Appendix 2

Questionnaire

for the extraordinary session of the PAC for Condensed Matter Physics for the assessment of related JINR projects
PART A: Achievements
1.   Contributions of the JINR group:
-List the contributions of the JINR group in hardware (including use of JINR computing resources for the project), software development and physics analyses. 
Within the framework of the project for the development and construction of a suite of cryogenic moderators of the IBR-2 reactor, a software program was developed for controlling and monitoring the parameters of moderator systems. The software graphic panel displays the main parameters of the operation of moderators, such as the temperature in the loops, mass flow rate of helium, filling level of loaded moderating pellets, rotational speed of the helium circulator, pressure, vacuum, etc. The software allows one to control cryogenic valves and valves for distributing cooling helium flows in the direction of each moderator to create an optimal and individual temperature regime in the cryogenic chamber, and, as a consequence, an optimal neutron flux spectrum for each spectrometer. All these data are displayed on the monitors of the operators of the cryogenic section, as well as for the engineers of the reactor control system. The software was developed for each moderator separately by the specialists of the FLNP Department of Spectrometers’ Complex. Two state registration certificates were obtained for the software of the cryogenic moderators’ complex:
1. S.A. Kulikov, T.B. Petukhova, E.P. Shabalin. "Recording and processing of measurement information on the test bench of the pelletized cryogenic neutron moderator – CMControl". Certificate of state registration of software №2011612201 issued on 16.03.2011;
2. T.B. Petukhova. Control system for the cryogenic moderator of the IBR-2 reactor. Certificate of state registration of software №2020612304 issued on 19.02.2020. 
-List the responsibilities of JINR group members within the management structure of the collaboration, if any, giving the name of the JINR member, the managerial role and the appointment period.
The project «Construction of a Complex of Cryogenic Moderators at the IBR-2 facility» is a part of theme «Development of the IBR-2 facility with a complex of cold moderators»
Theme code: 04-4-1105-2020/2022 

Progect leader: Ph.Doctor Mukhin K. A. (2020-2022)

Budget and leader of the theme: Vinogradov A.V., Belushkin A.V.
Leader of research work: Ph.D Bulavin M.V.

Main designers and enginers: Zaitsev D.V., Skuratov V.A., Smelyanskiy I.A., Galushko A.

Software: Petukhova T., Shirokov V, Altinov A.
Technicians and operators: group # 2 MTD (10 persons)

Welder and turner: Odinocov S., Burov N. 

2.   Publications: 
-List the papers published in the refereed literature (no conference proceedings) in which the JINR group had a major contribution (e.g. author of the analysis, promoter of the experiment, corresponding author, realization of a key equipment etc.). Give title of paper, reference and describe in 1-2 sentences the JINR contribution. Only papers published since the last approval of the project should be listed. 
Taking into account the uniqueness of the project (the world's only neutron moderator that uses a mixture of mesitylene+m-xylene in pellets as a moderating material loaded into a cryogenic chamber with a flow of gaseous helium at a temperature of 80 K), all the papers listed below are the exclusive property of the project participants (FLNP employees), whose contribution was decisive. 
1. S. Kulikov, A. Belyakov, M. Bulavin, K. Mukhin, E. Shabalin, A. Verhoglyadov. Current status of development of advanced pelletized cold moderators for the IBR-2M research reactor. Physics of Pаrticles and Nuclei Letters, 2013, 10(2), p. 147-150. 
2. V.D. Anan’ev, A.A. Belyakov, A.A. Bogdzel’, M.V. Bulavin, A.E. Verkhoglyadov, E.N. Kulagin, S.A. Kulikov, A.A. Kustov, A.A. Lyubimtsev, K.A. Mukhin, T.B. Petukhova, A.P. Sirotin, A.N. Fedorov, E.P. Shabalin, D.E. Shabalin, V.K. Shirokov. A test setup for the bead cryogenic neutron moderator of the IBR-2 reactor. Instruments and Experimental Techniques, 2013, 56(1), 116–122. 
3. Patent №2492538, Russian Federation. Pelletized cold neutron moderator. / V.D. Anan’ev, A.A. Belyakov, M.V. Bulavin, A.E. Verkhoglyadov, S.A. Kulikov, A.A. Kustov, K.A. Mukhin, E.P. Shabalin, D.E. Shabalin. Applicant and patentee: Joint Institute for Nuclear Research. Date of publication: 10.09.2013. 

4. S. Kulikov, A. Belyakov, M. Bulavin, K. Mukhin, E. Shabalin, A. Verhoglyadov. Current Status of Advanced Pelletized Cold Moderators’ Development for the IBR-2 Research Reactor. Physics of Particles and Nuclei Letters, 2013, Vol. 10, No. 2, pp. 147–150.
5. Shabalin, E., Kulikov, S., Bulavin, M., Verhoglyadov, A. (2013). The World’s First Pelletized Cold Neutron Moderator Began its Operation. Neutron News, 24(3), 27–27.
6. Patent № 2496165, Russian Federation. Cryogenic dispenser of pellets for a cold neutron moderator. / Kulikov S.A., Fedorov A.N., Shabalin E.P. Applicant and patentee: Joint Institute for Nuclear Research. Date of publication: 20.10.2013.
7. V. Ananiev, A. Belyakov, M. Bulavin, E. Kulagin, S. Kulikov, K. Mukhin, T. Petukhova, A. Sirotin, D. Shabalin, E. Shabalin, V. Shirokov, A. Verhoglyadov. The world’s first pelletized cold neutron moderator at a neutron scattering facility. Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms, 320, 70–74 (2014).
8. V.D. Anan’ev, A.A. Belyakov, M.V. Bulavin, A.E. Verkhoglyadov, S.A. Kulikov, K.A. Mukhin, E.P. Shabalin, Cold neutron moderator on an upgraded IBR-2 reactor: The first set of results. Technical Physics, 59(2), 283–286, 2014. 
9. Belyakov, M. Bulavin, A. Chernikov, A. Churakov, S. Kulikov, E. Litvinenko, K. Mukhin, A. Petrenko, T. Petukhova, A. Sirotin, E. Shabalin, V. Shirokov, A. Verhoglyadov. Control system of pelletized cold neutron moderator of the IBR-2 reactor. Physics of Particles and Nuclei Letters, 2015, Vol. 12, No. 6, pp. 773–777.
10. M.V.Bulavin, A.A. Belyakov, A.E. Verkhoglyadov, V.A. Skuratov, I.A. Smelyansky, S.A. Kulikov, A.A. Kustov, K.A. Mukhin, A.A. Lyubimtsev, A.P. Sirotin, V.K. Shirokov, T.B. Petukhova. Possibility of loading the chamber of the “central” pelletized cold moderator for IBR-2 reactor beams 1, 4-6, and 9. Physics of Particles and Nuclei Letters, 2016, Vol. 13, No. 6, pp. 747–754.
11. S.V. Kozhevnikov, V.D. Zhaketov, A.V. Petrenko, M.V. Bulavin, A.Ye. Verkhoglyadov, S.A. Kulikov, Ye.P. Shabalin. Application of a cryogenic moderator in the REMUR neutron reflectometer. Journal of Surface Investigation. X-ray, Synchrotron and Neutron Techniques, 2016, Vol. 10, No. 1, pp. 1–9.
12. M.V. Bulavin, R.N. Vasin, S.A. Kulikov, T. Lokaichek, D.M. Levin. On the use of a composite moderator at the IBR-2 reactor: Advantages for the neutron-diffraction texture analysis of rocks. Journal of Surface Investigation: X-ray, Synchrotron and Neutron Techniques, 2016, Vol. 10, No. 4, pp. 677–686.
13. M.V. Bulavin, A.V. Kazakov and E.P. Shabalin. On the Theory of Pneumotransport of Beads in Cold Neutron Moderator of the IBR-2 Reactor. Physics of Particles and Nuclei Letters, 2017, Vol. 14, No. 3, pp. 520–532.
14. Мухин К.А., Рогов А.Д. Оптимизация и сравнение вариантов головной части замедлителя «центрального» направления реактора ИБР-2. Письма в ЭЧАЯ. 2018. Т. 15, № 2(214). c.152-161.
15. Patent №2650509, Russian Federation. Cryogenic plug connections for a pelletized cold neutron moderator. / K.A. Mukhin, A.A. Kustov. Applicant and patentee: Joint Institute for Nuclear Research. Date of publication: 16.04.2018. 
16. M.V. Bulavin, A.A. Belyakov, A.E. Verkhoglyadov, S.A. Kulikov, K.A. Mukhin. Gain Factor of the Pelletized Cold Neutron Moderator at 22 K. Journal of Surface Investigation: X-ray, Synchrotron and Neutron Techniques, 2020, Vol. 14, No. 3, pp. 434-436. DOI: 10.1134/S1027451020030040. 
3.   PhD theses: 
-List the PhD theses completed within the last 3 years, or expected to be completed within 2021, by JINR students within the project, giving the student name, thesis title and graduation year.
1. Bulavin M.V. PhD in Physics and Mathematics. Scientific specialty: 01.04.01 Instruments and methods of experimental physics. “Pelletized cold moderator of the IBR-2 reactor: some aspects of development and application”, 2018. 
2. Mukhin K.A. PhD in Technology. Scientific specialty: 01.04.01 Instruments and methods of experimental physics. “Cold neutron source of the IBR-2 reactor based on dispersed mesitylene with a cooling system”, 2019.

3. Kulikov S.A. Doctor of Sciences in Physics and Mathematics. Scientific specialty: 01.04.01 Instruments and methods of experimental physics. “Cold neutron moderators based on solid dispersed hydrogen-containing materials”, 2020.
4.   Talks:
-List the invited plenary talks given by members of the JINR group at international conferences, workshops… since the last approval of the project: give name and date of the conference, title of talk and speaker name. 
The main participants and speakers on the project (Bulavin M.V., Mukhin K.A., Kulikov S.A.) participated as invited speakers at plenary sessions, as well as presented thematic reports at conferences, technical and coordination meetings more than 50 times.
Below are the main plenary reports for the period from 2015 to 2019, because since 2020 all trips have been cancelled due to the pandemic.
1. K. Mukhin. Creation and results of experiments on a full scale model of the cold moderator in the central direction (CM 1) for IBR-2 reactor. Technical support and devices. International Atomic Energy Agency. Coordination meeting. Vienna 2016.
2. A.A. Belyakov, M.V. Bulavin, A.E. Verkhoglyadov, V.A. Skuratov, I.A. Smelyansky, S.A. Kulikov, A.A. Kustov, K.A. Mukhin, A.A. Lyubimtsev, A.P. Sirotin, V.K. Shirokov and T.B. Petukhova, «First experiments of individual and simultaneously cooling of the test stand of the “central direction” cold moderator CM201 and cold moderator CM202 of the IBR-2». 2nd Research coordination meeting related to the IAEA coordinated research project 1916 / F1.20.26 on advanced moderators for intense cold neutron beams in material research, Vienna, Austria, 2016, oral report.
3. K. Mukhin. Cryogenic cold neutron moderator (CM 201) for central direction of IBR – 2 puls reactor. Cryogenic system for complex of cold moderators. ICANS XXII (International Collaboration of Advanced Cold Neutron Source), Oxford 2017.
4. K. Mukhin. Cold neutron source for IBR-2 reactor on pelletized mesitylene beads. International Atomic Energy Agency (IAEA).Technical Meeting, Vienna 1 – 4 October 2018.  
5.  K. Mukhin. Cold neutron source for IBR-2 reactor on pelletized mesitylene beads. ISINN-26 (International Seminar on Interaction of Neutrons with Nuclei) Xi’an, China, May 28 – June 1, 2018.
6. Bulavin M.V., Irradiation facility at the IBR-2 reactor, JINR and ESS Collaborative Workshop Draft Agenda, 4-5 March 2019
7. K. Mukhin. Technical parameters of exploitation a cold neutron source on mesitylene beads on IBR-2 nuclear research facility. Efficient neutron source (ENS 2019), Paul Scherrer Institute (PSI) Switzerland 01-06.09.2019
-Give a similar list for parallel talks. 
1. K. Mukhin. Project of moderator with continuous change of pellets in the chamber on the basis of the combined moderator. ICANS XXI (International Collaboration of Advanced Cold Neutron Source), Mito, Japan 28.09-04.10.2014.
2. K. Mukhin. Комплекс криогенных замедлителей нейтронов ректора ИБР-2. Статус работ. Международная научно-технической конференции современные методы и средства исследования теплофизических свойств веществ, г. Санкт-Петербург (ИХиБТ НИУ ИТМО) 19-23/05/2015г.
3. K. Mukhin. Комплекс криогенных замедлителей нейтронов ректора ИБР-2. Статус работ. Конференции молодых ученых и специалистов «Нарова 2015», ПИЯФ г. Гатчина, 27/06-03/07/2015г.
4. K. Mukhin. First pelletized cold neutron moderator for IBR-2 reactor. A full-scale model of cold moderator for central direction. VI European conference on neutron scattering (ECNS 2015), Saragosa, Spain 29/08-05/09/2015.

5. K. Mukhin. Реактор ИБР-2 с комплексом криогенных замедлителей нейтронов. Седьмая Российская молодежная школа по радиохимии и ядерным технологиям. МГУ им. Ломоносова г. Кыштым 2016 г.
6. K. Mukhin. Pelletized IBR-2 reactor cold neutron source for nanoscale science experiments. Towards Reality in Nanoscale Materials X. Workshop, Levi, Finland 11 – 14 February 2019.
7. K. Mukhin. Combined pelletized neutron moderator for  IBR-2 reactor. European conference on neutron scattering (ECNS 2019), Санкт-Петербург, Россия 29.06 – 06.07 2019.
- Awards and grants for the project
1. Diploma at the Open Competition of Youth Innovative Projects in the Field of Humanitarian, Natural and Technical Sciences in the CIS Member States in 2010. Project: “Cryogenic moderator - a source of cold neutrons for the study of nanostructures”.
2. Diploma for the high scientific and practical value of the report at the conference of young specialists “Innovations in Nuclear Power Engineering” in 2014, N.A.Dollezhal Research and Development Institute of Power Engineering (NIKIET). “Cold neutron source for the IBR-2 reactor. First results”.
3. Honorary Diploma on awarding a special F.L.Shapiro prize for the work “Complex of cryogenic neutron moderators of the IBR-2 reactor. Current status”. 2015.
4. Diploma for the best scientific work of the VII Russian Youth School in Radiochemistry and Nuclear Technologies. Federal State Unitary Enterprise “Mayak Production Association”, 2016.
PART B: Plans and requests 
5.   Plans 
-Describe the plans of the JINR group within the project, in physics analysis, data taking, software development. detector R&D, detector operation and maintenance, upgrade activities… for the period of time of the requested extension.

In 2020-2022, in the framework of theme 1105 within the project “Construction of a complex of cryogenic moderators at the IBR-2 facility” it is planned:

- to continue CM-202 operation in a trial operation mode and carry on studies on the viscosity of the working substance depending on the ionizing radiation dose; 

- to start trial operation of CM-201, research and determine its neutron-physical parameters in various modes of operation and at different temperatures (20 K – 100 K) on IBR-2 research instruments;

- to continue modernization of the cryogenic system of the moderators’ complex in view of the purchase of a new refrigerator with a cooling capacity of 1800 W at 10 K;
- to optimize the operation of the equipment of the cryogenic system with regard to newly installed equipment;
- to develop and carry out laboratory tests of a device for batch discharging pellets in a solid phase from the moderator chamber;
- to test on a full-scale stand of CM-201 and implement a device for optical counting of pellets;
- to organize a special place for designing, manufacturing and testing for strength and tightness of cryogenic pipelines, bellows joints, sealed vacuum feedthroughs;

- modernizing a software for control and operation of cold moderator complex;
- conduct computer simulation and develop working drawings of the third stage of the moderator complex.
6.   Group size, composition and budget
-List the JINR personnel involved in the project, including name, status (e.g. PI, researcher, post-doc, student, engineer, technician…) and FTE. Mention the total number of people in the collaboration.
	№
	Name of Division / Dep
Group
	Number of persons
	Amount of employment

	1
	FLNP MTD Group № 2
	Mukhin К.А. + 12
	full-time

	2
	FLNP MTD
	Zaytzev D.V.
	full-time

	3
	FLNP MTD Group № 3
	Basyulev E.E. + 3
	part-time

	4
	FLNP DCM Group № 6
	Bulavin M.V. + 5
	part-time

	5
	FLNP DCM Group № 3
	Petukhova T.B. + 1
	part-time (by request)

	6
	FLNP DCM Group № 4
	Altynov A.P. + 1
	part-time (by request)

	7
	FLNP DB
	Kustov А.А. + 1
	part-time (by request)

	8
	FLNP workshops
	Kuznetsov А.N.
	part-time (by request)

	9
	FLNP DNICM
	Kozlenko D.P. + 5
	part-time (by request)


The number of full-time participants is about 15 persons (the number of part-time and request participants may vary and depends on tasks, the schedule of the reactor operation, research and investigation work).
-Present the JINR group budget for the period of time of the requested extension, specifying the main budget items (equipment, computing, salaries, common funds, travel…)

The budget for the period of 2020-2022 is presented in item 5 «Time Schedule of Activities» of Form 26 and item 6 «Cost Estimate» form 26. The budget and required resources are presented in June 2019. All information is correct and up to date. 
Proposed time schedule and required resources for realization of the project «Construction of a complex of cryogenic moderators at the IBR-2 facility»

	Description of units and systems,

resources, funding sources
	Cost of units (k$). Resource requirements 
	Proposals of the Laboratory for distribution of funds and resources

	
	
	2020
	2021
	2022

	Main units and equipment
	1. CM-202
	40
	15
	15
	10

	
	1.1 Commissioning of CM-202
	10
	(
	5
	5

	
	1.2 Automation of vacuum control system (purchase of necessary equipment, software development)
	30
	15
	10
	5

	
	2. Cryogenic system of CM
	1180.5
	1020.5
	95
	65

	
	2.1 Purchase of KGU 1800/10
	920.5
	920.5
	(
	(

	
	2.2 Preparation of rooms for installation of KGU, development of rigging and auxiliary devices, installation
	60
	40
	15
	5

	
	2.3 Expert review of cryogenic system project; commissioning
	40
	10
	10
	20

	
	2.4 Automation of vacuum control system
	70
	10
	30
	30

	
	2.5 Purchase of necessary equipment, modernization and automation of helium supply system
	90
	40
	40
	10

	
	3. CM-201
	142
	62
	55
	25

	
	3.1 Experiments, development and tests of new components, equipment, improvement of operation modes at CM-201 test stand
	32
	12
	10
	10

	
	3.2 Determination of physical and technical parameters of CM-201 and WM-304
	60
	30
	30
	(

	
	3.3 Designing. Manufacturing and installation of biological shield for temporary storage of a backup moderator (room 165, bldg. 117)
	25
	15
	10
	(

	
	3.5 Commissioning and expert reviews
	25
	5
	5
	15

	
	4. New developments
	130.5
	75
	45
	10.5

	
	4.1 Development of concept and experimental model of unit for discharging solid mesitylene from CM chamber (at CM-201 test stand)
	60
	25
	25
	10

	
	4.2 Creation of a site for manufacturing cryogenic pipes and bellows units
	70.5
	50
	20
	0.5

	Required resources
	Norm-hour
	FLNP Workshops
	6000
	2000
	2000
	2000

	
	
	FLNP Design Bureau
	3000
	2000
	500
	500

	
	
	Reactor
	(
	(
	(
	(

	Funding source
	Budget
	Theme 1105
	1493
	1172.5
	210
	110.5


	Cost estimate of the project «Construction of a complex of cryogenic moderators at the IBR-2 facility»

№
	Description of cost items
	Total cost
	2020
	2021
	2022

	Direct expenses

	1
	IBR-2 reactor
	hour
	(
	(
	(

	2
	Design Bureau
	norm-hour
	1000
	1000
	1000

	3
	Materials
	k$
	62
	47
	30.5

	4
	Equipment
	k$
	1065.5
	110
	25

	5
	Payment for research performed under contracts
	k$
	45
	53
	55

	6
	Travel expenses

а) to nonruble-zone countries

b) to ruble-zone countries

c) under Protocols
	k$

according to ITC plan
	20

8

2


	20

8

2


	20

8

2



	Total direct expenses
	
	1202.5
	240
	140.5


-Indicate the use or needs of JINR computing resources for the group and for the project if any. 
Only FLNP computing resources and software are used.
