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BBenenue

[IpakTuyecku Bcs COBpeMEHHas (PU3MKa 3JIEMEHTApPHBIX YaCTUIl Ha JAHHBIN
MoMeHT omnuckiBaercss CranaaptHoit Mopnenbso (CM) - Teoperuueckoi
KOHCTPYKIIMEH, BKJIIOUarOIe B celdsd BCe H3BECTHbIE Ha JaHHBIK MOMEHT
B3aMMOJECMCTBUS 3a MCKIIYEHHEM TpaBUTauuOHHOTO. OHa sABIsAETCH
MaTeMaTHYEeCKUM TMpeJCTaBIeHUEM (U3NUYECKUX MPOLECCOB MHUKPOMHUPA, OJIHAKO,
OCTaBJIIET HEPEIIEHHBIMU OOJbIIOE KOJIMUYECTBO BOMPOCOB (TAaKUX, HANPUMEpP, Kak
npoOiieMa uepapxuil Macc, HaJdu4he Macchl y HEWTpuHO U T.1.). CyliecTByer
MHOKECTBO YyKa3aHuUi Ha TO, YT0 CM MOXeT ObITb HU3KOSHEPIeTUYHBIM IPENEIOM
HEKOTOpOoW Oosee 00mIel Teopuu, MOJOOHO TOMY, KaK MPUHIIUI OTHOCUTEIHHOCTH
['anunes sBIAETCA YACTHBIM CIy4aeM MPHUHIUMIIA OTHOCUTENBHOCTUM OWHILITEWHA B
paMKax HbIOTOHOBCKOM MEXaHUKH. IMEHHO ITOATOMY YpE3BBIYANHO OCTPO HA JaHHBIN
MOMEHT CTOMT Bompoc pacimupenus CrangaptHoit Moaenu 10 Teopuu, ciocOOHOM
Oonee MOJHO M TMOAPOOHO OMNHUCATH MPOLECCH MUKPOMHUPA, a TaKXKe Pa3pelInuTh
IIPOTUBOPEYMS, CylIeCTBYIOMMKE B pamkax CM.

Jlist moucka “HoBo¥ ¢um3uku” 3a rpanuraMu CM NpUHIUMIIHATIBEHO BO3MOXKHBI
JIBa MIyTH: U3yYEHUE MPOLIECCOB C BEPOATHBIM POKICHUEM THITIOTETUYECKUX HOBBIX
YacTUIl WJU K€ TOWCK TPOSIBICHUN TMpenanojaraeMoi “HOBOW (QHU3UKKU’ B yxKe
U3BECTHBIX B3auMoaeUcTBUAX. CTOUT, OHAKO, YUNUTHIBATh, YTO IKCIEPUMEHTAIBHOE
NOJATBEPKACHUE TEOPUH, HCHOJB3YIOIIMX NEPBBIM MOAXOJ, MOXET OBITh
HEBO3MOKHBIM B HACTOSIIEE BPEMsI B CWIY BEpPOSTHOTO HAJIWMYMSA YAaCTHL ‘HOBOM
(¢u3ukyu” TUIIb Ha O0Jiee BBICOKUX YHEPIHsX, €II€ HE JOCTUTHYTHIX Ha YCKOPUTEISAX.

Janupiii pedepar MOCBAIIEH OJHOMY U3 MHOMXKECTBA CYIIECTBYIOIIMX Ha
JAHHBII MOMEHT THIIOTETHYECKMX pacmupennid CranpaptHod Mogenu - teopuun
“Manoro Xwurrca”, B KOTOpoM 0030H Xwurrca siBIsieTcs He (PyHIaMEHTaJIbHOU, a
COCTAaBHOM YAaCTHUUEH, YTO MPUBOAUT K YCTPAHEHHIO HEKOTOPBIX TEOPETUUYECKUX
npobaem Cranaaptaoit Monemnu.



1. IlporuBopeuns Crangapraoii Monenun

CrannaptHas Mogenb mnpeactaBisieT U3 cebs TEOpPUI0 CHIbHBIX U

3JEKTpOCHalbIX B3aUMOACHCTBUN, OCHOBAHHYIO Ha KaJlMOPOBOYHOW TpyImIie
SU(3)xSU(2)xU(1). OnucsiBaemMble €l B3aMMOJCHCTBUSA SBIASAIOTCS
KaJTMOpPOBOYHBIMU, TO €CTh OCYIIECTBISIOTCA MyTEM OOMEHa KaJIMOpOBOYHBIMHU
yacTUllaMu: (POTOHAMH B CIIydae AJIEKTPOMArHUTHBIX B3aUMOJCHCTBUM, TJTIOOHAMH -
B CUJIbHBIX B3aUMOJEUCTBUSIX, W U Z B cily4ae clladbIX B3aUMOJICHCTBHIA.
B omimmune ot 0e3MaccoBBIX raMMa-KBaHTOB M NIIIOOHOB, W H Z - MacCHUBHEBIC
yactulbl (¢ maccoit mopsiaka 100 I[mB). Hanuume y 5TUX 9acTUIl MacChl SIBJISIETCS
CJEACTBUEM HapylieHus cuMMeTpuu oTHocuTenbHO Tpynnbel SU(2)xU(1). Takoe
Hapyuieaue B dopmanuzmMe CM MoxeT OBITh CIEACTBUEM CYIIECTBOBAHUS
HEKOTOPOTO CKajisipHOro moss. BakyymMHOe 3HayeHuEe 3TOro MoJisi MPUBOIUT K
HAJMYHMIO0 HEKOTOPOIO BBIJACIICEHHOIO HANpPaBJICHHs B IPOCTPAHCTBE TIE€HEPATOPOB
rpynmbl SU(2)xU(1). Torma ¢dakt Hamuyusi Macchl y 3JIEMEHTApPHBIX YAaCTHII
(JIenTOHOB, KaJIMOPOBOYHBIX O30HOB M T.J.) ABIAETCS CIEACTBUEM B3aMMOICHCTBUS
CaMHX YacTHI] C JIaHHBIM CKAJISIpHBIM ToJieM. KBaHTOM 3TOro mojs siBisieTcst 0030H
Xwurrca.

Opnako, XWUITCOBCKMUA OO030H OOBSICHAET JUIIb caM (aKT HapylIeHUus
ANEKTPOCIab0l CHMMETPHH, HO HE ero mMexaHusM. [laHHas Teopus He OOBSICHSET,
nouyeMy TOTEHI[MAJ] XHUITCOBCKOTO ToOJisi HecTtabuien B Hy’ne. [lostomy
ANEKTPOCIA0BIA CEKTOp SBISAETCA, MO-BUIUMOMY, HHTEPECHOM 001acThIO AJIsi TOUCKA
“HoBoil pu3uku’, BeIXoAs1IeH 3a npeaenst CM.

2. Mopean “MaJioro Xurrca”
2.1 OcHoBHan naes

AHanu3 HKCHEPUMEHTAIBHBIX JIAHHBIX TIO3BOJIET CJieNlaTh OJIHO3HAUYHBIM
BBIBOA O (akTe HapyIIeHHS DdJICKTPOCIad0i CHUMMETPHH, OJHAKO, ITOHHMAaHHUE
MeXaHU3Ma 3TOr0 HapyIIeHUs MoKa He chOPMHUPOBAHO JI0 KOHIIA.

Ecau HCXOOUTh HN3 TOI'O, YTO HOBBIX 4YaCTHl C MacCCaMHM MCHBIIC MaAcCC

AJIEKTPOCIA00T0 CEeKTopa HET, TO “‘HoBas (pu3uka” B JJIEKTpOCiIaboi Maciirade
peanusyercsi MHOTOMEPHBIMH OTEepaTOpaMH, MOMABICHHBIMU DSHEPTETUUCCKUMHU
mMacmrtabamu “HoBOoM ¢Guzuku”’ (A ~ TsB). OTu omepaTopsl MOXKHO

KJ1accu(UIMPOBATh MO HApPYIIa€MbIM UM CUMMETpUSM. MU MOTYT OBITh, HalIpUMED,
Hapywienue CP - cummerpuum u cuMmeTpuu apomaroB. Takum oOpa3oMm, JaHHBIE
OIepaTopsl HAKJIAABIBAIOT KECTKUE OTPAHUYCHMS HA HA COXPAaHEHHE CUMMETPHUM Ha
uccienyemom macmrtabe ~ 1 ThB, u pacmupenus CM He NOIKHBI HapyllaTh 3Ty
TPaHULLY.

Jlis MoHUMaHMsT BO3MOXKHOCTH CTaOMJIM3alMKd Macchl Xurrc - 0o3oHa 6e3
HapylWIeHUH OSTUX OrpaHUYEHUN HEOOXOIMMO pPacCMOTPETh MPUUYHUHBI
HECTAOMIIBHOCTH MacChl XHITCA.



PaccMoTpuM OCHOBHBIE paJHallMOHHBIE TOMpPaBKW K Macce 0o30Ha Xwurrca:
OJTHOTIETIIEBBbIE JauarpaMMbl ¢ t-kBapkamu (puc. la), SU(2) kanuOpoBOYHBIMH
0030HamMu (puc. 16) U XUTrTCoBCKHE NMETIH (puc. 1B).

a) 6) B)

Puc. 1.0cHOBHBIE paluallMOHHBIEC MOMPABKU K Macce 0030Ha XUITca:
a)OJIHONETIIEBBIE JUarpaMmbl ¢ t-KBapkamu 0)OJHOIETIIEBBIE TUAarPAMMBI C
BUPTYyaJbHbIM Z 1 W - 0030HaMHU B)OJHOIETIIEBbIE JUATPAMMBbI C XUITC - 0030HAMH.

OcTanbHble BO3MOXHBIE JuarpaMmbl OyAdyT J[JaBaTh CYIIECTBEHHO Ooliee
HU3KHE BKJAaAbl B CHJIY MaJOCTH HX KOHCTAHT CBSI3U II0 CPABHEHUIO C
paccMarpruBacMbIMH.

Ecnu npennonarate, 4yto CM ocTaércss BEpHOM Ha DJHEPreTUYECKUX
macitadax A~10 TaB, To paccMOTpeHHbIE AUarpaMMbl JatOT OMPEICIEHHBIA BKIIA
B Maccy 0030Ha Xwurrca (tabm. 1).

Jlnarpamma Omneparop Bkuax B (mp)?
[Tetnst ¢ t-xkBapKamMu _ 3 g ~(2 TaB)?
8n*
[Tetns ¢ SU(2) - 6030HamMu 9 2N’ ~(700 T2B)?
64’
[eTns ¢ xurrc-6030HaMu Y% ~(500 T>B)?
167> "

Ta6mn. 1. Bkimang quarpamMm B KBajipaT Macchl 6030Ha Xurrea.

Hnsa Ttoro, 4toObl Macca 0o30Ha XwurTca oOcTaBajach Ha YypPOBHE
aNIeKTpocaaboro Maciitadba, BRIOMpaeTCs Ceyonuii MacmTad o0pe3aHuid:
1) ny1s meTieBoit AuarpaMmmel ¢ Tor-kBapkom: A < 2 TaB;
2) i MEeTIeBOM nuarpamMmsl ¢ KaTnOpoBOoUHbIMU O030Hamu: A < 5 T>B;
3) 1uis meTieBoil nuarpaMmsl ¢ xurrc - netnéi: A < 10 T>B.

CrnenoBaTenbHO, Ha MacliTabe sHepruil mopsiaka 2 ThB MOXHO 0XHIATh,
HanpUMep, MPOSBICHUE “HOBOM (PU3WKH, CBA3aHHOW C 0Ope3aHUEM PACXOSIICHCS
neTin t-KkBapka, TO €CTh JOJIKHBI CYIIECTBOBATH YACTHUIIBI, MOPOXKAAIOIINE HOBBIC
NETJIEBbIE JUArPAMMBI, COKpAIIAIoUe BKJIAJ OT METeb ¢ t-KBAPKOM, C MAaCCOM OKOJIO



2 TsB um cCBA3aHHBIX HEKOTOPOM CUMMETPUEH C t-KBApKOM, IMOJIPa3yMEBAIOIIECH
HAJIM4YKE MOJA00HBIX t-KBapKy KBAaHTOBBIX UHCEI.

AHanoruyHeiM 00pa3oM, Ha Macutabe sHepruil nopsiaka 5 ToB  momxHBI
CyIIECTBOBAaTh HOBBIC YACTUIIbI, CBSI3aHHbIE MOJOOHBIM BHUIOM CHUMMETPHUHU C
KanmuOpoBouHbIMU O030HamMu CranaapTHOMl Mojenu, a mpu sHepruax nopsaka 10
T3B - HOBBIE YaCTHI[bI, COKpAIIAIOIINE PACXOASILYIOCS METII0 ¢ 0030HOM XUITCA.

Opno u3 pacummpenuit CM, pemaromux 3Ty npodieMy - mojienb Maioro
Xwurrca, B kotopoil bo3on Xwurrca smasercs mnceBmao-HamOy-IonnacroyHoBCKUM
0030HOM. B 3TOM cilydyae mio6aibHble CUMMETPUU PUBOJAT K CABUTY XUTTCOBCKHUX
MoJe, B pe3yabTaTe€ dYero macca XUITCa HE COAEPKUT OJHOMETIEBBIX
pacxoIUMOCTEM.

2.2 HamOy-T'osnicToyHoBcKHEe 0030HBI

HamOy-T'onyictoyHoBckre ©030HBI - YaCTHUIIbI, BO3HUKAIOIIUE MPU CIIOHTAHHOM
HapylleHuu riobanbHOM cumMeTrpuu. Hawubosiee mpocTbiM NpUMEPOM
npeacTasisieTcs paccmorperue rpymnmbl U(1).

[lycTh y Hac ecTh CKalIipHOE Toyie @ ¢ noreHmuaioMm V(¢*). I'pynma U(1)
BKJIIOYAET B c€0s1 MNHBAPUAHTHOCTH MOTEHIIMAJIa OTHOCUTENBHO MPE0Opa30BaAHUIA:

P (1)

HaxoxeHne MMHMMyMa MOTEHIMajda HAaXOAWTCS HE B HyJE, a B HEKOTOPOMU
touke £>0 (puc. 2) npuBoaUT K cioHTaHHOMY HapyueHuto U(1) cummeTpuu.

Puc. 2. [loTeHuan CrioHTaHHOTO HapylieHus cumMeTpuu rpymmsl U(1).

byneM cuurarb, 4TO OTKJIIOHEHMS I0JI1 OT MHUHMMyMa Majbl. B Takom ciyudae,
noJie BOJIM3M BaKyyMHOT'O 3HAYEHUSI MOYKHO Pa3JIOKHUTh B PAI:

¢(x>=%(fw(x»-exp[ieﬁx)} )

rme 1(X) - MacCMBHas pajaualbHas Mojaa, a 0(x) - HaMOy-TOJIICTOYHOBCKHE OO30HBI
(HT'B).



[TockonbKy paamanbHOE TOJIe 1(X) JOKHO OBITh MHBAPUAHTHO OTHOCHUTEIHHO
U(1) npeoOpa3zoBaHuii, MOKHO IIOKa3aTh, YTO JJIsS BBIIOJIHEHUS STOTO YCJIOBHS 0
UCIIBITHIBAET CJIBUT:
0—0+a, a<<0.

3)
BaxxHo ormerutb, yTO pe3yabTupyromuid 3¢ dexTuBHbIl Jlarpamkuan He
JOJKEH COJIepKaTh B cebe MaccoBoro wieHa mois 0(x). Oomuii Bua Jlarpamkuana
HI'B BBITISIANT ClIeayIOmuUM 00pa3oMm:
4
2
L = const +f2‘8#¢‘ +0(84).
2.3. Ham0y-T'osicToyHoBCKMEe 0030HBI B Hea0e1eBOM cJydae
B cnydae cnoHTaHHOrO HapylleHUs HeaOeneBO IrpylIbl CHMMETPHUH KayK bl
HapyIIEeHHBIH TeHepaTop NPHUBOAUT K OOpa3oOBaHHIO OJHOTO HaMmOy-
TOJIICTOYHOBCKOTO 0030Ha.
Hanpumep, paccmorpum caydail Hapymenus SU(N)->SU(N-1) 3a cuér
BaKyyMHOTO CpPEIHEro Imoiist ¢. Yucio reHepatopoB rpymmsl yMeHbmmaercs ¢ (N)>-1
10 (N-1)2-1, cnenoBarebHO, YHCIIO HAPYIICHHBIX TCHEPATOPOB:
(N)2-1-((N-1)-1) = 2N-1. (5)
VYo6HbIM OKa3bIBaeTCs (hopMa 3aMucH:
7[1
0 :
i gZs 0 z
¢ =exp|— Do |=el g, (6)
f oo n;fl‘no/\/i f
IPUYEM T0JIE Tp - BEIECTBEHHOE, & OCTAIbHBIE - KOMILJIEKCHBIE.
2.3 IlocTpoenune Majioro Xurrca
Paccmorpum napymenune cummerpun SU(3)->SU(2). h -  ay6rner OTHOCHUTENBHO
HeHapyleHHoW cummeTpur rpymnmbl SU(2), kak 3To TpeOyetr Mexanu3M CTtaHaapTHOM
Mogenu. OpgHako, NOCKOJIBKY OH HMCHBITBIBAET CABUI OTHOCHTEIBHO HAPYIICHHS
cummeTpuu SU(3), h - HaMOy-roiqoyHOBCKUii 6030H.
B sTom ciryyae:
-n/2
h
n/2 | (7)

T=| —
h n



OpUYEM TI0JIE 1] - CHHIVIET OTHOCHUTENbHO SU(2).

Tornma
i( 0 h 0 o) (o) 1( o
= — — _ 8
P=expl e f fﬂ(hjZf nh (8)
U
0 h‘2h+h
1o,of [0, + =, 9)

YTO OMKCHIBACT B3aMMOJICHCTBYE, TIOAABICHHOE MACIITaOOM HapyIICHUS CHMMETPHH
f. Ins ompenenenust macimraba obpe3aHusi A BKJIaJ PaCXOIAIIEHCS OITHOMETICBOU
JIarpaMMbl TTOMEIIAETCS B KMHETUYECKUH wWiieH 3acuéT BTOporo ciaraemoro. [lpu

0o0pe3aHuM pPacXoJUMOCTh Ha MaciuTtade A MOdydyuM, YTO KUHETHUYECKHH 4YJieH
2

IIPOIIOPIHUOHAIICH —
p I)]'I fZ 1677:2

KOHCTaHTE CBs3U >1, monyyaeM ycioBue A< 4nuf.

. IlockonbKy Teopusi CTAaHOBUTCSI CHJIBHO CBSI3aHHOM MpHU

Crnenyromuid mar - MOCTpOeHHE KaIMOPOBOUHBIX B3aMMOJCUCTBUNA. BaxkHo,
OJTHAKO, TOMHHUTH, YTO MEXAHHW3M KaJMOPOBOYHBIX B3aUMOICHCTBUN HE JOJKECH
CoJIepKaTh B ce0e KBaJIpaTUUHbIX pacxoauMocTel. [ljist 3Toro paccMarpuBaroTcs JiBa
HaMOy-TOJ1JIOyHOBCKUX OO30HA @1 U (2. TApaMETPU3YEM HX:

— oxn| T — oxn| 2 10
amen( =) | oo, ) (0

YUMTBIBasA, YTO BaKyyMHbIE CpeHMe nosieil oguHakoBbl: fi=fH=f.
Torga JlarpankuaH Takol CHCTEMBI MOYKHO 3aIlCaTh CIASAYIOIUM 00pa3oM:

L=[Dg| +|D,s . (11)

OH BKIIOYAET B ceOs CJICAYIOIHC JUarpaMmMbl:

Puc. 3. [lonpaBku K MOTEHIMATY B3aUMOJEHCTBUS OJTHOTO (a) 1 ABYX (0) moseit.



Bxiiaa ot quarpamm, copepikaiiux TOJIbKO OAHO ToJie @1 Wik @2 (puc. 3a):

A (010,4010,)= - S A1+ F). (12)

a OT AWarpaMMBbI, COIEpPKAIICH OMHOBPEMEHHO TOJIS (01 Ui @2 (puc. 30):

2 A2
g slog| —
167 u

e (13)

[Tockonbky:
(14)

6| = £ =2n"h+..,

cootHoueHue (13) MoxkHO nepenucarb B BUJIE:

2 2
8 zlog[A—z]fz. (15)
l6r u

Ecnu koHcTanTa g - koHcranta cBa3u SU(2), To f~1 T»B, a Bkag B KBagpaT Macchl
0o30oHa Xwurrca ~v2, uro comiacyercs co CranmmaprHoir Mopenbio.  Ilpu 3ToM
OJTHOTIETIIEBbIE KBAJIPATHYHBIE PACXOAMMOCTH B Macce 0030Ha XHUrrca OTCyTCTBYIOT.

3. DKkcnepuMeHTaIbHOE J0KAa3aTebCTBO Masioro Xurrca

Bce mogenun Mastoro Xurrca BHE 3aBUCUMOCTH OT MX peaIM3alKi BKJIOYAOT B
ce0s BEKTOPOMOAOOHBIM KBapK, COKpAIAIOIMINK pPacXOAUMOCTh OJIHOTIETICBBIX
auarpaMMm t - KBapka, a Takke Ha0op KaJIMOpPOBOYHBIX OO30HOB, COKPAIIAOIIAX
0O030HHBIC TTETIIN.

Poxxnienre 3Tux 0030HOB MPOUCXOJUT B PE3YJIBTATE aJPOHHBIX COYyIapeHUM, TO
€CTh MOXHO OXKHJIaTh Hallnuue 3TuX yacTul Ha yckopuresne LHC.

4. Kocmosiornueckoe nposisjienue moxaean “Majioro Xurrca”

[Tockonsky “Mansiit Xurrc” mpenctaBiasieT u3 cebs Teopuio,
paccMaTpHUBalOIIyl0 HapyLIEHHE JIEKTPOcIaboil CUMMETpPUHN, €CTECTBEHHBIM 1IaroM
OyIeT MOMCK KOCMOJIOTUYECKOTO MPOSBICHUS JAHHOW MOJIEIH B KOCMOJIOTUU paHHE!
Bcenennoii. B yactHOCTH, OCOOBIM HMHTEpPEC MPEACTABISAET 3I10Xa 3JIEKTPOCIA0bIX
B3aUMOJIEHCTBUH, TO ecTh mepuox Mexay 10732 u 10712 ¢ mocne Bonbioro B3psisa,
Korjma temneparypa BceneHHOM I0CTaTOYHO BBICOKA, M 3aCYET BBICOKUX DHEPTUH
00pa3yroTcs Takue 9acTuilbl, kak W-0030H, Z-0030H u 6030H Xurrca.

Brimie 06110 TTOKa3aHO, YTO MOJIEIIH “‘Majioro XMrrca’ BKJIIOYacT B ce0s HOBBIE
YyacTHUIbl Ha >HepreTudeckoM maciradbe nopsanka 1 TsB. [lockonbKy 3TH 4acTHIBI
cTabuipHBIC U CIA00B3aMMOACHCTBYIOIINE, OHU MOTYT ObITh KaHAMIATaMH Ha POJb



JacThll TEMHOW MaTepuu, MPECTaBIsIs U3 ce0sl TAKUM 00pa3oM pelleHrue OJHOU U3
OCHOBHBIX ITPOOJIEM COBPEMEHHOM KOCMOJIOTHH.



