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CBsi3aHHBIC TPEXYaCTHYHBIC KBAaHTOBBIC CHCTEMEI
BaKHBI U1 QyHIaMEHTAIbHON (QH3HKH, TIOTOMY YTO OHH
MO3BOJISIFOT MPOBEPUTH KBAHTOBYIO 3JIEKTPOJMHAMHKY H
MIPEAOCTABISIOT JIOCTYN K (pyHIaMEHTaIbHBIM KOHCTaH-
TaM aTOMHOW (DM3HMKH M CBOMCTBaM siiep. MoJeKyIsipHbIe
HOHBI BOIOPOJIA, IPOCTEHIIINE MOJIEKYIIBI, SBISIOTCS TIPE-
CTaBUTEIISIMH ATOTO KJlacca. MeracTaOMIIbHOCTh BUOpAIu-
OHHO-POTAIIOHHBIX YPOBHEH B NX OCHOBHBIX JJIEKTPOHHBIX
COCTOSIHUSIX OTKPBIBAET BO3MOXKHOCTB ISl CHIEKTPOCKOITUH
HCKIIFOUUTEIILHO BBICOKOIO paspelieHus. B pesynbrare aTH
CHCTEMBI Jal0T He3aBUCHUMBIH METON A1 M3MEPEHUs I0-
cTosiHHO#M Puabepra R,,, OTHOIICHUST MacChl JIEKTPOHA K
maccaM npotona (Me/Mp) u neiitpona (Me/My), AAEPHBIX
paguycoB NPOTOHA M ACHTPOHA M MPOBEPKH KBAaHTOBOM
9MEKTPOANHAMHKH C BBICOKOH TOYHOCTEIO.

TpaauuuOHHBIE METOIBI CHEKTPOCKOIHMU JJIsl MO-
JEKYJSIPHBIX MOHOB YK€ JaBHO HE MOTYT 00eCHedHTh
TOYHOCTh, KOHKYPEHTOCHOCOOHYIO ¢ Teopueit ab initio,
KOTOpass ObLIa 3HAYMTENBHO NPOJIBHHYTA B IOCIEIHHUE
ronel [1]. B pabore [2] mpennaraercs HOBas METOAMKA
NPEIU3NOHHON POTAIMOHHON CIIEKTPOCKOIMH ISl CUM-
MAaTHYECKH  OXJIKICHHOTO KjacTepa MOJIEKYISIPHBIX
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HMOHOB B JIMHEHHOW pajiMO4acTOTHOM JIOBYLIKE, KOTOpas
MO3BOJISIET YIIYYIIATh TOYHOCTH W3MEpPEHHs IMOYTH Ha
JIBa MOpsiika. MI3MepeHbl mecTh CBEPXTOHKUX KOMIOHEHT
(hyHIaAMEHTAIBHOTO POTAIIMOHHOTO MEPEX0/a, YTO MO3BO-
JUIIO0 TONMYYHUTh HanOoIee TOYHYIO MPOBEPKY MpErcKa-
3aHUI KBAaHTOBOH AJIEKTPOJAMHAMHUKH B TPEXUYaCTUIHOM
cektope Ha yposHe 5 -+ 1071, orpanuuennom Tekymmmu
HEOIPEICICHHOCTSIMA  (DyHJaMEHTATBHBIX
OmnpejeneHo 3HaueHWE KOMOMHANUW (QyHIaMEHTaIbHBIX
KOHCTaHT R, Mg ( mgl + mal) 1 My/Me ¢ OTHOCHTENBHOT
ToyHocThio 2 - 10711, Pesynprarsl HaxomaTcs B cOIIacHU
CO 3HAYCHHSMH, IMONyYaeMbIMH C HCIOIB30BAaHHEM pe-
komenayembix rpymmnod CODATA BennunH ¢yHIameH-
TaJIbHBIX KOHCTAHT OT 2018 T., HO OHM 00JIee TOUHBI. DTH
PE3YIbTaThl SBISIOTCS YOCOUTEIBHBIM JTOKAa3aTeIbCTBOM
MPAaBUIBHOCTH TMPEIBIAYIINX KITFOYEBBIX MPEIU3UOHHBIX
n3MepeHui u 6oaee yeM B 20 pa3 yimydIIaoT IpaHuIly At
TUIOTETUYECKOM MSITOM CHUJIbl B3aUMOJAEUCTBUS MEXKIY
MIPOTOHOM U JICHTPOHOM.

1. Korobov V. I., Hilico L., Karr J.-P. // Phys. Rev. Lett.
2017. V. 118. P.233001.

2. Alighanbari S., Giri G.S., Constantin F. L., Korobov V. 1.,
Schiller S. Precise Test of Quantum Electrodynamics and Deter-

mination of Fundamental Constants with HD+Ions // Nature.
2020. V.581. P. 152; https://doi.org/10.1038/s41586-020-2261-5.
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Bogoliubov Laboratory of Theoretical Physics

Bound three-body quantum systems are important for
fundamental physics because they enable tests of quantum
electrodynamics theory and provide access to the funda-
mental constants of atomic physics and to nuclear prop-
erties. Molecular hydrogen ions, the simplest molecules,
are a representative of this class. The metastability of the
vibration—rotation levels in their ground electronic states
offers the potential for extremely high spectroscopic res-
olution. Consequently, these systems provide independent
access to the Rydberg constant R, the ratios of the elec-
tron mass to the proton mass (Meg/mp) and of the electron
mass to the deuteron mass (mg/my), the proton and deu-
teron nuclear radii, and high-level tests of quantum elec-
trodynamics. Conventional spectroscopy techniques for
molecular ions have long been unable to provide precision
competitive with that of ab initio theory, which has greatly
improved in recent years [1]. In the paper [2] we improve
our rotational spectroscopy technique for a sympatheti-
cally cooled cluster of molecular ions stored in a linear
radiofrequency trap by nearly two orders in accuracy. We
measured a set of hyperfine components of the fundamen-

tal rotational transition. An evaluation resulted in the most
accurate test of a quantum-three-body prediction so far, at
the level of 5 - 107!, limited by the current uncertainties of
the fundamental constants. We determined the value of the
fundamental constants combinations R,, Mg ( mgl + my 1y
and my/m with a fractional uncertainty of 2 - 107!!, in
agreement with but more precise than current Committee
on Data for Science and Technology values. These results
also provide strong evidence of the correctness of previous
key high-precision measurements and a more than 20-fold
stronger bound for a hypothetical fifth force between a
proton and a deuteron.

1. Korobov V. I., Hilico L., Karr J.-P. // Phys. Rev. Lett.
2017. V.118. P.233001.

2. Alighanbari S., Giri G.S., Constantin F. L., Korobov V. 1.,
Schiller S. Precise Test of Quantum Electrodynamics and Deter-
mination of Fundamental Constants with HD+Ions // Nature.
2020. V.581. P. 152; https://doi.org/10.1038/s41586-020-2261-5.

The excitation functions of the production of new
heaviest isotopes of superheavy nuclei with charge num-
bers 112-118 in 1n- and 2n-evaporation channels were
calculated. Employing reactions in the 1n- and 2n-evapo-
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Brun paccuntansl GyHKITUH BO30YXKICHUS IS TTOITY-
YEHUsI TSHKEJBIX N30ToNOoB sifiep ¢ Z = 112-118. Ucnonb3ys
In- 1 2n-ucnapuTenbHbIe KaHAJbl, MOXKHO HAIIPSIMYIO MO-
JyYUTh U30TOIIBI, OoJlee ONM3KHE K IEHTPY OCTPOBa CTa-
OwibHOCTH. PacyeTsl mokasaiu, 4To CeUeHHs B KaHajax ¢
ucrapeHreM | wim 2 HeWTPOHOB CPaBHUMBI MJIH OOJIbIIIE,
YeM B KaHaJlaX C UCTIapEHHEM ITPOTOHOB U ajib(a-dacTuil.

Hong Juhee, Adamian G.G., Antonenko N.V. Could New
Isotopes of Superheavies with Z = 112-118 Be Produced in 43Ca
Induced Cold Fusion Reactions? // Phys. Lett. B. 2020. V.805.
P. 135438.
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B03MOXXHOCTB CyIIecTBOBaHHS KHHETHYECKOTo dep-
poMarHeTH3Ma, He CBS3aHHOTO ¢ OOMEHHBIM B3aMMOJEH-
CTBHEM, HCCIIET0BAHA C IOMOIIBIO AHAJTUTHIECKH TOYHOH
JMAroHaJIu3aluy cucteMbl N CHIIBHO KOPPETHPOBAaHHBIX
AIIEKTPOHOB Ha KOJbIle, cocTosmmeM u3 L yzmos (L > N).
Ilokazano, 4yro mnpoOiemMa CHIBHO KOPPEIMPOBAHHBIX
9IIEKTPOHOB HA KOJIBLE CBOAUTCA K IpoOieMe OecCIrHO-
BbIX (DepMHOHOB C AP (HEKTHBHBIM ITOTOKOM, TPOHU3BIBAIO-
LIAM KOJIBLIO. DTO SBJICHUE BBI3BAHO CTATUCTUKON KBAaHTO-
BOI'O «OXKEPEbs», IOPOXKIAEMON OTCYTCTBUEM JABOMHOIO
3aII0JIHEHHMS Y3J1a JIEKTPOHAMH C Pa3HBIMH CIIUHAMH, YTO
IIPUBOJUT K M3MEHEHHIO MMITYJIbCA JIEKTPOHA Ha APOO-

JlaGoparopust pusmnku BeicokHX dHepruit um. B. 1. Bekcnepa u A. M. Bannuna.
COopKa AIIeKTPOCTATUUECKOTO CeNTyMa CHCTEMbI HHIKEKIIMH ITydKa B OycTep Koyutaiinepa NICA

The Veksler and Baldin Laboratory of High Energy Physics. The assembling of the electrostatic septum of the system of beam
injection into the NICA collider Booster

ration channels, one can directly produce heaviest isotopes
closer to the center of the island of stability. The produc-
tion cross sections of almost all of these superheavy nu-
clei are comparable with or even larger than those in the
charged particle evaporation channels.

Hong Juhee, Adamian G.G., Antonenko N.V. Could New
Isotopes of Superheavies with Z = 112—-118 Be Produced in “¥Ca
Induced Cold Fusion Reactions? // Phys. Lett. B. 2020. V. 805.
P.135438.

Performing an exact diagonalization of the effective
spin problem, a ferromagnetic ground state of kinetic ori-
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gin is shown to emerge in a system of N strongly correlat-
ed electrons on an L-site ring (L > N). A problem of N
constrained spinfull electrons on an L-site ring is argued
to reduce to that of the spinless fermions with an effec-
tive flux threading through the ring. This phenomenon is
brought about by the quantum necklace statistics origi-
nated by the no-double occupancy constraint leading to a
fractional shifted electron momentum quantization. As a
consequence of such a special energy level distribution,
the kinetic ferromagnetism is stable only for N = 3. For
odd N > 3 the fully polarized FM state energy is only a
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Hy!o BenmunHy. Kak cnexctBue Takoro ocoboro pacrpe-
JITICHUs] YPOBHEH SHEepruu, KHHETHYeCKUi (eppomarte-
TH3M ycToiunB Tosbko npu N = 3. TIpu neuernom N > 3
TIOJTHOCTBIO TTOJISIPU30BaHHOE (h)eppOMArHUTHOE COCTOS-
HUE SBIIIETCS JIOKAJIBHBIM 3HEPreTHYECKUM MHHUMYMOM
CHCTEMBI, OT/ICJICHHBIM OT OCTAJbHBIX COCTOSHHUM KOHEY-
HBIM DHEpreTuuecKkuM Oaprepom. Takoe mMeTacTaOMIIbHOE
(heppoOMarHUTHOE COCTOSTHHE MOXKET BBIICPKHUBATH BO3MY-
LIEHNS] MAJIOW BEIIMYMHBI, YTO OTKPHIBAET BO3MOXKHOCTH
€ro 9KCIEPHUMEHTAIBHOTO OOHAPYKEHUS B MAaCCHBAX
KBAHTOBBIX TOUEK, TOCTYIHBIX Ha CErOJHs.

Ivantsov I., Xavier H.B., Ferraz A., Kochetov E. // Phys.
Rev. B. 2020. V.101. P.195107.

I[Moctpoero N = 2 cymepcHMMETpUYHOE pAaCIIH-
peHue N-dacTU4YHOM Moxenu Pyiizenaapca—CHaitnepa.
I'maBHass 0COOCHHOCTh KOHCTPYKIIMU COCTOMT B Jedop-
Manuu (azoBoro npocrpancTsa. Cynep3apsiibl JIHHEHHBI
1o (hepMHOHAM, KaK M B OTCYTCTBHE B3aMMOJCHCTBHUS, HO
BOCIIPOM3BOAAT TaMUJIBTOHHAH C lIE}TI:.IpE}X(i)epMI/IOHHI:-IM
YJIEHOM, T.€. cO B3aumonencTBueM. C OMOIIBIO YHUTAP-
HOTO Npeo0pa3oBaHKUsT MOXKHO HEPEHTH K CTaHAAPTHBIM
(epMHOHAM, YHOBIECTBOPSIONMM KAaHOHHYECKHM CKOO-
kam [lyaccona. B atom Gasuce kak cynepsapsiibl, TaKk U
raMWJIBTOHHAH TNPHOOPETAIOT JUIMHHBIE «(EepMHUOHHBIE

local minimum but it is protected by a finite energy barri-
er that inhibits spin-flip processes. The metastable ferro-
magnetic state survives perturbations of small magnitude
opening up a possibility of being experimentally observed
by an appropriate tuning of interdot tunneling amplitudes
in currently available quantum dot arrays.

lvantsov I., Xavier H.B., Ferraz A., Kochetov E. // Phys.
Rev. B. 2020. V.101. P.195107.

We construct an N = 2 supersymmetric extension of
n-particle Ruijsenaars—Schneider models. The guiding
feature is a deformation of the phase space. The super-
charges have a “free” form linear in the fermions but pro-
duce an interacting four-fermion Hamiltonian. A field-de-
pendent unitary transformation maps to standard fermions
obeying conventional Poisson brackets. In this frame,
the supercharges and Hamiltonian have long “fermionic
tails”. We also comment on previous attempts in this di-
rection.

Krivonos S., Lechtenfed O. On N = 2 Supersymmetric

Ruijsenaars—Schneider Models // Phys. Lett. B. 2020. V.807.
P.135545.
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XBOCTBI». Taroke 00CYKTalOTCS MPEIbIIyIIHe MOMBITKA
MIOCTPOUTH TAKUE MOJAEIH.
Krivonos S., Lechtenfed O. On N = 2 Supersymmetric

Ruijsenaars—Schneider Models // Phys. Lett. B. 2020. V.807.
P.135545.

JNlabopaTopusa agepHbIX peakuumn
um.I. H. ®nepoBa

Corpynauk  JlaGoparopum  SIIEPHBIX — pEaKIHi

OUAN xarmumaT Qpu3NKO-MaTeMaTHIecKuX Hayk PycmaH
PeivokaHOB cTanm ofHUM M3 mobeanTeel B KOHKypce 110
MOJ/IePKKE MHUITMATUBHBIX UCCIIEIOBAHUI MOJIOJBIX yue-
HbIX [Ipe3naeHTCKON MporpaMMbl HCCIIEN0BATENbCKUX
npoekroB 2020 .

[Ipoexr P. PeivxanoBa «MopenupoBanue (HopMu-
POBaHUS HAHOCTPYKTYpP Ha MOBEPXHOCTH IUAICKTPUKOB,

Flerov Laboratory of Nuclear Reactions

Ruslan Rymzhanov, an employee of the JINR Flerov
Laboratory of Nuclear Reactions, Candidate of Physics
and Mathematics, became one of the winners in the com-
petition to support ambitious research of young scientists
of the Presidential Programme of Research Projects 2020.

The project of R.Rymzhanov “Modeling the for-
mation of nanostructures on the surface of dielectrics
irradiated with high-energy heavy ions”, which received
two-year support from the Russian Science Foundation,
is aimed at establishing the fundamental laws of the for-
mation of structural defects on the surface of materials,
caused by high-energy heavy ions, for physical and nano-
technological applications. The paper presents a quan-
titative analysis of the formation of surface defects in
dielectric materials for nanotechnological applications
(A1203, Y3A15012, Can, MgO, SiOz, LIF), which will
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00JTyJaeMbIX TSDKEIIBIMA HOHAMH BBICOKHMX 3HEPIuii», mo-
JIyYUBIINHN JIBYXJIETHIOIO MOJAAEPKKY Poccuiickoro Hayd-
HOTO (OHMA, OPHEHTHPOBAH HA yCTAaHOBJICHHE (pyHIaMEH-
TaJBHBIX 3aKOHOMEPHOCTEIl 00pa3oBaHUs CTPYKTYPHBIX
Jne(eKToB Ha ITOBEPXHOCTH MAaTEPUaIOB, BBI3BIBACMBIX
BBICOKOPHEPTeTHUECKUMH TSDKEIBIMH HOHAMH, JUIs (HHU3H-
YEeCKHX M HAaHOTEXHOJOTMYECKNX NMpHiIokeHuil. B pabore
TIPE/ICTABICHO KOJIWYECTBEHHOE HCCIIEAOBAHUE IIPOIEC-
coB (opMHUpOBaHUS MMOBEPXHOCTHBIX Je()EKTOB B JH-
SNEKTPUUECKUX MaTepHanax Uil HaHOTEXHOJIOTHYECKHX
HpI/IJ'[O)KeHI/II\/’I (A1203, Y3A15012, Can, MgO, SiOz, LIF),
YTO MO3BOJIUT PACCMOTPETh MEXaHU3MbI 00pa30BaHUs Ha-
HOCTPYKTYp Ha TIOBEPXHOCTH M BOJNM3M HHTEPEHCHBIX
obnacrteil B JMHAMMKE MX pa3BUTHs. Pesynbrarsl 1101100-
HBIX FCCJIEIOBAHUI MOTYT OBITh MCITOIB30BaHbI IS TIPO-
THO3UPOBAHMSI HAHOPA3MEPHBIX CTPYKTYPHBIX U3MEHEHUI
1 QU3NYIECKHX CBOHCTB KOMITO3UTHBIX MaT€pPHAJIOB, 00y~
YaeMbIX TSKEIBIMA HOHAMH.

JNa6opaTtopusi HENTPOHHOM (hU3NKK
M. . M. ®paHka

B mocnennue rombl CEKTPOCKOMUS KOMOWHAIIMOH-
HOTO paccesiHusl CTajla MOILHBIM JTUAarHOCTUYECKUM HH-
CTPYMEHTOM B HayKax o Xu3HH. HacTosmas pabota mo-

allow one to consider the mechanisms of the formation of
nanostructures on the surface and near the interface areas
in real time of their development. The results of such an
observation can be used to predict nanosized structural
changes and physical properties of composite materials
irradiated with heavy ions.

Frank Laboratory of Neutron Physics

Over the past few years, Raman spectroscopy has
become a powerful diagnostic tool in the life sciences.
Studies have been performed on the application of Raman
spectroscopy for distinction of neutrophils transformed
during NETosis. Neutrophils are the most common human
blood leukocytes, which are the most important part of the
innate immunity and carry out a fast response to microbial
invasion.

NETosis is a process of the programmed neutrophil
cell death involved in the development of many diseases,
including those associated with high mortality. During the
NETosis process, neutrophils undergo cardinal transforma-
tion resulting in the destruction of the cell with the release
of its internal contents. As a result of NETosis, the so-
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CBSIIIIEHA MPIMEHEHHIO PAMAaHOBCKOW CIIEKTPOCKOIIAH JIJIs
pacmo3HaBaHHUS HEHTPOHUIOB, TpaHCHOPMHUPOBAHHBIX
npu Hetoze. Helfrpodwisl siBistirorcst Hanboliee pacmpo-
CTpaHCHHBIMHA HEﬁKOHHTaMH KpOBH YCJIOBCKa 1 BaKHOM
YacThIO BPOXKJICHHOTO HMMMYHHUTETa, obOecreduBas Obl-
CTPYIO PEAKITHIO Ha MUKPOOHYIO WHBA3HIO.

Hero3 — 310 mpouecc 3amporpaMMHUpPOBAHHON T'M-
0enn KIeTOK HEWTpO(MIOB, BOBJIECUCHHBI B pa3BHTHE
MHOTHUX 3a00JI€BaHHH, B TOM YHCJIE CBSI3AHHBIX C BHICOKOM
CMEpTHOCTHIO. Bo Bpems mporiecca HeTo3a HeHTPODUITbI
TTOJIBEPrafoTCs KapAHHAJIBHON TpaHchopMarmu, TpUBO-
IIIeH K pa3pyIICHHIO KIETKH C BBICBOOOXKICHHEM ee
BHYTPEHHETO COAEPKUMOro. B pesynbrare HeTo3a BO3HU-
KaloT TaK Ha3blBacMble HEHTPOQHIbHBIE BHEKIICTOYHBIC
noymku (NETS), koTopble TpeacTaBisioT cOO0H KoM-
mwiekcel JJHK ¢ melitpodumpapiME Oenkamu, Tparchop-
MHpPOBaHHBEIMH B TIporiecce Heto3a. Harmeil menmbpro ObLT
MOUCK BO3MOYKHBIX CHEKTPaJIbHBIX MapKEepPOB B CIIEKTpax
KOMOMHAI[IOHHOTO paccesiHus HeHTPOQHIIOB, BEI3BAHHBIX

HuskouacToTHas 001aCTh CHEKTPa KOMOMHAIMOHHOTO PACCESIHUS
HEUTPOHIOB: IBOMIONHUS (POCT) MHTEHCUBHOCTH JIMHHH IH-
TPYJJIMHA, yKa3bIBaloOIas Ha MPeakTHBALUIO HETO3a

Citrulline line evolution during
neutrophil transformation
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Low-frequency range of Raman spectra of neutrophils: citrulline
line evolution (growth) indicating the pre-activation of NETosis

called Neutrophil Extracellular Traps (NETs) arise. NETs
are composite DNA complexes with neutrophil proteins
transformed in the NETosis process. Our goal was to search
for possible spectral markers in neutrophil Raman spectra,
caused precisely by NETotic transformation of neutrophils.
From the point of view of spectroscopy, we were aimed at
finding significant differences in the Raman spectra caused
by the transformation of neutrophils.

A confocal microspectroscopy setup with high spa-
tial resolution was used for Raman measurements. It
comprises a Confotec CARS scanning laser spectrometer
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MMEHHO HEeTOTHYECKUM TpeoO0pa3oBaHneM HEHTPO(HIOB.
C TOYKM 3peHUs CIIEKTPOCKONNU MBI OBIIIM HAICNCHBI Ha
BBISIBJICHHE CYIIIECTBEHHBIX PA3JIMUUH B CIIEKTpax KOMOM-
HAIIMOHHOTO PAacCesiHus, BBI3BaHHBIX TpaHchopMalmeit
HEUTpOPHIOB.

Jns m3aMepeHuil CHeKTpoB KOMOMHAIIMOHHOTO pac-
CESIHUSI HCIIOIb30Baslach KOH(OKAIbHAsT MHUKPOCIEKTPO-
CKOTMYECKasi YCTAaHOBKA C BBICOKMM MPOCTPAHCTBEHHBIM
paspemieHreM. OHA COCTOUT U3 CKAHUPYIOLIETO JIa3epHO-
ro crnekrpomerpa «Confotec CARS» (SOL Instruments
Ltd., benopyccusi), COeMHEHHOTO ¢ WHBEPTHPOBAHHBIM
mukpockoriom NIKON TE2000-E.

Ha HauvanpHOW cramum (GOpPMHPOBAHUS CETEH-IIO-
Bymek (NETs) aHTHMUKpOOHBIE 3JI€MEHTHI B I'paHysax
HEHTPODHUIBHON KIETKH IO AEHCTBUEM CIEIHaIbHBIX
(hepMEeHTOB UTPYIIIMHUPYIOTCS, YTO yKa3bIBaeT Ha Haya-
JI0 TIpoLiecca aKTHBAIMH HETO3a. BBICOKOTYBCTBUTEIbHAS
paMaHOBCKasl CIIEKTPOCKOMHS ITO3BOJIMIIA BBISIBUTH B HU3-
KOYaCTOTHOM JIaIia30He CHEeKTpa IBOIIOLHIO (POCT) MHKa
nUTpy/uIMHa (CM. pUCYHOK) B TeueHne 30—40 muH mocne
Havaja BOCHAJIMTEILHOIO MPoIecca, YTO MOXKHO KIIacCH-
(unnpoBaTh KaKk paHHIOK THarHOCTHKY HETO3a.

Arzumanyan G., Mamatkulov K., Volkov A., Vereschagin K.
et al. / J. Raman Spectroscopy. 2020. V.1. P.10; https://doi.
org/10.1002/jrs.5844.

(SOL Instruments Ltd., Belarus) coupled to the NIKON
TE2000-E inverted microscope.

At the initial stage of NETs formation under the ac-
tion of special enzymes, the antimicrobial elements are
citrullinated in the granules of the neutrophil cell, indi-
cating the start of the NETosis activation process. Highly
sensitive Raman spectroscopy revealed in the low-fre-
quency range the evolution (growth) of the citrulline peak
within 30—40 min after the beginning of the inflammatory
process, which can be classified as an early diagnosis of
NETosis.

Arzumanyan G., Mamatkulov K., Volkov A., Vereschagin K.
et al. // J. Raman Spectroscopy. 2020. V.1. P.10; https://doi.
org/10.1002/jrs.5844.

The joint efforts of FLNP and LIT, with a support from
the Russian Science Foundation (grant No. 19-72-20186),
have recently allowed a closer look into the problems of
conformational diseases such as Alzheimer’s disease. The
relevant processes at the preclinical stage are likely im-
parted by peptide-membrane interactions. The data sug-
gest several intriguing structural properties of biomimetic
membranes that modulate such interactions. One of the
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HenaBno coBmectHbiMM ycunusimu JIHO u JIAT
npu nojyepxke Poccuiickoro HayuHoro ¢onma (rpaHT
Ne 19-72-20186) Gonee moapoOHO OBLTH H3ydYEHBI IPO-
O1eMBI, CBSI3aHHBIE ¢ KOH()OPMAITMOHHBIMHU 3200JICBaHU-
sIMH, TAKMMH Kak 0oiie3Hb AJblireiiMepa. BepositHo, co-
OTBETCTBYIOIIME IIPOLECCHl HA JIOKIMHUYECKOW CTaIuu
00yCIIOBJICHBI B3aUMO/ICHCTBUSIMH MENTHIA C MEMOPaHOH.
[TomyueHHBIC MaHHBIC CBHICTEIHCTBYIOT O HECKOJIBKUX
MHTPUTYIOIIMX CTPYKTYPHBIX CBOHCTBaxX OHOMHUMETHYE-
CKHX MeMOpaH, KOTOpbIC PETYIHPYIOT Takhe B3auMOJeH-
ctBus. OKa3ajoch, 4YTO OJHY M3 HauboJee BaKHBIX POJICH
UTPAIOT YIIPyrOMEeXaHHIeCKUe CBOHCTBa MEMOpaHBI, KOTO-
pBIe, B CBOIO Ouepe/ib, ONpPECIsIIoTesl ee coctaBoM. [Ipn
9TOM, HampuMep, B OTIMYHE OT OXKIKaromero 3ddexra
MeJIaTOHMHA XOJICCTEPHH IOBBIIIACT ITOPSI0K JIMIUIHBIX
YTIIE€BOAOPOAHBIX Heﬂeﬁ U OJHOBPEMECHHO YBCINYHUBACT
JKECTKOCTh MeMOpanbl. O0a 3Tn 3 deKTa UrparoT BaXKHYIO
poJIb B IIpoliecce pa3BUTHsI O0JIe3HH AJblreiimepa.

KonduryparronHsie KapTHHBI MOACIUPOBAHUS OMOMUMETHYEC-
KOif MEMOpaHBI CO BCTPOSHHBIMH B HE€ XOJIECTEPHHOM (BEpPXHUIA
PUCYHOK) U MEJIATOHMHOM (HIJKHUM PUCYHOK), TE€MOHCTPUPY-
IOIUE PA3JINYUsl B PACHONIOKEHUN AB-TIeNTHAa B IPUCYTCTBUH
ITHX MOJIEKYI

A peptide
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-
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The snapshots of molecular dynamics simulations depicting the
biomimetic membrane loaded with cholesterol (top) and mela-
tonin (bottom) and hence enforced location differences of AP
peptide
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CoBMECTHBIN TMOAXO0M, OCHOBAaHHBIM Ha COIIOCTAaBIIE-
HUU CTPYKTYPHBIX JAaHHBIX, NOJTYYEHHBIX B DKCIEPUMEH-
Tax I10 PACCESIHUIO HEUTPOHOB, U AAHHBIX MOJIEKYJISIPHOMN
JUHAMHMKH, UMeeT 0co0oe 3HaueHWe B M3YyYCHUH TaKOH
CIIOKHOM cucTeMbl. HEUTpOHHBIE SKCIIEPUMEHTHI BBISIBU-
JIY pa3JInyus B JIOKAIM3AIMK A B-TIeTITH/IA TIPH €T0 B3aHMO-
JeHCTBUU ¢ MeMOpaHaMH, B KOTOPBIX NPHCYTCTBYIOT XO-
JIECTEpUH U MeJaTOHMH. Buzyanuzanus pe3yapratoB Mo-
JIEeTUPOBAHUS TOKA3bIBACT, YTO B IIEPBOM CIIydyae MENTH]T
JIOKaNTU3yeTCsl Ha TPaHUIE pasjena Boga—MeMmOpaHa, Tie
OH B3aUMOJEHUCTBYET C MOJSAPHBIMU JIMIHUIHBIMU TOJNOB-
HBIMH IPyHIIaMH; BO BTOPOM K€ Cllydae MeNTu]] BCTpauBa-
eTcst BHYTpH TuapooOHOrO siipa MeMOpaHbl. Pe3ynbrarsl
JEMOHCTPUPYIOT KIIOUEBYIO POJb BS3KOCTH MEMOpaHBI
IIPY BCTPAMBAaHHUHM B HEE MENTH/IA U MOTYT OBITh UCIIOJIB30-
BaHbI B JAJIbHEHIINX UCCIIEOBAHUSAX [TATOTEHHOCTH 3TOTO
aMHJIOWJia, NOCKOJIbKY OHM MOTYT JaTh HEKOTOPOE Mpej-
CTaBJICHHE O MOJIEKYIISIPHOM MEXaHHU3Me 3aIIUTHON (QyHK-
LUK MEJIaTOHMHA ITpH OoJe3Hn AJburelimepa.

Ivankov O., Ermakova E., Murugova T., Badreeva D., Du-
shanov E., Kondela T., Kholmurodov Kh., Kuklin A., Kucerka N.
Interactions in the Model Membranes Mimicking Preclinical

Conformational Diseases // Advances in Biomembranes and Lip-
id Self-Assembly. 2020. V.31. P. 185-214.
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Na6opaTtopusa MHPOPMaLMOHHbLIX TEXHOMOMUM

[Tonck BO3MOXXHOTO 00pa3oBaHUsI HOBOH (ha3bl CHIIh-
HOB3aNMO/ICHCTBYIOIEH MaTepiy B IPOIECCe CTOIKHOBE-
HUS TSOKEJIBIX HOHOB HYXXJIA€TCA B CUT'HAJIC, KOTOpI;Iﬁ Mor
OBI TOCITY)KUTh HHIUKATOPOM ee oOpa3oBaHus. Cunraercs,
9TO 3arafiovHbIi pocT B otHolneHnn K*/z" mpu sHeprusx
CTOJIKHOBEHHUA ~ & 3B MoXkeT ciykKUTh CUTHAJIOM HACTY-
mieHns nekoHdaiiHMenTa B cpene. [IpoBeneHo mccneno-
BaHME OTHOIICHHS MMOHOB K KAOHAaM B pamkax 2 + 1 moze-
m HamOy—Hona-Jlazunuo c nerneii [lomsikosa. J{ns toro
YTOOBI OMMUCATh BBaHMOHeﬁCTBHe CBSI3aHHBIX COCTOSIHUH B
IJIOTHOM M ropsiuelt cpene, ucnogb3oBaics noaxon bera—
Vnenbeka. [Ipu TakoMm 1moaxoe MOMHMO PACIICIUICHUS B
CIIEKTPE MAaCC MOJOKUTEIBHO U OTPHLATEIBHO 3apsKeH-
HBIX KaOHOB B KaHasie K npu GoJbIINX 3HAYCHHSX TIIOT-
HOCTH CpeJibl BO3HUKAET JONOJHUTEIEHOE HU3KO3HEepre-
THUYECKOE CBsI3aHHOE cocTosiuue. [lokasaHo, 4To BIUsIHUE
JAHHOM aHOMaJbHOM Moasl Ha oTHowenne K/rt urpaer
GonpIryro poitb, eciu pacuer K/ mpoucxomur BOIH3M
KHpaJbHOTO (ha30BOTO MEPEX0Ja, U TEPSIET CBOIO POIIb C
YAaJICHUEM OT HETO. BI)I}IBI/IHyTO MPCAIIOIOKEHUE, YTO IO~
sSIBJICHHE ITHKA B OTHOIIEHHH K¥/m" MoXeT ObITh CBS3aHO ¢
TIPOSIBJICHUEM 003e-KOH/ICHCaTa MHOHOB TIPH OTIpE/eIICH-
HBIX DHEPTHSX.

most important roles proved to be played by membrane
elasto-mechanical properties that in turn are determined by
its composition. In this, for example, cholesterol increases
the order of lipid hydrocarbon chains while increasing the
stiffness of membrane, contrary to the fluidizing effect of
melatonin. Both effects have recently been correlated with
the development of the disease.

A combined approach based on the structural data
extracted from neutron scattering experiments and data
obtained by means of molecular dynamics simulations is
of a special value when studying such a complex system.
Neutron experiments pointed out the differences in amy-
loid beta peptide populations when interacting with cho-
lesterol-loaded and melatonin-loaded membranes. In the
molecular modeling visualizations, one of the peptide pop-
ulations finds its location at the water—membrane interface
where peptides interact with polar lipid headgroups, while
the second population is embedded inside the hydrophobic
core of membrane. The results demonstrate a key factor
of membrane fluidity for the peptide insertion and are of a
direct importance for other studies on amyloid toxicity, as
they may lend some insight into understanding the molec-

ular mechanism of melatonin’s protection in Alzheimer’s
disease.

lvankov O., Ermakova E., Murugova T., Badreeva D., Du-
shanov E., Kondela T., Kholmurodov Kh., Kuklin A., Kucerka N.
Interactions in the Model Membranes Mimicking Preclinical
Conformational Diseases // Advances in Biomembranes and Lip-
id Self-Assembly. 2020. V.31. P. 185-214.

Laboratory of Information Technologies

To search for the possible formation of new phases of
strongly interacting matter during heavy-ion collisions, a
signal which could serve as an indicator is required. The
puzzling observation of an enhancement of the K*/z" ra-
tio of particle yields in heavy-ion collisions at a collision
energy of ~8 GeV may serve as a signal for the decon-
finement transition in a medium. A study of kaon to pion
ratios within a 2 + 1 flavor PNJL model is carried out.
To interpret the behavior of bound states in a dense and
hot medium, the Beth—Uhlenbeck approach is used. With
this approach, along with the splitting of positively and
negatively charged kaons in the mass spectrum, an addi-
tional low-energy bound state arises in the K* channel at
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JlaGoparopus sipepusix mpodnem uM. B. I1. [xenenosa.

The Dzhelepov Laboratory of Nuclear Problems. The Precision
Tpeunsuonnslii nazepusiit uakanHoMerp (TIJIN) — uHHO- Laser Inclinometer (PLI) — an innovative device for measuring
BAaIMOHHBIN PUOOP JUTsl M3MEPEHHsT HAKJIOHOB 36MHOM MOBEPX- the inclinations of the Earth surface in time with sensitivity of
HOCTH BO BPEMEHH C 4yBCTBHTEIBHOCTHIO 2,4 - 10~ pan/T'!/2 2.4-107'! rad/Hz!2 in the frequency range of 103-12.3 Hz.
B 9acTOTHOM auamnasone 103—12,3 T'm. B macTosiee The PLI is currently used at the VIRGO interferometric gravity
Bpemst [1JIM ucnonb3yercs Ha HHTEPHEPOMETPUIECKOI antenna and at the LHC
rpaButaionHoit antenHe VIRGO u nHa xomnmaiinepe LHC

JlabGoparopus simepHbIX ipodiiem um. B. I1. [Ixenemnosa.

The Dzhelepov Laboratory of Nuclear Problems. Preparation

TToaroToBka cUMTHIBAKOIICH MAHEN TIepe]] COOPKO IeTeKTOpa of the read-out panel before the assembling of the Micromegas

Muxkpomerac detector
...




B JIABOPATOPUAX MHCTUTYTA

Blaschke D. et al. Using the Beth—Uhlenbeck Approach to
Describe the Kaon to Pion Ratio in a 2 + 1 Flavor PNJL Model //
Particles. 2020. V. 3. P.169-177.

3a1a4¥ MPOTHO3UPOBAHHUS U YKCTPAIIOJISIIIH HaIIPsI-
MYIO CBSI3aHBI C pa3BUTHEM HH(POPMAITMOHHBIX TEXHOIO-
ruii. OHU PEeIIalTCs B CAMbIX Pa3HBIX 00JIACTSIX HAYUHBIX
HCCJIeI0BaHUN U MPaKTUYECKUX NMpUMeHeHul. B pamkax
HexaBHO paspaboranHoro B JIUT OUAU merona 6a3uc-
HBIX 21eMeHToB (MBD) mpemnokeH HOBBIA MOAXOM K
PEIICHUIO 3a/1a4M MOJTMHOMUAIIBHOTO MPOTHO3UPOBAHUS
Y SKCTPAIOJISIUU IECTOTO MOPSIKa AJI MPEeJCKa3aHust
3HaueHUH Tmankux (yHKOui. [IporHO3 Ha OAWH mIar
BIIEpE/ PACCUMTHIBACTCS C HCIIOJIB30BAHMEM 3HAUCHUN
MBDJ-MHOrowieHa W IepBOW NPOM3BOJHON (QYHKIUH
B JIBYX y3JIaX BCIIOMOTAaTEIbHON TPEXTOYCUHOH CETKH,
BJIOXKCHHOW B OCHOBHYIO PaBHOMEPHYIO TPEXTOUCUHYIO
CeTKy. YCTOHYMBOCTh METO/A K OIIMOKAM BBIYMCIICHUMN
U TOPSAJOK TOYHOCTU IPOTHO3a BBIIE MATOTO MOATBEP-
JKIAIOTCS TECTUPOBAHMEM METOAa Ha HETPHUBHAJBHBIX
npuMepax. MeTox anmpoOUpOBaH TakXKe HAa YHUCICHHOM
penrennu 3anaun Ko 11t 0OBIKHOBEHHBIX AU PepeH-
nuanbHeIx ypaBHeHu# (OLY). DddexTuBHOCTH UMC-
JIEHHOTO WMHTETPUPOBAHUSA 00ECIEUNBACTCA TPONHHBIM

AT THE LABORATORIES OF JINR

BBIYMCIEHUEM IIPAaBONW YacCTU YPaBHEHHUS U TOYHOCTBHIO
pemenus O(h%). MBD-nporHo3upoBanue MOKET TOCITy-
JKUTh OCHOBOH ISt pa3paboTK 3P (PEKTUBHBIX aJTOPHT-
MOB uHclieHHOoro pewenus 3ana4 Komn nis OAY, B Tom
YHUCJIE KECTKUX.

Juxycap H.J]. 1lonMHOMUAJIbHBIA IPOrHO3 HA TPEXTOYEY-
HBIX ceTkax // Maremarnueckoe monenuposanue. 2020 (B me-
qaru).

JNabopaTtopus paguaumoHHon 6uonoruu

[TpomorkatoTcss MCCIENOBaHMS Pa3pabdOTaHHOTO B
7abopaTopur METosa MO YCHUIICHHIO OHONOrHYecKor 3¢-
(DEeKTUBHOCTH ITy4YKOB IIPOTOHOB MEIHMIIHCKOTO Ha3Have-
HUS M raMMa-TepaneBTHYECKUX YCTAaHOBOK. B mpeakiu-
HUYECKMX DKCIIEPUMEHTAX Ha JKUBOTHBIX iN VIVO MeTox
MIPOAEMOHCTPHPOBAJ BBICOKYIO OHOJIOTHYECKYIO d(dek-
TUBHOCTb IIPOTOHHOM Teparuy Npu JIEYCHUH OIIyXOJIEBBIX
3a00JICBaHU B IPUCYTCTBHU OMUIMHAIBHOIO Npenapara
1-B-D-apadbunodypanosmwnunroszuna (AraC). Ilpu neii-
ctBuH AraC TIpOMCXOOUT TpaHCPOPMAIS OTHOHUTEBBIX
paspeiBoB JIHK B neranbHbIC IByHUTEBBIC Pa3pbIBbI, 4TO
IIPUBOJUT K PE3KOMY BO3PACTAHHIO THOETH KIICTOK.

extremely large values of the medium density. It is shown
that the influence of the given anomalous mode on the
K*/z" ratio plays a great role in the case of K*/z* calcu-
lation near the chiral phase transition and loses its role
with distance from it. It is assumed that the appearance
of the “horn” effect in the K*/z" ratio can be related to
the manifestation of a Bose condensate of pions at certain
energies.

Blaschke D. et al. Using the Beth—Uhlenbeck Approach to
Describe the Kaon to Pion Ratio in a 2 + 1 Flavor PNJL Model //
Particles. 2020. V.3. P. 169-177.

The tasks of prediction and extrapolation are directly
related to the development of information technologies.
They are solved in different fields of scientific research and
practical applications. Within the basic element method
(BEM) recently developed at LIT JINR, a new approach
to the solution of the problem of polynomial prediction
and extrapolation of the sixth order for smooth functions
is elaborated. The one-step forecast is calculated using the
values of the BEM polynomial and the first derivative of
the function at two nodes of the auxiliary three-point grid
embedded in the main uniform three-point grid. The sta-

bility of the method to computational errors and the order
of accuracy of the forecast above the fifth one are con-
firmed by testing the method on nontrivial examples. In
addition, the method is tested on the numerical solution
of the Cauchy problem for ordinary differential equations
(ODEs). The effectiveness of numerical integration is en-
sured by triple calculation of the right side of the equation
and the accuracy of the solution O(h%). BEM prediction
can serve as the basis for the development of effective al-
gorithms for the numerical solution of Cauchy problems
for ODEs including stiff ones.

Dikusar N.D. Three-Point Grid Based Polynomial Predic-
tion // Math. Mod. 2020 (in press).

Laboratory of Radiation Biology

Research has been continued to improve the method
of increasing the biological effectiveness of medical pro-
ton beams and gamma therapy facilities. In preclinical in
Vivo experiments on animals, the method showed high
biological effectiveness of the proton therapy of tumors
in the presence of the officinal drug 1-p-D-arabinofurano-
syl cytosine (AraC), which transforms DNA single-strand
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PesymbTaTel 3TOTO WCCIENOBaHHS BOLUIM B JIOKIIAJ
npesunenta PAH akamemuka A.M.Cepreesa, mnpen-
craBneHHoro M 23 wioHS Ha OOmem coOpanmm PAH.
IIpenBapsis 4acTh AOKJIana, MOCBSIICHHYIO BaKHEHIIUM
pesynbratam 3a ordeTHbId nepuoxa, A.M.Ceprees noj-
YEepKHYJI: «DTH Pe3ylibTaTbl OTOOPAHBI U3 TEX, YTO OBUIH
otmpasneHbl otnenenusmMu PAH. Mol ¢ pykoBoauTensimMu
OT/ACICHUH M TIPO(UIBHBIMU BUIE-TIPE3UICHTAMH TTOCMO-
TPEJH U pacCTaBUIN HEKUIl PEUTHHT 9TUX PE3YJIbTATOB. ..»

BesyciioBHO, BEICOKas OIIEHKA pE3yNbTaToB, IIOITY-
yeHHbIX coTpynHukamu JIPB OUSU ([ly6na) 1 MPHLL
M. A. ©.1[p16a (OOHUHCK), HAKJIAIBIBACT OONBIIYIO OT-
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BETCTBEHHOCTD 32 MOCJEYIOIIee BHEIPEHNE TaHHOTO Me-
TOJIa B IPAKTUKY JICUCHUST OHKO3a00JICBaHUIA.

B macrosiiee Bpems MCCIeTOBaHUS HAIpaBICHBI Ha
BBISICHEHHE MeXaHU3MOB HakoruieHus AraC B HOpMaib-
HBIX TKAaHAX M OITyXOJEBBIX 00Pa30BaHUIX PA3TUIHBIX
noxanm3anuid. Kak m3BectHo, AraC GecrnpensiTCTBEHHO
TIPEoI0IeBaeT remMaTosHIedammueckuii 6apbep, KOTOPHIi
obecrieyrBaeT (HU3HOIOTHUCCKOE Pa3rPaHHUCHHE MEKIY
KPOBEHOCHOM CHCTEMOI M LEHTPATbHON HEPBHOW CUCTe-
MO, 4UTO JeJTaeT MaHHBIA Tpernapar MepcreKTUBHBIM MTPH
JICUEHUH OITyXOJIEH rOJIOBHOIO MO3ra.

JlaGoparopus sinepHbIX peakuuii um. . H. @neposa. Uzmepenne
CHEKTPOB (OTOMOMUHECHIEHIINH 00pa3noB kprctawioB LiF u Al,O3 mocie 00my4eHus TSOKEIbIMA HOHAMH

The Flerov Laboratory of Nuclear Reactions. Measurement of photoluminescence spectra of samples of LiF and

breaks into lethal double-strand ones, thereby sharply in-
creasing the cell death level.

The results of this study were included in the re-
port presented by the President of the Russian Academy
of Sciences (RAS) Academician A.Sergeev at the RAS
General Meeting on 23 June. Approaching the main part of
the report, which was concerned with the most important
results obtained during the period under review, he noted,
“These results have been selected from the ones submit-
ted by the RAS branches. Together with the Heads of the
branches and core Vice-Presidents, we have reviewed and
ranked them...”

Al,O3 crystals after heavy-ion irradiation

Undoubtedly, with the high appraisal of the results
obtained by scientists of the JINR Laboratory of Radiation
Biology (Dubna) and the Tsyb Medical Radiological
Research Center (Obninsk) comes special responsibility
for the subsequent introduction of this method into practi-
cal cancer therapy.

The LRB current research is aimed at finding out the
mechanisms of AraC accumulation in healthy tissues and
tumors of different localization. As is known, AraC freely
crosses the hematoencephalic barrier, which provides the
physiological separation of the blood vascular system and
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Ccputka Ha OOmmee cobpanne PAH B pexwmMe BH-
JICOCBS3H: https://www.youtube.com/watch?v=PMB _
FeQpdwY.

Yy4yebHO-Hay4YHbIN LEHTP

B cBs3u ¢ BBemeHHeM Mep, MPEISTCTBYIOIIUX pac-
npoctpanenuto COVID-19 B Poccun u mupe, a Takxe B
nensix uenonHenns npukaza OVSIN o npuocranoBneHnn
BCEX 00pa30BATEIBHBIX MEPONPHATHH M MPOTpamMM, Me-
POTIPUATHS, TPATUIIMOHHO MTPOBOIUMBIC BECHON U JIETOM,
OBLTH OTIIOKEHBI U TIEPEHECEHBI Ha OoJiee OIaronpusiTHOE
BpeMsI.

ObpaszoBarensHas aestenpbHOCTs YHI OUSU mepe-
Be€/ICHa B JWCTAHIMOHHBIN pexuM. [ cTyneHToB 6a3o-
BBIX Kadeap OBIIO OpraHM30BaHO AMCTAHIMOHHOE OOY-
YCHUE.

B pexxnmMe oHnaifH cocTosack ciada KaHIHIaTCKO-
ro sk3ameHa acrnupantamu MOTU no cnenumansHOCTH
«Teopernueckass ¢usuka». Takxke B pexuMe OHIANH
23 uIOHS MpoIIa 3amuTa 6aKaTaBpCKUX W MaruCTEPCKIX
pabot ctyneHToB 6a30Boi Kadenps! GyHAaMEHTATBHBIX H
TIPUKIIAJHBIX MPOOIeM (U3UKH MUKPOMEpA (HHU3TEX-IIKO-
7l pu3uky 1 uccnepoBannit uM. JI. /1. Jlarmay MOTU.
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He cocroscst 1-it aTam MeXayHapOIHOH CTyIeHYe-
cKkoit mpaxtuku 1 ctyaeHtoB FOAP, a yuactHukam ner-
HEH CTyAEHYECKOH MporpamMMbl, YbH KaHAMIATYPbl ObUTH
0700pEHB! OPTKOMHUTETOM B 3TOM TOTY, TIPEUIOKEHO ITpHe-
xarb B OUSIU Ha cnemyromuii ToI.

B macrosimiee Bpemsi corpynnukamu Y HII paspa0o-
TaHa HOBas OHJIAMH-TIpOrpaMma AJisl CTyAE€HTOB M acCId-
pantoB INTEREST (INTErnational REmote Student
Training). Cpeau raBubix 3aga4 INTEREST: o3nakomie-
HUE C HAyYHBIMU HalpaBlleHUsIMHU uccnenoBanuii OUAN,
paboTa Hajg HayYHO-HUCCIECIOBATEIbCKUMU IPOEKTAMHU
MOJI PYKOBOJICTBOM CHeNHanucTOB MHCTUTYTa B pekume
OHJIalH, a TaK)Xe BO3MOXXHOCTB INPOSIBUTH ce0sl M OBITH
OTOOpaHHBIM JUIS TIOCIIEYIOUIETO yJacTHsl B OYHBIX CTY-
neHueckux nporpammax OUSIN. Benercs akTuBHas pas-
pabotka BeOcaiiTa interest.jinr.ru, MOMCK PyKOBOAWTEICH
1 cocTaBlieHHE 0a3bl HayYHO-MCCIIEOBATEIBCKUX ITPO-
eKkTOB. TecTOBBIM 3alyCcK MpOrpamMmbl 3allJIaHUPOBAH HA
ocenb 2020 .

3aBepiieH TEpBBIM roj OOydeHHs IIKOJIBHHKOB B
Snnexc.Jlumee. 25 crapmiekIacCHUKOB, YCHEIIHO OCBO-
UBIIKX Nporpammy 1-ro Kypca, nepeBeieHsl Ha 2-if Kypc,
TJIe OHU TIPOIOJDKAT N3YUEHHUE A3bIKA IPOrPaMMHUPOBAHUS
Python u peannsyror caMmocTosTEIbHBIE TBOPYECKUE TIPO-
exthl. 30 aBrycra crapryer HabOp MEPBOKYPCHHKOB Ha

central nervous system, thus being a promising drug for
the treatment of brain tumors.

A record of the RAS General Meeting video con-
ference can be found at https://www.youtube.com/
watch?v=PMB_FeQpdwY.

University Centre

In light of anti-COVID-19 measures being imple-
mented in Russia and worldwide and in accordance with
the JINR Order on suspension of all educational activities
and programmes, the events traditionally held in spring
and summer were suspended or shifted to a more conve-
nient date.

The educational activities of the JINR UC were con-
tinued in the online mode. For students of the JINR-based
departments distant learning was arranged.

The PhD exam in theoretical physics for postgradu-
ate students of MIPT took place online. On June 23, the
defense of Bachelor’s and Master’s theses by students of
the JINR-based Department of Fundamental and Applied
Problems of Microworld Physics (Landau Phystech School
of Physics and Research of MIPT) was also held remotely.

Stage 1 of the International Student Practice for
South African students was canceled, and the applicants
of the Summer Student Programme 2020 approved by the
Organizing Committee were offered to visit JINR next
year.

However, at the moment, a new online programme for
students and postgraduates INTEREST (INTErnational
REmote Student Training) is being developed at the JINR
UC. The main goals of INTEREST include introduction
to the fields of research conducted at the Institute, on-
line working on scientific projects under the supervision
of JINR specialists, and an opportunity to make a good
impression and raise one’s chances to be subsequently se-
lected for participation in the on-site student programmes
at JINR. The UC staff members are developing a website
interest.jinr.ru, searching for project supervisors and com-
piling a database of research projects. The test launch of
the programme is scheduled for autumn 2020.

Twenty-five high-school students who have success-
fully mastered the first year of studies at Yandex.Liceum
are going to start their second year. They will continue
studying Python and do independent creative projects. On
August 30, enrollment of the first-year students for the
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2020-2021 yuebHsrii rox. YuebHbIe rpynisl OyayT chop-
MHPOBaHBI MO pe3yJbTaTaM KOHKypca, K KOTOpOMY IpH-
ITAIIAIOTCSA YYEHUKH §8-X U 9-X KIIacCOB BHE 3aBUCHMOCTH
0T MecTa O0yJeHHsI.

PesxuM ynaneHHO paboTHI TO3BOIHIT OCBOOOINTH He-
00X0MMO€ KOJTMIECTBO BPEMEHH JIJIs1 PAOOTHI IO TOJTHOMY
00OHOBJIEHHIO caiiTa teachers.jinr.ru, KOTOPBIM MOTB3YIOTCS
TBICSIYM TIEJ]ATOTOB M3 cTpaH-yyacTHHIL. [Ipeamonaraercs,
YTO CalT OOpEeTeT COBPEMEHHBIH AW3aWH M apXUTEKTYpY,
OyIeT CTPYKTypHUpOBaH OOMIMPHBIN apXUB MPE3CHTAINN 1
BHJI€0, HAaKOMUBIIKXCA 32 10 et paboThl HayYHBIX IITKOJ
JUIsL yauTened. OTO MO3BOJIHUT YIPOCTHTh MOUCK HYKHBIX
MarepuasoB U MPUBJIEUET HOBBIX MOJIb30BATENCH U yuacT-
HUKOB B YUUTENbCKHE ITporpaMmMbl Y HIL.

Takoke BeneTcst akTUBHAsI paboTa 10 MEPEBOLY U KOP-
PEKINH aHTIINHCKON BepCHH JTa0OpaTOpHBIX PadoT, paz-
paboTaHHBIX Hay4YHO-WH)KeHepHOW Tpymmon YHI[ mms
IIKOJIbHUKOB, CTYAEHTOB 1 aCIHPAHTOB CTPAH-Y4aCTHHII.

B KoHIle HIOHS OpraHu3oBaHa MPOBEPKA 3HAHUN
TpeboBaHmil moxapHO# Oe3omacHocTH 108 coTpymHUKOB
OUAUN, mpommeqmux oOy4enue mo nporpamme «IloxapHo-
TEXHUYECKUH MUHUMYM JJIs1 pAOOTHUKOB, BBITTOIHSFOIINX
ra30CBapOYHBIC U JIPyTHE OTHEBBIE PAOOTHI», a TAKKE UX
arrectarus L{eHTpanbHOW KBaTU(UKAIIMOHHON KOMHC-
cueit OVSIM.
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IIpouecc mpemnonaBaHusi HHOCTPAHHBIX SI3BIKOB TaK-
JK€ MEpEBENIeH B BUPTyallbHOE IpocTpaHcTBo. Lnpoxuit
BBIOOp OHJIAHH-TUTATGOPM TIO3BOJIMIT  TPEMOAABATEISIM
mofoOpars Hanbonee yIoOHBIN WHCTPYMEHT IS TPOBe-
JICHUS] 3aHATHH C COXPAaHEHHWEM MPUBBIYHOTO XOJa ypo-
Ka. Permcrpanus Ha Kypchbl HHOCTPAHHBIX S3bIKOB 2020—
2021 rr. OynmeT TpaauIoOHHO TTPOXOJUTH OHJIANH.

2020-2021 academic year will begin. Study groups will be
formed based on the results of a competition intended for
the 8th and 9th grade school students, regardless of their
place of study.

Working remotely allowed saving time required to
work on a total update of the website teachers.jinr.ru used
by thousands of teachers from the JINR Member States. It
is expected that the new website will have modern design
and architecture, and its extensive archive of presentations
and videos accumulated over the past 10 years of running
scientific schools for teachers will be restructured. This
will simplify searching for the necessary materials and
attract new users and participants to the UC teachers pro-
grammes.

The JINR UC translators and the staff members of the
scientific-engineering group are currently cooperating to
translate or correct the English version of the laboratory
works that the scientific-engineering group previously de-
veloped for schoolchildren, students, and postgraduates
from the Member States.

The following skill improvement events are sched-
uled for the end of June: fire safety knowledge test orga-
nized for 108 JINR staff members trained in the basics of

fire safety under the programme “Basics of fire safety for
workers performing gas welding and other hot works” and
their certification by the JINR central qualification com-
mission.

The process of teaching foreign languages was also
transferred to the virtual space. A wide selection of on-
line platforms allowed the teachers to choose the most
convenient tool for conducting classes while maintaining
their usual teaching style. Submission of applications for
the foreign language courses 2020-2021 will traditionally
take place online.
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HoBble pe3yjabTarbl U NePpCHeKTUBBI HCCIIe0BAHUN
B 3kcnepumente NA61/SHINE na SPS B HEPH

[TporpammMa Hay4HO-HMCCIIEIOBATEIBCKUX PabOT IKC-
nepumenta NA61/SHINE Bkiro4aeT HECKOJIbKO Halpas-
neHuii [1-3] u sBAsSeTCS MPOIOJKEHUEM HCCIIeJOBaHUN
Ha ycraHoBKe NA49 [4], HalleJeHHBIX Ha MOUCK KPUTHU-
4E€CKOM TOUKM CUIIbHOB3aUMOJEUCTBYOLIEH SIIEPHOU Ma-
TEPHUH B PEISATUBUCTCKUX SAPO-SIEPHBIX CTOTKHOBEHUSIX
W JIeTaJlbHOE MCCIIe/IOBaHHe Hayaja JeKoH(alHMEHTa,
T. €. IOUCK U HCCIIEIOBAaHNE Nepexoaa Mex 1y AByMs (a-
3aMM CHJIbHOB3aUMOJICHCTBYIOIIEH MaTepUN; U3MEPEHUS
CEUEHUH BBIX0/1a 3aPSKEHHBIX aJpOHOB /ISl HEHTPUHHOM
(U3UKN; U3MEPEHUS CEUCHHUH B aIpOH-SIEPHBIX PEaKIy-
SIX JUIsE QU3MKHA KOCMUYECKUX JIydeil; H3MepeHHe BbIX0/1a
O4YapOBaHHBIX KBApKOB B CTOJIKHOBEHHUAX sIep CBUHIIA
mpu 3Heprusax SPS.

Ilouck KpUTHYECKOW TOYKHM CHIJIBHOB3aUMOJEH-
CTBYyIOILIEH Marepuu BeleTcs B dkcnepumente NA61/
SHINE nyrem ckanupoBaHusi (pa3oBoii quarpaMmbl Kak
10 TeMIleparype, Tak U 1no O0apHOHHOMY XMMHUYECKOMY

MOTEHI[MAIY B IPOIECCE MPOBEACHUS H3MEPEHUH MPHU
PAa3IUYHBIX SHEPTHUSIX U B UCCIICJOBAHUSIX 3aBUCUMOCTECH
OT pa3MepoB CTaJKUBaroLMxcs cucreM. [locnennee yo-
CTUTaeTCsl MyTeM M3MEHEHHUS THUIIA MCIIOJIb3YEMbIX sIIep
U UCCJICZIOBAHUS CTOJIKHOBCHHI B PA3IHUYHBIX 00IAaCTAX
UEHTPAJIBLHOCTH.

B skcnepumente NA61/SHINE momMumMo 0OBIYHBIX
pacrpenenieHuii MHO)KECTBCHHOCTH M TOTICPEUYHOI0 UM-
MyJbCa YacCTHIl HCCICIYIOTCS TaKKe IMOCOOBITHITHBIC
(IIyKTyalun Tak Ha3bIBAGMBIX CHJIbHOMHTCHCHBHBIX Be-
nuuuH. [locienHne TpencTaBisAOT COO0H KOMOWHAIIMN
MEPBBIX U BTOPBIX MOMEHTOB pacIpeeiicHuid Takux (hu-
3MYCCKUX BEJIIMYHMH, KAK MHOKCCTBCHHOCTD, IMOIICPCUHBIC
UMITYJIbChl BTOPUYHBIX YACTHI[ U SHEPTUH HEIPOB3aUMO-
JICHCTBOBABIIINX HYKJIOHOB-CIICKTATOPOB.

CaMble MOCIEIHUE PE3yJIbTaThl OTHOCSITCS K CBOIi-
CTBaM OOpa30BaHHBIX YACTHI[, @ TAKKE K COOBITHITHBIM
(iryKTyalnusM BO B3aUMOJACUCTBHSIX IPOTOH—IIPOTOH,

A. 1. Malakhov, V. A. Matveev

New Results and Research Perspectives
of NA61/SHINE Experiment at CERN SPS

The research program of NA61/SHINE experiment
includes several directions [1-3] and continues the studies
at NA49 setup [4]: search for the critical point of strongly
interacting nuclear matter in relativistic nucleus—nucleus
collisions and a detailed study of deconfinement start-up,
i.e., search and investigation of the transition between two
phases of strongly interacting matter; measurement of
the cross section of the charged hadron yield for neutrino
physics; measurement of the cross section in hadron—had-
ron reactions for the physics of cosmic rays; measurement
of the charmed quark yield in the lead nucleus collisions
at the SPS energy.

Search for the critical point of strongly interacting
matter is performed in NAG61/SHINE experiment by
means of scanning the phase diagram both on tempera-
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ture and baryonic chemical potential that is achieved by
measurements at different energy as well as by studying
dependences on sizes of colliding systems. The latter is
reached by means of changing the type of the used nuclei
and studying the collisions in different fields of centrality.

Besides casual distributions of multiplicity and trans-
verse momenta of particles, the NA61/SHINE experiment
also studies post-event fluctuations of the so-called strong-
ly intensive values which represent a combination of the
first and second distribution momenta of such physical
values as multiplicity, transverse momenta of distributions
of secondary particles and energy of the having-not-inter-
acted spectator nucleons.

The latest results refer to the properties of the pro-
duced particles and event fluctuations in the proton—proton
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Be + Be u Ar + Sc nipu sHeprusax mydxoB 19A, 30A, 40A,
75A u 158A T»B/c. Tlpoanann3upoBaHbl MpeIBapUTEITh-
HBIE PE3yAbTaThl 1O 3apsHKeHHBIM KaoHaM B Ar + Sc-
B3aMMOJICHCTBUAX C IIEHTPATBHOCTHIO B 10 %.

Ha puc. | mokaszaHO TeKyIiee COCTOsIHAE TUHAMUYEC-
KMX CBOMCTB SHEPreTUUECKON 3aBUCUMOCTH OTHOLIEHMS
BBIXOJla KAOHOB K NMMOHAM M IapameTpa HaKJIOHA CIIeK-
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TPOB KAOHOB II0 HOIEPEYHOH Macce, XOpOLIO U3BECTHBIX
KaK «step»- U «horn»-CTpyKTypbl. B CTONKHOBEHHSX
Pb + Pb Takme cTpyKTypbl OBIIH IpeACKa3aHBI 3a CYET
oOpazoBanus cMemranHon (aser agporHoro rasza (HG) u
KBapK-TiTiooHHON 1a3Mbl (QGP). O6Hapyxena OpicTpast
cMena «horny B sHEpreTHUecKoil 3aBucnMoctd K/ B 1ieH-
TPaIBHBIX CTONKHOBeHHAX Pb + Pb 1 Au + Au, uto mHTEp-

Puc. 1. Bepxy: mapameTp HakJIOHA CIIEKTPOB MOIEPEYHBIX MACC B LEHTPaIbHON 06macTi ObicTpoT Mt K- 1 K--Me30HOB B 3aBHCH-
MOCTH OT DHEpPTHH CTOIKHOBEHHUSI BO B3aUMOJCHCTBHSX P + P, Be + Be, Ar + Sc u Pb + Pb/Au + Au. Buusy: orHomenune K*/z* B nen-
TpaJbHON 0bmactu 6eicTpot U oTHOIeHue (K )/(7*) B momHoM ha3oBoM mpocTpaHcTBe 47 Kak (DYHKINS SHEPTHH CTOIKHOBEHHH P + P,

Be + Be, Ar + Sc u Pb + Pb/Au + Au
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Fig. 1. Top: the inverse slope parameter of the transverse mass spectra in the central rapidity region for K* and K- mesons in dependence
on collision energy in the p + p, Be + Be, Ar + Sc and Pb + Pb/Au + Au collisions. Bottom: K*/z" ratio in the central rapidity region and
(K*Y({z*) ratio in the total phase space 4 as the function of collision energy of p + p, Be + Be, Ar + Sc and Pb + Pb/Au + Au

interactions: Be + Be and Ar + Sc, at the beam energy of
19A, 30A, 40A, 75A and 158A GeV/c. Preliminary results
have been obtained on charged kaons in the Ar + Sc inter-
actions with the centrality of 10 %.

Figure 1 demonstrates the current state of dynamic
properties of the energy dependence of the kaon to pion
yield ratio and the inverse slope parameter of the kaon
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spectra on the transverse mass well-known as “step” and
“horn” structures. In the Pb + Pb collisions these structures
have been predicted due to mixed phase of hadron gas pro-
duction (HG) and quark—gluon plasma (QGP). We have
found a rapid change of “horn” in the energy dependence
of K/z in the central Pb + Pb and Au + Au collisions that
is interpreted by the motivated start-up of deconfinement
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TpeTupyercs Kak oOyCIOBIEHHOE HadaloM JeKoH(aifH-
MEHTa B SIAEPHBIX B3aMMOACHCTBHUSX, T.€. MEPEXOIOM OT
HG x QGP. B skcniepumente NA61/SHINE s1tu naHHbIe
JIOTIOJTHUJINCh HOBBIMH M3MEPEHHUSAMH B peakuusx p + p,
Be + Be u Ar + Sc, B KOTOPBIX HPOSIBISIOTCS HEOXKUIAH-
HBIC M OYE€Hb HHTEPECHBIE 0COOCHHOCTH.

Bxpartiie OHM COCTOAT B CIEAYIOIEM: YHEpPreTH-
yeckas 3aBUCHMOCTb IapaMeTpa HakJIoOHa B P + p-B3a-
NMOJICHCTBUSIX MMeeT (GopMy IIaTo «step»; JaHHBIC T10
Be + Be-cronkHOBeHWsIM ONM3KHM K pe3yibTaTram s
p + p-B3aMMOACHCTBUI; NAaHHBIE O B3aUMOJECHCTBUIM
Ar + Sc mposIBISIFOT 3aBUCHMOCTB OT DHEPTHH CTOJKHO-
BEHMs, KaYECTBCHHO AHAJIOTHYHYIO JAaHHBIM B PEAKIUHU
p + P, HO TIATO HAXOAUTCS HA 3HAYUTEIBLHO OOJIEE BHICO-
KOM yPOBHE.

Pesynbrarel 1uis p + P-B3aUMOIEHCTBUH, IIOJyUYEHHBIE
B skcriepumente NA61/SHINE, Obutn paccMOTpeHbI Kak
yKa3aHue Ha BO3MOKHOCTB IPOSIBJICHUS JICKOH(paiiHMeHTa
B MaJIbIX CHCTEMaXx.

VAuBHUTEIBLHO, HO B JAHHEBIX B3aUMOACHCTBUS Ar + Sc
HET yKazaHWs Ha CTPYKTypy «horny.

Jannsie B Xe + La-CTOJIKHOBEHUSX, 3apErUCTPUPO-
BanHble B NA61/SHINE, oxugaror cBOEro aHaimsa, uro-
ObI TPOSCHUTH (PU3MKY BBIIICYOMSIHYTONH KapTHHBI.
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Panee ObuIM IIpeACTaBIEHBI HpEIBApUTEIbHBIE pe-
3yJIBTaTHI aHATIN3a METOJIOM «MHTEPMHUTTEHCHY TSl IPOTO-
HOB B CTONKHOBEHUsX Ar + Sc u Be + Be ipu 150A I3B/c.
[IpenBapuTenbHBIC PE3yIbTATHl aHATN3A JAHHBIX CTOJIKHO-
BeHnit Be + Be u Ar + Sc MoryT ObITh IEpBBIM BO3MOXK-
HBIM YKa3aHHEM Ha CyIIECTBOBAaHHE KPUTHYECKOW TOUKH
B peakiuu Ar + Sc, B TO BpeMsI Kak B IaHHBIX CTOJIKHOBE-
Hus Be + Be Het curHana. B HacTosiiee Bpems mpeampu-
HUMAETCS IMOMBITKA YIYUIIUTh OLIEHKY CTaTUCTUYECKOI
3HAYMMOCTH 3TOTO pe3ynbrara. OCHOBBIBAsCH Ha JIOBEPHU-
TEJIBHOM MHTEpBaJe B HaOI0mIaeMoM (haKTOPHaIHLHOM MO-
meHTte AF,(M) mist skcriepuMeHTanbHbIX JaHHBIX AT + Sc
(puc. 2, ciieBa), MOXKHO CIIEJIaTh BBIBO, 9TO ~95 % 3Haue-
HUM HAaXOAATCS BBIIIE HYJICBOM JMHNH, YTO YKA3bIBAacT Ha
CTaTUCTUYECKH 3HAUYUMOE OTJENICHHE PEaIbHBIX TAHHBIX
OT cMemaHHbIX coObiTuit (pona). Ha puc.2 (crpasa) mo-
Ka3aHo, YTO TOJNBKO 1—5 % HEKOppENTUpPOBAHHBIX MTPOTOH-
HBIX (OHOBBIX coObITHI natoT AF,(M) curnain, crons xe
CWJIBHBIM, KaK W HaOJIOaeMbli Hecly4alHbIH CUrHall.
Takum o0OpazoM, HaOMOIAEMOMY AKCIEPUMEHTAIBHOMY
Pe3ysbTaTy MOKHO HpUIHCATh 95 %-10 CTaTHCTUYECKYIO
3HAYUMOCTb KaK HecllyyailHOMY, T.€. peanbHO CKOpPpPEeIH-
POBaHHOMY.

I'pynma corpynuukos u3 JIOBD OUAU BHecna 60716-
IO BKJIQA B TOJNyYEHHE MPEACTABICHHBIX BBIIIE JKC-

in nuclear interactions, i.e., transition from HG to QGP.
The NA61/SHINE experiment has supplemented these da-
ta with new measurements in reactions p + p, Be + Be and
Ar + Sc, which show unexpected and interesting features.

Briefly they are as follows: the energy dependence of
the inverse slope parameter in p + p interactions has a form
of plateau “step”; the data on Be + Be collisions are close to
the results for p + p interactions; the data on Ar + Sc interac-
tions reveal the dependence on the collision energy which is
qualitatively analogous to the data in the p + p reaction, but
the plateau is located at a significantly higher level.

The results for the p + p interactions obtained in
NAG61/SHINE experiment have been considered as an
indication of the opportunity of demonstrating deconfine-
ment in smaller systems.

It is a surprise that in the Ar + Sc data there is no indi-
cation of the “horn” structure.

The data in the Xe + La collisions registered in NA61/
SHINE expect to be analyzed to clarify the physics of the
above mentioned picture.

Earlier the preliminary results of the analysis have been
obtained by means of the intermittence method for protons
in the Ar + Sc and Be + Be collisions at 150A GeV/c. The
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analysis of preliminary results on the Be + Be and Ar + Sc
collisions can be the first possible indication of the exis-
tence of the critical point in Ar + Sc reaction, in the mean-
time, there is no signal in the data on Be + Be. At present
there is an attempt to improve the estimate of statistical sig-
nificance of this result. Based on the observed factorial mo-
ment AF,(M) confidence interval for Ar + Sc experimental
data (Fig.2, left), one can conclude that ~95% of values
are above the zero line, indicating a statistically significant
separation of real data from mixed events (background).
Figure 2 (right) shows that only 1-5% of uncorrelated pro-
ton background events produce a AF,(M) signal as strong
as the one observed in experimental result being nonran-
dom. One may therefore assign 95 % statistical significance
to the observed experimental result being nonrandom.

A group of employees from the JINR Veksler and
Baldin Laboratory of High Energy Physics contributed a
lot of efforts to obtain the experimental data given above,
in particular, in registering spectra of secondary particles
and calibration of the time-of-flight system which had
earlier been developed and constructed at JINR [4]. The
employees from the Dzhelepov Laboratory of Nuclear
Problems actively participated in NA61 experiment in
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TIePUMEHTANFHBIX JTaHHBIX, B YaCTHOCTH B IIOJy4YCHHE
CIIEKTPOB BTOPHYHBIX YACTHIl U MPOBEACHUE KAIMOPOBKH
BPEMSIIIPOJIETHOM CUCTEMBI, KOTOpasi paHee ObL1a pa3pado-
taHa U co3gana B OVSU [4]. Corpynaukn uz JIAIT ak-
THUBHO y4yacTBOBAaJIM B Iporpamme skcnepuMeHta NA61
Mo HU3MEPEHHUIO CEYCHUU BbIXOJa 3apsKCHHBIX aIpOHOB
s HeWTpuHHOW Qm3ukH [5]. Omuxamu OMSN Taroke
ObUTM BBITIOJIHEHBl OpPUTHMHAJIbHBIE PA0OTHI, B KOTOPBIX
HCIIOJIB30BaIC pa3paboranHbiii panee A.M.banguasim
TTOJIXOM K WCCIICIOBAHUIO PETITHBUCTCKUX SACPHBIX B3a-
HMMOJICHICTBUI B MPOCTPAHCTBE YETHIPEXMEPHBIX CKOPO-
creii [6]. CriexyeT OTMETHTD, YTO MPHUHIUIBI TOX00US 1
ABTOMOJICIIBHOCTH OKa3aJIUCh OYCHb IUIOOTBOPHBIMU TIPH

AT THE LABORATORIES OF JINR

W3yUYCHHH SICPHBIX B3aMMOICHCTBHIN NPU BEICOKUX JHEp-
rusix [7].

B wactHOCTH, C HCNOJB30BAaHWEM METO/A TOMOOHS
BITEPBBIC OBIJIO MOTYYCHO aHAIUTHIECKOE MIPEACTABICHUE
OBICTPOTHBIX pacIpe/ieieHHH MHOHOB TPH B3aMMOJCH-
CTBHHU PENISITUBUCTCKUX /1P, MPEKPACHO OIUCHIBAIOIINX
nmarabie NA61/SHINE, monydeHHBIe TIpH BCEX HaJETal0-
IIMX UMITyJIbcax B quanazone ot 20 mo 158 '3B/c [8]. Otu
pE3yABTATHI MIPEICTABICHBI Ha puUC. 3 (CleBa).

Ha puc.3 (cmpaBa) BHIHO XOpoliee BOCIIPOH3BEIC-
HHE DKCIIEPHUMEHTAJIBHBIX JJAHHBIX M NTOKA3aHO, YTO METOJ
mofoOus B TPOCTPAHCTBE YETHIPEXMEPHBIX CKOpOCTEH
MPEeKpacHo paboTaeT Npu ONMCAHUN B3aUMOJCHCTBHH pe-

Puc.2. Cnea: pakropuanbubiii MomeHT AF,(M) st 10-15 % nenTpansubix ctonkHoBeHHH Ar + Sc ipu 150A I'9B/C (4epHble ToukH);
HHTEPBAJIBI OIIHOOK COOTBETCTBYIOT «bootstrap» cTaHAapTHOH OMMOKe; [[BETHBIE TUANa30Hbl YKa3bIBAIOT Ha «bootstrap» JOBepHUTEIb-
HBIE MHTEPBAJIbL; CIUTOIIHAS CHHSIS JIMHUS JJaeT CpeHee 3HaueHne «bootstrapy BeIOopok. CripaBa: Te ke IKCIepHMEeHTaIbHbIC 3HAYCHHS
AF,(M) (depHble TOukH) B cpaBHeHNY ¢ pesynbratramu AF,(M) i MoennpyembIx cirydaiiHbIX (POHOBBIX POTOHOB

NAG1/SHINE Ar + Sc 150, cent. 10-15%, pur > 90%
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Fig. 2. Left: factorial moment AF,(M) original sample values for 10—-15% central Ar + Sc collisions at 150A GeV/c (black points); the
error bars correspond to “bootstrap” of the standard error; the color bands indicate the “bootstrap” confidence intervals; the solid blue
line gives the medium value of the “bootstrap” samples. Right: the same experimental AF,(M) values (black points) compared to the

AF»(M) results for simulated random background protons

measuring the cross section of the charged hadron yield
for neutrino physics [5]. Physicists from JINR have also
fulfilled original investigations using the approach to the
study of relativistic nuclear interactions in the four-dimen-
sional velocity space; this approach was developed earlier
by A.Baldin [6]. The principles of similarity and automod-
elity turned out to be very fruitful in studying nuclear in-
teractions at high energy [7].

In particular, using the similarity principle the physi-
cists for the first time have obtained the analytical descrip-
tion of pion rapidity distributions while interacting with
relativistic nuclei, which excellently describe the NA61/
SHINE data registered at all projectile momenta in the
range from 20 to 158 GeV/c [8]. These results are given
in Fig. 3 (left).

EI

Figure 3 (right) shows a good description of the ex-
perimental data, and thus it has been shown that the simi-
larity method in the space of four-dimensional velocity is
very efficient in defining interactions of relativistic nuclei.
It is important to emphasize that there are only two con-
stants required to describe the data at all the energies.

In 2018, the Program Advisory Committee of CERN
approved a new physical program for NA61/SHINE ex-
periment after 2021 which includes a study of D-meson
production in lead nuclei collisions at the energy of
150A GeV [9].

In 2019, at CERN the upgrade of the NA61/SHINE
setup began in practically all detector systems necessary to
provide experiments after 2020 at increasing the intensity
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JISITUBUCTCKUX sifiep. BaxkHO OTMETHTB, UTO 3/1€Ch UCIIONb-
3yIOTCSI TOJIBKO JIBE€ KOHCTAHTBI, KOTOPBIE TPEOYIOTCS At
OITMCAHUS JAHHBIX TIPH BCEX IHEPTUSX.

B 2018 1. mporpammubM komutetoM L[EPH Oputa
onoOpeHa HoOBas (hru3WdecKast MporpaMMa IKCIIEPHMEHTa
NAG61/SHINE mocne 2021 r, xoTopas JOMOTHUTEIHHO
BKJTIOYaeT B ce0s mccinenoBanme odpasosanust D-me30H0B
B CTOJIKHOBEHWSIX siiep cBHHIA TipH Hepruu 150A 3B [9].

B 2019 . na ycranoBke NA61/SHINE B I{EPH nHa-
yarta MOJEPHHU3ALIUS MPAKTHYECKH BCEX JETEKTOPHBIX
CHCTEM 3TOH yCTAaHOBKH, KOTOpask HEOOXOAMMA ISl IIPo-
BeZieHUs KkcnepuMeHToB mociie 2020 . mpy yBEeNWYeHUN
6omee yem B 10 pa3 MHTEHCUBHOCTH ITyYKa HOHOB CBHHIIA,
a CJIeZ0BaTEeNbHO, U CKOPOCTU cpabdaThIBaHUs TPUITEPA.

I'pynma corpymamkoB n3 OWMSM orBeTcTBeHHa 3a
MOZIEPHHU3AIMIO BPEMSIPOIETHON CHCTEMBI YCTAHOBKH.

[Ipensiaymias BpeMsImpoieTHas CHCTeMa WACHTHPUKAIINN
YaCTHUI[ COCTOATIA U3 JIBYX CTEHOK, cojiepxamux 891 crun-
THUISIMOHHBIN JeTekTop Kakmas. OnHa cTeHKa ObuLia
co3nana B OMSIN. BpemenHoe pasperieHHe B CperHEM
COCTaBISUIO 75 TIC, YTO MO3BOJSUIO OTACNIATH KAOHBI OT
MMMOHOB BIUIOTH 10 mmityibca 8 [3B/c [4]. Tlocme 20 net
paboThl OONBIIMHCTBO YacTel CHCTEMbI TOTpeOoBaIN ObI
CYIIIECTBEHHON PEKOHCTPYKIUHU. B cBsA3M ¢ 3TUM OBLIO
peIIeHo 3aMEHUTh CTapyl0 CUCTEMY Ha HOBBIH JETEKTOD,
OCHOBaHHBIH Ha MHOT03a30PHBIX PE3UCTHBHBIX KaMmepax
(MRPC) [10], gTo cTamo BO3MOKHBIM Omaromaps GprHaH-
COBOI1 mojyIepIKKe 3ToM padboThl aupekimein OV,

Ha SPS B IIEPH 06butn npoBenieHbI TpH HUCTIBITAaHHS
nerexktopoB MRPC: B nekabpe 2016 1. ¢ ucronb3oBaHHUEM
nporonHoro nyuka 30A [B/c, B aBrycre 2018 1. B opeorne

Puc. 3. CreBa: OBICTPOTHBIE pacpe/ieIeH s IIHOHOB () B p + p-CTOJIKHOBEHUSIX ITPU HAYaJIbHBIX UMITyIbcax Py, = 158 I'3B/c (crutom-
Hast KpacHas kpuBasi), 80 I'aB/c (mTpuxoBas kpacHas kpuBas), 40 I'9B/c (3enenas xpusas), 31 I'3B/c (cunsst kpusast), 20 [5B/c (xpac-
Hasl HIDKHSISL KpUBas) B CpaBHEHHH ¢ naHHBIME dKcriepuMenta NA61/SHINE B mponecce p + p — n~ + x. Cnpasa: pe3ynsTaTsl HAIINX
BBIYHCIICHU ceKTpoB My B Pb + Pb-, Ar + Sc-, Be + Be- u p + p-CTONKHOBEHHAX B IEHTPAIBLHONW 001aCTH OBICTPOT MPU HAYAJIBHOM
umIyisce Ha HykioH Pj, =40 I'3B/c B cpaBHeHuu ¢ nanubiMu skcriepumenta NA61/SHINE [8]

Our calculations for Pb 4+ Pb — 7~ + z at Vs = 8.77 GeV —

NA61 data for Pb + Pb — 7 + zat Vs = 8.77 GeV —#—

0.75 ——— _ Our calculations for Ar + Sc¢ — 7r: +zatVs=877GeV — —

-F NAG1 data for Ar 4+ Sc — 7~ + zat Vs = 8.77 GeV —B—

0.70 b | 10° 5_ Our calculations for Be + Be — 7~ 4+ zat v/s = 8.77 GeV ----

E NAG61 data for Be + Be — 7~ + zat Vs = 8.77 GeV ~e-

0.65 A .S 104 E Our calculations for p + p — 7 + zat Vs = 8.77 GeV —

: EE Ni ~ NAG61 data for p + p — 7 + zat Vs = 8.77 GeV
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Fig. 3. Left: rapidity pion distributions (y) in p + p collisions at projectile momenta P;, = 158 GeV/c (solid red curve), 80 GeV/c (dashed
red curve), 40 GeV/c (green curve), 31 GeV/c (blue curve), 20 GeV/c (red lower curve) in comparison with NA61/SHINE experiment in
the process p +p — n~ + X. Right: the results of our calculations of spectra m,; in Pb + Pb, Ar + Sc, Be + Be and p + p collisions in the cen-
tral rapidity region at the projectile momentum per nucleon P;, =40 GeV/c in comparison with the data of NA61/SHINE experiment [§]

of the lead ion beam by more than 10 times and, conse-
quently, the velocity of the trigger operation.

A group of employees from JINR is responsible for
upgrading the time-of-flight system (ToF) of the setup.
The previous time-of-flight system for particle identi-
fication consisted of two walls having 891 scintillation
detectors each. One of the walls was made at JINR. The
time resolution on the average was 75 ps that provided to
separate kaons from pions till the momentum 8 GeV/c [4].
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After 20 years of work most of the parts of the system
would have required a significant reconstruction. In this
connection there was a decision to substitute the old sys-
tem for the new detector based on Multigap Resistive Plate
Chambers (MRPC) [10] that became possible due to the
JINR Directorate grant.

There were three tests of MRPC detectors at CERN
SPS: in December 2016 on the proton beam of 30A GeV/e,
in August 2018 in the aureole of proton beam 150A GeV/e,




B JIABOPATOPUAX MHCTUTYTA

npoTtoHHOTO Tyuka 150A I'3B/c u B HOs16pe 2018 1. ¢ mc-
mons30BaHneM mydka Pb 150A I'3B/c.

Wzmepennoe BpemenHoe pasperrenne MRPC Obuto
CTa0MIIBHO BO BCEX TECTax M COCTABWIJIO BEIWYMHY, HE
npesprmatonyo 50 mc. B teuenme 2021-2022 T mma-
HUPYETCS 3aBEPIUUTh CO3JaHUE HOBOM BPEMSIIPOJIETHOMN
cuctemsl s dkcriepumenTa NA61/SHINE. B HacTosmee
BpeMs HauaTa paboTa 1o MPOU3BOJCTBY JAETEKTOPOB.

Jlannabple, momydeHHBIe B OKcnepuMmeHTte NAGL/
SHINE, xpaiiHe Ba)KHBI AJIS1 IOCTPOSHISI TEOPHUH B3aNMO-
JEeWCTBUN PENITUBUCTCKUX siiep. OHU MIMPOKO NCTIONB3Y-
FOTCSI UIsl TIJIAHUPOBAHMS SKCIIEPUMEHTOB Ha KOMILIEKCE
MPD/NICA.

OpHako, KaK MOXKHO BHUJETh IO TMOIYYCHHBIM (H-
3UYECKUM PpE3yNbTaTaM, IPEACTABICHHBIM BBIIIE, €IIe
OCTaeTCsi MHOTO HEPEIICHHBIX BOIIPOCOB B 00IACTH B3au-
MOJEHCTBUH PENATHBUCTCKUX siaep. Takum o0pa3om, mpo-
JOJDKEHHE MCCIIeToBaHni Ha ycTaHoBke NAGL B cienyro-
i epuof padoTel yekopuTenbHOTo Komruiekca [IEPH
SBJISCTCSI YPE3BBIYANHO BaXKHBIM. TakKe BayKHBI SKCTIEPH-
MEHTEHI, IaHupyembie Ha komiiekce NICA B OMSN, ko-
TOpbIE TIOMOTYT JOMOJHHUTH NPOBOANMBIE HCCIECAOBAHUS
1 CyIIECTBEHHO HMPOABHHYTHCS B MOHUMAHUH IPOLIECCOB
B3aNMOJICHCTBUSI PESITUBHCTCKUX SIIEP.

and in November 2018 using the Pb proton beam of
150A GeV/e.

The measured time resolution of MRPC was stable in
all the tests and did not exceed the value of 50 ps. During
2021-2022 it is planned to complete manufacturing the
new ToF system for NA61/SHINE experiment. At present
the start-up of detector production has begun.

The data obtained in the NA61/SHINE experiment
are extremely important to construct a theory of relativistic
interactions of nuclei. They are widely used for planning
experiments at the MPD/NICA complex.

However, the obtained physical results presented
above show that there are still many non-fixed issues in the
field of relativistic nucleus interactions. Thus, to continue
the research at the NA61 setup of the CERN accelerator
complex in the coming period of its operation is extremely
important. The research planned at the NICA complex of
JINR would enrich the experiments being performed and
significantly improve understanding the interaction pro-
cess of relativistic nuclei.

AT THE LABORATORIES OF JINR
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JIkcnepumeHT BECQUEREL:
CTATYC U MePCNEeKTUBHbIE 3a1a4H

dparMeHTaIys peNSTUBUCTCKHUX siAep, Habmonaemas
B AJEpHON Myabcuu (SI3), cIyXKUT UCTOYHHKOM aHCaM-
Ou1eil terdaifimx saep, MpeiCTaBISIOINX HHTEPEC ISt CO-
BPEMEHHOI siIepHOii (PU3UKH U siepHOM acTpoduzuku. 9
TI03BOJISIET M3y4aTh 00pa30BaHNe TAKUX aHcaMOiIel Bo Bceit
TIOJTHOTE C PEKOPAHBIM YIVIOBBIM PAa3pELICHUEM U UICHTHU-
¢ukanumeit nzororoB He u H. Cambie mepBbie uccienoBa-
HUSI B3aUMOICHCTBUH PEJIITUBUCTCKHUX SIIEP COCTOSUTHCH B
xoHIe 1940-x rT. pu aHanm3e cioeB 513, 00mydaBIIUXCS B
ctparocdepe. Torma ske ObUTH 0OOHAPYKEHBI COOBITHS pa3-
Baja sfAep KOCMHUYECKOTO MPOUCXOXKICHUS, COMeprKalline
TPYHIIBI CIIE0B PETATUBUCTCKUX 0-YACTHI], CKOHIIEHTPH-
POBaHHBIX B y3KOM yITIOBOM KOHYce. [IposBisisich Kak npu-
pOZHOE SIBIICHHWE, OHHM OTPaXKalOT (-4aCTUYHYIO KJacTe-
pH3aLHIO B SACPHON CTPYKTYpe, SIBISIFOLIYIOCS OOBEKTOM
WCCIIEOBAHUIN 110 HACTOSIIEE BPEMSI.

B 1970-x rr. Havamguch o0aydeHus cromok SO er-
KUMHU siipamu Ha cuaxpogazorpone (OUSN) n Bevalac

(LBL), a B 1990-X IT. — CpeIHUMH ¥ TDKEIBIMU SIAPAMHU
Ha AGS (BNL) u SPS (IEPH). OTmeuanoch nposiBieHue
SIIEPHOI CTPYKTYpHI B KOHYCE IpEAeNbHON (parMeHTa-
. OgHAKO AIEKTPOHHBIE KCIIEPUMEHTHI B 3TOM Ha-
MPABJICHUN HATAJIKUBAIOTCS HA NMPUHLIUMNHAIBHBIE CIOXK-
HOCTH, OOYCIJIOBJICHHBIC KBaJpPaTHYHOH 3aBHCHMOCTBIO
HMOHM3ALUY OT 3apsiioB A1ep, KpaliHe MaJlol yIIoBoil pac-
XOJMMOCTBIO PENSTHBUCTCKUX (PPArMEHTOB M 3a4acTyIO
MPUMEPHBIM COBNAJEHHEM I10 MAarHUTHOH ECTKOCTU
¢ simpamu Imydka. IloaToMy pe3yabTarsl, MOJydYEeHHBIE B
1970-1990-x rr. MmetomoM SO, u coxpaHuBIINECS (BaiIbl
JAHHBIX B aCIIEKTE COCTaBa PENSTHBUCTCKON (hparMeHTa-
IIUH OT JIETKUX JI0 CAMBIX TSXKEJIBIX siIep He YTPaTHIIN aK-
TYaJIbHOCTH, a O0JTy4EHHBIC CIION MOTYT IPUMEHSTHCS IS
YIITYOJIEHHBIX HUCCIIEIOBAHHH.

C navana 2000-x rr. Mmetoxn SO npumeHsercst Ha Hy-
kiotpore OMSMN B sxkcnepumente BECQUEREL ntst usy-
YEHHS B PENSITUBUCTCKOM MOIXOJE KIACTEPU3ALUH JIETKHX

A. A. Zaitsev, P. 1. Zarubin, A. I. Malakhov

The BECQUEREL Experiment:
Status and Future Challenges

The fragmentation of relativistic nuclei observed in
nuclear track emulsion (NTE) serves as a source of en-
sembles of the lightest nuclei, topical for modern nuclear
physics and nuclear astrophysics. NTE allows one to study
production of such ensembles in full with record angular
resolution and identification of He and H isotopes. The
very first studies of interactions of relativistic nuclei took
place in the late 1940s when analyzing NTE layers irradi-
ated in the stratosphere. At the same time, break-up events
of nuclei of cosmic origin containing groups of tracks of
relativistic a particles concentrated in a narrow angular
cone were discovered. Manifesting as a natural phenom-
enon, they reflect the a-particle clustering in the nuclear
structure which is the research subject to date.

In the 1970s, exposures of NTE stacks to light nuclei
at the Synchrophasotron (JINR) and Bevalac (LBL) be-
gan, and in the 1990s to medium and heavy ones at AGS
(BNL) and SPS (CERN). The manifestation of the nuclear

EI

structure in the cone of limiting fragmentation was noted.
However, electronic experiments in this direction run into
fundamental difficulties due to the quadratic drop down of
ionization on the charges of the nuclei, extremely small an-
gular divergence of relativistic fragments, and often an ap-
proximate coincidence in magnetic rigidity with the beam
nuclei. Therefore, the NTE method retains its uniqueness
as the composition analysis tool in the relativistic frag-
mentation cone. In this aspect, the results obtained in the
1970s—1990s by NTE and the preserved data files have not
lost their relevance, and the irradiated layers can be used
for in-depth studies. One can hope that the progress of im-
age analysis will intensify the use of the NTE method in
the near future.

Since the early 2000s, the NTE method is used at the
JINR Nuclotron in the BECQUEREL experiment to study
the clustering in light stable and radioactive nuclei in the
relativistic approach. Known and new structural features
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CcTaOMIBHBIX W PaJIMOAKTUBHBIX sifep. OCOOEHHOCTH H30-
tonos 7*Be, 810118 10.11C_12,14N prigpunucek B BeposT-
HOCTSIX KaHAJIOB MX auccoruannu. nentuduxanus pens-
THBUCTCKUX pacnanos SBe u B yka3ana Ha BO3MOKHOCTb
MOKCKA TPOEK 0i-4acTHIl B cocTosinuu Xoitna (HS) B persi-
TUBUCTCKOH JFICCOIIAAITIH.

8Be u HS paccmarpuparoTcsi Kak IpOCTEHIIME CO-
CTOSIHUSI 0-YaCTHYHOIO KOHIeHcara bo3e—DWHIITElHA.
Kak 40-koHJCHCAT paccMaTpUBACTCs MIECTOEC BO30YKICH-
Hoe coctosuue OF smpa '°O mpm 660 k3B Hax 4a-mopo-
rom. Ero a-pacman Mor Obl HITH B MOCIIEIOBATEIIEHOCTH
160(0§) — 12C(05) — ®Be(0) — 20 wm xe
160(0g) — 28Be(0") — 4a. Kpome Toro, sipa °B u
HS MOTryT CIly’KHTh OCHOBAMH B sIIEPHBIX MOJeKyiax *Bp,

Pacnpenenenne uncna 30-tpoex Ns3, M0 MHBapHAHTHOM
macce Qzq B 316 «Genbix» 3Be3nax 12C — 30 (crutomr-
Hast 1uHMsA) U B 641 «Genoit» 3se3ne 1°0 — 4a (Tpuxo-
Bast uHMs) ipu 3,65A I'2B; Ha BcTaBke — yBelMUCHHAS
gacth Qz, < 2 MaB, HopMupoBaHHas Ha YHCIa «OEIBIX)
3Be3] Ny

N3./0.2 MeV

Distribution of the number of 3a-triples N5, over invariant
mass Qs in 316 “white” stars 12C — 3a (solid) and 641
“white” stars 10 — 40, (dashed) at 3.65A GeV; in inset,
enlarged part Q3, <2 MeV normalized to the numbers of
“white” stars Ny

of the isotopes "Be, &101B, 10,11C and 214N are re-
vealed in the dissociation channel probabilities. The iden-
tification of the relativistic decays of 8Be and °B pointed
out the possibility to search for triples of a particles in the
Hoyle state (HS) in the relativistic dissociation.

8Be and HS are considered as the simplest states of
the a-particle Bose—Einstein condensate. The sixth excited
state 0§ of the 190 nucleus at 660 keV over the 4a thresh-
old is considered as a 40-condensate. Its decay could go
in the sequence 190 (0g) — 12C(05) — 8Be(0;) — 2a
or 100 (0§ ) — 28Be(0") — 4a. In addition, the *B and HS
nuclei can serve as bases in the nuclear molecules °Bp,
9Ba and '2C(03 )p. Like the a-condensing states the un-
stable states with an odd number of protons can meet ex-
citations immediately above the corresponding thresholds
having electromagnetic decay widths.

All these states can be studied uniformly in the pe-
ripheral interactions of relativistic nuclei. According to
the widths, 8Be, B, and HS nuclei are real fragments in
relativistic dissociation. The products of their decay ap-
pear along ranges from several thousands (3Be and HS) to
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9Ba u 12C(03)p. Kak U 0-KOHIEHCATHBIM COCTOSHHSM,
HEeCTaOMIBHBIM COCTOSTHUSIM C HEUYETHBIM UHCIIOM TIPO-
TOHOB MOTYT OTBEYaTh BO30YKICHHUs Cpa3y HaJ COOTBET-
CTBYIOIIMMH TOPOTAMH, HMMCIOIINE 3IEKTPOMArHUTHBIC
HIMPUHBI PacmajoB.

Bce 3TH COCTOSHHS MOTYT €IMHOOOPA3HO HCCIEeNO-
BaThCsl B MEPUPEPUUCCKUX B3aUMOJCHCTBHUAX PEISATHBHU-
crekux saep. CornmacHo mupuHam sapa $Be, °B u HS ss-
JSIFOTCSL TIOTHOLICHHBIMU (DparMeHTaMU PeISITABUCTCKOM
qucconnanud. I[IpoayKkTel UX pacnajga o0pasyloTcs HpH
npo6erax ot Heckonbkux Thicsy (*Be u HS) 110 Heckoib-
kux gecsaTkoB (°B) aTOMHBIX pasMepoB, T.e. 3a BpeMs Ha
MHOTO TOPSIIKOB OOJbIIee, YeM BpeMsi BO3HHKHOBCHUSI
npyrux (parmenTtoB. He Oynydm HEmOCpenCTBEHHO Ha-
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several tens (°B) of atomic sizes, i.e., over the time many
orders of magnitude longer than the time of the appear-
ance of other fragments. Not being directly observable,
they should manifest themselves as pairs and triples of He
and H nuclei with the smallest opening angles due to the
smallest decay energy.

Using the available angular measurements of the co-
herent dissociation events 2C — 3a and 0 — 4q, the
application of the invariant mass method can be easily
extended to the identification of relativistic decays of the
Hoyle state. In the latter case, HS decays can manifest
themselves in the dissociation 100 — 12C* (— 3a) + a.
Both distributions over the invariant mass of 3a-triples
Q3 show similarities (see figure). In both cases, distribu-
tion peaks are observed in the region Qs, < 0.7 MeV where
the HS signal is expected. The contribution of HS decay to
12C — 30 is (11 + 3)%, and in the case of 10 — 4a it is
(22 £2)%.

Being tested in the studies of the light nuclei, a similar
selection is applicable to the dissociation of heavier nuclei
to search for more complex states. In turn, the products
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omonaembivu, 8Be, °B u HS 10IKHBI OPOSBIATHCS KakK
napsl ¥ TpOiKH pensiTuBUcTCKUX (parmentoB He n H ¢
HaMMEHBIIMMH yIJIaMH pa3jieTa BCIIEACTBHE HAaUMEHBIIICH
SHEPTUH pacmaja.

Vcnonb3yst uMeronecs: yriaoBble H3MEPEHHs COObI-
THii KorepeHTHOM auccotmannn 2C — 3o u 10 — 4aq,
METOJ] MHBAPUAHTHON MaccChl HECIIOKHO PACIIPOCTPAHUTh
Ha MICHTHQHKALMIO PEIATHBUCTCKHX pPacHagoB COCTOS-
Hus Xoiina. B mocnennem ciayuae pacnaast HS moryT npo-
ABUTBCS B Auccouyanuy 160 — 12C* (— 3a) + a. O6a pac-
npeneNieHus 10 HHBapUaHTHON Macce 30-Tpoek Qs mpo-
SIBJSIFOT CXOZICTBO (pPUCYHOK). B 00oux ciydasix Habmro-
JIAfOTCs TIMKK pacnpenesieHnii B odnactu Q3. < 0,7 MaB,
rae oxumaercs cursan HS. Ha stoif ocHOBe BKiaxm pac-
naga HS B 12C — 3a cocrasnser (11 £ 3)%, a B ciyuae
160 — 40— (22 £ 2) %.

Bynyun ampoOMpOBaHHBIM TpH H3YYEHUH JIETKHX
s7iep, MoA00HbBI 0TOOP MPUMEHUM K JTUCCOLMALUK Ooiee
TSDKEJIBIX siJiep [UIsl NTOUcCKa 00JIee CIIOXKHBIX COCTOSTHHH.
B cBoto ouepenp, MPOAYKTaMH 0-4aCTHYHOTO WJIM IIPO-
TOHHOTO Paclajia 3TUX COCTOSHUI MOIIIU OBl CITY>KUTb CO-
crosiane Xoitna un ?B u 3atem *Be. BosmoxkeH BapuaHT
pacriazia ¢ BO3HHMKHOBEHHEM OOJIBIIE OJHOTO COCTOSHHUS
13 9TOH Tpo¥ku. HauanbHBIM 3TamoM IMOWCKOB B JII0OOM
cilydae JIOJDKEH CIY)KUTh OTOOp COOBITHH, conepiKaiinx
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pensTuBuctckue pacnansl $Be. C UCMonb30BaHHEM UMe-
FOIICHCST CTATUCTUKHU TI0 siipaM Si U AU WACHTHPHUIIUPO-
BaHbI JIECATKHU pacnagoB 8Be u 9B. B 10 xKe BpEMsI YUCIIO
30-TpOeK, OTHOCHMBIX K paclajaM COCTOSHHS Xoiina,
COCTaBIISIET €JMHUIIBI, YTO TpeOyeT HapalluBaHUsS CTaTH-
CTUKH JI0 COBpeMEHHOTO dKkBHBanenTa $Be. Torya craner
OCYIIIECTBUM ITOMCK BO30YKICHHOTO COCTOSHHUS 160 ( Og ).
Ha sToM nyTH HET NPUHIMITHAIBHBIX MPOOJIEM, MOCKOJb-
Ky UMEETCSl IOCTAaTOYHOE KOJIMYECTBO paHee OOIyueHHBIX
cioeB S0, mpu monepevHOM CKaHHPOBAHIH KOTOPEIX Tpe-
Oyemas CTaTHCTHKA O-aHCaMOJIeH JOCTIKIMA.
[TonyueHHble pe3yabTarhl MO3BOJISIOT OLEHUTH HEp-
CIIEKTHBBI TPEACTABJICHHOTO IOAX0Ja B COBPEMEHHBIX
mpobnemax spepHOi ¢usnkn. Cpemu BaXHEHIINX U3
HHUX — TIPOBEpPKa TEOPETHUYECKHX MPEACTaBICHUI O Mare-
PHH, BO3HHUKAIOIIEH B PE3ylbTaTe COSIAMHEHHsI HYKJIOHOB
B KJIaCTEpPbI, HE UMCIOIINE BO30YKIEHHBIX COCTOSHUH 10
nopora cBsa3u. 1o Jerdaiimue sapa ‘He (o-yacTuisl), a
Taroke aeiTponsl (d), TpuTtons (t) u sapa 3He, nm 2enuo-
not (h). Tpeackazana 3BOIIOIMS COCTABA JIETYalIIINX U30-
TOIOB IPH SAJIEPHOI IIIOTHOCTH MEHEE HOPMAJIBHON U TEM-
neparype HECKOJIBKO Mera’JeKTPOHBOJIBT. [Ipoxokaenue
yepe3 Takyro (ha3y MOXKET OKazaThCs HEOOXOAMMBIM Ha
MMyTH K CHHTE3Y TKENBIX sinep. VaeHTndukanus u30To-
nos 123H u 3*He MeT0os0M MHOTOKparHOTO paccesHus

of a-particle or proton decay of these states could be the
Hoyle state or °B, and then 3Be. A possible decay variant
is the occurrence of more than one state from this triple. In
any case, the initial stage of searches should be the selec-
tion of events containing relativistic ®Be decays.

The available statistics on Si and Au nuclei have iden-
tified dozens of 8Be and ?B decays. At the same time, the
small number of 3a triples is attributable to the decay of the
Hoyle state, which requires increasing statistics to the cur-
rent ®Be equivalent. Then, the search for the excited state
160 (0§ ) will become feasible. There are no fundamental
problems along this path since there are a sufficient number
of earlier exposed NTE layers, with transverse scanning of
which the required a-ensemble statistics is achievable.

The results obtained make it possible to assess the
prospects of the presented approach in modern problems of
nuclear physics. Among the most important of them is the
verification of theoretical ideas about matter arising from
the combination of nucleons in clusters that do not have
excited states up to the coupling threshold. These are the
lightest “He nuclei (a particles), as well as deuterons (d),
tritons (t) and *He nuclei, or helions (h). The evolution of
the composition of the lightest isotopes is predicted at a

nuclear density less than normal and a temperature of sev-
eral MeV. Passing through such a phase may be necessary
on the way to the synthesis of heavy nuclei. Identification
of 1.23H and 3*He isotopes by multiple scattering allows
expanding the analysis of cluster states in the direction of
the properties of the rarefied matter.

It is hoped that the rapid progress in image analysis
will give a whole new dimension to the use of the NTE
method in the study of nuclear structure in the relativistic
approach. The solution of the tasks set requires investment
in modern automated microscopes and the reconstruc-
tion of NTE technology at a modern level. At the same
time, such a development will be based on the classical
NTE method, the foundations of which were laid seven
decades ago in cosmic ray physics. This whole complex
of problems united by questions of identification of unsta-
ble states was presented at the recent topical meeting on
cluster physics [1,2]. Suggestions for development of the
BECQUEREL experiment in the framework of the JINR
topic on the physics of relativistic heavy and light ions at
the Nuclotron—NICA accelerator complex were reviewed
at the January session of the PAC for Nuclear Physics.




B JIABOPATOPUAX MHCTUTYTA

MO3BOJISIET PACHIMPUTh aHAIN3 KJIACTEPHBIX
COCTOSIHUI B HAIlpaBJIIEHUN CBOMCTB pa3peKeH-
HOH MarepuH.

CTouT HaAeaThCs, YTO OBICTPBIN IPOTpecc
B aHaNIM3e M300pa)KeHWH IO3BOJUT IMpPUAATH
COBEPIIEHHO HOBBII pa3Max HCIIOIb30BAHUIO
MeToza S mpu uCCIeI0OBaHNH SIIEPHOH CTPYK-
TYpbl B PEISITUBUCTCKOM IIoaxoze. Pemrenue
MIOCTaBJICHHBIX 33a4 TpeOyeT WHBECTHUIINH B
COBPEMCHHBIE aBTOMAaTH3MPOBAHHBIE MUKPO-
CKOTIBI ¥ BOCCO3/IaHHIE Ha COBPEMEHHOM YPOB-
He TexHonornu S1D. Bmecte ¢ Tem Takoe pas-
BuTHEe OymeT 0a3MpoBaThCsA Ha KIIACCHYECKOM
Metoze 1D, OCHOBBI KOTOPOTO OBUIH 3ajoKe-
HBI CEMb JIECSTWIECTHH TOMY Ha3al B (DU3HKE
KOCMUYECKUX Jy4yeill. Becb 3TOT KOMIUIEKC
mpobieM, OOBETMHEHHBIX MPOOIEMON WICH-
TU(QUKAINN PENATUBUCTCKAX HECTAOMIIBHBIX
COCTOSIHMH, OBUT TpEJCTaBIeH Ha HEJaBHEM
TEMaTUIEeCKOM COBEIIAHUU TI0 KJIACTEPHOU
¢usuke [1,2]. TlpemnokeHus 1o pa3sBUTHIO
skciepumenTa BECQUEREL B pamkax TeMbl
OUAU mo ¢usmke pensTHBUCTCKUAX TSKEIBIX
1 JIETKUX MOHOB HA YCKOPUTEIHHOM KOMIIIECK-
ce HykIoTpoH—NICA OpUTH paccMOTpPEHBI Ha
suBapckoit ceccnn ITKK 1o simepHoit pusnke.
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HccaenoBanue MexaHU3MOB
B3aHMO1eHCTBUSA
KOPOHABHMPYCOB

¢ KJICTOYHOW MeMOpaHou

Bupychl SBISIIOTCSI BHEKJIETOUHOH (OPMOW KM3HH, MMEOLIeH
coOCTBeHHBIN TeHOM. [IpH 3TOM 00s3aTeIbHOE yCIOBHE ISl pa3MHO-
JKEHUsI U PaclpOCTPaHEHHs BUPYCa — €0 NPOHUKHOBEHUE BHYTPb
KJIETOK YeJIOBeKa MJIN )KUBOTHOTO. [103TOMYy BUpYCHBIE TaTOTeHBI Ya-
CTO SIBJISIFOTCS IPUYMHOM BO3HUKHOBEHHS STIMIEMUH, TapaIn3yIOIInX
IPUBBIYHBIN PEXKUM (DYHKIHOHUPOBAHUS OOJIBILIOTO KOJHYECTBA JIF0-
nent. [TocnenctBust mangemuu kopoHasupyca SARS-CoV-2 B ouepen-
HOW pa3 MOATBEPAMIIN BAXHOCTb PAa3BUTHS HAayYHBIX HAIpPaBICHUM,
NPU3BaHHBIX IIPEJOTBPATUTh PACIPOCTPAHEHNUE BUPYCHBIX HH(EK-
nuii. B cBsi3u ¢ aTum yuensimu u3 Jlaboparopruu HEHTPOHHOH (HU3UKH
OUSU coBMecTHO ¢ KoieraMu i3 bpykxelHBeHCKOW HAIlMOHAIBHOM
naboparopuu (CIIIA) HayaThl KOMIUICKCHBIC HCCICIOBAHUS B ITOMH
obnactu. [Inanupyercst HCIIONB30BaTh IPEUMYIIIECTBA METO/IOB HEH-
TPOHHOTO M CHHXPOTPOHHOTO pAacCesHHs AT BBISBICHUS OCOOEH-

D. Soloviov, M. Zhernenkov

Study of the Mechanisms
of Interaction

of Coronaviruses with
the Cell Membrane

Viruses are an extracellular life form that has its own genome.
However, a prerequisite for the reproduction and spread of the virus
is its penetration into human or animal cells. Therefore, viral patho-
gens are often the cause of epidemics that paralyze the usual way of
life of a large number of people. The recent SARS-CoV-2 coronavi-
rus pandemic has once again highlighted the importance of develop-
ing scientific approaches to prevent the spread of viral infections. In
light of this, scientists from the Frank Laboratory of Neutron Physics
(JINR) in collaboration with their colleagues from the Brookhaven
National Laboratory (USA) have launched comprehensive research
in this area. It is planned to use the advantages of neutron and syn-
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HOCTEH CTPYKTYypHBIX M JUHAMHUYECKHX XapaKTEPHCTHK
KJIETOYHOW MeMOpaHbI, CoeprKaieil TpaHCMeMOpaHHBIH
penenrtopubrii 6e10ok ACE2, Bo BpeMst B3anMOIEIHCTBUS C
BupycHbsIM naroreHoM SARS-CoV-2 (puc.1). B pamxax
paboT OyayT NpOBEAEHBI SKCIICPUMEHTHI Ha JIyUIINX MH-
POBBIX MCTOYHHMKAX CHHXPOTPOHHOTO M3iydeHus:: ESRF
(®dpannms), SPring-8 (Snonust), APS (CILIA), a Takxe Ha
ycraHoBkax peaktopa UBP-2.

CTOUT OTMETHTH, YTO 3alUIaHMPOBAHHBIC HCCIIEI0Ba-
HUSI SIBJISIIOTCSI JIOTUYECKUM MPOJOJIKEHHEM MPEIbIITYIIHX
paboT Mo M3y4YeHHIO TUIUAHBIX MeMOpaH. Tak, B 2014 1.
METOJIOM HEYIPYTOTrO PACCESIHUSI PEHTTCHOBCKUX Jydeil

Puc. 1. Cxemarnueckoe H300paskeHHEe B3aMMOCHCTBUS JIUMUT-
HOI MeMOpaHsbl, coieprkamnieil perentopHsiid 6emok ACE2, u ko-
poHaBupycHbIX naroreHoB SARS-CoV-2

BBICOKOTO pa3pereHus ObIIN H3y4YeHbl KOJUIEKTHBHBIC KO-
Je0aHus JIUITUIHBIX MOJICKYJT B OTHOKOMIIOHEHTHBIX MEM-
Opanax 1,2-munanabMUTOMI-SN-DINIEPO-3-hochaTuui-
xonmuH (JI1DX) [1]. BriepBbie ynanock SKCTIEpAMEHTANb-
HO J10Ka3aTh CYLIECTBOBAHME IOINEPEUHON aKyCTHUUYECKOU
(hoHOHHOI MOJIBI B TUNUAHON MeMOpaHe. Takxke ObLIO 110-
Ka3aHO, YTO TP HArPEBAHUH JIMITH/IA BBIILIE TEMIIEPATYPhI
(azoBoro nepexona T, ykazaHHast (OHOHHASI MOZIa IMEET
Pa3pbIB B 00JIACTH MaJIBIX 3HAUCHHI BEKTOpa paccestHus Q
(puc.2).

Habnromaemsbrif pa3psiB CBSi3aH € TponeccaMu Iud-
(by3uu u penaxcaly, MPOUCXOASIIMMH B JIMITUJIHON MEM-

Puc.2. JlucniepcuoHHbIC KpUBBIC MPONOAbHOM U IONEPEUHOU
AKYCTHYECKHX (POHOHHBIX MOJI, PACHPOCTPAHSIOIINXCS B JIUITU]I-
Holt MmemOpane AI1OX

Fig. 1. Schematic illustration of the interaction of the lipid mem-
brane containing the ACE2 receptor protein and SARS-CoV-2
pathogens

chrotron scattering methods to identify the structural and
dynamic characteristics of the cell membrane containing
the transmembrane receptor protein ACE2 when interact-
ing with the viral pathogen SARS-CoV-2 (Fig. 1). Within
the framework of the studies, experiments will be conduct-
ed at the world’s best synchrotron radiation sources: ESRF
(France), SPring-8 (Japan), APS (USA), as well as using
the neutron scattering instruments of the IBR-2 reactor.

It is worth noting that the planned investigations
are a logical continuation of the previous studies of lipid
membranes. So, for example, in 2014, collective vibra-
tions of lipid molecules in single-component membranes
of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC)
were studied using high-resolution inelastic X-ray scatter-
ing [1]. Here, for the first time, the existence of a trans-
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Fig.2. Dispersion curves of longitudinal and transverse acoustic
phonon modes propagating in the DPPC lipid membrane

verse acoustic phonon mode in the lipid membrane was
proved experimentally. It was also shown that when the
lipid is heated above the phase transition temperature T,
the above phonon mode exhibits a gap in the region of
small values of the scattering vector Q (Fig. 2).

The observed gap is associated with diffusion and re-
laxation processes occurring in the lipid membrane and is a
direct evidence of short-lived (on the order of several pico-
seconds) spontaneous occurrence of nanometer-sized lip-
id clusters surrounded by voids in the membrane (Fig. 3).
These pores determine the mechanism of passive transport
of solutes through the lipid membrane.

The use of inelastic X-ray scattering and molecular
dynamics simulations made it possible to study in detail
the phase separation processes in more complex two- and
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Tight lipid packing on
long length scale

Local DPPC clustering

Puc. 3. CioHTaHHOE 00pa3oBaHKe MOpP B JIUMUIHOI MeMOpaHe

Fig.3. Spontaneous formation of pores in the lipid membrane
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Puc.4. JlucnepcroHHbIe KPUBBIE: JBOMHBIX JHITHIHBIX CHCTEM
JIIdX—xonecrepuH (cieBa U MOCEPEANHE) MIPU PA3HBIX TEMIIe-
parypax M KOHIEHTpPAIMAX XOJEeCTepHHa (CM. JIETEHIY); TPOii-
HeIX JUNHAHBIX cucteM [1ODOX/NO0DX-II1DdX—xomecTepuH
npu 37 °C (cmpaBa). Pa3pei ontideckoit poHOHHOH MOIEI 060-
3HAYEH CTPEIIKOH

Fig.4. Dispersion curves for the binary DPPC—cholesterol lipid
mixtures (left and middle) at different temperatures and mol% of
cholesterol (see legend) and ternary POPC/DOPC-DPPC—cho-
lesterol systems at 37 °C (right). The phonon gap in the optical
mode is indicated by the arrow

Phonon current

Puc.5. Cxemarnueckoe w300pakeHne
(YHKIIMOHATNBHEIX ~ JIMIMJHBIX  Hap,

KOTOpEIe  (OPMHUPYIOT HAHOAOMEHHBI.
B pesynbrate KOrepeHTHBIX IPOTHBO-
(ha3HBIX KOJIeOAHHH COCEHUX MOJEKYI
JIIDX u xomectepuHa OTHOCUTEIBHO
UX CTaTHYECKHUX LIEHTPOB Macc (YepHBIe
KpYTH) BHYTPH HAaHOJOMEHA MOJJIePIKHU-
BAeTCsl PACIPOCTPAHEHUE ONTUYECKOH
(hoHOHHOU MOIBI

0
DPPC and Chol
move in anti-phase

@ Center of masses
of DPPC-Chol pair

' Cholesterol
ODPPC contributing to OP mode
.DPPC not contributing to OP mode
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>

Fig.5. Schematic view of the function-
al lipid pairs that nucleate into nano-
domains. As a result of coherent anti-
phase oscillations of neighboring DPPC
and cholesterol molecules about their
static centers of mass (black circles), the
optical phonon mode is confined within
the nanodomain

Coherent moves
of all Chol

Coherent moves
of all DPPC

EI




B JIABOPATOPUAX MHCTUTYTA

OpaHe, U SBISETCS NPSIMBIM IIPU3HAKOM KPaTKOBPEMEH-
HOTO (TIOpsiZKa HECKOJNBKHUX IHMKOCEKYHJ) CIOHTaHHOTO
BO3HMKHOBEHHs B MeMOpaHe JHMNUAHBIX KJIACTEPOB Ha-
HOMETPOBOTO pa3Mepa, OKPY>KEHHBIX ITycToTaMu (puc. 3).
OTH NOPHI ONPEAEISIOT MEXaHW3M ITACCHBHOTO TPAHCIIOP-
Ta PaCTBOPEHHBIX BEIIECTB CKBO3b JUMUAHYIO MEMOpaHYy.

[TpumeHeHne MeToma HEYNpyroro paccesHHs PeHT-
TEHOBCKMX JIyded M KOMITBIOTEPHOTO MOJAEIHPOBAHUS
METOJIOM MOJIEKYJISIPHOH TMHAMHUKH TTO3BOJIMIIO JI€TATIBHO
H3yYUTH MPOIIECCHl (Ha30BOTO pa3/eleHus B Ooyee CIoxK-
HBIX JBYX- M TPEXKOMIIOHEHTHBIX JIHIUAHBIX MeMOpa-
Hax MII®X—xomectepun u [MODX/JODX-IIDX—xo0-
nectepuH [2]. Bo3HUKHOBEHHE ONTHYECKUX (HOHOHHBIX
MOJ Ha TUCIIEPCHOHHBIX KPUBBIX TaKuX cucTeM (puc.4)
CBHJICTENLCTBYET O CYIIECTBOBAHWM B HUX CTAOMIIBHBIX
(Ha MMMKOCEKYHIHOW IIKaJieé BPEMEHH) (PYHKIIHOHAIBHBIX
munuaHBIX map Monekyn JODX, TTODX, AIPX u xome-
CTepHHA, KOTOPbIE KOJIEOMIOTCS B MPOTHBO(A3e BOKPYT UX
nenTpa macc (puc.5). [Ipu sTrom HaOmomaemMblil pa3pbeIB
OINITHYECKUX (POHOHHBIX MOJL ABJIAETCS CIECACTBUEM KOHEY-
HOTO pa3Mepa oOrmacTel (HaHOZOMEHOB), 00pa30BaHHBIX
YKa3aHHBIMH JINITHIHBIMU TTapaMH.

H3BecTHO, YTO MMEHHO CBOWMCTBA JUIHJIHOM MEM-
OpaHBl BO MHOTOM OTIPENENIOT Ha0Op OMOIOTHYECKHUX
(YHKIMH OTJAENBHBIX KJIETOYHBIX KOMIIOHEHTOB, BKIIIO-

AT THE LABORATORIES OF JINR

yast MmemOpaHHble Oenku. [Ipm »TOM M3MepeHHas HaMu
cBEpXObICTpasi ITUHAMHKA (DYHKIIMOHATBHBIX JIHITHIHBIX
rnap cou3MepHMa N0 BPEMEHHON M SHEPreTUYECKOM HIKa-
Jie C TpoIeccaMy peJaKcalui TPaHCMEMOpaHHBIX Oel-
koB. IToaTOMY M3ydeHHE CTPYKTYPHBIX M JTUHAMHUYECKHX
CBOMCTB JIMMIUAHBIX MEMOpaH B MPUCYTCTBHUM BHPYCHOM
HH(EKIMU TOMOXKET MOHATh (QyHIaMEeHTaJIbHbIE 0COOCH-
HOCTH B3aUMOJIEHCTBUSI KJIETKH C BUPYCHBIM MaTOI€HOM.
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three-component lipid membranes of DPPC—cholesterol
and POPC/DOPC-DPPC—cholesterol [2]. The appearance
of optical phonon modes in the dispersion curves of these
systems (Fig.4) suggests the existence of stable (on the
picosecond time scale) functional lipid pairs of DPPC,
POPC, DOPC and cholesterol molecules that oscillate
in antiphase around their centers of mass (Fig.5). Thus,
the observed gap in the optical phonon modes is a con-
sequence of the finite size of the regions (nanodomains)
formed by these lipid pairs.

It is known that it is the properties of the lipid mem-
brane that largely determine the set of biological functions
of individual cell components, including membrane pro-
teins. The ultrafast dynamics of functional lipid pairs that
we observed is comparable on the time and energy scale
with the processes of relaxation of transmembrane pro-
teins. Therefore, the study of the structural and dynamic
properties of lipid membranes in the presence of viral in-
fection will help to understand the fundamental features of
the interaction of the cell with the viral pathogen.

. | 24
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HoBsbie Bo3MokHOCTH 3P pekTa KomnToHa

HenaBHO MexayHapoaHasi HCCle0BaTeNbCKas TPyI-
ma, B KOTOpyI0 B pamkax corpygHuuectBa OVSAN, MI'Y
um. M. B.JlomonocoBa u VYHuBepcutera lere (Ppank-
¢dypr-Ha-Maiine, I'epmaHunsi) BXOAWIM aBTOPHI HACTOS-
el 3aMeTKH, nposena Ha cuHxpoTpone Petra III (DESY,
I'amOypr) ¢ nomompto aerexkropa COLTRIMS (COLd
Target Recoil lon Momentum Spectroscopy) knHemaruue-
CKHU TIONTHOE SKCIEPUMEHTATbHOE M3MEPEHUE XapaKTepu-
CTUK KOMIITOHOBCKOTO PacCEsHUsI Ha CBOOOIHBIX aToMax
Telus U Jaja aJeKBaTHOE TEOPETHUECKOE OMMCaHHE MO-
JTy4EHHBIX PE3yIbTaToB. B skcnepuMeHTe HaOMIOAATOCH
KOMIITOHOBCKOE paccestHue (GpoToHOB ¢ 3Heprueit 2,1 k3B
Ha aToMax rejusl BOJM3W rmopora noHu3anuu [1], T.e. Ta-
KHE PEaKI1y, B KOTOPBIX NepeJaHHasi 3HEPTHs OKa3bIBACT-
csl ONMU3KOM K MOTEHIIMATY OTHOKPATHOW MOHH3AINU aTo-
ma remms |y = 24,6 5B. B pesynbrare 6b110 00Hapy)eHO
3aMETHOE OTIIMYME HAOIIONAaeMOT0 YITIOBOTO pacIpesere-
HUSI U3ITy9EHHs, PACCESHHOTO CBSI3aHHBIMH IICKTPOHAMU,
OT YIJIOBOTO PACIpPEACICHHs H3IIyUeHHUs, PAaCCEIHHOTO

CBOOOJIHBIMH JIEKTPOHAMHM, KOTOpOe Jaercsi (hopMyIioi
TomcoHna.

IToutu 100 net Hazazn, B 19221923 rr., amepukas-
ckuii puszuk Aptyp Komnron uccnenoBas ¢ MoMoIibo
PEHTIEHOBCKOTO cIrieKTporpada sBICHHWE HM3MEHEHUS
JJIMHBI BOJIHBI CBE€TaA IMPU €ro pacCeIHUN Ha Fpa(bI/ITe C
UCIyCKaHueM dJieKTpoHa. OH 0OHApYKWJI, YTO BEIHYH-
Ha CMEIICHHUS PAacCesSHHOTO CIEeKTpa B 00JacTh 00Jb-
IIMX JJIMH BOJIH BO3PAcTaeT MpPU YBEJIMYCHHUH YIJIa pac-
CesSHHUA.

Teopernueckoe OmMUCaHWE KOMIITOHOBCKOTO pacce-
SHUS Ha CBOOOMHBIX AIIEKTPOHAX OBUIO JAHO TOT/AA XKe,
B 1920-x rr., camum KomnroHoM [2] Ha OCHOBE MpeacTaB-
JieHUs 0 OTOHE KaK O PENIATHBUCTCKOM YacTHUIle. ITO OMH-
caHue Takxke ObUTO0 He3aBucuMO Haiieno I1.[ebaem [3].
Kak m3BecTHO, B TO BpeMs cpean (HHU3HUKOB IILTa 3HAMCHH-
Tas JAUCKYCCHS O TPUPOAE CBETa, W OTKpHITHE 3(dekra
KowmrmToHa cTamo omgHUM W3 CaMbIX yOSTUTETHHBIX apry-
MEHTOB B TIOJIb3Y KOPITYCKYJISIPHON TEOPUH. 3a 3TO OTKPHI-

O. Chuluunbaatar, Yu. V. Popov, 1. P. Volobuev

New Opportunities of the Compton Effect

An international research group, in which the authors
of this article participated within international cooperation
of JINR, Moscow State University and Goethe University
(Frankfurt am Main, Germany), carried out an experimen-
tal measurement of the characteristics of the Compton scat-
tering at free helium atoms using the COLTRIMS (COLd
Target Recoil Ion Momentum Spectroscopy) detector at
the Petra III synchrotron (DESY, Hamburg) and provided
a relevant theoretical description of the obtained results.
Compton scattering of photons with an energy of 2.1 keV
by helium atoms near the ionization threshold, i.e., the re-
actions in which the transferred energy is close to the po-
tential of single ionization of the helium atom I =24.6 €V,
was observed in the experiment [1]. As a result, there was
found a noticeable difference between the observed angular
distribution of radiation scattered by bound electrons and
the angular distribution of radiation scattered by free elec-
trons, which is given by the Thomson formula.

Almost 100 years ago, in 1922—-1923, the American
physicist Arthur Compton studied the phenomenon of a

change in the wavelength of light scattered on graphite
with the emission of an electron. He discovered that the
value of the shift of the scattered spectrum to the region of
large wavelengths increased with the increasing scattering
angle. A theoretical description of the Compton scattering
at free electrons was provided by Compton himself in the
1920s [2] on the basis of the concept of a photon as a rel-
ativistic particle. This description was also independently
found by P.Debye [3]. As is known, at that time there was
a famous discussion among physicists about the nature of
light, and the discovery of the Compton effect became one
of the most convincing arguments in favor of the corpus-
cular theory. For this discovery, Compton won the Nobel
Prize in physics in 1927.

Shortly after the development of quantum mechanics
and the description in its framework of the structure of
atoms, J.DuMond [4] made the assumption based on the
results of his experiments that using Compton scattering it
was possible to judge the structure of atoms of the scatterer.
He related the broadening of the energy spectrum observed
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tre Komnrony Oputa mpucyxaeHa HobeneBckas mpemus
o ¢msmke 3a 1927 1.

Bcekope mocne co3maHus KBAaHTOBOM MEXaHWKH H
omucaHus B ee paMkax crpoenust aroMoB JK. [[romon [4]
Ha OCHOBAHUH PE3YJbTaTOB CBOMX 3KCIEPHMEHTOB CJie-
Jan TPEITIONOKEHNE, YTO C MOMOIIBI0 KOMIITOHOBCKOTO
paccestHAsT MOKHO CYJUTh O CTPOGHHM aTOMOB PacCEH-
Batensa. OH cBs3an HabiromaeMoe TpH (PUKCHPOBAHHOM
yII€ PacCesiHUs YIIUPEHNE SHEPTeTUYECKOro CIEKTpa C
HMITYJIbCHBIM PACIpeeICHUEM CBA3aHHBIX JIEKTPOHOB B
BEIIECTBE PACCENBATEIsl, TIPENOIOKNB, YTO CMEIICHHAs
JIMHUS YIIUPSIETCS] B PE3YIbTaTe PACCESIHUS U3ITyUCHUS
Ha XAOTHYHO JBIDKYIIMXCS OSIEKTPOHAX PpacceuBaTelst
AHAJOTUYHO TOMY, KaK IPOUCXOANUT JOMJIEPOBCKOE YIIH-
pEHNE ONTHYECKUX JIMHUN M3Iy4EHHs ABHKYIIUXCS aro-
MOB. PaccMOTpeB HECKONBKO TMPOOHBIX pacmpeneIeHui
UMITyJbCOB IUISl PA3IMYHBIX 3JICKTPOHHBIX COCTOSHMH,
JlroMOH 0OHApYKWII, 9TO CTPYKTypa HAOIIOIaeMOT0 CIIeK-
Tpa W3Ty4eHHs], PACCESTHHOTO Ha aToMax OepHILIns, XOpo-
110 BOCIIPOU3BOIUTCS TEOPETUIECKH, ECITH HCIIOIb30BATh
KBAaHTOBO-MEXaHNYECKOE OIUCAHUE CBA3AHHBIX HIIEKTPO-
HOB B aTOMax.

Co BpemeHH OmbITOB KOMITOHAa 3KCIEPUMEHTHI B
9TOH oOnacTy ObUTM OCHOBaHBI Ha METO/E COBHAACHUI

AT THE LABORATORIES OF JINR

JUIL  OTHOBPEMEHHOTO JICTEKTUPOBAHUSI HCITYIIEHHOTO
B pe3yJbTare MOHHM3AIMK IEKTPOHA M PACCESTHHOTO (o-
TOHA, KOTOPBI OBUT TPEMIOKEH HEMEIKHM (HHU3UKOM
B.Bbore [5] kak pa3 mns mzydenus sdpexra Kommrona B
1924 r. B 1954 1. bore nmoxyunn HobeneBckyio mpemuro
«...32 1300peTeHNEe METO/Ia COBIAICHUN W OTKPBITHS, CJIe-
JIAHHBIE BIIOCIIEJICTBUH C €70 TOMOIIIBIO.

OpHako TPUMEHEHHE 3JIEeKTPOH-(POTOHHOTO MeTona
COBHNAJCHUN [JIs1 MPELU3UOHHBIX U3MEPEHUN HEBO3MOX-
HO B CHJIy psiia TEXHHUYECKHX OrpaHuueHuil. CuTyanus
M3MEHWIACh TOC/IE M300pEeTeHHs] HOBOTO METOJa pPeru-
CTpallUdl PACCESHHBIX YaCTHUI, MOIYyYUBIIETO Ha3BaHHUE
CIIEKTPOCKOIHUST UMITYJIbCA OTAAYM HOHOB XOJIOAHOW MH-
menn (COLTRIMS) [6], u mosBuiachk peaibHas BO3-
MOHOCTB HMCIOJIb30BaTh KOMIITOHOBCKOE PACCESHUE IS
OTIPEAEIIECHNsSI YIJIOBBIX M 3HEPTeTHYECKHUX CIIEKTPOB Kak
paccestHHBIX (DOTOHOB, TaK M HMCIYIIEHHBIX B PE3yJbTaTe
noHm3anuu 3ekrpoHoB. Meroq COLTRIMS mo3Bomsier
OZIHOBPEMEHHO M3MEPSTh WMITYJbCHI NIEKTPOHA W HOHA
OT/IauM, YTO JAET BO3MOKHOCTH TPOBOAWUTH M3MEPEHHS
METOJOM COBITaJ€HUM C BBICOKOM TOYHOCTBHIO. B yacTHO-
CTH, C UCTIOJIB30BAHNEM 3TOW TEXHUKHU CTAJIO BO3MOKHBIM
coOMpaTh MOHBI M 3JIEKTPOHBI NPAKTHUECKH C TIOTHOTO
TenecHoro yra Qg = 4n. [Ipu 3ToM UMIyIIEC paccesH-

e1, ky e, ky e, ky e1, ki Puc. 1. lnarpammsr Deiin-
MaHa JUIsl KOMITOHOBCKOTO
paccestHus
I ) iR )
1 P q p Fig.1. Feynman diagrams
for the Compton scattering

at a fixed scattering angle with the momentum distribution
of bound electrons in the scattering matter, supposing that
the shifted line broadened as a result of scattering of radi-
ation at randomly moving electrons of the scatterer, sim-
ilar to the way the Doppler broadening of optical lines of
moving atom radiation occurs. Having examined several
test momentum distributions for different electron states,
DuMond discovered that the structure of the observed
spectrum of radiation scattered at beryllium atoms was
well reproduced theoretically if the quantum-mechanical
description of bound electrons in atoms was used.

Since Compton’s experiments, experiments in this
field were based on the coincidence method for simultane-
ous detection of an electron and a scattered photon emitted
by ionization, which was proposed by the German physi-
cist W. Bothe to study the Compton effect in 1924. In 1954,
Bothe was awarded the Nobel Prize “for the coincidence
method and his discoveries made therewith” [5].

However, the use of the electron—photon coincidence
method for precision measurements is impossible due to

a number of technical restrictions. The situation changed
after the invention of a new method for detecting scat-
tered particles, which was named COLd Target Recoil Ion
Momentum Spectroscopy (COLTRIMS) [6], and a real
opportunity to use the Compton scattering for determining
angular and energy spectra of both scattered photons and
electrons emitted by ionization appeared. The COLTRIMS
method allows one to simultaneously measure the momen-
ta of an electron and a recoil ion, which makes it possible
to carry out measurements by the coincidence method with
high accuracy. In particular, using this method, it became
possible to collect ions and electrons from almost the full
solid angle Qg = 4n. In this case, the momentum of a
scattered photon can be found from the law of conserva-
tion of momentum, as a result of which there is no need to
detect the photon itself.

In quantum electrodynamics, the standard theory of
Compton ionization is based on two Feynman diagrams
(Fig. 1), however, in the case of photons with an energy of
several keV, it makes sense to consider the description of
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Puc. 2. Cxema HoHHM3aIUH PU KOMITOHOBCKOM paccessHuH pu o = 2,1 k3B. a) BoiHucThIe MHHIA 0003HAYar0T BXOASAIINN U PacCesH-
HBII (OTOHBI, CTPEIKa — BEKTOP MMITYJIbCa UCITYIIEHHOTO 31eKTpoHa. IITpuxoBas muHus — nuddepenunanbHoe cedenne ToMcoHa,
T.€. YIJIOBOE pacipe/ieieHue paccessHus pOTOHOB Ha CBOOOIHOM 3JIEKTpOHE. UepHbIe TOYKH — KCHEPUMEHTAIBHOE YITIOBOE pacIpe-
JerneHne GOTOHOB PH MOHU3AINH aTOMa I'eJIisi KOMITOHOBCKHM PACCesTHUEM, IPOMHTETPUPOBAHHOE MO BCEM YIVIaM M SHEPTUSIM UCITY-
CKaeMBIX JICKTPOHOB HIKe 25 9B. CTaTnctuyeckas ommOKa MEHbIIE pa3Mepa TOuKH. YepHas ITPUXIyHKTUPHAS JIMHHUSA — aIllpoK-
cumanus A2 1 Beex sHepruii sektponos. CIUloniHas KpacHas JTMHUS — annpokcumanus A2 1is sHepruif snekTpoHoB Huke 25 3B.
Yepuble nuHAKM yBenudeHs! B 1,9 pasa. b) Pacmpenenerne UMIyIpCoB 37I€KTPOHOB, HCIYIICHHBIX IPU KOMITOHOBCKOM PacCEesHUM
(otoHoB ¢ sHeprueii 2,1 k3B Ha atome remms. CucTeMa KOOPIMHAT Takas e, Kak B &, T. €. TNIOCKOCTh ONPEeNseTCsl BXOISAINM (To-
PHM30HTAJIBHBIM) M PACCESTHHBIM (JOTOHOM (BEPXHSIs MOIYIIOCKOCTh). BEKTOp Iepeiadn UMITylIbca HAIpaBJIeH B HEPEIHION HIKHIOK
TMOJIYTIOCKOCTb. J[aHHBIC NPOMHTETPUPOBAHBI 110 KOMIIOHEHTAM HMITYJIbCa JIEKTPOHA BHE IIOCKOCTH paccesHus. C) PacripeneneHue
MMITyITbca HOHA TeNHs VTSI TeX JKe YCIIOBHiA, 9TO U B b

Intensity, a.u.

0
P1, a.u.

P1, a.u.

Fig. 2. Scheme of ionization by the Compton scattering at © = 2.1 keV. @) The wavy lines indicate the incoming and scattered photons,
and the arrow depicts the momentum vector of the emitted electron. The dashed line shows the Thomson cross section, i.e., the angular
distribution of a photon scattering at a free electron. The black dots show the experimental photon angular distribution for ionization
of He by the Compton scattering, integrated over all electron emission angles and energies below 25 eV. The statistical error is smaller
than the dot size. The black dash-dotted line shows the A% approximation for all electron energies, and the solid red line shows the A2
approximation for electron energies below 25 eV. The black dashed and dash-dotted lines are multiplied by a factor of 1.9. b) Momen-
tum distribution of electrons emitted by the Compton scattering of 2.1keV photons at He. The coordinate frame is the same as in a, i.e.,
the plane is defined by the incoming (horizontal) and scattered photon (upper half plane). The momentum transfer points to the forward
lower half plane. The data are integrated over the out-of-plane electron momentum components. ¢) He™ ion momentum distribution for
the same conditions as in b

this process using the non-relativistic Schrodinger equa-
tion [7]. As a result, the matrix element corresponding to
these diagrams splits into the sum of two terms. Both of
these terms are of the second order in electron charge; how-
ever, the first term traditionally denoted by A2 resembles in
form the first Born approximation in the case of atom ion-
ization by a charged particle (proton, electron), and the sec-
ond (integral) term coincides in form with the second Born
approximation. At the selected photon energy, the term AZ

makes the major contribution, while the second term is ex-
tremely small and plays the role of correction.

This theoretical model turned out to be quite simple,
which allowed one to consider a number of test functions
of the initial and finite states and compare the results with
the experiment, as well as to evaluate the possibility of this
new method to carry out precision spectroscopy (angular
and energy) of the outermost shells of an atom (molecule).
The calculations were performed at the “Govorun” super-
computer of JINR, and the obtained results were in a good
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HOTO (DOTOHA MOKET OBITH Hal/IeH M3 3aKOHA COXPAHECHHUS
HMITyJIbCa, BCIEICTBUE YETO OTIaIaeT HEOOXOAUMOCTH Jie-
TEKTUPOBAHUS CaMOro (poToHA.

B KBaHTOBOM 2J1€KTPOAMHAMUKE CTaHAAPTHASI TEOPUs
KOMIITOHOBCKOI MOHHM3allMM OCHOBaHA Ha JIBYX AMArpam-
Max Deitamana (puc. 1), ogHaKo B ciry4dae OTOHOB € dHEP-
THel B HECKOJIBKO KMIIO3JIEKTPOHBOIBT HMEET CMBICH pac-
CMaTpPHUBATh ONMCAHUE 3TOTO MPOLECCa C TIOMOIIBIO HEpe-
naTuBHCTCKOTO ypaBHeHus Llpeaunarepa [7]. B pesymnbra-
T€ OTBEUAIONIMH 3TUM AWarpaMMaM MaTPUYHbIH 37IEMEHT
pacmagaercs Ha CyMMy JABYX ciaraeMmbeix. O6a 3T ciara-
eMbIe BTOPOTO IMOPSIJIKa TI0 3apsAy JIEKTPOHA, HO MEPBOE
cllaraeMoe, TpaauIIMOHHO 0003HaYaeMoe A2, HanoMuHaeT
o opMe repBoe GOPHOBCKOE MPHONMKEHUE B CITydae HO-
HU3aI[IH aToMa 3apsHKEHHON JacTUIeH (TIPOTOHOM, IIeK-
TPOHOM), a BTOPOE (MHTETPAIbHOE) CIIaraéMOe COBIIAaeT
o ¢opme co BTOPEIM OOpHOBCKHMM TIpHOmmkeHnem. [pn
BEIOPaHHOW >HEpruu (POTOHA OCHOBHOW BKIJIAJ JA€T WICH
AZ, a BTOpOE CI1araeMoe ToTy9aeTcsi YpE3BLIYANHO MATBIM
1 UTPaeT pojb MOMPABKH.

Ota TeopeTHueckas MOJENb OKa3alach JOCTaTOYHO
MIPOCTOH, YTO MO3BOJIMIIO PACCMOTPETH IENBIA P MPOO-
HBIX (PyHKINI Ha9aIbHBIX ¥ KOHEUHBIX COCTOSHUHN U CpaB-
HUTb PE3YNbTaThl C 3KCIHEPHMEHTOM, a TAaKKE OLCHUTH
BO3MOYKHOCTb 3TOTO HOBOTO METO/Ia HPOBOJWTH IPENH-

agreement with the experiment (Fig.2). At the same time,
the experiments distinguished sets of test functions, which
showed the possibility of using Compton ionization along
with the well-known spectroscopic methods, such as (e,
2e), (p, pe), etc.

Thus, the experimental and theoretical results re-
cently published in Nature Physics [1] showed new op-
portunities of the Compton ionization of an atom with the
energy transfer close to the threshold of single ionization
as an effective method of spectroscopy of the outermost
shells of atoms and molecules. This became possible due
to the precision measurements of very small differential
cross sections using modern technical tools and theoreti-
cal calculations of these cross sections at the “Govorun”
supercomputer of JINR. As a result, pioneers’ attempts
to use the Compton effect, which was discovered almost
100 years ago, for spectroscopy of quantum objects using
then imperfect technologies have gained a new impetus
today.

AT THE LABORATORIES OF JINR
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3HOHHYIO CTIEKTPOCKOIHIO (YTIIOBYIO W YHEPTETHUECKYIO)
BHEIIHUX 000JI04YeK atoma (MOJEKyIsI). PacueTs mpoBo-
JUINCH Ha cynepkommbiotepe «loBopyn» OUSU, u mo-
JTy4eHHbIE PE3yIbTaThl B 3HAYUTEIHLHOM CTEIIEHN COBITAIN
¢ aKcriepuMeHToM (puc. 2). B To e BpeMs B SKCTIEpHMEH-
Tax CAETaHO pa3nudre HabOpoB MPOOHBIX (PYyHKIHHA, 9TO
MI0Ka3aJ10 BO3MOXKHOCTb HCIIOJIb30BAaHNSI KOMIITOHOBCKOM
MOHU3AIMU Hapsly ¢ M3BECTHBIMU CHEKTPOCKOIUYECKHU-
MU METOJIaMH, TAKUMH Kak (e, 2e), (p, pe) u Jip.

Taknum 00pa3oM, SKCTIEPUMEHTAIBHBIE U TEOPETHUEC-
KHE pe3ysbTaThl, OITyOJIMKOBAaHHBIE HEJABHO B KypHAale
«Nature Physics» [1], moka3zann HOBBIE BO3MOXXHOCTH
KOMIITOHOBCKOI MOHM3AaIlMM aTtoMa IMpHU TIepeaade 3Hep-
TUH, ONMM3KOM K TOPOTY OXHOKPAaTHOM MOHW3AINH, Kak
3¢ PEKTHBHOTO METOJa CHEKTPOCKONHWH BHEMIHUX 000-
JIOUeK aToMOB U MoJiekya. M 3To momydmnocs Giarogapst
MIPEI3HMOHHBIM M3MEPEHHSIM OYCHb MaleHbKUX Iudde-
PEHIMATIBHBIX CEYCHUH C NPHUBICUEHHEM COBPEMEHHBIX
TEXHUYECKUX CPEACTB M TEOPETHIECKUX PACUETOB ITHX
ceueHmii Ha cynepkommbiotrepe «l'oBopyr» OUSN. B pe-
3yJbTaTe IOIBITKH TIEPBONPOXO/IEB HCIIOIb30BaTh 3(-
(et Kommrona, oTkpsIThiit moutn 100 et Hazam, s 1ie-
Jel CHEKTPOCKOIMH KBAaHTOBBIX OOBEKTOB C MCIOJIb30Ba-
HHEM HECOBEPIICHHON TOT/IAa TEXHUKH MOIYIMIN CETOIHS
HOBBIM UMITYJIBC.
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OuepepgHaa ceccuss Komuteta NONMHOMOYHbIX
npeACTaBMTeneﬁ npaBuUTesiIbCTB rocygapcrB-4neHoOB
OUAUN cocTtosinack 19 uioHA B dopmaTe BUAEOKOH-
depeHuMn nop npepceAaTenbCTBOM MOMTHOMOYHOIO
npeactaBuTtens NpaBuTtenbctBa Poccuiickon ®epepa-
uumn B.H. ®anbkoBa.

3acnywas n obcyams goknag aupektopa MHctutyTa
B.A.MatBeeBa, KMl npuHan kK cBegeHuto MHopmaumio
o gevicteusx anpekumm OUAN no obecneyeHunio geatens-
HOCTU VIHCTWUTYTa B YCNOBUSIX MaHAEMUM KOPOHABUPYCHON
nHdekumn COVID-19, o pelleHnsix no ycTaHOBMEHHOMY
Ha nepuos NPUOCTAHOBMEHUS HAay4YHOW W Hay4Ho-obpa-
30BaTenbHON OEeATEeNbHOCTU pexumy pabotbl MHcTutyTa,
a Takke 0 Mepax Mo oxpaHe 300poBbsi paboTHukoB. KIT
oTmeTun ycunusa gupekumn OUVAN, npeanpvHumaembie B
HarnpaBeHnM No3TanHoOro BO30OHOBMEHUSI OEATENbHOCTU
MHCTUTyTa B MONMHOM 0Obeme Hapsay ¢ TuaTenbHbIM MO-
HUTOPWHIOM 3MMAEMUNONIOTMYECKON CUTYaLUN.

KIMM ogo6bpun paboTy, NpoBeAeHHY0 MeXAYHapPOAHON
pabouyer rpynnon, No NoaroToBKe eAUHOT0, MHTErparnbHOro
npoekta CTpaTernyeckoro nrnaHa [OnrocpoyHOro passu-
Tma OUAN, nogoepxan pekoMeHOaumo Y4YeHoro coeeTa
ONAN o NpuHATMKM NpeacTaBreHHOro NpoekTa 3a OCHOBY
1 nopyuun avpekumm WHCTUTyTa Npogomkuntb paboty no
CTpaTermyeckomMy MMaHUpOBaHMIO B Lenax paspaboTtku
CewmunetHero nnaHa passutua OUAN Ha 2024-2030 rr.
C YY4E€TOM MHEHWsI rocyapCTB-YIIEHOB U TOYHOrO Onpeae-
NEHUs MX yYacTusi B KPYMHbIX UCCINEAOoBATENbCKUX MPOEK-

JINR CP SESSION

Tax, a Takke HeoOXOOUMbIX KafpoBbIX U MaTepuanbHbIX
pecypcoB.

KMM npuHsan k cBegeHuto KpaTkuii 063op pasBuTUs
Hay4YHOW NporpaMMbl KpynHbIX OOBLEKTOB Hay4HO-Uccrie-
[oBaTenbCko  MHAPACTPYKTYpbl MHCTUTYTA: KOMMMek-
ca NICA, dabpukm cBEpPXTSXKENbIX 31EMEHTOB, MpPOEKTa
«Baikal-GVD», peaktopa MIBP-2 ¢ koMnnekcom cnekTpo-
MeTpoB 1 MHOroyHKLMOHaNbHOrO MHPOPMALMOHHO-BbI-
yncnuTensHoro komnnekca OUNAN.

KM ogo6pun npuHsTbIE Mepbl MO BbIMNOMTHEHWIO PEKO-
mMeHzauui KomuTeTa no aHanuay 3atpat v rpacuky ncnorn-
HeHus npoekta «Komnnekc NICA».

Mo nHdpopmaumm 06 ncnonHeHmm Grogpxketa ONAN 3a
2019 r. KII yTBepaun CBOAHY UTOTOBYH KOPPEKTUPOBKY
OOXOL0B 1 pacxonoBs OromkeTa.

KM npuHsn k cBegeHvto MHopmauuio 06 yTBepx-
OeHun yTouHeHHoro Gromketa ONAN Ha 2020 r. ¢ obwen
CyMMOW [OXOAOB U pacxofoB 277 538,4 Teic. Aonnapos
CLA v paspewunn gupektopy MHctutyTta B 2020 r. BHOCUTb
KoppekTupoBku B brompxkeT OUNAN, BrntoYas KOPPEKTUPOB-
Ku cTaTen pacxogoB no 3apaboTHONM nnaTe n MexayHaposa-
HOMY COTPYOHUYECTBY, B pamMKax yTBepXXaeHHoro 6oaxeTa
B COOTBETCTBMM C pPErnamMeHTOM BHECEHUS KOPPEKTUPOBOK
B OromkeT OUNAN.

KMMN opobpun npegnoxexus aupekunn OUAN o6
obecneyeHnn KOHKYPEHTOCNOCOBHOro YPOBHSA onnatbl Tpy-
Aa BbICOKOKBanNMduLMpoBaHHOro nepcoHana MiHctutyTta un
oXuaaeT MHopMUpoBaHUs 06 3PEKTUBHOCTU UCMOSb-

A regular session of the Committee of Plenipo-
tentiaries of the Governments of the JINR Member
States was held on 19 June by videoconference. It was
chaired by the Plenipotentiary of the Government of
the Russian Federation, V. Falkov.

Having heard and discussed the report presented by
JINR Director V.Matveev, the CP took note of the infor-
mation about the actions by the JINR Directorate to en-
sure JINR activities under conditions of the pandemic of
the COVID-19 coronavirus infection, of the decisions on
the mode of JINR’s operation set for the period of suspen-
sion of scientific and educational activities at the Institute
as well as on health protection measures for the staff. The
CP noted the efforts being made by the JINR Directorate
towards gradual resumption of JINR activities in full, along
with careful monitoring of the epidemiological situation.

The CP endorsed the work carried out by the
International Working Group on the preparation of a sin-
gle, integrated draft of the Strategic Plan for the Long-
Term Development of JINR, supported the recommenda-
tion of the Scientific Council for considering the presented
draft as a basis, and commissioned the JINR Directorate
to continue work on strategic planning towards develop-
ing the Seven-Year Plan for the Development of JINR for
2024-2030 taking into account the opinions of the Member

States and defining precisely their participation in major
research projects and the required human and material re-
sources.

The CP took note of the brief overview of the devel-
opment of the scientific programmes of JINR’s major re-
search infrastructure facilities: the NICA complex, the
Factory of Superheavy Elements, the Baikal-GVD project,
the IBR-2 reactor with its spectrometer complex, and the
Multifunctional Information and Computing Complex.

The CP endorsed the measures taken to implement
the recommendations of the Committee for the analysis of
the expenditure and schedule for implementing the NICA
complex project.

Based on the information on the execution of the JINR
budget for 2019, the CP approved the consolidated final
adjustment of the budget income and expenditure.

The CP took note of the information on the approval of
the revised budget of JINR for 2020 with the total income
and expenditure amounting to US$277538.4 thousand.
It allowed the JINR Director to introduce adjustments to the
JINR budget in 2020, including those to the expenditure
items “Salaries” and “International cooperation”, within the
approved budget in accordance with the Regulations for
the Introduction of Adjustments to the JINR budget.
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30BaHusA (POHAA CTMMYNMPOBAHUSI BbICOKOKBaNMULMpO-
BaHHOrO nepcoHarna.

Mo moknagy Buue-gupektopa WHctutyta P JlegHuu-
koro «O BbIGOpe ayauTOPCKOM OpraHu3auMn Ans npose-
AeHus nposepkn duHaHcoBon pedtenbHoctn OUAN 3a
2019 r.», KM yTBepann (B BUAE VUCKIIOYEHUS B TEKYLLEM
rogy) ayauTopckyto komnaHuto OOO AK «KopcakoB u
[MapTHepbI» ANg npoBedeHUs NPOBEPKN (PMHAHCOBOW fe-
saTenbHOCTM MHCcTUTyTa 3a 2019 1. M onpeaenvn KOMNaHuo
000 «MC AyamnT» (r. lybHa) B kayectBe pesepHon. KT
yTBEpAWN NraH ayaMtopckon nposepku 3a 2019 r., npea-
CTaBneHHbIN gupekumen OUAN.

3acnywas goknag 3amectutens avpektopa WHcTu-
TyTa no nepcoHany A.B.Py3aeBa «O npoekTe NonoxeHus
o nepcoHane OUAWNy, KMIM yTBepavn n nopyynn BBECTU B
pencteue MNMonoxeHne o nepcoHane OUNAN co gHA npuHs-
TUS1 HACTOSILLETO PEeLLEHMSI.

3acnywas fgoknag avpektopa MHctutyta B.A.Mart-
BeeBa «O06 yTBepXaeHNM B JOIMKHOCTAX BULIE-AMPEKTOPOB
WHctutyTtar, KM npuHan k ceegeHuo nHdopmaumio 06
YyTBEPXKOEHUN B [OMKHOCTSX MNEPBOrO BuLUe-AMpPeKTopa
I B. TpybHukoBa, Buue-avpektopoB C.H.[OmuTtpresa u
B. 1O. LLlapkoBa Ha CpoK [0 OKOHYaHWS NMONTHOMOYMIA ANpEK-
Topa ONAN 31 pekabps 2021 r., a Takke 06 U3gaHum Npu-
kasa OUAN ot 20.04.2020 Ne 233 «O cpokax NorHOMOYMA
uneHoB anpekumn ONAW». KM Bbipasun 6narogapHoCcTb
M.T.ATkncy 3a MHoOroneTHum Tpyd B cOCTaBe AMpeKuuu
OUAWN, orpomHbIi Bknag B pesynbTaTtbhl OeSTENbHOCTU
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MHcTuTyTa 1 passButMe MeXayHapoOHOro Hay4yHoro co-
TpyaHu4ecTBa.

3acnywas 1 obcyans unHdoOpmMauMio npeacenarens
KM B.H.®anbkoBa n gupektopa WHctutyta B.A.Mat-
BeeBa «O Ha3HayeHUM BbIOOPOB M BbIOABMKEHUW KaHOU-
natoB ans u3bpaHusa Ha OormkHOCTb aupektopa OUAN»,
KM HasHaumn npoBedeHve BbibopoB aupektopa OUAN
Ha ceccun KomuTeTa MOMHOMOYHBIX NpeacTaBuUTENen B
Hosiope 2020 r., a Takke nopyyun aupekuum NHcTutyta
noaroToBUTL K JAHHOW CECCUW MPELOXKEHUSA O BBEAEHWM
[OIMKHOCTU Hay4Horo pykooauTens OUAWN, ero ctatyce u
NMONMHOMOYUSIX.

Mo poknagy rmaBHOro y4eHoro cekpetapst MHcTuTyTa
A.C.CopuHa «O6 yupexaeHun MNMpemun Komuteta nonHo-
MOYHBIX NpefAcTaBUTENe NPaBUTENbCTB rocyAapcTB-yne-
HoB OWAW» KM npuHan npeanoxeHne aupekumm
MHctutyTa 06 ydpexaeHun OaHHOW MpemMun «3a uaeto
cosfaHusi, paspaboTKy M peanu3aumio KpynHomacLiTab-
HbiX npoekToB OUAW, BLINOMHEHHbLIX HA YPOBHE BbICOKMX
MUPOBBIX CTaHAapTOB ¥ TpeboBaHu», koTopas npu3saHa
CTUMYNMPOBaTb TBOPYECKME KOMNMEKTVBbI COTPYAHUKOB
MHcTuTyTa 1 nx naptHepoB B cTpaHax-y4acTHuuax OUAN
Ha KpynHble JOCTWKEHWSA B Pa3BUTUMN Hay4YHO-MCCnenoBa-
TENbCKON MHpPaCTPYKTYpPbl, OTKpbIBaOLLME NPUHLMNVAarb-
HO HOBbIE€ BO3MOXHOCTW A8 MPOBEAEHWS Hay4YHbIX Uccrne-
[0BaHU MMPOBOIO YPOBHSA.

KM npmHan Bo BHUMaHWe oTveT gmpekuun IHCTuTyTa
06 wucnonHeHun 3agavy CemuneTHero nraHa pasBUTUS

The CP supported the proposals of the JINR
Directorate on ensuring a competitive level of remuneration
for JINR’s highly qualified staff and wished to be informed
about the efficiency of using the incentive fund for highly
qualified staff.

Following the report “Selection of an organization for
auditing JINR’s financial activities for 2019” presented by
JINR Vice-Director R.Lednicky, the CP approved, on an
exceptional basis in the current year, the audit company
LLC AC “Korsakov and Partners” for auditing JINR’s finan-
cial activities for 2019 and identified the LLC “MS Audit”
(Dubna) as a backup company. The CP approved the plan
for auditing JINR’s financial activities for 2019 presented by
the JINR Directorate.

Having heard the report “Draft Staff Regulations of
JINR” by A.Ruzaev, Deputy Director of JINR for Human
Resources, the CP approved the Staff Regulations of JINR
enacting it from the date of taking this decision.

Having heard the report “Endorsement of appoint-
ments of Vice-Directors of JINR” presented by JINR Director
V.Matveev, the CP took note of the information about
the endorsement of appointments of First Vice-Director
G. Trubnikov, Vice-Directors S. Dmitriev and B. Sharkov un-
til the completion of the term of office of the JINR Director
on 31 December 2021 as well as on the issuance of JINR’s

Order No.233 of 20.04.2020 “On the terms of office of the
JINR Directorate members”. The CP expressed gratitude
to M. ltkis for his many years of work as a member of the
JINR Directorate, for his enormous contribution to the ac-
tivities of JINR and to the development of international sci-
entific cooperation.

Having heard and discussed the information “Calling
of the election and nomination of candidates for the posi-
tion of Director of JINR” presented by CP Chair V.Falkov
and JINR Director V. Matveev, the CP called the election of
the JINR Director for the CP session in November 2020; it
also commissioned the JINR Directorate to prepare for this
session proposals on instituting the position of Scientific
Leader of JINR, his status and powers.

Having heard the report “Establishment of the Prize
of the JINR Committee of Plenipotentiaries of the Govern-
ments of the JINR Member States” presented by A. Sorin,
Chief Scientific Secretary of JINR, the CP accepted the
proposal by the JINR Directorate to establish this prize
“For initiating, developing, and implementing large-scale
projects at JINR completed to the highest international
standards and requirements”. The JINR CP Prize is in-
tended to stimulate creative teams of JINR staff and their
partners in Member States for major achievements in the
development of research infrastructure which open fun-




CECCHA KNI ondn

OWAN 3a 2019 1. u noctaHoeneHune KIi OUNAN ot 25 map-
Ta 2019 r, KOTOpPbIM OTMEYEHO YyCrellHoe 3aBepLUeHue
Ba)KHEMLLEro aTana B CO34aHNN YHUKAINbHOIO YCKOPUTENb-
HOro KOMMmekca, HaLueneHHoro Ha NonyyYeHne NpPopbIBHbLIX
pe3ynsTaTtoB B 06MacT CUHTE3a HOBbIX CBEPXTSHKENbIX
3M1EMEHTOB, M [laHa BbICOKasi OLeHKa Hay4YHO-TEXHUYECKO-
ro YPOBHS peanv3aummn NpoekTa no Co3a4aHuto LMKIoTpoHa

Jy6OHa, 19 uroHs.
Ceccus KIIIT OUsIA

Dubna, 19 June.
Regular JINR CP
session

damentally new opportunities for conducting world-class
scientific research.

Taking into account the report by the JINR Directorate
on implementing the tasks of the Seven-Year Plan for the
Development of JINR for 2019 and the statement of the
JINR CP dated 25 March 2019, in which the CP noted the

JINR CP SESSION

OL-280 n yyactusi B HeM GOmMbLUMHCTBA rocyaapcTB-yre-
HoB OUAWN, a Takke nonyyeHue BCEX HEOOXOAMMbIX Nu-
LeH3ui ANnst Havana aKcrepuMeHTarnbHbIX UCCIeaoBaHNN,
1 npucyaun MNpemuio Komuteta NONHOMOYHBIX NPeacTaBu-
Tenew nNpaBUTENbLCTB rocydapcTs-yneHoB OUAN konnek-
TMBYy coTtpyaHukoB OVAW Bo rmaBe ¢ Hay4YHbIM pyKOBOAM-
Tenem JIAP akagemukom KO. L. OraHecsiHOM.

successful completion of the major stage in the construc-
tion of a unique accelerator complex aimed at obtaining
breakthrough results in the field of the synthesis of new su-
perheavy elements and in which the CP appreciated highly
the scientific and technological quality of the realization of
the project to build the DC-280 cyclotron and the partici-




CECCU4A KIMN OnNAn
JINR CP SESSION

Mo moknagy rmaBHOro y4eHoro cekpetapst MHCTuTyTa
A.C.CopuHa «O6 n3meHeHnsx B cOCTaBe YYeHOro cose-
Ta OUNAN» KM n3bpan yneHom YueHoro coBeta OUAN
A.AnpaamsH (YHuBepcuteT Hotp-[am, CLUA).

Mo wHpopmauMnm NOMHOMOYHOTO MpeacTaBUTENs
MpaButenbctBa Pecnybnuku Y36ekuctaH b. C. FOngawesa
«O BO306HOBMEHMM NONHONPABHOTO YneHcTBa Pecnybnukm
Y3beknctaH B OMAW» KIM Bbipasun rotToBHOCTb BO306-
HOBWTb MONHOMNpaBHOe yyactue Pecnybnuvku Y3bekucTaH
B pesitensHoctn OUNAWN wn nopyunn pabouden rpynne
npn npegcepdatene KrlM no dwuHaHCOBbIM BONpocam
OUNAN coBMECTHO C MOMHOMOYHBLIM MpPencTaBUTENEM
MpaButensctBa Pecnybnukn Y3bekuctaH n aAMpekumnen
WHcTuTyTa NnpopaboTtatb hMHAHCOBLIE YCNOBUS BO30OHOB-
NeHns NoNHOMNpPaBHOro yyacTusa Pecnybnuku Y3bekncraH B
onAn.

CECCUW MKK ONAN
MEETINGS OF THE JINR PACS

52-a ceccusa lMNporpaMMHO-KOHCYNLTaTUBHOIO KO-
MuTeTa no siaepHom pusmke cocrtosinacb 25 UOHA B
cdopmate BuaeokoHdepeHUMU non npepcesaTenb-
cTBOM npodeccopa M. JleButoBuya.

Mpencepatens MKK npeactaBun kpatkoe coobuie-
HMEe O BbIMOMHEHNW PEKOMEHAALMI NpeablayLlen Ceccum.
Buue-gupektop OUAN  C.H.OmutpneB npouHdopmu-
posan KK o pesontounn 127-i ceccum Y4yeHoro coeTa
(dpeBpanb 2020 r.) u pewenunsax KM ONAN (noHs 2020 T.).

MKK 6bin nponHdopmuposaH aupekumnen OUNAN o
Ha3HaveHuu [ B. TpyOGHMKOBa Ha OOMKHOCTbL NEpPBOro BU-
ue-gmpektopa OUAN, C.H.[OMuTpueBa Ha [AOMKHOCTb
Buue-anpektopa OUMAN, B.1O.llapkoBa Ha AOMKHOCTb
Buue-gupektopa ONAN n C.N. Cugopyyka Ha JOMKHOCTb
avpektopa JIAP. MKK noxenan um ycnewHon pabotbl Ha
HOBbIX [OJPKHOCTSIX, @ TakKe OTMETWUN MNoLOTBOPHYHO
paboty M.T.UTkuca Ha nocty Buue-ampektopa OUAN u
C.H.AmuTpuesa Ha nocty anpektopa AP, BHeclmx Gec-
LeHHbIn Bknag B passutne OUNAN n nabopartopun.

MKK 6bin npomHdOpMMpOBaH O COCTOSHMU Aen Ha
abpuke cBepxTskenbix anemeHToB JIAP. Ha yckoputene
[LI-280 3aBepLueH MOHTaX W BedyTCs NMyCKOHanago4Hble
paboTbl cuctembl «flat-top». Ha rasoHanonHeHHom cena-
patope MHC-2 co3gaetcsa cuctema gmddepeHumansbHom
OTKa4KM, MUCMOMb30BaHNE KOTOPOW B COYMETAHUM C CUCTe-
mon «flat-top» no3BonuT MpPOBOAMTL IKCNEPUMEHTHI Ha
nyykax npeaensHoO BbICOKOW MHTeHcuBHocTn [LI-280. Bee

pation in it of most JINR Member States, also taking into
account the obtaining of all the licenses necessary for con-
ducting experiments, the CP conferred the JINR CP Prize
upon the JINR team headed by FLNR Scientific Leader
Yu. Oganessian.

Following the report “Changes in the membership of
the JINR Scientific Council” presented by A.Sorin, Chief
Scientific Secretary of JINR, the CP elected A. Aprahamian
(University of Notre Dame, USA) as a new member of the
JINR Scientific Council.

Based on the information “Resumption of the full mem-
bership of the Republic of Uzbekistan in JINR” presented
by B.Yuldashev, Plenipotentiary of the Government of the
Republic of Uzbekistan, the CP expressed readiness to
resume full participation of the Republic of Uzbekistan in
the activities of JINR. It commissioned the Working Group
under the CP Chair for JINR Financial Issues together with
the Plenipotentiary of the Government of the Republic of
Uzbekistan and the JINR Directorate to work out the fi-
nancial conditions for renewing the full participation of the
Republic of Uzbekistan in the activities of JINR.

The 52nd meeting of the Programme Advisory
Committee for Nuclear Physics was held on 25 June
by videoconference. It was chaired by Professor
M. Lewitowicz.

The Chairman of the PAC presented an overview of
the implementation of the recommendations taken at the
previous meeting. JINR Vice-Director S. Dmitriev informed
the PAC about the Resolution of the 127th session of the
Scientific Council (February 2020) and about the decisions
of the Committee of Plenipotentiaries (June 2020).

The PAC was informed about the appointments of
G. Trubnikov as First Vice-Director of JINR, S.Dmitriev as
Vice-Director of JINR, B. Sharkov as Vice-Director of JINR,
and S.Sidorchuk as Director of FLNR. The PAC wishes
them a bright future in these new positions. The Committee
also acknowledged the excellent work accomplished by the
former JINR Vice-Director M. ltkis and the former FLNR
Director S. Dmitriev who had made invaluable contributions
to the progress of JINR and FLNR.

The PAC was informed about the status of the Factory
of Superheavy Elements (SHE Factory) at FLNR. At pres-
ent, installation of the “flat-top” system has been completed
at the DC-280 cyclotron and is being tested. A differential
pumping system is being constructed at the GFS-2 gas-
filled separator; if used in combination with the “flat-top”




CECCUN NKK ONAN

3annaHMpoBaHHbIE paHee TECTOBblE 3KCMEPUMEHTbI 3a-
BepLUeHbI. [1oaroToBneH NepBbI 3KCNEPUMEHT MO Mosyye-
HUIO N30TOMOB MOCKOBMS B peakuumn 48Ca + 243Am.

MKK 3acnywan ot4eT o0 pesynsratax paboT B pamkax
3aBepluaeMoit TeMbl «CoBeplueHCTBOBaHME (ha3oTpoHa
JIAN (OUAN) n paspaboTka UMKNOTPOHOB AN husnye-
CKUX W NPUKNaAHbIX WCCneaoBaHuny», MpeacTaBneHHbIN
I A.KapambiLLeBoWn.

Bnarogapsi nposegeHHon B 2016—2020 rr. MogepHu-
3aumm (asoTpoHa U TPaKToB Ny4koB Obina obecneyeHa
ctabunbHas pabota yckoputens B cpegHem 1000 y B rog,
okono 80% M3 KOTOPbIX UCMOMb30BaHbl HA MeANLMHCKNE
uenn. MiccnegoBaHusa No Teme B OCHOBHOM (pOKyCMpOBa-
nnck Ha paspaboTke N COBEPLUEHCTBOBAHUUN LNKMNOTPOHOB
Ons aApOHHOW Tepanuu.

BaxHble paboTbl NpoBedeHbl B COTpPyAHMYECTBE C
WHctutyTom sgepHon cmsukm MNonbckon akagemum Hayk
no mogepHusauun uuknorpoHa ANLI-144 B Kpakose u ¢
MHcTuTyTOM husmkn nnasmel Kutanckon akagemmy Hayk
(Xadhan) no nNpoekTMpoBaHUIO U CO3[4aHUI0 CBEPXNPOBO-
OsLWero N3oXpoHHoro umknotpoHa SC200 ons npoTOHHOM
Tepanun. B OUNAN 6bin paspaboTtaH onanyeckuii NpoexkT
KOMMaKTHOro CBepxnpoBogsiero umknotpoHa SC230,
UMEIOLLIEr0 MEHbLLVE pa3Mepbl U HEOOXOANMBIN YPOBEHb
MarHuTHoro nonsi. Yckoputenb SC230 MOXeT cTaTb KaH-
OnaaToM Ang ganbHenlwen peanvsaumm Meguko-ovonoru-
Yyeckow nccriegoBaTenbckon nporpammbl B OVAN.

MEETINGS OF THE JINR PACS

MKK koHcTaTupoBan, 4to ans Beibopa nyTtu peanvsa-
L1 COBPEMEHHOrO NPOTOHHO-TEPanNeBTUYECKOro LieHTpa B
OUAN Heobxoanmo chopMynmMpoBaTh YETKUE KpUTEPUM, B
COOTBETCTBUM C KOTOPbIMU MOXET ObITb CO3aH YCKOpUTENb
AN MeQUUMHCKUX Lenewn, B YacTHOCTU KOHKPeTM3npoBaTb
KONMM4ecTBO NaLMEHTOB, KOTOPOE MIaHUpyeTCsa NPUHUMATb,
N KONMYECTBO CeaHCOB MPOTOHHOW Tepanun AN HUX.

[MKK pekomeHngoBan paccMoTpeTb BO3MOXHOCTb Mpo-
[OOIMKEHUS KOMMEKTUBOM aKTMBHOCTM B obriacTu pa3pabort-
KW, co3gaHusa U ModepHU3aLUmm LMKNOTPOHOB, BKIoYasi Co-
TPyAHMYECTBO B 0OracTv COBEPLUEHCTBOBAHNS MEAWLVH-
CKMX LMKITOTPOHOB, B paMkax ogHon u3 tem J1AM, a takke
pekomeHgoBan aupekunn OUNAN npuHatb B Gnwkariwee
BPEMSI peELUeHMEe MO STOMY HamnpaBIieHU U nogaepXxarb
paboTbl No BbIGOPY ONTMMarnbHOW YCTAHOBKM AMsi MPOTOH-
HOW Tepanuu.

MKK 3acnywan goknag o nnaHax no pasBUTUIO YCKO-
putena 3M-5 n ero akcnepumeHTanbHOM WHpPacTpykK-
Typbl B JIH®, npeacrtaeneHHbin A.C.[dopolikeBnyem, u
OTMETUI UCKNIOYUTENBHY BaxHocTb -5 ana OUAU n
CTpaH-yyacTHuU. B noarotoBneHHbIX matepuanax gaHo
JeTanbHoe CpaBHEHWE OBYX TEXHUYECKUX peLleHUn: Mo-
[epHusaunm cyllecTtBytoLlero yckoputensa 3M-5 n nokynkm
HOBOMO YCKOPUTENS C aHanormyHbIMU KOHCTPYKTOPCKUMU
napameTpamn. Hanbonee adhpekTMBHBIM peLLeHNEM Mo
MaTepuanbHbIM 3aTpatam sIBNSeTCs MogepHU3aumns ycko-
putens 3I-5.

system, it will allow experiments with the highest possible
intensity of ion beams produced by DC-280. All previous-
ly scheduled test experiments have been completed. The
first experiment to produce moscovium isotopes in the
48Ca + 243Am reaction has been prepared.

The PAC heard a report on the results of work under
the theme “Improvement of the JINR Phasotron and Design
of Cyclotrons for Fundamental and Applied Research” pre-
sented by G.Karamysheva.

Due to the upgrade of the Phasotron and its beam
lines carried out in 2016-2020, a stable operation of the
accelerator was ensured for an average of 1000 h per
year; of these, about 80% was used for medical research.
Research under the theme was focused mostly on devel-
oping and improving cyclotrons used in hadron therapy.

The most important activities were carried out in col-
laboration with the Institute of Nuclear Physics, Polish
Academy of Sciences, on the modernization of the IAC-
144 cyclotron in Krakéw and with the Institute of Plasma
Physics of the Chinese Academy of Sciences (Hefei) on
the design and manufacture of the superconducting iso-
chronous SC200 cyclotron for proton therapy. Design of
the SC230 compact superconducting cyclotron with small-
er dimensions and a required magnetic field level was
developed by the project's group members. The SC230

accelerator may become a candidate for the further reali-
zation of the biomedical research programme at JINR.

The PAC noted that for choosing the direction towards
the realization of a modern proton therapy facility at JINR
clear criteria should be formulated according to which
the choice of the dedicated medical accelerator could be
made, in particular, to present more details on how many
patients and fractions for proton therapy would be planned.

The PAC recommended continuing the studies
planned by the team in the field of development, construc-
tion and upgrade of cyclotrons, including cooperation in the
field of medical cyclotrons under one of the DLNP themes.
It also recommended that the JINR Directorate make soon
a decision on this direction and support the realization of an
optimized facility for proton therapy.

The PAC heard a report on the plans for the devel-
opment of the EG-5 accelerator and its experimental in-
frastructure at FLNP presented by A. Doroshkevich. The
PAC noted the utmost importance of EG-5 for JINR and its
Member States. The authors compared in detail two tech-
nical solutions: modernization of the existing EG-5 acceler-
ator and purchase of a new accelerator with similar design
parameters. The choice of the most cost-effective solution
is modernization of the EG-5 accelerator.

The PAC recommended that the FLNP Directorate
prepare and open a project to modernize the existing ac-




CECCUWN NKK ONAN

MKK pekomeHgosan gupekumu JIH® noarotoBuTh 1 OT-
KpbITb NPOEKT MO MOAEPHM3ALNN CyLLLECTBYIOLLErO YCKOPU-
Tens 1 conyTCTBYIOLLEN 9KCNepMMeHTanbHoOM MHpacTpykK-
Typbl B paMkax Tembl «/iccrnegoBaHusi B3aMMogencTeums
HEVTPOHOB C 9ApaMu U CBONCTB HENMTPOHa» C (PUHAHCMPO-
BaHMeM B pamkax OromkeTta Tekyllero CemuneTHero nnaHa
pa3sutns ONAN, HaunHada ¢ 2021 .

y6na, 25 utons. 52-s ceccus I1KK no sneproit puznke

MEETINGS OF THE JINR PACS

MKK 3sacnywan npeanoXxeHne no OTKPbITUIO HO-
BOro nmnpoekta «W3mepeHne 0ObIYHOrO MIOOHHOMO 3a-
XBaTa Ans MNpPOBEpKN AOEPHbIX MATPUYHBIX 3NEMEHTOB
2B-pacnagoB» (npoekt MOHYMEHT), npencrtaBneHHoe
0.P. BuHatynuHon. Llenblo gaHHOrO npoekTa sABnseT-
CA NpoBefdeHVe W3MEpPEeHW MIOOHHOrO 3axBaTa Ha He-
CKOMNbKMX [04epHUX (MO OTHOLEHWIO K KaHaugatam Ha
2B-pacnag) sgpax. lMocTtaHoBKa TakMX 3KCMEPUMEHTOB

Dubna, 25 June. The 52nd meeting of the PAC for Nuclear Physics

celerator and associated experimental infrastructure activ-
ities under the theme “Investigations of Neutron Nuclear
Interactions and Properties of the Neutron” with financing
from the budget of the current Seven-Year Plan for the
Development of JINR, starting in 2021.

The PAC heard a proposal to open a new project
“Measurement of ordinary muon capture for testing nuclear
matrix elements of 23-decays (project MONUMENT)” pre-
sented by D.Zinatulina. This project is aimed at carrying
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out experimental measurements of muon capture at sev-
eral daughter candidates for 2B3-decay nuclei. Obtained
results would have high importance for checking the accu-
racy of theoretical calculations of nuclear matrix elements.
The measurements of muon capture will be carried out at
the meson factory of the Paul Scherrer Institute (PSI) in
Switzerland. This application was reviewed and approved
by the PSI User Committee in 2020; the beam time was
officially granted for a preliminary study of 136Ba with a fur-




CECCUN NKK ONAN

Ba)KHa A1 MPOBEPKM TOYHOCTU TEOPETUYECKUX PacHeToB
SIOEPHbIX MaTpU4YHbIX 3MNEMEHTOB. V3mMepeHnss MIOHHO-
ro 3axesara OyayT MpoBOAMTBLCA Ha Me30HHOW abpuke
Wuctutyta mm.Tl. Weppepa (PSI) B LBenuapun. 3asBka
Ha 3KcnepuMeHT Obina paccmoTpeHa u opobpeHa npo-
rpamMmmHbiM komutetom PSI, B 2020 r. npegocTaBneHo
BpEMS Ha Mnyyke Ans npegBapuTenbHOrO UcCCneaoBaHus
Ha 136Ba ¢ ganbHeiiluei NporpamMMon U3MepeHunii Ha Tpu
roga. NpeanoXeHHbI NPOEKT SABASETCA NPOOOIMKEHEM U
paclmpeHMemM nporpamMmmbl U3MEPEHUA 0OBIYHOMO MIOOH-
HOro pacnaga, paHee peanusoBaHHOW Nog PyKOBOACTBOM
cotpygHukoB OUAN B nepuog 1998—2006 rr. Y4acTHUKK
npoekTa MMeKT HeobXoaMMble 3HaHUS M boraTbil OMbIT
B MPeLun3noHHON SAEepHOM CNEeKTPOCKONUU N peanusaumm
3KCMEPUMEHTOB, CBA3AHHbIX C U3y4YEHNEM He TOMNbKO pea-
KMX MpOLIeccoB, HO U MIOHHOro 3axsata. KK pekomeH-
posan oTkpbITb nNpoekt MOHYMEHT cpokom Ha 2021-—
2023 rr. ¢ nepBbIM MPUOPUTETOM U 0bBecnevnTb MPOEeKT
MOnHbIM 3anpalumMBaemMbliM (PMHAHCUPOBaHNEM.

53-1 ceccua [porpaMMHO-KOHCYNLTaTUBHOIO
KoMuTeTa no cmamke 4vactul coctosnacb 29 UIOHA
B ¢hopmate BuAeokoHdepeHUUM noa npeaceaartesib-
cTBOM npoceccopa WU. Lieppys.

Mpencenatens MKK npeacrasun 0630p BbINOMHEHUSA
pekoMeHAaLuii, NPUHATBLIX Ha NpeablayLLen ceccuu, n oT-

MEETINGS OF THE JINR PACS

OenbHO OCTaHOBMIICA Ha pesontounn 127-n ceccumn Y4eHoro
coeta OUNAN, kacatowerica MNMKK no gusmke yactuu.

MKK sacnywan goknag o xode peanusauuun npoekta
«HyknotpoH—NICA», npegctaBneHHbii A.O.CuaopuHbIM.
McnbiTaHns ocHOBHbIX cuctem Gyctepa 3aBeplueHbl. KK
NPVBETCTBOBAN aKkTUBHYIO MOAFOTOBKY K 3anyCcKy CUHXPOTPO-
Ha BycTepa ¢ ny4kom B aBrycte 2020 r., HO Bbipasun obec-
NMOKOEHHOCTb MO MOBOAY OTCYTCTBUSI [OCTAaTOYHOWM paboyen
CUnbl 411S1 CTPOUTENBCTBA M UCTbITAHUSI MarHUTOB, YTO MO-
XKeT cepbe3HOo NoBMUATL Ha 06w rpadumk npoekta NICA.

MKK opobpwn ycnexu B pasButTUn MHMPACTPYKTypbl
JI®B3, o kotopbix gonoxun H.H.Aranos. HecmoTtps Ha
CNOXHYO 3NMAEMMONONMYECKYHO CUTYyauUuto, BCE CUCTEMbI
MHPaCTPYKTYypbl pa3BmBaloTcs 63 NpoCTOeB U B OCHOB-
HOM HeobXoAMMbIMU TEMMAMU.

MKK oTmetun ycnewHble pesynsraTbl MOAFOTOBKU
aetektopa BM@N k ceaHcam no ¢wusmke TsKenbiX KO-
HOB, 3anfiaHupoBaHHbIM Ha 2021 ., NpeacTaBreHHble
M. H.KanuwuHeim, 1 pekomeHgoBan komaHae BM@N B
onuxanwee BpeMs onybnukoBaTb pesyrnsTaThl, NOMyYeH-
Hble ¢ nydkamu C n Ar.

[MKK npuHan K cBedeHMo OTYET O XO4e peanusauuun
npoekta MPD, npeactaeneHHbin A.Kuwenem, n peko-
MeHZOoBan NpoanuTb NPOeKT A0 KoHua 2025 r. ¢ nepsbiM
npuoputeToM. MNKK npuBeTcTBOBan ycTonymBbIn Nporpecc
B cOopKe 1 Npon3BOACTBE OONbLUMHCTBA KOMMOHEHTOB [e-
Tektopa MPD, npegyCMOTPeHHbIX B KOHGUrypauum nep-
BOW CTyneHu, BblpasuB 0OECNOKOEHHOCTb MO MoBOAY 3a-

ther experimental programme for three years. This project
continues and extends the previous ordinary muon decay
programme proposed and implemented under the leader-
ship of JINR researchers from 1998 to 2006. The partici-
pants of the project have the required expertise and expe-
rience in the field of high-precision nuclear spectroscopy
and its implementation to study not only rare processes but
also muon capture. The PAC recommended opening the
MONUMENT project for 2021-2023 with first priority and
providing the project with full requested funding.

The 53rd meeting of the Programme Advisory
Committee for Particle Physics took place on 29 June
by videoconference. It was chaired by Professor
|. Tserruya.

The Chairman of the PAC presented an overview of
the implementation of the recommendations taken at the
previous meeting and highlighted the Resolution of the
127th session of the JINR Scientific Council relevant to the
PAC for Particle Physics.

The PAC heard a report on the progress towards
realization of the Nuclotron—NICA project presented by
A.Sidorin. The tests of the main Booster systems were
completed. The PAC welcomed the active preparations
for launching the Booster synchrotron with beam in August

2020 but expressed its concern with the lack of manpower
sufficient for the collider magnet construction and tests that
could seriously impact the overall schedule of the NICA
project.

The PAC welcomed the progress in the infrastructure
developments at VBLHEP presented by N.Agapov. Despite
the difficult pandemic situation, all areas of infrastructure
development are advancing without downtime and basical-
ly at the necessary pace.

The PAC appreciated the progress towards upgrade
of the BM@N detector for the heavy-ion physics runs
planned for 2021 presented by M.Kapishin. It encouraged
the BM@N team to publish the results obtained with the C
and Ar beams as soon as possible.

The PAC took note of the report on the progress to-
wards realization of the MPD project presented by A. Kisiel
and recommended extension of the project until the end
of 2025 with first priority. The PAC welcomed the steady
progress in the assembly and production of most MPD de-
tector components foreseen in the first stage configuration.
The PAC expressed its concern with the delay in the ECAL
construction and the resulting impact on the physics pro-
gramme, with only half of the coverage foreseen now at
the first stage while the second half is expected at a later
stage. The PAC appreciated the ongoing Monte Carlo sim-
ulations of the detector and physics processes while pre-
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aepxkun B cosgaHun ECAL n ee BNUAHMA Ha BbINONHEHWE
duraundeckon nporpammel. MNKK BbICOKO OLLEHMN MOHTE-Kap-
no-mopenvpoBaHue getektopa U hU3n4ecKMx NpoLLeccoB
npu nogroToBke K nepsbiM nyykam siaep 8 MPD u npuBeT-
CTBOBAI MfaHbl N0 ee aKTUBU3ALMU.

MpuHAB K CBEAEHWO OTYET MO MPOEKTYy «W3yyeHue
CTPYKTYpbl HYKnoHoB u agpoHoB B LIEPH — [poekt
COMPASS-II», npeactaenenHbin A.T1. Haranuesbim, MKK
npussan rpynny OUAWN pacwmpntb cBoe yyactue B aHa-
nM3e AaHHbIX 1 pa3BMBaTb COBMECTHble paboTbl B usu-
YeckoM aHanm3e, 4Tobbl obecnevnTb Hay4yHOe NpusHaHue
nBaguaTtuneTHen pabotbl rpynnsl B npoekte COMPASS.
Mo 3aBeplieHnn npoekta B 2022 r. rpynna OMKHA U3y-
4nTb BO3MOXHOCTM yyacTua B MPD n SPD, rge ee onebiT,
6e3ycnoBHo, o4eHb HeobxoamM. MKK pekomeHgoBan npo-
ot npoekt COMPASS-II oo koHua 2022 r. ¢ nepsbiM
NPUOPUTETOM.

Jy6Ha, 29 utonst. 53-s ceccust [IKK no ¢usnke actui
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MKK npuHaAn Kk cBegeHuo OT4Y4eT Mo  MNPOEKTY
«AcCTpobU3nNyeCKNe UCCNELOBaAHUA B  3IKCNEPUMEHTE
TAIGA», npegctaBneHHbi J1.T. TkayeBbIM, 1 PEKOMEHO-
Ban npognutb nNpoekT TAIGA go koHua 2023 r. ¢ nepBbIiM
npuoputeTroM. OCHOBHOW 30HOW OTBETCTBEHHOCTW rpynmbl
OUAN aBnsieTca NpoekTnpoBaHNMe atMoctepPHOro YepeH-
KoBckoro Teneckona usobpaxenuit (IACT), nsrotoeneHue
W UCMbITaHUSI MeXaHuKN. TpeTuin Teneckon Bbin oTnpaBneH
B Cubupb B anpene 2020 r., yetBepTbit IACT 6ynet no-
ctpoeH B 2021-2023 rr. NKK npussan rpynny, B 4aCTHOCTH
MorofblX uccrnegoBaTtenen, yCunuTb CBoe y4acTve B aHa-
nu3e JaHHbIX, a Takke bonee akTUBHO NybnukoBaTb METO-
OVYeckue pesynbraThbl.

MKK Bbicoko oueHun goknag o6 yvactum OUAUN B
akcnepumeHtax Daya Bay u JUNO, npegcrtaBneHHbIN
[.B.HaymoBbiM. pynna OUAW npogomknt aHanua Hewn-
TPUHHBIX OCUMNISILUIA U MOUCKUA CTEPUIIBHBIX HEWTPUHO B

Dubna, 29 June. The 53rd meeting of the PAC for Particle Physics

paring the first beams in MPD and welcomed the plans to
intensify this effort.

The PAC took note of the report on the project “Studies
of the nucleon and hadron structure at CERN — Project
COMPASS-II” presented by A.Nagaytsev. The PAC en-
couraged the JINR team to enhance its participation in the
data analysis and develop collaborative work for the phys-
ics exploitation of the data to secure scientific recognition
of the group’s two-decade-long work in COMPASS. By the
project completion in 2022, the group should explore its
possible participation in MPD and SPD where its expertise
is certainly very much needed. The PAC recommended ex-
tension of the COMPASS-II project until the end of 2022
with first priority.

The PAC took note of the report on the project
“Astrophysical studies in the TAIGA experiment” presented

EI

by L.Tkatchev and recommended extension of the TAIGA
project until the end of 2023 with first priority. The main
responsibility of the JINR group is the design of Imaging
Atmospheric Cherenkov Telescope (IACT), mechanics
manufacturing and tests. The third telescope was sent to
Siberia in April 2020, the fourth IACT will be built during
2021-2023. The PAC encouraged the team, in particular
its young researchers, to strengthen their participation in
the data analysis and to publish the methodological results
obtained more actively.

The PAC appreciated the report presented by
D.Naumov on JINR’s participation in the Daya Bay and
JUNO experiments. The JINR team will continue the neu-
trino oscillation analysis and searches for sterile neutri-
nos in the Daya Bay experiment and will contribute to the
development, construction and commissioning of various
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akcnepumeHTe Daya Bay, a Takke BHeceT Bknaj B pa3pa-
OO0TKy, co3gaHne 1 BBOA B IKCMyaTauuio pasfuyHbIX Ya-
ctert npoekta JUNO: MCTOYHMKOB BbICOKOTO HanpsiKeHus,
petektopa Top Tracker, HOBOM WUCNbITaTENbHOW CTaHLUN
ans 6onblnx oToyMHOXMUTENEN, Bnunskoro aetektopa
TAO, nakeToB nporpaMmmHoro obecrneyeHns ans o6pabot-
KV OaHHbIX M AN npoekTa rnobanbHoro aHanmaa HeMTPUHO
(GNA). Oxunpaertcs, yto aarta-ueHTp OUNAU cTtaHeT ogHUM
13 TpEX eBPONENCKUX LLIEHTPOB, 0bpabaTkiBaloLLnX aHHbIE
akcnepumeHTta JUNO. TMKK oTmetun kavectBo paboThl,
BbInonHeHHoun rpynnon OUAW, n pekomengosan npogon-
XuTb peanusaumto npoekta JUNO ¢ nepBbIM NpropuTeETOM
no koHua 2023 r.

MKK c uHTepecom 3acnywan pgoknag ob yvactum
ONAN B akcnepumeHTe NOVA 1 HOBbIX pesynbratax B
nccneqoBaHUM HEMTPUHHBIX OCLUMUIIIAUMA, NpencTaBreH-
Hbii A.T.Onbwesckum. C 2014 r. rpynna ONAN BHecna
3HaYUTENbHbIV BKMa4 B 3KCMEPUMEHT, YreHbl KOMaHAbl
aKTMBHO Y4acTBYHOT B NPOOOMKAIOLLEMCS aHanM3e ocumn-
NAUMN HEWTPUHO, UCCReaOoBaHNsIX CBEPXHOBbLIX U aTMOC-
hepHbIX HEWTPUHO U B Momckax MoHornons [upaka, a
Takke BbIMOMHSAIT pas3nuyHble PYKOBOAALME YHKLUMK,
CBsi3aHHbIE C OpraHv3aumer MoaenMpoOBaHust ETEKTOPOB,
KoopAvHaumen pa3paboTkM nporpaMMHoro obecneveHus
ans odpnanH-obpaboTtkm AaHHbIX 1 Ana DAQ, akcnepTHON
oueHkon B DAQ, DDT n ROC.

pynna ONAN npegctaBuna cBov nnaHbl B byayliem
HenTpuHHoM npoekTe LBNF/DUNE Bo FNAL/SUREF, cBs-
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3aHHbIE C MOCTEMNEHHbIM YBENUYEHMEM Yy4acTus B 3TOM
KPYNHOM MEXAYyHapOAHOM 3KCNepuMeEHTe, KOTOpbIW, Kak
oxupaetcs, HadHetrcs nocne 3aBepuweHus NOvA. KK
pekomeHgosan npogomkute paboty B NOvA n ogobputb
yyactmne B DUNE go 2023 r. ¢ nepsbim nproputetom. MKK
npu3san avpekunio OUAN npepoctaButb Heobxoammble
pecypcbl ans npoekta DUNE, 4yTo6bl rapaHTMpoBaTh 3Ha-
ynmoe yyactue rpynnbel OUAW, koTopast gormkHa urpatb
pornb nnaugapma anst 6yaywero npucoeanHEHNst K MpoekK-
Ty ewe 6onbLUero Yncna rpynn, ceasaHHbix ¢ OVAN.

52-a ceccus lMporpaMMHO-KOHCYNLTaTUBHOIO KO-
MuteTa no u3nKe KOHAEHCUPOBaHHbLIX Cped COCTOS-
nacb 2 uiona B cdopmaTte BuMAEOKOHcepeHUMM nop
npeaceparencTBom npodeccopa [.J1. Haasn.

MpuHSAB K cBedeHUto Aoknag o pa3paboTke KoHuen-
UMM HOBOrO WUCTOYHMKA HelTpoHoB B JIH®, npeacras-
nexHbi B.H. lWBeuosbiM, MNMKK oTmeTnn pesynbraTtbl Tex-
HUYecKoro npoektTupoBaHus peaktopa WBP-3, a Takke
Hauvano cotpyaHudectBa OUNAN ¢ noTeHumnanbHbIM Npomn3s-
BoaMTeEneM Tonnmea ans peaktopa. CoemectHo ¢ HUKUAT
um.H.A. Jonnexans (MockBa) MnOAroTOBMEHO TeXHU4e-
CKOe 3aJiaHune Ha pa3paboTKy TEXHUYECKOTO NPEANOXKEHUS
HOBOIO UCTOYHUKA HENTPOHOB. Pynmnol oTAEeNoB KOMMIEK-
ca CNekTPOMETPOB W UCCReAOBaHU KOHAEHCUPOBAHHbIX
cpeq JIH® npopomkeHa paboTta no akcnepmMeHTanbHOMYy
onpeaeneHno, MogenMpoBaHuUo U NMOUCKY CpeacTB noaas-

parts of the JUNO project: high-voltage units, Top Tracker
detector, new test station for the large detector PMTs, TAO
near detector, software packages for data processing and
Global Neutrino Analysis. The JINR data centre is expected
to be one of the three European centres managing JUNO
data. The PAC noted the high quality of the work performed
by the JINR group and recommended continuation of the
JUNO project with first priority until the end of 2023.

The PAC heard with interest the report on JINR’s
participation in the NOvA experiment and on the new re-
sults in the study of neutrino oscillations presented by
A.Olshevskiy. Since 2014 the JINR group has made sig-
nificant contributions to the experiment; the team members
are well involved in the ongoing neutrino oscillation anal-
yses and the studies of supernova and atmospheric neu-
trinos, as well as in Dirac monopole searches. JINR em-
ployees also act in various leading roles, such as Detector
Simulation Convener, offine and DAQ software release
managers, DAQ, DDT and ROC experts.

The JINR group also presented its plans for the future
LBNF/DUNE neutrino project at FNAL/SURF, with a gradual
increase in their participation in this large-scale internation-
al experiment expected to start after completion of NOvA.
The PAC recommended continuation of NOvA and approval
of the group’s participation in DUNE, both until 2023 with
first priority. The PAC encouraged the JINR Directorate to

provide the necessary resources to the DUNE project in or-
der to guarantee visible participation of the group. The JINR
group should play the role of bridgehead for the future join-
ing of more groups associated with JINR.

The 52nd meeting of the Programme Advisory
Committee for Condensed Matter Physics was held on
2 July by videoconference. It was chaired by Professor
D.L.Nagy.

The PAC took note of the report on the development of
a new neutron source at FLNP presented by V. Shvetsov.
The PAC noted the results achieved in the technical de-
sign of the IBR-3 reactor as well as the beginning of JINR’s
cooperation with the potential fuel manufacturer. The tech-
nical requirements for the development of the Technical
Proposal of the new neutron source were prepared in co-
operation with the N. Dollezhal RDIPE (Moscow). A collabo-
rative workgroup from FLNP’s Department of Spectrometer
Complex and Department of Neutron Investigations of
Condensed Matter continued activities on the experimen-
tal determination, modeling and search for means of sup-
pressing the backgrounds at the extracted beams of the
IBR-2 reactor. The PAC recommended deeper elaboration
of the IBR-3 Technical Proposal and continuation of the ac-
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neHus (oHOB Ha BbiBeAeHHbIX nyykax NBP-2. MKK peko-
MeHzoBan rnybxe npopaboTaTb TeXHWYeckoe 3adaHue
anst MUBP-3 n npogomknTte paboTbl N0 U3yyYeHuto 1 noga-
BMNeHnto poHa HEMTPOHOB Ha cnekTpomeTpax NBP-2.

MKK npuHsan k ceBegeHuto uHdopmauuto o paspaboT-
Kax YCTaHOBKW NS CTPYKTYPHbIX UCCNEAOBaHWIA C UCMOSb-
30BaHMEM CUHXPOTPOHHOIO PEHTIEHOBCKOrO U3My4YeHust
B HauuoHanbHOM LEHTPe CUHXPOTPOHHOIO W3nyyYeHust
SOLARIS, npegctasneHHyto H.Kyyepkon. CoBMecCTHble
yeunus OUNAN n SOLARIS no cosgaHuto nabopartopun
SOLCRYS nos3eonsT paclumpuTb Habop Noaxonos k uccre-
[0BaHuo KoHAeHcMpoBaHHbIX cpeq B OUAN. TIKK npuseT-
cTBOBan nporpecc B co3gaHum nabopatopun SOLCRYS u
pekomeHaoBan yaensTb NpUcTanbHOE BHUMaHWE AeTansiMm
npoekTa.

3acnywaB oT4eT MO  3aBeplialollericss  Teme
«MccnepoBaHusi KOHOEHCMPOBAHHOMO COCTOSIHUSI Belle-
CTBa C WCMOMb30BaHWEM COBPEMEHHbIX METOOOB He-
TpoHorpadumny, npeactaeneHHbin [.11. KosneHko, [MKK
pekomeHOoBan OTKpbITb HoBy Temy «WccnepoBaHus
(PyHKLUMOHambHBLIX MaTepunarnos 1 HAHOCUCTEM C UCMOSb30-
BaHMEM paccesiHus HeMTpoHoB» Ha 2021-2025 rr.

MKK noapepxan npegnoxeHve o6 OTKPbITUM HOBO-
ro npoekta «Co3gaHue cCnekTpoMeTpa Heynpyroro pac-
cesiHUSI HEWTPOHOB B OOpaTHONM reoMeTpumn Ha peakTope
MBP-2» Ha 2021-2023 rr., npeactasneHHble [. Xynoboi.
PacuyeTHble napameTpbl HOBOTO CNEKTPOMETpa Ha ABa Mo-
psgka nydwe, vyem y cnektpometrpa NERA. Oxwupgaetcs,
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YTO HOBbLIV CNEKTPOMETP C NpeanaraemMbiM1 napaMmeTpamm
OyOeT KOHKYpPEeHTOCNOCOOEH MO OTHOLUEHMWIO K aHanoruy-
HbIM NpUBopaM, yXKe CyLLEeCTBYHOLLUM B BeyLLMX EBPOMNEN-
CKUX HENTPOHHbIX Nabopatopusx.

MKK pekomeHooBanm 3akpbiTb  3aBeplUuatoLLyoCcst
Temy «Pa3BuTne akcnepumeHTanbHOW 6Gasbl Ans npo-
BEEHUS WCCNELOBaHWNA KOHAEHCUPOBAHHbLIX Cpea Ha
nyykax MAY MBP-2», oTyeT no kotopon Obin npeacrae-
neH C.A.KynvkoBbIM, U OTKPbITb HOBYIO TeMy «HayyHo-
METOAMYECKME UCCNea0BaHUs 1 pa3paboTkM A U3yyYeHust
KOHAEHCMPOBAaHHbIX Cpea Ha HEUTPOHHbIX Myykax MBP-2»
Ha 2021-2025 rr. MKK oTmeTnn, 4To BCE 3anfiaHMpoBaH-
Hble paboTbl NO 3aBepLualoLLencs TeMe YCMELLHO BbIMOs-
HeHbl. KK pekomeHgoBan 3akpbiTh 3aBepluatolimecs B
pamkax aton Tembl npoektbl JOP n OTM, npeacraBneH-
Hble B.B.Kpyrnosbim 1 A.H.YepHnKoBbIM COOTBETCTBEH-
HO, a Takke OTKPbITb HOBbIA NPoekT «Co3aaHue LUMPOKO-
anepTypHoro aetektopa obpaTHoro paccesHusa (QOP) ons
andpaktometpa POBP» ans peanusauum B 2021-2023 rT.

PaccMoTpeB NMUCbMEHHbIM OTYET O 3aBepLuaroLLemMcst
npoekte «Cucrema HeWTPOHHOro operando-MOHUTOPUHIA
W OUarHoCTUKM MaTepuanoB U UHTEP(ENCOB ONs 3rek-
TPOXUMUYECKNX HakonuTenen aHeprum Ha UAY UBP-2»,
noarotosneHHbii M. B. ABgeeBbim, MKK ¢ yogoBneTBopeHu-
eM OTMETWM, YTO Lenu NpoekTa Mo LUMPOKOW aganTauuu
METOZI0B HENTPOHHOIO PACCESIHUSI U CUCTEM OKPYXKEHUSI
obpasua ans u3y4yeHust SBONIOLMM CTPYKTYPbI SMEKTPOXM-
MUYECKMX WMHTEP(ENCOB 1 3NEeKTPOAHbLIX MaTepuarnos B

tivities on studying and suppressing neutron background at
the IBR-2 instruments.

The PAC took note of the information about devel-
opments regarding the joint facility for structural research
using synchrotron X-rays at the SOLARIS National
Synchrotron Radiation Centre presented by N.Kucerka.
The JINR-SOLARIS collaborative efforts towards build-
ing the SOLCRYS laboratory will extend the suite of con-
densed matter research approaches at JINR. The PAC
welcomed the progress in constructing the SOLCRYS lab-
oratory, while recommending paying close attention to the
design details.

The PAC took note of the report on the concluding
theme “Investigations of Condensed Matter by Modern
Neutron Scattering Methods” presented by D.Kozlenko
and recommended opening a new theme “Investigations
of Functional Materials and Nanosystems Using Neutron
Scattering” for 2021-2025.

The PAC supported the proposal for opening a new
project “Development of inverse geometry inelastic neutron
scattering spectrometer at the IBR-2 reactor” for 2021—
2023 presented by D.Chudoba. The estimated parameters
of the new spectrometer are up to two orders of magni-
tude better than those of the NERA spectrometer. The new
spectrometer with the proposed parameters is expected to

be competitive to similar devices already existing in leading
European neutron laboratories.

The PAC recommended closure of the theme
“Development of Experimental Facilities for Condensed
Matter Investigations with Beams of the IBR-2 Facility”
as reported by S.Kulikov and opening the new theme
“Scientificand Methodological Research and Developments
for Condensed Matter Investigations with IBR-2 Neutron
Beams” for 2021-2025. The PAC noted with satisfaction
that all work planned under the concluding theme had been
successfully completed. The PAC recommended closure
of the completed BSD and PTH projects, as reported by
V.Kruglov and A. Chernikov, respectively, and opening the
new project “Construction of a wide-aperture backscatter-
ing detector (BSD) for the HRFD diffractometer” for imple-
mentation in 2021-2023.

The PAC considered the written report presented by
M.Avdeev on the concluding project “A system for neutron
operando monitoring and diagnostics of materials and in-
terfaces for electrochemical energy storage devices at
the IBR-2 reactor”. The PAC was pleased to note that the
project objectives on wide adaptation of neutron scatter-
ing methods and sample environment systems for studying
the evolution of the structure of electrochemical interfaces
and electrode materials in operando mode had been fully
achieved and recommended closure of the project.
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pexume operando NMOMHOCTbI AOCTUMHYThI, U PEKOMEHOO-
BaI 3aKpbITb AaHHbIA NPOEKT.

MKK pekomengosan npoanutb TeMy «CoBpeMeHHble
TeHAeHUMM 1 pas3paboTkM B 0bGNactu pamaHOBCKOW Mu-
KPOCMEKTPOCKONUM 1 (POTONMOMUHECLIEHLIMN ONst uccrne-
[OBaHUIM KOHAEHCUPOBAHHbIX Cpef», OTYET MO KOTOPOM
6bin npeactaeneH .M. Ap3symaHsHoMm, Ha 2021-2023 rr.
C yyeTtom ycnewHoro BbinonHeHus MNMKK pekomeHgosan 3a-
KpbITb NPOekT «HaHOGMOMOTOHUKa» 1 nogaepan oTKpbl-
TMEe HOBOro npoekTa «brnodoToHMKay Ans BbINOMHEHUS B
2021-2023 rr.

3acnyLaB oT4eT No 3aBepLUatoLLEeNCs TEME U MPOEKTY
«HoBble nonynpoBoaHMKOBbIE AETEKTOPbI AN yHOAAMEH-
TanbHbIX U NPUKNaAHbIX UCCNefoBaHUNy U NpeanoxeHue
no uMx pacwmpeHunto, npegctaeneHHole [ A.LLlenkoBbiMm,
MKK pekomeHaoBan npoanvTb AaHHble TEMY U NPOEKT Ha
2021-2023 rr.

MKK pekomeHgoBan npognute npoekt [NMAC, otdyer
no kotopomy 6bin npeactaeneH K.Cemekom, Ha 2021-
2023 rr., ¢ yooBneTBOpeHWEM OTMETMB Mporpecc B pas-
BuTUM metoaa NAC B JIAl, Bkntovasa co3gaHne cUcTeMsbl
peaKkTUBHOIO MOHHOIO TPaBneHust U pa3paboTKy CUCTEMBI
yNopsifoYeHUs MOTOKa NO3UTPOHOB Ha OCHOBE KPUOTEHHO-
ro UCTOYHUKA MOHOXpOMAaTHYeCKMX No3mTpoHoB (KpMI).

MKK pekomeHgoBanm OTKPbITb  HOBLIA  MPOEKT
«M3yueHne pagnonpoTekTopHbIX CBOMCTB Genka Damage
suppressor (Dsup) Ha mogenbHoM o6vekTe D.melano-
gaster n kynbtype knetok udenoseka HEK293T», npegn-
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ctaBrneHHbi E. B. KpaBueHko, ana peanusauun B J1AMN Ha
2021-2022 rr., OTMETMB HOBM3HY MpeariaraeMbliX B MPOeK-
Te UCCnefoBaHuiA U BbICOKMIA METOAONOMMYECKUA YPOBEHD
nnaHnpyemblx 3KCNePUMEHTOB.

MKK pekomeHgoBan npognuTb TeMy W MPOEKT
«MccnepoBaHus Gronormyeckoro OencTBUsS TSKENbIX 3a-
PSPKEHHBIX YacTuL, pPasnMYHbIX SHEPruiny, OTYET MO KOTO-
pbiM 6bin NpeactaeneH A. H. Byraem, Ha 2021-2023 rr.

[MKK npuHan kK cBeaeHUo MUCbMEHHbBIA OTHET O Xo4e
pabot no Teme «MeToAbl, anropuTMbl U NPOrpaMMHoe 0be-
crneyeHne Ans MoAenvpoBaHus U3NYECKUX CUCTEM, Ma-
TemaTtuyeckorn o6paboTku 1 aHanmn3a aKcnepuMeHTanbHbIX
AaHHbIX» 3a 2019-2020 rr., nogrotoBneHHbIn I. Anamom, n
Np1BETCTBOBAIN AarnbHeNLee NPOAOIHKEHNE PACCMOTPEH-
HbIX HanpaBneH OeATENBLHOCTY B pamMKax AaHHOW TEMbI.

B kauyectBe obLieln pekomeHgaumm MKK npegnoxun
anpekunn OUAU paccMmoTpeTb BO3MOXHOCTb CTUMYMK-
poOBaHUS MOMOAbIX YYEHbIX BbIABUraTb WMHULMATUBHbIE
NpPoeKkTbl B 06racTv Hay4YHbIX UCCReAOBaHUA U CO3naHust
YCTaHOBOK.

The PAC recommended extension of the theme
“Modern Trends and Developments in Raman Microspec-
troscopy and Photoluminescence for Condensed Matter
Studies” for 2021-2023 reported by G.Arzumanyan. Given
the successful realization, the PAC recommended closure of
the “Nanobiophotonics” project and supported opening the
“Biophotonics” project for implementation in 2021-2023.

The PAC took note of the report on the concluding
theme and project “Novel Semiconductor Detectors for
Fundamental and Applied Research” and of the propos-
al for their extension presented by G.Shelkov. The PAC
recommended extension of these theme and project for
2021-2023.

The PAC recommended extension for 2021-2023 of
the PAS project as reported by K.Siemek. It noted with
satisfaction the progress in developing the PAS method at
DLNP including construction of a reactive ion etching sys-
tem and development of a system of positron ordered flux
based on Cryogenic Source of Monochromatic Positrons
(CSMP).

The PAC recommended opening the new project
“Study of the radioprotective properties of the Damage
Suppressor (Dsup) protein on a model organism D. mela-
nogaster and human cell culture HEK293T” presented by
E.Kravchenko for its implementation at DLNP in 2021—
2022. The PAC noted the novelty of the research proposed

and the high methodological level of the planned experi-
ments.

The PAC recommended extension of the theme
and project “Research on the Biological Effect of Heavy
Charged Particles with Different Energies”, as reported by
A.Bugay, for 2021-2023.

The PAC took note of the written progress report on
the theme “Methods, Algorithms and Software for Modeling
Physical Systems, Mathematical Processing and Analysis
of Experimental Data” for the period of 2019-2020, pre-
pared by G.Adam, and welcomed further continuation of
the reviewed activities within this theme.

As a general recommendation, the PAC suggested
that the JINR Directorate consider the possibility of encour-
aging young scientists to apply for additional projects to
develop their own ideas in the field of science and instru-
mentation.
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27 anpens B copmate BUAEOKOH(EpPeHLHUU co-
crosanock 42-e 3acepnaHuve komuteta Poccua—LEPH —
nepBoe NnocJie BCTYM/IEHWUS B CUYy HOBOIO COralleHust
mexpay [lpaeutenbcteom P® u LEPH o HayuHo-Tex-
HUYeckoMm coTpygHuuecTee. [eneraumio LEPH Bo3-
rnaBnsna ee reHepanbHbit pupektop @. [xkaHOTTH;
conpefcepatesieM KOMUTETa CO CTOpoHbl Poccuu ctan
3aMecTUTeNb MMHWUCTPa HayKW W Bbicliero obpasosa-
Hus PO C.B.JllonnH. Ot OUAN Bo BCTpeue npuHumMa-
v yyactue gupektop OUAWN akapgemuk B. A.Martsees,
Buue-aupektop OMNAU akapgemuk B.1O. LLapkos v Bu-
ue-aupektop OUAW, pupektop JIOB3 uneH-koppe-
cnonaent PAH B. 1. Kekenugse.

CropoHbl geTanbHO OBCYAWIM BOMPOCHI ydacTHs
Poccuiickoi ®epepauuy Bo BTOpoK ha3e MofepHHU3a-
umm LHC v cospanmn LHC BbicoKOW CBETUMOCTH, CO-
BMECTHOM TEXHWUYECKOM OOC/y>KMBaHUW W 3IKCryaTa-
UMW LEeTeKTOpOB KoJsjanfepa W Apyrve npakThyeckue
BOMPOCHI.

Lenerauuei LLIEPH 6bi1n npepactaeneHbl fanbHei-
LWKe waru no popmupoBsaHuto EBponerickon ctpareruu
hM3UKK YacTul. YneHbl poccuickor penerauuuv npo-
MH(POPMHUPOBANIM O XOAE MMMJEMEHTALUU MHULMATHUB
Poccuiickon @epepauuu no pasBuTHIO KPYNHOMW UcCe-
[loBaTe/IbCKOW MHPACTPYKTYpbl KJlacca «MeracameHc»
B pamMKax HaluoHanbHOro npoekta «Hayka», B uyacT-
HocTtu npoekta NICA. B.1O.lLapkos npeacraeun Ko-
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MUTETY cTpateryio passuTtusa MHctutyta go 2030 r. u B
nocnenyiowmi nepuog,.

27—29 mas coctosinacb 11-5 ceccus JkcnepTHOro
komuteta no yckoputenam npoekta NICA (Machine
Advisory Committee — MAC), npoBsefeHHasi B pexxu-
Me BULEeOKOH(epeHuun. HecMoTps Ha TO, UTO UneHamu
MAC saenstotca cneunanuctbl U3 Anonuu, EBponbl u
CLUA, 6bi10 BbIBpaHO npuemMnemoe ANs BCEX BPEMs
NpoBeAeHUs 3acefaHui.

B 3acepaHusax KoMuTeTa MPUHANAWM ydyacTue [Ou-
pektop OUAN B. A.Mateees, nepsbiit BULE-OUPEKTOP
I. B. TpybHukos, suue-gupektop b.lO. Llapkos, pyko-
BoguTenb npoekTa «Komnnekc NICA» B. [l. Kekenupze
u copykoBogutenb npoekta «Komnnekc NICA»
A.C.CopwuH.

B xome 3acepaHuit 6binu 3acnywasbl 13 gokna-
nos. B.[l.Kekenupse npencraBun opraHuM3auuoOHHYIO
ctpyktypy npoekta NICA u npouHdopmuposan une-
Hoe MAC o pesynbratax nepBoro 3acefaHusi KOMMU-
TeTa MO OLEHKE pPacxOofoB M rpaduka peanusauuu
npoekta «Komnnekc NICA», nposeseHHoro B [dybHe
24—26 dpespans 2020 r. CoctosHue paboT no Beoay
B akcniyatauuio 6yctepa NICA 6b1o ocHOBHOM Te-
MOM [OKnafja HadasibHUKa YCKOpPWTEsNbHOro oThese-
Hua JIOBI A.B.bByteHko. Cneuynanuctamu OUAU n nx
konneramu us UAD um.T. U. byakepa 6biiu npeacras-
JieHbl AOKNafAbl, NOCBAWEHHbIE OCHOBHbIM CUCTEMaM W

On 27 April, the 42nd meeting of the Committee
Russia—CERN was held as a videoconference — it was
the first meeting after the new Agreement between
the RF Government and CERN on scientific-technical
cooperation came into force. CERN Director General
F.Gianotti headed the delegation from CERN; Co-
Chairman of the Committee on the side of Russia
was Deputy Minister of Science and Higher Education
of the Russian Federation S.Lyulin. JINR was rep-
resented by JINR Director Academician V.Matveev,
JINR Vice-Director Academician B.Sharkov and JINR
Vice-Director, VBLHEP Director RAS Corresponding
Member V. Kekelidze.

At the meeting, the parties discussed in detail the
participation of the Russian Federation in the second
phase of modernization of the Large Hadron Collider
(LHC) and establishment of the High-Luminosity LHC,
joint maintenance and usage of the LHC detectors,
and other practical issues.

CERN delegation presented further steps to form
a European Strategy for Particle Physics. For their
part, members of the Russian delegation presented
information on the implementation of the Russian
Federation’s initiatives for the fulfilment of projects
in the fields of megascience research infrastructure

within the National Project “Science”, in particular, the
NICA project. Academician B.Sharkov presented the
strategy of JINR development until 2030 and beyond
to the Committee.

On 27—-29 May, the 11th session of the NICA
Machine Advisory Committee (MAC) was held in the
format of videoconference. Despite the fact that MAC
members are specialists from Japan, Europe, and the
USA, the time of broadcast was chosen acceptable
for the Committee members.

All meetings of the Committee were attend-
ed by JINR Director V.Matveev, First Vice-Director
G. Trubnikov, Vice-Director B.Sharkov, Head of the
project “NICA Complex” V.Kekelidze, and Co-Head of
the project “NICA Complex” A. Sorin.

Thirteen reports were presented. V. Kekelidze de-
scribed organizational structure of the NICA project
and informed the MAC members about the results of
the first meeting of the NICA Cost and Schedule Review
Committee (CSRC) held at JINR on 24—26 February
2020. Progress on the NICA Booster commissioning
was reported by Head of the VBLHEP Accelerator
Division A.Butenko. Other reports presented by JINR
specialists as well as our colleagues from the Budker
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a/leMeHTaM YyCcKopuTesbHoro komnnekca. CneyuanbHo
ana MAC npu nopgepykke Hay4yHO-MH(POPMALMOHHOIO
otaena OUAN 6bino NoaroToBNEHO HecKonbko 0630p-
HbIX BMAEOMaTepUanos.

B uWioHe Bbien B CBET nepBblid BbiMyCK WHAOP-
mMaumoHHoro OtonneteHs «NICA Bulletins. Hanuuue
NepuoLHUYECKON HWHOpMauuM Mo  prarMaHCKoMy
mexkayHapogHomy npoekty OUAU «Komnnekc NICA»
BocTpeboBaHo cTpaHamu-yuyacTHuuamu OUAU, mexx-
LyHapoaHbIMKU KonnabopaumsamMi npoeKkTa W HayuyHoM
obuiecTBeHHOCTbIO. B GlonneteHe HalgyT oTpakeHue
Haubonee 3HauMMble cOBbITHA, CBA3aHHbIE C peasi3a-
uven npoekta «Komnnekc NICA». Pykoeogutenn nu-
pekunu npoekta NICA — TI.B.TpyOGHHKOB, pyKOBOLH-
Tenb npoekta NICA — B. [l. Kekenuaze.

Mepebili GlonneteHb 6Gbin NOArOTOBEH MNPU aK-
TMBHOM ydacTuu A.B.ByteHko, H.A.MonokaHoBoH,
L.B.MewexoHosa, 0. K. MoTtpebenukosa, A.H0.Pacca-
nosor u A.O.Cugopura. Cnegyowmii Homep «NICA
Bulletin» Bbiiget B oktabpe 2020 .

27 WIOHA OTKPbINCS (PecTUBaNb TEXHONOTHU U
Hayku GEEK PICNIC B HoBOM pns Hero oHnalH-hop-
mare. lO6uneiHoe MeponpusTHe B 3TOM rogy 6biio
nocesieHo TemMe «MynbTUBCENIEHHAN»: NPUCYTCTBUIO B
LPYrux NpOCTPaHCTBax, UCCeA0BaHUIO NapasiiesibHbIX
peasibHOCTEN W MOTPY>KEHUIO B UHbIE MUPBDI.
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OUAN npopomkun TpaZuuWio yyacTus B (PECTU-
Basie, NPeACTaBMB pPa3/iMiHble MEepOMpUSATUS Ha CBO-
eM BupTyanbHoMm cTeHge. Pabota creHga 6bina opra-
HW30BaHa rpynnoW couuanbHbiX KOMMYyHWKauui YHL,
OUAN. Jlekunio 0 HEHTPUHO KaK K/loue K MO3HaHHWIO
TalH NPUPOAbI NPOYUTaN LOKTOP (PU3MKO-MaTeMaTuye-
CKMUX Hayk 3amecTtutenb gupektopa JIAMN [.B.Haymoe,
OTBETCTBEHHbIM 3a HeUTpuHHyto nporpammy OUAN.
Cnywarenu ysHanu He TONIbKO 06 0COBEHHOCTSX vac-
TULBI-NPHU3PaKa, HO U O MOCNELHUX HOBOCTSIX, CBA3aH-
HbIX C CO3JaHWeM ryBOKOBOAHOTO HENTPUHHOIO Tene-
ckona Ha osepe baiikan.

Crapwun urxkerep JI®OB3I L. O.loHKUH B pexkume
OHJlalH NpoBeNn A5 rocTe MacTep-Kaacc No NPoeKTH-
POBaHWIO NeyaTHOM Naarbl U NPOrPaMMHUPOBAHHIO d/1EK-
TPOHUKH, CXOXKEW C TOM, KOTOpas WMCMosb3yercs Ans
YCKOpUTENEN 3apsS>KEHHbIX YacTHLL.

C nosHaBaTesibHOW NleKLMEN O rosorpagpuueckom
[lya/IbHOCTU W YepHbIX Ablpax Ha BUPTyaslbHOM CTEHAE
MHcTuTyTa BbICTYNMIA CTaplUMi HayuyHbld COTPYAHWK
NTO A. A.Tonybuosa.

Bupeoakckypeuio B JlabopaTtopuio paaualuoHHOM
6GUOIOrMK NPOBEN HayuHbld COTPYAHWK CeKTopa pagu-
auuoHHou dusuonoruu JIPB 0. C. CeseptoxuH. OH no-
KasaJs, Kak NpoBOAATCS NOBELEHYECKUE IKCMEPUMEHTDI
Ha MeNIKUX 1abopaToOPHbIX KUBOTHbBIX, KaK WCCeaytoT
B/IUSIHUE KOCMUYECKOM pajMalMk Ha MbIleN W KpbIC.

INP were dedicated to each of the main systems and
elements of the accelerator facility. Specially for the
MAC session, a few videos were prepared under sup-
port of the JINR Scientific Information Department.

In June, issue 1 of the NICA Bulletin was pub-
lished. The availability of periodic information on the
JINR flagship international project “NICA Complex” is
in demand by the JINR Member States, international
collaborations of the Project, and the scientific com-
munity. Most important events in implementation of
the project “NICA Complex” will be discussed in the
bulletin. Head of the Directorate of the NICA project is
G. Trubnikov, Head of the NICA project is V. Kekelidze.

Issue 1 was prepared with an active participa-
tion of A.Butenko, N.Molokanova, D.Peshekhonov,
Yu. Potrebenikov, A.Rassadova and A.Sidorin. The
next issue of the NICA Bulletin will be published in
October 2020.

On 27 June, the festival of technology and sci-
ence GEEK PICNIC started in a new online format.
The main topic of the event was devoted to the theme
“Multi-Universe”™ other dimensions, parallel realities
and other worlds.

JINR continued the tradition of its participation
in the festival presenting various events at its vir-
tual stand. The work of the stand was organized by
the group of social communications of the JINR UC.
Doctor of Physics and Mathematics, Deputy Director
of DLNP D. Naumov, who is responsible for the neutri-
no programme at JINR, made a lecture about neutrino
as a key to study secrets of nature. The audience
heard not only about peculiarities of the ghost par-
ticle but also the latest news about the development
of the deep underwater neutrino telescope in Lake
Baikal.

Senior engineer of VBLHEP D.Ponkin gave an on-
line master class for the guests on designing a printed
circuit board and programming electronics similar to
that used for charged particle accelerators.

Senior researcher of BLTP A.Golubtsova made an
informative lecture at the virtual stand of JINR on ho-
lographic duality and black holes.

Researcher of the sector of radiation physiology
of LRB Yu. Severyukhin held a video excursion around
the Laboratory of Radiation Biology. He showed how
behavioral experiments on small laboratory animals
are conducted, how the influence of space radiation
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A nocne 3KCKypCcuM OTBETHJ1 Ha BOMPOCHI ClyLlatenen
OHJIaMH.

«MynbtuecenerHas» dectusans GEEK PICNIC
Online obbefguHWia Ha CBOeW MOWALKE MHOXKECTBO
nocetuTesiel, Cpeit KOTopbiX ObisM Kak IU3UKH, TaK M
chaHaTbl KOMMbIOTEPHBIX WFP, HAY4HO-NONYAAPHble 610~
repbl WU 3KcnepTbl B UrpoBor WHAycTpuu. Onas OUAU
3TO OT/IWYHas BO3MOXXHOCTb MPOLEMOHCTPUPOBATH
LUMPOKHUK CMEKTP HayUHbIX WM3bICKAHUW W OOCTUXKEHWH
WHcTuTyTa.

1 uona B popmarte BUOEOKOH(EPEHLMU COCTOSA-
nocb ovepegHoe, 26-e 3acegaHve KoopanHauuoHHoro
KoMmuTeTa no BbinonHeHuto CornaweHus mexxay MuHuc-
TEpCTBOM Hayku W obpasosanus lepmanuu (BMBF) u
ouAan.

Oupektop OUAU B.A.MatBeeB, BO3rnaBnsBLUIMK
neneraumio OUAN, B cBOEM NpPHBETCTBEHHOM C/lOBE
OTMETH/1 OCODYI0 3HAYMMOCTb U BoraTylo UCTOPUIO CO-
TpyaHuyectBa ¢ BMBF, a Takxxe Ba)KHOCTb COBMECTHO-
ro BOCMWTaHWsl Kagpos.

B HeMmeLKylo generauuio, BO3rniaB/iseMyio KOoOpau-
Hatopom BMBF no cotpyanHuuectsy ¢ OUAN 0. Kposze-
6eprom, npeactasnaiowmm otaen BMBF «BceneHnas
M MaTepus», BXOOWIM, a TakXe BbICTynasu COAo-
KNaguMkamu Ha 3acegaHuu [.Ponke (YHuBepcuter
Poctoka), ®.LunauHr (TexHONOrMYECKUH WHCTUTYT
Kapncpya), ®.Llpaibep (TioBUHreHCKUH yHUBEPCH-
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TeT), K.-[O.Tpocc (GSI), M.3eHrep (GSI), O.KioHxonbL,
(DESY), T.Onbruxodcpep (DESY) u A.Bepma (fepmat-
CKMWW LEHTP aBMauMK U KocMoHaBTMkM — DLR).

BBogHbIM pgoknag o nepcrnekTUBax COTPYLHHW-
yecTBa NpeSCTaBWN NepBbii Buue-gupekTop OUAN
I.B.Tpy6HUKOB, KOTOpPbIMH O3BYUYMST MNPHUOPHTETHbIE
Hanpae/ieHUs COBMeCTHOM paboTbl: passuThe op-
manbHoro cratyca lepmanun B OUAU, nouck HoBbIX
nyTed B3auMOAEUCTBUSI, WHCTPYMEHTbI MNPUBEUYEHHUS
U NOALEPXKKM HayuHOW Mononexu u yrnybnexue co-
TpyaHW4yecTBa Ha 0Oase MeracaieHc-npoekta NICA.
[oknaguuk npennoXkun HeMeuKUM Kojieram, B 4YacT-
HOCTH, PacCMOTPETb BO3MOXXHOCTb MOJIHOMNPABHOIO
uneHctea B OUAWN, uto mMorno 6bl cTaTh YAOOHbIM
dopmatoM Ans peanusauun OAMNKaWLLMX MAAHOB MO
pa3BUTUIO KOOMepaLuH, a TakXKe YMNOMSHYN W Apy-
rMe BO3MOXXHOCTWU L1 COBMECTHOrO PacCMOTPEHMS:
WUH(OPMALMOHHbIE LEHTPbl, NPOrpaMMbl MOBbILIEHHS
KBa/IM(OUKALMU ONS PYKOBOJMUTENEN HAayKU W BbICLUETO
obpasoBaHua W ap.

CocTosiHWIO COTpyLHUUECTBA WM JafibHEMLWUM nia-
Ham B pamkax npoektos NICA u FAIR 6bin nocesa-
LeH oTheNbHbIM aoknan pykosoauTens npoekta NICA
B. . Kekenuaze.

Loknap 0. Kposebepra o HoBoM chopmare AByCTO-
POHHEro B3aMMOAENCTBMUSA, fiexKallero B 0b6nactu tpex
OCHOBHbIX HanpaBJ/IeHWH, KaXKA0€e CO CBOUM YMNpaBsio-
MM KOMMUTETOM, OOMOJIHWAW AOKNaAbl 3amMAMpeKTopa

on mice and rats is studied. After the excursion he
answered questions of the audience online.

“Multi-Universe” of the festival GEEK PICNIC
Online united many visitors among whom were phys-
icists and fans of computer games, scientific popular
bloggers and experts in game industry. For JINR it was
a good opportunity to demonstrate a wide range of
scientific research and its achievements.

On 1 July, the 26th meeting of the Coordination
Committee on the implementation of the Agreement
between the German Federal Ministry of Education
and Research (BMBF) and JINR was held as a
videoconference.

JINR Director V. Matveev, who headed the JINR del-
egation, noted in his welcoming speech special impor-
tance and rich history of the cooperation with BMBF,
as well as the importance of the joint training of staff.

The German delegation was headed by BMBF Co-
ordinator for cooperation with JINR J.Kroseberg rep-
resenting the BMBF Department “Universe and matter”
and included co-speakers G.Ropke (University of Ros-
tock), F.Schilling (Karlsruhe Institute of Technology),
F. Schreiber (University of Tubingen), K.-D. Gross (GSl),
P.Senger (GSI), O.Kuhnholz (DESY), T.Ueltzhoffer

(DESY) and A.Verma (German Aerospace Centre —
DLR).

First JINR Vice-Director G.Trubnikov in his intro-
ductory report on the strategic view of the future co-
operation highlighted the main priorities and expecta-
tions of JINR: the development of the formal status of
Germany in JINR, search for new ways of cooperation,
tools for attracting and supporting the scientific youth,
as well as deepening of cooperation under the mega-
science project NICA. He also proposed to German
colleagues to consider the full membership in JINR in
the future as a format corresponding in practice to the
current state of the cooperation and noted other op-
portunities for joint consideration: information centres,
programmes for improving qualification for leaders of
science and higher education, etc.

The leader of the NICA project V.Kekelidze de-
voted his report to the state of the cooperation within
the NICA and FAIR projects and its further prospects.

J.Kroseberg presented a report about a new for-
mat of bilateral interactions in three main directions,
each with its managing committee. The first field is the
continuation of the Heisenberg—Landau programme.
BLTP Deputy Director N.Antonenko and G.Ropke
from the University of Rostock reported on it in de-
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JITO H. B. AHvTtoHeHko u I, Ponke (YHueepcuteT PocToka)
no NepBOMY HarnpaBfiEHUIO — 3TO NPOJOJIKEHWUE MPO-
rpammbl «lensenbepr—/lanpay». Paclimperuve Tematu-
KW COBMECTHbIX UCCNef0BaHWi B 06NacTH HEUTPOHHOM
duaukn npegnoxkunu O. LLunnunr (TexHonoruueckun
uHcTuTyT Kapncpya) v agupektop JIHO B.H.LlBseuos.
Tpetbe, camoe OOWMPHOE HanpaBfeHWe CBA3AHO C
NPUB/IEYUEHUEM W MOLALEPXKKOM MONOAbIX YUEHbIX B
paMKax COBMECTHbIX WCC/Ie40BaTENIbCKMX MPOEKTOB
(nporpammbl YuebHo-HayuHoro ueHntpa OUSAU, mono-
nexkHble wkonbl OMYC, nporpamma JEMS u psg ppy-
TMX MOJIOLEXHbIX Hay4HbIX MEPOMPUATUN).

B noBectky 3acefaHusi KOMMUTETa TaKXXe BOLUJIM
npeseHTauMu HaydHbix nabopartopurt OUAU. O Bos-
MOXHOCTSIX Koonepauuu no bairkanbckoMmy HEWTpWH-
HOMYy TENIeCKOMy pacckasas 3aMecTWTeslb SUpeKTopa
JIAN O.B.HaymoB, uoeM O COBMECTHbIX WCClefoBa-
Huax ¢ JlabopaTtopuel panuaLMOHHOM BUONOTUK W3-
noxun ee pupektop A.H.bByrai, BoamoxkHocTH ans
Monoppix ydeHbix B JIAP o3Byuun samectutenn Aou-
pektopa nabopatopuu A.l.Toneko, Jlabopatopuio
MH(POPMALMUOHHbBIX TEXHONOMMK NPEeACTaBU LUPEKTOP
JINT B. B.KopeHbkos.

3acepanuto komuteta BMBF—OUAN npepwecteo-
BaJIO NPOBEAEHWE ABYCTOPOHHUX OHJIANH-0OCYKAEHWH
B (popmaTte Kpyrioro cTosa, Ha KOTOpbix npopaba-
TbIBA/IUCb MEPCMNEKTUBbI PA3BWUTUS COTPYAHMYECTBA MO
NPUB/IEUEHUIO MOJIOLbIX Hay4HbIX KafpoB, OpraHu3a-
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umn wkonbl JINR—GSI/FAIR, pacluvpeHuio nporpam-
Mbl HEWTPOHHbIX UCC/Ie[OBaHWM, MOWUCKY MyTEeW COTPYA-
HWYecTBa B (PU3MKE acTpoyacTvl U B pamMKax OAHOro
u3 knouesbix npoektos OUAN — Baikal-GVD. Psg
BOMPOCOB W MHULUMATHUB ocBelanca penerauvern ONAN
Ha 3acefaHuh POCCUWCKO-TePMaHCKOM KOMWCCHMU MO
HayYHO-TEXHUUYECKOMY COTPYAHMYECTBY 25 WIOHS, U KX
obcykaeHne (PaKTUUECKHU MPOLOJIKUIOCL B pPaMKax
HaCTOSILLEro 3acefaHus.

tail. F. Schilling (Karlsruhe Institute of Technology) and
FLNP Director V.Shvetsov presented information on
joint research in the fields of neutron physics. They
also suggested to expand the scope of joint research.
The third one is the most extensive cooperation field
in the framework of the new format, namely, the at-
traction and support of young scientists under joint
research projects on a wide scope of joint work (pro-
grammes of the JINR University Centre, AYSS schools
for young scientists, the JEMS programme, and some
other scientific events for young specialists).

The agenda of the meeting included presenta-
tions by the JINR scientific laboratories. DLNP Deputy
Director D.Naumov told participants about coopera-
tion in the framework of the Baikal Neutrino Telescope.
LRB Director A.Bugay shared ideas for cooperation
with the Laboratory of Radiation Biology. FLNR Deputy
Director A.Popeko reported on the opportunities for
young scientists in the Flerov Laboratory of Nuclear
Reactions. LIT Director V.Korenkov represented the
Laboratory of Information Technologies.

The meeting of the BMBF—JINR Committee was
preceded by a set of bilateral online discussions in
a round-table format. Their participants worked out
prospects for cooperation development on a wide

scope of issues: attraction of young scientists, orga-
nization of the JINR—GSI/FAIR school, expansion of
the programme of neutron research, search for ways
of cooperation in astroparticle physics and within one
of the key JINR projects — Baikal-GVD. Some strate-
gic issues of the cooperation and JINR initiatives were
reported on by the JINR delegation at the meeting
of the Russian—German joint commission on scientific
and technical cooperation on 25 June. In fact, these
discussions were continued during the present BMBF—
JINR Committee meeting.




JOBUNEN
JUBILEES

YA — 50!

KypHany «Dusmka snemeHTapHbIX 4acTULL M aTOMHO-
ro sapa» (94AS) ucnoaHmaoce 50 Aet! ITOT cTaswwui
WMPOKO M3BECTHbIM B MWMPOBOM HAy4HOM COODLWecTBe
XKypHaa ObiA - yupexaen u n3paetcs OObeAMHEHHbIM WH-
CTUTYTOM SiAepHbIX MccaeroBaHuin (OMAN) ¢ 1970 .

[NosiBAEHME HOBOrO XypHaaa 6bIAO cBsi3aHO C Oyp-
HbiM pasBuTnem B 1960-x rr. MCCAeAOBaHMIA B 0BAACTU
PU3MKM SAEMEHTAPHbBIX HacTML, KOTAA BblAAKOWMMMUCA K-
3MKaMKu-TeopeTUKamMn Mupa (B TOM YMCAE B 3HAUYMTEAD-
HOM CTerneHW B TPyAaxX yueHbiXx AyOHbI) ObIAM 3aA0XKeHbI
OCHOBbI KBAHTOBOW XPOMOAMHAMMKM KakK KaAMOPOBOYHOWM
TEOPUM CUAbHBIX B3aMMOAENCTBUI M CTaHAAPTHOW MOAEAM
SAEMEHTaPHbIX YacTuL.

B 3T1 roabl Hapsiay C NPOPbLIBHBIMKU TEOPETUYECKMMM
MCCAEAOBAHMAMM CO3AABAAMCH HOBbIE YCKOPUTEAbHbIE LIEH-
TPbl, CTPOUMAUCH MEPBbLIE KOAAAMAEPbI HaCTULL M YHUKAAb-
Hble 3KCMEePUMEHTAAbHbIE YCTaHOBKM. B Te xe roabl ¢u-
3MKa HEATPUHO — HaMMEHEe M3YYEHHbIX SAEMEeHTapPHbIX
4acTMl — CTaAa MPEAMETOM  3KCMEPUMEHTAAbHbIX MUC-
CAEAOBAHMIA M OblAa BbIABMHYTA MA€A CO3AAHWUSA KPYMHO-
MaCWTaOHbIX MOA3EMHbBIX W TAYOOKOBOAHbBIX HEATPUHHbIX
YCTAHOBOK — HblHE LIMPOKO M3BECTHLIX B MUPE HEMTPUH-
HbIX TEAECKOMOB.

B obaactn aaepHoit PU3MKKM HamboAee aKTyaAbHbIMU
CTaAM MOAYYEHME U UCCACAOBAHWS CBOWMCTB SIAEP, YAAAEH-
HbIX OT 0DAACTM CTaOMALHOCTU, BKAKOYASA M CBEPXTSAXKEAblE
fApa. SIPKUM  AOCTMXKEHMEM CTaAO OTKPbITME Cynepae-

(POPMMPOBaHHbBIX COCTOSIHMIA cTabuAabHOCTU. [lporpamma
MCKYCCTBEHHOTO CMHTE3a CBEPXTSKEAbIX 3AEMEHTOB Ha
0ase YHMKaAbHbIX, CO3AABAEMbIX AASl 3TUX MCCAEAOBAHWA
M30XPOHHBIX LIMKAOTPOHOB M YCTAHOBOK C My4kKamu pa-
AMOAKTMBHBIX FAep MpocAaBuAM AyOHy. CyllecTBeHHbIN
nporpecc 6bIA AOCTUIHYT B CO3AAHMM MMKPOCKOMUYECKOWM
TEopuUM aApa.

OAHOBPEMEHHO HEe MeHee aKTMBHO pa3BMBaAach (u-
3MKa KOHAEHCMPOBAHHbLIX CPEA, BEAMCb MCCAEAOBAHMS MO
paAMaUMOHHOR BUMOAOTMM U MEAMUMHE, B TOM 4YUCAE C
MCMNOAb30BaHMEM MY4YKOB HEMTPOHOB YHUKAAbHOIO AyD-
HEHCKOTO  MMMYABCHOTO HEMNTPOHHOIO peakTopa. Jkcne-
PUMEHTAAbHbIE MCCAEAOBaHMS TPeOOBAaAM CO3AAHWS HOBbIX
yCKOpUTeAEH 3apsKeHHbIX YacTULL M METOAOB perucrpa-
UMK BCEX BMAOB MOHM3UPYIOWMX M3AYYEHWUI, HOBbIX METO-
AOB cOopa 1 00paboTKM AAHHbIX.

Bce 3T HanpaBAeHWsi BO BCEM WX MHOroobpasum
BXOAMAM B MPOrpamMmy Hay4Hbix mnccaeaosaHuin OUAN. U
TeM oYeBMAHee OblAa HEOOXOAMMOCTb OpraHM3aumm Hayy-
HOIO >KypHaAa, KOTOPbIA MMeA Obl 3HLMKAONEANYECKMH
XapakTep, OCBellast Pe3yAbTaTbl MOAOOHBIX MCCAEAOBAHUM,
nposoanmbix B OUAN u apyrux aabopatopusx mupa. Tak
BO3HMK >XypHaA DYAS, KOTOpbIM B AaAbHEWIIEM COAER-
CTBOBAA Pa3BUTMIO BCEX Hay4HbLIX HanNpaBACHWIA B MCCAe-
AOBaHusX, npoBoanmMbix B OUAN, OT dyHAaMEHTaAbHBIX
M Cyrybo TeopeTMyeckmx AO MPUKAAAHbIX. 3a npolleAllme
50 A€T XypHaA BHEC 3HA4MTEeAbHbIM BKAAA B (DOPMMPO-

PEPAN is 50!

The journal “Physics of Elementary Particles and
Atomic Nucleus” (PEPAN) is 50! This journal has become
widely popular in world scientific community; it was in-
stituted and has been published by the Joint Institute for
Nuclear Research (JINR) since 1970.

The institution of the new journal was connected
to rapid development in the 1960s of research in the
field of elementary particle physics, when outstanding
theoretical physicists of the world, including to a consid-
erable degree in the works of Dubna scientists, laid the
foundation of chromodynamics as a calibration theory of
strong interactions and the Standard Model of elementary
particles.

In those years along with breakthrough theoretical
research new acceleration centres were established, first
particle colliders and unique experimental facilities were
constructed. The physics of neutrinos — the least studied
elementary particles — became the subject of experi-
mental research; the idea of construction of large-scale
underground and underwater neutrino facilities was pro-
posed. Now neutrino telescopes are widely known in
the world.

In the field of nuclear physics the production and
studies of properties of nuclei far from the stability re-

gion, including superheavy nuclei, became most topical.
The discovery of superdeformed states of stability was
a bright achievement. The programme of artificial syn-
thesis of superheavy elements on the basis of unique,
developed for this research, isochronous cyclotrons and
facilities with beams of radioactive nuclei made Dubna
famous. Considerable progress has been achieved in es-
tablishing the microscopic theory of nucleus.

At this time physics of condensed matter was actively
developing, research was conducted in radiation biology
and medicine, including the use of neutron beams from
the unique Dubna pulsed neutron reactor. Experimental
conditions demanded the development of new acceler-
ators of charged particles and methods of registration
of all types of ionizing radiation, new methods of data
collection and processing.

All these directions in their great variety were in-
cluded into the programme of scientific research at JINR.
The necessity of organizing a scientific journal that would
have an encyclopedic character and describe results of
such studies at JINR and other laboratories of the world
was obvious. So, the PEPAN journal appeared; it promot-
ed the development of all scientific directions in studies
held at JINR, from fundamental and theoretical to applied




BaHME W pa3BMTME COBETCKOM M 3aTeéM POCCUMICKOM LIKO-
Abl (PYHAAMEHTAAbHbIX (PU3NYECKMX MCCAEAOBAHWUI B WX
TECHOM M MHOrOOOpasHOM B3aMMOAEHCTBUMM C HAYYHbI-
MU WIKOAAMM CTpaH-y4acTHUU MHCTUTYTa M C MMPOBOWA
HayKON.

MHorue BbiNyCckM Hawero >KypHaaa CTaHOBMAWMCbH Ha-
CTOAbHBIMM KHUIFAMM MCCAeAOBaTeAen He ToAabko B OMAN,
HO M BO MHOIMX Hay4HbIX LeHTpax mupa. Ocobyio poAb
KYPHAA CbhirpaA B YKPENAEHWM Hay4yHOrO COTPYAHMYeCTBa
cTpaH-ydacthmu OMAN. N B peaakUMOHHOW KOAAErMU, U
CpeAn aBTOPOB ODO30POB MOCTOSIHHO MPUCYTCTBYIOT (hu-
3MKM M3 3TUX CTpaH. [loapobHble 0630pbl MO  CambiM
COBPEMEHHbIM AOCTMXXEHUAM TEOPETUHECKMX M IKCMepu-
MEHTAAbHbIX MCCACAOBAHWI, MO (PU3MKE YCKOPUTEAEH, UM-
MYAbCHbIX PEAKTOPOB, HEMTPUHHBIX YCTAaHOBOK, METOAMKE
aKCrnepumeHTa, cbopa u 0OpabOTKM ero pe3yAbTaToB $iB-
ASIOTCS YPE3BLIYANHO MOAE3HbIMWU AASI MOBbIWEHNS KBaAW-
PUKALMM MOAOABIX YHYEHbIX U MHXKEHEPOB.

C camoro Havara DYAS npeaHazHavancs AAS MyOAM-
KaumMn OB30pHbIX CTaTel M BbIXOAMA 4 pas3a B roa. OH
ObIA CO3AaH MO MHMUMATMBE BbIAAIOWErOCH COBETCKOrO
(pm3nka n matemaTmka akaaemmnka Hukonas Hukonraesnua
boroAloboBa, KOTOpbI ObIA Ha3Ha4eH TFAABHbIM PEAaKTO-
pom XypHana. Ero 3amectuteasmm crtaam A.M.bananH,
Hryen Ban Xbey n B.TI.Conosbes. C MOMeHTa OCHOBaHMS
A0 2012 r. OTBETCTBEHHbIM CEKpeTapem >ypHaAa OblA
IM.C.Mcaes. Akasemunk H.H.Bboroaio60oB 6biA rAaBHBIM pe-
AakTopom A0 1992 r. Aanee ao 2001 r. peaakUMOHHYIO
KOAAETMIO BO3IAABASIA aKaAeMMK AAeKCaHAP MuxaiAoBMY

IOBUNEN
JUBILEES

baranmn. C 2001 no 2014 r. raaBHbIM PEAAKTOPOM
ObIA akaseMuk Baaanmmump Tleopruesmy  Kaablwesckuin. B
2014 r. ero CMeHMA Ha MOCTY TFAABHOFO PeAaKTopa AM-
pektop OUAN akasemmk Buktop AnaToAbeBM4 MaTbees.

B nybankyembix B IHANA ob630pax oTpaxaioTca akTy-
aAbHble MPOOAEMbI TEOPETUYECKOM M 3KCMNEepUMEHTAAbHOM
(PU3MKM SAEMEHTAPHBIX 4acTML M aTOMHOIO siapa, (hu3u-
KM KOHAEHCMPOBAHHbLIX CpeA, paccMaTpuBaloTCs BOMPO-
Cbl CO3AAHMSI HOBbIX YCKOPUTEAER M 3KCMEPUMEHTAAbHbIX
YCTQHOBOK, aBTOMaTM3aumn 0OpabOTKM 3KCMepuMEeHTaAb-
HbIX AaHHbIX, BOMPOCbI 3KOAOTMM W  PaAMOOMOAOTMM 1
MOrPaHNYHbLIX NPOOAEM HayK O >XM3HW. AAa MyOAMKaumm
NPUHUMAIOTCA 0030pbl KaK Ha PyCCKOM, TaK M Ha aHrAWRA-
ckom s3blkax. C 1977 r. BbIXOAMT MO WeECTb BbIMYCKOB B
roa. KypHaA nNepeBOAMTCS M M3AAETCA HA  AHTAMICKOM
f3blke M3AaTeAbCKOW Komnanuein Pleiades Publishing u
pacnpocTpaHaeTcs M3AaTeAbCTBOM Springer. YA nHaek-
CUPYETCA B OCHOBHbIX MEXAYHapOAHbIX 6a3ax uMTMpoBa-
Hus, BKAlodasi Scopus n Web of Science.

Otmeyvas 50-AeTHui 106MAeln >KypHana DYAA, peaak-
LUMOHHAs KOAAErMsi BblpaxKaeT TAyDOKylo ©OAaroaapHoOCTb
BCEM aBTOpaM, YMTaTeAsIM, PeAaKTOpaM W peuleH3eHTam!
Ocobaa npu3HaTeAbHOCTb M3AaTeAbCKOMY oTaeny OMAN
3a OOABIWION TPYA M HEM3MEHHO BbICOKOE KayeCcTBO Bbi-
nyckoB! JKenaem xypHaay «Du3mka dAeMeHTapHbIX Ya-
CTML M aTOMHOTO SIApa» AAAbHEMIIEro PasBUTUS U HOBbIX
ycnexos!

Peakoanernsi xypHara YA

research. For the past 50 years the journal made a con-
siderable contribution to establishing and development
of the Soviet and Russian school of fundamental physics
research in their close and diversified interactions with
scientific schools of the JINR Member States and world
science.

Many issues of the journal became indispensable
guides for researchers not only at JINR but in many sci-
entific centres of the world. The journal played a special
role in strengthening scientific cooperation of the JINR
Member States. Physicists from these countries are con-
stant members of the Editorial Board, and among them
there are always authors of reviews. Detailed reviews on
the latest achievements of theoretical and experimental
research, accelerator physics, pulsed reactors, neutrino fa-
cilities, experimental methods, collection and processing
of data are very useful for improvement of qualification
of young scientists and engineers.

From the beginning PEPAN was meant for publica-
tion of review papers and was issued four times a year.
It was established on the initiative of the outstanding
Soviet physicist and mathematician Academician Nikolai
Nikolaevich Bogoliubov who was appointed Editor-
in-Chief of the journal. Deputy Editors-in-Chief were
A.M.Baldin, Nguyen Van Hieu and V.G.Soloviev. From
the establishment time to 2012 the Assistant Editor of

the journal was P.S.Isaev. Academician N.N.Bogoliubov
was Editor-in-Chief up to 1992. Then the Editorial Board
was headed by Academician A.M.Baldin. From 2001 to
2014 Editor-in-Chief was Academician V.G.Kadyshevsky.
In 2014 he was succeeded by JINR Director Academician
V.A.Matveev.

The reviews published in PEPAN discuss urgent is-
sues of theoretical and experimental physics of elementa-
ry particles and atomic nucleus, condensed matter phys-
ics, development of new accelerators and experimental
facilities, experimental data processing, problems of ecol-
ogy and radiobiology, and related aspects of life science.
Reviews both in Russian and in English are accepted for
publication. Since 1977 six issues are published annual-
ly. The journal is translated and published in English by
Pleiades Publishing and is distributed by Springer. PEPAN
is indexed in the main international citation bases, in-
cluding Scopus and Web of Science.

Celebrating the 50th jubilee of PEPAN, the Editorial
Board expresses deep gratitude to all authors, readers,
editors and reviewers! Special acknowledgement is for
the JINR Publishing Department for the great efforts and
high quality of issues! We wish the journal “Physics of
Elementary Particles and Atomic Nucleus” further prog-
ress and new success!

Editorial Board of PEPAN




HAYYHOE COTPYOHMYECTBO

20—21 anmpeas 8 AOBD B peskume BuA€OKOHDe-
peHIuM IPOXOAUAO J-€ KOAAAGOPaLOHHOE COBe-
manve skcnepumenta BM@N na ycranoske NICA.

B xoae coBemaHnsa OBIAM PACCMOTPEHBI IIO-
CAGAHNE Pe3yAbTAThl, OAYYEHHBIE C MCIIOAB30Ba-
Huem mydkoB C m Ar. OCHOBHOe BHMMAaHHUE yAe-
ASIAOCH AQHHBIM, HAaOpPaHHBIM B YTAE€POA-SAEPHBIX
B3aMMOAENCTBUAX, AASL IIOATOTOBKYM K IIyGAMKALMN
B pedpepupyemMbIX KypHaAaX, a TakKe 06CYKAAA-
CSL CTAaTyC Pe3yAbTaTOB, IIOAYYEHHBIX NPV aHAAU-
3¢ AAHHBIX IO aprOH-IACPHBIM B3aMMOACHCTBUAM.
BbiAn paccMOTpeHBI MAAHBI IO IPOBEAEHMIO UCCAE-
AOBaHMIT B o6racTy (puauMky TsAKeAbIX MOHOB. Ha
otAeabHOM 3acepanny 20 anpeast 06CyKAAAUCH OP-
raHM3aMOHHbIe BONPOCHI KoAraGopanun BM@N.

23—24 anpeas 8 AOBD B popmare OHAANH-KOH-
(epennuu pa6otaro y-e KOAAAGOPALMOHHOE COBe-
manne sxcnepumenta MPD na ycranoske NICA.
OCHOBHOJ 1jeABIO BCTpeuyu Oblra OLEHKA YPOBHS
TOTOBHOCTYM AETEKTOpa, BKAIOYAs pa3paboTKy mpo-
rpaMMHOTO obecmedennusi, 06Cy>kAeHue (uande-
CKMX 3aAa4 U Pe3yAbTAaTOB, MOAYYEHHBIX KOAAAGO-
panueir, a Takyke PacCMOTPEHME TEKYyIUX OpraHu-
3anMoHHBIX Borpocos MPD.

SCIENTIFIC COOPERATION

Cosemjanne BKAIOYAAO B cebs ceccuyu mo ¢u-
3MKE U MO0 TOTOBHOCTM AETEKTOPA, OTKPBITBIE AAS
BCEX y4YaCTHMKOB Koarabopaymu MPD, a raxske
3aKpbITOE 3aCeAaHye PYKOBOASIIETO COCTABA KOA-
Aabopanuu MPD.

15 uroHs B peskyMe BUAEOKOH(EpPEHIMU COCTO-
SAOCH paCIIMPEeHHOe COGpaHme COBETA 3€MASIECTB,
B KOTOPOM HPWMHAAM y4acTHe NPEACTABUTEAN AM-
pexunn OMSIM, crpaH-y4acTHNI], PYKOBOAUTEAMN
3eMASYECTB ¥ HOApasAerennit VucTuryra.

C OpuBETCTBEHHBIM CAOBOM K y4aCTHMKAM 00-
patuacsa aupekrop OVISIM B. A.Marsees. On mo-
6AaropapuA MPUCYTCTBYIOMMX 3a AKTUBHYIO paboTy
U MOAYEPKHYA, 9TO PYKOBOACTBO JHCcTuTyTa mpwm-
Aaraer BCe yCUAMS, 4TOGBI CO3AATH aTMOChepy, KO-
TOpasi momMoraira Obl IPEACTABUTEASIM CTPAH-yYacT-
HUI] 9yBCTBOBATH Ce0s1 KOMPOPTHO BAAAU OT AOMA.

I'. CtuopoB BBICTYmMA € OTYETHON IpPe3eH-
Tanueil 0 XOAe peaamsanuyu mpoekTa kay6a MCZ,
B o6cyskAeHNM UTOTOB 9TO pabGOTHI HPUHIAM Yda-
ctue unreHsl auperuyuu OVISAV, mpeacraButean ps-
Ad TMOAPA3AEAEHNUN M PYKOBOAUTEAN 3€MASIECTB.

PesyabraTel aHKeTMPOBAHMA 3EMAAYECTB IO
BOIPOCAM IPeOBIBAHMS HEPOCCUICKUX COTPYAHMU-
koB B OV npeacTaBMA MOMOLIHMK PYKOBOAWTE-

On 20-21 April, the 5th collaboration meeting
of the BM@N experiment at the NICA facility was
held via videoconference at VBLHEP.

At the meeting, the recent results obtained
with C and Ar beams were discussed. The main
focus was on the data collected in carbon—nucleus
interactions for preparation for publication in a
refereed journal, as well as the status of the results
obtained in the data analyses of argon—nucleus in-
teractions was discussed. The plans for research
in the field of heavy ion physics were reviewed.
Organizational issues of the BM@N Collaboration
were discussed at a separate meeting on 20 April.

On 23—24 April, the 5th collaboration meet-
ing of the MPD experiment at the NICA facility
was held at VBLHEP in the format of an online
conference. The main purpose of the meeting was
to assess the level of detector readiness, including
software development, discussion of physics tasks
and results obtained by the collaboration, as well
as consideration of current organizational issues
of MPD.

The meeting included sessions on physics and
detector readiness open for all MPD collaborators,
as well as a closed meeting of the MPD collabora-
tion leadership.

On 15 June, an extended meeting of the nation-
al groups was held as a videoconference, in which
the representatives of the JINR Directorate, the
Member States, heads of national groups and divi-
sions of the Institute took part.

The JINR Director V.Matveev addressed the
participants with a welcoming speech. He thanked
those present for their active work and stressed
that the leadership of the Institute is making every
effort to create an atmosphere that would help the
representatives of the participating countries feel
comfortable away from home.

G. Stiforov made a summary presentation about
the progress in the implementation of the MC? Club
project. Members of the JINR Directorate, repre-
sentatives of several divisions and heads of national
groups took part in the discussion of the presented
results of this work.



HAYYHOE COTPYOHMYECTBO

A1 VHOPuMC B. XmearoBcku. 125 corpyaHukam
Oblra HampaBAeHa aHKeTa, cocrosmas u3 25 Bo-
IIPOCOB, Ka>KABI M3 KOTOPBIX OTHOCHACHA K OIpe-
AeAeHHOM cdepe aesTeabHOCTH: MHDOpMAUMs 06
OMN B Bameit cTpaHe, OPOLEAYphI Bble3Aa M3
crpaubl Ha pa6ory B OVISIU, mpoxoaHble Ha Tep-
puroputo VlHcTuTyTa, pabGodee MecTto, MCCAEAOBa-
TEABCKAsl YCTAaHOBKA, CTOAOBasi u Oydersl, OTHO-
LIeHNSA C APYTMMM COTPYAHMKAMM, 3apraarta, IHo-
BBILIEHNE KBaAM(DUKALUY, MCIOAB30BAHNE IPAHTOB,
MeCTO NPOSKMUBAHUSA, ACTCKME YIPEKAEHUA, MeAOD-
CAY>KMBAaHNeE, MEHCHMOHHOE CTPaxOBaHMe M HAAOTH,

SCIENTIFIC COOPERATION

KYABTYPHAs SKM3Hb U CIIOPT U T. A. DbIAM TOAYYEHBI
6oaee 2,5 ThIC. OT3BIBOB, KOTOPbIE TPEACTOUT TPO-
AHAAM3VPOBATH.

C wundopmanmeit pykoBoacTtBa Mucturyra o
npasanoBauuu 65-retus OVIAWM u mpepcrosmem
sacepanvn KIIIT seicrymua A. B.Kamanun. 3aech
ske ObIA 3aTPOHYT BONPOC HATOAHEHWS HOBOCT-
Horo cairta OVIAM. TI'aaBHbI y4eHbI CcekpeTapb
A.C.Copun mpusBar MHCTUTYTCKOE COOOUIECTBO
CIOCOGCTBOBATH HAMTOAHEHUIO U YCUAEHMIO MHDOP-
MAIOHHOTO MOASL O AessTeabHOCTM VMHCTUTYTA.

JlaGoparopust ¢usnku BeIcOKUX dHepruit nm. B. 1. Bexcnepa

n A.M. banjuna, uione. Y4acTHUKHE paboT 110 MOHTa)XXy Maruura jgerekropa MPD

TR}

The Veksler and Baldin Laboratory of High Energy Physics, July. Participants of the assembling of the MPD detector magnet

The results of a survey carried out among
members of national groups on the issues of stay of
non-Russian staff members in JINR were present-
ed by the Assistant to Head of the JINR Science
Organization and International Cooperation Office
W.Chmielowski. 125 staff members were sent a
questionnaire of 25 questions. Each question was re-
lated to a particular area of activities: information
about JINR in your country, procedures of leaving
your country to work at JINR, checkpoints, work-
place, research facilities, canteens, relations with
other employees, salary, professional development,

2]

use of grants, place of living, organizations for chil-
dren, medical care, pension insurance and taxes,
cultural life and sports, etc. More than 2.5 thou-
sand reviews were received for further analysis.

D.Kamanin presented information of the
Institute Directorate about the celebration of the
65th anniversary of JINR and the upcoming CP ses-
sion. The issue of filling the JINR news website was
also raised here. JINR Chief Scientific Secretary
A.Sorin called the Institute community to contrib-
ute to the scope and strengthening the information
field about the activities of the Institute.




18 wutoHs cocrosics cemunap Jlabopamopuu paou-
ayuonnoii ouonozuu u Jlabopamopuu unghopmayuon-
HbIX MEXHON02UIL, TIOCBSILEHHBII COBMECTHOMY MPOEKTY,
HaTIpaBICHHOMY Ha CO3[aHWe WH(POPMAIMOHHOW CHCTE-
mbl (MC) mi1st aHanmi3a 1MoBeACHYECKUX U matoMopgosio-
IMYECKMX M3MEHEHHUI B IICHTPAILHON HEPBHOH cucTeMe
TIPH WCCIICNOBAaHUH PE3yIETaTOB BO3JCHCTBUS WOHU3H-
PYIOIIETO M3IY4YCeHUS U IPYTUX (PaKTOpOB HA OHOIOTHYe-
CKHe 00BbEKThI. Vess COBMECTHOrO MpoeKTa BO3HHUKIIA Ha
OCHOBE 3a/1a4, CTOSIIIUX IEPEe/l CEKTOPOM PaIHalliOHHON
¢usuonorum JIPb OUSUN, nns 3¢G¢heKTHBHOTO pelIeHuUs
KOTOPbIX W BO3HHKJIA HeO6XO[ll/IMOCTI) IPUBJICUCHUA CO-
BpemeHHBIX UT-pemennii. IC co3maercs Ha 0a3e rere-
poreHHO# BeramcIHTENbHON TaTdopmer HybriLIT (JIUT
OUN), umeromieil B CBOEM pacIopsKEHUH KaK CpeicTBa
JUISL pa3pabOTKH TaKUX CHCTEM, TaK U MOIIHBIEC BBIYHCIIN-
TEJBHBIC PECYPCHI CYTIEPKOMITBIOTepa «[ OBOPYHY.

B pabore cemuHapa, IMPOBEJCHHOTO B YyAAJCHHOM
dbopmare, npuHsuM yuactre Oosee 70 4YeNIOBEK, Kak CO-
tpynHukoB JIUT u JIPB, Tak u cneunanuctos u3 [epmanum,
IlIBeiiapuu 1 Jpyrux CTpaH.

Ha cemunape ObUIM TpeACTaBiCHBI LIECTh JIOKIa-
JIOB, TEMBbI KOTOPBIX MOYKHO Pa3JeJUTh Ha TPU TPYIIIHI:
1) pagmoOnonormuecKrue HMCCISNOBAHUS M METOOBI 00-
pa60TKI/I MOJYYCHHBIX OKCHIECPUMCHTAJIBHBIX JaHHBIX

CEMWHAPHI
SEMINARS

(moxmamunkn — WM. A. Konecunxona, 1O.C. CeBeproxuH);
2) apXUTeKTypa MPOEKTHPYeMOi HH(POPMALMOHHOH cu-
crembl (moxmamunkn — lO.A.Byrenxo, /1. M.Mapos);
3) pa3paboTka anropuTMOB Ha 06a3e KOMIBIOTEPHOTO 3pe-
HUSL ¥ Ha OCHOBE TEXHOJIOTWH TTyOOKOTo 00yueHwus (10-
knaguuka — A.B. Cragauk, A. C. Bynaro).
[IpencraBneHHble NOKIAABI JOCTATOYHO MOAPOOHO
OCBETHJIM CyTh JESITENLHOCTH pabo4yux Tpyil, chopMu-
poBaM TpeACTaBICHHE Yy Clyliareiaed o pabodeM mHpo-
mecce, aKTyaJbHOCTH 3aJad, BO3HUKAFOIIUX TPYIHOCTSIX
U crocobax ux mpeonponieHuA. JloKiIanel pagrnoOnoIoroB
MOYKHO NPUPABHATb K BUPTYaJbHON JKCKYpCUU: OIMCaA-
HBI O0IIIME CXEMBI SKCIIEPUMEHTOB, 3Tallbl HCCIIEIOBAHNH,
TIPAMEHSIEMBIE CTIOCOOBI aHAN3a JaHHBIX, TPUMEPHI TIPO-
MEKYTOUHBIX 1 KOHEUHBIX pe3yIbTaToB. B qokmanax Obumn
MIpe/ICTaBIeHBl pa3padoTaHHasl KIMEHT-CepBepHasl apXu-
TEKTypa MPUIOKEHH U CIPOCKTHPOBAaHHAS 0a3a TaHHBIX,
MPOTOTHIT TIOJIb30BATEIbCKOTO BeO-MHTEpdeiica, OCHOB-
HbIE KOMIIOHEHTHI U MHCTPYMEHTApUi JJIsl BU3yaJIU3aluu
W aHajHM3a JaHHBIX, B3aMMOJICHCTBUS C CHCTEMOW XpaHe-
HUS JAHHBIX JUIS Pa3IMYHBIX TPYII HCCieAoBarenei. B
QITOPUTMHUYECKOM YacTH OBUIO PACCKa3aHO O BO3MOXK-
HOCTH aBTOMAaTH3alll{ MpoIecca BBIACICHUs, CerMeHTa-
WU A KITacCU(PHUKAINN KIETOK TOIOBHOTO MO3Ta Ha M30-
OpaKeHUSIX THCTOJOIMYECKHUX IperaparoB, a B Ka4eCTBe

On 18 June, a joint workshop of the Laboratory
of Radiation Biology (LRB) and the Laboratory of
Information Technologies (LIT) was held online. It was
dedicated to their joint project of an information system
(IS) for analyzing behavioral and pathomorphological
changes in the central nervous system after exposure of
biological objects to ionizing radiation and other factors.
The idea of the joint project emerged from the problems
facing the Radiation Physiology Sector of LRB JINR,
the effective solution of which requires a modern IT in-
frastructure. The IS is being created on the basis of the
HybriLIT heterogeneous computing platform (LIT JINR),
which has both the means to develop such systems and
powerful computing resources of the “Govorun” super-
computer.

More than 70 people, both LIT and LRB employ-
ees and specialists from Germany, Switzerland and oth-
er countries, took part in the seminar, held in a remote
format.

The workshop comprised six reports, which ac-
tually represented three fields: 1) radiobiological re-
search and experimental data processing (I. Kolesnikova,
Yu. Severiukhin); 2) the architecture of the information

system under development (Yu. Butenko, D.Marov); and
3) design of algorithms based on computer vision and
deep learning technologies (A. Stadnik, A. Bulatov).

The reports were concerned with the working groups’
activity and formed an understanding of the work process
among the audience, the relevance of the tasks, and the
arising difficulties and ways to solve them. The reports of
radiobiologists could be equated to a virtual tour show-
ing the layout of the experiments, research stages, data
analysis methods, and examples of intermediate and final
results. The reports on IS development covered the creat-
ed client-server architecture of the application and the de-
signed database, the user web interface prototype, and the
main components and tools for data visualization and anal-
ysis, as well as for interaction with the data storage sys-
tem for different research groups. In the algorithmic part,
the possibility was described of automating the process of
isolation, segmentation, and classification of brain cells in
histological preparation images. The use of different archi-
tectures of deep neural networks was proposed as the main
tool, and a data set consisting of images previously labeled
by LRB experts, where brain cell classes were highlighted



OCHOBHOTO HHCTPYMEHTA MPEIUIarajgoch HCIOIb30BAHUE
Pa3IMYHBIX APXUTEKTYpP ITyOOKMX HEHMPOHHBIX CETEH, JUIst
00yueHHMsI KOTOPBIX CO3/1aH HAOOp TaHHBIX, COCTOSIINHI 13
MPENBAPUTENILHO pa3MeueHHBIX dkcnepramu u3 JIPb uzo-
OpakeHHil ¢ BBIJCICHHBIMH KJIACCAMHU KIIETOK TOJIOBHOIO
MO3ra COIVIACHO THUITY UX HapyIICHHS.

[IpencTaBneHHble B paMKax CeMHHapa pe3ylIbTaThl
COBMECTHOH JIESTEIbHOCTH IOATBEPKAAIOT BO3MOKHOCTD
UX MPUMEHCHUA JIA pCHICHUA 3aAa4d MaTOTUCTOJIOTUN U
HEHPOTHCTOJIOTHH, YTO MOMOKET ITOBBICUTH Ka4eCTBO MO-
JTy49aeMbIX PE3yJIbTaTOB M CKOPOCTh NX MOIYUECHUS 32 CUET
pa3pabOTKU aJropuTMOB, MO3BOJISIOIIMX aBTOMATH3HPO-
BaTh MPOIECCH aHAIN3a JIAaHHBIX.

B pamkax mpoekTa pemaroTcs HpoOIeMbl XpaHe-
HUS SKCHEPHMEHTAJbHBIX MAaHHBIX M JIOCTyNa K HHM.
PaspadateiBacmass IC cMOXET y4ecTh BCE HIOAHCHI pa-
OOTBI COTPYIHHKOB CEKTOpa pajlallMoHHON (hr3nonoruu
JIPB u co3nats ynoOHyr0 HH)OPMAIIMOHHYIO CpeIy, KOTO-
pasd mO3BOJIUT YIPOCTUTH U aBTOMATU3UPOBATH KOMITJICKC-
HBI aHalM3 BCEX MOJNYYCHHBIX JIAHHBIX, HUBEIMPOBATH
pHUCK TOTepH HH(OpMALIHU, 00ECIICUUTh JOITOBPEMEHHOE
XpaHECHUE DKCICPUMEHTAJIBHBIX NJAHHBIX U leO6CTBO J0-
CTyIa K HAM.

Jloknapl BRI3BaIH OOJIBIION HHTEPEC Y CIyIIaTeNeH,
ObLTH 3aJaHBl MHOTOYMCIICHHBIE BOMPOCHI, MPO3BYYAIH

CEMWHAPDI
SEMINARS

MPE/UIOKEHUSI O paclIMpPeHUH WH(POPMAIMOHHON CcHCTe-
MBI JUUISI PEIICHHS IpyTHX 3a/1a4d B 00IaCTH paJinaiioOHHON
O6uonoruu.

CeMuHap 3aBepIIMIN BBICTYIUICHHS aupekropa JINT
B.B.Kopenskosa u qupekropa JIPb A. H. byras co ciosa-
MU MOJIEPKKH COBMECTHOTO IPOEKTA U O MEPCHEKTHBAX
€ro pacIIUpeHus Ha pyrue HaIpaBIeHUs UCCIIEN0BAHUM,
npoBoauMsbIX B JIPB.

C marepuanamMn pabOT y9aCTHHKOB CEMHHApa MOXK-
HO O3HAKOMHTHCS TO cchUIke https:/indico-hlit.jinr.ru/
event/196/.

23 wions B Jlaboparopnu HEUTPOHHOH (QH3HKH CO-
CTOSUICS O0IIEeTad0paTOPHEI MEMOPHAIBHBIN CEeMHHAP
«60 nem nycka peakmopa UbP». CemuHap IPOBOANICS B
KOH(epeHI[-3aJie 1adopaTopyH, a TaKKe, OJHOBPEMEHHO,
B (hopmare BUACOKOH(EPEHIIUH.

Cemunap otkpeun gupextop JIH® B.H.IlIBeros,
KOTOPBIA TIPEJCTaBUJI COOpaBLIMMCSI HEOOJBIIOH HCTO-
puyeckuii 0030p. [upekrop MHCTHTYyTa 3JIEKTPOHUKH
Bonrapckoit AH npodeccop I1.TlerpoB mo3mpaBui co-
TPYAHUKOB J1aOOPATOPUH CO CIIABHOM IaTOM M IOXKemai
HOBBIX BBICOKHMX Hay4YHBIX JTOCTH)KCHUH.

IlepBriii umnynbcHblil peakrop JIH® WBP orkpbul
JUHACTHIO UMIYIBCHBIX peakropoB OMSN, mozxe mpo-

according to the type of their damage, was created to train
the networks.

The results of the cooperation between the two labo-
ratories presented as a part of the workshop are promising
as regards their application to solve problems of pathohis-
tology and neurohistology, which will help to increase the
quality of the obtained results and the speed of their acqui-
sition due to the development of data analysis automation
algorithms.

The project, in particular, addresses the problems of
storing and accessing experimental data. The IS being de-
veloped will be able to take into account all the specifics
of the work of the LRB’s Radiation Physiology Sector and
provide a convenient information environment, which will
simplify and automate the comprehensive analysis of all
the data obtained, minimize the risk of information loss,
and ensure long-term storage of experimental data and
easy access to them.

The reports arose great interest among the audience.
Numerous questions were asked; proposals were made to
expand the information system into solving other prob-
lems of radiation biology.

Speaking at the end of the workshop, the LIT Director
V.Korenkov and the LRB Director A. Bugay supported the
joint project and welcomed the prospects for its expansion
into other areas of research underway at the LRB.

The materials of the workshop are available at https://
indico-hlit.jinr.ru/event/196/.

On 23 June, the all-laboratory memorial seminar “The
60th Anniversary of the IBR Reactor Start-Up” was held
at the Frank Laboratory of Neutron Physics. The seminar
took place in the conference hall of the Laboratory in a
videoconference format.

The FLNP Director V. Shvetsov opened the event with
a brief historical overview. The Director of the Institute
of Electronics of the Bulgarian Academy of Sciences
Professor P.Petrov congratulated employees of the
Laboratory on the glorious date and wished them new high
scientific achievements.

The first pulsed reactor of FLNP launched the dynasty
of JINR pulsed reactors that was continued later by the
IBR-30 and the IBR-2. The high-flux pulsed reactor IBR-
2M currently operating at the Frank Laboratory of Neutron
Physics of JINR with a neutron flux of ~1013 cm=2 - 5!




nowkerayto MBP-30 u UBP-2. [leficTByromuii B HacTosI-
miee BpeMs B Jlabopatopun HenTpoHHOH (r3uxun OWSAN
BBICOKOITOTOYHBIN UMITYIBCHEIN peakTop UBP-2M c¢ mtot-
HOCTBIO TI0TOKA HEHTPOHOB Ha yposHe ~ 1013 cm2 - ¢! k
xoHIty 2030-X TT. HcuepmaeT cBOi pecypc u OyaeT ocra-
HOBNeH. Ha cemmHape ObUT mpencTaBieH TeMaTHYeCKUN
JIOKJIaJ] TI0 KOHIIETIIIMY HOBOTO UMITYJIbCHOTO PEaKTopa Iie-
puoanueckoro neiicteus UBP-4, cyTh koTOpoii cocTouT B
CJIETYIOIIEM: HCTOYHUK PeaIn3yeM, HaJlexeH U Oe301aceH
IIPU MUHHMAJIBHBIX O0BEMaX OIBITHO-KOHCTPYKTOPCKHUX
pabor. OTH YCIOBHS MPEIONaraioT HCIOIh30BaHUE B
TIOJTHOM Mepe y»Ke TOTOBBIX U allpOOMPOBAHHBIX HA JPYTHX
SIIEPHBIX YCTAHOBKAaX TEXHHUYECKUX pelleHuil. [maBHOe
ommmune ot MBP-2 — opraHpl cucTeMBbl YIpaBiICHUS U
3aIUTHl peakTopa OyayT MepeMeIieHbl BHyTPb aKTUBHOM
30HBL. DTO MO3BOJHT MPHUOTU3UTH 3aMEIUTENN HEHUTPO-

Jlaboparopus HeliTporHoU Gusuku um. . M. dpanka, 23 HrOHS.
OO01enabopaTopHbIii MeMOpHaIbHbII ceMuHap «60 et mycka peakropa BP»

CEMWHAPHI
SEMINARS

HOB BIUIOTHYIO K KOPITyCy PeakTopa ¥ IOAHSATh YPOBEHb
3amuThl. Takke cpeny MPEeuMyIIECTB MPOEKTa — BO3-
MOXXHOCTh HCHOJIb30BaTh MOMY/b PEaKTHBHOCTH, pa3pa-
6oTanHBIH 111 MofepHI3UpoBanHOTO MBP-2, 11 9acTs ero
CIIEKTPOMETPOB.

ITo uToram nokiIana u B 3alie, 1 B MHTEPHETE pa3Bep-
HyJnach OuBneHHas muckyccus. B.H.IlIBemoB mo6maro-
JIapyII IOKJIA[9MKa, OTMETUB, YTO BEIOOP NMPOEKTa HOBOTO
HCTOYHMKA HEUTPOHOB yXKe CIeIaH, OJJHAKO K 3TOMY Bapu-
aHTYy, COAEPIKAIIEMY IIEHHbIE HCCIIE0BAHMS, MOXKHO BEp-
HYTBCS B IIOOOH MOMEHT.

B 3aBepiieHne ceMHHapa €ro yJacTHUKH YCIBIIIAIH
TIO3/IpaBIICHAS C IOOMICIHON aToi, mepeaanHble yJacT-
HuKoM co3nanust U mycka BP E.T1. I1labanuabiM, He TTpH-
CYTCTBOBABIIIEM Ha CEMHHApE.

The Frank Laboratory of Neutron Physics, 23 June. The all-laboratory memorial seminar

“The 60th Anniversary of the IBR Reactor Start-Up”

will have exhausted its resource by the end of the 2030s
and will be shut down. At the seminar, a thematic report
was presented on the concept of the new pulsed reactor
of periodic operation IBR-4, the essence of which is as
follows: the source is realizable, reliable and safe with a
minimum amount of development work. These terms pre-
suppose the use of ready-made and tested technical solu-
tions at other nuclear installations in full measure. The
main difference from the IBR-2 is that reactor control and
protection systems will be placed inside the core. This will
allow bringing neutron moderators closer to the reactor’s
body and raise the protection level. Another advantage of
the project is that it is possible to use the reactivity module
developed for the modernized IBR-2 and a number of its
spectrometers.

At the end of the report, the animated discussion took
place in the hall and on the internet. V. Shvetsov thanked

EI

the speaker, noting that the choice of the project for a new
neutron source had already been made; however, one could
return to this version, which contains valuable research, at
any time.

At the end of the seminar, its participants received
congratulations on the jubilee from a participant of the cre-
ation and start-up of IBR E. Shabalin, who was not present
at the seminar.
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24 despans, MekOyHapOOHbII KOMHUTET IO YCKO-
purensam 6ynymero (ICFA), Menso INapk, Kanudophns,
CLUA. Ony6nnkosaHo rnocrtaHossieHdre ICFA o npoekTty
MesknoyHapoaHoro imHenHoro kosangepa (ILC).

e [CFA BHOBb MoATBep:KAAET MEKOyHAapOAHbIE NO-
rOBOPEHHOCTH 10 habpriKe YacTrL X1rrca v BblpaskaeT
noskenanne crpontesiberea ILC B SinoHmn B Heobxonw-
Mbl€ CPDOKH.

e [CFA npu3HaeT yn MpHBETCTBYET MeXKrocymnap-
CTBeHHYyI0 ayckyccrio mexny snonuer, CLIA n espo-
MENVCKMMH TOCyJapCTBaMH MO MeXKAyHapOOHOMY CO-
TpynHn4yecTBy 1o rnpoekTty ILC.

e |CFA oTMeyaeT HEOOXOAMMOCTb MOArOTOBHUTENb-
Horo sTana co3sgaHust siabopatopuu ILC n cTponTtesib-
ctBa ILC B fdnonunu.

e [ICFA nopnep:kvBaeT cO3haHHe MexKAyHapOOHOH
rpyrmnbl mist obecreyeHnsi nepexona K MOArOTOBUTENTb-
HOMY 3Tary.

e MeskOyHapoaHasi rpymnmna AOJi)KHa HaxOAWTbCS B
uentpe KEK, ee pyKoBOOCTBO HOMKHO ObITh BbIGpAHO
nipu copericterun ICFA.

e ['pynna posikHa paspaboTaTrbh IUiaH MOArOTOBH-
TesbHOro 3Tana cTponTtesbeTBa ILC, BRiIoYast TeEXHNYeC-
KY€, OpraHv3alyOHHblE M MpaBHTEJIbCTBEHHbIE acreK-
Tol. [lepen Hel Takske ByneT CTOSATh 3afada MOHUMaHHsI
MEpPOMPHSTHI N PECYPCOB, HEOOXOAMMBIX sl MOAro-
TOBHMTEJNIbHOTO 3Tarna. B npouecce pa3spaboTku maHa

OOJTKHBI yYaCTBOBATb 3aMHTEPECOBaHHbIE JTaBopaTopHH
n coobecTBa.

¢ ICFA npennonaraet, 4to pa3paboTka ruiaHa Oy-
IeT 3aKOHYEHa B TeYeHHe MPUMEPHO OJHOI0 rofia, Koraa
MOXKHO OyneT Ha4yaTb MOAroTOBUTENbHbIN aTan mist ILC,
TpH YCJIOBHH, YTO AMNOHHMS BbIpa3UT HaMepeHHe ChaemnaTh
5TO BMECTe C MeXKOYHapOAHbIMU MMapTHEPaMH.

e C yyetom ocyuecTssieHus npoekra ILC B flnonnn
ICFA mnopnep:KvMBaeT 3aMHTEPECOBAHHbBIX YIEHOB COO0-
1wecTBa (PHU3MKKU BbICOKMX DHEPIHH, JabopaTopHK 1 Ha-
pombl B MX COAENCTBHMM M y4aCTHH B 3TOM MOArOTOBKE,
HarpaBsJieHHOM Ha ycriemHoe cosfanue [LC.

EBPOIIA

17 mons1, HaunonanesHas nabopatopus 'pan-Cacco
(INFN), Nitannsa. B skcnieprmente XENONIT no nown-
CKY TEMHOWM MaTepHr HabJofaeTCsl MPeBbIEHNE KOJIH-
yecTBa COOBITHI.

YuyeHble M3  MexkAyHapOOHOW  Kojulabopauun
XENON o06bsiBUnn, YTO [daHHble KX SKCIEpHMEHTa
XENONIT, camoro 4yBCTBHTENIBHOIO 3KCIIEpPHMEHTa
MO MOMCKY TEMHOW MaTepwHM, COAep:KaT HeoxKHraaHHOe
MpeBbIlIEHHE KOJIMYECTBa COObITHI. YUeHble He 3asiBJisi-
0T, YTO OHM OOHapY:KHMJIM TEMHYI0 MaTepmio. Bmecto
STOrO OHM YTBEPIKOAIOT, YTO HABJIIOAAM HEOXKMAAHHBIF
pPOCT COBbITHH, MCTOYHMK KOTOPOrO ele A0 KOHLAa He
orpefenieH. TOT POCT MOXKET ObITb pE3ysIbTaTOM He-
6ONBIIOrO OCTATOYHOIO KOJIMYECTBA TPHUTHs (aTOM BO-

dsA

24 February, International Committee for Future
Accelerators (ICFA), Menlo Park, CA, USA. ICFA
Statement on the International Linear Collider Project
(ILC) has been published:

¢ [CFA reconfirms the international consensus for a
Higgs factory and wishes to see the timely construction
of the ILC in Japan.

e ICFA acknowledges and welcomes the inter-gov-
ernmental discussion between Japan, the United States
and European nations to advance international collabo-
rative activities for the ILC.

e ICFA notes the need for a preparatory phase
ahead of the establishment of the ILC laboratory and the
construction of the ILC in Japan.

e [CFA advocates establishment of an international
development team to facilitate transition into the prepa-
ratory phase.

¢ The development team should be hosted by KEK,
with leadership chosen with the help of ICFA.

e The team would develop a plan for the prepa-
ratory phase for the construction of the ILC, including
technical, organizational and governance issues. It also
would be tasked with understanding the activities and
resources required in the preparatory phase. The pro-

cess of developing the plan should involve the interested
laboratories and community.

e ICFA anticipates that these development activi-
ties could be completed in approximately one year, at
which point it would be possible to launch the prepara-
tory phase for the ILC, provided Japan expresses intent
to do so together with international partners.

e In view of progress towards realization of the ILC
in Japan, ICFA encourages the interested members of
the high energy physics community, laboratories, and
nations to support and participate in these preparations
aimed at the successful establishment of the ILC.

EUROPE

17 June, Laboratori Nazionali del Gran Sasso
(INFN), Italy. Observation of Excess Events in the
XENONIT Dark Matter Experiment.

Scientists from the international XENON collabora-
tion announced today that data from their XENONIT,
the world’s most sensitive Dark Matter experiment, show
a surprising excess of events. The scientists do not claim
to have found Dark Matter. Instead, they say to have
observed an unexpected rate of events, the source of
which is not fully understood yet. The signature of the
excess is similar to what might result from a tiny residual




OOpofa C OOHKWM MPOTOHOM M [OBYMsl HEMTPOHaMH), HO
MO3KeT 6bITb M 3HAaKOM 4Yero-to 6osiee HEOXKMOAHHOTO,
HarpriMep CyLleCTBOBaHMS HOBOM YaCTHLbl, N3BECTHON
KaK COJIHEYHbIM aKCHOH, HJIM CBHAETENIbCTBOM paHee
HEV3BECTHbIX CBONCTB HENMTPHHO.

SkcrnieprmeHT XENONI1T npoBopamsicsi o 3emien
B HauronansHon nabopatopun [pan-Cacco ¢ 2016
no 2018 r. Ero ocHoBHOM LeJbio 6610 0OHapYKeHHe
TEMHOW MaTepHH, KoTopasi cocTaBisieT no 85% Bcem
MmaTepnn BceenenHoi. [oka yyeHblie Habsopany TOJb-
KO KOCBEHHOE€ CBHOETENbCTBO CYIECTBOBaHMsSI TEMHOM
matepmn. Tak HasbiBaemble 4YacTtuubl WIMPs (crnabo-
B3aMMOJENCTBYIOIME MaCCHBHbIE YacCTHLbl) TEOPETH-
YECKH SIBJISIOTCS [TIaBHBIMM KaHAMOAATaMH, M B DKCIIe-
prmente XENONIT ycraHOBneH mnydlny mnpepen Ha
BEPOSITHOCTb MX B3aMMOMENCTBHMS B IUMPOKOM [Oviara-
3oHe macc WIMP-yactny. B akcnepmmente XENONIT
TaKxKe MoKa3aHa YyBCTBHTEJIBHOCTb K pas3JIM4YHbIM TH-
MaM HOBBIX YaCTHL M B3aHMMOLENCTBHH, KOTOPbIE MOTJIH
6bl OOBSICHUTD APYrHie OTKPbITbIE BOMPOCHI B (DHU3HKE.
B npouiom rogy, MCnosb3ysi TOT ¥KE CaMbIf OETEKTOD,
y4eHble onybnnkoBanu B )ypHase Nature nHdopmaumio
0 HabnIogeHNH CaMOro PEeKOro sIepHOro pacnana, us-
MEPEHHOr0 KOrfa-Jimbo Harpsimyio.

19 nionsa, LUEPH, 2KeHeBa. DcTOHHMS CTaHET acco-
uMMpoBaHHbIM YsieHoM LIEPH.

[TpencraBntenn LIEPH n npaBnTensctsa DCTOHMH
MoANMcasv QOroBop, MO KOTOPOMY DCTOHHSI CTAHOBMT-

OANDKECT
DIGEST

Csl acCOLMMPOBAHHBIM YJIEHOM Ha 3Tare MOArOTOBKHU
Bctyrulennst B LUIEPH B kauvecTtBe unena. V3-3a nanpe-
mnn COVID-19 nepemonyst noanvcaHusi MpOMCcXoausa B
OHJIaWH-pexkrMe Mexny 2KeHeBor M TaniMHHOM, BIiep-
Bble 3a 66-neTHioo nctoprio LIEPH. loroeBop BCcTynuT B
CHJy, KaK TOJIbKO BJIACTH DJCTOHMHM MPOMHPOPMHPYIOT
LIEPH o Tom, 4TO BCe HeoOXOOMMbIE COrJlacOBaHUS 3a-

BEpLUEHBI.
«BsanmoBbirogHoe cotpymHnyiectBo ¢ LIEPH Baxk-
HO IUisi DCTOHMH. ACCOLIMMPOBAHHOE YJIEHCTBO — 3TO

GosbLION Wwar i DCTOHMKM B yryyOGieHnK COTPYOHHM-
yectBa ¢ LIEPH nepen Tem, Kak ctaTbh MOJHOMNpPaBHbIM
4ryieHOM LieHTpa. [lepen DcToHMEN Ha 3Tarne acCoLMHpO-
BaHHOIO YJIEHCTBA OTKPOETCS MHOI'O BayKHbIX BO3MOK-
HOCTeM, ydyeHble 6ynyT paboTaTb BMeCTE, YTO CTaHeT
6OJIbLIMM MOACMIOPbEM [/isi OM3HeC-CeKTopa DCTOHHHM
¥ SKOHOMVKH B LIEJIOM, M1 MBI CMOYKEM AEJINTHCS HallMM
onbITOM. 5 yBepen, uro LUEPH craHeT BaxkHbIM napTHe-
poM DCTOHMH, @ DCTOHHMsI OyHeT BasKHbIM MapTHEPOM
LIEPH», — ckasan npembep-mnuncTp Sctonmm [0. PaTtac
Ha LIepEMOHHMH MOATNHCaHHMS.

CotpyaHnyectBo OctonHnn ¢ LIEPH Havanoch B
1996 r. B 1997 r. OcToHMs cTana aKTMBHbIM Y4YaCTHH-
KoM pesitenibHOocTH LIEPH, mprcoepmnyBLvch K 3Kcne-
prmenty CMS Ha LHC. B 2004-2016 rr. HOBble CXeMbI
B3aMMOLENCTBHS B paMKax KoJulabopaLi MOCTeNneHHO
YKPEIUIsJIN Hay4YHOE M TEXHHYECKOe COTPYOHUYECTBO
mexkny Dctonmer n LUEPH m ycnnmBanm y4acTrie 3CTOH-
CKHMX YYeHbIX B 0651acTH (PH3HMKHM YaCTHLl B SKCIIEPUMEH-

amount of tritium (a hydrogen atom with one proton and
two neutrons), but could also be a sign of something
more exciting — such as the existence of a new particle
known as the solar axion or the indication of previously
unknown properties of neutrinos.

XENONIT was operated deep underground at
the INFN Laboratori Nazionali del Gran Sasso in Italy
from 2016 to 2018. It was primarily designed to de-
tect Dark Matter, which makes up 85% of the matter in
the Universe. So far, scientists have only observed in-
direct evidence of Dark Matter, and a definitive, direct
detection is still to be made. So-called WIMPs (Weakly
Interacting Massive Particles) are among the theoreti-
cally preferred candidates, and XENONI1T has thus set
the best limit on their interaction probability over a wide
range of WIMP masses. In addition to WIMP Dark Matter,
XENONIT was also sensitive to different types of new
particles and interactions that could explain other open
questions in physics. Last year, using the same detector,
these scientists published in Nature the observation of
the rarest nuclear decay ever directly measured.

19 June, CERN, Geneva. Estonia is to become an
Associate Member in the Pre-Stage to Membership of
CERN.

The representatives of CERN and of the Government
of Estonia signed an Agreement admitting Estonia as
an Associate Member in the Pre-Stage to Membership
of CERN. Due to the COVID-19 pandemic, the signing
ceremony took place via a live feed between Geneva
and Tallinn, a first in the 66-year history of CERN. The
Agreement will enter into force once CERN has been in-
formed by the Estonian authorities that all the necessary
approval processes have been finalized.

“Mutually beneficial cooperation with CERN is im-
portant for Estonia. Becoming an associate member is
the next big step for Estonia to deepen its co-operation
with CERN before becoming a full member. As an asso-
ciate member, many important opportunities open up
for Estonian entrepreneurs, scientists and researchers to
work together on innovation and R&D, which will greatly
benefit Estonia’s business sector and the economy as
a whole and, vice versa, we can also share our expe-
riences, and | am convinced that CERN will become a
valued partner for Estonia and Estonia a valued partner
for CERN", said J. Ratas, Estonia’s Prime Minister, at the
signing ceremony.

Estonia’s co-operation with CERN was established
in 1996. After joining the CMS experiment at the Large
Hadron Collider — CERN’s flagship accelerator — in
1997, Estonia became an active member of the CERN




| OADKECT .

DIGEST

Tax 1o (pr3MKe BbICOKMX sHepru# B LIEPH. B cenTsibpe
2018 r. ScToHms obpaTriach ¢ NMPOCbOOH MPHHSITL €€ B
KayecTtBe 4ieHa LIEPH.

19 wmionsi, LIEPH, »KeneBa. YyeHble B obnactv ¢u-
3MKM 4YacTHL OOHOBJISIIOT CTpaTervio AalibHEHLIMX KC-
cnenoBaHmnM B EBporie.

[Mocne noutH OByXJIETHEro OOCYKOEHHS M TPHIHSI-
Ths1 pasnnyHbix pewedni Coset LUEPH o6bsiBrn 06 06-
HOBJIEHMH CTpaTeruv, KoTtopasi OyneT HCOJb30BaThCsl
B Oa/bHEMIIMX HCCJIeNOBaHUAX MO (PU3MKE 4YacTHL B
EBporie B pamkax obuwemnpoBoro maciwrtaba. Hosast
cTpaTerus 6bifia MpefcTaB/ieHa Ha OTKPBITOM YacTH 3a-
cenanns CoBeTa, MPOXOAMBIIErO YAal€HHO M3-3a Mpo-
NOJIXKAIOLENCS TaHOEMUH.

Briaropaps ricciienoBaHnmsiM B 0651acTv Bce GONbLIKX
SHEpPIHWi, HarpaBJIeHHbIM Ha TOMCK YacCTHL BCE€ MEHb-
KX MacwTaboB, B PM3KMKE YacTHLl CAEaHbl OTKPbITHS,
KOTOpbIE M3MEHWJIM HAay4yHOE MHPOBO33pEHHE BO BCEM
mrpe. TeM He MeHee MHOrve TarHbl BceneHHOH, Takne
Kak Mprpofa TEMHOM MaTepuy, npeobsiafaHre MaTeprn
HaJl aHTMMaTeprer, ellle OKOHYAaTEJIbHO He HK3YyYeHbl.
OG6HOBIEHVE EBPOMENCKOM CTpaTErn B PH3KKE YaCTHL
2020 r. comepsKMT Kak ONMsKaniire, Tak 1 OTOaleHHbIe
U1aHbl B 3TOM 06GJIaCTH, YTO MO3BOJIMUT COXPAHMTh BEMY-
1yt poJib EBporibl B McClieqoBaHMsX BasKHbIX BOMPOCOB
B bH3KKe YaCTHL M MHHOBALMOHHBIX TEXHOJIOIHISIX.

LIEPH, JKeneBa. Komnabopauns ATLAS nog-
TBepania dakT 3pPEKTHOrOo OBHAPYKEHHSI YETbIpEX
TOI-KBapKOB.

Konnabopaunsi ATLAS B LIEPH o6bsiBna o6
OYEBMOHBIX [OOKasaTeNbCTBaxX TMOJIyYEeHHs] YeTbIpex
TOM-KBapKOB. JDTOT penknH npouecc CTaHgapTHOM Mo-
OEeNV MOXKET MPOMCXOOMTb OOMH pa3 Ha 70 Thic. map
TomM-KBapKoB, nony4eHHbix Ha LHC, n ero, Kak okasa-
JIOCh, OYEHb TPYAHO M3MEPHTD.

Torn-kBapK — camasl MacCHBHasi 3JieMeHTapHasi
yactrua CTaHOapTHOM MOMENH, TOSIBIISAIOWANACS TpU
173 I'sB v >KBHMBajieHTHas MO Macce aToOMy 30Ji0Ta.
Ho B oTnnume ot 3050Ta, Macca KOTOpOro OObsICHSI-
eTCsl siIepHOW >HEpryen CBsi3H, TOM-KBapK MOJy4yaeT
BCIO CBOIO MacCy M3 B3aMMOMEMNCTBHS C rosiem Xurrca.
[TosTomy, Koraa yeTbipe TOM-KBapKa MoJjly4yeHbl B OOHOM
COBBITHH, OHM CO3[AI0T KOHEYHOE COCTOSIHME CAMOF Tsi-
JKeJION YacTHLbl, OOHapy:keHHOM Korga-nnbo Ha LHC, ¢
obwert sHepruen noutr 700 '3B. DTo npeanbHas cpena
IU1s1 ICCJIeIOBaHKs1 HOBOW (PU3HKM C HEM3BECTHBIMHU Ya-
CTHLIAMH, KOTOpbIE BHOCSIT CBOH BKJ1aa B npouecc. Ecnm
OHM CYIECTBYIOT, TO pM3MKK OyayT HabsogaTh AOMOJI-
HUTENIbHOE OOpa30BaHKe YEThIPEX TOM-KBAapKOB CBEPX
TOro, 4yto npepackasado CTaHgapTHOM MOAESbIO. DTO Mo-
3BOJIMT M3y4aThb Mpouecc ele 6osee neTaibHO.

community. In 2004-2016, new collaboration frame-
works gradually boosted scientific and technical co-op-
eration between Estonia and CERN and further strength-
ened the participation of the Estonian particle physics
community in the high-energy physics experiments at
CERN. In September 2018, Estonia applied for CERN
Membership.

19 June, CERN, Geneva. Particle physicists update
strategy for the future of the field in Europe.

Following almost two years of discussion and de-
liberation, the CERN Council announced that it has up-
dated the strategy that will guide the future of particle
physics in Europe within the global particle-physics
landscape. The new strategy was presented during the
open part of the Council’s meeting, held remotely due to
the ongoing COVID-19 pandemic.

By probing ever-higher energy and thus smaller
distance scales, particle physics has made discoveries
that have transformed the scientific understanding of
the world. Nevertheless, many of the mysteries about
the Universe, such as the nature of Dark Matter and the
preponderance of matter over antimatter, are still to be
explored. The 2020 update of the European Strategy
for Particle Physics proposes a vision for both near- and
long-term future of the field, which maintains Europe’s

leading role in addressing the outstanding questions in
particle physics and in the innovative technologies being
developed within the field.

CERN, Geneva. The ATLAS experiment finds evi-
dence of spectacular production of four top quarks.

The ATLAS Collaboration at CERN has announced
strong evidence of the production of four top quarks.
This rare Standard Model process is expected to occur
only once for every 70 thousand pairs of top quarks cre-
ated at the Large Hadron Collider (LHC) and has proven
extremely difficult to measure.

The top quark is the most massive elementary parti-
cle in the Standard Model, clocking in at 173 GeV, which
is equivalent to the mass of a gold atom. But contrary to
gold, whose mass is mostly due to the nuclear binding
force, the top quark gets all its mass from the interaction
with the Higgs field. So when four top quarks are pro-
duced in a single event, they create the heaviest particle
final state ever seen at the LHC, with almost 700 GeV
in total. This is an ideal environment to search for new
physics with yet unknown particles contributing to the
process. Should they exist, physicists will see additional
production of four top quarks above what is predicted by
the Standard Model, further motivating a detailed study
of the process.
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