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N3MepeHne KOPOTKOAEHCTBYIOIIMX ABYXHYKJIOHHBIX
KOppeJsauui B 00paTHOM KHHEMATHKeE

B wmapre 2022 r. B Jlabopatopun (U3MKH BBICOKHX
SHEPruil COCTOSUICS TEPBBIH (U3MYECKUH SKCIIEPUMEHT
Ha OOHOBJIEHHBIX CHHXpOTpoHax komruiekca NICA ¢ myu-
KOM MOHOB '2C, yCKOPEHHBIM MOCIIEN0BATENIBHO B LETOY-
ke LINAC-OycTep—HYKJIOTpOH. BBICOKOAHEpreTUUHBIIH
My4oK ¢ uMmmyibcoM 3,75 I'3B/c/nykiion 6ombapaupoBa
JKUJIKOBOJIOPOIHYIO MUIIICHb, a criekrpomerp BM@N pe-
THCTPUPOBAJ MOJIHOCTBIO SKCKIIIO3UBHYIO PEaKIINIO JKECT-
xoro paccesnus 2C(p,2pN)A-2*,

Peakuus 12C(p,2pN)A-2* (puc. 1) ObLia BeiOpana st
UCCJICZIOBAHUSl TaK Ha3bIBAEMbIX KOPOTKOAEHCTBYIOIINX
JBYXHYKJIOHHBIX Koppensimuit (KJK) B sape 12C. Taxue
UCCJIEZI0BAHUS MPECIIENYIOT Lellb pa3odparbes B AeTalsX
CTPYKTYpbl M B3aMMOJCHCTBUI B aTOMHBIX sjpax, 00b-
extax pasMmepoM menee 10713 m. HeWTpoHbI ¥ NpOTOHBI
(HyKJIOHBI) SIBIISIIOTCSL KOMIIOHEHTAMH SIpa W CBSI3aHBI
MeX1y coOol OHOM M3 (yHIaMEHTaIbHBIX CHJI IIPUPO-
JIbl — CWJIBHBIM B3auMojelcTBueM. OTaenbHble HYKJIO-
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HBI JIBUKYTCSI BHYTPH siipa M B3aUMOAEHCTBYIOT APYT C
npyrom. Ilepuonuyecku HYKJIOH HaXOAWUT MapTHEPA BHY-
TpH siIpa U 00pasyeT napy ¢ yHHKaJIbHBIMH CBOMCTBaMH.
OKCHEPUMEHTHI MO AJIEKTPOHHOMY U NPOTOHHOMY pac-
cessHUIO Ha sapax [1] mokaszanu, 4To Takue CHapeHHBIE
HYKJIOHBI 00J1a/Iaf0T OOJIBIINM UMITYJIECOM, YeM MMITYJIbC
®epmu U1 TaHHOTO 47pa, B OCHOBHOM H3-3a HHTEHCHUB-
HOTO B3aUMOJICHCTBUS HYKJIOHOB, HAaXOJSIIUXCS B HEMO-
CpPE/ICTBEHHOI OJIM30CTH JpYr OT Apyra. TOT ()eHOMEH
MOJYYMJI Ha3BaHHE KOPOTKOAEHCTBYIOIIMX JBYXHYKJIOH-
HBIX KOppeJsLU.

HUccnenoranue 3tux KJIK-map BakHO 1151 TAaKUX 00-
JIACTEH 3HAHUH, KaK XOJOJHAas IJIOTHAs siIEpHAas MaTepust
(xaKk B HEUTPOHHBIX 3BE3/aX) U AJEPHOE B3aUMOJICHCTBUE
Ha MaJIbIX paccTosgHusax. Kpome Toro, cyuiecTByer cBuie-
TenbcTBO B3auMmocBsa3u KJIK-map u m3MeHeHus HyKIJIOH-
HOU cTpyKTYyphl B siipe — EMC-adpdexr. @enomen KK
NPOSIBIISIETCS HAa pa3JIMUHBIX SIAEPHBIX MaciuTadax —

Inverse Kinematics Measurements of
Short-Range Correlations in Nuclei

In March 2022, the first physics experiment was car-
ried out at VBLHEP’s upgraded NICA synchrotrons with
a carbon ion beam accelerated sequentially in the LINAC—
Booster—Nuclotron chain. A high-energy beam with a mo-
mentum of 3.75 GeV/c per nucleon hit a liquid hydrogen
target, and the BM@N spectrometer recorded a complete-
ly exclusive 12C(p,2pN)A-2* hard scattering reaction.

The 12C(p,2pN)A-2* reaction (Fig. 1) was chosen to
study the so-called Short-Range Correlations (SRC) in the
12C nucleus. Such studies aim to understand the details of
the structure and interactions in atomic nuclei, objects less
than 10~!3 m in size. Neutrons and protons (nucleons) are
components of the nucleus and are interconnected by one
of the fundamental forces of nature — the strong interac-
tion. Individual nucleons move inside the nucleus and in-
teract with each other. From time to time, the nucleon finds
a partner inside the nucleus and forms a pair with unique
properties. Electron- and proton-scattering experiments

on nuclei [1] have demonstrated that such paired nucleons
have momenta greater than the nuclear Fermi momentum.
This is mainly due to the intense interaction of nucleons in
close proximity. This phenomenon is commonly referred
to as short-range correlations.

The measurements of these SRC pairs offer the po-
tential to study cold dense nuclear matter, as in neutron
stars, details of nuclear interaction at short distances, and,
in addition, there is evidence that SRC pairs are related to
nucleon-structure modification in nuclei (the EMC effect).
SRC is a phenomenon that affects all nuclear scales —
from astrophysics to particle physics, and is therefore of
great scientific interest.

When an SRC pair breaks in a '2C(p,2pN)A-2* re-
action, the scattered protons escape with a large opening
angle, while the A-2 fragment and the pair recoil nucleon
move with almost the same beam momentum in the for-
ward direction. Taking advantage of this so-called inverse




OT acTPOPU3UKHU 10 (PU3UKH YaCTHI[ — M TOITOMY TIpeI-
CTaBISAET OOJNBIION HAYYHBIN HHTEpEC.

I[Ipu  pasdomBanmm  KIAK-mapsr B peaxmun
12C(p,2pN)A-2* paccessHHbIE NPOTOHBI BBLIETAIOT C OOJIb-
MM YIJIOM JIPYT OTHOCHTENIFHO JIpyTa, TOrAa Kak ¢par-
MEHT A-2 W HYKIOH OTHAa4d TPOMOJDKAIOT JBHUTATHCS
MIPAaKTHYECKH C Ha4dallbHbIM HMITYJbCOM BIOJb HaIlpaB-
JIeHus Iy4Ka. braromapst Tomy, 9TO SKCIIEPUMEHT MPOXO-
AT B TaK Ha3bIBaeMoW 0OpaTHOH KWHEMaTHKe, TAE eCTh
BO3MOYKHOCTb HCCIIEJOBATh MYYKOBYIO YAaCTHILy, YAAI0Ch
OZHOBPEMEHHO M3MEPHUTD BCE YACTHIIBI KOHEYHOTO COCTO-
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saHus. YcranoBka BM@N, mMeromast TUTIOIBHBIN MarHAT
¢ OOJBIINM 33a30pOM, PEIOCTABIISET UICABbHBIE YCIOBHS
JUIS TIPOBEJICHNUS TTOJJOOHBIX UCCIIEIOBAHUI.

Habop nansbIxX, mpoBeneHHbd B 2022 1., gBisercs
BTOPBIM TIOCIIE IIJIOTHOTO dKcniepumenta 2018 1., pe3ynb-
TaTBl KOTOPOTO OBLIM OITyONMKOBAaHBI B XKypHaje «Nature
Physics» [2]. [Ipensiaymuii SKCIEpUMEHT YAAJIOCh yiIyd-
IIUTh, YCTAHOBMB HECKOJIBKO HOBBIX AETEKTOPHBIX CH-
CTEM, TaKMX KaK 3aps/IO1yBCTBUTEIbHBIE BpPEMEHHBIC
CIMHTHJUISIIIMOHHBIE CUETUUKU JUIS MydKa, BPEMSIIPOIIET-
Has CHUHTWISIINOHHAS CTEHKA U KQJIOPHMETP TUIOIIA IbI0
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Fig. 1. Artistic view of the
recorded interaction in the
experiment on the study
of SRC at BM@N
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Puc. 2. [IpenBapuTensHble pe3ynbTaThl aHATN3A JAHHBIX:

@) CHTHAII C IBYX 3apsII09yBCTBUTEIBHBIX CIMHTHIUIIIIUOHHBIX
CUETUUKOB YaCTUIIbI HA BXOJI€ B MUILICHb, BBIAEICHO IISITHO

12C; b) oTHOMEHME MMITYITBCA K 3apsiTy T (pparMenTa

sIpa MOCJIe B3aUMOJIEHCTBYS KaKk (DYHKIINS CUTHAJA C
3aps104yBCTBUTEIILHOIO CLIMHTHIUIALMOHHOIO CYETYHKA,
kpacHbIM Bbiienens nousl 10B, 1B u 19Be; ¢) pexonctpyxims
KOOPJMHATHI Z (BIOJIb ITyYKa) BEPIIMHBI B3aNMOJICHCTBUS

10 TPeKaM IIPOTOHOB KOHEUHOI'O COCTOSTHUSA, INTPUXOBBIMU
JIMHUSMH [IOKa3aHbl TPAHULIBI pe3epByapa ¢ )KUAKHM BOAOPOAOM

kinematics experiment, where the beam particle is the ob-
ject of interest, we were able to measure all the reaction
particles in coincidence. At the BM@N facility with its
large-gap dipole magnet, we found ideal environment for
such measurements.

The data set of 2022 is the second one after the pilot
experiment of 2018, the results of which were published
in the journal “Nature Physics” [2]. The performance of

Fig. 2. The preliminary results of data analysis: a) a signal from
two charge-sensitive scintillation counters of a particle at the
input to the target (12C is highlighted in red); b) the momentum-
to-charge ratio for the nucleus fragment after interaction as a
function of the signal from the charge-sensitive scintillation
counter (19B, 1B and 1 Be ions are highlighted in red);

¢) reconstruction of the z coordinate (along the beam) of the
interaction vertex from the tracks of the protons of the final
state (dotted lines indicate the boundaries of the reservoir

with liquid hydrogen)

the previous experiment had been enhanced by installing
several new detector systems, such as charge-sensitive
in-beam scintillator detectors, a dedicated scintillator
TOF and calorimeter system with an area of 2x 1.5 m
and weight of more than 7500 kg, which were delivered
from the USA and Europe and assembled at JINR (with
the help of S. Anisimov), as well as a new cryogenic target
(D.Klimansky).
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2x1,5 M u Maccoit 6omee 7,5 T, KOTOpbIe OBIIH MPHCIAHEI
u3 CHIA u Espons! u co6pansl 8 OUSU (ipu coneicTBun
C. AnnucuMoBa), a TaKke€ HOBYIO KPHOT€HHYIO MUILICHb
(1. KimumaHCcKwit).

B ¢espane 2022 r. komieram U3 YCKOPUTEIHLHOIO
ornenenust JIOBD ynanock nmony4uTth CTaOMIBHYIO LHp-
KyJLMIO TyYKa MOHOB yIJIEpoJa B KOJbIE HYKJIOTPOHA.
ITy4ok ObUT yCHENITHO MHKEKTUPOBAH U YCKOPEH B 1IETIOUKE
LINAC-06ycrep—nyxinorpon. [Toce nosHoro nukiia ycko-
PeHUS My4OK ObUT BBEIBEICH U3 KOJIbIA ¥ TPAHCIOPTHPOBAH
o kanary amuHoi 130 M B 305y BM@N (HacTpoiika xana-
na ocymectsieHna [1. A. PykosTKUHBIM), T71e ObLI Harpas-
JICH Ha >KUJIKOBOJIOPOJHYIO MUIICHB. bombiast yacTe myTi
ITyYKa 10 KaHaJTy BBIBOJA IPOXO/MIIA B BaKyyMe. BriepBoie
HOBasi yCKOpUTEJbHAsl LIero4yKa, BKIIOUaromas Oycrep,
YCIICIIIHO HCIIONb30BaHa YISl BBIBOJA Iy4Ka Ha (u3nde-
CKHH 3KCIIEPUMEHT. 3aperuCTPUPOBAHHBIA Ha YCTAHOBKE
YIIIEPOIHBIA MyYOK ObII BBICOKOKAUECTBEHHBIM M OTHO-
CHUTENIbHO CTaOMJIBHBIM, a TaKKe HE CO/epIKall MPHUMECH
Ornarogaps HOBOMY MOHHOMY WCTOYHHKY. J[TMTenbHOCTD
BBIBOZIa ObLIa OOBIMHO 0OJiee 5 C MPU MHTEHCUBHOCTH
5-10° ¢1. C 7 no 13 mapra GblIM NPOBe/IEHbI KaTUOPOB-
ku, ¢ 14 mo 30 mapra mpoBoxamics Habop AaHHBIX. Bech
9KCIIEPUMEHT C Hayasia MOATOTOBKH JI0 OKOHYAHMs Habopa
JIAHHBIX YCIEIIHO TPOBEJCH OObEINHEHHBIMU YCHIHSIMHU
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komabopanuit KK, BM@N, TunepHVC ¢ mpusnede-
HueMm Oonee 80 venoBek. Hapsiny ¢ komoccaqbHBIMU ycH-
JTUAMH YCKOPHTEIBHOTO OT/EJICHHSI MO HACTPOWKE ITydKa
XOTEJIOCh OBl TaKk)Ke OTMETHUTH MCKIIOUMTENBHYIO padoTy
KoJier u3 Koiuraboparm BM@N, koTopbie obecredrn
cTabmibHOE (PYHKIIMOHMPOBAHHE BCEX CHCTEM YCTAHOBKH
Ha NPOTSDKEHUH BCETO MEPHoa Habopa TaHHBIX.

B ceance 2022 . ynanocs Habpars 185 muH ¢usm-
YECKHMX TPHUTTEPOB M 3amucarh okoio 80 TOaWT JaHHBIX.
Ceituac BeayTcst paOOTHI 10 aHAJIM3y HAOPAHHBIX JaH-
HBIX HECKOJIbKUMH paOO4YNMHU TPYyNIaMHU, BKIIOYAOMINMH
5 acrmpanros. IIpenBapurenbHble pe3ynbTaThl aHaU3a,
MPE/ICTABICHHBIE HAa PUC. 2, YKa3bIBAIOT HAa BBICOKOE Kaue-
CTBO IOJYYEHHBIX SKCIIEPUMEHTAIBHBIX JIaHHBIX.

Crnenyronmii ceaHc Ha0opa SKCIEPHMEHTAIBHBIX
naHHbIX 110 Temaruke KJIK manupyercs npoBecTy Ha BbI-
BEJICHHOM ITy4YKe HyKJIOTPOHA B SKCIIEPUMEHTAIBHON 30HE
ycranoBku ['unepHUC. B nacrosiiee Bpemst BeneTcs pa-
60Ta 110 MOATOTOBKE COBMECTHOTO IIPOEKTa OOBEIMHEHHO-
ro s3kcnepuMenta no temarukaMm ['unepHUC u KIK.
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In February 2022, colleagues from the VBLHEP
Accelerator Department succeeded in achieving a stable
circulation of a carbon ion beam in the Nuclotron ring.
The beam was successfully injected and accelerated from
LINAC into the Booster and further to the Nuclotron.
Following full acceleration, the carbon nuclei were ex-
tracted from the ring and transported along the 130 m
beam channel up to the BM@N area (channel adjustment
was carried out by P. Rukoyatkin), where they were direct-
ed at a liquid hydrogen target. The beam traveled most of
the channel under vacuum conditions. For the first time,
the new accelerator chain, including the new Booster ring,
successfully delivered the beam for a physics experiment.
With the new ion source, we obtained pure carbon beam,
which was of high quality and relatively stable. The deliv-
ered spills were typically more than 5 s with an intensity
of 5-10° s1. From 7 to 13 March, the experiment took
calibration data with the beam. From 14 to 30 March,
the team took data with the liquid hydrogen target. The
whole experiment, from the preparation stage up to the
data taking, was successfully conducted by joint efforts
of SRC+BM@N +HyperNIS collaborations, involving
more than 80 members. Along with the immense efforts

of the Accelerator Department to set up the beam, it is also
worth mentioning the exceptional work of colleagues from
BM@N, who ensured the stable functioning of all instal-
lation systems throughout the entire period of data taking.

During the 2022 run, we accumulated about 185 mil-
lion physics triggers and recorded about 80 TB of data.
These data are now being analyzed by different teams,
including 5 PhD students. The preliminary results of the
analysis presented in Fig. 2 demonstrate the high quality
of the experimental data obtained.

The next run for the SRC data taking is planned to be
held with the beam extracted from the Nuclotron in the ex-
perimental zone of the HyperNIS setup. Currently, a proj-
ect is being prepared on a joint experiment on the topics of
HyperNIS and SRC.
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