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[IpencraBiieHsl noc/ieqHue QPU3UUECKHE PE3YJbTATHI [I0 KBAPKOHHUSAM B SAPO-sIEp-
HBIX CTOJIKHOBEHHUSIX B 3KcrepuMeHTe «KomnakTHbiil MiOOHHBIH costeHoun» (CMS) Ha
BoJbiiom agporHoM konnaiinepe (LHC).

The very recent results on quarkonia in heavy-ion collisions with the CMS
experiment at the LHC are discussed.
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BBEAEHHE

HawuBakHeliasi 1ielb COBpEMEHHBIX SKCIIEPUMEHTOB C PEJSTHBHCTCKHUMH
COYZapeHUsMHU TAXKeJBIX slep — U3yuyeHHe aipOHHON MaTepHH B 9KCTpeMaJb-
HOM pexKHMe CBEPXBBICOKMX TeMIlepaTyp M IJIOTHOCTEH uacTul. M3ydeHue
SIPO-SIIEPHBIX CTONKHOBEHHH NPH SHEPTUAX YCKOPUTEJST DOoJIbIIOH apOoHHBIH
kosmatinep (LHC) — cymiectBeHHast yacTb oOIieH mporpaMmbl (pU3HUECKHX
uccaenoBanui. CoynapeHusl CBUHeL—CBHHeL IPY SHEPTHUH B CUCTEMeE LEeHTpa
Macc Ha mapy HYKJOHOB ./syy = 2,76 TsB ma yckopurtese LHC snep-
Bble OblIM 3apUKCcUpOBaHbl B Houb ¢ 6 Ha 7 Hos6pa 2010 r. ¥Yxe Gosee
10 net mMexayHaponHas KoJsadopauus «KoMmakTHBIH MIOOHHBIH COJIEHOHMI»
(CMS) [1] saHuMaeTcst U3yYeHHeM SIAPO-AEPHBIX COYMAPEHHH Ha yCTaHOB-
ke CMS. K Hacrosimiemy BpemMeHH IO JAaHHOMY BOMpOCYy KoJabopanuen
onyO/JUKOBaHO Gosiee CTa HayuyHBIX cTaTe#l [2], TakxKe mpencTaBieH LeJbld
psil TIpeBapUTEJbHBIX Pe3YNbTaToOB MO (HDU3HUYeCKOMY aHaau3y [3].
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MoXHO J0CTaTOYHO YCJIOBHO PasfiesIMTh OCHOBHblE LieJH HAyYHOH IIPO-
rpamMmmbl sKcrepumeHta CMS 10 H3yueHHIO TsXKeJblX HOHOB Ha JBE 4acTh
(mo sHepruu E W momepeyHOMYy HMIYJbCY pr OOBEKTOB): «MsirKas (pu3nKa»
(MccsieioBaHust MO POKAEHHIO HU3KOIHEPreTHUECKHUX YACTHI — MHOXeCTBEH-
HOCTH, CIIEKTDPOB, 3JIJIHUITHUECKOTO IOTOKA, KOPPEJSLHME U T. I.) U «KECTKHE»
TeCThl (M3yueHHe Pas/HYHbIX BbICOKOIHEPreTHUeCKHX 0OBEKTOB — alpOHOB
¢ GOJIbLIMMH 3HAYEHHSIMH P, aAPOHHBIX CTPYH, KBaDKOHHEB U T.I1.).

KBapkonuu — cewmefictsa coctosuuii cé- (J/1 u ¥(25)) u bb- (Y(19),
T(2S5) nu T(3S5)) nap KBapkoB — sBJAIOTCS KpaiiHe BaXKHBIMH KOMIIOHEHTaMU
MporpaMMbl [0 H3YYeHHIO SAPO-sIepHBbIX coynapeHHH Ha ycraHoBke CMS.
Jlaiee mpeacTaBUM OCHOBHBIE Pe3y/bTaThl 10 UX HCCJIELOBAHHIO.

HN3YYEHUE IIOAABJIEHHUA POXKJAEHVWA KBAPKOHUEB
B 39KCIIEPUMEHTE CMS

OcHOBHBIE (hH3HUECKHE 3a/laud, KOTOPbIE pellaloTcs MPH U3yUYeHUU KBap-
KOHHEB B SIAPO-SIIEPHBIX COYyAapeHHsX Ha yctaHoBKe CMS, 6vliu chopmy-
qupoBaHbl emle 10 3amycka yckoputens LHC [4]. HccienoBanue nonasie-
HUS BBIXOJA KBAapKOHWEB B 3aBUCHMOCTH OT LEHTPaJbHOCTH W 4YHCJA HYK-
JIOHOB-YYaCTHUKOB SIIPO-SIEPHBIX CTONKHOBEHUH W XapaKTEPUCTHK CaMHX
KBapKOHHEB (MOTIePeYHOro UMIYJIbCa Pr, JNJIUNTHIECKOTO U TPUAHTYASPHOTO
MOTOKOB w9 W v3) JNAeT BaXKHYI HH(OPMAUHUI0 O CBOMCTBAX W Pa3JHYHBIX
JTanax 3BOJIOLUUH KBapK-TJIOOHHOH MaTepud. DakTop snepHOro MOgU(UIH-
poBaHuss R4 XapakTepuayeT OTHOLIEHHe POXKIEHHs 0OLEKTOB (B HalleM
cllyyae — KBapKOHHEB) B SIAPO-sIEePHBIX B3aWMOAEHCTBUSAX IO OTHOLIEHHIO
K UX POXKJEHHIO B MPOTOH-NIPOTOHHBIX CTOJKHOBEHHSX (C yueTOM MOMpaBKH
Ha YKCJIO COOTBETCTBYIOUIMX HYKJOH-HYKJOHHBIX pacCesiHu).

B axcnepumente CMS O6bl0 3aUKCUPOBAHO TMOJaBJEHHE BBIX0OJA
J/1)-Me30HOB B COylapeHHsX CBHHeL—CBHHeLl MPH 3Heprusax /sy = 2,76
1 5,02 T3B no cpaBHeHHIO ¢ UX POXKIEHHEM B COYLAPEHHUSIX MPOTOH-MPOTOH
npu Tex ke 3Heprusix [5]. Ilpu aTom ObLIO 3aUKCHPOBAHO YMeHbLIEHHE
(bakTopa R4 NpH yBeJUYEHUH LIEHTPATBLHOCTH COyNapeHHsl CBUHEL —CBHHeL.
Takum o6pasoM, oGHapyKeHO, UTO MOAaBjeHUe .J/1)-Me30HOB MaKCHMAJIbHO
B HauboJjiee LEHTPANbHBIX COyHapeHUsX. Takxke OblO0 OOHApYy:KEHO, 4YTO
poxnenue (2S) B coymapeHHsX CBHHELl—CBHHELl [OJABJEHO TOpa3io
cHJbHee, YeM poxJeHHe J/1)-Me30HOB.

[Tonepeunsle ceuenus poxpenus Y(15), T(2S5) u T(3S) 66111 U3MepeHb
B akcnepuMenTe CMS B coynapeHHsX NPOTOH-TPOTOH U CBHHEL—CBHHEL, IIPH
sHeprud /syy = 5,02 TsB [6]. Brixon Bcex 3HepreTHuecKHX COCTOSIHHUH
cemefictBa T B coymapeHHsX CBHHeL—CBHHeL| 0Ka3aJcs CyLIEeCTBEHHO MOAaB-
JieH (¢ MocCJie10BaTeJNbHEIM yCHJIEHHEM MOJaBJeHHs MPH yBeJHUEHHH Macchl)
M0 CPaBHEHHIO C COYAapeHHsIMH MPOTOH-MPOTOH (puc.l). B akcnepumenre
CMS BrepBble ynajoch 3apuKcHpoBaTh curHaid ot Y(3S) B coymapeHHsX
CBUHeL—CBHHeL. AHAJOTHYHBIH aHaIU3 Obl1 NPOBeleH OJsl COyLapeHHi mpo-
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pp, 300 pb~! (5.02 TeV PbPb, 1.6 nb! (5.02 TeV)
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Puc. 1. VlHBapHaHTHBEIE MacCOBBIH CIIEKTP AHMIOOHOB B 3KcrepumeHTe CMS B mpo-
TOH-TIIPOTOHHBIX (@) U SIAPO-sAepHbIX (6) CTONKHOBEHHSX AJISI KUHEMATHYECKOTrO aHa-
nasoHa map MIOOHOB Mo norepeyHomy umnyabey pr(putpu™) < 30 'aB/c u Guictpore
ly(uT )| < 2,4. Toukn — 3KCHepUMeHTaJbHble NaHHble [J8 IHMIOOHOB B COyHape-
HUSIX NPOTOH-TPOTOH M CBHUHEL—CBHHELl, CIJIOLIHAS KPUBas — pe3y/bTaT ammnpoKCH-
Mauuu gaHHbIX. [ITPUXOBBIMH KPHUBBIMH MOKa3aHbl Pe3y/bTaThl BbIAEJEHUS] CHTHAJA,
MYHKTHPHBIMH — BTOPUYHOrO (hoHA. PHCYHOK mpencTaB/ieH B (pu3uueckoM aHasmnse [6]

TOH—CBHHeLl NpH To# ke 3Hepruu [7]. [lomaBienue Bcex Tpex cocTosiHU# T
B 3TOM CJIydae 0Ka3aJochb MEHbIIE, UeM B COYAAPEHHSX CBHHEI—-CBHHeIl.

MU3YYEHUE 3JJUIITHYECKOIO U TPUAHTYJIAPHOTO
IIOTOKOB KBAPKOHHEB B 9KCIIEPUMEHTE CMS

M3zyueHue 3JJMOTUYECKOTO W TPHUAHTYJSPHOTO TOTOKOB KBapKOHHEB V9
u v3 npH dHeprusx LHC Takxke mpeacTaBisieT CylleCTBEHHBIH HHTEPEC B CBS-
31 C BO3MOXKHOCTBIO MOJIyUeHHs LEeHHOH HH(OpPMAUUM O PaHHUX CTAAHAX
(hopMHUpOBaHHs KBapK-IJlOOHHOH MaTepuu. B skcnepumente CMS nosyuen
psil BaXKHBIX NAHHBIX [0 3THM BeJH4YHHAM AJst J/1- u T-Me30HOB.

DNIUNTHYECKUH vy W TPHAHTYASPHBIH v3 TOTOKH MPSAMBIX (pOXKIAOTCA
HeMoCPeACTBEHHO Yepe3 ¢C-KBAPKOBYIO Mapy) ¥ HEMPSIMbIX (POXKIATCs uepes
b-kBapK) J/1)-Me30HOB B 3aBUCHMOCTH OT HX [IONEPEYHOr0 HMIIyJIbCa P
U CpPEeJHEero 4uc/ia HYKJIOHOB-YYACTHHKOB SIIPO-IEPHOTO B3aWMOINEHCTBHUS
OblIM U3MepeHBl Ha ycTtaHoBke CMS B coynapeHHsX CBHHEL—-CBHHeEL IpPH
sHeprun /syy = 5,02 TaB [8] (puc.2). Hna J/i-Me30HOB oOHapyxeH
60/bIION MOTOK w9 — BMIOTb 10 pr < 50 I'sB/c. Tlpu 3TOM mMOTOK vy HJIst
HempsiMbIX J/1)-Me30HOB OKasa/csl CyLIeCTBEHHO HHXKe, YeM [Jis MPSMBbIX.
Uro Kacaercs TPHAHTYJSPHOTO MOTOKA v3, TO B aKcnepumente CMS BnepBbie
CMOTJIK U3MEPUTb €ro [Jisl NPSMbIX H HENpsiMbiX .J/1)-ME30HOB OTHENbHO U
MO0Ka3aTh, YTO HUX MOTOK v3 paBeH WJIM OJM30K K HYJIO (CM. pUC.2, CHH3Y).
Takxe BrepBble B SAPO-SiI€PHBIX CTOJKHOBEHHSIX B 3KcnepumeHte CMS
U3MepeHbl vy U v3 M5 1(2S5)-Me30Ha, MOKa3aHO, YTO ero MOTOK vy TOXKe
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Puc. 2 (uBeTHO# B 371eKTPOHHOH BepcuH). KoadduuHeHThl 311UNTHYeCKOrO (CBEPXY)
U TPHAHTYJSIPHOTO (CHH3Y) MOTOKOB MPSIMBIX (CHHHE TOYKHM) M HEMPSIMBIX (KpacHble
TOUKH) J/1)-ME30HOB B 3aBHCHMOCTH OT HX TIOMEPEYHOr0 HMIyJbca pr (cJjeBa)
U CpeJHEro 4YHc/a HYKJOHOB-YUACTHHKOB s1PO-sJ€PHOr0 B3aUMOJEHCTBUS (crpaBa)
B COyNapeHHsIX CBHHeI—CBHHEI MpH 3Hepru# /sy = 5,02 TsB B 3kcmepumeHTe
CMS. PucyHOK TpeicTaB/eH B (puanHueckoM aHanuse [8]

MMeeT CYILIeCTBEHHOe 3HaueHHe — BIIOTh 10 pr < 50 ['3B/e, a morok wv3
6JM30K K HYJIIO.

B To ke Bpems B oT/iHuHe oT J/t)-Me30HOB mist Y (1.5)-Me30HOB B aKcIIe-
pumente CMS He ynanoch 06HapYyKHUTb KAKOTO-JIHOO0 CYIIECTBEHHOTO 3JIJIHII-
THUYECKOr0 MOTOKA v B COYJapPeHUsAX CBHHEL—CBHHeLl [P SHePrHHu /sNyN =
= 5,02 T3B [9]. Ananornunbifi pesynbrat obHapyxeH aias Y(1.S5)-me3oHoB
B NPOTOH-CBUHLIOBEIX COYJapeHHAX MpH 3Hepruu /syn = 8,16 TsB [10].
[TouaTHO, UTO 3TH 3KCIlepUMEeHTaJbHble JaHHble TPeOyIoT JajbHeHllero usy-
YeHHSs U TLIATeJbHOH TeopeTHYeCKOH WHTeprpeTauuy.

3AKJIIOYEHHUE

M3ayuenne cBOHCTB KBaPKOHHEB B PEJISATHBUCTCKUX COYNAPEHHUSAX TSAKEJbIX
HOHOB Ha 3KcnepuMeHTasnbHOH yctaHoBke CMS yckopurtens LHC yxke Ha
mepBbIX IBYX 3Tamax ero pa6otsl (Run 1 u Run 2) mpuBeso K MosyueHHIO
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UHTEPECHEHIINX Pe3y/JbTaTOB MO (PU3UKe aJPOHHOH MaTEPUH B IKCTPeMasib-
HoM pexxuMe. Oxupaercs, UtTo, HauuHas ¢ 3anycka B uioje 2022 r. TpeTbero
(Run 3) u B 2027 r. uetBeproro (Run 4) 3TamnoB ¢ MOMOIIbIO MOAEPHH3HPO-
BaHHO# ycraHOBKM CMS u ouepeqHBIX PEKOPAHBIX SHEPrUH MU CBETHMOCTEH
yckoputessi LHC, Mbl cMoXeM MOJNYYUTh HOBYIO HMH(POPMALHMIO O CBOHCTBAxX
KBapK-TJIIOOHHOH MAaTepHH, MPOAOJIKAsT U3yuaTh POXKAEHHE KBaPKOHHEB.

BaarogapHoctu. ABTOp BbIpa)kaeT CaMyl0 HCKPeHHIOW 06J1arofapHOCTb
opraHusatopam kKoH¢pepeHuun «®Pusuka numioonos Ha LHC», npoxonusiieit
23-24 uions 2022 r. B [lyoue (ONAN), 3a nckaouuTebHO TEMIBIH U pagyli-
HBIH TIpHeM, a TaKKe 3a BO3MOXKHOCTb MPEACTaBUTh CBOH nokjaan. Crmacu6o
BCEM y4YacTHHKaM MeXIYHapoaHOH KoJabopaluyu sKcrnepuMenTta «Kommnakr-
HBIH MIOOHHBIH coseHoun» (CMS) 3a mpenocTaB/ieHHbBIe MaTepHalbl U 38 MHO-
roJieTHee IMJIOJOTBOPHOE COTPYAHHUYECTBO.
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