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T.e. c1abo, YTO TapaHTUPYETCS CUMMETPUSIMU TEOPHH,
KUPaJIbHOU 11t (PEPMHUOHOB U KaJIUOPOBOYHON 1Jist 0030-
HOB. Tako#l cmMMmeTpum, KoTOopas 3amperiaia Obl CTOJIb
CUJIBHYIO 3aBHCHUMOCTBH MAacChl OT Macmitaba, B ciiydyae
ckassipHoro 603oHa Xurrca HeT. Eciiu moTpeboBaTh, 4T00bB!
MompaBKu K Macce 0030Ha XUITCa HE MPEBBIIAA CAMOU
Maccel, OMy < My, TO orpaHuyueHre Ha A COCTaBUT BEJIM-
ynHy, MeHbInyto 1 TaB, uTo HaxomuTcs yxke Ha TpaHH
MPOTUBOPEYNS C JAHHBIMH, MOCKOJIbKY HUKAKOW "HOBOU
¢usuku" Ha TakoM MacwTabe IOKa He OOHapyXeHo. DTa
TPYIHOCTb, BO3MOXHO TEXHUYECKasi, HOCUT Ha3BaHUE
"npo6ieMbl Mabix uepapxuit". s eé pelenus, mo-Buam-
MOMY, HEOOXOAMMO YTO-TO B gomnojiHeHue Kk CM.

B maHHOIT KOPOTKOH CTaThe MBI PACCMOTPEJH, B OCHOB-
HOM, 3JiekTpociadyro wactb CM c mexamm3mom BEH,
MOSIBJICHUE, CBOWCTBA 0030Ha XWITCAa W OTPAHUYCHUS HA
Hero. CuibHyto yacTb CM, KBAaHTOBYIO XPOMOAMHAMUKY,
¢usuky matpuiel CKM, pu3uKy HeWTPUHHOTO CEKTOPa, KaK
¥ MHOTHE APYrue BOMPOCHI, MbI He 3aTparuBaiu. [Touck u
obOHapyxenmne 0o3ona Xwurrca Ha LHC B skcnepumenTax
CMS (Compact Muon Solenoid) u ATLAS (A Toroidal
LHC ApparatuS), cieactBusi 3Toro OTKpbITHS, TPYIHOCTH
CM, teopeTnyeckue uaeu Bbixonaa 3a pamkd CM M mOUCKH
a¢dexToB "HOBOI Pusuku" 06CYKIAOTCS B APYIUX JAOKJIA-
JIax, IpeJCTaBJICHHBIX HA HAY4HO ceccun OTaeeHus Gusn-
vyecknx Hayk PAH "®usuka Ha BosbIioM agpoHHOM KOJI-
naiinepe. Bozon Xurrca" 26 gespais 2014 r.

ABTOp BhIpaxkaer OjaromapHocth B.A. PybakoBy 3a
MpeIOKEHUE TOArOTOBUTh JaHHBIA JokJaa. Pabora BbI-
MOJIHEHA TIPM YaCTUYHON (uHAHCOBO# mommepxkke PODU
(rpanT 12-02-93108-HLIHWJI-a) u I[Iporpammoit moaaepx-
KM Beylux Hay4yHbIX ko (rpant HII-3042.2014.2).
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Pe3yabTarel koanadopamun CMS:
0030H XHITCA H IOUCKH HOBOW (PU3NKH

A.B. Jlaués'!

1. Beenenue

ITpenckazanust CrannaptHoit monenn (CM) xoportio onu-
CbIBalOT HaburogmaeMyro (U3UKY 3JIEMEHTAPHBIX YACTHII.
Baxmnas cocraBHas yactb CM — mexaHu3Mm bpayra-—
DHrjepa— Xurrca, B KOTOPOM BBOJUTCSI CKAJISIPHOE TOJIE
Xurrca ¢ HeHyJIeBBIM BaKyYMHBIM OXHIAHUEM B Pe3yJIbTATe
CHIOHTAHHOTO HAPYIICHUS] CAMMETPHUH; 32 CUET B3aMMOIEeH-
CTBHS C 9TUM MOJIEM BO3HUKAIOT HEHYJIEBbIE MACChI DJIEMEH-
TapHBIX YAaCTHUI], a U3-32 KBAHTOBBIX BO30YXIECHUH OIS
Xurrca mosiBJIsieTCsl HOBasi 9JIeMeHTapHas 4acTuia — 0030H
Xurrca. OJIHAKO 10 HEJJABHEI'O BPEMEHHU HE OBLIO 3KCIIEPH-
MEHTAJILbHOTO TOATBEPKICHUS CYIIeCTBOBAaHMUS 0030HA
Xwurrca. OIHOW U3 TJIABHBIX Iiejiell coopyxkenus boJbmoro
anponHoro koiuaiinepa (Large Hadron Collider, LHC) B
EBpomnelickoii opraHuzamuu SIACPHBIX MCCIETOBAHUN
(LIEPH, IIsefiniapusi) ObLJIO BBISCHEHUE TOTO, CYIIECTBYET
7 0030H XHITCa, KAKOBA €r0 Macca, COOTBETCTBYIOT JIU €70
xapaktepuctuku CM. Ilpu 3TOM Ha MOJIHOW NMPOEKTHOH
SHEPIWU B CHCTEME IIEHTPA MAacC CTAJIKUBAIOIIUXCS MPOTO-
HOB /s = 14 T5B u HepBOHAYAILHO IUTAHUPYEMOI HHTEr-
pasbHoil cBetumoctu £ df = 300 ¢6~! mosmkHbl GbLIM pO-
W30UTH KaKWe-TO OTKPBITHS: min 0030HA XWITCa, WU
JIPYTUX HOBBIX CHJIbHBIX 3(QQEKTOB, OCKOJIbKY HHAUYe MpPU
sHepruu 6ozee 1 T?B mpowmcxomuno Obl neprypdaTuBHOE
HapyIlICHHE YHUTAPHOCTH B PACCESIHUH TPOMEXYTOUHBIX
BEKTOPHBIX 0030HOB [1]. JIpyrumu riiaBHbIMU (PU3HUECKUMU
nenasmu coopyxkenuss LHC sBasimuch moucku (uU3MKU BHE

1 Ot umenu xosutabopanuu CMS.
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Puc. 1. CocraBubie yactu gerekropa CMS.

oHHBIiT coneHon (CMS)

CBepXIpoBOISILIMIA
COJICHOU Kpemuuessrit

CTPUIOBBII AETEKTOP

TTukcenbHbIH IeTEKTOP

A MIOOHHBIE
JIeTEKTOPBI

CM, BoruUtoniaroIiend pa3jnyHble UIeH, TAKAE KaK HapyIle-
HHME BJIEKTPOCIaboil CUMMETpPUHU, MpodIeMa Uepapxuid,
BKJIFOUEHUE TPABUTAIMN B KBAHTOBYIO Teopurio, Beimkoe
00beIMHEHNE, CYNEPCUMMETPHsI, CYIIECTBOBAHHUE YACTHI]
TéMHOI MaTepuu u ap. [2, 3].

B HacrosieM KpaTKoM COOOIIIEHUH TIPEICTABJICH 0030
HanboJiee MHTEPECHBIX MOCJIeIHUX Pe3yJIbTATOB KoJutabopa-
mun CMS, Brirouasi oTKpeITHe 60030Ha Xurrca [4, 5] u pen-
Kkoro pacrajaa Bg — ptu™ [6], a Takke MOUCKOB (DU3UKU BHE
CTaHaapTHON MOJICJIN Ha TIOJIHBIX TAHHBIX TIEPBOTO CEaHCa,
nposeaéunoro B 2011 —-2012 rr. na LHC npu sueprum /s = 7
u 8 ToB.

2. lerekTop CMS

Kommaxtaeiit Mroouusiit cosienonn (Compact Muon Sole-
noid, CMS) sBisieTcsi O/HUM U3 JIBYX JIETEKTOPOB OOIIEro
Ha3HaveHus, pacnoJioxkeHHbix Ha LHC (puc. 1). Ums emy
JIaJl caMblii OOJIBIIION B MHUPE CBEPXIPOBOISIIUN COJICHOU/T
C BHYTPEHHHM OHaMeTpoM 6 M, mimHOu 12,5 M m MaraHuT-
HbIM ToJieM 3,8 Tu1, OXJIaKJAaeMblidl KUJIKAM TeJIHeM IpU
temnepatype —269 °C. B nienTpe cojieHon1a, BOKPYT TOYKU
B3aMMOJCHUCTBUSI MPOTOHHBIX IMYy4YyKOB ¢ 3Hepruer 4 ToB,
HAXOJIUTCSl KPEMHUEBBIA TPEKEP, PEKOHCTPYUPYIOLINI Bep-
IIMHBI B3aUMOJICHCTBHSI M UMITYJIbCHI 3aPSDKEHHBIX YACTHIL
10 KPUBU3HE TPEKOB B MATHHTHOM IIOJIeé TPH TCEBIO-
6picTpoTax 1o || < 2,5 (T.e. MO MOJSAPHOMY YIriay [0
6 >9,4° B COOTBETCTBHUHU C OIpEIeJICHHEM IICEBIOOBI-
cTpotsl = —Intan (6/2)]). Bokpyr Tpekepa pacmoso-
JKEHbl MOHHM3ALUOHHBIE KaJIOPUMETPHL: 1) 3JIEKTPOMArHUT-
HBI KaJIOpUMETP Ha KpHCTallaX BoJibppamMaTa CBUHIIA
PbWO,, BoccTaHABIMBAKOIINI KOOPJAUHATHI U IHEPTHUU
9JIEKTPOMATHUTHBIX JIMBHEH M OTPEACISIOMUN TEM CaMbIM
KOOPJIMHATBHI M SHEPTUU (POTOHOB, IJIEKTPOHOB U MO3UTPO-
HOB IIpH HCeBIOOBICTpOTAX 10 || < 3; 2) anpoHHbII Kao-
PUMETp HA OCHOBE CJIOEB JIATYHH M CHUHTHJLISTOPA, OMpeie-
JISFOIIMI MTapaMeTphl aIpOHHBIX JINBHEW U aJPOHHBIX CTPYH.

Tpekep U KaJIOPUMETPBI HAXOAATCS BHYTPH CBEPXIIPOBOIS-
LIETO COJICHOWAA, Aajlee PACIOJIOKEHbI BO3BPATHOE SIPMO
MarHHTa U MIOOHHA$ CHCTeMa B obuactd || < 2,4, cocros-
mast U3 MITHHAPUIECKON YaCcTH Ha OCHOBE JIpeii(poBbIX TpyO,
TOPIICBOM YaCTH HA OCHOBE KATOJIHO-CTPHIIOBBIX Kamep, a
TaK)X€ PE3UCTUBHBIX IUIOCKHX KaMep At ObICTpOil BhIpa-
GOTKH MIOOHHOTO Tpurrepa B obsactu |n| < 1,6. Cucrema
o0ecreynBaeT BOCCTAHOBJIEHHE MIOOHHBIX TPEKOB C TOY-
HocThiO 0 (pr)/pr < 0,05 B 00JACTH MONEPEUHBIX UMILYJIb-
coB 10 pr < 1 TaB B mmnmuagpuueckoii yactu. deranbHoe
OIMCaHME JETEKTOPOB U UX XapaKTEPUCTUK MPUBEIEHO B [7,
8]. B moyiHOM cniekTpe MHBapUAHTHBIX MAacC MIOOHHBIX Iap Ha
pHc. 2 BUIHBI U3BECTHBIE PE30HAHCHI B 00J1aCTH Macc OT 1 10
100 I'3B; bmaromapst XxopoIeMy UMIYJIECHOMY Pa3pelieHHIo
OTYETJINBO BBIJEISIOTCS OTIEIbHBIE MUKUA OT OCHOBHOTO
cocTosiHusl uncuyioH-me3oHa Y (1S) u pagnaabHbIX BO30YX-
nenuit Y (2S), Y(3S). IlepBbiii pusmueckuit ceaHc pabOTHI
3aBepii€éH B 2012 r. — ObLIM HaOpaHBI MHTETpaJIbHbBIC
cBeTEMOCTH 0K0JI0 5 1 20 6! mpu snepruu /s = 7u 8 T2B
COOTBETCTBeHHO. CBETHMOCTH JIOCTHTJIA BEJIUYUHBI L =
=7x 10 ecm~2¢c!, a cpeanee wmcno B3amMomeiicTBII Ha
OJHO MPOTOH-NIPOTOHHOE CTOJKHOBEHUE TOCTHUIJIO 3HAYECHHS
21. Herextop CMS addextuBHo paboTan npu Takou
3arpy3ke: Obuto 3ammcaHo 6omyee 90 % IaHHBIX BBICOKOTO
Ka4ecTBa, YTO MO3BOJIMIIO COBEPIIUTH OTKPBLITHE O030HA
Xurrca u Apyrout HHTEPEeCHO! (UK.

3. OTkpbiTHE 6030HA XHITCA

CranmgapTHasi MOAeb OCHOBAaHA Ha MexaHu3Mme bpayra-—
DHrnepa— Xurrca CHOHTAHHOTO HAPYIIEHHS CHMMETPUH C
MOMOIIBIO BBEACHUS CKAJSIPHOTO IOJS C HEHYJIEBBIM
BaKYYMHBIM OXHIAHUEM, YTO MO3BOJISIET MPUIATH HEHYJIE-
BbIE MACChI JIEMEHTAPHBIM YaCTHUIIAM, OCTABAasICh B PAMKax
nepeHopmupyemMoir Teopun mosist [9, 10]. OcHOBHBIE Bexu
nmouckoB 6o3ona Xurrca B IIEPH u CMS BreIrasgenu
creqyrommm oopazom [11]. B magae 2000-x ro1oB 3KcIiepu-
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Puc. 2. I/I3M€pCHHI>Ie CIIEKTPBI HHBAPUAHTHBIX MaCC JUMIOOHOB B IIMPOKOM AUAIIa30HE C pa3JIMYHBIMU TPUTTECPHBIMU MY TAMU.

MEHTBI Ha OOJIBIIIOM 3JIEKTPOH-TIO3UTPOHHOM KoJuIanepe
LEP (Large Electron-Positron collider) mpu /s = 209 I'sB
HCKJIFOUnIIM Macchl 0030Ha Xurrca CM menee 114,4 3B [12].
T'moGanbHBIM aHANMM3 BCE COBOKYNMHOCTH MPENU3UOHHBIX
9JIEKTPOCTAOBIX U3MEPEHUI MMO3BOJINI CIENATh MpeacKa3a-
HHUe Maccel 0030Ha XUITCa my = 99f%§ I'3B [13]. Janssle,
Habpannable Ha CMS B 2011 r., ykazayiu Ha CylIECTBOBaHHE
nyka npu 125 I'sB B pacnpenesieHnu 1o Macce co CTaTUCTHYE-
CKO#f 3HAYUMOCTBIO 2,8 CTAaHAAPTHBIX OTKJIOHCHHU (0) W
MO3BOJIWJIM UCKJIFOUUTh Auana3on macc 127-600 B [14].
KoMOuHMpoBaHHBIE TaHHBIE KCIEpUMEHTOB B JlabopaTto-
pun um. D. ®epmu (Depmuiabd) npu /s = 1,96 ToB umenu B
2012 r. npeBblllIeHUE, KOTOPOE OBbLIO HECOBMECTHUMO C
runoTe3oi ¢poHa Ha ypoBHE 0koJio 3 ¢ [15]. 4 urosist 2012 1. B
LIEPHe coctosinicst crenuaibHBIl ceMUHAP, HA KOTOPOM
kosutabopamuun ATLAS (A Toroidal LHC ApparatuS) u
CMS 1o naHHBIM C MHTETPAJIbHOW CBETUMOCTBIO OKOJIO
10 6! u /s =78 B monokum 0 HabIOIEHAN CO
3HAYMMOCTBIO ~ 50 (B KaXIOM IKCIEPUMEHTE) HOBOIO
0030Ha ¢ Maccoit okojo 125 I'3B, coBmMecTuMoOro ¢ 6030HOM
Xurrca CM; B konne wuroyisi 2012 r. pe3yiabTaThl ObLIX
TOCJIaHbl B )KypHaJ Physics Letters [4, 16]. Jlasiee HA MOJIHBIX
nanabix 2012 r. ObLIa CYHIECTBEHHO MOBBIINIEHA TOYHOCTH
A3MEPEHUIA, YTO TO3BOJIMIO ONPEACIUTh CIHH U YETHOCTH
6030Ha ¥ MOJIyYUTh CBUIETENLCTBO O KaHAIaX €ro pacnajaa
Ha (epmuonsl (T, bb) [17], a Takxke CyIIECTBEHHO TIOBBICHTh
TOYHOCTH U3MepeHnii. Huke B 3TOM paszzelie onuchIBArOTCS
pe3yJbTaThl, MOoJy4YeHHbIe KoJutaboparnueit CMS Ha moJIHBIX
nmaHabIX 2011 —-2012 rr. ¢ HHTETpATbHBIMU CBETUMOCT SIMU 10
5,1 p6~' mpu /s = 7 ToB u 19,7 $6~! ipu /5 = 8 T3B.
IMounck 6o030Ha XWrrca NMPOBOJMJICS B ISTH TJIABHBIX
KaHaJlax pacrajaa ¢ HanboJIbIIeH 0K1U1aeMOM 3HAYMMOCTBEO
Ha LHC: yy, ZZ* — 41, WW* — v v, 11, bb, rzie 3Bé3104K0ii
(%) OTMEUEeHBI BUPTYaIbHbIE acTHIIEL, @ [ = ¢, p*. [lepnbie
JIBa KaHajla JAar0T HAWJIYYIIYI0 3HAYUMOCTbH U OT/ICJICHHE
curiaia ot ¢oHa Ojaroaapsi XOpouUIeMy pa3pelieHuro 1o
macce (oy /M = 1-2%), npyrue KaHajabl UMEIOT HAUOOIIb-
IIMe BEPOSITHOCTU pacnaja. [isi Toro 4roObl M30ekaTh
HEHAMEPEHHOU CMEIIEHHON OIIEHKH, BCE KPUTEPUU OTOOPOB

ObUTH (PUKCHPOBAHBI IO MPOBEICHUS aHAIN3a CUTHAJIBHOMN
o0JracTu (Tak Ha3bIBA€MbIH CIIETION aHAIN3).

1. ITpn momcke pacmajza B KaHaje Yy HCIOJIb30BAJICS
MHOTONapaMeTpuieckuii MeTos aHaiu3a (YCUJICHHBIE Ie-
peBbsi puHATUS pelieHnii — boosted decision trees) s
otbopa u kitaccudpukanuu coowrTuii [18]. MHOTOTapamMeTpu-
YEeCKHI aHaIW3 MO3BOJIWI YBEJIMYHTH OXUAAEMYIO 3HAYM-
MOCTh Ha 15 % Mo CpaBHEHUIO C TAKOBOU MO pe3yjIbTaTam
HE3aBUCHMOTO aHAJN3a, TPAKTHYECKH UICHTUYHOTO OIIUCAH-
HOMY B pabote 1o aHayiu3y aaHHbIX 2011 r. ¢ ucnosb30Ba-
HUEM TPOCTHIX KPHUTEPHEB, OCHOBAHHBIX Ha OOpe3aHUsX.
B3BemeHHass THCTOTpaMMa C MAacCOBBIM CHEKTPOM TIpeI-
cTaBJieHa Ha pHUC. 3a, T1e, HeCMOTPsI Ha OOJIBIIION KOMOWHA-
TOPHBIH (OH, ICHO BHUJIEH UK B oOsiact Maccel 125 B [19].
PucyHnok 30 moka3biBaeT COOTBETCTBYIOIIIEE p-3HAUCHUE, T.€.
BEpPOSATHOCTB TOTO, UTO (iIyKTyanuu poHa Oy/1yT HE MEHBbIIIE,
1eM HabJrrogaeMoe npesbliienue; npu 125 B oTkioneHne
Ja€T CTAaTUCTUYECKYIO 3HA4YUMOCTh 5,6 ¢ [20]. MHTeHCUB-
HOCTh CHTHAJjia, ompeesiseMasi Kak OTHOIIIEHHE TPOU3BEIe-
HUSI CEYEHUS] U COOTBETCTBYIOIIEH BEPOSTHOCTH pacmajga
oTHOcHUTeNbHO oOxumaHuss CM, cocTtaBisieT u = o/asy =
= 1,13+ 0,24 [20].

2. Ipu mowucke B "3010TOM" Kanaje ZZ* ucrnosb3oBa-
JINCh TPU BO3MOXKHBIX MOJKaHaIa pacnagoB Z-0030HOB Ha
naphbl JETITOHOB: 4|1, 211 2e u 4e. TpeboBajoch HaM4YKMe IBYX
nap MPOTUBOIOJIOXKHO 3aPSDKEHHBIX U30JIMPOBAHHBIX MIOO-
HOB WJI 3JIEKTPOHOB U3 OJHOHN NMepBUYHON BepInHbl. KaHnan
SIBJISIETCSI TOCTATOYHO YHCTBHIM: TJIABHEIE (DOHBI BKIIFOUAJIN B
ceOsl HeMPUBOJIUMOE POXJICHUE ZZ W MPUBOJUMBIE (DOHBI:
poxnaenue Z + cTpyn, Zbb, tt, WZ. Ha nomydeHHOM Macco-
BBIM CIIeKTpe (pHUC. 3B) SICHO BHJIEH Y3KHH MUK TPH Macce
okoJio 125 I'B [21].

IMockompky pacnag H — ZZ* — 4l nponcxoIuT HUXKE T10-
pora poXxAeHHs CUCTeMbI ABYX Z-6030H0B (2myz ~ 182 ['3B >
> my ~ 125 I'3B), oTHOCUTEIbHAS BEPOSITHOCTL pacnaja
mana: Br(H — ZZ* — 41) = 1,26 x 10~ npu macce 125 I'sB
[22]. Ansa yaydilleHus BBIJCJICHUS CUTHAJIA ObLI MPUMEHEH
METO/I, UCTOJB3YIOUINA pPAa3HUIy MATPHYHLIX 3JIEMEHTOB
qutst 6030Ha Xurrca CM u (poHa, — MOIXO/T TPABIOTIO 00U
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Puc. 4. (B uBete onaiin.) Pacupenenenus coObituii ZZ* — 41 11 KHHEMAaTHYECKOT O TUCKPUMUHAHTA Kp ¥ 1141, IIBET MIOKA3BIBAET INIOTHOCTH COOBITHIA,
oxuaaeMyro s pona (a) u 6030na Xurrca CM (6). CoObITHS TOKa3aHbI CHMBOJIAMH, TOPHU30HTAJIbHBIE OTPE3KH MOKA3BIBAIOT OXKHIAEMOE MAaCCOBOE

pasperieHue.

MaTpuuHbIX dsieMeHToB (Matrix Element Likelihood Appro-
ach, MELA) [23, 24]. Vcnonb3ys Bce MATh WMEIOIIUXCS
YIJIOB 4YETHIPEX JINTOHOB M Maccel Mz, u Mz, oboux Z-
KaHIUOATOB, MOXHO 3aMUCATh OCHOBAHHBIA HA OTHOIIICHUU
BEPOSITHOCTEW TUNOTE3 CHTHajta U (OHA KUHEMATUYECKUN
auckpuMuHAHT Kp = Pgje/(Psig + Pokg), KOTOPBIH MOXKHO
HCIIOJIB30BaTh B OOIIEH (DYHKIUHM MPaBAONOI00Us, YTOOBI
YBEJIUYUTD OXHIaeMyto 3HauuMocTh Ha 15—-20 %. Ha nBy-
MEPHBIX PACIPEICIICHUSIX IS OKUIAeMOro (hOHA U CHTHAIIA
6030Ha Xurrca CM (puc. 4) BUAHO, YTO IKCIIEPUMEHTATbHBIC

TOYKH XOPOIIO OMKCHIBAIOTCS THIOTE30i 0o30Ha Xwurrca
CM (puc. 406), ocoOeHHO il OOJIBIINUX BEJIMYUH JTUCKPUMHU-
HaHTa. [Tosyyaromascs: 3aBUCUMOCTD p-3HAYCHUS, TOKa3aH-
Hasi Ha puc. 3r [21], cooTBeTcTBYEeT 3HaUUMoOcTH 6,5 [20].
WHTeHCHMBHOCTD CcHMTHAla ZZ* COCTaBISeT [ = 0/0sm =
= 1,00 £+ 0,29 [20].

IMuprHa muka, U3MEpEeHHAs MOCPEICTBOM €ro MpsiMoii
anmnpokcuMaIuu, e npesbiana 3,4 3B [21], Ho npu yuére
coOBITHIT poXIeHUsT 6030Ha XUrTca BHE MacCOBOM MOBEPX-
HOCTH, BIUIOTH 10 WHBapmaHTHOU Maccel 800 I'3B, mpenen
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Puc. 5. (a) [IBymepHasi iuarpaMma HHTEHCUBHOCTH CHTHAJIa U Macchl 6030Ha. (0) 3aBUCMMOCTH 3HAYCHUI KOHCTAHT B3aUMO/ICHCTBHS 3JIeMEHTAPHBIX
qacTull c 0030HOM OT UX Macchl. (B) Pacnipenenenue norapudma oTHoeHUs GyHKIUI MPaBAONOI00uUS A1 TUIIOTE3 MOJIOKUTEIBHOM U OTpUIIATEIbHON

y€THOCTel 6030Ha; CTpesIKa MOKA3hIBAET IKCIEPUMEHTAIbHYI0 TouKy CMS.

IAPUHBI YAaETcst yMeHbIHTh B 150 pa3z — mo 22 M»aB [25],
YTO TOJBKO B IISITH Pa3 MPEBBIIIAET TEOPETHUSCKOE 3HAUCHIE
mmpuHb! 6030Ha Xurrca 4,15 MaB B CM [26].

3. B xanasne pacnana H — WW*, rie W-6030HbI pacna-
JTAIOTCS Ha 3aPsDKEHHBIE JIITOHBI M HEUTPUHO, TOCIIEAHNE HEe
PETUCTPUPYIOTCSI B IETEKTOPE M MPUBOAST K IOSIBICHHUIO
OOJIBIIION MOTEPSHHON TMOMEPEYHON SHEPTHUU E}mss. B pe-
3yJIbTaTe BO3HHUKACT MPEBBINICHWE CUTHAIa HajJ (HOHOM B
IMPOKOH 00J1ACTH 1O TTOTIEPEYHO Macce M CO CTaTUCTHYE-
CKOI1 3HAaYUMOCTBIO 4,7 0. VIHTEHCUBHOCTb CHUI'HaJIa COCTaB-
aseT u = a/asmy = 0,83 £ 0,21 [20, 27].

4. KaHasbl pacnajgoB Ha (pepMHOHBI TT U bb obnamaror
60JIBIIIOI BEpOSITHOCTHIO, HO CTPAAAIOT OT OOJIBIIOTO (hOHA
or CM [17]. B xamayie Tt craTWCTHYeCKas 3HAYUMOCTH
paBHslack 3,80, a MHTEHCHBHOCTb CHTHAJIa COCTaBJIsijIa
uw=091+0,27 20, 28].

5. B kananme bb TpebyroTcs mBe CTpyHm OT b-KBapKOB,
coxparieHre (poHa mpoucxoaut 3a cY€T TpeOOBaHUS acco-
MUAPOBAHHOTO poXxacHUST W- mm Z-6030HO0B. 3HAYNMOCTh
paBHsiach 2,0 6, MHTEHCUBHOCTh CHTHAJIA COCTABIIsIA [ =
= 0,93 £ 0,49 [20, 29].

KombOunanus Bcex msTu KaHajaoB (cM. Tabiuily) maét
Mo pesyjiabTaTaM (UTUPOBAHUS MHTEHCHBHOCTb CHTHAJa
o/osm = 1,00 £ 0,13 [20], coBMecTHMYIO C OXHIAHUEM
6o3ona Xurrca CM; WHTEHCHBHOCTH CHTHAja IJIsl pa3-
JIMYHBIX KaHAJOB Takxe coBmecTuMbl co CM. Mame-
peHue Macchl HOBOro OO030Ha [Jajio 3HAYeHHe my =

Taémmua. CBozka pe3yIbTaTOB AJIsl Pa3JIMYHBIX KAaHAJIOB pacnana 6030Ha
Xurrca ¥ uxX KOMOHHAIMHU: HAOMIOAEHHBIE U OXMIAEMBIE JIOKAJIbHBIE
p-3HaveHus 1t my = 125 I'5B (BbIpakeHHbIE B CTAHAAPTHBIX OTKJIOHE-
HUSIX HaOJIFOJEHHOTO MPEBBIICHUS Il THUIOTE3bl YUCTOro (oHa), a
TaK)Ke MHTEHCHBHOCTH CHTHAJlA U MACCBHL, IIOJIyYeHHBIE ITOCPEACTBOM
(uTHpOBAHMUS 1O IKCIIEPIMEHTAILHBIM JaHHBIM [20]

Kanan 3HauuMocTh () Curnai Macca My,
acnaia =0/o I'sB
P Hab6umro- | Oxuna- s fosm
JaemMast emast
77 6,5 6,3 1,004+0,29 | 1256404402
vy 5,6 5,3 1,13+0,24 | 124,70 £0,31 +0,15
WW 47 54 0,83+021 | 1282735
T 3,8 3,9 0,91+ 0,27
bb 2,0 23 0,93 + 0,49
KomObuHanus Bcex KaHaJIoB: 1,00+ 0,13 125,03f8:§gfg:{g

= 125,03703% (crar.) 0|3 (cuet.) TaB [20]. Pucynok Sa moxa-
3BIBAET IBYMEPHBIH rpadik CUTHAIA U MACCHI.

Hnst Toro 4to0Obl IPOBEPHUTH, COBIANAIOT JIM CBOHCTBA
OTKpBITOro 6030Ha co cBoiicTBamu 06o30Ha Xwurrca CM,
HEOOXOAMMO M3MEPUTh €ro KOHCTAHTBHI B3aMMOACHCTBHN ¢
Pa3IMYHBIME TTOJISIMH. [lepBbIME pe3yibTaTaMy TaKOH Mpo-
BepKH OBbLTO (DUTUPOBAHME IO IKCIIEPHMEHTAJILHBIM IaH-
HbIM HaboOpa KOHCTAHT /Ul BEKTOPHBIX dYacTuil (Kky) H
bepmuonoB (kg), kKoTopoe naét 3HavyeHus ky € [0,88, 1,15]
u kg € (0,64, 1,16] [20]. U3mepeH Takxe OoJiee MOJHBIN
Habop KOHCTAHT I yactui T, b, W, Z, t [20], npu 3TOM
OKa3bIBAETCS, YTO KOHCTAHTHI MPSIMO MPOMOPIUOHAIBHBI
MaccaMm vacturl (puc. 50), kak U TOJDKHO OBITH it 0030HA,
SIBJISIFOITIETOCST KBAHTOBBIMH (DITYKTyaIsiMu TIOJIs XHUITCAa,
KOTOpoe AaéT Macchl 3JIEMEHTapHBIM dYacTuiaMm. TpyaHo
MIPECTAaBUTb, YTOOBI MOAOOHAS TOYHAS HPONOPLUOHAIb-
HOCTb MOTJIa BO3HHKHYTBH Ha MaclITa0e ABYX MOPSIKOB IO
Macce Mo KaKO-TO Ipyroil Ipu4YnHe.

Haxownen, ucnoJib3yst yrjIoBble pacipeiesieHus] TpOIyK-
TOB pacmnaja, He0OXOAUMO MPOBEPUTDH TUIIOTE3bI PA3THMIHBIX
cmoB u uétHoctH. CM Tpebyer coctosiHms JFC = 0+,
W3BectHO, uTO cnuH 1 uckmrou€H mo teopeme Jlanmay-—
Slura [30—32] (cratbs [30] Brkirouena B Cooparue mpyoos
JI.A. Janmnay [31]), Tak kak O030H pacmajaercs Ha mMmapy
(doronoB. U3-3a sToro xe pacmaga C-4€THOCTH JOJDKHA
ObITh MOJIOXUTENbHOU. Pacnpenenenue sorapudma oTHO-
meHus GyHKIUM IpaBaono 00us sl TUIIOTE3 MOJIOKUTEb-
HOW W oTpunarteabHoil P-uéTHOCTEl moka3zaHo HA puc. SB.
Buano, uto akcniepumenTaibHasi Touka CMS cooTBeTCTBYET
MoJIOXKHUTENbHOW P-u€THOCTH, OTpumaTtenbHass P-4€THOCTH
ucxiroueHa Ha 99,9 % [21]. [TomoOGHBIM 00pa3oM HCKIIIO-
4yeHbl TAKXXe CUHbI 1 1 2 ¢ BeposiTHOCTsIMU OoJiee yeM 99 % .

B pe3ynbTate oTKpBITHSI 6030HAa XUITCA U ONPE/IEIICHUS
€ro XxapaKTepUCTUK ObLIa mpucyxaeHa HobeneBckas mpeMust
no ¢usuke 2013 roma comectro [Murepy Xurrcy u @pancya
Duriepy "3a TEOPETUYECKOE OTKPBITHE MEXaHU3MA, KOTO-
PphIii 0bOecevrIT TOHUMAaHKUE TPOUCXOXKICHU S MACChI 2JIEMEH-
TapHBIX YaCTHUIl M KOTOPBIM HETaBHO ObUI MOATBEPKAEH
OTKPBITHEM MPEICKA3aHHON AJIEMEHTAPHON YaCTHUIIBI B IKC-
nepumentax ATLAS m CMS na BosbmoMm aapoHHOM
kosutaiaepe B LIEPHe" [33].

IMponoymkaroTcsl UCCIeIOBAHUS OPYIMX MOJ pacmaia
6030Ha Xurrca. Tak, HampuMep, NPOBEAEHbI MOUCKH PEl-
Koro pacnaga H — ptu™, KOTOpPBIA IMeET OTHOCUTEILHYIO
BeposiTHOCTh B CM Br(H — ppu~) = 2,2 x 10~ TIpu unre-
rpambHOI cBeTmMocTH 25 6~ Haiimen mpemen p =74
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(oxumaeMblit mpeaen p = 5,1) Ha 95%-HOM ypoOBHE 1OCTO-
BepHoctH (Confidence Level, CL) [34]. Oxunaercs OTKpbITHE
pacnaga H — ptp~ mpu [ £dr ~ 1000 6! u /s = 14 ToB.
ITpoBeneHbl MOUCKU AOMOJHUTEILHOTO 0030Ha XWrrca co
cBoiicTBaMu kak B CM, uckiirouén nuamna3oH macc go 1 TaB
pu 99 % CL [35]. IToka HEeT 10Ka3aTeIbCTB CYILIECTBOBAHMS
6030Ha Xurrca 3a npeaeiaamu CM.

Takum 00Opa3om, MOXKHO TOJBECTH UTOT Pe3yJIbTATOB
TOMCKOB: HOBAas YaCTHIA OYEHb MOX0Xa Ha O030H, Ipend-
CKa3aHHBIA pocToil Monenbto bpayra—OHriepa— Xurrca,
— 3TO CKaJSIPHOE MOJIe C KOHCTAHTAMH CBSI3U, KOTOpPBIC
MPOTOPIMOHAJIBHBI MacCe YacTHIl. DTa YacTula odsagaeT
BceMH cBolicTBaMu 6030Ha Xurrca CM B npejiesiax TEeKYIIX
norpemHocteit. B xomme ¢aszer 2 LHC, uepes 20 ier,
OXHIAeTCsl MHTErpajbHas CBeTHMOCTh ~ 3000 6~ mpum
v/s =14 T3B, 4TO MO3BOJUT NMPOBECTH AAJbHEHINE MPO-
BEpKM U u3ydeHue (pu3uku 0030Ha Xurrca, B YaCTHOCTH
JIOCTUTHYTh 2—5%-HOM TOYHOCTU M3MEpPEHHs] KOHCTAHT
cBsi3u 0o30Ha Xurrca s y, Z, W [36]. BeposiTHO, BaxkHEH-
UM H3MEPEHHEM I10CjIe COOCTBEHHO OTKPBITHS XHITCa
OyJleT u3MepeHne KOHCTAHT XUITCOBCKOTO IMOTEHIUAJIA, YTO
BO3MOJXHO MPU U3YyYEHUH OJHOBPEMEHHOI'O POXKICHUS IBYX
6030H0B XUITCa IPU UCIOJIB30BAHUU JAHHBIX C HHTETPaJib-
HEIMH cBeTHMOCTsIMH 3000 6! B TIepCIIeK THBHBIX KaHATAX
¢ OOJILIIMMHU OTHOCHUTENBHBIMU BEPOSITHOCTSAME pacmaja
tuna bbyy umm bbtt [36]. Byayiue HaG0p U AHATIN3 TaHHbIX
MO3BOJISIT TPOBECTH 0OoJiee CTPOTYIO TPOBEPKY CBOMCTB
HOBOro 0030HA U MCCJIEOOBAHMS TOTO, O3HAYAIOT JIU CBOM-
CTBa HOBOW yacTuibl Hajnuue puznku BHe CM.

4. N3y4enue nponeccoB B CTanaapTHoii Moe/m
OtkpeiTie 6030Ha Xurrca Ha LHC emé pa3 moarBepanio
TpuyMpanpnoe mecrsue CM B (u3uke 3JeMEHTapHBIX
yactun. Jpyrum BaxsHbIM pesyiabratom CMS crano
OTKpBITHE pesikoro pacmana B — pp~, noucku kotoporo
MPOMCXOAWIIN B PA3JIUYHBIX JSKCHEpUMEHTaX YXe Ha IMpo-
TspkeHUH 30 JIeT ¢ MOCTeNeHHO MOBBIMIAIONIeHCS TOY-
HOocThi0. B CM 3TOT pacmaja moJaBiieH, MOCKOJIBKY OH
OIMCBHIBAETCS IMETJIEBBIMU AUMArpaMMaMH MUHIBUHOBOTO U
GOKCOBOTO THIIOB, W, KPOME TOTO, 3AMpPELIEH 1O CHHPAJIb-
Hoctu. OTHOcuUTedbHAs BEpOSATHOCTH pacmaga B CM
Br(Bs — pfp~) = (3,6 £0,3) x 10~°, nostomy stoT mpo-
[ecc YyBCTBUTENIEH K mouckam ¢usuku BHe CM [37]. B
HOs10pe 2012 r. koymabopanuss LHCb nepast coobmmina o
HaOJIIOJICHUH 3TOr0 pacnaja Ha YpPOBHE 3HAUYUMOCTH 3,50
[38]. Ha Kongepenuu no ¢gusuke BhICOKUX 3Hepruit EBpo-
nieiickoro ¢usnueckoro odmecrsa (EPS HEP) B urone 2013 .
B Crokronbme konabopamus CMS mpencraBuiia pes3yiib-
tatel Br(Bs — ptp~) = (3,01’&8) x 10~ (3HaummocTs 4,3 ¢),
ycraHoByieH BepxHwmii mpegen Br(B® — pfu~) < 1,1 x 107°
npu 95 % CL [6]. O6a pe3ynbraTa HaXOIATCS B COTJIACHU C
npenckazanusiMu CM, TeM caMbIM OblIa UCKITIOYEHA YacTh
($ha30BOro MPOCTPAHCTBA HEKOTOPBIX CYNEPCUMMETPUIHBIX
MozeJien.

Bt mosyyen komMOuHUpoBaHHBIN pesyiabraT CMS nu
LHCb: Br(B, — p*u~) = (2,940,7) x 10~%, koTOpHIii cOB-
mectuM ¢ CM co cTaTUCTUYECKON 3HAYUMOCThIO 5a [39].
O6paboTka JAaHHBIX IPH MTOJTHON MHTET PAILHON CBETUMOCTH
3000 6" u /s = 14 T3B B asze 2 LHC gomxna no3BoJUTh
JIOCTHYb CTATUCTUIECKON 3HAYMMOCTH O0JIee 5 0 TAKKE U IS
pacnaga B — ptu~ [40].

Camblii TSXKENIBIH KBapK, TOM-KBApK t, C MAaccoil OKOJIO
173 T3B 6bu1 oTKpBIT B 1995 1. Ha koyaiigepe Tevatron
(baraBus, CIHIA). B mocieaune roaer LHC Takke MOXHO
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paccmaTpuBaTh Kak "tom-¢abpuky", Ha KOTOpOW pou-
JIOCh HECKOJILKO MUJIJTMOHOB t-KBapKoB. B skcmepummeHnTtax
ATLAS u CMS 1o gannsmv 2011 1. ipu cBetuMoct 5 p6 !
TOYHOCTB OIIPEEICHNs] MacChl TON-KBapka M, H3MepeHue
KOTOPOW BaXHO IJIsi BOIpoca CTabmIbHOCTH Bakyyma [1],
JIOCTUIJIAa TOYHOCTHM Ha KoJjulainepe Tevatron, anamus
KOMOMHAIIMM JAHHBIX BCEX OIKCIIEPUMEHTOB JaJl 3HAUYEHHE
M = 173,34 £ 0,76 I'3B [41]. I3mepeHbl ceyeHust mMapHOTO
PpOXIeHus t-KBAPKOB TpH /s = 8 TaB g; = 239 &+ 2 (cTar.)+
+11 (cuct.) £ 6 (cBetumocTh) 16 [42], KOTOpBIE XOPOLIO
coryacyrorces ¢ npenckazanueM CM o = 237,5+ 13,1 n6, n
CeYeHUs] OJMHOYHOIO POXKIEHHS t-KBapka B Hpoleccax
3JIEKTPOCTAOBIX B3aUMOJCUCTBHI B pa3IMYHBIX KaHAJaX:
oy = 83,6 + 2.3+ 7,44 20,0 16 [43], oow = 23,4775 u6 [44],
o5 = 6,2f§j(1) 6 [45]. [lomydeHo Takxe MHOKECTBO IPYTHUX
MHTEPECHBIX PE3yJbTATOB MCCIENOBAHUN B (u3MKe t-KBAD-
KOB, 3JIeKTpocsiaboii ¢pusuke u npyrux odnactsax CM.

B 2010 r. B pp-CTOJIKHOBEHUSX TP /35 = 7 T2B BriepBbIe
ObLT OOHApYXXEH TaK Ha3bIBaeMbIil puk-3¢dekT (0T aHrII.
ridge — xpebeT), KOTOPBIA 3aKJIFOYAeTCsl B HAOIIOJCHUU
KOppeJIuil YacThIl B y3KoM auana3oHe no A¢ ~ 0 (a3umy-
TaJILHBIHA YroJ1 BOKPYT OCH ITy4Ka), HO B IIMPOKOM IHANIa30HE
nmo Ax (YyroJ OTHOCHTEIBHO OCH TIyYKa) B COOBITHSIX C
OOJIBIIMMHA MHOXECTBEHHOCTSIMU [46]. Takxum o0Gpazom,
HEKOTOpPBIE TPl YACTHIl C OOJILIIUMU Al OPUEHTUPOBAHBI
IO CBOMM HAIIPABJICHASIM BIOJb OJHOTO M TOTO K€ a3UMYy-
TaJLHOTO YIJIa ¢, KaK eCJIM OBl TaKWe YaCTHUIbI POXKIAIIIChH
KOT€PEHTHO B TOYKE B3aMMOJEHCTBUSI MPOTOHOB. DTO OT-
KpPBbITHE IPHUBEJO K IMOTOKY BO3MOXHBIX OOBSICHEHUH Ha
OCHOBE PA3JINYHBIX MEXaHU3MOB: KOHICHCAT IBETHOTO CTEK-
JIa, MHOYKECTBEHHBIE B3aMMOICHCTBYSI, THIPOINHAMHIIECKOE
onucanue u ap. [47]. [Toznnaee 3T0T 3P PeKT ObLIT HOATBEPK-
nén kosutabopamusimu ATLAS u ALICE (A Large Ion
Collider Experiment), a Takxe HaOrogajcs ¢ 0oJjiee BbICO-
KMMH KOppEJSIUsIMH B TPOTOH-syiepHbIX (pPb) u siapo-
snepHbIX (Pb Pb) B3aumopeiictBusix Ha CMS [48, 49].

Pox/ieHre JIENTOHHBIX Map B MPOTOH-MPOTOHHBIX CTOJI-
KHOBeHUsIX onuchiBaeTcs B CM o6MeHOM Y*/Z B s-kaHale
(npouecc dpesia—SHa), TeopeTudecke pacu€éThbl BEAYTCS B
npubmmkennn NNLO (Next-to-Next Leading Order) B pam-
KaX KBAHTOBOW XPOMOIMHAMUKY U SIBJISIOTCS YyBCTBUTEIb-
HBIMHU K MApTOHHOMY cocTaBy npoTona. duddepenmmannb-
HBle ceyeHus nponeccoB pemta— Sna do/dm uzmepensr B
CMS B obustactu macc ot 15 7o 2000 I'3B (puc. 6a), usmepeHsl
Takxke aBoitHbIe qupdepennmabube cevenns d’e/dmd|y|,
rjae y — OBICTpOTA MUJICITOHHOW MAaphl, IPU 3TOM HAOJIIO-
JlaeTcst Xxopoluee corjlacue ¢ npeackaszanusmu CM [50, S1].
N3mepenue nponeccoB B CM BaxxkHO Kak 17151 mpoBepku CM,
TaK W JUISl YJIy4IIeHUs IPeJCKa3anuil Oy Iynux U3MEepeHHUH,
MOCKOJIbKY Tipotieccbl CM sBIIsIFOTCS OHOM KakK IS IPYTUX
W3MEPEHU, TaK ¥ JJIsl TOMCKA HOBOW (PU3HKH.

5. Ioucku ¢uzuxn e CrangapTHoil moaesn

IMoucku HOBOU (pu3mky Ha CMS BBINTOJTHSUIACH B Pa3HBIX
KaHaJIax JUIsl pa3JIMYHBIX TEOPETUUECKUX MOJIETIeH, TIpeJICKa-
3BIBAIOIINX OTKJIOHEHHsI 0T CM. O1HUM M3 BaXKHBIX HAIIPaB-
JIEHUH SIBJISI€TCS MIOUCK y3KUX PE30HAHCOB B ABYXJIEITOHHBIX
KaHaJax (IMMIOOHHOM U JMA3JIEKTPOHHOM), KOTOPBIE paHee
yKe 3apeKOMEH/IOBAIIN Ce0sl B KAUECTBE YMCTHIX KAHAJIOB TSI
MOUCKA HOBBIX 4YacTUIl. MHOrME MOJEJU HOBOU (PU3MKHU
IPEICKa3bIBAIOT CYLLIECTBOBAHME Y3KUX PE30HAHCOB B T3B-
HOM 00JIaCTH MHBApPUAHTHON Macchl Mapbl 3apsKEHHBIX
nentoHoB [52, 53]. K Takum mMopensiM, B 4aCTHOCTH,
otHocsites: 1) IlocnenoBaTenpHas cTaHmapTHas MOJENb
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Puc. 6. (a) CriekTp MHBapHMAHTHBIX MACC IPEJUI-THOBCKHX Map, u3Mepennblit Ha CMS u nipenckazanibiii NNLO-BbIYUCICHUSIMH, 7151 TOJTHOTO (ha30BOro
mpoctpancTBa. (6) IIpemenbl ceveHM POXACHUS Y3KUX AWICNITOHHBIX PE3OHAHCOB B 3aBHCHMOCTH OT MX HMHBAPHUAHTHBIX MACC B CPABHEHHH C

npeacKa3aHusIMu Mojeieit pusuku Bae CM.

(Sequential Standard Model, SSM), obo3Hauaemasi kak
Z{s\»> © TEMHU ke KOHCTaHTaMu CBsi3H, 4To n B CM; 2) mo-
Ji( Z\L, npejckasbiBaeMasi B Teopusix Benukoro oObeamnne-
Hus [52]; 3) monens Psppann—Cannpyma (RS1) ¢ omnoi
JIOTIOJTHUTEIbHOU MPOCTPAHCTBEHHON PA3MEPHOCTBIO C KPU-
BU3HOW, B KOTOPOW BO3HUKAIOT BO30YXIEHHBIE KaJlyla-
KJIEHHOBCKHE COCTOSIHUS TPaBUTOHOB [54]. B mocnemnem
uzmepennr CMS HCIoJIb30BAIUCE TaHHBIE TIpH +/s = 8 T3B
C MHTErpajIbHBIMU CBETHMOCTSMH BILIOTH 10 20 Gp6~! xak B
JIIUMIOOHHBIX, TaK W JHUAJIEKTPOHHOM KaHanax [55]. ITouck
PE30HAHCOB OCYIIECTBIISJICS MO aHAIM3y (HOPMBI CIEKTpa
JUJIENTOHHBIX MAcC, sl TOTO YTOOBI N30eKaTh 3aBUCHMO-
CTH OT HEONpeJeIEHHOCTEH aOCONFOTHOTO YpoBHS (oHA.
ITockobKy CIIEKTPBI 0Ka3aJIMCh COBMECTUMBIMU C TIPEJICKa-
3aHussMu CM, ObuH ompejesieHbl BepXHHE IMpeaesibl Ipo-
U3BEJICHUS CEUEHUSI U OTHOCUTEJILHBIX BEPOSTHOCTEN paciia-
JIOB Z' B JIENTOHHBIE TIAPBI M0 OTHOIIEHHIO K IPOU3BE/ICHUIO
CEUCHMS U OTHOCHTEJIbHBIX BEPOSITHOCTEH pacnana Z-0030Ha
B JenToHHble napsl B CM. BepxHue npezesibl OTHOLICHUS
CEUCHHUS

_olpp—=Z'+ X = 11 +X)
° alpp— Z+X —1+X)

)

noJiyuyeHHble Ha 95%-HOM ypoBHE JOCTOBEPHOCTH, MOKa-
3aHBl Ha pHC. 60 [JIs KOMOWHAIMU OOOWMX JIMJICTITOHHBIX
kaHaoB. IIoCKOJBKY B CHEKTpe Macc He OOHapyXeHO
3HAYUTEJIBHBIX NMUKOB, YCTAHOBJIEHBI CIIEAYIOLINE HUKHUE
npenensl Maccsl Z'-pesonancos: 2960 B mis Zigy, u
2600 I'sB ns Z‘L [55]. Pe3ynbTaThl MOTYT OBITH 0OOOIIIEHBI
Ui IpYrux Mojesie [56]. YcTaHOBJIGHBI Npedaesbl s
JPYTUX BO3MOXHBIX MO pacmnana Z’'. B mepcnektuse s
JIAMIOOHOB 1IpH /s = 14 T9B u uHTErpasbHON CBETUMOCTH
300 6! MOXHO HamesThCS AOCTHYL 3HAYEHHI Macc 4,6—
5,2 ToB (aas moneneit Z;—Zggy), @ TP CBETUMOCTH
3000 6! — 3Havennit Macc 10 5,6—6,2 T3B [36].

OmaumM u3 HauboJsiee SIPKUX MPeICKa3aHUid TCOPUN HU3-
KOBHEPreTUYECKON KBAHTOBOW TPABUTAIIMU SIBJISIETCS BO3-
MOHOCTb POXIEHHs B HPOTOH-MPOTOHHBIX CTOJIKHOBE-
Husx npu 3Heprusx LHC mMukpockonuueckux 4€pHBIX JbIP
[57, 58]. Takme Momenn MOTHBHPOBAHBI TJIABHBIM OOpa-

30M OOJIBIIION pa3HUICH MEXAY 3JIEKTPOCIa00W IIKaJon
(~ 0,1 T3B) u mIanKoBcKkUM Macmrabom (Mp ~ 106 TaB),
WU3BECTHOU Kak mpobsiema nepapxuid. bbln mpoBeA¢H HOBBIN
AHAJIN3 POXICHUS MHUKPOCKOIMYECKAX YEPHBIX JbIP B
mopaenu Apkanu-Xamena, Jumomnynoca u dBanu (Arkani-
Hamed, Dimopoulos, Dvali — ADD) [59] no maHHbIM nipu
/s = 8 T3B c unTerpanbHoii cBeTEMOcTbI0 12 H6~! [60] 1
YCTAHOBJICHBI LTSI OJIYKJIACCHYECKUX YEPHBIX JBIP MPEIebl
macc Huxke 4,3—6,2 T3B. IToucku 3¢(pexTOB TOMOTHUTEb-
HBIX U3MepeHuii [61] Takxke OCYIIECTBIISIIINCH B CIIEKTPE Macc
nu(OTOHOB [62], TUMIOOHOB [63] U AMAJIEKTPOHOB [64], UTO
TO3BOJINJIO UCKJIFOUUTD IIKAJTy CTPYHHOTO Macmrtabda M no
4,94 THB.

Bosbimoit mHTEpEeC BBI3BIBAIOT MOWCKM Ha KoJulaiimepe
yacTul TEMHOH MaTepuu (c1a00B3aMMOAECHCTBYIOIUX Mac-
cuBHbIX uyactun, — Weakly Interacting Massive Particles,
WIMPs). Ha CMS Takue noucku MpOU3BOAWINCH B COOBI-
TUSX C JHEPTUYHOU CTPYEHR —FE%1iss [65] wm >HEPrUYHBIM
JIEITOHOM +E{“iss [66], a Takxxe B kKaHAJIe C aCCOIMUPOBAH-
HBIM pOXJeHHeM t-kBapkoB [67]. Yucio coObITHII coBMe-
cTUMO ¢ oxunanusMu B CM, onpeniesieHsl Ipeesibl ceueHui
paccessHUSI TEMHOM MaTepuM Ha HYKJIOHE IS Pa3JIMYHBIX
MojeJiel B3auMOIeHCTBUS.

Kak m3BecTHO M3 Teopwii OapuworeHe3uca, HapylleHHe
b6apuonnoro uncia (HBY) sBisiercs ogqHuM M3 HeoOXodu-
MBIX yCJIOBHI HabJIro1aeMoi GaproHHOW acuMMeTpun Bee-
JieHHoi [68 —70] (craThbs [68] BocipousseaeHa B YO H [69]).
Cunbabie 3pdextsl HBY npeacka3biBatoTCs BO MHOTUX MO-
nensix sBie CM. Ha CMS HBUY Ob1i10 ucciie1oBaHoO B paciajie
t-kBapka t — bCp*, Koraa Apyroii t-kBapk B COOBITHH pac-
HagaeTcsi OObIMHBIM 06pazom: t — W™ b — d i b. Vceranos-
sied nipeaent 0,0015 mpu 95 % CL oTtHOCHTEILHON BEpOST-
HOCTH runoTeTudeckoro pacnaga ¢ HbU t — 14 2j[71].

OpnHolt w3 HaumboJiee MOMYJISIPHBIX MOJEIe HOBOU
¢usnkn Ha ToB-HOM MacmiTabe SHepruil sIBISETCS CyIep-
CUMMETpHSsI, B KOTOPOU Y KaXJAOW 3JIEMEHTAPHON YaCTHUIIBI
MOSIBJISICTCS CYyNEepHapTHEP CO CIMHOM, OTJIMYAFOIIUMCS Ha
1/2, u xoTOpas MO3BOJSET JIUKBUAUPOBATH KBAIPATHIHYIO
pacxoAMMOCTh paJUAIIMOHHBIX MOMPABOK K Macce 0030Ha
Xurrca, oObeAMHUTH KAJIMOPOBOYHBIE KOHCTAHTBHI CBSI3U
CIUTBHBIX, CITA0BIX M 3JIEKTPOMATHUTHBIX B3aUMOICHCTBUM 1
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00ecneunTh CyIIeCTBOBAHUE YacThIl TEMHON MaTepuu. be3
TOYHOU HACTpoOiiku Teopuu (Kputepuii "HatypasibHocTh')
Macchl CynepnapTHEPOB HE MOJDKHBI OBITh MHOTO OoOJIbIle
1 T3B [72]. [Toucku cynepcUMMETPHUYHBIX YACTHUIL B PA3JIAY-
HBIX KaHaJIaX MoKa He JaJIU TMOJIOXKUTEIBHBIX Pe3yJIbTaTOB.
Tax, Hanpumep, I MapTHEPA TIOOHA (TJIFOMHO g) ycTa-
HOBJIEHO OrpaHuyenue Ha mMaccy mg = 1,3 ToB. [{na unre-
rpaibHoii cBetuMocTu 300 6~ mpu /s = 14 T3B mnanu-
pyeTcst ToBeCcTH npezes Macehl riaronHo 1o 2 TaB [36].

B CMS Obun Takxe BBINOJHEHbl M MHOTHE JpYrue
MOUCKM OTKJIOHeHHi o CM; Ha caiite kosutaboparmu [73]
JIOCTYIHBI CBOJKH IOJIYYSHHBIX MPEIEIOB JJIsl MAcC U Mac-
mTaboB I pa3IMYHbIX Mojeei ¢pusznku BHe CM U CCBLIKA
Ha OIyOJMKOBAaHHBIE PAOOTHI.

6. 3ax/r04eHne

WTak, MOXHO KOHCTAaTUPOBAThb, YTO Oyarogapsi OTIMIHON
padore LHC u merektopa CMS HaOpaH 00JbIoi 00BEM
JIAHHBIX MPOTOH-TIPOTOHHBIX CTOJKHOBEHUI: MHTETpajbHas
csetumocTh 5 $6~! mpu /s=7 ToB u 20 $6~! npn
/s =8 TsB. Ilpu moucke 6030na Xurrca CM B msATH
KaHaJIaxX pacrajia HaiJeH HOBBbIM O030H ¢ Maccoil OKoJIo
125 I'sB. CusnbHble CUTHAJbl CO CTATHUCTUYECKONH 3HAYM-
MOCTBIO OoJiee YeM B 5S¢ HaiijieHbl NpU aHAJIM3e KaHAJIOB
pacmaga H — yy u H — ZZ* — 4/, pe3ynbTaThl B APYruX
KaHaJlaX pacrnaja TakKXe IMOJHOCTBIO COTJIACYIOTCS C IMpe-
ckazanusiMu CM. HoBas yactuna oveHb noxoxa Ha 0030H,
MpecKa3aHHbId mpocToil Moaeiabio bpayra—Hriepa—
Xurrca: 9TO CKaJSIpHOE TMOJIe ¢ KOHCTAHTAMU CBSI3U, MPO-
MOPIUOHATBHBIME MaccaM dactull. HoBast yactuma obua-
JlaeT BceMH cBoiicTBamu 0o3oHa Xurrca CM B mpemenax
TeKyImux norpermHocteil. Habop Oyaymux JTaHHBIX MO3BO-
JIUT TIPOBECTU Oo0Jjiee CTPOTYHO MPOBEPKY CBOWCTB HOBOT'O
0030HAa 1 UCCJIEAOBAHUS TOTO, O3HAYAFOT JIM CBOMCTBA HOBOI1
qacTuibl Haauuue pusznku BHe CM.

ITpoBenensr noucku npoueccoB B CM U MOUCKH HOBOM
¢usnkn Bae CM, cletaHo TOJIr0 OXHUAABIIeeCs] OTKPBITHE
penkoro pacnama Bs — puTuT W HeoXumaHHO OOHApYKEH
puIK-3(GEKT B IPOTOH-IPOTOHHBIX CTOJKHOBEHUSIX B KOP-
PeNSIIUSX YaCTHIl, MMEIOIINX OOJIBIIYIO PAa3HUILY MOJISPHBIX
yrjoB. PesynbraThl B o0Omactu CM HCHOIB3YIOTCS IS
YTOYHEHUS CTPYKTYPHBIX QYHKIIMN TAPTOHOB U B TEOPETHYE-
CKUX pacuéTax B BBICOKHMX TOPSIKAX 10 TEOPHH BO3MYIIIE-
Huil. B mowuckax ¢uszukum BHe CM 3KCIEpUMEHT CMOT, B
Y4aCTHOCTH, UCKJIFOUYUTDH HOBBIE YACTHLBI B 00J1acTH Mace 2 —
3 T>B B nunentonnsix kaHasax u 5 THB B kanane gByX cTpyH,
YTO TO3BOJIMIIO YIYYIIUTE MPE/ebl, OJTyYeHHbIE B MPE/IbI-
nynmx uccienoBanusix [73]. Criemyromume ceaHChl HA TIOJTHOM
snepruu LHC 13—14 T3B npuBenyT K yBeJIMYEHUIO TOYHO-
CTU U3MEPEHU, a aHAIM3 JAHHBIX 1aCT OTBETHI HA aKTyaJlb-
HbIe BONIPOCHI Teopuu. Hemb3s Takke cOpachlBaTh co cuéra
BO3MOXHOCTbH OTKDBITHS elI¢ He MpPeACKa3aHHBIX TeopHei
HEOXXHIAHHBIX SIBJICHAN B (PM3MKe BLICOKUX YHEPTUH, KaK yxKe
6b1Basto B iporioM. C JaHHBIMHA HA YBEJIMYCHHBIX SHEPTHSIX
u cBeTUMOCTAX Kojutabopamuss CMS Oyaer cnocoOHa k
PACIIMPEHUIO UCCIIETOBAHHON 00JACTH MOUCKOB MPOIIECCOB
(usuku Bae CM [36].

K Becune 2014 r. xommabopamuss CMS omybiukoBaia
okoJio 300 craTeil, 1 UX YUCIIO MPOJOJIKAET YBEIMUYNBATHCSI.
B 3TOM KpaTKOM COOOIICHNHU Npe/ICTaBjIeH 0030p HanboJiee
MHTEPECHBIX MOCIEAHUX pe3yabTaToB CMS, 10noJHUTENb-
HYI0 HH()OpMAIIIO MOXKHO HAiiTH, HanIpuMep, Ha caiite CMS
JUUTSE TyOJIMYHBIX (PU3UIECKUX Pe3yIbTaTOB [73].

7*

ABTOp OsaromapeH uieHam koJsutabopanum CMS 3a
IJIOAOTBOPHOE COTPYIHUYECTBO, a Takxe U.A. TonyTBuny
u B.A. PybGakoBy 3a mpemiokeHrue BBICTYIMUTb HA HAYYHOU
ceccun OTaenenus pusnueckux Hayk PAH.
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XHUIrrcoBcKHil 0030H OTKPBIT: 4TO JaJjibiie?
J.N. Kazakos

1. BBenenne

OTKpbITHE XUTTCOBCKOTO 0030HA [1, 2] B 2012 1. 1 mpuCyx-
neune HoOeneBckoit mpemuun B 2013 T. 03HAMEHOBAJHU
BaXHBIN 3Tal B (pU3MKe 37I€MEHTAPHBIX YacCTHIl. BbLT 3kcme-
PUMEHTAJILHO MOATBEPXKIEH TEOPETHUECKH MPEICKa3aHHBIN
okoJio 50 JieT Ha3al MeXaHU3M reHepanuu Macc GyHIaMeH-
TaJbHBIX YACTHUI[ — MEXAaHU3M CIOHTAHHOTO HAPYIICHUS
cummetpun bpayra—Ournepa—Xurrca [3, 4]. Tem cambim
CrangaptHas mozaenb (CM) dyHIaMeHTATbHBIX B3aUMO-
JIeMCTBUH MOJIy4nsIa JOrMYECKOE 3aBEpIUEHUE U IpUoopesa
cratyc ctangaptaoi reopun. I[Tox CM (Standard Model —
SM) moHuMaeTCsl ONMHUCAHUE CUJIBHBIX, CJIAOBIX U 3JIEKTPO-
MAaTrHUTHBIX B3aUMOJCHCTBHN MEXOy KBapKaMH W JIETTO-
HaMH, OCHOBAHHOE Ha KaJMOPOBOYHOU TEOPHUM C IpYyNIION
cummvertpuu SU(3), x SU(2), x U(1)y. Ilpu aToM KBapku
SIBJISIFOTCSI TPUILIETAMMU, A JIENTOHBI — CUHIJIETAMHU ['PYIIIbI
SU(3),, JieBble KOMITOHEHTBI KBAPKOB U JISITOHOB IIPE/ICTaB-
Isr0T coboit ay6ietsl rpymmel SU(2);, a mpaBble KOMIIO-
HEHTBI — CHHIJIETBI, M BCE OHU UMEIOT THIIep3apsif] COTJIACHO
rpynne U(l)y. CoctaB mojeil MaTepuu U NEPEHOCYHKOB
4eThIpEX (yHIaMEHTaJbHBIX B3aumoneiictBuit CM mpen-
craBieH Ha puc. 1. K yxe W3BeCTHbIM 4YacTuIaM, BCE U3
KOTOPBIX ObUIA OTKPBITHI B XX B., J00aBUJICS XUTTCOBCKUN
0030H, OTKpBITHIH yke B XXI B.
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Puc. 1. CrapmaptHas Mopenb (yHIAMEHTAIBLHBIX B3aNMOJEHCTBHI

(cornacHo [5)).
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