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Description of the underlying goals and objectives of the project, taking into account the
project’s contribution to expand and increase capability of the national scientific community
as well as to improve competitiveness and increase the level of technological innovation of
the Polish economy.

The description should include, in particular, the following aspects:

the type (single-sited or distributed) and location of the proposed research infrastructure;
coherence of the project goals and objectives with the strategic framework set out in the
government's strategic documents, including The Strategy for Responsible Development for the
period up to 2020 (including the perspective up to 2030);

the  expected project outcomes: scientific, economic, cultural and  social
(including whether the project successfully addresses the key societal challenges defined in the
EU Framework Programme for Research and Innovation “Horizon 2020 ?).

! 1.e. scientific consortium, industrial or scientific centre, centre of the Polish Academy of Sciences or academic
scientific centre.
Z“Horizon 2020 defines seven major societal challenges:

— health, demographic change and well-being,




SUMMARY

The heavy ion accelerator has been in use at the HIL UW for over 25 years. It is therefore projected
to replace it with a new device that would demonstrate improved parameters of energy, ion range and
beam intensity. This project will allow for a unique device to be present in Poland and in our part of
Europe. It will be used to carry out fundamental research in the field of nuclear physics, including
research into properties of superheavy elements as well as a variety of applications in nuclear power,
medical science, research into the properties of solid targets, astrophysics and others. A vital part of
this project is the possibility to ensure the highest level of training for students and scientists by means
of access to one of the top devices of this kind in the world. This project constitutes part of the
implementation of the high intensity stable beams (ECOS) programme, considered by the European
Program FP7 EURONS and recommended by the Nuclear Physics European Collaboration
Committee (NUPECC).

For several years now the European nuclear physics facilities have been examining the technical and
financial possibilities to upgrade the existing and construct new cyclotrons accelerating high-intensity
stable charged particles, from protons to uranium ions. This programme, called ECOS, is currently
considered as a European ‘distributed facility’ having been analysed in detail within the European FP7
programme as one of the topics of the EURONS project. The Nuclear Physics European Collaboration
Committee (NUPECC) warmly supported this project and contributed to the issue of a report devoted

to this subject. One of the conclusions of this report reads as follows:

The recommendation of the committee is to ensure a strong support from both the nuclear physics
community and the funding agencies for existing stable ion beam facilities not only for their
accelerator system development but also for the instrumentation and experimental infrastructure that

are needed to host dedicated research programmes.

The research infrastructure project presented below proposes placing a state-of-the-art heavy ion
accelerator on the Polish Roadmap for Research Infrastructures, which would replace the existing
accelerator that was set up in our facility over 25 years ago. The anticipated effect of this project will
be an expansion and modernisation of the existing research infrastructure - the Heavy lon Laboratory

at the University of Warsaw (HIL UW). It would assume the role of a national laboratory equipped

— food security, sustainable agriculture and forestry, marine and maritime and inland water research, and the
bioeconomy

— secure, clean and efficient energy,

— smart, green and integrated transport,

— climate action, environment, resource efficiency and raw materials,

— Europe in a changing world — inclusive, innovative and reflective societies,

—  secure societies — protecting freedom and security of Europe and its citizens.




with the necessary apparatus that has been available to scientist from Poland and abroad for over
twenty years Approximately one hundred scientists conduct research at our facility, half of them from
abroad. The laboratory staff publish around 50 scientific papers per year in leading scientific
publications. Approximately 20 theses per year (BSc, MSc, DSc, PhD) are based on the experiments
performed at the laboratory. Polish students undertake internships as well as practical trainings within
the workshops provided by the laboratory staff.

The apparatus available at HIL is developed on a regular basis. The construction of the central
European Array for Gamma Levels Evaluation (EAGLE) spectrometer was completed in 2011. It
remains the only device of this kind in Poland, living up to European standards. The European
GAMMAPOOL consortium has recently equipped the spectrometer with detectors, the value of which
amounts to several million PLN. In 2012, the opening of the Radiopharmaceuticals Production and
Research Centre (RPRC) took place. The Centre comprises experimental and production areas and is
one of the largest state-of-the-art facilities of this kind in Poland. The centre has enabled advances on
radiopharmaceuticals applied to cancer diagnosis as well as contributing to the establishment of a
collaboration with the radiopharmaceutical industry. Recently, an external target system for the
PETtrace cyclotron at the RPRC has been constructed (patent No 227402 has been obtained for the
design), which enabled the activities of this facility in the area of radiopharmaceutical research applied

to cancer therapy to be expanded.

2014 marked the commissioning of the ECR ion source developed by Panotechnik: Supernanogun.
This enabled a significant increase in the range of accelerated ions. It constitutes the only such source
in the country. In 2017 it delivered the first metallic beam 2*Mg for the purpose of an experiment
conducted at HIL. Work on replacing high-frequency generators that power the U-200P heavy ion
cyclotron (a unique device in the country) will be concluded this year. A great number of new
generators have been produced by a small, innovative Polish company called POPEK ELEKTRONIK

in the city of Zamos¢, fulfilling one of the aspects of collaboration between science and industry.

The development of the laboratory has been widely recognized by the international community of
nuclear physicists - HIL was included in the network of exclusive European facilities (the ENSAR2
consortium) and is among twelve top research infrastructures which receive European Union funding
within the HORIZON2020 framework. The key experimental unit is the above mentioned U-200P
cyclotron that accelerates ions ranging from helium to argon, to the energy of approx. 10
MeV/nucleon. It is the unique such cyclotron in Poland and Central Europe, delivering ion beams for
25 years. It was constructed in the seventies of the twentieth century. The core aim of this project is

the purchase and installation of a new heavy ion accelerator to replace the existing U-200P. The new




accelerator will allow the range of accelerated ions to be increased and provide the possibility to
deliver ion beams of significantly higher intensity at HIL. The purchase of a next-generation cyclotron,
similar to the DC-280 cyclotron installed at the Joint Institute for Nuclear Research in Dubna, seems
a reasonable alternative. It will allow us to take advantage of the current infrastructure (the premises
and apparatus) as well as the skills of the HIL employees. The replacement of the current U-200P
cyclotron with a new model will allow the operational costs of the facility to be kept at the current

level.

A harmonious development of fundamental research and its applications has a relevant importance for
the development of the economy and the well-being of society. All major economic powers have a
clear understanding of this situation - the USA funds and develops the Facility for Rare Isotope Beams
(FRIB); FAIR - An International Facility for Antiproton and lon Research is under construction in
Germany and France is developing its SPIRAL?2 project. Russia allocates significant funding to the
development of the Joint Institute for Nuclear Research (JINR) in Dubna. The current project fits
perfectly into this strategy, being closely related to the development of new specializations of the
Polish economy, impacting the development of Polish companies, contributing to the worldwide

expansion of Polish science and economy.

As noted above, HIL is a member of the European ENSAR2 consortium bringing together thirty
European scientific units that received funding form the European Union within the HORIZON2020
network; the current project is a continuation of this programme with a particular focus on the
following challenges:

- health, demographic change and well-being,

- secure, clean and efficient energy,

- secure societies — protecting freedom and security of Europe and its citizens.

2. Description of the unique nature of the project in terms of its national and international
significance.

The description should include, in particular, the following aspects:

— the planned use of the proposed research infrastructure in implementing breakthrough research
and development programmes, including interdisciplinary ones, and the planned development of
new technology, giving the reasons why these measures could not be implemented using the
already existing research infrastructure;

— the national, regional, European or international availability of the proposed research
infrastructure.

The planned expansion will substantially enhance the development of scientific research performed

not only at HIL but also in Poland and around the world.




Concerning matters relating to nuclear physics, research on superheavy nuclei is planned to be
included in these fields of inquiry. Such research has up to now been conducted in only a couple of
laboratories worldwide and joining them will significantly raise the prestige of domestic research.
Research will be conducted within a broad international collaboration, however, the key partner will
be the team of Professor Yuri Oganessian form the JINR in Dubna. His team has achieved spectacular
results in this area (the chemical element Oganesson with the highest atomic number Z=118 and the
highest mass was discovered in JINR). Polish physicists (prof. A.Sobiczewski, prof. J. Wilczynski,
prof. K.Siwek-Wilczynska and their respective students) have collaborated with Professor Oganessian
for many years and have gained his full recognition, hence the immense support of Prof. Oganessian
for this project. The fact that Poland is a member of the JINR makes the planned scientific
collaboration significantly easier. The availability of high intensity heavy ions (e.g. “Ca) will allow
the production of a vast amount of superheavy nuclei, the study of cross sections required for their
synthesis, spectroscopic properties, decay of ground and isomeric states, Coulomb Excitations and
transfer reactions. The study of their properties as well as the possibility to produce superheavy

elements in astrophysical processes would constitute one area of expertise of our facility.

Intense beams of a wide range of heavy ions will also enable the expansion of current research on the
structure of the nucleus to nuclei that are significantly further from the path of stability, both rich in
neutrons (large N/Z) and rich in protons (low N/Z). This will allow, inter alia, an examination of the
impact of the isospin quantum number T over a broad range of values, a search for exotic shapes of
nuclei, an exploration of cluster and molecular states as well as research into the properties of nuclei
that are far from the path of stability. One of the most up-to-date topics that might be pursued further
is the investigation of fusion reaction mechanisms and the study of the near-and sub-barrier transfer

reactions (research that HIL specializes in).

Apart from advancing research in the field of nuclear science, an increased range of available beams
of greater intensity at HIL will allow the existing collaboration with domestic medical entities
interested in cancer therapy via ion beams (hadron therapy) to be intensified. Research into the
radiobiological effects caused by heavy ions (*2C, 180, ?°Ne) on in vitro cell material has been ongoing
at HIL for the past ten years. In connection with a broader use of hadron therapy in cancer treatment
there is a growing interest in such research among medical community. Together with the new
accelerator, a new dedicated position with a vertical beam for such experiments will be installed. The
results of the radiobiological research conducted at HIL are a vital factor contributing to an accurate

planning of hadron therapy.




The possibility of works relating to the production of isotopes for medical purposes will increase,
mainly with regard to diagnosis and cancer therapy applications. The therapeutic isotope 2**At is also
worth mentioning. It is one of the most promising emitters of alpha particles in terms of therapeutic
applications. The production of this isotope by means of the reaction (a,2n) or (°Li,4n) with the use of
high intensity ion beams will be quite effective. Another example of promising alpha particle emitter
is the radioisotope *°Tb, the production of which will be possible via the reaction
142Nd(*2C,5n)“°Dy—1°Th reaction without the complicated isotope separation of products of a
spallation reaction. Both isotopes will be applied to the so-called alpha-immunotherapy - the
destruction of cancerous cells by cutting the strands of their DNA helix. Moreover, the high intensities

of the projected ion beams will extend the range of medical radioisotopes that can be produced.

The economic and scientific future of the world is closely connected with the exploration of space.
The economic superpowers embrace and take advantage of this possibility. An increased interest in
this topic can also be observed in Poland. The Polish Space Agency was established and small
innovative undertakings are keen on constructing apparatus sent into space. HIL has established
relations and initiated work related to research into the properties of high-temperature superconductors
that are subjected to exposure to the stream of cosmic radiation. Beams of heavy ions perfectly
simulate the radiation that is created as a result of the impact of high-energy protons of the cosmic
radiation on the metal shell of a satellite. Electronic components sent into space must be tested in
terms of their resistance to radiation damage. Greater beam intensity as well as an expansion of the
range of energy and types of ions available will allow HIL to enter into cooperation with the Polish
Space Agency as well as its scientific and industrial partners. In consequence, routine irradiation of
equipment and components sent into space may prove possible in order to measure their
radiosensitivity. This subject may be further pursued in collaborations with the defence industry -

examining the resistance of the apparatus installed in fighter planes, helicopters and drones.

Poland is planning to create an international Centre of Excellence called NOMATEN, the aim of which
is research into novel materials for industrial applications. This centre is being established in the
National Centre of Nuclear Research in Swierk. (Shareholders: National Centre for Research and
Development (NCBiR), Poland; Commissariat a 1’Energie Atomique et aux Energies Alternatives
(CEA), France; Teknologian Tutkimuskeskus VTT Oy (VTT), Finland (EU grant H2020 under grant
agreement No 763604). The availability of high-intensity heavy ion beams at HIL will enable a variety
of studies on materials planned by NOMATEN (e.g. advanced nuclear power reactors, nuclear fusion).
Another example worth introducing is the project of examining defects in graphene created by the use

of various types of ions (research conducted by prof. Jagielski’s team at NCNR).




In connection with the Polish nuclear power programme we my mention research into reactor materials
and the change they undergo under the influence of bombardment with heavy ions, which in these
experiments simulate products of fission in reactor rods. This research is currently conducted by the
teams of prof. Jagielski and prof. Turos from the NCNR using heavy ion delivered accelerators from
abroad. The new accelerator would enable such research to be carried out in Warsaw.

The availability of the new infrastructure will be on the basis of existing principles. HIL is a user
laboratory that provides domestic and foreign users with access to its apparatus on principles
equivalent to those of its European partner laboratories. The HIL Programme Advisory Committee
consists of experts appointed by the Rector of the University of Warsaw for a period of four years.
The Committee considers scientific research projects submitted by potential users and classifies them
for implementation. Providing access to the apparatus on a commercial basis to economic institutions

will take place via negotiations and binding agreements.

3. Description of the applicant’s institutional and personnel capacity.

The description should include, in particular, the following aspects:
— scientific category?;
— the available research facilities and human resources which are relevant to project

implementation, taking into account the planned measures to provide the staff who are able to
operate and use the research infrastructure;

— experience in implementing national and international research infrastructure projects;

— experience in implementing national and international innovative research projects, as well as
technology transfer projects over the last five years, including the list of major awarded grants
(for a minimum of PLN 200 000 in the area of social sciences and humanities and a minimum of
PLN 2 million in other areas of science) and the list of the major scientific publications (up to 30
) and patents (up to 10, including information regarding implementation, if possible) approved
during the scientific categorisation process by the Minister of Science and Higher Education

During the recent categorization performed by the Committee for the Evaluation of Scientific Units,
HIL was awarded category B; an appeal against this decision was submitted to the court on June 1,
2018. This decision does not represent HIL’s scientific position in an adequate manner since in the
criterion No. 1 (scientific and creative accomplishments) the laboratory received a score that

significantly exceeds the requirements for category A.

HIL is the only such facility in Poland, specializing in the acceleration of heavy ions. Its activity is
presented during conferences devoted to acceleration issues and described in international publications

(e.g. the NUPECC Long Range Plan 2017). HIL employs a team of dedicated staff with extensive

3 If applicable. Where the application is submitted on behalf of a consortium or a centre, the scientific category of
a scientific units representing the consortium / the centre and of all scientifically categorised consortium / centre
members must be specified.




technical experience (approximately 30 technical employees, among them several with a doctoral
degree). It also houses infrastructure, the ‘replacement value’ of which exceeds PLN 200 million. It

consists of a main building comprising:

e Office space 2 000 m?

e Experimental hall 800 m?

e Measurement Room 160 m?

e Conference room (for 120 participants) 150 m?
e Lecture room 150 m?

e Library 100 m?

e Guest rooms for 10 visitors
and the Radiopharmaceuticals Research and Production Centre comprising, among others:

e Cyclotron block 47 m?

e Production Laboratory | - 24 m?

e Production Laboratory Il —23.4 m?

e Personnel and material airlocks 34.7 m?
e Quality control laboratory 33.8 m?

e HVAC technical room 116.9 m?

e Office space 50.9 m?

e Archives 19.6 m?

The radiopharmaceuticals production centre covers a total of 727 m?. Permission to manufacture a
medicinal product was issued for the first time on 07/07/2014. The facility meets the Good
Manufacturing Practice standards.

HIL’s infrastructure is used to conduct research performed by international teams as well as
entrepreneurs pursuing commercial activities. The administrative staff at HIL is trained in servicing

these visitors and the guest rooms are ready for their arrival.

The planned construction of the new accelerator and its further maintenance will, however, require
training of the technical staff as well as its rejuvenation. The planned construction work in cooperation
with JINR Dubna will significantly facilitate this task, since we have maintained technical relations
with this institute for many years. After the approval of this project and obtaining a declaration of
appropriate funding we plan to employ two staff members chosen from the graduates of the Polish




technical universities and offer them a one- or two-year internship at the Dubna facility in Russia. We

have already been assured by JINR that this staffing solution is acceptable to them.

At the beginning of this century, HIL initiated and implemented a large investment project - the
construction of the Radiopharmaceuticals Production and Research Centre. Within the framework of
this project a new, high-current 16.5 MeV proton and 8.4 MeV deuteron commercial cyclotron was
installed together with advanced radiochemical facilities. The implementation of this project was
financed by the State Committee for Scientific Research, the International Atomic Energy Agency
(IAEA) as well as European Funds (in total approximately PLN 25 million). During its first period of
operation the Centre, together with a commercial company produced fluorodeoxyglucose, a
radiopharmaceutical based on the radioactive fluorine isotope ®F, used in positron emission
tomography (PET) diagnoses. Currently, after equipping the cyclotron with an external irradiation line
for solid targets (Patent No. 227402) by the technical team of HIL, research into other medical
radioisotopes is being conducted (**™Tc radioisotope as well as isotopes of Sc, among others). These
studies were and still are supported by funds from two grants from the National Centre for Research
and Development (agreement No. PBS1/A9/2/2012 and DZP/PBS3/2319/2014) as well as the
International Atomic Energy Agency in Vienna in a project concluded in 2015 and coordinated by
IAEA grant No. 17419 (2012-2015) “Accelerator-based alternatives to non-HEU production of Mo-
99/Tc-99m” and the European grant ENSAR2.

HIL is experienced in implementing large scale domestic and international research programmes,

taking part in the work of several consortia:

EAGLE —HIL is the coordinator of a collaboration between seven Polish and six European academic
and scientific institutions conducting research into nuclear structure via gamma ray spectroscopy. The
multi-detector gamma ray spectrometer EAGLE is used for this purpose, within the framework of the
following projects:
e POLONEZ 1: Dr. Mansi Saxena
Exploring the nuclear structure of nuclei in the vicinity of the Z = 50 closed shell using the
Coulomb excitation technique
2016-2018
PLN 735 064
e FUGA 5: dr inz. Magdalena Matejska-Minda
Determining the shape of nuclei by means of Coulomb excitation and measurement of

femtosecond lifetimes of rotational bands formed in fusion-evaporation reactions




2014-2017
PLN 481 500
e HARMONY 5 Dr. Julian Srebrny
Experimental identification of exotic nuclear structures - using the EAGLE system with the
cooperation of European nuclear physics facilities
2014-2017
PLN 1941 000

There is active cooperation with the European Gamma-Ray Spectroscopy pool (GAMMAPOOL),
which administers the highly efficient HpGe detectors from the EUROBALL system. As a result of a
competition, HIL was granted the right to use these detectors in the years 2017-2019. In addition, the
high standard of the germanium detector laboratory at HIL was one of the reasons HIL is considered

as the so-called Home Base for these detectors until at least 2020.

ENSAR?2 - a consortium of thirty European research institutions coordinated by GANIL (France) and
associated in order to implement project 654002 — ENSAR2 within the HORIZON2020-
Infrastructures programme. The aim of this project is to provide access to the European research
infrastructure (including the U-200P) for joint research within the scope of low-energy nuclear
physics.
¢ HORIZONZ2020: ENSAR2-European Research in Nuclear Physics and Applications there of

2

2016-2020

EUR 337 945.00

Ministry of Science and Higher Education: Bonus on the horizon:

PLN 288 131

COPIN - a consortium promoting a long-lasting collaboration with IN2P3 (France) within the
framework of intergovernmental cooperation with France. The project is coordinated by the Institute
of Nuclear Physics PAN. In 2016 HIL completed 4 research projects within the framework of this

cooperation.

COPIGAL - a so-called associated European laboratory (LEA) created by the COPIN consortium
(including HIL) as well as CNRS, GANIL and CEA (France), implementing the project NCN-
Harmony4 “The study of nuclei in unavailable areas of the chart of the nuclides by the application of

radioactive beams and modern detection techniques”, in which HIL participated in four tasks.
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POLITA - an understanding between the COPIN and INFN consortia (Italy) implementing the NCN-
Harmony6 programme “Study of nuclei and nuclear processes in so far unavailable areas of spin,
isospin and excitation energy with the use of modern detection and acceleration techniques.” HIL has

taken part in three research tasks within this programme.

Poland@ISOLDE - a consortium of five Polish research institutions coordinated by the Faculty of
Physics at Warsaw University, the aim of which is to conduct studies in the ISOLDE radioactive beam
facility functioning within and on the territory of the European Organization for Nuclear Research
(CERN) in Geneva, Switzerland. The consortium received funding towards access to the CERN-
ISOLDE infrastructure within the framework of the NCN-HARMONY?7 project “Study of nuclides
with the use of radioactive beams at the CERN-ISOLDE laboratory”.

NLC (National Laboratory of Cyclotrons) - a consortium of HIL UW and INP PAS offering a unique
scientific and research infrastructure in Poland. The joint facilities have proton and heavy ion beams
at their disposal to conduct research in nuclear physics and nuclear medicine.

PET-SKAND - a consortium coordinated by the National Institute for Chemistry and Technology
with the participation of HIL UW and BCNR-POLATOM for the realization of a joint project
‘Preparation of radiopharmaceuticals labelled with scandium radionuclides for positron emission
tomography’, funded by the National Centre for Research and Development as well as W15 of the
European ENSAR2 project.
e NCRD: PET-SKAND

Preparation of radiopharmaceuticals labelled with radionuclides for positron emission

tomography

2015-2018

PLN 2 635 400

ALTECH - A consortium coordinated by BCNR-POLATOM with the participation of HIL UW and
INCT for the realization of the joint project: “Alternative methods of technetium-99m production”
e NCRD: ALTECH
Alternative methods of technetium-99m production
2012-2016
PLN 3 457 364

ERANET-NUPNET - within the framework of this European project the following research was

conducted:

e NCRD: GANAS - Detection of gamma radiation with the use of modern scintillators (ERA-
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NET NUPNET)
2012-2015
PLN 394 360
e NCRD: EMILIE - Increasing the charge state of short-lived isotopes for EURISOL (ERA-
NET NUPNET)
2012-2015
PLN 698 017

CERAD- a project, fulfilled by a consortium, to make use of the new light particle accelerator for
medical applications constructed at the NCNR in Swierk, Poland, within the framework of the EU
Smart Growth programme 2014-2020; Priority IV: Increasing scientific and research potential. Work

will be concluded in approximately 2021.

Investment projects:

2004

Decyzja: 4974/1A-1B/115/2004

IB-160/2004 ,,Adaptacja pomieszczen dla cyklotronu i radiochemii Warszawskiego Osrodka
Tomografii Pozytonowej PET”

1A-2046/2004 ,,Wyposazenie Warszawskiego Osrodka Tomografii Pozytonowej PET”

10 000 000 PLN

2005
Migdzynarodowa Agencja Energii Atomowej
Projekt: POL/4/016

“Cyclotron Facility for Positron Emission Tomography Radiopharmaceutical Production’

2515 024,12 PLN (800 000 USD)
2007

Ministerstwo Zdrowia

Umowa nr 4/7/2/2007/1834/3195 z 9.07.2007

Narodowy Program Zwalczania Chorob Nowotworowych
Tomografia Pozytonowa PET - budowa sieci osrodkow PET.
2 000 000 PLN

2008

Decyzja 5665/1A/115/2008

Zrédto jondéw ECR dla Warszawskiego cyklotronu U-200P.
2 550 000 PLN
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WKP 1/1.4.3/2/2005/24/144/447/2007/U

Wyposazenie i modernizacja laboratorium innowacyjnych radiofarmaceutyckow w Centrum
Doskonatosci PET.

3558 409,11 PLN

2009

POI1G.02.02.00-14-024/08-00

Centrum Badan Przeklinicznych 1 Technologii (CEPT)
Utworzenie pracowni chemii 11C i 150 CEPT

5027 492,62 PLN

2010

Decyzja: 589/FNiTP/115/2010

Zakup, instalacja 1 uruchomienie dwoch generatoréw wysokiej czgstosci dla Warszawskiego
Cyklotronu U-200P

3770 000 PLN
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Patent:

The Patent Office has issued a patent No 227402 to the Warsaw University for the invention

“System of external target position’. The authors of this invention are employees of HIL.

4. Description of the level of interest in the project shown by the scientific and research
community and the relevant businesses at national and international level, in particular during
the operational phase of the proposed research infrastructure.

The description should include, in particular, the following aspects:
— entities interested in project implementation;

— aset of rules concerning the access of external users, including foreign ones, to carry out scientific
research and development works using the proposed research infrastructure;

— the plans to establish and extend the base of prospective users;

— the planned contribution of external experts, including foreign ones, to the development of the
scientific goals and growth strategies for research infrastructure.

The community of European scientists has recognized, over the last several years, the need to build a
laboratory that will have at its disposal a wide range of beams of stable heavy ions. In the eighties of
the twentieth century interest in radioactive beams was fuelled and resulted in the creation of
laboratories with such beams at their disposal, to the detriment of the availability of stable beams. The
European ECOS project, initiated by NUPECC, intended to construct such a centre from scratch. One
of the initial ideas for its location was at the LINCE laboratory in Spain. However, this
implementation failed due to the financial crisis in this country. In this way an opportunity arose to
develop the ideas of ECOS in Poland. The entire community of European nuclear physicists,
coordinated by NUPECC, demonstrates a keen interest in this project. Selected matters relating to the
ECOS concept are currently implemented within the TecHIBA task, constituting part of the ENSAR2

programme.
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This project in consistent with ECOS and is therefore supported by NUPECC. It is also supported by
JINR in Dubna as well as the Nuclear Physics Section of the Polish Physical Society. The project is
supported by the following Polish scientific organisations:

- Department of Physics, University of Warsaw(UW), Warsaw

- M. Smoluchowski Institute of Physics, Jagiellonian University (UJ), Cracow

- Institute of Physics, Silesian University, Katowice

- Faculty of Physics and Applied Computer Science, University of Lodz, £.60dz

- Department of Mathematics, Physics and Computer Science, The Maria Curie-Sktodowska
University (UMCS), Lublin

- National Centre for Nuclear Research, Swierk

- Institute of Nuclear Physics, Polish Academy of Sciences, Cracow.

The principles for gaining access to the HIL@ECOS laboratory will be similar to those currently in
place. It will continue to be a laboratory providing domestic and foreign users with access to its
apparatus on principles equivalent to those at similar European laboratories. Beam time will be
allocated by the Director based on the recommendations of an international Programme Advisory
Committee, consisting of experts appointed by the Rector of the University of Warsaw for a period of
four years. The Committee will consider scientific research projects submitted by potential users and
classify them for implementation. Providing access to the apparatus on a commercial basis to

economic institutions will take place via negotiations and binding agreements.

The already extensive HIL user base will significantly expand due to the improved ability to deliver
ion beams. HIL@ECOS will be included in the network of European laboratories of this kind,
therefore it will also be able to take advantage of the user bases of these laboratories. Foreign experts
will thus be involved in the process of formulating the scientific and development strategies of the

facility.

5. Estimated project implementation costs, including those that are to be incurred during the
operational phase of the proposed research infrastructure, as well as information regarding the
proposed funding sources.

The description should include, in particular, the following aspects:

— description of the costs involved as broken down into investment-related costs and those related
to the use of the research infrastructure, on an annual basis and viewed as a whole;

—  planned measures to cover these costs within the period of 3 to 5 years, including: applicant’s
own resources, funding from the national budget (including structural funds allocated under
operational programmes), funds from the European Union budget, other public funds, private
contributions;

— the planned commercial use of the proposed research infrastructure, including for economic
purposes, taking into account the rules on state aid.
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The expected costs of project implementation amount to PLN 85 million. These are the costs
connected with the purchase and installation of the accelerator (heavy ion cyclotron). The operating
costs of the modernised centre should be in line with current expenditure, i.e. approximately PLN 10
million/year (including remuneration). These costs could even be reduced since the operation of the
new cyclotron will be more economical in terms of water and energy consumption. Funding will be

distributed over a period of several years from a variety of sources.

The major cost — the purchase and setting up of the new accelerator - may be financed within an
investment decision or within a collaboration programme between Poland and JINR Dubna. We are
also counting on future scientific funding programmes from the EU. The construction and
development of experimental stations will take place on the basis of research grants, investment
projects and within the framework of scientific collaborations with other scientific facilities (loan of
detectors and measurement installations as in the case of the ICARE and EAGLE systems) as well as

cooperation with industrial partners.

It is envisaged that ion beams for business entities will be delivered on a commercial basis. Assuming
that such entities will take advantage of 30 per cent of the beam time (2000 hours per year), this could
contribute around PLN 4 million to the budget of the laboratory. A related point to consider is that the
infrastructure of the modernised laboratory will also be attractive to companies from abroad and

international agencies, e.g. the European Space Agency (ESA).

6. Description of the scientific and technical concept underlying the project implementation.

The description should include, in particular, the following aspects:

— the scientific, technical and organisational challenges likely to be faced during the construction
and operation of the proposed research infrastructure;

— major risks and ways to reduce them;

— implementation schedule for project tasks, including a description of major project stages and
milestones;

— the possibility of using the already existing research facilities and buildings in project
implementation.

The anticipated technical and scientific challenges:

1. designing a dedicated cyclotron for HIL on the basis of acquired knowledge and experience,
that would accelerate ions in the range of He to U with energies of approx. 10 MeV/u and
currents of 10 ppA so that the accelerator would fit into the present bunker;

2. conducting magnetic field modelling;
rebuilding of the injection line taking into consideration the ECR ion source housed by HIL.

4. rebuilding of the magnetic canal used to exit ion beams from the cyclotron.
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5.

reconstruction of the resonators from vertical into horizontal ones due to lack of space in the

present bunker.

The anticipated organisational challenges during the construction process:

1.
2.

Obtaining a potential buyer for the disassembled U-200P cyclotron.

Organizing transportation of the cyclotron from the present bunker and a necessity, resulting
from that fact, to disassemble ion tubes and experimental positions, as the only escape route
leads through the experiment hall.

A necessity to store disassembled ion tubes and experimental positions for the period during
which the new cyclotron is built.

Coordination of adaptation and construction works with the technical requirements of the new
cyclotron so that after the delivery of the cyclotron to Warsaw there are no issues with the

connection of the cyclotron to utility networks and the remaining infrastructure;

The anticipated challenges of using the planned research infrastructure:

1.

Gaining mastery in using the new equipment of the cyclotron together with the modified or
reinstalled utilities.

Optimising the parameters of the cyclotron operation for various heavy ion beams;
Optimising the parameters of ion source of the ECR type as well as the injection line for
various beams of heavy ions so that a maximum transmission of ion insertion into the centre
of the cyclotron is obtained.

Optimising the parameters of ion optics installed on the ion tubes for various beams of heavy
ions:

Definition of access zones to the research infrastructure taking into consideration a substantial

increase in the hazards caused by strong-current ion energy beams.

The key risks and means of minimizing thereof:

1.

2.

3.

The project funding lasts usually three years - it is necessary to prolong this time. Funding
might be distributed over a period of time and connected with the achieved stages, however, it
has to be ensured for the whole period of 5-8 years.

There is no cyclotron on the market that would be suitable to execute the implementation of
assumed research programmes - therefore talks with potential contractors are necessary as soon
as the project is included in the ‘roadmap’ with the aim to conduct initial construction works
and valuation of potential alternative solutions.

A lack of adequate concrete floor strength in the cyclotron room - conducting the necessary

construction works.
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4. The path along which the cyclotron is going to be transported does not have a sufficient load-
bearing capacity - immediately after obtaining information on the heaviest element of the
cyclotron an expertise needs to be commissioned in order to find out what needs to be done
and where to facilitate the transport of the cyclotron.

5. Issue with obtaining permits for the operation of the cyclotron - collaboration with the PAA
needs to be established at the initial stage of the construction of the cyclotron in order to receive

up-to-date guidelines regarding safety conditions for the operational staff and the environment.

Timeline

The most important stages of this undertaking together with the milestones

1. Entering the ‘roadmap” - starting point of project implementation
2. Talks with potential contractors of the cyclotron - during the first year

- collecting data on technical parameters of potential cyclotrons that ensure the realization of
the research programme foreseen to be implemented via the new cyclotron;

- return to negotiations with potential manufacturers with the aim to lay down requirements for
cyclotrons that would allow for their insertion into the existing premises after performing all
necessary adaptations thereto;

- estimation of construction costs of the cyclotron together with adaptations for each version;

3. Receiving funds to finance the total investment - a time frame of two years to find sources of
funding (the end of the second year of project implementation)

4. Preparing tender documentation for the cyclotron - the first half of the third year of project
implementation

5. Launching a call for tenders for the cyclotron - second half of the third year of project
implementation

6. Announcing the winner of the tender for the cyclotron - second half of the third year of project
implementation

7. Contract execution for the cyclotron

- preparing technical documentation of the cyclotron;

- approving the documentation by the investor;

- construction of components of the cyclotron;

- transport and assembly of the cyclotron at the HIL premises;

- tests of cyclotron parameters including SAT.

8. Drafting technical requirements for the adjustments and rebuilding of existing premises in

cooperation with the winner of the cyclotron tender — second/third quarter of the fourth year
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9. Launching a call for tenders for a contractor to perform adjustments and rebuilding works -
first half of the fourth year of product implementation.

10. Announcing the winner of the tender for the adjustment and rebuilding of premises - the first
half of the fourth year of project implementation

11. Contract execution for the adjustment and rebuilding of premises - second half of the fourth
year of project implementation, execution duration three years and three quarters

- drafting of documentation for the purpose of obtaining building permits with the consultation
of the investor and the cyclotron contractor;

- obtaining permits for the construction;

- creating documentation of implementation;

- purchase of necessary materials and equipment to adapt or build new installations necessary
for the operation of the cyclotron;

- execution of adjustments and rebuilding works in accordance with the investor-approved
executive documentation;

- approval of construction works by the investor with the participation of the contractor of the
cyclotron; concluding this adjustment and rebuilding stage falls on the first quarter of the
eighth year of project implementation;

12. Coordination of cooperation between the cyclotron contractor and the contractor responsible
for rebuilding and adjustment works - second half of the fourth year of project implementation,
execution duration three years and three quarters

13. Disassembly of the U-200P cyclotron - during the fourth quarter of the third year of project
implementation

- search for a facility that would be willing to purchase the U-200P cyclotron;

- obtaining permits from the PAA regarding the disassembly and utilisation of the cyclotron;

- preparing tender documentation in case the number of parties interested is larger than
anticipated;

- announcement of the call for tenders;

- selecting the winner;

- disassembly and utilisation of the cyclotron — second half of the fourth year of project
implementation;

or in the case of a lack of any purchasing parties
- obtaining permits from the PAA regarding the disassembly and utilisation of the cyclotron;
- preparing tender documentation for the disassembly of the cyclotron;

- announcement of the call for tenders;

23




- selection of a company that will disassemble the cyclotron;
- disassembly and utilisation of the cyclotron - first quarter of the fifth year of project
implementation.
14. Setting up the new cyclotron for operation - second half of the eighth year of project

implementation

The existing research apparatus in the form of large elements of the infrastructure:
EAGLE is a multidetector system used to measure discrete gamma spectra. The laboratory is housing
23 HPGe detectors and 15 anti-Compton shields made of BGO crystals which can be installed on the
EAGLE frame. In 2015 the laboratory received a loan of several highly efficient HPGe detectors from
the European Gamma-Ray Spectroscopy Pool. Those detectors are the property of institutes from
France, Germany, Italy and Great Britain and will be used on the beam form the U-200P cyclotron
with the aim to realize the programme of joint measurements. The mechanics of the system allows to
install up to 30 germanium detectors in Compton suppression shields as well as numerous auxiliary
detectors.

e a multiplicity filter consisting of 60 BaF2 detectors covering the angle of 4;

e a 30-element silicon detector for the detection of charged particles;

e the so-called ‘Munich Chamber’ - a system of PIN-diode semiconductor detectors used to

detect heavy ions (the construction of the chamber allows to install up to 110 detectors);

e an electron spectrometer

e afoursectored HPGe polarimeter;

e aplunger.
Research topics pursued with the use of the EAGLE system and the above-mentioned auxiliary

detectors:

study of atom nuclei structure

measurements of high spin states;

search for isomers

measurements of lifetimes of nuclei states,

Coulomb excitation research (study of nuclei shapes)

ICARE —is a charged particle detector system used for their identification and energy measurements,
built in the IReS (Strasbourg), it is presently installed at HIL at the measurement line D. The ICARE
unit consists of a 1m diameter reaction chamber with up to 48 ‘E-AE’ gas, semiconductor and
scintillator telescopes. The construction of the chamber allows for the detectors to be mounted in any

configuration preferred by users, using internal mounts. It can be remotely operated without the
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necessity of opening the reaction chamber. In the future, the unit will be rebuilt to include a system to

measure the time of flight (ToF).

Conducted and suggested research topics with the use of the ICARE system: experiments requiring
great precision in the identification and measurement of the energy of charged particles: researching
the properties of isotopes far-from-stability produced in heavy ion reactions, research on fusion barrier
distribution with quasi - elastic scattering methods, research of nuclei deformation by means of an

analysis of spectra emitted by light charged particles, research on nuclear reaction mechanisms.

SYSTEM FOR RADIOBIOLOGICAL EXPERIMENTS, installed at the measurement line A.
It is where research regarding radiobiological effects takes place after the irradiation of cells with
heavy ions as well as experiments pertaining to nanodosimetry.
MATERIAL IRRADIATION POSITIONS - There exist three irradiation positions in the
laboratory:

e the position for direct irradiation with ion sources of the ECR type,

e the irradiation chamber at the first section of the ion tube

e the position for irradiation with an internal beam.
Research topics: study of physicochemical alteration of materials as a result of irradiation with charged
high energy particles; production of 2!'At for research on ways to produce 2!At-labelled

radiopharmaceuticals.

LOW-BACKGROUND LABORATORY - the laboratory houses 5 HPGe (of coaxial, loax and
plannar type) detectors at its disposal and 3 lead shields the wall thickness of which is 10 cm, made
from selected lead with low levels of natural radioactivity.

Research matters: the study of irradiated samples in accelerators, the study of environmental and
biological samples.

Irradiated samples with 2**At are also examined in the low-background laboratory before being further
processed at the Institute of Nuclear Chemistry and Technology. The aim of those measurements is
the estimation of efficiency of 2!At production. Measurements of isotope purity of 22°Ac production
are also planned.

Obviously at this moment it is difficult to estimate what the state of research equipment and working
teams is going to be like in 7-8 years. Without a shred of doubt the gathered apparatus, of great material
value, which will be subjected to maintenance on a regular basis, will constitute the main research
facility of the laboratory, just like at the present moment. The teams will undergo a reshuffle due to

the fact of ageing, however, it is of key importance that the acquired knowledge and experience may
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be passed on to new team members and further pursued by them. This subject-matter will be of

scientific interest in the following two decades.

With regard to premises, it is necessary to highlight that we do not foresee to build new premises
within the area of the “Ochota” campus, we rather anticipate the necessity to modernise and perhaps

rebuild the existing facilities to adjust them to new technical requirements.

7. Description of the conceptual framework for international cooperation on project
implementation.

The description should include, in particular, the following aspects:

— the possibility of implementing the project within the international framework of cooperation,
including under the initiatives recognised by the European Strategy Forum for Research
Infrastructures (ESFRI) as being of critical importance;

— the plan to develop international cooperation on the basis of the proposed research infrastructure,
including the measures to be taken to “attract” foreign scientific staff.

As mentioned above, this project is a part of the implementation of the concept of the European ECOS
consortium. It is therefore in line with European structures. One must not expect, however, that it
will be considered as strategic by the European Strategy Forum on Research Infrastructure. It will, to
a larger extent than the present HIL, participate in the development of international scientific
cooperation and international business entities will be interested in taking advantage of its
possibilities.
International organisations mention our laboratory in the following key documents:

1. NuPECC Long Range Plan 2017, Perspectives in Nuclear Physics, p. 27;

2. NUuPIA Opening-up of nuclear Physics Laboratories to the industrial sector; ENSAR2

document.

We expect that raising the intensity of the accelerated beams as well as a diversification of the
accelerated ion species will result in an increased submission of proposals for new experiments from
both domestic users and those from abroad. The expected reliability of our new machine as well as its
considerable experimental possibilities will in particular place our facility in a position to host highly
developed but moveable European detector infrastructures (such as the Advanced GAmma Tracking
Array - AGATA) for particular series of measurements. We already take advantage of these
possibilities, performing experiments with detectors owned by the GAMMAPOOL consortium; we
anticipate an expansion of such collaborations towards different, more advanced experimental

apparatus.

Another important aspect of expanding international cooperation is the possibility to finance the
accommodation of foreign scientists. We have extensive experience in this field: within the framework

of the ENSAR?2 project our laboratory receives so-called TNA-Transnational Access financing which
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covers the accommodation expenses of guests from abroad who perform research at our accelerator.
We hope that the amount of financing will considerably increase via an adequate European project

when the operation of our new accelerator is launched.

8. Other relevant information necessary to evaluate the application (no more than 2 pages).

[ I 7

An exemplary positioning of the DC-280 cyclotron in our current bunker where
the U-200P cyclotron is currently set up.
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Nuclear Physics European Collaboration Commitlee

Caen, June 11, 2018
Prof. Krzysztof Rusek
Director of SLCJ
Warszawa

Dear Krzysztof,

With this letter I would like to express a strong support of NuPECC for the new initiative
SLCJ@ECOS which is proposed for the new edition of roadmap of research infrastructures

in Poland. This initiative is directly in line with the recently published NuPECC Long Range

Plan in Nuclear Physics http://www.nupecc. Irp2016/Documents/lrp2017.pdf and the
ECOS initiative http://www.nupecc.org/index.php?display=ecos/ecos. The proposed

construction of a new high-intensity accelerator in Warsaw would open exciting new
possibilities for research in fundamental nuclear physics (ex. study of Super Heavy
Elements) and in numerous, in particular medical applications. The SLCJ@ECOS will allow
hosting the most advanced detection systems (ex. AGATA, PARIS and NEDA) developed by
international consortia and used today at other European infrastructures. This ambitious
project will also reinforce the position of Polish nuclear physics community in Europe and

largely increase capabilities of training of young researchers and engineers in Poland.

Sincerely yours,

Prof. Marek Lewitowicz
NuPECC Chair
GANIL, Caen, France

NuPECC is an Expert Board of the European Science Foundation

Scientific Secretariat: Dr. Gabriele-Elisabeth Korner

c/o Physikdepartment E12 der Technischen Universitit Miinchen, D-85748 Garching

Tel.: +49 89 2891 2293; +49 172 89 15 011, Fax: +49 89 2891 2298, e-mail: sissy.koerner@ph.tum.de

9. Full name, phone number and e-mail address of the person responsible for drafting the
application.

Krzysztof Rusek,+48 (22) 55 46 342, rusek@slcj.uw.edu.pl

Date of preparation: 12/06 /2018
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