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AT THE LABORATORIES OF JINR

M. Ilayrox om umenu xonnavopayuu BM@N

IlepBbIil COBMECTHBIH IKCIIEPUMEHT

Ha ycTaHOBKe BM@N

[Iporpamma mocneqHero ceanca B OKCIIEPUMEHTE
BM@N («bapuoHHas Marepus Ha HYKIOTPOHE»), KO-
TOpBI cocTosinicss B ¢eBpane—mapre 2018 r., BHepBbIC
BKJIIOYaJla N3MEPEHNUS JBYXHYKIOHHBIX KOPOTKOZEHCTBY-
tonx xoppersimuit (KAK) B sape. IIporpamma wmccie-
mosanus KJIK Obua mpemrokeHa MexXIyHapOTHOHM KO-
nmaboparued, BKIoYaome rpynnsl yaeHex u3 CIIA,
W3panns, Tepmannn w @paHiuu, W 0f00peHa JIETOM
2017 r. OOBEKTOM HCCIIEIOBAHUS SIBJSIFOTCSI KOMITAKTHBIE
HYKJIOHHBIE NTapbl, KOTOPbIE XapaKTEPU3YIOTCS MaJIbIM HM-
ITyJIbCOM TTapbl U BBICOKUM OTHOCHTCIIBHBIM HMITYJIBLCOM
KaKJOTO0 HYKJIOHa (OTHOCHUTENBHO HMITyJdbca DepMmn).
B mo6oit MomenT Bpemenu npumepHo 20 % HYKIOHOB B
simpe oopasyror K/IK-mapsl, KOTOpbIe Yalie BCEro COCTOST
u3 nporoHa u HeruTpoHa (90 %), pexxe — u3 ABYX MPOTO-
HOB (5 %) wun AByx HelTpoHOB (5%) [1-4]. IIporpamMma
no uccnenosanuto ceoiicte KJIK na ycranoske BM@N
JIOTIOJIHSIET CEPUI0 TEKYIIMX W 3allJIaHUPOBAHHBIX JKCIIe-

PHMEHTOB B DA3IMYHBIX JIAOOPATOPHUSAX MHpa, BKIIOYAs
JLab (CIHA) u GSI (I'epmanmus).

Jna mporpammsel no uccnegosanuo KJIK Ha ycra-
HoBke BM@N ncnons3oBaincs yriueponssiii (12C) mydox
¢ ummyascoM 4 [3B/c Ha HYKIOH W KHIKOBOJOPOAHAS
MUIICHb. [0 CpaBHEHHIO C APYTUMH 3KCHEPHMEHTaMHU
I10 3TOH TeMe YCIOBUs 0OpaTHOW knHeMaTuku Ha BM@N
SIBISIFOTCS] YHUKAJIBHBIMH. BO-1IepBBIX, €CTh BO3MOXKHOCTh
[IPOBEPUTH IONTy4YECHHbIE (PEHOMEHOIOINYECKHEe Pe3yilb-
TaThl C APYTUMH PEaKiMsIMHI/KHHEMAaTHKON, a BO-BTOPbIX,
BIIEPBBIC MOXKHO HAOIIONATh OCTATOYHOE SAPO IOCIE
BBIOMBaHMS M3 HEr0 KOPPEIMPOBAHHOMN Mapbl HYKJIOHOB.
Hcnonb3oBaHue sIIEPHOTO MyYKa, a TAKXKe )KECTKOU peak-
uuu pazouBanus KJIK-napsl B 00paTHON KHHEMaTHKE MO-
JKEeT CTaThb HACTOSIIUM NPOpBIBOM B HccnenoBaHmsx KK
1 TIOJIOKHTH HauaJlo pa3paboTke HOBOH dKCIIEPUMEHTAIIb-
HOW NpOrpamMMbl C MPUMEHEHUEeM CTaOMIBHBIX U HecTa-
OMJIBHBIX SAEPHBIX ITyYKOB.

M. Patsyuk on behalf of the BM@N Collaboration

The First Joint Experiment at the BM@N Facility

The latest run at the BM@N (Baryonic Matter at
Nuclotron) experiment, which took place in February—
March 2018, included for the first time a Short Range
Correlation (SRC) measurement. The SRC program was
initiated by an international collaboration including groups
from the USA, Israel, Germany, and France, and approved
in summer 2017. The study is focused on investigating
properties of pairs of close nucleons in nuclei, which are
characterized by low momentum of a pair and high rela-
tive momentum between the nucleons in the pair (com-
pared to the Fermi momentum). At any time about 20%
of the nucleons in nucleus form SRC pairs [1-4], which
are predominantly composed of a proton and a neutron
(90%) rather than pp (5%) or nn (5%). The study of SRC at
BM@N is one of a number of experiments conducted cur-
rently at different laboratories around the world, including
JLab (USA) and GSI (Germany).

SRC at BM@N used a 4-GeV/c/nucleon '°C beam
and a liquid hydrogen target. This is a unique kinemat-
ics compared to other SRC experiments. First, it allows
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us to verify the previous phenomenological findings with
a different reaction/kinematics, and second, it allows the
first observation of the remaining nucleus after the hard
breakup of the SRC pair. The use of nuclear beam and
a hard-knockout reaction in inverse kinematics can be a
breakthrough in SRC research and can open the way to the
development of a new experimental program using stable
and unstable nuclear beams.

The typical kinematics for scattering an SRC pair in
the '2C nucleus off a proton in a liquid hydrogen target is
shown in Fig. 1. A proton (with momentum P, ; ) from the
SRC pair is scattered off a standing proton in the target.
After the scattering, the two leading protons have a large
transverse momentum. The correlated nucleon emerges
forward with momentum of several GeV/c and polar an-
gles up to 10°. The nucleus remaining after the interaction
moves along the beam direction. The experiment is aimed
at detecting the two leading protons, the remaining nucle-
us, and the recoil neutron or proton from the np or pp SRC
pair, respectively.
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Ha puc. 1 nokasana Tunu4Has KHMHEMaTHKa pacces-
Hust KIK-mapel, Haxondieics B sape yriepoaa 12C, na
MIPOTOHE >KUAKOBOJOPOAHOM MutieHH. [IpoToH (c uMmmyIib-
coM P;) 13 KJK-nmapel paccenBaeTcss Ha MOKOAIIEMCS
npotoHe muileHu. [locne B3auMoaecTBYsI pacCesIHHbIN U
BBIOMTHIN TIPOTOHBI 00TAAAI0T OOJIBIIMMH TTOTIEPEIHBIMU
umnynscamu. KoppeanpoBaHHBIN HYKJIOH OTJa4H BbIJIETa-
€T BIIepe C UMITYIIECOM IOpsiAKa HeCKOMbKUX 13B/c mox
ymioM 1o 10° oTHOCHTENBbHO HampaBieHus mydka. Llensio
JaHHOT'O OJOKCIICPUMEHTA SABJIACTCA PETUCTPpALIUAA O6OI/IX
MIPOTOHOB, OCTaTOYHOTO SIJIPa, a TAK)Ke IMPOTOHA WIIN HEH-

Puc. 1. Kunemaruka paccessaus KJIK-napb1 Ha nporoHe MutieHu
B YCIIOBHSIX 00paTHOH kuHeMaTukd. [TyJok uzer cripaBa HaieBo.
IpotoH (¢ ummynscom P ;) 13 KJIK-naps! Be1OMBaeT npoToH (¢
UMITyIIbcoM P,) n3 mumenn. PaccestHHBIA (¢ mMIynbscoM P)) 1
BBIOWTHIHA MTPOTOHBI Pa3NeTAIOTCS 110/ OONBIINUM YITIOM JPYT OT-
HOCHTENBHO Apyra. KoppenupoBaHHblil HYKIIOH (C Po.oi) TETUT
Brepen. Ocrarounoe sapo (¢ Py_,) IPOIOIKACT IBHKEHHE IO
HAIIPaBJICHUIO ITyYKa

Lab Frame:

Fig. 1. Typical kinematics of hard scattering on a SRC pair in in-
verse kinematics. The beam is coming from the right. A SRC pro-
ton (with momentum P, ;) in the beam nucleus knocks a proton
(with momentum P,) out of the target. The scattered proton (with
momentum P,) has a large angle with respect to the knocked out
one. The SRC partner (with P,;)) is moving forward. The beam
remnant nucleus (with P,_,) continues with the beam direction

The SRC experiment is aimed at measuring simul-
taneously the following triple and fourfold coincidence
reactions: 2C+p - "B+ pp; ’C+p > "B+pp+X
(np-SRC); '2C + p > '%Be + pp + X (pp-SRC); 12C + p -
— "B+ pp +n (np-SRC); )C+p > "Be +pp +p (pp-
SRC).

The schematic presentation of the experimental set-
up for the SRC program is shown in Fig.2. The general
BM@N setup was modified to measure the two leading
protons, and several detectors were added. The beam di-
rection and beam position were monitored by two multi-
wire proportional chambers (MWPCs), which were placed
right after the last quadrupole lens. The steering VKM
magnet was removed from the beam line to accommodate
the MWPCs and the target ensemble. The 30 cm long lig-
uid hydrogen target and the trigger detectors were placed
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TPOHA OTAAYM U3 IPOTOH-IPOTOHHOW WM NPOTOH-HEH-
TporHoi KJIK-mmapbl COOTBETCTBEHHO.

Ilenpto skcnepumenta mno wuccienoBanuio KK B
yIiIepone SBISIETCS OXHOBPEMEHHOE W3MEPEHHE CIeIy-
IOIUX TPOMHBIX U YETBEPHBIX COBIAICHUI: 12c +p >
- "B+ pp; 12C+p > "B+ pp + X (np-SRC); ’C + p >
- "Be+pp+X (pp-SRC); C+p > ""B+pp+n
(np-SRC); 12C + p - °Be + pp + p (pp-SRC).

CxeMa 3KCIIepUMEHTaBHON ycTaHoBKH BM@N st
nporpammbl KJIK nokazana Ha puc. 2. )KuakoBogopoaHas
MHUIIEHb OblTa TpUBeneHa B pabouee
CraHmapTHOE pAaCHONOKEHHE IETCKTOPOB B YCTaHOBKE
BM@N O0bI10 HEMHOTO M3MEHEHO ISl TOTO, YTOOBI JIe-
TEKTHPOBATh JBa MPOTOHA, BBUIETAIONINX MO OOIBIINMHU
yIilaMHu K Iy4ky. Taxske Obu1o 100aBI€HO HECKOJIBKO Je-
TeKkTopoB. HampasneHue U nonoxeHue my4ka OTCIeKNBa-
JIOCH C MOMOIIBIO JIBYX MHOTOIPOBOJIOUHBIX MPOMOPLUO-
HabHBIX kKamep (MWPCs), koTopble pacmoaraiich cpasy
MocJe MocieaHed KBaApynoabHON TuH3bI. [ToBOpOTHBIM
marauT BKM Ob1 yOpaH ¢ TpaeKTOpHHM ITydKa JUisl TOTO,
4TOOBI Pa3MECTHUTh IPONOPLUOHANIBHBIE KaMepbl. XKuko-
BOJIOPOAHAS MUIIEHb JIMHON 30 CM U TpUITEpHBIE AETEK-
TOPBI OBLIM pa3MeIIeHbl B 3a30pe MOBOPOTHOIO MarHWTa
CII-57, BeiumtoueHHoro Ha Bpemsi KJ/IK-mporpaMmesl.
Cruntuuisiinorssie cuetunkd BC1, BC2, BeTo-cueTunk

COCTOSIHHC.

inside the gap of the steering magnet SP-57, which was
turned off during the SRC run. The scintillator-based beam
counters BC1, BC2, veto counter (VC), BC3, and BC4
were manufactured and tested at JINR. The BC2, read
out by a MCP-PMT, was located right before the target
and served as a start detector. The BC3 was used offline
to separate between the residual systems with different
charges. Two pairs of scintillator counters (X1, Y1 and
X2, Y2) were complementing the BC1, BC2 and VC in
the SRC trigger. The trigger electronics was designed and
manufactured. The X- and Y-counters were manufactured
in Protvino by O.P. Gavrishchuk and then tested at JINR.

The arms of the spectrometer include scintillator trig-
ger detectors (X1-Y1 and X2-Y2), GEM stations, and
MRPC walls (ToF-400) located on both sides of the ana-
lyzing magnet SP-41. The excellent expertise of the group
of ToF-400 and their team work allowed BM@N to have
their MRPC detectors in different setups for two parts of
the run. Detection of both time-of-flight and spatial posi-
tion of the protons will allow to reconstruct their polar and
azimuthal angles.

The three silicone planes and two MWPCs down-
stream the target tracked the recoil nucleon and the residu-




B NABOPATOPUAX MHCTUTYTA

(VC), BC3, BC4 Obuin M3rOTOBJICHBI M MPOTECTHPOBA-
Hbl B OUSIN. Cuetunik BC2, cuMTBHIBaEMBINH C IOMOIIBIO
MCP-PMT, pacnonaraicsi HEOCPEACTBEHHO IEpe]] MHU-
IICHBIO U CITY>KWJI CTapTOBBIM JeTekTopoM. Cuetunk BC3
UCTIONB30BaIICS O(IIaiiH I MACHTH(UKAIMY OCTATOYHBIX
snep mo 3apsay. JlBe mapbl CHUHTWUIALMOHHBIX CYETUH-
koB (X1, Y1 u X2, Y2) nononusmu BC1, BC2 u VC B
KIK-tpurrepe. bpuna pazpaborana u M3roToBjieHa TPHT-
repHasi anekTpoHuka. Cyetunkn X v Y ObUTH U3TOTOBIIE-
HelI B [IpoTBHHO, a 3aTeM npoTtecTupoBansl B OMAN.
IIneun cmexkTpomeTpa BKIIIOYAIOT CIMHTHLISAIMOH-
HBIE TpUrTepHble neTekTopsl (X1-Y1 u X2-Y2), cranuuu
GEM u cexkmuu pe3uCcTUBHBIX IIockux kamep MRPC
(ToF-400), pacnionoxeHHbIe 0 00EUM CTOPOHAM OT aHa-
msupytomero Maruura CI1-41. braaronaps npodeccrona-
JIU3MY U ClakeHHO# padore komaub ToF-400 pe3ucTus-
HBIe KaMephl HCIIONB30BAUCh B CEaHCE B JABYX Pa3HBIX
koHpurypausx. OnpeneneHre BpeMEHH MpoJieTa, a Tak-
e MPOCTPAHCTBEHHON KOOPAMHATHI IPOTOHOB MO3BOJIUT
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PEKOHCTPYHPOBAaTh UX HampaBlieHHs. TpH KpeMHHEBBIX
JIeTeKTopa U 1B MPOMOPIMOHAIBHBIE KaMepHl, pacIolio-
YKCHHBIE T10 YUKy [T0CJI€ MUILIEHH, PETUCTPUPYIOT HYKIOH
OTJa4M U OCTATOYHOE sp0. TpaeKTOpUH MPOXYKTOB IO-
cine CII-41 u3mepsumuch ctaniusimu DCH. OngHoit n3 Bax-
HBIX 3a/1a4 dKcIepuMeHTa Mo ucciepoBanuio K/K sBis-
eTcsl MICHTH(UKAINS OCTaTOYHBIX SIep 10, 1B i 1Bk,
Jis aToro GyneT UCIoab30BaThCs YIol TOBOPOTA U BpeMs
nposeta ToF-700. Beuteraromue Briepe1 HEUTPOHBI OTa-
YH U3MEpSIOTCs HeHTpoHHBIM JeTekTropoM LAND (Large
Area Neutron Detector), kotopblii 06611 TipruBe3eH u3 GSI
(T'epmanwst) 1 BKIIFOYEH B 00LIyIO cUCTeMy cOopa JaHHBIX
BM@N.

OxcnepuMmenT no uccinenoBanuto KK wabGpan Bo-
CeMb MHUJUITMOHOB TPHUITEPOB. ITH JaHHbIE OymayT 00pada-
ThIBaThbCsl acnupanToM u3 MIT u npyrumu uneHamu Koil-
nabopanuu. [pynna KJIK BbpakaeT uCKpeHHIOKO Onaro-
JapHOCTh BceM KosuteraM u3 OMSIU 3a coTpynHuUecTBO U
IIOMOIIb B pEAIN3allUH SKCIIEPUMEHTA.

Puc.2. Cxema OSKCHEpHMeEH- LAND

TanpHO#t yctaHoBkn BM@N
s nporpammel  KIAK  (me
B Macmrabe). Ilydox wunmer

CIIpaBa HAJIEBO
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Fig.2. Schematic presentation IH BC4 BC3 VC BC2H BCl

of the experimental setup for 7DC ToF-700 Si Sisi ‘
SRC at BM@N experiment SP-41

(not to scale). The beam is go-
ing from right to left
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.
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al nucleus. The trajectory after the SP-41 was measured by
DCH stations. SRC is aimed at distinguishing between '°B,
1B, and '’Be by measuring the turning angle and the time-
of-flight using ToF-700. The forward-going recoil neu-
trons were measured by the LAND (Large Area Neutron
Detector), which was brought from GSI (Germany). The
LAND was included into the general BM@N data acqui-
sition system.

The SRC experiment collected about eight million
event triggers. These will be carefully analyzed by a post-
graduate student from MIT and other collaboration mem-
bers. The SRC group would like to express deep gratitude
to all local JINR members for help and assistance during
the experiment.
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