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YabTpanepudepuueckue CTOJIKHOBEHUST — 0COObIH THIT CTOJIKHOBEHHH Ts2KeJIbIX HOHOB, B KOTOPbIX CHJIbHBIE
B3aMMOJIEHCTBHUS MoJaBJsIoTCsl 61aroaapst 60JbUIMM TPULIETBHBIM apamMeTpaM MeXKly HaJeTalouuMH 51/~
pamu. Takue ycJ/10BHS 10T YHHKAJbHYIO BOSMOXKHOCTD //151 HCCJ1€10BaHUs 1IBYX(POTOHHBIX B3aUMOEHCTBUH.
B uwactHocTH, B mocJjenHee BpeMmsi pacTeT MHTepec K M3yUeHHIO TAaKHX MPOLeCCOB, KaK poXKaeHHe nap
Tay-JIENTOHOB W paccesiHWe CBETa Ha CBeTe: OTKJOHEHHE CeUEHHH 3THX MPOLLeCCOB OT TMpeACKa3aHui
CraHnapTHOil Mojiesd MOTJI0 Obl yKa3blBaTh HA NMPOsiBJIEHHE HOBOH (pU3HKH. KpoMe Toro, oT/e/ibHbII HHTEpeC
MPEJCTaBJSIET MOUCK POXKIEHHUST aKCMOHOMOM00OHBIX YaCTHIL B PacCesiHiM CBETa Ha CBETE MPH J0CTATOUHO
MaJlblX HHBAPHAHTHBIX Maccax. B naHHOl paboTe o6CyKaatoTes nocaeiH1e pe3yJibTaThl U3 9KCIIEPUMEHTOB
Ha DBosbuiom azpoHHOM KoJuiaiiiepe Mo HM3MEpPeHHI0 aHOMaJbHOr0 MarHUTHOrO MOMEHTa Tay-JierToHa,
CEUeHHH paccesiHHsI CBeTa Ha CBETe U MIOMCKY aKCHOHOIOJ0OHBIX YACTHLL, a TAKXKE NMePCIIEeKTHBBI AJ151 Oy Iy LLIUX
u3Mepenu#i B skcnepumente ALICE.
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1. BBEAEHUE

Ynbrpanepudeprueckue CTOJKHOBEHHS TSXKEJbIX
noHoB (YIIC) — 3T0 yHHKa/bHBIE UHCTPYMEHT JJIsl
MCCJIeI0BaHUS IBYX(OTOHHBIX B3aUMOJEHCTBUH MPH
BbICOKHX 3Heprusx [1, 2]. CunbHble B3auMoieHCTBHS
MeX/ly HaJIeTalolUMH HOHAMH B 3HAUMTEJbHOH CTe-
MeHH TOoJABJsIOTCS Osarofapst GOJbILIMM TIPULLE/b-
HbIM TMapamerpam, TpH 3TOM POJib 3JEKTPOMArHUT-
HBIX MPOIIECCOB YCUIUBAETCS. YIbTPapeNTUBUCTCKUE
si/[pa CO3/al0T MOIIIHO€E 3JIEKTPOMAarHUTHoOE MoJle, KO-
Topoe 0ObIYHO OIMUCBLIBAIOT B TepMHHAX (hopMaJsin3ma
Baituzekkepa—Busbsimca. [ToJist 3aMeHsIIOT HA MOTOKH
KBa3upeasbHbIX (DOTOHOB C OYeHb MAJILIMKU BUPTYaJ/b-
Hoctsimu g2 < (A/R)?, rnie R — paanyc naseraio-
X siziep. BesnurHa MOTOKOB 3aBMCHT OT KBajpaTa
3apsijla HaJleTalol|X YacTUIL Z2, U TI03TOMY CeueHHe
JBYX(OTOHHBIX POLLECCOB MPONOPLHOHABbHO Z 4, uto
MPUBOJIUT K ropasiio GoJibllieil BEPOSITHOCTH BO3HHK-
HOBEHHSI TaKUX MPOLECCOB B SAPO-5€PHBIX CTOJKHO-
BEHHSIX, UEM B TIPOTOH-TIPOTOHHBIX PP UJIH 3JIEKTPOH-
IO3UTPOHHBIX e,

Cpenu 1ByX(OTOHHBIX MPOLECCOB, KOTOPble MOXK-
HO HcedeoBaTh ¢ nomollbto YI1C, paccesiHue cBeta
Ha cBeTe Yy — 7y NnpejcTanJsier ocoOblil HHTepec. B
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pamkax CtaHIapTHOH MOJIE/H TPOIECC OTMUCHIBAETCS
OJIHOTIET/IEBLIMU iMarpaMMamu PefiHMaHa, BKI0Uat0-
wuMu WF-6030HbI, JIeNTOHb M KBapKH. B 1uarpam-
Mbl TaKyK€ MOTYT JaBaTh BKJAJ U €llle He OTKPbITbie
3apsiKeHHble BUPTyaJsibHble YacTHLbl, TOTOMY pac-
cesiHHEe CBeTa HA CBETE CUMTAETCSl UYBCTBUTEJIbHBIM
K HEeKOTOpbIM pactuupeHussm CTaHaapTHOH MoOJeJH,
BKJItouasi Teoputo bopua—Hudensaa [3], cynepcum-
MeTpHio [4], Teopuu ¢ MOHOTONSAMH D], rpaBUTALMIO
Ha MaJibIX MaciuTadax [6], HeKOMMyTaTHBHbIE B3aHMO-
neictus [7].

[ToBblilIeHHBII HHTEPEC TaKyKe BBI3BIBAIOT TOUCKH
poxKIeHHst akcHoHononoOHbIX uacTuil (ATTY) B npo-
uecce yy — a — y7v. B pane paciuupenuit Crangapr-
HOH MOJIe/JIM, BKJIOUAIOLIMX CYNepCUMMETPHIO, CO-
CTaBHbIE JIENTOHbI U MOJU(UKALIMK ¢ 6030HOM XHITCa,
ATTY BBOISITCS, KAK TICEBAOTO/ICTOYHOBCKHE GO30HBI
HOBOH CMOHTAHHO HapyllaeMod rio6ajbHOH CHMMET-
puu. [Ipennonaraercs, uTo Jierkue rnceBaocKalsipHble
ATTY moryT ObITb KaHIWJaTaMH B 4acCTHIIbI TEMHOM
matepuu [8—10]. Kpome Toro, BbIABUraloTCSl TEOPHH,
corsiacHo KotopbiM (hakt o6Hapyxkenuss AITY ¢ mac-
coil my < 5 IB/c? mMor 6bl 06bSICHATD pacxoxkjieHue
M3MepeHUil aHOMaJbHOTO MArHUTHOTO MOMEHTA MIO-
oHa ¢ npeackazanuem CranjgapTHol Mozeu (“muon
g — 2 puzzle”)[8, 11]. B pacumpenusix CranaaptHo#
monesn Baaumoneiicteue AITY ¢ poTonamu onucriBa-
ercsl 3¢ (eKTUBHBIM JIarpaHAKHAHOM:
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[TOUCK HOBOM ®U3UKU

rie a — noje AITY, F* — teH3op moJsst (GOTOHOB,
gay = 1/Aq — xouctanta cBasu AIIY ¢ doronamu
(AITY-~). Takum o6pazom, poxKaeHHE AKCHOHOMO-
JOGHBIX YACTHIL M UX pacraj Ha (OTOHbI MOJHOCTBIO
onpeneNifioTes B JIByXMapaMeTpUuecKOM MPOCTpPaH-
cre Mace ATTYH mg M KOHCTAHT CBA3H Gqry -

YTouHeHHe 3HaUeHHI aHOMAJIbHBIX MAarHUTHBIX MO-
MEHTOB JIENITOHOB TPEJICTABJISET OTAEbHBIH HHTEpEC,
TaK Kak OTKJIOHEHHEe MX 3HAUeHHH OT TeopeTHYeCKUX
npejckasaHuil Moryio 6bl YKa3blBaTb Ha MPUCYTCTBHE
HOBOH (DU3UKM, HAMpUMep, Ha BKJAJ CyNepCUMMET-
puuHbIX uacTuil [12] wiu Ha cocTaBHYIO TMPUPOILY
gentonoB [13]. B uactHocTH, ocobGeHHO MJI0XO H3-
BECTHO 3HaueHHe aHOMAJIbHOrO MarHUTHOTO MOMEHTa
T-JIeNTOHA, JUIsl U3MepeHHUsl KOTOPOro OblI0 Mpeio-
»KEHO MCMOJb30BaTh yJbTpanepudepruueckue CTOJK-
HOBeHHUs1 siiep Ha Dosbliom agpoHHoM KoJiaize-

pe (bAK)[14, 15].

B nanHo#i paboTe paccMmaTpuUBalOTCSl MOCJEIHHE
pesyJibTaTbl HCCJE0BAHUN NPOLIecCa pacCesiHusl CBe-
Ta Ha CBeTe, MOUCKOB aKCHOHOMOAOOHBIX YacTHL U
M3MepeHHIl aHOMaJIbHOTO MAarHMTHOIO MOMEHTa T-
JIENITOHA, BBIMOJHEHHBIX C TIOMOILbIO yJbTpanepu-
(hepHUeCcKHUX CTOJIKHOBEHHH Ha BoJbliom aapoHHOM
koJutaiiiepe. Kpome Ttoro, B pabGoTe ob6cyxKaaroTcs
NepcreKTHBbl MPOBeAEHUs JAHHBIX HCCJEI0BAHUN B
skcnepumente ALICE u HOBOM 3KcrepumeHTe —
ALICE 3.

2. UICCJIEHOBAHHME PACCESIHUS CBETA
HA CBETE

[lepBble CBHIETEILCTBA MpolECCa pacCesiHus
CBeTa Ha cBeTe ObLIH MMOJyYeHbl KoJ1abopalusiMu
ATLAS u CMS [16, 17]. Bosiee noJiHble H3MepeHHUsi
U depeHIaibHbIX CeueHnil OblIM TPOBEEHbl B
00J1aCTH HHBAPHAHTHBIX MAcC JM(OTOHOB My, MEXKILY

5 u 100 TIsB/c?. Tlonyuennoe ATLAS ceuenne
B UYBCTBUTeJbHOM oObeMe o = 120 4 17(stat.)+
+ 13(syst.) £ 4(lumi.) HOH Xopowlo corsacyer-
¢ co 3HayeHueM, mnoJiyueHHbiM CMS, o =120 +
+ 46 (stat.) £ 28 (syst.) &= 12(theo.) u6n. Ob6a pe-
3yJibTaTa COIJIACYIOTCSI C TEOPETUUECKUMH MpeiCKa-
danusimu [18]. OnHAKO TOYHOCTb 3TUX HM3MepeHHH
orpaHuyeHa o0’beMOM JaHHbIX, KOTOPbIA MOXKeT ObITh
HaOpaH B U3MepeHHsX B 06JIaCTH HHBAPUAHTHBIX Macc
Boiie 5 [3B/c?, a uaMepenusi HuKe 3TOro nopora
OU€Hb 3aTPYIHUTEJbHbI H3-3a KOHCTPYKTHBHbBIX Orpa-
Hnuenuii B nerekropax ATLAS u CMS.

M3amepenusi B 06/1aCTH MaJibIX Macc MOTYT ObITb
npousBesiebl ¢ ALICE 3 — OGyuyumm skcnepu-
MEHTOM HOBOTO TOKOJIeHHsI Ha DBoJbliom aapoHHOM
kosnaiinepe [19]. [lpennaraemasi KOHCTpyKUMS Jie-
TEKTOpa HarpaBJjieHa Ha H3MepeHHst (OTOHOB MpH
OU€Hb HHU3KHX TMOMEePEeYHbIX HUMITYJbCaX BIUIOTh 10
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pr ~ 10 M3B/c. YuntbiBasi LUMPOKHI 0XBAT M0 MCeB-
N00bICTpOTE |1)| < 4 1 BLICOKHE BO3MOXKHOCTH TPEKUH-
ravactuil, ALICE 3 npenocrapasieT yHuKaabHyI0 BO3-
MOKHOCTb /151 TPELM3UOHHbBIX H3MEPEHHI paccesiHusl
CBeTa Ha CBeTe.

OnHako W3MepeHHs TIPH MaJibiX HHBApPHAHTHBIX
Maccax CTaHOBSITCSl 3aTPYAHHUTEJNbHbIMU M3-3a MpPHU-
CYTCTBHSI KOMOMHATOPHOTO (DOHA, BOZHUKAIOLIETO U3-
3a pacnajoB HeHTPaNbHbIX T-Me30HO0B vy — o’ —
= yyyy [20]. Hast u3yueHusi BO3MOXKHbBIX CIIOCOOOB
MOJIaBJEeHHS STOTO HCTOYHUKA (DOHOBBIX COOBITHI Obl
pa3paboTan cnieliyanusupoBanublii Monte-KapJo re-
HepaTop /15l MOJIe/IMPOBAHHUS yJIbTpanepudepruecKux
cronkHoBenuit, Upcgen [21]. Jast nanHoro ucceno-
BaHHS B IPOrpamMmy OblJIM J0OaBJIEHBI MTPOLIECCHI pac-
cestHHs CBETA Ha CBeTe M POXKJEHHs ap 7’ -Me30HOB.
Monenuposanue Lbyl. ocHoBaHo Ha pacueTe ceueHui
Ha YpOBHE OJIHOMETJIEBBIX AHATPAMM, KOTOPBIH Obli
NpoBeJieH C MoMollbio nporpaMmmbl FormCale [22].
Poxnenne nap HeHTpaJsibHbIX 7T-ME30HOB OCHOBAaHO
Ha OJIHOM M3 HauboJiee MOJHbIX MOJEJEH 3TOro Mpo-
ecca, Koropasi yYHTbIBaeT BKJaJ MPOMEKYTOUHbIX
pesoHaHcHbIX cocTosiHuil U KXJI-mexanuamosn [23].

Mbl olleHH/IM CTIEKTPBI 10 MHBAapHAHTHOH Macce
JMOTOHOB VISl paccesiHusl cBeTa Ha cBeTe M (oHa,
cocTosiero u3 hoToHOB pacnaja nap m°-Me30HOB, B
Pb—Pb YIIC npu sHepruu CTOJKHOBEHHH /SNN =
= 5.02 TsB nist uyBerBuTenbHoro o6bema ALICE 3
C yU€TOM TIpe/oJaraeMoil HHTerpaJbHON CBETUMOCTH
L =35 n6n~'. Kaxk BuaHo u3 puc. 1, uaMepenus
LbyL enBa jiu BO3MOKHbI 6€3 CrielanbHON CTpaTerun
otr6opa COObITHH B JManazoHe MHBapUAHTHBIX Macc
Hike 3 5B/ 2.

YMeHbIIUTb TMPUCYTCTBHE (DOHOBBIX COOBITHI BO3-
MOKHO C MOMOLIBIO HaJloxKeHHs1 TpeGOBaHUH Ha CKa-
JISPHYIO U BEKTOPHYIO aCUMMETPUH, KOTOPbIE OTpesie-
JISTIOTCS BhIpaxkeHUsiMHU (1) U (2) cOOTBETCTBEHHO:

Ip}| — [p7|
|+ [p7|

s —

) (l)

_ |ph - P
v =T, (2)
P} + p7
rle Pr W p7 — rornepeurble UMIYJbChbl GOTOHOB B
KOHEUYHOM COCTOSAHHHU. B Hpouecce paCCeﬂHI/IH CBeETa
Ha CBeTe HMHyJIbeI 60.HbLLII/IHCTBa nap q)OTOHOB B
KOHEYHOM COCTOAHHUHU HaHpaBﬂeHbI HpaKTI/I‘-IeCKI/I HpO—
THBOITIOJIO2KHO, HOBTOMy ux aCHMMeTpHI/I OUEHb 6JII/I3KI/I
K Hy.H}O, Toraga Kak OTHOCHTEJIbHOE er'IOBOQ pacnpe—
JleJleHHe HeCKOPPEeJHPOBAHHBIX (POTOHOB H3 KOMOH-
HaTOpHOTO poHa OKasbiBaeTcst GoJiee IMPOKUM. Jlefi-
CTBUTEJIBHO, 3TO OTJIMUHE MO2KHO yBI/IﬂeTb Ha pI/IC. 2,
raie IMnokKkasaHbl HOpMI/IpOBaHHbIe paCHpeILEJIEHHH 110
aCI/IMMeTpI/IHM JJIA paCCQHHHH CBE€Ta Ha CBETe U KOM-
6HH8TOpHOFO q)OHa, HOJIy‘-IEHHble MOILEJII/IpOBaHI/IeM
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Co6bITrit Ha 100 MaB/c?
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Puc. 1. CriekTpbl 110 HHBaPHAHTHOH Macce, pacCuUTaHHbIe
juist uyBeTBUTesIbHOrO o6bema ALICE 3 masi coGbituii
paccesiHisi cBeTa Ha CBeTe (KpyrJible MapKepbl) H KOM-
GUHATOPHOTO (hOHA, COCTOSLLErO M3 (OTOHOB pacraja
HelTpaJIbHBIX T-Me30HOB (KBapaTHble MapPKEPHI ).

10% coObITHII KaXKJI0T0 BMJA C MOMOLIbIO reHepaTo-
pa Upcgen. YuuTbiBasi pas/jnuusi B OTHOCUTEJbHbBIX
HarpasJeHUsIX (POTOHOB B KOHEUHOM COCTOSIHMH Ji/Is1
CUTHAJIbHBIX COOBITMH paccesiHHsl CBeTa Ha CBeTe U
KOMOHWHATOPHOTO (pOHA, BBIABMHYTHI JBa MOAXO/AA K
0TOOPY COOBITHH.

[lepBbIit MoAX0/ OCHOBAH HA HAJIOXKEHUH MTPOCTOTO
OrpaHHueHMsl Ha CKaJISipHYI0 AaCUMMETPHIO, KaK TMpeji-
JioxkeHo B pabore [20]. Mlcriosibayst Tako# 0T6Op, MOXK-
HO B 3HAUMTEJILHON CTeNeHH MOIaBUTh POH U3 HECKOp-
peMpOBaHHBIX (DOTOHOB MPU JOCTATOUHO MaJsbIX MH-
BapuaHTHbIX Maccax (cM. puc. 3a). OnHako Tako#
rpyObIil OJXO0J] TAKXKe 3aMeTHO CHHXKAET KOJIMUECTBO
CUTHAJIbHBIX COOBITHH, UTO SIBJISIETCS CYIIECTBEHHBIM
HEJIOCTATKOM.

Jlns Toro, uToOBI YaAyUlIMTH KauecTBO 0TOOpa Co-
ObITUH W B IOJHOH Mepe HMCM0Jb30BaTh TOMOJOIH-
yecKHe OTJIMUMSI CUTHAJbHBIX U (POHOBBIX COOBITHH,
HaMM Obl/1a TPUMeHeHa TeXHHKA MalIMHHOTO 00yUueH s
(MO) st ky1accupUKalMK COOBITHH Ha OCHOBE aJIro-
pUTMa yCHJIEHHOTO JiepeBa pellieHuit. B sTom noaxone
Oblyla UCIOJIb30BaHA peasiu3allusl aJropuTMa, BbIMoJ-
HeHHasl pa3paboTunkamu U3 Yandex, a UMEHHO TMpoO-
rpammubiil naker CatBoost [24]. CornachHo pesynb-
TaTaM KOHTPOJIbHBIX TECTHPOBAHMH pa3pabOTUHKOB,
naker obecrieunBaeT OGOJIbLIYIO CKOPOCTb OOYyUeHHs
MOJIE/IM U CKOPOCTb TpPEeACKa3aHWH B CPaBHEHHH C
JIPYTHMH COBPEMEHHbIMH aHaJjioramu. JlaHHblil npo-
rPaMMHBbIH MakeT Obl YCMELIHO MCMOJb30BaH B psijie
HcceJieIoBaHni B 06/1aCcTH (PU3UKH BBICOKHX SHEPTHi,
Hanpumep, B paborax [25] u [26], uTo TakKe MoOATBEP-
YKJIA€T ero HAJIeXKHOCTb.

BYPMACOB

st o6yuenusi mojesin OblJIM UCMOJb30BAHbl KH-
HeMaTHYeCKHe MapaMeTpbl CHIHAJbHBIX W (POHOBBIX
COOBITHI: UMITYJIbChI (HOTOHOB B KOHEUHOM COCTOSIHHH,
MHBAapHAHTHBIE Macchl ¥ ObICTPOTHI Map (OTOHOB, a
TaKxKe CKaJlsipHble U BEKTOPHble acuMmeTpun. Obyua-
jolLe BLIGOPKH cocTostiu u3 10% cobuiThil paccesuus
CBETa Ha CBeTe M TAKOro »Ke KOJIHuecTBa (hOHOBBIX CO-
6biTHil. O6e BHIGOPKH ObLIM MOJyYeHbl MOJEHPOBA-
HUeM B reHepatope Upcgen ¢ nocJeayounm oT6opom
coToHOB /151 uyBcTBUTEIbHOTO 06beMa ALICE 3: 1o
ncepno6bIcTpoTe |17, < 4 1 sHeprun £, > 50 M3B.

J171s1 TpoBepKH KauecTBa KaacCUpHKaLMH 00yueH-
HOH Mojiesii ObLIM MOCTPOEHbl XapaKTephUCTHUEeCKHe
KpHBbIE B 3aBUCHUMOCTH OT Hapbepa KiaaccuduKauuu
C MCMOJIb30BAHHEM KOHTPOJILHOH BbIGOPKH COOBITHH,
CreHEePUPOBAHHOMN OTIEJbHO:

® J10J151 MCTUHHO-TIOJIOKUTEJbHBIX KJaccHrka-
WA B 3aBUCUMOCTH OT Gapbepa (B TepMHHO-
JIOTUH MalIMHHOTO 00y4YeHHs] — UyBCTBHUTEJb-
HOCTb );

® J10J151 JIOYKHO-TTOJIOXKHTENbHBIX KJacCHpUKALMH
B 3aBUCHMOCTH OT Gapbepa (B TEPMHHOJOTHH
MalIHiHHOTO 00y4YeHHsT — CHelrn(pUUHOCTD );

® KpuBagd OIIMOO0K — MOKa3bIBaeT COOTHOLIEHHE
HYYBCTBHUTEJIbHOCTH K CHeI_[I/Iq.)I/I‘{HOCTH.

Pegysbrat pa6oTbl 06ydeHHOH MOJENH JJisi TAHHOTO
coObITHs, T.e. HAOopa KMHEMaTHYeCKHX [apaMeTpoB,
OTIpENIEIAIOUINX CBOHCTBA COOBITHSI, — BEPOSITHOCTb
TOro, 4TO 3TO COObITHE CHUrHaJjbHOe. Bapbep ksac-
cuduKauuu onpejessieT 3HaueHHe BePOSITHOCTH, Bbl-
111e KOTOPOH COOBITHS KJIaCCH(HULMPYIOTCS, KaK CHI-
HasibHble. TakuM o6pa3oM BO3MOXKHO peryJiMpoBaTh
yhcToTy OTOOpa M OTHOLIEHHEe CHrHaja K (hoHy B
0TOOpaHHbBIX COOBITHSIX.

[TosyueHHble KpuBble Mokasanbl Ha puc. 4. Ort-
MeTHM OTJA€JbHO, YTO IMJIOLAlb MO KPUBOH OLIHOOK
npuON3UTEbHO paBHa 0.96, 4TO CBHAETEJBLCTBYET O
BbICOKOM KauecTBe 00yueHHOH Mojesu. KMcrosbays
KPHBbI€ UyBCTBUTENLHOCTH U CMELIU(UIHOCTH, MOXKHO
nono6path Takoil 6apbep KaacCcHpUKalUU, MPH KOTO-
poM BO BpeMst oTOopa TepsieTcsl MUHUMAaJIbHOE YHMCJI0
CHUTHAJIbHBIX COOBITMH M MPH 3TOM TOAABJACTCS KaK
MO2KHO OoJibliie (hOHOBBIX COOBITHH. B Halem ciyuae
TakuM 6apbepoM siBjsieTcs 0.5.

Monesnp MO 6binia npuMeHena 1yist otéopa cobbl-
TUH B KOHTPOJIbHOH BbIOOPKE, UMEIOLIel TaKylo »Ke
CTPYKTYpy, Kak W obydaiouiasi, U CreHepupoOBaHHOH
OTZe/JbHO 0T Hee. [lojiyueHHble B pesyJbraTe creK-
TPbl N0 MHBApHAHTHOH Macce MokasaHbl Ha puc. 30.
Kak M0xKHO BUIETb M3 PUCYHKA, pe3yJbTaTbl 0TOOpa
3HAUYHTEJILHO Jlyyllle B CPAaBHEHHH C MEPBbIM METOAOM:
(hoH MojaBJeH BO BCeM JMara3oHe Macc, MpH 3TOM
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I[TmotHOCTB pacrpeacicHuA
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ITimorHOCTE pacnpeaciICHuA

6 Pb—Pb VIIC, Vs = 5.02 ToB
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Puc. 2. HopmupoBanHble pacnpesiesieHnst Mo cKaJsipHoi (@) u BeKTOpHOM (6) acCUMMETPHUSIM Uil COOBITHIH paccesiHusl CBeTa Ha
cBeTe (KpyrJible MapKepbl) H KOMOHMHATOPHOrO (poHa (KBaLpaTHble MapKepbl ).

Co6bITnii Ha 100 MaB/c?
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Co6sITuit Ha 100 MaB/c?
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mw,l"soB/c
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Puc. 3. CriekTpbl 10 HHBapHAHTHBIM MaccaM AU(OTOHOB JJIst paccesiHUs CBETa Ha CBeTe (KPYyTJible MapKephbl) H KOMOHHATOPHOTO
coHa (kBagpaTHble MapKepbl). @ — pe3y/bTaT 0T00pa ¢ OrpaHHueHHeM Ha CKaJSPHYI0 aCHMMETPHIO. 6 — pe3yJbTar oTéopa ¢

HCIIOJIb30BAHUEM MALLIMHHOTO Oéyqul/lﬂ.

60JIblIIast UaCTh CUTHAJBHBIX COOBITHH coXpaHeHa. Ta-
KUM 00pa3oM, CYUIECTBYeT BO3MOXKHOCTb B 3HAUM-
TEJIbHOH CTeMeHH MOJIaBUTh KOMOUHATOPHBIH (HOH MpU
M3MepEeHUH paccesiHus CBETA Ha CBeTe C UCMO0Jb30Ba-
HHEM MeTOJI0B MallIHHHOTO 00yUYeHHsI.

3. [TIOMCKHW AKCHMOHOITOJOBHbIX
YACTHLL

Hau6oJiee cuibHbIE K HACTOSIILIEMY BPEMEHH Orpa-
HUYEHHs] Ha BO3MOXKHbIe KOHCTaHTbl cBsasu AITY c¢
tdoronamu B auanazone macce AITH m, mexkay 51 100
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[5B/c? 6bm nosyuennt Koanatopauusimu ATLAS u
CMS c¢ nomolipio U3MepeHu paccesiHdsl cBeTa Ha
cBeTe B yJibTpanepudepuueckux CTOJIKHOBEHUSIX s11ep
ceuHua [16, 17]. ¥nyuuinTb 3TH orpaHuueHust 6yaer
BO3MO2KHO C [OMOLLbIO HOBBIX JaHHbIX, KOTOPble OY1yT
noJiydeHbl B TeueHue 3tanos pa6otsl Run 3 u Run 4 na
Bosbuiom anponHom Kosnaaepe [27], a npojBHHYTh
13MepeHHst B 06J1acTb MaJibiXx Macc Oy/leT BO3MOKHO ¢
6ynyumm skenepumentom ALICE 3[19].

C sKcrnepuMeHTaNbHOM TOYKH 3peHHSs], IBYX(POTOH-
HOe B3aWMOJIEHCTBHE C POXKJIEHHEM TPOMEXKYTOUHOH
AKCUOHOMOJOOHOH 4YacTHUBl, Yy — G — 7y, OUeHb
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Puc. 4. Xapaxrepuctuueckue Kpusble 151 Moziesin CatBoost: kpuast omn6ok (a), 4yBCTBUTENBHOCTD U CMIELUPUUHOCTD (O).
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Puc. 5. Cyuiecrsyioue orpanuuenust Ha KoHctaHTy cBsidu ATTH-+ U3 pasHbIX 3KCIEPUMEHTOB U 0XKHJAEMble MPeesbl s
9KCMepUMeHToB Ha DosibllioM aapoHHOM KoJaiiaepe. B cko6kax mnsi skcmepumentoB Ha BAK ykasanel scdextuBHOCTH
PEKOHCTPYKLUH (DOTOHOB (B MPOLEHTAX ) U HHTErPa/IbHbIE CBETUMOCTH (B HOH 1),

MOX0Ke Ha MPoLeCC paccesiHdsi cBeTa Ha cBeTe [28].
Poxnenne AITYH moxkHO 3aUKCHpOBATH 10 BbIpa-
JKEHHOMY MUKy B pacripeieJieHHd M0 HHBAPUAHTHON
macce JAMhOTOHOB Ha ¢hoHe Apyrux npoueccos. [Ipu
noucke poxuennss AITY paccesinue cBera Ha cBeTe
SIBJISIETCSI OCHOBHBIM HMCTOUHMKOM (DOHOBBIX COObI-
THH, HapaBHe C pacrnajgaMu m0-Me30HOB, M03TOMY
NpUMeHeHHe MallMHHOrO O0OydeHHsl He TpHUBEIeT K
3aMETHOMY YJIyUllIeHHI0 B CPaBHEHWH C TPOCTHIM
orpaHMyeHHeM Ha aCUMMETPHIO.

st ouenku ceuenns poxxnenust AITY u nosyuenus

orpaHuUueHHi Ha KOHCTaHTy cBsisd ATTU-~ st Gyny-
utero skcnepumenta ALICE 3 renepatop Upcgen 6bin
MOJU(ULHPOBAH U JIOTIOJHEH KAHAJIOM VY — @ — Y7,
pacuer ceuyeHHs] KOTOPOTO BBIMOJIHEH B NPUOJIMKE-
HUU y3Koro pe3onaHca [29]. CeueHue, noJsiyueHHOe
nocJsie oT60pa Mo acMMMETPHH, OblJIO HCIO0Jb30BAHO
JUIsl pacueTa BepXHUX MPeJeJoB JJisi KOHCTAHT CBSI3H
9oy = 1/Aq B 3aBucumoctn ot maccel AITY m, ¢
JI0OBepUTEbHBIM HHTepBaioM 95% 1o craHaapTHOH
npouenype, onucauHo# B [30]. [1penenbi Gbiin Bbiunc-
JieHbl B MPEANOJIOKEHHH MHTerpajibHOH CBETUMOCTH
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L =35u6n"" 1151 ABYX CJyuaes, COOTBETCTBYIOLIMX
peanuctuuroi (5%) u uupeanvhoi (100%) sddek-
TUBHOCTSIM PEKOHCTPYKILIMH eIMHMYHOro ¢oTtoHa. Ha
pUC. D MOKa3aHO CpaBHEHHE MOJIyUeHHBIX OLEHOK C
yXKe CYILIECTBYIOUIMMH OTPAHUUYEHHSIMH U OXKHae-
MbIMH BEPXHHUMH TpejieJlaMd /sl SKCIIEPUMEHTOB Ha
Bosabiiom agponHom Kosnaiinepe ua paéor [19, 27,
28].

4. UBMEPEHHME AHOMAJIbBHOT O
MATHUTHOI'O MOMEHTA 7-JIEIITOHA

CoryiacHo ToC/IeTHAM pe3dyJsibTaTaM KCrepuMeHTa
Muon g — 2 (Fermilab, CIIIA), skcriepumenTaJsibHoe
3HaueHHe aHOMaJIbHOTO MAarHUTHOTO MOMEHTa MIOOHA
M €ro TeopeTHyecKoe TpejcKazaHue pacxoasrcst 60-
Jlee, ueM Ha 4 craHjapTHbIX OTKJOHeHus [31]. 3Ha-
UUTeNIbHOE OTK/JIOHEHHEe 3HAUEHHH aHOMaJsIbHbIX Mar-
HUTHBIX MOMEHTOB MOKET YKa3bIBaTh Ha MPUCYTCTBHE
athdexToB 3a npenenamu CranaaptHoi moaenu. Ta-
KUM 06pa3oM, PelM3HOHHOEe H3MepeHHe aHOMaJIbHbIX
MAarHuTHbIX MOMEHTOB JIENTOHOB ay SIBJISIETCS AKTY-
aJIbHbIM HarpaBJeHHEM MTOUCKA HOBOH (PU3HKH.

YTouHeHHe 3HaAueHHMsl aHOMAJIbHOTO MAarHUTHOTO
MOMEHTA T-JIeNTOHA a, MPEACTaB/IsAeT 0COObIH HHTe-
pec, Tak Kak, corylacHo paciuupenussm CTaHaapTHOH
MOJIeJIH, POXKJEHHE CYNepCHMMETPHUHbIX YaCTHLL Ha
macuitabax macc nopsiaika Mg MOXKeT NMPHUBOIUTL K
paMalMOHHBIM NONPABKAaM B NIPOLECC POXKAEHUS Map
JIEMTOHOB 7y — ¢4 nopsiziKa day ~ m%/Mf, Tae my —
Macca jientoHa. Tak, aHOMaJIbHbIH MAarHUTHbBIH MOMEHT
T-JINITOHA @ MOXKeT ObITh B mz/mi ~ 280 pas Gouiee

YYBCTBUTEJLHBIM K 3(deKraMm HOBOH (PU3MKH, ueM
a, [12].

XoTs Majioe BpeMsl »KH3HH T-Jentona ~10713 ¢
He M03BOJIsIeT MPUMEHSATH H3MePeHHe TTPELeCCHH CIH-
Ha JIeNTOHa B MarHWTHOM TI0Jie JUIsl ONpejesieHust
aHOMaJILHOrO MArHMTHOrO MoMeHTa [32], B KauecTse
aJIbTePHATHBbI MOXKHO MCIIO/b30BATh M3MEPEHHs Ce-
YeHHIl POJK/IeHHs] Map T-JeNTOHOB, KOTOpble TaKKe
UyBCTBUTEbHBI K ar [33]. Komnabopauuein DELPHI
C TIOMOLIBIO TAKOTO MOAX0/1A ObLIH MOJTyYeHbl OIHH U3
HanG0J/1ee CHILHBIX OTPaHHYEHHE, /151 KOTOPBIX ObLIH
NpOBE/ieHbl M3MepeHHsl CeueHHil POXKJeHHsl nap T-
JIETITOHOB B CTOJIKHOBEHHSIX 3JIEKTPOH-TTO3HTPOHHBIX

nyukoB (ete™ — eTe”77) na kosnainepe LEP [34]:
—0.052 < a, < 0.013 (95% CL). (3)

B pamkax CraHaapTHOH Mojesd TeopeTHuecKoe

3HauyeHHe aHOMaJIbHOI'0O MAarHuTHOI'o MOMEHTa atTh =

= 0.00117721 u3BecTHO ¢ ropasno OoJibLICH TOUHO-
CTblO, TTO9TOMY YTOUHEHHE SKCIIEPUMEHTAJILHOrO 3Ha-
YEHHsl CTAaHOBUTCS 0COOEHHO BaXKHBIM BBHLY HaOJIl0-
JlaeMbIX PacXoKIeHUH J/Is1 aHOMaJIbHOTO MarHUTHOTO
MOMEHTA MIOOHA.
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C TOuKM 3peHHsl IKCNEepUMEHTa, JJisl U3MepeHHsi
CeueHHsl POXKJEHHsI T-JIENTOHHBIX Map B yJbTpare-
prdepuUecKUX CTOJKHOBEHHSX MOHOB cBHMHLIA Pb +
+ Pb — Pb + Pb 4+ 77 Hy:xHO mpou3BoauTb oTOOp
COOBITUH C IPOAYKTAMH pacrnaja 7-JenToHoB 6e3 J10-
MOJIHUTEJbHOH aKTUBHOCTH B JIETEKTOPE /151 UCKJI0Ue-
HHS TTEPEKPBITHSA C LEHTPAJbHBIMU CTOJKHOBEHHSIMH.

[Tpubausurensbho B ~80% cJiydaeB T-J1€NTOH pac-
najaercsl Ha OJIHY 3aPSKEHHYIO (2JIeKTPOHBI, MIOOHBI,
aJIpOHbI ) H HECKOJIbKO HEHTpaJsIbHbIX YaCTHLL:

™ S+ v+ v, (4)
™* 51t +nn® + Vr,

a B ocTasibHbiX =~ 20% cJjyyaeB — Ha 3 3apsiKeHHbIX
YaCTHLBI:

s AR VR Ry S S S 5)

B skcnepumentax Ha BAK 3anuch coObITHI NMpon3-
BOJIUTCSI TIPH BBIMIOJIHEHUH OTpeie/IeHHbIX TPUTTEPHBIX
YCJIOBUH — Hanpumep, NPUCYTCTBHE B COOBITHH OJ1-
HOTO WJIM HECKOJIbKHX JIENTOHOB C JIOCTATOUHBIM MO-
nepeuHbiM UMnynbcom [35—37]. TToatomy nnst orGopa
COOBITHH C MpPOAYKTaMH pacraja T-JeNnTOHHbIX Map
1esecoob6pasHo oTOUpaTh COOBITUS, B KOTOPBIX OJIMH
U3 T-JIeNITOHOB pacrafaeTcst Ha 3JeKTPOH WJIH MIOOH,
a BTOPOH — Ha OJIHY HJIH TPH 3aPsi2KEeHHbIX YACTHLBI.

4.1. Pesyabrarter skcniepumentoB ATLAS u CMS

Teopernueckue uccaenopanus aiss ATLAS u CMS
6blti npoBefenbl rpynnod M. JluHpgasa Ha ocHOBe
pacueToB B TepMHHAX OOOOIIEHHBIX BEPIIMH B3a-
umosiericTBust  poToHoB ¢ JentoHamu [15]. Ipynna
paccmaTpHBasa BO3MOXKHOCTb HM3MEPEHHs] CedyeHHH
poxnenusi jentoHoB B YIIC B cOMpoBOXKIeHUU OJI-
HOHW WJIM TpeX 3apsKeHHBIX UYACTHIL C TMOMEepPeyHbIM
umnyabcom pr > 0.5 5B/c u npeacraBuia oLeHKH
BO3MOKHBIX TIPENIEJIOB HA @, KOTOpPble MOTYT OBITb
nosyuennl KoJsnabopauusimu ATLAS u CMS ¢ uc-
MoJib30BaHUEM YyxKe HabpaHHOH cTaTHCTHKM Pb—Pb-
CTOJIKHOBEHHH TIpH /sy y = 5.02 T3B, coorsercrpy-

10111ei1 HHTerpabHOl cBeTuMOCTH L = 2 HoH L. Oxu-
JlaeMble npejiedbl, noJyueHHbie rpynnoil M. Junaana
B TPENOJNOKEHUH PeaMCTHUHBIX CHCTEMATHUYeCKHX
ou6ok Ha yposHe 5%, cocrapisitor —0.021 < a, <
< 0.017 (95% CL), uto npuGIM3HTENIbLHO B JIBa pasa
ayuiie pesysbrata DELPHI. [Tosyuennble sTof rpymn-
M0# OLIeHKH T0Ka3aHbl Ha pHc. 6.

Kosna6opauusi ATLAS npencrasusia npensapu-
TeJibHble Pe3yJbTaThl U3MEPEHHH aHOMaJbHOIO Mar-
HUTHOTO MOMeHTa T-jenTtoHa [38]. DkcrnepumeHTy
ATLAS ynanocb oro6path 532 coObITHS B KaHaJe C
OJIHOM 3apsi>KeHHOH yacTullel, 85 coObITHI B KaHaJse
C TpeMsl 3apsiKeHHbIMH YacTHUAMU U 39 coObITHI B
KaHajie ¢ MIOOHOM M 3JIEKTPOHOM B BbIOOpKE JaH-
HbIX, TIOJIy4eHHbIX B TedeHue 3Tana Run 2 paboTsl
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DELPHI
ATLAS

CMS, 68% CL

lo 2¢

ATLAS/CMS, 2 H6H', 5% sys
1% sys

ALICE, 2.7 61", 5% sys

3% sys

1% sys

~0.10-0.08 —0.06 —0.04 —0.02 0 0.02 0.04 0.06

a,

Puc. 6. BoamoxxHbie npesiesibl Ha a- B cpaBHeHuH ¢ peaysbratamd DELPHI u nocsiennumu pesyasratamu ATLAS u CMS. Ton
CTIJIOLIHON JIMHUEH NoKa3aHbl TeoOpeTHUeCKHE NPEICKA3aHusl, Hajl — SKCIepUMeHTalbHble Pe3yJbTaThl.

CoObiTuit Ha 1 [2B/c

PbPb — PbPb + 11, 5 TaB, L =2.7 HOH !
Axuenranc ALICE: e + nn/p
nl<0.9, p;>0.3T3B/c

104 ¢
1035' -
1025
[ —a,=
10'F — a,=-0.1
i — a, = +0.1
1005' L .
0 2 4

6 8 10
p§. ToB/c

Puc. 7. Pacnpenenenne coObITHI B 3aBUCHMOCTH OT MONEPEYHOT0 HMITYJIbCa JIMAMPYIOLLHMX 3JIEKTPOHOB B yJbTpanepudepuye-
ckux Pb—Pb-cTo/IKHOBEHHUSIX MTpH pas3/IMUHbIX 3HAUeHUsIX a-. PUcyHOK 3auMcTBOoBaH 13 [40].

BAK, KoTopo#i cOOTBETCTBYeT HHTerpajbHasi CBETH-
mocTh L = 1.44 u6u~!. Iocsie 06paboTKM BCex oTo-
6pannbix cobbituit B ATLAS mnosyuensl orpannue-
Hust Ha a,: (—0.051,—0.031) u (—0.058,—0.012) U
U (—0.006,0.025) nipu 68% u 95% mnoBepuTebHBIX
HUHTEpBaJiaX COOTBETCTBEHHO (cM. puc. 6). Peadysabrat
coryiacyetcsi ¢ npeackasandem CTaHaapTHONH MOJeJH
B Ipejle/1ax MOrpeliHOCTel M HAaXOJUTCsl Ha OJHOM
yposhe ¢ pesysabratom DELPHI. Crout otmeTuTh,
YTO, TIO BCEH BHMAMMOCTH, JaHHble, coOpaHHble BO
BpeMss Run 2, eule He Obid o6paGoTaHbl MOJHO-
CTb10, TIOTOMY MOXKHO 02KMJaTh HEKOTOpOe yJryullie-

HUe TpenesioB M ar. OJHAKO TOJIHAs CBETHMOCTh
L =2u6u"! coorserctByer mnpubausutensho 1200
coOBbITHSIM B KaHaJsle ¢ OJIHOH 3apsKEHHOW YacTHIleH,
MO03TOMY TOUHOCTb H3MEpEeHHSsl, BO3MOXKHO, BCE Ke
OCTaHeTCsl OrpaHUYeHHON 3HAUMTEJbHBIMA CTATHCTH-
YeCKUMH OLIMOKAMH, O KOTOPbIX TaKxKe cooOllaer
ATLAS.

Konna6opaumsa CMS rtaxkxke coobummaa o6 u3-
MepeHHH aHOMaJIbHOrO MAarHUTHOTO MOMEHTa T-
gentona [39]. CMS ynanoch oto6path B 06lleH
caoxKHocTH npubaudutesbio 100 coObITHH B BbI-
0opKe, COOTBETCTBYIOLEH UHTErPasbHONH CBETUMOCTH
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L =0.4n6u"!, u ycranosuts npeensl ¢ 68% nose-
pUTeJIbHBIM HHTepBajoM Ha ypoBHe (—0.088,0.056)
(cM. puc. 6). JlaHHbIH pe3yJsbTaT 3HAUUTENLHO XY:Ke
pesysabrata DELPHI, ogHako ecTh BO3MOXKHOCTD, UTO
OH YJIYUIIMTCA Tocse oO6paboTKH GOJbIIEro 4uc/aa
cOOBITHH, TaK KaK TOYHOCTb B JaHHbI MOMEHT CHJIbHO
OrpaHuyeHa CTaTUCTHUECKUMH OLIHOKAMM.

4.2. Ilepcniexrussr skcniepumenta ALICE

st onpenesieHst BOSMOXKHBIX MEPCHEeKTHB MPo-
BesieHust uamepenndt ¢ skcnepumentom ALICE namu
ObJIO MPOBEJICHO MOJEJIUPOBAHUE POXKAEHUS Map T-
JIEITOHOB B yJbTpanepudepuueckux CTOJKHOBEHUSIX
siiep cBHHUA. KOHCTPYKTHBHBIE OCOOEHHOCTH JeTeK-
topa ALICE nosBoJisitor siyutiie oT6MpaTh MPOLYKThI
pacnaja T-JENTOHOB B KaHaJ/e “3JIEKTPOH + MIOOH
WM T-Me30H”, MO3TOMY IpPH MOJENUPOBAHUH pac-
cMaTpuBaJjicsi UMEHHO Takod Tun coObitui. [locse
otr6opa TPEKOB MO MCEBAOOLICTPOTE W TOMNEPeUHO-
My MMMyJbCy st uyBcTBUTEbHOTO 06bema ALICE,
In| < 0.9 u pr > 300 MsB/c, nosyuenbl pacrpeie-
JIEHHSI TI0 TMOMNEepeuHoOMy HMMIYJbCy 3JEKTPOHOB ISl
pas/nuHblX 3HaueHu# ar B Pb—Pb-crosKHoBeHMsIX
npu sHepruk /syy = 5.02 T3B n unterpanbroi cee-

THMOCTH L = 2.7 HOH ™!, COOTBeTCTBYIOLIEH OKHae-
MOMY 3HAUEHHIO B MEPBbIH ojl paboTbl SKCMEPUMEHTa
Ha stane Run 3. Ha puc. 7 npencrapjieHbl npumMepsbl
TaKUX pacripeleseHn ajsi Tpex 3HaueHui a,. [Ipose-
JIeHHbIe pacueThl MOKa3bIBAIOT, UTO B T€UEHHE OJIHOTO
ronga skcnepumentT ALICE wmoxker oto6path, B Jyu-
iem cjyuae, 6e3 yuera 3pQeKTHBHOCTH PEKOHCTPYK-
n coObitii, npubausutesbio 70000 curHagbHbBIX
COOBITUH, YTO 3aMeTHO Jyullle oObeMa JAHHBIX, KO-
TOpbI UMeeTCsl Ha IaHHBI MOMEHT B 9KCIepUMeHTaX
ATLAS u CMS.

[TosyueHHble pacrpesesieHUsi MCIOJb30BAHbI J/Is1
OLIeHKHM BO3MOKHbIX OTpaHUUYeHUH Ha 3HAUEHHE ., KO-
TOpble MOTYT ObITb NoJ1yueHbl 3kcriepumMentom ALICE.
PesysibTathl pacueToB /7151 TpeX 3HaU€HHUH CUCTeMaTH-
veckux oun6ok (1%, 3%, 5%) nokasanbl Ha puc. 6.
Kak BHIHO M3 cpaBHEeHHs] BO3MOXKHBIX MPEAEJOB C
JPYTHMH TEOpPETHUECKUMHU TPEeICKA3aHUSIMU U SKCIIe-
pumeHTaJbHbIMH pesysbratamu, Y ALICE ectb B0O3-
MOXKHOCTb MOJIYUMTb KOHKYPEHTOCIIOCOOHbBIE pe3yJib-
TaThl Jla2Ke MPU CAMOM MECCUMUCTHUHOM YPOBHE OLLIU-
60K. CaMblil ONTHMHUCTHUHBIH CLIEHAPHH, JJ151 KOTOPOTO
cHucTeMaTHUeCKHe OLIMOKH HaxojsTest Ha ypoBHe 1%,
MOXKHO TIOMBITATbCS Peaju30BaTh MyTeM H3MepeHHst
OTHOLLIEHHS] CeUEHHs Tpolecca 77y — TT K CeUeHHIo
POXKJIEHHsT Tap JAPYTHX JIENTOHOB ~yy — ee(pp) st
MCKJIIOUEHHS JOTIOJIHUTEIbHBIX CUCTEMATHUECKUX MO-
TPELIHOCTEH, CBSI3aHHBIX, HAIIPUMeEp, C ONpeaeJeHHeM
CBETHMOCTH.
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5. BAKJIIOUEHHKE

B nanHoii paGote npoBejieH aHaJU3 TEKYLLUX pe-
3yJIbTaTOB M OYAyLIUX MEPCTeKTHB B 06J1aCTH MOUC-
Ka rposiBieHuil HoBol ¢usuku B YI1C. B uyactHo-
CTH, PACCMOTPEHBI aKTyaJibHble Pe3yJbTaThl U3Mepe-
HUI CeueHWi paccesiHUsl CBeTa Ha CBeTe W MOMCKa
aKCHOHOMOA06HBIX yacTull B skcrniepumentax ATLAS
u CMS, npoBesieHbl pacueTbl Isl OLLEHKH Mepcrek-
THB TaKHX MCCJIEI0BAHUI Ha OymIyllleM 3KCIepuMeHTe
HOBOI'O MOKOJIeHUs1 Ha BoJiblioM aapoHHOM KoJinaii-
nepe — ALICE 3. K nacrosiiemy momenty ATLAS
u CMS nposesu Haubosiee MOJHbIE H3MEPEHUS pac-
CesiHUSl CBeTa Ha CBeTe B 00J1aCTH Macc JAHU(OTOHOB

ot 5 110 100 [3B/c?, n peay/ibTaThi NpeaBapHTEILHOTO
ncesieoBannsi nokaswiBatot, uto y ALICE 3 ectb
XOpOUINe MepCreKTUBbl VI paclUMpeHHsl H3MepeHui
B 06J1aCTh MaJibIX Macc.

[IpencraBnennbie ATLAS u CMS skcnepumeH-
TaJlbHble Pe3yJbTaTbl 110 M3MEPEHHI0 aHOMaJbHOIo
MarHMTHOTO MOMEHTa T-JIeNTOHA [0Ka3bIBAIOT, 4TO
3KCrepuMenThl Ha Bosbliom aaponHoMm KoJuiainepe
MOTYT TMOJIyUHTb 3HAUYEHHS, CPAaBHUMblE C pe3yJ/bTa-
tom DELPHI. IlpensaputensHoe uccienoBanue s
skcnepumenTa ALICE Takke ykasbiBaeT Ha BO3MOXK-
HOCTb T10Jy4eHHs] KOHKYPEHTOCNOCOOHBIX pesyJibTa-
TOB, 0COOEHHO B CJlyuae, eCJiM YAaCTCsl CHU3UTh CHCTe-
MaTHYeCKHe MOrPeLHOCTH.

HccnenoBanne BbIMosHEHO MPH PUHAHCOBOH MOJI-
nepxkke Poccuiickoro onna yH1aMeHTaNbHbIX HC-
caenoBanuil B pamkax mnpoekra Ne 21-52-14006,
Poccuiickoro HayuyHoro coHaa B pamKax IMpoekTa
No 22-42-04405 u ABctpuiickoro HayuHoro hoHa B
cootBeTcTBHH ¢ rpoekToM Ne [ 5277-N.
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SEARCH FOR NEW PHYSICS WITH ULTRA-PERIPHERAL COLLISIONS
AT THE LHC

N. A. Burmasov")?)

D National Research Center “Kurchatov Institute” — PNPI, Gatchina, Russia
2 Moscow Institute of Physics and Technology, Dolgoprudny, Russia

Ultra-peripheral collisions are a special type of heavy-ion collisions in which strong interactions are
suppressed due to large impact parameters between the incoming nuclei. Such conditions provide a unique
opportunity to study two-photon interactions. In particular, recently there has been growing interest in
studying processes such as tau-lepton pair production and light-by-light scattering, since deviations of the
cross sections of these processes from the predictions of the Standard Model could indicate the effects of
new physics. In addition, there is an interest in the search for the possible production of axion-like particles
in light-by-light scattering at small invariant masses. In this paper, we discuss the latest results from the
Large Hadron Collider experiments on measurements of the anomalous magnetic moment of tau lepton,
light-by-light scattering measurements and search for axion-like particles. The prospects for the future

measurements with the ALICE experiment are considered.
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