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I'eneparust (BeIXOA) HEHTPOHOB Y, MOTOKOM MIOOHOB C dHEprusiMu Oosbiie necatkoB [2B
MOJTHOCTBIO XapaKTEpU3yeTCsl CpeAHEN SHEpTruel MIOOHOB F, 1o 3akoHy Y, X E.* mpu o = COnst, 4ro
OasupyeTcs Ha JIMHEHHBIX 3aBUCUMOCTAX OT £, KaK pagualMOHHBIX U SIEPHBIX SHEPTONOTEPh MIOOHA,
Tak U 3()(OEKTUBHBIX DHEPruil INMEKTPOMATHUTHBIX W SICPHBIX JIMBHEH — OCHOBHBIX HMCTOYHUKOB
HEUTpOHOB. DHeprus E, mon 3emieil onpenensieTcs 3HEPreTUIeCKUM CIIEKTPOM MIOOHOB Ha IyOHHE
JeTekTopa M, KOTOpbIil HOPMHpYETCS Ha H3MEPEHHYI0 MOJHYI0 HHTEHCHUBHOCTH MIOOHOB [1, 2].
PacdeTs! BbIX07]a HEUTPOHOB Y, TSI KOTOPBIX HYXKHO 3HATh CIIEKTP MIOOHOB, COCTaB U penbed TpyHTa,
JHEProIoTEepr MIOOHOB, MPOBOASTCS ¢ moMoIibio nmporpamm Geant4 [3] u FLUKA [4] ¢ paznunuHbiM
HaOOpOM Mporpamm, pe3yIbTaThl KOTOPBIX PACXOAATCS MEXIYy COOOH.

Msbl mokazajM, YTO BCE SKCIEPUMEHTANbHBIE pe3ylbTaThl [5] MO BBIXOMY HEWTPOHOB,
TeHEPUPOBAHHBIE MIOOHAMH B CHUHTWIUISATOpPE, Kejle3e, CBHHIE M JIP. MOTYT OBITh OIHCAHBI
yHuBepcanbHoi popmynoit Y,(E.,A) = b,APE,°, tne npoussenenue b,E* ¢ pasmeprocTbio ['9B/(1r/cm?)
3aJjaeT DHEPrUI0 MIOOHA, 3aTpayeHHYI0 Ha oOpa3oBaHHME HEUTPOHOB [6], A — aTOMHBIA HOMEp
BemiecTra. [lokazarenu o, B CBSI3aHBI CO CBOMCTBAMH CPEJbl U TeHEpalluel HEUTPOHOB B JIMBHAX. JTa
(dopmyna oTpakaeT MpoIecchl TeHepai KOCMOT€HHBIX HEUTPOHOB.

[TOCKONBKY BBIXOJl HEHTPOHOB JOBOJIBHO CHIBHO 3aBMCHT OoT E, ( E’7®), ero Bennmumna
B TshkesioM BemectBe (Fe, Ph) MoXeT ClyXuTh Uil SKCIIEPUMEHTAILHOTO ONpe/esieHus E, Ha TaHHOM
TyOuHEe ¢ omMOKaMH, He OOJBIIMMH, YeM MPU YCTAaHOBIEHHH F, pacdeTHbIM myTeMm. [Ipubmmkenue
C IOCTOSHHBIMU T1apameTpamu b, = 4.4x107 cm?/r, a = 0.78 u B = 0.95, MO3BOJAET UCIONBL30BATH
dopMmyny IUIs pacueTa BENUYMHBI BBIXOAA NpH JMIOOBIX E, M A, XapaKTepHBIX AJs MOA3EMHBIX
9KCIIEPUMEHTOB.
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The neutron generation (yield) Y, by a muon flux with energies greater than tens of GeV is
completely characterized by the average muon energy E, according to the law Y, « E,* at a = const,
which is based on linear dependences on E, of both the radiation and nuclear energy losses of the
muon and the effective energies of the electromagnetic and nuclear showers are the main sources of
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neutrons. The energy E, underground is determined by the muon energy spectrum at the detector
depth H, which is normalized to the measured total muon intensity [1, 2]. Calculations of the neutron
yield Y, for which it is necessary to know the muon spectrum, rock composition and topography, and
muon energy losses, are carried out using the Genat4 [3] and FLUKA [4] programs with a different set
of programs, the results of which differ from each other.

We have shown that all experimental results [5] on the neutron yield generated by muons in a
scintillator, iron, lead, etc. can be described by the universal formula Y,(E.,4) = b,APE,*, where the
product ,E* with the dimension of GeV/(g/cm?) specifies the muon energy spent on the production of
neutrons [6], 4 is the atomic number of the substance. The exponents o and B are related to the
properties of the medium and the neutrons generation in showers. This formula reflects the processes
of cosmogenic neutrons generation.

Since the neutron yield depends rather strongly on E, (e E,%), its value in heavy matter (Fe, Pb)
can be used to experimentally determine £, at a given depth with errors no greater than when calculating

E,. An approximation with constant parameters b, = 4.4x10~" cm?/g, o = 0.78, and p = 0.95 allows
using the formula to calculate the yield at any E, and A characteristic of underground experiments.
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Bo Bpewms Benbimku SN1987A 23 depaitst 1987 yeTsipe MoA3eMHBIX HEUTPUHHBIX AETEKTOPA!
LSD (Mont Blanc Liquid Scintillation Detector [1]), BUST (Baksan Underground Scintillation
Telescope [2]), KND (Kamioka Nucleon Decay Experiment [3]) u IMB (Irvine-Michigan Brookhaven
[4]), u nBe rpaButaiponHsle aHTeHHbI B Pume (RGA) m Mopunenne (MGA) 3apeructpupoBain
curHanel [5]. Tlpu coBMecTHOM aHanu3e NAHHBIX B TeUeHHWE 6 4YacOoB ObLTM HaWJIEHBI COBIAICHUS
COOBITHI, 3apETUCTPHUPOBAHHBIX BCEMH paOOTaBIIMMU JeTEKTOpaMu. [Ipu aHasu3e COOBITUI aHTCHHBI
RGA B okpectroctu + 30c¢ curnaia LSD B 2h52m37s UT 23/02/1987 oGHapyKeHbI COOBITHSI, SHEPT U
KOTOPBIX 3aMETHO MPEBBIIIANIA CPETHIOK SHEPTUIO BO3OYK/ICHUS aHTCHHEI [6].

HecMmoTps Ha HEBO3MOXKHOCThH MOYYBCTBOBATh aHTEHHaMH Bebepa mpsmMoe rpaBUTAMOHHOE
nznydenue ot koarca SN1987A, onHako, 10 CHX MMOp HE MOHSATHO, YTO 32 COOBITHSI PETHCTPUPOBATU
rpaButanuonnesie anteHHBl RGA 1 MGA.

MpI paccuuTaly TMOJIHOE YHEPTOBBIICICHUE H KOJTMYSCTBO MIOOHOB, KOTOPBIC JOJKHBI ObLIH
nepecedb TPaBUTALMOHHYIO aHTCHHY 3a | CeKyHAYy W NpPOaHAIU3UPOBAIN (OPMY DHEPreTHYECKHX
pacnpeneneHuun.

[TokazaHo, 4TO aMILTUTYIHBIC paclpeesieHUsI BO BCEX CUTHAJIOB aHTCHH COMIACYIOTCS C pac-
npeaeracHneM (QIYKTyUPYIOIIUX SHEPromnoTepb aTMOC(EPHBIX MIOOHOB, MEPECEKAroIUX aHTCHHBI
Hcxonst w3 Hallero aHaiu3a, Mbl JIeJaeM 3aKIIOYeHHe, YTO COOBITHSI B TPAaBUTALMOHHBIX aHTEHHAaX
RGA, MGA BbI3BaHBI MIOOHaMH OT PacliaJioB MTHOHOB U KaOHOB.
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During the SN1987A burst on February 23, 1987, four underground neutrino detectors: LSD
(Mont Blanc Liquid Scintillation Detector [1]), BUST (Baksan Underground Scintillation Telescope
[2]), KND (Kamioka Nucleon Decay Experiment [3]) and IMB (Irvine- Michigan Brookhaven [4]),
and two gravitational antennas in Rome (RGA) and Maryland (MGA\) registered signals [5]. During a
joint analysis of the data for 6 hours, coincidences of events recorded by all working detectors were
found. When analyzing the events of the RGA antenna in the vicinity of + 30s of the LSD signal at
2h52m37s UT on February 23, 1987, events were detected whose energy significantly exceeded the
average antenna excitation energy [6].

Despite the impossibility to feel direct gravitational radiation from the collapse of SN1987A
with Weber antennas, however, it is still not clear what kind of events were recorded by the RGA and
MGA gravitational antennas.

We calculated the total energy release and the number of muons that had to cross the
gravitational antenna in 1 second and analyzed the shape of the energy distributions.

It is shown that the amplitude distributions in all antenna signals are consistent with the
distribution of fluctuating energy losses of atmospheric muons crossing the antennas. Based on our
analysis, we conclude that the events in the gravitational antennas RGA, MGA are caused by muons
from the decays of pions and kaons.
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3ABUCHUMOCTD SJUIMIITAYECKOT' O IOTOKA ° ME3OHOB OT IIONEPEYHOI'O
NMITYJbCA B CTOJKHOBEHUSAX Cu+Au ITPX SHEPT UM 200 I':B
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Keapk-rmoonnas mmasma (KI'TI) — cocTossHMe CHIIBHOB3aWMOJIEHCTBYIONIEH MaTepuw,
COCTOAIIICH M3 aCUMIITOTUYECKH CBOOOIHBIX MApTOHOB. B nabopaTopHBIX ycnoBusSX 00pa3oBaHHE
KI'TI BO3MOXXHO B pENATUBUCTCKMX CTOJIKHOBEHUAX TSDKENbIX Anaep. OIHUM W3 CBUAETEIBLCTB
cymectBoBaHuss KITI B Agpo-sIepHBIX CTOJKHOBEHMSX CIYXHT Aa3sUMyTalbHas aHU30TPONHS
POXKJIEHUSI YacCTUll, KOJIMYECTBEHHON XapaKTEPUCTUKONW KOTOPOH SBIAETCS SJUIMITHYECKUM IIOTOK
(v,). Pa3zBuTHE AUIMITHYECKOrO MOTOKA OMHCHIBACTCS B paMKax Pa3iMYHBIX MOJENEH: MPU MajbIX
3HAQUEHUSX MOMNEPEUHBIX HMIYJIbCOB (Pr) PasBUTHE V, MPEUMYIIECTBEHHO OMNMCHIBACTCS PEISTH-
BUCTKOH TUAPOJMHAMHUKOW, a mpu Oompmmx pr > 5I3B/c B onmcanuum pasBuTHs V, HAYMHAIOT
JIOMUHHUPOBATh MOJICNH, YUUTBHIBAIOIINE MMOTEPH SHEPTUU MAPTOHOB Tepel uxX (pparmeHTanuei. s
MU3MEPEHMS DIITUITHYECKUX TTOTOKOB B IMIMPOKOM JHANa30HE MO MOMEPEYHOMY MMITYJIbCY B KaUECTBE
M3y4aeMoi YacTHIbI ObUT BHIOpaH 7T°-ME30H, TaKk KaK 3HAYEHMs U, Ui HEFO M3MEPUMBI BILIOTH JI0
14 I'sB/c. Beibop acumMmeTpu4HO# cucTeMbl cToikHOBeHHH CU+AU 00yclOBJICH HAJIMYMEM paHee
M3MEPEHHBIX 3HAUEHHUH V, 11 T° ME30HOB B CHMMETPHMUHBIX TSKEJIBIX CHCTEMAX KaK (BYHKIUH OT MX
TIONIEPEYHOr0 UMITYJIbCA, YTO MO3BOJISET M3YIUTh 3aBUCUMOCTb GYHKIMIA v, (pr) mns 0 Me30HOB OT
pa3MepoB U HAYAJIbHOM F€OMETPUHN CTAITKUBAIOLIEICS CUCTEMBI SIAEP.

B manHOM nokiazie TpeaCTaBiEHBI PE3yNbTAaThl U3MEPEHHS 3aBUCHUMOCTH JJUTUITHYECKOTO
notoka s 70 Me30HOB B aCHMMETPHUHBIX B3auMoeiicTBisax CU+AU OT HX MOMEPEYHOr0 UMITYIbCA.
ITony4eHHBIE 3HAYEHUS V,, MACIITAOMPOBAHHBIE HA SKCLHEHTPUCUTET HYKIOHOB-YYaCTHHKOB M KyOu-
YECKUH KOPEHb UX YHCIa, HE 3aBUCIT OT Ha4albHON F€OMETPUN CUCTEMBI, YTO HAXOIUTCS B COTJIACHU
C TUAPOJMHAMUYECKOW MOJETBIO Pa3BUTHs DIUIMNTHYECKOro moToka. [Ipm Gompmmx pr > 5T3B/c
MOJTydYeHHbIE 3HAYEHHs] V, OKa3aluCh OTJIWYHBI OT HYyJIsS, YTO MOXeT OBITh CBSI3aHO C
SHEPreTHYECKUMU NoTepssMU apToHOB B KI'TI.

DEPENDENCE OF THE ELLIPTIC FLOW FOR ©® MESONS ON THE TRANSVERSE
MOMENTUM IN Cu+Au COLLISIONS AT 200 GeV

E. V. Bannikov}, A. Ya. Berdnikov, Ya. A. Berdnikov, D. O. Kotov, lu. M. Mitrankov,
M. M. Mitrankova, D. M. Larionova, A. D. Selezenev
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Quark-gluon plasma (QGP) is a state of strongly interacting matter consisting of
asymptotically free partons. Under laboratory conditions, the formation of QGP is possible in
relativistic collisions of heavy nuclei. One of the evidences for the existence of QGP in nucleus-
nucleus collisions is the azimuthal anisotropy of particle production, whose quantitative characteristic is
the elliptic flow (v,). The development of an elliptic flow is described in terms of various models: at low
values of transverse momentum (ps), the development of v, is mainly described by relativistic
hydrodynamics, and at large values of pr > 5 GeV/c models that take into account parton energy loss
before fragmentation begin to dominate in the description of the v, development. To measure elliptic
flow in a wide transverse momentum range, the 7% meson was chosen as the studied particle, since the
values of v, for it are measurable up to 14 GeV/c. The choice of the asymmetric Cu+Au collision
system is due to the presence of previously measured v, values for 7% mesons in symmetric heavy
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systems as a function of their transverse momentum, which makes it possible to study the dependence
of the functions v, (py) for =% mesons on the size and initial geometry of the collision system.

This report presents the dependence of the elliptic flow for = mesons on their transverse
momentum measured in asymmetric Cu+Au interactions. The obtained v, values, scaled with the
eccentricity of the participant nucleons and the cube root of their number, do not depend on the initial
geometry of the system, which agrees with the hydrodynamic model of the elliptic flow development.
At large pr > 5 GeV/c, the obtained v, values turned out to be nonzero, which may be due to parton
energy loss in QGP.

OLEHKA TOYHOCTH OIIPEJAEJIEHUSA YU CJIA HYKJIOHOB -~CIIEKTATOPOB
1O SQHEPI'MH, PETUCTPUPYEMOMU B KAJIOPUMETPE B A+A CTOJIKHOBEHUAX

®. ®. Baques*, B. B. Beuepuun, I'. A. ®eoduion

Cankr-IletepOyprckuil rocyiapcTBeHHBIH YHUBEPCUTET,
199034, Cankr-IletepOypr, YauBepcurerckas Hab. 7-9
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B nmanHol pabote MeToauka, anpoOupoBaHHas B [1] U MOATBEp)KACHHAs B DKCIICPUMEH-
TampHOM paboTe [2], HCHONB3yeTcs Il OIEHKA TOYHOCTH OIpEICICHHUE 4YHClIa HYKIOHOB-
CIIEKTaTOPOB 110 SHEPTHH, PETHCTPUPYEMOI KaJOPUMETPOM. B U3MEpEHHSIX ¢ KaJOPUMETPOM B KaxK-
JIOM COOBITHH MBI UMEEM JIBE CKOPPEIMPOBAHHBIE CIydaiHble BEIUYUHBL: M — YHCIIO CIIEKTATOPOB,
MOMaJaoNMX B aKIENTAHC KaJopuMeTpa, i Q — COOTBETCTBYIOIIAS SHEPTHUS Ha BBHIXOJIE KaJIOpUMETpa.
ITlycte P(M) — BepOSTHOCTb MMETh M CIEKTaTOpOB Ha BXxojae kaimopumerpa u P(Q|M)dQ -
BEPOSTHOCTh UMETh 3Hepruio O B WHTEpBaie dQ MpPH YCIOBUH, YTO YHKCIIO CIIEKTATOPOB PaBHO M.
Torna no Teopeme baiieca BepoATHOCTD, YTO AaHHBIN curHAN () HAa BBIXO/E KalopuMeTpa ObLT BEI3BAH
—P(M)PP((Q(‘))'M), rne P(Q) =
=Yy P(M)P(Q|M). MsI paccMaTpriBaeM B paboTe JiBa KpailHUX Clly4asi allpHOPHOTO PacIpeIe/ICHUsS

P(M) ducna HyKJIOHOB-CIIEKTaTOPOB IO cOObITHsIM: (a) paBHOMepHOe u (0) HOpPMalIbHOE
pactpenenenne C gucriepcueit D[M] >> 1. JIns OIEGHOK OTHOCHUTENHHOW TOTPEITHOCTH C
ucnonb3oBanueM (opmynsl baiieca Mbl mpuMeHsieM B paboTe JBa METOJAA: aHAJIMTUYECKUH W Ha
OCHOBE MMHUTAaLIMOHHOTO MojenupoBanus. IlokazaHo, uro 0b6a MeToAa COBHAZalOT B OLCHKAX IPHU
YHCJIe CIIEKTAaTOPOB Ooyiee 5 W YTO pe3ysbTaThl B 000MX CIydasx HE 3aBHCAT OT alpHOPHOTO BHIA
pacripenelieHls YMCiia HyKIOHOB-CIIeKTaTopoB. [lokazaHo, 4To mocieanee OyJeT CpaBeIUIMBO JUIs
00bIx pactpeaenenuit P(M), ynosnetBopsitoiux yciosuio: |[P(M + 1) — P(M)| < P(M).

HccnenoBanme mpoBeneHo mnpu  ¢uHaHcoBod  moanepkke — Caskr-IlerepOyprckoro
rocynapcTBenHoro yausepcureta (1D: 94031112).

momajaHdeM B Hero M HyKJIOHOB-CIieKTaTopoB pasHa: P(M|Q) =
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ESTIMATION OF THE ACCURACY OF DETERMINING THE NUMBER
OF NUCLEON-SPECTATORS FROM THE ENERGY REGISTERED
IN THE CALORIMETER IN A+A COLLISIONS

F. F. Valiev*, V. V. Vechernin, G.A. Feofilov

Saint-Petersburg State University, 7-9 Universitetskaya nab., St. Petersburg, 199034 Russia
*E-mail: valievO7@list.ru

In this work, the technique tested in [1] and confirmed in the experimental work [2] is used to
estimate the accuracy of determining the number of spectator nucleons from the energy registered by
the calorimeter. In measurements with a calorimeter, in each event we have two correlated random
variables: M is the number of spectators entering the calorimeter acceptance, and Q is the
corresponding energy at the output of the calorimeter. Let P(M) be the probability of having M
spectators at the calorimeter input and P(Q|M)dQ the probability of having energy Q in the interval
dQ, provided that the number of spectators is equal to M. Then, according to Bayes' theorem, the
probability that the given signal Q at the output of the calorimeter was caused by M spectator nucleons
hitting it is equal to: P(M|Q) = P(M)P(Q|M)/P(Q), where P(Q) = Y.,y P(M)P(Q|M) . In this work,
we consider two extreme cases of a priori distribution P(M) of the number of spectator nucleons over
events: (a) uniform and (b) normal distribution with dispersion D[M] > 1. To estimate the relative
error by the Bayes formula, we use two methods in our work: analytical and based on simulation
modeling. It is shown that both methods coincide in their estimates when the number of spectators
exceeds 5 and that the results in both cases do not depend on the a priori form of the distribution of the
number of spectator nucleons. It is shown that the latter will be true for any distributions P(M)
satisfying the condition: |P(M + 1) — P(M)| < P(M).

The study was financially supported by St. Petersburg State University (ID: 94031112).
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CUVHTULISIUOHHOM CTEHKH B CEAHCE Xe+Csl ITPH 3.8 AGEV
9KCHHEPUMEHTA BM@N

B. B. Boaikos!, ®. ®@. I'yoep’, M. B. Toaybesal,
A. U. Maxues!, M. B. Mamaes?, C. B. Mopo3os!

Uucturyr snepusix uccnenosanuii PAH, Mocksa, Poccust
2HaumoHanbHbIN UCCIIEN0BATENLCKHH SAepHbIN yHUBEpcuTeT «MUDU», Mocksa, Poccus
E-mail: volkov@inr.ru

B nmanHOM [0KJIae MPeACTaBIeHBI PE3YIbTAThl paboThl CIHUHTHILISIHOHHON cTeHkd BM@N
B IIEpBOM (PU3UYECKOM paHe Ha yckoputene HykmorpoH B cromkHOoBeHHMsx Xe+Csl mpu sHeprum
3.8 AGeV. OcHoBHOe BHUMaHHE OyAeT YAENEHO KOHCTPYKIMH CIMHTWUISIMOHHON CTEHKH W ee
CIIOCOOHOCTH Pa3inyarh 3apsHKCHHBbIC ()parMEHThl POXKICHHBIX B SICPHO-SACPHBIX CTOJKHOBCHUSIX.
Byner oOcyxxnatbcs M3MEPEHHBIN AWAIIa30H 3apsAI0B, YyBCTBUTEILHOCTh K IIEHTPAILHOCTH CTOJIKHO-
BEHHUH, a TaKKe KOPPENALUH MEXIy KOIUIECTBOM CPabOTaBIIMX SYEEK B CTEHKE W HAOI0JaeMBIMHU
JIPYTHX IeTEKTOPOB. ByeT mokazaHo CpaBHEHUE SKCIIEPUMEHTATIBHBIX JAHHBIX C MOJICITMPOBAHUEM.
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CHARGED FRAGMENTS-SPECTATORS MEASUREMENTS WITH BM@N
SCINTILLATION WALL IN Xe+Csl at 3.8 AGEV RUN

V. V. VolkoV!, F. F. Guber!, M. B. Golubeva?,
A. 1. Makhnev?, M. V. MamaeVv?, S. V. Morozov?

YInstitute for Nuclear Research of RAS, Moscow, Russia
2National Research Nuclear University MEPhI, Moscow, Russia
E-mail: volkov@inr.ru

This report presents the performance of the BM@N scintillation wall in the first physical run
at the Nuclotron accelerator with Xe+Csl at 3.8 AGeV collisions. The focus will be on the scintillation
wall's design and its ability to differentiate charged fragments from nucleus-nucleus collisions. The
measured range of charges, sensitivity to collision centrality, as well as correlations observed between
the number of fired cells in the wall and other detectors' observables will be discussed. A comparison
of the experimental data with the simulation will be shown.

BO3MOKHBIE UCCJIEJOBAHUSA IBYX-YACTUYHBIX KOPPEJIALINIA
_ IO NONEPEYHOMY UMIIYJIbCY B IPOTOH-TPOTOHHBIX
U JEUTPOH-AEUTPOHHBIX B3AUMOJIEUCTBUSAX ITPU SQHEPI'UAX NICA

A. C. T'agosin’, B. B. Yikunckuii’

! JTa6oparopust pusukyu BeICOKUX HEPruii, 141980 OObeAMHEHHBIN MHCTUTYT SIEPHBIX
nccnenoBanuid, T. Jlyona MockoBckoi obmacty, yi. JKomuo-Kropwu, 1. 6
2 JTaboparopusi UHOPMALMOHHEIX TexHOojI0rki, 141980 OObe 1MHEHHBII UHCTUTYT SAEPHBIX
uccnenosanuii, . Jlyona MockoBckoit o0nactu, yi. XKonuo-Kriopu, 1. 6

MBI TpeANIOKWIH HOBBI METON JJISl M3YYEHHsI JIBYX-YaCTHUHBIX Pt KOppessinuil B MSTKHX
aZpOHHBIX B3auMopaeHcTBUsAX. Koppemsuuu paccuurtaHsl Ui HNPOTOH-TIPOTOHHBIX B3aUMOICHCTBUIL
IIpU DHEPrMHM B cucTteMe IeHTpa Macc 10 m 25 I3B m medTpoH-IEHTpPOH B3aUMOAECMCTBHAX INPH
sHeprun 6 [3B. Pt xoppemsuuu paccumranbl Mexnay A-TunepoHamMu W aHTH A-runepoHamu, K-,
T-Me30HaMHu u npotoHamu 1o monensim Geant4 FTF and Pythia 6.4. TToka3ano, uto Pt xoppessiuu
A-runeponoB ¢ anti A —runeponamu U K-me3zonamu B mozenu FTF cunbHee uem B Mozenu Pythia.
Pt xoppemsiinu A -TUIIEPOHOB € T-ME30HAMH M MPOTOHaMHU ciabble. Pacdersr mokas3eiBatoT, uto Pt
KOPPEJSIUN YMEHBIIAIOTCA C POCTOM HAa4allbHOW 3HEpruu. JIByX-4acTHYHBIX Pt KOppemsuuu MoryT
Ob1Th M3yueHsl Ha skciepuMenTe NICA SPD. IlpennokeHHbIE KOPPESIIUU BEChbMa YyBCTBUTEIHHBI
K MEXaHW3MaM pOXIEHHs 4YacTUL B MATKHX aJPOHHBIX B3aMMOJCHCTBHUSIX B  Pa3IMUHBIX
TEOPETHUECKUX MOAEIIAX.

POSSIBLE STUDY OF 2-PARTICLE TRANSVERSE MOMENTUM CORRELATIONS IN
PROTON-PROTON AND DEUTERON-DEUTERON INTERACTIONS AT NICA ENERGIES

A. S. Galoyan?, V. V. Uzhinsky?

! Laboratory of high energy physics, Joint Institute for Nuclear Research Joliot-Curie
6, 141980 Dubna, Moscow Region, Russia
2 Laboratory of information technologies, Joint Institute for Nuclear Research Joliot-
Curie 6, 141980 Dubna, Moscow Region, Russia

We proposed a new method for a study of 2-particle Pt correlations in the soft hadronic
interactions. The correlations were calculated for proton-proton interactions at center of mass energy
10 GeV and 25 GeV, and deuteron-deuteron interactions at 6 GeV. The Pt correlations are calculated
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between A-hyperons and anti A-hyperons, K-, r-mesons, and protons in the Geant4 FTF and Pythia
6.4 models. It is shown that the Py correlations of A-hyperons with anti-A and K-mesons in the FTF
model are stronger than in the Pythia model. The Pt correlations of A-hyperons with z-mesons and
protons are weak. Calculations show that the P correlations decrease at initial energy growth. The 2-
particle Pt correlations can be studied at NICA SPD experiment. The proposed correlations are rather
sensitive to the mechanisms of particle production in the soft hadronic interactions implemented in
various theoretical models.

PETMCTPAIIAA COJTHEYHBIX CNO HEUTPUHO B SKCIIEPUMEHTE BOPEKCUHO
A. B. [lepOun 3a kosn1abopauuio bopekcuno
[lerepOyprckuit maCTUTYT siAepHON duszuku HULL KypuaToBckuii MHCTHTYT

SInepHblil CHHTE3 BOIOPO/A B I'eJIMi B 3B3/1aX MPOMCXOAUT, TOMUMO MPOTOH-IPOTOHHOM (Pp-)
HETH, BKIIOYAOIIEH TOJIBKO H30TOIBI BOIOPOAA U TENHS, IIOCPEACTBOM IHKJIIA YIIIEPOI-a30T-KUCIOPO]
(CNO), B kotopom cunte3 Karanusupyetcs supamu C, N u O. CNO nukit npoussoauT jumib 1 % Beei
COJIHEUHOW HSHEpPTUU M siBsieTcss BTopocTeneHHbM uiss ConHia. OpHako ajist Oojiee MacCHBHBIX
Y TOPSYMX 3BE3J] ATOT LUKI sBisgeTcs omnpeneisoonmM. B 2020-2022 rr. MexIyHapoaHas KoJjula-
6opanust bopekcrHo, B KOTOPO#l y4acTBYIOT yUeHbIE POCCHHCKUX MHCTHTYTOB, BIIEPBBIC MIPEACTAaBUIIA
pe3yasTaThl 0OHAPYKEHUsT HEUTPUHO, HenyckaeMbiX B peakiusix CNO-mukia Ha ComnHue.

MEASUREMENT OF SOLAR CNO NEUTRINOS IN THE BOREXINO EXPERIMENT
A. Derbin for the Borexino collaboration
Petersburg Nuclear Physics Institute NRC Kurchatov Institute

The nuclear fusion of hydrogen into helium in stars occurs, in addition to the proton-proton
(pp-) chain, which includes only hydrogen and helium isotopes, through the carbon-nitrogen-oxygen
(CNO) cycle, in which fusion is catalyzed by C, N and O nuclei. The CNO cycle produces only 1 % of
all solar energy and is secondary to the Sun. However, for more massive and hotter stars, this cycle is
decisive. In 2020-2022 the Borexino collaboration, which involves scientists from Russian institutes,
for the first time presented the results of detection of neutrinos emitted in the reactions of the CNO
cycle on the Sun.

OB OBHAPY KEHUH HOBBIX YACTHII 3 JAHHBIX 1151 KOCMUYECKUX JIYUYEHN
A. T. JIbsuenko’?

MerepOyprckuii rocynapcTBEHHBINH YHUBEPCHTET MyTel cooOmenuns Mimmneparopa Anekcanpa |,
Cankr-TletepOypr, Mockosckuii p. 9, 190031, Poccus, Ten. +7(812)436-90-96,
dakc: +7(812)314-98-69
[TerepOyprckuii MHCTUTYT snepHoi Gusuku uM. B. T1. Koncrantunosa
HUI] “KypuaroBckuiit uHcTUTYT , ['aTumnHa, OpnoBa Poma 1, 188300, Poccus
e-mail: dyachenko_a@mail.ru

B paborax [1,2] HamMu moka3aHo mposiBieHue HOBbIX yactul X17 u X38 ¢ maccamu 17 MsB
1 38 M3B 13 criekTpoB MATKUX OTOHOB B CTOJIKHOBEHHSX IPOTOHOB H SJIEP NPH BBICOKUX YHEPTHUSX.
OTU HOBBIE YACTHIIBI MOXHO CYHTaTh YacTHIIaMH TEMHOW Mmarepuu. B Hactosmielr pabote
npeayiaraeTcs NPOBEPUTH NPOSIBICHHE 3TUX HOBBIX vacTUl B crhekTpax Kocmuueckux myueit
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CBEpXBBICOKMX dHepruii mopsgka 10Y° sB. JlelicTurensHo, B pabore [3] moiydeHHBIE BCIIECKH
B CIIEKTPE KOCMMYECKHX Jydel B obmactu suepruu 10! ['5B mHTEpIpETHPYIOTCS, KaK MPOSIBIEHUE
TeMHOTO (poTOHA. DTOT TeMHBIH (HOTOH MMEET MacCcy OTIIMYHYIO OT HYJIs, HO OYeHb Majylo MOpsIKa
10"°5B. Hamu mpeayiaraeTcst MHTEPIPETALUS OTUX BCIUIECKOB, KaK BKJIaJa OT PAacra/ia HOBBIX YaCTHIL
X17 n X38 B pamkax Hamero nogxona [l, 2]. ms Toro 4toObl ompenenuTb TeMIepaTypy, MbI
HCIOJB3yEM AaMMpPOKCHUMALNIO CIIEKTpa KOCMHYECKOTO0 HM3Iy4EHHs IO BCIUIECKa, KOTOpas M3BECTHA

¥ IPOMOPIHOHAIBHA IPUMEPHO E~°, E — sHeprus. MBI COMOCTABHIIM SKCIIEPUMEHTATBHBIC TOUKH W3
paboter [3] ans cBepxierkoro TeMHoOro QotoHa. Hamre omumcanue corjacyercss ¢ 3THMH DKCIe-
PUMCHTAIbHBIMU JaHHBIMM M OKa3bIBaeTCs naxe Jyudiie, yem B pabore [3]. Illupuna muka ciabo
3aBUCHUT OT Macchl HamuX X 0030HOB. Takum 00pa3oM, Mbl yOeKJaeMcsi, YTO MOJYYEHO €Ille OJHO
MOATBEPXKIACHUE B CyllecTBOBaHMM 0030HOB X17 m X38 ¢ maccamu 17 u 38 M»sB B cmete
9KCIEPUMEHTAIbHBIX JaHHBIX M3 KOCMHYCCKUX JIYUYCH JJIs CBEPXBBICOKHUX SHEPTHM, HE JTOCTHIKUMBIX
HA COBPEMCHHBIX YCKOPHTEISX.

Crnucok JuTepaTypsl

1. D’yachenko A. T. Spectra of secondary particles in high-energy proton-proton collisions in
the thermodynamic model and the possibility of detection of particles of dark matter // Phys. Atom.
Nucl. 2020. V. 83. N. 11. P. 1597-1601.

2. D’yachenko A. T. Detection of new particles — possible candidates for the role of dark
matter particles in collisions of protons and nuclei from spectra of soft photons // Phys. Atom. Nucl.
2022. V. 85. N. 6. P. 1028-1033.

3. Tantirangsri P., Samart D., Pongkitivanichkul C. Dark photon bremsstrahlung and ultra-
high —energy cosmic ray. ArXiv 2301.11122 [hep-ph].

ON DETECTION OF NEW PARTICLES FROM COSMIC RAY DATA
A. T. D’yachenko®?

1Emperor Alexander | Petersburg State Transport University, St. Petersburg, Moskovsky pr. 9,
190031, Russia, Tel. +7(812)436-90-96, Fax: +7(812)314-98-69
2B.P. Konstantinov Petersburg Nuclear Physics Physics National Research Center “Kurchatov
Institute”, Gatchina, Orlova Roshcha 1, 188300, Russia
e-mail: dyachenko_a@mail.ru

In [1,2], we have shown the manifestation of new X17 and X38 particles with masses of 17
MeV and 38 MeV from the spectra of soft photons in collisions of protons and nuclei at high energies.
These new particles can be considered dark matter particles. In this paper, we propose to check the
manifestation of these new particles in the spectra of cosmic rays with ultrahigh energies of the order
of 10® eV. Indeed, in [3] the obtained bursts in the spectrum of cosmic rays in the energy region of
10! GeV are interpreted as a manifestation of a dark photon. This dark photon has a mass different
from zero, but very small, about 10 eV. We propose an interpretation of these bursts as a
contribution from the decay of new X17 and X38 particles in the framework of our approach [1, 2]. In
order to determine the temperature, we use an approximation of the cosmic radiation spectrum before

the burst, which is known and proportional to about E3 , E is the energy. We compared the
experimental points from [3] for an ultralight dark photon. Our description agrees with these
experimental data and turns out to be even better than in [3]. The width of the peak depends only
slightly on the mass of our X bosons. Thus, we are convinced that one more confirmation of the
existence of X17 and X38 bosons with masses of 17 and 38 MeV has been obtained in the light of
experimental data from cosmic rays for ultrahigh energies that are not achievable with modern
accelerators.
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OIMMCAHHUE SMUCCHUU KYMYJBITUBHBIX BTOPHYHBIX YACTHLL
B CTOJIKHOBEHMUSX TAXKEJIBIX HOHOB TPOMEXYTOYHBIX DHEPTUHN
HA OCHOBE HEPABHOBECHOI'O THAPOANHAMHNYECKOI'O ITIOAXOJA

A. T. Ibsiuenko’?

erepbyprekuii rocy1apcTBEHHBIM YHUBEPCHUTET TyTel coobuenus Mmneparopa Anekcannapa |,
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B pasButne HEepaBHOBECHOTO THAPOAMHAMHUYECKOTO moaxoaa [1, 2] HaM yIanock MOJTHOCTHIO
OTHCATh CHEKTPBl KYMYJISITUBHBIX MTPOTOHOB, TMOHOB M ()OTOHOB JUIsSI CTOJIKHOBEHUS SiIep yriepoja
¢ 6epwnieBold MuiieHpt0 B oOmactu sHepruit 0.3-3.2 3B Ha HyKIIOH, MOIlydYeHHBIE B JKCIIe-
pumenTax MTO® (Mocksa). Ilpu onucaHum 3THX CHEKTPOB ObUIa y4TEHa IONpaBKa HA MHKPO-
KaHOHHMYECKOe pacmpeneneHue [1, 2], a Taxke Ui BBIXOJOB IPOTOHOB YUYTEH BKJIQJA IIpoliecca
¢parmenTanuu [2]. Hame onmcanue SKCrepUMEHTALHBIX JAHHBIX OKAa3bIBAETCS JydIlle KACKaIHBIX
MojzieJIel U MoJeNi KBaHTOBOUM MouekyisipHoit auHamuku (QMD), Bcrpoennoit B maker GEANT4.
B Hacrosimeit paboTe HaM ynanoch YCHEIIHO OMNHCaTh ABOHHBIE auddepeHIHanbHble CEYCHUS
00pa3oBaHHs KyMYJISTUBHBIX POTOHOB, TMOHOB, KAOHOB U AHTHUIIPOTOHOB, UCITYCKAEMBIX IT0JI YTIIOM
0% mnst cronkHoBeHust sgep yriepoaa B peakiuu C+2?C mpu sueprum 19.6 5B Ha HyKIOH Ha
(UKCUPOBAaHHOW MHUILICHH, MOJydeHHbIe Ha yckopureiae Y-70 UDBI (Cepnyxos) [3]. IIpuBogurcs
CpaBHEHHE C APYTMMHU TEOPETHISCKUMH MOJIX0AaMu. Hai moaxos MpUMEHUM K CTOJIKHOBEHHSM Kak
JIETKUX, TaK M TSOHKEIBIX e, YTO BUIHO U3 CPABHEHUS C IKCIIEPUMEHTAITLHBIMU JAHHBIMH U JPYyTUMHU
TEOPETUYECKUMHU TOJIXOJaMU. DTO MOXET OBITh PACIPOCTPAHEHO HA OOJIACTh SHEPTHUH CTOSIIEro
B OUSIU (J[lyOHa) yrkoputenbaoro kominiekca NICA.
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3. Afonin A. G., Bogolubsky M. Yu., Volkov A. A. et al. Measurement of cross sections for
inclusive forward charged hadron production in carbon-carbon collisions at beam energy of 19.6 GeV
per nucleon // Phys. Atom.Nucl. 2020. V. 83. N. 2. P. 228-236.
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DESCRIPTION OF THE EMISSION OF CUMULATIVE SECONDARY PARTICLES
IN COLLISIONS OF HEAVY IONS OF INTERMEDIATE ENERGIES BASED ON THE
NON-EQUILIBRIUM HYDRODYNAMIC APPROACH

A.T. D’yachenko®?

L Emperor Alexander | Petershurg State Transport University, St. Petersburg, Moskovsky pr. 9,
190031, Russia, Tel. +7(812)436-90-96, Fax: +7(812)314-98-69
2B. P. Konstantinov Petersburg Nuclear Physics Physics National Research Center
“Kurchatov Institute”, Gatchina, Orlova Roshcha 1, 188300, Russia
e-mail: dyachenko_a@mail.ru

In the development of the nonequilibrium hydrodynamic approach [1, 2], we managed to
completely describe the spectra of cumulative protons, pions and photons for the collision of carbon
nuclei with a beryllium target in the energy range of 0.3-3.2 GeV per nucleon, obtained in the ITEP
(Moscow) experiments. When describing these spectra, the correction for the microcanonical
distribution [1, 2] was taken into account, and the contribution of the fragmentation process was also
taken into account for the proton yields [2]. Our description of the experimental data is better than the
cascade models and the quantum molecular dynamics (QMD) model built into the GEANT4 package.
In the present work, we have successfully described the double differential cross sections for the
production of cumulative protons, pions, kaons, and antiprotons emitted at an angle of 0° for the
collision of carbon nuclei in the 2C + 2C reaction at an energy of 19.6 GeV per nucleon on a fixed
target, obtained at the U-70 accelerator at IHEP (Serpukhov) [3]. A comparison with other theoretical
approaches is given. Our approach is applicable to collisions of both light and heavy nuclei, which can
be seen from a comparison with experimental data and other theoretical approaches based on solving
the Boltzmann equation, the quantum molecular dynamics model, and etc. This can be extended to the
energy range of the accusatory complex NICA located at JINR (Dubna).
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YPABHEHME KJIEHHA-TOPJIOHA, YPABHEHUSA PEJIATUBUCTCKOM
I'HJPOTUHAMUKHA U KBAHTOBBIE YIAPHBIE BOJIHbI IITPH OITUCAHUHA
CTOJIKHOBEHUU ATOMHBIX S JEP
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ITony4yeHsl ypaBHEHUSI KBAHTOBOU PEJTUBUCTCKOW T'MIAPOJMHAMUKH U3 ypaBHeHUs KiieliHa-
l'opaooHa, KoTOpble B HEPEISTUBUCTCKOM KBA3WKIACCUYECKOM MPENETE CBOAATCA K TPAJUIMOHHBIM
YpPaBHEHUSIM TUAPOJUMHAMUKH UAcalbHON kuakoctd [1]. HailmeHo aHanmuTHueckoe pellieHUe
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ypaBHEHUH TUAPOJAMHAMUKKA B TNPUOJMKCHUH COJMTOHOB W KBAaHTOBBIX YIAPHBIX BOJH IS
CTOJIKHOBEHHUSI SIIEPHBIX CIOEB B OJTHOMEPHOM W JBYMEPHOM ciiydasix. OTMedaeTcsl BAXKHOCTh ydeTa
HEPaBHOBECHBIX MPOIECCOB. PaccMoTpenne cTaauu CxaTHs, CTAJANH PACITUPCHIS U CTAIUH pPa3jieTa B
pamMKax eIuHOW (GOpPMyJbl IS CJIOEB C PEISTHBHCTCKAMHU SHEPTHUSAMH SBISETCSA IMPOIOKEHUEM
WCCIICJIOBAHUS, TPOBEACHHOTO IS HEPENATUBUCTCKOW ruapomuHamuiku [2]. Takoe cBemeHue
pelIeHni ypaBHEHWH THUAPOJWHAMUKHU K PEIICHUSIM B BUJIEC KBAHTOBBIX VIApPHBIX BOJIH paHee He
paccMmarpuBaiioch. O000IICHHE HA IBYMEPHBIH ClTydail MPUBOIMT K MPEICTABICHUI0 00 00pa3oBaHUU
Ha CTaJWd CXaThsA ropsuero msrHa hot Spot, a Ha craauu pacHIMpeHHs pa3speKEeHHON 001acTH-
my3bIpsa. A caM MOAXOJ MOXKET OBITh HCIIONB30BaH M B JPYTHX 00NacTsSX (PU3WKU MpH pacyerax
HEJIMHEWHON JUHAMUKHU KOJIEOAHHH CIIOKHBIX CHCTEM.
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KLEIN-GORDON EQUATION, EQUATIONS OF RELATIVISTIC HYDRODYNAMICS
AND QUANTUM SHOCK WAVES IN THE DESCRIPTION OF COLLISIONS OF ATOMIC
NUCLEI
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The equations of quantum relativistic hydrodynamics are obtained from the Klein-Gordon
equation, which in the nonrelativistic semiclassical limit are reduced to the traditional equations of
hydrodynamics of an ideal fluid [1]. An analytical solution of the equations of hydrodynamics in the
approximation of solitons and quantum shock waves is found for the collision of nuclear layers in the
one-dimensional and two-dimensional cases. The importance of taking into account nonequilibrium
processes is noted. The consideration of the compression stage, the expansion stage, and the expansion
stage within the framework of a single formula for layers with relativistic energies is a continuation of
the study carried out for nonrelativistic hydrodynamics [2]. Such a reduction of solutions of
hydrodynamic equations to solutions in the form of quantum shock waves has not been considered
before. The generalization to the two-dimensional case leads to the concept of the formation of a hot
spot at the compression stage and a rarefied bubble region at the expansion stage. And the approach
itself can be used in other areas of physics when calculating the nonlinear dynamics of oscillations of
complex systems.
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MOJIEJIBHBIN AHAJIA3 KOPPEJSAINN MMOMEPEYHOI'O UMITYJIBCA
N MHOKECTBEHHOCTHU B IMAITA3OHE NICA U SPS B AAPO-AJJEPHBIX
CTOJIKHOBEHMUSAX

A. I1. 3Bsirnnal, E. B. Angponos?
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HccnenoBanne Koppemsiliud MEXIY MHOKECTBEHHOCTBIO 3apsDKEHHBIX YaCTHI[ M CPEIHUM
TIONIEPEYHBIM UMITYJIbCOM IMPOBOAWINCH B MPOTOH-TIPOTOHHBIX M SIPO-SICPHBIX CTONKHOBEHHSIX OT
sneprun SPS no suepruii LHC [1]. Paciipenue SKCIEpUMEHTANbHBIX JaHHBIX OT OTPHILATEIBHBIX
KOppEeJSIUil TpU  SHEPTUAX \Vs=17-40 T»B B obmacTts Golee HHU3KHX SHEPrul MOXET OaTh
3HAYUTEJIbHBIC OTPAaHMYCHUS JJIsI PAa3NIUYHBIX TeopeTHueckux moxened. Panee B momensx SMASH,
EPOS, UrQMD u PHSD nist npoTOH-TIPOTOHHBIX CTOJKHOBEHHH OBUIM MOMYYEHBl HETPUBHAJIbHBIC
3aBHCUMOCTH CHUJIBHO MHTCHCHBHBIX MIEPEMEHHBIX OT 3HEPTHU CTOJIKHOBEHUS, a uMeHHO it A[pt, N]
[2] u <N>D [pt, N] [3]. Taxke B aHamu3 ObUIO BKJIFOYCHO HCCIIEAOBAHHE KYMYJSHTOB BTOPOTO U
TPETHETO TOPSAKA JJIs TIONEPEeYyHOro MMITyNbca. X 3aBHCHMOCTH OT DHEPTrHH OTKJIOHSIOTCS OT
MOZIEIN HE3aBUCUMBIX HCTOUYHHUKOB, YTO MOATBEPKAACTCS SKCIIEPUMEHTAIBHBIMU JaHHBIMH, ITOJyYICH-
HBIMU B pe3ynbTare cToskHoBeHus: Au+Au mpu sueprum 200 MaB [4]. B monenmn SMASH nns
MPOTOH-TIPOTOHHBIX CTOJKHOBEHHMH, Kak [Jisi CHJIbHO HWHTEHCHBHBIX NEPEMEHHBIX, TaK W s
KyMYJISIHTOB, BO3HUKAET OIPEEICHHAs KBOJIHAY», KOTOPasi MOXKET CTaTh JOKA3aTEIbCTBOM IIEpexona OT
pe3oHaHca K cTpyHaMm. B manHOH pabote OynyT umcciaeqoBaHbl 3aBUCHMOCTH CHJIBHO WHTEHCHBHBIX
MEPEMEHHBIX U KYMYJSIHTOB OT SHEPTHH SAPO-SACPHBIX B CTOJKHOBEHUSX, a MMeHHO Bi+Bi. Bymyt
NPEAJIOKEHB! Ba METOAA HMCCIEOOBAaHMS Ui CUJIBHO WHTCHCHUBHBIX NEPEMEHHBIX U KyMYJSHTOB:
MPSIMOM METOJ] MCCIIEOBAaHUS KOPPEILUI 1 MeTo/l moncoObITrid. [IpsMoil MeTon rccinenoBaHus yxe
NPOBOAWJICS paHbllie: B JaHHOM METO/E€ HCCIENOBaHWE BeNETCS 10 BCEMY HMHTEpBaILy
TICEBIOOBICTPOTHL. B MeTozie TOnCOOBITHI MpeanonaraeTcsl MpOBECTH aHAIN3 CHUIIBHO MHTEHCHBHBIX
NEPEMEHHBIX M KyMYJSHTOB BTOPOIO M TPETHETO MOPSIKA B JABYX Pa3IMYHBIX HPOMEXKYTKax IO
NICEBIOOBICTPOTE, @ TaKXKE WX 3aBUCHMOCTb TPU H3MEHEHWH DPACCTOSHHS MEXKAY STHMHU JBYMS
WHTEpBaJlaMH, YTO TO3BOJUT HaM OICHUTH BKIAJA OMKHHUX Koppensuuid. Byger mnpeactaBieHO
CpPaBHEHME 3TUX JABYX METOIOB.
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MODEL ANALYSIS OF THE TRANSVERSE MOMENTUM AND MULTIPLICY
CORRELATIONS IN THE NICAAND SPS RANGE IN NUCLEUS-NUCLEAR COLLISIONS

A. P. Zviaginal, E. V. Andronov!

1Saint-Petersburg State University,
Saint-Petersburg, Universitetskaya embankment, 7-9, 199034

The study of the correlation between the multiplicity of charged particles and the average
transverse momentum was carried out in proton-proton and nucleus-nucleus collisions from the SPS
energy to the LHC energy [1]. Extending the experimental data from negative correlations at energies
s = 17-40 GeV to lower energies can lead to significant limitations for various theoretical models.
Previously, in the SMASH, EPOS, UrQMD, and PHSD models for proton-proton collisions, nontrivial
dependences of strongly intense variables on the collision energy were obtained, namely, for A[pt, N]
[2] and <N>D [pt, N] [3 ]. The analysis also included the study of second and third order cumulants
for the transverse momentum. Their energy dependences deviate from the model of independent
sources, which is confirmed by experimental data obtained as a result of an Au+Au collision at an
energy of 200 MeV [4]. In the SMASH model for proton-proton collisions, both for strongly intense
variables and for cumulants, a certain “wave” appears, which can be evidence of a transition from
resonance to strings. In this paper, we will study the dependences of strongly intense variables and
cumulants on the energy of nucleus-nucleus in collisions, namely Bi+Bi. Two research methods for
highly intense variables and cumulants will be proposed: a direct method for studying correlations and
a sub-event method. The direct method of research has already been carried out earlier: in this method,
research is carried out over the entire interval of pseudorapidity. In the subevent method, it is supposed
to analyze strongly intense variables and cumulants of the second and third order in two different
intervals in terms of pseudorapidity, as well as their dependence with a change in the distance between
these two intervals, which will allow us to estimate the contribution of short-range correlations. A
comparison of these two methods will be presented.
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XAPAKTEPUCTHUKU TPOTOTHUIIA BBICOKOI'PAHYJIMPOBAHHOI'O
HEATPOHHOI' O BPEMAIPOJIETHOI'O JETEKTOPA JJIsI SKCIIEPUMEHTA BM@N

A. A. 3y0aHKoB

WnctutyT aaepHbix uccnenosanuii PAH
Poccust, 117312, Mocksa, npocnekT 60-netus OxTsa0ps 7a, 8(499)135-77-60,
daxc: 8(499)135-22-68, inr@inr.ru
e-mail: zubankov@inr.ru

BricokorpanynmupoBaHHBI HEUTPOHHBIH BPEMSIIPONIETHBIA NETEKTOp OyJeT MCHOIb30BAThCA
B oKkcriepumernte BM@N 171st m3amMepeHnsi HEHTPOHOB MpPHU SIJCPHBIX CTOJIKHOBEHHUSIX. BrepBbie ero
mpoToTUN ObLT HcIoNb30BaH B ceaHce Xe+Csl nmpu sneprum 3,8 AI'BB. MHorocnoitHast cTpyKTypa
(TTOTIOTUTENE/CHUHTIILIISITOP) IETEKTOpa IMO3BOJISIET HISHTU(UIMPOBATE W HM3MEPSATh DHEPTUU
HEUTPOHOB, OOpa3ylOLIUXCS B SACPHO-SIEPHBIX CTOJIKHOBEHUAX. llpeacraBieHa KOHCTPYKLUS
MIPOTOTHUIA, PE3YIBTATHI ONPEAEICHUSI BPEMEHHOTO pa3pellcHHs, BOCCTAHOBIEHHOIO 3HEpreTudec-
KOrO CIIEKTpa HEWTPOHOB M OllcHKa ramma-pona. Kpome Ttoro, Oymer oOCyxkmaThcs pa3paboTka
OHJIAMH-MOHUTOPHUHIA IIPOTOTUIIA HEUTPOHHOTO IETEKTOPA.

PERFORMANCE OF HIGH GRANULAR NEUTRON TIME-OF-FLIGHT DETECTOR
PROTOTYPE FOR THE BM@N EXPERIMENT

A. Zubankov

Institute for Nuclear Research of the Russian Academy of Sciences
Russia, 117312, Moscow, 60-letiya Oktyabrya prospekt 7a, 8(499)135-77-60,
fax: 8(499)135-22-68, inr@inr.ru
e-mail: zubankov@inr.ru

The High Granular Neutron Time-of-Flight Detector at the BM@N experiment will be used
for neutron measurements in nucleus-nucleus collisions. For the first time, its prototype was used in
Xe+Csl at 3.8 AGeV run. The multilayer structure (absorber/scintillator) of the detector makes it
possible to identify and measure the energies of neutrons produced in nucleus-nucleus collisions. The
design of the prototype together with the results of the time resolution, the reconstructed neutron
energy spectrum, an estimated gamma background are presented. Additionally, the development of the
online monitoring of the neutron detector prototype will be discussed.

CPABHEHHUE METOJO0B ONIPEAEJEHUSA HEHTPAJIBHOCTU, OCHOBAHHBIX HA
TEOPEME BAMECA C UCHIOJIb30BAHUEM MHOXXECTBEHHOCTH 3APSIKEHHBIX
YACTHUII 1 SHEPTUHN HYKJIOHOB CIIEKTATOPOB

A. M. Unpucos

HaunonanbsHbIi Hccaen0BaTeIbCKUM SIEPHBI YHUBEPCUTET
MU®U (MockoBCKHi MHKEHEPHBII HHCTUTYT), MockBa, Poccus;
E-mail: idrisov.dim@mail.ru

OnpejeneHne LEHTPAIbHOCTH SIBJISICTCS BayKHOW 3ajauell Tak Kak IO3BOJSET OIICHHUTH
pa3Mepbl CTaIKuBaeMoi cucTeMbl. C TIOMOIIBIO IIEHTPAIBLHOCTH TaK e MOXHO CPaBHHUTBH PE3yJIbTaThl
MpecToAmmMX u3MepeHuii Ha MHoroueneBoM nerektope (MPD) ma NICA ¢ maHHBIMEH U3 JOpyrux
SKCIIEPUMEHTOB W pacdeTaMH TEOpPETHUYECKHUX Mojeiei. B maHHOl pabore paccMaTpuBaeTCs METOJ
PEKOHCTPYKIIMK TIPHIICIBHOTO TapaMeTpa, OCHOBAaHHBIM Ha oOpaTHO# Teopeme baiteca [1, 2].
B xadecTtBe HaOmogaeMoll BETWYMHBI JJIsl ONpEAENCHHs] IICHTPAIBHOCTA OBLTH HCIOJIB30BaHbBI
MHO>KECTBEHHOCTh 3apsDKEHHBIX YaCTHII U SHEPTHUs CIIEKTaTOPOB B IepeHeN 001acTu OBICTPOT.
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COMPARISON CENTRALITY DETERMINATION METHOD BASED ON BAYESIAN
APPROACH USING MULTIPLICITY OF CHARGED PARTICLES AND ENERGY OF
SPECTATORS

D. M. Idrisov!

!National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute), Moscow, Russia;
E-mail: idrisov.dim@mail.ru

Centrality determination is an important task because it allows estimating the collision system
size in relativistic heavy-ion collisions. With the help of centrality, it is also possible to compare the
results of upcoming measurements with the Multi-Purpose Detector (MPD) at NICA with data from
other experiments and calculations of theoretical models. In this paper, we consider the impact
parameter reconstruction method based on the inverse Bayes theorem [1, 2]. The multiplicity of
charged particles and the energy of spectators in the forward rapidity region were used as an
observable for centrality determination procedure.
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XAPAKTEPUCTUKU NNTEPEJHUX JETEKTOPOB CIIEKTATOPOB 3KCIIEPUMEHTA
BAPUOHHAS MATEPUS HA HYKJIOTPOHE

A. B. U3BecTHblil, @. @. I'yoep, M. b. I'oay6ea, C. B. Mopo30B,
H. M. Kapnymkus, A. A. 3y0ankoB

®denepalibHOE TOCYIAPCTBEHHOE OIOKETHOE YUpexkaeHUue HayKu HCTUTYT SIEPHBIX UCCIIETOBaHUIMA
Poccwuiickoit akanemun Hayk, 117312, Mocksa, mpocnekt 60-netus Okts0ps, 7a,
Tei.: +7(495)850-42-56, daxc: +7(495)850-42-28
email: aizvestn@inr.ru

DKCIIEPUMEHT Ha HOHHOM ITy4Ke ¢ HenoABmKHON muineHnbto BM@N (bapuonnas Matepus Ha
Hyknotpone), pacnonoxxkeHHblid Ha yckopuTenbHoMm Komiuiekce HUKA-Hyxmorpon (OUSAUN, [ly6Ha,
Poccust) mpeanasHaueH Iy W3YYEeHHS CBONCTB MIOTHOW simepHoit Matepun. C 2019 mo 2021 rox
k yctanoBke BM@N O6bumn moGasnenst Ilepennuit Amponnsiit Kamopumerp (FHCal), Crmnrmn-
msiuponnass Crenka (ScWall) u Tlepennmii Ksapressiii T'ogockon (FQH). Dt nerextopsl ObLiu
paspabotansl B AWM PAH (Mocksa, Poccus) mis u3MepeHHs LEHTPAIBHOCTH CTOJKHOBEHHIH,
BOCCTAHOBJICHHUSI TUIOCKOCTH COOBITHH W HCCIeOBaHHUS Mojeliell (parmMeHTtanuu sigep B SAPO-
SAJEPHBIX CTONKHOBEHMAX. OTKIMK JETEKTOPOB ObT NPOTECTHPOBAH BO BPEMsl JKCIIEPUMEHTa
KparkozetictByromue Koppessiiuu (SRC) Ha ycranoske BM@N B 2022 rony. Ilepennue 1eTeKTOpsI
paboranu Bo Bpems mepBoro ¢usuueckoro ceanca BM@N B 2022 u 2023 romy ¢ mydkoM HOHOB
kceHoHa ¢ 3HeprusiMu 3.0 u 3.8 I'9B/HyKIIOH 1 MUIIIEHBIO U3 HOMUIA TIe3HS.

B noxsage OynyT oOcyxaarbcst pabouue XapaKTepUCTUKU MEPEAHUX NETEKTOPOB YCTAaHOBKH
BM@N.
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PERFORMANCE OF THE BARYONIC MATTER AT NUCLOTRON FORWARD
SPECTATORS DETECTORS

A. lzvestnyy, F. Guber, M. Golubeva, S. Morozov, N. Karpushkin, A. Zubankov

Institute for Nuclear Research of the Russian Academy of Sciences, prospekt 60-letiya Oktyabrya 7a,
Moscow 117312, tel.: +7(495)850-42-56, fax: +7(495)850-42-28, email: aizvestn@inr.ru

The BM@N (Baryonic Matter at Nuclotron) is a fixed target ion beam experiment located at
the NICA-Nuclotron (JINR, Dubna, Russia) accelerator complex designed to study the properties of
the dense nuclear matter. In years 2019 to 2021 the Forward Hadron Calorimeter (FHCal), the
Scintillation Wall (ScWall) and the Forward Quartz Hodoscope (FQH) were added to the BM@N
setup. These forward detectors were designed at INR RAS (Moscow, Russia) for collision centrality
measurement, event plane reconstruction and study of nuclear fragmentation models in nucleus-
nucleus collisions. Response of the detectors was tested during the Short Range Correlations (SRC)
experiment on the BM@N setup in 2022. The forward detectors were operational during the first
BM@N physics run in 2022-2023 with 3.0 and 3.8 AGeV Xe beam and Csl target.

The performance of the BM@N forward detectors will be discussed.

HOBBIE CIIEKTPbI AHTUHEWUTPUHO YPAHA U ILTYTOHUS, IIOJTYYEHHBIE
N3 SKCIHHEPUMEHTA DOUBLE CHOOZ

A. I1. Baacenko'?, C. B. Unrepman?, B. B. Cunen'?

Nucturyr snepusix ucenenosanuii Poccuiickoii akanemun Hayk, Mocksa, Poccust
2HaumoHanbHbIN UCCIIEN0BATENLCKUI SAEPHBIN YHUBEpCUTET, MockBa, Poccust
E-mail: vsinev@inr.ac.ru

PaspaboTaHa MeTOAMKa MEPeBOJa SKCICPHMEHTATBHOTO CIEKTPAa IMO3UTPOHOB B CIIEKTP
AQHTHHEUTPHHO, KOTOpast ObLIa MPUMEHEHA K BRICOKOCTATUCTHYCCKOMY CIIEKTPY IO3UTPOHOB PEaKIUn
obparHoro Oera-pacmaga [1] u3 skcnepumenta Double Chooz na GmimkHeM aeTekTope, a TakkKe
BBIJICJICHUE CIIEKTPOB AHTHHEUTPHHO OTCIbHBIX H30TOIOB SAEPHOTO TOIUIHBA PEAKTOPHOTO CIIEKTPA.

DKcrnepUMeHTaNbHBIA criekTp mo3utporoB Double Chooz 6wt mpeoOpa3oBaH B CHEKTp
AHTHHEHTPHHO, HCMONB3Ysl (DYHKIUIO HpeoOpa3OoBaHUs CIIEKTPOB, IMOJTYYECHHYIO IPH [TOMOIIH
pacueroB Monte-Kapno. IlomgydeHHbII 3KCHEpUMEHTANBHBIA CIEKTP AaHTUHEHTPUHO OTBEYaeT
OIpeIENeHHOMY COCTaBy TOIUIMBA B aKTUBHOM 30He sgepHoro peakropa (2°U - 0.52, 28U - 0.087,
2%9py - 0.333, #1Pu — 0.06). 3aTeM U3 PeaKTOPHOIO CNEKTPa ObLIH BHIAEIEHBI CIIEKTPHI AHTUHENTPUHO
OT/ICNIBHBIX HM30TOIOB siiepHOro TommmBa [2]. CreKTpbl KOMIIOHEHTOB $ICPHOTO TOILTHBA MOYHO
CUHUTATh MOJYYCHHBIMH IKCIICPUMEHTAIBHO. DKCICPUMEHTAIBHbBIE CIEKTPhl aHTHHEHTPUHO OT/IEITh-
HBIX M30TOIIOB SIICPHOTO TOILTHBA (ypaHa, IUTYTOHHs) ObLIH OMUCAHbBI pacueTHBIMU [3], OIy4YeHHBIMU
METOZIOM CYMMHPOBAHHsI CIICKTPOB OTAENBHBIX OCKOJKOB. IIpu pacyere HCIOJIb30Balach CHIOBAs
(bYHKIUS ST OTIMCAHUS pacTipe/IeJIeHHsT BEPOSITHOCTEH OeTa-Iiepexo0/[0B HeU3BECTHBIX OCKOJIKOB.

PaccunTaHHBIC CCYCHUS IO PACUETHBIM CIIEKTPaM C UCIIOIb30BaHUEM CEUEHHS IS MOHOIHED-
FeTHYECKOTO0 AHTHHEUTPHHO [4], CIIOXKEHHBIE C BeCaMH H30TONOB B AKTUBHOW 30HE SIEPHOTO
peakTopa, COBMAJAlOT C CEYCHHUEM IMOJyueHHbIM B Koyutabopamnuu Double Chooz [5] B mpemenax
9KCIIEPUMEHTAILHOM OIIMOKH.
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NEW ANTINEUTRINO SPECTRA OF URANIUM AND PLUTONIUM OBTAINED
FROM THE DOUBLE CHOOZ EXPERIMENT

S. V. Ingerman?, V. V. Sinev!?, A. P. Vlasenko'?

Ynstitute for Nuclear Research, Russian Academy of Sciences, Moscow, Russia
ZNational Research Nuclear University MEPhI, Moscow, Russia
E-mail: vsinev@inr.ac.ru

Method of converting the experimental positron spectrum from inverse beta-decay reaction
into the antineutrino one has been developed. It was applied to the highly statistical positron spectrum
obtained in the Double Chooz experiment [1] by near detector. Found nuclear reactor antineutrino
spectrum was separated on individual fuel isotope antineutrino spectra.

Positron spectrum transformation was done using the spectra conversion function obtained
from Monte Carlo simulation of Double Chooz data. Obtained antineutrino spectrum corresponds to a
certain fuel composition of a nuclear reactor core in parts of fission (>*U - 0.52, 2%U - 0.087, °Pu —
0.333, Py - 0.06). Using this composition, the individual isotope antineutrino spectra of nuclear fuel
were isolated from the reactor spectrum [2]. These nuclear fuel components spectra can be considered
to be obtained experimentally. Nuclear fuel individual isotope antineutrino spectra (uranium and
plutonium) were fitted by calculated ones [3] obtained by summation of multiple fragment spectra. In
the calculation, a strength function was used to describe the probability distribution of beta transitions
for unknown fragments.

The cross sections found on base of the calculated spectra using monoenergetic antineutrino
cross-section [4] summed with weights of the core composition give the predicted cross section which
coincides with the one obtained in the Double Chooz collaboration [5] within experimental
uncertainty.
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PA3PABOTKA METOJIA TOT JJISI BBICOKO-TPAHYJIUPOBAHHOI'O JIJETEKTOPA
HEMTPOHOB BM@N

H. M. Kapnymikun, ®. ®. I'yoep, . . JIsnun, A. 1. MaxHes,
C. B. Mopo3os, /I. B. Cepe0psixkoB

WncTtutyT snepusix uccnenosannii PAH, Mocksa, Poccus
karpushkin@inr.ru

Beicoko-rpanynipoBaHHbiii getektop Heirponos (High-Granular Neutron detector — HGN)
JUIS TSOKEJTOMOHHOTO dKcrepumenta BM@N B HacTosiiee BpeMs HAXOIUTCSA B CTAAWH Pa3pabOTKH.
JeTekTop COCTaBiI€H W3 CIOEB MOIVIOTUTENS U CHUHTHILIISATOpPA, MPU ATOM CJIOM CUUHTHILIATOpA
HMMEIOT BBICOKYIO CEIMEHTAI[MI0 U CUYHUTHIBAIOTCSA KPEMHHEBBIMU (DOTOYMHOXKHTEISIMH. B maHHOM
paboTe ommchiBacTcs ucnoib3oBanue Meroa TOT mas MHOTOKaHAJIBHOTO CUMTHIBAHUS CIIUHTHII-
JSIUOHHBIX styeek. [IpencTaBieHo BpeMEHHOE M aMIUTUTYIHOE pa3pelieHHe AETEKTOpa C HCIIOJNb-
30BaHHEM Pa3IIUYHBIX TUIACTHKOBBIX CIMHTHIIISATOPOB U KPEMHUEBBIX (DOTOYMHOXKHUTEIEH.

TOT METHOD DEVELOPMENT FOR THE BM@N HIGH-GRANULAR NEUTRON
DETECTOR

N. M. Karpushkin, F. F. Guber, D. D. Liapin, A. I. Maknev,
S. V. Morozov, D. V. Serebryakov

Institute for Nuclear Research of RAS, Moscow, Russia
karpushkin@inr.ru

The High-Granular Neutron detector for BM@N heavy-ion experiments is currently under
development. The detector consists of absorber and scintillator layers, with the latter being highly
segmented and read out using silicon photomultipliers. This work describes the use of the TOT
method for multi-channel readout of the scintillator cells. The time and amplitude resolution of the
detector using various plastic scintillators and silicon photomultipliers is presented.

MOJEJIMPOBAHHUE JIOKAJIbBHOI'O HECOXPAHEHUSI YETHOCTH
B CWJIBHBIX B3AUMOJIENUCTBUSX B PEJIATUBUCTCKUX CTOJNKHOBEHUAX
TAKEJBIX HTOHOB

B. H. KoBasenko, B. B. Ilerpos

Cankt-lleTepOyprckuii ToCyJapCTBEHHBIA YHUBEPCHUTET, Y HUBEPCUTETCKas Hao., 7/9,
Cankrt-llerepoypr 199034, Poccwst.
Tenedon: +7-812-4284548, dakc: +7-812-4287240
e-mail: v.kovalenko@spbu.ru

Hapymenune cummerpun mpocTpaHcTBeHHOH deTHOCTH (P) B CHIBHBIX B3aMMOIEHCTBHUSX
HHUKOT/Ia He HaOIro#anoch 3KcrepuMeHTanbHo. OIHAKO, COOTBETCTBYIOIIEE CIIaraeMoe MOXET OBITh
BKII04YeHO B Jarpawykuad KX/I. JlokaneHOE HapylIeHHE CUMMETPUN YETHOCTH MOXKET IPOUCXOIUTh
n3-32 OOJBIIUX TOMOJOTHYECKUX (UIYKTyalluid TPH BBICOKOW TeMIepaTrype ¢ JAUHAMHYECKOMN
reHepanneil HeTPUBHAIBHBIX TOMOJIOTHUECKUX 3apsAA0BIX KoH(purypanuil. HeoOxoauMeiM ycioBreM
HaOroneHust 3TuX 3(Q(EKToB SABISETCS JTOCTATOYHO OOJNBIIAs MPOCTPAHCTBEHHAS MPOTSHKEHHOCTh U
JUTATENTFHOE BpeMsl )KU3HU ropsdeid karmu KX /I cpenbl, koTopas o0pa3yeTcs B IEHTPAIBHBIX SIIEPHO-
simepHbIX cToskHoBeHusX Ha LHC [1-3].

Hns u3ydenust 3¢ ¢eKToB, BBHI3BAHHBIX JIOKAIBHBIM HECOXPAHEHHEM YETHOCTH B CTOJIKHO-
BEHUSIX PEISTHBUCTCKHUX TSDKENBIX MOHOB, MBI MHTETPHPOBAIH 3TH dP(EKTHl B TEHEPATOPHI COOBITHIA.
PaccmaTpuBatoTcs crieyromye NposBieHus JOKAIbHOTO HAPYIIEeHU YeTHOCTH:
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1. Pacmennenrie Macc MONSPU3ANUil JIETKUX BEKTOPHBIX ME30HOB, MPUBOAAIIEE K YIIIOBOU
3aBHCUMOCTH CIIEKTPaJIbHOW (DYHKIIMH B pacriagax Ha AU-MIOOHHBI M JIU-2JIEKTPOHBI [4].

2. Pacmajibl CKaIAPHBIX ME3OHOB C HapyLIeHHeM 4eTHOCTH: % — 1t8 +y [5] u a% — i + 7% + ¥,

[IpousBeneHa oreHKa BETMYUHBI OKWIAEMOTO CHUTHANA B CTOJKHOBEHHSX p-p U Pb-Pb npu
suepruu LHC. Ha ocnoBe ananuza ganHsix MonTe-Kapio mo nccneayeMbiM HabII0AaeMBIM C Y4ETOM
OoTKIUKOB AeTekTupytomux cucteMm ycraHoBkd ALICE na LHC B ycnoBusix Run 2 u Run 3 Oyayt
JaHBl PEKOMEHJAIIMM TI0 KPHUTEPUSIM OTOOpa COOBITUH, TPEKOB M BHIOOPY KHHEMAaTHYECKHX
MEPEMEHHBIX IS IOBBIIMICHUS 9yBCTBUTEILHOCTH K 3P QEKTaM JIOKATbHOTO HECOXPAHEHHUS YETHOCTH.

UccnenoBanue BBINONHEHO 3a cuyeT rpanTa Poccuiickoro HayuHoro ¢onzma Ne 22-22-00493,
https://rscf.ru/project/22-22-00493/
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MODELING OF LOCAL STRONG PARITY NON-CONSERVATION EFFECTS IN
RELATIVISTIC HEAVY-ION COLLISIONS

V. N. Kovalenko, V. V. Petrov

Saint Petersburg State University, 7/9 Universitetskaya Nab., St. Petersburg 199034, Russia,
Phone: +7-812-4284548, Fax: +7-812-4287240
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The violation of spatial parity symmetry (P) in strong interactions have never been observed
experimentally. However a P-breaking term can be included in the QCD Lagrangian. Hence, the local
parity symmetry breaking can occur due to large topological fluctuations at high temperature with
dynamic generation of nontrivial topological charge configurations. A necessary condition for
observing these effects is a sufficiently large space dimension and a long lifetime of a hot drop of
QCD medium, which is available in central nuclear-nuclear collisions at the LHC [1-3].

In order to study the effects caused by local P-breaking in relativistic heavy ion collisions we
integrated them in Monte Carlo generators. The following manifestations of the local parity violation
are considered:

1. The polarization mass splitting of light vector mesons, which leads to angular-dependent
splitting of the spectral function in the di-lepton decays [4] (di-muon and di-electron case).

2. The parity-violating decays of light scalar mesons: % — n* +y [5] and a% — n* + n* + %,

The strength of the expected signal in p-p, and Pb-Pb collisions at LHC energy is estimated.
Based on the analysis of the Monte Carlo data on the studied observables, taking into account the
responses of the detecting systems of the ALICE facility under LHC Run 2 and Run 3 conditions,
recommendations will be given on the criteria for selecting events, tracks, and choosing kinematic
variables in terms of increasing sensitivity to the effects of local parity non-conservation.

The study was funded by the Russian Science Foundation grant No. 22-22-00493,
https://rscf.ru/en/project/22-22-00493/
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HAMATI'HUYEHHBIE S1/IPA B R-ITPOLHECCE
B. H. Konaparbes

Jlaboparopus Teoperndeckoii ¢pusuku um. H. H. Boromo6osa, 141980 O0bearHEHHBIH HHCTUTYT
SIICPHBIX HcclienoBanuil, I. Jlyona MockoBckoit obnactu, yiu. XKonuo-Kropu, a. 6
vkondrat@jinr.ru

PaccMoTpeH HykIleOCHHTE3 TIpH OONBINIOW MarHUTHOM WHAYKIMW, XapaKTePHOW Ui B3pbIBa
CBCPXHOBBIX ll-ro Tnna u cnustHug HCfITpOHHLIX 3BC3/. 21}15[ COOTBETCTBYIOIINX MAarHUTHBIX noJiei
HaIpsPKEHHOCTBIO 10 JACCATU TEpaTEClia aTOMHBIC dApa IMPOsABIIAIOT JIMHEWHBIA MarHUTHBINA OTKIIMK H3-3a
spdekra 3eemana. Takas spepHas pPEaKTUBHOCTh MOXET OBITh ONKMCaHA B TEPMHHAX MAarHUTHON
BOoCHpUUMYMBOCTH [1]. MakcuMyMbl BOCIPHMMYMBOCTH COOTBETCTBYIOT HAIlOJIOBUHY 3aIlOTHEHHBIM
obostoukam. HeltpoHHast cocTaBysirolas JMHEHHO BO3PACTACT C YBEIMUCHUEM YIJIOBOIO MOMEHTa 000-
JIOYKH, B TO BpeMs KaK BKJIQJl POTOHOB PacTeT KBaJPaTUYHO M3-32 3HAYUTEILHOTO BKJIA/Ia OPOUTAIBHON
HamaraumaeHHocTH. J{iist ciaydast j = [ + 1/2 Bkiax pOTOHA COCTABJISIET JAECATKH SIEPHBIX MATHETOHOB M
3HAYMTETLHO MPEBBIIIACT 3HAUESHHST HEWTPOHOB, KOTOPBIE JAalOT HECKOJBKO eauHuil. B ciaydae j = [ — 1/2
MIPOTOHHAS COCTABJISIONIAS [TOYTH PaBHA HYIO BILIOTH 0 (J-0001049Kku. COOTBETCTBEHHO, IS SIEP B
YCIIOBHSIX 3aMOPaKMBAHUS 3apsia MPeCcKa3aHO 3aMETHOE YBEIMUEHHE 0Opa30BaHUSI COOTBETCTBYIOIINX
MPOAYKTOB B3PHIBHOTO HYKJICGOCHHTE3a C aHTHIMAarM4ecKHUMH spaMu. B o0iacTu rpymmbl sesesa Takke
BO3HHKAIOT HOBBIE 3apOJIBIIIN IS I-Tiporiecca. B 4acTHOCTH, MarHUTHOE YBEIUYCHHE 00heMa U30TOIOB
“Ti cormacyerca ¢ pes3yibTaTaMd HAaOMIOJEHMH M yKa3blBA€T HA CYIIECTBEHHOE YBEIMYEHHE
collepKaHusl OCHOBHOrO m3oTona tutaHa (*®Ti) B xummueckom cocrape I'amaktuku. Jloka3aHo, 49TO
MarauTHble 3()QEKTHl MPUBOAAT K CMEIICHUIO TPASKTOPHH [-IIpoIiecca B CTOPOHY MEHBIIMX MAacCOBBIX
YHCEIl ¥ YBEIMYEHHUIO 00heMa HyKITUIOB C MEHBIIICH MacCcoi B THKaX siaep I-Iporiecca.
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MAGNETIZED NUCLEI IN R-PROCESS
V. N. Kondratyev

Bogolubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research Joliot-Curie 6,
141980 Dubna, Moscow Region, Russia
vkondrat@jinr.ru

Nucleosynthesis at large magnetic induction relevant for core-collapse supernovae, and
neutron star mergers is considered. For respective magnetic fields of a strength up to ten teratesla
atomic nuclei exhibit linear magnetic response due to the Zeeman effect. Such nuclear reactivity can
be described in terms of magnetic susceptibility [1]. Susceptibility maxima correspond to half-filled
shells. The neutron component rises linearly with increasing shell angular momentum, while the
contribution of protons grows quadratically due to considerable income from orbital magnetization.
For a case j=17+1/2 the proton contribution makes tens of nuclear magnetons and exceeds
significantly the neutron values which give several units. In a case j =/-1/2 the proton component is
almost zero up to g-shell. Respectively, a noticeable increase in the generation of corresponding explosive
nucleosynthetic products with antimagic numbers is predicted for nuclei at charge freezing conditions. In
the iron group region new seeds are created also for the r-process. In particular, the magnetic enhancement
of the volume of *“Ti isotopes is consistent with results from observations and indicates the substantial
increase in the abundance of the main titanium isotope (*®Ti) in the Galaxy’s chemical composition.
Magnetic effects are proved to result in a shift of the r-process path towards smaller mass numbers,
and an increase in the volume of low mass nuclides in peaks of the r-process nuclei.
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HEVTPHHO MATHUTOPOTAIIMOHHBIX CBEPXHOBBIX U TEPCIIEKTUBBI
UX HABJIIOJIEHUII YEPEHKOBCKAMHA JETEKTOPAMHA

B. H. Konaparbes

Jlaboparopus Teoperndeckoii ¢pusuku um. H. H. Boronro6osa, OMAU, 141980, r. JlyOHa, Poccus,
vkondrat@jinr.ru

PaccMoTpeHa nuHaMHKa HEWTPUHO B TOpsSYeM W IUIOTHOM HAMarHWYCHHOM BEIIECTBE,
COOTBETCTBYIOIIIEM B3DPLIBY CBEPXHOBBHIX. IlokazaHo, uTO yd4eT (DIyKTyaluii mpu B3aMMOIEHCTBHUH
HEHTPUHO C BEHIECTBOM NPUBOAUT K YypaBHeHH0 Pokkepa-Ilmanka s AMHAMUKE (YHKIIHH
pacnpenenerus B Ga3oBoM mpocTpaHcTe. JlomonHuTtensHas K 3ddexty nepenoca [1] kommoHeHTa
KUHETHYECKOTO YPABHEHUS OMPEIENICTCS CTPArIMHIOM TPH CTOJIKHOBEHHSX HEHTPUHO B HAMarHW-
YEHHOM HYKJIOHHOM rase, OOYCIIOBICHHBIX T'aMOB-TEIIEPOBCKAM B3aWMOICHCTBHEM HEHTPAIBLHOTO
Toka. Oddekt (aykTyanuii TPUBOAUT K JOTIOJHUTEIBHOMY YCHJICHUIO JKECTKOCTH CIIEKTPOB
HelTprHO. OOCYKAAIOTCS BO3MOXKHOCTH JICTCKTUPOBAHUS HEUTPUHO CBEPXHOBBIX 00CEpBATOPHUIMU
KM3NeT and Baikal-GVD. IIpomeMOHCTpHPOBaHO, YTO WCIIOIb30BAHME METOIUKH Kk-KPATHBIX
COBIIAICHHIT IETEKTOPOB MIPH 00paGOTKE JaHHBIX O3BONISIET MOBBICHTH B 1.5k pa3 BepxHue mpeeisl
paccTosIHUS [Tl TOPOTa HAOJIIOICHHUS.
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NEUTRINOS FROM MAGNETOROTATIONAL SUPERNOVAE AND PROSPECTS
FOR THEIR OBSERVATIONS BY CHERENKOV DETECTORS

V. N. Kondratyev
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Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
vkondrat@jinr.ru

The dynamics of neutrinos in hot and dense magnetized matter, corresponding to a supernova
explosion, is considered. It is shown that taking into account fluctuations in the interaction of
neutrinos with matter leads to the Fokker-Planck equation for the dynamics of the distribution function
in the phase space. The component of the kinetic equation additional to the transfer effect [1] is
determined by straggling in neutrino collisions in a magnetized nucleon gas due to the Gamow-Teller
neutral current interaction. The effect of fluctuations leads to an additional increase in the hardness of
the neutrino spectra. The possibilities of detecting supernova neutrinos by the KM3NeT and Baikal-
GVD observatories are discussed. It is shown that the use of the technique of k-fold coincidences of
detectors in data processing makes it possible to increase the upper limits of the distance for the
observation threshold by a factor of 1.5Vk.
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CTABWJIBHOCTH OTKJIMKA JETEKTOPA HEMTPUHO IDREAM
HA KAJJUHUHCKOM ADC

A. B. A6pamos, A. C. YenypHos, JI. UYmbixajo, A. B. tenko, M. b. I'pomos,
A. B. Koncrantunos, /I. C. Ky3neuos, E. A. JIutBunosuy, I'. A. JlykpsiHUeHKO,
H. H. MauysnH, A. E. Mypuenko, A. M. Hemepiok, P. P. Hyrmanos, A. 10. Opan6aes,
. B. Ilonog, A. A. Pactumemun, C. B. Cyxorun, U. H. ’KyTukon

HUII “KypuatoBckuii uactutyt”, 123182, Poccus, Mocksa, 1. Akagemuka Kypuarosa, 1. 1
8-499-196-99-56
konstantinov_av@nrcki.ru

iDREAM - 3T0 mpOTOTUN HEHTPUHHOTO ASTEKTOPa, NPEJHA3HAYCHHBIH Ui IEMOHCTPALIUN
BO3MOXHOCTH HCIIOJIb30BaHUS HEUTPUHHOTO METONA JUIS JUCTAHIIMOHHOIO MOHHMTOPWHIA PEaKTOPOB
Y TapaHTHUW HepacrpocTpaHeHus. PeakTopHbIe aHTUHEUTPUHO PETHCTPUPYIOTCS C TIOMOIIBIO JKUIKOTO
CHMHTHIISTOPa Maccoi | ToHHa, monmpoBanHoro ramoiuuueM (Gd-LS), mocpencrsom oGpaTrHOro
Oera-pacnaza Ha mnportoHaX. Jlerektop (puc.) HaOuWpaeT JaHHBIC B MOMEIICHHMHM Ha YPOBHE 3€MJIM
Kamununckoit ADC (Poccust), B 20 M OT KOMMeEpYecKoro peaktopa MomHocteio 3 I'Br [1]. XKuakuit
cumHTILIITOp (Gd-LS), M3roToBIEHHBIH CrenuaibHo s ucrnoiab3oBanus B IDREAM, ocraercs
CTAOMJILHBIM B TCUCHHUE JBYX JIET HAOIIONCHUI B YCIOBUSAX TOIJIEPKaHUs Temreparyphl Hioke ~20 °C
U UCKJIFOYAIOIIMKA €ro KOHTAKT ¢ BO3AYXOM. V3MepeHHs CTaOWJILHOCTH BBITIOJHSIOTCS B JIMHAMHKE
IyTeM MOHUTOPHWHTa OTKIIMKA JETEKTOpa Ha KadHMOpPOBOYHBIE HCTOYHHMKH. Takke oOcyxmaercs
CTaOMIIFHOCTH KOPPEIHPOBAHHOTO (DOHA B MIEPHOMABI BKITFOUSHHSI U BBHIKITFOUSHHSI PEaKTopa.
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Puc. CneBa: nerexrop umeet 3 o0béMa — Oydep (3amomHeHHBINH YrcThIM JIABOM), MuIieHb (3amoIHeHHYIO
TaJI0JIMHUEBO-COIEPKAIINM CHUHTHIUIATOPOM), FaMMa-KeTuep (3aroJHEHHbIH CIUHTHIIISITOPOM).
Cnpaga: | — 9yryH, 2 — cBUHeL, 3 — YUCTHIH NONUATUIICH, 4 — GOPUPOBAHHBIN TOJIMATHIICH, 5 — IETEKTOP
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STABILITY OF THE IDREAM NEUTRINO DETECTOR’S RESPONSE
AT KALININ NUCLEAR POWER PLANT

A. Abramov, A. Chepurnov, D. Chmyhalo, A. Etenko, M. Gromov, A. Konstantinov,
D. Kuznetsoy, E. Litvinovich, G. Lukyanchenko, A. Murchenko, I. Machulin, A. Nemeryuk,
R. Nugmanov, A. Oralbaev, D. Popov, A. Rastimeshin, S. Sukhotin, I. Zhutikov.

National Research Center "Kurchatov Institute”, Academician Kurchatov Square, house 1, Moscow,
Russia, 8-499-196-99-56, 123182
konstantinov_av@nrcki.ru

iDREAM is a prototype neutrino detector designed to demonstrate the feasibility of the
neutrino method for remote reactor monitoring and safeguard purposes. Reactor antineutrinos are
detected with a 1 ton Gd-doped liquid scintillator (Gd-LS) via inverse beta decay on protons. The
detector (Fig.) takes data in a ground level hall at Kalinin NPP (Russia), 20 m from the 3GW
commercial reactor [1]. The Gd-LS, produced especially for use in iDREAM, remains stable for two
years of observations under conditions of keeping the temperature below ~20 °C and preventing its
contact with air. The stability measurements are performed via the monitoring of the detector response
to the calibration sources in dynamics. The stability of the correlated background during reactor ON
and OFF periods is also discussed.
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Figure. Left: The detector has 3 volumes: buffer (filled with pure LAB), target (TG, filled with Gd-LS),
y-catcher (GC, filled with LS w/o Gd); Right: the shielding: 1 (orange) — cast iron, 2 (yellow) — lead,
3 (brown) — pure polyethylene, 4 (blue) — borated polyethylene, 5 — detector
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MAT'KHUE TAMMA-BCIIVIECKA OT MATHHUTAPOB
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KoHuenuust yiapTpanamarHuueHHbIX HEHTpoHHBIX 3Be3n (H3) — marHuTapoB — ycrnemHo
MPUMEHSETCS [Js HMHTEpIpeTallud aKTUBHOCTH MTKHX TamMma-penutepoB (MI'P). MHuoxecTBo
Pa3INYHBIX JaHHBIX HAOMIOACHUN 3TUX MYJIbCAPOB YOEIUTEIHHO MOATBEPKAAIOT MOAETb MATHUTAPOB,
MOJPa3yMEBalOLIYI0 OrPOMHYIO HaMarHMdeHHOcTb H3 ¢ HampsyKeHHOCTBIO MMONSA 10 JECATKOB
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Tepareciia. YHHBEpCabHbIE CBOWCTBA TAKOTO MATHUTOHM3IYYCHHS aHAJM3UPYIOTCS B OTOW padoTe.
Bcennecku B mznyduennn MI'P paccmaTtpuBaroTcst Kak BEICBOOOXKICHUE MATHUTHOM SHEPTUH, 3aIIaCEeHHOM
B OapuoHHBIX cTeneHsx cBoooasl H3. Ocoboe BHUMaHuE yaenseTcs MarHUTOAMHAMHUKE BHEITHEH KOpbI
H3, xotopasi cocTouT M3 XOpOILIO pa3fAelieHHbIX Maruueckux siaep, cM. [1]. Ilokasano, uro snepHas
HAMarHMYEHHOCTh HCIIBITBIBAET PE3KOE CKayKoOOpa3HOe H3MEHEHHE IPH MEPeMEHHOW MOJHON
MHIYKLIUHM M3-32 KBAaHTOBAHMS NMPOCTpaHCTBeHHOTro ABwxeHus. st xopel H3 Takue ckaukooOpasHbie
aHOMAaJIMM MarHUTHBIX MOMEHTOB B COYETaHUH C ()ePPOMArHUTHON MEXHYKITHIHOHN CBS3BIO IPHUBOST K
CKauK00Opa3HOW MAarHUTOJVHAMHUKE H3-3a pACIPOCTpPAaHEHWs JaBUH. Kak clelcTBue, BHE3aIHBIN
BBIOpOC 3Hepruu B MarHutochepy npuBoautr k MI'P-semiecky, cm. [1]. Jlist onmcanus Takoro Marau-
ToM3ny4deHus kKopbl H3 Mbl pa3zpaboTaiu MOJEIb CIIydaiiHO MEPECKaKMBAIOUIUX B3aUMOJICHCTBYHOIIMX
MoMmeHTOB (CI1IBM), yUHTHIBAIONIYIO KBaHTOBBIE (DIYKTYallMH, MEKHYKIHIHBIC CBSI3H, OECIOPSAIOK U
SHEPIHI0 pa3MarHuuuBaHus. Takum o0pa3oM, cpaBHEHHE NpelCKa3aHUi MOJENIU C AaHHBIMU HaOro-
JICHUI TI03BOJIIET KOJMYECTBEHHO HMHTEPHPETHPOBaTh cBoicTBa Kopel H3. IlpeackasanHoe Mozenbro
CIIBM mnoBenenne macmtabupoBaHMsI, HallpUMeEp, U paclpeieieHnli MHTEHCUBHOCTH BCIUIECKOB U
BPEMEHU OKHIAHMS, XOpOLIO corjacyercs ¢ HaOmogenumsMu MIP, monTBepiknas IOCTOBEpHOCTH
monenu CIIBM. Hanpretimee npumeHerne CIIBM npu ananmse aktuBHOCTH MI'P MOXeT obecrieunTh
Jydiiee moHuMaHye kopsl H3, B yacTHOCTH, HAPsHKEHHOCTH U 3BOJTIOLIUM MarHUTHBIX TOJIEH.
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SOFT GAMMA-RAY (SGR) BURSTS FROM MAGNETARS
Yu. V. Korovinal, V. N. Kondratyev?

TTAQY JITIO 1IIIM, 119270, Mocksa, yi1. XamoBHHYecKuii Ban 1. 6, Poccus, jkorovina@mail.ru
2 Bogoliubov Laboratory of Theoretical Physics,
Joint Institute for Nuclear Research Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia

The concept of ultramagnetized neutron stars (NS) — magnetars — has been successfully used
to interpret the activity of soft gamma-ray repeaters (SGRs). Many various observational data of these
pulsars convincingly confirm the magnetar model, which implies a huge NS magnetization with a field
strength ranging up to tens of teratesla. The universal properties of such magnetic radiative emission
are analyzed in this work. Bursts in the SGR radiation are considered as a release of magnetic energy
stored in the baryon degrees of freedom of NS. Particular attention is paid for the magnetodynamics of
NS outer crusts, which consists of well-separated magic nuclei, see [1]. It is shown that the nuclear
magnetization undergoes a sharp abrupt change at a variable total induction due to the quantization of
spatial motion. For NS crust such jumplike anomalies of magnetic moments in combination with
ferromagnetic internuclide coupling lead to jumplike magnetodynamics due to the propagation of
avalanches. As a consequence a sudden release of energy into the magnetosphere leads to an SGR
burst, see [1]. To describe such magnetoradiation from the NS crust, we have developed a model of
randomly jumping interacting moments (RJIM), which takes into account quantum fluctuations,
internuclide coupling, disorder, and demagnetization energy. Thus, comparison of model predictions
with observational data makes it possible to quantitatively interpret the properties of NS crusts. The
scaling behavior predicted by the RJIM model, for example, for the burst intensity and latency
distributions, is in a good agreement with the SGR observations, confirming the validity of the SPVM
model. Further application of RJIM in the analysis of SGR activity may provide a better understanding
of NS crusts, in particular, the strength and evolution of magnetic fields.
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OLHEHKA TAPAMETPOB UHCTOYHUKA UCITYCKAHUSA IIMOHOB
B CTOJIKHOBEHMUSAX Au+Au ITPH /syy = 3 I'’B B OQKCIIEPUMEHTE STAR

A. Kpaesa'l? (o1 komnadopanuu STAR)

'Haumonansueii Mccnenosarensckuii Anepusiii Yausepcurer “MHU®N”, Mocksa, 115409, Poccus
2141980 OObeqMHEHHBII HHCTUTYT SAEPHBIX UCCIIEI0BAHMIA,
r. lyona MockoBckoii obnacty, yn. JXKommo-Kropu, 1. 6

MeTon  KOppensiMOHHOW  (PeMTOCKONHUH  TMO3BOJSET OICHUTh MPOCTPAHCTBEHHBIC W
BPEMEHHBIC XaPaKTEPUCTUKM HCTOUYHUKA HCIYCKAaHHMSA YacTHUL, OOpasyloluXcs B CTOJIKHOBEHHAX
TSDKETIBIX MOHOB. HM3KO3HEpreTHuecKre pe3ysbTaTbl MOMOTAIT HCCIEA0BaTh CTPYKTYpY o0sacTu
WCIYCKaHUS YacCTHll, TIe JeKoH(paiHMEHT He oxkuaaeTcs [1].

Jannas paboTa mocBsIeHa M3YYEHHIO MMITYJIBCHBIX KOPPEJSAIUA TOKIECTBEHHBIX IHOHOB,
POXKIAOIIMXCS. B CTONIKHOBEHUX AutAu npu /Syy = 3 I9B B skcniepumente STAR. M3BneyeHnbie
napameTpbl 00JacTH UCIycKaHus (pajguyc, R, W cuia Koppemsuud, A) OyAayT IpeacTaBieHbI Kak
(YHKIUS TIONEPEYHOTO MMITYJIbCa Tap YacTHll, Ky, U IEHTPAILHOCTH CTOJIKHOBEHUS. DKCIEpUMEH-
TaJbHBIC PE3yNbTaThl OyOyT CPaBHHBATHCS C TEOPETUUYECKUMH pacyeTaMu, MOJYYCHHBIMU C UCIOJb-
3oBanueM mozenn UrQMD (Ultrarelativistic Quantum Molecular Dynamics) [2, 3].
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ESTIMATION OF PION EMISSION SOURCE CHARACTERISTICS
IN Au+Au COLLISIONS AT +/syy = 3 GeV IN THE STAR EXPERIMENT

A. Kraeva'? (for the STAR Collaboration)
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The method of correlation femtoscopy makes it possible to estimate the spatial and temporal
characteristics of particle emission source formed during heavy-ion collisions. The low energy results help
to investigate the structure of the particle emission region where deconfinement is not expected [1].

The present work is devoted to studying the momentum correlations of identical pions
produced in Au+Au collisions at v/syy = 3 GeV using the data from the STAR experiment. The
extracted parameters of the emission region (radius, R, and correlation strength, A) will be presented as
a function of the transverse momentum of particle pairs, kr, and centrality of the collision. The
experimental results will be compared with the theoretical calculations obtained using the UrQMD
(Ultrarelativistic Quantum Molecular Dynamics) model [2, 3].
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PE3YJIbTATBI SKCIEPUMEHTA NUGEN IO IOUCKY KOI'EPEHTHOI'O
PACCESIHUSI PEAKTOPHBIX AHTUHEATPAHO U IPYTUX PEJKAX ITPOIIECCOB

A. B. Jlybamesckuiil? ot kosutagopauun NUGEN

'O6benMHEH BN HHCTUTYT S1EpHBIX HccaenoBanmii, Poccus, MockoBckas 0611,
r. JIy6Ha, yin. XKommo-Kropu, 6, 141980, Ten.: +7 (49621) 6-50-59,
daxkc: +7 (49621) 6-51-46, e-mail: post@jinr.ru
2 @usnueckuii uctuTyT UM. I1. H. Jle6enesa Poccuiickoii akagemun Hayk, 119991 I'CII-1 Mocksa,
JleHWHCKU# ipocnekT, 1.53, ten: +7 (499) 132-65-54, e-mail: office@lebedev.ru

Okcnepument vGeEN HampapieH Ha HUcCCeOBaHWUE CBOWCTB AHTHHEHTPHHO OT peakTopa
Kamuaunckoit ADC (Yaomis, Poccus) [1]. DkcriepiMeHTanbHass YCTAaHOBKA ObLTA YCTAHOBJICHA TOJT
tpeteuM OnoxkoM KADC Ha moawemHOM mnardopme Ha pacctostHud 11.1-12.2 M OT aKTHBHON 30HBI
PEaKTopa, YTo MO3BOJIAET ONEPUPOBATH TUTAHTCKUAM TIOTOKOM aHTHUHEHTpUHO B (3.6 - 4.4)-10% v/(cm?
cek) (Puc. cieBa).

Active p veto—=5cm

Calibration pipe Borated polyethylene, 3.5% ~ 8 cm

Lead shielding— 10 cm
Borated PE, 3.5% -8 cm

Antivibration platform

30 printed mylon

Cnesa: cxema peaktopa Ne3 KADC. Ctpenkoll yka3aHO NOMEIIEHUE, II€ PACION0XKEHa
JKCIEepUMEHTaNbHas ycTaHOBKa. CrpaBa: cXeMa 3allMThl CIEKTPOMETpA.

Bonbioe konuuecTBO KOHCTPYKIMOHHBIX MAaTEPUAIOB PEAKTOPA, SKBUBAJICHTHBIX ~ 50 M B.3.
CIy>)KaT XOpOoUIeH 3alIuTOM OT KOCMHMYECKOTO W3NMydeHMs. VICKOMBbIE CHUTHajbl PErHCTPUPYIOTCS
C TIOMOIIBIO CHEIHMAIIFHO Pa3padOTaHHOT0 HU3KO(GOHOBOTO, HU3KOMIOPOTOBOTO, TEPMAHUEBOTO JIETEK-
TOpa, OKPYXKEHHOTO CO BCEX CTOPOH AaKTHBHOW W TMACCUBHOW KOMOWHHPOBAHHOHM 3alllUTON OT
PaJMOaKTUBHOIO H3JydeHHS (pHC. crpaBa). JleTanbHbII 0030p SKCIEPUMEHTAILHOW YCTaHOBKHU,
TEKYIIMU CTaTyC M3MEPEHUI U NOJYyUYCHHBIE PE3yJIbTaThl OYAYT MPEeACTaBICHbI Ha KOH(EPECHIINH.
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RESULTS OF THE NUGEN EXPERIMENT ON SEARCH FOR COHERENT ELASTIC
REACTOR ANTINEUTRINO-NUCLEUS SCATTERING AND OTHER RARE PROCESSES
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The experiment vGeN is aimed at studying the properties of antineutrinos from the reactor of
the Kalinin NPP (Udomlya, Russia) [1]. The experimental setup was installed under the third unit of
the KNPP on a special lifting platform at a distance of 11.1-12.2 m from the reactor core, which
allows to operate an enormous flux of antineutrinos in (3.6 - 4.4)-10*® v/(cm? sec) (Fig. left).
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Active j1 veto—5cm

Calibration pipe Borated polyethylene, 3.5% — 8 cm
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Antivibration platform

30 printed nylen

Left: Scheme of reactor unit # 3 of KNPP. The arrow indicates the room where
the experimental setup is located. Right: scheme of the spectrometer’s shielding

A reactor surrounding materials (overburden equivalent to ~ 50 m w.e.) serve as good
shielding against cosmic rays. The signals sought are recorded by a specially designed low-
background, low-threshold, germanium detector surrounded on all sides by active and passive
combined radiation shielding (Fig. right). A detailed overview of the experimental setup, the current
status of measurements, and the obtained results will be presented at the conference.
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MN3MEPEHHUE AIPOHOB C OTKPBITBIM OYAPOBAHUEM
B AETEKTOPE ALICE-3 HA LHC-HL

M. B. Manaes'?, B. I'. PsigoB'?

! MetepOyprekuii uacTUTYT siaepHoit Gpusuku um. b. I1. Koncrantuxosa
HanmonansHoro nccnenosarensckoro nenTpa «KypuatoBckuil uHCTUTYT», JIeHHHTpanckas oonacts,
I'atumna, Mmxp. Opiosa poria 1, Ten. +78137146025, daxc +78137136025, dir@pnpi.nrcki.ru
2 MockoBCKHiT (PU3MKO-TEXHUYECKUI MHCTHTYT, MOCKOBCKas 0611acTh, Jl0Aronpy/HbIii,
Wuctutytekuii nep. 9, ten. +74954084554, info@mipt.ru

ALICE-3 sBnsercss moaepHu3anueii cyuiectytoriero sxkcnepumenta ALICE mns pabotel Ha
Bonpmom agponnom komnaitnepe Bbicokoil cBetumoct B LIEPH mocie 2030 roma. Opnoit u3
¢usnyeckux 3amau  ycranoBku ALICE-3 siBnsieTcss umcciienoBaHHe CBOWCTB IUIOTHOH M TOpsYei
MApPTOHHOM cpenbl, 00pa3ylolIecs B CTOJIKHOBEHHSAX TSKEIBIX YIBTPAPEISTUBUCTCKUX SEp,
MOCPENICTBOM M3MEPEHUs aJpOHOB C OTKPBITEIM odapoBaHueM. Jlerektop ALICE-3 xopomo ocHamen
JUist u3MepeHnss D-Me30HOB B OCHOBHOM M BO30Y)KIIEHHOM COCTOSIHUSIX B KaHallaX pacraja ¢ 3aps-
’KEHHBIMH YaCTUIIAMHA B KOHEYHOM COCTOSHUHW. B MaHHOW mpe3eHTaIli MBI IPEACTABISIEM PE3yJIbTaThl
WCCIIENOBAaHNS BO3MOXKHOCTH PETHCTPAIMH aAPOHOB C OTKPHITHIM OYapOBaHWEM B KaHajaxX pacrana
C HEUTpaNnbHBEIMH (POTOHAMH WM ME30HAMH B KOHEYHOM COCTOSIHMM TIPHU WCHOJB30BAHUHU 3JIEKTPO-
MarHWTHOTO KaJopuMeTpa C OONBIIMM akcenTaHCoM. llosydeHHBbIe pe3ylbTaThl CpPaBHUBAIOTCS
C XapaKTePUCTHKAMU JIETEKTOpa, IOJYYCHHBIMH JJIs JPYIMX KaHAJOB pacrajaa, OO0CYXKIaeTcs
3HaYMMOCTh TOJYYCHHBIX PE3yAbTaTOB s (PU3MUYECKON MPOrpaMMbl SKCIIEPUMEHTA.
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PROBING OPEN CHARM PRODUCTION WITH ALICE-3 DETECTOR AT LHC-HL
M. V. Malaev!?, V. G. Riabov*?

! Petersburg Nuclear Physics Institute named by B.P.Konstantinov of NRC “Kurchatov Institute”,
Gatchina, Russia, tel. +78137146025, fax +78137136025, dir@pnpi.nrcki.ru
2 Moscow Institute of Physics and Technology, Dolgoprudny, Russia, tel. +74954084554,
info@mipt.ru

ALICE-3 is a future upgrade of the current ALICE experiment to be operated at high-
luminosity Large Hadron Collider (LHC) at CERN after 2030. One of the physics objectives of the
experiment is to probe the hot and dense QCD matter produced in heavy-ion collisions via the
measurement of open charm hadron production. The ALICE-3 detector is well equipped to measure
production of ground and excited states of D-mesons in the decay channels with charged particles in
the final state. In this presentation, we present results of feasibility studies for the measurement of
open charm mesons in the decay channels with neutral photons or mesons by utilizing the large
acceptance electromagnetic calorimeter. Obtained results are compared with those available for other
decay modes, implications for the physical program of the experiment are discussed.

PA3PABOTKA BPEMSIIPOJIETHOI'O JIETEKTOPA HEUTPOHOB
C BbICOKUM BPEMEHHBIM U TIPOCTPAHCTBEHHBIM PASPEIIIEHUEM
JJIs1 DKCHEPUMEHTA BM@N

A. . MaxuéB

Hucturyt Anepusix Uccnenosanuit PAH, 108840, Poccusi, Mockga, T. Tpowurk, yi. ®uszndeckas,
BII. 27., KOHTaKTHbIH Tenedon: +79168455278, e-mail: makhnev.a@phystech.edu

Just sxcriepumenta BM@N paspabarbiBaeTcsi BpeMSIPOJICTHBIH AETEKTOP HEHTPOHOB C BBICO-
KHMH BPEMEHHBIM M IPOCTPAHCTBEHHBIM pa3pemeHusMH. Pusnueckas cxema Oymylero AeTeKTopa
MOAPa3yMEBAET CIOUCTYIO CTPYKTYPY M3 IUIMT HOIIOTHTENS-KOHBEPTOpAa M IO3MLUOHHO-UYyBCTBU-
TEJIbHBIX CIUHTWUIAIMOHHBIX JIETEKTOPOB, CUTHAJ C KOTOPBIX CUYUTHIBAETCS MOCPEACTBOM M3MEPEHUS
BPEMEHHU HaJl nmoporoM. B 31oii paGore ommcaH mporpecc mo pa3paboTke IETEKTOpa: ONTHUMH3ALMS
TUIOBOW CHMHTHWUIALMOHHOW SYEHKH, TECTHPOBAHHE CUMTHIBAIOILETO TpakTa M pa3paboTKa
MEXaHHYECKOW KOHCTPYKIIUHU MpHOOopa.

DEVELOPMENT OF AHIGH GRANULAR NEUTRON TIME-OF-FLIGHT DETECTOR
FOR THE BM@N EXPERIMENT

A. 1. Makhnev

A new high-granular time-of-flight neutron detector for the BM@N experiment is under
development. The design of future detector utilizes a layered structure of absorber tiles and
scintillation detectors, which operate via the time-over-threshold method. This work describes the
development progress in the areas of detector optimization, readout chain design, front-end electronics
verification and mechanical support structures design.
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HAPYIIEHME 3APSIJIOBOM CUMMETPUH AJIST A-TUIIEPOHA
B THNEPAPAX 1 HEUTPOHHBIX 3BE3JIAX

C. A. Muxees, /. E. Jlanckoii, C. B. Cunopos, T. 0. TpeTrbsikoBa

DenepanbHOE TOCYAaPCTBEHHOE OIOIKETHOE 00pa30BaTENbHOE YUPEKICHUE BHICILIEIO
oOpa3zoBanusa «MOCKOBCKHUII rocyAapCTBEHHBIN YHUBEpcUTET nMeHH M. B. JlomoHOCOBaY,
HayuHno-uccnenoBarenbckuii MHCTUTYT aaepHoil ¢pusuku umenu /1. B. Ckobensitpina, 119234, I'CII-1,
MockBa, JIenuHckue ropsl, 1oM 1, ctpoenue 2, Ten.: +7(495)939-18-18, dakc: +7(495)939-08-96,
email: mikheev.sal6@physics.msu.ru

Kak wu3BecTHO, CmibHOE B3aMMOJCICTBHE aAPOHOB 00JAlaeT H30CHHMHOBOMH CHUMMETpHUEH.
B peanpHOCTH, OHAKO, BO3MOXKHO HAapyLICHHE 3TOH CHMMETPHUU BBI3BAHHOE 3JIEKTPOMArHUTHBIM
B3auMmoJerictBueM. Hapyuienue 3apsnoBoit cummerpun (CSB) siBisiercst mposiBienuem storo g dexra
U OTPayKaeTCs B Pa3jINYHOM CHJIBHOM B3aUMOJAEHCTBHU WICHOB OJHOTO M30CIIMHOBOTO MYJIBTHUILIETA,
HalpuMep NMPOTOHOB M HEHTPOHOB. B KOHTEKCTe rUIepoH-HYKIOHHOTrO B3aumopelcteus noj CSB
00BIYHO MMOHUMAIOT pa3nuyre Mexay An- u Ap-B3anuMozeicTBUEM.

B sapax CSB MoOXeT oka3bIBaTh BIUSHUE HA DHEPTUIO CBS3H, pacIlpelelicHHuE HYKIOHHOM
IUIOTHOCTH W HMETh OONbLIOE 3HAa4YCHUE I MPEACKa3aHWs IOJOKEHHUs JIMHUA HyKIOHHOM
crabunbHOCTH. BaxkHpiM uctounmkoMm wuHpopmanmun o CSB B AN-B3auMoneiicTBUUM MOTYT OBITH
3K30THYECKHE TUMepsAapa, UMEIoIlne U30BITOK HEMTPOHOB WJIM MPOTOHOB. MBI HCNONB3yeM METOJ
yueTa HapyLIeHHs 3apsIOoBOM CHUMMETPUH B THIEpAOpax B paMkax mnoaxoza Xaptpu-doka co
B3aumozericteueM CkupMma. [Tapametpsr AN-cuin Ckupma Ipy 3TOM BBIBOAATCS U3 COOTBETCTBYIOLIUX
napameTpoB Y N-B3auMoJIeHiCTBUSI B MOAETSAX ME30HHOTO oOMeHa. Mcmonb3ys 3Ty Mojeib Mbl pac-
cmarpuBaeM BiausHue CSB Ha sHepruio cBs3u I'MIIEpOHA B rumnepsapax yriepoaa. Ilomumo snep
u runepsinep 3hdexr CSB MokeT mposSBIATECS B HEUTPOHHBIX 3BE3MaX. MBI aHANM3UPYEM BIHUSHIE
CSB Ha Takue xapakTepHUCTUKH HEHTPOHHBIX 3BE3]I, KaK Macca U paanyc.

CHARGE SYMMETRY BREAKINF FOR A-HYPERON IN HYPERNUCLEI AND
NEUTRON STARS

S. A. Mikheev, D. E. Lanskoy, S. V. Sidorov, T. Yu. Tretyakova

Federal State Budget Educational Institution of Higher Education M. V. Lomonosov
Moscow State University, Skobeltsyn Institute of Nuclear Physics, 1(2), Leninskie gory, GSP-1,
Moscow 119991, Russian Federation, Phone.: +7(495)939-18-18, Fax: +7(495)939-08-96,
email: mikheev.sal6@physics.msu.ru

The strong interaction of hadrons is known to have isospin symmetry. However, in reality this
symmetry can be broken by electromagnetic interaction. Charge symmetry breaking (CSB) is the
manifestation of this effect and it results in different strong interactions of members of the same
isospin multiplet, such as protons and neutrons. In terms of the hyperon-nucleon interaction, CSB is
usually understood as the difference between An and Ap interactions.

In nuclei, CSB can affect the binding energy, the nucleon density distribution, and be of great
importance for predicting the position of the lines of nucleon stability. Exotic hypernuclei, which
have an excess of neutrons or protons, may be a valuable source of information about CSB in AN-
interaction. In our method we take into account the charge symmetry breaking in hypernuclei within
the framework of the Hartree-Fock approach with the Skyrme interaction. The parameters of the
Skyrme AN-forces are derived from the corresponding parameters of the YN-interaction in the models
of meson exchange. Using this model, we consider the effect of CSB on the hyperon binding energy in
the hypernuclei of carbon. In addition to nuclei and hypernuclei, the CSB can affect neutron stars. We
analyze the effect of CSB on the masses and radii of neutron stars.
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NEPEJTHUI AJIPOHHBINA KAJJOPUMETP I U3SMEPEHUSI TEOMETPUA
SAIPO-SIIEPHBIX CTOJIKHOBEHU B SKCIIEPUMEHTAX NA61/SHINE

C. B. Mopo3os

Unctutyt Anepusix Uccnenosanmii PAH, npocnext 60-netus OxTs6ps, 7a, Mocksa 117312
Tenedon: 8(495)850-42-56, dakc: 8(495)850-42-28
DJ1. mouTa: morozovs@inr.ru

Hetexrop ¢parmenro-criektatopoB PSD mpencraBnsier co0oii mepenHuil aapOHHBIA Kayo-
puMeTep, KOTOPBIH HCHONb3yeTcsi Ha dKkcnepumenTanbHoit ycraHoBke NAGL/SHINE mis uzmepenus
LHEHTPAJIbHOCTH CTOJKHOBEHHH SA€p M HU3MEPEHMs IUIOCKOCTH PEAKIMU HE3aBUCHMO OT TPEKOBBIX
nerexkropoB. Kanopumerp PSD coctouT u3 Moaysei ¢ mpogonbHON cerMeHTaluen, npeacTaBIsonen
c000¥1 CJIOM CBHHIIA ¥ CHUHTHUIATOpA C COOTHOIICHHEeM TONIUH 4:1. CBeT B CHMHTHILISIIMOHHBIX
IUTACTHHAX COOMpAETCsA C MOMOIIBIO CIEKTPOCMELIAIOLIETO ONTOBOJIOKHA, U CBET OT KAKIBIX LIECTH
IUTACTHH HOAPSA PETHCTPUPYETCS OTACIBHBIM (DOTOAETEKTOPOM, PACHOJIOKEHHBIM B 3aJHEM TOpLE
MOIyJsl. BBICTpBI aHaMOrOBBIM BBIXOJ CyMMbI CHUTHAJIOB C KaKIOT0 MOAyns kamnopumerpa PSD
MO3BOJISIET BBHIOMPATh COOBITHSI MO 33JaHHON IEHTPaJbHOCTH CTOJIKHOBEHHH YK€ Ha ypOBHE TpHI-
repHoro pemeHus. B nokmaze Oyner mpencraBiieHa pabora kamopumeTrpa PSD B nmuamasone sHepruit
anep 13-150 I'>B/HykioH.

Hosast mporpamma st sxcniepumentoB Ha NAG1/SHINE mnocie 2020 1. Biimouaer B ceOs
HpOrpamMMmy HcciegoBaHusi Open charm, mpu 3TOM YacTOTa CTOJKHOBEHHIl YBEIHWYUTCS HA IOPSJIOK.
Orto motpeboBasio oOHOBJICHUS KanmopuMeTpa PSD Ui HOBBIX paJWallMOHHBIX YCIOBHH W Oonee
OBICTPOTO CUMTHIBAHMSI CUTHAIOB. BMmecTo omHOro OyAyT HCHONB30BaThbCcAd [1BA KaJOpUMETpa:
MonupUIMPOBaHHEINH KajmopumeTp PSD ¢ mydukoBBIM OTBepCTHEM B IIEHTPE W HOBBIH BCIIOMOTa-
TEJIbHBIA KaJIOPUMETpP, DPACHONOXKEHHBIH 3a HUM. B noxiage OymyT mHpeAcTaBieHBl pe3ylbTar
0OHOBIICHHUS U paboTa HOBOW CHCTEMBI KajopumeTpoB Ha skcriepumenTe NAG61/SHINE.

FORWARD HADRON CALORIMETER FOR MEASURING GEOMETRY OF NUCLEUS-
NUCLEUS COLLISIONS AT NA61/SHINE EXPERIMENTS

S. V. Morozov

Institute for Nuclear Research RAS, prospekt 60-letiya Oktyabrya 7a, Moscow 117312
Tel: 8(495)850-42-56, Fax: 8(495)850-42-28
E-mail: morozovs@inr.ru

Projectile Spectator Detector (PSD) is a forward sampling hadron calorimeter used in the
NAB61/SHINE experiment to provide measurement of collision centrality and event plane
reconstruction independently from tracking detectors. The PSD consists of modules with longitudinal
segmentation based on lead/scintillator layers with the sampling ratio 4:1. Light from scintillator plates
is collected with WLS fibers and each six consecutive scintillator plates are read out by one
photodetector placed at the end of the module. A fast analog signal from PSD modules allows to select
events with required centrality on-line at the trigger level. Performance of the PSD will be shown for
the measurements at the energy range 13 — 150 AGeV.

New physics program of NAG61/SHINE experiments beyond 2020 includes open charm
measurements. Current beam rate has to be increased by an order of magnitude. This requires PSD
upgrade to survive in new high radiation conditions and to have faster read-out. Instead of the present
PSD, two forward calorimeters will be used. The first one is modified current PSD with constructed
beam hole in the center and the second one is a new calorimeter with small transverse sizes placed
downstream. Details of the PSD upgrade as well as the performance of NA61/SHINE calorimeter
system will be presented.
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INOUCKHU PE3OHAHCHOI'O IIOTJIOINEHU S COJTHEYHBIX AKCUOHOB
ATOMHBIMMU SAAPAMU

B. H. MyparoBa
[erepOyprckuit uHCTUTYT siaepHoi puznku HUL] KypuaToBckuit HHCTUTYT

AKCHOHBI, BO3HHKININE Kak 3nerantHoe pemenne CP-mpoOieMbl CHIBHBIX B3aWMOJICHCTBUMA,
0Ka3aJKich XOPOIIMMH KaHIUAATaMHU Ha POJIb 4acTHUI] TeMHOW MaTepun. OIMH U3 BO3MOYKHBIX KaHAJIOB
PETUCTPALIMU - 3TO peaKlHsd PEe30HAHCHOTO TOTJIOUIEHUS aKCMOHOB SJIpaMHM, MPOLECC aHAJTOTMYHBIN
PE30HAHCHOMY TIOTJIOIIEHUIO TaMMa-KBaHTOB. bosblas BenMuMHAa cedeHMsS JaHHON peakuuu s
raMMma-KBaHTOB MPHUBOAUT K BBICOKOH YyBCTBUTEIBHOCTH JKCIEPHMEHTOB K KOHCTAHTaM CBSI3U
akcuoHa ¢ ()OTOHaMu, DJIEKTPOHAM W HYKJIOHAMH, M, KaK CJIEACTBUE, K Macce akcuoHa. B pabore
IIPEJICTABIIEHBI PE3YIILTATHI OMCKA PE30OHAHCHOTO BO30YKIEHHs TIEPBOTO sepHOro yposHs 'Li, °'Fe,
8Kr 1 1°Tm ¢ nomMoIbIo 1ETEKTOPOB Pa3IMIHbIX THIIOB.

SEARCHES FOR THE RESONANT ABSORPTION OF SOLAR AXIONS BY ATOMIC
NUCLEI

V. Muratova
Petersburg Nuclear Physics Institute NRC Kurchatov Institute

Axions emerged as an elegant solution to the strong CP-problem and turned out to be good
candidates for the role of dark matter particles. One of the possible registration channels is the reaction
of resonant absorption of axions by nuclei, a process similar to the resonant absorption of gamma
guanta. The large value of the cross section of this reaction for gamma quanta leads to a high
sensitivity of experiments to the coupling constants of the axion with photons, electrons and nucleons,
and, as a consequence, to the mass of the axion. The paper presents the results of a search for resonant
excitation of the first nuclear level in 7Li, 57Fe, 83Kr, and 169Tm using various type detectors.

CTATYC DKCIHHEPUMEHTA MPD B NICA
Cyaxup ITanaypanr Poge * 3a corpynauuectso MPD

Jlabopatopust pusmku BeICOKUX dHepruii Bekciepa u bananaa,
OObeMHEHHBI UHCTUTYT SIEPHBIX HCCIeqoBanni, . lyona, 141980,
MockoBckas obmnactb, Poccuiickas ®enepanust
*snexkrponHas moura: sudhir@jinr.ru, sudhirrodell@gmail.com

Okcnepument Multi-Purpose Detector (MPD), Benyimit SKCIIEpUMEHT C TSDKEIBIMA HOHAMH,
CTpOALIMIACS HAa yCTaHOBKE MOHHOTO Kojutaiaepa Ha Oase HykiorpoHa (NICA) B OObenuHeHHOM
WHCTHUTYTE saepHbIX uccnemnoBannii (OUSIN) B JlyOne, Poccusi, mpenHazHadeH sl paboOTHl B PEKUM
koaiinepa. MPD Oyner uccienoBarh CTONKHOBEHHS! TSDKEIBIX MOHOB B JIMAIIa30HE PHEPruil LeHTpa
Mmacc, VsNN = 4-11 "B, HaunHast co cronkuoBenuit Bi+Bi mpu VsNN = 9,2 I'3B, Ha HaYaJILHOM >Tare
paboThl, KOTOPHIH TuTaHupyercs HadaTs B 2025 rogy. MPD — 310 MexayHapogHOE COTPYTHUYECTRO,
B KoTopoe BxomuT 31 yupexxknenne u3 10 ctpan ¢ 6onee ueM 450 ygactaukamu. MPD dokycupyetcs
Ha u3y4eHun Ooraroii OapuoHamu 001acTH Ga3oBoii quarpaMMbl KBaHTOBOK xpomoanHamuku (KXT),
MTOMCKE Hadajga W MPUPOABI (a30BOTO Iepexona MExAy AeKOoH(DalHMEHTOM M aIpOHHOW MaTepheH,
Hayajia BOCCTaHOBJICHUS] KUPAJbHOW CHMMETPHUH U IIPEANOIAracMoi KpUTUUE€CKOM KOHEUHOM TOUKH. .

B 3to0ii npe3enTanun OyneT pacCMOTPEHO TEKyIee COCTOSHUE KOHCTpYKIHHU netekropa MPD
u ero Quzuyeckas NporpaMma € akIeHTOM Ha (DU3MYECKHE H3MEPEHHs, BO3MOXKHBIE C IEPBBIMHU
MyYKaMH.
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STATUS OF THE MPD EXPERIMENT AT NICA
Sudhir Pandurang Rode * for the MPD collaboration

Veksler and Baldin Laboratory of High Energy Physics,
Joint Institute for Nuclear Research, Dubna, 141980,
Maoscow region, Russian Federation
*email: sudhir@jinr.ru, sudhirrodell@gmail.com

The Multi-Purpose Detector (MPD) experiment, a leading heavy-ion experiment under
construction in the Nuclotron-based lon Collider fAcility (NICA) at Joint Institute for Nuclear
Research (JINR), in Dubna, Russia, is designed to operate in the collider mode. The MPD will
examine heavy-ion collisions in the center-of-mass energy range, Vsnn = 4-11 GeV, starting with
Bi+Bi collisions at Vsyy = 9.2 GeV, in its initial stage of operation which is planned to start in 2025.
The MPD is an international collaboration which consists of 31 institutions from 10 countries with
more than 450 participants. MPD focuses on study of baryon-rich region of the Quantum Chromo-
Dynamics (QCD) phase diagram, to search for the onset and nature of the phase transition between
deconfined and hadronic matter, the onset of chiral symmetry restoration and the conjectured critical
end point.

In this presentation, the current status of the MPD detector construction and its physics
program will be reviewed with an emphasis on the physics measurements feasible with the first beams.

MPOU3BOJICTBO n* U K ME3OHOB B APT'OH-SIJIEPHBIX B3AMMOJIENCTBUAX
TP SHEPTUH ITYYKA 3.2 AI'3B B OQKCIIEPUMEHTE BM@N HA HYKJIOTPOHE

B. A. ILlIOTHUKOB OT HMeHH KoJIJIadopauuu BM@N

OO0beqMHEHHBIN HHCTUTYT SJIEPHBIX UCCIIeOBaHuH, T. [lyOHa, Poccust
E-mail: vplotnikov@yjinr.ru

[IpencraBiensl nepsbie puznveckue pe3ynbTaThl skcnepuMenTa BM@N Ha ycKOpUTEIbHOM
komiuiekce Hykmotpon/NICA mo mpousBozicTtBy 7 u K* Me30HOB BO B3aMMOIEHWCTBHSIX aprOHHOTO
nyuyka ¢ ¢ukcupoBanHeiMd MumieHsMHu 3 C, Al, Cu, Sn u Pb npu suepruu 3.2 AI'B. H3mepensr
pacnpenesieHus 10 MONePeYHOMY HMITYJIbCY, CIEKTPhI MO ObICTpoTe W BBIXOAB M' M K* Me30HOB.
Pe3ynbraTel cpaBHEHBI C MpPEICKA3aHUAMU TEOPETHUECKUX MOJeNell U APYTUMH H3MEPEHHUSIMH,
CeTIaHHBIMU TIPH 0OJIee HU3KHUX JHEPTHSX.

PRODUCTION OF n* AND K" MESONS IN ARGON-NUCLEUS INTERACTIONS AT 3.2
AGeV IN THE BM@N EXPERIMENT AT THE NUCLOTRON

V. A. Plotnikov for the BM@N Collaboration

Joint Institute for Nuclear Research, Dubna, Russia
E-mail: vplotnikov@yjinr.ru

First physics results of the BM@N experiment at the Nuclotron/NICA complex are presented
on «* and K* meson production in interactions of an argon beam with fixed targets of C, Al, Cu, Sn
and Pb at 3.2 AGeV. Transverse momentum distributions, rapidity spectra and multiplicities of =" and
K* mesons are measured. The results are compared with predictions of theoretical models and with
other measurements at lower energies.
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MN3YUYEHUE BO3MOXKHOCTHU BOCCTAHOBJIEHUS THITEPOHOB
B OKCIHEPUMEHTE BM@N

P. K. Bapak 12, C. I1. Mepu 2

HUAY MU®U, r. Jlybna, MockoBckas o6i., 141980, +79957578761, rbarak@jinr.ru
2JI®OBD OUSN, r. Jlybna, MockoBckas o6, 141980, +79996756755, merts@jinr.ru

PenstuBuCTCKHE CTONKHOBEHHUS! TSDKENBIX HMOHOB IO3BOJISIIOT HM3YYaTh SACPHYIO MAaTEpHIO
B CITy4yasX 5KCTPEMAaNbHOW TUIOTHOCTH W TeMIeparypbl. Bo BpeMsi TakMX CTOJKHOBEHHH sIEpHas
MaTepHsi HarpeBacTCs W CKUMAETCs 32 O4YeHb KOPOTKUH MPOMEXYTOK BpeMeHd. [Ipu gocTatouHo
BBICOKHX TEMIIEpaTypax WM B clydae OOJbIIEH IIOTHOCTH aIpOHBI “TUIABATCS’, & COCTABIIAIONIUE
(KBapkd W TJIOOHBI) OOpPa3ylOT Tak-Ha3bIBaeMylo KBapk-rimooHHyro miasMmy (KITI). B ¢usuke
BBICOKUX DHEPTUil POXKIEHHE YACTHIl C HEHYJICBOW CTPAHHOCTBHIO B PEISTUBUCTCKUX CTOJIKHOBEHHSIX
TSDKEJIBIX NOHOB SIBJSIETCSA XapaKTEPHBIM MPU3HAKOM (POPMHUPOBaHMs KBapK-TirooHHOH Tura3mel (KI'TT)
[1, 2]. ManHas paboTa CKOHIIEHTPHPOBAHA HAa HMCCIICIOBAHHU BOMPOCA BOCCTAHOBIICHHUS TAPAMETPOB
YaCTHI[ C ITOM KOMIOHEHTO# (rurnepoHoB) B skcnepumernte BM@N (Baryonic Matter at Nuclotron)
[3, 4]. Jaunusiii sxcriepumeHT peanuzyercss B OObeAMHEHHOM HHCTHTYTE SIIEPHBIX MCCIESI0BAHHUN
B TTOJIMOCKOBHOM ropoje JlyOHa.

B ¢espasie 2023 roma 3aBepinmics MEPBBIN SKCIEPUMEHTAIBHBIA CEaHC C MyYKOM KCEHOHA
(124X€**") ma ycranoske BM@N. Ha naHHBI MOMEHT MIET IpOLECC OOpaOOTKH JAHHBIX U HX
MOATOTOBKM K JanbHedmeMy ¢u3nueckoMy aHanmu3y. Ilostomy B pabore 1si aHanmm3a POXKACHUS
TUIEPOHOB HUCIIOJIL30BAIUCH JAHHBIE, MMOMy4YeHHbIe ¢ momolbio Mounte-Kapno renepatopa DCMSMM
[5]. B pabote 6b110 cMoaenuposano 100000 coObITHI, IPOBEICHA PEKOHCTPYKIIMS TPACKTOPHI YaCTHIT 1
pa3paboTaHpl, M pealn3oBaHbl B MpPOrpaMMHOM THakere BmnRoot Matemartuueckue aaropuTMbl
BOCCTAHOBJICHHS TPACKTOPHI JSIMOJIa-THIIEPOHOB TI0 KaHATy pacliajia Ha MPOTOH U OTPHUIATEIbHBIN TTH-
Me30H. [loxokast mporenypa Obula TIpojeNiaHa Uil BOCCTAHOBJICHHS TPAGKTOPUA KOPOTKOXKUBYILHX
HEHTpaNbHBIX KAOHOB [0 KaHaJy pachaja Ha TMOJOKHTEIBHBIA M OTPUIATENLHBIA IH-ME30HbI.
Anroput™M OCHOBaH Ha mepe0ope Map YacTHIl C Pa3HBIMH 3HAKaMH, BBHIYHCICHUM WHBapUAHTHON
Macchl M HaJIOXKEHUH Psijia TEOMETPUIECKUX OTpaHIMUYCHNUH Ha TTapaMeTphbl KaXKI0H Naphl.

3 1600 =
E . i =1.115 GeV
#1400 — o = 0.002 GeV
E 2
1200 — T 1.426
1000~ % = 1.331

Efficiency = 3.38 %

t P R O TN T N PR PO GO ORS00 O, P I s N B DO EO
1.08 1.09 1.1 1.1 1.12 1.13 1.14 1.15 1.16 117 1.18
Mass (GeV)

Puc. 1. Pacnipenenenue o MHBapuaHTHON Macce map MPOTOH — OTPUIATESIbHBINA MTU-ME30H.
DUONETOBBIM IIBETOM MOKAa3aHa alMpOKCUMAITUS TTHKa JIIMOa-TUTIEPOHOB U (hOHA CyMMOit
rayccoBO# ()YHKIIMH U IPON3BEICHUS PATUKAIEHON (DYHKIIMU H SKCIIOHEHTEHI.

Ha puc. 1 npencraBieHsl MaccoBbI€ paclpelesieHrs] map NPOTOHA W OTPHLATENFHOTO IH-
Me3oHa. HaOmromaeTcst muk OT JIAMOAa-THIIEPOHOB, KOTOPBIM ObLI (PUTHPOBAH W M3BJCUCHBI Macca
(1.115 I'»B) u mumpuna (2 M»3B), xopomro corjacyromuecst ¢ Teopuei. Taxke OBLIM BBIYHCICHBI
COOTHOILCHHE XH-KBaApaT/ KOJUYECTBO CTENEHEH CBOOOABI, COOTHOLIEHHE CHTHAN/IIyM H 3ddek-
TUBHOCTbB. [lepBoe Moka3bpiBaeT, HACKOJIBLKO XOPOIIO HaM YIaloch MpO(UTHPOBATH JaHHOE paclpe-
JieneHne, u coctaBmio 1.426, BTOpoe HACKOJIBKO XOPOIIO BBISBIICH CHTHAJ 10 CPABHEHHUIO C (DOHOM.
O PeKTHBHOCTh OTpakaeT KOJIHYECTBO JIAMOJ COCTaBISIONIMX OKOHYATENBHBIM CHTHAN 10
CPaBHEHHIO C OOIIMM KOJIMYECTBOM JIAMO (POPMHUPYIOIIUXCS B HAIlIEM Tporiecce U cocTaBmiio 3.38 %.
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i = 0.497 GeV
o = 0.003 GeV

X o
ndf‘0'752

S_
B= 0.725
Efficiency = 0.94 %
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Puc. 2. Pacnipenenenue no HHBapuaHTHON Macce nap MOoJI0XKHUTEIbHbIH — OTpULIATEIbHBINA TU-ME30H.
®DHOoIETOBEIM [IBETOM MOKa3aHa alMpOKCUMAIIHS ITHKA KAOHOB U (pOHA CYMMOH raycCOBOH (YHKITUH

1 MIPOU3BEACHU pa,um(anbﬂoﬁ (1)yHKIII/II/I U 3KCIIOHCHTHI.

Ha puc. 2 npeacraBiieHbl MaCCOBBIC PaclpeIeICHHs ap MOJ0KUTEILHOTO M OTPUILIATSIIBHOTO
nu-me3oHa. HaOmiomaeTcs MUK OT HEWTPaIbHBIX KAOHOB, KOTOPBIM ObLI ()UTHPOBAH U H3BJICUCHBI
Mmacca (0.497 I'3B) u mmpuna (3 M»aB), xopoimo cornacytomuecs ¢ Teopueid. Takke ObUTH BEIYUCITICHBI
COOTHOILICHHE XH-KBaJpaT/ KOJIUYECTBO CTETEHEeW CBOOOBI, COOTHOIICHUE CHUTHAN/IIyM u 3 dek-
THBHOCTB, U cocTaBmin 0.752, 0.725 u 0.94 %.

BbUT IpoBeIcH aHATN3 HCTOYHUKOB YXYIIIICHUS] MACCOBOTO PACTIPEACTICHHUS U MOKA3aHO, YTO
pasMbITHE MyYKa BHOCUT CaMblil 3HAYMMBIH OTPHUIIATEIIHLHBII BKIIAJ B OKOHUATEIbHBIN PE3yJIbTaT.
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STUDYING THE POSSIBILITY OF HYPERON RECONSTRUCTION IN THE BM@N
EXPERIMENT

R. Barak 12, S. P. Merts 2

INRNU MEPhI, Dubna, Moscow region, 141980, +79957578761, rbarak@jinr.ru
2VBLHEP JINR, Dubna, Moscow region, 141980, +79996756755, merts@jinr.ru

Relativistic collisions of heavy ions enable the study of nuclear matter in cases of extreme
density and temperature. During such collisions, nuclear matter heats up and contracts in a very short
amount of time. At sufficiently high temperatures or in the case of a higher density, the hadrons
“melt”, and the constituents (quarks and gluons) form the so-called quark-gluon plasma (QGP). In
high energy physics, the production of particles with nonzero strangeness in relativistic collisions of
heavy ions is a characteristic sign of the formation of a quark—gluon plasma (QGP) [1, 2]. This work is
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focused on the problem of reconstructing the parameters of particles with this component (hyperons)
in the BM@N (Baryonic Matter at Nuclotron) experiment [3, 4]. This experiment is being
implemented at the Joint Institute for Nuclear Research in the city of Dubna near Moscow.

In February 2023, the first experimental run with a xenon beam (124Xe54+) at the BM@N
facility was completed. At the moment, the process of data processing and preparation for further
physical analysis is taking place. Therefore, in this work, in order to analyze the production of
hyperons, we used data obtained by employing the DCMSMM Monte Carlo generator [5]. 100,000
events were simulated, particle trajectories were reconstructed, and mathematical algorithms for
reconstructing lambda hyperon trajectories along the decay channel into a proton and a negative pi-
meson were developed and implemented in the BmnRoot software package. A similar procedure was
carried out to reconstruct the trajectories of short-lived neutral kaons along the decay channel into
positive and negative pi-mesons. The algorithm is based on enumerating pairs of particles with
different signs, calculating the invariant mass, and imposing a number of geometric restrictions on the

parameters of each pair.
1600 ——

$ E w=1115.11 + 0.04 MeV
G y400 G =1.65 + 0.05 MeV
- x_f =1.757
1200 | n
E % =1.331 +0.033
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Fig. 1. Invariant mass distribution of proton-negative pi-meson pairs. The purple color shows
the approximation of the lambda hyperon peak and the background by the sum of the Gaussian function
and the product of a radical function and an exponential.

Fig. 1 shows the mass distributions of proton and negative pi-meson pairs. A peak from
lambda hyperons is observed, which was fitted and from which the mass (1115.11 + 0.04 MeV) and
width (1.65 £ 0.05 MeV) were extracted. Both values are in good agreement with theoretical
predictions. The chi-square /number of degrees of freedom ratio, signal-to-noise ratio, and efficiency
were also calculated. The first shows how well we managed to fit the given distribution, and amounted
to 1.757, while the second shows how well the signal was detected compared to the background, and
amounted to 1.331 + 0.033. The efficiency reflects the number of lambdas that make up the final signal
compared to the total number of lambdas formed in our process, and amounted to 3.38 + 0.06 %.

I = 496.9 + 0.2 MeV
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Fig. 2: Invariant mass distribution of positive-negative pi-meson pairs. The purple color shows
the approximation of the kaon peak and background by the sum of the Gaussian function and the product

of a radical function and an exponential.
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Fig. 2 shows the mass distributions of pairs of positive and negative pi-mesons. A peak from
neutral kaons is observed, which was fitted and from which the mass (496.9 =+ 0.2 MeV) and width
(3.5 £ 0.2 MeV) were extracted. Once again both values are in good agreement with theoretical
predictions. Chi-square ratio/number of degrees of freedom, signal-to-noise ratio and efficiency were
also calculated and had the following values respectively 0.752, 0.725 + 0.032 and 0.94 + 0.03 %.

An analysis of the sources of deterioration of the mass distribution was carried out and it was
shown that the blurring of the beam is responsible for the most significant negative contribution to the
final result.
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PROTON AND KAON CUMULANT RATIOS AS FUNCTIONS OF COLLISION ENERGY
IN RELATIVISTIC HEAVY-ION COLLISIONS

R. Garcia Formenti, A. Ayala, E. Cuautle, R. Guzman, W. Bietenholz

National Autonomous University of Mexico (UNAM).
Av. Universidad 3004, Copilco Universidad, Coyoacan, 04510 Mexico City, CDMX

The properties of QCD matter in the high-baryon density domain have become a very active
field of research in connection with the study of the phase diagram, deep into the region of large baryon
chemical potential. In heavy-ion collisions, this is accomplished by varying the collision energy and by
means of the collision energy-dependent fluctuation measurements of conserved charges. Good proxies for
baryon and strangeness numbers are the net proton and net kaon measurements. Fluctuations of these
conserved charges are quantified in terms of high order cumulant ratios. In particular, the ratios C3/C2 and
C4/C2 of the net proton multiplicity have proved to be sensitive to the emergence of critical behavior. In
this work we show results of simulation using the UrQMD event generator, exploring the NICA energy
range, and comparing with available experimental results of RHIC.

METO/1bl ONIPEJEJIEHUS HEHTPAJIBHOCTH CTOJIKHOBEHUI
TAKEJBIX NOHOB B OKCIHEPUMEHTE BM@N

H. B. Ceraas, /1. M. Unpucos, I1. E. [1apdenos, A. B. Tapanenko, M. B. Mamaes
s Kosntabopanuu BM@N

HarmmonansHbI# HiccnenoBarensckuil ssaepHblil yauBepeuteT «MUDU», Anpec: 115409, Mockaa,
Kamupckoe mocce, a. 31, Ten.: + 7 (495) 788 56 99, daxc: +7 499 324-2111,
e-mail: ilya.segal.97@gmail.com

HeHTpaJ'II)HOCTI) — Ba)XKHasA BCJIMYMHA IMPU U3YUYCHUU CHUIIBHO BSaHMOHeﬁCTBy}OHIeﬁ MaTepuu,
o6pa3y10meiz’1ca npu CTOJKHOBCHHU TAKEJIBIX MOHOB, 3BOJIIOLUA KOTOpOﬁ 3aBHUCHUT OT €€ HaydaJIbHOM
TCOMETPHHU. 9KCHCpI/IMCHTaJIBHO CTOJIKHOBCHHUA MOXHO XapaKTEpHU30BaTb HU3MEPECHHBIMHU MHOXKECT-
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BEHHOCTBIO WJIM DHEpruedl oO0pa3oBaBIIMXCS YACTHUI[ WM (PAarMEeHTOB CIEKTaTOpoB. CBS3b MEKIY
reoMeTpHel CTOJIKHOBEHHS U HKCHEPUMEHTAILHO W3MEPEHHOH MHOXKECTBEHHOCTHIO OOBIYHO OLIEHH-
BaeTcs B paMkax nmoaxona Monte-Kapmo ['may6epa.

MBI npencTaBUM METOABI OIpENeleHNs HEHTPAIbHOCTH B CTOJKHOBEHHSX TSDKETBIX HOHOB
B 3kcriepuMenTe bapuonnas Marepust Ha Hyxnorpone (BM@N). MHOXECTBEHHOCTh 3apsKEHHBIX
aZpoOHOB H3MepeseTcst netekropamu ycraHoBkd BM@N Kpemuuesas Tpekosas Cucrema (STS) u
I"a3oBbrit Onextponnsiit YMuoxutenbs (GEM) u cBsi3piBaeTca ¢ mapaMeTpaMy T€OMETPUHU CTOJIKHO-
BEHHWI ¢ wHcnoib3oBaHHeM Mojenu Monrte-Kapno [mayGepa. DHeprust pparMeHTOB CIIEKTATOPOB
oueHuBaercss ¢ nomousio aerekropoB BM@N Ilepennuit Apponnsiii Kamopumerep (FHCal) u
I'omockomn. Mbl paccMOTpUM pa3padaThIBAIOIIMECs MPOLEAYPHI AJIsi ONpPEAETICHUS IEHTPAITLHOCTH Ha
OCHOBE JIETEKTOPOB CHEKTaTopoB. MBI Takke KOCHEMCS TIEepBOTO pe3yibTara OMNpeesIeHuUs
HEHTPAITBHOCTH SKCIIEPUMEHTAIBHEIME TaHHBIMU BM(@N run§.

METHODS FOR CENTRALITY DETERMINATION IN HEAVY-ION COLLISIONS
WITH THE BM@N EXPERIMENT

I. Segal, D. Idrisov, P. Parfenov, A. Taranenko, M. Mamaev
for the BM@N Collaboration

National Research Nuclear University “MEPhI”, Address: 31, Kashirskoe Highway, Moscow, 115409
Russia, Tel.: + 7 (495) 788 56 99, E-mail: ilya.segal.97@gmail.com

Centrality is an important concept in the study of strongly interacting matter created in a
heavy-ion collision whose evolution depends on its initial geometry. Experimentally collisions can be
characterized by the measured multiplicities or energy of produced particles or spectator fragments.
Relation between collision geometry and experimentally measured multiplicities is commonly
evaluated within the Monte-Carlo Glauber approach.

We will present methods for centrality determination in heavy-ion collisions with the Baryonic
Matter at Nuclotron (BM@N) experiment. The multiplicity of charged hadrons is provided by the BM@N
Silicon Tracking System (STS) and Gaseous Electron Multiplier (GEM) detectors and connected to
collision geometry parameters using the Monte-Carlo Glauber model. The energy of projectile spectator
fragments is estimated with the BM@N Forward Hadron Calorimeter (FHCal) and Hodoscope detectors.
We will discuss developed procedures for centrality determination based on spectator detectors. We will
also touch the first result of centrality determination with the BM@N run8 experimental data.

BBIUMCJIEHUE ®PAKTOPOB AJEPHON MOIUPHUKAIIAA DTA-ME30HOB
B CTOJIKHOBEHMUSAX He+Au ITPU DHEPI'UH 200 I'5B

A. 1. Cenesenesl, E. B. Bannukos, M. M. MutpankoBa, A. 5I. Bepauukos,
5. A. bepanukos, J. O. Koros, /I. M. Jlapuonosa, 0. M. Mutpankos

Cankrt-llerepOyprekuit monmutexauaeckuit yausepcutet [letpa Bemmkoro (CIIOITY),
yi. onurexuuueckas, a. 29, Cankt-IlerepOypr, 195251, 8 (800) 707-18-99,
selezenev.ad@edu.spbstu.rul

Kgapk-riaroonnas masma (KI'TI) Ha paHHBI MOMEHT SIBJISIETCSI OCHOBHBIM OOBEKTOM W3yUYEHUS
(hU3MKOB Ha IKCIIEPUMEHTAX IO CTOJKHOBEHHIO TSDKEIIBIX MOHOB. Takoi MHTEepec 00yCIIOBICH MPUPOIOi
KITI u e¢ HeoObrunbiMu cBoiicTBamu: KITI — ocoboe KBa3MOECIIBETHOE COCTOSHHE BEIIECTBA, HPH
KOTOPOM KBApKU MPAKTUYECKH HE B3aUMOJACHCTBYIOT IpYT ¢ ApyroMm. CuMTaercs, 4yTo BEIIECTBO paHHEU
Bceenennoii Haxomunock B coctostHun KITI. KI'TI oOpasyercst mpu KkpaiftHe OOJBIIUX TJIOTHOCTAX
SHEPI'HH, KOTOPBIC JOCTHXKMMBI HA COBPEMEHHBIX YCKOPUTEIIAX TSHKENBIX HOHOB. TakuM 00pa3om, Mpu
MOMOILY YCKOPUTETIBHBIX KOMIUIEKCOB MOSIBISIETCS] BO3MOKHOCTh U3YUEHHUsI paHHEH BeeneHHoi.
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Hampsimyto n3zyaenne KI'TI HeBO3MOXKHO, OTHAKO €€ Haaudne o0yCIIaBINBACTCS HEKOTOPHIMHU
KOJIJIEKTUBHBIMU 3 dekramu. OgHuM u3 Takux 3Q¢exToB sBisercs 3pdekrt ramenuns ctpyid. p ekt
rameHusl CTpyd 3aKiIloyaeTcs B MOJABICHUH BBIXOJIOB YACTHI[ B CTOJKHOBEHHSIX TSDKEIBIX HOHOB IO
CPaBHEHHIO C HOPMHUPOBAHHBIMHU HA Nerons (IHCIIO MOMAPHBIX HYKIOHHBIX CTOJKHOBEHUI) BBIXOIaMHU
YacTUI B CTOJNKHOBeHHMAX p+p. KommuectBeHHast xapakrepucTuka 3¢d¢ekra TrameHus CTpyd —
¢axTopsl saepHOil Mogudukauuu Ryp, KOTOpbE PaBHBI OTHOLIEHHUSIM BBIXOAOB YAaCTHIl B CTOJKHO-
BEHUSAX TSKEINBIX SAep K HOPMHUPOBAHHBIM BBIXOZ[AM YaCTHIL B p+p CTOJIKHOBEHHUSX.

Brnepseie oopasoBanne KI'TI Obuto oOHapyXeHO B CTOJIKHOBeHHAX AU+AU, U COIPOBOXIa-
JIOCh CHJIbHBIM TMOJIaBJICHHEM BBIXOJIOB YACTHIl B IIEHTPAIBHBIX B3auMoeicTBusx siep (Rup = 0,4).
VYunteiBast, uro obpasoBanve KITI B p+p croikHOBEHMSIX OOHApY)KEHO HE ObUTO, OONBIION HHTEpec
TPEJICTABIISIOT «IPOMEXKYTOUHBIE CHCTEMBD», TakKe Kak “He+Au. B nanHO# paGoTe M3ydaeTcs BO3MOKHOE
TI0/IaBJIEHUE BBIXOJIOB YacTHIl B cucteMe *He+Au Ha mpuMepe Ta-Me30Ha 4epe3 MOJLy pacraia 1 = yy.
B noxnaze OynmyT mpenctaBieHbl Pe3ylbTaThl U3MEPEHWH MHBAPUAHTHBIX CIIEKTPOB TI0 HOMNEPEUYHOMY
UMITYJIECY 9Ta-ME30HOB M Pe3YIIbTaThl BEIMUCIICHUH (PaKTOpOB SAepHON MOAU(DHKAIIMN 3 Ta-ME30HOB.

CALCULATION OF NUCLEAR MODIFICATION FACTORS OF ETA-MESONS
IN He+Au COLLISIONS AT 200 GeV

A. D. Selezenevl, E. V. Bannikov, M. M. Mitrankova, A. Ya. Berdnikov, Ya. A. Berdnikov,
D. O. Kotov, D. M. Larionova, Yu. M. Mitrankov

Peter the Great St.Petersburg Polytechnic University (SPbPU), Russia, 195251, St. Petersburg,
Polytechnicheskaya, 29, 8 (800) 707-18-99, selezenev.ad@edu.spbstu.rul

Currently, quark-gluon plasma is one of the main objects of study in heavy ion collisions.
Such big interest is due to the nature of QGP and its unusual properties: QGP is a special quasi-
colorless state of matter in which there is almost no interaction between quarks. Many physicists
suggest, that early matter of Universe was in the state of QGP. QGP is formed at very high energy
densities, such energies can be achieved in modern heavy ion accelerators. Thus, early Universe matter
can be studied using large accelerator complexes.

Direct study of QGP is impossible, but its presence comes with some collective effects. One of
those effects is jet quenching effect. Jet quenching is suppression of particle yields in heavy ion collisions
with respect to normalized to Neon (number of binary nucleon collisions) particle yields in p+p collisions.
Quantitative characteristics of jet quenching are nuclear modification factors Rag which are equal to ratios
of particle yields in heavy ion collisions to normalized particle yields in p+p collisions.

The formation of QGP was first discovered in Au+Au collisions and was accompanied by strong
suppression of particle yields in central ion interactions (R4z =~ 0,4). Considering QGP formation was not
found in p+p collisions, intermediate collision systems, such as *He+Au, are of great interest. This work is
dedicated to studying particle yields suppression in *He+Au collisions using eta-mesons production through
decay channel n — yy. This report presents results of measurements of invariant transverse momentum
spectra of eta-mesons and results of calculation of nuclear modification factors of eta-mesons.

3AXBAT TIPOTOHAMM DJEKTPOHOB BbICOKHX SHEPT UM
C. B. CemeHnos, P. Y. Xa¢uzon

HaunonansHeli necnenoBarenbckuil neHTp «KypuaroBckuil THCTUTY T
123182, nn. Axanemuka Kypuatosa,1, Mocksa, Poccus
Ten. +7 499 196 96 37, e-mail: Semenov_SV@nrcki.ru

[IpoBenen pacuer cedeHus: caaboro B3aUMOJEHCTBHUSI BBICOKOIHEPIETUYHBIX 3JIEKTPOHOB
c mpoToHamH. Brpruncnenus Benuch Ha ocHoBe CranmaptHoil Mopmemu. Ilokasano, 4To ceueHue
3aXBaTa NMPOTOHAMM DIIEKTPOHOB C dHepruel 1 a8, mmeer mopsnok 108 cM?, uto, Hanpumep, Ha 6
MOPSIIKOB  BBIIIE CEUCHMSI 3axBaTa PEAaKTOPHBIX AaHTUHEUTpUHO mnpoToHamu. OOcykaaroTcs
BO3MOJKHBIE SKCIIEPUMEHTAIbHBIE MTPHIIIOKEHHS paccMaTprUBaeMoro mpoiiecca.

201


mailto:selezenev.ad@edu.spbstu.ru1
mailto:Semenov_SV@nrcki.ru

CAPTURE OF PROTONS BY HIGH-ENERGY ELECTRONS
S. V. Semenov, R. U. Khafizov

National Research Centre «Kurchatov Institute»
123182, Academician Kurchatov Sqg., 1, Moscow, Russia
Tel. +7 499 196 96 37, e-mail: Semenov_SV@nrcki.ru

Calculations of weak interaction cross section between protons and high energy electrons have
been performed. Computations were produced on the base of the Standard Model. It is shown, that the
capture cross section of GeV — electrons by protons has an order of 10 cm?, what, for example, is six
orders higher, than the cross section of reactor antineutrino capture by protons. Possible experimental
applications of considered process are discussed.

CEYEHME NOI'JIOIIEHUA HEWUTPUHO SAJIPAMMU Mo
C. B. CemenoB

HaunonansHeli necnenoBarenbckuil HeHTp «KypuaroBeckuil THCTUTY T
123182, nn. Axanemuka Kypuarosa,1, Mocksa, Poccus
Ten. +7 499 196 96 37, e-mail: Semenov_SV@nrcki.ru

Uzoron monubaen-100 mupoko npuMeHseTcs B UCCIEA0BaHMAX MO IBOMHOMY OeTa-pacmany
[1], a Taxke, Onarogapss HU3KOMY 3HAYCHHUIO MOPOTa PEaklMU 3aXBaTa HEUTPHUHO, PaCCMATPUBAETCS
KaK TMepCHeKTUBHBIA MaTeprai sl CO3MaHUsI HEHTPUHHBIX JeTeKTopoB [2—4]. Jlns pacuera cedeHus
MOTJIONICHUS HEUTPUHO HeoOxoaumo HalTu ['amoB-TemepoBckyto cuity nepexona BGT Ha ocHOBHOe
1* — cocrosnue supa ©Tc. B HacTosee BpeMsi CYIIECTBYET 1Ba MOAXO0/A K PEIEHUIO STOM 3a1aum —
onpeaencaue BGT u3 peakumu nepesapsaaku, rae mnoiaydeH pesyiabtar BGT = 0.38 [S] u u3
WHTEHCUBHOCTHU 3JICKTPOHHOTO 3axBaTa B TexHenuu-100 [6], uyro nmpuBoauT k 3nauenuto BGT = 0.6.
DKCNEPUMEHTANBHBIE JIAHHBIE 110 JBYXHEUTpHHHOMY nBOiHOMYy OeTa-pacmagy ‘Mo [1], rae
MPOSIBISIETCSI MEXAHW3M JOMHUHAHTHOCTH OCHOBHOTO IPOMEXKYTOYHOTO siipa [7], TOBOPAT B HOJIb3Y
snaueHuss BGT = 0.6. B nokiaze npemnoxkeH meron ompezeincHus ['amoB-TeliepoBCKOi CHIIbI,
OCHOBaHHBIN Ha morjoueHnn Monnoaenom-100, comepkamumMces B CHUHTHUTHPYIOUINX KPUCTAJUIAX,
HEWTPUHHOTO M3JIy4eHHMs] OT MCKYCCTBEHHBIX HcTO4HMKOB “'Cr, 3’Ar, ®Zn. Paccumrano ceuenus
3axBaTa HEUTPHUHO, 0OCYKIAIOTCS MMapaMeTphl HIKCIIEPUMEHTAIbHOM YCTaHOBKHY.
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CROSS SECTION OF NEUTRINO ABSORPTION BY Mo NUCLEI
S. V. Semenov

National Research Centre «Kurchatov Institute»
123182, Academician Kurchatov Sg., 1, Moscow, Russia
Tel. +7 499 196 96 37, e-mail: Semenov_SV@nrcki.ru

Isotope molybdenum-100 is widely used in investigations on double beta-decay [1], and also
due to low energy threshold of neutrino capture reaction it is considered as perspective material for
neutrino detectors [2—4]. In order to calculate neutrino absorption cross section it is necessary to find
out Gamow-Teller strength BGT of transition on the 1* — ground state of 1®T¢ nucleus. Nowadays two
approaches to solution of this problem are present — evaluation of BGT from charge-exchange
reaction, where result BGT = 0.38 [5] have been obtained and from intensity of electron capture in
technetium-100 [6], that leads to BGT=0.6. Experimental data on two-neutrino double beta decay of
1000 [1], where mechanism of intermediate nucleus ground state dominance become manifest are in
favor of BGT=0.6 value. Method of Gamow-Teller strength determination, based on absorption of
neutrino emitted by artificial sources by molybdenum-100, enclosed in scintillating crystals is
proposed. Cross section of absorption of ®'Cr, 3’ Ar, ©Zn neutrino emission by Mo is calculated. The
parameters of experimental setup are being discussed.
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HOBBIE JAHHBIE 11O JIEKTPOMAI'HUTHBIM BPEMEHUITIOJAOBHbIM
®OPM®PAKTOPAM HEMTPOHA U TIPOTOHA B IIOPOI'OBOM OBJIACTH

C. U. Cepennsixon

Wnctutyt Anepuoii puzuxu um. I. U. Bynkepa, 630090, r. HoBocubupck,
tei. 8(383)330-6031, Fax 8(383)330-7163, e-mail inp@inp.nsk.su

B skcniepuMeHTe Ha 31eKTpoH-TI03UTpoHHOM Kosutaiaepe BOIIII-2000 [1] ¢ nerexkropom CHJI
[2] u3yuanuch mporecchl pOKIACHHUS Map HEWTPOH+AHTUHEHTPOH (N+anti-n) ¥ MPOTOH+AHTHIIPOTOH
(pt+anti-p). M3mepenus MpOBOAMINCH METOJIOM CKaHUPOBAHHSI SHEPTETUYECKOTO HHTEpBaia OT Mopora
pPOXIEHUS HYKIOHOB [0 MaKCUMaJbHOW »Heprum komnaiinepa 2 I=B B c.um. HHTerpanbHas
CBETHMOCTh B 3KCIEpUMEHTe cocTaBuia okojo 100 oOpaTHbIX 1m0, YTO COOTBETCTBYET POXKIACHUIO
okosio 50000 coOBITUH HYKIIOH-aHTHHYKJIOH. IS BBIJCJICHUS HCKOMBIX COOBITHH U MoJaBieHus GoHa
ObutM pa3paboTaHbl YCJIOBHsS OTOOpa MO BCEM OCHOBHBIM cucteMam aerektopa CHJL — TpekoBoit
cucreme, UepeHKOBCKOMY CYETUHKY, IEKTPOMAarHUTHOMY KaJIOPUMETPY M MIOOHHOMY IETEKTOpY.
O} PeKTUBHOCTh pEerucTpalMu MpHU aHalIM3e JaHHBIX Bapbupyercs B mpexaenax 15-40 %. Paawma-
[IMOHHBIE TOMPABKH BJIAIM OT mopora coctaBisitorT 95 % u gocrurator 50-60 % Onusko k mopory.
N3mepeHHoe cedeHue mpoiecca e+e—> n+anti-n cocramsier okono 0.5 6. s mporecca et+e—>
p+anti-p ceuenne mensiercss ot 0.1 HO Ha mopore mo 0.8 HO ¢ pocrom 3Hepruu. DbPEKTUBHBIN
ANEKTPOMATHUTHBIA (HopMQaKkTop SBISETCS MHOXHTEIEM B CEYCHUHU Tpoliecca. B m3MepseMom
MHTEpBaJie 3Heprun GpopmdakTop HEHTPOHA HIDKE, YEM Y IPOTOHA U MaJaeT ¢ SHEpruei Mo BEeIUIHHE
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or 0.5 no 0.2. U3mepenHoe ceueHue mpoiecca e+e—> n+anti-n coracyercss ¢ HAKMM TPEIbLTYIHM
u3MepenueM [3] ¢ MeHblieil cBeTuMoOCTbIO. [Ipu mMakcumanbHoi sHepruu 2 1B gannsie CHJl mo
ceyeHUsIM U hopMpakTopaM CTHIKYIOTCS ¢ TaHHBIME feTektopa BESIII [4].
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NEW DATA ON THE ELECTROMAGNETIC TIMELIKE FORFACTORS
OF THE NEUTRON AND PROTON IN THE THRESHOLD REGION

S. . Serednyakov

Budker Institute of Nuclear Physics, 630090, Novosibirsk,
tel. 8(383)330-6031, Fax 8(383)330-7163, e-mail inp@inp.nsk.su

In an experiment at the VEPP-2000 electron-positron collider [1] with the SND detector [2],
the processes of production of neutron + antineutron (n + anti-n) and proton + antiproton (p + anti-p)
pairs were studied. The measurements were carried out by scanning the available energy range from
the nucleon threshold to the maximum collider energy of 2 GeV in cms. The integrated luminosity in
the experiment was about 100 inverse pb, which corresponds to the production of about 50,000
nucleon-antinucleon events. To select the desired events and suppress the background, selection
conditions were developed for all the main systems of the SND detector - the tracking system, the
Cherenkov counter, the electromagnetic calorimeter, and the muon detector. The efficiency of
registration in data analysis varies between 15-40%. Radiative corrections far from the threshold are
95% and reach 50-60% close to the threshold. The measured cross section of the e+e- -> n+anti-n
process is about 0.5 nb and agrees with our earlier measurement [3]. For the e+e- -> p+anti-p process,
the cross section changes from 0.1 nb at the threshold to 0.8 nb with increasing energy. The effective
electromagnetic form factor is a multiplier in the process cross section. In the measured energy
interval, the form factor of the neutron is lower than that of the proton and falls with the energy of 0.5
to 0.2. At a maximum energy of 2 GeV, the SND data on the cross section and formfactors are
matched with the data of the BESIII detector ]4].
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CTATYC 3KCHEPUMEHTA PRIMEX-D IO NPELIM3MOHHOMY U3MEPEHUIO
IIUPUHbBI PACIAJIA n—7Y

B. B. Tapacos ajs koaaadopauuii PrimEx-D u GlueX
HUILI “KypuaroBckuii ”HCTUTYT , Mocksa, 123192

TouHOE M3MepeHre MUPHHBI pachana n—yy HEoOXOAUMO IS ompeeneHus: GyHIaMeHTalb-
HeIX mapameTpoB KXJI, Takux Kak OTHOIIEHHWE MAacC JIETKUX KBAapKOB, YroJl CMEIIWBaHUS 1-1’, H
W3Y4YEeHUS HapyLICHUS KUPAIbHOU cUMMETpUU. TouHOe, Ha ypoBHE 3%, U3MEpEHUE IUPUHBI pacmaia
N—YY TMO3BOJIUT MPOTOPIIMOHAIIEHO YMEHBIIUTH HEOMPEACICHHOCTH B IIMPUHE OCTAIBHBIX MO
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pacraza 3Ta-ME30HA, a TaKXKe YCTPaHUTb CYIIECTBYIOIIEE DPAcCXOXKICHUE B PE3yJIbTaTax MeEexXIy
KOJUTAaHAEpHBIMU M TPUMAKOBCKMMHM SKCIIEPUMEHTaMH.

B 2022 rony, B mabopatopun TINAF, ycrmenrHo BINOIHEHa 3aBeplamonias 4acTb Habopa
CTaTUCTHUKU OKCIICPUMCHTA. B cBoem BBICTYIUICHHU S pPaCCKaXXy O TCKYUIEM COCTOSHHHW aHaliu3a
9KCIEPUMEHTANIBHBIX TaHHBIX.

STATUS REPORT OF THE PrimEx-D EXPERIMENT AT JEFFERSON LAB ON
PRECISION
MEASUREMENTS OF THE n—yy DECAY WIDTH

V. V. Tarasov for PrimEx-D and GlueX collaborations

National Research Centre «Kurchatov Institute» (NRC «Kurchatov Institutes),
Moscow, Russia, 123192

Precision measurement of the n—yy decay width is essential for determining the fundamental
parameters of QCD, such as the mass ratio of light quarks, the mixing angle n-n’, and studying the
chiral symmetry breaking. Accurate, at the level of 3%, measurement of the n—yy decay width will
make it possible to proportionally reduce the uncertainties in the width of the remaining eta-meson
decay modes, as well as resolve the existing discrepancy in the results between the collider and
Primakoff experiments. In 2022, the final part of the experimental data-taking has been successfully
finished. In my talk, I will update on the current status of the experimental data analysis.

CPABHEHUE METOJOB AHAJIM3A HAITIPABJIEHHOI'O
N 3JUVIMIITUYECKOI'O MOTOKA JJIA BIBI@9.2I'9B B OKCIIEPUMEHTE MPD

B. B. Tpomnn

Hanmonansubiit UccnenoBatensckuit SAnepusiii Y auBepcuter MUDU,
115409, Mocksa, Kammpckoe 1., 31, +7 495 788 5699, +7 499 324 7777, info@mephi.ru

WzydeHne CBOWCTB sJACpHOW MaTepuu B OO0JIACTH MaKCUMAJILHOW OapUOHHOW IUIOTHOCTH
SIBJIIETCSL OJJHOM M3 OCHOBHBIX mejel skcrnepumenta MPD wHa Oynmymeii ycranoeke NICA. Cpenun
BaKHBIX HAOJIOJa€MBIX B 3TOM HCCJICJIOBAHUU — aHU3OTPOIIUS MMITYJIbCA OTHOCHUTEIBHO ILIOCKOCTH
peakiuu, xapaktepu3yeMas KOo3(QQUIIMEHTaMU aHH30TPOITHOI'O IMOMEPEYHOro IMOTOKa. JTa pabora
MOCBSIIIEHA M3YYEHHUIO Pa3MYHBIX METOAOB aHAIHM3a HAMPABICHHOTO M JIUIMITHYECKOrO MOTOKOB,
TaKMX KaK METOJl TUIOCKOCTH COOBITHSA, METOJ CKAISIPHBIX MPOW3BEACHUH, pacdyeT MO KyMYJISHTaM
W METOJ] CMEIIaHHBIX TapMOHUK. MccreioBaHue OCHOBAHO HA MOJCIMPOBAHUK CTOJNKHOBEeHUH Bi+Bi
npu dHeprun 9,2 I™B metomom Monte-Kapmo, momydeHHOM ¢ TIOMOIIBIO TeHepaTopa COOBITHIT
UrQMD c peanucTiuuHbIM OTKIHKOM aeTekTopa MPD, cmoaenupoBantbiM ¢ rioMonisio GEANT4,

METHODS COMPARISON FOR DIRECTED AND ELLIPTICAL FLOW ANALYSIS FOR
BIBI@9.2GEV WITH THE MPD EXPERIMENT

V. Troshin

National Research Nuclear University MEPHI, 115409, Mocksa, Kamupckoe 1., 31,
+7 495 788 5699, +7 499 324 7777 , info@mephi.ru

Studying the properties of nuclear matter in the region of the maximum baryonic density is
one of the main goals of the Multi Purpose Detector (MPD) experiment at the future NICA facility.
Among the important observables in this study is momentum anisotropy relative to collision reaction
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plane, characterised by anisotropic transverse flow coefficients. This work addresses the study of
different methods for directed and elliptical flow analysis such as event plane, scalar product,
cumulant and mixed-harmonic methods. The study is based on Monte Carlo simulations of Bi+Bi
collisions at 9.2 GeV produced with the UrQMD event generator with realistic MPD detector response
simulated with GEANT4.

OIIMCAHHUE NMOCJIIEJHUX JAHHBIX HADES KOJIVTABOPALIUN
O B3AMMOJIEMCTBUSAX - ME3OHOB C SIJIPAMHU C u W IIPY JHEPT'H 1.7 T»B
B MOJEJISIX Geant4

B. B. Yiknnckniil, A. C. I'yiosin®

1) JIabopaTopust HHGOPMAIIMOHHBIX TeXHOIOTUH, OObEeAMHEHHBIH HHCTUTYT SIEPHBIX
uccienopanui, r. Jlyona, Mockosckas 00i1., 141980, Poccust
2) Jlabopatopus (pU3MKK BHICOKKX 3HEpruii, OObeTMHEHHbIH HHCTUTYT SASPHBIX
uccienoBanui, r. Jlyona, Mockosckast 0011., 141980, Poccus

Henaeno xomtabopanus HADES omnyOnukoBaia SKCIIEpUMEHTANIbHBIC JaHHBIC O B3aUMOJICH-
CTBHSIX, YKAQ3aHHBIX B HA3BAHWUHU. A UMEHHO, PACIPEIEICHHUS ' ¥ T ME30HOB, ITPOTOHOB, /A THIIEPOHOB
n K Me30HOB mo OBICTpOTaM M TIONIEpeYHBIM HUMITynbcaM. KomaGopariwsi cpaBHWIA CBOU JITaHHBIE
c mpenckazaHusMu Teopermueckux wMozgener — GiBUU um SMASH. B Hactosmedn pabote
MPEICTaBICHBI PEICKa3aHus apOHHBIX Mojeiei makera Geant4 mis 3tux naHHbIX. [lakeT mporpamm
Geant4 mo3BomsieT MOJENMPOBATH B3aMMOICUCTBUS U MPOXOXKACHNE PA3IMYHBIX YaCTHUI] B PA3IMIHBIX
Matepuanax. [o3ToMy OH HMIMPOKO MUCHOIB3YETCS MPU pa3padO0TKe IKCIEPUMEHTOB B (U3UKE YACTHUIL
W I MOJCJIUPOBAHUS PEaKIMii JETEKTOPOB Ha 4acTHIbl. IlakeT BKIIIOYaeT TPU MOZCIH BHYTpH-
SZIEPHOTO KacKaza: MOJeNb BHyTpusiaepHoro kackana beprunu (BERT), 6unapHoro xackama (BIN)
u Mojenb BHyTpusangepHoro kackama Jlexxe (INCL). M3 BwicokosnepreTmueckux mojenei Geantd
paccmarpuBaetcs Toybko mMoaens Fritiof (FTF).

IMoka3zano, uto npenckazanus GiBUU n BERT 6nusku npyr K Apyry U K 9KCIEPUMEHTAIbHBIM
nmaHHbM. Taroke 6musku npenckazanust SMASH u BIN. OnHako 3T npefckazaHus UMEIOT MEHBIIIYIO
TOYHOCTh. bomee crmoxkHas curyanuss umeer mMecto ¢ moxensimu INCL u FTF. IlpencraBneHHBIC
JICTAJIbHBIC PACYeThl ITO3BOJISIOT OIPEICIUTh HAMpaBICHUE IaJIbHEUIIET0 YCOBEPIICHCTBOBAHUS
MOJCTICH.

DESCRIPTION OF THE LATEST DATA BY THE HADES
COLLABORATION ONw MESON INTERACTIONS WITH C AND W NUCLEI AT
THE ENERGY 1.7 GeV IN GEANT4 MODELS

V. V. Uzhinsky?, A. S. Galoyan?

1) Laboratory of information technologies, Joint institute for nuclear research,
Dubna, Moscow reg. 141980, Russia
2) Laboratory of high energy physics, Joint institute for nuclear research, Dubna,
Moscow reg. 141980, Russia

Recently, the HADES collaboration has published experimental data on the interactions
pointed in the title. Namely, there were distributions of =* and =~ mesons, protons, A hyperons and K
mesons on rapidities and transvers momenta. The collaboration compared their data with predictions
of theoretical models — GiBUU and SMASH. Predictions of Geant4 hadronic models for the data are
presented in the paper. The Geant4 package allows to simulate interactions and penetrations of various
particles in various materials. Thus, it is widely used at design of experiments in particle physics and
at simulations of detector responses for the particles. The package includes three intra-nuclear cascade
models: the Bertini intra-nuclear cascade model (BERT), the binary cascade model (BIN) and the
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Liege intranuclear cascade model (INCL). Only the Fritiof model (FTF) among Geant4 high energy
models is considered.

It is shown that predictions of GiBUU and BERT are close to each other and to the
experimental data. Predictions of SHMASH and BIN are also close. However, the last predictions are
less accurate. More complicated situation takes place with INCL and FTF models. Presented detailed
calculations allow to determine a direction of further improvements of the models.

B3AMMOJIECTBUE COJTHEYUHBIX HEUTPUHO C SIIPAMM TEJLIYPA 128 11 130

10. C. JIorocranckuii’, A. H. ®azamaxmeros'?3, B. K. Jly6canaopxkues?,
H. A. Besoropuesal, I'. A. Koporees:?®, A. 10. JIrorocranckuiil, B. H. Tuxonos!

'HaumonanbHelii uccnenoparenbekuii nentp “Kypaatosckuii uacturyt”, 123182 Poceus, Mocksa,
1. Akagemuka Kypuarosa, 1. 1, +7 (499) 196-95-39, nrcki@nrcki.ru.
2MHCTUTYT s1epHBIX HecienoBanuil Poceuiickoii Akanemun Hayk, 117312, Mocksa,
npoctekT 60-netus Oktsa0ps1, 7a., 8(499)135-77-60, inr@inr.ru.
$MockoBcknit Gpu3nKo-TeXHUIECKUH HHCTUTYT (HanMoHaIbHBII MCCIEN0BATENLCKUI YHUBEPCHUTET),
141701, MockoBckast o06nacts, r. Jloaronpyansiii, UHCTUTYTCKHI mepeyIiok, 1. 9,
+7 (495) 408-42-54, info@phystech.edu.

Jns MonenupoBaHHusa TPOIIECCOB B3aUMOJEHCTBHS HEHTPUHO C aTOMHBIMH sIpaMH HE00XO-
JIMIMO PAaCCUMTBIBATh CTPYKTYPY 3apsa0Bo-00MeHHOU critoBoit pynkuuu S(E). CunoBast dpyHkuums S(E)
MMeeT Pe30HAHCHBIA XapaKTep, KOTOPhI HAOMI0AaeTCA MPAKTHYECKH BO BCEX PEaKLHIX Mepe3apsaaKu
[1-3] u nposBisieTcs, B OCHOBHOM, B BHJE T'MTAHTCKOTO TramMoB-TeiuiepoBckoro peszonanca (GTR),
aHAJIOTOBOTO pE30HaHCa M HHU3KoJIeXamux nurMu pe3oHaHcoB (PR). Pe3onancHbIi xapakrtep
3aps10BO-00MEHHOM CHI0BO# (yHKIMH S(E) MOXKET CyHIECTBEHHO BIHUSTH HA PE3yJIbTaThl TEOPETH-
YECKHX PACYETOB CEUCHUIA peaKiiii 3aXBaTa HEHTPUHO aTOMHBIME siipamu o(E,) [4,5].

B pabote mpezacrtaBieHbl 3apsa0BO-00MeHHbIe CHIOBbIe (GyHKIMU S(E) H30TOMNOB
[TpoaHanu3upoOBaHbl, KaK 3KCIEPHUMEHTAILHBIC JaHHBIC 10 CHIOBBIM QYHKIMAM S(E), MOITyYeHHbIC B
peakuusax (PHe, 7) [6], Tak u cunosble pyHkuuu S(E), pacCYUTaHHbIE B MHKPOCKOIMYECKOH TEOPHH
koHeuHblXx Depmu-cucrem [7]. HccnemoBaHa pe3oHaHCHas cTpykrypa cuioBoi ¢yukiun S(E),
BBIIETICHBl TaMOB-TEJUIEPOBCKHM W MUTMH-PE30HAHCHL. VccienoBanoch BIUSHHE PE30HAHCHOM
ctpyktypbl S(E) Ha paccUMThIBaGMOE CEUYCHHE 3aXBaTa CONHEYHBIX HEWTpHHO G(E,) M Ha CKOPOCTh
3axBaTa COJHEYHBIX HEUTPUHO R (YMCIIO TOTJIOMIEHHBIX HEUTPUHO 3a eIUHMLY BpeMeHt). OTMeueHo,
YTO PE30HAHCHAsI CTPYKTypa cuiioBoil GpyHkimu S(E) uMeeT onpenesisiolee 3Ha4eHHe I pacyera u
aHaM3a Mpolecca 3aXBaTa HEUTPUHO aTOMHBIMH SIIPAMHU.

Ob6cy>kmaercst Takke€ BO3MOXHOCTb HCIIOJIB30BaHUS 3TUX M30TOIOB TEJUIypa B HEHTPHUHHBIX
OKCIIEPUMEHTAX CIIEAYIOIIETO TIOKOJIEHHsI, B YACTHOCTH, B TMpoekTe bombmioro 6akcaHCKOTo
HEUTPUHHOTO TeJieckomna [8].

Pabora BeimonHena npu (uHancoBod mnoxaepkke PODU B pamMkax HaydHOro MNpPOEKTa
Ne 20-32-90059/20 w npu mnopupepxkke rpanta OtaeneHus HeWTpuHHBIX npoueccoB HUILL
“KypuaToBCKuif HHCTUTYT .

128’130Te

Crnucok JuTepaTypsbl

1. D. Frekers and M. Alanssari, Eur. Phys. J. A 54 (2018) 177.

2. Yu. S. Lutostansky, EPJ Web Conf. 194 (2018) 02009.

3. Yu. S. Lutostansky, Phys. At. Nucl. 82 (2019) 528.

4. Yu. S. Lutostansky, V. N. Tikhonov, Phys. At. Nucl. 81 (2018) 540.

5. Yu. S. Lutostansky, A. P. Osipenko, V. N. Tikhonov, Bull. Russ. Acad. Sci. Phys. 83
(2019) 488.

6. P. Puppe et al., Phys. Rev. C 86, 044603 (2012).

7. A. B. Migdal, Theory of Finite Fermi Systems and Applications to Atomic Nuclei (Nauka,
Moscow, 1983, 2nd ed.; Interscience, New York, 1967, transl 1st ed.).

8. N. Ushakov et al., PoS ICRC2021 1188 (2021).
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INTERACTION OF SOLAR NEUTRINOS WITH TELLURIUM 128 AND 130 NUCLEI

Yu. S. Lutostansky?!, A. N. Fazliakhmetov'?3 B. K. Lubsandorzhiev?,
N. A. Belogortseval, G. A. Koroteev'?3, A. Yu. Lutostansky’, V. N. Tikhonov?

!National Research Center Kurchatov Institute, 1 Kurchatov Square, 123182 Moscow,
+7 (499) 196-95-39, nrcki@nrcki.ru.
2Institute for Nuclear Research, Russian Academy of Sciences, prospekt 60-letiya Oktyabrya 7a,
Moscow 117312, 8(499)135-77-60, inr@inr.ru.
3Moscow Institute of Physics and Technology (National Research University), 9 Institutskiy per.,
Dolgoprudny, Moscow Region, 141701, Russian Federation, +7 (495) 408-42-54, info@phystech.edu.

For modeling the processes of interaction of neutrinos with atomic nuclei, it is necessary to
calculate the structure of the charge-exchange strength function S(E). The strength function S(E) has a
resonance nature, which is observed practically in all charge-exchange reactions [1-3] and appears mainly
as a giant Gamow-Teller resonance (GTR), analog resonance (AR), and low-lying pigmy resonances (PR).
The resonance nature of the charge-exchange strength function S(E) can significantly affect the results of
theoretical calculations of neutrino capture cross-sections by atomic nuclei o(E,) [4, 5].

This work presents the charge-exchange strength functions S(E) of isotopes ?6Te and *°Te.
Both experimental data on the charge-exchange strength functions S(E) obtained in (°*He, ¢) reactions
[6] and the S(E) strength functions calculated in the microscopic theory of finite Fermi-systems [7] are
analyzed. The resonance structure of the strength function S(E) is investigated, and the Gamow-Teller,
analog and pygmy resonances are distinguished. The effect of the resonance structure S(E) on the
calculated solar neutrino capture cross section o(E,) and on the solar neutrino capture rate R (number
of absorbed neutrinos per unit time) was studied. It is noted that the resonance structure of the strength
function S(E) is of decisive importance for the calculation and analysis of the process of neutrino
capture by atomic nuclei.

The possibility of using these tellurium isotopes in next-generation neutrino experiments is
also discussed, in particular in the Baksan Large Neutrino Telescope project [8].

This work was supported by the grant from Russian Foundation for Basic Research (project
No. 20-32-90059/20) and by the grant from the Department of Neutrino Processes at National
Research Center “Kurchatov Institute”.
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KOCMOJIOTUYECKHUE CJIEJCTBUS 1151 MEXAHU3MA KAUEJIEH THUIIA |
HEMUHUMAJIBHOI'O TIPUBJINKEHUSA PACHIMPEHUA CM TPEMSA
MOKOJIEHUSIMHA ITPABBIX HEUTPUHO

M. H. 1younun, E. FO. ®enoroBa

HayuHo-uccnenoBarenbckuii HHCTUTYT siiepHo# husnku umenu /1. B. CkobGenbibiHa
MOCKOBCKOIO TOCyAapCTBEHHOTO YHHUBepcuTeTa uMeHu M. B. JlomoHOCOBa
119991, Jlenunckue ropsl, 1, Mocksa, Poccus
Ten.: +7 495 939 23 93
fedotova@theory.sinp.msu.ru

Pacmmpenune Cranmaptaoit Moxenu ¢usuku gactur; (CM) Tpemsl TIOKONEHUSMH TSDKEITBIX
NpaBbIX JICITOHOB  SIBISIETCS ~ HamOonee ecTecTBeHHBIM  pactmmpeHneM CM,  TOCKOIBKY
BOCCTAHABIUBAET CUMMETPUIO MEXKIY NMPaBbIMHU U JICBBIMH HEUTPHUHO, HE TpeOyeT BBEACHHUsS HOBBIX
¢u3nuecKuX NPUHIMIIOB M CHUMMETPHHA, MOXET HE COAep)KaTb OONbIIMX 3JIEKTPOCIaldbIX
DHEPreTHYECKNX MaciTadOB, a TaKkKe CIIOCOOHO OOBACHUTH OCHOBHBIE TpynHOCcTH CM, K KOTOPBIM
OTHOCATCSl HaJMUUe OCHWULANMA HEHTPUHO M WX Macc, HaOmoIeHHe OapHOHHOW acUMMETPUHU
Bcenennoll, cymecTBoBaHre TEMHOM Marepud. B Hacrosilee Bpemsi TEOPETHYECKUI aHalu3 Ipo-
BOAUTCA B npubnmxenuu M p < M, , tne Mp, My — AupakoBCcKas U MallOpaHOBCKask MaTPHIbl HEH-

TPUHO, COOTBETCTBeHHO. OHAKO MEXaHM3M Kadelel Tuma | MokeT peasn30BBIBATHCS M MPH MEHEE
CTPOTOM YCIIOBHH, YTO NMPHBOAHUT K HEOOXOIMMOCTH ydeTa JIOTIOJHUTENBHBIX BKJIAJOB B IPE/ICTaB-
JeHnu Uil HaOmomaeMbix. B pabore paccmarpuBaeTcsi HEMUHUMAIIBHOE MPUOIKEHUE MEXaHH3Ma
Kadenel tuma | B Mojienu ¢ TpeMst TSHKEIBIMU JICITOHAMH, 711 KOTOPOTO TOIYYEHBI COOTBETCTBYIOITHE
YTOUHEHHBIC MpeacTaBIeHus i 3)(HEKTUBHBIX MACCOBBIX MATpPHUIl B CEKTOPE HEHTPHHO, MPEICTaB-
JICHHWE TSl MaTPHIIBI CMETITMBAHUSA (XapaKTepU3yIOIIeH IKCTIEPUMEHTAIILHO aHAIM3UPYEMBIH ITapamMeTp
CMEIIIMBaHMUs), HETPUBUAILHOC OPUTHMHAJIbHOE TPeOOBaHME JUIsI COOTBETCTBYIOILICH HapaMeTpU3yo-
et Matpuiisl. Kak npaBuiio, B paMKax TEOPETHUSCKOTO aHaJIM3a BEIOOD MMapaMeTPU3YIONICH MaTPHIIbI
npousBosieH. B paboTe oOcyxmaercst kinaccu(uKanus TaKUX MaTPHIl U OOIIHWE METONBI HaXOXKISHUS
MapaMeTpU3yIoNeil MaTpHIlbl B HEMUHUMAILHOM MPHONMKEHUU. B MpennonokeHnd, 4To OAWH W3
TSOKEJIBIX JICITOHOB SIBJSIETCSl YAaCTHUIICW TEMHOW MaTepud MPOAHATHW3HPOBAHBI CYIIECTBYIOIINE
KOCMOJIOTHYECKHAE U acTpoU3NYeCKUe OTPAHWYCHHS B paMKaX CTaHIAPTHOTO W HEMUHUMAJIBHOTO
NpuOMMKEHUST MeXaHW3Ma Kadeledl Tuma |, JaHel OIEHKH TOYHOCTH TMIpPEJICKa3aHWi B clydae
HEMUHHMAJIbHOTO TPHOJIMKCHUS, BBISIBICHBI SIBJICHUS W MOJCIIBHBIC PEXKUMBI, B KOTOPBIX YYeT
JIOTIOTHUTENIBHBIX BKJIAJ0B CTAHOBUTCS CYIICCTBCHHBIM.

COSMOLOGICAL CONSEQUENCES FOR THE NON-MINIMAL APPROXIMATION
OF TYPE-I SEESAW IN THE SM EXTENSION BY THREE GENERATIONS
OF RIGHT-HANDED NEUTRINOS

M. N. Dubinin, E. Yu. Fedotova

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
119991, Leninskie gory, 1, Moscow, Russia
+7 495 939 23 93
fedotova@theory.sinp.msu.ru

The model with three generations of right-handed neutrino is the most natural extension of
Standard Model of particle physics (SM) since it restores symmetry between right and left neutrinos,
require no new physical principles and symmetries, and may not contain large electroweak energy
scales. Besides, it can also explain the main difficulties of the SM, which include the presence of
neutrino oscillations and their masses, the observation of the baryon asymmetry of the Universe, and
the existence of dark matter (DM). Currently, the theoretical analysis is carried out in the

approximation M, < M,,, where M ,,M,, are Dirac and Majorana neutrino matrices, respectively.
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However, the type-l seesaw mechanism can also be implemented under a less strict condition, which
leads to take into account additional contributions to the representations for the observables. A non-
minimal approximation of the type-l seesaw mechanism in a model with three heavy leptons is
considered. We have obtained the corresponding representations for effective mass matrices in the
neutrino sector, a representation for the mixing matrix, and a non-trivial original requirement for the
corresponding parametrizing matrix. As a rule, the choice of a parametrizing matrix is arbitrary. The
classification of such matrices and general methods for finding them in a non-minimal approximation
are discussed. Assuming that one of the heavy leptons is a DM particle, the existing cosmological and
astrophysical data within the framework of the standard and non-minimal approximation of the type-I
seesaw are analyzed; estimates of the accuracy of predictions in the case of non-minimal
approximation are given; phenomena and model regimes in which additional contributions become
essential are specified.

HAPYIIEHUE CP-UHBAPUAHTHOCTH B IIPEJIEJIE HACTPOMKHW CBA3EN
XUITCOBCKOI'O CEKTOPA I/IM 1 MCCM

M. H. Iyounumn, E. FO. ®enoroBa

HayuHo-uccnenoBarenbckuii HHCTUTYT siiepHoi husnku umenu /1. B. Ckobenbubina
MOoCKOBCKOIO TOCyAapCTBEHHOT0 YHUBepcuTeTa uMeHu M. B. JlomoHOCOBa
119991, Jlenunckue ropel, 1, Mocksa, Poccus
Ten.: +7 495 939 23 93
fedotova@theory.sinp.msu.ru

CymiecTBylonyie 3SKCIIEpUMEHTANbHBIE JaHHBIE CBHUIETEIBCTBYIOT O TOM, 4YTO CBOWCTBa
HaOmomaeMoro 0o3oHa Xwurrca Onusku ¢ mpenckasanusM CranpaptHod Mopenn (U3MKK yYacTHI
(CM). TouyHoCTh W3MEpEHWH KOHCTAHT CBs3M HaOmomaemoro 0o3oHa Xwurrca ¢ dactumamu CM,
COOTBETCTBYIOIIAS] HA CETOAHSAMIHUN MOMEHT 5-33 %, HempephIBHO MOBbHILAETCA. B dacTHOCTH, ak-
TUBHO BeAyTcs mouckH 3¢dekro, Hapymaromux CP-cuMMeTpHIO B CEKTOpe XUrrca, KOTOPble MOIIIN
Onl HaOMomaThes B pacmupeHnsx CM 3a cdeT HamWuWs JOMOJHUTEIHHBIX HCTOYHMKOB CP-Hapy-
mennd. Pacmmpenne cexTopa XUWITCa IOTONHUTENBbHBIM ayometom (IJIM) mociie COHTaHHOTO
HApYIICHUS 3JEKTPOCIad0i CUMMETPUM TPUBOIUT K HAIMYUIO NSATH 0030HOB XWITCA: B Clydac

CP-napymieHus TpexX HEHTpalbHBIX YIOPSJIOYEHHBIX IO Macce COCTOSHUM /fy,hy,hy W 1ByX

+
3apsSHKCHHBIX CKaIsIpoB H . OOCYXHaroTcs pa3iMuHble BO3MOXKHOCTH aCCOLMAIMU HaOJIF0IaeMOro
0030Ha Xurrca ¢ OIHMUM M3 HEUTpPANBbHBIX CKaJsIpOB, CPEAM KOTOPHIX HambOoyiee BEPOSTHBIM

KaHaugatom cuuraercs fy. Koncrtantsl cBssu hy ¢ wactmmamu CM  (y) HOKHBI TIPH 3TOM
YAOBJIETBOPATH MpezieNy HacTpolikn cessedi (alignment limit), coracho kotopomy vy / veyr =1

Hapymenne CP-nHBapHaHTHOCTH B XWITCOBCKOM cektope JIJIM [u ee uecTHOro ciaydas — MHHHU-
MansHOH cynepcummeTpun (MCCM)] MokeT OBITH 00YCITOBICHO HAJTUYHEM KOMIUICKCHBIX KOHCTAHT
CBSI3U B XUITCOBCKOM IMOTEHUIHUANE (SIBHOE HAPYIICHHE) W/UIM HATHIMEM KOMILICKCHBIX (a3 pa3zBopoTa
XHUITCOBCKHX JyOJIETOB M BaKyyMHBIX OXHIAHHUU (CIIOHTaHHOE HapylieHue). B pamkax moneneit 1AM
1 MCCM B HauOosiee 00IIeM BHUJIE, a TAKKE B IPUOIMKCHUN PA3JIOKEHHSI XUTTCOBCKOTO MOTEHIIMANIA
JI0 OTepaTopoB Pa3MEPHOCTH «UEThIpe» IO TOISAM MOMy4YeHBl COOTHOIIEHUS, TapaHTHPYIOIINE
CYIIECTBOBAaHUE Ipe/eia HACTPOMKH CBsI3€. YCTaHOBJIECHO, YTO CYLIECTBYIOT IBE BO3MOKHOCTH
peanu3alyy npejenia HACTPOUKH cBsi3ei: 1) Hanuuue TpeOOBaHUs Ui YIJIOB CMEIIUBAHUS B CEKTOpPE
Xwurrca B—a~mn/2, copnanatoniee co ciyyaeM CP-coxpaHeHus, ¢ JOTOTHUTENBHBIMEA YCIOBHSIMA
M 2) OTCYTCTBHE MpeAesa OTLIEIJICHHUS, T. €. CYIIECTBOBAaHME MacC BCEX XUITCOBCKMX OO30HOB Ha
anekTpocnaboil mkaje. YNCIeHHbIE OIEHKH IMO3BOJWIN BBIIEIHTh XapakTepHBbIE PEKUMBI Mozesneit
Y TOIY4YUTh  OOJMACTH  TPOCTPAHCTBA  MMApaMeTpoB, HE  MPOTHUBOpEYAINEe COBPEMEHHBIM
9KCIEPUMEHTAIBHBIM JaHHBIM.
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The existing experimental data indicate that the properties of the observed Higgs boson are
close to the predictions of the Standard Model of particle physics (SM). The accuracy of
measurements of the couplings of the observed Higgs boson with SM particles is of 5-33 % and is
continuously increasing. In particular, the effects that violate CP symmetry in the Higgs sector due to
the presence of additional sources of CP violation in SM extensions could be observed. The extension
of the Higgs sector by an additional doublet (THDM) contains five Higgs bosons: three neutral mass-

ordered states /y,/,,h; and two charged scalars H* in the case of CP violation. Various possibilities
of identification of the observed Higgs boson as a neutral scalar are discussed, among which h; is
considered as the most likely candidate. Then the coupling constants of /4, with SM particles (y) must

satisfy the alignment limit, according which y;yp,, ! vs 1. Violation of CP-invariance in the Higgs

sector of the THDM [and in its particular case — minimal supersymmetry (MSSM)] may be caused by
the presence of complex couplings in the effective Higgs potential (explicit CP violation) and/or the
presence of complex phases of Higgs doublets and vacuum expectations (spontaneous CP violation).
We have obtained the relations that guarantee the realization of the alignment limit within the
framework of the THDM and MSSM in the general form and in the Higgs potential expansion up to
dimension-four operators. The analysis of the alignment limit leads to two possibilities for its
realization: i) there is a requirement for mixing angles in the Higgs sector p—a ~n/2 coinciding

with the CP-conserving limit with additional conditions, and ii) there is non-decoupling limit, i.e. the
masses of all Higgs bosons are of the electroweak scale, with non-trivial requirements. We have
identified the model regimes and the allowed parameter space that do not contradict modern
experimental data.

3®OEKTHI JIETKUX CTEPUJIBHBIX HEUTPUHO B ITIPOILIECCAX C YYACTHEM
JEKTPOHHBIX 1 MIOOHHBIX HEUTPHUHO

B. B. Xpymes %, C. B. ®omuues !

! HaumonanbHbIi uccnenosaTenbekuii nenTp «Kypuatosckuii MHCTUTYT», MockBa, 123182 Poccust
Ten. 8-499-196-9637, e-mail: vkhru@yandex.ru

CrepuiibHbIE HEUTPUHO C pa3HBIMA MacCaMH MOTYT y4acTBOBaTh B acTPO(PH3MUECKUX U KOC-
MOJIOTHYECKHUX MpOIEccax, B TOM YHCIIE 32 CUET CMEIIMBAHUS C aKTUBHBIMU HEeUTpuHO [1]. B noknane
paccMmarpuBaroTcs 3(G(GEKThl CMEIIMBAHUS aKTUBHBIX U CTEPHJIBHBIX HEHTPUHO C MaccaMu mopsiaka 1
5B u MeHnee. J{ns nporieccoB OCHMWUISIUN ¢ YYACTUEM 3JIEKTPOHHBIX U MIOOHHBIX HEHTPHUHO, a TaKkKe
MPOIECCOB OeTa-pacmaza u Oe3HEHTPUHHOTO TBOWHOTO OeTa-pacmazia, BBIYUCIEHBI BKJIAJBI JIETKAX
CTEpUJIBHBIX HEWTPUHO B XapaKTEPUCTHUKHM paccMaTpUBaeMbIX IpoieccoB. [Ipu 3TomM mpousBeneHbl
OLIEHKHU MapaMETPOB CMENIMBAHUS B MOJEJH C TPEMS aAKTUBHBIMU U TPEMsI CTEPUIILHBIMU HEUTPUHO
[2, 3] ¢ yueToM sKCIIepUMEHTAIBHBIX JAHHBIX, OTHOCSIIMXCS K MPOBEPKE TAIUIUEBOH, YCKOPUTEIbHON
W PEaKTOPHOW aHOMAa Wi Ha MallbIX PAacCTOSHHUSX OT HCTOYHHKOB HeltpuHo [4—7]. Tloapo6GHO
KCCIIEIOBAHbI JBa Cily4yas paclpeiesieHusl o Maccam JIETKMX CTEPWIbHBIX HEUTpUHO. [lomydueHHbIe
pe3ynbTaThl MOTYT OBITh WCIOJB30BAHBI ISl WHTEPHPETAIIMH UMEIOIIUXCS AKCIEPUMEHTAIBFHBIX U
acTpou3NIeCKNX HAOIIOAATEIBHBIX PE3YIBTATOB U MPEICKa3aHsI TOCIEAYIONINX JaAHHBIX.
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Sterile neutrinos with various masses can participate in astrophysical and cosmological
processes including mixing with active neutrinos [1]. Effects of mixing of active and sterile neutrinos
with masses of the order or less than 1 eV are considered in this talk. For oscillation processes
involving electron and muon neutrinos, as well as for beta decay and neutrinoless double beta decay
processes, the contributions of light sterile neutrinos in characteristics of these processes are
calculated. For this purpose estimates of mixing parameters in the model with three active and three
sterile neutrinos [2, 3] are made taking into account experimental data concerning verification of
gallium, accelerator and reactor neutrino anomalies at short distances from neutrino sources [4, 5, 6,
7]. Two cases of light sterile neutrinos masses distribution are investigated in detail. The results
obtained can be used for interpretation of available experimental and astrophysical evidence results
and also for predictions of subsequent data.
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CranmapTHast MOZeNb TEPBUYHOTO HYKJIEOCHHTE3a CTaBUT OrpaHMYEHHE Ha KOJIMYECTBO
tunoB HeirpuHo (N, = 3,0 £+ 0,2) [1] 1 Ha TENTOHHYIO aCHMMETPHIO - HECOBIAICHHE KOHIICHTPAIIUit
HEHUTpUHO U aHTHHEHTpUHO BO Beenennoii L, = (n,, — ny)/n,,, KoTopas BeIpaKaeTCcs Yepe3 NapameTp
& =u,/kT, <0,1 [2], rne U, — XUMUYECKHIA TMOTEHIIMA HEHTpUHO. BBeieHHe MOMOTHUTEIbHBIX
TUTIOB HEHTPUHO B STOW MOJEIHM YBEINYMBAET MACCOBYIO JONIO TEPBHYHOrO remus-4 Y,, dro
nepecTaéT coriacoBaThCs C pesyibraTramMu HaOmoneHuid. OpHako yBeluveHWe mapamerpa &,
IIPUBOJINT K YMEHBIIEHHIO Yy, B PE3YNIbTAaTE YETO JIBAa OTUX d(P(EeKTa MOIyT CKOMIIEHCHPOBATh JAPYT
npyra. B nanno# paboTte Oblla paccuMTaHa MaccoBas IOJIA MepBUYHOTO renusi-4 kak Qpynkous N, u
aCMMMETPHUHU DJICKTPOHHBIX HEHTPUHO &,. Ilockonbky Y, HamOonee 4YyBCTBUTENbHA K JIENITOHHOM
aCUMMETpPHUH, TO IMEHHO OHa M ONpe/essieT 3HaueHue &,, coorBeTcTBytoiee N, = 4 (CyiiecTBoBaHHe
cTepuibHBIX HeliTpuHo). [1o pesynpraram pacuéros &, = 0,056 + 0,001, yTo cornacyercs ¢ APYrUMHU
OLICHKaMH JaHHOTO Mapametpa [3,4].
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The standard model of the Big Bang Nucleosynthesis constrains the number of neutrino types
(N, = 3,0 £ 0,2) [1] and the lepton asymmetry — the mismatch between the neutrino and antineutrino
density in the Universe L, = (n, —ny)/n,, which can be expressed with the parameter
& =u,/kT, < 0,1 [2], where y, is a chemical potential of neutrino. The addition of extra neutrino
kinds in this model leads to the increase in the mass ratio of the primordial helium-4 abundance Y,
that is not in agreement with its observational value. However, the increase in &, makes ¥, go down,
therefore both these effects can compensate each other. In this work the primordial helium-4 abundance
Y, has been calculated as a function of N, and electron neutrino asymmetry parameter &,. Since Y,
strongly depends on &,, it determines &, appropriate to N, = 4 (the existence of sterile neutrino).
According to our calculations, the best fit value of the lepton asymmetry is £, = 0,056 + 0,001, which
is in agreement with the previous estimations of this parameter [3, 4].
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