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STAR: pe3yabTarbl 4 NEPCNEKTUBBI

B 1993 . 8 OUSIM 6bU10 IPHHATO pELICHHE 00 YIaCTHH B HKCIIEPHIMEHTE
STAR (Solenoidal Tracker at RHIC) Ha komnnaiigepe pensiTHBUCTCKUX siiep U
nomnsipuzoBanHbix npotoHoB RHIC (Relativistic Heavy Ion Collider) B8 BNL
(CIIA). D10 pemnieHne CBsI3aHO € pacuIMpeHneM GU3NUECKOM POrpaMMBbl UC-
CIIeZIOBAHMH, TIPOBOIMMON Ha JYOHEHCKOM CHHXPO(a30TpOoHE, 0 U3YUCHUIO
PENATUBUCTCKUX AIPOH-SACPHBIX, SIPO-SIEPHBIX B3aMMOJCHCTBUN M TIpo-
[IECCOB ¢ MONsipu30BaHHbIMU JaelTpoHamu. Kommaiinep RHIC mo3Bomsin me-
peiTH B HOBYIO, paHee HEM3BEIaHHYIO 00IaCTh YHEPTUI M NCCIIEAOBATh SACp-
HYIO MaTepHIO B SKCTPEMaJbHBIX yCIOBUAX, HATIPUMED, IPH TeMIIepaTypax, B
MUJIJTHOHBI pa3 MPEBHINAIOIINX TeMIIepaTypsl Ha mosepxHocTr ConHIA, WIN
MAarHUTHBIX MOJISAX MOPsIIKa 107 re. Llenb nccnenoBaHuii — yCTaHOBUTH DKC-
MEPUMEHTAIIFHO 3aKOHOMEPHOCTH MePexo/ia KBApKOB U ITTIOOHOB B TIPOTOHBI U
HEUTPOHBI, 0COOCHHOCTH BOZHUKHOBEHHUSI SIIEPHBIX CHJI, (PAa30BYIO AUATPAMMY
snepHoit marepun. Takast nHpOpMaIUs HEOOXOANMA ISl TIOHUMAaHUSI TEOPHU
CIJIBHBIX B3aUMOJACHCTBUM — KBaHTOBOH XxpomoauHamuku (KXJ[) — B He-
nepTypOaTuBHOM 00NacTy.

HccnenoBanus ¢ MOISPU30BAHHBIMU MPOTOHAMH HAIIEJICHBI Ha MPSAMOE
HU3MEpEeHHe CIHUH-3aBHCUMON IIFOOHHOW (DYHKIIMU PAaCHpeneseHHUs U OIpe-
JIeJIeHUe BKJIa/a TIIF0OOHOB B CIMH NMPOTOHA. KBaHTOBOE YHCIIO CITUH CBS3aHO
C CyIIECTBOBaHHEM (YyHIaMEHTAIBHBIX CUMMETPHH, MO3TOMY H3ydYeHHE I10-
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STAR: Results and Future

In 1993, JINR made a decision on participation in the STAR experi-
ment (Solenoidal Tracker At RHIC) at the Relativistic Heavy lon Collider
(RHIC) at the Brookhaven National Laboratory. This decision was connect-
ed with extension of the physical research program performed at the Dubna
Synchrophasotron to study relativistic hadron—nucleus, nucleus—nucleus inter-
actions and processes with polarized deuterons. The RHIC collider has opened
a new possibility to switch to unexplored energy region and study the nuclear
matter in extreme conditions — at the temperatures million times higher than
temperatures on the Sun surface or in the magnetic fields of about 10'7 G. The
goal of experimental investigations is to search for and study regularities of
transition of quarks and gluons into protons and neutrons. Such information is
necessary for understanding of the theory of the strong interaction — Quantum
Chromodynamics (QCD) — in nonperturbative region.

The experiments with polarized protons were aimed at the direct mea-
surement of the spin-dependent gluon distribution function, determination of
the gluon contribution to the proton spin and the solution of the “spin crisis”
problem. Spin is a quantum number characterizing the fundamental property
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JNSApU3alIUM KBAPKOB, TIIIOOHOB M KBApK-aHTHKBAPKOBOTO
MOpsl IPOTOHA — OJIHA U3 IVIABHBIX 33a4 COBPEMEHHOMN
¢usukm gactui. B OSSN Oblu 3a0KeHbl U TPOI0IKA-
IOT Pa3BUBATHCS TPATUIMK B OONACTH IKCIIEPUMEHTAIb-
HBIX M TEOPETUUECKUX MCCIIEIOBAHHUH 110 CIIMHOBOM (hU3H-
ke. [ToaTomy ocHoBHo# Bkiax OUSU B mpoext STAR —
ydacTHe B CO3JAaHUU JAETEKTOPOB AJIS UCCIEIOBAHUS MO-
JISIPU3ALUOHHBIX SBIEHUI — LEHTPAIbHOIO U TOPLEBOTO
AJIEKTPOMATHUTHBIX KaJIOPUMETPOB.

[epBbIii ceanc HabOpa CTAaTHCTHUKM Ha YCTaHOBKE
STAR g Au+ Au cronkHoBeHuil coctosuics B 2000 .
[ocne maru et paboTel ObLIM cHOPMYTHPOBAHEI OCHOB-
HbIE pe3yabTaThl NepBoro stana ucciaenoBanuit Ha RHIC
MpU MAaKCUMaJIbHOW SHEPrUM CTOJIKHOBEHHUH s1€p 30J10Ta
Vs =200 T»B. D10 3¢ eKT rameHus CTpyi, MogaBICHNE
BBIXOJIOB YAacTHI[ B 007aCTH OOIBIINX MOMEPEYHBIX HM-
MYJIbCOB, CYIIECTBOBAHUE KOJIJIEKTHBHBIX IOTOKOB sep-
HOM Marepuy, KBapKOBbIM CKEHIIMHT JUIS SJUIMIITHYECKOTO
notoka u Jp. Ha ocHOBe moiyueHHBIX pe3ylbTaToB ObLI
c(OopMyIIMpPOBaH Ba)KHBIN BBIBOJ 00 00pPa30BaHUHM B SIIPO-
SIIEPHBIX CTOJIKHOBEHUSX CHJIBHO B3aUMOJEHCTBYyIOLIEH
MaTepHH, IOXOXKel M0 CBOUM CBOMCTBAM Ha JKUAKOCTbH C
OYEHb MAJIEHBKON BSI3KOCTBIO, COCTOSIIYIO U3 KBapKOB U
TIIOOHOB. DTOT BBIBOJ KapJUHAIBHO U3MEHUI paHeEe Cy-
LIECTBYIOIEE NPEACTABICHUE O KBapK-IIIOOHHOHN IUIa3-
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Me Kak 00 MaeasbHOM rase, 00pa3oBaHHOM CBOOOTHBIMHU
KBapKaM{ U INIOOHaMU. B nanbHeleM 3Tu pe3ysbTarhl,
BriepBeie momydeHHsle Ha RHIC, Opumm monmTepxre-
HBI TIpH TOpa3no Oojee BBICOKMX SHEPrHsX Ha KOJUIAM-
nepe LHC.

HoBoe cocrosinme BemiecTsa, 00pasyromieecst B CTOJ-
KHOBeHUsIX Tsokenblx noHoB Ha RHIC, nponomxkaror uzy-
4aTh B 9KCIIEPUMEHTAX C TSHKEIBIMU KBapkamu. Cunraercs,
YTO aJIPOHBI, COCTOSIINE M3 TSIKENBIX C-, b-KBAPKOB, SIB-
JISIFOTCSI XOPOIIMMH TPOOHUKAMH SBOJIOLUH TUIOTHOM TO-
psiaeit cpeabl. [l n3yueHus CBOMCTB sAepHON Marepun
DO—, J/w- n Y-mMe30HaMu, B COCTaB KOTOPBIX BXOIST C- W
b-xkBapku, s ycraHoBku STAR ObutH CO37aHBI HOBBIC
JIETEKTOPHBIC TOACUCTEMBI: MPELIU3UOHHBIN BEPIIMHHBII
nerextop (Heavy Flavor Tracker) u cucrema nerekropoB
st peructpanun MooHoB (Muon Telescope Detector).
OTH cHCTEMbI UCTIONB30BANNCH B ceancax 2014-2016 rr.
I Habopa craTHCcTUKU. [IpoBeneHHBIN aHamM3 IaH-
HBIX TTOKa3aj, YTO KaK JUIS TSDKEJNBIX, TaK W IJIS JIETKHX
KBapKOB CymIecTByeT d(h¢ekT momasneHus. B HacTosmee
BpeMs HaOpaHa CTaTHCTHKAa U HIET 00paboTka TaHHBIX C
LEIbI0 N3y4YeHUs 9P (PEKTOB MOABICHNUS U KOJUIEKTHBHBIX
MIOTOKOB B COOBITHSIX C POXIEHHEM OTKPBITHIX apoMa-
ToB — charm (c¢) u beauty (b) (Dy, A, B, ...) 1 KBApKOHUEB
(Jy, Y). TpexmepHBIIl KOppENSIIMOHHBIN aHaln3, NpH-

of every particle. It is connected with physics symmetries.
Therefore, the study of polarization of quarks, gluons and
sea quarks in the proton is one of the main problems of
modern particle physics. JINR maintains and develops the
tradition of the experimental and theoretical researches in
relativistic nuclear physics and spin physics. Therefore,
the main contribution of JINR to the STAR project was the
participation in the creation of the detectors — the Central
Barrel and End-Cap electromagnetic calorimeters, for the
study of the polarization phenomena.

The first run of data taking for Au + Au collisions at
Vs =200 GeV at STAR was performed in 2000. After
five years of work at maximum RHIC energy, main results
were formulated: jet quenching, suppression of hadron
yields at high transverse momentum, observation of col-
lective flow of nuclear matter, constituent quark number
scaling for elliptic flow, etc. Based on the obtained results,
the important conclusion on creation of the strongly inter-
acting matter in the central nucleus—nucleus collisions has
been formulated: the produced matter is similar to perfect
liquid and not ideal gas of quarks and gluons. In future the
many results observed at RHIC were confirmed at higher
energy at the LHC.

EI

A new state of matter created in the heavy-ion colli-
sions is studied in the experiments with heavy quarks. It is
considered that hadrons consisting of ¢, b quarks are good
probes of the dynamical evolution of highly dense and hot
medium. To study the properties of nuclear matter by D°,
J/w and Y mesons, which contain ¢ and b quarks, the new
STAR detector subsystems — the precision vertex detec-
tor (Heavy Flavor Tracker) and the detector system regis-
tration of muons (Muon Telescope Detector) — have been
installed. These subsystems were used in 2014-2016 runs
for data taking. The performed data analysis has shown
that the suppression effect is observed for both heavy and
light quarks. At present a large statistics has been taken.
The data processing is going on and the effects of sup-
pression and collective flows in the events with open fla-
vor (D, A,, B, ...) and quarkonia (J/y, Y) production are
studied. The method of three-dimension correlation analy-
sis [1] applied for the study of low-transverse-momentum
like-sign kaon pairs will also be used for a search for sig-
nificant non-Gaussian features in the heavy flavor source
function.

The double longitudinal asymmetry 4;; of the meson
and jet production in collisions of polarized protons at the
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MEHEHHBIN B [1] Ui n3ydeHus map 3apsHKeHHBIX KAOHOB,
OyzieT TaK)ke MCIOJIb30BaH VIS TIOMCKA 3HAYNTEIBHBIX He-
rayCCOBBIX 0COOCHHOCTEH B (PyHKIIUSIX HCTOUHUKOB TsIXKe-
JIBIX apOMAroB.

B okcmepuMeHTax Ha Iy4YkaxX —IPOJOJIBHO-IIO-
JIIPU30BaHHBIX IIPOTOHOB C DHEPrUE€H CTOJKHOBEHHS
Vs =200 B Gbum HU3MEpEHB! JIByXCIIMHOBBIC aCUM-
METpUM A;; POXJEHHsS MHOHOB M CTpyH. OHM HCHOJIb-
30BAJIUCh JJISL W3BJICYCHUS CIMH3aBUCHUMOHN DIIIOOHHOM
(GYHKIMU pacripeneseHus U Aaid yOeauTeIbHOe JoKa3a-
TEJIBCTBO O MOJOKUTEIBHOM 3HAKE MHTErPaJIbHOTO BKJIA-
na rioonoB AG B crnimH mpoToHa. B akcmepuMmeHTax ¢
MOTIEPEYHO-TIONIAPU30BAaHHBIMU TIPOTOHAMH  YCTaHOBJIEH
POCT OHOCIMHOBOM acUMMeTpUU A, POKAEHHs THOHOB
C yBEeJIMYEHHEM IoNepedHoro uMmynsca. [lepsrie nuzmepe-
HUsI OIHOCITMHOBOM NPOIOABHON aCUMMETPHUU A; pokKe-
Hust W *-6030HOB NPU SHEPTUH Vs = 510 B nosBommmm
M3BJI€Yb CIIMH3aBUCHMBIE (DYHKIUH PAaCHpeeNICHNs] MOp-
ckuX u- u d-xBapko Au, Ad [2].

B 2017 r. 3annaHupoBaH O4epeIHON CeaHC ¢ MOoIe-
PEYHO-IONSPU30BaHHBIMU POTOHAMHU IPU MaKCHMajb-
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HOW SHEprun «/E = 510 I'>B ¢ HabOpOM CTATUCTHKH, COOT-
BETCTBYIOIIEH MHTErpabHOM cBeTuMOoCcTH L = 360 6L
Lens u3mMepeHnit — MNpoOBEpUTH OAHO M3 MpeAcKa3zaHUil
KX — u3meHnenue 3Haka ¢yukiun CuBepca — U U3y-
YUTH TIOTIEPEYHBIC OJHOCIUHOBBIE ACHMMETPHH B POXK-
nenun W *-, Z-G030HOB, TpPSMBIX (DOTOHOB H JIPEIlI-
STHOBCKHX TIap.

[Ipu akTuBHOM yuactuu ¢GusukoB OVSIN coBmecTHO
¢ koieramu u3 Yexum, CrnoBakuu u Poccun metopamu
KOPPEJISIIIUOHHOW (PEMTOCKOIHUU OBUIH MMOJy4CHBI HOBBIC
U UYpEe3BBIUAHO MHTEpECHble (HU3MYECKUE PE3YNIBTaThI:
AN -xoppensiiuy B CTONKHOBEHHSAX S/IEp 30JI0Ta TIPH
SHEPrUU \/% =200 =B (puc.1) [3]. STAR paccma-
TpUBaeTCsl KaKk yHUKallbHas (pabpuka Uil UCCIEeAOBAHUS
THIEPOH-TUIICPOHHBIX B3anMozeicTBuil. OHM HCIIONB3y-
FOTCS IJIsl OMMUCAHUS PA3TUIHBIX OapHOH-0aPHUOHHBIX B3aH-
MOJICHCTBUI U U3yUYEHUS] YPaBHEHUSI COCTOSIHUSI MaTEPHH,
oOpasyromieiicss B HEHTPOHHBIX 3Be3nax. OcoOeHHOCTH
AN -B3auMopeiicTBHI  CBA3aHBI € CYIIECTBOBAHHEM
H-nnbaproHa — OJHOH M3 AK30THMYECKHUX YaCTHII, KOTO-
PYIO HHTEHCHBHO HIIYT B SIIEPHBIX CTOIKHOBEHUSX.

@ Puc. 1. Koppensuuonnas ¢pyukims obpasopanns AA u AN~ B Au+Au cronkuo-
1 BeHUAX npu dHepruu 4/ syy = 200 I'>B u nenrpansnoctu 0-80%. Cromnas u
LITPUXOBAsl JIMHUU — PacyeThl C U 0e3 0CTATOYHOIO KOPPEJISILIMOHHOIO BKJIAJA B
aHauTHYecKoi Mozenu Jlennunkoro—J000mmuna; MyHKTHPHAS JIMHAS — PacyeT B
pamMkax craTucTuky depmMu ¢ UCTOUHMKOM. 3alITPUXOBaHHAsI 00JIACTh ITOKA3bIBACT

BEJIMYMHY CHCTEMAaTHYCCKHUX OIIUOOK [3]
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energy /s =200 GeV has been measured. The asymme-
try was used to extract the spin-dependent gluon distribu-
tion. Compelling evidence of positive sign of the integral
gluon contribution AG in the proton spin was obtained.
The growth of the single spin asymmetry 4, of pion pro-
duction in experiments with transversely polarized protons
was found. The first measurements of the single longitu-
dinal asymmetry 4; of W *-boson production in proton—
proton collisions at energy Vs =510 GeV allow us to
extract spin-dependent distribution of sea u and d quarks
(Au,Ad) [2].

The next run for data taken with transversely polar-
ized protons at maximum energy s =510 GeV cor-
responding to integral luminosity L ~ 360 pb~' was
planned for 2017. The aim is to verify one of the QCD
predictions — the change of the Sivers function sign and
to measure the transverse single spin asymmetry of W™,
Z *bosons, direct photons and Drell-Yan pairs production.

EI

of 3.13 fm. The shaded band corresponds to the systematic errors [3]

New and extremely interesting physical results were
obtained with the active participation of JINR physicists
in collaboration with colleagues from the Czech Republic,
Slovakia and Russia, using the methods of correlation fem-
toscopy: first high statistics measurement of AA correla-
tion function in Au+Au collisions at \/% =200 GeV
(Fig. 1) [3]. This research pioneered the venue of using
RHIC as a hyperon factory to investigate hyperon—hy-
peron interactions. The STAR measurement can provide
precious data for the understanding of hyperon—hyperon
interaction which is an important input to various baryon—
baryon interaction potential models as well as for the study
of equation of state for neutron stars. The AA interaction
is also closely related to the existence of the H dibaryon,
one of the most searched for exotic hadrons in nuclear col-
lisions.

One of the primary goals of Nuclear Physics is to un-
derstand the nature of the force between nucleons, which
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OpHa W3 OCHOBHBIX 33714 S/IEPHOW (PU3UKH — BEI-
SCHUTBH MPUPOIY CHJI MEKAY HYKIOHaMH. DTO SIBISIETCS
HEOOXOAWMBIM IIArOM B H3Yy4YEHUH CTPYKTYPBHI siep U
UX B3aUMOAEUCTBHUHA. XOTs aHTHsIpa, BIUIOTh A0 AHTH-
renus-4, SKCIIEPUMEHTAIBHO OTKPBITHI, OY€Hb HEMHOTO
M3BECTHO O B3aMMOAEHCTBUSX MEXIY AHTHHYKIOHAMH.
Craructuka, HaOpamHas STAR s B3amMmozeicTBuUit
saep 3omorta npu >Heprun 200 I'HB, mo3Bonmia U3y4nTh
MapHBIC KOPPEISIUN MEXIy aHTHUIPOTOHAMH, KOTOPBIE
B OIPOMHOM KOJIMUECTBE POXKIAIOTCS B TAKUX CTOJKHO-
BeHUSAX [4]. YCTaHOBIIEHO, YTO MEXIy aHTHUIPOTOHAMHU
JIEWCTBYIOT CHJIBI NIPUTSDKEHUS, U OTNIPEEIIEHBI /IBa KIIO-
YEeBbIX MapaMeTpa, XapaKTEePU3YIOUINX CUIBHOE B3aWMO-
JelicTBue, — JUIMHA paccesHus (f;) U 3GPEeKTUBHBIN pa-
nuyc (dgy). IlpogeMoHCTpHpOBaHa yHUKAJIbHAs BO3MOXK-
HOCTb KOPPEISIIIMOHHON METOJWKH JUT U3MEPeHHs Tapa-
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METPOB CHJIBHOTO B3aWMOICUCTBUS, MOTYICHNE KOTOPBIX
MPAaKTUIECKH HEBO3MOXKHO NIPYTUMH MeTomaMu. JlaHHas
HHPOPMAITUS 0 B3aUMOICHCTBHAX IBYX aHTUIIPOTOHOB SIB-
JISieTCsS BaKHEUIIIEW COCTaBIIIONMEH 171 6oee TTy6oKoro
MTOHUMAHUA CTPYKTYPBI aHTHAJCP U UX CBOMCTB.

Ilouck HOBBIX CHMMETPUM M CKEIJIMHIOBBIX 3a-
KOHOMEPHOCTEN BO B3aUMOAECHCTBMSIX aAPOHOB U SIAEP
BBICOKMX SHEPTHi Bceraa OBIT IeNbI0 MHTEHCHBHBIX HC-
ciaenoBanuil. Takue 3aKOHOMEPHOCTH MCIOJIB3YIOTCSA
KaK HKCIIePHMEHTAIbHBIE CBHIETENBCTBA O HOBBIX (H-
3UYECKUX SBICHUSIX M CIIOCOOCTBYIOT OTKPBITHIO HOBBIX
TIPUHITUIIOB WM CUMMeTpHid. CKeHJIMHTOBOE TOBEACHUE
WHKJTIO3UBHBIX CIIEKTPOB POXKACHUS YACTHUI], CBSI3aHHOE
C HWAesIMH camMomomooms M (HPaKTaIbHOCTH ATPOHHBIX
B3aMMOJICHCTBUII Ha yPOBHE KOHCTHTYEHTOB, ITPOSBISIET-
cs B z-cketimare [5]. Ha puc.2 moka3aHa CKeHIMHTOBas

Puc. 2. 3aBUCHUMOCTD CKeMIMHIOBOW (pyHKIUH w(z) (a) OT mapaMeTpa caMONomo0Ous z /Ui COOTBETCTBYIOLIMX WUMITYJIbCHBIX CIICK-

TPOB (6) OTPULIATENLHO 3aPSHKEHHBIX YACTHUL, 0OPA3yIOIIMXCs B LIEHTPAIbHBIX AU+AU CTOIKHOBEHUSX HPU SHEPTUAX +/ Sy = 7,7—

200 I'B B obmactu 1| < 0,5 [6]
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Fig. 2. The dependence of the scaling function y/(z) (a) on the self-similarity parameter z for the corresponding momentum spectra (b)
of negatively charged particles produced in the central Au + Au collisions at energy +/Syy = 7.7-200 GeV in the range |n| < 0.5 [6]

is a necessary step for understanding the structure of nu-
clei and how nuclei interact with each other. Although an-
tinuclei up to antihelium-4 have been discovered and their
masses measured, little is known directly about the nuclear
forces between antinucleons. Here we study antiproton
pair correlations among data collected by the STAR exper-
iment with gold ions at 200 GeV per nucleon. Antiprotons
are abundantly produced at such collisions, thus making
feasible to study details of the antipropton—antiproton in-
teractions [4]. Studies of two antiproton correlation func-
tions with data taken by the STAR experiment at RHIC
show the attracting nuclear force between two antiprotons.
The measurement of the two key parameters that charac-
terize the corresponding strong interaction, namely, the

Jl]

scattering length ( f;) and effective range (d;), has been
made. As a direct knowledge from the interaction between
two antiprotons, the simplest system of antinucleons (nu-
clei), our result provides a fundamental ingredient for un-
derstanding the structure of more sophisticated antinuclei
and their properties.

The search for new symmetries and scaling laws in
interactions of hadrons and nuclei of high energy has al-
ways been a subject of intense research. These patterns
are used as experimental evidence of new physical phe-
nomena and lead to discovery of new principles or sym-
metries. Scaling features of inclusive spectra of produced
particles connected with principles of self-similarity and
fractality of hadron interactions at the constituent level
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(byHKIUS ¥(z), COOTBETCTBYIONIA UMITYJIBCHBIM CIIEKTpaM
POXXKICHUSI OTPULATEIBHO 3apsDKEHHBIX aJpOHOB B LICH-
TpanbHBIX Au+Au ctonkaoBeHHsx Ha RHIC mpu sHep-
THAX \/% =7,7-200 I'>B B obnacti nceB1OOBICTPOT
[n|] < 0,5 [6]. IlomyueHHas 3aBUCUMOCTH JEMOHCTPUPYET
YHUBEPCAIBHOCTh (DOPMBI CKEHIIMHIOBOM KpPHBOM M mO-
CTOSHCTBO (DpaKTaJbHBIX Pa3sMEPHOCTEH sAnep M Mexa-
HU3Ma (PparMeHTaINK TP IHEPTUIX \/% > 19,6 I'3B.
IIpeamnonaraercs, 9To CKauKoOOpa3HOE MOBEJCHUE Iapa-
METPOB MOJIENH («y/AEIbHON TEIIIOEMKOCTHY U (PpaKTaib-
HBIX pa3MEpHOCTEH) SIBISIETCS yKa3aHUEM Ha CyIeCTBOBa-
HUE KPUTHUYECKHX SIBJICHUH B SIIIEPHON MaTepuH.
OrpoMHasi CTaTUCTHKA, HAOpaHHAs B DKCIICPUMEHTE
STAR 110 si1p0o-511€pHBIM CTOJIKHOBEHHUSIM, TTO3BOJISICT H3Y-
4aTh 00pa30BaHNE AHTUMATEPUH — POXK/ICHHE Sep aHTH-
renusi-4 [7] u cTpaHHON aHTMMAaTEpUU — POXKJICHUE sTep

AQHTUTUIIEPTPUTUS :}\ﬁ [8]. Harrpumep, juist oOHApyKeHHs
18 smep anTurenws-4 ObUTO MPOAHAIU3UPOBAHO CBBIIIC
MIUIIMAp/ia IEHTPAIBHBIX CTONKHOBEHMH s7ep 30J0Ta
npu 3Heprusax 200 u 62,4 [B.

bonpmas cserumocts RHIC u BbICOKast CKOpOCTh
cucteMbl cOopa naHHBIX Ha ycraHoBke STAR mo3Bonu-
11 HaOpatk Oosee 24 nerabaiit nHdopmanuu 00 Au+Au
ctoinkHoBeHMAX. OxkmmaeTcs, 9yTo K 2020 . 3TOT 00beM
nHbOpPMALIUU YBEIHMUUTCS Oojice yeM B aBa pasa. OH yxke
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HE MOXKET OBITh 00paboTaH TONBKO B KOMITBIOTEPHOM IICH-
Tpe BNL. [To3TOMY HCHIOIb30BaHHUE PACTIPEIETIEHHBIX BbI-
YHCIUTEIbHBIX LEHTPOB PA3IMUYHBIX WHCTUTYTOB KOJLIa-
6oparu STAR sBIsIeTCS OTHUM M3 BOBMOYKHBIX PEIICHHIA
9T0# npobnembl. Jlaboparopust HHGOPMAITMOHHBIX TEXHO-
noruii BeiBena OUMSIN B 4ncino Bemaymux MHPOBBIX ICH-
TPOB 110 00padOTKE JaHHBIX C MOMOIIBI0 cucteMbl GRID.
Pecypcbl JlyOHBI y»Ke HCHIONB3YIOTCSA Ui 00pabOTKH
nmanHbIX koyutabopanuu STAR. IlepBbie pe3ynbraTsl 3TON
paboThl ObLIM TpelcTaBieHbl Ha 7-i MexayHapoaHou
koH(pepennun «Pacnpenenennsie Beraucienus u Grid-
TEXHOJIOTMM B Hayke W oOpaszoBaHum» (/lyOHa, wuiomb
2016 1.).

Ha xonmnaiinepe RHIC B 2010, 2011 u 2014 rr. npo-
BE/ICHBI N3MEPEHHUS B IIMPOKOM JHAITa30HE SHEPIUH CTOJI-
KHOBEHHUS SIZIEpP 30JI0Ta \/% = 624, 39, 27, 19,6, 14,5,
11,5 u 7,7 T»B. B aT0i#1 00macTi sHEpruil McCiaeIyeTCs
(a3oBast nuarpaMma SICPHOM Marepuy B ITEPEMEHHBIX
TEeMIIepaTypHO-0apHOHHOTO XMMHYECKOTO ITOTEHIHaIa
{T, 1 5}. Oxmmaercs, 9TO MPH CKAHUPOBAHMM IO DHEP-
THH B 3TOM JHAaNa30He TMPOSBATCS 0COOCHHOCTH (ha30BOTO
nepexozia MepBoro posaa u OyneT HalJeHa KpUTHYecKas
Touka. Hammume Oonpmmx (QIyKTyarmii H3MepsieMbIX
(U3MUECKUX BEIMYMH (CPEJHMI IONEPEUHBIH HMITYIIBC,
OTHOILIEHHE BBIXOJIOB YACTHUI] U T.].) SABJSIETCS XapakTep-

are revealed in the z-scaling [5]. Figure 2 shows the
scaling function y(z) (a), corresponding to the momen-
tum spectra (b) of negatively charged hadrons produced
in central Aut+Au collisions at RHIC energy m =
7.7-200 GeV in the pseudorapidity range |n| < 0.5 [6]. The
dependence demonstrates the universality of the shape of
the scaling curve, the constancy of the fractal dimensions
of the nuclei and the fragmentation process in the range
Vsav > 19.6 GeV. It is assumed that the discontinuity of
the model parameters (“heat capacity” and fractal dimen-
sions) indicates the existence of critical phenomena in
nuclear matter.

Huge statistics taken by the STAR experiment in the
nucleus—nucleus collisions allows us to study the forma-
tion of the antimatter — the production of the nuclei of
antihelium-4 [7], and of the strange antimatter — the pro-

duction of the antinuclear hypertritium ‘j’\ﬁ [8]. In total,
18 counts were detected in the STAR experiment at the
Relativistic Heavy Ion Collider in 10° recorded gold—gold
collisions at centre-of-mass energies of 200 and 62 GeV.
The large luminosity of RHIC and high speed data
acquisition system at the STAR allowed us to collect
more than 24 petabytes of information about Au+Au

EI

collisions. It is expected that by 2020 the amount of in-
formation will increase more than twice. The taken data
can no longer be processed only by the RHIC computer
facility. Therefore, the use of the distributed data centres
of different institutions of the STAR collaboration is one
of the possible solutions to this problem. The Laboratory
of Information Technologies of JINR became one of the
world’s leading centres for the processing by the GRID
system. Dubna resources are already used to process the
STAR data. The first results of this work were presented at
the 7th International Conference “Distributed Computing
and Grid Technologies in Science and Education” (GRID
2016, Dubna, July 2016).

The Beam Energy Scan (BES) program in search of
the QCD critical point demonstrates the flexibility of the
RHIC. The BES phase I was conducted in 2010, 2011
and 2014. The data was taken for Au + Au collisions at
Jsyn = 62.4,39,27,19.6, 14.5, 11.5 and 7.7 GeV. In the
range the phase diagram of the produced nuclear matter
is explored as a function of the baryon chemical poten-
tial #p and temperature T. It is expected to observe the
first-order phase transition and location of the critical




B JIABOPATOPUAX MHCTUTYTA

HOW 0COOCHHOCTBIO TIOBECHUSI MHOTOUYACTUYHBIX CHCTEM
BOIM3M KPUTHYECKOH TOuKH. [jis momydenus yOeauresns-
HBIX 9KCIIEPUMEHTAIBHBIX JO0Ka3aTeIbCTB 3TOTO SIBICHUS
TpeOyeTcst GombIIast CTaTUCTHKA.

[Tosromy B 2018 1. OymyT BBIIOITHEHBI PabOTHI MO
CO3IAHUIO CHCTEMBI JIEKTPOHHOTO OXJaXK/AEHHs, HEoO-
XOJUMOW JUI YBEIMUEHHs CBETHMOCTH KOJJIalaepa B
0071acTH MaJblX SHEpruif m < 20 I'sB, u co3nassl
st ycraHoBkd STAR 11Be HOBbIE NETEKTOPHBIC MOJCH-
CTEMBI, yIy4IIaloie TOYHOCTh PEKOHCTPYKIIUH TPEKOB
BO BpemsinpoekimonHoi kamepe (iTPC) u ompenenenue
miockoctd peaknun (EPD). Mbr Haneemcst HaOpaTth He-
00XOIMMYIO CTaTHCTHKY U U3y4YUTh Oojee neTaibHo (ha-
30BYI0 JHarpaMMy SAepHOW Marepuu. ODTH H3MEPEHHUs
3armanupoBansl Ha 2019-2020 rr. K Tomy BpemeHu, Bo3-
MOXHO, YK€ HAYHYTCsI IIepBbIe IKCIIEPUMEHTHI Ha KOJLTaii-
nepe NICA, Ha KOTOpOM ITpH BBICOKOH CBETUMOCTH OyaeT
M3y4aThCcsl 00IacTh YHEPIUi MEHBIINX, YeM T€, KOTOPHIE
noctynubl Ha komnaaepe RHIC. TToka He u3BecTHO, e
OyaeT caenaHo OTKpbITHE KpuThueckoil touku KXJI, HO
COBEPILEHHO SICHO, YTO 3TH MCCIICIOBAHMS HAXOIATCA Ha
MepeHeM Kpae HayKH.

point in the range. The capability to explore this regime is
a unique feature of the RHIC.

Therefore, the electron cooling of the RHIC will be
carried out in 2018, which is necessary to increase the col-
lider luminosity at low energies @ < 20 GeV. The
new detector subsystems improving the accuracy of the
reconstruction of the tracks in the time projection cham-
ber (iTPC) and determination of the reaction plane (EPD)
will extend the capability of the STAR. We hope to col-
lect the necessary statistics and explore in more detail the
phase diagram. These measurements are planned for the
years 2019-2020. The first experiments at the NICA col-
lider would probably be launched by that time. The lower
energy range will be explored at higher luminosity than
the one available at the RHIC collider. The answer to the
question “Where is the location of the critical point?” has
not yet been found, but it is clear that these investigations
are at the forefront of science.

AT THE LABORATORIES OF JINR
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