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02-1-10652007/2026

NICA Complex: Design and Construction of the Complex
of Accelerators, Collider and Physics Experimental Facilities
at Extracted and Colliding lon Beams Aimed at Studying Dense
Baryonic Matter and the Spin Structure of Nucleons and Light lons,
and at Carrying out Applied and Innovation Projects

Leaders: V.D. Kekelidze
A.S. Sorin
G.V. Trubnikov

Deputies: A.V. Butenko
V.M. Golovatyuk
M.N. Kapishin

Participating countries and international organizations:

Armenia, Australia, Azerbaijan, Belarus, Bulgaria, CERN, Chile, China, Cuba, Czech Republic, Egypt, France, Geor
Germany, Israel, Italy, Japan, Kazakhstan, Mexico, Moldova, Mongolia, Poland, Romania, Russig§iBedkia, South Africa,
Sweden, Ukraine, USA.

The problem under study and the main purpose of the research:

Search and investigation of phase transitions in strongly interacting nuclear matter at extremely high baryon dengities, stu
the nucleon spintgicture, of light nuclei and polarization phenomena in few nucleon systems. Development of theoretical mod
of the studied processes and theoretical support of the experiments. Development of the Nuclotron accelerator conmgiex as «
facility for studying relativistic nuclear collisions in the range of atomic masses 8187L Investigation of reaction dynamics
and studing modifications of hadron properties in nuclear matter, -tfgashold strange hyperons production and search for
hyper nuclei in mteractions of the Nuclotron extracted ion beams with fixed targets at the BM@N detector. Development &
stageby-stage creation of the NICA heavy ion collider accelerator complex, the-poufiose detector (MPD/NICA) and spin
physics detector (SPD/NICAYr experiments with colliding heavy ions beams. Modernization of extraction beam lines. Carryin
out of experiments with ion beams and polarized proton and deuteron beams at the Nimdottmpment of the infrastructure

for applied research at NICA &ey ion beams.

Projects:
Name of the project Project Leaders Project code

1. NuclotronNICA A.V. Butenko 02-1-10651-2011/2023
G.G. Khodzhibagiyan
Scientific leader:
I.N. Meshkov

2. BM@N M.N. Kapishin 02-1-10652-2012/2026

3. MPD V.M. Golovatyuk 02-1-10653-2011/2025
V.D. Kekelidze
Deputy:
V.G. Ryabov

4. SPD A.V. Guskov 02-1-10654-2020/2024
Deputy:
V.P. Ladygin
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Projects:
Name of the project
Laboratory (Subdivision)
1. Nuclotron-NICA

1.1. NICA injection complex: technical design
preparation and construction of the NICA
injection complex: (sources of heavy ions
and polarized light nuclei,HILAC linear
accelerators of heavy ions and light nuclei
of beam transporting to the Nuclotron)

1.1.a. Commissioning of theheavy ion
source (KRION)

1.1.b. Upgrade the polarized proton
and deuteron source (SPI)

1.1.c. Development and construction of the beam
injection systems and beam transportation
channels.Development of the beam control
and diagnostics systems

1.1.d. Design and start ofconstruction
the new proton and light ion injector
LILAC

VBLHEP

Project Leaders
Responsible fronaboratories
A.V. Butenko

G.G. Khodzhibagiyan
Scientific leader:

I.N. Meshkov

A.V. Butenko
V.A. Monchinsky
E.M. Syresin
A.V. Tuzikov

E.E. Donets

V.V. Fimushkin
R.A. Kuzyakin

D.E. Donets
E.V. Gorbachev
A.V. Tuzikov

A.V. Butenko
K.A. Levterov
B.V. Golovensky
E.M. Syresin

Status

Realization

Realization

Realization

Realization

Realization

1.2.

Assembling and startup of the NICA
Booster and its technological systems

V.P. Akimov, V.S. Alexandrov, A.V. Alfeev, V.A. Andreev,
M.Yu. Averyanov, A.M. Bazanov, A.Yu. Boytsov, A.M. Butenka
A.A. Fateev, A.R. Galimov, N.l. Garanzha, V.N. Karpinsky,
A.E. Kirichenko, A.G. Kobets, V.V. Kobets, S.Yu. Kolesnikov,
0O.S. Kozlov, M.V. Kulikov, L.V. Kutuzova, D.A. Luosev,

A.A. Martynov, S.V.Mikhailov, V.V. Myalkovsky, A.V. Nesterov,
K.G. Osipov, R.V. Pivin, D.O. Ponkin, Yu.V. Prokofichev,
A.Yu. Ramzdorf, D.N. Rassadov, S.V. Romanov, G.S. Sedykh,
I.V. Shirikov, V.B. Shutov, AO. Sidorin, V.V. Tarasov,

A.A. Voronin, A.Yu. Zakharov

A.V. Butenko

1.2.a. Magnet cryostat system, vacuum system,
system of electron cooling
1.2.b. Power supply and energy evacuation system

1.2.c. RF accelerating system of the Booster

1.2.d. Diagnostics, injection, correction of optics,
beam extraction and transport systems

_ ) Realization

G.G. Khodzhibagiyan

I.N. Meshkov

E.M. Syresin

A.O. Sidorin

A.R. Galimov izati
Realization

A.O. Sidorin

E.V. lvanov iecti

_ Projecting

V.N. Karpinsky Realization

O.l. Brovko Realization

A.V. Tuzikov iecti
Projectin

E.V. Gorbachev Rea]nzatiogn
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1.3.

1.3.a.

1.3.b.

1.3.c.

1.3.d.

VBLHEP

DLNP

Development of theNuclotron

Magnet cryostat system, vacuum system

Power supply and energy evacuation system

RF accelerating system of the Nuclotron

Diagnostics, injection, correction of optics,

beam extraction and transportation systems

VBLHEP

N.N. Agapov, A.V. Alfeev, V.A. Andreev, A.S. Averichev,
M.Yu. Averyanov, A.A. Baldin, A.M. Bazanov, A.V. Beloborodo
D. N. Bogoslovsky, V.P. Chernyaev, D.E. Donets, V.M. Drobin,
A.A. FateevA.V. Filippov, S.A. Goncharov, A.Yu. Grebentsov,
I.L. Guryleva, E.V. lvanov, G.E. lvanov, O. Kazinova,

P.R. Kharyuzov, A.E. Kirichenko, S.Yu. Kolesnikov,

A.V. Konstantinov, A. I. Korobkov, D.S. Korovkin, S.A. Korovkit
V.V. Kosachev, S.A. Kostromin, E.V. Kostyukhov,$ Kozlov,
A.V. Kudashkin, E.AKulikov, O.A. Kunchenko, G.L. Kuznetsov.
N.I. Lebedev, V.A. Lebedev, A.V. Lushin, S.V. Mikhailov,

V.A. Mikhailov, V.V. Myalkovsky, A.V. Nesterov, D.N. Nikiforov
A.L. Osipenkov, K.G. Osipov, A.V. Pel'tikhin, M.V. Petrov,

G.A. Petrovsky,N.V. Pilyar, R.V. Pivin, O.V. Prozorov,

S.V. Romanov, P.A. Rukoyatkin, T.V. Rukoyatkina, G.S. Sedyk
N.V. Semin, A.S. Sergeev, A.V. Shabunov, M.M. Shandov,
A.A. Shurygin, V.S. Shvetsov, A.l. Sidorov, Z.I. Smirnova,

A.N. Svidetelev, V.VTarasov, A.M. Tikhomirov, N.D. Topilin,
Yu.A. Tumanova, V.I. Tyulkin, B.V. Vasilishin, A.l. Zagray,
A.Yu. Zakharov

E.V. Akhmanova, V.l. Khilinov, O.S. Orlov, A.Yu. Rudakov,
N.A. Rybakov, A.A. Sidorin, S.L. Yakovenko

2.\8 I?C:en_ko Projecting
-0. Sidorin Realization
E.M. Syresin

A.R. Galimov Projecting
Realization

E.V. lvanov jecti
: Projecting
V.N. Karpinsky Realization
O.l. Brovko Projecting
Realization

E.V. Gorbachev iecti
4 Projecting
P.A. Rukoyatkin Realization

R.M. Akhmadrizyaloy A.S. Aksenoy A.V. Alfeev,

V.S. Alexandrov V.A. Andreey S.A. Arefiev, A.S. Averichey,
A.M. BazanovyE.S. Belyakoy, S.A. Besfamilny Yu.G. Bespaloy
N.A. Blinov, A.S. Bogatov L.G. Bogdan V.V. Borisoy,

A.Yu. Boytsoy O.l. Brovko, A.P. Bulakh, A.M. Butenkq

E.A. Butenkq P.S. CherkasoyA.Yu. Chmyrey V.V. Chudakoy
V.V. Chumakoy S.A. Dolgiy, D.E. Donets E.E. Donets

I.1. Donguzoy A.M. Donyagin G.L. Dorofeey V.M. Drobin,
N.V. Dunin, A.V. Eliseey V.G. Elkin, A.E. Emelianoy

R.O. Esaulkoy A.A. Fateey A.A. Feoktistoy G.A. Filatoy,

V.V. Fimushkin A.V. Gaevsky A.R. Galimoy, V.E. Galkin,

F.N. GanyushkinN.I. GaranzhaA.A. Garkin B.V. Golovensky
I.l1. Golubey O.M. Golubitsky, S.A. GoncharoyE.V. Gorbachey
S.P. Gorelikoy, A.V. GrebennikoyA.Yu. Grebentsoy

D.M. Gribov, S.\V. Gudkoy S.V. Gudkoy, M.V. Guling,

K.N. Guryley, I.L. Guryleva SA. Gusev E.V. Ivanoy, G.E. Ivanoy,
A.N. Karpuk V.A. Kashirin, R.R. Khabibullin, A.E. Kirichenko,
S.V. Kirov, D.I. Klimansky, A.S. Klyagin, V.V. Kobets

A.B. Kolesoy A.V. KonstantinoyA.V. Kopchenoy

M.Yu. Korobitsyna S.A. Korovkin, V.S. Korolev, G.E. Koroleva
V.V. KosacheyV.A. Kosinoy, A.A. Kotova, |.K. Kovrizhina,
A.P. Kozlov, O.S. Kozlov, A.V. Kudashkin T.G. Kudinova
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1.4.

1.4.a.

1.4.b.

1.4.c.

1.4.d.

1.4.e.

Technical design, R&D of technological
systems and construction of the NICA heavy
ion collider with an energy ofEcu= 4-11 GeV
and an average luminosity ofll:1027 fr) d2fiy?
and light polarised nuclei with aluminosity

of 11103 fry d2fiy? (by protons, at Ecm=27 GeV)
Magnet cryostat and vacuum systems

Power supply and energyevacuation system

RF system of the Collider
Beam diagnostics, injection and transportation
systems

Cooling and feedback systems for charged
particle beams

P.I. KudryashoyR.l. Kukushkina T.A. Kulaeva E.A. Kulikov,
M.V. Kulikov, N.A. Kulikov, O.A. Kunchenko V.V. Kuptsoy,
L.V. Kutuzovag A.A. Kuznetsoy A.A. Kuznetsoy G.L. Kuznetsoy
D.Yu. Kuznetsoy M.I. KuznetsoyR.A. Kuzyakin R.V. Lapin,
I.N. LebedeyN.l. LebedeyV.A. Lebedey|.G. Lebedeva

M.P. Lepkin, D.S. Letkin, D.O. Leushin K.A. Levteroy,

D.V. Lobanoy N.A. Lopatin K.V. LoshmanovaV.O. Luchentsoy
D.A. Luosev A.V. Lushin V.M. Lutsenkq A.M. Malyshey

A.A. Martynoy, R.N. Masaloy E.S. Matyukhanoy A.A. Merkuriey,
M.Yu. MeshenkoyE.A. Mikhailov, S.V. Mikhailov,

V.A. Mikhailov, Yu.A. Mitrofanova D.V. Monakhoy

V.A. Monchinsky D.M. Morozoy, V.V. Morozova V.A. Mosaloy,
V.V. Myalkovsky, O.E. Naumoy D.V. Neapolitansky

S.I. Nefediev O.A. Nefedoy E.A. Negey A.V. Nesteroy

N.A. Newgate D.N. Nikiforov, A.M. Nikitin, I. Yu. Nikolaichuk
K.A. Nosoy, M.S. Novikov, S.Yu. Novozhilov, Yu.M. Nozhenko
M.N. OmelianenkoA.L. Osipenkoy O.A. Parfenoy

V.V. PashinskyA.V. Peltikhin V.V. PeshkoyL.A. Peshkova
.M. Petroy M.V. Petroy V.D. Petrovy A.S. Petukhoy

A.V. Philippov, M.N. Philippov, N.A. Philippov, E.Yu. Philippova
N.V. Pilyar, R.V. Pivin, A.A. Pogodin V.K. Polyakova

D.O. Ponkin A.A. PonomareyO.V. Prozoroy R.G. Pushkay
A.Yu. RamsdorfD.N. RassadomM.N. Repkin S.V. Romanoy
P.A. Rukoyatkin T.V. Rukoyatkina S.A. RumyantseyD.V.
Ryzhoy, D.Yu. Saveliey M.K. SavenkovaA.N. Scherbakoy

G.S. Sedykh A.P. SergeeyA.V. SergeeyE.V. Sergeeva

V.G. ShabratoyM.M. ShandoyA.V. Shemchukl.V. Shirikov,
E.E. Shirkova A.M. Shumkoy V.M. Shumkoy V.B. Shutoy

A.A. Shurygin D.S. Shvidky, T.V. Sidorenkoy A.O. Sidorin,

A.l. Sidoroy, P.A. Sidoroy, V.O. Sidorova P.A. Simonoy

A.V. Skrypnik A.A. Slivin, S A. Smirnoy, V.L. Smirnoy,

Z.1. Smirnova R.A. Smolkoy, A.G. Sorokin O.Yu. Stankoy

L.E. SveshnikovaA.L. Svetoy A.N. SvideteleyM.l. Svideteleva
E.M. Syresin R.V. Talysin V.V. Tarasoy A.M. Tihomirov,

E.V. Tikhonoy, A.B. Tischenkg@ N.V. Travin, A.A. Troitsky,

A.V. Tsvetkov Yu.A. TsvetkovaV.l. Tyulkin, A.V. Vadeey

B.V. Vasilishin A.S. Vinogradovy A.A. Volodin, A.A. VVoronin,
N.A. Voroshilov, A.Yu. Zakharov A.l. Zagray L.V. Zinoviev,
D.A. Zolotykh, A.G. Zorin, |.N. Zhabin V.M. Zhabitsky

A.S. Zhbankoy M.I. Yablochkin M.V. Yurkov

S.A. Kostromin iecti
Projecting
V.A. Lebedev Realization
I.N. Meshkov
A.O. Sidorin
E.M. Syresin
A.R. Galimov izati
o Realization
G.G. Khodzhibagiyan
E.V. Ivanov izati
_ Realization
V.N. Karpinsky
O.l. Brovko iecti
Projectin
A.Yu. Grebentsov Reallizatiogn
A.V. Tuzikov iecti
Projectin
E.V. Gorbachev Rea]nzatiogn
I.N. M?thOV Projecting
A.O. Sidorin Realization
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1.4.f. Systems of proton and deuteron polarization
monitoring and control

VBLHEP

S.A. Kostromin Projecting

Realization

R.M. Akhmadrizyaloy A.S. Aksenoy A.V. Alfeeyv,

V.S. Alexandrov V.A. Andreey S.A. Arefiev, A.S. Averichey,
A.M. BazanovE.S. Belyakov S.A. Besfamilny Yu.G. Bespaloy
N.A. Blinov, A.S. Bogatoy L.G. Bogdan V.V. Borisoy,

A.Yu. Boytsoy O.l. Brovko, A.P. Bulakh, A.M. Butenkq

E.A. Butenkqg P.S. Cherkasoy ¢ ChérnovaA.Yu. Chmyrey
V.V. ChudakoyV.V. Chumakoy S.A. Dolgiy, D.E. Donets

E.E. Donets |.I. Donguzoy A.M. Donyagin G.L. Dorofeey

V.M. Drobin, N.V. Dunin, A.V. Eliseev V.G. Elkin,

A.E. Emelianov R.O. Esaulkoy A.A. Fateey A.A. Feoktistoy
G.A. Filatov, V.V. Fimushkin A.V. Gaevsky A.R. Galimoy,

V.E. Galkin, F.N. GanyushkinN.I. GaranzhaA.A. Garkin,

B.V. Golovensky|.l. Golubey O.M. Golubitsky, S.A. Goncharoy
E.V. GorbacheyS.P. Gorelikov, A.V. Grebennikoy

A.Yu. GrebentsoyD.M. Gribov, S.V. Gudkoy, S.V. Gudkoy,
M.V. Guling K.N. Guryley, I.L. Guryleva S.A. Gusey

E.V. Ivanoy, G.E. lvanoy, A.N. Karpuk V.A. Kashirin

R.R. Khabibullin, A.E. Kirichenkag, S.V. Kirov, D.l. Klimansky,
A.S. Klyagin, V.V. Kobets A.B. Kolesoy, A.V. Konstantinoy
A.V. KopchenoyM.Yu. Korobitsyna S.A. Korovkin, V.S. Koroley,
G.E. Koroleva V.V. KosacheyV.A. Kosinoy, A.A. Kotova,

|.K. Kovrizhina, A.P. Kozlov, O.S. Kozlov, A.V. Kudashkin

T.G. Kudinova P.I. KudryashoyR.I. Kukushking T.A. Kulaeva
E.A. Kulikov, M.V. Kulikov, N.A. Kulikov, O.A. Kunchenkg
V.V. Kuptsoy, L.V. Kutuzova A.A. Kuznetsoy A.A. Kuznetsoy
G.L. KuznetsoyD.Yu. KuznetsoyM.I. Kuznetsoy R.A. Kuzyakin,
R.V. Lapin, I.N. LebedeyN.I. LebedeyV.A. Lebedey

|.G. LebedevaM.P. Lepkin, D.S. Letkin, D.O. Leushin

K.A. Levteroy, D.V. Lobanoy N.A. Lopatin K.V. Loshmanova
V.O. LuchentsoyD.A. Luosey A.V. Lushin V.M. Lutsenkq
A.M. Malyshey A.A. Martynov, R.N. Masaloy E.S. Matyukhanoy
A.A. Merkuriev, M.Yu. MeshenkoyE.A. Mikhailov,

S.V. Mikhailov, V.A. Mikhailov, Yu.A. Mitrofanova

D.V. Monakhoy V.A. Monchinsky D.M. Morozoy,

V.V. Morozova V.A. Mosaloy, V.V. Myalkovsky, O.E. Naumoy
D.V. NeapolitanskyS.|. Nefediey O.A. Nefedoy E.A. Negey
A.V. Nesteroy N.A. Newgate D.N. Nikiforov, A.M. Nikitin,

I. Yu. Nikolaichuk K.A. Nosoy, M.S. Novikov, S.Yu. Novozhiloy,
Yu.M. Nozhenkg M.N. OmelianenkoA.L. Osipenkoy

O.A. ParfenoyV.V. PashinskyA.V. Peltikhin, V.V. Peshkoy
L.A. Peshkoval .M. Petroy M.V. Petroy V.D. Petroy

A.S. Petukhoy A.V. Philippov, M.N. Philippov, N.A. Philippoy,
E.Yu. Philippova N.V. Pilyar, R.V. Pivin, A.A. Pogodin

V K. PolyakovaD.O. Ponkin A.A. PonomareyO.V. Prozoroy
R.G. PushkayA.Yu. RamsdorfD.N. RassadoM.N. Repkin

S.V. RomanoyP.A. Rukoyatkin T.V. Rukoyatkina

S.A. RumyantseyD.V. Ryzhoy, D.Yu. Saveliey M K. Savenkova
A.N. ScherbakoyG.S. Sedykh A.P. SergeeyA.V. Sergeey

E.V. SergeevaV.G. ShabratoyM.M. ShandoyA.V. Shemchuk
1.V. Shirikov, E.E. Shirkovg A.M. Shumkoy V.M. Shumkoy
V.B. Shutov A.A. Shurygin D.S. Shvidky, T.V. Sidorenkoy
A.O. Sidorin A.l. Sidoroy, P.A. Sidoroy, V.O. Sidorova

P.A. Simonoy A.V. Skrypnik A.A. Slivin, S.A. Smirnoy,

V.L. Smirnoy, Z.I. Smirnova R.A. Smolkoy, A.G. Sorokin

O.Yu. Stankoy L.E. SveshnikovaA.L. Svetoy A.N. Svideteley
M.l. SvidetelevaE.M. Syresin R.V. Talysin V.V. Tarasoy

A.M. Tihomirov, E.V. Tikhonoy, A.B. Tischenkg N.V. Travin,
A.A. Troitsky, A.V. Tsvetkoy Yu.A. TsvetkovaV.l. Tyulkin,
A.V.VadeeyB.V. Vasilishin A.S. Vinogradoy A.A. Volodin,
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1.5.

DLNP

OCE(DRB)

R&D, construction and development
of cryogenic systems

VBLHEP

Brief annotation and scientific rationale:
The development and carryout works on of the existing infrastructure of the VBLHEP accelerator complex: HILAC,
Nuclotron, beam transport channels in bldg. 1, bldg. 205 and new building 17 and other systems and new equipment
the next stageommisionig of the NICA complex in 2025.

Expected results upon completion of the project:
The collider of the NICA complex ready for the launch in 2025.

Expected results of the project in the current year:

A.A. Voronin, A.Yu. Zakharoy A.l. Zagray L.V. Zinoviey,
D.A. Zolotykh, A.G. Zorin, I.N. Zhabin V.M. Zhabitsky
A.S. Zhbankoy M.I. Yablochkin M.V. Yurkov

E.V. Akhmanova, V.l. Khilinov, O.S. Orlov, A.Yu. Rydakov,
N.A. Rybakov, A.A. SidorinS.L. Yakovenko

V.N. Buchnev, V.Yu. Schegolev

N.N. Agapov

G.G. Khodzhibagiyan Projecting

Realization

S.A. Arefiev, N.B. Baldin, M.B. Basheva, D.B. Belov,

S.G. Gorelikov, S.G. Gudkov, V.D. Drobin, L.E. Egorova,

A.E. Emelyanov, E.I. Ivanov, M.K. Kondratiev, A.K. Konstantinc
V.K. Kosinov, E.K. Kulikov, D.L. Lobanov, Y.M. Mitrofanova,
I.P. Petrov, L.P. Peshkov, S.S. Smirnov, E.F. Filippova,

0.Y. Yarovikova

1. The development and carryout works on tHeAC, Booster and Nuclotron, as well as the existing beam transport ch
of accelerator facility in bldg. o bldg. 205assemblyof thestart configuration and commissioning of the Nuclot@wilider

beam transpotine in bldg. 1 and new building 1@ssembly and commissioning of the fast extraction section from Nuc

assembly andommissioningsections for beam injection and beam dump in the Collielether development of the existi

infrastructure for applied research on heavy ion beBmeparatiorfor theacceleration run in 2025.

2. Preparation of the equipment of the cryogenic complex for experiments on ion beams of the accelerator comple
Commissioning at the cryogenic compressor station.-8pagind commissioning of two Collider refrigerators in new buil

2.1

2.2,

2.3.

BM@N

Development of the operational area

of the setup: increasing the radiation
protection, improving detector subsystems
and engineering infrastructure

Construction of the basic detector complex
of the BM@N setup

Development of the technological
and engineering systems, control
systems and test areas of the setup

VBLHEP

17. Starfup and adjustment work on the equipment of the nitrogen system of the VBLHEP cryogenic complex.

M.N. Kapishin Realization

S.Yu. Anisimov
M.N. Kapishin
S.M. Piyadin

Realization

M.N. Kapishin

N Realization
S.M. Piyadin

S.Yu. Anisimov
S.M. Piyadin
N.D. Topilin

Realization

Kh.U. Abraamyan, G.N. Agakishiev, S.V. Afanasi&A. Alishina,
V.l. Astakhov,V.A. Babkin, S.N. Bazylev, D.N. Bogoslovsky,
M.G. Buryakov, S.G. Buzin, A.l. Chebotov, D.D. Chemezov,
D.V. Dementiev, A.V. Dmitriev, B.V. Dubinchik, P.O. Dulov,
D.K. Dryablov, D.S. Egorov, V.V. Elsha, A.A. Fedyunin,

I.A. Filippov, I.R. Gabdrakhmanov, A.V. Galavanov,

O.P. Gavrischuk, K.V. Gertsealger, V.M. Golovatyuk,

P.N. Grigoriev, M.N. Kapishin,Yu. Kapitonov, V.Yu. Karzhavin,
R.R. Kattabekov, V.D. Kekelidzé\.Yu. Khukhaeva,

A.S. Khvorostukhin, Yu.T. Kiryushin, S.V. Khabarov,
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Yu.S. Kovalev, V.I. Kolesnikov, A.A.Kolozhvari, Yu.A. Kopylov
L.D. Kovachev,S.N. Kuklin, E.M. Kulish, A.S. Kuznetsov,

E.A. Ladygin, N.A. Lashmano\R . Ledni kekitenko,V .
A.M. Makan'kin, A.l. Malakhov, E.V. Martovitsky, S.P. Merts,
Yu.A. Murin, R.V. Nagdasev, D.N. Nikitin, S.V. Novozhilov,
V.A. Plotnikov, N.E. Pukhaeva, S.P. Rode, V.Yu. Rogov,

P.A. Rukoyatkin, M.M. Rumyantsev, |.A. Rufanov, D.G. Sakulir
S.A.Sedykh, S.V. Sergeev, A.D. Sheremetiev, A.l. Sheremetie
A.V. Smirnov, A.S. Sorin, V.N. Spaskov, Yu.Yu. Stepanenko,
E.A. Streletskaya, [A. Suvarieva, 1.V. Slepnev, V.M. Slepnev,
I.P. Slepov, A.V. Smirnov, T. Smolyanin, B.V. Sukhov,

M.O. Shitenkov, A.V. Shutov, V.B. Shutoi.V. Shchipunov,
N.A. Tarasov, O.G. Tarasom.V. Terletsky,V.V. Teryaev,

V.V. Tikhomirov, A.A. Timoshenko, |.ATyapkin, V.V. Ustinov,
V.A. VasendinayV.K. Velichkov, A.A.Voronin, V.l. Yurevich,

N.l. Zamyatin, V.N. Zhezher, A.l. Zinchenko, E.V. Zubarev

MLIT E.l. Alexandrov, I.N. Alexandrov, N.A. Balashov, D.A. Baranov,
I.A. Filozova, Zh.Zh. Musulmanbekov, V.V. Palichik,
I.S. Pelevaniuk, D.V. Podgainy, OStreltsova, N.N. Voytishin,

M.l. Zuev

FLNP E.l. Litvinenko
BLTP M. Baznat

2.4. Analysis of BM@N experimental data M.N. Kapishin

Realization

and feasibility studies for BM@N program A.l. Zinchenko
in heavy ion beams

Brief annotation and scientific rationale:

Investigation of reaction dynamics astudingmodifications of hadron properties in nuclear matter,-theashold stranc
hyperons production and search for hyper nuclei in interactions of the Nuclotron extracted ion beams with fixed tae
BM@N detector.

Expected results uporcompletion of the project:

Commissioning of BM@N and obtaining physics results on interactions of Nuclotron extracted ion beams with fixed
study reaction dynamics and the equatidistate of nuclear matter, modifications of hadron propertiesutiear matte
nearthreshold strange hyperons production and to search for hyper nuclei.

Expected resultsof the project in the current year:
Preparing the BM@N setp for the physics run with a heavy ion beam extracted from the Nuclotron. New liattiarowith ¢
heavy ion beam at BM@N. Analysis of new experital data collected at BM@N.

3. MPD V.M. Golovatyuk

. Realization
V.D. Kekelidze
Deputy:
V.G. Ryabov
VBLHEP S.V. Afanasev(s.N. Agakishiev, N.V. Anfimov, A.A. Aparin,

V.l. Astakhov, S.V. Andreeva, T.V. Andreeva, GA¥erichev,
A.V. Averiyanov, V.A. Babkin, I.ABalashov, D.ABaranov,
A.E. Baskakov, P.NBatyuk, A.G. Bazhazhin, S.N. Bazylev,
A.V. Belyaev, E.VBelyaev, S.EBeleaev, VBenda,

D.N. Bogoslovsky, I.VBoguslavskyM.G. Buryakov,

A.V. Butorin, A.V.Bychkov, S.GBuzin, V.V. Chalyshev,

V.A. Cheplakova, V.V. Chepurnov, V.Ehepurnov,

G.A. Cheremukhina, P.\Chumakov, DDabrovsky,

D.V. DementievA.V. Dmitriev, V.Kh. Dodokhov, E.V.Dolbilina,
A.G. Dolbilov, D.E.Donets, A.YuDubrovin, P.O. Dulov,

N.V. Dunin, V.B. Dunin, V. Dyatlov, D.SEgorov, V.V.Elsha,
A.E. Emelianov, N.EEmelianov,0.V. Fateev, Yu.lFedotov,
A.A. Fedyunin, I.A. Filippov, MA. Gaganova, T.T.Gandzhelash\
I.V. Gapienko, O.PGavrischuk, K.V. Gertsenberger,
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3.1

3.2.

3.3.

3.4

DLNP
MLIT

FLNP

Design and construction of the
superconducting solenoid and magnet yoke
VBLHEP

Construction of the detector complex
of the start configuration of the MPD setup

VBLHEP

Design and creation of the data
acquisition and control systems

VBLHEP

Development of MPD physical program

N.V. Gorbunov, A.V. Ivanov, A.Yulsupov, S.l.Kakurin,

M.N. Kapishin, L.A. KartashovaG.D. Kekelidze,

A.O. KechechanVy.A. Kireev, Yu.T. Kiryushin, I.SKiryutin,

H.G. Khodzhibagiyan, V.l. KolesnikoA. Kolozhvari,

V.G. Komarov, E.V.Kozhin, V.A. Kramarenko, L.MKrasnova,
Yu.F.Krechetov, I.V. KruglovaA.V.Krylov, S.I. Kukarnikov,
S.N.KukKlin, E.A. Kulikov, N.A. Kozlenko, V.S. Kuz'min,

N.A. Lashmanov, RLednicky, A.N. Livanov, V.I. Lobanov,
Yu.Yu. Lobanov, S.N. Lobastov, Yu. Lukstin'sh,

D.T. Madigozhin, V.IMaksimenkova, A.l. Malakhov,

[.V. Malikov, L.V. Malinina, D.G.Melnikov, S.P. Merts,

I.N. Meshkov, L.I. Migulina, Yu.IMinaev, S.A.Movchan, N.A.
Molokanova A.E. Moskovsky, A.A.Moshkin, I.V.Moshkovsky,
A.A. Mudrokh, Yu.A. Murin, K.A.Mukhin, D. Myktybekov,

A.V. Nechaevskyy.A. Nikitin, I.A. Oleks, O.EOrlov,
S.S.Parzhitsky, V.ARPavlyukevich, V.A. Penkin,

V.A. Petrov, D.V.Peshekhonov, N.V. Pilyar, S.M. Piyadin,

A.E. Potanina, S.V. Razin, N.®idinger, O.V. Rogachevsky,
V.Yu. Rogov, K. Roslon, M.M. Rumyantsev, |.A. Rufanov

A.A. Rybakov, A.A.RymshinaZ.Ya-O. Sadygov, V.M.Samsonov
A.A. Savenkov, SSebdos Sanches, S.A.Sedykh,

T.V. Semchukova, A.YuSemenov, . ASemenova, S.V. Sergeev
N.A. Sergeeva, E.\Serochkin, A.OSidorin, I.P.Slepov,

V.M. Slepneyv, L.V. Slepnewu.A. Solnyshkin, A.S. Sorin,

E.A. Streletskaya, S.Bukhovarov, N.NSurkov, V.L.Svalov,
A.V. Shabunov, A.DSheremetievA.l. Sheremeteva, R.Ahindin,
M.O. Shitenkov, K.ShtejerDias, A.A.Shunko, A.B. Shutov,

V.B. Shutov,A.N.Scherbakov, A.VSchipunovN.A. Tarasov,
A.V. Terletsky, O.V.Teryaev, A.A. Timoshenko, V.V. Tikhomiro'
G.P.Tkachev, N.DTopilin, A.V. Trubnikov, I.A. Tyapkin,

S.Yu. UdovenkoV.A. Vasendina, I.NVasilev, S.V.Vereschagin,
N.V. Vlasov, A.S.Vodopiyanov,0.A. Volodina, A.A.Voronin,
G.A. Yarygin,M.V. Zaitseva, N.IZamyatin, S.A. Zaporozhets,
A.l. Zinchenko, D.A. Zinchenko, V.N. Zryuev

A.V. Guskov, A.G. Olshevsky
V.V. Ilvanov, Zh.Zh. Musulmanbekov, T.A. Strizh

E.l. Litvinenko

K.A. Mukhin
N.D. Topilin
S.E. Belyaev, E.V. BelyaevR.V. BaratovA.E. Emelyanov,
S.E. Gerasimow.A. Novoselov,R. Shindin, I.A. Smelyansky,
T. Smolyanin, D.A. Tereshin, G.P. Tkachev

Realization

V.M. Golovatyuk
V.D. Kekelidze
V.A. Babkin, C.N. Bazylev, A.lvashkin, S.A. Movchan,
Yu.A. Myrin, I.LA. Tyapkin, N.D. Topilin, V.l.Yurevich

Realization

S.N. Bazylev
I.V. Slepnev
A.E. Baskakov, A.A. Fedyunin, I.A. Filippov, S.N. Kuklin,
A.V. SchipunovA.B. Shutoy V.M. Slepnev, N.A. Tarasov,
A.V. Terletsky

Realization

V.G. Ryabqv Realization
V.l. Kolesnikov
A.l. Zinchenko
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Brief annotation and scientific rationale:

The MPD experiment at the NICA collider is designedttaly collisions of relativistic heavy nuclei in the energy rangel%
GeV. The physical program of the experiment is aimed at studying the structure of the phase diagram of the state
interacting matter in the region of moderate temperatmesarge baryon densities exceeding the density in ordinary n
matter by 58 times. At the same time, much attention is also paid to the issue of searching for parton degrees of fre
critical signatures in the resulting system using varioysiphl observables. In order to carry out these studies, the dete:
the experimental setup must ensure effective registration and identification of various particles born in collisionsarfd
measurement of their parameters at high loadsinita range of phase space.

Expected results upon completion of the project:

1. Creating and launching the first stage of the MPD experimental setup.
The configuration of the first stage includes: a magnet that creates a uniform field up to Qra¢k sgstem based on-
time projection chamber TPC, a tiroé&flight detector FFBTOF, an electromagnetic calorimeter ECal and a forward h
calorimeter FHCal. Holding a technical run on the beams of the NICA collider to configure all subsystaméfD
experimental setup, holding a physical run on the beam for a set of events corresponding to collisions of heavy
required beam configuration in order to study the properties of baryonic matter.

2. Creation and commissioning of a centzatl data processing system running in the MpdRoot software environme
providing: 1) calibration of data received from the MPD experimental setup, 2) primary processing of data receive:
experimental setup to switch from the raw data formatatdes of recovered tracks and hits in detector subsy:
3) processing of the tables of tracks and hits obtained at the previous stage in order to obtain thediratityigthysica
results.

Expected results of the project in the current year:
1. Cooling of the Solenoid to the temperature of liquid nitrogen, completion of the creation of TOF, FHCal, FFD sut
assembly of the TPC housing, manufacture and testing of 80% of all ECal modules.

2. Creation and commissioning of a centralized data processing system, knévmas| ysi s Tr ai no,
data in order to study the possibilities of the MPD experimental setup for studying various physical signals.

3. Simulation of theoperation of the MPD experimental setup in A+A collisions using various event generators in order
the possibilities of its use for studying collisions of an ion beam with a fixed target. Such a configuration makede
to expand the area tfe studied interaction energies of nuclei to an energy of ~ 2 GeV and provide the necessary
of nuclear collisions at almost any achieved beam luminosity

4, SPD. A.V. Gus'kov : ;
Conceptual and technical design Deputy: Project preparation
of the Spin Physics Detector (SPD) V.P. Ladygin
at the NICA collider
VBLHEP R.R. Akhunzyanov, V.F. Aleksakhin, V.A. Anosov, N.l. Azorsky

A.A. Baldin, E.G.Baldina, V.V. Bautin, A.V.Belyaev, V.V.Bleko,
D.N. Bogoslovsky, 1.V. Boguslavsky, D.V. Budkovskiy,

V.B. Chmil, V.B. Dunin, A.A. Feshchenko, Yu.N. Filatov,

T.L. Enik, O.P.Gavrischuk, A.S. Galoyan, S.Nkolubykh,

V.A. Gromov, Yu.V. Gurchin, Yu.V. Gusakov, A.V. lvanov,
N.Ya. Ivanov, A.Yu. Isupov, Y. Kambar, G.D. Kekelidze,

M.A. Kozhin, E.S. Kokoulina, E.V. Kostyukhov, Yu.A. Kopylov,
P.S. Korovkin, A.Yu. Korzenev. V.A. Kraarenko, S.V. Khabaro
P.R. Kharyuzov, V.M. Lysan, E.A. Ladygin, R. Lednicky,

A.N. Livanov, A.M. Makankin, A.MMartovitsky, O. Minko,

D.N. Nikiforov, S.N.Nagorny, V.A. Nikitin, V.V.Pavlov,

S.S. Parzhitsky, D.V. Peshekhonov, VRbapov,

[.S. PudinS.G. Reznikov, N.S. Rogacheva, ASafonov,

K.M. Salamatin, A.A. SavenkoVvA.l. Sheremetieva,

S.S. Shimansky§.Yu. Starikova, E.A. Streletskaya,

S.I. Sukhovarov, O.Glarasov, A.A.Terekhin, A.V. Tishevsky,
N.D. Topilin, Yu.A. Troyan, , E.V. Vasilieval.S.Volkov,

P.V. Volkov, I.P. Yudin,E.A. UsenkgN.l. Zamyatin,

E.V. Zemlyanichkina, I.AZhukov, A.V. Zinin, E.V. Zubarev

DLNP V.M. Abazov, G.D. Alexeev, L.G. Afanasiev, T.Boltushkin,
A. Datta, D.V. Dedovich, M.A. Demichev, I.I. Denisenko,
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A. Gongadze, A.O. Gridin, K.I. Gritsay, A.V. Guskov,

A.N. Fedorov, V.N. Frolov, A.V.Karpishkov, V.l. Komarov,

N. Kovyazina, A.V. Kulikov, V.S. Kurbatov, Zh. Kurmanaliev,
S.A. Kutuzov, A.V. LapkinN.N. Lebedev, I. Lyashko, A. Maltse\
V.A. Onuchin, B. Parsamyan, A.Riskun, |.K. Prokhorov,

F.V. Prokoshin, D.I. Rusov, A.G. Samartsev, S.S. Seryubin,
V.N. Shaikovsky, A.V.Shipilova, K. Shtejer, A.N. Skachkova,
V.V. Tereschenko, V.V. Tokmenin, L.Sertogradov,

Yu.L. Vertogradova, A.Yu. Verkheevyu.N. Uzikov,

N.l1. Zhuravlev

MLIT P.V.Goncharov, D.AQOleynik, G.A.Ososkov, A.ShPetrosyan,
D.V. Podgainy, |.SPelevanyuk, V.V. Trofimov, V.V. Uzhinsky,
M.l. Zuev

BLTP I.V. Anikin, S.V. Goloskokov, V.A. Saleev, D. Strizhik,

O.V. Teryaev, N.I. Volchansky

Brief annotation and scientific rationale:

The Spin Physics Detector is a planned experimental setup at the NICA collider is intended to studystinectyia of th
proton and deuteron and the other g@lated phenomena with polarized proton and deuteron beams at a collision enel
27 GeV and a luminosity up to ¥@nv? s, In the polarized proteproton collisions, the SPD experiment wither the kinemati
gap between the lowwnergy measurements at ANKEDSY and SATURNE and the higinergy measurements at the Relativ
Heavy lon Collider, as well as the planned fixacget experiments at the LHC. As for the possibility for NICA to afgewitl
polarized deuteron beams at such energies, it is unique. SPD is planned to operate as a universal facility for congbuely
of the unpolarized and polarized gluon content of the nucleon at large and madesatg different complementapyobes suc
as: charmonia, open charm, and prompt photon production processes. A priority of the experiment is the measureme
distributions depending on the transverse momentum of partons in the nucleon (TMD PDFs). The study of spin téi
elastic scattering of protons and deuterons, and in the production of layel@ns, search for dibaryon resonances, stu
the charmed particles production near threshold, study of multiquark correlations, and other polarized and unpoladg
will be available at the first stage of the collider operation with reduced luminosity and collision energy of protorbaaais

Expected results upon completion of the project:

The main result of the experiment should be new information omgltren helicity, gluon Sivers, Boévlulders and othe
Transverse Momentum Dependent PDFs in the nucleon, as well as the gluon transversity distribution and tensor f
deuteron, via the measurement of specific single and double spin asymmetriessuliseexpected to be obtained by SPD
play an important role in the general understanding of the properties of strong interaction, specifically, of the nuuh
content and will serve as a complementary input to the ongoing and planned stRé&S,aand future measurements at the
(BNL) and fixedtarget facilities at the LHC (CERN). Simultaneous measurement of the same quantities using different
at the same experimental setup is of key importance for minimization of possiblaaysteffects.

Expected results of the project in the current year:
1. Design, development, testing and optimization of prototypes of the detectors and other subsystems of the SPD set

2. Creation and development of infrastructure for testing prototyfptbe SPD subsystems at the Nuclotron beams.

3. Finalization of the SPD technical design report. Approval of the technical design by the SPD International
Committee.

Activities:
Name of the activity Leaders Status
Laboratory(Subdivision) Responsible frontaboratories
1. Theoretical |nvest|gat|ons,calcuIat|_or_15 D. Blasc_hke Realization
and development of models describing A.S. Sorin
nuclear matter properties at high O.V. Teryaev
temperatures and compressions, dynamics
of high energy nuclear interactions
at extremely high baryonic densities,
spin and Rodd effects
BLTP V.V. Braguta, A. Frizen, Yu.B. lvanov, A.S. Khvoroctukhin,

Ya.N. Klopot, A.G. Oganesya#w,. Parvan, A.A. Roenko
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4.1

4.2

MLIT
DLNP

VBLHEP

Computer infrastructure: online and

offline clusters of thedistributed computer
complex, system of simulation, data transfer
and analysis, information and technological
computer systems

VBLHEP

MLIT

Construction and development of the
test zone for detector R&D at the linear
electron accelerator at DLNP

VBLHEP

DLNP

Construction and development of
infrastructure for applied and innovation
research at the NICA complex

Construction of beamlines for applied
research, of stations foiirradiation

of electronic components and biological
objects with long-range ions and stations
for irradiation of electronic components
with low-energy ions

R&D for the development and exploitation
of irradiation stations for applied research
at the NICA complex; organization of
international collaboration

VBLHEP

DLNP

FLNP

Yu.L. Kalinovsky, Zh.Zh. Musulmanbekot.G. Nikonov
G.l. Lykasov
Kh.U. Abraamyan, D.A. Artemenkov, P.N. Batyuk, D.K. Dryabl

V.D. Kekelidze, M.A. Kozhin, R. Lednicky, A.l. Malakhov,
S.G. Reznikov, O.V. Rogachevsky, V. Voronyuk, V.N. Zhezhel

A.G. Dolbilov

Realization
O.V. Rogachevsky

0.S. Fedoseev, D.G. Mel'nikov, Yu.l.Minaev, S.A. Mityukhin,
D.V. Peshekhonov, I.P. Slepov, B.G. Schinov, I.V. Slepnev,
S.N. Shkarovsky, V.L. Svalov

I.A. Kashunin, D.V. Kekelidze, V.V. Korenko¥,.V. Mitsyn,

D.A. Oleynik, I.S. Pelevanyuld.Sh. Petrosayn,

M.S. Plyashkevich, D.V. Podgainy, V.V. Trofimov, T.A. Strizh,
P.V. Zrelov

A.S. Zhemchugov Projecting

Realization

A.A. Baldin, T. L. Enik, O. Gavrishchuk, V.V. Kobets,
Yu.A. Murin, V.G. Shabratov

A.E. Brukva, M.I. Gostkin, D.L. Demin, V.G. Kruchonok,
S.Yu. Porokhovoy, Ya.A. Samofalova, A.N. Trifonov,
K.E. Yunenko

2.\3/. gutenko Projecting
.S. Sorin Realization
A.V. Butenko i ati

. Realization
E.M. Syresin
O.V.Belov Projecting
S.1. Tyutyunnikov Realization

A.A. Baldin, E.A. Levterova, A.VRogachevy.N. Shalyapin,
+ 3 pers.

K.V. Belokopytova

M.V. Bulavin
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5.  Construction of the complex of buildings N.N. Agapov
with engineeringinfrastructure for object V.D. Kekelidze

placement, engineering systems and

N.D. Topilin

carrying out R&D for the NICA complex

5.1. Technical designing, coordination of the A.V. Dudarev
construction of the building complex and I.N. Meshkov
engineering infrastructure development

5.2. R&D, production of prototypes and
full -scale superconducting magnets
for the NICA booster and collider

VBLHEP

MLIT

5.3. Upgrade and development of electric
power and technological nets aimed
at the increasing of economics and
technical efficiency
VBLHEP

CCD
OCE

LRB

Collaboration
Country or International Organization
Armenia

Australia
Azerbaijan
Belarus

G.G. Khodzhibagiyan

Projecting
Realization

Projecting
Realization

Projecting
Realization

N.N. Agapov, V.V. Agapova, A.S. Averichei. M. Bazanov,
N.P. Bazylev, V.l. Batin, N.A. Blinov, Yu.T. Borzunov,

V.V. Borisov, A.A. Bortsova, A.V. Butenko, A.V. Bychkov,
S.A. Dolgy, A.M. Donyagin, V.M. Drobin, N.AFilippov,

E.Yu. Filippova, E. Fischer, A.R. Galimov, O.M. Golubitsky,
Yu.V. Gusakov, E.Yu. Ivanenko, V.N. Karpinsky,

R.A. Karpunin, |.E. Karpunina, H.G. Khodzhibagiyan,

S.Yu. Kolesnikov, A.V. Konstantinow.S. Korolev,

S.A. Kostromin, A.V. KudashkirG.L. Kuznetsov, E.A. Kulikov
O.A. Kunchenko, V.I. Lipchenko, D.V. Lobanov, A.A. Makarc
Yu.A. Mitrofanova, A.Yu. Merkur'ev, A.V. Nesterov,
D.N.Nikiforov, M.S.Novikov, A.L. Osipenkov, R.V. Pivin,
D.O. Ponkin, T.F. Prakhova, A.S. Sergeev, S.A. Smirnov,
A.V. Shabunov, M.MShandov, A.VShemchuk,

E.V. Shevtchenkad\.D. Topilin, Yu.A. Tumanova,

A.S. Vinogradov, N.A. Zhil'tsova

P.G. Akishin

N.N. Agapov
N.V. Semin

Projecting
Realization

A.V. Alfeev, E. Fischer, A.M. Karetnik.G. Khodzhibagiyan,
A.A. Makarov, M.l. Migulin, NovikovM.S., E.V. Serochkin,
V.M. Stepanov, A.N. Sotnikov, A.V. Shabunov, V.Yu. Shilov,
O.M. Timoshenko, N.D. Topilin, V.P. Tchernyaev

Yu.N. Balandin, I.S. Frolov, L.I. Tikhomirov

V.N. Buchnew 2 pers.

L.G. Beskrovnaya, |.S. Gordeev, V.Krylov, K.A. Chizhov

City
Yerevan

Sydney, NSW

Baku
Minsk
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Institute or laboratory
Foundation ANSL
YSU

Univ.

NNRC

BSU

INP BSU

IP NASB




Bulgaria

CERN
Chile

China

Cuba
Czech Republic

Egypt

France
Georgia

Germany

Israel
Italy

Japan

Blagoevgrad
Plovdiv
Sofia

Geneva
Santiago
Valparaiso
Beijing

Hefei

Hengyang
Huzhou
Jinan
Lanzhou
Shanghal

Wuhan
Yichang
Havana
Liberec
Olomouc
Prague

Rez
Vitkovice
Cairo
Giza
Nantes
Thilisi

Darmstadt

Dresden
Erlangen
Frankfurt/Main

Giessen
Julich

Mainz
Regensburg
Jerusalem
Brescia
Genoa
Turin
Nagoya
Tokyo
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JIPNRSosny NASB
PTI NASB
Swu

PU

INRNE BAS
ISSP BAS
LTD BAS
SuU
TU-Sofia
CERN
UNAB
UTFSM
ATsinghua
CIAE

IHEP CAS
ASIPP
USTC

usc

HU

SDU

IMP CAS
Fudan
SINAP CAS
CCNU
CTGU
INSTEC
TUL

UP

CTU

Cu

VP

NPI CAS
VHM

ECTP

CuU
SUBATECH
AIP TSU
GTU

GSl

TU Darmstadt
ILK

FAU

FIAS

Univ.

JLU

FzJ

JGU

UR

HUJI
Forgiatura Morandini
ASG

INFN
Nagoya Univ.
Nihon Univ.



Kazakhstan
Mexico
Moldova

Mongolia
Poland

Romania

Russia

Serbia
Slovakia

Almaty

Mexico City
Puebla
Chisinau

Ulaanbaatar
Chorzow
Otwock (Swierk)
Warsaw
Wroclaw

Bucharest

Magurele
Belgorod
Chernogolovka
Dolgoprudny
Dubna
Fryazino
Gatchina
Kazan

Moscow

Moscow, Troitsk
Novocherkassk
Novosibirsk

Protvino
Samara
Saint Petersburg

Syktyvkar
Tomsk

Vladikavkaz
Vladivostok
Zhukovsky
Belgrade
Bratislava
Kosice
Zilina
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INP

PhysTI

UNAM

BUAP

IAP

MSU

IPT MAS
FrakoTerm
NCBJ

wuT

ILT&SR PAS
uw

IFIN-HH
INCDIE ICPECA
INOE2000
BelSU

LITP RAS
MIPT
PELCOM
ISTOK

NRC KI PNPI
Compressormash
Spetshmash
Cryogenmash
Geliymash
IBMP RAS
ITEP

LPI RAS
MIREA

MSU

NNRU AMEPhHIO
NRC Kl

NRU HSE
SINP MSU
VEI

INR RAS
SRSPU NPI
BINP SB RAS
STL fiZzaryad
IHEP

SuU

KRI
NevaMagnet
SPbSPU
SPbSU

DM Komi SC UrB RAS
NPI TPU

TSU

NOSU

FEFU
TECHNOLOGY
Univ.

IMS SAS
UPJS

UNIZA



SouthAfrica

Sweden
Ukraine

USA

Uzbekistan

Johannesburg

Somerset West
Stellenbosch
Stockholm
Kharkov

Kiev
Batavia, IL

Stony Brook, NY

Upton, NY
Tashkent

24

uJ

WITS
iThemba LABS
SuU

SuU

ISMA NASU
KhNU

LTU

NSC KIPT
BITP NASU
Fermilab
SUNY

BNL

Assoe.. PP.PTI



02-2-11482010/2028

Baikal Deep UnderwaterGigaton Volume Neutrino Telescopé¢Baikal-GVD)

Leader: I.A. Belolaptikov

Deputy: S.V.Rozov

Participating countries and international organizations:
Czech Republic, Kazakhstan, Russia, Slovakia.

The problem under study and the main purpose of the research:
Implementation of the project that includes the modernization and development of the Baikabteregetector up to a detection
volume of 1 knd in studies of higkenergy neutrino fluxes of astrophysical origin.

Project:
Name of the project Project Leaders Project code
1. BaikatGVD I.A. Belolaptikov 02-2-11481-2010/2028
Deputy
S.V.Rozov
Project:
Name of theproject Project Leaders Status
Laboratory (Subdivision) Responsible from laboratories
1. Baikal-GVD I.A. Belolaptikov Realization
Deputy
S.V. Rozov
DLNP V.A. Allakhverdyan, P.I. Antonov, I.V. Borodina, V. DIk,
I.S. Dotsenko, A.A. Doroshenko, T.V. Elzhov, A.N. Emelianov,
A.V. Golubev, K.V. Golubkov, N&. Gorshkov, BE.Kalinova,
I.I. Kamnev, S.A. Katulin, S.L. Katyuling.V. Khramov,
M.M. Kolbin, K.V. Konishev, A.V. Korobchenko, M.V. Kruglov,
E.Yu. Kulkova, T.Lednitska, M.L. Minaev, TA. Morozova,
D.V. Naumov, D.A. Orlov, D.P. Petukhov, E.N. Pliskovski,
V.G. Sandukovsky, G.B. SafronokS. Scherbakova,
D. SeitovaA.E. Sirenko, M.N. Sorokovikov, N.l. Sosunov,
I.A. Stepkin, A.P. Stromakov, B.A. Shaybonov, K.I. Shevchenro,
M. Shevchenkoy.P. Volnykh, Yu.V. Yablokova,E.A. Yakushey
A.A. Zaikin, Sl. Zavialoy, D.Yu. Zvezdov
MLIT M.S. Katulin,A.G. Soloviev

Brief annotation and scientific rationale:

BaikalGVD project is further development of gigaton volume neutrino telescope for research in the field of multichanr
astronomy, study of the fundamental properties of the most energetic gogmict r i nos, i ndirect sear
and applied research. The Bai@VD Collaboration is constructing a neutrino telescope in Lake Baikal. Arrays cEkgisitive

el ements record the Ler enkov laitideb ih thelakewaiers teede partyclesf caukd briginatea
from interactions of neutrinos. The energy and directi
photons and their timef-arrival in the detector. The telescope is g cosmic neutrinos and searching for their sources as
well as possible neutrino flux from Dark Matter annihilation and other rare phenomena. The scientific program of theilproject
be focused on fundamental problems of astrophysics and elemeatticiepphysics: identification of astrophysical sources of
ultrahigh-energy neutrinos, mechanisms of formation and evolution of galaxies, neutrino geophysics, etc. In particular, mapj
the highenergy neutrino sky in the Southern Hemisphere includiagegion of the galactic center considering as a nearest aim.
Other topics include indirect search for dark matter by detecting neutrinos produced in WIMP annihilation in the Sum or in
center of the Earth. &kalGVD will also search for exotic partes like magnetic monopoles, susgymmetric Qballs or
nuclearites.
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Expected results upon completion of the project:

Creation of a deepea neutrino telescope on a scale of  émLake Baikal. Study of highnergy neutrino fluxes from space,
search fo hypothetical particlesnagnetic monopoles, as well as particleandidates for the role of dark matter. A large volume
of detection in combination with a high angular and energy resolution and moderate background conditions typical oéfresh v
makeit possible to conduct effective studies of the diffusive neutrino flux and fluxes from individual astrophysical objects wi
constant and variable luminosity.

Expected resultsof the project in the current year:

Data taking on the installed tweletusters of the BaikaGVD neutrino telescope. Search for and study of-{eiglérgy neutrinos

of astrophysical nature. Preparation and deployment of the following detector clusters. Development and testing of a new
acquisition system, allowing a decsean the threshold of detected energies.

Collaboration

Country or International Organization City Institute or laboratory
Czech Republic Prague CTU
Kazakhstan Almaty INP
Russia Irkutsk ISU
Moscow SINP MSU
Moscow, Troitsk INR RAS
Nizhny Novgorod NNSTU
Saint Petersburg SMTU
Slovakia Bratislava CuU
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06:6-11182014/2030

Multifunctional Information and Computing Complex (MICC)

Leaders: V.V. Korenkov
S.V. Shmatov

Deputies: A.G. Dolbilov
D.V. Podgainy
T.A. Strizh

Participating Countries and International organizations:
Armenia, Azerbaijan, Belarus, Bulgaria, CERN, China, Egypt, France, Georgia, Italy, Kazaklestann, Moldova, Mongolia,
Russia, Slovakia, South Africa, Taiwan, US/AzHékistan

The problem under study and the main purpose of thegesearch

The main objective of the MICC is to meet the needs of the JINR scientific community to the maximum extent possible in ol
to solve urgent tasks, from theoretical research and experimental data processigg,atdranalysis to the solution of applied
tasks in the field of life sciences. The tasks of the NICA project, the neutrino programme, the tasks of processingttiata fror
experiments at the LHC and other laigpale experiments, as well as support &ars of the JINR Laboratories and its Member
States will be the priorities.

The project presupposes the inclusion of two activities, which, like the project, are aimed at meeting the requireraeges of a
number of research and administrative personnel:

1. devel opment of the digital platform AJINR Digital Ec
scientific, administrative and social activities, as well as to maintain the engineering and IT infrastructures oftites Instit
which in turn will provide reliable and secure access to different types of data and enable a comprehensive analys
information using modern technologies of Big Data and artificial intelligence.

2. creation of a multpurpose hardware and softwarlatform for Big Data analytics based on hybrid hardware accelerators;
machine learning algorithms; tools for analytics, reports and visualization; support of user interfaces and tasks.

Project:
Name of the project Project Leaders Project code
1. Multifunctional Information and Computing V.V. Korenkov 06-6-11181-2014/2030
Complex (MICC) S.V. Shmatov
Deputies:
A.G. Dolbilov
D.V. Podgainy
T.A. Strizh
Project:
Name of the project Project Leaders Status
Laboratory (Subdivision) Responsible from laboratories
1. Multifunctional Information and Computing V.V. Korenkov o
Complex (MICC) S.V. Shmatov Realization
Deputies:
A.G. Dolbilov
D.V. Podgainy
T.A. Strizh
MLIT K.N. Angelov, A.l. Anikina, O.A. Antonova, A.l. Balandin,

N.A. Balashov, A.V. Baranov, D.V. Belyakov, T. Zh. Bezhanyan,
A.S. Bondyakov, Yu. A. Butenko, S.V. Chashchin, A.l. Churin,
O.Yu. Derenovskaia, V.P. Dergunov, A.V. Evlanov, V.Ya. Farisee
M.Yu. Fetisov, S.V. Gavrilov, A.P. Gavrish, T.M. Goloskokova,
A.O. Golunov, L.I. Gorodnicheva, E.A. Grafov, E.N. Grafova,

N.l. Gromova, A.E. Gushchin, A.V. llyina, N.N. Karpenko,

I.I. Kalagin, A.S. Kamensky, I.A. Kashunin, M.Kh. Kirakosyan,
A.A. Kokorev, A.O.Kondratiev, G.A. Korobova, S.A. Kretova,

N.A. Kutovsky, I.V. Kudasova, O.N. Kudryashova, E.Yu. Kulpin,
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A.E. Klochiev, A.V. Komkov, V.I. Kulakov, A.A. Lavrentiev,

I.I. Lensky, Yu.M. Legashchev, M.A. Lyubimova,

M.A. Maksimov, V.N. Markov, S.V. Marchenkd]. A. Matveev,

A.N. Makhalkin, Ye. Mazhitova, A.A. Medyantsev, V.V. Mitsyn,
N.N. Mishchenko, A.N. Mityukhin, I.K. Nekrasova, V.N. Nekrasov,
A.V. Nechaevsky, D.A. Oleinik, V.V. Ovechkin, S.S. Parzhitsky,
I.S. Pelevanyuk, D.I. Pryakhina, A.Sh. Petrosyan, D.S. Polezhaev,
L.A. Popov, T.V. Rozhkova, Ya.l. Rozenberg, D.V. Rogozin,

R.N. Semenov, A.S. Smolnikova, E. V. Solovieva, I.G. Sorokin,
I.N. Stamat, V.P. Sheiko, D.A. Shpotya, B.B. Stepanov, A.M. Shve
M.L. Shishmakov, O.l. Streltsova, |.A. Sokolov, E.V. Toneeva,
Sh.G. Torosyan, V.V. Trofimov, N.V. Trubchaninov, E.O. Tsantsu
V.Yu. Usachev, S.I. Vedrov, A.S. Vorontsov, N.N. Voytishin,
A.Yu. Zakomoldin, S.E. Zhabkova, M.l. Zuev

VBLHEP K.V. Gertsenberger, Yu.l. Minaev, A.N. Moshkin, O.V. Rogachev:
I.P. Slepov

BLTP A.A. Sazonov

FLNP G.A. Sukhomlinov

FLNR A.S. Baginyan, A.G. Polyakov, V.V. Sorokoumov

DLNP A.S.Zhemchugov, Yu.P. lvanov, V.A. Kapitonov

LRB V.N. Chausov

uc [.N. Semenyushkin

Brief annotation and scientific rationale:

To attain the major goal beragdiredtdphEssa hugd amgust bfiexperimental j[datac Acaording
to a very rough estimate, these are tens of thousands of processor cores and hundreds of petabytes of experimental da
experiments of the NICA project and the JINR neutrino prograrBaikatGVD, JUNO, etc.) entail Tier0, Tierl and Tier2 grid
infrastructures. To achieve these goals, it is essential to develop distributethymultheterogeneous computing environments,
including on top of the resources of the participants of ott@geqts and collaborations.

The concept of the development of information technology, scientific computing and Data Science in the JINReSeftam
provides for the creation of a scientific IT infrastructure that combines a multitude of various egétedddolutions, trends and
methods. The IT infrastructure implies the coordinated development of interconnected IT technologies and computational met
aimed at maximizing the number of JINR strategic tasks to be solved that require intensive datangoifime large research
infrastructure project AMultifunctional I nformation and

The MICC main objective for 2022030 is to perform a set of actions aimed at the modernization and developnheninafor
hardware and software components of the computing complex, the creation ofai-thatart software platform enabling the
solution of a wide range of research and applied tasks in accordance with the JINR &avBran. The rapid developmaeoit
information technology and new user requirements stimulate the development of all MICC components and platforms. The M
computing infrastructure encompasses four advanced software and hardware components, namely, the Tierl and Tier2 gric
thehperconverged fAiGovorund supercomput er ,-layeridaa stodage sydtem. Phis r
set of components ensures the uniqueness of the MICC on the world landscape and allows the scientific community of JINF
its MemberStates to use all progressive computing technologies within one computing complex that provides multifunctional
scalability, high performance, reliability and availability in 24x7x365 mode with the shaykr data storage system for different
user graips.

Within the MICC, it is provided to support the operation of alli@lhardware and software components, i.e., the Tierl and Tier2
grid sites, the cloud infrastruct ur e,-layeidatadsosagesysteny tdwerk g e

infrastructure, the power supply and climate control systems, as well as to modernize/reconstruct the above componel
accordance with new trends in the development of IT technologies and user requirements. In addition, it is requireditghensure
speed telecommunications, a modern local area network infrastructure and a reliable engineering infrastructure that pro
guaranteed power supply and air conditioning for the server equipment.

Expected results upon completion of the project:
1. Modernization of the JINR MICC engineering infrastructure (reconstruction in accordance with modern requirements of
machine hall of the®@floor of MLIT).

2. Modernization and development of the distributed computing platform for the NICA project withuiblvement of the
computing centres of the NICA collaboration.
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Creation of a TierO grid cluster for the experiments of the NICA megaproject to store experimental and simulated d
Expansion of the performance and storage capacity of the Tierl a@djfigtclusters as data centres for the experiments of
the NICA megaproject, the JINR neutrino programme and the experiments at the LHC.

Enlargement of the JINR cloud infrastructure to broaden the range of services provided to users on the basi
contairer i zati on technol ogi es. Aut omati on of t he depl oy
organizations.

Expansion of the HybriLIT heterogeneous platform, -inc
defined environment ith a hierarchical data storage and processing system.

Design and elaboration of a distributed softwdedined highperformance computing platform that combines supercomputer
(heterogeneous), grid and cloud technologies for the effective use of noveltowgrgrchitectures.

Development of a computer infrastructure protection system based on fundamentally new paradigms, including quar
cryptography, neurocognitive principles of data organization and data object interaction, global integration ofiénformat
systems, universal access to applications, new Internet protocols, virtualization, social networks, mobile device data
geolocation.

Expected resultsof the project in the current year:

1.

Maintenance of the stable, safe and intefynattioning of the JINR information and telecommunication network (backbone
network (Z100 Gbps); the transport network of the NICA megaprojdét@ Gbps); the MLIT mesh network (100 Gbps);
backbone external telecommunication channdld@3 Gbps); the \IVF i net work at the I nstit.
Support of standard network services: email (SMTP, IMAP, POP3, WebMalil), file sharing (ftp, scp, sftp, http, https), secu
(ssh, https, TACACS authentication, dns, SSO), user database supporpdRiRik element database support, etc

Maintenance and operation of the fetlale and optimal functioning of the guaranteed power supply (diesel generator:
uninterruptible power supplies) and climate control systems (chillers, dry caoterspw air conditioners, etc.) of the MICC
computing infrastructure in 24x7x365 mode. Commissioning of a new fire safety system of the MICC infrastructure. Proj
elaboration and start of modernization of the server room in the hall of fteo# of the MLIT building

Expansion of the performance and storage system of the MICC basic components, hamely, the Tierl centre up to 22,000
cores and 14,500 TB, Tier2/CICC up to 11,000 CPU cores, the EOS system up to 27 PB. Enlargement of the totdl volur
the robotic tape storage up to 70 PB. Support and maintenance of user work with the EOS system. Support of the syst
access to the home directories of JINR users (AFS). Development and support of the unified storage and access systt
common sdivare (CVMFS). Support of the software system for working with tape robots (CTA). Creation and update of
polygon for debugging and testing new software for the MICC uppermost components. Support and maintenance o
operation of WLCG virtual organizans, the NICA, COMPASS, NOvVA, ILC and other experiments, local user groups on the
MICC Tierl and Tier2 resources

Extension of the number of users and participants of the distributed information and computing environment (DICE) on
basisofthecloud e sour ces of the JI NR Member Statesd organi zat
cloud resources connected to the DICE. Enlargement of the resources of the MICC cloud, including at the expense c
resources acquired by the BdH@vD, JUNO, NOVA/DUNE experiments, and their maintenance. Migration of the server
operating systems (OS) of all components of the JINR cloud, as well as HTCondor and JupyterHub virtual clusters depl
in the cloud, to a new OS due to the end of thepié®m of CentOS Linux 7 in June 2024. Development and implementation of
the JupyterHub cluster monitoring system. Implementation of the HTCondor cluster monitoring system based on the htcor
exporter metrics collector of own design

. Transition to a newersion of DIRAC: DIRAC 8. Development and implementation of a system for analysing the performanc

of resources integrated into the DIRA@sed distributed heterogeneous computing environment. Development of tools ar
approaches to data transfer monitoring

Development of a distributed system for storing and processing hot data under the management of pded#iaciofile
systems (Luster/BeeGFS), as well as the DAOS distributed data storage, and introduction of this system to the hierarc
dataprc essing and storage structure of the AGovorunod sup
events for the NICA experiments

Putting into trial operation the components of the prototype of a data processing system in the distabyteting
environment for the SPD experiment (SPD offline computing). Trial operation of the data management system and testir
its interaction with the data processing management system. Development of specialized services typical forefser0 cent

Development and support of the current MICC monitoring and accounting system, inclusion of monitoring the parameter
new computing and engineering elements in the list of monitored services and hardware. Development of new scrip
automate data actgition processes. Creation of a script of data transfer failure notification for the dCache file system. Wit
the creation of a control room for engineering systems (power supply and climate control systems), special informatson disy
with schematiecepresentations of these systems will be elaborated. Development of analytical systems capable of notifyin
the most critical issues of the MICC in real time
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Activities:

Name of the activity Leaders Implementation period
Laboratory(Subdivision) Responsible frontaboratories
1. JINR Digital EcoSystem V.V. Korenkov 20242026
S.D. Belov
MLIT N.A. Balashov, N.E. Belyakova, O.V. Belyakova,

A.S. Bondyakov, N.A. Davydova, I.A. Filozova,

L.A. Kalmykova, E.N. KapitonovaA.O. Kondratiev,

E. S. Kuznetsova, E.K. Kuzming,V. Kunyaev,

L.D. Kuchugurnaya, I.K. Nekrasova, M.M. Pashkova,

L.V. Popkova, A.V. Prikhodko, T.F. Sapozhnikova,

V.S. Semalsko, S.V. Semashko, I.A. Sokolov, E.V. Sheiko,
G.V. Shestakoval.S. Syresina, D.Yu. Usov, P.V. Ustenko,

T.N. Zaikina
VBLHEP V.V. Morozov, I.V. Slepnev, A.V. Trubnikov
DSDD A.V. Sheiko

Brief annotation and scientific rationale:

Theactivity is related to the creation of an Institmie de di gi t al platform fAJI NR Dig
organization of a digital space with a single access and data exchange between electronic systems, as well as tloé
adions that previously required a personal or written request to a digital form. The platform is designed to ensureatien
of existing and future services to support scientific, administrative and social activities, as well as to maintainggrengim
IT infrastructures of the Institute.

Within the activity, two main directions of work are planned: the creation of the basic infrastructure of the digitah
(including the softwardardware and methodological support offitactioning) and different digital services. In additior
service support, digital services for scientif i edewlode
and maintained for use by the Instituteds staff memb

Expected results upon completion of the activity:
1. Creation of a hardwarsoftware and methodological basis for the functioning of the Institide digital platform.

2. Development and implementation of digital services for distributed access to resourcemaioh, computing
administrative, organizational ones) in a unified environment.

Transition of the processes of getting permits, approvals and applications of different types into a digital form.

Creation of a catalogue and a distributed storage ofdath at ed t o the scientific an
as well as of tools for their analysis, presentation and the construction of predictive models

Expected results in the activityin the current year:
1. Creation and mutual integrati of existing basic digital infrastructure services: authentication, management and ct
roles and access rights, data exchange bus, notification system, automated data catalogue, distributed storage

2. Commi ssioni ng of intérface, éncludiagynsethanmissandurethads for integrating services into
organization of feedback from users on the basis of electronic requests, a system of notifications and alerts. Devt
administrative mechanisms for maintaining thendlioning of the DES, including the distribution of roles
responsibilities, as well as coordination chains for services and the DES as a whole. Creation of a set of specifi
programme templates for developers of digital services

3. Puttinginb trial operation a prototype of a service of
enables to create and update data on the profile of the author and steudidreailsiors, to receive bibliographic metad
fromexternh s ources, to upload metadata to the reposito

4. Putting into trial operation a prototype of a service for storing scientific documentation, which provides the poss
centralized storage andahange of different types of documentation between users of the system. Transition to th
and integration of data from existing outdated disparate databases of scientific documentation

5, Current maintenance and deirclding theceation obafsubsystemn faii tbeuatcmval &t
of documents, the elaboration of new electronic documents and reports and modification of existing ones in accor
the Instituteds orders and dséeéher ddpudbntad, EDMS dxpa
applications of different types
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6. The following features wild/ be i mplemented in the
accounting of engineering networks of different typéth all the necessary attributes, land plots, real estate ol
landscaping and the infrastructure, linking of electronic documents (schemes, photos, etc.) to objects and inform
ongoing works (reconstruction, repairs, etc.) with referentiene Implementation of the possibility of editing the geonr
of objects and their attributes, creating new objects. Creation of a role model for differentiating access to infori

objects.
2.  The multi-purpose hardware and software P.V. Zrelov 20242026
platform for Big Data analytics
MLIT S.D. Belov, |.A. Filozova, Yu.E. Gavrilenkd\,.V. llyina,

I.A. Kashunin, M.A. Matveewl.S. Pelevanyuk, R.N. Semenov,

T.M. SolovievaE.V. Sheikg V.A. Tarabrin T.N. Zaikina,

D.P. Zrelova
Brief annotation and scientific rationale:
The activity provides for the creation of a mygtirpose hardware and software platform for Big Data analytics, which imple
a full cycle of continuous processing, from data acquisition tovigigalization of processing and analysis results, fore:
recommendations and instructions, within the JINR MICC. One of the tasks planned to be solved using the platfi
elaboration of an analytical system for managing the MICC resources arftbdat to enhance the efficiency of using compt
and storage resources and optimize experimental data processing, as well as the development of the intelligent m
distributed computing systems and data centres. Another essential taskréation and development of analytics tools fol
services of the JINR Digital EcoSystem.

Expected results upon completion of the activity:
1. Creation of a universal core of a Big Data mining platform.

2. Development and implementation of a numbestahdard software solutions for different classes of tasks within the
platform.

3. Elaboration and development of analytics tools for the JINR Digital EcoSystem.
4. Development of methods and creation of complex solutions for analysing the security of datmpatbcsystems.

5. Development of artificial intelligence methods within the analytical platform and creation of a software environmel
work with technical and scientific information.

6. Elaboration of common solutions based on Big Data analytics for expeérecommendation systems, including for th
optimization of the processes of functioning of the MICC components.

Expected results of the activityin the current year:
1. Creation of a prototype of an infrastructure and a softwadytical platfornfor Big Data

2. Methodology for the analysis of streaming data with a high arrival rate
3. Elaboration of intelligent data marts based on the Big Data approach.

Collaboration

Country or International Organization City Institute or laboratory
Armenia Yerevan IIAP NAS RA
Azerbaijan Baku ADA
IP ANAS
Belarus Minsk INP BSU
JIPNRSosny NASB
UIIP NASB
Bulgaria Sofia INRNE BAS
SuU
CERN Geneva CERN
China Beijing IHEP CAS
Egypt Cairo ASRT
Giza CuU
France Marseille CPPM
Georgia Thilisi GRENA
GTU
TSU
Italy Bologna INFN
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Kazakhstan

Mexico
Moldova

Mongolia
Russia

Slovakia
South Africa
Taiwan

USA

Uzbekistan

Almaty
Astana
Mexico City
Chisinau

Ulaanbaatar
Chernogolovka
Dubna

Gatchina
Moscow

Moscow, Troitsk
Novosibirsk

PereslaviZalesskiy
Protvino

Puschino

Samara

Saint Petersburg

Vladikavkaz
Vladivostok
Kosice

Cape Town
Taipei
Arlington, TX
Batavia, IL
Upton, NY
Tashkent
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INP

BA INP
UNAM

IMCS

MSU

RENAM
IMDT MAS
SCC IPCP RAS
Dubna State Univ.
SCCiDubna
SEZiDubna
NRC KI PNPI
FRC IM RAS
IITP RAS

ISP RAS
ITEP

JSCC RAS
KIAM RAS
MPEI

MSK-IX

MSU

NRC Kl

NRU HSE
PRUE

RCC MSU
RSCC

SINP MSU
INR RAS
BINP SB RAS
ICMMG SB RAS
SKIF

PSI RAS
IHEP

IMPB RAS
SU

FIP

ITMO Univ.
SPbSPU
SPbSU
NOSU

IACP FEB RAS
IEP SAS

UCT
ASGCCA
UTA

Fermilab

BNL

AS RUz

INP AS RUz



035-11292017/2028

Development of the FLNR Accelerator Complex
and Experimental Setups (DRIBdlII)

Leaders: L.V. Kalagin
S.1.Sidorchuk
Deputies: V.A. Semin
A.V. Yeremin
Scientific leader: Yu.Ts. Oganessian

Participating countries and international organizations:
China, Egypt, Kazakhstan, Mongolia, Russia, Serbia, South Afridea.

The problem under study and the main purpose of the resech:

The implementation of the DRIB# project thatincludes the upgrade and development of the FLNR cyclotron complex,
expansion of the experimental infrastructure of the Laboratory (construction of new physips)seind the development of
accelerator systems. The project aims at improving the opesttbility of accelerators, increasing the intensity and improving
the quality of ion beams of stable and radioactive nuclides in the energy range from 5 to 100 MeV/nucleon, while atithe same
reducing power consumption. The project objective isdaificantly improve the efficiency of experiments on the synthesis of
superheavy elements and light nuclei at nucleon drip lines and study their properties. Moreover, the programme of experir
with beams of radioactive nuclides is anticipated to be recgxh

In addition, the construction of the BI210 cyclotron for applied research and commissioning work have continued. The work i
carried out undefiThe project for the creation of the JINR Innovation Research @eagqrart ofiThe FLNRresearch complex
for materials sciencgproject.

Within the themequite as important are the support of physics experiments and the development of existing accelerators
experimental setips.

Projects:
Name of the project Project Leaders Project code
1. Construction of the t400R 1.V. Kalagin 03-5-11291-2024/2028
acceleratocomplex A.G. Popeko
Deputy:
V. A. Semin
A.V. Yeremin
2. Development of the experimental setups A.V. Yeremin 03-5-11292-2024/2028
to study the chemical and physical Deputy:
properties of superheavy elements A.M. Rodin
Projects:
Name of the project Project Leaders Status
Laboratory (Subdivision) Responsible fronaboratories
1. Construction of the U-400R I.V. Kalagin
accelerator complex A.G. Popeko Manufacture
Deputy:
V.A. Semin
A.V. Yeremin
FLNR M.B. Barbashev, V. Bass, A.A. Bogachev, A.N. Bykov,
O.A. Chernyshev, I. Franko, K.B. Gikal, Yu. M. ltkis, I.A. Ilvanenk
G. N. l vanov, N. YXienov, G&zKayazheva v ,

V.A. Kostyrev, E.M. Kozulin, N.I. Kozulina, A.V. Kulikov,
K.A. Kulkov, V.I. Lisov, M.l. Makarov, K.V. Novikov, N.F. Osipov
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A.A. Ostroukhov, S.V. Pashchenko, I.V. Pchelintsev, E.O. Savel
A.A. Sidorov, A.A. Suslov, A.V. Tikhomirov, R.S. Tikhomirov,
R.E. Vaganov, V.A. Veryovochkin, I.V. Vorobyov, A.S. Zabanov,
S.l. Zagrebayeva, A.O. Zhukova, S.Yu. Zinchenko
Brief annotation and scientific rationale:
The goal of the project is the construction of thd@OR accelerator complex for the detailed study of the mechanisms of |
reactions with stable heaxgn beams (fusiaifission, quasifission, multinucleon transfer,.gteynthesis of new nuclides in th
reactions, and decay spectroscopy of nuclei under investigation.

The project encompasses such tasks as the construction of a new experimental hall, the upgrae06f ¢hieldiron (J400R
following the modernizatin), and the construction of new separators andjiode systems for beam transport.

The accelerator complex will be used for the detailed study of the properties of the isotopes of heavy and superhea
and in searches for novel methods of sysittieg heavy nuclides. The studies do not imply the use of radioactive target m
in amounts exceeding 8.

Expected results upon completion of the project:
1. Upgrade of the 100 cyclotron (J400R after the upgrade).

2. Construction of a newxperimental hall of H400R.
3. Construction of new experimental agis and beam transport channels fromQ00R.

4. Continuation of the construction and work on commissioning thelB@cyclotron for applied research.

Expected results of the project in thecurrent year:
1. Completion of the upgrade and commissioning of the00M cyclotron Enabling first experiments.

Development of the infrastructure of the ACCULINNAfragment separator (RF kicker, tritium target complex).
Implementation of the experimentaiogramme at the 400 cyclotron.

Construction of the 00R experimental hall.

Start of the reconstruction of the4®0 (U-400R) cyclotron.

Development of a design of the kinematic separator of multinucleon transfer reaction products.
Development of the aggn concepts of the SGIB setup for studying nuclear reaction mechanisms.

Construction of the D@40 cyclotron.

© © N o g &~ w0 D

Development of methods for beam diagnostics of stable and radioactive nuclides.
10. Test launching of the cryogenic gas ion catcher.

11. Development of the MAVR spectrometer systems.

2. Development of the experimental setups A.V. Yeremin
to study the chemical and physical properties Deputy: Manufacture
of superheavy elements A. M. Raodin
FLNR E.V. Chernysheva, A. Kohoutova, A.B. Komarov, N.D. Kovrijnyk

L. Krupa, V.D. Kulik, D.A. Kuznetsov, A.S. Novoselov, A. Opihal
O.V. Petrushkin, A.V. Podshibyakin, V.S. Salama¥irD). Shubin,
M.V. ShumeikoD.I. Soloviev,V. Yu. VedeneevS.A. Yuhkimchuk
Brief annotation and scientific rationale:
Nowadays acceleration of hightensity beams at the DZB0 cyclotron (SHE Factory) provides sufficient statistic
experiments on the synthesis of superheavy nuclei in the vicinity of the island of stability (Z=114, N=184), therebyup
new avenus for research. Among the new opportunities the SHE Factory offers are studies of the chemical pro
shortlived (T12<0.5 s) isotopes of superheavy elements and precise measurements of their masses.

The project aims to create novel stafehe-art experimental instruments. Experimentahges to be installed at the BZ30
cyclotron will be used for synthesizing and studying the physical and chemical properties of the isotopes of heavy aady
elements as well as in studies of nucleactiea mechanisms, in nuclear spectrometry and mass spectrometry. To atte
goals, we are planning to construct a new superconductinfillgdsGASSOL separator and a mut#flection timeof-flight
mass spectrometer.
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The magnetic gaBlled separadr (GASSOL), whose key element is a superconducting solenoid magnet, is intended for
the physical and chemical properties of superheavy elements, including thelivaetb{T:< 0.5f) isotopes, thereby establish
a pathway to elements heavtban FIl. In addition to efficient separation of reaction products, the separator will focus n
interest into a spot not exceeding 1 icndiameter.

The specialized highesolution mass spectrometer is designed for measuring the masses of sypetbesnts witl
Z=104i 118 and A=266294 and their radioactive decay products with an accuracy of <100 keV. Its principle of opel
based on the multieflection timeof-flight (MR TOF) technique.

Expected results upon completion of the project:
1. Devdopment of methods for producing intensive beanf$@4,Ti, >Cr, etc.

2. Assembly of the solenoid magnet of the superconductingiltets GASSOL separator.
3. Construction of a mukieflection timeof-flight mass spectrometer.

Expected results of theproject in the current year:
1. Enabling experiments on the synthesis of superheavy elements and study of their properties at the Superhee
Factory.

2. Construction of the GASSOL separator for radiochemical studies of superheavy elements.

Collaboration

Country or International Organization City Institute or laboratory
China Lanzhou IMP CAS
Egypt Giza CuU
Shibin EI Kom MU
India New Dehli IUAC
Kazakhstan Almaty INP
Astana BA INP
ENU
Mongolia Ulaanbaatar NRC NUM
Russia Moscow HTDC
ITEP
NNRU AMEPhHIO
Moscow, Troitsk INR RAS
Nizhny Novgorod IAP RAS
Novosibirsk BINP SB RAS
Sarov VNIIEF
Snezhinsk RFNGVNIITF
Saint Petersburg IAI RAS
NIIEFA
Serbia Belgrade INS AiVINCAO
South Africa PortElizabeth NMU
Somerset West iThemba LABS
Stellenbosch SU
Vanderbijlpark VUT
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04-4-11492024/2028

Pulsed Neutron Source andhe Complex of Spectrometers
Leader: E.V. Lychagin

Participating countries and international organizations:

Argentina, Armenia, Azerbaijan, Belarus, Bulgaria, China, Cuba, Czech Republic, Egypt, France, Germany, Hungary, 1A
India, Italy, Japan, Kazakhstan, Latvia, Mongolia, Poland, Romania, Russia, Serbia, Slovakia, South Africa, Spain, Swe
Switzerland, Tajikistan, USA, Uzbekistan, Vietnam.

The problem under study and the main purpose of theesearch:

Revealing the relationships between the structural features of materials and their physical properties at the micrek&opic le
one of thefundamental tasks that determine the development of modern concepts in the field of condensed matter phy
materials science, chemistry, geophysics, engineering, biology and pharmacology. The unique advantages of using ne
research methods make itte@pplication the most optimal, and in some cases the only approach for solving a wide range of topi
fundamental and applied problems. For the successful implementation of the neutron research program, it is of utmast impor
to support and develdprge infrastructures, encompassing the neutron source and the suite of spectrometers.

The main task of the project for the development of the existing neutron source is to increase the efficiency in the use ©
IBR-2 research nuclear facility fomplementation of the program of experimental investigations, to ensure operational reliabilit
and safety of the reactor. Regular operation of the-2BRsearch nuclear facility is carried out in accordance with the
Rostekhnadzor license with an averageaver of up to 2 MW. The IBR facility is equipped with modern safety control systems,
systems of analysis and diagnostics of the reactor state, systems for radiation monitoring and control of radiation situation

The main objective of the project fohe development of the complex of spectrometers is the continuous improvement c
experimental techniques available to the scientists. It is achieved mostly through increasing the number of controltetsparam
number of detectors, and sample environmsgatems used in the experiment. The quality is enhanced also by their sophisticatio
heightened requirements for accuracy and operation speed of data acquisition equipment, necessity to provide remaege contr
spectrometer subsystems and the experim&he user policy carried out at the IBRspectrometers imposes additional

requirements for the equipment of the spectrometers, control systems, and data acquisition systems, which should be e
master and easy to use, should have convenient griapdiface and provide access to measurement results via the Internet.

The development of the concept of the new pulsed fast reactor was included in the JINKR &avBevelopment Plan for
2017 2023, which is of key significance for the successful coation of the neutrofvased research program after the end of
the IBR-2 service life. Based on the results of joint research work of JINR and JSC NIKIET (Rosatom State Corporation), wt
consisted in analyzing variants of a hifix pulsed neutron sourcéhe concept of the NEPTUN pulsed fast reactor with
neptuniumnitride fuel was chosen for further elaboration. The main stages of the development of the concept of the new NEP
reactor include: development of a preliminary scientific program and detgrarirof the composition of a suite of scientific
instruments for conducting neutron research, development of technical specifications for preliminary design and indrastruc
projects, scientific and technical rationale for the design of the new neatwoce, as well as the implementation of the research
and development program, which includes the study of the dynamics of pulsed reactors, optimization of the design of the
reactor systems, development of neptuniitride fuel and neptuniumitride-based fuel rods, optimization of the configuration

of the moderator complex, development of prototypes or special test stands.

Projects and Subprojecs:

Name of the project / subprojecs Project / Subproject Leaders Project / Subproject code

1. Development of the IBR nuclear facility A.V. Vinogradov 04-4-11491-2011/203
with a complex of cryogenic moderators A.V. Dolgikh

1.1 Construction of a complex of cryogenic  A.A. Belyakov 04-4-11491-1-2014/2025
moderators at the IBR facility M.V. Bulavin

2. Investigations of functional materials D.P. Kozlenko 04-4-11492-2021/2028

and nanosystems using neutron scatteringV.L. Aksenov
A.M. Balagurov

2.1 Study of structure and dynamics D.P. Kozlenko 04-4-11492-1-2024/2028
of functional materials and nanosystems Deputies:
at the IBR2 spectrometer complex M.V. Avdeev

G.D. Bokuchava
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2.2 Development of an inelastic neutron D.M. Chudoba 04-4-11492-2-2024/2028
scattering spectrometer in inverse geomet
BJN (BajorekJanikNatkaniec)at the IBR2
reactor

3. Scientific and methodological research  V.I. Bodnarchuk 04-4-11493-2021/2028
and developments for condensed matter V.I. Prihodko
investigations with IBR2 neutron beams

3.1 Construction of a widaperture V.M. Milkov 04-4-11493-1-2021/2028
backscattering detector (BSB)
for the HRFD diffractometer

3.2 Vector magnet for investigations with A.N. Chernikov 04-4-11493-2-2024/2028
polarized neutrons
3.3.Design and development of infrastructure V.l. Bodnarchuk 04-4-11493-3-2024/2028
elements for spectrometers at the IBR
reactor
4. New advanced neutron source at JINR  E.V. Lychagin 04-4-11494-2021/2028
V.N. Shvetsov
M.V. Bulavin
4.1 Research and development for . 04-4-11494-1-2024/2028
the justification of the draft design E.V. Lychagin
V.N. Shvetsov
of the new advanced neutron source M.V Bulavin
at JINRT NEPTUN pulsed fast reactor T
Project/Subprojects:
Name of the projectsubprojects Project/Subprojects Leaders Status
Laboratory (Subdivision) Responsible fronaboratories
1. Development of the IBR2 nuclear facility A.V. Vinogradov
with a complex of cryogenic moderators A.V. Dolgikh Realization
FLNP A.A. Belyakoy, D.Yu. DenisenkoV.A. Krivov,

S.A. MagerramovaYyu.N. PepelysheyYu.M. Slotvitsky, L.A.
Tayybon+ 50 engineers+ 40 workers

Brief annotation and scientific rationale:
The main task of the project is to increase the efficiency in the use of th IBRearch nuclear facility for implementation of
the program of experimental investigations, to ensure operational reliability and safety of the reactor.

Regular operation of theesearch nuclear facility IBR is carried out in accordance with the Rostekhnadzor license with an
average power of up to 2 MW to provide neutron beams for conducting physics experiments ‘PhiatBR is equipped with
modern safety control systensystems of analysis and diagnostics of the reactor state, systems for radiation monitoring a
control of radiation situation.

Expected results upon completion of the project:

After completion of work on the subproject, JINR will continue to operate alvetaks highflux neutron source for research in
the field of condensed matter physics and nuclear phiydits IBR-2 research nuclear facility of advanced safety and reliability.
The suite of equipment of the IBRwill comprise:

1. cryogenic moderators thansure the implementation of a cuttiedge and competitive program of physics research

2. advanced equipment for safelated systems of the IBR

3. reserve movable reflector MBR, which will be fully prepared for operation to ensure guaranteed fuirgjiofithe IBR2
nuclear facility.

Expected results of the project in the current year:
1. Obtaining a license from Rostekhnadzor for the right to operate2lBR

2. Check assembly, adjustment and trials of the-BRRreserve movable reflector at the FLNP tesidsta
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3. Phased replacement and upgrading of the-PBiasic technological and electrical equipment, which is important for the safe
operation of the IBR2 nuclear facility.

4. In cooperation with the Mayak Production Association, working outcamsideration of the possibility of manufacturing
and supplying an additional batch of fresh fuel for the-IB&bre in order to extend the service life of the reactor for physics
experiments until 204Q042.

Subproject:

1.1 Construction of a complex ofcryogenic A.A. Belyakov Realization
moderators M.V. Bulavin
FLNP A.V. Dolgikh + 16 engineerst 40 workers

Brief annotation and scientific rationale:

In the framework of the thenf®evelopment of the IBR Facility with a Complex o€ryogenic Neutron Moderataysphased
realization of the projed¢iConstruction of a complex of cryogenic moderators at the2B&ilityd continues. The unique complex
of cryogenic moderators being constructed (using a mixture of aromatic hydrocarloesitgfene and metaxylene in a ratio of
3to 1, in a solid frozen phase, in the form of beads with a diameter-8f®1%m) makes it possible to significantly increase the
cold neutron flux for experimental condensed matter research.

The complex ofcryogenic moderators includes three moderators surrounding the reactor core. Cold neutrons for phy
experiments are produced withthe€vM0 2 cryogeni ¢ neutron moder at ow810jlyantd h e
the CM201 cryogenic moderatr (i n t he di r el¢d5,6,9).nThesef modemtarsmare careestly operating in trial
operation mode. The CMO03 neutron moderator is at the stage of development of the technical design specification. T
commissioning of the CM203 cryogenicmd er at or wi | | make it possible to,3ro

The operation of the complex of cryogenic moderators at the2lB&clear facility greatly increases the intensity of cold neutrons
compared to the thermal moderator @adh significantly shorten the time of experiments and improve the accuracy of the dat
obtained.

Expected results upon completion of the subproject:

1. Operation of the complex of cryogenic moderators at the-2BRiclear facility, comprising three moderatd@M-201,
CM-202, CM203, covering most of the neutron experimental beamlines of the2|BRility. Reliable and troubl&ee
operation of the complex will allow maintaining and strengthening the leading position of tigerRtor among the world's
moast highintensity research neutron sources used for condensed matter investigations by neutron scattering methods.

Expected results of the subproject in the current year:

1. Continuation of work on the optimization of the system of automatic control andation of parameters, system of
charging/discharging and transportation of the moderator material (frozen mesitylene pellets) in the working chambers
pipelines of the cryogenic complex with the simultaneous use of two cryogenic moderat@&@MdCM-202 for physics
experiments.

2. Inorder to ensure the most efficient use of the suite of2BRstruments in working with cold neutrons, it is planned to put
into operation the second Lind& cryogenic refrigerator with a cooling power of 18@0at 10 K (KGU 1800/10). Until
the end of 2023, it is planned to carry out the optimization of the operation of the cryogenic complex, develop requirem
specification and project documentation for the-288 cryogenic moderator for beamlirizand 3.

Collaboration

Country or International Organization City Institute or laboratory
Azerbaijan Baku IRP ANAS
Belarus Minsk JIPNRSosny NASB
Mongolia Ulaanbaatar IPT MAS
Romania Bucharest IFIN-HH
Russia Moscow INEUM
NIKIET
SSDI
SYSTEMATOM
VNIINM
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Project:
2. Investigations of functional materials Kozlenko D.P.
and nanosystems using neutron scattering Aksenov V.L.
Balagurov A.M.
FLNP, LIT, BLTP, VBLHEP, FLNR see subprojegiarticipants

Realization

Brief annotation and scientific rationale:

Within the framework of the project, it is planned to study the structural features, magnetic ordering, dynamics, physitochen
properties of new promising materials and nanosystems that deatenishportant functional properties, the microscopic
mechanisms of which are poorly understood. The list of objects of study includes multiferroic materials, alloys with gi:
magnetostriction and shape memory effects-dimvensional and geometricallyustrated magnets exhibiting unusual magnetic
states and properties, materials promising for use in compact electric current sources, magnetic layered nanostru
demonstrating various proximity effects, for example, the coexistence of supercondudtinggnetically ordered states, organic
functional materials with hydrogen bonds, complex fluids and polymers with a wide range of potential technological applicatic
the structural organization and properties of which can change significantly with shemgencentration and chemical
composition, biological nanosystems, including lipid membranes, proteins and their complexes, the study of which make
possible to understand the biophysical processes occurring in living organisms, the mechanisors afii¢tansfer of drugs,

the causes of various diseases, biohybrid materials, structural materials that are widely used or planned to be uged in v
industrial and manufacturing sectors. In addition, it is planned to conduct applied studies of tegitdwal stresses and internal
organization of rocks and minerals, structural materials, objects of natural and cultural heritage, aimed at estabhsimisgnsiec

of geophysical processes, formation of defects and stressed areas in industrial prechutstuction and analysis of ancient
technologies, evolution and development of classification of fossil organisms.

Expected results upon completion of the project:

1. The realization of the scientific program of the project is expected to resbitaiming new experimental information, which
will be of great importance for establishing the relationship between the structural features and dynamics of new functi
materials and nanosystems and their physical properties at the microscopic leredll aasfor developingnodern concepts
in the field of condensed matter physics, chemistry, materials science, biophysics and geophysics. A number of the re
obtained can later be used to develop scientific foundations for the development of adeahoetbgies in the field of
electronics, compact current sources, pharmacology and medicine. During the implementation of the scientific progt
theoretical predictions and models will be experimentally tested, and new phenomena and regulariticevsiil&e. r

2. The implementation of the methodological program will result in the modernization of the available spectrometers and
development and construction of new instruments at-2BRvhich will expand the scope of their application for
interdisciplinary scientific research of new functional materials and nanosystems.

Expected results of the project in the current year:
Realization of scientific program
1. Determination of the structural parameters and phase composition of intermetatitborfal materials, including
magnetostriction R&a alloys and shape memory alloys.

2. Determination of parameters of the atomic and magnetic structure -afito@nsional magnetic materials in a wide range of
thermodynamic parameters (temperature, pressure).

3. Analysis of highpressure effects on the structural and magnetic properties of functional materials.
4. Analysis of complex structural and microstructural states of solid electrolytes and electrodes favmitesaicumulators.

5. Determination of the crystaltructure and analysis of the dynamics of functional materials with molecular complexes ar
ionic liquids.

6. Establishing of phenomena and effects, related to coexistence of magnetism and superconductivity in layered nanostru
composed ofransition, rareearth and other metals.

7. Determination of structural characteristics of carbon nanomaterials, single wall carbon nanotubes on substrates.

8. Determination of structural characteristics and aggregation kinetics in fullerene solutions witbndiffelarity, and in
fullerene solutions with various amino adducts.

9. Analysis of structural properties of magnetic nanosystems, including colloids, composites with magnetic nanopartic
aggregation effects in magnetic fluids and eshell nanostructuse

10. Determination of structural characteristics of polymer systems on substrates, surfactant micelles in bulk and on the sur
surfactanimicelle complexes.
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11.
12.

13.
14.
15.
16.

Analysis of structural organization of polymer nanomaterials, glass transition of polymerdymdrgain films.

Analysis of physical and biological properties of lipid and native membranes, protein interactions, structure and jfopertie
protein and membrangrotein complexes, crystallization of proteins.

Determination of structural charactergstiand study of properties of biohybrid complexes.
Determination of residual stresses and microstrains in constructional materials and bulk products, geological objects.
Texture analysis of biological and paleontological objects, construction materiaariimdocks.

Analysis of internal organization and construction of 3D models of cultural and natural heritage objects, industriad mater
and products using neutron radiography and tomography.

Realization of instrument development program for tHgR-2 spectrometers

1. Installation of elements of the neutron guide system of the smgle scattering and imaging spectrometer on bearhline
2. Development of the neutron guide system for the neweffractometer for studies of microsamples, aimed araving
its technical parameters and expanding the available range of high pressures.
3. Improvement of technical parameters and expansion of experimental capabilities of the GRAINS multifunctior
reflectometer (startup of a new neutron beam chopper, deweltimf electrochemical and liquid cells for experiments).
4. Modernization of the available IBR spectrometers aimed at improving their technical characteristics, replacing obsole
and failed units.
5. Upgrade of the FSS correlation spectrometerbeamlinel3 and improvement of its technicphrameters. Further
development of the RTOF correlation method.
Subprojects:
2.1 Study of structure anddynamics D.P.Kozlenko Realization
of functional materials and nanosystems Deputies:
at the IBR-2 spectrometer complex M.V. Avdeev
G.D. Bokuchava
FLNP A.G. Asadoy E.B. Askeroy, M.V. Avdeev+ 10per., G.D. Bokuchava

+ 20per, D.M. Chudobat 5 per, K.M. GasanoyS.E. Kichanov
+ 20per, A.l. Kuklin + 12per, A.N. Nabiey V.A. Turchenkot 6 per.

LIT A.G. Soloviev,E.V. Zemlyanaya
BLTP V.Yu. Yushankhai

VBLHEP S.I. Tyutyunnikov

FLNR P.Yu. Apel, V.A.Skuratov

Brief annotation and scientific rationale:

Thesubprojecis aimed at studying the features of gtricture, magnetic ordering, dynamics, physical and chemical properties
of novel promising functional and structural materials, complex liquids and polymers, nanosystems, geophysical objects.
explanation of microscopic mechanisms of the formatiorheir tproperties is important both for the development of modern
concepts in the field of condensed matter physics, materials science, biophysics, chemistry, geophysics, pharmacc
engineering sciences, and new technological applications in energy fiwagetectronics, biology and medicine.

Neutron methods for studying matter (diffraction, sraalle scattering, reflectometry, inelastic scattering, radiography and
tomography) provide detailed information about the atomic and magnetic structure antiatyof materials at the atomic and
nanoscale levels. Due to the peculiarities of the interaction of slow neutrons with matter, neutron scattering metightis are h
effective in determining the positions of light atoms surrounded by heavy ones, sttigyigtribution of elements with close
atomic numbers, studying isotopic substitution processes and magnetic structures. This provides great advantages wher
neutron scattering methods in the study of a wide range of promising functional matetianasystems compared to other
approaches.

To ensure the solution of the scientific tasks of the project, it is planned to carry out work to ensure the uninteetgied, op
modernization and reconstruction of the existing spectrometers of th@ ig&ttor, as well as to complete the work on the
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creation of a new sma#ingle scattering and imaging spectrometer. Along with neutron methods, complementary methods
X-ray scattering, Raman, atomic force spectroscopy, etc. with the application of addétimratory equipment, will be used to
improve the efficiency of solving the tasks.

Expected results upon completion of the subproject:

1. The realization of the scientific program is expected to result in obtaining new experimental information, wHiehodvill
importance for studying the relationship between the structural features and dynamics of new functional materials
nanosystems and their physical properties at the microscopic level, as well as for developing modern concepts in the fie
condensed matter physics, chemistry, materials science, biophysics and geophysics. The obtained results can later be u
develop scientific foundations for the development of advanced technologies in the field of electronics, compact cur
sources, pharnealogy and medicine. During the implementation of the scientific program, theoretical predictions and mod
will be experimentally tested, and new phenomena and regularities will be revealed.

2. The implementation of the methodological program will resuthanmodernization of the available spectrometers and the
development and construction of new instruments at-2BRvhich will expand the scope of their application for
interdisciplinary scientific research of new functional materials and nanosystems.

Expected results of the subproject in the current year:
Realization of scientific program
1. Determination of the structural parameters and phase composition of intermetallic functional materials, includ
magnetostriction F&a alloys and shape memahoys.

2. Determination of parameters of the atomic and magnetic structure -afito@nsional magnetic materials in a wide range of
thermodynamic parameters (temperature, pressure).

3. Analysis of highpressure effects on the structural and magnetic propeftfaactional materials.
4. Analysis of complex structural and microstructural states of solid electrolytes and electrodes favnitesaicumulators.

5. Determination of the crystal structure and analysis of the dynamics of functional materials with malecyxes and
ionic liquids.

6. Establishing of phenomena and effects, related to coexistence of magnetism and superconductivity in layered nanostru
composed of transition, ragarth and other metals.

7. Determination of structural characteristics oftbzar nanomaterials, single wall carbon nanotubes on substrates.

8. Determination of structural characteristics and aggregation kinetics in fullerene solutions with different polarity, and
fullerene solutions with various amino adducts.

9. Analysis of structudaproperties of magnetic nanosystems, including colloids, composites with magnetic nanoparticle
aggregation effects in magnetic fluids and eshell nanostructures.

10. Determination of structural characteristics of polymer systems on substrates, surfacédies in bulk and on the surface,
surfactarimicelle complexes.

11. Analysis of structural organization of polymer nanomaterials, glass transition of polymers and polymer thin films.

12. Analysis of physical and biological properties of lipid and native mengs;gprotein interactions, structure and properties of
protein and membrangrotein complexes, crystallization of proteins.

13. Determination of structural characteristics and study of properties of biohybrid complexes.
14. Determination of residual stresses androstrains in constructional materials and bulk products, geological objects.

15. Texture analysis of biological and paleontological objects, construction materials and earth rocks.

16. Analysis of internal organization and construction of 3D models of cultnchhatural heritage objects, industrial materials
and products using neutron radiography and tomography.

Realization of instrument development program for the IBRspectrometers
1. Installation of elements of the neutron guide system o$mhellangle scattering and imaging spectrometer on bearhline

2. Development of the neutron guide system for the neweiNffractometer for studies of microsamples, aimed at improving
its technical parameters and expanding the available range of highrpeess
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3. Improvement of technical parameters and expansion of experimental capabilities of the GRAINS multifunctior
reflectometer (startup of a new neutron beam chopper, development of electrochemical and liquid cells for experiments

4. Modernization of theavailable IBR2 spectrometers aimed at improving their technical characteristics, replacing obsole
and failed units.

5. Upgrade of the FSS correlation spectrometer on bearmBinand improvement of its technical parametétsrther
development of th&TOF correlation method.

2.2 Development of an inelastic neutron D.M. Chudoba Realization
scattering spectrometerin inverse
geometry BJN (Bajorek-Janik-Natkaniec)
at the IBR 2 reactor

FLNP [ .¢. Goremychkin, A.A. Kruglov

Brief annotation and scientific rationale:

An analysis of the state of research in the field of condensed matter dynamics using inelastic neutron scattering (IRS) at F
has shown that the existing NERA inelastic neutron scattering spectrometer, which somgotisuecessfully competed with
similar facilities in European neutron centers, is now significantly outdated and no longer meets the needs of the usity comrr
in the Eastern European region. Therefore, an extremely important task is to upgrade tphectiBnster in the historically
established research area in order to maintain the competitive position of the FLNP JINR in the field of neutron spectros
among other world neutron centers.

A promising approach is the creation of a new Highinosity INS spectrometer that will use modern neutron optics and new
design solutions to obtain higksolution results with a good sigrtatbackground ratio over a wide range of energy transfer and
using the smallest possible mass of the sample under studyagpnsach is proposed to be used to develop and construct &
universal inverse geometry INS spectrometer BBRjdrekJanik-Natkaniec). The combination of the high flux of the IRR
pulsed neutron source, modern focusing neutron optics, energy analyzeasresthlarge surface (two analyzers with an area of
~3.3 n?) will ensure the maximum possible luminosity of the spectrometer being developed, while the gain factor compare
the NERA spectrometer can be up to a factor of 400.

The main range dfcientific problems for which the BIN spectrometer will be used, includes:
i investigations of structural phase transitions at the microscopic level,
i study of proton diffusion processes in systems with different types of hydrogen bonds;

i study of thedynamics of protons in molecular crystals in a wide entgnaysfer range;

i investigations of associative interactions of chemical particles, including systems with the formation of hydrogen bonds of
various types;

I investigations of magnetic dynamicscmmpounds with #land 3l transition metals.

List of research objects:
i molecular crystals and their phase derivatives;
i pharmaceutical preparations in the bulk form and in the forfimaéronized or iamorphous powders;

i new biologically active compauds, including nanostructured ones;

i energy storage materials;

intermetallic compounds of 4nd 3 transition metals;
i catalysts;

i photonic materials for industrial applications;

T nanocomposite materials.

Expected results upon completion of theubproject:
1. Development and construction of basic elements of the BJN spectrometer.

Expected results of the subproject in the current year:
1. Development of technical documentation for the creation of a number of spectrometer elements.

2. Purchase opyrolytic graphite crystals to develop a focusing analyzer.
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Collaboration
Country or International Organization
Armenia

Azerbaijan
Belarus

Bulgaria

China
Cuba
Czech Republic

Egypt

France

Germany

Hungary
India
Italy
Japan

Kazakhstan
Latvia
Mongolia
Poland
Romania

City
Yerevan

Baku
Minsk

Sofia

Harbin
Havana
Prague

Cairo

Giza
Grenoble

Saclay
Darmstadt
Karlsruhe
Budapest
Patna
Messina
Minato
Tokyo
Almaty
Riga
Ulaanbaatar
Bialystok
Baia Mare
Bucharest

Cluj-Napoca

Constanta
Craiova
lasi

Magurele
Pitesti
Targoviste
Timisoara
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Institute or laboratory
Foundation ANSL

SRCHCH
AzTU

IP ANAS

RI PCP BSU
SPMRC NASB
IE BAS

IEES BAS
INRNE BAS
ISSP BAS
UCTM

HEU

INSTEC

BC CAS

CTU

CuU

IG CAS

IP CAS

ASU

EAEA

CuU

IBS

ILL

LLB

TU Darmstadt
KIT

Wigner RCP
NIT Patna
UniMe

Keio Univ.
Waseda Univ.
INP

ISSP UL

IPT MAS
uwB
TUCN-NUCBM

INCDIE ICPECA

uUB
INCDTIM
RA BC-N
UBB
MINAC
uc
NIRDTP
TUIASI
UAI
UAIC
IULS
NIMP
UPIT
VUT

ICT

ISIM



Russia

Serbia
Slovakia
South Africa

Spain

Switzerland

Tulcea
Chelyabinsk
Chernogolovka
Dolgoprudny
Dubna
Gatchina
Kaliningrad
Kazan

Krasnoyarsk

Moscow

Moscow, Troitsk
Nizhny Novgorod
Perm

Rostovon-Don
Saint Petersburg

Sterlitamak
Tula

Tyumen
Yekaterinburg

Belgrade
Kosice
Pretoria

Barcelona
Leioa
Madrid
Villigen
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UVvVT

DDNI

SUSsuU

ISSP RAS
MIPT

Dubna State Univ.
NRC KI PNPI
IKBFU

KFU

KNRTU

FRC KSC SB RAS
KIP SB RAS
SibFU

IA RAS

IC RAS

ICP RAS

IEPT RAS
IGEM RAS
IGIC RAS
IMET RAS
INMI RAS

Inst. Immunology
IPE RAS

MIET

MISIS

MSU

NNRU AMEPhHI0
NRC Kl

PIN RAS

SINP MSU
HPPI RAS

INR RAS

IPM RAS

UNN

ICMM UrB RAS
ITCh UrB RAS
RIP SFU
CRISM fiPrometep
IMC RAS

loffe Institute
SB BSU

TSU

UTMN

IMP UB RAS
UrFU

INS fAVINCAO
IEP SAS
Necsa

UP
ICMAB-CSIC
BCMaterials
CENIM-CSIC
PSI



Tajikistan Dushanbe NAST

PHTI NAST
TTU
USA Berkeley, CA uc
Uzbekistan Tashkent INP AS RUz
Vietnam Da Nang DTU
Hanoi IOP VAST

Project:

3. Scientific and methodological research V.l. Bodnarchuk
and developments for condensed matter V.l. Prikhodko
investigationswith IBR -2 neutron beams

FLNP see subprojects participants

Realization

Brief annotation and scientific rationale:

The conduction of condensed matievestigations at a statd-the-art level is characterized by continuous improvement of
experimental techniques, increase in the number of controlled parameters as well as in the number of detectors and s
environment systems used in the experimedttarir sophistication, heightened requirements for accuracy and operation spee
of data acquisition equipment, necessity to provide remote control over spectrometer subsystems and the experiment as a
and requires constant development of both trextspmeters and IBR research nuclear facility, including in particular, the
complex of cold moderators. The user policy carried out at the2lBBectrometers imposes additional requirements for the
equipment of the spectrometers, control systems, atadadguisition systems, which should be easy to master and easy to us
should have convenient graphic interface and provide access to measurement results via the Internet, etc.

Expected results upon completion of the project:
1. Commissioning of BSEA detector at HRFD on beamline 5 of the EBReactor and obtaining the first experimental results.

2. Development of a vector magnet based on asymmetric Helmholtz coils, with a temperature control device for low (1.5
and ultralow (down to 0.5 K) temperatas for the REMUR reflectometer.

3. Development of technical documentation for the equipment of control systems of the complex of cryogenic moderator
the IBR-2 reactor; commissioning of control systems for the collector unit and cooling pipelines, agenttymoderators
CM-201, CM202 and CM203; installation of a dispatching system with a server that integrates control over the enti
complex of cryogenic moderators, commissioning of the dispatching system.

Introduction of PLGbased control systems.

Installation of a new chopper on beamline 8 of the {BReactor.

Introduction of automatic PL®ased control systems to control the vacuum integrity in the channels.
Development and manufacture of PSC with a cathode of different diameters.

Development of a & stand to test the characteristics of PSD.

© ©® N o g &~

Optimization of data acquisition system based on multichannel digitizers.

10. Development of a standard module of a PSD system based on resigtitabes with a cathode diameter of 6 mm.

11. Development and commissimg of a new detector system for the REMUR spectrometer.

12. Modernization of direct beam detectors at the YuMO spectrometer.

13. Development and fabrication of dirdm¢am monitor at the YuMO spectrometer.

14. Development of the architecture of a mgéip°B-PPRC,manufacture of the prototype and study of its characteristics.
15. Development of a muktounter system for the inelastic scattering instrument being designed on beamline 20f IBR
16. Adjustment and testing of the ASTRM detector at the FSD spectrometer.

17. Dewelopment of a technical design for the BEBD backscattering detector for the FSD spectrometer. Adaptation of
scintillation detector manufacturing technologies (existing in the SC Department) for th& ®SDetector. Development
of mechanical componentsf the detector, detector electronics and data acquisition and accumulation electronics f
BSD-FSD.

45



18.

19.

20.

21.
22.

23.
24,

25.

26.

Devel opment and man udeaot with eombirfed edectronie \wnd WreeOfdcusing, similar to the
ASTRA-M detector on the FSD spectrometer.

Development of detector electronics and data acquisitiomneeessing and accumulation systems for new detector systems
Introduction of CAEN digitizers into the measuring systems of-BB§pectrometers.

Introduction of PLCs into control systems of spemeters. Equipping spectrometers with video surveillance systems.
Introduction of new measuring devices and controllers at the request of instrument responsibles. Automation of the vac
control system on spectrometers NERA, SKAT, FSD, FSS. Automatitre @ontrol system of the magnet current source
for the DN-12 cryostat. Unification of temperature control and regulation systems used ¢hdgéttrometers.

Development of a new cryostat for cooling higfessure chambers at the 1) diffractometer.

Development and implementation on the lBRpectrometers of a new version of the Sonix+ sotware package and relate
systems adapted to work with the event list data format.

Continuous modernization (in cooperation with LIT) of the FLNP local area netwgrikent.

Simulation of spectrometers or its elements for the purpose of modernization of operating spectrometers and for
development of the new one.

Commissioning of an automated storage of containers with irradiated samples and an automated stompie [Bysitem
at the irradiation facility.

Providing of uninterrupted operation of all spectrometers on2BiRamlines.

Expected results of the projecin the current year:

1. Manufacture of spare units for the MPDB&B3 data acquisition and accumulatigstem.

2. Adjustment of CAEN amplifier modules in accordance with the required parameters.

3. Manufacture of a set (432 pcs.) of I/O and measuring cables.

4. Dismantling of the BSD detector and installation of the BSDetector at the HRFD diffractometer on bearab of the
IBR-2 reactor.

5. Development of technical design of the magnet.

Fabrication of the cryostat stand.

7. Development and testing of the control system of the cryogenic moderate20OCMn the direction of beamlines
1,4,5,6,09.

8. Development of a technical design of a new chopper for beamline 8 of th2 t8&ttor.

9. Installation and commissioning of ASTRM detector at the FSD spectrometer. Development of a detector module and DA
system for the multidetector system of the DRl spectrometer, tests of DAQ elements at neutron beamlines of th2 IBR
reactor. Development of the prototype of the detector moditle analogue electronics for the NERA spectrometer.
Development of infrastructure for the development of neutron detectors.

10. Development of a technical design of a flow cryostat withdHgrculation with cooling by a closed cycle cryocooler to
achieve a temperature range below 3kélection and purchase of equipment and accessbebsgcation of new windings
and assembling dhe SC magnet for the D2 spectrometer.

11. Simulation of SANS instrument for the future neutron source in FLNP.

12. Introduction of CAEN digitizers into the measuring systems of-BBspectrometers (FSD, FSS, HRFD).

13. Support and development of the SONIX+ softev@n requests of responsibles, based on-B%Baptation of SONIX+
software for the operation with DAQ controllers. Development of the new version of SONIX+ software adjusted for t
operation i list mode.

14. Improvement of the concept of the central datgos#ory, taking into account the experience gained in its operation and
practical testing of possible ways of its implementation.

15. Study of radiation resistance of different materials at irradiation facility.

16. Incorporation of new measuring devices and ul@rs at the request of instrument responsibles.

Subprojects:
3.1 Construction of a wide-aperture V.M. Milkov Realization

backscattering detector (BSBA)
for the HRFD diffractometer

FLNP A.M. Balagurov, A.K. Kurilkin
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Brief annotation and scientific rationale:

At present, the HRFD detector system consists of t hheee
third one at 90A. The first two detect or se third ee imaniployedto u :
measure internal stresses. The detecting elementgkésbased scintillators. From the preseaty viewpoint, these detectors
have two disadvantages: high sensitivitpdoackground and insufficiently large solid angle (-80st). Due to this, the resulting
diffraction spectra have a rather high background and a low (by modern criteria) data acquisition rate, despite thihdact the
neutron flux at the sample position is sufficiently high’tIén¥/s).

To eliminate theseh®rtcomings, in 2017 it was proposed to replace the existing backscattering detectors shown in Fig. 1 wil
new wideaperture scintillation detector based on the ZnS¢AH/scintillator using combined electrorieometric focusing. Its
implementation wi make it possible to radically improve the parameters of the HRFD diffractometer and bring it to the leadir
positions in the world. Estimates show that the use of the newapigieure detector will allow an approximately tvio three

fold increase irthe number of experiments, along with a significant improvement in the accuracy of the obtained structu
information, and the expansion of the capabilities of the diffractometer for performing experiments under various extel
conditions at the samplesgition.

Expected results upon completion of the subproject:
1. Commissioning of BSEA detector at HRFD on beamline 5 of the I2Reactor and obtaining the first experimental results.

Expected results of the subproject in the current year:
1. Manufacture of spare units for the MPDB&B3 data acquisition and accumulation system.

Adjustment of CAEN amplifier modules in accordance with the required parameters.

2
3. Manufacture of a set (432 pcs.) of I/O and measuring cables.
4

Dismantling of the BSD dettor and installation of the BSRA detector at the HRFD diffractometer on beambnef the
IBR-2 reactor.

3.2 Vector magnet for investigations A.N. Chernikov Realization
with polarized neutrons
FLNP V.l. Bodnarchuk, V.D. Zhaketov

Brief annotation and scientific rationale:

Reflectometry of polarized neutrons is an experimental method for studyindifognsional metal heterostructures, polymer
films, biological systems, the free surface of liquids, magnetic fluids, and requires exparieggippment that includes a special
magnetic system. The developed magnetic system' ' a vector
two directions and will have an aperture that allows placing a temperature control deviceaat laltralow temperatures, as
well as a neutron and gamrey detection system. The vector magnet will be installed on the REMUR reflectometer on beamlir
8 of the IBR2 reactor.

Expected results upon completion of the subproject:
1. Development of a vectanagnet based on asymmetric Helmholtz coils, with a temperature control device for low (1.5 K
and ultralow (down to 0.5 K) temperatures for the REMUR reflectometer.

Expected results of the subproject in the current year:
1. Development of technical desigifithe magnet.

2. Fabrication of the cryostat stand.

3.3 Design and developmenbf infrastructure V.l. Bodnarchuk
elements for spectrometers at the
IBR-2 reactor
FLNP A.N. Chernikov A.S. Kirilov, V.M. Milkov, V.I. Prikhodkqg
V.V. Sadiloy, V.V. Zhuravlev

Realization

Brief annotation and scientific rationale:

The IBR-2 reactor is a unique neutron source, which is used to study the structure and physical properties of condensed n
Information about objects under study is obtained using specialized neutron scattering instruments (spectrometersyby apy
various research techniques. The quality of the obtained information is largely determined by the characteristics afrthe ne
source and the quality of experimental equipment. The2BRised reactor is a highux neutron source with a power of over

1 MW. The key requirements for the equipment of scientific instruments are the most efficient use of the thermal neutron
within the framework of the implemented methodology. The equipment of any spectrometer is quite diverse and includes elen
that form a neutron beam, systems for detecting neutron and other types of radiation, various systems for monitoring
controlling experiments, special equipment for creating the required conditions at the sample position during meastcements
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At the samdime, all elements and mechanisms must perform their functions under conditions of increased radiation load
ensure uninterrupted operation for long periods of time. Each spectrometer is a unique object even within the framework ¢
implementation obne and the same technique at the same source. Despite the fact that the equipmest ioEtiBiRients
includes a number of standard elements, their configuration is always unique and requires special attention.

This subsubproject is aimed at fulfillinthe tasks of designing and developing reliable and efficient elements of spectrometers
for comprehensive support of experimental work and obtaininglbigd scientific results.

The high qualification of the personnel of the Department of thedBRpect r omet er sd compl ex
experience in the development and operation of equipment and control systems for-theg8&rometers will undoubtedly
make it possible to implement this ssibbproject aimed at further improving the expental infrastructure of the IBR reactor.
The subsubproject consists of 7 sections, each representing a separate element of the experimental infrastructure.

Expected results upon completion of the subproject:

1. Development of technical documentation foe equipment of control systems of the complex of cryogenic moderators of
the IBR-2 reactor; commissioning of control systems for the collector unit and cooling pipelines, and cryogenic moderat
CM-201, CM-202 and CM203; installation of a dispatchinggstem with a server that integrates control over the entire
complex of cryogenic moderators, commissioning of the dispatching system.

Introduction of PLGbased control systems.

Installation of a new chopper on beamline 8 of the-IlBRactor.

Introductionof automatic PL@ased control systems to control the vacuum integrity in the channels.
Development and manufacture of PSC with a cathode of different diameters.

Development of a test stand to test the characteristics of PSD.

Optimization of datacquisition system based on multichannel digitizers.

Development of a standard module of a PSD system based on counters with resistive anodes and a cathode diameter of

© © N > s W N

Development and putting into operation of a new detector system for the REMUPRBpater.

[y
o

. Modernization of direct beam detectors at the YuMO spectrometer.

=
[

. Development and fabrication of dirds¢am monitor at the YuMO spectrometer.

=
N

. Development of the architecture of a mgtip°B-PPRC, manufacture of the prototype and study ohigsaxteristics.

[N
w

. Development of a muktounter system for the inelastic scattering instrument being designed on beamline 20f IBR

[EEN
N

. Adjustment and testing of the ASTRM detector at the FSD spectrometer.

[y
o

. Development of a technical design for the BESD tackscattering detector for the FSD spectrometer. Adaptation of
scintillation detector manufacturing technologies (existing in the SC Department) for the &3 Detector. Development
of mechanical components of the detector, detector electronics and cdaiaiteon and accumulation electronics for
BSD-FSD.

16.Devel opment and man udetaot with eombirfed edectronie \and WreeOfdcusing, similar to the
ASTRA-M detector on the FSD spectrometer.

17. Development of detector electronics and data acquisitiorp@eessing and accumulation systems &w detector systems.
Introduction of CAEN digitizers into the measuring systems of-BB§pectrometers.

18. Introduction of PLCs into control systems of spectrometers. Equipping spectrometers with video surveillance syste
Introduction of new measuring deet and controllers at the request of instrument responsibles. Automation of the vacuu
control system on spectrometers NERA, SKAT, FSD, FSS. Automation of the control system of the magnet current so
for the DN-12 cryostat. Unification of temperaturentml and regulation systems used on {BRpectrometers.

19. Development of a new cryostat for cooling higfessure chambers at the £1) diffractometer.

20. Development and implementation on the IBRpectrometers of a new version of the Sonix+ sotware paekageslated
systems adapted to work with the event list data format.

21. Continuous modernization (in cooperation with LIT) of the FLNP local area network segment.

22. Simulation of spectrometers or its elements for the purpose of modernization of operatingnsgtecs and for the
development of the new one.
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23. Commissioning of an automated storage of containers with irradiated samples and an automated sample positioning s
at the irradiation facility.
24. Providing of uninterrupted operation of all spectrometertBiR-2 beamlines.

Expected results of the subproject in the current year:
1. Development and testing of the control system of the cryogenic moderate20CMn the direction of beamlines
1,4,5,6,09.

2. Development of a technical design of a new chopper for beamline 8 of th2 t8&ttor.

3. Installation and commissioning of ASTRM¥ detector at the FSD spectrometer. Development of a detector module and DA
system for the multidetector system of the DR spectrometer, tests of DAQ elements at neutron beamlines of th2 IBR
reactor. Development of the prototype of the detector moditle analogue electronics for the NERA spectrometer.
Development of infrastructure for the development of neutron detectors.

4. Development of a technical design of a flow cryostat withdHsgrculation with cooling by a closed cycle cryocooler to
achieve a teperature range below 2Selection and purchase of equipment and accessbBebscation of new windings
and assembling of the SC magnet for the- DNspectrometer.

5. Simulation of SANS instrument for the future neutron source in FLNP.
6. Introduction of CAEN digitizers into the measuring systems of-BB§pectrometers (FSD, FSS, HRFD).

7. Support and development of the SONIX+ software on requests of responsibles, based-drad#pBation of SONIX+
software for the operation with DAQ contreis. Development of the new version of SONIX+ software adjusted for the
operation i list mode.

8. Improvement of the concept of the central data repository, taking into account the experience gained in its operation
practical testing of possible ways t§ implementation.

9. Study of radiation resistance of different materials at the radiation research facility.
10. Putting into operation of new measuring devices and controllers at the request of instagpensible scientists.

Collaboration

Country or International Organization City Institute or laboratory
Belarus Minsk INP BSU
Czech Republic Husinec uJv
Hungary Budapest Wigner RCP
Romania Bucharest INCDIE ICPECA

Cluj-Napoca INCDTIM

UBB
UTC-N

Targoviste VUT
Russia Dubna DubnaState Univ.

Gatchina NRC KI PNPI

Moscow NRC K

Moscow, Troitsk INR RAS

Yekaterinburg IMP UB RAS
Sweden Lund ESS ERIC
Uzbekistan Tashkent INP AS RUz

Project:
4. New advanced neutron source at JINR E.V. Lychagin Realization
V.N. Shvetsov
M.V. Bulavin
FLNP see subproject participants

Brief annotation and scientific rationale:
I n 2020/ 23, within the framework of the closing theme 0
atJ | NRoO, i mportant results were obtained, which are of

development of a new higffux neutron source at JINR. Based on the results of joint research work of JINR and JSC NIKIE
(Rosatom State @poration), which consisted in analyzing variants of a {figk pulsed neutron source, the concept of the
NEPTUN pulsed fast reactor with neptuninitride fuel was chosen for further elaboration. The development of the concept o
the new NEPTUN reactoras included in the JINR Sevéfear Development Plan for 2002023.
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The main stages of the development of the concept of the new NEPTUN reactor include: development of a preliminary sciel
program and determination of the composition of a suitc@tific instruments for conducting neutron research, development
of technical specifications for preliminary design and infrastructure projects, scientific and technical rationale feigthefde
the new neutron source, as well as the implementafitreaesearch and development program, which includes the study of the
dynamics of pulsed reactors, optimization of the design of the main reactor systems, development of nejitigdfoel and
neptuniumnitride-based fuel rods, optimization of thendiguration of the moderator complex, development of prototypes or
special test stands (for example, an experimental test stand or a prototype of a reactivity modulator, a prototypeeaftakperin
fuel elements, test stand for a mesitykased cryogenionoderator with a system for continuous reloading of the working
material, etc.).

The work performed is a serious R&D groundwork laid down in the period from 2020 to 2023, requiring the continuation ¢
development of the above stages to move from theegirstage to the stage of the draft design of the new NEPTUN reactor.

Expected results upon completion of the project:
1. Development of the scientific program and the concept of the suite of instruments for conducting research in conde
matter physics, ntlear physics and applied research at the new NEPTUN pulsed reactor.

Building a model of the dynamics of pulsed fast reactors.
Development of neptunium nitride fuel and neptunininide-based fuel rods.

Optimization of the vessel and reactivity modulaibthe NEPTUN reactor.

a > 0D

Conducting neutrophysics calculations to select optimal materials for use as a cryogenic moderator at the new NEPT
reactor.

Expected results of the project in the current year:
1. Preparation of materials for tlidevelopment of the scientific program and the concept of a suite of scientific instruments c
the NEPTUN reactor.

2. Preparation for conducting experiments in accordance with the program of work under the agreement between JINR
RFNGVNIITF on the developrant and verification of a mathematical model of the dynamics of the NEPTUN pulsed reacto

3. Obtaining the first batch of neptunium oxide for testing the technology of manufacturing fuel for experimental fuel rods ¢
conducting prereactor studies of fuelompositions under the agreement on the development of neptuitiicie fuel and
neptuniumnitride-based fuel rods between JINR and JSC VNIINM.

4. Preparation of materials for the technical specification for the draft design based on the results of aptiofitaireactor
vessel and the reactivity modulator.

5. Analysis of the efficiency of using hydrogeontaining materials (methane, triphenylmethane, liquid hydrogen, deuterium,
etc.) as a cryogenic moderator at the new NEPTUN reactor3)BdRd their comgrison with mesitylene. Development of
working design documentation for a chambenulator of a cryogenic mesityleitased moderator with a system for fast
loading and unloading of working material.

Subproject:
4.1 Research and development for E.V. Lychagin Realization

the justification of the draft design V.N. Shvetsov

of the new advanced neutron source M.V. Bulavin

at JINR ° NEPTUN pul s

FLNP M.V. Avdeev,A.M. Balagurov, V.. Bodnarchuk, G.D. Bokuchava
K.V. Bulatov, O.E. Chepurchenko, D.M. ChudoPaA. Dorofeev,
V.V. Ermolaev, T.Yu. Fedorova, Frank A.l., A.V. Galushko,
E.A. Goremychkin, D.S. Grozdov, A.A. Khassan,khramko,
S.E. Kichanov, Yu.N. Kopa h , D. P. Kozl enko,
A.l. Kuklin, 1.V. Kushnir, E.E. Perepelkin, M.M. Podlesnyy,
M.V. Rzyanin, E.P. Shabali®\.E. Verkhoglyadov, |. Zinicovscaia,
+ 3 engineers, 3 researchers

VNIITF S.A. Andreev, D.V. Khmelnickii+ 3 researchers

VNIINM A.V. Davydov, Yu.A. Ivanov;+ 7 engineerst 4 researchers

NIKIET A.B. Goryachikh, A.V. Lopatkin, |.T. Tretyakow, 4 engineers,

+ 3 researchers
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Brief annotation and scientific rationale:

In accordance with the roadmap of the NEPTUN project, the next major stage after the completion of the stages of prelimi
design and development of a technical proposal is a draft design. A draft design is developed to deterpnineipiie
(constructive, schematic, etc.) solutions for the product, giving a general idea of the working principle and (or) tloé thesign
product. On the basis of the draft design, a justification for investments is developed, which is an oblagatornd in the
development of such a complex facility as a research reactor (Decree of the Government of the Russian Federation N3
14.03.1997).

At the draft design stage, the development and selection of basic technical solutions, the studyraf atrddtinctional schemes
of the product, the selection of basic structural elements, etc. are carried out. As a rule, at this stage, one ort$vasd thaian
reactor are considered from among those recognized as feasible at the conceptual design stage.

The choice of a specific core configuration option is the most important moment and the key point of the entire projec
construction of the NEPTUN reactor. This is due to the fact that the technical solutions fixed in the draft desig, thethexia
stages (technical design, working design documentation), being included in the voluminous design documentation, can on
changed with great difficulty. Therefore, already before the draft design stage, a thorough study of all controvarstagands
points is required, as well as R&D and calculations (kinematic, electrical, thermal, etc.) that confirm the operaldligtalitg r

of the product in all specified operating conditions.

The main goal of the subproject is to conduct researdrdavelopment work to justify the development of a draft design of the
NEPTUN reactor. These R&D include: development of neptunium nitride fuel and neptnitiide-based fuel rods; study of
dynamics of the pulsed reactor; optimization of the desigheof@activity modulator and the reactor vessel in terms of reducing
thermal loads and shape changing; development and implementation of a list of R&D to justify the development of the c
design.

Expected results upon completion of the subproject:
1. Thescientific program and the concept of the suite of instruments for conducting research in condensed matter phy
nuclear physics and applied research at the new NEPTUN pulsed reactor.

2. A working variant of the dynamic bending model and evaluation okffeet of the pelletype structure of fuel elements
(compared to the pitype structure) on the reactivity of dynamic bending at the beginning of the fuel lifetime and verificatio
of calculations at RFN&/NIITF. Technical specification for conductingmeriments to check the shape of the bending of a
fuel element prototype under rapid heating in the neutron flux of pulsed reactors. Setting up an experiment on pulsed ne
sources of RFN&/NIITF.

3. Obtaining a permit for the use of nuclear materials a@ihatexclusively in federal ownership (NM EFO). Production of the
first batch of neptunium oxide for the refinement of the fuel manufacturing technology for experimental fuel rods a
conducting preeactor studies of fuel compositions. Development and faatwre of a trial batch of experimental fuel rods
based on neptunium nitride.

4. Development of two variants of the reactor vessel design with the lowest thermal load and temperature deformations fo
rod-by-rod core configuration and the configurationtioé core with jacket fuel assemblies. Development of two variants
(with and without a jacket) of the design of the reactivity modulator, operable in all specified conditions. Possibility
developing a technically justified alternative design of the faiduand reactor vessel. A list of R&D activities necessary
to substantiate the design of the reactivity modulator, its components and the reactor vessel. Working design documen
for a full-scale stand (prototype) of the reactivity modulator. Sfamianufacture of some elements of the stand (prototype)
of the reactivity modulator according to the developed working design documentation. Technical specifications for
development of draft design and infrastructure (conceptual) projects.

5. Conducting rutronrphysical calculations to select optimal materials for use as a cryogenic moderator at the new NEPT!
reactor. Development of working design documentation for es@alle test stand of a mesityleln@sed cryogenic moderator
with a system for fast Exling and unloading of working material.

Expected results of the subproject in the current year:

1. Obtaining the first batch of neptunium oxide for testing the technology of manufacturing fuel for experimental fuel rods &
conducting prereactor studies diiel compositions under the agreement on the development of neptnitiida fuel and
neptuniumnitride-based fuel rods between JINR and f&@IIINM 0.

2. Preparation for conducting experiments in accordance with the program of work undgraament between JINR and
RFNGVNIITF on the development and verification of a mathematical model of the dynamics of the NEPTUN pulsed react
Preparation for conducting experiments on vibroacoustic, thermomechanical, hydrodynamic measurementsigtezpar
of the model of the dynamics of the NEPTUN reactor on the basis of the JINR experimental facilities.

3. Report of SCANIKIET 0 on the results of R&D on optimization of the reactivity modulator and the NEPTUN reactor vesse
Development of working desigdocumentation for a test stand (prototype) of the reactivity modulator.

4. Analysis of the efficiency of using hydrogeonntaining materials (methane, triphenylmethane, liquid hydrogen, deuterium,
etc.) as a cryogenic moderator at the new NEPTUN react®3)Band their comparison with mesitylene. Development of
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working design documentation for a chambenulator of a cryogenic mesitylefased moderator with a system for fast
loading and unloading of working material.

5. Preliminary scientific program andaltoncept of a suite of scientific instruments for conducting research in condensed matt
physics, nuclear physics and applied research at the new NEPTUN pulsed react®y. (IBR

Collaboration

Country or International Organization
Argentina

Belarus

Czech Republic

France

Germany

Hungary
IAEA
Romania
Russia

South Africa
Sweden
Uzbekistan

City
Bariloche
Minsk
Rez
Grenoble
Berlin
Julich
Budapest
Vienna
Bucharest
Gatchina
Moscow

Moscow, Troitsk
Obninsk
Snezhinsk
Pretoria

Lund

Tashkent
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Institute or laboratory
CAB

BSTU

NPl CAS

ILL

HzZB

FZJ

Wigner RCP
IAEA

INCDIE ICPECA
NRC KI PNPI
NIKIET

NRC Kl

VNIINM

INR RAS

IPPE
RFNGVNIITF
UpP

ESS ERIC

INP AS RUz
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01-3-11352019

Fundamental Interactions of Fields and Patrticles

Theme leaders: D.l. Kazakov
O.V. Teryaev

Participating Countries and International organizations:

Belarus, Bulgaria, Canada, Chile, Chi@aoatia, Finland, France, Germany, Greece, Hungary, India, Iran, Italy, Poland, Portuga
Russia, Serbia, Slovakia, Spain, United Kingdom, USA, Vietnam.

The problem under study and the main purpose of the resech:

The main current problems of tihheodern theory of fundamental interactions are the developmeneétbfods of quantum field
theory, their application to the description of elementary particle physics within the Standard Model and beyond, theore
support for existing and planned expeeims.Within the framework of the Standard Model, efforts will be focused on the
developmenbf multiloop computing methods and their applications to processes at the Large Hadron Collider, the developn
of new approaches to hadron physics, includinghegark physics. In physics beyond the Standard Model, the search for Darl
matter, manifestations of supersymmetry and other possible new physical phenomena are of particular interest. Theumetical st
for the search for new physics in accelerator grpents will be combined with research and analysis of astrophysical data.
Developments in neutrino physics, including the fitldoretic description of neutrino oscillations and the processes of neutrino
nucleon interactions with nuclear matter, in gat@r in connection with the Baik&VD experiment, wilremain under constant
concern. Special attention will be paid to the theoretical support of the key elements of the JINR experimental program
studying QCD methods, various approaches to theigésorof the structure of hadrons and qugtikon matter under the specific
conditions of the NICA complex will be developed and applied.

Projectsin the theme

Name of the project Project Leaders Project code
1. Quantum field theory and physics beyond D.l. Kazakov 01-3-11351-2024/2028
the standard model A.V. Bednyakov
2. QCDand hadron structure [.V. Anikin 01-3-11352-2024/2028
S.V. Mikhailov
O.V. Teryaev
3. Phenomenology of strong interactions V.l. Korobov 01-3-11353-2024/2028
and precision physics M.A. lvanov
4. Theory of hadronic matter under extreme V.V. Braguta 01-3-11354-2024/2028
conditions E.E. Kolomeitsev
S.N. Nedelko
5. Theory of electroweak interactions A.B. Arbuzov 01-3-11355-2024/2028
and neutrino physics V.A. Naumov
Projects:
Name of the project Project Leaders
Laboratory (Subdivision) Responsible frontaboratories
1. Quantum Field Theory and physics D.l. Kazakov
beyond the Standard Model A.V. Bednyakov

A. N. Baushev, M. ¢ . Bezugl ov,
R.M. lakhibbaev, A.V. Kotikov, G.A. Kozlov, A.l. Mukhaeva,

BLTP A.V. Nesterenko, A.l. Onishchenko, M.V. Savina, O.P. Solovtso\
D.M. Tolkachev, A.A. Vladimirov, + 3 students

MLIT S.V. Shmatov
VBLHEP B.Yu. Alexakhin, BG. Shaikhatdenov
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Brief annotation and scientific rationale:

Quantum Field Theory (QFT) is a widely recognifimhguageé used to describe the properties of elementary particles and their
interactions. It is well known that the triumph of the Standard Model (SM) of particlecghwsiuld have been impossible without
comparing experimental data obtained from accelerators such as LEP (CERN), HERA (DESY), Tevatron (Fermilab), and 1
(CERN) with highprecision calculations performed using QFT methods. Many years have passed sincestiiuetion of the

SM, and all these years scientists were searching for New Physics. The problem of dark matter in the Universe is an ob
argument for such searches. The main aim of the Project is to develop the quantum field formalism of gaumgrsymdmetric
theories, as well as to construct and study particle physics models beyond the Standard Model. In the context of tihésProjec
planned to use existing experience and new ideas to investigate a wide range of problems relatguiedskighcalculations
within and beyond perturbation theory as well as to the nature of possible New Physics. Special attention will als@ be pa
issues that arise at the intersection of particle physics, astrophysics, and cosmology.

Expectedresults upon completion of the project:
Improved estimate of the contribution from hadronic vacuum polarization to the anomalous magnetic moment of the muon.

Investigation of the shapes of higher twist contributions in deep inelastic scattering witstinenration of large threshold
logarithms.

Calculation of tweloop diagrams that arise in noelativistic QED using the effective mass method and investigation of the
completeness of basis functions for elliptic polylogarithms.

Development of a new spedisd computer package for the epsilon expansion of generalized hypergeometric functions with o
or more variables, whose indices depend on the dimensional regularization parameter, as well as for the numericalafalculat
the resulting functions.

Explicit analytical calculation of muHpoint master integrals using differential equations.
Calculation of tweloop contributions to electremuon scattering and quarkonia production.

Calculation of the double spectral density in the problem of sum rul&-doti-B mixing, which is an important experimental
quantity that imposes strict constraints on possible new physics.

Calculation of thredoop massive form factors and polarization operators in QCD.

Calculation of multloop amplitudes and form factorsitiv a large number of kinematic invariants in theories with extended
supersymmetry.

Derivation of systematic solutions to quantum spectral curve equations in the case of maximally supersymmeifiisYang
theory in four dimensions and ABJM theorytimee dimensions, both in the weak and strong coupling limits.

Calculation of spectra, correlation functions, and amplitudes in a numberdifr@xsionaffishnet models.

Application of the large charge expansion method to gauge theories and anatpsigesfulting implications in both particle
physics and condensed matter theory.

Investigation of the scheme dependence of a previously proposeambssitent subtraction procedure for frenormalizable
theories.

Calculation of effective potentials farrange of theories of modified gravity and their application to analyze various inflationary
models.

Investigation of the theory and phenomenology of scalar and vector bosonic stars.

Detailed cosmological and astrophysical analysis of the propertiesrary black holes and their connection to the dark matter
problem and observable supermassive black holes.

Analysis of the prospects for experimental detection of additional Abelian gauge symmetries and an extended Higgs secto
range of new physicsadels. Investigation of the smlled supersymmetric extensions of the Standard Model.

Physical analysis of LHC data aimed at detecting manifestations @fléink sectad in events where either a Higgs boson or a
Z boson is produced, accompanied by aigicant fraction missingitransverse energy (MET), presumably carried away by a
messenger particle that ultimately decays into DM particles. The expected outcome is new anomalies in the experimental de
the fortunate everit the discovery of New Plsjcs), or, in the absence of such signals, new unique constraints on the mod
parameter space for the considered scenarios of dark matter and Higgs sector.

Development of new (using neural networks for global scanning) as well as optimization and inggroeEexisting software
for modeling physical processes beyond the Standard Model.

Expected results of the project in the current year:
Development of an optimized computer package for the expansion of generalized hypergeometric functions séwaral or
variables, whose indices depend on a regularization parameter, in terms of either generalized polylogarithms or repaksted int
with algebraic kernels.
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Development of computer code for the numerical computation of generalized hypergeometionduened Feynman integrals
defined by a system of differential equations, with any desired accuracy; for the case of functions of multiple variab
acceleration of individual procedures using modular arithmetic methods is planned to be implemented.

Compehensive analysis of contributions to the anomalous magnetic moment of the muon resulting from the quark threshol
the hadronic vacuum polarization.

Multi-loop analysis of the possibility of implementing the asymptotic safety scenario within a quaitutheory model with
gauge, Yukawa, and scalar interactions.

Analysis of connections between integrable conformal quantum field theories in differentisgadanensions, as well as their
dual models.

Calculation of multipoint correlation functions fishnet models in the laregpin limit.

Calculation of tweloop corrections to the-Boint form factor of the energgmomentum operator for N=4 super Yah(jls theory
on the Coulomb branch.

Development of a method for systematic solution of quantuntrgppearve equations for N=4 SYM and ABJM theories at large
values of the Lorentz spin of twist 1 and 2 operators in the weak coupling limit.

Calculation of anomalous dimensions of operators with large quantum numbers in the Standard Model iy bative
methods; comparison with perturbative results.

Calculation of various observables for rare decays involving leptons, assessing the possibility of detecting New Rigsscs in |
processes.

Analysis of the Higgs boson production in events Vdttge missing energy at the LHC within the framework of-tiggs
doublet extensions of the Standard Model with an additional hidden scalar sector.

Investigation of the problem of forming massive galaxies and supermassive black holes in the centexeofigdte early
Universe.

Analytical derivation of a relation linking the observational properties of giant voids in the universe, which appeailpractic
empty, with the density of matter at the center of the void and the initial parameters of thieliatiperturbation from which it
originated.

Analysis of the bosonistars stability, estimation of their lifetime.

Cal cul ationodbt ét pbargmedowrs in the framework of wvarious
associad with the use of quantum effective potentials obtained by means of the generalized renormalization group; a stuc
the phenomenological consequences of these quantum effects.

2. QCD and hadron structure [.V. Anikin
S.V. Mikhailov
O.V. Teryaev
BLTP V.V. Bytiev, S.V. Goloskokov, R.V. Khakimov, N.V. Krasnikov,

Nguen Hoang Wu, A.G. Oganesian A.V., Pimikov, A.A. Pivovarg

G.Yu. Prokhorov, V.A. Saleev, A.A. Sazonov, O.V. Selyugin,

D.A. Shohonov, A.Ya. Silenko, D. Stroziotlorz, N.I. Volchanskiy

V.l. Zakharov, A.S. Zhevlakov
Brief annotation and scientific rationale:
Lacking a complete theoretical understanding of the color confinement, the only method of applying QCD is based on
factorization of the shoistancgperturbative) and longistance (nonperturbative) dynamics. The conventional systematic way
of dealing with the longlistance part is to parametrize it in terms of matrix elements of quark and gluonoperators between hadr
states generating GPDs, DAIMDs, etc. These matrix elements have to be either extracted from experiment or determined
the lattice. In many phenomenological applications they are usually modeled in terar®o$ nonperturbative methods or
models.The main objective of the projets to develop comprehensive theoretical frameworks to study the-dimaknsional
partonic content of hadrons by combining various approaches based on the factorization theorem and starting from the
principles of QCD.

For many years, theoreticaldaexperimental studies of the nucleon structure have been restricted tali@nensional picture
along a lightcone direction. Within this one dimensional picture, quark and gluon contents of the nucleus are described by
parton distribution functionDFs) which depend on the longitiudinal momentum of the parton inside the hadron.

The last decade has witnessed a tremendous effort to go beyond tisnensional description of the nucleon. Recent
improvements in experimental facilities such as ineedeelectron beam luminosities and polarization degrees, detector resolutio
and coverage, and advanced theoretical computation frameworks, such as calculating radiative and power correctio
complementary sets of observables, provide a breakthrougimestigating the muhkdimensional partonic content of the
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nucleon, which is also referred to as hadron tomography. In this respect, thdimatiional parton distribution functions such
as transversenomenturadependent distribution functions (TMDs) @eneralized parton distribution functions (GPDs) have been
the key subjects of both experimental and theoretical studies.

With the advent of new generation colliders such as the Electron lon Collider (EIC) in the USA and the Large Hadron elec
Collider (LHeC) at CERN, theoretical improvements of these distribution functions are mandatory for a precise comparison \
experimental data. Motivated from this need, the main objective of the proposed project is to develop a compreheniiaé theor
framewak to study the multdimensional partonic content of the hadrons by combining various approaches starting from the fi
principles of QCD.

Expected results upon completion of the project:
Analytic evaluation of 3doop 2point Feynmanmasterintegrals with composite external vertices for arbitrary indices of
propagators.

Calculation of(P(Uo)™* and (b (Ukbo)™2 contributions in the nonsinglet ERBL evolution kernel and correlator of two vector
composite quark currents in QCD.

Calcuation of pion electromagnetic form factors in the framework of figgtie sum rules in the low and (or) moderate energy
regime.

Revision of distribution amplitudes (leading twist) of (pseudo)scalar and (longitudinal and transverse) vector mesd@p€ithin
sum rules taking into account new QCD correctiong’{ppbtained by us for all aheir components

Derivation and analysis of the full differential equation system for Feynman integrals with multiple parameters of masses
impulses.

Study of taulepton decays and processes of elecprositron annihilation into mesons including the processes with three
pseudoscalar mesons in the final state.

Investigation of the inner structure and nature of the meson interaction at low energies by using thieddfehhsinio model.

Study of the Dreliyan hadronic structure function within the perturbative QCMDFiorder of the coupling constantheck of
the LamTung identity inl’s order of the strong coupling constant.

Study of dark axion portal and obtainibgunds for the model in fixed target experiments. The analysis of new physics for NA6:
experiment. Study of visible mode of axion or dark photon.

Study of the sum rules for hadron fragmentation functions in QCD with the use of the gendratizated Mellin moments
approach.

Investigation of analytical and numerical optimizations of perturbative series for observables using the renormalizption grot
QCD.

Study of anomalous transport phenomena in a relativistic quantum medium assodtated wirvature of spadane.

Study of the influence of the hadron potential at large distances on the total cross sections, which determines thegsebaliari
scattering amplitudat small momentum transfer. Investigation of the energy dependedcer@ssing properties of the new
anomalous terms of the elastic amplitude of prgioston and protomntiproton scattering at NICA energies.

Study of the newiound types of transverse momentum dependent parton distributions within the original fraimeotkias the
newly-found additional contribution in the inverse Radon transforms.

Study of the phase diagram of the SUKRYgs Electroweak theory. Study of Z(N) symmetry and thermodynamic properties of
metastable states at very high temperature in tirgext of QCD and Electroweak theory.

The creation of a computational framework to analyze CMS Open Data.

Expected results of the project in the current year:
Calculation of fowparticle decays of the tau lepton into meson states ifrdngework of the NambwonalLasinio model in
order to verify the model on new classes of processes

Research of the meson interactions at low energies by using phenomenological models for better understanding o
nonperturbative region of QCD.

Study ofintegral representation of hypergeometric function of Horn type.
Study of heavy meson leptoproduction in Generalized Parton Distributions approach.
Study of the charge sum rules for hadron fragmentation functions in QCD.

Study of inclusive hadron produeih in protorproton and heawion collisions at the collider NICA kinematics.
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Analytical and numerical optimization of perturbative series for observables using the renormalization group in QC
Applications to the DIS sum rules.

dalculation of the eldoomagnetic pion form factor for moderate momentum transfers in the framework of the analytic:
perturbation theory of QCD arigmparison with the latest JLab experimental data.

Analytical and numerical optimizations of perturbation series are expediederformed for observables ushgxpansion and
renormalization group in QCD. Improvement of estimatefReoglation, width of tatdecay, and Bjorken polarized SR.

The main asymptotics at small Bjorken x for the QCD kernels DGLAP, P(x), and BRRBl), at any number of loops n.

Investigation of the possibility of the existence of previously unknown phase transitions in a relativistic fluid of elemente
particles in the region of ultralow temperatures and extremely high accelerations andesrticit

Derivation ofestimates for the energy dependence of the contribution of the tenzor pomeron to-tlepepuhent amplitudes of
nuclonnuclon elastic scatterin@ettingquantitative description of all available experimental data of the differentiak c
sections and spinorrellation parameters in elastic Nddattering from sqrt(s)=5 GeV up to sqrt(s)= 14 TeV.

The study of the contribution of effects induced by the effectivelame action of Heisenberguler QED, as well as its
generalization to QD, to the transport coefficients of transport effects (CME, CSE, CESE, CMW, CEW, CVE) in heavy io
collisions.The study of particle productions with orbital angular moments in strong interactions atidreaojlisions

Analysis ofmanifestation of dark matter axions in spin effects.

Implementation of analytic evaluations ofdp 2point Feynman masténtegrals with composite external vertices for arbitrary
indices of propagators.

Calculation of the correlator of two vector corsfie quark currents and the nonsinglet EfrenfeadyushkirBrodskyLepage
evolution kernel of the ordekfy(Ubo)™* and Py (Ubo)™2 in QCD.

Study of the Fodd hadronic structure function of Drédan processes taking into account quark polarization.

3. Phenomenology of strong interactions V.l. Korobov
and precision physics M.A. lvanov
BLTP D. Aznabayev, G. Gurjav, A.N. Issadykov, D.l. Melikhov,

Yu.S. Surovtsev, J. Tyulemissov, A. Tyulemissova

Brief annotation and scientificrationale:
The project is expected to develop tewergy effective field theories: ngalativistic quantum electrodynamics (NRQED) and
covariant quark model of hadrons (Covariant Confined Quark Model, CCQM).

The Standard Model of particle physics, formethabout 50 years ago, forms the basis of our understanding of fundament:
interactions. During this time, significant theoretical work has been carried out to improve the calculation techniqureas® in
the accuracy of predictions in the SM. An effeetfield theory (EFT) is a quantum field theory which is not fundamental but is
valid over a limited range of energies or distances. This makes it possible to successfully use EFT and renormalization ¢
methods to calculate real physical quantities pratesses observed in the experiment with high accuracy. The EFT approac
provides not only a systematic approach to the analysis of experimental results, but is also a valuable tool for déterminin:
correlation of various observables, which gives epae understanding of where to look for possible indicators of new physics
beyond the SM.

Expected results upon completion of the project:

Exploration of the possibilities of using the combined approach in NRQED, when part of the contributions to thefaherg
bound system is considered in the framework of QED, as the total sum over all terms in the powers of the electron bin
parameter/c~ZU.

Introduction of new terms in the general NRQED scheme, which will make it possible to takedatmt the contributions of
light scattering on light, nontrivial centipede diagrams for-cared tweloop selfenergy diagrams, necessary for calculating
corrections of the ordenl/-mU and higher.

It is planned to study the spectra of pionitT( H e anjl kaonic (Kl He +) helium atoms in orde
masses. The expected relative accuracy in mass measurements®is ~10

Within the framework of CCQM, investigate the possibility of violation of lepton universality in lepton decayarofortium
and bottomonium and their radial excitations.

Obtain bounds on the values of the Wilson coefficients of the Standard Model Effective Theory (SMEFT) operators respon:
for the violation of lepton universality in the tauon sector.
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Calculate the grtial widths of strong and electromagnetic decays of vecimeBons with an open charm

Calculate matrix elements and widths of nonleptonicpadicle decays of charmed baryons without changing the charm.
Perform an analysis of strong decays ofcharmoniurdlike state Y(4230) in order to study the nature of its structure.
Perform a theoretical analysis of lepton decays of tneeBon with four leptons in the final state.

Expected results of the project in the current year:

dalculation of the trantion energies in the antiprotonic heliunp'{ H* atom, taking into account corrections in
them-m(B orders, within the framework of the adiabatic approach for comparison with the results of the ASACUSA experim
at CERN. The expected relatimecuracy is ~1'0*.1

Calculation of the fine and hyperfine structure parameters in the bound states of molecular hydroggramhsiEf taking into
account all contributions up to the ordernd®In(U) inclusive, which gives a relative accuracy of thegfrency (energy)
of ro-vibrational transitions ~10* €omparable to the accuracy of determining the Rydbengtant from 12S spectroscopy of
the hydrogen atom.

Investigation of the possibility of violation of lepton universality in lepton decays afridraum and bottomonium and their
radial excitations within the framework of CCQM.

Obtaining of bounds on the values of the Wilson coefficients of the Standard Model Effective Theory (SMEFT) operat
responsible for the violation of lepton universalitythe tauon sector.

Calculation of the partial widths of strong and electromagnetic decays of veateséns with an open charm.

4.Theory of hadronic matter under extreme V.V. Braguta
conditions E.E. Kolomeitsev
S.N. Nedelko
BLTP T. Bhattacharyya, M. Bordag, M. Hasegawa, Y. Heo, Yu.B. Iva

A.S. Khvorostukhin, K.D. Montenegro, A.V. Nikolsky,
A.A. Roenko,A.M. Snigirev,D.A. Sychev,A.A. Roenko,
N.S. Tsegelnik, V.E. Voronin, D. Voskresensky

Brief annotation and scientific rationale:

Modern heavy ion accelerators make it possible to study the properties of strong interactions of elementary particés, whic
described by quantum chromodynamics (QCD) under the influence of extreme external conditions. lampéngogliarigluon
matter that is created in such experiments is expected to have a temperature of several hundred MeV, the baryon chigahical pc
of about 100 MeV, external magnetic field eB ~ 1 Gakd relativistic rotation with an angulaelocity of ~ 10 MeV. Such
conditions significantly change the properties of QCD. In the presented project, it is planned to study the propertieatof QC
nonzero baryon density, high temperature, large external magnetic field and relativistic rotagidattise simulation and other
approaches.

Expected results upon completion of the project:

In the presented project, it is planned to study the properties of QCD -akermibaryon density, nezero temperature and
nortzero magnetic field using latécsimulation with an imaginary chemical potential, dynamicdy and s quarks and the
physical mass of the mheson. To conduct such a study, a program written by our group will be used that implements advan:
supercomputer technologies and algorithms.

It is expected that quartduon matter, which is produced in the process of collision of heavy ions, is not only highly heated at
affected by a strong magnetic field but also has azepo angular velocity of rotation. Therefore, to interpret the estilheavy

ion collision experiments, an important theoretical problem is the study of the properties of rotatinglgomnkatter. In the
presented project, we are planning for the first time to study the properties of rotatingylyaarknatter in théramework of
lattice simulation.

One of the aims of the project is to impose new constraints on the equation of state of the nuclear and hadronic matter
extreme conditions existing in heaign collisions and the centers of compact stars. Forttegjescription of strongly interacting
systems in and out of equilibrium will be developed. Such observables as the strange and charmed particle produe@edthe di
and elliptic flows of particles, the global spin polarization of hyperons and tireicorrelations will be analyzed within transport
and hydrodynamic approaches and compared with existing and future experimental data. Various sources of the spin polari:
such as local vorticity of the medium, axial vortex effect, and electromadieddievill be quantitatively compared and their role

in the formation of the observable polarization signal will be clarified.

The possibility of the thermodynamic description of light nuclei and hypernuclei production in-ibeasgilisions within the

hydrodynamic approach will be theoretically explored. Formulation of the equations of the viscous hydrodynamics with
internal spin and rotation degrees of freedom as an effective field theory will be achieved. Possible phase transformatic
nonequilbrium and equilibrium nuclear matter under the influence of compression, heating, magnetic field, and rotation will
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classified and studied. New constraints on the equation of state from the description of the neutron star massestheadii, a
neutronstar cooling should be obtained.

Elementary hadronic scattering amplitudes and the corresponding differential cross sections are important ingredigmstof trar
models. The multichannel description of the mebanyon scattering within the generalizextgntial approach based on the chiral
SU(3) Lagrangian with the parameters tuned to the lattice QCD data and available experimental data on the hadron #icatterir
be developed.

Expected results of the project in the current year:

The equation of statealculated within the relativistic medield model and the particle propagation under the influence of the
corresponding meafield potentials will be included in the PHSD model. The impact of the potentials on the particle flow an
the spin polarizatiomwill be investigated.

New experimental data and, particularly, the directed flow obtained by the STAR collaboration fgoigotallisions at the
center of mass energy 3GeV will be analyzed within the hydrodynamic approach.

Superfluidity and supercondinity of vector bosons in a rotating piece of nuclear matter and a strong magnetic field will be
studied.

The properties of soft meson modes will be studied in equilibrium and nonequilibrium nuclear systems.

Charm meson scattering off pions will Bralyzed within the effective chiral field theory. The method of calculation of triangle
and box diagrams conserving power counting will be developed. The resulting amplitudes will be confronted with the Lat
QCD results.

Study of various issues relatedthe influence of rotation on the properties of gluodynamics and QCD. In particular, it is planne
to study the equation of state of a rotating QCD, the effect of rotation on the confinement/deconfinement phase traohflions a
breaking/restorationfahiral symmetry, the effect of rotation on the interaction potential of static quarks, inhomogeneous pha:s
of rotating quark matter, etc.

Study of the simultaneous influence of the magnetic field and the baryon density on the QCD eqatttenlafthis case, lattice
calculations will be carried out with the physical masses of dynamik,s-quarks.

5.Theory of electroweak interactions A.B. Arbuzov
and neutrino physics V.A. Naumov
BLTP A. Ahmedov, Yu.M. Bystritskii, MDeka, A.D. Dolgov,

M.S. Dvornikov, S.B. GerasimoW.L. Haong, 1.D. Kakorin,
S.G. Kovalenko, K.S. Kuzmin, D.A. Kuznetsov, A.A. Nikitenk
K. Nurlan, A.A. Osipov, V. Shmidt, M.K. Volkov, U.B/oznaya,
A.F. Zakharov

DLNP D.S.Shkirmanov

Brief annotation and scientific rationale:

The Standard Model of particle physics is the most successful theory of fundamental interactions. Despite numeroussxperil
on its verification and a deep theoretical study of its properties, there are still malgnmmdn this model that need to be solved.
The presence of such problems leads us to believe that the Standard Model is only an effective theory, iemergylow
approximation of a more fundamental physical theory. To search for new physical phenitrignacessary to have high
precision predictions obtained within the framework of the Standard Model. Within this project, it is planned to obtain st
predictions for the conditions of existing and future experiments at colliders, including LHC, RCERE, ILC. Calculations

will be carried out in order to carry out precise verification of the Standard Model (SM) and search for the limits abi&ipplic

of the latter.

Neutrinos are a unique source of informationphysics beyond the Standard Modelparticular, reliably observed transitions
between different types of neutrinos (neutrino flavors) indicate a violation of the conservation of the electron, muom and f
quantum numbers, which is present in the SM with massless neutrinos. Theiprog@aited to the study of physical processes
involving neutrinos, including elementary exclusive interactions of neutrinos with nucleons and nuclei, neutrino transpor
matter, taking into account coherent and inelastic interactstundy of astrophysal and cosmological effects, superhigiergy
neutrinos in cosmic rays, manifestation of neutrino oscillations in primary nucleosynthesis under extreme astrophysara condi
(in particular, in the vicinity of astrophysical black holes), as well ax@elarator and reactor experiments. In particular, the
hypothesis about the possible existence of a sterile neutrino, its role in nucleosynthesis and the formation ofsttadelarge
structure of the Universe will be considered. It is also planned to atadyw mechanism for the production of ultrahéegtergy
neutrinos, up to eV (UHECR) in models of modified gravity in highdimensional space. Research carried out within the
framework of this project will allow obtaining restrictions on models of gach objects, on the properties of particles (for
example, on the mass of a graviton), as well as on alternative theories of gravity, which have been proposed recently. In
years, reliable evidence has been obtained for the association eéri@ghyneutrinos with blazars, which are most likely
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supermassive black holes, and the construction of consistent models of these phenomena is also extremely important and
Cosmological and astrophysical phenomena predicted in modified gravity moddie wiltestigated. First of all, scal@msor
models of gravity will be considered and the manifestations of quantum field effects in them will be studied.

Expected results upon completion of the project:

Improvement of basic phenomenological models @ftebmagnetic nucleon formfactors in the spaekke and timelike domains

of g?based on the global statistical analysis of elastic electron scattering data on hydrogen and deuterium. Implementation
models in the form of software modules of tRENIE neutrino generator. Application of the results to calculations of the cross
sections of neutrinmucleon interactions in the models of the running axial MAgs" and SUSAM*.

Improvement of the superscaling model SUSAM* with a modified scalingtium based on a global statistical analysis of
quasielastic electron scattering data on various nuclear targets (from hydrogen to uranium). Model implementation ifcthe GE
generator. Predictions of the momentum distribution of nucleons in the nuctbustive superscaling approach.

Improvement of the RK model of resonance neutrinoproduction of pions with corrected contributions to the full amplitude ba
on the global statistical analysis of single pion production data in (anti)neutrino interactibnsydrogen and deuterium.
Implementation of the model in the GENIE generator.

Development of a method for solving the quantum kinetic equations describing the transport of massimerigigheutrinos in
heterogeneous (astrophysical) media taking ictmant the neutrino mixing (including mixing with hypothetical sterile states)
and their coherent and inelastic interactions with matter. Application of the theory to the calculation of the passdgth¢hroug
Sun of neutrinos generated by cosmic rayshm golar atmosphere (prediction of the flavor composition, energy and angula
distributions). Evaluation of the corresponding background in the experiments on the detection of neutrinos generated b
annihilation of dark matter particles gravitationdlyund in the Sun.

Study of the contribution of ultrhigh energy neutrinos arising in a multidimensional modification of gravity and comparison of
theoretical expectations with observations with the Baikal GVD and IceCube detectors.

Calculation of electrveak radiative corrections to electrpasitron annihilation processes, which are planned to be studied a
future colliders, including FCCee, CEPC and Super CHeamFactory. Creation of computer programs that can be directly used
to simulate and analyztata from experiments at these colliders.

Application of the method of parton distributions developed in QCD to describe electrodynamic corrections to proceskes stt
in current and future experiments in the field of high energy physics.

Construction of higkprecision theoretical predictions for Bhabha scattering processes at small and large angles used for luminc
monitoring at electroiositron colliders.

Analysis of semileptonic manyarticle decay modes of tau leptons taking intmaat the excited states of mesons in intermediate
states. Construction of a consistent scheme for describing such decays and creation of a computer program for simulating
processes.

Expected results of the project in the current year:

Study of anew mechanism for the production of highergy cosmic rays due to the annihilation and decay of superheavy darl
matter particles in the form of heavy leptons. Heglergy neutrinos arising in these processes can potentially be detected by tt
Baikal GVD and IceCube neutrino telescopes.

Analysis of cosmological restrictions on the sterile neutrino properties at a large mixing angle with active neutrirtasylar,pa
the effects of a possible resonance.

As part of the TAIGA experiment, search for jointeats with ultrahigkenergy neutrinos detected with the Baikal GVD and
IceCube facilities.

A two-loop implementation of the inverse seesaw mechanism with residual discrete symmetry stabilizing dark mat

Construction of an extension of the lefjht-symmetric model with a universal seesaw mechanism and additional loop
suppression, so that the Yukawa coupling constants of new particles with ordinary particles can take large values,imaking
experimental observation potentially possible.

Development ofin extension of the Standard Model with an astike particle contributing to the neutrino mass and dark matter.

Based on a global statistical analysis of data on electron interactions with nuclei (from deuterium to uranium), a rsgipersc
model of theinteraction of leptons with nuclei (SUSAM*) with a modified scaling function will be upgraded and enhanced. Tt
upgraded model will be tested on modern data on quasielastic scattering of (anti)neutrinos by nuclei. It is plannedetat imple
the model inthe Monte Carlo neutrino generator GENIE.

Application of the method of parton distributions in QED to describe the processes of eferditoon annihilation, muon decay
and electrormuon scattering under the conditions of current and future experimeiits.it§/help, higheorder radiative
corrections will be taken into account in the nexteading order logarithmic approximation.
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Analysis of semileptonic manyarticle decay modes of tau leptons taking into account the excited states of mesonsediiaterm
states. Construction of a consistent scheme for describing such decays in the framework of thédiatrdsinio model.

Analysis of quantum field effects in scat@nsor models of modified gravity, including the generation of cosmological imflatio
due to effective potentials and the study of instabilities in solutions for the scalar field.

Description of the processes of electfmrsitron annihilation into Bnesons through intermediate states of excited charmonia for
experiments at the BESIII adeeator and the future Super Chafirau Factory.

Collaboration

Country or International Organization City Institute or laboratory
Belarus Gomel GSTU
GSU
Minsk INP BSU
IP NASB
JIPNRSosny NASB
Bulgaria Sofia INRNE BAS
Canada CornerBrook MUN
Chile Arica UTA
Santiago UNAB
China Guangzhou SYsuU
Haikou HNU
Lanzhou IMP CAS
Croatia Zagreb RBI
Finland Helsinki HIP
France Paris ENS
UPMC
Saclay IRFU
Germany Dusseldorf HHU
Hamburg Univ.
Karlsruhe KIT
Regensburg UR
Tubingen Univ.
Zeuthen DESY
Greece Rethymno UoC
Hungary Budapest ELTE
India Ettimadai Amrita
Kolkata IACS
Iran Tehran IPM
Univ.
Italy Naples INFN
Pisa INFN
Poland Katowice us
Krakow INP PAS
Otwock (Swierk) NCBJ
Portugal Coimbra ucC
Russia Chernogolovka LITP RAS
Dubna Dubna State Univ.
Irkutsk ISDCT SB RAS
ISU
Moscow SINP MSU
Moscow, Troitsk INR RAS
Novosibirsk NSU
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01-3-11362019

Theory of Nuclear Systems

Theme leaders: N.V. Antonenko
A.A. Dzhioev
S.N. Ershov

Participating Countries and International organizations:

Armenia, Belarus, Belgium, Brazil, Bulgaria, China, Czech Republic, Egypt, France, Germany, Greece, Hungary, India, |
Italy, Japan, Kazakhstan, Lithuania, Xteo, Norway, Poland, Republic of Korea, Romania, Russia, Serbia, Slovakia,
South Africa, Spain, Sweden, Ukraine, United Kingdom, USA, Uzbekistan.

The problem under study and the main purpose of theesearch

The theme proposes to research@enklop ways to solve current problems in nuclear physics, relativistic nuclear physics, nucle
astrophysics, in the field of quantum féwdy systems, and nonlinear quantum processes. Researches will be closely coordina
with experimental programs adilities that exploit highintensity beams of stable and/or radioactive ions at JINR {kiry,
ACCULINA-2) and worldwide (FAIR, ISOL facilities, SPES, SPIRAL2, FRIB, RAON, HIAF, iThemba LABS;¥R). Studies

of collisions of highenergy heavy ions dnthe phenomenon of color transparency will be associated with the NICA project a
JINR. Largescale studies of the structure of exotic nuclei, the dynamics of nuclear reactions, properties and methods of obta
superheavy nuclei are planned. The tasoiinclude dissipation and diffusion in the dynamics of the nuclaakear interaction

and preserve the essence of the quantum multiparticle nature of colliding nuclei. The study of systems with a small numb
particles is also necessary in ordedéscribe resonant processes in nuclear physics anegheghy physics. Studies of nonlinear
quantum processes in very strong polarized electromagnetic fields, which are achieved in stiatbégicy laser pulses, are

of interest.

Projects in the theme

Name of the project Project Leaders Project code
1. Microscopic models for exotic nuclei V.V. Voronov 01-3-11361-2024/2028
and nuclear astrophysics A.A. Dzhioev
2. Low-energy nuclear dynamics and S.N. Ershov 01-3-11362-2024/2028
properties of nuclear systems N.V. Antonenko
3. Quantum fewbody systems A.K.Motovilov 01-3-11363-2024/2028
V.S.Melezhik
4. Relativistic nuclear dynamics S.G. Bondarenko 01-3-11364-2024/2028
and nonlinear quantum processes A.B. Larionov
Projects:
Name of the project Project Leaders
Laboratory (Subdivision) Responsible fronaboratories
1. Microscopic models for exotic nuclei V.V. Voronov
and nuclear astrophysics A.A. Dzhioev
BLTP N.N. Arsenyev, E.B. Balbutsev, I.N. Borzov, H.G. Ganev,

V.A. Kuzmin, L.A. Malov, M.A. Mardyban, |.V. Molodtsova,

V.O. Nesterenko, A.P. Severyukhin, G. Stratan, A.l. Vdovin,

P.l. Vishnevskiy
Brief annotation and scientific rationale:
The scientific Project aims to solve a fundamental task of contemporary nuclear phgsiedopment and improvement of a
self-consistent microscopic approach to describe the structure of ground and excited states of exotic and superheavy gtomic |
as well as to predict their decay properties. On the one hand, such an approach is necessary for planning the reseasth pro
modern heavy ion accelerator facilities (SH&ctory at JINR, SPIRAL2 at GANIL, FAIR at GSI, RIBF at RIKEN) and for
interpretdion of their results. On the other hand, the need for reliable theoretical nuclear data is also relevant for modeding var
astrophysical processes.
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The selfconsistent microscopic approach used in the Project to describe ground and excited ntet#s ktsed on the
combination of the energy density functional (EDF) method and the quasippt@®n nuclear model (QPM). The EDF has
proven itself in global calculations of nuclear characteristics and in astrophysics. The use of the couplinig ahsirmpmplex
configurations in the framework of QPM is nowadays practically the only way allowing one to go beyond the harmol
approximation using large configuration space without violating the Pauli principle.

Expected results upon completion of th@roject:
The form and parameters of the EDF will be extrapolated far beyond the stability valley. Special attention will bequetdtts is
properties, which play a crucial role in nuclei with large neupwton asymmetry.

Using a unified set of EDF pameters, the effect of interaction between simple and complex configurations on the properties
chargeneutral and chargexchange nuclear excitations will be investigated with respect to their resonance structure as well as
the decay characteristio$ nuclei at the driplines.

The developed setfonsistent EDF+QPM framework will be applied to stilidgecay in the context of astrophysicgdinocess
and weak nuclear reactions with hot nuclei in various astrophysical scenarios (supernova explotonsjcdeosynthesis,
neutrino emission).

Prediction ofUspectra of superheavy nuclei for planning future experimertecays from isomeric states as well as fission from
these states will be considered.

In order to determine the competition betweerfedént modes of radioactive decay of superheavy nuclei, lifetime calculations
concerning orbital electron capture etedecay will be carried out.

Analysis of the evolution of magic numbers as a function of the ratio of neutron to proton numbersicighe and prediction
of new nuclei with closed (sub)shells near the proton and neutron driplines.

Study of the role of tensor interaction in the fragmentation of the Gaheder resonance and batacay of exotic nuclei.

Investigation of neutrino intecion with matter that is important in various astrophysical phenomena, e.g., supernovae, neutr
star mergers, etc. The role of inelastic neutrino scattering on nuclei and the magnetic field in the neutrino therpedizegion
must be elucidated.

Calcuations of charge and matter distribution radii for long isotopic chains, including deformed nuclei. Theoretical analysis
isotopic behavior of radii and observed anomalies.

Expected results of the project in the current year:
Investigation of lowenergy states in No isotopes within the setfnsistent randosphaseapproximation with Skyrme forces.

Theoretical analysis of E1 and M1 excitations in deformed nuété@d.

Fayans functional: consideration of relativistic corrections in the equations effetalymmetric nuclear and purely neutron
matter

Calculations of magnetic moments foe ground and isomeric states in long isotopic chains.

Refinement of conditions for the formationsafperconducting pair correlations in spherical esxeen atomic aclei.

Study of the relationship between the double gamma decay of quadrupole states and the fine structure of the giamdipae reso
Analysis of the electric and magnetic dipole transitions in medium and heavy nuclei.

Study of the rigid and irrotatonalflow quadrupole dynamics of weakly deformed nuclei within the microscopic-stozlel
version of the BohiMottelson model.

Study of the scissors mode in the exs@n superheavy nuclei by the Wigner function moments method.

Calculation of the contriiion of forbidden transitions into EB/-decay of odebdd nuclei in théJ-decay chain of®Mc.

2. Low-energy nuclear dynamics S.N. Ershov
and properties of nuclear systems N.V. Antonenko
BLTP G.G. Adamian, E.Kh. Alpomishev, A.V. Andreev, A.N. Bezbakh,

J. Busa R.V. Jolos, Sh.A. Kalandarov, E.V. Mardyban,

A.K. Nasirov,R.G. NazmitdinovE.G. Nikonov, H. Pasca,

A. Rahmatinejad, 1.S. Rogov, V.V. Sargsyan, T.M. Shneidman,
N.B. Shulgina, B.A. Uazbekov

MLIT E.G. Nikonov
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Brief annotation and scientific rationale:

The purpose of the project is to study the important dynamical nuclear processes such as fusion, quasifission, multinu
transfers, capture and breakdipvestigations of the near threshold effects demand uniform description of the nuclear structu
and reactions. Priority will be a development of cluster models that allow us to reveal peculiarities of the nuclea atructur
extreme excitatios. Aurtherdevelopment of the completely quantum models for decays of weakly bound nuclei is plamed.
transport coefficients and nuclenscleus potentials calculated microscopically would be used in the dimldiileg model for a
description of the fusion dynaacs.

It is necessary to study in detail the influence of the environment on the rate of astrophysical reactions. This dehsands fu
development of the theory of the quantum systems. Thus, it is necessary to consiérergyvdipole excitations that pla
presumably a noticeable role in stellar nucleosynthesis.

Study of the nuclear properties depending on an energy is necessary to reveal effects outside the mean field debeggidn. In
nuclei, the potential energy surface changes in such a wayéhheight of the fission barrier for superheavy nuclei decreases.
Therefore, investigations of the shell effects damping with increasing energy are important for estimation of the fstabititg o
heavy nuclei.

Exploring the formation of superheavie&wz=119 and 120 in fusion reactions must be continued within a microscopic approact
Also, the peculiarities of the quasifission competing with the complete fusion will be considered. There are plans tdrempar
calculated masdistributions and TKE of the quafission products with distributions of the fission products. New heavy ion
isotopes, which cannot be obtained in the complete fusion reactions, can be formed by transfer reactions. Therefore, f
theoretical analysisf these reactions by includirggcluster transfer into the description is required. Investigations of the synthesi:
of new isotopes of superheavy nuclei must be continued in the evaporation channels of charged particles in ordernttheearch
most sutiable reactions for future experiments.

The advantage of the cluster approach is the simultaneous descripilalecdy and spontaneous fission from the ground state
of both evereven and evendd nuclei with the same set of parameters. The main modehpssn is that charge asymmetry as
a collective coordinate is responsible for these processes. In the same approach, it is necessary to investigate issi@nirom
states and induced fission. Success in describing experimental data will leadvtsiglet into fission process.

Expected results upon completion of the project:
Creation of new theoretical approaches and models for description and prediction of the properties of unstable nudiei and e
nuclear systems and their application to gdtysical problems.

Explanation of the reaction mechanism with particles and nuclei within the broad energy interval.

Exploring the limits of nuclear stability, positions of proton and neutronlolgs, detection of proton shell closure beyond Pb,
andthe best way to produce a certain isotope.

Study of fusion and fission dynamics providing benchmarks for confirming certain ways of fusion and fission.
Investigation othe influence of the environment on astrophysical reactions.

Study of the nuclear striure change with temperature and angular momentum, the role of cluster degrees of freedom in nucl
excitations, and the properties of superheavies.

Exploration ofthe properties of nuclear systems beyond the nucleon stability, the multineutron raelidacty existence.

Expected results of the project in the current year:
Application of the collective Hamiltonian with an isovector pair and ajpdndicle type correlations to describe the grostate
energies of eveeven and odadd nuclei arounéNi.

Investigation of the structure of the superheavy nuclei belonging to thedaighg chain of®Mc.

Description of lowlying spectra of heavy nuclei using the collective equation obtained in the framework of the generat
coordinate method and potensialculated in the medield approximation.

Calculation of the properties of nuclei involved in nucleon transfer reactions leading to the synthesis of new isotstgstidmve
of the production of neutredeficient isotopes of actinides.

Applicationof the DNS model to describe fusifission and quasifission reactions leading to actinide compound nuclei.
Solution of master equatiotisat describe the fission of highly excited rotating heavy compound nuclei.
Description of the changes in the hilfe times of shape isomers due to excited cluster states.

Description of the mass distributions and rate of ternary fission in nuclei near Z=100 with inclusion of the octupoldideforma
of fission fragments at the scission point.

Investigation of the fie structure of alphdecay for different isotopes of Ra, Th, U, and Pu nuclei and study of the role of angule
momentum dependence of the spectroscopic factors.
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Calculation of the spectra of collective excitations of fissile nuclei at the scissiowithintthe DNS model and analysis of the
angular anisotropy of fission fragments in neutioauced fission of various U and Pu isotopes.

Study of the structure of the heavy hydrodenin the®He(p,2p)reaction, taking into account peculiarities of tleaation
mechanism and the structure®bie.

Study of the properties of giant monopole and quadrupole resonances within the Random Matrix approach.
Study of the effects of spiorbit interaction on the transport properties of nanosystems.

Investigation 6 the impact of axial asymmetry on the state density and entropy along the fission paths of superheavy nut
e.g.,%°Lv by using the statistical method.

Calculation of neutron multiplicities, kinetic energy and mass distributions of fission fragmegpontaneous fission of
transfermium nuclei with allowance for the evolution of the dinuclear system at the scission point.

galculation of the yields o®*Bi(2,xn) photonuclear reactions and analysis of the role eéqudlibrium neutroremissions.

Estimation of the contributions of the differential cross sections to the formation of reaction products of deep inétastis,co
incomplete fusion and quasifission in the reacti§As+44Sm,®8Zn+'12Sn and?Zr+°°Zr.

Study of excitatia energy dependence of potential energy surface for the heaviest nuclei.

Study of the role of various evaporation channels inddld Bibased fusion reactions.

3. Quantum few-body systems A.K. Motovilov
V.S. Melezhik
BLTP M.V. Egorov, D. Janseitov, E.A. Kolganova, V.N. Kondratyev,

E.A. Koval, A.V. Malykh, Yu.V. Popov, V.VPupyshev,
S.A. Rakityansky, S.A. Shadmebhri, E.A. Solov'ev, D. Valiolda,
S.1. Vinitsky, + 3 students

DLNP O.l. Kartavtsev
MLIT O. Chulunbaatar, A.A. Gusev
VBLHEP A.A. Korobitsin

Brief annotation and scientific rationale:

The project is aimed at studying systems formed by a small set of constituents of nuclear, subnuclearmotoutés origin.

The smallness of theumber of constituents in a system allows one to develop and use mathematically rigorous, precise
consistent approaches to its investigation, the approaches that do not require further simplifying physical assumptions
approximations. The goal of éhproject consists in developing and improving the methods of numerical solving-bbésw
problems in nuclear, atomic and molecular physics, and astrophysics. The developed approaches and methods will be em;
in the numerical study of various conadééwbody quantum systems.

Expected results upon completion of the project:

Development of methods and approaches of the theory dbdely systems, settling some still remaining mathematical questions
and issues. A contribution to Efimov physiegth establishing new universal features in the behavior of-atitd fewbody
systems including the lattice felody systems. Numerical calculations of ultracold traten systems in Efimov or pgfimov
states by employing Faddeev equations. Theoteticaly of nonstationary systems, in particular, the studyesi-particle
systems in varying external fields. Analysis of bowtate problems and scattering processes indionensional fewparticle
systems. Development of the dynamical adiabatic thexaaytheory of hidden crossings of the potergiadrgy levels. Application

of these theories to inelastic transitions in atmiom collisions.

Expected results of the project in the current year:

Investigation of cluster features of light weakly boundlauat different collision energies.

Study of bound states and scattering processes watwebthreeatomic systems of rare gases.

Develpoment of a method for determining the filek molecular orientation by tweolor shaped laser pulses.
Investigation of mult-component fewbody systems in the lownergy limit.

Investigation of acceleration and ionization of neutral atoms by electromagnetic pulses.

Extension of the a priori tald theorem for spectral subspace of a-seéljoint Hamiltonian to unitarynivariant norms.
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Investigation of the influence of characteristics of colliding beams of photons and relativistic electrons on the mdghigude o
differential and total cross sections for inverse Compton scattering.

Study of weakly bound states of a qtiam particle moving in twalimensional space.
Development of a method for calculation of extremely narrow resonances in binary collisions of quantum systems.
Investigation of canalized states in thin films.

Time-dependent analysis of the Coulomb andearcbreakup reaction of halo nuclei on a light target.

4.Relativistic nuclear dynamics and nonlinear S.G. Bondarenko
quantum processes A.B. Larionov
BLTP M. Baznat, S.M. DorkinA.V. Frizen,L.P. Kaptar, V.K. Lukyanov,

A. Parvan, A.l. TitovV.D. Toneev, S.A. Yuriev
Brief annotation and scientific rationale:
The aim of the project is to study the universal laws in relativistic collisions of heavy ions accompanied by varioas partic
production; determination of the most importabervables to test the equation of state of the nucleus; theoretical support fc
experiments at the NICA complex. The large nuclear transparency compared to the predictions ofliantmatels may
indicate the presence of color transparency and shautchrefully considered. Based on the generalized eikonal approximation
nuclear transparencies dd collisions will be calculated, which are available at NICA SPD. It is planned to study three/four
nucleon bound®He, T *He) and scattering systems (elagtiotorrdeuteron) in the BethBalpeteiFaddeev relativistic formalism.
Study the properties of heated and compressed nuclear matter in the collision of heavy ions is based on tloedazsinio
Polyakov loop model.

Our theoretical efforts are aimetisolving the following problems:

I improving transport approaches for describing the dynamics of relativistic collisions of heavy ions;

i identification of the most important observables in relativistic collisions of heavy ions to test the equatienodtistanucleus;
T study of the time of evolution of rapidly colliding systems to a local isotropic state in momentum space;

T study of the features of the interaction of hghergy gamma quanta with a strong laser field;

T consideration of relativistieffects in lownucleon systems.

Expected results upon completion of the project:

Development of theoretical models and methods in the theory of nonlinear quantum processes of interaction of charged pal
with intense electromagnetic fields. this case, in addition to the dependence of observables on the field intensity, it is planni
to study the polarization effects and the role of the shape and the carrier phase of the pulse.

Extension of the relativistic consideration thfeenucleon fHe,T) systems in the formalism of the BeBalpeteiFaddeev
equation with separable interaction to fowrcleon systems in the Yakubovsky formalism (calculation oftfeebinding energy,
electromagnetic form factor of the system). Ingettion of elastic protedeuteron backscattering using the relativistic three
nucleon BetheSalpetesFaddeev equation with a separable interaction kernel (taking into account nucleon rescattering diagrar
Consideration of the elastic electromagnetic fdastor of the pion taking into account the anomalous magnetic moment of the
quark in the framework of the covariant separable ggagdck interaction.

Study of the properties of heated and compressed nuclear matter in the collision of heavy ionculirpatérest is the study

of possible phase transitions that occur during the cooling of the system, as well as the problem of violation of Céeinmvarian
strong interactions, which may be a consequence of the influence of the chiral anomaly owltgctdpstructure of QCD
vacuum in strong magnetic fields arising during the collision of heavy ions. The purpose of the study is to consider how
scattering cross section changes depending on the properties of the medium. Studptafttwcand Dalit decays of light
mesons within the NJL model at finite temperature and density. The production spectrum of dilepton pairs is directly relate
various intermediate states of qudrdron matter, and its study can provide information on phase transitions

Investigations of the phenomenon of color transparency (CT),-sdrge nucleomucleon correlations and cumulative effect.
Predictions for planned CPU search experiments at FAIR PANDA and NICA SPD. Based on the generalized eikc
approximation, takig into account the CT effects, we will calculate the nuclear transparency in the har
processesd(d,2p)nnandA(p,2p) with heavier nuclear target#\(>2) , for which the CT effects should be stronger.

Development of a solid theoretical basis for desnglthe interaction of a proton with a SRC pair in the nucleus, taking into
account the NLS/VKD. Nucleenucleon shortange correlations (SRC) manifest themselves in interactions ofehigigy
particles with nuclei with sufficiently large momentum transf@ > 1 GeV).

Investigation of the influence of the nuclear medium on such fundamental characteristics of the elementary NN ampétude a
total cross section for scattering of a nucleon by a bound nucleon of the nuclear medium, the energy depi¢heeate of its

real part to the imaginary part, as well as its slope parameter depending on the momentum transferred to the nuclethrebounc
nucleus.
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Calculation of exact hadronic distributions in transverse momentum and rapidity by new meitmddghe framework of
Tsallis-1, Tsallis3 andg-dual statistics and their application to describe experimental data for hadrons produced in collisions
heavy ions and protons with protons at LHC, RHIC, NICA and FAIR enei@&seralization of the quantustatistical hadron
model with exactly conserved strangeness of the system to the case of exact conservation of the baryon and electriheharge:
system and finding recursive equations for the exact solution of the graftitiction and ensemble averages. The use of this
model to calculate the multiplicity of identified hadrons produced in heavy ion collisions at LHC, RHIC, NICA and FAIF
energies.

Investigations of the behavior of ghost and gluon propagators at finipetatare in an approach based on the Dy&cimwinger
equation in the Landau gauge in the truncated rainbow approximation. It is planned to investigate possible phaseftmansitions
a bound state of a glueball to a free gluon plasma for the problem s# phasitions to a quakuon plasma in a hot nuclear
medium (in processes in experiments at the NICA facility).

Expected results of the project in the current year:
Study of polarization observables in nonlinear Compton scattering in the interactiltraoélativistic electrons with polarized
intense laser pulses. Calculations related to the development of large laser centers in JINR member countries.

Construction of a relativistic approach for studying fparticle systems at high energies basedhmnBetheSalpeter and
FaddeevyY akubovsky equations and its application to the study oftleenucleus, in particular, calculation of its binding energy
and state amplitudes.

Study of the dependence ofnfeson cross sections in BB collisions on the progs of the medium in the framework of the
covariant quark model with the SU(5) Lagrangian with anomalous interactions.

Calculation of nuclear transparency in the hard prod@s8p)nnbased on the generalized eikonal approximation taking into
accounthe effects of color transparency.

Analysis of protomucleus scattering data at energies of-1000 MeV in order to reveal the elementary amplitude of proton
scattering on a bound nucleon of the nucleus.

Formulation of the local equilibrium statisticalodel with flows for the relativistic hadrons in the Boltzmagibbs and Tsallis
statistics to describe the transverse momentum distributions of hadrons created ipprmomnd heawvion collisions at high
energies.

Study of possible phase transitioflom a bound state of a glueball to a free gluon plasma.

Collaboration

Country or International Organization City Institute or laboratory
Armenia Yerevan RAU
YSU
Belarus Gomel GSTU
Minsk IP NASB
Belgium Brussels uLB
Louvainla-Neuve UCL
Brazil Florianopolis, SC UFSC
Niteroi, RJ UFF
Sao Jose dos Campos, SP ITA
Sao Paulo, SP UEP
Bulgaria Sofia INRNE BAS
NBU
China Beijing CIAE
ITP CAS
PKU
Lanzhou IMP CAS
Czech Republic Prague CuU
Egypt Giza CuU
France Caen GANIL
Orsay [JCLab
Germany Berlin HZB
Bielefeld Univ.
Bonn UniBonn
Cologne Univ.
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Greece
Hungary

India

Iran
Italy

Japan

Kazakhstan

Lithuania
Mexico
Norway

Poland

Republic of Korea

Romania

Russia

Darmstadt
Dresden

Erlangen
Frankfurt/Main
Giessen
Hamburg
Leipzig
Mainz
Rostock
Siegen
Athens
Budapest
Debrecen
Chandigarh
Kasaragod
New Delhi
Zanjan
Catania
Messina
Naples
Turin

Kobe
Morioka
Osaka

Almaty

Kaunas
Mexico City
Bergen
Oslo
Krakow
Lublin
Otwock (Swierk)
Warsaw
Daegu
Daejeon
Jeonju
Seoul
Bucharest

Cluj-Napoca
Dolgoprudny
Gatchina
Khabarovsk
Moscow

Moscow, Troitsk
Omsk

Saratov

Saint Petersburg
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GSI

TU Darmstadt
HZDR

TU Dresden
FAU

Univ.

JLU

Univ.

UoC

JGU

Univ.

Univ.

INP NCSRiiDemokrito®

Wigner RCP
Atomki

PU

CUK

IUAC
IASBS
INFN LNS
UniMe
INFN
UniTo
Kobe Univ.
Iwate Univ.
Osaka Univ.
RCNP

INP
KazNU
VMU
UNAM

uiB

uio

INP PAS
UMCS
NCBJ

uw

KNU

IBS

JBNU
SNU
IFIN-HH
UB

UBB

MIPT

NRC KI PNPI
PNU

MSU
NNRU fiMEPhIO
NRC Kl
SINP MSU
INR RAS
OomSuU
SSuU
SPbSU



Serbia
Slovakia

South Africa

Spain
Sweden

Ukraine

United Kingdom
USA

Uzbekistan

Tomsk
Vladivostok
Belgrade
Bratislava

Johannesburg
Pretoria
Somerset West
Stellenbosch
Palma
Goteborg

Lund

Kiev

Guildford
Notre Dame, IN

University Park, PA

Namangan
Tashkent
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FEFU

IPB

Cu

IP SAS
WITS

UP
iThemba LABS
SuU

uUiB
Chalmers
LU

KINR NASU
NUK

Univ.

ND
PennState
NamMTI
Assoc. P-S. PTI
IAP NUU
INP AS RUz



01-3-11372019

Theory of Complex Systems and Advanced Materials

Theme leaders: V.A. Osipov
A.M. Povolotskii

Participating Countries and International organizations:
Armenia, Australia, Belarus, Brazil, Bulgaria, Canada, Egypt, Finland, France, Germany, India, Iran, Japan, Mongolia, Pol
Romania, Russia, Serbia, Slovakia, South Africa, United Kingdom, USA.

The problem unde study and the main purpose of the resarch:

The most important directions of fundamental research will be theoretical studies of physical phenomena and process
condensed matter, studies of the properties of new advanced matenaisucting and analysis of theoretical models and the
development of analytical and computational methods for their solution. Complex materials such -ssnpéahture
superconductors, magnetic materials, smart composite materials, fractal and layetaces are supposed to be studied and a
wide class of systems with strong electronic correlations will be analyzed. Theoretical research in this area will be aime
supporting the experimental study of these materials carried out at the Frank Ligbafr&teutron Physics, JINR. It is planned

to conduct research in the field of physics of nanostructures and nanomaterials, in particular, using the software grackag
modeling physical and chemical processes and for analysis of physical charactd¥fisticef all, these are modern two
dimensional materials such as graphene, transition metal dichalcogenides, etc., including their modification and cher
functionalization for a subsequent use in the design of new devices for nanoelectronics,icpimt@rPartly, these studies are
focused on experiments held at the FLNR Center for App
Institute of Semiconductor Physics SB RAS and a number of other laboratories of the JINR Memb@ih@tptesical properties

of stacks of Josephson junctions and various Josephson nanostructures will be studied in detail. Much attention wilthe paid
analysis of both lattice and field models of equilibrium and nonequilibrium systems of statistidadnics. The concepts of
scaling and universality allow one to go beyond the model approach and apply the results obtained to broad classesnaf phen
studied in the physics of condensed matter. Studies of a wide range of universal phenomena irsgstapieyhase transitions

in condensed matter and highergy physics, scaling in (magneto)hydrodynamic turbulence, chemical reactions, percolation, €
by the methods of quantum field theory including the functional renormalization group are supgosedrried out.

Projects in the theme

Name of the project Project Leaders Project code
1. Complex materials E.M. Anitas 01-3-11371-2024/2028
2. Mathematical models of statistical physics ~ A.M. Povolotsky 01-3-11372-2024/2028
of complex systems
3. Nanostructures and nanomaterials V.A. Osipov 01-3-1137%3-2024/2028
E.A. Kochetov
4. Quantum Field Theory Methods in Complex Hnat i | M. 01-3-11374-2024/2028
Systems
Projects:
Name of the project Project Leaders
Laboratory (Subdivision) Responsible fronaboratories
1. Complex materials E.M. Anitas
BLTP N.N. Bogoliubov, A.Yu. Cherny, A.A. Donkov, N.K. Hoang,

A.L. Kuzemsky, P.A. Maksimov, Tung Nguen Dan, A.A. Vladimir
V.l. Yukalov, V.Yu. Yushankhai

FLNP V.L. Aksenov, A.M. Balagurov, A.S. Doroshkevich, A. Islamov,
D.P. Kozlenko, A.l. Kuklin, E.P. Popov

MLIT L.A. Syurakshina, E.P. Yukalova

72



FLNR M.N. Mirzaev
DLNP D.V. Karaivanov, A.l. Velichkov

Brief annotation and scientific rationale:

Enormous recent progress in both the art of sample preparation and the measurement techniques has produced a wealth
quality data on thermodynamic, transport, structural and spectroscopic properties for new coagleals that exhibit
unconventional forms of magnetism, showing evidence for strong electronic and magnetic correlations, or having fratiés prope
at nano and microscales. These materials attract now considerable attention for various appligationguantum computing

or in describing the physical and chemical properties of colloids, biological systems, granular materials etc.

Expected results upon completion of the project:
Estimation of the exchange parameters of Kitaev materials baseahsititm and rarearth metals and calculation of their
spinwave spectrum.

Magnetic phase diagrams in stronglyrrelated electronic systems within thé model for electron doping.
Explaining the structure of systems of dense random packingsimand micrematerials.

Development and application of quantum algorithms for computational problems in condensed matter physics and qua
chemistry.

Development of a theory of stability for mixtures of quantum fluids.

Understanding the irradiaticesistance of various compounds.

Expected results of the project in the current year:
Estimation of exchange integrals in a novel cebalied pyroxene.

Magnon spectrum in a ferromagnetic state of anisotrepathiange model on a triangular lattice.

Devdopment of a theory of nonlinear coherent modes in trapped clouds of Bose atoms.

Analysis of the possibility of generating squeezed and entangled states in optical lattices for quantum informatiorgprocessin
Refining the methods of regulating magnetmatdynamics in nanomaterials and their application for creating memory devices.
Dielectric control of Rydberg excitons in atomically thin semiconductors.

Implementation of quantum algorithms on simulators with classical computing architecture formtedacal study of the
electronic and magnetic structures of molecular complexes and crystalline fragments of new functional materials with sti
electronic correlations.

Numerical investigation of the structure of oxides (Fi8c¢0s3) relevant for nucleaguadrupole interaction experiments.

Self-consistent calculations of the shoahge correlations in trapped Bose gases and the confinédmeced resonances in one
and two dimensions.

Correlation properties of dense random packing systems with a pawelistribution of their sizes in thermodynamic limit.

2. Mathematical models of statistical physics A.M. Povolotsky
of complex systems
BLTP G.Y. Chitov, V.l. Inozemtsev, V.V. Papoyan, P.N. Pyatov,

V.P. Spiridonov
Brief annotation and scientific rationale:
Non-perturbative studies of larggeale systems with many interacting degrees of freedom constitute an important part of mode
theoretical physics that has been experiencing a growing interest of researchers during the last decade. Recent &ivances
direction are based on the construction and investigation of exactly solvable models of equilibriumeequiliium statistal
physics, quantum mechanics and related quantum field theories. Then, with the use of the concepts of scaling and thaversal
results obtained from the exact solutions can be extended to vast classes of physical phenomena far beyond thechealm c
systems. The exact solvability of models of physical systems is provided by their special mathematical structure c@ned b
term integrability. The models with such a structure is the major subject of studies within the current project.

The projetis aimed at further exploration of the field of exactly solvable models of statistical physics, quantum mechanics

quantum field theories, which requires a development of new theoretical tools based on the theory of integrable system:

discovery ofnew mathematical structures standing behind the exact solvability. The main objectives of the project consis

obtaining exact results about universal laws in interacting particle systems with stochastic dynamics and models of rar

interface growth, mdels of equilibrium statistical physics including percolation, polymers and otheditmensional lattice

models and quantum spin chains, studies of known and construction of new types of special functions playing the rislg of bui
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blocks in the theorgf integrable systems and computations of partition functions (superconformal indices), studies of known &
construction of new algebraic structures standing behind the integrability concept.

Expected results upon completion of the project:

Constructim and complete classification of edemensional stochastic models of interacting particles based on representatior
of Hecke algebras and related tdionensional lattice models of interacting paths, as well as obtaining their exact solutions usir
the Makov duality methods.

Calculation of exact cluster densities and their asymptotic expansions in percolation models, as well as loop dessttiateith as
densely packed loop models on lattices with different boundary conditions, constructiasyraptotic expansions of
thermodynamic quantities characterizing the behavior offrgaionic models on lattices of finite size, such as dimers, Ising
model and spanning tree models with different geometry under various boundary conditions. It iaraled pb study the
boundary behavior of nonlocal correlation functions in models of dense polymers and spanning trees, as well as toalescrik
limiting forms and universal fluctuations of polymer configurations in these models.

Application of the studied models of polymers and quantum spin chains to problems from related fields of quantum meche
and biophysics. Among them are the studiedesftangled statésand magnetic properties of complex quantum spin systems
related tole problems of quantum computing, the use of aaoter model (Eulerian walks) to study the dynamics of deuble
stranded DNA breaks.

Development of mathematical structures behind the integrability. In particular, further study of the propertipticobeth
integrals and elliptic hypergeometric functions and their various limiting forms, new applications of these functionsita quan
field theory, quantum and statistical mechanics and soliton theory, construction of complex hypergeometric fumectohs
systems in the Mell#Barnes representation and study of their connections to thelitmensional conformal field theories.
Finding generalized modular transformations for elliptic hypergeometric integrals and description of their consequences
superconformal indices (statistical sums) of fdimensional supersymmetric field theories. It is also planned to generalize the
obtained results to the cases of rarefied hypergeometric functions of various types and describe the relevant physjas syste
well as to investigate connections between soliton solutions of integrable equations, lattice Coulomb ghsed,|siog chains

and ensembles of random matrices.

Construction and study of new algebraic structures underlying integrability andgbdbr constructing new integrable systems

that could be useful in various applications. Generalization of the HanGtgtey theorem to the case of orthogonal type quantum
matrix algebras and study of the subalgebra of spectral values of orthogamairqumatrices. Construction of an analogue of the
Gauss expansion in the reflection equation algebras, and development of the representation theory of these algebras.

It is also planned to study a series effatrix solutions of the braid relation, whiatake it possible to model stochastic reaction
diffusion processes and study the possibility of constructing new link/knot invariants using new sefieatates.

Expected results of the project in the current year:
Classification of interacting parte systems with stochastic generators based -omafix representations of infinite Hecke
algebra construction of Markov dualities in them.

Calculation of exact loop densities on O(1) dense loop model on the infinite cylinder of odd circumferencelateiadensities
of critical percolation clusters in hatifirn selfdual percolation.

Construction and solution of integrable model of lattice paths with partial annihilation.
Description of the finitedimensional behavior of a dimer model on a lattid# wylindrical boundary conditions.

Studiesofie nt angl ed statesd0 and magneti c panansaroply and the Dzyaloshinskiin t
Moriya interaction.

Application of the rotorouter model (Eulerian walk) to describe thanamics of recovery of doubkranded DNA breaks.

Calculation of the groundtate phase diagram, which includes quantum phase trangitiodslation transitions (disorder lines),
and the lines of disentanglement, for the dimeri¥¥@ chain.

Explanation of cascades of percolation transitions for models of the type of cellular automata or contact processas&igsithe
of Lee'Yang zeros of generalized partition functions of stationary states eéauitibrium models and establishing theation
between the appearance of a critical point of a geometric transition and the properties of the spectrum of the transfehenatri
corresponding model.

Construction of a new rarefied elliptic gamma function describing superconformal index affithl superfield for the models
related to a special series of the lens spaces, as well as computation of the corresponding rarefied elliptic betehintegral,
confirms Seiberg duality of the simplest supersymmetric gauge theories on such spaces.

Construction of the complex hypergeometric integrals on the root systems in the-Bhailias representation, and consideration
of the quasiclassical limit for them, connected to the-dimoensional conformal field theory. Investigation of the asymptotics of
the FrenkelTuraevsum, when the parameter of truncation of the corresponding elliptic hypergeometric series N goes to infini
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Derivation of the CayleyHamilton theorem for the family of orthogortgipe quantum matrix algebras. Detailed analysis of the
spectrum of thguantum orthogonal matrices.

Construction of finite dimensional irreducible representationsirarestigation of the Hopf structure of the @pe reflection
equationalgebras in their quasiscillator presentation.

3. Nanostructures and ranomaterials V.A. Osipov
E.A. Kochetov
BLTP M. Abdelghani, D. Anghel, T. Belgibaev, V.L. Katkov,

K.K. Kesharpu, S.E. Krasavin, K.V. Kulikov, N.L. Matsko,
A.A. Mazanik, I.R. Rahmonov, |.K. Sobolev, Yu.M. Shukrinov

MLIT I. Sarhadov, S.ISerdyukova, E.B. Zemlianaya
FLNP G.M. Arzumanyan

FLNR V.A. Skuratov

LRB A.N. Bugay

Brief annotation and scientific rationale:

It is planned to conduct research in the field of physics of nanostructures and nanomateyats;utar, using the software
packages for modeling physical and chemical processes and for analysis of physical characteristics. First of all, toesa are
two-dimensional materials such as graphene, transition metal dichalcogenides, etc., irtbkeidingdification and chemical
functionalization for a subsequent use in the design of new devices for nanoelectronics, spintronics, etc. Partlyjebese stud
focused on experiments held at the FLNR tCemiteso fatr RN
Institute of Semiconductor Physics SB RAS and a number of other laboratories of the JINR Member States. It is planyzed to ar
topological superconductivity in strongly correlated electronic systems in order to find possitdetams for the transmission
and storage of quantum information. The physical properties of stacks of Josephson junctions and various Josef
nanostructures will be studied in detail.

The main goal of the project is a theoretical study of the propesfimew promising materials, primarily nanostructures and
nanomaterials. This is explained not only by the fundamental nature of the physical properties of these materials thetialso by
practical importance for designing ne&bectronic devices, as Wels devices for storing, processing and transmitting information,
sensors and biosensors, and others.

Expected results upon completion of the project:

The project is aimed at solving tasks in the following areas:

in order to identify materials with prosing properties for use as a component base for a new generation of electronics, it
planned to study thermal and electron transport indomensional materials of various configurations and chemical composition.
An analysis will be made of the role fafnctionalization, structural modification, the influence of thin layers, polycrystalline,

structural defects, and other factors. Experimental studies are carried out in cooperation with the Educational ard Scie
Technological LaboratorfiGraphene Nastechnologied NEFU in Yakutsk (synthesis), the Institute of Semiconductor Physics

SB RAS (synthesis, characterization, functionalization), FLNP JINR (chracterization, functionalization, irradiation) and FLN
JINR (ion irradiation to create nanopores).

Analysis of topological superconductivity in strongly correlated electronic systems in order to search for possible apfiication
the transmission and storage of quantum information and for the study-sfamatard quantum transport that is insensitive t
local noise sources.

Study of dynamic, transport and chaotic phenomena in hybrid Josephson nanostructures with magnetic materials for the put
of superconducting spintronics. Modeling of quantum phenomena in Josephson qubits (memory elements).

Study of the properties of polarons in ledimensional materials and nanostructured objects. Analysis of plashuomon
interaction and plasmons in nanoscale and massive objects.

Expected results of the project in the current year:

Study of the interaction gfuperconductivity and magnetism in Josephson hybrid structures. Analysis of the influence of a dom
wall motion in a ferromagnetic layer on the dynamics of solitons in the Josephson junction. Investigation of the inbéractiol
magnetic excitations of ghdomain wall type with solitons arising in a long Josephson junction.
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Study of the influence dEmperature on the band structure and transport characteristics in various functionalized nanostructt
such as graphene and carbon nanotubes. Analysisabfamic transport properties of 2D systems from density functionalband
structure calculations.

Study of the electronic transport in polycrystalline nanomaterials including graphene. Analysis of the impact of graifeboundz
on resistivity in semiconduing and semimetalic materials.

Study of topological superconductivity induced by strong electron correldtatysis of the effect of the strong electron
correlation on the properties of the topological superconductor.

4. Quantum Field Theory Methods M.Hnat i |
in Complex Systems
BLTP L.Ts. Adzemyan, N.V. Antonov, G.A. Kalagov, M.V. Kompaniets

N.M. Lebedev, L. Midgigin, Yu.
L.A. Sevastyanov

MLIT J. Buga

Brief annotation and scientific rationale:

Complex physical phenomena such as develtyrddilence, transport phenomena, fggyuilibrium phase transitions, percolation,
chemical reactions and surface growth in random media are difficult to study theoretically and experimentally; however, in
light of their wide distribution in nature sustudies prove themselves to be very valuable.

The main task of the project will be the formulation of the corresponding theoretical models, which can be investigates using
methods of quantum field theory and pequilibrium statisticaphysics. The main goal is to study the statistical characteristics
of fluctuating fields in the region of large spatial scales, identify phase transitions and to calculate universakpdtieate and
nonuniversal amplitudes.

Dynamic nonlinear systesrin which norequilibrium (stochastic) fluctuations of physical quantities play a decisive role, is one
of the most important research topics by leading scientific teams in the world. They cover a wide range phenomena, whic
observe in the world arouns.

Notable examples of stochastic processes include: hydrodynamic and riagpiveidynamic turbulence, describing, in particular,
turbulent movements in the Earth's atmosphere and oceans, the spread of pollutants in them (including chemicallynaitive), a
as chaotic motions of plasma on the surface of the sun and in space. One of the important consequences of the existe
mechanical instabilities in electrically conducting turbulent media is an exponential growth of magnetic fluctuationgdeading
the formation of observed nonzero averaged magnetic fields only due to the kinetic energy of the turbulent medium.

Another important example of stochastic systems is percolation processes. They describe phenomena such as seepage in
media, filtraton, spread of infectious diseases, forest fires and others. Their universal feature is the existenceqifiibranm
phase transition to an inactive (absorbing) state that extinguishes all activity of the observed system. Obviously,ahe stu
trarsitions between a stationary active and the inactive phase is of great practical importance.

The main object of the study physical quantities that depend on sp@@e coordinates and therefore are fluctuating fields, and
the measured quantities areith&atistical averages. The most important of them arezeom average field values, response
functions, multipoint correlation functions, twmint simultaneous correlations (structural functions), including composite fields
(operators). In the regiorf targe spatial and temporal scales, their scaling behavior with universal critical exponents is observ:
The analysis of stability regions of scaling regimes and the calculation of indices is a priority goal in the study stfcstochs
nonlinear systems.

The maingoalof the project is to study stochastic nonlinear dynamic systems such as developed (magneto)hydrodyne
turbulence, norequilibrium phase transitions, phase transitions in systems with high spins, kinetics of chemical reactio
percolation pocesses, surface growth in random media anebsgéfnized criticality.

Expected results upon completion of the project:

Investigation of the crossover in systems of multicomponent fermions within theBBECfunctional renormalization group:
analysis ofphase diagrams and calculation of transition temperatures to the ordered state. Approbation and adaptatic
computational methods for solving nperturbative equations of the functional renormalization group.

Development of computational methods fofcoéating the contributions of multoop diagrams to the renormalization group
functions of dynamical models. Investigation of the dynamics of the superconducting phase transitiorteimperature
superconductors.

Study of the effects associated witle tviolation of mirror symmetry in magnehydrodynamic developed turbulence. Calculation
of two-loop Feynman diagrams generated by the Lorentz force antbopodiagrams of the response function leading to an
exponential growth of magnetic field fluctiais in the region of large scales. Study of the phenomenon of turbulent dynamo.
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Construction of effective fieltheoretical models of chemical reactions of various types of particles occurring in random medi
Study of the infrared scaling behavior tditsstical correlations of particle densities by renormalization group methods.

Study of isotropic and directed percolation. Calculation of rioitp Feynman diagrams generating ultraviolet divergences.
Finding fixed points of the renormalization grouguations and calculating critical exponents for physically significant and
experimentally observable quantitiesesponse functions, density of active nodes (agents), effective radius and mass of acti
zones.

Study of the effect of isotropic motion ofeedium with different statistical characteristics on the possibility of anisotropic scaling
in the HuaKardar selorganized criticality model. Investigation by the functional renormalization group method of possibl
asymptotic regimes corresponding te thorruniversal scaling behavior of a surface growing in a random environment anc
described by a model that includes an infinite number of types of interactions.

Expected results of the project in the current year:
Investigation of the superfluid phasertsétion in the SU(n) symmetric model in the framework of the functiceradrmalization
group at finite temperatures.

Investigation of statistical correlations of magnetic fluctuations in the model of stochastic magnetic hydrodynamic&evith bro
mirror synmetry in the twdoop approximationCalculation of the value of the spontaneously generated homogeneous mee
magnetic field.

Analysis of the behavior of governing fields in isotropic percolation near the point of seerdphase. Calculations of cdl
exponents in the two and thrkmp approximation.

Fourloop renormalization group calculations in a stochastic model of devolved turbulence.

Investigation of the effect of medium motion on a system withaglénized criticality described by tstochastic Hudardar
model. Finding possible types of critical behavior and the area of their stability. Calculation of the correspondirexpotiests
in the leading order of perturbation theory.

Calculation of the critical index of théscosity coefficient at the transition to the superfluid state within the framework of the
generalized model A.

Collaboration

Country or International Organization City Institute or laboratory
Armenia Yerevan Foundation ANSL
YSU
Australia Sydney, NSW Univ.
Belarus Minsk IM NASB
IP NASB
SPMRC NASB
Brazil Natal, RN IIP UFRN
Sao Paulo, SP USP
Bulgaria Sofia IMech BAS
ISSP BAS
Canada Montreal UdeM
Egypt Giza CuU
Finland Helsinki UH
France Angers UA
Marseille CPT
Germany Leipzig UoC
Wuppertal uw
India Kolkata IACS
Iran Zanjan IASBS
Japan Utsunomiya uu
Mongolia Ulaanbaatar IPT MAS
Poland Wroclaw WuT
Romania Bucharest uB
Timisoara UVT
Russia Moscow NRU HSE
PFUR
Novosibirsk ISP SB RAS
NIIC SB RAS
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Serbia
Slovakia

South Africa
United Kingdom
USA

Protvino
Saratov

Saint Petersburg

Belgrade
Bratislava
Kosice

Pretoria
Coventry
Pasadena, CA
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01-3-11382019

Modern Mathematical Physics:Integrability, Gravity and Supersymmetry

Theme leaders: AP.Isaev
S.0. Krivonos

Participating Countries and International organizations:
Armenia, Australia, Brazil, Bulgaria, CERN, China, Czech Republic, France, Germany, Greece, Iran, Ireland, Israelalaly, Ja
Poland, Portugal, Russia, Serbia, Spain, United Kingdom, USA.

The problem under study and the main purpose of the resech:

The main task of the Theme is the development of mathematical methods for solving the most important problems of mo
theoretical physics, namely: development of new mathematical methods for studying and describing a wide class of dlassice
quantum integrable systems and their exact solutions; analyzing and searching for solutions to a wide range of problern
supersymmetric theories, including models of strings and other extended objects; study of nonperturbative regime
supersymmetric gauge théss; development of cosmological models of the early Universe, gravitational waves and black hole

Projects in the theme

Name of the project Project Leaders Project code
1. Integrable systems and symmetries A.P. Isaev 01-3-11381-2024/2028
S.0. Krivonos
N.A. Tyurin
2. Supersymmetry, Higher Spins, Gravity E.A. Ivanov 01-3-11382-2024/2028
Deputy:
S.A. Fedoruk
3. Quantum gravity, cosmology and strings I.G. Pirozhenko 01-3-11383-2024/2028
D.V. Fursaev
Projects:
Name ofthe project Project Leaders
Laboratory (Subdivision) Responsible fronaboratories
1. Integrable systems and symmetries A.P. Isaev
S.0. Krivonos
N.A. Tyurin
BLTP K.Yu. Arkhipova, H.D. Dimov, O.V. Geytota, A.A. Golubtsova,

N.Yu Kozyrev, M.A. Podoinicin, A.A. Provorov

Brief annotation and scientific rationale:

Our project is devoted to important problems of modern mathematical physics. The three most important investigatios direc
of the project are the study bblographic duality, construction of supersymmetric theories and description of unitary irreducibl
representations of Poincare groups in higher dimensions. Each of these directions can be regarded separately buttimeur pro
concentrate our attentiazn the problems which lie on the borders of these major directions. As byproducts, we study cert:
applied problems, including those that arise in connection with booster thematic.

Expected results upon completion of the project:

The firstproblem of the project is the study of algebraic and differential structures in holographical systems, which belongs tc
subject of modern mathematical physics considered in the context of holographic duality. This part of the project isrfocuse
thestudy of properties of integrable systems appearing in holographical models.

The second problem is devoted to the construction of an action of th&batian N=(1,0), d=6 tensor multiplet possessing as
many as possible numbers of properties of six dimeas superconformal theories. This problem is related to the first one since
it is devoted to field theories with extended supersymmetry which are very important in the mathematical physics seudies ¢
they help to describe common properties of quarftalts theories and many aspects of the string theory.
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The third problem of our project arises in the context of studies of the models with higher spin fields requiring aseripiiod

of unitary irreducible representations of Poincare groups anansym groups of AdS spaces. According to Wigner, each
irreducible representation of the fedimensional Poincare groupassotiated with an elementary particle (field). This conception
is generalized to the case of arbitrary dimension and to the cadeeofroups including supergroups. Therefore, when studying
different field models, one first of all asks the question of classification and explicit construction of unitary irreducib
representations of the symmetry group of the studied theory.

Expectedresults of the project in the current year:

Universal formulas will be constructed for the projectors onto invariant subspaces and eigenvalues of the split Casimir oper:
in the tensor product of four adjoint representations of simple Lie algebrasgerdlgebras. Universal formulas will be found

for the eigenvalues of higher Casimir operators in the representations included in the tensor cube of the adjointimpoésentat
simple Lie algebras and superalgebras. The color factors of Feynman diagrprastum gauge field theories will be found.

The superfield action of the N=(1,0), d=6 tensor multiplet in harmonic superspace will be constructed, which includ@minterac
with a nonabelian gauge field in the framework of tensor hierarchy, andllitbeifound what expected properties of-six
dimensional superconformal field thease satisfied.

For a 3d supergravity model, a holographic RG flow at finite temperature correspondiiglatck hole solution will be
constructed. Using the mapping onbte Poincare sphere, the stability of holographic RG flows will be investigated. It is alsc
planned to calculate thermodynamic quantities and investigate the phase diagram corresponding to the RG flow.

Using the method of the generalized Wigner operddogl relativistic fields will be constructed, on which unitary irreducible
massless helicity representations of the 4D Poincare® ¢
potential s ( usi n-ectarvaridala) and dbjecsrcorrespanding ® ketd strlengths (using auxiliary commuting
Weyl spinors).

2.Supersymmetry, Higher Spins, Gravity E.A. Ivanov
Deputy:
S.A. Fedoruk
BLTP I.L. Buchbinder, A.P. Nersessian, G.A. Sarkissian, Ya.M. Shnir,

S.S. Sidorov, A.O. Sutulin, N.M. Zaigraev

Brief annotation and scientific rationale:

The project is aimed at solving fundamental problems of modern theoretical physics associdteddeitelopment of superfield
methods in gauge theories with extended supersymmetry in various dimensions, including extended supersymmetric mech
The implementation of the project includes the construction of new field and quargahanical modelsith global and gauge
symmetries, the development of new, including geometric, methods for studying the structure of these models at trendlassic
quantum levels, the study of the structure of the corresponding quantum effective actions and clasginaldfathese models,
including black holes. All tasks of the project are set by the modern development of theoretical physics and are qojla@itally
by the unity of methods and approaches.

Expected results upon completion of the project:
Calculathg all leading and subleading in the dimensional regularization parametéwdgvaounterterms in 6D, N=(1,0) and
N=(1,1) supersymmetric gauge theories.

Constructinga oneloop induced effective action in the theory of hypermultiplet interacting withdp2rgravity in the harmonic
superspace approach.

Development of the methods of calculation of the-tmog induced effective action in the theory of hypermultiplet coupled to
external fields of N=2 harmonic gauge superfields.

Derivation of 4D, N=2 harwnic superfield formulation for N=2 supersymmetric gauge fermionic higher spin fields.
Working out 4D, N=2 superfield gauge theory of higher spin fields in the AdS space.

Development of effective methods for describing gauge fields and superfieldsimfiréte spin in an arbitrary spadame
dimension.

Finding Lagrangians describing the interactions of infinite spin fields and higher spin fields with fields of a fixed spin.

Finding out superfield harmonic Lagrangians of sigma models obtained-dyafy from 2D, N=(4,4) supersymmetric
hyperkahler and quaternigahler sigma models.

Building a superfield matrix formulation of new N=4 and N=8 supersymmetric extensions of integrablgantclg systems
and their quantization.

Construction of new modeof N-extended supersymmetric quantum mechanics by using the supedieting method, which
describe the interaction of dynamic and semidynamic multiplets of various types.
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Construction and study of N=4 models of supersymmetric mechanics basdtk dntdraction of linear and nonlinear
supermultiplets with the component content (4,4,0), (3,4,1) and (2,4,2).

Constructing the Hamiltonian formulation and performing quantization of the generalizations of systems with the nodlidear (2.
supermultiplé

Constructing an extension of N=4 supersymmetric mechanics with (3.4.1) supermultiplet to the class of systems parametriz
an arbitrary holomorphic function.

Construction and study of maiparticle systems with nonlinear supermultiplets.
Construcion of a superfield description of Calogesroy pe model s with extended NO4 supe

Analysis of the integrability of Mextended supersymmetric systems of the E@atogeréMoser and Calogefdosei
Sutherland types for the A{b) series of the Coxet group.

Finding an explicit form of the functionally independent conserved Liouville currents in N=2 supersymmetric Calogero mod
for all root systems of Coxeter groups.

Construction of two new exactly calculated rarefied elliptic bBtagrals associated with special lens spaces and a specia
subgroup of the modular transformations group SL(2,Z).

Computation of a matrix of modular transformations of-poat conformal blocks on a torus in the Nex@ehwarz sector of the
N=1 supercordrmal Liouville field theory, based on the expression of this matrix as an integral of the product of certain eleme
of the fusion matrix.

Obtaining the difference equations for the fusion matrix in the N&awwarz sector of the N=1 superconformalliie field
theory.

Finding a new class of solutions of GR with gauge multicomponent matter fields in models with spontaneous symmetry break

Constructing and exploring a new class of solutions of extenged Einstein gravity witih¢heSimons term that represents
stationary rotating black holes.

Expected results of the project in the current year:
Construction ofa theory of N=2 higher spin superfields against theAtdBerbackground

Calculation of the quantum effective actiointhe hypermultiplet induced by interaction with higispin N=2 gauge superfields.

Construction and study of a new class of solutions of GR with multicomponent gauge mattén fietdiels with spontaneous
symmetry breaking.

Finding the Lagrangians deribing free infinite spin(super)fieldsing the twistor approach and BRST methods
Construction of the minimal interaction of infinite spin fields and higher spin fields with the fixed spin fields.

Construction and study at the classical and quantunislefenew N=4 and N=8 supersymmetric matrix systems with extended
deformed supersymmetry and matrix systems of superconformal mechanics.

Hamiltonian formulation and quantization of systems with the generalization of (2.4.2) noohirehsupermultiplesuggested
in the article by S. Bellucci, A. Nersessian, Phys. Rev. D 73, 107701 (2006).

Compution of the matrix of modular transformations of-po@t conformal blocks on the torus in the Nexgehwarz sector of
2D N=1 superconformal Liouville field thep

Derivation of difference equations for the fusion matrix in the NeSelwartz sector of the 2D N=1 superconformal Liouville
field theory.

Obtaining a superconformal index of the 4D N=1 superconformal field theory on general lens space and cafdtdatwefied
beta integral.

gonstruction of models of the N=4 supersymmetric mechanics with spin degrees of freedom based on the interaction of |
and nonlinear supermultiplets.

Construction of a supersymmetric generalization ofEbker-CalogereMoser model for an arbitrary number of particles and
study of its integrability and superintegrability in the case of N=2 supersymmetry.

3. Quantum gravity, cosmology and strings I.G. Pirozhenko
D.V. Fursaev
BLTP E.A. Davydov, V.V. Nesterenko, A.B. Pestov, A.S. Sorin,

V.A. Tainov, P.V. Tretyakov
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Brief annotation and scientific rationale:

The project is aimed at solving the fundamental problems of classical and quantumagrd\dtnductingidvanced theoretical
research at the national and world level in this area at BLTP JINR. In classical gravity, the project is focused orabtkidgmg

of gravitational wave phenomena, including shock waves in General Relativity, as well as various sources of gravitagional v
background such as cosmic strings. One of the directions of the project is the elaboration of cosmological modelamtha expla
properties of the observable Universe based on field theory methods and modified gravity. In the field of quantum ravity,
planned to develop an apparatus of quantum field theory in an external classical gravitational background and nefometho
an approximate estimation of the effective gravitational action in various regimes. Asymptotic symmetries in gravity, -
relationship between gravity, thermodynamics and quantum entanglement, the holographic properties of gravity, and the AdS
correspondence will also be explored.

Expected results upon completion of the project:
Development of field theory methods against the background of shock gravitational waves using the method of supertransla
at the wave front; study of classical fiedffects induced by shock waves, including the astrophysical applications.

Study of classical effects in the gravitational field of shock gravitational waves, including the case of the gravietiomduited

by null cosmic strings (cosmic strings mogyiat the speed of light); study of gravitational (electromagnetic) radiation induced by
the motion of null cosmic strings near massive (charged) sources, estimation of the parameters of these objects cotoespon
the observed characteristics of inducadiation.

Study of physical effects associated with the formation of caustics and other defects on the world sheet of the nutimgsmic s
as possible sources of gravitational bursts; development of the holonomy method proposed for describingideddields
against the background of a gravitational shock wave.

Quantization and study of quantum effects in the gravitational field of shock gravitational waves, calculation of theocexpecta
value of the renormalized energyomentum tensor.

Derivation and study of the properties of exact solutions of the Einstein equations related to the subject of this project, éor exar
the search for netrivial solutions that have global hyperbolic isometry and allow the introduction of holonomy associated wil
these transformations.

Study of the gravitational entropy associated with various surfaces in Riemannian geometry, in particular, study opyhe ent
formed when the light cones of the past and future (causal diamonds) intersect, as well as studyiof cpragctions and
renormalization of this quantity.

Further development of spectral geometry methods applied to nonlinear spectral problems; using these methods to b&ady the
temperature QFT on stationary manifolds of a general form, as well applieation of this theory to calculate the effects of
quarkgluon matter taking into account rotation and acceleration.

Study of cosmological models of modified gravity, an attempt to explain on their basis the key characteristics of thi obse
cosmolay such as the accelerated expansion of the Universe; the study of cosmological perturbations in a teleparallel theory
a nonminimal scalattensor coupling, where the main object is the torsion scalar, in contrast to general relativity, where the m
object is the Ricci scalar.

Construction of integrable cosmological potentials for spatially flat cosmologies with one scalar field for searching &
constructing realistic completely integrable inflationary models with a phase transition; study ofrphag®ns in quantum
theory, including gravity, and the formation dynamics of walls separating regions with different field values, the deveibpmen
the thickwall approximation method taking into account gravity, as well as the construction andotexigctly solvable
inflationary models with phase transitions.

Development of methods in the framework of the Pidafschetz theory and their application for calculating Lorentz path
integrals in problems of quantum field theory, gravity and cosmokgy, in particular, in problems of describing the lensing of
gravitational waves.

Expected results of the project in the current year:

Calculation of an aproximate stressergy tensor for weak high frequency waves in f(R) graagsinst an arbitrary cued space

time background, which is not an obligatory solution of this vacuum f(R) gravity, using Aizekson method for high frequen
waves in Einstien gravity. A possible application of this result is to take into account the back reaction from prestinadly b
scalarons on evolution of dark energy in the Starobinsky ar8auvicki gravity models.

Investigation of classical effects against the background of shock gravitational waves, the special cases of which are
gravitational fields of massless ultedativistic particles and null cosmic strings. Quantitative estimates of these effects will b
made and the possibility of their observation in gravitational experiments will be studied.

The method of soldering two metrics together across null hyperssitfaitée used to find new solutions in the general relativity,
which can be interpreted as gravitational shock waves. The geometry and physical properties of these null surfaces w
investigated. The results will be formulated in the language of [Garreymmetry groups. The asymptotic BMS supertranslation
charges will be found.
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Revision of quantum field theomgainst the classical backgound of a gravitational shock wave and study of quantum effects
this spacetime; calculation of tle@pectation value of renormalized stresgrgy tensor.

Collaboration
Country or International Organization

Armenia
Australia

Brazil

Bulgaria

CERN
China

Czech Republic
France

Germany

Greece
Iran

Ireland
Israel
Italy

Japan

Poland

Portugal
Russia

City
Ashtarak

Yerevan

Perth, WA
Sydney, NSW
Juiz de Fora, MG
Santo Andre, SP
Sao Paulo, SP
Sofia

Geneva
Hengyang
Shanghai
Prague
Annecyle-Vieux
Lyon

Marseille
Nantes

Paris

Tours
Bonn
Hannover
Leipzig
Munich
Oldenburg
Potsdam
Athens
Isfahan
Tehran
Dublin
Jerusalem
Frascati
Padua
Trieste
Turin
Okinawa
Tokyo

Bialystok
Krakow
Wroclaw
Aveiro
Chernogolovka
Dolgoprudny
Kazan

Moscow
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Institute or laboratory
IPR NAS RA
IRE NAS RA
Foundation ANSL
UWA

Univ.

UFJF
UFABC
USP

INRNE BAS
SU

CERN

uscC

Univ.

CTU

LAPP

ENS Lyon
CPT
SUBATECH
ENS

LUTH

Univ.
UniBonn
LUH

UoC

LMU

IPO

AEI

UoA

Univ.

IPM

DIAS

HUJI

INFN LNF
UniPd
SISSA/ISAS
UniTo

OIST

Keio Univ.
uT

uwB

JuU

uw

UA

LITP RAS
MIPT

KFU
IPMech RAS
ITEP

LPI RAS

MI RAS
MSU



Serbia
Spain

United Kingdom

USA

Novosibirsk
Protvino

Saint Petersburg
Tomsk

Voronezh

Nis

Barcelona
Bilbao

Valencia
Valladolid
Cambridge
Canterbury
Durham
Glasgow
London

College Park, MD
Coral Gables, FL
New York, NY

Philadelphia, PA
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NRU HSE
SAI MSU
Skoltech
NSU

IHEP
PDMI RAS
TPU
TSPU
VSuU

Univ.
IEEC-CSIC
UPV/EHU
IFIC

UVa

Univ.

Univ.

Univ.
UofG
Imperial College
UMD

UM

CUNY
SUNY
Penn
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Participation in international experiments

02-1-10662007

Investigation of theProperties of Nuclear Matter and Particle
Structure at the Collider of Relativistic Nuclei and Polarized Protons

Theme leaders: R. Lednicky
Yu.A. Panebrattsev

Participating countries and international organizations:
AzerbaijanBulgaria, Czech Republic, France, Germany, Poland, Russia, Slovakia, USA.

The problem under study and the main purpose of the research:

Investigation of the properties of nuclear matter with extremely high density and temperature, searcsigoatines of the
quark deconfinement and possible phase transitions at the collisions of heavy nuclei at the energies of the Relativistic Hea\
Collider (RHIC). Measurement of spin dependent structure functions of nucleons and nuclei using polarized pritcat bea
RHIC.

Project in the theme

Name of the project Project Leaders Project code
1. STAR Yu.A. Panebrattsev 02-1-10661-2010/2024
R. Lednicky
Project:
Name of the poject Project Leaders Status
Laboratory(Subdivision) Responsible fronaboratories
1. STAR Yu.A. Panebrattsev o
R. Lednicky Realization
VBLHEP, MLIT, BLTP, UC the list of participants is given ictivities

Brief annotation and scientific rationale:

Investigation of the properties of nuclear matter veigtremely high density and temperature, search fositreatures of the
quark deconfinement and possible phase transitions at the collisions of heavy nuclei at the energies of the Relativistic Heav
Collider (RHIC). Measurement of spin dependent st functions of nucleons and nuclei using polarized proton beams at
RHIC.

Expected results upon completion of the project:
1. Obtaining information about the properties of excited nuclear matter. Participation in experiments with nyudéé et
protons at the STAR facility at the RHIC nuclear collider at BNL.

2. Measurement at the STAR facility of spin effects in experiments with polarized protons. Obtaining new information ab
the spini dependent distribution functions of quarks angbgk in the proton.

3. Research of femtoscopic correlations, structure of events and scaling properties of nuclear interactions, global polarizz
events with wide transverse momenta.

4. Conducting experiments on the Be&mergy Scan prograBESII in the colider mode and in the fixed target mode. Search
for signatures of phase transitions and critical points of QCD.

5. Development of the STAR detector software and creation of corresponding infrastructure at JINR for processing and ane
of experimental datef the STAR facility at JINR.

6. Creation ofthe joint educational progranms relativistic nuclear physics and physics of the microworld together with BNL
and JINR member states universities.
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Expected results of the projecin the current year:
1. Beam Energ Scanll data analysis for collider mode and fixed target measurements.

2. Study of spin effects in collisions of transversely polarized protons at 510 GeV and forward rapidities.

3. Studyof event structure, collective variables, correlation characteristics, femtosopic correlation functions a
high-pr processes.

4. Study of future possibility of investigation of the nuclear structure and the proton ggpande-A collisions at colliders.

5. Participation in joint educational programs in relativistic nuclear physics with BNL and universities of the JINR Member
StatesDevelopment of JINR educational portal.

Activities:
Name of the activity Leaders Status
Laboratory (Subdivision) Responsiblérom laboratories
1. Beam Energy Scarl data analysis Yu.A. Panebrattsev Data taking
for collider mode and fixed target Data analysis
measurements
VBLHEP A. Aitbayev, A.A. Aparin, G.S. Averichev, T.G. Dedovich,
V.B. Dunin, A.O. Kechechyan, A.A. Korobitsyn, A.Yu. Krayeva,
S.S. Panyushkina, V.V. Tikhomirov, M.V. Tokarev, Vinh Ba Luonc
G.A. Yarygin
2. Study of spin effects in collisions M.V. Tokarev Realization
of trunsversely pdarized protons
at 510 GeV at forward rapidities
VBLHEP A.A. Aparin, T.G. Dedovich, V.V. Lyuboshits, E.l. Schakhaliev,
O.V. Teryaev
MLIT Zh.Zh. Musulmanbekov
BLTP S.V. Goloskokov
3. The study of eventstructure, R. Lednicky Realization
collective effects, femtoscopic Yu.A. Panebrattsev
correlations and high-pr processes
VBLHEP G.N. Agakishiev, A.A. Aparin, T.G. Dedovich, A.O. Kechechyan,
A.A. Korobitsyn, A.Yu. Krayeva, G.A. Nigmatkulov,
S.S. Panyushkina, E.l. Schakhalibi.y. Tokarev, Vinh Ba Luong
MLIT G.A. Ososkov
4. Participation in the heavy ion Yu.A. Panebrattsev

Data taking
Data processing
Data analysis

program Hot QCD in the STAR
experiment at forward rapidities

VBLHEP A.A. Aitbaev, G.N. Agakishiev, A.A. Aparin, G.S. Averichev,
T.G. Dedovich, M.V. Tokarev
MLIT V.V. Korenkov, V.V. Mitsyn, G.A. Ososkov
5. Develqpment of _the software and Yu.A. Panebrattsev Realization
formation of the infrastructure V.V. Korenkov
for the STAR data processing
at JINR
VBLHEP A.A. Aparin, G.N. Agakishiev, A.A. Korobitsyn, P.D. Semchukov
MLIT N. Balashov, V.V. Mitsyn, G.A. Ososkov, T.A. Strizh
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6. Participation in joint educational
programs in relativistic nuclear

physics with BNL and universities

of the JINR Member States.

N.E. Sidorov
K.V. Klygina

Development of JINR educational portal

VBLHEP

uc

7. Elaboration of proposals for the
development of detectors for the
study of polarization phenomena
at colliders

VBLHEP

8. Study of future possibility of

investigation of the nuclear structure

Realization

E.l. Golubeva, K.V. Klygina, M.P. Osmachko, P.D. Semchukov,

N.I. Vorontsova

S.N. Balalykin, L.V. Platonova, O.A. Smirnov, T.G. Stroganova

V.B. Dunin

V.V. Fimushkin

A.A. Aparin

and the proton spin ine-p and e-A collisions

at colliders
VBLHEP

DLNP

Collaboration

Country or International Organization
Azerbaijan

Bulgaria

Czech Republic

France
Germany
Poland
Russia

Slovakia
USA

Development

Development

V.B. Dunin, A.A. Korobitsyn, N.A. Lashmanov, S.I. Manukhov,
S.S. Panyushkina, V.Yu. Rogov

A.S. Zhemchugov

City
Baku
Sofia

Prague

Rez
Nantes
Heidelberg
Warsaw
Moscow

Protvino

Saint Petersburg
Kosice
Berkeley, CA
Bloomington, IN
Chicago, IL
Lemont, IL

New Haven, CT
Stony Brook, NY
University Park, PA
Upton, NY
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Institute or laboratory
IRP ANAS
INRNE BAS
SuU

Cu

IP CAS

NPI CAS
SUBATECH
Univ.

wuT

ITEP

NNRU AMEPhHIO
IHEP
SPbSU
UPJS
Berkeley Lab
9]

uic

ANL

Yale Univ.
SUNY

Penn State
BNL



02-2-108%2009

ATLAS.
Upgrade of the ATLAS Detector andPhysics Research at the LHC

Theme leader: V.A. Bednyakov

Participating countries and international organizations:
Armenia, Azerbaijan, Belarus, Bulgaria, Canada, CERN, Czech Republic, France, Georgia, Geraenitaly,Netherlands,
Russia, Slovakia, Spain, USA.

The problem under study and the main purpose of the research:

The main purpose of the international ATLAS experiment is investigatioprofonproton interactions at unprecedented
energies at the LHC collidéfrom 7 to 14 TeV centeof-mass energy), in particular, detailed study of the Standard Model, its
application limits, search for answers to the key problems in particle physics and astrophysics, such as the origiriasf/eleme
particles masses, naturetbé dark matter in the Universe, existence of extra dimensions, are carried out with the ATLAS detect
We participate in software development and in upgrade o

Projectsin the theme

Name of the project Project Leaders Project code
1. ATLAS. V.A. Bednyakov 02-2-10811-2010/2025
Physical researches at the LHC E.V. Khramov
2. Upgrade of the ATLAS Detector A.P. Cheplakov 02-1-10812-2013/2025
Projects:
Name of the project Project Leaders Status
Laboratory (Subdivision) Responsiblérom laboratories
1. ATLAS V.A. Bednyakov :
EV. Khramov Technical Proposal

DLNP A.M. Artikov, N.V. Atanov, V.Yu. Baranov, V.Yu. Batusov,
I.R. Boyko, M.V. Chizhov, Yu.l. Davydov, D.V. Dedovich,
M.A. Demichev, A.R. Didenko, A.V. Ershova, L.R. Gladilin,
V.V. Glagolev, A. Gongadze, |. Gongadze, L. Gongadze, M.I. Gos
K.l. Gritsay, N.A. GuseinoyA.V. Guskov, N. Huseinov, Yu.P. lvanc
L.V. Kalinovskaja, S.N. Karpov, Z.M. Karpova, N.N. Kaurtsev,
N.V. Kirichkov, T.V. Khramov, D.V. Kharchenko, O.A. Koval,
N.A. Kovyazina, D.A. Kozhevnikov, V.G. Kruchonok,
Yu.A. Kultchitsky, M.V. Lyablin, F.V. Lapkin, G.I. Lykasov,
I. Lyashko, V.V. Lyubuskin, T.V. Lyubushkina, S.N. Malyukov,
I. Minashvili, I. Minashvili I., Yu.A. Nefedov, A.A. Nozdrin,
E.M. Plontikova, S.Yu. Porokhovoy, I.N. PotrapQ. Rudenko,
A.A. Sapronov, A.V. Shaikovskii, A.V. Simonenko,
R.V. SotenskiiM.M. Shiyakova, A.N. Shaglugin, V.V. Tereschenko,
I.N. Troeglazov, P.V. Tereshko, Yu.A. Usov, V.A.Vasiliev,
V. Yeletskikh,V.I. Yermolchik Yu.V.Y ermolchik
A.S. Zhemchugov

VBLHEP F.N. Ahmadov, A.P. Cheplakov, Yu.A. Fillipov, A.V. Ivanov,
V.V. Kukhtin, E.A. Ladygin, M. Manashova, S.N. Nagorny,
B.G. Shaykhatdenov, A.A. Soloshenko, T. Turtuvshin N.I. Zimin

MLIT E.l. Alexandrov,|.N. Aleksandrov, N.I. Gromova, V.V. Korenkov,
A.l. Kazymov, M.A. MineeyA.V. Yakovlev

BLTP A.B. Arbuzov, A.V Bednyakov, S.G. Bondarenko, D.l.Kazakov,
O.V. Teryaev
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Brief annotation and scientific rationale:

The main goal of the ATLAS experiment is to study prepooton interactions atinique LHC energies {I4 TeV). These
interactions are the source of many physical processes (including yet unknown) between elementary particles. Study of
processes and their theoretical description within unified point of view is the generalmimdef physics.

In particular, with the ATLAS detector is already used to scrutinise the current Standard Model of particle physicstantrestig
limits of its applicability, and seek answers to the key questions of the present stage of developmerit¢oand astrophysics,
such as the nature of dark matter in the Universe, the presence of extra spatial dimensions, etc.

The multipurpose detector ATLAS (like CMS) operating on the LHC, the most advanced collider in terms of the energy
colliding praons achieved under laboratory conditions, is a unique and unprecedented in its complexity physical device wt
on the one hand, accumulates the most advanced achievements of modern science, engineering, technology and commur
tools, and on the o#in hand, guarantees (by virtue of the aforesaid) attaining the main objective of its drgatoiniction of
entirely new knowledge about the world around us. Therefore, participation in a suckdaleénternational project as the
ATLAS experiment athe LHC is absolutely necessary for such international organizations as our JINR. This gives access to
stateof-the-art technology and allows us to be involved in production of unique scientific results.

Expected results upon completion of the project:

Absolutely new and unique data will be obtained in multifaceted and comprehensive research eprptotoscattering
processes. The analysis of these data will allow several fundamental physical problems to be solved. Within this HRoject, .
scientiss will participate in this analysis.

It is expected to obtain new results and make publications on all -abewéoned tasks where JINR scientists have
responsibilities. The most important tasks are the studies of the proton structure and hadrontstete gpsuing of the Standard
Model at the LHC energies, search for and investigation of supersymmetry, search for the evidence of existence ofeew pal
and new interactions. In addition, JINR intends to obtain new results that will help specifitipsopiealready known elementary
particles such as W and Zbosons, top quark, heavy baryons etc.

The implementation of this Project aimed at solving highly significant scientific problems will yield unique appliedvighlts
may significantly change thguality of life. Among these results are the experience in operation of remote monitoring systen
for technically complicated devices, big data processing and development and practical use of distributed comtputing sys
(GRID) and database monitoring@ications in longterm largescale experiments.

Expected results of the projecin the current year:
1. Search for the chiral Z */W * bosons in the tjai decays and in a process with more complex topology of their associative
production including heavy and t quarks.

2. Search for (supersymmetric) charged Higgs bosons via their specific decay mtagdsr{3etc).

3. Analyses of associated productions of the SM Higgs boson with thentdapp pair and search for production with a single
top.

4. Search for aalencelike nonperturbative component of heavy quarks in the proton (intrinsic heavy quarks) via specific
final state topology in the pp interactions.

5. Search for new hadrons and baryons containing heavy ¢ and b quarks and study of their properties.

6. Measuement of the Drellvan tripledifferential cross section and the effective leptonic weak mixing angle in-bwsan
decay.

7. New comprehensive study of the gluon structure of the proton, etc.

8. Search for quantum black holes in the lepton+jet channel ae¥3

9. Participation in development of the event trigger indexing infrastructure.
10. Development and maintenance of the TDAQ system.

11. Development of database monitoring applications.

12. Participation in the Phas2 ATLAS Upgrade Project of the muon spectrometer@idrimeters.

2.Upgrade of the ATLAS Detector A.P. Cheplakov(VBLHEP) Implementation
DLNP A.P.Gongadze + 5 persy,u.N. Davydov + 7 pers.
VBLHEP A.P.Cheplakov + 5 pers.
FLNP M.V. Bulavin
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Brief annotation and scientificrationale:

The second phase of the ATLAS detector upgrade is aimed at preparing the facility for operation in the conditions of |
luminosity of the LHC. During the first phase, which was successfully completed in 2022, the main contribution of greudiNR
was participation in the implementation of the project to create a new muon wheel, an important element of the muortespectror
The modernization of the muon spectrometer continues in terms of creating RPC cameras. The development, testin
manufacturing of a system for reading signals from a ligaigon calorimeter (LAr) based on fiber optic technology is underway.
With the participation of JINR, a new higjranularity timing detector (HGTD) is being developed.

Expected results upon completiorof the project:
Completion of the modernization of the detector systems will ensure stable and efficient operation of the ATLAS faditiey with

LHC luminosity at a level 57 times higher than the design value of alddBt cn? s, and collecting fulbtatistics at the level of

3000 fb.

Expected results of the project in the current year:
Development and prototyping of the RPC cameras. Creation of fiber optic cables for the LAr tesChoeatibn of a tooling

prototype for HGTD assembly.

Collaboration

Country or International Organization City Institute or laboratory
Armenia Yerevan Foundation ANSL
Azerbaijan Baku IP ANAS
Belarus Gomel GSTU
GSU
Minsk IAP NASB
INP BSU
IP NASB
Bulgaria Sofia SuU
Canada Vancouver TRIUMF
CERN Geneva CERN
Czech Republic Prague CuU
France ClermontFerrand LPC
Orsay LAL
Georgia Thilisi HEPI-TSU
Germany Zeuthen DESY
Israel Rehovot WIS
Italy Pisa INFN
Netherlands Amsterdam NIKHEF
Russia Moscow ITEP
LPI RAS
MSU
Protvino IHEP
Vladikavkaz NOSU
Slovakia Bratislava CuU
IP SAS
Spain Barcelona IFAE
USA Lemont, IL ANL
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02-1-10832009

CMS. Compact Muon Solenoid at the LHC

Theme leader: V.Yu. Karjavin

Scientific leader: V.A. Matveev

Participating countries and international organizations:

Armenia, AustriaBelarus, Belgium, Brazil, Bulgaria, CERN, China, Croatia, Cyprus, Czech Republic, Estonia, Finland, Franc
Georgia, Germany, Greece, Hungary, India, Iran, Ireland, ltaly, Lithuania, Mexico, Montenegro, Netherlands, New Zealz
Pakistan, Poland, Republi¢ Korea, Russia, Serbi&pain, Switzerland, Taiwan, Turkey, United Kingdom, USA, Uzbekistan.

The problem under study and the main purpose of the research:

Development and realization of a research program at the LHC accelerator complex to study pheinbimehe standard model
and beyond; modernization, commissioning and operation of the CMS experimental complex.

Projectsin the theme

Name of theproject Project Leader Project code
1. CMS V.Yu. Karjavin 02-1-10831-2010/2025
2. Upgrade of the CMS Detector V.Yu. Karjavin 02-1-10832-2014/2026
Projects:
Name of the poject Project Leader Status
Laboratory(Subdivision) Responsible from laboratoge
1. CMS V.Yu. Karjavin Realization
VBLHEP, MLIT, BLTP, UC the list of participants is given in Activities

Brief annotation and scientific rationale:

The goal of research is to study the physics of pp collisions at the Large Hadron Collider (LHC) using data collected wi

CMS detectarcorresponding to an integrated luminosity of up to 450 @lata taking, data processing and analysis to obtai

new physics results in the following fields:

1. Searches for new physics with the dimuon in final states, based on extended gauge matelsaaiab with Te\scale
gravity (extra dimension models)

2. Searches for dark matter candidates with the dimugoérks in final states and missing transverse energy
3. Studies of Higgs boson properties and searches for new scalar bosons in leptonpdedaysd by extended Higgs sect

4. Studies of muon pair production in Dreflan process to test SM at new energy scale, measurement of weak mixing
and parton distribution functions (PDF)

5. Jet measurements for studies of hadronization, improveafd?DF and QCD coupling precision

The project is also focused on the operation and study of performance of the CMS endcap tiéiadtorsalorimeters (Hadrc

Endcap, HE) and forward muon stations (Muon Endcap, ME1/1).

Expected results uporcompletion of the project:

1. Experiments with the CMS Detector at the LHC, commissioning and ensuring operation of CMS hadron calorimetr
forward muon stations during data taking at high luminosity and nominal energy.

2. Development andealization of physics program to test the Standard Madelsearches for physics beyond the Standa
Model using data collected with the CMS detector facility at the LHC corresponding to an integrated luminosity of ¢
fb' ‘at a nominal centesf-mass eargy.
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Expected results of the projecin the current year:

1. Tests of the Standard Model and searches for new physics with high energy muons and missing transverse energ
final state based on processing and anabfsotonproton collision dat@ollected with the CMS detector at the LHC a
centerof-mass energy of up to 13.6 TeV, corresponding to an integrated luminosity of up to'386vielopment and
improvement of algorithms for reconstruction of high energy muons and jets.

2. Maintance anaperation of the CMS detectors, participation in data taking, data quality monitoring, and shifts.

3. Development of software for GRIDased distributed system for data processing and analysis. Data transmission be

the Tierl/Tier-2 centers of CMS andNR.

Activities:
Name of the activity
Laboratory (Subdivision)

1.1 Research physics programme

with the CMS detector

VBLHEP

BLTP

MLIT

ucC

1.2 Hadron calorimetry

VBLHEP

1.3 Forward muon station
ME1/1

VBLHEP

MLIT
uc

1.4. Development of software for

distributed computation, data
processing and analysis based

on GRID-technology
MLIT

VBLHEP

VBLHEP, MLIT, BLTP, UC

Upgrade of the CMS Detector

Leaders Status
Responsible frontaboratories
S.V. Shmatov Realization

V.Yu. Alexakhin, S.V. Afanasiev, P.D. Budkovsky, M.G. Gavrilenk
I.N. GorbunovA.Yu. KamenevA.V. Lanev, A.l. Malakhov,
V.V. Shalaev, S.G. Shulga, I.A. Zhizhin, V.A. Zykunov

M. Deka, G.A. Kozlov, M.V. Savina, O.V. Teryaev

V.V. Korenkov, V.Yu. Korsakov, G.A. Ososkov, V.V. Palchik,
K.V. Slizhevsky, N.N. Voytishin

B.S. Yuldashev

A.V. Zarubin Maintenance

Data taking

P.D. Bunin, N.S. Golova, Yu.V. Ershov, A.Murenkov

Yu. Karjavin Maintenance

Data taking

Yu.V. Ershov, A.O. Golunov, N.V. Gorbunov, A.Yu. Kamenev,
S.V. Kilchakovskaya, A.M. Kurenkov, A.M. Makan'kin,

V.V. Perelygin

V.V. Palchik, N.N. Voytishin

B.S. Yuldashev

V.V. Korenkov

Realizati
S.V. Shmatov ealization

A.G. Dolbilov, I.A. Filozova, A.O. Golunov, I.A. Kashunin,
V.V. Mitsyn, D.A. Oleynik, G.A. Ososkow.V. Palichik,
A.Sh. Petrosyan, R.N. SemendvA. Strizh,V.V. Trofimov,
N.N. Voytishin

N.V. Gorbunov, A.O. Golunov

V.Yu. Karjavin Realization

The list of participants is given in Activities
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Brief annotation and scientificrationale:

Starting from 2029 the LHC wich®!(He grhu rhruimi qu oasti tlyu rhiHrCq
increasing statistics by more than one order of magnituge-8000f63 . The LS 3 for t he lar&
from 2026 to 2029. The main goal of the CMS wupgrade

The main goal of this project is contribution to construction of the Highly Granularity Calorimeter (HGCal) and an ug
the CMS ME1/1 Cathode Strip Chambers.

Expected results upon completion of the project:
1. Upgrade of the CMS Detectors with JINR responsibil
at the nominal LHC energy.

Expected results ofthe project in the current year:
1. Upgrade of the forward muon station ME1/1 and participation in gas chambers ageing study and the new gas mix
for endcap CSC.

2. Construction of the experimental facility for complex tests of HGCal active elements.

3. Development of the technology for manufacturing the HGCal cooling plates.

Activities:
Name of the activity Leader Status
Laboratory (Subdivision Responsible frontaboratories
2.1 Upgrade of the forward muon station Yu. Karjavin
ME1/1 Upgrade
VBLHEP Yu.V. Ershov,A.O. Golunov, N.V. Gorbunov, A.Yu. Kamenev,
S.V. Kilchakovskaya, A.M. Kurenkov, A.M. Makan'kin,
V.V. Perelygin
MLIT V.V. Palchik, N.N. Voytishin
2.2 Construction of the high granularity S.V. Afanasyev Realization
calorimeter
2.2.1 Experemental facility for complex S.V. Afanasiev
tests of HGCald assettes A.l. Malakhov
2.2.2 Cooling plates and sensors for the High A.V. Zarubin
Granularity Calorimeter
VBLHEP V.Yu. Alexakhin, P.D. Bunin, B.V. Dubinchik, Yu.V. Ershov,
A.O. Golunov, N.V. Gorbunov, A.M. Kurenkov, V.A. Smirnov,
E.V. Sukhov, V.V. Ustinov, N.l. Zamyatin
MLIT A. Khvedelidze V.V. Korenkov,V.V. Palchik,l. Satyshev,
S.V. ShmatovN.N. Voytishin
ucC B.S. Yuldashev

Collaboration

Country or International Organization City Institute or laboratory
Armenia Yerevan Foundation ANSL
Austria Vienna HEPHY
Belarus Gomel GSU
Minsk INP BSU
Belgium Antwerp UAntwerp
Brussels ULB
VUB
Ghent Ugent
Leuven KU Leuven
Louvainla-Neuve UCL
Mons UMONS
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Brazil

Bulgaria

CERN
China

Croatia

Cyprus
Czech Republic
Estonia
Finland

France

Georgia

Germany

Greece

Hungary

India

Iran
Ireland
Italy

Rio de Janeiro, RJ

Sao Paulo, SP
Sofia

Geneva
Beijing

Hangzhou
Split
Zagreb
Nicosia
Prague
Tallinn
Helsinki

Lappeenranta
Lyon

Paris

Saclay
Strasbourg
Thilisi

Aachen
Hamburg

Karlsruhe
Athens

loannina
Budapest
Debrecen

Chandigarh
Jatani
Kolkata
Mumbai

Tehran
Dublin
Bari
Bologna
Catania
Florence
Frascati
Genoa
Milan
Naples
Padua
Pavia
Perugia
Pisa
Rome
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CBPF
UERJ
Unesp
INRNE BAS
SuU

CERN
ATsinghua
IHEP CAS
PKU

ZJuU

Univ.

RBI

ucy

Cu
NICPB
HIP

UH

LUT

UL

IN2P3
IRFU
IPHC
GTU
HEPITSU
RWTH
DESY
Univ.

KIT

INP NCSRADemokrito®

NTU

UoA

Ul

Wigner RCP
Atomki
ub

PU
NISER
SINP
BARC
TIFR

IPM

UCD
INFN
INFN
INFN LNS
INFN
INFN LNF
INFN
INFN
INFN
INFN
INFN
INFN
INFN
INFN



Lithuania
Mexico

Montenegro
Netherlands
New Zealand

Pakistan
Poland

Republic of Korea

Russia

Serbia
Spain

Switzerland

Taiwan

Turkey

United Kingdom

USA

Trieste
Turin
Vilnius
Mexico City
Puebla
Podgorica
Eindhoven
Auckland
Christchurch
Islamabad
Krakow

Otwock (Swierk)
Warsaw
Daejeon
Gwangju

Seoul

Dolgoprudny
Gatchina
Moscow

Moscow, Troitsk
Novosibirsk
Protvino
Snezhinsk

Saint Petersburg
Tomsk

Zhukovsky
Belgrade
Madrid

Oviedo
Santander
Villigen
Zurich

Taipei
Taoyuan City
Adana
Ankara
Istanbul

Bristol

Didcot
London
Baltimore, MD
Batavia, IL
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INFN

INFN

AV
Cinvestav
BUAP

Univ.

TUle

Univ.

ucC

QAU

AGH
AGH-UST
NCBJ

uw

KIST

CNU

KU

SJU

SKKU

SNU

Yonsei Univ.
MIPT

NRC KI PNPI
ITEP

LPI RAS
NIKIET
NNRU AMEPhHI0
SINP MSU
INR RAS
NSU

IHEP
RENGVNIITF
Electron
TPU

TSU

MDB
INSAVINCAO
CIEMAT
UAM

uo

IFCA

PSI

ETH

UZH

NTU

NCU

CuU

METU

BU

YTU

Univ.

RAL
Imperial College
JHU
Fermilab



Uzbekistan

Boston, MA

Boulder, CO
Buffalo, NY
Cambridge, MA
Charlottesville, VA
Chicago, IL
College Park, MD
College Station, TX
Columbus, OH
Davis, CA

Detroit, Ml
Evanston, IL
Gainesville, FL
Houston, TX

lowa City, 1A
Ithaca, NY
Knoxville, TN
Lawrence, KS
Lincoln, NE
Livermore, CA
Los Angeles, CA
Lubbock, TX
Madison, WI
Manhattan, KS
Minneapolis, MN
Nashville, TN
New Brunswick, NJ
New York, NY
NotreDame, IN
Oxford, MS
Pasadena, CA
Pittsburgh, PA
Princeton, NJ
Providence, RI
Riverside, CA
Rochester, NY
San Diego, CA
Santa Barbara, CA
Tallahassee, FL
Tuscaloosa, AL
Wako, TX

West Lafayette, IN
Tashkent
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BU

NU

CuU

uB

MIT

UVa

uiC

UMD
Texas A&M
osu
UCDavis
WSsuU

NU

UF

Rice Univ.
Ulowa
Cornell Univ.
UTK

KU

UNL

LLNL
UCLA

TTU
UW-Madison
KSU

U of M

VU

RU NB

RU

ND

UM
Caltech
CMU

PU

Brown
UCR

UR

SDSU
UCSB

FSU

UA

BU

Purdue Univ.
INP AS RUz



02-2-10852009

Experimental Tests of the Fundamentals of QCD

Theme leader: A.V. Guskov

Deputy: A.S. Zhemchugov

Participating countries and international organizations:
Belarus, CERN, China, Czech Republic, Germany, Israel, Italy, Japan, Poland, Portugal \Riitssi&ingdom USA.

The problem under study and the main purpose of the research:

Quantum chromodynamics is a true theory of gjrorteraction. However, despite its considerable success in describing the
interaction of quarks and gluons within the perturbative approach, the question of why hadrons and nuclei are as we see
remains open. Description of fundamental propertiesadfdns, such as their masses, spins, parton distributions, form factors
spectra, etc., on the basis of basic principles of QCD is one of the main unsolved problems of quantum chromodynal
Confinement of quarks and gluons in hadrons, as well as thatgofithe running constant of strong interaction with decreasing
characteristic scale of interaction energy does not allow direct use of the perturbative approach, which has provhijiitself at
energies. At present, various phenomenological models ack tosquantitatively describe the hadron spectrum, their static
properties, and their interactions at low energies. Certain success has been achieved in lattice calculations. A cobmpédgkon o
predictions and theoretical calculations for observablés mieasurement results is an important test of the consistency anc
applicability limits of the approaches used. The ultimate goal of research in this direction, both theoretical and exipéitoent
obtain a description of the spectra, structure, anggaties of hadrons from first principles of QCD.

Projectsin the theme

Name of project Project Leaders Project code
1. BESII I.I. Denisenko 02-2-10851-2007/2028
Deputy:
A.S. Zhemchugov
2. Study of the fundamental properties A.V. Guskov 02-2-10852-2024/2026
of hadrons in th&lA66/AMBER experiment
Projects:
Name ofthe project Project Leaders Status
Laboratory (Subdivision) Responsiblérom laboratories
1. BESII I.I. Denisenko Implementation
Deputy:
A.S. Zhemchugov
DLNP O.V. Baking I.R. Boyko, D.V. Dedovich P.A. Egoroy, A.V. Guskoy
Y.A. Nefedov G.A. Shelkov
BLTP V.V. Bytyev
MLIT G.A. Ososkoy|.S. PelevanyakV.V. Korenkov

Brief annotation and scientific rationale:

The goals of the JINR group in the BESIII project are to study hadronic QCD spectra and search for exotic states, stud
production and decays of Charmonium states, search for exotic Charmonium states and chdikeostiuctures, and determine
c-quark fragmentation functions. The JINR group's participation in the project consists of data analysis and developmet
algorithms for event reconstruction in the BESIII detector using machine learning methods.

Expectedresults upon completion of the project:

The project will produce new knowledge about the properties of strong interactions or~tHé?Qscale. In particular,
information will be obtained on the spectrum of exotic light and charmotikarstates andheir properties, as well as on the
details of inclusive @uark production.
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Expected results of the project in the current year:
1. BESIII data analysis

2. Development of offline software and analysis tools.

3. Participation in the data taking.

2. Study of the fundamental properties A.V. Guskov Implementation
of hadrons in the NA66/AMBER
experiment
DLNP V.M. Abazov,G.D. Alexeev, N.V. Anfimov].l. Denisenko,

V.N. Frolov, A. Gongadze, A.O. Gridin, N.A. Koviazina,
A. Maltsev,A.A. Piskun,A.G. SamartsevA.S. Selyunin,
S.S. Seryubin, V.V. Tokmenin, A.V. Vtyurin, N.l. Zhuravlev

VBLHEP V.A. Anosov, O.P. Gavrischuk, R. Gushterski, A.Yu. Korzenev,
O.M. Kuznetsov, D.V. Peshekhonov, A.A. Shunko,
E.V. Zemlyanichkina

MLIT A.Sh. Petrosyan

Brief annotation and scientific rationale:

AMBER (Apparatus for Meson and Baryon Experimental Research) is a new experimental facility withtarie¢dn the M2
beam line of the CERN SPS. The facility is designed to perform a variety of measurements aimed at addressing fundarn
questions of quantum chromodynamics, which are expected to lead to a significant improvement in the understa@Diag of Q
a modern theory of strong interactions. The proposed measurements cover physics ranging from the $wadillest Quch as
determining the charge radius of a proton in elastic rproton scattering, reactions with mear v@lues for hadronic
spectoscopy, and z studies of hadronic structure with higligihg rigid DreltYan, Charmonium, and fast photon production
processes. The JINR group is responsible for the modernization and operation of the HCAL1 hadron calorimeter and the |
(Muon Wall 1) hgh-angle muon identification system. It is also involved, along with a group from the University of Turin, in the
production and support of the Bulk Micromegas track detectors that will replace the obsoletgimautiambers (MWPCSs) in

the SAS behind #th SM2 magnet.

Expected results upon completion of the project:
Solving the proton radius puzzle. New knowledge of the quark and gluon structure of mésauste knowledge of the yield
of antiprotons in g and pHe processes, essential for #earch for dark matter in astrophysical experiments.

Expected results of the project in the current year:
1. Participation in the data taking for the Proton Radius Measurement program
2. Participation in R&D for Micromegas detectors

3. Preparation of the frorgnd electronics upgrade to be able to operate in the triggerlegs mod

Activities:
Name ofthe activity Leaders Status
Laboratory (Subdivision) Responsiblérom laboratories
1. PANDA G.D. Alexeev

Technicalproposal

DLNP V.M. Abazov, S.A. Kutuzov,A.A. Piskun, |.K. Prokhorov,
A.M. Rozhdestvensky, A.G. Samartsev, A.N. Skachkova,
V.V.Tokmenin ,A.Yu.Verheev, L.S.Vertogradowu.L. Vertogradova
V.P. Volnykh, N.I. Zhuravlev

2. COMPASSII A.V. Guskov

Data analysis

DLNP V.N. Abazov, G.D. Alexeeu\.V Anphimov,l.I. Denisenko,
V.N. Frolov, A.O. Gridin, A.V. Guskov, A. MaltseW.A. Piskun,
A.S. Selyunin, A.G. SamartseV,V. Tokmenin, A.V. Vtyurin,
N.l. Zhuravlev

VLHEP V.A. Anosov, O.P. Gavrischuk, R. Guschersky, A.Yu. Korzeev,
0O.M. Kuznetsov, D.V Peshekhonov, E.V. Zemlyanichkina
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MLIT

3. Theoretical support of collider experiments

DLNP

BLTP

Collaboration

Country or International Organization
Belarus

CERN

China

Czech Republic

Germany

Israel
Italy

Japan
Poland

Portugal

Russia

United Kingdom
USA

A.Sh. Petrosyan

L.V. Kalinovskaya

Implementation

R. Boyko, E.V. Dydyshko, V.L. Ermolchik, Yu.V. Ermolchik,
A.A. Kampf, V.V. Kornienko, Yu.A. Nefedov, L.A. Rumyantsev,
R.R. Sadykov, A.A. Saprono®.S. Zhemchugov

A.B. Arbuzov,S.G. Bondarenko, V.V. Bytiev

City
Minsk
Geneva
Beijing
Prague

Bonn
Darmstadt
Freiberg
Munich
Tel Aviv
Trento
Trieste
Turin
Yamagata
Otwock (Swierk)
Warsaw

Aveiro

Lisbon

Gatchina
Novosibirsk
Protvino

Glasgo

Los Alamos, NM
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Institute or laboratory
INP BSU
CERN

IHEP CAS
CTU

Cu

UniBonn

GSlI

TUBAF

TUM

TAU

UniTn

INFN

INFN
Yamagata Univ.
NCBJ

IEP WU

wuT

UA

LIP

NRC KI PNPI
BINP SB RAS
IHEP

Uof G

LANL



02-1-108%2009

Research on Relativistic Heavy and Light lon Physics.
Experiments at the Accelerator Complex NuclotroAVI/NICA at JINR and CERN SPS

Theme leades: A.l. Malakhov
S.V. Afanasiev

Participating countries and international organizations:
Armenia, Bulgaria, CERN, Chin#dia, Mongolia, Romania, Russia, Slovakia, USA, Uzbekistan.

The problem under study and the main purpose of the research:

Study of newphenomena in multiple particle productions associated with the manifestation of the quark and gluon degree
freedom in the interaction of relativistic nuclei. Study of nucleon and nuclear interactions at the VBLHEP acceleratar comp
CERN SPS. Energscan of interactions of nuclei at-288 GeV/nucleon energies and the study of their dependence on the atomi
number of nuclei. Teearch for the critical point on the phase diagram of nuclear matter at the NA61/&@RNECERN). Study

of hadron productio in hadronnucleus interactions. Use of the obtained data for the precision calculations of neutrino spec
and fluxes in the accelerator experiments to study the neutrino oscillations. Investigation of hucleon clustering antttierton

of unstablenuclearmolecular States to the dissociation of light stable and radioactive isotopes, as well as the properties of rare
baryonic matter in the dissociation of heavy nuclei. Experimental and theoretical study of deep subthreshold, cumwdaties proc
the formation of hadrons and antimatter in the transition energy region. Investigation of processes in the region of I
Pr(PrO 1 Ge V/-auhnulativa and cumulative kinematic regions at SPIN and FODS setups. Study of the behavior
elementaryparticles, nucleon resonances and nucleon fluctuations in nuclear matter on the SCAN spectrometer. Preparati
proposals of the experiments at the VBLHEP accelerator complex on the Nuclotron extracted beams and NICA Collider. S
of theshortrangenucleonnucleon correlations and the cluster structure of the nuclei using the beams of ions, polarized prot
and deuterons at the internal target of the Nuclotron.

Project in the theme

Name of the project Project Leaders Project code
1. NAG61/SHINE A.l. Malakhov 02-1-10871-2012/2024
Deputes
A.V. Dmitriev
A.A. Zajtsev
Project:
Name ofthe project Project Leaders Status
Laboratory (Subdivision) Responsibldérom laboratories
1. NAG61/SHINE g.l. l\/[[alakhov Upgrade
A?uDens]itriev Preparation
ez Data analysis
A.A. Zajtsev y
VBLHEP V.A. Babkin, M.G.Buryakov, V.M. Golovatyuk/.A. Kireev,

R.Yu.Kolesnikov, V.A. Matveev.L. Melkumov, M.M. Rumyantsev
DLNP G.l. Lykasov,V.V. Lyubushkin,B.A. Popov, V.V.Tereschenko

Brief annotation and scientific rationale:

The main physics goals include: search for the secoder critical enepoint in the temperature versus barygremical potenti:
phase diagram (looking for nonmonotonic behavior of crifidht signatures, such as transverse momentum and multi
fluctuations, intermittency signal, etc., when system freezes out close to the critical point), study the propertiessef o
deconfinement (search for the onset of the horn, kink, atepdale structures in collisions of light nuclei). In recent year
program has been extended by Pb+Pb collisions where the open charm production, as well as collective effects areext
on the obtained results, few years ago NA61/SHINBihiced a concept of two onsets in nuclausleus collisions at the CEF
SPS energies: onset of deconfinement (beginning of QGP forniatmlfision energy threshold for deconfinement) and ons
fireball (beginning of formation of a large cluster whidbcays statistically systemsize threshold for creation of statisti
system). The strong interactions program is based on beam momentum scaldsg§IBA L GeV/ ¢c) wi t h
mass nuclei (from p+p to Xe+La).
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Expected results uporcompletion of the project

Data analysis of the NA61/SHINE experiment (SPS, CERN). Studies of the birth of hadrons inhadean interactions. Tl
study of the formation of charmed hadrons (mairignBsons) during the interaction of heavy ions in otd@btain new data ¢
the average number of charmed quantiquark pairs and to understand the mechanism of the birth of open charm. O
data for precision calculation of neutrino spectra and fluxes in accelerator experiments for the studynof ostiliations
Completion of the modernization of the TOF system.

Expected results of the projecin the current year:

Processing and analysis of experimental data obtained at the NA61/SHINE installation on p+p, Be+Be, Ar+Sc, O+
collisions. Conducting experimental studies on a beam of relativistic lead nuclei. Investigationrcof@rfidirmation in Ar+C
and Xe+La collisions. The study of the formation of enchanted hadrons in the interaction of heavy ions in order to uting
mechanism of the birth of an open charm.

Activities:
Name ofthe activity Leaders Status
Laboratory (Subdivision) Responsiblérom laboratories
1. Experiment BECQUEREL2023 P.l. Zarubin Data taking
Data analysis
VBLHEP D.A. Artemenkov, V. Bradnova, N.K. Kornegrutsa, Matarjan,

P.A. RukoyatkinV.V. Rusakova, A.A. Zaytsev

Expected resultsupon completionof the activity:

Search and study of the Hoyle state and more complex ntmtdacular States in thaissociation of light nuclei. Analysis
the isotopic composition of the fragmentation of heavy nuclei.dfaetomated microscopes, as well as improvement of tr
technology.

Expected results in the current yearof the activity:

Analysis ofexposures to Xe (NICA/Notron) and Kr (GSI) nuclei to stude decays and the Hoyle state and accompa
Uensembles and search for théebndensate. Estimation of the parameters of accompanying neutrons. Mastering iden
by multiple scattering oHe andH isotopes on a motorized microscope. SearciBerand®B isobaranalogue states in tt
%Be and'%C exposures. Mastering the identification of ensembles of stdppedticles in the fragmentation of nuclei from
composition of he emulsion under the action of relativistic particles.

2. Experiment FASA-3 for registration S.P. Avdeev

Upgrade
of nuclear fragments Preppgaration
Data analysis
DLNP V.l. Stegaylov
FLNR V.V. Kirakosyan, E.MKozulin, G.V. Mushinsky, O.VStrekalovsky
VBLHEP H.U. Abraamian, Z.A. Igamkulov, V. Karach, L.V. Kornyushina,

P.A. Rukoyatkin, Z.A. Sadygov

Expected results upon completion of the activity:

Analysis of the experimental data on the processes of the multiple emissiderofediate mass fragments on the bean
relativistic light ions using a-4 PHASE3 setup for the registration of nuclear fragments. Performing data analysis to de
the mechanism of multifragmentation and to obtain new information about the nuclear phase tratigitidrfego andfliquid-
ga. Investigation of propertiesf hot nuclei formed in the collisions of light relativistic ions with heavy targets. Produci
the detector systeffor the registration of the decay of hypernuclei.

Expected results in the current yearof the activity:

Debugging of the QUARTUS CAEN program at the PHASE spectrometer for registration of nuclear fragments. Ar
experimental data in the framework of statistical and dynamic mdeielparation of a new project.
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3. SCAN-3 S.V. Afanasiev Preparation
D.K. Dryablov Data analysis
Upgrade
VBLHEP Yu.S. Anisimov, A.A. BaldinB.V. Dubinchik,P.R. Kharyuzov,

S.V. Kilchakovskaia, Yu.F. Krechetov, M. Paraypan, D.G. Sakulin,
V.A. Smirnov, E.V. Sukhov, V.V Ustinov, V. Vartik

Expectedresults upon completion of the activity:
Upgrade of the SCAN setup. Analysis of the experimental data on the behavior of nucleon resonances and nucleon
in nuclei, on the search and study of properties of the boundnsésten in nucleamatter.

Expected results in the current yearof the activity:
Testing of a threbeam magnetic spectrometer SCAN. Conducting a technical session on the internal beam of the nuc
adjust the detectors and debug the data collection prognaatysisof experimental data.

4. Acquisition, processing and digitation ~ A.A. Baldin :
of information from bubble chamber V.V. Glagolev Data analysis
and other fixed target experiments
in the conditions of registration
of multiple particle production
in an energy range of 1300 GeV

VBLHEP S.G. Arakelyan, E.G. Baldina, A.V. Belyaev, A.V. Beloborodov,
Ver.V. Bleko, Vit. V.Bleko, D.N. Bogoslovsky, S.A. Chetverikov,
A.P. lerusalimovy.V. llyushchenko, P.R. Kharyuzov, E.A. Klevcov,
D.S. Korovkin, N.E. KukharewW.A., Pukhaeva, O.V. Rogachevsky,
A.B. SafonovA.Yu. Troyan, Yu.A. Troyan

Expected results at the end of the topic or project stages:

Collection, processing and digitization of the film information obtained using bubble chambers and in electronic exper
with fixed targets under the conditions of registration of multiple birth of particles in the energy rangémGEV.
Preparatia of an education programme for highly qualified students for theANptoject.

Expected results in the current yearof the activity:

Analysis of bubble chamber data, search and research of new phenomena based on the JINR LIT supercomputer. R
of the experimental data base in the field of relativistic nuclear physics.

Refinement of the results obtained on a propanenweter chamber, and analysis of data on the results of the NA61/SHII
experiment.

5. Investigation of deepsubthreshold A.A. Baldin Preparation
processes, applied and educdtional Data taking
programs at MARUSYA set up
VBLHEP S.V. AfanasievyV.A. Arefiev, E.G. Baldina, S.N. Bazyle.V. Belyaev,

A.l. Berlev, A.V.Beloborodov, Ver.V. Bleko, Vit. \Bleko,

D.N. BogoslavskyS.A. Chetverikov, D.K. Dryablov, E.A. Efimova,
P.R. KharyuzovE.A. Klevcov, D.S. Korovkin, C.B. Kukharev

A.B. SafonovV.A. SemashkoS.S. Shimansky, |.V. Slepngv

S.Yu. Starikova, A.Yu. Troyan, Yu.A. Troyan

BLTP S.G.Bondarenko
MLIT V.V. Korenkov
DLNP A.N. Fedorov

Expected results upon completion of the activity:

Updating the Marusya installation for conducting the experimental studies with the extracted Nuclotron beams. Inveg
A-dependences of rare subthreshold and cumulative processes of the formation of pions, kaons and antiprotons depe
type and energy of the incoming nuclei, the momentum and angle of the detected particles. Carrying out correlation §
with registration of groups of particles in the final state, one of which is cumulative.
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Expected results in the current yearf the activity:
Reconstruction of the experimental zone of the channel spectrometer in focus F4. Creation of a new installatdaadiamir
system. Commissioning of track detectors. Development and creation of a neutron detector. Testing of the Cherenko

6. Investigation with light and heavy A.l. Malakhov

. f lied h Realization
ions for applied researc Preparation
Datataking
VBLHEP N.N. Agapov, Yu.S. Anisimov, A.A. Baldin, E.G. Baldina, D.K. Dryablov,
M. Paraypan
Expected results upon completion of the activity:
Use of heavy and light ions for applied research.
7. Upgrade of equipment the station S.V. Afanasiev Upgrade
of internal target of the Nuclotron R.Yu.Kolesnikov Data taking
VBLHEP Yu.S. Anisimov, V.N. Bekirov, D.K. Dryablov, B.V. Dubinchik,

S.V. Kilchakovskaia, S.N. Kuznetsov, D.G. Sakulin, T.V. Trofimov

Expected results upon completion of the activity:
Replacement of target operation control electronics from the KAM@dem to modern industrial standards. Creating sof
for new electronics. Production of a target based on the carbon i$é@ope

Expected results in the current yearf the activity:
Preparing the station for operation in the spring Nuclotron Run.

8. Test of the detectors for G.D. Milnov R&D
measurements and control

S . Technical Proposal
the luminosity at the collider P

NICA
VBLHEP K.U. AbraamyanR.A. Akberov, T.Y. Bokova, Z.A. Igamkulov,

L.V. Kornyushina,.l. Migulina, A.Z. Sadygov, Z.Y. Sadygov, V.l. Shokin
FLNP E.l. Litvinenko

Expected results upon completion of the activity:
Creation of a detector and development of algorithms for configuring beam reduction in the NICA collider.

Expected results in the current yearf the activity:
Preparation of a technical project for luminosity measurement at the NICA collider.

Production of two planes for the luminosity measurement detector.

9. StU(ij of theI short ran?e_ V.P. Ladygin Preparation
nucleorrnucleon correlations Data taking
at modernized internal target
station at Nuclotron
VBLHEP Yu.V. Gurchin, A.Yu. Isupov, N.B. Ladygina, A.l. Malakhov, S.G. Reznik

A.A. Terekhin, A.V. Tishevsky

Expectedresults upon completion of the activity:
Preparation of a project to study spin asymmetries at the LHEP accelerator complex.

Expected results in the current yearof the activity:
Processing of experimental data obtained &t beam with an energy ofGeV/nucleon
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10.Search and investigation of a new V.A. Nikitin
charged particle in the 2120 MeV
mass range
VBLHEP M.Kh. Anikina, A.V. Beloborodov, V.S. Rikhvitsky, A.Yu. Troyan,
A.A. Zaicev

Data analysis

Expected results upon completion of the activity:
Search and investigation otharged particle in the-220 MeV mass range.

Expected results in the current yearf the activity:
Addition of existing results with new data.

11.Fundamental and applied researct A.A. Baldin Development and testing of
with relativistic electron beams in diagnostic systems
the framework of FLAP Data acquisition and analysis
collaboration
VBLHEP A.V. Beloborodov, \ér.V. Bleko, Vit.V. Bleko, D.N.Bogoslovskiy,

D.S.Korovkin, A.B. Safonov, S.AChetverikov, P.RKhar'yuzov,
E.G.Baldina, E.AKlevtsova, V.A.Kukharev, V.V.Kobets,
M.A. Nozdrin, Yu.A.Troyan

Expected results upon completion of the activity:
Development oéecondary particle detectors for collider experiments.

Study of mechanisms of electromagnetic interactions and regularities of generation of electromagnetic radiations

controllable generation of THz radiation.

Development of a test bench for igtgation of neutron spectra with time of flight energy measurement system.

Expected results in the current yearof the activity:

Development and beam tests of particle detectors based on fast scintillators.

Registration of GHz radiation from actit@rgets irradiated by relativistic electron beams.

Development of a test bench for registration of secondary neutrons.

Collaboration

Country or International Organization City Institute or laboratory
Armenia Yerevan Foundation ANSL
YSU
Belarus Minsk INP BSU
Bulgaria Blagoevgrad AUBG
Sofia INRNE BAS
Inst. Microbiology BAS
SuU
CERN Geneva CERN
China Beijing CIAE
IHEP CAS
Wuhan CCNU
India Jaipur Univ.
Mumbai BARC
Mongolia Ulaanbaatar IPT MAS
Romania Bucharest IFIN-HH
uB
Magurele ISS
Russia Belgorod BelSU
Chernogolovka ISMAN RAS
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Slovakia

USA
Uzbekistan

Moscow

Moscow, Troitsk
Protvino
Smolensk

Saint Petersburg
Tomsk
Vladikavkaz

Bratislava
Kosice

lowa City, IA
Jizzakh
Samarkand
Tashkent
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LPI RAS
MSU

SINP MSU
INR RAS
IHEP

SSuU

FIP

TPU

NOSU

VTC fBaspilo
IP SAS
UPJS

Ulowa

JDPU

SamSuU
Assoc. P-S. PTI



02-1-10882009

ALICE.
Study of Interactions ofHeavy lon and Proton Beamst the LHC

Theme leader: A.S. Vodopyanov

Participating countries and international organizations:

Armenia,Austria, Azerbaijan, Bangladesh, Brazil, Bulgaria, CERN, China, Croatia, Cuba, Czech Republic, Dé&imtearé,
France, Germany, Greece, Hungary, India, Indonesia, Italy, Jsljadta, Mexico, Netherlands, Norway, Pakisté&eru, Poland,
Republic of Korea, Romania, Russia, Slovakia, South Africa, Sri Lanka, Swidsgand, Turkey, Ukraine, United Kingdom,
USA.

The problem under study and the main purpose of the research:
Experimental study of heavy ion interactions at relativistic and-teéfedivistic energies.

Project of the theme:
Name of the project Project Leader Project code
1. ALICE A.S.Vodopyanov 02-1-10881-2010/2025

Project and activities.

Name Leader Status
Laboratory (Subdivision) Responsiblérom laboratories
1.1 ALICE. Particle detectors A.S. Vodopyanov Realization
VBLHEP V.l. Astakhov, V.A. Arefiev, S.CCeballosR.A. Diaz,
V.H. Dodokhov,E.M. Klass, V.l. Lobanov, P.V. Nomokonov,
I.A. Rufanov

Brief annotation and scientific rationale:
Participation in the preparation of proposals for the modernization of the ALICE detestperaonducting magnet, an exte
tracker based on silicon sensors.

Expected results upon completion of the project:
Participation in the maintenance and operation of the ALICE det&adicipation in the preparation of the modernization @
ALICE detector: a superconducting magnet, an outer tracker based on silicon sensors.

Expected results of the projecin the current year:
Participation in the maintenance and operation of the ALICE detédtdyoration of the technical project of an electrgnetic
calorimeter and an outer tracker

1.2 Physical process simulation B.V. Batyunya Realization
and data analysis
VBLHEP M.Yu. Barabanov, S.S. Grigoryan, A.V. Kuznetsov, L.V. Malinina,

K.P. Mikhaylov, V.N. Pozdnyakov, E.P. Rogochaya,
Yu.L. Vertogradova

DLNP G.l. Lykasov

BLTP D. Blaschke, S.NNedelko
Brief annotation and scientific rationale:
Participation in the development of the ALICE scientific program and the processing and analysis of experimental dat

Expected results upon completion of the project:
Processing and analysis of experimental data on femtoscopy of charged kaons anéphkrapateractions in collisions of
protons, nuclei and nuclei with protons. Preparation of publications, reports at international conferences.
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Expected results of the projecin the current year:
Processing and analysis of experimental data on femtoscopy of charged kaons and ultraperipheral interactions in coll
protons, nuclei and nuclei with protof&reparation of publications, reports at international conferences.

1.3 ALICE. Computing in the distributed A.S. Vodopyanov

Realizati
environment-GRID calization
VBLHEP B.V. Batyunya, E.PRogochaya, G.G. Stiforov
MLIT A.O. Kondratiev, V.V. Mitsyn

Brief annotation and scientific rationale:

Processing and analysis@fperimental data are carried out within the framework of the distributed computer network (
the ALICE collaboration. Modernization of equipment and software is carried out on a permanent basis. The LIT JINR
is part of the ALICE GRID.

Expected results upon completion of the project:
Maintaining the working state of the ALICE GRID part at JINR.

Expected results of the projecin the current year:
Maintaining the working state of the ALICE GRID part at JINR.

1.4. Photon Spectrometer PHOS A.S. Vodopyanov

Realization
P.V. Nomokonov
VBLHEP M. Buryakov, A.Burdyko, S.Buzin, N.V. GorbunovA.V. Kuznetsov,
S.A. Rufanov

Brief annotation and scientific rationale:
In connection with the need to radically improve tinge resolution of the PHOS electromagnetic calorimeter, work is und
to develop a new system for reading signals from lead tungstate crystals.

Expected results upon completion of the project:
A new system for reading signals from leadgstate crystals based on silicon photomultipliers and new recording electr
proposed.

Expected results of the projecin the current year:
Development of new registration electronics, testing of prototypes on PS and SPS CERN beams.

1.5 Superconducting magnet A.S. Vodopyanov Project
VBLHEP N.A. Baldin,V.Kh. Dodokhov, V.l.Lobanov, Yu.YulLobanov,
I.A. Oleks

Brief annotation and scientific rationale:
As part of the modernization of the ALICE detector (PHASE?2),plasined to create a superconducting magnet.

Expected results upon completion of the project:
Participation in the design and creation of a superconducting magnet.

Expected results of the projecin the current year:
Elaboration of the stages wfanufacturing a superconducting cable.

Collaboration

Country or International Organization City Institute or laboratory
Armenia Yerevan Foundation ANSL
Austria Vienna SMI
Azerbaijan Baku NNRC
Bangladesh Dhaka DU
Brazil Campinas, SP UNICAMP

Porto Alegre, RS UFRGS

Santo Andre, SP UFABC
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Bulgaria

CERN
China

Croatia

Cuba
Czech Republic

Denmark
Finland

France

Germany

Greece
Hungary
India

Indonesia
Italy

Sao Paulo, SP
Sofia

Geneva
Beijing
Hefei
Shanghai
Wuhan

Split
Zagreb

Havana
Prague

Rez
Copenhagen
Helsinki
Jyvaskyla

ClermontFerrand

Grenoble
Lyon
Nantes
Orsay
Saclay
Strasbourg
Villeurbanne
Bonn
Darmstadt

Frankfurt/Main

Heidelberg
Munich
Munster
Tubingen
Worms
Athens
Budapest
Aligarh
Bhubaneswar
Chandigarh
Guwabhati
Indore
Jaipur
Jammu
Jatani
Kolkata

Mumbai

Jakarta
Alessandria
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USP

IAPS

SU

CERN
CIAE
USTC
SINAP CAS
CCNU
HBUT
Univ.

RBI

uz
CEADEN
CTU

IP CAS
uJv

NBI

HIP

uJ

LPC

LPSC

UL
SUBATECH
IJCLab
IRFU
IPHC

CC IN2P3
UniBonn
GSlI

TU Darmstadt
FIAS

Univ.

Univ.

TUM
WWUuU
Univ.

ZTT

UoA
Wigner RCP
AMU

IOP

PU

GU

IIT Indore
Univ.

Univ.
NISER
BNC

SINP

uc

VECC
BARC

IIT Bombay
LIPI

DiSIT UPO



Japan

Malta
Mexico

Netherlands

Norway

Pakistan

Peru
Poland

Bari

Bologna

Brescia
Cagliari

Catania

Erice
Foggia
Frascati
Legnaro
Messina
Padua

Pavia
Rome

Salerno
Trieste

Turin

Vercelli
Hiroshima
Nagasaki
Nara
Osaka
Saga
Tokai
Tokyo
Tsukuba
Wako
Msida
Culiacan
Mexico City

Puebla
Amsterdam

Utrecht
Bergen

Oslo
Tonsberg

Islamabad

Lima
Krakow
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DIF

INFN
Poliba
INFN
UniBo
UNIBS
INFN
UniCa
INFN
UniCT
EMFCSC
Unifg
INFN LNF
INFN LNL
UniMe
INFN
UniPd
UniPv
CREF
INFN
Univ. fiLa Sapienza
INFN
INFN
UNITR
INFN
Polito
UniTo
UPO
Hiroshima Univ.
NiAS
NwWU
RCNP
Saga Univ.
JAEA

uT

Univ.
RIKEN
UM

UAS
Cinvestav
UNAM
BUAP
AUAS
NIKHEF
uu

HVL

uiB

uio

USN
COMSATS
PINSTECH
PUCP
AGH

INP PAS



Republic of Korea

Romania

Russia

Slovakia

South Africa

Sri Lanka
Sweden
Thailand

Turkey

Ukraine

United Kingdom

USA

Otwock (Swierk)
Warsaw
Cheongju
Daejeon
Gangneung
Incheon

Jeonju

Pusan

Seoul

Bucharest

Magurele
Gatchina
Moscow

Moscow, Troitsk
Novosibirsk
Protvino

Sarov

Saint Petersburg
Bratislava
Kosice

Cape Town
Johannesburg
Somerset West
Moratuwa

Lund

Bangkok
Chachoengsao

Nakhon Ratchasima

Istanbul

Konya
Kharkov

Kiev
Birmingham
Daresbury
Derby
Liverpool
Austin, TX
Berkeley, CA

Chicago, IL
Columbus, OH
Detroit, Ml
Houston, TX
Knoxville, TN
Los Alamos, NM
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NCBJ

WuUT

CBNU

KIST

GWNU

Inha

JBNU

PNU

Konkuk Univ.
SJU

Yonsei Univ.
IFIN-HH
UPB

ISS

NRC KI PNPI
ITEP

NNRU fiMEPhIO
NRC KI
SINP MSU
INR RAS
BINP SB RAS
IHEP
VNIIEF

FIP

CuU

IEP SAS
TUKE

UPJS

UCT

WITS
iThemba LABS
Univ.

LU

KMUTT
TMEC

SLRI

SUT

Univ.

YTU

Karatay Univ.
NSC KIPT
BITP NASU
Univ.

DL

Univ.

Univ.

uT

Berkeley Lab
ucC

CsuU

osu

Wsu

UH

UTK

LANL



New Haven, CT Yale Univ.

Oak Ridge, TN ORNL
Omaha, NE CreightonUniv.
San Luis Obispo, CA Cal Poly
West Lafayette, IN Purdue Univ.
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02-1-10962010

Study of Rare Charged Kaon Decays and Search for Dark Sector
in Experiments at the CERN SPS

Theme leader: V.D. Kekelidze

Deputies D.V. Peshekhonov
D.T. Madigozhin

Participating countries and international organizations:
Belarus, Belgium, Bulgaria, Canada, CERN, Chile, Czech Republic, France, Germany, ltaly, Kazakhstan, Mexi
RomaniaRussia, Slovakia, Switzerland, Unit&thgdom, USA.

The problem under study and the main purpose of the research:

Search for and study of rare kaon decays and CP violation processes. Search for rare events wgimydbaadmissing energy
techniques with CERN SPS secondary beams. Searphdaomena beyond the Standard Model. Construction and maintenanc
of detectors.

Projects in the theme

Name of the project Project Leaders Project code
1 NA62 V.D. Kekelidze 02-1-10961-2010/2024
Deputy:

D.T. Madigozhin

2. NA64 V.$. Matveev 02-1-10962-2017/2026
D.V. Peshekhonov

Projects:
Name of the project Project Leaders Status
Laboratory (Subdivision Responsible frontaboratories
1. NA62 \S.D. It<ekelidze Data taking
eputy: g
D.'IP. l\/)I/adigozhin Data analysis
VBLHEP A.N. BaevaD. Baigarashew.V. Bautin, A.A. Belkova,

D.D. Emelyanovy.L. Enik, V.P. FalaleevS.R. Gevorgyan,

V.N. Gorbunova, E.A. Gudzovsky, |I. Kambar, D. Kereibay,

A.M. Korotkova, M. Misheva, N.A. Molokanova, I.A. Polenkevich,
K.M. Salamatin, S.NShkarovsky

Brief annotation and scientific rationale:

Realization of the NA62 Project allows to clarify the-@Blation problem, to measure precisely very rare charged kaon
to charged pions and two neutrinos, to carry out a searshif@ersymmetric particles and their partners to observe physics |
the Standard Model. In addition, the characteristics of rare kaon and hyperon decays will be imptrawedetectors of th
NA62 high resolution magnetic spectrometer working in vatwill be supported during experimental runs. Developmen
new detector prototype based on straws with a smaller diameter will be started to use it at higher intensity of tBefbeare
for simulation, data analysis and processing will be develope

Expected results upon completion of the project:

Measurement of the rare decay of a charged kaon into a pion and two neutrinos with an accuracy of about 10%, whic
it possible to refine the parameters of the CabikibbayashiMaskawa matrix ad will be a decisive test of the Stand
Model. In addition, the probabilities and other parameters of a number of rare decays of charged kaons will be meast
will make it possible to refine the parameters of the Chiral Perturbation Theoryh déscribes strong interactions at
energies.

Expected results of the projecin the current year:
1. NA62 and NA48/2 data analysis will be carried owtoTarticles will be published in peesviewed journals with decisive
participation of JINR staffi data analysis
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2. Software for the simulation of the magnetic spectrometer and fulpsetll be developed; system for detector calibratior
and event reconstruction will be upgraded; general software of the experiment will be developed.

3. Participaion in the maintenance of the NA62 spectrometer, as well as in the development and maintenance of the ¢
system for all detectors of the experiment.

4. Participation in the development of a straw detector for high intensity beams.

5. Participationn the NA62 experimental run at the CERN SPS.

2. NA64 V.A. Matveev

Preparation
D.V. Peshekhonov Data taking
Data analysis
VBLHEP T.L. Enik, S.V. Gertsenbergel. Kambar,G.D. Kekelidze,
E.A. Kasianova, V.A. Kramarenko, V.M. Lysa,M. Salamatin,
E.V. Vasilieva, P.V. Volkov, I.A. Zhukov
DLNP V.N. Frolov
BLTP A.S. Zhevlakov

Brief annotation and scientific rationale:

The main objective of the NA64 experiment is to searchnfaw physics beyond the SM, namely the search for the
photon(A"), hypotetical boson with 16.7 MeV mass and other manifestations of the dark sector in the experiments on
SPS electron and muon secondary bedmecking detectores based on thraw tube technology support. Software for data
simulation and analysis will be developed. Data analysis will be provided.

Expected results upon completion of the project:
The main aim of the NA64 project is s search of the new physics beyoB¥Mtheamely the search on the secondary CERN
electron and muon beams of the dark photon (A") and hypotetical 16,7 GeV boson as well as other dark sector manife

Expected results of the projecin the current year:
1. NAG64, analysis of the exparental data.

2. Operation and support of the detectors.

3. Participation in NA64 experimental rumsthe experimental zone on the H4 and muon SPS channels, CERN.

4. Online and offline software development, for the straw chambers analysis and foAfReexperiment in particular.

Collaboration

Country or International Organization City Institute or laboratory
Belarus Minsk INP BSU
Belgium Louvainla-Neuve UCL
Bulgaria Blagoevgrad Swu
Plovdiv PU
Sofia SuU
Canada Vancouver TRIUMF
UBC
CERN Geneva CERN
Chile Valparaiso UTFSM
Czech Republic Prague Cu
France Marseille CPPM
Germany Bonn UniBonn
Mainz JGU
Italy Ferrara INFN
Florence INFN
Frascati INFN LNF
Genoa INFN
Naples INFN
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Kazakhstan
Mexico
Romania
Russia

Slovakia
Switzerland

United Kingdom

USA

Perugia
Pisa
Rome

Turin

Almaty

San Luis Potosi
Bucharest
Moscow
Moscow, Troitsk

Protvino
Tomsk
Bratislava
Lausanne
Zurich
Birmingham
Bristol
Glasgow
Lancaster
Boston, MA
Fairfax, VA
Menlo Park, CA
Merced, CA
Upton, NY

115

INFN
INFN
INFN
Univ. fiTor Vergata®
INFN

INP
UASLP
IFIN-HH
LPI RAS
HPPI RAS
INR RAS
IHEP

TPU

CuU

EPFL
ETH

Univ.
Univ.
UofG

LU

BU

GMU
SLAC
UCMerced
BNL



Experiments at theNICA accelerator complex

02-1-10862009

Strangeness in Hadronic Matter and Study of Inelastic Reactions
Near Kinematical Borders

Theme leaders: E.A. Strokovsky
E.S. Kokoulina
D.O. Krivenkov

Participating countries and international organizations:
Belarus, Czech Republic, Japan, Russia, Slovakia, Ukraine

The problem under study and the main purpose of the research:
Strangeness in hadronic matter and study of boundary effects:
1. Study of stabilizing effects aftrangeness in nuclear matter and properties of the lightest hypernuclei

2. Study of multiparticle dynamics in the inelastic protproton and protomucleus interactions with extremally high
multiplicity.

3. Study of spectra and yields of sgiotons in the deuteremucleus and nucleusucleus interactions
4. Determination of hadronization parameters at NICA energy at the SPD facility

5. Study of ShortRange Correlated (SRC) pairs of nucleons.

Activities:
Name ofthe activity Leaders Status
Laboratory (Subdivision) Responsible fronaboratories
1. Experiment NIS-GIBS Eﬁ itrpkovsky Realization
. Lukstins .
D.O. Krivenkov Data taking
VBLHEP V.D. Aksinenko,M.H. Anikina, K.V. AsadovaT. Atovullaev,
A. Atovullaeva, A.V. Averyanov, S.N. Bazylev, A.E. Baskakov,
D.V. DementievA.A. Feschenko, A.A. Fedyunin, A.l. Filippov,
S.V. GertsenbergeA.S. Khvorostukhin, A.M. Korotkova,
Yu.A. Murin, S. Nepochatykh, O.V. Okhrimenko, S.N. Plyashkev
N.G. Parfenova, M. Patsyuk, P.A. Rukoyatkin, A.V. Salamatin,
A.V. Shipunov,M.O. Shitenkov, A.D. Sheremetiely. Slepnev,
V.M. Slepnev, N.A. Tarasov, A.V. Terleskiy, A.L. Voronin
DLNP B.A. Popov, V.V. Tereschenko, S.V. Tereschenko
OCE A.N. Parfenov

Brief annotation and scientific rationale:

The study of properties of the lightest hypernuclei is actual, has high significance and the Nuclotron beam is suitat
investigate these tasks. The study of properties of light netitroypernuclei is of great interest, first of all, to diathe theon
of the intranuclear nucleemucleon interactions: the neutron hagd\ interaction including N i EN conversion and the spi
dependeng N interaction etc. The special interest to this investigation is because of absence of reliabl€gaapertie:
and theoretical predictions that are strongly depend on model and controversial. Simultaneously, the lifetimes and
cross sections df] and®) will be studied in the same experimefhe and measuremestc an be usedoi
to confirm the production and decay®gf .

Expected results upon completion of the activity:
1. Experimental conclusion about the existence of the hypernugheus

2. New experimental data on the properties of the lightest hypernucleexgmetimental verification of correspond
theoretical models fahesehypernuclei.
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3. New experimental data on the dtipe location for loosely bound light hypernuclei with high neutron excess, necess
the development of the theory of neutmach hypernuclei and models of their production in raEmtral nucleusiucleus
interactions.

4. New experimental data on the production of strangeness and vector mesons (including those, containing strange
polarized photons (close to the relevant thréddjo

Expected results of theactivity in the current year:
1. Data taking fofsH search using beam d@fi nuclei. Analysis of the first experimental data for thE search and for tt
measurements of hyperhydrogen isotdgésand; H lifetimes.

2. Upgrade of the HyperNIS magnetic spectrometer (tracking system) by adding the planes of GEM detectors. Thes
which have already been (partially) purchased and are being tested at the HyperNIS setup by staff, will be intetres
setup to improve accuracy of the hypernucleus decay vertex determination. Preparation of a project for joint e
with SRC, integration of detectors, development of a technical design for a spectrometer with two magnets (inste
a secad magnet, supply of communications, supports for detectors), common data acquisition systems (design
MC for the optimal geometry of joint detectors.

3. Within the collaboration with Japan: data taking at LEPS/LEPS2 setups on the productiangdrstss and vector mes
(including those, containing strange quarks) by polarized photons (close to the relevant thresholds); analysis of b
reactions, taken before.

4. Preparing th@ew combined HyperNIS and SRC project.

2. SRC M. Patsyuk Realization
Data taking
VBLHEP V.D. Aksinenko,M.H. Anikina, T. Atovullaev, A. Atovullaeva,

A.V. Averyanov, A.A. Feschenko, S.V. Gertsenberger, A.M. Korotkova
S. Nepochatykh, O.V. Okhrimenko, N.G. Parfendgd\. Plyashkevich,
P.A. RukoyatkinA.V. Salamatin

DLNP V.V. Tereschenko

Brief annotation and scientific rationale:

The properties of nuclei are defined by interaction of tbeirstituents: nucleons on the level of lower resolution and g
and gluons at high resolution. The relation between these two descriptions remains a challenBangkdtiorrelated (SR
pairs of nucleons, which are temporary fluctuations of stromggyacting nucleons at a distance of around nucleon radit
individual momenta larger than that of md#eid nucleons, are coupled to both nuclear scales. Electron scattering expe
have shown the fareaching impacts SRCs have on the mhagly ystems, the nucleenucleon interaction, and nucle
substructure.

Expected results upon completion of the activity:

The emphasis for the next SRC experiment planned at the new HyperNIS location will be refined based on the anal
The main ida of this proposal is to show that the SRC setup can fit into the HyperNIS setup with minimal distraction. |
a larger band by the magnetic field is needed to obtain the required resolution. For that a second magnet needsed.
Another solition is creating a new analyzing magnet instead of the installed one.

Expected results of theactivity in the current year:
1. SRC at BM@Nlata analysis.

2. Estimation of the momentum resolution of the HyperNIS magnetic spectrometeparspective of solving the problerr
of the SRC experiment.

3. Estimation of the momentum resolution of the HyperNIS magnetic spectrometer for solving tasks of the SRC exp

4. Preparing the@ew combined HyperNIS and SRC projetttead of activity.

3. NEMAN \Eli EQKKQU””a Project preparation
-A. Nikitin Data taking
VBLHEP V.P. Balandin, N. Barlykov, Yu.T. Borzunov, V.B. Dunin, V. Dudin

O.P. Gavrischuky.Yu. lvanenkoD.A. Kirillov, A.V. Konstantinov,
R.l. KukushkinaV.V. Popov,l.A. Rufanov,S.Yu. Sinelcshikova,
M.V. Tokarev,V.A. Zykunov

BLTP Yu.A. Bystritsky
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Brief annotation and scientific rationale:

In high energy physics, events are usually analyzed for which the deviation from the awsl#geity does not exceed tv
average values. Events with a higher multiplicity occur extremely rarely, so it is difficult to collect large statigtiesrfoir
addition, there are difficulties in processing them. When planning any experiment tisinsutéae performed, but despite the
that the number of Monte Carlo generators increases every year, their predictions deviate significantly in the regi
multiplicity. Setting their parameters at the given energy stops working when movéingigher energy. All this indicates
significant misunderstanding of the mechanism of multiple production. The study of events with the production of a la
of secondary particles will allow a deeper understanding of strong interactions, indhelingdronization stage. In the rec
of high multiplicity, a series of collective phenomena with a quantum nature are predicted, such as the formation Bbse;
Einstein) condensate, an excess soft photon (less than 50 MeV) yield, Cherenkdanradligiuons by quarks, and others
this region, the longitudinal component of the momentum approaches the transverse component, reaching it. This i
disappearance of the leading effect, and in the same region, apparently, the formatonddresate begins. These and ¢
collective manifestations in the behavior of secondary particles can be studied at the future NICA collider in the SE
since it is planned to register events in the absence of any trigger. This project isagtelying the gluon component of
nucleon. The study of processes with high multiplicity in the model of gluon dominance developed at JINR will provideat
knowledge about the gluon component of the nucleon and its contribution to hadronization

Expected results upon completion of the activity:
1. Preparation of a physics program for the study of collective phenomena in the region of high multiplicity in pr
deuterium interactions at the SPD facility at the NICA collider.

2. Development of the gluon dominance model for the collective behavior study of secondary particles in high m
events at the energies of the future NICA collider at the SPD facility. Estimates of the contribution of gluon brems
by quarks ad gluon fission as dominant elementary QCD processes in this regiimatesof hadronization parameters
different kinds of hadrons.

3. Designing of a standlone multichannel spectrometeailorimeter for detecting soft photons and using it to mease
polarization by the SPILER polarimeter at the output of a spin polarization source (SPI).

4. Determination of the critical region of multiplicity, at which the longitudinal and transverse components of the mc
become the same (the disappearance ofetiding particle) and the establishment of its connection with the region
pionic condensate formation.

Expected results of the activity in the current year

1. Designing of electronics for reading and controlling silicon photomultipliers (SiPM) dfardalone multichanne
spectrometecalorimeter for detecting soft photons and using it to measure the polarization of the SPILER polarime
output of a spin polarization source (SPI).

2. Manufacture of a spectrometealorimeter prototype togetheiithv colleagues from Belarus.
The detailed simulation of the deuterdauteron interaction at the planing beam energy.

Manufacture of scintillation counters based on vacuum PMTSs, and, further, as a development of the workable con
on solidstate MTs (SiPM). Reading control and presentation of the received information will be carried out direct
source control panel workstatiohesting the prototype on the PNPI beam.

5. Participation in the development of a physics program at the future &#iDyfwith unpolarized and polarized beam:
light nuclei and protons to study the behavior of multiplicity. Simulation of pp (dd, pd) interactions at energies up\c

6. Preparation of a physics program aimed at searching for collective phenonemais with a large (exceeding aver
multiplicity, in particular, the pion (BosEinstein) condensate discovered at théQJaccelerator, excess soft photon yi
Cherenkov radiation of gluons by quarks, disappearance of the leading particle effect.

7. Detailed study of the parameters of the hadronization stage for charged and neutral mesons and baryons il
dominance model.

8. Preparinghe NEMAN projectinstead of activity.

Collaboration

Country or International Organization City Institute or laboratory
Belarus Gomel GSTU
Minsk IAP NASB
IP NASB
Czech Republic Prague CTU
CuU
Japan Osaka RCNP
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Russia

Slovakia
Ukraine

Chernogolovka

Moscow

Moscow, Zelenograd

Protvino
Syktyvkar

Banska Bistrica

Kiev
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02-1-109%2010

Study of Polarization Phenomena and Spin Effects
at the JINR Nuclotron-M/NICA Facility

Theme leader: E.A. Strokovsky

Deputies: N.M. Piskunov
V.P. Ladygin
R.A. Shindin

Participating countries and international organizations:
France, Japan, Romania, Russia, Slovakia, Sweden, United Kingdom|Jds&kistan.

The problem under study and the main purpose of the research:

Polarization studies are undoubtedly relevant now. They combine the efforts of the JINR Laboratories and many fort
laboratories, both participating andn-participating countries, in the design and conduct of experiments using unique beams
polarized deuterons with energies ranging from 5 MeV per nucleon to 5.6 GeV/n, secondary beams of polarized protons
neutrons, as well as beams of polarized gstdirectly accelerated in the Nuclotron. The possibility of obtaining beams of
accelerated polarized protons in the Nuclotron without significant investment, demonstrated in 2017, became the basi
intensifying work on the spin program of the NICA jgat and, in particular, for the development of polarimetry techniques, the
creation of new methods for precise control of the direction of the spin of protons, deuterons and other particlesofthie part
work on the topic is directly related to theeation of the NICA complex and the testing of a new approach to controlling the
polarization in the spin transparency mode. Of undoubted interest is also the study of the possibility of setting umexaerime
the collider to measure EDM and parity viiden. Within the framework of the theme, two projects are being carried out:
ALPOM-2 and DSSPreparation of the project on spin effects measurements in nuuletear scattering with using Movable
Polarized Target and modernized Deigma spectrometés under consideratioff.aking into account the presence of polarized
beams, new experimental data will be obtained on the study of elgchange processes, on the study of the structureasic?
3-nucleon correlations in the reactions of deutgporton elastic scattering and deuteron breakup, by measuring tensor analyzin
power and spin correlation in the dp scattering reaction in the deuteron core region, as well as other processes tinizrdre imy
for the development of theoretical models desnghihe interactions of the simplest nuclear systems with allowance for relativisir
and the contribution of the meson and qugltion components of the internal motion of constituents in nucleons.

Projects in the theme

Name of the poject Project Leaders Project code
1. ALPOM-2 N.M. Piskunov 02-1-109%1-2010/2024
Deputies:

E. TomasiGustafsson
C.F. Perdrisat

V. Punjabi
2. DSS V.P. Ladygin 02-1-10972-2010/2024
Projects:
Name of the poject Project Leaders Status
Laboratory (Subdivision) Responsible fronaboratories

1. ALPOM-2 N.M. I?|slfunov Preparation
Deputles.. Data taking
E. TomasiGustafsson
C.F. Perdrisat
V. Punjabi

VBLHEP S.N. Bazylev, O.P. Gavrishchuk, V.V. Glagolev, A.A. DruzhinA. Kirillov,

K.S. Legostaeva, A.N. Livanov, P.A. Rukoyatkin, R.A. Shindin, I.M. Sitnik

Brief annotation and scientific rationale:

At present, it is necessary to measure the analyzing powers of protons and neusaatterimg on CH2, CH and other
targetsSuch data are necessary for experiments requinggsurements of the polarization of protons and neutrons in nucleau
reactionslt also needs optimizatidmadronic polarimetry and expanding the database on analyzing powers both for pinetons,
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same for neutronghis is possible only in Dubna, where polarized proton beamsi@udons obtained by fragmentation of
accelerated potezed deuterons.

Expected results upon completion of the project:
Investigation of the analyzing powers in the scattering of polarized protons (at momenta up to 7.5 GeV) and neutronstéat mor
up to 6 GeV) on polyethylene, at the ALP@\setup.

Expectedresults of the projectin the current year:
Completion of the modernization of the setup (new drift chambers and a nexapgdeare hadronalorimeter), the beginning of
measurements on beams of polarized nucleons.

2. DSS V.P. Ladygin Preparation
Data taking
VBLHEP E.V. Chernykh, Yu.V. Gurchin, A.Yu. Isupov, N.B. LadygitasS. Legostaevs

A.N. Livanov, S.G. Reznikov, A.A. TerekhiA.V. Tishevsky, I.S. Volkov
DLNP G.l. Lykasov

Brief annotation and scientificrationale:

Study of the structure of-2and 3nucleon correlations in the reactions of deutgsoston elastic scattering ani@uteron decay

by measuring the tensor analyzing power and spin correlatidps$cattering reactions in the region of theuteron nucleus, as
well as other processes important for the developthewoiretical models describing the interactions of the simplest nuclear
systems, taking into account relativiemd the contribution of the meson and qugldon components of thetarnal motion of
components in nucleons.

Expected results upon completion of the project:

Measurement of the structure of @&hd 3nucleon correlations in deutergmoton elastiscattering and mesonless decay of the
deuteron in experiments on the int@rtarget of the NuclotroMeasurement of cross sections and analyzing powers of these
reactionsPerforming experiments aontrol of the proton spin on the internal target of the Nuclotron.

Expected resultsof the projectin the current year:

Completon of the analysis of data on the analyzing poweys Ay and Ay of the deuteroiproton scatteringt energies
400-1300 MeV.Modernization of the proton polarimeter on the internal tafalication of the results obtained on polarimetry
and on deutem analyzing powerdeuterorproton scattering up to an energy of 1800 MeV.

Activities:
Name of the activity Leaders Status
Laboratory (Subdivision) Responsible fronaboratories
1. Development of spin physics A.V. Butenko Realization

research infrastructure at the Nuclotron

and other facilities. Design, construction

and development of spin controland

polarimetry systems. nsideration

of newexperiments on polarizedbeams

of the NICA complex

VBLHEP A.V. Averyanov, Yu.N. Filatov, V.V. Fimushkin, A.S. Galoyan,
D.O. Krivenkov, R.A. Kuzyakin, M.V. Kulikov, V.P. Ladygin,
K.S. Legostaeva, A.N. Livanov, N.M. Piskunov, S.G. Reznikov,
R.A. Shindin, E.A. Strokovsky, A.M. Taratin

DLNP Yu.N. Uzikov
LIT V.V. Uzhinsky

Brief annotation and scientific rationale:

The possibility of obtaining beams of accelerated polarized protons in the Nuclotron without sigimfieatthent, demonstrated

in 2017, became the basis for tikensification of work on the spiprogram of the NICA project and, in particular, for the
development of polarimetry methods, the creation of new mehredsse control of the direction of rotation of protons, deuterons
and other particleg his part ofthe worktopic is directly related to the creation of the NICA complex and the development of &
new approach to managemeuatarization in the spin transparency regif@¢undoubted interest is also the stuldg possibility

of setting up experiments ohe collider to measure the EDM and parity violation.
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Expected results upon completion of the project:

Development of infrastructure for spin research at the NucldtiKA complex andother installationsPreparation of
technical projects for spin caot systems and polarimetrpinalysis of the possibility of setting up new experiments with
polarized proton beanand deuterons at the NICA complex, in particular on the search for EDM.

Expected resultsof the projectin the current year:

Creation of groject for the placement of elements of polarimetry for beam diagnostics and polarizationicah&r&PD section
of the NICA collider ring.Completion of the modernization of the polarimeter in the F3 fdeteparation of terms of reference
for the nanufacture of a proton polarimeter based on a cluster target.

2. Delta-Sigma setup. R.A. Shindin
Preparing a project of measurement Yu. A. Usov(DNLP)
spin effects in the nucleomuclear scattering
using modernized movablepolarized target
and advanced spectrometer

Data analysis
Proposal preparation

VBLHEP C.P. Avdeev, A.A. Druzhinin, O.P. GavrishchiXx Q. Grafov,
D.A. Kirillov, A.N. Livanov
DLNP N.S. Borisov, N.A. Bazhanov, M. Finger
FLNP A.N. Chernikov
3. Experiments on the programSTRELA N.M. Piskunov Data taking
at polarized deuteronbeam
VBLHEP S.N. Bazylev, V.V. Glagolev, A.A. Druzhinin, D.A. Kirillov,

A.A. Povtoreyko, R.A. Shindin, I.M. Sitnik

4. Theoretical calculations ofpolarized
processes
VBLHEP A.P. lerusalimoyN.B. Ladygina

V.K. Lukyanov (BLTP) Data analysis

Collaboration

Country or International Organization City Institute or laboratory
France Orsay IPN Orsay
Saclay IRFU
Japan Hiroshima Hiroshima Univ.
Wako RIKEN
Romania Bucharest INCDIE ICPECA
Russia Belgorod BelSU
Moscow LPI RAS
NRC Kl
Moscow, Troitsk INR RAS
LPP LPI RAS
Slovakia Bratislava IP SAS
Kosice IEP SAS
UPJS
Zilina UNIZA
Sweden Uppsala TSL
United Kingdom Glasgow UofG
USA Newport News, VA JLab
Norfolk, VA NSU
Upton, NY BNL
Williamsburg, VA W&M
Uzbekistan Tashkent Assoc. P-S. PTI
INP AS RUz
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Neutrino physics and astrophysics

02-2-10982010

Study of Neutrino Oscillations and Astrophysical Research

Theme leaders: D.V. Naumov
A.G. Olshevskiy

Participating countries and international organizations:
China, Czech Republic, France, Germany, Italy, Japan, Romania, Russia, Slewdtizierland, Turkey, USA.

The problem under study and the main purpose of the research:

Measurement of the parameters of neutrino oscillations and other properties of neutrinos in experiments of variouadilpes, a:
as astrophysical research in grounaddd and space experiments. Global analysis of data from neutrino experiments, developm
of experiments and creation of new type facilities.

Projects in the theme

Name ofthe project Project Leaders Project code
1. JUNO D.V. Naumov 02-2-10991-2009/2026
Deputes
N.V. Anfimov
M.O. Gonchar
2. NOvVA/DUNE A.G. Olshevskiy 02-2-10992-2015/2026
Deputes
N.V. Anfimov
0O.B. Samoylov
3. TAIGA A.N. Borodin 02-2-10993-2015/2026
Deputy:
L.G. Tkachev
Projects:
Name ofthe project Project Leaders Status
Laboratory (Subdivision) Responsible frontaboratories
1. JUNO D.V. Naumov Implementation
Deputes
M.O. Gonchar
DLNP N.V. Anfimov + 10 pers, M.O. Gonchar+ 6 pers, Yu.A. Gornushkin
+ 6 pers, A.V. Krasnoperov, A.GNemchenokA.G. Olshevskiy
MLIT N.A. Balashov, N.A. Kutovskiy
VBLHEP V.l. Astakhov V.B. Shutov

Brief annotation and scientific rationale:
Measurement of the neutrino mass hierarchy in the long baseline reggosiment. Precise determination of the parameters of
neutrino oscillations. Study of neutrino fluxes from various sources: the Sun, The Earth and others.

Expected results upon completion of the project:
Determination of the ordering of neutrimsasses with an accuracy of > ~3 sigma, precision measurement of the spectrum
reactor antineutrinos, search for sterile neutrino states, measurement of solar and geoneutrino fluxes.

Expected results of the projecin the current year:

Estimation of theaccuracy of determining the neutrino mass hierarchy in the JUNO experimentnvatit@untor the near
detector TAO. Testing of the JUNO and TAO detector elements and electronics. Installation of JUNO subsysteri&/(PMT,
Veto) and preparation for datalection.
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2. NOVA/DUNE A.G. Olshevskiy Implementation
Deputy
N.V. Anfimov
0.B. Samoylov

DLNP N.V. Anfimov + 12 pers, L.D. Kolupaeva A.G. Olshevskiy
0O.B. Samoylow 8 pers

BLTP I.D. Kakorin, K.S. Kuzmin, V.A. Matveey V.A. Naumov

MLIT N.A. BalashovA.V. Baranov,A.G. Dolbilov, N.A. Kutovskiy,
E.A. Kuznetsov

VBLHEP T.L. Enik + 13 pers, S.A. Movchan

Brief annotation and scientific rationale:
Measurement of the neutrino mass hierarchy, CP parity violatiompthed parameters of neutrino oscillations in ldrageline
accelerator experiments. Search for new particles and exotic reactions.

Expected results upon completion of the project:

Determination of the neutrino mass ordering and the lepton CP parityatigh@rameter in lonpaseline accelerator experiments.
Global analysis of data from neutrino experiments, development of experiments and creatioftygfenfawilities. Search for
new particles and exotic reactions.

Expected results of the project in tle current year:
Analysis of NOVA experiment data, new results on the mass hierarchy and CP violation. Preparation for operation of protot
of DUNE near detector systems.

3. TAIGA A.N. Borodin Implementation
Deputy:
L.G. Tkachev
DLNP A.V. Blinov, V.M. Grebenyuk, A.A. Grinyuk, H. Karatash,

M.V. Lavrova, S.Yu. Porokhovoy, Yu.E. Pavlov, A. Pan,
A.B. Sadovsky

, A.V. Shaikovsky, E. Sholtan

FLNP A.D. Rogov
MLIT |. Satyshev
VBLHEP N.V. Gorbunov

Brief annotation and scientific rationale:

Investigation of gamma radiation and charged cosmic rays (CRs) in the energy rang& 836V by detecting Cherenkov
radiation from extensive air showers (EAS): studying the -kiggrgy edge of the spectrum of the brightest galand
extragalactic sources of gamma radiation, searching for galactic PeVatrons, applying a new hybrid approach to study
composition of CRs in the range of'1€10'" eV, studying of CRs anisotropy in the energy range of-BIDO0 TeV.

Expected results upon completion of the project:

Investigation of the energy spectrum of gamma quanta from Galactic sources and the search for new sources of gamma ¢@
Monitoring of the flux of gamma rays from nearby extragalactic sources. SearadtM@ammarays from gamma ray bursts and
gammarays correlated with highnergy neutrinos. Search for cosmic accelerators in which protons are accelerated to energie
100- 3000 TeV. Investigation of the mass composition of cosmic rays in the transigimm from galactic to extragalactic rays.

Expected results of the projecin the current year:

Data taking and analysis for reconstructing the spectrum of gamma rays from galactic sources (Crab nebula, Dragc
J2227+610 (G106.3+2.7), J2031 +415 (GygCocoon), Tych®rage supernova). Commissioning of the 4th Cherenkov
telescope, installation of additional widagle detectors, fabrication and installation of the mount of the 5th Cherenkov telescoy
at the siteDevelopment and preparation for opevatdf new Cherenkov detectors.
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Activities:
Name of the activity Leaders Status
Laboratory (Subdivision) Responsible frontaboratories

1. Experiment NA65/DsTau Yu.A. Gornushkin Data analysis

DLNP A.V. Chukanov, S.G. Dmitrievsky, A.BSadovskyA.P. Sotnikov,
S.G. Vasina

2. Experiment Borexino/DarkSide

DLNP

Collaboration

0O.Yu. Smirnov

Data analysis

M.V. Gromov, D.V. Korablev, O.B. Samoylo®.P. Sotnikov,
A.S. Sheshukov, A.V. Vishneva

Country or International Organization City Institute or laboratory

China Beijing IHEP CAS

Czech Republic Prague Cu

France Strasbourg CRN

Germany Aachen RWTH
Hamburg Univ.

Italy Milan UNIMI
Salerno INFN

Japan Fukuoka Kyushu Univ.
Nagoya Nagoya Univ.
Tokyo Toho Univ.

Romania Magurele ISS

Russia Irkutsk ISU
Moscow SINP MSU

Slovakia Bratislava Cu

Switzerland Bern Uni Bern

Turkey Ankara METU

USA Batavia, IL Fermilab
Cambridge, MA Harvard Univ.
Columbia, SC UofSC
Indianapolis, IN IUPUI
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02-2-11442021

Search for New Physics in the Lepton Sector

Themeleader: Z. Tsamalaidze

Participating countries and international organizations:
Belarus, Bulgaria, Czech Republic, France, Georgia, Germany,JsdgnKazakhstan, Russia, Switzerland, United Kingdom,
USA.

The problem under study and the main purpose of the research:
Search for evidence of new physics beyond the Standard Model by measuring the neutrinoless, coherent transition of a mt
anelectrondY e conversion) in the field of an aluminum nucle

Project in the theme

Name of the project Project Leader Project code
1. COMET Z. Tsamalaidze 02-2-11441-2021/2024
Project:
Name of the project Project Leader Status
Laboratory(Subdivision) Responsiblérom laboratories
1. COMET Z. Tsamalaidze R&D
Realization
DLNP G. Adamov, A.M. Artikov, A.V. Boikov, D.Sh. Chokheli, V.N. Duginov,

P.G. Evtukhovich, I.L. Evtukhovich, V.A. Kalinnikov, E.S. Kaneva,
Kh. Khubashvili,A.V. Pavlov, B.M. Sabirov, A.G. Samartsev,

A.V. SimonenkoV.V. Tereschenko, S.V. Tereschenko, N. Tsverava,
I.I. Vasilyev, E.P. Velicheva, A.D. Volkov, I.Yu. Zimin

BLTP D. Aznabaev, A. Issadykov, G.A. Kozlov
MLIT D. Goderidze, A. Khvedelidze
VBLHEP D. Baigarashev, T.L. Enik

Brief annotation and scientific rationale:

Chargedepton flavourviolating (CLFV) processes offer deep probes for new physics with discovery sensitivityjde eange

of new physics models SUSY, Higgs Doublets, Extra Dimensions, and, particularly, models explaining the neutrino ma:
hierarchyand the matterantimatter asymmetry in the Universe via leptogenesis. The most sensitive exploration of CLFV proce
is provided by experiments that utilize high intensity muon beams to search for EIfV &ansitions: £*Y €2 (experiment
MEG at PSI);e*Y e‘ee’(experiment Mu3e at PSI), and coherent neutrinoless conversion of a muon into an electron in the fi
of anucleug'NY €N, COMET (COherent Muon to Electron Transition) experimentRARC.

COMET experiment will be implemented in typhases, Phadeand Phasél. The experimental sensitivity goal for this process
inthe Phas¢ experi mend os B8Bhé& 90%Oupper | i mi t'5 which ig ehfactorbof 100 c |
improvement over the existing limit. The expetteumber of background events is 0.032. To achieve the target sensitivity an
background level, the 3.2 kW 8 GeV proton beam freARC will be used. Two types of detectors, CyDet and StrECAL, will
be used f or -edoaversiantevemsyanc fdeasuridg the beamelated background events in view of the PHase
experiment, respectively.

The goal of the full experiment is a SES o8 2 £’0which we refer to as Pha#le This ultimate sensitivity goal is a factor of
about 10,000 better thahe current experimental lim(e’ + A u€ +¥ Au) ®from SINDRUMII at PSI.

Scientists from JINR are successfully participating in the preparation stage of the COMET experiment. For the COMET Phz
experiment, JINR scientists produced and testeaccordance with the requirements the wiseteabouf700 of 9.8mm straw
tubes. For Phagell JINR scientists will make a full set offm straw tubes and will also take an active pathe development

of the entire straw tracker, electromagneataorimeter and Cosmic Ray Veto (CRV) system as well as in assembly anc
maintanance of detectors and in further data analysis.
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Expected results upon completion of the project:
1. Production of all thirwall straw tubes. Different procedures of the tubéstésr pressure, gas leakage and elongation, in
accordance with the COMET requirements.

2. R&D for straw tubes with the diameter fo 5 mm and wall thickness eh1fdr the COMET PhasB. For this purpose, we
prepared a new straw line at DLNP.

3. Assembling, testing and installation of the 2nd and 3rd straw tracker stations fofl Phase

4. Production of a fulkcale straw station with a new type of straw tubes for Phase

5. Development and optimization of a crystal calibration method for theroeker to be used in COMET Phasand Phas4l.
6. Assembling, testing, installation and operation of the calorimeter.

7. Implementation of a fultcale R&D program to create a cosmic veto system (CRV), providing determination of principles ar
parametes for the construction of complete CRV system. Manufacturing, assembling, testing of the CRV fedPhase

Expected results of the projecin the current year: 5
1. Participation in the preparation, engineering and physics run of-Bhase

2. R&D program for poduction of the straw tubes with the wall thickness of &a2and diameter of 5 mmwall. Measurement of
all mechanical properties and development of standards for quality control of manufacturedewahdim diameter straw
tubes.

3. Completion of assembly, testing, calibration, installation, cosmic test and maintenanBestfa® detector stations for
Phasd.

. Production of straw tubes (about 1000) for theda#le prototype.
. Production of a fulkcale straw station alNR with new tubes (12m, 5 mm).

. Preparation for mass production and testing of straw tubes for-Phase

~N o o1 b~

. Development and optimization of a crystal calibration method for a COMET calorimeter, with allpwance the features of
experiment: the presea of a magnetic field and higlsolution calorimeter.

8. Participation in the full calorimeter assembling, installation, cosmic test and maintenance.
9. Participation in the assembling and testing of the CRV for Rhase

10. Participation in the beam te®f the detector components for Phase

11. Integrated detector systétracker, calorimeter, etcsjmulation.

12. Participation in the engineering and physics run in Ptase

Activities:
Name of the activity Leaders Status
Laboratory (Subdivision) Responsible frontaboratories
1. T24l Yu.l. Davydov R&D
Realization
DLNP A.M. Artikov, V.Yu. Baranov, A.V.Boikov, D.L. Demin,
V.V. Glagolev,N.V. Khomutov,N.V. Kirichkov, V.I. Kiseeva,
A.O. Kolesnikov, A.V.Krasnoperov, V.LMalyshev, B.A.Popov,
A.V. Shaikovskiy, I.A.Suslov, V.V.Tereschenko, S.Vlereschenko
I.I. Vasilyev
BLTP G.A.Kozlov
2. Mu2e Yu.l. Davydov R&D
Realization
DLNP A.M. Artikov, N.V. Atanov, O.SAtanova, V.Yu.Baranov,

A.V. Boikov, V.V. Glagolev,V.l. Kiseeva,V.L. Malyshev,
A.O. Kolesnikov, A.V. SazonovaA.N. Shalyugin,l.A. Suslov,
V.V. Tereschenko, S.VI.ereschenko, |.Masilyev, I.Yu.Zimin
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BLTP

3. MEG-I

DLNP

4. CERN Neutrino platform

DLNP

Collaboration
Country or International Organization
Belarus

Bulgaria

Czech Republic
France

Georgia

Germany
Italy

Japan

Kazakhstan
Russia

Switzerland

United Kingdom
USA

D.l. Kazakov, G.A.Kozlov

N.V. Khomutov

Realization
Data taking
Data processing

K. Afanasiev, Yu.lDavydov, A.O.Kolesnikov,N.P.Kravchuk,
V.A. Krylov, N.A. Kuchinsky, V.L.Malyshev,A.M. Rozhdestvensk

B.A. Popov

Data taking
Dataprocessing

N.V. Atanov, AQO. Kolesnikov, A.V.KrasnoperovyV.V. Lyubushkin,
V.L. Malyshev, V.V.Tereschenko, S.\lereschenko

City
Minsk

Sofia
Prague
Paris

Thilisi

Dresden
Frascati
Pisa

Fukuoka
Osaka
Tokai
Tokyo
Tsukuba
Almaty
Moscow

Moscow, Troitsk
Novosibirsk

Villigen

Zurich

London

Batavia, IL
Charlottesville, VA
Lemont, IL
Pasadena, CA
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Institute or laboratory
BSU

INP BSU

IP NASB
SPMRC NASB
SuU

Cu

IN2P3
LPTHE

GTU
HEPITSU
UG

TU Dresden
INFN LNF
INFN

UniPi
KyushuUniv.
Osaka Univ.
JAEA

uT

KEK

INP

LPI RAS

PIN RAS

INR RAS
BINP SB RAS
NSU

PSI

ETH

Imperial College
Fermilab

UVa

ANL

Caltech
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034-11462024

Neutron nuclear physics

Themeleaders: Yu.N. Kopatch
P.V.Sedyshev
V.N. Shvetsov

Participating countries and international organizations:

Albania, Armenia, Azerbaijan, Belarus, Botswana, Bulgaria, CERN, China, Croatia, Czech RepubécEgypt, Finland,
France, Georgia, Germany, Hungary, IAEA, India, Italy, Japan, Kazakhstan, Moldova, Mongolia, North Macedonia, Pola
Republic of KoreaRomania, Russia, Serbia, Slovakia, Slovenia, South Africa, Switzerland, Thailand, Turkey, USA, Uzbekistz
Vietnam.

The problem under study and the main purpose of the resech:

Nuclear physics research with neutrons is traditionally one of the prioes developed at JINR. These studies are carried out
within the framework of the scientific theme Alnvestic
(03-4-11282017/2023). The integrated use of the FLNP basic facilities (IpEsEd source of resonance neutrons,-Bulsed
reactor, EGH electrostatic generator, as well as TANGRA facility) makes it possible to conduct nuclear physics research in a v
range of neutron energies from cold neutrons to ~20 MeV, and the usewfatxieutron sources, such as the n_TOF neutron
time-of-flight facility at CERN, allows expanding the energy range to several hundreds of MeV.

The research and development activities within the framework of the theme are aimed at implementingfthentdatedd in the
proposals for the JINR Sevéfear Development Plan202 030 i n the field of HANucl ear
can be grouped into three research areas:

1. Study of violations of fundamental symmetries in the interactions ofoesitvith nuclei, obtaining nuclear data

2. Study of fundamental properties of the neutron, physics of ultracold and very cold neutrons

3. Applied and methodological research.

The scientific program of t heimpldmemed withilNtbedramewank ofNhree praeets: twl h
scientific ones (fAlnvestigations of neutron nucl earfici nt
and technical pr oj eciacceléritor ahd itxepi ezraitmeonnt aolf itnhfer aBEsG r uct ur e
the concept of a UCN source at a pulsed reactor is planned to be singled out as a separate activity.

Projects in the theme
Name of the project Project Leader Project code
1. Development and elaboration of the Yu.N. Kopatch 01-3-11461-2014/2028
tagged neutron method for determining
the elemental structure of matter and
studying nuclear reactions (TANGRA
Tagged Neutrons and Gamma Rays)

2. Modernization of the EG accelerator A.S. Doroshkevich 01-3-11462-2022/2026
and its experimental infrastructure

3. Investigations of neutron nuclear V.N Shvetsov 01-3-11463-2024/2028
interactions and properties of the neutron P.V. Sedyshev
Projects:
Name of theproject Project Leader Status
Laboratory (Subdivision) Responsible fronaboratories

1. Development and elaboration of the tagged  Yu.N. Kopatch
neutron method for determining the elemental
structure of matter and studying nuclear
reactions (TANGRA - Tagged Neutrons
and Gamma Rays)

Upgrade
Data acquisition
Data analysis
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FLNP N.A. Fedorov, D. Grozdanov, C. Hramadd.R. Skoy, V.N. Shvetsov,
T.Yu. Tretiakova

VBLHEP V.Yu. Aleksakhin, S.V. Khabarowu.N. Rogov, M.G Sapozhnikov,
V.M. SlepnevN.l. Zamiatin, E.V. Zubarev

DLNP A.V. Krasnoperov, A.B. Sadovskii, A\Galamatin

Brief annotation and scientific rationale:

Information about neutrenuclear interactions is extremely important for both fundamental and applied physics. The fact that t
neutron has no electric charge makes it a unique prolstufiying nuclear forces. Due to electrical neutrality, the high penetrating
power of neutron radiation makes it promising for studying the structure of matter at both the nuclear and molecular le\
Neutrons are also widely used for applied purposesndpection systems, nedestructive elemental analysis facilities, in
instruments for studying the immediate environment of boreholes (logging), as well as in the creation of neutron and gat
radiation detectors used on board orbital and descent spadeceafalysis of soil and atmosphere of celestial bodies. Information
about neutromuclear reactions is also necessary for the design of promising nuclear power facilities, as well as for mode
various devices and objects that interact with neutrdiatian in one way or another. An indicator of the relevance of studying
the characteristics of neutrgnuclear interactions can be the fact that the list of the most requested nuclear data for the most |
consists of queries directly related to neutnutlear reactions.

The TANGRA (TAgged Neutrons and Gamma Rays) project is aimed at studying Reuttear reactions using the tagged
neutron method, finding new ways to use neutron methods in fundamental and applied research, improving existinggnd cre
new approaches to processing the results of nuclear physics experiments. One of the tasks to be solved within the framew
the project is the interpretation of existing experimental data on the reactions of interaction of fast neutrons witiuelgimic
their systematization and validation. The priority area of work is the acquisition of nuclear data.

Expected results upon completion of the project:
1. Performing experiments to study the angular distributions of scattered neutrons.

2. Experimentastudy of (n9)  a ndj-coiretaidons.
3. Theoretical description of the studied reactions.
4. Conducting experiments to study the reaction (n,2n).

5. Conclusion on the applicability of the tagged neutron method for elemental analysis of s@ite bf a positive result, the
creation of prototypes of stationary and mobile facilities, as well as methodological recommendations for their use
agricultural and environmental monitoring.

The results obtained during the implementation of this project will be valuable for both fundamental and applied science.
obtained experimental data on the yields and angular distributiansagé can be used to increase the accuracy of Monte Carlo
simulations of various physics facilities. Another planned application of the obtained experimental results is fast eleme
analysis. Optimized model parameters can be used to theoretically describe previously unstudied reactions. The deve
prototypesof facilities for elemental analysis of soils can become the basis for creating devices useful for intensifying agricult
and monitoring the state of the environment.

Expected results of the project in the current year:
1. Measurements of total and fifential cross sections of characteristic gamma lines for various elements usingsoigiion
detectors ofyrays.

2. Devel opment of an e x p)earrelatiesandperfosning tespmefsoremerstst udyi ng ( n

3. Implementation of a padf the experimental program for the development and verification of a methodology for measurir
carbon concentrations in soil.

4. Simulation of a facility for measuring carbon concentration in soil to develop a method for deep profiling of macroelem
corcentrations.

2. Modernization of the EG-5 accelerator A.S. Doroshkevich Upgrade
and its experimental infrastructure Dataacquisition
Data analysis
FLNP I.LA. ChepurchenkoR.Sh. Issaewu.N. KopachA.N. Likhachev,

V.N. Semenov, K.E. Studnev, S.N. Tkachenko, K.N. Udovichenko
I.A. Zaitsev,T.Yu. Zeleniak
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Brief annotation and scientific rationale:
The project is aimed at modernizing the msystems of the electrostatic charged particle acceleratéy, B&veloping iorbeam
and complementary methods for studying the elemental composition and physical propertiessaffaearlayers of solids.

Goals of the projectto providetechnical feasibility for the implementation of the scientific program of the JINR Topical Plan in
studying reactions with fast quasionoenergetic neutrons; development of nuclear physics methods for studying the elemen
composition; solution of problesnof neutrorradiation materials science; implementation of practical applications of neutron
physics; ensuring technical feasibility for the implementation of the unique options of the microbeam spectrometer.

Objectives of the projecThe maintechnicaltaskof the project is to restore the energy range of accelerated particles o
900 keVi 4.1 MeV and increase the ion beam current td 260 A while maintaining the energy stability of the ion beam at a
level no worse than 15 eV, ensuring the spatabibty of the ion beam, sufficient to implement the option of the microbeam
spectrometer / nuclear microprobe.

The mainorganizational tasks the formation and development of human resources potential to ensure the full implementation
the project forat least 3 seveypear periods.

The objectives of the project also include the upgrade of the experimental infrastructure of the accelerator compiexam part
the development of new methods for studying the physical properties of the surface @listhggtrcan complement and improve
the quality of the obtained scientific results, the intensification of international scientific and technical coopemation,
organization of user policy, the formation of an interlaboratory accelerator center ositheflfd. NP JINR to solve a wide range

of unique scientific and technological problems.

The main criteria for the successful implementation of the project are providing a neutron flux sufficient to conduqihnysitsar
experiments with fast neutrons,caan energy stability of the ion beam sufficient to create a microbeam spectrometer/nucle
microprobe.

Expected results upon completion of the project:

As a result of the implementation of the project, the technical parameters of the acceleratoesitiee (energy of accelerated
particles of 4.1 MeV at a maximum current of at least dA)) which will make it possible to conduct studies of reactions with
fast neutrons at JINR, as well as provide technical conditions for the installation of a rmesg@Edrometer. A neutron generator
based on a solidtate lithium target with a moderator will be added to the existing neutron generator with a gas target, and
chamber for irradiating samples with ion beams will be modified.

A newspecialized laboratory will be created for the preparation of objects of study, which will be equipped with complement
methods for studying the optical and electronic properties of the surface, such as ellipsometry, optical and electropymicros
mettods for studying electrical properties at direct and alternating current (voltammetry, impedancemetry).

In addition to modernization and expansion of the instrumental base of the accelerator complex, the formation of persc
potential for the nexX20-30 years will be carried out. The available methods of elemental analysis will be supplemented by meth
of analysis based on prompt gamma rays from inelastic neutron scattering and neutron activation analysis.

Modernization of EGb at JINR, where therare highly qualified specialists, good detecting equipment and valuable developmen
in the field of neutron investigations of atomic nuclei, will make it possible in the short term to conduct a numbeuaofoqew,
experiments on obtaining the energgstra and angular distributions of charged particles frofd) @nd (n, p) /{ n) and (p, n)
reactions and integral and differential cross sections of the latter in the neutron energy range up to ~6 MeV, on pfissémses o
of atomic nuclei by fagteutrons, activation analysis, experiments in the field of neutron materials science and etc.

Expected results of the project in the current year:
i certification and commissioning of the Efzaccelerator and its experimental halls in test mode;

T replacenent of the worn higivoltage accelerating tube and ion source that has lost its performance characteristics.

' reaching an ion beam current of over 100mkA,;

' improvement and adjustment of the parameters of the ion optics of HiedeGelerator (reconfigiation from the focussator
mode to the condenser);

' modernization and automation of the gas cylinder economy, adaptation of the technological scheme;

' modernization of the vacuum system;

| automation of all accelerator service systems;

' launch of a lhoratory for engineering and sample research using complementargaam methods;

' formation of the personnel potential of the group;

' implementation of technical projects, in particular, a project with @8iCrono fiCarrying out preparatory work, including the
manufacture of an ion beam scanning system in a raster, as well as test electron beam processing and testing using imp

132



spectroscopy of semiconductor wafers with a diameter of 150 mm in an amount ofQupdsd2a technical project with the
State CorporatiomROSATOM filnvestigation of the dependence of the sensitivity of the UBMR device on neutron
energy, projects with Angstrom JSC, etc.

3. Investigations of neutron nuclear interactions  V.N. Shvetsov Upgrade
and properties of the neutron P.V. Sedyshev Dataacquisition
Data analysis
FLNP G.S Akhmedov,Yu.V. Aleksiayenak, A. Asylova, V.M. Badawy,

I.A. Baigunov, D. Berikov, S.B. Borzakov, O. Chaligava,

I. Chuprakov©.-A. Culicov, G.V. Danilyan, R. Djachu,

A.Yu Dmitriev, A.S. Doroshkevich, T.L. Enil§. Enkhbold,

Fan Lyong TuanN.A. Fedorov,0.S. Filippova, A.l. Frank,

M.V. Frontasyeva, V.I. FurmanY,u.M. Gledenov, E.A. Golubkov,
D.N. Grozdanov, D.S. Grozdog. Hranco,A.S. Kayukov,

G.Ya KhristozovaA K. Kirillov, V.L. Kuznetsov, G.V.Kulin,

T.T. Khyong, Le H.K., Le Ch.M. Nyat, A.l. Madadzadia, S. Mazhel
A.V. Maletsky, A.G. Malinin,Zh.V. Mezentseva, L.V. Mitsyna,
Nguyen T.B. Mi,A.Yu. Muzychka, P.S. Nekhoroshko

A.Yu. Nezvanov].A. Oprea, S.S. Pavio®vhanLuongTuan

Yu.N. Pokotilovski, V.G. PyataeW.V. Rebrovak.l. Sharapov,
M.S. ShvetsovaD.V. Sidorova, N.V. Simbirtseva, V.R. Skoy,
Z.D. Slavkova, A.V Strelkov, S.Yu. Taskaev, E.S. Teimurov,
T.Yu. Tretyakova, K. Turlybekuly, K.V. Udovichenko,

K.N. Vergel,D.C. Vu, A. YergashovN.S. Yushin, M.A. Zakharov,
Sh.S. ZeinalovK.N. ZhernenkoyT.Yu. Zeleniak, I.l. Zinicovscaia,
+ 60 engineerst 2 workers

VBLHEP A.P. Sumbaew 3 engineers

Brief annotation and scientific rationale:

Nuclear processesnd structural changes in materials indubgdslow, resonance and fast neutramsl accelerated charged
particlesare traditionally in the focus of research attention at FLNP JINWR. interaction of neutrons with atomic nuclei is of
interest for both fundamental and applied research.

The integrated use of the FLNP basic facilities (IREN pulsed sourgesohance neutrons, IBR pulsed reactor, EG
electrostatic generator) makes it possible to conduct nuclear physics research in a wide range of neutron energies fron
neutrons to ~20 MeV, and the use of external neutron sources, such as the n_T@Rineaibf-flight facility at CERN, allows
expanding the energy range to several hundreds of MeV. Fundamental research carried out at the FLNP Department of N
Physics includes studies on the violation of space and time symmetry, the mechanisieanfraactions, the structure of atomic
nuclei, fission processes induced by neutrons, nedmdurced reactions with the emission of light particles, the properties of the
neutron as an elementary particle, the properties of ultracold and very coldneewgwantum mechanical effects involving
neutrons.

Also, in FLNP, a variety of research programs has been developed for applied investigations, such as obtaining nankkar da
information on the radiation resistance of materials for nuclear technglggie®r engineering and transmutation, radiation
mutagenesis on fast neutrons, neutron activation analysis using thermal and epithermal neutrons, neutron activatigiranalysis
prompt gammaays, elemental analysis using neutron resonances, elemetygisnsing fast neutrons, analysis of the elemental
composition of thin films, investigation of the radiation resistance of materials to the effects of accelerated chastpsdoparti
electrostatic accelerator beams, development of radieggistant anostructured materials using accelerated ion beams.

Expected results upon completion of the project:
1. Refinement of characteristics of known resonances and detection of previously unknown ones. Measurement of reaction
sections and product correlat®im the resonance region with an accuracy sufficient to studgd®Todd effects.

2. Performing experiments to study TRI and ROT effects in fission, measuring theeneagy and angular distributions of
fragments, prompt neutrons and garrags; searchingpr rare and exotic fission modes, using both {B&nd thirdparty
sources.

3. Conducting experimental and theoretical studies of neutuatear reactions in a wide range of energies of incident particles.

4. Investigation of the pattern afonstationary neutron diffraction by surface acoustic waves. Verification of the validity of
generally accepted laws of neutron optics in the case of large accelerations.
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5. Development of models for calculating the transport of UCN and CN in the matenahotliamond reflectors and the
extension of their applicability to the range of thermal neutrons.

6. Study of the structure of graphites after their intercalation and measurement of cross sections for cold neutron scatteril
intercalated graphites.

7. Obtainng data for nuclear power engineering and astrophysics: measurement of integral and differential neutron c
sections, angular correlations in the energy range from cold neutrons to hundreds of MeV.

8. Study of radiation resistance of variomsterials, including those promising for use as moguteflectors and moderators.
Development and study of radiation resistance of electronic components, including those operating on new phy:
principles.

9. Development of energy and electronics devicgsgipowder nanotechnology and ion beams.

10. Obtaining new data and monitoring the environmental situation in certain regions of the JINR Member States with the |
of NAA.

11. Study of the influence of neutron irradiation on the propertidsadbgical objectsand tissues.

12. Investigation of layered structures, including higimperature superconductors using RBS, ERD and PIXE techniques.
13. Performing elemental analysis of various objects of cultural heritage.

Expected methodological results:
Development of thenethod of neutron spin interferometry with UCN.

Determination of optimal technologies for the synthesis and modification of substances for use as UCN and CN reflecto

Development of methods for cleaning water and soil, and assessing the quality aihactp

0w D PE

Study of the processes of accumulation of nanopatrticles in the organs of animals and plants, assessment of their imp:
the health of living objects under study.

5. Development of a technique for ndestructive elemental analysis using prompt gamays. Improvement of existing
methods of activation analysis using thermal and resonance neutrons.

6. Performing work on the manufacturing of electronics and ionizing radiation sensors based on new physical principles.

The fundamental results obtained digrithe implementation of the project will be of great importance for understanding the
mechanisms of neutremuclear reactions and the development of theoretical ideas about these processes. The sty of P
T-odd effects will provide information on the contribution of the weak interaction to nuclear forces and can serve aatarealtern
method for determining the mixing coefficient Vud of a CKM matrix. Obtaining new information about ROT and TRI effects,
well as exotic fission modes, will make it possible to clarify the features of one of the stages of thisiptioeessssion of a
fissile nucleus into fragments. The data obtained during the implementation of the +ogitcahpart of the project wibe needed

to create new neutron moderators and reflectors. In addition, they will allow significant progress in the developmenhof neu
microscopy methods and studies of the magnetic structure of various objects. The implementation of the apifedroegem

of the project willbe of geat social importance arabntribute to the progress of environmental, materials science, archaeologica
and nanotechnological investigatiors well as promising developments in the field of modern electronicersrdy.The
techniques of elemental and structural analysis being created and modernized will be in demand in many branches of h
activity.

Expected results of the project in the current year:
1. Preparation for measurements efaRd T-violation effed¢s at the IREN facility. Carrying out test experiments to study the
angular distributions of gammrays from resonance capture.

2. Modernization of the ENGRIN facility and measurement of prompt fission neutron multiplicity aneensagy distributions
of 23U(nresf) reaction products with higher accuracy.

3. Development and construction of a prototype setup for measuring angular correlations in the vicinigwefrpsonances in
mediumheavy and heavy nuclei on beamlihef the IREN facility:calculation and creation of shielding, determination of
beam parameters, test measurements.

4. Reconstruction of a large liquid scintillation detector on-an&lght path of the IREN facility.

5. Determination of the elemental composition of a numberdfaeological samples using neutron resonance analysis at the
IREN facility.
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6. Purchase of materials and equipment for the development and construction of a facility for studying the ROT effec
beamlinel of the IBR2 reactor. Performing test measurements of the angular distributions of prompt neutrons a
gammarays emitted dring the fission of uranium nuclei.

7. Obtaining the results of an experiment to search for the true and ppeatéonary fission o’Cf. Start of a project to
modernize the instrument using more advanced Timepix3 detectors.

8. Development of a compastintillation detector using a micropixel avalanche photodiode.

9. Measurements of cross sections®fan,J) and4¢Sm(n[J) reactions with fast neutrons.

10. Measurement of the forwabdickward asymmetry coefficient in the reaction (n,pf¥6t in theresonance energy region.
11. Carrying out measurements of cross sections of (n,p) djd€actions using gas samples (nitrogen, neon).

12. Assessment of atmospheric precipitation of heavy metals in the JINR Member States.

13. Development of new methodsremediation of soils and wastewater.

14. New results on the study of the effect of metal nanoparaai@sieutron radiatioon living organisms.

15. Study of the possibility of setting up a new experiment with UCN to test the weak equivalence principle with an accur
of 104

16. Measurementofthe Gebs® nc hen shi ft i n the experiment on t hgactueot a
(provided that the beamtime is available at a modernt@gblution neutron reflectometer).

17. Completion of studies of hydrogenntaining impurities in fluorinated detonation nanodiamonds (FDND).
18. Carrying out studies of the radiation remiste ofFDND oxide, metal and higkntropy compounds

19. Measurement of neutron scattering cross sections of DND powder depending on its density, as well as of fluorin
intercalated graphite.

20. Completion of development of the concept of a UCN soamdée basis of a pulsed reactor.
21. Obtaining mutants for breeding drougésistant and saline soils of rice and wheat varieties.

22. Development of homogeneous electronics and adsorption energy devices for critical and pcomssingtion technologies.

Activities:
Name of the activity Leaders Implementation period
Laboratory (Subdivision) Responsible frorntaboratories
1. Development ofthe conceptual design G.V. Kulin 20242025
of an ultracold neutron source A.l. Frank
on a pulsed reactor
FLNP L.V. Mitsyna, A.Yu. Muzychka, A.Yu. Nezvanov,

Yu.N. Pokotilovski, V.A. Strelkov, K. Turlybekuly, M.A. Zakharov

+ 2 engineerst 1 worker
Brief annotation and scientific rationale:
Since thediscovery of ultracold neutrons (UCN), a number of intense UCN sources have appeared in the world, and several |
of them are under construction. There is no UCN source in Dubna, which is largely due to the features e?khed8&dor. Its
average poer of 2 MW is relatively low for creating a steasiiate UCN source, while the repetition rate of 5 Hz is too high to
accumulate neutrons produced in each individual pulse. However, the pulsed flux of thermal neutrons from the reactor is
high, since he interval between pulses is hundreds of times longer than their duration.

A specific feature of the future UCN source at JINR is the pulsed filling of the trap, when neutrons arrive in it onltheuring
pulse, while the rest of the time the trap remasgated. The practical implementation of this idea is hindered by the fact that,
due to the presence of biological shielding, the trap is far from the moderator in which UCNs are generated, and hasttelae co
to it by a transport neutron guide. hig case, the spread of transport flight times can significantly exceed the intervals betwe:
pulses, which makes the very idea of accumulation meaningless. To solve this problem, it was proposed to use a special (
8 a temporary lens that changes #rmergy of neutrons in a dosed manner as they arrive at this lens. Such a device make
possible to restore the pulsed structure of the neutron beam immediately before entering the trap.

Recently, the idea of pulsed filling of a UCN trap has been thestdfjintense discussion in the literature. Alternative approaches
to time focusing of neutrons and methods for slowing down fastealsed very cold neutrons (VCN) to energies characteristic
of UCN have emerged. There have appeared theoretical wevkéed to aspects of the formation of a neutron pulse by a time
lens, as well as to the features of the time structure of a neutron beam when using a flipper moderator with a stranfietdagneti
As a result, a significant number of ideas and proposals Bmerged that can form the basis of a project for a new UCN source
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The aim of the work within the framework Bctivitieso is to formulate the concept of a UCN source in a pulsed reactor on the
basis of an analysis of both existing and some new igg@sding the transport of UCN, the evolution of the duration of neutron

bunches and the formation of the optimal time structure of bunches at the entrance to the trap. This can be eith2Kthe IBI
reactor available at FLNP or the NEPTUN reactor curreogiyng designed. It is expected that the final UCN spectrum at the
entrance to the trap will be formed by slowing down the VCN.

Expected results upon completion of thactivity:

Development of a conceptual design for an ultracold neutron (UCN) sourgeilaed reactor.

Expected results of theactivity in the current year:

1. Development of a design for a neutronflipmeo d er at or wi th an energy transfer o

2. Selection of a fast shutter design that ensures pulsed filling of therrd@iind minimally affects the density of neutrons stored
in the trap.

3. Analysis of possible variants of a UCN converterderator, which would provide the highest UCN flux density at the desired
pulse duration.

Collaboration

Country or International Org anization City Institute or laboratory
Albania Tirana uT
Armenia Yerevan SRCHCH
Azerbaijan Baku BSU
IGG ANAS
IRP ANAS
Belarus Minsk BSU
INP BSU
SPMRC NASB
Botswana Palapye BIUST
Bulgaria Plovdiv PU
UFT
Sofia IE BAS
INRNE BAS
CERN Geneva CERN
China Beijing IHEP CAS
Xi'an NINT
Croatia Zagreb Oikon IAE
RBI
Czech Republic Ostrava VSB-TUO
Prague CEl
CTU
Rez CVR
Cuba Havana UH
Egypt Alexandria Univ.
Cairo NRC
Giza CuU
Mansoura MU
Shibin EI Kom MU
Finland Jyvaskyla uJ
Oulu uo
France Cadarache CC CEA
Grenoble ILL
LPSC
Saclay LLB
Strasbourg IPHC
Georgia Thilisi AIP TSU
TSU
Germany Mainz JGU
Munich TUM
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Hungary
IAEA
India
Italy
Japan

Kazakhstan

Moldova
Mongolia

North Macedonia
Poland

Republic of Korea

Romania

Russia

Budapest
Vienna
Varanasi
Rome
Kyoto
Tsukuba
Almaty
Astana
Kyzylorda
Chisinau

Ulaanbaatar

Skopje
Gdansk
Krakow
Lodz
Lublin
Opole
Otwock (Swierk)
Poznan
Wroclaw
Daejeon
Pohang
Seoul
Baia Mare
Bucharest

Cluj-Napoca
Constanta
Galati

lasi

Magurele

Oradea
Pitesti
Ramnicu Valcea
Sibiu
Targoviste
Timisoara
Arkhangelsk
Borok
Dolgoprudny
Donetsk
Dubna

Gatchina
Grozny
Irkutsk
Ivanovo
Izhevsk
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RKK OU
IAEA

BHU
ENEA
KSU

KEK

INP

ENU
KazSRIRG
IChem
IMB ASM
CGL

NRC NUM
UKiM
GUT

INP PAS
UL

UMCS
uo

NCBJ
AMU

uw
KAERI
PAL
Dawonsys
TUCN-NUCBM
IFIN-HH
IGR
INCDIE ICPECA
uB

UPB
INCDTIM
uocC
DUUG
NIRDTP
UAIC

ISS

NIMP

uo

ICN

ICSI
ULBS
VUT

uvT
NArFU
IBIW RAS
MIPT
DonlIPE
Diamant
Dubna State Univ.
NRC KI PNPI
CSPU

LI SB RAS
ISUCT
udsu



Serbia

Slovakia

Slovenia
South Africa

Switzerland
Thailand
Turkey
USA

Uzbekistan
Vietnam

Kaliningrad
Moscow

Moscow, Troitsk
Moscow, Zelenograd

Nizhny Novgorod
Obninsk

Perm

Sevastopol

Saint Petersburg

Tula
Vladikavkaz
Voronezh
Yekaterinburg
Belgrade

Novi Sad
Bratislava

Ljubljana
Bellville
Pretoria
Stellenbosch
Villigen

Hat Yai
Canakkale
Durham, NC
Los Alamos, NM
Oak Ridge, TN
Tashkent
Hanoi
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IKBFU
DSSI

GIN RAS
GPI RAS
IA RAS

IKI RAS
IPCE RAS
IMET RAS
ITEP

MSU
MISIS
NRC KiI
SCAIASRWAO
Sechenov Univ.
SIAS

SINP MSU
ASNIIPO
SM iMK 0
VNIIA

INR RAS
fAngstrend
AMIKRONO
IPM RAS
IPPE
PSNRU
IBSS

Botanic garden BIN RAS

FIP

loffe Institute
KRI
SPMU
SPSFTU
TSU
NOSU
VSuU

UrFU

IPB

Univ.

UNS

CuU

IEE SAS
IP SAS
GeoSS
UwWC
UNISA
SU

PSI

PSU
COMU
Duke
LANL
ORNL
INP AS RUz
IOP VAST
VNU



































































































































































































