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Field of research: «Nuclear Physics (03)»

Investigations in the Field of Nuclear Physics with Neutrons

Theme title: «Investigations of neutron nuclear interactions and properties of the neutron».

Theme leader: 
Lychagin Е.V.
Deputies: 

Kopatch Yu.N.




Sedyshev P.V.

Brief annotation:

Investigations in the field of nuclear physics with neutrons are traditionally one of the top priority areas of research developed in JINR. At present, these investigations are conducted in the framework of the scientific theme “Investigations of neutron nuclear interactions and properties of the neutron” (03-4-1128-2017/2019). The complex use of basic FLNP facilities (IREN pulsed source of resonance neutrons, IBR-2 pulsed reactor, EG-5 electrostatic generator) makes it possible to carry out a broad spectrum of nuclear physics investigations in a wide range of neutron energies (from cold neutrons to several MeV). To continue and develop research in this area, it is suggested to extend the theme for the next three years: 2020-2022.
Scientific research and development activities in the next three years will be focused on the implementation of the tasks set out in the proposals for the Seven-Year Plan for the Development of JINR for 2017-2023 in the field of “Nuclear Physics. Physics research can arbitrarily be divided into three areas:
·  investigations of violations of fundamental symmetries in neutron interactions with nuclei and obtaining related nuclear data; 
·  investigations of fundamental properties of the neutron, physics of ultracold and very cold neutrons;
·  applied and methodological research.
In addition, a large amount of work is planned aimed at the development of the engineering infrastructure of the IREN facility and the EG-5 accelerator. 
The work on upgrading the IREN accelerator systems carried out in 2017-2019 is expected to make it possible to start regular operation for experiments with a gradual increase in the neutron yield due to a rise in the accelerator pulse frequency. The regular operation of IREN will allow us to effectively develop measurement techniques aimed at detecting T-noninvariant effects, which are of great interest. The available and expected intensity of IREN will not be enough to carry out the measurements themselves, so they are supposed to be prepared for realization at external high-intensity neutron sources. The regular operation of IREN will also make it possible to resume traditional for FLNP investigations of properties of excited nuclei, reactions with emission of charged particles, physics of fission induced by resonance neutrons.  Studies to obtain relevant data for astrophysics, nuclear energy and the problem of nuclear waste transmutation via neutron and gamma-induced reactions, will be carried out as well.
A special feature of research at IREN will be investigations with polarized neutrons in the resonance region. For this purpose, during the next three years it is planned to construct a prototype of an all-wave neutron polarizer. 
The search for the neutron EDM and improvement of the accuracy in the determination of the neutron lifetime remain important tasks to test theories beyond the Standard Model (SM), verify the SM parameters, determine the degree of baryon asymmetry violation, etc. The situation with the experiments on the determination of the neutron lifetime by different methods remains controversial. The application of new approaches in this area would be particularly interesting. Recently, an idea of a new method for measuring the neutron lifetime on a beamline of the IBR-2 reactor was proposed. Within the next three years, it is planned to study the capabilities of this method and construct a prototype of an experimental setup for this measurement.
The available neutron sources at JINR do not have the capacity to provide high-intensity UCN beams, which would be highly desirable and relevant for conducting test experiments, as well as for attracting and training young researchers. One of the tasks towards this objective in 2020-2022 remains the study of the possibility of producing very cold neutrons (VCN) and UCN at the IBR-2 reactor, as well as methodological developments in this area. These developments are also necessary in view of the creation of a new advanced neutron source in FLNP, which is to replace the IBR-2 after the expiration of its service life. The production of very cold neutrons in itself has interesting prospects for solving problems in fundamental physics, as well as in condensed matter research.  
The investigation of nonstationary quantum phenomena by neutron-optical methods will be continued, as well as further studies of the interaction of cold and ultracold neutrons with matter moving at a great acceleration and with disordered nanostructures.
In the field of applied research, studies will primarily be carried out using neutron activation analysis at the IBR-2 reactor, and supplemented by gamma-activation analysis and non-destructive analysis of elemental composition using methods of neutron and gamma spectroscopy at the IREN and TANGRA facilities. Studies of elemental depth profiles in the surface layers of solids using nuclear physics methods, which are of interest and relevance for micro- and nanoelectronics, will continue on beams of the charged particle accelerator EG-5.
Significant efforts and resources will be focused on the reconstruction of IREN experimental halls to develop the infrastructure of experimental facilities according to the world standards.
In order to preserve the analytical nuclear physics methods for studying elemental depth profiles in the surface layers of solids and conducting experiments with quasi-monoenergetic fast neutrons, it is necessary to carry out a major modernization of the EG-5 accelerator, including the replacement of the accelerating tube and its surrounding systems. The successful implementation of these modernization efforts will make it possible to intensify the program of experiments with fast neutrons and to start the realization of the microbeam project (the latter is beyond the projected 3-year period).
A part of experimental research will be carried out at the neutron sources which provide the possibilities principally inaccessible at the basic facilities of FLNP, namely at high-flux research reactors of the Institute of Laue-Langevin, Grenoble (France), PIK (Gatchina) and FRM-2, Munich (Germany), neutron spectrometers GNEIS (Gatchina) and n_TOF, CERN (Switzerland), PSI (Switzerland).
Projects under the theme:
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Leader 


Priority 

(period of realization)

TANGRA

Kopatch Yu.N.
 
      1



(2017-2022)




Deputy




Bystritsky V. M.

Stages:

1. Investigations of neutron nuclear interactions.

Period of realization: 2020-2022

Responsible person – Kopatch Yu.N.

Main researchers:

FLNP
Ahmedov G.S., Berikov D., Borzakov S.B., Buadze B., Vu Dyk Kong, Danilyan G.V., Gledenov Yu.M., Grozdanov D.N., Gundorin N.A., Zeinalov Sh.S., Kobzev A.P., Kuznetsov V.L., Kulik M., Mezentseva Zh.V., Novitsky V.V., Oprea I.A., Oprea K.D., Pokotilovski Yu.N., Popov A.B., Sedyshev P.V., Sedysheva M.V., Sidorova O.V., Simbirtseva N.V., Skoj V.R., Sukhovoj A.M., Telezhnikov S.A., Tretyakova T.Yu., Fan Lyong Tuan, Tsulaia M.I., Chuprakov I., Enkhbold S. + 24 engineers, + 4 workers
2 Investigation of fundamental properties of the neutron, UCN physics.

Period of realization: 2020-2022 
Responsible person – Lychagin E.V.

Main researchers:

FLNP
Bunatyan G.G., Goryunov S.V., Enik T.L., Zakharov M.A., Ignatovich V.K., Kuznetsov V.L., Kulin G.V., Mitsyna L.V., Mironov S.N., Muzychka A.Yu, Nezvanov A.Yu., Nesipbay A., Pokotilovski Yu.N., Popov A.B., Strelkov V.A., Frank A.I., Furman W.I., Sharapov E.I. + 2 engineers, 1 worker.

3. Applied and methodological research.
Period of realization: 2020-2022
Responsible person – Sedyshev P.V.

Main researchers:

FLNP
Frontasyeva M.V., Kobzev A.P., Kopatch Yu.N., Furman W.I., Shvetsov V.N., Aleksiayenak Yu.V., Vergel K.N., Ged V.М.B., Grozdov D.S., Zinicovscaia I.I., Hristozova G.Ya., Ahmedov G.S., Simbirtseva N.V., Borzakov S.B., Grozdanov D.N., Gundorin N.A., Kulik M., Mezentseva Zh.V., Oprea I.A., Oprea K.D., Skoy V.R., Dmitriev A.Yu. + 22 engineers, 4 workers.

4. Development of the IREN facility.

Period of realization: 2020-2022.

Responsible person – Lychagin E.V.
Main researchers:

FLNP
Pyataev V.G., Golubkov E.A. + 17 engineers, 1 worker.

VBLHEP
Zamrij V.N., Minashkin V.F., Sumbaev A.P.  +3 engineers.

DLNP
Meshkov I.N.

5. Development of experimental infrastructure of the IREN facility.

Period of realization: 2020-2022.

Responsible person – Shvetsov V.N.
Main researchers:
FLNP
Beliakov A.A., Lychagin E.V., Pyataev V.G., Sedyshev P.V., Trepalin V.A., + 15 engineers.

6.
Modernization of EG-5 accelerator.
Period of realization: 2020-2022.

Responsible person – Likhachev A.N.
Main researchers:
FLNP
Likhachev A.N., Kopach Yu.N. + 4 engineers.

7.
Project TANGRA.
Period of realization: 2020-2022.

Responsible person – Kopach Yu.N.
Main researchers:
FLNP
Kopach Yu.N., Skoy V.R., Gundorin N.A., Shvetsov V.N., Tretiakova T.Yu., Aliev F., Grozdanov D., Fedorov N.A., Hramco C.
DLNP
Bystritskii V.M., Krasnoperov A.V., Sadovskii A.B.
VBLHEP
Aleksakhin V.Yu.,Zamiatin N.I., Zubarev E.V., Sapozhnikov M.G., Rogov Yu.N., Slepnev V.M., Khabarov S.V.
LRB
Timoshenko G.N.
Expected scientific results
1. Measurements and search for P-odd and T-odd effects in reactions with polarized neutrons.
2. Measurements of new nuclear data (total and partial neutron cross sections) in the energy range from thermal to 1 GeV. 
3. Measurements of angular and energy correlations in the emission of fragments, neutrons, gamma rays and light charged particles in fission.
4. Measurements of angular correlations in the emission of gamma-rays and neutrons in the interaction of 14-MeV tagged neutrons with nuclei (TANGRA project).
5. Development of experimental techniques for measuring the neutron lifetime on an extracted neutron beam (beamline 1) of the IBR-2 reactor (original beam method).
6. Theoretical and experimental investigations of nonstationary quantum effects with slow neutrons.
7. Theoretical and experimental investigations of models of interaction of slow neutrons with diamond nanostructures.
8. Elemental analysis of layered solid-state structures with a depth resolution of about 10 nm. Measurement of the concentration of hydrogen atoms at a level above 1 at.% and concentration of heavy elements above 0.01 at.%.
9. Determination of elemental composition of various samples using nuclear physics methods for environmental and life-sciences studies.
Expected methodological results:

1. Stable operation of IREN for physics experiments. Increase of IREN intensity by raising the frequency.
2. Development of methods of polarization of neutrons and nuclei for experiments to search for effects of parity violation and time invariance in neutron-nuclear interactions. Construction of a prototype of polarized nuclear target.
3. Modernization of the electrostatic generator EG-5.
4. Modernization of the setup for measuring angular and energy correlations in neutron-nuclear interactions using tagged neutrons (project TANGRA). 
5. Development of techniques and construction of a prototype of an experimental setup for measuring the neutron lifetime on beamline 1 of the IBR-2 reactor.
6. Commissioning of REGATA-2.
7. Construction of a prototype of a very cold neutron source and its testing on an extracted neutron beam of the IBR-2 or HFR reactors (Grenoble, France).
8. Development and construction of detector and data-acquisition equipment for measuring P-odd effect in 3He(n,p)3H reaction with cold polarized neutrons in the framework of the weak NN-potential study at ILL, Grenoble. 

9. Development and construction of neutron detectors for space vehicles.
10. Creation of neutron activation analysis database for the Institute of Nuclear Physics in Almaty, Kazakhstan.
List of participants and organizations 

	Country or International
Organization 
	City
	Institute or Laboratory

	Albania 
	Tirana 
	UT 

	Australia 
	Melbourne 
	Univ. 

	Austria 
	Vienna 
	IAEA 

	Azerbaijan 
	Baku 
	BSU 

	Belarus 
	Minsk 
	INP BSU 

	
	
	SPMRC NASB 

	Belgium 
	Geel 
	IRMM 

	Bulgaria 
	Sofia 
	INRNE BAS 

	
	Plovdiv 
	PU 

	
	
	UFT 

	CERN 
	Geneva 
	CERN 

	China 
	Beijing 
	IHEP CAS 

	Croatia 
	Zagreb 
	RBI 

	
	
	Oikon IAE 

	Czech Republic 
	Prague 
	CEI 

	
	
	CTU 

	
	Ostrava 
	VSB-TUO 

	
	
	UO 

	Egypt 
	Alexandria 
	Univ. 

	
	Cairo 
	EAEA 

	
	Shibin al Kawm 
	MU 

	France 
	Cadarache 
	CC CEA 

	
	Grenoble 
	ILL 

	
	
	LPSC 

	
	Saclay 
	LLB 

	
	Strasbourg 
	IPHC 

	Georgia 
	Tbilisi 
	AIP 

	
	
	TSU 

	Germany 
	Darmstadt 
	TU Darmstadt 

	
	Dresden 
	HZDR 

	
	Mainz 
	JGU 

	
	Munich 
	TUM 

	
	Tubingen 
	Univ. 

	Hungary 
	Budapest 
	RKK OU 

	Italy 
	Rome 
	ENEA 

	Japan 
	Kyoto 
	KSU 

	
	Tsukuba 
	KEK 

	Kazakhstan 
	Almaty 
	INP 

	
	Astana 
	ENU 

	
	Ust-Kamenogorsk 
	TRCE 

	Macedonia 
	Skopje 
	UKiM 

	Moldova 
	Chisinau 
	IMB ASM 

	
	
	IC ASM 

	Mongolia 
	Ulaanbaatar 
	CGL 

	
	
	NRC NUM 

	Norway 
	Trondheim 
	NTNU 

	Poland 
	Gdansk 
	GUT 

	
	Krakow 
	NINP PAS 

	
	Lodz 
	UL 

	
	Lublin 
	UMCS 

	
	Opole 
	UO 

	
	Otwock-Swierk 
	NCBJ 

	
	Poznan 
	AMU 

	
	Wroclaw 
	UW 

	Republic of Korea 
	Pohang 
	PAL 

	
	Seoul 
	Dawonsys 

	
	Taejon 
	KAERI 

	Romania 
	Bucharest 
	IFIN-HH 

	
	
	ISS 

	
	
	UB 

	
	Baia Mare 
	TUCN-NUCBM 

	
	Constanta 
	NIMRD 

	
	
	UOC 

	
	Galati 
	UG 

	
	Iasi 
	UAIC 

	
	Oradea 
	UO 

	
	Pitesti 
	SCN 

	
	Ramnicu Valcea 
	I.C.S.I. 

	
	Targoviste 
	UVT 

	Russia 
	Moscow 
	Atomenergomach 

	
	
	GIN RAS 

	
	
	IKI RAS 

	
	
	IPCE RAS 

	
	
	ITEP 

	
	
	MSU 

	
	
	NRC KI 

	
	
	SINP MSU 

	
	
	GPI RAS 

	
	Moscow, Troitsk 
	INR RAS 

	
	Borok 
	IBIW RAS 

	
	Dubna 
	Dubna Univ. 

	
	Gatchina 
	PNPI 

	
	Irkutsk 
	LI SB RAS 

	
	Ivanovo 
	ISUCT 

	
	Izhevsk 
	UdSU 

	
	Obninsk 
	IPPE 

	
	Snezhinsk 
	VNIITF 

	
	St. Petersburg 
	Botanic garden BIN RAS 

	
	
	FIP 

	
	
	SPSFTU 

	
	
	Hermitage 

	
	
	KRI 

	
	Sevastopol 
	IBSS 

	
	Tomsk 
	NPI TPU 

	
	Tula 
	TSPU 

	
	Voronezh 
	VSU 

	
	Yekaterinburg 
	UrFU 

	Serbia 
	Belgrade 
	IPB 

	
	
	Univ. 

	
	Novi Sad 
	UNS 

	Slovakia 
	Bratislava 
	IP SAS 

	
	
	IEE SAS 

	
	
	ILE SAS 

	
	
	CU 

	Slovenia 
	Ljubljana 
	GeoSS 

	South Africa 
	Pretoria 
	Unisa 

	
	Stellenbosch 
	SU 

	
	Bellville 
	UWC 

	Switzerland 
	Villigen 
	PSI 

	Thailand 
	Hat Yai 
	PSU 

	Turkey 
	Canakkale 
	COMU 

	
	Oulu
	UO

	Ukraine 
	Kiev 
	KINR NASU 

	
	
	NUK 

	
	Donetsk 
	DonIPE NASU 

	
	Uzhgorod 
	IEP NASU 

	
	Kharkov 
	ISMA NASU 

	
	
	KFTI 

	Vietnam 
	Hanoi 
	IOP VAST 

	
	
	VNU 

	USA 
	Durham, NC 
	Duke 

	
	Los Alamos, NM 
	LANL 

	
	Oak Ridge, TN 
	ORNL 


Realization period: 2020-2022
Financing of items 5, 6, 9, 10, 18, 19 (k$)

Neutron nuclear physics:
	
	2020
	2021
	2022
	Всего

	Investigations of neutron-nuclear interactions.
	870
	810
	760
	2440

	Investigations of fundamental properties of the neutron, UCN physics
	440
	530
	350
	1320

	Applied and methodological research
	210
	210
	210
	630

	Development of experimental and engineering infrastructure
	2010
	2235
	1700
	5945

	Total
	3530
	3785
	3020
	10335


Maintenance and development of IREN:
	
	2020
	2021
	2022
	Всего

	Maintenance and operation
	300
	300
	300
	900

	Improvement of accelerator systems
	200
	200
	300
	700

	Total
	500
	500
	600
	1600


Total estimated cost of the theme




11935 k$
Financing in the framework of 7-year plan.
Other financing sources

RSA-JINR agreement.

Grants of Plenipotentiaries of JINR Member States (Kazakhstan, Poland, the Czech Republic, Slovakia, Romania).
RFBR grants.
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