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HoBble pe3yjabTarbl U NePpCHeKTUBBI HCCIIe0BAHUN
B 3kcnepumente NA61/SHINE na SPS B HEPH

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

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

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

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

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

A. 1. Malakhov, V. A. Matveev

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

A group of employees from the JINR Veksler and
Baldin Laboratory of High Energy Physics contributed a
lot of efforts to obtain the experimental data given above,
in particular, in registering spectra of secondary particles
and calibration of the time-of-flight system which had
earlier been developed and constructed at JINR [4]. The
employees from the Dzhelepov Laboratory of Nuclear
Problems actively participated in NA61 experiment in
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TIePUMEHTANFHBIX JTaHHBIX, B YaCTHOCTH B IIOJy4YCHHE
CIIEKTPOB BTOPHYHBIX YACTHIl U MPOBEACHUE KAIMOPOBKH
BPEMSIIIPOJIETHOM CUCTEMBI, KOTOpasi paHee ObL1a pa3pado-
taHa U co3gana B OVSU [4]. Corpynaukn uz JIAIT ak-
THUBHO y4yacTBOBAaJIM B Iporpamme skcnepuMeHta NA61
Mo HU3MEPEHHUIO CEYCHUU BbIXOJa 3apsKCHHBIX aIpOHOB
s HeWTpuHHOW Qm3ukH [5]. Omuxamu OMSN Taroke
ObUTM BBITIOJIHEHBl OpPUTHMHAJIbHBIE PA0OTHI, B KOTOPBIX
HCIIOJIB30BaIC pa3paboranHbiii panee A.M.banguasim
TTOJIXOM K WCCIICIOBAHUIO PETITHBUCTCKUX SACPHBIX B3a-
HMMOJICHICTBUI B MPOCTPAHCTBE YETHIPEXMEPHBIX CKOPO-
creii [6]. CriexyeT OTMETHTD, YTO MPHUHIUIBI TOX00US 1
ABTOMOJICIIBHOCTH OKa3aJIUCh OYCHb IUIOOTBOPHBIMU TIPH
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W3yUYCHHH SICPHBIX B3aMMOICHCTBHIN NPU BEICOKUX JHEp-
rusix [7].

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

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

Puc.2. Cnea: pakropuanbubiii MomeHT AF,(M) st 10-15 % nenTpansubix ctonkHoBeHHH Ar + Sc ipu 150A I'9B/C (4epHble ToukH);
HHTEPBAJIBI OIIHOOK COOTBETCTBYIOT «bootstrap» cTaHAapTHOH OMMOKe; [[BETHBIE TUANa30Hbl YKa3bIBAIOT Ha «bootstrap» JOBepHUTEIb-
HBIE MHTEPBAJIbL; CIUTOIIHAS CHHSIS JIMHUS JJaeT CpeHee 3HaueHne «bootstrapy BeIOopok. CripaBa: Te ke IKCIepHMEeHTaIbHbIC 3HAYCHHS
AF,(M) (depHble TOukH) B cpaBHeHNY ¢ pesynbratramu AF,(M) i MoennpyembIx cirydaiiHbIX (POHOBBIX POTOHOB
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Fig. 2. Left: factorial moment AF,(M) original sample values for 10—-15% central Ar + Sc collisions at 150A GeV/c (black points); the
error bars correspond to “bootstrap” of the standard error; the color bands indicate the “bootstrap” confidence intervals; the solid blue
line gives the medium value of the “bootstrap” samples. Right: the same experimental AF,(M) values (black points) compared to the

AF»(M) results for simulated random background protons

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

In particular, using the similarity principle the physi-
cists for the first time have obtained the analytical descrip-
tion of pion rapidity distributions while interacting with
relativistic nuclei, which excellently describe the NA61/
SHINE data registered at all projectile momenta in the
range from 20 to 158 GeV/c [8]. These results are given
in Fig. 3 (left).
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Figure 3 (right) shows a good description of the ex-
perimental data, and thus it has been shown that the simi-
larity method in the space of four-dimensional velocity is
very efficient in defining interactions of relativistic nuclei.
It is important to emphasize that there are only two con-
stants required to describe the data at all the energies.

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

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

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

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

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

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

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

Puc. 3. CreBa: OBICTPOTHBIE pacpe/ieIeH s IIHOHOB () B p + p-CTOJIKHOBEHUSIX ITPU HAYaJIbHBIX UMITyIbcax Py, = 158 I'3B/c (crutom-
Hast KpacHas kpuBasi), 80 I'aB/c (mTpuxoBas kpacHas kpuBas), 40 I'9B/c (3enenas xpusas), 31 I'3B/c (cunsst kpusast), 20 [5B/c (xpac-
Hasl HIDKHSISL KpUBas) B CpaBHEHHH ¢ naHHBIME dKcriepuMenta NA61/SHINE B mponecce p + p — n~ + x. Cnpasa: pe3ynsTaTsl HAIINX
BBIYHCIICHU ceKTpoB My B Pb + Pb-, Ar + Sc-, Be + Be- u p + p-CTONKHOBEHHAX B IEHTPAIBLHONW 001aCTH OBICTPOT MPU HAYAJIBHOM
umIyisce Ha HykioH Pj, =40 I'3B/c B cpaBHeHuu ¢ nanubiMu skcriepumenta NA61/SHINE [8]
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NA61 data for Pb + Pb — 7 + zat Vs = 8.77 GeV —#—

0.75 ——— _ Our calculations for Ar + Sc¢ — 7r: +zatVs=877GeV — —
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Fig. 3. Left: rapidity pion distributions (y) in p + p collisions at projectile momenta P;, = 158 GeV/c (solid red curve), 80 GeV/c (dashed
red curve), 40 GeV/c (green curve), 31 GeV/c (blue curve), 20 GeV/c (red lower curve) in comparison with NA61/SHINE experiment in
the process p +p — n~ + X. Right: the results of our calculations of spectra m,; in Pb + Pb, Ar + Sc, Be + Be and p + p collisions in the cen-
tral rapidity region at the projectile momentum per nucleon P;, =40 GeV/c in comparison with the data of NA61/SHINE experiment [§]

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

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

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




B JIABOPATOPUAX MHCTUTYTA

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

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

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

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

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

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

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

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

AT THE LABORATORIES OF JINR
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