OUAUN: mexXayHapOaAHbIA MeXNpPaBUTE/IbCTBEHHDIW
Hay4yHbin ueHTp B lybHe. HayKa u MNepcneKkTusbl.

[.B.TpybHuKos, anpektop ONAN, akagemuk PAH

Joint Institute for Nuclear
Research




JINR: INTERNATIONAL INTEGRATION IN SCIENCE AND TECHNOLOGY: MULTIDISCIPLINARY COMPLEX OF LRI

Baikal-GVD [

SHE Factory JINR - integration form of international scientific and technical

cooperation 16+4 States. ~70 partner countries, > 900 institutes and _
== universities. International personnel (~500) from 34 countries

¥ | Large Research Infrastructure (LRI):

| « Superheavy Element Factory DC-280

* NICA Collider

* "Baikal"Neutrino Gigaton telescope

N « Reactor IBR-2M with spectrometer complex

* « Information Computer Complex, supercomputer «Govorun»

* Rl of the Laboratory of Radiation Biology

* Bogoliubov Laboratory of Theoretical Physics.

These facilities represent a very large mutidisciplinary research

NIC‘A partially distributed across the terrltory of the Member States.

Multi-purpose Information
Computer Complex Innovation Center

University Center &




SABNSIETCHA MOUCK OCHOBHbIX, Hanbonee dyHOoaMeHTanbHbIX 3aKOHOB,
onpeaensaLwnx BaXxHenLne cCBOMCTBa MaTepun U onnUcbIBatoLLMX BCE
MHOroobpasue siBneHum npupoasl,

HayMHas OT NePBbIX MTHOBEHUW POXOEHUSA HALLIEro MUpa B pe3yribrare
TakK Ha3blBaemoro bonbsLwioro B3pbiBa, ®@OpMUPOBaHNA BeELLECTBA U3
nepBuYHbIX, PyHOaMEHTanbHbLIX COCTaBMASAOLWUX MaTEPUN U ero
9BOMOUMN 00 0Opa3oBaHMA HabngaeMon KpyrnHoMacluTabHoM
CTPYKTYpbl BceneHHoW; nccnegoBaHme TeCHOW B3aUMOCBSI3N
3aKOHOMEPHOCTEN ABMEHNN, NPOTEKaLWKMX Ha 3eMIe U OKpYyXXatoLem
Hac Mupe, BKNoYas BceneHHyto B LEeNoM, ¢ 3aKOHOMEPHOCTAMU
SBNEHNN MUKpPOMUPA, onpeaensieMblX CTPYKTYPON MaTeEPUN — HASNTUYNEM
SrfIEMEHTapPHbIX UK PyHOAMEHTanNbHbLIX COCTaBMNALWMX N OCHOBHbIX,
dyHOaMeHTanbHbIX CUIN, AEUCTBYHOLLNX MEXOY HUMM.




Cnycta 14 mnpA. neT: NnpeacTaBlieHns O CTPOEHUU A4epPHOro BelwecTBa:
HyKIOHbI, KBApKW, ITHOOHBI.
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CoBpemeHHasa KapTUHA CTPOEHMA NPOTOHaA

CERNCOURIER

May/June 2019 cerncourier.com Reporting on international high-energy physics

BrneuamneHue xyQOXCHUKA O XA0Ce K8APKO8

U e/1lOOHOB8 8HYMpU [IPOMOHA

PERSPECTIVES ON THE

PROTON

EMC experiment,

it: D Domi ERN.
Credit: D Dominguez/CERN CERN 1988

Quark
contribution to the
CPviolation in charm decays prOton Sp’n IS

SKA and treaty-based science i below 30%! y .
Reports from Moriond Naive quark model Real situation




Produced by supernova explosion, Observed as X-ray pulsars

B Highestdensity matter in the universe
M=1~2 Mg, R ~10~20 km
=> Density of the core = 3~10p, (1~3 Btons/cm3)
po- Nuclear density

H Various forms of matter made of almost Nuclear + Netron tter

only quarks
: Neutron Matter

- T -
B u Superfluid

| A
n SE e
s .

| ' )
Strange Hadronic & i L
o ~ 22
Matter ? ¢ Quark Matter * *
High densl . Ya | sonfined quarks
ma(tstter;:glte" o _:' - e ‘.uperconductlvlty
High density formation may help multi-strangeness production




UccnepoBaHue matepumn B paHHeu BceneHHou. ®asoBble gunarpammbl

PucyHox Maxcuma AGaesa.
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BM@N & MPD

The Phases of QCD
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Neutron Stars

baryonic density p/p,
py=016fm~

MPD covers this interesting region providing powerful
combination of large luminosity, collision energy and system
size scan (including isobars), large and consistent acceptance,
full centrality range.

NICA is complementary to existing and planned world facilities
(FAIR, SPS), and will be a natural and necessary continuation
and significant expansion of studies at RHIC BES.

NICA project

SPD

The SPD experiment is aimed at studying the properties of
strong interactions in the nonperturbative region, at measuring
the proton and deuteron spin structures, and at the development
of a three-dimensional model of the nucleon. It is unique in its

methodology, breadth of coverage and variety of tasks.

Experimental SPD RHIC EIC AFTER | SpinlLHC
facility @QNICA @LHC
Scientific center JINR BNL BNL CERN CERN
Operation mode collider | collider collider fixed fixed
target target

Colliding particles | pl-p! pl-pt | ef-p' d"*Het | ppld' pp'
& polarization d'-d!

pl-d, p-d'
Center-of-mass <27 (p-p) | 63,200, | 20-140 (ep) 115 115
energy /syw, GeV | <13.5 (d-d) | 500

<19 (p-d)
Max. luminosity, ~1 (pp) 2 1000 up to 4.7
102 em=2 57! ~0.1 (d-d) ~10 (p-p)
Physics run >2025 running >2030 >2025 >2025

C

L

spin

@_ 0 EIC




Relativistic Heavy lon Physics and Study of nucleon structure. Near and Long-Term Future

steady and efficient operation.

= Completion of the detectors: BM@N, MPD and SPD at NICA and
successful data taking over the decades to come. JINR will make
significant contribution to the basic configuration of the SPD detector.

= After several years of running of MPD, an Upgrade is foreseen,
responding to an increase in luminosity of NICA. Adding detectors in

the forward region as planned.

= Studies of possible future extension of NICA for acceleration of
electrons, opening new physics potential via e-p and e-A collisions.

The timely completion of the NICA project, its commissioning and

b

2022

2023

2024

NICA Collider commissioning

MPD extended config. construction and opration

Consruction of NICA collider extended config.

Prep. and start of polarized beam operation

SPD construction and commissioning

Nuclotron modernization

SC-solenoids production
and tests

R & D, prototyping,

testing

Commissioning
runs

SPD systems production
and assembly SPD operation




e . "h . -yv
g _"‘ ,J,,'_ m

T \




Recent elements:

113 Nihonium (2016)
114 Flerovium (2011)
115 Moscovium (2016)
116 Livermorium (2011)
117 Tennessine (2016)
118 Oganesson (2016)

Prof. Yu. Ts. Oganessian

ACCULINNA - Light & super light exotic nuclei,
neutron-rich hydrogen (57H) and helium (8'°He) isotopes)

Superheavy & ‘Superlihght’

p-n pairing Il s - &

Main areas of interest at FLNR at nuclide chart

114

Proton
dripline _ L 184
P . .

- e 162

Proton emitters

Doubly magic P _ _
nuclei 5 ol

nuclei:

Hi beam from U-400

Experiments with secondary beams of light radioactive

» properties and structure of light exotic nuclei near and

beyond the drip lines;
reactions with exotic nuclei.

Courtesy of Dr.D.Kamanin



DC-280 unknoTpoH —
FNaBHbIN anemMeHT Pabpuku

] =

abpuKa CBEPXTAXKE/bIX 3/1IEMEHTOB (CDCT9),-
JlabopaTtopua aaepHbIX peakLmidum.[.H.PnepoBa

Hy6Ha, 25 mapta 2019 . TopxecTBeHHbIN 3anyck PCTIS. Ha coto (cneea
Hanpago): aupektop OUAN akagemunk B. MaTBeeB, MUHUCTP HayKn U
BbicLLero obpasoBaHus PP M. KoTiokoB, MOMHOMOYHbIN NpeacTaBUTENb
Bonrapuu J1. Koctos, avpektop [lenaptameHTa Hay4HOW NOSIUTUKN
KOHECKO M. 3. Otn-boateHr n npesngeHT Coseta LIEPH Y. baccnep

[[a30HanoOsIHEHHbLIN
cenapatop N'HC-3 Ha
nydykax ®CT3




Synthesis of new Radioactive lon-Beam research Nuclear reaction studies @ U-400R
elements @ SHE Factory Basic facility: U-400M Ambitions: up to 2.6 mA (U-beam)

Ambitions: E up to 80AMeV, | x 2 107", smooth energy variation

v
3y
v

54Cr + 2480 —> 3 + 299120 Operation from end of 2023
*0Ti + 2Bk — 3n +2%119 1‘] * Nucleon halo, neutron skin;

‘\‘—/H/ + Exotic decays: : :
b-delayed, 2p,2n radioactivity; Upgrade in 2023-25. Operatlon from 2026
d/H/ + Soft excitation mode; * Multinucleon transfer reactions:

* New magic numbers; Production of new isotopes of heavy,SH nuclei;
= * Spectroscopy of exotic nuclei; + Decay spectroscopy of heavy nuclei;
N * Cluster states; - Study of fusion-fission and quasifission
* Reactions with RIBSs; reactions
* Astrophysical applications. « LE and spontaneous fission of heaviest nuclei

Study of nuclei at high excitation energies



Synthesis of new elements @ SHE Factory

SOT| + 249-231Cf — 3n + 296-298120

TARGETS 54Cr + 248Cm —s 3n + 299120
S0Tj + 24°BKk — 3n +
" 296119 ]
» Cooperation with Rosatom (Russia) and ORNL (USA): 4
Isotopically enriched heavy actinide materials

4
4

« Radiochemical laboratory of class 1:
Stability studies;

o [ | o

238 + S4Cr — 292 y*

* Production of high-intensity 4 E 160 244P | + 50T _ 294] y*
50T; 54

beams of >Ti, >*Cr and others =8 - kB e 245Cm + 48Ca—> 293 \*

03,= 4pb

170

Manufacturing and regeneration Chart of nuclides 298
5 249ci+48Ca Es
o 249c+48¢

g W
‘é % "?:"‘mma = 7 z=114
& | 287Nps sacaf B i

BEAMS Yy : G B OB -
= s 6o | S N 176 178 180 182 184 .
TR [ 4 Test reactions (2022-2023):
]mr*"' 172

- New ECR-28 GHz (2024)



@ Baikal-GVD construction status -. =

Status 2023: 12 clusters, 5 laser stations, experimental o 1 D e ;
cluster prototype with new DAQ system = -
T
 About 700 optical modules are assembled for deployment in 2023. s
+ The collaboration is planning to install additional 2 new clusters in case a o AWM B
good external conditions (weather and ice). e e

B> - ld I, )
—— . - 5 v 5
- ™ i J W ) e

s ST K z ise o ‘ . i

e/ — £ . i - Segligei Vel \
e ;:, / - = - — s 9 - Ay P ~

< - w "
- ‘ ' ; &
- = x ! . .

[N > oo .

The array from April’23 contains 3456 optical modules




@ HenTpuHHbIN Teneckon Baikal-GVD

11 opraHusaumin n3 6 ctpaH, ~70 y4aCTHUKOB

lMonoxceHue nepebix decamu KaHOUGamMoe Ha acmpogu3uvyecKkue HelimpuHHoble
cobbimusa e Baikal-GVD Ha HebecHoli kapme ¢ ucmoyHukamu FERMI-LAT e
2as1aKkmuYecKoli cucmeme KoopoOuHam. BHympeHHAA U 8HeWHAA OKpyMHoCcmMu
B80Kpye cobbimuli coomeemcmeayom eepoamHocmu peaucmpayuu 50% u 90%

3pdeKTnBHLIN 0OBEM AETEeKTOpa B 3a4aye pernctpaumm cobbiTUin OT
HEWTPUHO BbICOKMX aHeprmit (> 100 TaB) goctur ~0.6 Ky6. KM; OH ABNAETCS
KPYNMHENWMM HeNTPUHHbIM Teneckonom CeBepHoro nonywapusa. Mpu
aHanm3e paHHbix 2018-2020 ropoB 6biAn  BbiaeneHbl nepsble 10
KaHAMAATOB Ha cobbITMA acTPodU3NYECKON NPUPOABI.
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WBP-2M — EAUHCTBEHHbIA B MUPE PEAKTOP,
PABOTAILWEFO C MEPEMEHHBIM YPOBHEM
KPUTUYHOCTU. CPEAHAA MOLWHOCTb — 2
MBT, MMKOBAA MOLWHOCTb — 2 FBT.

S NPOAONMKAETCA PEANU3ALKA

“ MEMOYHAPOAHOM NOMIb30BATENbCKOM

' MPOTPAMMBbl HA MYYKAX HENTPOHOB
PEAKTOPA UBP-2. MPOEKT HOBOTO
MMMYNbCHOTO MCTOYHUKA HENTPOHOB 4-TO
MOKOMEHUA PA3SPABATbLIBAETCSA B
MAPTHEPCTBE C BEAYLW MMM HAYYHBIMMU
OPTAHU3ALUAMM.




&) JOINT INSTITUTE
4y FOR NUCLEAR RESEARCH

Improving the capacity of accumulators
by increasing the wettability via liquid electrolyte
or via carbon nanotube additives cmare curont donsiy

transition processes
during charge-discharge
revealed improved
properties upon doping
cathode with vanadium

MeCN

DMSO

Lithium-ion technologies

10Ah cell, LFPV cathode rotal disenarge capaciy. 7 akharchenko et al. Nanoscale 11 (2019)
FePO.:Vours Um0 111 10111111 (A | Napolskiy et al. Energy Technology 8(2020)

LiFePO,:Vi g5 HII\IIIIIHIII\IIII‘III\Illl \IJIIH u}\ ‘n (N || L PN Potendal (V)

Graphite NI IIT1T | 24 28 32 36 4
e e R

Alternative current sources based on
sodium ions .HEEEERE
may combine with ”
Prussian White g
cathode changing {*§
, Wit between cubicand .. [
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Bobrikov I.A., Balagurov A.M. et al. J of Power Sources 258
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Radiation Resistance Surveillance Incident
beam
Need for radiation-resistant materials and electronics V
Nuclear Reactors |
Accelerators _ Q; Q, _
Solar Cells _ Rad_lal Rad_lal
Space Equipment collimator collimator [ |
N -
= — | 5
(8] ] Q
e r— —1 9
Q 7 s 7]
Construction of IBR-2M reactor (=] / —— 1| o

Surveillance specimens in
Rostov NPP reactor vessel Sample \ Gauge

Beam stop

Residual stresses born by welding in surveillance
specimens can be determined by neutron diffraction

J.Huran, P.Bohacek, V.N.Shvetsov, A.P.Kobzev, et al. PSSA (2013)
I.Bolshakova, S.Belyaev, M.Bulavin, et al. Nucl. Fusion 55 (2015) G.D.Bokuchava et al. Metals 10 (2020) p. 19



Small-angle neutron and X-ray scattering comes handy in the studies of
the structural properties of nanoparticles (NP)

Coating of NPS with surfactants causes their high stability that encourages
using them in ferrofluid applications

Ordered assemblies of magnetic NPs at interfaces # .. o+ @
are of interest for catalysis, optics, and data storage : 19" ". °- '. *
Magnetic NPs dispersed in transformer oil allow to -
improve its properties and engineer purification
methods

Iron oxide NPs incorporated into fabrics
proved biocatalytic activity allow their use
as artificial enzymes — nanozymes
Magnetic nanocomposites depend on the
structure, shape and concentration of NPs

: | Cheap biosensors for immunoanalysis
q.‘nm" p. 20
Lysenko S. N., et al. Phys. Scr. 95 (2020) Karpets M., et al., J. Mol. Liq. 362 (2022) Safarik I., et al. ACS Appl Mater Interfaces 13 (2021)




x®> JOINT INSTITUTE
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Understanding the Mechanism of Alzheimer’s Disease

Neutron scattering allows to study model membranes that replicate pre-clinical stage of AD

700 A

Changes in the membrane self-organization happen during the thermodynamic phase
transitions of lipids and are interpreted as the peptide driven membrane breakage.

p.21

Ivankov, Murugova, Ermakova, Kondela, Badreeva, Soloviov, Kuklin, Ku€erka, Sci Rep 11, 21990 (2021)
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Drug Delivery Systems

Carbon nanoplatforms for molecular imaging, tissue engineering,
biosensors, and targeted drug delivery in cancer treatment

Carbon Nanotubes Doxorubicin Isomeric forms of antiepileptic drug ETX
was studied by inelastic neutron scattering

COOH

COOH . . . .
— Due to different pharmacological activity,
i . enantiomers may differ in toxicity
4 ‘ lecul
HNO, ‘ molecule
v ar t ‘ shapes D
functionalization adsorption
Superparamagnetic Fe304 core-shell nanoparticles for boron
neutron capture theraey\ o -
; " ” b);nlaogen =. dynamic m
= 0—R
H,N by /
R ,H \ﬁ/ x
/ \

H R
Nol. Sci. 21 (2020)

Courtesy of Dr.N.Kucerka Korolkov . etal, Int.J. Mol. 5ci. 22 (2021) 5giecka N. et al., J. Pharmac. Science. 108, 1 (2019 22




nepeoe MecTo cpeau MMpOBbIX LeHTpoB Tier1
ans akcnepumenta CMS. Mnoiuaaka Tier2 OUSAN
— camasi Npou3BoAUTeNbHAA B KOHCOpLMyMe
Russian Data Intensive Grid (RDIG).

Tierl — Sum CPU Work (HS06 hours) by Tier 1 Node and Year for CMS

1,8E+09

1,6E409

1,4E+09 .
1,2E+09 / ——RU-JINR-T1

- /: ——US-FNAL-CMS
3 1E+09 .
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Year H
TN @ JINR-LCG2;50,94%
f N

RU-Protvino-IHEP; 29,75%
RU:SPbSU; 6,96%
RU-SARFTI; 5,74%

ITEP; 5,49%
Y = RuiTroitsk-INR-LCG2; 0,52%
" RRC-KI; 0,31%

ru-PNPI; 0,29%

Mo npon3BoOANTENLHOCTH T|er1 OUAU 3aHumaet |

CynepkoMnbioTep
umenu H._H. roaopyﬂa
JIUT OUAN

» [MnepkoHBepreHTHasa nporpaMmmMHas cpeaa

* [NlonHas nukoBasi NPOMU3BOAUTENBHOCTL CyNeEPKOMMNbIOTEPA
«loBopyH»: 1.7 MNdnonc ¢ gBonHOM TOYHOCTLIO; 3.4 Ndronc ¢
OOVWHAPHOW TOYHOCTLHO.

Ckopoctun nepegayn gaHHbix >300 GB/s
1-n B Poccun n CHI/BE, 17-i B pentuHre 10500

MacwTabupyemsble pelueHusi, 06bemM noa 3anpoc
MHoroypoBHeBas cMcteMa XpaHeHus

KoHTyp obpaTHOro oxnaxaeHus

Cawmbin aHeproaddekTnBHbIN CK ueHTp B PP (PUE = 1.06)




Cloud Infrastructure

JUNO, NOVA, MLIT and  £21a 06pabotkM #  xpaHeHusa AaHHbIX
Baikal-GVD are the aKcnepumeHToB, nposoauMmbix B OUAMWN,
major users of the cloud CO34aHa TreTeporeHHas BblUUCAUTENbHAA

infrastructure in 2022. cpepa Ha 6a3e nnatpopmbi DIRAC.

CPU, cores * khours

Most of the jobs in the JINR DICE
in 2022 were performed on the

neutrino computing platform
(DIRAC.JINR-CONDOR:.ru).

= DIRACJINR-CONDOR.ru

8 CLOUD.JINR ru

) ‘ Norway JINR(Russia): PRUE (R - ) = DIRAC.INP.uz
4 A i ussia):
= JUNO Kiegrac integrated CLOUD.NOSU.ru
= NOvA INP (Belarus): fa CLOUD.INP.kz
- LT integrated - » CLOUD.INP.by
GTU (Georgia):
DIRAC i work in progress

A

= Baikal-GVD iy

» VBLHEP SU (Bulgaria);

integrated

= BLTP INP (Kazakhstan):
integrated
RAM, PiB*hours (']
INRNE (Bulgaria): Kyrgyzstan
= JUNO tu integrated 2
\‘ = NOVA 2 gty e The main consumer of the
. LT i JINR DICE resources was the
DIRAC Mos, () 08U Russia) Baikal-GVD experiment (96%).
= Baikal-GVD integrated IP (Azerbaijan) s
® VBLHEP = _ lIAP (Armenia): integrated
= BLTP As"ﬂg(ri%eygt). gormponess YT

Mumbal

1 Mya
i



BIG DATA or HPDA - High Performance Data Analysis

Annual Size of the Global Datasphere

. In 2020

. ; > 40 ZB data
" will be

Annual data production follows
to exponential the law.

the 21st century

High Energy Physics

, | createqg =
‘ = u /— =3 ,
o ,_ HNCGY .

Science

(LSST) > 10 Pb/Year (estimation)
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RADIATION RESEARCH IN LIFE SCIENCES Mathematical Modeling

MAIN RESEARCH FIELDS:

Molecular Radiobiology Radiation Cytogenetics Radiation Physiology

Radiation Genetics Clinical Radiobiology Radiation Neuroscience

= e mm——— Y

Astrobiology




JINR’s radiation sources for radiobiological studies
Nuclotron: heavy ions 0.3-1 GeV/u (H — Kr)

Phasotron: U-400M cyclotron:
protons 170 MeV heavy ions 50 MeV/u (Li-Ne)

c =

cyclotron MSC230

(since 2024):
protons up to 230 MeV Linac200:
Vacuum

electrons 20-200 MeV

pump e
ol
\

Lifting
system




YckoputenbHble komnrneKkcbl: NICA, ®CTI, p- u e- yckopuTenwu

Pa3paboTka yckoputenem n TexHoNornim ans nepepaboTkm AAepHbIX OTXOA0B;
MpoBeaeHe MeANLNHCKUX U PaANOBNONOrMYecKnX ccneaoBaHnim, B TOM YUCHE
NNA NneYyeHnn pakKa;

CBepxnpoBoAsALLMe YCTPONCTBA: MAarHMUTbl, HAKONUTENN SHEPTUN U T.4, .;
pa3paboTka paanMauLMOHHO-CTOMKON MUKPOINEKTPOHUKM N CUCTEM UX 3aLUTbI ANA
OCBOEHMUA KOCMOC3;




Construction of the Superconducting proton cyclotron (230 MeV) Vacuum
- as a pilot facility for proton therapy centers pump
- as core Infrastructure for Research in the field of radiation therapy
Implementation of R&D agenda: proton flash therapy, new approaches to
treatment planning, pencil beam technologies, etc.

PIG Lifting

230 8-

1070

Magnetic field (center), T 1.7

Magnetic field (extract. radius), T 2.15

1700 x 3960

130

50/700

265 000 State-of-the-Art MSC 230 proton cyclotron

106.5 * Low power consumption & Reasonable size;

4 * Minimum engineering efforts and challenges;

4 * Moderate conservativeness and reduced risks.
40/110 *  High quality of the beam

60 Extracted beam current — CW 1 pA in short pulse -10 pA
500 At least 5 Grey per 1 liter target in a pulse of about 50 ms
10 The technique developed for NICA will be applied to the

manufacture of SC230 windings.



Detector technology in fore-front experiments

ATLAS - calorimeters; muon spectrometer
of high-granularity timing detector,
enlargement of Micromegas technology.

ALICE - upgrade of PHOton Spectrometer.

CMS - muon system, calorimeters,

high-granularity endcap calorimeter. ATLAS: Large Mlcromegas module productlon
COMET, NAG62 - ultra-thin (12 um) straw;
large area of straws in vacuum. EDELWEISS - low radioactivity materials.
SuperNEMO - scintillator detectors; GERDA - automation of det. movement in gloves box.

low background measurements

with HPGe & BiPo d-etectors. PLI - New method to measure surface inclination

MPD —TPC, TOF based on MRPC, with nano-radian accuracy

ECal with projection geometry.
BM@N, RD-51 — GEM chambers.

JUNO - high resolution liquid scintillators
DUNE - light detection in LAr TPC

required in

« gravitational waves detect.
(LIGO, VIRGO, Einstein),

 colliders (LHC, NICA),

« early warning of earthquakes.




JIPb OUAUN pa3paboTaH 1 3anaTeHTOBaH HOBbIX TUN
Ha3eMHOro MMMTaAToOpPa CMEKTPOB PagUaALLUOHHbIX
noneu Kocmuyeckoro nsny4dyenumsa. NopobHole
NPOEeKTbl He3aBUCMMO pa3pabarbiBatorca NASA
(NSRL, BpykxeiiBeH) n npoektom FAIR, apmwTaar.
ITOT TPeHaX<ep NAAHMUPYeTCA UCNO0/1b30BaTb HA
KaHanax npuKnagHbix uccnegosaHmni APUAOHA
KomnnaeKca NICA B uccnepgoBaHuAX pagnauMoHHbIX
PUCKOB ANA KOCMOHABTOB.

T 0. . .0 0, NS LIS
or Innerfield W=0  + 1
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<":; 3
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Charge [Z]

Comparison of simulator and space
radiation charge spectra

JIABOPATOPUA PAAUALMOHHOM BMONOTUN

PeHTreHoBCKaa o0bny4yaTenbHaA YCTaHOBKA, NpeAHa3HAYeHHas 41a NpoBeaeHUsA
pagmMobMoNorMyecknx nccnegoBaHMm Ha MeIKMX NabopPaTOPHbIX *KUBOTHBDIX.
310 egMHCTBEHHAA cuctema SARRP, yctaHoBNeHHaA Ha TeppuTopmmn BocTouHoM
Esponbl n Poccnun. TakoOM MOLLHbBIM UCCIea0BaTENbCKUIA MHCTPYMEHT NO3BoAAET
MHCTUTYTY BHOCUTb CBOW BK/J1aJ, B pa3BuUTME MeAULIMHCKOM paanonorun. SARRP
NO3BOJIAET OKa3biBaTb KOMOUHNPOBAHHOE BO3AENCTBME PEHTIEHOBCKUX NTYYEN
N HEKOTOPbIX IEKAPCTBEHHbIX NPenapaTtoB B paMKax MHHOBALMOHHbIX
nccnenoBaHui yyeHbix LRB no nosbiweHnto apHeKTUBHOCTU NYy4EBON TEPANUN.
Ero MOXXHO MCNONb30BaTb M A1 U3YYEHUA HEMpPOLEreHePaTUBHbIX MPOLLECCOB
B rOJIOBHOM MO3re, YTO OTKpbIBaeT HOBble UCC/ief0BaTe/IbCKMEe BO3MOXHOCTY.




The linear accelerator Linac-200 electron test beam facility at the Joint Institute for Nuclear Research is nearing
completion. Two beam extraction points are available. The test beam facility is open for particle detectors and
beam diagnostics R&D, material irradiation, radiobiological and other studies.

Purposes:
1. R&D of elementary particle detectors for
- experiments at the NICA collider:
for MPD, SPD, beam diagnostics;
- external experiments - XFEL (LUXE), SPS CERN (AMBER).
2. Electron radiography
together with ITEP.
2. Generation and acceleration of "twisted“ electrons
together with ITMO.
3. Generation and use of terahertz radiation.
- search for new methods and design of equipment for the
diagnosis of electron beams

((within the framework of the international collaboration FLAP Parameter Beam extraction point
(together with the University of London, AS, Belgorod EP1 EP2
University, Tomsk Polytechnic University, etc., there are more Electron energy, MeV 525 40—200
than 10 institutes in total.)
- Radiobiological research (in conjunction with LRB) Pulse duration, ps 0,2—3,5
4. Educational program, experiments on photonuclear
. . . .- . .- Max. pulse current, mA 60 40
reactions, irradiation of samples for radiation hardness,
etc. Pulse repetition rate, Hz | 1—50 1—25




Fnks CotpygHudectso OUNAW c opraHusaumamm MunHKynbTypbl Poccmnun

CornaweHue o coTpyaHuyectBe ¢ flocyaapcTBeHHbIM
MUHcTntyToM UCKyCcCcTBO3HaHUA.

ﬂ s O © Heritage Science
Comprehensive study of 12th century 2
wall painting fragments from the St. George
Cathedral of the Yuryev Monastery in Veliky
Novgorod {(Russia) using complementary
physico-chemical methods
MexpermoHanbHoe areHTCTBO Hay4yHOM pecTaspauunm
npoun3eeaeHuUmn MCKYCCTBA (2022) PusnKo-xmmmyeckune
nccnefoBaHMA HacteHHoi pocnncu XIV BeKa ana paspaboTku
npoekKTa pecTtaspauymu cobopa PoxpectBa MpecBaTon MeToAabl uccnenoBaHmA: MuKpocKkonnyeckme metoabl
boropoanubl CHETOropcKoro »eHcKoro MmoHacTblpA B [lcKose INeMEeHTHbIN aHaNus: e Crpaturpadwma
[OCYAapCTBEHHBIA  UCTOPUKO-KY/ILTYPHbIN  My3eii-3anoBefHuK — HEUTPOHHO-aKTUBALMOHHbIN aHaNN3 * NonapusosaHHan
v v SKcnpecc-raMma-akTMBaLUMOHHbIM aHanms MUKPOCKONHUA
MockoBckuit Kpemnb (2022 r.) B nnaHax coBmecTHOM paboTbl P a P
. y 6 PeHTreHOobNyopeCcUeHTHbIN aHann3 *  CKaHuMpyloLWan a1eKTpoHHanA
M3yL-IEHM€ MOHYMeHTaﬂbHOM pOCI'IMCM CneHckoro co Opa MOI‘IEKyﬂﬂprIﬁ n MMHepaI'Ibelﬁ dHa/1n3 MUKPOCKOMMA C aHa/IN30M U
Mockosckoro Kpemns. NHdpaKkpacHada cnekTpockonusa KapTupoBaHuem EDX
PamaHOBCKas CNeKTPOCKonmA KanenbHbli xumnyeckuit

aHan3



UL~ 1956

O6beanHEHHbIA UHCTUTYT
SAepHBIX UccneaoBaHuiA

TEHaQ‘P¢S 96‘6

)

AHTAPE

1995 L = |

MepBble |
nopTanbHble
MOHUTOPbI Cepui
«SIHTapb»

§—

S

P

_—

S\ ACIIEKT

e
1991 Vano Moo,

_(I_)Tpacnm . Apyrvie nsgenus
AMOXEHHbBIV U PagrnaunoHHbIE MOHUTOPSI
KOHTPO/b

O lNacnopTmsatopesl

ATOMHas 3HepreTnka PaANOaKTUBHbBIX OTXOA0B

AHTUTEPPOP O MporpammHoe obecneyeHne
MeTannyprus CMeKTPOMeTPUYECKMX CUCTEM
[MonuroHsl TO 1 TKO O YcTpowncTBa Ana KOHTPOSIS
pPajgVaLMOHHOr0o 3arpa3HeHns
nepcoHana
2020+ 0 MopTtatmBHbIe NpUbGOPDI

O lNepeaBri>kHble KOMMEKCHI
8,000 +
PagnayMOHHBIX MOHUTOPOB CepUm
«fIHTapb» BBEAEHO B 3KCMN/1yaTauuto x
20 + 50 3\1‘01
JleT HenpepbIBHOW UCMPaBHOM W
a e A
paboTbl 6€3 KanuTaibHOro PeMoHTa ¢t GO‘NP‘O Acﬂe\(
500 +
[TYHKTOB Nponycka OCHalLLleHo



PernoHanbHbi noaxoan ONAN K mexxayHapoAHOMY COTPYAHUYECTBY

GREENLAND
Northern Africa ‘ - Meditterian and Balcans
, I

JINR country
Egypt — member state

JINR countries
Bulgaria, Serbia

10 partner organizations

CANADA

Partners in region

 UKRAINE
FRANCE ™ KAZAKHSTAN

Hub organization ) Serbia MENGOLIA 3 Israel
AAEA - MoU since 2016 S, seafin TURKIYE ~ TURKMENISTAN ’ 8 Turkey
o kr IRAQ IRAN i pre 5 Greece
MOROCCO  ALGERIA  LigYa PAKISTAN

EGYPT 5 Croatia, Montenegro, Slovenia

MEXICOL y Sauoi jetnam
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v East and South-East Asia
Latin American I PARAGUAY -

JINR countr
Vietnam — member state
10 partner organizations

q

JINR country : ARGENTINA
Cuba — member state 4 el . Partners in resion
4 partner organizations - - - \ ! : {

) R -1 21 China

Partners in region 5 Thailand
i South African South Asian 1 Indonesia
15 Brazil

- JINR country Partners in region
6 Mexico . . .
South Africa — associated member 24 India

2 Chile 10 partner organizations 3 Pakistan
1 Ecuador 1 Bangladesh

Partners in region 1 Sri Lanka
1 Peru
1 Botswana

2 Argentina

Haunbonee appeKTUBHbIM MHCTPYMEHTOM paclumpeHus KoOHTakToB OUAN aBnaeTca nporpamma A0AroCPOUYHbIX CTaXKUPOBOK HA KOHKYPCHOM
OCHOBe, ¢ 60-x rogoB ycnewHo paboraer Kak "CtuneHguatol OMAN» + CozpgaHue cetn npegctaButenncts OUAN B perMoHanbHbIX LLeHTpax.



Joint Declaration’*‘-‘
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February 15-16, 2023, JINR, Dubna
Delegation of Mexico headed by H.E. Eduardo Villegas Megias,
Ambassador Extraordinary and Plenipotentiary of the United Mexican States

Highlights of the visit:

* signing of the Joint Declaration of Intent between the National Council for Science
and Technology of Mexico (CONACYT) & JINR;

* report on JINR-Mexico cooperation by the President of the Mexican Physical Society
Ana Maria Cetto at the session of the JINR Scientific Council;
acquaintance with the JINR infrastructure.




JINR-CHINA:

The People's Republic of China was one of the JINR founding states in 1956.

PROTOCOL
between the Ministry of Science and Higher Education
of the Russian Federation, the Ministry of Science and Technology
of the Peoplle’s Republic of China, the Joint Institute for Nuclear
Research and the Chinese Academy of Sciences
| on Strengthening Cooperation in the Field of Basic Scientific Research ‘

For the Ministry of Science and
Technology of the People’s ‘
Republic of China

e
‘ For the Ministry\of Science and |
Higher Education
‘ of the Russian Federation

Jbe

For the Joint Institute for Nuclear

For the Chinese Academy ‘
Research (Dubna)

of Science

— -

NEW HORIZONS OF COOPERATION

WANG Ganchang, prominent Chinese
scientist and researcher, Academician of
the Academy of Sciences of China was
Vice-Director of JINR (1958-1960).

CPR was actively and fruitfully involved
into JINR from 1956 to 1965.

Naad o Mt
26.08.2020, Agreement between the Ministry of Science
and Technology of the China and the JINR on Participation
in the Construction and Operation of the Complex of
Superconducting Rings for Heavy lons Colliding Beams
NICA

v

In January/March 2023, JINR and China held
workshops with 24 scientific partner
organizations from China: the common wish i
to enhance the level of cooperation betwee
JINR and China.

Acknowledging that JINR is currently recognized as one of the leaders in world science,
successfully implementing international integration in scientific research,

Intending to enhance the level of participation of the China in JINR,

Reaffirming commitment to the peaceful use of research results,



Bnaavkaskas, oktabpb 2018 r. OTKpbITUE
WHbopmaLmoHHoro ueHTpa OUAN B CeBepo-OceTUHCKOM
rocypapcrseHHom yHusepcutete um. K.J1. Xetaryposa

MHOOPMALNOHHbIE LLEeHTPbI B 3
CTpaHax-y4acTHuuax OUAN

NHCTPYMEHT pa3BUTUA MeXKAYHAPOAHOM AeATeNbHOCTU MHCTUTYyTa: v
paboTa co cTyaeHTamu, MONOAbIMU YHEHBIMMU, LUKONbHUKAMMU, e
yuntenamm, obpasoBaTe/ibHbIMM LLEeHTPamMn obnacty,
BbICOKOTEXHO/IOFMYHBIMW NPEeANPUATUAMM 061aCTU, HAYYHO-
nccnepoBatenbckaa pabota. MHPOLEHTPbI ABNAKTCA OT/IMYHOM
NaoWaaKon ANna pacnpocTpaHeHma nHpopmaumm o6 OUAU,
COBEpPLUEHCTBOBAHMA BUPTYa/bHbIX 06pa30BaTebHbIX NPOrpamm
YHL OUAU n moaepHu3aummn obpasoBaTeibHOro npoLecca.

__CodUpck
VHIABEPCIAT T

NT INSTITUTE
)R NUCLEAR

BnagukaBkas, Tomck, [MeTponaBnoBck-KamuyaTckun, il | : | RESEARCH
ApxaHrenbcK, Bnagusoctok, Kanp, Codus, o N - 02]n

A BBITAPHS B OMEM

o ) 5= : i CceHTabpb2021 r. OTKpbITUE
Hanbwe: KenntayH, TawkeHT, AaimaTbl, XaHOU i : MIRGOPMALYOHHOTO HEHTPA
: b OUAN B Coduiickom
yHuBepcuteTe «CB. KaMmeHTa
OxpuacKkoro»

HCTWTYT AAEPHBIX WCC

s s
spzzpdecd *:

15 %

o ~ e ApxaHrenbck (Poccuiickan ApkTuka), 18 mapta 2022 r. OTKpbITHE
December 2020. Online opening of the JINR Information Centre on the basis of NHdopmaumoHHoro LeHTpa OUAN B PesepanbHOM APKTUUECKOM
the Academy of Scientific Research and Technology (ASRT) of Egypt | VRS




dunnan Mry s r. lybHa

28 ¢deBpana 2022 ropa MpasutenbctBo Poccuiickonn Pepepaunm BHeCNO
n3meHeHUA B yCTaB MOCKOBCKOIo rocyaapCTBEHHOro YHUBEpPCUTETa UM.
M. B. /lomoHOCOBa, cornacHo Kotopomy B lybHe co3gaH puanan MIV.
®dunuan 6asmpyetca Ha aybHeHcKom noapasaeneHun HUNAD MIY um
AByX Kadegpax Punsmueckoro pakynbtreta MIy B [lybHe.

Kadeapa pu3nkmn asnemeHTapHbIX 4acTUL,

Kadeapa dyHAaMEHTaNbHbIX AAEPHbIX B3aUMOAENCTBUMN | R e
B AafbHelWwem CneKTp HanpaBneHul obyyeHWs BYAeT pacluMpATbCA B e Uit m;cu‘ P,
coTpyaHuyectee € XMMMYecKum, buonormyeckmm, BMK u apyrumu .
dakynsteTamum MIV.

NeHeXHOH (opMe Ha OCYUIECTBIIEHHE eXXeMECSYHON BBIIATHl CTHNEHAUH eTyaenTamM, o6yqaomumMes
Ha Kadeapax (UINKH MEMENTAPHBIX YACTHN H (YHAAMENTANLHBIX SAEPHBIX B3aumoAelcTBuUI
uzuueckoro paxynnstera MI'Y B r. [lyne.

1.3.Hacrosumm  JIOTOBOPOM ~ YCTAaHABNHBAIOTCH CJEAYIOLIME E€XEMECTYHEIE  pasMephl
cTunenaumii cryaentam: 3 kypea — 10 Teic. py6.; 4 kypea - 15 Thic. py6.; 5 kypea (1 kype MarucTparypsi) -
25 Thic. pyb.; 6 Kypca (2 Kypc MarkcTpaTyphl) - 25 Thic. py6.;

Cneumanusauma kKadeap OPuamana opueHTUMpPOBaAHA Ha CaMyl BaXKHYHO MU
NPUOPUTETHYIO YacCTb TEOPETUYECKUX W 3SKCNEPMMEHTA/NIbHbIX UCCAea0BaHUN,
cBA3aHHbIX ¢ ONAN.

®dunnan 8 lybHe byaet ncnonb3osaTb BO3MOXKHOCTU OUAU, Kak mexXayHapOoaHOM
OpraHmMsaumu, Mo  YCTAHOB/IEHMIO CBA3EM WU UCMNONb30BAHUID  yYLUUX
obpa3oBaTe/ibHbIX NPAKTMK Yepes yyacTue B MeXAyHapoaHbIX HAy4YHbIX NPOEKTAxX B
LenAx NnoarotoBKM Kagpos ana GyHOAaMeHTaIbHbIX NCCIeA0BaHUIA B rOCyAapCcTBax-
yneHax OUAN.
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Digital Eco System v.0.0.0p

JIN R m FIRST VISIT VISIT CENTER CONTACTS

Digital Eco System

B

o . &5 .. . . 7 . . . .
WS il Administrative services gﬂé% Network services Information services  Other services

& Publications and Conferences & Scientific software & IT infrastructure & Dissertations

] -
JINR Digital ol =
<0 [T I
ADMINISTRATIVE

SERVICES

INFORMATION
SERVICES

SCIENTIFIC SERVICES
oy g A o IRHUHH .
d@i Publications and Conferences &5 Scientific software a‘gb IT infrast
Article repository, library catalogue, JINR staff Program libraries, operation systems, open source i
2.

publications, conference and meeting organization software repositories
90

sence
R

NETWORK SERVICES

7o) 1
2 JINR PTP j- Dissertations

JINR Problem-thematic plan

Open in a dedicated window &

- An extensive network of various JINR digital services .

- Routing of electronic documents to avoid excessive paperwork Digital Ecosystem

- Easy access, convenient navigation This is  complex digial environment that combines alarge number of nformation services and
- Adaptive user-configurable interface TR fepep Ty b s
- Access levels based on the position and role of the employee

- Each JINR employee will have a personal account with  notifications from

departments and services to personal accounts

- Public resources: phonebook, JINR map, information on dissertations, scientific

software, etc.



Distribution by fields of
science physics
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Distribution by mission
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= Basic
knowledge
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Distribution by international dimension

® International
worldwide

® International
regional

National

= Elementary particles

Condensed matter

Environmental scienceSCIENtifiC

= Nuclear physics

Global trends and JINR today

= Astronomy&Astrophys

The statutory for JINR fields of science
occupy a priority position in the world
agenda and development of a
large research infrastructure.

The analysis shows that almost half of
modern projects in the field of basic sciences
have accompanying programmes of applied
research aimed at sustainable development
goals (SDG).

Worldwide international dimension, the
multi-disciplinary scientific programme
and large infrastructure projects of JINR
harmoniously complement the global
scientific agenda and the worldwide
landscape of mega-science
infrastructure, assuming, along with the
main goals in the field of fundamental
research, the achievement of certain
SDG.

Large Research Infrastructures:

Large Hadron Collider (CERN)
European Spallation Source (ESS)
Facility for Antiproton and lon
Research (FAIR)

LBNF-DUNE (Neutrino experiment)
Future Circular Collider

SNOLAB (underground neutrino
facility)

European Synchrotron Radiation
Facility (ESRF)

Cubic Kilometre Neutrino Telescope
(KM3NeT)

International Linear Collider

NICA (Nuclotron-based lon Collider
fAcility)

SCT (Super charm-tau factory)
Amundsen arctic research vessel
Extremely Large Telescope (ELT)
Square Kilometer Array (SKA)

About 40 LRI in a wide range of
scientific fields that meet the criteria
for a large research infrastructure
(complexity, scale, uniqueness,
mission), both operational and those
under construction, as well as some
planned ones - ICRI, GSF OECD,
2021



Milestones of the 2024-2030

* Reliable, ecosafe, globaly demanded Research Infrastructure (NICA, FLNR, IBR-2M, B-GVD,
MICC): annual beam operation_av => +30%, N_users => +30%, N_publ => +20-30%.

* JINR Human Capital (Staff) => + 1500 employes. (620 MS => 820 MS || 38% => 44%)
* New Innovative Facilities: MSC-230 ~15MS, DC140 ~ 7MS, ARIADNA@NICA ~ 13MS

* Feasibility Studies for New Large-Scale Projects: RCL, NEIF, NEPTUN, FRIB, others.
e Budget (Integral) growth: 1.5 BS => 2 BS HUMAN

= CAPACWY
L 4

New quality and significant attractiveness of JINR2030:

* Intellectual ECOSYSTEM ”Digital JINR”
 New Educational Standards: Higher School in Dubna, Lyceum;

 Development of a social environment: medicine, comfortable urban o :
. . UTREACH _ g®is
environment (>100 new flats), ”Ratmino” Guest House; INNOVATION ~ *' . INFRASTRUCTURE

New countries in the orbit of JINR: Full Members,
Associate and Cooperative States. Proactive ISTC and Communications.
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«[lemokpaTtmnsaumnsa nckyccrteeHHoro nHrennekrta (Al)

*Knbepyrposbl CTaHOBATCSA Bce bonee npoaBUHYTbIMA

*OKpyXatoLine BblMNCIIEHNS MO3BONMSAOT MCNOMNb30BaTb NOYTU HEBUAMMbIE TEXHOMOIUN

*icnonb3oBaHune Low-Code unu No-Code Al

‘MapkeTuHr B MeTaBCeneHHoun

PaclumnpeHHasa peanbHOCTb BbIXOOUT 3a PaMKU pa3BnevyYeHumn

L lndbpoBble UMMYHHbIE CUCTEMBI

BHeapeHune poboTtmnsmpoBaHHom aBToMaTtusaumm npoueccos (RPA)

[ MnepasTomMmaTmsaumnsg

*TexHonoruns ynaesnuBaHuga yrrnepoaa

*PocT nepndepunnHbIX U KBAHTOBLIX BblMUCNEHUN (NpUBNMXKAKTCA K peasibHOMY MPUMEHEHUIO)

[[eHOMUKA

L lndbpoBble ABOMHUKM A9 NpeoaosieHnsa paspbiBa Mmexay umdpoBbiM U PU3ndeckum mmpamm

«[laTadbukauma orpacnenm npomMbILLUIIEHHOCTU
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