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BmecTto npegucaoBud

Korna Hrops TonyrBun ckazan mHe, utro OUAW nnanupyer
ony6J/JIMKOBaTh Ha PYCCKOM SI3blKe Hally CTaTbio 00 OTKPBITHH 0030Ha
Xurrca Ha bosbliom agpoHHOM Koasakaepe, s oueHb oOpanoBaJcs
10 LeJIOMY Py NPHYHH.

W. A.Toayteun u . Tonenau. dy6Ha, 2014 r.

Bo-nepBeix, OUAN — GeccrniopHo BeqylUH UHCTUTYT B 06JaCTH
(U3UKH BBICOKHX 3Hepruiél B Poccun M OmMH M3 JydlIHX B MHPE.
Kpome Toro, nns meHst GoJiblias yecThb y3HaTb, 4TO Halla pabora
CTaHeT JOCTYIIHa MOJIOJABIM CIeLHaNUCTaM U CTyIeHTaM.

Bo-BTophiX, 5 cam odeHb Temyno oTHomych K OUAW. Iy6na
cTasa pPOAHOH MJs OJHOIO M3 CaMBIX BblAawmolIMXcs ydyeHbIX XX B.
Bpyno [Tontekopso. On pomuncs u yuuics B [Iuse, u teneps pusn-
4yecKUH (aky/abTeT yHUBepcuTeTa B [1M3e HAXOAMUTCS HA TEPPUTOPHH
TNPOMBILLIJIEHHOI'0 KOMILJIeKCca, paHee NMpUHaJJ/exabllero ceMbe [Ton-
TeKOpBO, a bpyHo, Hapsay ¢ DHpuko Pepmu, — TaBHBIH KyMHD
¥ TpUMep AJis TIOApaKaHusl Uil KayKJIOro CTYAeHTa Halllero yHHUBep-
curera.

Jly6Ha sBJI1sieTCcsl OCHOBHOH slaGopaTopueil, BOKPYT KOTOPOH cop-
mupoBaJsack Kojsnadopauuss RDMS (Russia and Dubna Member
States) Bo rnaBe ¢ Hropem [onyTBHHBEIM, CBITpaBlias KJ/IOUEBYIO



8 Bmecmo npeducrosus

poJsib B moarotoBke skcneprMenTa CMS 1 BHeciIasi orpoMHbIH BKJaL
B CO3[aHHE M BBOJ B IKCIJYaTAllMI0 OCHOBHBIX KOMIIOHEHTOB MIOOH-
HBIX CHUCTEM W KajopuMmeTpuu netektopa CMS.

U nocnennee, Ho He MeHee BaxxHoe: Mropp — Mo# crapeiil ApyrT,
BMecCTe ¢ KOTOPbIM MBI IJIeYOM K miedy nposesu 6ogee 20 jet. baa-
rogapsi ero BBIJAIILIMMCS YCHJIUSM Obli oOHapy»keH 6030H XWHrrca,
U CerojHsl Hallla KoJjabopauus 3aHHMaeT JUAUPYIOLIHe [O3ULHN
B MOMCKAX HOBOW (hU3WKH. S yBepeH, UTO MpH MOCTOSTHHOM y4acTHUH
u nonzepxkke Mrops u RDMS konna6opanuss CMS noctoiiHO BeTpe-
THUT JII0Oble BBI30BbI MHKPOMHMpA.

4 Hapetochb, 4yTO 3Ta paboTa BHECET CBOIO JIENTY B JaBHEe COTPY/-
Hu4yecTBo Mexny Jly6Hol u Iln3o#, a Takke B pa3BUTHE MOJOLOIO
TMOKOJIEHHUS] yUeHbIX, KOTOPBIM MPENCTOUT peIliaTb HOBBIE 3araigku
BcesieHHOH U MaTepuu.

T'sudo Tonersru



BBenenue

Crannaptaast momesb (CM) ¢ 6o/bIIOH TOYHOCTBIO OMUCHIBAET
OTPOMHO€ YHCJIO IKCIIEPUMEHTANbHBIX Pe3Y/IbTAaTOB, MOJYYEHHBIX MPH
MCCJ/IeI0BAaHUH B3aUMOIEHCTBHH 3/IeMEHTAPHBIX YACTHIL HA SHEPreTH-
4eCcKOM MaciuTabe BIJIOTh 0 HECKOJNBKHUX COTEH TMTa’d/eKTPOHBOJBT
(macwtab snekrpocnaboro BzaumoperictBus). K 2011 r. 6euin 06-
Hapy»KeHbl Bce (DyHIaMeHTasbHBblE COCTABJSIOIIME YaCTH MaTepHH,
npeacKa3aHHble TeopHed (KBapKH, JIENTOHBl U KaJauOpPOBOUHbIE 6030-
HBI), 3a HCKJIOUeHHeM 0030Ha Xurrca. drta yactuua co cnuHom 0
urpaet ¢yHnameHTasnbHylo posb B CM: oHa OTBETCTBEHHA 33 Hapy-
ILIeHHWe 3JIeKTPOCIab0l CUMMETPHH, YTO MO3BOJSET KaJIUOPOBOUHBIM
6osonam WT u Z npuobpecTd Maccy; Gojee TOro, OHa NPHAAET
(epMHOHAM KX XapaKTepHble MacChl MOCPEACTBOM B3aWMOIEHCTBHUS
FOKaBCKOTO THIA C XWUITCOBCKHM IIOJIEM.

C 1964 r., xorga 6bl1 cPOpMyJTHUPOBAH MeXaHU3M XHITCa, B Te-
YeHHe MHOTMX [eCATHJIETHH TpPeANpPUHUMAJNOCh O0JblIOe KOJMHUe-
CTBO MOMbBITOK €ro 3KCIepPUMeHTabHOr0 MOATBEPXKIeHHs. Tak Kak
He OblJI0 OOHAPYKEHO 3HAaYMMBIX CBUIETEJNbCTB CYIIECTBOBaHHs 60-
30Ha XWrTca, dKCIEPUMEHTATOPBl CMOIJIM TOJNBKO HAJOXKHUTH OTpa-
HUYeHHs Ha ero maccy. B dyacTHOCTH, 0ObeIMHEHHble pPe3yJbTaThl
YeTblpex 3kcrepuMeHToB Ha LEP nmo3Bosuau orpanuduth maccy 6o-
30Ha: my > 114,4 I'sB npu ypoBHe cTaTUCTHYECKOH HOCTOBEPHOCTH
B 95 %. [lonosHuUTE IbHbIE OTPaHHUYEHHS ObLIK MOJyUEHbl B IKCIEPH-
MeHTax Ha koJnaigepe Tevatron.

Co craprom pa6orst LHC B LEPH «konnaGopauun ATLAS
1 CMS Ha nByX yHHBepca/JbHbIX 3KCIEPUMEHTAJbHBIX YCTaHOBKaX
BO3IJIaBU/IM MoucK 6o3oHa Xwurrca. Ilocie Toro kak Ha ceMuHape
B LIEPH B konue 2011 r. OblIM MOKa3aHbl MepBble CBUAETEJNLCTBA
cyllecTBOBaHUSl 6030Ha, B uiose 2012 r. o6e KoJs1abopauuu 00b-
SIBUJIU 00 OTKPBITHUW HOBOHW HeHUTpPasbHOHW YACTHULBI C MACCOU OKOJIO
125 T'sB. CgoiicTBa 3TOH uYacTHLbl COBMAfand C IMpPeACKa3aHHBIMU
cBoiicTBaMu 6o30oHa Xurrca B pamKax CTaHHapTHOH Momeau. DTH
pe3ysbTaThl OBILIM TOATBEPXKIEHBI TOCJAe aHa/au3a IMOJHOro Habopa
JaHHbIX, IOJy4YeHHBIX Ha nepBoM 3Tamne pa6otsl LHC (Run-1).

[Tocsie o6HapyxeHusi 6030Ha XWIrca TeOPeTUYECKYI0 KapTHHY
MOXKHO CUHTaTh 3aKOHUEHHOW: Bce (PyHIAMEHTaslbHbIE COCTaBHbIE
gactd CM 6blii 06HApy2KeHBI B TIPUpoe. TeM He MeHee TpeLr3HOoH-
Hble U3MEPeHHs] CBOUCTB HOBOH YaCTHIIBI SIBJASIOTCS BaXKHBIM TECTOM,
TIO3BOJISIIOLIMM OIPENENHUTb YPOBEHb COIJIACHS IKCIEePHMEHTaJNbHBIX
JIaHHBIX ¥ TEOPETHYEeCKHUX MpeNcKa3aHui. DTH U3MEPeHHs MO3BOJAT



10 1. Cmandapmnas modens

00HApYKHUTb BO3MOXKHbIE 3((PEKTHI, CBI3aHHBIE C HOBOH (PU3UKOH, Ha
MaciuTabe 6oJblie 3JeKTpocaaboro B3anMOAEHCTBHSI.

B sToil KHUre paccMaTpuBalTCs HauboJee BaKHble LIArH, KO-
TOpBle TPHUBEJH K OTKpbITHIO 6030Ha Xurrca. B pasp.l kpartko
npeacrasjgeHa Teopusi CTaHAapTHOH MojesaM, a B pasfa.2 ocoboe
BHUMaHHe yuessieTcs MexaHusmy bpayra-3durnepa—Xurrca. Hau-
Oosiee 3HAYMMble TpsIMble IOHCKH, OCYIIEeCTBJEHHBIE [0 3alycKa
LHC, Bkustoyasi pesynbTaThl 3KCIIepUMeHTOB Ha KoJjsaiaepax LEP
u Tevatron, npocymmupoBanel B pasn.3. B pasn.4 paccMoTpeHBl
OrpaHHYeHHs], YCTaHOBJIEHHble Ha rapameTpel 603oHa Xurrca CM B
XOJle MPeLH3HOHHbIX H3MEePEeHHH, BHIMOJIHEHHBIX B dKCIIEPUMEHTaX B
npoioM, B yactHoctd Ha LEP u SLC. Bosbiio#t anpoHHbIN KosIak-
nep v sxcriepuMeHThl ATLAS u CMS o6cyxneHsl B pasn. 5. B pasn. 6
MPOUJIJIIOCTPUPOBAH Tpolecc poxaeHUs 6o3oHa Xurrca CM B mpo-
TOH-NIPOTOHHBIX CTOJNIKHOBeHHUX NpH sHeprusix LHC Hapsiny ¢ koneu-
HBIMH COCTOSIHHSIMH pacriajia B 3aBUCHMOCTH OT Macchl 6030Ha. M3y-
yeHHe nipoueccoB CM siBjisieTcsl BaXKHBIM ILIArOM /151 TOHUMaHHS HO-
BOTO SHEPreTHYECKOT0 peXHUMa, O3TOMY B pasil. 7 NpHUBEIeHbl HEKO-
TOpBle U3 HanboJiee Ba)KHBIX (DOHOBBIX MPOLECCOB, MMEIOLIUX 3Ha-
yeHHe INpH noucke 603oHa Xwurrca. B pasn.8 paccMoTpeHbl paHHHe
M3MepeHHs IPU SHEPTUHU CTasNKuBawIuxcs nydykos 7 TaB, a B pasn. 9
MOKa3aHbl Pe3yJsbTaThl, B KOTOPHIX BIepBble OBLIM 3aMeueHbl yKasa-
HUSl Ha CYLLeCTBOBAHUE HOBOU HEUTPaJIbHOU YACTUILBl C MACCOH OKO-
Jo 125 I'sB. HaubGosee BaxkHbIe 11ary, KOTOpPbIe MPUBEJH K HabJone-
Huio B 2012 r. yacTuusl co colictBamMu 6030Ha Xurrca CTaHIapTHOH
Mozesd, nokasaHel B paszn. 10. O6obiieHHBle pesybTaThl Kosmabo-
pauuit ATLAS u CMS, nonyueHHble noce 06paboTKH BCeX NaHHBIX
2011-2012 rr., npuBenensl B pas3a. ll, a B pasn. 12 mpencraBnensl
pe3y/abTaThl U3MEPEeHMH Macchl M HEKOTOPBIX M3 Haubojee BaKHBIX
XapaKTepPUCTHK HOBOH YacTHIbl. Pe3y/ibTaThl MOMCKA APYTHX HaCTHIL
co cofictBamu 6030Ha Xurrca Ha LHC npocymmupoBaner B pasz. 13.
Hakonel, HeKOTOpBIE U3 CJIEACTBUH 3TOrO OTKPBHITHS KPaTKO 00CYK-
IeHbl B pa3n. 14, a B pa3n. 15 paccMoTpeHbl MepCreKTHBB H3YYeHHUs
5TOH HOBOH YaCTHIIbl U BO3MOXHbIe Oyaylye UCCAe0BaHUs B 00Ja-
CTH (U3HKH BBICOKHX HEprHi, CBf3aHHBEIE ¢ 6030HOM XHITCa.

1. CranpaptHas moaesb (pyHIaMeHTaJbHbBIX
B3aNMOJEeACTBUNI

Cmandapmuas modesb — 3TO TeopeTHUecKas cucTema, chop-
MHpoBaHHas B Hadaje 1970-X IT. Ha OCHOBe CYIECTBOBABILUX 3JKC-
MepyUMEeHTaNbHBIX pPe3y/NbTaTOB, KOTOpas MO03BOJUJA €IHHO0OPa3HO
onucatb 0OJIbILIOE KOJMYECTBO HOBBIX NaHHbIX [1-4]. IlompoOGHbii
0630p MopeiM IOCTYyTEH B [5].



1. Cmandapmnasn modens 11

dyHnaMeHTaNbHBIE 3J€EMEHTBl MAaTEPUH MOTYT ObITb CTPYMIHPO-
BaHbl B [Ba HE3aBUCUMBIX CeMeHCTBa, KaxA0€e U3 KOTOPbIX COCTOUT
M3 Tpex Map 3JeMeHTapHBIX 4acTHll: K8apkos (up u down; charm w
strange; top u bottom) u senmoro8 (31eKmpoH U dLeKmpoHHoe Hell-
MPUHO; MIOOH U MIOOHHOE HEUMPUHO; May-Aenmor U may-Aenmon-
Hoe Hetimpuro). Jns KaxAOH M3 3TUX UYACTHI[ CYLIeCTBYyeT COOT-
BETCTBYIOILASl aHTHYACTHIA; aHTHYACTHLBl CTPYNNHUPOBAHBI TaK Ke,
KaK ¥ 4acTuubl. CIHCOK 3THUX YacTHL U WX CBOHCTBA MpPUBEIEHBI
Ha puc. 1.

ONeKTPOHbI, MIOOHBI M Tay-JENTOHbl MUMEIOT ONWHAKOBBIH 3J€K-
Tpudeckuii 3apan (e = 1,60217657 - 10719 Kn), B T0o Bpema kak
HeATPUHO He HMMeIOT 3JeKTpudeckoro 3apspaa. «BepxHue» KBapku
06/1a1a10T APOOHBIM 3JEKTPUUECKUM 3apsiioM +2/3e, a «HHKHHEe» —
3JIeKTPUUECKUM 3apsizom —1/3e.

Ecnu npeHe6pedb TpaBUTALMOHHBIM B3aUMOJEHCTBUEM, TO 3aps-
JKEHHBIE JIE[ITOHBl yUacTBYIOT B CJIa0bIX U 3JE€KTPOMArHWTHBIX B3au-
MoIeHCTBUSAX, a HEUTPUHO — TOJIBKO B cjaabom. [lomumo nByx mepe-
YUCJeHHbIX B3aUMONEHCTBUH KBapKH TaKxKe [10IBEP:KeHbl CHJIbHOMY
B3aUMOJeHCTBHI0. KBaHTOBOE UHCJI0, aCCOLUMPYIONIEecs ¢ CUJbHBIM

Mass — | =~ 2.3 MeVi¢ 1.275 GeV /¢ 173:07-6GeV /c> 0 ~ 126 GeV/c?
Charge — | 2/3 2/3 2/3 0 0
Spin — | 1/2 ‘ 1/2 ‘ 1/2 ‘ 1 0 T
Higgs
Up Charm Top boson
~ MeV/c? ~ 95 MeV/c? ~ 4.
-1/l -1/3
L2 ‘ 1/2
-
= Down Strange Bottom
&
0.511 MeV/¢? 105.7 MeV/¢? 1.777 GeV/¢?
1 1 " 1
1/2| G & 4 1/2 4 172 G 4
Electron Muon Tau Z boson
”
<22 eV/c? <0.17 MeV/c2 | | <155 MeV/c2 | | 80.4 GeV/c? g
0 0 2 0 » +1 z
% 11/2 12 | TH 12 7 1 ‘ 2
2| Bl o w .
2 neutrino neutrino neutrino W boson 5

Puc. 1. Dnemenrapuele yactuubsl CraHmapTHOH Mopenu: (pepMHOHBI, Kaaudpo-
BOUHble 0030HBl U 6030H XHITca
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B3aMMOJIEHCTBUEM MeXKIy KBapKaMH, Ha3biBaercs ysemom. Cyiie-
CTBYIOT TPH Pa3JIUUHBIX LBETHBIX COCTOSTHHUS.

AHTHYaCTHLBl MMEIOT TaKylo Ke MacCy, KaK M 4YacTHIbl, HO
06/1a1aI0T TPOTHUBOIOJOKHBIM 3JIEKTPHUECKUM 3apsiioM U LBETOM
(aHTHLBETOM B CJyyae aHTHKBapKOB).

JlenTOHBI ¥ KBapKH MMeIOT moJsyuesslil cnuH (1/2)h (nan npo-
cto 1/2) u nosromy nopuunsitores craructike @epmu—upaxa. Bee
YaCTHLBI C TOJNYLEJbIM CIIHHOM Ha3bIBAOTCA (PEePMUOHAMU.

B3anMonedcTBUSA OCYIIECTBJSIOTCA TOCPEACTBOM OOMeHa 3Je-
MEHTapHBIMH YacTHIAMH C LeJbIM COHHOM 1 — xaaubposourvl-
mu 6o3oxamy (6030HAMK Ha3bBIBAIOTCA YACTHIbl C LEJbIM CIIHHOM,
BKJtouas crnuH 0, mopuyMHsmLMecs cTaTHCTHKe boze-diiHuuTelHa).
B CrangaptHoii momenu 3To (otoH v, W*, Z u BoceMb THIOB
TJ11I00HOB ¢. [lepeHOCYMKOM 3JIEKTPOMArHUTHOTO B3aUMOIEHCTBHSA SIB-
JsieTcsl (POTOH, OH 3JIEeKTPUUECKH HeHTpasieH, He UMeeT MacChl H XO-
pOLIO OMHKCaH B TIEPEHOPMUPYEMOH TEOPHH IO/l Ha3BaHHEM KBAHTOBAs
aJekTponuHamuka, uau K3JI.

3apsikennble (WT) u HelitpanbHblil (Z) BeKTOpHblE GO30HBI —
TNePeHOCYMKH CJ1aboro B3aMMOIEHCTBHUS — HMMEIOT OOJBIIYI0 Maccy:
(80,385 £ 0,015) I'sB y W* u (91,1876 +0,021) TaB y Z [6].
[1100HBl HE 06/1aIAI0T MAcCOH W B MPOTHBOIMOJOXKHOCTb 3JIEKTPHYE-
CKM HeHTpa/jbHOMY (DOTOHY HeCyT 1IBeTOBOH-aHTHULBETOBOH 3apsl H,
cJle0BaTeIbHO, B3aUMOJEHCTBYIOT APYT ¢ ApyroM. Bosee Toro, cuma
B3aMMOIEHCTBUS MEXKAY YAaCTULAMH, 06/1aJal0LIMMH KBAHTOBBIM UHC-
JIOM LBET, yBEJUUYNBAETCS C PACCTOSTHUEM, U, TAKUM 00pa3oM, KBapKH
M TJIIOOHBI Hesb3sl HaO/MofaTb KakK CBOOOJHBIE YaCTHLBl, TaK Kak
OHM CYIIECTBYIOT TOJIBKO B CBfI3aHHOM COCTOSIHUH (KOH(pAHHMEHT).
KBapku, cBsizdaHHBIE C IPyTHMH KBapKaMH U aHTHKBapKaMH, COCTaB-
JISIIOT aipOHbl: 6apHOHBI U Me30HBl. KBaHTOBask XpOMOOMHAMUKA, UJIH
KX, — 310 Teopus B cocraBe CM, ob6mnajamoiias cUMMeTpHel
SU(3) u onucbiBaolasi CUJIbHOE B3aUMOLEHCTBYE [IBETHBIX YaCTHLI.

HecmoTtpst Ha ToO, 4TO mpH MasblX Macmitabax IHEPTHH JeK-
TPOMAarHuTHble U cJjabble B3aUMOLEHCTBHS MPOSIBJASIOT cebsi Ccylie-
CTBEHHO Pa3JIMUHO, OHH SIBJSIIOTCH MPOSIBJEHHEM OfHOH cuibl. [Ipn
sHeprusx Boilie O(100 '3B) 3T B3aumoneicTBUSI 00beUHSAIOTCS B
eIMHYIO 24eKmpociabyro CUIY, a KalubpoBOUHbe 0030HBI 7y, W+
U Z SBJSIOTCS NEePeHOCUUKAMH 31eKmpocAab020 B3aWMONEHCTBHUS.
Kanu6posounas teopusi uHra—Muiica onucbiBaeT 3JeKTpoc/adble
B3aUMOJEHCTBUST Ha ocHoBe rpynmbl cummerpuu U(l) x SU(2)r.
SU(2)[, siBnsieTcs rpymnmnod BpalleHus caaboro udocnuHa, 7', rae vH-
nekc L ykasblBaeT, YTO TpyINa OTBeYaeT 3a MpeoOpa3oBaHUS JIEBBIX
KOMIIOHEHT MoJiel, KoTopble moj aeicTBueM SU(2)r, npeobpasyrores
Kak ny0JeThl, B TO BpeMs Kak IpaBble KOMIOHEHTHl He Npeobpasy-
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rorest BooOute. U(1)y oTBeuaeT 3a mpeoGpazoBaHHe ¢/1abOro rurep-
3apsna, Y, KOTOpBIH MOXKHO 3a[aTh CJIEAYIOIHUM COOTHOLIEHHEM:

1
Q:T3+§Y, (1)

rae () — 3JeKTpuyeckuil 3apsn, 13 — TpeTbs KOMIIOHEHTa caboro
u3ocnuHa [2].

2. Mexanusm bpayra—-3duraepa—Xwurrca

Hcrtopusi Haubosiee BaXKHBIX HCCJENOBAHUH B 06JaCTH (DU3UKH
6o30Ha Xwurrca 3a npollejllne NojaBeka MNoAPoOHO M3J0KeHa B CTa-
TeAX [7-9].

B KannOGpoBOYHBIX TEOPHUSIX KAJUOPOBOUHBIE OO30HBI OMHUCHIBAIOT-
csl ypaBHEHUSIMU 714 1oJiel 6e3MaccoBbIX YacTull. B 3To# napanurme
6030HBI HE HMEIOT Macc, a CHJbl 1aJbHOAEHCTBYIOLIHE, YTO MPOTHBO-
PEYUT SKCIEPUMEHTANbHBIM HAOJIONEHHUSIM.

BaxHbIM TeopeTHYecKHUM INpopelBOM Hauansa 1970-x rr. 6bL10
JOKA3aTeJbCTBO MepeHopMUpyeMocTH Teopud dHra—Munnaca u co-
XpaHeHHe 3TOro CBOHCTBA B CJydae CIIOHTAHHOIO HapylleHWUs Ka-
aubpoBouyHoil cummetpuu [10,4]. Ipyrumu cioBamu, JarpaHxkKdaH
B3aMMOJIEHCTBUSA MHBApPHAHTEH OTHOCHUTEJbHO KaJHOPOBOUHBIX IIpe-
06pa3oBaHUi, B TO BPeMs KaK BaKyyMHOe CpeJiHee U CIeKTp 4acTHll,
ONMCBIBaeMble MOJesblo, HeT. B KauecTBe (hr3uyeckoro npumepa
MOYKHO PacCMOTpPeThb (peppoOMarHeTHK, Yy KOTOPOTO B HHU3ILIEM 3HEp-
FeTHYeCKOM COCTOSIHMM CIIMHBI YIOpPSI0UYeHBl N0 HamnpasJ/eHHio. Bee
HarnpaBJieHHsl paBHOBEPOSITHBI, T. €. CHCTeMa 06J1alaeT BpallaTeabHOH
CUMMeTpUEeH, HO NPUPOJA B KOHEYHOM HUTOre CJAydyaHHbIM 00pazom
BbIOMpaeT OQHO HalpaBJieHHe, KOTOpOe HEeBO3MOXKHO IPeNcKa3arh.
OTO NMPUBOAUT K HAPYIIEHWIO CHMMETPHH, MOTOMY YTO IOCJe «BbIOO-
pa» cucTeMa TepsieT H3HAYaJbHYI CUMMETPHIO.

B kBaHTOBOH TeopHuu MoJjisi HauboJee MPOCTO CMNOHTAHHOE Hapy-
LIeHWe CHUMMETPHHM MOXHO OMHCaTh TaK Ha3bIBAEMbIM MeXaHHU3MOM
Bpayra-Ournepa—-Xurrca (manee mexanuzmom Xueeca). Ilpocras
MOJiesIb CTIOHTaHHOrO HapyuieHus cummerpun U(1) [11] ¢ nomourbio
OITHOT'0 KOMIIJIEKCHOTO CKaJISIPHOTO MoJist ¢ = || exp (i6), yell Kanuo6-
POBOYHO-WHBAPUAHTHBIH MOTEHIIMAN OMUCHIBAETCS (PYHKIHEH

Vi =i (6'6) + 1 (610) =2 6P +AI0[ @

nokazana Ha puc.2. [lorennman Xurrca mo Qopme HarnoMHHaeT
MEKCHKaHCKYI0 LIJANY ¥ ONHUCHhIBAeTCs BbipaxkeHHeM (2), 4TO TpH-
BOAUT K «CIOHTAaHHOMY» HapylIeHHIO0 cCHMMeTpHH. BakyymHoe, T.e.
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Puc. 2. Tlorenuman Xurrca

HHUKHEe HepreTHUecKoe COCTOsIHHe, 3aJlaeTcs CaydyalHbIM 00pa3oM
BBIOPDAHHOM TOUKOH OKOJIO HA MOJIs «IIsinbel». bosoH Xurrca — ato
MacCHBHasl 4acTHLA CO CIIMHOM HOJIb, COOTBETCTBYIOL1As KBAHTOBBIM
(GAYKTyauusiM M0 paavajbHbIM HAMpPaBJAeHHUSIM MeXAYy LUEHTPOM H
KpasiMU «ILLJISITTBI» .

[ToreHuuan vMeeT MUHHMYM, He 3aBUCAILMK OT (asbl 6, mpu
sHauenuu |¢| = (1/v/2) x p/v/—X\ = v, KOTOpoe HasbIBaeTCs BaKy-
YMHBIM cpefiHHM. Bpibop npuponoil yria 6 HapyliaeT CUMMETPHIO.
KBaHToBble (YKTyalUHWH MOJS ¢ OMUCHIBAIOT MAaCCHBHYIO UYacCTHLLY,
onHako asza # mons ¢ He ompenesneHa. KBaHTOBBle (JyKTyaunu
HaJl OCHOBHBIM COCTOSIHMEM IO 3TOMYy [apaMeTpy He pa3BUBAIOT
HeHyJleBOe BaKyyMHOe CpeflHee W acCOLUMpPYIOTcs ¢ 6e3aMaccoBod U
He WMeIOIleHd CMHHA 4YacTHlleH, Ha3bIBAKIIEHCS 2040CMOYyHOBCKUM
6030HOM.

B konrexcre SU(2)r, x U(1)y-cummerpuu Mexanuam Xurrca pe-
aJIM3yeTCsl C MOMOLLBIO MOJIS], MPEACTABMASIOIIETO COO0M U30CITUHOBBIH
ny6aer SU(2);, KOMIUIEKCHBIX CKaJISIPHBIX TOJIEH ¢ THIep3apsiioMm

Y = +1:
o= <¢+> _ <¢1 + z‘¢>2> @)
¢ V2 \ @3 + iy
Torma narpaH:kuaH, OMUCHIBAIOUIMH NHHAMHMKY 3TOT0 TOJS ¢,
OyIeT UMeThb CJENYIOUIHH BU:

Ly = (Du¢) (D"¢) = V(¢). (4)
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Hapyuenne cuMMeTpun BO3HHKAET H3-3a (DOPMbI CKaJSIPHOTO MOTEH-
uuana V', KOTOpBIE 3aBUCHT OT MapaMeTpoB A U p ypaBHeHHs (2),
rae D, — KoBapHaHTHasl NPOU3BOAHAS.

Eciu p2 > 0, To OCHOBHOE COCTOSIHHME COOTBeTCTBYeT ¢ = 0, T.e.
Bakyymy. Ilpu p? < 0 BO3HHKaeT HeHyJeBoe BaKyyMHOe CpejHee
105 |¢|? B cOCTOSAHMH, OTBeyalomeM (DH3HUECKOMY BaKyyMy: JarpaH-
’KHaH CONEp:KUT MAacCCOBBIH BKJIAA C OTPULATEJSbHBIM 3HAKOM MJisl
noJsist ¢, a MUHUMAaJbHAsi SHEPrUsl He COOTBETCTBYeT 3HAYEHHUIO ¢ =
0. IMoTeHuuan umeet JoKaJdbHbIH MakcuMyMm mpu ¢ = 0. Bakyym
HecTabuJ/IeH, TaK KaK OH He COOTBETCTBYeT COCTOSIHHUIO CHUCTEMBI C
MWHHMaJIbHOH 3HEepruen.

YcnoBre 11 MMHHMyMa BakyyMa (UKCHpPYeT IoJie ¢g B OCHOB-
HOM cocTosHHH: |¢o| = (1/v/2) x pu/v/—X\ =v.

CumMeTpusi MOXKeT ObITb HapylleHa (JIYKTyalUsiIMU Hal BaKyyM-
HBIM 3Hau€HHEeM I0JISl ¢ OKOJIO TOUYKH ¢bg, HATIPUMep:

0
@)= | v+ H@) |, 5)
2

rie H — ¢Qusudeckoe ckajspHOe T0Jie, Ube KBAaHTOBOE BO30OyXKIe-
HUe — 6030H Xurrea.

Hcnosnb3yss aTo mpencraBieHue ToJsi B BbipaxkeHWH (4), MOx-
HO MOJYYHUTb ueThipe (PU3NYECKHUX MO0JIs: [Ba 3apSKEHHBIX C ecTe-
CTBEHHBIM 00pa3oM MOJy4aeMBIMH MacCOBBIMH BKJIQJaMH, KOTOpble
accouuupyiorest ¢ W*-6osonamu. Taxke 31eCh MOXKHO BUIETb eIle
IBa HEHTPaJbHBIX TOJISI, U3 KOTOPHIX TOJBKO OIHO HMEET MacCCOBBIH
4jieH, a BTOpoe He 00JafiaeT MacCOH; 3TH MOJis aCCOLUUHMPYIOTCS C
Z-6030HOM U (POTOHOM COOTBETCTBEHHO.

Macca kanubpoBouHoro 6030Ha M 3aBUCHUT OT KOHCTAHTHI CBS-
31 g ¢ noseM XHWITca W 3HA4YeHHUS BaKyyMHoro cpenHero v. Ilo-
CKOJIBKY KaJUOpOBOYHbIE B3aUMOMEHCTBUS YHHBepCAJ/bHbI, OHH TaK-
XKe onpepensiT KoHcTaHty Pepmu Gp: m = gv/2;Gp/V2 =

= ¢?/(8m?) = v?/2. Vcxons U3 H3BECTHOTO 3KCIepPHMeHTa/JlbHOro
sHauenns Gp = 1,16637(1) - 107° I'sB~2, BequuMHY BaKyyMHOTro
CpeIHero MOXKHO OLEHUTh Kak v ~ 246 ['3B.

[Tone 6o3ona Xurrca H ofperaeT Maccy Mocje HapylleHHs
CUMMeTPHHU M0 Tako# xxe cxeme. Macca cooTBeTCTBYyOLero 6030Ha
my onpeneasercs Kak mpy = 2v/—\2. 3HaueHue mapameTpa A He
npenckasbiBaercsi CM, mostomy macca 6o30Ha XHrrca sBJseTCs
CBOOONHBIM MapaMeTpoM B MOIEJIH.

Kak u B ciydae kajqubpoBOYHBIX 6030HOB W+ u Z, maccoBbie
YJieHbl, COOTBETCTBYIOIINE 3JIeMeHTapHBIM (DepMHUOHAM, HeJb3s no0a-
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BUTb B JarpaHXHaH «pyKaMH», TaK KaK 3TO NPHUBENET K Hapylile-
nuto U(1) x SU(2)r-cummerpun. Tem He MeHee MOXKHO J06aBHUTh B
ypaBHeHHe (3) MHBAapHAHTHOE OTHOCHUTEJIBHO KaJUOPOBOYHBIX MPens-
pa3oBaHMi B3aUMOIEHCTBHE IOKAaBCKOTO THIA, OTBeyalollee 3a CBf3b
(hepMHOHHBIX TOJeH ¢ XUrTCOBCKUM aybseroMm. [locse HapylieHus
cummetpun (cM. (5)) depmHOHHBIe Moss nosydarT maccy. OmgHako
3Ha4YeHHsl Macc JJIsl KaXKI0ro U3 (hepMHUOHHBIX TOJIeH He TpeacKasbl-
BAIOTCSl TEOpHEH, a ONpesesIsIIoTCS Ha OCHOBE 3KCIEepPHMeHTAaJbHbBIX
HaOJII0leHUH.

3. Ilouck 603ona Xurrca CM B Hauaje pa6orel LHC

[louck uacTHll, OTBETCTBEHHBIX 3a HapyIlIeHHE 3JEKTPOCaabo
CUMMETpPHH, He OB MPOCTHIM C caMoro Havaja. Bo-mepBhix, cylie-
CTBOBaHME HOBOH YacTHLbl BOBCE He OBbLJIO TpenonpenesneHo. DyeK-
Tpocaabass CHMMeTpPHsl Morja ObIThb HapylleHa AAHAMHUYECKH HJH C
UCIMIOJIb30BAHNEM JPYroro MexaHuama. Jlaxe ecad paccMaTpuUBaThb
MexaHu3M bBpayra-durnepa—-Xwurrca, B HeM He CyLIECTBYeT CTPOTOr0
OrpaHUYeHHs1, He OMYCKALIero, UTOOB Macca HOBOU YacTHILIb Oblia
KpallHe Maja (B TMpefesaX HECKOJbKHUX MerasjeKTPOHBOJBT) HJIH
KpaiiHe Besuka (mo 1 TsB). B 3aBucumocTH 0T Macchl cKassipHOH
YaCTHIBl HAN0 pacCMaTpUBaTb pas3/jU4YHble MeXaHU3Mbl POXKIEHHS
¥ pa3auyHble Moibl pacrnana. bosee Toro, B CM mupuHa 6030Ha
Xurrca 3Ha4uTebHO PACTET C MACCOH, B TO BPeMsl KaK BpeMsl KHU3HU
HerpeHeOpeXUMO MaJjo TOJbKO NPU MaJjblX 3HaueHHsAX Macchl. Bcee
BMECTe 3TO MPUBOAUT K HEOOXOAUMOCTH pacCMaTpPUBATh HEOOBIUANHO
CJI0JKHble KCIIEPUMeHTasbHble CUTHATYPHI.

3.1. IlepBble HenpsiMble orpaHuyeHus. [lepBeie orpaHuue-
HHSl Ha Maccy 0030Ha Xwurrca ObIH TOJNYYeHbl B HEMPSIMBIX MO-
uckax. [lpenmosarasoch, uTO CYIIECTBOBaHHE HOBOTO CKaJjsiPHOTO
0030Ha OTBETCTBEHHO 3a PACXOXKIEeHHe TeOPeTHUeCKUX TMpeacKasa-
HUH M 3KCIePUMEHTaNbHbIX NaHHBIX MPH M3yUEHHUH PEHTTeHOBCKOTO
M3JyueHHs] MIOOHHBIX aTOMOB (K30THYECKHX aTOMOB, B KOTOPBIX
OIUH WJM HECKOJbKO 3JIEKTPOHOB 3aMeHeHbl Ha OTPHIATENbHO 3a-
psi>KeHHble MIOOHBI. — [Ipumeu. nep.) ¢ GoablIMM 3apsiaoMm Z [12].
Hpyrue orpanudenuss (my > 0,6 M3B) Obliu monydeHbl ¢ yue-
TOM BJIHSIHUsS 6030Ha XHITCa Ha paccesiHuie HEHTPOHOB M 3JEKTPO-
HOB Ha gmeitpone [13]. AcTpodusuueckre naHHBIE MO BO3MOXHOMY
M3JyueHuio G030HOB XHITca HEHTPOHHBIMH 3Be3JaMH [03BOJIHJIN
YCTaHOBUTb HHXKHIOW rpaHuly B mpy > 0,7 MasB [14]. Haut6onee
XKeCTKHe HemnpsiMble OrpaHuueHUst OblJIM T0JYYeHbl U3 HeHaO I0IeH s
pOXKJIeHHs 6030HOB XHrrca B sfepHeIX mepexomax JI =01 — 0~
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(1,03 M3B < mpy < 18,3 M3B [15]) u ¥3 maHHBIX [0 PacCesiHUIO
HeHUTpPOHOB Ha sigpax (mpy > 15 MaB [16]).

[Tocnie otkpbiTusi B 1973 1. HeliTpasibHbIX TOKOB [17,18] u 06-
Hapy»eHHus HoBoro kBapka (charm) B 1974 r. [19,20] Crannapt-
Hasi MOJleJIb TOJIyYHMJia UHTEHCUBHOE Pa3BUTHE, U ee MpelcKa3aHus,
BKJII0Yasi BO3MOXKHOE€ CYIIEeCTBOBaHHE CKaJsipHOro ©6030Ha, CTaju
TIIATEebHO MPOBEPSTHCS B OOJIBIION CepUU SKCIIEPUMEHTOB. JKCIe-
PHUMEHTaTOPbl OPUEHTUPOBANHCE HA (PEHOMEHONOTHUECKHE PacTaiHble
CBOUCTBA HOBOM YacTHIIbI, ONMyOauKoBaHHbIE B 1975 T., re BrepBble
IEeTAJbHO YUYUTBIBAJICS OpIHUMHT 6030HA XHITCA BIIOTH O MacChl
B 100 I'sB [21]. Crout 06paTuTh BHHMaHHe Ha 3aKJ/IOUeHHe CTaTbH:
[Ipunocum ceou u3BUHEHUS IKCNEPUMEHMAmOopam 3a mo, 4mo, 8
omaudue om CAY4as C-K8APKQA, Mbl HE UMeeM NpedCmaBAeHUS O
macce 6030na Xueeca, u 3a mo, 4mo Mol He MOxcem bblmb yseperol
8 €20 KOHCMAaHmMax cea3u ¢ Opysumu wacmuyamu, Komopole, ge-
posammHo, ouerv manel. [lo amum npuuunam mol He xomum nodoep-
HCUBAMb 0OULUPHBLE IKCNEepUMERmAabHble noucKku 603ona Xueeca,
HO xomeau Obl, umobovl 400U, pabomaroujue 8 IKCnepumermax,
yyscmaumesoHolx K 6030HYy Xueeca, snaau, KaxK ox modxcem cebs
npossums.

3.2. PanHue mnpsiMble NMOMCKHM. PaHHHe mpsiMble HCCENO-
BaHUs Oblid BbimosHeHel B 1980-x rr. Ha ycranoBke DORIS-II,
ete -konnaiipepe B DESY (Tepmanus), kotopeiii B 1982-1983 rr.
OBl MOLEPHHU3UPOBAH MAJs1 pabOThl MPHU IHEPrHH B CHCTEME LEHTpa
macc 11,2 T3B. Ilepseie HaGopsl aanubix (10,7 n6~! s Y(1s) u
64,5 n6~! nns Y (2s)) Gblu Mcnonb3oBansl AetekTopoM Crystal Ball
Nal(Tl) nas viccienoBaHusl «pagloaKTHBHBIX» pacrnanoB Y:

T— X +1. (6)

HoBasi ckansipuass yactuua 6bla Obl BUIHA KaK MUK B CIEKTpe
WHKJIIO3MBHOT'O aCCOLIMMPOBAHHOTO POXKIEHHs (POTOHOB M aJPOHOB.
Beuio o6HapyxeHO 3HAauWTesbHOE MPEBBIIIEHWE UYKUCAA COOBITHH B
000MX KaHaJaxX: B KaHaJjJe ¢ OOJbIIOH MHOXXeCTBEHHOCTbIO, B KOTO-
poM oOHapyKeH CHUTHAJ CO CTaTUCTUYECKOH 3HAUUMOCTBIO B 4,2 cTaH-
IapTHBIX OTKJIOHEHHUs (o), U B KaHajie C MaJioil MHOXKECTBEHHOCTBIO,
Tle CTaTHUCTHYecKass 3HaYMMOCThb cocTaBisgaa 3,00. C ydeTom TO-
ro, UTO 3TH 1Ba KaHaJja abCOJIOTHO He3aBUCHMBI, MX KOMOWHAIHS
MpPUBOAMJA K HaOJIONEeHHUI0 CHrHajsa co 3HauuMocTbio B 5,00, 4TO
6blJI0 HEOOXOOUMBIM [IJ1s1 3asiBJeHUsI 06 OTKPBITHM. Pedynbrat ObLa
NOJIOXKEH KakK MpeIBapUTebHOe HaOJIoeHHe Y3KOTO Pe30HaHCa ¢
maccoit 8,33 T'sB na XXII MexnyHaponHod KoH(epeHLUHH MO (H-
3uKe BbICOKMX 3Hepruil B Jleiinuure B 1984 r. [22]. Tem He MeHee
UHTepIpeTalusl 3TUX Pe3yJbTaTOB KakK pokAeHHe 6030HOB XHrrca
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notpe6oBasia Obl IPyroro MexaHW3Ma POXKIEHHs U/UJH CYlIeCTBOBA-
HHUSI aHOMaJIbHBIX MOJl pacnajia OTHOCHTEJbHO mpenckazaHHbiXx CM:
yacToTa HabJsoneHHus Oblja Ha ABa NOPsKa Bblle, 4yeM IpeicKa3aH-
Hasl 7Sl BEPOSITHOCTH pacraja Mo 3aJaHHOMY KaHajy (OpIHUHHTra).
K coxasenuio, cUrHaJs Ucyes MocJje Toro, Kak OblIM MOJyUYeHbl HOBbIE
nanHble. OTpuLaTeNbHBIH Pe3yJbTaT OblJ HE3aBUCHMO MOATBEPXKAEH
B Tex e KaHajax Ha ycraHoBke Cornell Electron Storage Ring
(CESR, Cupakyss, Huio-Hopx, CILIA) [23].

Takxe Ha ycraHoBke CESR kosmna6opauns CLEO BbimosmHusIa
MOUCK 0030HOB XHUITCA Cpeiy MPOAYKTOB pacrnaga B-Me30HOB B

peaxkuuu
B—+X+H. (7)

PaccmartpuBasinch pas/anuHble MOJBI pacnaja CKasspHOH 4acTHLLbI
H — ptu~, #tn~ wmu KT K™, Ho curHasa He Obln 0GHapy»keH [24].

Jlpyrue uccienoBaHusi ObIM BBINOJHEHbl Ha TPOTOHHOM LHK-
notpore B MHucturyre [layns eppepa (Bunauren, Hlseiinapus),
rae kosnabopaunss SINDRUM uccnenoBana o6mactb KpaliHe HU3KHX
Macc B IOHCKaxX AAHHOTO pachaja:

7t —etv.H, (8)

rne H — ete™, 4To ONsATh MPUBEJO TOJIBKO K YCTAHOBJEHHIO OTPaHHU-
yeHu# [25]. B KoHLle mepuona nepBbIX SKCEPUMEHTAJbHBIX TTOUCKOB,
korna B 1989 r. B ILIEPH (2Kenesa, lBeiinapusi) Obli 3amylieH
Bosbiioi 31ekTpoH-no3uTpoHHblil Kosasnainep (LEP), oxkupamocs,
yTO Macca 6030Ha XWIrrca JoJKHa ObITh GoJbiie 5 I'sB.

3.3. Iloucku Ha LEP. Dbousbluoii 371eKTpOH-M03UTPOHHBIN KOJI-
Jaigep Obl THTAHTCKUM YCKOPUTEJEM, CTANKHBAIOLIUM 3JEKTPOHBI U
MPOTOHBI TIPU SHEPTHH B CUCTEME LIeHTPa Macc, U3HAYaJbHO YCTAHOB-
JIeHHOH Ha MmaccoBui#l vk Z = 91,18 I'sB (LEP-I, 1989-1994 rr.).
Bo Bropo#i mepuon padoter mexny 1995 u 2000 rr. sHeprus Oblia
noseimena o 209 I'sB (LEP-II).

[Ipsmoe poxneHue 6o30oHa Xurrca B Tpolieccax aHHUTHJISILIAU
3JIEKTPOHOB M MO3UTPOHOB OBbLIO MaJsIOBEPOSITHO H3-3a TOTO, UTO
60300 Xurrca KpaiHe He3HaYUTeJbHO B3aUMOIEHCTBYET C 3JEKTPO-
HaMmu (mosutpoHamu). Haubosee BaxKHBIN mpoliecc, KOTOPbIH MOXKHO
OBLJI0O MCIIONBb30BaThb M/ MOHCKa 0o30Ha Xwurrca Ha LEP-I, 3to0
pacnan Z Ha H u Z* ¢ nocsenyolnM poxKaeHHeM (epMHOHHBIX Map:

ete” = Z - H+2Z"— H+ ff. 9)

_ UmcTniit curnan mor Obl HabswoaThesl B caydae pacnaia H Ha
bb-cTpyn U Z*, pacmajaiollMHCs Ha 3JEKTPOHBl WU MIOOHBI. Eire
60JbllIast BepOSITHOCTb HabJoaeHnst 6030Ha XUrrca ofecrneynuBaeTcs
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NpH y4yeTe pacnana Z* Ha Hepeaucmpupyembie KOHeUHbIE COCTOSTHHS,
Takue Kak vU. B aTux npoueccax curHaj oOHapyKeH He OblaI, HO
skcriepuMeHTel Ha LEP-I mo3Bosunn ycTaHOBUTb OrpaHWYeHHs Ha
maccy 6o3oHa Xurrca B my > 63,9 3B [26-29].

Ha LEP-II naubosee BaXXHBIM TMPOLECCOM [JI TOUCKA CTAHO-
BUTCSI aCCOLIMMPOBAHHOE pOXKJeHHe 6030Ha XUrTca ¢ Z Ha MacCOBOH

TIOBEPXHOCTH:
ete” = Z 4+ H. (10)

B skcnepumentax LEP-II 6piu uccienoBansl pasjudHble MOJIbI
pacnana Z° u H, cpelist KOTOPBIX MOXKHO BBIIEJIUTh YeThipe HanGomee
BayKHBIX KOHEYHBIX COCTOSIHUS:

ete” > v+bb, ete” =171 + b,

ete” = qg+T1TT, ete” — qg+ bb.

(11)

Uro6bl TOUHO H3MepuUTb Maccy W Ha Tmopore poXIeHHs map
W (LEP-II), naunnasa ¢ 1995 r. na LEP HeykJioHHO moBBbIIIanach
SHeprusi CTONKHOBeHHH. [TOMCKM MpPU HOBBIX HEPTUSX He MPHUBEJH
K oOHapyXeHHI0O 6030Ha XWrrca, HO OTOABUHYJIW OTPAaHUUYEHHS Ha
ero maccy mo my > 107,8 I'sB npu 95 %-# noBepuTesbHOH BEPOSIT-
Hoctd [30]. B konue ¢yHxuronuposanus LEP-II Gblin npusoxkeHst
3KCTPAOPAHMHAPHbBIE YCHUJIHS /ISl 3HAUUTEJIBHOTO YBEJUUEHHsI SHEPTHUH
MalllMHbI 110 CPaBHEHHIO ¢ npoeKTHOH. Kosaiinep nocTUT peKopaHOi
sHepruu B 209 I'3B, 1 6b110 3aperucTpupoBaHO HECKOJIBKO MOX0KHX
Ha XUITCOBCKHE COOBITHH ¢ Maccoit mpy ~ 115 I'sB. Ilepron pa6otel
YCKOpPUTeJ ST OblJI MPOAJIEH HA HECKOJbKO Helesb, U OOHAPYXKHUJHUCH
ellle HeCKOJNbKO KaHIWJATOB, HO 3TO SBUJIOCH HeJOCTAaTOYHO ybOenu-
TeJbHBIM CBUIETEJNbCTBOM TOTO, YTO BaKHOE OTKPBITHE HAXOIMTCS
B npenenax pocsiraemoctd. LEP-II 6vl1 3akpeiT B HOsi6pe 2000 r.,
4TO MO3BOJIMJIO MPHUCTYNHUTh K YCTaHOBKe B TyHHeJse DoJsibioro an-
pOHHOTO Kossaimepa. HuxkHUH mnpenen nmo macce 6030Ha XHrrea,
YCTaHOBJIEHHBIH B Xofe mpsiMmbix uccaenoBanui Ha LEP-II, cocras-
asieT my > 114,4 TaB ¢ 95 %-it noBepuTebHON BeposiTHOCTBIO [31].

3.4. Iloucku Ha kosaangepe Tevatron. Ha konnaiizepe
Tevatron Bo FNAL (bBarasus, Waaunoiic, CIIIA) nouck 6o3oHa
Xwurrca nposoguJcs B nepuon ¢ 2000 r., korna 6wl1 octaHoBsaeH LEP,
IO MOMEHTa IOJy4YeHHs TepBblX (u3Hueckux pedysapraToB Ha LHC
B 2010 r. Konnaiinep Tevatron 6bls1 NPOTOH-aHTHIPOTOHHBIM YCKOPH-
TesieM U pabotas ¢ 1987 r. ¢ MakcMMa/nbHOH 9Hepruel CTONKHOBEHHUH
1,96 T3B.

JIOMUHUPYOIIUM MeXaHU3MOM POXKAeHHsT 6030Ha XHUITCa Ha KOJI-
narinepe Tevatron 6bl10 accouuupoBaHHOe poxKaeHHe 6030Ha XUrrca
v W* uan Z. Haubosee uyBCTBHTeNbHEIM [/ OGHApY»KeHHs 60-
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Tevatron Run II preliminary, L < 8.6 fb!
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Puc. 3. Orpanuuenusi, mosydeHHble Ha Tevatron, B 3aBHCHMOCTH OT MacChl
6030Ha Xurrca [32]

30Ha XHITCa SBJAsJCA €ro pacrnan Ha bb-cTpyH, KOTOpPbIH MOr OBITH
uccjenoBaH Osaromapss 3amedaTesbHOH 3(PPEKTUBHOCTH perucTpa-
UK b-cTpyH ABYMsI MHOTOLEJIEBBIMU KCIIEPUMEHTAIbHBIMH YCTaHOB-
kamu CDF u DO.

B urose 2011 r. konnma6opauuu CDF u DO ony6aukoBanu kak
HesaBHMCHMMEIE pPe3y/ibTaThl A/ CTAaTHCTHKH 8,6 (6~ ' uuTerpasb-
HOH CBETHMOCTH, TaK U KOMOMHHDPOBAHHblE HTOT'M CBOHUX HCCJENO-
BaHH# (puc.3), KOTOpble MO3BOJNUIM HUCKAOUUTL ¢ 95 %-i1 moBepH-
TeJIbHOH BEpOSITHOCTBIO IHanas3oH macc 6o3oHa Xwurrca ot 156 1o
177 T'3B [32]. Konnaitnep Tevatron 6bi1 3akpbiT B ceHTsiope 2011 T.

4. OrpaHnyeHHUs Ha OCHOBe INI00AJIBHOrO
aJeKTpocaaboro ura

Bosbiioe KoaM4ecTBO NpeLru3nOHHBIX H3MEPEHUH 3I€KTPOCIa0bIX
napametpos, nonyueHHoe Ha LEP u SLC (cTaHdpopackuil auHeHHbINR
KoJlJIakiiep), MO3BOJIUJIO HaleXKHO YCTAaHOBUTb crpaBefauBocTs CM.
Croiictea W- u Z-6030HOB U MHOTHX APYTHX HaO/M0naeMbIX OblIH
M3MepeHbl ¢ 6ecrnpeleleHTHON TOUHOCTBIO, 4aCcTO MOPsIIKA UK MeHee
NeCSITOH JOJM TMPOLEHTa. DTH U3MepPeHUs OB JOTOJHEHBl HaGJI0-
JleHHeM t-KBapKa Y MpeLU3HOHHbIM H3MepeHHeM ero Macchl, BbINOJ-
HeHHbIMH B 3kcrepumeHTax CDF u DO Ha xosanatinepe Tevatron,
rie Takxke Obl1a HM3MepeHa Macca W ¢ TOYHOCTbIO, CPaBHUMOH
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¢ pesynpratramud LEP-II. Ecau noctynuposats BepHocts CM, TO
napaMeTphl 3MEKTPOCJAb0H TEOPHH MOTYT OBITh CKOMOWHHPOBAHBI
111 U3BJI€YEHHUs] HEMPSAMON UH(OPMALIUK O 1 7, TaK KaK OHA 3aBUCHUT
OT paJuallMOHHBIX MOMPABOK

TQlem, |
GrpV2 sin? Oy (1 — Ar)’

Canaraemoe Ar nMeeT KBaIpaTHYHYIO 3aBUCHUMOCTb OT MAcChl
t-kBapka © JiorapudMudeckyio OoT Maccel 6o03oHa Xwurrca. Korzma
Macca t-KBapka Oblja 3KCIEepUMeHTaJbHO HM3MepeHa Ha KoJakmepe
Tevatron, cTano BO3MOXHBIM TOJYUYHTh peabHYI0 HH(OPMALHUIO
0 macce 6030Ha XWITCa Ha OCHOBAaHUH TJ100aJbHON aNMpPOKCHMAIUH
(dura) mapameTpoB 3JEKTPOCTa0Oi TEOPHH, NMPH YCJIOBUH BEPHO-
ctu CM, ocraB/isisi my €IWHCTBEHHBIM CBOOOIHBIM MApaMeTPOM.

[lpumep mokasaH Ha puc.4, rae Ax’-anmpokcHUMauus H300-
paxkeHa B 3aBUCHMOCTH OT mpy. YepHas JHUHHA — pe3y/bTar
¢urta, rosybas mosoca — TeopeTHUYecKass HeOoNpelesJeHHOCTb H3-3a
3JIeKTpoc/aabblX TONpaBoK 6oJjiee BBICOKMX TNOPsAKOB. 2KeaTbM
[[BETOM OTMedeHbl HHTepBas MeHee 114,4 I's3B, wuckaroueHHBIN
npsamMbIMU u3MepenussMu Ha LEP-II, u y3kas o6macts 158-175 I'aB,

myy = (12)

MY imit = 158 GeV

July 2010
6 ; Theory uncertainty
3 R (5) _
Aah‘dd -
5 7 —— 0.02758 £0.00035
L 4 -=--0.0274940.00012
Lo Wy g ] Incl. low @? data
C\IX | |
4 3
ok i
1k i
| Excluded Preliminary 1
O 1 1 1 A4 L
30 100 300

my, GeV

Puc. 4. Henpsimoe onpenesienue Macchl 6030Ha XHITCa my Ha OCHOBeE V106aJlb-
HOU 3JiekTpocaaboi annpokcuManuu [33]
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HCKJIFOUeHHast B 9KcrepuMeHTax Ha Tevatron (Bo BpeMsi mpoBeneHuUs
annpokcumauuu B utose 2010 r.). MUHUMYM KPHUBOH COOTBETCTBYET
my = 841’;% 3B, rme B omubkax yuTeHa 3KClepHMeHTaJsbHas
HeOIpe/e/eHHOCTb Ha ypoBHe 68 % HOBepHTEesNbHOH BEPOSITHOCTH
M He ydTeHa TeopeTHYecKas HeOIpe/e/eHHOCTb. BepxHui mpenen
Ha Maccy 6o3oHa Xwurrca B 158 I'sB Obln ycTaHOBJEH Ha ypoBHe
95 % noBepuTeNbHOH BepOSTHOCTH. EC/MH yuecTb OTrpaHHYEHHS] B

AllNPpOKCHUMAllUH, MOJYUYeHHbIE B MPAMBIX U3MEPEHUAX, HauboJiee Be-

POSITHOHM Maccolt 6030Ha XUrrca CTaHOBUTCS My = 121fé7 I'sB [33].
Pesynbrarhl, KOHEUHO, MOIEJIbHO 3aBUCHMBI, TaK KaK B METJEBbIX
MoTpaBKaX YUYHUTBIBAJHUCh TOJBKO BKJIAABl U3BECTHOH (hU3UKH. TeMm
He MeHee CTOUT OTMETHTb CJeAyIolllee: YKa3aHWs HA TO, 4YTO OO30H
Xurrca HMeeT Majyl Maccy, MOJy4deHHble METOAOM IJIoOabHOM
anmnpoKCUMAlUK TMapaMeTpoB 3JEKTPOCAa00d TeOpHH, HUMEJHUCh 10
Havasa pusnueckor padotel sxcrnepumento LHC.

5. Bboabmoit agpoHHBIN KoJuUIaliaep M €ro MHOTOLeJeBble
nerektopbl ATLAS u CMS

LHC — 3To KpynHeHIIMH H3 KOTAa-au60 TOCTPOEHHBIX YCKO-
pUTesNb YacTHUL ¢ HauboJblledl AOCTUrHYTOH 3Heprueld. IlepBbie
ured o0 aIpOHHOM KoJJlaliiepe C 3Heprued B CHUCTeMe LEHTpa
Macc B 00JIaCTH HECKOJNBKHX TepasJeKTPOHBOJNLT 00CYXKAaJ/IHCh

LHC 27 km

Puc. 5. Aspodorocbemka teppuropurt LHC B LIEPH. Kosbuo LHC naxonurest

nox 3eMJled Ha riy6use nopsinka 100 m mexay 2KeHeBckuM 03epoM (B Bepx-

Hell JIeBOH YacTH PHUCYHKA) M ropHbIM MaccuBoM IOpa (Ha mpOTHBOMOJIOXHOM
CTOpOHE)
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Ha pabouem coBemanud B Jlosanue [34] B 1984 r. PaGotel mo
co3nanuio yckoputess B TyHHese LEP, ono6pennsie cosetom LIEPH
B nekabpe 1994 r., Hauamaucy B 1998 r. [logpo6HbIe BOCIOMHUHAHUS
MOXKHO mpouutath B [35]. [lepBoHauasbHO MalinMHa Gbl1a CKOHCTPY-
MpOBaHa JJIsl CTOJKHOBEHHS TPEUMYIIECTBEHHO POTOHOB NPH dHEP-
THU B CHCTEME LieHTpa Mace /s = 14 T3B ¢ npoekTHOH CBETUMOCTbBIO
L£=1-10* cm=2.¢c~! u paccTosHHeM MeXIy CTYCTKaMH UacTHIL
B 25 He. JleTasibHO MPOEKT yCKOpUTest 00cyxaeH B [36-38].

LHC pacnonaraercs Ha rny6une mopsinka 100 M mom 3emJel
B 27-kM TyHHesie LEP mexxny ropusiM MaccuBoM HOpa u 2KeneBckum
o3epoM (cM. puc.d). YckoputenbHbiii kommieke LIEPH BmioTh no
MPOTOHHOT'O CHHXPOTPOHA MCIONb3YeTCs /s HHXKEKIIMH MPOTOHHBIX
nyukoB B LHC ¢ sneprueit 450 I'sB; cm. Takxke puc. 6.

B o6uie#i cioxxkHoctd okosno 9600 cBepXMpOBOASLIMX MAarHUTOB
pacroJioxkeHbl o NepumeTpy yckoputess. Cpenu Hux 1232 pumo-
JIsl, UCKPHUBJSIOIIMX TPAEKTOPHIO MPOTOHA TaKHUM 006pa3oM, uTOObI
OH JIBUTAJICSl MO KPYroBoH opOute. Kaxkmblii OUMOMb UMeeT AJHHY
14,3 M ¥ co3maeT OTHOPOAHOE MAarHWTHOE II0Je HaNpSKEHHOCTHIO
8,3 Ta1 nist myuka npotoHoB ¢ sHepruet 7 TaB. Cepauesuna punogei
oxnaxpaeHa 1o 1,9 K B eMKoOCTH cO CBEpPXTEKyUHWM KHUIAKHUM TeJjH-
eM (TeMmepaTypa HHIKE, YEM B NPOCTPAHCTBE MeXKIy TajJaKTHKaMH
B KOCMOCE).

CornacHo mpoekTy mydok cocTouT u3 2808 CrycTKoB dYacTHIL
AJKHOH 7,6 cM 1 16 MKM B NornepeyHOM Ce4eHHH NpPH MaKCUMaJbHOH
(OKyCHpPOBKe My4YKOB, a PacCTOSIHHUE MeXKJAY CIYyCTKaMH YacTHI, KaK
paHee ObLJIO CKa3aHo, cocTaBiaseT At = 25 Hc.

Crapt pa6orsi LHC 10 centsiops 2008 r. cocrosiics ycCrerHo.
K HecuacTbio, Bcero yepes IeBsiTh IHEH HEUCIPABHbBIH KOHTAKT MeXK-
JMIOJbHON LIMHBI CTaJ] MPUYMHOH CEPbe3HOr0 HHIMIEHTA, KOTOPbIH
TMprBeJ K OOJBIINM MOBPEXKIEHHSIM 000PyI0OBaHUS B CeKTOpe «3—4».
Bblny He3aMenIUTeNbHO TIPUHATEL MEPHI 110 TIOYHHKE TTOBPEXKAEHUH 1
HeJONYILEeHHI0 TON0OHBIX HHUMAEHTOB B GynyuieM. [loTpe6oBasoch
6oJee roga, 4ToObl BOCCTAHOBUTL PaboOTOCIOCOOHOCTb YCKOPUTEJIS.

[To pesysnbraTaM MpoBepKH MPUYKMH aBapuu ObLIO pellieHo B Gymy-
I[eM TIPOBECTH TIOJHYIO PEBHU3UI0 KOHTAKTOB M APYrHe BaxKHblE MJIS
3alIUThl MAalIMHBl Mepbl, UTOObl UMeTh BO3MOXKHOCTb paboTaTh Ha
YCKOpHUTEJIe MPH MPOEKTHLIX 3HAYEHHUSIX SHEPIHU KaXKIOT0 U3 MYyYKOB
7 T>B. Tem BpemeHeM B 1essiX TPEIOCTOPOXKHOCTHU OBLIO peLIEHO
3aMyCTUTb MALIMHY TPU IOJOBHHE MPOEKTHOH 3SHEPruu, T.e. IpH
3,5-4,0 T5B Ha nyuok.

Bo Bpemsi mepsoro nepuona pa6oter LHC (2010-2012) sneprus
coynapeHuii cocraBusa 7 T3B, paccrosHue Mexay crycTkamu ua-
cru, At = 50 Hc, 4To B ABa pasa GoJiblle NMPOEKTHOTO 3HAYeHHS,
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a KaXK[Ibld My4OK MPOTOHOB cocTosin MakcumyMm u3 1380 crycTkoB
yactull. TeM He MeHee TJIOTHOCTb MPOTOHOB B CIYCTKe MPEBBICHJIA
MPOeKTHble 3HAuYeHWsi, NOCTUrHyB BesauuuHbl 1,7 - 101 mportoHos.
DTa BeJHMUMHA B COBOKYMHOCTH C OJM3KOH K TPOEKTHOH (OKY-
CHPOBKOH MO3BOJIMJIA NOCTHYb PEKOPAHOH MIHOBEHHOH CBETHMOCTH
L£=0,77-10% cm=?.c~!. Bosblioe paccTosiHMe MeXIy CryCTKAaMH
YacTUIl 00ecreunsio peKpacHyo CTabuIbHOCTb paboThl MALIHHBI H,
c/leloBaTe IbHO, NJIMHHbIE MepUoibl Habopa NaHHBIX. TeM He MeHee
yBeJIMUeHHe TJIOTHOCTU CTYCTKa YaCTHIl CBEPX MPOEKTHHIX 3HAYeHHUH
NprBeJo K O0JblIEMY UUCY B3aUMOAEUCTBUH 32 ONHO MepecevyeHHe
CTYyCTKOB (9(h(peKT MHOXKEeCTBEHHBIX B3aMMOAEHUCTBUH B COOBITHH),
T.€. HaJOXKEHWI0 He MPECTAaBJSIOIIMX HHTEPeC CTONKHOBEHHH Ha
u3ydyaeMble COObITHSI. PaboTa B TaKUX 3KCTPeMaJibHO CJIOXKHBIX YCJIO-
BHsIX Oblyia elile onHUM Bbi3oBOM st ATLAS u CMS. Pacnpenenenue
CpPEJIHEero Uhc/a COylapeHHi B COOBITHH /ISl ABYX TJIaBHBIX T€PHOMOB
Ha6opa nanHubix Ha LHC mnoxaszano na puc.7. Ilapamerpsl LHC,
JIOCTUTHYTbIE B MEpPBble TOAbl pabOThl, U KX CPaBHEHHE C MPOEKTHBIMH
3HaUeHHsIMHU TIpHUBeleHbl B TabJ1. 1.

Heo6xonumo 3ameTuts, uto usudeckas nporpamma LHC Bkiito-
YaeT W M3yueHHe CTOJKHOBEHHH TSI’KeJIbIX HOHOB IPH BBICOKHUX IHEp-
rusix. Ha Kosblie GbIIM yCTAHOBJIEHBI YETHIPE TJIaBHbIE SKCIEPUMEH-
TaJibHble YCTaHOBKH: NBa yHHBepcanabHbiX netektopa ATLAS [39] u
CMS [40], LHCb [41] (cnerunann3upoBaHHbId 1€TEKTOP AJST MPELH-

— 80E ATLAS online luminosity E
=3 F 3
= 70 B Vs=8TeV, [Ldt =631, ]
g: 60F (n) =195 E
Z ook D Vs=7TeV, [Ldt =52, ]
S E (1) = 9.1 E
E 40F E
= ok E
~ 30F 3
< .nF E
= 2F E
2 10f ]
0 5 10 15 20 25 30 35 40

Mean number of interactions per crossing

Puc. 7. Pacnpenenenuve cpenHux BeJauduH u. [lapamerp pu  — 3TO
cpeHee UMCJIO  JOMOJHHUTENbHBIX IPOTOH-NPOTOHHBIX COyHapeHu# Ha
OfHO  CTOJNIKHOBEHHWE CTYCTKOB  YaCTHL [0  JaHHBIM  JKCIE€PUMeHTa
ATLAS  (https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/
InteractionsperCrossing /muplot/2012/mu_2011_2012.eps)
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Tat6anna 1. OcHoBHele mapamerpsl LHC Bo Bpems pabotel B 2011 u 2012 rr.

¥ UX CpaBHEHHe C MPOEKTHBIMH 3HauYeHUsIMH [36—38)]

[Tapamerp 2011 r. 2012 r. Howmunan
Oueprus nyuka, TaB 3,9 4,0 7,0
BpemenHo# nHTepBaN Mexay 50 50 25
CTYCTKAMH YaCTHII[, HC
Uucsio CrycTKOB UacTHI B My4Ke 1380 1380 2808
B8*, M 1,0 0,6 0,55
IIporoHos/crycTok, x 10!! 1,45 1,70 1,15
HopmanuzoBaHHBIH aMUTTaHC, ~ 24 ~ 25 3,75
MM - Mpaj
[MukoBast cBeTUMOCTh, M~ 2-¢c~ ! | 3,7-10% | 7,7-10% | 1,0-10%

3HOHHOTO M3y4eHHUs] QU3MKH Tskeabix apomatoB) U ALICE [42] —
NE€TEKTOP, ONTUMH3UPOBAHHBIN [/ (DU3UKH TsXKeJbIX HOHOB. Takike
B KOJIblle MalllMHbl ObIJIM YCTAHOBJIEHBI ellle ABe 3KCIePUMEHTaJb-
Hble yctaHoBKH. Onub u3 merektopoB, TOTEM [43], B uacTHOCTH
npenHasHaueH IJisi U3MepeHHsi mojHoro cedenus pp, a LHCI [44]
CMIPOEKTHUPOBAH MJisi M3YyUEHHs] HEHTPasbHBIX YACTHI[, U3JydaeMbIX
noj MaJibIMH yriaamu B pp-coypapenusx. LHC 3apa6oran B mekabpe
2009 .

5.1. Ikcnepument ATLAS. Ycranoska ATLAS (A Toroidal
LHC ApparatuS) nnunoit 44 m, 25 M B 1uaMeTpe U Maccoi 0OKOJO
7000 T — camass GoJbluas U3 KOrga-nubo MOCTPOEHHBIX IKCIepH-
MEeHTaJbHbIX yCcTaHOBOK. CXeMaTH4YHO JaHHBIH HeTeKTOp H300paxeH
Ha puc. 8.

Bakaiiias Kk Touke B3aumonedictus cuctrema ATLAS — BHyT-
pennuit perektop (ID) — HaxomuTcs B akCHajJbHOM [OJie Hamps-
xeHHOCTbO 2 Tul, co3naBaeMOM coJieHOMIANBHBIM MarHuToM. Kpem-
HHeBble MHKCEeJbHble W CTPHUIIOBble [ETEKTOPbl MO3BOJSIOT PEKOH-
CTPYHpOBAaTh U HM3MePSIThb 3apsiKeHHble UYACTHIbI, POXKAAIOLIUECS B
MPOTOH-NMPOTOHHBIX COyIAapeHHUsIX B MHTepBasax Mo MCeBIOOBICTPOTE
Inl < 2,5 (n=log (tan (6/2)), rne 6§ — nonsipuslil yroa). Cucrema
IOTIOJIHEHA TpeKepoM H3 apeldoBeiXx Tpy6 B obmactu |n| < 2,0,
KOTOPBIH y/ydlllaeT PEKOHCTPYKLHIO 3/1eKTPOHOB MOCPENCTBOM peru-
CTpaLMH MEePEeXONHOT0 H3JYyUeHHSI.

ID okpyxeH cucTeMaMy KaJOPUMETPHH, COCTOSIIIMMU U3 IJeK-
TPOMarHUTHOIO M aJPOHHOrO KaslopuMeTpoB. Belcokas rpanysisp-
HOCTb 3JIEKTPOMAarHUTHOTO KaJOpHMeTpa OCHOBaHA Ha TEXHOJOTHH,
B KOTOpOH Hcrnosb3yercs: XHUAKUH aproH u cBuHer (LAr). On co-
CTOMT W3 UeHTpasbHoro momynas (|n| < 1,475) u OByX TOpLEBBIX
(1,375 < |n| < 3,2). LAr-xanopumMeTp OKpy»KeH aJpOHHBIM KaJopH-
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25 m

LAr hadronic end-cap
and forward calorimeters

Muon

chambers magnets LAr
. . electromagnetic
Solenoid Trar}sm.lon calorimeters
magnet radiation
tracker
Semiconductor
tracker

Puc. 8. Herektop ATLAS B paspese. Pasmepsl merektopa: 25 M B nuamerpe
u 44 m B nauny [39]; macca nerektopa B c6ope npumepHo 7000 T

MeTpOM, pa3pabOTaHHBIM Ha OCHOBE APYTMX TEXHOJOTMH: CLHUHTHJI-
JSILMOHHBIX CUETUHKOB M kKese3a mpH |n| < 1,7, KUIKOro aproHa
v xkesesa mpu 1,5 < |n| < 3,2, X)ugkoro aprona u Bosbdpama npu
3,1 < |n| <4,9.

MIOOHHBIH CIEKTPOMETP HAXOAWUTCS [JaJjblile BCEro OT TOUKH
B3aumozeicTBuss B ATLAS. Dto Gosbiuasi cucrema, 060pynoBaHHAs
TPEKMHTOBBIMU J€TEKTOPAMH, HAXONSIIMMHCS B TOPOMIAJIbHOM Mar-
HUTHOM TIoJle cpefiHed HampsikeHHocTblo 1 T, cospaBaemom Tpemsi
CBEPXIPOBOASALIMMH MarHutaMd. MoHHUTOpHpyeMble Ipei(oBble Ka-
Mepel (MDTs) — aTo npefidoBble 1eTEKTOPBI, COCOOHBIE TOUHO pe-
THCTPUPOBATh MIOOHBI M U3MEpPSATh MX MMIYJbC B obsactu |n| < 2,7.
KonctpyktusHo MDT npencraB/isiioT coGod Tpu H3MepHUTeJsbHble
CTAHIMH, KaxK1asi U3 KOTOPbIX HAXOAUTCS HA MOCTOSTHHOM yHaJleHHUH
OT TOUKH B3aUMOAEHCTBHUS pp. BHYTpeHHss cTaHUMS TOpPOMAAb-
HOU cHCcTeMbl 000pyIOBaHA KaTOLHO-CTPHUIOBbIMU Kamepamu (CSCs)
M3-32 HUX CIOCOOHOCTH paboTaTb B YCJOBHAX BBICOKHX 3arpysok.
Kawmepnl ¢ pesuctuBHbiMU miacTHamu (RPCs) B uummuapudeckon
uact# (|n| < 1,05) u Tak Ha3biBaeMble y3ko3azopHbie Kamepsl (TGCs)
B TopounanbHoi (1 < |n| < 2,4) ucnosnb3ytoTest Asi OBICTPHIX H3Me-
pEHHH TPUITepa W MOBHIIIEHHs TOUHOCTH H3MepeHHUs1 MiooHOB MDTs
1 CSCs. Bosblie uHopmMauuu MoXHO HalTH B [39].
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5.2. Jkcnepument CMS. [lerekrop CMS (Compact Muon
Solenoid), umerommit pauny 29 M u guametp 15 M, — 3To elue
OJlHA TUTAHTCKAasl yCTAHOBKA, X0Ts U Gosiee KomnakTHasi, yeM ATLAS.
CxemaTn4HO oHa H300pakeHa Ha puc. 9. OcHoBoMoarawIIeN YacTbio
3TOH YCTaHOBKH SIBJISIETCSI CUJIbHBIH MAarHUT — OOJBIIOH LEeHTPaJb-
HBIA COJIEHOMJZ, CIOCOOHBIM CO3laBaTb MarHUTHOE [MOJie C Hamps-
keHHOCTbIO 3,8 Ta. BHyTpH ueHTpanbHOTrO CoJieHOWAA pa3MelleHbl
BHYTPEHHHH TpeKep, 37eKTPOMArHUTHBIH U aflpOHHBIH KaJOPUMETPHI.
TpaekTopuu 3apsiKeHHBIX YaCTHUL[ H3MEPSIFOTCS KPEMHHEBBIMH IHK-
ceJIbHBIMH U MOJIOCKOBBIMH TpeKepamu ¢ paboueii ob1acToio |n)| < 2,4.
B ornuune or ATLAS B nerektope CMS ID He ucnosbsyoTcs
TEXHOJIOTHH I'a30BbIX JETEKTOPOB, a MPUMEHSIOTCS TOJNBKO KpeMHHe-
Bble yCTpoOHCTBa. BHYTpeHHUE TpeKep OKPYKaIOT 3JeKTPOMarHUTHbIH
KaJopuMeTp Ha Kpucrasinax Bosab(pamara cBuHua (ECAL) u na-
TYHHO/CUMHTHIIATOPHBIH anponHbli Kantopumerp (HCAL), a yepen-

Ta6anuma 2. DPPeKTHBHOCTE OCHOBHHIX KOMMOHeHTOB nerektopoB ATLAS
u CMS

ITopcucrema ATLAS CMS

eHTpanbHBIH
coJqieHoun 2 Tu;
MIOOHHBIH TOPOH:

LleHTpanbHbIN

MarnuTHOe 05Tns costeronn 3,8 Ta +
nouie UM/THHAPHYECKOH BO3BPATHOE SIPMO
qactu u 1 Tn B
TOPLEBON
[eHTpanbHBIH
TpeKep; L 10—4 .10~
HMITyJIbCHOE 5 1(0 gTr;BB())’OI Lo (10 1317{“5193?’005
paspeleHune pr br
o(pr)/pr
MioonHas
CHUCTEMA; _ —
paspelleHue o MpH pr = o P PT =
o(pr)/pr
dnekTpomar-
HHUTHBIH 0,10/vE @ 0,007 0,03/vE @ 0,005
KaJOpUMeTp, (E B I'sB) (E B I'sB)
o(E)/E
A "
APOHHBIA 0,50/vE 0,03 1/VE 0,05

KaJOpHUMET),
o E)I} s (E 8 T5B) (E 8 T3B)
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KOBCKHUH KaJjiopuMeTp ¢ KBapueBbiMH BosokHamu (HF) yBenuuuBaer
pabouyio 06JacTb AaHHOU cucTeMbl 10 |n| = 5,0.

Breiinue nerektopHble KoMnoHeHTHl CMS BKJII0YaOT MIOOHHYIO
CUCTEMY, COCTOSILIYI0 W3 Ta30BbIX NETEKTOPOB, MPOJOXKEHHBIX TOJ-
CTBIMH 2KeJIe3HBIMH MacTHHaMH. 2KeJjie30 TakKe HCHOJb3yeTcsl Kak
MO IePXKMBAIOLIAsl CTPYKTYpa U BO3BPATHOE SIPMO LIEHTPAJIbHOTO CO-
JIEHOU/1a, MO3TOMY OHO BHOCHT CYIIECTBEHHBIH BKJal B OGOJBIIYIO
maccy anmnapata (oxosno 14000 t). Hpeiicdoseie Tpyoku (DT), RPC
u CSC ucrnonb3yoTes Kak AJs TPUTTHPOBAHHUS MIOOHOB, TakK U [IJIsi
MX TOYHBIX H3MEpPeHHH B TOJHOM [Hara3oHe M0 ICeBIOOLICTPOTE
In| < 2,4. Bosbie uHpopMauuu nocrynHo B [40].

6. PoxxneHue u pacnajp
6o30Ha Xurrca CM na LHC

XoTsa macca 6030Ha Xurrca He npejackasbiBaercsl Teopuedd, B CM
ero KOHCTAHTbI CBSI3H C (DePMHOHAMU M 6030HAMU JOJKHbBI ObITh MPO-
TMOPLHUOHA/bHBI COOTBETCTBYIOLIMM MaccaM 4acTHll (A5 (hepMHOHOB)
¥ KBagpataM Macc (st 6030HOB). [TosToMy pokieHue M pacmajn
6030Ha XwWrrca NPOUCXOAUT B OCHOBHOM B KaHa/laX C TSKeJbIMU

T T T T T T T T ]
I ~
Vs =1T7TeV
10E E
E 1'1()11 52 E
[ 2 Uy Hoy ]
e}
o
2 1 E
= ]
+ ]
jas) 4
: 1
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S F ]
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102 .
L
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Puc. 10. Bknag pa3iuuHBIX MEeXaHH3MOB B CeyeHHe POXKIeHHs 6030Ha XHrrca
npu 7 TaB B 3aBucHMOCTH OT ero macchl [49]
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yactuuaMu — ¢ W- 1 Z-6030HaMH U C TPETbUM MOKOJeHHEM (epMu-
oHOB. boson Xurrca He B3auMonelcTByeT ¢ (DOTOHAMU U [VIIOOHAMH
Ha JpPEeBeCHOM YDOBHE, a TOJbKO B OJHONETJEBHIX AHarpammax. B
KaHaJa gg — H OCHOBHO# BKJajy BHOCAT tt- ¥ bb-meTiu. B kaHan
vy — H OCHOBHOH BKJIaJl BHOCAT MNETJH, cofepxkauue W u TpeTbH
TMOKOJIEHUS] (DEPMHUOHOB, B OCHOBHOM ¢-KBapKOB.

OcHoBHBIe mpoLieCChl, BHOCSILME BKJAaA B poxXaeHHe ©6030HA
Xurrca Ha NPOTOH-IPOTOHHOM KoJjaijiepe, — 3TO CJAUSIHUE IJI0O-
HOB, CJIMSIHHE BEKTOPHBIX GH030HOB, aCCOLUHMPOBaHHOE poxaeHHe ¢ W
WU Z U usnyueHue 6o03oHa Xurrca t-kBapkoM. COOTBETCTBYIOLIHE
ceyeHus: npu npoekTHo# sHepruu LHC B cucreme nentpa macc 7 TaB
npuBeneHsl Ha puc. 10 [45]. HeoGxomumo 3amMeTHTb, 4TO TOJHOE
ceueHue poxkaeHus npu 7 T3B Ha mopsiiok MeHblle, YeM TIPU MPOEKT-
HoMm 3HavyeHud sHepruu LHC. HecmoTpsi Ha 3HaunTesbHBIE yCHIIHS,
HarpaBJeHHble HA YTOYHEHHE TeOPeTHUECKHX MPeACKa3aHHH ceyeHHUst
POXKIEHHs, HUXKe Mbl KOHIIEHTPHPYEM BHHMaHHE Ha BBIUHUCJIEHHSX,
UMeBLIMXCS K Hadaay padotel LHC.

6.1. Crugane rawooHoB. CJusiHUe TJIOOHOB — JOMMHHU-
pYIOILMH MeXxaHW3M poxaeHusi OGoszona Xurrca Ha LHC Bo
Bcex HHTepBasax Mmacc. JlomuHupyloumas adarpamma Peiinmana
115t npoiecca nokasaHa
Ha puc.ll,a. K Hauany
pabotsl LHC ceuenne nanHoro
nporecca ObLJIO  BBIUHCJEHO
C TOYHOCTBIO JI0 BTOPOTO
MOpsiIKa TEOPHUH BO3MYILEHHH
(NNLO) wu anektpocsabbix
MONpPaBoOK TMepPBOTO  MOPsiIKa

. Puc. 11. Poxnenue 6o3oHa Xwurrca Ha
Teopun Bo3mywenui (NLO). AIPOHHBIX KOJIAl[epax MpH CJIUSHUU
[lorpemHocTsb BBIYHCJIEHUH  II0OHOB (@) ¥ BEKTOPHBIX 6030HOB (6)

coctaBuaa 15-20%, uto B
OCHOBHOM CBfI3aHO ¢ HeomnpezaejeHHoctsamu mnaptoHoB (PDF) u
paluMalMOHHBIMU MONpaBKaMU BblclIMX nopsiakoB KX 1.

6.2. CiussHue BeKTOPHBIX 0030HOB. CedeHne poxueHHs 60-
30Ha XWITca NpU CJAUSAHHH BeKTOpHbIX 6030HOB (VBF) Ha mopsmok
MeHbIlle, YeM IpH CJIUSHUM TJIIOOHOB B ILIMPOKOM [HAra3oHe 3Ha-
yeHHH my. JlBa mporecca CTAaHOBSTCS CPAaBHUMBIMH TOJBKO TIPH
maccax nopsinka | TsB. Tem He MeHee 3TOT KaHa/J TpeaCTaBJseT
O0JIbLION HHTEpeC H3-3a YUCTOU 3KCMEPUMEHTAJbHOH CHUTHATYPHI:
Ha/iMure JABYX COMYTCTBYWOIIUX CTPyHd C OOJBIION WHBApUAHTHOM
Maccoll B mepefHell 06JacTH MO3BOJSET 3HAYUTEBHO YAYUYLIUTh CO-
OTHOILIEeHHe curHaj/¢oH. TakKe mJsi 3TOro mporuecca OblIH CoeNaHbl
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Beruncsennss NNLO KX u NLO EW. Tlorpemnoctu B w1esom
MeHblIe (IpuMepHO Ha 5 %), ueM B KaHaJjle CAUSIHUS [JIF0OHOB. [lomMu-
Hupytollas nuarpamma PellHMaHa 1 JaHHOTO Mpolecca MoKasaHa
Ha puc. 11, 6.

6.3. Poxpaenne, accouunpoannoe ¢ W u Z. B mpoueccax
usnydeHusi 60o3oHa Xurrca Takxe oOpasyercss W- uan Z-6030H
(VH), KoTopBIil MOKHO HCIO0Jb30BaTh AJs1 0TOOpa COObITHE. Tunnu-
Hble CeYeHHs 3TOro Mpolecca Ha MOPSAKM MeHbllle CeUeHHH CAUSHUS
raooHoB H u3BecTHhl Ha ypoBHe NNLO KX u NLO EW. Vyer
JaHHBIX BKJAJ0B YBeJMYMBaeT ceueHue B ryiaBHoM nopsiike (LO) Ha
20-25 %. TunnuHasi BeJIMYMHA MOTPELIHOCTH JAJIsi JAHHOTO Tpoliecca
~ 5%. JNomunupyoure nuarpaMmmbl @ellHMaHa AJis1 poliecca noka-
3aHbl Ha puc. 12, a.

Puc. 12. Poxxnenue 6030Ha Xurrca Ha afipOHHBIX KoJ/laiaepax, acCOLMHPOBaH-
Hoe ¢ W unu Z (@) u ¢ napoil Ton-KBapkos (6)

6.4. AccouuupoBaHHOe POXKAEHUE ¢ mapoii tt-kBapkos. I[lo-
C/IeIHUH M3 OCHOBHBIX MEXaHH3MOB POXKJEHHS 6030Ha XHUITCa — €ero
ACCOLIMMPOBAHHOE POXKIEHHE C TMapol ti-KBapkoB. B 3TOM mporecce,
HEeCMOTpSl Ha MeHblllee, YeM B MPeNbIAYILIMX Tpolleccax, CeueHHe,
Ha/l{dupe Tapbl TOM-KBAPKOB B KOHEUYHOM COCTOSTHUHM MOXKeT OBIThb
MCIIOIb30BAHO KaK dKCIIepUMeHTasNbHasi curHatypa. ns atoro mpo-
necca OBLIM MPOAESaHbl BBIUHACIEHHUS TOJNBKO B MEPBOM IOpPSIKe
Teopuun Bo3myleHui KX]I, a xapakTepHasi MOTPeLIHOCTb CeYeHHs
cocraBisier ~ 10%. Homunupyioiiue nuarpammbl @eilHMaHa [Jist
3TOro mnpolecca nokasaHsl Ha puc. 12, 6.

6.5. Illupuna pacnaga Go3oHa Xurrca ¥ MOABI pacmaja.
Crparerusi o6HapyxkeHUs 6030Ha XHITCAa CHJIBHO 3aBHCHUT OT €ro
Macchl, TaK KaK He TOJbKO MEXaHHU3M pOXKIEeHWs, HO U ILHpHUHA
pacrnaja, ¥ MOAbl pacnajga CHJbHO 3aBUCAT OT myp BO BCeX HHTEp-
Basax no macce. [losHasi mupuHa pacrnajga 6030Ha XHrrca B 3aBH-
CUMOCTH OT mpy nokazaHa Ha puc. 3. [lpu manbix maccax, HHKe
nopora 2myy, 6030H XUrrca UMeeT OueHb Y3KUH pe3oHaHC ¢ MIUPHU-
HOH B HECKOJIbKO MErasjeKTPOHBOJBT, YTO Ha HECKOJbKO MOPSAKOB
MeHbllle, yeM paspellleHHe NeTeKTOPOB Ha aJAPOHHBIX KoJJjakaepax.
[Iupuna GeicTpo pacteT ¢ Maccol, gocturas 1 ['sB npu mpy ~ 200.
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Puc. 13. Ilupuna pacnaga 6o3oHa Xurrca CM B 3aBHCHMOCTH OT MaccChl
B PeJISITUBUCTCKOM npub/nxeHnu Bpeiita—BurHepa [45]

[Ipy mpy > 2myz B mojHOH wMpHHe pacnaga 6o3oHa Xwurrca
JIOMUHMPYIOT BKJIaJbl OT ero pacnanos Ha WTW ™ u ZZ, uto MoxkeT
OBITh 3alIMCAHO CJEAYIOLIUM 00pa3oM:

2.3
gm fr— 3
FHﬁw-&-Wi:ﬁ 1—.%'W (1—.%'W+ZQ?12U>, (13)
w
2,.,3
g-m 3
lyzz = M\/ l -2y (1 —xz+ ZCL“QZ), (14)
rae
4m? 4m?
oy =— gy =L (15)
My My

[Ipu Gonbmwux my, zw U xz — 0 wHpHHa pacrnaga 6030Ha
Xurrca pacrer Kak m%
CymMupys ABe LIMPHUHBI pacnaja, Mpu OOJMbIIMX Maccax MoJyduM
NPOCTOE BblpakKeHHe:
3m?
Trovy = -, (16)
32mv?

[Tpu oueHb GosbIIMX Maccax my LWIMPHHA pacrnaga 6030Ha COMo-
craBuma ¢ ero maccoit (I'y ~ mpy npu ~ 1,4 TsB) u onpenesenue
yacTULbl TepsieT cMbicy. C 3KCIIEPUMEHTaNbHON TOYKW 3PEHUSs], eC/H
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Puc. 14. BepositHocTh pacnana 6o3oHa Xurrca CM no pa3/inyHbIM KaHajgam B
3aBUCHMOCTH OT €ro macchl [45]

66l 0030H XHUrrca Obll OYeHb TSXKEJbIM, TO ObLIO Obl OYEHb CJIOXKHO
OTHEJHUTh «pe30HaHc» 6030Ha Xurrca ot V' V-KoHTHHYyyMa.

Ha puc. 14 noxkasana BeposiTHOCTb pacnana 6o3oHa Xurrca CM
B 3aBHCUMOCTH OT ero macchl. IlapuuasbHble LIUPUHBI (PEPMHUOHOB
NPOMOPLHUOHANbHE MaccaM (epMHOHOB B KBajpaTe, NapliuajbHble
LIMPHHBl TIPOMEXKYTOUHBIX BEKTOPHBIX O030HOB MPOMNOPLUOHAJBHBI
YeTBepTOH CTermeHH Macchl. [loaToMy (epMHOHHBIE MOABI pacnaja
JIOMHHHDYIOT TOJIBKO B 06JacTH Maablx Macc (1o mpy = 150 I'aB).
B yactHocTH, KaHan H — bb — camasi BeposiTHasi MOJia pacrana, Tak
KaK b-KBapK — CaMblH TSIXKeJIbld U3 JOCTYMHBIX B AaHHOU 00/acTh
¢depmuonoB. Cnenom 3a HUM uper moma H — 77. B KoHTekcre
06/acTH MasblX MacC HeoOXOOUMO OTMETHTb Ba)KHOCTb OO30HHBIX
mon pacnana (H — vy, H — ZZ®) = 1lll H - WW® — wlv).
HecmoTps Ha TO, 4TO BEPOSITHOCTb 3THX PacHafoB CHJAbHO MeHblle
JOMHHUPYIOLIe# bb-MOfbl, TH KaHaJbl HMEIOT YHCTYIO 3KCTepHMeH-
TaJibHYI0 curHatypy. [Ipy oTKpbITHM KaHaJa pacnaja B apbl BEKTOp-
HbIX 0030HOB OHM OBICTPO HauMHAKT AOMHUHHpoBaThb. [IuK pacnana

H — W*TW~ uabnwonaem npu mpy = 160 I'sB, korma craHoBuTcs
BO3MOXKHBIM poxKAeHHe ABYX W-6030HOB Ha MacCOBOH MOBEPXHOCTH,
a poXKJeHHe peasbHOU ZZ-napsl Bee ellle 3anpeleHo. [Ipu 6onpinx
maccax (6osee 350 I'aB) Takxke MoryT poxnartbes ti-mapsl, HO 6o-
30HHAsl MOJA pacrnaja NpPofoJKaeT JOMUHUPOBATh BIoTh 10 1 T3B.
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7. Crapr pa6orsr LHC: 3anoBO oTKpbiBasi CtaHIapTHYIO
mopeas npu /s = 7 TaB

[TepBble cronkHoBeHust Ha LHC Opiin 3aperncTpupoBaHsl dKcre-
pumeHTaTtopamu 23 Hos6psi 2009 r. Mpu SHEPTHH B CHUCTeMe [eHTpa
mace /s = 900 I'sB [46]. B TeuyeHue 3THX paHHUX (HHU3UUYECKHX
CEeaHCOB YCKOpPHUTeJb U 000pyLOBaHHE SKCIIEPUMEHTOB paboTalu 3a-
MeyaTeJsbHO, UTO OBIIO OTPa’KeHO B IpeBapUTesbHBIX, HO MPOU3-
BOASILUMX BIeyaTJeHHe pe3yJbTaTax, MOKa3blBAIOLIUX IPeKpacHble
XapaKTePUCTUKH NeTeKTopoB. CIycTs cOBCEM HEMHOTO BpeMeHH Obl-
JI1 OMmyOJIMKOBAaHbl MepBble Pe3y/bTaThl M0 POXKIEHUIO 3apsKeHHBIX
YaCTHIl, U MPOU3BENEHO UX CPaBHEHHE C CYIIECTBYIOLUIMMHU JAaHHBIMU
SppS B LUEPH u Tevatron sBo FNAL.

27 ¢espans 2010 r. Ha LHC 3akoHunaMch nmyckoHalalouHble pa-
GOTHI ¢ MyyKaMH NPOTOHOB ¢ 3Hepruelt 3,5 TaB. [lepBrle nanHble 1O
CTOJIKHOBEHHUSIM TIpH 3Hepruu /s = 7 T3B Gbuu 3anucans 30 map-
tTa. B nanbHefiieM HaGop DAHHBIX MPOBOAMJCS MPH yBeJHUYEHHH
MOMEHTa/NbHOH CBETHMOCTH. B KOHLle NPOTOH-MPOTOHHOTO CeaHca
2010 r. B kaxkpom u3 akcrnepumentoB ATLAS u CMS 6binio 3anu-
caHo 45 n6~!' mamHpX. Ha MX ocHOBe SKCIepHMMEHTATOPHI CMOIH
BBITOJIHUTD Npe/BaAPHUTE/IbHYI0 KaJlHOPOBKY NeTeKTOpa, B HaCTHOCTH,
NPOCTPAHCTBEHHOE BbIPABHHBAHUE BHYTPEHHEr0 Tpekepa U MIOOHHOH
CHCTEMbl U KaJUOPOBKY 3HepreTH4YecKoH IlIKaJsbl KaJlopHMeTpa.

[TepBbie HaGopbl HaHHBIX NpH /s = 7 T3B urpanu BaxHyi0 posb
B «IIOBTOPHOM OTKPBITHM» (yHIaMeHTasnbHbIX 4actuy CM. Bbliu
UcceloBaHbl poxKaeHus cTpyd, W- u Z-6030HOB U TON-KBAapKOB, MO
pe3ysbTaTaM BBITNOJNHEHO cpaBHeHHe ¢ mpenckasaHusMu CM. Bosee
TOro, noHumanue mnpoueccoB CM O6blI0 BaKHBIM He TOJNBKO MJIsl
NPOBEPKHU 3TOH TeopuH Ha OecrpelleeHTHOM MacliTade 3HEpPrui, HO
U JUIS. KOHTPOJIST (DOHOBBIX MPOLIECCOB, KOTOPble MOIVIM MOBJHSATh Ha
TMOUCK HOBOH (pM3HKM W 6030Ha XHrrea.

B stom pasnesie cobpanbl mpuMepsl Hanbosee 3HAYUMbIX PAaHHUX
MCC/IeIOBAaHNH, TIPOBEIEHHBIX B YHHMBEPCaJbHBIX IKCIEPUMEHTax Ha
MepBbIX JAHHBIX, 3alHCAHHBIX TPH MepBOHAYAJbHBIX MOHMKEHHBIX
sneprusix Ha LHC. Ha puc. 15,a nokazan nux pacnaga W — ev,
pekoHctpyupoBaHHbii Ha ATLAS [47], a na puc. 15,6 — usmepeH-
Hble BeposiTHOCTH pacrnafoB W u Z Ha sentonsl Ha CMS [48] u
BbINIOJIHEHHOEe cpaBHeHHe ¢ mnpeackasaHusimu CM. IlosHoe HHKJIIO-
3UBHO€ CedeHMe pacnanoB W- u Z-0030HOB B JIENTOHHBIX KaHaslax
OBbLJIO M3MEPEHO C 3KCIEPUMEHTaJbHOH MorpemrHocTbio MeHee 4 %.
M3mepenus coBnapaioT ¢ mpenckasanusmMa CM B mpenesax skcre-
pUMEeHTaJbHOH ¥ TeopeTH4YecKo# omnboK (oxoso 5 %).
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Puc. 15. a) Pacnpenesnenue cobeiTuii-kanauaatos B W no Ep nociie HTOOBOTO

or6opa Ha ATLAS. IlpoBeneHo cpaBHeHHe AAaHHBIX U Pe3yJbTATOB MOIENHPO-

BaHusi Monte-KapJ/io, pa3ébutoro Ha CHrHajq 4 pasjiduHble (DOHOBbIE MpOLEC-

col [47]. 6) OtHotienusi usmepeHHbix Ha CMS BeJMYMH K HX TEOPETHUYECKH

npefcKa3aHHbIM 3HaueHHsiM. [lorpewrHocTs onpenenenust ceetumocth (£11 %),

BJIMSIIOIIAS] TOJIBKO HA M3MepeHHe MPOU3BE/IeHUs ceueHHsl Ha BePOSITHOCTh pac-
naja, MokasaHa B BHJE 3alUTPUXOBaHHOH obJacTu [48]

AcconunpoBaHHOe pOXKIEHHE BEKTOPHBIX O030HOB W CTPy#H C
GOMbLIUM pr SBJASETCS ONHUM M3 HauboJsiee BaKHbIX HCTOUHHUKOB
¢oHa B mouckax 6o3oHa Xurrca. bosee Toro, poxxmeHue BeKTOPHBIX
0030HOB W CTPYH BaxKHO A/ nposepku nepryp6atuBHoil KX CM.
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CeueHne poxJIeHHS B 3aBUCHMOCTH OT HMHKJ/IO3MBHOH H 3KCKJIIO-
3UBHOU MHOXECTBEHHOCTH CTPYH W WX OTHOUIEHHs, Kak U Audde-
peHLHaJbHble CceYeHHUs] B 3aBHCUMOCTH OT IOMEPEeYyHOro HMIYJbCa
U ObICTPOT CTPYyH, BKJIOUas YIJIOBOE PACCTOSIHHUE MEXAY JHAUPY-
IOIIMMH CTPysiMH, Oblid u3ydeHbl Ha ATLAS. B stux wuccienoa-
HUSIX paccMaTpUBaJdUCh MHK/AO3UBHbe U VBF kputepuu ot6opoB u
METOJbl BblJeJeHHs] MPOLECCOB CJHUSHUS BEKTOPHBIX 0030HOB [49].
Ha puc. 16 mpencraBieHo abconoTHOe cedyeHHEe B 3aBUCHMOCTH OT
9KCKJIFO3UBHON MHOXKECTBEHHOCTH CTPYH, TOJyuyeHHOE Ha YCTaHOBKe

L T T T T T T _I
102f  ATLAS Z/y (= 1T )+ > 2 jets (1= e, p)
E — —1
P JL‘“ =464 26 Data 2011 (Vs = 7 TeV)
& 10F anti-k jets, R = 0.4 —=— ALPGEN
B E pIet > 30 GeV, [yif| < 44 4 SHERPA
i 1L mii > 350 GeV, [Ay#]| > 3.0 =¥ BlackHat + SHERPA
L10lg E
) g — 3
=102k s v, 2
N E E
Y c ]
103 3 K%%ﬁ%%% E
o : : : : %
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<, e
Z . I I I
£ 15k "‘ALPGEN
S zzzwﬁ%
S 1
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|
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g -A—SHERPA
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O 7 Vn d )A/
= 0.5
1 1 1 1 1
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Puc. 16. HMsamepennsie va ATLAS ceuenusi mpoueccoe Z — £+ CTpyu B 3a-

BHCHMOCTH OT 3KCKJ/IO3MBHOH MHOXKECTBEHHOCTH CTPYH, Njet, B COOBITHSAX,

ynossetBopsitoux VBF-ot6opy (MUHMMYyM [Be CTpPYyW C MOMEPEUHBbIM HM-

nynscom Gosee 30 3B, GuicTpoToil cTpyil Gosee 4,4, HHBapHAHTHOH MacCoOH

Gosiee 350 3B u GbicTpoTaMu MeXAy CTPYSIMH, OTJHYAIOLMMHUCS 0ojiee yeM
Ha 3 enuHunb) [49]
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ATLAS B coObITHSIX ¢ Z U CTPYSIMH MOCJE ONTHUMH3ALUH KPUTEPHEB
oT00pa, MO3BOJMBILIEH YBEJHUNUTb YUCJI0 coObITHH mpoueccoB VBF.
JlanHele coracytoTesi ¢ npenckazanusmu BlackHat + SHERPA.
CoGeiTHst ¢ (DOTOHOM M CTPysIMH (TpSMOH (POTOH) — BaXKHBIH
UCTOYHUK (DoHa npH u3MepeHusix npouecco B CM, nanbGonee 3Ha-
YUMBbIH TPU IIOHUCKE Jerkoro, HeHdtpasnbHoro 6o3oHa Xurrca B Ka-
Hasne pacnaga H — ~7. Bosee Ttoro, uccnenoBaHusi cOObITHH, CO-
IepXkalmux (GOTOH U OAHY HWJK OoJiee CTPYH B KOHEUHOM COCTO-
SIHUM, TI03BOJISIIOT HAMpsSIMyl0 IPOBEPHUTb KBAHTOBYI XPOMOIMHA-
MuKy. CedyeHH§ pPOXKIEHHS B 3aBUCHMOCTH OT pPasJIMUHBIX YIJIO-
BBIX KOH(UTypalUWH UyBCTBUTeJbHB K BKjaagam KXJI mommpouec-
ca Heympyroro paccesiHusi U (pYHKLUSIM paclpefiesieHUs] NapTOHOB
(PDF) B mporoHe. M3mepeHue 3THX ceueHHH M03BOJSET MPOBEPUTD
MoAeu (DYHKLUUH pacrnpefesieHrs NapTOHOB, YAYYLIUTb (PEHOMEHOJIO-

107 E T T T T T
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E V! o [177] < 0.9 (x8000)
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v21< <25
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101 .
Total uncertainty
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Puc. 17. HuddepeHunanbHoe ceyeHHe POXKAeHHUS (OTOHA MO TONEPEYHOMY

UMIYJbCY p. B TPUCYTCTBHH CTPYE B LEHTPAJbHOH 00/aCTH MO ObICTPO-

te |7®'| < 1,5 [50]. TlpoBefeHO cpaBHeHHe H3MEpeHHbIX CeueHUil B UeThl-
pex uHTepBajax OblcTpoT poToHa 77 (METKM) C MpeldcKa3aHUsMH reHepaTopa
SHERPA (cnioiiHasi JIMHUSI) ¥ BHIYHUCJEHUSIMU [€PBOTO MOPSIIKA TEOPHU BO3-
myienust neprypoartusuoit KX or JETPHOX (wrpuxoBasi quuus). CeueHus
HauboJee LEHTPaIbHLIX (oTOHOB yBesnuueHbl B 20-8000 pa3 mjsi MpOCTOTHI
npourenusi. OT/0KeHHbIe OLIMOKH — CTaTHUCTHYECKasi MOTPeIIHOCThb. 3alliTpH-
XOBaHHasi 00/1acTb — MOJIHAsl KCIepUMeHTalbHasi MOrPELIHOCTh
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ruueckre mopenau MoHTe-Kapsio B mHpPoOKOM KMHEMAaTHYeCKOM [Ha-
nasone. Ha puc. 17 nokasanbsl usaMepeHHst TpUKIbl AU (epeHIrab-
Horo cedennsi (d3c/dpl. dn? di®t) mpu |P°'| < 1,5, BImonHeHHbie
na CMS [50]. Hecmotpst Ha TO, uTo mpenckazanusi SHERPA 6bi-
Jqu 3aHukeHbl no cpaBHeHuio ¢ JETPHOX, usmepenHoe ceueHue
coBnaJjio ¢ o6oumu npenckazaHusimu Monte-Kapso B mpenenax cu-
CTEMaTUYeCKUX TMOTPellHOCTeH B OOJBIIMHCTBE W3 PAaCCMOTPEHHBIX
KUHEMAaTHUECKHUX obJacTel.

CoO6BITHSI CO CTPYSIMH He TOJBKO HCIOJBb3YIOTCH [IJsi MPOBEPKU
KX, HO U ABJSIIOTCS BaXKHBIM HCTOUHHUKOM (DOHA MPHU MMOUCKE HOBBIX
YaCTHIl U B3aUMOLEHCTBUH NPH BBICOKUX 3Heprusix. [losTomy nepsble
vcc/enoBaHus npoueccos poxaeHus crpyd Ha LHC 6biu BbinmosiHe-
uol Ha ATLAS u CMS ¢ Gosbiuo#t octopokHocTbio. Ha puc. 18 mo-
Ka3aHo nud¢epeHLHANbHOE CeYeHHUe POXKIEHUS CTPYH MO pr JUAU-
pytouieit cTpyu, usmepernoe Ha ATLAS, n/st coObITHE ¢ 10 MeHbIIe#H
Mepe ABYMSl PEKOHCTPYHUPOBAHHBIMH CTPYSIMU C MCEBAOOBICTPOTAMHU

=e— Data (Vs = 7 TeV) + syst.

- ALPGEN + HERWIG AUET1 x 1.11
-------- PYTHIA AMBT1 x0.65

— — ALPGEN + PYTHIA MC09’ x 1.22
= - SHERPA x 1.06

—_
e}
s

T ||mu|l T T

I

[

H
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Puc. 18. HuddepeHunanpHoe cedeHHe POKAEHUS CTPYH MO pp JUIUPYIOLIEH
ctpyH, usmepentoe Ha ATLAS, nsis coObiTHil ¢ ABYMSI U GoJjiee PEKOHCTPYHPO-
BaHHBIMH CTPYSIMH. Pe3ysbTaThl CpaBHUBAJINCH C JAHHBIMU Pa3/UYHBIX MoJesel
Mosnre-Kapso ¢ yueToM BBICIIHX TOPSAKOB TeOpHH Bo3MyIueHHH. [IpoBeneHa
HOPMHPOBKA Ha U3MEPEHHOEe MHKJIIO3MBHOE NBYXCTpyiHoe ceueHue [51]
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In| < 2,8 u ¢ ppr > 30 I'sB [51]. dauubie u npenckasanusi Monre-
Kapso HaxonsiTcst B corsacuu.

BriepBbie Tom-kBapk Obl 06Hapy»KeH B MPOTOH-TNIPOTOHHBIX CO-
ynapenusix npu /s = 1,8 TaB na xosnaiinepe Tevatron Bo FNAL.
Ha LHC noMHHHDYOLIMM MEXaHU3MOM DOXKIEHHUS tt SBJISETCS MPO-
ecc CAUSTHUS TJIIOOHOB. V3yueHHe NpOLECCOB pOXKIeHUS TOM-KBapKa
Ha 3TOM YCKOpHTeJe HMeeT OO0Jblloe 3HAYeHHe [/ MOHHMAaHHUS
MeXaHHW3Ma POXKJAEHHS NAHHOTO KBapka. DTO ObLJIO Ba)KHOH 4acTbio
paHHell ¢usuueckor mporpammbl LHC, Tak xak MHorue curhary-
pbel MofeJied HOBOH (DU3UKH, KaK U MHOTHE HCCJeOBAaHHUS KOHeY-
HBIX COCTOSSHUH 6030Ha XWuTrrca, WJH 3arps3HeHbl 3HAYUTEJbHBIM
(OHOM pOXKIEHHS TOIM-KBapKa, WJH CaMH COIep:KaT TOM-KBapKH.
Ha puc. 19 nokasanbl n3MepeHHOe WHKJ/IO3UBHOE CeueHUe pOXKIe-
uusi tt CMS [52] u cooTBeTCTByMOILIME M3MePeHHs Ha KoJuiakmepe
Tevatron. Cxoxkue pesysbTaThl moJsydeHbl U Ha yctaHoBke ATLAS.
OTH U3MepeHHs HaXO[ATCS B COOTBETCTBHH ¢ mpenckazanusamu KX /1.

3a poxJeHHe OAMHOYHOTO TOM-KBapKa Ha aJpPOHHBIX KOJJai-
Iepax OTBeYAlT pa3juyHble MexaHusMbl. OHH MOryT OBITH CTpyTI-
NUPOBaHbl B TPH OCHOBHBIX MOANpouUecca: OOMeH BHPTyaJ/bHbIM
W-6030H0M B t-kaHase (q'g — tgb) wau B s-kaHaze (qg — tb) u
ACCOLMUPOBAHHOE POXKIEHHE TOM-KBapKa M HaXOASIIErocs Ha Mac-
coBoit moBepxHocTH W-6030Ha (bg — Wt). OnuHOUHOE pOXKAEHHE

TON-KBapKa — 3TO BaXXKHBIH MCTOYHHUK (POHA MPU INOUCKe 0O030HA
® CMS combined (36 pb1)
102 © CDF
L oDOo
-~ L ---- NLO QCD (pp)
a L —— Approx. NNLO QCD (pp)
ﬁ_é i EE Scale uncertainty
T Scale ® PDF uncertainty
10k ---- Approx. NNLO QCD (pp)
3 mmm Scale uncertainty
L Scale ® PDF uncertainty
F Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
- MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty
L ||||I||||I||||I||||I||||I|||||
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Vs, TeV

Puc. 19. Usmepennoe na CMS ceuenue poxpenus tf npu 7 T3B u (mas

cpaBHeHHs1) pesynbraThl Tevatron mpu 1,96 TsB. Takske mpuBeneHsl Teope-

THUYECKH TpeACKa3aHHBle 3HAYeHHs MJis TPOTOH-TNIPOTOHHBIX CTOJKHOBEHHWH B
3aBUCHMOCTH OT /s [52]
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Xurrca, mpo KOTOpPBIH HeJb3s 3a0biBaTh. OHO TaKKe YYBCTBHUTENBHO
KO MHOTMM IpoleccaM (uauku 3a pamkaMd CM u nosBossieT Ha-
NpSMYI0 U3MepPUTb KOHCTaHTy cBsis3u W —t—b. B kadecTBe npumepa
uccenoBanni, BeimonHeHHblx Ha LHC, Ha puc. 20 nokasaHsl pesyiib-
TaThl U3MepeHHUsT NU(D(epeHLHaTbHOTO M0 MONePeYHOMY HMIYJIbCY
CeyeHHs POXKIEHHs OJMHOYHOrO ToN-kBapka Ha ycraHoBke ATLAS.
3mepeHHsi comoCTaB/eHbl C MpeICKa3aHUSIMA TEOPHH Ha OCHOBe
MCFM [53].

[TonumaHue mpouecca poxaeHus napel 6030HoB (V'V) B mpoToH-
NPOTOHHBIX coylapeHUsiX BaxkHO A4 npoBepku CM. Ilpoueccsl V'V
4yBCTBUTENbHBl K CaMOB3aMMOIEHCTBUSM KaJuOPOBOYHBIX OO30HOB
MOCPeACTBOM TPOHHOro KasnubposouHoro B3aumoneiictBus (TGC).
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Puc. 20. duddepenunanbHoe 1Mo nonepeyHoMy UMNYJbcy pr(t) cedeHHe POXK-
IeHHsl ONHHOYHOTO TOM-KBapKa. JluddepeHnnasbHoe pacrpenesneHre, H3MepeH-
Hoe Ha ycraHoBke ATLAS [53], cpaBHUMBaeTCsi ¢ MpeACKa3aHUSIM BHIUUCJIEHHE
BTOpOro nopsinka teopur Bo3MylleHHH KXJI. YUepHble BepTHKaJbHble PUCKH
OolMOOK Y TOYeK NAaHHBIX COOTBETCTBYIOT MOJHOH KOMOMHMPOBAHHOW MOrperl-
HOCTH, 3€JIeHble PUCKHM OLIMOOK Yy TOYeK JaHHBIX — CTaTHCTUYECKOH olIMOKe,
KpacHasi JIMHUS — TMpeAcka3aHusM Teopuu reHepatropoMm MCFM. Heomnpene-
JIEHHOCTH (DYHKLUHH pacrpeleseHHs] NMapToOHOB M Maciitaba B3aWMOLEHCTBHH
BKJIIOUEHBl B HEOTPeleJeHHOCTh NpeACKa3aHHBIX 3HaueHHH. [opH30HTaIbHBIMH
pUCKaMHU OLIMOGOK OTMeueHa LIMPHHA HHTepBasa



42 7. Cmapm pabomoe. LHC

BennuuHBl KOHCTAHT CBfI3W MJISI THX IPOLECCOB 3a(DPUKCHPOBAHBI
B CM; rtakum o6pasom, J1060e OTKJOHeHHe OyIoeT yKas3blBaTb Ha
CyllecTBOBaHHe HOBOH (M3UKH Ha Maciitabe sHeprun LHC.

[Tono6uele uamepenus Obl1n BoimosHeHbl Ha ATLAS u CMS Ha
noJHOM Habope AaHHBIX Tpu 7 T3B, peaynbraTbl HaxomsTcsi B CO-
riacuu ¢ npenckasanusmu CM; cM., Hanpumep, [54,55]. Ha puc. 21
npuBeneHbl u3MepeHHoe Ha CMS pacnpenesneHue mnornepeyHOro
MMITy/IbCa Maphbl JENOTOHOB, o0pasyomuxcs B npouecce WTW = —
— [Tvl™U, ¥ COOTBETCTBYIOLIME TEOPETUUECKHE TTPEICKA3AHHUS.

L2107 L L S S s S B S S B B B S B
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Puc. 21. PacnpenesieHde nMomnepeyHoOro UMMYJabca JEMTOHHBIX Map p%, obpasyto-
muxcs B npouecce W W™ — Il 7 (pesynbratel CMS [54]). IIpeacTasiena
KOMOMHAIMs BCEX JIENTOHHBIX KaHAJOB. HeonpeneieHHOCTb H3MepEHUH YUUTBI-
BaeT CTAaTHCTHUECKYI0O U CHCTeMaTHuecKylo norpewHoctd. [locienHu#t nHTep-
BaJl BKJIOUAeT COOBITHS ¢ GOJBILIUM MOMepeuHbIM UMITY/IbcOM. BHU3Y MokazaHo
oTHolleHHe Habmaonaemoro Ha CMS 4uncsa co6eITUH K npeackazaHHomy CM

Ha puc.22 nokasaHbl OCHOBHBIE pe3yJbTaThl HU3MEPEeHHH Mpo-
neccoB CM, mosyyennele Ha yctaHoBke ATLAS mpu 7 u 8 T3B.
Cxoxue pesysabrathl nosydeHsl ¥ Ha CMS. Pa6ora LHC na myu-
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Standard Model total production cross section measurements —Status: July, 2014
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Puc. 22. UtoroBele pesysbTaThl H3MepeHHH ceueHHil mpoueccoB CM U cooTBeT-

CTBYIOILHE TIPeACKa3aHUsl TeopHu. Bee TeopeTHueckre mpencKasaHusi MOJMyYeHbI

BO BTOPOM HJIM BBICLIMX TOPSiIKaX TEOPHU BO3MYylleHHH. MHKIIO3UBHBIE Ce-

YeHHUs] BEKTOPHbIX 6030HOB W U Z H3MepeHbl HAa HHTerpajbHOH CBETUMOCTH

35 16! manueix 2010 r. OcrasnbHble U3MepeHHsl BHITOJHeHBl Ha naHHBIX 2011

unn 2012 r. CBeTHMOCTb, WCIOJb30BaHHAs JJisSi M3MepPeHHH, yKaszaHa OKOJIO
TOYEK NaHHBIX

KaX MPOTOHOB MNpoaoskanach A0 KoHua oktsa6ps 2010 r. [Tocne
TNepBOH Heslesd HOSIOPS MallMHA HCIO0Jb30BaJIacCh [/ CTOJIKHOBEHHUS
anep Pb ¢ smeprueil B cucreme nentpa mace /syny = 2,76 TsB
Ha napy HykJoHoB. [lanubile ATLAS u CMS mnosBosu/u BrepBbie
HanpsIMylo HabJIofaTh MOJABJEHHE CTPYH B COyLAPEHHSX TSKeJbIX
anep [56,57]. D10 cTaso ONHUM H3 MepPBLIX BaXKHbIX Pe3yJbTATOB
¢usuyeckort nporpammsl LHC.

Pa6ora LHC Bo3o6HOBHace BecHod 2011 r. ¢ 3Heprueii myuka
4,0 T5B u npoposkanack 10 KOHIA roa.

[Tonck 603oHa Xurrca BbimosiHeH B akcrnepumeHtax ATLAS u

CMS Ha pansbix npu 7 u 8 TaB. Peaynbratel 06CyKaeHbl B Cienyo-
KX pasaesax.
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8. PanHuii nepuop «oxoTbl» Ha 6030H Xurrca
npu /s = 7 TaB

Tak kak 6b10 odeBugHO, uto LHC 6yner paboraTh B TeueHue
HEeCKOJIbKUX JIeT TIPU MOJOBHHE NPOEKTHOH HEPTHH W MTHOBEHHON
CBETHMOCTH MeHbllle NpoekTHOH L = 1 - 103% cm~2.c¢~ !, muorue
paccMaTpUBaJ/M ILIAHCHI OBICTPO OTKPHITH HOBBIH 0030H KaK KpakHe
Huskue. [lo akty Bce (u3nyeckre HCCIENOBAHUS, BBITOJHEHHBIE B
KayecTBe MOATOTOBKM K paboTe HAa HOBOH MallWHe, Tpearnosarann
Gosbioe ceueHue poxkaeHus npu 14 TsB u Gosbliyio cTaTUCTHKY
IaHHBIX, UTO MO3BOJIMJO Obl OTKPHITh HOBYIO YaCTHIy BO BCEM JHa-
na3oHe Macc B KaXKJOM M3 KaHAJOB.

B xauecTBe mpuMepa JaHHBIX HUCCJAEIOBAaHWH Ha pHUC. 23 moKas3aH
OXKHJAeMblH cUrHas 6030Ha XHUrrca B 06JIaCTH MaJbIX Macc, peKoH-
ctpyupoBaHHbI# netekTopom ATLAS B kanane pacnaga H — v,
npu padore LHC npu 14 T3B u 100 ¢$6~! naunwix [58]. Ilo-
HSITHO, UTO NPU HaAJWYHUHU TaKOH OOJBIIOH CTATUCTHKH B KaxKIOM
SKCMIEPUMEHTE CYIIECTBOBAJa BO3MOXKHOCTb $IBHOTO O 0 OTKPBITHS
B JI0OOM KaHaje (K mpumepy, H — ~y7y) NpH YCJOBUH, YTO Macca
6o03oHa Xurrca Mmenbiie 140 I'sB. CooTBeTcTBeHHO, CUTHAJ MOT OBl
ObITb 3apeructpupoBaH u Ajs Macc ot 130 mo 500 'sB B kanasne
H — ZZ®™ — 111, a B 06/1aCTH GOMBIINX MAcC MOXKHO OBLIO Gbl BEI-
6path KaHan pacnaga H — ZZ — lljj, KOTOPBIH NOUYTH HE CONEPKHUT
(oHOBBEIX cOOBITHI ¢ Maccamu Gosbiue 500 ['3B.
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Puc. 23. Pacnpenenenvie no MHBapHaHTHOH Macce COOBITHH ¢ mapoil (pOTOHOB

ycraHoBkn ATLAS B ciyuyae Haiuuus curHasa 6o30oHa Xurrca € Maccou
120 T3B u 100 p6~" nannex npu 14 TsB [58]
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[Tpu sueprun yckoputens LHC 7 T3B u nepcrnektnBe Habopa
JIAHHBIX, COOTBETCTBYIOIIMX HECKONbKHM (6! MHTerpasbpHOM cBe-
TUMOCTH Jlaxke B HauboJiee MepPCIeKTUBHBIX KaHalax pacnajia, 0xu-
[aJ0Ch TOpasfo MeHbllee KOJMYECTBO CHUTHAJbHBIX COOBITHH MpH
6osbiiom ¢oHe. Hu onvH M3 KaHA/MOB He MMeJ CHTHaJa AOCTAaTOUHO
CUJIBHOT'0, YTOOBI FOBOPUTb O HabJjiofeHuH. [loaTomy Oblia Heo6Xo-
IUMa HOBasi cTpaTerus noucka 6o3oHa Xwurrca.

Bo Bropo#t mosioBuHe 2010 r. BBIMONHEHO HECKONBKO HOBBIX HC-
CJIe[IOBaHUH, pe3ysbTaThl KOTOPbIX OBbLJIM YTBEpKAEHB! KoJ1abopalu-
SIMU B KOHLe rofa. B 3To BpeMs B kauecTBe o(prLMaNbHON N NBYX
KoJsslabopalMil OBIIO TPOBO3IJIALLIEHO OTKPHITHE WJH HCKJ/IOYeHHe
cyliecTBoBaHHs 6030Ha XWrrca Ha OCHOBaHWM JAHHBIX, HaOpPaHHBIX
npu 7 T3B.

KpaeyrosbHeIM KaMHEM HOBOH CTPATETHH CTaJ0 CTPEMJIEHHE JIIO-
ObIMH CHOCO6aMU YJIYYILUHTh UYBCTBUTENbHOCTb KaxKAOI'O W3 MOMC-
KOBBIX KaHaJsoB, UTOObl MMETb BO3MOXKHOCTb CKOMOMHHPOBATh Kak
MO2KHO OoJiblllee HX YUCJO B KaxKIOM HHTepBaJje Macc.

B o6mnactu GosblIMX MacC B HCCJAENOBAHHUSIX TOJarajuch Ha
monbl pacnaga H - WW u H — ZZ, Kaxpaas U3 KOTOPbIX Oblia
DEKOHCTPYMpOBaHa B HECKOJbKMX Kananax: H — WW — Itvqq B
koMOuHauyMu ¢ H — WW — Itvivu H — ZZ — 171" qq B KOM-
6uHatmu ¢c H - 27 —» 1Tl vwu H > Z7Z = 1717111,

B o6sacT Masbix Macc 4yBCTBHUTEJNBHOCTb NBYX G030HHBIX MOJ
H—WW* s 1"vi"vu H— ZZ* — [TI7IT]~ 6bia yayduiena
no 120 I'sB npu koMOWHAUWW C ellle OOHUM XOPOILIO H3BECTHBIM
6030HHBIM KaHajoM H — ~~. Kossmabopauu cuesnanyd BCe BO3MOXK-
HOe, YTOObl y4ecTb Jaxke JBe KpakiHe C/I0XkKHbe (DePMHOHHBIE MOJABI:
H—buH—rTT.

Heo6xonvMo OTMeTHUTb, YTO [OJ/51 KaXKAOTO M3 3THX KaHaJjOoB
OblJIM TILATENbHO M3y4YeHbl HECKOJbKO HE3aBUCUMBIX MOIKAHAJOB B
MOUCKAX yKa3aHWi Ha pa3jinuHble MeXaHHU3Mbl POXKAEHUS (CAUSHUS
BEKTOPHBIX 0030HOB HJIM aCCOLMHUPOBAHHOTO POXKIEHHUS) U pasJiuy-
HBIX KaHaJ0B JaJjbHeHIIero pacrnajga MNPOAYKTOB pacmaja CaMoro
6030Ha Xwurrca (pa3auyHBIX KaHAJOB pacnaja T-jelTOHOB B KaHale
H — 77). Ind nyduiero NmoHUMaHWs HCHOJb3yeMbIX [Jisi TOHUCKa
(pM3MUYeCKUX UHCTPYMEHTOB NPUIUJIOCH NMPAKTHUECKH C HYJS UX HC-
CJIefIoBaTh Ha OCHOBEe BHOBb HaOPAHHBIX JAHHBIX.

CospnaHue KOMIJIEKCHOH M CJI0)KHOH HOBOH CTpaTeruu CTajo BO3-
MOXKHBIM 6J1arofapsi YCHJIUSIM MHOTHX COTeH (DU3WKOB, MOAKPENJIeH-
HbIM IMIyOOKHUM aHaJ/u30M MpeNllecTBYOINX HCCAeN0BaHUH HapsLy
C pa3paboTKOH M MPOBEPKOH HEeCKOJbKHX WHHOBALIMOHHBIX METOIOMK
(hu3nvecKoro aHaJ/u3a.
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[Ipumep HOBoro mnomgxoma TmokasaH Ha puc.24. Ha puc.24,a
TNpHUBeleHbl OrpaHHYeHHsl Ha cyllecTBoBaHHe 6Go3zoHa Xurrca CM
B skcriepumente CMS Ha cratuctuke 5 ¢p6~! nannbix npu 7 TaB nns
pas3iuuHbIX runores o ero macce. O4eBHUAHO, YTO NPH KOMOHHHUPO-
BaHHWHU 00J/IbLIOr0 Habopa KaHa/lOB paclafa CTaHOBHUTCS BO3MOMKHBIM
JIOCKOHaJIbHO HCCJIe0BaTh BClo 06sacTh Mace mexay 115 u 600 I'3B.

CMS preliminary: Oct. 2010
Projected 95% C.L. limit on o/ogy;
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Puc. 24. a) Oxunaemble orpaHuueHnsi Ha cylecTBoBaHue 6o3oHa Xurrca CM
¢ 95%-# nmoBepuTesbHOH BeposiTHOCTbIO mpu Macce oT 120 no 600 I'sB Ha
—1 o
cratuctuke 5 Gp6~ " mpu /s =7 T3B. 6) Oxunaemasi craTuCTHYECKasl 3HAUH-
MocThb HabJsoneHus 6o3oHa Xurrca CM B To#i e 06s1acTH 9Hepruil Ha TOH XKe
craTucTke [59]
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Ha puc.24,6 noxkasaHa oxujnaemasi CTaTHCTHYecKas 3HAUUMOCTh
Habmonennss Ha CMS, Kotopass mMoxeT OBITb JOCTUTHYTa B CJyudae
HaJMuMsa curHaJga 6o3ona Xurrca CM B To# e obyactu macc [59].

CTOHUT OTMETHTb HEOOBIYAHHO CJI0KHYIO CUTYALHIO, CJ0KHUBILYIO-
cs B 06/1aCTH MaJbIX Mace, KoTopas siBJsijach HanboJsee MpHUBJEKa-
TeJIbHOM /ISl IOUCKA B CBETE HEeNpsiMbIX OrpaHUYeHHH Ha OCHOBE TJIO-
6anbHOro 3Jektpocsaadoro ¢ura. Ecau 60300 Xurrca okasascsi Obl
«cmpaTan» B obaactu Mace 115-130 I'sB, to Ha craTucTuKe 5 G6 !
Mbl CMOTJIH OBl HAOJIIOATh TOJIBKO MaJjleHbKHE MPEBBILIEHHS CO CTa-
TUCTHYECKOH 3HAYUMOCThIO 2—3 0. [losaToMy KaxKablil KaHas, HMelo-
M OTHOILEHHEe K 00JIaCTH MaJIbIX Macc, MOT ChIIPaTh BaXKHYIO POJIb
Ha TMyTH MOTEHLHAJbHOTO OTKPBITHSA. [loxoxkue pe3ysbTaThl ObLIH
nosydyennl Ha ATLAS.

I10 0ObsACHSET, noueMy obe KoJ/1abOpaLMH MOTPATHUIM MHOIO
CHJI Ha ONTHMH3aLUHUI0 HauboJsiee BaXKHBIX (DU3HUECKHUX HHCTPYMEH-
TOB ¥ yaydllleHHe 3(P(HEeKTUBHOCTH PEKOHCTPYKUMH KaxKIOTo (hU3H-
4ecKoro 00beKTa. DTO CrMocoHCTBOBAJIO MOBLILIEHUIO UYBCTBUTEJb-
HOCTH BaXKHBIX MJs Toucka 6o3oHa Xurrca KaHasloB B 06JacTh
MaJblX Macc.

Uro6bl MPOUJIIOCTPUPOBATb 3TH YCHJIMS, Ha PHUC. 2D MOKa3aHbI
pe3yJsbTaThl HCCEIOBAHHUH, BBIOJHEHHBIX KoJnadopanueidn CMS nis
yaydlleHns 3QpQPeKTUBHOCTH PEKOHCTPYKILHH MIOOHOB C HHU3KHM pr
B o6sacti 10 5 ['9B. MoTuBoM 3Toi padoThl cTasa HEOGXOAMMOCTb
MOBBICUTb 4YBCTBUTEJbHOCTb «30JI0TOr0» KaHajga, H — Z7%)
pTpTpT T, B 06aCTH 0YeHb MaJsbIX Macc.
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Puc. 25. a) Pesynbrathl uccienoBanus kosnadopauneii CMS s dexTHBHOCTH

PEKOHCTPYKILHH MIOOHOB B 3aBHCHMOCTH OT pp COOBITHH, COfepXalumx Z

u J/1. 6) Pesynbratsl uccnenoBanusi 3Gp(HeKTUBHOCTH PEKOHCTPYKILMH MIOOHOB
B 3aBUCHMOCTH OT UHCJIa BEPIIUH B coObITHH [60]
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Y naHHOro KaHasa SIpKO BBIpaKEHHAsi CUTHATYpa: ABe Mapbl Mpo-
THBOTIOJIOXKHO 3apsI?KEHHBIX H30JMPOBAHHBIX MIOOHOB, U3 KOTOPBIX T10
KpaiiHell Mepe ofHa Mapa MMeeT MaccCy mopsiika maccel Z. BosoH
Xwurrca ¢ maccoir 120-130 I'sB pacnapaercs B KOHeUHOe COCTOsIHUE
C YeThIpbMSl MIOOHaMH Yepe3 pacmaj peasnbHOro Z (¢ pokaeHHEM
napbl MIOOHOB C GOJIBIIMM pr) U BUPTYaNbHOTO Z, UbH TPOLYKTHI
pacnana 6ynyT HamHoro msirde. Tak Kak 3Ta ydcTas Mola pacrnana
MOTJIa COJep>KaTh BCETO JIMIIb TOPCTKY COOBITHH, JH00O0€ yayulleHHe
3((EeKTHBHOCTH PEKOHCTPYKIUH MIOOHOB C MaJibIM pr MOTJIO BJHSATDH
Ha UTOTOBBIH pe3dynbTat. [loTepsi onHOrO MIOOHA € MaJbIM P B TAKHX
PeNKHX COOBITHSX MOIJIA BbI3BATh MOTEPHD BO3MOXKHOCTH OOHapyxke-
HUS IOJTOXKIAHHON YacTHIBl. DPPEKTUBHOCTb PEKOHCTPYKIIUH MIOO-
HOB C MaJ/IbIMH pr Obla M3y4yeHa C TOMOLIbI0 METOLOB, OCHOBAHHBIX
Ha PeKOHCTPYKUHUU COOBITHH, Toe MIOOHBl POXKIAJUCh B pacnagax z
v J/U B 3aBUCHMOCTH OT pr M Pa3jUuHOM MHOXKECTBEHHOCTH Iep-
BUUHBIX BEpIIWH U3-3a HasoxeHHs1 cobbiTi (pile-up) [60].

Ha puc.26 mnokasaHbl pe3ysbTaThl HUCCAENOBAHHS KaJHOPOBKH
3/IEKTPOMAarHUTHOTO KaJOPUMETpPa, BBIMOJHEHHOTO KoJiIabopalued
ATLAS. HccnenoBaHue BaxKHO MJisl TIOJNHOIEHHOTO HMCMOJIb30BaHHUS
MOTeHIHa a APYroro KJ/IOYeBOro KaHajga B 00/acTH MaJsblX Macc:
H — ~v. B aToMm ciryuae Mbl ullleM MaJieHbKUE CUTHAJ, HAJIOKEHHBIH
Ha pe3Ko manawuid (GoH (POTOHOB, 00pa3oBaHHBLIX B MpolEccax
KX . Jlio6oe ynyulieHHe pas3pelleHHs NPUBOANUT K He3aMeNJUTe b-
HOMY POCTY UyBCTBUTEJbHOCTH, TAKMM 06pPa3oM, CTAHOBHUTCS MOHSAT-
HO, TIOUEMY CTOJIbKO YCHJIHMH OBIIO MPUJIOKEHO JJIS YAydIIeHUs Ka-
JUOPOBKU KaJOPUMETPOB U MOHUMAaHHUS MaJIeHIINX CHCTEMAaTHUECKUX
3(hPeKTOoB.

OTkaMK KajopuMeTpa Obl MOAPOOHO H3yueH Ha 3JEKTPOHAX,
POXIEHHBIX B pacnamax Z, J/¢ — ete™ u W — ev, a pesyib-
TaTbl HUCIOJb30BaHbI [JIs1 HACTPOMKH OMHCAHUS OTKJMKA JETeKTopa
B MoneaupoBannu MonTte-Kapso. Ha puc. 26, a nokazaHo cpaBHeHUe
NAHHBIX W mpenckasaHud MoHTte-Kapso pacnaga Z Ha 3JIeKTPOHBHI,
pekoHcTpyHpoBaHHble Kajsopumerpom ATLAS.

ITH HCCIeNOBAaHUS TI03BOJIUJN TPOBECTH KaJUOPOBKY ILIKaJbl
SHEPTHH B 00/1aCTH MaccChl Z-06030Ha, H3BECTHOH ¢ TouHoCThIO 0,5 %,
¢ JuHeldHOCTbIo Jyuiie 1% W OZHOPOZHOCTBbIO (MOCTOSIHHBIA YJjeH
paspewtenust) 1% B uuauHapudeckoit odmactu u 1,7 % B TOpLEBON.

3aTeM 3HepreTHUYecKoe paspellleHHe W MacliTad aJs 3JeKTPOoHA
¢ Hcnosib3oBaHHeM MopenupoBanHusi MonTe-Kapsio npeo6pasyiorces
nns caydas gotoHos. [Ipy aTOM y4yuThIBaeTCsl pa3Hoe mnoBeneHue (o-
TOHOB U 3JIEKTPOHOB B JIETEKTOPE, U 3Ta HH(POPMALUS HUCIONb3YeTCs
IJisl OLIEHKH paspellarolleidl CrnocoOHOCTH cHrHasa 6o3oHa Xwurrca
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¢ maccoir 120 I'3B B yc/oBUSIX pa3iUuHOH MHOXKECTBEHHOCTH TIep-
BHUUYHBIX BEpIIWH, CM. pHC. 26, 6.

O6e Kosnmabopalyy BbIMOJIHUIN AeTalbHble UCCEI0BAaHNS PEKOH-
CTPYKIHMH CTPYH, 3J€KTPOHOB, MIOOHOB, T-JE€NTOHOB U KaJHOPOBKH
3Hepruu cTpyH, ap¢peKTUBHOCTH 0TOOPA b-KBapKOB U T. II.

9. IlepBoe HabJIONeHUE HOBOI HEUTPAJbHON YaCTULbI
¢ maccou 125 I'sB

TlepBele HaGpaHHble AaHHBE 2,3 G6~ ! He BLIABUIM 3HAUYMMOrO
CHTHAaJIa MPUCYTCTBUS 6030Ha XHUITCa ¥ MO3BOJIMIIH YCTAHOBUTH Orpa-
HUYEHMs] Ha €ro Maccy C y4eTOM CeYeHHH ero poxaeHWs B paMKax
CM wu BeposiTHOCTed ero pacnanoB. [IpenBapuTesibHbBlE pe3yJsbTa-
Thl ObIIM TOKa3aHbl Ha KoH(epeHuuu «Lepton-Photon Interactions
at High Energies» B Mywm6au (Munust) netrom 2011 r. Kosna-
6opauuss ATLAS wuckmawouuna 6030oH Xurrca CM B obsactu macc
144-232, 256-282 u 296-466 I'sB ¢ 95 %-it noBepuTebHOU Bepo-
stHocThio [61]. Hanubie CMS wuckaounau 611u3KHe 00/1aCTH Mace:
145-216, 226-288 u 310-400 I'sB.

[Ipy cobGpaHHOM KOJHUECTBE MAaHHBIX W OTCYTCTBHH CHTHaJja
OXKMJAJI0Ch HCKJIOYeHHe CYIIecTBOBaHUS 6030Ha Xurrca B 06.a-
ctu macc 130-450 I'3B. Otnnuusa oxunaemod W Hab/ropaeMoi
UCKJIIOUEHHOH o0JacTell MacC HaxomsiTcsi B Tpelesax CTaTHCTH-
yecKUX (aykTyauud naHHeix. OrpaHudyeHHe Mo Mmacce B obua-
ct 110 < my < 135 I'3B 6biiu nosyyeHsl KOMOMWHalLMed KaHa-

JoB pacnaga H — vy u H — WW® = wiv. OrpaHuueHusi Ha
myg 1o 180 I'sB OblIM NMperMyleCTBEHHO TOJYUYeHBbl C MOMOLIbIO

pacnaga H — WW® — iy, a wananet H — ZZ®) — [l u

H — ZZ% — llvv nomusuposany npu my > 180 T'3B.

B konue okta6ps 2011 r. nporpaMmma NpOTOH-IPOTOHHBIX CTOJIK-
HOBeHHUH Oblya 3aBeplleHa. biaronaps neranbHON W TilaTeNbHOH Ha-
CTPOHKEe OCHOBHBIX NapaMeTpOB MalLIMHBI IPOU3BOJUTENBHOCTb YCKO-
putenss LHC B TeueHue Bcero roga HaMHOrO MPeBOCXOAMJA CaMble
ONTHMHUCTHUHBIE TNpeNoNoXKeHus. B KaxaoMm 3skcreprMeHTe ObliIO
HabpaHo 5 Gp6~!' BMecTo oduLManbHO oxuaaemoro 1 ¢p6~!. Brepsole
JOCTyIHAasi CTaTUCTHKA Oblla NOCTaTOYHO BeJIMKa, YTOOBI MO3BOJHUTH
9KCIIepUMEHTATOPaM CKa3aTh YTO-HUOYIb BaxKHOe 110 MOBOAY CYlLle-
CTBOBaHMs 6030Ha XHITca BO BCeX AManasoHax macc. YrtoOwl uccie-
10BaTb MHTEPBaJbl Macc, He OTOPOLLUEHHbIE JIeTOM, B 000UX SKCIIepH-
MEeHTaX aHaJM3bl HOBBIX JAHHBIX OBINH BBITNOJHEHBI C MAKCUMaJ/bHBEIM
npuoputetoM. [lpenBapuTesbHble pesy/bTaTbl CTalM AOCTYMHBI 10
KOHIa rofia.
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[lepen Tem Kak MmepexoiuTh K ONMUCAHUIO STUX Pe3yJNbTaTOB, CTO-
UT C(OKYyCHpOBAaTb BHUMaHHE Ha OCHOBHBIX XapaKTePHUCTHKaX Tpex
6030HHBIX KaHatoB: H — WW* = ITvi~v, H - ~yyu H — ZZ* —
— ITI7I"]~. Dtu KaHaJbl HauboJiee YyBCTBUTENbHbl K HCCJIEI0BA-
HHUSM B 00J1aCTH MaJsIblX MacC, U OHHU CBITPa/d BaXKHEHIIYIO POJb KaK
IJ1s1 TIEPBBIX CBUAETEJNbCTB CUTHAJA, TAK U B CAMOM OTKPBITHH.

9.1. Kanaa pacnaga H — WW* — [Tvl~v. Tlocne cepun
YJYUIIeHHH UIeHTU(PUKALKHU JIEITOHOB U PEKOHCTPYKUHH MOTepsiH-
HOH 3Hepruu ET cTaj0 BO3MOXKXHBIM PaCLIHPUTh UYBCTBUTEJbBHOCTH
naHHoro kaHasa BHU3 10 120 ['3B. Jlng usydeHus: pasiuuHbBIX MeXa-
HHU3MOB pOXKIeHHUs (causinus riooHoB u VBF) ananus 61 paséur
Ha KaTeroOpuM C ONMHAKOBBIMH W PAa3/JUYHBIMH apoMaTaMu CTPYyH
B coObiThd. Karteropust 6e3 cTpyd C 3/J€KTPOHOM U MIOOHOM HMeeT
JIYUIIYIO YYBCTBUTEJNBHOCTDb K cUrHamy. OCHOBHbIE HCTOYHUKH (POHO-
BbIX COOBITHH B 3TOM KaHaJje — 3TO HelojaBJ/seMoe Hepe30HaHCHOe
poxnenne WW u nopasnsemble npouecchl poxiaeHus W + cTpys,
B KOTOPBIX CTPY$ OLIMOOYHO accoLuupyeTcs ¢ JentoHoM. s or6opa
BaKHbI CJIeqyIOlINe TlepeMeHHbIe: YIoJ MeXy ABYMs 3apsKeHHBIMH
JIEITOHAMH B COOBITMM, HHBapUAHTHAs Macca ABYX JIENITOHOB U mp —
nonepeyHass mMacca cucrembl. 1 NpoBepKH pesyJbTara ObLIM HC-
T0J/1b30BaHbl Pa3/JHYHble METO/bl aHA/IM3a: 00bIYHbIH NOAXOL «0TOEpH
U cocunTadi» U OoJsiee CJIOXKHBIE aHAJMU3Bl (DOPMBI pacrpeneseHus
U MHOTOMEpHBIE aNMpPOKCUMAIIUH.

Bnaronapsi 3HaunTe IbHOH NOTEPSIHHOM NONepeyHOH SHEPrHHU B CO-
OBITHSIX BCJEACTBHE HaJM4YWsl B pacraje ABYX HEHTPUHO MaccoBoe
pacrpesesieHre B 3TOM KaHaJe poctatouno Huskoe (20 %). [Toatomy
Jaxke B cjydae HaJWuydsl CHUTHajsa Y3KHUH MUK B pacrnpeleseHUU
YBUIETH He ynaJnochk 6bl. B aTom kaHase 6030H Xurrca 6o Obl BUIEH
KaK [IHMPOKOe IMpeBbIllleHHe Yucaa cOObITHH B 00/JacTH MaJjblX Macc
napbl JIENTOHOB WJIM pacnpejie/leHUsl MOoNepeuyHOd MacChl CHCTEMBI.
UroObl MOJNYUNUTh OJHO3HAYHOE [I0Ka3aTesJbCTBO HAaNHWUMS CHUTHaJA,
HeoOXOAMMO OblIO CBEpPUTb pe3yJbTaThl, MOJNyUeHHble B KaHajax
C BBICOKHMM paspelleHHeM.

9.2. Kanan pacnaga H — ~7y. 9ta mMona pacnazna obsanaer
3(()eKTUBHOH CUTHATYpPOH: [Ba H30JHMPOBAaHHBIX (DOTOHA C OUeHb
O0JIbLLION 3HEeprued, acCOUMUPOBAHHBIX C TPEeKaMH C MaJblM pr,
00pasyIolIuXcs B «COMYTCTBYOIUX coObITUSX» (underlying events).
Brll BBIMOSIHEH TMOWCK Y3KOTO Pe30HAHCHOTO MHKa M0 Macce Hap
MJIaBHO crafaroluM (GOHOM B pachpeeseHUH UHBaPHAHTHOH MacChl
napel GoToHoB. POH B OCHOBHOM cOCTOUT M3 map ¢oroHoB KXJI u
U3MepsieTCcsl HaMpsSIMyl0 W3 KpaeB pacrpefiesieHusi 0 WHBAPUAHTHOH
macce. IIpo6aembl 3TOro KaHasa: uaeHTU(pHUKALUS (DOTOHA, ONpeje-
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JIeHHe BepIUHHbl M KaJUOpOBKAa 3JE€KTPOMArHUTHOTO KaJOpHUMeTpa
(pasn. 8).

Uro6bl yaAYy4LIUTb UYBCTBUTENBHOCTb aHa/M3a, COOBITHS-KaH-
IMOaThl B JBYX(OTOHHBIE pasleseHbl Ha JBe B3aHMOHCKJIOUAIo-
I[Me KATerOpHH C Pa3JHUUHBIMU 0XKHIAEMbIMH COOTHOLIEHUSIMU CHT-
Han-wmyM. CoOpTHpOBKa MPOMCXOAUT IO CBOHCTBAM pPEKOHCTPYHPO-
BaHHOTO (POTOHA W HAJNHYHIO IBYX CTPYH, YIOBJIETBOPSIOLINX KPUTE-
pHI0, MO3BOJISIOIIEMY OTOHPATh COOBITHS ¢ 6030HOM XHUITCA, POXKIEH-
HbIM B npoueccax VBF. B ananuse ucnosnb3oBasucb MHOrOMepHble
TEeXHUKH JJi 0TOOpa U KJacCU(UKALKUK COOBITHE.

B 3Kck/I03MBHOM OTOOpe COOBITHH C ABYMS CTPYSIMH YHCTOTA
CHTHasa MakcuMmasbHa, S/N = 1/3, nas cpaBHeHHUs TNpH CTaHAAPT-
HOM 0TOOpe MexaHH3Ma CausiHuUs rooHoB S/N = 1/30. Beipatouree-
csl paspelleHre 3JeKTPOMarHUTHOTO KasopuMeTpa yetaHoBok ATLAS
1 CMS u 3ameuaresbHasi 3()(heKTHBHOCTb PEKOHCTPYKLHH BEPIIHHEI
3THUX JETeKTOPOB ONpeessloT MaccoBoe pa3pellleHre B 3THX KaHa/lax
or 1 mo 2%.

9.3. Kanan pacnana H — ZZ* — IT1711T1l~. 3ror xanan
Takxke 00/1aaeT SIPKO BbIpaKeHHOW CUTHATYPOH: ABe Mapbl IPOTUBO-
TOJIOXKHO 3apsi?KeHHBIX M30/JMPOBAHHBIX MIOOHOB B COOBITHH C IBYMSI
JIENITOHAMHU ¢ GOJIBIIMM pr, COCTABJSIOLUIMMHA MHBapHAHTHYIO Maccy,
cpaBHHMYI0 ¢ Maccod Z. Tak Kak Bcs KHHeMaTHKa 3TOrO KaHa-
Jla pacraja M3BeCTHa, WHBAapHaHTHAs Macca CHCTEMbl MOXeT ObITb
PEKOHCTPyHpOBaHa. JTO OYeHb UWCTBIM pacraj ¢ 3amMedyaTesbHOH
uncToTOd curHana (S/N = 1), HoO oXKHaeMoe YUCJ/IO COObITHI OUeHb
MaJio (o = 2—5 ¢6). OCHOBHBIMH HCTOYHHKAMH (DOHA SBASAIOTCSA Z Z*
(He nonaBssieMblil) U Zbb, Zcc, Z + ctpyw, tt, W Z + cTpyH, KOTOpble
MOXKHO TOJABUTh, UCIMOJb3ys M30JSALUI0 U OTPAHUYEHUS HA PacCTos-
HHE OT BEPIUUHBI 10 TOUKH B3aUMOAEHUCTBUS ABYX MSATKHX JIEITOHOB.
3ameyaTesibHOe paspellleHHe M0 pr IJs JEKTPOHOB W MIOOHOB Ha
ATLAS u CMS onpenensier maccoBoe paspeierue 1-2% B 3toM
KaHaJe.

CurHan 6o3oHa Xwurrca MaJiod Macchl Obl Obl, TaKUM oOpa-
30M, OYeHb UHCTBIM OJiarogapsi LIMPOKOMY IPEBHIIEHHIO B KaHaJje
H — WW* = ITvl"v v ysKMUM NHKaMm B TOH ke 00JacTH Mace
B JIByX KaHaJax C BBICOKMM paspemienveM H — vy u H — ZZ* —
It

[IpenBaputesbhbie pedyabrathl 2011 r. (kak ATLAS, rtak u
CMS) 6bliM nocTynHbl K KoHIY ropa. 13 mekabps 2011 r. 6wuio
MPOBeIEHO [Ba BaXKHBIX ceMHHapa, rae obe KoJaabopaluu nokasann
o6CyXaeMble 31eCb Pe3y/bTaThl.
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Puc. 27. a) Usmepennoe na ATLAS (crjiomHasi JIMHKST) U TEOPETHUYECKHU TIPe-
cKasaHHOe (MyHKTHpHAs JIMHHsI) KOMOHHHPOBaHHBIE BEPXHHE OrpPaHHYEHHS,
nosnydeHHsle ¢ 95 %-# NOBepHUTENBHOH BepOSITHOCTBIO, HA CeUeHHe POXKIEHHUS
0o3oHa Xwurrca, gejeHHoro Ha oxkugaemoe B CM B 3aBUCHMOCTH OT mp
BO BCeM JMana3oHe MacC, PacCMOTpeHHbIX B aHanuse [62]. IlyHkTupHble
KpPUBblE OTMEUYalT OXKHAaeMble B OTCYTCTBME CHrHajJa OrpaHHuYeHHs,
3eJleHBle M JKeJsTble 00JIaCTH MOKa3bIBAIOT COOTBETCTBEHHO HHTepBasbl B =+l
U +20. 6) Habmomaemoe na CMS 3HaueHHe JIOKAJbHOH CTAaTHCTHUECKOM
3HaYUMOCTH pg B 3aBUCHMOCTH OT Macchl 6030Ha Xurrca CM my B n1uamnasoHe
110-145 T'sB. IlyHxkTtupHas JuHHS — OXHIaeMOe JOKaJbHOE 3HaueHHe pg
MO-MpeXHeMY B 3aBUCUMOCTH OT mpy [63]
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OHM HCKJIIOYHJIM CylLecTBOBaHMe 0030Ha Xurrca B o6JacTd
6O/bIIUX Macc, B TO BpeMsi KakK B obsactu ot 115 mo 127-129 I'sB
3TOro CcleJaTh ObIO Hesb3s M3-32 HAJW4YHsS MPEBBILIEHHS B 4YHCTe
COOBITHH.

CMS npu 7 T3B wuckiounn 603on Xurrca CM ¢ 95 %-# noBepu-
TeJIbHOH BepOSITHOCTBIO ¢ Maccamu my > 127 I'sB u mpy < 600 I'3B.
B To ke BpeMmsi nmaHHble, 3anucaHHble Ha ATLAS, uckiawouunu sty

800 F TT T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T
14 ATLAS -4 Data 2011 .
700 £ H — vy [] Total background 3
: B oy = 125 GeV, 1xSM ]
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- _ _ 71 -
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Puc. 28. a) Pacnpenenenne mo WHBapHaHTHOH WJIM TONEPEUHOH Macce B OTO-
OpaHHBIX COOBITHUSIX-KaHAUAATaX U oOllee oxUAaeMoe B KaHajse H — v pac-
npeneseHre (GoHa M CHrHaja [Js AaHHBIX 1pd /s = 7 T3B Ha ycraHoBKe
ATLAS [62]. 6) PacnipenesieHre peKOHCTPYHUPOBAHHOM MacChl YETHIpEX JIENTO-
HOB JJISl CYMMBI 4e, KaHasoB 4p U 2e2y ¢ ucnonb3oBaHueM naHHbix CMS npu

V5 =7 TsB [64]
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YyacTUy B HHTepBanse ot my > 129,2 I'sB no mpy = 560 T'sB
¥ B HECKOJIbKUX Y3KHX MHTepBaJax B o6sacTu MaJjbix macc (ot 111,4
no 116,6 I'sB u ot 119,4 no 122,1 I'3B); cm. puc. 27.

B o6nacti Mmasbix Macc HauGoJsibliiee MpeBbILIEHWE IO JAaH-
HbiM ATLAS coorBercTBoBasio Macce 126 I'sB [62], mo maHHBIM
CMS — wmacce 124 T'sB [63], ¢ JoKaJabHOM 3HAUUMOCTHIO 3,D
u 3,1 0 coorBerctBeHHO. Ha puc.27,6 mnokazaHa JokajbHasi Ha-
6aonaemasi (M oxupaemasi) 3Hauumoctb CMS. DTo mpeBbilIeHNEe B
OCHOBHOM OBIJIO 3aPETUCTPUPOBAHO B KOHEUHBIX COCTOSIHUAX H — vy
uH— ZZ® =11, em. puc. 28.

Ha6sntonenue npeseitenus B paiione 125 'sB oco6enno uHTpU-
roBaJjio, TaK Kak OblJIO 3apPerHCTPUPOBAHO B 0OOMX IKCIEPUMEHTAX C
XapaKTepPUCTHKAMH, OYeHb MOX0XKUMHU Ha 0XKHJaeMble B Cydae mpef-
BapUTEJbHOTO CBUJETENbCTBA CylllecTBOBaHUS 6030Ha Xurrca CM.

C npyro# CTOpOHBI, CTaTUCTHYECKAst 3HAUUMOCTDb JIByX TpeBbIlIIe-
HUH OblJIa HEJOCTATOUHO BeJHKA MAJS1 TOTO, YTOOBl UTO-IU60 yTBEP-
x)paatb. C y4eToM Tak Ha3biBaeMoro 3heKTa MHOXKECTBA THIIOTE3
B paciuupeHHoM auanasoHe macc (look-elsewhere effect) [65] ruo-
GanbHasi 3HauuMocTb B 3sKcrnepuMmeHTe ATLAS (CMS) cocraBusa
2,5 (2,1) o B HeuckIOUeHHOH 00JacTH MeHee 145 I'sB.

O6e KoJsaGopaluH Clesannd BBIBOM, YTO HEOOXOMUMO IMOJYUHTD
ete GoJibIle SKCIIEPUMEHTAbHBIX JaHHbBIX 1J1s 00bsSCHEHHS TPUPOJIBI
3TOro BOJIHYIOLLEro nmuka. Takum obpasom, ceaHc npu 8 TaB, cocro-
spmuiics B 2012 r., mpencraBasisi coboll KpallHe BaxKHOe COOBITHE
st pusuku Ha LHC.

10. Hroap 2012 r.: oTkpbiTHE 0030Ha XUTITCa

B 2012 r. sHeprusi CTOJKHOBEHHsI NIPOTOHOB B CHCTeMe LIeHTpa
macc LHC 6bia yBesinuena ¢ 7 no 8 TaB. CooTBeTcTBEHHO, ceueHue
poxkneHnus 603oHa Xurrca aiasi mpy okono 125 I'sB mosmkHo 6bls0
yBesnuuuTbest Ha 27 %.

B npentuecTBytoiiemM pasjese 06CyKaan0ch, 4TO MOUCKU 0030HA
Xwurrca BoinmosiHeHbl Ha yctaHoBkax ATLAS u CMS c¢ skcTpaop-
IMHApHOH TOYHOCTBIO BO BCeX IHaNa3oHax Macc C KOHIEHTpalueH
ocoboro BHUMaHHUsI Ha 00JaCTH MaJbIX Macc, Tae AaHHble npu 7 TaB
MoKa3aJjd UHTPUTYIOllee MpeBbIlLIeHne Hal (POHOM.

JlanHble OBLIM 3amuCcaHbl MPU 3HAaYEHHSIX MTHOBEHHOH CBETHMO-
cth 10 6,8 - 1033 cvm~2.¢7! u 3HauuTenbHOM BaMAHMH 3ddeKTa
HasnoxeHHs1 coObiTHi. [lpu sneprum nyukoB 7 T3B cpennee uucio
MepBUYHBIX BepPIIMH B COOBITHM paBHO npuMmepHo 10; mpu sHeprun
8 T3B sTa Besnuuna pacrer npumepso 1o 20.

Jlnsi Toro uToObl CMATYUTH BJHsHHE 3(P(eKTa MHOXKECTBEHHO-
CTHU TIEPBHUUHBIX BEPIIHH B pp-CTOJKHOBEHHSX, OBIIU CYLIECTBEHHO
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yJAydllleHbl PeKOHCTPYKIUS, UIEHTH(OHUKALNSA U KPUTEPUH H30JSLUU
3J1eKTPOHOB U (poToHOB. TakuMm ke 06pa3oM MJs KOMIEHCALWH pas-
JUUHBIX 3(¢eKkToB, BKAWYaA 3PGheKT HaJ0KeHHS COOBITHH, ObLI
ONTUMH3HUPOBAH aHAJIM3 JAaHHBIX TPU MOUCKe YaCTHIbI XUrrca B 60-
30HHBIX KaHa/aaX. Kak 1 B aHasnu3e paHHbeix Ha 7 T3B, 6bliu BeIMON-
HeHbl MOUCKH B KOHEYHBIX COCTOSIHMAX M ¢ (pepMHOHamu: H — 77
u H — bb. s ynyulleHHs] peKOHCTPYKLHUHU Napbl (POTOHOB U YeTbl-
PeXJIENTOHHBIX COOBITHH, COIEpXKalllMX 3JEKTPOHbBI, OblJa M3MeHeHa
KanuOpoBKa NETeKTOpa, B YAaCTHOCTH, 3JEKTPOMATHUTHBIX KaJOpPH-
METPOB.

Ananmuselt ATLAS 1 CMS Obl/iM BBHIMIOJIHEHBI «BCJIENYI0»: TI€pel
MpoBeeHNeM aHa/lnM3a B KHHEMAaTHYeCKOH 00J1aCTH TMOMCKA CHIHaJsa
KPUTEepPUU OTOOpPA ONTHMH3WPOBAJUCh Ha KOHTPOJbHOM Habope AaH-
HBIX U MonesupoBaHun MoHTe-Kapio.

HccnenoBanust ObliM  BBHIMOJHEHBI Ha HauyaJbHOM CTaTUCTHKE
5 ¢6~!, nonydenHoii B sKkcrepuMeHTax Mpu /s = 8 TsB u 06beu-
HEHHOH TOMHLIM HaGOPOM CO CTAaTHCTHKOH b5 (6!, sanucamHoii
npu 7 T3B.

KpaTkunii 0630p OCHOBHBIX Pe3yJbTaTOB, KOTOPbIE TPHUBEJH K OT-
KPBITHIO HOBOH HEHTpa/JbHOH yYacTHLbl ¢ Maccod okosmo 125 3B,
NpefCcTaBJeH B CAeAYIOLIUX pa3fenax. Jletanu aHanusa JAaHHBIX J0-
CTYIHBI B opuruHasbHbiX cTaThsix ATLAS [66] u CMS [67] (no3anee
KoJsabopauuss CMS ony6mukoBana pacllMpPeHHYI0 BEPCHIO CTaTbU
no 3ToMy aHajausy [68]).

10.1. Kanan pacnaga H — ~~y. Pacnpenesnenus no uHBapu-
aHTHOH Macce M., COOBITHH ¢ mapoil (poToHOB, mosydeHHble ATLAS
u CMS 1715 Bcex KaTeropui coOBITHH, MOKa3aHbl Ha puc. 29.

B stom kanane ATLAS u CMS Habuaropanu 3HauMTebHOE Mpe-
BBIILIEHHEe 4Yhcsa COOBITHH mpu mp okosao 125 I'sB. Ha ycranoBke
ATLAS na6amonanach JoKaJabHasi CTaTUCTUYECKAs 3HAUMMOCTb 4,5 o
B obmactu my = 126,5 I'3B, B To Bpems kak Ha CMS nHabsronanack
BeanunHa B 4,10 npu mpy = 125 I'sB. Oxungaemble JokajnbHbe
CTaTUCTHUECKHEe 3HAuYUMOCTH 6o30oHa Xurrca CM cocrasasau 2,5
U 2,8 0 COOTBETCTBEHHO, NPH OMpefieJieHHONH Macce 6030Ha XHUrrca.

@®oH OBl OllEHEH Ha OCHOBe aNMpOKCHMAallMK CIeKTpa WHBapH-
aHTHBIX Macc nap ¢ortoHoB B obsaactu mMacc 100-160 I'sB B ciyuae
ATLAS u 100-180 I'sB pas CMS. Bbibop ¢yHKUMH, MOxenupy-
IOIKMX (OH, OCHOBAaH Ha HCCJAENOBAaHUHM BO3MOXKHBIX OTKJOHEHHH
u3MepsieMod cuJibl curHana. Konnabopauus ATLAS BoiGpana mosu-
HoM DBepHuireiina yetrBeproro nopsaka [69], a CMS ucnosib3oBana
MOJIMHOMHUA/IbHYI0 (PYHKLHIO. BEiGop cTeneHu mosrHoMa 00yC0B/IeH
TpeboBaHHeM, UTOOBl cHCTeMaTHyecKas oOlIKMOKa Obljla MHUHHUMYM
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B MATb pa3 MeHbllle CTATUCTUYECKOH TOYHOCTH arnpoKCHMaLUK; Hal-
JEeHHBbIH TakuM 00pa3oM MOpPsIoK (DYHKIHMM OKasaJjcsi B AHManasoHe
or 3 no 5. OnucaHue curHansa poxaeHus 6o3oHa Xurrca OblIO
cnesnaHo Ha ocHoBe MozenupoBaHus MonTte-Kapmo. @opma nByxdo-
TOHHOTO CMeKTpa WHBAPHAHTHOCTH MAacC OMHUCHIBAJAach C TMOMOLIbIO
¢ynkuuu Crystal Ball [70]. dnas mosHOH BBIOOPKHM HaHHBIX Kak
ATLAS, tak u CMS oxupnaemoe 3Hauenue nosaymupuds (FWHM)
cocrasasio 3,9 I'sB.

HccnenoBanusi pacnanoB Z — ee MOKas3aju, UTO AOMHHHPYIO-
1iasi 9KCreprMeHTa bHasi norpewHocTs curnana (+£8, 11 %) oby-
C/IOBJIEHA HETOYHOCTSIMH PEKOHCTPYKIHHM (OTOHA U OIpejeseHHs]
3(p(peKTUBHOCTH ero HaeHTU(UKauuu. MonenrpoBaHre HaJ0XeHHs
COOBITHI MOKa3aJ10, YTO MHOKECTBEHHOCTD MEPBUYHBIX BEPLIMH OKa-
3bIBaeT BJIMSIHME HA OXKHJAAeMblil YpOBeHb CHIHaja U BHOCHUT BKJIAJ
B MOTPEIIHOCTh UaMepenui (+4 %).

Uro6bl yNyulIWTh 4YBCTBUTENbHOCTb aHa/JH30B Pa3JHUYHBIX Ka-
HaJIOB pOXKOeHWs 6030Ha XHWUITCA U TOIMOJOTHH KOHEYHOrO COCTOS-
HHUsI, COOBITHS OB pa3fiesieHbl Ha B3aMMOUCKJ/II0YaIolHe KaTerOpHH,
OTJIMYAIOIIHECS M0 MacCOBOMY pa3pellleHHI0 U COOTHOIIEHWIO CHT-
HaJ1/ 1y M.

Bec w;, ncrnonb30BaHHbBIA MPH MOCTPOEHHUH TpaduKa C pe3ysb-
tatamu ATLAS (puc.30,a), Obln1 paccudTaH mJsi KaXKI0H KaTero-
pun cobbitvil ¢ Kak In(l + S;/B;), rne S; — 90% oxunnaemoro
curHana npu mpy = 126,5 I'sB, a B; — wuHTerpan B WHTepBaJe,
comepxkailem S;, o GyHKLHH aNnpoKCHMaluK (oHa B AaHHbIX. Pac-
npenesenre CMS, nokazannoe Ha puc. 30, 6, MOTYYEHO MO CXOXKeH
npoleaype: COObITHSI B3BEIlEHbI 10 KAaTErOpUsIM 4 MPOMOPLHOHAIBHO
Si/(S; + B;). Obe xonnabopauuu Takxke onyOJIUKOBaIH Pe3yJbTaThbl
6e3 B3BelINBaHUS COOBITHH.

10.2. Kanan pacmaga H — ZZ®™) — [lll. B sToM KaHaje
BBITIOJTHEH MMOWUCK Y3KOTO UYETBIPEXJIENTOHHOIO MHWKAa B CIEKTPe HH-
BAaPUAHTHBIX Macc, HAJ0XKEeHHOTO Ha He6OJbIION rnagkuil GoH. Bol-
Jaolleecsi MaccoBoe paspelleHre 000HUX NETEKTOPOB ChIrpaso Bax-
HeHlyI0 poJib B TIOMCKe HOBOM YAacCTHIBI M0 pacrnagaM Ha HeCcKOJbKO
JIENITOHOB B KOHEYHOM COCTOSTHUHU.

[Torck Obla BbIMOJNHEH TOJMBKO B objacth macc 110-160 I'sB.
@DoHOBbIE TIPOLECCHI, BJAUAIINE HA 3TOT KaHaJ, 00CyKIeHbl B TIpel-
mecTByOKX pasnenax. OueHKa BKJajaa mpouecca ZZ* OCYLIeCTB-
Jiiiach ¢ TOMOINbID MonenupoBanuss Monrte-Kapso ¢ HopMupOBKO#
Ha TeOpeTHUeCKOe ceueHHe ITOro Mpolecca, B TO BPeMsl KaK BKJaJbl
POLECCOB Z + CTPYs U tt ONpeiessiIuch W3 KOHTPOJbHOH BBIOOPKH
HaHHBIX. HeompeneneHHOCTb HHTErpajbHOH CBETHUMOCTH COCTaBHJA
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Puc. 30. Habuaionaemass JoKajibHasi CTaTHCTHUYECKas 3HAaUYMMOCTh py B 3aBHU-
CHUMOCTH OT MpeArnoJaraeMoil Maccel 6030Ha Xurrca mpy B KaHale H — 7.
[TyHKTHpHBIMM JIUHHUSMH TOKa3aHa OXHAaeMas JOKajbHAas CTaTHUCTHUecKas
3HAUHUMOCTb po B CJyuae CyIIECTBOBAaHMs CHrHasa 6o3oHa XHWIrca ¢ OaHHOH
maccod. PasnenbHo mokasanbl pesysnbrathl ATLAS [66] (a) u CMS [67] (6)
MpU HEPTHU CTAJKHBAIOLIMXCS MYyYKOB B cucTeMe LeHTpa macc 7 TsB (ro-
ay6oit uBet), 8 TaB (kpacHblél) ¥ ux KomOuHAUuK (depHbiii). [IyHKTHPHBIME
JIMHUSIMH OTMeueHa OxKHMaaeMasi JoKaJbHasi CTaTUCTUYeCcKask 3HAYUMOCTb pg [JIsI
KOMOWHAIlMKM HaGopoB JaHHBIX MpH Macce 6o3oHa Xurrca CM mpy. [lpounmu
JIMHUSIMH TIOKa3aHbl 3HAYEHUs JIJIs1 ABYX HAOOPOB JaHHBIX MO OTAEJbHOCTH

1,8% nast mauHbiX, 3andcaHHbix npu sHeprud 7 T3B, u 3,6 %
npu 8 T3B. TouHOCTH PEKOHCTPYKLUH JIENTOHOB, ONpeneseHus (-
(PeKTHBHOCTH MX HAEHTH(HUKALHH, a TAKXKE SHEPreTHYECKOro mac-
mwraba UMIyJ/bca JIENTOHA U paspelleHus OblIM onpeeJseHbl U3 pac-
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Puc. 31. a) Pacnpenenenne no WHBapHaHTHOH Macce ueThIpeX JENTOHOB Ha
ATLAS my; B cpaBHeHHM C (POHOBBIMH BKJajaMu B nuanasoHe macc ot 80
no 250 I'sB nHa kom6uHauuu nanubix ¢ /s =7 u 8 T3B. [lpenckasanHble
3HaueHus AJs curHasa 6o3ona Xurrca CM ¢ my = 125 I'aB npuBenens B [66].
6) Pacnipenesnierne no HHBapHaHTHOH Macce YeThIpex JIENTOHOB, MOJyYeHHOe Ha
CMS npu peructpanny pacnaga H — ZZ*) — 11il. Touku — naHHble, 3aKpa-
IIeHHBIe THCTOTPaMMbl — (DOH, a He3aKpallleHHasi THCTOrpaMMa — OXKHAaeMoe
pacrpesiesieHHe CUrHaja 06030Ha Xwurrca ¢ maccod my = 125 T'sB B cymme
¢ ¢onoMm. Ha Bpeske mokasaHo pacrnpenesneHHe my; Tocjae 0oT6opa COOBITHH
MHOTOMepHBIM aHaJnu30M [67]
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nanoB W, Z u J/v Ha 371€KTPOHBI U MIOOHBI B KOHEYHOM COCTOSTHHH.
[TorpemHoctu B MiooHHOM KaHasie Ha ATLAS wmenbie 1 % B Kaxno#
M3 Tpex BO3MOXKHBIX MO pacrnana 4u u 2e2u. B cayuyae anekTpoHOB
OHa jgocTtHraet mpuMepHo 2% B KOHEUYHBIX COCTOSIHHSX 4e u 2u2e.
BnusiHue TOUHOCTH omnpene/ieH|s] SHEPTeTHUECKOTO MaciiTada JenTo-
HOB — 3(p(eKT TOro xe nopsiaka. Takue xKe pacrpeiesieHHs MoJyyde-
Hel Ha CMS.

Teopernueckne Heompene/seHHOCTH OLEHKH (OHA COCTABHJIN
+5% (macwra6 KXI), B To BpeMsi Kak BJusHHe (YHKLUHE pac-
Tnpejie/leH|s TApTOHOB U aig coctassiio +4 % (+8 %) B mpoueccax
C KBapKaMH (TJII0OOHaMH) B HauaJbHOM COCTOSIHHH.

Ha puc. 31 nokasaHo pacrnpenesieHre 0 HHBapUAHTHOM Macce ye-
ThIPEX JIENTOHOB Tocse oT6opa cobbiTuit Ha ATLAS (a) u CMS (6).
Bunen ueTkuil muk B o6sacTu Macchl Z-6030Ha, re PEKOHCTPYHPY-
eTcsl penku# pacrnan Z — 4l, coBmagawmuui Mo BeJHYHUHE C TIpel-
ckazauusamMu CM. DT0o M0O3BOJMUJIO TPOBEPUTH TOTOBHOCTBH IETEKTOP-
HBIX CHCTEM W MPOLENypbl aHaMU3a 1Jis PETHCTPAMU OXKHAAEMOTO
4eThIPeXJ/IENITOHHOTO pe3oHaHca. Ha aTom pucyHke Takxke npoaeMoH-
CTPUPOBAHO OOJBIIOE TPEBbILIEHHE UYHC/Ia COOBITUH IO CPaBHEHHIO
¢ (oHoM B obsacTu Macc okosio 125 I'3B.

Ha ycranoBke ATLAS HaGmionanach JiokasbHasi CTaTUCTHYECKAS
3Hauumoctb 3,80 npu mpy = 125,0 I'sB, a na CMS — 3,20 npwu
mpg = 125,6 I'sB. Ilpu 3asBneHHoil macce 6Go3ona Xwurrca CM
OXKHJaeMast JIOKaJbHasi CTaTUCTUYeCKasi 3HAUUMOCTb COCTaBJseT 2,7
U 3,8 0 COOTBETCTBEHHO.

10.3. Kanan pacnaga H — WW®) — lvly. Tlpu macce
603ona Xurrca 125 T'sB pacnag H — WW® — vy ssasercs
BTOPBIM IO BEPOSTHOCTH, MOITOMY 3TO KOHEUHOE COCTOSIHHE BaKHO
175 TIPOBEPKH TIPUPOABI Pe30HaHca, HAOJI0aeMOro B KOHEUHBIX CO-
CTOSTHUSAX <7y U 4yeTblpeX JenToHoB. ATLAS u CMS anasnusupoBasu
KOHEUHBlE COCTOSIHHS, B KOTOPBIX JIENTOH SIBJSIETCS JHOO 3JEKTPO-
HOM, JTMOO MIOOHOM.

O6Hapy keHHe TaKOrO CHTHa/a B CJIOXKHBIX YCJIOBHSIX apOHHOTO
KoJIJalifiepa ¥ 3HAUNTEbHOH MHOXKECTBEHHOCTH NMEPBUUHBIX BEPIINH
KpaliHe npo6seMatuyHo. [TonHasi peKOHCTPYKLMS BCeX UYaCTHLL KO-
HEYHOT0 COCTOSIHUSI HEBO3MOXKHA M3-32 HEHTPHUHO, KOTOPBEIE HE pe-
TUCTPUPYIOTCsl Hanpsamyto. Jli1s oTneseHHsl curHajia 6o3oHa Xurrca
OT (POHOBBIX MPOLECCOB CO CXOAHOH CUTHATYpPOH, a TaKKe TMIOTe3bl
6o3ona Xwurrca CM oT Apyrux 3K30THYECKHX Y3KHX DE30HAHCOB
C PasJMUHBIM CIIHHOM W YEeTHOCTbIO OBINM HCIOJb30BAHBl TAKHE KH-
HeMaTH4ecKHe HabJonaeMble, KaK yTroJ MeKIy IBYMs 3aps2KeHHBIMU
JIETITOHAaMH B MONepeyHoH MJIOCKOCTH, MHBapHaHTHas Macca Mapbl
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Puc. 32. Hab6niogaBiuasics JoKaJbHasi CTATHCTHYeCKasi 3HAYUMOCTb pg B 3a-
BUCHMOCTH OT TIpeAroJiaraeModl Maccel 6030Ha XHrrca my B KaHalte H —
— 722%) Sl [TyHKTHDHBIMM JIUHUSMH MOKa3aHa OXKHAaeMasi JOKaJbHasl pg
0711 TIpefrnoJaraeMoro curiana 6osona Xurrca CM cooTBeTCTBYIOIIEH MacCHl.
OtnenbHo nokasaubl pesynbTathl ATLAS [66] (@) 1 CMS [67] (6) nsist naHHBIX
npu 7 TsB (rony6oii uset) u 8 TaB (kpacHb) W WX KOMOMHALKS (4EPHBIH).
[TyHxkTHpHOH JMMHHEH Ha pHc.6 OTMeueHa OXKHIaeMas po AJsS KOMOHHALWH Ha-
60pOB JaHHBIX MPH YCJIOBHU CyllecTBOBaHHUSI 6030Ha Xurrca CM ¢ maccoit myy

JIETITOHOB My W TIONlepeYHasi Macca B CHCTeMe M3 JBYyX JIENTOHOB
U HEUTPUHO M.

[Tpoueccer dpenna-9ua () — noMHHHPYIOUIHME HCTOUHHK CO-
OBITHI C OBYMSI MIEHTH(PHULHPOBAHHBIMH JENTOHAMH, KOTOPBIH CHJIb-
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HO 3arpsi3HsieT COObITHS MapaMH JIENTOHOB OfHOro apomata. Pon
npoueccoB 1§l 3HauWTesbHO TMOAABJEH B COOBITHSIX C MapaMu Jel-
TOHOB Pa3HBIX apoMaToB (ef), TaK Kak OHH BO3HHKAIOT TOJBKO B
pacnanax nmap 777 . [To3TOMy naHHBIe OBIIM HCCJAENOBAHBI B NBYX
KaTeropusix: ee/up u ep. Tak Kak KaHan evuy HauboJee UyBCTBH-
TeJleH MpH noucke 603oHa Xurrca, B aHanuse naHHbix ATLAS mpu
8 T3B ucnosb3oBasoch TOMBKO 3TO KOHEUHOE COCTOSTHHE.

Co6biTHS OBLIM pa3/ie/ieHbl 110 KOJIUYeCTBY PEKOHCTPYHPOBAHHBIX
CTPYH Ha TPH NOAKATEropuM: njet = 0, Njet = 1 ¥ njer > 2. Ciinsinue
TJIIOOHOB (MexaHu3M ggF poxkneHus 6030Ha XWUrrca) B OCHOBHOM
BHOCHT BKJIaJl B MOAKATErOpPUH Njer = 0,1. BaKHBIMM HCTOUHHKAMH
(poHa TakKe SABJAIOTCS MPOLECCH poxKAeHUS tt U W + CTPyH ¢ OMHUM
HeNMpaBUJIbHO HMIEHTH(HULHPOBAHHBIM JIEITOHOM. 3arpsi3HeHue Mpo-
eccaMy POXKIEHHs TOI-KBapKa MONABJ/SIETCS 3alpeToM Ha b-CTpyH.
VBF-poxnenue 6030oHa Xurrca 3HauMMo B OCHOBHOM B MOJKaTe-
TOPUU Njer > 2. CoObITHA C TOM-KBapKOM — HauboJiee BaxKHBIH
MUCTOYHUK (DOHA B KOHEUYHBIX COCTOSTHUSX C HECKONBKMUMH CTPYSIMH.
Henonasasiempiét o pp — WW npucyTcTByeT BO BCeX KaTeropusx,
0coOeHHO OH 3HAYMTEJIeH TPH 0TOOpe ¢ UnUCaoM CcTpyH, paBHbIM 0.

M3-3a CJI0XKHOCTH CHUTHAaTypbl H  OOJBLIMX TEOPETHYECKUX
HeorpeneseHHOCTeH TpenckasaHuii Monte-Kapsio mopenupoBanue
60JIbIIMHCTBA (DPOHOBBIX TMPOLIECCOB OBIJIO BBIMOJHEHO C IOMOILBIO
HOPMHPOBKH TPeACKa3aHHUH Ha JaHHble B KOHTPOJBHOH 00JAaCTH.
Bkaansl W + cTpysi (CTpyH) ¥ MHOTOCTPYHHBIX (DOHOBBIX MPOLIECCOB
OBLIN OTIpe/ie/IeHbl UCKIIIOUUTENBHO 110 TaHHBIM.

[Tonepeunasi macca mp Ucnoab3oBasach Kosanadopanred ATLAS
IJIsl TIPOBepPKH Hasuuus curHagda [71]. HaGmonasiieecsi mocie Bcex
KpUTepHeB oTOOpa B COOBITHAX 0e3 CTpPyH M C OQHOH CTpyeH pac-
npeneseHre mp TMOKasaHo Ha puc.33,a. [loxoxue wnccnenoBaHus
BBIMOJIHKMA U KoJtabopauuss CMS. Ha puc. 33, 6 nokasano Hab.10-
nasiieecst Ha CMS pacnipenesienre Mo HHBaPUAHTHOH Macce CHCTEMbl
napel JIENTOHOB (B IaHHOM CJy4ae ej) B COOBITHSIX, MPOLIEAIINX BCe
KpuTepuu otbopa. B o6oux skcnepuMeHTax HaGJIONANO0Ch TIPEBHILIe-
HHUe uncsa COOBITHH, COOTBETCTBYIOIIEE pacragy ¥ pPoxAeHH0 6030-
Ha Xurrca CM ¢ maccoit 125 I'sB. B CMS nabuogascs (oxugascs)
6030n Xurrca CM ¢ wmaccoéi 125 I'sB ¢ pmocroBepHocThio B 2,4 0
(1,6 0), B ATLAS — ¢ nocroBepHocTbio B 2,80 (2,3 0).

10.4. Koneunbie coctrosiuua H — bbu H — 77. B pamkax
noucka 6o3ona Xurrca Ha LHC Ha panHbix npu 7 TaB 1 nepBbIX naH-
HeiX npu 8 T3B OblTM Mcc/e0BaHbl KOHEUHEIE COCTOSIHHS, COOTBET-
CTByOlLMe pacrnafam 6o3oHa XHWrTca TpeThero nokosjenus H — bb
u H — 77. Kananel ¢ 7-7€ITOHOM U Mapamu b-cTpyH CHJIbHO MOAAB-
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Puc. 33. a) Pacnpenesenve no momnepeuHod macce mqp Kojaboparunu ATLAS
B aHa/H3ax COOBITHH 0e3 cTpyH U ¢ OMHOH CTPyel KOHEYHOTO COCTOSIHHUS evuv,
YIOBJETBOPSIIOLIMX BCEM KpHUTepusiM oT6Gopa [66]. Oxupaemblil curHas mpu
my = 125 I'sB nokasaH noeepx (oHOBEIX nNpenckazanuil. Pon W + ctpyn
OlLleHeH Ha OCHOBe JaHHBIX, a mpefickasanus Mounte-Kapso donos WW u torm-
KBapKa HOPMHPOBaHbl Ha KOHTPOJbHYI0 06J1aCTb B AaHHBIX. 3allTPUXOBaHHas
06J1aCThb MOKA3bIBAET MOJHYI0 MOrPelIHOCTh OLEeHKH (oHa. 6) Pacnpenenenue
10 HHBaPHAHTHOH Macce CHCTEMBI Napkl JienToHoB my; CMS monkateropun 6e3
CTpYy# KaTeropuu evuv Ha naHHbix mpu 8 TaB [67]. Oxunaemblii curHas 603oHa
Xurrca CM ¢ maccoét my = 125 T'sB nokasan noBepx oxugaemoro ¢hoHa

JieHbl (DOHOBBIMHU TPOLECCAMH, B OCHOBHOM CTDPYSIMH, DOXKIEHHBIMH
B npoueccax KXJI, pacnagamu tt u Z-6o3oHa Z — 7777, bb. Tlo-
3TOMY 3TH CJIOXKHble KOHEUHbIe COCTOSIHUSI OBIIM UCCJENOBaHBI JJIs
BbIZIe/IEHHBIX TIPOLECCOB, OTBETCTBEHHBIX 32 Pa3jWYHble MeXaHHU3MBbI
DOXKJIEHHUS, TaKhe KaK CJAMSHUS BEKTOPHBIX G030HOB H aCCOLHHPO-
BAHHOE POXKJEHHE C BeKTOPHBIM 0030HOM, B KOTOPBIX OTHOIIEHHE
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cHrHaJj/(poH 3HAUUTEJbHO JyUllle B 3THX KaHasax pacrnaga. Heo6xo-
JMMO OTMETHTh I1IJI0X0€ pa3pelleHHe N0 MHBAPHAHTHOH Macce CHCTeM
bb u 77 (mopsinka 10% wusau Gosiee), MOITOMY PEKOHCTPYHPOBATH
Y3KHH MUK He MpejcTaBiseTcss Bo3MOXKHBIM. CJienoBaTesbHO, (DOH
TOJIBKO YaCTHYHO TMOJABJEH KPUTEPUSIMH O0TOOpa MO MHBapHAHTHOH
Macce, H, OoJiee TOro, OH He MOXKeT OBITb OIeHeH Ha JaHHBIX
¢ 6OJIBLIOH TOUHOCTBIO C UCIIOJb30BAHHEM KOHTPOJbHBIX 006JacTell Mo
kpasim. KosanaGopauuu ATLAS (aHanusupoBasuch TONBKO NaHHbIE
npu 7 TsB) u CMS He 0O6Hapy»>KM/IH 3HAYUTENBHOTO MPEBBILIEHHS
B KOHEYHBIX cocTOsIHUSAX H — bb u H — 77 (10CTOBEpPHOCTb HabJI10-
IeHus MeHee 1 o), UTO coryacyeTcs ¢ MpencKasaHUsMH IJsi 6030Ha
Xwurrca CM ¢ maccont 125 I'sB.

10.5. IlonHaas WMHTEHCMBHOCTb CHUrHaja. VHauBHayaibHBIE
pe3y/bTaThl MOWUCKOB B Tpex GO30HHBIX Mopjax pacrnaga H — 77,
H—ZZ® il w H—-WW® - lvlv v 1BYX (PepMHOHHBIX
KOHeYHbIX coctosinusax H — 77 u H — bb (B cayuae ATLAS wuc-
T0JIb30BAJIMCh TOJNBKO JAaHHble MpH 7 T3B) Oblnd cKOMOMHUPOBaHBI
CTaTHCTUYECKMM MeTOAOM, onucaHHbiM B [72]. Tlpu oObenuHeHun
MpeanoJaranaoch, 4To BepHbl npenckasanuss CM oTHOCHTeJIbHBEIX Be-
pOSITHOCTEH pacmaja, W OblIM Y4YTEeHbl 3KCIIepUMeHTasbHble (cTa-
TUCTHUECKash U CHCTeMaTHYecKas) U TeopeTHuUecKas MOTrPelHOCTH,
B KOTOPBIX IOMHHHPOBA/JH IJIOXO ONpeleseHHble dHEpreTHyecKui
macwitab KX v pyHkuuu pacnpeneneHus napToHos. Mccienosadcs
napaMeTp IOJHOH WHTEHCHBHOCTH CHTHasa [, KOTOPBIH TpeacTaB-
JseT co6od MaclITaOHbIH KO3(DP(PHUIUEHT MOJHOTO YHCJAa COOBITHH
poxneHusi U pacrnaga 6o3ona Xwurrca, npenckazanioro CM. Takum
06pa3oM, BBIXOA COOBITHH, MOJHOCTBIO COOTBETCTBYIOIIWH G030HY
Xwurrca CM, naer BennuuHy p = 1; B caydae oOHapyKeHHS TOJBKO
(oHOBBIX cobbITHil 1t = 0.

B o6onx skcrmepHMeHTax yUHTBIBAJIMCh KOPPEJSIMU TeopeTHde-
CKUX ((pYHKLUHH pacrpefesieHHsl MapTOHOB, CeYeHHe U T. J.) U JKCIle-
pPUMEHTAJbHBIX (HHTerpaJsbHasi CBETUMOCTh, MacIITab SHEPTHH CTPYH
¥ JIEITOHOB | T. I.) CUCTEMaTHUECKHUX HEOIpeeJJeHHOCTeH B pas3iny-
HBIX KaHaJax.

[IpeBblllenHe yucsaa CcoObITMH B 00/1aCTH  Macc mpy =
= 125—126 I'sB nab6awopanu obe komnadopauuun ATLAS u CMS.
JlokanbHasi py HabJ/l0[leHHs] NTOKa3aHa Ha puc. 34 B 3aBUCUMOCTH OT
npejamnojaraeMod Maccel 6030Ha Xurrca mpy B 06J1aCTH MaJIbIX Macc.

HawnGosbias JokanbHasi 3HAUUMOCTb CUTHajla KOMOMHALIUN BCeX
KaHaJoB, UccaenoBaHHbIX KoJsadopauueil ATLAS, mocrturaer 6,0 o
npu Macce 6o3oHa Xurrca my = 126,5 ['3B. MakcumanbHas Jjo-
KaJjibHasi 3HaYMMOCTh, noayyennas CMS, cocrasuna 5,00 (5,1, ecin
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Puc. 34. a) JlokanbHast py (crjiommHas Kpuast), HaOsmonasimasics Ha ATLAS,

B 3aBHCHMOCTH OT mpy W OXuuaemas pg (IyHKTHpPHasi KpuBasi) 0030Ha

Xurrca CraHmaptHod Mogenud (u = 1) ¢ cooTBercTByMole# Maccol [66].

6) JlokanbHele pg, HabmonaBirecs Ha CMS Ha naHHbIX mpu sHepruu 7 T3B,

8 TsB, 1 ux KOMOMHAUNHK B 3aBUCHMOCTH OT m . [[yHKTHPHO#H JMHUEH oTMeue-

Ha OXKMIaeMasi CTaTUCTHYeCKasl 3HAUUMOCTb MPH COOTBETCTBYIOIIEH Macce my
603ona Xurrca CM [67]

UCKJIIOUHTh M3 KOMOWHALMKM KaHajbl pacnaga H — 77 u H — bb)
npu macce myg ~ 125 I'sB.

C yuyeToM MHOXeCTBa T'MIIOTe3 B pPaclIMPEHHOM JHana3oHe Macc
(look-elsewhere effect) [65] na ATLAS nonyuena riobanbHasi 3Ha-
yuMocTh 9,1 o B uHTepBase macc 110-600 I's3B u 5,3 0 B nuanasone
macc 110-150 I'sB, va CMS ryo6anbHas 3HauuMmocTh B 4,50 Ha-
6aronanach B uHTepBase 110-145 I'sB.
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Ha puc. 35 npuBeneHsl KOMOMHUPOBaHHbIe orpaHudeHus ¢ 95 %-i
JOBEPUTETHHON BEPOSTHOCTBIO HA CeueHUe PoxKIeHHus: 6030Ha Xurrca
CM, BblpaxkKeHHblE B BHJIe 3aBUCHMOCTH MapaMeTpa WHTEHCHBHOCTH
curhana p ot my. Konnabopauuss ATLAS (CMS) uckmouusia nua-
nasousl mMacc 111-122 u 131-559 I'sB (110-121,5 I'sB; B crarbe
CMS, 1oCBsIlIIeHHOH OTKPBITHIO, OrPAaHHYMBAJIUCH TOUCKOM B HHTEp-
BaJsie Macc 110-145 I'sB).

].0_||||||||| T T T T [ T T T T [ T T T T TTTT
E R EST
o [ ATLAS g :7TeV,det:4.674.8 ! ] +20
g - 2011-2012 @ 1|— Observed
fé - Vs =8 TeV, JLdt =5859fh! -- Bkg. expected
I | R 055
=
O [
X
0
(=2}
. C.L. limits
101:_||||||||| IR N TN TN N TR TN N T N T N B O 1
110 150 200 300 400 500
my, GeV
CMS Vs=7TeV,L=51fbl vs=8TeV,L=531fb!
TT T T [T T T T [T T T T [T T T T[T T T T[T T T T [ TTTT1]
1 —=— Observed 6

rf\\ =8 Expected (68%)

—1
w'e 00M N Expected (95%)

95%
99%

99.9%

C.L. of SM Higgs hypothesis

110 115 120 125 130 135 140 145
my, GeV

Puc. 35. Ha6monaBuecss (cruomnasi kpuasi) Ha ATLAS [66] (a) wu
CMS [67] (6) n oxunaemble (MyHKTHPHAs KpPHBasi) B CJydae OTCYTCTBHS CHT-
Hasa ¢ 95 %-i NoBepUTEIbHON BEPOSITHOCTBIO OTPAHUYEHHS] HA MHTEHCUBHOCTb
CHTHa/Ma B 3aBHCHMOCTH OT mp. 3ejieHast U KeJjTas 06JacTH COOTBETCTBYIOT
HeompeaeJeHHOCTSIM (hOHOBBIX MpoleccoB +1 u 20
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10. Hroao 2012 e.: omkpoimue 6030Ha Xueeca

Puc. 36. a) Pesynbratol usmepenuss ATLAS napameTpa HHTEHCHBHOCTH CHTHa-
Ja u = o/ogy 0pu my = 126 3B B oTHesbHBIX KaHanax U 10 UX KOMOU-
Hauuu [66]. 6) KOHTYpbl HHTEHCHBHOCTH CHUTHAJA 44 B 3aBUCHMOCTH OT MacChl
6030Ha mpy B KaHanax vy, vy ¢ VBF-or6opom ctpy#, 4l u nx xkomOUHALMH,
usmepernsie CMS [67] ¢ 68 %-ii 1oBepUTENbHOH BEPOSITHOCTBIO. B 06enx Kom-
OGUHALMSAX OTHOCHTENbHAS MHTEHCHMBHOCTb CHUIHAJIAa PACCMOTPEHHBIX MPOLECCOB

o/osm

ATLAS 2011-2012 my'= 126.0 GeV
W, ZH — bb .
. : a
Vs=7TeV: [ Ldt=47M P
H— 711 :
Vs=7TeV: [ Ldt= 4647 i P
H— wwl) — v :
Vi=7TeV: [ Ldt =471 ;
Vs=8TeV: [Ldt =581 -
H— vy
Vs=7TeV: [ Ldt=48 1 : o
Vs=8TeV: [ Ldt=591b1 5
H— 220) — 4
Vi=T7TeV: [ Ldt=48 b1 ——
Vs=8TeV: [ Ldt =58t :
Combined '
Vs=7TeV: [ Ldt=4.6-4.8 b1 14403 i —o—
Vs=8TeV: [ Ldt=5859Mb1 p=2ae :
1 1 1 1 1 1
-1 0 1
Signal strength
6 e
C OMS H—~yw+ H— ZZ 6 ]
5FVs=7TeV, L=51fb!, ¥ Combined
L Vs=8TeV,L=53f1 [¥ H— yy (untagged)
- + H — vy (VBF tag)
ir + H— 77
3F .
2F .
C + ]
0-I||||I||||I||||I||||I||||I||||-
123 124 125 126 127 128 129
mg, GeV

orpaHuyeHa npeackasaHusiMu 603oHa Xurrca CM
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Konna6opauneit ATLAS Tpu nuanasoHa macc OblIM HCKJOYe-
Hol ¢ 99 %-ii noBeputTesbHOU BeposiTHOCTbiO: 113-144, 117-121
u 132-527 I'sB.

10.6. Xapakrepuctnka HaGJarogaeMoro curfHana. Haubosb-
masi MHTEHCHBHOCTb CHUrHasa ji Obla uamepeHa Ha ATLAS u co-
craBuna = 1,4+ 0,3 npu mpy = 126 I'sB, uto coorBercTByeT
runotese CM p = 1. IHTeHCHBHOCTD CHUTHAJ/IA B OT/AE/IbHBIX KaHa/laX
M UX KOMOWHauUWW npu macce 6o3oHa Xurrca CM 126 T'sB noka-
3aHbl Ha puc. 36,a. Ha puc. 36, 6 npencrasieHa nBymepHasi 06/1acTh
orpaHuueHusi ¢ 68 %-ii moBepUTEbHOH BEPOSITHOCTHIO MHTEHCHBHO-
CTH CHMrHazla o/ogy B 3aBUCHMOCTH OT mp B KaHaiax H — ~yy
u H — ZZ™ — 1lll (nepBblii mpolecc MOKa3aH HHKJIO3UBHO U IS
VBF-npoueccos).

OTH pes3y/bTaThl MPEACTABJSIOT yOelHUTeJbHOE CBUIETENbCTBO
CYIIEeCTBOBAaHHS HOBOM uYacTHIbl ¢ Maccoit okoso 125 I'sB, HesaBu-
CHUMO OTKPBITOH B ABYyX 3KcnepuMeHTax Ha LHC, pabotawomux Ha
B3aMMOJIOTIOTHSAIOMIMX TEXHOJOTHUECKHUX MPUHIUIAX.

Onu 6bl71M BriepBBle MPeEACTaBeHBl HA ABYX ceMuHapax: B LIEPH
4 wons 2012 1. WM Yepe3 HECKOJbKO MAHEH Ha KOH(epeHIHH
ICHEP 2012 B Menbs6ypue (ABcTpasnusi).

B (u3uKe BBICOKHX 3HEpPrHil Hauajsacb HOBas 3pa, LeJb KO-
TOpPOH — TIOHATb MPUPOAY HOBOH YacTHIBl, a B TEPBYH oyepenb
yOemuThCsi, YTO 3TO NeHCTBUTENbHO 6030H XHITCa, MpeicKa3aHHbIN
CrangapTHOH MOIENBIO.

Cpasy nocJie otkpbitisi ATLAS u CMS Hauanu uccie0BaHus 110
NpPeLU3UOHHBIM H3MepeHUsIM (PU3UUeCKUX CBOHWCTB HOBOM 4YaCTHULBI,
B UYaCTHOCTH, ee KOHCTAHT CBSI3U C 3JeMeHTapHbBIMH (pepMHOHAMHU
1 6030HaMH.

11. Bo3oHHble U (pepMHOHHBIE MOABI pacraja:
HUTOTOBbI€ Pe3yJbTaThl MEPBOr0O MepUuoaa
pa6otel LHC (Run-1)

Yekoputens LHC nmponosmxan padorats npu 8 TsB Becy 2012 .
CMS u ATLAS 3zanucanu HOBBle gaHHblE, COOTBETCTBYIOLIHE Ha
KOHeIl Tofia UTOrOBOH CTaTHCTHKe mopsaka 25 g6~ ! y ofenx xo.-
natopanuit: 5,1 $6~! npu 7 TsB + 19,7 p6~! npu 8 TsB y CMS u
4,5 npu 7 TsB+20,3 h6~! npu 8 TsB y ATLAS. JlononHuTe bHbIe
IaHHble WU HEKOTOpble YTOYHEHHS aHAJM30B MO3BOJNU/IHM TOJYYHUTb
MHOTO HOBBIX pe3y/JbTaTOB B OCHOBHBIX MOJAxX pacrnajga HelaBHO
OTKpBITOTO 6030Ha. BoJsiee Toro, cTaso BO3MOXKHBIM MPOBECTH TOYHbIE
M3MepeHHsl ero CBOUCTB M KOHCTAHT B3aWMOIEHCTBHUS, NOCTaTOYHbIE
115l IPOBEPKU COOTBETCTBHUSI HaOJMI0NaeMOl YacTUIbl 6030HY XHrTca
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CM u, Kpome TOTO, MPOJIUTb CBET HA €ro POJib B HAPyLIEHWH 3JEK-
TpPOoCJabol CHMMETPHH U MeXaHHW3Me MpUoOpeTeHus: Mace hepMHOHAa-
MH. B Go/bLIMHCTBe KaHAJOB Pe3y/bTaThl ObLIM MOJyUeHbl 06eUMH
KoJ171a00pallMsIMH Ha TOJHOH cTaTUcTHKe. Bblna ony6irkoBaHa cepus
3aKJIIOUNTEJIbHBIX CTaTel, CyMMHUPYIOLIUX Pe3yJbTaThl IEPBOTO Tana
pabotsl LHC.

11.1. Bosonnsie Moxsl pacnaga: H — ~v, H — ZZ®*) —
— llll, H — WW®™ s [ply. Ha nonnoil cratuctnke Run-1
B JByX KaHa/ax ¢ 60/ibIunM paspeinenveM H — vy u H — ZZ®*) —
— [lll mosyyeHBl BbIAAIOLIMECS N0Ka3aTeNbCTBA CYLleCTBOBAHUS HO-
BoH uacTuubl. CHJbHBIH CHrHaJ BHAEH B ABYX(DOTOHHBIX M 4Ye-
TBIPEXJIENITOHHBIX KaHasiax. CTaTHCTHYecKash 3HAYUMOCTb B 00OHX
clydasx TpeBbICHIA D0, YTO ObIO HEOOXOOMMO MJs 3asiBJEeHHUS
0 Hab/oIeHNH HOBOrO 6030HA B KaXKJIOM H3 KaHAJIOB.

[To cpaBHeHHIO C pe3ysbTaTaMM, NOKa3aHHBIMH BO BpeMsi OTKpbI-
TS, YBeJHUEHHE CTATUCTUKH W YJydllleHWe aHaJHu30B T03BOJIHJIO
JIOCTUYb GOJbIIEH YYBCTBUTENbHOCTH. HecKolbKO MPUMEpPOB HOBBIX
pe3yJsIbTaToB MoKa3aHel Ha puc. 37. CTaTuCTHYeCKasi 3HAUUMOCTb CHUT-
HaJia jmocturaja 5,2 o B kanane H — vy va ATLAS u 6,8 o B kanase
H — ZZ™ — 111l na CMS. Utorosble pe3ynbTaTHl IEPBOTO NEPHOAA
Habopa JaHHbIX B KaHanax H — vy u H — ZZ™ — [lll ua ATLAS
1 CMS npusenensl B [73,74] u [75,60] cooTBeTCTBEHHO.

Ha yBesM4yeHHOH CTAaTUCTHKE MOJHOrO HabGopa NAHHBIX U TOCJeE
yJAy4llleHHs] aHaJU30B 00e KOoJIJIabopalii CMOTJIM OOHAPYXKHUTb 3Ha-
YNTe/bHBII CHIHAJ 6030Ha Xurrca U B Kanate H — WW® — [uly.

UeTkoe mNpeBbIllIeHWEe YMCa COOBITHH Hal (POHOM BHIHO B pac-
npeneseHUsIX Hanbosee YYBCTBUTEJbHBIX MepeMeHHbIX. K mpumepy,
Ha puc.38 mMoKasaHbl pacrpefeseHyde IO MOMEpPeyHOH Macce myp
cuctembl, udMepenHoe Ha ATLAS, u uTOroBBIH rpaduk ¢ OrpaHu-
YeHHUSIMU Ha ceyeHHe poOXKIeHUs O6030Ha XUIrca B 3TOM KaHale,
nosydyeHHeld Ha CMS.

[IIupokHil W He mMoOHJEXKallMi COMHEHHIO THK, COTJacyOIIHiHCs
C HaJIMuKeM CcHrHaja 603oHa XHUrrca, BUeH B 000UX 3KCIEPUMEHTaX
¢ sHauumocThio 6,1 (4,3)c ma ATLAS u CMS cooTBeTCTBEHHO.
OTH pe3yJsbTaThl CBUETEIbCTBYIOT O pacnane 6030Ha, COBMECTHMOTO
¢ runotesoit 603oHa Xurrca CM, na napy W. Mrorosble pe3ynbTaTsl
ATLAS u CMS no noucky 6030Ha XHrrca Ha AaHHBIX T€PBOTO
nepvona padorel LHC B xamame H — WW®) — lvly npusese-
HBl B [76,77] COOTBETCTBEHHO.

11.2. OcHoBHble epMuonnbie Moabl: H — 77—, H — bb.
[To naHHBIM, DOCTYNHBIM Ha MOMEHT OTKPBITHS, OBLIO HEBO3MOXKHO
OIHO3HAUHO OIpeJe/UTb, B3aHMOAEHCTBYeT JM BHOBb OTKPBITHIH
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11.2. Ocrosnvle gepmuonnvie modsi: H — 7777, H — bb
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6030H ¢ (pepMHOHAMHU MOCPeACTBOM mnoTeHuuana IOxaBel ¢ mpHoob-
peTeHHeM MacChl KBapKaMH U JelnToHaMH. Henpsimoe cBHIETEIBCTBO
B3auMoneHcTBHUs 6030Ha XUIrca ¢ TOM-KBAapKOM 3akJ/Jio4aeTcss B 06-
ILIeEM COOTBETCTBHH TpenckazaHusM CM ceueHus poxpueHHs 6030Ha
Xwurrca B mpolecce CAUSHHUS TVIIOOHOB. TeM He MeHee MacChl «HHXK-
HUX» (PEPMHUOHOB MOTYT ObITb MOJY4YeHBI Pa3JHUHBIM 00pa3oM B TeO-
pusix 3a pamkamu CM. Tak kak pacman 603oHa XHUrrca ¢ Maccoé
okoJsio 125 I'sB Ha Ton-KBapKu KMHEMaTHUeCKH 3ampelieH, HanboJsee
pacmpocTpaHeHHBIMU (DepMUOHHBIMH pacnafamu OynyT pacrnaibl Ha
KBapKH M JIENTOHbI TPETbero MOKoJeHHs (b-KBapK-aHTUKBAPKOBbIE
napbl U T-J€NTOH-aHTH/ENITOHHBIE MApHI).

[TosTomy 3TH MomBl pacnazna Obl/IM TLIATENbHO M3y4eHbl B 060MX
IKCTIepUMEeHTax Ha MOJHOH JocTymHoW cratucthke. [lonck pacna-
na H Ha mapel T-JeNTOHOB OYeHb CJOXeH. DblIM paccMOTpeHbI
BCe BO3MOXKHble KOMOWHALUM JENTOHHbIX (T — lww, roe | = e, )
¥ aipOHHBIX (7 — aIpoHbl 4+ /) pacmafioB T-JeNTOHOB. DBosee To-
ro, Mpoleaypa MOWCKA CIJIaHWPOBaHA TaKUM 00pa3oM, UTOOBI OBITh
YyBCTBUTEJNBHOH K OCHOBHBIM MeXaHH3MaM POXKIEHHS, K MpUMepY,
C/IUSIHUIO TWII0OOHOB (ggF'), causinuio BeKTOpHbIX 6030HOB (VBF) u
accounupoBaHHoMmy poxpaenuto (VH), rne V. =W umu Z. dtu
MeXaHHU3Mbl POXKAEHHS UMEIOT pa3/ju4YHble CHTHATYPbl B KOHEYHOM
COCTOSIHMM, KOTOpble pa3buTbl Mo Kareropusm. Crenuann3vpoBaH-
Hble KaTeropuu IMO3BOJSIOT 00eCreyduTh KaK XOopollee OTHOLIeHHe
curHaj/poH, Tak ¥ Xopolllee pas3pelleHHe M0 PEKOHCTPYHPOBAHHOH
uHBapuaHTHOH Macce. Kateropus VBF o6oraiieHa coObITHAMHU, POXK-
IEeHHBIMU B CJMSTHUH BEKTOPHBIX OO30HOB, U BBIAEJSETCS HAJTHUUEM B
COOBITHSAX ABYX CTPYH C CHJbHO OTJHUYAIOIIMMHCS MCEBAOOBICTPOTA-
MHU. «YckopeHHasi» (boosted) KaTeropusi comepKHUT COOBITHS, THE pe-
KOHCTPYHPOBaHHBbIE KaHAUAATHE B 6030H Xurrca o6/afamT 60abIINM
TMONePeYHbIM UMIYNbCOM. B Hell TOMUHHUPYIOT COOBITHS, POXKAEHHbIE
B CJHSHUW TJIIOOHOB C IOTOJHUTEJNbHBIMU CTPYSIMH OT H3JyUeHHsI
rI00HOB. [IJ1si yaydlleHHsi COOTHOLIEHHsI CHrHal/hoH W uccaeno-
BaHUS KOPpeJsLHH MexXAy HaOJofaeMbIMA B KOHEYHOM COCTOSTHMH
OblJIM UCMOJMB30BAHBl MHOTOMApaMeTpUieckie MeTOAbl aHamusa. Jas
MPOBEPKH OTHENbHO BbIMOJHEHBI aHAJAU3Bl C OTOOPOM MO0 KMHEMATH-
4yeCKHUM NnepeMeHHbIM. [IpeBbillieHre ync/a cOOBITHH Hall 0XKHUAAEMBIM
¢poHom CM o6HapykeHO 06euMHU KoJsnabopaluusiMu ¢ HabJronaeMon
(oxumaemoit) sHauumocTbio 4,5 (3,4) o va ATLAS u 3,2 (3,7) 0 Ha
CMS (puc.39). dTH pe3ysnbTaTbl CBUAETEJIbCTBYIOT O MPSMOM B3au-
MOJIEHCTBUM OTKPBITOr0 6030Ha Xurrca ¢ pepmuoHamu. MamepenHas
UHTEHCHBHOCTb CHTHaJa, HOPMHUpOBaHHasi Ha mnpenckasanus CM,
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B 1,431“8"31? Ha ATLAS u 0,78 + 0,27 na CMS cooTBeTcTByeT mnpej-
CKa3aHHOH HHTEHCHBHOCTH B3anMopeiicTust B CM [78, 79].

MHukmosnBHOe poxaeHHe 6030Ha XHMIrca ¢ Moc/efyloluM pac-
NajoM Ha napy KBapkoB bb KpaHHe CJIOKHO 3apeTrucTpUpOBaThb U3-
3a TOro, 4TO OH TIOAaBJEH MPSIMBIM pOXKIeHHeM map bb-KBapKoB
B cooTBeTCcTBUU c mpenckazaHusimu KX]I. ITostomy coBpemeHHble
TMOUCKH CKOHLeHTpUpoBaHbl Ha VH-Mone poxneHusi, B KOTopo# 60-
30H XuWrrca poxjaaetcs accoudupoBaHHo ¢ W- unnm Z-6030HOM,
UIEHTH(HULIUPYEMBIM 110 €ro JEeNTOHHOMY pacnany. Eciu notpe6o-
BaTb HAaJUUUSl [OTOJNHUTEJNbHBIX JIENTOHOB C OOJBLIMMH TONEpey-
HBIMH MMMYJbCaMH B COOBITHH, TO MOXHO 3()(EKTHBHO TMOAABUTH
¢don KX . Kannunatel B 6030H XUrrca peKOHCTPYHUPYIOTCS U3 ABYX
CTPYH 4YaCTHI, Ka)KAas U3 KOTOPHIX Oblia ¢ GOJbIIOH BEPOSITHO-
CTbIO HEHTU(HIUPOBAHA KaK POXKAEHHAs B MpoLeccax aapoHH3a-
uuu b-kBapka. Mpentudukanusi ocHoBaHa Ha CBOHCTBAx aJpPOHOB,
colepxKalluX b-KBapKH, TaKWX Kak WX OOJbllIMe BpeMeHa >KHU3HH,
4TO TIPUBOAMUT K CMELIEHHIO BEPIIMHBI OTHOCHTEJNBHO TOUKH B3a-
MUMOLEHCTBUS WM HUX pacrnan Ha MiooHb. O6a caydyas o6sagaioT
XapaKTePHBIMU CHTHATYPaMH, K KOTOPbIM UyBCTBUTEJNbHBI 1€TEKTOPbI
LHC. U3z-3a 10 %-ro maccoBoro pasperieHust HAeHTHHHULHPOBAHHOMN
napbl cTpyH b-KBapKOB OXKHAAeTCs, UTO cHMrHasn 6osona Xurrca CM
OyIeT BEIMISIETh KaK LIMPOKOe MpeBbilleHHe Hal (JOHOM B pacrpese-
JIEHUH N0 MHBapuaHTHOU Macce bb. Ilocsie aHanu3a Bcell 1OCTYMHOH
CTaTUCTHUKH BUIHO MPEBbIILIEHHE YHCJ/Ia COOBITHIH Hall NMpencKa3aHHbIM
(oHOM, cooTBeTCTByloOIllee 0030HY XHIrca ¢ Maccol mpy B JHa-
nasone 120—135 I'sB, ¢ nabGaogaemo# (oKugaemoi) 3HAYMMOCTBIO
B 2,1 (2,1)0c na CMS (cm. puc.40,a) u 1,4 (2,6)0 na ATLAS
npu macce 125 I'sB [80,81]. CooTBeTCTBEHHO, BeJHUHHA 3TOrO
MPEBBIIEHUS] TI0 CPABHEHHIO C TNpeAcKa3aHHbIM 151 6030Ha Xurrca
CM 3nauenuem, HaGawopaemas Ha ATLAS, — 0,52 £ 0,32(crar.) +
+ 0,24 (cuct.), a Ha CMS — 1,0+ 0,5 (rme B morpemHocTs BKJ0OUe-
Hbl CTaTUCTHUYECKAsl U CHCTeMaTH4ecKasi OLIUOKH).

[Ipennonaras, 4ro 6030H XHUrrca poxaaeTcsi COTJIacHO TpelcKa-
sanusaM CM, konna6opauus CMS ckoMOGMHMpOBa/a CBOM pe3yJ/bTa-
Tl B Mopax pacnaga H — bb u H — 777~ TloaydeHHble pesyJb-
TaTbl CBUJETEbCTBYIOT O TPSMOM B3aumopeictBuu 125-I'sB 6030ona
Xurrca ¢ (epMHOHAMM «HHXKHEro» THma ¢ HabjonaeMod (oxunae-
Mo#t) sHauumocTeio B 3,8 (4,4) o [82]. B 3akiiouyeHne 0OTMETHM, YTO
CYILLECTBYIOIIME NAaHHbIE MO HCCAEN0BAaHUIO pacrnana 6o3oHa Xurrca
Ha b-KBapKH M T-JIENTOHBI COTJacyloTcsi ¢ mpeackasanusimu CM,
T.€. ()epMHOHHbIE KOHCTAHThl B3aMMOJAEHCTBHSI TPOMOPIIHMOHANBHbI
MaccaM (PepMHOHOB.
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11.3. lpyeue gepmuonnoie modor: pp — ttH, H — p 'y, H = eTe” 77

11.3. Ipyrue cdepmuonnbie Moawl: pp — ttH, H — putu—,
H — ete™. Konna6opauun ATLAS u CMS wuccaenoBany KaHaig
¢ (hepMHOHHOM MOIOH pp — tEH W penkue monbl pacnaga H — ptpu™
u H—ete.

Uro06bl N3MEPUTH IOKABCKYI0 KOHCTAHTY CBSI3U TOI-KBapKa Harps-
MY, He0OXOIMM TMpoliecc, B KOTOPOM 0030H XHITCa W TOM-KBap-
KA TOYHO PEKOHCTPYHPOBAHBI MO0 KOHEYHBIM COCTOSIHUSIM TPOLYKTOB
X pacrana. AccounupoBaHHOe poxAeHHe 0030Ha XHITCa W Mapbl
Ton-KBapkoB (ttH) ymoBsieTBopsieT 3ToMy TpeGoBaHH. Bosee To-
r0, U3MepPEeHHs BEPOSITHOCTH 3TOTO POXKAEHHS MO3BOJSIOT HAMIPSIMYIO
MPOBEPHUTDb MpPENCKa3aHUsI HECKOJbKHX HOBBIX (DU3HUECKHUX MOJEJIeH,
B KOTOPBIX MpEATNOJIaraeTcsi CyIIeCTBOBAHHE TSIXKEJbIX MapTHEPOB
TON-KBapKa, 3HAYUTEJNbHO M3MEHSIOUINX ceueHHe mnpouecca. Habaio-
JleHHe 3HAUYUTEJbHOTO OTKJOHEHHsI BEPOSTHOCTH poxkueHwus ttH oT-
HOCUTeJIbHO mpenckazaHuii CM KOocBeHHO yKasblBajo Obl HAa HEU3-
BECTHOE fIBJIEHHE.

Maioe ceuenue poxaenus ttH (npumepro 130 ¢6 npu /s =
= 8 TsB) 3arpynHsier ero skcrnepuMeHTa/jbHOe H3MepeHHe. [lo-
3TOMY BaXKHO HCIOJb30BaTh KaXKAyH JOCTYNHYI 3KCIIEPUMEHTaJb-
HYIO CHUTHaTypy. B aToM HccienoBaHHd MOTYT OBITh HCIOJb30BAHBI
JIETITOHBI + CTPYH, Mapbl JIENTOHOB W BCEe aIpOHHbIE KOHEYHble CO-
crosiuust cucteMsl tt. Cpenu Moi pacraza 6030Ha XHIrca MOXKHO
pacCMOTPeTh HEeCKoNbKo KaHanos: H — bb, H — 7777, H — vy
wH—-WW/ZZ.

Jlnst onpenesieHus: CTpyH b-KBapKOB MJIM PaClafioB T-JENTOHOB U
oTneeHus1 ttH-CoOBITHS OT GOJbIIOr0 (oHa tt + CTPYH MOXKHO HC-
MoJIb30BaTh METOMbl MHOTOMapameTpuueckoro aHasnuza (MVA). Me-
togbl MVA Take MOTYT ObITb HCIIOJb30BaHbl 1Jisi OTHEJEHHST CHT-
HaJIbHBIX JIENITOHOB, POXKAEHHBIX B pacnagax W-6o030Ha, Z-6030Ha
M T-JIENITOHA, OT (POHOBBIX, KOTOpPblE MOTYT POXKAATbCS B pacrnagax
b-KBapKa WJM c-KBapKa WJH ObITb OLIMOGOYHO HUAEHTU(DUIIUPOBAHHbI-
MU CTPYSIMH.

Jast usydennst kanana ttH ATLAS u CMS BbINOMHU/IN aHATH3,
OCHOBaHHBIH Ha pacnane H — bb. Kpome Toro, KoMOMHHPYs aHaIHU3bI
H — nentone, H — bb u H — v, koanabopauuss CMS ony6au-
KOBaJla Pe3y/bTaTbl OOLIMPHBIX UCCAENOBAHHH MHOTHX KOHEUHBIX CO-
crostiuit [85-87, 83]. Konnabopauus ATLAS He oGHapy»xu/a 3HauHU-
MOTO IpeBbIlLIeHHs] Hal GpoHOM, B To BpeMs Kak CMS 3adukcuposana
TpeBbILIEHHE YHCa COOBITUH OTHOCHTEIBbHO (DOHOBOTO, COOTBETCTBY-
oitee 3,4 0, a 3HaUeHNEe HAWTYYIIeH annpoKCUMAUY HHTEHCHBHOCTH
curHaga 6o3oHa Xurrca cocrasuio 2,8 + 1,0 npu 68 % (puc. 41, 6).
[lo cpaBHenuto ¢ npexnckazanusamu CM Hab/rofaeMoe MpeBbilIeHHe
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12.1. Hamepenue maccol 79

9KBUBaJeHTHO (uyKTyauuu B 2 0. [TloaTomy, 4TOOBI Jydllle H3yUUThb
3TOT BaXKHbIH KaHaJl, MOTPeOYIOTCs NOTOJNHHUTENbHbIE NaHHBIE.

Monbl pacnaga Kananos H — utp~ u H — ete™ cauikoMm
penkue, 4yTOOBl MX MOXKHO OBLIO 3aperucTPUPOBATH HA AOCTYIIHOH
CTaTHUCTHKe, U CHUTHaJ He Habmopancs. [Ipu macce 6o3oHa Xurrca
125 I'sB B03M02KHO TO/IBKO yCTaHOBHUTb BEpXHHE OTPaHHUUEHHS HA Be-
POSITHOCTH 3THX JABYX pacnanoB (puc.41). Ha6nonaemoe na ATLAS
(CMS) orpanuyenue aas npouecca H — ptu~ B 7,0 (7,4) pas
6onbue 3Hadenuss CM, a B kanane H — eTe™ konnaGopauus CMS
YCTaHOBMJIA OrpaHHYeHHe cBepxy B 3,7 - 10° pa3 GoJblue mpejcka-
3anusi CM [84,83]. DTu pesysnbTaThl BMECTe CO CBUIETEJNbCTBAMHU
B3aHMOJEUCTBHUS C T-JIEITOHAMH YKAa3blBAIOT Ha HeyHHBEPCANbHOCTh
B3auMoJeHcTBUS HOBoro 125-I'3B 6030Ha ¢ jenTOHAMH OTHOCHTEJb-
HO apomara, MOATBepXKaasi TakKuM oOpazoM npenackazanus CM.

12. 3mepeHne cBOICTB HOBOro 6030Ha

CornacHo CM 6030H Xurrca Jo/keH 06JaaTh MONOKUTENbHOH
YeTHOCTbIO, HYJIEBBIM 3JIEKTPUYECKHUM 3apsSiioM U HYJEBBIM CIIMHOM.
Bce ocranbHble cBoHicTBa 6030Ha MOTYT ObITb BBIYHCJEHBI, €CJH
H3BECTHA €ero macca. Tak Kak mpy — eIUHCTBEHHBIH CBOOOMHBIH
napamMeTp TEOPHH, OH HOJKeH ObITh M3MepeH C MaKCHMaJbHOH TOU-
HOCTbIO, 4YTOObl TOYHO BBIUHC/UTb 3JeKTpocsaabble HabJIofaeMble,
BKJII0OUasi CBOWCTBA POXKJAEHHUS U pacnaga camoro 6o3oHa Xurrea.

JocTynHasi Ha MOMEHT OTKPBITHSI CTaTUCTHKA He Oblia 10CTaTou-
HOM, 4TOOBI TLIATeJbHO U3MEPUTh KBAHTOBBIE YHCJA HOBOH YaCTHLBI
W JOCKOHAJbHO U3YUUTh €€ B3auMojieHcTBHe ¢ yacthuuamd CM. Dra
pab6ora BeimosHeHa Ha ATLAS u CMS Ha mosiHOH CTaTHCTHKe Iep-
Boro 3tana pa6orsl LHC. Pe3ysnbrathl 3THX HCC/Ie10BaHUH OMUCAHBI
B JaHHOM pasfeJie.

12.1. U3mepeHue maccbl. [lig n3MepeHHss Macchl 06030Ha
Xurrca ATLAS u CMS BeiOpanu MOIeNbHO-HE3aBUCHMBIH MOAXO].
Hawunyuiive pedynbraThl mosydeHbl KOMOUHALMEH U3MepeHUH B ABYX
KaHa/JaX C BBICOKMM paspemenueM: H — yy u H — ZZ%) — 111,
B Hux curnan 6o3oHa Xurrca BHIVISIUT B MACCOBOM pacrpeiesieHnn
KaK Y3KHH MUK Haj TJagKUM (OHOM C XapaKTepHBIM 3KCIepPHMeH-
TanpHbIM paspemieHueM 1,5-2 I'3B. [loatomy nHpopmanus o macce
MOKeT ObITb M3BJieueHa 0e3 TIPEAINOoJOKEHUH O BEepOSTHOCTH POXK-
neHuss U pacnana 6ozoHa Xurrca. [lpenmosaraercsi, 4To B OueHb
y3KoH o6JiacTH 3 ¢peKThl HHTepdepeHMH ¢ (POHOBLIMU MpolLieccaMU
CM wmanbl. bBosee rpy6eie n3aMepeHHs MacChl MOTYT ObITh MOJyUYeHEl
¢ ucnoabsosanuem H — WW* H — 77 u H — bb.
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Uro6bl HM3MepeHHEe BeNUUHHBl My He MOJHOCTBIO 3aBHCEJIO OT
npenckasaHHeix CM BeposiTHOCTEH pacnaza W poKIeHHs, MacliTad-
Hble KO3(P(UIHEHTH CUTHAJa OCHOBHBIX MPOLECCOB poxaeHus ggH,

7 :'Tn’nTn’n‘r"rnTn’nTm'lTn’n‘r"l—nTn_nTrmﬂ
FVs =7 TeV det =45 b1 a Combined 7y + 41
6F 7 ATLAS|—— H—=m
C B — H— ZZ* — 4]
5L Vs=8TeV, [ Ldt=203f"1 .. Without systematics
= A e R By R ] 20
2 [ ]
[N - 4
I 3E ]
2F .
S W AR\ A /— 110
:|I||||I||||I|| R |||I||||I||||I:
123 124 125 126 127
mpg, GeV
19.7 fb! (8 TeV) + 5.1 fb ! (7 TeV)
10 E | L. LL AL LI U R B N B B S I N B B g |
oF CMS H — vy tagged
tH—ywy+ H— ZZ 6 |—— H — ZZ tagged
8F Hzz: Moy (99H, ttH), Combined:
7E 4, (VBE, VH) stat. + syst.
|y = 125.027 08 (stat.) Gl (syst) L stat. only
~ 6 F =
= F E
qoF E
I = ]
| 4E -
3E
2F
1 ]
0 E | T TR TR T | \Mk/ L1 3
123 124 125 126 127

my, GeV

Puc. 42. a) llpodunp norapudmMuueckoil GpyHKIMH MPaBIONONOOHS B KaHAaMax
H — vy, H— ZZ%™) = 1l u ux xom6unaunn na ATLAS [88]. Jlomyckaercs
He3aBHCHMOe BapbUPOBaHHWe WHTEHCHBHOCTH CHMTHaja B 00eMX MOJax pacraja.
0) 3aBUCHMOCTb TECTOBOH CTaTHCTHKH q(my) = —2AlnL oT Macchl 6030Ha

mpy IJS KOHEUHBbIX COCTOssHUH H — vy u H — Z2Z%) = 1l 1o otgesbHOCTH
u B KoMOuHaiuu Ha CMS [89]
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ttH— v, VBF, VH — vy u pp — H — ZZ") — llll yurens Kak
He3aBHUCHMble, HeOrpaHUYeHHble MapameTphl. [Ipenmnosaranock, 4To
BO BCeX KaHa/jaX CHrHaJ MpeACTaB/seT co00H ONHHOUHOE, Y3KOoe
COCTOSIHHE C MacCOH mpy.

HaunbGosiee BeposiTHOe 3HaueHHe My W COOTBETCTBYIOIIME TIO-
TPELIHOCTH MOJyYeHbl ammnpoKCHUMalueidl KOMOMHHPOBAHHOH TeCTO-
BOH CTAaTHCTHKH ¢(mp) C TpeMsi MacITaGHBIMU KO3(P(HUIHEHTaMH
B3aUMOJIEHCTBUS CUTHAJA M CO BCEMH NPYTHMH MeIIaloMMHU Tapa-
MeTpaMu. Ha puc.42 mokasaHbl pe3y/ibTaTbl, MOJyuYeHHblE B 000UX
skcrepuMeHTax. OHM cornacyrorcss B mpenesnax omubok (2,00 Ha
ATLAS u 1,60 na CMS).

Konna6opauns CMS nsmepuna maccy [89]

mg = 125,02f8:g$’(CTaT.)f8:{g(CHCT.) ['sB,

a uamepenusi ATLAS nokazanu [88]
mpg = (125,36 + 0,37 (crar.) £ 0,18(cucr.)) I'sB.

HenaBno CMS u ATLAS o6benuHunu cBou u3MepeHus. Pe-
3y/lbTaThl MOJyYeHbl OJHOBPEMEHHOH armnpoKCHMMalHed MHKOB pac-
npefieNleHH# M0 PEeKOHCTPYHUPOBAHHON HHBAapHAHTHOH Macce B ABYX
KaHasax ¢ BbICOKHM pa3peleHHeM. OGbelHHEeHHbIE U3MePeHHUsT Mac-
cbl 6030oHa Xurrca paiot mpy = (125,09 £0,24) I'sB = (125,09 +
+0,21(crar.) £ 0,11(cucr.)) I'sB, uTo cooTBETCTBYeT TOUHOCTH IIO-
psnka 0,2%. B nosHO# MOTpemHOCTH TOMHHUPYET CTATUCTHYECKHUH
BKJal, B TO BpeMs KaK CHCTeMaTHYeCKHe OLIMOKH B OCHOBHOM CBSi-
3aHbl C HEOMpeIeJeHHOCTSMH MaclITaba SHePTHU UMIYJIbCa, a TAKKe
¢ paspelieHdeM (poToHOB U JenToHoB [90].

12.2. IIpsvbie U HenmpsiMble W3MepPEeHHs IMHUPUHBI pacmnajna.
XapakrepHasi muprHa pacrnaga 6o3oHa Xwurrca ¢ maccoir 125 I'sB
HacTosibKo MaJga (4 M3B), uto smobast MonbITKAa U3MEPUTH ee Hampsi-
MYI0, TIPU 3KCMePUMEHTaJbHOM paspelleHHH, 6oJblleM Ha MOPSIKH,
npocTo Ge3Hane)kHa. TeM He MeHee BepXHHe OrpaHHUYEHHs Ha MOJ-
HYI0 IIHPUHY 6030Ha XHITCAa MOXHO TMOJYYHUTb W3 aNMpOKCHMAIUH
CrieKTpa KaHaJoB pacnaga H - yyu H — ZZ™ — 1, nonyckas,
4TO HHTep(epeHIrs ¢ POHOBBIMHU MPOLECCAMH OTCYTCTBYET.

B kanane H — 77 HabaonaeMoe (0XKHJaeMOe) OTpaHHUUEHHe
ceepxy cocraBaser 5,0 (6,2) I'sB wa ATLAS [73], coorser-
cTBytollee 3HaueHHe CMS B TOH Ke Mole pacraja COCTaBJsieT
24 (3,1) T'sB [74]. B kanane H — ZZ™ — [lll nabmonaemoe
(oxxunaemoe) orpanudenre csepxy Ha ATLAS 2,6 (6,2) I'sB [75],
na CMS 3,4 (2,8) I'sB [60].
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Mupuny pacnaga 6030Ha XWUITca MOXKHO 3HAUUTEJbHO Orpa-
HUYHUTb, HCIIOJNb3ys HEMpPsSIMble METOAbl, B YAaCTHOCTH, H3yuas ero
BUPTYa/JbHOE pOXKJAEHHe M pachaj Ha JABa Z-6030Ha 3a mpejpesamMu
o6J1acTH NHKa pe3oHaHca.

Jlis TOMMHHUPYIOIEro MeXaHH3Ma pOXIeHHs (CAUSHUS TJIH0o-
HOB) M3BECTHO, UTO CeYeHHe POXKIEHHS BHE MAcCCOBOH MOBEPXHOCTH
3HAUUTEJNbHO. DTO 00YCNOBJEHO OJNHM30CTBIO MOPOra POXKIEHHS map
Z-6030H0B. JlOTMOJTHUTEbHOE YBeJUUEHHE CeUYeHHUs] BO3HHKaeT Ha
Mopore poXeHHUs Map TOM-KBapKoB. B 3THX yC/JOBUSX MPUOMHKEHHE
HYJIeBOHM LIMPHUHBI He paboTaeT, a OTHOLIEHHe CeueHUsi BHE MacCOBOM
MOBEPXHOCTH (BbIllIe 2myz) K CHUTHAJy Ha MaCCOBOH MOBEPXHOCTH
nocrturaer npumepHo 8 %.

CeueHHe C/IUSIHUS TJIIOOHOB 3aBHCHUT OT I’y yepe3 mpomaraTtop
6030Ha XHrrca, Mo3TOMY TIATeJbHOE M3MepPeHHEe OTHOCHTEJNbHOTO
CeueHHsl POxKIEHHs Ha U MOJl MAacCOBOH MOBEPXHOCThIO B KaHasne H —
— ZZ%) — 4l naer npamyio uadopmaimio o L'y

Uro6bl yJAYYIIMTb YYBCTBUTEJBHOCTb K ¢g-pOXKIeHHIO B 00Ja-
CTH TIOJ MacCOBOH MOBEPXHOCTBIO, HCIIOJIb30BAJCS NHUCKPUMHUHATOP
MeTola MPaBAOMONOOHS C HCIOJNb30BAaHHMEM MATPHUUHBIX 3JE€MEHTOB
(MELA), ocHOBaHHBIH Ha YIJIOBBIX paclpeieeHUsiX JIENTOHOB B
KOHEUHOM COCTOSIHWH. BiusiHHWe 3TOoro nucKpUMHHaTopa B 006JacTH
00JIBIINX MacC my; pacnpefeneHus npu 'y = IOF%M [I0Ka3aHO
Ha puc. 43.

[TonoGHblE METONBI MOTYT ObITb HCIOJb30BaHbl [Jisl U3BJIEUEHHS
undopmauuu o 'y npu udydeHun obaacTv OOJMBLIMX Macc B MpoLec-
cax H—ZZ% =220 u H— WW® = lwiv.

Pesyabrar atux uccaemoBanuid Ha ATLAS — Ty <
< 22,7 M3B [92], xomb6uHupoBaHHas annpokcumainus CMS naer
'y < 22 M3B, uto B 5,4 pasa mpeBblllaeT ILHPHHY pacrnaga 6030Ha
Xurrca CM [91]. DTt pesynbTaThl Jydlle NPeAbIIYLUIUX 3IKCIIe-
pPUMEHTAJIbHBIX OTpaHWYeHHH, TOJNyUEeHHbIX B TNPSIMbIX H3MEPEeHHSX
B MHKe pe3oHaHca, Gosiee yeM Ha [Ba TOPSIAKA.

12.3. U3yueHne cnmuHA U YETHOCTH HOBOM 4YacTHLbl. YeThl-
pexJIeNITOHHAsE MOfa XOPOIIO HW3MepsieTcsi BO BCell KMHeMaTHueCKOH
ob6nactu 6o3oHa Xwurrca M MpoayKToB ero pacnaga. OHa mo3Bo-
JISleT U3MepSATb MHOrO He3aBUCHMBIX MepeMeHHBIX, KOTOpble MOXHO
UCIIOJIb30BATh MJ51 W3Y4YEHHUs] KBAHTOBBIX UHCEJ HOBOTO PE30HAHCA.
B uyacTHoCTH, yTIJIOBbIE KOppEeJsLMUA MPOAYKTOB €ro pacrnajga HecyT
BaXKHYI0 MH(POPMALIUIO [J151 SKCIIEPUMEHTaJbHOH MPOBEPKU COOTBET-
CTBHS €ro KBaHTOBBIX UHCeJ, CIIHHA U YeTHOCTH Tpeackaszanusam CM.
JononHuTebHass UHPOpPMAaUWs MOXKeT ObITb H3BJeUeHA MPU H3Y-
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CMS  19.7 fb! (8 TeV) + 5.1 fb! (7 TeV)
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Puc. 43. a) PacripesiesieHre 1Mo HMHBapHaHTHOH Macce 4eThpeX JIENTOHOB Ha

CMS nocrne ot6opa ¢ nomouiblo auckpumuHatopa MELA. 6) Pacnpenenenus

no nuckpumuHatopy MELA npu WHBapuaHTHOH Macce ueThIpeX JIENTOHOB
> 330 I'sB. B oboux cayvasx I'y = IOF%M [91]
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Puc. 44. a) Oxupaemble pacrpefesieHusi Jorapudma OTHOLIEHUs (GYHKIHH

npasnononobus (gq) rumores JP = 0" u 0~ ma ATLAS. Ha6uaonaemas Be-

JIMYMHA T0Ka3aHa BepTHUKAJbHON CIIIOIIHON JIMHUMEH, MeIHaHbl TeOpeTHUECKHUX

npeacKasaHuil — MyHKTHpHbIMH JuHUAMU [93]. 6) AHasornuHble pacrpejese-

Hus, osydeHHble Ha CMS. B o6oux ciydyasx aHa/iu3 AaHHBIX JAeT BEJHUHHY

JE =07, coorsercTBylomyio 6osony Xurrca CM, a runotesa J© = 0~ xpaiine
maJsioBeposiTHa [60]
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YeHHM YIJIOBBIX paclpefeseHUH NPOAYKTOB paclaja B Ipoleccax
H—oyyuH—-WW® S v,

B stux wuccienoBanuax runoresa CM o cnMHe W 4YeTHOCTH
JP = 0% cpaBuuBaeTcsl ¢ HeCKOJbKMMH albTePHATUBHBIMH THIOTe-
samu ¢ JE =0-,1F, 17,27, V3MepeHrst OCHOBaHbl Ha KHWHEMaTH-
YeCcKHX CBOHCTBAX TpeX KOHEUHBIX cocrosuuii H — ZZ*) — 4l
H—~yyu H— WW® = [wly. Uro6sl yayulluTh 4yBCTBUTE/b-
HOCTb, CKOMOMHHPOBAHbBI HECKOJIbKO KOHEUHBIX COCTOSIHUU. PaccMoT-
peHbl MOJeJM CHUTHaJja C pe30HAHCAMM CO CIIMHOM HOJb, eIMHHULA U
Ja)ke cO CIIUHOM [Ba, COOTBETCTBYIOLIUM I'DABUTOHY, YUTEHBl OCHOB-
Hble TPOLECCh POXKAEHHUS U pacnajga ¥ KMHeMaTHKa 3THX paclalos.
[Mnore3a co CWHOM OfMH pacCMOTpPeHa € Y4YETOM TOTO, YTO Pe30-
HaHC, pacrnajaiolliMics Ha 4YeTblpe JIENTOHA, Heo0s3aTeJbHO COBIMa-
[aeT ¢ pe3oHaHCOM, HabjopaeMblM B KaHaje H — 7y, B KOTOPOM
J =1 3anpeieH Teopemoii Jlannay—9ura.

Ha puc. 44 npousniocTpupoBaH MeTOM, UCIOJb30BAHHbBIH 1/ CO-
MOCTaBJeHNsl pa3IM4YHbIX runotes. Ha puc. 45 npuBeneHsl pe3ynbTa-
TBl, onyueHHble CMS, U mpoBeneHoO X CpaBHEHHE C HECKOJbKHUMHU
MOJeJ/ISIMH C Pa3JUYHBIMU CIIHHOM M 4eTHOCTbI0. [loxoxue uccaeno-
BaHUs BbinosHeHbl Ha ATLAS.

07 i 1t 2 27 2,
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60 :_ 0t+2c MM JP+20 ----Median expected _:
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740:_ Vs=T7TeV,L=51fb1 vs=8TeV, L=19.7fb1 ]
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Puc. 45. torosele oxkupaemble U HabJ/II0aeMble 3HAYeHHS] TECTOBBIX CTATHCTHUK

IBeHaIAaTH TUIIOTe3, ajJbTepPHATHUBHBIX runortese 6o3zoHa Xurrca CM, mpose-

pennbix CMS [60]. OpansxkeBas (rosy6as) o6/acTb COOTBETCTBYET OTKJIOHEHHUIO

B 1, 2, 3 0 OT MeIHaHHOrO 3HaUeHWs], MpPeLCKA3aHHOrO THUMOTe30H 6030HA

Xwurrca CM (ajibTepHaTHBHBIMH THOTe3aMu). UepHBIMM TOUKAMH OTMEYEHbI
HabJirofaeMble 3HAUEHHS
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Hrtoru Bcex 3KCIEPUMEHTAbHBIX HCC/IEN0BAHUN CIIHHA ¥ YETHO-
cTh HOBOro 6o030Ha, BuinmosiHeHHBIX ATLAS u CMS, cooTBeTcTBY-
I0T B NpeJe/aX MOrpelIHOCTed MpeacKasaHHBIM 1/1s1 6030Ha XHrrca
CM [94,95,93,96,74]. laHHble yKa3blBalOT Ha CKaJsipHble T'HIIO-
Te3bl. [UMoTe3bl MCceBOOCKajsipa M BCe HCC/EJOBAaHHBIE THUIOTE3bI
6030Ha CO CHHHOM | HCKJIOUEHBl C JTOBEPUTENBHOH BEPOSTHOCTBHIO
99 % unu Boile. Bee npoBepeHHbIe THIIOTE3b ¢ 6O30HOM CO CIIMHOM 2
HCKJIIOUEHBI ¢ J0BEpUTENbHOH BeposiTHOCTb 95 % wnau Boiite. JloJisi
CP-4eTHBIX BKJaI0B B aMIJIUTYLy pachajga COOTBETCTBYeT MpeacKa-
3aHHO# nys 603oHa Xurrca CM.

12.4. N3yyeHne KOHCTAaHT B3aUMOJelCTBHSA 0030Ha Xwurrca.
HccnenoBanue KOHCTAHT B3aUMOAEHCTBUSI 6030HA XHUITCA HA TIONHOH
JNOCTYTIHOH CTaTUCTHKE BKJIOYAeT BCE OCHOBHBbIE MEXAHU3MBI POXKIe-
uust (g9, VBF, VH u ttH) u HauboJjiee BaxKHble MOl pacrnana (v,
WW®, Z2Z® | 71 u bb).

C ucrnosb3oBaHWEM KOHIEMIHWH U KPUTEPHEB, PEKOMEHIOBAHHBIX
B [97], u3MepeHHst BBHIMOJHEHBI B IJIABHOM MOPSIIKE TEOPUH BO3MY-
meHud. KoHlenuus npeamnosaraet caefyollee:

e HaOMIONAaeMblil B Pa3/IMUHBIX KaHaJjax MOWUCKA CUrHaJj BO3HH-
KaeT M3-3a OJMHOYHOTO Y3KOr0 pe3oHaHca ¢ Maccod okojo 125,5
(125,8) I'sB B ciyuae ATLAS (CMS);

® 1CCJIeYIOTCS BO3MOXKHBIE MOAU(DHUKALIMH HHTEHCUBHOCTH B3au-
MOIEHCTBUH, B TO BpeMsl KaK TeH30pHasi CTPYKTypa JiarpaHKHhaHa
coorBetcTByeT CM; KpoMme mpoyero noapasymeBaeTrcsi, 4To HabJo-
naemoe coctosinie — 3To CP-ueTHBIN cKassp;

e IIMPHHA pacraga 4acTHUIlbl MpeHeOpexKuMo MaJia, 9To 06yCIoB-
JIUBAeT TPUMeHeHUe MPUONHKEHUsT MaJiol WupuHEL. [loaTomy npen-
CKa3aHHYI0 YacTOTy POXKIEHHs B KaHaje MOXXHO Pa3JioXKHThb CJIedy-
IOLUM 00pa3oM:

O'Z'-Ff
Iy’

rje o; — CeueHHe POXKIEHHsS U3 HaYalbHOTrO COCTOsAHMA 4, B u ['y —
COOTBETCTBEHHO OTHOCHUTEJIbHAsI BEPOSITHOCTb M MaplihajbHasl LIH-
pHMHa pacrnajza Ha KoHe4yHoe coctosiHue f; 'y — mosiHas ILMpHHa
6030Ha Xurrea.

Macuita6abie K03(pPUIHEHTH KOHCTAHT B3aHMOJEHCTBHUS B I/1aB-
HOM TOpSIKE, K;, OTNpeleseHbl TaKHUM 00pa3oM, UTO MpeacKa3aHUs
CM ceueHHsi o; U OTHOCHTEJNbHOU WIHPHHBI pacrnana I'; snemeHTtap-
Ho#t yactuupel CM i macmrabupyoTcs Ha ng. Bosabuie nudopmanuu
MOXKHO Ha#iTu B [98].

c-B(i—H-=f)= (17)
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Hcnonb3ysi 3To, ceueHWe pOXIeHUs Tpouecca gg — H — vy
MOKHO 3alucaTh CJAEAYIOUUM 00pa3oM:

o-Blgg = H—yy) Ky K (18)
osm(9g9 — H) - Bsm(H — v) K3

CootBercTBHe HabJIOaeMOro 4YHcJaa COOBITHE THMOTe3e 6G030HA
Xwurrca CM 6b1/10 H3yUeHO ¢ TIOMOLIbI0 06IIero MacmTabHOro Kodd-
(uuueHTa i1, onpenesnenHoro B pa3a. 10. HauGosee BeposiTHOe 3Haue-
HUe /i, IOJyYeHHOe B pe3yJsbTaTe annpoKCUMaluHd KOMOMHAIUK BCEX
KaHaJI0B, SIBJSETCS NMPOCTEUIIEH IPOBEPKOU TAKOrO COOTBETCTBHS.

Uucsno cobbITHH, MOJYyUEeHHBIX B aHaJM3aX Pa3JiIMuHBIX MOJ pac-
najga ¥ MEeXaHW3MOB POXKIEHHS, COOTBETCTBYeT mpeackazanusam CM
sl 6o3oHa Xwurrca. Jletaau MccaegoBaHUM MO JaHHOH TeMe MOXK-
Ho Ha#ith B [98,75,73,76,99,89]. Ilpumep Takux wucc/enoBaHUH
nokazaH Ha puc.46. OTHouleHHe HauboJiee BepPOSITHOTO 3HAYEHHS
K npenckazanusM CM coctaBuiio 1,18 + 0,15 npu u3mepeHHO#H Mac-
ce 125,36 I'sB na ATLAS u 1,00 £ 0,14 na CMS npu macce
125,02 T'sB. CToHUT OTMETUTb COOTBETCTBHE UHTEHCHBHOCTH CHUTHAJIA
BO BCeX OCHOBHBIX MOAaX pacnazna npenackazanusim CM.

Ko BpemeHu OTKpBITHS 00e Kossnabopaiyyd OmyOJUKOBAJIU WH-
TPUTYIOILYIO HH(POPMAaLKIO O TpeBbIIEHHH B KaHate H — vy
(tyy = 1,8 £0,5 na ATLAS u gy = 1,6 £0,4 na CMS). 3o
COBIMAaJeHHe MPUBJEKJO MHOTO BHUMAaHHs, TaK KaK 3TOT KaHaJ O4eHb
YyBCTBUTEJIEH K BKJaJaM TSKeJblX 3apsiKeHHBIX UacTHL, KOTOpble
MOTYT BXOAHTb B METJH W H3MEHSTb HHTEHCHBHOCTb CUTHaja. Ha
MOJIHOW AOCTYTIHOH CTaTUCTHKE 3Ta WH(MOpPMALUs He MOATBEPAUIACE.
Cefiyac o6e Kossabopally OMyOGJIHKOBAIH 3HAYEHHS [y, MOJHO-
CTbIO COOTBeTCTBYMOIIMeE TIpenckasannsm CM: 1,17 +0,27 na ATLAS
u1,12+0,24 ya CMS.

BrinosiHeHO MHOXKECTBO MPOBEPOK MaclUTaOHBIX KO3(P(PULUEHTOB
MHTEHCHBHOCTH CHJIBl CHTHAJa [Js BBISIBJEHHs HauboJjee BaxKHBIX
MeXaHH3MOB POXKIEHHUS ¥ BO3MOXKHOTO MPUCYTCTBUS PA3/JUUYHBIX HC-
TOYHHKOB HOBOH (PHU3HKH.

B CM XWITCOBCKHH CEKTOp OTBedaeT MNPUOJHU3HUTENBHOU TIJIO-
6anbHO# cummerpun SU(2)r x SU(2)g, Kotopast HapyluiaeTcs Ba-
KYYMHBIM CpeiHHM 0030Ha XWrrca [0 [OHaroHAJbHOH TMOATPYTI-
nel SU(2)r+r. B pesynbrate orHouwenue macc W- u Z-6030HOB,
mw/mz, ¥ OTHOIIEHHe KX KOHCTaHT CBs3M ¢ 0030HOM XHITCa,
9w/ 9z, 3allUIeHbl 0T GOJbIIMX PaAUalMOHHBIX MOMPABOK — CBOM-
CTBO, U3BECTHOE KaK «OCTaTOUHAsi CUMMETPHsI», — BaXKHOe CBOHCTBO
6o3ona Xurrca CM, KoTopoe MO/KHO OblO OBITH TIIATEJNBHO MPO-
BEPEHO.
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Puc. 47. a) ®yukuns npapnonogobusi B 3aBUCHMOCTH OT Ay z (OTHOLIEHHs
MaclITabHbIX K03((HULHEHTOB KOHCTAHT B3auMoJeHcTBUs ¢ W- U Z-6030HaMH),
Ucrosib3yeMast J1Jisl MIPOBepKH ocTaTo4HOH cuMMmerpun Ha ATLAS [99].
6) O6sacT ¢ NOBepUTENBbHON BeposiTHOCTbIO 68 % Mo KaHasiam (UBeTHbE 00-
JacTH) M B KOMOMHauMHu (TO/IcTas KpuBas) mapameTpos ky H Ky, Kak Gblio
uamepeno Ha CMS [89]. Kpectom oTmeueHbl HanGosee BeposiTHblE 3HAYEHHSI.
[ITprxoBOH KOHTYpP COOTBETCTBYeT 00/1aCTH KOMOMHALUK KaHaJoB C [OBEpH-
TesbHOH BeposiTHOCTbIO 95 %. Pom6oM mokasaHo npenckasanne CM
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Beiu nccienoBanbl 1Ba MaclTabHbIX Koadduunenta ky u kz,
KOTOpble MOTYT M3MeHSTh KOHCTaHThl B3aUMOJIEHCTBUS 6030HA
Xurrca CM ¢ W- u Z-6030HaMM, a 3HAuUUT, MOTYT 3HAUHUTEJBHO
OTJIMYATBCS OT €UHHUIBl B HEKOTOPHIX MOJEJSIX HOBOH (PU3HKH.
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Puc. 48. a) Pesyabratsl annpokcumanun ATLAS ymporieHHoro macimTaGHOro

Ko3((puLMeHTa KOHCTaHTbl B3aUMOJEHCTBUS B 3aBUCHMOCTH OT MacChl YaCTH-

bl OpPU YCJOBHM, uTO Macca 6Goszona Xwurrca CM 125,36 I'sB. Ulrpuxo-

BOU JIMHHEH MOKa3aHa IpelckKa3aHHAas MaccoBasi 3aBUCHUMOCTb 6030Ha XHIrca

CM [99]. 6) [Toxoxue pesyabratei CMS, HO ass macchl 6o3oHa Xurrca

125,02 T3B. B o6oux cayuasix maHHble TOATBepXkKAAOT npenckasanus CM o
603one Xurrca [89]
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CyvsiHYE TJII00OHOB SIBJISIETCS TOMUHHUPYIOIIMM MEXaHH3MOM POK-
IeHHd B KaHajax 0e3 CTg)yﬁ u ¢ omHoit ctpyeit H — WW ™ — vy
u B Kanane H — ZZ®) — 4]. TlosToMy OTHOLIEHHE YHC/Ia COObI-
THUH B 3TUX KaHaJjax I03BOJIsSleT IPAKTUYECKH MOJeJbHO-HE3aBUCUMO
U3MEepUThb Ay z = kW/k:Z. DyHKUXS PaBAONOA0OHS B 3aBUCHMOCTH
OT Awz nokazaHa Ha puc.47,a. Konnabopauus CMS usmepuna
Awz = 0,94f8:%§, sgauenue ATLAS — A\ywz = 1,00f8:}?. Ob6a pe-
3y/JbTaTa COOTBETCTBYIOT npenckasanusim CM nist 6o3oHa Xurrea.

B CM B3zaumonetictere IOkaBel Mexny 6030HOM Xurrca u ep-
MHOHAMH TNPOMNOPLUOHAJIBHO Macce (pepMHOHA, a B3aHMOIEHCTBHUE
co c/1abbIMH 0030HaMH MPOMOPLHOHANBHO KBaipaTy Macchl ciabo-
ro 6o3oHa. Hekotopele momenun 3a pamkamu CM mpenckasbiBaioT
OTJUYHBIE OT XapakTepHbiXx Ajass CM KOHCTaHTB B3aWMOJEHUCTBHS
¢ pepMHOHAMH U MAaCCHUBHBIMH BEKTOPHBIMH 0030HAMH. DTH MOJAEJH
MOXKHO IIPOBEPHUTb, HCIIONB3Ysl OOLIMHA MacIuTaOHBIA KO3((ULIUEHT
LIS BCeX BEKTOPHbIX 6030HOB (ky) U Bcex depmuoHOB (kf), mpose-
psisi UX COBMafieHHe ¢ eAMHHLEH. MOXKHO BBIMOJHUATL Psll MPOBEPOK
Ha COBMECTHUMOCTb [ABYX MaclITaOHbIX KO3(P(ULHUEHTOB, BKJOYas
KOMOMHHMPOBAHHbIH aHa/lu3 B Pa3/JMYHBIX MOAAX pachaja, NoKas3aH-
HbI Ha puc.47,6, ¥ TNONYyUHTb elle pa3 pe3y/bTaT, MOJHOCTbIO
COOTBEeTCTBYIOLIMH NpeackasaHusm CM.

PesynbTaThl pas/MuHBIX aNNpPOKCUMAalUH KOHCTaHT B3aWMOAeH-
CTBHH MOXKHO M300pa3UTh B 3aBUCHMOCTH OT MAacC YacCTHL, MPUBEAS
B3aumMozeicteus IOkaBbl 1 cnabeix 6030HOB Ha OXHOM TpaduKe.
Tak kak gy ~ ky2m? /v u Ap ~ kpmy/v, MCTONb3Ysl «ynpoLleH-
HyI0» KOHCTAHTY B3aUMOIEHCTBHs csaboro 6o3oHa /gy /(2v) =

= k‘l//va/v, MOXKHO TIPEICTaBUTb pPe3y/bTaThl OJs1 (PEPMHOHOB H
cnabpix 6030HOB COBMECTHO, KaK MokKa3aHo Ha puc. 48. HecmoTtps Ha
TO, YTO OIIMOKH AJsi (DEPMHOHHBIX KOHCTAHT BCe ellle AOCTaTOUHO
BEJIMKH, BIeYat/sieT corsacue ¢ npeackazanusaMu CM ¢ TOUHOCTBIO
[0 HECKOJIbKHUX MOPSIAKOB.

M3yueHune BepossTHOCTEH POXKAEHHS U pacrana, KBAHTOBBIX YHCEJI
CMHMHA W YeTHOCTH HOBOTO 6030HA IOKa3aJjo, UYTO B PaMKax cCyllle-
CTBYIOIIMX IOTPELIHOCTEH BCE ero CBOHMCTBA COBMAAAIOT C MpencKa-
3aHHBIMU AJis 6030Ha Xurrca CM.

13. ITouck apyrux yacruiy
co cBorictBamu 0030Ha Xwurrca Ha LHC

[Ipenckasanus CM c Bblaamollelicss TOYHOCTbIO COBNAJAIOT C pe-
3y/JbTaTaMM 3KCIIepUMeHTa/bHbIX HabuoneHHH. TeM He MeHee 3Ta
Teopus HenoJsHa. [Tocse oTKpeITHSA 6030HA, CONIACYIOLLErOCs C THIIO-



92 13. louck dpyeux wacmuy co ceoticmeamu 60o3ona Xueeca na LHC

Te3oit 6030oHa Xurrca CM ¢ maccoit 125 I'3B, yray6nenHnoe nayuenue
HapyLIeHUs 3JeKTPOoCcaadoil CUMMETPHH CTaJIo 3afadel epBoCTeneH-
HOM BaXKHOCTH /151 (DU3UKH YaCTHII.

DKCreprMeHTabHble HapaBieHHs 3TOH (PU3NUECKOH MPOrpaMMbl
BKJIIOYAIOT OMHCAHHOE B NPeNbAYILUX pasfesnax M3ydeHHe XapakTe-
pUCTHK 6030Ha XHWITCA WU TOWCK HOBBIX YAaCTHL, HANpUMep, YaCTHI]
pacUIMPeHHOTO XUTTCOBCKOTO CEKTOpa, MPe/icKa3blBaeMblX HEKOTOPbI-
MHu paciupeHusmu CM.

Bo MHOrux nomoGHBIX pacIIMPeHUsIX XHTTCOBCKHH CEKTOP BKJIIO-
yaeT nBa cKajspHbix ny6sera [100]. OnuH U3 MpUMepoB pacliu-
penuss CM Takoro THma — 3TO MOHEJb C ABYMS XHUITCOBCKHMH
nyoneramu (2HDM) [101]. B Heil mocse HapyluieHHs 3J€KTPoO-
cnaboil CHMMETPHUH BO3HHMKAIOT NATb (PU3UUECKHUX YacTHLl XHITca:
nBa HeirpanbHex CP-uetnbix ckanspa (h0, H?), onun mefitpasnn-
ubifi CP-meuetHwiit ckanap (A%) u gBa 3apsxeHHBIX cKassipa
(H*™,H™) [102]. B kourekcre cynepcuMmeTpuuHbix Teopuii (SUSY)
MHUHHMaJbHOe cynepcuMMerprudHoe paciinpenne CM (MSSM) rak-
JKe TIpeICKa3bIBaeT CeMeHCTBO MapTHepoB 6030Ha XHUITca ¢ MaccaMu
no 1 TsB, kotopele moryT poxaarecsi u Habmogatbess Ha LHC.

Bo MHOTHX K3 3THX MofeJsel moapasymeBaeTcsi, YTO HabJionae-
Masi yacTHIa, COrJacyllasics ¢ TUnoTe3od 6o03oHa Xwurrca CM
¢ maccodt 125 I'sB, — 310 servaiimmii CP-ueTHBI HeHTpasbHBIN
ckansp h® (Tak HasblBaeMBlil Tpejes BLIPaBHHBAaHHSA). B 3THX Mo-
nensix tan § o603HauaeT OTHOIIEHHE 3HAYEHHH BAaKyyYMHBIX CPEIHHX,
aCCOIMMPOBAHHBIX C AByMsl nybJjeramu 06o3oHa Xwurrca. B 3aBucu-
MOCTH OT MapaMeTpPoB MOHeJH (Macchl CKaJsipHbIX 0030HOB, tan [3
M KOHCTAHT B3aHMONeHCTBUA) HeATpalbHBIH Taxenwlil ckansp hl
u ncengockanap A% mMoryTt pacmamathcs Kak Ha KOHeUHbIe COCTOS-
HUSL Y7, TT, 4 JNenToHa, tf, Tak U Ha 3JeKTPocaadbie GO30HBI, BKJIKO-
4asi HeIaBHO OTKPBITEIH 6030H Xurrca. OTHOCHTE IbHBIE BEPOSITHOCTH
pacranoB h° u A® Ha KoHeUHBIe COCTOSIHMS, cofeprKallye ONHH UM
6osee 6030HOB Xurrca hY, 4acTo NOMHHHPYIOT B KMHEMaTHYeCKH
JNOCTYMHOH 00J1aCTH.

Pacnan 3apsixkeHHoro 603oHa XWITCAa CHJIBHO 3aBHUCHT OT €ro
maccol. [lpu maccax mpy+ < (my + my) (toe my ¥ my, — Macchl
t- ¥ b-KBapKOB COOTBETCTBEHHO) 3apsiKeHHbIH 6030H XHUrrca MOXeT
pOXKIaThCsl B pacnanax Ton-keapka (t — HTb), a Haubo/Iee 4yBCTBU-
TeJIbHBIM KOHEUHBIM COCTOSIHHEM siBasiercst pacnag HT — 77v. Tlpu
Maccax mpy+ > (my 4+ my) noMuHHpYeT pacnan HT — tb, KoTopblil
MOKET ObITb 3apETHCTPUPOBAH B IKCIEPUMEHTAX.
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ATLAS u CMS BbIMONHUIK GOJIBIIOE KOJUYECTBO MOMUCKOBBIX
9KCIIEPUMEHTOB MO OOHApyXKeHHI0 HEeHTpaJbHBIX M 3apsKeHHBIX
naptHepoB 6030Ha Xurrca ¢ macco# 125 I'sB, paccmarpuBast TosbKO
4TO OTKPBITYIO YACTHLy KaK (hOH.

[IpeBbllleHns1 uncsaa coObITHH He ObLIO OOHApyKeHO: 3KCIepH-
MeHTaJIbHble NaHHble B Tpelesax MOrPelHOCTed HaXOMUJHUCh B CO-
rnacuu ¢ npexackazanuamMu CM. DBeuin ycTaHOB/eHBI OrpaHUYeHHs]
Ha CeueHHs pOXKIEHHS W Maccy 3THX MIONOJHUTEJbHBIX CKaJsi-
poB. PesynbraTbl MHTEPNPETUPOBAHBI HA OCHOBE PAa3JUUHBIX peasiu-
3auui.

[Tonpo6Hoe o6cyxaeHHe Pe3yNbTaTOB 3TUX HCCJIEN0BaHUH Haxo-
IWMTCS 32 paMKaMM NaHHOW MyOJNHKaLWH, HUXKe NPUBEIEHBl TOJNBKO
HEKOTOpble XapaKTepHble Pe3yJ/bTaThl.

Ha puc. 49 npencraBnenbl HaGaonaeMoe ¥ 0XKHIaeMOe OTpPaHHU-
YeHHUs] Ha ceYeHHe POXKIEHHs C yUeTOM OTHOCHTEJbHOH BepOSTHOCTH
pacnaga (BR) B KOHEYHOM COCTOSIHMM <7y 00OOIIEHHOrO XHITCOMO-
NOGHOTO COCTOSIHUSL ¢, TIOUCKH KOTOPOTO MPOBOAHMJHCH B IIHPOKOM
JManasoHe 3HaueHHH m., oT 65 mo 600 I'sB wma ATLAS [103].
[IpoaHnanusupoBaHHble NaHHblE COBMAnalT ¢ mpeackasaHusmu CM
¢ 603oHOM Xurrca ¢ maccoid 125 I'sB. B paccmoTpeHHOM HHTepBasie
3HAUUMOTO TIPEBbILIEHUS] YHCJ/Ia COOBITHH He HaGJI0AaN0Ch.

Ha puc. 50, a nokasansl orpanuuenus (95% C.L.), nonyuyeHHble
CMS, Ha ceueHHe pOXAeHHs U pacrnaga oO0OILIEHHOH YaCTHLBI ¢.
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Puc. 49. HaGawopasuecs u oxunaemble orpanudenus (95% C.L.) mo nman-
HoiM ATLAS Ha ceueHHe C yueTOM OTHOCHTEJbHOH BEPOSITHOCTH pacmajia
(BR) ¢ — 4y B 3aBHCHMOCTH OT MacChl My~ YacTHLBl ¢ B JHaNaszoHe
65 < myy < 600 T'sB [103]. PaspeiB mpu m~~ = 110 I'3B o6ycnoBnen pas-
JIMYHBIMHA aHAJH3aM{ TPU MasbiX U GOJBLIKX Maccax, UCMOJb30BABIIMXCS MAJIs
yBeJIHUEHHsI UYBCTBUTEJIbHOCTH B BYX Pa3/JHUHBIX KUHEMATHYECKHX peXKUMAaX.

3eJieHast ¥ xesrtas 06MaCTH 0003HAUAIOT HeONpeneNeHHOCTH | U 2 0 Ha oXuAa-
emoe orpaHuueHre. Ha Bpeske mokasaHa yBesiHueHHasi 06/1aCThb OrpaHHUYEHHs]
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Puc. 50. Ipenen (95 % C.L.), ycranosnenusiit CMS Ha o(gg¢) x BR(¢p — 77),
rie ¢ o6o3HauaeT 060OIIEHHOE COCTOSIHHE, MOX0oXKee Ha 6030H Xwurrca [104].
O2kupaemMoe orpaHHUYeHHe TaK¥Ke MOKa3aHO 1Jisi (OHOBBIX BKJIAIOB, BKJiOUast
6o3on Xurrca CM ¢ maccoii 125 T'sB. Ha puc.a npuBeneHbl pesysbrathi
B ggF'-Mome poxaeHus (ocTaBieHa CBOOOIHOH B ammpoKCHMalWH MOAa acco-
[IMUPOBAHHOTO POXKIEHHUs C b-KBapKaMH), Ha pHUC.O MOKa3aH pe3yJbTaT MAJsi
aCCOLMHUPOBAHHOr0 MexaHu3ma poxjeHHss bbH (ocTaBjieH CBOGOAHBLIM B arfl-
MPOKCUMaLKK BKAaA ggF)

[Toucku yacTHUIB BHITIONHEHBI B pacnajie ¢ — 77, PACCMOTPeHbl pas-
JIMUHBIE MEXaHU3Mbl POXKIEHHS B 3aBUCUMOCTH OT MAacChl ¢: CJUSHUE
[JIIOOHOB M accoUMUpoBaHHOe ¢ b-kBapkaMu poxaeHue. [lokasaHo
0XKHJIaeMO€e OTpaHHUEHHE C YUeTOM TOJBKO rpoiieccoB CM (BKJHOYasi
603on H ¢ my = 125 T'aB) [104].

Ha puc. 51 nokasaner pesynbratel ATLAS no noucky 3apsikeH-
Horo 6030Ha XWrrca B KOHEUHOM cocTosiHuH 7v [105]. AHanus
BBINOJIHEH B paMKaXx TaK Has3biBaeMOro CLeHapus m;'**, rie macca Ko
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Puc. 51. Orpanuuenust ¢ 95 %-# 10BEpHTEJNbHON BEPOSITHOCTHIO Ha tan 3 B 3a-

BUCUMOCTH OT my+ [105] mo manueiM ATLAS. PesynbraThl mokasaHbl s

mP** MSSM-cuenapust poxaenus H B o6iactu mansix macc (@) U B 06JacTH
6osbiux Macc (6)

6030Ha My, MOJNydaeT HaUOOJBIIYI0 BO3MOXKHYIO MacCy Npu (DHUKCH-
poBaHHOM tan 3 u Goabmoi macce A® 6osona [106].

14. IlepBbie cneACTBUSA OTKPBITUS

OTtkpbiTHe 6030Ha XHITCa KOHCTATHUPYeT elle oguH ycnex CraH-
IapTHOH Mozesd 3jeMeHTapHbIX dactul. C ydetom 3Toro (yHna-
MEHTaJbHOTO CKaJsipa BCe YaCTHIlbl, NpelcKa3aHHble Teopued, Ha
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CerONHSILIHMN NeHb OTKpPbLITHl. TeM He MeHee B TO BpeMsi, KOra MEI
OTMeuaeM 3TOT TPUYM{, Mbl 3HaeM, uTo gaxe ¢ 6030HoM Xurrca CM
naneka ot uueana. OHa Bce ellle HeloJiHA U He CrocoOHA 0OBSCHUTD
MHOTHe (eHOMeHbl, Urpaolire GOJbIIYI0 Po/b B 3BoJIOLUK Beenen-
HOU: MeXaHW3M, OTBETCTBEHHBIH 3a HH(JALUI, UCTOUHUK TeMHOH
MaTepUd U 3SHEPTUH, MPUYUHBl OOJbIION AaCUMMETPUH MaTepuH HU
aHTUMAaTepUH, pPoJb I'PaBUTALMHU U T. [.

B cuny BbllllecKa3aHHOIO Mbl 3HaeM, YTO PaHO WJM TO3QHO OT-
BeTbl Ha HEKOTOpble M3 3THUX (yHAaMeHTaJbHBIX BOMPOCOB OYAYT
nosydensl, 1 CM cTaHeT HU3KOIHEPreTUYHBIM NPUO/IHKeHHEM Bosee
o6uelt Teopun uactui. CerogHsi HaM HEHW3BECTHO, HAa KaKOM Mac-
mrtabe 3HEPrUH 3TO CJAYUHUTCH, HO C HACTOSILLEr0 BpeMeHU Jiobas
TeOopUs: HOBOH (PU3UKHU OyneT OrpaHHueHa HeoOXONUMOCTBIO yudeTa
3TOTO OueHb crenuduueckoro odbvekra. Jlamee o6CyAUM HEKOTOPBIE
riepBble CJIE€ACTBUSI OTKPBITHSI U €ro BJIMSIHUE Ha HEKOTOpble HOBBIE
(hu3nyeckue CLeHapuHu.

14.1. dnekTpocaabas BakKyyMHasi cTabuJabHOCTh. Bompoc
CTabUJIbHOCTH 3JEKTPOCaa0boro Bakyyma MOAPOOHO HM3ydaJicsi B Te-
YyeHHe MHOTHMX JieT. Temepb, Korma Mbl 3HaeM Maccy HOBOro 0o-
30Ha, HEpPreTHUeCKas 3BOJIOLHS KOHCTAHTBI YETBIPEXXHUITCOBCKOTO
B3aUMOJEHCTBUSI MOXKeT ObIThb H3yueHa OoJjee neTasnbHO. HenaBHo
OBLIM BBITIOJTHEHBl OOHOBJIEHHBIE BBIUHCJEHHsS BO BTOPOM MOPSIIKE
teopun Bo3myuleHu# [107, 108]. MamepenHasi macca 6030Ha Xurrea,
mg = (125,09 £ 0,24) I'sB, 61u3ka K MHHHMaJbHOMY 3HaueHHIO,
obecrneynBawIleMy abCOMOTHYI CTaOUIBHOCTD 3JEKTPOCJaboro Ba-
Kyyma B pamkax CM. DTo npuBOOUT K HcYe3alolle Majgoi KOHCTaH-
Te YeTBIPEXXUTTCOBCKOTO B3aWMOAEHCTBUSI A Ha Mmacirtabe [lnanka.
CrouT 3aMeTHTb, YTO MPH CYIIECTBYIOUIUX LEHTPAJbHBIX 3HAYEHHUSX
Macchl TOM-KBapkKa W 6o30Ha Xwurrca A AOJKHA OBITH OUEHb Ma-
Ja npu Mp), B TO BpeMsi Kak MOJHOCTbIO McYe3aiollee 3HaYeHHe
KOHCTAaHTBl CaMoIeHCcTBUsI 6030HAa XHUrrca MaJioBeposiTHO (puc.52).
Tsxenbl#l Ton-KkBapK U 6030H Xurrca ¢ maccoit 125 I'sB ykaseBator
Ha aJieKTpocaabulii BakyyM Hamied BceseHHoM, Haxonsmuiics B Me-
TactabunabHoM coctosiHuU. [loTeHuuan 603oHa Xurrca MoxKeT UMeThb
HecTaGuIbHOCTL Ha ypoHe 10(11712) T3B co BpemeHem xu3HU Bce
elle HaMHOTO OOJIbIIUM, ueM Bo3pacT Bcesnenno#. Tem He MeHee,
YUHTBIBasi TEOPeTUYECKHE U IKCIIEepHMeHTaJ bHble OLIHUOKH, CTabU/Ib-
HOCTb Ha Macuitade IInaHka UCKJ/IOUUTb HEJb3S.

Jpyrue yayuilieHUs: BBIYUCJEHUNR MOTYT OBITb 0OYCJIOBJEHBI JyU-
el TOUHOCTbIO M3MepeHHH KJI0YeBbIX MapaMeTpoB, a UMEHHO: «,
Macchl 6030Ha XWrrca, Macchl TOM-KBapka, M.
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Puc. 52. a) RG-3Bosouust A npu Bapuauuun M; ¥ «s B mpefenax =+3 o.

6) O6s1acTi abCoOMOTHOH CTa0HIbHOCTH, METaCTaOHJIbHOCTH U HECTaOUIbHOCTH

Bakyyma CM B npoctpaHcTBe M, Mj,. IlyHKTHpPHbIe LBETHbIE JUHUH M0KA3bl-
BalT MacuTab HecrabuabHoctd A B I'9B mpu as = 0,1184 [108]

B 6ynyiem oueHb BaXKHO POBEPUTD THIIOTE3Y, UTO JerKHH 6030H
B TIPUHLIMIIE MOXKET OCYLIECTBJISITh CBOE CaMOJEHCTBHE U IOKABCKOE
B3aUMOJIEHCTBHE C (PePMHOHAMHM TAKUM 00pa30M, UTO TEOPUS OCTa-
HeTcsi ciaboB3anMopieHCcTBYOEeH 10 MaciiTaba [lnanka 6e3 nuHa-
MHUYECKHUX TMPOSIBJIEHHUH 3a 3JjeKTpocjabbiM Maciitabom. Ecau Mbl
CMOXKeM MOATBEPAUTh 3Ty THIOTe3y, TO 3TO caMo Mo cebe Oyner
BBIAIOLIMMCS OTKPBITHEM: BIIepBble Mbl OyieM UMeTb Teopuio, pabo-
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TaIOILYI0 B nuanasoHe 15 mopsinkos mo 3Hepruu. CjenyeT OTMETHTD,
4TO NAHHBIH CleHapuil CHJIBHO OTPaHUYEH HEOOXOAWMOCTBIO TOHKOH
HACTPOHKM KOHCTAHT B3aUMOJeHcTBHs 6030HA 10 YeTKO MpelncKasaH-
HBbIX 3HAYEHUH.

[IpeunsnoHHble H3MepEHUS KOHCTAHT CBSI3W MOTYT BBISIBUTH yKa-
3aHMS Ha CYILIECTBOBaHHWE HOBOH (DHU3UKH 33 3JEKTPOCaabbiM Mac-
mtabom. [ToaTomy cBoiicTBa 6030Ha XHUrrca A0KHBI OBITH TeTaJbHO
M3y4yeHbl C TOYHOCTbIO H3MEPEHHs] KOHCTAHT ¢Bsi3n < 1 %.

CTOUT 3aMeTHTh, UTO BCE 3THU UCCJENOBaHHUS, B YACTHOCTH IKC-
tpanossuus CM po macwrtaba [lnanka, TpeGyloT o4eHb CHJBHBIX
JNOMYIIEHHUH, KOTOPble MOTYT OBITh MOCTABJEHBI MOJl COMHEHHE JI0ObIM
OTKPBITHEM HOBOH (PH3HKH.

14.2. Moxet au 6030H Xwurrca ObIThb MH(pIaTOHOM? Henas-
HO OTKPBITBIH 0030H Xwurrca — mnepBas (pyHAaMeHTaJbHas yacTULA
co cBoHcTBaMHM cKaJgspa. M3BecTHo, uTo MHGJSAUUS 00yC/OBJEeHA
MJIOTHOCTBIO BAKYyMHOH HEPTUH C OTPULATEJbHBIM IaBJeHUEM, YTO
MOXKeT ObITb peajii30BaHO B MOAEJSIX «MeIJIEHHO CKaThlBaIOLLero-
csi» ckagsipHoro noJs. [Tostomy rumoresa o Tom, uTO moJie 6030HA
Xurrca MoXKeT BBICTYTIATh B TAKOM KadyecTBe B Ipoliecce HHMASLHUHU,
JOCTaTOYHO UHTEpecHa.

ITO MOXKeT IPOUCXOANUTH MOCPENCTBOM pPa3JHYHBIX MeXaHH3-
mMoB [109-112]. HemuHumanbHas CB3b MaTepUH C TpaBUTallHel
MOXKEeT pasryIiafiuTb MOTeHUHasn 6030Ha Xurrca B o6sacTH, OJM3KOH
K Mp), IpH 3TOM A BCerga oCTaeTcs MOJOXKUTeNbHOH. B mpoTrBHOM
caydae norteHuuas 6o3oHa XUrrca MOXKET HMETb APYTroH JIOXKHBIH
3J1eKTPOCIa0bli MUHUMYM Osu3Ko K Maciurady [lnanka. CkanspHblil
6030H BO BTOpPOM (HecTaGU/JIbHOM) MHHMMYyMe BHayaje MOXET pas-
BUTb HMHQJSLUHUIO, a HA 6oJiee MO3AHUX CTAAUAX JOCTUTHYTb 3J€K-
Tpoc/aaboro MUHUMYyMa, B KOTOPOM OH M HaxonuJjcs. MHTpura satoro
CLleHapus 3aKJouaeTcss B TOM, UYTO IOSIBJeHHE BTOPOrO JIOXKHOIO
MUHAMYyMa, BUIUMO, BO3MOXKHO TOJIBKO NPH 3HAYEHUSIX M fy, OJIU3KUX
K 125 I'sB (cMm. puc. 53).

Kaxkercsi, uTo X0Ts 00€ I'MIOTe3bl U BO3MOXKHBI, OHH He COBCEM
COOTBETCTBYIOT COBPeMEHHbIM AaHHbIM. HoBble 3KcrepuMeHTasNbHBIE
U3MepeHHsl, KaK W yJydlIeHHble BbIYUCJIEHHS, SIBJASIOTCS KPUTHYe-
CKHMH [/l Na/bHeHIIero pa3BuTHsl 3TUX THIIOTE3.

14.3. SUSY u aerkmuii 6030 Xurrca. boson Xwurrca ¢ maccoit
125 I'sB HaksanbiBaeT 60JbliKMe OTPaHHUYEHHMs] HA MHOTHE MOJIEJH
HoBOH (u3ukHu, Bkjaouas SUSY. B 1o Bpems kak B CM wmacca
Xwurrca — cBOOOIHBIM MapameTp, BO MHOrMX peanusaunusx MSSM,
B KOTOPBIX CEKTOp XHUITCa pacliMpeH M BKJIOUaeT TPU HeHTpasbHBIX
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Puc. 53. a) I[lorenuuan 6o3oHa Xurrca B 3aBUCUMOCTH OT €ro BaKyyMHOrO

cpenHero x. Mcnonb3syemble 3Hauenusi my = 171,8 ['3B u mpy = 125,2, 125,158,

125,157663 I'sB (ot BepxHedl K HHXXHe# JWHHH). 6) YBeJaudeHue 00JaCTU
JIOXKHOTO 3J1eKTpocsaboro Bakyyma [110]

¥ [1Ba 3apsiKeHHBIX 6030Ha, Jeruaiias CP-yeTHas yactuia Xurrca
orpaHuyeHa CBepxy o macce 3HadeHusimu my < 110—135 I'aB.

Ha puc. 54, a nokaszaHo, 4To Bce ellle eCTb BEPOSITHOCTb, UTO 3TH
JOCTaTOYHO TsKeJsible 0ObEKThl CYIIEeCTBYIOT, HO HEKOTOpPblE KJACChl
MoJlesielt y2Ke UCKJIF0UYeHbl BCaencTBrHe 3Toro oTKpuiTusi [113]. Tem He
MeHee CTOUT 3aMeTHTb, UTO B MOJeJISIX, OTBEYAKOLIUX BCEM OrpaHHuye-
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Puc. 54. a) MakcumaljbHOe 3HaueHHe MacCbl h B 3aBHCHMOCTH OT tan /3

IJIs1 pa3iUuHbIX, orpaHHueHHbIXx MSSM, mopesnedl. 6) MakcuManbHOe 3Haue-

HHe Macchl 6030Ha h B 3aBHCHMOCTH OT NapameTpa cMewnBaHus Xi/Ms B

MSSM npu BapHaLMK BceX OCTaMbHBIX MATKHX NMapameTpoB HapyuleHus SUSY
U tan 3 [113]

HUSAM, OTJAeTcsl MpeArnoyTeHre GONbIIUM MapaMeTpaM CMellUBaHHs
cTomn-KBapka (cM. puc. 54, 6).

Heo6xonuMo yuWTHIBaTb, YTO BHUPTyaJibHble METIAH HOBBIX TSi-
JKeJIBIX 4acTull, npeackazaHHbix SUSY, uaMmeHAT B3auMoneHcTBHe
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Xurrca, a cJefoBaTesIbHO, TPeLU3UOHHbIE H3MepEeHUs] KOHCTaHT
B3aUMOJIEHCTBUS HAJ0XKAaT BaKHble JOMOJHUTENbHbBIE OTPAaHUUYEHHUS.

Kom6rHanusi npsambix ¥ Henpsimbix nouckoB SUSY u mocnen-
ctBusi A SUSY oT uM3MepeHHI KOHCTAHT B3aUMOJAEHCTBHS HOBOTO
6030Ha CKOpee BCEro MpUBEAYT JUOO0 K OTKPBITHIO CyNepCUMMETpPHH,
60 K 3HAUNTEJNBbHOMY MEePeCcMOTPY HEKOTOPBIX ee Mapaiur.

15. IlepcneKTuBbI U3yUyeHHs CBOWCTB 0030Ha Xurrca

OTtkpeiTve 6030Ha Xwurrca ¢ Mmaccodt 125 I'sB osnamenoBaiso
HOBYIO 3Dy (DU3HMKH 3JeMeHTapHBIX yacTHll. [laHHble, 3amuUCcaHHbIE
K HacTosilleMy BpeMeHH B paMkax Tak HasbiBaemoro LHC Run-1,
NoKasaJju [OJHOe COOTBETCTBHE HOBOH 4YacTHLBl 0030HY XHITCa,
npenckazanHomy CM. Ecau nmoaTBepanTcsi, 4TO 3TO dJeMeHTapHBIH
00BbeKT, TO 3Ta yacTulla OyfeT eIMHCTBEHHbIM Korjaa-nubo Habiio-
IABIIMMCS B TIpUpole pyHIaMeHTaNbHbIM cKajaspoM. Bo Bpemsi Hanu-
canusi 3Todl cratb LHC oTKpBIT HOBYIO CTpaHHLY (PU3HUKH BBICOKHX
SHepPrui, Npou3Bensl CTOJKHOBEHUS MPOTOHOB C OecrpelefeHTHOH
suepruedt /s = 13 TsB. JanbHeiimas MogepHU3allisi MALIKHBL B Te-
YeHHEe HECKOJbKHX JIeT YBEJHUHUT IHEPrHi0 YCKOPUTEeJNs [0 MPOeKT-
HeIX 14 T3B.

Ta6anna 3. Mrorosele cBeneHNs 10 0KUIAEMBIM TOYHOCTSM H3MepEHHUS] KOH-
CTaHT B3aUMOJeHCTBUSA 6030Ha XUITCaA C BEKTOPHBIMH 0030HaMH, TON-KBapKaMu
U b-KBapKaMu

TunoTesa ARVV, % | ARtt, % | Ahbb, %
CMellaHHBIA CHHIJIET 6 6 6
CocraBHoM 6030H Xurrca 8 Hoan % | Hoau %
MuHyMa/bHas cylepcHMMeTPUs <1 3 102, 100°
LHC Run-1 ~ 15 ~40 ~30
LHC (14 TsB, 300 ¢6~") ~6 ~15 ~12

B Ta6s.3 mnpuBeneHbl OUEHKH OXKHUIAeMBIX TOYHOCTEH H3Mepe-
HUs KOHCTaHT cBsidu. [Ipenmosaraercsi, 4To Kpome 6o3oHa XWHrrca,
nabsopatotterocss Ha LHC, He cyliecTByeT ApYrux 3K30THYECKHX
COCTOSIHMH, HapyIIAIOUIMX 3JeKTPoc/abylo CHMMeTPHIO (TaKHX Kak
HOBble 0030HBI XHUITCA WM p-4acTuua). B sHauenusx Ahbb cynep-
CUMMETPUH BEPXHUH HHAEKC a OTHOCHTCS K caydaio tan > 20
B TIPEATNOJIOKEHHH, UTO CymneprnapTHepsl He oOHapyxeHbl Ha LHC,
a BEPXHUH HMHAEKC b OTHOCHUTCS KO BCEM OCTAJbHBIM CJIy4asiM C Mak-
CHMaJsibHbIM 3HaueHueM, pocrturatomuM 100 % npu tan§ ~ 5 [114].
B 4eTBepToil cTpoKe TaGMHUIIBI MOKa3aHbl MOTPEIIHOCTH, OLEHEHHbIe
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na nanHeix LHC mpu 7 u 8 TsB (Run-1, TonbKo B 0IHOM 3KCIEpH-
MEHTe), B TOCJeHel CTPOKe MPHUBEIeHbl MOTPELIHOCTH, 0XKHIaeMble

npu 14 TsB u 300 $6~! B Kouue ¢usuueckoii mporpamMmmbl Ha LHC
B 2022 r. (Ha oCHOBe MCCJelOBaHHUH, TpuBeneHHbIX B [115, 116]).
B pesysnbratax y4yTeHa MOAepHHM3alUs MaLIMHBl, 3alJaHHpOBaHHAas
Ha 2018-2019 rr., 4To6B YBEJHUUUTb MTHOBEHHYIO CBETHMOCTBH [0
L=2-10% cm2. ¢! u sanucars oxono 300 ¢p6~! nauubx.

[IpeuusnonHble H3MepeHUs] KpaHHe BaKHBI [/ POBEPKH
cBoiicTB 6030Ha Xurrca CM, a TakxKe MOHMCKA BO3MOXKHBIX TOHKHX
3((eKTOB HOBBIX (PU3UUECKHX sIBJeHHUH. Takod MOAXOA MAOMOJHSET
npsiMble TIOUCKU HOBBIX YaCTHL.

OnuH U3 BO3HHKAIOIKX OYEBUIHBIX BOIPOCOB — HACKOJBKO TOY-
HO HaM HeOOXOOUMO HM3MepsITb KOHCTAHThl B3aWMOAEHCTBHUS 3TOTO
HOBOTO 00BEKTa C 3JeMeHTapHbIMH dacThuamu. CyuiecTByeT 60Jib-
110€ KOJIMUEeCTBO CTaTel, MOCBSIIEHHBIX 3TOH TeMe; K npuMepy, [114]
YKa3blBaeT Ha Pa3JMuHble, KpalHe BaKHble CLIeHAPUH HOBOH (DH3UKHU:
CYTepCUMMETPHsI, CMELIAHHBIA CKPHITBIH CeKTOp 6030HOB XWUTITCa U
cocTaBHOH 6030H Xwurrca.

Hns noctrkeHus1 GecrpelieleHTHBIX TOUHOCTeH H3MepeHUs KOH-
CTaHT CcBsi3u 6030Ha Xurrca noTpebyoTcs: 6OJbILIHE YCHJINS, HATIPAB-
JIeHHble Ha yJyulleHHe 3KCIIePUMeHTa/bHbIX U3MEpPeHUH U TeOopeTH-
YeCKUX BBIYHCJEHHUH.

C 3KcrepuMeHTaJbHOH TOYKH 3PEHHs MPelrn3UOHHbIE H3MepeHHUs
MOTYT OBITb BBIIIOJTHEHbI Ha GOJBILIOH CTATUCTHKE, KOTOpast 6yneT 10-
cTurHyTa nocse yBesaundenusi ceerumoctd LHC, HL-LHC [117, 118].
B pamkax 3Toro mpoekra, KOTOPBIH ellle HeoOXoaumo (HopMaJibHO
yTBepauTh, MrHOBeHHasi ceBetuMocTb LHC nomkHa Bo3spactu no 3Ha-
yeHWH nopsiaka L = 10%° em™2-¢~ ! To nnaHy, HaunHas ¢ 2025 r.,
nocJjie OOJrOH OCTAHOBKH MPHUMEPHO Ha JiBa rofa OyAeT 3amlucaHo 10
3000 op6*1 NAHHDIX.

C TeopeTHuecKOH TOUKH 3peHHs HeOOXOAUMO 3HAYUTEJbHO
YMEHBLIUTb [OTPELIHOCTH BBIUMCJEHUH CceyeHUs] poxxKAeHHs 6030Ha
Xurrca, cBsi3aHHBIE ¢ HeomnpeneseHHocTbio Macmtaba KX Bo
BTOPOM TMOPSIIKE TEOPHH BO3MYILIEHHH (B YacTHOCTH, B Mpolecce
C/IUSIHUSL TJIIOOHOB) M COBPEMEHHBIM YPOBHEM 3HaHHSI (YHKUHUH
pacripesiesiensi mapToHoB. CoBpeMeHHbIe, MpefBapuTeabHbie N3LO
BBIYMCJIEHHS TVIIOOH-TVIIOOHHBIX B3aumonedcTBui [119-122] mokasa-
JIM, UTO TOTPELIHOCTb cedyeHusi, oOycsoBjeHHasi macuiradom KX]I,
MOXeT OBbITb yMeHblleHa B TpU pas3a, A0 3 %. Cxoxum o6pa3om
HOBBIE IPe[BapUTEJIbHbIE ANMPOKCUMALUWMH (PYHKIHUU pachpefeseHusi
MapTOHOB MOKa3aJjW, UYTO CBSI3aHHAS C HHUMH [OTPELIHOCTb MOXKET
OBITh YMeHbllIeHa PUMEPHO B TpH pasa [123].
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[TonHasi okupaemasi TOUHOCTb M3BJeYeHHsT KOHCTAHT CBf3H 00-
30Ha XHITca, YNOMHHaBIIAsCs paHee, HE3aBUCHMO H3ydyeHHas Ha
ATLAS [115] u CMS [116], nokasana B Ta6..4. B wusyuyennoi
MOIeJIM He YYHUTHIBAIOTCS BO3MOXKHBIE pacraibl 6030Ha XHIrca, He
npenckasaniele CM. OTHOLIEHHS KOHCTAHT B3aHMOAEUCTBUS B OC-
HOBHOM MOJIe/IbHO-HE3aBUCHMBbI, a CJIe[JOBaTe/NbHO, OHHU TaKxe Je-
tanbHo usydatorces Ha LHC m HL-LHC. Oxupnaemoe yxynieHue
HEKOTOPBIX 3((heKTUBHOCTEH U3-32 OOJIBIIOrO YUC/Ia TEPBUYHBIX BEP-
mwuH B cobeitu Ha HL-LHC (B cpemnem okono 140 HaksanbiBa-
JOIMXCA Heynpyrux cobertuit mpu L = 5- 103 cm=2.c¢7 1) 6yner
B OCHOBHOM KOMIEHCHPOBAHO OOIIMM YJIy4lIeHHEM XapaKTepUCTHK
MonepHusnpoBaHHbix AeTekTopoB LHC. Bosee Toro, 6osbiias cratu-
CTHKa, Kotopas Oyznetr Habpana Ha HL-LHC, nossoautr 6osee TouHO
onpenesuTh ()OH Ha OCHOBE NAHHBIX, & CJEIOBATENbHO, YMEHbBLIUT
5KCIIePHMEHTA/NbHYI0 CHCTEMATHYECKY0 MOTPEIIHOCTb, CKA3aBIIyIOCH
Ha pe3ysbrartax nepsoro nepuona padotsl LHC. Tak:ke 6bln1 paccMoT-
peH ClLeHapHui ¢ yMeHbIIEHHBIMH T€OPeTHUEeCKHMH MOTPELIHOCTSMH.

Ta6anna 4. CeomHass HHGpOPMAaLUsi MO OXKHAAEMBIM TOUHOCTSIM H3Mepe-
HHsI KOHCTAaHT Go30oHa Xurrca ¢ BeKTOpHbIMH GozoHamu (W, Z u «), t- W
b-KBapKaMmH, T-JentoHamyd ¥ MiooHamud Ha LHC masi nByx cuenapueB HaGopa
csetuMoctd, L = 300 u 3000 (10671 COOTBETCTBEHHO. B 3Toll Momesnu He
paspelleHbl MOABl pacrnaga 6o03oHa Xwurrca, sanpeuieHHele CM. [lpuBeneHHble
pesyJsibTaThl OCHOBaHBI Ha MPEACKa3aHUsAX, NOCTYMHBIX B [115, 116]

CBeTHMOCTb ARVV, %| Ahbb, % | Ahtt, %| AhTT, % | Ahp, %
L=2-10%cm2.¢c7!,

300 6! 6 12 15 10 22
L=5-10%cu2-¢c!,
3000 (1)671 3 5 7 5 8

HeobxonrMo 3aMeTHThb, UTO MpedroJaraeMble MOKa3aTesH, I0-
cTynHele Ha cerogusimHuil neHb Ha ATLAS u CMS, ocHoBaHb Ha
aHajiM3e JaHHbIX, HaOpaHHLIX Ha MOMEHT OTKPHITHS. OHU He YUYHUTHI-
BAIOT YJy4lleHHs, KOTOPble MOTYT ObITh MOJyYeHbl B pe3ysbrate 60-
Jiee TIIATeJbHOTO aHAIM3a U U3yUeHHs HEKOTOPBIX AOTOJHHUTEIbHBIX
MPOLECCOB, He BKJIOUEHHBIX B MPeAbIAyIIHEe Pe3yabTaThl, MOJy4YeH-
Hble Ha OCHOBe JaHHBIX npu 7 u 8 T3B.

Jis u3MepeHHH KOHCTAHT CBSI3M 0030HAa XHITCA C TOUYHOCTBIO
Ha ypOBHe J0JIed MPOIIEHTa CKOPee BCEro MOTPeOYIOTCs Crelnanusu-
pOBaHHBIE MPOEKTHI, HAIPUMepP, IKCIEPUMEHTHl Ha HOBOM 3JIEKTPOH-
MO3UTPOHHOM KoJiJakiepe. Bojee TOro, CTOJNKHOBEHHSI JIEKTPOHOB
U TIO3UTPOHOB MO3BOJISIT HAMPSMYI0 U3MEPUTb IIUPUHY HEBUIUMBIX
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pacrnanoB 6o030Ha XHWITCAa W MPENU3NOHHO HU3MEPHUTh €CTECTBEHHYIO
ILIUPUHY, 3aBUCALLYIO OT JIeTajell MOIeJd B MeHblIel CTeNeHH .

CamoB3sanMopelicTBre 6030Ha XHITca UrpaeT BaxKHeHIIYIO POJib
B MMPOBEpKe TMPUYUH HapylleHHUs 3JjeKTpocnaboil cummerpuu. B CM
3HaueHHe KOHCTAHTBHl CaMOIEHCTBHS IOJHOCTBIO ONpeaeseHo, KOraa
omnpezesieHa Macca 6o3oHa Xurrca. Ha kosnaiinepax oHa MoxeT OBIThb
9KCIePUMEHTA/IbHO HalileHa B M3MepeHHH POxKAeHHs map 0G030HOB
Xurrca. ITH npolecchl KpalHe pelkHe, W M3MepeHHe OYeHb CJIOXK-
HOe, TeM He MeHee 3TO KpailiHe BaXKHO, TaK KaK AaHHBIH MapaMmeTp
OueHb YYBCTBUTeNEH K 3(deKTam, NpeacKasaHHBIM HECKOJbKHUMHU
TEOPeTHUECKUMHU peasu3auusiMm Gpuanku 3a pamkamMu CM.

[TonHoe ceuenue poxxnenus HH B CM na LHC npenckasano Ha
ypoBHe 41 §6 (¢ omnbkoit B +8,5% 13-3a HeonpeneeHHOCTH Mac-
wraba KX u +7 % us-3a PDF + ag) [124, 125]. ITpu 3000 p6~! na
HL-LHC 6ynet poxaeHo 120 Toic. nap 6030H0B Xurrca. BoamoxkHo
CYIIeCTBOBAHHE MHOTHX KOHEUHBIX COCTOSIHHH, HO IJis 9KCIepPHMeH-
TaJbHBIX HM3MEPEHHH [OCTYIHO TOJbKO OTpaHWYeHHOEe KOJHUYeCTBO
npoueccos [126, 127]. Bo MHorux ciaydasx pesyJbTaThl MpeIBapH-
TeJIbHBIX aHaJN30B OKAa3bIBAIOTCSl OrPaHWYeHbl cTaTUCTHKOH. [loaTo-
My, BEPOSITHO, YTOOBI MOJNYUHUTb CBUIETEJNbCTBO poxkiaeHus HH Ha
HL-LHC u usyuuts ero, 6yneT HEIOCTATOUHO MPOCTOH KOMOWHALMN
MHOTHX Pa3JUUHBIX KOHEUHBIX COCTOSIHMH. Bo3moxHO, motpebyercs
pasBUTHe HOBBIX HMIeH M, cCKopee Bcero, KOMOMHALUSl pe3yJbTaToB
IBYX YHHUBepCAJbHBIX 3KCIIEPUMEHTOB.

B n06om cayyae pesdynbratel mo HH na HL-LHC 6ynyt enun-
CTBEHHBIMHM [JOCTYIHBIMA IO 3TOMY Ba)KHOMY Ipoleccy B Teue-
HUe HECKOJbKUX JecsiTuieTuil. Jlto6ol Oynyuui Konnanaep n0KeH
OyneT MMeThb 3Hepruio croikHoBeHH# B 1 T3B (uam Gosee) nns
ete”-MamnH uan MudauMyM 50 TsB /st afpoHHBIX KoJsiainepos,
4TOOBI TIOJYUUTh Pe3y/bTaThl 3HAYUTENBHO JyULINe, YeM O0XKHaeMble
Ha HL-LHC.

®usuKaMu aKTHBHO 00CyKaaloTcsi OyAayllve YCTAaHOBKH /15 HC-
CJIefI0BaTebCKON MPOrpaMMbl (PU3UKHU BbICOKHX IHEPTHH, HaNpUMep,
B «OGHOBJIEHHH €BPOTEHCKOH CTpaTerd Mo (hPU3HKe 3djeMeHTapHBIX
gactui» [128], B moknane «Particle Physics Project Prioritisation
Panel (P5)» [129] u B HenaBHeM HH(OPMaLMOHHOM HOKYMEHTE
«What is next: White Paper of the INFN-CSN1» [130].

[lonxonsiiee pelreHne OyfeT MPUHSATO HAyUYHBIM COOOIIECTBOM
nocsie mosyueHus pedynbratoB npu 13 TsB, 4ToGel uMeTh 3Kcmepu-
MeHTaJ/IbHble TaHHbIE AJIs ONpe/eseHHs] NaJbHEHIIeH CTPaTeTHH.

B 3ak/itoueHHe MBI TIOABOOMM HTOrM Haubojee BaKHBIX OXKH[aA-
eMBIX 3TaloB B H3y4yeHHH 6o030Ha ¢ Maccoi 125 ['3B B cuenapuy,
nozxpasymenaomeM nonyuesne 3000 ¢p6~! nannbix va LHC:
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e 100 0;)6_1 JAQHHBIX:
— HabuoneHue pacnanos 6o03oua Xurrca H — 77 u H — bb;
— Jl0Kas3aTeJsbCTBa poxiaeHus ttH;
— nuddepeHUHaNbHble CeYEHNUS,;

e 300 p6~! nanmbIx:
— BO3MOXHOe HalJjwofeHde poxaeHus ttH;
— J0KaszaTesibCTBa HaOsoneHuss H — pu;
— MpelU3UOHHBble HM3MepeHHs] KOHCTAaHT CBsI3H 06030HA
Xurrca ¢ TouHocTbio okoJo 10 %;

e 3000 ¢p6~! nanubIx:
— HabJoneHue poxaeHus ttH;
— Habumoaenue H — up v H — Zv;
— IpeLM3UOHHble M3MepeHUs KOHCTaHT cBsi3h 0030Ha
Xurrca ¢ TOUHOCTBIO 10 HECKOJbKUX TMPOLEHTOB;
— Jl0KasaTeJsbCTBa HabmtoneHUs poxaeHuss HH.

3akJarouenue

B 2012 r. B skcnepumentax ATLAS u CMS Ha DBosabuiom
agpoHHoM koJinaiaepe B LIEPH 6b11a oTKpBITAa HOBast HesapsKeHHast
yactuna ¢ mMaccodt my = (125,09 + 0,21(crar.) = 0,11(cuct.)) I'sB,
YbM CBOHCTBA Ha CErOAHSIIIHUM JeHb IOJHOCTbIO COBMNAJAIOT
(B mpesesiax TeOPETHUECKHX M IKCIIEPUMEHTAJbHBIX MOrPELIHOCTEN)
¢ npexnckasanHeiMM CM nss 6030Ha XHUITca ¢ COOTBETCTBYIOLLEH
maccod. Bcsa pgoctynmHas B HacTosiiee BpeMmsi  HHGopMaIHs
TMOATBEPKA2eT TUIOTe3Y, YTO OTKPLITO (PYHAAMEHTalbHOe CKaJIsIpHOe
rnoJsie, KOTOpPoe NMPOHUKAeT BO BCe YroJKH Haulel BceseHHOH.

[Tocne otkpbiTHs 3TOH HOBOHM 4YacThibel CM 3akoHuUeHa W Bce
ee TJaBHble MMapaMeTpbl MOTYT ObITb 3KCIIePUMEHTA/J]bHO HU3MEpPEHH.
Takum o6pa3oM, 3Ta TeopUsl MOKeT ObITb MOJHOCTbIO NOATBEPKIeHA
UJU OINPOBEPTHYTa COBPEMEHHBIMH M OyNyIIHMMH TPeLHU3UOHHBIMU
U3MepeHUsAMU. DTo OecrperiefleHTHAs] CUTyalus B (DU3MKE BBICOKHX
SHeprui, OTKpbIBalOllasi HOBble HaMpaBJ/IeHUS] HCCJEIOBAHUH B I10-
MbITKe MOHATb MaTepHio U BceseHHylo.

B sToM KOHTeKcTe KpaiiHe BaXKHO BBISIBUTH HUCTHHHYIO MPHPOLY
HOBOTO 0030Ha H OTBETHUTb Ha OTKPBITbIE BOIPOCH], KOTOPbIE YK€
MOCTaBJIeHbl: eIMHCTBEHHA JIM 3Ta HOBAas YacCTHULlA MJH CYL1eCTBYIOT
Apyrue nofoOHble MapTHePbI? OHA 3JeMeHTapHa WUJW UMeeT CTPYKTY-
py? TOYHO JIK 3TO 6030H XHITca, UM MaJjasi aHOMaJjus ee CBOUCTB
yKakeT Ha CyIleCTBOBaHHe HOBOH (pu3MKH 3a pamkamu CM?

Peanusanus Hay4yHol nporpaMmel, paspadaTbiBaeMoH 1151 OTBeTa
Ha 3TU BOIPOCH, MOTpedyeT OOJBILIOrO KOJNHUECTBA [aHHBIX IpH
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TOHHOM CymepcuHxpoTpoHe (SppS) u
Chirpasl 3HAYUTENBHYIO POJIb B 3KCIIe-
pUMeHTe ¢ (PUKCHPOBAHHOH MHUILEHBIO
WA92/Beatrice.

Bosbliasi yacTh ero AesiTeNbHOCTH
‘48 NOCBsillIeHa pa3paboTKe NPOrpaMMbl HC-

\ CJle0OBaHUH TPOTOH-TIPOTOHHBEIX CTOJK-

A

HOBeHUH Ha DBosbllioM afpoHHOM KOJI-
na#inepe (LHC), HoBaTOpCKOMY MIOOH-
HOMY TPHUITEPY H HCCJEIOBAHUSM MJIs
MPOBeJIeHUs] TOYHBIX H3MEPEHHUH C MIOOHAMH, a TaKxKe TOATOTOBKe (ranye-
CKOro aHaJ/iu3a JJis rnoucka 6o3zona Xurrca sa LHC.

OH 6bl1 KJI0OUEBOH Gurypoil B paspadotke skcrnepumenta ATLAS. Ha
CTaUM MOArOTOBKHM 3KCIIEPUMEHTa OH pellnJ BaxKHellliHe 3aaqyl, CLeJaB
6oJbILIOH BKJaA B pa3paboTKy NeTEKTOPOB M HUX IKCIepPHMeHTaJ/bHYIO Mpo-
BEPKY Ha TECTOBOM IIyuKe, a TaKxKe OblJ OIHHUM M3 KOOPAWHATOPOB I'PYIIIHI,
3aHMMaBIIeHcs MMOATOTOBKOM MOHCKa 6030Ha XHITcA.

[Tocne 3anycka LHC Hucaru usbpaH KOOpAHHATOPOM MO (PH3UUECKHUM
uccaenoBanusm kosnabopaunu ATLAS. [lepBeie nBa roga oH PyKOBOAWJ
aHa/lM30M coOpaHHbIX NaHHBIX. Posb Hucartu Obla 0co6eHHO BaxKHa B Tex
UCCJIe[IOBAHUSAX, KOTOPBIE NIPUBEJH K OTKPHITHIO 6030Ha XHUITCA, O KOTOPOM
Gbl10 06bsiBNeHO Kossabopauusmu ATLAS u CMS B utose 2012 1.

Kpowme Toro, oH MHoOroe ciesiaj fJisi H3ydeHHsl CBOHCTB HOBOH UaCTHILIHL.

B nacrosimee Bpemsi Hucatu saHuMaeTcss MojepHHU3aLUed yCTaHOBKH
ATLAS nns pa6otsl npu Goabluoi cBetumoctr Ha HL-LHC.
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I'suno Tonennnm — mpodeccop 06-
wei ¢usuku B YHuBepcuTeTe [Iu3bl
(Mranus) w mpuriamieHHBIH ydyeHBIH
B LIEPH. Hayunas nesitesibHOCTb CBSI-
3aHa C 3KCIepUMEHTaMH B 00JacT (hu-
3ukn Boicokux sHepruil NAL, NA7 u
ALEPH 8 LEPH wu c skcnepumen-
tom CDF Bo FNAL (Barasusi, Wanu-
Hoiic, CIIIA). Cpeau ero Hay4yHbIX J10-
CTUXKEHUH — TMepBble TOYHbIE H3Mepe-
HUsI BPEMEHH XXH3HH OUapOBaHHBIX Me-
30HOB, TOYHble MpoBepku CTaHAAPTHON
Monesnu QyHIaMeHTaJbHbIX B3aUMOIEH-
CTBMH, MOUCK 06030Ha XHITCa, a TaKXKe
TIOUCK PA3JIUUHBIX XapaKTepHbIX MPOsIB-
JIeHHH CyNepCHMMeTPHH UJIH HOBOH (pH-
3UKH 3a npefesnamu CTaHIapTHOH Moze-
au. C Hauasaa 1990-x rr. ero mesiteib-
HOCTb B OCHOBHOM CBfi3aHa C KOMIaKT-
HBIM MIOOHHBIM coJieHoumoM (CMS) —
SKCIIEPUMEHTOM, MpeJIokKeHHbIM 1751 DoJblioro ampoHHOro KoJuaiinepa
B LIEPH (KeneBa, IlIBefiuapusi). OH yuyacTByeT B pa3paGoTKe KOHLEMIHH
CMS, rne BakHOe MeCTO 3aHUMaeT ero OpPUTHHaJsbHas Hiesl LeHTPAJIbHOro
TPeKepa, MOJHOCTbI0O OCHOBAHHOTO Ha MOJYIPOBOAHUKOBBEIX JAETEKTOPAX.
B 2010-2011 rr. oH siBasiica pykoBonuTeseM Kossnadopaudd CMS u chir-
paJl KJIOUeBYIO PoJib B OTKPHITHH 6030Ha Xurrca B sKcnepumente CMS.

13 nexabps 2011 r. Bmecre ¢ Paduosoit J[:KaHOTTH, PYKOBOAHTE-
JgeMm kojnabopaund ATLAS, oH mpeactaBus Ha CreluaJbHOM CEMHHape
B LIEPH nepBoe cBupeTenbcTBO Habm0neHUs 6030Ha XHUITCa ¢ MacCoi 0Ko-
Jo 125 I'sB. Curnan 125 I'sB Taxxke nosiBujics B HOBbIX AaHHBIX npu § T3B,
co6paHHbIX BecHOH 2012 r., U B coyeranud ¢ nanHeiMd 2011 r. pu 7 T3B
CTaTUCTHYECKAsi 3HAUUMOCTh CHUTHAJa AOCTHUIJA Topora b o, He0OXOIUMOr0
17151 00BbSIBIEHHUS] O HOBOM OTKPBITHH. TakuM o6pasom, 4 utonst 2012 r. koa-
nabopauuu ATLAS u CMS oduuuanbHo 06bSBUIN 00 OTKPHITHH 0G030HA
Xwurrca Ha LHC. 14 mapra 2013 r. HOBble pe3y/nbTaThl, NpeiCTaBJIeHHbIE
ATLAS u CMS Ha koudepenuun Moriond B Jla-Twoune (Mranus), non-
TBEPAHUJIH, UTO BCe HAOJMIONEHHS COTJIACYIOTCS C TUIOTe30H U HabJionaeMas
YyacTUlla IeHCTBUTEJBbHO siBJseTcss 6030HOM Xurrca CTaHAApTHOH MOIEJH.
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