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Oli.cnMI XAPAKTEPIICTIIKA PAliOTbl 

AKT)'aJlbHOCTb TCMbJ. CrnH,uapTHaJI MO,UeJib CIIJibHblX cna6b!X n 3JleKTPOMarHIITHblX B3aHMO

,ueil.CTBIIH (CM) JIBJIJ!eTCJI 0,UHOH 113 Ha1I6onee ycnell!Hb!X TeopeT1IqeCKIIX cxeM Kor,ua-Jm6o 

C03,UaHHbIX B cp1131IKe 3JieMeHTapHb!X qacrnu. no CIIX nop He BblJIBJieHO Hll O,UHOro nponrno

peqamero eii 3KCnep1IMCHTaJlbHOro cpaKTa. OTKpb!TIIJI HCHTPaJlbHblX TOKOB, a 3aTeM nepeHoc

q11KOB cna6oro B3allMO,UeHCTBIIJI, W- II Z-6o30HOB, npe,UCKaJaHHblX CM, CTaJIII y6e,UIITenbHbIM 

CBll,UeTeJibCTBOM B ITOJ!b3Y 3TOH Mo,uen11. TTocne,uyIOIUaJI TIUaTenbHaJI nposepKa npe,UCKa3aHIIH . 

CM B YCKOpHTeJibHblX II HeycKOpllTeJibHbIX 3Kcnep11MeHTaX YCTPaHHnll BCJIKIIe COMHeHIIJI B 

ee cnpase,un11socTH . .D:=e noKa eme HeHaH,ueHHaJI qacT11ua X11rrca - Heo6xo,u11MhIH 11Hrp11-

,u11eHT CM - He MCHJ!eT o6men KapTIIHbl ycnexa Teop11n. TTpHMeqaTenbHO, qTo He,uaBHee 

0TKpb!Tlle BO FNAL TJl)KeJIOro t-KBapKa, TaKJKe Heo6xo,ulIMOrcJ ,[lJIJI CaMOcornacoBaHHOCTII 

CM, 6b!JIO BOcnpHHJITO cp113JlqeCKIIM coo6meCTBOM KaK CID.to co6on pa3yMe10meecJ1. 

Me)l(Jly TeM, TeopeT11qeCKIIH 6aJIIC CM Bbl3bIBaeT HeMaJibie COMHCHIIJI. YJKe ,uaBHO 6hIJIO 

OC03HaHO, qTo B ,uaHHOH MO,UeJIII npHCYTCTBYJOT npo6neMbl, He IT03BOJIJIIOIU11e paccMaTPHBaTb 

ee KaK cpyn,uaMeHTaJlbHYJO Teop1110. KpoMe Toro, qTo B Hett co,ueplKHTCJI 60Jibll!Oe KOJill

qecTBO CB060,UHbIX napaMeTPOB, CM CTaJIKIIBaeTCJI C npo6neMaMII BHYTPeHHett caMocorna

coBaHHOCTII. Xopoll!O 113BeCTHblM ·nplIMepoM JIBJIJ!eTCJI npo6neMa 11epapx1Ill 3HeprernqeCKIIX 

MaCll!Ta6oB II CBJl3aHHaJI C Hett npo6neMa KBaHTOBOH CTa6HnbHOCTII Maccbl X1Irrca. CM He 

MOJKeT paccMaTPHBaTbCJI KaK OKOHqaTeJibHaJI TeOpllJI, eme II ITOTOMY, qTQ OHa He BKJIJOqaeT 

rpaBIITaUIIIO. l13BeCTHbl TaKJKe II npo6neMbl, KOTOpb!e BCTPeqaeT CM B KOCMOJIOIBII II aCTPO

cp11311Ke. TaK Hanp11Mep, npo6neMa XOJIO,UHOH TeMHOH MaTeplIII BO BceneHHOH He HaxO,UIIT 

pean11cT11qecKoro 061,JlcHeHIIJI B 3TOH MO,UenlI. 

Bee 3TO CTIIMYJIHpyeT MHoroq11cneHHbie nonbITKII Bb!XO,Ua 3a npe,uenbI CM B ITOIICKax 

6onee cpyn,uaMeHTanhHoii Teop111I, cnoco6non npon1ITb cBeT Ha npo6neMhI CM 11 ,uaTh e,u11-

HYJO OCHOBY ,[lJIJI ormcaHIIJI' scex B3aHMO,UeHCTBIIH, BKJIJOqaJI II rpaBHTaUIIIO. 3a nocne,UHee 

BpeMJI Ha 3TOM nyrn ,UOCTllrHyTbl BneqaTJIJIIOII(lle ycnex11, TaK qTo nocTeneHHO CTaHOBIITCJI 

06menp11HJITOH TOqKa 3peH11J1 0 TOM, 'ITO OTKpb!TIIC 3KCnep11MeHTaJlbHb!X npollBJieHIIH HOBOH 

cp11311Kll - ,ueno BpeMeHII. 

Ha116onee nepcneKTIIBHbie MO,UeJIII !p11311Kll 3a npe,ueJiaMII CM, KOTOpal! B03MOJKHO cy

mecTByeT YJKe np11 cpaBHIITeJibHO H113KIIX 3Hepml!x, OCHOBaHbl Ha 11,[lee "MJ!rKOHapyll!eH

HOH" cynepCIIMMeTPHII. Ey,uyq11 3aMeqaTenbHOH, KaK q11cTO reopeTll'leCKaJI II MaTeMaTJlqe

CKaJI KOHUeITUIIJI, cynepCIIMMeTPIIJI ,uaeT 3JieraHTHoe ofuJICHCHlle MHomx Hepa3peIII11MbIX B 

CM npo6neM, B 'lacTHocrn, ynoMJ1HYTOH npo6neMhI 11epapx1m Macuna6os. B srnx MO,UeJIJIX 

npHCYTCTByeT TaKJKe qacT11ua co CBOHCTBaMII, KOTOpbie He06XO,[ll-lMbl JVIJI pellleHIIJI KOCMO

nomqeCKOH npo6neMbl TeMHOH MaTep1m. Cynepc11MMe'fJ!11J1 OKaJanacb TeCHO CBJl3aHHOH II 

C 11,[leen 061,e,u11HeHIIJI B3allMO,UeiicTBIIH. BblJICHIIJIOCb, qTO B CM He npOIICXO,UIIT CJIIIJIHIIJI 

KOHCTaHT CBJl311 CIIJibHOro, cna6oro II 3JieKTPOMarHIITHOrcJ B3allMO,UeHCTBIIH, COCTaBJIJIIOIUero 

rnaBHbIH CMbICJI 061,e,u11HeH11J1. ,[{06aBJieH11e JKe B CM MJ!rKOHapyll!eHHOH cynepCIIMMeTPIIII, 

npe,uCKa3aBblIOII(ett JVIJI KaJK,[lOH o6bJqHOH qaCTIIUbi ee cynepnapTHepa, KopeHHblM o6pa30M 

MeHJ!eT 3T)' c11ryau1110. ttcxo,[lll 113 3HaqeHIIH KOHCTaHT CBJl311, nonyqeHHblX B npeU113110HHbIX 

113MepeHIIJIX nocJie,UHIIX neT, y,uaeTCJI nonyq11Tb CJIIIJ!Hlle scex TPeX KOHCTaHT B O,UHOH TO'!Ke 

Ha MaCll!Ta6e nopJl,[lKa ~ 1016 rsB. 3TH II ,upyme 3aMeqaTenbHble CBOHCTBa cynepCIIMMe

TPHqHblX MO,Uenett npllBeJIII s nocne,UHlle ['{),Ubl K TOMY o6oCHOBaHHOMy MHeHHIO, qTO MO,UeJIII 

,uaHHoro KJiacca J1BJ1J1IOTCJ1 npoo6paJoM 6y,uymeil: cpyn,uaMeHTanbHoil: reop1111. 

Hay11HO•TCXHH1H!<.'H ;1 

6H6JIHOTCKa 
OHSIH 



IloKa TaKall Teopllll He C03)laHa II na11Hall o6JJaCTb nepe)KIIBaeT CTa.!{IIIO II0llCKa II co-

3)laHllll npo6HbIX MO)leJJeii, npeJlCTaBJllleTCll aKT)'aJJhHhlM H3j"!eHHe IIX BHyrpeHHIIX CBOHCTB, 

cpe110MeHOJJOrnqecKIIX CJJe)lCTBIIH, BhlllCHeH11e IIX Henp0TIIB0peqnB0CTII C0BpeMeHHblM 3KC

nep11MeHTaJJhHbIM JlaHHhlM, II0IICK cneu11cj:>11qecKIIX npol1BJ1eH11ii, KOT0pble Morm1 6bl Ha6JJIO

naThCll B 6ynyrueM HJIII 6bJTh BhlllBJJeHHbIMII npn ueneHanpaBJJeHH0M aHaJJll3e cyruecTBJ!OlllllX 

JlaHHhJX. 

Uenh n11cceprnu1111 COCTOIIT B ll3j"leHIIII 0611111x CBOHCTB cynepc11MMeTp11qHhlX II JJen

T0KBapK0BhlX pacumpeHIIH CTaH.!{apTHOH M0)leJJII, IIX cpeHOMeHOJIOillll II B03M0)KHhlX npo

llBJJeHIIH HOBOH !pll311KII TaKoro Tlllla B Hll3K03HepreTJlqecKl!X npoueccax, BKJJ!Qqall 6e3Heii

TPIIHl!hlll JlBOHHOH 6ern-pacna,!{ 11 paccel!Hlle Ha l!Jlpax IlIIIII0TeTJlqecKJIX qacTIIU XOJIO)l!IOH 

TeMHOH MaTep1111, npencTaBJJeHHhlX B naHHOM nonxone JJerqai'irnHMII cynepCIIMMeTpll'!HbIMII 

qacTHUaMII - HeHTPaJJIIH0. 

Haj"!Hall HOBH3Ha II npaKTHqecKall ueHH0CTh. 

B n11cceprnu1111 IIOJJj"leHhl H0Bhle pe3yJJhTaTbl, KacaIOUIHeCll o6mnx CBOHCTB cynepC1!MMe

Tp11qHhlX II JJellT0KBapKOBhlX pacrn11peHHH CTaH.!{apTHOH M0)leJJII, IIX cpeHOMeHOJJOrHll II B03-

MO)KHhlX npol1BJ1e1111i'i B Hll3K03HepreT11qeCKIIX npoueccax. PaccMOTPeHU TaK)Ke CJJe)lCTBllll 

MIIIIIIMaJJbH0ro cynepc11MMeTP11qHoro pacrn11peHllll CM .!{JI» npo6JJeMhl XOJIO)lHOH TeMH0ii 

MaTep1111 (CDM) so BceneHHoi'i. · 

.UoKa3aHHall 11113K03HepreT11qecKall TeopeMa, cnpaBe.!{JJl!Ball )lflll JJI06oii' M0)leJJII C Mllr

KOHapyrneHHOH cynepcllMMeTp11eii CB513aJJa MaiiopaHOBCKJ!O Macey HeiiTPIIHO, (B-L) Hapy

lIJaIOUIIIH MaCCOBblll qneH CHei'iTpHiIO ll aMilJJIIT)'JlY 6e311eiiTPHHHOro JlBOHHOro 6ern (Ovf]f]) 
pacna,!{a. EhJJJO II0Ka3aH0, qTo B np11cyrcTBIIII MaCC0BhlX qneH0B TaK0ro Tl!lla B cneKTpe Mace 

CHei'iTpllHO B03HIIKaeT pac111eilJJeH11e, K~ CJJe)lCTBl!e ycT9fiq11soCTII !p113H4eCKOrO BaKYJMa. 

Hanuque TaK0ro pacmeilJJeHllll npHB0JlHT K pa11e,e Hell3BeCTHOMY llBJJelmlO - OCUHJIJlllUHllM 

CHeHTJ>HHO-aHTIICHeHTPIIHO. '.3cpcpeKThl pacmenJJeHll51 Mace H OCUHJIJJllUIIH CHefiTpl!HO, B03-

M0)Kl!0CTh HX 3KCnepnMeHTaJJhHOro Ha6JJIO)lel!J1ll urnp0KO 06cJ)K,!{a10TCll B JlllTepaType, 0 qeM 

CBHL(eTeJJhCTByeT BKJJIQqeHne naHH0ro sonpoca B o63op COBpeMeHH0ro C0CT0llHllll cynepc11M

MeTpllqH0H cpeHoMeHoJJomn Particle Data Group (http://pdg._ibl.gov/) H.3JlaHHll 1998 romi. 

Ilp11pona MaCChl HeiiTpl!H0 OCTaeTCll O)lHOii 113 HeperneHHhlX npo6JJeM !pH311KII 3JJeMeH

TapHhlX qaCTIIU, '.3TO nenaeT aKT)'aJJhHblM IIOl!CK B03MO)KHhlX MeXaJI113MOB ee re11epaQ1111. B 
n11cceprnu1111 npe,!{JJO)KeH HOBhlH cynepc11MMeTP11qHhlll Mex,aHl!3M reHepau1111 MaCChl 11ei'iTp1!HO 

Ha KBaHTOBOM ypOBHe. Maii:opaHOBCKall Macca y 11eii:TpHHO B03Hl!KaeT B 3T0M MexaHll3Me 3a 

cqeT PMlla[IIIOHHhlX nonpaB0K K onepaTOpy cci6cTBeHHOH 3Heprn11 Hei'iTpllHO, 0TJJJIL[Hh!X OT 

HYJJll np11 HaJJ11q1111 pacmeilJJeHl!ll B cneKTPe Mace CHeiiTpHHO. 

· B n11ccepTau1111 oTKphlT0 HoBoe HanpaBJJeH11e, JJe)Kamee H_a CThIKe Teop1111 ::iJJeMenrnp

HblX qacniu II aT0MH0ro Mpa - cpeHOMeH0JJOillll cyriepCIIMMeTpHqHhlX II JJenT0KBapK0BI,IX 

MO)leJJei'i. B 6e3HeHTPIIHHOM JlBOHHOM 6ern-pacna.!{e ll)lep. Pa3B11ThlH B n11cceprnun11 MH

KpOCKOIIJlqecKJIH II0)lX0Jl JlaJJ. OCH0BY ,!{Jill IIOCJJe)lOBaTe.rJhHOro j"leTa 3cpcpeKTOB CTpyKTypbl 

IIYKJJ0H0B II ll)lep np11 nepexone OT KBapK0B0ro ypoBHSI 01111caHJ1», me cpopMyn11py10TCll 

npencKa3aHl!ll JKa3aHHhlX MO)leJJei'i, K yp0BHIO ll)lepHoMy, HenocpencTBe!!H0 CBl!3aHH0MY C 

3KcnepnMeHT0M. ,UoKa3aHHall B n11cceprnu1111 HH3Ko::inepreniqecKall TeopeMa BcKpbma Tec

HJ!O CBll3h 3TOro 3K30T11qecKoro pacna,!{a C cynepCIIMMe_TPHeii:. Haii:neHHhle B n11ccepTaQIIII 

K0HKpeTHhle cynepCIIMMeTpllqHhie MexaHll3Mhl 0v,B,B~pacna.!{a 1103B0JJIIJJII yCTaH0BHTb 113 3KC

nep11MeHTaJJhHhlX JlaHHblX )KeCTKl!e orpaH11qeHl!ll Ha HeK0T0phle cynepCIIMMeTp11411hle pac

llillpeHl!ll CTaH)lapTHOii M0)leJJH. TaK, orpaH11qeHllll II0JJj"!ell!!hle ,!{Jlll·R-Heqenwi-i IOKaBCKOH 
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K0HCTaHTbl CBll3II nepsoro II0K0JJeHllll CTaJJII 06111enp11Hl1Th1MII npll IIHTepnpeTaUHII naHHblX 

ll IIJJaHHpoBaHIIII 3KC11ep11MeHT0B 110 II0IICKY cynepcnMMeTpl!II. B qacTHOCTII, OHi! IIOJJO)Keflbl 

B OCH0BY 1!HTepnpernum1 TaK Ha3bIBaeMOll HERA-aHOMaJJJIII: H36bITKa co6b1Tllii B rny6oKO 

neynpyroM c+p-paccelll!IIII np11 6oJJblIJIIX JHaqeHl!llX EbepKeHOBCKOll nepeMeHHOll ;r Ii nepe-

naHH0ro 4-IIMIIYJJhCa Q2
. 

B n11cceprnum1 ll3j"!eHbl H0Bhie B03M0)KH0CTH na6opaTOpH0ro na6JJIO)leHllll qacnm COM 

nocpeJlCTB0M pernCTpal.11111 IIX paccel!Hllll Ha llLlpax. Pe3yJJbTaTbl 3TIIX IICCJJeJlOBaHIIH 113~1e

HHJIII CTpaTernIO 3KCnep11MeHTaJJhH0ro II0IICKa 3TIIX qacTIIU, II0CKOJJbKY 6w10 IIOKa3aHO, L[TO 

CIIIIH llLlpa MaJJ0 BJ1lllleT Ha BeJJJIL[IIHY II0T0Ka co6b!Tllii. Pa11ee )Ke CL[IITaJJOCb, L[TO CIIIIH ll)lpa 

11rpaeT onpenenllIOlllYIO poJJb B pacceJ1111111 Maiiopa110BcK11x qacT11U Te11,rnoii 11,iaTep1111 11. no-

3T0MY, np11 nna1111posaHl!II 3KCnepnMeHTOB npen110L1TeH11e ,0T)laBaJl0Cb llnpaM C HettyneBblM 

CIIHH0M. '.3TO 11eonpasnaHH0 ycJJ0)KHllJJ0 C03)laHl!e neTeKT0p0B Te11,rnoii MaTep,111 11 MeTOJlbl 

ee 11011cKa. '.3Kcnep11MeHT Konna6opau11n feiinenb6epr-MocKBa, on11H m tta116onee ycnern

HhlX B naHHOll o6naCTII, II0JIHOCThlO 6a311pyeTCll Ha pe3yJJbTaTaX nccnenosa1111ii, Bornenw11x B 

n11cceprnQHIO. 
B n11cceprnu1111 pacCM0TpeHa TaK)Ke H0Ball HeTpaJlllQII0HHall MOJlll!pHKaUllll CTaHnapT-

HOll M0)leJJII, 0CH0BaHHall Ha BBe)leHIIII HeJJ0KaJlbH0r0 B3ammneiiCTBllll B ceKTOpe X11rrcOBbIX 

noJJell. '.3TO 1103B0JIIIJJ0 pean11:loBaTh 3TII II0Jlll KaK BllpT0HHble, T.e. C nponaraTopm1 6e3 

II0JIIOC0B, II IICKJJIO'lliTb 113 tta6JJIO)laeMoro cneKTPa qaCTHLIY X11rrca. TaKa». HOB,lll. pea•111-

3aQHll CII0HTaHH0 ttapyweHHOH 3JJeKTpocna6oii: CHMMeTpllll npenCTaBJJlleTCll aKTy,Lf!bHOii ll 

s11ny Toro, L!T0 qacTHQa X11rrca noKa He ttaiinetta. IloCTpoeHHall B n11cceprnu1111 MoneJib ;.iaeT 

npnMep nonxona. comacy10U1erocll c cpaKTOM Hetta6n10ne111rn 3THX qacnm. 

Ha 3a111HTY Bb!JlBHralOTCll cnenyIOUIHe pe3YJJbTaTbI: 

I. TeopeT11qecK11 npencKa3aHhl panee ne113BeCTHbie l!BJJeHHll - pac111enne1111e B cneKTpe 

Mace CHeiiTpHH0 II 0CQHJJJJlll.11111 CHeiiTpllHO-aHTIICHeiiTpHH0. B03111lKa10111ee B cy11epcm1Me

TpHL!HbIX Teop11ax C MaiiopaH0BCKIIMll neiiTpllHO. (CnciiTpllH0 - 3TO CKilllllpllbiii cynep-

naprnep HeiiTp11110). 
2. ,UoKaJaHa o6lllall TeopeMa, CBll3bIBaIOlllall napaMeTp pacmenneHllll B cneKTpe c11eii-

Tp11110 C MaiiopaHOBCKOH Maccoii HeiiTpHH0 ll MaTp114llbIM 3JJCMe!IT0M 6e311eiiTp111111oro rmoii-

noro 6ern-pacnana. 
3. Ilpe.!{JJO)KeH cynepcHMMCTPll'IHblll MeXaHll3M rettepallllll MaCCbl HeiiTp11110. Maiiopa-

HOBCKall Macca HeiiTpHHO B03Hl!KaeT KaK KBaHTOBbiii ::icpcpeKT 3a CL!eT pacmenJJCIIIIll Mace B 

cneKTpe CKa.JlllpHhIX CHeiiTpHHO. 

4. 3aseprneHo nocTPoe1111e MHHHMaJJbHoro pacw11pe111rn crn11napn10ii Mo.uen11. BK.'IIO'la10-

111ero CKaJJllpHble ll BeKTOpHble JJellTOKBapKH. HaiineHbl panee 11eyL1TeHHblC l!Jlellbl Illl'lK03HCp

reTHqecKOro JiarpaH)KllaHa, OTBeqaIOUIIIC B3allMOJlCiiCTBllllM JlellT0KBapK0B C llOJll!Mll X11rrca. 

Hx j"leT cyruecTBeHHO 113MCHllCT cpeHOMCH0JI0ntlO JlCIIT0KBapK0B. Haii.uc11 HOBblii Mexa111n11,1 

HapyrneH11ii JJellTOIIH0ro q11rna 3a C'leT CMeWHBaHllll JlellT0KBapKOB. 

5. IlOCTPOeHa H0Ball sepCHll CTaHnapTHOii Monem1 cna6b1x II 3JlCKTp0M,lrlll!TllblX 1na11-

MO)leHCTBIIH, He conep)Kalllall Ha6n10naeMblX qacn1u X11n-ca. Mo.UeJlb OCII0Balla 11a BBCJlCIIIIII 

HeJJ0KaJJbHOro B3al!MO)leiicTBllll 8 ceKTope cKanllpllblX IIOJleii. l13j"!Cllbl cc qJCIIOMCIIO.llOlll'IL'-

CKIIC cne)lCTBllll. 

6. ,Ua110 KOJ111L1ecrna1111oe 01111ca1111e · paccellmlll rnnoTen1L1ecK11x qacn111 cy11epc11MMc-

Tp11L1Hoii TeMHOH MaTep1111 r.maKTIIKII Ha aT0MllhlX llnpax. 'IloJ1j"lel1HblC pc1yJ1bTaTbl ll'IMCIIIIJIII 

paHee npHHllT)'IO CTpaTernIO II0IICKa 3TIIX L!aCTIIQ B J1a6opaTOpllblX ycJJ0BllllX nocpC.UCTllOM 

pemCTpaI..11111 llnep 0TJlaL111. 
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7. PaJBHT MHKpOCKOllll'IeCKHH 110/lX0)l B Te0pHH 6e3HettTpHHHOfO /lB0iiHoro 6era-pacnana, 

IT03BOJI.SIIOIUHH 0IIHCaTb )laHHbIH 11pouecc B TepMHHax MHKp0CK0IIH'IeCK0fO KBapK0B0fO Jla

rpam,maHa C yqeT0M HYKJIOHHOH If ll,1lepHOH CTpj'KTYJlhl, BKJIIO'IaH Me30HHhle CTene1m CB0-

60/lbl ll/lpa. 

8. nonyqeHa o6maH 11apaMeTpH3aUHll ::icpcpeKTHBHoro Jlarpam,maHa, 011Hcb1Ba10mero 

BKJla)l cpH31fKlf 3a npe,1leJiaMH CTaH,1lapTHOH M0)leJIH B 6e3HettTpHHHblH J.IBOHHOH 6era~'pacnan. 

Ha ero 0CH0Be 11pose,1leHa KJiaCcHcjJHKaUlfll B03M0)KHblX MexaHH3M0B 3T0f0 3K30Tlf'IeCK0fO 

11pouecca, 3a11pemeHHoro B cTaHJJ:apTHOH M0/leJIH. 

9. HaH)leHbl H0Bhle MexaHH3Mbl 6e3HeHTPHHHOfO )lBOHHOfO 6era-pac11ana, a HMeHH0: 

cynepCHMMeTpH'IHhle MeXaHH3Mbl B M0)leJillX C HapyrneHHOH If HeHapyweHH0H Rp-'IeTHOCTblO, 

a TaK)Ke JiellTOKBapKOBblH MexaHH3M. 

10. npe,1lCKa3aH ::icpcpeKT l!).lepnoro ycttJieHHll BKJia)la cynepCHMMeTpHH If nenT0KBapK0B 

B 6e3HeHTPHHHhIH /lBOHHOH 6era-pacnan. 

11. nonyqeHhl H0Bble orpaHH'IeHHll Ha cpyH,1laMeHTaJibHble 11apaMeTpb1 H0B0H cpH31fKlf, 

HCX0)lll H3 )laHHblX 3KC11epHMeHTOB no IT0HCKY 6e3HeiiTpHHHOfO )lB0HHOfO 6era-pac11ana If 

KOCMH'IeCKOH TeMHOH ·MaTepHH. 3TH orpaHH'IeHHll CTaJilf o6menpHHl!TblMlf, Ha HX 0CH0Be 

ITJiaHHPJIOTCll MH0rne 3KCnepHMeHTbl 110 II0HCKY cynepCHMMeTpHH. 

12. npe)lJIO)KeH MeTO)l 0T).leJieHHll ::icpcpeKTOB HOBOH cpH3HKH OT 11pol!BJ!eHHii CTPYKTYPhl 

HYKJI0H0B If l!J.lep, yqacTByroIUHX B peaKUHH. MeTO).l 0CH0BaH Ha cpaKTOpll3aUHH 3aBHCHM0CTH 

cetJeHHH peaKUHH OT HYKJI0HHblX If llJ.lepHblX MaTpH'IHblX :,meMeHT0B H npHMeHeHHlf JI0KaJilf-

30BaHHblX M0MeHT0B B KX,U-napTOHHOH M0)leJilf. Ha 3TOH 0CH0Be HaH).leHbl H0Bble C00TH0-

llleHlfll THna nacKoca-BOJibcpeHWTeHHa )lJill cetJeHHH (KBa3tt-)ynpyroro JiellT0H-HYKJI0HH0fO 

(l!J.lepHoro) paccellHHll, He3aBHCllIUHe OT HYKJIOHHOH (llJ.lepHOH) CTPYJCTYJlbl. 

Anpo6aUHll pa60Tbl. 

Pe3yJihTaThl, npe).lCTaBJieHHbJe B )llfCcepTaUlflf ).l0KJia)lblBaJilfCb Ha ceMHHapax B Jla6opaTO

pHH TeopeTH'IeCKOH cpH3HKlf H B Jla6opaTOpHH llJ.lepHblX npo6JieM Ofrbe).lHHeHHOfO HHCTHTyTa 

ll,1lepHblX lfCCJie)loBaHHH (Uy6Ha), B 11HCTHTyTe cpH31fKH BblC0KHX 3Heprnii (npoTBHHO), 11H

CTHTYTe TeopeTH'IeCKOii !plf3HKH Hean0JibCK0fO YHHBepCHTeTa, HHCTHTyTe MaKca TTnaHKa B 

feii)leJib6epre, YHHBepCHTeTe Kapncpye, lfHCTHTyTe TeopeTH'IeCKOH. cpH31fKlf no6ttHreHCKOfO 

YHHBepcHTa, TeXHH'IeCK0M YHHBepcttTeTe B M!OHXeHe, a TaK)Ke Ha Me)KJ.lyHapo).lH0M CHMn0-

3HJMe no. cna6aM If JJieKrp0MarHHTHblM B3aHM0).leiicTBHllM B l!J.lpax WEIN'92, )ly6Ha, 1992; 

WEIN'95, OcaKa, 51noHHll, 1995; KOHcpepeHUHH no J.lBOiiHoMy 6era-pacnany H cMe)KHbIM 

npo6neMaM, TpeHTO, 11TaJIHll, 1995; 28-tt Me)KJ.lyHapOJ.lHOH KOHcpepeHUlflf <l>H3HKe BblCOKHX 

3Heprnii, Bapwasa, 1996; Me)KJ.IYHapoJ.1HOH KOHcpepeHUHH no npo6neMaM TeMHott MaTe

pHH DARK'96, feiiJ.1eJib6epr, 1996; Me)KJ.IYHapoJ.lHOH KoHcpepeHUHH no CyneprnMMeTpHH 

SUSY97, MapHJiaH)l, ClllA, 1997; Me)KJ.IYHapoJ.lH0ii WK0Jie "HettTpHHO B acTpocptt3HKe, cjJH

JHKe JJieMeHTapHblX qacTHU H aT0MH0fO l!J.lpa", 3ptt'Ie, 11TaJilfll, 1997; KOHcpepeHUHll 110, 

HOBOH cpH3HKe "Beyond the Desert", Castle Ringberg, Tegernsee, fepMaHI.fll, 1997. 

Pa60Tbl BOllle).lllllfe B J.llfCCepraumo UHTHpYJOTCll B MHpOBOH JIHTeparype. 

ny6JIHKaUlflf. no MaTepHaJiaM J.lllCCepTaUHlf ony6JIHKOBaHO 40 pa6oT. 

CTpj'Krypa If 061,eM )llfCCepTaUHH. ,UttccepTaUlfll COCTOHT H3 BBe).leHlfll, 9 rnaB H 3aKJIIO'Ie

Hlfll. OHa C0,1lep)KHT 215 crpaHHU MalllHHOIIHCHOfO TeKCTa, 26 pHCYHK0B, 12 Ta6JIHU tt 2 

npHJIO)KeHlfll, pac110JIQ)KeHHblX a TeKCTe. CIIHCOK JIHTeparypbl BKJIIO'IaeT 230 HaHMeHOBaHHH. 
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CO)lEP2KAHIIE PAliOTbl 

Bo BBe)leHHlf )laH ofoop cospeMeHHOfO COCTOllHHll CraH,1lapTHOII MO).leJilf 3JieKrpOCJia6blX 

H CHJibHblX B3aHMOJ.leiicTBHii, ee BHYTpeHHlfX 11po6neM. O6oc110BaHa npHHUHnHaJibHaH He-

06xoJ.1HMOCTb ee pacwHpeHHll. CcpopMyJIHpOBaHa UeJib pa6oThl, o60CHOBaHa aKryaJihHOCTb 

11pose).leHHblX B )llfCCepTau1m HCCJie).loBaHHII If H3JIO)KeH0 ee KpaTKOe C0,1lep)KaHHe. 

nepBaH rnasa H0CIIT BBOJ.lHb!H xapaKTep. OcHOBHaH UeJib rnaBbl - BBeCTlf 011pe).leJieHlfll 

If o6o3HatJeHHll, ncnonh3yeMbie B nocneJJ:yroIUHX rnasax J.1HCcepTau1m. 

,UaH ofoop MHHHMaJibHOii cynepcHMMerpH'IHOH M0)leJIH C HapyrneHHOH R-'IeTHOCTblO 

(flr, MSSM). nocne).lHllll onpeJ.1eJil!eTCll KaK MYJibTHnJIHKaTHBHal! Z2 cHMMeTpHll BHJ.la 

Hp = ( -1 )38+L+28' me s, B H L eCTb cnHH, 6apHOHHOe If nenTOHHOe •mcJia IIOJieii MO)leJilf. 

f4, MSSM 0ITHCbJBaeTCll 11epeHOpMHpyeMblM cynepnoTeHUlfaJIOM: 

W = Wn, + Wf/,· (1) 

CoxpaHlllOIUHe R-'IeTHOCTb qJieHbl 3anHCb1BalOTCll B cpopMe: 

Wn, = hLH1LE.c + hnH1QDc + huH2QUc + µH1H2. (2) 

3)leCh L, Q - JiellTOHHblll H KBapKOBhlii ey6JieTbl JieBO-KHpaJibHblll cynep110Jieii, TO[J.la KaK 

EC, uc' DC coorneTCTBJIOT CHHrJieTHblM cynepnoJillM JienT0HOB, a TaK)Ke u- d- KBapKOB. 

H
1 

and H
2 

- )ly6JieThI XttrrcoBhlX cynep110Jieii co cna6hIM rn11ep3apll/lOM Y = -1, + 1 

C0OTBeTCTBeHH0. 
9.rieHhl cynep110TeHuttana HapyrnaIDIUHe R-qeTHOCTh HMelOT BHJ.l: 

wfl, = >..;jkL;LjE% + >..:jkL;QjD" + µjLjH2 + >..7jkuf D'JD1c, (3) 

lOKaBCKHe Rp-HetJeTHble CBll3H Aijk If >..:jk llBJil!IOTCll 11peJ.1MeTOM HCCJie).lOBaHlfll fJiaB 7 H 8. 

)lanee B fJiaBe l ).laeTCll CB0)lKa cpopMyJI )lJill MaCCOBblX MarpHU noJiell MO).leJIH, H3JiaralOTCll 

MeTOJ.lbl IIOJiytieHHll cneKrpa Mace qacTHU, a TaK)Ke npHBOJ.llfTCll llBHblll BHJ.l HeKOTOpblX 'IJ!eHOB 

JlarpaH)KHaHa B3aHMOJ.leHCTBHii f4, MSSM. 
Bo BTOpoii rnase H3ytieHbl HeKOT0pble H0Bble ac11eKTbl npo6JieMbl MaCCbl HeiirpHHO, B03-

HHKalOIUHe B K0HTeKCTe cynepCHMMeTpH'IHblX MO).lenei1:. 

noKa3aH0, 'ITO CaMOCornacosaHHaH cpopMa MaCCOB0fO qJieHa B ceKTOpe noJiell nei1:TpHHO-

CHettrpHH0 HMeeT BHJ.l 

C" - 1 ( V C + h ) 1 ( - 2 - - + h ) - 2 -• -mass - -2 ffiMl/ l/ .C. - 2 mMZILZIL .C. - ffinZILZIL. (4) 

r).le l/ = Zic Mai1:opaH0BCK0e noJie. IlepBb!e ).lBa 'IJ!ena 3T0f0 Bblpa)KeHHll HapyrnaIDT rno6anh

HJIO (B-L) ClfMMerpH!O, TOr).la KaK noCJie)lHHii eii YJJ:OBJ!eTB0pl!eT. IlepBblii 'IJ!eH 11pe,1lCTaBJ!lleT 

co6oii MaiiopaHOBCKlfii MaCCOBblll 'IJieH nei1:rpHH0. no aHaJI0IBlf BTOpoe CJiaraeMOe, napy

walOIUee (B-L) CHMMerpHIO, na3BaHO MaiiopaH0BCKHM MaCC0Bb!M 'IJieHOM cHeiirp1rno. 

)loKa:iana o6IUaH TeopeMa, cBll3bJBa!OmyID rptt (B-L) HapyrnaIDIUHe BeJIH'IHHhI: Mai1:

opaH0BCKYIO Macey neiirpHH0 mAf, MaiiopaHOBCKYIO Macey CHeiirpHHO ml1 11 aMIIJIHTYJ.lY 

6e3HeiirpHHHOH0fO J.lBOHH0fO 6eTa-pacna).la R.ovf3f3· TeopeMa COCTOHT 113 ).lByx yrnep)KJ.leHHH. 

Yrnep)KJ.leHHe 1: ECJIH 0J.lHa 113 rpex BeJIH'IHH mM, inM HJIH R.ovf3f3 o6pamaeTCll B HOJih, 

TO paBHbl HYJIIO H )lBe 0CTaBllllfeCll. 
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YTBep)KJleHl!e 2 l!BJU!eTCll o6paTHhlM K npe,llhUlynJeMy: Ecm1, no-KpaiiHeii Mepe, O,llHa H3 

TPex BeJmquH mM, mM, rum flo,,1313 ornuqHa OT ny;rn, TO u .UBe .upyme He paBHhI nymo. 

Ilocrre,llHee yTBep)KJleHue MO)KHO IlOHHMaTh TaK, qTo eCJIH O,llHa H3 3THX (B-L)

HapymaIOll{HX BeJI11quH He paBHa HYJIIO, TO ,llBe npyme reHepupyioTCll B Bh!CIIIIIX nopll.ll

Kax Teop11H B03Myiuem1ii. 3To npo.ueMOHCTPHPOBaHO Ha KOHKpeTHhIX npuMepax .uuarpa.MM. 

.[{oKaJaTeJihCTBO nepBoro yrnep)KJleHI!ll CTPOHTC51 Ha aHaJIH3e nonycTHMhIX CHMMeTpHii HH3-

K03HepreTuqecKOI'O JiarpaH)KHaHa MO,lleJieii C MllrKOHapYllJeHHOH cynepCHMMeTpueii. 

IlOKaJaHO, qTo B crryqae HeHyJieBOI'O 3HaqeHU51 m,M KOMnJieKCHOe CKaJI51pHOe norre CHeii

TPHHO. ;; nepecTaeT 6h!Th COCTOllHUeM C onpe.uerreHHOH Maccoii II pacll{eilJI51eTCll Ha ,llBa 

,lleHCTBHTeJihllhIX IlOJill V1,2 

;;1 + iv2 
v= ,/2 , (5) 

C npOTHBOilOJIO)KHhJMH CP-qeTHOCTl!MH II MaccaMH mf 2 = rn'h ± l·m;._,j. Crn6HJihHOCTh 

BaKYYMa TPe6yer mJJ 2:: lmi1 1- TaKHM o6paJoM MaiiopanoBcKM Macca CHeiirpmw 11Meer 

-CMh!CJI napaMeTPa pacll{enJieHHll B CHeHTPIIHHOM cneKTpe • 

KaK pa3BIITUe 3TIIX npe,llCTaBJieHuii, npe,llJIO)KeH cynepCIIMMeTp11qHhlH MeXaHH3M reHepa

lJIIH MaiiopaHOBCKOil: MaCChl HeHTPIIHO, 3a cqeT 1-nerneBoro BKJiaJ:ia CHeHTPHHO II Heiirpa

JIHHO B oneparop co6cTBeHHOll 3Hepmu HeiiTPHHO. MaiiopaHOBCKM Macca B 3TOM MeXaHHJMe 

.uaeTCH cpopMyrroil: 

m,,<•> = 6.4. 10-3. ( mM(i) )2 (100 GeV)2 
10 MeV m eV. 

SUSY' 

(6) 

lfayqeHhl .upyme cpeHOMeHOJiornqecKue CJie,llCTBHll MO,llerreii C HeHyrreBhIM 3HaqeHHeM mi1 
H B03MO)KHOCTH HX 3KcnepHMeHTaJihHOii npoBepKH. O.uno H3 HUX - (B-L)-HapYllJaIOll{He oc

lJHJIJil!IJHII CHelITPIIHO-aHTHCHeHTPHHO V - Ve. 3TOT <peHOMeH B03HHKaeT BCJieUCTBUe Toro, 

qro co6c'rneHHhle COCT051HHll raMHJihTOHHaIIa B3aUMoneiicTBHll;; II ;;c ne llBJil!IOTC51 co6cTBeH

HhIMH COCT0l!Hlf51Mlf MaCCOBOI'O oneparopa. Il03TOMY HaqaJihHOe qJfcToe COCT05111Jfe cn~ii

TPHHHOro IlOJill Iv) 3BOJIIOIJHOHHpyeT C Teqe1rneM BpeMeHH B CMelllaHHOe V - ;;c COCTOl!HUe. 

BpeMeHHM 3BOJIIOIJHH BeKTOpa COCTOl!HHll naeTCll cpopMyrroii: 

lv(t)) ~ce-i(m,+iri12)tlvi) + ie-i<m2+ir212>1
1
;;2)) 

A(t)v-vlv) + A(t)v-vlvc), 

(7) 

rne f'; - IlOJIHM IIIHpHHa pacrrat1a COCTOl!HlfH CHeiiTpHHO C orrpenerreHHOH Maccoii jv;). Be

JijfqlJHhl A(t)v-v If A(t);;-;;c - aMnJIHTYllhI v-v If v-vc rrepexo.uoB coornercrneHHO. Orcro'na 

Haii,lleHa noJIHM rrpoHHTerpHpoBaHHM no BpeMeHu Bepol!THOCTh HaiiTH aHTHCHeiiTPHHo IV) 
B cynepnoJHIJHH (7). 

B rpeTbeii rnaae paccMaTPHBaIOTCll JieIITOKBapKOBhie paCIIIHpeHHll CTaHnapTHOii MO,lleJIH 

CHJihHhlX H 3JieKTPOCJia6ux B3alfMO,lleiicTBHH, co CTaHnapTHhlM COCTaBOM rroneii, nononHeH

HhIM HOBhlMH CKaJillpHh!Mlf If BeKTOpHh!Mlf IlOJil!Mlf - nenTOKBapKaMH. 0HH B3aHMoneiicrny10T 

nepeHopMupyeMh!M o6pa30M C KBapKaMlf If nenToHaMH If Hecyr O,llHOBpeMeHIIO H nenTOHHhlii, 

If 6apHOHHhlH 3apl!,llhl. 
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CHMMeTpHH II COCTaB noneii CTaH;:iapnwii Moneml nonycKaIOT Bcero 5 CKa•rnpttbIX 11 5 
BeKTopm1x nenTOKBapKOB B cneny10mux npencrnBJieHHllX rpynnu SU(3),. x SU(2)1. x Un·: 

So= (3c, 1, -2/3), 

S1;2 = (3~, 2, -1/3), 

Vo = (3~, 1, -4/3), 

V1;2 = (3c, 2, I/3), 

So = (3c, 1. -8/3). 

S1 = (3c, 3, -2/3), 

Vc1 = (3~. 1, -10/3). 

Vi = (3~. 3. -4/3). 

S1;2 = (3~, 2. - 7 /3). 

(8) 

Vi;2 = (3c, 2, -5/3). 

Hcxolll! HJ Tpe6oaam1ii Kan116poBO'lHOii CHM~ierp1111 onpenenl!eTCH 06m11ii BIili 11epe1wp~111py

eMoro Jlarpatt,irna11a MoneJJH. HoBblM B nucceprauim llB.'llleTcll BKJJIO'leH11e BJamm,:ieiicrn11ii 

JJeITTOKBapKOB C IlOJil!Mll Xurrca. CoOTBeTCTBYIOilllle '!JleHbl Jiarpam1rnaHa ll~leKJT B11,J: 

LUJ-11 I (,)H. s- Si I (i)H. ,-,,, l ,j 
150 1,T2 1/2' 0 + 11,, IT2 >'112. >01, + (9) 

+ hs, H iT2S1 . 51;2 + h1·, Hir/v'j' . f·1u,, + 
v(•J (H · S' ) (s-t 11) },(,) (H · 1 ,p(,)) (\~-t H) + I S, 12 IT2 1/2 . I/2 + 1 ·,, 2 IT2 > l/2 . 'l 121, + 

+ Y,, (Hir~S/H) ·So+ Yi, (Hir2"Vi~,H) -(;{' + 
_(i) ( Lfts· H) sit _(iJ (11tv· ''H) \ -it , · +,-;,s 1 ' 1 ·o+i-.1• 1 ·•01,+ 1-<.-

(111>MJ. - .<1t1•,J Ht H) q,i1t.-r,•2. 

3neCb H - SU(2) 1,-ny6neT norrll Xurrca c rnnep3apll.llOM Y = l. 
YqeT neITTOKBapK-XnrcoBCKHX B3aUM0).1eiiCTBHii (9) ll3MeHl!eT rpcHmtCHllilOrlllO .'lCll ro

KBapKOB, npHBHOCll IIOBble BJaUMOneiiCTBllll, 06ycnoBJiellllbie CMew1mam1e~1 JielJTOKBapKllB 

pa3HblX npe,I.\CTaBJieHHii 3JieKTpOCJia6oii rpynnbl. B 'laCT!lllCTII, CMeumsam1e llpllBO,'lllT K ua

py1IIel11110 nommro nenroHHoro qucrra, ocTaBJillll npH :noM coxpaHe1111e 6ap11oirnoro <mc:1a 

11e3arpo11yrbIM. TTocnen11ee BalKHO C TO'lKH 3pemrn CTa6llJlbHOCTII upoTOHa. 

8 11113K0311epreTH'leCKOM npe,l.\eJie IlOJIY'leHbl C.T1e,l.\y1ow11e uapywa1ou111c JlellTllllllOC 'lllClll 

3<pcpeKTHBHble B3311M0).1eiicTBllll B KBapK-JiellTOIIHOM CeKTOpe: 

[,"ff 
1,Q (DP11</') [ \CuPud) + ~(nP1,d)] -

Ms J\.11. 

[(
n(/1) n<Hl) (o(i,) n(/,)) j 

(D11'P,/) A-Il + l\~{ (u1,,P11d) -
1
,1_~ + l\~{ (11, 1,Pul) . 

( 10) 

me K03rprpHUlleHTbl n, f o6pawaIOTCll B HOJ!b, ecm1 B3allMO,l.leiiCTBilll (9) JlCllTOKBapKOB L' 

IlOJil!MH Xunx:a OTCYTCTBYJOT. 

HapyweHHe nenTOHHOI'O 'lUCJia 11p11B0).111T, B 'laCTIIOCTII. K IICTpllBll,Ulbllmty BKJl,t.:.1)' .'ICll

TOKBapKOB B 6e3HeiiTpHHHblii ,I.\Boiittoii 6eTa-pacna).1. TTpll'leM, TaK!IC BKJJ;l,l.ll,l OK,l'll,ll!atOTL'}I 

ycuJiel!HbIMH KorepeHTllblM B03,1.\eiicrnHeM l!,l.\epuoii cpe,l.lLl. 

8 JaKJJIO'leHlm rnaBbl KpaTKO paccMaTpHBalOTCll orpallll'le1111;i Ha uapa~lCTflhl M0;1c:lll. 

KOTOpbie HaKJJaJ:ibIBaIOTCll ,l.\al!Hb!Mll no pacna,!ly 7[ ➔ ('II, 1wnaBJlCHllOMY B L'Tallj\a!HllOii 

MO,l.\eJIH 3aKOHOM coxpaHeHl!ll yrnoBoro MOMeHTa. 

B qerneproii rnaBe uJyqaIOTCll 0611n1e rnoiicrna 6c-iut.:ii1-p1u111orn mmiiuoro GeTa-pacl!,Ua 

(Ouj-J(i), MOTIIBHpyeTCll YHHK,UlbHOCTb 3TOro ll,l.lep11orn upm1ecca ,'lJlll rpll'll!Kll cl.'lCML'IITap

HbIX 'laCTIIU, Ou/i/:1-pacna.[\ BOJMOJKell Jlllll]b 11p11 11.Ulll'IIIII ll'lallMll.llciicnmii 11apy1!taHlllllt:\ 
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nenT0HHOe lJHCJIO, lJTO 3anpemetto B CTattnapTIIOH MO)lCJIH, a cne)lOBaTeJibllO nonpa3yMeBaeT 

BblXO)l 3a ee npe.nenbl. naeTCll 061Ual! napaMeTpH3aUHll B03MO)KHbIX BKJla)lOB HOBOH q>H3HKII 

B 0v,B,8-pacna.n B cpopMe HH3K03HeprerntJeCKOro 3cpcpeKTHBHOfO JiarpaH)KHatta 

,\ (I) 
92 [w+ (- µd u· - '" )] · · -r c - rr; µ UL I L + lnv"L I eL +:-;;-;-Ji· e i(1)V1, + '-
v2 rrinew 

Lqe(Ov,B,B) (11) 

,\(2) ,\(3) 
l w- -rµ C + I w-w- -rµV C 

--;;;- µ • e i(2)VL -;;:;- /L v . C i(3f + 
mnew mnew 

+ 

,\l4) ·µw- -r C ,\;Jl . -r C 

---;;:;-J; µ • e i(4)e + ---;;;:-J,Jj · e ij(5)e . 
mnew m.new 

+ 

CtturneTHbie no UBCTY .!lHKBapKOBbie onepaTOpbl onpeneneHbl KaK )i = u"O,d,,, rne O -

UBeTOBOH HH)lCKC. O61,eKTbl ri(k) If O; npe)lCTaBJilllOT co6oii HeK0TOpbie KOHCTPYKUHII H3 

,-MaTpuu llupaKa H npOH3BO)lHblX, mnew - xapaKTepHbIH Macwrn6 HOBOH q>H3HKH. 

PacCMOTpeHHbie Ha OCHOBe JlarpaH)KlfaHa ( 11) 06m11e CBO!fCTBa B03MO)KHblX BKJla)lOB 

HOBOi-i q>H3HKH B 0v,B,B-pacnan 3a)la!OT HanpaMeHHll TTOHCK0B KOHKpeTI!blX MexaHH3MOB B 

pa3mllJHbIX pacwttpeHHllX CTaH)lapTHOi-i MO.UCJIH. 

llanee pa3Bl-!BaeTCll MHKpOCKOIIlllJCCKHH TTO)lXO)l K Qv{:l{:1-pacnany, TT03BOJilllOIUHi-i Bbl'IH

cnllTb ero aMnnIITY.!lY, HCXO.!lll HX KBapKOBOro JiarpaH)KHaHa. l13naraeTCll cpopManH3M ne

pexona K HYKJJ0HHblM If MC30HHbIM CTeneHllM CB060)lbl ll)lpa. CoorneTCTBYIQIUHH anpoHHblH 

JiarpaH)Kl!aH 3anHCb1BaeTCl1 B BH)le 0 

Lhe(Ov,B,B) = e(l + ,s)ec [a%N Jkjk + a1
"1r- Jp + a2

" ( 7r-r] + (12) 

+ a{: e(l + ,sM · (Jp + Js) + a~e(i + 15 )v~ · 1r- + 
G 

+ JzuenE'1µ(l - ,.s)Vn · J~v + g, j5 hsn 1r+, 

3necb JP,8,T - CKanllpHblH, rrceB,UOCKanllpHblH H TCH30pHblH HYKJJOHHble TOKH, 7r - none 

ITH-MC30Ha. 

Ha OCHOBe 3TOro Jlarpam1maHa BbllJHCJillCTCll aMIInHTY)la 0v,B{:1-pacrrana B TepMHHax He

peJillTHBHCTCKHX onepaTopoB rrepexona fl;: 

Rov/3/3(0+ ➔ o+) = Gov [e(l + ,s)ec) L T/;(Flfl;!J). ( 13) 

naeTCll llBHbIH BH)l Bcex 6aJHCHbIX orrepaTopoB fl; u BbllJHCJilllOTCll HX ll)lepHble MaTpH'IHhie 

3JieMeHTbl .!lJlll BCex 3KcnepuMeHTanbHO HHTepecHbIX H30TOITOB B paMKax rro.nxo.ua, H3BeCTHOro 

B nuTeparype, KaK pn-RQRPA. 

lliTal! rnaBa IIOCBlllUeHa paCCMOTpeHHIO KOHKpeTHbIX MeXaHH3MOB 0v,B/3-pacrrana B cy

nepCHMMeTpH'IHblX H neITTOKBapKOBbIX pacwupeHHllX CTaHJ.lapTHOH MO)leJIH. PacMaTpHBalOTCll 

)lanbHO)leHCTBYIQIUIIH II KOpOTKO,UeHCTBYIQIUIIH MexaHH3Mhl. Ha P11c. 1 npHB0)lllTCll rrpo

CTeiiWHH npuMep n11arpaMMbl, )la101UeH BKJla,U B )laHHbIH npouecc, B cyrrepcHMMeTpll'IHblX 

MO)leJillX C Hapyrnemwi-i R-lJeTHOCTblO. IlpoMe)KyrOlJHOe COCTOllHl!e .u11arpaMMbl co.uep)KHT 

)lBa CKBapKa ii, II rnIOIIHO _ij. 8 Hll3K03HepreTl!lJeCKOM rrpenene .n11arpaMMa COOTBeTCTByeT KO

poTKO)leHCTBYIOIUeMy MeXaHll3My. '.3cpcpeKTIIBHbIH JiarpaH)Kll3H, OITIICbIBalOIUlli-i BKJla)l Bcex 

)lllarpaMM TaKOro TIIITa, IIMeeT Bll)l: 

£~;1(x) = 2ci- ePnec [11PS ·uPRd · iiPRd - 1/T uuµv Pud · UUµvPRd]. 
mv 

(14) 
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P11c. 1: Ilp11Mep R-HetJernoro cyrrepCl!MMeTPH'IHOro sKJJa,na B Ov/3,B-pacrran. 

llaHHhlH JiarpaH)Kll3H OITHCbIBaeT BKJla)l KOpOTKO,UeHCTBYI01Uero MeXaHll3Ma B rrepBOM rro

pll)lKe Teop1111 B03Myrn:ett11tt. llanbHo.neiicTBYIQIUHH Mexatt113M, BKJJIO'laIOIUHH .n11arpaMMbl c 

HettTpHHHblM o6MeHOM, OITIICbIBaeTCll BO BT0pOM rropll,!lKe Teop1111 B03MyrneHHH: 

rld ( ) _ G F ( nj 4 nj ) u· - p c -p d 
,_,qe X -

4
,/2 1/(q)LR - 1/(l)LR • ni . V; Rej • U R • (15) 

MaTp11ua CMeWHB3Hllll HeHTPHHO uij orrpe.neneHa· CTaH,!lapTHbIM o6pa30M. '.3cpcpeKTIIBHhie 

napaMeTpbI 1/, aKKYMYJIHPYIOT cpyH,!laMeHTanbH1,1e rrapaMeTPhl J/lr, MSSM u T/ ~ X 2
. 

MexaHH3l!M, OCHOBaHHbIH Ha CMeWHB3Hlfl! lJaCTHU C cyrreptJaCTHUaMlf, lfCITOJib3yeT TOT 

cpaKT, lJTO 6unuHeHHbie lJJieHbl B cyrrep110TeHu11ane (3) H B ceKTope MllrK0ro HapyrneHHll 

cyrrepcui1MeTPHH rrpHBO,!lllT K CMelIIHB3HHIO HeHTPHHO C HettTPanHHO If JieBoro 3JieKTPOHa C 

qap,!l)Kl!HO. '.3To B CBOIO O'lepe,!lb nopo)K,!laeT HOBble BKJla)ll,I B 0v,B,B-pacrra.n. OHi! OITHCbIBa

lOTCll BO BTOpOM rropll)lKe Teopuu B03MyrneHui-i JiarpamKH3HOM 

£;;\x) 
8
G} [7/ii( iiPRd · uPRd - ~uaµv PRd · uu µvPRd)+ 
mp 4 

(16) 

+ 7Jxii,µPid · ii1µP1,d] (ePRec) -

Gp,\' (ki) (- p c) -pd Gp(_ )U(v)- µpd ,/2 ill . 7/>-. . Vk RC u R + ,/2 e,µPLVk Ik _u, L . 

IlapaMeTPbI 7J JaBHCllT OT BaKYYMHOro cpe.!lHero cHeHTPHHHoro rronll (0JDI0) u napaMeTpa 

CMelIIHB3HHll µ; (CM.(3)). 

8KJIIOlJeHue B TeOpHIO HeHyJieBOll MaiiopaHOBCKOll MaCCbl CHettrpHHO ffiM, paccMOTPeH

HOH B DrnBe 3, rrpHB0.!llfT K IIOllRJieHHIO HeTPHBUanbHOro BKJia,Ua B 0v/3,B-pacna.n B MO)leJillX c 

coxpaHllIOIUeHCll R-'leTHOCTblO. 8 3TOM cnyqae HCTOlJHHK0M HapyrneHHll nenTOHHOro lJHCJia 

llRJilleTCll MaCCOBbIH lJJieH CHeHTPllHO. '.3cpcpeKTllBHblll JiarpaH)KllaH OITHCbIBaIOrn:uu ,naHHbIH 

BKJia)l B 4-nOpll,!lKe Teopm1 B03Myrn:eHUH llMeeT Bll,U: \ 

w-w-,.. --
rbox µ -p c 1/gq -p c - µp d - p d ,_,qe = 1/ww · e Re + - 5-- • e Re · U')' L · U')'µ L . 

mSUSY mSVSY 

(17) 

8 3TOM cnyqae 1/ ~ mi. 
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HaK0HeU, B JiellTOKBapK0Bb!X M0)leJil!X Il0JI)"-leH BKJ!a)l B 0v,B,B-pacnan, 06ycnoBJieH11bl(i 

Hapyrne1meM JiellT0HH0ro qHCJia £ 3a cqeT CMeUJl!BaHllll JJellT0KBapK0B (LQ) C pa3Jlll'WIO

IIJHMCll 3HaqeHtteM L. BKJJan LQ B 0v,B,B-pacnan 0llHCbIBaeTCll BO 2-nopll)lKe Teopull B03MY

me1mii :,cpcpeKTHBHhIM Jiarpam1maHoM (10). 
Ha 0CH0Be cpopMann31,m, pa3pa6oTaHHoro B npenhmymeii rnase, onpenenl!eTCll BKJJa)l 

Ka)K)loro MexaHH3Ma B aMnJIHTyJly 0v,B,B-pacnana. 

B IIIeCT0ii rnase paCCM0TpUBalOTCll B03M0lKHble np0llBJieHllll H0BOii q>ll3llKll B 6e3Heii

TpllHH0M )lBOHHOM 6ern-pacna,ne ll)lep. 0v,B,B-pacnan )l0 CllX nop He Ha6JJIO)laJICll. OnHaKo 

ll3 3T0f0 cpaKTa ynaeTCll Il0JI)"-IHTh oqeHh lKeCTKlle orpaHnqemrn Ha HeKOTOpbie napaMeTpLI 

HOBOii q>II3llKll. I1cxo)lll ll3 pe3yJibTaOB fJJaBhl 5, IlOJI)"-lellbl ll npoaHaJill3HpoBaHbl orpaHHl!e

Hllll, KOTOpLie HaKJJa,[(b!BalOTCll 3KCnepuMe1naM!l no IlOllCKY 3TOro 3K30TlflleCKOro npol{ecca 

Ha napaMeTpbl cynepcllMMeTpllllllblX ll nenT0KBapKOBbIX pacwupeHllii CTaH)lapTHOii MO)leJJH. 

HonyqeHHOe B )lllCCepTaUHH orpa1mqeHlle Ha Rp-HeqeTHYIO lOKaBCKYIO KOIICTaHTY CBll311 

z m- )1/2 
,\'111 :S 1.s✓r1~~sY ( lO;~eV) ( 10odev ( 18) 

llBJilleTCll Hall60Jiee CHJILHbIM H3 ll3BeCTHaX B JIHTepaType orpaHlflleH11ii TaKOro Tllna. 

,Uanee naHa oue11Ka nepcneKTllB Il0HCKa cyrrepcHMMeTpllll H JJellTOKBapK0B B pa3JJl1lJ

HbIX 0v,B,B-3KcnepHMeHTaX H npoBe)leH0 cpaB11e1me C COOTBeTCTBYIOll\HMH nepcneKTHBaMH 

HeK0TOpLIX ycKopHTeJihHbIX 3KCnepllMeHTOB. 

Ce)lhMal! rnasa IlOCBllIIJeHa npofo1eMe XOJJO)lHOii TeMHOii MaTeptt11 (CDM) BO BceJJel!HOH. 

B KatJecrne qacTHU CDM paccMaTpnsaeTCll nerqaiirnal! cynepcttMMeTplltJHal! tJacrnua -

HeiirpaJIHHO. IbyqaIOTCll B03MOlKHOCTll 3KcnepnMeHTaJihHOro Ha6JIIO)leHHll 3TllX tJaCTUU B 

na6oparnpHLIX ycJIOBllllX no npoueccy ux ynpyrnro paccellHllll Ha llJlpax semecrna neTeKrnpa. 

3cpcpeKTllBHLiii JlarpanlKHaH HeiITpaJibHO-KBapKOB0ro X - q B3aHMO)leiicTBl1ll B o6meM B11)le 

MOlKeT 6b!Tb npenCTaBJJeH n cpopMe: 

Leff=~ ( Aq · X,1,,5X · iJ,',,5q + ::: · Cq ·xx· qq) . ,(19) 

Ko:,cpcj:mu11eHThI Aq 11 Cq, coornercrnyIOIIJHe cnnH-JaBHCHMOii Rsd n Korepe11r11011 cnHH

He3aB11CllMoii Rsi qacrnM aM!lJIHTYJlb] HeiiTpaJillHO-ll)lepuoro ynpyroro paccel11Il1}1, BbllJllCJJellbl 

B paMKaX MHllllMaJibHOH cyrrepCllMMeTpHtJHOii MO)leJJH (MSSM). 5InepHal! CTpyKrypa YtJTeHa 

Ha ocHoBe odd-group o6onoqeqHoH MO)leJIH. Ben1JqHHa Rsd, Rs; npoaHaJI1!3HponaHa c yqeTOM 

ll3BeCTHblX 3KCnepHMeHTaJibHblX orpa1mqeH1lH Ha napaMeTpllqecKoe npocTpaHCTBO MSSM. 

YcrnH0Bne110, qro Rsd~Rs; T.e. cnuH llJlpa He urpaeT cymecrneHHOH pom1 B paccel!HHH 

HeHTpaJIHHO, BonpeKll WllpOKO pacnpocTpaHeHHOMY MHeHHIO O ero )lOMllliaHTHOCTll. 8To 

IlOCJI~HJIO OCHOBaHHeM )lJlll nepeop!leHTaUllll HeKOTOpb!X IlJJaHHpyeMbIX 3KCnepHMeHTOB no 

TIOllCKY CDM Heihpan1rno co cnHHOBblX l!)lep MHWeHll Ha 6eccmmoBble. l13yqeHbl nep

cneKTIIBhl 6ynym11x 3KCnepHMeHTOB TaKOro THila 11 B03MOlKHbie orpaHHtJeHHll ua napaMeTpbI 

MSSM, KOTOpL1e Moryr 6Lnh llMH nonyqeHhI. 

B BOCbMOH mane npe)lJlolKena HeJJOKaJibl!al! nepCllll CTaHJlapnrnii MO)leJIH 6e3 tJaCTHl] 

X11rrca. Hono6Hb!e Teopen1qecK!le cxeMbl npe)lCT3BJll!IOTCll aKTyaJihHbIMH B BIIJlY TOro, lJTO 

qacTHUhl XHITCa )lO CHX nop He 11a6J110)laJIHCb 3Kcnep11MeHTaJibllO. 

Mo)lCJlb OCHOBaHa Ha TaK Ha3bIB3eMOH BHpTOHHOH peaJill33UHH llOJieii Xurrca. B TaKOH 

pean1IJau1111 nocne cnmna1-111oro napywemrn :,neKTporna6oii. CHMMerprrn nponaraTop noJill 
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Xurrca TeplleT IlOJIIOC, qTo 03HatJaeT OTCYTCTBlle B cneKTpe aCCllMTITOTllqecKHX COCTOl!Hl1ii 

lJ3CTIIU X11rrca. BMecTe C TeM MexaHH3M Xurrca OCTaeTCll B CHJ!e II BOCilp0113B0JlllT Bee 

M3CCOBbie tJJleHbl ofa1qnoii CM. HeJJOKaJibHOCTh BBO)ll11'Cll B caMO)leiicrn11e CKaJillp!!Oro 

X11rrcosa nonll cJieny101UHM o6pa30M: 

- £ = q}(:r)(D2 + ni2)¢(x) + ,\ ( <I>(.r)1 * <I>(:r) )2 (20) 

me m2 < 0, a HeJIOKaJihHOe IlOJie <I>(:r) fIOJI)"-leH0 113 JIOKaJihHOro qJ(.r) IlYTeM ·pa3M33Kll 

no HeKOTopoii o6JiaCTll C xapaKTepHbIM Macwrn6oM Pu, TTp11pona HeJJ0KaJibHOCTII He pac

cMaTpHBaeTCll. Eii conOCTaBJilleTCll HeKOTOphlii cpeHOMeHOJJOmtJeCKHii cpopMtpaKTOpO K, C 

HOMOll(blO KOTOporo HeJIOKaJihHOe IlOJJe 33f!IIChIBaeTCll B Bll)le: 

<I>(x) =-J dy K(:r - y) ¢(y) = K (Pfi i.J2) ¢(:r). (21) 

HenoKaJihHLiii oneparnp K (f'J D2
) MOJKeT fanh npencrnBJieH B cpopMe: 

K (P~ D
2

) = f (t)' (Pfi D
2
)". 

ri=O lJ · 

(22) 

O6o6meHHal! cpyHKUHll K(:r-y) == K (ft D2
) o(:r-y) nplIHa)lJlelKJIT K O)lHOMY 113 npocrpaHCTB 

HeJIOKaJihHblX 06061UeHHbIX cpyttKUllii BBe)leHHhlX If HCCJJe)loBaHHhlX B pa6ornx r.B.EcjJIIMOBa. 

BKJJ!OlJal! B33llMO)leiicTBllll (20) B JiarpaHJKHaH CM 11 11Cfl0Jlh3Yll MeTO)lhl KBaHT0BUHll}I pa3-

BllTbie B 3THX pa6oTaX, TIOJl)"-13eM CJie)lyIOmee BbipaJKeHHe )lJlll Jlarpa11JK11a11a MO)leJIII f!0C.'IC 

cn0HTaHH0ro napyrne111rn CllMMerp1111: 

J 1 ( 2) ·1 ). I -£ = 2 11(x)E D 1J(x) + ,\v (11)· + 4 (11) - (23) 

<]2 ( 1 ) '-- [UiJ2 + 2f/v1] W;W-1' + . Z1,Z1' 
4 1 2cos2 01r 

M 2 •v+w-1• 
1

1112 z z1• ~ .,/, (· D'; W v I' - 2 z 11 - ~ ~"f l"/1, -
f 

Ill f ( 1 + ~)) t '/ 

3necb 1] none Xurrca B BHpTOHHOii peaJil13aUllll C nponaraTopoM i- 1' He o6JJa)l,llOUUIM 

HOJIIOCaMH, U0CKOJlhKY no nocrpoeHHIO [ - uemlll cjJyHKL{ll}I, 

TToKa3aHo, qro cpeHOMeHOJIOnill )laHIIOii MO)leJJH 11p11 :mepnrnx, )l0CTllrllYTb!X B cospc

MeHHhIX 3KcnepnMeHTaX HeOTJIHlJHMa OT cjJe110Me110Jion111 CTall)lapnwii M0)lCJIII. 

B neBllTOii rnase npe)lJloJKeHLI 11eKOTOpL1e MeTOJlbl amu11na cetJe1111ii ynpyroro II rnyGoi,;o
ueynpyroro pacCellHHll JiellTOHOB Ha 11yKJJ011ax 11 ll)lpax, UOJBOJl}IIOU{lle CHll3IITI, ·1aB11CIIMllCTh 

HeKOTOpbiX lf3MeplleMbIX BeJ11fqm1 OT HyKJJOHHOii 11 llJlepuoii CTPYKTyph! 11 l!BH0 Bhl)leJll!Tb IIX 

JaBHCHMOCTh OT cjJyH)laMeHTaJihllblX napaMeTpOB CTaHJlapr'uofi M0)leJIH II HOBOii tpll'lllKII. TTp11-

MepoM llBJilleTcll nonyqe1111oe B nucceprnu1m coor11owe1111c nrna TTacKoca-Born,cjJem1rreii11a 

JlJlll KBa3Hynpyroro v N-paccemmll: 

~J2 (v,p(n) ➔ v,p(n)) - ~(17,p(n) ➔ P,71(11)) 

"" ( - ) ,fo (- ,+. ) dQ 2 vn ➔ c 1,JJ - ,1q2 vp ➔ < nll. 
2 

- _l_'-{l - 2 .· 211 (1 ± 11.,, + 11,, )} - . Slll Uu, • 
4 cos2 fJ,. 11.,, - fl,, 

me /1,p,n - MarHHTHhie M0MeHThI nporoua 11 11ciiTpo11a. 

B 33KJIIOlJelllm naua CB0)lKa OCH0BHblX pe3yJJhTaTOll, IIOJIYtJCHllhlX B )l!ICCCpT.11{1111. 
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