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9KcrrepIIMeHTbI na BoJihIIIOM a,IJ,ponnoM K0JIJia:it,IJ,epe (LHC), C03,IJ,annoM 

061:,e,1],IIH8HHbIMII YCIIJIII5IMII yqeHbIX II crreU,HaJIIICT0B II3 MH0rHX CTpan MIi

pa B EBporreitcKoii opraHII3aQIIII 5!,IJ,epnbIX IIccne,IJ,oBanIIii (UEPH) B )KeneBe 

(WBeiiQap1rn), nau,enenhI na IIccne,IJ,oBanIIe rny6IInHhIX rrpo6neM coBpeMen

noii cpII3IIKII qaCTIIIl, II ycTpaneHIIe cylll,eCTBYIO!Il,IIX <<6eJiblX Il5IT8H>> B Kapnrne 

TI0HIIMaHirn cpyn,IJ,aMeHTaJibHbIX 3aK0H0B IlpIIp0,1],bl. 

IlpoeKT nayqno-3KcrrepIIMeHTaJihH0ro K0MTIJieKca <<KoMnaKTHhiii M10on

nh1ii ConenOII,IJ,» (CMS) - MnorocpynKU,IIOHaJihHOro ,IJ,eTeKTopa na LHC, 0,IJ,

noii II3 ,IJ,BYX Kpynneiinrnx 3a BCIO IICT0PIIIO ycTaH0B0K, o6'he,IJ,IIH5IeT necK0J!b

K0 Tb!C5Iq yqeHb!X II3 37 CTpan. Ba)lrneiiweii II HeOT'b8MJl8MOH qaCTbIO 3T0-

ro rrpoeKTa 5IBJI5IeTc5I CoTpy,IJ,nIIqecTBO PoccIIII, O61:,e,IJ,IIHennoro IIHCTIITyTa 

5!,IJ,epHbIX IICCJie,IJ,oBaHIIii (OI15II1, ,lzy6na) II ,IJ,pymx cTpan-yqacTHIIIl, OI15II1 

- RDMS CMS. CoTpy,IJ,nIIqecTBO RDMS CMS 061:,e,IJ,IIHReT 0K0JI0 300 yqe

HbIX II o6ecrreqIIBaeT llIIIpOKOMaCWTa6noe H ,1],0J!rGBpeMeHH0e yqacTIIe cpII3II

K0B PoccIIII n cTpan ~ yqacTHIIIJ; OI15II1 B KpynneiiweM nayqnoM npoeKTe 

C0BpeMeHH0CTH. 

,[l,JI5I llIIIp0Koro nayqnoro o6cy)K,1],8HII5I C0BpeMeHHb!X npo6JieM cpII3HKH 

B3aHMO,IJ,eiiCTBII5I qaCTIIIl, npII Bb!C0KIIX 3HeprII5IX II CB5I3aHHb!X C neii Borrpo

C0B K0CM0JI0rIIII coTpy,IJ,nIIqecTB0M RDMS CMS 6bIJI opraHII30Ban O61:,e,IJ,II

nennhn"t ceMIInap <<<PII3IIKa na LHC>>. IlporpaMMa ceMIInapa npe,IJ,ycMaTpIIBa

eT IIO,IJ,po6noe 0CB81Il,8HIIe cpII3IIqecKIIX IICCJI8,1],0BanIIii, IIJianIIpyeMbIX II npo

B0,1],IIMbIX na BOJibllIOM a,IJ,p0HH0M KOJIJiaii,IJ,epe, B qacTH0CTII B 3KCrrepIIM8HTe 

CMS. B paMKax ceMIInapa npoB0,IJ,5ITC5I ofoopnhie neKU,IIII ,IJ,JI5I cTy,IJ,eHT0B 

CTapllIIIX KypcoB, acnIIpaHT0B II M0JI0,1],blX yqenhIX no nepeqIIcJieHHblM Bbillie 

nanpaBJieHII5IM, BKJIIOqa51 TeopeTIIqecKIIe, 3KCIIepIIM8HTaJibHbie, M8T0,1],IIqe

CKIIe, 0IIblTH0-K0HCTPYKT0pCKIIe II rrpIIKJia,IJ,Hb!e IICCJI8,1],0BaHII5I. 

PyKoBO,IJ,IITeJih ceMIInapa: npocp. I1. A. ronyTBIIH, yqenb1ii ceKpernpb ce

Mirnapa: K.cp.-M.H. C. B. lllMaToB. 

OpraHII3aU,II5I ceMIIHapa rrpe,IJ,yCMaTpirnaeT IIHTepaKTIIBH0e yqacTIIe yqe

HbIX, crreu;IIaJIIICT0B, acrrIIpaHT0B II cTy,IJ,eHT0B II3 pa3JIIIqHbIX nay'-IHb!X II o6-

Pa30BaTeJibHbIX u;enTp0B C II0M0!Il,bIO CIICT8Mbl BII,1],80KOHcpepettu;IIii. TaK)Ke 

npe,IJ,yCM0Tpena TpaHCJI5IIJ;II5I 3aCe,IJ,aHIIH ceMIIHapa qepe3 IIHTepneT. 

I1ncpopMau;II5I 0 CeMIIHape, MaTepIIaJibI 3ace,IJ,aHIIH, BKJIIOqa51 BII,1],803aIIIICII 

Jl8KIJ;IIH II 3JieKTp0HHb!e BepCIIII Tpy,IJ,0B ceMIIHapa, ,1],0CTYIIHbl na IIHTepneT

CTpanIIu;e ceM1rnapa http://rdms.jinr.ru/ 
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<l>M3MKa Ha 6onbWOM a,QpOHHOM KonnaMAepe 

O<lepe,QH08 38C8ABHll8 CeMHHapa COCTOIITCll 29 llHBapll 2014 r. e 15:00 (MCIC_) e 
K0HQ)epeH4-3ane Y4e6HO-HclY'IHOro 4eHTpa O6b8AIIHeHHOro IIHCTIITYf8 ffABPHblX 

IICCOOA0B8HIIM (ayA.437 3,Q8Hllll n111n, AY6Ha. 

«nocneAHMe pe3ym,TaTbl 3KCnepMMeHTa CMS» 
AOK118A41-1K C.B. WMaTos (0111flll1) 

8 KOHt.Je 2012 r. 6MJJ 3iJBePWeH nepswH CIMHC 5on&woro iJAPOHHoro K0/1/JlJH,Qepe, 
A/IHBWHHOl ,PH rqqa. 8 X(),lle CIMIKII 3Kale/)HHeHT CMS O<YU/OCTBHJJ o6WHPHYIO nporpaHHY 
3KCnepHHeHTll.11bHEJX HCC/1e.AOMHHii HlJ CTaJJKHBlJJOUIHXCR nyclKlJX npoTOHOB nPH 3HeprHH 7 

TsB (2010-2011 rr.) H 8 T:1B (2012 r .), cyHHapH..,;; o6&eH Ha6p,,HH..,x AaHH..,x npes..,ot11 25 
,f,6,;•' . 

8 o6:Jope npe.QCTiJBneH&I 8lJXHeHwHe pruyn&TlJnJ 3KcnepHHeHra CMS, BK/1101./lJR OT,cpblTHe 
6o30HlJ XHrrca H H3Yl.leHH6 ero CBOiiCTB, npe~H3HOHHhle H3HepeHHR npoqeccos CTlJHAlJPTHoii 
HOAeRH H npoeef)Ka ee npe,QCKlJ3dHHii, noHCK atrHMOB "Hoso{r </>H3HKH 3lJ np,f!AenlJHH 

CTlJl14llp1HOH HD,4e.JlH. 

(no HaTepHiJMH MeJKAYHaP0,IIHOH Cf!CCJIH·KOHq,epeHijHH Ce,cJ4HH R<I> O<l>H PAH «<l>H3H/Ca 
<PYHAlJHeHTa/1bHWX 83dHHOAeHCTBHH», 5-8 HOR6pR 2013 r., H4>83,, r. npoTBHHO) 

npHHRTb y,4acnie B Jate,llaHHH, JaAaTb eonpocbl H BbltrynHTb B AHCKYCCHH M()ll(H0 B TO'lKax 
ABYCT0poHHero 811,Qe<JAOCTYna B Olll51~ (YHL.1, .(ly0Ha), <l>lolAH (MOCKBa), ~R~ r nHT0MHHK, 
M0CKBa"), n~R<I> (raNHHa), LIEPH (354-1-019), HY (TOMCK), MY (6apHayn), KfY (KeMepoeo), 
OfY (OMCK), HrTY (HoBOCHOMptK). RpfY (Rpocnasnb), KHY (KMea). 

BHAeoTpaHcnAljHA ceMHHapa ocy111ecrsnAeTCA '!epe3 CMCTeMy ynpaenetlMA 
B11Aeo«otl4>epeH4CBA31t OObe,llMHeHH0fO HHCTMT)'Ta AAepHblX Htcne,11oeatMii M TOMCIIOIO 
rocyA,lptTBettHOll) YHHBeptKTeT3. 



OB30P PE3YJlhTATOB 9KCIIEPMMEHTA CMS 

B KOHIJ;e 2012 r. 6hIJI 3aBeprneH nepBblll ,nan pa60Tbl BoJibIIIOro a,11,pOHHoro KOJI

Jiaii,11,epe, /J,JIIIBIII11iica Tpll ro,11,a. B xo,11,e Hero aKcnep11MeHT CMS ocyui;ecTBIIJI 06rn11p

HYJO nporpaMMY 3KCnep11MeHTaJibHbIX IICCJie,11,0BaH11ii Ha CTaJIKIIBa!OIIJ;l!XCa nyqKax 

npoToHOB np11 aHepmax 7 TaB (2010-2011 rr.) 11 8 TaB (2012 r.), cyMMapHbiii o6'b

eM Ha6paHHb!X ,11,aHHbIX npeBb!CIIJI 25 cp6u-1. B o63ope npe,11,cTaBJieHbl BaJKHeiirn11e 

pe3yJibTaTbI aKcnep11MeHTa CMS, BKJIJOqaa OTKpbITIIe 6o3oua X11rrca II 113yqeu11e ero 

CBOHCTB, npeu;1131!0HHbie 113Mepeu11a npmi;ecCOB CTau,11,apTHOii M0,11,eJII! II npoBepKa ee 

npe,n,CKa3aH11ii, TIOIICK Cl!rHaJIOB HOBOii <pl!311KII 3a npe,11,eJiaMU CTaH,11,apTHOii MO,D,eJII!. 

BBE,[J;EHI-IE 

8KcrrepIIMeHT <<KoMrraKTHhrti MIOOHHhiti coJieH0II,!1,» (CMS) (prrc. 1) [1] 
5!BJI5!eTca 0,!1,HIIM II3 ,!1,BYX MH0rou;eJieBhIX 3KCIIepIIMeHT0B, rrpe,[1,Ha3Ha'IeHHbIX 

,[l,JI5! pa6oTbI Ha ny'IKax rrp0T0H0B II 51,[1,ep BoJihllIOI'O a,[1,p0HH0I'O KOJIJiati,[1,epa 

(LHC). 
OCHOBHaa 3a,[1,a'Ia cpII3IIKII qaCTIILI; CB5!3aHa C pacIIIIIpemieM II rrp0,[1,QJI)Ke

HIIeM B H0BYIO o6JiaCTb 3Heprrrti HaIIIIIX 3HaHIIH 0 cpyH,[l,aMeHTaJibHbIX npIIH

Il;IInax IIpIIp0,[1,bI - 0 CBOHCTBax MaTepIIII II CB5!3bIBaI0iu;IIX ee CIIJiax, a TaK

)Ke 0 CB0HCTBax rrp0CTpaHCTBa-BpeMeHII, I',[l,e cyru;ecTByeT II 3B0JIIOLI;II0HIIpyeT 

HaIIIa BceJiemrna. B HacToaru;ee BpeMa IIMeeTca o6ru;errpII3HaHHaa TeopeTII'Ie

CKaa 0CH0Ba ,[l,JI5! 0TIIICaHII5! BCeX npou;eccoB B cpII3IIKe 3JieMeHTapHbIX qacTIILI;. 

11,[l,eOJIOI'II'IeCKOH TIJiaTcpOpMOH ,[l,JI5! 0IIIICaHII5I B3aIIMO,[l,etiCTBIIH 5!BJI5!eTC5! rro

H5!TIIe CIIMMeTpIIti (npocTpaHCTBa-BpeMeHII, BHyTpeHHero 3ap5!,[1,0B0I'O rrpo

CTpaHCTBa II np.)' a IIHCTpyMeHT0M - KBaHT0Baa Teoprra II0JI5!, orrpe,[1,eJia

IOru;aa TI0Be,[l,eHIIe 3JieMeHTapHbIX qacTIIU: II npe,[1,CKa3hIBaIOru;aa IIX CB0MCTBa, 

3aK0H0MepHOCTII p0)K,[l,eHII5! II YHII'IT0)KeHII5!. Ha rrp0T5!)KeHIIII Bcero 20-ro 
B. B paMKax KBaHT0B0-II0JieB0I'0 II0,[1,X0,[l,a C03,[l,aBaJIIICh TeopIIII, 0TIIICbIBaIO

ru;rre 3JieKTp0MaI'HIITHOe, CIIJibH0e II CJia6oe B3aIIMO,[l,etiCTBII5!. IIocTerreHHbIH 
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rrporpeee B IlOHl1MaHl1H MHKpOeKOilH'-leeKoro yeTpo11eTBa M11pa, B IlOBe,LJ,eHl111 

pa3Hb!X B3al1MO,[l,e11eTBl111 Ha MaJiblX paeeT051Hl151X 11 Bbl'-111eJieHl111 6330Bb!X 

3aKOHOMepHOeTel1 ,[1,8Jl 3aMeTHbie IIJI0,[1,bl BO 2-11 IIOJIOBl1He 20-ro B., '-ITO rrp11-

BeJIO K e6Jll1)KeHl1IO HeKOTOpb!X Tl1IlOB B3al1M0,[1,el1eTBl111 11 11X rroeJie,LJ,yIOill,eMy 

06'be,LJ,11Het1mo, B paMKax e.rr,11Horo om1eaH1151. B 70-x ro.rr,ax rrpowJioro BeKa 

6bIJia rrpe.rr,JIO)KeHa 06Ill,a51 MO)J,eJib ,[l,Jl51 eJia6oro 11 3JieKTpOMarHl1THOro B3a-

11MO)J,e!1eTBHl1 ( 06'be.rr,11HeHHa5! 3JieKTpOeJia6a51 TeOp1151). TiapaJIJieJibHO YTO'I

H51Jiaeb CTPYKTypa Cl1JlbHOro B3al1MO)J,el1CTBH51. Bee 3TH yeHJIJ,151 Bb!Jil1JIHCb, B 

KOHIJ,e KOHIJ,OB, B e03.rr,aHHe CTaH.rr,apn1ot1 MO,LI,eJil1 B3aHMO,LI,e11CTBl111 3JieMeH

TapHb!X '-laeTHU, (CM), Olll1Cb1BaIOill,el1 TpH 113 'leTbipex H3BeeTHb!X THilOB B3a

HMO.rr,et1CTBl111: 3JieKTpOMarHl1THOe, CJia6oe J,f eHJibHOe, - e e,[l,HHbIX Il0311IJ,H11 

(11cIIOJ!b3Y51 0,[1,HHaKOBbll1 cpopMaJIH3M , MeT0,[1,bl pac'-leTOB 11 crroco6bl IIOJIY'-le

Hl151 rrpe.rr,eKa3aHHl1 KBaHTOBOl1 TeOpHH IlOJI5!). lfoTBepToe B3al1MO)J,el1CTBHe -

rpaB11Ta1.1,1110 - CM He BKJIIO'-laeT. 

\ 

---, \ 
~n --- DeloclDrs 

Compact Muon Solenoid 

PHc. 1. YcTaHOBKa CMS. 

CM 6bJJia HeO)J,HOKpaTHO rrpoBepeHa C 3aMe'-laTeJibHOl1 TO'IHOCTblO BO MHO

r11x 3KCrrep11MeHTax, BllJIOTb .rr,o MaKC11M8JlbHb!X 3HeprHt1 eTOJIKHOBeHHt1, .rr,o

CTYIIHb!X COBpeMeHHblM ycKop11TeJI51M '-laeTHIJ,. Tio.rr,BepraJiaeb OHa rrpoBepKaM 

C. B. lllMATOB 15 

H B HeyeKOpHTeJibHbl!)( (rraCCl18HbIX) 3KCIIep11MeHTax. ,II:o cer0,[1,H51IIIHero ,[l,H51 

HH B o,LJ,HOM eJiy'-!ae He 6b1JI0 o6Hapy)KeHo OTKJIOHei-mti OT rrpe.rr,eKa3aH11t1 CM , 

XOT51 ,[1,Jl51 p5!.rr,a O'-leHb cneu,H<pl1'-leCKl1X rrpou,eeeoB cylll,eeTBYIOT HeKOTOpbie 

HOBbie YKa3aHl151 Ha rro.rr,o6Hble OTKJIOHeHl151 (3Tl1 YKa3aHl151 Ha,[1,0 TpaKTOBaTb 

C 60Jibill011 OCTOpO)KHOeTblO, ycrnTbIBa51, LJTO Bee OHM noJiy'-leHbl Ha npe.rr,eJie 

'-lyBeTB11TeJibHOCTH .rr,eticTBy1olll,HX 3Kcnep11MeHTOB). 8Kcnep11MeHTbI Ha LHC 

3Ha'-111TeJibHO noerroeo6eTBOB8Jll1 .rr,oeTl1)KeJiHIO 51:eHOeTH B 3TOM Bonpoee. 

BMeeTe C TeM, HeCMOTp51 HeCMOTp51 Ha OTCYTCTBHe onpoBep)KeH11t1 rrpe,LJ,

eKa3aJ-111H CM, ttx y.rr,11B11TeJibHYIO TO'-IHOeTb H OTKpbITHe rroeJie.rr,Hero Kpae

yroJibHoro KaMH51 - 6o3oHa X11rrca [2, 3, 4, 5], CM o6Jia.rr,aeT p51,[1,0M BHYT

peHHHX He)J,OCTaTKOB 11 HepeweHHb!X npo6JieM , '-ITO He n03BOJI51eT C'-111TaTb ee 

OKOH'-laTeJibHb!M BapHaHTOM Teop1111. 

B '-!aCTHOCTl1, OHa He .rr,aeT o6'b51CHeHl15! KOCMOJIOPl1'-leCKl1M Ha6mo,LJ,eHH51M 

TeMHOH MaTep,m 11 ,[l,OMl1HHpOBaHHIO MaTepHH Ha.rr, aHTHMaTepHeti BO Bee

JieHHOH H He BKJIIO'-laeT rpaBHTaIJ,1110, '-!eTBepToe H3 Cylll,eCTBYIOill,HX <pyH.rr,a

MeHTaJlbHbIX B3a11Mo.rr,el1:cTBHJ1. XoTH 3TO He 51BJI51eTC51 npo6JieMol1 CM, KaK 

TaKOBOl1, noTOMY LJTO OTHOeHTe51 KO BCe!1 J<BaHTOBOH TeOpHH noJI51, B paMKax 

KoTopow CM ecTb '-laCTHa5! KOHCTPYKU,H51. CJIO)KHOCTb 3aKJIIO'-laeTC5! B TOM, 

'-ITO )J,JI5! o6'be,[l,HHeHH51 rpaBHTaIJ,HH e OCTaJlbHblMH TpeM51 B3aHMO.rr,etieTBH51Ml1 

Ha.rr,o BHa'-laJie <<ypaBH51Tb >> rpaBHTaIJ,1110 C Hl1Ml1 B CTaTyce, TO eCTb IlOCTp011Tb 

KBaHTOBYIO Teop1110 rpaBHTaU,HH, TaK )Ke, KaK 6bIJIH flOCTpOeHbl KBaHTOBbie 

TeOpH11 eHJibHOro 11 o6'be)J,HHeHHOro 3JieKTpoeJia6oro B3aHMo.rr,etieTBHl1. 0.rr,Ha

KO 3aKOH'-leJ-JJ-JOl1 Teop1111 KBaJ-JTOBOH rpaBHTaIJ,1111 no cew .rr,eHb He Cylll,eCTByeT, 

XOT51 eCTb MHOro HanpaBJieHHl1 no11eKa H H,[l,e!1. 

KpoMe Toro , B CM np11cyTeTBYIOT OLieHb 60Jibw11e (6ecK0He'IHb1e, rrp11 

OTeyTCTBHH BepxHero o6pe3aHH51 ITO 3HeprH51M, 11Jil1 MaCwTa6a npHMeHJ1MO

eT11 Teop1111) norrpaB1<11 K Macee xHrreoBeKoro 603oHa. ,D:JI51 eo1<palll,eH1151 3THX 

norrpaBoK Tpe6yeTC51 rrpo113Becn1 Bpycrny10 onpe,L1,eJie1rny10 npoIJ,e,LJ,ypy rro.rr,

CTpo111<11 Teop11u. Maeea x11rre0Be1<oro 6o3oHa 3a.rr,aeTC51 MaewTa6oM Hapy

WeH1151 3JieKTpOCJia6ol1: Cl1MMeTp1111 MEw rv 250 rsB. KBaHTOBbie nonpaBKl1 

K 3TOMy 3Ha'-leHl1IO peryJI11py10Te51 MaKCHMaJlbHb!M 3Ha'-leHHeM 3Hepr1111, ,[1,0 

KOTOporo rrp11MeJ-111MO KBaHTOBOilOJieBoe OllHCaH11e, T.e . .rr,o MaCwTa6a, !-Ia'-IH

Ha51 C KOTOporo Cylll,eeTBeHHbl 3<p<peKTbl KBaHTOBOti rpaBHTaIJ,1111 - Mp1 rv 

10
19 

fsB. TiosToMy npo6JieMy no.rr,eTpo111<11 Teoptt11 Ha3bJBaIOT TaK)Ke «npo-

6JieM011 11epapx11i1 >> (T.e. npo6JieMOH cylll,eCTBOBaHH51 ,LI,BYX 3HepreTH'-leCKHX 

Macu1Ta60B, '-1pe3BbI'-lal1Ho pa3Jil1'-laIOill,11Xe51 no BeJIH'-IMHe - MEw H Mp1). 
A Il0,[1,CTp011Ky Ha3b!BaIOT <<TOHKOl1>>, noTOMY '-ITO ,[l,Jl51 OTJ-IOWeHH51 3Tl1X ,LI,Byx 



16 OB30P PE3YJ1bTATOB 9KCITEP11MEHTA CMS 

MacnITa6oB noJiyqaeTC51 Kpafitte MaJia51 Bem-r'Ivrna: MEw / Mp1 ~ 102 /1019 

~ 10- 17
_ Cyw,ecTBOBamre caMofi ttepapx1-rn, KaK H ee no,11,cTpofiK11 c no,11,06-

HOfi COBeprneHHO Y,D,HBl1TeJibHOfi TO'-IHOCTblO , npe,11,cTaBJI51eT co6ofi cepbe3HYIO 

npo6JieMy ,D,JI51 CM KaK TeopeTH'-!ecKofi KOHCTPYKI..J,HH . 

TaK)Ke CTOl1T OTMeTl1Tb, '-ITO B CM np11cyTCTByeT 6oJiblllOe '-!11CJIO CB060,11,

HbIX napaMeTpOB (a 11MeHHO - 19) , He (J)HKCHpyeMb!X B paMKax caMofi Teo

pH11. JiarpaH)KvraH CM co,IJ,ep)K11T 6oJibrnoe '-111CJIO cBo6o,IJ,HbIX napaMeTpoB, 

He qmKc11pyeMbIX B paMKax caMofi CM: MaTpI-II..J,bI lOKaBbI, on11cbma10w,I-Ie 

B3al1MO,D,eficTBl151 ¢epM110HHb!X TIOJiefi C x11rrcOBCKl1M 6030HOM ,l],JI51 np11,IJ,a

HI-!51 MaCCbl TIOJI51M MaTep1111 , BeJII-I'-11-!HbI KaJI116poBO'-!Hb!X KOHCTaHT CB51311 g, 
g' and 9s, OTil1CbIBa10w,11e 3JieKTpOMarHl1THbie, CJia6b1e I-I CI-!JlbHbJe B3al-!MO,IJ,efi

CTBH51, BeJII-I'-IHHa KOHCTaHTbl caMO,D,efiCTBl151 B x11rrCOBCKOM ceKTOpe 11 Macco

Bblfi n apaMeTp mH. K poMe Toro, B CM He q mKc11poBaHo '-111CJIO n oKoJieH11fi 

¢epM110HOB (KOTOpoe no COBpeMeHHb!M npe,11,cTaBJieHl15IM o6b!'-IHO TIOJiaraeTC51 

paBHb! M TpeM) 11 OCTaeTC51 OTKpbITbIM BOTipOCOM MexaHI-I3M CP- HapyweHI-!51 . 

=-

CMS lnt-t1,.•tH luminosity. pp, 2011. , a . 7 TeV 
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PHc. 2. l1ttTerpa.nbHa>1 cBeTl1M0CTh £int, Ha6pattHa>1 3Kcnep11MeHT0M CMS Ha 

CTa.TIKHBaJOl1.\HXC>1 nY'rnax npoT0H0B (3Tane RUNl): a - vs = 7 T3B B C.1\.M (2011 
r.), 6 - vs = 8 T3B B C.1\.M. (2012 r.). 

Pewemre 3T11x npo6JieM Tpe6yeT rrp11BJie'-leH1151 6oJiee rn11poK11x, '-leM B CM, 

rpyrrrr Cl1MMeTp11fi 11Jil1 ,IJ,pyr11x, COBeprneHHO HOBbIX TeopeT11'1eCKI-IX KOH11,en-

11,11fi. MHor0'-111CJieHHb!e B03MO)KHbie TeopeTWJeCKl1e c11,eHap1111 11Me!OT 6ora

TYIO ¢eHOMeHOJIOrI-IIO C c11rHaJiaM11, ,11,0CTyITHb!M ,1],J151 113Mepemrn Ha COBpe

MeHHbIX ycKop11TeJibHb!X KOMTIJieKcax. I103TOMY, Hap51,D,y C l1CCJie,IJ,OBaH11eM 

CBOHCTB 6o30Ha X11rrca (a ,11,0 2012 r. - 11 ero IlOI-ICKaM11), Cl1CTeMaT11'-!e

CKI1e 11CCJie,D,OBaHl151 CHrHMOB, npe,D,CKa3bIBaeMb!X pa3Jil1'-!Hb!Ml1 pacrn11peH11-

51Ml1 cTaH,11,apTHOfi MO,IJ,eJI11, 5IBJI5IeTc51 0,11,Hofi 113 rnaBHhrx 3a,11,a'-l CMS. 9Kcrre-

C. B. IIIMATOB 17 

p11MeHT rrpe,IJ,Ha3Ha'-!eH ,1],J151 per11cTpa11,1111 lll11pOKOro crreKTpa '1aCTl111,, B03HH

Ka!OW,HX B rrpOTOH-IlpOTOHHblX B3aHMO,D,efiCTB1151X 11 B3al1MO,D,efiCTBH51X T5l)Ke

JibJX llOHOB, OH 113yqaeT CBOHCTBa l13BeCTHb!X '-laCTl111, Ha paHee He,D,OCTYilHb!X 

3HepreTl1'1eCK11X MacrnTa6ax 11 rrpoBO,l],llT rrpeI..J,H3l10HHbie 113MepeHH51 xapaK

TepHCTl1K rrpo11,ecc0B CM , a TaK)Ke ocyw,ecTBJI51eT rro11cK HOBbI X He rrpe,11,cKa-

3aHHbIX 51BJieHHfi [6, 7]. 
TioJIHOe orr11caH11e ,11,eTeKTOpHbIX c11cTeM CMS (p11c. 1) 11 11x ¢11311Ko-TeXHH

qecK11X xapaKTep11cT11K ,11,aHo B [1 ]. 
B HaCT051W,efi pa6oTe rrpe,IJ,CTaBJieH ofoop OCHOBHb!X pe3yJibTaTOB 3KCrrepH

MeHTa CMS, noJiy'IeHHbIX 3a BpeM51 nepBoro 3Tana L H C (RUN l ) B 2009- 2012 
ro,IJ,aX npH pa6oTe Ha CTaJIKHBa!OW,HXC51 ny'-!Kax rrpoTOHOB 1-1 51,IJ,ep

1
. l1ccJie,11,o

BaH1151 3Kcnep11MeHTa CMS ocHOBaHbI Ha ,11,aHHbIX 2011 r. np11 vs = 7 T3B B 

c.11,.M. 11 ,IJ,aHHbIX 2012 r. np11 VS = 8 T3B B c.11,.M. CTaT11cT11Ka n poaHMH3H

pOBaHHbIX ,11,aHHb!X COCTaBHJia 5.1 ¢6H-l 3a 2011 r. 11 20.1 ¢6H-l 3a 2012 r. 

(p11c. 2)2 ' np11 3TOM MaKCHMaJibHOe 3Ha'-leH11e MrHOBeHHOfi CBeTl1MOCTH nyq

KOB npoTOHOB COCTaBllJIO 7. 7 X 1033 
cM

2
c-

1
. 

~ 

i~ 
I~ 

1 
Atta.n113 ,n,aHHb1x nepaoro 3Tana LHC see eI.J..J,e npo,n,OJI)KaeTcH, no3TOMY CJie,n,yeT O)KH,LI,aTb HOBbIX 

P"3YJJhTaToB 
2

CTaTHCTHKa no ceattcy Ha nyYKax H,l\ep np1me,11e1Ia B COOTBeTCTBYIOIJ.\eM paa,11eJie ofoopa 

ffAYqHO-TEXHHqECKA.sl 
SHJ;JIHOTBKA 
~.-.,OH.H 
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<I> I1:3 I1:KA CT AH,l],APTH O ti MO ,l],EJ1I1: 

I,fayt.ie1rne p83JI!1LIHbI X rrpou,eccoB cTaH,l],apTHolt M0,l],eJI11 ( CM) Ha BoJihllIOM 

a,l],p0H0M K0JIJiait,l],epe rrpe,l],CTaBJI5leT co6olt Ba)Ktteltlll!1tl TeCT 3TOW Teop1111 

B3al1MO,l],eltcTB!1W 3JieMeHTapHb!X t.iaCT!1I.J, B H0BOW o6JiaCT!1 3Hepmtl. BrroJIHe 

OLieBH,l],HO, LITO ,l],OCTOBepHOCTb TIOHCKOB Cl1rHaJI0B HOBOtl <pl1311Kl1, a 3Hat.IHT, 

11 rrp11ttu,11rr11aJihHaH B03MO)KHOCTb tta6JIIO,l],ett11H c11rttaJIOB 3a paMKaM11 CM, 

ttarrpHMYIO 3aB11c11T OT TO'-IH0CTH npe,l],CK83att11t!: caMotl CM. ::ha npo6JieMa 

oco6eHHO aKTYaJibHa ,l],Jl51 Kl1HeMaT11 t.ieCK!1X o6JiacTetl ' r,l],e 3KCrrep11MeHTaJib

Ha51 rrpoBepKa CM 6hIJia BhITIOJIHetta He,l],OCTaTOLIHO aKKypaTHO B c11Jiy cTaT11-

cTw1ecK11x orpaH11'-lett11t!:. ITpou,eccbI CM TaK)Ke 5IBJI5IIOTC51 OCHOBHbI M 11cTO'-I

HHKOM <poHa rrp 11 rrpoBe,l],eHl1l1 TIOHCKOB HOBOW (pl13l1Kl1 3a rrpe,l],eJiaMH CTaH

,l],apTHOtl MO,l],eJIH , K0TOpb!e B03MO)I<Hbl rrp 11 ycJI0Bl1 11 Ha,l],e)KH0ro o rrpe,l],eJie

l-11151 3KCrrep11MeHTaJibHb!X 11 TeopeT11t.ieCKl1X rrorpellIHOCTetl. IT03TOMY O,l],HOtl 

rrepBbI X 3a,l],a'-! 3Kcrrep11MeHTOB Ha LHC CTaJIO cBoero po,l],a <<rrepeoTKpb1T11e>> 

( rediscovery) CM - Tru;aTeJibHOe 11ccJie,l],0BaH11e Bcex !13BeCTHbTX 11 113y'-!eHHhIX 

,l],O apb1 L H C '-laCT11I.J, 11 rrpou,eccoB <p11311K11 aJieMeHTapHbIX '-!aCT11u,, 113Mepe

H!1e ce'-!eH11tl , 3Ha'-!ett11lt Mace 11 T.,l],. K poMe Toro , Ha rrepB0M aTarre pa60TbI 

L H C Ba)KHO 6bIJIO y6e,l],11TbC51 B TOM , '-ITO Bee ,l],eTeKTOpHbl e CHCTeMbl , MeTO,l],bl 

OT6opa, peK0HCTPYKI.J,!111 l1 aHaJIH3a co6bITl1ti. pa6oTaJOT B llITaTHOM pe)Kl1Me, 

11 Mb! He Ha6JIIO,l],aeM Hl1KaKl1X (p11311'-!eCKl1X apTe<paKTOB. 

l1ToraM11 rrep Boro 3Tarra cp113w1ecKoti. rrporpaMMbI L H C CTaJI O'!epe,l],HOlt 

Tp11yM<p CTaH,l],apnrotl MO,l],eJIH: 6h!Jl OTI<pb!T ,l],OJir0)K,l],aHHb!tl 6o30H X11rrca 

(cM. CJie,il;yIOl1I;11tl p83,l],eJI) , a Bee 3KCrrep11MeHTaJibHble pe3yJibTaTbl a6cOJIIOTHO 

He rrpOTl1BOpe'-1!1Jll1 TeopeTl1'-leCKl1M rrpe,1],CK83aHl15IM. BoJiee Toro, 6bIJil1 06-

Hapy)KeHbl 11 113y'-!eHb! pe,l],KHe rrpou,ecch1 CM , KOTOpb1e 6h1JI11 TeopeT11'-lecK11 

npe,l],CK83aHhl , HO ,n,o Cl1X He Ha6JIIO,l],aJil1Cb ( COBMeCTHOe pO)K,l],eH11e tW 11 pac

na,n, Bs ➔ µ+ µ-) , 1-1eKOTOpb1e HeO)Kl1,l],aHHhie, HO He rrpoT11Bope'-Iaw;11e CM , 

5IBJieHl151 (,n,aJibHO,l],etlcTBy1ow;11e yrnOBble K0ppeJI5II.J,l111 B pp-CTOJIKHOBeHl15IX). 

flo,l],po61-1a51 11tt<popMau,1151 o pe3yJihTaTax 3Kcrrep11Me1-1Ta CMS no 113y'-le1rnro 

npou,eccoB B paMKax cTaH,n,apTHOtl MO,l],eJI11 rrp11Be,n,eHa B [8, 9, 10]. 

ilPOIJ;ECCbl KX,ll; 

ITpaKT11c1ecK11 cpa3y rrocJie 3arrycKa LHC B 2009 r. 6b1JI11 HaYaTo 113y'-le1-111e 

MHO)KeCTBeHHOro p0)K,l],eHl151 3 ap5I)KeHHb!X a,l],pOHOB np11 3Hepr1111 vs = 0.9 
TaB , a 3aTeM 11 np11 vs = 2.36 T a B 11 7 TaB B c . I.J,.M. [11]. BbIJIO noK83aHo 
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3Hal.f11TeJibHOe paCXO)K,l],eH11e TIOJiyl.femib!X pacrrpe,n,eJieH11tl MHO)KeCTBeHHOCTl1 

(p11c . 3a) 11 3HepreTl1'-leCKOtl 3aBl1Cl1MOCTl1 nceB,l],06bICTpOHOlt TIJIOTHOCTl1 MHO

)KecTBeHHOCTl1 (p11c. 36) OT npe,D,CK83aHl1ti. TeopeTwreCKl1X M0,l],eJietl. cho no

Tpe6oBaJI0 HaCTpOti.K!1 rrapaMeTp0B MoHTe-K apJIO re1-1epaTOB co6hITl1ti. ,l],Jl51 

,l],aJibtte tlwetl 111-1TeprrpeTau,1111 ,n,aHHbJX L H C. 
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PHc. 3. a - Pacnpe,1],eJ1em1e co6bITHtl no MHO)KeCTBettttOCTH 3apH)KeHHbl X a,n.pottoB 

1111. 6 - 3aBHCHMOCTb ITJIOTHOCTH MHO)KeCTBeHHOCTH OT ./s 1111. 

ITepBb!e 113Mep eHl15l cel.feH11lt 11HKJll0311BH0rO p0)K,D,eHl15l CTpytl rrp11 VS = 
7 TaB rrpo,n,eMoHCTp11poBaJIH xopowee corJiac11e ,l],aHHbIX [1 2] 11 n pe,l],CK83a

HHtl CM B NLO [14] B 06JiacT11 nonepeYHoro 11MnyJibCa cTpylt BTIJIOTb ,l],O 2.0 
TaB/ c 11 6hICTpOThI IYI :S: 2.5. BnocJie,D,CTB1111 3TO 6bIJIO TIO,l],TBep)K,l],eHo n p11 

VS = 8 TaB ,l],JI51 PT ,l],O 2.5 TaB/ c B llleCTH 11HTepBaJiax 6hICTpOTbI IYI :S: 
3.0 [13]. AHaJil13 rrapHoro p0)K,D,eHl151 CTpytl - 113MepeH11e 11X ,l],11<p<pepeHI.J,11-

aJibHOro ce'-leH1151 da / dMii B 06JiacT11 11HBap11aHTHbIX Mace ,n,o 5.5 TaB / c2 
11 fl5ITl1 6hJCTpOTHbIX HHTepBaJiax (IYI :S: 2.5) [15], yrnoBhIX pacnpe,l],eJieH11lt 

CTpytl [16, 17] 11 l1X 8311MYTa.TlbHb! X ,n,eKoppeJI5II.J,11tl [18] - TaK)Ke He Bhl5IB11Jl 

OTKJIOHeH11tl OT TeopeT11t.ieCKl1X 0)1<11,D,aH11tl, HO TI03BOJil1Jl ycTaHOBl1Tb rpa,rn

il,hl napaMeTpoB <p11311t.iecKHX cu,e1-1apHeB 3a paMI<aMH CM (rro,l],po61-1ee CM. 

P83,D,eJI << I10HCKl1 c11rHaJIOB (p11311Kl1 3a paMKaMl1 CTaH,n,apTHOtl MO,D,eJil1>>). 

CpaBHeH11e ce'-!eH11tl p0)K,l],eHl151 ,D,BYX 11 Tpex CTpytl npo,n,eM0HCTp11p0BaJIO 

x opowee corJiac11e ,n,aHHhIX (oTHOlllem1e ceYe1-11151 TpexcTpytlHoro pO)K,l],eH11H 

K ,D,ByxcTpyti.ttoMy R32 ) 11 CM ,D,JI51 3Ha'-leH11tl rrorrepeYHoro HMTIYJibCa ,l],Byx 

J1 11,n,11py1ow;11x CTpytl 250 :s: PTl ,2 :s: 1390 raB/ C l1 fl03BOJil1JIO BnepBbie 113-
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Cl>l1311KA CTAH,[t;APTHOM MO,[t;EJI11 

Ifayqem1e pa3JIH'IHhIX npo11eccoB cTaH,[\apTHOii MO,[\em1 ( CM) Ha BoJibIIIOM 

a,[\pOHOM KOJIJiaii,[lepe npe,[\CTaBJI51eT co6oii Ba)KHeHUIHH TeCT 3TOH TeopHII 

B3aIIMO,[\eHCTBHH 3JieMeHTapHbIX qaCTHII B HOBOH o6JiaCTH 3HeprIIii. BnoJIHe 

O'!eBII,[\HO, 'ITO ,[\OCTOBepHOCTb IIOIICKOB CIIrHaJIOB .HOBOH. (pII3HKH, a 3Ha'IIIT, 

n npHHIIHIIHaJibHaa B03MO)KHOCTh Ha6JIIO,[\emrn CIIrHaJIOB 3a paMKaMH CM, 

HanpaMyIO 3aBHCIIT OT TO'IHOCTH rrpe,[1CKa3aHIIil. caMoil. CM. '.::ha rrpo6JieMa 

oco6eHHO aKTYaJibHa ,[\JI51 KHHeMaTH'IeCKIIX o6JiaCTeil., r,[\e 3KcrrepIIMeHTaJib

Ha51 rrpoBepKa CM 6bIJia BbIIIOJIHeHa He,[\OCTaTO'IHO aKKypaTHO B CHJIY CTaTH

CTII'IeCKHX orpaHII'IeHIIil.. Ilpo11eccb1 CM TaK)Ke 51BJI51IOTC51 OCHOBHhIM IICTO'I

HIIKOM cpoHa IIpII rrpoBe,[\eHHII IIOHCKOB HOBOH. (pII3IIKH 3a rrpe,[\eJiaMII CTaH

,[\apTHOM MO,[\eJIII, KOTOpbie B03MO)KHbI rrpII ycJIOBHH na,[\e)KHOrO onpe,[\eJie

HH51 3KCIIepIIMeHTaJibHbIX H TeopeTII'IeCKIIX rrorpeIIIHOCTeil.. Ilo3TOMY O,[\HOti 

nepBhIX 3a,[\a'I sKcrrepIIMeHTOB na LHC CTaJIO CBoero po,Lla <<nepeoTKpbITIIe>> 

( rediscovery) CM - TIIIaTeJihHoe IIccJie,[\oBanHe Bcex II3BeCTHhIX H H3y'IeHHhIX 

,LIO spbI LHC qacTHII II npo11eccoB q>II3IIKII sJieMeHTapnhIX qacTHII, II3Mepe~ • 1 

HIie ceqenIIil., 3Ha'IeHHil. Mace H T.,J:\. KpoMe Toro, na rrepBOM sTane pa6oThI 

LHC Ba)KHO 6bIJIO y6e,[IIIThC51 B TOM, 'ITO Bee ,[\eTeKTopnbie CIICTeMhI, MeTO,[\hI 

OT6opa, peKOHCTPYKIIIIII II aHaJIII3a co6bITIIH. pa6oTaIOT B IIITaTHOM pe)KIIMe, 

H Mbl He Ha6JIIO,[\aeM HI!KaKHX (pil3II'IeCKHX apTecpaKTOB. 

I1ToraMH rrepBoro srnna cpII3H'!ecKoil. nporpaMMhI LHC crnJI oqepe,J:1noil. 

TpHyMcp CTaH,[\apTHOH. MO,[\eJIII: 6hrn OTKpbIT ,[\OJirO)K,[laHHbIH. 6o30H XHrrca 

( CM. CJie,[\yIOIIIIIH pa3,[\eJI), a Bee 3KcnepIIMeHTaJibHbie pe3yJibTaTbI a6coJIIOTHO 

He npOTIIBOpe'II!JIII TeopeTII'IeCKHM npe,[\CKa3aHil51M. BoJiee Toro, 6hIJIII 06-

Hapy)KeHhI II II3y'IeHbI pe,[\KIIe npo11eccb1 CM, KOTOpb1e 6bIJIH TeopeTII'IeCKII 

npe,[\CKa3aHbI, HO ,[\O CHX ne Ha6JIIO,[\aJIIICb ( COBMeCTHOe pO)K,[\eHIIe t w H pac

rra,[\ Bs ➔ µ+ µ-), neKoTophie HeO)KI1,[laHHh1e, HO ne npoTHBope'IaIIIIIe CM, 

51BJiemrn (,J:1aJibHO,[\eil.cTBYIOIIIIle yrJIOBhie KoppeJI51IIHII B pp--CTOJIKHOBeHH51X). 

Ilo,J:1po6Haa IIHcpopMaIIH51 o pe3yJihTaTax SKcnepnMeHTa CMS no II3y'IeHIIIO 

rrpo11eccOB B paMKaX CTaH,[\apTHOH. MO,[\eJIII IIpIIBe,[\eHa B [8, 9, 10]. 

IlPOIJ;ECCbl KX,II; 

IlpaKTII'IecKII cpa3y rrocJie 3arrycKa LHC B 2009 r. 6hIJIII Ha'IaTo II3y'IenHe 

MHO)KeCTBeHHOro p0)K,[leHH51 3ap51)KeHHb!X a,[\pOHOB rrpII 3Heprrm vs = 0.9 
TsB, a 3aTeM H rrpII vs = 2.36 TsB II 7 TsB B c.11.M. [11]. Bb1JI0 IIOKa3aHo 

C. B. lllMATOB 19 

3Ha'IHTeJibHOe paCXO)K,[\eHHe IIOJiy'IeHHb!X pacrrpe,[\eJieHHH. MHO)KeCTBeHHOCTII 

(puc. 3a) H snepreTII'IeCKOH. 3aBIICIIMOCTH IICeB,[I06bICTpOHOH. IIJIOTHOCTII MHO

)KeCTBeHHOCTII (pHC. 36) OT npe,[\CKa3aHIIH TeopeTII'IeCKIIX MO,[\eJieil.. 9TO IIO

Tpe6oBaJI0 nacTpoil.KII napaMeTpoB MonTe-KapJio reHepaTOB co6h1THil. ,[\JI51 

,[\aJihHeil.IIIeil. HHTeprrpeTaIIIIII ,[\aHHhIX LHC. 
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PHc. 3. a - Pacrrpe,!1,eJieHIIe co6bITHii: ITO MHO)KeCTBeHHOCTH 3apa)KeHHbIX a,!1,pOHOB 

[11]. 6 - 3aBIICHMOCTh IIJIOTHOCTH MHO)KeCTBeHHOCTH OT ,/s [11]. 

IlepBbie II3MepeHH51 ceqenIIii IIHKJII03IIBHOrO pO)K,[\eHII51 CTpyil. rrpII VS = 
7 TsB rrpo,J:1eM0HcTpnpoBaJIII xopoUiee cornaCIIe ,[\aHHhIX [12] II rrpe,[1CKa3a

HIIil. CM B NLO [14] B o6JiaCTH rrorrepeqnoro IIMIIYJihca CTpyil. BIIJIOTh ,LIO 2.0 
TsB/ c II 6h1cTpOThI IYI :::; 2.5. BrrocJie,[\CTBIIII STO 6hrno IIO,[\TBep)K,[leHo rrpH 

vs= 8 TsB ,[\JI51 PT ,[\O 2.5 TsB/c B UieCTH IIHTepBanax 6h1cTpOThI IYI :S: 
3.0 [13]. Anann3 napnoro pO)K,J:leHII51 cTpyil. - II3MepenIIe IIX ,L\HcpcpepeHIIH

aJihHoro ceqeHII51 du/ dMjj B o6JiaCTH HHBapIIaHTHhIX Mace ,LIO 5.5 TsB / c2 
II II51TII 6b1cTpOTHhIX IIHTepBanax (IYI :::; 2.5) [15], yrnoBhIX pacnpe,[leJieHIIil. 

CTpyil. [16, 17] II IIX a3IIMYTaJibHb!X ,[\eKoppeJI51IIIIH. [18] - TaK)Ke He Bb151BIIJI 

OTKJIOHeHHH.. OT TeopeTII'IeCKIIX O)KII,[\aHHH., HO II03BOJIIIJI ycTaHOBHTb rpaHII

Ilbl rrapm,rnTpOB cpH3H'IeCKHX c11eHapHeB 3a paMKaMII CM (no,J:1po6Hee CM. 

Pa3,[\eJI <<IloUCKII CHrHaJIOB (pH3llKII 3a paMKaMII CTaH,[\apTHOH. MO,[\eJIH>>). 

CpaBnenI1e Ce'!eHHH. p0)K,[leHH51 ,[\Byx II Tpex CTpyil. npo,[\eMOHCTpHpOBaJIO 

xopoIIIee corJiacHe ,[\aHHhIX ( OTHOIIIenue ceqemrn TpexcTpyitnoro po)K,[\eHH51 

K ,L\ByxcTpyitnoMy R32 ) H CM ,[\JI51 3HaqenIIH nonepeqnoro HMIIYJibCa ,J:\Byx 

JIH,[\IIpyIOIIIIIX CTpyit 250 :S: PTI,2 :S: 1390 rsB/ C II II03BOJIIIJIO BIIepBbie H3-
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BJie'-lb 3Ha'-lem1e 6ery~etl K0HCTaHTbT CB51311 KX,D: a 8 (Mz) = 0.1148 ± 0.0014 

(3Kcrr.) ± 0.0018 (PDF) ± 0.0050 (Teop.) [19] . BrrocJie,D,cTB1111 3T0 3Ha'-lett11e 
. t 

6bIJIO yT0'-IHeH0 113 ,[l,aHHb!X no 11HKJIJ0311BH0MY p0:>K,[l,eH11J0 CTpytl C p1,; ,[1,0 3 

T3B / c: a 8 (Mz) = 0.1185 ± 0.0019 (3Kcrr.) ~8:88~~ (Teop.) [20]. IToJiy'-leHHbie 

Pe3YJibTaTbI ttax0,D,51TC51 B xoporneM corJiac1111 c MHp0BbIM 3Ha'-!ett11eM as(Mz) 
= 0.1181 ± 0.0013 [21]. TaK:>Ke 3Tl1 ,D,aHHbie 6bIJIH 11CIT0Jib30BaHbl ,[l,JI51 rrpo

BepK11 pa3Jil1'-!Hb!X cpyHKIJ,11tl pacrrpe,[!,eJieHl151 KBapK0B 11 rJII00H0B. 

MinBl.s, 1.0GeV/c;cp, <3.0GeV/c; 

~ 
<l 1 
~ 0 
ii' -1 

4 

a 

4 

N>110, 1.0GeV/ccp
1
c3.0GeV/c 

~ 

1 
<I --~ 

6 
PHc. 4 . Bap11al.\lHI R B 3aBHCl1MOCTH OT 3 Ha'lem1f1 6,.¢ H 6,.17 )],.)IH npOTOH

npOTOHHblX CTOJJKHOBeH11/,\ s CMS (a) ,l\JIH c pe/l,HHX THnH'!HbIX CTOJJKHose1rnll 11 

6 /l,JIH CTOJIKHOBeH11t!, B KOTOpblX pO)f(!],eHo 6onee 110 3apH)f(eHHblX '!aCTHI.\ [22]. 

4 

5IpK11M 11 ,[1,0 Cl1X rrop He IT0J!Y'-lvIBllIHM 0,[l,H03Ha'-!J·I0ro ofo,51CHeHirn pe3yJib

TaT0M CMS 51BJI51eTc51 tta6mo,D,ett11e ,[l,aJTbH0,D,etlcTBYI0~11x ,D,ByxqacTl1'-1HbJX 

K0ppeJI51Il,11tl '-laCTI1Il, - 3cpcpeKT <<xpe6Ta>> (ridge) - B pp-cT0JIKH0BeHl151X 

[22]. ,LJ:ByxqacTl1'-!Hb!e K0ppeJI51Il,11H '-laCTl1Il, , 06pa3y10~11ec51 B CT0J!KH0BeHl151X 

a,D,p0H0B, - lll11p0K0 113BeCTHbitl 3cpcpeKT, K0T0pb!tl 3aKJIIO'-laeTC51 B TOM, '-ITO 

HeK0T0pbre 113 3Tl1X '-laCTI1Il, orrpe,D,eJieHHb!M o6pa30M <<CK0ppeJI11poBaHbl>> 11Jil1 

acC0il,1111p0BaHbl BMecTe, p0:>K,[l,a51Cb B T0'-!Ke CT0J!KH0BeHl151. KoppeJI51Il,1111 Ha-

6JTIO,[l,aJT11Cb paHee KaK ,[l,JI51 '-laCTl1Il, , BbIJTeTaJ0~vlX ITO,[!, 6JTl13Kl1M11 yrJTaMH, TaK 

11 ,[l,JI51 '-laCTl1Il, , ,[l,BI1:>Ky~11xc51 B np0Tl1B0IT0JI0:>KHbie CT0p0Hbl B nonepe'-IH0tl no 

0TH0WeHm0 K HarrpaBJTeHI1IO CTaJTKI1Ba10~11xc51 rrp0T0H0B TTJI0CK0CTl1. O,D,Ha

K0 rrp11 aHaJTH3e CT0JIKH0BeH11tl C BbIC0K0tl MH0:>KeCTBeHH0CTblO B K0He'-IH0M 

cocT051H1111 B 3Kcrrep11MeHTe CMS (6oJTee c0Tm1 3ap51:>KeHHhrx qacT11IJ,) 6b1JI11 

o6Hapy:>KeHbl K0ppeJI51Il,1111 '-laCTl1Il,, pa3JTeTa10~11XC51 ITO,[!, 60JTbllll1M11 yrnaMJ1 
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,[!,pyr K ,[!,pyry, HO J1e:>Ka~11x npaKTl1'-!eCKl1 B 0,[l,H0tl nonepe'-!H0l1 TTJI0CK0CTl1. 

cho rrp11B0,[l,HT K o6pa30BaHmo Jl0KaJTbH0ro rrp0T51:>KeHH0ro MaKCI1MyMa -

<<xpe6Ta>> - Ha ,D,ByMepH0M pacrrpe,D,eJiemrn cpyHKIJ,1111 KoppeJI51Il,HI1 rrp11 pa3-

mrn,e a311MYTaJTbHb!X yrJT0B BbIJTeTaJO~I1X '-!aCTl1Il, !:::.¢ ~ 0 ,[l,a:>Ke ,[l,Jl51 60J!bllll1X 

pa3Hl1Il, nceB,D,06bICTpOT l::.TJ (p11c. 4). ,D:o Cl1X nop TaKoe IT0Be,D,eH11e np11 6oJib

WHX l::.TJ Ha6JIJO,[l,aJTOCb T0JTbK0 B CT0JTKH0BeH1151x T51:>KeJibIX 51,[!,ep Ha RHI C 

[23], 9T0 6hIJTO rro,D,TBep:>K,D,eHo 11 Ha CMS He T0JTbK0 BO B3a11M0,D,etlcTB1111 

5!,D,ep cB11HIJ,a rrp11 y!SNN= 2.76 T3B [24], HO 11 B pPb- B3a11MO,D,etlcTBl151X rrp11 

ftNN = 5.02 T3B [25] . P11,D,:>K-3cpcpeKT B rrpoIJ,eccax 51,[!,p0-51,D,epHbIX coy,D,ape

Hl1tl Tpa,[!,11Il,110HH0 11HTepnpeT11p0BaTIC51 KaK np051BJTeHl151 K0JTJTeKTl1BH0tl ,[l,11-

HaM11Kl1 B3al1M0,D,etlcTBI1tl, Hanp11Mep o6pa30BaHl1,I ITJI0TH0l1 KBapK-rJTIO0HH0tl 

MaTep1111 ( CM. pa3,[!,eJI << <P11311Ka TB:>KeJTbIX 110H0B>> HaCT05l~ero ofoopa). H a-

6JTJO,[l,eH11e :>Ke TaKoro :>Ke TT0Be,D,eHI151 B pp- coy,D,apeHl151X B03M0:>KH0 Tpe6y

eT H0B0r0 B3rJT51,[l,a Ha ,[l,11HaMl1KY B3a!1MO,[J,etlcTBl151 a,D,p0H0B (cM., HarrpHMep, 

[26]). 

9JIEKTPO CJIABbIE IIPOIJ;ECCbI 

O,D,Hl1Ml1 113 rrepBb!X pe3yJTbTaT0B ITO H3y'-leHl1IO 3JieKTpOCJia6bIX rrpoIJ,eCC0B 

(EWK) Ha LHC CTaJT0 H3MepeH11e rrp11 vs = 7 11 8 T3B rroJIHbIX ceqeH11tl 

p0:>K,[l,eHl151 KaJT116pOB09Hb!X 6o30HOB w 11 z (pnc. 5) 11 Bep051TH0CTetl HX pac

rra,D,a no pa3JTH9HbIM KaHaJTaM (pHc. 6) [27, 28] . I1p11 vs = 8 T3B 3Ha9eH11,1 

ceqem1fi cocTaB11J111 a(pp ➔ W X) x B(W ➔ lv) = 12.21 ± 0.03 ( CTaT.) ± 
0.24 (c11cT.) ± 0 .32 (CBeT.) H6H H a(pp ➔ ZX) x B(Z ➔ z+z- ) = 1.15 ± 
O.Ql (cTaT.) ± 0.02 (c11cT.) ± 0.03 (CBeT.) H6H [28] . lfaMepeHHbie Ce9eHl1,I, 

HX 3HepreTWJeCKa51 3aBHCHM0CTb ( 0TH0llleH.1151 ce'-!eHHtl p0:>K,[l,eHl151 0,[l,11H0'-1-

Hb!X 6o30HOB np11 vs = 7 11 8 T3B 6b1J111 113MepeHbI c T09H0CTbIO ,D,O 2% ), 

BeJIJ1'-!11Hbl 6peH'-111HrOB, IT0J!H0CTbl0 corJiacyIOTC51 C TeopeTH9eCKI1Ml1 Bbl911C

JleH1151Ml1 BO 2-oM rrop51,[!,Ke Teopm1 B03My~ett11tl (NNLO). 

ITo Mepe yBeJil1'-!eHl151 Ha6paHHOtl CTaTl1CTl1Kl1 CTaJT0 B03M0:>KHbIM 113Mepe

H11e 6oJTee pe,[!,Kl1X rrpoIJ,eCC0B - C0BMeCTH0r0 p0:>K,[l,eHl151 nap KaJT116pOB0'-1-

Hb!X 6o30HOB [31] (p11c. 7) , a TaK:>Ke W/Z H CTpyfi [29] HJIH cpOTOHOB (pHC. 8) 

[30] . IToJTy'-leHHhre pe3yJTbTaTbI TaK:>Ke noKa3aJTl1 xopowee corJiac11e 3Kcrre

p11MeHTaJTbHb1x ,D,aHHbIX 11 CM. I13MepeH11,1 ce'-leH11t! rrapHoro po:>K,D,eH1151 Ka

J1116poBO'-!Hb1x 60301-JOB 0TKpbIBaeT rryTb K 113yqeHHIO aH0MaJTbHb!X Tpex- 11 

9 eTb1pex- 6o30HHbIX Bepw1rn (aTGC H aQGC). 8To 51BJIBeTc51 Ba:>KHbIM Te

CT0M Teop1111 3JleKTpOCJTa6b!X B3al1MO,D,el1cTB11tl 11 « rrpo6Hl1KOM >> cp11311Kl1 3a 
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npe,n,eJiaM11 CM: B paMKax ::icpcpeKTl1BHOw Teop1111 noJI51 (EFT) CM on11Ch1Ba

eTC51 JiarpaH)1<11aHOM, B KOTOpOM np11cyTCTBYIOT '-IJI€Hbl Bb!CWl1X pa3MepHO

CTet'!, ,n,aIOI.IJ;l1e ,D,OITOJIHl1TeJibHb!tl (1-1ecTaH,n,apTHb1tl) BKJia,D, 11 OTBeTCTBeHHble 

3a B03Hl1KHOB€Hl1e aHOMaJI11tl BO B3al1MO,D,€WCTBl151X. K HaCT0511.IJ;€MY BpeMeH11 

Hl1KaKl1X np113HaKOB aHOMaJibHOro noBe,D,eHl151 KOHCTaHT CB51311 He o6Hapy)l(e

HO (cM. no,n,6opKy pe3yJibTaTOB [33]). 

I 10r CMS, 1 a' pb-1, 8 TeV w • 
~ w+ 0 CMS, 36 pb-1, 7 TeV 

• CDF Run II w· 
D DO Run I 

• UA2 

"' UA1 - - - z 
1 

10-1 
Theory: NNLO, FEWZ and MSTWOB PDFs 

0.5 2 5 7 10 20 
Center-of-mass energy [TeV] 

P11c. 5. 8ttepreTH'!eCKaH 3aBHCHMOCTh Ce'leH>1A pO)KAeHHH KaJ1H6pOBO'IHhlX 6030-

HOB W 11 Z l28j. 

Ba)l(HYIO pOJib B npoBepKe npe,D,CKa3aH11tl CM 11rpaeT 113yqeH11e 3aKOHO

MepHOCTetl p0)1(,lJ,€Hl151 JieITTOHHb!X nap B npou;eccax ,[weJIJI- 5lHa [34], qq --+ 
,· I z --+ z+ z-' '-ITO n03BOJI51€T npoBep51Tb npe,D,CKa3aHI151 CM B HOBOtl o6-

JiaCTl1 3Hepr1111 11 Bb!ITOJIHl1Tb nOHCK HOBOl1 > Q)11311Kl1 (cM. pa3,D,€JI <<I1011CKl1 

c11rnan0B cp11311K11 3a paMKaM11 cTaH,n,apTHOtl MO,D,eJI11>> ). I1ccne,n,0BaH1151 CMS 
B 3TOl1 o6JiaCTl1 OXBaTb!Ba!OT u;eJib!tl cneKTp 3a,n,aq: 113MepeHl151 ,n,11cpcpepeHu;11-

aJibHb!X da / dM 11 ,D,Ba)l(,D,bI ,n,11cpcpepet1u;11anbHbIX d2a / dM dY ce'-let11111 npo

u;eccoB [35, 36, 37], npocTpaHCTB€HHb!X [39, 40, 41] 11 3ap51,D,0Bb!X ac11MMeTp11tl 

[38], 3I-Ia'-leHl151 ::icpcpeKTl1BHoro yrna Ba11H6epra [42 , 41] . 
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Pe3yJibTaThI 113Mepet11151 np11 vis = 8 T::iB nonepe'-IHOro ce'-let11151 pO)l(,D,e

Hl15i nap nenTOHOB ( e+ e- 11 µ+ µ-) B npou;eccax ,D;penna- 5foa B 3aB11c11MOCT11 

OT 11t1Bap11aHTHOH MaCCbl nap bl M ITOKa3aHbl Ha p11c. 9 [36]. ,D;n51 YM€Hblli€Hl151 

BJI1151Hl151 Cl1CTeMaTl1'-l€CKl1X ::icpcpeKTOB - 113Mepemrn ITOJIHOW CBeTl1MOCTl1 , 

3t1aHl151 PDF, orpaH11'-leHHoro cpa3oaoro o6'heMa ycTaHOBKl1 (acceptance), t1a

JIO)l(et11151 co6hrT11tl 11 np. ce'--leH11e npou;eccoa ,D;penna- 5It1a da / dM HOpM11po

aat10 Ha ce'-leH11e pO)l(,D,et11151 Heil:TpaJibHOro Kan116poBO'--IHOro 6o3oHa az. Be

Jil1'--111HbI 113MepeHHbIX Ce'-leHHtl HaxO,D,51TC51 B xopoweM corJiac1111 C npe,D,CKa3a

Hl151Ml1 CTaH,n,apTHOW MO,D,eJil1 B 1-0M J,J BO 2-0M nop51,D,Kax TeopH11 B03Myl.IJ;eH11tl 

BO acew 06nacT11 11t1aap11aHTHhrx Mace oT 15 ,n,o 2000 r::iB / c2. B qacTHocT11, 

a 06nacT11 n11Ka 6o3oHa Z (60- 120 f::iB / c2
) 3Ha'-leH11e ce'-let11151 cocTaa11no az 

= 1138 ± 8 (cTaT.) ± 25 (Teop.) ± 30 (caeT.) n6H, '-ITO 51BJI51eTC51 Ha1160-

nee TO'--IHbIM H3Mepet111eM Ha a,n,poHHbJX KOJIJiatl,n,epax 11 xopowo cornacyeTC51 

KaK c npe,D,bIAfl.IJ;11Ml1 113Mepet11151M11 3Kcnep11Me1-ITa CMS [28], TaK c NNLO
BbI'--ll1CJieH1151M11 B CTaH,n,apTHOti MO,D,eJil1 a z = 1137 ± 36 n6H. Pe3yJibTaTbl , 

ITOJiy'-leHHbie He3aBl1Cl1MO B KaHaJie C napotl 3JieKTpOHOB 11 KaHaJie C napotl 

MIOOHOB, TaK)l(e coana,n,arOT. 

CMS 

W'➔tv 

W➔rv 

W➔lv 

W➔lv /Z➔ l'r 

0.9 1.0 

L=18.2 pb·1, {s = 8 TeV 

7.11 ± 0.03.,., ± 0.14.,... ± 0.18...., nb 

7.12 ± 0.20 nb 

5_09 ± 0.02,,., ± 0.11.,... ± 0.13...., nb 

5.06±0.13nb 
-- --------- ----- -------- ----------- -
12.21 ± 0 .03.,.. ± 0.24,,.. ± 0.32.,m nb 

12.18 ± 0.32 nb 

1.1 1.2 
ratio( exp.Ith.) 

P11c. 6. Ce<JeHHH p0)KAeHHH KaJ1116poBO'IHhIX 6o30HOB W 11 Z c y<JeToM eepom'-

HOCTeA pacn~a no pa.3JIWIHhlM KaHaJJaM 128]. 
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rrpaBJiemrn ,ll,Bl-DKemrn CHCTeMbI , B KOTOpoti p0)K,l],eHHa5I JieITTOHHa>I rrapa rro

KOHTC>I. I13MepeHH5I aCHMMeTpHH Aps rrpOBO,ll,HJil1Cb B 11HTepmWie 3Ha'-!eHl1ti 

HHBap11aHTHOti MaccbI nerrTOHHoti rrapb1 40 ::::; Mu ::::; 2000 f3B/ c2 11 B pa3-

JIWIHbIX 11HTepBanax 6h1cTpOTb1 rrapb1 IYI [39, 40, 41]. B rrpe,n,enax cpe,n,tte

KBa,n,paTH'-IHOro OTKJIOHeHJrn lcr pe3yJibTaTbI He rrponrnope~raT CM. AttaJIH3 

YrJIOBblX pacrrpe,n,eJieHHH B KaHaJie C ,ll,BYM>I MIOOHaMl1 TaK)Ke I103BOJIHJI orrpe

,n,eJIHTb CJia6bIH yrna CMellIHBaHl15I sin20.tr [42, 41] . OTMeTHM, '-ITO 3TOT KaHaJI 

pattee He 11CI10Jlb30BaJIC5I ,ll,Jl>I H3MepeHl15I sin20.tr B qq-B3aHMO,l],eHCTBH5IX. C 

Y'1eTOM CTaTHCTl1'-leCKHX H Cl1CTeMaTl1'-leCKHX OllIH60K J,J3MepeHHOe B rrpou,ec

ce uu, dd --+ ry* /Z --+ µ+ µ- 3Ha'-leHHe sin20.tr cocTaBl1JIO 0.2287 ± 0.0020 
(cTaT.) ± 0.0025 (c11CT.) , '-ITO HaxO,ll,11TC5I B xoporneM corJiaCHl1 C ,n,aHHb!Ml1 

,n,pyr11x 3Kcrrep11MeHTOB [43] 11 Jie)K11T B rrpe,n,enax O)Kl1,ll,aH11ti B paMKax CM. 

<PlI3 lIKA TOII-KBAPKA 

I1cTOp115I TOIT-KBapKa HaC'-111TbIBaeT y)Ke 20 JieT: C MOMeHTa OTKpbITl15I B 

1995 r. ero cBoticTBa 113y'-laJil1Cb B 3Kcrrep11MeHTax Ha T3BaTpoH (CD F 11 DO), 

a C 2011 r. K 11CCJie,l],OBaHl15IM ITO,ll,KJIIO'-IHJIHCb 3KCrrep11MeHTaJibHbJe ycTaHOB

Kl1 Ha LHC (,n,n>I rro,n,po6ttoro 03HaKOMJieHl15I c pe3yJibTaTaMH 11ccne,n,0BaH11>I, 

pom-r TOIT-KBapKa B CTaH,n,apTHOH MO,l],eJil1 11 11CITOJib30BaHl15I ero B Ka'-leCTBe 

TIHCTpyMeHTa ITOHCKa CTirHaJIOB HOBO ti cpTI311Kl1 peKOMeH,n,yeM ofoop [44]). B 

CMS Ticcne,n,oBarrne cBoticTB caMoti T>I)KeJioti '-!aCTTIU,bI cTatt,n,apTHOti Mo,n,eJIH 

5IBJI5IeTC5I OT,l],eJibHb!M HarrpaBJieHTieM cpH311'-leCKOH rrporpaMMbl ITO 113y'-leHTIIO 

rrpou,eccoB CM [ 9]. 9To BbI3Batto TeM , YTO TOIT-KBapKa o6na,n,aeT ,n,oBOJibHO 

Heo6bJ'-!Hb! MTI xapaKTep11CTTIKaMTI, OTJil1'-!aIOIIl,HMH ero OT p>I,n,a ,n,pyrHX KBap

KOB. Bo-rrepBbIX, ero IOKaBCKa>I KOHCTaHTa CB5I3H C ITOJieM X11rrca rrpTIMepHO 

pam,a 1, a Macca 6JIH3Ka K MaCllITa6y HapyweHl15I 3JieKTpOcJia6oti CHMMeTpHH 

(246 f3B). 5IBJI5IeTC5I Jil1 3TOT cpaKT cJiyYaHHb!M COBrra,n,ett11eM HJITI t-KBapK 

HMeeT 6onee cpytt,n,aMeHTaJibHOe 3Ha'-leHHe l1 rrpTIHTIMaeT y'-!aCTTie B Hapywe

HTITI 3TOH Cl1MMeTpH11 (ttarrpTIMep, tf KOH,l],eHCaT B O,ll,HOfi TI3 HeMTIHHMaJib

HbIX MO,l],eJiefi 6o30Ha XHrrca), ,ll,O Cl1X rrop He 5ICHO . Bo-BTOpbIX, 3Ha'-leHHe 

MaTpTI'-IHOro 3JieMeHTa MaTp1111,b1 Ka6TI660-Ko6a>Irn11-MacKaBbI l½bl rrpaKTH

'-!eCKH paBHO 1, '-ITO orrpe,n,eJI>IeT ,ll,OMHHTIPYI0111,YIO MO,ll,Y pacrra,n,a t-KBapKa 

Ha Wb. TipTI 3TOM, caM pacrra,n, rrpOHCXO,l],TIT 3a BpeMeHa, MeHbllIHe BpeMe

HTI a,n,pOHl13aU,11H ( Tt ~ 10-24 
C). CTOHT TaK)Ke OTMeTl1Tb , '-ITO rrorrpaBKTI C 

TOIT-KBapKaMH ,n,aIOT caMb!H 60JibllIOfi BKJia,n, B Macey H 3cpcpeKTHBHblfi ITOTeH-

11,11aJI 6o30Ha X11rrca, a Macca t-KBapKa 5IBJI5IeTC5I KpHTH'-IHOH ,l],JI5I pa3JIH'-!Hb!X 

C. B. lllMATOB 29 

cpl13 TI'-!eCKHX cu,eHapTieB 3a paMKaMH CM , ttarrp11Mep , ,ll,JI>I cyrrepcHMMeTpTIY

HbIX c u,eHapHeB. BoJibllIOfi 11HTepec Bbl3bJBaeT 113y'-leH11e pe,n,KTIX pacrra,n,oB 

t-KBa pKa, KOTOpbre >IBJI>IIOTC>I '-IYBCTBHTeJibHbIM11 K cp113TIKe 3a paMKaMH CM. 

,-, 103 ~ ~ --.-,--,--.-,--,--,--r-r~-r-r~~~~~~~~~--,-~--.-~--.-~~ 

-8_ * Tevalron combined• 1.96 TeV (L=8.8 fb'1) 

.,_. ■ ATLAS dilepton 7 TeV (L=4.6 lb 1) ATLAS+CMS Preliminary May 2015 
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P uc. 11. 3aBHCHMOCTb OT vs Ce'-!eHl151 p0)K,[J,eHl151 napbl t-KBapKOB [45]. 

Tio cpaBHeHl1IO C 3KCrrep11MeHTaMH Ha T3BaTpOHe ceYeHHe p0)K,l],eHH5I TOIT

KBa pKOB Ha L HC rrp11 vs= 7 11 8 T3B B03pacTaeT B ,n,eC>ITKTI pa3 (pHC. 11 
H 12). B ocHOBHOM t - KBapKH Ha L H C pO)K,ll,aIOTC>I rrorrapHo (tf) B rrpou,eccax 

Cl1JlbHOro B3aHMO,l],etiCTBTI5I 3a C'-leT rJIIOOH- rJIIOOHHOro pacce>IHH>I 11 aHHHrTI

Jl>IU,TIH rrapbl KBapK-aHTTIKBapK. PerncTpau,H>I t ocylI.l,eCTBJI5IeTC5I no pacrra

,l],aM t --+ bW C pa3JIH'-!HbIMH KOHe'-!Hb!MH COCT05IHTI5IMH B 3aBl1CHMOCTH OT 

MO,l],bl pacrra,l),a W: Ha JieITTOH 11 HefiTp11HO HJil1 a,l],pOHbI. CoOTBeTCTBeHHO 

C06b!TH5I rrapHoro p0)K,l],eHH5I tf xapaKTepH3YIOTC5I KOHe'-IHb!MH COCT05IHH5I

MH C rrapoti JieITTOHOB ee, µµ , eµ [46], JieITTOHOB TI a,n,pOHOB OT T 113 pac

ITa,l],a eµ + Thad [47], JieITTOHOB H CTpyti e/ µ + jet [48], '-ITICTO a,l],pOHHb!MH 

COCT05IHH5IMH (cTpyu HJITI Thad+ CTpy11) [49]. 1faMepeHHbie ITOJIHbie Ce'-leHTI>I 

(P HC. 13a), KaK TI ,ll,HcpcpepeHU,HaJibHb!e ce'-leHl15I ITO Macce, 6hrcTpOTe, rrepe

,ll,aHHOMy MOMeHTY [50], HaxO,ll,>ITC>I B xopoweM cornacTITI co 3HaYeHH>IMH CM 

8 N NLO rrop>I,l],Ke Teop1111 B03MylI.l,eHTiti rrpH mt= l 72.5 f3B/ c2 [5 1] . HecMoTp>I 
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Ha KpatiHe He60J1b11111e ce'-!eH115! Ha LHC B03MO)KHO Ha6mo,L1,eHJ,Ie rrpou;eccoB 

accou;1111poBaHHOro p0)K,[1,eHl1!0 rrapbl TOIT-KBapKOB l1 KaJIH6pOB0'-1HbIX 6o30HOB 

(W HJIH Z) [52] HJIH rrapbr TOII-KBapKOB 11 cTpyti [53]. Pe3yJibTaTbI H3Mepe

HHH KOM611H11poBaHHoro ce'-leHHH ,[l,JIH KaJI116poBOYHbJX 6o30HOB V (W 11 Z) 
<Tt[V = 38o~i8° ( CTaT.) ~~8 ( CHCT.) cp6H B rrpe,[i,eJiax 01111160K cornacyJOTC5! C 

BbILrncneHHHMH B CM. 

'.c' 
..e. 
t, 

102 

10 

10-1 

Single top-quark production 

Inclusive cross sections 

s-channel (pp) 

s-channel (pp) 

- NLO+NNLL. PRO 83, 091503 (2011 ) • CMS. PRL 110, 022003 (2013) 

• Tevatron , arXlv:1503.05027 [hep-ex) ■ CMS, PRL 112. 231802 (2014) 

• CMS, JHEP 12. 035 (2012) - NLo+NNLL. PRO 81, 054028 (2010) 

■ CMS, JHEP 06, 090 (2014) • Tevatron, PRL 112, 231803 (2014) 

• CMS, TOP-15-004 (prel.) ■ CMS, arXiv:1603.02555 [hep-ex] 
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2 
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Puc. 12. 3aBHCHMOCTb OT VS Ce'!e HHH 0,!\HHO'IHOro pO)K,ll,eHHH t-KBapKa [45]. 

l1ccJie,[l,OBaHl15! rrapHoro pO)K,[1,eHHe TOTI-KBapKOB II03BOJ1l1Jll1 rrpoBeCTH rrep

Bb!e l13 MepeHH5! 6ery~et1 KOHCTaHTbI CB5!3H KX,II: B NNLO Ha a,[1,pOHHbrx KOJI

nati,[I,epax O:s(Mz) = 0.1151~8:88~~ [54], '-!TO C Bb!COKOH TO'-IHOCTb!O KOppeJIH

pyeT C MHpOBblM 3 HaYeHHeM [21] . 
3a 0,[1,HHO'-IHOe pO)K,[1,eHHe t-KBapKa OTBeTCTBeHHbl ,lJieKTpOCJia6b1e rrpou;ec

CbI C o6MeHOM BHPTYaJibHb!M 6o30HOM w B t- l1 S-KaHaJiax, a TaK)Ke accou;11-

11p0Bamroro pO)K,[l,eHHH t-KBapKa 11 p eanbHoro W. B ee TpH KaHana xapaKTe

p113y10TcH rrpncyTCTBHeM Tpex'-laCTHYHOH Bep11Il1Hbl Wtb , KOHCTaHTa CB5!3H 

KOTOpoti qpe3 BbI'-laHHO '-'YBCTBHTeJibHa K rrp11cyTCTBl1!0 (pH3 HKH 3a rrpe,[i,eJia

MH CM , 11 , KpoMe Toro , rrpou;ecc pO)K,[1,eHHH t W HBJIHeTcH cpoHOBbIM rrp11 
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noHcKax c11rHaJIOB cyrrepcnMMeTp1111 n pH,[1,a ,[1,pyrnx rrpou;eccoB. BrrepBbre 

O,[f,HHOYHOe pO)K,[l,eHHe t-KBapKOB B rrepBblX ,Ll,BYX rrpou;eccax Ha6JIIO,[l,aJIOCb 

8 3Kcrrep11MeHTax DO 11 CDF Ha T 3BaTpotte. C e 1c1 e H11H, l13Mep eHHbre CMS 

B t- H S-KaHaJiax rrp11 vs= 7 H 8 T3B [55 , 56], ITOJIHOCTb!O cornacyroTC5! 

c TeopeTn'-leCKHMH O)KH,[l,aHHHMH CM B NNLO [57] ( p11c. 12). H a6JIJO,L1,eH11e 

COBMeCTHOrO p0)K,[l,eHl15! tW BrrepBbJe 6blJIO BblITOJIHeHO B 3KCIIepHMeHTax Ha 

LHC [58, 59] - ce'-leHHH TaK)Ke Haxo,[l,HTCH B rroJIHOM cooTBeTCTBHH c Teop11-

et1 . ITony'-leHHbie ,[l,aHHbie !IO O,[l,HHO'-IHOMY pO)K,[l,eHHJO TOII-KBapKa IT03BOJil1Jll1 

ou;eHHTb MaTpHYHbIH 3JieMeHT I ½b I, 3 Ha'-leH11e KOToporo BO Bcex KaHanax 11 

rrp11 Bcex HCCJie,[1,0BaHHbIX 3Heprl15!X, KaK l1 0)Kl1,[l,aJIOCb, OKa3aJIOCb rrop5!,[i,Ka 

1 (p11c . 14). 
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Puc. 13. P e3yJihTaTbl H3MepeHHH np11 vs = 8 T3B B p a3JIH'!Hb!X Katta.nax (a) 

Ce'!eHH51 pmK,!\eHHH napbl tt, (6) MaCCbl t-KBapKa [45]. 

Manoe 31-Ia'-!e HMe BpeMeHH )Kl13 Hl1 t-KBapKa Tt ~ 4 X 10- 25 C rrpl1BO,[l,l1T 

K e~e 0,[I,HOMY HHTepeCHOMY CJie,[l,CTBHJO - CIIHH TOII-KBapKa Ha CTa,[l,l1l1 ero 

PO)K,L1,eH115! rr epe,L1,aeTCH Herrocpe,[1,CTBeHHO rrpO,[f,yKTaM pacrra,[l,a, '-!TO rrpo5!BJI5!

eTc51 B l1X yrJIOBb!X pacrrpe,[i,eJieHl15!X. 9To rrpOHCXO,[l,HT IIOTOMY, '-!TO BeJIH'-IHHa 

Tt 0Ka3bIBaeTC5! MeHbllle BpeMeHHOro MaC11!Ta6a CITHHOBOH ,[l,eKoppeJI5!LI;l1l1 ( ~ 
10- 21 

C) [60]. BeJIH'-ll1HbI IIOJI5!pl13au;1111 TOIT-KBapKa p J.,I CITHHOBOH KOppeJI5!

ll,l1l1 chel 6bJJil1 orrpe,[i,eJieHbl B KaHaJiax pacrra,[l,a tf---+ w +bw- b---+ z+vbl - Db 
C ITOMO~b!O l13MepeHl15! 3 Ha'-leHl15! aCHMMeTpl1l1 BbIJieTa JieITTOHa ITO ITOJI5!p-
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ttoMy yrny AP 11 8311MYTaJJbHOMY yrny A~</> cooTBeTCTBeHHO. l13Mepemrn rrp11 

vs = 8 T3B IlOK83aJJl1 HaJJWrne ,D,OBOJlbHO Cl1JlbHOfi Cill1HOBOfi KOppenmi,1111 

AM = 0.095 ± 0.006 (cTaT.) ± 0.007 (cTaT.) t1 OTCyTCTBl1e 3Ha'll1MOfi rro

m1p113al.\1111 P = Ap = - 0.002 ± 0.058 [61] B rrpe,n,rrono:>Kemrn coxpatte

Hl1H CP-•-ieTHOCTH (11 pCPV = 0.000 ± 0.016 B cnyqae ttapywett11H CP-
11ttsapt1aHTHOCT11) , '-ITO cosrra,n,aeT c rrpe,n,cK83att11HM11 CM B NLO 11 rrpe,n,h1-

Afll.\11Ml1 113MepeHl1HMH CMS rrp11 vs = 7 T3B. 

0.5 
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CMStW, 7TeV, 4.9 lb"', PRL110 (2013) 02203 

1.010 • : :::(exp) • ::= (th) 

CMSIW, 8TeV, 12.2 lb01
, PRL 112 (2014) 231802 

1.030 ± 0 .120(exp) ± 0.040(th) 

CMS t..:h., 7 TeV, 1.1711 .56 fb"', JHEP12 (2012) 035 

1.029 ± 0 .046(exp) ± 0.017(th) 

CMS t-<:h., 8 TeV, t9.7 lb·' , JHEP06 (201-4) 090 
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CMS t-<:h., 7 and 8 TeV combined, JHEP06 (2014) 090 

0.998 ± 0 .038(exp) ± 0.016(th) 

CMS tfR,,, 8 TeV, 19.7 tb·' , PLB 736 (201-4) 33 

1.007 ± 0.016(stat+syst) 
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Pwc. 14. 3,-,a'lemrn MaTpH'IHOro 3JieMeiITa l½bl, no11r1ennh1e no ,11annb1M o,11H

HO'IHOI'O II napHoro pO)K,!\emrn t-KBapKa np11 Js = 7 11 8 T3B l45J. 

KaK y:>Ke o6cy:>K,D,aJJOCb Bh1we, cornactto 3JleKpocna6ofi TeopH11 B pe3yJ1bTa

Te o6Metta W-6030HOM B t-KattaJJe B03MO:>KHO O,D,HHO'IHOe po:>K,n,emie t-KBapKa, 

KOTOpbit:i, K TOMY :>Ke, 6y,n,eT Cl1JlbHO IlOJ151p1130BaHHb!M. B rrpHCYTCTBl111 HOBOfi 

<pH311KH MO:>KHO O:>Kl1,D,aTb orrpe,n,eneHHOM ,n,erronHp113al.\1111 BCJle,D,CTBHe 113Me

HeHl151 CTPYKTYPbl B3aHMO,D,et:iCTBl1fi (113MeHeHl151 COOTHOWeHl151 B BeKTOpHb!X 

11 aKC11aJlbHO-BeKTOpHb!X KOHCTaHT CB51311 , orrpe,n,eJ1HIOil.\l1X V -A B11,D, B3aHMO

,n,et:iCTBl111 B CM). ITonHp113al.\HH o6ycnasmrnaeT acHMMeTpHIO Bb1J1eTa M1ootta 

C. B. IIIMATOB 33 

J.13 pacrra,n,a t -+ bµv (rro OTHOWeHHIO KBapKa-crreKTaTopa B Cl1CTeMe IlOKOH 

t ) A-::::: f ITo pe3ynhTaTaM 113MepettHt:i Otta cocTas11na 0.26 ± 0.11 [62], '-ITO 

cornacyeTCH c NLO rrpH6J1H:>Kett11eM CM B rrpe,n,enax ,n,syx cpe,n,tteKsa,n,paTH'-1-
HbIX OTKJlOHeHHt:i. 

l13Mepettl151 MaCCbl TOil-KBapKa rrpOBO,D,HJ111Cb B KaHaJJax C nerrTOHaMH H 

cTpyHM11, rrapofi JleITTOHOB J,f a,n,pOHHOM KaHaJJe 11 rrp. (pHC. 136). KoM611Hl1-

poBaHHbie ITO BCeM KaHaJJaM 3Ha'leHl151 mt, rrony'-leHHbie B 3KCrrep11MeHTax Ha 
LHC [63, 64] 

mt(CMS) = 172.44 ± 0.46(0.14(cTaT.) ± 0.47(c11cT.)f3B/c2 

mt(ATLAS) = 172.99 ± 0.91(0.48(cTaT.) ± 0.78(c11cT.)f3B/c2 

ttaxO,D,HTC5! B xopoweM cornaCHH C ,n,aH1-!b!Ml1 3KCrrepHMeHTaMH Ha T3BaTpOH 

mt = 174.34 ± 0.37 (cTaT.) ± 0.52 (cHcT.) f3B/ c2 [65]. MHposoe 3Ha'-1ett11e 

MaCCbl TOp-KBapKa Ha KOH el.\ 2014 r. COCTaBJ151J10 mt = 173.34 ± 0.27 ( CTaT.) 
± 0.71 (cvtCT.) f3B / c2 [66]. 

P E,ll;Kl1E P ACIIA,ll;hl 

Pacrra,n, B-Me30HOB ( cocT05111.\11X 113 o,n,Horo b-KBapKa 11 nerKoro KBapKa) Ha 

,1],Ba MIOOHa 5!BJ151eTC51 11,D,eaJJbHb!M MeTO,D,OM Herrp5IMOro Ha6J110,D,eHH5! {pl1311-

K11 3a rrpe,n,enaM11 CM. Pacrra,n,b1 ,n,syx T11rros B-Me30HOB - Bo (cocTOHil.\11X 

H3 b-KsapKOB 11 d-KBapKos) 11 B~ (cocT05!11.\11X 113 b-KBapKOB 11 s-KBapKoB) -

Ha rrapb! MIOOHOB Cl1JlbHO rro,n,aBJleHbl B CM, XOT51 HeKOTOpble pacwHpeHl151 

CTaH,n,apn1ot:i MO,D,eJ111 npe,D,CK83b!Ba!OT J11160 3Ha'111TeJ1bHOe rrpeBbIWeH11e, J111-

6o ,ll,a:>Ke 6onee c11J1bHoe rro,n,asneH11e 3Tl1x pacrra,n,os. JI106oe Hecosrra,n,eHHe 

H3MepettttbIX sepoHTHOCTefi pacrra,n,a c npe,n,cK83aHHHM11 CM 6y,n,eT npo51B

JleHHeM 51CHOro CHrttaJJa <p113HKH 3a npe,n,enaM11 CM. Bonee 25 neT MHOrHe 

3KcnepHMeHTbl Ha p83J111'-1Hb!X T11nax KOJ1J1at:i,n,ep0B 3aH51Tbl Il011CKaMl1 3THX 

pe,1),K11X pacrra,D,OB. 3a 3TO BpeMH ycTaHOBJleHHbie rrpe,n,eJlbl 'IYBCTBl1TeJlbHOCTl1 

YJlY '-IWeHbl fla '-leTbipe nopH,D,Ka, np116m1:>Ka51Cb K Bemt'-111He, npe,D,CK83aHHOt:i 

CM. BnepBbie 51Cttoe tta6n10,n,ett11e cyll.\eCTBOBatt1151 pacna,n,a B~ -+ µµ 6brno 

npo,n,eMoHcTpHpoBaHo B 3Kcrrep11MettTe LHCb B HOH6pe 2012 co cTaTHCTl1'-le
CKot:i 3Ha'-111MOCTblO 3.20" [67]. 

B CMS ,D,JlH 3Toro 11ccne,n,osaH1151 HCITOJlb30BaJJHCb 3Kcnep11MeHTaJJbHbie 

,/J,aHHbie, Ha6paHHbie B 2011 11 2012, co CTaTHCTl1KOt:i .Cint = 5 <p6H- l 11 20 

¢6H- l COOTBeTCTBeHI-IO. ITpeBbIWeH11e '-IHCJla co6bITl1fi B pacna,n,e B~ -+ µ+ µ -
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Ha,LJ, q:>OHOM B pacnpe,LJ,eJieHJ151X co6hITl1H no l1HBap11aHTHOH Macce M!OOH

Hh!X nap (p11c. 15a) no3B0Jll1JIO ou,eHl1Th Bep051THOCTh 3TOro pacna,LJ,a Ha 

ypOBHe (3.0~6:8) X 10- 9 C cyMMapHbIM y'-leTOM Cl1CTeMaTl1'-leCKOH 11 CTaTl1-

CTl1'-!eCKOH ow1160K [68]. CTaTl1CTl1'-!eCKa51 3Ha'-!11MOCTh 3TOro Ha6mo,LJ,eHl151 

cocTaBJI51eT 4.3a. l13MepeH11e pacna,LJ,a B~ --+ µ+ µ-, BhITTOJIHeHHOe CMS, 

coBna,LJ,aeT c npe,LJ,CKa3aH1151M11 Teop1111 ,LJ,JI51 6peH'-!11Hra B(B~ --+ µ+ µ-) = 
(3.57±0.30) X 10- 9 [69], y6e,LJ,11TeJibHO ,LJ,eMOHCTp11py51 COCT051TeJihHOCTh npe,LJ,

CKa3aHl1H CM. TaK)Ke 6brJ111 npoBe,LJ,eHhI no11cK11 pacna,LJ,a B 0 --+ µ+ µ- 11 

ycTaHOBJieH BepXHl1H npe,D,eJI Ha Bep051THOCTh 3TOro pacna,LJ,a, Hl1)Ke KOTOpo

ro pacna,LJ, o6Hapy)KeH He 6brn. 8TOT npe,LJ,eJI cocTaBl1JI 1.1 x 10- 9 rrp11 95% 
ypOBHe CTaTl1CT11qecKOH ,ll,OCTOBepHOCTH, qTo TaK)Ke corJiacyeTC51 co CTaH

,LJ,apTHOH MO,LJ,eJihIO: B(B0 --+ µ+ µ-) = (1.07 ± 0.10) x 10- 10 [69]. 

CMS- L • Slb 1 II• 7TeV, l • 20 lb 1 11 •a T•V > r 
_4)1" ♦ --
(!) - MPOf 
<q' I- . , ........ 
~ 12 8!_,.11 ... ,.~bl,, 
::: ·{\ -··· - ... ~10 I ___ _,,,,,.. 

f I 
w a 

J f • 
¥' a-
~ 

¥. 
"' ~ 2 

a I ., .. 
k .. ....... . .. ••••~""!,-~;$., .:. \J I I I • - • 

ie 5 51 52 53 54 s5 5a 57 5a se 
11\,, (GeV) 

DO m.an,11----111---------. 

CUFIOib 4 

"!1~!~ I 1----111----------l 

LltcbJfb '' 

0,1~1._~fl, I 

(.'M~•UfCb 
l"'('ltntln;&I) 

6 SM 

........... -._ ...... _.._ ..... - ........... - ........... - ........... J 

0 2 J 6 8 10 12 IJ 16 18 20 22 
B(lt: ... µ"µ II IOAI 

PHc. 15. a - Pacnpe,!le.nemie nap MIOOHOB no MX MHBapHaHTHOH Macce. 6 - Bepo

HTHOCTb pacna)J,a Es -+ µ + µ - , H3MepeHHaH B pa3JHl'!Hb!X 3KcnepMMeHTax. 

O6'he,LJ,11HeH11e ,LJ,aHHhIX 3Kcnep11MeHTOB CMS 11 LHCb no3BOJil1JIO yny4-

Wl1Th ToqHOCTh 113MepeH11ti: B(B~ --+ µ+µ-) = (2.8~8D x10-9 11 B(B0 --+ 
µ+µ-) = (3.6~t:~) X 10- 10 [70] . TaKl1M o6pa30M BC51 COBOKYITHOCTh 3Kcne

p11MeHTaJihHbIX ,LJ,aHHhIX npaKTl1'-leCKl1e He OCTaBJI51eT waHca ITO Ha6JI!O,D,e

Hl1!0 HOBOH cp11311K11 rrp11 113y'-!eH1111 pacna,D,OB B~ (p11c. 156). Pacna,LJ, )Ke 

B 0 --+ µ+ µ- ,LJ,eMOHCTp11pyeT nerKoe OTKJIOHeH11e OT npe,LJ,CKa3aHl151 CM Ha 

ypOBHe CTaTHCT11qecKol-1 3Haq11MOCTl1 2a 11 OKOHqaTeJibHY!O TO'-IKY B 3TOM B0-

rrpoce MO)KeT 6y,LJ,eT nocTaBl1Th np11 3Ha411TeJibHOM yBeJ111qeH1111 CTanICTl1Kl1. 
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OTKPblTl1E B030HA X11rrcA 11 11CCJIE,l],0BAHl1E Ero 

CB0HCTB 

TTocJie OTKpbITl151 B <PepM11Jia6e TOn-KBapKa 11 T-HeHTp11HO B 1995 r. 11 2000 
r. B cTaH,LJ,apTHOH MO,LJ,eJ111 He OCTaJIOCb Hl1 O,ll,HOH He!13BeCTHOH '-laCTHU,hl. I1c

KJI!0'-1eH11e COCTaBJI51Jl TOJlbKO 6o30H X11rrca - KBaHT CKaJI5IpHoro nOJI5I , OT

BeTCTBeHHOro 3a np1106peTeH11e MaCChl KaJI116pOBO'-!HblMl1 6o30HaMl1 11 cpep

M110HaM11 CTaH,LJ,apTHOl-1 MO,LJ,eJIH B pe3yJihTaTe cnOHTaHHOro ttapyweHl15I 3JieK

TpOCJia6oti c11MMeTp1111 (EWSB). TionbITKH 06impy)KJ1Tb 603oH X11rrca rrpe,D,

np11H11Man11cb Ha npoTmKeJ-11111 rroJiyBeKa, Ha1rnHa5I c 1964 r., KOr,D,a 6b1JI 

npe,D,JIO)KeH cooTBeTCTBy1ow,I1ti MexaHl13M ttapywett115I EWSB, nony'-!11Bwe

ro Bnocne,LJ,CTB1111 B '-!eCTb ero aBTopoB (Po6epTa BpayTa, <Ppa1-1cya 81-1rnepa 

11 TT11Tepa X11rrca ) Ha3Batt11e Mexatt113Ma BEH [71] ( cne,LJ,yeT TaK)Ke OTMe

Tl1Tb cyw,ecTBeHHblH BKJia,D, B pa3pa60TKY 3TOro MexaJ-Il13Ma ,II:)KepaJib,LJ,a fy

paJibHl1Ka, Kapna XareHa 11 ToMa K1166na [72]) . Bee no11cK11 3aBepw11J111Cb 

6e3pe3yJihTaTHO, O,LJ,HaKO 01-111 n03B0Jll1Jll1 nOJIY'-111Th orpaHW-18Hl15I Ha Macey 

60301-ia X11rrca. H a116onee TO'-!Hhie orpa1-111'-!e1-11151 Ha Hl1)KHl1H npe,LJ,eJI Mac

cbr 6hrm1 ycTaHOBJietthI B 3KCnep11MeHTax Ha LEP mH > 114.4 f3B/ c2 np11 

yp0B1-1e CTaTl1CTH4eCKOH ,D,OCTOBepHOCTH (C .L. ) 95% [73], a ,LJ,aHHhie 3Kcne

p11MeHTOB DO 11 CDF 1-ia T3BaTp01-1e no3BOJIHJIH 11cKJ110'-II1Th cyw,ecTBOBaH11e 

603oHa X11rrca Maccoti B ,LJ,11ana3oHe 148- 181 f3B/ c2 [74]. TaK11M o6pa3oM 

Ha116onee Bep05ITHblH ,LJ,Han a30H Mace ,l],Jl5I 6o30Ha X11rrca COCTaBJI5IJI OT 114 
,[\O 148 f3B / c

2
. KoHe'-!HO, Bee 3TH Bb!BO,l],bl 6blJIH C,LJ,eJiaHhl B npe,LJ,nOJIO)Ke

Hl111 OTCYTCTBl15l « HeCTaH,LJ,apTHOH >> q:>11311Kl1 11 OCTaBJI51Jl11 waHC ,l],Jl5I 6onee 

T5I)KeJib1x 6o30HOB X11rrca c Maccol-1 6one 200 f3B / c2. 

PeaJIH3au,1151 nporpaMMbI no11cKa 6o3oHa X11rrca B 3Kcnep11MeHTax ATLAS 

11 CMS Ha'-lanacb cpa3y )Ke nocne cTapTa LHC rrp11 ,/s= 7 T3B B 2010 r., a 

B cepe,LJ,11He 2011 r. y)Ke 6bIJll1 orry6Jil1KOBaHbl nepBhie pe3yJihTaTbI, KOTOpbre 

TaK)Ke He rrpo,LJ,eMOHCTp11poBan11 OTKJIOHeHHH OT CM. TiepBbie YKa3aHH5I Ha 

npeBbIWeH11e c11mana Ha,D, cpoHoM CM 6b1J111 nony'-!eHbI K KOHLI,y 2011 r. Ha 

CTaTl1CTHKe, COOTBeTCTBY!OW,eH HHTerpaJibHOH CBeTHMOCTl1 ~ 5 cp6H-l - o6a 

3Kcnep11MeHTa 3aq:>!1KC11pOBaJII1 CHrHaJI B o6JiaCTH 124- 126 f3B/ c2 C JIOKaJih

HOH CTaT11cT11'-leCKOH 3Ha'-IHMOCTbJ0 3.5a (ATLAS) [75] 11 3.la (CMS) [76]. 
0TKpb!Tl1e H0BOro 6o30Ha C0CT05IJIOCb y)Ke B 2012 r., K0r,D,a 6bIJ111 Ha6paHbl 

HOBhre ,LJ,aHHhre npH ,/s= 8 T3B 11 06'be,LJ,11He1-11-1a51 cTan1cT11Ka 3a 2011 11 2012 
fO,LJ,a 6brJia yBeJIHLJeHa 6oJiee '-leM B 2 pa3a. I1p11 ,ll,OCTHrHyTOH l1HTerpaJihH0H 
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CBeTl1MOCTH 5.1 cp6H-l (2011 r.) H 5.3 cp6H-l (2012 r.) Ka)K)],blti I-13 3KCnepH

MeHTOB ym-1)],eJl CTaTHCTH'--IeCKH 3Ha'--IHMblti CI1rHaJJ B patioHe 125- 126 r3B/ c2: 

He MeHee 5a B CMS H 5.9 a B ATLAS [3, 4]. OTMeT11M, '--!TO B 3TO )Ke spe

M5I 3KCnepHMeHTbl Ha T3BaTpOH rm o6'be)],HHeHHb!X ,ll,aHHb!X 3KCnepHMeHTOB 

CDF 11 DO TaK)Ke yBH,ll,eJlH npeBbIWeHHe c11rttaJJa Ha cpottoM CM B )],Hana3otte 

OT 115 ,!1,0 135 r3B/ c2 CO CTaTHCTH'--leCKOti 3Ha'--IHMOCTbIO 2.9a [77]. 
Cpa3y nocJle OTKpb!Tl15I MO)KHO 6bIJ10 C ysepeHHOCTb yTBep)K,!1,aTb, '--!TO 

TOJlbKO '--!TO OTKpbITa5I '--!aCTHIJ; 5IBJ15IeTC5I HOBblM HetiTpaJJbHbIM 6o30HOM (no 

HaJJH'--!1110 pacna)],a 'Y'Y), HO npoweJ1 eru;e no'--ITl1 ro)],, B Te'--leH11e KOToporo npo

BO,ll,11J111cb 113y'--leHl15I ee CBOtiCTB (yTO'--IHeH11e MaCCbl, onpe)],eJ1eH11e CITHHa 11 

'--!eTHOCTl1, 113Mepett11e CHJlbl CHrHaJJa H KOHCTaHT CB5I311), npe)K)],e '--!eM q:>11311-

Kl1 CMOrJlH C yBepeHHOCTb CKa3aTb, '-ITO 3TOT 6030H 5IBJ15IeTC5I HMNIHO 6o30HOM 

Xttrrca CTaH)],apTHOH MO)],eJlH (noKa HeT Hl1KaKHX YKa3ami:ti Ha <<HeCTaH)],apT

HYIO>> cp11311Ky). 8noxa no11cKa 6o3otta X11rrca 6hIJ1a 3aBeprnetta B 2013 r. 

Bpy'--!eH11eM Ho6eJ1eBcKoti npeM11H aBTopaM MexaH113Ma BEH Il11Tepy X11rrcy 

H <DpaHcya 8ttrnepy 3a <<TeopeTH'--IeCKOe OTKpb!Tl1e MexaHH3Ma, OTBeTCTBeH

Horo 3a noH11MaHJ.1.e np011CXO)K)],eHl15I MaCCbl cy6aTOMHb!X '--laCT11IJ;, KOTOpb!H 

6bIJ1 He)],aBHO nO)],TBep)K,!1,eH OTKpb!Tl1eM npe,ll,CKa3aHHOH cpytt)],aMeHTaJlbHOH 

'--!aCTl1IJ;bI B 3Kcnep11MeHTax ATLAS 11 CMS Ha BoJ1bWOM a,!1,pOHHOM KOJ1J1ati

,!1,epe B U:EPH>> [78]. O,ll,HaKo eru;e pa1--1bwe, B 2012 r., Ha'--!aJJC5I HOBbiti 3Tan 

l1CCJ1e)],OBaHJ.1ti B 3KCnep11MeHTaJlbHOti q:>11311Kl1 3JleMeHTapHb!X '--laCT11IJ;, KOTO

pb!H BKJllO'--laeT He TOJlbKO npeu;113110HHbie 113MepeHl15I xapaKTep11CTl1K 6o30Ha 

X11rrca ,ll,J15I OKOH'--laTeJlhHOro ,ll,OKa3aTeJ1bCTBa ero Ilp11p0,!1,bI (oKHO ,ll,J15I HO

Boti q:>H311Kl1 eru;e cyru;eCTByeT)' HO J,] ITOHCKl1 ,lJ,pyrHX XHrrcoBCKHX 6o30HOB, 

KOTOpb1e yKa3bIBaJ111 6b1 Ha q:>H3HKY Ha npe,!1,eJ1aM11 CM. IloJ1Hbiti cn11coK 

pe3yJ1bTaTOB no OTKpblTl1IO 11 l1CCJ1e)],OBa1-11110 CBOHCTB 6o30Ha X11rcca B 3KC

nep11MeHTe CMS np11Be)],e1--1 B [79]. 

H ABJIIO,JJ;EHl1E HOB Or o B 0 3 0HA 

Cornactto cTaH)],apTHOH MO)],eJ111 6o30H X11rrca npe11Myru;ecTBeHHO pO)K,ll,aeT

c5I B npou;eccax rJ1100H-rJ1100HHOro CJ1J.15IHl15I 11 CJ1115IHl15I BeKTOpHbIX 6o30HOB 

WW MJ1M Z Z (VBF), a TaK)Ke coBMeCTHO c BeKTOpHbIMH 6o30HaM11 HW 
11m1 HZ (VH) 11 napoti Ton-KBapKOB ttH ( ttH) (pHc. 16). ,ll,0MHH11py1oru;11M 

MexaH113MOM BO Bcex 11HTepBaJJax Mace 5IBJ15IeTC5I CJ1115IHHe rJllOOHOB, KOTOpbre 

B 06J1acT11 MaJJhrx Mace )],aeT BKJla,ll,, 60J1ee creM Ha nop5I,!1,0K npeBb1rna1oru;11ti 

BKJla)],bl ,!1,pyrnx MexaHl13MOB (CM. p11c. 17 a, r)],e np1-rne)],eHbl COOTBeTCTByIO-
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Lil,He ce'--leHH5I np11 3Hepr1111 B3a11MO,ll,eticTBH5I npoTOHOB fa = 8 T3B [80]). 
CJ1e,!1,YJOIIJ;l1H no 3Ha'--IHMOCTl1 MexaHH3M - VBF - cTaHOBl1TC5I KOHKypeHT

HblM TOJlbKO B 06J1acT11 Mace nop5I,ll,Ka 1 T3B / c
2

. HecMOTp5I Ha cyru;ecTBeHHO 

MeHbWHe ce'--!eH115I , MexaHH3MbI VBH 11 ttH npe,!1,CTaBJ15IIOT 60J1hlIIOH 11HTepec, 

T.K. HaJll1'--111e ,ll,BYX ,ll,OIIOJ1Hl1TeJ1bJ-IblX CTpyti IT03BOJ15IeT 3aMeTJ-IO 06J1eI''--ll1Tb 

Bbl)],eJ1eH11e CHrHaJJa Ha)], q:>OHOM. 
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P»c. 16. Mexa11113Mhl po)K)J,e1111>1 6o30Ha X11rrca B CM (a) rmooH-I'JIIO0HH0e cn11-

>11me, (6) CJ111>1Hl1e BeKT0pHbIX Me30H0B, (a) acC0l.\11Hp0BaHH0e p0)K,!(em,e 6030Ha 

XHrrca 11 aeKT0pHoro Me3otta, (2) acC0l.\~111poBaHH0e p0)K,!(eH11e 6o3otta X11rrca 11 

napb1 tt. 
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P»c. 17. a - CeYett11>1 p0)K,!(eH11>1 603011a X»rrca B pp-CT0JJKH0Bemrnx np11 ,/s = 8 
T:CJB ,!1,JI>I pa3JJl1'1HhIX 11;1exaH113M0B. YY11ThIBaJOTC>1 KX,Ll, BKJJa,L\hI BToporo nop>I,!\Ka 

(NNLO) 1-1 3JJeKTpocJJa6b1e nonpaBKH nepaoro (NLO). Heonpe,!\eJJeHHOCT11 pac'le

T0B ce'!eHHH CB>13aHa B 0CH0BH0M c PDF 1-1 nonpaBKaMH Bh1cw11x nop>1,!\K0B. 6 -
Bepo>1THOCT11 pacna,L\a 6o3oHa X1-1rrca no pa3JJH'IHbIM KaHaJJaM. 
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CM rrpe,11,cK83bJBaeT xopoTK0)K11Bylll,11tl. x11rrcoBcK11H 6o3oH, pacrra,11,a10-

Ill,11HC51 Ha ,11,pyrne H3BeCTHbie Y.aCTl11..1,bI , rrp11Y.eM rrpe11Mylll,eCTBeHH0 Ha T51-

)KeJJbie, Tax11e, KaK KaJJ116poBOY.Hbie 6030Hbl 11Jil1 cpepM110J-lbl TpeTbero fI0K0-

JieJ-11151 (p11c . 176) , T.K. xo1-1cTa1-1Ta CB51311 60301-1a X11rrca 11 cpepM1101-10B rrpo

rrop1..1,1101-1anh1-1a Macce cpepM1101-10B gH 11 ~ m f, a 60301-1a X11rrca 11 Kan116po

B0'-IHhIX 60301-108 ~ KBa,11,paTy MaCCbl 6o30HOB 9HVV ~ mi. 
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PM c. 18. Pacnpe,11eneH1-ie no 11naap11aHTHOfi Macce (a) 4x nenTOHOB [82[ (6) napbI 

cj:,OTOHOB [83]. 

H a1160Jiee rrepcrreKTl1B J-lb!Ml1 ,l],JI51 1-1a6mo,11,eH1151 5IBJI5IIOTC51 II51Tb 0CH0BHb!X 

xa1-1anoB pacrra,11,a x11rrc0Bcxoro 6o3otta: Tp11 KaHana p acrra,11,a Ha rrapy 6o-

30HOB (,,, ZZ* 11JI11 WW*) 11 ,11,Ba xaHana Ha rrapy cpepM1101-10B (bb 11JI11 

TT). P acna,11,hI WW*, bb 11 TT 11Me10T 6onhwy10 Bep05ITHOCTh, 0,11,HaKo B KaHa

JJax ,, . 1 Z Z* ,11,eTeKT0pHbi e c11cTeMbI CMS 06ecneY.11Ba10T nyqwee MaccoBoe 

p83peweH11e (He xy)Ke 1- 2% [81]), '-I.TO 06ecrreY.11BaeT Jiy<1wee cooTH0WeH11e 

c11rHana 11 cpoHa. ITp11 no11cxe 6o3oHa X11rrca c Maccotl. 125 f 3 B / c
2 

B03MO)K

HOCTl1 KaHaJJOB '' 11 z z rrp116m1311TeJJbHO O,l],11HaKOBbl. B 1..1,eJJOM, OHl1 6oJiee 

Y.YBCTBl1TeJJhHbI , '-!eM xa1-1anb1 pacna,11,a Ha napy bb 11n11 TT. 

B 3Kcrrep11MeHTe CMS cTan1cT11Y.ecxa51 3Ha<111MOCTb npeBb1weH1151 c11rHana 

Ha,l], ypoBI-IeM cpmm rrp11 COBMeCTHOM a1-1an113e ,11,aHHb!X no BCeM fl5ITl1 KaHaJJaM 

COCTaB11J1a 4.90' . CoBMeCTHbIH aHaJJH3 TOJlbK0 no ,11,BYM Ha1160J1ee c1yBCTBl1-

TeJibHb!M H Bb!COKOT0'-1.Hb!M KaHaJJaM ( ' ' 11 z Z) o6ecneY.11Jl CTaTl1CTl1Y.eCKYIO 

3HaY.11MOCTh Ha6n10,11,aeMoro 3cpcpeKTa 5.0u. 
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KaHaJJbI ,, H Z Z* O'-leHb Ba)KHbl , nocKOJihKY no3BOJJ5IIOT 113Mep11Tb Mac

ey HOBOH '-laCTl11..1,bl C Bb!COK0H TO'-IHOCTb!O. B KaHane '' Macca orrpe,11,eJ15IeTC51 

113 3Heprwtl. 11 HanpaBJJeHl1H ,11,Byx Bb!C0K03HepreTl1'-!eCKl1X Q)OTOHOB, 113Me

p5IeMblX Kp11CTaJJJl11'-leCKl1M 3JleKTpOMarHl1THblM KaJJOp11MeTpOM ycTaHOBKl1 

CMS. B KaHane ZZ* Macca onpe,11,eJI5IeTc51 113 pacna,11,a rrapb1 Z-6030HOB Ha 

,[!,Be rrapbl 3JleKTp0HOB 11Jll1 MIOOH0B JI1160 Ha rrapbl 3JleKTpOHOB 11 MIOOHOB. 

OHl1 113Mep5IIOTC51 BHyTpeHHl1M TpexepoM, 3JleKTpOMarH11THbIM KaJJOp11MeT

poM 11 MJ0OHHbI M11 KaMepaM11: ZZ* ➔ 4µ, 4e, 2µ2l. MaccoBhie pacrrpe,11,e

JieH1151 Y.eTblpexnerrTOHHblX co6b!Tl1H (,11,Be napbl 3JleKTpOH0B, 11Jll1 ,l],Be napb! 

MIO0J-10B, 11Jll1 napa 3JleKTpOHOB 11 rrapa MIOOJ-10B) 11 rrapbl Q)OTOHOB IT0K83a

HO 1-1a p11c . 18. B 06011x cnyq a51x Ha6mo,11,aeTc51 xop o w o Bbipa)KeHHbIH 1rnK B 

patl.oHe 125 f3B/ c2. 
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PMc. 19. MaccoBall 3aBHCMMOCTb BepollTHOCTM cj:,nyKTYal.\MH cj:,oHa CM ,1\0 BMM

'IMHbl Ha6n10,11a1ow,erorn c1-1r11ana B pacna,11ax ( a) Z Z* [82] 1-1 ( 6) TY [83]. 

,ll,JJ5I ynyqweHJ151 BbI,l],eJJemrn pacna,11,0B HCITOJib30BaJJJ1Cb MHOronapaMeT

p11qecx11e MeT0,11,hI aHaJJH3a (MVA), TaK11e, KaK MeTo,11, npaB,11,ono,11,061151 MaT

p11cmh1x 3JieMeHTOB MEL A (Mat ix E l ement Likelihood Approach ) 11 ,11,epeBb51 

rrp11tt5ITl151 peweJ-111tl. BDT (Boosted Deci s ion Tree). C rroMOill,b!O K11HeMaT11-

Y.ecxoro ,11,11cKpHM111-1aHTa MEL A, 11crrOJib3YIOill,ero Macchi ,11,Byx Ka1-1,11,w,11,aT0B B 

Z-6030Hbl 11 BCe yrn0Bbie xapaKTep11CTHKJ1 JJeITTOHOB, y,11,anocb YJJYY.WHTb n o 

cpaBHeH1110 co CTa1-1,11,apTHb]M MeT0,11,0M OT6opa co6b!Tl1H, OCHOBaHHb!M Ha K11-

1ieMaT11Y.eCKl1X o6pe3aHl15IX, CTaTHCTw1ecxy10 3HaY.11M0CTb Y.eTbipexJJeIITOH-

1-iOro pacna,11,a ZZ* ➔ 4µ, 2e2µ, 4e Ha 15- 20%. ITpeBb1we1-111e '-!11cna co6b1Twtl 

Ha,!], YPOBHeM Q)OHa rrpH 3Ha'-!eHH11 MaCCbl B patl.oHe 125 f 3B / c2 C0CTaBl1JlO 
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6.8 a (p11c. 19a) [82]. Ilpou;e,eypa aHaJ1113 a co6hrT11i1 p0)K,LJ,eH11H 'Y'Y Ha oc

H0Be BDT ,LJ,aJJa yBeJiw1eH11e cTaT11cT11qecKQtt 3 Haq11M0CT11 3Toro KaHaJJa Ha 

15% - B HeM I-Ia6JIJO,LJ,aeTC51 rrpeBhIUJeH11e q11cJia co6bITl1H Ha,LJ, ypoBI-IeM <poHa 

rrp11 3Ha<IeHl111 MaCChl B pafioHe 125 raB/ c2 co 3HaqeHHeM CTaTHCT11qeCK0M 

3HaqHM0CTH 5.7 a (p11c. 196) [83]. Ha6JIJO,LJ,em1e ,LJ,BYX <pOTOHOB B K0HeqHQM 

C0CT051Hl1H YKa3bIBaeT Ha TO , qTQ H0BaH qacn,u;a 51BJI51eTC51 6o30HOM , a He 

cpepMHOHOM , H ee CIIHH He M0)KeT 6b!Tb paBHhlM 1. 
WW-KaHaJJ HBJIHeTcH 6oJiee cJI0)KHbIM. Ka)K,LJ,hiti W-6o30H orrpe,LJ,eJIHeTCH 

ITO ero pacrra,ey Ha 3JieKTp0H 11 Het!Tp11H0 HJIH MI-OOH 11 Hei1Tp11H0. HefiTpHHO 

He per11cTp11pyeTcH rrpH rrpox0)K,LJ,eH11H Yepe3 ,LJ,eTeKTop CMS , rroaT0MY 6o30H 

X11rrca CTaH,LJ,apTHOti M0,LJ,eJIH rrp051BJI5leTC51 He KaK Y3Kl1H IIl1K , a KaK rrpe

BhIIIIeHHe YHCJia co6bITl1H B III11p0K0M ,LJ,HaIIa30He Mace co CTaTHCTl1YeCK0H 

3HaYHM0CThI-0 4.3 a [84]. MaccoBoe pa3peIIIeHHe B 3T0M KaHaJJe C0CTaBJIHeT 

16- 17%. 
OT,LJ,eJihHblti 11HTepec ,ll,Jl51 II0HHMaHl151 rrpHp0,LJ,hl 06Hapy)Ke1-rnoro 6o30Ha 

BhI3BaeT Ha6JII-O,LJ,eH11e ero pacrra,LJ,0B Ha rrapy cpepM110HOB (bb 11 TT). Ka

HaJJ bb 11MeeT 6oJihIIIOfi <poH OT rrpou;eccoB cTaH,LJ,apTHOH M0,LJ,eJI11 , rroaToMy 

rrp11 aH8J1113e 11CCJie_eyJOTC51 co66ITH51 , B K0T0pb!X 6030H X11rrca p0)K,LJ,aeTC51 

C0BMeCTH0 C w 11Jl11 z 6o30HaMH, pacrra,LJ,aI-OIII,11Ml1C51 Ha 3JieI<TpoH(br) 11Jll1 

MJOOH(b1). K aHaJJ TT 113MepHeTC51 110 pacrra,LJ,aM T Ha 3JieKTp0HbI, MJO0Hhl 11 

a,LJ,p0HhI. MaccoBoe pa3peIIIeH11e B KaHaJJax bb 11 TT - 10% 11 10- 20% cooT

BeTCTBemro. AH8J1113 ,LJ,aHHhlX Ha Beet! ,ll,OCTYIIHOH CTaTHCTHKe 2011- 2012 rr. 

rro3B0Jil1JI yB11,LJ,eTh 1111K B crreKTpe TT 11 bb Ha ypoBHe 3.2 a [85] 11 2.6 a [86] 
C00TBeTCTBeHH0. CTaTl1CTl1YecKa51 31-1aq11M0CTh o6Hapy)KeHl151 cpepM110HHhIX 

pacrra,LJ,0B B C0BMeCTH0M aH8JJH3e ,LJ,BYX 3Tl1X pacrra,LJ,0B ,LJ,0CT11raeT 3.8 a [87]. 
l1CKJIJOYl1TeJihHO Ba)KHQH 51BJI51eTC51 rrpoBepKa Pl1II0Te3hl cyIII,eCTB0BaHJ151 

,LJ,0n0JIHl1TeJibHhlX CK8J151pHb!X pe30HaHC0B, Harrp11Mep, ,LJ,0n0JIHl1TeJibHh!X 6o-

30H0B X11rrca B M0,LJ,eJI11 c pacIII11pe1-1ab1M X11rrc-ceKTopoM. B HaCT0HIII,ee Bpe

MH aKcnep11MeHT8J1hHhrx ,LJ,aHHhrx CMS BTI0JIHe ,LJ,0CTaToqtto, qT06h1 rroJIH0-

cThJO 11CKJIJQql1Th 11X cyIII,eCTB0Ba1-rne Ha yp0BHe CTaTJ1CTl1YeCK0H ,ll,0CT0Bep

H0CTl1 95% B o6Jiacrn Mace 145- 1000 raB/ c2 
B Ka1-1aJJax pacna,LJ,a 1-1a WW 

11 Ha ZZ (KoM611tt11poBaHHhIH attaJJl13 no ,LJ,BYM KaHaJJaM) [88]. TaK)Ke no

Ka He B11,LJ,H0 pe,LJ,K11X 11 3 K30T11YecK11x ( 3a paMKaM11 CM) pacna,LJ,0B 603oHa 

X11rrca, Hanp11Mep, pacna,LJ,a Ha napy MIO0H0B 11Jll1 3JieKTp0H0B [89] 11 TaK 

Ha3hIBaeMb!X <<He Bl1,ll,11Mh!X>> pacna,LJ,0B , xapaKTep113YlOIII,HXC51 0TCYTCTB11eM B 

K0HeqHhIX npo,eyKTax pacna,LJ,a <iacT11u; CM , K0T0phle MorJI11 6b1 6hITh 3a

per11cTp11poBaHhI ,LJ,eTeKT0pHb!Ml1 Cl1CTeMaMl1 (pacna,LJ,bl rm 4 HeHTp11H0, Jier-

C. B. IIIMATOB 41 

y a fiIII11e cTa611JihHh1e cynepc11MMeTp11qHh1e Ya CTHU,hl (LSP) , <iacT11u,h1 TeMHoti 

MaTep1111 (WIMP) 11 ,LJ,pyrne [90]). 

CBOMCTBA B030HA X.11:rrcA 

O ,LJ,HOBpeMeHHO C y6e,LJ,11TeJibHh)M n0,L(TBep)K,LJ,eHHeM o6Hapy)KeHl151 H0B0H qa

CTHlJ,hl BCT8J1 B0npoc 11CCJie,LJ,0BaHl151 ee CB0MCTB. C CaMoro HaYaJJa 661JIO no

H51THO, YT0 Mb] 11MeeM ,LJ,eJio C H0Bh!M HeHTpaJJbHb)M 6o30HaMH, a pacna,LJ, Ha 

11 HBHO yKa3hIB8J1 Ha ero CK8J151PHYJO np11po,ey. BoJiee Toro, BepoHTH0CTh 

o6pa30BaHl151 H0B0ti YaCTHlJ,hI a 0Ka38J1aCb B cornac1111 C BeJI11q11H0H Bepo-

51TH0CTl1 o6pa30BaI-11151 6o3oHa X11rrca, npe,LJ,CKa3am1ofi B CM asM BO Bcex 

II51Tl1 KaHaJJax , r,LJ,e 6b1JI o6Hapy)KeH Cl1rH8J1 H0B0H <JaCTHlJ,hl (p11c. 21 a). Hx 

OTH0IIIeH11e Ha3bIBaeTC51 11HTeHCl1BH0CThl0 CHrHaJJa µ. Ilo pe3yJibTaTaM 113Me

p eHHH BO BCex ll51Tl1 KaHaJJax 3 HaqeH11e µ = a / asM = 1.00 ± 0.09 (cTaT.) 

~g:gg~ (Teop.) ± 0.07 (c11CT.) np11 3HaYeH11e MaCCbl mH = 125.0 raB/ c2. 

~ 
p • I OO.t 0 l4 

H .... yy tagged 
JJ • 1.12 ± 0-24 

H-, ZZtagged 
µ • 1.00± 0.28 

H .... WWlagged 
µ - 0.83 ± 021 

H ➔ ntagged 
µ • 0.91± 0.28 

H-> bblagged 
P • 0.8H0.« 

0 

19.7 lb"' (8 TeV) + 5.1 lo' (7 TeV) ::; 1_ll.7 lb"' (8 TeV) + 5.1 lb"1 (7 Tev1 

+ Combined CMS 11\t• 125 GeV I J2.CI) ~ CMS 
b 2.o~ H ➔ yy + H -+ ZZ ,-. H ➔ TY lagged 

H ➔ U. tagged 

1.5 
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mH (GeV) 

P11c. 20. a - HHTeHCHBHOCTb c11r118Jla 603 011a X11rrca. 6 - Bo3 MO)KHOe npocTpaH

CTBo 3 Ha'leHHH (68% C.L.) HHTe HCHBHOCTH CHrH8Jla µ B 3 aBHCIIMOCTII OT MaCCbl 

mH. [81]. 

C Jie,eyJOIII,HM ecTeCTBeHHhlM IIIaroM CT8JJ0 T0YJ-We 113Mepem1e MaCChl 11 Ill11-

Pl1Hb! H0B0H YaCTl1lJ,bl. ,ll;JI51 113MepeHl151 MaCCbl H0B0ro 6030Ha 6h!Jll1 11CII0Jlb-

30 BaHhl ,LJ,Ba KaHaJJa ( 11 11 Z Z) c Ha11JiyYIII11M Macc0BbIM pa3peIIIeH11eM. Mac

ca HOB0ti YaCTl1lJ,hl orrpe,LJ,eJieHa 6e3 y<JeTa KaKJ1X-JIH60 npe,LJ,II0JI0)KeI-J11tt 06 0T

HOCHTeJibHhlX Bepo51TH0CT51X M0,LJ, pacna,LJ,a 11 B HaCT051III,ee BpeM51 C0CTaBJI5leT 

l 25 .02~g:~~ (cTaT.) ~gj~ (c11cT.) raB/ c2 (p11c . 216) [81]. B CM ecTecTBeHHaH 
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w11p11Ha 6o3otta X11rrca c Maccow 125 raB/ c
2 

cocTaBJrneT rrp11Meptto 4.15 
MaB/ r? [92]. 9TO HaMHOI'O MeHbWe, t.JeM MaCCOBOe pa3pewett11e B KamlJ!ax 

,, 11 Z Z*. lloaToMy cp11T11poBaH11eM MaccoBoro crreKTpa tterrocpe,D,CTBeHHO 

B pawotte IIHKa rrpe,D,CTaBJI5JeTC5l B03M0)KHblM IIOJIYt.Jl1Tb Jil1Wb orpaHl1'-JeHl1e 

cBepxy Ha Ha6mo,D,aeMyJO w11p11Hy rH < 3.4 raB/ c
2 [82]. llp11 pacw11pe

tt1111 MaCCOH o6JiaCTl1 BbJWe rropora pO)K,D,emrn rrapbl Z-6030HOB (o6JiaCTb BHe 

MaCCOBOH ITOBepxHOCTl1 6bIJia orrpe,D,eJieHa KaK m41 > 220 raB/ r?) y,D,aJIOCb 

ycTaH0B11Th 6onee cTporne orpaHw1emrn r H < 22 MaB/ r? [93], t.JTO Bcero B 

5.4 pa3a 60JibWe TeopeT11t.JeCKOI'O 3HaLJeHl15l. 

2 CMS 
~!+observed 

~ I~ SM Higgs 

~ 

} CMS 
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Pwc. 21. a - ,1],onycntMbJe 3Ha'!eHlrn MaCWTa6HblX K03cpqmu,tteHTOB ,!IJ15l BeK

TOpHblX 'laCTHLI, KV H cpepMHOHOB "J· 6 - 3aBHCHMOCTb M0,!111cpttu,HpoBaHHblX KOH

CTaHT CB5l3 11 'tacn1u, C 6030HOM Xttrrca OT HX MaCCbl B npe,!ICTaBJJeHHH KJm1 / 11 H 

,JiZvmv / 11. 3tta'leHHe 11 = 246.22 f3B/ c2 [81]. 

Ba)KHOH rrpoBepKOH CBOHCTB OTKpbITOI'O 6o30Ha 5lBJI5leTC5l H3MepeH11e ero 

KOHCTaHT B3aHMO,D,eiicTBl15l c t.JacTH1I,aM11 CM. B 06I11,eM cnyt.Jae KOHCTaHTbI 

CB5!311 rrpe,D,IIOJiaraeMoro x11rrCOBCKOI'O COCT05!Hl15l B6Jil1311 113MepeHHOH MaCCbl 

~ 125 raB / r? He MOryT 6bJTb 113MepeHbl ITp5!MO, 11 He06XO,ll,11MO KaKHM-TO CIIO

co60M H3BJieKaTb HHcpOpMall,11!0 06 HX BeJIHt.Jl1Hax 113 H3Mep5!eMblX BeJil1t.Jl1H . 

KoHCTaHTbI CB5!3H 6o3oHa Xnrrca B CM c cpepMHOHaM11 rrp5!MO rrporrop11,Ho

HaJibHbI 11X Macce - >-1 ~ K-JmJiv , a C BeKTOpHbIMH t.JaCTHll,aMH (Kan116po

BOt.JHblMl1 6o30HaMH) HMeeT KBa,D,paTHt.JHYIO 3aBHCl1MOCTb OT MaCCbl - gv ~ 
K-v2mif v [91], v - BaKyyMttoe cpe,D,1-1ee IIOJI5l XHrrca. ,Il,JI5l yt.JeTa B03MO)K

HbIX OTKJIOHeHHH HHTeHCl1BHOCTl1 CHI'HaJia, 06ycJIOBJieJ-11-[blX HOBOH cp113l1KOH, 
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oT O)KH,IJ,aH11ii CM BBe,D,eHbI MacwTa6Hhie K03cpcp1111,11eHTbI "'},v = a f , v / af,lf 
( HJIH , ecJIH paccMaTpHBaTb TOJibKO rrpo11,ecch1 pacrra,D,a 60301-1a Xnrrca, "'},v = 
r / ,V / rf,lf , I',D,e f ; - W11p11Hbl COOTBeTCTBYIOI11,11X pacrra,D,OB) [92], KOTOpble 

TaK)Ke Ha3bJBaJOTC5l <<MO,l],HcpHKaTopaMH>> KOHCTaHT CB5!311. lloJiyt.JeHHbie B pe-

3YJibTaTe arrrrpOKCl1Mall,l1l1 3KCrrep11MeHTaJibHbIX ,D,aHHblX 3Hat.JeHl15l MaCwTa6-

HblX K03cpcpH11,l1eHTOB ,l],JI5l BeKTOpHbIX t.JaCTHll, K-v (W H Z) H cpepMHOHOB K, f 

(µ , r , b, t) He rrpoT11BopeYaT CM B rrpe,D,eJiax TeopeT11LJeCKHX Heorrpe,D,eJieHHO

cTeH (68% C.L.) (pHc. 21a) [81], t.JTO TaK)Ke HCKJIJOt.JaeT rHrroTe3y cpepM110-

cpo6Horo (T.e. He pacrra,D,a10I11,eroc51 Ha cpepMHOHbr) 6o3oHa X11rrca. Ba)KHO 

TaK)Ke OTMeTHTb '-ITO B 6e3pa3MepHOM rrpe,D,CTaBJieHHH ITOJiyt.JeHHbie KOHCTaH

Tbl CB5!311 >. f H J gv / (2v) 11MeJOT JI11HeiiHy10 3aBHCl1MOCTb OT Macchi t.JaCTHll, 

BO BCeM ,IJ,HaITa30He HX 3Hat.JeHHt\ OTµ ,ll,O t (p11c. 216). 9To, BO-rrepBbIX , He,D,By

CMblCJieHHO CBH,D,eTeJibCTByeT 06 YHHBepCaJibHOM xapaKTepe B3aHMO,l],eHCTBl15l 

6o30Ha XHrrca B cpepMHOHHOM H 6o30HHOM ceKTOpax, a B0-BTOpbl X, ITO,l],TBep

)1(,l],aeT Bb!BO,ll, 0 rrp11po,D,e 06Hapy)KeHHOI'O Cl1I'HaJia (JPC = Q++). 
,Il,JI5l H3yt.JeJ-1115l CITHHOBOH CTPYKTYPbl 6030J-Ja 6bIJil1 11Cl10Jlb30BaHbl TaK 

Ha3bIBaeMble pa3,D,eJil1TeJIH I'l1110Te3, rrpe,D,CTaBJI5!10Ill,He co6oit KOM611tta11,1110 

cpyHKll,Hll rrpaB,D,0110,D,06115! KOHKyp11py10I11,l1X I'l1110Te3, T.e . pacrrpe,D,eJieHl15l ITJIOT

HOCTeH Bep05!THOCTl1 yrnoBb!X H MaCCOBblX rrepeMeHHblX rrpO,D,yKTOB pacrra,D,a 

B rrpe,D,ITOJIO)KeHHH pa3Jil1t.JHb!X 3Hat.JeH11t\ Cl111Ha J 11 t.JeTHOCTl1 P. Ha ,D,aHHb!X 

no pacrra,D,y 6o3oHa XHrrca Ha rrapy KaJiv16poBOt.JHbIX 60301-10B ( Z Z -+ 4l, 
WW-+ lvlv, ,,) 6hIJI11 rrpoTecT11poBaHhl 6onee ,D,eC5lTH pa3Jil1t.JHblX coc1eTa-

1-111t\ B03M0)1(Hb!X 3Hat.JeHHH J l1 P, COOTBeTCTBYlOill,He rrceB,D,OCKaJI5!paM (JP 
= o-, ... ), TeH30pHbIM t.JaCTHU,aM (JP = 2-, 2+, ... ) 11 ,l],a)Ke BeKTOpHbJM t.Ja

CTI1U,aM (JP = 1- 11 1 +) , XOT5l aTo 11 3arrpeI11,etto tta6mo,D,e1-111eM pacrra,D,a ,, B 

COOTBeTCTBl111 C TeopeMOH JlaH,D,ay-5IHra. Bee KOM611Ha11,1111, aJibTepHaTl1BHbie 

rl1ITOTe3e 6o30Ha X11rrca CTaH,D,apTHOH MO,l],eJil1 (JP = o+), 6bIJIH OTBepmyTbl 

c Bb!COKOH CTerreI-IblO CTaTl1CTHt.JeCKOH ,ll,OCTOBepHOCTH [94]. 
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l10l1CKl1 Cl1fHAJIOB <I>l1311Kl1 3A PAMKAMl1 

CTAH~APTHOM MO~EJil1 

IlporpaMMa cp113w.1ecK11x 11ccJie,D,0Batt11fi CMS no 06ttapy)Kett11IO HOBO cp11-

311K11 3a paMKaM11 CM ( B eyond the Standard Model, BSM) npe,D,cTaBJI5!eT 

co6ofi urnpOKOMaCnITa6Hblf! 11011CKOBblf! 3KCIIep11MeHT, HanpaBJieHHblf! Ha 06-

Hapy)KeH11e O)Kl1,D,aeMbIX OTKJIOHem1fi OT rrpe,D,CKa3aH11fi CM B pa3JIW--IHbIX 

KaHanax [6]. CMS Be,D,eT 11011cK c11rHaJIOB OT HOBbIX cp113w-recK11x o6'heKTOB 

11 5!BJieH11fi, rrpe,D,CKa3bJBaeMb!X cyrrepC11MMeTpW-!Hb!Ml1 MO,D,eJI5!Ml1, MO,D,eJI 5!

MM pacumpettttoro KaJI116poBoqttoro ceKTop a (PKC), MO,D,eJI5!MM TeXHMl.l,BeTa, 

cu,eHapM5!MM MHOrOMepHb!X TeOpMfi , rrpe,D,JiaraeMbIX ,D,JI5! p erueHM:5! rrpo6JieMbl 

<<11epap xMfi>> (TOHKOfi rro,D,cTpofiK11 CM), 11 MHOrMM11 ,D,pymM11. 

Pa3H006pa3He rrpe,D,CKa3bJBaeMbIX 3THM M MO,D,eJI5!MM HOBb!X qacTHIJ, H 5!B

JieHHfi T p e6yeT 11CIIOJib30BaHM5! ru11p0Koro crreKTp a 3Kcrrep11MeHTaJibHb! X Ha-

6JIIO,D,aeMb!X B pa3JIMqHb!X KaHaJiax (CM., HaIIpMMep, [7]): 

• T5!)KeJibi e pe30HaHCHbie COCT05!Hl15! 11 Hepe30HaHCHbie CMrHaJibl B c rreK

T p e nap MIOOHOB, CTp yfi, cpOTOB , cpOTOHOB, TOII-KBapKOB, KaJIM6poBoq

Hb!X 6o30HOB ,D,JI5! IIOMCKa HOBb l X T5l)KeJib!X KaJIM6poBOLJHblX 6o30HOB 

Z', KaJiy1.1,a-KJI5!f!HOBCKMX B036y)K,D,eHHb!X COCT05!Hl1fi rpaBMTOHa, qaCTl1l.l, 

TeXHMl.l,BeTa M ,D,p. 

• O,D,MHOqHoe pO)K,l],eH11e qaCTl1l.l, ( CTpyfi, cpOTOHOB, JieIITOHOB), corrpOBO)K

,D,aIOllleec5! 60JibWOfi: ,D,OJiefi IIOTep5!HHOfi rrorrepeqHofi 3HeprMM . OTKJIOHe

HMe B IIOBe,D,eHMM IIO,D,06Hb!X CHrHaJIOB OT CM MO)KeT CBM,D,eTeJibCTBOBaTb 

0 CyllleCTBOBaHM:11 HOBOro T5!)KeJioro 3ap5!)KeHHOro KaJI116poBoqHoro 6o-

30Ha ,W') ,ll,OIIOJIHMTeJibHb!X rrpocTpaHCTBeHHblX H3MepeHMfi: ) CJia6oB3aM

MO,D,efiCTBYIOlllMX qacTl1lJ, TeMHOfi MaTepMM. 

• l faMepetme IIOJIHOfi CKaJI5!pHOfi: cyMMbl rrorrepeqHb!X 11MIIYJibCOB qacTMl.l, 

rrpM MX M HO)KeCTBeHHOM pO)K,D,eHMH MCIIOJib3yeTC5! ,D,JI5! II011CKa MMKpO

CKOIIMqecKMX qepHblX ,ll,blp 11 JieIITOKBapKOB. 

• CoBMeCTHOe pO)K,D,eH11e pa3JIMqHb!X qacTMlJ, (nerrTOHOB 11 CTpyfi: , JieIITO

HOB pa3Hb!X IIOKOJieHMti.) MO)KeT 5!BJI5!eTC5! CMrHaJIOM qacTMIJ, 4-ro IIOKO

JieHM:5!. 
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46 OB30P PE3YJibTATOB 9KCITEPI1MEHTA CMS 

B KOJIJia6opau;1rn CMS nccJie,IJ,oBamrn no noIIcKy cIIrttaJIOB qm3IIKII 3a 

paMKaMII CM ocyiu;ecTBJI51.eTc51. B Tpex pa6o'IHX rpynnax: OTBeTCTBeHttoi1 3a 

IICCJie,IJ,oBaHH51. cynepcIIMMeTpIIII (SUSY) [95], noIICK HecynepcnMMeTpH'IHhIX 

CIIrHaJIOB BSM (Exotica) [96] II noIIcK cIIrttaJIOB SUSY II BSM B KaHaJiax c 

KBapKaMII TpeTbero noKoJieHII51. (Beyond two Generations, B2G) [97]. B 9TOM 

pa3,IJ,eJie npe,IJ,CTaBJieH KpaTKIIH ofoop OCHOBHbIX pe3yJihTaTOB 9KCnepIIMeHTa 

CMS no noIIcK'y HecynepcIIMMeTpII'IHhIX CIIrttaJIOB q>II3IIKII 3a paMKaMII CM 

(pe3yJibTaTbl no nOIICKY cynepCIIMMeTpIIII o6cyM,IJ,aJOTC51. B CJie,IJ,yIOiu;eM pa3-

,IJ,eJie). CBo,IJ,Ha51. Ta6JIIIU:a no orpaHII'leHII51.M Ha MaCChI pa3JIII'IHbIX rnnoTeTII

'leCKIIX 'laCTIIU: npe,IJ,CTaBJieHa Ha pIIC. 22. 

HOBblE T5DKEJibIE PE30HAHCbl 

Mttorne q>II3II'leCKIIe cu;eHapnn 3a paMKaMII CM npe,IJ,CKa3hIBaIOT cyiu;ecTBO

BaHne HOBbIX pe30HaHCHblX COCT051.HIIti B cneKTpax o6hI'IHblX 'laCTHU: CM. 

HanpnMep, T51.MeJibie ( c Maccoti nop51.,IJ,Ka ttecKOJibKIIX TsB / c2) pe3oHaHChI 

B cneKTpe nap JieITTOHOB II CTpyti IT051.BJI51.IOTC51. B 'leTbipexMepHbIX MO,IJ,eJI51.X 

) C pacurnpeHHbIM KaJIII6pOBO'IHbIM ceKTOpOM (,IJ,OITOJIHIITeJibHblH KaJIII6poBO'I

HblH 6o30H Z') [98]. llo CBOIIM xapaKTepIIcTIIKaM Z' BO MHoroM noxoM Ha 

\- o6bI'IHbiti HetiTpaJibHbiti KaJin6poBO'IHbiti 603oH CM Z, ocHOBHhie OTJIII'IH51. 

I 3aKJIIO'laIOTC51. B 66JihIIIeti OMH,IJ,aeMoti Macce II 3Ha'leHII51.X KOHCTaHT CB51.3II. 

·1 Cu;eHapIIti ~ep-1!2!LrPl1BIITaU:IIII Randall-Sundrum (RS].) [99] npe,IJ,cKa-

3bIBaeT ,Il,pyrue MaccIIBHhie (TaKMe c m ~ TsB/ c2) 'lacTHU:hI - KaJiyu;a

KJI51.HHOBCKIIe Bo36yM,IJ,eHH51. (KK-Mo,IJ,bI) rpaBIITOHa GKK (B3-rpaBIITo~)

BcJie,IJ,cTBIIe ,Il,pyroro 3Ha'leHII51. cnIIHa (8=2) RS-rpaBIITOHhI MoryT pacna

,IJ,aThC51. He TOJibKO Ha JienTOHbl (pnc. 23) II CTPYII, HO TaKMe Ha ,IJ,Ba KaJIII6-

poBO'IHbIX 6o3oHa CM ( 'Y'Y, WW, Z Z). 
B OTJIII'IIIe OT npocTbIX Mo,IJ,eJieti TIIna RSl B HeKOTOpbIX BapIIaHTax KBaH

TOBOti TeopIIII noJI51. II rpaBIITaU:IIII, HanpnMep, B Mo,IJ,eJIII TsB-1 [100], MHO
~ 

roMepHbIMII 51.BJI51.eTC51. He TOJibKO rpaBIITOHbI, HO II KaJIH6poBO'IHbie ITOJI51.. 

1 
'.:ho npIIBO,IJ,IIT K no51.BJieHIIIO cneKTpa MaCCIIBHbIX KK-MO,Il, (c Maccoti nop51.,IJ,

Ka HeCKOJibKIIX TsB) KaJIII6poBO'IHbIX 6o30HOB w± II z0 (WKK II ZKK) -
IIX noJIHbIX KOnIIti no KBaHTOBbIM 'IIICJiaM ( 3ap51.,IJ,y, cnIIHY, JienTOHHOMY IIJIH 

6apIIOHHOMY 'IIICJiy H np.), HO OTJIII'laIOiu;HXC51. B03pacTaIOiu;IIMII MaccaMII. 

KaK II o6bI'IHbiti HetiTpaJibHbiti KaJIH6poBO'IHhiti 6o30H, ZKK MOMeT pacna-

,IJ,aThC51. Ha napy JienTOHOB IIJIH CTpyti, a WKK - Ha JienTOH II HetiTpIIHO. 

llo aHaJIOrIIII c RS-rpam1TOHOM ,IJ,BYX'laCTII'IHhie pacna,IJ,hI ZKK MOryT 6bITh 
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3aperIICTpnpoBaHbl B cneKTpe JienTOHOB, CTpyti II KaJIII6poBO'IHblX 6o30HOB; 

( 3a IICKJIIO'leHIIeM pacna,IJ,OB Ha napy q)OTOHOB), a w K K np051.BJI51.IOT ce651.. B 

co6hITII51.X c He,IJ,OCTa10iu;eti nonepe'IHOti sHeprIIeti (cM. HIIMe). 

dcr/dM, n6tt/faB 

1000 2000 3000 4000 5000 6000 
M11,faB 

Puc. 23. Pacnpe,D,eJiemrn no HHBapnanTnoit Macce naphI JienTonoB B cu;enapnn 

RSl npn pa3JIH'IHblX 3Ha'Ienmix 0TH0IIIeHmI KpIIBH3HhI npocTpanCTBa anTn-,D,e

CnTTepa K K 'IeTblpxMepnoMy nJiaHK0BCK0MY MaCIIITa6y M Pl. Cnn3y BBepx: K / M Pl 

= 0.01,0.05, 0.1, 0.5, 1.0 [8]. 

TaKIIM o6pa30M, O,Il,HIIM II3 OTJIII'IUTeJibHblX 9KCnepIIMeHTaJibHblX CIIrHa

JIOB ,IJ,aHHbIX npou;eccoB MOMeT 6hITb napa JienTOHOB, q>OTOHOB IIJIII CTpyti 

C 60JibllllIMII nonepe'IHbIMII HMnyJibCaMII, IICXO,IJ,51.Iu;IIMII II3 O,IJ,HOH II TOH )Ke 

TO'IKII B3aIIMO,IJ,eHCTBII51. .. 

JlerrTOHHhie JI q)OTOHHHhie pe30HaHCbl 

lloIICK H!)BblX pe30HaHCOB npOBO,IJ,IIJIC51. KOM6IIHHpOBaHHbIM aHaJIII30M ¢op

Mbl pacnpe,IJ,eJieHIIti nap JienTOHOB ( MIOOHOB II 9JieKTpOHOB) no IIX IIHBapn

aHTHOM. Macce (pnc. 24a) [101]. l1ccJie,IJ,OBaHIIe ocyiu;ecTBJI51.JIOCb Ha ,IJ,aHHbIX, 

noJiy'leHHbIX sKcnepIIMeHTOM CMS npII y's = 8 TsB Ha cTaTIICTHKe, cooT

BeTcTBy10iu;eti HHTerpaJibHOti CBeTHMOCTII £ = 20.6 ¢6H-l (napbl MIOOHOB) H 

19.7 ¢6H-l (napbl 9JieKTpOHOB). 

CorJiacHo CM, ocHOBHOti BKJia,IJ, B poM,IJ,eHIIe napbI JienTOHOB ,IJ,aIOT npo-1 

u,ecCbl ,[l,peJIJia-51Ha, ,IJ,pyrne IICTO'IHIIKII q>oHa - pOM,IJ,eHIIe tf-nap, tW, nap-
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1 

ttoe pO)K,D,em1e Ka.1.rn6poBO'-lttb1x 6o30HOB (ZZ , ZW, WW) , pacrra,D,bT Z-+ TT. 

TaK)Ke CYI.l.\8CTByeT B8p05ITHOCTb tterrpaBl1JlbHOit 11,ll,8HTl1(p11Kau,1111 CTpyit KaK 

JI8ITTOHOB 11, KaK CJI8,ll,CTBl1e, B03MO)K8H BKJia,D, B crreKTP ,D,BYXJI8ITTOHHb!X C0-

6bITl1H OT rrpou,eccoB COBM8CTHOro p0)K,ll,8Hl151 B8KTOpHb!X 6030HOB 11 CTpyit, 

a TaK)K8 MHOrocTp yitHbIX co6bJTl1tL l13 MepeHHbl 8 3Ha'-18Hl151 HaxO,D,51TC51 B x o

poUJeM cornac1111 c NNLO rrpe,D,CKa3aHl151Ml1 cTaH,D,apTttoit MO,D,eJI11. 

~ 

I 
w 

0 

i;;: 1o' 
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10"' 70 100 200 300 400 1000 2000 
m(llµ)(GeV] 

Pwc. 24. a - P acnpe/\eJ1e1me C06blTHA C napa~m M!OOHOB (TO'-IKH C ow116KaM11) 

11011. 6 - Pacnpe/\eJJeHHe COOblTHA C napaMH c:poTOHOB, 3aperncTpHpOBaHHblX ycTa

HOBKOH CMS, n o 11ttBap11attTHOH Macce ( TO'-IKH c ow116KaM11) H BKJJaA OT pa3JJH'-1Hb1X 

HCTO'-IHHKOB c:pOHOBbIX npO[\eCCOB 11021. 

TioJiy'-leHHb!it p e3yJibTaT IT03B0Jll1Jl ycTaHOBl1Tb BepXH11tl npe,D,eJI C8'-18Hl1H 

p0)K,ll,8Hl151 HOBb!X pe30Ha HCOB C Y'-18TOM Bep051THOCTl1 MX pacrra,D,a Ha rrapy 

JI8I1TOHOB. ,l],JI51 YM8Hblli8Hl18 BJil151HH51 Cl1CTeMaTWI8CKl1X 3cpcpeKTOB C8'-18Hl18 

HOpM11poBaHo Ha ce'-!eHHe pO)K,ll,8!-11151 Z-6o30Ha: Ra = u(pp -+ Z' (GK K) -+ 
ll + X) / a( Z + X -+ ll + X). TioJiy'-!eHHbitl 113 3Kcrrep11MeHTaJibHbIX ,D,aHHbIX 

BepXH11it rrpe,D,eJI Ha OTHOUJ8Hl1e C8'-18H11it R, COOTB8TCTBYIOI.l.\l1tl 95% CTaTl1-

CTl1'-18CKOit ,D,OCTOBepttoCTH (C.L .) , npe,D,CTaBJieH Ha p11cyttKe 25. KpoMe Toro, 

I10Ka3aH cpe,D,H11it 0)1(11,D,aeMbltl rrpe,D,eJI B rrpe,D,ITOJIO)K8Hl1l1 OTCYTCTBl151 c11rHa

J1a HOBOR cp11311Kl1 C 68% 11 95% CTaH,D,apTHb!M OTKJIOH8Hl151M 0)Kl1,D,aeMoro 

rrpe,D,eJia. H a p11cyHKe TaK)Ke rrp11Be,L1,eHbI rrpe,D,CKa3aHl151 ,D,Byx MO,D,eJieit pac

U111peI-1Horo KaJI116pOBO'-IHOro ceKTOpa. O,D,Ha 113 Hl1X, TaK Ha3bJBaeMa51 no

c.n,eooeameJL'b1·ta.f/, cTaH,D,apTHa51 Mo,D,eJib (Sequenti a l Standard Model , SSM) 

[103], 51BJI51eTc51 pacUJ11peH11eM CM, B KOTopoM rrpe,D,noJiaraeTrn cyll.\eCTBO-

~ Batt11e T51)K8JlblX 6030!-IOB (ZsSM 11 W~SM) C T8Ml1 )1(8 KOHCTaHTaMl1 CB51311, 

I '-ITO 11 ,D,JI51 06b1'-!HbIX Z- 11 W-6o30HOB B CM. ,1],pyraH , 'lj;-Mo,D,eJib , rrpe,D,cTaB

JI518T co6otl '-!aCTHbJit cJiy'-!atl pacU111pemrn CM ,D,O O,D,ttoti 113 KaJI116poBO'-IHbIX 
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rpy rrrr Teop1111 BeJI11Koro 06'be,L1,11HeH1151 (TBO) [104]. Mo,D,eJib MHoroMepttoit 

rpa B11Tau,1111 RSl 6b1J1a paccMoTpeHa ,D,JI51 Tpex 3Ha'-leH11tl rrapaMeTpa MO,D,eJI11 

C = 0.01 , 0.05 11 0.1, r,D,e C onpe,D,8JI518TC51 KaK OTHOUJ8Hl18 r;,/ Mp1 , K, - Kp11B113-

Ha npocTpaHCTBa aHT11- ,L1,e-C11TTepa, a Mp1 - '-l8Tb1pxMepttbrit rrJiaHKOBCKl1H 

MaCUJTa6. C 95% C.L. 6bIJil1 11cKJIIO'-leHbI HOBhre ttetlTpaJibHbie KaJI116p0B0'-I

Hbie 6o30Hbl ZssM C Maccoit Me Hee 2900 r 3 B / c
2

, a z~ - C Maccoit Mettee 

2570 r3B/ c2 . MaccOBb!it rrpe,D,eJI GKI< COCTaBl1Jl OT 1270 ,ll,O 2730 r3B/ c2 , B 

3aBl1Cl1MOCTl1 OT B8Jl11'-111I-lbl KOHCTaHTbl CB51311 MO,ll,8Jll1 C (0.01- 0.1). 

20 6 tb 1{8 TeV, µµ) + 19 7 lb 1(8 TeV, N ) ,c10"".,..-.,...,-~...-,n-....-:;,;..,.;;..;.:..;..,..,:..;:;:;:.,...,;.;...,.;;:.,.:.;r-...=n-;;;; 
2015fb 1(8 TeV, µ11)+ 197 ft> 1(8 TeV, N} 
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Pwc. 25. BepxHHH npe/\eJJ (95% C.L.) Ha ce<Jem1e po)K,!\eHHH nap nenTOHOB, 

HOPMHpOBaHHOe Ha Ce'-1eH11e pO>K/\eHHH Z - 6030Ha (cnJJOWHaH '-lepHaH JIJUIHH) 1101]. 
IlyHKTHpHaH JIHHHH OTBe'-laeT 0)1{11/\aeMOMY npe/\eJJY B cny'-lae CM (ocHOBaHHbIH 

Ha MO/\eJ111poBaH1111 ) . 3aKpaw eHHbl e o6naCTH BOKpyr nyHKTHPHOA JIHHHH COOTBeT

CTBYIOT 68% 11 95% CTaH/\apTHbl M OTKJIOHeHI1HM 0)1{11/\aeMoro npe/\eJJa. Ilp11Be/\eHbl 

npe/\CKa3bJBaeMhie Ce'-leHHH PO)K/\eHHH (a) HOBbIX KaJJ116poBO'IHbIX 6030HOB J,J (6) 
B036y)K/\ett ttoro cocTOHHHH RS-rpaB11Totta B KaHane pacnaAa Ha /\Ba nenTOHa /\ill! 

pa3JJH'-IHhIX 3Ha'lettHA OTHoweHHH k / Mp1. 

OrpaH11'-!eH1151 3Kcrrep11MeHTa CMS Ha Macey KK-rpaB11ToHa B KaHaJie c 

,ll,BYM51 cpoTOHaMl1 (p11c. 246) Jie)KaT H8CKOJlbKO Hl1)K8 11 COCTaBJI51JOT 860- 1840 
r 3 B / c2 ,ll,Jl51 B8Jll1'-111Hbl KOHCTaHTbl CB51311 MO,ll,8Jll1 RSl C = 0.01- 0.1 [102]. 
cho CB513aHO C T8M, '-ITO ,D,aHHbl8 B KaHaJie C ,D,BYM51 q:>OTOHaMl1 ITOJIY'-18Hbl 

np11 MeHbUJet1 3tteprH11 ,/s = 7 T3B 11 MeHbUJeit 11ttTerpaJibHOti cTaT11cT11Ke 

.c = 2.2 cp6H - 1. Tip11 3TOM 3Tl1 pe3yJibTaTbl HaxO,D,51TC51 B xopoUJeM corJ1ac1111 

c rrpe,D,bI,lJ,Yll.\118 113MepeHl151Ml1 B ,D,HJierrTOHHOM KaHaJie rrp11 ,/s = 7 T3B - B 

3TOM CJiy'-lae orpaHl1'-18Hl151 COCTaBl1Jll1 2140 (1810) r 3B / c2 ,ll,Jl51 C = 0.10 (0.50) 
[ 105]. H ecKOJlbKO JIY'-IUJl18 pe3yJibTaTbl B ,ll,11Jl8I1TOHHOM KaHaJie CB513aHbl C 

60JibUJ8H CTaTl1CTl1KOtl (rrp11MepHO B ,D,Ba pa3a). 
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I Ceqem1e po)K,n;em1e rrap JieIITOHOB rrocpe,n;cTBOM o6MeHa BeKTOpHbIM 6030-

I HOM V MO)KeT 6bITb rrpe,n;cTaBJieHo KaK 

7f[ ( 2 2 a1+1- = 
488 

Cu Wu s, Mv) + cdwd(s, Mv )], 

r,n;e C,,, 11 Cd - K03<p<p111J,HeHTbI, 3aBHC51W,11e OT BeJI11q11H KOHCTaHT CB513H V 11 

COOTBeTCTBeHHO <<BepXHHX>> 11 <<Hl1)KHHX>> KBapKOB: 

12 

Cu= g2 (g,f + g')i2) B(z+z- ), 
,2 

cd = L(gt2 + g12)B(z+z - ). 
2 

K o3<p<p1111,11eHTbI Wu 11 Wd co,n;ep)KaT 11HcpopMa11,1110 o CTPYKTYPHbIX <pyHK-

11,11,1x PDF 11 51BJI51!0TC51 Mo,n;eJibHO- He3aBHCHMbIMl1 BeJI11q11HaM11 , T.K. 3aBl1C51T 

TOJibKO OT 3Hepr1111 B3al1MO,IJ;e.HCTBH51 vs 11 MaCCbl V. 9KcrrepHMeHTaJibHbie 

rrpe,n;eJibl Ha ceqeHH51 p0)K,D;eHH51 rrap JieIITOHOB MOI'YT 6bITb rrpeo6pa30Ba

Hbl B 3KCrrep11MeHTaJibHbie orpaH11qeHH51 MaCCbl V B rrpOCTpaHCTBe ( Cu, Cd). 

9Tl1 orpaH11qeHl151 Mory 6bITb rrpe,n;cTaBJieHbl B B11,D;e ,D;BYXMepHblX Kp11Bb!X B 

rrpocTpaHCTBe ( Cu, cd). H arrp11Mep , Ha p11c . 26 MaCCOBb! e rrpe,n;eJibl ,IJ;JI51 KOM-

611H11poBaHHOI'O 3JieKTpOHHOI'O H M!OOHHOI'O KaHaJIOB rrpe,n;cTaBJieHbl B BH,IJ;e 

KOHTypoB, COOTBeTCTBY!OW,11X pa3JIHqHb!M MaccaM I'HIIOTeT11qecKOI'O T5l)KeJIO

I'O KaJI116poBoqHQI'O 6o30Ha. BeJIWIHHbl KOHCTaHT CB513H 51BJI51!0TC51 MO,IJ;eJibH0-

3aBHCHMb!MH, II03TOMY ,IJ;JI51 pa3HbIX pacurnpeHHb!X KaJIH6poBOqHb!X MO,IJ;eJien, 

rrpe,IJ;CKa3bJBa!OW,11X Z' , ,n;orrycTHMbJe o6JiaCTH rrpocTpaHCTBa ( c,,,, Cd) BeCbMa 

pa3JIHqHbl ( TOJICTbJe JIHHl1H). ITpe,n;cTaBJieHHe 3KCIIepHMeHTaJibHblX rrpe,n;eJIOB 

B rrpOCTpaHCTBe ( Cu, Cd) II03BOJI51eT He TOJibKO pacump11Tb 11X Ha rrp0113BOJib

HYIO TeopeT11qecKy!0 MO,D;eJib ( C <peHOMeHOJIOI'WJeCKOH TOqKH 3peHl151 pacurn

peHHble KaJIH6poBOqHbJe MO,D;eJIH OTJIJ1qa!OTC51 ,n;pyr OT ,n;pyra BeJinq11r1aMl1 

KOHCTaHT CB513H), HOH, B cJiyqae 3KCIIepHMeHTaJibHO o6Hapy)KeHH51 Z' , rrpo-

113B8CTl1 OT6op cooTBeTCTBy10w,ero eMy pacurnpeHH51 CM. 

,ll;ByxcTpy iiHhie p e30HaCbl 

,II,ar1r1b1e rro po)K,n;er11110 rrapb1 cTpyn rrp11 vs = 8 T3B c o6w,en cTaT11cT11Kon, 

COOTBeTCTBY!OW,eH .c = 19. 7 cp6H- 1, II03BOJII1Jil1 IIOJiyq11Tb BepXHl1.H rrpe,n;eJI 

(95% C.L.) Ha ceqer111,1 po)K,n;eH11e ,n;ByxcTpynHbJX pe3oHaHCOB pa3JI11qHb1x TI1-

rr0B B ,n;11aIIa30He Mace ,IJ;BYXCTpyHHb!X co6b1Tl1.H ,IJ;O 5.5 T3B / c2 (p11c. 27) [106]. 
ITpe,n;cTaBJieHHbie ceqeHl151 ,n;aHbl ,IJ;JI51 I'JIIOOH-I'JI!OOHHbIX, KBapK-I'JIIOOHHb!X 11 
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20.6 fb-1 (8TeV, µµ) + 19.7 fb-1 (8 TeV, ee) 

- trr/2,-1t/4) 
- - • -rr/4,0) 
-•-•· ~0,rr/4) 

-41 - rr/4 ,rr/2) 
10 
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10 
Cd 

P>ic. 26. ITpe,n,eJI (95% C.L.) Ha MaCCbI 6o3otta Z' a npocTpaHCTBe napaMeTpoa 

(c,,, cd) [101]. 

KBapK-KBapKOBb!X pe30HaHCOB. CpaBHeHHeM IlOJiyqeHHOI'O rrpe,n;eJia C rrpe,n;

CKa3aH!151MI1 pa3JI11qHb1x Teop11n 3a paMKaM11 CM, c yqeToM Bepo51THOCTH 

pacrra,n;a B 11 3aB11CHMOCT11 OT aKcerrTaHca ycTaHOBK11 CMS A , 6bIJil1 ycTaHoB

JieHbI HOBb!e orpaH11qeHI151 Ha MaCCbl HOBb!X <pl1311qecKHX ofrbeKTOB (rrpe,IJ;bl- 1 

l\YW,11e CM., Harrp11Mep, [107, 108]). 

BbIJil1 rrpoaHaJII1311pOBaHbl 11 IIOJiyqeHbl MaCCOBble rrpe,n;eJibl CTPYHHb!X pe- 1 

30HaHCOB [109], ,Il;l1KBapKOBb!X COCT051HHH MO,IJ;eJI!1 E6 [104], B036y)K,IJ;eHHblX 

COCT051HI1.H KBapKOB [110], aKCHI'JIIOOHOB [111], HOBblX KaJI116pOBOqHb!X 6030-

liOB z~SM 11 WssM , RS-r~. 28). KpoMe TOI'O, 6bIJIH ycTaHOBJie-
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Hbl Hl1)KHvle rpaHHJ..\bl Ha Macey KBaHTOBbIX qepHb!X ,1].blp [113] - OT 5.0 ,ll.O 

6.3 TaB/ c2. 
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P uc. 27. l13MepettHbitl CMS aepxm-1t! npe,!\e.n (95% C.L.) Ha ce'lemie pO)K,!le

HHH rJl!OOH-rJIJOOHHbIX, KBapK-rJI!OOHHblX >I KBa pK-KBapKOBblX pe3 0HaHCOB ( cnJJOW

HbJe JJHHHH caepxy BHH3). TaK)Ke npnBe,!\eHbl npe,!\CKa3bIBaeMbie pa3JJH'IHblMH 

MO,!\eJIHMH Ce'!emrn p0)K,!leHH51 HOBblX pe30HaHCOB. TipepbIBHCTbJe JIHHHH caepxy 

BHH3 : CTPYHHbie pe30HaHCbI , B036y)K,!leHHbie KBapKH, aKCHrJJ!OOHbI , ,!\HKBapKH, W'-
6030Hbl , Z'-6o30HbI , RS-rpaa11TOHbI ll06J. 

TIOMHMO pacrra,n;a Ha ,[\Ba JieIITOHa 11Jlvl ,[\Ba JierKl1X KBapKa, ,n;pyrotl 11HTe

pecttotl ,[\Jl51 3KcrrepHMeHTaJibHOro IIOl1CKa MO,[\OH pacrra,l].a HOBOro Het!TpaJib

HOro KaJii,16poBO'-IHOro 6o3otta Z' , KaK v1 KK-Bo36y)K,n;ettl151 rJIIOOHOB gJ<J<, 

51BJI51eTC51 11X pacrra,n; Ha ,[\Ba TOII KBapKa Z' , gf( I( ➔ tt. ,D:JI51 aHaJil13a OT-

611paJil1Cb co6hITH51 c ma; > 1 TaB / c2 , 3aperv1cTp1-1poBaHHb1e B a,n;pottHbIX 

KaHaJiax pacna,l].a tl ➔ w+bw- fj ➔ 6 CTpyti. XapaKTepHbIM np113HaKOM 
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Model 

String resonance (S) 
Excited quark (q*) 

E6 diquark (D) 
W' boson (W') 
Z' boson (Z') 

RS graviton (G), k / M Pl = 0.1 

Excited b quark (b*} 

Inclusive search 
Final state Observed mass 

exclusion (TeV) 
qg 
qg 
qq 
qq 
qq 

qq+gg 

[1.2,5.0] 
[1.2,3.5] 
[1.2,4.7] 

[1.2,1.9] + [2.0,2.2] 
[1.2,1 .7] 
[1.2,1.6] 

b-enriched search 
bg [1.2,1.6] 

Wide resonance search 
Axigluon (A)/coloron (C) 

Color-octet scalar (S8) 
qq [1.3,3.6] 
gg [1.3,2.5] 

Expected mass 
exclusion (TeV) 

[1.2,4.9] 
[1.2,3.7] 
[1.2,4.4] 
[l.2,2.2] 
[1.2,1.8] 
(1.2,1.3] 

P uc. 28. I13MepeHHbie H O)KH,!laeMble aepxHHe npe,!leJJbl (95% C.L.) Ha MaCCbI 

pa3JJH'IHbIX pe30HaHCOB J106]. 

no,n;o6Hb!X co6bITI-IH 51BJI51eTC51 o6pa30Ba~rne t-KBapKOB C ,[\OBOJ!bHO 60Jibilll-lM 

vlMIIYJibCOM (cooTHOW8Hvle 3Hepr1-11-11111MIIYJibCa E/mtC2 > 2) - TaK Ha3bJBa

eMb!X highly boosted t-KBapKoB. H a cTaTHCTHKe ,C = 886 rr6tt- 1 3Kcnepv1MeHT 
_:.--

CMS HCKJIIO'-IHJI cyl.ll,eCTBOBatt1151 KK-Bo36y)K,n;ett1-1ti rJIIOOHOB c Maccol-t Me-

ttee 1.0- 1.5 TaB / c2 v1 ycTaHOBHJI aepxtt11!-t npe,n;eJI Ha B03MO)KHbJe ce'-leHH51 

po)K,n;ett1151 Z'-6o3oHa c Maccotl 6oJiee 1.1 TaB/ c2 [112] . 

Mttoro qacTI-t:'-IHhie p e3o ttaHChI 

B HeKOTOpblX pacw11peHHblX KaJI116pOBO'-!Hb!X MO,l].eJI51X, Hanp1-1Mep B KaJil16-

pOBO'-IHOH ,eJIH c JieBo-npaBOH C.li~Ml-lOHOB [114], npe,n;cKa-

3bIBaeTC51 cyl.ll,eCTBoBatt11e HOBoro KaJI116poBO'-lttoro 6o3otta WR 11 T51)KeJioro 

Het!Tpl-lHO N1. HOBbie '-laCTHJ..\bl p0)K,[\aIOTC51 B npOJ..\eCCax KBapK-aHTl1KBapKotl 

a HH11rHJI51J..\vlvl '-!epe3 o6MeH 3ap51)KeHHb!M TOKOM (p1-1c. 29). 9Kcnep11MeHTaJib

Hb!tl IIOl1CK TaKHX 51BJieHH!-t ocyl.ll,eCTBJI51eTC51 B KaHaJie C ,L\BYM51 JieIITOHaMl1 l-1 

,ll,BYM51 CTPY51Ml1 B KOHe'-IHOM COCT05IHl1l1: w~ ➔ lN1 ➔ 2l2jet. 
Ha p11c. 30a noKa3atto pacrrpe,n;eJiettv1e no v1ttBap1-1aHTHotl Macce 4-'-laCTH'-1-

HbIX co6blT11tl ,[\Jl51 3KCnepHMeHTaJibl-Ib]X co6bITI-!tl (B MIOOHHOM KaHaJie) 11 

BKJia,[\OB OT cpOHOBb!X npOJ..\eCCOB, IIOJiy'-leHHb!X C IIOMOl.ll,bIO MO,[\eJI11poBaHI-151 

[115]. KpoMe Toro , np11Be,n;etto O)KH,[\aeMoe pacrrpe,n;eJieH11e ,[\JI51 po)K,n;eI-11-151 

WR· B MJOOHOM KattaJie orpar111'-lett1151 Ha Macey WR cocTaBJI51IOT c 95% cTa-
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Tl1CTl1'-!eCK0tl ,[1,0CT0BepH0CTbIO 3.0 T3B/ c2 (p11c. 306) ,[l,JJH M0,[1,eJJl1 C T0'-IH0fi 

JJeBo-npaBotl Cl1MMeTp11etl ( 0,[1,11HaK0BblMl1 K0HCTaHTaM11 CB51311 B JJeB0M 11 npa

B0M ceKTope) np11 MN, = MwR/2. 

jct 

jct 

P 1-1c . 29. ,Ll.ttarpaMMa pO>K,l\eHM51 HOBoro Ka.rm6poso•rnoro 6o3oHa WR H T51>KeJIOf'O 

nefiTpm10 Ni B npol(ecce KBapK-aHTHKBapK amIHf'MJI51l(HH. 

19.71b"1 (8 TeV) 
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P1-1 c . 30 . a - Pacnpe,L1e.rre1me 4-'laCTH'fHhIX COOhITM/.1 no mrnapHaHTH0/.1 Macce B 

MJOOHHOM Kanane. Tip>1Be,L1enbl ll,aHHbJe CMS (TO'IKH c ow116Kar,rn) , a TaK>Ke pe3yJih

TaTbI MO)],eJIHpOBaHH51 COOTBeTCTBYIOLL\HX BKJla,Ll,OB OT <pOHOBblX npol(eCCOB (3aKpa

weHHble rHCTOf'paMMbI) H O>KH,l\aeMOf'O npOL(eCCa pO>K,l\eHH51 Wn-6030Ha (He3aKpa

weHH851 f'HCTOrpaMMa) [115] . 6 - 11CKJIJO'leHHa51 o6naCTb Mace T51>KeJIOf'O He/.!TpHHO 

H HOBOf'O KaJIM6poBO'IHOrO 6030Ha B MJOOHHOM K8HaJie (3awTpHXOBaHH851 o6naCTb, 

or-paHH'leHHa51 cnJIOWH0/.1 JlMHHe/.1) [115]. 

WZ-pe3oHaHCbI 

B 6oJJbJJJl1HCTBe MO,[l,eJJelt C H0BblMl1 KaJJ116pOBO'-IHblMl1 6o30HaMl1 pacna,D,bl Tl1-

na W' ➔ W Z c11JJbH0 no,D,aBJJeHbJ. TeM He Mettee, HeK0T0pbre M0,D,eJJ11 , ttarrp11-
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Mep , M0,[1,eJJ11 , C0,[1,ep)KaII.1,11e H0BbJe TH)KeJJbie ~Ml10}1bl, pacna,D, W' Ha K0T0-

pb!e Mettee BepoHTeH, no cpaBHeH1110 c pacna,D,0M Ha cpepM110Hb1 CM, npe,D,cKa-

3bIBaIOT yBeJJwiett11e BepoHTH0CT11 pacna,D,a no ,D,aHH0MY KaHaJJY [116]. Kpo

Me Toro, MHor11e M0,[l,eJJH TeXHl11.I,_BeTa npe,[1,CKa3bIBaIOT CBH3aHI-lble C0CT05IHl151 

0TH0CHTeJJbH0 H0Boro Cl1JlbI-I0r0 B3al1M0,[1,et'lcTBl151 , ttarrp11Mep pr-Me30H [1 17] , 
KOT0pb1ti. TaK)Ke 11MeeT M0,D,y pacna,ll.a Ha ,D,Ba KaJJ116poBO'-IHbIX 6o3oHa CM: 
PT ➔ WZ. 

CMS ' Observed ,;[~ ~ -=~~ • =r 
• 11 
• z+Jots 
• wz 

~ w"""' - W(1.5TaV) □Expotled,2u 
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• 10J.1 a 
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Pttc. 3 1. a - Pacnpell,eJieHHe W Z-napbI no HHBap11aHTHO/.I Macce. Tip>1Be)],eHbI 

,L1aHHble CMS (TO'IKH C OUIH6KaM11), a TaK>Ke pe3yJibTaTbl MO/],eJIMpOBamrn OCHOB

HOf'O <ponoaoro npol(ecca (3aKpaweHHa51 r11cTorpa~n1a) H O>KM,llaeMOf'O npol(ecca 

pO>K,lleHH51 W'-603ona C MaccaMH 1.0 J,f 1.5 T3B/ c 2 (ne3aKpaweHHble f'MCTOf'paM

Ma). 6 - Tipell,eJihI Ha Ce'leHMe (95% C.L.) pO>K)],emrn W Z-pe3oHaHca: H3MepeHHbIA 

CMS npe,lleJI (TO'IKH) M O>KM,l\aeMOf'O 3Ha'letrne npell,e.rra (cnnowHa51 JIHHM51) c 68% 
J,f 95% CTaH,llapTHblM OTKJIOHeHH51M O>KH,l\aeMOf'O npe)],eJia (3aKpaweHHbJe o6naCTH 

BOKPYf' nyHKTHPH0/.1 JIHHHH). TaK>Ke np11Be,L1eHO O>KH,llaeMoe Ce'!eHHe pO>K,llemrn W' 
H PT-Me30Ha [118]. 

2000 

Tip11Mep 3KCnep11MeHTaJJbH0ro pacrrpe,D,eJJeHl151 l1HBap11aHTH0ti. MacCbl W Z
napbl np11Be,D,eH Ha p11c. 31a [118]. B ,D,aI-II-I0M CJJY'-!ae Heti.TpaJJbHbJti. KaJJ116po

B0'-1Hblfi 6o30H per11cTp11poBaJJCH no pacrra,D,y Ha ,D,Ba JJenToHa, a 3apH)KeHHbiti. 

- Ha JJenT0H 11 Heti.Tp11tto. ,Il,aHHhre 3Kcnep11MeHTa CMS 11cKJJIO'-laIOT c 95% 

C.L. cyII.1,eCTB0BaH11e TexH.11Me30H0B B HHTepBaJJe 3Ha'-lett11ti. Mace pr-Me30Ha 

,D,o 1140 f3B/ c2 B rrpe,D,n0JJ0)KeJ-111.11 Mrrr = ¾MPT - 25f3B/ c 2 (p11c. 316), a 

cyII.1,ecTB0Batt11e W' -6o3oHa BnJJ0Tb ,D,0 Mace 14 70 f3B / c2. 
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HEPE30HAHCHbIE OTKJIOHEHIUI OT CIIEKTPA CM 

B Mo,rr.eJI11 Arkani-Hamed-Dimopoulos-Dvali (ADD) [119] (KaK 11 B ee 6oJiee 

CJIO)KHblX Bap11au,Irnx) paccMaTp11BaeTC51 MHOrOMepHa51 rpaB11TaU,1151 B rrpo

CTpaHCTBe 6e3 Kp11B113Hbl - IlJIOCKHe 6paHbI BKJia,IT.b!BalOTC51 B IlJIOCKl1H IlOJI

Hb!H MHoroMepHbIR o6'heM , 11 Bee rroJI51 CM JIOKaJIH30BaHbI Ha o,rr.Hoi1113 6paH. 

,l],orroJIHl1TeJibHble rrpocTpaHCTBeHHbie 113MepeH1151 ( YHCJIOM OT 2 ,rr.o 6 - B ;zy

xe Teop1111 CTpyH) CL!l1TaIOTC51 KOMITaKTHbIMH, HO ,IT.OCTaTOYHO 6oJibIIIl1M11. KaK 

11 B cJiyYa51x, paccMOTpeHHbIX BbIIIIe, B ADD Mo,rr.eJitt TaK)Ke rrpe,rr.rroJiaraeT-

J 
C51, YTO cpyH,rr.aMeHTaJibHbIH MaCIIITa6 rpaBHTau,1111 rrop51,IT.Ka 3JieKTpOcJia6oro 

MacwTa6a, MD ~ 1 T3B. 

XapaKTepHOll YepTOH 3Toro cu,e1-iap1151 51BJI51eTC51 npe,rr.CKa3aHHe JierKHX 

KK-rpaBHTOHOB, KOTOpbre 6y;zyT ,rr.aBaTb BKJia,IT.bI BO Bee npou,eCCbI B3al1MO

,rr.etiCTBHll CM 11 MoryT 6brTb Ha6JIIO,rr.aeMbI Ha KOJIJiati,rr.epax KaK B rrpou,eccax 

Herrocpe,rr.CTBeHHOrO (peaJibHOrO) p0)K,IT.eH1151 KK-rpaBHTOHOB B rrpou,eccax C 

o,rr.ttHOYHOti cTpyeti qij-+ gG, gq -+ qG, gg -+ gG HJIH c o,rr.11HOYHbIM cpoTO

HOM qij-+ 1G, TaK J,j Yepe3 BHPTYaJibHbie o6MeHbl.. 

BKJia,IT.bl OT o6MeHOB BHPTYaJibHb!MH rpaBHTOHaMH l1HTepcpep11pyIOT C npo

u,eccaMH CM, 11;zyll..l,ttM11 Yepe3 o6MeH 1* / z0 
c po)K,rr.eH11eM rrap JienTOHOB, 

a TaK)Ke ,rr.aIOT BKJia,IT. B rrpou,eCCbl p0)K,IT.eH1151 nap cpOTOHOB. clTo BbI3b!Ba

eT IlOBbIIIIeHHblll Bb!XO,IT. no,rr.o6Hb!X co6bITHH, YTO rrp11BO,IT.l1T K 3HaYHTeJibHOH 

MO,rr.11cp11Kau,1111 crreKTpOB l1HBap11aHTHb!X Mace. Pa3Mep o6JiaCT11 l1HBap11aHT

HbIX Mace rrap YaCTHU,, KOTopa51 11CKa)KaeTC51 np11 HaJI11YH11 ,IT.OilOJIHHTeJibHblX 

113MepeHHH, 3aBHCl1T OT cpyH,rr.aMeHTaJibHOrO MaCIIIaTa6a rpaBHTau,1111 MD l1 

Yl1CJia ,IT.OilOJIHHTeJibHb!X 113MepeHHll n. BeJIHYHHa MD CB513aHa C napaMeTpa

MH Bb!Yl1CJil1TeJibHb!X Teopttti - o6bIYHO OHa IlOJiaraeTC51 paBHOll l1Jil1 rrop51,IT.

Ka 3cpcpeKTHBHOro YJibTpacpttoJieTOBOrO MaCIIITa6a o6pe3aHH51 TeOpHH. Tiptt 

aHaJIH3e 3KCrrepttMeHTaJibHbIX ,rr.aHHbIX l1CTIOJib3YlOTC51 ,IT.Be cxeMbl nepeHOp

MHpOBKH, B 0)1.HOH 113 KOTOpblX YJibTpacpttoJieTOBblH MaCIIITa6 o6pe3aHH51 pe

ryJittpyeTC51 O,IT.Hl1M napaMeTpOM Ar [120], a B ,rr.pyroti 3cpcpeKTHBHa51 Teopirn 

OTIHCb!BaeTC51 ,IT.BYM51 napaMeTpaMH - MaCIIITa6oM o6pe3aHH51 Ms l1 Yl1CJIOM 

,rr.onOJIHttTeJibHbIX H3MepeHttti n [121]. 
CrreKTpbI co6b1T11ti c ,IT.BYM51 ,rr.ByM51 cpoToHaMH (pttc. 24a) [102] 11 ,rr.ByM51 

MIOOHaMH (pttc. 32a) [101] ,rr.eMOHCTpttpyIOT xopowee corJiac11e c rrpe,rr.cKa3a

HH51MH CM , npttBe,rr.eHHbIMH Ha 3THX )Ke rpacp11Kax. TioJiyYeHHbie orpaHH

YeHtt51 Ha 3HaYeHtte Ms ,IT.JI51 YHCJia n=3- 7 cocTaBHJIH Ha ypoBHe 95% CL 

3.5- 2.3 T3B tt 4.7- 3.2 T3B B KaHaJie po)K,rr.eHtt51 napbI cpoToHOB [102] 11 rrapbI 
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J]eTITOHOB ( KOM6HHHpOBaHHb!H aHaJil13 MlOOHHOro l1 3JJeKTpOHHOro KaHaJIOB) 

[101] (pttC. 326) COOTBeTCTBeHHO. 

>105 pp -1pµ ld1•20.lfb' 1 GalT•V 20.6 fb•,a TeV. µµ) + 19.7 fb•,a TeV. ee) 
~5.5 
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P11c. 32 . a - Pacnpe,[\e.TieHtte co6b1T11i\ napaoro pO)K,[leHH51 MJOOHOB no HHBapwaHTHOil 

Macce (TO'IKH c ourn6KaMH). ITpttBe,[\eHo cpaBHeHtte c rrpou.eccaMH CM 11 MO,[\eJib!O ,[\OITOJI

HHTeJibHblX tt3MepeH11i\ ADD ,[\JI51 3Ha'leHH51 Ar = 3.6 T3B. 6 - ITpe,[\e.TibI (95% C.L.) Ha 

napaMeTpb1 cu,eHap1151 ADD B KaHaJie c l\BYM51 JierrToHa~m: MaCJUTa6 o6pe3aHH51 Ms 11 

'IHCJIO ,[\OITOJIHHTeJibHb!X H3MepeHHH n [101]. 

,l],;rn IlOJIHOTbl MO)KHO TaK)Ke OTMeTHTb, YTO , IlOMHMO o6cy)K,IT.aBII1HXC51 

Bb1we cu,eHap11eB MHoroMepr1oi1 rpaBHTau,1111 Ha MaCII1Ta6e T3B c r1epe30-

HaHCHbIM11 OTKJIOHeHH51MH OT rrpe,rr.cKa3aHttti CM , cyll..l,eCTBYIOT ,rr.pyr11e Teo

peTttYeCKHe MO,IT.eJIH, rrpe,rr.CKa3b!Ba!Oll..l,l1e aHaJIOrHYHbie CHrHaJibl. B KaYeCTBe 

rrpttMepa MO)KHO rrpttBeCTH ~ o~eJib COCTaBHb!X cpepMHOHOB, B KOTOpbIX KBap

KH l1 JieITTOHbl He 51BJI5IIOTC51 HCTHHHO cpyr1,rr.aMeHTaJibHblMH YaCTHU,aMH, a 

HMeIOT orrpe,rr.eJieHHYIO CTPYKTYPY· B 3TOM cJiyYae TaK)Ke cJie,rr.yeT O)Ktt,IT.aTb 

YBeJittYeHH51 BbIXO,IT.a YaCTHll, B o6JiaCTH 60JibllIHX 11HBapttaHTHh!X Mace. TaK

)Ke aHaJIOrHYHbJe Hepe30HaHCHbie OTKJIOHeHH51 MO)KHO 0)KH,IT.aTb ,IT.a)Ke ,IT.JI51 

CJiy<IaeB pe3oHaHCHbIX c11rr1aJioB, KaK B MO,IT.eJI11 RSl, yrroM11HaBIIIetic51 BbIIIIe , 

HO B Cl1TyaU,H51X, KOr,rr.a 3HaYeH11e cpyr1,rr.aMeHTaJibHOro rrapaMeTpa OKa3b1Ba

eTc51 CJIHUJKOM BbICOKHM 11 3Hepr1111 ycKopttTeJI51 He XBaTaeT ,IT.JI5I 11p51MOro 

Ha6JIIO,IT.eH1151 pe30HaHCHOll CTPYKTYPbI. <'DaKTWieCKH, B TaKHX CJiyYa51X Ha-

6JIIO,rr.eHl1!0 6y,rr.eT ,rr.ocTyrreH TOJibKO JieBblH <<XBOCT>> pacrrpe,rr.eJieHH51 , HaYaJIO 

IlO,IT.'beMa. AHaJI113 rro,rr.o6Hb!X CHTyau,11i1 l1 OT,IT.eJie1-rne HX OT CJiyYa51 HCTHHHO 
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Hepe30HaHCHbIX CTpyKTYP CHJlbHO MO)],eJibHO 3aBHCl1M l1 )],OJI)KeH rrpOBO)],l1Tb

C5I aKKypaTHO. 
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Puc. 33. a - Mo,ll,eJ1hHO•He3as11c11Mb1i-! sepxu11i-! npe,ll,en (95 % C.L.) Ha ce'le1rne pO)K,ll,emrn 

O/J,HHO'lHOi-1 CTpy11 B 3aBHCMMOCTH OT BeJ111'!11Hbl E!Fiss [122]. 6 - Ti pe,ll,eJlbl (95% C.L.) Ha 

napaMeTpbI Cl.\eHapm1 ADD B Kanane c O/J,HHO'lHOi-1 CTpyei-1: MacuJTa6 06proanm1 Ms 11 

'!11CJ10 /J,OTIOJ1Hl1TeJlbHblX H3MepeHl1H n [122]. 

MHTepecHotl B03MO)KHOCTbIO rro o6Hapy)KeHHIO BHPTYaJibHoro po)K,n,eHH51 

f 
KK-rpam-rTOHOB 5IBJI5leTC51 I-I3y<-Ietrne yrJIOBbIX pacrrpe,n,eJiem1ti ,n,ayxcTpyt\HbIX 

co6bITl1H, KOTOpble B CJIY'--Iae IT05IBJieHl151 CHrHaJIOB HOBOH cp113l1Kl1 CTaHOB5IT

C5I 6oJiee 1130TporrHbTM11, '-leM rrpe,n,cKa3bmaeTC5I B KX,D;. B 3TOM KaHaJie Ha 

CTaTHCTHKe .Cint = 19. 7 cp6H-l rrpH vs=8 T3B rroJiy'-leHbl 6oJiee CHJlbHbi e 

orpatt11'-!ett1151 Ha 3Ha'-!eH11e Ms (6.9, 8.4, 7.1, 6.4, 5.9 T3B ,D,JI5I '-IHCJia n = 2, 

3, 4, 5, 6) H Ar (7.1 T3B) [16]. 

CttrHAJibI C HE,Il;OCTAIOIIJ,EM: IIOIIEPE'-IHOM: 9 HEPrllEM: 

P51,D, cpI13l1'-!eCKl1X rrpou,eccoB xapaKTepH3yeTC5l HaJil1'-ll1eM B KOHe'-IHOM COCT0-

5!Hl1l1 LiaCTHU,, KOTOpbie He per11cTpHpyIOTC51 ,n,eTeKTOpHb!Ml1 Cl1CTeMaMl1, tta 

npHMep, Helf1Tp11':!..0 l1Jll1 HeKOTOpbie r11IIOTeTWieCKJ1e '-!aCTl1l.I,bl, TaKHe, KaK 

KaJiyu,a-K,Jl5I~OBCKl1e B036y)K,IJ,eHM5l 2~11u, B MO)],eJI5IX C )],OIIOJIHHTeJibHbI M JI 

l13MepeHI15!Ml1 HJll1 _'.:!aCTl1.l.I,bl TeMHOti MaTepHH, KOTOpb!e He pacna,n,aIOTC5I tta 

'-!aCTHU,bI CM. B 3TOM cJirme no,n,06Hb1e '-laCTHU,bI yHOC5IT '-laCTb 3Hepr1111 113 

T0'-1Kl1 B3al1MO)],eHCTBI151, '-ITO l1 o6ycJiaBJIHBaeT xapaKTepHbllil c11rHaJI no,n,06-
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Hb!X co6bITl1H - B KOHe'-IHOM COCT05IHI111 Ha6mo,n,aIOTC5I co6bJTH51 C 0,1],HOH 113 / 

qaCTHU, CM (KBapK , rJIIOH , cpOTOH l1Jll1 JieTITOH) l1 He)],OCTa'-la nonepe'-IHOti 

~iss_ CTaTl1CTl1Ka rro,n,o6Hb!X co6b!Tl1H, tta6paHHbIX 3KCrrep11MeH

TOM CMS np11 y'8=8 T3B, COOTBeTCTsyeT HHTerpaJibHOlil cseTHMOCTH .Cint ~ 
19. 7 cp6H-l. OcHOBbIBa5ICb Ha 3Tl1X ,n,aHHbIX, 6b!Jll1 rroJiy'-leHbl MO)],eJibHO

He3aBHCl1Mbie aepxH11e rrpe,n,eJibI Ha ce'-leH1151 npou,eccoa 3a paMKaM11 CM B 

KaHaJiax c O)],l1HO'-IHOlil CTpyeti, cpoTOHOM 11Jll1 JieIITOHOM [122, 123, 124]. H a

rrp11Mep, tta6mo,n,aeMbIH aepxH11t\ rrpe,n,eJI (95 % C.L.) Ha ceqen11e npou,ecca 

o6pa30Bamrn 0,1],HHO'-IHOH CTPYH [122] C y'-leTOM 3cpcpeKTHBHOCTI1 peKOHCTpyK

U,1111 E 11 aKcerrTaHca A rroKa3aH Ha p11c. 33a. I13MepeHHhi e ce'-leHl15l He BbIX0-

)],51T 3a rpaHl1l.I,bl cpe,n,HeKBa,n,paTH'-IHb!X OTKJIOHeHHH OT 0)Kl1)],aeMoro npe,n,eJia 

B paMKax CM. I1oJiy'-leHHble npe,n,eJibl 6bIJ111 l1CITOJlb30BaHbl )],Jl5I ycTaHOBKH 

orpaHJ1LJeH11ti Ha MO)],eJibHble rrapaMeTpb! pa3Jil1'-IHblX cp11311YeCKHX cu,e1-1ap11-

eB. 

IImi:cK TeMHOH MaTe p1-u1 

O,n,HHM 113 nonyJI5IpHbIX o6'b5ICHeH11ti npHp0,1],bl TeMHOti MaTep1111 (TM) 5IBJ15I

eTC5I rl1IIOTe3a O cyw,ecTBOBaHl111 HepeJI5ITl1B11CTCKl1X YaCTl1U,, KOTOpble npaK

TI1'--IeCKl-1 He B3aHMo,n,et\cTBYIOT c o6bJYHbIMH YacT11u,aM11 CM - cJia6os3a11-

Mo,n,eticTBy10rn,He MaCCHBHhie '-laCTHU,bI (WI MPs) [125]. I1pH 3HeprH5IX L H C 

po)K,n,e1-rne 1.JaCTHU,bI TM MO)KeT 6hJTb on11cat10 3cpcpeKTHBHOH Teop11eti rroJI5I 

(EFT) B npe,n,rroJIO)KeH11I1 KOHTaKTHbIX B3aHMo,n,etlcTB11ti Me)K,n,y '-laCT11u,aMH 

CM 11 YacT11u,aM11 TM. B pp-s3am,10,n,et\CTBH5IX YaCTl1U,bl TM po)K,n,aIOTC5! 

norrapHO l1 He MOryT 6bITb 3aperHCTpl1pOBaHbl Henocpe,n,cTBeHHO. O,n,ttaKO 

npou,eCCbl l13Jly<-IeHH51 B Ha'-laJibHOM COCT05IHMl1 rJIIOOHOB l1Jll1 cpoTOHOB np11-

B0)],5IT K IIO~BJieHI110 B KOHe'-IHOM COCT05!Hl1l1, KpOMe 60JiblllOH He)],OCTa'-111 no

nepeYHOH 3Hepr1111, TaK)Ke 0)],11HOYHb!X CTpyt\ 11Jll1 cpoTOHOB. Ha6JIIO,D,aeMbie 

rrpe,[!,eJibI Ha ceLJeJ-1115! B )],aHHbIX KaHaJiax 3aBHC5IT OT Macchi ciacT11u, TM Mx H 

np11po,n,b1 11x B3a11Mo)],etlcTBI15I c 1.JacT11u,aM11 CM, a cJie)],oBaTeJibHO , MoryT 11c

TTOJib30BaTbC5I )],JI5I ycTaHOBJieHH5I orpaH11YeHI1tl. B paMKax EFT Ha MaCllJTa6 

KOHTaKTHbIX B3aHMO)],eHCTBHH A 11 BeJil1'-111Hbl Ce'-leHl151 B3al1MO,D,elilcTBl151 Ya

CT11u, TM c '-laCTHU,aMH CM - TaK Ha3hIBaeMoe TM-ttyKJIOHHOe ce'-leH11e IJxN· 

B KaHaJie C O)],l1HO'-IHOti CTpyeti noJiy'-leHHbl e orpaHHYeHI15I Ha BeJIH'-IHHY /JxN 

cocTaB11J111 rrpH Nlx = 10 f3B / c2 2.70 x 10-41 cM2 )],JI51 aKCl1JibHO- BeKTOpHbIX 

TOKoa (cmrn- 3aBHCHMbie s3a11MO)],eticTBJ151 TM c CM) H 7.06 x 10-40 cM2 )],JI5I 

BeKTOpHbIX TOKOB (crrJ11-1-tte3aa11c11M&1e a3a11Mo,n,eticTBl15l TM c CM) [122]. B 
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KaHa.rre C 0)],11HO'-!Hb!M {f)OTOHOM 3Tl1 orpaH11'-leHl151, COOTBeTCTBeHHO, COCTaB11-

Jll1 9.6 x 10- 41 CM2 l1 2.6 x l0- 39 CM2 [123] . 

I1011CK ,l],OTIOJIHHTeJibHbIX H3MepeHHH 

K aK OTMecra.rrocb Bbiwe, pO)K,ll,eH11e p ea.rrbttoro KK-rpaB11Totta B MO,D,eJIH ADD 

acCOIJ,l1l1pOBaHO C pO)K)],eHHeM O,ll,l1HO'-IHOro KBapKa, rmOOHa HJIH {f)OTOHa. CJie

,ll,OBaTeJibHO, CHrHaJIOM TaKoro rrpou;ecca MoryT 6bITb co6b!TH51 C He)],OCTa10-

I.I.1,ei1 3Heprnei1 B KOHe'-IHOM COCT051 HHl1 H O)],HOBpeMemrot:I p erHCTpau,v1 et\ 0)],H

HO'-IHOH cTp yv1 11JIH {f)OTOHa. B 3THX Katta.rrax MHoroMepttbIH ¢ YH,D,aMeHTMb

Hbit:I Macw Ta6 rpaB11Tau,v1v1 MD orp am1'-leH CHH3Y 3Ha'-le1rneM 5 .61- 3.26 T 3 B 

)],JI51 '-IHCJia n = 2- 6 B Ka Ha.rre C O)],HHOYHOtt CTp yei1 ( p11 c. 336) [122] 11 2.3- 2 .00 

T3B ,D,JI51 '-IHCJia n=3- 6 B Ka1-1a.rre c O,ll,HHOLfHbIM ¢oTOHOM [123]. 
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P11c. 34. a - Ce'lemrn pm1</J,eHIrn co6b1T11ll l + E!J!iss no nonepe<rno/,\ Macce MT e CM 

(HH)KH5U! 1<p11easr) H B MO/J,eJJe T3B- 1 (TpH eepxHHX KpHBbIX). 6 - Tipe/l,eJJbI (95% C .L.) Ha 

napaMeTpbJ Cl.\eHapm1 UED: pall,Hyca /J,OTTOJJHHTeJJbHblX H3Mepe~11tl R 11 MaccoebItl napa

MeTp µ [124]. 

P a Hee Mb! y noM11Ha.rrH , '-!TO B cu,eHap1111 T3B- 1 [100], Ka.rr116poBO'-IHb1e 6o-

30HbI <<'-IYBCTByJOT>> ,D,OnOJIHJ,ITeJibHbi e 113Mepemrn, '-!TO rrpHBO)],HT K n 051BJie

Hl1IO KK-Bo36y)K,D,eH11t:I ZI<I< 11 WI<I<· M ecJIH, KaK OTMecra.rrocb Bb1we, no 

noJIHOH aHa.rronm C o6bIYHblMl1 Ka.rr116pOBO'-!Hb!Ml1 60301-1aM11 ZJ(J( pacrra,D,a

eTC51 Ha napy ¢epM110HOB, TO WI( J( - Ha JieITTOI-1 H COOTBeTCTByJOI.I.1,ee Hett-
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Tp11HO. Ilo,D,06Hb1e co6bITl151 per11cTpHpy10TC51 no HMHYl1IO BbICOK03Heprn'-1-

HOro Jien TOHa 11 He)],OCTaIOI.I.1,etl rronepeYI-IOH 3HeprH11. B 3TOM CJiy'-lae 0)Kl1-

,D,aeTC51 c11r1-1a.rr B pac rrpe,D,eJiemrnx co6b1T11t:I no rrorrepe'-!Hotl Macce Mr = 

j2p~E'!J!iss (l - cos( t::.¢), r,D,e t::.¢ - yroJI Me)K,D,y Ha npaBJiett11eM «yTeYKH>> 

::lHeprn11 ~13 co6hITl151 Ey:i88 11 3ap51)KeHHbIM JieIITOHOM p~ (pHc. 34a). B cny
yae O,D,Horo ,D,Ononm neJibHOro rrpocTpaHCTBeHHoro 113MepeHH51 orpaH11Yemrn 

Ha MaCwTa6 KOMIIaKTH{f)HKa u,mr )],OIIOJIHHTeJib I-lblX 113MepeHHH M c COCTaBl1Jll1 

3.4 T3B [124] . 0TMeTHM, '-!TO npe,D,bI,D,yl.1.1,He H3MepeHH51 Ha LEP2, T evatron 11 

HERA ,D,aIOT 6onee c11Jib1-1oe opraHH'-leH11e tta 3TOT rra p aMeTp - 6.6 T 3 B [1 26] . 

Mar<CHMaJibHb!t:I c u,eHa p11i1 M HOroMepttot\ Teop1111 IIOJI51 - MO)],eJib y tt11Bep

CaJibHb!X ,D,OIIOJIHHTeJibHbIX 113Mepett11i1 (UED ) [127] - npe,D,rronaraeT, '-ITO 

Bee rroJI51 CM (H ¢ epMHOHbI , 11 6o30Hb1) << YYBCTBYJOT>> ,D,OIIOJIHHTeJibHhre 113-

MepeH1151 H MoryT n yTew ecTBOBaTb rro HMM. Ilo3TOMY r<a)K,D,a51 YacT11u,a CM 

11MeeT CBOIO 6ecKotteYHy10 6awHJO KK-Mo,D,. B 3TOM cJiy'-lae KK-MO,ll,bI ,D,OJI)K

HbI p0)K)],aTbC51 rrorra pHO H pacna,D,aTbC51 r<acKa)],HblM o6pa30M , ,ll,O IIOCJie)],Hei1, 

CTa6HJibHOtl , '-laCTHIJ,bl ( B nOJIHOH a Ha.rror1111 C cyrrep C11MMeTp11'-1Hb! Ml1 p acrra

)],aM11) - nercrat:lruet:I KK-'-laCTHIJ,bI (LKP) , KoTopa51 51BJI51eTc51 ecTecTBeHHbIM 

r<att,D,11.n,aTaM B YaCTHIJ,bI TeMHOti MaTep11v1. B Her<oTopbIX BapHaHTax UED 

(spli t -UED [128 ]) rrpe,D,rronaraeTc51, YTO KBapK11, B OTJIH'-IHH OT nerrTOHOB 11 

KaJI116poBOYHb!X 6o30HOB, KBa311JIOKaJil130BaHbl B .n,onOJIHl1TeJibHOM 113Mepe

Hl111. B 3TOM cnyciae B c11ny coxpatte I-11151 KK-'-leTHOCT11 B03MO)KHO pO)K,D,eH11e 

TOJibKO '-!eTHblX KK-MO)], Ka.rr116poBO'-!Hb!X 6o30HOB wft zft g~l- AH aJi l13 

p0)K)],eHl151 3Jier<TpOHOB 11 M IOOHOB B co6bJTl151X C He,D,OCTaIOI.I.l,ei1 3Heprnei1 1103-

BOJIHJI orrpe,D,eJI11Tb rrpe,D,eJi bI (95% C.L.) Ha M11H11Ma.rrbtty10 Macey w;}J<: 1.74 

T3B/ c2 ,D,JI51 MaccoBoro n a p aMeTpa MO,D,eJI 11 µ = 0.05 T 3 B / c2 11 3.71 T 3 B / c2 

,D,JI51 µ = 10 T 3 B / c2 [1 24]. KpoMe Toro 6b1JI11 ycTaHOBJieHbI orpaH11'-leH1151 Ha 

pa,D,11yc ,ll,0110JIHl1TeJibHb!X 113MepeHl1H R B 3aBl1Cl1MOCTl1 OT µ ( p11c. 346) . 

MHO)KECTBEHHOE PO)K,ll;EHME 'IACTMIJ; 

Mttorne ¢11311'-lecK11e rrpou,eccbI 3a p aMKaM11 CM xapaKTep113y10Tc51 rrp11cyT

CTB11eM 60JibWOro KOJIH'-leCTBa BTOpHYHb!X YaCTHIJ, B KOHe'-IHOM COCT051Hl1H 

(nerrTOHOB, {f)OTOHOB, CTpytl). 0TJil1'-111TeJibHOH '-lepTOH 3Tl1X rrpou;eccoB 51B

JI51eTC51 60JibWOe 3Ha'-!ett11e cyMMbl rrorrepeYHb!X 3Hepr11i1 (11JI11 CKM51pHOH 

CyMMbl rrorrepe'-!Hb!X HMnyJibCOB) '-laCTHIJ, B co6bITl1H (Sr)) YTO 1103BOJI51eT Bbl

,D,eJI51Tb 3TH rrpou,eCCbl Ha {f)OHe OCTMbHb!X. B CJiyc1ae CHrHa.rra C 110Tep51HHOH 

3Hepr11ett Eriss COOTBeTCTBYIOI.I.l,a51 ee BeJIHL!11Ha ,D,06aBJI51eTC51 K rrep eMeHHOH 
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Sr. ,l],Jrn KOJil1'-leCTBeHHOro orrncaHl151 a,D,pOHHOM << aKTl1BHOCTl1 >> rrpou,ecca Ha

P51AY c ,D,pymM11 11crrOJib3YIOT rroJIHbit1 rrorrepe'-IHbIM 11MIIYJibc co6b1T1151 Hr, 
orrpe,D,eJI51eMblt1 KaK CKaJI51pHa51 cyMMa rrorrepe'-IHbIX 11MIIYJibCOB Bcex CTpyt1 B 

co6brnrn (6e3 y'-leTa E;pi88
). 

M1-1KpOCKOn1-1qecK1-1e q e pHbie ,ll;blpb l 

r11rrOTe3a ,D,OIIOJ1Hl1TeJ1bHblX rrpocTpaHCTBeH Hb!X 113Mepe1-111tl: , OTKpbIBaIOIII11X

C51 np11 3Heprn11 rrop51,D,Ka HeCKOJ1bK11x T3B, He1136e)KHO Tpe6yeT 11 cyIIIeCTBO

Batt1151 M11KpOCKOnl1'-leCKl1X LJepHbIX ,IJ,blp. Bo3MO)KHOCTb H ycJIOBl151 o6pa30Ba

Hl151 TaK11x ofrheKTOB Ha LHC ,D,eTaJibHO o6cy)K,D,aJIOCb pattee (cM. , Hanp11Mep, 

[1291). 
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PHc. 35. a - Pacnpe,11,enem1e co6bITHli c 'IHCJJOM cTpyli N 2 6 no nepeMeHHOli Sr. 6 
- J,1cKJJ!O'leHHa51 o6JJaCTb MHHHMaJJbHO 803MO)KHbIX ,iacc 'lepHblX ,11,blp B 3 am1CHMOCTH OT 

c:pyH,11,aMeHTaJJbHOro MHOrOMepHoro MaCuJTa6a rpaBHTaU,HH. TeopeTH'leCKHe npe,11,CKa3aHH51 

noJJy'leHbI c noMOll\bIO rettepaTopa co6bITHli BlackMax. 

OTJ111'-111TeJibHOM oco6eHHOCTblO M11KpOCKOnH'-!eCKHX '-!epHblX ,IJ,blp 51BJ151eT

C51 11X 1130TponHblM 11 paBHOBep051THblM pacna,D, Ha Bee THnbI '-!aCTl1II , '-!TO 

np11B0,D,11T K no51BJ1eH1110 co6bITHt1 c 6onbwetl: , '-leM y rrpou,eccoB CM , MHO)Ke

CTBeHHOCTbIO 11 ccpep11'-!HOCTbIO. ,l],n51 aHaJIH3a 3KCrrep11MeHTaJibHb!X ,D,aHHbI X 

Konna6opaIIH51 CMS HCTIOJ1b30BaJia orrpe,D,eJiettHy10 Bbrwe rrepeMeHHYIO Sr
O)K11,D,aeMhTM xapaKTepHbIM CJ-ffHaJIOM o6pa30BaHH51 '-lepHOM ,IJ,blpbl B ,D,aHI-IOM 

cny'-lae 51BJ151eTc51 pe3Koe yBeJlH'-!eHHe 3Ha'-lemrn 11 113Mettett11e cpopMbI cneK-
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T pa no 3Tot1 rrepeMeHHOtl: no cpaBHeHHIO c rrpe,D,CKa3aHl151Ml-1 CM. P11cyHOK 

35a IIOKa3bJBaeT, KaK H3MeH51eTC51 <pOpMa pacrrpe,D,eJleHI-151 Sr B rrp11cyTCTBl1l-1 

q epHOM ,IJ,blpbl ,IJ,J151 co6bITI-1t1 co cpe,D,Hl-1M '-IHCJlOM CTpyt1 60J1bllle weCTl1 [130]. 
fipoaHaJII-13HpOBaHHbie ,D,aHHbie He ,D,aIOT 3Ha'-111MOro paCXO)K,D,eHH51 C npe,D,

CKa3aH1151M11 CM 11 ttaJiara10T orpattH'-leHI-151 Ha Ml-1Hl-1MaJibHYIO Macey '-!epttotl: 

,I.J;blpbl B 4.3- 6.2 T3B/ c
2 

B 3aBHCHMOCTI-1 OT 3Ha'-leHI-151 <pyH,I.J;aMeHTaJibHOro MaC

WTa6a rpaB11Tau,1111 Mo 11 '-111CJia ,I.I;OTIOJ1Hl1TeJ1bHbIX 113MepeHI-1M n (pttc. 356) . 
B ,n;aHHOM CJiyciae paCCMOTpettbI TPH CIIeHapI-151 - C BpaIIIaIOIIIHMHC51 H He Bpa

IIIa!OIII11MHC51 '-lepHbIMH ,I.J;blpaMI-1 , a TaK)Ke BpaIIIa!OIII11MHC51 '-lepHbIMH ,IJ,bipaMl1 

C IIOTep51Ml-1 MaCCbl H yrnoBoro MOMeHTa. ,l],pyr11e B03M0)KHbie C1Iettap1111 o6pa-

3 0BaHl151 H 3BOJ1IOIIl1H '-lepHbIX ,IJ,blp ,D,aIOT ,D,pyrHe orpaHH'-lemrn Ha rrapaMeTpbI 

Mo,n;eJI11 ( CM. rro,n;po6Hee [131]). 

,LI;onoJIHHTeJibHOe TIOKOJieHHe cpe p M HOHOB 

KaK H3BeCTHO, '-!HCJIO rroKoJiett11t1 cpepMHOHOB CM He <p11KcHpoBaHo 11 B 06-

IIIeM CJly'-lae MO)KeT 6bITb He paBHbI M TpeM . P51,I.J; pacw11peH11i1: CTatt,n;apT

HOM MO,I.J;eJIH Tpe6yeT cyIIIeCTBOBaHl151 ,I.I;OTIOJ1Hl1TeJibHbIX TIOKOJ1em1tl: KBapKOB 

11 nerrTOHOB. PacwHpettHe CM 3a C'-leT BBe,n;eHH51 '-leTBepToro noKoJ1ett1151 rrpH

BO,I.J;I-1T KO MHOrHM Ba)!(Hb!M <peHOMeHOJlOrwrecKHM CJ1e,I.J;CTBH51M , HarrpHMep 

no3BOJI51eT 113MeHl1Tb rrpe,D,CKa3aHH51 Ha Macey 6o3oHa XHrrca, c,n;enaHHbJe Ha 

ocHoBe rrpeu,113HOHHbIX H3MepeHHt1 Mace W- H Z-6o30HOB [132], H pewHTb 

npo6JieMy CP-HapyweHI-151 . 

Harrp11Mep, '-leTBepToe rroKoneHHe T51)KeJ1bIX KBapKoB T~13 11 B~13 (c 3JleK

T pH'-!eCKHM 3ap51,I.J;OM COOTBeTCTBeHHO + 2/ 3 11 -1 / 3) MO)KeT rrpe,n;cTaBJ151Tb 

co6otl: ,I.I;OIIOJIHl1TeJibHOe no OTHOllleHHe K CTaH,n;apTHbIM TpeM noKOJieHI-1e B 

paMKax CM HJlH np11Ha,n;J1e)KaTb npe,n;cTaBJ1eH1110 pacwwpeHHOtl: rpyrrrrhr K11-

PaJibHOi1: CI-1MMeTp1111 SU(2)L x SU(2)R ( <<BeKToporro,n;6Hbre>> KBapKI-1) [133]. 
IlepBblt1 BapHaHT CHJlbHO orpaHH'-!eH rrpeIIH3110HHblM11 TeCTaMH CTatt,n;apTHOt1 

Mo,n;en11 H OTKpbITHeM 6o3oHa XHrrca c Maccotl: 125 f3B / c
2

. B TO)Ke BpeM51 

MaCCOBbie '-IJleHbl <<BeKTOporro,n;o6Hb!X>> KBapKOB (VLQ) TI03BOJI51IOT coxpa

HHTb KaJI116pOBO'-IHYIO l1HBap11aHTHOCTb 3JieKTpocna6hIX B3aHMO,I.J;ei1:cTBHM H , 

TaK11M o6pa30M , MoryT 6bITb wcnOJib30BaHbl AJI51 peweHH51 rrpo6J1eMbI pac

XO)K,I.J;eHH51 KBaHTOBO-TieTJleBbIX rrorrpaBOK K Macce 6o3oHa X11rrca 11 peweHl151 

npo6JieMbl 11epapXI-1H ( Hanp11Mep, HeKOTOpb!M KJlacc <pl1311'-leCKl1X CIIeHapweB, 

npe,D,nonaraIOIIIHt1 cocTaBHy10 rrpHpo,ny 6o3oHa XHrrca) [134]. B paMKax ,n;aH

Hbrx MO,D,eJletl: rrpe,I.J;CKa3bIBaeTC51 cyIIIeCTBOBaHHe 1-IeCK0J1bKl1X T5l)KeJ1bIX KBap-
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KOB C 3Jl8KTpw1ecKJ1M 3ap51,11,0M + 2/ 3, -1 / 3, + 5/ 3, -4/ 3, npe,11,cTaBJ15IIOlll,l18 C0-

6oti c11HrneTb1 , ,zzy6neTb1 HJJH TpHrrJJeTbJ no rpynne cna6oro J13ocn11Ha. Macca 

3Tl1X '-laCTHl.\ 6JJl13Ka K MaCwTa6y HapyweHJ151 3Jl8KTpocna6oti Cl1MMeTp11l1, a 

rro3TOMY OHH ,11,ocTynHhI ,11,JJ51 06Hapy)KeH1151 Ha LHC. 
Ilp11 11ccne,11,0BaH115Ix LHC B ocHOBHOM KOHl.\8HTpHpy10TC51 Ha rrapHOM po)K

,11,eHHH 3K30Tl1'-18CKl1X KBapKOB (napa KBapK-aHTHKBapK) qepe3 CJJH51Hl1e rJJIO

OHOB (,11,0Ml1HHpy10lll,l1ti npol_\ecc) ( CM., HanpHMep, p11c. 36) l1Jll1 aH1-I11rHJl5ll.\11IO 

KBapKa H aHTHKBapKa (o,11,11H0'-1HOe p0)K,11,8HHe 6onee MO,ll,8JlbHO 3aBHCHMO 11 

06na,11,aeT 6onee CJJO)KHOti ,11,JJ51 per11cTpau;H11 Torronor11eti co6b1T11ti). 

g B 

g B 

P11c. 36. ITapttoe po)K,1em1e B;13 B npou,eccax rmoott-rmoottttoro CJrnHHHH. 
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P11c. 37. Pacna,n,h1 B;13 tta (a) tW , (6) bZ H (e) bH. 

0cHOBHb!Ml1 M0,11,aMH pacrra,11,a ,ll,Jl51 B~ /3 518Jl5IIOTC51 B~/3 -+ tw- -+ bw+w
(p11c. 37a), B~13 -+ bZ (pHc. 376) l1 B~13 -+ bH (pHc. 376). Bo3MO)KHhJe pac

rra,11,b1 KaJJH6pOBO'-!HblX 6o30HOB orrpe,11,eJ15IIOT CHrHaTypbl noHCKOBoro 3KCIIe

p11M8HTa: 1) KaHaJJbl C 0,11,HHO'-IHblM Jl8IITOHOM 11 CTPY5IM11 B KOI-18'-IHOM COCT051-

Hl111, 2) MHOrOJieIITOHHb!e co6hJTl151, 3) a,11,pOHHbie pacna,11,bl. YcTaHOBJieHHblti 

no BCeM 803MO)K!-IbIM K0!-18'-!Hb!M COCT05IHl15IM rrepe,11,eJI Ha Macey B~ /3 COCTa

BHJI 750 11 880 f3B/ r? B rrpe,11,noJio)KeHHH 3KCJJJ0311BHhlX pacna,11,oB B~13 -+ bZ 
11 B~13 -+ tW cooTBeTCTBeHHO [135]. P acna,11, B~13 -+ bH 5IBJJ5IeTc51 HaH6onee 

'-IYBCTB11TeJ1bHbJM - np11 l3 (B~ 13 -+ bH) = 100 % 6bIJIO HCKJJJO'-leHo cylll,eCTBO-
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Bamrn B~13 c Maccoit Mettee 900 r3B/ c2 [135]; K TOMY )Ke, ITocne OTKpb1T1151 

6030Ha X11rrca OH BbirJ15!,ll.11T 6onee peaJil1CTl1'-IHbIM. 

Mo,IJ.bI pacITa,IJ.oB T~13 11,IJ.eHTH'-IHbI pacITa,IJ.aM B~13 c TO'-IHOCTbIO ,IJ.O 3aMettu 

3ap5!)KeHHOro KaJI116pOBOLJHOro 6o30Ha w Ha tteilTpaJibHblit z ( 11 Hao6opoT)) 

a b-KBapKa Ha t (11 ttao6opoT) - (i) T~13 -+ bW+, (ii) T~13 -+ tZ -+ bW+ Z 
11 (i ii) T~13 -+ tH -+ bW+ H. K0Mfo11-111p0Battttoe I1ccne,IJ.0Bamrn Bcex Tpex 

pacITa,IJ.OB Ha OCHOBe co6bITl1il , CO,IJ.ep)Kaw,11x ITO Kpaittteit Mepe O,ll.11H 1130Jll1-

poBaHHblit JieITTOH ( co6bITl15! C O,ll.11H0'-1Hb1M tta6mo,IJ.aeMbIM JieITTOHOM 113 CMe

rnaHHblX JieITTOH-a,IJ.pOHHbIX pacITa,IJ.OB 11 MHOroJieITTOHHbJe co6bITI15! B LJl1CTO 

JieITTOHHblX KaHanax) , II03B0Jll1JIO ycTaHOBl1Tb rpaHl111,bl MaCCbl KBapKa T' B 

,IJ.HaITa30He 687- 782 r3B / c
2

, B 3aBI1Cl1MOCTl1 OT COOTHOWeHHit Bep05!THOCTeH 

pacITa,IJ.a ITO pa3JII1'-1Hb!M KaHaJiaM [136] . Ecn11 yLJeCTb B03MO)KHbJe a,IJ.pOHHbie 

KOHe'-!Hbie COCT05IHl15!, a TaK)Ke pacITa,IJ. H -+ 2"(, TO '-IYBCTBHTeJibHOCTb atta

Jll13a ITOBbIWaeTC5! 11 MaCCOBblil ITpe,IJ.eJI yBeJII1'-111BaeTC51 ,ll.O 790- 890 r3B/ c
2 

[137]. ,Il,n5! 3KCKJII0311BHbJX pacITa,IJ.oB (i- iii) Macca T~13 orpatt11t.Jetta 3 Hat.Jett11-

HM11 890, 830, 770 r3B/ c2 COOTBeTCTBeHHO. 

f1011CKl1 KBapKa T~/3 6b1Jll1 ITpe,IJ.ITp11H51Tbl B KaHaJie T~/3 -+ tW+ C IIOCJie

,IJ.yIOill,11M pacITa,IJ.aM11 t -+ bW+ 11 W-6o30HOB Ha JieITTOHbI , 11Me1ow,11e O,IJ.11-

ttaKOBbie 3ap5!,IJ.bI (ee, eµ , µµ) [138]. C11rttaJIOB OT KBapKOB T~13 c MaccaM11 

Mettee 800 r3B / c2 o6ttapy)Ketto tte 6hrno. 

CBO,IJ.Ha5! Ta6nm1,a ITO orpatt11t.JeHH5IM Ha MaCCbl KBapKOB t.JeTBepToro ITO

KOJieHl15! B' 11 T', a TaK)Ke ,IJ.pyr11x '-IaCTH11, <<HOBO it>> cp11311K11 B Kattan ax c 

T5I)KeJib!Ml1 KBapKaMH ITp11Be,IJ.eHa Ha p11cyttKe 38 [97]. 

JlerrTOKBapKH 

B tteKOTOpbIX TeopH5IX 3a ITpe,IJ.eJiaM11 CM , TaK11x KaK TBO [139], pacw11pett

Hbie KaJI116poBO'-IHbie MO,IJ.eJil1 [98 , 140], MO,IJ.eJ111 TeXHHLl,BeTa [141], COCTaBHbie 

MO,IJ.eJil1 cpepM110HOB [142] 11 ITp. , HOBbie Cl1MMeTp11H IT03B0Jl5!IOT o6be,IJ.11Hl1Tb 

KBapK11 11 JieITTOHbl B e,IJ.11HOM rpyITITOBOM ITpe,IJ.CTaBJiett1111 , T.e. OITl1CaTb BCe 

cpytt,IJ.aMeHTaJibHbie cpepM110Hbl C e,IJ.11Hb!X II031111,11il. 9TH MO,IJ.eJIH ITpe,IJ.CKa3bI

BaIOT cyw,ecTBOBatt11e HOBbIX 6o30HOB, Ha3bIBaeMblX JieITTOKBapKaMl1 (LQ), 

Hecyw,11x O,ll.HOBpeMeHHO 6ap110HHble 11 JieITTOHHble '-111CJia. JleITTOKBapK11 11Me

IOT ,IJ.po6Hblit 3JieKTp11'-1eCKl1H 3ap5I,IJ., CITl1H , paBHblM O 11Jll1 1, 11 pacITa,IJ.aIOTC5I 

Ha 3ap5I)KeHHbie JieITTOHbl 11 KBapK11 C 6peH'-111HrOM ( Hel13BeCTHbIM 113 Teop1111) 

f3 HJ111 Ha HeilTp11HO 11 KBapK11 C 6peI-It.JHJ-JrOM 1- f3. TaKHM o6pa30M Cl1rHaJIOM 

,IJ.J15I TaKl1X '-!aCTl111, CJIY)Kl1T o6pa30Batt11e ITapbl JieITTOI-10B 11 ITapbl CTpyit. Jlen-
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TOKBapK11 , KaK 11 cpepM110HbJ CM , 06pa3y10T rroKoJieH115! - '-laCTl111,bl ITepBoro 

IIOKOJieHl15! pacITa,IJ.aIOTC5! Ha 3JieKTpOHbl , BTOporo - Ha MIOOHbI , TpeTbero -

Ha T-JieITTOHbl. 

B CTOJIKHOBeHl15!X a,IJ.pOHOB JieITTOKBapK11 MoryT o6pa30BbIBaTbC51 B ITpo-

11,eccax CJ1115IHl151 rJIIOHOB H KBapK-aHTl1KBapKOBOil aHHl1rHJI5!11,1111 (ITapHOe pO)K

,IJ.eH11e JieITTOKBapKoB) (p11c. 39) , a TaK)Ke LJepe3 B3al1MO,IJ.eilcTBHe KBapKOB 11 

rJIIOOHOB B s- 11 t-Kattanax (o,IJ.HHO'-IHOe pO)K,IJ.ett11e) (p11c. 40). B nocJie,IJ.HeM 

cnrme 60JiblUOe 3HaLJeH11e 11MeeT BeJil1LJHHa IOKaBCKOfi KOHCTaHTbl CB513H ,IJ.Jl5! 

TpOHHOit Bepw11Hbl LQ-nenTOJ-1-KBapK (>.), KOTOpa5! TaK)Ke He cp11Kc11pyeTC5! 

B MO,IJ.eJI5!X JienTOKBapKOB. 
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PHc. 39. ITapttoe pmK,D,eHJrn CKrurnpttoro JienT0KBapKa B npou,eccax gg-cmrnHHH 

H qq-aHHHrHJI5lll,HH. 
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PHc. 40. O,D,HHO'fHOe pOlK)],eHHe CKam1pHoro JienT0KBapKa B (a) s- H (6, e) B 

t-Kattanax. 

I1011CKl1 ITapHoro pO)K,IJ.eJ-11151 JieITTOKBapKOB LQ rrepBoro 11 BTOporo ITOKO

JieH11H ocyw,eCTBJ15!IOT B KaHaJiax eejj, evjj , µµjj , µvjj [143]. B Kat.JeCTBe 

Ha6JIIO,IJ.aeMOM ITepeMeHHOil 11CITOJlb3 YeTC51 CKaJI5IpHa5! cyMMa ITOITepeLJHb!X 11M

nyJibCOB neITTOHOB 11 CTpyit Sr , a ,IJ.JI51 KaHaJIOB lvjj TaK)Ke yq11Tb1BaeTC5I 

BeJII1'-ll1J-1a noTep5IHHOit ITOnepeLJHOil 3Hepr1111. ITonyt.JeHHbie orpattwieHl15! Ha 

MaCCbl JieIITOKBapKOB ITepBoro 11 BTOporo noKOJieHl15! COCTaBJI5!lOT, COOTBeT

CTBeJ-IHO, 1010 (850) r3B/ c2 11 1080 (800) r3B/ c2 ,ll.Jl5! f3 = 1 (0.5). 
ITapttoe pO)K,IJ.eH11e JienTOKBapKOB TpeThero ITOKOJieHH51 ,IJ.aeT KOHeLJHOe co

CT05!HI18 C T-JieITTOHOM H t-KBapKOM [144] HJIH b-KBapKOM [145]. Kattan t + T 

BbI,IJ.eJI5!eTC51 no nape O,IJ.11HaKOBO 3ap5!)Kel-!Hb!X MlOOHOB µ 11 a,IJ.pOHHb!M pacITa-
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)],aM T , xapaKTep113yIOI.I..l,HMHC51 H8JlH'-111eM ,ll,Byx 11JIH 6oJJee a)],pOHHbIX CTpyn 

c ST ;:::: 400 f3B. ,Il,JJ51 KaH8Jla b + T cneu,11cpw-rno HaJlH'·IHe JJenTOHOB pa3Horo 

nrna e + T H µ + T , a cpe)],H CTpy/1J o6513aTeJJbHO npHCYTCTBl1e no Kpal11Hett 

Mepe O,ll,HOl11 b-cTpy11. Ilpe)],eJJbl Iia MaCCbl JJenTOKBapKOB TpeTbero TTOKOJJeHH5! 

COCTaBJ15!IOT 685 f3B/ c2 (t + 7) 11 740 f3B / c2 (b + T). 
C11rttaTypa O,ll,HHo•-rnoro pO)K)],eHH51 JJenTOKBapKoB nepsoro H BToporo no

KOJJeHH5! OTJII1'--IaeTC51 OT napHoti npI1cyTCTBHeM TOJlbKO O,ll,HOH CTpy11 - llj 
(p11c . 40). TaKHM o6pa30M , B KOHe'--IHOM COCT05!HHH 0)KH)],alOTC5! HJIH napa 3a

p51)KeHHb!X JleTTTOHOB (ee HJIH µµ) H CTPY5! (np11 pacna)],e JJenTOKBapKa Ha Ha 

3 ap51)KeHHbll11 JJenTOH 11 KBapK) , HJIH 0)],11H 3 apm1<eHHb!l1! JJenTOH , noTep5!HHa5! 

3HeprH5! OT HetiTp11HO H CTPY5! ( npH pacna)],e JJenTOKBapKa Ha Hel11TpHHO 11 

KBapK). ,II,ocTHrHyTbie BO speM5! nepsoro ceaHca LHC npe,ll,eJJbI Ha Maccb1 

LQ nepsoro 11 BToporo noKoJ1em1/1J cocTaBHJJH 1730 f3B/ c
2 

H 530 f3B / c
2 

COOTBeTCTBeHHO B npe)],TTOJIO)KeHHH >. = 1.0 [146]. 
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CYTIEPCMMMETPM51 

0 )],HHM H3 HaH6oJJee nonyJJ5IpHbIX pacw11peHI1H CTaH)],apTHOti MO)],eJIH 51BJl51-

eTC51 KOHu,enu,1151 cynepcHMMeTpHH (SUSY) [147], np11BJ1eKaeMa51 , Hanp11Mep, 

)],JJ 51 peweHH51 npo6JJeM 1,1epepxm1 Mace, o6'b51CHeHH51 np11po)],b1 TeMHOl11 Ma

TepH11 , YHH(pHKau,1111 rpaBl1TaU,HH H KaJ1116pOBO'-IHbIX B3aHMO)],etICTBHl11 H np. 

(cM. , HanpHMep, TaK)Ke [148]). HaH6oJJee np11BJ1eKaTeJ1bHblM KaH)],H)],aTOM 

Ha pOJJb HH3K03HepreTH'--leCK0!1J TeopmI 51BJl5IeTC51 N = l cynepcHMMeTpHYHa51 

TeopH51 , )],OnycKaI01.I..1,a51 cy1.I..1,eCTBOBaH11e TOJJbKO O,ll,HOro cynepnapnIepa )],JJ51 

Ka )K,ll,Oti YaCT11U,bI CM - MHll11M8JlbHa51 cynepc11MMeTp11cIHa51 CTaH)],apTHa51 

MO)],eJJb (MSSM) [149]. 
8 npe)],nOJJO)KeHl111 coxpaI-teHl151 R-YeTHOCTH (KBaHTOBOe '--IHCJIO cynepCHM

MeTpJ1L!HOH l1HBepc1111 cpepMHOHOB B 6030Hbl 11 Hao6opoT) BCe cynepC11MMeT

pH'--1Hbie YaCTHU,bl ( cynepnapTHepbl JJenTOHOB, KBapKOB, BeKTOpHb!X 6o30HOB) 

o6pa3y!OTC51 nonapHO ( YaCTI1U,a-aHTl1'--1aCTHU,a). Ka)K,ll,a51 113 o6pa3yIOI.I..l,HXC51 

Ya CTHU, 11H11U,11HpyeT u,enOYKY nocJJe)],OBaTeJJbHb!X pacna)],OB (KaCKa)],OB) , 3a

Ka H'--1I1Ba101.I..1,y10C51 o6pa30BaHHeM YaCTHU, CTaH)],apTHOH MO)],eJIH H JJeryal,1:wel,1: 

cynepcHMMeTpHYHOll YaCTHU,bI (LSP). LSP cJJa6o B3aHMO,ll,eticTByeT c MaTe

pHe ti H He OCTaBJJ5IeT CHrHaJJa B ,ll,eTeKTOpHbIX CHCTeMax. Il03TOMY nOHCKH 

ClffHaJJOB cynepC11MMeTpH'--1Hb!X MO)],eJJeti C coxpaH5IIOI.I..l,etic51 R-Ye'fHOCTblO, 

Ka K npaBHJIO, Be)],yTC51 no 113Mepemuo nocJJe)],OBaTeJlbHb!X ( KaCKa)],HbIX) pac

n a)],OB C YaCTHU,aMl1 CM H He)],OCTalOI.I..l,eti 3Hepr11eti B KOHe'--IHOM COCT05IHl111. 

K a cKa)],Hbie u,enO'--IKl1 pacna)],OB cynepCHMMeTp11'-IHbIX YaCT11U, xapaKTep113y-

10TC51 60JJbWHM '--IHCJIOM napaMeTpOB (,ll,O ,ll,Byx-Tpex )],eC51TKOB) , no3TOMY npH 

flOHCKe WHpOKO 11CilOJlb3YIOTC51 MeTO)],bl MHOronapaMeTpHLJeCKOro aH8Jl113a 

(MVA), no3BOJJ51IOI.I..l,He npoBO,ll,HTb oT6op co6bITHll no MHO)KeCTBY cpH3HYe

CKHX napaMeTpOB. 

IlporpaMMa no11cKa c11rttaJ10B cynepcHMMeTp1111 Ha LHC Hau,eJJeHa Ha 

0 6Hapy)Kett11e pa3JJHYHbIX cynepcHMMeTpJ1LIHbIX yacn1u, - cynepnapTHepoB 

fJI IOOHa (rmmrno), JJerKHX 11 T5J)KeJJbIX KBapoB (cKBap1<11) , JJenTOJ-10B (cJJen

TOHbI) , K8Jl116poBO'-IHb!X 6o30HOB (KaJJH6p11Ho) 11 ,ll,pyrHX YaCTHU,, KOTOpb!e 

o6pa3y!OTC51 KaK CHJlbHblX, TaK 11 CJJa6bJX B3a!1MO)],eticTBI151X. 3a6era51 Bne

p e)],, CJJe)],yeT OTMeTHTb, '--ITO B OTCYTCTBHe KaK11x-m160 LfeTKHX YKa3aHHti Ha 

OKJJOHeHH51 OT npe,ll,CKa3aHHll CM , noJJyYeHHbre orpaH11Yemrn Ha npocTpaH

CTBo napaMeTpOB cynepCHMMeTp11'--1Hb!X cu,eHap11eB 51BJl5IIOTC51 MO)],eJlbH0-

3aBHCl1MbIMI1 H Mory TpaKTOBaTbC51 JIHWb KaK orpaHH'--le Hl151 B paMKax KOH

KpeTHO paccMaTpHBaeMb!X MO)],eJJeti. BoJJee Toro , noJ1yYeH11e n0)],06Hb!X orpa-
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HH'leHHli. B paMKax npOH3B0JlbHblX cynepCHMMeTpH'IHblX TeOpHtl npaKTH'ie

CKH tteB03MO)KH0. cJTO CB513aHO C 60JJblllHM KOJIH'leCTBOM CB060,D,Hb!X napa

MeTpOB - ,n,a)Ke npocTeli.lllHe cynepCHMMeTpH4HbJe cu,eHap1111 THna MSSM 

HMelOT 6oJJee 100 ,n,onOJJHHTeJJbHblX no cpaBHeHmO c CM napaMeTpOB, 'ITO 

,D,eJJaeT npaKTWJeCKH HeB03MO)KHbJM rno6aJJbHbll1 cj:mT npocTpaHCTBa napa

MeTpOB. Ha npaKTHKe 'lalll,e Bcero HCnOJJb3Y!OT cu,ettapHH , B KOTOpb!X YHCJIO 

CB060,D,HblX napaMeTpOB yMeHbllleHO 3a CYeT pa3JJH4Hb!X ,D,OITylll,etmli.. TaK, 

BBO,D,51 B MSSM ,D,OBOJJbHO CHJJbttoe npe,n,noJJO)KeHHe o xapaKTepe nepeHop

MHpOBKH TeOpHH (yHHBepCaJJbHOCTb KOHCTaHT B3aHMO,D,et!CTBH51 H TO)K,D,e

CTBeHHOCTb Mace Bcex cpepMHOHOB 11 CKaJJ5IpOB Ha nJJaHKOBCKOM MaClllTa6e 

- <<orpaHHYettHa51>> MSSM (constrained MSSM, cMSSM) [150]), smcJJo CBo-

60,D,HbIX napaMeTpOB y,n,aeTC51 COKpaTHTb ,D,O Il51TJ1: MaCCbl CKaJJ5IpOB mo H 

cpepMHOHOB m 1; 2 Ha MaClllTa6e TBO, yrrnBepcaJJbHa51 KOHCTaHTa CB513H CKa

JJ51pOB Ao, OTHOllleHHe BaKyyMHblX cpe,D,HHX ,D,JJ51 ,D,BYX XHrrCOBCKHX ,D,y6JJeTOB 

tan(3 H MaCCOBblli. napaMeTp XHrrcHHO ( napaMeTp CMelllHBaHH51 B XHrrCOB

CKOM ceKTOpe) µ. 
<I>ettoMeHOJJOrl-151 MCCM KPHTwIecKHM o6pa30M 3aBHCHT OT MexaHH3Ma 

HapyllleHH51 cynepCHMMeTpHH. Ha1160JJee 061.l.l,eilpHH51TblMH 51BJJ5110TC51 cu,eHa

pHH HapyllleHH51 3a CYeT nepe,n,aYH B3aHMO,D,el1CTBHl1 Me)K,D,y o6bl'IHOl1 Ma

TepHetl H cKpbITbJM ceKTopoM c noMOl.l.l,bIO rpaBHTotta (miminima l SUper 

GRAvity, mSUGRA [1 51]) HJJH KaJJ116poBO'IHb1x noJJetl (Gauge-Mediated 

Supersymmetry Breaking, GMSB [152]) . B nepBOM cJJy<iae JJercial1.lllel1. B 

cneKTpe cynepCHMMeTpH'IHblX 'laCTHU, 5IBJJ5IeTC51 JJerciali.lllee Heli.TpaJJHHO, a 

BO BTOpOM - rpaBHTHHO, YTO npvIBO,D,HT K COBepllleHHO pa3Hb!M CBOt!CTBaM 

cynepYaCTHU, C xapaKTepHb!MM pacna,D,HblMH u,enoYKaMM. I1MeHHO no3TOMY 

3KCnepMMeHTaJJbHble pe3yJJbTaTbl, MHTepnpeTHpyeMble B KOHTeKCTe pa3JJH'l

Hb!X MO,D,eJJet!, npMBO,D,51T K pa3JJHYHb!MM orpaHMYeHH51M Ha MO,D,eJJbHb!e na

paMeTpbl SUSY (t1anp11Mep, [153, 154, 155, 156]). 
B IlOCJJe,n,ttee BpeM51 ,D,JJ51 aHaJJH3a lllMpOKO MCilOJJb3YIOTC51 TaK Ha3bJBae

Mble «ynpolll,eHHble>> ecTeCTBeHHble cynepCHMMeTpMYHble cu,ettapMM (Natural 

Simplified Supersymmetric Model, NSSM) [157], B KOTOpb1x B Kaciecrne oc

HOBHblX napaMeTpOB paccMaTpHBa!OTC51 MaCCbl cynepCHMMeTpMYHblX YaCTHU, 

11 HX 6pettYHHrM. NSSM HCITOJJb3yeTC51 ,D,JJ51 H3BJJeYeHH51 BepxHHx npe,n,eJJoB 

Ha cecieHH51 B onpe,n,eJJeHHbJX pacna,D,HbJX KaHaJJax ,D,JJ51 orpaHMYe1-rnoro tta6o

pa cynepCHMMeTpH'IHblX 'laCTMU, H orpaHHYeHHli. Ha MaCCbl YaCTHIJ,. O,n,ttaKO 

cpeHOMeHoJJor115IMH cMSSM M NSSM Bee pa3Hoo6pa3Me MaccoBoro cneKTpa H 

TOITOJJOrHtl CHrHaJJOB cynepCMMMeTpHYHblX cu,eHapHeB ,D,aJJeKO He MCYepnbI-
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BaeTC51 . Ilo3TOMY npe,n,npHHJ,Jl\lJalOTC51 IlOilb!TKM aHaJJH3a ,n,aHHb!X C TOYKH 3pe

HH51 cynepCHMMeTpH'IHbIX cu,eHapHeB C Mettee orpaHHYeHHbIM Ha6opoM napa

MeTpOB. O,D,HMM H3 TaKHX MO,D,eJJeli. 5IBJJ5IeTC51 cpettoMeHoJJornciecKaH MCCM 

(pMSSM) [158], B KOTopott 'IHCJJO cBo6o,n,ttbIX napaMeTpoB MSSM coKpalll,eHo 

,D,0 19 BCJJe,D,CTBHM ,n,onylll,eHH51 YHHBepCaJJbHOCTH nepBoro M BTOporo nOKOJJe

HMl1, a TaK)Ke oTcyTCTBH51 nepexo,n,oB Me)K,D,y noKoJJeHH51MH (FCNC TOKOB). 

O ,D,HOBpeMeHHO C 3TMM npe,D,npHHJ,JMa!OTC51 nOITbITKM o6Hapy)KHTb CJ,JrHaJJbl 

npou,eccoB c HapyllleHMeM R-<JeTHOCTH [159], <<HeBH,D,HMOtl>> (stealth-) [160] M 

paCl.l.l,eITJJeHHOtt (split-) [161] cynepcHMMeTpHH. 

CBO,D,HaH Ta6JJ11u,a no orpattMYeHH5IM, noJJy'leHttbJM B 3KcnepHMeHTe CMS, 

Ha MaCCbl pa3JJH'IHbIX cynepcHHMeTpMYHb!X <JaCTMU, npHBe,n,etta Ha pMC. 41. 
HH)Ke 6y,n,yT KpaTKO o6cy)K,D,eHbl HaH60JJee 3Ha'-IHMble pe3yJJbTaTbl no nOHCKY 

cynepcHMMeTpHH B 3KcnepHMeHTe CMS. 
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I'JUOI1HO 11 CKBAPK 

HaM60Jiee rrepcrreKTl1BHb!Ml1 BBMAY 60Jibillero Ce'-leHirn p0)K,D,eHl151 (pl1C. 42) 
[162] 5IBJI5I!OTC51 I10l1CKl1 cyrreprrapn1ep0B I'Jl!OOHa (rn!OMHO) 11 JieI'Kl1X KBapoB 

(cKBapK11). TI1I1l1'-lHb!M pacrra,D,OM I'Jll011HO g 5IBJI5IeTC51 pacrra,D, '--!epe3 rrpoMe

)KYTO'IHb!t! CKBapK, Jie)Kalll,Mt! BHe Maccosot! rrosepxHOCTM, Ha LSP, B Ka'-le

cTBe KOTopot! BhICTyrraeT Het!TpaJI11Ho ;~J cHa'-lana rrpoMCXO,D,11T pacrra,D, g Ha 

aHTl1KBapK (rrpeMMYI.Il,eCTBeHHO T5I)KeJibit!) l1 CKBapK, a IlOTOM pacrra,D,a CKBap

Ka Ha KBapK 11 LSP: g --+ bb(*)x? 11Jll1 g --+ u(•lx? (pMC. 43). BrrocJie,D,CTBl1l1 

t-KsapK pacrra,D,aeTC51 Ha bW*, rro3TOMY B 06e11x KacKa,D,HhIX u,erro'--!Kax B Ko

He'IHOM COCT051Hl1M Ha6JI!O,D,aIOTC51 b-KBapKH l1 ITOTep5IHHa51 3HepI'I151 Eriss_ 
KpoMe TOI'O , rrpou,eCCbl C rrpoMe)KyTO'--!Hb!M t xapaKTepH3YIOTC51 HaJil1'-ll1eM 

,D,Byx ,D,OITOJIHMTeJibHb!X CTpyt! MJIM JieITTOHOB OT p acrra,D,a W-60301-Ja. 
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Puc. 42. Ce'-!eHH51 pO)K,llemrn cynpecHMMeTpH'-!HbIX '-!aCTHI.\ □pH .js = 7 T3B 
11 621, 

Orpam1'--!eHM51 Ha Macchi rJIJOMHO rrpH Js = 8 T::iB cocTaBHJIH 3Ha'-lemrn 

BilJIOTb ,D,O 1400 r::iB / c2 COOTBeTCTBeHI-lQ ,LJ,JI51 CU,eHapMeB o6pa30BaHM51 g '-le

pe3 rrpoMe)KyTO'--!Hhie b- M t-CKBapK11 (p11c. 44). 8TH orpaHH'-leHI-151 6hIJll1 rro

Jiy'-leHbl B rrpe,D,ITOJIO)KeHHH , '-!TO Bee ,D,pyrMe cyrrepCHMMeTpH<IHble t.:raCTMU,bI, 
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KpoMe rJI!OMHO 11 LSP, 11Me!OT CJIHllIKOM 60Jih11IY!O Macey ,D,JI51 Toro , t.:rT06h1 

Ha6JIIO,D,aThC51 rrpH TaKHX 3HepI'I15IX. 
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Puc. 43. flpol_\eCCbl □p51MOl'O po)l(,ll,eHH51 rmoHHO. 

B HaTypaJibHbI X cyrrepCHMMeTp11<[J-Jb!X c u,eHap115IX cy11I,eCTBOBarrne cyrrep

nan1ep0B JieI'Kl1X KBapKOB (nepsoro l1 BTOporo ITOKOJieI-rn51) He Tpe6yeTC51, 

TeM He Mettee 11x rroMCK BXO,D,HT B rrporpaMMY SUSY Ha LHC. H ecMOTp51 Ha 

TO, '-!TO rrpe,D,CKa3bIBaeMhie ce'--!eHM51 p0)K,D,eHM51 CKBapKOB HeMHOI'HM MeHh-

11Ie ce'-leHMH pO)K,D,eI-11151 I'Jl!OMHO, npe,D,eJihI Ha MX Macey cy11I,eCTBem10 HM)Ke -

OKOJIO 900 r ::iB / c2. 8TO CB513aHO C TeM, "!TO CKBapKH MMelOT ,D,pyry10 TOflOJIO

I'M51 pacrra,D,a: ij --+ qx_?, T.e. KOl-te"IHOe COCT05IJ-JMe xapaKTepH3yeTC51 MeHhillMM 

KOJil1t.:reCTBOM CTpytt M OTCYTCTBl1eM b-KBapKOB, '-ITO 3aTpy,D,H5IeT ITO,D,aBJieHMe 

cpoHa CM. 
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C YIIEP Cl1M METPJ1qHbIE qACTl1IJ;bl TP ETb Ero IIOKOJIEH115I 

Ilpn H3y 1-rnmrn ecTeCTB€HHbJX cynepC11MMepT11'!HbIX CLI,ettap11eB KJIJO'l€Bb!M 

51BJJ51€TC51 no11cK cynepnaTttepoB KBapKOB TpeTbero nOKOJl€111151 - b- 11 t
CKBapKOB. Ce'-leH1151 rrpoLI,eccoB np51Moro po)K,nett1151 3THX cIaCTJ,fl..\ (p11c. 45) 
B H€CKOJJbKO ,D,€C51TKOB pa3 M€HbW€ cecIett1151 p0)K,Ll,€Hl151 rJJJOHHO (p11c . 42), 
LITO 3aTpy,nIrneT HX ofoiapy)KeH11e. 

h 

~11· 

~ .. :: 
a ><

C ~>I, ~llxk•lb~I ./ r' \\' 
- - \ ' ~ ............... \ 1 •, \ ~ 

,-41 ------ \ i ,• , ~ 
-- \ 1 ;/ fi; -~' \\' ' 

6 c 6 t 

Pi,ic . 45 . Ilpol_\eCCbl npHMOro pO)K,lleHlrn cynepCHMMepll'-IHblX '-laCTHI_\ TpeTbero 
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P i,ic . 46 . Ilpe,l\eJJbl Ha MaCCbl (a) CTOn- H (6) COOTTOM-KBapKOB 1163]. 

Ilp11 pa3Hl1LI,e Mace ( ffif - mxs) < mb + mw ,D,OMl1HI1pyIow,11M pacna,noM t 
51BJJ51€TC51 t-+ ex? (p11c. 456), a npH ( ffi[ - ffix.?) > ffit - t-+ tx~ (p11c . 45a). 
cho o6ycJJaBJJl1BaeT 11CI10Jlb30Ba~111e TaKl1X Kp11Tep11eB OT60pa C06bITHif, KaK, 

1-ianp~IMep, Tpe6oBamrn np11cyTCTBH51 B KOHeLIHOM COCT051HHl1 ,nayx CTpyti OT 

c- 11JIH t-KBapKOB. AHaJJl13 ,naHHb!X ocyw,eCTBJJ51JIC51 C 11CnOJJb30BaHHeM TeXHl1-

KH MVA B KattaJJax c pa3JJl1LIHbJMl1 KOHe'-lttbIMH cocT051H1151MH - B 6e3JJenTo

HOM pacna,ne, pacrra,ne C O,D,HHM JJenTOHOM 11JJH CTpyet! , ITOJJHOCTbIO a,npOHHOM 
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pacna,ne. B Pe3YJJbTaTe cyw,ecTBOBam,e t-cKBapKa 6bIJJO 11CKJJIO'-!etto B ,n11a

na30He Mace Mettee 780 r::iB / c? (pHc. 46a). 
Pacrra,nbI b-CKBapKa 11MeJOT CXO)KYIO C npoLI,eCCOM Ha p11c. 45a TOITOJJOrHIO 

(c TOLJHOCTblO ,no 3aMeHbl t-KBapKa Ha b-KBapK) b-+ bx~- B L[ l1CTO a,npoHHbIX 

KaHaJJax ,D,JJ51 rrpoIIeCCOB 3TOro Tl111a MaKCl1MaJJbHOe 3Ha'-leH11e HCKJJJO'leHHOH 

MaCCbl b COCTaBHJJO 650 r::iB / c? ,D,JJ51 mx.?:::::: 0 r::iB / c
2 [164]. 

B pa3JJl1'-IHbIX Mo,neJJ51x SUSY TaK)Ke B03MO)KHbI pacna,nbI b (i) He cpa-

3y Ha LSP, a CHa'!aJJa Ha Yap,D,)Kl1HO b -+ txt (i -+ bxt) (p11c. 45c) 11JJl1, 

B CJJy'-lae npaBbIX T51)KeJJblX CKBapKOB, C 60JJbWOH Bep051THOCTb lO Ha XHrr

Cl1HOI10,D,06Hoe T51)KeJJoe HeHTpaJJ11HO, Harrp11Mep b -+ bxg. B CBOJO O'-lepe,nb 

Yap,D,)Kl1HO 11 T51)KeJJoe HetiTpaJJ11HO pacrra,naJOTC51 Ha 3JJ€KTpOCJJa6bre KaJJ116-

pOBOLJHbie 6o30Hbl (W 11 Z) 11 LSP. B 3aa11c11MoCTH OT KaHa.na pernc_TpaLI,w11 

T51)KeJJbIX KBap1<0B 11 KaJJ116poBo'iHoro 6o3oHa B npoLI,ecce b -+ t liV ~78 orp a 

Hl1'-leHH5l Hamb cocTaB11JJ11 320- 610 r::iB / c? np11 Macce JJerKoro Hel1TpaJJ11tto 

50 r::iB / c
2 

(pwc. 466). ,ll.JJ51 no11cKa pacrra,noB b -+ bxg -+ bZ x? rrpOBO,D,HJIOCb 

113ycIett11e co6bITHH p0)K,Ll,€Hl151 Tpex JJenTOHOB, accOLI,11HpoBaHHb!X C no Kpati

HeH Mepe o,nHot! b-cTpyeti. Ilp11 pa3Hl11..\e Mace (mx.g - mx.?) = llO r::iB / c? 

6bIJI ycTaHOBJJeH 6oJJee CJJa6bJ}f H11)KHHH rrpe,neJJ Ha mb ( 450 r::iB / c?) [165]. 

9 JIEKTPOCJIABOE PO)K,l];EH11E CYIIEPCl1MMETPJ1qHbIX qACTl1IJ; 

HecMOTp5! Ha 0'!€B11,D,HOe rrpe11Myw,ecTBO nOl1CKOB cynepC11MMeTp11'-1HbIX '-la

CTHI..\, o6pa3y!OW,HXC5l 3a C'leT CHJJbHbIX B3al1MO,netiCTB11ti , 3JJeKTpOCJJa6oe 

po)K,nett11e '-laCTl1II SUSY MO)KeT HMeTb KJJIO'leaoe 3Ha'leH11e ,D,JJ51 OTKpb1T1151 

11 nOHl1MaHl151 npttpO,D,bl HOBOif q>l1311KH. rJJIOl1HO 11 CKBapK11 MOryT OKa3aTbC51 

CJJ11WKOM T51)KeJJbIMH ,D,JJ51 11x tta6mo,neH1151 np11 ::ittepnrnx L H C, H ,noM11ttnpy-

10w,11M 6y,neT o6pa30BaH11e cynepnaTHepoB JJeITTOHOB ( CJJeTOHOB [) H CMewaH

HbIX COCT051Hl1H cyrrepnapTttepoB 3JJ€KTpOCJJa6bIX KaJJ116pOBO'-!HbIX 6030HOB 

H 6o30Ha X11rrca - '-!ap,n)Kl1HO x± 11 HetiTpaJJHHO x0 (11x CBOHCTBa 3aBl1C51T 

OT TOrO , KaK11e 113 COCTaBJJ51IOW,11X ,D,OMl1Hl1py10T). ch11 cynepC11MMeTp11'-1Hbie 

'-!aCTl1llbl p0)K,D,aJOTC51 nocpe,nCTBOM MexaHH3Ma ,ll.peJJJJa-5IHa nonapHO, Ha

np11Mep, T51)KeJJOe H€HTpaJJ11HO 11 JJerKOe '-1ap,D,)Kl1HO pp -+ XgXf (pHC. 47 
11 48), ,D,Ba JJ€rKl1X '-lap,D,)KHHO pp -+ Xf Xf (p11c . 49a) 11Jl11 ,D,Ba CJJenTOHa 

PP -+ lT(p11c. 496). 
IloHCK cJJenTOHOB ocyw,ecTBJJ51eTC51 no 11x pacna,ny Ha JJerrTOHbI CM 1-1 JJer

'-!at!wee ttetl:TpaJJ11HO x? (Bb!CTyrramw,ee B Ka'leCTBe LSP) , a ttetiTpaJJ11HO 11 

'-lap,n)KHHO, B 3aBl1CHMOCTH OT 11X Mace, no pacna,naM '-1epe3 npoMe)KyTO'-!Hble 
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CJieTITOHbl x:g ➔ ll ➔ 2lx?, xt ➔ z;[ ➔ vlx? 11 xt ➔ lii ➔ vlx? 11JUI Ha 

KE1JU16pOBO'-lHbie 11 x11rCOBCKl1e 6030Hbl X:g ➔ Z(H )x? 11 Xt ➔ W ±x?. 
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PHc. 4 7. IIapHoe pO>K)],em1e '!ap)],>KHHO-HeATp8JIHHO C npoMe)KyTO'!HblM pacna)],OM 

Ha cnneTOH bI (a) l H (6) v. 
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PHc. 48. IlapHOe pO)K)],eH He 'lap)],>KHHO-HeATp8JIHHO c pacna)],OM Ha (a) K8JIH6po-

BO'!Hble 6o30Hbl H (6) K8JIH6pOBO'!HbIA H XHPCOBCKHA 6030Hbl. 
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PHc. 4 9 . IlapHOe pO)K)],eHHe (a) '!ap)],)KHHO H (6) CJJenTOHOB. 

TaKl1M o6pa30M, CJ1THaTypofi ,D,JI51 TIOJ1CKa 3JieKTpocJia6oro pmK,D,eHJ151 qa

CTJ111, SUSY 5IBJI5ITOTC51 co6bITJ151 MHO)KeCTBettttoro pO)K,D,em1eM JienTOHOB ( Tp11 

J1 6onee) c no,D,aBJJeHHOH a,D,pOHHOH COCTaBJl5IIOill,efi ( OTCYTCTBl1e CTpyfi a,D,pO

HOB) 11 60JlblllJ1M KOJIJ1~1eCTBOM noTepmrnofi nonepet.JHOH 3Hepr1111 E'!f!'iss (J13· 

3a pO)K,D,eHJ151 LSP). TaK KaK cet.Jett11e pO)K,D,eHH51 no cJia6oMy Ka11any MaJJO, TO 

,D,JI51 ,D,OCTJ1)KeHl151 60Jlb!llefi t.JYBCTBl1TeJibHOCTl1 npOBO,D,5IT KOM6J1H11pOBaHHbiit 

aHaJJJ13 pa3HbIX Tononor11H Ha6mo,D,aeMoro c11raana, a TaK)Ke, B cny'-!ae co-
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6bITl1H c W Z / Z Z B KOHe'-IHOM cocTO5IHHH , Y'-111TbIBaIOT BO3MO)KHbie pacna,D,bI 

Z Ha ,D,Be CTpy11. 

AHan113 MHoroJienTOHHbIX co6b1T11fi B 3Kcnep11MeHTe CMS [166] 6h!Jl BbI

nontteH B npe,D,TIOJlO)KeHHH paBeHCTBa Mace 3JleKTPOCJJa6bI X KaJJ116pMHO , BXO

,D,5I lll,11X B o,D,11H MYJibT11nneT, mx = mxt = mxg• TaK)Ke ,D,11arpaMMb1 npo-

11,eccos Ha p11c. 47- 49 O'-leBl1,D,HO rrpe,D,nonaraIOT, '-!TO mx? < mi < mx, T.e. 

Macca cnenTOHOB He MO)KeT 6bITb MeI-Ib!lle MaccbI LSP. Pe3yJibTaTbI aHan11-

3a 11HTepnpeT11pOBaJJl1Cb ,D,JI51 CJiy1-iaeB , KOr,D,a Macca CJleITTOHOB paBH5IeTC5l 

ycpe,D,HeHHbIM MaccaM LSP 11 Kan116p11Ho , 11 KOr,D,a Mace cnerrTOHOB 6JJl13Ka 

K Macce LSP. IIp11 3TOM OT,D,eJJbHO paccMaTpl1BaJJl1Cb c11,eI-Iap1111 pO)K,D,eHl151 

JleBblX 11 rrpaBb!X CJleITTOHOB C O,D,HHaKOBbI Ml1 MaccaMl1 ,D,Jl51 cyrreprrapTHepoB 

3JleKTpOHOB 11 MIOOHOB. 
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P HC. 50. Ilpe)],eJl bl Ha MaCCbl HeATp8JIHHO H '!ap)],)KHHO. 

Tio ,D,aHI-IbIM, nony'-leHHbIM BO BpeM51 nepBoro ceaHca LHC, orpaHwrnHH51 

Ha MacCbl HeHTpaJJ11HO 11 '-1ap,D,)K11HO COCTaBJl5IIOT rrp11MepHO OT 200 ,D,O 700 
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r9B/ c2 (pnc. 50) B 3aBHCHMOCTH OT M8XaHH3Ma pO)K,Il;8HH5I H IIOCJI8,IJ;yIOIIJ,ero 

pacrra,.a;a. TaK, B CJiyqae rrapHoro pO)K,IJ;8HH5I qap,.a;)KIIHO-HeiiTpaJIHHO qepe3 

rrpoMe)KyTO'!Hbie CJI8IITOHbI rrpe,.a;eJI Ha MaCCbI ,IJ;OCTHraeT 720 r9B / c2' B TO 

Bp8M5I aHaJIH3 pacrra,.a;a Ha W Z H W H ,.a;aeT cyIIJ,eCTB8HHO M8HbIIIHe 3Ha'f8HH5I 

MHHHMaJibHO BO3MO)KHbIX Mace - 270 H 200 r9B/ c2 COOTB8TCTB8HHO. flpn 

9TOM MaCCbI CJI8IITOHOB OrpaHH'f8HbI 3Ha'f8HH5IMH 260 r9B/ c2 ,IJ;JI5I JI8BbIX 

CJI8IITOHOB H 180 r9B/ c2 ,IJ;JI5I rrpaBbIX. 

~2 x; __ ... Y_ a-... • 
I 

~I 

\'1 -~- cl-

P11c. 51. IIapHoe pO)K,!leHJie XJirrCJIHOIIO,!I06Horo Hei!Tpa.rrJIHO C paCIIa,!1011 Ha rpa

BJITIIHO II Heii:TpMbHbie,KaJIII6poBO'IHbie 6o30Hbl. 

B MO,Il;8Jl5IX C HapyrneHH8M 9Jl8KTpocJia6oti: CHMMeTpHH 3a cqeT ,Il;OIIOJI

HHT8JlbHbIX KaJIH6poBoqHbIX rroJieii (GMSB) [152] Jieqati:rneti: cyrrepcHMMeT

pnqHoti: qacTnu;eti: 5IBJI5IeTc5I rpaBHTHHO G, a 6JIH)Kati:rneti: rro Macce cyrrep

CHMMeTpnqHoti: qacTnu;oti: (NLSP) MO)K8T 6bITb Jierqati:rnee Heti:TpaJIHHO HJIH 

CJI8IITOH, 'ITO, Hap5I,.a;y C BO3MO)KHbIM THIIOM H8HTpaJIHHO, H orrpe,.a;eJI5I8T MO-

3aHKy pacrra,.a;HhIX u;erroqeK qacnru; SUSY. B 3aBHCHMOCTH OT ,.a;oM1rnnpy10-

IIJ,Hti: COCTaBJI5IIOIIJ,eti: ( Q)OTHHO, 3HHO HJIII XHrrCHHO) Heti:Tpamrno MO)K8T 6bITb 

reti:,IJ;)KHHOIIO,IJ;06HbIM HJIH xnrrCHHOIIO,IJ;06HbIM C OCHOBHbIMH MO,IJ;aMH pacrra

,.a;a x? ➔ 'YG H x? ➔ hG COOTB8TCTB8HHO [167]. B IIOCJI8,Il;H8M CJiyqae B 

pe3yJibTaTe CM8IIIHBaHH5I rOJI,IJ;CTOYHOBCKHX MO,Il; IIOJI5I Xnrrca C rrpO,IJ;OJibHOH 

KOMIIOH8HTOti: 6030Ha z TaK)K8 BO3MO)K8H pacrra,.a; x? ➔ ZG (pnc. 51). 9TOT 

CI.J;8Hapnti: rrpe,IJ;IIOJiaraeT BbipO)K,Il;8HHOCTb Mace qap,IJ;)KHHO Xf H . H8tt:TpaJIH

HO xg B6JIH3H MaCCbI NLSP, B P83YJibTaTe qero OHII pacrra,.a;aIOTC5I Ha NLSP 

II qaCTIII.J;bI CM C MaJI8HbKIIM rrorrepeqHbIM HMIIYJibCOM, HeperncTpIIpyeMbIM 

,.a;eTeKTOpHbIMH cncTeMaMII. B pe3yJihTaTe cpeHOMeHOJIOrH5I Mo,.a;eJieti: GMSB 

xapaKTepH3Y8TC5I rrapHbIM pO)K,Il;8HH8M 6o30HOB 'Y'Y, zz, hh, h'Y, hZ, z'Y H TIO_:

Tep5IHHOH rrorrepeqHoti: 9Heprneti: Et88
• EcJIH B KaqecTBe NLSP BbICTyrraeT l, 

TO 6y,.a;eT BO3MO)KeH pacna,.a; l ➔ lG H B KOHe'!HOM cocTO5IHHH 6y,.a;yT ,.a;Ba Jierr

TOHa H Eriss. B 9TOM cu;eHapHH Ha Macey xnrrcnHono,.a;o6Horo Heti:TpaJIHHO 

YCTaHOBJI8HO orpaHH'f8HlI8 B 330 r9B/ c2 [166]. 
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HAPYIIIEHI:IE R-qETHOCTl-:1 

BoJihIIIHHCTBO cyrrepcnMMeTpH'IHbIX pacrnIIpemrti: CM npe,.a;noJiaraeT CTa

foIJihHOCTb rrpOTOHa, qTo 06ecneq1rnaTeC5I coxpaHeHIIM R-'f8THOCTII, KOTOpa5I 

onpe,.a;eJI5IeTC5I KaK R = (- l )3B+L+2s, r,.a;e B II L - cooTBeTCTBeHHO, 6apII

OHHOe II JI8TITOHHO8 'IIICJIO, B S - CIIIIH qacTIII.J;bI. EcTeCTB8HHbIM CJI8,Il;CTBII8M 

rro,.a;o6HbIX cu;eHapHeB 5IBJI5I8TC5I, KaK y)Ke OTMeqaJIOCb BbIIIIe, rrapHOe pO)K,Il;8-

HII8 cyrreprrapTHepOB II cTa6IIJibHOCTb LSP. B Mo,.a;eJI5IX SUSY c HapyIIIeHHOti: 

R-'feTHOCTbIO (RPV, CM., HarrpIIMep, [1591) BO3MO)KHO o,.a;HHO'fHOe po)K,.a;e

mre cyrrepCHMM8TpII'IHbIX qacTHI.J;, a TaK)K8 HX pacrra,.a; TOJibKO Ha qacTIII.J;bI 

CM. HapyIIIeHIIe R-'feTHOCTII MO)KeT rrponcxo,.a;IITb 3a cqeT HecoxpaHeHH5I 

JI8IlTOHHOrO IIJIII 6apHOHHOrO 3ap5I,IJ;OB, qTO rrpIIBO,IJ;IIT K pacrra,.a;aM cyrrepcIIM

MeTpII'IHbIX qacTIII.J; (B TOM qIIcJie II LSP) rro JierrTOHHOMY (1wII rroJiyJienTOH

HOMY) lI a,.a;pOHHOMY KaHaJiaM COOTB8TCTB8HHO ( TaK Ha3bIBa8MbI8 JI8TITOHHbI8 

II a,.a;poHHbre cu;eHapHII RPV). l1HTeHCIIBHOCTb 9TIIX pacna,.a;oB orrpe,.a;eJI5I8TC5I 

B8JIIIqIIHOti: COOTB8TCTBYIOIIJ,IIX IOKaBCKIIX KOHCTaHT CB5I3II B cynepCHMM8T

pII'IHOM cynepnOT8HI.J;IIaJI8 .A. 
BcJie,.a;cTBIIe HeCTa6IIJibHOCTH LSP B Mo,.a;eJI5IX RPV oT6op co6hITIIti: - KaH

,IJ;II,IJ;aToB B CIIrHaJI cyrrepCHMM8TpIIII ITO IIOT8p5IHHOH: norrepe'IHOti: 9HeprIIII 

E:pi88 y)Ke He CTOJib 9cpcpeKTHB8H. BMeCTO 9TOro HCIIOJib3YIOT BeJIII'fIIHY Sr, 
KOTOpa5I rrpe,.a;cTaBJI5IeT co6oti: CKaJI5IPHYIO cyMMY E:pi88 

II rrorrepe'IHOti: 9Hep

rIIII BC8X qacTIII.J; B co6bITIIII ( CTpyti: lI 3ap5I)K8HHbIX JI8TITOHOB). 
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P11c. 52. IIapHoe pO)K,!leHJie cTOII-KBapKa c pacrra,!IOM LSP Ha JieIITOHhI B CI.\eHapHH 

C HapyrneHHOii: R-'Ie1:HOCTblO. 

B Mo,.a;eJI5IX c JienTOHHbIM RPV o,.a;Hoti: H3 BO3MO)KHbIX pacrra,.a;HbIX u;erro

qeK C HapyIIIeHII8M R-qeTHOCTII 5IBJI5I8TC5I pacrra,.a; CTOII-KBapKa Ha t-KBapK 

H IIpOM8)KyToqHO8 BIIpTyaJibHO8 forno f ---t x?* + t C ero IIOCJI8,IJ;yl0lll,IIMII 

JI8IITOHHbIMII x?* ➔ l; + Vj + lk II x?* ➔ V; + lj + lk (pnc. 52) IIJIII no-
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JiyJieIITOHHbIMl1 xS* -t li + qj + qk 11 xS* -t Vi + qj + qk pacrra,IJ,aMl1 ( i, j, k 
03naqaroT pa3J111qnhre rroKoJienmr cpepM11onoB). B cJiyqae rrapnoro pmK,IJ,eHmr 

CTOII-KBapKOB Cl1fHaJIOM TaKoro rrporrecca 6y,IJ,eT MHOroJieIITOHHOe co6hIT11e 

accorr1111p0Bannoe c pmK,IJ,eH11eM b-cTpyii. AHaJil13 pa3J111qHhIX MHoroJiernon

HhIX cocT05IHIIii He BhrnB11JI oTKJIOHeH11ii OT npe,IJ,CKa3airnii CM, HO II03BOJil1JI 

IIOJ1yq11Th Ml1Hl1MaJibHbie 3HaqeHl15I MaCCbI CTOTI-KBapKa - OHl1 naxO,IJ,5ITC5I B 

xoporneM corJiac1111 c orpan11qeHl15IM11, rroJiyqenHhIMl1 ,IJ,JI5I MO,IJ,eJieii c coxpa

Hen11M R-qeTHOCTl1 lI np11 mxo* = 200 r3B/ c2 COCTaBJ15IIOT 820-1020 r3B/ c
2 

[168], B 3aBHCHMOCTll OT BeJ111q11HbI IOKaBCKOH KOHCTaHTbI CB5I311 B crreHapuu 

RPV Aijk• 
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PHc. 53. ITapHoe pmK)].emre CKBapKoB mm rmmrno c (a) JierrTOHHhIMII, (6) rro

JiyJierrTOHhIMII, (B) a)].pOHHaMII pacrra)].aMII LSP B cu;eHap1111 C HapyrneHHOli R

qeTHOCTblO. 

Cpe,IJ,H ,IJ,pyrux 11HTepeCHhIX TeCTOBbIX rrporreCCOB JieIITOHHOro crrenapH.H 

RPV CTOHT BhI,IJ,eJIHTh po:>K,IJ,eHue u pacrra,IJ,hI rJIIOHHO 11 cKBapKa, rrpoTeKaro

I.IIHe qepe3 rrpoMe:>KyToqHoe LSP x1 (puc. 53a, 6). B 3aBl1CHMOCTl1 OT ,IJ,OMH

H11p0Bamrn Toti HJIH 11Hoii KOHCTaHThI CB5I311 LSP pacrra,IJ,aeTc5I no ( a) Jierr-

TOHHOMY 

x~ ➔ z; + Vj + zk 

HJ111 ( 6) IIOJiyJieIITOHHOMY 

x~ ➔ µ + t + d(b) 

KaHaJiaM. 

x~ ➔ v; + zj + zk 

x~ ➔ v + b + J(b) 

OT,IJ,eJihHhiii HHTepec npe,IJ,cTaBJI5IeT co6oii a,IJ,pOHHhIH crrenapnii RPV, 
KOTOpbIH xapaKTep113yeTC5I OTCYTCTBHeM E!pi88 

B KOHeqnoM COCT05IHllll 

(puc. 536). B 3TOM nporrecce npo11cxo,IJ,11T o6pa3oBamie rJiro1mo 11 npaBoro 

CKBapKa, KOTOpbre pacna,IJ,aIOTC5I Ha 6HHOIIO,IJ,06Hhie neitTpaJIIIHO xg 11 cTpyn: 

g ➔ xg + jets, iiR ➔ xg + jets. 
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B cBoro oqepe,IJ,h HeiiTpannno xg nopo:>K,IJ,aeT rrerroqKy pacna,IJ,oB c rrpaBbIM 

cJieIITOHOM IR n x1: 

xg ➔ IR+ l, IR ➔ x~ + l, x~ ➔ jets. 

Anann3 ,IJ,aHHhIX rrpoBO,IJ,IIJIC5I ,IJ,JI5I cpuKc11poBaHnott Maccbr LSP mx1 = 300 
II 700 r3B / c

2 
COOTBeTCTBeHHO B JieIITOHHb!X lI IIOJiyJieTITOHHb!X pacrra,IJ,ax, a 

TaK:>Ke rrpu mxg = 500 r3B/c2, mrR = 300 r3B/c
2 

11 mx1 = 150 r3B/c2 B a,IJ,

pOHHOM crrenapun RPV. Orpanuqenu5I, rroJiyqeHHhre na MaccbI CTOII-KBapKa, 

JierK11X JieBhIX lI rrpaBb!X CKBapKOB, PJIIOIIHO rrpu pa3Jil1qHbIX 3HaqeH115IX Aijk 

rrpocyMM11pOBaHbl Ha puc. 41. 
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<Pl13l1KA T5DKEJiblX l10HOB 

OcHOBHOit nporpecc B noH11MaH1111 cTpyKTypbr aT0MHbIX 5I,D;ep 11 11x B3a11Mo

,n;eitcTB11it np11 Bb!C0Kl1X ,meprm1x CB5I3aH C Teop11eit Cl1Jlblib!X B3al1MO,n;eit

CTBHH - KBaHTOBOH xp0M0,Il;l1HaMHK0H (KX~) , Ha 0CH0Be K0T0poit CTp05ITC5I 

M0,I1;eJI11, 0ITHCbIBalOlll,11e pa3JIH'rnbJe 3aK0H0MepH0CTl1 5I,D;epHOH ,Il;l1HaMHKJ1 11 

TaK11e 3cpcpeKTbI, KaK p0)K,Il;eHHe qaCTl1l.\ B KYMYJI5ITHBH0H o6naCTl1, 3KpaHH

poBamre CTPYKTYPHbIX cpyHKJ..\11H , raweH11e cTpyit , ,n;11cppaKJ..\l10HHb1e npol.\eC

CbI J1 T.,Il;. 

HecMoTp5I Ha 3HaqJ1TeJibHb1e ycnexH KX~ B nepTyp6aT11BHoit o6nacTH, 

npo6JieMa KOHcpaitMeHTa 0CTaeTC5I ,n;o CHX nop HepeweHH0H. ITocJie,Il;HHe pe-

3YJibTaTbl M0HTe-KapJI0BCK0ro M0,D;eJIHp0BaHl15! B paMKax KaJIH6poBoqHOH 

Teopm-1 Ha peweTKax B0C11p0113B0,Il;5IT KOHcpaitMeHT T0J!bK0 B ,n;ByMepH0M npo

CTpaHCTBe [169]. Bonee Toro , KOHcpaitMeHT He 5IBJI5IeTC5I BHyTpeHHl1M CB0H

CTB0M KX~, a 5IBJrneTC5I 11CKYCCTBeHHbIM orpa1rnqeH11eM, HaJiaraeMb!M ,Il;Jl5! 

o6'b5ICHemrn HeHa6JIIO,D;aeMOCTl1 J130JI11p0BaHHb!X J..\BeTHb!X 3ap5!,Il;0B. ~JI5I 0ITH

camrn B paMKax e,n;11HOH Teop1111 CHJ!bHbIX B3al1MO,n;eitCTBl1TT 11 KOHcpaitMeJ-JTa 

B HacT05Illl,ee BpeM5! pa3Bl1BaIOTC5I p5I,n; TeopHit [ 1 70]. 

B3aHMo,n;eitcTBl15I YJibTpapeJI5ITl1Bl1CTCKHX 5I,n;ep Ha LHC npe,n;ocTaBJI5II0T 

YHHKaJibHYIO B03M0)KH0CTb ,D;JI5I H3yqeHl15I cBoficTB KX~ npH K0HeqHoit TeM

nepaType H Bb!C0KHX ITJI0TH0CT5IX 3HeprHH , MexaHH3M0B MH0)KeCTBeirnoro 

p0)K,Il;eHl15I qacTHJ..\, 3aKOHOMepHOCTeit o6pa30BaHl15I 11 IT0Be,n;eHJ15I Cl1JlbH0B03-

6y)K,n;eHHOH 11JI0TH0H 5I,D;epH0H MaTepHH (KrM) (CM. , HanpHMep, [171]) H 

B03M0)KH0CTH ,Il;0CTl1)KeHl15! paBH0BeCI-JOro 11 TepMaJIH30BaHH0ro C0CT05IHH5! 

KBapK-rJIIO0HH0H CHCTeMbl - KBapK-rJI!O0HH0H 11Jla3Mbl (KrTI ) [172]. 
Cylll,eCTByeT wHp0KHfi crreKTP Ha6JIIo,n;aeMbIX cpH3HcrecKHX BeJIJ1q11H, 

npe,n;JiaraeMb!X ,Il;Jl5! J,[3yqeHl15! H0BblX CBOHCTB 5I,D;epH0H MaTepHH - aH0MaJibH0 

rro,n;aBJieHHb!H Bb!X0,Il; KBapK0HHeB, 110BbIIlleHHblH Bb!X0,Il; 0TKpb!T0H CTpaHH0-

CTH , MO,Il;H(pl1Kal.\H5I crreKTp0B ,Il;l1JieITT0H0B, ,n;11arH0CTl1Ka CTpyit J,[ T.,n;. [173] . 

11ccne,n;oBaHl15I no cpH311Ke T5I)KeJibIX H0H0B B paMKax rrepBoro ceaHca LHC 

Ha BCTpecrHbI X rryqKax 51,n;ep CBHHl.\a rrpH 3HepmH B C.l.\.M. Jsii"N= 2.76 T3B 

rrp0B0,Il;HJ!J,ICb B K0Hl.\e 2010 r. J,[ H05I6p5I-,D;eKa6pe 2011 r. 3a 3T0 BpeM5! 3KC

rrep11MeHT0M CMS Ha6paHa cTaT11cT11Ka, cooTBeTCTBYIOlll,a5I 174.29 MK6H- 1 

HHTerpaJibH0H CBeTl1M0CTl1 (p11c. 54a). B 2013 r. 6bIJI ocylll,eCTBJieH Ha6op 

,n;aHHb!X Ha CTaJIKHBalOlll,11XC5I nyqKax rrp0T0H0B 11 5I,D;ep CBl1Hl.\a rrp11 Jsii"N 
= 5.02 T3B. CTaTl1CTHKa 3aITHCamJb!X ,n;aHHbIX .er::/ ,Il;0CTl1rJia 35.5 H6H- l 

(pHC. 546). 
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~anee Mb! 06cy,n;11M JIHillb HeCK0J!bK0 rrpHMepoB rroJiycreHHb!X KOJIJia6o

pal.\11eit CMS pe3yJibTaToB, xapaKTep113yIOlll,HX , rrpe)K,n;e Bcero, o6Il.\YIO ,n;11-

HaMHKY B3aHM0,n;efiCTBl1H 11 K0HeqHoe TepMaJil130BaHH0e ( 11Jll1 rrp116Jil1)KeH

H0e K HeMy) C0CT05IHl111 KrM (MHO)KeCTBeHHOCTb 11 110T0KJ1 3Hepm11). TaK

)Ke 6y,n;yT rrpe,n;cTaBJieHbI pe3yJibTaTbl H3ycreHH5I TaK Ha3bIBaeMblX )KeCTKHX 

rrpo6HHKOB ( <<pa36aJiaHC11pOBKa>> rronepeqH0H 3Hepr1111 CTpyit 11 rrp5IM0e p0)K

,n;em1e KaJI116poBoqHb!X 6o30HOB) J1 rro,n;aBJieHH5I Bb!X0,D;a KBapK0HHeB , 1103-

B0JI5IJ-Olll,11e IT0JiycraTb HHcpOpMal.\HlO 0 Ha<.JaJibHb!X CTa,D;l15IX cpopM11poBaH115I 

KfM. Mbr ocTaBJI5IeM 3a paMKaM11 o6cy)K,n;eHH5I M Hor11e pe3yJibTaTbI , cB11-

,n;eTeJibCTBYIOlll,11e 0 K0JIJieKTHBHb!X 3cpcpeKTax ( a3HMYTaJibHbie K0ppeJI5Il.\11H 

11Jll1 ptt,Il;)K-3cpcpeKT)' TepM0,Il;HHaMHqecKHX CB0HCTBax o6pa3yIOlll,efiC5I CHCTe

Mbl ( aHl130Tp011HblH 110T0K craCTHl.\) , B0I1p0Cbl 113MepeHH5I CTerreHH J..\eHTpaJib

H0CTH CT0JIKH0BeHH5I 5I,n;ep H ,n;p. Bonee noJIHbifi rrepeqeHb pe3yJibTaToB CMS 

110 cpH311Ke T5I)KeJib!X H0H0B CM. B ofoope [174]. 

CMS lnt119rat9d luminosity, PbPb, 2011, ~• • 2.7' TeV,nudeon 

o.t:• lnckHlftt trom 2O1u1,1 2 os .,n ro 101M2 01 ot.2'2 UTC 

CMS lnt~nited Luminosity, pPb. 2013, \ 7 - S,02 TeVfnPoKlean 
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P11c. 54. l'lttTerpaJibttaH CBeTl1MOCTh , tta6patttta51 3Kcnep11MeiiTOM CMS B ceattce 

Ha CT8JIKJ1Ba10w;11xc51 ny<rKax (a) 51,!\ep CBl1HL\a np11 vs = 2.76 T3B/ ttyKJIOH B C.L\,M 

11 (6) npOTOHOB 11 51,!\ep CBl1HL\a np11 ,/s = 5.02 T3B/ ttyKJIOH B C,L\ ,M , 
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MHO)KECTBEHHOCTb '-IACT11LI; 11 IIOTOKl1 9HEPrl111 

Ilpol.\eCCbl MH0)KeCTBe1-rnoro p0)K,Il;eHH5I YaCTHJ..\ o6ycJIOBJieHbl J..\eJib!M p5I,Il;0M 

pa3Jil1L!Hb!X MexaHH3M0B B3al1M0,n;efiCTBHH, rrp011CX0,I1;5Illl,11X Ha pa3Hb!X CTa

,Il;l15IX 5I,Il;p0-5I,D;epHb!X CT0J!KHOBeHHH. IToHHMaHHe ,n;eTaJieit 3THX MexaHH3M0B, 

rrpocTpaHCTBeHH0-BpeMeHH0H KapT11Hbl B3aHM0,n;efiCTBH5! 5!,D;ep M0)KeT 6bITb 

,Il;0CTHrHyTo T0J!bK0 rryTeM K0MI1JieKCH0ro aHaJil13a 0CH0BHb!X xapaKTepHCTHK 

MH0)KeCTBeHH0ro p0)K,Il;eHl15I craCTl1J..\. Ba)KHeHWHMH 3KCrrepnMeHTaJibHb! Ml1 

xapaKTepHCTHKaMl1 rrp0J..\eCC0B MI-I0)KeCTBeHH0ro p0)K,Il;eHH5I craCTHl.\ B YJibTpa-
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pem!Tl1Bl1CTCKOH 51,IJ,epttoti <pl1311Ke 51BJJ51JOTC51 TaK Ha3bIBaeMbie rJJ06aJJbHbie 

Ha6JJIO,IJ,aeMhie, ITO,IJ, KOTOpbIMl1 o6bJ'-IHO ITOHl1Ma!OTC51 pacITpe,D,eJJeHl151 MHO)Ke

CTB€HHOCTl1 3ap51)K€HHbIX '-laCTl1U, nch 11 ITOJJHOH ITOITepe'-JHOH :rnepr1111 B co-

6bJTl111 Er ITO ITC€B,IJ,06bICTpOTe rJ ( ITC€B,IJ,06b1cTpOTHbie ITJJOTHOCTl1 nch 11 Er)' 
a TaK)Ke cpe,IJ,tt11e 3Ha'-!ett1151 (nch) 11 < (dEr)- l13111epett1151 c>T11x xapaKTep11-

CT11K ycTaHOBl1Jll1 CJJ€,IJ,y!Olll,l1€ 3aKOHOMepHOCTl1 11X ITOBe,IJ,eHl151: cna6y10 3aBl1-

Cl1MOCTb nch 11 Er OT ITC€B,IJ,06bICTpOTbl ITPl1 rJ :::; 2.5 ( ITp11 60JJbllll1X rJ :::; 5.0 
3 Ha'-lett11e Er ITa,IJ,aeT 6onee '-leM B 2 pa3a) 11 O)KH,IJ,aeMbiti pocT 11x 3Ha_'-lett11ti c 

yBeJJl1'-1€H11€M u,ettTpaJJbHOCTl1 CTOJJKHOB€Hl151 51,IJ,ep (yMeHbW€Hl1€M ITPl1U,€Jlb

HOro ITapaMeTpa) [175, 176]. fnaBHbl M tta6n10,IJ,ett11eM cTana 6onee pe3Ka51 

3HepreTl1'-1€CKa51 3aBl1Cl1MOCTb rJJ06aJJbHb!X Ha6mo,IJ,aeMbIX ( oco6ettHO Er) B 

PbPb-cTOJJKHOBett1151x ITO cpaBHett1151 c pp (p11c. 55). 8TO, ITO Bceti BH,IJ,11Mo

cT11, CB11,IJ,eTeJJbCTBY€T O B03pacTamrn BKJJa,IJ,a )K€CTKl1X HYKJJOH- HYKJJOHHbIX 

B3al1MO,IJ,eticTB11ti C pOCTOM .jsiii:i. 

12r '• ••'"I • '-~ 
-- cMS, 0-51', PbPb - cMS, NSOpt> 12 
-&- AUC!, o-5%PbPb -,,.. AUCE. NSD119 ~ +- FOP! , 0-1'll.AuAu 
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~ ~ --- PHOBDS. IM'll. AuAu - UA!, NSD pJ c3 10 -,. NA49. 0-7'll.PbPb .' 
~ e -
~ .• ,. .. CMS, 0-70% PbPb N -<>- WA98, 0-5% PbPb 
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P11c . 55. 3aBHCHMOCTb ( a) MHO)KeCTBeHHOCTH 3apH)KeHHblX YaCTHl.\ [175] 1-1 ( 6) non

HOfi nonepe'IHOfi 3HeprHH [176] OT 3HeprttH CTOJIKHOBeHirn 51,D,ep JSNN · TipoH3Be,D,e

tta HOpMHpOBKa Ha cpe,D,ttee YHCJIO HYKJIOH·HYKJJOHHblX B3aHMO,D,efiCTBHfi Np<J,ri/2. 

)KECTKlfE llPOBHJfKJf 

O,IJ,HOti 113 aKTl1BHO o6cy)K,IJ,aeMb!X B ITOCJJ€,IJ,Hl1e r0,IJ,bl xapaKTep11CTl1K KBapK

a,IJ,pOHHOti MaTepHH 51BJJ5!€TC51 OCTaHaBJJl1 Ba!Olll,a51 ( 11Jll1 TOpM03Ha51) CITOC06-

HOCTb 51,IJ,epHOti cpe,IJ,bl. Ilo,IJ, OCTaHaBJJHBa!Olll,eti CITOC06HOCTblO ITOH11Ma!OT 

CITOC06HOCTb 5!,IJ,epHoti cpe,IJ,bl TOPM0311Tb (T.e. OTHl1MaTb '-laCTb 3Hepr1111) '-la-
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CTl11..1,bl (KBapK11 , rJJ!OOHbI, a,IJ,pOHbI) ITp11 HX ITpOXO)K,Il,€HHH '-1epe3 cpe,IJ,y - 3<p

cpeKT rallleHJ.151 CTpyti. 8To M0)K€T ITPHBO,IJ,HTb K p5!,IJ,y <peHOM€HOJJOrH'-1€CKHX 

CJJ€,IJ,CTBHH , CB5!3aHHbIX, KaK ITpaBHJJO, C ITpou,eccaMJ.1 )K€CTKOro p0)K,Il,€Hl151 

'-!aCTHU,: ITO,IJ,aBJJ€Hl110 BblXO,IJ,a CTpyti C 60JJbllll1M ITOITepe'-IHblM HMITYJJbCOM J,! 

<< pa36aJJaHCHpOBK€>> ITOITepecrnoti 3Hepr1111 ITPH ITapHOM p0)K,Il,€HHl1 CTpyti J.1 

accou,1111poBaHHOM p0)K,Il,€Hl111 CTPYH J,! KaJJ116pOBO'-IHOro 6o30Ha, MO,IJ,11<pl1Ka

U,HH <pyHKU,l1l1 <pparMeHTau,mt 11 ITp. 
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P11c. 56 . Ac1-1MMeTp1-11-1 3HeprHH B co6b1T11Hx napttoro po)K,!J,ettHH CTpyfi B CTOJJK

HOBeHHHX 51,D,ep CBHH~a npH ,,jsiijv= 2. 76 TaB [177]. TipHBe,D,eHbl ,D,aHHbie MO,D,eJJH

poBaHHH 6e3 yYeTa BJll151HHH cpe,D,bl. 

TiepBb!M HaH6oJJee 51pKHM ITp051BJJ€HHeM 3<p<peKTa ralll€Hl151 CTpyli: CTaJJO 

Ha6JJJO,IJ,€HJ.1e aCl1MMeTpvrn 3Hepr11H B co6hITl151X ITapttoro p0)K,Il,€HJ.151 CTpyti 

[177]. AcHMMeTpl151 OITpe,IJ,eJJ51eTC51 KaK OTHOlll€Hl1e pa3HOCTl1 ITOITepe'-IHb!X 

3Heprnti ,IJ,BYX CTpyti K HX cyMMe: 

A _ PT,l - PT,2 
J- . 

PT,l + PT,2 

YBeJJH'-1€HHa51 (ITo cpaBH€HH10 C MO,IJ,€JJHpOBaHJ.1€M 6e3 y'-leTa 3<p<peKTOB cpe

,Il,bl) ,IJ,OJJ51 Hec6anaHCHpOBaHHbIX co6hIT11ti CBl1,IJ,eTeJJbCTBY€T O ITOTepe O,IJ,HOH 
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11.3 CTpytt '-laCTJ,I 3Heprim B Pe3YJ1bTaTe BTOp11'-1HbJX B3al1MO,D;etlcTBl1M (p11c. 56). 
Bep051THOCTb 3TOro tta1160J1ee BeJ111.Ka ,ll;J151 u,ettTpaJJbHb!X coy,n;apeHl1H, 'ITO OT

'leTJ111BO ,n;eMOHCTp11.py10T npoBe,n;ettHbJe 113Mepettl151 - B 3TOM CJJyqae CTpy11 

Tep51 I0T ,n;o 10% 3Hepr11.11. 

Ew,e 60J1bI.Ua51 pa36aJJaHC11.pOBKa 3Hepr1111 O:>KH,D;aeTC51 B co6b!Tl151X COB

MeCTHOro pO:>K,D;eHl1.51 CTpytl 11 T 8To CB513aHO C TeM, 'ITO I nOKl1,D;aeT 06-

JJaCTb B3al1MO,D;eHCTBl151 6e3 ,n;onOJ1Hl1.TeJ1bHblX nepepacce51Hl1M Ha KOHCTl1Ty

eHTax cpe,D;bl. H ecMOTp51 Ha OTHOCl1TeJ1bHO He60J1bl.Ul1.e Ce'leHl151 3Tl1X npou,ec

COB, y,n;aJJOCb 3aper11cTp11.poBaTb yMeHhwem1e nonepe'IHOro 11MTTYJ1bCa CTpy11 

Ha 15% B KattaJJe 1 + jet [178]. CTaTHCT11.'leCK11e orpaH11.'leH1151 He no3BOJ111J111. 

npoBeCTl1. aHaJJl1.3 KaHaJJa z + jet, O,D;HaKO 6b!JJl1. Bb!TIOJ1H8Hbl nepBbie 113Me

peHl1.51 B CTOJ1KHOBeHl1.11 T51:>KeJ1blX HOHOB Ce'leH11tl p0:>K,D;8Hl151 Z-6030HOB no 

pacna,n;aM Ha napy JienTOHOB [179]. B 3TOM CB51311. CTOl1.T OTMeTl1.Tb , 'ITO XOT51 

npo,rryKTbI pacna,n;a Z npoxo,n;HT Y.epe3 cpe,rry 6e3 cyw,ecTBeHHbJX B3a11.Mo,n;etl

CTBHtl, O:>KH,n;aeTC51, 'ITO Ha po:>K,n;eHHe Z-6030Ha MOryT OKa3bJBaTb BJ1H51Hl1e 

pa3JIH'IHble 3cpcpeKTbl B Ha'laJJbHOM COCT051HHl1: MHO)KeCTBeHHOe nepepacce-

51HHe H n0Tep11. 3 Hepr1m B Ha'laJJbHOM COCT051HHH, 51,D;epttoe 3KpaH11.poBam1e 

cTpyKTYPHbIX cpyttKU,Htl (,n;o 5%), OTJ1HLIHb1e OT cJ1ycm51 pp--B3anMo,n;etlcTB11tl 

cocT051Hl1.51 113ocnv1Ha B3a11Mo,n;ettcTBy1ow,11x <Iacn11.1, (,n;o 3%) [180] . O,n;HaKo 

B CMS 6b1J10 npo,n;eMOHCTp11poBaHo npeKpacHoe corJ1ac11e Me:>K,rry ce'leHH51-

Ml1. Z B Pb Pb- H pp- B3a11Mo,n;ettcTBI151X ( c TO'IHOCTbIO ,n;o HOpM11pOBK11. Ha 

'111CJ10 HYKJJOH-HYKJJOHHb!X B3aHMO,n;etlcTBl1.M 6e3 yY.eTa 51,D;epHblX 3cpcpeKTOB) 

BO Bcex H3MepeHHbIX ,n;11ana30Hax 311ac1em1tl nonepe'IHOro 11MnyJ1bca 6o3oHa, 

6bICTpOTbl H u,eHTpaJJbHOCTH CTOJ1KHOBeHH51. 

llp051BJ18Hl1.e 3cpcpeKTa raI.UeHH51 CTpytl TaK)Ke Ha6J1IO,D;aJJOCb B pacnpe,n;eJJe

Hl1.51X 3ap51:>KeHHb!X a,n;poHOB B ,D;l1.aTTa30He 3Ha'lem1tl nonepe'IHb!X HMnyJJbCOB 

OT 1 ,n;o 100 r::iB / c
2

) KOTOpb!e ,n;eMOHCTp11.py10T 3Ha'IHTeJ1bHOe no,n;aBJJeHHe 

(K03cpcpHU,118HT no,n;aBJ1eH1,rn ,D;OCTHraeT 3Ha'leHH51 0.15 B u,eHTpaJJbHb!X co

y,n;apemrnx) Bbixo,n;a a,n;poHoB B PbPb--B3a11Mo,n;etlcTBH51X, no cpaBHeHmo c 

pp--cJJyqaeM [181]. 

IlO,D;ABJIEHllE KBAPKOHllEB 

KJJaCC11'-JeCKl1.M Cl1rHaJJOM o6pa30BaHl1.51 Kfll Tpa,D;l1.1.I,HOHHO C'll1.TaeTC51 no

,n;aBJ1eH11.e po)K,n;eHM.51 nocJ1e,n;oBaTeJ1hHbIX cocT051Hl1.H KBapKOHHeB ( cc 11. bb) B 

pe3yJibTaTe 11.X <<nJ1aBJ1eHI151>> npH 60J1bWHX TeMnepaTypax KBapK-rJIIOOHHOH 

cpe,D;bl. KoHCTaHTa CHJ1bHOro B3al1MO,D;etlcTBI151 11 cpeHOMeHOJ10r11'1eCKl1.tl no-
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TeHU,11.aJJ, KOTOpbitl B HepeJ151Tl1.B11.CTCKOM npe,n;eJJe 'JaCTO 11cnOJ1b3YIOT ,ll;J151 

on11caHI151 B3a11MO,D;etlcTBI151 Me:>K,rry ,D;BYM51 KBapKaMH B CI1CTeMax , COCT051-

W,11X 11.3 T5J)KeJ1blX KBapKOB , B o6w,eM B11,D;e 3aBl1C51T OT TeMnepaTypbl cpe,D;bl 

T. 3aBl1CI1MOCTb Me)KKBapKOBO['Q noTeHU,HaJJa OTT 06ycJ1aBJ111BaeTC51 TeMne

paTypHOH 3aBl1CI1MOCTb!O ,n;e6aeBCKOH KOHCTaHTbl U,BeTOBOro 3KpaHHpOBaHl1.51. 

fJiaBHbIM CJ1e,D;CTBl1eM 3KpaH11poBaHl151 Me:>KKBapKOBOrO noTeHU,11aJJa 11 yMeHb

I.UeHI151 KOHCTaHTbl CB51311 51BJ151eTC51 ,n;eKOHcpat\MeHT a,n;pOHHOtl MaTep1111. 11 o6-

pa30BaH11e Cl1.CTeMbl ac11MnTOTJ1LieCKI1 CB060,D;HbIX KBapKOB 11 rJIIOOHOB. llp11. 

3Tl1X ycJJOBl151X 06pa3yiow,11eC51 B Pe3YJibTaTe nepBI1'1Hb!X B3al1.MO,D;eHCTB11H 

CB513aHHb!e COCT051Hl151 KBapKOB pa3pywaIOTC51 ( <<nJiaB51TC51>>), 'ITO 11 ,D;0J1)KH0 

np11B0,D;l1Tb K 3aHI1:>KeHHOMY BbIXO,rry KBapKOHI1eB. TeMnepaTypa, np11 KOTOpoti 

npo11cxo,n;11T nJ1aBJ1eIrne pe3oHaHCOB, 3aB11Cl1T OT 3Hepr1111 CB51311 3TI1X COCT051-

Hl1H. O:>K11,n;aeTC51, 'ITO ocHOBHbie cocT051Hl1.51 J /7/J 11 Y(lS) pa3py1.Ua10TC51 np11 

cyw,ecTBeHHO 60J1bllil1X TeMnepaTypax, Y.eM 11X B036y:>K,n;eHHbie COCT051Hl151, 

np11B0,D;51 K TaK Ha3bJBaeMOMY nocJ1e,D;OBaTeJ1bHOMY nJ1aBJ18Hl1IO. 
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PHC. 57. Pacnpe,D,eneHMe no MHBapHaHTHOH Mace napbl MJOOHOB ,D,nH (a) pp- M (6) 
PbPb-a3aMMO,D,el\CTBMH npH y'SNii= 2.76 TaB [183]. 

MexaHH3M ,n;e6aeBcKoro 3KpaH11poBaH1151 u,BeTHoro 3ap51,n;a HaweJJ no,n;

TBep:>K,n;e~111e B 3Kcnep11MeHTax Ha LHC. TaK, Hanp11Mep, B CMS 6h1J10 3acp11K

c11poBaHo no,n;aBJJeHHe Bb!XO,D;a J /7j;-Me30H0B [182] 11 B036y)K,D;eHHblX COCT051-

H11tl 1-Me30HOB B PbPb--B3a11Mo,n;etlcTB1151X OTHOC11TeJ1bHO pp--cTOJ1KHOBeH11H 

(p11.c. 57) [183]. llepBbie 113Mepet111.51 Ko::icpcp111.1,11eHTa 51,n;epHoti Mo,n;11cp11Kau,1111 

Ha LHC [182], Bbipa:>KeHHoro KaK OTHowem1e Bb1xo,n;a KBapKOHHeB ,D;J151 PbPb--
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11 pp- B3aHM0,D,eikTBl1fi (ttopM11pOBaHHOe Ha 3cpcpeKTl1BHOCTl1 per11cTpau,1111 11 

CBeTHM0CTb napT0H0B B 06011x CJiyqa5Ix): 

R ~ J/'l/JIPbPb 
AA - J/'l/Jlpp ' 

n0Ka3aJil1 ,D,JI51 u,eHTpaJibHbIX PbPb-cTOJIKHOBett11ti c11JibH0e no,D,aBJiett11e Bhr

xo,D,a np51MblX J/'l/J (RAA = 0.2) H J/'ljJ, p0)K,D,eHHbIX B pacna,D,ax B-a,D,pOHOB 

(RAA = 0.37). 

~ 
0::: 1.4f- CMS PbPb \j sNN = 2.76 TeV 

■ 1'(1S) L:Pb = 150 ~•b- 1 

1.2f- _ 
• Y(2S) L:,'; = 230 nb·1 

l r(JS), 95% upper limit 

30-40% 

a.al- - 40-50% 20-30% 

50-100% ffi ~ w 
10-20% 

'l ::lj ~ $ 
0a 50 100 150 200 250 300 350 400 
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Puc. 58. 3aBMCMMOCTb K03cpcp111-111eHTa H,ll,epHoll MO,ll,MtpMK8.J.\MM OT l.\eHTpaJlbHOCTH 

B3aMMO,ll,eliCTBMH ,ll,JUI coCTOHHHll Y(lS) 1-1 i(2S). 

,l],aJihHetiIIme HCCJie,D,0BaHl151 TT0Ka3aJil1, qTQ ,D,JI51 6oTOMOJ-!11eB RAA HMe

!0T xopowo Bb!pa)Kel-IHYIO 3aB11Cl1M0CTb OT u,eHTpaJibH0CTl1 coy,D,apeHl151 (cM., 

Hanp11Mep, p11c. 58)' a ycpe,D,HeHHbJe [IQ BCeM 3HaqeHl15IM u,eHTpaJibH0CTl1 (0-
100%) RAA ,D,eM0HCTp11py10T p0CT CTeneHl1 TT0,D,aBJieHl151 pe30HaHC0B OT oc

H0BHoro C0CT05IHl151 K B036y)K,D,eHHbJM: 

RAA(Y(lS)) = 0.56, RAA(Y(2S)) = 0.12, RAA(Y(3S)) :S 0.1, 
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YT0 CJIY)Kl1T nepBbIM 3KCnep11MeHTaJibHbIM TT0,lJ,TBep)K,D,eI-!11eM r11n0Te3bl no

cJie,D,0BaTeJibH0ro nJiaBJieHl151. Ilp11YeM 3Haq11M0 TT0,D,aBJieH11e T0JibK0 B036y)K

,D,eHHbIX cocT05IH11fi, T.K. cneKTpbI Y(nS) co,D,ep)KaT BKJia,D,bI (,D,o 50% B oc

H0BI-IOe cocT051 1-111e Y ( lS) ) OT pacna,D,0B 6oJiee T5l)KeJihIX 6oTOMOHl1eB (Xb 11 

np.), K0T0pbre TaK)Ke TT0,D,Bep)KeHbl 3cpcpeKTY nJiaBJieHH51, TT03T0MY CK0pee 

scero IIJiaBJieHH51 Y(lS) 1-1e Ha6JIIO,D,aeTc51. ,l],pyrofi ,D,eM0HCTpau,11efi nocJie

,D,0BaTeJibH0ro nJiaBJieHl151 5IBJI5leTC51 cpaBHeH11e 0TH0JJJeH11ti Bb!X0,D,a B036y)K

,D,eHHbIX cocT05IH11fi K ocH0BH0MY B PbPb- 11 pp-cT0JIKH0BeH115Ix: 

Y(2S) /Y( lS)IPbPb = 0.21 Y(3S)/Y(lS)IPbPb = 0.06. 
Y(2S)/Y(1S)IPP ' Y(3S) / Y(1S)l pp 

B 3aKJI10qeH11e 0TMeTl1M, qTQ aJibTepHaTHBHbie o6'h5ICHeHl151 TT0,D,aBJieHH0ro 

Bb!X0,D,a pe30HaHC0B npe,D,JiaraeTC51 Ha 0CH0Be K0HU,eITU,1111 X0JI0,D,H0ti 51,D,epHoti 

MaTep1111 B pe3yJibTaTe <<51,D,ep1-1oro IT0l'JI0II.l,eHl151>> n epsHqHbIX 06pa3y10ll.l,11XC51 

KBapK0Hl1eB 11 3cpcpeKTa 51,D,epHoro 3Kpat111posatt1151 PDF B HaYaJibH0M co

CT05IH1111 [184]. O ,D,HaKO 3KpaH11poBaH11e B 0,ll,11HaK0B0ti CTeneHl1 BJil15leT Ha 

Bee C0CT05IHl151 KBapK0HI1eB ( ~,To He o6'h5ICH5IeT o6cy)K,D,aeMbie BbIJJJe 0TH0JJJe

HJrn), a <<51,D,epttoe norJI0II.l,eH11e>> cyll.l,eCTBeHH0 OCJia6JI5leTC51 C p0CT0M 3 HeprHl1 

11 npette6pe)KHMO MaJI0 npH 3Hepr1151x LHC [1 85] . 
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3AK.mo qEHI1E 

3a BpeMH rrepBoro 3Tarra pa6oTbI LHC 3Kcrrep11MeHTOM CMS rroJiy<IeHbr HO

Bbie YHl1KaJibHbie ,[\aHHbie O B3 al1MO,[\el1CTBl151X '-laCTl1U, rrp11 peKOp,[\Hb!X 3Hep

r1151X. BbrJI OTKpbrT 6o3oH X11rrca c Maccol1125 .09 r3B/ c
2 

(no 06be,[\11HeHHbIM 

,[\aHHbIM ATLAS 11 CMS), K HacTomu,eMy BpeMeJ-111 o6Hapy)KeHbI ero pacna,[\bI 

KaK Ha 6030Hbl , TaK 11 Ha cpepMHOHbI , a BCe 11CCJie,[\OBaHHble Ha cet' O,[\H51WHHM 

,[\eHb xapaKTepHCTl1Kl1 COBITa,[\aIOT C 0)1(11,[\amrnMH B paMKax CTaH,[\apTHO/;i 

MO,[\eJil1. BbIJil1 rrpe,[\rrp11H51Tbl TIOITblTKl1 o6Hapy)Kl1Tb pe,[\Kl1e pacrra,[\bl 6030-

Ha X11rrca ( Harrp11Mep, Ha ,[\Ba MIOOHa) 11 ,L\pyrne x11rrcoBCK11e 6o30HbI. Bee 

ITOl1CKl1 J10Ka He yBeWiaJil1Cb ycrreXOM. 

B paMKax 11ccJie,[\0BaH11l1 CM 6b1JI11 rrpoBe,[\eHbI 113Mepemrn ce'-1eH11_l1, KOH

cTaHT CB51311, Kv1HeMaT11•-iecK11x pacnpe,[\eJieHHti, KoppeJIHU,1111 11 ,L\pyrnx xa

paKTepi,1cT11K pa3JIW-IHblX npou,eccoB o6pa30BaH115! '-racnru, B rrpou,eccax Cl1Jib

Horo 11 3JieKTpOcJia6oro B3al1MO,[\el1CTBl1l1. BblJil1 o6Hapy)KeHbl 11 113y'-leHbl 

pe,[\K11e npou,ecchr, npe,[\CKa3bJBaeMbie 11JIH He rrpoTJ,rnope9aw,11e CM , HO ,[\O 

Cl1X He Ha6JIIO,[\aBUil1eC5!, TaKHe, KaK accou,1111poBaHHOe pO)K,[\eH11e tW (3TO 

no3BOJil1JIO BrrepBbre orrpe,[\eJil1Tb MaTp119Hbrlt 3JieMeHT IVibl ~ 1) 11 ,[\aJib

HO,[\eltcTByIOw,11e yrnoBbie KoppeJI5!U,Hl1 B pp- 11 pA- a3a11Mo,[\el1cTBl151X. BbIJI 

Ha6JIIO,[\eH pacrra,[\ Bs --+ µ+ µ-, aepoHTHOCTb KOToporo cocTaB11Jia B = 
(2.8±0.7)- 9 (rro 06'he,[\11HeHHbIM ,[\aHHbIM CMS 11 LHCb) , '-ITO xopowo corJia

cyeTc5! c npe,[\CKa3aH115!M11 CM. Pe3yJibTaTbI 113MepeHl15! aepo5!THOCTl1 ,L\pyro

ro pe,[\KOro pacna,[\a, B --+ µ+ µ- (B = (3.6:::U) x 10- 10
), ,[\eMOHCTpHpym 

JierKoe OTKJIOHeH11e OT npe,[\CKa3aHl151 CM Ha ypoBHe CTaTl1CTl1'-leCKOl1 3Ha9H

MOCTl1 2cr, 11 OKOH'-laTeJibHYIO TO'-IKY B 3TOM Bonpoce MO)KeT 6y,[\eT ITOCTaBl1Tb 

rrp11 3Ha'-111TeJibHOM yaeJIW-IeHl111 CTaTl1CTl1Kl1. TaK)Ke MO)KHO OTMeTl1Tb pe-

3YJibTaTbl ITO 113Mepemuo MaCCbl TOTI-KBapKa (mt= 172.44±0.48 r3B/ c2), 

KOTOpbie 6bIJil1 Bb!J10JIHeHbl C YHHKaJibHOlt TO'-IHOCTblO ( ~0.28%)' 11 H3Mepe

Hl1e ce9eHl1R ero 0,[\11HO'-IHOro 11 napHoro p0)K,[\eHl151 C TO'-IHOCTbIO 5.9% n 

3.5% ,[\JI51 y's= 7 11 8 T3B COOTBeTCTBeHHO, '-!TO TaK)Ke npeBbIWaeT TO'-IHOCTb 

113 MepeH11fi Ha ycKop11TeJie T3BaTpoH. 

8Kcrrep11MeHTOM CMS 6hIJia ocyw,ecTBJie1m 06w11pHa5! rrporpaMMa no 

rro11cKy B03 MO)KHbIX c11rttaJIOB 3a rrpe,[\eJiaM11 CM , npe,[\CKa3bIBaeMbIX cy

rrepc11MMeTp11'-IHbIM11 TeOp1151MH, pacw11peHHb!Ml1 KaJI116poBO'-IHb!X MO,[\eJI51Ml1, 

pa3Jil1'-IHbIMl1 c1~eHapH5!M11 MHoroMepHolt Teop1111 TIOJI5! 11 TBO. BcH coaoKyn

HOCTb rrpoBe,[\eHHb!X 113 Mepe1-111lt ,[\aeT, '-!TO Hl1KaKl1X 3 Ha'-!11Mb!X OTKJIOHemrfi 

3KCrrep11MeHTaJibHbIX ,[\aHHb!X OT CTaH,[\apTHOlt MO,[\eJI11 o6Hapy)KeHO He 6bJ-
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JJO . BbIJil1 ycTaHOBJieHbl orpaHl1'-leHl15! Ha 3 Ha'-leHl15! napaMeTpOB pa3JIH9Hb!X 

TeopeTH9eCKl1X MO,[\eJielt: 3!-Ia9eHl15! <pyH,[\aMeHTaJibHb!X 3HepreTl1'-leCKl1X MaC

w Ta6oB, MaCCbl HOBb!X '-laCT11U,, KOHCTaHT CB5!311, ce'-leHl15! p0)K,[\eHl15! HOBb!X 

'-IaCT111J,. IloJiy'-leHHbJe pe3yJibTaTbl He <<3aKpbIBaIOT >> TY 11Jil1 11HYIO MO,[\eJib , 

TaK KaK B 60Jibllll1HCTBe CJiy'-laeB TIOJIHOe TIOKpb!Tl1e npocTpaHCTBa rrapaMeT

poB MO,[\eJiel1 Jie)Kl1T 3a o6naCTbIO B03MO)KHOCTH LHC. Ilpo6JieMaT11'-!HOfi c 

3TOR TO'-IKl1 3peHl15! BblrJI5!,[\l1T CHTyau,1151 C npocTeltw11M11 Bap11aHTaM11 Hl13-

K03HepreTH'-leCKOl1 cynepC11MMeTp1111, KOTOpbre, ITO-B11,[\11MOMY 3aKpb!Tbl 11,[\11 

6 JJ l13Kl1 K 3TOMY - MaCCbl rrpe,[\CKa3bIBaeMb!X cynepC11MMeTp11'-1Hb!X '-laCT11U, 

3aKpb!Tbl ,[\O 1400 r3B/ c
2 

,[\JI5! rJil011HO 11 650- 900 r3B/ c
2 

,[\JI5! CKBapKOB, a 

,[\JI5! '-!aCTHU, y'-laCTBYIOW,HX B 3JieKTpOCJia6bIX B3al1MO,[\eltCTBl15!X ( CJieITTOHbl 11 

KaJI116p11Ho) ,[\O 260- 720 r3B/ c 2 . 8TO, TeM He Mettee, He 3aKpbrnaeT KOHU,err

U,11l0 ,[\a)Ke MHHl1MaJibHOR cynepCHMMeTp11H, T.K. 3Tl1 orpaH11'-leI-11rn CHJibHO 

MO,[\eJibHO 3aBHCl1Mbl 11 '-laCTO noJiy'-leHbl B pa3Jil1'-!HbIX yrrpow,aIOW,11X rrpe,[\

TIOJIO)KeHl15!X. 
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P11c. 59. OTHOUlemrn CBeTHM0CTH napT0H0B ,l],JUI pa.3Hb!X :meprHA CT0JIKH0BeHirn 

nyYK0B npoT0H0B Ha LHC [188[. 
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CoBOKYIIHOCTh ,z:i:aHHhrx, rroJiyqeHHhIX CMS, B u;eJioM rro,z:i:TBep,z:i:rrna Ha

llie IIOHIIMa1rne rrpIIpO,IJ:bI 5!,IJ:po-5!,z:i:epHbIX CTOJIKHOBeHIIfi, B qacTHOCTII IIO

JiyqIIJia ,IJ:aJihHeil:IIIee IIO,IJ:TBep)K,IJ:eHIIe rIIIIOTe3a cyru;ecTBOBaHII5I CIIJibH03aII

Mo,z:i:eil:cTBYIOiu;eil: KBapK-rJIIOOHHOfi MaTeprrn. 5IpKoe IIp05IBJieHIIe KOJIJieKTIIB

HbIX 3cpcpeKTOB, TaKIIX KaK a3IIMYTaJihHa5I aHII30Tpomrn IIOTOKa qacTIIIJ; II 

IIX CIIJibHbie yrJIOBbie KoppeJI5IIJ;IIII, YKa3bIBaeT Ha pe)KIIM <<KBapK-rJIIOOIIHOM 

)KII,IJ:KOCTII>>, o6Hapy)KeHHhifi paHee Ha RHIC. Bb1c0Ka5I HaqaJihHa5I IIJIOT

HOCTh 3HeprIIII KBapK-rJIIOOHHOfi CIICTeMbI II TeMrrepaTypbI (IIX 3HaqeHII5I B 

2.8 II 3.3. pa3a rrpeBhICIIJia 3HaqeHII5I RHIC) o6ecrreqIIJIII B03MO)KHOCTh II3Y

qeHII5I rrp05IBJieHIIM cpopMIIpOBaHirn KrM ( 3cpcpeKT raIIIeHII5I CTpyil: II IIOCJie

,IJ:OBaTeJibHOe IIJiaBJieHIIe pe30HaHCOB). 

K HacT05IIu;eMy BpeMeHII KOJIJia6opau;neil: CMS orry6m1KoBaHo 6oJiee 500 

pa6oT. Bee pe3yJibTaTbl 3KCIIepIIMeHTa IIpIIBe,z:i:eHbl B [186]. Pe3yJihTaTbl 3KC

rrepIIMeHTa CMS, o6cy)K,z:i:aeMbie B HacTo5Iru;eil: pa60Te, coBrra,z:i:aIOT c pe3yJih

TaTaMII ,z:i:pyroro MHorou;eJieBoro 3KcrrepIIMeHTa Ha BoJibIIIOM a,z:i:pOHHOM KOJI

Jiail:,z:i:epe - ATLAS [187]. 

B 2015 r. cmpTOBaJI HOBhifi 3TaII pa6oTbI LHC (RUN2) rrpII y's=l3 T3B 

(3arrJiaHIIpoBaHo yBeJIIIqeHIIe 3HeprIIII ,z:i:o 14 T3B), KOTOphrfi, KaK rrJiaHIIpy

eTC5I, rrpo,z:i:JIIITC5I ,z:i:o BTopoil: ,IJ:JIIITeJibHoil: ocTaHOBKII (Long Stop 2, LS2) B 

KOHIJ;e 2018 r. O)KII,z:i:aeTC5I, qTo 3a 3TO BpeM5I IIHTerpaJihHa5I CBeTIIMOCTb .C;nt 

,IJ:OCTIIrHeT 100-120 cp6H-l. YBeJII1qeHIIe rroqTII B 2 pa3a 3HeprIIII CTOJIKHO~ 

BeHII5I rryqKOB ( C 8 ,z:i:o 13 T3B) o6ecrreqIIBaeT pocT C,BeTIIMOCTII rrapTOHOB 

OT 2 ,z:i:o 100(!) pa3 (pIIC. 59), T.e. 100 cp6H-l IIHTerpaJibHOfi CBeTIIMOCTII 

rrpII y's=8 T3B 3KBIIBaJieHTHO 1 cp6H-1 rrpII y's=l3 T3B. 8TO 03HaqaeT, 

qTo Bcero HeCKOJibKO MeC5IIJ;eB BTOporo 3Tarra LHC rrpe,z:i:ocTaB5IT 6oJihIIIe IIH

cpopMau;rrn ,IJ:JI5I aHaJIII3a rrpou;eccoB rrpII 6oJibIIIIIX 3HaqeHII5IX rrepe,z:i:aHHhIX 

4-IIMIIYJihCOB, qeM Beeb rrepBhiil: 3Tarr. TiocJie LS2 IICCJie,n:oBaHII5I rrpII rrpo

eKTHhIX 3HaqeHII5IX 3HeprIIII 13-14 T3B II cBeTIIMOCTII 1034 CM-2c-1 (RUN3) 

rrpO,IJ:JI5ITC5I ,z:i:o KOHu;a 2023 r. ( 0)KII,z:i:aeMa5I K KOHIJ;Y 3TaIIa .Cint c:::'. 300 cp6H-l). 

HaqIIHa5I c 2026, 3arrnaHIIpoBaHa pa6oTa LHC rrpII rroBbIIIIeHHOil: cBeTIIMO

CTII 5 X 1035 CM-2c-1, qTo II03BOJIIIT yBeJIIJqIITb CTaTIICTIIKY 6oJiee qeM Ha 

IIOp5I,IJ:OK (£int '.:::'. 3000 cp6H-l ). rJiaBIIOM IJ;eJib!O HOBb!X IICCJie,IJ:OBaHIIfi, 6e3-

YCJIOBHO, CTaHeT ,IJ:aJihHeil:IIIee Tiu;aTeJibHOe II3yqeHIIe CBOMCTB 603oHa XIIrrca 

II IIOIICK B031\10)KHblX OTKJIOHeHiril: OT rrpe,z:i:CKa3aHIIfi CM, YKa3bIBaIOiu;IIX Ha 

IIp05IBJieHII5I CIIrHaJIOB HOBbIX cpII3IIqecKIIX 5IBJieHIIM. OcHOBHOil: BOIIpoc, Ha 

KOTOphril: rrorrhrTaIOTC5I OTBeTIITh 3KcrrepIIMeHThI Ha LHC: <<Cyru;ecTByeT JIII 

HOBa5I cpH3IIKa B 3HepreTIIqecKoM MaCIIITa6e rrop5I,z:i:Ka T3B?>> B rrepByIO oqe-

pe,z:i:b 3TO KacaeTC5I ,IJ:OIIOJIHIITeJibHbIX 6o30HOB XIIrrca C 60JibllIIIMII MaccaMII 

lI HII3K03HepreTIIqecKOil: cyrrepCIIMMeTpIIII, ,IJ:JI5I cyru;eCTBOBaHJI5I KOTOpoil: 3TII 

IIOIICKII CTaHyT orrpe,z:i:eJI5IIOiu;IIMII. 

B 3aKJIIOqeHIIe Bhrpa)KaIO 6Jiaro,z:i:apHocTb A. B. JlaHeBy JI M. B. CaBIIHOil: 

3a IIOJie3Hbie 3aMeqaHII5I II o6cy)K,z:i:eHII5I IIplI rro,z:i:rOTOBKe 3TOM pa60Tbl. 
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Kott<l>epett4-Jafle Y~e0H<Hiay<!Horo ~HTpa OClbeAHHeHHoro HHCTHTy-Ta RAepHblX 
IICCfleJ10BaHMM (ayA.437 JA<IHHA Jl~T), )lyOHa. 

dl,llEPHblE HCC11E,QOBAHH~ 1,1 TEXH0110n1H B 
CTPAHAX UEHTPAllbHOM A3HH» 
AOK118A411 K npocj:>. 6 .C. IOn,qawee (Ov1Tlv1) 

4ancA ,cpanatH o6~op HCCIN.Aoe•HH" no f#,)"4111Hf~iVH1>HWf'I H npH«nMHW" npo&,-
IIA.,,HWX HqK, npoeGAt#fWX • ap•..ax t.l_.,,,.,,.Haii A.to,. 3.-rpo,,,yn,, n.or• .onpocw 
KOHTpOnlf H Hep.lla1pOC'tpaHeHltlf IIA.-PHWX HaTapHlll'IGa 

np111-1RT1> )"QCTHe B 33Ce.,q3HMM, 33.QaTb eonpocw M BblCTYmm, B AOCKYCCMH MO)KHO a T0'fl(3X 
ASYCropoHHero •HA-otrtna • Ol'IRl'I (YHLI, AyOHa), <l>l'IAH (Moc,ea}, l'IRl'I (ilMTOMHMK, 
Meusa"), nl'IH<I> (raNMHa), UEPH (354-1-019), TIY (TOMCI<), KY (6apwayn~ KrY (KeMeposo), 
OrY (OMCK), HrTY (HoeocllC!Mpc•). RpfY (Rpocnaer.), KHY (l<Mea). 

BM,qeorpaHCJUlllMll CBMl!Hapa OCYtlll!(T811lleTtR - CMCTeMY ynpasneHMR 
8-0H~CIIJIJM 061.eJll,HeHHOCO IIHCTMT"fl3 Rjlept(bl)( MCC00/1083HII< M TOMCIOfO 

rotYAaptraeHHOro YHMeeptKTl!r.l. 

l«:OOl"lbJOBa .... . _C~HO,O 



.H,ll;EPHblE 11CCJIE,ll;OBAHl1.H 11 TEXHOJIOrl111 B 
Y3BEKCTAHE 

B. C. IOJI,n;aIIIeB 

06oeau1-te'H//--/,'blU U1-tcmumym .flaep1-t'btX UCCJleao6a1-tuu, JJ,y61-ta, PocCU.fl 
111-tcmumym .flaep1-tou <fiuaunu, Tawne1-tm, Ya6enucma1-t 

,ll;aeTCR KpaTKIIii o63op !ICCJie,llOBaHm1 ITO cpyH,llaMeHTaJibHbIM II rrpnKJia,llHbIM 

rrpo6JieMaM R,llepHbIX HayK, rrpOBO,llHMbIX B Y36eKHCTaHe. 

Y36eKIICTaH, pacrrnJIO)KeHHhrti B caMoti cepe,n;IItte I.I;ettTpaJihHOH A3IIII, 06-

Jia,n;aeT o6IIIIIpHbIMII 3arracaMII MIIHepaJibHbIX pecypcon, TaKIIX KaK rrpIIpo,n;

HhIH ra3, Heq:>Th, yrOJih, 30JIOTO, cepe6po, ypaH, Me,n;h, IIIIHK II ,n;pyrIIe IIBeT

Hhie MeTaJIJibI. CyI.IIeCTByeT xopOIIIO pa3BIITa51 IIppIIrarrIIOHHa51 CeTb, KOTopa51 

II03BOJI51eT BbipaI.IIIIBaTb 6oJibIIIOe KOJIIIqecTBO XJIOIIKa-cbrprra, 3eptta, OBorrreti 

II q:>pyKTOB. CTpatta IIpOII3BO,Il;IIT 3JieKTpOHHh!e TOBapbI, aBTOM06IIJIII, MaIIIII

HhI, pa3JIIIqHhie XIIMIIqecKHe BeI.IIeCTBa, n TOM qIICJie MIIHepaJibHhie y,n;o6pe

Hirn, a TaK)Ke TeKCTIIJih, rreMeHT II ,n;pyrIIe rrpo,n;yKTbI. 

HayqHbie Tpa,n;IIIIIIII CTpaHhl IIMeIOT ,n;oJiryIO IICTOpHIO II BOCXO,I1;51T K cpe,n;

HeBeKOBb!O MIIpOBOH IICTOpIIH, Kor,n;a BeJIIIKIIe MbICJIIITeJIII AJib-BHpyHH, I16tt 

CIItta (AnIIrretttta), AJih-Xope3MH, AJih-cDeprattH, YJiyr6eK H MHOrIIe ,n;pyrIIe 

(PHC. 1) pa3pa6aTb!BaJIII OCHOBbl MaTeMaTIIKII ' acTpOHOMII51, Me,n;HIIIIHhI II 

T.,n;. B HaCT051I.IIee BpeM51 cyI.IIeCTByeT 6oJiee 100 ttayqHO-HCCJie,n;oBaTeJibCKHX 

IIeHTpOB B. y 36eKIICTaHe. 

I1ccJie,n;oBaHH51 TIO q:JH3HKe BhICOKHX 3HeprIIII B Y36eKHCTaHe HaqaJIIICb B 

Kottrre 40-x - ttaqane 50-x ro,n;oB rrpoIIIJioro BeKa, Kor,n;a B coTpy,n;ttIIqecTBe c 

KOMatt,n;oti cDII3IIqecKoro IIHCTHTyTa HMeHII II. H. Jle6e,n;ena PAH (r. MocKna), 

6b!JIH rrpoBe,n;eHbl rrepBbie 3KCIIepHMeHThl C KOCMIIqecKHMH JiyqaMII B ropax 

DaMIIpa. IIapaJIJieJihHO 6bIJia oprattII30Batta rpyrma SMYJihCHOHHhrx sKcrre

PIIMeHTOB, KOTOpa51 B cepe,n;IIHe 60-x ro,n;oB HaqaJia aHaJIII3 ,n;aHHhIX, a B 

nocJie,n;CTBIIII 6bIJia cyI.IIeCTBeHHO pacIIIrrpena 3a cqeT o6pa6oTKH ,n;aHIIhIX C 
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3KCnep11MeHT0B C ITY3blpbK0BblX KaMep. 8Ta ,[I,eHTeJihH0CTb rrp0,[I,0JI)KaeTC5I ,ll,0 

Cl1X nop. MO)KHO 0TMeTI-ITb Ba)KHbie pe3yJihTaThl , noJiy'-leHHhle rrp11 113y'-leHJu1 

B3al1M0,[I,ettcTB11ti a,[I,p0H0B BblC0Kl1X 3Hepr11tt , T5I)KeJihlX 110H0B 11 Heti:Tpl1HO c 

H,[1,paM11 11 HYKJI0H0B B 3Kcrrep11MeHTax, rrpoBe,[I,eHJ-1b1x B OH5Uf (r. ,lly6tta), 

J111sepMopcKott Hau,110HaJihH0tt na6opaTop1111 11M. 8. Jioypettca (ClllA), Ha 

ycKopHTeJibHhIX K0MrrJieKcax ll,EPH (r. )KeHeBa) 11 c'f>epM11J1a6 (ClllA). CTo-

11T TaK)Ke yrr0MHHYTb p5I,[I, 3KCrrep11MeHT0B C K0CMl1'-!eCKl1Ml1 Jiy'-laMl1. 

The Flourishing of Science, Literature and Arts 
_JnJX=_XYJCenturin 

Ai Khwarizmi - algebra, algorithms, introduction of ·o- in mathematics... 

Al.1!UunL • eN>loev. a<ttOnomy, mathematics, ~termination of Earth's radius, -· 

Al Fargh•ni • astronomy, mathematics, geometry 

avfs•OD? I fbn sfa•J - medicine, blolorv, pharmacolorv, ... 

.ru.£.i!.ra!lJ.· mathematics, philosophy, __ 

Al Qvl<baO, Af Matyrldi Al M 
At· T1rmlzi, N:tgshb:tnd atbiOilOt, • lheoloSY 

~ - poetry, philosophy, hlS1ory 

HiWnJ.- poetry, philosophy, history 

Omar XhawiJm - mathematics, trieonom~ry, &N>&raphy, poetry,._ 

ft!!m!.- poetry, theolorv, history, ... 

.s.i.adl.· poetry, history, philosophy 

.llll!&b..l!!!L· astronomy, math=atlcs, ... 

AlijhPr Nayoj Q•kbrnd, Babur • poetry, philosophy, 
history, fine arts 

. 

\_ }\., 

PMc. 1. BeJ111K11e noJ111MaTb1 cpe.n,HeBeKOBb51 IJ.e11TpaJib11on A31111. B acTaBKax 

np1-me.n,e11b1 , a <taCTHOCTH , cxe11an1<tecKHlt <tepTe)K AJib B11py11H no onpe.n,eJieHHIO 

pa,n,11yca 3eMJIH H cpparMeHT o6cepBaTOpHH YJiyr6eKa. 

Cpe,[1,11 HbIHe ,[I,eticTBy10w,11x H,[I,epHbIX o6'beKTOB B Y36eK11cTaHe Ha,[I,o oT

MeT11Tb 11CCJie,[I,0BaTeJibCKl1H peaKT0p M0W,H0CTblO 10 MBT (rroTOK Heti:Tp0H0B 

6onee 10
14 

CM-
2 

c-
1

) 44 BepnlKaJibHbIX 11 9 rop1130HTaJibHblX KaHaJI0B, ,[I,Ba 

u,11KJ10Tp0Ha (,ll,o 22 M3B ,ll,JIH rrpoT0H0B c T0K0M ,ll,0 750 MA), HecK0JibK0 

ycKop11Tenetl 3JieKTp0H0B (,ll,o 40 M3B ), M0W,HaH raMMa-ycTaH0BKa Ha oc

H0Be raMMa-11cT0'-IH11KoB Co
60

, 14 M3B-Hhltt Heti:Tp0HHhitt reHepaTop 11 T.,[I,. 

(pHC. 2). BOJibWl1HCTBO 113 3Tl1X ycTaH0B0K 11CI10Jlb3YIOTC5I ,[I,J15I q:>yH,[I,aMeH· 

B. C. IOJI,Ll.AIIIEB 123 

TaJlhHb!X 11 rrp11KJia,[I,HblX 51,[I,epHb!X l1CCJ1e,[I,0BaH11tt (p11c. 3). B Ka'-leCTBe np11-

Mepa Ha p11c. 4 M0)KH0 YBl1,ll,eTb CI111C0K 1130T0IT0B, cep11ttH0 rrp0113B0,[I,11MblX B 

l1HcT11TyTe H,[I,epHott cp11311K11 AH PY. MeTO,ll,hI HettTp0HHO-aKT11Bau,110HHoro 

aHaJil13a w11p0K0 11CI10Jlb3YIOT B ropHO,[I,06b1Ba10w,etl rrp0Mb!WJieHH0CTl1 , Me

,[I,11LI,11He, reonor1111 , ceJibCK0M X035IHCTBe 11 T .,[I,. 

Oco6oe BH11MaH11e y,ll,eJIHeTCH 113y'-leH1110 pa,[1,11au,110HH0ti cTottK0CTl1 rrony

npoB0,ll,Hl1K0B, 0ITTl1'-leCKl1X 11 ,[1,pyr11x MaTep11aJI0B. ,Il,JIH 3T0ro 11CI10Jlh3yeTC5I 

ycTaH0BKa ,[I,J15I raMMa-o6Jiy'-!eHH5I Ha 0CH0Be 622-x J,JCT0'-IHl1K0B Co
60

' paBH0-

MepH0 0Kpy)KafOW,11X KaMepbl o6Jiy'-leHl15I, B K0T0pb! X rpa,[I,11eHT raMMa-n0JI5I 

He rrpeBbIWaeT 8 %. Bcero HMeeTC5I 9 KaMep o6Jiy'-leHl15I LI,11J111H,[I,p 11cl eCK0M 

cpopMbI c ,[I,03aM11 OT 0,020 ,ll,0 0,600 Mpa,ll,/ '-lac. YcTaHOBKa TaK)Ke 11cn0J1h-

3yeTcH ,[I,J15I pa,[1,11au,110HH0tl MO,[l,11q:>11Kau,1111 HeK0T0pblX MaTepHaJI0B 11 raMMa

CTep11J1113au,1111 113,[I,eJIHtl Me,[I,11LI,11HCK0ro Ha3Ha'-leHl15I (p11c. 5). 

NUCLEAR JACI LITIES 

- 10 MWt RESEARCH REACTOR 

- 20 and 22 MeV CYCLOTRONS 

- ELECTRON ACCELERATORS 

- y-lRRADIATION FACILITY 

- 14 MeV NEUTRON GENERATOR 

~·, All 
, ~ ., I 

' , • 1 
/ .. . .. :_ "" ,._,: ·' r _.'\. -
r "'· a; 

- RADIOCHEMISTRY 

PHc. 2. 51.n,epHbi e Hay<IHO-HCCJie,11oaaTeJibCKHe o6'beKTbl. 

TeopeTl1'-leCKl1e 11 3KCrrep11MeHTaJibHhl e J,JCCJie,[I,0BaHl151 B o6JiaCTl1 q:>11311Kl1 

'-laCTl11.l, 11 51,[I,epHott q:>113HKl1 rrp0B0,[I,5ITC5I B u,eHTpax TaKl1X, KaK HHCTl1TYT 

51,[I,epHott cp11311K11 A H Pecny6n11K11 Y36eKHCTaH (r. TawKeHT, noc. Ynyr6eK) , 
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<D11311Ko-TexH11'--IecK11ti 11ttcT11TyT AH Pecrry6JI11K11 Y36eK11cTaH (r. TalllKettT), 

Hau,11ottaJ1 bHbitl ymrnepc11TeT ( r . TaII1KeHT), ytt11aepc11TeThI B r. CaMapKatt~e 

11 r. ,Il;)K113aKe. 

B 1994 ro,II,a I1ttcTHTYT 51,II,epttoti cpv1311K11 rrp11coe,II,11H11Jic51 KOJIJia6opa1I1111 

CMS. B HaCT0HW,ee apeM51 Be,II,yTC51 aKTl1Btthre 11ccJie,II,0BaH1151 no 113y'-feH111o 

pa,II,11a1IJ10HH0ti CT0tiK0CTH opraH11'-feCKl1X CIIl1HTl1JIJI5IT0p0B Cl1CTeMbl a,II,p0H

HhIX KaJ1op11MeTpos ycTaH0BKl1 CMS. 

NUCLEAR RESEARCH and APPLICATIONS 

- NUCLEAR and PARTICLE PHYSICS 

- RADIATION PHYSICS of CONDENSED MATTER 

- RADIOCHEMISTRY and ACTIVATION ANALYSIS 

- PHYSICS OF REACTORS and REACTOR FUEL 

- RADIATION MODIFICATION of MATERIALS 

- GAMMA-STERILIZATION 

- ISOTOPE PRODUCTION 

- NUCLEAR INSTRUMENTATION 

- SPACE PROGRAMS 

P>1c. 3. OcHOBHbie HanpaBJJeHHH cpyH,11,aMeHTaJJbHbIX H npHKJJa,L\HbIX Hccne,11,oBa

HHll. B BCTaBKe n0K83aHbl (cBepxy BHH3) o6p83J.J,bl T0nJIHBH0ro 3JJeMeliTa 51,11,epHoro 

peaKT0pa H HeATp0HHO-J1er11poBaHH0ro KpeMHH51 , a TaJOKe JIHHH51 no np0H3B0,ll,CTBY 

H30TonoB, pa,L\HaJ.J,H0HHO-0KpaweHHbie KpHCTaJJJJbl (B pe3yJJbTaTe 60M6ap,11,HpOBKH 

uellTpoHa,rn HJIH raMMa-o6ny'-lemrn). 

B. C. lOJI,ll,AlliEB 

ISOTOPE PRODUCTION 

CYCLOTRON TYPE 
Co-57, Zn-65, GE--68, Pd-103, CE-- 139 

REACTOR TYPE 
P-32, P -33, S -35, Cr-51, :\lu-5-', FE>-55, Co-58, Co-60, 

:\lo-99,Y-90, l - 125, 1-131 , Pm- U7, Tn-182. \Y-188, Ir-192 

GENERATORS 
GE--68 ➔ Ga-68, l\lo-99 ➔ Tc-99m, 
Sn-113 ➔ In-113m, \Y-188 ➔ RE--188 

P>1c. 4. CnHCOK cep11i!H0 BblnYCKaeMbIX B 11HCTHTyTe 51,11,epH0tl qJH3HKH (r. Taw

KeHT) pa,11,H0H30T0n0B. 

GAMMA IRRADIATION FACILITY 

Institute of Nuclear Physics. Tashkent. Uzbekjstan 

Experimental Hall 

In total 622 Co-60 sources with total activity 
about 85,000 Cu's are placed in three Sm deep 
underground wells; 

9 Irradiation dry channels with diameter from 5 to 
60 cm and dose rates from 0.022 to 0.600 Mrad/h 

The temperature In Irradiation channel Is within 
(30-S0l°C; 

Irradiation Channel Opening 

_.__ . ' 

) 

~-~ 
PHc. 5. faMMa-ycTaHOBKa AJJ51 pa,L\HaJ.J,H0HH0H MO,ll,HqJHKa1..1,1-11-1 p83JJH'-1Hb1X MaTe

pHaJJ0B , H3Y'-!eHH.51 I-IX pa,L\HaJ.J,H0HH0A CT0AK0CTH H CTepHJJH3aJ.J,HH Me,IJ,HJ.J,HHCKHX 

HHCTpyMeHT0B H H3,IJ,eJJHA. 
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IIOllCK CllrHAJIOB OT MllKPOCKOIJllqECKllX 
qEPHbIX ,ll;blP HA LHC 



,\1\ :~~=.:r. .... ;;;.·~~;%,,.y·;.~(5. 
00:JP!T'Wfih!\j[ Cl;N •. ,;;..: ... : ~'-::,.).1f:': ,,1...;· 

;:, 
1\ h-'""'<--.,..,...sm.J,..•' 

:..936l hi.. ~M-=-~•»aM_/ \.\ 1 
' · 

.., - d 

-~ ·•·'0<~.l .. ·~•j~--···o!A,.,...,.£Si;filil1M•~~, .. ~t~"-••.• 11 ' .' ~ Hap pa 
F'yKOBOAMT8flb npoct). 1.1. A. fonyreMH 

Cl>M3MKa Ha 6011bWOM a,QpOHHOM K011113M,Qepe 

O'lepe,qHoe 38Ce,(18HMe 06be,(IMH0HHOro ceMMHapa "<1>113MK8 Ha LHC" COCTOMTCff 

21 Mapra 2012 r. a 15:00 (apeMff MOCKOBCKoe) a KOHq>epeH4-3ane Y'le6HO

H8Y,-lHOro 4eHTpa 06b0AMH0HHOro MHCTMl)'Ta ffA0PHblX MCCfl0AOB8HMM (ayA.43 7 

3,Q8HMff JlITT), ,Qy6Ha. 

«noMCK CMrHanoe OT MMKpOCKOnM"leCKMX "lepHblX ,Qblp 
Ha LHC» 

A0Kn0A'-lt.1K M.B. Cast.1Ha (01115=1111 , AY6Ha) 

ECJTH .,Y.dpdlCI'epl!blv. 31!epr e'l'HVecKHH NdC1!1Td6 rpdl!SHTd~HH .neJDfT ZS pdKOHe 
0,11BOro 11.J1H lf~ClCOJ!b KH-X T:,B (XdlC n pe11C1Cd3!il1!JdeTCJ! 1' cqeHdpKK.X 

1morou-epHoH rpdl!SM'I'a~nn), TO Hd LHC U OryT po::IC.J:Ul.'Z'bCJI! 1.oucpOCICOIDfVeCICHe 

weplille .JIHpbl (1C07'0p~e Tpd.KTYJ:>'l'CJJr 1Cc!K K.8d3MIU!dCCHY:eC1CHe n.rrn ~dl!T0 8ble 

o~eICT'bJ, I! 3d'l!SHCHUOCTH OT J!eJIHWMKbl 31!TpOIDGf, oapezre.Juteuon HX 

lmHHMd.JibHOH uaccoii n .IIpyrx:m aapa.Ne'I'pd.UH uo.11e.J1n). Ecnn, «poue -roro, 
UHorou~pHdJC rpaZJl11'dqn/f. «:J!JJ101/J.elfd» J!J t50J1ee' ~YH.lld.UeHTd.JlbHyx, 'Z'eOpXIJ, 

lfdnpHUep, .8 'I'eopuz:, cTpylf, H ec.JIH. J!J neH ped.JlH.3yerc,r peltC.Hl., c.iradoH 
CJ!JJC3H, T O J!J npouexyrovHo u .l1MdDd30He 3Heprni'f nn;,ce n opora poxaeHH'- f/,ll 

uoryr ot5pd30~4TbCJ! TdlC Hd3~de!Cble «C'Z'pyHHble z:zap1:l». 

B .ne1C:L{ID1 C0.1!epJICl11'CH OllMCdHH.e xapaxrepl:!blX vepr ~OpUHpOJ!JdHJV! H paCI1d~a 

noJIOt51UiD{ ot521e1C?OJ!J , nap,rgy c odcyxaenneu Heonpe.11eneHHOC'l'ei!. 

l,IOJie.JlbHOro 110.l!X0.1!4 H p.1U1a «KpHTnYeClrH.X TOVeK», O'I' lCOT OpbL-..: CHJ!bl!.O 

3d'J!JHCJl:r pe:~y.J1b7il'T1,,l :!fl!CCI1epn1,<el!'I'dJ1bl!Oro dlfd'J1P!3il.. TalC1Ce crperIC'Z'd15JXelOl 

IIOCJ1e.11HMe pe:,y.n.z,Ta7'2i 3KCI1epnuel!.'Z'd CMS lfil. LHC no a o ncxy CP!I'l!il..JIOJ!J OT 

vepl!.HX I1Np H C'Z'PYHHbiX mdpOJ!J, .II.J1Jf 311eprnM CT0...71Cl!.OJ!JeHwr DpO'I'OHOJ!J 7 T3B 

H. 110JU10H natspal!noi1 c aernuoc 'Z'11 J!J 2011 r . , cool'J!Je'I'C'Z'J!J_yxu:?i"eM 4 . 7 ~/Jn- 1 • 

np1tHlllb 'f'l3CTlte B JaCe,QaHltlt , JaAalb eonpocbl It Bblcryn1tlb B AHCK}'CCltlt MOllCHO 8 TO'lKaX 
AeytTOpoHHero BMAe<>AOCTYna B 01,ts:!1,t (AyOHa), <ll"1AH (MotKBa), 1,ts:11,t ("nMTOMHHK", MOCKBa), 
nl'1RCI> (fal'flttta), LIEPH (354-1-019), H Y (TOMCK), MY (6apttayn ). KfY (KeMepoeo), OfY 
(OMCK), HfTY (Hoeoc1t01tpcK). RpfY (Rpocnaanb). 

BMAeorpattCJllll\MA ceMHHapa OCYIJ.\etT811AeTCA 'lepe3 CMCTeuy yns-ie-
~~BA3M Toucmro rotyAaptTeetlHOll> YH1181!PClffl!TII. 



IIOHCK CHrHAJIOB OT MHKPOCKOIIHqEcKHX 
qEPHbIX ,ll;bIP HA LHC 

IIpe,!ICTaBJieH o630p pe3JJibTaTOB 3KCIIepHMeHTa «KOMIIaKTHbIH MIOOHHblii COJie

HOH,!1>> (CMS) Ha BoJibIIIOM a,!lpOHHOM KOJIJiaii,!lepe no IIOHCKY MaCCHBHbIX KaJIJl_\a

KJIHHHOBCKHX B036y)K,!leHHblX COCTOHHHii rpaBHTOHa H MHKpOCKOIIHqecKHX qepHbIX 

,!\blp, KBaHTOBblX qepHblX ,!\hip JI CTpJHHbIX IIIapoB B MO,!\eJIHX HH3K03HepreTHqecKOii 

MHOro~rnpHOii rpaBHTal_\HH. AHaJIH3 BbIIIOJIHeH Ha IIOJIHOH CTaTHCTHKe, co6paHHOii 

B 2010-2012 rr. ,!\JIH CTOJIKHOBeHHii rrpOTOHOB c 3Heprneii B C.I_\.M. 7 H 8 T3B Ha 

BOJiblIIOM a,!lpOHHOM KOJIJiaii,!lepe. 

TEOPETMqECKMM: B9Kr PAYH,LJ; 

9Kcrrep1IMeHT KoMrraKTHhIH MIOOHHhii1: coJieHOII,L\ (CMS) [1] Ha BoJihIIIOM a,r:i;

poHHOM KOJIJiai1:,r:i;epe IIMeeT 06IIIIIptty10 II pa:rnormaHOBy10 rrporpaMMY IIC

cJie,r:i;oBaHIIH B o6JiaCTII Q.)II3IIKII 3JieMeHTapHblX '-laCTIIQ, KaK B paMKax CTaH

,r:i;apTHOH MO,[\eJIII B3aIIMO,r:i;ei1:CTBIIH, TaK II 3a ee rrpe,r:i;eJiaMII. ,Il,aHHhlll ofoop 

IIOCBRIQeH TOJibKO O,[\HOMY II3 BO3MO)KHb!X HarrpaBJieHIIH <<HeCTaH,r:i;apTHOH» 

q>II3IIKII, CBR3aHHOMY C MO,[\eJIRMII MHOrOMepHOH rpaBIITaQIIII II BO3MO)KHO

CTbIO Ha6JIIO,[\eHIIR ClffHaJIOB OT HIIX na ycKopIITeJIRX. 8TOT KJiacc TeopeTII

'-!eCKIIX II,r:i;ei1: BO3HIIK IIOJITOpa ,r:i;ecRTIIJieTIIR Ha3a,[\ B pa6oTax [2, 3], KaK rro

IlbITKa peIIIIITh rrpo6JieMy IIepapXIIII MaCIIITa6oB - KOJIOCCaJibHOH pa3HIIQbl 

Me)K,r:i;y 3JieKTpocJia6bIM xapaKTepHblM MaCIIITa60M II Maccoi1: IlJiaHKa Mpz, 
orrpe,r:i;eJIRIOIQei1: rrpe,r:i;eJI rrplIMeHIIMOCTII KBaHTOBOH TeopIIII IIOJIR II rrepexo,r:i; K 

KBaHTOBOH rpaBIITaQIIII. CrreQIIq>II'-!eCKOH '-IepTOH ,r:i;aHHhIX MO,[\eJiei1: RBJIReT

CR IIOHII)KeHIIe q.>yn,r:i;aMeHTaJihHOro MaCIIITa6a rpaBIITaQIIII OT 3Ha'-!eHIIR 1019 

raB '-leTb!pexMepHOH TeOpIIII ,[\O ropa3,L\O MeHbIIIei1: BeJIII'-IIIHhl B MHOrOMep

lihIX CQeHapIIRX. 8To peaJIII3yeTCR 3a C'-!eT paCCMOTpeHIIR ,[\OCTaTO'-IHO 6oJih-

1Uoro o6'heMa ,[\OIIOJIHIITeJibHbIX KOMIIaKTHbIX rrpocTpaHCTBeHIIhIX II3Mepemii1: 

(c pa,r:i;uycoM OT MIIKpOHa ,[\O 3Ha'-leHIIH rropR,r:i;Ka 10-16 MM). Bo BCeX TaKIIX 
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M0,n;emi:x IICTIIHH0 <pyH,n;aMeHTaJibHOII. BeJIW-UIHOII. 5IBJI5IeTC5I MHoroMepHb!II 

MacnITa6 rpaBIITau;1rn M (1rnor,n;a ern,e rrmnyT MD, rro,n; 1rn,n;eKC0M D rro,n;

P83YMeBaR II0JIHYIO p83MepH0CTb MH0roMepHoro rrpOCTpaHCTBa-BpeMem1), a 

He qeTb!pexMepHaR Macca IIJiaHKa. CooTBeTCTBeHHO, 3T0 )Ke 0TH0CIITCR K 

rpamITaD;II0HHOII. K0HCTaHTe B3aIIMO,l];eIICTBIIII. II, B 6oJiee o6rn,eM cJiyqae, K 

K0HCTaHTaM B3aIIMO,l];eIICTBIIII. BCex noJiefI, <<qyBCTBYIOill,IIX>> n0JIH0e MH0ro

MepHoe np0CTpaHCTB0. qeTb!pexMepHaR rpaBIITaD;II0HHaR K0HCTaHTa CTaHo

BIITCR 3<p<peKTIIBHOII, CB5I3aHH0II. C <pyH,n;aMeHTaJibHOII. MHOr0MepHOII. qepe3 

ofo,eM II <popMy ,n;onoJIHIITeJibHb!X II3MepeHIIII.. MHoroMepHblII. 3HepreTIIqe

CKIIII. MacnITa6, Ha K0T0p0M rpaBIITaLI;II5I CTaH0BIITCR CIIJibHOII, MQ)KeT 6b!Tb 

,n;a)Ke nopR,n;Ka TaB, TaK qTQ 3<p<peKTbl MHOrOMepHOII. <pII3IIKII M0ryT Ha6mo

,n;aTbC5I Ha ycKopIITeJIRX, B qacTH0CTII, Ha LHC. IIpII 3T0M cp83y B03HIIKaeT 

pR,Il; Ba)KHb!X CJie,n;cTBIIII.. 

IIepBoe - po)K,n;eHIIe KaJiyu;a-KJIRIIH0BCKIIX (KK) B036y)K,n;eHIIII Tex no

JiefI, K0T0pb!e He JI0KaJIII30BaHhl Ha TpexMepH0II. 6paHe (B npocTetirneM CJiy

qae 3T0 6y,n;eT T0JibK0 rpaBIITaD;IIR). 3a cqeT Bb!COK0II. MHO)KeCTBe~HOCTII [2] 
IIJIII 3a cqeT re0MeTpIIII npocTpaHCTBa [3] MaCC~BHb!e KK-MO,Il;bl rpaBIIT0-

H0B 0K83bIBaIOTC5I ,Il;0B0JibH0 CIIJibH0 CB5I3aHHb!MII C o6bJqHQll MaTepIIeti II 

,n;aIOill,IIMII BKJia,l];bl BO Bee npou;eCCbl B3aIIM0,n;etiCTBII5I qaCTIID;, qTQ M0)KH0 

Ha6JIIO,l];aTh B ycKopIITeJibHb!X 3KCnepIIMeHTax. C 3KCnepIIMeHTaJibH0ll TQqKII 

3peHII5I 3TII C0CT05IHII5I BhlrJIR,Il;RT KaK HetiTpaJibHb!e pe30HaHChI, HO B CJiyqae 

ADD-Mo,n;eJIII, r,n;e <<mar» Me)K,n;y cocT0RHIIRMII cneKTpa oqeHh Ma.JI II IIH,Il;II

BII,Il;YaJihHhie B036y)K,l];eHII5I He p83JIIIqIIMbl HIIKaKIIMII MeT0,l];aMII, 3T0 npeBpa

rn,aeTCR B Hepe30HaHCH0e MeT0,Il;IIqHoe npeBhlllleHIIe ceqeHIIII. no cpaBHeHIII0 

c npe,n;CK83aHIIRMII CM. 

vlHIIu;IIaTIIBa IICCJie,l];OBaHIIII. II K0HKpeTHblX npe,n;JIO)KeHIIll no n0IICKY T5I

)KeJib!X HefITpaJibHhIX pe3oHaHC0B Ha ycTaH0BKe CMS BnepBhie IIcxo,n;IIJia, B 

TOM qIIcJie, OT rpynllhl C0TPY,Il;HIIK0B O115II1, yqacTB0BaBllIIIX B 110,n;roT0BKe 

11porpaMMbl ,l];JIR CTp0IIBlllerocR ycK0pIITeJIR [4]. II03,Il;Hee Ha 0CH0BaHIIII 3TIIX 

11pe,1];JIO)KeHIIll 6bJJia p83BepHyTa nporpaMMa noIICKa CIIrHaJI0B II Bbipa6oT

Ka MeT0,Il;IIKII II3MepeHIIll, pacrnIIpeHHaR TaK)Ke Ha CIIrHaJibl Hepe30HaHCH0r0 

TII11a ( AD D-Mo,n;eJib), c co11yTCTBYIOill,IIM Tlll,aTeJibHhIM II3yqeHIIeM <pOHOBbIX 

11pou;eccoB [5, 6, 7]. Pe3yJibTaTbl 3TOll pa60Tbl 6b!Jl!I 3a<pIIKCIIpoBaHbl B oc

H0BH0M 11ocTaH0BoqHoM ,n;oKyMeHTe KOJIJia6opau;IIII CMS - Technical Design 

Report [8]. IIocJie cTapTa ycKopIITeJIR B cooTBeTCTBIIII c YTBep)K,n;eHHoti 11po

rpaMM0ti HaqaJICR c6op II o6pa6oTKa ,n;amihIX, II pe3yJibTaThl 3Toro aHaJIII3a 

11pI1Be,I1;eHbl HII)Ke. 
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O,n;HaKo 11p05IBJiemrn MH0roMepHoti rpaBIITaD;IIII C HII3K03HepreTIIqecKIIM 

<pyH,n;aMeHTaJibHb!M MacrnTa6oM He IIcqepllb!BaIOTCR T0JibK0 o6p830BaHIIeM 

KK-Mo,n; rpaBIIT0H0B. HapR,n;y c HIIMII ,Il;0JI)KHa 6bITh B03M0)KH0CTb ,Il;JIR po)K

,n;eHIIR MIIKp0CK0nIIqeCKIIX qepHb!X ,Il;blp (Mq,n:) B TpaHCIIJiaHK0BCK0ll o6Jia

CTII - B ,Il;IIall830He 3HeprIIti, B HeCK0JibK0 p83 npeBb!lllaIOrn,IIX 3HaqeHIIe <pyH

,n;aMeHTaJibH0ro Macrnrn6a. 3a p0)K,l];eHIIeM Mq,n: CJie,n;yeT IIX 6b1cTpoe IIC

napeHIIe 3a xapaKTepHbie BpeMeHa, B u;eJI0M YKJia,l];bIBaIOrn,IIeC5I B ,Il;IIall830H 

cneu;II<pIIqHb!X ,l];JIR KBaHT0BbIX 11pou;eccoB, 0IIIIChIBaeMb!X KXJJ: II Te0pIIeti 

3JieKTpOcJia6b1x B3aIII\W,l];eticTBIIll. IIpou;ecCbl C <pOpMIIpOBamieM q,n: MoryT 

CTaTb B03M0)KHblMII, K0r,n;a IIPIID;eJibHblll 11apaMeTp CTaJIKIIBaIOill,IIXCR qacTIID; 

(Ha11pIIMep, npoToHoB, B cJiyqae LHC) CTaH0BIITCR MeHbllle rpaBIITaD;II0HHo

ro pa,n;IIyca q,n: C Maccoti, rpy6o C00TBeTCTBYIOill,eti 3HeprnII CT0JIKH0BeHIIR. 

B11epBbie TaKyIO B03M0)KH0CTb ,Il;JIR <pOpMIIpOBaHIIR Mq,n: npII B3aIIM0,l];eti

CTBIIII JierKIIX qacTIID; TpaHCIIJiaHK0BCKIIX 3HeprIIII (,n;JIR o6bJqHoro qeTb!pex

MepHoro cJiyqaR) paccMoTpeJIII ,n:. AMaTII, M. lKIIa<paJioHII II r. BeHeu;IIaHo 

[9] II, He3aBIICIIMo, fepap,n; 'T Xoo<pT [10]. IIo3,n;Hee 6bma ccpopMyJIIIpoBaHa 

aHaJI0rIIqHaR CXeMa o6p830BaHII5I MH0r0MepHoti Mq,n: B Te0pII5IX C 6paHaMII 

B TpaKT0BKe ,Il;Byx CTaJIKIIBaIOill,IIXCR qacTIID; KaK llI0K0Bb!X B0JIH, C o6p830-

BaHIIeM TaK H83hmaeMoti «JioByrneqHoti 110BepxH0CTII>> ( <<trapped surface», 

CM. HallpIIMep, pa6oTy 11.5!. Ape<pbeBOII. [11] II CCbIJIKII K Heti). Jl:eTaJibHOe 

OIIIICaHIIe Bceti <<MallIIIHep11II>> pacqeToB, II0JiyqeHIIR MeTpIIKII II ou;eHKII Mac

Chi II yrnoBoro M0MeHTa noJiyqarorn,eticR q,n: ,Il;0B0JibH0 CJI0)KHbl II co,n;ep)KaT 

II3orn,peHHYIO MaTeMaTIIKY, 0,l];HaK0 noJiyqaeMbie pe3yJihTaTbl IIMeIOT BII0JIHe 

RCHYIO TpaKT0BKY II 6y,n;yT o6cy)K,Il;aTbC5I HII)Ke. C TQqKII 3peHII5I CTaTIICTII

KII Ha6paHHhIX co6b1TIIti Ha LHC KJiacc co6bITIIti c Mq,n: cqIITaeTCR ,n;a)Ke 

6oJiee 5IpKIIM 11p05IBJieHIIeM cyrn,eCTB0BaHII5I ,Il;0II0JIHIITeJibHb!X II3MepeHIIti, 

He)KeJIII Ha6JIIO,Il;eHIIe KK-Mo,n; rpaBIIT0H0B, 11ocK0JihKY nepBbie IIMeIOT Be

PORTHOCTII p0)K,l];eHIIR, KaK MIIHIIMYM, Ha HeCK0JibK0 nopR,Il;K0B 11peBb!lllaIO

Iu;IIe Bep0RTH0CTII ,Il;JIR BT0pb!X. PaHHIIe 0IITIIMIICTIIqHhle ou;eHKII 110 p0)K,Il;e

HIIIO MH9roMepHblX q,n:, c,n;eJiaHHbie 0K0JI0 15 JieT H83a,n;, ,n;a)Ke n03B0JI5IJIII 

H83BaTb LHC <<<pa6pIIKoti qepHbIX ,Il;bip>>. Jl:aJihHetinrne yTOqHeHIIR, c,n;eJiaH

Hhie c npIIBJieqeHIIeM MaTeMaTIIqecKoro a11napaTa, yn0MRHyToro Bblllle [11], 
c6aBIIJIII 0IITIIMII3Ma Ha HeCK0JibK0 110p5I,Il;K0B 110 BeJIIIqIIHe ceqeHIIti, 0,l];HaK0 

rrpou;ecCbl C q,n: Bee paBH0 5IBJI5IIOTC5I oqeHb Bep0RTHblMII 110 C0BpeMeHHb!M 

ou;eHKaM, II B03M0)KHbie 3KC11epIIMeHTaJibHble CIIrHaJibl M0)KHQ 6bIJIO Q)KII

,lJ,aTb y)Ke B caM0M HaqaJie nepBoro D;IIKJia pa60Tbl ycKopHTeJIR: HeK0T0paR 

06JiaCTb npocTpaHcTBa 11apaMeTp0B ,Il;JIR Mq,n: noKpb!BaJiaCb ,n;a)Ke MaJioti 
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rrepmrcmoit CTaTHCTHKOit 35 rr6H-1, Ha6paHHOit K K0Hey 2010 r . .IJ:a.rrbHeiturnrr 

Ha6op ,[\aHHbIX H II0JIHa5I CTaTHCTIIKa 3a rrepBbiit IIHKJI - 20 cp6H-l' C 8Hep

rIIeit CT0JIKH0BeHIIit rrpoT0H0B 7 II 8 T8B B C.II.M. II03B0JIHJI orrpe,[\eJieHHo 

CKa3aTb, qTo KBa3HKJiaccHqecKIIe (cM. HII)Ke) M9.IJ:, CK0pee Bcero, He MoryT 

o6pa30BbIBaTbC5I Ha LHC. IIpIIqeM ecTb ,[\0CTaToqHo BH5ITHa5I TeopeTHqecKa51 

apryMeHTaIIII5I, K0TOpoit Mbl T0)Ke K0CHeMC5I HII)Ke, qTo 8T0T BbIB0,[\ coxpaH5I

eTC5I He T0JibK0 ,[\JI5I 8HeprIIit CT0JIKH0BeHIIit, ,[\0CTIIrHyTbIX B 2010-2012 rr., 
HO H ,[\JI5I BToporo IIIIKJia pa6oTbI LHC H 8Hepmit 13 II 14 T8B B c.II.M. C 
,IJ,pyroit CT0p0HbI, ,[\JI5I M9.IJ:, TpaKTyeMbIX KaK KBaHT0Bbie o6'beKTbI, II0Jiy

qeHHb!e rrpe,IJ,eJibI 0Ka3bIBaJOTC5I ropa3,[\0 M5Irqe H 0CTaBJI5!IOT 6oJiblIIee 0KH0 

B03M0)KH0CTeit. PaccMOTpHM 8T0 qyTb IIO,[\p06Hee. 

Boo6IIIe r0B0p5I, K0ppeKTH0e 0IIIICaHHe rrpoIIecca cpopMIIpOBaHII5I II ,[\a.Jib

HeitlIIeit 8B0JIIOIIIIII 9.IJ: Tpe6yeT rrpIIBJieqeHII5I IIOJIHOH Te0pIIII - KBaHT0-

BOit rpaBIITaIIHH. EcJIII rrpe,[\II0JiaraTb, qTo TaKoe 0IIIICaHIIe rrpe,[\0CTaBJI5IeTC5I 

TeopIIeit CTPYH, TO CJie,[\yeT HCII0Jib30BaTb II0JIHyIO HerrepTyp6aTIIBHYIO cpop

MYJIHp0BKY TeopIIII CTpyH. O,L\HaKo, KaK II B qeTbipexMepHOM CJiyqae, eCJIII 

CMeCTIITbC5I ,[\0CTaToqno ,[\a.JieK0 BBepx ITO 8HeprH5IM OT cpyH,[\aMeHTaJibHO

ro MH0rOMepnoro MaClIITa6a (yitTII B TpaHCITJiaHK0BCKIIit pe)KHM), p0)K,[\eHIIe 

9.IJ: M0)KH0 paccMaTpHBaTb KaK ( KBa3H )KJiaCCIIqecKIIit ITpOIIecc, 0ITepIIpy5I 

reoMeTpIIqecKIIM ceqenIIeM p0)K,[\eHH5I, OITpe,[\eJI5IIOIIIIIM ITp0CT0 pa3Mep 06-

JiaCTH ITO,[\ rpaBIITaIIII0HHb!M pa,L\IIYC0M. reoMeTpIIqecKoe ceqenIIe p0)K,[\eHml 

9.IJ: ne IT0,[\aBJieH0 HIIKaKIIMII K0HCTaHTaMII B3aIIMO,[\eitCTBIIit, MeHblliIIMII e,[\II

HIIIIbI, II pacTeT C poCT0M 8HeprIIII CTOJIKHOBeHIIH Haqa.rrbHbIX qacTIIII BMeCTe 

C rpamITaIIII0HHb!M pa,L\IIYC0M. IIpII 8TOM CIITyaIIII5I C BbIC0K08HepreTIIqecKIIM 

pacce5IHIIeM BbirJI5I,[\IIT TaK: c neK0TOporo M0MeHTa BC5! ITepTyp6aTIIBHa5I cpII-

3IIKa <<0,[\eBaeTC5I>> ropII30HT0M II CTaH0BIITC5I He,[\0CTYITHOit ,[\JI5I Ha6JIIO,[\eHIIH. 

E,IJ,IIHCTBeHHbIM cIToco60M ITpOBepIITb CTPYKTYPY · ITpocTpaHCTBa-BpeMeHII na 

paCCT05IHII5IX, MeHblIIIIX rpaBIITaIIII0HHOro pa,L\IIyca, 0CTaeTC5I T0JibK0 II3Me

peHIIe ceqemrn p0)K,[\eHII5I 9.IJ:, KOTopoe 3aBIICIIT OT qIIcJia ,[\0IT0JIHIITeJibHblX 

II3Mepe1rnit II OT reoMeTpIIII IT0JIHoro MH0r0Mepnoro ITpoci:paHCTBa . .Il:JI5I MHO

roMepnoit. KJiaccIIqecKoit M9.IJ: TaK)Ke Bb!II0JIH5IIOTC5I xapaKTepHbie 3aK0H0-

MepHOCTII CTa,[\IIII IICITapeHII5I '- paBH0Bep05ITH0e ( TepMa.ITbHOe) II3JiyqeHIIe 

qacTIIII Bcex cyIIIeCTBYIOIIIIIX B CTaH,[\apTH0it M0,[\eJIII TIIII0B II CJie,[\yIOIIIee 

0TCIO,[\a C00TH0lIIeHIIe a,IJ,pOHHbIX II JieIIT0HHb!X MO,[\ pacITa,[\a 5:1. B ITp0Me)Ky

ToqnoM TpaHCITJiaHKOBCK0M ,[\IIaITa30He, ,[\JI5I 8HeprIIit pacce5IHII5I Bb!llle cpyn

,[\aMeHTa.JibH0ro MaClIITa6a, HO HII)Ke IT0poroBoro 3naqenII5I ITpIIMeHIIM0CTII 

KJiaCCIIqecKoro 0ITIICaHII5I 9.IJ:, MOryT pea.rrII30BbIBaTbC5I II ,IJ,pyrIIe, ne Menee 
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IIHTepeCHbie pe)KIIMbl - pacce5IHIIe CTpyn IIJIII p0)K,[\eHIIe CTPYHHbIX lIIapoB. 

Bee 8TO II p5I,L\ ,L\pyrIIX B0ITp0C0B, CB5I3aHHbIX C B03M0)KH0CTbIO Ha6JIIO,[\emrn 

ITpoIIeccoB pO)K,IJ,eHII5I 9.IJ: na LHC, Mb! TaK)Ke paccMoTpIIM HII)Ke. 

TaKIIM o6pa30M, 8KCITepHMeHTa.J1bHbie IICCJie,[\0BaHH5I, CB5I3aHHb!e C 8cp

cpeKTIIBHbIMH MH0roMepHb!MlI M0,[\eJI5IMH, M0)KH0 pa3,[\eJIIITb Ha ,[\Ba KJiacca. 

IIepBbiit - 8T0 co6b1TH5I c KK-Mo,IJ,aMII rpaBHTonoB (Bo3MO)KHO, II ,IJ,pymx 

qacTHII, BITJI0Tb ,[\O cpepMIIOHOB, B nan6oJiee <<lIIIIp0KIIX>> BapnanTaX MO,[\eJieit 

C ,[\OITOJIHHTeJibHb!MH H3Mepemrn:r-.rn). Macchi MO,[\ ·II3Mep5IIOTC5I HaITp5IMYIO, 

nx 3naqenII5I CB5I3aHbI C cpyH,IJ,aMeHTa.JibHb!M MaClIITa6oM II C BemiqIInoit K0H

CTaHTbl B3aIIM0,[\eHCTBII5I rpaBHT0Ha C MaTepIIeit, qTo IT03B0JI5IeT II3BJieqb 8TH 

ITapaMeTpbI H3 ,[\aHHbIX; BeJIHqlIHbl ceqeHHit TaK)Ke 3aBIIC5IT OT qncJia ,[\0IT0JI

HIITeJibHbIX ITp0CTpaHCTBeHHbIX lI3MepeHIIit, qTo IT03B0JI5IeT 3acpHKCHpOBaTb 

II 8T0T ITapaMeTp. BTopoit KJiacc - 8T0 co6b1TH5I p0)K,[\eHII5I M9.IJ:, K0T0pbie 

IIMeIOT 6oJiee BbIC0KIIe Bep05ITH0CTII p0)K,[\eHII5I, xapaKTepHbie <<5IpKHe>> CHr

naTypbI, HO 6oJiee CJIQ)KHbI ,[\JI5I neITocpe,[\CTBeHH0it lIHTepITpeTaIIHH B TepMII

nax 6a30BbIX yITpaBJI5IIOlIIHX ITapaMeTpOB M0,[\eJieit. Pe3yJibTaTbl ITO IT0IICKY 

5!BJieHHH ITepBoro II BT0poro KJiaCCOB He MoryT 6b!Tb cpaBHeHbl HaITp5IMYIO 

( ITO,[\po6nee 06 8TOM HH)Ke)' HO K0CBeHH0 0HH ,[\0JI)KHbI IT0,[\TBep)K,1],aTb lI ITO,[\

,IJ,ep)KIIBaTb ,IJ,pyr ,L\pyra. 

0BII1;I-IE IlOJIO)KEHM.51: PO)K,lJ;EHME, 9BOJIIOI.J;IUI M 

P ACTIA,D; q,n; 

HaqHeM C KpaTKoro OITHCaHH5I 0CH0BHbIX qepT CIIeHapHeB C ,[\0IT0JIHHTeJib

Hb!MlI ITpOCTpaHCTBeHHbIMH lI3MepeHH5IMH. B M0,[\eJI5!X MH0r0Mepnoit rpa

BIITaIIIIII 06b1qHo paccMaTpIIBaeTc5! MeTpHKa BH,[\a ds2 = e2A(y)dx4 + 
gmn(y)dymdyn, r,[\e ITepBOe cJiaraeMoe o603naqaeT CTaH,[\apTHoe qeTbipex

Mepnoe ITp0CTpaHCT-B0-BpeM5I, IT0ITpaBJieHH0e «CT5IrIIBaIOIIIIIM cpaKTOpOM» 

A(y), qIICJieHHOe 3HaqeHIIe K0T0poro 3aBIICIIT OT TOrO, B KaKOH TQqKe IT0JIH0-

ro MHoroMepHoro ITpocTpancTBa pacIToJiaraeTc5I 6paHa, om1cbrna10IIIa5I HalII 

MIIp. Koop,[\HHaTbl Ym 0TBeqaIOT ,[\0IT0JIHIITeJibHb!M (K TpeM o6bJqHbIM) ITpo

CTpaHCTBeHHb!M lI3MepeHII5IM. B o6IIIeM cJiyqae IT0JIH0e MH0rOMepHoe ITpo

CTpaHCTB0 MO)KeT IIMeTb neHyJieByIO KpIIBII3HY II CJI0)KHYIO reoMeTpIIIO . .IJ:JI5I 

CB5I3II 8cpcpeKTIIBHOit qeTbipexMepHoit MaCCbI IIJiaHKa Mpz lI cpyH,[\aMeHTa.Jib

Horo MHoroMepnoro MaClIITa6a-rpamITaIIIIH M IIMeeM: 
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2 D-2 Y 2A J 
dD-4 

MPl = M (2n)D-4 ~e ' (1) 

r.n.e D - noJIHoe '-IIICJIO II3MepeHIIil. ( O,Il.HO - BpeMeHHoe, II D - 1 - npo

CTpaHCTBeHHhix). TaK)Ke BBe,1].eM o603HaqeHIIe n = D - 4 - '-IIICJIO .n.onoJI

HIITeJibHbIX npocTpaHCTBeHHbIX II3MepeHIIH. (Mo)KeT MeH5ITbC5I OT 1 ,l].O 7, II 

n=7 - CTaH,1].apTHOe BepxHee orpaHII'-IeHIIe, CJie,rr,yroIU,ee II3 TeOpIIII CTPYH). 

TipocTeihIIeMy CJIJ'-IaIO OTBeqaeT KJiacc MO,l].eJieil., BnepBbie OnIICaHHbIH. B pa-

6oTax [2]' a ceiJ.qac BO Bcex B03MO)KHblX BapIIaII,II5IX Ha3bIBaeMbIH. CII,eHapII-

5IMII ADD-TIIna. Bee orpaHII'-IeHII5I II ycJIOBII5I ,l].JI5I 1--1,II,, po,K,1].aIOIU,IIXC5I B 

TaKIIX MHOroMepHbIX M0,1].eJI5IX, MoryT 6bITb noJiy'-IeHhI II ,I\JI5I MO,Il.eJieil. RS

TIIna [3] C HecpaKTOpII3JeMoil. MeTpIIKOH. (BcJie,l].CTBIIe yqeTa HaT51)KeHII5I 6pa

Hbl). 1--IIIcJieHHbie pacXO)K,l].eHII5I ,1].J15I 011,eHOK Ba)I{HbIX napaMeTpOB B TOM II B 

.n.pyroM CJiyqae He npeBbIIIIaIOT nop5I,1].Ka BeJIII'-IIIHbl. B ,I\aJibHeil.IIIeM Bee npII

Be,l].eHHble II,IIq)pbr II paccy)K,Il.eHII5I OTHOC5ITC5I K ADD-c11,eHapII5IM, a OTJIII'-IIIe 

npe,1].CKa3amril. ,Il.JI5I RS-Mo,l].eJieil. 6y.n.eT OTMeqaTbC5I OT,l].eJihHO, TaM, r.n.e sTo 

cyIU,eCTBeHHO. 

B npoCTOM CJiyqae, OTBeqaroIU,eM cpaKTOpII3aII,IIII MeTpIIKII (pa3,1].eJieHIIIO 

qeTbipexMepHblX II .n.onOJIIIIITeJibHbIX KOOp,1].IIHaT nJIOCKOro nOJIHOro npo

CTpancTBa), CT51rIIBaIOIU,IIH cpaKTop IICqe3aeT, A (y) =0 . OT IIHTerpana no 

.n.onoJIHIITeJibHblM KOOp,1].IIHaTaM OCTaeTC5I npoCTO ofrheM, TO eCTb noJiyqaeT

C5I COOTHOIIIeHIIe M'j,1 = VnMn+2
, II Vn ex R2 • KaK y)Ke OTMeqanocb, ecm1 

B35ITb pa,I\IIJCbl .n.onoJimITeJibHbIX II3MepeHIIH ,I\OCTaToqno 6oJibIIIIIMII, MO)K

HO onycTIITb BeJIIIqIIHY Af oqeHb CIIJlbHO BHII3 no 3HeprII5IM, no cpaBHeHIIIO C 

nJiaHKOBCKOH. IIIKaJIOH.. HaCKOJlbKO IIMeHHO CIIJlbHO - 3aBIICIIT TaK)Ke OT qIIC

Jia .n.onOJIHIITeJibHbIX II3MepeHIIH. n. cho qIICJIO II BeJIIIqIIHa M - CB060,Il.Hbl8 

napaMeTpbl MO,l].eJIII. ,Il,JI5I pa,1].IIJCOB ,l].OnOJIHIITeJibHblX II3MepeHIIH. (B CJiyqae, 

KOr.n.a OHII BCe 0,1].IIHaKOBbie) noJiyqaeTC5I Bbrpa)KeHIIe: 

(
M )2/n R ~ M-1 :;l ~ 1032/n X 10-17 CM. (2) 

B pa6oTax [2] pa3o6paHbl pa3JIIIqifbie 3KcnepIIMeHTaJibHble orpaHII'-Ie!Ill51 

Ha B03MO)KHbie MaKCIIMaJibHble 3Ha'-IeHII5I pa.n.IIycoB, B qacTHOCTII, acTpocpII-

3IIqecKIIe. HeKOTOpbie BapIIaHTbl y)Ke OTKJIOHeHbl np5IMblMII Ha6JII0,1].eHII5IM11 

(nanpIIMep, BCe Bhr6opbl cpyH,l].aMeHTaJibnoro MaCIIITa6a ,1].J15I n=l II, Bepo5I1'-
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nee Bcero, BapuanTbI ,I\JI5I n=2 II He CJIHIIIKOM 6oJibIIIIIX M). C TOqKu 3pe

HH5I ,Il.OCTII)KIIMOCTII Ha LHC 3HaqenII5I M He MoryT rrpeBhIIIIaTb BeJIIIqIIHY 

B pail.one 10-12 TsB. B ,I\aJihHeil.IIIeM MO,Il.eJiupoBanuu II cpaBnemrn c SKc

rrepuMeHTOM B ocHoBnoM 6y.n.yT ucrroJib30BaTbC5I 3Haqemrn M ~ 2-6 TsB 

(narrOMHIIM, qTo nepBbIH. 11,IIKJI pa60Tbl YCKOpHTeJI5I npoX0,1].IIJI C nOHH)KenHoil., 

OTHOCHTeJibHO npoeKTHOH., sneprneil. B3aHMO,l].eil.cTBII5I 7 II 8 TsB B c.11,.M.). 

I1HTeHCIIBHOCTb rpaBIITa11,uonnoro B3aIIM0,1].eil.cTBH5I B MHOroMepnoM o6'b

eMe BbIIIIe, qeM B qeTbipexMepnoM. CJie,l].oBaTeJibHO, CTaII,IIOnapHa5I 1--1,II, orrpe

.n.eJieHHOH. MaCCbl 6y.n.eT HMeTb 60JiblIIHH. IIIBap11,IIIHJib,I\OBCKIIH. pa.n.uyc, ITO 

cpaBneHIIIO C qeTbrpexMepHoil. 1--1,II, TaKOil. )Ke MaCCbl. B COOTBeTCTBHII C Tep

MO,l].IInaMIIKOH 3TO 03HaqaeT, qTo MHoroMepHa5I 1--1,II, 6y,I1.eT IIMeTb MeHbIIIJIO 

TeMnepaTypy, TeMn XOKHHrOBCKOro II3JiyqenII5I y Hee 6y.n.eT nH)Ke, a BpeM5I 

)Klf3HII, COOTBeTCTBeHno, 60JibIIIe. TaKIIM o6pa30M, MHKpOCKOnIIqecKIIe MHO

roMepnbre 1--1,II, 6oJihIIIe no pa3Mepy, XOJI0,1].Hee II )KIIBYT ,I\OJlbllle CBOHX qeTbl

pexMepnbIX aHaJIOroB TaKOH. )Ke MaCCbl. BnepBbie an3a11, ,1].Jl5I MeTpIIKH Mno

rOMepHoil. 1--1,II,, Bblpa)KeHIIe ,1].Jl5I rpaBIITaII,IIOHnoro pa.n.uyca II TeMnepaTypbl 

1--1,II, 6bIJIH rroJiyqenbr B pa6oTe [12], II ,I\JI5I ADD c11,eHapIIeB STII pe3JJihTaTbI 

BOcnpOH3BO,l].5ITC5I B ToqnoCTH, B CIIJIY IIJIOCKOH. MeTpHKII nOJIHOrO" npocTpan

CTBa. Pa60Tbl [13]-[15] co.n.ep)KaT nepBbie CHCTeMaTIIqecKIIe IICCJie,1].0BanII5I 

CBOH.CTB MHOrOMepHbIX 1--1,II, ,I\Jl5I pa3JIIIqHblX THIIOB MO,l].eJieil. C 6panaMII. 

B c11,eHapII5Ix ADD-Tuna IIIBap11,IIIIIJib,I1.0BCKHil. pa.n.uyc cTa11,uonapnoil. 1--1,II, 
orrpe.n.eJieHIIOH. MaCCbI, B 3aBHCHMOCTH OT qIIcJia ,I\OnOJIHHTeJibHbIX II3MepeHHH. 

II OT 3naqeHH5I q)JH,1].aMeHTaJibnoro MaCIIITa6a M, IIMeeT BII,1]. [12] (riOJIIIbIH. 

ofoop no 1--1,II, ,I\Jl5I Pa3HOH. reoMeTpHII npocTpancTBa-BpeMeHH CM. B [17]): 

Rs--- __ 2 _ 1 [MsH (Sr (n+3
))] n~

1 

y'iFM M n+2 (3) 

TipII BblIIOJIHeHIIII p5I,1].a KpIITepIIeB, 0 KOTOpbIX J)Ke JIIOMHHaJIOCb II eIU,e 

6y.n.eT C~a3aHo nu)Ke no.n.po6Hee, Ha rrapTOHHOM ypoBHe ceqenIIe pO,K,1].eHH5I 

lf,II, npII CTOJIKHOBeHIIII ,I\Byx qaCTIIII, MO)KeT .n.aBaTbC5I npoCTO reoMeTpuqe

CKoil. o6JiaCTbIO nepeKpblTII5I ,I\J15I rrpIIII,eJibnoro napaMeTpa, MenbIIIero Rs: 
u(ab ➔ BH)ls=M'Jm = nRi, r.n.e s = SXaXb, X; - ,l].OJI5I noJinoil. sneprIIII, 

B35ITOH. rrapTOHOM i . cho ceqeHIIe He IIO,l].aBJieHo nHKaKHMH MnO)KIITeJI5IMII, 

MenbIIIIIMH e.n.nnIIII,bl (HeT KoncTanTbl B3aIIMO,l].eil.cTBII5I), II, C pOCTOM snep

rrrn CTOJIKHOBeHII5I, TaK)Ke 6y.n.eT neorpanIIqenno pacTII. IlonoMy Ha LHC 
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11p11 11peBbIWeHl111 3Hepr1111 CTOJIKHOBeHl151 B Cl1CTeMe u,eHTpa Mace VS 3Ha

qeHl151 cpytt,n,aMeHTaJibHOrO MaCwTa6a M 110 11epBbIM 01..1,eHKaM 11pe,IJ,CKa3bIBa

JIOCb MaCCOBOe pmK,n,ett11e l.J,[l;, C qacTOTOPI, ,l],OCT11ra10w.eti , Ha11p11Mep , 1 r1.1, 

,IJ,JI51 n = 2 11 M = 1.5 T3B (cM., Ha11p11Mep , [15]). 
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Puc. 1. a - ce•-iem,e po)K,1\eHJrn q)], Ha napTOHHOM ypoBHe, 6 - /J,HcpcpepeHl.\11· 

aJihHOe ce•-ieHHe da / dMaH AJUI LHC, 6 - TeMnepaTypa xoK11HrOBCKOI'O H3J1y•-ieH11H, 

a - cpe,i],H5151 MHO)KeCTBeHHOCTb pacna)l,Hb!X '!aCTHI.\ AJ151 WBapl.\lIIHJlb/J,OBCKOtl q)J,_ 

)],JJH a - 6 HCnOJJb30BaHO '-IHCJIO )l,OnOJJHHTeJJbHblX H3Mepem1tl n = 4. 3aBHCl1MOCTb 

Ce'IeHl151 11 Te1rnepaTypbl 113JJY'-!e!Urn OT n CJJa6o 3aMeTHa B JIOPapHcpMH'-lecKOM MaC

WTa6e H n03TOMY ony'-1.\eHa. jlfa pa60Tb! [14]. 

l1c110J1h3Y51 reoMeTp11qecKoe ceqem1e ,IJ,JI51 )KeCTKoro 11apTOHHoro 11pol..\ec

ca, ,l],J151 ,IJ,l1cpcpepeHI.1,l1aJibHOro ceYeHl151 p0)K,I],eHl151 q,z:i; B pp-CTOJIKHOBeH1151X 

MO)KHO 3a1111caTb [14]: 
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d<:T(pp ➔ BH + X) = ~a-(ab ➔ BH)l s=M1H' 
dMsH dMsH 

(4) 

r,n,e <<,n,11cpcpepeHI.1,l1aJibHa51 CBeTl1MOCTb » B Kattane p0)K,l],eHl151 l.J,[l; 11pe,n,cTaB

J151eT co6on CBepTKY 110 11apTOHHb!M 11JIOTHOCT51M CTaJIKl1BaIOW.11XC51 qacnJIJ, B 

)KeCTKOM 11po1.1,ecce: 

~ = 2MsH L [1 dxa fa(x)fb (MlH). 
dMsH 8 J M2 /s Xa SXa a,b BH 

(5) 

CyMMa 110 a,b 6epeTC51 110 BCeM Tl111aM Ha'-IaJibHb!X 11apTOHOB, a MaCwTa6 

Q2 
,IJ,JI51 pac11pe,n,eneH11ti 11apTOHHhTX 11JIOTHOCTefi Bhrfa1paeTC51 KaK MlH (xo

T51 B03MO)KHbl 11 ,n,pyrMe Pa3YMHO BbirJI51,IJ,51W.11e Bap11aHTbl, Ha11p11Mep, Q2 = 
1/ R}). Ha p11c. la,6110Ka3aHhI 11onttoe 11 ,n,11cpcpepett1.1,11aJibHOe ce'-leHl151 po)K

,n,ett1151 l.J,[l; Ha LHC, ,IJ,JI51 '-ll-1CJia ,n,0110JIH11TeJihHhIX 113Mepett11fi n =4. 
HecMOTp51 Ha TO, qTo, KaK y)Ke roBOp11JIOCb Bb!We, ce'-lem1e p0)K,l],eHl151 q,z:i; 

Ha 11apTOHHOM ypoBHe He 110,n,aBJieHO Hl1KaKl1Ml1 MJ-10)Kl1TeJI51M11, MeHbWl1M11 

e,IJ,11Hl1J..\bl, 11apTOHHbie 11JIOTHOCTl1, BOBJieqeHHbie B 01111catt11e B COOTBeTCTBl111 

c peu,e11TaM11 KX,IJ;, 6bJCTpo 11a,n,a10T c pocTOM 11epe,n,auHoro 11Ml1YJihca. ITo-

3TOMY ,IJ,Mcpcpepe1-11.1,11anbttoe ceqe1-111e po)K,n,e1-11151 l.J,[l;, 3a,n,aaaeMoe cpopMynofi 

4, TO)Ke 11a,n,aeT, 11 B YCJIOBl151X orpaHWieHHOH 110JIHOH ,ll,OCTl1)KJ.1MOH 3Hepr1-111 

( c1-1Tya1.1,1-151 LHC, B OTJ111q1-1e OT po)K,n,e1-11151 B KOCMJ.1'-leCKJ.1X nyqax) aep051T-

1-1ocTh pO)K,l],eHJ.151 6onee MaCCJ.1BHb!X 1..J,[l; Ha MHOro 110p51,IJ,KOB J-IJ.1)Ke , He)KeJil-1 

Me1-1ee MaCCMBHbIX. Bee 3TO - ,ll,OCTaToq1-10 O'-leBJ.1,l],Hble aew.11 , HO 11pe,n,cTaBJ151-

eTC51 HeJIJ.1WH11M ew.e pa3 3TO 110,n,qepKHYTb. 

P1-1cy1-10K 2 ,n,eMOHCTp1-1pyeT KOJ111qecTBe1-11-1oe yMeHhWeH11e ,l],OJIJ.1 60Jibilll1X 

Mace B caepTKe 110 CTPYKTYPHbJM cpyHKU,J.151M , KOTOpoe JIJ.1Wb OT'-laCTJ.1 KOM-

11euc11pyeTC51 ropa3,n,o 6onee cJia6bIM pocTOM ceqe1-11-151 B cpopMyJie 4. 
Pac11a,n, (11c11ape1-1Me) l.J,[l; 11p0Mcxo,n,11T qepe3 l13J1yqe1-111e XoK111-1ra c TeM11e

paTypofi TH ,IJ,JI51 cp11Kc11p0Ba1-11-1oro 3Haqe1-11-151 MaCCbI l.J,[l; MsH; TaK)Ke TeM-

11epaTypa 3aBJ.1Cl1T OT M 1-1 OT BeJIJ1'-IJ.1Hbl n [12]: 
I 

( 
M n + 2 ) n+ l n + 1 n + 1 

TH= M MsH Sr (n!3 ) 4ft = 41rRr (6) 

Ha 11epBb!H B3rJI51,l], MO)KeT 110Ka3aTbC51, '-ITO l.J,[l;, KaK ofrbeKT Teopm,r rpa

BJ.1Ta1.1,1-111 , B OCHOBHOM ,l],OJI)KHa pac11a,n,aTbC51 Ha rpaBJ.1TOI-IbI , KOTOpbie 6y,n,yT 
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yxo,n;11Tb B ,D;OITOJIH11TeJlbHbJe 113MepeHl151, ,n;aBasi 3KCITep11MeHTaJlbHbie Cl1rHa

TYPbl c n0Tepm-1Hofi 3 Hepr1-iefi. To eCTh , cpaKTw1ecK11 , npou,ecc pacna,n;a l{,II, 
,D;OJl)KeH 6bITb HeHa6mo,n;aeMbIM. O ,n;1-iaKo Emparan, Horow i tz , Myers B pa6o

Te 2000 r. ( rr epBa51 p a6oTa B CCbJJIKe [18]) I10Ka3aJIH, '-!TO 3TO He TaK. ,Il,JIHHa 

BOJIHhI xoK11HroBcKoro H3J1y'-leH1151 >. = 2n / TH rrpeBhrUJaeT pa3MephI l{,II,, 
TaK '-!TO Otta ,D;OJl)KHa paccMaTpHBaTbC51 KaK TO'-le'-!Hblli 11CTO'-IHHK, 11crrycKa

lOI..1.1,l1H npe11MyI..1.1,eCTBeI-1HO S- BOJ!Hbl. I1o3TOMY q ,n: 113JIY'-laeT paBHOBep05ITHO 

11 B ITOJ!Hblit MHOroMepHbJit o6'beM (rp aBl1TOHbI ) , 11 Ha 6paHy (YaCTl1ll,bl CTaH

,n;apTHOli MO,D;eJ111). TioCKOJl bKY LiaCTl1ll, Ha 6paHe 60Jlhille Ha ,D;Ba rrop51,D;Ka, 

,n;oM11H11poBaTb 6y,n;eT 113J1y'-leH11e B onu,1111 CM, xoT51 KoppeKTHhlli pac'-!eT Bee 

)Ke ,n;omKeH r 111Tb1BaTb 3cpcpe KT ITOTep5IHHOH 3 1-1epm11 , y1-1ecem10it B ,D;OITOJI

Hl1TeJlbHbie 113Mepe1-11151 rpaBl1TOHaM11. 
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MH MaccaMII ,zvrn 0,ll_HOPO 113 CTa H,n_apTHb!X Ha6opOB CTpyKTYPHbl X cj:,yHKI.\111! , o6b!'i

HO 1-1cnonb3yeMblX np11 Mo,n_em1poaaH1111 B KOJ1na6opau,1111 CMS. 
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Cpe,D;H5151 MHO)KeCTBeHHOCTb '-laCTl1ll,, 113JJY'-leHHblX B rrpou,ecce HcrrapeHl151 

Y:,II:, (N) = (MBH / E) , r,n;e E - pacrrpe,n;eJ1eH11e no 3 HeprH11 113JIY'-leHHhIX 

'-!aCTl1ll, , COOTBeTCTBYIOI..1.1,ee ITJJaHKOBCKOMY crreKTPY ( B rrpOCTOH cxeMe , tty)K

,n;aJOI..1.1,eHC51 B ,D;aJlhHeH Wl1X rronpaBKax, l{,II, 113JJy'-laeT KaK '-!epHoe TeJJO). 

oo 1 x 2 

1 1 fo dxxei±c 
(- ) = - r oo x 2 

E TH Jo dx ex±c 

a 
TH ' 

(7) 

r,n;e X = E /TH ' a - 6e3pa3MepHa51 KOHCTaHTa, 3aBl1C51 1..l.1,a51 OT CTaTl1CTl1K11 

( cJ) epM11 11J111 B03e) , TaK '-ITO (N) ~ MBH/2TH. 11c rroJJb3Y51 TO'-IHOe Bb1pa

)Kett11e (6) ,Ll;Jl51 TeM n epaTyp bl XOKHHrOBCKOro 113JJY '-!e Hl151 , MO)KHO ITOJJY'-111Tb 

ou,eHKl1 cpe,n;Heli MJ-IO)KeCTBeHHOCTl1 pO)K,D;eHHb!X B rrpou,ecce 11crrapeHl151 '-la

CTHU,. H a pHc. l e,2 rroKa3aHbI TH 11 (N) ,D;JJ51 cJJy '-!a51 L H C (Mp= MB Haumx 

o6o3Ha'-leHH5IX). 

I1pl1 3TOM TH He 5IBJl5IeTC51 ITOCT05IHHOl1 B Te'-leH11e BCeit CTa,n;11 11 XOK MHf'OB

CKOro H3JJY'-!eHl151. B COOTBeTCTBl1l1 co CTaH,n;apn,oli TepMO,D;l1HaMl1KOl1 l{,II, 
OHa HarpeBaeTC51 TeM CHJlbHee, '-leM 60JJbWe 113JlriaeT, H TeM rr 11crrapeHl151 

B03pacTaeT C ITOTepefi MaCCbI. Bee 3aKaJ-ll-[11BaeT C51 B3pb1BHOH ITJJaHKOBCKOit 

CTa,n;11efi , KOTOPYJO HeB03MO)KH0 Bbl'-111CJ111Tb TO'-IHO, 113-3 a OTCYTCTBl151 ITOJI

HOH Teop1111 KBaHTOBOH rpaBHTau,1111. O ,n;HaKO o6hI'-IHO B '-IHCJJeHHbIX ou,eH

Kax 11CITOJlb3YeTC51 CJJe,D;yJOI..1.1,ee ycJJOBHe o6pe3aHl151 3 HepreTH'-!eCKOro cneKTp a 

npo,n;yKTOB p acrra,n;a: E ~ MBH / s . Bh1we 3Toro 3 Ha '-lemrn C'-IHTaeTC51 , <JTO 

OCTaTOK l{,II, pa3BaJIHBaeTC51 Ha KOHe '-IHOe '-IHCJJO <<OCKOJJKOB>>. I1o3TOMY Bbl

pa)KeHMe ,Ll;Jl51 c p e,n;Hetl M HO)KeCTBeH HOCTl1 , ITOJJy'-!aeMoe 113 (7)' BepHO TOJlbKO 

,D;JJ5I MBH » TH (T.e . (N) » 1 ). f eHepaTop bI cp113H<1ecK11x co6h1T11li , 11c 

rroJ1h3YeMbre ,D;Jl51 KOMITbJOTepHoro MO,D;eJ111poBaHl151 rrpou,ecCOB p0)K,D;eHl151 l{,II,, 
Y '-IHTbIBaroT 3TY rrorrpaBKy. 

B a)KJ-Jel1w a51 TepMO,D;HHaMl1'-leCKa51 xapaKTepHCTHKa - 3HTpOITl151 q ,n: -

3aBHCHT OT '-IHCJ!a ,D;OITOJJHHTeJJbHbI X H3MepeHHH H MaCUJTa6a M [12] : 

SBH = ~ (MBH) * (n2
1r~f (~ ) ) n~ i 

n+2 M n+2 
(8) 

TiocKOJlbKY q,n: C'-IHTaeTC51 p acrra,n;a10 I..1.1,eHC51 paBHOBep05ITHO Ha Bee TMilbl 

'-laCTl11.l, (TepMaJibHblli p acrra,n;, He'-lyBCTBHTeJlhHbl li K KBaHTOBblM '-IHCJlaM 11 

11X coxpaHe1rn10), TO ,D;Jl51 BKJ!a,D;OB OT pa3JJJ,[LJHblX T l1I10B '-laCTHll, ITOJly'-laeTC51 
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xapaKTepHoe OTHOIIIemrn: 

(Z ,W, H,1,g): (u,d,s,c,b,t) : (e,µ ,T,ve,vµ, , vT) = 30: 72: 18. 

,l],m1 Ba)KHb!X C SKCITep11MeHT8JlbHOti TOlJKl1 3pemrn c11rttaTyp OT a,n,po

HOB 11 JieITTOHOB ITOJiytJaeTC51 OTHOIIIem1e 5: 1. c1TO COOTHOI1Ie 1-111e a,n,pOHHbIX 11 

JieITTOHHblX MO,D, 51BJI5leTC51 T11 ITW-1Hb!M ITp051BJieHl1eM p0)K,[l,eHl151 11MeHHO -Y:,l], . 

P a3yMeeTC51, ,[l,Jl51 yBepeHHOti peKOHCTpyKu;1111 TaK)Ke Heo6xO,D,11MO HaJIO)KHTb 

ycJIOBl1e ,D,OCTaTOlJHOti SHepreTl1lJHOCTl1 pO)K,D,eHHb!X CTpyti 11 JieITTOHOB: 11X 

cyMMapHb!H ITOITepe'-!HblH 11MITYJibC ,D,OJI)KeH 661Tb He MeHbWe HeCKOJibKl1X co

TeH r s B. 

40 ,~ / .... ··: , 

30 

iii 20 
Cl) 

10 

0 
2 4 

(MaiMo) 
6 

.... .... .... ., ; .. ; ... ; .... 

:~,;-~>; 
; 

n=2 
n=3 
n=4 
n=5 
n=6 
n=7 

8 

P11c. 3. 8ttTpomrn '-l,ll, B 3 aBHCHMOCTH OT MaCCbI , H3 p a60Tbl [21]. (3,n,ecb Mo = M , 
B 1-IaWHX o603H a '!eHH51X). 

Bo3Bpaw,a51Cb K BeJil1lJl1He SHTpomrn , yMeCTHO 3a,D,aTb BOITpoc , HaCKOJib

KO Olia ,D,OJI)KHa 661Tb BeJI11Ka, YT06bl -Y:,l], Morna TpaKTOBaTbC51 KaK 11CT11HH0 

KJiaccw-1ecK110 o6'beKT, 113nyYa1ow,Hti TepMaJibHO ITO MexaH113MY XoK11Hra. B 
Jll1TepaType OITl1CaHbl pa3Hbie Kp11Tep11H ,D,JI51 SHTpomrn KJiaCCl1YeCKOti -Y:,1], 11 
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ee Ml1H11M8JlbHO Heo6XO,D,11MOro 3Ha'-leH115I ; 60JibIIIl1HCTBO H3 Hl1X ITepe'-IHCJieHO 

B pa60Te [15], a IT03)Ke 6hrJio cHa6)KeHo 6onee IT0,n,po6Hot! 11 y6e,n,11TeJibHOH 

a pryMeHTau;Het! [16]. ITpocTOe ycJI0B11e S BH > 25 ( 03Ha'-laJOw,ee, Bcero JI11IIIb , 

,[J,OCTaTOlJHOe Yl1CJIO BHyTpeHHl1X CTeIT eJ-iet! CB060,D,bl -Y:,LJ,) TaK)Ke 51BJI5leTC51 11 

Ha116onee )KeCTKHM , c,n,eJiaHHb!M << C 3aIT aCOM>> ITO OTXO,D,y MaCCbl -Y:,l], OT ITJiaH

KOBCKoro ITopora. ,l],n51 MO,D,eJieti ADD-nma OHO ,n,aeT orpaHw-1em1e Ha Hl1)K

Hee ,D,OITYCTl1MOe 3Ha'-leH11e MaCCbl -Y:,l],: Ms}? ~ 5M' CM. p11c. 3 (,D,JI51 MO,D,eJieti 

RS l-T11ITa STO )Ke ycJI0B11e ,n,aeT 6onee c11JibHOe orpaHHYem1e l\18j.;' ~ 16NI , 
ITpaKT11ciecK11 cMew,a51 ITOpor po)K,D,eHl151 KBa311KJiaccHtJeCKHX -Y:,l], 3a ITpe,n,eJI 

,D,OCTH)Kl1MOCTI1 Ha cyw,ecTBYIOW,11X ycKop11TeJI51X, CM.' Ha ITp11Mep, [19]). Ta

Kl1M o6pa30M, ,n,a)Ke B 6onee OITTl1Ml1CTWIHblX ( ITo «SHepreT11•1ecKOti u,eHe>>) 

M HOrOMepHb!X cu;eHap1151X ,[1,J1 51 Toro, lJT06bI pO)K,D,eHHbltl o6'beKT Mor ,n,et!CTBl1-

TeJibHO TpaKTOBaTbC51 KaK KJiacc11YecKa51 -Y:,D, , HY)KHO OTCTYfll1Tb OT 3Ha'-leHl151 

cpyH,n,aMeHTaJibHOro MaCIIITa6a rpaB11Tau;1111 He MeHee '-!eM B IT51Tb p a3 no Be

JIHLJl1He. Tor,n,a K p0)K,[l,eHl1IO -Y:,l], CTaHOB51TC51 HeITp11 MeHHMbJMl1 apryMeHTbl 0 

KBaHTOBOM xapaKTepe ITpou;ecca 3a C0IeT TYHHeJI11poBaH1151 , 11 , CJie,D,OBaTeJib

HO, 06 SKCITOHeH LI,H aJibHOM ITO,D,aBJieHl1H p0)K,[l,eHl151 (,n,HcKycc1110 Ha STY TeMy 

CM. ' HaITp11Mep, B pa6oTe [20], XOT51 IT03,D,Hee STl1 apryMeHTbl 6bIJIH OITpOBepr

HYTb!). 

IlOITPABKI-I K K JIACCW 1ECKOMY OITI-ICAHI-IIO , 

YTOqHEHI-I~ I1 H EOITPE~EJIEHHOCTI-I 

Ha6pocaHHa51 BbIIIJe rrpocTa51 cxeMa pO)K,D,eHl151 11 SBOJIIOLI,1111 -Y:,1],, KaK y)Ke 

YITOMl1H8JIOCb BbIIIIe, HY)K,D,aeTC51 B YTOYHeHl151X. H aci111-1a51 co CTa,n,1111 cpop

MHpOBaHH51 -Y:,l], 11 ,D,aJiee Tpe6yeTC51 y'-leCTb p51,D, cpaKTOpOB, MeH51IOW,11X STY 

cxeMy Ha 6oJiee CJIO)KHYIO H ITpHBO,D,51W,HX K cyw,eCTBeH HOMY ITOHJ1)KeHl110 Be

p05ITHOCTl1 1-1a6JI10,n,eH1151 -Y:,l], Ha LHC , ITO c p aB1-1eH1110 co c,n,eJiaHHbI M11 paHee 

ou,e1-1KaMI1. H eKOTOpbi e Ha116onee Ba)KHbie B STOti CB51311 o6CT051TeJibCTBa ITe

pe'-!11CJieHbl HJ1)Ke. 

IIepBoe. cDopMyJia 4 ITpe,n,IToJiaraeT, '-ITO BC51 s1-1epr1151 CTOJIKHOBeH1151 '-la

CT11u;, <<YXBac1eHHa51>> Cl1JlbHb!M rpaB11Tau;110HHblM B3aHMO,D,et!CTBl1eM , 6y,n,eT 

y ,n,ep)KaHa rro,n, rop11301-1ToM , T.e. Macca ccpopM11poBaHHOt! -Y:,LJ, 6y,n,eT paBHa 

rrpocTo VS· O ,n,1-1aKo 6onee aKKypaTHbi e pac'-leTbI ITOKa3brna10T, YTO sToMy 

rrpou;eccy OTBe'-laeT cyw,ecTBeHHa51 HeyrrpyrOCTb, HJil1 <<yTeKaHHe>> 3HaYl1MOfl 

ciacn1 sHepr1111 113-ITO,D, rop1130HTa: 
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aPP(s,Xmin,d,M) = [12zdz [1 dux Jo }s_x · M)2 
0 ~ 

(9) 

1
1 dv 

x u -;;-F(n)1rr1(us,n,M) '5;Mv,Q)fi(u/v,Q), 
i,J 

3,IJ,eCh Xmin = M'Jlj'//M, y = MBH!VS II Z = b/bmax (cpaBHl1Te 8TO Bbl

pa)KeH11e C ( 4) Bbillie). 8T11 pac<JeTbI 6hIJil1 BbIIIOJIHeHbI ,Il,JI5I YJibTpapeJI5ITl1-

BIICTCKl1X CTaJIKl1BaIOIIJ;11XC5I 'IaCT11IJ; C TipIIMeHeHl1eM MeTo,IJ,a <<JIOBYIIIe'IHbIX 

TIOBepxHOCTeih>, B KOHTeKCTe MHOI'OMepHbIX 9:,Il; BTiepBbre yTIOM5IHYTbIX B pa-

6oTe [11] (xOT5I caM MaTeMaT11'IeCKl1H aTITiapaT 6hIJI Tipe,IJ,JIO)KeH 3Ha'IIITeJib

HO pattee 11 o6cy)K,IJ,aJIC5I, Tipe11Myru;ecTBeHHO, B MaTeMaTl1'IeCKOH cpe,IJ,e, CM. 

cchIJIK11 K pa6oTe 11. 5I. Apeq>heBoil:). B cepe,IJ,IIHe 2000-x rr. 6hrJio TIOKa3aHo 

( op11rIIHaJibHbie pa6oThI [22] 11Jil1 ofoop [23]), 'ITO ,IJ,JI5I pa3HOro 'IIICJia ,Il,OTIOJI

Hl1TeJihHbIX 113MepeHl1H II pa3HbIX Bhr6opoB q>yH,IJ,aMeHTaJibHOro MaC111Ta6a 

rpamITau;mr HeyTipyrocTh ¢opM11poBaH115I rop1130HTa MO)KeT TIOHII311Tb 0)!(11-

,IJ,aeMOe ce<JeHIIe p0)K,[1,eHl15I 9:,Il; Ha HeCKOJibKO TI0p5I,IJ,KOB (,IJ,o TI5ITII-111ecTII, 

B 3aB11c11MOCTII OT TiapaMeTpoB!), a ,IJ,OCTl1)Kl1MYIO Ha LHC BeJIII'IIIHY MBH 
- B TIOJITOpa-,IJ,Ba pa3a. TaKIIM o6pa3oM, y<IeT HeyTipyrocTII 5IBJI5IeTC5I Hal1-

6oJiee cyru;ecTBeHHOH TIOTipaBKOH K TIPOCTOH KapTIIHe Bbillie, OH pa,IJ,11KaJibHO 

MeH5IeT paHHIIe OTITIIMl1CTII'IHbie ou;eHKII II ,IJ,eJiaeT Tipou;ecc p0)K,IJ,eHl15I KBa3II

KJiaCCII'IeCKl1X ( o6Jia,IJ,aIOIIJ;HX 6oJih1110H Maccou: II, KaK CJie,IJ,CTBIIe, 8HTpOTIH

eu:) 9:,Il; ,Il,OBOJibHO 6ecTiepcTieKTl1BHbIM ,IJ,JI5I Ha6JIIO,IJ,eHII5I Tip11 cyru;ecTByIOIIJ;11X 

ycKop11TeJibHbIX MOIIJ;HOCT5IX. OcTaeTC5I TaK)Ke ,Il,11CKYCCIIOHHbIM caM TIO,IJ,XO,Il, 

JIOByllie'IHbIX TIOBepxHOCTeil:, TIOCKOJihKY OH OTBe<JaeT peJI5ITIIBl1CTCKOMY, HO 

TIO-Tipe)KHeMy KJiaCCl1'IeCKOMY OTil1CaHIIIO, TOr,IJ,a KaK 11MeeTC5I )KeJiaHIIe He TIO

Kl1,IJ,aTh paMKII KBaHTOBOH Teopmr TIOJI5I. TeM He Mettee, aJibTepuaTlIBbI 8TOMY 

MeTO,IJ,y, CTIOC06HOH o6ecTie'Il1Th peaJibHbie KOHe'IHhie BbI'Il1CJieHII5I, TIOKa ue 

cyru;eCTByeT. 

EcTh 11 eru;e O,Il,IIH TOHKl1H MOMeHT, CB5I3aHHhIH C q>OpM11poBaHIIeM 9:,Il;. O6-

ru;eTip11H5ITa5I cxeMa Tipe,IJ,TIOJiaraeT, 'ITO TIPII CTOJIKHOBemrnx 8JieMeHTapHbIX 

'IaCTIIIJ; cpa3y B03HIIKaeT o6'heKT rpaBIITau;m1 - 9:,Il;. IIpII'IeM eCTb TIOH5ITH0e 

)KeJiaHIIe TpaKTOBaTb 8TOT o6'beKT KaK KBa3IIKJiaCCII'IeCKIIH, 'IT06bI ,IJ,aJiee ua 

Hero pacTipocTpaH5IJiach xopo1110 pa3pa6oTaHHa5I TepMO,IJ,IIHaMIIKa 9:,Il;. 8Jie

MeHTapttoe reoMeTpII'IeCKOe ce'IeHl1e pO)K,IJ,eHirn 9:,Il; CJie,IJ,yeT IIMeHHO TaKOII 
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TpaKTOBKe - OHO TIO CBOeu: cyTH KJiaCCII'IeCKOe. B TO )Ke BpeM5I TipII OTipe

,IJ,eJieHIIII TIOJIHoro ce<JeHirn ( <popMyJia 4 n ee MO,IJ,IIq>IIIJ;IIpoBaHHbIH BapnaHT c 

y<IeTOM HeyTipyroCTII q>OpM11pOBaH115I) 8TO 8JieMeHTapHoe ce'IeHIIe B03HIIKaeT 

B o6KJia,IJ,Kax CTpyKTYPHhIX q>yHKIJ;l1H, T.e. ,Il,JI5I OTIIIcamrn Tipou;ecca TiplIBJie

KaeTC5I Ma111nHep1rn KBaHTOBOH Teop11n. 3,IJ,eCh Mbl OTI5ITb TipIIXO,Il,IIM K BbI

HY)K,IJ,eHHO rn6pII,IJ,HOMy OTIIICaHIIIO, CMelli11BaIOru;eMy KBaHTOBbie II KJiaCCII'Ie

CKIIe TIOH5ITII5I. TeopeTIIKII, cTieu;naJI113npyIOru;11ec51 B o6JiacTII KX,Il;, CKJIOHHhI 

TpaKTOBaTb 8TOT MOMeHT KaK Cl1JibHO CMyru;aIOIIJ;IIH II HeKoppeKTHbIH. Cyru;e

CTBYIOT MHeH115I [24], 'ITO ,IJ,JI5I BOCCTaHOBJieHl15I KOppeKTHOCTH TIO,Il,XO,IJ,a CJie

,IJ,yeT C'IHTaTh, 'ITO Tiepe,IJ, q>OpMHpOBaHHeM 9:,Il; o6pa3yeTC5I KaKOH-TO o6'beKT, 

,IJ,OTiycKaIOru;11il: <<3aKOHHyIO>> TpaKTOBKY B paMKax KX,Il; ( Ha30BeM ero ycJioB

HO <<rJII060JI>> ). A y)Ke H3 Hero TIO,Il, ,IJ,eHCTBHeM CHJibHOH rpaBHTau;11n o6pa3y

eTC5I 9:,Il;. B 'Il1CJie Tipo<Iero, 8TOT o6'beKT TI03BOJI5IeT corJiacoBaTh oTincamre 11 

3a,IJ,aTh TipaBHJihHbIH Mac111Ta6 Tiepe,IJ,aHHOro 11MTIYJibCa B 8JieMeHTapHOM Tipo

u;ecce )KeCTKoro pacce5IHH5I II B CTPYKTYPHhIX q>yHKIJ;H5IX. B TaKOM cu;ettap1111 

TipIIK11,Il,O'IHbie pac'IeThI cpa3y ,IJ,aIOT TIOHII)KeHIIe Bepo5ITHOCTII p0)K,Il,eHII5I ua 

HeCKOJibKO TI0p5I,Il,KOB BeJIII'IIIHhI, 3a C'IeT o6pa3oBaHII5I MaCCIIBHOro TipOMe)Ky

TO'IHOI'O KX,Il;-cocT05IHII5I. JII060TibITHO, 'ITO, eCJIII TipIIHIIMaTh 8TII apryMeH

TbI Bcepbe3, ,IJ,JI5I LHC ocTaeTc5I He o<IeHh 6oJih111a5I o6JiaCTh TipocTpaucTBa 

TiapaMeTpOB, KOTopyIO OH 6y,IJ,eT B COCT05IHIIII TIOKpbITh, TIOCKOJibKY Bepo5ITHO

CTH Tipou;eccOB CTaHOB5ITC5I COBCeM H113KIIMII. C ,IJ,pyrou: CTOpOHhI, 8TO TaK)Ke 

03Ha<JaeT, 'ITO C'IIITaIOru;IIeC5I 3aKpbITbIMII B HaCT05Iru;ee BpeM5I o6JiaCTII 8TOrO 

TipocTpaucTBa TiapaMeTpoB (pe3yJihTaThr pa6oThr TiepBoro IJ;IIKJia LHC, CM. 

HII)Ke) Ha caMOM ,IJ,eJie BOBCe He 5IBJI5IIOTC5I 3aKpbITbIMII, TIOCKOJihKY 6bIJIII oc

HOBaHbI Ha 3Ha'IIITeJibHOH Tiepeou;eHKe B03MO)KHOCTII p0)K,Il,eHII5I 9:,Il;. Mbr MO

)KeM Ha,IJ,e5ITbC5I, 'ITO 6y,IJ,yru;11e TeopeTII'IeCKIIe IICCJie,IJ,OBaHII5I TIOKa)KyT, KaKIIe 

paccy)K,IJ,eHII5I 6hIJIII TipaBl1JibHbIMII. HeKOTOphre ,IJ,eTaJIII ,Il,IICKYCCIIII TIO 8TOMy 

BOTipocy MoryT 6b1Th Hail:,IJ,eHhl B [25] II CCbIJIKax K Heil:. 

BTopoe. CJie,IJ,yIOru;ee o6cT05ITeJihCTBo CB5I3aHo co cTa,IJ,II5IMII q>opMIIpoBa

HII5I 111Bapu;IIIIIJib,IJ,OBCKOH 9:,Il; - c6pachIBaHIIeM yrnoBoro MOMeHTa II TipeBpa

ru;eHIIeM Bparu;aIOru;eil:c5I KeppoBcKoil: 9:,Il; B cmu;IIottapttyIO (spindown phase). 

IIocJie Ha'IaJihHOH CTa,IJ,IIII q>opMIIpoBaHII5I II <<06JihICeHirn>> ( «TIOTepII BOJIOC>>) 

lf,Il; CTaHOBIITC5I KJiaCCII'IeCKH CTa6HJibHbIM o6'beKTOM, HO TipO,IJ,OJI)KaeT II3Jiy

'IaTb TIO KBaHTOBOMY MexaHII3MY XoKIIHra. Btta'IaJie c6pacbmaeTC5I yrJioBou: 

MOMeHT, II Ha 8TOH CTa,IJ,IIH Heo6xo,IJ,IIMO Y'IIITbIBaTb 3aBIIC5IIIJ;11e OT CTIHHa 

II3Jiy<IaeMhIX <JaCTHIJ; TIOTipaBKII Ha<<cepoTeJibHOCTh» H3Jiy<IeHII5I (gray body 

factors, IIJIII GBF), TO ecTh OTKJIOHemre sttepreTH'IeCKIIX cTieKTpOB pacTia,IJ,-
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HbIX qacTnu; OT rnmHK0BCKHX, rrpncyiu;nx II3JiyqeHHIO qepHoro TeJia. GBF 
,[\JI5I pa3Hb!X THII0B II3JiyqeHHb!X qacn1u;, B 3aBHCHM0CTH OT HX CIIHHa, rra

paMeTpH3YIOT II0TeHIJ;HaJibHbie 6apbepb! B 0KpeCTH0CTH l.J,1], ,[\Jl5I pa3JIJiqHb!X 

MO,[\ Il3JiyqeHH5I H 3amICb!BaIOTC5I B BH,[\e [26]: 

dNs,l,m 

dwdt 
1 rs,l,m 

21rexp(w/TH) =f 1) (10) 

,Ll,aJibHeitrrrne pe3yJibTaTbl ,[\Jl5I qacTHQ pa3H0ro CIIHHa (0, 1/2, 1) rrpnBe

,[\eHbl B [27]. Cyiu;ecTBYIOT TaK)Ke 6oJiee ToqHbie pe3yJibTaTbI ,!J,JI5I GBF, rroJiy

qeHHbie He,[\aBH0 c rrpHBJieqeHneM CTpyHH0i1 TeXHHKH BbJqncJieHni1 [28]. Tio 

a6cOJIIOTHOi1 BeJinqnHe 3TH rrorrpaBKil He CT0J!b BeJIHKH, KaK 3HaqnTeJibHbie 

IIOTepn Ha HeyrrpyrocTb rrpn cpopMHpOBaHHII ropH30HTa, orrncaHHbie B rrep

B0M rryHKTe. <PaKTnqecKH, 0HH He rrpeBblll!aIOT 10-20 %. TeM He MeHee,-HX 

CJie,[l,yeT yq11Tb1BaTb, Il He Ka)KeTC5I HeB03M0)KHb!M (rrpn Ha6ope ,[\0CTaToqHoi1 

cTaTnCTHKn), qTo LHC 6y,!J,eT crroco6eH rroqyBcTB0BaTb 3TH BKJia,[l,bI. 

TpeTbe. <PHHaJibHa5I IIJiaHK0BCKa5I CTa,[\H5I 0CTaBJI5IeT p5I,[1, B0IIp0C0B, Ha 

K0T0pbie B HaCT05IIIJ;ee BpeM5I He MoryT 6b!Tb II0JiyqbJ ncqep1Ib1BaI0iu;11e 0T

BeTbl. Ceitqac cyiu;ecTByeT HeIIJI0Xa5I ( Ha B3rJI5I,[\ TeopeTHKOB) CTerreHb K0p

peKTH0CTil. Il II0HHMaHH5I B orrncamrn BTopoi1 II TpeTbeit cpa3 3B0JIIOIJ;Illl -

spindown phase H X0KHHr0BCK0ro 113JiyqeHH5I C yqeT0M 0TKJI0HeH11i1 OT IIJiaH

K0BCKHX crreKTp0B. Heorrpe,[1,eJieHHOCTII, CB5I3aHHb!e C rrpou;ecC0M cpopMIIpOBa

mrn, o6cy)K,[l,aJIHCb B rrepB0M rryHKTe. Ho BIIJI0THYIO K rropory p0)K,[l,eHH5I l.J,l], 

M13}F, K0T0pblll ,[\0CTHraeTC5I B rrpou;ecce IlC1IapeHII5I, cyiu;eCTBeHHblll BKJia,[\ 

MoryT ,[\aBaTb KBaHT0Bbie rrorrpaBKII ( 0TH0Cl!TeJibH0 K0T0pb!X B ,[\aHHblll M0-

MeHT ne nMeeTc5I nnqero, KpoMe 06iu;11x coo6pa)KeHni1 06 nx HaJinqn11). Ha 

TeKyiu;ei1 CTa,[\IIIl Hall!ero II0HHMaHH5I rrpou;eccoB C Ml.J,LI, Mb! M0)KeM ,[\0Bep5ITb 

BeCbMa rpy6b!M ou;enKaM B aCHMIIT0THqecK0M pe)KHMe E >> MnJP, K0T0-

pbli1, cy,!1,5! rro BCeMy, He,[l,ocTH)KHM Ha LHC. EcJin )Ke, qTo BeCbMa Bepo5ITHO, 

Mb! 6y,[l,eM Bb!HY)K,!1,eHbl 3a6b!Tb O KBa311KJiacc11qecKHX o6'beKTax Il 3aH5ITbC5I 

T0J!bKO JierKIIMil l.J,1], C MaJIOit 3HTporrnei1, pmK,[\eHHblMH B6JIH3Il rropora, TO 

HaM rrpH,[1,eTC5I CTOJIKHYTbC5I C KBaHT0Bb!MH l.J,l], (Kl.J,LI,) - 06'beKTaM11, ,[l,JI5I 

OIIHCaHII5I KOTOpb!X Tpe6yeTC5I KBaHTOBa5I rpamITaIJ;II5I, HayKa, KOTOpoi1. rroKa 

He cyiu;ecTByeT. Tio3TOMY TO, qTo Mb! MO)KeM C,[l,eJiaTb II0Ka - 3TO MO,[l,eJibHb!e 

ou;enKII II BapIIaHTbl cu;enap11eB, Ka)KyIIJ;IIXC5I rrpaB,[\OIIO,[l,06Hb!MII (no C0BCeM 

He o65I3aTeJibHO 5IBJI5IIOIIJ;IIXC5I TaKOBbIMH Ha ,[\eJie). l.JyTb II0,[1,po6Hee 0 Kl.J,U 

6y,[l,eT CKa3aH0 B CJie,[l,yIOIIJ;eM rraparpacpe, a TYT BepHeMC5I K TeMe Q)IIHaJibHOll 
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rrJiaHK0BCK0i1 CTa,[\Hil II K B0rrpocy, KaKHe 3aK0Hbl coxpanemrn, o6ycJIOBJieH

Hbie CO0TBeTCTBYIOIIJ;HMH cpyH,!l,aMeHTaJibHb!MII CHMMeTpII5IMH, ,[\OJl)KHbl ,[\JI5I 

Hee ,[l,ei1cTBOBaTb. O6iu;errpIIH5ITa5I TQqKa 3pemrn rJiaCHT, qTo, BOo6iu;e r0BOp5I, 

HII 0,[\Ha Il3 cpyn,[l,aMeHTaJibHb!X KBaHT0Bb!X CIIMMeTpIIi1, Ha KOT0pb!X CTpOHT

C5I KBaHT0Ba5I TeOpII5I TIOJI5I, He o65I3aTeJibHa <<K IlCTIOJIHeHIIIO>> B npou;eccax C 

l.J,U. Tipe)K,[l,e Bcero, 3T0 KacaeTC5I CIIMMeTpIIi1 apoMaT0B Il C00TBeTCTBYIOIIJ;HX 

MH0roqIICJieHHb!X rrpaBIIJI OT6opa, ,[l,ei1cTBYIOIIJ;HX ,[\JI5I K0HeqHbIX C0CT05IHIIi1 

B o6bJqHb!X npou;eccax CTaH,[1,apTHOi1 M0,[\eJIII B3aHMO,[l,ei1cTBIIi1. ,UeMOKpaTIIq

Hblll pacna,[I, l.J,l], na Bee onu;nn CM anpnopII o3naqaeT, qTo neT HIIKaKIIX 

npaBIIJI oT6opa, II Bee qacTIIIJ;bI CM MoryT p0)K,!J,aTbC5I O,!J,H0BpeMeHH0. 

,UaJiee, 3TO )Ke KacaeTC5I necoxpaneHII5I 6a30Bb!X aMIITIIBHb!X KBaHTOBb!X 

qIIceJI: JieTIT0HH0ro, 6apIIOHHOro q11cJia II KOM6IIHIIpOBaHHb!X BapIIaHTOB. Ba

pIIaHTbl C coxpanenIIeM 3ap5I,!1,0B Ka)KyTC5I HIIqeM He BbI,[\eJieHHb!MII, no cpaB

HeHHIO C BapnaHTaMII C HecoxpaHeHHeM, TI03TOMY npH MO,[\eJIHpoBaHIIII cpII

naJibHOi1 CTa,[\IIH 3BOJIIOIJ;IIII l.J,l], (nanpIIMep, C TIOM0IIJ;bIO renepaTopoB co6b!

TIIi1) ne ocTaeTc5I nnqero ,!1,pyroro, KpoMe KaK rrepe6paTb Bee cu;eHapIIII KaK 

paBHOBep05ITHbie. KaK roBOpIIJIOCb B naqaJie, Ha TIJiaHKOBCKOi1 CTa,[\IIII l.J,l], 

3aKaHq11BaeT CBOe cyiu;ecTBOBamie pacna,[\0M Ha HeCKOJ!bK0 qacTIIIJ; (npIIH5I

TOe K0JIHqecTB0, ,[\Jl5I pa3yMHb!X 3naqenIIi1 Mace - OT 2 ,[\O 5). I1 B crreKTpe 

3TIIX qacTIIIJ; HeT HIIKaKIIX C,[1,ep)KIIBaIOIIJ;IIX IIJIII orpaHIIqIIBaIOIIJ;IIX cpaKTO

poB, K0HTp0JIIIPYIOIIJ;IIX IIX C0BMeCTIIOe B03HHKHOBemie. TiycTb C II,[\eOJI0rII

qecKoi1 T0qKII 3peHII5I 3T0 Ka)KeTC5I MaJI0IIpIIBJieKaTeJibHbIM, HO Mb! Bee paB

H0 He IIMeeM B ,[\aHHblll M0MeHT HIIKaKIIX opneHTIIpOB, qTQ HY)KHO cq11TaTb 

rrpaBIIJ!bHbIM, a qTo - HeT. Tio3TOMY, ,[l,a)Ke 3aQ)IIKCIIpOBaB KaK BXO,[\Hbie ,[\aH

Hb!e ,[\Jl5I pacqeTOB IIJIII K0MIIbIOTepnoro MO,[\eJIIIpOBaHII5I reoMeTpIIIO IIOJIIIOro 

rrpocTpaHCTBa-BpeMeHII, 3HaqeHIIe cpyn,[\a:MeHTaJibHOro MaC1IITa6a rpamITa

u;1rn:, MIIHIIMaJibHYIO Macey l.J,l], II q11CJI0 ,[\OIIOJIHIITeJibHb!X II3MepeHIIi1 (T.e., 

Bp0,[1,e 6b1, 3a,[\aB Bee rrepeMeHHb!e II3 rrpocTpaHCTBa rrapaMeTpoB), Mb! BCe 

paBHO IIOJiyqnM Ha Bb!X0,[\e u;eJiblll Ha6op B03MQ)KHOCTei1, Ka)K,[l,a5I II3 K0T0-

pb!X OTBeqaeT pa3Hb!M cu;eHapH5IM ,[\Jl5I ,[\OIIYCTIIMb!X qacTIIIJ; Ha IIJiaHKOBCK0i1 

CTa,[\IIII. Eiu;e Il3 IIHTepeCHb!X B03M0)KH0CTei1 - o6pa30BaHIIe rrpoMe)KyToq

Horo KBaHT0Boro C0CT05IHII5I, rrpe,[1,ll!eCTBYIOIIJ;ero pacrra,!J,Y l.J,l], - CTPYHHOro 

lllapa ( CM. HII)Ke), JIII6o cpopMIIpOBaHne HeHa6JIIO,[\aeMoro OCTaTKa, He Hecy

iu;ero Ha ce6e 3ap5I,!J,bI CM II He B3aIIMO,[l,ei1cTBYIOIIJ;ero c Beiu;ecTBOM ,[l,eTeKTopa 

[29]. TaKIIe 0IIIJ;IIII TO)Ke ,[\0Jl)KHbl 6b!Tb rrpocqnTaHbI, II0CK0J!bKY, 0II5ITb-TaKII, 

HeT OCHOBaHIIi1 cqIITaTb IIX HeB03M0)KHb!MH IIJIII MaJI0Bep05ITHblMH. 
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l.JTo KacaeTC51 HecoxpaHeHl151 3Hepr1111- 11MTIYJibCa, TO B MH0I'0MepHb!X Teo-

p115IX, paccMaTp11BaeMb!X C '-leTblpexMepHoti T0'-IKl1 3peHI151 , OHO TI0,D,pa3yMe

BaeTC51 anp11op11 , nocK0JibKY Bcer.n,a pa3pewetto 113Jiy'-lem1e KK-Mo.n, rpaB11-

T0H0B B ,D,0n0JIHHTeJibl-lbie 113Mepe!-fl151. 

q eTnepToe. ,Il,JI51 n0JIH0Tbl M0)KJ-10 BCn0MHI1Tb 11 .n,pyr11e <paKTOpbI , BJi l1-

5110ll.l,11e Ha paHHJ1e ou,eHKI1 p0:>K,D,eHl151 KBa311KJiaCCl1'-!eCKl1X l.J,II, 11 MeH5IlOllJ,11e 

HX Ha 6oJiee neCC11Ml1CTl1'-IJ-lble. B '-laCTH0CTI1 , CB0IO P0Jib 11rpaeT 1-1eonpe

.n,eJieHH0CTb B onpe.n,eJieJ-11111 <pyH,D,aMeHTaJibHOI'O MacwTa6a - pa3Hbie '-111C

JJeHHbJe K03<p<p11u,11eJ-1Tbl 113 KOM611Hau,Ht1 ,D,B0HKl1 11 7r B KaKot1-T0 CTeneH11 

B ,D,ei1CTBl111 MH0I'OMep1-10/1 rpaBHTau,I111. B pa3HbJX pa6oTax 11Cn0Jib3YIOTC51 

pa3Hble H0pM11p0BKl1 ,D,JI51 MH0I'0Mep1-1oro .n,etiCTBl151 11 n ocJie,D,yI0ll.l,et1 KaJiyu,a

KJI5Il1H0BCK0t1 ,D,eK0Mn0311U,H11 , '-!TO 11 npHB0,D,11T K B03!-111KH0BeHI1IO ,D,0TI0JIHl1-

TeJibl-JbI X M H0:>KJ1TeJiet1 n op51,D,Ka e,D,11Hl1U,bl n p11 o6paTHOt1 Macce TIJiaHKa, x a 

paKTep113y1oll.l,eti 11HTeHCl1BH0CTb B3a11M0,D,et1CTBI151. Pa3yMeeTC51, H0pM11p0BKl1 

1-JHKaK He MeHmOT {pl13HKY, HO 01-111 MeH5I!0T a6comOTHOe 3Ha'-le1-111e <pyH,D,aMeH

TaJibH0I'0 napaMeTpa B II0JIT0pa- .n,Ba pa3a. 8TOT Ka)l<yll.l,11/1c51 HeCyll.l,eCTBeH

HblM M0Mewr Ha caM0M ,D,eJie cepbe3H0 MeH5IeT CJ.1Tyau,1110 ,D,JI51 1-1a6JI!O,D,aeMOCTl1 

c11r11aJI0B OT KBa311KJiacc11'-!ecKHX l.J,II, Ha L H C, rroToMy '-ITO ,D,a)l(e He CJI11w

K0M BbIC0Koe 3Ha'-!eH11e M = 4 T3B y:>Ke Jie)l(11T 3a npe,D,eJiaM11 B03M0)l(H0CTeti 

ycKop11TeJI51 (c y'-leT0M Tpe60BaH1151 MJ!jjp 2'. 5M). TaK:>Ke M0)l(J-I0 paccMoT

peTb ,D,0n0JIHl1TeJibl-lbie Kp11TepmI ,D,JI51 3HTp0nl1l1 11 np. ,Il,aJibHet1wy10 ,D,11CKyc

Cl1 I0 H op11e1-JTl1pbl ,D,JI51 .n,eTaJibH0I'0 113yc1eHl151 3Tl1X npo6JieM CM., Hanp11Mep , 

B pa6oTe [23]. 

AJihTEPHATMBHbIE OB'bEKTbI Cl1JlbHO,II,El1CTBYIOII.I,El1 

r P ABMT AIJ;l1l1 

BbIWe Mb! C n0M0ll.l,blO 3HTpon11i11-JbIX apryMeHT0B 3a<pl1KC11pOBaJil1 3Hep re

TH'-leCKI1t1 MacwTa6, Ha K0T0p0M CTaJ-I0BHTC51 B03MQ)l(J-lb!M p0)l(,D,e1-111:e KJiaC

Cl l 'IeCK0ti l.J,II,. O.n,1-1aKO l1HTepec1-10 TI0CM0TpeTb, '-!TO npo11CX0,D,11T np11 o6paT

H0M CMell.l,e111111 BHl13 no WKaJie 3Hepr11:t1, BTIJI0Tb ,D,O noporoBoro 3 I-Ja'-!eHl151 

Jvl 11 lleMH0I'0 HH)l(e. Pe:>KHMbl «0K0JI0nJiaHK0BCK0I'0>> H TpaHCTIJiaHK0BCK0I'0 

pacce5IHl151 YJibTpapeJI5ITl1B11CTCKl1X '-lacn1u, C p0CT0M 3Hepr1111: ,D,0JI)l(Hbl ne

peX0,D,HTb .n,pyr B .n,pyra H (B 11.n,ea11e) I'Jla,D,K0 CWl1BaTbC51 B T0'-!Ke nepexo,D,a. 

EcJIH C'-IHTaTb, '-!TO np11 3Hepnmx nop51,D,Ka cpy1-1.n,aMeHTaJibHOI'O MacwTa6a 

Ha'-111HaeTC51 Henocpe,D,CTBeHH0 o6JiaCTb .n,et1CTBl151 KBaHT0B0t1 rpaBHTau,1111, H 
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eCJil1 TI0JiaraTb TaK)l(e , 'ITO KoppeKTJ-I0e on11catt11e KBaHT0B0t1 rpaB11Tau,1111: 

npe.n,ocTaBJI5IeT Teop1151 cTpyH (TC) , TO cyll.l,eCTByeT ell.l,e 0,D,Ha Ba:>KHa51 Be

JII1'-!11Ha - cTpy1-11-1b1t1 MacwTa6 Ms, npe,D,wecTBYIOll.\11t1 cpyH,D,aMeHTaJibHO

MY MacwTa6y MH0I'0MepH0t1 rpaBl1TaU,l111. Ott CB513aH C nocJie,D,I-IHM C00T

H0Wem1eM no nop51,D,KY BeJil1'-111Hbl M 11+2 ~ Ms+2 I 91 , r,D,e gs - CTpyHHa51 

K0HCTaHTa CB51311 , K0T0pa51 ,[l,JI51 BbITI0JIHeHI151 ycJI0Bl151 CJia6ol1 CB51311 ,D,0JI)l(

Ha 6bITb MeHbWe e,D,11H11U,bl ( o6bl'IH0 B Haw11x Bbl 'IHCJieI-Jl15IX np11HHMaeTC51 

paBII0t1 0.4). ,Il,JI51 Ml1Hl1MaJibH0 ,D,0nycTHM0t1 MaCCbl KBa3HKJiaccw1ecKol1 l.J,II, 

eCTb ,D,pyra51 ou,eHKa no nop51,D,KY BeJIH'-111Hbl , noJiy'-leHHa51 B CTPYHH0t1 Te0-

p1111 rpaB11Tau,1rn: MJ!jjp ~ Ms/g; [30]. B o6ll.l,eM M0:>KH0 3an11caTb, '-!To 

Ms < M < Ms/gs < Ms/g1. BeJI11'-!11Ha Ms/gs xapaKTep113yeT Macwm6 

np11MeHHM0CT11 nepTyp6aTHBHOt1 TC H BbIX0,D, Ha yt111Tap1-1b1l1 npe,D,eJI [31] . 
CxeMaT11'-1eCKl1 nepeX0,D, pa3JI11'-IHbIX pe:>Kl1M0B ,D,pyr B .n,pyra 11306pa)l(eH 

Ha p11cyHKe 4. C p0CT0M 3Hepr1111 CTOJIKH0BeH11Pi '-leTbipexMepHoe pacce51-

Hl1e 'laCT11U, ,D,0JI)l(H0 CMeH51TbC51 MH0I'0MepHb!M pacce5IHJ1eM CTPYH , K0T0poe 

B T0'-!Ke nepexo.n,a xapaKTep113yeTC51 3HepreT11'-leCKHM MacwTa6oM Ms. ,II,anee 

3T0T pe:>KHM nepeX0,D,11T B cpopM11poBa1-me Cl1JibHOB036y)l(,D,eHHblX C0CT05IH11t1 

,D,Jil1HHbIX <<3anyTaHHbIX>> cTpytt , Ha3bIBaeMbIX cTpyHHbIMl1 wapaM11 (string 

balls) 11:, 0,D,H0BpeMeHH0, M0)l(H0 0)l(l1,D,aTb p0)l(,D,eH11e KK-MO,D, rpaB11T0H0B . 

M, HaK0Heu,, np11 3aMeTH0M y.n,anett1111 OT n opora rpaBHTau,11 11 pean113yeTC51 

pe)l(l1M MH0I'0MepHb!X KBa3HKJiaCCl1'-leCKl1X '-lepHbIX ,D,bl p , K0T0pbIPi , no co

BpeMeHHb! M TI0I-151Tl15IM, 3aBepwaeT KapT11HY pacce5IHl151. 

particle 
scattering 

E 

~ - -~ 

string scattering 
string ball black hole 

P 11 c . 4. CMetta pe)K!IMOB H cpop~mpoBaHHe pa3.11H'-IHbIX c o c T051HHtl B TpaHcnnaH

KOBCKOM BbICOK03HepreTH'-!eCKOM pp- pacc e5111HH . 

Tiepsoe Ka'-leCTBettttoe 06cy)l(,D,em1e CTPYHHoro pe)l(11Ma pacce511-11151 Ha 

LHC, npe.n,Bapmoll.l,ero KJiaCCH'-lecKoe po:>K.n,em1e l.J,II, , 6bIJIO c.n,eJiaHo B pa-

6oTe [32], a ,D,eTaJibHbie ou,eHKl1 Ce'-!eH11Pi p0)1(,D,eHl151 ,D,JI51 K0HKpeTHb!X ycJI0-

B11t1 LHC (cBeTHMOCTb, 3Hepr1151 CTOJIKHOBeH11ti) - B pa6oTe [21]. YcJioBI1e 

HaCTp0l1Kl1 pe)l(l1M0B, HJil1 T0'-!Ka nepexo.n,a, B K0Topot1 p0:>K,D,eH11e l.J,II, ne-
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pexo~IIT B pmK~eHne CUI' B 3TIIX pa6oTax 3a~aBaJIOCb TO'IHbIM paBeHCTB0M 

MJ'l}F = Ms/ g1 ( a He 011,eHKOit no nop5I~KY BeJUI'IIIHhr, T.e. K03cpcp11,nenT npo

nop11,noHaJihHOCTlI 6hIJr BbI6pan paBHbIM 1), ~JI5I KOToporo ocyII.J,eCTBJI5IJiaCb 

nacTpoitKa u(SB)IMss=Ms/g1 = u(BH)IMsH=MsH/g1· Tor~a ce<ienne po:>K

~eHII5I CUI napaMeTpII3yeTC5I B 3aBIIClIMOCTII OT ::meprnn B3aIIMO~eitCTBII5I 

(rpy6o paBnoit Macce CUI MsB), KaK: 

{ 

...!!..... (MBH) n!, [f(n)]2 Ms_ < M 
Af2 M 'tr - EH 

2 s 

u(SB/ BH) = A;2 ( M¾g~) n+i [f(n)] 2 
= -th [J(n)]2

, ~: :S MsB '.S ~f 
1rgL,1§s [f(n)] 2

, Ms« MsB « !:/:-
3~ecb BBe~eno 0603na<ienne ~JI5I KpaTKOcTn: 

. f(n) = ( 2nn~I' (~)).n~l 
n+2 

a n - <incJio ~onoJIHIITeJihHhrx II3MepeHnit. YcJioBne Ms « MsB « 
Ms/ gs cooTBeTcTByeT pe)KIIMY paccemrn5I CTPYH ( c xapaKTepnhIM noBe~e-

nneM s/M'J;). ,Ll;aJiee, no ~OCTII)KeHIIIO 3Ha<ieHH5I 3neprnn Ms/gs, ce<ienne 

BbIXO~IIT Ha ynnTapHbIH npe~eJI II coxpaH5IeT nOCT05IHHOe 3Ha<ieHIIe, BnJIOTb 

~o TO'IKII nepexo~a, B KOTopoit 3aMeH5IeTc5I na ce<ienne po)K~eHII5I q,lJ;_ TipII 

MO~eJIIIpOBaHirn 3TIIX npo11,ecc0B C nOMOII.J,blO cneI.J,IIaJIII3IIpOBaHHhIX reHepa

TOpOB co6bITIIH (cM. HII)Ke) CIIIIIBKY ne y~aeTC5I c~eJiaTb rJia~Koit, nOCKOJibKY 

II3Ha<iaJibHO B ycJIOBirnx nacTpOHKII 6bIJIO 3aJIO)KeHO npe~nOJIO)KeHIIe O TO'I

HOM paBeHCTBe ce<ieHIIit CUI II q,Ll;, a ne npH6JIII)KeHHOM no nop5I~Ky BeJIII

'IIIHhr. Hey<iTeHHbie (n, Boo6II.J,e rOBOp5I, HeII3BeCTHbre) KBaHTOBbie nonpaBKII 

lI OT6paChIBaHIIe ~pyrIIX TOHKIIX MOMeHTOB [31] npIIB0~5IT K TOMY, 'ITO Ha 

rpacpIIKax ce<ieHIIH BCer~a OCTaIOTC5I <<BhI6pocbI>> B TO'IKax CIIIIIBKII, KOTO

pbre HeB03MO)KH0 ycTpaHJITb HIIKaKIIM BhI6opoM 9s- O~naKo OHII 5IBJI5IIOTC5I 

JIIIIIIh apTecpaKTOM HaIIIero ne~OCTaTO'IHOro 3HaHII5I ~eTaJieit nepeKJIIO'IeHII5I 

pe)KIIMOB II OTCYTCTBII5I nOJIHOH TeopIIII ~JI5I onIICaHII5I. TipII B03HIIKHOBeHIIlI 

TaKOBOH OHII ~OJI)KHbl IIC'Ie3HYTb. 

Ha KapTIIHKe 4 He nOKa3aH ::mepreTII'IeCKIIH pe)KIIM, B KOTopoM cpopMII

PYIOTC5I KBaHTOBbie <iepHbie ~blphr, T.e. o6'beKThI, pO)K~eHHhie B6JIII3II nopora 

rpaBIITaI.J,IIII, C MaJihIMII MaccaMII II 3Ha<ieHII5IMII 3HTpOnIIII. KaK y)Ke roBopn

JIOCh, 3TO ~OJI)KHO cJiy<iaTbC5I B IIHTepBaJie 3Ha<iennit M :S MQBH :S M8j;, 

M. B. CABMHA 151 

T.e. ~JI5I Mace MQBH, KOTOphre 6oJibIIIe cpyH~aMeHTaJibHOro MaCIIITa6a (n, 

COOTBeTCTBeHHO, 6oJibIIIe Ms), HO MeHbIIIe MIIHIIMaJibHO ~onycTIIMOH MaCChI 

KBa3IIKJiaCCII'IeCKOH q,lJ;_ KaK npII 3TOM COOTHOC5ITC5I ~pyr C ~pyroM MaC

uITa6 ~JI5I Kq,Ll; II <<KOHKypIIpy10II.J,nit>> c HIIM cTpynnhrit MacIIITa6 Ms/ gs, 
OTBeTCTBeHHbIH 3a nepexo~ K CUI, 3aBe~OMO TO'IHO OTBeTIITb HeJib35I, HO 

MO)KHO nonhITaTbC5I c~eJiaTh 011,eHKII, y<iIITbIBa5I nonpaBKII HII3IIIIIX nop5I~

KOB K ~peBeCHbIM npo11,eccaM. 11 B006II.J,e HY)KHO eII.J,e pa3 no~<iepKHYTh, 'ITO 

BCe COOTHOIIIeHII5I ~JI5I CTpyHHhIX MaCIIITa6oB, cpyn~aMeHTaJihHOrO rpaBHTa-

11,IIH II MIIHHMaJibHOro ~JI5I p0)K~eHII5I KJiaCCH'IeCKHX q,Ll; c~eJiaHbl no rrop5I~KY 

BeJIII'IIIHhl. Onu MOryT H 6y~T noJiy<iaTb rrorrpaBKH, BKJia~ KOTOpbIX MO)K

HO nOIIbITaTbC5I 011,eHHTb [31]. qTO CJIY'IHTC5I paHbIIIe no 3HeprII5IM, a 'ITO 

- n03)Ke, II OCTaHeTC5I JIII KaKoe-TO OKHO ~JI5I CTpynnoit cpII3HKII, IIJIII )Ke' 

cpa3y B03HIIKHeT CIIJibHa5I rpaBIITaI.J,II5I, IIJIII, nanpOTIIB, CTPYHHbIH MaCIIITa6 

oKa)KeTc5I TaK BhICOKO no 3neprII5IM, 'ITO ~a)Ke CUI oKa)KyTc5I na npe~eJie 

B03MO)KHOCTeit LHC, a q,Ll; II BOBce yit~T ~aJieKo 3a rpanIIey - 3amrcIIT 

OT 3TIIX nonpaBOK, a TaK)Ke OT BeJIII'IIIHbl gs, KOTOpa5I 5IBJI5IeTC5I Ba)KHbIM 

yrrpaBJI5IIOII.J,IIM rrapaMeTpOM B 3TOM KOHrJIOMepaTe pe)KIIMOB II MaCIIITa6oB, 

pacnoJIO)KeHHhIX 6JIII3KO ~pyr K ~pyry. 

Y<iIIThIBa5I cooTHOIIIeHII5I, BhITIIIcannhre BhIIIIe, IIMeeM M8j; = Ms/ g~ •= 

~M. 113 ycJIOBII5I no BeJIII'IIIHe 3HTpOIIIIII ~JI5I MIIHIIMaJibHOH MaCChl q,Ll; cJie

~eT, 'ITO ~ rv 5. Bee npoMe)KyTO'IHbie pe)KIIMbl OTBe<iaIOT 3Ha'IeHII5IM ~' 

MeHhIIIIIM 5, HO 6oJibIIIIIM 1. Mo)KHO CKa3aTb, 'ITO Bee 6oraTCTBO aJibTep~ 

naTIIBHhIX B03MO)KHOCTeit, BKJIIO<ia5I Kq,Ll; II CUI, ~OJI)KHO yKJia~hrnaThC5I B 
2 n+2 

~IIana30H (2-3)~- EII.J,e MO)KHO noJiy<iIITh Ba)KHbie COOTHOIIIeHII5I 98 = 1/~n+i 
II M = ~nt1 Ms [31]. Pa3yMHO BblrJI5I~5III.J,IIe 011,eHKII ~aIOT MsB > 3Ms. To

r~a MO)KHO rrpoaHaJIII3IIpoBaTh 3aBIICIIMOCTb OT BeJIII'IIIHhl gs; TipII CJIIIIIIKOM 

6oJihIIIIIX ( HO MeHhIIIIIX e~IIHIII.J,hI, KOHe'IHO) 3Ha<ieHII5IX CTPYHHOH KOHCTaHThl 

CB5I3II BeJIII'IIIHa Ms yxo~IIT ~OBOJibHO BbICOKO no 3HeprII5IM, npIIMepno na 

BepxHIIit Kpait ~OCTII)KIIMoro Ha LHC, TaK <iTO po)K~eHIIe q,Ll; II, Bepo5ITHee 

Bcero, Kq,Ll; CTaHOBIITC5I COBCeM MaJIOBep05ITHhIM, XOT5I H OCTaBJI5IeT nae C 

B03MO)KHOCThIO IIHTepecHeitIIIero pacce5IHII5I cTpyn II cpopMnpoBaHII5I CUI. 

HarrpoTIIB, npII yMeHhIIIeHIIII gs Bem1<i1rna M <<npII)KIIMaeTC5I>> K Ms, II ~JI5I 

np05IBJieHIIH CTpyHHOH <.pII3IIKII He OCTaeTC5I MeCTa, nocKOJihKY npaKTII'IeCKII 

cpa3y BKJIIO<iaeTC5I pe)KIIM CIIJibHOH rpaBIITaI.J,IIII. ,lJ;JI5I narJI5I~HOCTII 'IIICJieH

Hhie '011,eHKII CBe~eHbl B Ta6JIIII.J,bl 1 II 2. 3aBIICIIMOCTb ce<ieHH5I pO)K~emrn 

~JI5I <iepHbIX ~brp, CTPYHHbIX IIIapoB II p-6pan OT 3HeprIIII B3aIIMO~eitCTBirn 

CTaJIKIIBaIOII.J,IIXC5I npOTOHOB nOKa3aHa ~JI5I npIIMepa Ha pIIC. 5. 
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Ta6JUll_\a 1. 3 Ha'-leHIDI MaCWTa6HblX napaMe-rpos 11 CTPYHHOtl KOHCTaHTbl 9S np11 

Bb16ope Ms= 11:'::iB 

~ = 5 ~ = 3.4 ~=2 
gs= 0.34 gs= 0.44 gs= 0.63 

n=2 
M = 1.70 M = 1.50 M = 1.26 

Ms/g; = 8.65 Ms/g; = 5.16 Ms/g; = 2.52 
f (2) = 0.9086 

gs= 0.37 gs= 0.46 gs= 0.65 

n=3 
M = 1.50 M = 1.35 M = 1.19 

Ms/g; = 7.30 Ms / g; = 4.73 Ms/g; = 2.37 
f (3) = 1.3375 

gs= 0.40 gs= 0.50 gs = 0.67 

n=6 
M = 1.30 M = 1.19 M = 1.10 

Ms/g; = 6.25 Ms/g; = 4.0 Ms / g; = 2.23 
f (6) = 2.4422 

Ta6m,1l_\a 2. 3Ha,,e,rn51 MaCwTa6HblX napa,ieTpOB 11 c-rpy HHOll KOHCTaHTbl 9S np11 

Bb16ope Ms =_2 T::iB 

~ = 5 ~ = 3.4 ~=2 
gs= 0.34 gs= 0.44 gs= 0.63 

n=2 
M = 3.40 M=3.0 M = 2.52 

Ms/g;=17.3 Ms/g; = 10.3 Ms/g; = 5.0 
f (2) = 0.9086 

gs= 0.37 gs= 0.46 gs= 0.65 

n=3 
M=3.0 M = 2.70 M = 2.38 

Ms/g; = 13.10 Ms/g; = 9.45 Ms/g; = 4.73 
f (3) = 1.3375 

gs= 0.40 gs= 0.50 gs= 0.67 

n=6 
M = 2.60 M = 2.38 M=2.2 

Ms/ g; = 12.50 Ms / g; = 8.0 Ms/g; = 4.45 
f (6) = 2.4422 

1~ 

1if 

1if 

1if 

i if ~1 
0 

101 

1~ 

1~ 

10-2 
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• 

10 20 

Mo= 1.5 TeV 

--- SB 
--- p- brane 
-- BH 

n=6 (upper) 
n=3 (lower) 

30 40 50 
✓s (TeV) 

60 

Pttc. 5. CeYemie pO)K,!leH1151 ,!\J151 <iepHbIX ,!\bip, CTPYHHbIX w apos 11 p-6paH. l1c

nonb3oBaHbI cne,!\yJOW,11e 3Ha<iemrn: M = l.5 T::iB - ,!\J151 cpyH,!\atieHTaJJbHoro MHO

roMepttoro Macw Ta6a, M8f-? =5M - ,!\J151 MHIHIMaJJbHOtl MaCCbI ,,epHol! ,!\bipb1 , 11 

M8t = 2M, 113 pa60TbI [21 [. 

Pacrra,n, Clll rrpoucxo,n,uT rro Mexam13MY, cxo,n,HoMy c MexaH113MOM 11crra

pett11H li,[I,, 11 TaK )Ke - rrpe11Mylll,eCTBeHHO B '-IaCTHU,bl CTaH,n,apTHOH MO,D,eJil1. 

TeMrrepaTypa Xare,n,optta ,D,JI H ,D,JIHHHOH Cl1JibHOB036y)K,n,eHHOH CTPYHbI BbI

BO,D,11TCH B paMKax COOTBeTCTBYIOill,HX Teop11tl: 11 p aBHa 

Ts= ~s = 0.35Ms _ 
v81r 1r 

TeMrrepaTy pa XoKHHra [12] B TO'-IKe cooTBeTCTBHH Bbipa)KaeTcH qepe3 Ms 
H gs , B CHJIY COOTHOWeHHH 

I I 

n + 1 1 n + 1 ( M ) n + i n + 1 ( 1 ) ;; 
TH=~ Rh = 41rf(n) MsH M-+ 41rf(n) gs Ms. 



154 I1011CK Cl1fHAJIOB OT Ml1KPOCKOITJ1qECKl1X qEPHblX JJ:blP ... 

KaK II ,I\Jrn ceqem1il: II BeJU1q11HbI 3HTpomrn BhIIIIe, ,I\JUI XOKI!HrOBCKOH TeM

ITepaTyphI "ll,II, II xare.n;opHOBCKOll TeMITepaTyphI cw B TOqKe CIIIIIBKII TO)Ke 

ITpe.n;IToJiaraIOTC5! ITPIIMepHO O,I\IUiaKOBhie 3HaqeHil5!. B peaJibHOCTII qilcJieH

Hhie pe3yJihTaTbI ITOJiyqaIOTC5! O,I\HOro ITOP5l.I\Ka, HO C K03cpcpI1IIIleHTOM 6oJib

IIIe e.n;IIHIIIIhI. BoJiee Toro, B cyIIIecTBYIOIIIeM ceTaITe ITPIIHIIIIITilaJihHO HeB03-

MO)KHO TOqHo HaCTpOIITb TeMITepaTyphI ,I\JI5! JII06hIX 3HaqeHilll qilcJia ,I\OITOJI

HIITeJibHhIX Il3MepeHilll n II CTPYHHOH KOHCTaHTbI gs. B qacTHOCTII, HaITpII

Mep, ,I\JI5! n = 6 II gs= 0.4 B TOqKe cooTBeTCTBil5! TifCP) ~ 0.9726Ms/1r, ,I\JI51 

n = 6 II gs = 0.6 IToJiyqI1M HeMHoro MeHhIIIee 3HaqeHile TifCP) ~ 0.85Ms/1r, 

a ,I\JI5! n = 3 II gs= 0.4 - 3HaqeHI1e Tf P) ~ l.378Ms/1r (qilcJieHHhre 3Haqe

mrn 3aBIIC5!IIIero OT qilcJia ,I\OITOJIHIITeJibHbIX Il3MepeHIIH K03cpcpIIIIIleHTa f ( n) 
CM. B ITpIIBe.n;eHHhIX Ta6JIIIIIax). TaK qTo TeMITepaTyphI B TOqKe HaCTpOHKII 

Bcer.n;a 6y.n;yT OTJIIlqaTbC5! He Mettee qeM B TPII pa3a, II XOKIIHrOBCKa5! TeMITe

paTypa Bcer.n;a 6y.n;eT BhIIIIe. 

KaK II B CJiyqae C Herna.n;Koil: CIIIIIBKOll ceqeHilll, 3TII pe3yJihTaTbI rGBOp5!T 

He O HeITpaBIIJibHOCTII ITO,I\XO,I\a, HO O He.n;ocTaToqHOCTII HaCTpOllKII pe)KIIMOB B 

ITpe.n;ITOJIO)KeHIIII TOqHoro COOTBeTCTBil5! C K03cpcpI1IIIleHTOM ITPOITOPIIIIOHaJih

HOCTII 1 (BMeCTO orreHOK ITO ITOP5l.I\KY BeJIIlqIUihI, qTo B03MO)KHO c.n;eJiaTb Il3 

o6IIIIIX coo6pa)Ke!Illll 6e3 TOqHh!X BbJqilcJieHIIH) [16, 31]. 

Bo3BpaIIIa5!Cb TeITepb K KBaHTOBhIM "ll,II,, o6cy.n;IIM BKpaTrre ITO,I\XO,I\hI, IIC

ITOJih3yeMbie ITPII IIX OITIICaHIIII. Ilpe)K.n;e BCero,.KaK y)Ke rOBOpIIJIOCh, HeB03-

MO)KHO TOqHo ITocqI1TaTb xapaKTepIICTIIKII o6'beKTOB TeOpIIII KBaHTOBOH rpa

BIITaIIHII ITPII OTCYTCTBIIII TaKOBOll, MO)KHO IICITOJih30BaTb JIIIIIIb MO,I\eJibHbie 

ITO,I\XO,I\hI. ABTOpbI, 3aHIIMaIOIIIIleC5! 3TOll ITpo6JieMaTIIKOil:, cpopMyJIIlpyIOT CII

TyaIIHIO HeCKOJibKO M5!rqe: OHl! roBOp5!T, qTo OITepI1pyIOT B paMKax 6eccITop

HhIX 6a30BhIX KOHIIe!IIIIlll II HeKOToporo p5!.n;a rrpe.n;rroJIO)KeHilll. K rrepBbIM, 

Bil,I\HMO, MO)KHO OTHeCTII YTBep)K.n;eHile, qTo rrpII rrpI16JII1)KeHI1II K KBaHTO

BOMy rropory ( cpyH,I\aMeHTaJihHOMy MaCIIITa6y rpaBIITaIIIIII) "ll,II, ITepecTaeT 

TpaKTOBaTbC5! TepMO,I\IIHaMI1qecKI1 II HaxO,I\IITbC5! B TepMaJibHOM paBHOBeCllll 

co CBOIIM Il3JiyqeHileM. KBaHTOBb!MII rrorrpaBKaMII y)Ke HeB03MO)KHO rrpeHe-

6peqb, a rrpII rrpeBhIIIIeHIIII KOM!ITOHOBCKOll .n;mmoil: "ll,II, BeJIIlqIIHbl IIIBaprr

IIIIIJih,I\OBCKOrO pa.n;Ilyca caM o6'beKT y)Ke 3aTPY.I\Hl!TeJibHO TpaKTOBaTb KaK 

06Jia.n;aIOIIII1il: orrpe.n;eJieHHoil: TeMrrepaTypoil: II 3HTpOITileil:. ,II,anee .n;eJiaIOTC5! 

yTBep)K.n;emrn, KOTOphre JiyqIIIe xapaKTepH3oBaTh KaK <<orrpe.n;eJieHHhie rrpe.n;

rroJio)KeHHm>. P5!,I\ aBTOpOB BhI,I\BilraeT pa3Hbie O!IIICaHH5! ,I\JI5! COCT05!HIIH, 

ycJIOBHO Ha3hIBaeMhIX K"ll,II, ( BO Bcex cJiyqa51x rrpe.n;rroJiaraeTC5! o6'beKT Ma-
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JIOll MaCCbl B6JII13ll cpyH.n;aMeHTaJihHOro rropora). IlepBblll B03MO)KHblll ITO,I\

XO,I\ 6hIJI rrpe.n;JIO)KeH, HaCKOJihKO HaM ll3BeCTHO, B pa6oTe [33], II 3TO HarrpaB

JieHile c Tex rrop cql!TaeTC5! <<MellHCTpl!MOM>> B K"ll,II,. O.n;HaKO eCTb II .n;pyrue 

ITpe.n;JIO)Kemrn no TpaKTOBKe 3TIIX o6'beKTOB, KOTOphre 6oJiee qeM 3aCJIY)KII

BaIOT BHIIMaHII5!, CM., HaITpIIMep, [34, 35] (B pa6oTax II3 IlOCJie.n;Heil: CCbIJI

KII K"ll,II, OITIICbIBaIOTC5! KaK IICTIIHHO KBaHTOBhie CYIIIHOCTII C ,I\IICKpeTHb!M 

cITe1frpoM Mace). ,II,ocTyrrHa5! ,I\JI5! Ha6JIIO,I\eHII5! cpeHoMeHoJionrn pa3JIIIqaeTC5! 

BO Bcex cJiyqa51x BhIIIIe, qTo HY)KHO yqIIThIBaTh ITPII !IJiaHilpOBaHIIII 3KCITe

pHMeHTOB ITO ITOIICKY K"ll,II, Ha ycKOpIITeJI5!X. B HaCT05!IIIee BpeM5! xopoIIIO 

rrpopa6oTaH II BHe.n;peH B KOJIJia6opaIIIIOHHb!e BbJqIICJIIITeJihHbie IIHCTpyMeH

TbI TOJibKO crrettapilil: TIIITa [33], KOTOpblll 6bIJI .n;eTaJibHO II3yqeH II pa3Bl!T 

B pa60Te [36] II ITpaKTI1qecKII cpa3y peaJin3oBaH B cpI13IIqecKOM reHepaTOpe 

co6hITIIil: po)K.n;eHil5! n pacrra.n;a K"ll,II, (cM. Hil)Ke rrpo rettepaTOphr co6b1TIIil:). 

Crrettapnil: ITpe.n;IToJiaraeT, qTo, BMecTo TepMaJihHoro pacITa.n;a Ha Bee orr

IIIIII CM, KaK ,I\JI5! KBa3HKJiaccIIqecKoil: "ll,II,, K"ll,II, pacrra.n;aeTc5! HeTepMaJihHO 

Ha HeCKOJibKO qacTIIII (2-3 MaKCIIMYM, c ITpeHe6pe)KIIMO MaJihIMII BKJia.n;aMII 

OT 6oJihIIIero qIIcJia qacTIIII B KOHeqHOM COCT05!HIIII), II Ha ITPOT5l)KeH!rn Bee

m ITporrecca cpopMHpoBaHmi II pacrra.n;a o6'heKTa coxpaH5!IOTC5! CIIMMeTp1rn 

CIIJihHOro B3aIIMO,I\ellCTBil5!, 3ap5!,I\ II yrnoBOll MOMeHT (B KaqecTBe OITIIIIII). 

CooTBeTCTBeHHO, ccpopMIIpoBaHHoe II rrpaKTI1qecKI1 cpa3y pacrra.n;aIOIIIeec5! 

COCT05lfllle, B OTJIIlqile OT IICTIIHHOll KJiaccI1qecKOll "ll,II,, <<!IOMHIIT» HaqaJibHble 

qacTIIIIhI, Il3 KOTOpb!X OHO 6bIJIO c.n;eJiaHO. Ilo3TOMY Bep05!THOCTII p0)K,I\eHII5! 

K"ll,II, B TaKOH MO,I\eJIII He paBHhl ,I\JI5! pa3HbIX O!IIIIIH HaqaJihHhIX rrapTOHOB 

qq, qij, qg, gg. KoHeqHbie COCT05!Hil5! B03HIIKaIOT KaK HeITpIIBO,I\IIMbie ITpe.n;

CTaBJieHil5! rpyrrrrhI CIIJihHhIX B3aIIMo.n;eil:CTBIIH SU(3)c c pa3HhIMII 1m.n;1rnI1.n;y

aJihHhIMI1 ceqeHil5!MII II MaCCOBb!MII pacITpe.n;eJieHI15!MII (pIIC. 6 II 7). ,II,orroJI

HIITeJibHO ,I\JI5! pO)K,I\eHil5! K"ll,II, coxpaH5!IOTC5! ITOITpaBKII Ha cpopMI1pOBaHI1e 

o6'beKTa C ITOTep5!MII 3Heprm1 (tteyITpyrOCTb cpopMI1pOBaHil5! ropII30HTa, CM. 

BhIIIIe). TaK qTo B 3TOM ITYHKTe MO,I\eJIIlpOBamie ITporrecCOB MO)KHO .n;eJiaTh 

ITO aHaJIOrm1 C KJiaccI1qecKIIMII "ll,II,. 

IloJIH.hie ceqeHil5! ,I\JI5! K"ll,II, c pa3HhIMII 3HaqeHil5!MII yrrpaBJI5!IOIIIIIX ITa

paMeTpOB ITOKa3aHhl Ha pIIC. 8. 
,Il,ByxcTpyil:Hbie KOHcpilrypaIIIIII KOHeqHh!X COCT05!HIIll ,I\OMIIHIIPYIOT, II B 

aHaJIH3e .n;aHHhIX ,I\JI5! BhI,I\eJieHil5! co6bITilll C K"ll,II, pa3yMHO IIC!IOJih30BaTh 

BeJIIlqJ!HhI, CTaH.n;apT!IO IICITOJih3yeMb!e B aHaJIII3e KOHTaKTHbIX B3aIIMo.n;eii:

CTBllll, B qacTHOCTII, aCIIMMeTpIIIO. 3.n;ecb rrpe.n;rroJiaraeTC5! aCIIMMeTpI15! BbI

JieTa KOHeqHhIX ITapTOHOB B BhI,I\eJieHHbie o6JiaCTII, HaITpIIMep, B o6JiaCTh 
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Pwc. 6. C n eKTP 11H,!J,11Bl1,11,ya.JlbHbIX ce'-!ett11fi Kl.J:,Ll; ,!\JI51 pa3HbIX tta'-la.JlbHbI X nap

TOHOB M pa3Hb!X 3Ha'-!eHHfi 3apS1,!J,a. CttMBOJiaMH u M d o6o3tta<JeHbI ace KBapK11 

Bepxttero 11 Hl1)!<Hero Tl1nOB , COOTBeTCTBe1rno , aHa.nOrH'IHO ,!\Jl51 aHTl1KBapKOB. J13 

pa60Tbl [36]. 

rrceB,[l,06bJCTpOTbl 1771 < 0.5 ITO OTHOruemn o K o6JiaCTJ1 0.5 < 1771 < 1.0 
[33]. 3Ta aCHMMeTp 1151 '-IYBCTBHTeJibHa KaK K caMOMY tpaKTY HaJIH'-!1151 HO

BOH tpH3HKH, TaK 11 K pa3JIH'-IHhIM MO,[1,eJI51M (pO)K,L1,eH11e K1-I,n:, cTpyHHbI X 

B036y)K,[l,eHHbIX COCTO51Hl1H 11 rrp .) ' YTO ITO3BOJI51eT pa3,[1,eJIHTb I'HITOTe3bI H a 

3KCrrep11MeHTe. 

M, HaKOHeu,, IIOCJie,[l,Hee 3aMe'-laH11e CB513aHO C BO3MO)KHOCTb!O TpaKTOBaTb 

K1-I,n: KaK pe3oHaHc, no aHanor1111 c qacT11u,aM11 CM. ,IJ:n,1 3Toro ,[1,OJI)KHO 

BhIITOJIH51ThC51 ycnOB11e, '"ITO BpeM51 )KJ13Hl1 K9,II: T 2'. 1/ MQBH, r,[l,e MQBH -

Macca ctpopM11poBaHHOl1 K9 ,II: rrepe,[1, Ha'-laJIOM H3JiyqeHH51. Mo)KHO rronyq11Th 

COOTHOWeH11e [36]: 1 (M 2(D- 2) 

T = - -- QBH ) D-3 

CM QB H ~ 
D - rroJIHoe q11cno 113MepeH11l1 MHOroMepHoro npocTpaHCTBa, a C - K03tp

tp11u,11eHT, Y'-IHTbIBa10ru,11l1 11HTeHCl1BHOCTb H3Jiy'-leHH51 B pa3Hb!X BapHaHTax 

(,L1,JI51 pa3HOI'O '-ll1CJia ,[1,OIIOJIHl1TeJibHb!X 113MepeH11l1, C yqeTOM <<CepoTeJibHbIX>> 

tpaKTOpOB 11 6e3 HHX, C OTKpb!THMH ,[l,Jl51 113Jiy'-leHH51 ,[l,OITOJIHHTeJibHbIMH H3-

MepeHH51MH 11 3aKpb!Tb!MH H np.) . Tor,[l,a ycJIOBl1e cyru,ecTBOBaHH51 pe3OHaH

ca TpaHctpopM11pyeTC51 B TMQBH ~ 1/C. IIpaKTH'-leCKH BO Bcex cnyqa,1x 

C ~ 2 - 5 11 COOTHOWeHHe He BbIIlOJIH51eTC51, TaK '-ITO K9,II: B o6ru,eM cnyqae 
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Pwc. 7. MaccOBhie pacnpe,!J,eJiemrn ,!\JI51 ABYX pa3HbIX cocT051HHH Kq,n:, OTJIH'Ia

IO~Hxc51 COCTaBOM napTOHOB- 11Hl1l\11aTopos. l13 pa60Tbl [36]. 
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Pwc. 8. IToJittoe c e '-lett11e pO)K,!J,eHH51 Kq,n: B npoTOH- npOTOHHbIX B3a11Mo,!J,eficTB11-

51X, ,!\JI51 pa3HOH nOJIHOH pa3MepttOCTl1 MHOroMepttoro npocTpaHCTBa D M pa3HbIX 

3 Ha'leHHH cpyH,!J,aMeHTa.JlbHOro MaCUJTa6a rpaB11Tal\lm , 113 pa60Tbl [36]. 
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HeJib351 TpaKTOBaTb KaK pe3OHaHC B paMKax ,[l,aHHOI'O ITO,[l,XO,[l,a ( CM. TaK)Ke 

,[l,HCKYCCHIO Ha 3TY TeMy B CChIJIKax K pa6oTe [36]). 
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MO,ll;EJUIPOBAHME: <l>l1311qECKI1E fEHEPATOPbl 

COBbITMM ,ll;JUI IIPOIJ;ECCOB C q,n; 11 

AJibTEPHATI1BHbIMI1 OB'bEKTAMI1 

,l],mr Toro 'fT06br orremITh BO3MO)KHOCTh Ha6mo,l],emrn: Ha LHC mrn ,l],pyroM 

KOJIJiati,l],epe CHrHaJIOB OT q,II,, Kq,l], lI cw, Heo6XO,ll,HMO, KaK o6bI'fHO ,l],JI51 

CHrHaJIOB CTaH,l],apTHOH H HeCTaH,l],apTHOH (pH3HKH, CMO,l],eJIHpOBaTb Ha6opbl 

«,ll,aHHblX)) ,l],JI51 pa3Hb!X 3Ha'feHHH BeJIH'fHH H3 rrpoCTpaHCTBa rrapaMeTpOB H 

pa3HhIX Mace o6'beKToB, a 3aTeM rrporrycTHTh 3TH ,l],aHHhie qepe3 rrporpaM

MhI, MO,l],eJIHPYIOlIIHe ycmHOBKY (B HarneM cJiyqae - CMS). BTOpoti war 

,l],OCTaTO'fHO CTaH,l],apTeH ,l],JI51 Bcex qrn3H'feCKHX rrporrecCOB, MO,l],em1pyeMb!X 

Ha CMS, a rrepBbIH rrpe,l],rroJiaraeT HaJIH'fHe o6ru;errpocpHJihHhIX HJIH crrerrH

aJIH3HpOBaHHhIX reHepaTopoB cpH3H'feCKHX co6brTHH. KoJIJia6oparrHa CMS 

pacrroJiaraeT 60JibIIIHM KOJIH'feCTBOM TaKHX reHepaTopoB, OT CTaH,ll,apTHOH H 

BCeM H3BecTHOti PYTHIA [37] ,ll,O Y3KOrrpocpHJihHbIX, rrocBaru;eHHhIX ,l],eTaJib

HhIM BbI'fHCJieHH51M KOHKpeTHbIX rrporreccoB HJIH rrorrpaBOK. rpyrrrra, 3aHH

MaIOlIIa51C51 rrporreccaMH c q,l], B paMKax HarrpaBJieHH51 <<8K30THKa>> Ha CMS, 

HCIIOJih3yeT TPH crrerrHaJIH3HpOBaHHbIX reHepaTopa co6brTHti: BLACKMAX 

[38], CHARYBDIS [39] H QBH [40]. ITepBhie ,ll,Ba rrpe,l],OCTaBJI51IOT wnpoKnii. 

crreKTP BO3MO)KHOCTeti ,l],JI51 MO,l],eJIHpoBaHH51 co6bITHH C KJiaCCH'feCKHMH q,l],, 

CW H, OT'faCTH, Kq,l], (rrpH crrerrnaJihHOH ycmHOBKe OIIIIHH, peryJIHpyro

ru;eii. Ha6op H KOJIH'feCTBO qaCTHII B KOHe'fHOM COCT051HHH). ITocJie,l],HHH H3 

rrepe'fIICJieHHbIX reHepaTopoB, KaK 51CHO II3 ero Ha3BaHII51, orrepupyeT TOJib

KO KBaHTOBbIMH q,II,, HO o6Jia,l],aeT ,ll,OBOJibHO rrpO,l],BHHYTbIMH BO3MO)KHOCT51-

MII ITO BbI6opy Ha'faJibHbIX OIIIIHH H <pIIHaJibHblX pe)KIIMOB ,l],JI51 OIIIICaHH51 

3TIIX o6'beKTOB. reHepaTOpbI CO,l],ep)KaT Bee IIYHKTbl, OIIIICaHHhie B rraparpa

cpax BbIIIIe, KOTOpb!e Heo6xo,l],HMO yqecTb rrpH pO)K,l],eHIIII II 3BOJIIOIIIIH q,l], II 

aJibTepHaTIIBHbIX o6'beKTOB. Cro,l],a BXO,l],HT II3Jiy'feHHe B Ha'faJibHOM COCTO51-

HIIII (3cpcpeKTbl HeyrrpyrocTII rrpII cpopMIIpOBaHIIII ropH30HTa), rrpH'feM ero 

MO)KHO 3a,l],aTb aJirOpHTMII'feCKII, B COOTBeTCTBIIH C cpopMaJIH3MOM [22], IIJIH 

BpyqHyro B rrporreHTax ( o6bI'fHO IICIIOJib3YIOTC51 3Ha'feHII51 OT 10 ,ll,O 35 % OT 

Ha'faJihHoti 3HeprHH CTOJIKHOBeHnti). TaK)Ke B reHepaTopbI BBe,l],eHbI GBF, 
o6o6ru;eHHOe OIIIICaHHe ,l],JI51 Bparu;aIOlIIIIXC51 KeppOBCKHX q,l],, a He TOJibKO 

CTaIIIIOHapHb!X IIIBapIIIIIHJib,l],OBCKHX, BCe rrpe,l],JIO)KeHHh!e B HacToaru;ee BpeM.a 

OIIIIIIII ,l],JI51 pacrra,l],HbIX 'faCTHII ( BKJIIO'fa51 cpopMHpoBamie HeHa6JIIO,l],aeMoro 

II He B3aUMO,l],eHCTBYIOlIIero C ,l],eTeKTOpHOH CIICTeMOH OCTaTKa), rrporreCCbl C 
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coxpaHeHIIeM lI HecoxpaHeHUeM aMHTHBHb!X KBaHTOBbIX 'fHCeJI, OKOJIOrropo

rOBblH rrepexo,l], q,l], B cw, H3Jiy'feHHe rpaBHTOHOB B KOHe'fHOM COCTO51HIUI 

H pa,ll, ,ll,pyrnx Beru;eti. B BLACKMAX MO)KHO MeH51Th reoMeTpnro rroJIHO

ro MHOroMepHOro rrpocTpaHCTBa H 3a,l],aBaTb rrpOH3BOJibHble KOH<pnryparrm1 

6paH, KOOp,l],HHaTbl B rrpocTpaHCTBe ,ll,OilOJIHIITeJibHbIX H3MepeHHH H 3cpcpeK

THBHhie HaT51)KeHH51 ,l],JI51 Ka)K,l],OH HX HHX, rrapaMeTpH3Y51, TaKHM o6pa30M, 

6oJibIIIHHCTBO H3BeCTHblX B JIHTepaType crreHapneB 3a paMKaMH rrpocTeHIIIHX 

MO,l],eJieti [2, 3]. B TOM 'fHCJie, BO3MO)KHO C,l],eJiaTb ,ll,OBOJibHO CJIO)KHbie KOH

CTPYKTbI c <<Ila'fKaMH>> 6paH B pa3HbIX TO'fKax MHOrOMepHoro rrpocTpaHCTBa, 

r,l],e Ka)K,l],bIH KBapKOBblH II JieilTOHHb!H apoMaT rrpHB513aH K CBOeti 6paHe, CMe

IIIIIBaHHe B IlOKOJieHu.ax H HapyrneHHe apOMaTOB 3a,l],aeTC51 3a C'feT rrepeceqe

HH51 3KCilOHeHIIHaJibHO crra,l],aIOlIIHX «XBOCTOB>> rrpocpuJieti, H MHOrHe ,ll,pyrHe 

rrpo6JieMhl peIIIaIOTC51 reoMeTpH'feCKH, B ,l],yxe pa60Tbl [41] II IlOCJie,l],OBaBIIIHX 

3a Heti rry6JIHKarrIIti. Cyru;ecTBoBaHIIe q,l], B TaKHX crreHapHax o6ycJioBJieHo 

p51,l],OM ycJIOBHH, ,l],OilOJIHHTeJihHb!X K o6bI'fHbIM B rrpOCTbIX MO,l],eJI51X, H IlO,ll,06-

Hbie IICcJie,l],oBaHH51 rrpe,ll,CTaBJI51IOT co6oti 6oJibIIIOti HHTepec. B paMKax LHC 

3TO IlOKa He C,l],eJiaHo, HO 3Ha'fIITC51 B IIJiaHax Ha 6y,ll,yru;ee, TeM 6oJiee, 'fTO 

cyrrrecTByeT Heo6xO,l],HMb!H Bbl'fHCJIHTeJibHb!H HHCTpyMeHT. 

Y'fHThIBa51 6oJibIIIOH pa36poc crreHapHeB ,l],JI51 cpa3 3BOJIIOIIHH q,II,, rrpu MO

,l],eJIIIpOBaHHH HCilOJib3YeTC51 orpOMHOe KOJIH'feCTBO Ha6opoB C3MilJIOB C co-

6brTII51MII, rrop51,lJ,Ka 800. HarrpHMep, ,l],Jia aHaJIH3a, rrpoBe,l],eHHoro B 2012 r. 

([43], BTOpaa CCbIJIKa, IlOCTaHOBO'fHYIO 'faCTb CM. TaK)Ke B [45]) 6bwo HCilOJib-

3OBaHO 759 CHrHaJibHb!X Ha6opoB ,l],JI51 q,l], C pa3Hb!MH OilIIH51MH 3BOJIIOIIHH H 

pacrra,l],a: 

• 87 Ha6opoB ,l],JI51 HeBpall!aIOru;uxca q,l],, BlackMax, 

• 87 aHaJIOrH'fHhIX Ha6opoB ,l],JI51 HeBparu;aroru;uxca q,II,, Charybdis, 

• rro 87 Ha6opoB ,ll,JI5! Bparu;aroru;uxca (KeppoBCKHx) q,l],, BlackMax H 

Charybdis, 

• 81 Ha6op C IlOTep51MII MaCCbI H yrJIOBOro MOMeHTa B Ha'faJibHOM co

CTO51HHH (yqeT HeyrrpyrocTH) M / J loss, 3a,l],aHHhIMH BPY'fHYIO ( 10%), 
BlackMax, 

• 81 Ha6op C IIOTep51MH MaCCbI lI yrJIOBOro MOMeHTa B Ha'faJibHOM COCTO-

51HHH M / J loss, rro MO,l],eJin Mow1rno-Pb1'fKOBa [22], Charybdis, 



160 I10l1CK CI1fHAJ10B OT Ml1KPOCKOIJI1qECKI1X qEPHbIX ,Ll,bIP ... 

• 87 Ha6opOB ,[l,JI5I Bpaw;a!Olll,IIXC5I q,n; s pe)KIIMe MaJIOll MHO)KeCTBeHHOCTII 

B KOHe'iHOM cocT05IHIIII ( IIMIITau;II5I cocT05IHIIi1: K'-I,II;), Charybdis, 

• 81 Ha6op ,[1,J15I MO,[l,eJIII <<KIII15Illl,ero OCTaTKa>> ( c OKOJIOITOpOrOBhIM ITepe

XO,[l,OM II3 "ll,Il; B Clll), Charybdis, 

• 81 Ha6op ,[1,J15I MO,[l,eJIII CTa6IIJihHOrO HeHa6mo,D,aeMoro OCTaTKa, 

Charybdis. 

Ka)K,[1,hII'i Ha6op co,D,ep)KaJI C3MITJihI ITO 10 000 co6hITIIi1:, cKaHIIpyIOIIl,IIe se

JIII'iIIHhI II3 ITpOCTpaHCTBa ITapaMeTpoB: 'iIICJIO ,[1,0ITOJIHIITeJihHhIX II3Mepemii1: 

n = 2, 4, 6, pa3Hhle BeJIII'iIIHhl cpyH,D,aMeHTaJihHOrO ITJiaHKOBCKOro MaCIIITa-

6a M = 1.5-6.0 T3B II cKamiposaHIIe ITO 3Ha'feHIIIO MIIHIIMaJihHOi1: Macchl 

KJiaccIIqecKoi1: '-I,Il; M13j;. TaKHM o6pa30M, o6'heM MO,D,eJinpoBaHII5I, ITpe,D,IIIe

CTBYIOIIl,IIi1: Ha6opy peaJihHhIX ,[l,aHHhIX II cpaBHeHIIIO c HIIM ITOJiy'feHHhIX Ha 

reHepaTopax C3MITJIOB, ,D,ei1:CTBIITeJihHO O'ieHh 3Ha'iIITeJieH. KaK y)Ke roBOpII

JIOCh, 3TO CB5I3aHO C OTCYTCTBIIeM opIIeHTIIpOB, KaKIIe OITLI;IIII ,[l,JI5I q>a3 3BOJIIO

u;IIII II pacITa,[l,a "ll,IJ; CJie,D,yeT C'iIITaTh ITpaBIIJihHhIMII, a KaKIIe OTBeprHyTh. B 

HaCT05Illl,IIll MOMeHT Bee 3TII B03MO)KHOCTII TpaKTYIOTC5I KaK paBH03Ha'iHhre 

II paBHOLI;eHHhie - He paBHOBepo5ITHhie ITO B03HIIKHOBeHIIIO, pa3yMeeTC5I (s 

IlpIIpO,D,e; eCJIII peaJIII3yeTC5I, TO peaJIII3yeTC5I TOJihKO O,[l,IIH II3 cu;eHapIIeB), 

HO ITO B03MO)KHOCTII paCCMOTpeHII5I. 

Ha q>IIHaJihHOll CTa,[l,IIII 3B0JIIOLI;IIII q,n; B KOHe'iHOM COCT05IHIIII ,[l,OJI)KHa 

Ha6JIIO,[l,aThC5I BhlCOKa5I MHO)KeCTBeHHOCTh o6'beKTOB s <<KOJIJieKLI;II5IX>>, ITpe,!1,

CTaBJI5IIOIIl,IIX co6oi1: JII06hre sapnau;IIII cocTasa qacTIILI; CM, 06Jia,[1,a10lll,IIX 

60.irhIIIIIMII IIH,[l,IIBII,!1,YaJihHhIMII 3Ha'feHII5IMII ITOITepe'IHOll 3HeprIIII II pacITpe

,[l,eJieHHhlX ITO'ITII ccpepII'ieCKII-CIIMMeTpII'IHO s ITpOCTpaHCTBe. IIocJie,[l,Hee o6-

CT05ITeJihCTBO TIIITH'IHO ,!],J15I TepMaJihHOro II3Jiy'ieHII5I "ll,Il;, xapaKTepII3yeMO

ro OTCYTCTBIIeM KIIHeMaTII'ieCKIIX 3aBIICIIMOCTei1: B ceqeHIIII ITpou;ecca. Bo3-

MO)KHOCTII ycTaHOBKII CMS ITO pa3,!],eJieHIIIO IIH,!1,IIBII,D,yaJihHhIX o6'heKTOB B 

co6hITII5IX C BhICOKOll MHO)KeCTBeHHOCThlO IT03BOJI5IIOT C xopoIIIei1: TO'iHOCTh!O 

II,[l,eHTII(pIILI;IIpOBaTh BCe CTPYII II OT,[l,eJihHhie qacTIILI;hl B KOHe'iHOM COCT05IHlfll 

(so BC5IKOM CJiyqae, B ITOCTaHOBKe BOITpoca, OTHOC5Illl,ei1:c5I K ,[l,aHHOMY aHa

JIII3Y, KOr,[l,a OT6IIpaIOTC5I IICKJIIO'iIITeJihHO (<)KeCTKIIe>> qacTHLI;hl C BhlCOKIIMII 

ITOporaMII o6pe3amrn ITO ITOITepe'IHOMY lIMITYJihCY II 3HeprIIII ITPII ITepBII'iHOM 

OT6ope, CM. Hll)Ke). IIpn6JIII3IITeJihHO 75% Bcex ofrheKTOB COCTaBJI5IIOT CTpyII, 

a OCTaBIIIIIeC5I 25% MoryT ,[l,aBaTh w II z 6o30Hhl, q>OTOHhI, JieITTOHhI, 6o30Hhl 

XIIrrca. Bep05ITHOCTh II3Jiy'ieHII5I ,!],OCTaTO'iHO MaCCIIBHhIX qacTIILI; ITO,[l,aBJieHa 
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,[l,JI5I q,n; C OTHOCHTeJihHO MaJIOll Maccoi1:. lfaJiy'ieHne rpaBHTOHOB II Hei1:TplIHO 

B KOHe'iHOM COCT05IHlIII ITpIIB0,!1,IIT K CIIrHaJiaM C ITOTep5IHHOll 3Heprnei1:, KOTO

pa5I ,[l,JI5I pa3HhIX Ha6opoB ITapaMeTpOB MO,[l,eJiei1: COCTaBJI5IeT ,[1,0 30 % ITOJIHOH 

ITOITepe'IHOll 3HeprIIII B co6bITIIII, 'ITO TO)Ke Y'iIIThIBaeTC5I ITPII aHaJIII3e. 

,Il;JI5I ITpOBe,[l,eHH5I MO,!],eJIIIpOBamrn II ,[l,aJihHei1:IIIei1: o6pa6oTKII peaJihHhlX 

,[l,aHHhIX Ha,[l,O BhI6paTh Ha6JIIO,!],aeMyIO BeJIII'iIIHY, KOTOpa5I, c O,!],HOll CTOpo

HhI, 5IBJI5IeTC5I CTa6HJihHOll OTHOCIITeJihHO TeopeTII'ieCKIIX HeOITpe,!],eJieHHOCTei1: 

II C,!],eJiaHHhIX B 3KCITepIIMeIITe OT6opoB, a C ,!1,pyroi1:, IT03BOJI5IeT 5IpKO ITpO,!],e

MOHCTpIIpOBaTh IICKOMhlll 3q>cpeKT. ,Il;JI5I co6brTIIi1: C pO)K,!],eHIIeM KBa3lIKJiaCCII

qecKIIX "ll,Il; H Clll IICITOJih3yeTc5I ITepeMeHHa5I, Ha3hmaeMa5I ITOJIHoi1: cyMMoi1: 

ITOITepe'IHhlX 3HeprIIi1: qacTIILI; ( CTpyi1:), 

Njet 

Sr= I:E}, 
i=l 

r,D,e Er = Esin0 , a yroJI 0 OTC'iIIThIBaeTC5I s ITJIOCKOCTII ITpO,!],OJihHOro pa3-

pe3a ycTaHOBKII CMS (ITo ,!],JIIIHHoi1: cTopoHe) OT ITp5IMOi1:, ITepITeH,[l,IIKYJI5IpHoi1: 

OCII ITY'iKa ( ITOJI5IpHhlll yroJI). TaK 'ITO 0 = 0 OTBe'iaeT CJiy'iaIO MaKCIIMaJih

HO ITOITepe'IHOro pacce5IHII5I. ITO,!], CTPY5IMH 3,[l,eCh II ,[l,aJiee ITOHIIMalOTC5I He 

TOJihKO o6'beKThI, ITOJiy'ieHHhie B pe3yJihTaTe CIIJihHOro B3aHMO,!],ei1:CTBII5I, HO 

TaK)Ke IIH,[l,IIBII,D,yaJihHhie qacTIILI;hl HaIT0,!],06IIe JieITTOHOB, q>OTOHOB II ITP. <Dop

MyJia Y'iIIThIBaeT, 'ITO ITOITepeqHa5I 3HeprII5I qaCTIILI;, ITpHXO,[l,5Illl,IIX II3 HII)KHei1: 

ITOJiyccpephr, 6epeTC5I co 3HaKOM <<MIIHYC>>, a II3 BepxHei1:, COOTBeTCTBeHHO, co 

3HaKOM <<ITJIIOC>>. ,II;ocTaTO'iHO 6oJihIIIIIe ITO MO,[l,YJIIO 3Ha'ieHH5I ITepeMeHIIOi1: 

03Ha'ia!OT OTCYTCTBIIe CKOMITeHCllpOBaHHhIX 6JIII3KIIX ITO BeJIII'iIIHe, HO pa3-

HhIX ITO 3HaKy BKJia,[l,OB, 'ITO, B CBOIO oqepe,!],h, ,!],eMOHCTpnpyeT, 'ITO B co6hl

TIIH ,!],ei1:CTBIITeJihHO OTCYTCTByeT «HaITpaBJieHHOCTh» B,[l,OJih HeKOTOpoi1: OCII, 

xapaKTepnaR ,[l,JI5I scex ITpou;eccos CM. BoJihIIIa5I MHO)KeCTBeHHOCTh qacTnu; 

B KOHe'iHOM COCT05IHIIII (oT 2 ,[1,0 28, B cpe,!],HeM 8-10) ,[l,eJiaeT 3TY xapaKTe

pIICTIIKY ITOKa3aTeJihHOll. ,Il;oITOJIHIITeJihHhlM apryMeHTOM ,[l,JI5I IICITOJ1h30Ba

Hll5I HMeHHO Sr, a He ,!],pyrIIX ITepeMeHHhIX (B qacTHOCTII, HeITocpe,!],CTBeHHO 

BeJIH'ilIHhl ccpepH'IHOCTll, Bhl'iIICJI5IeMOll qepe3 ITOITepe'IHhie lIMITYJihChI, CM., 

HaITpHMep, [43], ITepBa5I CChIJIKa) CJIY)KIIT TOT q>aKT, 'ITO ,[l,aHHa5I ITepeMeHHa5I 

rOpa3,!],0 MeHee 'iYBCTBIITeJihHa K BBO,!],HMhIM ITPII aHaJIH3e ,[l,aHHhIX o6pe3aHH-

5IM na MIIHIIMaJihHhlll ITOITepe'IHhlll lIMITYJihC, ,[l,eMOHCTpnpy5I CTa6IIJihHOCTh 

OTHOCHTeJihHO IIX BapbIIpoBaHII5I, B OTJill'iIIe OT ITpO'IIIX ITepeMeHHhIX. KpoMe 

Toro, caMa cpopMa pacITpe,!],eJieHIIi1: ITO Sr ,[l,JI5I (pOHOBhIX MHOrocTpyi1:HhIX ITpo

u;eccoB KX,II; He 3aBHClIT OT 'iIICJia CTpyi1: B KOHe'iHOM COCT05IHIIH, CM. pnc. 9, 
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YTO II03BOJU!eT TOqHo napaMeTp1130BaTb <pOH. B TO )Ke BpeM51 , 3Tl1 pacrrpe

,n,eJieHl151 Cl1JlbHO OTJ111YaJOTC51 ,D,JI51 pa3HOH MHO)KeCTBeHHOCTl1 B Cl1rHaJibHb!X 

co6bJTl151X (cM. CJ1e,n,y10w,11ti. naparpacp) , n03BOJ1515! npoBeCTl1 rrpOCTOH 11 Ha

,n,e)KHblH aHaJil13 cpopMbl pacnpe,n,eJietrnli. (sh ape a n a lysi s). 
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P11c. 9. cDopMa pacnpe!],enemrn Sr B 3as11c11MOCTM OT pa3Horo '-IHClla CTpyt! B co-

6brT1111, MO/J,ellHposam,e c nOMOll.\bIO re11epaTopa PYTHIA , ,mepr1rn CTOJ1KHOBeH11t! 

npOTOHOB 7 T3B B C.[\.M. 

PE3YJihTAThl IIEPBOfO D;MKJIA PABOThl YCKOPMTEJI.51 

LHC 

ITpe,n,cTaBJieHHb!li. aHaJil13 3 Kcnep11MeHTaJibHb! X ,n,aHHbIX, noJiyYeHHb!X Ha 

ycTaHOBKe CMS B 2010- 1012 rr. ,l.l.JI51 3Hepr1111 CTOJIKHOBeH115! rryqKOB npo

TOHOB vs = 7 11 8 T::iB, 51BJI51eTc51 oqepe,1.1.HhI M B cep1111, HaYaToti. c MOMeHTa 
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CTapTa ycKOp11TeJI51. OH ycTaHaBJil1BaeT HOBb!e npe,n,eJibl Ha <pyH,1.1.aMeHTaJib

Hbie napaMeTpbI paccMaTp11BaeMbIX Mo,1.1.eJieli. 11 o6o6w,aeT noJiyYeHHhre paHee 

pe3yJibTaTbl [42 , 43]. Bo Bcex cJiyYa51X aHaJil13 OCHOBhIBaeTC51 Ha MaKCl1MaJib

HOli. co6p amroli. cTaT11cT11Ke nepBoro IJ,11KJia pa6oTbI ycKop11TeJ151 LHC (noJI

Ha51 11HTerpaJibHa51 CBeTl1MOCTb , rrp11MepHO 20 <p6H - l). ,.0:aJibHeli.rnee B03M0)K

HOe rrpO,D,Bl1)KeH11e B HeOTKpbITYIO o6JiaCTb napaMeTpOB MO,D,eJieli. CB5!3bIBaeT

C51 co BTOpbIM IJ,11KJIOM pa6oTbI LHC, 3arrJiaH11poBaHHhIH cTapT KOToporo np11 

noBhIWeHHoti. 3Hepr1111 vs = 13 T::iB cocT051JIC51 B Ha<iane JieTa 2015 r. 

KK-MO,IJ:bl fPABHTOHA B MO,ll;EJl5IX THIIA ADD M RSl 

P11c. 10 ,n,eMoHcTpnpyeT 3KcnepnMeHTaJihHhJe orpaHw-1eH1151 no rroncKy KK
MO,D, rpaBHTOHa B Mo,n,eJIH RSl-Tnna. H a pv1c. 10a npHBe,n,eHo p acrrpe,n,eJieHHe 

ITO HHBapHaHTHOfi Macce ,l].HMIOOHOB (rrapa M IOOHOB C rrpOTHBOIIOJIO)KHbI Ml1 

3 HaKaMH, B noJIHOM aHaJIH3e YYHTbIBaeTC51 3JieKTpOHHb!li. H M IOOHHblfi KaHa

Jlbl pacrra,1.1.a) , IIHK CJieBa OTBecraeT pO)K,D,eHHIO z0 . ,.0:aJihHeti.rnHti. XO,D, pacnpe

,n,eJieHl151 , BIIJIOTb ,D,O HaHBbICillHX ,1.1.0CTynHb!X 3HaYeHHfi HHBapHaHTOfi MaCCbl 

,LI,HJienTOHOB, nOJI HOCTbIO COBn a,n,aeT C npe,LJ,CKa3aHH51 MH CM 11 ,n,eMOJ-I CTpH

pyeT OTCYTCTBHe HOBbIX Heli.TpaJibHbIX p e30HaJ-ICOB B npoBepeHHOti. o6JiaCTl1. 

OTCIO,LJ,a n oJiyYaIOTC51 npe,n,eJibl Ha Ml1Hl1MaJibHO B03M0)KHbie 3Haqem,rn MaCCbl 

pe30HaHCOB, CM. pv1c . 106. ITo OCl1 y OTJIO)KeJ-IO ce<ie1-me p0)K,LJ,el-rn51 pe3oHaHca, 

YMHO)KeHHOe Ha Bep051THOCTb pacrra,n,a no ,LJ,11JieITTOHHOMY KaHaJIY, HOpM11po

BaHHOe Ha ce<ieHHe pO)K,l.l.eHH51 zo , pacna,n,a1ow,eroc51 no TOMY )Ke Kat1any. ITo 

oc11 x OTJIO)KeHa Macca pe3oHaHca. O6JiaCTH , J1e)Kaw,11e Bhirne rrepeceqet11151 

3 aKparneHHOti. nOJIOCbl H Kp11Bb!X TeopeTHYeCKHX rrpe,LI,CKa3aHHH ,Ll,J151 pa3HbIX 

3 1-IaYeHHH KOHCTaHTbl CB51311 rpaBHTOHa C MaTep11eti. CYHTaIOTC51 3aKpb!Tb! Ml1. 

TaKl1M o6pa30M, B 3aBHCHMOCTH OT 3 HacJeHH51 KOHCTaHTbl CB51311 MO,LI,eJIH C 

(c = "'/MPl, r,n,e "' - Kp11B113Ha npocTpaHCTBa aHTv1-,1.1.e-Cv1TTepa, Mp1 - q e

Tb1pxMepHbiti. ITJiaHKOBCKHti. MacrnTa6) noJiy<iaeM Ml1Hl1MaJibHOe orpat111YeJ-1He 

Ha Macey KK-Mo,n, rpaBHTOHa ( n epBoti. KK-M0,1.1.hI , ecJIH TOYHee) , OT 1270 ,n,o 
2730 r::iB / c

2
. ,.0:eTaJIJ,f aHaJIH3 a CM . B CTaTbe [42]. 

H a pH C. 11 nOKa3aHbl rrpe,n,eJibl Ha MacrnTa6 MHOrOMepHOH rpamITaIJ,HH B 

Mo,n,eJ111 ADD, noJiyYeHHhie B 3aB11c11MOCT11 OT MaKCHMaJihHoro 3HaYeH1151 HH

Bap11aHTHOli. MaCCbl ,l].HJieIITOI-10B B KOI-IeYHOM COCT051I-JJ1J,f ,l].J151 pa3HOro YHCJia 

,Ll,OITOJIHHTeJibI-Jb! X 113 MepeHHH. AI-IaJIH3 MO)KHO npoBeCTH no aHaJior1111 C on11-

CaHHb!M Bhirne ,D,JI51 RSl-rpaBHTOHOB, c rro rrpaBKoti. Ha 1-rnpe3oHaI-JcHbi ti. xapaK

Tep O)KH,LI,aeMoro c11rHaJia ([42] H CCb!J1Kl1 K Heti.). Ho, KaK 11 B nepBOM CJiycrae, 
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mrn. 6 - Orpatttt'leHJrn Ha Macey rpaBHTOHH0rO pe30HaHca /J,JIH pa3Hb!X 3Ha'lettHl! KOHCTaH

Tbl CBH3H C [42]. 3aKpaweHHbte 06J1acn1 OTBe'!alOT ypOBHIO CTantCTH'leCK0ll /J,OCTOBepHOCTH 

68% H 95% /J,JIH 0)KH)J,aeMbIX npell,eJIOB. 
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0TcyTcTB11e OTKJiotteH11H OT rrpe,n.cKa3aHl1H CM rro3BOJrneT rrocTaB11Tb orpaH11-

"!eH1151 Ha M11Hl1MaJibHO B03MO)KHY!O BeJil1"111HY cpyH,n.aMeHTaJibHOro MaCWTa6a 

( 3Ha"leHl151 Hl1)Ke yKa3aHHblX C'-111Ta!OTC51 3aKpb!Tb! Ml1 3KCrrep11MeHTOM). 
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P1,1c. 11. a - Pacnpell,eJieHtte no HHBapHaHTHOll Macce /J,HJien TOHttol! napb!. 6 - H a6mo

)J,aeMbtl! npe/J,e.JI Ha Ms , c ypOBHeM CTaTHCTH'-!eCKOll /J,OCTOBepHOCTH 95%. O6'be/],HHeHHble 

)J,aHHbte KOJIJia6opal.\Hll CMS H ATLAS, n oJiy'leHHbte Ha n om1ol! cTaTHCTHKe n epBoro l.\HKJia 

pa6oTbl LHC, a TaK)Ke ll,aHHbte c ycKopHTeJIH Tevatron. '-IHCJIO )J,OnOJIH IITe.JlbHbtX H3Mepe-

HHH n = 2-7 [42]. 

KBA3MKJ1ACCM'-IECKME 11 KBAHTOBbIE '-IEPHblE ,[1,blPhl, 

CTPYHHblE llIAPbl 

K aK y)Ke roBop11JJOCb , B KaYeCTBe Ha6JIIO,!l.aeMOH ,!J.Jl51 aHaJil13a ,n.attH bl X ITO 

c11rHana111 OT l.J,Il, 11 CW 6bIJia Bb16paHa rronH a51 rrorrepeYHa51 3Heprn51 cTp yti 

B co6b1T1111 Sr. B 3TOH rroJIHOH cyMMe yq11TbIBaIOTC51 TOJibKO cTpy11 11 HH

,n.11B11,n.yaJibHbie qacT11I..1,bI c Er > 50 f 3B (11 TaKoe )Ke orpaH11"leH11e 3a,n.aeT 

Ml1Hl1MaJibHYIO BeJil1"111HY ITOTep5IHHOH 3Hepr1111 B co6bITl111), a Tp11rrep Ha 

caMo 3Ha"lem1e Sr ycTaHOBJJeH Ha M11Hl1MaJibHOe 3Ha"leH11e B 550 f 3B. O c

HOBHOH cpoH rrpo11cxo,n.11T 113 KX,II, npou,eccoB, 11 Tpe6yeTc51 ero 1m,n.e)l(H a51 

OI..1,eHKa, ,!l.Jl51 ycTaHOBKl1 rrpe,n.eJIOB Ha B03MO)KHOCTb BbI,!l.eJieHH51 c11rHaJia. B 

cnyqae 3JieKTpOCJia6bIX npou,ecCOB ,!J.Jl51 3TOH u,eJil1 o6bJ"IHO 11CITOJJb3Y!OT c n e

U,11aJil1311pOBaHHbJe MoHTe-Kapno reHepaTOpbI 11 ,n.eTaJibHOe Mo,n.en11p0Bam1e 

cpoHa, 11 3Ta rrpoI..1,e,n.ypa pa6oTaeT xopowo, B c11ny OTJia)KeHHOCTl1 reHepa

TopoB, xopornero 3HaHl151 MaTp11"1Hb!X 3JieMeHTOB 11 cornacoBaHHOCTH BeJil1-
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'-IIIH , nOJlY'-IaeMb!X H3 pa3Hb!X rettepaTopoB (3THM ou,eHKaM MO)KJ-10 BePHTb , 

no Kpatitteti Mepe - B ttaweti nocTaHOBKe 3a,D,a'-111). O,.11,ttaKo ,D,J151 MHOf'OCTpyti

HbIX co6b1T11ti KX,LI: Beeb tta6op cyw,ecTByIOw,11x re1-1epaTopoB ,.11,aeT OTJ111'-!a-

1ow,uec51 pe3yJ1bTaTbI , rrpH'-leM B I-IeKOTOpb!X K11HeMaTH'-leCK11X o6JlaCT5!X -

CH JibHO OTJ111'-!aIOw,11ec51. C pocToM Sr 1-1eorrpe,.11,eJ1eH1-1ocTb B 3HaaHH cpoaa 113 

re1-1epaTopoB Cl1JlbHO pacTeT, 11 ae TOJlbKO no rrpwrnI-Ie caMJ1X MaTpH'-!Hb!X 

3JleMeHTOB, 3aJlO)KeHHbIX B reI-IepaTOpb1 , HO M B CJ;1Jly nJlOXOf'O 3I-IaHl151 CTpyK

TYPHb!X cpy1-1Ku,11ti ,D,J151 60J1bWHx rrepe,.11,a1-11-1b1x Q2. ITo 3T11M rrpw-!I-1I-IaM ,D,J151 

ou,eHK11 cpoI-Ia OT MHOf'OCTpytiHb!X co6bJTHti 11cnOJ1b3yeTC51 ,D,ByxwaroBa5l rrpo

u,e.n.ypa, HCKJ1IO'-laIOw,a51 re1-1epaTopb1 co6b1Tnti 11 arreJ1J111pyIow,a51 HanpHMy10 

K ,n,aHI-Ibl M. )]:J151 3TOf'O BJ-laLJaJie OTfa1pa10TC51 co6b!Tl151 C MaJlb!M KOJ111'-leCTBOM 

CTpyti ( 1-1 MH,D,11BH,.11,yMbHbJX '-laCT11U,) B KOHe'-IHOM COCT051HHl1 - He 60J1ee 2 11 3, 
COOTBeTCTBeHHO. H a p11c. 12 110Ka3aHb! TaK11e BbI60pKH 3KCrrep11MeHTMbHb!X 

,n,a1-JI·l b!X C I·l aJlO)KeHHblM11 npe,D,CKa3aHJ151Ml1 ,[!,J151 Cl1f'HMOB OT KJ1aCC11'-IecK11x 

9,LI: , B 3aBHC11MOCTM OT 3HaLie1-11151 Sr. Xopowo B11,.11,Ha 06J1aCTb 3 I-Ia'-leH11ti Sr 
CJleBa, r,n,e (p0I-IOBbie pacrrpe,n,eJleHJ,151 npaKT11'-leCKl1 He 11CKa)KeHbl B03M0)KJ-JbJM 

rrp1-1cyTCTBYIOUJ,I1M CHI'HMOM. 

B COOTBeTCTBl111 C 3Tl1M ocyw,ecTBJ151eTC51 Bb16op KOHTPOJ1bHOl1 06J1acT11 

( T.e. 3Ha'-!eI-!Hti rrepeMeHHOti , ,[!,J151 KOTOpbiX pacrrpe,n,eJleHJ,151 3aBe,D,OM0 CB06o,n,

Hbl OT npHCYTCTBl151 CHf'HaJlbHb!X co6bITHti). )]:J151 Bcex cu,ettap11eB HOBOti cp11-

311KH , xapaK'rep113yeMbIX orrpe,n,eJ1eHHbIM 3HepreTn'-!eCK11M MacwTa6oM , a,n,eK

Ban1bIM BbI6opoM 6y,n,eT 06J1aCTb HJ1)Ke 3TOf'O MaCWTa6a, XOT51 HaCKOJibK0 

HMeHI-IO Hl1)Ke - Ka)K,D,b!ti Pa3 o6cy)K,D,aeTC51 11H,D,11B11,.11,yaJlbHO. B 3TOti 06J1a

CTl1 (pOH cpwmpyeTC51 C noMOW,bIO HeCKOJlbKHX cpyHKU,11ti , CM. p11c. 13, B ,D,aH

HOM CJiyciae - C O,D,HOti OCHOBHOti , ,D,J151 orrpe,n,eJ1eHI151 u,eHTpMbHOf'O 3Ha'-!e

HH51 , H ,D,BYM51 BCITOMOf'aTeJ1bHbIMl1 , CJ1y)l{aW,11M11 ,D,JI51 orrpe,n,eJ1eHH51 KOp11,n,opa 

rrorpeWHOCTeti [43]. I10J1yc1aeTC51 pe3yJ1bTaT B BH,D,e ITOJIOCb! C u,eHTPMbHb!M 

3J-JaLJeHHeM H rrorpewHOCT51MH , KaK Ha p11c. 12. I1ocJ1e 3T0f'O (pHT cpo1-1a 11C

ITOJ1b3yeTC51 B CHf'HMbHOti 06J1acT11 , C COOTBeTCTBYIOW,11Ml1 norrpaB0'-11-ibJMH 

Kl1IteMaT11'-!eCKl1Ml1 K03cpcp11u,11e11TaM11 11 ,[!,J151 rrpOl13B0JlbHOro '-111CJia CTpyti. 

cha rrpou,e.n.ypa 1-Ia3hrnaeTc51 <<data-driven>> MeTo,.11,oM 11 ycrrew1-10 npHM8HHeT

c51 B KOJ1J1a6opau,1111 CMS Be3,D,e, r,n,e B03HHKaIOT TPY,D,HOBbI'-IHCJ1518Mb1e cpo

HbJ. KaK Y)Ke f'OBOp11JIOCb, HaJlO)l{eHJ-!bie KpHBbie rrpe,D,CKa3am1ti ,D,Jl.fl '-lepHb!X 

,D,bip ( omvrn cTau,HoHap1-1oti 9,LI: , Tp11 pa3Hhrx Ha6opa napaMeTpoB, 6e3 y'-le

Ta rroTepb Ha cTa,D,J,m cpopMHpoBaHH51 , rettepaTop BLACKMAX) ,n,eMOHCTp11-

py10T MMOe ITO,D,Mew1rnatt11e Cl1f'HMOB HOBOti (pH311Kl1 B 06J1aCTb cp11Ta ,[!,J151 

cpotta, 1200-2800 f::iB , T.e. BJ1115IHHe ITOTeHU,HMbHO Cl1f'HaJlbHOti 06J1acn1 Ha 
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KOHTpOJlbHYIO rrpe1-ie6pe)KJ1MO MMO. IlocJ1e rrpou,e.n.ypbl << HaCTpotiKH >> cpona 

MO)KJ-10 rrpOBO,D,11Tb cpaBHem,e 3KC11ep11MeHTMbHbIX ,n,aHHbIX C rrpe,D,CKa3aHl1-

5IMl1 pa3Jlvl'-!HblX MO,D,eJ1el1. 
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Pwc. 12. fioJJHaH nonepe'!HaH 3Hepr,rn Sr ,!l,JIH COOblTMil c KOJlWleCTBOM 06'beK

TOB (cpOTOHOB , 3Jle KTpoHOB 11 CTpytl) B KOHe 'IHOM COCTOHHHH: a - N = 2, 6 - N :c=: 2. 
,Ll,aHHble OTMe'!eHbl KaK TO'IKH C 3KCnep,n<eHTaJJbHbl MH norpewHOCTHMH, cnnow

Hble JlHHHH C 3aKpaweHHblMH o6naCTHMII OTBe'!alOT npe,LICKa3aHHHM ,!l,JIH cj)Olla C 

r1eTOM c11cTeMaTw1eCKHX norpeurnocTell. <I>o11 , 1ie CBH3 aHHb1ll c KX,Ll, npol\ecca~rn , 

npHBe,[\eH B B11,[\e rHCTOrpaMM B l·IH>KHeM JJeBOM yrny Ka>K,[\Oro rpa<pHKa. 

H a p11c. 14 11 15 nOKa3aHO cpaBHem,e 3KCrrepHMeHTMbl-lb!X ,n,aIJJ-IbIX , 113· 

BJie'-leHHbIX ,D,J151 pa3HOl1 MJ-JO)KeCTBeHHOCTH o6'heKTOB ( CTpyti 11 '-!aCT11U.) B KO

H8'-IHOM COCT05IHHl1, C YKa3am,eM rrorpewHOCTH ou,eHKH (pOHOBbIX npou,eccOB 

KX,LI:, c rrpe,.11,cKa3att1151MH ,D,JI51 Tpex pa3HblX Ha6opoB rrapaMeTpOB MO,D,eJ10: , 

on11Cb1Ba1ow,eti p0)K,[!,8HJ1e KBa311KJiaCCM'-leCKOl1 CTaU,MOHapttoti q,n: 6e3 y'-le

Ta ITOTepb 3Hepnrn Ha CTa,D,1111 cpopM11poBaHM51. OrpaHM'-leHI-IOe KOJ1H'-l8CTBO 

rrp11Be,D,eHHb!X rrpe,D,CKa3aHHl1 CB513aHO C orpOMHbIM o6'beMOM MO,D,8J111pOBaHM51 , 

yrrOMMHaBweMC5l B rrpe,D,bl,.11,yW,eM rraparpacpe, vi C (pv!3 M'-leCKOl1 H8B03M0)KH0· 

CTbIO OT06pa311Tb BCe cu,ettap1111 Ha O,D,HOM rpacpv1Ke. TaK)Ke rrpH cyw,ecTBYIO· 

UJ,11X 3Heprv!5IX CJle.n.yeT Y'-111TbJBaTb orpaHH'-leHHYIO L[YBCTBHTeJlbHOCTb 3KCITe

p11M8HTa K 60J1bWel1 '-!aCTH rrpocTpaHCTBa MO,D,eJlbHb!X rrapaMeTpOB , 1103TOMY 

Ha rpacp11Kax rrp11Be,n,ettbl tta1160J1ee onTHMMCTM'-!Hbie , C TOL(KH 3 p8Hll51 tta6J1IO-
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Puc. 13. P33HbJe napaMeTpH3al\HH ,JV151 cpoHa KX,ll, 

)],8Hl151 , npe,LJ,CK83aHl151. IIocKOJlbKY q,IJ, MO)K8T TpaKTOBaTbC5I KaK KJiaCCJ1'-le

CK11tl o6beKT, co BC8Ml1 corryTCTBy10111,11M11 xapaKTep11CTl1KaMl1 11 TepMMb

HblM 11cnapett11eM, TOJibKO np11 )],OCTaTO'-IHO 60JiblIJOtl 3 HT pon1111 , 3aKOHOMepHO 

0)1<11,LJ,aTb BCe 6011ee 11 6onee 5IBHblX OTKJIOH8H11tl B IIOB8)],8Hl111 pacrrpe,LJ,eJieH11tl 

no Sr )],J151 YB8Jll1'-111Ba!OW,11XC5I 3Ha'-!ett 11tl MHO)K8CTB8HHOCTl1 '-!aCTl1LI, B KOHe '-1-

HOM COCT05IHl111 (y)Ke HeO)],HOKpaTHO n 0)],'-18pK11BaJIOCb, '-!TO 3Ta MH0)K8CTBeH

HOCTb np5IMO nporrop11,110 HaJibHa 3 HTpOI11111 q,1],). H a rpacp11Kax 3Ta T8H)],eH

Ll,H51 K yBeJ111 '-!e tt1110 OTKJIOHett1151 OT O)Kl1,LJ,a1-rnti CM xopow o npocJie)K11BaeTc51 

C pOCTOM MH0)K8CTB8Hl;f0CTl1 , O)],HaKO TaK)Ke B11)],HO, '-!TO 11M8IOW,118C5I 3KCrre

pHM8HTaJibHbie ,LJ,aHHbi e BO Bcex CJiy'-la5IX He II03B0Jl5IIOT rosopHTb O HaJIH'-111H 

CHI' HaJIOB OT 1-JOBOH (p113HKH . 

1'IcrroJib3Y5l CTaTHCTH'-18CKl1e MeTO)],bl o6pa60TKl1 ,LJ,aHHbIX, onHCaHHhie B 

[44], 3TO MO)KHO rrepeseCTH B npe,LJ,eJihl )],Jl51 Ml1HHMaJibHO B03MO)KHb!X Mace 

q,IJ, (3,LJ,€Ch, KaK H BbJWe, 11MeeTC5I B B11,LJ,y MHI-JHMaJibHOe 3Hac1eHHe MaCCbI , ,LJ,O

n yc1<aIou~ee KB83HKJiaCCH'-18CKYIO TpaKTOBKY) , B 3aBHCl1MOCTH OT B8JIWIJ1Hbl 

cpyH,LJ,aMeHTaJibHOro MHOrOMepttoro MaCWTa6a. H a pHC. 16 np11Be,LJ,8Hbl ITO,LJ,06-

Hble M0)],8JlbH0- 3aBHC5IW,He npe,LJ,eJibI , OT)],8JlbHO )],Jl51 cu,eHapHeB, BKJII0'-18HHb!X 
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Puc. 14. TionHM n onepe'-IHM :mepr1rn Sr ,D,n51 co6b1T11it c '-IHCnOM o6'beKTOB 

(cpoTOHbl, 3neKTp0Hbl 11 CTpy11) B KOHe'IHOM COCTOSIHHH N 2". 3,4,5,6. ,ll,am1b1e OT

Me'-leHbl KaK TO'IKH C 3Kcnep11MeHTMbHbl M H n orp eUJHOCTSIM H ; cnnOWHble n mnm C 

3 aKpaUJeHHblMH o6naCTSIMH OTBe'1a10T npe,D,CK33aHHSIM ,JVISI <pOHa C y'-leTOM CHCTe

MaT>l'!eCKHX norpeUJHOCTeit. Ta!OKe npHBe,D,eHbl TeopeTH'-!eCKHe KpHBbl e )J,flSI KBa-

3HKnaCCli'-!eCKOit CTal\HOHapHOit '-I ,ll, )J,flSI Tpex Ha6opoe napaMeTpOB M0,!1,MH (00111111 

aHMOrH'-IHO pHc .12). 3,D,eCb M/;,;;. - MHHHMMbHaSI Macca '-!epHOit )],blpbl , NJ o = ]\If 

B Haurnx 0003 Ha'-!eHHSIX - MHOr0~1epHbll! nnaHKOBCKHit MaCUJTa6, n - '-I IICflO ,!l,OOOn

HHTenbHblX npOCTpaHCTBeHHblX H3MepeHHll. 
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'UIH , ITOJIY'-IaeMb!X 113 p33Hb!X reHepaTopoB (3Tl1M 01..1,eHKaM MO)KHO Bepl1Tb, 

no KpailHei,i Mepe - B Harnett TTOCTaHOBKe 3a,L1,aY11) . O,LI,HaKO ,[l,JI5! MHOPOCTp y tl

Hb!X co6b1n1i,i KX,LJ, Beeb Ha6op cyw,ecTBy10w,11x reHepaTOpoB ,LI,aeT OTJi l1Ya-

1ow,11ec51 pe3yJihTaTbI, np11YeM B HeKOTOpb!X Kl1HeMaT11YeCKl1X o6JiaCT5!X -

Cl1JJhHO OTJJ11Ya10w,11ec5!. C pocToM Sr Heonpe,LI,eJieHHOCTh B 3HaH11H <poHa 113 

reHep aTOpOB CHJlbHO p acTeT, H He TOJJbKO no np11Yl1He caMl1X MaTpWIHblX 

3JJeMeHTOB, 3aJTO)KeHHbIX B reHepaTOpbl, HO 11 B Cl1JJY TTJIOXOro 3Ha Hl15! CTPYK

TYPHb!X cpyHK1..1,11ti ,Ll,JJ5! 60Jihru11x nepe,LI,aHHhIX Q2. Ilo 3THM npH'-ll1HaM ,L\JJ5! 

01..1,eHKH cpott a OT MHOPOCTPYHHblX co6b! T HH HCTTOJJb3yeTC5! ,LI,Byxw aroBa5! npo-

1..1,e,LI,ypa, HCKJIIO'-Ia!0UJ,a5! reHepaT0pbi co6bITHR H aneJIJJ11p y10w,a51 Hanp5!MYIO 

K ,LI,aHHblM. ,Ll,JJ5! 3TOro BHa'-laJie OT611pa10TC5! co6b!Tl15! C MaJibI M KOJIH'-leCTBOM 

CTpytl ( 11 HH,[l,l1BJ.,J,LI,yaJibHbIX '-laCTHIJ,) B KOHe'-IHOM COCT05!J-!11H - He 6oJiee 2 11 3, 
coonieTCTBeH HO. H a pwc. 12 TT0K33aHbl TaKne BhI60pKH 3KCn epnMeHTaJibHblX 

,LI,aHHblX C HaJTO)KeHHblMH rrpe,[1,CK33aHmIMJ.,J ,[l,Jl5! Cl1l'HaJIOB OT KJiaCCH'-leCKl1X 

l-l,LJ,, B 3aB11c11 MOCTH OT 3 Ha '-lemrn Sr. Xopowo BH,Ll,Ha o6JiaCTh 3 Ha'-leH11it Sr 
CJieBa, r,[\e <pOHOBble pacnpe,[\eJJemrn npaKTH'-leCKJ.,J He HCKa)KeHbl B03M0)KHblM 

npncyTCTBYlOW,HM CHL'HaJI0M. 

B COOTBeTCTBl111 C 3THM ocyw,eCTBJJ5!eTC5! BbI6op KOHTpOJibHOH o6JiaCTl1 

(T.e. 3 1-IaYeHJ1H n epeMeHHOi,i , ,[\JJ5! K0TOpblX pacnpe,LI,eJJeHH5! 3aBe,LI,OMO CB060,Ll,

Hbl OT np11cyTCTBl15! CHPHaJibHb]X co6b!TJ.,J/,j). ,Ll,JI5! Bcex c 1..1,ettapneB HOBOH <pH-

311Kl1, xapaKTep113yeMblX o npe,[\eJieHHb!M 3 HeprenrYeCKl1M MaCWTa6oM, a,[\eK

BaTHblM BhI6opoM 6y,L1,eT o6JJaCTb lil1)Ke 3TOl'O Macw Ta6a, XOT5! HaCKOJlbKO 

l1MeHHO Hl1)Ke - Ka)K,LI,blti p33 o6cy)K,LI,aeTC5! 11H,[l,11B11,LI,yaJibHO. B 3TOR o6Jia

CTJ1 <pOH <pl1THpyeTC5! C TT0MOW,b!O HeCKOJJbKl1X cpy1-1K1..1,11tl, CM. p11c. 13, B ,[\aH

HOM CJiy'-lae - C O,[l,HOH OCHOBHOH, ,[l,Jl5! onpe,LI,eJieHH5! 1..1,eHTpaJibHOro 3HaYe

HJ,J5!, 11 ,Ll,BYM5! BCTTOMoraTeJibHblMl1, CJiy)KaW,HM H ,[l,Jl5! onpe,LI,eJieHH5! KOpH,[1,0pa 

rrorpew1-1ocTeit [43]. Ilony'-laeTC5! p e3yJihTaT B BH,[\e TTOJIOCbl C 1..1,eHTpaJibHb!M 

3HaYeHl1eM 11 norpeWHOCT5IMH , KaK Ha p11c. 12. IlocJie 3TOro <pl1T <pOHa 11C

TTOJib3yeTC5! B Cl1l'HaJibHOtl o6JJaCTl1, C COOTBeTCTBYIOW,11Ml1 nonpaBO'-!Hb]Ml1 

Kl1HeMaTl1'-leCKl1M11 K03<p<pl11..1,HeHTaM11 11 ,[\Jl5! npOl13B0JlbHOro '-l11CJia CTpyi,i . 

'.:ha npo1..1,e,LI,ypa H33hmaeTC5! <<data-driven>> MeTO,Ll,OM 11 ycnewHo np11MeH5IeT

C5! B KOJJJia6opa1..1,11w CMS Be3,LI,e, r,L1,e B03Hl1Ka!OT TPY.L\HOBbI'-111CJJ5leMbie cpo

HbI. K aK y)Ke l'OB0p11JIOCb, HaJTO)KeJ-IHbie KpHBbie npe,L1,CK33aJ-111/,j ,[l,Jl5! '-lepHblX 

,[l,blp ( OTTIJ,115! CTa1..1,110HapHOti l-l,LJ,, TPl1 p33Hb!X Ha6opa n a p aMeTp0B, 6e3 yye

Ta noTepb Ha CTa,Ll,Hl1 cpopM11poBamrn, reHepaTOp BLACKMAX) ,L1,eM0HcTp11-

py10T MaJioe fIO,L1,MeWHBaJ-111e Cl1l'HaJIOB HOBO/,j <pl1311Kl1 B o6JiaCTb <pl1Ta ,[1,Jl5! 

<potta, 1200- 2800 f 3B, T.e. BJil15IHHe IT0TeHIJ,11aJibHO Cl1rHaJibHOR o6JJaCTH Ha 
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KOHTpOJibHYIO npeHe6pe)KHMO MaJIO. Ilocne rrpo1..1,e,LI,ypbl <<HaCTpOtiK11>> <pOHa 

M0)KHO npOBO,[l,11Tb cpaBHeHne 3KCrrep11MeHTaJibHblX ,LI,aHHbIX C rrpe,Ll,CK33amr-

5!Ml1 p33JIH'-IHbIX M0,LI,eJJetl. 
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Pwc. 12. I1onHa5! n onepe'IH M 3 Heprtt5! Sr An5! co6btTttll c KOntt'leCTBOM o6'beK

TOB (cj:,oTOHOB, 3neKTpOHOB Ii CTp yll) B KOtie'IHOM COCT05!HHH : a - N = 2, 6 - N 2 2. 
,Ll,aHHbJ e OTMe'leHbl KaK TO'IK J.1 C 3KCn epHMeHTMbHblMH n orpern HOCT5!M H, c n norn

HbJe nHHHH C 3aKparneHHbl MH o6naCT5!MH OTBe 01a10T npeACKa3aHH5!M Afl5! cpotta C 

y'leTOM c wcTeMaTw•-iecKHx n orpern ttocTell. <l>ott, tte CB5!3att t1b1 t\ c KX,Ll, npol(ecca~m, 

npwBeAeH B BHAe rJ.1CTOrpaMM B HJ.l)KHeM neBOM yrny K~AOrO rpacj:,HKa. 

H a pHC. 14 11 15 TTOK33aHO c p aBHeHne 3KCn ep11Me HTaJibl-Ib!X ,LI,aHHbIX, H3-

BJie'-leHHb!X ,[\JJ5! p33H0H MHO)KeCTBeH HOCTl1 061:>eKTOB (cTpyti H '-laCTHl.\) B KO

He'-IHOM COCT05IHHH , C YK33aHHeM norperuHOCTH 01..1,eHKH <pOHOBbIX npo1..1,eccoB 

KX,LJ, , c npe,LI,CK33aHH5IMH ,LI,JI5! Tpex p33HbJX Ha6opoB n apaMeTpoB MO,LI,eJIH , 

0 TTHCbJBa!Ow,etl pO)K,[l,eH11e KB33HKJJaCCl1'-leCKOti CTa1..1,110HapHOH l-l,LJ, 6e3 y'-le

Ta ITOTepb 3HeprHl1 Ha CTa,[l,11H <pOpMHpOBaHH5!. OrpaHH YeHH Oe KOJIH'-leCTBO 

rrpHBe,LI,eHHb!X npe,LI,CK33aHHtl CB5!3aH0 C orpOMHb! M 061:>eMOM M0,[\eJJHpoBamrn, 

y n oMl1HaBweMC5! B npe,LI,bl ,LI,yW,eM naparpacpe, 11 C <pH311'-leCKOR HeB03M0)KH0-

CTblO OT06p33I1Tb Bee c1..1,en ap11H Ha O,Ll,HOM rpacp11Ke. TaK)Ke np11 cyw,ecTBy!O

W,HX 3Hepnrnx CJJe,LI,yeT Y'-II1TbJBaTb orpaHHYeHHYI0 '-IYBCTBl1TeJibHOCTb 3KCn e

pHMeHTa K 60JibWeil '-laCTI1 rrpocTpaHCTBa MO,LI,eJibHb!X napaMeTpOB, TT03TOMY 

Ha rpa<pHKax rrp11Be,L1,eHbl Hal16onee OTTTI1Ml1CTI1'-1Hble , C TOYKH 3pe1-JH5! Ha6JIIO-
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Pi,ic. 16. a - MmmMaJibHaH Macca 'lepHotl ,!J,bipbI , HCKJIIO'!e1rnaH c 95% C.L. , s 3astt

CHMOCTH OT seJIH'IHHbl q:>yH,11,aMeHTaJibHOro MacuJTa6a MD, ,!],JlH pa3JIH'IHblX M0,11,enei,1 '-1,[I, 
6e3 q:,opMttposattHH cTa6HJibHOro ocTaTKa s re ttepaTope BLACKMAX H 'IHCJia ,11,ononm <

TeJihHblX H3MepeHHH , pasttoro 2, 4 H 6. 6- 2 - MHHHMaJibHaH Macca '-I,[],, HCKJl!O•leHHaH 

c 95% C.L., B 3aBHCHMOCTII OT BeJIH'IIHlbl q:,ytt,11,aMeHTaJibHOrO MacuJTa6a MD , ,11)15! pa.3-

JlH'IHbI X MO,!],eJiell '-I,[], c q:>OpMHpOBattHeM CTa6HJJbHOro OCTaTKa tt 6e3 Hero s rettepaTope 

CHARYBDIS2 , ,11,.rrn 'mcna ,11,on onttttTeJibHbI X H3MepeHHil , pam-1oro 2, 4 H 6. 06nacT11 no,11, 

KpHBblMH C'IHTa!OTCH 3aKpblTblMH . [43] (noCJie,!],HHH CTaTbH no CCblJIKe) . 
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B rettepaTopb1 BLACKMAX 1-1 CHARYBDIS2. vb np,rne,D,eHHbIX ,D,aHHbIX 

BH,ll,HO, '-!TO ,D,OnyCTHMble 3Ha'-leHH51 MHHHMaJ!bHOtl MaCCbl LI,l], OTJ1H'-laIOTC51 

,D,JlH pa3HbIX cu,ettapHeB, HO cTa6HJ1bHO J1e)KaT Bbillle 5.4- 6 T3B. Bonee np11-

eMJ1eMaH c TeopenP-recKot\ TOYKH 3peHHH o6naCTb rpaq)l1KOB pacnonaraeTC51 

CJleBa 11 OTBeYaeT CJ1yYa10 , KOr,D,a OTH011IeH11e Ml1Hl1MaJ!bHOtl MaCCbl l.J:,l], K 3Ha

YeHHJO cpyH,D,aMeHTaJ!bHOro MaC11ITa6a npeBbllllaeT '-ll1CJ10 3. TipH 3TOM pa3-

pe11Ie1rna51 06J1aCTb Ml1Hl1MaJ!bHbI X Mace B 60J1bllll1HCTBe CJlyYaeB HaxO,D,l1TC51 

BbJllle 5 T3B, '-!TO, Boo6iu_e rOBOp51, ,D,enaeT rrpaKTM'-!eCKM 6e3Ha,D,e)KHb!M Ha-

6J1IO,D,eH11e CMrHaJIOB OT KBa3l1KJ1aCCH'-leCKHX l.J:,l], Ha ycKop11TeJ1e C 3Hepr11ett B 

c.u,.M. 8 T3B. '.:ho yTBep)K,D,e1rne CTaHOBHTC51 eiu_e )KeCT'-le, ecJ11,1 paccMaTp11-

BaTb cu,ettap1111 C IIOTep51Ml1 3Hepr1111 Ha CTa,D,HM cpopM11pOBaHH51, cyiu_eCTBeH

HO CHl1)KaJOILI.11Ml1 ,ll,OCTH)KJ1Mble 3Ha'-leHl151 Mace. Ecn11 )Ke paccMaTp11BaTb He 

TOJlbKO MeTpHKH Knacca ADD, HO TaK)Ke BKJlIO'-IMTb B paccMOTpe1rne cu,e

Hap1111 o6pa30BaH1151 l.J:,l], B MO,D,eJ15IX Knacca RSl , yc111Tb1Ba 1oiu_11x KpHBH3HY 

nom1oro MHOroMepHoro npocTpaHCTBa, TO nepcrreKTMBbl CTaHOB5ITC51 TyMaH

HblM11 He TOJlbKO ,[l,J151 TeKyiu_et.i , HO ,D,a)Ke ,ll,J151 nOJlHOtl nJ1att11pyeMOH 3HeprMH 

LHC (14 T3B B c.u,.M.) , B c11ny 6onee )KeCTKHX Tpe60Batt11t\ ,D,J151 OTHOllleHM51 

M8j; / M , KOTopoe ,D,OJl)KHO ,D,OCTM!'aTb 10 11n11 ,D,a)Ke Bblllle [33]. 
B attan113e, on11pa10iu_eMC51 Ha MO,D,en11p0Bam1e c11rHana H 3a1<J1a,D,b1Bae

Mb1e cu,eHapHH, BCer,D,a cyiu_eCTByeT p11CK paCCMOTpeHl151 <<He TeX>> cu,eHap11eB 

HJ1l1 cepbe3HOtl He,D,OOU,eHKH- nepeou,eHKH KaKMX-TO cpaKTOpOB B 11MeIOiu_11x

C51 MO,D,eJlHX, '-!TO Be,D,eT K COOTBeTCTBYIOILI.eH HeKoppeKTHOCTl1 nony'-leHHb!X 

3KC n ep11MeHTa.TlbHbIX npe,D,eJlOB. I1o3TOMY BCer,D,a HY)KHO, B ,ll,OTIOJ1He1-me K 

MO,D,eJ1bH0- 3aBHC51iu_eMy aHaJil13Y, ,D,eJlaTb MO,D,eJ1bHO- He3aBMC11MbJe ou,eHKl1. B 

YaCTHOCTH , B HallleM cnyciae - ,ll,J151 ceYeHMH co6blTHtl C pa3HOH MHO)KeCTBeH

HOCTblO B KOHe'-IHOM COCT051Hl111 , y,D,OBJ1eTBOp51IOILI.11X KpHTepHlO Sr > S!J!in B 

3aBHCIIMOCTH OT BeJ11,1Y11ttb1 Sr. H a p11c. 17 crrnolllHaH (nyH1<T11pttaH) n11tt1111 

COOTBeTCTBYIOT 11a6mo,D,aeMOMY (O)KH,D,aeMOMY) rrpe,D,eny, ,[1,J151 HOMMHaJibHOM 

Heonpe,D,eJleHHOCTH OT6opa co6blTHtl ITO aKcerrTaHcy, paBHOtl 5%. 3aKpallleH

Hble o6naCTl1 nOKa3bIBa10T KOp11,D,Opbl B O,ll,HO l1 ,D,Ba CTaH,D,apTHbIX OTKJ10HeHl151 

( u) OT O)KM,D,aeMbIX. J,fa puc. 17 BM,ll,HO, YTO O)KJ1,D,aH11H B paMKax CM B rrpe,D,

noJ1o)Keu1111 OTCYTCTBJ151 HOBOH cpH3HKl1 xopOlllO COBTia,D,aIOT C nony'-leHHb!l\111 

3KCnep11MeHTaJlbHb!MH ,D,al1Hb!Ml1. 

no aHaJIOrMH C KJlaCCH'-leCKHMH l.J:,l], 6blJ111 ycTaHOBJleHbl npe,D,eJlbl ,ll,J151 Cill 

11 Kt..I,IJ, [43] (no nonttot\ CTaTMCTHKe nepBoro U,HKJ1a pa6oTbI LHC CM. nocne,D,

tt1010 pa6oTy no CCb!JlKe). ,l],J151 CTPYHHb!X lllapoB IIOJlyYaeM Ml1Hl1MaJlbHO ,D,O

nycn1111y10 Macey ofrbeKTa OT 5.5 ,ll,O 5.7 T3B , B 3aBMCIIMOCTH OT BeJ1J1'-ll1Hbl 
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PHc. 17. Mo/J,eJibHO- He3aB11CHMbitl aepxm1il npe/J,eJI Ha ce,1em1R c 95% C.L. , nony

'IeHHbitl H3 C'leTHblX MmITe-Kapno 3KcnepHMeHTOB /J,Jl51 Sr 2 S!f!'in, B 3am1CHMOCTH 

OT Sr , /J,Jl5I co6b1T11il c MHO>KeCTBeHHOCTbIO OT N 2 3 11,0 N 2 10. 
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P Hc. 18. a - BepxH11i1 npe.n,e.n Ha se.nw-111Hy Ha6mo.n,ae110ro ce'-!eH1151 CW c 95% 
C.L., nony'-<eHHbIH H3 C'-leTHbIX MoHTe-Kapno 3 Kc nep11MeHTOB, onTHMH3HposattHbrx 

)],JI51 MaKCHMaJibHO 3cpcpeKTHBHOro OT6opa cw C pa3Hb!MH 1'IO)],eJibHblMH napaMeT

paMH (cnJIOWHbie JIHH1111) , a TaJOKe TeopeTH'-!eCKOe 3Ha'-!eHHe Ce'-!eHH51 PO>K,D,eHH51 

(nyHKTHpHb!e JIHHHH) )],JI51 pa3HbIX Ha6opos n a paMeTpOB MO)],eJIH , B 3aBHC11MOCTH 

OT MHH11MaJibHOro 3Ha'-!eHirn MaCCbl cw. 3.n,ecb 9s = 0.4. 6 - MHHHMaJibHa51 Macca 

K'-I,n: , HCKJIIO'-!eHHa51 c 95% C.L., B 3aBMCHMOCTH OT 3Ha'-!eH1151 cpyH.n,aMeHTMhHO

ro MacwTa6a )],JI51 '-!11cna .n,onoJIHHTeJibHbrx H3MepeHHH n = 1 (110.n,enb Randall

Sundrum) m160 n ;::: 2 (Mo.n,e.nb ADD) , 06nacT11 no.n, KpHBbIMH C'-<HTaJOTC51 3Kcne

p1-1MeHTMbHO 3aKpb!Tbl1111. 
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cpyH,l],aMeHTaJlbHOro MaCUJTa6a MHOrOMepHotl rpam1Tau,I,u,1 ],[ 3HaY:eHH5I CTpyH

Horo MaCUJTa6a, pHC. 18a. ,l],Jrn KBaHTOBb!X YepHbIX ,[1,blp ITpe,[1,eJlbl Ha Ml1H11-

MaJlbHYIO Macey ycTaHOBJieHbl OT 5.4 ,ll,O 6.2 T::iB , B 3aBl1CHMOCTl1 OT M0,[1,eJ111 

11 '-111CJJa ,11,0ITOJIH],[TeJlbHblX H3MepeH11tl, pHC. 186. 

0BCY)K,Ll,EHHE l1 ,LJ,AJibHEHIIIHE IIEPCIIEKTHBbl 

llocne Bb1xo,11,a ITepBotl pa60Tb1 KOJJJ1a6opau,11H CMS ITO ITOl1CKY Y:,IJ, ([43], 
nepBa5I CCb!JJKa) TI05IBHJiaCb KpHTHKa ITOJiy'-leHHbIX pe3yJJbTaTOB (HaITpHMep, 

[47]), CB5I3aHHa5I C o6cy)K,ll,eHHeM rpaHHU,bl npHMeHl1MOCTH KBa311KJ1accwIe

CKOro om1caH115I Y:,IJ, H He,11,oITycT11MOCTH ero HCITOJJb30BaHH5I B o6nacnr , r,11,e 

OHO 0'-IeBl1,ll,Hb!M o6pa30M pa3pyUJaeTC5I (MaJJbi e 3Hac1eHH5I Mffj?, 6mI3KHe K 

M). Bo H36e)Ka1rne He,11,opa3yMeHHtl B ITocne,11,y101.Iwx pa6oTax ([43], ,ll,Be ITO

cJ1e,11,H11e CCbIJlKl1, l1 [46]) ITO,ll,'-1epK11BaeTC5I , '-!TO , 6e3yCJJOBHO , ITpaBble o6JiaCTH 

Ha p11c. 16 5IBJI5IJOTC5I MaJJOITpl1eMJieMbIMl1 C TeopeTHY:eCKOtl TO'-IKl1 3peHH5I 11 

He ,ll,OJl)KHbl HaITp51MYIO pacu,emrnaTbC51 KaK 3KCITepHMeHTaJlbHbJe orpaHH'-le

HH51 , M3BJleY:eHHbi e !13 cpaBHeHl151 ,11,aHHb!X C ITpe,!1,CKa3aHl151MM M0,11,eJJetl. CKO

pee, 3TO CJJe,11,YeT BOCITp11HMMaTb KaK apTecpaKT Mo,11,em1p0Bamrn , Kor,11,a CKa

HHp OBaHHe ITO Beet\ ,11,0CTYIT HOtl KHHeMaTHY:eCKOtl o6JJaCTM ,11,aeT OKOJJOITOporo

BbJe 3Ha'-!eHM51 Mace ,ll,Jl51 KJJaCCH'-leCKOtl Y:,l],. reHepaTop co6b!T11tl <<He 3HaeT>>, 

KaKMe MaCCbl ,ll,OITYCTl1Mbl , ITOCKOJlbKY orpaHl1'--IeHH5I no BeJJHY:111-Je 3HTPOTIHl1 

11J111 ,11,pyr11e B Hero He 3aKJJa,ll,hIBaIOTC51; c TOY:KH 3pemrn reHepaTopa Bee Mac

Chi HMeIOT npaBO 6bJTb. llp11 HCTIOJib30BaHl111 )Ke TIOJIY'-IeHI-IbIX C3MTIJJOB ,ll,Jl51 

cpaBHemrn C 3KCITep11MeHTOM ITpe,11,cTaBJ151eTC51 HeHy)KHb!M BPYY:HYIO << Bbi pe-

3aTb>> OKOJJOTIOporOBble TO'-IKH . ,l],JJ51 TpaKTOBKJ,J rpacpMKOB ,11,0CTaTO'-IHO HMeTb 

B BH,11,Y, '-!TO 6e3yCJJOBHO OCMb!CJJeHHblMl1 51BJ15IIOTC5I npe,11,eJJbI , TIOJJy'-laeMbi e 113 

JleBb!X o6JJaCTetl, T.e. ,l],Jl51 ,11,0CTaTO'-IHO 60JJbUJOro OTHOUJeHl151 Mace. KpoMe 

Toro, BbJUJe ,l],eMOHCTp11pOBaJll1Cb MO,ll,eJlbHO- He3aBl1Cl1Mble ou,eHKH ,ll,Jl5I MHO

rocTpytlHb!X co6h1T11tl B paMKax CM, He 6a311py101IJ,11ec51 Ha KaK11X-JJH60 rn

ITOTe3ax O HOBOtl cp11311Ke. Hx MO)KHO 11CTIOJlb30BaTb 6e3 BC5IKl1X orOBOpOK Ha 

Heonpe,11,eJieHHOCTl1 B 3Ham111 TeopHH, 11 ,ll,Jl51 HHX 3KCnepHMeHTaJlbHbi e ,11,aHHble 

He,11,BYCMb!CJieHHO CBH,11,eTeJlbCTBYIOT 06 OTCYTCTBHH OTKJlOHeJrnt\ OT Q)Kl1,ll,a

H11tl CM B ,11,ocTynHOM B HacT05IIll,ee BpeM5I ,11,11ana3oHe 3HeprMtl . 

B u,eJJOM, u,eHTpaJJbHbltl BOITpoc ,l],Jl5I Beet\ 3KCITep11MeHTaJlbHOtl ,11,e5ITeJlbHO

CTl1 ITO TI011CKY Y:,l], H aJlbTepI-IaT11BHb!X ofrheKTOB 3aKJJIO'-l aeTC51 B TOM, XBaTHT 

JIH ::iHepr1111 LHC ,ll,JJ5I Ha6J110,11,eH115I pO)K,ll,eH115I 11cT11HHbIX, TO ecTh TepMaJJH-

3oBaHHbIX KBa311KJiaccl1'-ICKl1X Y:,IJ, B CJJy'-lae , eCJJ],[ 0,11,HH 113 cu,eHap11eB MI-10-
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r0Mep1-1ot1 rpaB11Tau,1111 peaTil13YeTC51 B np11po,LJ,e. Ka:>KeTC51 ,D,OCTaTO'-IHO Bepo-

51THblM (KaK o6cy:>K,D,8Jl0Cb ew,e ,D,O n051BJieHl151 nepBblX 3KCnep11MeHT8JlbHbIX 

,D,a1-I1-1b1x no l.f,LJ,), '-ITO LHC Bee :>Ke 6y,D,eT ttecnoco6ett ,D,OCTl1'-lb 3Toro pe:>K11Ma, 

H B ,L\8JlbHet1weM HaM OCTaI-IeTC51 CKOHU,eHTpHpOBaTbC51 Ha npoMe:>KyT09HblX 

061:>ewrax, Hano,D,0611e cw H HeTepMaTIH30BaHHb!X KBaHTOBblX l.f,l],. Bno'leM, 

3TH COCT051Hl151, 51BJl5151Cb Cl1rH8JlaMH OT 6oJiee cpyH,D,aMeHT8JlbHOt1 Teop1111, 

B03MO:>KHO, ,D,a:>Ke ew,e 6oJiee HHTepeCHbl H TIOJie3Hbl ,D,JI51 yrny6JieHl151 Hawero 

no1-111MaHl151 M11Kporrpou,eccoB, np011CXO,D,51lll,11X np11 Bb!COKl1X 3Hepr1151X, He:>Ke

JIH KBa311KJiaCCl1'-leCKHe l.f,LJ,, KOTOpbie <<MaCK11pyIOT>> 11CXO,D,J-lb!e B3al1MO,D,et1-

CTBl151. B JII060M CJiy'-lae, KaK co CTOpOHbl ,3Kcnep11MeHTa, TaK 11 C n0311U,11t1 

TeopeT119eCKoro on11catt115I Ha,D,Jie:>K11T C,D,eJiaTb ew,e oc1eHb M1-1oroe, npe:>K,D,e 

'leM CTaHeT B03MO:>KHblM nocTaBl1Tb T09KY B 3TOM Bonpoce. ,l],JI51 B03MO:>KHO

CTl1 np0Be,D,e1-I11 51 6oJiee TW,aTeJIMIoro 3Kcnep11MeHT8JlbHoro aHaJ1113a caMbIM 

Ba)l<Hb!M Tpe60BaH11eM 51BJI51eTC51 ,D,BYXKpaTHOe yBeJI11cIeH11e 31-1epr1111 CTOJIK

HOBel l l151 np0To1-10B Ha L H C , ,D,O npoeKTHoro 3Ha'-!eHl151 ,/s = 14 T3B, a TaK:>Ke 

60JibWa51 CTaTHCTHKa 11aKOnJieH ll blX co6bJT11t1. B CBOIO 09epe,D,b, co CTOpOHbl 

Teop1111 nOCT051HHO nocTyna,oT HOBble 11,D,el1 11 TpaKTOBKl1 , 1-ianp11Mep, [34, 35], 

KOTOpbie MoryT npOJil1Tb CBeT no,D, HHb!M yrnoM Ha npo6JieMy on11caHl151 061,

eKTOB KBaHTOBOtl rpaB11Tau,1111 11 npe,D,CKa3aHl1lir Cl1fH8JlOB OT Hl1X Ha ycKop11-

TeJie. TaK:>Ke HeJI11WHe 11MeTb B B11,D,y ,D,11CKYCCl110 0 ,D,eT8Jl51X cpopM11pOBaHl151 

l.f,l], 11 B03MO:>KHOM Cl1JlbHOM no,D,aBJieH1111 Ce9eHl111 pO:>K,D,eHl151 , B ,D,yXe [24]. 

l.ho KacaeTC51 co6CTBeHHO noJiy'-leHHb!X ,D,aHHbIX, TO, 061:>e,D,11H5151 pe3yJibTa

Tbl no <<np5IMOMy>> ycTaIIOBJieH11I0 npe,D,eJIOB Ha MaCwTa6 MHOrOMepHOtl rpa

B11TaU,11H j,J ,D,aHHbie no noHCKy l.f,l], 11 8JlbTepHaTl1BHbIX 061:>eKTOB, MO:>KHO 

3aKJ1109HTb, CfTO OHM He npOTl1BOpecIaT ,LJ,pyr ,LJ,pyry. OTcyTCTBl1e HOBbIX T51-

:>KeJI bIX pe3oHattcoa 11JI11 1-1epe3oHaHCHbIX OTKJIOHe1-111tl OT rrpe,D,CKa3aHHtl CM 

rro3B01rn10T HaM c'-!11TaTb 3aKpb1Totl o6JiaCTb tt11:>Ke 2- 3 T3B ,D,JI51 aeJI11'l11HbI 

cpyH,D,aMeHT8JlbHOro MaCwTa6a rpaB11Tau,1111. O,D,HOBpeMeHHO, OTCYTCTBl1e xa

paKTepHbIX c11rH8JlOB OT l.f,LJ, C MaCCOH ,D,O 6 T3B nO,D,TBep:>K,D,aeT, '-ITO 3TOT 

MaCwTa6 (KOTOpb!lir ,D,OJI:>KeH 6bITb Ml1Hl1MYM a 2.5- 3.5 pa3a MeHbWe MaCCbl 

l.f,l],, 9T06bJ TpaKTOBaTb ee B KBa311KJiaCCH9eCKOM rrp116JI11:>KeH11H) 3aBe,D,OMO 

He MO:>KeT 661Tb ycTattOBJieH HH:>Ke Tex :>Ke 2- 3 T3B. TaK11M o6pa30M, np51-

MbIe 11 orrocpe,D,OBaHHbJe 113MepeHl151 3TOlir aeJil1'-Il1Hbl xopowo KOppeJI11pyIOT 

,LJ,pyr C ,D,pyroM, OCTaaJI5151 ,D,JI51 IIO,D,06Hb!X rrp05IaJieHl1lir MHOrOMepHOlir rpaa11Ta

l.J,IIH OKHO CHJ!bHO abJWe no 3Hepr115IM (opHeHTHpoaocIHo - HaCJJ1Ha51 C 10- 15 

T3B, eCJil1 rOBOp11Tb O 6oJiee peaTil1CTl19HblX HeMHHl1M8JlbHblX Kp1-1Tep1151X 

KBa3IIKJiacc11'-!eCKOro np116JI11:>KeHH51 11 abJTeKaIOw,elir 113 Hl1X ,D,OIIYCTHMOlir 1\111-

1-111M8JlbHOlir Macce l.f,l],). ,l],JI51 caMoro cpytt,D,aMeHTaTibHOro nopora MHOroMep-

1-1olir rpaa1-1Tau,111-1 11 Ca513aHHblX C HHM rpaa11TOHHbIX pe30HaHCOB, a TaK:>Ke ,D,JI51 

rrepcneKTl1a 1-1a6mo,D,eHl151 KBaHTOBblX OKOJIOIIOporoabIX 3cpcpeKTOB ace noKa 

6oJiee onTHMHCTH'-IHO - o6JiaCTb OT 4- 5 T3B 11 abrwe ace ew,e OTKpbITa, 11 

ocTa10TC51 tta,D,e:>K,D,bl Ha cJie,D,yIOW,Me U,MKJibI pa6oTbI L H C, c HOMHH8JlbHOl1 

31-1epr11elir CTOJIK1-1oae1-11151 14 T3B. 
B 3aKJIIO'leI-rne ,D,06aa11M, '-ITO orpa1-111'-leH1151 , noJiyqeI-IHbIe CMS, HaxO,D,51T

c51 a xopoweM corJiac1111 c ony6m1KoBaHHbIMH ATLAS, B Toi11 '-!aCTII , KOr,D,a 

aH8Jll13 npOBO,D,HJIC51 no CXO,D,HOlir li,D,eOJIOrI111 H ,D,OnycKaeT np5IMOe cpaBHeHl1€ 

pe3yJibTaTOB ,D,BYX KOJIJia6opau,1-1lir [48 , 49, 50] . 

I1p11 np0Be,D,ett1111 1-1ccJie,D,0BaH11t'1 11 1-1anHcam111 acero U,HKJia pa6oT 3a no

cJie,D,1-1ee ,D,eC5ITHJieTHe, TTOCB51W,eHHOe pa3pa60TKe 11 peaTIH3aU,1111 nporpaMMbl 

no no11cKy c1-1rttaJ1oa OT MHoroMep110tl cp1-131-1K11 c noMOW,bIO ycTaHoaKH CMS 

Ha ycKop1-1TeJie L H C, aaTop 11MeJI HeH3MeHHO nJio,D,OTBopIrne coTpy,D,Hl19eCTBO 

C rpynnotl KOJIJier 1-1 e,D,HHOMbIWJieHH11KOB, KOTOpb!M Bb!p3.)KaeT 6Jiaro,D,ap

HOCTb M Ha,D,e:>K,D,y Ha ,L\8JlbHelirwy10 ycnewHy10 pa6oTy. OT,D,eJibl-10 XOT€Jl0Cb 

6br no6Jiaro,D,ap11Tb Cepre51 illMaTOaa M fpera JiaH,D,c6epra, a TaK:>Ke acnoM

HHTb 6e3BpeMeHHO ywe,D,wero B11KTOpa KottonJI51HHKOBa, KOToporo HaM BCeM 

CHJibHO He XBaTaeT. TaK:>Ke Bbipa:>KaIO 6Jiaro,D,apHOCTb BCeM 6bIBWHM 11 Hbl

HeWH11M ycraCTHHKaM rpynnbl no nOHCKY qepHblX ,LJ,blp rpynnbl <<8K30TI1Ka>> 

3Kcnep11Me1-1Ta CMS. 
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