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HccnenoBanue CBOWCTB AEPHOM MaTepuu B HKCTPEMAJIbHBIX yC-
JIOBUSIX — OJIHO M3 Han0OoJiee MHTEHCUBHO Pa3BUBAIOIINXCS HAlpaBie-
HUH COBPEMEHHON (PM3MKN. DKCHEPHMEHTHI MO CTOJIKHOBEHUIO TshKe-
JIBIX NOHOB, B KOTOPBIX CO3/1AI0TCS YCIIOBUS CBEPXBBICOKUX TEMIIEPATYP
U TUIOTHOCTEH, NHTEHCUBHO BEAYTCS WM IUIAHUPYIOTCS B PA3INYIHBIX
MHPOBBIX HAaY4HBIX IIeHTpax. Ha u3yuenne sapo-saepHbIxX (BIIIOTH 10
«30JI0TO—30JI0TO») CTOJIKHOBEHWH IIpH OOJBIIMX IUIOTHOCTSX W Ha-
npasieH skcnepuMeHT BM@N («bapnoHHas mMatepus Ha HYKJIOTpO-
HE») — TEPBBIA SKCTIEPUMEHT, KOTOPBI Hadall paboTy Ha yCKOPHUTEIb-
HOM Komrutekce HyKIoTpoH-NICA [1,2]. Ilenpro skcrepuMeHTa sB-
JSIETCsl N3ydYEeHUE B3aUMOJCHCTBHS ITyUKOB PENSITUBUCTCKUX TSKEIBIX
MOHOB C (pUKCHPOBAaHHBIMHU MUILICHAMH. B 1leHTpe BHUMaHUS HaXOAAT-
Csl aJJpOHBI CO CTPAHHOCTBIO, KOTOPBIE POJKAAIOTCA B CTOIKHOBEHUH
U HE NPHUCYTCTBYIOT B UCXOJHBIX COCTOSHUSX JIBYX CTaJIKHBAIOIIUXCS
anep. Miamepenns OymyT MPOBOAUTHCS HA CO3aBaEMOM Ul 3TOTO IKC-
MEPUMEHTAIBHON YCTaHOBKE, PACIIOJIOKEHHON Ha BBIBEICHHOM ITyUKe
HYKJIOTpOHa. JlMama3oH SHEPruil MydKa TSDKEIBIX HOHOB HYKJIOTPOHA
COOTBETCTBYET @ =2,3-3,5 I'3B. Takue 3HEprun Xopouo Mnoxxo-
JAT IJ1d U3YUCHUA CTPAHHBIX ME30HOB U MYJIBTUCTPAHHBIX TUIICPOHOB,
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Status of the BM@N
Experiment

The study of the properties of nuclear matter under extreme con-
ditions is one of the most rapidly developing areas of modern physics.
Relativistic heavy ion collisions provide the unique opportunity to investi-
gate the properties of nuclear matter at ultra-high density and temperature.
Heavy ion experiments are intensively carried out or planned in various
world scientific centers. The first experiment at the accelerator complex
of Nuclotron—-NICA — BM@N (Baryonic Matter at Nuclotron) — is
aimed at studying nucleus—nucleus (up to “gold—gold”) collisions at high
densities [1,2]. The main goal of the experiment is to investigate the in-
teractions of relativistic heavy ion beams with fixed targets. Experimental
interest is focused on the hadrons with strangeness, which are produced
in collisions and do not exist in the initial state of two colliding nuclei.
The measurements will be carried out at the BM@N experimental setup
located at the extracted beam of the Nuclotron. The Nuclotron heavy ion
beam energy range corresponds to @ =2.3-3.5 GeV. It is well suited
for studies of strange mesons and multistrange hyperons which are pro-
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B JIABOPATOPUAX MHCTUTYTA

KOTOPBbIE POXKIAIOTCS B SAPO-SICPHBIX CTOJIKHOBEHHAX
OJIM3KO K KMHEMaTH4YeCKOMY IOpOrY, a TaKke ONM3KH K
SHEPrusM, MPHU KOTOPBIX, COINACHO TPEICKa3aHHUsIM Te-
IUIOBOM MOJIENH, MaKCHMallbHa BEPOSITHOCTH POXKACHUS
runepsanep [3].

[TepBrIit TexHMUECKUH ceaHc Ha ycTraHoBke BM@N
6611 poBezieH B 2015 . Ha myuke nelitponos. beun nc-
CJIEZIOBaHBl XapaKTEPUCTHKH JETEKTOPHBIX ITOJICHCTEM,
CUNTHIBAIOMIECH 3JICKTPOHMKH, ONpPOOOBaHA WHTEIPHPO-
BaHHasI CHCTeMa cOopa JaHHBIX, Pa3pabOTaHbI aJTOPHT-
MBI aHaJIN3a HKCICPUMEHTAIBHBIX pe3ynbTaToB. Ilepsbie
¢du3nUecKre JaHHbIE OBUTH 3aperHCTPUPOBAHBI YCTAHOB-
Kol Ha myuke yniepozxa B 2017 ., mpouecc ux aHanmu3a
HaxonuTcs Ha 3aBepuiatorieidl craguu. Ilocne 3amycka
WCTOYHMKA TSDKENIBIX HOHOB «Kpron» B (eBpane-mapre
2019 r. peAsATUBUCTCKUE MyYKU MOHOB APrOHA M KPUIITO-
Ha ObUTH BIEpBBIC BBIBEJICHHI HAa yCTaHOBKY BM@N.
3apeructpupoBaHo okoio 130 MIJUTMOHOB COOBITHH, aHa-
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73 KOTOPBIX TO3BOJMT MOTYYNTh MH(OPMAIMIO O ITIPO-
JyKTaxX B3aUMOJICHCTBHS ITyYKOB HMOHOB «CpEIHEW» Ts-
JKECTH C PA3NUYHBIMUA MHUIICHAMH (YTIEPOJ, aTIOMUHHMN,
MeJb, OJIOBO, CBUHEI).

B Hacrositiee Bpemst BeyTcst paboThl 110 MOATOTOBKE
YCTaHOBKH K padoTe € IMyYKaMH PEIITHBUCTCKHUX TSKEIBIX
HOHOB, BILUIOTH JI0 HOHOB 30JI0Ta, MAKCUMaJIbHAsl UHTEHCHB-
HOCTb KOTOpBIX K 2022 I. AOCTUTHET 2- 10° ', Breicokast
MHTEHCUBHOCTH B3aNMOJICHCTBUH 1 OOJIbIIIAst MHO)KECTBEH-
HOCTbH 3apsDKCHHBIX YaCTHIl B KaKIOM COOBITHH OOycIaB-
JMBAIOT MOBBIICHHBIC TPEOOBAHUS KO BCEM JIETCKTOPHBIM
MoZicCTeMaM yCTaHOBKH. K HepBbIM ceaHcaM Ha IyduKax
TSDKEJIBIX HOHOB CYIIIECTBYIOIIAst KCIICPUMEHTAIbHAS YCTa-
HOBKa OyJIeT pacIlipeHa 1 JJOMOJIHEHa HOBBIMH JIETEKTOpa-
MH C YYETOM OIbITa PadOThI, MTOTYUYSHHOTO B IPEABIIYILIHX
ceaHcax HykJoTpoHa. [lonHas KoH(UTrypauus IeTeKTOpOB
ycranoBkn BM@N cxemarnuHo TpeacTaBieHa Ha puc. 1.
DKCIIEpHMEHT cOoUeTaeT B ce0e M3MEpeHUE MapaMeTpoB Tpe-

Puc. 1. Cxema
KOH(UTYpaIuu IETEKTOPOB
9KCIEPUMEHTAIbHOMN
ycraHoBkn BM@N

Fig. 1. Schematic

view of the detector
configuration of the BM@N
experimental setup

duced in nucleus—nucleus collisions close to the kinematic
threshold. The maximum in the hyper-nuclei production
rate predicted by the thermal model [3] is also close to the
Nuclotron energy range.

The first technical run at the BM@N experimental
setup was performed in 2015 with the deuteron beam. The
characteristics of the detector subsystems and read-out
electronics were investigated, an integrated data acquisi-
tion system was tested, and the algorithms for data analy-
sis were developed. The first physical data were recorded
in 2017 with the carbon beam, the analysis process is at the
final stage. After the Krion heavy ion source was launched,
relativistic argon and krypton beams were accelerated and
transported to the BM@N setup in February—March 2019
for the first time. About 130 million events were recorded.
The analysis of the experimental data will provide the in-

formation about the products of interaction of “medium”
ion beams with various targets (carbon, aluminum, copper,
tin, lead).

Currently, work is underway to prepare the BM@N
setup for data taking with the relativistic heavy ion beams.
The expected maximal intensity of Au ions is 2-10° Hz
by 2022. The requirements for the detector subsystems are
very high, as all physical measurements will be performed
in conditions of high beam intensities in collisions with
large multiplicity of charged particles. By the first runs
with heavy ion beams, the existing experimental setup will
be expanded and supplemented with new detectors, taking
into account the experience gained at previous Nuclotron
runs. A complete scheme of the BM@N experimental set-
up is shown in Fig. 1. The experiment combines high-pre-
cision track measurements with time-of-flight information
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KOB C BBICOKOM TOUHOCTBIO € I1OJIyYEHHEM BPEMSIIPOIETHON
WHPOPMANNH [T UICHTADHUKAIIIHA YaCTHIl. 3HAUCHNAE Mar-
HUTHOTO TIOJISl aHAIN3UPYIOMIETO MarHUTa MOYKET OBITh H3-
MEHEHO JI0 MaKCUMalbHOU BemauHb! 1 Ton, 94T0 mo3BOIHT
ONTHUMHU3UPOBATh TCOMETPUICCKYIO 3(P(HEKTHBHOCTh U HM-
MYJILCHOE Pa3pelICHHE TS Pa3IMYHBIX PEAKIMNA U SHSPT Uil
nyuka. llIupokoaneprypHast HeHTpaibHasi TPEKOBasi CUCTe-
Ma Ha 0aze cemu rockocteld GEM-nerexTopoB [4] pacrio-
JIOKEHA 32 MUMICHBIO BHYTPU aHAIM3UPYIOMIETO MAarHUTA.
Wmmynbe 3apsHKeHHBIX YacTHI] — TIPOIYKTOB B3aUMOIICH-
CTBHS ITyYKa U MHIIICHH — OyIeT U3MEPATHCS 110 KPHUBU3ZHE
HX TPACKTOPHU B MATHUTHOM IIOJIC.

Mesxay MUIIEHBIO U IIEHTPAIbHON TPEKOBOM cucTe-
MO# OyAyT yCTaHOBJIEHBI MIOCKOCTH KPEMHHUEBBIX JIBY-
CTOPOHHHX MHKPOCTPUIOBBEIX nerektopoB (FwdSi, STS)
(puc. 2), 9TO TIO3BOJIUT C BEICOKOH TOYHOCTHIO OTIPEICITUTH
BEPIIUHY B3aMMOJCHCTBUS U YIAYUIIUTh TOUHOCTh PEKOH-
CTPYKIIMH TPACKTOPUI, OCOOCHHO B 00JIACTH MaJbIX 3HA-
YCHHUU UMITYJILCOB YacTHUIl. BHEUIHsISI TPEKOBasl CHCTEMA,
COCTOSIIIAs U3 IIECTH IUIOCKOCTEH KaTOAHBIX CTPUIIOBBIX
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kamep (CSC), pacrmonokeHa BHE MAarHUTHOTO TIOJNS H
IpefHa3HaueHa ISl YTOUYHEHUs MapaMeTpoB Tpeka, I10-
nmyderHoro GEM-nerexTopamu (pric.3) BHYTpH aHAJH-
3UpylolIero Maruura. [floMumo ynmydieHns UMIYJIbCHOTO
pa3penieHns] YTOUHEHHBIH TpeK HeoOXOmuM JUIsi TTOHMCKa
COOTBETCTBYIOIIETO XHTa BO BPEMSIPOJIETHBIX CHCTe-
Max ToF400 u ToF700. BpemsrmposeTHbie I1eTeKTOphI HA
ocHoBe TexHomorun mMRPC co CTpPUITOBBIM CUHTHIBAHU-
€M TIO3BOJIAT Pa3leNaTh aapoHsl (1, K, P) U JIeTKue sapa
¢ UMITynbcoM 110 Heckonbkux [B/c. Kamopumerp ZDC
IpeAHa3HauYeH AJs ONpeleNeHHs MPHULEIbHOIO MapamMe-
Tpa CTOJKHOBEHUS IyTE€M U3MEPEHUs] SHEPrUH YacTUL] —
(dparmentoB mydka. Jlerekrop TO Oymer wucnonb3oBaH
JUIS U3MEPEHHUs [IeHTPATbHOCTH CTOJKHOBEHHUS TSKENbBIX
MOHOB, ()OPMUPOBAHMS CTAPTOBOTO CHUTHANA JUIST BPEMsi-
MPOJIETHOM CHCTEMBI, @ TAKXKE COBMECTHO CO CUETUHKAMHU
BCl1, BC2, VetoC — mns popmupoBarus Tpurrepa. s
TOTO YTOOBI MUHIMH3HPOBATh KOJIMIECTBO PacCEUBAIOIIIe-
TO BEIIEeCTBA Ha IYTH TSDKEJIBIX MOHOB, B COCTaB JKCIIE-
pPUMEHTaIBHOW YCTaHOBKU OyJeT MHTETPUPOBAH BaKyyM-

Puc.2. IIpoekT uHTerpanuy B cocras
JKCIIEPUMEHTAIBHON YCTAHOBKH IUIOCKOCTEH
KPEMHUEBBIX MUKPOCTPUIIOBBIX IETEKTOPOB —
FwdSi (cnesa) u STS (cmpasa)

Fig.2. Design layout of the silicon microstrip
detectors integration into the BM@N
setup — FwdSi (left) and STS (right)

for particle identification. The magnetic field of the ana-
lyzing magnet can be varied up to 1 T to get the optimal
detector acceptance and momentum resolution for differ-
ent reactions and beam energies. A wide-aperture central
tracking system is based on seven planes of GEM detec-
tors [4]. It is located downstream the target inside the ana-
lyzing magnet. The momentum of charged particles — the
products of interactions of the beam with the target — are
measured by the curvature of their trajectories in magnetic
field.

Double-sided silicon microstrip detectors (FwdSi,
STS) (Fig.2) are installed between the target and the cen-
tral tracking system to determine the interaction vertex
with high accuracy and to improve the precision of track
reconstruction, especially in the region of small parti-
cle momentum. The outer tracking system consists of
six planes of cathode strip chambers (CSC). It is situat-
ed outside the magnetic field and is intended to precise

parameters of tracks obtained in GEM detectors (Fig.3)
inside the analyzing magnet. In addition to improvement
of particles momentum identification, refined track in CSC
is used to find corresponding hit in time-of-flight systems
ToF400 and ToF700. The design parameters of the time-
of-flight detectors based on an mRPC technology with a
strip read-out allows discriminating between hadrons (,
K, p) as well as light nuclei with the momentum up to few
GeV/c. The zero degree calorimeter (ZDC) is designed for
the analysis of the collision centrality by measuring the en-
ergy of forward going particles. The TO detector is used to
trigger central heavy ion collisions, to provide a start time
signal for the time-of-flight system, and in combination
with counters BC1, BC2, VetoC to form a trigger signal.
A vacuum beam pipe will be integrated into the experi-
mental setup to minimize the amount of scattering mate-
rial on the way of heavy ions. Groups of trigger detectors
and beam profile meters will be installed inside the beam
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HBI MOHOMPOBOA. [PyNIMbl TPUITEPHBIX AETEKTOPOB M
poQHUIOMETPOB OyAyT YCTAaHOBICHbI BHYTPU HOHOIPO-
BOJIa B CIIEIMAbHBIX BaKyyMHbIX Ookcax. B Hacrosiiiee
BpeMsi HJIET pa3paboTKa KOHCTPYKI[MH MHIICHHOTO y3Ia,
KOTODBIN TO3BOJINT OCYLIECTBISATH CMEHY MHIICHH 0e3
HapyuieHus: Bakyyma. Takke mpeaycMoTpeHa Mporpam-
Ma MOJICPHHU3AIMU KaHaja TPAHCIOPTHPOBKU ITy4Ka OT
HYKJIOTPOHA JI0 YCTAHOBKH, UIHHA KOTOPOT'O COCTAaBIISET
okoJio 160 m.

Puc. 3. Ipomuecc coopku 1632 x390 mm GEM-nerekropa B LIEPH
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Peanm3zanuss Takoro MacmTabOHOTO TPOEKTa, Kak
BM@N, HEeBO3MOXHA B paMKax OZHOTO HAYYHOTO WHCTH-
TyTa. MexmyHaponnas komnaboparmus BM@N 6ruta co-
3mana B anpene 2018 1, u kK HacToAIeMy BpeMeHH Ooee
20 HAy4YHBIX TPYII U3 POCCHUUCKHUX W MHUPOBBIX HAYYHBIX
LIEHTPOB ABJIAIOTCS WICHAMH TOH KOJTaOOpaIi.

Fig.3. Assembly process of the 1632 x 390 mm GEM detector at CERN

pipe in special vacuum boxes. At present, the design of the
target station is being developed. The target station will
allow changing the target without breaking the vacuum.
The length of the beam transport line from the Nuclotron
to BM@N setup is about 160 m. Its upgrade program is
also foreseen.

It is impossible to build such a large-scale project as
BM@N within a single scientific institute. The interna-
tional collaboration BM@N was established in April 2018,
and today more than 20 research teams from Russian and
international scientific institutions are members of this col-
laboration.
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