrycyna
Ordinary member, Polish Society on Relativity

E. Infeld

Fellow of the Institute of Physics, London, UK

fellow

Journal of Technical PhysicMember of the Editorial Board of Journal of Teidah Physics Institute of
Fundamental Technical Research, Polish Academyieh8es

M. Kowal
Member of Representative of Scientific Staff

J. Mielczarek
Polish Society on Relativity

W. Piechocki

Member of the Polish Relativistic Society
Member of the Polish Physical Society
Member of NCBJ Scientific Council

L. Roszkowski
Reports on Progress in Physi¢®ports on Progress in Physics, Institute of BRyRublishing

J. Skalski
scientific Council of NCBJ

A. Sobiczewski

Corresponding Member of the Polish Academy of Smeen

Corresponding Member of Polish Academy of Learning

full member, Polish Academy of Sciences

full member, Polish Academy of Arts and Sciences

Warsaw Scientific Society, full member

Postpy Fizykj Honorary editor of "Pogpy Fizyki" (Advances in Physics)

Nuclear Physics and Atomic Enerdsditor: Kiev Insitute for Nuclear Research of thational Academy of
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Sciences of Ukraine

Member of the Scientific Council of the Heavy loaloratory of Warsaw University

Member of the Programme Advisory Committee for iaclPhysics, JINR, Dubna (Russia)

Nicolaus Copernicus Astronomical Center

Member of the Scientific Council, The Niewodniéaghi Institute for Nuclear Physics of the Polish deey
of Sciences (Cracow)

National Center for Nuclear Research: member

M. Spalinski
International Journal of Modern Physics Member of the Editorial Board, International Jwalrof Modern
Physics A

L. Szymanowski
member of PANDA Theory Advisoty Group

G. Wilk

National Center for Nuclear Research Chief of th® Bection

Institute of Theoretical Physics UW, Member of tmanmision for competitions for extraordinary
professorship; Member of the commision for compmti for ordinary professorship (full professol v
position)

A.J. Williams
Member of Organizing Committee on COSMO-15: 19thust International Conference on Particle Physics
and Cosmology in Warsaw, Poland

PERSONNEL

Research scientists

Jan Btocki, Professor

Nils-Erik Bomark, PhD

Ewa Czuchry, PhD

Dabrowski Mariusz, Profesor
Antonio J.R. Figueiredo, PhD
Piotr Goldstein, PhD

Michat Heller, PhD on leave
Orest Hrycyna, PhD

Andrzej Hryczuk, PhDon leave
Eryk Infeld, Professor

Michat Kowal, Assoc.Prof.
Kamila Kowalska, PhDon leave
Krzysztof Kurek, Assoc. Prof.
Przemystaw Matkiewicz, PhD
Jakub Mielczarek, PhD
Zygmunt Patyk, Profesor
Marek Pawtowski, PhD
Wiodzimierz Piechocki, Professor
Grzegorz Plewa, PhD

Maciej Pylak, PhD

Leszek Roszkowski, Professor
Jacek Raynek, PhD

Enrico Sessolo, PhD

Janusz Skalski, Assoc. Prof.
Andrzej Skorupski, PhD

Robert Smolaczuk, Assoc. Prof.
Adam Sobiczewski, Professor
Michat Spalhski, Assoc.Prof.
Lech Szymanowski, Assoc.Prof.
Sebastian Trojanowski, PhD
Jakub Wagner, PhD

Andrew Williams, PhD
Grzegorz Wilk, Professor
Stawomir Wycech, Professor
Pawet Zh, PhD

PhD students

Varvara Batozskaya, MSc
Wojciech Brodzhski, MSc
Palczewski Michal, MSc
Grzegorz Plewa, MS

Adam Szabelski, MSc
Sebastian Trojanowski, MSc

Technical and administrative staff
Anna Sidor
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HIGH ENERGY PHYSICS DIVISION

Head of Division: Maciej Gorski, PhD
phone: +48 22 5532269

e-mail: maciej.gorski@ncbj.gov.pl
Overview

The Department is organized in two divisions: theedlerator Physics Section and the Neutrino Phy&écsion.

Members of the Accelerator Section participateargé international collaborations at CERN (LHC #&ecHor,
ALICE, CMS, LHCDb experiments), SPS (COMPASS), CO@8ilich) and KLOE (Frascati).

The CMS team continued work on studying the Higgsdm decays into a pair of tau leptons. Such aeslys
broaden the discovery scope of CMS providing infation important for the establishment of the nedigcovered
particle's nature. Another domain is the contiraratf the search for Heavy Stable Charged Partfledicted by
various extensions of the Standard Model. The wesak basically directed towards adaptation of thggéring
system required by the present operation modeeof HiC to higher energy and luminosity. The Warsaaug is
responsible for the first level muon trigger andrikeal on a new triggering scheme where all muonatiete are
treated together. Our group specially worked orusion of new RPC detectors installed during thegla.HC
shutdown. There is also a subgroup working on Hdawyphysics within CMS. One of theCMS members, dr
Michal Szleper, obtained habilitation (Dr. Sci. d&g) with distinction for his work on the scatteriof W bosons.
This work was chosen as one of the Department'®aements.

The main interest of the ALICE group is of courseaMdy lon physics. The results concern principaily global
characteristics of HI interactions, with speciakss being put on the identification of producediples, including
strange and charmed ones. An important item is réd@onstruction of the pi0 meson spectra from the
electromagnetic calorimeter PHOS. A novel methodaif unfolding has been developed by dr P. Kuiisind
was included in the Department's important redaltshe year 2015.

The LHCb team continued their physics analysesP®¥®lation effects and charm physics. One of tlanmesults
of LHCb was the measurement of the CP violatingsphia the B—J®¥(u"'n)h"h decays ¢=-0.036+0.001 radians)
while our group worked on a complementary chanpetB¥(e'e)®(KK) and the analysis is close to be finalized.

The COMPASS group continued studies of gluon poddion, and worked on the preparation of furthedigts of
generalized parton distributions. Pawet Sznajdeaaiobd this PhD for his work on "Investigation dfirauthal
asymmetries in exclusive leptoproduction of veet@msons on transversely polarized protons and dmselLow
energy studies performed by the WASA detector gibegdt with searches for rare decays, mostly ofjtheeson.

Studies are also being conducted on data from "elgieriments — namely ZEUS at the HERA proton-edect
machine, where W production is being studied.

The group led by prof. W. Wficki participates in the analysis of data from KleOE concerning the interferometry
of K® meson pairs from th& resonance decays.

Prof. S. Mréwczyiski pursued his activities in the domain of theioadtaspects of the quark-gluon plasma physics.

The Neutrino Physics Section members analyzed fdata the long-baseline neutrino experiment T2K. Tinain
achievement of the Section is the participatioramalysis leading to the establishment of limitagiaf the CP
symmetry breaking in the lepton sector based ampgisarance of, and appearance of. The group members were
among those awarded the Breakthrough Prize foethesults. This result was proposed as one oftutess main
achievements. Participation in the NA61/SHINE ekpent at the CERN SPS is also pursued concentrataigly
on the strange particle production in SPS energwiiéons interactions.

One should note as well the creation of the laayaputer centre (G) under supervision of one of BP3 employees,
prof. Wojciech Wilicki, although more information is presented elkeve.

In 2015 Department members co-authored 224 pulditatin refereed journals and 7 popular publicaiohhe
Department members appeared 7 times on nationahid/radio, gave several lecturea and participatethe
"Science Festival" activities. They presented 3atéd talks at international conferences, 33 semiaks, were
referees of 19 articles, grant applications and Btd3es.

9 students pursued their PhD studies under therngafmn of Department members and one of them obthPhD
degree in 2015.

Maciej Gorski and. A. Sandacz
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REPORTS

No english version

M. Gierlik , ... ,S. Borsuk A. Burakowska, S. Burakowski, Z. Guzik, £. Kazmierczak, T. Kazmierczak,
T. Krakowski, T. Lotz, J. Rzadkiewicz P. Sobkowicz M. Szeptycka A. Urban, ... et al.

NCBJ

PARTICIPATION IN CONFERENCES AND WORKSHOPS
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Invited Talk

Review of LAr TPC event reconstruction: Progressd @hallenges.

D. Stefan

International Workshop for the Next Generation ocl Decay and Neutrino Detector (NNN15) and
Unification Day (UD2) (USA, Stony Brook, 2015-10-28)15-10-31)

Searches for physics/particles beyond the Staridardkl at the LHC

P. Zalewski

Matter To The Deepest, Recent Developments In &hgdiFundamental Interactions, XXXIX International
Conference of Theoretical Physics (Poland, Ust2015-09-13 - 2015-09-18)

Searches for long-lived massive particles in CMS

M. Kazana

SUSY 2015 - the 23rd International Conference qre&ymmetry and Unification of Fundamental
Interactions (USA, Lake Tahoe, 2015-08-23 - 20829)

Heavy Stable Charged Particles
A. Ackert, T. Adams, G. Bruno, L. Quertenmont, dbg&c, A. Meneguzzdjl. Kazana, P. Zalewski
CMS Exotica Workshop (Italy, Venezia, 2015-11-2015-11-14)

Searches for new physics in dijet and multijet M&

M. Kazana

SUSY 2015 - the 23rd International Conference qre&ymmetry and Unification of Fundamental
Interactions (USA, Lake Tahoe, 2015-08-23 - 20829)

Probing neutrino physics with the T2K experiment

J. Zalipska
Astrofizyka Cgstek w Polsce (Poland, Warszawa, 2015-05-11 - ZiBt%3)

Searches for heavy stable charged particles amil exotic signatures with large ionization at Li¢C

M. Kazana

LHCP 2015 - The Third Annual Large Hadron Collid&mysics Conference (Russia, St. Petersburg, 2015-
08-31 - 2015-09-05)

Nano-explosive detector for Dark Matter and Newtsin

M. Gérski, A.K. Drukier, K. Freese, A. Lopez

COSMO-15: 19th annual International Conference amtiele Physics and Cosmology (Poland, Warsaw,
2015-09-07 - 2015-09-11)

Pomiary oscylacji neutrin

J. Zalipska
XL Zjazd Fizykéw Polskich (Poland, Kielce, 2029-06 - 2015-09-11)
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Photon and neutral pion production in pp and PbeRibions at LHC energies in the ALICE experiment
P. Kurashvili
LISHEP 2015 (Brazil, Manaus, 2015-08-02 - 2015-93-0

Modern Approach to Security of Software for Nucl&acility in Swierk Computing Centre

K. Gomulski, S. Potempskj K. Klimaszewski, P. Szwajkowski

The International Conference on Computer Secunitg Nuclear World: Expert Discussion and Exchange
(Austria, , 2015-06-01 - 2015-06-05)

Exclusive meson production at COMPASS

P. Sznajder

23rd Workshop on Deep-Inelastic Scattering and Rdl&ubjects (USA, Dallas, 2015-04-27 - 2015-05-01)
Proceedings of Science Vol. DIS2015 (2015) 215

My adventures with particle correlations and Janek

St. Mréwczynski
XI Workshop on Particle Correlations and Femtosc{pgland, Warszawa, 2015-11-03 - 2015-11-07)

Indirect searches for dark matter particles at Si@@niokande

P. Mijakowski

TAUP: X1V International Conference on Topics inrdparticle and Underground Physics (ltaly, Turin,
2015-09-07 - 2015-09-11)

Energy loss in unstable quark-gluon-plasma

St. Mrowczynski

INT Program “Equilibration Mechanisms in Weakly gtiongly Coupled Quantum Field Theory (USA,
Seattle, 2015-08-03 - 2015-08-28)

Astroparticle searches at the Super-Kamiokandedimte

P. Mijakowski
Astrofizyka Cgstek w Polsce (Poland, Warszawa, 2015-05-11 - Zi5:%3)

High-Energy Parton in Unstable QGP

St. Mréwczynski
11-th Polish Workshop on Relativistic Heavy-lonl8mns (Poland, Warszawa, 2015-01-17 - 2015-01-18)

LHCDb results on CP violation

A. Ukleja
Warsaw Spring Workshop (Poland, Warszawa, 2015442015-04-14)

Dark matter: How to kill a candidate and how togkéealive
K. Kowalska, L. Roszkowski E. SessolpS. Trojanowski, K. Turzynski,A. Williams
Understanding the early Universe (Switzerland, Gan2015-01-06 - 2015-01-16)

Poszukiwania fizyki poza Modelem Standardowym wpekgmencie LHCb

A. Ukleja
XLIIl Zjazd Fizykéw Polskich (Poland, Kielce, 2008-06 - 2015-09-11)

Looking for supersymmetry: the power of complemsatytan LHC and dark matter searches

K. Kowalska, L. Roszkowski, E. SessolpS. Trojanowski, A. Williams

Rencontres de Moriond: QCD and High Energy Intei@tt (Italy, La Thuile, 2015-03-21 - 2015-03-28)
ARISF No. (2015)

The GPD program at COMPASS

A. Sandacz

12th Conference on Intersections of Particle andlsiar Physics (USA, Vail, Colorado, 2015-05-19 120
05-24)
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Recent results from T2K

J. tagoda

25th International Workshop on Weak Interactiond &leutrinos (WIN2015) (Germany, Heidelberg, 2015-
06-08 - 2015-06-13)

SUSY dark matter: lessons from and for the earlivehse, and related issues
K. Kowalska, L. Roszkowski, E. SessolpS. Trojanowski, K. Turzynski,A. Williams
PLANCK 2015 (Greece, loannina, 2015-05-25 - 20150b

Recent results from COMPASS on exclusive muopradoct
A. Sandacz
XVI Workshop on High Energy Spin Physics (Russidyia, 2015-09-08 - 2015-09-12)

Results from Long Baseline neutrino experiments

J. tagoda

35th International Symposium on Physics in ColiigiBIC 2015) (United Kingdom, Coventry, 2015-09-15
2015-09-19)

EConf (2015)

Smoking guns of supersymmetric dark matter
K. Kowalska, L. Roszkowski E. SessolpS. Trojanowski, K. Turzynski,A. Williams
The Spacetime Odyssey Continues (Sweden, Stoci@dl5p6-02 - 2015-06-05)

PAC trigger status
M. Kazana
XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (RdjaVilga, 2015-05-25 - 2015-05-30)

SUSY dark matter: lessons from and for the earliwéhse
K. Kowalska, L. Roszkowski, E. SessolpS. Trojanowski, K. Turzynski,A. Williams
DSU-15, Dark Side of the Universe (Japan, Kyotd,5202-14 - 2015-12-18)

Search for dark matter at the LHC
P. Zalewski
XLIII Zjazd Fizykéw Polskich (Poland, Kielce, 2008-06 - 2015-09-11)

Reconstructing CMSSM parameters at the LHC with14 TeV via the golden decay channel

A. Fowlie, L. Roszkowski M. Kazana

SUSY 2015 - the 23rd International Conference qre&ymmetry and Unification of Fundamental
Interactions (USA, Lake Tahoe, 2015-08-23 - 20829)

Oral Presentation

J-PET — a novel TOF-PET scanner based on plastitilistors

W. Krzemien

Congress of the 50 years of Polish Society of Medibysics (Poland, Warszawa, 2015-09-03 - 2015-09-
09)

Results on jet quenching from the CMS experiment
B. Boimska
11-th Polish Workshop on Relativistic Heavy-lonlSmns (Poland, Warsaw, 2015-01-17 - 2015-01-18)

Search for eta-mesic He
W. Krzemien, P. Moskal, M. Skurzok
Hadrons and Hadron Interactions in QCD 2015 (Japiégoto, 2015-02-15 - 2015-03-21)
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Search for the 4Hg-bound state in d&> (4Hex)bound— 3Hem 0 and dd — (4Hex)bound— 3Hepr -
reactions with the WASA-at-COSY facility

W. Krzemien, M. Skurzok, P. Moskal

Jagiellonian Simposium on Fundamental and Appligblafomic Physics (Poland, Krakéw, 2015-06-07 -
2015-06-13)

Hadron Production Measurements from NA61/SHINENewutrino Flux Predictions
K. Kowalik
27th Rencontres de Blois (France, Blois, 2015-05-3015-06-05)

SU(5) Yukawa matrix unification in the General Fdav Violating MSSM
M. Iskrzynski, K. Kowalska
PLANCK 2015 (Greece, loannina, 2015-05-25 - 201220p

GUT-inspired SUSY and the g-2 anomaly: prospeatd C 14 TeV
K. Kowalska, L. Roszkowski, E. SessolpA.J. Williams

PLANCK 2015 (Greece, loannina, 2015-05-25 - 201229b
PROCEEDINGS OF SCIENCE (PoS) (2015)

Poster

Physics of Higgs boson with the CMS detector

M. Bluj

Jubileuszowe sympozjum Narodowego Centrum Bagdrowych (Poland, Otwock, 2015-06-15 - 2015-06-
15)

Heavy lon Physics in the CMS Experiment: Highlightsn the LHC Run-1

B. Boimska

Jubileuszowe sympozjum Narodowego Centrum Bagdrowych (Poland, Otwock, 2015-06-15 - 2015-06-
15)

A novel TOF-PET scanner based on plastic scirtilkat

W. Krzemien

The 2015 IEEE Nuclear Science Symposium and Meldinzading Conference (USA, San Diego, 2015-10-31
- 2015-11-07)

Pi of the Sky system of robotic telescopes

A. Cwiek, T. Batsch M. Cwiok, G. KasprowiczA. Majcher, L. Mankiewicz,K. Nawrocki, R. Opiela,
L.W. Piotrowski, M. SiudekM. Sokotowski, R. WawrzaszekG. Wrochna, A. Zadrozny, M. Zaremba,
A.F. Zarnecki

Polish Scientific Networks (Poland, Warszawa, 206518 - 2015-06-20)

Dilepton pairs production in NA61/SHINE Experiment
J. Stepaniak T. Palczewski
Electromagnetic Interactions with Nucleons and EuCyprus, Pathos, 2015-11-01 - 2015-11-07)

LECTURES, COURSES AND EXTERNAL SEMINARS

New measurements of the CP-violating phade
K. Klimaszewski
Warsaw, Institute of Experimental Physics, Uniugref Warsaw, 2015-01-16

Experiments studying neutrino oscillations: newd fiure ided’s
P. Przewtocki
Wroclaw, Institute of Theoretical Physics, Univerief Wroclaw, 2015-04-20

Why do we need near detectors in long baselinaineutxperiments$?
J. tagoda
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Warsaw, University of Warsaw, Faculty of Physi&]%-05-15

The latest news from neutrino phySics
J. Zalipska
Warsaw, Warsaw University, 2015-10-23

Nobel 2015 in physics: Neutrinos oscillate, so thaye mas$!
J. Lagoda
Warsaw, University of Warsaw, Faculty of Physicx%11-16

Neutrinos oscillate, so they have mass — Nobel 20 physicsWspoélne konwersatorium im.
Jerzego Pniewskiego i im. Leopolda Infélda

E. Rondio

Warszawa, Physics Department of Warsaw Univera@g5-11-16

Towards understanding electroweak symmetry bre8king
M. Szleper
Krakéw, IFJ PAN, 2015-11-24

Measurement of 2p2h interactions in the T2K experith
J. Zalipska
Wroclaw, Wroclaw University, 2015-11-30

What was the last Nobel Prize in physics givefi for
J. Zalipska
Warsaw, Nicolaus Copernicus Astronomical CentehefPolish Academy of Science, 2015-12-16

Trigger and DAQ Readiness: Hardware and Onlinev@sftHardware and Online Softwre
M. Kazana
Geneve, CERN, 2015-01-28

Vector Boson Scattering at the LHC and beyond
M. Szleper
Dresden, Technical University Dresden, 2015-04-23

Flavor of Supersymmetty
K. Kowalska
Dortmund, Technische Universitat Dortmund , 2015205

Some remarks on the cross section normalisation
J. Stepaniak
Paris, University of Pierre and Marie Curie, 2015-@1

Model-independent search for CPV in three-bodiesmotbaryon decals
A. Ukleja
Geneve, CERN, 2015-06-03

CPT violations in phi->KLKS deca§s
W. Krzemien
Genewa, CERN, 2015-06-25

LAr TPC data reconstructidh.
D. Stefan
Brookhaven, Brookhaven National Laboratory, 2015051

Run2 data taking : Challenges for tau trig§ers
M. Bluyj
Hamburg, DESY, 2015-11-17
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Nobel in physics 2015

E. Rondio

Warszawa, Polska Akademia Nauk Wydziat Matemdfidgiki i Chemii oraz Nauk o Ziemi PAN, 2015-11-
05

Nobel in physics 2015
E. Rondio
Warszawa, Polska Akademia Nauk, Zespét Fizyki, 20134

¥in Polish
® in English

INTERNAL SEMINARS

New Features of Knedle
W. Krzemien
Frascati, INFN, Frascati, 2015-01-16

Strategy of tau triggers validation in 2615
M. Bluj
Geneva, CERN, 2015-01-19

First look at 2015 tau trigger efficiencfes
M. Bluj
Geneva, CERN, 2015-02-13

Status of tau triggets
M. Bluj
Padova, INFN, 2015-03-10

Git and GitLab as a tool for group work in theS@iroject®
M. Karpiarz
Otwockswierk, National Centre for Nuclear Research, 208510

The measurements of CP violation in the LHCb expenf
A. Ukleja
Krakow, AGH University of Science and Technolo@,5205-15

Tau triggers: Tag-and-probe trigger validation +imoels and toofs
M. Bluj
Geneva, CERN, 2015-06-01

Vector Boson Scattering at the LHC and beyond
M. Szleper
Warszawa, NCBJ, 2015-06-10

Tau trigger offline DQM at beginning of LHC Run-8tatus repoft
M. Bluj
Geneva, CERN, 2015-06-14

Muon Timing with first data 205
M. Kazana
Geneve, CERN, 2015-06-25

First look at tau triggers in the new 2015 data

M. Bluj
Geneva, CERN, 2015-07-23
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Discussion of ZTT/HTT publication plans for 201518
M. Bluj
Geneva, CERN, 2015-09-04

Tau trigger performance in 2015 Run C data
M. Bluj
Geneva, CERN, 2015-09-14

The Nobel Prize in Physics 2015: discovery of rinatoscillationd
P. Przewtocki
Warsaw, National Centre for Nuclear Research, 200521

The searches for physics beyond the Standard Modet LHCb experimeft
A. Ukleja
Warsaw, University of Warsaw, 2015-11-27

3 in Polish
®)in English

DIDACTIC ACTIVITY

92

H. Biatkowska - Head of Doctoral Studies NCBJ

M. Bluj - Auxiliary supervisor of master thesis of AndrBgjskir, a student at Physics Department of
University of Warsaw

M. Bluj - Auxiliary supervisor of Ph.D. thesis of Michald2ewski, a doctoral student at Physics
Department of University of Warsaw

K. Klimaszewski - Support supervisor of the PhD thesis of VanBagozskaya, MSc. Thesis title
‘Measurement of CP violation in B8slAyd
decays at LHCb experiment'.

K. Kowalik - The supervision of the student laboratory exerei"Study of particle production in proton-
carbon interactions at the NA61/SHINE experiment"

J. Lagoda- Supervising of student's laboratory: "How tatidiguish neutrino and antineutrino interactions
in T2K near detector" (Aleksander Andrysiak)

J. Lagoda- Supervising of student's laboratory: "Neutrinteractions outside of T2K near detector: sand
muons" (Michat Iglicki)

P. Przewtocki- Supervising Andrzej Pyskir, a student from IF&VU
E. Rondio - supervision of mgr katarzyna Frankiewicz
E. Rondio - supervision of mgr. Monireh Kabirnezhad

A. Sandacz- Co-supervision with dr P. Sznajder of two studdrom Warsaw Technical University during
their summer studies at NCBJ

A. Sandacz- Supervison of Ph.D.student Pawet Sznajder.
The defence of his thesis took place on 14.07.2015
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T. Siemiarczuk - PhD students:
Rahul Nair,

Oleksandr Kovalenko,

Iryna llkiv

J. Stepaniak- Search for a New Light Boson in Meson Decays

M. Szeptycka- M. Kasztelan started to write the PhD thesigbject: application of Geant in the study of
low energy neutron interactions<br /><br />

< br /><br />

I work with a PhD Warsaw University student <br bs¢>

J. Zalipska - Lectures and laboratory for school studentsripFestival of Science, Sep. 2015

J. Zalipska - Supervising student during it's laboratory wdBkzegorzZarnecki "Recosntruction of
neutrino energy in the near detetor ND280 of th €2periment”

J. Zalipska - Supervising student for preparatoin of semin&tla year of master study at Warsaw
University - Andrzej Pyskir, "Search for MEC intet@ns in ND280oa in T2K experiment"

J. Zalipska - Supervising student Marina Gerszewska durinddtaratory work. Exercise is concentrated
on "Reconstructing energy of interacting neutriand anti-neutrinos in the near detector of the T2K
experiment”. Winter semester of academic year 2%

J. Zalipska - Supervising student, Justyna Cybowska, durindaimratory work "What is the energy of
interacting neutrinos in T2K experiment".

J. Zalipska - Supervising Summer Student - ANdrzej Pyskir wias working for " Search for MEC
interactions in ND280"

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

H. Bialkowska

Warsaw Scientific Society

Member of the Scientific Council of the InstituteExperimental Physics, Warsaw University
Scientific Council of the National Centre for NuateResearch, deputy president

E. Rondio

Electron-lon-Collider Advisory Committee

member of Scientific Advisory Committee Institutestnology and Physics of Americas (COFI)
Member of scientific Board

R. Sosnowski

Corresponding member of Polish Academy of Learning

Member of the Warsaw Scientific Society

Member of the European Physical Society

Full member of the Polish Academy of Sciences

Active member Polish Academy of Knowledge

Fellow European Physical Society

chairman National Center of Nuclear Research

Uniwersity of Warsaw Heavy lon Laboratory, Membeady lon Laboratory
Chairmen, National Center of Nuclear Research

A. Sandacz

Member of the Group Leaders Board of the COMPAS&®&grment
Co-chair of the Organising Committee of XVI Workghon High Energy Spin Physics, Dubna, 2015

93



Annual Report 2015

M. Szczekowski

member of Scientific Council NCBJ
W. Wislicki

PI-Grid National Consortium

Member of Scientific Board, National Centre for Mar Research
Member of the Institution Board of the KLOE-2 Exjpeent

Member of the LHCb Collaboration Board

Member of the National Computing Board in LHCb

NCBJ

G. Wrochna
Member of the Polish Nuclear Society

Member of the Committee on Nuclear Physics of tbar@il for Atomic Energy Matters

Coordinator of Polish Nuclear Technology Platform

Member of the Physics Committee PAN

President of the Council of Atomic Center consartiu

President of the Council of Polish Astroparticley§ibs Network
President of the Council of XFEL-Polska consortium

Societas Scientiarum Varsaviensis

Member of the Scientific Council of the Heavy loaloratory, Warsaw University

P. Zalewski

Programme Committee Member, Finance/Economics CtiesriMember; National Centre for Nuclear

Research

PERSONNEL
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Research scientists

Marek Adamus, PhD

Marcin Bertowski, PhD

Helena Biatkowska, Professor*

Michat Bluj, PhD

Bozena Boimska, PhD

Andrzej Deloff, Assoc.Prof.*

Tomasz Fruobes, PhD

Maciej Gorski, PhD

Julia Hoffman, PhD on leave
Mariusz Karpiarz, MSc Yo*
Matgorzata Kazana, PhD
Konrad Klimaszewski, PhD
Katarzyna Kowalik, PhD
Kamila Kowalska, PhD
Wojciech Krzemi@, PhD
Andrzej Kug¢, PhD

Podist Kurashvili, PhD
Justyna tagoda, PhD

Piotr Mijakowski, PhD
Dmytro Melnychuk PhD
Stanistaw Mréwcziski, Professor*
Krzysztof Nawrocki, PhD
Adam Nawrot, Eng*

on leave

Technical and administrative staff
Tadeusz Marszat

Pawet Marciniewski
Teresawierczyaska

on leave

Pawet Przewtocki, PhD

Ewa Rondio, Professor

Andrzej Sandacz, Professor
Teodor Siemiarczuk, Professor*
Ryszard Sosnowski, Professor
Dorota Stefan, PhD

Joanna Stepaniak, Professor*
Robert Sulej, PhD

Adam Szabelski, MSc

Marek Szczekowski, Assoc.Prof.

Maria Szeptycka, Professor*
Michat Szleper, Assoc.Prof.
Pawet Sznajder, MSc

Piotr Szymaski, Assoc.Prof
Piotr Traczyk PhD

Artur Ukleja, PhD

Wojciech Wilicki, Professor
Grzegorz Wrochna, Professor
Piotr Zalewski, PhD

Joanna Zalipska, PhD

* part-time employee

on leave
on leave
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ASTROPHYSICS DIVISION

Head of Division: Assoc. Prof. Agnieszka Pollo

phone: +48 22 55 32 265

e-mail: agnieszka.pollo@ncbj.gov.pl
Overview

The Division of Astrophysics was formed in 2014rbgrging the former Division of Cosmic Ray PhysiB®4) in
t6dz and Laboratory of Astrophysics belonging to thglHEnergy Physics Division (BP3) in Warsaw. The aim
was to create a unified and strong unit dedicabedstrophysical research and participation in gtdbased and
space astrophysical missions, both technologicaiid scientifically. Currently, the Division of Asphysics
consists of two laboratories: the Laboratory of @imsRay Physics in Ld&dand the Laboratory of Astrophysics in
Warsaw.

The Laboratory of Astrophysics in Warsaw perfornasiv@ research in observational cosmology, highgne
astrophysics, and the search for astrophysicasigahsources of different origins — from gravitagl wave sources
to gamma ray bursts (GRBS).

The cosmology group specializes in the statistics @volution of the large scale structure of theverse, galaxy
evolution and methods of source classificationairyé astrophysical databases. It participates aiadtovely uses
data from the largest projects in the field: VIPER®DS, VVDS, AKARI, WISE. In 2015, we co-organizele
1st International Cosmology Summer School “Intrdaucto Cosmology” in Kielce and the Roman Juszkozw
Cosmological Symposium in Warsaw.

Another centre of activity is the Pi of the Sky exment, aiming at prompt detection of optical ceuparts of
GRBs, as well as other transient phenomena. In,2@b8ernization and optimization of observationtdss as well
as the data centre, were continued. Transientshwtan be potentially connected with sources of itaional
waves are of particular interest. In 2014 Pi of $hg signed a Memorandum of Understanding withréernational
consortium to search for gravitational waves, LSIR®O, and in 2015 observations in the frameworkhaf MoU
were carried out.

Our teams were involved in two space mission pralsosubmitted to the ESA M4 call in 2015: CORE+iag at
measurements of the polarisation of the CMB, and=TOfilling the niche in high energy astrophysidthe
proposals were not successful but their resubnrissioghe next M5 ESA call is planned.

The Laboratory of Cosmic Ray Physics is continutagraditional line of research, concentrated asi@ic Rays -
energetic particles from outside the Solar Systana, high-energy astrophysics. Energetic Cosmic Ragduce
cascades of particles in the atmosphere, calleensikte Air Showers (EAS). Measuring EAS and theipprties is
the main means of studying experimentally very légkergy Cosmic Rays.

Finding the sources of the highest energy CosmigsRs the main goal of the satellite experiment JEMSO
which will observe EASs from the International SpaStation. We are participating in the preparatdrthe
hardware (sophisticated high voltage power supglidor the mission. In 2015, we participated in tiest
measurements in Utah (USA) and continued theotetiogk aimed at the interpretation of the futuréada

POLAR is a joint Swiss-Polish-Chinese mission whgseal will be a measurement of the X-ray polar@atof
GRBs. We have designed, developed and made aneemgig model of a high voltage power supply unit fo
POLAR. The satellite is now being prepared for Zuwhich is expected in 2016. As part of the prefmay phase
we participated in vacuum and thermal tests ofdiector. We are preparing software for data aislyased on
Geant 4 simulations.

KASCADE-Grande addresses experimentally the problefrthe mass composition and EAS developmentén th
atmosphere in the energy range 1E15-1E18 eV. THeHSCollaboration in KIT — Karlsruhe is developiaglio
techniques for EAS measurements in Karlsruhe. Thgperiments, in which our group has participatednf their
beginning, have finished data-taking, but we caridata analysis publishing results in the toprjals with high
impact factors.

The Laboratory in £6# also concentrates on methodological studies ofi#tection of neutrons and interpretation
of multiple neutron registrations in undergroundhdeatories. Among other tasks, we completed theTlBO
project, for which we performed GEANT4 simulatiarfneutron transport.

Presentation of Cosmic Ray registration to highosttstudents has become a popular way to introghactcle
physics detectors and elementary particle dete¢iohniques to young people. We organize inZaadd Pozna
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workshops on particle physics for high school shislein the framework of international IPPOG's Masliasses —
Hands on Particle Physics.

In the area of high energy particle physics ourigddn participates in the ZEUS experiment at DE$Mrfburg,
Germany), and in the WASA @ COSY Collaboratiolirelich, GermanyThe 2015 publication, which presented
the final results of a 30 year effort to describe internal proton structure was the subject oESD press release.

Agnieszka Pollo
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PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Advanced LIGO and Virgo projects
A. Krélak
Astrofizyka czstek w Polsce (Poland, Warszawa, 2015-05-11 - Zi5t%3)

Properties of galaxies
A. Pollo
First Cosmology School in Kielce (Poland, Kielc813-07-15 - 2015-07-25)

Wszechlwiat 3D, czyli kosmiczna sée
A. Pollo
VIII Migdzynarodowa Konferencja (Poland, Niepotomice, 200516 - 2015-10-18)

Towards multi-messenger astronomy: electromagif@tmw-up of gravitational wave transient candidate
from Advanced LIGO/Virgo detectors

A. Zadrozny

The 2nd Conference of the Polish Society on Réiatl00 Years of General Relativity (Poland, Warsa,
2015-11-23 - 2015-11-27)

KASCADE-Grande experiment measurements of the ansayi spectrum and large scale anisotropy
A. ChiavassaP. tuczak, J. Zabierowski

CRIS 2015 - Cosmic Ray International Seminar (Jt&8gllipoli, 2015-09-11 - 2015-09-16)

Nucl. Phys. B Proc. Sup. (in press)

The VIPERS survey

A. Pollg, K. Matek

1st Roman Juszkiewicz Symposium “The non-lineaveysé” (Poland, Warszawa, 2015-08-24 - 2015-08-
28)

Oral Presentation

Cosmology and large scale structure from existimdyfature deep sky surveys
A. Pollo
Astrofizyka czstek w Polsce 2015 (Poland, Warszawa, 2015-0520115-05-13)

Results of the Time Domain F-statistic all-skyMD&arch
0. Dorosh, A. Krélak , M. Bejger, M. Pgtk
LSC-Virgo 2015 Collaboration Meeting (Hungary, Bpéat, 2015-08-31 - 2015-09-03)

Learning algorithms at the service of WISE survey

K. Matek, T. Krakowski, M. Bilicki, A. Pollo, A. Solarz, M. Krupa, A. Kurcz, W. Hellwing, J. &®ock,
T. Jarrett

WISE at 5: Legacy and Prospects (USA, Pasaden&-00410 - 2015-02-12)

Wiasciwosci optyczne rentgenowskiego uktadu symbiotycznegd €t

A. Majczyna, J. Madej, M. Nalgyty
XXXVII Zjazd Polskiego Towarzystwa Astronomiczr@pdand, Pozna, 2015-09-07 - 2015-09-10)

Upper limits on the diffuse gamma-rays measureti KASCADE-Grande

D. Kang,P. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015fisié¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (2018) 8
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NL AGNs - VIPERS data
K. Malek, A. Pollo, B. Garilli
VIPERS science meeting (ltaly, Turin, 2015-03-2015-03-13)

Star formation history of early-type galaxies
M. Siudek,K. Matek, M. Scodeggio, B. Garilli, A. Fritz
VIPERS science meeting (ltaly, Turin, 2015-03-2015-03-13)

Cross talk fluctuations in POLAR test data.
J. Szabelskj A. Zwolinska
The First POLAR Collaboration Meeting (Chile, Pek®15-11-16 - 2015-11-20)

WISE as the cornerstone for all-sky photometricshefl samples

M. Bilicki, T. Jarrett, J. Peacock, M. Cluver, Lteard,K. Matek, M. Krupa, A. Kurcz,T. Krakowski,
A. Pollo, A. Solarz

WISE at 5: Legacy and Prospects (USA, Pasaden&-20410 - 2015-02-12)

Improving the Mass Resolution of Primary CRin Urgteund Measurements with a Surface Array
J. Szabelski
EMMA Meeting (Finland, Pyhasalmi / Oulu, 2015-05-12015-05-14)

Marked correlation functions in VIPERS
A. Pollo, A. Nadkaska
VIPERS science meeting (ltaly, Turin, 2015-03-@915-03-13)

Calibration of POLAR Flight Model Gamma Ray Bursid&imeter

H. Xiao, R.M. Marcinkowski, W. Hajdaf. Rybka, |. TraseiraRodriguez, M.R. Kole, N. Produit,

C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&aRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li
J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczynska, J. Szabelskj T. Krakowski, A. Zwolinska

Joint Annual Meeting of the Austrian Physical Stcand the Swiss Physical Society (Austria, Vienna,
2015-09-01 - 2015-09-04)

The energy spectrum of cosmic rays in the rangeft6f to 1018eV

S. SchooP. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015l{si¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (20&8) 2

A support vector machine classification at the serof VIPERS survey

K. Malek, A. Solarz,A. Pollo, A. Fritz, B. Garilli, M. Scodeggio, A. lovino, B. Grannet

1st Roman Juszkiewicz Symposium “The non-lineavadsé” (Poland, Warszawa, 2015-08-24 - 2015-08-
28)

VIPERS: marked correlation functions
A. Nadkaiska,A. Pollo
VIPERS science meeting (Italy, Milan, 2015-11-0P15-11-06)

POLAR: Gamma-Ray Burst Polarimetry onboard the EsinSpacelab

M.R. Kole, H. Xiao, R.M. Marcinkowski, W. HajdaB, Rybka, I. TraseiraRodriguez, N. Produit,

C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&aRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li
J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczyiska,J. Szabelskj T. Krakowski, A. Zwolinska

34" International Cosmic Ray Conference - ICRC2015fsi¢ands, Hague, 2015-07-30 - 2015-08-06)

Star formation history of early-type galaxies

M. Siudek,K. Matek, M. Scodeggio, B. Garilli, A. FritZ\. Pollo

1st Roman Juszkiewicz Symposium “The non-lineavedsé” (Poland, Warszawa, 2015-08-24 - 2015-08-
28)
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New results of the digital radio interferometer LEXS

F.G. SchroedeR. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015fsi¢ands, Hague, 2015-07-30 - 2015-08-06)
Proceedings of Science (PoS) Vol. ICRC2015 (2013) 3

Properties and evolution of galaxy clustering af2=5] based on VIMOS Ultra Deep Survey

A. Durkalec, A. Pollo

1st Roman Juszkiewicz Symposium “The non-lineaveysé” (Poland, Warszawa, 2015-08-24 - 2015-08-
28)

POLAR Trigger - Experimental Verification

H. Xiao, R.M. Marcinkowski, W. Hajda®). Rybka, |. TraseiraRodriguez, M.R. Kole, N. Produit,

C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&laRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li
J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczyiska,J. Szabelskj T. Krakowski, A. Zwolinska

2015 IEEE Nuclear Science Syhmposium & Medical IntaGonference (USA, San Diego, 2015-10-31 -
2015-11-07)

IEEE, The Conference Record, (2015) No. (2015)

Clustering of mid-infrared selected galaxies in ARIMNNEP Deep Field

A. Solarz, A. Pollo, T.T. Takeuchi

1st Roman Juszkiewicz Symposium “The non-lineaveysé” (Poland, Warszawa, 2015-08-24 - 2015-08-
28)

KASCADE-Grande results on the energy spectrum gl leinergy cosmic rays
J. Zabierowski
Astrofizyka Cgstek w Polsce (Poland, Warszawa, 2015-05-11 - Zi8:%3)

Clustering of mid-infrared selected galaxies in ARIMNNEP Deep Field
A. Solarz, A. Pollo, T.T. Takeuchi
XXXVII Zjazd Polskiego Towarzystwa Astronomiczr@pdand, Pozna, 2015-09-07 - 2015-09-10)

Pi of the Sky telescope contribution to the LSCgdiElectromagnetic Follow-up project

A. Zadrozny
Astrofizyka czstek w Polsce 2015 (Poland, Warszawa, 2015-0520115-05-13)

KASCADE-Grande energy spectrum interpreted witht46¢$C hadronic interaction models

M. Bertaina,P. tuczak, J. Zabierowski

TAUP 2015 XIV International Conference on Topicé&atrophysics and Underground Physics (ltaly,
Torino, 2015-09-07 - 2015-09-11)

J. Phys.: Conf. Ser. (in press)

A unified description of Broad-Line and Narrow-EiAGN in VIPERS - update
K. Matek, A. Pollo
VIPERS science meeting (Italy, Milan, 2015-11-@P15-11-06)

Legal Hacking

A. Zadrozny
Offtopicarium 6th (Poland, Warszawa, 2015-04-101%2-04-19)

A study of the first harmonic of the large scalésatropies with the KASCADE-Grande experiment

A. ChiavassaP. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015fisié¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (208%) 2

Star formation history of early-type galaxies -ules

M. Siudek,K. Malek, M. Scodeggio, B. GarilliA. Pollo, A. Fritz
VIPERS science meeting (Italy, Milan, 2015-11-@P15-11-06)
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Prawo jako struktura matematyczna

A. Zadrozny
Polish Scientific Networks (Poland, Warszawa, 2065t8 - 2015-06-20)

Update on Time-Domain F-statistic all-sky MDC sk&{iStage3)
O. Dorosh A. Krélak , M. Bejger
LSC-Virgo March 2015 Meeting (USA, Pasadena, 2083®- 2015-03-19)

Two Decades of KASCADE and KASCADE-Grande MeasumsieSome Achievements

A. HaungsP. tuczak, J. Zabierowski,

34" International Cosmic Ray Conference - ICRC2015l{si¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (2018) 2

Pi of the Sky preparations for LSC-Virgo\'s eleatagnetic follow-up project

A. Zadrozny, M. Sokotowski, A. Majcher, R. Opiela, . Obara

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (RdjaVilga, 2015-05-25 - 2015-05-30)
Proc. SPIE Vol. 9662 (2015) 96621F

Poster

By atmosphere to the core of the neutron star
A. Majczyna, A. R&anska, J. Madej, M. Naigty
Astrofizyka Czstek w Polsce (Poland, Warszawa, 2015-05-11 - 2853)

KASCADE-Grande energy spectrum of cosmic rays prested with post-LHC hadronic interactiomodels
M. Bertaina,P. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015fsi¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (20%9) 3

Clustering of Infrared Galaxies in the AKARI Surgey

A. Pollo, T.T. TakeuchiA. Solarz, K. Matek, T.L. Suzuki, S. Oyabu, A.cBiak

Gas, Dust, and Star-Formation in Galaxies from ttloeal to Far Universe (Greece, Platanias , 20153%b-
- 2015-05-29)

Search for gamma-ray point sources with KASCADE

D. Kang,P. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015fsi¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (2012) 8

Primary energy reconstruction from the S(500) olmlgle recorded with the KASCADE-Grande

A. Gherghel-Lascup. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015l{si¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (200%) 3

Learning algorithms at the service of WISE survey

K. Malek, T. Krakowski, M. Bilicki, A. Pollo, A. Solarz, M. Krupa, A. Kurcz, W. Hellwing

Gas, Dust, and Star-Formation in Galaxies from ttloeal to Far Universe (Greece, Platanias , 20153%-
- 2015-05-29)

The KASCADECosmic Ray Data Centre (KCDC)

S. SchooP. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015fsi¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (20643) 2

Proposition of a method for optical transient ey triggered searches using data from grounddbas
telescopes

A. Zadrozny, G. Djorgovski, A. Drake, A. Mahabal, M. Graham

LSC-Virgo March 2015 Meeting (USA, Pasadena, 20380 - 2015-03-19)
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Calibration of Gamma-ray Burst Polarimeter POLAR

H. Xiao, R.M. Marcinkowski, W. Hajda®). Rybka, |. TraseiraRodriguez, M.R. Kole, N. Produit,

C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&laRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li
J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczynska, J. Szabelskj T. Krakowski, A. Zwolinska

2015 IEEE Nuclear Science Syhmposium & Medical IntaGonference (USA, San Diego, 2015-10-31 -
2015-11-07)

IEEE, The Conference Record No. (2015)

Law as a graph
A. Zadrozny, M. Zadrana
Science: Polish Perspectives (United Kingdom, Céahgier, 2015-10-29 - 2015-10-31)

Revised absolute amplitude calibration of the LORESeriment

K. Link, T. HuegeP. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015fisié¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (2015%) 3

Effects of the new hadronic interaction modelstmreconstruction of KASCADE-Grande observables
A. Gherghel-Lascw?. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015 lfsi¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (2003) 3

Longitudinal development of EAS muon componentmparison of data from the Muon Tracking Detector
in KASCADE-Grande with model predictions

P. tuczak, J. Zabierowski, S. Schoo

34" International Cosmic Ray Conference - ICRC2015fsié¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (2086) 3

Limits on the isotropic diffuse-rays at ultra high energies measured with KASCADE

W.D. Apel, Z. FengP. tuczak, J. Zabierowski

34" International Cosmic Ray Conference - ICRC2015 lfsi¢ands, Hague, 2015-07-30 - 2015-08-06)
PROCEEDINGS OF SCIENCE (PoS) Vol. ICRC2015 (2028) 8

Pi of the Sky system of robotic telescopes

A. Cwiek, T. Batsch M. Cwiok, G. KasprowiczA. Majcher, L. Mankiewicz,K. Nawrocki, R. Opiela,
L.W. Piotrowski, M. SiudekM. Sokotowski, R. WawrzaszelG. Wrochna, A. Zadrozny, M. Zaremba,
A.F. Zarnecki

Polish Scientific Networks (Poland, Warszawa, 206518 - 2015-06-20)

LECTURES, COURSES AND EXTERNAL SEMINARS

Prospects of detection of gravitational wéves
A. Krolak
Krakéw, Faculty of Physics, Jagiellonian Universit§015-05-06

VIPERS: a 3D web of 90,000 galaxies at z 7~ 1
A. Pollo
Warsaw, Warsaw University, Physics Department, 20291

All-sky search for almost monochromatic gravitatibwaves using massively parallel algoritims

A. Krélak
Karlsruhe, Karlsruhe Institute of Technology, 201617

3 in Polish
® in English

101



Annual Report 2015

INTERNAL SEMINARS

By the atmosphere to the core of the neutrof star

A. Majczyna

Warsaw, National Centre for Nuclear Research, 204521

Properties and evolution of galaxy clustering & based on VIMOS Ultra Deep SurVey
A. Durkalec

Warszawa, Narodowe Centrum Bad&drowych, 2015-06-09

Classification and clustering of mid-infrared seéetgalaxies in AKARI NEP Deep Fiéld

A. Solarz
Warszawa, NCBJ, 2015-10-20

¥ in Polish
" in English

DIDACTIC ACTIVITY

A. Krélak - Supervision of PhD thesis of Mr. Adam Zaig entitled
Search for gravitational waves in coincidence wiptical observations.

Public defence of the thesis took place on 23.(:20 NCBJ
A. Pollo - OA UJ, lecture "Stellar and galactic astronoitiy |
A. Pollo - OA UJ, mgr Agata gpiak

A. Pollo - OA UJ, mgr Agnieszka Kurcz

A. Pollo - OA UJ, mgr Aleksander Kurek

A. Pollo - OA UJ, mgr Aleksandra Nadkska

A. Pollo - OA UJ, mgr Katarzyna Wierzbicka, title: "Wplywozzenia na aktywrio [UJLIRG-6w" (The
role of environmental effects in [UJLIRG's activjty

A. Pollo - OA UJ, mgr Magdalena Krupa

A. Pollo - OA UJ, mgr Malgorzata Bankowicz

A. Pollo - OA UJ, mgr Michat Wypych

A. Pollo - OA UJ, mgr Oskar Kopczgki

A. Pollo - OA UJ, mgr Oskar Kopczgki, title: Multi-parameter classification of galas at z $\sim$ 1
A. Pollo - OA UJ, mgr Tobiasz Gorecki

A. Pollo - OA UJ, monograph lecture (in English) "Obserwasil cosmology"

J. Szabelski- A photomultiplier model for computer simulatioofelectric circuits.<br />

J. Szabelski- Cosmic ray muon measurements and their appicati detection systems.

102



Annual Report 2015

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

J. Karczmarczyk
member of JEM-EUSO Collaboration

A. Krélak
member

P. tuczak
Member of the LOPES Collaboration
Member of the KASCADE-Grande Collaboration

A. Majcher
member
member of the Audit Committee of the Main Boardhaf Polish Amateur Astronomers Association

A. Majczyna
member Polskie Towarzystwo Astronomiczne
member of Polish Fireball Network

K. Matek
Delta - matematyka, fizyka, astronomia i informatyRelta - mathematics, physics, astronomy and
computer science, University of Warsaw

A. Pollo

Member of Organizing Committee on 1st Roman Jusakie Symposium “The non-linear Universe” in
Warszawa, Poland

Member of Organizing Committee on First Cosmologh@®l in Kielce in Kielce, Poland

Member of Advisory Board on 1st Roman Juszkiewigmfosium “The non-linear Universe” in Warszawa,
Poland

Member of Advisory Board on First Cosmology SchimoKielce in Kielce, Poland

member, National Council for Astroparticle Physics

B. Szabelska
JEM-EUSO Collaboration memeber

J. Szabelski

Polish PI (Principal Investigator) of JEM-EUSO Gdilbration

Polish representative in the International PartRitgsics Outreach Group (IPPOG)

Member of the International Advisory Committee (I)AGf the European Cosmic Ray Symposia
Polish group Pl in the EUSO-Balloon Collaboration

Advances in High Energy Physics, Special Isgulyances in High Energy Physics, Hindawi Publighi
Corporation

member of Scientific Advisory Board

T. Tymieniecka
JEM-EUSO Collaboration member

T. Wibig

Polish Physical Society
JEM-EUSO Collaboration member
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J. Zabierowski
Member of the Polish Physical Society
Member of The LOPES Collaboration

Chairman of the Steering Committee and the Collatiimm Board of The KASCADE-Grande Collaboration
Member of the WAS@COSY Collaboration Board

PERSONNEL

Research scientists

in todz:

Plucinski Pawet, PhD, Assistant Professor, on leave
Szabelski Jacek, PhD, Assistant Professor
Tymieniecka Teresa (*), Associate Professor

Wibig Tadeusz (*), Associate Professor
Zabierowski Janusz, Professor

in Warsaw:

Durkalec Anna, PhD Assistant Professor

Krélak Andrzej (*), Associate Professor

Majczyna Agnieszka, Dr. Assistant Professor

Matek Katarzyna, PhD, Assistant Professor

Pollo Agnieszka, Professor

Sokotowski Marcin, PhD, Assistant Professor, owvéea
Solarz Aleksandra, PhD Assistant Professor
Zadrany Piotr, PhD Assistant Professor

PhD students

in £L6dz

Plebaniak Zbigniew, Msc Eng
Zwolinska Anna, MSc Eng

(*) part-time employee
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Technical research staff

intodz:

Jedrzejczak Karol, PhD, on leave
Kasztelan Marcin, Msc.
Szabelska Barbara, PhD (*)

in Warsaw:

Cwiek Arkadiusz, Msc.
tuczak Pawet, PhD
Majcher Ariel, Msc.

Technical and admnistrative staff
in Lodz:

Debicki zdzistaw

Karczmarczyk Jacek
Lewandowski Ryszard
Orzechowski Jerzy, MSc.Eng.
Skowronek Wojciech

Tokarski Przemystaw, MSc.Eng.
in Warsaw:

Kutynia Adam, MSc.Eng.
Nikliborc Krzysztof , MSc.Eng.

Admnistrative staff (in £6d z):
Feder Jadwiga (*)
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NUCLEAR TECHNIQUES &EQUIPMENT DEPARTMENT

Head of Department: Jacek Rzadkiewicz, PhD

Phone: +48 22 2731465/2731413
e-mail: jacek.rzadkiewicz@nchj.gov.pl
Overview

The Department of Nuclear Techniques and Equiprhast~100 employees, including 2 professors, 5 &dsoc
professors and 30+ employees with a PhD degreendWestructure of the Department was establishé®ib and
includes four divisions:

e (TJ1) Particle Acceleration Physics & TechnologyiBion,
* (TJ3) Radiation Detectors Division,

e (TJ4) Electronics and Detection Systems Division,

e (TJ5) Plasma Studies Division.

Most of the scientific achievements of the departimeere summarized in top level peer reviewed palibns,
published in the Journal of Instrumentation, Plasdoarces Science & Technology, Nuclear Fusion, nEdunf
Physics B, Physical Review C and many others.

In 2015 the department’s activities were stronglated to the commercialization process for medicaklerators,
a neutron activation analyser and X-ray radiogragystems constructed in the Accelerators and Det®¢A&D)
project. In particular, the commercialization prsgef theColine 6 medical accelerator andANIS accelerator
system dedicated to the identification of smuggledds like cigarettes or weapons was conductedhdBRIdge
Mentor projectimplemented by the National Centre for Researcheéxklopment (an agency of the Ministry of
Science and Higher Education) and the PWC congultompany. The intraoperative medical accelerator
INTRALINE was developed within thtNTRA-DOSE project realized in collaboration with the Wielladgkie
Cancer Centre (WCO) and UJP Hitec Systems S.A.

Our commercial projects were devoted to the devatop of:

- Technology based on the fast neutron activation XfF methods dedicated to the mining industry
(Cu-NAA and Cu-XRF project) in collaboration withe KGHM company,

- Systems control of the chemical composition of raaterials for cement production operated in theinaous

mode (online), based on neutron activation analgsis a neutron generator in collaboration with $iysKon
and OTJ Polon-Wroctaw companies (RaM-scaN pragject)

- High-resolution large area detectors for radiogyaptcollaboration with the ImagineRT company,

- Mobile monitoring systems for particulate matteflyion including PM10 and PM2.5 (particulate mattéth
diameters smaller than 10 mm and 2.5 mm, respégtiire collaboration with the local authorities Bfuszcz
Gdaski.

In 2015 our research groups participated in langepean projects (selected):

- GBAR - construction of a 9-MV accelerator for th&8&R experiment at CERN, in particular microwave
measurements and tuning accelerating structugtpamker shielding calculations,

- EUROFUSION- development of a diagnostic technigaseld on a Cherenkov-type detector, designed
especially for an FTU and COMPASS and a gamma ragnastic technique based on scintillation detexctor
for the JET tokamak,

- C-BORD - participation in the development of teclagies for inspection of large volume freight, iarpicular
design and integration of equipment for inspectimi containers in seaports: passive gates,
X-ray radiography and neutron activation systems,

- XFEL - in the framework of the in-kind contributioprovided by NCBJ to the European XFEL Project
simulations and calculations of beam dynamics weeeformer the whole Higher Order Modes (HOM)
suppression system was developed and deliver&&fh -GmbH DESY,

- ESS - preparation for the construction of the aeging structures and their construction, meclamesigns
systems, design of the Gamma Blocker and movingmators,

- BioQuaRT- participation in the EURAMET project “Bagically weighted quantities in radiotherapy”.
Nanodosimetry studies of carbon ions using th&€aeinter technique.

Jacek Rzadkiewicz
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PARTICLE ACCELERATION PHYSICS & TECHNOLOGY DIVISION

Head of Division: Stawomir Wronka PhD Eng
phone: +48 22 2731539

e-mail: s.wronka@ncbj.gov.pl
Overview

The activity of the TJ1 department is focused andbvelopment of new acceleration techniques artthtdogies,
as well as on applications of particle acceleratong main competenties are concentrated in captimisation,
calculations of magnets, transfer lines, sourcestargets, collimators and applicators. In pardcubeam dynamics
calculations and Monte Carlo simulations of acceatar heads and detectors are continuously perforfoed
different projects.

The main activity of the TJ1 department in 2015 wedated to the continuation of the XFEL projenteasurements
of the accelerators for the AID project: IORT aratgp screening (CANIS), calculations for the ES8r@pean
Spallation Source) and participation in the GBARenment.

The Medical Physics group (previously affiliatedAgplied Physics Department), has been recentlydted in TJ1
with the aim of continuing new developments in réogmetry.

Some of these topics are described in detail iarsép articles.

The TJ1 department is quite well equipped with expental accelerator stands. During a year, typical least a
few different configurations of linacs are testeligh energy X-ray and electron beams are continycasailable,
thus external users are commercially invited folustrial irradiations or specific scientific tests.

Radiographic detectors are also available due ¢odiévelopment of radiation-resistant technology ifoaging
sensors, therefore an industrial 2D radiographyiceras well as high energy CT is offered.

Thanks to the AiD project and the CANIS demonstratte development of cargo scanning techniquesnsinued
both in the high energy region and classical X ragyterlaced energy linacs for a wide energy rahgee been
continuously under progressive developed in thedefartment.

In 2015 the prototype of a high resolution radigdnia detector was successfully completed , theeefome results
are presented elseware.

The TJ1 department offers a friendly surrounding oung people, for many years engineering- andtenss
degree theses have been completed in cooperatich ahd the under supervision of our experts.

Also summer practices are offered to students,cijtyi from Warsaw University and Warsaw Universitf
Technology.

Stawomir Wronka

107



Annual Report 2015

108



Annual Report 2015

RADIATION DETECTORS DIVISION

Head of Division: tukasswiderski PhD
phone: +48 22 2731603
e-mail: l.swiderski@ncbj.gov.pl
Overview

The Radiation Detectors Division was establishedhat beginning of 2012 as part of the former Donsof
Detectors and Nuclear Electronics. Most of ourdglon’s activity is focused on the characterizatidrscintillation
detectors for neutron and gamma-ray radiation. dPeince of scintillation detectors coupled to wvasio
photodetectors is also extensively studied. Iridkeyear our efforts were concentrated on:

- study of the influence of slow scintillation comgans in Csl: Tl crystals on their non-proportionakind
energy resolution

- characterization of high density Silicon Photonpligér (SiPM) performance in gamma- and X-ray
spectrometry using scintillators

- development of new photomultipliers with screengnigl at the anode for TOF PET block detectors
- characterization of a large volume CgBetector operated with an Active Anti-Compton khie

- characterization of basic properties of scintilfatancluding non-proportional response to the dépd
energy and its relation to energy resolution, detag, timing resolution and detection efficiency

- development of the lon Sputtering (Al, B, Sb) mettior production of new type semiconductor radiatio
detectors

The results of our studies were used in the ra@izaf several projects, including:

- C-BORD, Neutron activation: we are involved in ttlevelopment of the Rapidly Relocatable Tagged
Neutron Inspection System (RRTNIS) for the detectid illicit goods and dangerous materials inside
containers transported through sea-ports.

- C-BORD, Photofission: methods for detection ofifessnaterials by means of photofission are studigd
means of a linear accelerator.

- RaM-ScaN: the aim of this project is to developystem for controlling the chemical composition afw
materials used in cement production. The methodaainning will be based on Neutron Activation
Analysis.

-  TAWARA_RTM: we are involved in the development of raulti-step platform for detection and
identification of trace activities in water procedsin Waterworks. In the past year, laboratory
characterization of the SPEC identification syspmrformance was completed.

- EUROfusion: in cooperation with the Division of Efeonics and Detection Systems (TJ4), we are
involved in the construction of a gamma camerairispection of thermofusion reactions. In recentryea
two prototypes based on CeBxcintillators coupled to MPPCs have been constrleind installed at the
Joint European Torus at CCFE.

- COST network: COST is a programme oriented for ggpee exchange between scientists involved in
projects related to nuclear medicine.

Most of the scientific achievements of the Divisieare summarized in 19 refereed publications, gkl mainly
in Nuclear Instruments and Methods A, IEEE Trarisaston Nuclear Science, Journal of Instrumentatiad
High Energy Density Physics. In addition, our stiEa presented 23 contributions at internatioradferences —
including 4 presentations at the IEEE Nuclear Sme8ymposium and Medical Imaging Conference 201San
Diego, USA and 3 invited talks during various Wdr&ps.

The Division has also been involved in scientifidlaborations with a number of international cestreuch as the
Royal Institute of Technology, Stockholm, KMUTT BRgkok, Thailand, CEA-Saclay, France, ISC Kharkov,
Ukraine, LNL INFN, Italy, Tohoku University, JapaWake Forest University, USA, the Heavy lon Laborat
Poland and companies such as Saint-Gobain, Fr&uwenix B.V., Holland, Siemens Healthcare, USA, I®ys
OTJ Polon Wroclaw, Poland, Hamamatsu Photonics,KlBkuyama and C-and-A., Japan, ADIT, USA.

Details regarding the Division’s achievements ilecied areas can be found in the dedicated recdrittés Annual
Report.

t ukasBwiderski
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REPORTS

Drugi podetap pracy, e& ,b” z realizacji programu pt. ,Oznaczanie skiggarwiastkowego rudy miedzi
w warunkach dotowych w oparciu 0 metody rentgenadgvsketap 1”

P. Mazerewicz ... ,A. Burakowska, A. Gdjska, K. Grodzicki, T. Lotz, P. Markowski, P. Matuszczak

J. Rzadkiewicz M. Stapa, P. Sobkowicz J. Szymanowskj M. Laskus, M. Snopek Z. Wojciechowski, ...
et al.

NCBJ

Introductory measurements of particulate matteceatration in ambient air in the vicinity of a potial
location of a nuclear power plant (Krokowa commune)

M. Bogusz J. Bzdak, M. Lasiewicz, B. Mystek-Laurikainen, M. Sowinski, H. Trzaskowska
Narodowe Centrum Badalgdrowych

No english version

M. Gierlik , ... ,S. Borsuk A. Burakowska, S. Burakowski, Z. Guzik, £. Kazmierczak, T. Kazmierczak,
T. Krakowski, T. Lotz, J. Rzadkiewicz P. Sobkowicz M. Szeptycka A. Urban, ... et al.

NCBJ

Oznaczanie skfadu pierwiastkowego rudy miedzi wawkach dotowych w oparciu o metody rentgenowskie
—etap |

P. Mazerewicz ... ,A. Burakowska, A. GGjska, K. Grodzicki, T. Lotz, P. Markowski, P. Matuszczak

J. Rzadkiewicz M. Stapa, P. Sobkowicz J. Szymanowskj M. Laskus, M. Snopek ... et al.

NCBJ

PARTICIPATION IN CONFERENCES AND WORKSHOPS
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Invited Talk

Influence of slow components on energy resolutibscantillators
M. Moszynski, A. Syntfeld-Kazuch, £. Swiderski
Applications of Novel Scintillators for Researchddndustry (Ireland, Dublin, 2015-01-12 - 2015-04}1

Thin layer Pb photocathode deposition for impropgedormance of SRF guns (status in May 2015)
R. Nietubye¢, J. Lorkiewicz, J. SekutowiczM. Barlak, D. Kostin,A. Kosinska, R. Barday, R. Xiang,
R. Mirowski, M. Frelek, W. Pawlak, T. Sworobowicz J. Witkowski, W. Grabowski

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (RdjaVilga, 2015-05-25 - 2015-05-30)

Diagnosing and understanding heavy impurity accatran in JET

A.E. Shumack,. Rzadkiewicz T. Nakano, M. Chernyshova, T. Czarski, S. DalidyHawkes,

K. Jakubowska, G. Kasprowicz, E. Kowalska-Strzelgiwk. Pozniak, S. Tyrrell, W. Zabolotny

The 27th edition of the Symposium series on Pld3mysics and Radiation Technology (Netherlands,
Lunteren, 2015-03-10 - 2015-03-11)

Study of®He beta decay using OTPC chamber.

S. Mianowski, Z. Janas

The XIX International Scientific Conference of Ygp@tientists and Specialists (Russia, Dubna, 22L56)
- 2015-02-20)

Oral Presentation

Photomultipliers with the screening grid at the@aéor TOF PET block detectors

M. Moszynski, T. Szczsniak, M. Grodzicka, R. Leclercq, A. Westyl. Kapusta,

2015 IEEE Nuclear Science Syhmposium & Medical IntaGonference (USA, San Diego, 2015-10-31 -
2015-11-07)
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Temperature dependence of non-proportionality carapts in doped Csl

A. Syntfeld-Kazuch, M. Grodzicka, T. Szczsniak, £. Swiderski, M. Moszynski, A. Gektin

2015 SCINT, 13th International Conference on Inaig&cintillators and Their Applications (USA,
Berkeley, 2015-06-07 - 2015-06-12)

Energy Resolution and Slow Components in Undopdd_Bsstals

M. Moszynski, A. Syntfeld-Kazuch, £. Swiderski, P. Sibczyiski, , M. Grodzicka, T. Szcasniak,
A.V. Gektin, P. Schotanus, N. Shiran, R.T. Williams

2015 SCINT, 13th International Conference on Inmigécintillators and Their Applications (USA,
Berkeley, 2015-06-07 - 2015-06-12)

Digital Approach To High Rate Gamma-Ray Spectroyetr

S. Korolczuk, S. Mianowski, J. Rzadkiewicz P. Sibczyiski, . Swiderski, J. Szewiski, |. Zychor
Advancements in Nuclear InstrumentationMeasuremetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

IEEE Trans. Nucl. Sci. (2015)

Poster

ED-XRF method in analysis of historical polish coglemental composition

A. Gojska, K. Grodzicki, P. Matuszczak P. Markowski, P. Mazerewicz J. Rzadkiewicz P. Sibczyski,
M. Stapa, M. Snopek J. Szymanowskj K. Wincel, B. Zareba

TECHNART2015 Non-destructive and microanalytieahniques in art and cultural heritage (Italy,
Katania, 2015-04-27 - 2015-04-30)

Modeling of the soft x-ray spectra from tungstedia&ion for different WEST scenarios

£. Syrocki, K. Stabkowska, E. Szyiiska, M. Polasik]). Rzadkiewicz

PLASMA 2015; International Conference on Researah/&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Phys. Scr. (2015)

Scintillators for high temperature plasma diagrussti

t. Swiderski, A. Gojska, M. Grodzicka, S. Korolczuk, S. Mianowski, M. Moszynski, J. Rzadkiewicz
P. Sibczyski, A. Syntfeld-Kazuch, M. Szawtowski T. Szczsniak, J. Szewiiski, A. Szydtowski

I. Zychor

1st EPS Conference on Plasma Diagnostics (Italgs€ati, 2015-04-14 - 2015-04-17)

The individual M x-ray line subshell contributiongginating from Cu- and Co-like tungsten for varso
plasma temperature

K. Stabkowska, t.. Syrocki, E. Szynieka, M. Polasik]). Rzadkiewicz

PLASMA 2015; International Conference on Researah/&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Phys. Scr. (2015)

The K x-ray line structures of the 3d-transitiontale in warm dense plasma

E. Szymaska,J. Rzadkiewicz t. Syrocki, K. Stabkowska, M. Polasik

PLASMA 2015; International Conference on ResearahA&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Phys. Scr. (2015)

Characterization of scintillators for gamma-rayapemetry of fusion plasma

P. Sibczyaski, A. Géjska, V. Kiptily, S. Korolczuk, S. Mianowski, M. Moszynski, J. Rzadkiewicz

k. Swiderski, A. Szydtowski 1. Zychor

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)
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X-ray spectra of tungsten and molybdenum in highperature plasmas

K. Stabkowska, . Syrocki, E. Szyrigka, M. Polasik). Rzadkiewicz

PLASMA 2015; International Conference on ResearuhApplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Silicon photomultiplier as a potential photodetedtoscintillation detectors used for plasma diagits

T. Szcas$niak, M. Grodzicka, M. Moszynski, £. Swiderski, M. Szawlowski

PLASMA 2015; International Conference on ResearuhApplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Plasma temperature determination during the tinraafimum K-shell X-ray emission of Cu impurities in
PF1000 device

J. Rzadkiewicz A. Gojska, M. Paduch, M. Polasik, O. Rosmej, K. StabkowskeSyrocki, E. Szymiéska,

M. Scholz, E. Zieliska

PLASMA 2015; International Conference on ResearahApplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Gamma Spectrometer Based on GeBrintillator with Compton Suppression for Idert#tion of Trace
Activities in Water

k. Swiderski, T. Batsch J. Iwanowska-Hanke M. Moszynski

The 2015 IEEE Nuclear Science Symposium and Meldizaling Conference (USA, San Diego, 2015-10-31
- 2015-11-07)

IEEE NSS Conf. Rec. (2015)

New IORT machine:the IntraLine accelerator researahdevelopment project

A. Wysocka-Rabin, P. Adrich, A. Baczewskj M. Baran, E. Jankowski, J. Kope¢, K. Kosinski,
P. Krawczyk, E. Kulczycka, A. Masternak, B. Meglicki, A. Misiarz, E. PlawskiM. Staszczak
A. Syntfeld-Kazuch, K. Swat, A. Wasilewski, M. Wojciechowski, M. Wéjtowicz, S. Wronka,
J. Wysokiiski, S. Adamczyk, M. Kruszyna, D. Murawa

3rd ESTRO FORUM (Spain, Barcelona, 2015-04-24 5204-28)

Study of fluorine-based plastic scintillators fasf neutron detection by means %t activation

P. Sibczwski, J. Kownacki, M. Moszynski, A. Syntfeld-Kazuch, J. Iwanowska, M. Gierlik , A. Urban,

M. Hamel, F. Carrel, E. Montbarbon, A. GrabowskiSehotanus, A. lovene, C. Tintori

The 2015 IEEE Nuclear Science Symposium and Meldizaling Conference (USA, San Diego, 2015-10-31
- 2015-11-07)

New IORT machine: the IntraLine accelerator project

A. Wysocka_RabinP. Adrich, A. Baczewskj M. Baran, E. Jankowski, J. Kope¢, J. KopecK. Kosinski,
P. Krawczyk, E. Kulczycka, A. Masternak, B. Meglicki, A. Misiarz, E. Plawski, M. Staszczak

A. Syntfeld-Kazuch, K. Swat, A. Wasilewski, M. Wojciechowski, M. Wéjtowicz, S. Wronka,

J. Wysokinski

Jubileuszowe Sympozjum Narodowego Centrum Baghirowych (Poland, OtwocKwierk, 2015-06-15 -
2015-06-15)

Silicon Photomultipliers in Scintillation Detectdused For Gamma-Ray Energies Up to 6.1 MeV

M. Grodzicka, T. Szcasniak, M. Moszynski, t. Swiderski, M. Szawtowski

2015 IEEE Nuclear Science Syhmposium & Medical IntaGonference (USA, San Diego, 2015-10-31 -
2015-11-07)

Temperature compensation device MTCD@NCBJ for MitP@asma diagnostics

G. Boltruczyk, M. Gosk, S. Mianowski, M. Szawtowski |. Zychor

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Temperature compensation device MTCD@NCBJ for MitP@asma diagnostics

G. Boltruczyk, M. Gosk, S. Mianowski, M. Szawtowski . Zychor

PLASMA 2015; International Conference on Researah&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)
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ED-XRF method in analysis of historical polish colemental composition

A. Gojska, K. Grodzicki, M. Laskus, P. Matuszczak P. Markowski, P. Mazerewicz J. Rzadkiewicz

P. Sibczyaski, M. Stapa, M. Snopek J. Szymanowskj K. Wincel, B. Zareba

Jubileuszowe Sympozjum Narodowego CentrumBagtirowych (Poland, Otwock, 2015-06-15 - 2015-06-
15)

INTERNAL SEMINARS

Monitor Temperature Compensation Device (MTCD@NCBIMPPC based detectdrs
S. Mianowski
Otwock, National Centre for Nuclear Reaserch, 205536

¥in Polish

DIDACTIC ACTIVITY

A. Syntfeld-Kazuch - "Photofission of nuclear materials and fissi@natures detection with application in
border monitoring."

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

M. Moszynski

Session chairman on Applications of Novel Scintilta for Research and Industry in Dublin, Ireland
Session chairman on 2015 SCINT, 13th Internati@uaiference on Inorganic Scintillators and Their
Applications in Berkeley, USA

Fellow of IEEE

Member of TransNational Committee of IEEE Nuclead ®lasma Science Society

Member of the Management Committee of COST Actir1¥07, "Bimodal PET-MRI molecular imaging
technologies and applications for in vivo monitgriof disease and biological processes" (www.petemyi
Neutron Detectors Array (NEDA)

Nuclear Instruments & Methods in Physics Researdalgevier, Member of Advisory Editorial Board
Journal of Instrumentatigrinstitute of Physics Publishing, Member of EdabBoard

Recent Patents on Engineerji@entham Science Publishers, Member of Editoradrd

National Centre for Nuclear Research, Member of&dic Council

Deputy President of Scientific Council National @erfor Nuclear Research

J. Rzadkiewicz

Chairman of the Governing Board of the Centre fmeftific and Industrial New Energy Technologies
Governing Board of the European Union’s Joint Utaléng for ITER and the Development of Fusion
Energy (Fusion for Energy)

t. Swiderski
Member of IEEE Nuclear and Plasma Sciences Society

A. Syntfeld-Kazuch

Member of IEEE Nuclear and Plasma Sciences Society
member of scientific council, National Centre faudiear Research
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PERSONNEL

Scientific staff

Belcarz Eugeniusz, MSc Eng

Czarnacki Wiestaw PhD

Grodzicka-Kobytka Martyna, PhD Eng
Iwanowska-Hanke Joanna, MSc

Kotlarski Andrzej, MSc Eng (until Oct. 2015)
Kownacki Jan, Professor

Mianowska Zuzanna, MSc

Mianowski Stawomir, MSc

Moszynski Marek, Professor

Rzadkiewicz Jacek, PhD

Sibczyhiski Pawet, MSc

Syntfeld-Kauch Agnieszka, PhD
Szawtowski Marek, MSc Eng

Szczsniak Tomasz, PhD

Swiderski Lukasz, PhD

Wolski Dariusz, MSc Eng

Kapusta Maciej, PhD

Zychor Izabella, Assoc. Prof. (until Sep. 2015)

Technical and administrative staff
Dziedzic Andrzej

Kostrzewa Krzysztof

Kos Monika, MSc

Sworobowicz Tadeusz
Trzaskowska Halina
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ELECTRONICS AND DETECTION SYSTEMS DIVISION

Head of Division: Michat Gierlik, PhD
phone: +48 22 2731299

e-mail: michal.gierlik@ncbj.gov.pl
Overview

The end of 2015 marks the fourth year of existearue activity of the Division Electronics and DetentSystems.
In the Autumn of this year, after the reorganizataf the structure of NCBJ the TJ4 Division gairtee new
laboratories; the Laboratory of Environment PrattPhysics, lead by Dr. Janusz Licki, and the latmwy of X-
ray Radiation Physics, led by Msc. Eng. Piotr Marécz. All previous members of the TJ4 Divisiornveanow
beenincluded in the Laboratory of Spectrometry ldndlear Electronics.

The division participates in various projects, pdavg expertise and support whenever the need igih knd
electronics arises. Our goal remains unchangeds tb maintain our technological edge by partidipgtin
challenging projects and collaborations while asl§ivseeking commercial opportunities and applicatifor our
solutions..

In 2015 the division’s efforts were focused on fillowing topics.
Laboratory of Spectrometry and Nuclear Electrofélrs Michat Gierlik)

- R&D contract with KGHM “Polska Mied' S. A
The technology of neutron activation analysis,medi during the years of the A&D project, is meetimigh
increasing interest from industry. This year cortgddean R&D project for the mining company KGHM “Bké
Miedz” S. A. The details of the contract are classifiddwever, the research programme is in generdaectia
appraising ore quality at various stages of extvacind excavation.

- PLC Crates for the first six XFEL experiments
Within the Polish in-kind contribution to the X-FHtroject NCBJ will deliver 200 modules containing@®
Terminals for slow control support for the firsk ®xperiments at X-FEL. Design of the modules hasnb
approved by the physicists responsible for eachegx@ntal station. Preparation of each module regui
ordering of components, specification cross-chdekelling, wiring, testing, packing, and shipmeit t
Hamburg. For the purposes of preparation of a lawgeber of devices (200) a dedicated laboratoryhess
prepared. The laboratory has four workstions, g@@mea and the necessary tools and equipmertieAsrid of
2015, about a quarter of all required PLC termitad been ordered, all procedures like parts argemodule
assembly, testing and shipment had been accomglished the first batch of devices was delivered and
successfully accepted by X-FEL GMBH.

- EUROfusion_NCBJ_JET4

We are involved in the JET4 Enhancement Projedirgaith modernisation of the Gamma-ray Camera and
Gamma-ray Spectrometer at the Joint European TdkddtaT). Upgrade of the gamma-ray diagnostics is
necessary because in the planned deuterium-tricampaign measurements at high count rates are texpec
Information provided by the upgraded Gamma-ray Gameill complement high resolution spectroscopy
measurements with the Gamma Spectrometer. We tdstedse of CeBrscintillators, characterized by good
energy resolution, short decay time and relativefjh detection efficiency for a few MeV gamma-rageBr
crystals are considered as one of the best satoti#l for the upgraded gamma-ray diagnostics at JET

Multichannel Analyzer Tukan
New improvements in the energy determination atgoriwere introduced. The effective accepted evatd r
has been increased up to 200 kHz as a result ahidneges implemented.

Astrophysics

The development of astrophysical apparatus in thedivision was supported in 2015 by two grants: S8V
part of the Swiss Contribution programme and thenal IDEAS+ grant. Termination of the SWISS gramts
originally planned for 30.09.2014. To date the eobjindicators have been achieved. With savingsireds on
both Beneficiary and Partner sides it was posdsibl@pply for an extension of the grant period. @uo
applications concerning this case, each askingeftension by 2 quarters, obtained the consent efltint
Research Committee. As a result the deadline foigthnt was set at 31.12.2015. The deadline ofDEAS+
grant was 16.12.2015.

"Pi of the Sky" project
All necessary components for the new robot are gregband purchased. A work associated with theofise
equipment and software of "Pi" project for the alsadon of gravitational waves was initiated.
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- "Polar" project
The detector flight model was handed over to thmn&e side. We are working on getting the approtahe
Chinese Space Agency.

- Clustering VIPERS data

The focus was mainly on maintaining and testindstdor data clustering (SWISS — Task 107). Softwiare
data processing in was tested and improved.

It is worth to notice that a new astrophysical pobjwith the Swiss partner is being started. Thugegt initiated by
Dr. Nicolas Produit, the principal investigatortire SWISS grant on Partners side, has to use thipragnt and
experience gathered in POLAR project. Actually Wk relates to the construction of the pilot sptiu order to
check the correctness of the assumptions. The wor&strophysical apparatus is done in close calélom with
BP4, Astrophysics division led by prof. Agniesziall®.

- PANDA

This year activities linked to the PANDA experim@&rere focused on the following tasks:

- Involvement in the preparation of essential docuséar the in-kind contract “The Development, Prciiton
and Delivery of the Slow Control System for the €&r-Jet Target of the PANDA detector”:

= hardware scheme for the Slow Control System,

= communication scheme with the supervisory systeRI(5),
= detailed technical specification,

= list of tasks and time schedule (draft),

= milestones definition (draft),

= hardware and software purchases cost estimation,

= travels and salaries cost calculations (draft).

- Continuation of the state machine development imwwection with the CompactRIO’s FPGA for the beam-
dump part of the Cluster-Jet Target using the L&W!Isoftware.

- The version 2.0 Bidirectional Universal RS232-RS&3§nals Converter (BURGER) development. Besides al
the so far produced BURGERS can be used to emtaeget devices such as pump controllers (inverters)
Vacuum Gauge Controllers (CENTER THREE) after rgpmonming it with the firmwares especially written
for that purposes. This allows to test and debug thbVIEW software with purchased hardware before
installing it in the Cluster-Jet Target.

Laboratory of Environment Preservation Physics (lanusz Licki)

The hybrid process of the electron beam flue geettnent process combined with the seawater scrusthemced
with NaClG, solution was applied for purification of the exhauwases with high NQOconcentration above
1000 ppmv. The first study of this process wasiedrout at the laboratory plant in the Institute Ndiclear
Chemistry and Technology in Warsaw. The high,M&noval efficiency above 90% was obtained.

The NCBJ mobile laboratory for environmental meamgnts participated in the ambient air quality deieation

at ten different city localizations. The measuretaaf the PMy and PM 5 mass fraction of suspended particulate
matter in ambient air were performed in each laadion. In some cities were recorded the 24-hoerane PMy
concentrations exceeded the Directive 2008/50/B@ lialue of 50 pg/rth

Laboratory of X-ray Radiation Physics (Msc. EngptPMazerewicz)
— The R&D contract with KGHM “Polska Mied S. A.

The ability of X-ray fluorescence analysis (ED-XR#) appraise the ore quality has been demonstkdRe:
technology provides fast and simplest analyticathmés for the determination of the chemical comipmsiof
materials. The team developed instruments and memsut techniques dedicated for mining industrye dbtails
of the contract are classified.

— The application of microanalytical, non-destructigehniques in art and cultural heritage.

The Laboratory of X-ray Radiation Physics startecbbaboration, the aim of which is to determine #lemental
composition of archaeological artifacts by meansX&F techniques. XFR archaeometry is a non-desteict
method, which is considered its main advantage ottegr methods that may damage valuable examirtédcss.
In 2015 we examined artifacts from the archaeokigsite at Kosewo (gm. Mgowo), dated to the Migration
Period (480-550 AD). We are currently investigatartifacts dated to the IX-XI century, such asesibd and silver
coins, and bronze and silver jewelry.

Michat Gierlik
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REPORTS

Introductory measurements of particulate matteceatration in ambient air in the vicinity of a potial
location of a nuclear power plant (Krokowa commune)

M. Bogusz J. Bzdak, M. Lasiewicz, B. Mystek-Laurikainen, M. Sowinski, H. Trzaskowska

NCBJ

Wykorzystanie technologii neutronowej analizy aképyjnej do okrélenia zawartéci pierwiastkow
uzytecznych w rudzie miedzi in situ oraz namygch etapach jej urabiania i transportu - etap 1.

M. Gierlik , ... ,S. Borsuk A. Burakowska, S. Burakowski, Z. Guzik, t.. Kazmierczak, T. Kazmierczak,
T. Krakowski, T. Lotz, J. Rzadkiewicz P. Sobkowicz M. Szeptycka A. Urban, ... et al.
NCBJ

Oznaczanie skfadu pierwiastkowego rudy miedzi wankach dotowych w oparciu o metody rentgenowskie
—etap |

P. Mazerewicz ... ,A. Burakowska, A. Gojska, K. Grodzicki, T. Lotz, P. Markowski, P. Matuszczak

J. Rzadkiewicz M. Stapa, P. Sobkowicz J. Szymanowskj M. Laskus, M. Snopek ... et al.

NCBJ

Kosewo. Archiwalne cmentarzysko z okresgdvdwek ludéw Kossewen Ill, book
A. Géjska
NCBJ

PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Oferta technologiczna: Mobilne Laboratorium Pomwa&Fodowiskowych - meliwosci i osiagniecia

J. Licki, J. Sernicki, M.T. Kowalski, M. Lasiewicz, A. Bigos, M. Laskus

IV Konferencja ,Nowe Technologie dla Mazowsza”. Sguy i problemy komercjalizacji wynikéw bada
naukowych (Poland, Jozeféw, 2015-02-04 - 2015-02-04

Detectors for Gamma-ray Diagnostics in Plasma

l. Zychor
Coordinated Working Group Meeting (CWGM) (Polandrg$dw, 2015-06-17 - 2015-06-19)

Skarby Pojezierza Mazurskiegoswietle bada starozytnych aliay

E. Mista, A. Gojska

Odkryte na nowo — archeolodzy i historycy na trdptajemnic Warmii i Mazur (Poland, Mgowo, 2015-
12-09 - 2015-12-10)

Oral Presentation

Calibration of POLAR Flight Model Gamma Ray Bursi&imeter

H. Xiao, R.M. Marcinkowski, W. Hajda®). Rybka, |. TraseiraRodriguez, M.R. Kole, N. Produit,

C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&aRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li
J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczynska, J. Szabelskj T. Krakowski, A. Zwolinska

Joint Annual Meeting of the Austrian Physical Stycand the Swiss Physical Society (Austria, Vienna,
2015-09-01 - 2015-09-04)

POLAR: Gamma-Ray Burst Polarimetry onboard the EéénSpacelab

M.R. Kole, H. Xiao, R.M. Marcinkowski, W. HajdaB, Rybka, I. Traseira Rodriguez, N. Produit,
C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&laRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li
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J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczyiska,J. Szabelskij T. Krakowski, A. Zwolinska
34" International Cosmic Ray Conference - ICRC2015fsi¢ands, Hague, 2015-07-30 - 2015-08-06)

Digital Approach To High Rate Gamma-Ray Spectroynetr

S. Korolczuk, S. Mianowski, J. Rzadkiewicz P. Sibczyiski, £. Swiderski, J. Szewiski, |. Zychor
Advancements in Nuclear InstrumentationMeasuremetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

IEEE Trans. Nucl. Sci. (2015)

High performance detectors for upgraded gamma iesgndstics for JET DT campaigns

[. Zychor

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

POLAR Trigger - Experimental Verification

H. Xiao, R.M. Marcinkowski, W. Hajdaf. Rybka, |. TraseiraRodriguez, M.R. Kole, N. Produit,

C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&aRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li

J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczyiska,J. Szabelskj T. Krakowski, A. Zwolinska

2015 IEEE Nuclear Science Syhmposium & Medical IntaGonference (USA, San Diego, 2015-10-31 -
2015-11-07)

IEEE, The Conference Record, (2015) No. (2015)

NCBJ- IPPLM Activities in Gamma Diagnostics UpgradeJBT

I. Zychor
4th Italy-Poland Workshop (Italy, Frascati, 2015-08 - 2015-07-07)

Learning algorithms at the service of WISE survey

K. Malek, T. Krakowski, M. Bilicki, A. Pollo, A. Solarz, M. Krupa, A. Kurcz, W. Hellwing, J. &mock,
T. Jarrett

WISE at 5: Legacy and Prospects (USA, Pasaden&-20410 - 2015-02-12)

WISE as the cornerstone for all-sky photometricshefl samples

M. Bilicki, T. Jarrett, J. Peacock, M. Cluver, Lteard,K. Matek, M. Krupa, A. Kurcz,T. Krakowski,
A. Pollo, A. Solarz

WISE at 5: Legacy and Prospects (USA, Pasaden&-20410 - 2015-02-12)

Poster

Pi of the Sky system of robotic telescopes

A. Cwiek, T. Batsch M. Cwiok, G. KasprowiczA. Majcher, L. Mankiewicz, K. Nawrocki, R. Opiela,
L.W. Piotrowski, M. SiudekM. Sokotowski, R. WawrzaszelG. Wrochna, A. Zadrozny, M. Zaremba,
A.F. Zarnecki

Polish Scientific Networks (Poland, Warszawa, 206518 - 2015-06-20)

Pomiary stzen masowych pylu zawieszonego w powietrzu atmosferyce

J. Sernicki, J. Licki, M. Lasiewicz, M.T. Kowalski, A. Bigos M. Laskus ]

Jubileuszowe Sympozjum Narodowego CentrumBagtrowych (Poland, Otwockwierk, 2015-06-15 -
2015-06-15)
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Calibration of Gamma-ray Burst Polarimeter POLAR

H. Xiao, R.M. Marcinkowski, W. Hajda®). Rybka, |. TraseiraRodriguez, M.R. Kole, N. Produit,

C. Lechanoine-Leluc, S. Orsi, M. Pohl, M. Panic&laRapin, T. Bao, J. Chai, Y. Dong, M. Kong, L, Li
J. Liu, X. Liu, H. Shi, J. Sun, R. Wang, X. Wen,\Bu, H. Xu, L. Zhang, S. Zhang, X. Zhang, Y. Zhang,
T. Batsch A. Rutczynska, J. Szabelskj T. Krakowski, A. Zwolinska

2015 IEEE Nuclear Science Syhmposium & Medical IntaGonference (USA, San Diego, 2015-10-31 -
2015-11-07)

IEEE, The Conference Record No. (2015)

Temperature compensation device MTCD@NCBJ for MiRP@asma diagnostics

G. Bottruczyk, M. Gosk, S. Mianowski, M. Szawtowski |. Zychor

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Gamma Spectrometer Based on GeBuintillator with Compton Suppression for Identiftion of Trace
Activities in Water

k. Swiderski, T. Batsch, J. Iwanowska-Hanke M. Moszynski

The 2015 IEEE Nuclear Science Symposium and Meldingaing Conference (USA, San Diego, 2015-10-31
- 2015-11-07)

IEEE NSS Conf. Rec. (2015)

Study of fluorine-based plastic scintillators fasf neutron detection by means %t activation

P. Sibczwski, J. Kownacki, M. Moszynski, A. Syntfeld-Kazuch, J. Iwanowska, M. Gierlik , A. Urban,

M. Hamel, F. Carrel, E. Montbarbon, A. GrabowskiSehotanus, A. lovene, C. Tintori

The 2015 IEEE Nuclear Science Symposium and Meldinzading Conference (USA, San Diego, 2015-10-31
- 2015-11-07)

Sciptillators for high temperature plasma diagrossti

t. Swiderski, A. Géjska, M. Grodzicka, S. Korolczuk, S. Mianowski, M. Moszynski, J. Rzadkiewicz
P. Sibczyski, A. Syntfeld-Kazuch, M. Szawtowski T. Szcasniak, J. Szewiski, A. Szydtowski,

I. Zychor

1st EPS Conference on Plasma Diagnostics (Italgs€ati, 2015-04-14 - 2015-04-17)

Temperature compensation device MTCD@NCBJ for MiRP@asma diagnostics

G. Bottruczyk, M. Gosk, S. Mianowski, M. Szawtowski I. Zychor

PLASMA 2015; International Conference on Researah&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

ED-xrf method in analysis of historical polish ceielemental composition

A. Gojska, K. Grodzicki, M. Laskus, P. Matuszczak P. Markowski, P. Mazerewicz J. Rzadkiewicz

P. Sibczyaski, M. Stapa, M. Snopek J. Szymanowskj K. Wincel, B. Zareba

Jubileuszowe Sympozjum Narodowego CentrumBagtirowych (Poland, Otwock, 2015-06-15 - 2015-06-
15)

ED-XRF method in analysis of historical polish coglemental composition

A. Gojska, K. Grodzicki, P. Matuszczak P. Markowski, P. Mazerewicz J. Rzadkiewicz P. Sibczyski,
M. Stapa, M. Snopek J. Szymanowskj K. Wincel, B. Zareba

TECHNART2015 Non-destructive and microanalytieahniques in art and cultural heritage (Italy,
Katania, 2015-04-27 - 2015-04-30)

Characterization of scintillators for gamma-rayapemetry of fusion plasma

P. Sibczyaski, A. Géjska, V. Kiptily, S. Korolczuk, S. Mianowski, M. Moszynski, J. Rzadkiewicz

k. Swiderski, A. Szydtowski 1. Zychor

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Learning algorithms at the service of WISE survey

K. Matek, T. Krakowski, M. Bilicki, A. Pollo, A. Solarz, M. Krupa, A. Kurcz, W. Hellwing

Gas, Dust, and Star-Formation in Galaxies fromltloeal to Far Universe (Greece, Platanias , 201524%-
- 2015-05-29)
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Non-thermal plasma technology for multipollutantissions control from coal-fired boiler

J. Licki, A.G. Chmielewski, Z. Zimek

PLASMA 2015; International Conference on ResearahApplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Nukleonika (in press)

Plasma temperature determination during the timaafimum K-shell X-ray emission of Cu impurities in
PF1000 device

J. Rzadkiewicz A. Gojska, M. Paduch, M. Polasik, O. Rosmej, K. StabkowskeSyrocki, E. Szymiéska,

M. Scholz, E. Zieliska

PLASMA 2015; International Conference on Researah&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

What we know about Oslo meteorite from cosmogesotope analysis

Z. Tyminski, M. Stolarz, T. Kubalczak§. Tyminska, E. Kotakowska, T. Dziel, A. Burakowska,
E. Mista, P. Saganowski

European Planetary Science Congress (France, Nag@d$5-09-27 - 2015-10-02)

LECTURES, COURSES AND EXTERNAL SEMINARS

Design and optimization of High-Dose Rate (HDR) Aggtor for Skin Irradiation, based on Monte Carlo
simulation?

P. Mazerewicz

Otwock, NCBJ, 2015-06-10

¥in Polish

INTERNAL SEMINARS

120

NCBJ contribution in detector constructing withiretEuropean Joint Programme underthe Council
Regulation (EURATOM) No 1314/2013 of 16 Decembet20n theResearch and Training Programme of
the European Atomic Community (2014-2018)Compleingrthe Horizon 2020 - The Framework
Programme for Research and Innovation

I. Zychor

Swierk, National Centre for Nuclear Research (NCRI)15-02-11

Competences of Environmental Analysis Laboratory
A. Burakowska, J. Bzdak, M. Bogusz
Otwockswierk, NCBJ, 2015-02-24

Design of a device for simultaneous measuremeritls nore than one detecfor
G. Bottruczyk
Swierk/Otwock, NCBJ, 2015-10-14

MTCD@NCBJ for silicon photomultiplier (MPPC) conlfo
M. Gosk
Otwockswierk, National Centre for Nuclear Research, 200614

Digital Approach To High Rate
Gamma-Ray Spectromefry

S. Korolczuk

Otwockbwierk, NCBJ, 2015-10-14
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EUROfusion_NCBJ_JET4 project in 2615
I. Zychor

Swierk, National Centre for Nuclear Research (NCRI)]15-10-14

3 in Polish
® in English

DIDACTIC ACTIVITY

P. Mazerewicz- A slideshow of the results of research "Nuclelaysics for medicine” (Open Days in NCBJ

Swierk).

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

A. Gojska
Polish Physical Society

Z. Guzik

POLSKIE NORMYPOLISH STANDARDS Polish Stanardization Committee
Member of Scientific Council in National CentreNfickear Research

J. Licki

Polish Standards Committe, member of Technical Citrarido 280 on Air Quality
Polish Academy of Sciences, member of the Plasrgai€hSection of Physics Committe

I. Zychor

Session chairman on International Conference oedteb and Application of Plasmas PLASMA-2015 in

Warsaw, Poland

PhD Proceedings Admission Committee Member, NatiGeatre for Nuclear Research (NCBJ) Scientific

Council
PERSONNEL

Scientific staff
Tadeusz Batsch, PhD

Grzegorz Bofttruczyk, MSc Eng
Stanistaw Borsuk, MSc Eng
Andrzej Brostawski, MSc
Agnieszka Burakowska, PhD
Arkadiusz Chtopik, MSc Eng
Michat Gierlik, PhD

Marcin Gosk, M.Eng.
Krystian Grodzicki, MSc Eng
Aneta Gojska, PhD
Zbigniew Guzik, Assoc. Prof.
tukasz Kamierczak, MSc
Tomasz Kamierczak MSc
tukasz Komorowski, Eng
Stefan Korolczuk, MSc Eng
Marek Kowalski, MSc

Tomasz Krakowski, MSc
Ignacy Kudta, MSc Eng
Marek Lasiewicz, MSc Eng
Janusz Licki, PhD

Piotr Markowski, MSc Eng
Pawel Matuszczak, Eng
Zuzanna Mianowska, MSc
Dominik Rybka, MSc Eng
Jan Sernicki, PhD

Mirostaw Snopek
Mieczystaw Sowiski, PhD
Jarostaw Szewuiski, PhD Eng
Jakub Szymanowski, Eng
Arkadiusz Urban, MSc
Zbigniew Wojciechowski
Izabella Zychor, Asocc. Prof.
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Technical and administrative staff Andrzej Bigos
Szymon Burakowski, Xllf’:\r_larll(La;Kus
Maciej Sitek ICja Kurde,

) Mieczystaw Zajc
Agata Mikulska, MSc
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PLASMA STUDIES DIVISION

Head of Division: Jarosta®ebrowski, PhD

phone: +48 22 2731536

e-mail: Jaroslaw.Zebrowski@ncbj.gov.pl
Overview

In 2015 the two main scientific tasks of the PlasShadies Division (TJ5) were continued:

« Studies of fast electrons, ions, neutrons, andyXeraissions within different research facilitiestioé PF-, RPI-,
ICF- and Tokamak-type, by means of different diagiccdechniques;

« Investigations of high-temperature plasma streamdstlaeir interactions with solid targets.

Within the framework of the EUROfusion Consortiutime detailed studies to determine the conditionswofaway
electron generation, and to investigate mitigate&shniques, were continued in 2015 as part oMB&2 package.
This research was carried at the COMPASS tokamadenithe leadership of the IPP AS CR in Prague. iagle-
and multi-channel Cherenkov detectors were ingtadlering the spring- and autumn-campaigns 2015inguhe
first campaign, in addition to frequently obserdedg-lasting signals, some very short Cherenkowalig were
recorded. For the autumn campaign a new multicHa@herenkov probe equipped with three channels with
radiators made of filtered diamond crystals in otdeestablish different lower-energy threshold® k&V, 145 keV
and 221 keV) was employed. Using this probe sonadinpinary results were obtained. In another partho$
research the results of earlier experimental cagmsaiwhich were carried out within the FTU tokanfiakFrascati)
with the single-channel detector, were summari2edew kind of modulated Cherenkov signals has Beand and
interpreted. Important correlations between runawdgctrons and evolution of magnetic islands, adl ag
disruptions caused by injection of deuterium psllgtere also investigated.

As regards the applications of solid-state nuckeack detectors (SSNTDs) for studies of fast iond &usion
reaction products, TJ5 scientists continued thamlivement in an experiment at the PALS laser latmoy (in
Prague), wheré'B + p — 30 + 8.7 MeV nuclear reactions were studied. It stica# mentioned that such laser-
induced nuclear-fusion reactions are nowadays tigaed as an alternative approach for the prodnatif fusion
energy. Changes in the sensitivity of the nuclesokt detectors after their long-term storage wése mvestigated.

During the whole of 2015 the NCBJ team, in closergtfic collaboration with the IFPILM in Warsaw,ah

continued experimental studies of X-rays, ion aletteon emission from PF-type discharges. Particattention

was paid to X-ray pinhole images which demonstratesl appearance of plasma filaments or “hot-spats”
discharges realised within the PF-1000U facilitheTteam also performed a very detailed analysthefecorded
time-integrated X-ray images, and the time-resolvesurements performed with four PIN diodes lataighind

filtered pinholes. Much experimental efforts wasoatlevoted to measurements of fast electron bemnitted from

a modified PF-360U facility, mostly in the upwardedtion, through a central channel in the anods. this

purpose use was made of magnetic analysers equigitfechiniature Cherenkov or scintillation detector

As regards investigations of high-temperature piastneams, experimental efforts have been devotstludies of
intense plasma streams interactions with targetternftungsten. Results of the studies of optic@ksion spectra,
obtained within the PF-1000U facility, were analyZgy a joint Polish-Ukrainian team. Particular atten was
focused on identification of tungsten spectraldim@ad determination of mass-losses caused byrtudtion of the
investigated W-samples. Another task was reseancimteractions of plasma streams with CFC targétkinvan
RPI-IBIS (rod plasma injector) facility. Analysig the D line enabled temporal changes of the plasma electr
density to be determined. Temporal changes of sgidates originating from exited atoms and ioniat were
produced from the irradiated targets, enableddlget erosion dynamics to be studied. In additioogtical spectra
surface changes of the irradiated targets wereisstigated.

JarostawZebrowski
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PARTICIPATION IN CONFERENCES AND WORKSHOPS

124

Invited Talk

Dense magnetized plasma activity in IPP NSC KIPT

I.E. Garkusha, N.N. Aksenov, O.V. Byrka, V.A. Ma&hlS.S. Herashchenko, S.V. Malykhin,
S.V. Surovitskiy, S.V. Bazdyrieva].J. Sadowski E. Sktadnik-Sadowska

ICDMP Annual Meeting and Workshop (Poland, Wars2®4,5-09-11 - 2015-09-13)

OES studies of plasmoids distribution during thattw deposition with the use of the IPD method
controlled by the gas injection

K. Nowakowska-Langier, R. Chodun, K. Zdunek, S. Okra$a, Kwiatkowski, K. Malinowski,

E. Sktadnik-Sadowska M.J. Sadowski

9-th Symposium on Vacuum based Science and Teglrinloonjunction with the 14-th Annual Meeting of
the German Vacuum Society (DVG) (Poland, Kolobr28gh-11-17 - 2015-11-19)

Recent high-temperature plasma studies by the N&B4d, Poland

M.J. Sadowski E. Sktadnik-Sadowska R. Kwiatkowski, K. Malinowski, K. Nowakowska-Langier,
J. Zebrowski, K. Czaus W. Surafa, D. Zatoga, M. Kubkowska, M. Paduch, E. Zielinska, P. Kubes,
I. Garkusha, V. Makhlay, M. Ladygina

ICDMP Annual Meeting and Workshop (Poland, Wars2®,5-09-11 - 2015-09-13)

Thin layer Pb photocathode deposition for improgedormance of SRF guns (status in May 2015)
R. Nietuby¢, J. Lorkiewicz, J. SekutowiczM. Barlak, D. Kostin,A. Kosinska, R. Barday, R. Xiang,
R. Mirowski, M. Frelek, W. Pawlak, T. Sworobowicz J. Witkowski, W. Grabowski

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (RdjaVilga, 2015-05-25 - 2015-05-30)

Soft X-ray studies of microstructures in dense plapinches

M.J. Sadowski

Summer School of Plasma Diagnostics: PhDiaFusiBnft X-ray Diagnostics for Fusion Plasma (Poland,
Bezmiechowa, 2015-06-16 - 2015-06-20)

Physics of neutron production in dense plasma fegpgeriments

P. Kubes, D. Klir, J. Cikhardt, J. Kravarik, K. Rez B. Cikhartova, M. Paduch, E. Zielinskd, Surala,

D. Zatoga, M.J. Sadowskj V. Krauz, K. Mitrofanov

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Stan i perspektywy badarad opanowaniem kontrolowanych reakcji syntegygwej w gogcej plazmie
M.J. Sadowski
XLIII Zjazd Fizykéw Polskich (Poland, Kielce, 2008-06 - 2015-09-11)

PF-1000 studies, 2013 — 2015

P. Kubes, D. Klir, J. Cikhardt, J. Kravarik, K. Rez B. Cikhartova, M. Paduch, E. Zielinsk#, Surata,
D. Zatoga, M.J. Sadowskj H.J. Kunze

ICDMP Annual Meeting and Workshop (Poland, Wars2®4,5-09-11 - 2015-09-13)

Oral Presentation

Energy- and time-resolved measurements of fastfrons Plasma-Focus discharges by means of a
Thomson-type spectrometer

R. Kwiatkowski, K. Czaus M. PaduchM.J. Sadowski E. Skladnik-Sadowska D. Zaloga, E. Zielinska,
J. Zebrowski

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (RdJaVilga, 2015-05-25 - 2015-05-30)

Important issues from X-ray studies of high-curnemise discharges of the plasma-focus type

M.J. Sadowski M. PaduchE. Sktadnik-Sadowska W. Surata, D. Zatoga, R. Miklaszewski, E. Zielinska,
K. Tomaszewski

International Conference on Plasma Science ICOPEZ0urkey, Antalya, 2015-05-24 - 2015-05-28)
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Development of the Cherenkov-type diagnostic systestudy runaway electrons in tokamaks
L. Jakubowski, K. Malinowski, R. Mirowski, M. Rabinski, M.J. Sadowski J. Zebrowski,
M.J. Jakubowski

1st EPS Conference on Plasma Diagnostics (Italgs€ati, 2015-04-14 - 2015-04-17)

Time-integrated and time-resolved measurementsiafyX from high-current Plasma-Focus discharges
D. Zaloga W. Surafa, M.J. Sadowski M. PaduchE. Skladnik-Sadowska K. Tomaszewski, E. Zielinska
XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (Rd|aVilga, 2015-05-25 - 2015-05-30)

Study of X-ray emission and fine structure of asRla-Focus pinch column

W. Surata, M.J. Sadowski R. Kwiatkowski, L. Jakubowski, J. Zebrowski, M. Paduch, E. Zielinska,

K. Tomaszewski

Summer School of Plasma Diagnostics: PhDiaFusiBoft X-ray Diagnostics for Fusion Plasma (Poland,
Bezmiechowa, 2015-06-16 - 2015-06-20)

Application of QSPA plasma streams for simulatidéplasma surface interaction in fusion reactor; érec
results and prospects

I.E. Garkusha, N.N. Aksenov, O.V. Byrka, V.A. Ma#hlS.S. Herashchenko, S.V. Malykhin,

S.V. Surovitskiy, S.V. Bazdyrieva, M. Wirtz, J. ke, M.J. Sadowski E. Sktadnik-Sadowska

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Numerical studies of fast ion motion within a plaspinch column

R. Kwiatkowski, M.J. Sadowski

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Signal acquisition in Cherenkov-type diagnosticglettron beams within tokamak facilities
M. Rabinski, L. Jakubowski, M.J. Sadowskj J. Zebrowski, M.J. Jakubowski, K. Malinowski,
R. Mirowski

XXXVI-th IEEE-SPIE Joint Symposium Wilga 2015 (Rd|aVilga, 2015-05-25 - 2015-05-30)

Advanced scheme for high-yield laser driven prdtoenen fusion reaction

D. Margarone, A. Picciotto, V. Velyhan, J. Krasa, ucharik, M. Morrissey, A. Mangione,

A. Szydiowski A. Malinowska, G. Bertuccio, Y. Shi, M. Crivellari, J. UllschnaigP. Bellutti, G. Korn
High Power Lasers for Fusion Research Ill (USA, Samcisco, 2015-02-07 - 2015-02-12)

SPIE No 9345 (2015) 93450F-1

Wzrost zainteresowania reakagyntezy*'B(p, «)20, czy uda si powréct do koncepciji zbudowania ultra
czystego reaktoragirowego? Polski wkiad w badania.

A. Malinowska, A. Szydtowski, M. Jaskéta

XL Zjazd Fizykéw Polskich (Poland, Kielce, 2009-06 - 2015-09-11)

Poster

Time- and energy-resolved measurements of ion beamitsed from Plasma-Focus type discharges
R. Kwiatkowski, K. Czaus M. PaduchM.J. Sadowski E. Skladnik-Sadowska E. Zielinska
1st EPS Conference on Plasma Diagnostics (Italgs€ati, 2015-04-14 - 2015-04-17)

Optical spectra of plasma-streams and plasma fapgets in plasma-focus experiments

D. Zaloga, E. Sktadnik-Sadowska K. Malinowski, R. Kwiatkowski, M.J. Sadowski J. Zebrowski,

M. Kubkowska, M. Paduch, V.A. Gribkov, M.S. Ladygin

2015 Joint ICTP-IAEA Advanced School and Workshromodern Methods in Plasma Spectroscopy (ltaly,
Trieste, 2015-03-16 - 2015-03-27)

Studies of pulsed plasma-ion streams during tihe@ propagation and interaction with SiC-targets

E. Skladnik-Sadowska R. Kwiatkowski, K. Malinowski, M.J. Sadowskj K. Czaus D. Zatoga,

J. Zebrowski, K. Nowakowska-Langier

International Conference on Plasma Science ICOPEZTurkey, Antalya, 2015-05-24 - 2015-05-28)
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Scintillators for high temperature plasma diagrussti

t. Swiderski, A. Gojska, M. Grodzicka, S. Korolczuk, S. Mianowski, M. Moszynski, J. Rzadkiewicz
P. Sibczyaski, A. Syntfeld-Kazuch, M. Szawtowski, T. Szcasniak, J. Szewinski, A. Szydiowski,

I. Zychor

1st EPS Conference on Plasma Diagnostics (Italgs€ati, 2015-04-14 - 2015-04-17)

Energy balance studies of IPD plasma acceleratdking with fast valve

M. Rabinski, K. Zdunek

PLASMA 2015; International Conference on Researah&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Characterization of scintillators for gamma-rayapemetry of fusion plasma

P. Sibczyaski, A. Gojska, V. Kiptily, S. Korolczuk, S. Mianowski, M. Moszynski, J. Rzadkiewicz

t. Swiderski, A. Szydtowski . Zychor

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Coating and processing of thin lead layers on miwbior photocathodes in superconducting RF electron
injectors

R. Nietuby¢, J. Lorkiewicz, A. Kosinska, M. Barlak, J. Sekutowicz, D. Kostin, R. Barday, R. Xiang,

R. Mirowski, J. Witkowski, W. Grabowski

PLASMA 2015; International Conference on Researah&pplications of Plasmas (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Phys. Scr. (2015)

Advances in the development of a Cherenkov diagmegstem to study runaway electron losses

F. Causa, G. Pucella, B. Esposito, P. Buratti, iBv&@8nozzi, FTUTean,. Jakubowski, K. Malinowski,
M. Rabinski, M.J. Sadowskj J. Zebrowski

1st EPS Conference on Plasma Diagnostics (Italgs€ati, 2015-04-14 - 2015-04-17)

Cherenkov diagnostic observations of fast eledimeses in FTU and interpretation with gyrokinetic
simulations

F. Causa, S. Briguglio, P. Buratti, B. EspositoF@gaccia, V. Fusco, E. Giovannozzi, G. Pucella,
G. Vlad, FTUTeaml.. Jakubowski, K. Malinowski, M. Rabinski, M.J. Sadowskj J. Zebrowski
42nd EPS Conference on Plasma Physics (Portugsihan, 2015-06-22 - 2015-06-26)

EPS Conference Abstracts Vol. 39E (2015) 04.134

Measurements of electron beams in Plasma-Focusimagrgs

W. Surata, M.J. Sadowski R. Kwiatkowski, L. Jakubowski, J. Zebrowski

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Research on interactions of plasma streams with @Fgets in the Rod Plasma Injector facility

D. Zaloga R. Kwiatkowski, E. Sktadnik-Sadowska M.J. Sadowski K. Nowakowska-Langier
International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)

Effects of Plasma Control on Runaway Electronq&én@OMPASS Tokamak

J. Mlynar, O. Ficker, M. Vlainic, V. Weinzettl, Mmrisek, R. Paprokyl. Rabinski, M.J. Jakubowski,
M. Tomes, M. Peterka, R. Panek, COMPASSTeam

42nd EPS Conference on Plasma Physics (Portugsihan, 2015-06-22 - 2015-06-26)

EPS Conference Abstracts Vol. 39E (2015) P4.102

Studies of plasma interactions with tungsten targePF-1000U facility

M.S. LadyginaE. Skladnik-Sadowska M.J. Sadowski D. Zaloga, M. Kubkowska, E. Kowalska-
Strzeciwilk, N. Krawczyk, M. Paduch, I.E. Garkusha, RikMszewski

International Conference on Research and ApplicatbPlasmas PLASMA-2015 (Poland, Warsaw, 2015-
09-07 - 2015-09-11)
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LECTURES, COURSES AND EXTERNAL SEMINARS

Measurements of fast electrons by means of a ckevelype single-channel detector in COMPASS
tokamak

K. Malinowski

Prague, Institute of Plasma Physics ASCR, 2015405-2

Chernobyl - facts and myths

M. Rabinski
Gora Kalwaria, University of the Third Age, 2015-12

¥in Polish
® in English

INTERNAL SEMINARS

Analysis of recent results on ions, electrons asdal radiation of plasma generated within PF-366 RF-
1000 facilitie$

R. Kwiatkowski

Warsaw, National Centre for Nuclear Research, 2055t2

® in English

DIDACTIC ACTIVITY

A. Malinowska - Care for a master's thesis entitled: Model a§penel neutron detector.
M. Rabinski - "Thermonuclear Fusion" - Warsaw University ofthiaology

M.J. Sadowski- Superviser of a Ph.D. thesis of Kamil SzewczaKAssessment of radiological hazards
during fusion studies with the PF-1000 facility&fended in July 2015.

M.J. Sadowski- Superviser of a Ph.D. thesis of Roch Kwiatkowski'Analysis of results of the newest
measurements of ions, electrons and visible radfidtom plasma in PF-360 and PF-1000 facilities",
defended in March 2015.

M.J. Sadowski- Supervision of Ph.D. studies of Dobromil ZaloiaSc. (IV year of studies).

M.J. Sadowski- Supervision of Ph.D. studies of Wladyslaw SuraSc. (V year of studies).

E. Sktadnik-Sadowska- Assistance and supervision of experiments chwig¢ withi a frame of Ph.D.

studies of Dobromil Zaloga, M.Sc., in the fieldxefay diagnostics and optical spectroscopy (IV yefar
studies).

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

R. Kwiatkowski
Member of Polish Physics Society

A. Malinowska

International Nuclear Track Society, member
Plasma Physics Section of the Committee of Phyditise Polish Academy of Sciences
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M. Rabinski

Member of the Board of the Polish Nuclear Societiyad of the Information Committee

Member of the European Nuclear Society

Member of the Board of the Environmentalists forchéar Energy - Poland (treasurer)

Polish Physical Society

Postpy Techniki ddrowej Member of the Editorial Board of the Advances\oiclear Technique, National
Atomic Energy Agency

Ekoatom "Ecoatom" - Environmentalists for Nuclear Enerd@Boland

member of Scientific Council

M.J. Sadowski

Member of the European Physical Society (Plasmaiefyivision)

Fellow of the Institute of Physics, London, UK

Member of the Polish Physical Society (PPS), sB@¥? - Chairman of Plasma Physics Section at PPS
Member of the Polish Society of Applied Electrometits

Nukleonika Institute of Nuclear Chemistry and Technologyd &wlish Nuclear Society.

Member of the Scientific Council, National Centoe Nuclear Research

Honorary Chairman of the Scientific Council, Insté of Plasma Physics and Laser Microfusion

E. Sktadnik-Sadowska
Member of the Polish Physical Society.

A. Szydtowski
International Nuclear Track Society, member

PERSONNEL

Czaus Krzysztof, B.Sc.E.E.
Gatarczyk Krzysztof,
Gawraiska Alicja

Jakubowski Marcin
Jakubowski Lech, PhD
Jedrzejczyk Marek

Karpinski Pawet

Kwiatkowski Roch, PhD
Malinowska Aneta, PhD
Malinowski Karol, PhD
Rabiiski Marek, PhD
Sadowski Marek, Professor
Sktadnik-Sadowska Bbieta, PhD
Szydtowski Adam, Asocc. Prof.
Witkowski Jan, B.Sc.E.E.
Zebrowski Jarostaw, PhD
Namyslak Kamil, MSc
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NUCLEAR EQUIPMENT DIVISION - HITEC

Director of Centre: Pawel Krawczyk, PhD
phone: +48 22 2732102

e-mail: p.krawczyk@ncbj.gov.pl
Overview

The Division of Nuclear Equipment - HITEC speciakzin applications of accelerator technologieseisearch
medicine and industrial radiography. It combinesesgch and development with manufacturing actavitie

In 2015, HITEC concentrated on performing R&D wothkat continued the efforts of Project No. POIG00114-
012/08-00 (known under the short nameAafcelerators and Detectgrsompleted the previous year. Decisive
progress was made towards building a full prototype low energy medical accelerator, Coline 6jwet from the
results of this Project, in particular from the wan a medical accelerator for advanced radiotherap

Work was also continued on a mobile acceleratoriffitia-operative radiation therapy. The aim of thedforts
undertaken within the projetiTRA-DOSE founded by NCBIR in the framework of tigplied Researchall, is
to develop a complete intra-operative radiotherapgtem with a functionality optimally fitting theeeds of
medical users. For this purpod®lTRA-DOSEhas been a collaborative effort involving an dageal clinic,
Wielkopolskie Centrum Onkologii, as well as comnigrgartners. The resulting unit will exhibit enfcad
mobility features and a user friendly mode of apien.

Full speed development work was undertaken onittae lintended for use by the GBAR experiment, airatd
measuring the gravitational behaviour of antimafféris effort was performed together with NCBJ Tltision as
part of a Collaboration Agreement with CERN. Upauccessful installation of the accelerator, thggmtowill
involve participation of NCBJ researchers in thpaiment.

In 2015, HITEC almost finished manufacturing theMdde Structure (PIMS) accelerating cavities fondg 4 in
the framework of an earlier Collaboration Agreemeith CERN aimed at upgrading the performance efGERN
Large Hadron Collider (LHC). The structures arenbeigradually installed in the Linac 4 tunnel. Ahet
collaborators are waiting for the accelerator’stflieam which will provide the ultimate evidencetlud quality of
this extensive work.

2015 also saw the opening of HITEC's new AccelagatStructure Laboratory. The Laboratory, consistirig

a building and 2 bunkers capable of housing higargy (up to 18 MeV) accelerators, will greatly iope
HITEC’s R&D capabilities. The Laboratory was bk part of théLABsproject (Project No. RPMA.01.01.00-14-
030/10-00, co-funded by the EU Regional Developnfaimds). Within the same project HITEC designed and
manufactured an accelerator based radiographiteraysor the Radiographic Laboratory. As with other
development of linear accelerators, this work wasedin collaboration with NCBJ TJ1 Division.

HITEC is proud of its contribution to the SOLARIgnehrotron system at the Narodowe Centrum Promiesaide
Synchrotronowego in Krakéw. HITEC specialists wesatracted to perform the vacuum installation Far $ystem.

Finally, it is worth mentioning that in 2015 HITE®ntracted two radiographic accelerators for faraigstomers.
They are scheduled for delivery in 2016.

Pawel Krawczyk
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DEPARTMENT OF COMPLEX SYSTEM

Head of division: Professor Wojciech ki

Phone: 225532378/ +48 22 273 16 80
e-mail: wojciech.wislicki@ncbj.gov.pl
Overview

In connection with signing an annex to the agredrt@finance theSwierk Computer Centre (CIS) project, some
significant additional investment in hardware wassgible in the second half of 2015. The CIS prenisir
conditioning system was expanded with a row ofsecabinets each equipped with its own 50 kW capaoioling
module and an additional 400 kW capacity coolingiping unit. The combined cooling power of all ganenits
can now reach 1,200 kW. Two disk systems have paerhased to expand the capacity of the storagerays 7
PB EMC-manufactured NAS array supports NFS and QifeEocols, while 16 disk servers each equippet @4t
NL-SAS disks and 2 application controllers suppmrfully redundant, high-performance Lustre file teys. In
addition, 2 new servers with fast SSD disks stoetashata. The combined capacity of the latter dyskesn amounts
to 8 PB. CIS' computing power was also significamikcreased: a cluster of 470 machines powerechtgl Keon
E5-2680v3 processors directly liquid-cooled (corebiipower 450 TFLOPS) and computers equipped witidialv
Tesla K80 accelerators dedicated to running CUDghigecture applications (combined power 94 TFLORS)e
installed. Hardware acquisitions in 2015 have dedlihe total computing power of the supercompuésetbped
within the CIS project to more than 1 PFLOPS.

Research conducted in the Centre for Hazard Arsalyas focussed on the following three areas: (biegations of
Computational Fluid Dynamics (CFD) models/methddsprobabilistic safety analyses (PSA); (iii) eeted topics
in environmental protection.

e CFD models/methods were applied to: analyses dflatsans in the flow of coolant through denselycgad
nuclear fuel assemblies; analyses of the coolingpberical beds in HTR reactors; thermal-flow citans for
the BNCT converter/molybdenum containers for the RIA reactor; thermal-flow calculations of the hydlia
manifold installed in the CIS supercomputer cooliogp.

* Research on PSA models/methods included: calcnlatidhe probability of nuclear power plant faillraused
by human error; assessment of the risk of faillwesed by external factors (forces of nature); pkugply
system reliability; impact of very rare/extreme &masfforce majeureon plant safety systems.

* Research related to environmental protection ireduda search for optimal strategies applicable dafisR
circumstances to treat contaminated food/to decaintgte urban areas after severe nuclear accideitsr( the
RODOS system developed to support decision-makliees such accidents); implementation of water medul
dedicated to the Vistula/Odra river drainage bmdim the RODOS system; application of the Bayesian
methodology to stochastic reconstruction of eventsase study: release of hazardous substanceshato
atmosphere; implementation of the SMOKE emissiodeha the WRF-Chem air quality model.

Research topics in the Interdisciplinary Divisiar £nergy Analyses (which evolved from the NCBJ @tar
Systems Department) included: refinement of enenggrket zoning algorithms; power mix models; unit
commitment; development of a hode model for highd aery-high voltage grids in Europe; optimizatioicross-
border transmission lines.

Research conducted in the Reactor Analyses Seatianfocussed on the following two areas: (i) nucksfety
assessment; (ii) nuclear fuel cycle analyses.

[1] Research on assessment of nuclear safety inclueidement of the MARIA research reactor model vitik
use of the RELAP5 and CATHAREZ2 thermal-flow softeacodes; simulation of fuel element drying
phenomena (within the FP7 Euratom NURESAFE prdjearnework); modelling the consequences of severe
nuclear accidents (formation of a pool in the lowart of the reactor safety containment after mdelim of the
reactor core; exchange of heat in the metallicragé the molten material; cooling of the reactessel walls);
participation in the H2020 Euratom IVMR (In-Ves$éélt Retention) project. In addition, some new waite
tools were implemented in the CIS cluster and sos&r interfaces of already implemented applicativase
refined. A Regional workshop of the Internationabiic Energy Agency on severe nuclear accidenfswaoe
codes to simulate reactor core melt down) was dzgdratSwierk in November 2015.
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[2] Research on the nuclear fuel cycle included: erpants on the utilization of spent fuel by irradigtiQUINTA
assemblies containing natural uranium with neutrfpegticipation in the E+T RAW project run at Dubna
Russia); simulation of migration of helium atomsotigh fuel containing uranium dioxide; studies bét
concept of liquid-fuel molten-salt reactors (inggarar modelling of their extractors).

Within the framework of cooperation with the Jalgirlan University in Krakow (May 2015—June 2016 S{DUZ
performed simulations helping to develop a statthefart Positron Emission Tomography Strip Scar(tiex J-
PET project coordinated by Professor Pawet Mosk0D- and 384-strip versions were tested from #reom
coincidence/scattering point of view. NEMA charaistiics were tentatively determined for a singlgelaversion of

the scanner. The results of Compton scatteringestudere publishedScatter Fraction of the J-PET Tomography
ScannerP. Kowalski et al., Acta Physica Polonica B, 208)method to restore voltage signals on output§-of
PET photomultipliers was developed; the resultsewsesented at tHEEE Engineering in Medicine and Biology
ConferenceAugust2015, Milan, Italy. Studies of the limits of timesolution of J-PET scanners (based on the time
jitter of voltage signals observed at the photoiplidr outputs) are in progress

Wojciech Wjlicki

132



Annual Report 2015

LABORATORY FOR ANALYSES OF COMPLEX SYSTEMS

Head of division: Karol Wawrzyniak, PhD Eng
phone: +48 22 55 32 240

e-mail: karol.wawrzyniak@ncbj.gov.pl
Overview

The Division for Analyses of Complex Systems cassisf two groups involving multidisciplinary persuei
working on different kind of complex systems: enengarkets, power transfer distribution, medicallaggpion of J-
PET tomography and radiopharmaceuticals. AfterStvierk Computing Centre Project (§lwas completed, part
of the personnel involved in the project became pithis division.

Group for Energy Analysis
Profile:
< mathematical modelling of power systems using Htghformance Computing (HPC)
e generation, transmission, distribution and energgs-border exchange
* problems related to security of energy supply, saghedispatching in addition to the risk of fadlwf the
power system (unsatisfied critenal, g-1)
* modelling power flow in the transmission grid, lumting the European transmission network — UCTE
system
e energy mix forecasts
e energy market structures: nodal model and zonaletsanf the European energy market, designing zonal
division for the future European energy market
- determining prices on the energy market and themelof cross-border exchange using a Market
Coupling algorithm
e multi-agent approach for modelling market particiggbehaviour in the energy market and in ecomo- a
social sciences
Group for Bio-Medical Applications

The Group for Bio-Medical Applications is part dfet J-PET collaboration that aims to construct a BEdnner
from plastic scintillators which would allow forrsultaneous imaging of the whole human body. Thardioator
of the group, prof. Pawet Moskal, as well as thgoniiy of the participants are from Cracow, fronethagiellonian
University, Faculty of Physics, Astronomy and AgpliComputer Science.

Profile:

« study ofa modern J-PET tomograph (JagielloniantiosEmission Tomography) based on plastic
scintillation detectors

e simulation of various geometries and charactessifiche J-PET tomograph based on the computing
environment GATE (Geant4 Application for TomograpBkimission)

< analytical methods of reconstructing the signalsnfiphotomultipliers, the places of annihilationsra
scintillation strips and the tomographic images

< application of density functional theory (DFT) toaptum-chemical calculations

* molecular modelling using ab initio methods

» theoretical investigations (using methods baserholecular electronic structure theory) of
radiopharmaceutical structures

« studies of the electronic structure of Fe-S clisster

* modelling of Nuclear Magnetic Resonance (NMR) patars of compounds containing transition metal
atoms

Karol Wawrzyniak
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PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Nowa struktura europejskiego rynku energii - ryseefowy
K. Wawrzyniak, M. Klos, M. Jakubek, M. Blachnik, A. Kadlubowska, Sz. Kitowski
ZET 2015 - Zargdzanie Energj i Teleinformatyka (Poland, Nedzow, 2015-02-18 - 2015-02-20)

Integracja krajowego rynku rynku energii w ramaelmguropejskiego rynku strefowego - kontekst
polityczno-gospodarczy

K. Wawrzyniak
Bezpieczéstwo energetyczne na wspoélnym rynku energii UEafiRhIRzeszow, 2015-04-28 - 2015-04-28)

Integracja rynku elektroenergetycznego - szansaagyzenia dla bezpiecastwa energetycznego UE

K. Wawrzyniak
Bezpieczéstwo energetyczne na wspdlnym rynku energii UEafRblRzeszow, 2015-04-28 - 2015-04-28)

Optimization of Levels of Voltage Thresholds in avél J-PET Device

L. Raczynski
Warsaw Medical Physics Meeting (Poland, WarszaWwa5205-14 - 2015-05-16)

Poster

Reconstruction of Signal in Plastic ScintillatorRETusing Tikhonov Regularization

L. Raczynski
37th Annual International Conference of the IEEEjBerering in Medicine and Biology Society (Italy,

Milano, 2015-08-25 - 2015-08-29)

LECTURES, COURSES AND EXTERNAL SEMINARS

Market Coupling in Europe - pros and cons for Pdtan
K. Wawrzyniak
Warszawa, Lewiatan - Federacja Przedisbrcéw Polskich, 2015-08-20

Intuitive introduction to grid clustering accorditgPower Transfer Distribution Factbrs
M. Kios
Duesseldorf, European Network of Transmission 8ySeerators for Electricity, 2015-06-12

3 in Polish
®)in English

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

M. Klos
Complex Systems Society

L. Raczynski
Session chairman on International Conference CyherModelling of Biological Systems in Krakow,
Poland

K. Wawrzyniak

Complex Systems Society
Top 500 Innovators
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PERSONNEL

Karol Wawrzyniak, PhD Eng
Marcin Jakubek, MSc
Wojciech Jaworski, PhD
Anna Kadlubowska, MSc
Szymon Kitowski

Micha | Klos, MSc

Pawel Kowalski, MSc Eng
Krzysztof Krélikowski

Lech Raczyiski, PhD Eng
Artur Wodynski, PhD

Technical and administrative staff
Michat Findeisen, PhD ?
Agnieszka Gajownik, MSc
Magdalena Kéla, MSc
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LABORATORY OF NUCLEAR ENERGY AND ENVIRONMENTAL STUD IES

Head of the Division (since OCT2015): Mariusgbbowski, Professor
phone: (22) 273-14-30
e-mail:  Mariusz.Dabrowski@ncbj.gov.pl

Head of the Nuclear Energy Division
(til OCT2015): Tomasz Jackowski
phone: (22) 273-11-01
e-mail: Tomasz.Jackowski@ncbj.gov.pl

Overview

The Division of Nuclear Energy and Environmentaldsés was created in October 2015 from the Nudisargy
Division moved to the newly established Departn@nComplex Systems with a new structure. All thesented
activities were undertaken within the former stunetof NCBJ.

Main scientific and technical achievements.

The Neutronics and New Reactor Technologies Sectiowas engaged in a number of activities — the most
important are the following:

1. Modelling of the MARIA research reactor:

« Burnup calculations of the MARIA research readigel elements and poisoning in beryllium blockingsthe
APOLLO and MCNP codes.

2. Power reactor analysis:

« Implementation of the SCALE code package for resuphysics analysis (codes KENO-VI, NEWT).

« Investigations of Accident Tolerant Fuel withfdient fuel cladding materials, based on PWR cateutations.
Calculations were carried out using the MCNP code.

3. Participation in the HTR-PL Project “DevelopmeftHigh Temperature Reactors for industrial pugsds

» Modelling of HTR core with various distribution$ fuel and dummy elements using the MCNP code.

« Verification of the safety characteristics of fhinese pebble bed reactor HTR-10. For the purpbsas studya
SCALE/KENO-VI two high fidelity Monte Carlo modelsf HTR-10 were developed based on the IAEA
benchmark specifications and experimental datafitkewith regular and the second with randomrdisttion of
pebbles in the core. A diffusion theory model foagiical applications is under development.

4. Participation in the International Benchmark $thé Reflector Effect of SiOfor Direct Disposal of Used
Nuclear Fuel.Calculations were performed using the SCALE/KENDSERPENT and MCNP codes.

5. Activities related to development ofGas Cooleh&or Technology:

 participation in ALLIANCE - ALLegro ImplementingAdvanced Nuclear Fuel Cycle in Central Europe.
Information was providedabout R&D needs and poatmésearch facilities in NCBJ for testing GFR miae and
components.

« participation in ESNII PLUS - Preparing ESNIIFrfBlORIZON 2020. ALLEGRO is developed as one ofrfou
fast reactor demonstrators under this EU programn@ommon and coordinated activities were created by
a "Project Coordination Team"from  Poland, Slasalungary, the Czech Republic and France as wt resf
which a strategy document "ALLEGRO Roadmap" wadiphied,

* participation in the IAEA Technical Meeting oretEconomic Analysis of High Temperature Gas Co&ledctors
and Small and Medium Sized Reactors — contributiofuture requirements and objectives for HTR dgpient
strategy was provided.

6. Activities related to nuclear cogeneration:

« Management NC2I-R - Nuclear Cogeneration Indaktritiative — to Research into and provide reépa@bout
implementation of nuclear cogeneration in Polarehdl forms of demonstrator facilities, safety reguients, etc.
were analysed.

« Participation in IAEA Coordinated Research Prigegpplication of Advanced Low Temperature Desdlora
Systems to Support Nuclear Power Plants and NoctiiieApplications — proposal calculations for vdoyv and
waste heat use applications.

7. Education and science popularization:

137



Annual Report 2015

* Organizing a conference with workshops: Vllithemational School on Nuclear Power, 26-30.10.2015
* Training with the MARIA reactor simulator for stents of Warsaw University of Technology
« Scientific supervision of bachelor and mastgrera.

The Reactor Analyses Sectiomwas created by combining the Deterministic Safatplyses Team and Fuel Cycle

Laboratory.

The main activities in the field of safety assessnfiecused on the following:

1. Continuation of work on modelling of the MARIA reseh reactor. The model takes into account varioebk
assembly types, the whole primary and secondaringpoircuit and the pool. The core can be configlias
a set of single fuel assemblies or groups of askesnbccording to their power. Selected transiemese
simulated and the results are in good correlatigh earlier analyses. The model in RELAPS is inelddas

part of a project on improved modelling with ANLh& model fuel assemblies in the CATHARE2 code are

finished and are further developed to include captircuits.
2. The task related to participation in the NURESARE/Fproject was finished. Verification of existingdels of

nuclear fuel dry-out phenomena was performed. A mewdel that predicts parameters much better has bee

developed and introduced into the CATHARE-3 code.

3. In the area of severe accident phenomena modekituglies and development were undertaken, spaityfic
studies of corium pool formation in the lower plemof reactor vessel, heat transfer in the methdiyer of the
corium pool, uncertainty studies of phenomena andeis and cooling of the reactor vessel wall. Eigdition
in the EU Horizon 2020 project In-Vessel Melt Rétem (IVMR) was initiated.

4. Implementation of computational tools (codes) am¢bhmputer cluster and development of user intesfand
tools that improve the application workspace. Tuiscerns:

a. Development of software for carrying out calculatousing the code RELAP5 with graphical
presentation of the results on-line and the abititgimulate operator actions,

b. A new program for determining changes in the cotre¢ion of radionuclides in fuel,

c. Development of computing platform for the HPC eamiment "Notebook ZAR",

d. Continuation of development of database, workspaceuser interface for the REBUS code model of
the MARIA reactor, to improve the capability of treactor staff in planning future fuel cycles.

5. Organization of the TC Project RER9129 “Regionalrkéhop (Forum) on Core Metldown Calculations and
Related Software”, 02 — 06 November 2015.

In the field of the fuel cycle the following task&re continued:

1. The involvement in an International Research PtdjfeeT RAW” was continued. The project is carriedt @t
JINR Dubna Russia (Cooperation protocol 4382-1-8}/lts aim is an investigation of nuclear wasi#zattion
with spallation neutrons produced in a natural wianassembly QUINTA during irradiation with a highergy
accelerator beam. A series of experiments wasechout in 2012, 2013 and 2014. Y-89 sample activati
method was used for neutron field parameter detextioin and the actinides Np-237 and Am-241 foridiss
and neutron capture rate determination. Analysessfits were performed.

2. Modelling of helium atom migration in uranium didg fuel during neutron irradiation and during aalimegy
has been continued.

3. Studies of molten salts reactors - modelling extmac

The work of theCentre for Hazard Analyses MANHAZ (the previous Probabilistic Safety Analysis Teama)s
concentrated mainly on the analysis of environméssaes and risk analyses.
The most important activities were:
1. Development of computing tools for the safety asalynd exploitation of the MARIA research reactor
» High fidelity thermo-hydraulic analyses using CE@des for the planned BNCT (boron-neutron
capture therapy) converter: determination of ailtialues and safety margins dependence on
operational pressure, heat flux and geometry.
2. Development of computing tools for the safety asislynd optimization of the exploitation of lightier
reactors:
« Preparatory work on the international experimeéZiD prediction and Uncertainty Quantification of
a GEMIX mixing layer test”: calibration of the mdde
« Development of a methodology for performing proliati¢ calculations for accidents caused by
human error, including uncertainties.
« Development of a methodology for including rareeemtl hazards (natural and man-made) in
probabilistic safety assessments. ParticipatidchénEU ASAMPSA_E project (Advanced Safety
Assessment : Extended PSA ).
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3. Analyses of IV generation nuclear reactors:
e Analyses of cooling for HTR of pebble bed type gsGFD techniques for various turbulence models,
meshes and different treatment of boundary-wakay
» Development of a multi-physics model for integratof thermal and mechanical phenomena.
» Development of a methodology for probabilistic $afenalysis for HTR.
4. High fidelity models for energetic reactors suifedhigh performance computing.
» Analysis of oscillations of the flux around fued(the Hooper case), possibly leading to vibration
by means of CFD techniques.
5. Development of tools for the analysis of the impafatuclear installations on the environment
» Implementation of countermeasure modules of the RSReal-time On-line DeciOn Support)
system for urban areas and agriculture.
» Preparatory work on the implementation of the hialjiwal path for transport and dispersion of
radionuclides for the RODOS system.
» Development of models, algorithms and programsdentification of source term parameters in case
of the release of dangerous material to the athwrepusing information from environmental
monitoring stations based on a Bayesian approach.

Mariusz Dybrowski and Tomasz Jackowski
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REPORTS

Needs of R&D in support of the safety demonstratiodelivarable D3.32 (NC2I-R)
t. Koszuk, C. Pohl, O. Baudrand
Narodowe Centrum Badalgdrowych

Production of neutrons in heavy spallation tar@gtelectrons of energy from 200 to 1000 MeV and
realativistic protons

A. Polanski, B. Stowinski, T. Jackowski, A. Pacan

NCBJ,Swierk Annual Report 2014, p.186

Requirements for the demonstrator program of aareeration system - deliverable D3.31 (NC2I-R)
A. Strupczewski £. Koszuk
Narodowe Centrum Badalgdrowych

Technical Report: Maria Research Reactor ModellEh &RP5 code
M. Skrzypek, E. Skrzypek
NCBJ

Introductory measurements of particulate matteceatration in ambient air in the vicinity of a potial
location of a nuclear power plant (Krokowa commune)

M. Bogusz J. Bzdak, M. Lasiewicz, B. Mystek-Laurikainen, M. Sowinski, H. Trzaskowska
Narodowe Centrum Badalgdrowych

PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Gas Cooled Reactor Technology: Current status &#&1d feeds
A. PrzybyszewskaT. Jackowski, K. Rozycki
AER Working Group F Meeting (Slovakia, Modra, 2@B04 - 2015-05-06)

Energy in Poland
T. Jackowski, T. Machtyl, A. PrzybyszewskaK. Rézycki, K. Samul, A. Strupczewski
OECD NEA meeting (France, Paris, 2015-06-29 - 20T532)

Wptyw technologii reaktoréw chtodzonych gazem n@aamowazony rozwéj energetykigdrowej w Europie
A. PrzybyszewskaK. Rozycki

Energia i Paliwa (Poland, Krakéw, 2015-06-09 - 2006-11)

AGH, Krakéw No. (2016)

Contribution of Nuclear Energy to EU Energy Mix
T. Jackowski, A. Przybyszewska T. Machtyl, K. Samul, M. Spirzewski
Nuclear Power Plant Life Management and Extensi@bh52(France, Paris, 2015-10-04 - 2015-10-05)

Modern Approach to Security of Software for Nucl&acility in Swierk Computing Centre

K. Gomulski, S. Potempskj K. Klimaszewski, P. Szwajkowski

The International Conference on Computer Secunitg Nuclear World: Expert Discussion and Exchange
(Austria, , 2015-06-01 - 2015-06-05)

Perspectives on Polish Involvement in DevelopméMuzlear Cogeneration: HTR-PL and NC2|

A. Przybyszewska

Technical Meeting on the Economic Analysis of Higmperature Gas Cooled Reactors and Small and
Medium Sized Reactors, IAEA (Austria, Wied15-08-25 - 2015-08-28)
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Centrum obliczé reaktorowych i analiz bezpieamwa NCBJ

T. Jackowski, T. Machtyl, K. Samul, M. Spirzewski

Analizy bezpieczstwa elektrownigdrowych z reaktorami BWR (Poland, Szczyrk, 2013-022015-02-
18)

Hypothetical modeling of helium atom migration heturanium dioxide fuel during neutron irradiatemd
during annealing.

M. Szuta, L. Dabrowski

Fifth Meeting of the Expert Group on Reactor FuetfBrmance (EGRFP) of Working Party on Scientific
Issues of Reactor Systems (WPRS); 17 February MHEA;Headquarters, France.) (France, Parg015-
02-17 - 2015-02-19)

The need of development Gas Cooled Reactor TectpahoEurope

A. PrzybyszewskaK. Rézycki

24th International Conference Nuclear Energy fomNeurope-NENE2015 (Slovenia, Portoroz, 2015-09-14
- 2015-09-17)

Modelling of helium release from the highly burrfedl during annealing and impact on its migratiorthe
uranium dioxide fuel during neutron irradiation.

M. Szuta, L. Dabrowski

11th International Conference on WWER Fuel PerfarenaModelling and Experimental support,
(Bulgaria, Varna, 2015-09-26 - 2015-10-03)

Process heat application of GFR high temperatuoéob
A. Przybyszewska
ALLEGRO Workshop and 2GIF GFR System Meeting (Hungary, Budapest, 20154102015-10-15)

Using heat from the Maria Reactor as a heat sdordeeat pump

A. Przybyszewska

Application of Advanced Low Temperature Desalimatystems to Support Nuclear Power Plants and Non-
electric Applications, IAEA (Austria, Wietle2015-12-01 - 2015-12-03)

Use of CATHARE at NCBJ
T. Machtyl, M. Spirzewski
26th CATHARE Users Club (France, Paris, 2015-10-2815-10-07)

In Vessel Corium Propagation Sensitivity Study @BBtor Pressure Vessel Rupture Time With PROCOR
Platform.

M. Skrzypek, E. Skrzypek

24th International Conference Nuclear Energy fomNeurope-NENE2015 (Slovenia, Portoroz, 2015-09-14
- 2015-09-17)

NENEZ2015 24rd International Conference Nuclear Epyeior New Europe No. (2015)

Dynamiczne state fizyki i koncepcja Multiwszdehata

M.P. Dabrowski
43 Zjazd Fizykéw Polskich (Poland, Kielce, 2015609- 2015-09-11)

Feasibility study of minor actinide applicationaaeutron fluency and average neutron energy aetict
the place of their location.

M. Szuta, S. Kilim, E. Strugalska-Gola M. Bielewicz, S. Tiutiunnikov

Fifth Meeting of the Expert Group on Reactor Pbysind Advanced Nuclear System (EGRPANS) of
Working Party on Scientific Issues of Reactor 3gsteVPRS); 21 February 2015; NEA Headquarters,
Paris, France (France, Paty 2015-02-17 - 2015-02-20)

The In Vessel Melt Retention Strategy for the hpghwer Pressurized Water Reactors — selected issues
modelling.

E. Skrzypek, M. Skrzypek
XIl Konferencja Problemy badawcze energetyki ciep(Roland, Warszawa, 2015-12-08 - 2015-12-11)

141



Annual Report 2015

142

Simulations of Large Break Loss of Coolant Accideithout Safety Injection for EPR Reactor using
MELCOR Computer Code

P. DarnowskiE. Skrzypek, P. Mazgaj, M. Gatkowski

ERMSAR 2015 (France, Marsylia, 2015-03-24 - 20122638

ERMSAR2015 No. (2016)

Renesans energetylidrowej naswiecie
t. Koszuk
VIlith International School on Nuclear Power (PothriWarszawa, 2015-10-26 - 2015-10-30)

Wspotpraca naukowa Polski i Francji na przykladt@BJ, Zaktadu Energetykadrowej i Analiz
Srodowiska

E. Skrzypek
Mgdralin-2015 (Poland, Warszawa, 2015-11-24 - 201525)

Allegro and HTR Reactors

T. Jackowski, A. PrzybyszewskaE. Skrzypek

ARCADIA Seminar “SELECTED ASPECTS OF IMPLEMENTAT@MNGENIII/IV IN NMS (Poland,
Warszawa, 2015-10-01 - 2015-12-01)

HTGR as a source of process heat for the EuropgdtUes. industry

T. Jackowski, T. Machtyl, A. PrzybyszewskaK. Rézycki, M. Gradecka, C. Auriault, A. Kiss
Technical Meeting on Advances in Non-Electric ofldar Energy and on Efficiency Improvement at
Nuclear Power Plants (Turkey, Istanbul, 2015-06-P®15-06-17)

Oral Presentation

Development and experimental qualification of aghkdtion scheme for the evaluation of gamma heating
experimental reactors. Application to MARIA andekiHorowitz (JHR) MTR Reactors

M. Tarchalski, K. Pytel, P. Siréta, A. Lyoussi, C. Reynard-Carefte]agielski M. Wroblewska,

D. Fourmentel, L. Barbot, J. Brug, Marcinkowska, C. Gonnier, G. Bignan, J.F. Villard, C. Destoughe
A. Boettcher, R. Prokopowicz, A. Luks

Advancements in Nuclear InstrumentationMeasuremetihods and their Applications (Portugal, Lizbona,
2015-04-20 - 2015-04-24)

Application of QUIC and EULAG to UDINEE
P. Kopka, M. Korycki , S. Potempski
Urban Dispersion International Evaluation Exercidéorkshop (Italy, Ispra, 2015-12-14 - 2015-12-15)

Evolution of spatial heterogeneity in reactive flowmineral-cemented fractures
T. Kwiatkowski, K. Kwiatkowski, P. Szymczak
7th International Conference on Porous Media & AahMeeting (Italy, Padova, 2015-05-18 - 2015-05-21)

Loss of offsite power caused by tornado in SurryPNPa case study

A. Kaszko, K. Kowal

48th ESReDA Seminar on Critical Infrastructuresgnedness:Status of Data for Resilience Modelling,
Simulation and Analysis (MS&A) (Poland, Wroclaw125-28 - 2015-05-29)

Calibration of High Fidelity Bare Rod Bundle Simtidens for Various Prandtl Fluids

T. CardosodeSouza&, Kwiatkowski, A. Shams, F. Roelofs

16th International Topical Meeting on Nuclear Reacthermalhydraulics (USA, Chicago, 2015-08-30 -
2015-12-04)

Time-dependent PSA model for emergency power sysfamclear power plant

M. Borysiewicz, A. Kaszko, K. Kowal, S. Potempski

25th European Safety and Reliability ConferencdRIES2015 (Switzerland, Zurich, 2015-09-07 - 2015-09
10)



Annual Report 2015

The formation and growth of wormholes in mineratremted fractures
T. Kwiatkowski, K. Kwiatkowski, P. Szymczak
European Geosciences Union General Assembly 201&r{A, Vienna, 2015-04-12 - 2015-04-17)

Probabilistic Safety Assessment (PSA) — methodotogy applications
K. Kowal, A. Kaszko
Safety analysis of BWR type nuclear power rea¢otand, Szczyrk, 2015-02-17 - 2015-02-18)

Update on Time-Domain F-statistic all-sky MDC seg(iStage3)
O. Dorosh A. Krélak , M. Bejger
LSC-Virgo March 2015 Meeting (USA, Pasadena, 2038®- 2015-03-19)

Results of the Time Domain F-statistic all-skyMD&arch
O. Dorosh A. Krélak , M. Bejger, M. Pgtk
LSC-Virgo 2015 Collaboration Meeting (Hungary, Bpéat, 2015-08-31 - 2015-09-03)

New tests of the variability of the speed of light

M.P. Dabrowski, V. Salzano, A. Balcerzak, R. Lazkoz

4th International Conference on New Frontiers inyBilos ICFNP2015 (Greece, Kolymbari, 2015-08-23 -
2015-08-31)

Eur. Phys. J. C (2016)

Experimental study of the physical properties ofA8ystems - measurement of high energy neutrtafs fie
by using the Y-89 threshold detectors

M. Bielewicz, E. Strugalska-Golg S. Kilim, M. Szuta

24th International Conference Nuclear Energy fomNeurope-NENE2015 (Slovenia, Portoroz, 2015-09-14
- 2015-09-17)

Nuclear Society of Slovenia (2015)

Charakterystyki procesu recyklingu wypalonego paljydrowego w reaktorach na neutronackdich

S. ChwaszczewskiA. Boettcher, M. Syta

MADRALIN- 2015 Wybrane aspekty bezpigsiea pdrowego w Polsce (Poland, Warszawa, 2015-11-24 -
2015-11-25)

Implementation of radioecological regions in Poland
H. Wojciechowicz S. Potempskj R. Dabrowski, A. Jaroszek
RODOS User Group Meeting 2015 (Germany, NiedersgatZ015-04-22 - 2015-04-23)

Gospodarka wypalonym paliwemdrowym. Analiza opcji dla Polskiego Programu EnéylgieJadrowej.

S. ChwaszczewskiA. Boettcher

Badania materialowe na potrzeby elektrowni konwemnainych i gdrowych oraz przemystu energetycznego
(Poland, Zakopane, 2015-06-17 - 2015-06-19)

LBM NCBJ, Otwockwierk No.XXIl (2015) p. 57-93

The needs for improvement of atmospheric dispersagabilities for decision support systems

S. Potempskj S. Galmarini
NERIS Workshop 2015 (Italy, Milano, 2015-04-27 1204-29)

Koszulki paliwa jdrowego odporne na awarie.

A. Boettcher

Badania materialowe na potrzeby elektrowni konwemnainych i gdrowych oraz przemystu energetycznego
(Poland, Zakopane, 2015-06-17 - 2015-06-19)

LBM NCBJ, Otwockswierk No.XXII (2015) p. 103-115

Methodology for Estimating Extreme Weather Eventstiie Safety of NPPs

S. Potempski
IAEA Technical Meeting on Probabilistic Safety Asseent Framework for External Events (Austria,

Wiedei, 2015-08-03 - 2015-08-06)

Dynamic modeling of MSR and its reprocessing urptegress report
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S. Kilim
20th meeting of the AER Working Group E (Hungaeks? 2015-05-28 - 2015-05-29)

Poster

Mathematical aspects of assessing extreme evartisefeafety of nuclear plants
M. Borysiewicz, S. Potempski
European Geoscience Union Conference 2015 (AusWiedei, 2015-04-12 - 2015-04-17)

Hypothetical model of helium migration in the UQ#f during irradiation

M. Szuta, L. Dabrowski

MADRALIN- 2015 Wybrane aspekty bezpigsizga pdrowego w Polsce (Poland, Warszawa, 2015-11-24 -
2015-11-25)

Safety Aspects of High Temperature Gas Cooled Resact
A. Przybyszewska C. Kowalczyk
2nd ARCHER EUROCOURSE (Netherlands, Petten, 20480612015-01-21)

Dyfuzyjny model do oblicz& neutronowo — fizycznych reaktora HTR-10

K. Andrzejewski, A. Bujas

MADRALIN- 2015 Wybrane aspekty bezpigsizga pdrowego w Polsce (Poland, Warszawa, 2015-11-24 -
2015-11-25)

The neutronic calculations for safety analysisighftemperature reactors with pebble bed core en th
example of HTR-10

t. Koszuk, M. Klisi nska

European Nuclear Young Generation Forum 2015 (Feafaris, 2015-06-22 - 2015-06-26)

The safety analysis of HTR-10 reactor with pebldd bore using KENO-VI/SCALE code

t. Koszuk, M. Klisi nska

MADRALIN- 2015 Wybrane aspekty bezpigsizga pdrowego w Polsce (Poland, Warszawa, 2015-11-24 -
2015-11-25)

Actinides incineration investigation on Np-237 exden
S. Kilim, E. Strugalska-Gola M. Szuta, M. Bielewicz
Mgdralin-2015 (Poland, Warszawa, 2015-11-24 - 201525)

LECTURES, COURSES AND EXTERNAL SEMINARS

144

Modelling of the metallic layer thermal-hydraulicsthe PWR reactor under severe accident condifions
E. Skrzypek
OtwocksSwierk, National Center for Nuclear Research, 201521

RODOS - Real-time On-line Decision Support Systermiiclear emergencies
S. Potempski
Warsaw, Main School of Fire Service, 2015-02-19

Simplified thermo-mechanical modelling of the cetpport plate in a PWR under severe accident
condition$

M. Skrzypek

Warsaw, Politechnika Warszawska, 2015-05-13

A numerical study of stably stratified atmosphéigev around a tall building of a complex shipe
M. Korycki
Warsaw, University of Warsaw, 2015-05-29



Annual Report 2015

Why do we need nuclear power in Polahd?
t. Koszuk
Zakopanie, National Centre for Nuclear Research,5206-17

The efficient use of Trio_U code at NCBJ
P. Prusinski
Saclay, CEA - French Atomic Energy Commission, 228

Management of Spent Nuclear Fuel- options for rarg®wer programme in Polafd
S. Chwaszczewski, A. Boettcher
Slovakia, Modra, VUJE, 2015-05-06

JRODOS as an example for a model decision suppsters for nuclear emergendies
S. Potempski
Warsaw, Main School of Fire Service, 2015-05-12

Source term reconstruction through inverse modgllin
P. Kopka
Munich, The Federal Office for Radiation Protecti@fS) , 2015-05-15

Simulation of 6-inch break LOCA accidentin EPR gsRELAP5 and CATHARE
K. Samul
Prague, Code Applications and Maintenance ProgradiRC, 2015-05-26

Simulation of 6-inch break LOCA accidentin EPR gsRELAP5 and CATHARE
M. Skrzypek
Prague, Nuclear Regulation Support Section (TS@3eRrch Centre Rez, 2015-05-26

Implementation of entrainment and deposition mobgl®kawa into CATHARE-3 system colle.
M. Spirzewski
Lappenranta, Lappeenranta University of Technol@g4,5-06-11

Regional Workshop on the Use of Core Meltdown Qaling Software and Related Practical Mafters
J. Malesa
OtwocksSwierk, International Atomic Energy Agency, Natiofantre for Nuclear Research, 2015-11-02

Cathare3 entrainment and deposition models andlysis
M. Spirzewski
Bruksela, NURESAFE Workgroup meeting, 2015-11-02

Management of Spent Nuclear Fuel- OPTIONS FOR NUSRFPOWER PROGRAMME IN POLAND
S. Chwaszczewski, A. Boettcher:
Modra- Harmoénia, Slovakia, VUJE, 2015-05-06

Spent Nuclear Fuel Management. Analysis for Pdiisblear Power Prigramrfie
S. Chwaszczewski
Warsaw, National Nuclear Agency, 2015-02-13

Spent nuclear fuel management. Options analysiBdtish Nuclear Programrhe

S. Chwaszczewski
Swierk, National Center for Nuclear Research, 204530

¥in Polish
® in English
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INTERNAL SEMINARS
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Simplified thermo-mechanical modelling of the cetgport plate in a PWR under severe accident
condition$

M. Skrzypek

Otwock, Swierk, National Centre for Nuclear Reskag915-01-21

Deterministic Safety Analyses, Safety Assessmente@ Accidents
T. Machtyl
Swierk, National Centre for Nuclear Research, 202522

Deterministic Safety Analyses, Safety assessmener® accidents
K. Samul
Swierk, National Center for Nuclear Research, 202529

Turbulence modelling in two-phase flows using FLUERFD codé’
M. Spirzewski
Warszawa, Instytut Techniki Cieplnej, 2015-03-25

Assessing extreme natural events for the safetyiolear power plants with the use of FSA
T. Kwiatkowski
Warsaw, Institute of Theoretical Physics, Faculybysics, UW, 2015-04-29

Numerical simulation of flow structures around talildings in stable stratificatich.
M. Korycki
Jablonna, Warsaw University of Technology, 2015t65-

Modelling of the phase change process for the fietajer on the top of the corium pool for the PWR
reactor under severe accident conditidns.

E. Skrzypek

Warszawa, Warsaw University of Technology, 201205-

Changes in seal capacity of fractured claystoneochs induced by dissolved and gaseous €@page
T. Kwiatkowski
Warsaw, Institute of Theoretical Physics, Faculybysics, UW, 2015-06-03

Application of emission data from SMOKE preprocesaair quality forecast by WRF model
M. Korycki
Wroclaw, Wroclaw University, 2015-07-03

ALLEGRO project8
A. Przybyszewska
Otwock, NCBJ, 2015-09-23

Weather forecast for emergency respdnse
M. Korycki
Warsaw, Polish Atomic Agency, 2015-11-09

DARIA - deterministic analyses of MARIA reacfor
T. Machtyl
Swierk, National Centre for Nuclear Research, 201510

Roadmap ALLEGR®
A. Przybyszewska
Otwock, NCBJ, 2015-11-17

Only in Polisch
M. BieIevvjcz
Otwock -Swierk, National centre for Nuclear Research, 201528
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Environmental studies in the localization of futargclear power plant - the current stdtus
S. Potempski
Otwock-Swierk, National Centre for Nuclear Reseaf15-11-30

Conclusions from Next Generation Nuclear Plant Paogin Idaho National Engineering and Environmental
Laboratory

K. Andrzejewski

Swierk, National Centre for Nuclear Research, 202507

Preparation of data and examples of modeling USM@KE packagé
H. Wojciechowicz
Wroclaw, University of Wroclaw, 2015-07-01

When can we build a nuclear power plant in Poland?
K. Rozycki
Swierk, National Centre for Nuclear Research, 208523

3 in Polish
® in English

DIDACTIC ACTIVITY

K. Andrzejewski - 3-month internship of two students from WarsaMyfchnical Institute, Faculty of
Mechanics, Electrotechnics and Aeronautics:

Dominik Rauchut,

Dominik Muszyiski

P. Kopka - 2015-02-01 2015-06-30 lab "Probabilistic rellapimethods and safety for complex
technological systems", specialization - supercdemsiand simulations, Faculty of Physics and Agblie
Informatics, University of Lodz.

t. Koszuk - Training with MARIA reactor simulator for studesmf Warsaw University of Technology

K. Kowal - Basic physics laboratory courses with carryingaf selected experiments in different branches
of physics (mechanics, magnetism, optics, radiafionstudents of Bachelor's degree program (1slecy
mode) in electrical engineering at Faculty of Blieel Engineering and Computer Science.

K. Kowal - Lectures on probabilistic methods for safety egldbility assessment of complex technological
systems for students of the Master's degree pragea(@nd cycle mode) in computer science (majonng i
supercomputers and simulations) at the Facultyhg&ies and Applied Informatics.

K. Kowal - Lectures on risk analysis methods for managartigipating in the POLRISK Risk Management
Association Academy program. The objective of fhisgram is to provide the course participants
appropriate knowledge and practical skills requieedbtain the certification in risk management.

T. Machtyl - Introductory course for Python programming laagge with web application - iWebApps

S. Potempski- Fundamentals of risk analysis and managementdosportation accidents, Lodz University
of Technology

S. Potempski- High Performance Computing,
Lodz University, Faculty of Physics and Applieddnhatics

147



Annual Report 2015

S. Potempski- Implementation of emmission model SMOKE andgaiality model WRF in voievodship
dolnoslaskie

S. Potempski- Industrial facilities for the protection and igétion of consequences of industrial accidents,
Main School for Fire Service

S. Potempski- Numerical methods suitable for HPC, Lodz Uniitgrd-aculty of Physics and Applied
Informatics

P. Prusinski - Internship students supervision

G. Siess The certified Risk Management Manager - Moduld/&thodology and technique of the risk
analysis"

B. Stowinski - Development of electromagnetic cascades in seggdeamorphous media

B. Stowinski - Global development of energetics - one semésstéures (30h) for M.Sc. students. Faculty of
production technology, Warsaw University of LifeiGwe.

B. Stowinski - Ph.D. student J.Bzdak, Physics Faculty, Warsaweéysity of Technology. Subject: Space-
time dynamics of air pollution

B. Stowinski - Physics background of nuclear power - one seanésttures (30h) for underground and
Ph.D. students of Facylty of Physics, Warsaw Uriingrof Technology

B. Stowinski - Physics phenomena in spallation targets of ceagtstems driven by electrons and protons
beams
B. Stowinski - Radiation modification of materials - one serae$tctures (30h) for M.Sc. students of

Faculty of Physics, Warsaw University of Technology

B. Stowinski - The use of high-themperature heat in industy@zonomy. University of Live Science,
Warsaw

M. Spirzewski - Introductory course for Python programming laagg with web application - iWebApps

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES
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K. Andrzejewski
Nukleonika Institute of Nuclear Chemistry and Technology

M. Bielewicz
Polish Astronomical Society

M. Borysiewicz
Member of the European Safety, Reliability and Dsgaociation (ESReDA)

M.P. Dabrowski

Session chairman on VIII Milzynarodowa Szkota Energetykidiowej W WarszawieSwierku i R&anie.

in Warsaw, Poland

Session chairman onddralin-2015 in Warszawa, Poland

Member of Organizing Committee on COSMO-15: 19thuat International Conference on Particle Physics
and Cosmology in Warsaw, Poland

Polish Physical Society
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t. Koszuk

Member of Organizing Committee on VIlith Internaté School on Nuclear Power in Warszawa, Poland
ATOMIC FORUM Foundation, President

Polish Nuclear Society, member

Forum AtomowgAtomic Forum, ATOMIC FORUM Foundation

S. Potempski
Member: specialist in numerical analysis and infatios

B. Stowinski

Journal of Nuclear and Radiation Physics. A Periadliof the Egyptian Nuclear Physics Association
Journal of Nuclear and Radiation Physics

a member of the Faculty Council, Faculty of PhysWsrsaw University of Technology

Faculty Council, Physics Faculty, Warsaw Universiftyl echnology

E. Strugalska-Gola
member,Association of Polish Electricians, Comreitb¢ Nuclear Power

S. Chwaszczewski

Member of Polish Commitee

Polish Nuclear Society

Member in Polish Commitee of World Energy Council

T. Jackowski

Polish Nuclear Society

Steering Commitee member of IAEA TSO Forum
SNETP Executive Committee

D. Maczka

a member of the Polish Physical Society

Lublin Society of Science, a mumber

a member of the Faculty of Math.Inf.Phys., MCS Wnmsity, Lublin

B. Mystek-Laurikainen

Member, Polish Physical Society
Polish Nuclear Society

Member of Polish Nucleonic Society
Member of Women in Nuclear Poland
National Centre for Nuclear Research
Member of Scientific Counsil of NCBJ

K. Rozycki
Polish Committee for Standardization, Chairman etfihical Committee No. 266 (Nuclear Instrumentdtion

M. Szuta
OECD/NEA
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PERSONNEL

Research scientists

Krzysztof Andrzejewski, PhD Dariusz Myczka, Professor

Rafat Baranowski, MSc Eng Magdalena Mdry, MSc

Marcin Bielewicz, PhD Ewelina  Mita, MSc

Agnieszka Boettcher, MSc Rafat Mazdzonek, MSc Eng
Maltgorzata Bogusz, MSc Eng Bogumita Mystek-Laurikainen, PhD
Mieczystaw Borysiewicz, PhD Stawomir  Potempski, PhD

Adrian Bujas, MSc Eng Piotr Prushski, MSc Eng
Agnieszka Burakowska, PhD Anna Przybyszewska, MSc Eng
Jacek Bzdak, MSc Eng Kajetan Réycki, MSc Eng
Mariusz Dibrowski, Professor Kacper Samul, MSc Eng

Orest Dorosh, PhD Jagoda Sendal, MSc

Krzysztof Gomulski, MSc Eng Grzegorz  Siess, MSc Eng

Tomasz Jackowski, MSc Eng Maciej Skrzypek, MSc Eng
Henryk Xdrzejec, PhD Eleonora  Skrzypek, MSc Eng
Aleksej Kaszko, MSc Eng Bronistaw Stownski, Professor
Matgorzata Klishska, MSc Michat Spirzewski, MSc Eng
Piotr Kopka, MSc Elzbieta  Strugalska-Gola, PhD
Michat Korycki, MSc Jan Szczurek, DSc Eng
tukasz Koszuk, MSc Marcin Szuta, PhD Eng. Assoc. Prof.
Karol Kowal, MSc Eng Anna Wawrzyiczak-Szaban, PhD
Tomasz Kwiatkowski, MSc Eng Henryk Wojciechowicz, MSc
Mariusz  tuszcz, MSc Eng Andrzej Wojciechowski, PhD
Tomasz Machtyl, MSc Maltgorzata Wréblewska, MSc Eng
Janusz Malesa, MSc Eng Dariusz Zgorzelski, Eng

Technical and administrative Staff

Jolanta Przytuska
Anna Wasiuk
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EDUCATION AND TRAINING DIVISION

Head of Division: Professor Ludwik Dobnzski
phone: +48 22 2731570

e-mail: Ludwik.Dobrzynski@ncbj.gov.pl
Overview

The Department of Education and Training leadsraber of activities. A summary of its work and acleiments in
2015 may be presented as follows:

Close to 530Wisitors from high schools, universities (from Gdl and Warsaw), and industrial and scientific
institutions from many towns and villages were sdrby the Department. The ages of our visitorsedrfgom
about 12 to 85 years. Special courses were orgamfigefiremen and residents of areas near the Batiast
(Gniewino, Choczewo), possible sites for the cartdion of a nuclear power plant.

Two Open Days were organized orf"3nd 3% of May as one of a few event connected with 60thiersary

of the Institute of Nuclear Research - predeces§dICBJ. The events took place during a week-erdl an
gathered over 3000 visitors who had the chanceown various laboratories on tiawvierk site including,
naturally, the MARIA reactor. In addition, specgdmes and activities were organised for childrefletame
apparent that such events should be organised freopgently.

From the scientific point of view, special attemtishould be drawn to an international project lgdJapan,
France, Belarus and Poland. The Project aim wase@sure the natural radiation in the participatiagntries
and see how much the radiation levels around Fukssldiffered from those observed in other countrles
Poland 8 schools participated. The students hamhiy out careful measurements during two weeksrente
where they were during the day, almost every hasia result, a common scientific paper was pubtishethe
Journal of Radiological Protection. The paper shibthat the differences between the countries aheramall
— a result of great importance, especially forthpanese students.

As usual, the Department was very active during Skoeence Picnic and the Science Festival, both freld
Warsaw. During the period of the Science Festi2®-Z4 September) about 200 people visited the MARIA
reactor awierk.

Organisation of the competition “The Paths of Pbgsiwas continued. This was the ™ @dition of this
competition.

L. Dobrzyaski served as an expert in the preparation of AAlreport on the Fukushima event.

Ludwik Dobrzyiski
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PERSONNEL
Ludwik Dobrzyaski Professor Marek Kirejczyk,PhD
Ewa Droste, MSc (2/5) Maja Marcinkowska-Sanner, MSc
tukasz Adamowski, MSc Eng Marcin Sadowski, MSc
Marek Matych Marcin Sierphski, MSc (4/5)
Robert Wotkiewicz (2/5 from 01.09.2013) Wiadystaw SzymczykPhD (3/5)
Grazyna Swiboda, MSc Krzysztof Mastowski, MSc
Anna Rdaszek, MSc Katarzyna Deja, MSc
Gabryela Kosicka Artur Skwarek, MSc

PARTICIPATION IN CONFERENCES AND WORKSHOPS

Invited Talk

Ryzyko nowotworowe zwizane z niewielkimi dawkami promieniowania jonigggo

L. Dobrzynski
I. Miedzynarodowa Konferencja Nuklearna (Poland, Paizi2915-12-07 - 2015-12-08)

Story of Nuclear Physics

M. Kirejczyk
Letnia Szkota ,Fizykagidrowa — Nauka i Zastosowania (Poland, Pozr2015-06-24 - 2015-07-04)

Poster

Partons energy loss in an ustable QGP
K. Deja, S. Mréwczynski, M. Carrington
Hard Probes 2015 (Canada, Montreal, 2015-06-291307-03)

LECTURES, COURSES AND EXTERNAL SEMINARS

On health problems due to radioactivity of f8od
L. Dobrzynski
Tokyo, University of Tokyo, 2015-02-04

How to survive the presentatidh?
M.P. Sadowski
Wroctaw, Wysza Szkota Oficerska Wojsidowych im. Tadeusza k@uszki, 2015-02-22

How to survive a multimedia presentatidn?
M.P. Sadowski
Warszawa, Uniwersytet Warszawski, 2015-03-09

The energy around s

M.P. Sadowski
Swierk, Narodowe Centrum Baddgdrowych, 2015-03-17

¥ in Polish
® in English
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INTERNAL SEMINARS

Low doses and health effelts

L. Dobrzynski

Chiba, Japan, National Institute for Radiologicali&ces, 2015-02-05
Highlights from the travel to Fukushima and Chibaapah

L. Dobrzynski
Swierk, National centre for Nuclear Research, 202519

¥ in Polish
" in English

DIDACTIC ACTIVITY

£. Adamowski - Lectures for visitors in NCBJ Education and Tinag Division.
£. Adamowski - Preparing and conducting practical laboratomreises for School of Nuclear Energy.
K. Deja - Teaching classes and laboratory for groups dfiieischool and high school students.

E. Droste- Popular lectures and demonstration of experimeancerning various aspects of atomic and nuclear
physics organized for visitors of National Cente fluclear Research.

M. Kirejczyk - Delivering lectures on "Physical basics of radaiection”, "Basics of accelerator physics" and
"Biological effects of ionising radiation" to theovkers of NCBJ (A, B and AA category)

M. Kirejczyk - Lecture "Biological efects of ionising radiatloior the students of Wroctaw Technical
University

M. Kirejczyk - Lectures for pupils, students and other visitdfrsSICBJ
M. Kirejczyk - Overseeing of lab practice of pupils and stuslergiting teaching laboratory at NCBJ
M. Marcinkowska-Sanner - Laboratory classes for high school students.

M. Marcinkowska-Sanner - Lectures for visitors in National Centre for Nesr Reasearch (Department of
Education and Trainings).

M.P. Sadowski- Lectures and workshops for students, young peapdl other visitors to the Department of
Education and Training

A. Skwarek - Conducting practical laboratory exercises faetnational School on Nuclear Power
A. Skwarek - Lectures for NCBJ visitors.

R. Wolkiewicz - Teaching in NCBJ
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PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

L. Dobrzynski

Adviser of the Polish Delegation to UNSCEAR, altgmof the delegate of Polish delegation since 2011
Polish Atomic Agency, member of the Advisory Boatithairman of the Commission of Social Education and
Information

National centre for Nuclear Research

M.P. Sadowski

Polish Physical Society
National Club of Physics Demonstrators
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VIl " International School on Nuclear Power

A. Strupczewski, . Koszuk, E. Szlichaiska
National Centre for Nuclear Research, Otwock-SwiBdand

The eighth edition of the International School onclkéar Power took place in Warsaw and Swierk imfi26-30
October 2015.A team of eminent experts from 12 tries) each highly regarded in his field of exs&tipresented
lectures on subjects of most interest for furtheredlopment of nuclear power, and there were 20ficzants from
various regions and organizations in Poland.

Lecture Hall in the Novotel Warszawa Airport hotel

As in previous years, the School was organizechbyNational Centre for Nuclear Research (NCBJ)ioperation
with the Radioactive Waste Management Plant (ZU@#®) the Department of Nuclear Energy in the Migistf
Economics. The main investor of nuclear power glantPoland, PGE EJ1 was the leading partner aoddad
strong support for the School.On the lecture ddyth® School lecturers from 3 continents preserédectures.
This was possible owing to the support providedtganizations active in the field of nuclear powesides the
above mentioned Ministry of Economics and PGE HEd4,list of sponsors of the School included théofeing
organizations, shown below in alphabetical ordevlEZC, AREVA, China General Nuclear Power, EDF, Gaher
Electric Hitachi, KGHM, Westinghouse.

The work in the School lasted for five days. On fingt day the team of Prof. Dobrzynski from NCBdnducted
a “Preschool of Nuclear Power” with three lectuad®ut ionizing radiation and its biological effeetisd several
hands-on experiments in which the participants wivided into small groups and could individuallgrform

experiments with radiation. They studied the radtive decay of the radon/thorium series, charaatiesi of Geiger
Mueller detectors, the relationship of radiatiotemsity to distance from the source, the effectasnof radiation
shielding and a simulator of reactor core operafidre lectures and exercises met with high apptiecidrom the
participants, which is no wonder, as prof. Dobriyns a permanent member of UNSCEAR and for margades
has been conducting radiation studies at NCBJ.

On the second and fifth days of the School (Octd¥erand 30) workshops were heldSwierk — at NCBJ and
ZUOP and in the National radioactive waste repogito R&zan. The participants visited the MARIA reactor and
learned about its applications in industry and miedj visited a new generation plasma gun, viditedLaboratory
of Health Physics and the Department of radioacatimste management. They made a number of praefieatises,
including whole body counter and external radiatieonitoring. In parallel the workshops were heldha National
Radioactive Waste Repository in Rd, about 90 km away from Warsaw. The organizeoviged special bus
transportation to the repository, and provided gna and leadership of exercises in the repository.

Two days - October 28 and 29 — were filled up vidéttures and workshops in Warsaw, in the lectutedighe
Novotel Warszawa Airport hotel.

The first session presenting the nuclear power ldpweent program in Poland featured presentationshiey
Ministry of Economics, PGE EJ1 as the main investand AMEC acting as the project technical adviddre
lecturers reviewed the work done so far and thetaile of future work, necessary for program immatation.
The lecture of Mr. Jacek Cichosz, the chairman®EFEJ1, stressed the necessity of parallel workemeral key
tasks so as to be able to fulfill the program wittéasonable time limits.
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Workshop at the National radioactive waste repositoriR&an

The second session, chaired by dr. Krajewski, Doregf the Central Laboratory for Radiation Proieet featured
two papers dealing with low level radiation. In thist lecture, Mr. Bruno Comby, the chairman of
Environmentalists for Nuclear Energy (EFN) showdd/irue environmentalists are FOR nuclear enengd i the
second, prof. Wade Allison from Oxford describeddence that low radiation doses are not harmfuliving
organisms including human beings. The afternoosi@esbout clean energy sources was led by dr. Dibhdahief
advisor to the chairman of the Polish Energy Ma(Ré&RE).

Mr. Bruno Comby, the chairman of EnvironmentalistsNuclear Energy

The first paper was presented by dr. Misak, formleairman of the Nuclear Safety Authority of the &k

Republic, later the leader of the Nuclear Safetpddement in the IAEA and recently the leader of kvoonnected
with new reactors for Temelin and Dukovany NPPthia Czech Republic. He discussed the reasons vhlaidhed
the Czech government to choose the nuclear opidheamainstay of the Czech power industry. Thersgpaper
by prof. Voss from Germany showed the achievemantdsshortcomings of the Energiewende program, adira

that the change to renewables as the mainstayweémpgeneration cannot be made in a market econamnwbuld

necessitate central government decisions.
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The next session dealt with the nuclear power ssagice, with the main presentation delivered byRima Reilly
of Price Water Cooper from the UK, acting as th@resentative of EDF. She described the principfdgancing
NPP construction in the UK and gave some detaite@ming contracts for difference CfD.

In the following part of the afternoon session pi®frupczewski conducted a workshop on siting s, and
director Stryjecki from PGE EJ1 presented the ddfiade of work on choosing the site for the firstish NPP.

In the second day of lectures the first sessiollt aétin fuel cycle problems. Prof. Strupczewski ga presentation
on health hazards due to uranium mining and condpiéuem with the hazards arising in coal mininghie USA and
in Poland, showing the relative advantages of uraniersus coal.

In the second paper prof. Prasser from Zurich Higbhnical High School described how sup-plies afhium can
be assured for future NPPs, and added a discussitire Polish possibilities of uranium recoveryrfra@opper
mining waste. Then followed a workshop, in whicle tharticipants listened a the lecture on radioactiaste
management and then had to play a game of questimhanswers concerning a future radioactive wagtesitory
planned for Poland. The game turned out to be secgessful, arousing high interest from the paudicts.

Participants of the School during the special wbdgs devoted to radioactive waste management

After that, in the Special session, the first pnéaon was by prof. Wréblewski from Warsaw Univgrswho
spoke about the discovery of Roentgen radiatiocetebrate the 120th anniversary of that discovéhe second
paper was presented by Mr. C. Hueso Ordofiez frenStranish company IDOM dealing with fuel cycle lities,
an activity which can assure fuel for the energgdseof mankind for hundreds of years. These tweaghowed
how much work has been done within the last century

In the afternoon session the participants couldosboone of two parallel series of lectures. In m@m several
lectures were presented by Polish professors ofiaimed discussing radiation health problems in roadi
treatments. This session was chaired by prof. Baaipermanent member of UNSCEAR and leader ofraxeatal
studies of radiation effects in a Warsaw University

In the second room four presentations dealt witl iié generation reactors which can be offered tdaRd. As
three of these reactors had been designed in éesifitaving radiation protection rules differentrttthose which
are in force in Poland and in several EU countriks, session was aimed at showing how each of ribygoped
reactors can meet EU safety requirements.

Naredowe Centrum
Badan Jadrowych

Natienal Centre
for Nudear Research

Swierk

Prof. Renata Mikotajczak, POLATOM Radioisotope Gentr
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An expert from AREVA. Mr. C. Mayoral, Licensing Mager, presented a paper on the Robust-ness ofRRe E
reactor design — Analysis through the MultinatioDakign Evaluation Program. As the EPR had been fhe very
beginning designed according to EU safety requirdsj@lemonstrating its safety was an easy task.

Mr. Mayoral addressed mainly the comparison of ititeerent safety features of EPR with the requirdmerf
regulatory bodies in the UK and those assembled/HNRA and showed that the safety of EPR is conwiglgi
demonstrated. He also described the results osmmevaluation made within the international pesgrMDEP,
and in particular in the OECD working group on EARe results of stress tests after the Fukushiromeat have
shown that EPR remains safe even in conditionsdifuble natural catastrophe of earthquake and ifhgosuich as
in Japan in 2011.

The second paper was presented by the Chinesetelkpery. Maochun, from the China General Nucleawer
Corporation. The title of his paper was “Advancetinése Reactor meets EU requirements”. Mr. Maochun
presented the profile of GNPC activities, demorisigaits extensive experience in construction apdration of
NPPs in China.

The main achievement of GNPC is the developmenhefdesign of the Chinese HPR 1000 reactor, whah h

a system of in-vessel retention of molten coriuke lihe AP1000 reactor. It also has a post-accideat removal
system with heat exchangers situated outside aongit like in the Russian WWERSs.

The nuclear safety parameters of the HPR 1000 eme good, with a calculated frequency of core daamiagjow
10-6/year and the frequency of large releases bdlbvw/year. Other parameters are also better thanEU
requirements.

The third paper was presented by Mr. David Powede-chairman of Nuclear Power Plant Sales Eurdpg,
Hitachi Nuclear Energy. He described "Innovations@E Hitachi’'s nuclear reactor designs”, in patacuhose
implemented in ABWR and ESBWR reactors. After pntisgy the General Electric and Hitachi companiesictv
together have over 225 years of experience and geaasstaff of 660 000 employees (of which 100 0G0 ia
Europe) Mr. Powell described the development ofifigiwater reactors including the PRISM reactongsv reactor
for IVth generation with sodium coolant and capapdf fuel breeding.

The frequency of core damage in ABWR was reducedd@de-7/year and in ESBWR to 1.7 E-8/year. The B%B
reactor does not need steam generators, nor augeess primary coolant pumps or primary piping.plovides
a design for residual heat removal which the desgclaim is the best among reactors of the Illegation in the
case of complete station blackout. The ABWR reahts been successfully operated for more than adéeand
ESBWR is being licensed now in the USA for Northn&r8 NPP and in the UK.

The fourth lecture in this session was entitled iHaP1000 developed for the USA meets UK regulafiars it
was presented by Ms. J. Gorgemans from Westingholise de-sign of this reactor was aimed at achgvin
a simple, passive and standardized constructioriras@im has been achieved.

AP1000 is a reactor with passive safety featuresigobuilt in the USA (Vogtle and Summer NPPs) an€hina
(Sanmen and Haiyang NPPs), altogether 8 units,iseing licensed now by the UK nuclear safety awitj
Many pictures from the construction sites documgmegress made in building this reactor. The cetigh of
licensing in the UK is foreseen for 2017.

An important problem is to demonstrate that the @®0L meets British safety requirements, which andlar to
those in Poland, but very different from the safetgulations in the USA. AP1000 was licensed in tHgA
according to regulations which allow the dose atdkclusion area boundary to be up to 250 mSv durio hours
after accidents, while in the UK the limit is 10 m&uring one year after the accident. However asgumptions for
analysis in the UK are more realistic than thosthénUSA. Thus Westinghouse expects to be ableaeepthat the
analysis made according to UK rules will yield deswvithin the bounds of British requirements. Thsiof course
a matter of high importance to Poland too.

In general, the atmosphere of the School was vesnomany questions were asked and answered sdhthat
School has greatly contributed to better understandf the actual problems and developments invibdd of
nuclear power reactors.

The presentations are available on the interngteapage www.szkola-ej.pl.
The next edition of the School is planned for Noken2016.
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RADIOISOTOPE CENTRE POLATOM

Director of Centre: Dariusz Socha, PhD Eng
phone: +48 22 7180700

e-mail: dariusz.socha@polatom.pl
Overview

The Radioisotope Centre POLATOM is a self-contained ohithe National Centre for Nuclear Research eadag
in scientific research and development in the fieldhe use of radioisotopes in nuclear medicindustry and
science and the production of radiopharmaceutaradsradioactive sources.

The history of POLATOM's operations dates backhe 1950's. Then, in 1957, at the then InstitutdNo€lear
Research irSwierk, near Warsaw, Ewa, the first research reattoPoland was commissioned. This was the
beginning of the country's activities related te thevelopment of methods for obtaining isotopes raibactive
preparations. Further opportunities for developnmerhe in 1974, with the launching of Maria, anothesearch
reactor with which POLATOM's activities have beamitricably connected until today.

Currently, POLATOM combines in its activities basiscientific statutory objectives and successfully
commercialises its own potential and research aehients. In the scientific arena it is a leadingtieein Poland
that conducts interdisciplinary research in thé&dfigf the production of radioactive preparationkeTmnain areas of
POLATOM's research activities include nuclear cretrgj radiochemistry, the physical chemistry oficadtive
elements, analytical chemistry, biochemistry and thetrology of ionising radiation. POLATOM carriesit
intensive scientific cooperation in Poland and aldtdaking part in international projects and rede@rogrammes.
The research and development conducted are prmariented towards application and often lead te th
implementation of innovative products and technmegThe vast majority of the commercial produatsadfer,
including approximately 150 items, are the resoftswn work.

In recent years POLATOM has launched the manufactirseveral innovative products, among themTa-
Tektrotyd radiopharmaceutical kit for diagnosticaiging of tumours expressing somatostatin recepisesul in
oncology, or ItraPol«Y) and LutaPol (Lu) as radiopharmaceutical precursors for radidledgeof peptides and
other biomolecules of cancer therapy.

POLATOM is a world famous supplier of high qualitpdiopharmaceuticals and diagnostic kits for nuclea
medicine and an important manufacturer of radiodbahproducts for customers all over the world.pteducts are
exported to more than 70 countries.

POLATOM is Poland's only producer of radioactiveegarations, and radiopharmaceuticals. The current
POLATOM commercial package includes

« A wide range of scintigraphic kits f8"Tc labelling for the examination of organs and eardiagnoses,

e Preparations of radioactive iodine-131 for the d@gjs and treatment of thyroid diseases,

e Preparations for the palliative treatment of borsgastases,

« Radionuclide®™Mo/**™Tc generator,

«  Precursors for the preparation of therapeutic thomaceuticals,

« Ophthalmic applicators for brachytherapy,

¢ Industrial sealed sources,

* Radioactive standard solutions,

« Radiochemical reagents,

« A wide range of special customised radioactive aratons,

» Accessories for nuclear medicine units,

e The calibration and servicing of dose calibrators,

e The installation and maintenance of isotopic eq@pin

e The handling and transportation of radioactive mal®

POLATOM's activities in all areas meet European enternational standards; with regard to its gyadissurance
system, POLATOM holds the PN-EN/ISO 9001:2009 dedie of Compliance with regard to trading of duak
items and technology - the Internal Control Systeertificate. Its standard of radiopharmaceuticadpiction is
confirmed by the GMP Certificate and qualificatidnsthe area of the ionising radiation metrologlydeatory are
confirmed by the Accreditation Certificate of theali®ration Laboratory in compliance with PN-EN/ISO
17025:2005.

Dariusz Socha
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REPORTS

Development of Radiopharmaceuticals Based®®e and®Y for Radionuclide Therapy in Poland
D. Pawlak, ... ,T. Dziel, A. Muklanowicz, J.L. Parus, P. Garnuszek W. Mikotajczak , M. Maurin , J.
Pijarowska, A. Jaron, U. Karczmarczyk, E. Laszuk, A. Korsak, El. Jakubowska, E. Byszewska-
Szpociiska, R. Mikotajczak, ... et al.

INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA

Estimation of radiological protection on the teorit of Nuclear Centréwierk and its vicinity (2014)
B. Filipiak, ... ,Z. Haratym, J. Osko, T. Pliszczyaski, B. Snopek B. Boimski, S. Domaiski, M.
Dymecka, R. Ejsmont, M. Feczko, A. Garbolinski, B. Karpinska, J. Lechniak, A. Pawelczuk B.
Piotrkowicz, K. Rzemek R. SosnowiecM. Szostak W. Sniegon, M. Tulik , M. Umaniec, K.
Wisniewska, K. Wojdowska, J. Wojnarowicz, Z. Worch, D. Zielinska, ... et al.

PARTICIPATION IN CONFERENCES AND WORKSHOPS

160

Invited Talk

Znaczniki do obrazowania receptorow somatostatymbvdo diagnostyki i terapii

R. Mikotajczak
IV Konferencja Naukowo-Szkoleniowa (Poland, Szk&aRokgba, 2015-05-15 - 2015-05-17)

PSMA- nowdci w diagnostyce izotopowej i leczeniu raka prostat

R. Mikotajczak
IV Konferencja Naukowo-Szkoleniowa (Poland, SzkiaPorba, 2015-05-15 - 2015-05-17)

Projektowanie radiofarmaceutykéw

R. Mikotajczak
XL Zjazd Fizykéw Polskich (Poland, Kielce, 2029-06 - 2015-09-11)

Center for Design and Synthesis of Radiopharmazagtfor Molecular Targeting CERAD on the Polish
Roadmap for Research Infrastructures

R. Mikotajczak

INARIE Integrating Access to PAN-European Resebrfrhstructures in Central and Eastern Europe
(Hungary, Debrecen, 2015-11-30 - 2015-12-02)

Kontrola jakdci zestawu Techimmuna do diagnostyki stanéw zagalny
U. Karczmarczyk
IV Konferencja Naukowo-Szkoleniowa (Poland, SzkiaPorba, 2015-05-15 - 2015-05-17)

Radiopeptides Targeting GCPR Agonists and Antag®nis

R. Mikotajczak

Third Theranostic World Congress on Gallium-68 &atliopeptide Therapy (USA, Baltimore, 2015-03-12 -
2015-03-14)

Radioisotope Centre POLATOM-isotopes for indusatyd medicine
I. Cieszykowska

HANARO SYMPOSIUM (Korea, Daejeon, 2015-05-11 - Z18-3.3)
KAERI, Daejeon, Korea No. (2015) p. 119

Alternatywne metody produkcji technetu-99m. Prodakechnetu-99m w cyklotronach medycznych.
R. Mikotfajczak, D. Pawlak
[Il Mi gdzynarodowa Konferencja Radiofarmaceutyczna (Pqladd:, 2015-05-28 - 2015-05-29)
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Oral Presentation

Long-term side effects in patients with dissemidateuroendocrine tumors who underwent tandem peptid
receptor radionuclide therapy (PRRT) with Y-90/LTLiFADOTATATE

J. Kunikowska, R. MatyskieD). Pawlak, L. Krolicki

Third Theranostic World Congress on Gallium-68 &atliopeptide Therapy (USA, Baltimore, 2015-03-12 -
2015-03-14)

ALTECH-alternatywne metody otrzymywania Tc-99m wkiogronach medycznych

I. Cieszykowska D. Pawlak, W. Wojdowska, J. Parus R. Mikotajczak

60" Anniversary of IBJ: Nuclear Physics and ChemiftryMedicine (Poland, Otwock, 2015-06-10 - 2015-
06-10)

Biodistribution of**Cu-HL-1 complex, an aid in the evaluation of poi@nthemotherapeutic agent.
D. Kludkiewicz, U. Karczmarczyk, M. Maurin, E. Lagg P. Garnuszek, R. Mikotajczak
WG Meeting WG3, COST Action CM1105 (Poland, Warg28d/5-09-01 - 2015-09-02)

Recurrent glioblastoma multiforme - local alpha temsi targeted therapy wiff*Bi-DOTA-substance P

L. Krélicki, A. Morgenstern, J. Kunikowska, H. Kaai, B. Krdlicki, M. Jakudiski, D. Pawlak,

C. Apostolidis, F. Bruchertseifer

28th Annual Congress of the European Associatidduaiear Medicine (Germany, Hamburg, 2015-10-10 -
2015-10-14)

Specjalizacja z radiofarmaciji

R. Mikotajczak
IV Konferencja Naukowo-Szkoleniowa (Poland, SzkaPorba, 2015-05-15 - 2015-05-17)

Overall lecture WG1 Imaging reporters for theraimoagents

R. Mikotajczak

Final meeting of COST Action TD1004 Theranosticding and Therapy: An Action to Develop Novel
Nanosized Systems for Imaging Guided Drug Deliy®eybia and Montenegro, Belgrade, 2015-09-10 -
2015-09-11)

From preclinical development to a Multicentre Gifi Trial: **in-CP04 targeting CCK2-receptors for
personalized diagnosis and therapy of patients mgdullary thyroid carcinoma

C. DecristoforoD. Pawlak, Ch. Rangget?. Garnuszek P. Kolenc-Peitl, K. Zaletel, Th. Maina-Nock,

H. Maecke, P. Erb&. Mikotajczak, G. Goebel, A. Hubalewska-Dydejczyk

ICRT 2015, 18 International Conference on RadiopharmaceuticaéfBipy (Austria, Innsbruck, 2015-05-03
- 2015-05-08)

The role of GLP-1 receptor targeting agents inicihmanagement of patients with insulinoma and MTC
B. Janota R. Mikotajczak, U. Karczmarczyk, P. Garnuszek A. Hubalewska-Dydejczyk, A. Sowa-
Staszczak, HelmutR. Maecke, R. Mansi, M. Fani

Final meeting of COST Action TD1004 Theranosticdimg and Therapy: An Action to Develop Novel
Nanosized Systems for Imaging Guided Drug Deli{®eybia and Montenegro, Belgrade, 2015-09-10 -
2015-09-11)

Cyclic minigastrin radiolabelled with Lu-177: pragtal evaluation of a kit formulation for clinicake.

Ch. Rangger). Pawlak, L. Balogh, Z. PostenyR. Mikofajczak, E. VonGuggenberg

ICRT 2015, 18 International Conference on RadiopharmaceuticaéfBipy (Austria, Innsbruck, 2015-05-03
- 2015-05-08)

Przygotowanie metalicznej tarczy z Mo-100 do pragiikc-99m w cyklotronie

T. Janiak, . Cieszykowska T. Barcikowski, K. Jerzyk, M. Mielcarski

60" Anniversary of IBJ: Nuclear Physics and ChemigtryMedicine (Poland, Otwock, 2015-06-10 - 2015-
06-10)

Physico-chemical and biological comparison of DOM#igastrin analogue (CP04) complexes Witha,

%y and'""Lu.
M. Maurin , P. Garnuszek P. BaranD. Pawlak, N. Metzler-Nolte, R. StollJ. Karczmarczyk,
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R. Mikotajczak
WG Meeting WG3, COST Action CM1105 (Poland, War&8i/5-09-01 - 2015-09-02)

Kit formulation, preclinical evaluation and expeemal radionuclide therapy using CCK2 receptordting
cyclic minigastrin

E. VonGuggenberg, C. Rangger, L. Balogh, Z. PéstéhyPawlak, R. Mikotajczak

28th Annual Congress of the European Associatidduaiear Medicine (Germany, Hamburg, 2015-10-10 -
2015-10-14)

Structure characterization &fTc-HYNIC peptide complexes

J. Pijarowska-Kruszyna, A. Jaron, M. Maurin , P. Garnuszek R. Mikotajczak

The 2% International Symposium on RadiopharmaceuticatSm (ISRS2015) (USA, Columbia, 2015-05-
26 - 2015-05-31)

Mn-CP04 - A Novel CCK2/Gastrin Receptor-LocaliziRgdiolabelled Peptide Probe for management of
Patiens with Progressive/Metastatic Medullary Th®@arcinoma (MTC)Rationale, Study Design and
Initial Promising Results of Multicentre First Phase Study

A. Hubalewska-Dydejczyk, C. Decristoforo, P. ErBaMikotajczak, H. Maecke, K. Zaletel, P. Kolenc-
Peitl, T. MianaP. Garnuszek

28th Annual Congress of the European Associatidduaiear Medicine (Germany, Hamburg, 2015-10-10 -
2015-10-14)

Two kit formulations for radiolabelling a Minigastranalogue with In-111 for a first in human cliaicrial

D. Pawlak P. Garnuszek Ch. Rangger, E. VonGuggenberg, P. Kolenc-Péitl, Maina-Nock, P. Erba,

A. Hubalewska-Dydejczyk, C. Decristofor®, Mikotajczak

The 2% International Symposium on RadiopharmaceuticadSm (ISRS2015) (USA, Columbia, 2015-05-
26 - 2015-05-31)

Long term survival analysis after i'8Y-DOTATATE PRRT, in patients with non-resectabldyance
progressive liver dominant neuroendocrine neoplasms

M.L. Nowicki, S.J. Konsek, L. Jaskiewicz, M. Mol, Sankowski, J.R. Buscombe, L. Bodei,

R. Mikotajczak, J.B.Cwikta

28th Annual Congress of the European Associatidduaiear Medicine (Germany, Hamburg, 2015-10-10 -
2015-10-14)

Poster

Wieloletnie déwiadczenia OR POLATOM w przygotowywaniu dawek tenagycznych DOTATATE
M. Radzik, M. Maurin , D. Pawlak
[Il Mi edzynarodowa Konferencja Radiofarmaceutyczna (Pqladd:, 2015-05-28 - 2015-05-29)

Comparative evaluation 61Ga,®®Y and*”’Lu complexes of DOTA-minigastrin analogue (CP04).

M. Maurin , P. Garnuszek P. BaranD. Pawlak, U. Karczmarczyk, R. Mikotajczak

EMIM 2015 European Molecular Imaging Meeting. 1@tinual meeting of the ESMI (Germany, Tuebingen,
2015-03-18 - 2015-03-20)

Whptyw chelatora DOTA na aktywré biologiczry Rytuksymabu w badaniach in vivo
U. Karczmarczyk, W. Wojdowska, E. Laszuk, M. Maurin , P. Garnuszek R. Mikotajczak
[Il Mi edzynarodowa Konferencja Radiofarmaceutyczna (Pqladd:, 2015-05-28 - 2015-05-29)

Influence of DOTA-Rituximab conjugates on their digtribution in mice

U. Karczmarczyk, W. Wojdowska, E. Laszuk, M. Maurin , P. Garnuszek R. Mikotajczak

28th Annual Congress of the European Associatidduaiear Medicine (Germany, Hamburg, 2015-10-10 -
2015-10-14)

Juvenile nasopharyngel angiofibromas - in vitro andivo examinations of somatostatin receptors
expression

J. Kunikowska, W. Kukwa, A. Cyran-Chlebicka, Pawlak, R. Matyskiel, £. Koperski, Z. Gronkiewicz,
L. Krdlicki
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28th Annual Congress of the European Associatidduaiear Medicine (Germany, Hamburg, 2015-10-10 -
2015-10-14)

Badania in vivo znakowanych lutetem-177 i itremk@diugatow DOTA-Rituksymab jako potencjalnych
terapeutykéw chioniaka nieziarniczego (non-hodkyngphoma)

U. Karczmarczyk, W. Wojdowska, E. Laszuk, M. Maurin , P. Garnuszek R. Mikotajczak

IV Ogolnopolska Konferencja Zwierzeta w badaniaabkowych (Poland, Warszawa, 2015-09-07 - 2015-
09-09)

Wytwarzanie peptydu HYNIC-oktreotyd w warunkach GMP
A. Sikora, B. Janota, J. Pijarowska-Kruszyna, A. Jaron
Il Mi gdzynarodowa Konferencja Radiofarmaceutyczna (Pqladd, 2015-05-28 - 2015-05-29)

Structure characterization 5f"Tc-HYNIC peptide complexes

J. Pijarowska-Kruszyna, A. Jaron, M. Orzetowska, W. Wojdowska, U. Karczmarczyk, M. Maurin ,
P. Garnuszek R. Mikotajczak

WG Meeting WG3, COST Action CM1105 (Poland, Warg28d/5-09-01 - 2015-09-02)

Synteza substancjiczynnejswietle wymaga GMP na przykitadzie peptydu Hynic-Tyr3-Oktreotyd
A. Sikora, B. Janota, J. Pijarowska-Kruszyna, A. Jaron
Il Mi gdzynarodowa Konferencja Radiofarmaceutyczna (Pqladd, 2015-05-28 - 2015-05-29)

Radiometal makes the difference. Synthesis andacterisation of DOTA-minigastrin complexes wfffsa,
177, 9

Lu and®y.
P. Garnuszek M. Maurin , P. Baranp. Pawlak, R. Mikotajczak
Final meeting of COST Action TD1004 Theranosticdimg and Therapy: An Action to Develop Novel
Nanosized Systems for Imaging Guided Drug Deliy®eybia and Montenegro, Belgrade, 2015-09-10 -
2015-09-11)

Preparation of metallic target of Mo-100 for protioie of Tc-99m in cyclotron

T. Janiak, I. Cieszykowska T. Barcikowski, K. Jerzyk, M. Mielcarski

60" Anniversary of IBJ: Nuclear Physics and ChemiftryMedicine (Poland, Otwock, 2015-06-10 - 2015-
06-10)

Biological behavior of®Ga-DOTA-minigastrin (CP04). Preliminary results.

M. Maurin , P. Garnuszek U. Karczmarczyk, R. Mikotajczak

Third Theranostic World Congress on Gallium-68 &uatliopeptide Therapy (USA, Baltimore, 2015-03-12 -
2015-03-14)

First Polish experiences in the cyclotron productd®™™c

W. Wojdowska, D. Pawlak, J. Parusl. Cieszykowska T. Janiak, K. Jerzyk, M. Mielcarski,
T. Barcikowski, P. Garnuszek R. Mikotajczak

4" Balkan Congress of Nuclear Medicine (Macedoniahi@g 2015-09-03 - 2015-09-06)

Localization of an insulinoma witi™Tc-HYNIC-Exendin-4 in a patient with situs inversascase report
L. Lezaic, P. Kolenc-Peitl, K. Zaletel, I. Stotl, Aomazic, A. Sowa-StaszczdR, Mikotajczak,

A. Hubalewska-Dydejczyk

4" Balkan Congress of Nuclear Medicine (Macedoniahi@g 2015-09-03 - 2015-09-06)

Badania in vivo komplekstfCu-HL-1, potencjalnego radio-chemoterapeutyku delagzynnikowej terapii
przeciwnowotworowe;.

D. Kludkiewicz, U. Karczmarczyk, M. Maurin , E. Laszuk, P. Garnuszek R. Mikotajczak

11l Mi edzynarodowa Konferencja Radiofarmaceutyczna (Pqladd, 2015-05-28 - 2015-05-29)

A new 4t(LS)-y coincidence counter at NCBJ RC POLATOM with TDC&ettor in the beta channel
T. Ziemek, A. Jeczmieniowski D. Cacko R. Broda, E. Lech

20th International Conference on Radionuclide Mietgy and its Applications (Austria, Wiefde2015-06-
08 - 2015-06-11)

Could®™Tc labelled glucagon-like peptide 1 analogue sgiaphy be an answer for patients with persistent
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hypoglycaemia?

A. Hubalewska-Dydejczyk, A. Sowa-Staszczak, A. &iefa, D. Pach, M. Buziak-Bereza, M. Trofimiuk-
Muldner, A. Gilis-Januszewska, A. Jabrocka-Hybel,Mmaszuk, R. Tomaszewska, M. Matecki,

T. Bednarczuk, G. Kamski, A. KowalskaR. Mikotfajczak, B. Janota

17" European Congress of Endocrinology (Ireland, Dap#015-05-16 - 2015-05-20)

Standardization and half-life measurement§-ti

T. Dziel, A. Listkowska, Z. Tyminski

20th International Conference on Radionuclide Mietgy and its Applications (Austria, Wietle2015-06-
08 - 2015-06-11)

Radionuclidic purity tests itfF radiopharmaceuticals production process

T. Dziel, Z. Tyminski, K. Sobczyk, A. Walcka-Mazur, P. Kozanecki. Kotakowska, P. Saganowski
20th International Conference on Radionuclide Mietgy and its Applications (Austria, Wietle2015-06-
08 - 2015-06-11)

What we know about Oslo meteorite from cosmogesotope analysis

Z. Tyminski, M. Stolarz, T. Kubalczak§. Tyminska, E. Kotakowska, T. Dziel, A. Burakowska,
E. Mista, P. Saganowski

European Planetary Science Congress (France, Nag@d$5-09-27 - 2015-10-02)

Cyclotron production of*™Tc from highly enriched® Mo

D. Pawlak W. Wojdowska, J.L. Parus, |. Cieszykowska T. Janiak, K. Jerzyk, M. Mielcarski,

T. Barcikowski, P. Garnuszek R. Mikotajczak

28th Annual Congress of the European Associatidduaiear Medicine (Germany, Hamburg, 2015-10-10 -
2015-10-14)

LECTURES, COURSES AND EXTERNAL SEMINARS

Microbiology Requirements in the Production of Reutiarmaceuticals and Locally Prepared
Radiopharmaceuticdls

A. Korsak

Szklarska Paiba, IV Training and Scientific Conference on Diagis@and Isotopic Therapy in Oncology ,
2015-05-15

Sharing and Developing Protocols to Further Minenizadiactive Gaseous releases to the Environment in
the Manufacture of Medical Radioisotopes as GMP

M. Konior

Vienna, International Atomic Energy Agency , 208518

¥ in Polish
" in English

INTERNAL SEMINARS
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Basic issues of radiological protection and proceslin cases of radiological emergenties
K. Krél
Warsaw, National Defence University, 2015-01-10

Nuclear reactor saféety
K. Krol
Warsaw, National Defence University , 2015-06-13
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EURAMET as an element of the Metrology organizadicstructure in a frame of the Metre Convention
R. Broda
Otwock, National Centre for Nuclear Research, 2085L5

Sharing & Developing Protocols to Further MinimRadioactive Gaseous Releases to the Environment in
the Manufacture of Medical Radioisotopes, as GoashiMacturing Practiée

M. Konior

Otwock, NCBJ OR POLATOM, 2015-11-19

¥ in Polish

DIDACTIC ACTIVITY

P. Garnuszek- Lecture entitled "Radiopharmacy"” for student&/ofears of Pharmacy at Warsaw Medical
University

P. Garnuszek- Lecture for students of Faculty of Pharmacy WURAdiopharmaceuticals - preparation,
characteristics, application, quality and safety.U§2 h)

P. Garnuszek- Lectures on the course "Preparation and queditirol of radiopharmaceuticals in clinical
pharmacy" (course No.SR-1/V/2015) within specidi®ain Radiopharmacy

P. Garnuszek- Scientific supervision of the student for thestea's degree

D. Kludkiewicz - Scientific supervision of the student for thejemer’s degree-

D. Kludkiewicz - Scientific supervision of the student during suen practice-

M. Korytkowski - Lecturer:

Specialization in radiopharmacy (postgraduate) Me@u'Working in aseptic environment"

Faculty of Pharmacy, Medical University of Lodz

R. Mikotfajczak - 8 International School of Nuclear Power, 26-3dber 2015

PARTICIPATION IN SCIENTIFIC COUNCILS, ASSOCIATIONS AND ORGANIZING COMMITTEES

K. Banko

Member of Europen Association of Nuclear Medicine

Member of Reactor and Isotope Group of Associadbimaging Producers & Equipment Suppliers
Member of Polish Society of Nuclear Medicine.

R. Broda

Delegate. Consultative Committee for lonizing R&édia(CCRI). Section Il - Measurement of
radionuclides.

Member. Polish Physical Society.

Delegate member. International Committee for Raatiide Metrology (ICRM).

Elected member. Committee for Metrology and Scientinstrumentations of Polish Academy of Science
The member of the Doctoral Studies Committee, Matfic€Centre for Nuclear Research

I. Chwalinska
Europen Association of Nuclear Medicine, member
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I. Cieszykowska
Member of Scientific Council of NCBJ

T. Dziel
Radiation Protection Inspectors Association
Polish Society of Medical Physics

P. Garnuszek

European Association of Nuclear Medicine (EANM)

Polish Society of Nuclear Medicine

Expert of Group 14 (radioactive compounds) Eurofelaarmacopoeia,European Directorate for the Quality
of Medicines & HealthCare, Council of Europe

Member of Scientific Council of National Centre fduclear Research

E. lller

European Association of Nuclear Medicine (EANM)

member of Scientific Council of National Center fduclear Research.

external member of Scientific Council of InstitwteNuclear Chemistry and Technology, Warsaw
National Centre for Nuclear Research

Institute of Nuclear Chemistry and Technology

B. Janota
Polish Society of Nuclear Medicine
European Association of Nuclear Medicine (EANM)

U. Karczmarczyk

Polish Society of Nuclear Medicine

European Association of Nuclear Medicine

Polish Laboratory Animal Science Association

Member of Scientific Council of National Centre fduclear Research

M. Konior
Polish Chemical Society

A. Markiewicz
Member of Scientific Council of National Center fduclear Research.

M. Maurin
Member, Polish Society of Nuclear Medicine

M. Mielcarski
member of Scientific Council of National Center fduclear Research.

R. Mikotajczak

Expert of Group PPR (Radiopharmaceutical precuygtusopean Pharmacopoeia, European Directorate for
the Quality of Medicines and HealthCare, CounciEafope

European Association of Nuclear Medicine, EANM

Polish Society of Nuclear Medicine, PTMN, membetlef General Board of PTMN since 2006

Society of Radiopharmaceutical Sciences

European Society for Molecular Imaging, ESMI

member of Expert Group evaluating units applyingtfie rights to run specialization program in
Radiopharmacy, called by The Medical Centre of grastuate Education

Nuclear Medicine Revewmember of Editorial Board, Grupa Via Medica

D. Pawlak

European Association of Nuclear Medicine

Society of Radiopharmaceutical Sciences

Polish Society of Nuclear Medicine

World Association of Radiopharmaceutical and MolacTherapy
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D. Socha

member of Scientific Council of National Center fduclear Research.

Z. Tyminski
Polish Fireball Network
Meteoritical Society

W. Wojdowska

Polish Society of Nuclear Medicine
European Association of Nuclear Medicine

PERSONNEL

Birnbaum Grayna, MSc

Broda Ryszard, Assoc. Prof.
Byszewska-Szpofiska Ewa, PhD
Cieszykowska lzabela, PhD
Dziel Tomasz, MSc

Filiks Anna, MSc

Fiszer Marzena MSc
Garnuszek Piotr, Assoc. Prof.
Iller Edward , Assoc. Prof. Eng
Janiak Tomasz, MSc

Janota Barbara, MSc

Jarai Antoni, MSc

Karczmarczyk Urszula, PhD Eng
Ktudkiewicz Dominik Daniel, MSc
Konior Marcin, PhD

Korsak Agnieszka, MSc
Korytkowski Michat, MSc

Lipka Robert, PhD

Listkowska Anna, MSc

Matetka Krzysztof, PhD Eng
Markiewicz Alina, MSc

Maurin Michat, MSc

Mielcarski Mieczystaw, Assoc. Prof.
Mikotajczak Renata, Assoc. Prof. Eng
Parus Jozef, Professor , Eng

Pawlak Dariusz, MSc
Pijarowska-Kruszyna Justyna, MSc
Romaiczuk Malgorzata, MSc
Sasinowska lwona, MSc

Sawicka Agnieszka, PhD

Socha Dariusz, PhD Eng
Staniszewska Joanna, PhD

Szyszko vel Chary Tomasz, PhD Eng
Tyminski Zbigniew, MSc

Wojdowska Wiolett, PhD Eng
Zottowska Matgorzata, MSc
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REPORTS ON RESEARCH

ASTROPHYSICS, COSMIC RAYS & ELEMENTARY PARTICLE PHY SICS

NUCLEAR PHYSICS

PLASMA PHYSICS & TECHNOLOGY

DETECTORS, ACCELERATORS, PHYSICS OF MATERIALS & APP LICATIONS

SOLID STATE PHYSICS

NUCLEAR TECHNOLOGY IN ENERGY GENERATION

NUCLEAR TECHNIQUES IN HEALTH AND ENVIRONMENTAL PROT ECTION
MANAGEMENT OF HAZARDS
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ASTROPHYSICS, COSMIC RAYS & ELEMENTARY PARTICLE PHY SICS
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Vector Boson scattering

M. Szleper )
National Centre for Nucleat Research, Otwoskerk, Poland

Interactions between the electroweak gauge bosostwdy the quartic gauge couplings, practically
W and Z, known collectively as Vector Bosonunmeasured so far.

Scattering (VBS) processes, are a window into theo|ish physicists from the NCBJ and the University
mechanism of electroweak symmetry breaking. In th@/arsaw have been active in the field since 20Tbe
absence of a Higgs boson, the total cross secton fhhenomenology of physics scenarios with modified
these processes would grow indefinitely with energy couplings is found akin to the phenomenology of the
to the point of violating the unitarity conditio.he earfier Higgsless studies. These studies indidetethe
Standar_d Model (SM) Higgs b_osqn_ provides 9ancmati()same-sign WW* scattering process, followed by
of the divergent terms of the individual amplitudesl ,yrely leptonic W decays offers the best experimental
rer_1de_rs the total cross section finite and Satgsfynsensitivity to physics beyond the SM at the LHCveBi
unitarity. In the SM, where all the _relevant coupgli the multitude of physics scenarios under possible
constants, namely the gauge triple and quartigonsideration, the polarization states of the awtng
couplings, as well as the Higgs couplings, havedix \v pairs are an important handle in the data armlysi
values, this cancelation comes out as a free bondsis follows directly from the observation that bac
However, any deviation from the predicted value lou scenario affects the energy behaviour of different
result in the amplitude being only partially united, pojarization in a different way. The Wpolarizations
leading again to indefinite growth at some highefyere shown to be able to the determined in an
energy. Extensions of the SM usually predict niyo experiment on a statistical basis from the trarser

modified Higgs couplings, but also effective trigead momentum distributiom{landp%z of the two hadronic

quartic gauge couplings, the latter being an irmﬂire“a ing" iets in the event. For anv ohvsics scinar
consequence of an extended particle content Witrt'l gaing’ | . y phy

respect to the SM. Any such effects are bound tavsh Whlc,h .m0d|f|es T[he h'gh +ene+rgy .be.hawour of
up in the energy dependence of the VBS processd@gitudinally polarized pairsy;™Ww, " as is indeed the
Thus, VBS complements Higgs physics and non-vBS2se of, e.g., a Higgs coupling scaled by a cofsttae
electroweak physics in studying the mechanism dfinematic variable that offers improved sensitivity
electroweak symmetry breaking and provides aBhysics beyond the SM was determined to Be =

important  closure test for any underlyingp i psz/p%'l -pf wherep¥ andp¥ are the transverse

theo.ry.However, as aIr.eady known from direct H,igg?nomenta of the two charged leptons from & Wécay.
studies performed during Run 1 of the LHC, HigdShe same criteria are equally useful in the stufly o
couplings to vector bosons are indeed close to Sidi gauge quartic couplings.

values, these effects are bound to be small. eletore  _. il oh logical di | it f
becomes of special importance to determine ang ful Irst partial phenomenological studies aiso exwt 1
yture colliders with a higher beam energy and in

explore the most sensitive kinematic variables and . . _
optimize data analysis techniques in order to abtiaé particular for the Future Circular Collider (FCCihh

best possible results from the upcoming runs of th‘gith a proton-proton C.M. energy of 100 Te_\/. They
LHC, Fi)ncluding the High Luminositr))/ LHC %rogramme.md'cate both the usefulness of all the analysishoets

In addition, VBS | Il k to be the best © worked out fo_r the LHC, as well as a qualitativap_dn
N addition IS WEll Known 1o be the best prse: the VBS physics reach compared to 14 TeV physics.

Photons and neutral pions in the ALICE experiment

P. Kurashvili )
National Centre for Nuclear Research, Otwdtkierk, Poland

The quark-gluon plasma (QGP) is the state of matter The measurement of photons is one of the most
high temperature characterized by deconfinement ofteresting challenges in exploring the quark-gluon
quarks and gluons. Present-day heavy-ion expersnemlasma. Direct photons, formed in the reactionezon
try to produce extremely hot matter with vanishinglue to interactions of the colliding particlestor the
baryon density by colliding heavy ions, which wiul secondary particles in the hot matter fireball,exignce
lead to a temperature above the quark-gluon plasmavery weak interaction with matter and escape simo
transition pointT ~ 155MeV. The hot matter fireball unperturbed from the reaction zone carrying infdiom
formed in the collision undergoes subsequent expans about the thermal and dynamical properties of the
going through the quark-gluon plasma and hadron gazedium at the point of their emission. Decay phs{on
stages and ending by freeze-out when the finagstaivhich constitute the major part of the photon speut
particles stream freely out of the reaction zone. help to reconstruct short-lived particles, suchmastral
pions that have a dominant two-photon decay channel
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The production of neutral pions is highly affectedthe greater stopping power of the hot strongly inteéract
medium. medium formed in the collision. The suppression

The ALICE experiment detected photons by theipbserved in the ALICE experiment is two times geeat
conversions to electron-positron pairs in the tiagk than the result obtained by RHIC\&dyy = 200GeVic.
detector (TPC, ITS) and by means of calorimetel
(PHOS, EMCAL).

The results for neutral pion and direct photot
production for Pb-Pb collisions afsyy = 2.76TeVic -
obtained during Run 1 of the LHC are presented i§
Figures 1 and 2.

R B B e
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}
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0 - Fig. 2. Direct photon spectra in Pb-Pb collisiors a
C | | | | L ] VsNN=2.76 TeV for the 0-20% (scaled by a factor 160,
0 1 1 1 2 11 1 4 1 1 1 E 11 1 1 1 IIGI 11

T2 20-40% (scaled by a factor 10) and 40-80 % centyaliasses
P, (GeVie) compared to NLO pQCD predictions for the direct phetm

pp collisions at the same energy, scaled by thebeumwf

Fig. 1. Neutral pion modification factor for thredfdrent binary collisions for each centrality class.

centralities (0-20%, 20-40%,60-80%) in Pb-Pb catiiss at

YsNN=2.76 TeV per nucleon pair.

The results for direct photon measurements are
presented in Figure 2. The results for invariaeidyiat

Figure 1 shows the nuclear modification factor fogifferent centralities are compared to the peativie

neutral pions, which is expressed by the formula: QCD (pQCD) prediction for the production of prompt
photons in pp collisions at the same energy, schied
d?N the number of binary nucleon-nucleon collisions.
(W)AA The obtained direct photon spectrum demonstrates
Ras = A0 ’ a significant excess of over the pQCD predictionhie
(Taa) X (m)pp interval p; < 4GeV/c, signaling the dominance of

thermal photons at loy.

Ras measures the ratio of neutral pion yield in Pb'Pt?he spectrum of thermal photons has been fittethby

collisions compared to the yield in pp collisiortstiae . : .
same energy scaled by the number of binary nucIeo?l)-(loonent'alI function exp(fTegy) and the effective

nucleon collisions in a specified centrality rangejemperature was found to bed=304 * pPtaty 405
Neoy = (Tpa)al?,. A deviation of R,,below unity at

represents a suppression af° production in Pb-Pb for centrality 0-20% and Ji =407 + 623"+ 96°Y® for
collisions. centrality 20-40% which is higher then the effeetiv
As one can see from Figure 1, the modificationdiais temperatures observed at the PHENIX experiment at =
smaller at most central collision which indicatd® t /syy = 200GeV.
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Optical properties of the symbiotic X-ray binary V2116 Oph

A. Majczyna®, J. Madef’, M. Nalezyty?, A. Rézanska®, A. Udalski®
'National Centre for Nuclear Research, Warsaw, Pdjan
“Warsaw Astronomical Observatory; Warsaw, Poland;
3Nicolaus Copernicus Astronomical Center, WarsawaRo

The X-ray source GX 1+4 was discovered by Lewingshows a specific pattern of light oscillations, @hican
Ricker and McClintock in 1971 during a balloonbe analysed in the frequency range of 0.002-b.1d
mission observing the Galactic Centre. The authtss (periods from 500 to 10 days). In our opinion the

reported periodic variation of the X-ray flux, witdm
approximate frequency of 1 cycle per 2.3 minuteget

observations confirmed that GX 1+4 is a pulsar with a6 i

spin period B,~123.5-125.5s (Galloway et al. 2001),
which is powered by accretion (Glass et al.
Davidsen et al. 1977, Chakrabarty et al.
Davidsen et al.

giant and a neutron star instead of a white dwirfvas
the first identification of a SyXB, but see alscaBhaz
et al. (1996). The orbital period P=30%&.1 d was
obtained by Pereira et al.
spectroscopy, Hinkle et al. (2006) obtained antalbi
period of B=1161*
(2008).

1973,
1997).
(1977) classified this source as
a symbiotic X-ray binary (SyXB), containing an M6

(1999). Based on infrare

12d, but see also Corbet et al

leftmost brightenings have an unexplained origimg a
may not be related to the orbltal or oscnlatlomlqnda

8000 |
@ 4000 —

2000 |

0.01
freq[d-]

Fig. 2. Power spectrum of V2116 Oph obtained froen th

‘central part of the OGLE IV data. The peak is &tegjuency

of »=0.003384#0.000771d (period P=295£70 days), the

We analyze unprecedented long term and very a&urakcondary peak in the power spectrum at

optical observations of the symbiotic X-ray bin&)
1+4 (V2116 Oph), obtained by the OGLE/ project
during monitoring of the Galactic Bulge.
A comprehensive description of the instrumentatibn
OVC!-:[LE IV can be found in Udalski et al. (2015).

- “.

15.5 —

L
5500 6000 6500 7000

IN-2450000

Fig.1. Light curve of V2116 Oph from OGLE |V data,
obtained in | filter. Typical error of | brightneggjuals 0.005
mag and is smaller than the size of a single piaitie light
curve.

Observations of this object cover 1558 days (adazit
years), from 8th July, 2010 to 12th October, 201

V2116 Oph is a very well known X-ray source, bu

optical data are very scarce so far, so our obsens

¥=0.016812+0.000843 & (P=59%£ 3 days).

Figure 2 shows the relevant part of the power spett

of GX 1+4. The most prominent peak occurs at
frequency v =0.003384t0.000771d (period P = 295

*+ 70d). This value is in agreement with the values of
the orbital period obtained by Cutler et al. (19884
Pereira et al. (1999). However, we should strese he
that there is a gap in the central part of thecaptight
curve, which divides the analysed time period itwo
parts, lasting approximately 300 days. In the power
spectrum we also found another, much smaller peak a
frequency v =0.016812:0.000843d (P=59+3 days).
Note that the peak is weakly visible in the perigdan,
presented in Fig. 2, but the corresponding light
variations in | filter are clearly seen in Fig.Arobably

it is some kind of an average period between the
brightenings mentioned above.
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characteristic in the light curve of this binarye ahe
numerous brightenings of this source taking placrye [5]
several dozen of days. These events are not gtrictl
periodic and have different amplitudes. Three @nth [6]
exhibit an amplitude of at least 1mag (see Fig.th¢,
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amplitude.

We analysed the central part of the light curvéwben
5971 and 6573 days. The central part of the liginve
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Lateral distributions of EAS muons measured with tle KASCADE-Grande muon tracking
detector in the primary energy range 16°-10"" eV

P. Luczak, J. Zabierowski (for the KASCADE-Grande llaboration)
National Centre for Nuclear Research, Departmenistfophysics, Poland

When a primary cosmic ray (CR) particle interacthw T [ eE, e ocs’
the Earth's atmosphere a cascade of secondarglesti =0 rema par’ \\\
an extensive air shower (EAS), is created. Invatitgs 5 TR

of the muonic component in EAS are of primary 0 '\"“wi,,,,,**
importance for understanding air shower physics. e ol Oy B
Muons carry nearly undistorted information abouwgith ' o s TS
parent particles which are the most numerous pitsduc \*“‘m\
of hadronic interactions responsible for the depaient :

0 100 200 300 400 500 R, [m]

of the shower cascade in the atmosphere. This
longitudinal development contains information o thrig 1. Lateral density distributions of muons fréine MTD in
mass of the primary CR particle, which is related tfour primary energy ranges. The distributions can b
astrophysical questions. It also carries infornratiodescribed by the Greisen function in the distarscees
relevant to particle physics on the underlying prtips marked with full symbols [6].

of hadronic interactions in the energy range ara th

kinematical region only recently being accessedhey o MmD
forward detector of the LHC. %y o

The most common way used by all EAS experiments ' ***m,, o
with a sufficient number of muon detectors is the ’“*zu*,*”
investigation of lateral distributions of muons,ifge ¥y 1IXR
a projection of the development of the muonic " .

component onto the shower plane [1]. This is uguall *¥Eg353 450,
measured with arrays of scintillation detectorsemh wilooo . oy
the number of muons in each detector is derivethfro '

the energy deposited in the scintillators, using-no gig. 2. Example of the lateral muon density disttions
trivial procedures based on simulations [2,3]. Goeh  optained with the MTD (circles) and KASCADE Array
experiment is the KASCADE-Grande EAS experimenteasurements (stars) together with simulationsriies;
[4] located on the site of the Karlsruhe Institi® squares) in the primary energy range IG(HGeV]):
Technology — Campus North, Germany. It was designed — 7:3

to detect the three EAS particle components: hadron, ig. 2 the lateral distributions obtained wittetMTD
ele(_:trons and muons (at 4 energy thresholds) (&, =800 MeV) are compared with the density
a distance range up to 700 m from the sPower M‘g’ distributions based on energy deposits obtainel thi

for primary CR particle energies frorx B0 eV to 16°  KASCADE Array of scintillator detectors (E =230
eV. For the reconstruction of muon tracks a largma MeV) for the same sample of EAS. The measured
Muon Tracking Detector (MTD)[5] was included in thegjstributions are compared with distributions  of
experimental setup. simulated showers initiated by Hydrogen and lIron
The MTD gives the possibility to study the longitual primaries. The comparisons of the lateral muon itens
development of EAS muons with energy abovelistributions show that the MTD and KASCADE results
800 MeV. For the first time it was possible toare bracketed by the simulated distributions, ne.
investigate the lateral distribution of muons byicting unexpected physical processes are visible. This als
muon tracks for the radial distances 100-610 nfipim  indicates that the hadronic interaction models Hzeen
primary energy ranges above'd@V and with high significantly improved because the simulations
statistical accuracy [6]. The main results of thiperformed with earlier models could not describe th
investigation are presented in Fig 1. KASCADE air shower data.

The MTD distributions can be described with thedat References

distribution function (LDF) developed by Greiser,[7 [1] L. Pentchev, P. Doll, J. Phys. G 27 (2001) 1459.
however in a limited distance range, different éach [2] T.Antoni etal., Astropart. Phys. 14 (2001) 245326
energy interval. This is due to the limited efficsy of [S] W Apeletal, Astropart, Phys. 24 (2006) 467-483.

. 4] W.D. Apel et al., NIM A 620 (2010) 202—-216.
track reconstruction of the MTD, caused by th 5] P. Doll, et al., NIM A488 (2002) 517—535.

saturation of the detector, as well as by triggel] . apel et al., Astropart. Phys. 65 (2015) 55-63
inefficiency (for details see Ref. [6]). The LDFsdome [7] [7] K. Greisen, Ann. Rev. Nucl. Sci. 10 (1960) 63

steeper with the energy of the showers, see Tah. 3
Ref. [6]. The same behavior was observed for thermu
and electron LDFs obtained with the KASCADE Array,
as shown in Ref [3].

— y .
o<1’ 1g(E,~[GeV]): 7.0-7.3

pm?)
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Clustering of 24pum selected galaxies in the AKARI north ecliptic pa deep field

A. Solarz, A. Pollo, T.T. Takeuchi (for the AKARI Collaboration)
National Centre for Nuclear Research, Warsaw, Pdlan

The observed distribution of colours measured fasbserved in optical and ultraviolet surveys, which
galaxies is reported to be bi-modal. On one hand vexhibit clustering properties typical for this pdgion.
have red galaxies, which contain almost exclusiedtly For medium z subsamples (z~0.7 and z~1.1) the
stellar populations and very little gas or dust. tha clustering signal is high — these galaxies are ractive
other hand we observe galaxies, which are richust d in star formation and also more massive. Howeves, t
and show clear evidence of ongoing star formatiosample at z~1.1, composed of even brighter galaxies
processes, and, due to the strong emission at shseems to be residing in lower minimal mass DMH than
wavelengths coming from new-born hot stars, appe#tie fainter galaxies at z~0.9. This could indicttat
blue in colour. However, the origin of the diffecexs brighter infrared galaxies do not necessarily resid
between these two main populations of galaxies mmore massive halos and that their luminosity is not
unknown; what processes contribute to the trunoaifo necessarily a good indicator of their mass. Tho al
star formation (SF)? Different models of galaxymeans that despite similar clustering properties,ane
formation and evolution can reproduce these twonmadealing with at least two different populations stér-
observed populations by implementing differenforming galaxies. This can be attributed to the that
mechanisms which influence SF processes, suchuas (BF galaxy infrared spectra are characterized by the
not limited to) virial shock heating, supernovadieack presence of strong polycyclic aromatic hydrocarbon
or gravitational interactions with other objectsa | (PAH) features, and different aspects of theseufeat
particular, it is expected that the evolution ofj@axy pass through the 24m passband at different redshifts.
depends on the properties of the dark matter halo i

which it resides. To explain this variety of difert 4 e annreg
types of galaxies in the Universe, it is crucial to & 10'%
understand how each population of galaxies is fdime ¢ ’ .
how it evolves throughout cosmic time and whattaee . K P
key factors controlling its evolution. With the aaf /’ o8
measurements of galaxy clustering it is possible to 3 é&} ’
investigate what is the typical environment in WwhigF A . -7
galaxies reside. By tracing the evolution of clustg of
different populations of SF galaxies appearing at E--
different cosmic epochs, we can fit them into an
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AKARI NEP Deep 24um galazies
Gilli et al. 2007 %
Dolley et al. 2014 A

or Starikova et al. 2012

evolutionary sequence to find out their future fated L | ssiael dal boin
we can explain the origin of different types of agl 00 05 10 15 20 25
populations observed today. redshift

Emission in the mid-infrared (MIR) originates mainl

from dust particles, which are heated by youngshents.

That is why in order to obtain catalogues of sosircerig. 1 Linear bias as a function of redshift for the AKARI
actively forming stars, observations in the MIR ardghotometric redshift samples (filled circles). Dedlturves
necessary. We investigate the evolution of clustedf represent the theo_retical Iin(_eqr halo bias evolntaf dark

the MIR galaxies observed by the AKARI satellitgmatter haloes of different minimal masses.

which carried out, among others, a deep surveyef t

north ecliptic pole (NEP) region [1]. To estimateet Additionally, we found that 24m galaxies at redshifts
clustering properties of different populations oF S 0.5 < z < 1.3 might have evolved into present-desyv
galaxies we have split the infrared galaxy catatomito  strongly clustered galaxies, most likely massive
four redshift (z) ranges and for each we estimabed elliptical galaxies residing in galaxy clusters]. [3
galaxy correlation function. References

To relate the clustering of the galaxies to thatthef [1] Onaka, T., et al., The Infrared Camera (IRC) for
underlying dark matter we then calculated the linea  AKARI - Design and Imaging Performance, PASJ
bias parameter b for each subsample. In Fig. 1hows 59, 401 (2007) _

b measured for our different samples as a funotibn [2] Sheth, R. K., Tormen, G., Large-scale bias and the
redshift and compare it with theoretically preditte 3] gggkrzb?k%gﬁgd:pl-;%m’:gﬁsfgs'eltl;i' 2((1)229)
evolution of dark matter halo (DMH) bias for difert o o i, y

. . Clustering of 24um selected galaxies in AKARI NEP
thresholds of minimal halo masses derived by [2]. Deep Fie?d A&LhA 582 A58 g

We found that in the lowest z, least luminous suoida
we are dealing with normal SF galaxies typically
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Properties and evolution of galaxy clustering at tgh
redshift z > 2 based on the VIMOS Ultra Deep Survey

A. Durkalec, A. Pollo (and all members of the VUDSollaboration)
National Centre for the Nuclear Research, Astrops/Bivision, Warsaw, Poland

By definition cosmology is the study of the origin,These studies resulted in two refereed publicatiorthe
evolution and eventual fate of the Universe. HowgveAstronomy&Astrophysics journal. In the first one] [R
there are numerous unknowns about the beginnirigeof took a closer look at the shape, properties andugon
Universe, only some uncertain theories about itaréy of the Large Scale Structure at early stages ofixyal
and huge questions about what happened in the eniddiormation, by measuring galaxy clustering of theeayal
One of the most important among these questiohsvws galaxy population at 2 < z < 5 and comparing thmilts
the complex structure of galaxies observed in tieall with similar measurements obtained for the locatl an
universe formed and evolved through cosmic time. mid-redshift Universe. Next, in the framework oéthalo

Through our research we are trying to bring clotber occupation distribution (HOD) formalism | estimgtad
answers to these fundamental questions of mode®¥erage host dark matter halo mass at redshift .z ~3
cosmology. Specifically, how did the complex lasgmle | checked if it is possible to trace the h|s'ForythrE_se host
structure evolve? How did the relation between hous dark matter haloes, and through that to find wipicksent
and dark matter change through cosmic time and hd¥@laxy population the VUDS sample would evolve into
does this relation depends on the galaxy propértfésat AS presented in Figure 1, by comparing our reswith
processes drive and regulate star formation ands mdg€ local measurements made in the Sloan Digityl Sk
growth in galaxies along cosmic time? With thisgmge Survey (SDSS), we found that the general galaxy
in mind, we studied the properties and evolutiorttef  POPUlation observed at redshift z ~ 3 should haxdved
large scale structure of the Universe at high rédgh» 2  into the brightest and most massive galaxies (sl
which corresponds to a cosmic epoch when the agfeeof line), which occupy the most massive haloes obseine
Universe was less than 3 Gyr. This unprecedentedy st the local Umv_erse, as expected from the hieraathitass
was made possible thanks to the depth and retiamfi 9rowth paradigm.
the spectroscopic galaxy sample from the VIMOS a&Jltrin the second article [1] | studied the efficienafy star
Deep Survey (VUDS). formation and stellar mass assembly in galaxiesdshift
z ~3. | computed the stellar-to-halo mass ratio NGB
' ' Kim o1 . (2013) ‘ and the integrated star formation efficiency (ISFEY
Blake etal. 2008) S taking advantage of HOD modelling of clustering
ot o o011 measurements and SED fitting over the large setudfi-
gzzzz:ie?'él(iggg;) wavelength VUDS data. We found that the star foiomat
Zehavi et al. (2011) efficiency of our z ~ 3 VUDS galaxies was closethe
Bieloy et al. (2010) maximal efficiency allowed by the models, and their
growth and build-up of stellar mass was not yet
significantly quenched by feedback effects at émisch.

This work
Additionally, in the last year the VUDS observasdmve
been finalized and the number of measured galaniés
increased to ~10,000. This allows studies of the
LA = L ! ! = luminosity and stellar mass dependency of galaxy
0 1 2 3 4 clustering at z>2, through correlation function
redshift z measurements in the HOD framework, over the volume
limited luminosity and stellar mass subsamples.
Fig. 1. Evolution of the number-weighted average host halo ~ Preliminary results suggest a strong dependenctheof
mass in three redshift ranges analysed in my stRtyure galaxy clustering on these properties. Similarlys a
adapted from [2]. reported for the lower redshift ranges, more lurasand

massive galaxies tend to be more clustered thanléss

In my work | used galaxy clustering to quantify th . . S
physi)éal properties of ?argeyscale strucgturesitz2< ;y | Eiumlnous and less massive counterparts. This impliat
. the processes differentiating the clustering fdfedént

measured the two-point correlation function luminosities and masses have already been effebtive
a commonly used statistical tool to describe holsxdges ; g .
y 9 z~3. The results of this research will be publishethe

are clustered as a function of scale. | interprdtexbe
measurements using two types of approximation.firsie near future.
one was based on a classical description of thelation ~References

function using a power-law function. The second enorll] A Durkalec etal., A&A, 576:L7, 2015.
detailed approximation was based on a halo occmpati[z] A. Durkalec et al. A&A, 583:A128, 2015.
distribution model (HOD).
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Smooth quantum dynamics of the mixmaster universe

H. Bergerom, E. Czuchry?, J.-P. Gazeat”, P. MatkiewicZ®, W. Piechockf
Y1SMO, Univ Paris-Sud, France
2National Centre for Nuclear Research, Warsaw, Pdlan
3APC, Université Paris Diderot, Sorbonne Paris CRéris Cedex, France
“Centro Brasileiro de Pesquisas Fisicas, Rio de iran@razil

The Friedmann-Robertson-Walker model is successfultepulsive force counteracting the contraction oé th
used to describe the data of observational cosngologuniverse. The capacity to resolve the singularity
Nevertheless, the isotropy of space is dynamicallyonstitutes the basic advantage of our quantization
unstable towards the big-bang singularity. On ttieelo  method. In order to solve the dynamics in the prgse
hand, if the present Universe originated from amore complex setting, we employ the adiabatic
inflationary phase, then the pre-inflationary umgéeeis approximation widely utilized in quantum molecular
supposed to have been both inhomogeneous aphysics. This approach is reasonable when the
anisotropic. Both analytical and numerical evidenceibrations of the shape of the universe are sigaifily
suggests that the dynamics of such a univerdaster than the contraction of its volume.

backwards in time becomes ultralocal and effedfivelthe main resul? is a semiclassical Friedmann-like
identical with the homogeneous but anisotropic ahe equation obtained from expectation values in ACS,
each spatial point. In both cases quantizatiorihef a description peculiar to our approach. In thatagign,
isotropic models alone appears to be insufficienfe expansion of the universe is governed by twmge
Hence the quantum version of an anisotropic models guantum origin. The first is proper to the quant
comprising the Friedmann model as a particular,cée \jixmaster model and corresponds to the energy f th
expected to be better suited for describing thdéiesar \yave in an eigenstate. It is proportional to thergy
Universe. level number. The second, which is more universal,
We advocate’® a new quantization method of thecorresponds to the repulsive potential preventimg t
dynamics of a vacuum Bianchi type IX geometry, thsingularity. The lowest energy eigenstates of shitem
Mixmaster universe. We identify a soluble sectothié are interpreted as the quantum Friedmann universe
model, which lies deeply in the quantum domain @sd, supplemented with vacuum fluctuations of the
we show, contains relevant physics. anisotropy.

The Mixmaster universe exhibits complex behaviouBeyond issues of singularity resolution, the Friedm

As it collapses, the universe enters chaotic @gmihs like equation describes two novel and rather ssimgi
producing an infinite sequence of distortions frim properties of the quantum dynamics. Firstly, the
spherical shape. Those distortions essentialgnisotropic degrees of freedom remain in their ktwe
correspond to the level of anisotropy and may benergy states during the quantum phase consisiémt w
viewed as an effect of a gravitational wave evajvin our approximation. This implies that the quantum
an isotropic background. The dynamics of this weve Friedmann model, unlike its classical counterpiarin
nonlinear, and its interaction with the isotropicfact stable with respect to the anisotropy. Thersfthe
background fuels the gravitational contraction. Notlassical chaos is suppressed within the considered
surprisingly, the quantization of the Bianchi IXodel domain. Secondly, during the contraction the quantu
is a difficult task. Some formulations can be fdun energy of anisotropy grows much slower than it does
the literature, including the Wheeler-DeWitt eqaati the classical level. Namely, it effectively gratia as
or, more recently, a formulation based on loop ¢uan radiation leading to a significant reduction in theerall
cosmology. However, the search for solutions withigravitational pull from anisotropy due to quantum
these formulations is quite challenging, leaving tiear effects.

big-bang dynamics largely unexplored. References

To fill this gap we propose a quantum Mixmaste[1] H. Bergeron, E. Czuchry, J. P. Gazeau, P.
dynamics$? which originates from the affine coherent Matkiewicz, W. Piechocki, PHYSICAREVIEW D

state (ACS) quantization that was recently used to  92(Rarib COMMUNICATION), 061302(R)2015)
obtain the quantum Friedmann model. It was showd] H. Bergeron, E. Czuchry, J. P. Gazeau, P.

that ACS quantization causes some new terms toaappe  Matkiewicz, W. Piechocki, PHYSICAREVIEWD
in the quantum Hamiltonian, producing a strong 92,1240182015)
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Hydrodynamics beyond the gradient expansion:
resurgence and resummation

M.P. Heller!, M. Spalinski*®
Perimeter Institute for Theoretical Physics, WaterlOntario, Canada
National Centre for Nuclear Research, Warsaw, Pdlan
3Physics Department, University of Bialystok, Bidks Poland

The past 15 years have witnessed the rise of tl
practical importance of relativistic  viscous 1.0 LS
hydrodynamics. One reason for this is the succéss I
hydrodynamic modelling of the quark-gluon plasm

(QGP) in heavy ion collision experiments at RHIGan
LHC and the realization that the QGP viscosity jmles SN
a crucial probe of QCD physics. The perfect fluic 08 /

approximation is widely used in astrophysics anig th «— / ///
1

1

ﬂ/ //

theoretical description of relativistic invisciduitls is 0.7 f//’;
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rather well-established. On the other hand, rekiio ‘ﬁ ,/‘,
viscous hydrodynamics is much less well understoo [ f'
|
T b
[

One of the issues is that of causality, which dated L I,

in the relativistic version of Navier-Stokes theory |‘"‘I"‘/‘e’f'/fli’/-//i”%//// 7/ /

making it necessary to include higher order gradier o5 |/

corrections. 0.0 0.5 1.0 1.5 2.0 25 3.0
One of the recent insights is to regard hydrodycaras w

a systematic gradient expansion, much in the spfrit rig 1. The attractor of Israel-Stewart theory fardst
low-energy effective field theory. However, thejnvariant flow.

requirement of causality leads to a framework which
necessarily incorporates very large momenta (ar 3.0
frequencies). In all known examples this is accomgzh

by the appearance of short-lived excitations: nor 55 o
hydrodynamic modes. It has recently been showthan o
context of the AdS/CFT correspondence, that the 2% o
presence leads to the divergence of the hydrodyman.. o
gradient series for strongly coupled N=4 super Yanct
Mills (SYM) plasma. In view of this it is not clear —'-° o
whether or how a naive gradient expansion defihes t =
theory. This is in fact a fundamental conceptus 1.0 ._."
guestion concerning relativistic hydrodynamic ashsu

In our work [1] we proposed a definite answer: sitize 0.5

non-hydrodynamic modes decay exponentially, th .

system rel_a_xes_ to an attractor regardless of wr_ren 5 5 P = i — 5
initial condition is set. We consider a simple attan in n

which this can be made completely explicit: the$t Fig 2. The expansion coefficients of the pressmigotropy
Stewart theory specialized to a longitudinally engiag  diverge factorially at high order.
conformal fluid. We show that the attractor (seg. Hi)

can be determined by relaxation from solutions Wwhic=">"’ i h | axis in th | ol
take the form of a trans-series. The higher ordéthis & Singularity on the real axis in the Borel platiee

trans-series are encoded in the divergent hydradina 2nSWer is complex, which “is clearly unphysical.
gradient expansion, in line with expectations bagad HOWever, one has to recognize that the hydrodynamic
resurgence ideas series is in fact an element of a trans-serieschvhi

captures an infinite set of exponential and nonydica

In our setting, we have calculated the gradientyections, Taking these into account cancels the
expansion of the boost invariant Israel-Stewar

. . imaginary part and yields an answer consistent thi¢h
hydrodynamic theory up to very high order (200) an ginary p y
G ) resence of the attractor.
showed that the series is divergent. The precisenera
in which this occurs encodes the relaxation timghef R€ference

non-hydrodynamic mode present in Israel-Stewatt] M.P. Heller, M.Spaliski, Phys. Rev. Lett. 115,
theory. (2015) 072501

Borel summation fails due to the presence of
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Neutrino production of a charmed meson
and the transverse spin structure of the nucleon

B. Pire!, L. Szymanowskf
'Ecole Polytechnique, CPhT, CNRS, F-91128 PalaisEeance
2National Centre for Nuclear Research, Warsaw, Pdlan

The transverse spin structure of the nucleon -ithtite  described by the handbag Feynman diagrams, as shown
way the quark and antiquark spins share the paltoiz below. We have demonstrated that the transverse
of a nucleon, when it is polarized transverselyitto amplitude WT g— Dq gets its leading term in the
direction of motion - is almost completely unknown.collinear QCD framework as a convolution of chivdd

The transversity distributions which encode thiseading twist GPDs with a coefficient function afder
information have proven to be among the most diffic mc/Q2 (to be compared to the O(1/Q) longitudinal
hadronic quantities to access. This is due to thielc amplitude) and that it should be measurable in near
odd character of the quark operators which enteir th future experiments at neutrino factories.

definition; this feature enforces the decouplingliEse The main results of our study are

distributions from most measurable hard amplitudes. Colinear QCD factorization allows the

It is now well established that generalized partiis  cgjculation of neutrino production of D-mesons in
tributions (GPDs) give access to the internal $tmecof  terms of GPDs.

hadrons in a much more detailed way than parton
distributions (PDFs) measured in inclusive processe,
since they allow a 3-dimensional analysis. The ysifd

Chiral-odd and chiral-even GPDs contribute to
he amplitude for different polarization statestioé W

ex- clusive reactions mediated by a highly virtuaposon '

photon in the generalized Bjorken regime benefisnf * The azimuthal dependence of the cross section
the factoriza- tion properties of the leading tW@ED  allows access to chiral-odd GPDs.

amplitudes for reactions such as deeply virtual Qtom There is no small factor preventing the

scattering. A welcome feature of this formalisnthat measurement from being feasible, provided the
spin related quantities such as helicity or trarsityee  skewnesg and the ratio of the charm quark mass to the
GPDs may be accessed in reactions on an unpolari2&s virtuality are not too small.

nucleon. Planned high energy neutrino facilities which héveir
Neutrino production is another way to accesscientific programme oriented towards understandihg
(generalized) parton distributions. Neutrino indidice neutrino oscillations or the elusive inert neutsnoay
cross sections are orders of magnitudes smaller ththus allow - without much additional equipment mep
those for electroproduction and neutrino beams aimportant progress in the realm of hadronic physics
much more dif- ficult to handle than charged lepton

beams; nevertheless, they have been very impartant e

scrutinising the flavour content of PDFs, and tHeeant

of new generations of neutrino experiments will ope w+

new possibilities. We want to stress that theyloaip to Ve

access the elusive chiral-odd generalized parton D+
distributions.

In Ref. [1] we consider the exclusive reactions

nul(k)N(p1)— I=(k')D+(pD)N'(p2)

a-nul(k)N(p1)- I+(k)D-(pD)N'(p2),
in the kinematicalldc.)main where coIIin_ear factoiyi'qa N N’
leads to a description of the scattering amplitude

terms of nucleon GPDs and the D—meson distribution

amplitude, with the hard subprocess (q'=k; Q2 = Reference
-q2): [1] B. Pire and L. Szymanowski, Phys. Rev. Lett. 115

WHQ)do D+ and  W—(q)u> DU, (2015) 9, 092001
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The combined analysis ob, andve data samples in the T2K experiment

J. Lagoda, P. Przewtocki, J. Zalipska
National Centre for Nuclear Research, Warsaw, Pdlan

The existence of neutrino periodic flavour changgublished the results of the combinggv. analysis, in
(oscillations) was confirmed over 10 years ago][ar®l  which bothv,—v, andv,—v, oscillation channels were
honoured with the Nobel prize in 2015. The mostised simultaneously [6].

important task for currently running and planned
experiments is to investigate closely the threeefla
oscillation paradigm by precise measurement oféthe
mixing angle, resolution of the mass hierarchy and
a search for CP violation in the lepton sector.

While the mass hierarchy can also be determined in
reactor experiments, CP violation can be found amly
the appearance oscillation mode, which was diseaver . ]

at T2K [3]. T2K [4] is a long baseline experimesing Fig. 1. Mgmbe_rs of the War_saV\{_Neutrin(_) Group with_Ztﬁﬂ?S

an artificial neutrino beam sent from the J-PARCNobel Prize winner Takaaki Kajita, who is also working i
laboratory to the far water Cherenkov detector, €8up T2K.

Kamiokande (SK). In the oscillation analysis the event rates and
T2K is designed to probe neutrino mixing parametei@istributions of the reconstructed neutrino enerd
through measurement of oscillations of muon neagiin the observed), andv, candidate events are compared
A very pure beam is produced using the accelerataith the model predictions. To calculate the
complex at Tokai in Japan and sent towards the Sdisappearance and. appearance probabilities, the
detector 295km away, with an off-axis angle of 2.Tomplete formulas were used, including matter ¢ffec
degrees. T2K can study both disappearance of mubour oscillation parameters were fit simultaneously
neutrinos and appearance of electron neutrinoké@n |Am?,|, 8,3 6,5 and dcp. The rest of the oscillation
the excellent SK capability to distinguish intefans of parameters were based on external measurements and
muon and electron neutrinos using the topologyhef t allowed to change within their errors. The fits ever
Cherenkov ring. performed separately for both mass hierarchy
A set of Near Detectors is located 280m from th@ssumptions.

neutrino production point to measure the unoseillat  The analysis was done using the frequentist and
beam. The off-axis detector, ND280, is a multi-ms® Bayesian approaches and the best set of oscillation
magnetized detector able to measure the spectram giarameters is such that it minimizes the negatee |
flavour composition of the beam. ND280 providesikelihood function or maximizes the posterior
samples of events enriched in different reactiquesy probability density, respectively.

(quasi-elastic, resonant and deep inelastic) antble® The best fit points and 90% confidence regions are
different neutrino energy ranges. The samples & t presented on the two-dimensional plots showimgfs,
used in the fit of neutrino energy flux and crosst®n  yersus siff,; on Fig.2 andcp versus sirf;50n Fig. 3.

parameters used to model neutrino interactionsont®!  The results, in which only T2K data were used, are
Carlo simulation. The multi-dimensional fit is shown in red.

performed based on distributions of reconstructedm 0003
candidate angle and momentum. As a consequence of

the ND280 measurement the expected neutrino spectra

at the SK detector can be predicted with much bette 0.0025|
precision. The error on the number of expected tsvien
SK associated with flux and cross section pararaéser
2.7% for v,induced events and 3.2% for events
originated by interactions of,, while without the
ND280 constraints these uncertainties would beage!
as 21.7% and 26.0%, respectively.

The NCBJ group participates in the analysis perémm

. N

Am?, (eV¥/c')

&
b4
2
T

by ND280: we are responsible for the estimatiomhef D s s e s

external background and some of the systematiagserro sin'(B,3)

related to the ND280 detector,. e T2K+Reactor 68% Credible Region  ———— T2K Only 68% Credible Region
. —— T2K+Reactor 90% Credible Region ~——— T2K Only 90% Credible Region

T2K started to take data in 2010 and collected B)8x *  T2K+Reactor Best Fit Pomt *  T2K Only BestFit Point

protqns on target til the end of 20]_'3' The resultI§ig. 2. The T2K 2015 results for the combinge, analysis.
obtained on thev, appearance and, disappearance Tpe |5ops show the allowed regions ofgigand Amss at
have already been published [4,5]. In 2015, T2Hggo (dashed line) and 90% (solid line) confidereeel.
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Fig. 3. The T2K 2015 results for combingg-, analysis. The
loops show the allowed regions of %l anddcp at 68%
(dashed line) and 90% (solid line) confidence level

The fit using only T2K data has little power to stmain
dcp. Therefore, the reactor measurement 6gf was
included, as additional constraint term in the llik@od
or posterior probability. The black contours ond=ig
and 3 are obtained with the additional informaticom
reactor experiments. The fits show weak preferdace

excluded at 90% confidence level: [0.15, 0.&3For
normal mass hierarchy and [-0.08, 1:09r inverted
hierarchy.

In order to find or better constraint the valuesgf T2K
plans to collect more data, in particular using
antineutrino beam, to measurev, appearance
probability and compare it to. probability. The first
antineutrino events were recorded in 2014 and #ie d
taking continued in 2015.
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dcp = /2 and the normal mass hierarchy. For the first

time, some regions of possible values &f were
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Strong multistep interference effects in?C(d,p) to the 9.50 MeV 9/2 state in**C

N. Keeley, K.W. Kemper?, K. Rusek
National Centre for Nuclear Research, Otwock, Pdlan
?Department of Physics, The Florida State Univerditgrida, USA
*Heavy lon Laboratory, University of Warsaw, Wars&eland

The strong population of the narrows (5 keV) In a recent publication [3] we presented CRC
9.50 MeV 9/2 resonance in*C via the *C(d,p) calculations including two-step paths via thé @hd
reaction provides an excellent case study for rigsti 3" states of°C as well as the direct path. We limited the
two-step reaction models. The observed populati@h aconfigurations built on the excited states of theecto
narrow width are incompatible with a simplé D gy, the Z O ds;, and 30 f, which we considered to be the
single particle structure for this level, and stame most important. Spectroscopic amplitudes for all
calculations, e.g. Refs. [1,2], predict a dominantransfer paths were varied to obtain the best ge&am
contribution from the 20 ds;, configuration built on of the experimental data of Ref. [1]. Full detaifsthe
the 4.44 MeV 2 excited state of the'’C core. calculations are given in Ref. [3].

Contributions from configurations built on the 18.0 |n Fig. 1 we show the results of our calculatidbsvill
MeV 4" state of'“C were shown to have a negligiblebe seen that the good fit of the full calculatisntiie
effect on the results of CCBA calculations [1] aligh  result of strong interference between direct anot$tep
they did make significant contributions to the waveransfer via the’C 2" state (the contribution from the

function. To date, possible contributions fromwo-step transfer via tHéC 3 state is much smaller but
Conflguratlons built on the 9.63 MeV 8tate Ofl C had is necessary to give the good description of tha da

not been considered. The original motivation ofsthithe larger angles). The best fit values for the
work was therefore to search for the influence ofpectroscopic amplitudes, together with the mixing
hypothetical components of this type on the measureatios, are given in the Table.

2C(d,p) angular distribution for stripping to the
9.50 MeV 9/2 resonance at an incident deuteron energy

of 30 MeV [1]. Component Spectroscopic amplitude MiXizag)ratio
0
1015 T T T T 3 O D 99/2 _017 157
F — Full A +
: —_— 2: only : 2 D d5/2 133 930
i D.+ onl - 3 Of7z 0.32 5.40

Note that in spite of its small mixing ratio the
contribution of the 00 gy, component is comparable
to the dominant 20 ds;, while that of the 30 fy,
component is almost two orders of magnitude smaller
This “kinematic” effect, due to the need to fin@ tbxtra
energy to excite th&’C core for these two-step paths,
2 sets important limitations on the extraction of
“empirical” mixing ratios from direct reaction dat
may well occur that reaction data are more sermsitiv
the smallest components of the wave function bexaus
josb L+ | | | | | | of this.

8, ., (deg)

do/dQ (mbfsr)
o

—

(=)
T
Ll

References
Fig. 1. CRC calculations foC(d,p) to the 9.50 MeV 972 [1] H. Ohnuma et al., Nucl. Phys. A 448, 205 (1985).
resonance ofC at E; = 30 MeV. The data (filled circles) are [2] D.J. Millener et al., Phys. Rev. C 39, 14 (1989).
from Ref. [1]. The solid curve denotes the fulcadtion, the  [3] N. Keeley, K.W. Kemper and K. Rusek, Phys. Rev. C
dashed curve 2-step transfer via i@ 2" only, the dot- 92, 054618 (2015).
dashed curve direct 1-step transfer via tf@ 0" and the
dotted curve 2-step transfer via tH€ 3 only..
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Determination of impact parameters in aligned breakip
of projectile-like fragments in *°*’Au + **"Au collisions at 23A MeV

T .Cap*? K. Siwek-Wilczynska?, J. Wilczyaski*", F. Amorini®* G. Cardella®, E. De Filippd®, E. Geraci*S,
L. Auditore®, L. Grassf®, A. GrzeszczuK, E. La Guidara®, J. Har®, T. Kozik®, G. Lanzaloné"', I. Lombardo™,
R. Najman®, N. G. Nicolis?, A. Pagand, M. Papd’, E. Piasecki®’, S. Pirroné®, R. Planetd, G. Politi*®, F. Rizzd"*,
P. Russottd* 1. Skwira-Chalot? A. Trifir6 °, M. Trimarchi °, G. Verde®, W. Zipper’

!National Centre for Nuclear Research, Otwock/Wars@eland
Faculty of Physics, University of Warsaw, WarsasiaRd
%INFN, Laboratori Nazionali del Sud, Catania, Italy
*Dipartimento di Fisica e Astronomia Universita datania, Catania, Italy
*Dipartimento di Fisica Universita di Messina andAN Gruppo Collegato di Messina, Messina, Italy
®INFN, Sezione di Catania, Catania, ltaly
"Institute of Physics, University of Silesia, KatogyiPoland
8Centro Siciliano di Fisica Nucleare e Struttura ldeMateria, Catania, Italy
°Smoluchowski Institute of Physics, Jagiellonianuensity, Krakow, Poland
YUniversita Kore, Enna, Italy
YDipartimento di Fisica Universita di Napoli and INFSezione di Napoli, Napoli, Italy
?Department of Physics, University of loannina, Ioina, Greece

3Heavy lon Laboratory, University of Warsaw, Wars&eland

Collisions of very heavy nuclear systems, sucf’@s  Column four shows the value of the total kinetiemyy
+ '9Au, attract the interest of researchers mostlfTKE*) of the reconstructed PLF* and complementary
because of the complete elimination of fusion psses TLF* (calculated from momentum balance).

which cannot occur due to the Coulomb instabilify o .

such super-heavy composite systems. Consequently F AFL AF2 TKE* MeV) L (h)

a wide range of impact parameters corresponding to 0.10-0.15 149 22 1493 1030

semi-peripheral and near-central collisions is open

fast dynamical rearrangements of nuclear matter and 9-15-0-20 142 30 1412 1003

new exotic processes. Ternary breakup of heavyeaucl | ¢20.0.25 135 40 1329 976

systems [1, 2] proceeds as a rule sequentiallyywn

stages. In the first stage a large portion of kinehergy 0.25-0.30 127 49 1330 976

is dissipated and an excited projectile-like fragme | (30035 118 57 1458 1017

(PLF*) and excited target-like fragment (TLF*) are

formed as a result of the exchange of many nucleons 0-35-0.40 111 67 1622 1066
H 97 197

between the target and projecti€’Au + Au — 0.40-0.45 103 77 1699 1091

TLF+ + PLF. In the second stage of the reaction eithe

the PLF* or TLF* breaks up. In the case of an ailti 0.45-0.50 94 85 1699 10901

symmetric system both decay modes are identicail, soln order to obtain information on the localizatiohthe
is sufficient to study half of the events in whitme PLF* breakup reactions in impact parameter/angular
PLF* breaks up. momentum space, we carried out calculations ugiag t

The experiment was performed at the INFN LNS ifvell tested nuclear dynamics model HICOL of
Catania, Italy. A beam ofAu ions from the LNS Feldmel_er [5]. Prowded the inertia of the <_:oII|g|n
Superconducting Cyclotron was accelerated to aystem is calculated in HICOL sufficiently realistily,
energy of 23A MeV and bombarded ‘¥Au target the inelasticity of the reaction (i.e. the TKE* wa)
placed inside the Charged Heavy lon Mass and Enerﬁ?ambiguously determines the resulting localizatién
Resolving Array (CHIMERA) [3]. The CHIMERA the reaction in L—space. The HICOL calculationsehav
multidetector is arranged int4geometry and contains Peen done for all asymmetry bins. Surprisingly,
1192 two-layerAE - E telescopes, each consisting ofndependently of the asymmetry of the breakup, the

a planar 275um-silicon detector and a Csl(Tl) féactions turned out to be localized in quite araar
scintillator. range of L-values, k& 1000-110 (see the last column

in the Table). This corresponds to a very large rimit
complete damping of the available kinetic energyge T
l‘?razing trajectory angular momentum for these
actions is Lraz~ 1570h.

In a recent publication [4] we studied pairs ofjfreents

F1 and F2 formed in the process RLP F1 + F2,

where F1 denotes the heavier fragment of mass num

Ar; and F2 denotes the lighter one of mass numher A

Experimental data were analyzed as a function ef tfeferences

ratio f = AFZ/(AFl + AFZ) which is a measure of the [l] J. W!|CZ}flSk! et al, PhyS Rev. C 81, 024605 (2010)

asymmetry of the breakup. Some quantitative regoitts [2] J. Wilezyiski et al, Phys. Rev. C 81, 067604 (2010).
: . A. Pagancet al, Nucl. Phys. A734, 504 (2004).

the most _probable events for a given asymmetry a T. Capet al, Acta. Phys. Pol. B., in press.

collected in the Table. The first three columnsveho[s] 4. Feldmeier, Rep. Prog. Phys. 50, 915 (1987).

separately the asymmetry parameter bin width aed thyg eased

corresponding mass numberg; And A, respectively.
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Candidates for long-lived highk ground states in superheavy nuclei

P. JachimowicZ , M. Kowal?, J. Skalsk?
Ynstitute of Physics, University of Zielona Géragléna Goéra, Poland
2National Centre for Nuclear Research, Warsaw, Pdlan

On the basis of systematic calculations for 136dvize Multidimensional hypercube configuration-constraine
and superheavy (SH) nuclei, including odd systemes, calculations of the potential energy surfaces (PESs
have found a few candidates for high-K ground state one especially promising candidate, 272Mt, show
superheavy nuclei. The macroscopic-microscopic moda 6MeV increase in the fission barrier above the
based on the deformed Woods-Saxon single-particb®nfiguration-unconstrained barrier.

potential that we use offers a reasonable desonipif

SH systems, including known nuclear masses, G
values, fission barriers, ground state (g.s.) deétions, 0.2
and super- and hyperdeformed minima in the heavie
nuclei. Exceptionally untypical high-K intruder 0.1
components of the g.s. found for some nucle
accompanied by a sizable excitation of the parel

configuration in the daughter, suggest a dramat g 00
hindrance of the decay, shown in Fig1l. =
-0.1
125 —a—gs>gs.
12.0 _—o— parent configuration preserving transition _ 02
.\
115+ \\ . |.|.|.|.|4.|.(..-
00 01 02 03 04 05 06 0.7
1.0} [ I 1
g
= 105} -
s *-o . n
100+ .
c \\. " .\./o\ \- |
95+ B -
\ ]
9.0+ -0 E
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N
6 -—‘l—g.ls.-> gis. I I l I l "
5 | —e— parent configuration preserving transition .
41 h ]
3L e~ ]
2L / \ —® min ]
= I v o ]
\({,’ 0 / \/\. ./. S 1 1 1 1 1 1 1 1
= & [y b
= Al a /I\\ / ] 00 01 02 03 04 05 06 07
2 Ll J 1 B
_8) 3l e | Y ms_____] 20
A N ] Fig. 2. Calculated vs experimental Q alpha valued @half-
St us 1 lives for the decay chain of Z =117, A = 294.
-6

156 158 160 162 164 166 168 170 172 ) ) ] )

N It is possible that one such high-K ground or Iging
state may be the longest-lived superheavy isotopes.

Fig. 1. Q.values calculated with blocking following from the

WS model and the increasevitalf-life. Reference

[1] P.Jachimowicz, M. Kowal, J. Skalski, PHYSICAL
REVIEW C92,044306(2015)
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Investigation of visible radiation emitted from HOT plasma streams
and interactions of such streams with solid targets

E. Sktadnik-Sadowska, K. Malinowski*, M.J. Sadowski?, K. Czaus, R. Kwiatkowski', D. Zatogd,
J. Zebrowski', K. Nowakowska-Langier', M. Kubkowska? M. Paductf, E. Zielinska’, V.A. Gribkov?,
I.E. Garkusha®, M.S. Ladygina® and V.A. Makhlay®

National Centre for Nuclear Research, Otwock, Pdlan
?Institute of Plasma Physics and Laser Microfusifarsaw, Poland
3Institute of Plasma Physics (IPP), Kharkov, Ukraine

In the first quarter of 2015 the authors made thalf

revisions of a paper presented at th& 1AWPP in DeF-100 e e Shols #994851
2014 and published in J. Phys. [1], describing I bt Wi
experimental studies of the physics and applicatioh texp =01 ps, z=9cm

400+

plasma streams produced by plasma-focus discharges,
performed within the framework of an international
collaboration.

Final revisions were also made to a paper, predeatte

the same conference and published in J. Phys.of?],
the interaction of high-power plasma streams with

Intensity, a.u.
@
8
8
I

N
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8
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»-

g

8
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19ps
T

samples of different grades of tungsten. Particular o0  avelength. nm 70
attention was focused on surface profile develogriren
the course of irradiation, as shown in Fig. 1.

Fig. 3. Changes of the Dine profile observed at different
instants after the current peculiarity (dip) fodéscharge
performed with gas-puffing about 1.5 ms before disgh

initiation.

This was the basis for estimates of temporal change
the electron concentration of the investigated mkas
streams. The analysis and the data obtained were
presented in a paper that was published in Nukkeoni

Fig. 1. AFM images of single forged tungsten samgplethe [3]-

initial surface, b — the surface exposed to 10gmilsf a 0.75  Results of other experimental research on intense
MJ/nt plasma stream. plasma stream interactions with targets made of
tungsten, obtained within the PF-1000U facility, reve

Much experimental effort was devoted to an analgsis o _ - .
P y analyzed by a joint Polish-Ukrainian team. Partcul

data obtained during optical emission measuremats ; . e
plasma streams which were generated within a neablifi attention was focused on identification of tungsten
PF-1000U facility operated without and with addii spectral lines and determination of mass-lossesechu

gas puffing. An example of the optical spectrum igy the irradiation of the investigated W-samples, a
shown in Fig. 2. shown in Table 1.

180 Table 1. Weights of the investigated W-samples.

PF-1000frreestream” T

U=19kV p, (D,) =1.2 Torr 3
g.p.=2atm + 1.5 ms before U ::Bé W-sample W-sample W—sample
il texp=01pusz=9cm g after 1 after 3 Shots after 5
w0 E shot shots
:an Initial mass
0.3 [g] 8.2804 8.6732 8.4694
Cull,m ¢
AL ol Loss of
g mass [mg] | 0.4 2.5 2.0
350 400 450 500 550 600 650 700 750 .
ireladigih The results of spectroscopic measurements and sampl
analyses were presented in a separate paper lish
Fig. 2. Changes of optical spectra from plasma picztl NukI)(/aonika [4] P P paper @b
within the PF-1000U facility with gas-puffing abousIns ) T
before the discharge initiation. The Polish-Ukrainian team also elaborated resufts o

A detailed vsis of th ded bl o(ﬁ)tical emission measurements, performed durieg fr
etalled analysis of the recorded specira ena Ff) opagation of pulsed plasma streams within the PF-

changes in the pline profile to be determined, as0ooy facility and during their interaction withrban-
shown in Fig. 3. fiore composite (CFC) samples. During experiments
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with CFC targets different Cll and CIIlI spectrahds
were recorded and identified, as shown in Fig. 4.

PF-1000 CFC4 xz1
U=23kVpy=1.8Torr:

shots #9996, 10000

2000

u

[+
withot gas-puff F1600 -
g = - =
/E/ £ E texp=0.1ps z=9cm 12002
o
o R iy I
R ~ E e 800 =
¢ 28 - cE
ol S 5 & > g 400
-t "N% 2 ©
I Ses | | = 0
B ™~ Pk uw. P T ~ N
¥ — I oo A
=} | ‘]‘”" gm: oy
O‘ " = \\:\ == o N 15 o
(1o o 43 N
8 VA 7S L B S
S 8
% ¥ RPN
350 400 450 500 550 600 650 700 750

Wavelength, nm

Fig. 4. Temporal changes in the optical spectrurasnesd
near the CFC-target surface in the PF-1000U fagilit

different parts of the optical spectra and idecdifion of
W-lines, as shown in Fig. 6.

Shots:20150121;10856-10857, 20150118; 10826-10833

PF-1000U, W target_
z=6 cm, U=16 kV

2800

=
2
~

2400

407.4 Wi, Cll

2000

Intensity, a.u.

T T —
420 425 430 435

L T
415
Wavelength, nm

’ 440 440
Fig. 6. Optical spectra in the range &= 440-480 nm,
recorded near the irradiated W-target surface dfetent
exposition times (0.1 ps and 1 us), obtained dufiptasma
discharges (marked by different colours).

The observation of these spectral lines at differerd © investigate changes in the target surface mdoglyo
instants after the current dip enabled the erosidRduced by plasma streams, an additional analyass w
dynamics of the CFC target to be estimated. Detailderformed by means of an optical microscope. The

results were published in Probl. Atom. Sci. Techfl

Optical emission spectra from plasma streams a
plasma produced from different targets in PF-1000

results were reported at the PLASMA-2015 conference

r?tﬂ‘d submitted for publication in Nukleonika [8].

Uhe main experimental results of the studies desdri

experiments were also analyzed in a paper presatec@bove can be summarized as follows: 1. Optical

a Joint ICTP-IAEA Advanced School in Trieste [6].

Another task h on interacti f plasny . g the
fomer fasi was research on Interactions o pasdr%{eractlons with different targets (CFC, W, W gh;

streams with CFC targets within an RPI-IBIS (ro
plasma injector) facility. In addition to opticapectra
surface changes of the irradiated targets,

investigated as shown in Fig. 5.

Fig. 5. Comparison of SEM images of a virgin CFC damp
(left) and that irradiated by 10 discharges (righBoth images
were obtained at a magnification of 3000x.

In order to study the morphology of irradiated crad4

samples, their surfaces were also analyzed by mefan
an EDS (energy dispersive spectroscopy) techniq

The obtained EDS images showed that some impuri

ions,are also deposited an the irradiated forgdesa
e.g., ions from the applied metal electrodes. Hsailts

of the measurements were reported at the PLASMA-
conference and submitted for

2015 international
publication in Nukleonika [7].

Results of earlier studies of plasma interactionth w

pure (99.95%) tungsten targets, obtained in the Pfg
were summarized and analyzed.

1000U facility,

Weg

emission spectra were recorded for pulsed plasma
eams during their free propagation and durirgjrth

2. Analysis of the pline enabled temporal changes of
fge plasma electron density to be determined;
3. Temporal changes of spectral lines originatirgmf
exited atoms and ions, which were produced from the
irradiated targets, enabled the target erosion mjcgato

be studied; 4. Microscope-, EMS- and EDS-images of
the irradiated targets were helpful in estimatioh o
changes in morphology of the samples.
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Studies of X-rays, ions and neutrons emitted
from plasma facilities of the RPI- and PF-type

M.J. Sadowski?, K. Malinowski®, E. Sktadnik-Sadowska, J. Zebrowski*, K. Czaus, R. Kwiatkowski',
W. Surata’, D. Zalogd, M. Paductf, E. Zielinska?, P. Kubes
'National Centre for Nuclear Research, Otwdhiderk, Poland
?|nstitute of Plasma Physics and Laser Microfusiarsaw, Poland
%Czech Technical University, Prague, Czech Republic

In the first quarter of 2015 the joint experimenisdm Energy distributions of the emitted ions were
completed corrections of a revised paper on studies determined by means of a Thomson-type analyser. The
the anisotropy of fusion-produced protons and m&str analysed experimental data were presented in aevi
emitted from high-current plasma discharges. Thegmper published in Nukleonika [2].

studies were performed using so-called “sandwichrhe earlier energy- and time-resolved measurenints
detectors”, which were composed of an Alfiltertast jons from the PF-1000U facility, which were
absorption and two PM-355 nuclear track detectoiserformed with the Thomson analyser, placed at
separated by a neutron-proton converter made gf gistance 135 cm from the electrodes outlet and
polyethylene. Detailed measurements performedimvithequipped with miniature scintillation detectors, reve

a modified PF-1000U facility enabled the anisotrdpy ajso analysed. Signals of deuterons, which were
be determined, as shown in Fig. 1. obtained from different energy channels, were
compared to determine the periods of fast deuteron
emission, as shown in Fig. 3.

— experiment 1 20 82107 =—gxperiment 1

& :
1 —
-experiment 27 .60 i SO experiment 2

. ==mexperiment 3

7
— experiment 3 | Bx10

150 / o 0

210" ; /30

T T T T T T
5.2 53 54 55 5.8 5.7 5.8 59 6.0
Tus]

N _270-
Fig. 3. Deuteron signals from 3 energy channelthef

) ) ) Thomson analyser and a signal from a scintillagpzobe
Fig. 1. Anisotropy of the fusion-produced neutrdat) and (recording hard X-rays and neutrons). Straight fimaark
protons (right) measured in 3 experiments. The rersbf periods when the deuterons could be emitted.
tracks are given after normalization to a steradian
. . The detailed analysis of the deuteron emission was
Theapplied detectors as well as detailed results egah reported at an international symposium and pukdishe
measurements were described in a paper publishedF; c. SPIE [3]

Rev. Sci. Instr. [1].

. . The ion studies described above were also repated
The results of earlier measurements of fast iomisea P

: . ; he £ E Conf PI Di tics,
emitted from plasma discharges in the PF-1000 N uropean -onierence on trasma “Iagnostcs

facility were analysed. The ion beams were recotsied eld in Frascati, Italy, and published in ProcSof. [4].

means of a pinhole camera equipped with a PM_3§33ifferent methods of electron- and ion-diagnostics,
track detector, and their microstructure wa&Pplied in various PF studies and applicable atso t
investigated, as shown in Fig. 2. measurements in tokamaks, were compared. Particular

attention was focused on various versions of

pa= 1.6 biPu +gus-pull Yy = Ldx10" Cherenkov-type probes used in different tokamak
| =1 o/ . . .

S At i experiments and new ion probes, which were develope

0 x

1 ; for measurements of fast ions (including those pced

q & by nuclear fusion reactions) in tokamaks. An ion

3 i pinhole camera, which enables irradiation of sdvera

" o nuclear track detectors during a single tokamak

5 discharge, was described as well as a miniature

6 Thomson-type spectrometer, which can be used for io
4 5 6

I measurements at plasma borders. These diagnostic
xsize (mm] methods were summarized in a paper published in

Fig. 2. Image and density map of deuteron bearesiefgy > Nukleonika [5].

220 keV emitted from a single PF-1000U discharge.
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The most important problems which have to be solved
before construction of future thermonuclear reactor
were also analysed. Attention was paid to the tflaat
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fossil fuels pollute the environment, energy from 4
renewable sources is very dilute and costly, aretgn
from conventional nuclear fission reactors is atex
a good option, because such facilities produce mai™

radioactive wastes. Therefore, it will be necesdary 20 mm
exploit fusion energy in the near future. In order o
construct an efficient fusion reactor, however,ist PO O 0 0 0
necessary to solve many difficult technical protdeas o o pt BER AR
discussed at the_PME con_ference and described in = e
a paper published in Nukleonika [6]. o I/ 2z=3em
During the whole of 2015 the joint NCBJ-IFPILM team :rm
also continued experimental studies of the X-ray Baa ot pf b alogegn ]
emission from PF discharges. Results of the earlier L=
measurements of soft X-rays from the PF-1000U ke
facility were analysed and summarized. Particular T
attention was paid to X-ray pinhole images which B
‘(‘jemonstra:ted the appearance of plasma filaments Iﬂé. 6. Time-integrated X-ray image (with markederation
hot-spots”, as shown in Fig. 4. fields) and time-resolved X-ray signals from PINd#s, as
[ “" . recorded for shot #10333 (shown earlier in Fig. 5).
‘. The most important results of the studies perforimgd
‘ the NCBJ-IFPILM team were reported at the ICOPS
t conference and presented in a paper published 8TPS
[8].

Fig. 4. Time-integrated X-ray pinhole images, ataoted Much experimental effort was also devoted to
from 4 discharges (from left to right - shots #99870143, measurements of fast electron beams emitted from
#10144 and #10338, performed atp2.0-2.4 hPaBRand D, a modified PF-360U facility, mostly in the upward
puffing), which show distinct “hot-spots”. direction through a central channel in the anode this

urpose use was made of magnetic analysers equipped
ith miniature Cherenkov or scintillation detectors
general view of a small magnetic analyser is shaw

The analysed X-ray images and results of prelingrina|p
time-resolved measurements of X-ray pulses We¥
presented in a revised paper published in Nuklea)nili:.
[7]. ig. 7.
The NCBJ-IFPILM team also performed a very detaile
analysis of the recorded time-integrated X-ray iesag
as shown in Fig. 5.

20 mm b e 20 mm ~ bearmi \ NFOZa
E scintillators

he |

Magnatic

field g
® Y . Electron

beam
inIeF
i wphpos L
pepee |

fa Electron
L trajectories

|

‘ Wi Fig. 7. Side-on view of the small magnetic analygén a

‘ "\ : 180 deflection of the analysed electrons (left) andeav of
| the plate with miniature scintillation detectorsgni).

Fig. 5. Analysis of X-ray pinhole images and copasding The results of the studies described above weertegp

dlenSity??ntours' Whic(;‘ffho""tze aﬁpeara?fcefg;:ma) at the PLASMA-2015 international conference and
plasma filaments in 3 different discharges (fro right): . : S -
shot #10080, #10230 and #10333, performedyat .0 hPa ﬁlrfljigfiga '[g] a paper submitted for publication in

D, and D, puffing.

The team also analysed the results of time-resolve%f ferﬁf“,ﬁfjmowski E. Skladnik-Sadowska. M.J.
measurements performed with 4 PIN diodes located  sadowski, et al., Rev. Sci. Instr. 86 (2015) 013502.
behind filtered pinholes, which observed differenf2] R. Kwiatkowski, K. Czaus, E. Sktadnik-Sadowska, et
regions of a dense plasma column, as shown ir6Fig. al., Nukleonika Vol. 60, No 2 (2015) 297-302.
[8] R. Kwiatkowski, K. Czaus, M. Paduch, M.J.
Sadowski, et al., Proc. SPIE Vol. 9662 (2015)
96622U.
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[4] R. Kwiatkowski, K. Czaus, M. Paduch, M.J. [7] W. Surata, M.J. Sadowski, M. Paduch, et al.,
Sadowski, et al., Proc. of Sci. Vol. ECPD2015 (2015 Nukleonika Vol. 60, No 2 (2015) 303-308.
121. [8] M.J. Sadowski, M. Paduch, E. Sktadnik-Sadowska, et
[5] M.J. Sadowski, Nukleonika Vol. 60, No 2 (2015) 199- al., Plasma Sources Sci. & Technol. V®.(2015)
206. 055003.
[6] M.J. Sadowski, Nukleonika Vol. 60, No 2 (2015) 331- [9] W. Surata, M.J. Sadowski, R. Kwiatkowski, et al.,
338. accepted for publication in Nukleonika.

Studies of fast electron streams in tokamaks with Rerenkov-type diagnostics

M. Rabinski', F. Causa, L. Jakubowski', J. Mlynai®, M.J. Sadowskt, J. Zebrowski',
M.J. Jakubowski', K. Malinowski*, R. Mirowski', FTU-Tean?, COMPASS-Tean?
National Centre for Nuclear Research, Otwddkierk, Poland

’ENEA, Frascati (Roma), Italy
3Institute of Plasma Physics AS CR, Prague, Czephlftie

High-temperature plasmas in tokamaks usually contairhe results of the earlier experimental campaigns,
large populations of high-energy electrons and .ionsvhich were carried out within the FTU tokamak with
Investigations of fast electrons produced in thespia the single-channel detector, were summarized in two
and escaping from tokamak-type facilities are opapers [1-2]. During recent studies within the FTU
particular interest for diagnostics, because sudibkamak in Frascati a new kind of modulated sigved
electrons deliver information about processes aoayr found

inside the bulk plasma. From the practical pointiefv
the control of intense high-energy electron beam
which can damage the first wall, also plays a Sicgmt
role because it enable us to avoid or to mitigat
disruptions during tokamak operation.

Experimental and theoretical studies, performearder

to determine the conditions of runaway electrol
generation and to investigate mitigation technique:
were started at the IPP ASCR in Prague in 201¢a#s
of the MST-2 project realised in the framework bé t
EUROfusion Consortium. Such studies were als
continued in 2015. A team from the National Ceffitre
Nuclear Research (NCBJ) proposed to appl
Cherenkov-type probes to fast electron measuremen
because of the high spatial- and temporal-resaiubib
such detectors.

New single- and multi-channel Cherenkov detector
were installed within the COMPASS tokamak during
the spring and autumn campaigns in 2015. During tt
spring campaign some very short time-resolve
Cherenkov signals were recorded, with the helphef t
single-channel detector, in addition to the oftel
observed long-lasting signals. For the autumn cégmnpa
a new multichannel Cherenkov detector was congtductFig- 1. Comparison of neutron and hard X-ray signgiXR)

and manufactured. It was equipped with three channd!ith €lectron-induced signals from a three-channet@hkov
with radiators made of CVD diamond crystals, whict/Stector (signal intensity [V] versus time [ms]pst runaway
were covered by different filters in order to edittb electrons were recorded mainly during a dischargeugition.
various lower-energy detection thresholds: 58 k45 and interpreted [1]. In the course of more detailed
keV and 221 keV. The first channel of the probe wastudies the Cherenkov-signals were correlated with
roughly calibrated with a 100-keV electron beametak a whole variety of data collected from other diagfius,
from an accelerator. including X-ray and gamma-ray signals, neutron

Preliminary measurements of runaway electrons durirf{etectors, electron cyclotron emission, and thentir
the autumn campaign were also performed. Signa¢§>||s_ used for investigation of MHD instabilitieg]{ In
from the Cherenkov probe channels were correlat@fidition to the first observation of the correlatio
with the fusion-produced neutrons and hard X-rays, Detween runaway electrons and the evolution of
during numerous shots some electron-induced spikB¥gnetic islands, some disruptions caused by the

were recorded in the Cherenkov channels only (ige ginjection of deuterium pellets were recorded. Other
1). correspondences of the observed phenomena wilide t
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subject of further studies, both theoretical

experimental ones. [1]

A summary of the results obtained in the design and
construction of Cherenkov-type measuring heads, as
well as in experimental studies of fast electroarbe
within the CASTOR, ISSTOK, TORE-SUPRA, and
FTU facilities, was presented in [3]. Another paper
presented a development of the measuring he:f'gj
construction designed for different tokamak devices
and in particular the specific issues of signaluésition

to a data storage system [4].

(4]
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Metastable alloy layers
obtained by the impulse plasma deposition method
K. Nowakowska-Langier', R. Chodurf, K. Zdunek?

!National Centre for Nuclear Studies, Otwasikierk, Poland
“Warsaw University of Technology, Warsaw, Poland

The pulsed plasma in impulse plasma deposition XIPD
synthesis is generated in a coaxial acceleratationg
periodic electrical pulses, and is distributedha form

of energetic plasma packets [1]. A nearly complete
ionization of gas, in these conditions of plasma
generation, favours the nucleation of a new phdse o
ions and the synthesis of metastable materialshén t
form of coatings which are characterized by amousho
and/or nanocrystalline structure. In this work,Fa-Cu
alloy, which is immiscible in the state of the
equilibrium, was selected as a model system toystuel
possibility of formation of a non-equilibrium phase
during IPD synthesis.

In our work, we studied the structure of the Fe-aloy
layers formed during impulse plasma deposition {IPD
synthesis [2]. The obtained phase structure was
characterized by the presence of single-phase
supersaturated solid solutions: bcc-Fe(Cu) in Hseof

the Fe-rich layer and fcc-Cu(Fe) in the case ofCGhe

rich layer, which were formed in these immiscible
systems. Single phases, bcc and fcc, occurreckifrél

Cu layers with a copper content less than abouwt2%

and with a copper content larger than about 50 ,at.%
respectively. Structural characterization of thgels
was done by means of X-ray diffraction (Fig 1).

The lattice parameters of both structures wereelarg
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than those of pure Fe and pure Cu. The resultsunf oFig- 1. X-ray diffraction patterns of Fe-Cu allagykrs

investigation showed that the phase compositiothe

f obtained by the impulse plasma deposition method.

layer material synthesized by IPD was dependent ghschematic diagram of the solid solutions of tiee-€u

the_ atomic mixing effect be_tween the layer compt®ensystem (the phase boundary) produced by various
delivered to the substrate independently and stgdgra methods, compared to the equilibrium phase boundary

in time. The solubility in the Fe—Cu system wast room temperature is illustrated in Fig. 2. A® @an
extended relative to the equilibrium state. Thigee, good results, i.e. the extension of the siphsese

demonstrates that the IPD method is successful #nes,

producing metastable structures of alloy layers large
composition range.

engineering methods.
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Fig. 2. Metastability regions of the structure &d+cu alloy
obtained by different methods supplemented byehdts of
our study. Phase boundaries obtained by: (A) eloiilim
phase boundary at room temperature, (B)liquid qinamg,
(C) vapour deposition, (D) electrodeposition, (E)eting on
cryogenic substrates, (F) mechanical alloying, é8Y the
IPD method (this work).

Reference

[1] Zdunek K 2007 Surf. Coat. Tech. 201 4813

[2] K Nowakowska-Langier, et al. 2015 Mat Scien-Pol 33
(4), 841-846
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High intensity plasma pulses for the modification alumina ceramic

M. Barlak !, D. Derewnicke"Z. Werr]er1
INational Centre for Nuclear Research, Otwdbkierk, Poland
?Institute of Precision Mechanics, Warsaw, Poland

Alumina ceramic with its good (also high-temperajur cn? per pulse. The deposited layers are alloyed imto t
mechanical (wear), physical (electrical resistivitysurface (not only adhesive joints), new phases lman
thermal conductivity) and chemical (corrosion)created in the interface area and additionallyethiethe
properties is still a very popular material in mode possibility of designing the depth profile of the
engineering (electronics, high vacuum techniqueitroduced element (e.g. graded profile) to relhe t
nuclear techniques, aerospace, automobiles, cuttipgnerated stress8d’,

tools, medical, biomaterials ett?) It is used e.g. as |n our work, we used a Rod Plasma Injector (RPI)
a substrate for functional structures or as a cov@pd referred to as IBIS. The main parameters of the
of joints between different materials, includingcuam — mogification process were:

tight ones, where helium leak should be no highant

1.3¢-9 Pa/$) - modified materials: AlO; type ceramic, 0.5 mm thick,
To improve the workability and reliability of ceréoms, I-chr;trvcz/duced material (layer material): Ti, Cr, iR, Cu,

these materials must be combined with métalsually, )
for technical applications, the metallic layers are Working gas: Ar,

deposited on the alumina ceramic. There are ead.: ¢ number of pulses up: to 50, mono- and multienérge
layers of high-melting point materials (like Mo ad) pulses,

for high-temperature applications or as interlay®rs _ gnergy density: from 1 J/érto 7 J/crf,

ceramic-metal joints, (b) layers of noble materigsl, . .
Ag, Au) and thher mgtzzria}/s (like Ti, Fe, Ni, g;lrf - regime of generator work: DPE (Deposition by Buls

good electrical and thermal conductivity and/or agrosmn).

interlayers in ceramic-metal joifitd Fig. 1 shows the selected EDS maps of the scrasth-t
érack on AbO; ceramic with an Fe layer (for the start
pint, at 1/4, 1/2 and 3/4 of the scratch lengtig &or

e finish point, magnification 500x). This samplas

There are several methods (e.g. galvanic methads,
methods or vacuum methods) which can be applied f
the deposition of metallic layers on ceramic sudiss. i ! ) :
However, no universal technique for preparatiorihef modlfled_ with 5, 10'.15_ and 20 pulse% with sequ;éigm
surface has been developed thus far. We propossséhe decreasing energy, i.e.: 7, 5, 3 and 1 Jiempectively.

of the high-intensity pulse plasma beam, HIPPBThe scratch length was 10 mm. The load force was
technique for the modification of alumina cerami a0-100 N per 10 mm.

a method characterized by its high universalitye Thwe can see that the metallic layer has good adhésio
HIPPB technique allows for melting of the supedici the ceramic substrate. Due to the alloyed deposited
region of the modified surface and simultaneoumaterial, a classical crack does not occur. Thatsir
introduction of a modifying element. The meltingotie  indenter compresses the deposited layer into the
is about a few micrometres and the content of thgubstrate. The bright areas, visible on the 2 raaps,
introduced element is at a level of a few®l@ns per are chipping of the substrate.
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This kind of layer may be advantageous for somécknowledgments _ o
applications in comparison with conventional orfes, Many thanks to Mr. S. Karpisz, B. Staszkiewicz,
example as interlayers in ceramic-metal joints. J. Zagorski and D. Grygiel for technical assistance

Fig. 1. EDS maps of a scratch-test track on ag©DAteramic with an Fe layer (from the left: for tharstpoint (load force 0 N),
at 1/4, 1/2 and 3/4 of the scratch length (25 NN&@nd 75 N respectively), for the finish point (100 DS colours: red - Al,
green - O, blue - Fe, cyan - C.

References [6] A. Murari et al., Vacuum, 68 (2003) 321-328
[1] Ch.-Y. Su et al., J Mater Eng Perform, 23 (2014)-906 [7] K.-Y.Lee, Weld J, 86 (2007) 35-39
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[2] R.Beeranur et al., Procedia Mater Sci, 5 (2014) 969- (2014) 23-32

977 [9] R. Asthana et al., J Eur Ceram Soc, 28 (2008) 617-
[38] Y. Zhu etal, Weld World, 59 (2015) 491-496 631
[4] A.Kar, et al., Mater Lett, 61 (2007) 2982-2985 [10] M. Barlak et al., Surf Coat Tech, 203 (2009) 2536-
[5] M.C.A. Nono et al., Mater Sci Eng A, 435-436 (2006) 2540

602-605 [11] M. Barlak et al., Vacuum, 83 (2009) S81-S85
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Applications of PM-355 nuclear track detectors torvestigation of 'B(p,2¢)a reactions
induced by pals-laser beams.
Change in the sensitivity of track detectors for potons after long — term storage

A. Szydiowski, A. Malinowska, M. Jaskota, A. Korman K. Malinowski, M. Kuk
National Centre for Nuclear Research, Otwadkierk, Poland

Laser-induced nuclear fusion reactions are nowaday$ie experiment is carried out by an internatioealnt

investigated as an alternative approach for

thend our scientists using suitably calibrated setate

production of fusion energy. In 2013 — 2015 NCBushuclear track detectors of the PM-355/CR-39 type,
scientists were engaged in an experiment perforated undertook to measure angular distributions andgner

the PALS laser in which thEB + p— 30 + 8.7 MeV
nuclear reaction was investigated in order to aehtae
aforementioned goal.

SiHBy SiHBjy  Si

Laser
—

PM355/TP

SiGTO@ e
7

MCP

Electromagnetidield

= —

P

Fig. 1. The experimental setup; the inset showsplsi
sketch of the three different target geometriesl uis¢he
experiment.
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Fig. 2.(a) The alpha particles calibration curveb;c)
Snapshot showing the craters produced by protanal(s
spots) and alpha particles (larger spots) for thigk Si-H-
Bimpi target, 1 and 2 h etching time; (d,e) snapshbtséng
the craters produced by protons for the thick &jéa (without
B) after a 1 and 2 h etching time.

spectra of fast primary protons and alpha particles
which are produced in theB(p,2u)a reaction induced
by laser beams. Some results obtained in this
experiment were already presented in the NCBJ Annua
Report — 2014.

Since the PALS — laser experiment was continued in
2015 and new data were obtained, we present thé mos
important results in this issue of the NCBJ Annual
Report. Figure 1 presents the experimental setag s

the experiment with both thick and thin targergufe 2
shows the alpha particle calibration curves of the
detector after 1 and 2 h etching times and typiridt

355 snapshots (1 and 2 h etching times, respegfivel
obtained when the massive boron implanted
hydrogenated silicon samples were irradiated [1-2].
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Fig. 3. Variation of the sensitivity function V#Vg
measured in 2006 and 2015. The arrows on the figures
indicate the positions of the maxima of the serngiti
function.

Solid State Nuclear Track Detectors (SSNTDs) are
widely used for dosimeter applications, as air rado
concentration dosimeters, for neutron monitoring amn
space research for investigations of the depth
distribution of radiation in different organs ofti@sauts
during long duration missions. These measurements a
characterized by long-term exposure of up to a few
months. It is known that exposure during spaceionss
leads to the fading of CR-39 sensitivity. For picadt
applications the detectors require a calibration
procedure which must be represented in the seitgitiv
measurements of the dose [3].
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Changes in the sensitivity function V =Nz (V1 - etching time is about 15 % at the maximum and about
track etch rate; ¥- bulk etch rate) due to the ageing ofl0 % in the region of proton energies 2 — 4 MeV;

CR-39/PM-355 type track detectors stored over @&y . The positions of the maxima in 2006 and 2015 are
period have been studied using protons in the gnergpoyt the same and the maxima indicate a small shif

range 0.2 — 5 MeV. The track diameters were found {yith etching time towards higher proton energies.
decrease as time passed from the detector exptsure

etching, whereas the bulk etch ratgi¥ not affected by
. . . References
ageing effects and remains almost constant ovénea n

. .. .t[l] D. Margarone, A. Picciotto, A. Velyhan,...,A.
year period of storage.The values of the sengitivi Szydtowski, A. Malinowska, et al., Plasma Phys. €£on

function V obtained in 2006 and 2015 are preseimed F. 30, Vol. 57 (2015) 014030.

Fig 3 versus proton energy and etching time 14 M. A2] D. Margarone, A. Picciotto, A. Velyhan,...,A.
examination of the sensitivity function V(E, t) fro Szydtowski, A. Malinowska,et al., SPIE N&345
these figures clearly shows the following behaviour (2015) 93450F-1A.

A. Malinowska, M. Jaskéta, A. Korman, et al, Rad.

e o o : Lo (3]
It is evident that the sensitivity function obtad in Meas. 2016 — in press.

2015 is smaller than that in 2006. The reductiarilfe h
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The EUROfusion_NCBJ_JET4 project for gamma-ray detetors
in plasma experiments

I. Zychor, G. Boltruczyk, M. Gierlik, M. Gosk, M. G rodzicka, J. Iwanowska-Hanke, S. Korolczuk,
R. Kwiatkowski, S. Mianowski, M. Moszyaski, J. Rzadkiewicz, P. Sibcziski, A. Syntfeld-Kazuch,
t. Swiderski, M. Szawtowski, T. Szcasniak, A. Szydtowski, A. Urban
National Centre for Nuclear Research, Otwdabkierk, Poland

The EUROfusion_NCBJ_JET4 Project for Gamma-RagZamera will complement high resolution spectroscopy
Detectors in Plasma Experiments is a four-yeargotoj measurements with the Gamma Spectrometer. Upgrade
realized within the European Joint Programme, cmf the gamma-ray diagnostics is necessary because i
financed by EURATOM, the Research and Traininglanned deuterium-tritium campaigns measurements at
Programme of the European Atomic Communityhigh count rates are expected.

(2014 -2018)  Complementing  Horizon 2020 - Theyt NCBJ we tested the use of CeBscintillators,
Framework Programme for Research and Innovatiopparacterized by good energy resolution (4.2% for
and partly supported by the Polish Ministry of &cie 662 kev), short decay time (~20 ns) and a relativel
and Higher Education within the framework of thesigh detection efficiency for a few MeV gamma rays.
scientific financial resources in the years 201320 cepy, crystals are considered as one of the best
allocated for the realization of the internatiorad- scintillators, besides LaBCe, for the upgraded
financed project. gamma-ray diagnostics at JET to be used in expeténe
Since 2012 NCBJ has been involved in work omt high count rates.

gamma-ray diagnostics for plasmas. The main objectiTywg prototype detectors, based on a GeBrystal

of our activities is participation in long term peots coupled to a Multi-Pixel-Photon-Counter (MPPC), &ver
carried out at the Joint European Tokamak facilityrepared at NCBJ and in May 2015 mounted in the
(JET), then to prepare detectors for the Internalio horizontal part of the Gamma-ray Camera at JETst Fir
Thermonuclear Exper_|mental Reactor (ITER) as well gests with high energy AmBe source, emitting gamma
for the DEM_Onstratlon Power Plant (DEMO), Se&ays with an energy of 4.4 MeV, were performed in
www.euro-fusion.org. October 2015. Due to the fact that the properticth®
Members of the Nuclear Techniques & EquipmenMPPC are strongly affected by temperature, it was
Department are participating in the development afecessary to stabilize the MPPC operation caused by
detectors for gamma-ray diagnostics at JET. temperature  variations. An MPPC  temperature
At JET the o particle diagnostics are based on th€ompensation device MTCD@NCBJ was designed and
Be(w,ny)?C  nuclear reaction occurring betweerProduced for real-time temperature monitoring and
confined o particles and beryllium impurity ions MPPC gain stabilization.

typically present in the plasma. A 4.4 MeV gammga raln 2015 we prepared a new detector for the Gamma

is emitted in the reaction: Spectrometer based on a 3"x3” CeBscintillator
9 1 Lo _ 1 coupled to a photomultiplier tube. CeBris
Be+a - CIIN - "*C’ O 'Y 2Cg.s. characterized by a short decay time and low noise

Gamma ray diagnostics of magnetically confine&onqitions' A Qedicated active voltage divider was
plasmas provide information on runaway electroast(f d€signed for this detector. The CeBased detector is
electrons that often appear during plasma disroplio "W ready for further tests and installation at JET
fusion products and other fast ions due to nucledhe current status of our activities are preseirtedore
reactions on fuel ions or main plasma impuritieshsas detail in subsequent articles of the NCBJ Annual
carbon and beryllium. Report 2015.

The following projects are currently being carriedt ~ This work was partly supported by the Polish Miryist
by NCBJ within the JET4 Enhancement Project®f Science and Higher Education within the framewor
modernization of two detector systems at JET, thef the scientific financial resources in the yeafd5-
Gamma Camera (GCU) and Gamma Spectrometéfl7 allocated for the realization of internatiocak
(GSU) and building new diagnostics, the Lost Alphdinanced projects.

Gamma Rays Monitor. Due to technical reasons thenis work was carried out within the framework bét
third project, the Lost Alpha Gamma Rays Monitoasw EUROfusion Consortium and has received funding from
closed in 2015. the Euratom research and training programme 2014-
The gamma-ray camera is a very useful diagnostic t02018 under grant agreement No 633053. The views and
to study confinech particles as well as fast ions. Theopinions expressed herein do not necessarily teflec
information provided by the upgraded Gamma-raghose of the European Commission.
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Gamma camera upgrade at JET

S. Mianowski, G. Boltruczyk, A. Brostawski, M. Gosk S. Korolczuk, P. Sibczyski,
M. Szawtowski, I. Zychor
National Centre for Nuclear Research, Otwdatierk, Poland

The DT-experiment at the JET tokamak performed i
1997 has shown that direct measurements of confin #
alpha particles are very difficult. Alpha-particdeudies 4
require a significant development of dedicater i

SIGNALS

diagnostics. JET now has an excellent set of cedfin ">
and losta-particle diagnostics. However, in order ta *™
take full benefit from the extensive DT campaigrthie

future, a number of diagnostic upgrades are nepgessa
Among these necessary upgrades, the gamma cameiga 1. Scheme of prototype detector based on MPRICawi
plays an important role as a very useful diagndsiad ﬁ?ggrat;rg;fgsof placed in an aluminium capsaotethe
for the study of confined particles as well as fast ions. @ evice.

The information provided by the upgraded gammd .., P f puLse
camera will complement high resolution spectroscop i j e
measurements. l,“:;ﬁz:m =
The upgraded camera will measure nineteen lirfroos @: U/_\
integrated y-ray emission spectra associated with oW |G il T

/( light i

specific reactions among fast ions or fusion alphiks
impurities, e.g.’Be(a, ny)**C with a 4.4 MeV gamma
emitted.

The upgraded detectors should have an ener_. G

res_(_)lution Of_ about 5% FWHM aJ_[ 1.1 MeV and thq:ig. 2. Block scheme of the MTCD@NCBJ device forteal
ability to register counting rates higher than 8. (e temperature monitoring and MPPC gain stabilizat
This is a challenging upgrade given the existin

constraints (available space for detectors anddshie ?n May 2015 two prototypey-ray detectors were
use of existing cabling). mounted in the horizontal part of the gamma canaéra

. JET. First tests with a high ener amma source of
Tests were performed with a Ceflirystal coupled to AmBe (4.4 MeV) were pen?ormed igyogtober 2015. Due
aMuItl-P|xel-!3h.oton-(?ounter (MP_PC)' to the short measuring time, only the double escape
The CeBgs scintillator is characterized by good energyeak from the 4.4 MeV line is clearly visible. A
resolution (4.2% for 662 keV), a short decay timggjibration source of?Na with two lines: 0.511 MeV
(~20 ns) and a relatively high detection efficiefoy  and 1.274 MeV was used to get reference points.3Fig

DIAGNOSTICS

a few MeVy -rays. presents the spectra obtained.
MPPC is a silicon—based monolithic array of micro oy ‘
pixel avalanche diodes operating in Geiger modea T} N o | — Ambe

“Na

main advantages of MPPC are: large internal gagh h |
photon detection efficiency, high — speed respons g
excellent time resolution, wide spectral respons¢g .|
immunity to magnetic fields and compactness. i

Due to the fact that the properties of MPPC arensfiy
affected by temperature, it was necessary to #atfihe g
MPPC operation caused by temperature variation -
A MPPC temperature compensation  device Channels

MTCD@NCBJ was designed and produced for real pig. 3. Gamma energy spectrum of AmBe & registered
time temperature monitoring and MPPC gairwith the KN3G digitizer. Red lines correspond to ditte
stabilization. MTCD@NCBJ is based on the ATmeg&aussian functions.

micr_ocontrollle.r family and temperature readout froml‘his work was partly supported by the Polish Minist
a high precision, longterm stable temperature gensg

(model TSic™ 506F). The block scheme of thé)f Science and Higher Education within the framewor

rototype hotodetector  with  the  tem eraturOf the scientific financial resources in the yeafHd5-
P ype P Co I P 9017 allocated for the realization of internationat
compensation device is presented in Fig. 1.

. ) financed projects.
For stabilization the feed forward gain control host
was used (see Fig. 2.).

Counts
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Gamma spectrometer upgrade at JET

R. Kwiatkowski, G. Boltruczyk, A. Brostawski, A. Burakowska, M. Gosk, S. Korolczuk, S. Mianowski,
A. Szydtowski, A. Urban, 1. Zychor
National Centre for Nuclear Research, Otwdbstierk, Poland

The o-particle diagnostics at JET are based on théeasurements of gamma rays emitted from standard
gamma-radiation emitted as one of the productdef tsources performed using LaBTe and CeBy showed
nuclear reaction between beryllium impurity iongdanthat the detection efficiency of both scintillatois
confined a particles, i.e’Be(a,ny)**C. During the DT comparable, while LaBiCe is characterized by better
campaign the gamma-ray detector must fulfienergy resolution.

requirements for high count rate measurements. Thgple 2. FWHM of 3"x3" CeBg (with Scionix VD) and
existent BGO scintillator with long decay time slbu 3.3+ | agr ,:Ce scintillators

be replaced by a new detector module DM2 based op-a— FWHM. %
CeByr; or LaBr:Ce scintillator. The module consists of & yray 2
3"x3" scintillator coupled with a photomultiplier teb energy | y-ray source CeBp LaBr3:Ce
and a voltage divider. (kev) _

CeBr, is characterized by a short decay time and low 11 13!\161 4.80.1 3.420.1
noise conditions. CeBiis an alternative to a LaB€e 662 Cs 4.20.1 3.00.1
scintillator, already tested at JET. During 201% th 1115 *Zn 3.50.1 2.440.1
properties of a detector based on a GeRintillator 1173 *Co 3.4+0.1 2.4+0.1
were determined [1]. 1274 2Na 3.3:0.1 2.4%0.1
Table 1. Parameters of a 3"x3” CeBrscintillator equipped 1332 *Co 3.3t0.1 2.2+0.1

with a Scionix voltage divider

y-ray y-ray energy detection We also compared the intrinsic activity of CeBr
energy | source resolution | efficiency (produced as a ‘low background’ crystal) and LaBe
(keV) (FWHM, %) (%) (standard crystal). Peaks originating from gamma
ol1 *Na 4.8t0.1 56:2 transitions observed in natural background (1.4&VM
662 1¥1cs 4.2+0.1 512 from “K and 2.615 MeV fronf°®Tl) are clearly seen.
1115 6571 3.5:0.1 382 Both scintillators show peaks between 1.5 MeV and
1173 Co 3401 341 2.5_MeV related to contamination_ by-radic_)acé[ive
1275 ZNa 3301 321 gcﬂmdes.bLallicCe is also C(I)Erét:arpmated with®La
1332 co 33001 a2l ecaying by electron capture (EC)por

10°

In order to study the performance of the detectdrigh K “aintasce |
count rates, use was made of a highly actiV€s 10
source.
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References

[1] Scintillators for high temperature plasma diagrossti

[2] t. Swiderski et al., Proceedings of Science
PoS(ECPD2015)162

Fig. 1.1*Cs gamma-ray spectra measured with a 3"x3"
CeBr; scintillator and the NCBJ dedicated active voltage
divider.

Such measurements were performed using an actifis work was partly supported by the Polish Mirist

voltage divider specially designed for high colemes, f Science and Higher Education within the framewor
produced at NCBJ. The spectra were recorded aft cOW the scientific financial resources in the yeafss-

rates  of ,0-06’370-58 and 0.89 MHz. The relativggy7 gllocated for the realization of internatiorar
difference in thé®'Cs peak position is less than 0.5%. financed projects.
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Preparation of PLC modules for the first six experments at X-FEL

J. Szewnski, I. M. Kudta, Z. Wojciechowski, P. Markowski
National Centre for Nuclear Research, Otwdbkierk, Poland

The X-FEL accelerator is planned to begin operaiion been performed, and the first devices had beemeteli
2017, and in the first period six experimentaliet&® and successfully accepted by X-FEL GMBH.

will be available for users. All six experimentxcept
the main experimental data acquisition, will requir
control and monitoring systems for handling device
like pumps, collimators, step motors, temperatu
monitors, pressure/vacuum monitors, moving stage
etc. All devices of these kinds do not require héglked
data transfer, and often they are called “slow raht
This kind of control equipment may be built of
commercially available devices, without the nedgssi
designing custom systems, as is usually the casedb
time acquisition for experimental data.

Within the Polish In-kind contribution to the X-FEL Fig. 1. Assembled PLC Module.
project, NCBJ will prepare about 200 modules with

PLC (programmable logic controller) terminals, for
handling slow control in the first six experimetsX-
FEL. Prepared modules will be mounted on doubl
chassis (two modules in one box), making 100 PL!
Crates.

Design of the modules has been approved by ti B <, S\ f—
physicist, responsible for each experimental statib ‘ -
X-FEL. Each module is different and has unique ngri

To prepare each module, the following steps hauegeto

performed: e

- Ordering of Component Fig. 2. PLC module under the test.

- Module specification cross-check

- Component (PLC terminals, connectors, fuse!
etc.) selection -

- Labelling of each terminal and wire
- Wiring of the module

- Module electrical verification (each wire
connection)

- Power-up test

- Protocol preparation

- Packing and shipment to Hamburg
For the preparation of 200 PLC Modules a dedicate
laboratory has been established. The laboratory h
4 workplaces (up to 4 people working in paralletrat
same time), a storage space and necessary tools &nid
devices. Fig. 3. PLC Module Laboratory — assembly work place.

By the end of 2015 about 25% of all required PLC
terminals had been ordered, all procedures lika par
ordering, module assembly, testing and shipment had
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DNG@NCBJ - high counting rate digital spectrometrysystem

S. Korolczuk, G. Boltruczyk, A. Brostawski, M. Gosk S. Mianowski, P. Sibczyski, .. Swiderski,
A. Urban, I. Zychor )
National Centre for Nuclear Research, Otwdbtierk, Poland

A data acquisition system for high resolutiomactivity of ~400 MBq, in order to increase the even
spectrometry measurements at Mcps count rateste. In our experiments a Lale scintillator was
DNG@NCBJ (Digital Neutron Gamma @NCBJ), iscoupled to a Photonis XP5200 PMT characterized by
under development at the National Centre for Nucledigh quantum efficiency. Performance of a PMT-based

Research (NCBJ). detection system depends on the voltage divider,
The DNG@NCBJ measurement system is based #ierefore a dedicated active voltage divider wa
direct sampling of the input signal, see Fig. 1. accommodate gain shifts in the presence of highsrat

. . . . and a few MeV energy gamma radiation.
Data acquisition and signal processing operatiaes a

performed digitally by FPGA with an ARM9 processorkesults from DNG@NCBJ are compared with those
on a Xilinx ZC706 evaluation board. Since direcebtained using a commercially available device,
sampling of the input signal requires a high spab&, @ CAEN Desktop Digitizer DT5720 with DPP-CI
a Texas Instruments ADS5400 (12 bit/1 GSPS) ADC fifmware [11].

used. As an example, in Fig. 1 spectra of PuBe ais
Data acquired from the ADC is processed on line gistered with a 1"x1” LaGICe scintillator with the

FPGA. A dedicated IP core has been developed fiti ful PNG@NCBJ device and the CAEN Desktop Digitizer
the system requirements. are shown. Measurements were performed at a count

The  followin maior  operations  have beenrate of 0.2 Mcps. Such a count rate allows one to
. ) 9 J P observe peaks from both sources because of the much
implemented:

lower PuBe source activity.
pulse detection (triggering),
baseline estimation (offset compensation),
pulse energy estimation, 137 cs
list mode creation, 0 PuBe
communication.

The DNG@NCBJ system is optimized for high coun
rate detection applications. The DNG@NCBJ system
controlled by embedded Linux. The user has acaess
internal registers in diagnostic modules and cétiate

and stop data transfer. 10?

The DNG@NCBJ system is characterized by:
1.12-bit @ 1 GSPS ADC,

2.wideband DC-coupled to ADC input,

3.2 Vinput full scale, Fig. 1. Spectrum df®PuBe and*'Cs measured with a 1”x1”
4 signal prgce_ssing algorithms implemented in FPGA, 'E)?\%gﬁ ggg‘tgﬁ‘éoé A“é?\?;f:gg:g;ﬁzfgﬁg%gé with
5.communication based on Ethernet,

6.the system is controlled and managed by the Linux o ) _
operating system. The DNG@NCBJ is integrated into a single compact

unit and was checked for count rates up to 2.2 Mcps
with dead time not exceeding 10 ns/pulse.

Al

DEP

10°

counts

— DNG@NCBJ
— CAEN

ol

25
energy, MeV

of TTTT

Table |. Characteristic Parameters of DNG@NCBJ.

DNG@NCBJ This DAQ is well suited for use in plasma experisen
in which high count rates are expected.
measured max count rate, Mcps 2.2 ) . . )
Sead T o 5 Almost identical spectra were obtained with
ead time, ns/pulse DNG@NCBJ and a commercially available CAEN
bandwidth, MHz ~2100 Desktop Digitizer DT5720, especially concerning one
sampling rate, MSPS 1000 of the most important parameters in plasma
- experiments, the full width at half maximum.
input voltage 2¥p . o o
- With DNG@NCBJ it is easy to create a data acqoisiti
available channel number 1 . . !
system for a multi-detector setup. Off-line procegs

To perform measurements at higher counting rateguld be used for setting optimization.
under laboratory conditions a PuBe source was usg\(}iI

. . . algorithm to correct pile-up events without cje:
simultaneously with a strong®*’Cs source, with an g prie-up 18

them is under development.
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This scientific work was partly supported by thdigto years 2015-2017 allocated for the realization of
Ministry of Science and Higher Education within theinternational co-financed projects.
framework of the scientific financial resources tire

Silicon photomultipliers in scintillation detectors
used for Gamma-Ray energies up to 6.1 MeV

M. Grodzicka, T. Szczsniak, M. Moszynski, L. Swidgrski, M. Szawtowski
National Centre for Nuclear Research, Otwdatkierk, Poland

The aim of this work was to the study usefulness afias determined in measurements with a 12x12x12mm
SiPM light readout in the detection of gamma ragysas  BGO and a low gamma energy of 320keV fro@r.

6.1MeV in combination with various scintillatorsh&@  ngnlinear response of the MPPC (and all SiPMshés t
reported measurements were made with 3 samples gfin problem that appears in the detection of high
one type of Hamamatsu TSV (Through Silicon Vignergy gamma rays. Measurement of the linearityean
technology) MPPC arrays. These 4x4 channel arrayiows correction of the recorded data and proper
have a 50x5Qum’ cell size and 12x12 nfeffective jgentification of gamma lines. Fig. 1 presents an
active area. All the tests were done in a climatigyample of the linearity characteristics recordedthe
chamber. The following scintillators were used:(@5l  Na(TI) scintillator. The nonlinear behaviour igasig,
CeBg, Nal(Tl). The studies were focused oOnespecially for few MeV events, however far from
optimization of the MPPC performance for practies¢  satyration. Even stronger nonlinearity was recorited

in the detection of high energy gamma rays. Thg ceBg scintillator, nevertheless the spectra can sl b
optimization included selection of the optimumggrrected and gamma lines up to 6.1 MeV can belglea
operating voltage in respect to the energy resmiuti ragolved. In Fig. 2 the corrected energy spectramtiie
verification of the dynamic range, linearity andig®l Ngai(TI) scintillator and a PuBe neutron source is
amplitude. The energy spectra for energies betwe%rﬂesented. The weakest influence of the MPPC
320keV and 6.1MeV are presented and compared Wilfynlinear response to the observed energy speasa w

data acquired with a classic photomultiplier. Swch gpserved for the slowest Csi(TI) scintillator.
comparison allowed the of nonlinearity of the tdste

MPPCs to be studied, correction of the energy spect 1500 [y
and proper analysis of the energy resolution. The 1oos
temperature tests showed strong breakdown voltage 1200
dependence on the temperature change and defined . i
requirements for the stabilization method in ratd |

900
applications.

T

— NalTl 1xlinch, Hamamatsu MPPC
Bias voltage=66,40V, source PuBe
after correction

DEP=3.406MeV

800
700
600
500
400

SEP=3.917MeV

6000 T T T T T T T T T T T 7

Number of counts

5500 - w "512642-0404PA-50X-MPPC array ]

TP TP O S TP P U S PR SO R RO PO 1

e e S . e .

Q 4 ) 200 FEP=4.428MeV
o 5000 |---crystal: Nal:Tl-1xlinch i o
E 4500 ] 100
[3] L L L L L L il L L b A
§ 4000 - ' 1 00 05 10 15 20 25 30 35 40 45 50 55 6,0
S 3500 - ] Energy (MeV)
-~ [ - & 6.1Mev ]
S 8000 w¥56Mev
5 20¢ e e ] Fig. 2. Energy spectrum recorded for PuBe neutraurees
E izzz r e mey ] with a Nal(Tl) scintillator coupled to the MPPC array. the
= oo ’1.4:@1/ ' ] case of the MPPC data the raw spectrum has to bected
E ol ot 10745 kev ] for the nonlinearity.
6 0 élzjﬂs k'e\(e i i i i i I I I H 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 The large capacitance of MPPC matrices is another
Channel number (ch) - PMT problem during readout of these detectors as desing

Fig. 1. Linearity characteristics for Nal(Tl) coupldo a large area device (like classic photomultiplieis).the

12x12 mh TSV MPPC Array. The plots show the relation of case of the teSteP' 12x12 r’nmjetector,_ read by
gamma peaks measured using the MPPC Array (Y-anis) a & 500hms input resistance c_)f the electronics, teay
a classic photomultiplier (X-axis). time of the output pulse is much longer than the

. scintillator decay. It may have a negative influern
In the case of gamma spectrometry the optimgia acquisition, especially in applications witlgth

operating voItage.in MPPC; (and all SiPMs) is dera counting rates (Mcps). The long decay time of the
off between an increase in the photoelectron (PHE)ppc puise can be shortened by means of a 10ohms
number at higher bias voltage due to higher photqBaging resistance added at the output. Such aitirc

detection efficiency (PDE) and worsening of energ¥an change the decay time from 1ms to about 100ns
resolution due to an increase in the excess nast®f without destroying the detector performance, in

(ENF). The optimal value of 66.4V for the tested RP particular the energy resolution [1].
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The study proved that a scintillation detector wight Reference

readout by means of an MPPC array can be SUCCQSSfL[h] T. Szczesniak, M. Grodzicka et. al., ,Silicon

used in the detection of gamma rays up to 6.1 Mék w photomultiplier as a potential photodetector in

a wide range of scintillators (fast, moderate dod/s scintillation detectors used for plasma diagnotics
presented at International Conference on Research
and Application of Plasmas, Plasma 2015, 7-11 Sep.
2015, Warsaw, Poland.

Gamma spectrometer based on a CeBscintillator with compton suppression for
identification of trace activities in water

L. Swiderski', P. Schotanu$ E. Bodewitg, D. Badoccd, T. Batsch, D. Cestef, M. Corbo®, P. Garos,
A. lovene’, J. lwanowska-Hanké, M. Lunardon®, M. Moszynski', P. Pastoré, F. Romanin?, L. Stevanatd,
C. Tintori ®, G. Viesti*t
National Centre for Nuclear Research, Otwock-SwiEddand

?Scionix Holland B.V., Bunnik, The Netherlands
Universita di Padova, Dipartimento di Scienze Clingi, Padova, Italy
*Universita di Padova, Dipartimento di Fisica e Astomia, Padova, Italy
®CAEN SpA, Viareggio, Italy

The TAp WAter RAdioactivity Real Time Monitor outside the shields, a relatively large number afnds
(TAWARA_RTM) project [1] is aimed at providing originating from background appeared over the entir
online inspection of radiological contaminationvediter  spectrum. Placing the detector inside the shiéldsnot
processed at water distribution plants. Thesing the ACS signal for rejecting the events, dbwa
TAWARA RTM platform consists of a few-step typical spectrum of a8*Cs source with a build-up of
monitoring system that allows for detection and’6 keV KX-rays from bismuth present in the BGO
identification of radioactive isotopes that mayACS. Operating the SPEC system in Compton
potentially appear in the public water supply netwo suppressed mode results in further reduction of the
The SPEC system, being a part of the TAWARA RTMackground and Compton continuum between the
platform, is intended for identification of the tepes detection threshold and the Compton edge.

detected in water by means of gamma-ray spectrgscopseveral small activity sources (between 0.93 kBd an
The SPEC system comprises a cylindrical GeB36 kBq) were used to evaluate the minimum deteetabl
scintillator coupled to a photomultiplier (PMT). Toactivity for the SPEC system. Based on the counting
reduce the influence of both external background arstatistics, the MDA values were calculated using th
Compton continua on the sensitivity of the SPECurrie equation [2], assuming that the detectioneti
system, an active anti-Compton shield (ACS) made efas limited to 1000 s. The MDA values presented in
BGO is used. For further reduction of the extefredy Table 1 are compared with the guidance levels for
background, a lead shield was made in the form odioisotope presence in drinking water. The guidan
a 50 mm thick cylinder of 400 mm length with twolevels are provided by the European Commission in
50 mm thick end-caps. The detector bias and sign@buncil Directive 2013/51/EURATOM.

read-out are performed using a CAEN DT5780 dual

digital multichannel analyzer (MCA), embedding two Table 1. Guidance levels for water contaminatiod #re

high voltage power supply channels. MDA values calculated for the SPEC system.
246V (kK] S Source Ey Activity Icg\lj |eollance MDA
LI/~ it
b7 kev) (kKBa) g (Ba)
g - Cs-137 662 1.2 10 1.48
“:. Mn-54 835 0.93 100 153
2 Zn-65 1116 1.8 100 3.83
2 oo -131 364 108 10 3.08
S SO Cd-109 221 36 100 3.61
) o inirca VD (VD P OO Am-241 60 11.5 1 3.66
0 100 200 300 400 500 600 700 800 900 1000 CO'57 122 2.3 1000 125

Energy (keV)

Fig. 1. Spectra recorded with the bare Cg8etector (black  References
line), shielded passively by BGO and lead (blue)land in [1] www.tawara-rtm.eu
Compton-suppressed mode of the SPEC system (red line) [2] L.A. Currie, "Limits for qualitative detection and

. uantitative determination”, Anal. Chem., vol. 4Q.
The effect of the ACS on the recordeday spectra is 286-593, Mar. 1968. ®-p

presented in Fig. 1. A weak intensity (1.2 kBdiCs
source was placed at a distance of 25 mm fromrtve f This work was supported in part by the project "TWAter
face of the CeBrdetector. When the detector was kepRAdioactivity Real Time Monitor” funded by the EWPF
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Security Programme under grant agreement no. 312318 funded international projects — contract 3036/7.BGRI/4/2.
by the Polish funds for science for 2014-2016 aited to co-

Energy resolution of scintillation detectors

M. Moszyinski, A. Syntfeld-Kazuch, . Swiderski, M. Grodzicka, J. Iwanowska-Hanke,
P. Sibczyaski, T. Szczsniak
National Centre for Nuclear Research, Otwock-Skyi®oland

According to present knowledge, the nonThis was observed with CsI(Tl), Csl(Na), ZnSe(Te),
proportionality of the light yield of scintillatorappears undoped Nal at liquid nitrogen temperature andllfina
to be the fundamental limitation of their energyfor Nal(Tl) at temperatures reduced below 0°C. A
resolution. A good energy resolution is of the greacommon conclusion of these observations is thetfeatt
importance for most applications of scintillationthe highest energy resolution, and particularly the
detectors. Thus, the limitations arising from thenn intrinsic resolution measured with scintillators,
proportional response of scintillators to gammasragd characterized by two components or more of thet ligh
electrons are discussed below, as they are ofalrucpulse decay, is obtainable when the spectrometry
importance to the intrinsic energy resolution of thequipment integrates the whole light of the compisie
crystals. The important influence of Landau flutkias  In contrast, slow components observed in many other
and the scattering of secondary electr@nggs) on the crystals deteriorate the intrinsic resolution. Ihet
intrinsic resolution are pointed out. The study ofimiting case, the afterglow could also be consideas
undoped Nal and Csl at liquid nitrogen temperatura very slow component that spoils the energy réisolu
with light readout by avalanche photodiodes suggesthe aim of this work is to summarize all the above
strongly that the non-proportionality of many calstis observations in a seartdr their origin.
not an intrinsic property and may be improved by

selective co-doping. Finally, several observationg, ited paper published in a special issue of Narcle

collected in the last 15 years on the influenceslov | ctruments and Methods A in memory of Glenn F.
components of the light pulses on energy resolutiog, |

suggest more complex processes in the scintillators

Photomultipliers with the screening grid at the anadle
for TOF PET block detectors

M. Moszynski®, T. Szczsniak®', M. Grodzicka', R. Leclercdf, A. Wesf, M. Kapusta®
National Centre for Nuclear Research, Otwock-SwiBddand
ADIT, 300 Crane St., Sweetwater, USA
3Molecular Imaging, Siemens Healthcare, Knoxvill§AJ

Although most efforts of the scientific communitygea PMTs, associated with the commonly used constmctio
addressed to the development and application d¥iSiP of the anode. The anode built as a grid is plaosii¢

in TOF PET detectors [1], classical block detectorghe last dynode, see Fig. 1. This configuratioruess a
with light readout by photomultipliers (PMTs), astll  short time-of-flight of electrons from the last ayte to

in general use. This is associated with the siriplimf the anode and good charge collection at the anode.
the TOF PET design based on block detectors arid thD

low price. Thus, further development of superior M -2
is of importance.

According to general knowledge, the time resolutiol
measured with scintillation detectors is limited oo
main parameters of photodetectors, the time jitte
(transit time spread) and the quantum efficiencyhef ~  \°*-----o
photocathode. The present offer of the leadin -
manufacturers has reached, in both cases, supel
performance difficult to improve further. The tirjiter

of 200 — 300 ps and the blue sensitivity, above 1
MA/Im blue, reported for the R10560-100, being al
enhanced version of the R9800 PMT, are difficult t
improve further.

A study carried out earlier [1] showed clearly tHare
is another source of time resolution degradatiofast

Screening grid

Anode

Fig. 1. Geometry of the last dynodes and the amode
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typical linear-focused photomultiplier. Note thagthAnode is
built as a grid inside the last dynode. The positd the
screening grid is also shown.

However, one can easily note that the anode sigr
consists of two components: the main one due to tl
collection of electrons from the last dynode an(
a parasitic one induced at the anode by electro
travelling towards the anode from the penultimat
dynode. This parasitic component is shifted in tim
relative to the main component and, in fact, itarge
triggers mainly the fast discriminator. Thus, the
triggering point is far too high compared to tha
resulting from the statistical properties of sdiation
detectors requiring a low fraction of the anodespul
height for the best time resolution.

Normalized time resolution (ps-Vphe-10°)
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Fig. 2. Time resolution normalized to the number of

Recently, the ADIT Co. has started development bf a photoelectrons and the excess noise factor ofetsted L25
diameter fast PMT with the screening grid at theden SA3 PMTs with the grid in comparison to the claddi@®
Below we report on the first comparative study ofMTs.

a L25, classical PMT, with that equipped view wiitie

screening grid. Table 1 summarizes the main paemiet The performed comparison of 1” diameter PMTs irt fas

of the tested PMTs. timing showed a superior performance of the L25 SA3
Since all the timing studies were carried out with ~ equipped with the screening grid at the anode. As
a leading-edge discriminator, optimization of the reported previously, improvement by a factor of .2

triggering fraction was of importance. It is pretsghin obtained when the normalized time resolution to the
Fig. 2, where a normalized time resolution to thteP PHE number and excess noise factor is discussed.

number and ENF, is plotted versus triggering fratti

Presented at the IEEE NSS-MIC Conference, San
Diego, USA, 31.10-7.11.2015, submitted to the
Conference Records. A full paper is submitted ¢o th
IEEE Trans. Nucl. Sci.

Reference

(1]

M. Moszyaski, M. Gierlik, M. Kapusta, A. Nassalski, T.
Szczesniak, C. Fontaine, and P. Lavoute, “New Pli®ton
XP20D0 photomultiplier for fast timing in nuclear
medicine,” Nucl. Instrum. Methodsvol. 567, no. 1, pp.
31-35, Nov. 2006.
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Study of fluorine-based plastic scintillators for fist neutron
detection by means of°F activation

P. Sibczyiskit, J. Kownacki®*M. Moszynski*, A. Syntfeld-Kazuch®,

J. lwanowska-Hankée, M. Gierlik >, A. Urban', M. HameP, F. Carrel?,

E. Montbarbon®, A. Grabowski, P. Schotanu§ A. lovene, C. Tintori®

INational Centre for Nuclear Research, Otwdikierk, Poland
’Heavy lon Laboratory, Warsaw, Poland
%CEA, LIST, Sensors and Electronic Architecturesdratory, F-Gif-sur-Yvette, France

4Scionix Holland, Bunnik, The Netherlands
®CAEN S.p.A., Via Vetraia, Viareggio, Italy

In this study we present the response of a nov@he scintillators were exposed to 14 MeV neutrons
pentafluorostyrene-based plastic scintillator (&sfit) emitted from an NSD Gradel fusion-chamber type DT
to fast neutrons by means of fluorine activatiomeutron generator at NCBJ. The fast neutrons are
(Threshold Activation Detection - TAD [1]). The registered by activation of%F in the scintillator
method relies on the activation of specific typds omedium, resulting in emission of particles. The
nuclei (such a$’F), with appropriate reaction thresholdexposition lasted until the neutron flux was stabi,
(greater than 2.5 MeV), useful cross section anét hathen after 1 s of cooling time the acquisition ifan

life in the range of seconds. TH&F nuclei, after 60 s. The net spectrum for the F-plastic clearbwshan
activation, can decay into successors, which eigh-h increased number of counts in the energy region
energy B particles with an energy endpoint up tobetween 6.0 and 10.5 MeV compond to that for EJ-200
10.4 MeV. In the case of thé’F nuclei, the following see Fig. 2

reaction channels can occur:

RCRTV T L L

n - a “N B,,=43Mev | —e— F-plastic 59 x 41 mm’®
19 19

n+-F-~0+p

EJ-200 51 x 51 mm*®

NSD DT neutron generator 3
14 MeV neutrons
The first prepared sample based on pentafluorastyre 10° ]
with size of @ 32 x 4 mfwas introduced in [2]. The £ 3 N E =104 MeV
motivation of this research is to find an altermati § P 10.4 108

solution to hexafluorobenzene-based liquid scatbifs, 102;

which are toxic and flammable. In the present stilny ]

@59 x 41 mm F-plastic was exposed to 14 MeV 10" 5 4

neutrons emitted from the NSD Gradel D+T generato 3

The neutrons picked-up in th€F(na)'®N reaction 100

result in the emission df particles with an endpoint at 0 1 2 3 4 5 6 7 8 9 10 11 12

approximatel_y 10.4 MeV. Th_e spectra shape we Energy (MeV)

compared with that recorded with a @51 x 51 -

200 polyvinyltoluene (PVT) based scintillator, whic Fig. 2. Energy spectra obtained after exposuréef t

does not contain fluorine. The new F-plastic anc2@J scintillators to neutrons from the DT neutron geater.

used in the present investigation are shown in Eig. Summarizing, the F-plastic scintillator can be used

(centre-right and right). the detection of fast neutrons by means of fluorine
activation,. even though the F/H ratio for F-plass
only equal to 1.66 (EJ-313 F/H ratio is equal t@.8).
Further tests will cover direct comparison of the
F-plastic and EJ-313 response to 14 MeV neutrons.

This work was performed within the framework of the
C-BORD EU project no. 653323 of the Horizon 2020

F-plastic Programme.
dia. 32 x 4 mm?®
F-plastic F-plastic EJ-200
dia. 45 x 46 mm®>  dia. 59 x 41 mm?® dia. 51 x 51 mm? References
[1] P. Sibczynski et al., JINST (2015) 10T0900
Fig. 1. Picture of developed F-plastic and EJ-20@amic [2] M. Hamel, P. Sibczynski et al., NIM A 768 (2014). 26

scintillators.
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Energy resolution and slow components in undoped Csrystals

M. Moszynski', A. Syntfeld-Kazuch', t. Swiderski®, P. Sibczyiski', M. Grodzicka®, T. Szcasniak®,
A.V. Gektin?, P. Schotanud N. Shirar?, R. Williams*
INational Centre for Nuclear Research, Otwock-SwiBdand
nstitute for Scintillation Materials, Kharkov, Ukine
3SCIONIX Holland B.V., Bunnik, The Netherlands
“Wake Forest University, Winston-Salem, USA

Recent intense studies showed evidence that thgyeneAnother minor effect is an improvement of the insic
resolution of scintillation detectors is mainly Ited by resolution at the peaking times up to aboyts3 This
their non-proportional response. However, severaeems to follow a contribution of the third 4.55 pus
observations collected in the last 20 years on threwmponent, which acts in a similar way to the earli
influence of slow components of the light pulses ownbserved improvement of the intrinsic resolution in
energy resolution suggest more complex processes @slI(Tl) due to the integration of the slow compasen
the scintillators [1]. This was done with Csl(TIhca [1].

Csl(Na), ZnSe(Te), undoped Nal at liquid nitrogerrig 2 presents the nonproportionality charactiesist
temperature and finally for Nal(Tl) at temperature$neasured for the fast component for all the tested

reduced below 0 C. A common conclusion of thesgamples with varying intensity of the slow compdnen
observations is the fact that, in the case of #eiturs

showing two components of the light pulse decag, th
best energy resolution, and particularly the lowest
contribution of the intrinsic resolution, is obtabie
when the spectrometry equipment integrates the avhol
scintillation light.

In contrast, some other crystals like LUAG:Pr, @l(
and different samples of undoped Nal at liquidagjen
temperature showed a deterioration of the energy
resolution correlated with the intensity of the vglo
components.

14

ISM 3
ISM 1 s
ISM 5
Scionix 2

ISM2

* v b on

Nonproportionality (fraction of 662keV)

0.8 L L
10 100 1000 10000

In the present work, a number of undoped Csl clgjsta Energy (keV)

with VarY'”g InthSIty of th_e slow component, WereFig. 2. Nonproportionality characteristics of difést samples
tested with the aim of learning the performanceCef g crystal measured with fast shaping. The larges

in gamma spectrometry and studying the influence @fbnproportionality is measured for the ISM 3 sangsiewing
slow components on the energy resolution. It ige lowest contribution of the slow components.

expected that the conclusions of the study can
applied to other crystals exhibiting intense slo

components. L ; .
) ] component, but the intrinsic resolution measureth wi
Fig. 1 presents the energy resolution of the te€l8d ihe total light is much poorer in each case. Inepth

crystal and its components measured versus peaki\%rds, having a significant slow component is

time. beneficial; but collecting increasing amounts afhti
o omred ] from this component is detrimental. This findingnist

s Stafistical ] particularly intuitive and may even seem paraddxica
15 4

A |ntrinsic
14 . b Further tests have covered the analysis of théngidr
BEe .0 0+ " ] resolution of the tested crystals and, for a better
f I 1 ] understanding of the problem, the nonproportiopalit
10 I ] response to Compton electrons was measured by the

s 1%, 1 Wide Angle Compton Coincidence Technique.

s ] Reference

] [1] M. Moszyski, A. Nassalski, A. Syntfeld-Kazuch, and
L. Swiderski, “Energy resolution of scintillation
detectors—new observation$ZEE Trans. Nucl. Sgi

Fig. 1. Energy resolution for the 662 keV peak ragsts with vol. 55, no. 3, pp. 1062-1068, Jun. 2008.

ISM 6 sample and its components versus peaking time

be . . :
WB‘ larger intensity of the slow component improvas t
non-proportionality and intrinsic resolution of tlfest

18 T T T T T
17
16

T T T T T
L]

Energy resolution (%)

LI o~ T B i
.b o ®
1

8
7
6
5

. . . 1 " 1
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Presented at the Conference on Inorganic Scintitisit
a large deterioration of the intrinsic resolutioithathe igdz-(l;q?régﬁ);“?r?ggg’ NS%N;&B?LKGESI’S USA, June 7
peaking time and the intensity of the integratenwsl ' ' ' -=cknp '

component, suggesting a deterioration of the energy
resolution by slow components of the light pulses.

Fig. 1 presents two unexpected effects. The majeri®
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Nanodosimetry with the Jet Counter — modification bwards
radial measurements — first results

M. Pietrzak, A. Bantsar, S. Pszqna
National Centre for Nuclear Research, Otwodkwierk, Poland

To date, only a few nanodosimeters have beerhus, the sensitive volume is not well defined list
developed that are capable of measuring the trackse. Applying +10 V on grid G1 (plateau regionfign
structure of ionizing particles in a gas targetieglent 2) prevents all ions produced in V1 from passing
to a nanometric site. They are known (chronoldbjira through the separation grid. In this case the seasi
as the Track lon Counter[1], the Jet Counter[2, lon volume is well defined and restricted to V2.

Counter[3] and the Startrack Counter[4]. All theserne separation voltage depends on the gas jettdeasi
constructions are able to measure the ionizatiostet- the jons from V1 drift with the gas flow. Thus, the

size distribution, ICSD. The lon Counter and th&eparation voltage must be optimized for differsines
StarTrack Counter are able to perform a radiglfthe simulated nano site.

measurements by shifting the beam of particles in a

controlled manner away from the central position \\
allowing only delta electrons to interact in thaxsiéve ’ N
volume. The Jet Counter, which was described iaidet \
elsewhere[5] has a gas cavity surrounded by a (like! 3 .

in an ionization chamber). In this construction iahd 01 \\
ICSD measurements are not possible, because the wal

is impenetrable to delta electrons. To overcoms thi
disadvantage the Jet Counter has been modified. The 03 : 7 %
interaction chamber has been extended in additidhet

gas flow and divided into two volumes (V1 and V3) b

a high transparency grid G1. The grid separates ioFig.. 2. Mean cluster size (M1) vs repelling vottagn the
from both volumes. The idea of this modification iseparation grid G1.

explained in Figure 1.
1.01 —s—G1=10V
—e— G1=65V
0.8
V1 ions stopped in V1 by G1
projectile £ 0.61
=]
6 electrons £
_ _ separation grid, G1 ® 0.4+
d :
ions creatin 0.2
measured cluster
V2 0.0
0 150 200
i tracti - . .
l lchtiiol 2o Fig. 3. Time of flight spectra. Double peak cureeresponds

to ions created in V1 (by projectile) and V2 (bjtale
Fig. 1. Schematic view of the modified interactibaraber of  electrons) for @ incompletely repelling voltage (6.5 V) on G1.
the Jet Counter. The distandés determined by the beam axis Single peak curve corresponds to a 10 V repellivitpge i.e.
and the centre of volume V2. for complete separation between V2 and V1.

A series of experiments with 3.8 MeV alpha partides

has been carried out to verify the properties & thAcknowledgements

modified chamber. The mean cluster size (first mame The technical assistance of Mrs E. Jaworska and\Mr
M1 of ICSD) has been estimated as a function of theudzinski is appreciated

repelling voltage on grid G1. The results are shawn References

Figure 2. The mean cluster size reaches a platedll S. Pszona, EUR 5452 d-e-f Report, 1975, pp. 1107-
starting from about +10 V. This means that the ealfi 1122.

M1 at the plateau corresponds only to the contidout [2] ~S.Pszona, J. Kula, S. Maika, Nucl. Instrum.

of secondary (delta) electrons produced by a ptigec Meth. Phys. Res. A447, 601-607 (2000).

crossing volume V1. The time of flight spectra shaw 1) Gz'o(ggrty etall. Radiat. Prot. Dosim. 99, 325-330
figure 3 confirm the above results. The time oglili 1, E(>e Na)rao et all. Rad. Prot. Dosim. 99, 355-358
spectrum has two peaks in the case of 6.5 V appied (2002).

grid G1. This voltage is insufficient completely to[s) A Bantsar, PhD Thesis, e-Print: arXiv:1207.6893
separate ions from V1. The first (faster) peak (2011).

corresponds to ions from volume V2 and the second

(slower) peak corresponds to ions from volume V1.
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Spontaneous wetting of quasi-2D systems with stroreyaporation

|. M. Fijat-Kirejczyk *, M. Roganté, J.J. Milczarek', J. Zotadek', Z. Jurkowski*
'National Centre for Nuclear Research, Ortwdtkierk, Poland
’Rogante Engineering Office, Civitanova Marche )ital

Studies of wetting of porous materials reveal sucthat end of the sample. The system was kept at
properties of the medium as the effective sizehef t a stabilized temperature of 30°C. The experimemsew
pores and its wettability by the liquid used. Thesperformed with the thermal neutron dynamic
studies are commonly performed on massive samplesdiography facility at the MARIA reactor of NCBJ.
with their lateral surfaces impregnated to getaidhe The neutron images of the sample during the wetting
evaporation of the liquid. However, there are syst®f process were recorded on-line every 1.7 s by acedtmt
interest like tissues, textiles and paper sheetichw computer system.

cannot be protected against evaporation by coating
without substantial change in their properties. Doe
their small thicknesses these systems can be erasdid
as quasi — two-dimensional and the evaporatiorhef t
wetting liquid cannot be ignored.

Dynamic neutron radiography has been used for
decades as a technique suitable for quantitative
investigation of migration of hydrogenous liquids i
porous media. Both imbibition and drying processes
have been investigated in rigid and loose poroudiane
with neutron radiography revealing non-classical or
anomalous kinetics of wetting and drying fronts4]1-

In the present research we prove that the method is
sensitive enough to study systems of 0.1 mm thigkne
such as sheets of various textiles.

The systems under study consisted of a 20 mm wide a
130 mm long strip of fabric spanned on a vertical
aluminum frame (Fig.1) with its flat side paraltel the :
detector screen. The lower end of the sample vaefdl Fig. 1. The sample spanned on the frame.
in a container which could be filled with water wet

2s 122s 152s 182s 212s 240s

Fig. 2. False colored neutron images of water wetteion fabric. The blue and red color indicates thater saturated and dry
regions, respectively. The values at the bottoritaid the time elapsed since the moment of fitlirgglower container with
water.

Due to strong scattering of thermal neutrons orelative brightness) of the corresponding pixelg ().
hydrogen nuclei the wetted part of the sample wabhe average distribution of water along the samyds
visible as a dark region in its neutron images. Theelineated by averaging the brightness on the setgme
darker the region the more water it contains. Adowy perpendicular to the sample long axis (Fig.3). The
to the Beer-Lambert law [5,6] the amount of watewetting front position was estimated from the ogitic
contained at some point of the sample is propaatiom density vs. distance plot as the abscissa of tiecage
the optical density (the negative logarithm of theptical density equal to 0.01.
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— 25 3.3mm Moreover it indicates significant reduction in the
0.08 — 32s 56mm wetting front velocity for imbibition proceeding thi
n — 62s 77mm accompanying evaporation in comparison to thahef t
0.06 — — 122s 100,8mm process evolving without evaporation.
- — 182s 119,9mm 5 =
o 0.04 — — 240s 131,6mm
e 4
0.02 — 4 —
7 o]
0 — Ana 2
! | ! | L | 3
0 40 80 120 Y=040*X+1.96
d [mm] - a =0.407 £0.002
Fig. 3. The dependence of the negative logariththef
average relative brightness on the distance froewtater 2 1 T 17 1t 17T T 1T"7
immersed end of the sample. 0 2 4 6 8 10
The distribution of the optical density along saenpl log t

indicates that the amount of water (mass of waeer prig. 4. Logarithmic plot of the wetting front distnfrom the
pixel) drops very fast in the lowest part of thenpée  water immersed end of the cotton fabric as a funatibtime.
then decreases almost linearly with distance from t

water immersed end to reach the wetting front megio, eferences

with marked sudden drop. The initial sharp drop an | A E-Ghany el Abd, J.J. Milczarek Phys. D, Appl.
linear decrease parts of this dependenc_e remain eVe'  p s 37 2305 (2004).

after complete saturation of the sample with watée 2] 3 milczarek, I. Fijat-Kirejczyk, Zotadek, M.
former is due to a kind of meniscus formed at tladew Chojnowski, G. Kowalczylcta Phys. PolA; 113
immersed part of the sample whereas the latterldhou 1245 (2008)

be attributed to the dynamical equilibrium betwde@ [3] J.Zotadek, J.J. Milczarek, I. Fijat-Kirejczyk;
evaporation and capillary transport processes. Nukleonikab3 sup2113 (2008)

S L . [4] L.M. Fijat-Kirejczyk, J.J.Milczarek, Zotadek-Nowak;
In search for the kinetic law describing the wejtnate Nucl. Instrum. MethA: 651, 205 (2011)

we analyzed the time dependence of the wettingt frors] .M. Fijat-Kirejczyk, J.J. Milczarek , M.J. Radebe,

position (Fig. 4). In most cases studied we hawendo F.C. de Beer, G. Nothnagel,Zbladek-Nowak
that it can be approximated with the power &@)&t* Drying Technologyl, 872 (2013)

with the exponent. between 0.36 and 0.43 (£0.005)[6] I.M. Fijat-Kirejczyk, J.J. Milczarek, F.C. de Beer,
(Fig.4). This value is distinctly different from eh M.J. Radebe, G. Nothnagel,Zbtadek-Nowak;
classical one of 0.5 predicted by the capillarytisuc Nukleonika57 529 (2012)

theories and observed for bulk porous systems [1-3]
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Low energy phonons in an homogenized sample of tihén o 3Nig sCug 4 alloy investigated by
inelastic neutron scattering

J. Jankowska-Kisielinska, K. Swiderska, J.Zo’rngk, Z. Jurkowski
National Centre for Nuclear Research, Ortwdakierk, Poland

Pseudo quasi-binary €uMn,Ni, alloys are known to . .
harden due to the effect of the phase decomposition g _| Cu-Mn-Ni homogenized
which affects both atomic and magnetic orderinghia v = 31.3 meV v=12.5meV A
sample and induces tetragonal distortion in on¢hef - e
phases. The influence of the decomposition induced
strain on lattice vibrations is of some interesedo < 12 —

o o d B v=209meVA -
their importance for the phase transitions obserived g gte
Mn-Cu and Mn-Ni alloys [1-2]. We began with = 7 / gt
a determination of the phonon dispersion relatmmain 5 8 - ) ,/
homogenized sample of the ECMnoaNigs alloy @ , Al ¢ 110L
investigated previously for magnetic and atomiagu i n - o 110 T2
ordering in the precipitated phase at the inittabgse of o .,/ e 110 T1
decomposition [3]. 4 — O &
Longitudinal and t tic ph /&% v=117mevA

gitudinal and transverse acoustic phonons were y )
investigated with the triple axis neutron spectrtemat 1,7 fitto low energy part of T1
the MARIA reactor of NCBJ. The low energy part of 0 4
the dispersion relation was determined for the [0l ettt
[110] wave-vector directions at room temperature 0 0.1 0.2 0.3 0.4 0.5
(Figs.1 and 2). Wave-vector |q]/ |0yl

10 Cu-Mn-Ni homogenized ,/

7 7 Fig. 2. The low energy part of the longitudinal e

8 © 100L @/ . transverse phonon dispersion relation in the [1dDgction.

h o 1007 jof o The elastic stiffness constants relevant to the FCC
= /p = structure were obtained from the velocities of the
g 6 v=2813mevA g longitudinal and transverse phonons for both dioest
N | o studied. Our results are compared to the stiffness
g A /7 .7 v=2061meVA constants for pure copper (Table 1).

c ’ -
Ll ; v
. / ,/ Table 1. The elastic stiffness constants at room
> | ///,/ temperature for the homogenized sample of the
e Cug 4Mng 3Nig 3 alloy compared with the known values
17 for pure Cu.
0 — T T T T T Stlf[ffglslch;)nr}?tant:. Mo Nio :Clis Cu
0 0.05 0.1 0.15 0.2 0.25
Wave-vector [q]/[dyl Cu 1.46(5) 1.684
Fig. 1. The low energy part of the longitudinal amahsverse Cu 1.04(9) 1.214
phonon dispersion relation in the [100] direction.
Cu 0.785(14) 0.754
(Cuu—C)I2 0.212(20) 0.235

The G; and G, constants of the investigated alloy are
evidently smaller than those of the pure copperyOn
the G4 constant is a bit higher than that of Cu. One
should note that the ;£constant is significantly higher
than that measured for Mn alloys exhibiting maritns
transition to the tetragonal phase i.e. thg fMn, salloy
(~1.2 16* N m? [1] and MnyesNiCoos for
0.088<x<0.11 (0.76-1.08 N m?) [2].
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Al,O3 — TiO, composite coatings structure

L. Gorski®, 1.Cieslik !, M. J. Wozniak®
!National Centre for Nuclear Research, Otwdbiierk, Poland
University Research Centre — Functional Materialarsaw University of Technology, Poland

Protective coatings based a ;84 have excellent a)
anticorrosive properties as well as high tempeeatur
resistance. Due to strong resistance to corrosih
erosion AbOs; coatings protect the surface of a materi
from aggressive chemical and physical environmen
[1,2]. Therefore, they are used as an alloyinghage
materials that are exposed to corrosive agentsy ate
especially used as thermal barrier coatings okeasing
resistance to thermal shocks and conditions ofostn
and as erosion coatings in hot gases and liquids.

The results presented here concern coatings nefsista
destructive factors at elevated temperatures. T
different compositions of AD; based protective
coatings were studied. In particular the tempeeatu
induced emergence of new nanostructure in alumi
based coatings stabilized with some other oxides w ‘ 1
observed. The coatings were made by means of the { e N
gel method and the plasma spray technique. Thelelitai R AAAMRALEEEC) 00

microstructural evolution and morphology was obsdrv

with a scanning electron microscope (SEM), Atomi

Force Microscopy (AFM) and Energy-dispersive X-ra )

spectroscopy (EDXS).

The coatings studied contained 15 or 40 % by weight
TiO; [3]. XRD results reveal that their main constituen
is the fine crystalliney-phase with embedded larger
crystallites of thea-phase. The ATiOs phase is just
present at 15% of the Ti@&nd becomes the main phas
at coatings containing 40% of TiOThe ALTiOs phase
yields higher thermal resistance especially to rttar
shocks [4,5].The SEM images indicate the columna
structure as well as the presence of microcracks (5.
The TEM pictures obtained after milling with FIB §
revealed the microstructure of the coatings inteaiod
in regions near coatings — the substrate interfac
important for coating adherence and stability. $alve
layers of amorphous, nanocrystalline and polycilysé j

phases of equi-axial and columnar shape with variof VR LRt =) T ooum
crystallite sizes were found [4,5]. The coatin
microstructure in the nanometric range is studigdhie
SPM method. Some examples forb@d + 15% of TiQ
are given below. Crystallites of different size wer
observed. The larger blocs were separated by ceauks
some fine crystallites (20-30 nm in diameter) fath
groups of materials. Distinct nanocrystallites were
observed in AFM images of the &k + 15% TiQ
coatings (Fig. 2) [3].

gFig. 1. Scaning Electron Microscopy microphotogragtan
Al,O3:TiO, coatings with column structure a) top view b) side
view.

222



Annual Report 2015

0.0 1.0 um

Fig. 2. Atomic Force Microscopy image of an Al20353% TiO2 sample. Tapping mode, a) phase imaggDt)eight image
3]-
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method, Beinstein Journal of Nanotechnology, 2011, [4] V. J. Keast, A. J. Scott, R. Brydson, D. B. Williags
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Novel (+)-3-carene derivatives and their applicatio in asymmetric synthesis

P. Roszkowskt, P. Matecki, J. K. Maurin?, Z. Czarnocki'
YFaculty of Chemistry, Pasteura 1, 02-093 WarsawaRo
2National Centre for Nuclear Research, 05-400 Otwd&dand

Chemical synthesis of chiral compounds of predietabWhen the reaction was carried out at 0°C the bremin
chirality is an important task. Several ways leadhis compound 5 was isolated as the main product wi# 23
goal and crystallographic structures serve as fimal yield and the aziridine was formed with only 20%lgli
proof of the success of the reaction strategy. fddyu (Fig. 3).
occurring terpenes like (+)-3-carene, ¢-)and ( )p-

pinene and (R)-(+)-limonene are readily availalfigat

. . . . Tos Tos
reagents that are widely used in organic synth&¥es. % N ~ 'NH
present here the synthesis of new chiral (+)-3rere Chloramine-T x 3H,0, Y “  Br
based monotosylated diamines and their application PTAB, CH;,CN %
the asymmetric hydrogenation of acetophenones ar o [/ [/
enantioselective  addition  of  diethylzinc  to 2 5
benzaldehydes [1]. The synthetic route to obtaimano
N-tosylated trans-1,2-diamine is described in Eig. Fig. 3. Optimization of the reaction.

5 N, Tos NH, T8
Chloramine-T x 3H,0, > o < __NH N NH
/;j PTAS, CHLCN. ”‘Soc 0, et 1, /gj Ha PdE,_ After isolation the crystal structure Bfwas studied [3].
A o ©o s . The molecular structure is shown in Fig. 4.
_ _ - i~’
Fig. 1. Synthetic pathway of monotosylated diamine N - \ ﬁ
I <7 \ \ s
1 @ﬂ@_{@ VAN o~ /\/ \
\ e Y | AN
“~ /, ~ ’ /
7 VS ] o 7\
/ ~

\/ .

; \@@ [~
l\/@ \/\/
] [
l\/s AN

/7 |

- ’\
Fig. 2. The ORTEP diagram for X-ray analysis of poomd
3. Fig. 4. The molecular structure of 5.

’
”~

The reaction path was proved after isolation and
recrystallization of intermediat8. Monocrystals were References
used in X-ray diffraction experiments and the datﬁ] P. Roszkowski. P. Matecki. J.K. Maurin. Z.

obtained enabled their crystal and molecular stinecto Czarnocki,Synthesis47, 569-574.
be solved [2]. The crystallographic representatibthe [2] The deposit number CCDC 990398
molecule is shown in Fig. 2. [3] The deposit number CCDC990399
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The enantioselective synthesis 08f-(+)-mianserin and (S)-(+)-epinastine

P. Roszkowskt, J. K. Maurin?, Z. Czarnocki*
YFaculty of Chemistry, Warsaw, Poland
2National Centre for Nuclear Research, Otwaatierk, Poland

Mianserin and epinastine — four-ring alkaloids - ar
important active pharmaceutical compounds. Mianser' O O O O O
is Wio_lely used as a drug in the treatment of c_iezimes_ N NH,NH,, N BN N
Despite the fact that th&)¢(+)-enantiomer of mianserin o BoH | H — s

H,N H,N N

was more potent than the R)(antipode in N 90% 96%
pharmacological tests for antidepresant actiitf2][3] 5 © 13 14
it is still administered as a racemate due to #ue that

so far no effective enantioselective method hasbegig. 2. Synthesis of (S)-(+)-epinastine

developed. The synthesis of racemic mianserin was ) ) ) )
originally described by Organon.[4][5]. Mianserimsh Crystallographic studies of intermediateand7 proved

demonstrated its efficacy as a monotherapy for e stereoselectivity _of Fhe reactions. The _molmcul
treatment of Parkinson's disease psychosis in am-op Structures are shown in Figs. 3 and 4, respectively

label clinical trial. Here theSj-(+)-enantiomer is also N \ ./
200-400 times more active than the other enantiomer ,— \ 1 / ™\
Epinastine is an anti-histamine drug used e.g.yia e '\ I_I—\ yaa
drops. Because of the very different activity of thvo van - |
enantiomers of both compounds the goal of thisystud / .
was the enantioselective synthesis of both compaund x T
The synthesis path for (S)-(+)-mianserin is shown i / N ;
Fig. 1. -
g e~{ -
’ \

7%

1 2

POCI5, CHyCN O O ATH O
—_— __ —_—
36% N 35%
91% ee
E\GY
o]

cocl o
|\ CHClg, EtsN Q
+ N —_—
NH, o
o
3
5

4

Fig. 4. Molecular structure of.

O
A
OiENETO
N
Qo N
&o
C;HZE O o NN, O O The results were published [6] and detailed
. N NW > N crystallographic data were deposited with the
0%7/0 O#NH
[e] \/O [e]
6 7

% 90%
o Cambridge Crystallographic Data Centre [7]

References
[1] Pinder, R.M.; van Delft, A.M.IActa Psychiatr.
LA, O O Mel, THE O O Scand1983 302, 59.
T N N [2] Pinder, R.M.; van Delft, A.M.1J. Clin. Pharmacol.
K, o7% K, 1983 15, 268S.
NH N [38] Hand, T.H.; Marek, G.J.; Seiden, L.S.
8 9 Psychopharmacoll991, 105, 453.
. . . . [4] van der Burg, W.J.; Gisors, J.DS 353404197Q
Fig. 1. Synthesis of mianserin. [5] van der Burg, W.J.; Bonta, I.L.; Delobelle, J.; Ramon,

C.; Vargaftig, BJ. Med. Cheml97Q 13,35.

[6] P.Roszkowski, J.K. Maurin, Z. Czarnocki (2015)
Beilstein J. Org. Cheml], 1509-1513.

[7] CCDC No. 1058969 and 1058970

Similarly, the scheme for obtaining (S)-(+)-epimastis
shown in Fig. 2.
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Analysis of the elemental composition of artifacts
from the Kosewo archaeological site

A. M. Gojska, E. A. Mista
National Centre for Nuclear Research, Otwdakierk, Poland

Archaeology is a scientific discipline that uses Group 1 e
a methodological workshop in various fields of scie.

The analysis of antique objects made from metalyall
is an area of interest of archaeometallurgy, deedicto
research related to the origin of the raw mategitaly, #122
the technological processes that have influenced th Group 11 1| 4
antigue objects and the problem of corrosion
degradation of the object, which is directly used i

restoration work.

The aim of this work was to determine the elemental

#301 #307

composition of artifacts from the archaeologicaé sn o — Wi
Kosewo (Mggowo). In order to determine the elemental

composition the ED-XRF (energy-dispersive X-ray —

fluorescence) method was applied [1, 2]. An X-rayet

developed at NCBJ was used as the X-ray sourceeSin H #126

the X ray penetrates ~100 um the composition of the Group 1Y

matrix alloy was determined and the surface traxfes
corrosion and maintenance changes were eliminated.
Because the incident X-ray beam irradiated 2.1 ém o ST
. " : 2" l
the studied surface an average composition of the et VUL vl
analyzed artefact was obtained. Quantitative analyq;ig_ 1. Studied bronze artifacts divided into greup
(elemental content) was performed by FP (fundanhenta
parameters). For this purpose, the software Craas$®Ro s =
Fundamental Parameters XRF Scientific Application, Aodoa ~ -
which converts the peak intensity to the percentafge
a given element, was used. 8000+

The composition of bronze artifacts found in -
a cremation cemetery in the Mazurian Lakes District s, 3 ‘l A e
dated to the Migration Period (480-550 A.D.), were 4000 Cukp — .
investigated. Among them are fibulae and fragmeifits 2000 ] ,/F,b_ux R o)
bracelets (Fig. 1). Due to the nature of the arldwgcal g Erip

site all the objects demonstrate morphological ghan 0 " AL, —a—
causing by secondary heat treatment associated with ° s W% & & =

burning. Energy (keV)
Moreover, the pieces of bracelets were found antbaeg Fig. 2. Measured XRF spectra of artifact #127.

analyzed archaeological mgterial, therefore. ON€ Cafhe analyzed artifacts have been interpreted aedith

suppose that they may orlglnally_have cqnst|tuted O bronzes and lead bronzes and were divided into four

O.bj.ea' The elemental comp03|t|oa|naly3|s lets us groups depending on the similarity of the constitue

divide the alloys of copper into lead-tin bronzemja alloys of copper. Elements such as silver and srade

lead bron_zesr.] An E_xan;ple of the experimental XREqq indium, palladium are included in the ore afits

spectrum Is shown Fig. 2. so that their presence in the analyzed objects may
confirm the use of silvering or melting of the raw
material containing these components.

References
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Archaeologyl euven Univeristy Press, Leuven 2012,
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Technical study of tiles (XIIl to XV AC) from Aveh, Qom and Masshad in Iran

E.A. Mista', I. Zmuda-Trzebiatowské’, P.Kalbarczylk’,

D.Wiodarczyk®, M. Rudnicka®, G. Sliwi nski?,

M. Kolbadinejad®, A. Lashkari®
INational Centre for Nuclear Research,Otwdikierk, Poland

Photophysics Dept., The Szewalski Institute,

Pdlisidemy of Sciences, Gidlt, Poland

%Institute of Nuclear Chemistry and Technology, \&larsPoland
“Gdaisk University of Technology, Poland
®Islamic Azad University Central Tehran Branch, Tahriran
®Iranian Center For Archaeological Research, Teheraan

In this study SEM/EDX, Raman spectroscopy and
complementary techniques are used to identify coaimi
components of ancient Iranian tiles (Photo 1) [1,2]

Raman intensity

Photo 1. Optical microscope images of tile samfiles Aveh
(a) and Mashhad (b), and cross sections of the &s1(p,d).

The pigment compositions of the tile samples from
Aveh (Photo 2) were analyzed and compared to sample
compositions from archaeological sites in Mashhadl a
Qom in order to clarify questions regarding thenpégt
components and production technologihe results

are an important component of the study of the

n
<~
n

lazurite

T T T T
1500 2000 2500 3000

T T
500 1000

o b
o

p4

cerulean blue
500 1000 1500 2000 2500 3000

c

52292

.

smalt

T T T
600 1200 1800

Raman shift /cm™

provenance and origin of the tilesAll the excavation Raman spectra of the blue pigment used at Massi)aéyeh
sites are localized from 100 to 1000 km apart ared a(b.c) and the reference spectra of lazurite, ceanlblue,
dated from XIIl to XV AC. It is worth mentioninghat ~ Smalt (http:/rruff.info/) [3].

Aveh was once a vital place on the active tradderou
from Soltaniyeh (the former capital of the Mongol
llkhanate)to Saveh, Qom, Kashan, Ispahan and Shir:
up to the coast of the Persian Gulf.

2

Intensity / coun
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Energy/ keV

Photo 2. Aveh archaeological site, Iran.

The results indicate the use of different blue pgts
for the production of tiles (fig.1), the usage & &xide

based ochre and red pigments [3,4] in mixtures and
confirm advanced lustre technique with Pb-rich esid [3]

and traces of corroded Ag (fig.3) [5] .

Fig. 3. Sample of EDX spectrum obtained for thehAile (1)
for blue and brown surface areas. Traces of Cuctviaire
part of lustre wire techniques, are present in theim areas.
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X-ray computed tomography study of ancient objects

E.A. Mista®, T. Kosinski!, P. Szymaiski?, W. Weker®
National Centre for Nuclear Research, Otwahbkierk,Poland
nstitute of Archaeology, Warsaw University, Poland
*National Museum of Archaeology, Warsaw, Poland

Modern archaeology and conservation science use
imagining techniques like X-ray and neutron
radiography, also tomography to obtain information
about the structure the objects. All these methamds
used in the NCNR for this type of research [1].

Non-invasive imagining shows the original shape of
objects, especially when artifacts are destroyed by
corrosion. Moreover, it can reveal the technigubich
were used to produce and ornament the object.
Overexposure of closed shapes, such as filled slishe
shows what is inside the structure, based on this
information the researcher separate all potentieh$
trapped inside without damage to the object. Incthee
of X-ray radiography, differences in density asatail
with different interaction with atoms of differemass,
enables the imaging of diferent material. X-ray
computed tomography (X-ray CT) was used to study
ancient artifacts, i.e. swoards, fibulae, clay &luri
pottery, in collaboration with the National Archdmgy Fig. 2. From the left hand side: real photo andssesection
of Museum in Warsaw and Institute of Archaeologynicroscopic photo of silver medieval coins with ziopper
Warsaw University. g(_)f;e _covereld by silveri_rllg , );(—ray %‘I_’rgre);hscdale imggfm

. Irrering colour areas. e X-ra method can
The Nikon XT H 225 S_T Computed Tom_ographydetect goins with a core, mintfo);geries.
system located at NCBJ with a 225 kV reflectiorgéar
source was used. Below are examples of the results.

Fig. 3. Burial form from the Czerwony Dwor archaeotai
site. 3d visualization of burial pottery with caviagckfill
protected by bandage, separated fragments of aldlya xyz
plane. This type of visualization is useful in camation
work.

Fig. 1. Iron sword with preserved
wooden scabbard (find from Czersk
castle). Left hand side: longitudinal
section X-ray CT image and cross-
section X-ray CT image.

Visible metal-wood border and a
considerable degree of sword
corrosion.

In most cases high X-ray attenuation of the objec
required the use of the maximum possible X-ray@ne
(225 kV). To achieve proper exposure conditions

additional filtering of around 1 mm of copper wasFig. 4.X-ray CT images of burial pottery protectgdeb
mainly needed. The attenuated radiation detected by Pandage from the Czerwony Dwdr site, Masurian Lake
aPerkin Elmer 1620 Flat Panel. Reconstruction ef tHDlstnct. From the left hand side: 3d surface restrnction

volume was made with Nikon CT-Pro software with visible ornamentation, cross-section with bquatery,
' charcoal elements (cremation stack components).

Reference
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Origins and production of silver objects in early medieval Poland

E.A. Mista®, W. Duczkd, A. Turos*®, S. Mikulski®, P. Kalbarczyk’, J .Dudek,
A. Kedzierski?, D. Wyczotkowsk?, R .Czecli, M. Widawski®, J. Gac&, A. Géjska’, M. DorosZ'
National Centre for Nuclear Research, Otwabkierk, Poland
nstitute of Archaeology and Ethnology Polish Acagief Science, Warsaw, Poland

*National Geological Institute-PRI, Warsaw,Poland

“Institute of Nuclear Chemistry and Technology, \&lersPoland
*National Museum of Archaeology, Warsaw, Poland

®Institute of Electronic Materials Technology, Wassaoland

Based on materials research modarcheometallurgy especially types of soldering were studiédgure 2
gives answers about the technological and deposiiow an example of an SEM image of an area with
provenance of objects. This project is focused lmm t granulate ornamentation attached to the surface by
study of silver jewelry and coins from thé™and X" copper-tin solder.

century in PolandFigure 1 show example of studied

deposits. Until now there was no certain knowledge

about sources of silver for making these objectstaD !/I111]: 1111
from a very large material, one of the largest imdpe,
consisting of female earrings, pendants and otlesep
of various types, formally with their origin in &t
antique art and further development in the firsavSl
state of Great Moravia in the ninth century AD i

required. So far 120 objects have been studied. Fig. 2. From the left hand side: photo of jewelryagulated
silver bed, SEM images of surface with granulatemtiog to
surface by copper-tin solder.

Results of the coin elemental composition analysis
indicate two types of production technology: 1.soin
(so-called cross-deniers) with copper alloy matrix
covered by surface silverinffig.3). The cover can be
made in two ways, by fire-silvering or solderingthwi
the addition of zinc. 2. typical silver alloy coingth Ag
concentration ca. 70-90% wt. and ca. 2-10% wt. of C
All the studied coins we hot stampid).4) [4].

Fig. 1. Example of study coins type and deposits fr
Stuszkow (ca. 1105 year AC).

The main goal of this project is to reveal the iorigf

Polish medieval silver based on a determinatiothef Fig. 3. EDX spectra, three-times sampling in on@po
lead isotope ratio and elemental composition ofearic obtained for silvered coins with copper matrix core.
objects and geological ores which were extractetthén
period [2]. LA-ICP-MS (Laser Inductively Coupled
Plasma Mass Spectrometry) was used with a special £
constructed statistical method [3]. Furthermore, ¢
technological study is being performed. By using
SEM/EDX (Scanning Electron Microscopy with X-ray
Energy Dispersive ~Microanalysis) rTmrpho"JgicalFi . 4. From the left hand side: coin photo, SEMges (SE
changes can be traced and quantitative elementaly BSE) of coin surface with surface oramentafiore
composition obtained [4] ED-XRD (Energy Dispersivemild inequality indicate the use of hot stamping.

X-ray Fluorescence Analysis) was used as a h th il dv of archaeological @tis
complementary technique. There are ongoing attemp-lt-g'roug the materials study of archaeological art

to apply the INAA (Instrumental Neutron Activation summarlggq with data fro’.“ the Ilterature_we \.N'” be
Analysis) volumetric method to noninvasive detettio able to vivificate and establish trade routes mpbriod.

of a copper matrix in coins and WD-XRF (WaveBY determining the propagation of technological
Dispersive-XRF) as a reference technique to EDX arfgnovations it will be possible to infer the ongpf the
ED-XRF. Moreover, the jewelry ornamentation TSt Polish lord from the Piast Dynasty.
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Channelling study of Co and Mn implanted and thermdly
annealed wide band-gap semiconducting compounds
R. Ratajczak’, Z. Werner*, M. Barlak®, C. Pochrybniak', A. Stonert, Q. Zhad

!National Centre for Nuclear Research, Otwatkierk, Poland
?|nstituut voor Kern-en Stralingsfysica, Leuven,din

The goal of the present search for spintronic nedteis

to develop a material with the properties necesfary
the possibility of mutual interaction of the elestic
and magnetic systems of the material (semicondgctit
and ferromagnetic properties) at room temperatare f
possible applications in practical devices [1]
Semiconducting compounds such as GaN and Zng

doped with transition metals (TM) are well-estalindd  ©
candidates for meeting this goal. Although many Gal

v
SR ZnO implanted with Co and Mn ions 1
i '.."?"J . at fluence 1.2E16 /em? |

after thermal annealing |

@

400 e v

and ZnO properties are similar to one anothe zof—— == ]
manufacture of GaN is much more difficult and [ . Wi

. . o Co_as impl_aligned
expensive than that of ZnO, so ZnO is a very ditrac § o drnemom e

material for several new applications and is beogna
good competitor to GaN. Modication of semiconducto
properties by ion implantation is a well-establishe
technological process. During ion implantationedé$ Fig. 1. The cRBS spectra obtained for ZnO befockatter

are produced and they usually affect the optical arimplantation with Co and Mn ions to a fluence 1.2%10
electrical properties of semiconductors. This might ions/cnf and after thermal annealing at 820.

detrimental for potential application devices, #fere

recovery of crystal structure as the result of aGlobal cRBS studies supported by cPIXE measurements
annealing process is important. Moreover, the m@gneon ZnO and GaN single crystals implanted with Cd an
properties of TM-doped semiconductor strongly dejpenMn ions were performed.

on both the concentration of the dopant and itsc@t oy study shows incomplete amorphisation ofboth
location in the structure[2]. structures after ion implantation, and partial stie

In this work we present the defect build-up, recgve recovery after thermal annealing at 8G0for ZnO only.
and also the lattice location of TM atoms in ZnOQ0) We alsoobserved that Co-doped partial build in ZnO
single crystals and GaN (0001) epitaxial layersraf20 structure after implantation, and that the effegprioved
keV Co-ion and 120 keV Mn-ion implantation to aafter the thermal annealing process. In turn,GaiN
fluence of 1.2x18 ions/cnf in both cases and after post-implantation damage remained unchanged after
thermal annealing. Thermal annealing was perforated thermal annealing, and no Co-substitutions in Gaixew
800C in argon ow. These processes were monitored blgserved [3].

channelled Rutherford backscattering spectrometry

(cRBS) and channelled particle-induced X-ray eroissi

(cPIXE) measurements.

Energy (keV)
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doped into ZnO. Many ZnO features are similar tiNGa
e but the GaN production is much more difficult and
T T expensive than ZnO, so ZnO is a very attractiveenalt
for several new applications and is a good alt&redd
GaN. We obtained much better results for ZnO than
GaN.[4]

Zn

600 [

counts

This work was supported by the European Community
as an Integrating Activity “Support of Public and
Industrial Research Using lon Beam Technology
(SPIRIT)” under EC contract no. 227012 — projectATN
207. The project was awarded financial supporthegy t
) Polish Ministry of Science and Higher Educationnfro

e ey the Science Funds for 2013-2014 fiscal years for
Fig. 2. The cPIXE spectra obtained for ZnO befand after ~ execution of co-financed international projects &@r
implantation with Co and Mn ions to a fluence 1.2%10 No 2786/SPIRIT/2013/0)
ions/cnt and after thermal annealing at 880.

The cRBS and cPIXE studies for ZnO implanted withreferences
Co and Mn ions show the same post-implantatioll] J-K.Furdyna, J. Appl. Phys. 64, R29 (1988)
damage in both cases, but a much larger subséitutil?] T. Dietl atal. Science 287, 1019 (2000).

. ] Z.Werner et al. Appl.Surf. Sci. 310, 242 (2014)
effect after thermal annealing for Mn-doped than C(%4] R.Ratajczak et al. Acta Phys.Pol A, 128 (2015)
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Raman spectroscopy analysis of air grown oxide seatleveloped
on a pure zirconium substrate

t. Kurpaskal,5, J. Favergeonl, L. Lahochel,3 , M.|IEMarssi2, J-L. Grosseau Poussard4,
G. Moulinl, J-M. Roelandtl)
! aboratoire Roberval, UMR 7337, Université de Tailhgie de Compiégne, Compiégne Cedex, France
%L aboratoire de Physique de la Matiére Condensédyéisité de Picardie Jules-Verne, Cedex, France
3Laboratoire des Technologies Innovantes, Univedidicardie Jules-Verne, Cedex, France
“LaSIE UMR-CNRS 7356, Cedex, France
®National Center for Nuclear Research, Otwock-SwiBdand

Due to their high corrosion resistance and almostfinally, one of the strongest candidates for #itdbg
complete transparency to neutrons, zirconium agsd ithe tetragonal phase appears to be the internal
alloys are used as cladding elements in the nucleemmpressive stress. However, when the distance from
industry. High temperature oxidation of zirconiurash the substrate increases, compressive stress lelaxat
been extensively studied for many years. It hasmbe@appears. The average stress in the oxide lay&oist a2
shown that the high temperature oxidation of zikon GPa, following the experimental value obtained with
leads to the growth of an oxide scale which cosgift XRD. Such a stress level has been confirmed by the
a mixture of tetragonal and monoclinic phases.slt inumerical work of Parise. In conclusion, presente o
commonly considered that the tetragonal phad@gh compressive stress near the metal-oxide aderf
promotes the protective role of the scale but #asons has been confirmed, but this effect cannot be takien

for its stabilization are still under debate. Sasdi accountin the case of external sub-layer stabitina

reported in the literature point to the conclusibiat Raman spectroscopy seems to be a very suitable
there are three possible phenomena responsiblhéor |aporatory technique for qualitative studies oes#r in
tetragonal phase stabilization, i.e.: crystalli@espoint the zirconia scale (both in internal and exterreats).
defects and the stress state generated duringtimxida pHowever, information about implementation of this
Therefore, it has been demonstrated that: technique in the zirconium/zirconia system at high
- crystallites ranging from 20 — 30 nm are respolesi temperatures are rather scarce. In addition, studie
for stabilization of the tetragonal phase closethe comparing results obtainedn-situ and at room
metal/oxide interface temperature on the same samples under the same

- presence of lattice defects within the oxide whéan Cconditions do not occur in practice. This approach
be induced by the sub-stoichiometry of zirconiabgr Se€ems to be justified because the temperatureegriadi
the presence of heterovalent cations in the zieconfauses phase composition change and the stress
crystal lattice can be responsible for stabilizatid the relaxation effect. One may note that these phenamen

tetragonal phase in the outer sub-layer of the -po&@n be interpreted by tracking changes in Ramak pea
transition oxide positions and intensities. In the present work, gamof
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pure zirconium are studied using
spectroscopy technique, during their
elevated temperatures under normal

the Ramapositions, shifts and intensities of tetragonakaiia
oxidation gbeaks. These three parameters are used as indicditor
atmosphetige stress relaxation effect, and help in estingathe

pressure. Furthermore, these results are compathd wetragonal

phase content and finally support the

Raman measurements performed at room temperatudéstinction between stress-free and stress-affected
after cooling. Special interest has been givenh® t tetragonal phase.

een stress-free and stress-affected tetragonat phas
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Fig. 1. Visualized cartographic distribution of fodifferent sub-zones obtained due to Raman mapguiadysis on a
rectangular surface of 7.5 x 3.0 frand corresponding typical Raman signal represengach of the four different zones.
Reported results concern a sample oxidized at 666°CO h.

The work presented here consists of a charactieniza A significant amount of this phase has been dedeloye

of zirconia scale using the Raman spectroscopghie mapping experiment. An HWHM calculation
technique and aims to help understanding of ttegioel suggests that the phenomenon responsible for the
between the presence of the tetragonal zirconisehgresence of the so called “relaxed tetragonal ghiase
and the qualitative representation of the streggesh neither stress nor grain size, but the stoichioynigt

the scale. In- situ Raman measurements conductedtta oxygen sub-lattice in this part of the oxide.

500°C and 600°C show the influence of growth and

thermal strains on the peak positions of monoclanid References

tetragonal phases. [1] J. Godlewski, Ph.D. thesis, University of Techngiog

Considering the surface scan on the sample cro&T
section, it was possible to localize the informatio 3
across the whole zirconia scale. The Raman analyélg
confirms the presence of a continuous layer located [4]
the vicinity of the metal/oxide interface which migi

contains the tetragonal phase stabilized by high
compressive stress. The effect of stress relaxatitm  [5]
increasing distance from the metal/oxide interfaes [6]
been presented by the Raman peak shifts. The
previously reported hypothesis concerning the erst

of a tetragonal phase in the external part of tkideo

scale has been confirmed by the present results.
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Molecular dynamics simulations of defect accumulatin in MgO

O. Dorosh, J. Jagielski, C. Mieszcajski
National Centre for Nuclear Research, Otwdtkierk, Poland

Ceramics are an important subject for the nucledn figure 1 the status of the cell after 12.2 pammnds
industry as the main material for nuclear fuel. &fl of atom displacement process is presented.
them undergo the effects of radiation damages veneth-yther work will be to find the conditions thatvei

during their life-time in a nuclear reactor, or long  gefects similar to those sean in experiment.
term storage. Depending on the structure they show

very different behaviours under irradiation. Their
response to irradiation varies from almost perfec
resistance to complete amorphization, with possibl
phase transitions. Impressive progress in compute
over the last decade makes it possible to perfor
simulations of ceramics by means of Molecula
Dynamics. Previously we simulated defects caused |
cascade displacement. This means one particle cduse
many atoms being displaced from their positionshim
cell. Now our interest is to see the simulationsofall
deviations of many atoms.

We used MD simulations to study the process ofaefe
formation caused by irradiation in MgO ceramic. The
present calculation has been done with the molecul
dynamics (MD) program LAMMPS created at Sandi:
National Laboratory [1]. We used two potentials
proposed by Uberuaga [2] and Akamatsu [3]. Bot
potentials are composed of a Coulomb term with fu
charges for both oxygen and magnesium an
a Buckingham term.

Our goal is to explain the process of the formatidn ) )
defects. We performed simulations of the moleculdfi9- 1- The cell after 12.2 picoseconds of defectienulation.
dynamics to get the same defect pattern known fromeferences

experiment. [1] http://lammps.sandia.gov/

We performed calculations for the MgO systend?l B P.kulberuaga, R. Smith, A. R. Cleave, G'd
consisting of 373 thousands atoms. The size otétie giﬂaiu?agh;' VF\{/'e\?rgn?f‘ (Az'o'c:)'s,;/%e;’lgg K-E.
was 152)(152_)(,152 angstrom. We used pe”Od'ﬁ] T. Akamétsu, K. Kawamur: Mol. Sim. Vol.21 issue 5-
boundary conditions. For such a structure we peréor 6, (1999) pp. 387-399.

calculations for zero pressure on the boundary uééa

an “aniso” parameter, and this gives more flexipitf

the cell for relaxation under pressure.
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Assessment of silicon dioxide effect on criticalitgafety of a fuel assembly
in a geological repository

M. Klisinska, . Koszuk, A. Boettcher, A. Bujas
National Centre of Nuclear Research, Otwock-Swiekand

Spent nuclear fuel can be directly disposed of mkeap parameters: 50000 neutrons per generation, 250
geological formation to prevent its impact on thenan generations and 10 skipped generations.

environment. The fuel assemblies placed in such
a repository in steel storage tanks are surrounued
buffer clay material and rocks which can be a routr
reflector. The reflector of these materials caregiveater
reactivity effect than just a water reflector, whids
usually used in criticality evaluations.

It is necessary to have validated calculation tcatsl
nuclear data libraries to perform reliable critigal
calculations of fuel assemblies in a direct repogitvith
a reflector of these materials.

The Japan Atomic Energy Agency benchmark [1]
objectives are criticality assessment of the fissleanbly

surrounded by a reflector and confirmation that the
various calculation tools and different nuclearadgive Fuel cel
a consistent reflector effect for the materials by HGTceu
comparing relevant important parameters, such asore
multiplication factor or the reaction rate. Axial boundary condition: Reflective

In geological disposal a candidate for the buffayc Material temperature: 293 K
mate”".’l! IS a mixture CO!’]S'Stmg of 70% bentommﬂa Fig. 1. Schematic geometrical model for the benckma
30% silica sand. The major component of the mixiare problem, [1].

silicon dioxide and in the benchmark it is assurh8@%

SI02 for simplicity. o ) The model of the fuel storage cask was 100 cmrigtke
In the. benchmark _speC|f|cat|ons three kinds ofedr mirror boundary conditions were used in the axial
material were considered: direction to model the infinite dimension of thesembly

» Drysilicon dioxide Si@, with no water, required in [1]. The vacuum boundary condition was

. Wet silicon dioxide, where all soil pores are?PPlied in the radial direction.

filled with water — a more realistic model, Closest to critical state,.k above 0.99, were the cases
« Water as a reference material in order t ith fresh fuel, water as a moderator and highkiméss

compare the reflector effect between Si@hd 90 and 120 cm) of dry SiQeflector.
water. In all spent fuel casesegkwas much less than 1. The

The subject under consideration was 17x17 PWR freﬁrgeSt neutron multiplication factors were obtairfer

and spent fuel assemblies (burn-up 30 and 45 GWd ?le unloaded fuel. Thg maximunmgkhas a valug of
storage time 0, 30,000 and 20 million years) wit 819 for O-year storage time, water mOdefato."?am

a reflector of various thickness from 0 to 120 ¢#ig.1. reflector of 120 cm thickness, [2]. '_Fh@ﬂpoefﬁment IS
The moderator region in the fuel and guide tubéoregs larger for wet SiQ than for dr_y SiQ with the same
assumed to be filled with water or clay materia[mclecmr thickness and storage time.

containing water. The material compositions wer&alculations were also performed using MCNP and
supplied in the benchmark specification [1]. TheSERPENT Monte Carlo codes with ENDF/B-VILO,
following data were required for fresh fuel: efiget continuous neutron energy, nuclear data libraryf8the
neutron multiplication factor (keff), reaction ratinside case of the MCNP calculations the following paraeret
the reflector region for O-16 scattering, Si-28tting, Were used: 10000 neutrons per cycle, 1000 cyclé#s5G
Si-28 capture, H-1 scattering, and H-1 capturéo @ftthe ~ cycles skipped.

absorption rate to the production rate in the sgste The highest effective neutron multiplication factku;
thermal spectrum index in the fuel assembly redien was obtained for the case with fresh fuel, water as
thermal to total neutron flux ratio. For the spml only a moderator and 120 cm of dry Si@flector. The k

the effective multiplication factor was required. reached 0.99376 for SERPENT calculations and 03951
As a numerical tool the 3-D Monte-Carlo SCALE/KENO-for MCNP calculations. In most cases; ks much lower

VI code with 238-group ENDF/B-VII.0 library was uke than 0.99. The difference between the results ef th
Calculation were performed using the following

Vacuum

Reflector thickness Reflector

Vacuum
wnnaep

Vacuum
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MCNP and SERPENT calculations compared to th€ollected results from all participants and conicins of

results of other participants are lower than 1%. the benchmark will be published in 2016.

References wypalonego paliwagdrowego - benchmark Jafekie]

[1] Kento YAMAMOTO and Kenya SUYAMA: Problem Agencji Energii Atomowej, Raport B-22/2015, in
Specification for Benchmark Study on the Reflector Polish . . .
Effect of Silicon Dioxide (SiO2) for the Criticality [3] A Boettcher, A. Bujas: Badanie efektu zastosowania
Safety of Direct Disposal of Used Nuclear Fuel, Nov reflektora SiO2 na parametry bezpietsteva
2014. bezpdredniego sktadowania wypalonego paliwa

[21 M. Klisifiska, . Koszuk: Wplyw SiO2 jako reflektora jadrowego. (Benchmark JAEA), Raport B-30/2015, in
na bezpérednie (geologiczne) sktadowanie Polish

MR-6/430 and MC-5/485 fuel element calculations fothe MARIA reactor
using the Apollo2 neutronic code
M. Wroblewska!, A. Boettcher', P. Siret

!National Centre For Nuclear Research, Otwick-Swi€land
“Commisariat & Energie Atomique, Cadarache, France

The MARIA research reactor at the National Cente f 0

APOLLO2_2

Nuclear Research ifiwierk, Poland was operated using ' MC-5 POWER DISTRIBUTION ~ ____ - =,
two types of fuel elements: 19.7% U-235 enricheB ). 04 —8— APOLLO2_4
and 36% U-235 enriched (HEU) fuel. s mmm&g.o s APOLLO2_5
Based on the scheme of previous calculations witll8V Mg’ . :AZ%L;OZZ-G
and REBUS, calculations for the MARIA research teac 2 % wssas assis atiis H MCNP 3
were carried out with a new approach and the APQRLC 5 o, MCNP 4
A . O R -
software. The benchmarking calculations were dame f 3 h ” : MCNP_S
elementary cells containing beryllium blocks witmter & ? M-S0 RESGoPIS¢oR*EM . wones
gaps and a fuel element. Two fuel elements wel 01 ® O O  aea
considered: MC-5/485 and MR-6/430g as a referent 0 10000 20000 30000
with better studied characteristics. Calculations i BURNUP (Mg
APOLLO2 were made using the CEA93 172 energy
group library, collapsed to 69 groups. Fresh malgri20 04 - APOLLO2_1
operating cycles, including and not including an MR-6 POWER DISTRIBUTION ===APOLLO2 2
. - 03 & —+—APOLLO2_3
skipping outage periods between cycles. Referen NN 00 e e — o APOLLO2 4
calculations were done in MCNP. =03 | ) APOILO2 5
2o —=— APOLLO2_6
1,75 ] A MCNP_1
| MR-6——— APOLLO2 202 ® MCNP_2
1,7 | = = = MCNP § ma—-—m& B MCNP_3
APOLLO2 no stops e 02 OO0 OO0l m:g‘;
1,65 -
b4
1,6 -
0,1 + - - -
155 0 20000 40000 60000
’ BURNUP [MWd/Mg]
1,5 T T . . . . A
(') 20000 40000 60(1)00 (I:(l)%ezs. Power distribution in fuel layers for bothels and
BURNUP [MWd/Mg] :
Conclusions
MC-5 AROLLOZ It was shown that the MC-5 fuel cycle has the same
1,7 — = — MCNP - L .
‘ APOLLO? 10 sto characteristics of multiplication factor evoluti@as the
| Ps . .
1,65 - MR-6 fuel type. The differences in calculated value

- \ between both codes are very small and may by camsed
gl6 | the fact of using different calculating methodswadl as
cross section libraries. Another factor that mafjuence

1,55 the discrepancies is the use of simplified geomietrthe
1,5 . . . APOLLO2 self-shielding calculations. For APOLLO2
0 10000 20000 30000 and MCNP, power distribution agreement is very good

Burnup [MWd/Mg] The presented results show a slight, negligibly ,low

Fig. 1. keff results for MR-6 and MC-5 fuel. difference in flux values However, the flux distriion in
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the fuel element has exactly the same shape fdn bd8] Z. Stankovski. La Java de SILENE: A graphical user
codes. interface for 3D pre & post
processing, DEN/DANS/DM2S/SERMA/LTSD/RT/10

) . -4917/A. (2010).
(1 2'y%‘gillrzpﬁﬂr%%F?&Z?ﬁgcs/g%qlféf102r6\//§rs'® 2. [4] K. Andrzejewski, T. Kulikowska, Z. Marcinkowska,

(2011). Computational Model of MARIA Reactor Based on

[2] Project APOLLO2. APOLLO2: Reference manual for REBUS Code, Raport IAE-129/A, 200
version 2.8-3.E. CEA report DM2S
SERMA/LLPR/RT/11-5071/A. (2011).

References

Neutronic calculations for safety analysis of highemperature reactors
with pebble bed core on the example of HTR-10

t. Koszuk, M. Klisi nska ]
National Centre For Nuclear Research, Otwisikierk, Poland

The aim of the project “Development of high tempara The original input contained a mixture of fuel awnmy
reactors for industrial purposes (HTR-PL)” wasebbles only in the cylindrical part of the corethe
theoretical research on the physics and engineesfng configuration of the first criticality experimentThe
high temperature gas-cooled reactors (HTGR). Ortheof remaining lower parts of the core i.e. the conuspfier)
tasks was verification of the safety charactesstaf and discharge tube were filled with graphite balls.
pebble bed HTGR, using the technical data of thexamine reactor behaviour during normal operatiom t
experimental Chinese reactor HTR-10. The goal & thmodel should be changed in such a way that the dropp
study was the validation of the computer codes twed and discharge tube contain a mixture of fuel araplite
acquisition and reinforcement of the capabilitytbéir balls. For this reason, many changes in the ordigimaut
use for neutronic calculations of safety relatechpeeters file were made.

of pebble bed HTGRs.

The elements of the study of the safety featureldTdR-

10 were: dependence of the effective multiplicafactor
value (k-eff) on the number of pebbles and their
temperature, power distribution in the core forragienal
conditions, calculation of temperature coefficigatues,
calculation of the control rod worth.

The neutronic calculations were performed with the
SCALE/KENO-VI code system developed at Oak Ridge oSS, = o A
National Laboratory .HTR -10 We' is cemposed obiege Distribution of HTR-10 pebbles in the SCALE/KENO-VHeio
number of tiny tristructural-isotropic (TRISO) fuel
particles embedded in a graphite matrix and shaped

spherical fuel elements — pebbles. The inherenbléou
heterogeneity of such a fuel makes it more diffictal

In the analyses performed, the HTR-10 reactor was
considered mainly in its operating condition, tliere the
. . space between the balls was filled with helium with
mOdﬁ{A‘;‘gi relquwes methods different from thosel dse a temperature-dependent density for reactor spart-u
€g. _ uel. _ _ 20°C (critical experiment) and for a hot reacto®20°C
The first HTR-10 reactor neutronic calculations #e  at a constant pressure of 3 MPa. Calculations were

SCALE/KENO-VI code were performed relying on theperformed for three heights of the pebble bed: 166
ORNL input published in NUREG/CR-7107 ORNL/TM- gnd 221.5 cm.

2011/161: Validation of SCALE for High Temperature
Gas-Cooled Reactor Analysis. The input was baseten
specifications of the Nuclear Energy Agency (OECD)
benchmark in the framework of the International &tea |
Physics Experiment Evaluation Project — IRPhEP. {
1
|

A.A
O -, It

q;‘ ﬁ .‘l'i

Model of HTR-10 in the SCALE/KENO-VI code.

Unit cell of HTR-10 in the SCALE/KENO-VI model.
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A detailed description of this study and all resulire by the National Centre for Research and Developriment
collected in the final report [1]. Poland.

: Reference
The High-Temperature gas-cooled Reactor (HTR) i ] t.Koszuk, M. Klisiiska, Analiza cech bezpiecztwa

a promising concept for the next generation of earcl chinskiego reaktora wysokotemperaturowego HTR-10

power p_Iants. The_“HTR-PL” project i_ncluded actieg w programie KENO-VI (SCALE), Raport B-21/2015
concerning the validation of computational toolsl dhe (in Polish)

qualification of models. The HTR-PL project was died

Neutronic calculations of a PWR core with accidentolerant fuel

A. Boettcher )
National Centre for Nuclear Research, Otwdakierk, Poland

The possibilities of accident tolerant fuel us¢ha EPR supply. Operational safety analysis of the nuclear
type core, based on neutron- physics calculatiots areactors, from the neutron point of view, beyond th
available scientific data, were analyzed. calculations of the multiplication factor value amawer

Five different enrichments of U-235 and three typés distribution include calculations of the temperafur
fuel cladding: molybdenum, SiC and M5 (referencejactivity and vacuum coefficients[6].

were chosen to perform burnup neutronic calculatior

for fuel elements and fuel assemblies. Based ogethe

calculations six core configurations with SiC fuel

cladding were proposed, An example of the cor

configuration is show in Fig.1[1,2,3,4,5].
R

Normalized power

2.50

2.00

4:50 ——TEPRL

———TEPR2

Fig. 1. An example of a core configuration, TEPR3.

Such results of the MCNP calculations as powe[rz]
distributions in the core, multiplication factor cathe
reactivity coefficients of the reactor core werdaited.
Based on the US EPR Final Safety Analysis Repor)
values of the normalized power distribution in TEPR

cores and EPR core were compared(Fig. 2).
Calculations were performed for the following statd
the reactor core: Hot Full Power, at the beginmifithe [4]

fuel cycle and All Rods Out. Closest to the power
distribution in the EPR core is the distributiorr the
following cores: TEPR2, TEPR3 and TEPR4. The EPR)
core, according to the technical specifications, een
designed with a multiplication factor for the stafethe
HFP and for a fresh core at the beginning of theleaus
fuel cycle equal to 1. In contrast, in the preseotk the
designed configurations of the cores were prepéoed
a fresh core and for the HFP state with a smadthety

(6]
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R|R|[R|R R|R|R|R|R|R|R|R|R|R|R[R|R|R 1.00 —TEPR3
R|R|R R|R|R R|R|R|R|R|R —TEPR4
R R R R K3 K3 K3 R R R R 0.50 —TEPRS
R R R K2 | K4 K4 K2 K4 K4 | K2 R R R
R([R K2 K2 | K3 [ K2 | K& | K3 [ K& | K2 | K3 | K2 K2 R|R 0.00 TEPRG
R|R Ka | k2 K4 | K3 Ka K3 | K& K2 | K& R| R 0 2 4 6 8 10 12 14 16 18
L s R Lg) L RIS < R Cross section through the center of the core
R K3 | K& | K2 [ K3 K3 K3 | K2 | K& | K3 R
R K& K4 K& | K4 | K& K& K& R
= (8l « R < IERiER - Rl ] = Fig. 2. Comparison of power distribution in variogactor
R K4 K4 K4 | k& | ka K& K& R cores.
R K3 | K& | K2 [ K3 K3 K3 | K2 | K& | K3 R
8 il L N N 8 As a result of these calculations it was proved tha
SRS ol allal Lihad i Lalial il SRS designed TEPR core configurations would be safe in
R|R K2 K2 | K3 | K2 | K4 | K3 | K4 | K2 | K3 | K2 K2 R| R .
R|R|R K2 | K4 K4 K2 K4 K4 | K2 R|R|R operatlon
R R R R K3 K3 K3 R R R R
R R R R R R R R R R R R
R R R R R R R R R R R R R R R R R R|R References .

[1] Christina A. Back, Advanced Fuel Technologies at

General Atomics, OECD — NEA Meeting; December
10, 2012

Bo Cheng, Fuel Behavior in Severe Accidents and
Potential Accident Tolerance Fuel Designs, Technica
Executive, Nuclear Fuel; OECD — NEA Meeting;
December 11, 2012

M. Klisinska, J. Szczurek Materiaty koszulek
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Investigation of Np-237 incineration in the QUINTA setup

S. Kilim, E. Strugalska-Gola, M. Szuta et al.
National Center for Nuclear Research, Otwock-Skyi€oland

There are two ways in which Np-237 may with neuronTable 1. Gamma lines identified in Np-237 sample.

— fission and capture. As shown in Figure 1 thguwa EG[KEV] ISOTOPE T1/2 IG[%] T [%]
cross section (CS) prevails over the fission onalixyut 529,87 133l 20.87H 87 4.45
10" times in the thermal range then both CSs come 555,57 91SR 9.63H 95 267
; . : o 630,19 1321 2.295H 13.3 3.98
closer in the epithermal range until the fission CS 641,28 142LA  911MIN  47.4 45
becomes larger at an energy of about 0.8 MeV [1]. 657,94 97NB 72.1M 98.23  5.35
661,66 137CS 30.05Y 85.1 5.11
667,71 1321 2.295H 98.7 3.98
DOF Bryuoat 21809, 2014-Har-18,13:19:52 743,36 97ZR 16.744H 93.6 5.35
e e 749,80 91SR 9.63H 2361 267
o g ' 756,72 95ZR 64.032D 5438 554
L SN 772,60 1321 2.295H 75.6 3.98
N i l ‘ 954,55 1321 2.295H 17.6 3.98
- N 1038,76 135l 6.57H 8.01 4.16
| gld ' 1131,51 1351 6.57H 226 416
- \f i 1260,41 135l 6.57H 28.7 4.16
: l, 1383,93 92SR 2.66H 90 4,01
- 1457,56 1351 6.57H 8.73 4.16
z 1678,03 135l 6.57H 9.62 4.16
0 N e 1791,20 135l 6.57H 7.77 4.16
N 923,98 238NP 2.117D 2.869 100
962,77 238NP 2.117D 0.702 100
B 984,45 238NP 2.117D 27.8 100
tacident nerey CRew) 1028,54 238NP 2.117D 20.38 100
Fig. 1. Np-237 neutron caused fission (dark blus) aapture  Table 2. Np-237 fission and capture rate per graname per
(green) cross section dependence on energy [2]. beam proton final results
This dependence explains why actinides accumutate i WM WME WME [%0]
existing power reactors. The only way to prevems th gecion 145E-05 9 78E-07 6.74%

accumulation is to incinerate them in a high energy

neutron field. JINR Dubna’s spallation neutronrseu ¢aPture 2,23E-05  2,14E-07 0,96%
QUINTA'’s applicability for actinide transmutatiors i fission/capture 0,65 0,04 6,81%
investigated in the framework of an International

Research Project “E&T RAW". The QUINTA consists

of 510 kg of natural uranium — Fig. 2 — left —Reference

surrounded by 10 cm of lead sheilding. The spaltati %] Evaluated Nuclear Data File (ENDF); https:/Awww-
neutrons were produced by bombardment of th nds.iaea.org/exfor/endf.htm

QUINTA uranium core by a 660 MeV proton beam.

This work was aimed at the determination of Np-2337

fission and neutron capture efficiency during iredidn

by spallation neutrons.

The measurement method was based on gamma-ray
spectrometry. During the analysis of the spectrersd
fission products and one actinide were identified.
Fission product activities gave the number of fiasi

The actinide (Np-238), a result of neutron captaye
Np-237, gave the number of captures.

2

v

Fig. 2. QUINTA setup - internal core, front view amar
view.

h
=
R\
\

The investigated Np-237 sample was irradiated & th
side window marked in red.
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Spent nuclear fuel management.

Analysis of options for the Po

lish Nuclear Power Rygramme

S. Chwaszczewski, A. Boettchgr
National Centre for Nuclear Research, Otwdatkierk, Poland

The Polish Nuclear Power Programme assumes thée problem of spent nuclear fuel is the most §icpmt

commissioning of nuclear power plants with a cayaci
of 6000 MWe by 2035.

Table 1. Characteristics of the EPR, AP-100 and B&ftBr
60 years of operation.

Energy TWh 2775.2
it PWR | BWR |
Net efficiency | % | 33 | 6 | 34 |
[Spent fuel | MglU | 6400 | 5813 | 7290 |
Bumup | GWd | 352000 | 319690 | 342613 |
Uranium Mg 5907 5365 6818
[Neptunium | Mg | 93 | ¢ 85 | 80 |
Plutonium | Mg | ¢ 813 | 738 | 902 |
[Americium | Mg | 33 | 30 | 34 |
Curium ™ |1 Mg | 04 | G 04 | 03 |

The construction of nuclear power plants in Polesit
impose on the bodies responsible for management

radioactive waste, spent nuclear fuel, nuclear ar

radiological safety, as well as the operators oflear
power plants an important task: selection of tetbmo
for spent nuclear fuel.

Currently three technologies can be analyzed, d€lwh
the first two are already used in the management
spent nuclear fuel:

1. The disposal of spent nuclear fuel withou

challenge for all operators of nuclear power plants
around the world. Each year, from civilian power
reactors more than 10 000 MglU of spent nucledrifue
discharged. Undoubtedly, storage of suitably ptetéc
and "cold" spent nuclear fuel is the least costiyl a
relatively safe for a few generations - approx. @0 0
years - technology to dispose of "nuclear garbage".

The National Programme for Spent Nuclear Fuel and
Radioactive Waste Management should take into
account storage of spent nuclear fuel in dry or wet
storage with the possibility of the use of the ity
technology option in the future. In this option rinds
disposal of high level radioactive waste, but tlxe of

the disposal and the necessary period of isolabibn
these wastes is incomparably smaller than thapeits
nuclear fuel without reprocessing.

of
Table 2. Watts from nuclear fuel recycling

LWR reactors PWR BWR
Net power MWe 6 000
Fuel burnup GWd/Mglu 55 47
Net efficiency % 33 | 36 34
Electric energy TWh 2775.20
Spent nuclear fuel MglU 6 400 | 5813 7 290

Recykling Centre

Blocks number 2xPRISM 6 5 6
Energy from recycking TWh 1668 1515 1783
Uranium from recycling |Mg U 5886 5346 6790

reprocessing in a geological repository - open fuel

cycle -REPOSITORY,

The reprocessing of spent fuel to extract pliution

Confirmation of the economic viability of the progpe
Recycling Centre will mean that the construction of
a Recycling Centre in Poland will be the next stefhe

and fission products and produce from the recovereftvelopment of the national nuclear energy programm

plutonium MOX fuel, then use of MOX fuel in

reactor power, MOX spent fuel and waste generat@ghference

during processing disposal -REPROCESSING.
A new technology (RECYCLING) of burning

[1] S. Chwaszczewski: Gospodarka wypalonym paliwem
jadrowym. Analiza opcji dla Programu Polskiej

Energetyki ddrowej, B-34/2014, NCBJ

radiotoxic actinide isotopes contained in the spent
fuel from water power reactors in fast neutron

reactors.
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The need for development of gas cooled reactor tewblogy in Europe

A. Przybyszewska )
National Centre for Nuclear Research, OtwosWierk, Poland

Nowadays we are experiencing a renaissance ofamucleuclear energy. ALLEGRO is the second line of the
power and several initiatives for Gas Cooled Rmact French-led FNR development — also an EU Euratom
have been begun. The main objective of these tinis. project under ESNII (one of the pillars of SNETPhis

is to increase the research and technical poteagtialell is a gas-cooled fast reactor (GFR), one of theosix
as help the development of nuclear energy in seveseven designs promoted by the Generation IV
countries. Gas Cooled Technology is promising beeaulnternational Forum. A 50-100 MWt experimental
of its high efficiency (about 47%), excellent passi version is envisaged by 2025.

safety features and the possibility of U-233 bregdi The main areas for research and innovation acfions
from Th-232 the Gas Cooled Reactor are the following:

The Nation_al Centre_ for Nuclear Research (NCBJ) ip Helium technology and components development,
Poland is involved in the development of Europeap Fuel Development,

platform of knowledge and collaboration - The, P .
Sustainable Nuclear Energy Technology Platform gjz;ﬁli(;g[ir(l)ennt & validation of analysis tools and

(SNETP). Two of the three pillars are projects ko Site selection & site permit, licensing issues.

Gas Cooled Reactor Technology.
Right now it is clear that development of GCR in

NUGENIA Europe provides benefits:

« Low and stable price of electricity,
* Long term operation,

* No emission of CO2,

e Good floor area ratio per power,

* Reliable Power Supply.

NC2I

‘Current and .

Future
Innovative materials and fuel

Simulation, Modelling, Experiments

HTR, Prod. Ha,
etc.

However, new nuclear reactor technology has toesidr
the following key challenges:Economics of new nacle
power plants,

- Safety design - adaptation of design to national
requirements,

« Delay - time of licensing and construction,

* Risk of closure by political decision.

Education and Training

R & D Infrastructures

Safety

Gas Cooled Reactors can provide sustainable energy

development in Europe and this technology is they k
to the deployment of a large-scale closed fueleysk

a result of progressive deindustrialization andssions
limits for industry, GCRs can provide heat for aper
intensive  processes instead of fossil fuels.

ESNII

Fig. 1. Three pillars of the SNETP vision.

Cogeneration technologies could extend the lowararb
contribution from nuclear fission to the energyteys
by directly providing heat for different applicati® like
district heating, sea water desalination, procesd for
many industrial applications as well as bulk hya@nog
production, synthetic transport fuel productionemen
carbon capture and utilization (CCU). Potentia
deployment of HTGR technology to fulfill industrial
energy needs created the Nuclear Cogenerati
Industrial Initiative (NC2I). NCBJ was a leader thie
supported project NC2I-R to study the feasibility o
using nuclear reactors to produce electricity dueat.

One of the major charges against the implementation
nuclear energy is the high-level nuclear waste pced.
Fast spectrum reactors with closed fuel cyclesailitiw

a reduction in high-level nuclear waste radiotdyieind
volume. The use of fast reactors with a closed ¢yele
approach will allow more sustainable implementatién

Electricity Generation (Gas Turbine)

Desalination, District Heating

Urea Synthesis

Wood Pulp Manufacture

De-suffurization of Heavy Oil

Petroleum Refineries
Town Gas

Styrene (ethylebenzene)

Ethylene (naphtha, ethane)

Hydrogen(Steam Reforming)

Gasification of Coal s .

Iron Manufacturing

Cement Manufacturing
Glass Manufacturing I

400 600 800 1000 1200 1400 1600 1800

HTR VMR
<750°C >750°C

Fig. 2. Temperature range of different heat applmas and

needs covered by different types of nuclear reactor
technology.
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Heat exchange modelling in a uranium fuel assembly

D. Zgorzelski, M. Wielgosz, P. Prudiski, T. Kwiatkowski, A. Prusinski
National Centre for Nuclear Research, Otwdtkierk, Poland

The main aim of this work was focused on modellingladding/wall temperaturd;, — inlet temperature to the
heat transfer phenomena and defining safety maajinsfuel element.

assembly operation. In order to achieve this gogk js assumed that during normal operation mode, th
modern Computation Fluid Dynamics (CFD) methodgNBR should be larger than 1.2 in order to avoihst

have been applied. The most crucial safety issuBeiS creation on the cladding and to provide a sufficien
appearance of boiling in a reactor, which impaiesith safety margin [2].

exchange between the assembly and coolant and i . . .
extreme cases may lead to severe accidents igela faseegtzznséilnc]ilcjeltztillcs),nofetnha:abI]‘(Iac?wallat?eerntri]r?;gg;?iﬁrr:u“C
plate meltdown. P P

i o o fuel assembly to be checked. Thanks to the conducte
The investigation was focused on determining theebn gy,gies, a safe working domain of the assembly was
of Nuclear Boiling Ratio — ONBR. This factor de$@$ yefined for given geometry assumptions. Based en th

the safety margin of the reactor operation andielyl  jnyestigation, the following conclusions were made:
indicates the state when nucleate boiling in thel fu

channels starts to appear. When boiling occurstaeac
operation is forbidden due to safety reasons. TRER
value depends on two crucial parameters: the

- The results obtained can be used as a base for
further neutronics optimization of the fuel
assembly geometry on parameters of a neutron

dimensions of the slots between the plates in the beam.
assembly and the heat flux generated by the fuging - In the case of a fuel assembly with a slot
this research, the relation between these parasnetet thickness varying from 1 mm to 2 mm, the heat
ONBR was identified and approximated for a given flux vs. slot thickness relation can be
range of slot thickness. The investigated relaticas approximated by a linear function in order to
plotted in the form of a map of the operationaaar determine the boundaries of the same ONBR
presented in Fig. 1. Three domains are shown and values (i.e. ONBR =1 or 1.2).
characterized by 3 different scopes of ONBR. Thedr - 2D simplification of the problem may cause
relation between the points seems worthy of comment some  discrepancies in  relation to
because it allows easy prediction of the ONBR fairto measurements of a real fuel assembly
the range of investigated scope by linear approtima operation. However, a 3D model of the
- . problem would consist of a coarser than 2D
" grid or would require significantly longer
ONBR<1 : * computation  time.  Considering  branch
) E==Sc=ss 7 . calculation it is important to operate on the less
H A oNBR demanding model (i.e. 2D), because a high
i =21 00+ number of cases has to be computed in a
S ONBR > 1.2 reasonable time.

Safe operation

- Further study of the problem may be devoted
to cases concerning pressure losses or Loss of
Flow Transient Accidents where coolant flow
is limited. It is crucial from the safety point of

Fig. 1. Relation between ONBR, slot thickness antithea view to provide adequate operation margins,

especially for some abnormal occurrences.

Siot thickness (mm]

The ONBR ration was calculated according to the
Forster-Greif correlation [1]:

035 References
Tovg = Tsar + 0. 128q_ [1] Forster, K.E., and Greif, R., 1959, “Heat Transfeat
023 Boiling Liquid-Mechanism and Correlations,” Journal
Tong — Tin of Heat Transfer, pp. 43-54
ONBR = ——=2 [2] Dabrowski, M., Staré, E., NUREG/IA-0443,
Tper = Tin International Agreement Report Research Reactor
where: q — heat flux [W/fiy p — pressure [barfsar — ‘MARIA’ Primary Cooling Loop Transient Analysis
coolant saturation temperatureTpe; — peak Using RELAP5 Mod 3.3, June 2014
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Hypothetical model of helium migration in UO, fuel during neutron irradiation

M. Szuta, L. Dabrowski
National Center for Nuclear Research, Otwock-Skyi®oland

It is known that large amounts of noble gases aeetemperature equal to about BDDevaluated by “Ab

retained in high burn-up fuel. Release of both urali
and the fission gas xenon is similar during theeafing

initio” calculations [6]

process. This enables us to infer that migratiod AL oferences

release of helium from the fuel under irradiatian i

similar to that of the fission gas products - tleane [1]

mechanisms controls these. Therefore, the hypaotieti
modelling of helium migration and release during
irradiation is described by the defect trap modgl o

fission gas behaviour published earlier [1,4,5]. 2]

Two stages of helium and xenon release from highly
burned fuel during annealing are observed. The firs
stage starts at a temperature of about 900 K°®2and
the second stage starts at about 1350 K (AT)7The
amount of gas released in the first stage is smaille

comparison with the amount in the second stageq[L,4 4

A helium atom located in the octahedral interdtitia
position of a perfect crystal of lattice of Yds
subjected to strong repulsive forces from the

surrounding metal and oxygen atoms, which mearts tt’tg]

it is in a deep potential well of depth preventinfom
any movement in the crystal even at very high
temperatures. Thus the octahedral interstitial tjmos
in uranium dioxide are effective traps for heliutoras

[2,3]. [6]

Applying “Ab initio” calculations using the Wien2k
program package we estimated the static energyebarr
between interstitial sites in a perfect latticelsd,+He.
as about 4.15 eV.

It is proved that the gas release in the secorgkst
controlled by grain re-crystallization which stards$

a temperature of about 1190 for highly burned fuel
[2,3].

According to our opinion in the analysis of the
immobilization of helium atoms produced in the fuel
one should involve both the solid nuclear fuel mate
and its nano metre thick surface layer (see Fig- il§.
the total surface area of the fuel.

Fig. 1. Escape routes of helium through the metfzae(1)or
oxygen surface (2).

Because the total surface area of the highly bufaedd
is huge, the release of noble gases in the fiesgjests
remarkable during annealing.

In the area of the nano superficial layer the aydpd
places for the immobilization of helium atoms are
closest to the metallic surface octahedral sitaswhich
the barrier height is 1.9 eV, which corresponds to

P. Hiernaut, T. Wiss, J.-Y. Colle, H. Thiele, C.T.
Walker, W.Goll, R.J.M. Konnings; Fission product
release and microstructure changes during labgrator
annealing of a very high burn-up fuel specimen.; J.
Nucl. Mater. 377(2008)313.

L. Dgbrowski, M. Szuta, Diffusion of helium in the
perfect uranium and thorium dioxide single crystals
Nukleonika 58 #3 (2013) 295-300.

L. Dabrowski, M. Szuta. Diffusion of helium in the
perfect and non perfect uranium dioxide crystat$ an
their local structures J. All. Comp. 615 (2014) 598-
603.

Vincenzo Rondinella, Paul Van Uffelen, Arndt
Schubert : Contribution to Report of EGRFP
on‘Experimental data requirements for fuel
performance modeling; Meeting of EGRFP 2013 19
February Paris.

A. Schubert, V. Di Marcello, V.V. Rondinella, J. van
de Laar, P. Van Uffelen; The Data Requirements for
the Verification and Validation of a Fuel Perforrman
Code — the TRANSURANUS perspective: Meeting
of EGRFP 2014 20-21 February Paris.

Marcin Szuta, Ludwik Bbrowski; Hypothetical
modeling of helium atom migration in the uranium
dioxide fuel during neutron irradiation and during
annealing.; Fifth Meeting of the Expert Group on
Reactor Fuel Performance (EGRFP) of Working
Party on Scientific Issues of Reactor Systems
(WPRS); 17 February 2015; NEA Headquarters,
France.
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Measurements relevant to high energy neutron spedr
by application of yttrium detectors in the quinta assembly
using an 8 GeV deuteron beam from the JINR nuclotro (Dubna)
and a 0.66 GeV proton beam from the JINR fazotron

E. Strugalska-Gola, M. Bielewicz S. Kilim, M. Szuta
National Center for Nuclear Research, Otwock-Skyi®oland

This work was done within the international projggnergy ~\We have obtained the spatial distribution of Y8&7Yand
plus Transmutation of Radioactive Wastes* (E+T — RAwy) Y86 isotope production from (n,xn) reactions antsoahe
investigations of energy production and transmaotatof
radioactive waste from atomic energy.

average neutron flux in three neutron energy ran(déss-
20.8, 20,8-32.7, 32,7-100 MeV) for the 8 GeV deatelbeam
and the 0.66 GeV proton beam respectively (Fig.2T8gre
are uncertainties in the measurements involving tibtal
number of primary particles in each experimente Blerall
errors of the experimental data were not less tha%-20%.

Average neutron flux for the energy range 32,7 -100 MeV

4,00E+07
r 3.00E+07

2,00E+07
1,00E+07

oy g+ 0,00E+00
660 MeV]| ) E!fzi — L
proton T 4 = (65.5)
I T 3 (52.4)
beam ¥ g 2 (39.3)
1 (26.2)

Average neutron flux[1/cm2*s]

_—7 40 80 o (131
R [cm] Distance from the fron of the Quinta target [cm]
Fig. 1. Quinta assembly Fig.3. Spatial average neutron flux distributiontire Quinta

assembly for the neutron energy range (32,7-10@Y lthe

Y89 samples were located inside the ADS (Acceterat gg ey proton beam from the Fazotron.

Driven System) assembly Quinta (uranium targetno T
experiments were carried out. The foils with ytmiu Our analysis has shown that the average valuéeof t
detectors were irradiated by a deuteron beam d¥ 8.0eutron flux density per deuteron for the 8 GeV
GeV from the JINR Nuclotron(2013) and by a protofleuteron beam in the maximum position (13.1 cm —
beam of 0.66 GeV from the Fazotron (2014). distance from the front of spallation target) isoaib
.10 times bigger «=1,01E-05

TwelveYttrium-89 activation detectors were placed I eutron/criiMeV/deuteron for R= Acm) in comparison
the Quinta assembly (Fig.1) on the detector plates with the same position for the 0.66GeV proton beam

front of, between the five sections, and on the oéshe - a
assembly in two positions at varying radial disemnc (9=3.06E-06 neutron/cfh MeV/protpn for R=4cm).
(4 and 8 cm). We attempted to evaluate the aeera he value of the neutron ﬂux density at the endhef
high energy neutron flux inside the Quinta assemb ssemply (544 cm - distance from t_he front of
using the threshold reaction (n,xn) in Y89. Th pallation target) is about 80 — 100 times bigger.
measurement method was based on gamma-r&pis theme of research is plannEd to be continued.
spectrometry

Average neutron flux for the energy range 32,7-100 MeV References

[1] E.Strugalska-Gola, M. Bielewicz et al.: Measurements
of fast neutron spectrum in QUINTA assembly
rradiated with 2,4 and 8 GeV deuterons, (PoS) No
052 (2015)

B [2] TALYS-1.0: A Nuclear reaction code. A.J. Koning,
deuteron|— ';”"/4 ©a5) S.Hilaire, M.Duijvestijn.www.talys.eu

peom | e 1 algy @Y [3] W. Furman et al.; Recent results of the study of ADS

—T a0 s with 500 kg natural uranium target assembly

Distance from the front of the Quinta target [cm] QU|NTA irradiated by deutel’ons with energies from

1to 8 GeV at JINR NUCLOTRON; PoS(Baldin
ISHEPP XX1)086

3.00E:
 2,00E+05

r 1,00E+05

8 GeV ————+ 0,00E+00

neutron flux[1/cm2*s]

Fig.2. Spatial average neutron flux distributiontime Quinta
assembly for the neutron energy range (32,7-10@Y br an
8 GeV deuteron beam from the Nuclotron.
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A method and computer library for determining changes in radionuclide
concentration over time

T. Machtyl )
National Centre for Nuclear Research, Otwdtkierk, Poland

The developed method is based on a generaliz

solution of the differential equation of the raditiee ® (X J
decay law: ee o0 o000

dN,(t) ‘ ‘ ‘

(;t = Ap-1Np1 (0 — 2N, (D) * : " . ‘ ‘\‘ »

. . . . e i oWOowe
where N is the nuclide concentration ang the decay N/ ‘ ,\'f'
constant. e oVeVYNFocsoooo
This method is similar to the methods described t ® ® @ @9 *I ] Y¥weoe
Bateman [1] and Yuan and Kernan [2], but include ® @ .\\‘V ¢ 6 &
instances where the decay constants of two or mc e e o ¢ I
nuclides are equal, leading to infinities in théutions \/ >
of the equations. ® \f 9 ‘ | 4
Computer implementation of this method provides a ¥ eow ® : 4
accurate and efficient way to determine the chariges - 9! @
the concentrations of radionuclides over time \. > ¢
The library does not have predefined informatibowt ‘ |
the nuclides, types of decay and decay constaais| \ g
can work with any database — for example ENDF. \| &
also allows for inclusion of emitted particles anc &

spontaneous fission product yields in the decaynsha
The results of calculations can be used to deterttia
composition, activity and thermal power of the grat
sample.

In the future, this method can be extended to thlgf

possibility of determining the energy spectrum bt TS'€rences . . .
radiation associated with radionuclide decayss lalso [ igte;;?::&z&ﬁiﬁgl:Jrf'?hnecngcfés;?Tagifocggg\zgm'a
possible to use this method to create a more eédor transformations. 1910.

code, which will take into account nuclear reaciamd 2] yyan D., Kernan W., Explicit solutions for exit-gnl

will be able to predict changes in the compositafn radioactive decay chains, Journal Of Applied Physic
nuclear fuel during reactor operation. 2007.

An example of a chain of decays - Sm-147 and all
predecessors. Based on data from ENDF-B-VII.1.

Dynamic modelling of an actinide extractor from moten salt to molten bismuth

S. Kilim
National Center for Nuclear Research, Otwock-Skyi®oland

The actinide extractor is supposed to be one ofymamorizontal arrows show the flow directions. Thepep
elements of a MSR fuel online reprocessing unit [1] layer contains an actinide fluoride in ionized
form(M**4F) while the lower one (bismuth) contains
metallic lithium (Li). The liquid bismuth does not
dissolve the ionized atoms so the actinide exwacti
reaction of form

MF(s)+nLi(b)-->nLiF(s¥ M(b)

takes place only through the contact surface. Hege
index s means salt and b means bismuth. The neetalli
lithium from the bismuth becomes ionized or oxidize
(loses an electron) on the exchange surface arsltgoe
Fig. 1. Extractor 2D model. the salt while the actinide ion becomes reduced or

. . . neutralized (gains an electron) and goes to thaudis.
The extractor consists of two layers of fluid flagiin ; L -
. o . The curved vertical arrows show the lithium/actaid
opposite directions. The lower one contains molte

bismuth and the upper one contains molten salts. Tﬂow direction.
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Generally speaking the extractor is a very compdita

setup. To describe it one has to take into acctuiat
dynamics, thermodynamics, chemistry
electrochemistry.

To make the model as simple as possible the emtract

has only a 2D (x,z) form and the fluid flow drivéy

the pressure gradient is assumed to be only inzthe

direction. The fluids are viscous, the flow is laam. Its

profile is assumed to be of a constant shape. Fow

only possible in the x-direction thanks to diffusiand
reaction. The energy conservation law is negleciée.

reaction is limited to 2 components in bismuth (Mla

Li) and to 2 in the molten salts (R4F and Li'F).

The conservation law equations making the modeé hav

the form:
2 2
% —gpe -v, L4pd Gy plt
ot 0z ()4 0z
0 oV
£ =u 21
0z 0X
Q(X’Ztho =cy(x2)
V,(x),., =0
Here:

¢ — substance concentration
A — reaction rate on contact surface

VZ - flow velocity inz direction

D — diffusion coefficient
p — pressure

This set of equations is solved with the FTCS metho [1]

central formula finite difference method for theasp
part and the forward in time (RK4) method.

and 2

Li-7 concentration vs x-position in bismuth and time, t.
Here tis a parameter

20

——Li(t=0,x)

15 —Li(t=1,x)

Li [%m]

[N
)

e Li(t=5,)
——Li(t=20,x)
—— Li(t=50,x)

- Li(t=100,x)
1 2 3 4 5 6 7 8 9 10
x-axis position

Fig. 2. Li(x,t) concentration in bismuth layer.

LiF concentration vs x-position parametrized by time

——LiF(t=0,x)
——LiF(t=1,X)

——— LiF(t=5,x)

LiF [%m]

——LiF(t=20,)
5 —— LiF(t=50,x)

—— LiF(t=100,x)
1 2 3 4 5 6 7 8 9 10

Xx-position

Fig. 3. LiF(x,t) concentration in molten salt layer

The results presented above are based on dummy
values. Many model improvements are still to be enad

Reference

Wash-1222 - an evaluation of the molten salt breede
reactor, 1972, pg. 24

In vessel corium propagation sensitivity study of eactor pressure vessel rupture time
with the PROCOR platform

E. Skrzypek, M. Skrzypek
National Centre for Nuclear Research, Otwocfwierk, Poland

The problem of corium propagation for PWRs in thengaged in the topics of core support plate mouglli
Reactor Pressure Vessel (RPV) and the time of f¢ R and analysis of the phenomena of thin metallic fgaye
failure is one of the main issues of study in theaaof formed on the top of the corium pool. These issuee
severe accidents. The PROCOR numerical platforidentified as strongly influencing on the course of
created by the CEA severe accident laboratory nsoded severe accident and the timing of an RPV failume.
corium propagation for LWRs, its relocation to thesome sensitivity studies performed on a given gener
Lower Plenum and RPV failure. The idea behind thhigh power Light Water Reactor with heavy reflector
platform was to provide a tool that will be suffiotly two groups of RPV ruptures were distinguished eslat
fast to be able to perform numerous calculations ito the two issues, which has given the motivation f
a reasonable time frame in order to perform asdiedil further work on these topics.

study. Therefore, work on the development of theq demonstrate the problem a sensitivity study with
models, describing in-vessel issues, is contingousbROCOR and URANIE platforms was performed. This
performed through simplified phenomena modellinggt, gy highlights how the uncertainty in the outpfithe
verification and sensitivity studies. model, in terms of its distribution, depends on the
Recent activities, within the scope of PROCORincertainty of some input parameters. This calmiat
development, involved cooperation between Frenciims at illustrating the importance of two modedlin
CEA experts and Polish NCBJ specialists, who werigsues, the thin metal layer heat transfer modghlind

248



Annual Report 2015

core support plate modelling. Fig 1 and Fig 2 shbev
results of the studies for the reactor case, irclvhihe

directly connected to focusing effect appearancketha
heat transfer model in the thin metallic layer. The

core damage propagated until formation of the poobverestimated value of the heat flux to the wadlsuits
Two distinctive groups of Reactor Pressure Vessat failures with lower masses of the formed pootl an

rupture time (tvr) can be seen.

tvr {tvr>0}

No axial draining

[

|RMs

| Axial draining

...........

Fig. 1. Rupture time groups.

Calculations have shown that with different dragnin

models we have less cases corresponding to RPV

rupture when massive draining through the plateiscc
At present, the "axial” and "no axial” draining meld

in PROCOR are two extreme cases and a simplifidfl

thermal- mechanical model has to be introduce @ ha
a realistic evaluation of the corium, that can mrai
through the plate.

From the analysis the conclusion is obtained that t
majority of RPV failure modes are due to the presen
of the focusing effecte. This earlier failure mode

especially molten metal presented in Fig. 2. This
suggests the need for the introduction of a newahod
enabling less conservative tvr estimation.
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Fig 2. Relation of the rpv rupture time and lighttal, heavy
metal and oxide layer in the pool mass.
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Influence of the entrainment and deposition model o critical heat flux prediction
by the CATHARE-3 system code

M. Spirzewski )
Narodowe Centrum Badalgdrowych, Otwockswierk, Polska

In various boiling systems, such as water cooledean model. However, they were far from perfect when one
reactors, the critical heat flux (CHF) phenomen®mme considers the environment of the CATHARE-3 system
of the main design constraints, since it sets greupmit  code.

to the possible power production. For the appl@®i cgonclusiona

considered here CHF can be defined as a sud
temperature rise of the heater when a certain fheais d?ﬂere are severa[ aspects of the_ CATHARE-3 modheks t
may be responsible for the discrepancies between th

reached. There are however several different mestmsn Okawa model and the experimental measurements. The
that may cause this temperature rise dependinghen t P '

flow conditions. In a boiling water reactor (BWRjat reason why film flow is under-predicted lay in tigsues.

operates with relatively high steam quality CHRssially F”j} i ov&aresurpatl(z_n of ft?r? ((ajntram{nent :ate PESC
termed dryout and occurs when the thin water filmttoe ?hne ﬂcz)rwun er-estimation of the deposition rate esean
heater rods evaporates and leaves the surfacerent di '

contact with the vapour phase. Comparison of measured flow rates

Analysed phenomena

The effect of different heating profiles on dryout 008
occurrence was investigated and compared with tl
results of two entrainment-deposition phenomenaeispd
namely, Hewitt and Govan and Okawa[1].

Current CATHARE-3 model — Hewitt and Govan:

Flow rate [kg/s]

—0.65

DH—G [ 0.02 ) !
= 0.083 max (0.3,—) .
¢ Pv Pvln
0“80 0.5 1.0 15 2.0 Z‘ﬁ”' 3.0 35 : 40
EH—G B 2 dhpl 0.316 Axial distance [m]
=575-10"° ((Gf = Grerit) —2)
v 0Py

Fig. 1. Film, droplet and gas flow comparisons éxperiment

Comparative model — Okawa: (dots), Hewitt-Govan (dash-lines) and Okawa (solie)i
—05 models.

DOkawa _ C a H H
= 0.0632 (-) , d Second the aspect of the flow that directly inflees the
Py Polin calculation of the entrainment and deposition psees in

0111 CATHARE-3 is the criterion for the onset of annular
Eokawa _ Kefi dnGs | fwPi (&) flow. From an analysis of the results it is knovattithe
Gy o 4 fipv \py CATHARE-3 system code predicts the onset of annular

flow at around 1 metre. However, in the experimeig

CATHARE-3 model o _ believed that the annular flow regime does nott statil
One CATHARE-3 model was divided into 33 nodal 5 2 3 metre.

points, e_ach about 11 cm long V.Vh'Ch s_|mulatedeuhmre Last but not least an aspect of the CATHARE-3 filow
test section. The second one, divided in the saamenar, Co .
calculation is related to the pure numerics of¢bde. It

simulated only the end of the test section (c.enf2o85m)
which corresponded to the first measurement paifitee must b? noted thqt the current state of the numeriows
unphysical behaviour of deposition of water dropleh

experlmfant. film while the wall temperature exceeds the Leidesif
Comparion of the results point. What is more, at different film thicknesehs re-
The comparison of the results showed very intargsti wetting phenomenon occured — re-establishing the fi
characteristics of the CATHARE-3 code, both modeis flow on the dry-patch surface.

entrainment and deposition and criteria for theuam Reference

flow in the system code. [1] C. Adamsson, H. Anglafilm flow measurements
A frist glance at the results showed what was oleskin for high-pressure diabatic annular flow in tubes
the experiment — generally, Okawa’s model for with various axial power distribution®uclear
entrainment and deposition and effectively for fitmd Engineering and Design, 2006

droplet modelling was better than the Hewitt andv&o
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Diffusion model for neutron-physics calculations othe HTR-10 reactor

K. Andrzejewski, A. Bujas
National Centre for Nuclear Research, Otwdtkierk, Poland

Introduction International calculations of PROTEUS with less
In 2014 and 2015 a diffusion model was developed fé@ccurate methods [2] required less computer tine, b
neutron-physics calculations of the HTR-10, Chines@ave less accurate results:

Generation 1V, high temperature, pebble bed test « Deterministic transport code TWODANT -

reactor. from 1.0090 to 1.0151,
Calculations of the HTR-10 reactor were performed i « Diffusion code VSOP - from 0.99688 to
the past, also at the National Centre for Nuclear 1.0318.

Research 1], using Monte Carlo codes. SUC[y ghort the maximum error in k-eff, for the most
calculatllons give state of art results but are iMgqvanced, Monte Carlo calculations is: 1.63% for
consuming. MCNP and 0.48% for the KENO/SCALE codes. For the
Calculations based on diffusion theory are lessi@te, calculations with the deterministic transport code
but consume much less time. The computationgiwODANT, the maximum error in k-eff is 0.42%,
parameters used to describe the diffusion process avhich is less than for potentially more accurate MC
determined by the above mentioned transport codes. codes. This may be the result of compensation rofer
The main purpose of this work was to develogn the calculation of cross sections and global
a diffusion model of the HTR-10. However, the mairfalculations. For diffusion calculations with the&sUP
issue was finding a method of calculation of iteetive ~modular system the maximum error was 2.49%.
computational parameters (i.e. cross sections ampCBJ diffusion calculations

diffusion coefficients). In NCBJ diffusion calculations of HTR-10 were
The accuracy of the diffusion calculation resultasw performed with the CITATION-2 code [6]. The
evaluated by comparison with the results of thécaili  effective diffusion equation constants for CITATION
experiment on the HTR-10 reactor. The results abthi were calculated using the Monte Carlo code SERPENT
at NCBJ are comparable with those obtained in othgr].

countries [3]. The pebble bed in the HTR-10 reactor has very
Reference results complicated geometry for the following reasons:
The accuracy of computational methods is evalubted « pebbles are arranged randomly,

comparison with the experimental results obtained f
simplified reactor critical assemblies. Pebble bed
reactors can be assembled with pebbles arrangedyrd

two kinds of pebbles are used — fuel and
graphite ones,

or, more realistically, with pebbles arranged rantjo * each fuel pebble contains ca. 8300 fuel grains,
An example of an ordered critical assembly is thésS « each fuel grain consists of a W€pherical core
assembly PROTEUS [4, 5], where several and 5 concentric layers of graphite and silicon
configurations were realized. See Fig.1. carbide,

« alarge cavity is present above the pebble core,
which creates a special problem in diffusion
modelling.

As far as calculation of diffusion constants for
CITATION is concerned, the geometry modelling
options of SERPENT code are less versatile thadetee

to model the HTR-10 complexity. Therefore, it was
necessary to develop simpler models of a typical
fragment of a homogenized HTR-10 core. It is gdhera
accepted that such a fragment is a fuel pebble eigtht
graphite balls around it. The MCNP code was used as

Fig. 1. ¥4 of the sample PROTEUS assembly. a reference. Three models were investigated:
Experimental data for PROTEUS configurations 59,7, + the generally accepted one,
10 are in the range: 1.0067 — 1.0142. State ofathe « a fuel pebble surrounded with graphite from
numerical results obtained with Monte Carlo codes a moderating graphite pebbles homogeneously
*+  MCNP - from 0.99472 to 1.00261, distributed around it
e KENO - from 1.00572 to 1.01610. e a fuel pebble in a graphite box with graphite

volume preserved.
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It was found that the diffusion parameters generate |22 2=z 2 22" e
the box model give satisfactory results. R P R “10 11 129

Fomodpe Ho@gocgomr +10 11 129 upper reflector
Results 6-6- 66666 -10-11 129

25 25 25 25 25 25 31"
With the homogeneous pebble bed (red zone in Fig. [28:2s-26:25-2632"3"
the k-eff from CITATION was equal to 1.081. |-28-28-28-32-33-32-31/
Therefore, a complicated model of the pebble béig ce |30 a¢-a3-34 33 32 21
was developed, so that taking into account spectIiiiiiiiiiihigliigiigi

changes in the core was possible, cf. Fig.3. Whik t [2-1-4 fﬁ;ﬁjigjigj

model the number of spectral zones in pebble be|-14-14-14 1615 16 16/
. . . . *14-14-14-17-17-17 17"
region was increased to 12, which resulted in legtfal |12 -12-14-18-18-18 18|
14 -14-14-19-19-19-19(-

1.018144. This is equivalent to overestimate ofdbee |55 55 .20 .21 .21 .21 21|
height by 2.2 cm, and is comparable with the resoit |:20:2020:22 2222 221 Al £ 1]

2323-25'24°-24-24°24[*7**8"9°10 11 "129

diffusion calculation of the PROTEUS assembly qdoteFlg 3. Zone placement in CITATION model of HTR-10.
above.

10 11 -129|
10 -11 -129| .
-10 -11 129 void
10 11 -129|
*10 -11 -129]
10 -11 -129
-10 11 -129 pebble core
10 -11 -129|
10 -11 -129
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—5 Conclusions
It was shown that a valid model of pebble bed HER ¢
! Sl B i 2 be established on the basis of the SERPENT and
2 A= @ CITATION codes. The model of typical fuel pebbledbe
: ol il cell was developed, which forms a basis for future
i i calculations of pebble bed reactors at NCNR, iricigid
g burnup and pebble movements.
5
(upper cavity)
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MARIA reactor operation

A. Gofab, J. Jaroszewicz, G. Krzysztoszek
National Centre for Nuclear Research, Otwdtkierk, Poland

The multipurpose high flux research reactor MARHA i = shape five concentric tubes

a water and beryllium moderated reactor of the pool . active length 1000 mm

type with a graphite reflector and pressurised nobbn

containing concentric tube assemblies of fuel el@me

(Fig. 1, 2). It has been designed to provide a biggree at horizontal channels  +8-10 n/cnfs

of flexibility. The MARIA reactor reached its first criticality in
1 2 3 4 December 1974. The reactor was in operation u@gbl

when it was shut down for modernization. The

output thermal neutron flux

modernization  encompassed refurbishment and
\"VL i upgrading of technological systems. In particuliue

[T WL I efficiency of the ventilation and cooling systemasw
L : : L L improved. In 1993 the MARIA reactor was put into
@t ﬂ operation again.

HL ]

3\& /ﬁ/i

10

==

6
! M% H3, H8 - 135 cm
H7 - 115 cm
H4, H5, H6 - 95 ci
Nl I /—J
11 LZ/ J ]j

Fig. 1. Vertical section of the MARIA reactor. dbntrol rod
drive mechanism, 2. mounting plate, 3. ionisatibaraber
channel, 4. ionization chamber drive mechanisnuél. dnd
loop channels support plate, 6. plate support ctmsa
horizontal beam tube shutter drive mechanism, 8nbribe
shutter, 9. fuel channel, 10. ionization chambeéelsh 11.
core support structure, 12. core and reflector supplate,
13. reflector blocks, 14. beam tube compensation. jo

[

.

The fuel channels are situated in a matrix corntgini
beryllium blocks and enclosed by a lateral reflectorig. 2. View of the reactor pool.
made of graphite blocks in aluminium cans. Th

MARIA reactor is equipped with vertical channels foq-he main areas of reactor application are as fallow

irradiation of target materials, a rabbit system ghort = irradiation of target materials in vertical
irradiations and six horizontal neutron beam chémne channels and in the rabbit system
The main characteristics and data of the MARIA teac = testing of fuel and structural materials for
are as follows: nuclear power engineering

= nominal power 30 MW(th) * neutron radiography

= thermal neutron flux density ~ 2.5-%0 * neutron activation analysis

n/cnfs = peutron transmutation doping

= moderator HO, beryllium = research in neutron and condensed matter

» cooling system channel type physics

= fuel assemblies: = training

= material USiAI In 2015 the reactor completed 36 operation cycles a

power levels from 30 kW to 25 MW (Fig. 3). The

o i 0,
enrichment 19,75% overall operation time: 4776 h

= cladding luminium
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Fig. 3. Schedule of the "MARIA” reactor operatiam2015.

The main activities carried out in MARIA reactor swe assemblies and 2 special channels for molybdenum

focused on: Mo production is presented in Fig. 4.
= jrradiation of target materials at the verticalln 2015 the MARIA reactor was operated successfully
channels and in the rabbit system The reactor scram was activated 8 times and in two

» neutron scattering condensed matter studi€@ses reduction of operation cycles was necesseryod
with neutron beams from the reactor horizontajvater leakage from the primary cooling system.

channel Operational availability factors were as follows:
= neutron radiography studies oT
g p.y . Al =—-100% = 98
* neutron modification of crystals and minerals NH
-, oT
" training A2 = ——-100% = 54,5

8760
where OT (operational time) denotes the number of
hours on power and NH is the sum of the number of

University was terminated. The principal aim ofsthi hours on power and the number of unscheduled
project was an efficiency determination of the feten Shutdowns.

codes Tripoli4 and Appollo2 used to simulate thén 2015 the total emissions of radioactive matsrial
transport of neutrons andphotons. In September 2014the environment were:

and November 2015 two experimental operational s inert gases (mainlyAr): 9.3-13% Bq, i.e.

In the last year the project GAMMA MAJOR realised i
cooperation with the Commissariat a I'energie atpmi
et aux energies alternatives (CEA) and Aix-Marseill

cycles of the Maria reactor were realised. The afm 0,9% of the limit determined by the NAEA
these operations was to carry out many measurements , .o 3 2.18q, ie. 0,6% of the limit
using such devices as: the Karolina calorimetemrga- deterrﬁine.d by thé NAEA '

thermometer, ionisation chamber, rod and vanad self

power detectors, activating detectors and two Frend N€ yearly emissions of the noble gases and iodines
calorimeters. are presented in Fig. 5, 6.

In 2015, after the completion of the conversioncpss In 2015 ninety eight workers received measurable
of Maria reactor core to low-enriched fuel withWhole body doses from 0,15 to 5,44 mSv and 8 werker

enrichment 19,75% iA*U, only this type of fuel was "€ceived skin doses from 1,25 to 2,12 mSv.
used.

The core configuration has been changed severaktim
because of fuel and irradiation requirements. Ttwe ¢
configuration of December 2015 consisting of 26l fue
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Fig. 4. Core configuration of December 2015.
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Neutron irradiation services

Neutron irradiation services provided at the MARI
radioisotope productio
neutron activation analyses and biomedical teclgylo

research reactor include

201

13 2014

2015

The available services cover the activation of rgda
variety of target materials for the production sdtopes,
which can be processed at the discretion of the
customer. Irradiation services are performed inover
facilities constructed in the MARIA reactor, depéeryl

on the required neutron flux levels, irradiatiomeis,
target mass and geometry. Standard vertical in-core
isotope channels as well as special ones equipicaw
hydraulic transport system are in operation.

For domestic customers targets of S, 7,e0u,Os,
Yb,0s, Cu, Se, SmGland KCI were irradiated (Fig. 7).
Most of them were produced for the Radioisotope
Centre of the National Centre for Nuclear Research.
Among them, irradiation of'*3r seeds used for
Intravascular Radiation Therapy (IRT) and low atfiv
3 source ribbon for Oncology Applications, was
continued. Total annual isotope production reached
1480TBq in 2015.

The neutron irradiation service utilizing the MARIA
reactor also includes the colouring of topaz milsera
The irradiation of minerals in special channelsated
outside the reactor core change its clear nattage $0
shades of blue, thereby increasing the commereialev
of the product. Blue topaz is released to the niaake
non-radioactive  material, conforming to strict
international criteria.

Nuclear reactors remain a key component in the
production of useful isotopes mainly for nuclear
medicine treatments. A key medical isotope’&Tc,
which is a decay product 8fMo. One possible source
of *Mo can be achieved in the course of e fission
reaction. The main objective 6f°U irradiation is to
obtain the®™Tc isotope, which is widely used in the
domain of medical diagnostics. TF&Tc from a source
of decaying’®Mo can be easily transported to hospitals,
where it is extracted and used for a variety oflearc
medicine diagnostic procedures.

The commercial irradiation of uranium plate f6Mo
production was carried out at the MARIA reactor in
2015 within 17 reactor operation cycles. Since July
2015 uranium plates have been irradiated on theethr
positions inside the irradiation rigs. This medmst bne
reactor operation cycle includes irradiation of 24
uranium targets. Average activity Mo at the end of
irradiation (EQI) obtained from one irradiation cnel
was 260 TBq for loading 8 targets inside the clean
and 360 TBq for a channel loaded with 12 uranium
targets. Production of the radioisotopEMo by
irradiation of highly-enriched uranium (HEU) target
reached the level 10'Bq in 2015.

Following the shortage of the key medical radiaget
“Mo and its daughter®™Tc related to long-term
reliability issues the MARIA reactor has declaras i
readiness to irradiate newly designed LEU targEte
first step, supporting such a conversion, is dedtifon
aof the new LEU targets. The programme is performed
yinder a collaboration with Mallinckrodt
Pharmaceuticals and with the HFR (Netherlands) and
BR-2 (Belgium) reactors. The programme includes
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safety analysis calculations, out-of reactor meafzn assembly. The new program dedicated to Mo-99
hydraulic and vibration tests. At the same timeeavn production we started in 2015 as a result of
programme dedicated to the irradiation at HEWollaboration between MARIA and partners from the
cylindrical type targets for the Belgium companyEIR USA: NorthWest Medical Isotopes, (NWMI) and
has been started. Both hot tests in the MARIA @ree  Mallinckrodt Pharmaceuticals. The programme covers
expected in the first part of 2016. the full technology of production of Mo-99 radioiepe
Based on the feasibility study and experience ifOm irradiation at the new type of targets to agtion
irradiation of?*%U targets in the MARIA reactor a new Of the Mo-99 radioisotope as a product of radiodkam
project for production of ®Mo, known a as Processing of the irradiated targets. The firststese
“MolybdenumS$wierk Project” has been developed. ThePlanned for the first half of 2016 using the betl in
project for a production facility foresees the aatipn the Radioactive Waste Management Plant (ZUOP) in
the existing infrastructure in the MARIA reactordaine ~ Swierk adapted to the project.

infrastructure of POLATOM for"®Mo/**™Tc generator
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Fig. 7. Distribution of irradiated target materials
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Research stand for testing concrete shielding

M.A. Gryzifiski, M.Maciak, £. Murawski, K. Tymi fiska
National Centre for Nuclear Research, Otwdtkierk, Poland

Studies of new concrete mixes are needed espedaiallya high-pressure recombination chamber REM2-8 are
the era of nuclear power development (two unexpecteised.

shutdowns of reactors and cont_lnuatlon _of the_ ﬁolls-_rhe measuring procedure begins with the executfon o
Nuclear Energy Programme). This stand is designed jneasurements with concrete slabs placed in the beam
order to find the best concrete mix for the cordtom  Next, slabs are successively removed from the beam
of the first Polish nuclear power plant. The exaatitn  gecreasing the thickness of the concrete shielding.
of the concrete shielding will be performed in tbéem  These slabs will be moved by a system of linesingin

MARIA reactor (National Centre for Nuclear Reseasch gperate the setting of the slabs. Any change of the

NCBJ, Poland). This place simulates the real c@wht configuration will be controlled through the vision
in which the concrete shielding will appear whenyystem,.
produced for a power plant. During the design psede

was taken into consideration that nobody may ethier Currently we are performing measurements on this

research room during reactor operation (becaugsheof stand.

radiation level) - only remote movement of concret Channel Hz

slabs is allowed; position control and configuratio \L\L\l{\l/\l/i/\l/ Ciscrets kb
setting of the slabs are from the adjacent comtsom —

ensuring the safety of the operators. & = ==

The stand is composed of: a cast iron frame omdite
that allows the whole construction to move along th
beam; a detector (recombination chamber), fitteith @i
shield preventing detection of scattered particle:
a linear guide system (consisting of 14 linear srail
intended to move 14 slabs) that allows the conéijan
of the concrete slabs to be changed, that is inseand
removal from the reactor beam; and an option:
concrete block between the detector and lineareguit
system if the 14 concrete slabs do not have beeprog
characteristics. Each slab will have dimensions ¢
420x420x50 mm and is made of high density concre
(about 4 g/cr), which makes a single slab weigh

Concrete block

shielding and detector shielded with concrete.a(tot$
carrying capacity more than 1 tonne)

The measurements are carried out with two ionimatic
chambers: the first — measuring the dose rateeglac
behind concrete slabs additionally encased by etecr Fig. 1. Top view of the stand and operational phcapgy at
and the Second _ mon”:onng the reactor powers |t Fhe H2 horizontal channel at the MARIA reactor.
planned to use recombination chambers as deteators

gamma radiation (gamma attenuation) GW2 anﬂeference

neutron radiation (neutron attenuation) REM2—8[1] t. Murawski, M.A. Gryziski, K. Tymiiska, Research

Distinguishing the neutron and gamma components IS stand for concrete shielding tests RAD Associathdis,
also planned for obtaining in the radiation qualéagtor Serbia No.3 (2015) p. 199-201 nr ref.: K4410

[1], crucial from the radiation protection point adgw .
For low level radiation chambers containing boama

b

about 35 kg. The whole construction was specialle,
designed to hold equipment with 14 single slabs 4 B o1 bination
extra concrete block doubling thickness of theeést l - ~ chamber

. shielded with PE
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Participation in the ESS (European Spallation Soure) project

K. Szymczyk, P. Dziekaski
National Centre for Nuclear Research, Otwodwderk, Poland

The European Spallation Source (ESS) will shortlpf the spinal GB, due to long-term exposure to very
begin construction at Lund, Swedé&ESS consists of a high radiation doses.

linear accelerator that delivers a 2 GeV, 5 MW gnot
beam to a rotating tungsten targBy the end of this
decade it will be generating long pulses of newgrand
aims to be the brightest source of neutrons inatbed
for scientific research. These will be used in peka
experiments that will foster major advances frorimgg
and health, materials technology for sustainabld ai
renewable energy, to experiments in quantum physic
biomaterials and nano-science. The ESS will betéata
in Lund, Sweden, co-hosted by Sweden and Denma
and will be funded and operated by a partnership7of
European countries.

3/ g/} Gamma Blocker, mechanical design [3].
£
~/ /// In 2015 THE Movable Collimators System (MCS)
project wAS COMPLETED. The final design of the
. collimating scheme was aided by beam optics and
fa ~energy deposition calculations performed by pagticl
s N RN N : 2 interaction codes (FLUKA) and thermo-mechanical
The planned ESS site [1]. analyses. The final system consisting of 3 collingat

. o ) stations was integrated wittHE High Energy Beam
Since the beginning of 2015 collaboration betweefansfer section of the accelerator system at key

NCBJ and ESS was focused around the new projqgtations. Each station contains 2 cylindrical mizea

“Gamma Blocker System design”. The main task of thg,, ;nits. made of copper. equipped with L-shapes.ia
system is to stop the backward gamma radiatiorlénsi ' Pper. equipp P

i , ' Special attention has been paid to accident saari
the beam pipe during the beam off. Expected gam”\}%enTHE full proton bunch can hit the collimator.
radiation in the final accelerator-to-target regmithe ) o )

European Spallation Source, has been calculate) uspimulations of dose distribution around the stations

the Fluka [2] code. The prompt background and thwere completed and final shape of the additional fixed
residual dose arising from activation of the bearphieldingwas established.

components have been calculated as a functionmef ti During normal ESS operation one collimation stat®n
The geometry of the accelerator and the target Wwhe@xpected to accept 1 kW of the 50 MW, 2 GeV proton
have been prepared. The activation of the targeteh beam.

after 5 years during beam on and backward gamma
radiation inside the beam pipe during beam off wel
calculated. Many Gamma Blocker (GB) thicknesse
(1cm, 10cm, 20cm, 40cm) for a few materials wer
simulated and checked. Currently the most promisir
idea is a 20 cm GB thickness made of high purit
stainless steel, due to the vacuum requirements a
magnetic features, whereas the high cost of matani
very difficult machining became an argument against ] ) )
tungsten. The most efficient GB shape will be dised Movable Collimator System, mechanical design.
and selected during upcoming meetings. References

Complete CAD drawings of the mechanical systemi] http://ess-scandinavia.eu

were prepared. The gamma blocker as a vacuugd] http://www.fluka.org/fluka.php

chamber enclosing a movable GB core was designddl “Gamma Blocker design intermediate report” — Karol
Movement will be manual only with mechanical locks Szymezyk

AN ;\ s
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Laboratory of Radioactivity Standards
of the Radioisotope Centre POLATOM — overview of attvity

T. Dziel, R. Broda, T. Ziemek
National Centre for Nuclear Research, RadioisotGeatre POLATOM

The Laboratory of Radioactivity Standards (LRS) in « Comparisons of radionuclide activity
the Radioisotope Centre POLATOM, National Centre measurements.

for Nuclear Research, in Otwock, is the only Maintaining the management system
laboratory in Poland performing radioactivity according to the ISO/IEC 17025:2015

measurements ofi-, - and y-emitters by absolute

standard.

methods and performing calibration of standar

%ne of the main tasks performed by the LRS is the

solutions and radioactive sources. . ; .
, _ continuous  improvement and  expansion  of
The President of the Central Office of Measures ifeasurement capabilities in the field of radiordeli

Poland (GUM) established in 1999 the Nationaerology. Our primary goal is to ensure tracespili

Standard of Radionuclide Activity in Poland. Theyii the National Standard for activity measurersent
standard is stored and used in LRS. LRS hag ragioisotopes used in nuclear medicine. This is
implemented and maintained a quality managemegpne by development of primary methods and

system compliant with the international standardyjipration of secondary and working standards.
ISO/IEC 17025:2005. The accreditation certificatg

awarded by the Polish Centre for Accreditatio
(accreditation no. AP 120) is the confirmation @i o
technical competence as a calibration laboratory.

The Laboratory of Radioactivity Standards is thé/on
Polish manufacturer of standard radioactive sourc
for customers in this country and abroad. The LRS
also the only calibration laboratory in Poland tha
fulfills the requirements of the Regulations of th
Health Ministry from 12 November 2015 on
conditions of safety application of ionizing radibet
in all kind of medical exposure (Dz. U. 2015, Ite
2040) in the field of specialized technical tests f
dose calibrators used by nuclear medicin
departments.

gig. 2. Triple-to-double coincidence ratio systenthwi
additional gamma detector.

In 2015 a new system for absolute measurement of
radionuclide activity was validated during a serids
measuring campaigns of radionuclides with different
decay schemes. Results from the TDKG system were
compared with detectors working as part of the
National Standard. Differences between measured
values were not larger than 0.5%. Additionally avne
detector was used with positive results during the
international comparisons described below.

LRS also participates in international comparisohs
radioactivity measurements, enabling linking to the
global system of national standards. These
comparisons are organized by the International 8ure
of Weights and Measures (BIPM) and the European
During 2015 maintenance and development of th&ssociation of National Metrology Institutes
National Standard was partially financed as a gimmnt EURAMET. The laboratory also participates in
aid by the Polish Ministry of the Economy. Connelcte comparisons within the framework of the Internagion
activities were divided into 4 tasks: Reference System (SIR).

2015 =

2010

Fig. 1. Trends in customer requests for calibratafrdose
calibrators[l] and standard source | in 2010-2015.

« Technical service of the National Standard * The  most  important  international
systems. comparisons the LRS participated in during

« Transferring of the activity unit to users in 20%5_ were: .
Poland and abroad. «  activity measurements 8fGe+®Ga solution

registered by BIPM as a key comparison,
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+ activity measurements of*i within the final result was reported to the pilot laboratoBata
framework of the International Referencefrom this project are still under evaluation by the
System (SIR) in the BIPM, BIPM

« bilateral comparison of'C and®® activity A bilateral comparison between the Italian National
measurements with the Italian Nationallnstitute of lonizing Radiation Metrology, belongin
Institute of lonizing Radiation Metrology to ENEA (ltaly) and named ENEA-INMRI, and the
(ENEA-INMRI). National Centre for Nuclear Research Radioisotope

There has been increasing interest in the use 8 ntre POLATOM (Poland) on activity measurements

68 o 168 : : of a solution of*Yi was organized in order to link both
Ge+®Ga as a surrogate fofF in quality assurance 9
of quantitative imaging, as well as in the usé®afa e ENEA-INMRI and POLATOM to the BIPM

: : ; ; ; International Reference System (SIR). The projexst w
for radionuclide-based diagnostics for certain §/pé
cancers. Accurate administration of drugs using thdeclared as 3 EURAMET'R(;(”.)'K%I'B]' key-
radionuclide requires accurate standards againshwh comparison and was registered in the EURAMET

instrumentation used in clinics and radiopharmacie‘l"j‘t"’lbasée tl)mdﬁr the number 138f3' Anhextra amtf)oulhe,
can be calibrated. In order to provide a means fgyepared by the RC POLATOM from the same batc

laboratories to  substantiate  Calibration andi'sed for the q Eilateral comparfison between the
Measurement Capabilities (CMC) claims for thig’ OLATOM and t eENEA-INlMRI Or measurements,
nuclide, a Key Comparison ¢fGe was proposed. was sent to the_ BIPM. Th& master solution has
This proposal was initiated as an Action Item agsi be(.\)eLnATg[il/lndar(_nzed at both .E.NEA'INMRI and
from a meeting of the Life Sciences Working Group ©LA using primary activity measurement
(LSWG) of the International Committee ont€chniques, based omi4S)-y coincidence and anti-
Radionuclide Metrology (ICRM) in which a delegateco'_”c'dence counting, the triple-to-double coincice
from LRS participated®Ge+*Ga solution delivered fatio (TDCR) method and the CIEMAT/NIST
by NIST (USA) was standardized using absolutéfficiency tracing, with°H as a tracer, method. AII.
measuring methods in National Standard system@Sults from both laboratories were found to be in
Results from all methods were in good agreemere. TIRI'EEMENt, as seen in Fig. 3.

238
& 4r(LS)- incid DCC
Arithmetic mean of the 3| activity concentration: T(LS)-y coincidence ( )
57 1 (234.45+0.58) kBq-g!
T B TDCR method Hidex system
oo
o
«a 236 +
= ® TDCR method portable TDCR
s '
® 235 f-—--F--- o g
5 T N T T A IC IG11
S L
: ] T
9 234 4 _ Al ____ D S, X 1C NPL-CRC
Z I A
2
g 233 + 1 O 4n(LS)-y coincidence (TDCG)
232 4 - 05 O 4m(LS)-y coincidence and anti-
coincidence
231 & CIEMAT/NIST method
ENEA-INMRI POLATOM
Laboratory

Fig. 3. Final results of th&*!i bilateral comparison of activity concentratiorhd arithmetic mean value is shown with its
uncertainty.
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Overview of the research department activities
of the Radioisotope Centre Polatom

P. Garnuszek
National Centre for Nuclear Research, RadioisotGeatre POLATOM

The R&D Department of the Radioisotope Centr€entre for Research and Development and the Nationa
POLATOM carries out research programme related t8cience Centre. The active projects are:

the application of radioactive preparations and _ NCN, No.UMO-2011/03/B/ST5/02734 “In
radiolabelled compounds in various fields of metbci vitro and in vivo investigations of the
research and industry. We carry out basic reseasch radiometals influence on the ability of CCK2R
well as applied science. In particular, studies eefated receptors imaging by the radiolabelled gastrin
to the development of methods and technologies for analogues” (2012 — 2015).

high specific activity radionuclide production by
neutron irradiation in the Maria Research Reactat a
technologies for cyclotron produced radionuclidesy

- NCBIR, No. PBS1/A9/2/2012 “Alternative
methods of technetium-99m production” (2012

markers for diagnostics and radionuclide therapseta _201.5)'

on active biological carriers, such as peptides and - NCBIR, No. ERA-NET TRANSCAN/01/2013
monoclonal antibodies; novel radiosynthesis mettudds in the framework of the international project
tracers for PET diagnostics; multifunctional masker “Phase | clinical trial using a novel CCK-
based on nanoparticles, etc.; as well as developafen 2/gastrin  receptor-localizing  radiolabelled
analytical and biological methods for the evaluatif peptide probe for personalized diagnosis and
newly developed radiopharmaceuticals. therapy of patients with progressive or

metastatic medullary thyroid carcinoma” (2013

B 99mTe-HYNIC-Exendin 10 min

20 QQmTc—b-fYNIC—Exend!n 30 min = 2016)
- I S M Bt - NCBiR Project No. PBS3/A9/28/2015
B T et “Preparation of radiopharmaceuticals based on
o scandium radionuclides for positron emission
=] Ii ill tomography “PET-SKAND” (2015- 2017).
§ oy . - STRATEGMED2/269080/8/NCBR/2015
“Innovative **Mo/**™Tc¢ technetium generator
l with microporous sorbent, chitosan based,
4 [ using **Mo molybdenum, designed for use in

i isotope diagnostics” with an acronym
“BIOTECHNET” (2015-2018).

& ¢ L .s‘p In recent years the R&D Department has participated
& « A and is currently active in tHAEA coordinated projects:
Preclinical pharmacokinetics 8™Tc-Exendin-4 in rats. - 1AEA No. 16639 “Therapeutic
radiopharmaceuticals based Bf_u- and*®Y-
The results of our investigations are directly labelled monoclonal antibodies and peptides:
implemented in the technologies at POLATOM. The development and preclinical evaluations”
R&D Department contributes to the pharmaceutical (2011-2015).

documentation required in the process of Marketing

Authorization for novel radiopharmaceuticals, in IAEA ~ No. 17419  *Accelerator-based

alternatives to non-HEU production of Mo-

accordance with the current regulations. In 201% Gl Q0m” i

approved our laboratories for the manufacture dfvc 99/Tc-99m” (2012 2015‘)" ) )
Pharmaceutical Ingredient (license No - [IAEA No. 18475/RO “Nanosized delivery
117/WTCO348/API/15). systems based radiopharmaceuticals in

Poland” (2014-2017)
Our representatives contribute to COST (European
Cooperation Program of Scientific and Technical
Cooperation):
COST TD1004 — Theragnostics Imaging and Therapy:
An Action to Develop Novel Nanosized Systems for
Imaging-Guided Drug Delivery (2011-2015).

SPECT witt?®"Tc-Exendin-4. The examination has shown COST CM1105 - Functional metal complexes that bind
accumulation of the radiotracer in NET insulinoroatour. to biomolecules (2012-2016).

COST CM1207 - GLISTEN: GPCR-Ligand

Currently, the R&D Department is involved in prdgc interactions, structures, and transmembrane sigmadi
financed by the Polish grant institutions: the Nm#l European Research Network.
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Development of the production of*™Tc from a Mo target
irradiated in a cyclotron

W. Wojdowska, D. Pawlak, I. Cieszykowska, T. Janiak M. Mielcarski, J.L. Parus,
P. Garnuszek, R. Mikotajczak
National Centre for Nuclear Research, RadioisotGgatre POLATOM

9Mr¢ is the most frequently used isotope for medicabut the highest concentration 81"Tc was achieved
diagnosis. Till now practically the total supplymes  with the use of AnalLig Tc-02 resin. The sorption of
from *Mo/*®™Tc generators, in which®™o is the %™ c on AnaLig resin columns was studied as
fission product of*®U. The reactors in whicBMo is  a function of NaOH and (NBLCO; concentration. This
produced are mostly approaching their productivesi enabled the selection of the optimal procedure’foe

[1]. There are alternative methods®dfTc production. separation. Using optimal conditions the irradiated
One of them is the nuclear reactifMo(p,2nf*"Tc Mo was processed. After target dissolutidfic was
which can be carried out using a cyclotron withseparated in 3 columns connected in series contpini
a proton energy in the range from 16 to 20 MeV. AnalLig, Dionex H form and alumina A beds. The

The goal of the project was the development f"ac 9™Tc recovery yields were above 75% and losses

production method using the reaction of protonshwit @mounted to 8%, 13% and 2% at each column
1%9\0 in a cyclotron. respectively. The time of these operations did not

The production of®™Tc consisted of a number of steps exceeded 100 min. _
which are listed as follows: Recovery of molybdenum-100: due to the very high

cost of ®Mo, it should be recovered aftef™ c
extraction. The first step of this process was
precipitation of the insoluble molybdenum compounds

1) Preparation of #Mo target in a form suitable
for irradiation.

2) Irradiation of the target in a cyclotron. For this purpose 5M HCIl was added to the solutibn o
3) Transport of the irradiated target from themolybdenum in the mixture of perhydrol and
irradiation site to to the processing lab and itsammonium carbonate. Decreasing the solution acidity
immediate dissolution. resulted in precipitation of molybdenum. The salnti

4) Separation oP™ ¢ from molybdenum was then evaporated and _the precipitate dried _@ftCl2

5) Recovery of®Mo from the solution for later [0 - ' followed by annealing at 500°C for 2 hoirer
Use y to remove residual volatiles and convert the piitatip

to molybdenum oxide. The last ste@s the reduction
Target preparation: the Molybdenum-100 target wagf molybdenum oxideto Mo metal in a hydrogen
manufactured by pressing metallic molybdenumatmosphere at 810°C. The comparative SEM/EDS
powder into pellets followed by its sintering. For analysis of the precipitates before and after rédnc
pressing, a hardened, stainless steel matrix wad uUsshowed the presence of molybdenum and oxygen in the
[2]. The powdered molybdenum was prestmd60-90  precipitate after annealing and only molybdenurthis
minutesby a PLH-25 hydraulic pressvith a pressure precipitate after reduction. This confirmed theuetibn

of 800 MPa inside the matrix. In order to improveof molybdenum oxide to metallic molybdenum.
mechanical strength, the pressed molybdenum pellejs similar analysis performed for molybdenum
were sintered in hydrogen flow at a temperature Oprecipitated from 5M KOH detected the presence of
1600°C for 60 minutes. potassium and oxygen.

Target irradiation: the Molybdenum-100 target was

irradiated in the GE PET-trace 840 cyclotron at theacknowledgements

Heavy lon Laboratory of the University of Warsaw. thjs project was supported by the ALTECH
After irradiation the target was processed atpBs1/A9/2/2012 grant awarded by the National Cefuire
POLATOM for recovery of*™Tc. Research and Development in Poland within the Agplie

Target dissolution: the irradiate™o target was Science Programme. The collaboration with the Hdawy
dissolved in 30% kD, at 90C in about 60 min Laboratory of University of Warsaw is acknowledged
Concentrated NaOH or (NHCO; were the added to

the solution to obtain 2 M or 1.5 M solution. References

Isolation and purification of 9OMTe: for process [1] éAEA,)TechnicaI Report Seri&¥8, Vienna, Austria
R ' . 2015
optimization three methods 3"Tc separation from the J[é] T. Janiak et al Patent ApplicatiorP.414694 (2015)

excess molybdenum were evalu_ated: (1) _anio ] W. Wojdowska et alNucl Med Rev18, 2 (2015)
exchange on Dowex-1x8, (2) adsorption on Analig Tc-

02 resin and (3) C-18 column modified with PEG [3].
The separation yield for all three resins was abéhss
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Pharmaceutical development of dota-ANTI-CD20 monodinal antibody
for 177Lu and 90Y labelling

W. Wojdowska, U. Karczmarczyk, M. Maurin, E. Laszuk, R. Mikotajczak, P. Garnuszek
National Centre for Nuclear Research, RadioisotGeaitre POLATOM

The development of antibodies for cancer therapy h&owever the immunoreactivity (IRF, Immunoreactive
emerged as one of the most promising areas Hraction Assay) of both radioimunoconjugates using
oncology. Rituximab is a chimeric monoclonal antipo Raji cells as determined by Lindmo was relatively |-
directed against human CD20 antigen, which ibelow 26%. Higher IRF, up to 39.4 + 5.9 % was found
expressed on B-cell lymphocytes and on the majofity when Ramos cells where used. Biodistributiort’dfu
B-cell lymphoid malignancies. Rituximab’s assodati and *°Y—labeled DOTA-Rituximab was determined in
with beta emitting radionuclides enhances thaormal Balb/c mice and in tumour-bearing mice. For
effectiveness of therapy of CD20 expressing tumourthe preparation of a tumour model, male Rj:NMRI-
Under the IAEA Coordinated Research Projedfoxnlnu/Foxnlnu subcutaneously grafted with Raji
“Development and pre-clinical evaluations ofcells (Burkitt's lymphoma) were used. All radioldled
therapeutic radiopharmaceuticals based’éru and®®y  conjugates revealed high concentration in blooch wit
labelled monoclonal antibodies and peptides” wslow radioactivity clearance after 72 h p.. No
investigated the potential of radiolabelled DOTA-statistically significant differences between the
Rituximab conjugates for RIT of tumours DOTA(SCN)-Rituximab and DOTA(NHS)-Rituximab
overexpressing CD20 antigens. In this study we ntepowere observed. Accumulation of activity was found
the results of the antibody conjugates preparatiath  blood-rich organs such as: liver, lungs and spleen.
chelating agent and the freeze-dried kit formulatifor ~ Relatively high uptake was observed in the tumour
their radiolabelling with *"Lu and Y. Specific reaching a maximum of 9.3 + 1.0 %ID/g fofLu-
targeting of both radioimunoconjugates to CD20gemi DOTA(SCN)-Rituximab and 6.9 + 0.7 %ID/g fof'Lu-
was demonstrated by in vitro studies in Raji cafid in  DOTA(NHS)-Rituximab. Based on the detection of
vivo studies in normal and tumour-bearing mice. Th€erenkov radiation, to noninvasively image the
two DOTA derivatives: SCN-DOTA and NHS-DOTA, biodistribution of beta-emitting radionuclides imall
were conjugated to anti-CD20 antibody and finallyanimals, the PhotonIMAGE® System (Biospace
formulated as a freeze-dried kit as previously dbed LAB) was applied. In vivo Cerenkov optical imagiof

[1]. *"Lu-DOTA-Rituximab and®Y-DOTA-Rituximab the *°Y-DOTA-antiCD20 in tumour bearing mice
conjugates were obtained with high radiolabellingld/ confirmed accumulation of radioactivity in the tuano
(RCP>95%) and specific activities up to 600 MBg/mg(Figure 1). High accumulation in the tumour tissuses
The conjugates were stable for 48 h in human semmn visualized at 24 h p.i. The next 24 hours obseowati
in 0.9% NaCl. However, a tendency towards aggregashowed a decrease in non-target organs and retaritio
formation was observed during storage. It was morctivity in the tumour.

pronounced fot""Lu-DOTA-Rituximab, e.g. from 4.2% Eayouyrable results obtained withy-DOTA-antiCD20
after 1 h to 17.3% after 48 h than fof-DOTA- and 177 4.DOTA-antiCD20 in radiochemical and

Rituximab with 1.1% and 10.9% at 1 h and 48 hyjp|ogical studies hold the promise for success of
respectively. Fot Lu-DOTA-Rituximab the release of yadjoimmunotherapy in tumour bearing mice

free radiometal was in the range from 0 to 4.2%ap Ref
48 h, while for®-DOTA-Rituximab it was higher and o ¢ cNces .

reached a value of 6.6%. The specificity BfLu- [ W.Wojdowska et al., Curr Radiopharm 2015;8:62-68
DOTA-Rituximab and®Y-DOTA-Rituximab towards [2] F. Forreretal., J Nucl Med 2013; 54:1045-1052
CD20 antigen was evaluated by carrying out in vitr
binding studies in Raji and Ramos cells (Burkitt’ cknowl_edgements -

lymphoma). Both conjugates showed high specifi his prOJ“ectwas performed W'th”.] t_he framewo_rlthrf
binding to Raji cells (>88%). Slightly higher spici TEP on ?e‘g'%Pmi”t and Prf.’c"["cba' E\é?z',fm?t'or:ff
binding was observed for DOTA(NHS)-Rituximab tharbOYerapeu Ic Radiopharmaceuticals based an an”
for DOTA(SCN)-Rituximab conjugates. Nearly 90% of labelled monoclonal antibodies and peptides” by
177 u- DOTA(NHS)-Rituximab and 95% of ®y- [AEA.

DOTA(NHS)-Rituximab were bound to Raji cells.
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2 hp.i. 24 h p.i. 48 hp.i.

Fig.1. Cerenkov imaging of 90Y-DOTA-Rituximab acdatian in the tumour tissue (Rj:NMRI- Foxn1nu/Foxuo(Raji s.c.)
mice; PhotonIMAGERTM System, Biospace LAB.

Air quality model WRF-Chem and emission processor BOKE

M. Borysiewicz, P. Kopka, M. Korycki, S. PotempskiG. Siess, H. Wojciechowicz
National Centre for Nuclear Research, Otwdatierk, , Poland

Over the past 2 decades, air quality forecasts hageality, not only data about the present state hef t
become standard in European countries. With cotigtanatmosphere is important, but also the atmospheric
evolving models it is possible to predict concetres chemistry and emissions. Estimating time dependent
of pollutants in the air such as those that leadnimg emissions is a very difficult task because anthgemic
episodes. Knowledge of increasing pollutanbr any other emission is associated with a numifer o
concentrations is also an essential element of thfferent factors.

decision-making process for example in crisipne of the most famous emission preprocessors is
situations. called Sparse Matrix Operator Kernel Emissions
Nowadays, meteorological models are coupled with afSMOKE) [2]. SMOKE interprets various data on
quality models. These are called on-line modelsneteorology, soils, population, and many other cesir
because the weather and chemistry simulation The result of the calculation is an estimationhaf time
conducted at the same time. Changes in the chemiwaliation of emissions from various sources. This@
composition of the air can affect for example thie acan later be used by an air quality model.

temperature, which in turn acts as a feedback en typfortunately, classification of emission sources i
chemical species. The; aim is therefore to develog\iOKE is not directly applicable to European
models towards an on-line feature. conditions. In addition SMOKE is not prepared torkvo
One of the most popular on-line models is the Werathwith the WRF model. Furthermore SMOKE requires
Research and Forecasting (WRF) [1]. It is mainlyneteorological data at the time of forecast, wHiels
developed by institutions such as the National @entyet to arise and without which it will not work. T,

for Atmospheric Research, the National Oceanic arttie combination of the SMOKE preprocessor and WRF
Atmospheric Administration, the Air Force Weathemodel must be carried out in stages.

Agency, and the Federal Aviation Administration.eTh The SMOKE and WRF connection concept is based on
applicability of the model is very wide. There a0 the split in the forecasting process to two versiofthe
dynamic cores of the model. One for the scientifigyrE. One with disabled chemistry and the second -
issues, the other primarily for weather forecastiMRF  \yith the chemistry enabled. In the first step th®RV

is effectively used in various European academigyrries out a meteorological forecast only for #iea
institutions and meteorological services. and at the same time as an air quality forecasinThe

No model is able to perform a reliable forecadtigh- weather forecast is used by SMOKE to estimate
quality data is not provided to it. When forecagtair emissions. Finally, an actual air quality forecasth
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SMOKE data is made by WRF-Chem which is an or
line model. This process does not prevent the dse WRF
other chemistry preprocessors while it allows tee af
temporal variability estimated by SMOKE, which is
often lacking in other programs for these purposes.

Data flow between SMOKE and WRF is done throug
input and output files. SMOKE and WRF are no
designed to work with each other. Therefore, tw
applications were programmed to allow the necgssa WRF-Chem
manipulation of data. The PREP_MET_DATA progran
is used in the first step, when WRF has alreadyiezhr
out a weather forecast. Then PREP_MET_DATArig 1. SMOKE and WRF data flow diagram.
converts the weather forecast so that it is posgiplbe
read by SMOKE. In the second step the SMOKE2WR i] Grell, G. A., McKeen, S. A., Barth, M., Pfister, G
program is used, to put emission data from SMOKE& in Wiec;inrﬁyé,r, C.. Faslt, 3 D & I'Eas:t,er, R C.
WRF-Chem input files so an air quality forecast can  (2012). WRF/Chem Version 3.3 User's Guide. US
then be conducted. Department of Commerce, National Oceanic and
The proposed combination of WRF and SMOKE with ~ Atmospheric Administration, Oceanic and
thePREP_MET_DATA and SMOKE2WRF programs A'Frr_]o_spherlc Research Laboratories, Global Systems
implemented requires only slight changes in the WRE] Division.

Coats Jr, C. J. (1996, January). High-performance
records and allows further development of the syste algorithms in the Sparse Matrix Operator Kernel

Emissions (SMOKE) modeling system. In Proc.
Ninth AMS Joint Conference on Applications of Air
Pollution Meteorology with A&QWMA, Amer.
Meteor. Soc., Atlanta, GA (pp. 584-588).

SMOKE

Other emission
preprocessors

eferences

Assessment of external events risks resulting fromatural hazards
for the location of nuclear facilities

M. Borysiewicz,A. Kaszko, K. Kowal, S. Potempski
National Centre for Nuclear Research, Otwdakierk, Poland

A natural hazard is a naturally occurring event thay combination, a map of correlations with a list dfthe
have a negative effect on a Nuclear Facility. Attee risks resulting from the forces of nature is used.
Fukushima accident many international organizationSorrelations between hazards can be divided in tw
and projects are currently discussing the possibtgpes: hazards related causally and associateddsaza
influence of natural hazards on Nuclear Power BlanThis causal connection refers to the relationship o
(NPP). One such project, ASAMPSA _E (Advanceatause and effect, where hazard A has or may cause
Safety Assessment Methodologies: extended PSAjazard B. A causal relationship is not commutative.
aims at examining in detail how far the PSAThere are two types of causal relationships [1]:
methodology is able to identify any major risk iced 1. Hazard A can cause Hazard B (i.e. vibratory
by the interaction between the NPP and its enviktm ground motion can cause a tsunami).
and to derive some technical recommendations fér PS : - .

2. Hazard A is a prerequisite for Hazard B (i.e.

developers and users. . .
P low temperature and the formation of ice on a

Natural hazards are usually divided into seven ggou river).
- Seismic and tectonic hazards The probability of causal connection (1) may behie
- Meteorological events: extreme weather range from O to 1. The probability for a binding {2 1.

- Meteorological events: rare meteorologicafausal connections of type (1) are usually restidy

urther requirements. In the example referred te t

events : ) ”
] ) tsunami occurs only under certain conditions, sagla
— Hydrological and flooding hazards defined magnitude and duration of the earthquake. T
- Biological events correlation table (see Figs. 1-2) lists only theniediate

~  Geological hazards conseguences of certain risks, causal chains ate no
) taken into account. Related hazards are hazards tha
- Forestfires may occur at the same time, due to a common cause.
Natural events often coexist simultaneously angt tre  Examples of related hazards are:
correlated, which means that relation of two or enor
natural hazards can occur. For the analysis of rdaza
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1. A cold front of a low pressure meteorological
area: pressure drop, strong winds, lightning
(storm), precipitation (torrential rain, hail).

2. High temperatures in the summer: the high
temperature of the air and ground, the high
temperature of the cooling water, low levels of
ground water, drought.

A is prerequisite for B

B is prerequisite for A

. . . . m
These types of considerations have been includéakin A
PSA methodology for external hazards. A may cause B
z[2(2212l5| [=[212552 2R |2 0
3 A B may cause A
External Hazard 8 E E =
Correlation Chart ol |E 3 5| |8 m
Blg g 2 |2 % m g .
8318 | sl HEREERE Eg & A Aassociated hazards: A and B
= E = . = = =
FEEEREE 2 | |3z ’E =5l2|2 derive from common root cause
%ﬁsgcggE SIEzlelE|2le |5
=l2|w|s|8|2|2 |2 bj:-_-EE ) .
‘é ;‘% G EEEE ﬁ 2|2l5|e|5|8  Fig. 2. Legend to the hazard correlation chart.
CEEEEEEH R AEEE A HE
Pt 1l =y 5 5 e [
Seismotectonic hazards
N1 |Vibratory ground motion Reference
i R [1] Mieczystaw Borysiewicz, Aleksej Kaszko, Karol
N4 [liquefaction Kowal, Stawomir Potempski, Grzegorz Siess "Ocena
N5  |Dynamic compaction L,
N Gromd G zagrazen z zakresu zdarhezewrgtrznych kpdacych
skutkiem dziatania sit przyrody dla lokalizacji
Fig. 1. Part of the correlation chart between hazard obiektow pdrowych" Raport kdcowy realizacji
developed by the ASAMPSA project. Umowy nr 12/F/2015/104 z dnia 22.04.2015

Localization of an atmospheric contamination source

A. Wawrzynczak-Szaban, P. Kopka, M. Borysiewicz
National Centre for Nuclear Research, Otwdatkierk, Poland

We have continued working on the localization of amlgorithm (GA) and Sequential Monte Carlo to the
atmospheric contamination source. The localizatoon problem of the localization of a continuous
done utilizing only the concentrations of the rekx contamination source in very complicated hilly démr
substance registered by a sensor network. Duhirsg t surrounding the Kori nuclear site.

year, we have extended our study of the recongtruct
of more complex terrain and scenarios. We have also
applied new space scanning algorithms like the
Sequential Approximate Bayesian Computation [1,2]
algorithm, Genetic Algorithm [3] and Particle Swarm
algorithm [4].

In [1,2] we presented in detail the Sequential
Approximate Bayesian Computation algorithm and
tested its efficiency in the estimation of the bitistic
distributions of the atmospheric release parametbes
moving gas source. We apply the developed algosthm
to the data from the Over-Land Atmospheric Diffusio
Field Experiment (OLAD) field tracer experiment anoa)
the Dispersion of Air Pollutants and their Penébrat
into the Local Environment in London (DAPPLE)
experiment (see fig. labc). The online-arriving
concentrations dynamically update the probabilit
distributions of the searched parameters. As theda
model to predict the concentrations at the sens
locations, we use the atmospheric dispersion Secor
order Closure Integrated PUFF Model (SCIPUFF) an
the QUIC-PLUME MODEL. In [3,5] we applied p)
Bayesian inference in combination with a Genetic
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[1] Kopka, P., Wawrzynczak, A., & Borysiewicz, M.
(2015). The Approximate Bayesian Computation
methods in the localization of the atmospheric
contamination source. In Journal of Physics:
Conference Series (Vol. 633, No. 1)
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Algorithm, Studia Informatica: Systems and
information technology, 1-2(19), 27-42
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<) Atmospheric Contamination Source. In Recent

Fig. 1. a) The map shows the DAPPLE area of cethipakon Advances in Computational Optimization (pp. 225-

and is centered at the local intersection of Malgiee Road 244). Springer International Publishing.

and Gloucester Place (at 51.5218N 0.1597W); b) 3@ehof [5] Wawrzynczak A., Danko J., & Borysiewicz M.,

buildings designed in QUIC-GUI; c) Bivariate and rgimal (2014) Lokalizacjarodta skaeh atmosferycznych za

posterior distributions for source coordinates payd pomog algorytmu Roju Czsteczek, 13(4)2014 Acta

release strength (qg). Probability density colours plot, the Scientiarum Polonorum Administratio Locorum,

reddest regions are the most probable. The redoadtine ISSN 1644-0749, o

marks the target value. [6] Kopka, P., Wawrzynczak, A., & Borysiewicz, M.
(2015). Localizing of the atmospheric contamination

References source based on the Kori field tracer experimerda.da

Operations Research and Decisions, 25(2), 35-50.

Adaptation of countermeasures AGRICP and ERMIN moaetls
from the RODOS system to Polish conditions

E. Kowalik, S. Potempski, H. Wojciechowicz
National Centre for Nuclear Research, Otwdtkierk, Poland

The RODOS (“Real-time On-line DecisiOn Supportimportance during these time periods are external
project was launched in 1989 and increased in simxposure from deposited activity, inhalation of
through the European Commission’s 3rd, 4th, 5th am#ésuspended material and ingestion of contaminated
6th Framework Programmes [1]. The system was finalfood. The agricultural countermeasure model is
installed and is now being used in the Centre afesigned to investigate - as early as possible -
Radiation Events of the National Atomic Energycountermeasure options that could be effective in
Agency. This report is the result of work on theeducing activity concentrations in food.

verification of the implementation and adaptatian tThe AGRICP model uses Postgres databases, software
Polish conditions of the models in the RODOS dedisi 5ng data contained in the file production.dbf aisged
support system used for the selection and optiliat wijth a spatial data shapefile. In addition AGRICBoa
strategies for dealing with accidental releases Qfses the results of the calculation dispersion ode

radioactive material. It includes the following two| sciv, especially from the module DEPOM calculating
models available in the system JRODOS (Jav@oses from various pathways.

RODOS): The adaptation of AGRICP model to Polish cond#ion
* AGRICP - to choose a strategy for latejs strictly related to the implementation of a dodose
countermeasures mainly for food products,  model using data for radioecological regions. Seven

« ERMIN - to choose a strategy of how tosuch regions have been identified in Poland takig
decontaminate inhabited areas. account maps of soil, data on vegetation of cuitida

Predictions of the effects of agriculturalplants and agricultural production. For the purpo$e

countermeasures are an important part of the adecisi€"fication, a hypothetical accident sivierk has been
making process following an accidental release ormulated usingthe sample source term.

radioactive material into the environment. Foodhe ERMIN model allows for estimation and
countermeasures may be implemented as early ag a feomparison of different options for countermeasure
days after the contamination occurred and may lastrategies. It is focused on reverting to normal
over long periods of time. The exposure pathways @Pnditions in areas affected by an accident thraihgh
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implementation of such countermeasures gsanel to allow deposition specifications to be ede
decontamination or restricted access. directly for the calculation of nuclides.

The countermeasures considered in ERMIN compriseTde calculation results from ERMIN are presented to
number of different recovery options includingthe user as maps and as summary statistics. Finally
decontamination of urban surfaces, shielding of thERMIN generates input files that can be used by the
population from radiation emitted by radioactivedecision evaluation system. The implementationhef t

material on urban surfaces, fixing radioactive miate ERMIN model is related to the establishment of
to urban surfaces or relocation of the populatiBy. appropriate links between environmental monitoring

interaction with the JRODOS mapping data and application of detailed maps coveringatieas
facility, the user is able to consider options #plat of interest. A fevx_/.exa.lmples of simulations haverbee
different times and over different regions. performed for verification purpose.

ERMIN consists of three sections: a “Grid” panel tdeference . N

specify a grid defining the area over which ERMINIL J: Ehrhardt, A. Weis (eds), RODOS: Decision Support
analyses  recovery  countermeasure  strategies, oYStem for Off-site Nuclear Emergency M?nageme”t
a “Nuclides” panel to control the radionuclides ERM EUEF;J?&EMEU;SSS&” Commission, Brussels, Report

considers in the calculation, and a “Depositionatiat

On relations between the energy resolution plateavariability and conventional
avalanche counter spectrometric mode gas amplificatn
at moderate specific ionization

J.Sernicki )
National Centre for Nuclear Research, Otwdakierk, Poland

The energy resolution of conventional avalanch C T ' g ' T )
counters, i.e. parallel-plate avalanche countePA®), 5121

may be evaluated based on only partial data (spe € 5 - 100

ref. [1]). It should be fully realized, however,aththe ';0' S
PPAC spectrometric properties depend upon not on = ] é
the statistical fluctuations of the charge generatethe | |

interelectrode space, which are affected by thdcbas T e _E,p(d=3mm) . ©
ionization processes, but also upon some addition L T~ - 4 -i-
factors. It is obvious that the additional factéusther n-Heptane M S
broaden the recorded spatial distribution, thereb 4 3~ a-particles /’ 1 B

deteriorating the detector energy resolution (ER
Therefore, investigation of the spectrometric prtpe
of avalanche counters is also interesting from
cognitive point of view.

It has been found that at a moderate specific atiun
in n-heptane (fig. 1) the empirical ER-curves &AC
detectors have a plateau range that extends with
increase in both n-heptane vapour pressure (p)ttand
interelectrode gap (d) (see fig. 2). This plateange

—50

falls within that section of the gas gain (M) cumhich 0 . . . . . J 0
has a strictly linear shape in a semilogarithmir : 10 520 2% 30
coordinate system, limited by the,i) and Ursupply P [TOFF]

voltages (the L}-voltage relates to the lower end of the

M-curve strictly linear course, and thegldvoltage Fig. 1.Mean effective energy E of alpha particles and the

determines the beginning of the space charge eiffiect corresponding particle energy loss in the PPAC ielectrode

the PPAC). gas space, determined for actual measurement donsgitThe
plots apply to those alpha particles which follovihsa
perpendicular to the counter electrodes.
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Fig. 2. Change in PPAC energy resolution (ER) platesdth
vs. n-heptane vapour pressure.

This means that the fluctuations of the charge g¢ed
in the gas gain process are — within the determiied
plateau — approximately constant. Thus, it is edéng
to meet the M-values Vvariability
corresponding to the ER-plateau range of the PPAC.

The purpose of this investigation is to determim¢hb
absolute values the variability dynamics of theafve
gas amplification (M,9 connected with the voltages
which correspond to the ends of the ER-plateauaarfig
PPAC detectors and the p4variability participation in
the  Mgpgmaximum  linear variabilty in a
semilogarithmic coordinate system. General equatioi!

of the absolute gas gain characteristics, which a

justifiable for a PPAC filled with n-heptane vappur &

were used [2]. The equations are obtained, geyeralh

under measurement conditions, which are typicattfer

majority of physical experiments in which the PPACE

detectors are used.
The Mysvalues variability dynamics — for individual <

plateau ranges — are given in fig. 3. The determlne

dynamics values, generally lie between 6.4 and.81.4

—+d=0.2cm
+-d=0.3 cm
- S -&-d=0.4 cm
2
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Fig. 3. Effective gas amplification variability dgmics within
the PPAC ER-plateau range; the-&lipply voltage relates to
the lower end of the detector ER-plateau range,thed] -
supply voltage relates to the upper end of the EfRepu
range.

In fig. 4, the participation of the Mschange — within

dynamicsthe ER-plateau — in the maximum linear ;M
variability — in a semilogarithmic coordinate syste is
shown.

Generally, the most dynamical variation of the gam
occurs, however, at d=0.3 cm of the PPAC detector.

1,5

)Mo (Upnin)
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*

abs(u
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Fig. 4.Ratios ofthe effective gas amplification gi) change
within the PPAC ER-plateau range to thg,Mnaximum
change within the Mslinear variability range in a
semilogaritmic coordinate system; for thednd U-supply
voltages see fig. 3, and for thg;lJand Urones see text.

References
[1]  J. Sernicki, Nucl. Instr. and Meth. A572 (2007y81
[2] J. Sernicki, Nukleonika 45, No. 2 (2000) 125
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Ambient air quality determination at different locations
using the NCBJ mobile environmental measurements keratory

J. Licki, J. Sernicki, M. Lasiewicz, M. Kowalski, A. Bigos, M. Laskus
National Centre for Nuclear Research, Otwdtkierk, Poland

The NCBJ mobile environmental measurements
laboratory (in short: mobile laboratory) is a dedéed
mobile air conditioned container equipped with estaf-
the-art analyzers for continuous determination and
recording of the concentrations of common air gahis
related to health effects, such as: particulataengP M),
nitrogen oxides (NQ, carbon monoxide (CO) and ozone
(O3), as well as with meteorological stations for
measurements of wind speed, wind direction, air
temperature, relative humidity and atmospheric qunes
This monitoring station, which cost in the regioh o
900 000 PLN, was put in operation in 2014.

During 2015 the mobile laboratory tested the aaligqyin
ten locations (Fig. 1).

Fig. 2. Location of the mobile laboratory at the NRddung
housing estate in Pruszcz Gid&i.

Fig. 3 presents the 24-hour PMand PMjs values
recorded during the measuring period.

90
80 =
AE i ‘.‘ Nad Radunia housing estate
3’- \ —=—PM,.
60 /n 1 25
.g. / E \. \ PMI'J
& 50 g
= // \\ \
g 01— / VU
£ 4 \
Fig. 1. Map of site locations of the mobile labangt during 5% f/ *
tests performed in 2015. 3 5l * \ e " .
. . . . \ w P
Current legislation in Europe [1] requires the it . ' N N
measurement of mass fractions BNambient particles 0 "\.\:,/ g P
with diameter <10 pm) and PM(particles with diameter S dadadadadadad
< 2.5 pm) of suspended particulate matter in atmersph T PECEE2Z2RISANRIRER
air. The particulate matter results were integrdtedive Date

24-hour average values for comparison with Directiv . :
L . Fig. 3. The one-day PMand PM s mass fraction values
2008/50/I_EC_ limit va_lues. For the HMmas_s fraction the | ocorded during the measuring period..
24-hour limit value is equal to 50 pgfwhich not to be
exceeded more that 35 times per calendar yeareThbl ] ) ) )
presentsthe statement of the results for the ayevelue In the first part of measuring period high valué¢$®;o

of PMy, mass fraction of suspended particulate matter @d PMs were recorded. The one-day RMvalue
the ambient air determined at different locations. exceeded the limit value twice. During the meagurin
period strong atmospheric fronts occurred whichsedu

winds with different speeds and directions, changesr
temperature and heavy rain fall. These atmospheric
ghenomenon occurred in the second part of measuring
period. Their influence on the 3-hour average,pkhass

The results of the PMand PM 5 value measurements at
each location are presented in NCBJ Reports [2-h1].
the first location on each measuring day the remb@he-

day PM, mass fraction exceeded the limit value. In th

other six locations the one-day gjWalues were lower fraction is presented in Fig. 4. In the first pait the

than the limit value. . . . )
) o ~ measuring period, wind with low speed and southerly
The last location was the Nad Raduhbusing estate in gjrection and low air temperature (near zero oratigg)
Pruszcz Gdaski (Fig. 2). The mobile laboratory was ingccyrred. In this case high RMvalues were recorded.
place from 14-th to 27-th December 2015. When high wind speed with different directions drigh
positive air temperature arrived the lower 3-hoii,R
values were recorded.
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Table 1. Statement of results of the one-day vaiuitbe PM, mass fraction of suspended particulate mattehim ambient air

determined at different locations.

Number Amount of days with one-day

Location of measuring station of value of the PM, mass
measuring fraction exceeded the Ilimit
days value

Warszawa, two-level crossing of Aleja Krakowska. Stith South 7 7

Ring Road of Warsaw

Warszawa, cross-roads of Aleja Armii Krajowej Siith Adama 16 -

Mickiewicza and Klaudyny

Warszawa, Cecyli§niegockiej 6 Str. 27 1

Wieliszew, Modliiska 65 Str. 14 -

Skrzeszew, Kécielna 74 Str. 13 -

Nowy Dwor Mazowiecki, Okunin 70 Str. 14 -

Warszawa, Baletowa 13a Str. 15 -

Gniew, Krasickiego 8 Str. 14 -

Pruszcz Gdiski, Wschod housing estate 14 1

Pruszcz Gdaski, Nad Radunihousing estate 14 2

PH-2.5 References
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Fig. 4. The 3-hour average PMmass fraction and 3-hour
averaged information regarding wind direction aneéseg and
air temperature.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

Directive 2008/50/EC of the European Parliament and
the Council of 21 May 2008 on ambient air quality
and cleaner air for Europe.

Raport z pomiaréw liczebidoi ultradrobnych i
drobnych cgstek pytu w powietrzu atmosferycznym
w rejonie dwoch warszawskichewtow drogowych
we Wiochach i n&oliborzu. Raport NCBJ B-3/2015.
Raport z pomiaréw stenia masowego frakcji PMli
PM, s pylu zawieszonego w powietrzu na terenie
Narodowego Centrum Bafiahdrowych wSwierku.
Raport NCBJ B-5/2015.

Raport z pomiaréw stenia masowego frakcji P}
PM 5 pytu zawieszonego w powietrzu w rejonie
wezta drogowego Alei Armii Krajowej z ulicAdama
Mickiewicza i ulig Klaudyny w Warszawie. Raport
NCBJ B-10/2015.

Raport z pomiaréw stenia masowego frakcji PMli
PM, soraz liczebnéci ultradrobnych i drobnych
czastek pylu zawieszonego w powietrzu przy ul.
Cecylii Sniegockiej w Warszawie. Raport NCBJ B-
12/2015

Raport z pomiaréw stenia masowego frakcji P}
PM, spytu zawieszonego w powietrzu przy ul.
Modlinskiej w Wieliszewie. Raport NCBJ B-15/2015.
Raport z pomiaréw stenia masowego frakcji PMli
PM, s pytlu zawieszonego w powietrzu przy ul.
Koscielnej w Skrzeszecie. Raport NCBJ B-17/2015.
Raport z pomiaréw stenia masowego frakcji PMli
PM 5 pytu zawieszonego w powietrzu przy ul.
Okunin 70 w Nowym Dworze Mazowieckim. Raport
NCBJ B-19/2015.

Raport z pomiaréw stenia masowego frakcji P
PM, s pytlu zawieszonego w powietrzu przy ul.
Krasickiego 8 w Gniewie. Raport NCBJ B-20/2015.
Raport z pomiaréw stenia masowego frakcji PMli
PM, s pytlu zawieszonego w powietrzu przy ul.
Baletowej w Warszawie. Raport NCBJ B-26/2015.
Raport z pomiaréw sten masowych frakcji PN i
PM 5 pytu zawieszonego w powietrzu na osiedlach
mieszkaniowych Wschdd i Nad Radygmi Pruszczu
Gdaiskim w sezonie grzewczym. Raport NCBJ B-
4/2016
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Economic and physical models for the Polish and Eopean energy markets

K. Wawrzyniak, M. Klos, M. Jakubek, W. Jaworski, M. Blachnik , A. Kadtubowska,
Sz. Kitowski, K. Krélikowski
National Centre of Nuclear Research, Otwdgkerk, Poland

The Complex Systems Team (CST) was part of thend another outage, caused by severe weather
Swierk Computing Centre Project (€l and its main conditions, may lead to blackouts. In order to obtae
studies were concerned with analyses of power syste measure of such a risk, a detailed dynamic modehof
and energy markets, which utilized lcomputing exemplary power system is developed and its time
facilities. With the creation of the Department ofsimulations are performed. Extending this resedoch
Complex Systems in 2015, the CST members formdbe Polish power system is planned for our future
the Group for Energy Analysis and continue to wonk research purposes.
the models of the European and Polish power systems

ENERGY DAY AHEAD AND
The main topics of our research refer to nodal zomhl BALANCING MARKET
energy market planning, static and dynamic analykis
power systems, including modelling time dependencie
of energy demand and power flows. We also deal with
various forms of power system stability assessment,
ranging from the detection of congested lines dral t

. e long- — hort-
formation of loop-flows, to the possibility of bleauts. m:fof;?n - ° ?,r,:,dt:.m
Our computations use both commercial and

noncommercial software dedicated to the analysis of H
power systems, as well our own algorithms, utilizihe apnamic > EnTE

HPC capabilites of 3. We are also dedicated to model -« model
building our own models, including those of
transmission grids of higher voltages and databa$es
power plants of different technologies. Fig. 1 d&pi
our main objects of interest.

One of our goals is to obtain a long-term model, STABILITY
dependent on variable costs of energy generatiatete ANALYSIS
to the prices of fuels, emissions (e.g. £@nd their

allowances, and the share of renewable energy edur€ig. 1. Models of energy markets developed at NCBJ.
(RES) in energy generation. The reliability of thisg- References

term model is raised by coup_lmg it with a shorate 1] K. Wawrzyniak, M. Klos, M. Jakubek, M. Blachnik,
one, for the purpose of which we use the Market™ A Kadiubowska, Nowa struktura europejskiego
Coupling and Optimal Power Flow (OPF) method and rynku energii — rynek strefowy, Rynek Energii, nr
calculate the Market Clearing Prices (MCP) and 1(116), 2015, s. 3-6.

Locational Marginal Prices (LMP). [2] M. Jakubek, K. Wawrzyniak, M. Ktos, M. Blachnik,

. oo VY Are Locational Marginal Prices a Good Heuristic to
The LM.I::.’ reflzctlngfthﬁ COS.tdOf dellverl(rjlg_ anﬁt ad Divide Energy Market into Bidding Zones?, 12th
to specific nodes of the grid, are used in the Bid International Conference on the European Energy
Zone Study that we are involved in. This is a prbjer Market, Lisbon, Portugal 2015, (EEM15)

aEuropean Network of Transmission System Operatorg M. Kios, K. Wawrzyniak. M. Jakubek, G. Qryzak,
for Electricity (ENTSO-E), which is considering the The Scheme of a Novel Methodology for Zonal
option of introducing a zonal energy market in B&o Division Based on Power Transfer Distribution
LMPs are the necessary input data for our clusgerin Factors, Proceedings of IECON 2014 — 40th Annual
algorithms, which lead to different divisions ofeth . Conference of IEEE, 2014, pp. 3598 — 3604.

: ] M. Kilos, K. Wawrzyniak, M. Jakubek,
European energy market into zones. Decomposition of Power Flow Used for Optimizing

Another topic reflects the need properly to astbes Zonal Configurations of Energy Market, 12th

risk of power systems failures and to support dpesa International Conference on the European Energy
decisions and remedial actions. This is extremely  Market, Lisbon, Portugal 2015, (EEM15)
relevant when the system is not in a “N-1"-stalibgtes

SIMULATION OF
POWER GRID
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Study of modern J-PET tomograph and investigations
of radiopharmaceutical structures

L. Raczyiski, A. Wodyiski, P. Kowalski
National Centre of Nuclear Research, Otwowkierk, Poland

The Group for Bio-Medical Application is part ofeth hab. Piotr Garnuszek) was a theoretical explanatfon
J-PET collaboration that aims to construct a PEfhe experimental observation. Quantum chemical
scanner from plastic scintillators which would alléor modelling of the structures dfGa- and'’’Lu-CP04
simultaneous imaging of the whole human body. Theomplexes and simulation of their binding to the
TOF resolution is improved due to the use of féasstic CCK2R receptor was performed. Significant changes i
scintillators. It was shown that Compressive Semsimmutual orientation of the DOTA part and the binding
theory can be successfully applied to the probldm asite (-Trp-Met-Asp-Phe-) of CCK2R receptor haverbee

signal recovery in a J-PET scanner. Finally, assieal

found. All three geometric parameters (the twoatise

model that enables a theoretical value of the jpwsit values and the dihedral angle) are significanthaléen
error of the registered event to be evaluated @ b for the Lu- than for the Ga-CP04 compound.
developed. The predicted results are in good ageem paper in preparation.

with the experimental results obtained with theEJFP
tomograph prototype. [1]
Studies of a modern J-PET tomograph (Jagiellonian
Positron Emission Tomography) based on plastic
scintillation detectors have been performed. Sitruia
are based on the computing environment GAT
(Geant4 Application for Tomographic Emission) an
are performed at the Elcluster. These simulations
include geometry optimization and obtaining thgs
characteristics of the J-PET tomography scannee T
methods of obtaining the characteristics are ddfime

the NEMA-NU-2 norm. One of these characteristics,
scatter fraction, was investigated from October to
December of 2015. Scatter fraction is a charadieris [4]
that describes the relation between true and sedite
coincidences in a PET measurement. The smaller the
number of scattered coincidences, the better the
reconstructed image.

Secondary goals of the research are theoretidal
investigations using methods based on molecular
electronic structure theory of radiopharmaceutical
structures and interactions with receptors of cence (6]
tissues. Studies include the electronic structdirée-S
clusters and modelling of Nuclear Magnetic Resoaanc
(NMR) parameters of compounds containing transition
metal atoms.

CP04 - the minigastrin analogue [DOTA-(DGila-  [7]
Tyr-Gly-Trp-Met-Asp-Phe-NH| has been developed as
a CCK2R targeting vector for radiolabelling witHin

or ®®Ga for imaging, or witf®y and*"’Lu for therapy.
However, as observed for somatostatin and bombesi
analogues, the affinity of the chelator-peptide
conjugates to the cell membrane receptors may vary
depending on the metal incorporated into the comple
The main goal of the research conducted with
POLATOM (prof. dr hab. Renata Mikofajczak and dr

2]
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Concentration of cosmogenic and anthropogenic radiuclides
in the ground layer of the atmosphere, in the polaand mid-latitudes regions
- the continuation and extension of research
(mechani@l modernization and software upgrade)

A. Burakowska', M. Gryzinski', M. Kubicki %, B. Mystek-Laurikainen*
!National Centre for Nuclear Research, Otwdtiierk, Poland
“Geophisical Observatory, Institute of GeophisicéighoAcademy of Science

The most important source of atmospheric radiodgtiv consistence of natural radionuclides in the sdpt

is radionuclides generated as a result of the imphc introduce radionuclides in thground layer of the
primary and secondary cosmic radiation with nuolei atmosphere [1]. Due to the location of the stafiom
nitrogen and oxygen in the upper troposphere awdro place away from sources of industrial pollution and
stratosphere. This creates about thirty radioisegopf traffic, the above issues can to be successfullyyaed.
more than twenty elements. For organisms the fastm
important are: °H, ‘Be, ?Na, *C. The natural
radionuclides, which are present in the Earth’ssggru
also settle on dust and particles of water vapBuyrthis
means, derivatives of uranium and thorium, and dong
lived %K get into the air’*'Cs is the most widespread
isotope that is introduced by humans into the
environment.

Fig. 2. ASS-500 station at the Kalinowski Geophysical
Observatory inSwider.

Recently i.e. in 2015, the ASS-500 stationSwider
was modernized and restarted. Ongoing work focussed
on setting up remote control systems for Sveder
station and than the Horsund station.

Fig. 1. AZA-1000 station at the Polish Polar Obsgory in
Hornsund (Spitsbergen).

The high volume air sampler AZA-1000 located at
thePolish Polar Observatory in Hornsund (Spitsh&rge
is one of the radionuclide monitoring stations fioeed
close to the North pole and the most Northern of al
(77°00'N, 15°33'E) — Fig. 1. Since 2002, it has
provided information about the concentration of the
following radionuclides’Be, °K, *%Pb,?’Na and™'Cs
and the dustiness of the air.

Until now the aim of the installation was data gathg  Fig. 3. ASS-500 iSwider after modernization in 2015.
and comparison with data from mid-latitude regions

(station ASS-500 atSwider at the Kalinowski
Geophysical Observatory of the Polish Academy dReference

Sciences, 52°07'N, 21°15'E, Fig. 2.). This conttémi [1] B. Mystek-Laurikainen, H. Trzaskowska, M. Kubicki,
to a better understanding of the mechanisms of the A. OdzimekWplyw zanieczyszczeradioaktywnych

phenomena of creation and propagation of radiodesli i aerozolowych na strukturelektryczm atmosfery, na
in the air. Ongoing work is dedicated to the  Ppodstawie pomiaréw Polskiej Stacji Polarnejw
modernization of the station, which will provide Homsundzie i Obserwatorium Geofizycznym PAN w

Swidrze.IX Miedzynarodowa Konferencja Naukowa
Ochrona powietrza w teorii i praktyce (Poland,
Zakopane, 14-17.10.2014)

continuous monitoring of data. This will help toveép
and increase our knowledge of the influence of iplelt
factors (for example: electrical parameters of the
atmosphere, ionic phenomena, magnetic field changes
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Recent activities in epithermal neutron beam constrction
at the MARIA research reactor

M. A. Gryzifski, M. Wielgosz, M. Maciak
National Centre for Nuclear Research, Otwdatkierk, Poland

Increasing interest in boron neutron capture theramource which could be used throughout the year for
(BNCT) at the end of the 90s resulted in many matio training and research for scientists working on BNC
research programmes leading to the implementation which makes this installation unique in Europe fko

this type of treatment. The Polish BNCT programdie [ our research group, which specializes in mixedatamh
started in 2001 and was coordinated by the Institdit dosimetry around nuclear and medical facilitiesuldo
Atomic Energy POLATOM, In 2014 it was restarted bybe able to carry out research on new detectors and

the National Centre for Nuclear Researciwierk in
collaboration with other institutions [2]. The geale
concept is to start the construction of an irradia
facility with an epithermal neutron beam and a aesle

methods of measurements for radiological protection
and in-beam (therapeutic) dosimetry. Another grotip
scientists from the National Centre for Nuclear
Research, where the MARIA research reactor is éabat

programme. is involved in research on gamma detector systems.
The NCBJ team continues designing the fissioAhere is an idea to develop Prompt-gamma Single
converter, which is to be located outside the wamre Photon Emission Computed Tomography (Pg-SPECT).
[3]. The device will be located in the reactor pautar 1his method could be used as an imaging system for
the front of the H2 channel, instead of one of th€oMpounds emitting gamma rays after nuclear reagtio
reflector graphite blocks at half height. Core thaf with thermal neutrons e.g. for boron concentration
neutrons will cause a fission reaction in the comre BNCT.

This will result in the production of fast neutromghich  The achievements of the past Polish BNCT programme
will be slowed down to epithermal energies in thejive the opportunity toa prepare unique epithermal
filter/moderator system. At the end of the H2 chalnn neutron irradiation facility for BNCT research and
i.e. at the entrance to the research room, therareut education. Research carried out on the convertditya
intensity will be at least at the level required RNCT  provided experience for a new project based oreplat
(2x10 n cm?s"). For other purposes the density of thaéype fuel elements. The resulting irradiation statwill
neutron flux could be smaller. Thermal and neutoad  serve as a research and training facility. Insting

of the fuel plates in the converter will beinvolved in the project are willing to cooperatether,
inhomogeneous. In order to equalize these loads, thspecially in studies on boron compounds and living
converter should be designed in such way that itldvo cell irradiation. Unique recombination chambers and
be possible to change the order of the fuel platesiethods prepared for BNCT are being continually

Moreover, replacing the number of plates gives thdeveloped.

opportunity to obtain different fluxes of neutrons
(quantitatively and qualitatively i.e. energetigall The
project of the converter is based on Monte CarIPl]
calculations of neutron production and on
Computational Fluid Dynamics (CFD) i.e. flow andabe [2]
exchange modelling of the converter.

The next step in the project was to accomodate the
space nearby the output of the epithermal neuteamb 3
[4]. Three rooms were emptied (250 tons of olcg]
installations) and renovation documentation was
prepared for the facility. It is planned to creatdully
equipped complex facility enabling various experitse [4]
on the intensive neutron beam. An epithermal nautro
beam enables development across the full spectfum o
materials research, for example shielding condetes

or improvement in the construction of electronid®!
devices. Due to recent reports on the construatfcdhe
accelerator for Boron Neutron Capture Therapy (BNCT[6]
it has the opportunity to become a useful and ssfae
method in the fight against brain and other typés o
cancers not treated with well-known medical methods
[5]. In Europe there is no such epithermal neutron
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EURADOS intercomparison exercise on MC modelling athmeasurements
for the in-vivo monitoring of AM-241 in skull phantoms

J. Osko, K. Tyminska, T. Pliszczyiski
National Centre for Nuclear Research, Otwdtkierk, Poland

INTRODUCTION Measurement Laboratory performs **Am

The Radiation Protection Measurements Laboratofjeasurements only by vitro methods.
(LPD), as a member of EURADOS, participated in
intercomparison oim-vivo monitoring of**Am in three RESULTS

skull phantoms. The intercomparison consisted af tWrpe results of both intercomparisons were preseated
different exercises (it was only possible to paptite in  haners [1,2]. The calculations and measurementstses
one of them) - Monte Carlo modelling andgptained by all participants were presented. Tiselte
measurement of skull phantoms. obtained by NCBJ is shown in the figure 2.

The aim of this intercomparison was to calculatega

radiation spectra and detection efficiency (b -==-simulation
modelling) and to register the gamma radiation spec LEO3 | measurement
(by measurements) for three different phantomsfand
different geometries.

Participants who routinely perform skull measuretsen
and have appropriate calibration could also deteemi
the?*'Am activity.

MATERIALS AND METHODS

Three skull phantoms were wused in this
intercomparison: the USTUR Case 0102 skull phanto

(Fig. 1), the BfS phantom and the CSR hemispheric Y 20 2 10 50 )
phantom. All of them were filled witf"*Am. The voxel energy (keV)

representatiah were created from CT scans of theFig. 2. One of thé*’Am gamma spectra calculated for the
physical phantoms. Ortec LO-AX detector and CSR skull phantom.

The detector used in the modelling was Ortec LO-
AX encapsulated in PopTop, closed hgarbon-epoxy
window and cooled with CFG-X-COOL-Il. All
NECESSARY data containing technical design were

provided by the organizers. CONCLUSION

There was a possibility to use the MC modelooR  The results obtained by LPD in both parts of the
own detector in one afHE three tasks but LPD did not incomparison were in good agreement with the
have the data ofHE Canberra detector used iHE reference values, taking into account the capasiliof
whole body counter. the equipment used.

LPD was not able to model its own detector usetthén
WBC because of the lack of the required techniesdh.d
Meanwhile, the data was bought from the manufactur
making it possible to model it in the future.

The NCBJ whole body counter facility is not
recommended for this type of measurements becduse o
the long measurement time (20-50 h).

In addition to the experience gained, this
intercomparison also revealed some of the diffieslt

associated with the use of the USTUR and BfS skull
phantoms and emphasized the need for the fabnicatio

Fig. 1. USTUR Case 0102, one of the skull phantgsed for of a "reference skull phantom” and the respectiore
intercomparison — MC model (left) and physical ploamt model.
during measurements in the NCBJ WBC facility (right). References

- [1] P Nogueira et al., Radiat Meas 82, 64-73
The NCBJ whole body counter facility was used foe t [2] T Vrba et al., Radiat Phys Chem 113, 59-71

measurement part aHE intercomparison. This facility

is routinely used for the measurement of whole body
internal contamination but not for particular orgdne.
lungs, bones, skull). THE Radiation Protection

P18

1.E-04

1.E-05 .

efficiency (countxs1xBq?)

1.E-06

In the papers the common mistakes made by
participants were pointed out.
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Electr.Eng. Vol. 83 (2015) 23-30
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How often do we see incidental 68Ga-DOTATATE thyraptake in PET/CT in patients with
neuroendocrine tumours?

J. Kunikowska, R. Matyskiel, A. Zemczak, J. Strzglg D. Pawlak, L. Krélicki, B. Kos-Kudta
Endokrynologia Polska Vol. 66 No 3 (2015) 231

Power laws in multiparticle production processes
G. Wilk, Z. Wiodarczyk
Entropy Vol. 17 (2015) 384-400

Cherenkov diagnostic observations of fast eledmeses in FTU and interpretation with gyrokinetic
simulations

F. Causa, ...L.. Jakubowski, K. Malinowski, M. Rabinski, M.J. Sadowski, J.Zebrowski, ... et al.
EPS Conference Abstracts Vol. 39E (2015) 04.134

Effects of Plasma Control on Runaway Electronien@OMPASS Tokamak
J. Mlynar, ... M. Rabinski, M.J. Jakubowski, ... et al.
EPS Conference Abstracts Vol. 39E (2015) P4.102

Experimental access to Transition Distribution Aitygles with the PANDA experiment at FAIR
B.P. Singh, ... A. Chlopik, D. Melnychuk, B. Stowiaski, A. Trzcinski, M. Wojciechowski,

S. Wronka, B. Zwieglinski, ... et al.

Eur. Phys. J. A Vol. 51 (2015) 107

Important influence of single neutron stripping pling on near-barriefLi + *°Zr quasi-elastic scattering
A. Pakou, ... N. Keeley, ... et al.
Eur. Phys. J. A Vol. 51 (2015) 90

Study of théLi + p — *He +“He reaction in inverse kinematics
Ch. Betsou, ...N. Keeley ... et al.
Eur. Phys. J. A Vol. 51 (2015) 86

Total reaction cross sections ftii + °Zr at near-barrierenergies
A. Pakou, ... N. Keeley, K. Rusek... et al.
Eur. Phys. J. A Vol. 51 (2015) 55

Bose-Einstein correlations in hadron-pairs fromtdgproduction on nuclei ranging from hydrogen to
xenon

A. Airapetian, ... W. Augustyniak, B. Marianski, A. Trzcinski, P. Zupranski, ... et al.

Eur. Phys. J. C Vol. 75 (2015) 361

Constraints on parton distribution functions anttaotion of the strong coupling constant from the
inclusive jet cross section in pp collisions/at=7 TeV

V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M Gérski, M. Kazana,

K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.

Eur. Phys. J. C Vol. 75 (2015) 288

Constraints on the pMSSM, AMSB Model and on Othedls from the Search for Long-Lived Charged
Particles in Proton-Proton Collisions\s= 8 TeV

V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
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Critical fluctuations of the proton density in A+odllisions at 158A GeV
T. Anticic, ... ,H. Biatkowska, B. Boimska,... et al.
Eur. Phys. J. C Vol. 75 (2015) 587

Distributions of topological observables in inciesithree- and four-jet events in pp collisions at
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V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
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68. Erratum: Hadron transverse momentum distribution®uion deep inelastic scattering at 160 GeV/c
C. Adolph, ... K. Klimaszewski, K. Kurek, E. Rondio, A. Sandacz, RSulej, P. Sznajder,
W. Wislicki,
... etal
Eur. Phys. J. C Vol. 75 (2015) 94

69. Inclusive photon production at forward rapiditiesproton—proton collisions ats = 0.9, 2.76 and
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B. Abelev, ... A. Deloff, I. llkiv, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
Eur. Phys. J. C Vol. 75 (2015) 146

70. Measurement of electroweak production of two jetagsociation with a Z boson in proton-proton
collisions atVs=8TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gorski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
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71. Measurement of jet multiplicity distributions ifbér production in pp collisions ds=7 TeV
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K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, G. Wrochna, P. Zalewski... et al.
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72. Measurement of pion, kaon and proton productigoraion—proton collisions ats = 7 TeV
J. Adam, ... A. Deloff, I. llkiv, O. Kovalenko, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
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73. Measurement of the differential cross section é@r quark pair production in pp collisions\&=8TeV
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K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
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74. Measurement of the inclusive 3-jet production d#fgial cross section in proton—proton collisiobs a
7 TeV and determination of the strong coupling tamisin the TeV range
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
Eur. Phys. J. C Vol. 75 (2015) 186

75. Measurement of thg°(1S) production cross-section in proton-protonisimhs via the decay
N(1S)y->p\\bar{p}
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
Eur. Phys. J. C Vol. 75 (2015) 7, 311

76. Measurements of differential and double-differdrifieell-Yan cross sections in proton-proton cobiss at
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V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
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Nuclear effects on the transverse momentum spettharged particles in pPb collisions at
VsNN =5.02 TeV

V. Khachatryan, .., H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski,.. et al.
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Precise determination of the mass of the Higgs asal tests of compatibility of its couplings witte
standard model predictions using proton collisiang and 8 TeV

V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,

K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.

Eur. Phys. J. C Vol. 75 (2015) 212

Production o£(1385) + and=(1530)0 in proton—proton collisions & = 7 TeV
B. Abelev, ... A. Deloff, I. llkiv, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
Eur. Phys. J. C Vol. 75 (2015) 1

Puzzles of the dark energy in the universe — Pinanto
M.P. Dabrowski
Eur. Phys. J. C Vol. 36 (2015) 065017

Search for a standard model Higgs boson producedsiaciation with a top-quark pair and decaying to
bottom quarks using a matrix element method

V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,

K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.

Eur. Phys. J. C Vol. 75 (2015) 251

Search for dark matter, extra dimensions, and ticjes in monojet events in proton—proton collisat
\s=8 TeV

V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,

K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
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Search for decays of stopped long-lived partickesipced in proton—proton collisions&=8TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
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Search for long-lived particles decaying to jetrpai
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wlicki, ... et al.
Eur. Phys. J. C Vol. 75 (2015) 4,152

Transverse-target-spin asymmetry in exclusivéeson electroproduction
A. Airapetian, ... W. Augustyniak, B. Marianski, A. Trzcinski, P. Zupranski, ... et al.
Eur. Phys. J. C Vol. 75 (2015) 600

Calibration aspects of the JEM-EUSO mission

J.H. Adams, .., T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalski, T. Tymieniecka, T. Wibig, ...
etal.

Exp. Astr. Vol. 40 No 1 (2015) 91-116

Ground-based tests of JEM-EUSO components at tlesdape Array site, “EUSO-TA”

J.H. Adams, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalsi, T. Tymieniecka, T. Wibig, ...
etal

Exp. Astr. Vol. 40 No 1 (2015) 301-

JEM-EUSO observational technique and exposure

M. Bertaina, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalséi, T. Tymieniecka, T. Wibig, ...
etal.
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JEM-EUSO: Meteor and nuclearite observations

M. Bertaina, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalsti, T. Tymieniecka, T. Wibig, ...

et al.
Exp. Astr. Vol. 40 No 1 (2015) 253-279

Performances of JEM-EUSO: angular reconstruction

S. Biktemerova, ...T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalsdi, T. Tymieniecka,
T. Wibig,

... etal
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Performances of JEM—EUSO: energy and X max recactitn

J.H. Adams, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalstd, T. Tymieniecka, T. Wibig, ...

et al.
Exp. Astr. Vol. 40 No 1 (2015) 183-214

Science of atmospheric phenomena with JEM-EUSO
J.H. Adams, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalshd, T. Tymieniecka, T. Wibig, ...
et al.
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Space experiment TUS on board the Lomonosov tateli pathfinder of JEM-EUSO

J.H. Adams, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalstd, T. Tymieniecka, T. Wibig, ...

et al.
Exp. Astr. Vol. 40 No 1 (2015) 315-326

The atmospheric monitoring system of the JEM-EUBSrument
S. Toscano, ...T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szals#d, T. Tymieniecka, T. Wibig, ...
et al.

Exp. Astr. Vol. 40 No 1 (2015) 45-60

The EUSO-Balloon pathfinder

J.H. Adams, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalstd, T. Tymieniecka, T. Wibig, ...

et al.
Exp. Astr. Vol. 40 No 1 (2015) 281-299

The infrared camera onboard JEM-EUSO

J.A. MoralesdelosRios, ..T, Batsch, J. Karczmarczyk, B. Szabelska, J. Szatsd,
T. Tymieniecka, T. Wibig, ... et al.

Exp. Astr. Vol. 40 No 1 (2015) 61-89

The JEM-EUSO instrument

M. Casolino, .., T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalski, T. Tymieniecka,
T. Wibig, ... et al.

Exp. Astr. Vol. 40 No 1 (2015) 19-44

The JEM-EUSO mission: An introduction
J.H. Adams, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalstd, T. Tymieniecka, T. Wibig, ...
et al.
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100.The JEM-EUSO observation in cloudy conditions
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et al.
Exp. Astr. Vol. 40 No 1 (2015) 135-152
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101.Ultra High Energy Photons and Neutrinos with JEMS¥)J
G. Medina-Tanco, ...T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalsi, T. Tymieniecka,
T. Wibig, ... et al.
Exp. Astr. Vol. 40 No 1 (2015) 215-233

102.Extremism without extremists: Deffuant model with&ions
P. Sobkowicz
Frontiers in Physics Vol. 3 (2015) 17

103.K X-ray line energies as diagnostics of warm deplasma
K. Stabkowska, E. Szynmiaka, N.R. Pereira. Rzadkiewicz L. Syrocki, M. Polasik
H. En. Den. Phys. Vol. 14 (2015) 30

104.Modeling of the K and L x-ray line structures foolybdenum ions in warm dense Z-pinch plasma
K. Stabkowska, ...J. Rzadkiewicz ... et al.
H. En. Den. Phys. Vol. 14 (2015) 44

105.The K X-ray line structures for a warm dense copgpasma
K. Stabkowska, E. Szyniaka, L. SyrockiJ. Rzadkiewicz M. Polasik
H. En. Den. Phys. Vol. 14 (2015) 8

106.Baryonium a common ground for atomic anh high ep@igsics
S. Wycech J-P. Dedonder, B. Loiseau
Hyperfine Interact. Vol. 234 (2015) 141

107.Dust in FIR-bright ADF-S galaxies
K. Matek, A. Pollo, T.T. Takeuchi, V. Buat, D. Burgarella, M. Malkan
IAU (International Astronomical Union) Symposium.\3D9 (2015) 325-325

108.The formation and build-up of the red-sequence tivepast 9 Gyr in VIPERS
A. Fritz, ... ,K. Malek, A. Pollo, ... et al.
IAU (International Astronomical Union) Symposium\399 (2015) 313-313

109.Are locational marginal prices a good heuristiditdde energy market into bidding zones?
M. Jakubek, K. Wawrzyniak, M. Kios, M. Blachnik
IEEE European Energy Market Vol. 1 (2015) 1-4

110.Decomposition of power flow used for optimizing abronfigurations of energy market
M. Ktos, K. Wawrzyniak, M. Jakubek
IEEE European Energy Market Vol. 1 (2015) 1-5

111.A New Front-End High-Resolution Sampling Board tlee New-Generation Electronics of EXOGAM2
and NEDA Detectors
M. Moszynski, ... et al.
IEEE Trans. Nucl. Sci. Vol. 62 No 3 (2015) 1056

112.Digital Front-End Electronics for the Neutron Det@dNEDA
F.J. EgeaCanet, ..M. Moszynski, ... et al.
IEEE Trans. Nucl. Sci. Vol. 62 No 3 (2015) 1063

113.Analiza niezawodnizi awaryjnego odbioru ciepta povggizeniowego w reaktorze typu PWR
M. Borysiewicz, K. Kowal
Informatyka, Automatyka, Pomiary w gospodarce iroote srodowiska Vol. 5 No 1 (2015) 73-79

114.Analiza niezawodnizi systemu zabezpieczenia reaktora typu PWR

M. Borysiewicz, K. Kowal
Informatyka, Automatyka, Pomiary w gospodarce iroote srodowiska Vol. 1 (2015) 73-79
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115.Zaleznoé¢ czgstotliwosciowa napgciowego wspoétczynnika magnetoelektrycznego w cekaati
(BiFeO;)x-(BaTiOs)1-x
T. Pikula,K. Kowal, P. Guzdek
Informatyka, Automatyka, Pomiary w gospodarce iroole srodowiska Vol. 5 No 4 (2015) 62-69

116.Thermal stability and phase transitions in YWADO, composites
L. Gérski, E. lller, M. Konior
Innovations in Corrosion and Materials Science \loNo 1 (2015) 17-22

117.LHCb Detector Performance
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
Int. J. Mod. Phys. A Vol. 30 (2015) 07,1530022

118.The human cancer in high natural background raxfiareas
L. Dobrzynski, K.F. Fornalski, L. Feinendegen
Int. J. of Low Rad. Vol. 10 (2015) 143

119.Synthesis and magnetic properties of the multifer@&aFeQ of orthorhombic and hexagonal symmetry
K. Retko, ... ,J.J. Milczarek, ... et al.
J Optoelectron Adv M Vol. 17 No 7-8 (2015) 1173

120.Cosmological dynamics with non-minimally couple@lse field and a constant potential function
O. Hrycyna, M. Szydtowski
J. Cosm. Astroparticle Phys. Vol. 11 (2015) 013

121.Angular analysis and differential branching fraotwf the decay BOs¢u+p—
R. Aaij, ..., V. Batozskaya, K. Klimaszewski, K. Kurek, D. Melrychuk, M. Szczekowski,
A. Ukleja, W. Wislicki, ... et al.
J. High Energy Phys. Vol. 09 (2015) 179

122.Angular analysis of the B K*° " & decay in the low-gregion
V. Batozskaya, ..., K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. W§licki, ... et al.
J. High Energy Phys. Vol. 1504 (2015) 064

123.Axino dark matter with low reheating temperatur
L. Roszkowski, S. Trojanowskj K. Turzyaski
J. High Energy Phys. Vol. 1511 (2015) 139

124.Centrality dependence of high-pT D meson suppressi®b-Pb collisions atsNN = 2.76 TeV
J. Adam, ... A. Deloff, I. llkiv, O. Kovalenko, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 11 (2015) 205

125.Centrality dependence of inclusivey Jiroduction in p-Pb collisions asNN = 5.02 TeV
J. Adam, ... A. Deloff, I. llkiv, O. Kovalenko, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 11 (2015) 127

126.Coherenp0 photoproduction in ultra-peripheral Pb-Pb callis atVsNN = 2.76 TeV
J. Adam, .., A. Deloff, I. llkiv, O. Kovalenko, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 09 (2015) 095

127.Combination of differential B cross-section measurements in deep-inelasticatesog at HERA
H. Abramowicz, ... M. Adamus, T. Tymieniecksa ... et al.
J. High Energy Phys. Vol. 1509 (2015) 149

128.Comparison of the Z/gamma* + jets to gamma + jeasssections in pp collisions = 8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 10 (2015) 128
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129.Determination of the branching fractions 38> DS K¥and B— DS K
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1505 (2015) 019

130.Differential branching fraction and angular anaysi A®—Ap'u~ decays
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1506 (2015) 115

131.Elliptic flow of identified hadrons in Pb-Pb colli;is atysNN=2.76 TeV
B. Abelev, ... A. Deloff, I. llkiv, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 06 (2015) 190

132.Exact SU(5) Yukawa matrix unification in the Gerdfivour Violating MSSM
M. Iskrzynski, K. Kowalska
J. High Energy Phys. Vol. 1504 (2015) 120

133.First measurement of the differential branchingticn and CP asymmetry of thé Brx"u"u~ Decay
R. Aaij, ..., V. Batozskaya, K. Klimaszewski, W. Krzemi@, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 10 (2015) 034
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V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1506 (2015) 130

135.Flavored gauge mediation in the Peccei-Quinn NMSSM
K. Kowalska, J. Pawelczyk,. Sessolo
J. High Energy Phys. Vol. 1512 (2015) 148

136.Forward production of mesons in pp collisions d6=7 and 8TeV
R. Aaij, ... V. Batozskaya, K. Klimaszewski, W. Krzemid, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 11 (2015) 103

137.Forward-backward multiplicity correlations in ppllgions atvVs = 0.9, 2.76 and 7 TeV
J. Adam, ... A. Deloff, I. llkiv, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 05 (2015) 097

138.GUT-inspired SUSY and the muon g-2 anomaly: prospfec LHC 14 TeV
K. Kowalska, L. Roszkowski, E. Sessolo, A.J. Willias
J. High Energy Phys. Vol. 1506 (2015) 020

139.Inclusive, prompt and non-promptyJproduction at mid-rapidity in Pb-Pb collisions at
VsNN = 2.76 TeV
J. Adam, ... A. Deloff, I. llkiv, O. Kovalenko, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 07 (2015) 051

140.Lepton-pair production in ultraperipheral collistoat AFTER@LHC
J.P. Lansberd.. Szymanowski, J. Wagner
J. High Energy Phys. Vol. 09 (2015) 087

141.Measurement of charm and beauty production at aleratpidity versus charged-particle multiplicity in
proton-proton collisions ats = 7TeV
J. Adam, ... A. Deloff, I. llkiv, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 09 (2015) 148

142.Measurement of CP asymmetries and polarisationidrain B's—K - anti-K*° decays

V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wlicki, ... et al.
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143.Measurement of CP violation parameters and polisiséractions in B—~JAyK*° decays
R. Aaij, ... ,V. Batozskaya, K. Klimaszewski, W. Krzemid, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 11 (2015) 082

144.Measurement of forwardylproduction cross-sections in pp collisions/st13 TeV
R. Aaij, ... ,V. Batozskaya, K. Klimaszewski, W. Krzemid, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 10 (2015) 172

145.Measurement of forward-2e’e” production at's=8 TeV
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. W§licki, ... et al.
J. High Energy Phys. Vol. 1505 (2015) 109

146.Measurement of indirect CP asymmetries fr4K K* and D—n =" decays using semileptonic B decays
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1504 (2015) 043

147.Measurement of jet quenching with semi-inclusivdrba-jet distributions in central Pb-Pb collisicats
VsNN = 2.76 TeV
J. Adam, ... A. Deloff, I. llkiv, O. Kovalenko, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 09 (2015) 170

148.Measurement of the®8-¢¢ branching fraction and search for the dec&yBo
R. Aaij, ... ,V. Batozskaya, K. Klimaszewski, W. Krzemid, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 10 (2015) 053

149.Measurement of the exclusieproduction cross-section in pp collisionslat7 TeV and 8 TeV
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 09 (2015) 084

150.Measurement of the forward Z boson production esassion in pp collisions ats = 7 TeV
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wlicki, ... et al.
J. High Energy Phys. Vol. 08 (2015) 039

151.Measurement of the forward-backward asymmetry in-2[1"1~ decays and determination of the effective
weak mixing angle
R. Aaij, ... ,V. Batozskaya, K. Klimaszewski, W. Krzemid, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1511 (2015) 190

152.Measurement of the inelastic pp cross-sectioncanére-of-mass energy g6 = 7 TeV
V. Batozskaya, ..., K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1502 (2015) 129

153.Measurement of the ratio of the production crostises times branching fractions of B>JAyn* and
B*—JiyK* and B(B .—Jhyn*n*n¥)/B(B*—Jhyr*) in pp collisions at/s= 7 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gorski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 01 (2015) 063

154.Measurement of the time-dependent CP asymmetriB-nJiyK
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1506 (2015) 131

155.Measurement of the time-integrated CP asymmetBlinK°SK’; decays
R. Aaij, ... ,V. Batozskaya, K. Klimaszewski, W. Krzemid, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 10 (2015) 055
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156.Measurement of the underlying event activity usthgrged-particle jets in proton-proton collisions a
\s=2.76 TeV
V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 09 (2015) 137

157.\l\//leasurement of the W boson helicity in events wifingle reconstructed top quark in pp collisians a
s=8 TeV

V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,

K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.

J. High Energy Phys. Vol. 01 (2015) 053

158.Measurement of the Z+b-jet cross-section in ppisiotis at\Vs = 7 TeV in the forward region
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wlicki, ... et al.
J. High Energy Phys. Vol. 1501 (2015) 064

159.Measurement of theyZproduction cross section in pp collisions at 8 Ta\ search for anomalous triple
gauge boson couplings
V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 04 (2015) 164

160.Precise measurements of the properties of the B1{%7and B,(5747f" states and observation of
B*% ™" mass structures
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1504 (2015) 024

161.Rapidity and transverse-momentum dependence dfthesive Jf nuclear modification factor in p-Pb
collisions atysNN = 5.02 TeV
J. Adam, ... A. Deloff, I. llkiv, O. Kovalenko, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
J. High Energy Phys. Vol. 06 (2015) 055

162.Search for a charged Higgs boson in pp collisiansa8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 11 (2015) 018

163.Search for a Higgs Boson in the Mass Range fromtd4900 GeV Decaying to a Pair of W or Z Bosons
V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 10 (2015) 144

164.Search for a light charged Higgs boson decayirgshar in pp collisions ats=8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 12 (2015) 178

165.Search for disappearing tracks in proton-prototigiohs atVs=8 TeV
V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 01 (2015) 096

166.Search for neutral color-octet weak-triplet scalarticles in proton-proton collisions =8 TeV
V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 09 (2015) 201
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167.Search for Neutral MSSM Higgs Bosons Decaying iteair of Bottom Quarks
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 11 (2015) 071

168.Search for physics beyond the standard model @ptiih mass spectra in proton-proton collisions at
\s=8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gorski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 04 (2015) 025

169.Search for physics beyond the standard model intewgith two leptons, jets, and missing transverse
momentum in pp collisions as = 8 TeV
V. Khachatryan, .., H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M Gdrski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 04 (2015) 124

170.Search for supersymmetry in the vector-boson fusipnlogy in proton-proton collisions #=8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gorski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski,.. et al.
J. High Energy Phys. Vol. 11 (2015) 189

171.Search for the decay B88\bar{D}0f0(980)
V. Batozskaya, K. Klimaszewski, K. Kurek, M. Szcze&wski, A. Ukleja, W. Wislicki
J. High Energy Phys. Vol. 08 (2015) 005

172.Search for the lepton flavour violating de@ay— p~ p* p~
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 1502 (2015) 121

173.Search for the production of dark matter in assmsiavith top-quark pairs in the single-lepton fistate
in proton-proton collisions afs = 8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 06 (2015) 121

174.Search for the\’,—An’ andA%—An decays with the LHCb detector
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. High Energy Phys. Vol. 09 (2015) 006

175.Search for Third-Generation Scalar Leptoquark&iéntt Channel in Proton-Proton Collisions at
Vs =8TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 07 (2015) 042

176.Search for vector-like T quarks decaying to toprigsiand Higgs bosons in the all-hadronic channielgus
jet substructure
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gorski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 06 (2015) 080

177.Searches for supersymmetry using the MT2 variabledronic events produced in pp collisions
at 8 TeVv
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 05 (2015) 078
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178.Searches for third-generation squark productidinlig hadronic final states in proton-proton cadliss at
Vs =8 TeV
V. Khachatryan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 06 (2015) 116

179.Study of Z production in PbPb and pp collisions/'stIN=2.76 TeV in the dimuon and dielectron decay
channels
S. Chatrchyan, ...H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. High Energy Phys. Vol. 03 (2015) 022

180.Study ofn—n' mixing from measurement 01"@,—>J/\|m(')~decay rates
V. Batozskaya, ... K. Klimaszewski, K. Kurek, M. Szczekowski, A. Ukéja, W. Wislicki, ... et al.
J. High Energy Phys. Vol. 1501 (2015) 024

181.B flavour tagging using charm decays at the LHQbeexnent
R. Aaij, ... V. Batozskaya, K. Klimaszewski, W. Krzemid@, K. Kurek, D. Melnychuk,
M. Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. Instrum. Vol. 10 (2015) P10005

182.1dentification of beauty and charm quark jets aldtH
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. Instrum. Vol. 06 (2015) P06013

183.Measurement of the track reconstruction efficieaciyHCb
V. Batozskaya, ... , K. Klimaszewski, K. Kurek, M.Szczekowski, A. Ukleja, W. Wilicki, ... et al.
J. Instrum. Vol. 10 (2015) 02, P02007

184.0peration and performance of the ICARUS-T600cryagplant at Gran Sasso undergroundLaboratory
M. Antonello, ... J. tagoda, R. Sulej,... et al.
J. Instrum. Vol. 10 (2015) P12004

185.Performance of Photon Reconstruction and Identifioawith the CMS Detector in Proton-Proton
Collisions atVs= 8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. Instrum. Vol. 10 (2015) P08010

186.Performance of the CMS missing transverse momen¢gonstruction in pp data @ = 8 TeV
V. Khachatryan, .., H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M Gérski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. Instrum. Vol. 10 (2015) P02006

187.An influence of cobalt impurities distribution okeetronic and magnetic properties of Cr3Si
A. Matwiejczyk,M. Pylak, L. Dobrzynski
J. Magn. Magn. Mater. Vol. 396 (2015) 140

188.Magnetic anisotropy in the incommensurate S8kesystem
K. Retko, L. Dobrzynski, J. Waliszewski, K. Szyniaki,
J. Magn. Magn. Mater. Vol. 388 (2015) 82

189.Synthesis and dynamic stereochemistry of 4-argrturpholine-3,5-dione derivatives
J. SzawkatoJ.K. Maurin , F. Pluchski, Z. Czarnocki
J. Mol. Struct. Vol. 1079 (2015) 383-390

190.Raman spectroscopy analysis of air grown oxideesgaveloped onpure zirconium substrate
t. Kurpaska, J. Favergeon, L. Lahoche, M. El-Marssi, J.-L. GeaaiPoussard, G. Moulin,
J.-M. Roelandt
J. Nucl. Mater. Vol. 466 (2015) 460-467
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191.Performance of electron reconstruction and seleatith the CMS detector in proton-proton collisicats
Vs =8 TeV
V. Khachatryan, ... H. Biatkowska, M. Bluj, B. Boimska, T. Fruboes, M.Gorski, M. Kazana,
K. Nawrocki, K. Romanowska-Rybinska, M. Szleper, P. Zalewski... et al.
J. of Instr. Vol. 10 (2015) P06005

192.Sci!’1tillation response of Xe gas studied by gamayaabsorption and Compton electrons
t. Swiderski, ..., J. lIwanowska, M. Moszyiski, M. Szawlowski ... et al.
J. of Instr. Vol. 10 (2015) PO7003

193.Verification of threshold activation detection (TAEchnique in prompt fission neutron detectiomgsi
scintillators containing’F
P. Sibczyski, ... , J. Kownacki, M. Moszyiski, J. Iwanowska, A. Syntfeld-Kauch, A. Gojska,
M. Gierlik, £. Ka zmierczak, E.A. Jakubowska, G. kedzierski, £. Kujawi nski, ... et al.
J. of Instr. Vol. 10 (2015) T09005

194.High energy resolution measurements of the radiatecay of double K-shell vacancies in<2@ < 29
elements bombarded by fast C and Ne ions
J.Cl. Dousse, ...J. Rzadkiewicz,... et al.
J. of Phys. Conf. S. Vol. 635 (2015) 022054

195.KCDC - The KASCADE Cosmic-ray Data Centre
A. Haungs, .., P. tuczak, J. Zabierowski,... et al.
J. of Phys. Conf. S. Vol. 632 (2015) 012011

196.Modeling of the M X-ray line structures for tungstend L X-ray line structures for molybdenum
K. Stabkowska, M. Polasik, t. Syrocki, E. Szyiska,J. Rzadkiewicz N.R. Pereira
J. of Phys. Conf. S. Vol. 583 (2015) 012031

197.The Approximate Bayesian Computation methods ifldbalization of the atmospheric contamination
source
P. Kopka, A. Wawrzynczak-Szaban, M. Borysiewicz
J. of Phys.: Conf. S. Vol. 633 No 1 (2015) 012118

198.Between atomic and nuclear physics: radioactivageof highly-charged ions
D. Atanasov, ... Z. Patyk, ... et al.
J. Phys. B: At. Mol. Opt. Phys. Vol. 48 (2015) 12410

199.Determination of tungsten and molybdenum conceptratfrom an x-ray range spectrum in JET with the
ITER-like wall configuration
T. Nakano, .., J. Rzadkiewicz ... et al.
J. Phys. B: At. Mol. Opt. Phys. Vol. 48 (2015) 12310

200.0n the interpretation of high-resolution x-ray gp@drom JET with an ITER-like wall
K. Stabkowska,). Rzadkiewicz . Syrocki, E. Szymaska, A. Shumack, M. Polasik, N.R. Pereira
J. Phys. B: At. Mol. Opt. Phys. Vol. 48 (2015) 12810

201.A limit on the diffuse gamma ray flux measured VKHASCADE-Grande
D. Kang, ... P. tuczak, J. Zabierowski ... et al.
J. Phys. Conf. Ser. Vol. 632 (2015) 012013

202.Atmospheric influence on space-based observatidngbfenergy cosmic rays
S. Falk, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalséi, T. Tymieniecka, T. Wibig,
...etal
J. Phys. Conf. Ser. Vol. 632 (2015) 012091

203.Dense Plasma Focus: physics and applications {iadiaaterial science, single-shot disclosure dtien
illegal objects, radiation biology and medicine.pt
V.A. Gribkov, ..., M.J. Sadowski, E. Skladnik-Sadowska, K. Pytel, AZawadka, ... et al.
J. Phys. Conf. Ser. Vol. 591 (2015) 012020
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204.High power plasma interaction with tungsten grades
I.E. Garkusha, ...M.J. Sadowski, E. Sktadnik-Sadowska... et al.
J. Phys. Conf. Ser. Vol. 591 (2015) 012030

205.LOPES - Recent Results and Open Questions on ttie Reetection of Air Showers
F. Schroeder, .,.P. Luczak, J. Zabierowskj ... et al.
J. Phys. Conf. Ser. Vol. 632 (2015) 012102

206.Physics Goals and Status of JEM-EUSO and its Tgséfiments
A. Haungs, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szatstd, T. Tymieniecka, T. Wibig, ...
etal.
J. Phys. Conf. Ser. Vol. 632 (2015) 012092

207.Nuclear equation of state and finite nucleon volsme
J. Rozynek
J. Phys. G: Nucl. Part. Phys. Vol. 42 (2015) 045109

208.Molybdenum targets produced by mechanical reshaping
A. Stolarz, J.A. Kowalska, P. Jaski, T. Janiak, J. Samorajczyk
J. Radioanal. Nucl. Chem. Vol. 305 (2015) 947-952

209.Neutron activation of PF-1000 device parts durmgtterm fusion research
S. Jednorog, ...R. Prokopowicz, ... et al.
J. Radioanal. Nucl. Chem. Vol. 303 No 1 (2015) 10094

210.0n a coherent investigation of the spectrum of ¢osays in the energy range of't@V - 1d° eV with
KASCADE and KASCADE-Grande
S. Schoo, ...P. tuczak, J. Zabierowski,... et al.
J.Phys.Conf.Ser Vol. 632 (2015) 012025

211.The Advanced Virgo detector
F. Acernese, .,.A. Krolak, A. Zadro zny, ... et al.
J.Phys.Conf.Ser Vol. 610 (2015) 012014

212.Superheavy Nuclei - Structure, High-K Ground Staliests of Stability
W. Brodzinski, P. Jachimowiczyl. Kowal, J. Skalski
Japan Phys. Soc. Conf. Proceedings Vol. 6 (2016052

213.Innovation Suppression and Clique Evolution in FReview-Based, Competitive Research Funding
Systems: An Agent-Based Model
P. Sobkowicz
JASSS J Art Soc Social Sim Vol. 18(2) (2015) 13

214.1 oss of offsite power caused by tornado in Surry’NR case study
M. Borysiewicz, A. Kaszko, K. Kowal, S. Potempski
Journal of Polish Safety and Reliability Associatiol. 6 No 3 (2015) 25-30

215.Image Segmentation in Liquid Argon Time Projecti@mamber Detector
P. PlonskiR. Sulej, K. Zaremba
Lecture Notes in Computer Sciences Vol. 9119 (26Q6)

216.Magnetoelectric Effect in (BiFeO3)x-(BaTiO3)1-x &85olutions
K. Kowal, E. Jartych, P. Guzdek, A. Usika-Czekaj, D. Czekaj
Materials Science-Poland Vol. 33 No 1 (2015) 102-11

217.Methods of optimization of reactive sputtering citioths of Al target during AIN films deposition

R. ChodunK. Nowakowska-Langier, K. Zdunek
Materials Science-Poland Vol. 4(33) (2015) 894-901
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218.Structure of AIN films deposited by magnetron seritty method
K. Nowakowska-Langier, R. Chodun, K. Zdunek, R. MinikajeR. Nietubyé
Materials Science-Poland Vol. 33(3) (2015) 639-643

219.Synthesis of multicomponent metallic layers duiimgulse plasma deposition
K. Nowakowska-Langier, R. Chodun, K. Zdunek
Materials Science-Poland Vol. 33(3) (2015) 841-846

220.Light output measurements and computational masfaisicrocolumnar Csl scintillators for x-ray imagin
P. Nillus,W. Klamra, P. Sibczyiiski, D. Sharma, M. Danielson, A. Badano
Med. Phys. Vol. 42 (2015) 600

221.Results of the EURAMET.RI(II)-S7.Sm-151 supplemeytzomparison (EURAMET Project 1292)
M.-M. Be, ... ,T. Dziel, ... et al.
Metrologia Vol. 52 No TS2015 (2015) 06016

222.Uncertainty determination for activity measuremdntsneans of the TDCR method and the
CIEMAT/NIST efficiency tracing technique
K. Kossert R. Broda, P. Cassette, G. Ratel, B. Zimmerman
Metrologia Vol. 52 No 3 (2015) S172-S190

223.Update of the BIPM comparison BIPM.RI(II)-K1.Sr-86activity measurements of the radionuclia®r
to include the 2009 result of the POLATOM (Poland)
C. Michotte, G. Ratel, S. Court€&, Dziel, A. Listkowska
Metrologia Vol. 52 No TS (2015) 06022

224.Analysis of Radiation Damage in Magnesium Alumingpinel by Means of Cathodoluminescence,
Microscopy and Microanalysis
I. Jozwik, ..., J. Jagielski, P. Jawik, R. Ratajczak, ... et al.
Microscopy and Microanalysis Vol. 21 No S3 (201303

225.Cosmic ray contribution in the WMAP of the cosmiccrowave background
T. Wibig, A.W. Wolfendale
Mon. Not. R. Astron. Soc. Vol. 448 (2015) 1030

226.Early optical follow-up of the nearby active staGITVn during its 2014 superflare
M.D. Caballero-Garcia, ...A. Cwiek, ... et al.
Mon. Not. R. Astron. Soc. Vol. 452 (2015) 4195-4202

227.Evolution of mid-infrared galaxy luminosity functie from the entire AKARI NEP-Deep field with new
CFHT photometry
T. Goto, ... K. Malek, ... et al.
Mon. Not. R. Astron. Soc. Vol. 452 (2015) 1684-1693

228.PF131010 Ciechanow fireball - the body possiblatesl to Near Earth Asteroids 2010 TB54 and 2010
SX11
A. Olech, ... Z. Tyminski, ... et al.
Mon. Not. R. Astron. Soc. Vol. 454 (2015) 2965-2971

229.Determination of the quark coupling strength |Mugihg baryonic decays
V. Batozskaya, ... K. Klimaszewski, K. Kurek, M. Szczekowski, A. Ukéja, W. Wislicki, ... et al.
Nat Phys Vol. 11 (2015) 743

230.Precision measurement of the mass difference betligie nuclei and anti-nuclei
J. Adam, ... A. Deloff, I. llkiv, P. Kurashvili, T. Siemiarczuk, G. Wilk, ... et al.
Nat Phys Vol. 11 (2015) 811-814
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412.Research and development towards duty factor upgshtheEuropean X-Ray Free Electron Laser linac
J. Sekutowicz, ...M. Barlak, W. Grabowski, J. Lorkiewicz, R. Nietubyg¢, ... et al.
Phys. Rev. ST Accel. Beams Vol. 18 (2015) 050701

413.Analysis of the decay chain of the nucleus 293117
A. Sobiczewski
Phys. Scr. Vol. 90 (2015) 114018
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414.Analysis of the decay chain of the nuclétig17
A. Sobiczewski
Phys. Scr. Vol. 90 (2015) 114018

415.Non-extensive distributions for a relativistic Fémgas
J. Rozynek
Physica A Vol. 440 (2015) 27

416.A clustering approach in the URQMD transport mddelnuclear collisions at relativistic energies
V. Mitsyn, G. Musulmanbekov, T.l. Mikhailova, G.@soskovA. Polanski
Physics of Particles and Nuclei Letters Vol. 123\¥@015) 413

417.Advanced scheme for high-yield laser driven nucteactions
D. Margarone, ... A. Szydiowski, A. Malinowska ... et al.
Plasma Phys. Contr. F. Vol. 57 No 1 (2015) 014030

418.Soft X-ray studies of Plasma-Focus pinch structumézF-1000U experiments
M.J. Sadowski, ... , E. Skltadnik-Sadowska, W. Surat D. Zatoga,... et al.
Plasma Sources Science and Technology Vol. 2462185003

419.Neutrons production in heavy spallation target&legtrons beams
A. PacanB. Stowinski
PoS(Baldin ISHEPP XXII) (2015) 063

420.Space-dynamic correlations in quasi-two-particlkeXg— p+N interactions at GeV energy region
B. Stowinski, A. Pacan
PoS(Baldin ISHEPP XXII) (2015) 062

421.Plasma dynamics studies in development of IPD neetngurface engineering
M. Rabinski, K. Zdunek
Probl. Atom. Sci. Technol., Series Plasma Physl(96) (2015) 110-113

422.Spectroscopic studies of plasma streams generated-MJ Plasma-Focus facility with and without-gas
puffing
M.S. Ladygina, ... E. Skladnik-Sadowska, R. Kwiatkowski, K. Malinowski M.J. Sadowski,
D. Zatoga, J.Zebrowski, ... et al.
Probl. Atom. Sci. Technol., Series Plasma Phys1(96) (2015) 114-117

423.Energy- and time-resolved measurements of fast emgited from Plasma-Focus discharges, by means of
a Thomson spectrometer
R. Kwiatkowski, ... ,K. Czaus, M.J. Sadowski, E. Sktadnik-Sadowska, D.&oga, J.Zebrowski,
... etal
Proc. SPIE Vol. 9662 (2015) 96622U

424.Pi of the Sky preparations for LSC-Virgo\'s elentagnetic follow-up project
A. Zadrozny, M. Sokotowski, A. Majcher, R. Opiela, £. Obara
Proc. SPIE Vol. 9662 (2015) 198

425.Pi of the Sky preparations for LSC-Virgo\'s eleatagnetic follow-up project
A. Zadrozny, M. Sokotowski, A. Majcher, R. Opiela, £. Obara
Proc. SPIE Vol. 9662 (2015) 96621F

426.Pi qf the Sky robotic observatories in Chile ana@i8p
A. Cwiek, ..., T. Batsch, A. Majcher, K. Matek, K. Nawocki, M. Sokotowski, G. Wrochna,
...etal.
Proc. SPIE Vol. 9290 (2015) 92900T

427.Prospects for satellite and space debris obsengtiith Pi of the Sky

A. Cwiek, T. Batsch, A. Majcher,L. Mankiewicz,G. Wrochna, A. Zadrozny, A.F. Zarnecki
Proc. SPIE Vol. 9662 No UNSP 96621 (2015) 194
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428.Results of neutron irradiation of GEM detector fitaisma radiation detection
S. Jednorog, B. Bienkowska, M. Chernyshova, E. yasiza,R. Prokopowicz A. Ziolkowski
Proc. SPIE Vol. 9662 (2015) 96622Y

429.Review and present status of preparation of thiarléead photocathode for e- injectors of superaootidg
RF linacs
J. Lorkiewicz, R. Nietubyé¢, M. Barlak, A. Kosinska, R. Mirowski, W. Grabowski, J. Witkowski
Proc. SPIE Vol. 9662 (2015) 966233-1

430.Signal acquisition in Cherenkov-type diagnosticglettron beams within tokamak facilities
M. Rabinski, L. Jakubowski, M.J. Sadowski, JZebrowski, M.J. Jakubowski, K. Malinowski,
R. Mirowski
Proc. SPIE Vol. 9662 (2015) 966227

431.Status of the Pi of the Sky telescopes in SpainGirnitk
A. Majcher, ..., T. Batsch, A.Cwiek, K. Nawrocki, G. Wrochna, ... et al.
Proc. SPIE Vol. 9662 (2015) 180

432.VIPERS view of the star formation history of eatjype galaxies
M. Siudek, ... K. Malek, A. Pollo, ... et al.
Proc. SPIE Int. Soc. Opt. Eng. Vol. 9662 (2015) 15

433.Renaissance of the Boron Neutron Capture TheraNZ; B
M.A. Gryzinski, M. Maciak, M. Wielgosz
Proceedings of RAD 2015 Conference No 3 (2015)879 -

434.Advances in the development of the Cherenkov distimeystem to study runaway electron losses
F. Causa, ...L. Jakubowski, K. Malinowski, M. Rabinski, M.J. Sadowski, J.Zebrowski, ... et al.
Proceedings of Science Vol. ECPD2015 (2015) 066

435.Development of the Cherenkov-type diagnostic sydtestudy runaway elelctrons within tokamaks
L. Jakubowski, K. Malinowski, R. Mirowski, M. Rabi fiski, M.J. Sadowski, J.Zebrowski,
M. J. Jakubowski
Proceedings of Science Vol. ECPD2015 (2015) 017

436.Exclusive meson production at COMPASS
P. Sznajder
Proceedings of Science Vol. DIS2015 (2015) 215

437.Lead shielding impact on fast neutron spectrum (M&¥) in QUINTA uranium
M. Szuta, E. Strugalska-Gola, S. Kilim, M. Bielewig, S. Tyutyunnikov, V. Chilap
Proceedings of Science No 060 (2015)

438.Measurements of fast neutron spectrum in QUINT Aadsy irradiated with 2,4 and 8 GeV deuterons
M. Bielewicz, ..., E. Strugalska-Gola, S. Kilim, M Szuta ... et al.
Proceedings of Science No 052 (2015)

439.Measurements of Np-237 incineration in ADS setup KDLA
S. Kilim, ..., M. Bielewicz, E. Strugalska-Gola, M Szutg ... et al.
Proceedings of Science No 056 (2015)

440.Nuclear data for advanced nuclear systems
V. Wagnerl, ... S. Kilim, M. Bielewicz, E. Strugalska-Gola, M. Szu, ... et al.
Proceedings of Science No 057 (2015)

441.Scintillators for high temperature plasma diagrossti
t. Swiderski, ... , A. Gojska, M. Grodzicka, S. Korolczk, S. Mianowski, M. Moszyaski,
J. Rzadkiewicz, P. Sibcziski, A. Syntfeld-Kazuch, M. Szawtowski, T. Szcgsniak, J. Szewnski, A.
Szydtowski, I. Zychor, ...et al.
Proceedings of Science Vol. ECPD2015 (2015) 162
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442.Study of cross-sections of yttrium (n,xn) thresh@dctions
P. Chudoba, ...S. Kilim, M. Bielewicz, E. Strugalska-Gola, M. Szua, ... et al.
Proceedings of Science No 054 (2015)

443.Time- and energy-resolved measurements of ion beamtted from Plasma-Focus type discharges
R. Kwiatkowski, K. Czaus, M. Paduch, M.J. SadowskiE. Skladnik-Sadowska, E. Zielinska
Proceedings of Science Vol. ECPD2015 (2015) 121

444.Axino and gravitino dark matter with low reheatitegnperatusg
L. Roszkowski, S. Trojanowski,K. Turzynski
Proceedings of Science (EPS-HEP2015) Vol. 20155838

445.Neutrons production in heavy extended targets égtedns of energy from 15 to 1000 MeV
Polanski, B. Stowinski, T. Jackowski, A. Pacan
Prog. Nucl. Energy Vol. 78 (2015) 1

446.Neutrino Oscillation Physics Potential of the T2KpEriment
K. Abe, ... M. Kabirnezhad, A. Kili nski, J. tagoda, P. Mijakowski, P. Przewtocki, E. Radio,
J. Zalipska, ... et al.
Progr. Theor. Exp. Phys. Vol. 4 (2015) 043C01

447.Physics potential of a long-baseline neutrino ¢sidn experiment using a J-PARC neutrino beam and
Hyper-Kamiokande
K. Abe, ... J. Lagoda, E. Rondio,... et al.
Progr. Theor. Exp. Phys. (2015) 053C02

448 . EURADOS 241Am skull measurement intercomparison
P. Nogueira, ...J. Osko, T. Pliszczyiski, ... et al.
Radiat. Meas. Vol. 82 (2015) 64-73

449.Influence of soft X-ray radiation on the parametargracks induced in CR-39 and PM-355 solid state
nuclear track detectors
A. Szydtowski, A. Malinowska, M. Jaskota, K. Szewak, A. Korman, M. Paduch, M. Kuk
Radiat. Meas. No 83 (2015) 26—30

450.Characterisation of a radionuclide specific labanatetector system for the metallurgical industyy
Monte Carlo simulations
J. Solc, ... T. Dziel, ... et al.
Radiat. Phys. Chem. Vol. 116 (2015) 189-193

451.EURADOS intercomparison exercise on MC modellingtf@ in-vivo monitoring of AM-241 in skull
phantoms (Part Il and IlI)
T. Vrba, ..., J. Osko, K. Tyminska, ... et al.
Radiat. Phys. Chem. Vol. 113 (2015) 59-71

452.Interlaboratory comparison on 137Cs activity conicetion in fume dust
F. Tzika, ... Z. Tyminski, ... et al.
Radiat. Phys. Chem. Vol. 116 (2015) 106-110

453.Experimental investigation of ionization track stture of carbon ions - experiments at HIL Warsaw
A. Bantsar, G. Hilgers,S. PszonaH. Rabus, Z. Szeflinski
Radiat. Prot. Dosim. Vol. 166 No 1-4 (2015) 253-256

454.Lessons learned from the EURADOS survey on in-vianitoring data and internal dose assessment of
foreigners exposed in Japan following the Fukushaéchi NPP accident
M.A. Lopez, ... J. Gsko, ... et al.
Radiat. Prot. Dosim. (2015)
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455.Nanodosimetry of electrons: analysis by experinagitt modeling
A. Bantsar, S. Pszona
Radiat. Prot. Dosim. Vol. 166 No 1-4 (2015) 210-213

456.Determination of thé*’Sm half-life
M-M. Bé, ... ,T. Dziel, ... et al.
Radiochim. Acta Vol. 103 No 9 (2015) 619-626

457.An application of the value tree analysis methodyglwithin the integrated risk informed decision rimak
for the nuclear facilities
M. Borysiewicz, K. Kowal, S. Potempski
Reliability Engineering & System Safety Vol. 139MN@015) 113-119

458.The Robust Bayesian Approach to the Model Seledigorithm
K.F. FornalskiL. Dobrzynski
Research&Reviews: J.Stat.Math.Sci. Vol. 1 No 15201

459.Research on anisotropy of fusion-produced protodsngutrons emission from high-current plasma-focus
discharges
K. Malinowski, ... , E. Skladnik-Sadowska, M.J. Sadwski, A. Szydtowski, K. Czaus,
R. Kwiatkowski, D. Zatoga, ... et al.
Rev. Sci. Instrum. Vol. 86 (2015) 013502

460.Neutron Attenuator Prototype Tests of the PF10@81& Focus Neutron Genrator
T. Craciunescu, .,.R. Prokopowicz,... et al.
Romanian Rep.Phys. Vol. 67 No 3 (2015) 1061-1073

461.Nowa Struktura Europejskiego Rynku Energii - RySttefowy
K. Wawrzyniak, M. Kios, M. Jakubek, M. Blachnik, A. Kadtlubowska
Rynek Energii Vol. 116 (2015) 3-6

462.lon Beam Induced Modifications of Biocompatible yrokr
A.M. Abdul-Kader, A.M. Abdul-Kader A. Turos
Solid State Phenom. Vol. 239 (2015) 149

463.Advanced scheme for high-yield laser driven prdbonen fusion reaction
D. Margarone, ... A. Szydtowski, A. Malinowska,... et al.
SPIE No 9345 (2015) 93450F-1

464.Recognition of the atmospheric contamination solocalization with the Genetic Algorithm
A. Wawrzynczak-Szaban M. JaroszynskiM. Borysiewicz
Studia Informatica Vol. 1-2 No 19 (2015) 27

465.Characterisation of microstructural, mechanical aptical properties of TiO2 layers deposited by GIM
and PMS methods
L. Skowronski, ... K. Nowakowska-Langier, £. Kurpaska, ... et al.
Surf. Coat. Technol. Vol. 282 (2015) 16-23
466.Novel (+)-3-carene derivatives and their applicaiio asymmetric synthesis
P. Roszkowski, P. Matecki,K. Maurin, Z. Czarnocki
Synthesis Stutgart Vol. 47 (2015) 569-574

467.Characterization of crystal lattice defects in zatt molybdate single crystals (CaMgdy means of X-
ray diffraction topography
E. Wierzbicka, ... K. Wieteska, ... et al.
X-Ray Spectrom. Vol. 44 (2015) 351

468.Ghost segregation pattern and ferroelectric domainsixed calcium-strontium-barium niobates

W. Wierzchowski, ... K. Wieteska, ... et al.
X-Ray Spectrom. Vol. 44 (2015) 356
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469.High-resolution X-ray topographic and reflectomesiudies of epitaxial layers on porous silicontides!
for exfoliation
K. Mazur, ... K. Wieteska, ... et al.
X-Ray Spectrom. Vol. 44 (2015) 363

470.lon implantation of the 4H SiC epitaxial layers anudbstrates with 2MeV Se + and 1MeV Al + ions
W. Wierzchowski, ... A. Turos, K. Wieteska, A. Stonert, R. RatajczakP. J&wik, ... et al.
X-Ray Spectrom. No 44 (2015) 374

471.Hydrogen and Deuterium Distribution in Tungstenig-tiradiated with Deuterium High Temperature
Plasma in Sealed Chambers Filled bptor D,O
A.Yu. Didyk, ... ,\W. Bitous, J. Wasiak, E. Hajewska... et al.

Tosepxnocms. Penmeenosckue, cunxpomponnsie Heiimportuie ucciedoganus No 8 (2015) 1-9

PUBICATIONS RELATED TO PHYSICS EDUCATION AND POPULA RIZATION OF PHYSICS

1. Ciezki, ciezszy,,, najazszy?
J. Skalski
Academia No 1 (41) (2015) 29

2. Inerferencja dwoch atoméow
P. Zalewski
Delta Vol. 493 No 6 (2015) 21

3. Kropelki jakzywe
P. Zalewski
Delta Vol. 492 No 5 (2015) 21

4. Krytyczny umyst
P. Zalewski
Delta Vol. 495 No 8 (2015) 21

5. Nobel za oscylacje neutrin
P. Zalewski
Delta Vol. 499 No 12 (2015) 21

6. Ostatnia taka randka w ciemno
P. Zalewski
Delta Vol. 490 No 3 (2015) 18

7. Pierwsza wspdlna obserwacjghnych rzadkich rozpadéw
P. Zalewski
Delta Vol. 494 No 7 (2015) 21

8. Pmktaé po wieczne czasy
P. Zalewski
Delta Vol. 491 No 4 (2015) 21

9. Przydatné¢ poruszonych zdf; Nadprzewodgcy litografen
P. Zalewski
Delta Vol. 498 No 11 (2015) 22

10. Wyniki dopasowania
P. Zalewski
Delta Vol. 496 No 9 (2015) 21

11. Koszty zewmtrzne w energetyce

A. Strupczewski, ... et al.
Energetyka Vol. XX No 3 (79) (2015) 12-18
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12.

13.

14.

15.

Nagroda Nobla dla neutrin i co dalej
J. Zalipska
Foton Vol. 131 (2015) 15

Rozmowa o Einsteinie
E. Infeld
Niezbednik Inteligenta Vol. 2 (2015) 12

Bitwa o reaktor MARIA po modernizac;ji
S. Chwaszczewski
Postpy Techniki gdrowej Vol. 2/2015 No 2 (2015) 12

Raport z eksploatacji reaktora badawczego Mari®¥4Zoku
J. Idzikowski
Postpy Techniki ddrowej Vol. 58 No 1-2015 (2015) 12

PUBLICATIONS WITHOUT PEER REVIEW

316

1.

Results from ND280 Near Detector
J. Zalipska
EPJ Web Conf. Vol. 95 (2015) 04079

Nanodosimetry of carbon ions at HIL - study of timl effect in the Jet Counter
A. Bantsar, M. Pietrzak, S. Pszona
Annual Report 2014 - Heavy lon Laboratory, Univigrsif Warsaw Vol. 1 (2015) 54

Epithermal neutron source at the Maria Reactor
M.A. Gryzinski, M. Wielgosz, M. Maciak
Annual Report 2014 - National Centre for Nucleas&arch Vol. | (2015) 29

Nanodosimetry of carbon ions - comparison of experits with the lon Counter and Jet Counter
A. Bantsar, G. Hilgers,M. Pietrzak, S. PszonaH. Rabus
Annual Report 2014 - National Centre for Nucleas&ach Vol. A (2015) 59

Thermal hydraulic safety margin determination fog in-core neutron stream converter designed #or th
MARIA research reactor - fuel assembly study

P. Prusinski, £. Koziot, T. Kwiatkowski, S. Potempski, A. Pusinski, M. Wielgosz, D. Zgorzelski
Annual Report 2014 - National Centre for Nucleas&arch Vol. | (2015) 22

A Proposal for a Three Detector Short-Baseline NietOscillation Programe in the Fermilab Booster
Neutrino Beam

M. Antonello, ... R. Sulej,... et al.

ArXiv Vol. 1503.01520 (2015) 1

Results from the Wide-field Infrared Survey Explof@/ISE) Future Uses Session at the WISE at 5
Meeting

J.K. Faherty, ... K. Malek, ... et al.

ArXiv Vol. 1505.01923 (2015) 10

Some conclusive considerations on the comparistineofCARUS nu_mu to nu_e oscillation search with
the MiniBooNE low-energy event excess

M. Antonello, ..., J. tagoda, R. Sulgj... et al.

ArXiv Vol. 1502 (2015) 04833

Gospodarka wypalonym paliwemdrowym. Analiza opcji dla Polskiego Programu EnéylgeJadrowej
S. Chwaszczewski, A. Boettcher
Badania Materiatowe na Potrzeby Elektrowni i PrzsinyEnergetycznego Vol. XXII (2015) 57-93
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Koszulki paliwa adrowego odporne na awarie
A. Boettcher
Badania Materiatowe na Potrzeby Elektrowni i PrzetayEnergetycznego Vol. XXII (2015) 103-115

The GPD program at COMPASS

A. Sandacz

EConf Proceedings of 12th Conference on the Intisgs of Particle and Nuclear Physics Vol. C15-05-
19 (2015) SANDACZ

Czas ju zaktualizowd normy ochrony przed promieniowaniem zgodnie zerestawiedzy w XXI wieku
A. Strupczewski
Ekoatom No 16 (2015) 52-70

A single phenomenological formula for transversemaatum hadrons produced in pp collisions at LHC?
C.Y. Wong,G. Wilk, L.J.L. Cirto, C. Tsallis
EPJ Web of Conferences Vol. 90 (2015) 01002

Cloud phase identification based on brightness &atpres provided by the bi-spectral IR Camera of
JEM-EUSO Mission

A.J. DeCastro, ... T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalski, T. Tymieniecka, T. Wibig,
...etal.

EPJ Web of Conferences Vol. 89 (2015) 03002

Confronting the EPOS-LHC model predictions on tharged particle and muon attenuations lengths of
EAS with the measurements of the KASCADE-Grandesnlagory

J.C. Arteaga-Velazquez, ,.P. Ltuczak, J. Zabierowsk; ... et al.

EPJ Web of Conferences Vol. 99 (2015) 12002

EUSO@TurLab: An experimental replica of ISS orbits

M. Bertaina, .., T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalski, T. Tymieniecka, T. Wibig, ...
etal.

EPJ Web of Conferences Vol. 89 (2015) 03003

Gluon contribution to the Sivers effect: COMPASSuiés on deuteron target
A. Szabelski
EPJ Web of Conferences Vol. 85 No 02006 (2015)®pQa0

Nonextensive Critical Effects in NJL model
J. Rozynek
EPJ Web of Conferences Vol. 95 (2015) 5014

Nuclear Enthalpies
J. Rozynek
EPJ Web of Conferences Vol. 95 (2015) 4057

Retrieval of optically thin cloud emissivity fromrightness temperatures provided by IR Camera of-JEM
EUSO Mission

S. Briz, ... ,T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalski, T. Tymieniecka, T. Wibig,

..etal

EPJ Web of Conferences Vol. 89 (2015) 03011

Retrieving cloud top height in the JEM-EUSO cosmaig-observation system

S. Briz, ..., T. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalski, T. Tymieniecka, T. Wibig,
... etal

EPJ Web of Conferences Vol. 89 (2015) 03004

System size dependence of the log-periodic odoiflatof transverse momentum spectra

M. Rybczyaski, G. Wilk, Z. Wiodarczyk
EPJ Web of Conferences Vol. 90 (2015) 01002
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23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

The study with the Muon Tracking Detector in thASCADE-Grande experiment — comparison of
hadronic interaction models

P. tuczak, ..., J. Zabierowski ... et al.

EPJ Web of Conferences Vol. 99 (2015) 13001

The Atmospheric Monitoring System of the JEM-EUS@2ce mission

M.D. RodriguezFrias, ...T,. Batsch, J. Karczmarczyk, B. Szabelska, J. Szalsi, T. Tymieniecka, T.
Wibig, ... et al.

EPJ Web of Conferences Vol. 89 (2015) 02007

Thin and thick cloud top height retrieval algorithwith the Infrared Camera and LIDAR of the JEM-
EUSO Space Mission

G. Saez-Cano, ..T, Batsch, J. Karczmarczyk, B. Szabelska, J. Szalséi, T. Tymieniecka,

T. Wibig, ... et al.

EPJ Web of Conferences Vol. 89 (2015) 03001

What we know about Oslo meteorite from cosmogesotope analysis

Z. Tyminski, ... , E. Mita, K. Tyminska, E. Kotakowska, A. Burakowska, P. Saganowski,
A. Listkowska, ...et al.

EPSC Abstracts Vol. 10 (2015) 584

Proposal for a Full-Scale Prototype Single-Phasgiti Argon Time Projection Chamber and Detector
Beam Test at CERN

T. Kutter, ... R. Sulej, D. Stefan ... et al.

Fermilab DocDB Vol. 1 (2015) 1

Program of COMPASS-Il at CERN
A. Sandacz
Int. Journal of Modern Physics Conf. Series Vol (2715) 1560063

The KASCADE-Grande observatory and the composibiovery high-energy cosmic rays
J.C. Arteaga-Velazquez, .P, tuczak, J. Zabierowski,... et al.
J. Phys.: Conf. Ser. Vol. 651 (2015) 012001

Elemental Composition Determination of Soil Samgtesn Meteorite Morasko Reserve, Poland
E. Mista, Z. Tyminski, P. Kalbarczyk
LPSC Abstracts Vol. 46 (2015) 1764

Ponad 50 lat pracy - akcleratora typu Van de GaaaffCH w Instytucie BadaJadrowych

M. Jaskdta, A. Korman

Postpy Techniki ddrowej Vol. 58 Z.3 (2015) 2

Primary energy reconstruction from the S(500) olmlgle recorded with the KASCADE-Grande
A. Gherghel-Lascu, ...R. tuczak, J. Zabierowski,... et al.

Proceedings of Science (Pos) Vol. lcrc2015 (20108) 3

A study of the first harmonic of the large scalésatropies with the KASCADE-Grande experiment
A. Chiavassa, ...R. tuczak, J. Zabierowski,... et al.
Proceedings of Science (Pos) Vol. lcrc2015 (2083) 2

Effects of the new hadronic interaction modelstmreconstruction of KASCADE-Grande observables
A. Gherghel-Lascu, .,.P. tuczak, J. Zabierowski,... et al.
Proceedings of Science (Pos) Vol. lcrc2015 (200%) 3

GUT-inspired SUSY and the g-2 anomaly: prospeaté HC 14 TeV
K. Kowalska, L. Roszkowski, E. Sessolo, A.J. Willims
Proceedings of Science (Pos) (2015)
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36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

KASCADE-Grande energy spectrum of cosmic rays preged with post-LHC hadronic interaction
models

M. Bertaina, ... P. kuczak, J. Zabierowski,... et al.

Proceedings of Science (Pos) Vol. lcrc2015 (2058) 3

Limits on the isotropic diffuse-rays at ultra high energies measured with KASCADE
W.D. Apel, ... P. Luczak, J. Zabierowski,... et al.
Proceedings of Science (Pos) Vol. lcrc2015 (2023) 8

Longitudinal development of EAS muon componentmparison of data from the Muon Tracking
Detector in KASCADE-Grande with model predictions

P. Luczak, ... , J. Zabierowski, ... et al.

Proceedings of Scien¢BoS) Vol. ICRC2015 (2015) 386

New results of the digital radio interferometer LES
F.G. Schroeder, ..P. tuczak, J. Zabierowski, ...et al.
Proceedings of Scien¢BoS) Vol. ICRC2015 (2015) 317

Revised absolute amplitude calibration of the LORESeriment
K. Link, ... ,P. kuczak, J. Zabierowski,... et al.
Proceedings of Scien¢BoS) Vol. ICRC2015 (2015) 311

Search for gamma-ray point sources with KASCADE
D. Kang, ... P. tuczak, J. Zabierowski,... et al.
Proceedings of Scien¢BoS) Vol. ICRC2015 (2015) 812

Sensistivity of CTA to dark matter annihilationstire Galactic Center
L. Roszkowski, E. Sessolo, A.J. Williams
Proceedings of Scien¢BoS) (2015)

The energy spectrum of cosmic rays in the rangeft6i# to 1018eV
S. Schoo, ...R. tuczak, J. Zabierowski,... et al.
Proceedings of Scien¢BoS) Vol. ICRC2015 (2015) 263

The KASCADECosmic Ray Data Centre (KCDC)
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