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DIRECTOR’S FOREWORD

Two years ago the
Institute’s Scientif ic Council set
out an ambitious
`vision and mission’ for NCBJ. It
is with a feeling of
achievement for
our whole community that I report our progress
along the envisaged path.
e A+ category awarded to NCBJ in 2017 was ample
recognition of our scientific standing. Publications,
participation in important research projects, collaborations with international partners, applications
of research in the economy – all of these contributed to the award of the highest category. Importantly, our focus on research excellence continues
to bear fruit. In 2018 and the first three months
of 2019 we had a record number of 13 habilitation
processes registered with the CK degree agency. e
two newly formed doctoral schools have attracted
more than 30 PhD students from all around the
world, focused on disciplines crucial to societal and
economic needs: radiopharmaceuticals and nuclear
energy technologies. In accordance with the new
regulations, preparations are underway to open a
new doctoral school (together with the Institute of
Nuclear Chemistry and Technology), combining the
capacity to award degrees in physics and chemistry.
Coupled with increased activity in grant applications and success rates (both Polish and international), these actions demonstrate our dedication
to improving our scientific standing and supporting
the researcher community.

struction phase. ese externally funded projects
are accompanied by a growth in cooperation with
the Helmholtz-Zentrum Berlin, aimed at providing the MARIA reactor with new research capabilities. These efforts are crucial to creating an
environment which will serve multiple research
directions and disciplines. Our aim is, to quote the
vision and mission document, to create a leading
centre for basic and applied research, a centre of
high European interest with unique large research
infrastructure.
e most recent announcement of the award of a
prestigious Teaming grant for the NOMATEN Centre of Excellence is additional proof of the international recognition of NCBJ’s potential. Based on
cooperation with the French CEA and Finnish VTT,
already supported by the IRAP PLUS grant from
the Foundation for Polish Science, NOMATEN will
create an international centre devoted to studies
of materials under harsh conditions. Our proposal
is one of only 15 awarded in the whole of Europe,
and the grant ensures long term (7 years) dedicated funding.
This short foreword cannot mention all the
achievements, activities and projects of NCBJ
during the past year. I wish to congratulate all
the employees of NCBJ who contributed to our
successes. I encourage readers to go through the
Report to get a broader view of how our institute
advances scientific knowledge, serves society and
contributes to the Polish economy.
Krzysztof Kurek
Director of NCBJ

The infrastructure projects started a couple
of years ago – the Polish Free Electron Laser
(POLFEL), the Centre for Design and Synthesis
of Molecularly Targeted Radiopharmaceuticals
(CERAD), and the industrial radiography laboratory CENTRIX have all entered the crucial con-
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PRIZES and AWARDS

IntraLine-IOERT – A Polish Product of the Future
On March 1 2018 in Warsaw Polish Product of the
Future prizes were awarded in the 20th anniversary competition organized by the Polish Agency for
Enterprise Development (PARP) and the National
Centre for Research and Development (NCBiR). e
winner was the IntraLine-IOERT intraoperative accelerator developed at NCBJ. e competition promotes innovative products and technologies
which have a chance of appearing on
the domestic and global markets.
IntraLine-IOERT is
an electron accelerator used for
irradiation of tissues affected with
a tumor. It was developed
at the National Centre for Nuclear Research (NCBJ) in Świerk in cooperation with the Greater Poland Cancer
Centre (WCO). It is an intraoperative accelerator,
used for irradiation during surgery immediately
after surgical removal of the tumor. e accelerator provides a therapeutic beam of electrons. e
penetration depth can be set by the physician,
depending on the expected breadth of the lesions

that are left after surgery. e device is mostly
used in the treatment of breast cancer, but is also
applicable in the treatment of other tumors. e
benefits for patients include, above all, reduction
of the inconvenience associated with typical oncological irradiations. e risk of side eﬀects and
complications (for example dermal) is also greatly
reduced.
The Polish accelerator has multiple advantages
compared to the two similar devices that are currently available on the market. It allows the user to
work over a vast energy spectrum, it is light, it can
easily fit through a typical door to an operating theatre, the applicator for the chosen irradiation field
size can be quickly and comfortably attached to the
body of the device and can be positioned at virtually any angle to the operating table. Moreover,
the level of stray radiation emanating from the accelerator is low enough not to harm the patient’s
healthy organs and the medical personnel.
In continuous cooperation with WCO scientists from NCBJ plan to set up the first device in
Poznań which will also be a reference unit for potential clients.

EUREKA! Second prize
for indestructible memory
Researchers from the National Center for Nuclear
Research have applied for a patent for a method of
data recording which will stand the test of time.
Recorded data will survive fire, floods or even the
electromagnetic pulse resulting from a nuclear
explosion. e invention won second prize in the
2018 competition “Eureka! DGP” organized by the
newspaper Dziennik Gazeta Polska.
e essence of the method of producing a mass stor-
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age device is that the data carrier
surfaces, preferably in the form of a
metal strip and / or flat metal plates, are
permanently marked with infrared laser radiation causing the occurrence of discontinuities or
structural defects in the metal structure. e surface
marking is carried out according to the coded data
record stored in the computer, whose output signal
controls the marking device’s actuator. Reading the
saved data is performed by the tomographic method.

PRIZES and AWARDS

Professor Marek Moszyński honoured
by the IEEE NPSS
On 12th November 2018 in Sydney Professor Marek
Moszyński was presented with the Glenn F. Knoll
outstanding achievement award at the annual
Nuclear Science Symposium of the Institute of Electrical and Electronics Engineers (IEEE-NSS). In the
citation of the award it was stated: “For outstanding
contributions to modern scintillation detectors in application to physics, medicine and homeland security”.
Professor Marek Moszyński is a world-renowned expert in the field of nuclear electronics. He specializes in researching the properties of scintillation crystals used for the construction of elementary particle

detectors and electromagnetic radiation. His work
on crystals used in the construction of detectors
measuring the transit time of radiation quanta is particularly important. is work
has contributed to the construction of new generation medical diagnostic devices
(PET with time of
flight).

Annals for Nuclear Medicine Award
for work on Radionuclide Therapy
in neuroendocrine tumors
Professor Jolanta Kunikowska (Warsaw Medical
University) was awarded the Gold Prize of the
Hisada Award for 2018 (Annals of Nuclear Medicine Award) for the work of a multidisciplinary
team of nuclear medicine physicians, endocrinologists and radiopharmaceutical specialists
from NCBJ’s Radioisotope Centre POLATOM. e
rewarded paper: “Long-term results and tolerability of tandem peptide receptor radionuclide therapy
with 90Y/177Lu-DOTATATE in neuroendocrine tumors
with respect to the primary location: a 10-year study”
summarizes the long-lasting collaboration between POLATOM and nuclear medicine clinics in
Poland.
Peptide Receptor Radionuclide erapy (PRRT)

with 90Y and 177Lu labelled
somatostatin analogues is a
form of molecular targeted
therapy for inoperable or disseminated neuroendocrine
neoplasms (NEN). The aim
of the study was to evaluate
clinical results and longterm side eﬀects of tandem
90
Y/177Lu-DOTATATE therapy
in patients with NEN. PRRT
is highly eﬀective and safe,
considering long-term side
eﬀects. In the majority of
patients, clinical improvement was observed.
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NEW BEGINNING
PolFEL

Construction of the first Polish free
electron laser has begun at Świerk
PolFEL – the Polish free-electron laser project, prepared by a consortium of eight scientific institutions – has received funding from the Intelligent
Development Operational Program and its implementation has begun.

the proton accelerator Andrzej. A new hall containing experimental stations will be erected nextdoor to the existing building. Additional rooms
will be built in the Andrzej hall for the new laboratory of superconducting photocathodes.

Free electron lasers, of which there are a few dozen
or so worldwide, allow the investigation of materials,
chemical and biological molecules and the dynamics
of the processes they undergo, with a precision unavailable to other methods. Results of the research
conducted using these devices can be of revolutionary importance to medicine, chemistry or electronics.

e PolFEL laboratory, which is to be constructed at
NCBJ, will benefit from collaboration with the host
departments and experts of the consortium members: the Military University of Technology, Warsaw University of Technology, Łódź University of
Technology, Wrocław University of Technology, the
University of Zielona Góra, the University of Białystok and the Jagiellonian University. e project will
also receive important contributions from its industrial partners: RI Research Instruments GmbH
and Kubara Lamina S.A. A collaboration with FELs
of Europe member laboratories is planned, most
notably with STFC Daresbury (UK) which has already donated valuable equipment for the benefit
of PolFEL. Part of the working time of the device
will be provided for research on development of
FEL technology and new components of the accelerator in cooperation with our partners.

e construction of the Polish free electron laser can
be divided into four fundamental elements. e first
is the electron source, equipped with a superconducting photocathode. ere are then four superconducting cryomodules accelerating the electrons
to energies of up to 18 MeV. e accelerated electrons will then pass through two so-called undulators, in which they move slalom-fashion in a heterogeneous, specifically shaped magnetic field. During
these forced oscillations, laser action will occur and
the electrons will emit photons packed in incredibly
short but intense impulses of coherent electromagnetic radiation – light in other words. At the end of
the system there are three experimental stations to
which the beam of photons will be directed, and one
using the electron beam itself. PolFEL will be able to
produce light with a wavelength of over 100 nanometres, thus covering part of the ultraviolet spectrum. Researchers will also be able to use radiation
of longer wavelengths, including terahertz radiation
and infrared. e constructors plan for PolFEL to
work not only in impulse mode – like all other existing free electron lasers – but also in continuous wave
mode, in which the pulses of radiation are generated
with a constant frequency. is will allow research
into certain rare processes that seem to slip from the
grasp of currently used methods.
PolFEL will be constructed in the refurbished historic hall of the first accelerator built at Świerk,
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Basic PolFEL’s parameters:
e PolFEL laser accelerator will work in two modes:
continuous wave (cw) and long pulse (lp). Electrons
will be accelerated by four cryomodules, placed in a
total of 8 cavities of TESLA SRF type. Beams of energies of up to 130 MeV and 187 MeV in cw and lp
mode will be guided to the VUV undulator, while
lower energies will power the THz undulator. e
radiation generated in the 0.3 mm to 165 nm range
for the first harmonic (55 nm for the third harmonic) will be delivered to experiments conducted in a
dedicated experiment hall. e predicted energy of
the impulse will be on the level of 35 µJ for VUV and
30 µJ for THz radiation. e maximum frequency of
photon flashes in the beam will reach 50 kHz. e
electron beam will be used to generate X-ray pulses
in the Compton backscattering process, and in the
future also neutrons for nuclear experiments.

NEW BEGINNING
CENTRIX

CentriX will X-ray almost everything
A modern laboratory complex, CentriX will be
created at Świerk to serve as a central laboratory for a network of industrial laboratories
directly supporting the needs of specific large
commercial entities and local environmental laboratories. These laboratories will carry out the
measurements required by end users according
to their specific needs, using the technologies,
methods and devices developed in our Lab.
e most important device in the Centrix Project
will be a modern modular accelerator capable of accelerating electrons up to 30 MeV in energy. anks
to the modular structure of the accelerator it will be
possible – depending on the accelerating structures
used – to produce electron beams of several energies, which can then be transformed into high energy X rays. Diﬀerent beam energies are required to
study objects with varying densities and to obtain
neutrons for neutronography. e small size of the
accelerator (in its basic configuration its length will
be approximately three metres) will allow its future
use for constructing relocatable systems for use in
the commercial sector.
e accelerator will be part of the CentriX Fast-X
Laboratory. It will also provide electrical capacitance tomography capabilities and will be equipped
with detection and imaging systems, including systems used for dynamic imaging. ese will include
ultrafast X-ray detectors that allow image processing at 100,000 frames per second and the laboratory’s scientists will work on new technologies that

allow X-ray images thousands of times more accurate than those currently generated to be obtained.
Modern nuclear technologies enable extremely
valuable information, e.g. about the composition
and quality of samples or raw materials, as well as
the degree of wear of parts of tested devices to be
obtained quickly. However, laboratory detectors
used by scientific institutions are usually not suitable for work in industrial conditions, especially
when measurements must be made quickly and
accurately under extreme conditions, such as high
temperature, high humidity, high pressure, etc.
Scientists from Laboratorium CentriX, in cooperation with potential users will design, prototype and
build detection systems designed to work under
strict external conditions.
The CentriX project also includes plans for the
creation of a Laboratory Station for Testing Acceleration Structures, the objective of which will be
the development and testing of new structures required in radiography. It also includes plans for the
creation of a Non-Destructive Testing Laboratory in
which surface research will be conducted and related technologies developed. is laboratory will
complement the potential of the already existing
NCBJ Materials Research Laboratory.
e main part of the cost of the CentriX project will
be provided by the Regional Operational Program of
the Masovian Voivodeship 2014-2020, financed by
the European Union.
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NEW BEGINNING
CERAD

CERAD will give new chances
to thousands of patients
Work on the construction of the Centre for the
Design and Synthesis of Molecular Radiopharmaceuticals (CERAD) has begun. e Centre is a
strategic research infrastructure inscribed on the
road map of Polish Research Infrastructure. e
planned infrastructure is to be built by 2021 and
will be used both commercially and scientifically.
e CERAD centre in Świerk will be a modern research facility co-financed by the European Union.
e potential of NCBJ (with its POLATOM Radiopharmaceuticals Centre, Maria research reactor
and Świerk Computer Centre) combined with the
potential of the other consortium members should
help successfully to run comprehensive research
projects on new drugs and related diagnostic/therapeutic procedures. After the project is successfully concluded the radiopharmaceuticals-profiled
R&D/manufacturing complex at Świerk will be
unique in Europe and one of the few such facilities
worldwide. e objective of the CERAD project is
to develop modern infrastructure dedicated to research into new diagnostic/theraputic radiopharmaceuticals based on ligands biologically active
on the cell/molecular level. Radioactive isotopes
combined with disease molecular markers may
help to diagnose some serious diseases and apply
suitable treatment sooner than before. e project
meets the challenges of the development of eﬀective methods of cancer diagnostics/therapy in line
with worldwide socio-demographic trends.
e centre will be located in a three-story build-
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ing with a total floor space of over 2,500 m2. e
contractor will design and construct the building
together with its entire infrastructure, and equip
it with all utility and research systems. e building will house a cyclotron capable of accelerating
protons and alpha particles up to 30 MeV (million electron volts) and deuterons up to 15 MeV,
radiopharmaceutical production lines and several
research laboratories. Radioisotopes needed for
radiopharmaceuticals will be produced by particles accelerated by the cyclotron striking specially
selected targets. Every part of the installation will
have to meet strict safety requirements applicable
to work with radioactive substances in addition to
those applicable to work with substances intended for medical use.
e CERAD project was proposed by an NCBJ-coordinated scientific consortium composed of
NCBJ, Warsaw University, the Institute of Nuclear Chemistry and Technology in Warsaw, Warsaw
Medical University, Collegium Medicum of the
Jagiellonian University in Cracow, and the Medical University of Białystok. e Polish authorities
recommended the project to the European Union
by including it on the Polish Research Facilities
Roadmap list. e agreement to fund the project
was signed in May 2018 in the Information Processing Centre – National Research Institute (OPI
PIB) in Warsaw, an institution assigned the task
of implementing in Poland the 4th Priority Axis
of the EU Smart Growth Operational Programme
2014-2020.

NEW BEGINNING
NOMATEN

A centre for materials research
at the highest world level will
be created in Świerk
e vision for the NOMATEN Centre of Excellence
is to create in Poland a new research organization
in which world-class international research teams
will design, develop and assess innovative multifunctional materials – materials combining advanced structural and functional properties – for
industrial and medical applications.
e overall objective of the NOMATEN project is
to establish a Centre of Excellence (CoE) that will
exploit unique nuclear research infrastructure and
expertise from Poland and Europe. e long term
vision for the NOMATEN CoE will be to provide
world-class research and development of innovative multifunctional materials for industrial and
medical applications.
To achieve this vision, the CoE will be created by
three consortium partners with complementary
facilities and expertise: Narodowe Centrum Badań
Jądrowych (NCBJ), Poland; Commissariat à l’Énergie Atomique et aux Énergies Alternatives (CEA),
France and Teknologian Tutkimuskeskus VTT Oy
(VTT), Finland. ey will be supported by Narodowe Centrum Badań i Rozwoju (NCBiR) – an implementing agency of the Ministry of Science and
Higher Education of Poland – which is the fourth
consortium partner.

e consortium partners will develop and execute
a long-term science and innovation strategy for
the CoE that focuses on two strategic research and
innovation topics:
 Novel high-temperature, corrosion and radiation
resistant materials for industrial applications
 Novel radiopharmaceutical materials for medical applications
is strategy will enable the CoE to address specific
research and innovation needs of Poland and Europe in the fields of materials science, harsh-environment industrial processes, and nuclear medicine.
e project for the NOMATEN Centre was the winner of first phase of the European Teaming for Excellence competition, acquiring the means for substantive and business preparation of the proposal
that will be reviewed in the second phase. A formal
requirement for the final qualification of the project
is a guarantee of co-funding from national funds.
For this purpose the Foundation for Polish Science
(FNP) has organized a competition – International
Research Agenda PLUS – for beneficiaries of the first
phase of the Teaming for Excellence competition.
e NOMATEN project was among the beneficiaries
of this competition, receiving the necessary funds.

11

NEW NEW GRADUATE STUDIES
PHD4GEN

PHD4GEN
PHD4GEN – a new doctoral studies programme
in reactor physics within the framework of the
project “New reactor concepts and safety analyses for the Polish Nuclear Energy Program”
POWR.03.02.00-00.I005/17 has been established
at NCBJ. e project is devoted to research into
new high temperature reactor technologies: HTGR
– High Temperature Gas Cooled Reactor and DFR –
Dual Fluid Reactor, which were highlighted in the
report of the Polish Ministry of Energy Committee for Deployment of High Temperature Reactors.
e studies cover all aspects of these Generation
IV reactors such as the design, neutronics and reactor physics, heat processes and safety analyses.
All candidates with both science and engineering
undergraduate degrees were welcome to apply although a very strong educational background was
expected. Preference was given to candidates with
very good undergraduate studies scores, some research record and some previous experience in high
temperature reactors. A dozen candidates from four
countries qualified in the recruitment process.
During the opening ceremony dr. hab. Paweł Sobkowicz, NCBJ Deputy Director, emphasised that
the Polish government acknowledges the importance of perspectives linked to high temperature
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reactors, noted in recently published documents.
NCBJ is engaged in projects and international cooperation directed towards development of this
still novel technology and the construction of the
widest possible international cooperation in this
field. e students thus beginning their education
will have an important part to play in research and
cooperation in this field. e importance of nuclear
technology for climate conservation and the assurance of safe energy production required for the development of our civilization was one of the most
significant topics touched on during the opening
lecture by Professor Wacław Gudowski from the
Royal Institute of Technology in Stockholm. Before listening to the first lectures presented by
Professors Jerzy Cetnar (AGH and NCBJ), Konrad
Czerski (USz and IFK Berlin), Rafael Macian-Juan
(TU Munich) and Tomasz Kozłowski (Univ. Illinois
and NCBJ), the new students received their record
books and took the student’s oath.
e studies cover 16 topical lecture courses devoted to new reactor technologies. Each student
has the opportunity to pay a month-long visit to
a research institution of worldwide renown performing research in this field. A topical summer
school on new reactor technologies will also be
organized.

NEW NEW GRADUATE STUDIES
RadFarm

RadFarm: radiopharmacy needs specialists
In the era of personalized medicine Nuclear Medicine is reaching for new radiopharmaceuticals aimed
at the diagnosis and therapy of cancer, as well as
other communicable diseases. The combination
of radioisotope techniques with disease molecular
markers enables early detection and implementation of appropriate treatments, including modern
receptor targeting radiopharmaceuticals. ese developments create a rapidly growing demand for independent specialists in the field of radiopharmacy.
For this reason NCBJ and cooperating institutions
were motivated to initiate the RadFarm doctoral
studies programme. e multidisciplinary nature of
these studies has been developed with the aim of
preparing young researchers to work in the radiopharmaceuticals research environment. e teachers and mentors involved are the best professionals
working in this field in Poland.
RadFarm will benefit from the experience and scientific staﬀ of 4 units: NCBJ, the Institute of Nuclear
Chemistry and Technology (research institutes), the
University of Warsaw and Warsaw Medical University (academia). e partners have knowledge and
experience in the field of nuclear techniques, radiobiology, drug design and testing (including radiopharmaceuticals), molecular modelling and in silico simulations of drug-receptor interactions, and pre-clinical
and clinical verification of developed radiopharmaceuticals. In addition, they are involved in the Centre
for Design and Synthesis of Radiopharmaceuticals for
Molecular Targeting, CERAD – the project stared at
NCBJ in 2018. anks to the technical potential of
the Partnership, the 20 doctoral students of RadFarm
will have access to state-of-the-art nuclear facilities,
physicochemical and biological testing equipment
and modern IT infrastructure, giving them access to
a whole range of radioisotopes, development of modern radiopharmaceuticals and technologies for their
production, molecular modelling, internal dosimetry
and radiotherapy planning. eir work will naturally
translate into new drugs acting at the molecular level

(novel investigational radiopharmaceuticals for diagnostics and therapy, personalized radiation therapies
as well as multimodality drugs with features selected
for various imaging techniques).
e doctoral students of RadFarm will contribute
to the search for and design of new radiopharmaceuticals and the implementation of diagnostic
and therapeutic procedures for diseases in which
current methods are ineﬀective. e practical goal
of these studies is to prepare staﬀ for the CERAD
project, for nuclear medicine clinics and the radiopharmaceuticals industry. It is expected that as a
result there will be further innovative development
of this field. Topics of doctoral dissertations will
cover all aspects related to this main topic, namely
issues concerning the preparation of target materials and their irradiation in a nuclear reactor and
with accelerators, methods of chemical separation
of radionuclides, radiolabelling of various ligands,
organic synthesis (including nano- and micro-particles as carriers of radionuclides) and, based on
a knowledge of the principles of production of
pharmaceuticals, the issues of pharmaceutical
formulation, receptor aﬃnity, pharmacokinetics,
toxicology and dosimetry. An important part of the
project will be work using high-power computers to
analyse and model systems with a large number of
degrees of freedom, allowing for drug design. Doctoral students can choose their subject from over
30 research topics oﬀered within the consortium.
Each doctoral student will work under the guidance
of a supervisor and co-supervisor from the complementary field, in order to achieve the best results in
the conducted research. e participation of co-supervisors from cooperating national and foreign research centres is also envisaged.
The RadFarm project – Radiopharmaceuticals for
molecularly targeted diagnostics and therapy – is
financed from funds obtained in the NCBiR POWER
competition.
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Isotope energy storage?
Research work with the metastable nuclide
rhenium-186m has begun at the National Centre for Nuclear Research. The half-life of this
isomer is approximately 200 thousand years,
but it can be forced into a fast decaying nuclear state, which releases much more energy in
its decay than the energy required to initiate
the process. Because of this property, rhenium
nuclei could constitute a viable form of energy
storage. This research in Świerk will be funded
by the U. S. Army Research Laboratory (ARL).
e problem of energy storage aﬀects many aspects of our life, from the global power industry,
through transport, space exploration, and even
nanorobotics. e greatest challenge is to find a
way to store as much energy inside as small a volume and mass as possible.
eoretically, the atomic nucleus is a perfect energy
storage device. Energy that was accumulated in uranium nuclei as a result of natural processes is used
today in nuclear power plants. However, uranium
and plutonium are types of fuel rather than storage
devices, and nuclear reactors are “large”. at is why
physicists are looking for new ways to store and obtain energy from atomic nuclei. A promising idea
is to use long-lived metastable nuclei. It has been
known for a long time that some atomic nuclei can
be excited to long-lived – with a half-life as long as
hundreds or millions of years – quantum states in
which they can maintain their excitation energy. A
nucleus in a metastable state can be “persuaded” to
release the excitation energy which it has stored.
e only thing we need to do is to deliver a certain
amount of additional energy so that the nucleus excited to a much more unstable state.
One of the most promising candidates for isotope batteries is rhenium 186-m. e half-life of
this isomer is about 200 thousand years, and the
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amount of energy released in the process of de-excitation is about 150 keV. What this means is that
1 gram of rhenium 186-m stores approximately
30 kWh of energy: as much as a common car battery in electric cars! eoretically, this isomer is a
very attractive source of energy, but we first need
to know how to charge and discharge such a “battery”. Research on this topic will be conducted at
the National Centre for Nuclear Research, funded
by the U. S Army Research Laboratory.
e scientists at NCBJ will be researching the possibility to produce rhenium 186-m using specifically designed targets and irradiating them inside the Maria
research reactor. ey want to optimize the production eﬀectiveness of this isomer in the Maria reactor –
a great tool for this purpose, because its construction
allows for many diﬀerent radiation conditions.
e project is a result of an earlier collaboration
between NCBJ and ARL, among other institutions. anks to this collaboration the researchers
managed to conduct an experiment during which
release of energy stored inside an isomer of molybdenum 93 was observed for the first time. An
article about this experiment was published at the
beginning of 2018 in Nature. While applying for the
current grant they received extraordinary support
from J. J. Carroll, PhD, from ARL, who will cooperate
with his Polish colleagues during the project. e
results will also be important for basic research. By
analysing the ratio between rhenium and osmium
in the universe astrophysicists can draw interesting cosmological conclusions about evolution and
nucleosynthesis. e characteristics of the rhenium 186-m isomer, with a half-life of 200 thousand
years, are important for these analyses, and we will
study them as precisely as possible. erefore, the
project is a model for how the border between applications and basic research is sometimes hard to
define, especially in the field of nuclear physics.
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Isomers of superheavy elements could be much more stable
than previously assumed

So far the results are only theoretical estimations.
However, scientists expect that in a short time it will
be possible experimentally to verify their predictions.
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Excited states can have total spins of values up to
19 or 20 Planck constants. eir dominant decay
channel is alpha decay. is can lead to the ground
state or one of the intermediate excited states of
the daughter (final) nucleus. Forbiddenness of the
alpha decay is connected to at least three causes:
diﬀerence in structure or spin of the initial and final states and the energy diﬀerence of these states.
Alpha decay to a daughter nucleus in its ground
state requires a change of spin of the order of twenty units. e centrifugal barrier connected with this
change is huge and blocks the decay practically
completely. Moreover, because of the totally diﬀerent structures of the initial and final states, the decay is additionally strongly forbidden. ese eﬀects
cause the decay to be incredibly improbable. Decay
to a nucleus in an excited state with a spin similar
to the initial isomeric nucleus happens with large
probability only when that state has an equally low

e researchers from NCBJ and UZG analysed exotic states in the heaviest nuclei with even numbers of protons and neutrons. ey described the
forbidden mechanism and pointed out candidates
for long-lived nuclear states. eir calculations and
estimations show that long-lived isomeric states
with the structure of simultaneous excitation of
two pairs – protons and neutrons, should exist in
four darmstadtium isotopes, but they do not expect such long-lived isomeric configurations to occur in isotopes of elements with atomic numbers
Z=106, 108 and 112. e expected alpha decay of
diproton states is highly forbidden for basically all
darmstadtium nuclei. e lifetimes estimated for
these isomers are hundreds or even thousands of
milliseconds, which is three to five orders of magnitude longer than their ground states.

Q=
x 12
.

A team of theoreticians from NCBJ and the University of Zielona Góra (UZG) made an attempt at assessing the eﬀects responsible for forbidding alpha decay. Scientists sought for the isotopes of superheavy
elements for which alpha decay would be the most
forbidden. Purely experimental identification of the
structure of an excited state is basically impossible.
e calculations of researchers suggest that it is proton excitations that are responsible for this stability.

excitation energy compared to the excitation energy of the emitting nucleus. If this is not the case,
the alpha decay is strongly forbidden, and consequently the isomeric state will be long-lived.

1.54

All isotopes of the most heavy elements are unstable. A nucleus in an excited state has an energy higher than that of the so-called ground or lowest lying
state and in general quickly (on the order of one trillionth of a second) returns back to that state. However, some nuclei have excited states that last for a
considerably longer time – they are called isomers
and are well known in lighter nuclei. In 2001, scientists from GSI discovered that the mean lifetime of
darmstadium 270 is approximately 60 times longer
than for the same isotope purely in its ground state.
Its decay through alpha particle emission means that
typical gamma decay is less probable. e natural
question is, are there other isomers of superheavy
elements living longer than their ground states?
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Figure 1. Alpha decay scheme of sister nuclei
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CMS experiment at CERN LHC shows that the
Higgs couples to fermions
In 2018 LHC delivered record-breaking integrated
luminosity for the proton-proton run. e collaboration submitted 135 papers, the highest annual
total ever for a HEP experiment. The highlights
result was the observation of the Higgs boson
coupling to all the third-generation fermions.
e CMS group at NCBJ, in addition to participating
in several CMS activities including studies of the
Brout-Englert-Higgs (BEH) sector, also makes a direct contribution to analyses in which coupling of
the Higgs boson to the tau lepton and to top quarks
was observed. Namely, one of us was responsible
for the work of a group of CMS researchers during
the development of the hadronic tau decay reconstruction algorithms indispensable in the case of
Higgs boson decays to a tau-antitau pair.
Despite the discovery of the Higgs boson by the
CMS and ATLAS collaborations in 2012, which
resulted in the Nobel prize for the creators of the
theory predicting its existence, there is still a possibility that the BEH sector is more complicated
than its minimum version built into the Standard
Model (SM). A benchmark on the road towards
finding anything beyond the SM in the BEH sector
is the observation of the coupling to fermions and

Photo: CERN
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measurement of its strength in comparison to the
SM prediction.
Exactly this was achieved by the CMS Collaboration in 2018. It is worth noting that in two out of
three observations the decay channel of the Higgs
boson to a tau-antitau pair was indispensable. It
was used not only to perform the first observation of Higgs boson decay to tau leptons by a
single experiment, but also to publish the first
direct observation of the coupling of the Higgs
boson to the top quark using the associated
top-antitop Higgs production channel.
e signal strength in comparison to the SM expectation for the Higgs boson (mH = 125.09 GeV)
was measured to be 0.98 ± 0.18 for taus and
1.26+0.31-0.26 for tops. ese values agree with
the SM expected value of unity, but taking into
account the large amount of additional data already recorded and the orders of magnitude more
expected in the coming years, as well as continuous improvements in the analyses, we might hope
to discover even tiny discrepancies with respect
to the SM by reducing the uncertainties of these
measurements.
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Accelerator for GBAR – a radiating monster
A linear electron accelerator produced at NCBJ
was installed at CERN, where it will work for the
GBAR experiment. It will accelerate electrons
which, by hitting a tungsten disc, will produce
electron-positron pairs. The positrons will be
stopped in special traps, where they will join the
antiprotons from the ELENA ring, thus enabling
antihydrogen to be created. The GBAR experiment was designed to check whether gravity acts
on antihydrogen in exactly the same way as on
normal hydrogen built of protons and electrons.
NCBJ is one of only a few manufacturers of linear
electron accelerators in the world. Our Depart-

Photo: CERN
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ment of Nuclear Equipment HITEC specializes
in the production of accelerators for the needs
of industrial radiography and oncology. HITEC
and our Particle Acceleration Physics & Technology Division also undertake the production of
elements for large research installations. e accelerator built for the GBAR experiment is a real
radiating monster. Working at a frequency of 300
Hz, it accelerates electrons to an energy of 9 MeV,
while its power allows it to obtain more than 300
mA in a single pulse. It is the most powerful single-structure accelerator ever built at NCBJ and
one of the strongest radiation sources installed
at CERN.

Hyper-Kamiokande
The largest detectors of the smallest particles were
discussed in Warsaw
Construction of a new powerful neutrino detector will start soon in Japan. In September 2018 in
Warsaw, NCBJ organized a conference in the eory Meeting Experiment (TMEx) series entitled: European Workshop on Water Cherenkov Precision
Detectors for Neutrino and Nucleon Decay Physics. It coincided with the announcement of the
decision to build a new water Cherenkov detector
in Japan called Hyper-Kamiokande.

higher probability of observation of neutrinos. In
Warsaw, the physical capabilities of Hyper-Kamiokande were discussed – including the possibility of
observing proton decay, which is predicted by some
theories. Much time was also devoted to practical
issues: how to build such a large detector, how to
prepare it for work and how to use it, how to read
data better and reconstruct information about observed neutrinos based on them.

e currently working Japanese Super-Kamiokande
detector has been operating for over 20 years and
contains 50,000 tons of water. e water mass in
the Hyper-Kamiokande detector is to be ten times
larger, which will translate into a correspondingly

More than 50 physicists from 10 countries took
part in the Warsaw conference including representatives of Polish neutrino groups. Working in
several universities and institutes, they have been
cooperating for over 20 years.

Photo: Kamioka Observatory, ICRR (Institute for Cosmic Ray Research), The University of Tokyo
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Snowflakes from the hell
In relativistic heavy-ion collisions at the Large
Hadron Collider at CERN one observes production
of light nuclei d, 3H, 3He, 4He analogous antinuclei
and also the lightest (anti-)hypernucleus. e equal
numbers of nuclei and antinuclei produced clearly
show that they are not remnants of incoming nuclei.
ey originate from the fireball – a drop of hot and
dense strongly interacting matter created in relativistic heavy-ion collisions. e question arises: what
is the mechanism of light-nucleus production?
ere are two models under consideration. It has
recently been observed that the yields of light nuclei together with all other hadron species measured at LHC are accurately described by the thermodynamical model with a unique temperature
of about 160 MeV. e simplicity of the thermal
model, where the yield is given by the statistical
weight of a given species of hadrons, makes its success very impressive but the result is truly surprising. It is hard to imagine that nuclei can exist in a
hot, dense fireball. e temperature is much higher than the nuclear binding energies and the inter-particle spacing is smaller than the typical size
of the light nuclei of interest. erefore, the light
nuclei in a fireball are like snowflakes in hell. e
thermal model proponents thus speculate that the
final state nuclei emerge from compact colorless
droplets of quark-gluon matter already present in
the fireball.
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According to the coalescence model, light nuclei are
formed at the latest stage of relativistic heavy-ion
collisions when the fireball disintegrates into hadrons which fly away and interact only with their
close neighbours in phase-space. e final state interactions among nucleons are thus expected to be
responsible for the production of light nuclei. e
snowflakes are thus not in hell but they originate
from hell.
Surprisingly enough the coalescence and thermal
models give quantitatively similar predictions. To
falsify one of the two models it has recently been
suggested to study the production of an exotic
nucleus, 4Li and compare its yield to that of 4He.
e nuclide 4Li has spin 2 and it decays into 3He+p
with a width of 6 MeV. e yield of 4Li can be experimentally obtained through a measurement of
the 3He-p correlation function. e alpha particle
is well bound and compact while the nuclide 4Li is
weakly bound and loose. Since the mass of 4He is
smaller than that of 4Li by only 20 MeV, the yield
of 4Li is according to the thermal model about five
times larger than that of 4He because there are five
spin states of 4Li and only one of 4He. e coalescence model predicts a significantly smaller yield
of 4Li due to its loose structure, as discussed by S.
Bazak and S. Mrówczyński (NCBJ). e eﬀects are
diﬃcult to observe; however, they can be verified
in relativistic heavy-ion collisions at the LHC.
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Renormalization group equations in the limit of large N
e renormalization group is a useful mathematical
tool in quantum field theory that allows systematic
investigation of the changes in a physical system
as viewed at diﬀerent scales of interactions. is
includes changing with energy the values of the
parameters of the theory, such as particle masses
or coupling constants. Taking this into account,
we are talking about renormalized parameters. For
instance, the coupling constant in QCD runs with
energy. In particular, at a suﬃciently high energy
quarks are expected to be deconfined.

the case of a generic Yukawa coupling was derived.
It was shown that this can cure the pathological
high-energy behaviour of the Yukawa coupling and
make it asymptotically free (see figure, left panel, where the grey curve shows the running of the
U(1) gauge coupling after large N resummation, the
blue curve shows the running of the top Yukawa
coupling, and the red curve tracks a “new physics”
Yukawa coupling). Following this paper, the calculation was extended to a generic scalar quartic coupling and other cases by several groups in Europe.

e dependence of the parameters on the typical
scale of the interactions (the renormalization scale)
is described by the Renormalization Group Equations (RGEs). At very high energies the behaviour
of renormalized parameters provides an indication
of whether the theory can be considered fundamental: this is generally believed to be the case if
the size of the parameters does not blow up at arbitrarily high energy scales. If so, the theory in question can be considered as asymptotically safe.

e calculation has important phenomenological implications, for example in extensions of the Standard
Model that explain some of the experimental anomalies observed in flavor physics by means of contributions from new heavy fermion and scalar fields. In
the most common scenarios large Yukawa couplings
(describing interactions between scalar and Dirac
fields) are required to fit the experiments, leading to
a breakdown of perturbativity at energy scales as low
as 10-100 TeV. However, when the proper resummation in the limit of large N is performed, larger values
of the Yukawa couplings are allowed without breaking perturbativity. is opens the door to extending
the standard perturbative methods over the range
where they are normally applicable.

Recently, there have been interesting developments
in the study of the asymptotic safety of extensions
of the Standard Model characterized by a large number N of heavy fermions charged under an abelian or
non-abelian gauge group. It turns out, by virtue of
the resummation of an infinite number of Feynman
diagrams called vacuum-polarization bubbles, that
in such a framework the gauge couplings asymptotically approach finite non-zero values.
Members of the eoretical Physics Division at NCBJ
have extended for the first time the calculation of
RGEs in theories with large N to cases beyond the
gauge couplings. Specifically, a finite result for the
resummation of vacuum-polarization bubbles in
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Hunting light dark sectors at colliders and
fixed target experiments
Despite decades of intense experimental searches,
the origin and nature of dark matter (DM) remain
among the greatest puzzles of particle physics and
cosmology. e primary candidates for dark matter
are a new kind of elementary particles that have
not yet been discovered, in particular weakly-interacting massive particles (WIMPs). ey are theoretically expected to be “heavy” in the sense they
correspond to a mass range from several GeV/c2 to
TeV/c2. However, the lack of experimental confirmation has triggered a surge of interest in another
possibility: dark matter could be made of “lighter” particles with masses closer to those of electrons or muons (from a single MeV to hundreds of
MeV). Reproducing WIMP scenarios at the MeV
scale requires the presence of an additional “dark
sector”, also light but very feebly-interacting with
other elementary particles.
Members of the Particle Theory Group (https://
www.ncbj.gov.pl/en/particle-theory-group) at NCBJ
have explored a simple, self-consistent model for
such a “dark sector” built to closely resemble what
is already known from the visible world. It contains
a Dirac fermion DM (a candidate for dark matter),
a dark photon and a dark Higgs boson. e visible
and the dark sector communicate through a tiny

mixing ε between the dark photon and the usual
photon. eir key finding is that such a dark matter
candidate should be primarily searched for in accelerator and fixed-target experiments, in the socalled “high-intensity frontier” of particle physics.
Indeed, it turned out that more standard limits,
such as bounds from the cosmic microwave background (CMB) observations and direct searches are
avoided by such a dark matter, primarily because
most of its interactions with the visible sector are
strongly suppressed at low velocity.
e team demonstrated that some of the strongest
bounds to date on such light dark matter were set
by nearly decade-old experiments, LSND and E137,
as can be seen in Figure 1 and Figure 2. One of the
most interesting signatures of the scenarios, and
one which is typical of such a light dark sector, is the
presence of long-lived particles. Such particles can
travel hundreds of metres in matter before decaying
into an electron-positron pair. Since the experimental scene searching for such particles is currently
extremely active, the sensitivity to the light dark
sector will therefore be strongly improved during the
course of the next decade. Consequently, it is critical
to accompany these experimental eﬀorts by identifying and exploring theoretical models.
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How to use ancient minerals to solve the Dark Matter Puzzle
Since 1933 when Fritz Zwicky discovered that the
velocity of certain galaxies within the galaxy group
is larger than expected from the observed masses of
its members, the idea of Dark Matter (DM), responsible for this eﬀect, was born. One of the hypotheses on the nature of DM states that it consists of
elementary particles, created most probably during
the Big Bang. e particles are neutral, which prohibits their observation in the electromagnetic radiation domain but feel and exert gravitational pull
on any massive object. Furthermore, such particles
should interact very weakly with ordinary matter
consisting of electrons, protons and neutrons, making their discovery extremely diﬃcult.
e quest for DM candidates has lasted a long time,
but up to now has not produced any conclusive
positive results. e main problem is that the very
weak interaction leads to a very small number of
predicted interactions with ordinary matter serving to build the detectors. A revolutionary idea is to
search for the eﬀects of the passage of DM particles
through minerals. e age of some of these reaches a few billion years, therefore the figure of merit
for a 1 billion year-old crystal of, e.g. 100 grammes,
being the observation time multiplied by the detector mass, would be 105 tonnes times the number of
years, much more than for other currently used detectors. To make such searches possible it is necessary to be able to register very short tracks originat-

ing from the scattering of DM particles from nuclei
in the mineral. eir length is typically several tens
or hundreds of nanometres, depending on the DM
mass, which is unknown.
Taking this into account, a new way to improve
current results of DM searches was proposed. e
idea comes from Dr. A. Drukier (Sweden) and was
developed by him together with a group of physicists (S. Baum, K. Freese, P. Stengel (Sweden) and
M. Górski (NCBJ). It iis based on observing the
recoil tracks resulting from interaction with dark
matter particles either by etching minerals to increase their size or using very short wavelengths
as provided by free electron lasers. Currently the
group is concentrating on the selection of the best
mineral candidates for their research, the most
promising ones coming from the family of socalled marine evaporites. ey are especially interesting since they contain very small percentage of
radioactive substances, which create tracks similar
to those left by DM.
Another interesting application, but at the same
time a background for DM search, is the observation of recoils generated by the coherent scattering
of neutrinos. e distinction between neutrino- and
DM-generated recoils would be performed on a statistical basis by comparing recoil spectra observed
in various minerals with calculated predictions.
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Reactions of Exotic Helium
e 8He nucleus, consisting of only two protons and
six neutrons, has the highest neutron-to-proton ratio of any known bound nucleus. It is unstable to
beta-decay, but suﬃciently long-lived (its half-life is
about 120 msec) that 8He beams of high quality may
be produced at dedicated facilities. One such is the
SPIRAL facility at the GANIL laboratory in France,
and a team from the Nuclear Physics Division of NCBJ
took part in an experiment performed there to investigate the interaction of a 8He beam with a 208Pb target.
e experiment was an international eﬀort led by the
University of Huelva, Spain, and the NCBJ team were
responsible for the interpretation of the data, together
with colleagues from ŚLCJ, University of Warsaw.
eoretical models of 8He suggest that it is formed
of a compact 4He core surrounded by a “skin’’ of four
weakly attached neutrons. It is therefore relatively
fragile, i.e. it is easy to remove one or more of these
four neutrons to leave either the slightly less exotic
6
He or the extremely stable 4He core (the 7He and 5He
nuclei produced by removing one or three neutrons
are unbound and decay spontaneously into 6He plus
a neutron and 4He plus a neutron respectively). is
may happen in one of two basic ways: either the 8He
nucleus may break up into several fragments under
the influence of a target nucleus, in this case the
heavy 208Pb, or one or more of the weakly attached
neutrons may be transferred and attached to the target nucleus. By investigating these reactions we may
learn about the arrangement of the neutrons outside
the 4He core: are they equally spaced or do they group
together into clusters, e.g. two “dineutrons” (2n) or a
single “tetraneutron” (4n)?
Simply measuring the yield of 6He and 4He particles
– a so-called “inclusive” measurement – cannot by itself tell us much about the relative importance of the
diﬀerent production mechanisms. e measurements
require careful interpretation, and a comparison of
the kinematics of the various processes with the measured 6He and 4He spectra and theoretical calculations
of the transfer of a single neutron from the 8He projectile to the 208Pb target, one of three possible processes producing 6He particles, with the measured angular distributions for the production of 6He enabled
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us to draw some interesting conclusions.
e main conclusion is that, combining all the evidence including internal consistency and the shape
of the measured angular distributions, breakup
does not contribute significantly to the 6He and 4He
yields, transfer processes being dominant. Secondly,
only between about a half and a third, depending on
the incident 8He energy, of the 6He yield may be ascribed to the one neutron transfer process, see Fig. 1,
the remainder therefore being due to transfer of two
neutrons, most probably in the form of a dineutron
cluster. In addition, information about tetraneutron
clustering can be extracted from the 4He yield (much
smaller than the 6He yield) and this is the subject of
ongoing research. Taken together our results are consistent with a picture of 8He where the dominant configuration is a 4He core with two dineutron-like clusters arranged on opposite sides, similar to a previously
proposed theoretical model.

Figure 1. Laboratory frame angular distributions (filled circles)
of 6He produced in the interaction of 8He beams of 16 (a) and
22 (b) MeV incident on a 208Pb target measured at the GANIL
Laboratory, France. e solid curves denote calculations of the
208
Pb(8He,7He→6He+n)209Pb single neutron transfer process, the
grey shaded areas showing the spread in the results due to diﬀerent input choices. e measured 6He production not explained by
these calculations is due to the two neutron transfer process, most
probably in the form of a dineutron (2n) cluster.
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Proton tomography
Despite the great success of the description of strong
interactions in the framework of quantum chromodynamics it is still not clear how quarks and gluons
are bound inside hadrons. Even in the case of the
proton and neutron, which are the fundamental
building blocks of atomic nuclei, this information is
missing. In particular, it is still not understood how
the spin of nucleons emerges out of the complicated interactions between quarks and gluons. During
the past few decades the main eﬀort to answer such
questions has mostly focused on inclusive scattering, where only properties of selected final particles
are measured. Lately, however, experiments with exclusive scattering measuring all of the final state particles have attracted a lot of attention. e description of exclusive processes in terms of Generalized
Parton Distributions (GPDs) allows in particular for
nucleon tomography, i.e. 3D spacial imaging of the

structure of either the proton or the neutron, which
additionally gives access to the orbital angular momentum of the quarks.
Dr. Jakub Wagner and Dr. Paweł Sznajder (NCBJ) in
collaboration with H. Moutarde (IRFU, France) proposed new parameterizations for the border and
skewness functions appearing in the description of
3D nucleon structure in the language of GPDs. e
restricted number of free parameters appearing in
these new parameterizations is constrained in a
global analysis of almost all existing proton Deeply
Virtual Compton Scattering data. e fit is performed
within the PARTONS framework (a C++ dedicated
software), the modern tool for generic GPD studies.
e results genuinely permit nucleon tomography
and give some insight into the distribution of forces
acting on partons inside the proton.

Quantum liquid-like droplets of ultracold dilute bose gas
at dimensional crossover
Recently a liquid-like droplet of a mixture of two
Bose gases was observed in an experiment shortly
after being predicted theoretically. e mixture of ultracold Bose gases initially fills the whole container,
which is natural for the gas state, but after enhancing the attractive interaction between the atoms of
the two diﬀerent species, a droplet of given density
located randomly in the container suddenly forms.
On the one hand the system acts as a liquid, while
on the other hand it remains a gas, being much less
dilute than air at atmospheric pressure.
After the discovery the system gained the interest
of theoreticians as well as experimentalists. From
a theoretical point of view the droplet is formed
by quantum fluctuations of the system. Shortly

after the first papers similar droplet states were
found for lower dimensional systems. However,
experimentally the lower dimensional physics can
be accessed only by introducing strong confinement in the directions that need to be ”frozen”. e
question is how strong the confinement has to be
in order to obtain the lower dimensional physics.
A team composed of Dr. Paweł Zin (NCBJ), physicists from the University of Warsaw, the Polish
Academy of Science and the Max Planck Institute
(Germany) found that for the current status of the
experimental techniques it is impossible to obtain lower dimensional systems. However, there
is new interesting physics in the crossover regime
which is neither three nor lower dimensional, but
can be accessed experimentally.
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POLAR reports mysterious polarisation of
cosmic gamma-ray bursts
e POLAR detector was launched in September
2016 on board the Chinese space laboratory Tiangong-2. Scientists just published the first research
results in Nature Astronomy. POLAR is the result
of cooperation between Switzerland (University
of Geneva and Paul Scherrer Institut), Poland (National Centre for Nuclear Research) and China.
POLAR is the largest detector designed to measure
the polarisation of gamma radiation from Gamma-ray
bursts (GRB)– big and precise enough to take measurements of many bursts and reliably determine
their polarisation. It has measured 55 GRBs. To determine the polarisation one needs thousands of photons from a GRB. On the basis of recently published
first data on polarisation of five gamma ray bursts
there is a conclusion that the determined degree of
polarisation of the photons in all cases is very small.
In the case of the brightest burst, scientists were able
to measure the polarisation at diﬀerent times. It turns
out that high polarisation was measured at every moment, but its direction was rotating with time.
e observed polarisation requires an orderly source
of emission, and the speed of the change of polarisation suggests some new, unknown characteristic of
the emitter. is phenomenon might be very interesting. If we want better to understand the process of
emission of GRBs, we need to build a much bigger detector than POLAR. Currently, scientists are preparing
a much more eﬃcient detector POLAR-2 and hope to
launch it in 2022 on the next Chinese space station.
Polish scientists and engineers from the National
Centre for Nuclear Research were co-creators of
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key elements of the POLAR experiment. About 10
people were directly involved in the work, including employees from the NCBJ Cosmic Ray Laboratory in Łódź and from the NCBJ Electronics and
Detection Systems Division in Świerk. One of the
achievements of this cooperation was the design
and construction of the central system, which selects the right events (trigger) and the design of
its software. Due to the limited communication
of the satellite device with Earth, transmitted
data needs to be selectively filtered in orbit. For
example, events caused by ionising particles of
cosmic rays are discarded. e most interesting
events are those where at least double scattering
of a gamma-ray photon was recorded in a very
short time in the detector. Such cases are used to
determine the polarisation of gamma-ray photons
from bursts.
In the NCBJ laboratory in Łódź, scientists constructed a prototype of a high voltage generator
for POLAR’s 25 photomultipliers. It is the project of a great electrical engineer, the late Jacek
Karczmarczyk, who passed away in 2016. Besides
the technical work, the Polish team also contributed to all phases of the testing of the detector during
qualification and functional tests. All elements of
the detector must withstand extreme conditions:
vacuum, sudden shocks, large load factors, high
and low temperatures and high doses of radiation.
Plastic scintillator detectors, which are used to
detect gamma radiation, were also prototyped in
Świerk. A matrix of 1600 such detectors is the
heart of POLAR.
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Four new gravitational-wave detections
From September 12, 2015, to January 19, 2016,
during the first LIGO observing run since undergoing upgrades in a programme called Advanced
LIGO, gravitational waves from three binary black
hole mergers were detected. e second observing run, which lasted from November 30, 2016,
to August 25, 2017, yielded a binary neutron star
merger and seven additional binary black hole
mergers, including the four new gravitational wave
events being reported now. The new events are
known as GW170729, GW170809, GW170818 and
GW170823 based on the dates on which they were
detected.
e new event GW170729, detected in the second
observing run on July 29, 2017, is the most massive and distant gravitational-wave source ever
observed. In this coalescence, which happened
roughly 5 billion years ago, an equivalent energy of
almost five solar masses was converted into gravitational radiation.
e Virgo interferometer joined the two LIGO detectors on August 1, 2017, while LIGO was in its
second observing run. Although the LIGO-Virgo
three-detector network was operational for only

three-and-a-half weeks, five events were observed
in this period. Two events detected jointly by LIGO
and Virgo, GW170814 and GW170817, have already been reported. GW170814 was the first binary black hole merger measured by the three-detector network, and allowed for the first tests of
gravitational-wave polarization (analogous to light
polarization). ree days later, event GW170817
was detected. is was the first time that gravitational waves were observed from the merger of a
binary neutron star system. What’s more, this collision was seen in gravitational waves and light,
and marked an exciting new chapter in multi-messenger astronomy, in which cosmic objects are observed simultaneously in diﬀerent forms of radiation.
One of the new events, GW170818, detected by the
global network formed by the LIGO and Virgo observatories (located in the United States and Italy,
respectively), was very precisely pinpointed in the
sky. e position of the binary black holes, located
2.5 billion light-years from Earth, was identified in
the sky with a precision of 39 square degrees. is
makes it the next best localized gravitational-wave
source after the GW170817 neutron star merger.

4th School of Cosmology
The school was held in Krakow, from 8 to
22 July 2018. NCBJ was co-organiser together with
the Jagiellonian University, the Polish Astronomical Society, the Centre for eoretical Physics of
PAS, Jan Kochanowski University and Cracow Saltworks Museum. e aim of the 4th School of Cosmology was to familiarise participants with current
knowledge of cosmology, both theoretical and observational. is school was intended for under-

graduate, graduate and doctoral students as well as
young PhD researchers interested in these fields.
e school’s programme included mini-workshops
and practical sessions on: SED fitting, Introduction
into VO tools, TOPCAT and Aladin with exercises,
Introduction to ADQL: ADQL Course, Introduction
to supercomputers, Simple N-body simulations
“Splash your galaxy!”
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VIPERS – a 3D map of the Universe:
Studies of spectral lines, shapes and
self-learning sort algorithms
VIPERS is the largest survey made to date of galaxies observed at distances greater than 5 billion light
years. e VIPERS-produced map of the Universe
shows compact large structures with collections of
red (i.e. old) galaxies. Blue (active) galaxies dominate
in the less crowded regions, just like in the present-day Universe which is almost 14 billion years
old. It appears that all the basic galaxy types were already shaped in the much younger Universe.
e ESO telescopes were never involved in a galaxy
survey bigger than VIPERS. The information acquired has helped scientists to understand how different types of galaxies and their stellar populations
were (and are) evolving. Information about the distribution of galaxies has helped to shed some light
on the large-scale structure of the Universe composed of luminous and dark matter and on the nature of dark energy – a theorised force that makes
the Universe expand at an ever increasing velocity.
Scientists from Poland involved in the VIPERS project included Professor Agnieszka Pollo (Jagiellonian
University in Cracow and NCBJ), Dr. Katarzyna Małek
and Dr. Aleksandra Solarz (NCBJ), Dr. Janusz Krywult

Photo: ESO/H. Heyer
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(the Jan Kochanowski University in Kielce) and
Dr. Małgorzata Siudek (Center for eoretical Physics PAS/ Institut de F’isica d’Altes Energies (IFAE) in
Barcelona). In 2018 the Polish team lead two papers
considering unsupervised machine-learning algorithms to classify the real zoo of diﬀerent VIPERS
cosmic objects and found that three categories: (1)
red, passive galaxies, (2) intermediate “green valley”
objects and (3) blue, star-forming galaxies, is a vast
oversimplification and is not enough in the era of
detailed studies based on large data samples. Using
self-learning algorithms eleven diﬀerent types of
galaxies were identified. All these classes can be well
described by the spectral and morphological properties of galaxies overlooked and not used in previous
methods of galaxy classification.
It was demonstrated that the method of classification can also be in large part reproduced in
other galaxy surveys, even when only photometric observations are available – however, with the
exception of some particular classes, like redder,
more dusty star-forming galaxies. Scientists hope
that further analyses of the VIPERS data will bring
other breakthrough results.
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HELP project
A dreamed-of multiwavelength dataset to study galaxy
properties and evolution
e best way to characterise the physical properties of galaxies is to take advantage of the full electromagnetic spectrum (all wavelengths that it is
possible to detect). e most challenging part is to
interpret the available information. One method is
the modelling of the spectral energy distribution of
galaxies, from ultraviolet through optical to infrared and even radio wavelengths, which allows their
main physical properties to be estimated. e broad
spectral range helps us to connect all the information coming from diﬀerent elements of a galaxy:
young, massive stars (ultraviolet), older stars (optical light) and dust particles (infrared). Generally,
the model fitting process is based on a comparison
of the modelled galaxy spectral energy distributions. Stars and dust in galaxies are mutually evolving and their properties depend on each other.
erefore, the observed radiation depends both on
the dust properties and the properties of the stars,
making simultaneous modelling of their properties a diﬃcult task. is complex relationship is
reflected in the law of attenuation or quenching

of the intensity of the galaxy’s radiation in a given
band. Ignorance of this limits the interpretation of
the fundamental properties of galaxies, such as age,
stellar mass and star formation rate.
Dr Katarzyna Małek from NCBJ is a member of the
Herschel Extragalactic Legacy Project (HELP) which
aims at collecting and homogenising observations in
all wavelengths from the radio to the UV, from many
astronomical projects, and estimating key physical
parameters of galaxies. HELP studies 23 fields on the
sky. e key data come from ESA’s Herschel mission
which observed an area of over 1300 deg2 in the infrared. Dr Małek was the leading author of the paper
“HELP: modeling the spectral energy distributions
of Herschel detected galaxies in the ELAIS N1 field”
which demonstrated, based on a sample of 50000
galaxies, that an appropriate description of the dust
attenuation in galaxies plays a key role in the correct estimation of the stellar mass of a galaxy (which
may change by a factor of 2) – an eﬀect usually neglected in previous analyses.

In a galaxy far, far away...
Observations of the large scale structure 10 billion years ago
Galaxies are not the only component of the large
scale structure of the Universe. e vast majority –
the dark matter – does not emit light, but it it interacts gravitationally with the visible matter. anks to
this property we can deduce the distribution of the
dark matter using the distribution of galaxies. e
task is not simple, however, because visible matter
does not trace the dark matter directly. ey are biased with respect to each other. It has been shown
that the global strength of this bias changes with
time. And not only that. In the local universe, its
value depends strongly on the properties of galaxies,
such as stellar mass, luminosity, colour, morphological type etc. erefore, in order to trace the evolution
of the large-scale structure, we need first to trace and

describe these dependencies at diﬀerent epochs of
galaxy formation, especially when the Universe was
in the early stages of its evolution.
is kind of study has been conducted by Dr. Anna
Durkalec (NCBJ). Using the VIMOS Ultra Deep Survey
(VUDS) data and halo occupation distribution modelling the galaxy clustering dependence on luminosity
and stellar mass at the very early stages of galaxy formation – 10 billion years ago – was measured and analysed. is led to the conclusion that at this time the
galaxy bias was significantly stronger than in the Local
Universe (the one we live in now). Additionally, for the
first time at high redshift, how galaxy bias changes with
luminosity and stellar mass of galaxies was presented.
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Gravitational waves from Big Bounce
According to Einstein’s theory of gravity the expansion of the Universe must have had its beginning some 13.7 billion years ago at a singular point
where the equations of the theory break down.
e existence of this singular point is considered
an artefact of the incomplete cosmological model.
One of the possible solutions is that the present expansion of the Universe was preceded by a phase
of contraction. e universe had been becoming
smaller and denser until it bounced to the present
expansion due to the quantum eﬀects of the gravitational field, which were not included by Einstein
in his original theory.
It is hypothesised that the bounce of the universe
amplifies the matter waves to large amplitudes so
that they later form the large-scale structures that
we observe in the present-day Universe. Also, it is
expected that the bounce simultaneously produces the gravitational waves which are distortions of
space travelling at the speed of light. Assuming the
gravitational waves were absent in the contraction
phase, Przemysław Małkiewicz (NCBJ) in collabo-
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ration with Hervé Bergeron (Universite Paris-Sud,
France) and Jean Pierre Gazeau (Universite Paris
Diderot, France) have calculated the amplitude of
the waves, finding that it depends on the strength
of the quantum gravity eﬀects that halted the contraction and triggered the present phase of expansion. e result obtained when compared to the
known upper bounds set by the LIGO and Planck
experiments yielded an upper limit on the strength
of the quantum repulsion and hence on the abruptness and curvature scale of the bounce.
ese results are the first step in a long-term project examining the consequences of the cosmological contraction paradigm, utilising the Hamiltonian
formalism for cosmological perturbations around
the Friedmann universe and more general models
of spacetime. Future steps will include an investigation of the dynamics of density perturbations and
more complex background spacetime models. e
results are expected to be helpful in explaining the
abundant information on the cosmic microwave
background radiation, which is available today.
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Simulating exotic many-body systems with time crystals
Ordinary crystals are systems which are highly
ordered in space. Using this, one can define “time
crystals” as systems which spontaneously self-organise their motion in a periodic way in time. After
it was introduced, this idea caught the attention of
researchers around the world. While this original
proposal could not be realized in the laboratory,
the system needs to be in its lowest energy state,
it turned out that one can “motivate” the system by
periodic driving to break its discrete time symmetry and realise what is called a “discrete time crystal”.

One can show that by constructing a discrete time
crystal it is possible to simulate and investigate
a vast number of exotic many-body systems, for
example almost any system with long-range interactions between particles or molecules where
atoms are bound together due to destructive interference, like a Mott insulator phase in the time
domain. is opens up new unexplored avenues
for materials science research or advances towards
building eﬃcient quantum computers.

International Conference:
Singularities of general relativity and their quantum fate
is was the second international conference on this
subject organized by NCBJ and the Institute of Mathematics PAS in Warsaw from May 21 to May 25, 2018.
About 70 scientists from 15 countries discussed the
unification problem of general relativity with quan-

tum physics. e meeting included the following topics: gravitational waves, the quantum fate of gravitational singularities, quantisation of coherent states,
the problem of time in quantum gravity, observational
data in quantum gravity, and other conceptual issues.
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CIŚ increases its potential
CIŚ – the NCBJ Supercomputing Centre – systematically increases its potential. Currently (December 2018), the centre has a computing power of
31,600 CPUs and 199 680 GPUs that give a total
computing performance of 1.06 Tflop. e installation has 188 Tbyte of RAM and 17.2 Pbyte in disk
servers. e system is cooled with ice water and hot
water. Reliability is provided by: two 15 kV power
supplies, two 1.6 MW transformers, a 1250 kVA
emergency generator and four 300 kVA UPS systems. e centre has a 2 * 10 Gbps Internet connection. Work is underway to increase the bandwidth
by a factor of five. Cutting edge equipment adapted
to work 100 Gbps has been purchased. A fibre optic
was laid down to the Otwock Power Station. In co-

operation with NASK, a connection was made between NCBJ and the WARMAN network (enabling
connection to the Pionier network at 100 Gbps).
Many services of the installation have been migrated to the Puppet / Foreman environment and
there has been a successive compilation of applications and libraries for cooperation with SLURM
and CentOS7.

Computing for CERN
e centre maintains a high position in computing for the purposes of the LHCb experiment. We
occupy the first place in Poland, providing 82%
of the Polish contribution and 6th position in the
world (5.33%). We also maintain a high position
in computing for the needs of the CMS experiment
(1st place in Poland, 73% of the Polish contribution, 0.31% of the global contribution). We have
increased the shared disk space to a total of 1.3PB.
CIŚ services are characterized by high reliability
and availability. New solutions in the area of security are also being introduced. e WLCG SOC (Security Operations Centre) pilot project was launched
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by the CERN cyber security team. It provides monitoring of network traﬃc based on the Bro analyzer
and its own instance of MISP (Malware Information Sharing Platform). Project partners are: CERN,
Durham University, the University of Michigan,
NCBJ, the University of Oxford and RAL.
Henryk Giemza, the IT engineer who is the NCBJ CIŚ
grid site manager, has recently become a Tier-2D coordinator for the LHCb Collaboration. Tomasz Fruboes
is the Polish representative on the Grid Deployment
Board and the WLCG Collaboration Board. Physicists
associated with CIŚ significantly contribute to the development of the grid middleware platform DIRAC.

SUPERCOMPUTING
CIŚ

European XFEL:
Data analysis
In 2018 the Świerk Computing Centre intensified
cooperation with European XFEL, aimed at analyses
in Świerk of large streams of data from XFEL detectors. e first activity carried out this year was preparation of the physical infrastructure for data transfers and storage. In parallel there is ongoing work on

the Transfer Agent software, developed jointly by EU
XFEL and NCBJ, aimed at the automatic distribution
of data and keeping track of the location of the files.
Another group is also working on the analysis software, to prepare containers with applications that
can later be run at Świerk to analyse the data.

Software for the J-PET tomograph
Software for data analysis and simulation of the
J-PET tomograph is being developed at CIŚ. e full
simulation of the J-PET system allows its evaluation
using international NEMA standards for diagnostic
devices. It also provides a thorough understanding of the device’s properties and background for
signals, both for medical imaging and positroni-

um physics research. In addition, CIŚ developed a
method for reconstructing readout signals in the
data acquisition system and then reconstructing
the source image. e images are reconstructed by
three diﬀerent methods, giving consistent results
with resolution better than 1 cm, but with diﬀerent
speed and clarity of image.

Cluster usage
CIŚ joins new projects such as the National Cybersecurity Platform (see chapter 25) and performs calculations for science, business entities and administration.
Statistics show that, on average, approximately 20%
of the cluster load falls on NCBJ users, about 50% on
other scientific calculations and about 30% on calculations for business entities and administration. e

dominant external users in the science sector are
GRID, the Institute for Nuclear Chemistry and Technology and the University of Warsaw. In the public sector, besides science, the largest users are the Bielański
Hospital and the National Atomic Agency. In the economy sector, the main partner is the Nuclear Research
and Consultancy Group from the Netherlands.
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Effects of PMS plasma control:
Layers on demand?
NCBJ scientists are conducting research on the
synthesis of copper nitride layers by means of the
pulsed magnetron sputtering method that can
work in conditions of diﬀerent frequency of modulation f_mod. is means that the main frequency
of the power source (100 kHz) is modulated by another frequency, f_mod, in the range 10 Hz – 2 kHz.
e reason for using pulsed conditions of plasma
generation was to increase the degree of thermodynamic non-equilibrium of the plasma.
e fundamental idea of the research is the quest
for a deeper understanding of the phenomena occurring during the synthesis of metastable copper
nitride under conditions of PMS synthesis. erefore, the use of properties through which we can
describe the obtained structure of the copper nitride layer is an additional tool for tracking subtle
materials eﬀects, often not captured using standard
methods of materials characterisation.
e first part of the results from the study was published in in Solid Films in 2017. ese previous
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investigations showed that modulating the main
frequency of the power source by another frequency f_mod has a strong impact on the phase state of
the condensate (morphology, phase composition).
Currently, new results have been presented that focus on the various phase compositions of the Cu-N
layers with respect to electronic properties. The
phenomena that can occur during the synthesis of
the metastable phase (copper nitride-Cu3N) have
been investigated by means of measurements of
the electronic properties of the layers. It has been
shown that the synthesis processes are very sensitive to changes in the sputtering parameters. Modulation of the sputtering frequency and the power
has an eﬀect on the structure and consequently on
the properties of the layers. Moreover, it was observed that the modulation of the power frequency may be considered as a significant technological
factor of the magnetron sputtering process aﬀecting the final state of the synthesis product (morphology, phase structure, properties), which in fact,
enables the “tuning” of the phase composition of
the synthesised layers.
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Production of titanium nitride layer on metallic base
Dr. Eng. Marek Barlak (NCBJ) with his colleagues
from the Institute for Electronic Materials Technology have patented an innovative method of titanium nitride layer production on metallic bases.
e aim of the project was to develop a method
for the production of a titanium nitride layer of
uniform phase composition, high durability and
resistance to abrasive wear, while maintaining a
reasonably low friction coeﬃcient and good adhesion to the base. An example of a practical use is in
the production of bearings.
e method was described in the patent application “Method of production of a titanium nitride

layer on a base made from Inconel 600 alloy”. It is
based on combining two techniques into one technological process: intensive plasma impulses and
isothermal heating in a nitrogen atmosphere. In
the first stage the material is treated with impulses of hot plasma containing titanium (the working
gas is nitrogen). is way the near-surface layer is
implanted with titanium atoms. e second phase
is the final production and preservation of the titanium nitride layer, shaping the material into the
desired properties. In particular, the patent application shows that the layer produced with this method is characterised by a quite low, and most of all
reasonably stable-in-time, friction coeﬃcient.

New version of McChasy code
McChasy is a computer code used to simulate
ion-channelling in crystalline structures. The
code calculates the trajectories of 0.5 – 3.5 MeV
4He ions in virgin or damaged crystal structures.
e binary collision approach is applied. e code
determines the nuclear-encounter probability of
the ions versus the depth in the studied sample;

the RBS or NRA spectra are calculated on the basis of the cumulated encounter probability. e
new version of the code takes into account a larger
number of atoms (typically hundreds of millions)
of the studied structure and is being prepared for
studies of ion-channelling in virtual samples generated by molecular dynamic codes, e.g.. LAMMPS.
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ODS steel as a material for a new generation
of nuclear reactors?
e designs for fusion and Generation IV reactors
create new challenges for materials. Very high temperatures, intensive radiation, corrosive coolants,
complex load fields and long-term exploitation are
the main factors which influence the structural integrity of the materials. One of the most promising
candidates expected to meet all the above mentioned criteria is ferritic Oxide Dispersion Strengthening (ODS) Reduced Activation Ferritic (RAF) steel.
e possibility to withstand these extremely harsh
environments is related to the microstructural features of this material: fine grains, high density of
dislocation and presence of nanoprecipitates composed of complex oxides (especially Y-Ti-O, Y-Al-O
and Y-V-O). One of the main drawbacks of ODS is its
complicated manufacturing process. Among numerous manufacturing methods may be listed: Spark
Plasma Sintering (SPS), Hot Isostatic Pressing (HIP)
and Hot Extrusion (HE). ey are characterised by
diﬀerent parameters such as temperature, pressure
and the kinetics of the process. e combination of
these parameters determines the material’s microstructure. At the same time, it is commonly known
that the microstructure determines the functional properties of bulk materials. For this reason the
manufacturing process should be strictly controlled
while each of the steps must be well understood.
In order to study the influence of irradiation on the
above mentioned properties, one must either place
promising materials in a reactor core or simulate
the reactor environment by ion implantation. Ion
implantation has been found to be a safe (no sample
activation), fast (a high dpa level can be obtained in
hours or days instead of years) and fully controlled
method, which allows real working conditions to
be imitated. Since ion implantation modifies only
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a thin layer of material, the bulk of the studies were
conducted using the nano-scale method.
Studies by NCBJ scientists from the Materials Physics Department focused on three issues: the influence of the chromium content (9%, 12%, 14% and
18%) and the consolidation process (SPS, HIP and
HE) on the mechanical properties of ODS steel and
its stability in a simulated reactor environment. Mechanical properties were investigated with the use
of three diﬀerent methods on two scales (micro- via
micro-hardness and Small Punch Tests and nanovia nanoindentation). Good correlation between
the nano- and micro-scale measurements was observed. e highest similarity was revealed between
nanoindentation and micro-hardness tests. e relationship between nanoindentation and SPT was
less accurate, although since SPT tests are able to reveal diﬀerences and tendencies between materials,
this method may be used for additional screening
and selection of materials. Moreover, alteration of
structural features was investigated using Grazing
Incidence X-Ray diﬀraction (GIXRD) and Small angle neutron scattering (SANS) analysis.
One may conclude that post-processing after sintering leads to stronger sensitivity of ODS steel to
ion irradiation. Moreover, the research demonstrates the relationship between the chromium
content and the structural response of materials
exposed to a simulated radiation environment.
e results suggest that increments of alloying elements may change the structural processes occurring during radiation damage, i.e. diﬀusion and
nucleation of dislocation loops and voids instead
of mutual recombination of pre-existing defects
with generated ones.
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Non-Destructive Testing
Non-Destructive Testing (NDT) is a wide group of
analytic techniques used in science and industry
to evaluate the properties of construction materials, components or systems without causing any
damage. Among the various diﬀerent methods four
are constantly used in the Nondestructive Testing
Laboratory which is part of the NCBJ Materials Research Laboratory. ese are: visual methods (VT),
the penetration method (PN), magnetic testing (MT)
and the ultrasonic method (UT). Visual testing (VT)
relies on examination and evaluation of systems
and their components using the human eye aided
by magnifiers (e.g. optical microscopes). Penetration
methods (PN) use capillarity phenomenon involving
the penetration of a liquid into narrow spaces due to
adhesion and surface tension. Magnetic testing (MT)
involves the application of a magnetic field or applying an electric current through the material which
in turn produces a magnetic flux in the material. Simultaneously, visible ferrous particles are sprinkled
or sprayed on the testing surface. e presence of
discontinuities in the material causes distortion in
the magnetic flux which in turn results in leakage
of the magnetic fields at the discontinuity. e UT
method applies ultrasonic pulse waves. Any change
in the acoustic impedance produces an ultrasonic reflection or echo.
Currently the Non-Destructive Testing Laboratory is
heavily involved in conducting technical inspections

aimed at assessing the ageing process of the MARIA
Research Reactor and reactor components.
e Nondestructive Testing Laboratory holds the following certificates:
 Testing Laboratory Accreditation Certificate
No. AB 025 issued by the Polish Centre for Accreditation (PCA), which explains the criteria
regarding requirements specified in the PN EN
ISO/IEC 17025:2018 02 standard, among others in the field of non-destructive testing of
products and construction materials, including
metals and composites.
 Certificate of Approval of the Laboratory awarded by the Oﬃce of Technical Inspection (Urząd
Dozoru Technicznego, UDT) No. LBU-038/27;
 Certificate of the UDT subcontractor No. LB038/27 to perform laboratory tests within the
scope defined in art. 9 par. 2, clause 5 of the Act
of December 21, 2000 on technical supervision;
The research staff of the NDT Laboratory has
many years of experience and high qualifications
supported by 3rd and 2nd degree certificates – in
accordance with the PN-EN ISO 9712: 2012 standard, issued by UDT-CERT, Welding Institute in
Gliwice and TÜV Rheinland Polska.

35

APPLIED SCIENCE
ENERGY

High Performance Computing for nuclear
reactor design and safety applications
Computational Fluid Dynamics (CFD) simulations aimed at the prediction of the flow and heat
transfer inside a nuclear reactor pose a challenge
for currently available Reynolds-Average Navier-Stokes (RANS) based turbulence modelling
approaches. erefore, these models need to be
validated and, if needed, improved accordingly.
Although measurement techniques are constantly
being improved, CFD-grade experiments of flow
mixing and heat transfer are still often impossible
or too costly to perform. In addition, lack of experimental databases makes it impossible properly to validate and/or further improve the available
RANS turbulence models for some flow situations.
In this context, Direct Numerical Simulation
(DNS) can be used as a reference for validation
purposes. However, despite advances in supercomputing, performing a DNS for realistic applications at a high Reynolds number is not foreseeable in the near future. In this regard, a research
programme has been set up between the National
Centre for Nuclear Research (NCBJ) and the Nuclear Research and Consultancy Group (NRG). e
agreement was signed for 36 months. e actual
substantive work began in January 2017. In the
framework of this project two high fidelity simulations (DNS) will be performed for two topics:
1. Pressurised thermal shock (PTS)
2. Sub-channel of a bare rod bundle (Hooper case)
e high fidelity CFD results obtained will serve as
reference databases enabling validation and calibration of the available low order turbulent models.
e first application refers to Pressurized ermal
Shock (PTS), which is considered an important issue that challenges the integrity of the Reactor
Pressure Vessel (RPV). PTS denotes the occurrence
of a rapid cooling of the internal RPV surface under
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pressurised conditions. is overcooling may induce
the criticality of an existing or postulated defect inside the vessel wall. e most severe PTS scenario
concerns Emergency Core Cooling (ECC) injection
during a LOCA (Loss Of Coolant Accident). e injected cold ECC water mixes with already present
hot primary water and the mixture flows towards
the downcomer, consequently leading to large temperature gradients at the vessel surface. PTS is identified as one of the safety problems where CFD can
bring real benefits to an understanding of complex
three-dimensional flow features. However, to gain
confidence in the CFD code results a comprehensive validation programme is necessary to demonstrate the capability of such codes reliably to predict
PTS-related phenomena. In the absence of detailed
experimental data for RPV cooling for validation of
CFD codes, DNS databases constitute a valid alternative to experiments. For example, for the ECC injection scenario, detailed data for the stratification
and thermal mixing in the cold leg are present in the
literature, but no accurate data of the heat transfer
in the downcomer are available. Hence, in this work,
the goal is to generate a reference numerical database for a simplified PTS geometry.
e DNS simulations are performed with the spectral element code NEK5000. e objective of the
study is two-fold: 1) to analyse the flow and thermal fields in order to gain more understanding
of the physics involved in the PTS scenario 2) to
provide a valuable DNS database for the validation
and further improvement of RANS based turbulence models which will be used to simulate real
case industrial applications. e reference DNS
computations were performed on the HPC infrastructure at the Świerk Computing Centre (CIS)
in the Department of Complex Systems. e final
simulation with polynomial degree N = 5 was carried out on 5 000 processors for nine months and
approximately 33 million CPU hours.
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Computational Fluid Dynamics as a supporting tool
for high power reactors

In-Vessel Melt Retention Strategy
An important issue regarding safety concerns of
nuclear reactors is estimating the strength of the
pressure vessels in case of a failure resulting in reactor core meltdown. Once this happens, the liquid
core flows into the reactor pressure vessel lower
head, stratifying into several layers. e top surface
one is the most rich in light metals and, as such, is
the best heat conductor. A complete understanding
of the transport processes in this layer is essential
in constructing and assessing the required vessels.
Within the scope of work under the H2020 IVMR
project numerical simulations were conducted in
the Complex Systems Department of NCBJ using the
ANSYS Fluent software. e results show good agreement with the data obtained from BALI Metal test
simulations, an experimental campaign performed
by the CEA, France to provide information on the
flow and heat transfer in light metal layers on the top
of the corium pools. As was foreseen by the experi-

ment, for CFD (Computational Fluid Dynamics) water test simulations, due to the focusing eﬀect in the
metallic layer (power transferred to the vessel walls)
the anticipated linear relation to the layer height was
undermined. e calculations using various turbulence models (RANS k-È, Reynolds Stress turbulence
model and their variations) show promising results –
lower values of heat flux impacting the reactor pressure vessel and thus threatening integrity.
e results justify the use of advanced software –
the ANSYS Fluent Computational Fluid Dynamics
software – for simulations of the focusing eﬀect
issue for water cooled reactors with metallic core
supporting components. e results of computations include prototypical and reactor case calculations and their comparison to those obtained by
the H2020 IVMR project partners. e project itself
is a crucial one for the enhancement of the safety of
power reactors widely operated in Europe.

Application of Probabilistic Safety Assessments for
nuclear-chemical installations with High Temperature Reactors:

Challenges and Insights
e most demanding problems in the Probabilistic
Safety Assessment (PSA) of chemical installations
coupled with High Temperature Reactors (HTR) is
optimisation of the process of heat production. PSA
studies for HTRs are in themselves a great challenge
due to the novel technological concepts for which
neither the damage states, safety goals nor risk measures are clearly defined. Replacement of coal or
gas boilers by HTRs within chemical plants requires
additional issues to be considered in PSAs resulting
from the interactions between nuclear and non-nu-

clear installations combined together in one complex
system. For these reasons the traditional approach to
PSA studies aimed at calculation of the core melt is
no longer applicable and needs to be redefined. is
also implies that more eﬃcient methods for uncertainty and sensitivity analysis need to be applied. e
global variance method has been proposed by the
NCBJ team in order to link the assessment of structural, aleatory and epistemic uncertainties in a synthetic manner. ese and related issues are discussed
in the context of the Polish HTR programme.

37

APPLIED SCIENCE
ENERGY

Over 200 specialists from the whole world
discussed high temperature reactors in Warsaw
A cyclical world conference on high-temperature
reactors, HTR 2018, was held in Warsaw last year.
e ninth edition was organised by the National Centre for Nuclear Research. Scientists, practicians and decision-makers from five continents
discussed, among other things, the perspectives for
the quick implementation of HTR technology in
countries with an advanced chemical industry, such
as Poland. Reactors cooled with high-temperature
gas are considered one of the best options among
diﬀerent reactor types thanks to their unique construction that prevents reactor meltdown and their
technological maturity. e HTR conference aimed
to exchange information on research and development in HTR technology and to accelerate its wider
application in industrial heat production. e topics discussed at the meeting included the ongoing
construction of HTR reactors in China, reactors
proposed for Canadian mines, the results of European, Japanese and American programmes, British
plans for small reactors, as well as the ambitious
plans of Poland in this field. Participants included
experts from the research and industrial sectors as
well as decision-makers.
When talking about energy, electricity is usually
meant, but in reality we use much more energy
in the form of heat, especially in the chemical
and heavy industries. HTR technology can oﬀer a
clean, environmentally-friendly and safe solution
for growing demand. e technology was designed
many years ago and successfully tested in several
countries. Currently, many specialists believe that
it should become a wider component of the global
energy basket.
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e HTR 2018 conference is the ninth international meeting on topics related to high-temperature
reactor technology. e meetings were inaugurated by the European HTR-TN High-Temperature
Reactor Technology Network in Petten, the Netherlands. Subsequent meetings were held in China (Beijing, 2004), South Africa (Johannesburg,
2006), USA (Washington DC, 2008), the Czech Republic (Prague, 2010), Japan (Tokyo, 2012), China
(Weihai, 2014) and the USA (Las Vegas, 2016).
Poland was chosen to organize the HTR Conference
in 2018 due to our interest in this technology. e
implementation of HTRs is among the government’s
priorities in the “Responsible Development Strategy”.
Recently, the Polish Ministry of Energy has published
a report on the possibilities of using HTR technology.
About 200 participants attended the conference
– experts, scientists and practitioners from all
continents. The conference was held under the
patronage of the Minister of Energy, the Minister
of Science and Higher Education, the Polish Committee of the World Energy Council and the European industrial initiative for nuclear cogeneration.
Speakers were the Deputy Minister of the Environment Michał Kurtyka, the Director of the Nuclear
Energy Department of the Ministry of Energy Józef
Sobolewski, the General Director of the OECD Nuclear Energy Agency William Magwood, the White
House Adviser on Nuclear Energy Michael Goﬀ, and
Rob Arnold (business, energy and industrial strategy), Naoyuki Ueda (Japanese minister of education,
culture, sport, science and technology), and the
thematic sessions consisted of eight workshops.
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The 10th School on Nuclear Power
amasses over 200 listeners
On 26th – 29th November 2018 lectures and workshops of the tenth edition of the School on Nuclear
Power were held in Warsaw, Świerk and Różan. Organized by NCBJ, the Faculty of Physics of the University of Warsaw and ZUOP, attendees had the chance to
listen to presentations by 20 lecturers from all over
the world, discuss the project “Polish Power Policy to
2040 [Polityka Energetyczna Polski do 2040]” and take
part in educational excursions.
e most important accent of the School was a presentation by the Director of the Ministry of Energy Nuclear Power Department, Dr. Józef Sobolewski, who discussed the programme of “Polish Power Policy to 2040
[Polityka Energetyczna Polski do 2040] (PEP2040)”. e
programme assumes the construction of the first nuclear power block at the latest in 2033, and subsequent
power blocks afterwards to achieve a maximum power
of 9000 MW in 2043. Dr. Sobolewski explained that by
2033 deficiencies in installed power will appear and
nuclear power will be an excellent supplement.
e declarations of Dr. Sobolewski were answered
with reports from technology suppliers interested
in participating in an integrated auction for the construction of a nuclear power plant in Poland, specifically the French company EDF, the Korean company
Korea Hydro and Nuclear Power Corporation and the
American-Japanese company Hitachi-GE Nuclear Energy. ese reports started a lively discussion about
the advantages and disadvantages of the proposed
technologies between the lecturers and Polish specialists from PGE EJ1, PAA and other industrial and
scientific institutions present in the room.
Representatives of Polish companies responsible for
the implementation of the programme for construction of nuclear power plants presented the current
state of progress in this field to the attendees. e
subject of location research was discussed by the
CEO of the PGE EJ1 company MSc Engineer Krzysztof
Sadłowski, and the subject of the possible addition
of a nuclear power plant to the power network was
discussed by MSc Engineer Zbigniew Uszyński from
Polskie Sieci Elektroenergetyczne S.A.

An important part of
the School was a series of
lectures touching on various aspects of the development and social
acceptance of nuclear power in other countries. Mrs Yukari Niwa Yamashita, Director of the
Institute of Energy Economics (IEE) from Japan discussed the problems of power transformation after
the accident at Fukushima in her country. Professor
Alfred Voss, former Director of the Institute for Energy Economics and Rational Energy Use in Stuttgart,
presented the problems of German policy, called “Energiewende”, and Professor Wacław Gudowski from
the Royal Institute of Technology in Stockholm told
about an ideal hydro-nuclear energy mix and unusual
social acceptance for nuclear energy in Sweden.
Considerable interest, especially in the context of the
problem of radiophobia in society, was sparked by a
lecture from Dr. S. M. J. Mortazavi from the University of Wisconsin, USA, who was visiting Poland for the
first time, and who was involved in research into the
radio-hardiness eﬀect in inhabitants of regions with
high radiation levels (over 260 mSv annually; the
mean world annual dose is 2.6 mSv) in the Ramsar
region in Iran. e radiological monitoring aspects of
nuclear objects and the environment were also the
subject of presentations from the guest from Slovakia
(Dr. P. Chyly, Mochovce NPP) and PAA representative
(K. Łyskawiński, Director of CEZAR).
It is worth mentioning that some of the most lively discussions were sparked by presentations concerning subjects closely related to NCBJ’s plans for
the construction of a research high-temperature
reactor in Świerk and, in the future, construction of
high-temperature commercial reactors in Poland,
producing process heat for the Polish chemical and
petrochemical industries. e presentation on Polish
plans on this subject was delivered by the president
of the School’s Organising Committee, MSc Engineer
Eleonora Skrzypek, and the presentation on Japanese
technology for high-temperature gas cooled reactors
(HTTR) was delivered by Dr. Yoshimito Inaba from
the Japan Atomic Energy Agency.
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SIPMs are as good as photomultiplier tubes,
and sometimes better – show detailed studies
Scientists from the Nuclear Equipment & Technology Department of NCBJ are among the world’s best
experts in the field of particle and radiation detectors, including photomultipliers. Photomultipliers
are used to record very weak optical signals – even
signals originating from individual photons. ey
are the basic element of gamma-ray detectors. In
such detectors, high-energy radiation is converted
into visible light in scintillators. e photomultiplier then converts the weak optical signal into an
electrical signal that is easily processed or recorded.
For several decades, photomultiplier tubes (PMTs)
dominated – large, sometimes very large vacuum
glass tubes, in which photons caused electron cascades running between the plates, where the difference of electrical potentials reached hundred of
volts. Such photomultipliers are still in use, but it
is diﬃcult not to notice the inconveniences associated with them: their size, brittleness, sensitivity
to magnetic fields, the need to supply high voltages ... Silicon photomultipliers have recently become
their serious competitors. ey consist of a system
of many (very many) semiconductor avalanche diodes. A photon falling into the connector of such
a diode causes in it an “avalanche” of carriers that
are then observed as a current signal easy to register. SiPMs are small, light, not sensitive to magnetic
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interference and they do not require voltages in the
kilovolt range. However, there are legitimate questions: are they as sensitive and eﬃcient as traditional tubes? Do they have other flaws? ese issues,
on the invitation of the prestigious Nuclear Instruments and Methods in Physics Research magazine,
were comprehensively tested by experts from the
NCBJ Radiation Detectors and Plasma Diagnostics
Division. e team comprising Dr. Martyna Grodzicka-Kobylka, Prof. Marek Moszyński and Dr. Tomasz
Szczęśniak showed that SiPMs have all the desired
features of traditional photomultipliers as well as
additional advantages but also some limitations.
Among the various advantages are: high photon detection eﬃciency, comparable or larger than that of
PMTs, large gain and large output signal, capability
of detecting single photons, immunity to magnetic
fields, minimal weight and small size, low bias voltage and low power consumption. eir limitations
are associated with their large capacitance, large
dark count rate, large excess noise factor at higher
gains, temperature instability, large gain variations
with bias voltage, the limited size of the device and
of course the high price of large devices.
e work of these authors was reported as one of
the best results from NCBJ in 2018.
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Gamma-ray Diagnostics for High Count Rate Measurements
Gamma-ray diagnostics, the JET Gamma-ray Camera and the JET Gamma-ray Spectrometer, were upgraded in the last few years at the Joint European
Tokamak (JET) for deuterium-tritium campaigns,
planned to be completed before the end of 2020.
e upgraded detectors are based on LaBr3:Ce and
CeBr3 fast scintillators with a decay time of about
20 ns. Indispensable electronics parts were designed
and produced at NCBJ. Both modernised diagnostics,
already installed and tested at JET, are prepared for
measurements at rates of up to ~106 counts per sec-

ond. Gamma-ray diagnostics play an important role
in studying processes related to the production of
fast ions, fusion products and – in particular – runaway electrons appearing during plasma disruptions.
Results obtained so far are useful in preparation for
gamma-ray diagnostics in plasma devices like ITER
(the world’s largest fusion experiment) or DEMO
(a proposed nuclear fusion power station).
is research is part of the EUROfusion_NCBJ_JET4
Project of H2020-EURATOM.

Neutron Activation Analysis for mining and industry
Neutron Activation Analysis (NAA) is a non-invasive
and non-destructive method for determining the
isotopic composition of the material (group or single
isotope) being examined, by registering and identifying the characteristic gamma radiation resulting
from the interaction of neutrons with the material under study. Conducting such research requires
dedicated equipment, appropriate powers as well as
knowledge and experience in the field of physics,
electronics and technology. e NAA team at NCBJ
has all these elements. It deals with the application
of Neutron Activation Analysis methods in industry,
mainly mining. We create prototypes of equipment
for mining (excavation of spoil on a conveyor belt)
and the oil industry (wellhead profiling). We develop
innovative solutions in accordance with the clients’

expectations. We work with two large Polish companies from the mining area.
We have competence in the selection of detectors
for specific applications and access to the most
modern models. We are able to optimize the work
parameters of neutron generators and perform the
necessary numerical simulations. We design and run
amplitude analysers, including those resistant to
high temperatures. We build dedicated test stands.
e team consists of physicists, electronics specialists and technicians, and support is provided by geologists and experts in the field of radiological protection. NCBJ also has teams working on solutions
for continuous monitoring of elemental composition
for cement plants and the waste treatment industry.
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Towards a more efficient strategy for the
diagnosis, early detection and therapy of MTC
Medullary thyroid carcinoma (MTC) is one of the
most challenging cancers. Epidemiological studies
have shown that during the past 30 years neither
a change in stage at diagnosis nor a significant improvement in survival has been achieved. erefore, new diagnostic and therapeutic strategies are
needed for early detection of metastases/disease
recurrence and tumour growth control.
e cholecystokinin 2 (CCK2) receptor is overexpressed in over 90% of MTC cases. For this reason
the CCK-2/gastrin receptors are also a promising
target for peptide receptor radionuclide therapy
(PRRT) as the peptide can be labelled with either
a γ- or β-emitting radionuclide such as 90Y and
177
Lu. In an attempt to produce therapeutic options
with CCK2/gastrin receptor-binding radiolabelled
analogues, it has been observed that DOTA-DGluDGlu-DGlu-DGlu-DGlu-DGlu-Ala-Tyr-Gly-Trp-MetAsp-Phe-NH2 (CP04) shows the most promising
characteristics: high metabolic stability and receptor aﬃnity with a high and prolonged tumour uptake against low renal retention, and it was therefore selected for clinical evaluation.
In the phase I study with the 111In-labelled gastrin analogue CP04 carried out by an international consortium with the participation of scientists
from the POLATOM Radioisotope Centre of NCBJ,
the primary aim was to evaluate the safety of the
intravenous administration of CP04, to assess the
biodistribution and dosimetry of the CCK2/gastrin
receptor ligand in cancerous and normal tissues of
the human body, and to determine critical organs.
e main secondary objectives were: to evaluate
the ability of CCK2/gastrin receptor ligand-scintigraphy to detect cancer lesions and to assess the
ability of Gelofusine® co-injection. e goal of the
study was to translate the preclinical research results into protocols confirming the usefulness of
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the CP04 targeting CCK-2/gastrin receptors as a diagnostic and potentially also a therapeutic tool.
As a result of research under the European TRANSCAN project GRAN-T-MTC, a method for eﬃcient
(> 95%) labelling of CP04 was developed. e influence of buﬀering and auxiliary substances on the
stability of the radioactive preparation was examined
and analytical methods for testing the eﬃciency of
labelling and radiochemical purity were proposed.
e toxicity of CP04 was assessed according to current pharmaceutical standards. e composition
and method of production of a radiopharmaceutical
kit was developed to ensure the reproducible preparation of doses of indium-111 labeled CP04 with a
high yield. A pilot series of kits was manufactured.
Quality specification of CP04 radiopharmaceutical
kits was based on the general Ph. Eur. monograph
“Radiopharmaceutical preparations”. e collected
analytical data were merged into the documentation file necessary for characterisation of novel
medicines planned for clinical trials, the Investigational Medicinal Product Dossier. With that
the developed kits could be distributed to clinical
partners for administration to patients. e phase I
clinical study was successfully completed.
e experiences of the project partners in translation of the new molecule from pre-clinical to clinical studies within the demanding European regulatory framework have recently been published.
e project represents the first step towards establishing a new, more eﬃcient strategy for the diagnosis, early detection and therapy of recurrent/metastatic MTC. CCK2/gastrin receptor may become a
new target for radionuclide scintigraphy and PRRT
(within the theranostic approach), with nephro- and
myelotoxicity minimised by appropriate measures.
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Holmium in microspheres to fight liver cancer
Microspheres with a diameter of 20-50 microns are
used for local radiotherapy in the case of liver cancer.
ey are made of holmium polylactate. ey place
the stable holmium-165 isotope that can be converted into the radioactive holmium-166 isotope by irradiation with neutrons. Holmium-166 has very useful
properties. Its half-life is relatively short (about 27
hours). During radioactive decay it emits beta radiation with an energy of approximately 2 MeV, with a
range in tissue of a few millimetres. e radioactive
holmium, trapped in the microspheres, is administered to patients with advanced liver cancer by injecting a suspension with microgranules into the appropriate blood vessels, leading them to the tumour
site. e beta radiation, acting on a well-located area,
destroys the cancer cells, leaving the majority of the
healthy part of the organ intact. is procedure is
called radiolibiolysis. It is used for inoperable and
non-chemoresistant cancers. Holmium has two additional advantages: it also emits gamma radiation,
which allows doctors precisely to locate the place
and amount of radioactive substance introduced

into the body. It is also a paramagnet, which creates
additional features, including the possibility to track
the administered specifics in the body.
NCBJ cooperates with the pharmaceutical company
Quirem. e Maria reactor is now a reserve place
for irradiation of microspheres. Plastic containers
of a shape developed by NCBJ scientists are placed
in metal containers, which are later introduced
into the vertical channels of the reactor. To ensure
even better cooling, the air is replaced with helium
in the interior of the tray. Containers prepared in
this way are transported by a hydraulic transport
system to the place of irradiation, and after a few
hours they are transported in the same way to the
hot chambers, where they are repacked into transport containers. Next, a special transport company
transports them expressly to the hospital, where
the patient is already waiting. Most often these are
German and Dutch hospitals. Time plays a major
role here, because after one day the activity of the
preparation drops by half.

Papers from POLATOM among the highest ranked publications
in Nuclear Medicine Review
As many as three papers, whose authors are
from the Radioisotope Centre POLATOM, appeared on the list of the five most frequently cited publications published in Nuclear Medicine
Review between 2015 and 2017. eir authors
were awarded diplomas granted by oﬃcials from
Nuclear Medicine Review (published via Medica)
and the President of the Polish Society of Nuclear Medicine.

Commendations:

e diplomas were presented during a ceremonial session of the meeting of the XVI Congress of
the Polish Society of Nuclear Medicine, Szczecin,
23-26.05.2018.

 For publication “Studies on the separation of 99mTc
from large excess of molybdenum”. Authors: Wioletta Wojdowska, Dariusz Pawlak, Józef L. Parus and
Renata Mikołajczak.

 For publication “Radiopharmaceuticals for somatostatin receptor imaging”. Authors: Renata Mikołajczak and Helmut R. Maecke,
 For publication “Oxidation of methionine – is it limiting
the diagnostic properties of 99mTc-labeled Exendin-4,
a Glucagon-Like Peptide-1 receptor agonist”. Authors:
Barbara Janota, Urszula Karczmarczyk, Ewa Laszuk,
Piotr Garnuszek and Renata Mikołajczak,
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Iodine-131 for half a million patients per week
A large proportion of the radioactive iodine-131
used in nuclear medicine all over the world is
manufactured in our Radioisotope Centre POLATOM, which exports iodine reagents and
ready-to-use medical products to recipients
on six continents. The isotopes needed to produce these radiopharmaceuticals are formed
in the Maria research reactor. Products containing iodine-131 are mainly used in therapy
and diagnosis of thyroid conditions.
Hyperthyroidism is a problem for approximately
1% of the population. is condition causes a number of unpleasant ailments, and in some cases can
be life-threatening. e disease can be cured with
radioisotopes (through application of preparations
containing radioactive iodine) as well as pharmacologically and surgically. American yroid Association Guidelines from 2016 suggests radiotherapy
as the most desirable in 7 out of 15 studied cases
of Graves’ disease, which is the cause of 50-80% of
hyperthyroidism (in 5 cases it suggests the surgical
method, in 3 – pharmacological). Radiopharmaceuticals are not recommended only during pregnancy
and for thyroiditis.
Isotope therapy, as well as earlier diagnosics, uses
preparations containing radioactive iodine isotopes
– especially iodine-131, with a half-life of 8 days,
which is mainly produced in nuclear reactors. e
most common method is based on tellurium irradiation. Tellurium dioxide is placed in special containers which are inserted into the reactor’s isotope canals. Neutrons the fission of the nuclear fuel (U-235)
in the reactor are absorbed by tellurium-130 nuclei.
is produces tellurium-131 which decays in several
dozen minutes into iodine-131 through beta decay.
e irradiation process in NCBJ’s Maria research nuclear reactor takes a few days, although this time is
chosen specifically so that the iodine saturation is
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optimised. e resulting material is highly radioactive. It is unloaded in isotope chambers to special
containers and, thus prepared, it moves several hundred metres to the POLATOM laboratories, where it
is subject to further processing.
POLATOM coordinates and hosts the whole production process of iodine-131 at NCBJ. It takes care
of preparing the material for irradiation and then
separating the radioactive iodine from the material
and transforming it into usable forms of chemical
reagents and final radiopharmaceuticals, as well
as selling it to recipients all over the world. Iodine
produced inside the reactor is separated from the
residual tellurium dioxide in the sublimation process. Most of the radioactive iodine-131 is converted into sodium iodide and it is mainly in this form
that it is delivered to clients. It serves as a precursor
for the manufacture of radiopharmaceuticals.
NCBJ is an important global provider of iodine-131
and manufacturer of radiopharmaceuticals containing this isotope. Our weekly production of
iodine-131 provides therapeutic and diagnostic
doses to half a million patients. An incredibly important aspect of the production and distribution
of iodine-131 is the fact that its half-life is only 8
days. A short half-life is a good factor for patients,
because the sources of destructive radiation inserted into their bodies lose their activity quickly.
At the same time, it is a big challenge for manufacturers and physicians, as the radioactive compounds must be administered to the patients in
a matter of days after their production, and their
activity for a given day has to be precisely known.
Our products are constantly being shipped by air
to recipients in both hemispheres. e production
must be constant; a few weeks of potential downtime means that a few million patients all over the
world will not get their treatment in time.
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Radioisotope Centre POLATOM
Radioisotope Centre POLATOM is a world-famous
supplier of high quality radiopharmaceuticals and
diagnostic kits for nuclear medicine and an important manufacturer of radiochemical products
for customers all over the world. Our products are
exported to more than 80 countries. POLATOM
is Poland’s main producer of radioactive preparations and radiopharmaceuticals.
POLATOM’s current commercial package includes:
 A wide range of scintigraphic kits for 99mTc
labelling for the examination of organs and
cancer diagnosis,
 Preparations of radioactive iodine-131 for the
diagnosis and treatment of thyroid diseases,
 Preparations for the palliative treatment of
bone metastases,
 Radionuclide 99Mo/99mTc generator,
 Precursors for the preparation of therapeutic
radiopharmaceuticals,
 Industrial sealed sources,
 Radioactive standard solutions,
 Radiochemical reagents,
 A wide range of special customised radioactive
preparations,
 Accessories for nuclear medicine units,
 calibration and servicing of dose calibrators,
 installation and maintenance of isotopic
equipment,
 handling and transportation of radioactive
materials.
POLATOM’s activities in all areas meet European
and international standards; with regard to its
quality-assurance system, POLATOM holds the
PN-EN/ISO 9001:2015 Certificate of Compliance
and the Internal Control System Certificate for
dual-use products and technology. Its standard of
radiopharmaceutical production is confirmed by a
GMP Certificate and the qualifications of its ionising radiation metrology laboratory are confirmed
by an Accreditation Certificate of the Calibration
Laboratory in compliance with PN-EN/ISO 17025.

POLATOM
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ADVANCED SOLUTIONS FOR THE ENERGY MARKET

IDEA – Interdisciplinary
Division of Energy Analyses
IDEA – the Interdisciplinary Division of Energy
Analyses constitutes one of the divisions of NCBJ.
e main activity of its members concerns applied
research in the field of electrical power systems and
energy markets. An important part of this research
is devoted to tools and services to optimise the electricity market structure or to show the direction of
the physical and economic development of the power grid. e division provides models of power grids
and markets for the whole of Europe at the present
time and in the future. e advantages of the team
are its optimisation and HPC programming skills.
e division comprises 17 members and is led by
PhD Eng. Karol Wawrzyniak.
IDEA is the contractor of a Market study for PSE S.A.
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and 50 Hertz Transmission GmbH for the long term
and mid term horizons, commissioned by the Polish and German transmission system operators respectively. is is an international project for central
Europe, concentrating on understanding the role of
price diﬀerences in individual countries and changes
in infrastructure (resulting from building new power
sources, modernisation of existing lines, etc.). Optimising the global energy cost requires maintaining
international power flows within security limits,
which becomes a challenge in the meshed grid of
European operators. e ultimate goal of the project
is to provide a comprehensive analysis of the profitability of certain investments, but a new framework
for performing decade-ahead flow-based market
simulations is also being developed.
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KlastER is a national project of IDEA, the Ministry of Energy
and AGH
KlastER is a national project of IDEA, the Ministry of
Energy and AGH concerning energy-related solutions
for local communities. e partners are focused on
developing infrastructure at the local level, including technical aspects of essential transformations as
well as concepts for concrete legal regulations. One
of the biggest challenges is that over the years the
energy flow, especially at the local level, has become
very unpredictable. is is partially aﬀected by the increasing role of renewable energy sources (RES), e.g.
wind farms or photovoltaic panels. In certain situations they may even cause an inverse transmission
of energy back into the electric grid. In general, pre-

venting an unscheduled flow of any type is a major
concern requiring both technical and economical
measures to be taken. One of these is shifting the
policy of communities towards establishing less energy imbalanced areas (clusters), which minimises
the exchange of energy with large-scale suppliers.
Such transition imposes the need for dedicated regulations and specific tools, including decision supporting systems for better organisation, short-term
management and long-term planning of local energy
resources. As an Institute we are developing tools to
support local communities in both the short term
and long term management of their infrastructure.

SysFlex H2020
is is a project to develop new types of services
designed to meet the needs of the European power
system with a share of renewable energy sources exceeding 50%. Moreover, it will find the right blend of
flexibility and system services to support secure and
resilient transmission system operation. Within the
project, IDEA is developing a European Coordination
tool for Cross-Border Remedial Actions, which could
enhance the current process of coordination within
TSOs against the unscheduled flows that used to ap-

pear in the power grid, together with the necessary
cost sharing methodologies that should be joined
to the coordination process. The coordination of
remedial actions poses challenges for optimisation
techniques resulting from the application of the tool
in large scale power systems. Moreover, appropriate
cost sharing methodologies have to be applied – in
our approach they will be based on the identification
of unscheduled flows and methods stemming from
game theory.

Transmission Expansion Planning
Transmission Expansion Planning is devoted to
planning the development of the electrical grid
and, in particular, anticipating necessary changes
needed in the future. is includes building new
elements of the infrastructure and modernisation
of existing ones to make the investment profitable. To this end, various technical and economi-

cal aspects need to be taken into account. In fact,
the analysis requires hour-by-hour simulations
of energy consumption incorporating various
scenarios of weather conditions and possible unscheduled flows. e result is the identification of
solutions optimised for minimal CAPEX and OPEX
expenses.
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Predictive Maintenance
e scope of the Predictive Maintenance project
is to develop a methodology to schedule maintenance for transmission system equipment, in
particular high voltage transformers. In order to
fulfill the aim of the project both analytical and
statistical models have been introduced based on
available data. Statistical analysis has been conducted to examine which parameters are able to
give information about approaching malfunctions
in transformer equipment, so that online information about changes in parameters could help to
undertake preventive action in advance and mitigate the coming incident. In addition to statistical
models, analytical models are able to predict in-

creases in degradation of transformer paper insulation under high loads.
In general, the main method used in industry to
monitor the condition of oil insulated transformers
is dissolved gas analysis (DGA). e result of such
analyses is the composition of gases in the transformer’s oil. e specific ratios and compositions can
predict what kind of phenomenon has happened in
the transformer. To define this phenomenon analytical models have been introduced. ese models can
be used only when the transformer is working in an
abnormal state with a malfunction. To define such a
state statistical analyses have been performed.

Outage prising
Outage prising Power grids, both on the transmission and distribution level, need continuous maintenance (refurbishment, diagnostic testing, exchange
of broken elements) and investment (construction
and modernisation of the infrastructure). ese activities require planned outages of the grid elements
– not only those involved directly. As a result, the
number of electrical connections decreases and the
loading of those remaining in operation increases.
at in turn may lead to overloads and the need to
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perform redispatch or other remedial actions resulting in an increase of the total costs of electrical
energy production. By combining a probability distribution of energy system states and configurations
it is possible to estimate the expected outage costs,
without making too many assumptions about the
future. Knowledge of how the total costs of the operating system depend on certain outages may change
the operator’s approach to the tendering processes
(of both CAPEX and OPEX type).
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OpTAP project
In power grids phase shifters are large transformers
that provide active power flow control by changing
their electrical impedance. OpTAP is an application
for optimal adjustment of phase-shifters on the re-

gional scale, created to eliminate or minimise unscheduled flows by calculating the optimal solution
of phase shifter transformers and other remedial actions for Poland and neighbouring countries.

Unscheduled flows predictor
Unscheduled flows predictor – a long term R&D
project to study unscheduled flows at the DE-PL
(German-Polish) border, to acquire knowledge of
how to anticipate the flows and finally to build
a predictor application. Unscheduled flows are
power flows not caused by commercial exchanges between Poland and other countries. e main
reasons are internal transactions in the other
countries or between other countries. ese transactions result in a spreading of power flows across
the Polish system, in accordance with Kirchhoﬀ ’s

laws. High values of power flows from Germany
to Poland lead to overloading of network equipment. To mitigate this, expensive remedial actions
must take place. Moreover, due to the high variability of the unscheduled flows, interconnection
capacity between Germany and Poland drops, as
it is unknown when the high values of unscheduled flows occupy the space for trading flows. To
increase system reliability and commercial capacity, the project aim is to build an application for the
prediction of unscheduled flows.

Support in designing of the new Balancing Market
and Market Management System
Support for the design of a new Balancing Market
and Market Management System – since the decision to introduce the nodal market design to the
balancing market, IDEA has backed PSE in the process of designing Market Applications and modelling the power grid. Due to the experience of IDEA
in performing computational analyses of power
systems at the level of the power grid nodes, IDEA
took a leading role in engineering market power
mitigation solutions and market pricing methods.
Market Power Mitigation is an essential feature

of nodal markets, preventing market participants
from overusing their special location in the power
grid to relieve power flow congestion at too high a
price, leading to non-competitiveness in the market. Pricing methods are used to obtain LMP prices
that link market transparency with the technical
and formal limitations of the power system. IDEA
is cooperating closely with the vendor of the Market Management System and taking part in the
system development, being involved in computational eﬃciency improvements.
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Sowa – a relocatable vehicle scanning
system designed by NCBJ
e automobile scanning system Sowa has been designed by a team of scientists, engineers and constructors from the Particle Acceleration Physics and
Technology Division. e whole operating system fits
into a shipping container, which can be transported
to any place. e X-ray source is an X-ray lamp with a
collimator in the form of a narrow gap located on the
roof of the container. On the floor and side walls there
is a system of detectors, providing a readable image
which corresponds to the details of the scanned object with a precision as high as a fraction of a millimetre. e control process begins by driving the car onto
a mobile platform. e platform then starts to move
and the car shifts under the lamp and the system of
detectors. e process proceeds automatically, without any risk to the driver. e container walls also
protect people on the outside, which makes the sys-
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tem entirely safe for operators and bystanders, who
may be present during a scan. e inspection takes
about 2 minutes and the acquired image can be analysed immediately. An important advantage of this
system is the very precise imagining of the chassis
and side walls of the scanned vehicle.
Sowa is the first relocatable automobile X-ray scanning system in the world, which ensures safety,
high speed and precision of inspection. It can be
used not only by customs services, but also in safety and technical controls of vehicles. Due to the
high precision of the scans even small, hidden objects or technical modifications, as well as damage,
can be spotted with ease. e system can be easily transported to a new border crossing, a parking
area by a highway, or entry to a restricted area.
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Inspection efficiency

 High quality imaging – trunk and other vehicle compartments clearly visible
 Visualisation in top-down plane
 Real time X-ray imaging
 “U-shape” linear array detector for better
side-visibility
 Short scanning time
 Material recognition based on dual-energy
technique (option)
 Dedicated software for digital filtering and
detail enhancement

Low space occupancy
 Excluded security zone not required, SOWA
can be used in public areas
 Go-through or in/out options – no special
roads required

Radiation safety
 Driver-free inspection
 Fully shielded container

Parameters
X-ray energy

100-300kV

Scanning time

~ 2 min

Image resolution

0.4 mm

Dimensions

Length: 12192mm
Width: 2438mm
Height: 2890mm

Max vehicle
dimensions

Length: 5260mm
Width: 2170mm
Height: 2200m

Control system

PLC based

Scanning without
driver

Yes

Radiation shielding

Competely covered,
max dose rate <1 µSv/h
outside

Material
discrimination

Option

Temperature control

Anti-freeze/comfort

Protection equipment

Safety buttons,
door switches,
limit switches

Power

Grid/fuel generator

Mobility

 Based on a regular sea container, simple transport on standard platform
 Powered by grid or fuel-generator
 Short preparation time

51

SCIENCE for SOCIETY
SECURITY

Cargo control can be faster and more effective
e mission of the European C-BORD project, finalised in November 2018, was to develop and test
a complex, aﬀordable solution for inspecting containers and large cargo on EU borders, especially
in sea ports. is project assumes that the C-BORD
system will work over a large range of non-intrusive container control situations (Non-Intrusive Inspection, NII), will be able to detect illegal
drugs, tobacco, explosive materials, chemical warfare agents, traﬃcking in human beings and Special Nuclear Materials (SNM). e project involved
five control methods: RTG. A scanner, radiometric gates, a neutron system, a photofission system
and a fume analyser. e venture was funded under the framework of the European programme
for research and innovation Horizon 2020. 18
partners from 7 EU countries were involved in the
project, including NCBJ and the National Revenue
Administration from Poland. e participants in
the project were scientists, European companies
and end users (customs services).
Modern science is able to provide controlling
services employing various methods for non-intrusive cargo inspection based on many diﬀerent
physical and chemical phenomena. e aim of the
C-BORD project researchers was to show that five
of the already available methods can be integrated
into a system working with two inspection lines
and operated from a single control centre. Such integration would tighten the control system with-

52

out making the inspections more cumbersome for
shippers and without needlessly blocking the flow
of goods. e tested system would be applicable
primarily to inspect containers in sea ports and at
land crossings.
According to the authors of the project the first
line of inspection should be an industrial RTG
scanner, gates monitoring radiation and a system for chemical analysis of fumes from inside
the container. e first two of these systems are
currently the most technologically refined and are
available in commercial versions. e new chemical analysis system allows the analysis of the air
composition inside the container. is system is
often called an electronic dog, or sniﬀer.
The team working on the C-BORD project assumed that the measurements from the first inspection line would be analysed “on the fly” by
qualified customs oﬃcers. In the event of detecting suspicious traits the cargo would be directed
to a second, more technologically advanced, line
of non-intrusive control. is is a fundamental
diﬀerence in comparison with current methods
of inspection, wherein suspicious results of the
control result in directing the cargo to a time-consuming, costly for the shipper and, in many cases, troublesome direct inspection, that consists of
opening the container and inspecting the cargo by
a crew of customs oﬃcers.
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Second line of inspection
e second line of inspection would be two cargo
analysis systems using neutrons and a high energy
photon beam.
e neutron activation system combines the phenomenon of non-elastic neutron scattering with
related time-of-flight spectroscopy. e technology allows for an eﬀective and precise system of
detection and identification of explosive materials or smuggled drugs, for example. Neutrons with
an energy of 14 MeV are emitted isotopically from
a tubular generator. e signals from the atomic
nuclei of the analysed cargo that are excited by
the neutrons are registered by a system of detectors and analysed. e analysis allows the relative
amount of nitrogen, carbon and oxygen to determined with good precision and, in turn, the most
likely material (explosive, intoxicant, “harmless”

material) in the activated part of the container
pointed out during the previous X-ray inspection.
e fifth system utilises the phenomenon of nuclear photofission induced by photons of energy
up to 9 MeV and is dedicated to the detection of
smuggled Special Nuclear Materials (SNM).
e C-BORD project, finalised in November 2018,
demonstrated that from the technical standpoint
it is possible to build and integrate a multi-component inspection system. e tests were conducted both at a road control point in Hungary and in
container ports in Gdańsk (NCBJ was the Gdańsk
test coordinator) and Rotterdam. They showed
the eﬀectiveness of the system as well as the good
performance of the user-friendly software developed for this project.

Neutron detectors for CARGO inspection and other purposes
At the National Centre for Nuclear Research,
neutron detectors and detector systems based on
neutron sources are being developed. ey are intended for scientific and commercial applications.
Currently, two types of detectors find a wide range
of applications: organic detectors that record neutrons through a recoil proton as well as activation
detectors containing, for example, fluorine, which
record debris products. A set of four such activa-

tion detectors together with digital data acquisition systems has been designed and built for the
C-BORD project. Each such detector consists of a
scintillation material that is stuck to the photomultiplier with an optical gel. e scintillator converts the radiation energy into light, the signal
from which is amplified by the photomultiplier by
a value of the order of 106 and processed by the
data acquisition system.
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National Cybersecurity Platform project
Cybersecurity is one of NCBJ’s priorities and is the
subject of research conducted at the Institute. NCBJ
participates e.g. in the National Cybersecurity Platform project (NPC), run together with the Research
and Academic Computer Network (NASK), Warsaw
University of Technology and the National Institute
of Telecommunications. Many people believe that
the best way to secure critical installations is to
disconnect them from the internet. However, large
industrial or infrastructure systems are built from a
huge number of components. ey come from independent suppliers and must be serviced by them.
e most sensitive systems are of course completely cut oﬀ from the rest of the world and their service is done on-site, but even then, a threat may
arise, e.g. when a service technician needs access
to resources available remotely from his company.
Servicing many less-critical subsystems is often

done remotely. is can significantly reduce maintenance costs and it is often the only reasonable
solution when every minute of system malfunction
can generate huge losses. erefore, all remote and
local access channels must be secured in such a
way as to minimise the risk of undesired behaviour.
For that reason, there have been many cybersecurity methods developed. One of them is called a
“honeypot”. At NCBJ, virtual systems are created to
simulate production installations, to monitor their
resilience against unexpected visitors. With help of
honeypots scientists can collect relevant information and identify the cyber threats that intruders
create, in order to adapt their security. It is also important continuously to monitor cyber threats and
close identified security gaps, by adapting tools and
databases to the changing skills and knowledge of
the attack perpetrators.

CyberLAB in Świerk efficiently researches
cybersecurity
Despite the fact that NCBJ’s cybersecurity laboratory CyberLab is still under construction, it has already achieved considerable success. e team has
found a loophole in the firmware of the PLC Siemens S7–1500 controller. is controller is widely used, for example, in nuclear installations. e
loophole (vulnerability) allows for an access denial
attack, which results in loss of communication with
the controller. If it controls critical processes, such
an attack can be catastrophic. Additionally, in the
event of a successful attack, communication can be
restored only by manual restart of the controller.
Testing a system which normally communicates with
other industrial devices through a network connection
consists in sending enormous amount of modified input signals. e signals sent are computer generated,
in accordance with the syntax of the communications
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protocol of the tested device – in this case it was the
Profinet protocol. Scientists check whether certain
signals or their sequences result in unexpected behaviour. is procedure is called fuzzing or fuzz testing. In the case of the S7–1500 controller it turned out
that there are some sequences of input signals which
result in malfunction of the component responsible
for network communication, eﬀectively cutting oﬀ
the controller from any input signals. e danger has
been identified quite precisely and the vulnerability
was reported to the manufacturer under the procedure
developed by CyberLAB, in accordance with good practice of Responsible Disclosure of errors. NCBJ’s team
provided full documentation of the error and a “Proof
of Concept” script, allowing for an easy recreation of
the said error in the manufacturer’s lab. e vulnerability was assigned the number CVE-2018-13805 and
its details were published on Siemens’ website.
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Simulation of a cyberattack for training by the European
Union Agency for Network and Information Security
e NCBJ cybersecurity laboratory CyberLab has
generated examples of network traﬃc that occur
during a cyberattack on an industrial network. e
data will serve for the training of security experts
by the European Union Agency for Network and
Information Security (ENISA) and were recently
added to the Agency’s training materials.
Network traﬃc is usually simulated for training purposes, but in such cases it strongly deviates from reality. In this case, we simulated real attacks on industrial
systems, instead of saved data that reflect such an attack. e data that we provided were recorded in real
time using tcmdump-type tools. In order for them to
be realistic they had to be recorded in an environment
utilising genuine equipment. e data will serve participants in the course, who learn how to analyse and
detect such attacks. ey will be given the network
traﬃc we recorded and, according to the exercise sce-

nario, they will have to determine whether there has
been an attack, and if there has been, of which type.
e idea comes from the Polish ComCERT company, which also took part in preparing the training
materials for ENISA. NCBJ was a partner granting
access to research conducted in the laboratory.
e prepared training materials are ready to use
during training. ey are composed of comprehensive information for the trainers as well as finished exercises for the participants.
Tracking network traﬃc is useful when analysing
what is happening during a technical problem as
well as in the event of a cybernetic attack. e data
contain information about everything that was transferred between the devices in a set window of time.
Analysis of network traﬃc is one of the factors that
allows detection of vulnerability in PLC controllers.

The 10th Conference on IT TECHNOLOGIES IN THE CREATION OF
CEREBRING CULTURE was organized in Świerk in October 2018
e mission of the Conference was to deliberate
on cyber security in the context of the possibility of using modern information technologies
to identify threats and perform analyses for the
needs of state administration bodies responsible
for state security, including the creation of a culture of cyberspace as an element of digital security. e conference was an opportunity for debate
for representatives from the world of science,
central state administration bodies, security and
public order services and representatives of re-

search centres and companies specialising in the
construction of advanced IT tools that enable offenders to be typed and operational and criminal
analyses to be performed, with particular emphasis on critical infrastructure security, as well as in
the spheres of banking, telecommunications and
energy – all in order to build a culture of cyberspace as an element of digital security. e conference was organised jointly by NCBJ, the Science
and Research Centre for Fire Protection and the
University for Euroregional Economy, WSGE.
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Science and Technology Park ‘Świerk’ (PNT)
Science and Technology Park ‘Świerk’ (PNT) is an
organisational unit of the National Centre for Nuclear Research (NCBJ). On a regional scale, the Park
is a unique place, in which small and medium-sized
enterprises are given a chance for development. e
main area of activity at the Science and Technology
Park in Świerk is:
 Assisting technology-sector enterprises,
 Providing research services in our laboratories,
 Shared office areas, as well as conference
rooms and laboratories,
 Conducting advisory and training activities.

e users of PNT’s services are charged a small fee,
sufficient to cover the infrastructure operating
costs. Concessional terms for benefiting from our
services are valid until 30.11.2020.
PNT was founded at NCBJ Świerk within the framework of a project co-financed by the Mazovian Voivodship Regional Operational Programme.

Laboratories
e biggest advantage of PNT is the seven specialised laboratories, where entrepreneurs can carry
out research themselves or commission it from
experienced workers.
The Nanoscale Materials Laboratory is the
main reason to be proud of PNT. By using atomic
force microscopes it allows a wide range of nanoand micro-tests of materials to be carried out, at
temperatures of up to 750 degrees Celsius. e
laboratory offers the opportunity to study numerous materials with diﬀerent physicochemical
properties – from super hard coatings, through
steels and alloys, to soft polymers.
The Advanced 3D Printing Laboratory allows
metal powder prints to be produced using the SLM
(Selective Laser Melting) technique. ey can be
up to 90 mm in diameter and geometrical accuracy
can reach as much as 50 microns. In this laboratory,
based on the transmitted geometry, fully functional
metal parts with complex shapes can be produced.
The Tomography Laboratory has an advanced
CT scanner that produces radiographic images
and delivers full three-dimensional images. In this
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laboratory objects measuring up to several centimetres can be X-ray checked with an accuracy of
several micrometres.
e Spatial Scanner Laboratory, equipped with
a state-of-the-art optical scanner, is able to scan
the surface of small and medium-sized objects
with micrometre accuracy. Based on the collected
scans, reverse engineering is carried out to obtain
full technical documentation of the scanned item.
e Electronics Laboratory has about ten TopClass electronics devices including a real-time
spectrum analyser, arbitrary waveform generator
and high frequency generator and oscilloscope.
e Climate Research Laboratory allows studies
and tests to be carried out under controlled environmental conditions (with precisely defined temperature and humidity). is infrastructure is usually
used to study the stability of electronic equipment.
e Park also has an ISO 8 Cleanroom Cleanroom
Laboratory, as well as general purpose laboratory
rooms that can be arranged to meet the needs of
even the most demanding clients.
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The success story of a company located in PNT
In 2018 the Salloytech company operating in PNT
was ranked third in the category of metal production
technology in nickel and titanium alloy superalloys
using unconventional methods and special processes for the aviation industry. e Mazovian Voivodeship Provincial Government organises the annual
“Innovator Mazowsze” competition and rewards the

best and most innovative companies and scientists.
Thirteen companies and forty-two scientists took
part. e winner was the Salloytech company which
provides technological solutions for the aerospace industry. ey mainly process diﬃcult-to-machine materials such as nickel superalloys and titanium and
produce parts with restrictive quality requirements.
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Educational detectors sent into near outer space
During an international conference, Near Space
2018, held in Toruń, a weather balloon sent a capsule with a specially adapted set of two educational detectors, CosmicWatch, into near outer space.
e capsule was prepared by scientists from the
National Centre for Nuclear Research.
e goal was to acquire data showing how the intensity of cosmic radiation changes with altitude.
Passing the Armstrong line and achieving near outer
space was possible with a free flight of an unmanned
balloon. e balloon reached the stratosphere at an
altitude of approximately 32 km. ere, according to
expectations, the diﬀerence in the pressures inside
and outside the balloon resulted in its rupture. From
that moment the capsules with the equipment were
in freefall on a parachute. e location of the capsules
was constantly monitored with the aid of telemetric
data transmitted via radio waves, while data acquired
by the detectors while in flight was stored in the device’s memory, which was read on the ground.
e project was mainly educational. e set of detectors which ascended to the higher parts of the
atmosphere measured the intensity of the cosmic

radiation which, after extraction and comparison
with the parameters of the flight, could project the
change in this radiation with altitude. CosmicWatch
detectors mainly register highly energetic muons,
which are produced in the atmosphere. e gathered
data are relatively easy to compare with theoretical
predictions explaining the process of production of
the individual parts of the cosmic radiation.
e group of NCBJ employees involved in the project
combine their personal passions, such as photography,
ballooning, electronics, shortwave radio and science
popularisation, with their scientific activities in the institute, which aids us in our educational mission. e
CosmicWatch project, which has been under constant
development for many years, is the collective work of
Katarzyna Frankiewicz (NCBJ) and Spencer N. Axani
(Massachusetts Institute of Technology – MIT), and
recently Bartosz Maksiak (NCBJ) joined the team. e
adaptation of detectors to stratospheric balloon flights
was designed by Armand Budzianowski and Andrzej
Bigos. e device was placed inside a Styrofoam capsule
of dimensions 10x10x10 cm (a standard for miniature
artificial satellites, cubesat 1 U), which, along with the
contents, weighed less than 300 g.

Professor Tadeusz Wibig – Science Promoter of 2017
e main prize in the PAP and the Ministry of Science and Higher Education Competition for science promoters – for achievements related to
science popularisation – was awarded to
Prof. Tadeusz Wibig from the Faculty
of Applied Physics and Computer Science at the University of Łódź and the Astrophysics Division
of the National Centre for Nuclear Research
in Łódź. The award honours
the rich activity of the Professor related to the popularisation of science.
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Professor Wibig has been popularising physics and
mathematics for over a dozen years, while continuously looking for new and interesting forms of
outreach to young adepts of science. In a series
of 17 stories about Hieronim, he presents various
concepts in the field of mathematics and the history of science. We travel with Hieronim through
the ages and while accompanying him in solving
mysteries, we learn new mathematical concepts.
e professor brings physics closer to school students in the Łódź region by bringing simple artifacts in his backpack, thanks to which they can
independently conduct experiments within the
project “Physics on the way.”
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Detectors for schools
e NCBJ Education and Training Department invites
post-elementary schools from all over Poland to prepare educational projects in the field of ionising radiation physics. e Education and Training Department for its part oﬀers free rental of Geiger-Müller
educational counters and CosmicWatch cosmic radiation counters, as well as training in the use of the
above-mentioned counters and substantive help.
We expect the school to prepare a project in which
students will measure ionising radiation using the
borrowed equipment.
e didactic Geiger-Müller counters that we loan
have been built at the Department. Each of them
consists of a discharge tube with a length of approximately 180 mm and a diameter of approxi-

mately 18 mm. e electronics supply and pulse
reading system as well as batteries are placed in
a small box with a transparent lid, which allows
easy visibility of its construction and operating
principle. e device counts high-energy gamma
and beta particles (up to several hundred counts
per second). Each count is accompanied by a
sound signal, and information about their number
and frequency is presented on the built-in display.
e system can work with a computer.
Simultaneously with the Geiger-Muller counters
NCBJ recommends and loans cosmic muon detectors
called CosmicWatch. ey are based on plastic scintillators and were designed by the Massachusetts Institute of Technology graduate student Spencer Axani. ey are now manufactured by our employers.

New teaching equipment
The Education and Training Department is constantly developing its resources of didactic equipment. One of the newest acquisitions is a modern
Wilson chamber – one of the most impressive ones
installed in Poland.
is extraordinary device is capable of visualising
the tracks of invisible charged particles from various natural sources, such as secondary cosmic rays,
natural background radiation or artificial radiation
sources. e vapour in a suﬃciently clean gas may
not condense, despite achieving saturation, or even
after reaching a temperature below the saturation

temperature. e situation changes when a particle that ionises the medium passes through this
saturated or even supersaturated space. e ions
formed as a result of ionisation along the path of
the particle become vapour condensation centres,
and the drops formed along the track of the particle
form a foggy trace. With proper lighting it is clearly visible. By analysing the length and thickness of
the trace, in some situations the particle that left
it can be identified. A simple cloud chamber can
be built even with an amateurish eﬀort. Numerous
guests visiting us are convinced of this by the employees of our educational centre.
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Open days at Świerk
On October 6-7, 2018, Open Days were organized
at the Świerk nuclear centre. e Institute was visited by several hundred people, for whom 12 tour
routes and special attractions were prepared.
Visitors could tour the Świerk Computing Centre
(CIŚ). CIŚ, among others, processes and collects data
for the purposes of the LHCb and CMS experiments
carried out at CERN and astrophysical projects. In
our centre researchers carry out calculations for
theoretical nuclear physics and advanced molecular
chemistry, in particular for the design of radiopharmaceuticals. Visitors could look into the supercomputer cabinets in the server room and find out how
our super-device diﬀers from the popular computer,
and how it is similar to it. Accumulation of thousands of processors in one place is a huge challenge
for the cooling system. We showed our guests the innovative solutions applied in our centre.
“Maria” is the only nuclear reactor currently operat-
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ing in Poland. It is a source of neutrons for the production of radionuclides, modification of materials
and for scientific research. e radionuclides produced in the Maria reactor are used primarily for
nuclear medicine. Guests had a unique opportunity
to visit a working reactor and see its core, including the most spectacular “evidence” of its work, i.e.
the Cherenkov radiation. e reactor control room,
preparation hall and a full-size core model were
also on the tour route. Fuel elements, containers
for irradiated materials and manipulators used in
hot chambers were on view. e guides explained
the operation of the reactor, fuel consumption and
what is done next with the fuel after “burning” it.
e Radioisotope Centre POLATOM of the National Centre for Nuclear Research is a producer and
distributor of radioisotopes and isotope preparations for medicine, science and industry. We invited guests to our research laboratories, where
new radiopharmaceuticals are created, as well as
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to analytical laboratories carrying out quality tests
of medicines produced here. We showed how we
work with isotopes and how they are prepared
to travel all over the world. e guides explained
what the Laboratory of Radioactivity Standards
does, and what the National Standard of the Radiation Activity of Radionuclides Measures Unit is.
e Division of Nuclear Equipment HITEC of NCBJ
manufactures devices related to technologies that
use ionising radiation and are used for radiological protection, and runs projects from the initial
idea through to implementation. Guests visited
the production hall, construction engineering labs
and bunkers where prototype devices are launched.
Above all, they saw our products – accelerators that
are widely used in industry, mainly for non-destructive testing of materials quality, cargo control
and in medicine in oncological therapy.
Other sightseeing routes led to our scientific divisions and laboratories, to the Science and Technology Park and to our educational centre. It was
also possible to visit the State Enterprise for Ra-

dioactive Waste Management Plant (ZUOP) located within the Świerk nuclear centre.
NCBJ divisions located outside Świerk prepared
an exhibition of their achievements with popular presentations of their research topics. Visitors
awaiting the start of trips could learn about NCBJ’s
participation in the CMS and LHCb experiments at
the Large Hadron Collider at CERN. We also presented our participation in neutrino experiments,
especially in the Japanese T2K. e Department
of Astrophysics presented its results in space research, and scientists explained how they get the
information they are interested in. One could
also see simple educational cosmic ray detectors,
computer simulations of gravitational lensing and
proposals for home experiments that study the
spectra of light sources. Exhibition stands were
also prepared by institutions cooperating with us:
the Institute of Chemistry and Nuclear Technology, the Radioactive Waste Management Plant and
the Ministry of Energy. During the two days there
were also screenings of films presenting various
aspects of our activities.
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HR Excellence in Research Award
e National Centre for Nuclear Research has received the HR Excellence in Research Award. e
Award and the right to use the Logo is granted by
the European Commission to those institutions
which implement the standards of e European
Charter for Researchers and the Code of Conduct
for the Recruitment of Researchers and declare
that they apply the highest standards in research
work and in recruiting researchers.
The NCBJ HR strategy is based on the European
Commission recommendations (HR Strategy for Researchers). e HR strategy has been developed in
full accordance with the 40 principles of e European Charter for Researchers and e Code of Conduct
for Recruitment of Researchers standards (OTM-R;
Open, Transparent and Merit-based Recruitment).
e aim of the OTM-R Policy in the National Centre for Nuclear Research (NCBJ) is to allow open,
transparent and merit-based recruitment for research and technical positions.
Open, transparent rules and standards of recruitment and selection of candidates ensure better
acquisition of researchers from foreign countries,
at the same time allowing tailoring of specific procedures to the type of position advertised. OTM-R
Recruitment Policy applies to all research positions
and all potential candidates, regardless of their level of qualifications or how advanced their career is.
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An important task for the next few years is to improve the recruitment procedures, which will facilitate the employment of suitable candidates for
research related positions. erefore, actions that
will improve the current procedures regarding
recruitment for research related positions have
been planned, in accordance with the action plan
for the next few years (until 2021).
Awarding the HR Excellence in Research logo is
one of the European Commission’s tasks carried
out as part of the Human Resources Strategy for
Researchers, with the aim of ensuring more attractive working conditions for researchers in the EU.
is is supposed to increase the number of academic
staﬀ at European institutions. e European Commission supports institutions which implement the
provisions of the European Charter and Code by
organising meetings and discussion panels for the
institutions involved. Moreover, it promotes such
institutions among international organisations and
researchers as entities that provide the best conditions for academic work and development.
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PhD students: our future
Over 50 students from Poland and other countries
are studying at doctoral schools run by NCBJ, both
independently and jointly with other institutions.
Students are educated both in the fields of basic research in physics and in fields related to our

activities in radiopharmaceuticals or new nuclear
technologies. All students receive doctoral scholarships funded by NCBJ and some receive additional
benefits thanks to the support of specific fields of
study by EU funds.

30 young scientists received grants from the institute to
support their research
In connection with the grant by the Ministry of Science and Higher Education of subsidies for carrying
out scientific research or development work and related tasks for the development of young scientists
and PhD students, the NCBJ Scientific Secretary announced competitions for research projects.
Co-financing could be obtained by employees of
the institute conducting research and develop-

ment activities and PhD students, who in the year
of applying for the funds had reached not more
than 35 years of age. e project is scheduled to
end in 2019.
As a result of the competition, 30 submitted projects were selected. Young scientists received funds
for their research as well as for participation in international and national conferences.
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NCBJ DEPARTMANTS AND DIVISIONS

DEPARTMENT OF FUNDAMENTAL RESEARCH
NUCLEAR PHYSICS DIVISION
THEORETICAL PHYSICS DIVISION
HIGH ENERGY PHYSICS DIVISION
ASTROPHYSICS DIVISION

MATERIALS PHYSICS DEPARTMENT
MATERIALS TESTING LABORATORY
NUCLEAR METHODS IN SOLID STATE PHYSICS DIVISION
PLASMA/ION BEAM TECHNOLOGY DIVISION

NUCLEAR TECHNIQUES & EQUIPMENT DEPARTMENT
PARTICLE ACCELERATION PHYSICS & TECHNOLOGY DIVISION
ELECTRONICS AND DETECTION SYSTEMS DIVISION
RADIATION DETECTORS DIVISION & PLASMA STUDIES DIVISION

NUCLEAR FACILITIES OPERATIONS DEPARTMENT
RADIOLOGICAL METROLOGY AND BIOMEDICAL PHYSICS DIVISION
MARIA REACTOR OPERATIONS DIVISION
REACTOR RESEARCH DIVISION
REACTOR TECHNOLOGY DIVISION
RADIATION PROTECTION MEASUREMENTS LABORATORY

DEPARTMENT OF COMPLEX SYSTEMS
INFORMATION TECHNOLOGIES DIVISION
NUCLEAR ENERGY AND ENVIRONMENTAL ANALYSES DIVISION

NUCLEAR SAFETY & RADIATION PROTECTION DEPARTMENT
DOSIMETRY SURVEYS LAB

INTERDISCIPLINARY DIVISION for ENERGY ANALYSES
NOMATEN MAB
NUCLEAR EQUIPMENT DIVISION HITEC
EDUCATION AND TRAINING DIVISION
SCIENCE AND TECHNOLOGY PARK
RADIOISOTOPE CENTRE POLATOM
TRANSPORT DIVISION
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LABORATORIES and ACCREDITATIONS

Radiation Protection Measurements Laboratory
In 2016 the Radiation Protection Measurements Laboratory successfully continued its activities concerning the improvement of measuring procedures within two domains of the Laboratory which are
accredited by the Polish Centre for Accreditation (PCA), namely:
 e determination of internal body contamination (whole body counter, thyroid counter and radiological analysis of excretions) – Accreditation No. AB 567.
 Calibration of dosimetric instruments in reference gamma and neutron radiation fields and surface
contamination monitors – Accreditation No. AP 070.

Materials Research Laboratory (MRL)
MRL holds Accreditation Certificate No AB 025 issued by the Polish Centre for Accreditation which permits the performance of destructive and non-destructive tests of materials. Granted in 1995 the Certificate confirms the fulfillment of ISO / IEC 17025: 2005 standards and is continually renegotiated. In addition, MRL holds the second degree Approval No LB-038/27 granted by the Oﬃce of Technical Inspection.
ese certificates confirm the highest qualifications of the employees and the technical reports which
they prepare. It should be emphasised that MRL is the only laboratory in Poland which is able to provide
accredited measurements in the field of fracture mechanics according to ASTM E399-09, ISO 12108:2011,
BS 6835-1: 1998, BS 7448-1:1991 and PN-EN ISO 12737: 2011 standards. MRL consists of four independent sections: the Hot Cell Laboratory, the Non-Destructive Testing Laboratory, the Laboratory of Mechanical Research and the Laboratory of Structural Research, Corrosion and Chemical Investigation.
In 2019 MRL will implement the newest PN-EN IOS/IEC 17025:2018 standard.

Laboratory of Radioactivity Standards (LRS) of POLATOM
e LRS is the competent metrological laboratory in Poland calibrating radioactive solutions of alpha-,
beta- and gamma-emitting radionuclides by the use of absolute measuring methods. Calibrated radioactive materials are made available to users in the form of radioactive standards. Absolute measuring
methods worked out in the laboratory and unique systems for the measurement of radioactivity make
it possible to produce many types of radioactive standards. e LRS has implemented and maintained
a quality management system compliant with the international standard ISO / IEC 17025:2005. Confirmation of technical competence as a calibration laboratory is provided by the accreditation certificate
awarded by the Polish Centre for Accreditation in December 2008.

The Regional Laboratory of Neutronography
The X-ray Diffraction Laboratory
Laboratory of Spectrometry and Nuclear Electronics
Laboratory of Environmental Protection Physics
Laboratory of X-ray Radiation Physics
Accelerating Structures Laboratory
Radiographic Laboratory
7 labs of PNT
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HONOURS and STATISTICS

NCBJ is an A+ category Polish scientific unit
Publications
 over 500 peer-reviewed publications in 2018
 h-index >160 (without self-citations)
 10 th place in southern and eastern Europe in the “Nature Index 2016 Rising Stars”

Projects and grants (December 2018)
NCBJ participates in 137 projects co-financed from international and domestic sources:







15 projects under the Horizon 2020 programme of the European Union
34 grants from the National Science Centre
11 grants from the National Centre for Research and Development
22 projects financed by the Ministry of Science and Higher Education
3 projects under the European Regional Development Fund
22 projects financed from other sources

Employees, scientific staff (December 2018)






over 1100 persons
over 200 with a PhD degree
about 60 professors and associate professors
over 200 persons with an engineering degree
about 300 under 35 years of age

NCBJ main site in Świerk (20 km south-east of central Warsaw)
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area of approximately 45 ha
nuclear research reactor Maria – 30 MW, >1014 neutrons/cm2s
radiopharmaceuticals production plant
accelerating structures production plant
Świerk Computing Centre (CIŚ) – over 1 petaFLOP, over 180 terabyte RAM, over 18 petabyte disk storage
research and construction laboratories with unique devices
graduate school
education centre – visits, lectures and laboratories for school students, institutions and the general public
Science and Technology Park – usable area of 3500 m2

COLLABORATIONS
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