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AT THE LABORATORIES OF JINR

Heckonbko et Ha3ax OBUT MOAMUCAH Me-
MOpaHIyM O B3auMonoHnMannu mexay OSSN
u EBponeickuM IEHTPOM TEOPETHYECKUX HC-
ClIeZIOBaHWH B OONACTH sAepHONH (GU3UKH H
cMmexHbix obmactax (ECT*, Wramums). ECT*
o0ecrieunBaeT IEJICHANPABICHHYIO H CTPYKTY-
PUPOBAHHYIO HAYYHYIO JEATEIHHOCTH B MHUPO-
BOM Hay49HOM cO0O0IMIecTBe. ITO CIIOCOOCTBYET
KOOPIMHAIIMN YCUJIMA B 00JAcTH SIIEPHON W
aapOHHON (H3MKH, a TakK)Ke B CMEXHBIX 00Ja-
CTSIX. B COOTBETCTBHM ¢ MEMOPaHIYMOM IBE
HayYHBIC OpTaHU3aINHU OyIyT MCKAaTh AabHEN-
IITH€ Ty TH COTPYIHUYECTBA B 00TACTH HAYIHBIX
HUCCIEIOBAHUMN.

B 2019 r. Yuensrii coBer ECT* coBmect-
HO C JEUCTBYIOIIMM B TO BpPEMS ITHUPEKTOPOM
nenTpa npodeccopom M. BamGaxoM mpuHsiIM
pelIeHne MPOBECTH MEXKIyHapogHOe padodee
COBEILAHUE 10 ITOM BAKHOM M aKTyaJbHOU Te-
MAaTHKe O]l Ha3BaHUeM « TeopeTHdecKne 1 K-
TIepUMEHTANIFHBIE TIEPCTICKTHUBEI B (PH3UKE apo-
MaTHBIX aJPOHOB, KBAPKOHHS M MYJIBTHKBap-
KOB». BB yTBEpXkKIE€H MEKAYHAapOAHBIA Opr-
KOMUTET. YTOOBI TTO3HAKOMUTH ITHPOKYIO ayIn-
TOPUIO C TEMATUKOM MPENCTOSALINX COBEILIAHUH,
ECT* npeanoxuii cepuro Mpe3eHTaIHii B CTUIIE
KOJUTOKBMYMOB. 3amcaHHast Ipe3eHTaIHs, CBSI-
3aHHAs C TEMaTUKOW COBEIIAHWs, TOCTYITHA I10
ceouike https://youtu.be/XweiOlg6vIA.
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Ixcnepument ALICE:
CTaTyC U NMePCHeKTUBBI

ALICE (A Large lon Collider Experiment) siBnsiercst MHOTOLIC-
JIEBBIM KCIIEPUMEHTOM JUISl UCCIICIOBAHUS B3aUMOJCHCTBUH TsKe-
ab1x noHoB. Jlerekrop ALICE 06bu1 cosnan juist usyuenust Gpusuku
CHUJIbHOB3aUMOZEHCTBYIONIEH MaTepuH, KBapK-IJIIOOHHON IIIa3Mbl
(KT'TI) B sapo-simepHBIX CTONKHOBEHHsiX Ha yckopurene LHC B
LIEPH. B Hacrosimiee Bpemsi B 3TOM 3KCIIEPUMEHTE YIaCTBYIOT OoJiee
1800 crienmanucto u3 174 nncrtutytoB 42 crpat. [J1aBHbIE yCHins
rpyrsl OUSIN B aHanu3e JaHHBIX M B (PU3UUCCKOM MOJIEJIMPOBA-
HUM OBUIM CKOHLIEHTPUPOBAHBI HAa H3YYEHHH (DEMTOCKONMYCCKHX
KOppEJISIMi, NCCIIeJOBAaHUN POXKJICHUS TSHKENBIX KBAPKOHHUEB U 00-
pa3oBaHMs BEKTOPHBIX ME30HOB B yikTpanepudepuueckux Ph—Phb-
CTOJIKHOBEHHSIX.

Kax yxxe oTMe4asoch, M3y4eHHE CTOJKHOBEHHH PEJISTHBUCT-
CKHX TSDKEITBIX HOHOB (BIUTOTH 10 HOHOB CBUHIIA) SBISICTCS TTIABHBIM
HanpasieHuem uccienoBanuii ALICE. Eme B mawane 1980-x rr.
OBUIO BBICKA3aHO MPEIMONmKeHue [1], 4T0 IKCTpEeManbHO BBICOKHE
TUTOTHOCTH SHEPTUH, IOCTUTAaEMBbIE B CTOJIKHOBEHHSIX TSIKEIBIX SIIEP
(A-A), MOTYT TIPUBOANTH K 0OPa30BaHUIO KBAPK-TIIFOOHHOW TIa3-

B. V. Batyunya, A. S. Vodopyanov

ALICE Experiment:
Status and Prospects

ALICE (A Large lon Collider Experiment) is a multipurpose
experiment for studying the interactions of heavy ions. The detector
was designed to study the physics of the strongly interacting mat-
ter, the quark—gluon plasma (QGP) in nucleus—nucleus collisions
at CERN LHC. More than 1 800 specialists from 174 institutes of
42 countries are currently participating in this experiment. The main
efforts of the JINR group in data analysis and physical simulation
were focused on the study of femtoscopic correlations, the study of
the production of heavy quarkonia and the production of light vector
mesons in ultraperipheral Pb—Pb collisions.

As already mentioned, the main focus of ALICE studies is the
collisions of relativistic heavy ions (up to lead ions). In the early
80s of the last century, it was assumed that extremely high ener-
gy densities achieved in collisions of heavy nuclei (A—A) can result
in the formation of quark—gluon plasma, a state characterized by
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MBI — COCTOSIHHIO MaTepHH, B KOTOPOM KBapKH, Oymaydu
CBSI3aHHBIMH B OOBIYHOM BEIIECTBE B OOJiee CIOKHbBIE Ya-
CTHIIBI, 0CBOOOXKJAFOTCS M JIBUTAIOTCS CBOOOIHO 110 BCEMY
o6wemy (quark deconfinement). CormacHo TeopeTHIeCKAM
npeacTaBaeHUsIM [2] OMHHUM W3 OCHOBHBIX TMPOSIBICHHI
KI'TI 6sut0 nonaeieHue Bbixoga (Raa) TSOKETBIX KBapKo-
HHUEB B CTOJKHOBEHHMSIX TSKENBIX SIep 10 CPABHEHHIO C
B3aHMOJICHCTBHEM ITyYKOB IIPOTOHOB, YTO NEHCTBUTEILHO
Habmonanock aist Beixoga J/y B Pb—Pb-cronkHoBenusx B
skcriepumente NASO [3].

Ilpu stom mpeamonaramocs [4], 9to mOCTHKEHHE
nosiHoro cocrosiHust KI'TI MoxeT mpousoiitu mpu Oosiee
TUIOTHOW YHEPTHH CTOJIKHOBEHHH C YBEJIMUCHNEM SHEPTUU
YCKOPUTEJICH, YTO JTOJDKHO NMPUBECTH K YCHJICHHIO T10Ja-
BJICHHS BbIX0JIa KBapkoHHEB. OJHAKO pe3yNbTaThl KCIIe-
pumenToB Ha yckoputene RHIC (CILIA) He nonTBepanin
Takoe ycuienue [5], 9To BeI3BaIo GONBIION HHTEPEC K HC-
cienoBanusM Ha yckoputene LHC ¢ noBeienuem sHep-
run B 10-20 pa3. Ha puc. 1 npueneHsl BenmuuHbl Rap
B 3aBHCHMOCTH OT 4HCJIa HyKIOHOB-y4acTHUKOB (Npart) B
CTOJIKHOBEHUSIX siziep jutst J/y-4acTull, OIydeHHBIC B 9KC-
nepumentax ALICE [6] u PHENIX [5]. Buaso, 4to Benu-
ynHa Raa 1ipu sHEprEn LHC 3ameTHO yMeHbIIMIACK, 0CO-
O€HHO TSI OOJIBIITHX Npart, T.€. a1 Oonee TMEHTPATBHBIX
CTOJIKHOBEHMH sifiep. Takoe yMEHbIICHHE BEITUYUHBI Rpap

partonic degrees of freedom [1]. According to theoretical
predictions [2], one of the main signatures of such matter
was the suppression of the production of heavy quarkonia
(Raa) in heavy nuclei collisions compared to the pp inter-
actions that was actually observed for J/y suppression in
Pb—Pb collisions in the NA50 experiment [3]. It was also
supposed [4] that the full QGP stage may occur at higher
collision energy density with increase of an energy of the
accelerator, that must lead to an enhancement of the quar-
konia suppression. However, the results at the RHIC accel-
erator (USA) have not conformed to such an enhancement
[5], that excited high interest to the investigation at the
LHC with 10-20 times increase of energy. Figure 1 shows
the Rpa values depending on the number of nucleons-par-
ticipants (Npart) in the nuclear collisions for J/y particles
obtained in the ALICE [6] and PHENIX [5] experiments.
One can see that the Raa values at the LHC energy signifi-
cantly decreased, especially at large Nyqq, i.€., for more
central collisions of nuclei.

Such a decrease in the Ryp Values was explained theo-
retically [7] by a strengthening of the regeneration mecha-
nism of heavy quarkonia in QGP at the LHC energy due to
the abundant production of heavy quarks. The Raa values
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OBLIO OOBSICHEHO TEOPETHICCKH [7] yCHIICHHEM MeXaHU3-
Ma pereHepauuy Tsokenbix kBapkoHueB B KI'TI npu snep-
rusix LHC u3-3a 00MIbHOTO pOXKICHUSI TSHKEITBIX KBAPKOB.
Benmunasl Rpp OBITH Takyke M3MEPEHBI B SKCIEPUMEH-
te ALICE s Gonee Tsokensix cocrosuuii Y'(1S) [8]. B
paMKax THAPOAMHAMHUYECKHX MOJEJeH BO3HMKAIOIAs B
A—A-CTONKHOBEHHSIX C)KaTasl CHIBHOB3aNMOACHUCTBYIO-
Imasi CUCTeMa IO/IBEPraeTcs MPOAOIbHOMY U MOIEPEIHO-
MY PaCIIMPEHHIO, OMPEAENAIOMEMY pa3Mepbl HCTOUHUKA
W3ITy4eHNs] HaOII0AaeMbIX YaCTHUII.

OKCTEepUMEHTAIBHO MPOCTPAHCTBEHHBIE W Bpe-
MEHHBIE Pa3Mepbl TAKUX MCTOUYHUKOB MOTYT OBITH M3Me-

Puc. 1. TTonasnenue Boixona Jhy-4actuil B A—A-CTOIKHOBEHHUSIX
B 3aBUCHMOCTH OT YHCJIa HYKIOHOB-y4aCTHUKOB

ALICE Preliminary, Pb—Pb Vsyy = 2.76 TeV, L = 70 pb_l
M Inclusive Jhy, 2.5 <y <4,0 <pr<8 GeV/c global sys. =£14%
PHEHIX (PRC 84(2011) 054912), Au—Au Vsyy = 0.2 TeV
|| | O Inclusive Jhy, 1.2 <|y| <2.2, pr>0 GeV/c global sys. =+9.2%
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Fig. 1. Suppression values of J/y particle yield in A-A collisions
versus a number of nucleons-participants

were also measured in the ALICE experiment for more
heavy states Y'(1S) [8]. In frames of hydrodynamic models
the highly compressed strongly-interacting system in A-A
collisions is expected to undergo longitudinal and trans-
verse expansions, defining a size of the particle emitting
source. Experimentally, such an expansion can manifest
itself through the Bose—Einstein correlations (femtosco-
pic) [9] for pairs of identical particles or through the cor-
relations of non-identical particle pairs due to strong inter-
actions in the final state [10]. An important characteristic
is the fall-down character of the radius behavior with in-
crease of a transverse momentum conditioned in the model
by parton and particle collective flows at the stages of QGP
and hadronization in the A-A collisions. The same behav-
ior of radii has been observed in the ALICE experiment for
pairs of different types [11]. A possible manifestation of
the collective effects at a production of the small systems
in pp and p-Pb collisions is actively discussed in virtue of
such observations as the “ridge” effect (CMS, LHC) [12]
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pensl wepe3 koppemsiun  (pemrockomnmueckue) boze—
Ditamreiina [9] st map TOXICCTBEHHBIX YACTHIL HIIH
gepe3 KOPPEISIIIUY Map HETOKACCTBEHHBIX YACTHIT 33 CUET
B3aUMOJIENCTBHI B KOHeuHOM cocrosiauu [10]. BaskHoit
XapaKTEPUCTUKON TaKMX M3MEPEHUH SBISIETCS CHadaro-
Uil XapakTep TMOBEACHUS PaIHyCcOB C POCTOM IOIMEpey-
HOTO WMITyJIbCa Taphbl YacTHIl, 00yCIOBICHHBINH B MoJIe-
M KOJUTCKTHBHBIMH TIOTOKAMH MApTOHOB WM YACTHIl HA
cranuu KI'TI u agponmsamum mpu A—A-CTONKHOBEHHSX.
IMomoOHoe moBeneHue paauycoB Hadmonaercss B ALICE
JUTSI TIAp YaCTHII PA3IHYHbIX THITOB [11].

B mocrenare TomBI aKTHBHO 00CYXIaeTCsS BO3MOXK-
HOE TPOSIBIICHHE KOJUIEKTUBHBIX 3(PPEKTOB mpHu 00pa-
30BaHWH MajbIX CHCTEM B P—p- u P—Pb-cromkHoBeHMSX
HA OCHOBAaHWH TaKWX HaOMIOmeHWi, kak «ridge» sddext
(CMS, LHC) [12], u yBenuueHne BBIXO/A CTPAHHBIX Ya-
CTHII ¢ pOCTOM MHOXecTBeHHOCTH coObITHit (ALICE)
[13]. Ha puc. 2 mpuBeieHbI HOBBIC PE3YIBTATHI, TTOTYUYCH-
ubie rpymmoit OUSN u mokasanusie Ha KoHbepentmn [14]
JUTSL CPEIJHEr0 pajyyca HCTOYHMKA Rj, B 3aBHCHMOCTH
OT TomepedHoil Macckl map gactuiy My =y kZ+m? | e
kT — momepevHbIi UMITYJIbC Mapsl ¥ M — Macca YacTH-
161, 3/1€Ch Taphl MHOHOB U KAOHOB PACCMATPHBAIHCEH OT-

JeTbHO ISt coOBITHI ¢ HammuneM (cdepucntu St<0,3)
u 6e3 namuuus (St>0,7) crpyit. Buano, uto crniagarommit
XapakTep 3aBUCUMOCTEH paJilyCoB MCTOYHHMKA OT My Ha-
Omomaercss B 000MX CIIydasix, B TOM YHUCIIe U B COOBITHSIX
0e3 00pa3oBaHU CTPYi, 9TO MOXKET O3HAYaTh HEKOTOPOE
MPOSIBIICHUE KOJUICKTHBHBIX THIPOJTHHAMUYCCKHX Me-
XaHU3MOB. DTH TpEABapUTEIbHbIC PE3YNIbTaThl TPEOYyIOT
JlabHEHMIIEH MPOBEPKM Ha YBEJIWYEHHOM CTATUCTHKE B
p—-p- u p—Pb-cTonkHOBeHHSIX.

B Hacrosiiee BpeMmsi YCKOPUTEIbHBIH KOMIUIEKC B
HEPH ocranosnen s noaroroku nepesona LHC k pa-
oote ¢ Bbicokoit ceeTumocThio (Run 3, HL-LHC), nauano
KOTOPOH 3aIUIaHMPOBAHO Ha TIepByio mnojioBuHy 2022 T
Ha Bcex ycranoBkax LHC mnpoBoanTcs MonmepHH3anus
pasnnunbix gerekTopoB. Ha ycranoske ALICE wamnGo-
Jee cepbe3Hble M3MEHEeHUs OyIyT cIenaHbl JUlsl BHYTPEH-
HEH TPEKOBOW CHUCTEMBI C KPEMHHEBBIMHU JIETEKTOPAaMH U
JUIsl BHEIIHEH TPEKOBOM BPEMSINPOCKLIUOHHON KaMeEpBbl.
[TnaHupyercsi NpOBECTH HOBBIE HCCIESAOBAHMS 110 MHOTUM
TeMaM U MPOBEPUTD YacTh Y)KE MMOTYyYCHHBIX PEe3yJIbTaTOB
Ha yBEJIMYEHHOW CTATUCTHUKE.

Puc. 2. 3aBucumocTsb paamycos
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and the enhancement of going out of strange particles with
a rise of the event multiplicity (ALICE) [13]. Figure 2
shows the new results of the JINR group [14] for the mean
source radius RS, versus transverse momentum of the
pair of particles my =4/ kT2+ m?, where ky is transverse
momentum of the pair and m is the mass of the particle.
The pion and kaon pairs were considered here separately
for events with (sphericity St <0.3) and without (St>0.7)
jet selection. It is seen that the descending character of the
dependence of radii on my is observed in both cases, i.e.,
including the events without jet productions that may be
a manifestation of collective hydrodynamic mechanisms.
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jet selection

These preliminary results require further verification with
the higher statistics in pp and p—Pb interactions.

The operation of the CERN accelerator system has
been stopped to prepare the LHC for operation with high
luminosity (Run 3, HL-LHC), which is scheduled to start
in the first half of 2022. Various detectors of all the LHC
facilities are being upgraded now. The most serious chang-
es at the ALICE facility will be made to the Inner Tracking
System with silicon detectors and to the external tracking
Time Projection Chamber. It is planned to conduct new
research on many topics and check some of the already
obtained results at higher statistics.
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