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1. Bsepmenme. Yrto Takoe cynmepcumMMeTrpusi’?

Cynepcummempus - 3T0 CAMMETPHUST MeXIY 0030HaMU U HepMuoHamu, Ko-
TOpas NpU3BaHa 00bEeJUMHUTL BCE CHJIbI IPHPOAbI, BKIIOUas I'PABUTALHUIO, B
pamkax exunoro dhopmanusma [1]-[4]. Cospemennble B3rnsbl Ha Cynepcum-
MeTpHIO B (DM3MKE YACTHI, OCHOBAHbI Ha CTPYHHOH mapajurme, XoTs HHU3-
KOYHEPreTHYECKHe MPOSABJIEHHs CYyNepCHMMETDHH, BO3MOXKHO, MOTyT OBITb
0OHADYIKEHbl Ha COBPEMEHHBIX KOJUIARAEpPaX W B HEYCKOPUTENbHBIX JKCIE-
DHMMEHTax. ' ‘

CynepcummeTpusi BOSHHKIIA B Pe3ysibTaTe CTpeMiienus o6o6uuTh anre-
6py Ilyankape Ha NpeJCTABNEHMS C PA3NHYHBIM CIIHHOM [1] 9to oKaza-
Jiock BECbMa NMPOGIEMATHYHBIM B CHJTy TEOPEMBI, 3alpemaolilell TaKue me-
pemenuBanus [5]. Bexon 6b11 Hakiien ¢ IOMOUIBLIO BBEJIeHAs TaK Ha3biBae-
MbIX IPa/lyHpOBaHHDBIX anre6p JIu, T. e. J0GABICHHEM AHTUKOMMYTATOPOB X
00b14HBIM KOMMyTaTOpaM anredps! Jlopenna. Takoe 06obiienue, onucantoe
HHKe, SIBJISETCS €JUHCTBEHHO BO3MOXKHBIM B PeJsITHBHCTCKON TEOPUH 1O

Iycts Q - reﬂepa.Top anre6pbl CynepCHMMETPUH. ,Zleﬁc'rByﬂ Ha 603omxoe
COCTOSIHME, OH nepeBo;:mT ero B (pepMHOHHOE, U HA0DOPOT:

Q|6030n >= |bepmuon > u Q|dbepmuon >= |6oz0m > .

[ockonbky 6030HBI KOMMYTHPYIOT OPYI € APYroM, a ¢epMHOHbLI AHTH-
KOMMYTHPYIOT, TO H3 3TOrO MOMEHTAJbHO CJIEJYET, YTO CylNE€PCHMMETPHY-
Hble T€HepaTOpPbl JOJIXKHb! TAK¥Ke aHTHKOMMYTHDOBATH, T. €. OHM JOJDKHBI
ObITE Pepmuonnvimu 1 U3MEHATb COHH Ha MONYNENYI0 BeJMYHHY, a TAKXKe
H3MEHATh CTATHCTHKY. JlefcTBUTENbHO, KIIOUEBBIM 3JIEMEHTOM CyNEepCUM-
METPUYHOH areOpbi siBJIAETCS

{Qa: Qd} = 20’5’(113#, (11)

rae Q u Q - reHepaTophl CynepcHMMETPHH, a P, - rerepaTop TpaHCIALHHA,
T. €. YeThIPEXUMIIYJIbC.

B nanbHeiimem Mbl OmMMILeM CynepcMMMETPHUHy1o anreGpy Gosee no-
JpoOHO M MOCTPOUM €€ NpeACTaBIEHHs!, KOTOPble HEOOXOMUMbI [JIs TIOCTPO-
eHus cynepcMMMeTpu4HOro obobumenns CrangapTHO# Momenn ¢yHnaaMen- .
TasbHbIX B3auMopeiicTBuit (CM). Takoe oGobuieHue OCHOBAHO Ha KBAHTO-
BO/t TEODHM TIOJNIAA C MSITKO HapylIeHHON cynepcuMMmerpuell u copepxut CM
B KayeCcTBE HU3KOIHEpPreTHYEeCKOH TeOpHH.
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CynepcuMmeTpHsi.00e1aeT PelInTh HEKOTOpbIe mpobneMbl CM 1 Teopui
Besnmukoro oobenunenus. Ona siBisieTcst Haubonee MonynsipHbIM B HACTOsA-
[t MOMEHT KaHIUAATOM Ha POJIb TEOPHH, OIIUCHIBAIOLIEH "HoBy10 (DH3UKY"
Ha T3BHOIi 1lIKaJe SHEPTHUH.

2. MoTuBupOBKa Bﬁe,neHI/m_CYCI/IB ¢$puU3nKy HaACTHIL

2.1. Ob6beauHenme ¢ rpaBuTalmMen

OGmaﬂ nies cécmm B'o6fbe,n,m1eﬂuﬂ BCEX CHJI IPUPOIBI, BKHIO‘I&H KBaH-
TOBYIO TPABUTALHIO. O,llHaKO IPaBUTOH - nepeHocqu rpaBUTALMHU - MMeeT
CIMH 2, B TO BpeMsl KakK BCe Apyrue KaJIPI6p0BO‘IHbIe 6oszonbl (OTOH, TITI00-
HBI, HpOMe)KyTO‘IHbIe W-uZ- 6030HI>I) MMEJOT CITHH 1. Cne,ELOBaTeﬂbHo OHH
NPUHATEXKAT PasIHIHbIM npejcraBienuam rpynnsl Ilyankape. JHnsa Toro
4TO6BI IePeMEeLIaTh KX, MOYKHO BOCTIONIB30BATHCS Hpeo6paBOBaHHHMH cynep-
CHMMeTpI/IH Haunnas c rpaBUTOHA CO CIIMHOM 2 1 JEHCTBY#A FEHEPaTOpaMu
CYIIEPCHMMETPHH, MBI TIOJTy1aeM cne,qyrom,yro LENOYKY COCTOHHHI/I

cmu 2 — cmuH 3/2 — cmH 1 —  cmuH 1/2 ~— cmuH 0.

Takum 06pa3oM, 4aCTHIHOE OO BEXUHEHHUE MATCPUH (dbepmuonoB) ¢ cuna-
My (6030HaMH) BO3HUKAET, €CTECTBEHHbIM ofpa3oM B monbITKe 00BEUHATD
IPABHTALMIO C APYTHMH B3aUMOJICHCTBHAMH.

Ecnu B3sTh. HH(UHATE3MMAIbHOE NpeobpasoBaHue 5 = €*Qq, O
Qae , To ¢ momoripio (L.1) nonydum

(6,5} = 2ec"dP,, 2.1)

rae € — napaMeTp npeoGpasopaHusi. BeiGupas € B JIOKaTbHOM BuAE, T. €.
ynKuueil npocTpaneTsa-BpeMenn € = €(x), ucxoas u3 (2.1) naxonum, uTO
AHTHKOMMYTATOD JBYX IPe0bpa30oBaHuil CyNepCuMMeTPUH eCTh He UTO HHOE;
KaK JIOKaJibHas TPAHCHALNMA KOOPAUKAT. A TEODUT, KOTOPAS WHBADHAHTHA

OTHOCI/ITeJIbIIO JIOKAJIbHBIX KOOPJAWHATHBIX npeobpazoBanuit, eCcTh 001mas Ter,

opHAa OTHOCKTCJIbHOCTI/I HJIM TEOpHA FpaBHTa,IH/II/I CJ'Ie,D,OBaTeJ'IbHO BbI6I/Ipa,ﬂ
CynEpCUMMETPHUIO B JIOKaJIbHOM BHJ€E, Mbl €CTECTBEHHbIM l'IyTeM nony4yaeMm

00ILYI0 TEOPHIO OTHOCHTEJILIIOCTH (TeopuIo rpaBHTALHMH) WK CyNeprpaBH-

Tauuy [2].

2.2, Ob6beaniHenne KAJIUOPOBOYHBIX KOHCTAHT CBA3U

Cornacuo zunomese Bennkoro obbeannenns B3anMOaeicTBRI KanmnbpoBot-
HAasA CHMMeETpMsI BO3pacTaeT ¢ Heprueil. Bce u3pecTHble B3aMMOIEHCTBHsI
SABJISIFOTCS PA3/MMYHBIMU BETBSIMHM €JMHOIO B3AHMOJEHCTBHSI, CBSI3AHHOTO C
npocrofi kanuGPOBOYHON TPYNMOH, BKIOUatomel B cebsa rpynmy CM [6].
O6benuuenye (MM pacuiensienue) IPOHCXOIUT npﬁ BBICOKOH SHEPTHH.
Ons joctrxenusi JAHHOM LENMH HYXKHO PaCCMOTPETh, KAK KOHCTAHTHI
CBA3M M3MEHSIOTCA ¢ U3MEHEHHEM SHEPrHH. DTO ONMMCHIBAETCS ypaBHEHUSI-
mu penopMrpynnel. B CM cusbibie u c1abble KOHCTAHTBI B3aUMOJIEHCTBUS,
ACCOLMUPOBAHHEIE ¢ HEABeNeBbIMH KaJHGPOBOUHBIMMU prnﬁaMH, yObIBaIOT
C yBEJIUYEHUEM JHEPIUH, B TO BpEMs KaK 3JIEKTPOMATHUTHAS, aCCOUMMPO-
BaHHadA ¢ abeseBoll rpyIoiL, I{ao6op0T, BO3pAaCTaeT. HOSTOMy OKa3bIBAECTCs!
BO3MOYKHBIM, YTO IIPH HEKOTODOH IHEPrHH OHU CTAHOBATCA PABHBIMHU.
[Tocne BBICOKOTOYHOTO U3MEPEHHA KOHCTAHT CBA3M, ACCOLUMPOBAHHBIX C
rpynnamu SU(3) x SU(2) x U(1), crano pealbHLIM MPOBEPUTH TMIIOTE-
3y 06beMHEeHHs KOMHYeCTBeHHO. TpH KOHCTAHTBI CBSI3H, KOTOpbIE TPebyIoT
CPaBHEHHUs], €CTh '

o = (5/3)g”/(4n) = 503 cos? Oy,
" g*/(4m) = o/ sin 0w, - : (2.2)
9%/ (4rm),

rae g', g u gs — obbIYHbIe KOHCTAHTEI cBA3K Ans rpymn U (1), SU(2) u SU(3)
COOTBETCTBEHHO, 8 & — [IOCTOSIHHASA TOHKOM CTPYKTYpbl. MHOXUTeNb 5/3 B
OTIPE/ICICHHH () BKMIIOYEH JJIA MPABUILHOM HOPMHUPOBKH [EHEPATOPOB.

B MopudbuuposaiHoil MHHUMaILHOR cxeMe BbluuTanuil (MS) MupoBble
cpeJHye KOHCTAHT CBSI3HM NpH 3Heprun Z°, monydenuble u3 o6paboTKu JaH-
nbix Ha ycxopurenax LEP u Tsparpon, umeror sug [7] '

a”!(Mz) = 128.978+0.027,
0.23146 + 0.00017, (2.3)
as = 0.1184 £+.0.0031,

it

a2

a3

-2
sin® Oz7g

4TO JET
a1(Mz) =0.017, op(Mz) =0.034, a3(Mz)=0.118+0.003. (2.4)

Ipeanonaras, uro CM: cipaBeinnBa 10 Kbl 06beIUHEHN ], MOYKHO 3aTEM
UCnonb30BaTh ypasHenust P gys Tpéx koHcTanT cBA3u. B nuaupyomem
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MOPsIAKE OHM MMEIOT BUJ

dtz =ba;, ;= e t= lqg(ﬁ , (2.5)
rae 8 CM Koad)d)nuﬁéHTbl b; = (41/10, +19/6, =T).
Pewterus ypasuennit (2.5) umeior npocToit us;
1 1 Q% :
. = ——— — bilog(-3)- . (2.6)
a(@) a0 ,

Pe3y/IbTaT JeMOHCTPHPYETCS Ha puc. 1, re OKa3aHa SBOJIIOIHS 06paTHBIX
KOHCTAHT CBA3HM Kak byHKumil norapndma sHeprun. B JUJMpYIOWEM IIDH-
GIIMKEHHH SBOJIIOHOHHbBIE KPHBBIE HMEIOT BHJ| ﬁpﬂmx suuuii. [lonpaBku
BTOPOT'O MOPAJIKA MaJbl B HE npuBo,t(ﬁT K 'BI‘/I‘,U,I/IMOM(y OTKJIOHEHHIO OT r_fpﬂ.—
meix. Ha puc. 1 XOpowo BrAHO, yto B CM obbe/inHenue KOHCTaHT CBS3H B
OJIHOH TOYKE HEBO3MOMKHO. JTO néxnxoqeuo Ha YPOBHE 8-M CTaHJapPTHBIX OT-
knonenuit. Takoi pesynbTaT o3nauaet, 4TO ObbeMHeHue Mb)KHo TOJTY YUTh
TONBKO B TOM CIyHae, eclid B MHTEPBAJIe MeK/ly SIeKTPOciaboit n TJIAHKOB-
CKOM 1HKAJIOH BO3HMKAET KAKas-TO HOBas (HU3MKA.

Unification of the Coupling Constants
in the SM and the minimal MSSM

g’ 60 “\1 & ‘ = 60 oo :
SM N MSSM
50 - 50
o -‘“//\ Rl I
30 fromt _ 30 s
g / g e
20E f : 20E o
10 | S0 B :
3 1/as E Loy,
o5 0 s % s 10 s
“log Q | log Q

Puc. 1. OBomouust o6paTHex KOHCTAHT cBsi3n B ciyvae CM (cnepa) u B ciyuae cynep-
cummMeTpryuHoro eé pacmmpenns (MCCM) (cnpasa)

B cynepcuMMeTpUYHOM Ci1y4ae HaK/ioHbl PT-KpUBEIX MOAHDUIUPYIOTCS.
B ypasuenuu (2.5) teneps koadbduuuents! b; = (33/5,1; —3): [lonpasyme:
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BAETCsl, YTO CYNEpCMMMETPUYHbIE YACTUILI JAI0T BKJIAJ B 3BOJIONMIO KOH-
CTaHT CBfI3M BbIlIE NOPOTOBOIl MIKAJIbl HapylueHus: cynepcumMerpur. Oxa-
3piBaeTcs, uto B CYCH-Monenn BO3MOXKHO NOJIy9HTh NpeKpacHoe ofbery-
HeHHe KOHCTAHT CBSA3H, KaK 3TO I10Ka3aHO Ha puc. 1. VI3 noAroHkn KpuBbIX
HaXOAMTCS 1UKaJa HapylleHus cynepcummerpir Mgsysy U Touka obbeau-
Henust Mgyt [8]:

Msysy = 1034309304 g
MGUT — 1015.8:!:0.3:!:0.1 FSB, (27)
agyr = 263+£1.9+1.0.

IlepBas onbKa caeayer U3 HEONPEJENEHHOCTH B M3MEPEHUH KOHCTAHT CBSl-
3H, a BTOPas — M3 HEONPEJEJIEHHOCTH B PACIIEIVIEHHH MACC CyIepCHMMeT-
PHYHBIX YACTHII,

OTo Hab/o/ieHNe PacueHUBAJIOCh Kak epBoe "ykasanue" Ha cynepcuM-
METPHIO, B 0CODEHHOCTH B CHJly TOro, 4t0 Mgysy Obula nosydeHa B MHTEp-
BAJIE, COOTBETCTBYIOIIEM COODPAXKEHHSIM TOHKOMH TO/ICTPORKH, O 4EM MORJET
pedb HUXKe.

2.3. Pemenue npobjieMbl nepapxuii

IosBnenue AByX pasnuyublx mkan V > v B reopusax Benukoro obbennne-
HHUA, 3 UMeHHO My u Mgy, IpUBOIUT K cephé3noi npobieMe, Ha3bIBaEMOI
npobaemoti uepapzud. CymecTByloT Ba aceKTa JaHHOH MpobJieMbl.
IlepBuiit — 310 caMo cymecTBoBande uepapxun. Jus nosydenus xenae-
MO} CTPYKTYpbl CIIOHTAHHO HapyUIEHHOH TeOpHH HeoOXOMMO NOJNyYHTD
my ~ v ~ 102 TI'sB, my

mH_ in-14
ms ~ V ~ 101 TsB, 107 <, (2.8)

rae H n 2 — nons Xurrca, OTBETCTBEHHBIE 3a CIOHTAHHOE HAapyIlleHHe Py
SU(2) u TBO coorsercTBenno. Bo3HUKAET BOIPOC: KaK IOJYUUTH TAKOE
MaJIeHbKOe UHCJIO €CTECTBEHHBIM Iy TéM?

Bropoit acnexkT npobsiembt Hepapxuii CBA3aH C COXPAHEHUEM CYILECTBYIO-
wei nepapxuu. Jaxe ecan Mbl BbiOepeM nepapxuio coryacuo (2.8), paaua- |
IMOHHbIe MonpaBKy pa3pyuiat eé! Yrobsl yBuaeTh 3TO, paccMOTPHM pajna-
IIMOHHBIE NONPABKH K Macce JIETKOro XMrrcoBckoro 603ona. CooTBETCTBYIO-
mue deffHMaHOBCKHE JUarpaMMbl NPE/ICTABJIEHbI HA PUC. 2. DTH NONpaBKH,
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 heavy (M)
, = dmi~ A2 - M2
A SR

T light (m) 102 10-1 106

Puc. 2. PagganHoHHbBIe IONPABKH K MAacce JIEPKOro XHITCOBCKOro 6030Ha

NpPONOPIHOHAJbHLIE KBAJIPATY MACChl TAXKEJ0H 4YacTHULbI, OYEBHUJIHO, Pa3-
PYLIAIOT HEPAPXHIO, €CIH TOJbKO OHU He cOoKpaljaiorcsa. Takoe BecbMa ak-
KypaTHOe COKpalleHHe ¢ TOYHOCThIO ~ 107!* Tpebyer Tonkoit mogcTpoiiku
KOHCT2HT CB$3H. .

EjuncTennbiM nyTéM Nomyyenus TaKOI"Oj COKDALLCHUS KBaJPATHYHBIX
4JeHOB (Tak)Ke H3BECTHOIO Kak coxi:)ameﬂne KB3|DATHYHBIX PACXOAUMO-
cTeil) ABJIACTCSH cynepcummerpus. Bonee Toro, cynepcummerpus ABTOMATH-
4eCKH COKDAIIAET BCE KBAJPATHIHbIE NONPABKH BO BCEX NOPFAKAX TEOPHH
BO3MYIIIEHHIH. 1o IIPOMCXOUT 6aaromapsi BKJIaJaM CynepnapTHEPORB 06BIY-
HBIX HacTHll. Briajbl 6030HHBIX NeTesb COKPALIATCA C BKJIAJAMHU (bepf
MHOHHDLIX B CHJLy NaJIM4Msi JOMOJHUTEILIIOr0 MEOKHUTENs1 (1), cutetyiotero
u3 (epMH-CTATHCTHKM, KaK 3TO IOKA3aHO Ha puc. 3. 3/eCh CYLIECTBYIOT

i

Y/ boson )  fermion

s =0

gauge

" boson

« gaugino

Puc. 3. CokpalueHue KBaPAaTHYHBIX WIEHOB (pacxogumMocteit)

J1Ba TMIA BKJIaJI0B. Ha BepxueMm pHUCYHKe MPECTABJEHbI BKIAJb! TSXKEIO0ro
XHITCOBCKOTO 6030Ha H ero cynepnapruépa. Cuna B3aUMOJeNCTBUS ONpe-
JleJIsieTCsl JOKaBCKOi KoHCTaHTol cBa3u A. Ha Hu)kHeM pHUCYHKe IpeacTas-
JIEHBI BKJIaJ[bl TSXKEJIOro KaJHOPOBOYHOrO 6030HA M THIKEIOTO Ka,)m6an0,
NPONOPIHOHAJBHBIE KAJTMOPOBOYHOM KOHCTAHTE CBA3H (. .
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B ofioux ciiyuasix uMeeT MecTo Cokpauleiie KpaApaTHiibix dwienos. Ono
CHIPaBEeJINBO C TOYHOCTHIO J0 [IKaJIbl HAPYUICHHSI cynepcuMMeTpun Mspsy-.
KOTOpad He A0MKHA 6bITh ciuikoM Gosbioii (< 1 TaB), arobsl Torikast
nojcTpoiika 6bina ecrecTBentoi. JleiicTBUTENLHO, PACCMOTPUM MACCY XUIT-
coBckoro 603ona. Tpebys /s caMOCOrIACOBAIIHOCTH TEOPHU BO3MYIEHHUIl,
4TO0BI PaJIMalOHHbIE IONPABKH K Macce HE IPEBOCXOIMIIN CaMy Maccey, 110-
JIYUUM

SMj ~ ¢*MZysy ~ M} - (2.9)

Buauut, eciiu My ~ 102 ['sB u g ~ 107}, o Msysy ~ 10° I'sB aus Toro,
YTOOLI COOTHOUICHHE (2.9) 6bL10 cnpasennupo. CrejloBaTeNnbHO, Mbl OHAThH
MOJIyuaeM TY K€ OLEHKY LIKAJbl Hapyllelus - -cynepcummerpun Msysy ~
1 TB, uTo u u3 ycnoBus 06'beJUHEHHs KOHCTAUT CBA3H. ,

ITo3TOMY OORINTHO rOBOPSIT, YTO CYNIEPCUMMETPHS PellaeT npobiemy nepap-
xuil. MBI MOKaXXeM HHXKE, YTO CYNEPCHMMETPHSI MOXKET TaK»Ke OODLACHHTD
1 IPOUCXOXK/ICHHE HEPAPXUH.

2.4, Acrtrpodu3zuka U KOCMOJIOTUS

CeeTsliancs MaTePHs He COCTABIAET BCIO MaTepuio o Beenentoii. 3uauu-
TeJILHOE KOJMYECTBO MATEPUHU COCTABJISET TAK Ha3bIBAEMasl MEMHAAL mame-
puA. IIpsMbIM yKasaHHeM Ha CyUICCTBOBAHHE TEMHONW MaTEpHU ABJISLIOTCS
KpHBbIE Bpallenusi ranaktuk (cM. puc. 4). st obbacHenua 3THX KPUBLIX
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U3 HecBeTsIeiCs MaTepUH, KOTOpas yJacTBYeT B 'PABUTAIlMOHHOM B3aHMO-
neticreun. Corsacuo nocienuuM gaHubiM 9], maTepus Bo Beenennoit pac-
npejesiena cie/(yIoluM obpasom:

Qh2 =1 & P = Pxpurs

Quaxyyn = 73 %, - Qrewnas marepna ~ 23 %, Qbapuon ~ 4 %,

T. e. TEMHAs] MATEPUs] COCTABJSIET 3HAYUTEJIbHYIO YaCTh, IPEBOCXOAALLYIO B
6 pa3 gomo BUAMMON MaTEPHH. .

CyliecTByIOT [Ba BO3MOXHbBIX BHZa TEMHOH MaTepuu: ropsyas TéMHas
MaTepHs, COCTOSIAs U3 JIETKNX PeJIATHBUCTCKUX HaCTHIL, 1 XOJIOfHad, CO-
CTOSIIAST U3 MACCHBHBIX CJI1a00B3aMMOIEHCTBYIOUINX YACTHIL (WIMPs). To-
psAYas TEMHas MaTepUsi MOrJia Bbl cOCTOATH M3 HETPHHO, HO 3TO npobieMa-
THYHO C TOYKH 3DEHUs. MEXaHH3Ma obpa3opanus ranaktuk. Hefirpuno Tak-
e CIMIIKOM JIETKM JyIsi 0GPa30oBaHMs JOCTATOYHOTrO KOJMYECTBa TEMHOM
Marepun. UTo KacaeTcs XxoofHoi Témuoi MaTepun, To B CM ner nogxozs-
wieit 1u1st 3To# 1lean JacTuipl. B TO ke BpeMs CynepcHMMeTpHs npeaJiaraeT
NIPEKPACHOTO KaHIUJaTa Ha POJIb XOJNOAHOH MaTepHH, & HMEHHO: HefiTpasiu-
HO, JlervaiiiIyio cynepcuMmmerpuunyio sacTuny. Ona CTabuiibua (wau nourn
cTaBHiIbHA), TAK YTO PEIUKTOBBIE HEATPATMHO MOIVIA Gbl COXPAHHTECH BO
Bcenennoit co Bpemeru Bonbiioro B3phiBa.

2.5. 3a npeaemamu TBO: cynepcTpyHbi

JIpyriM MOTHBOM Jijisi BBEIGHHS! CYNIEPCHMMETPHH ABJIsieTcs elE bosee pa-
[MKAJHbHOE M3MEHEHHe OCHOBHBIX IIOJIOXKEHHH, CBA3aHHOE C KOHEeYHOH Ie-
JIBIO IIOCTPOEHHUS eIMHON TeopuH Beero cyiero. B HACTOSIIH MOMEHT UMe-
eTCsl TOJNILKO OHA& XKH3HEeCnocoOHas KOHIENUMsl, & UMEHHO Teopus cymnep-
crpyn [10]. B aroit Teopun dynnaMeHTalbHBIMHU 06’beKT3,.MI/I‘BbICTyHa}OT
CTPYHBI; 3AMKHYThIE€ HJIH OTKDPBITbIE, OHH SIBJISIOTCH HEJIOKaJIbHBIMA 110 CBO-
el npupoge. O6bluHble YACTHIB PACCMATPUBAIOTCA KaK MOAbI BO30y K IeH st
cTpyH. BaanMopelicTBis CTPYH HOCAT JIOKANbHbIH XapaKTep ¥ reHepHpyioT
COOTBETCTBYIOLIHE B3aHMOIEHCTBHS OOBIUHBIX UaCTHI|, BKJIOYas PaBUTa-
IIMOHHOE. o

Tlist Toro 4To6bl OBITH CAMOCOTIACOBAHHON, TEOPH CTPYH AOJIKHA 6bITh
KOH(OPMHO-UHBAPHAHTHO! Ha 2-MEPHO! MHPOBOH NMOBEPXHOCTH CTPYHBI H
uMeTh CTabUILHBIH BakyyM. Ilepsoe TpeGoBaHME CIPaBEAIMBO B KJIACCH-
4eCKO} TeOpMH, HO MOXKET HAPYIIAThCs KBAHTOBLIMU AHOMAJIMAMH. Coxkpa-
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HieHxe KBAINTOBbIX AHOMAIMA BO3MOXKIIO, CCIIM PA3MEPHOCTL NPOCTPAIICTBa-
BpEeMEHH paBlia KPHTHUYECKO#, uTo ecth D, = 26 ny1st 6030HHOHR CTPYHBI U
D, =10 pana dpepMuoHHOi.

Bropoe rtpebosanne osnauaet, uTo Gesmaccosble CTpyHHbIC Bo3GykKie-
nust (wactuipl CM) yeroiiunsst. DT0 N0APa3yMeBaeT OTCYTCTBUE TAXHOHOB,
COCTOSIIIMIA ¢ MHMMOM Maccoif, UTO MOXIIO TapaHTHUPOBaTh JIMIIL B Cynep-
CHMMETPUYHBIX CTPYHHBIX TeopHsix!

3. OcHOBBI cynepcuMmeTpun

3.1. Aarebpa cynepcMMMeETpPUU

B xombunanmm ¢ oburanoil anreOpoit Ilyankape u ainreOpoil BHyTpeHHei
cumMmerpuH cynep-Ilyankape anrebpa Jlu conepkut nononnurensisie CYCU-
renepatopsl Q¢ n Q5 [3]:

[P;u Pu] =0,

(P> Mpo] = i(gpPr — Guo P),

(M. Mps] = i(gupMyuo — gw]”ﬂp GupMoo + Gua Mop),

[B,, Bs] = iC! By, :

(By, Py) = By My) =0,

(@4, P = (@&, Pl = 0, ,

Qi M) = §(0u)oQp, Q5 ol = ~3Qj(ew)a, 31
Q% B] = (b.)iQ4,  [Q%, B] = —QL(b,), '
(@4 Q1) = 268%(0%),3 P

{6_2:,, C_?Z;} = 26,,]3Z”,“ Z,'j = a:-'j‘l.),-, Z” = Z{;,
{Q%, QB} = —2€,32", [Zij, BcE] =0,
o,a=1,2, 4,7=1,2,...,N.

3necy P, u My, ABnsIoTCA ONEPaTOpaMi YeThIPEXMMITYJIbCa U YTTIOBOI'O MO-
MEHTa COOTBETCTBEHHO, B, — renepaTopb! BHyTpenHel cummerpun, QF u QF
— cnuoprble CYCH-reneparopbl, a Zj; — Tak Ha3blBacMble LENTPATbHbIE
3apaAbl; «, &, 8,8 — cuuHOpHBIE UHJEKCHl. B npocreiiiem ciyuae nMeercst
ORMH CIHNOpPHBIA renepaTop Qq (M CONpsXEHHBIL ¢ MM Qg4), 4TO COOT-
BercTByeT oObikHOBeHHOH MiM N=1 cynepcummerpuun. Korma N > 1, mnl
UMeeM JIeJIo ¢ PACIUIMPEHHON CynepcuMMeTpueii.

Bosnnkaer ecrecTBeHHELH BOIIPOC: CKOJIBKO MOXKET OLITH TeHEPATOPOB Cy-
1IepCUMMETDHH, T. €. YeMy paBHO uucio N7 [l orBera Ha 3TOT BOIPOC pac-
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cMoTpuM Ge3maccoBble cocrosiiiusi. HaduéM ¢ OCHOBHOTO COCTOAHMUS, Mapxu-
POBAHHOIO SHEPTHeH U CIHPalbHOCTDIO, T. €. IpOeKIUell CIIMHa HACTHILBI Ha
HAIPABJICHIE JABUKEHHS, U NIPEAIONOKHM, YTO OHO obpalaerca B HyJb npn
,ueHCTBHH orneparopa cynepcummeTpnu Qi

Bakyym = |E, A >; Qi|E,A>=0.

Torna OJJHO-¥ MHOTOYACTHYHbIE COCTOSIHMA MOTYT ObITh MOCTPOEHDI, Jieii-
CTBYS Ha BaKyyM OIIEPATOPaMH POXKIEHUA:

x

Cocrosnue Bripaxenne # COCTOHHHI\?’I
BaKyyM _ C|E A > o 1
o= , : N _
1 — vacruunoe coct. Q| E, A >=|E,A+1/2>; L 1=N
= A N N(V-1
9 — YaCTH'MHOE COCT. Qi|E, A >=|E, A+ 1> o | =73
A S A
N — vactuunoe coct.  Q1Q2..QN|E, A >= |E, A+ 5 > N1=
N[N N _ oN-lg . N-1
[TonHoe # cocrostHuit Y P 2% = 2% *6o3onoB + 2 »(bepM.
' k=0 :

Dueprusi E He MeHsAeTcs, TaK KaK COMVIACHO (3.1) onepaTopbl (); KOMMYTH-
PYIOT C FaMUJILTOHHAHOM. ' '

Taxum obpa3oM, HMeeM MOCIEA0BATEILHOCTD 6030HHBIX 1 ¢ epMHOHHBIX
COCTOSIHHI, H IIOJHOE YHCIO0 GO30HOB PABHO UUCIY (EPMHOHOB. DTO sB-
nsieTcs obuM CBoHCTBOM CynepcuMmerTpuunbix Teopuit. Oanaxo us CPT-
MHBAPUAHTHOCTH CJIEJLYeT, YTO YHCIO COCTOAHUH YABANBAETCA, MOTOMY “TO
CPT-npeobpa3oBaiisi U3MEHSAIOT 3HAaK CIMPAJIbHOCTH. CrnenoBaTenbHO, B
CPT-HHBapHaHTHbe TEOpUAX HYXKHO J0DaBUTH :COCTOSIHMSI C IPOTHBOIO-
JIO’KHOfI COMPAJIbHOCTBIO K YK€ MMEIOLIUMCS. .

PaccMorpuM Heckonbko npumepos. Ilonoxum N .= 1 u A = 0. Torna
uMeeM CJIeyIolUe COCTOSTHHA:

cnupanpuocts 0 1/2 7 cnmpanbHocTs 0 —1/2°
N=1, A=0 ' - CEL ‘ :

# cocroanuii” 1 1 # cocrosmmit 1 1

12

CuenoBaTenbHo, noaubiii N = 1 MyJbTHILIET UMeET BHJ -

N =1 cnupamshocts —1/2 0 1/2
# cocroauuit 1 2 1,

4To COOTBeTCTByeT o;momy KOMIICKCHOMY cxa.nﬂpy M OJHOMY <bepmnony c
JIBYM$1 COCTOSHUSMM CIIMPANBHOCTH. .

DTo ecThb NpPHMEp TaK HA3BIBAEMOrO CaMOCOINPSKEHHONO MYJILTHILIETA.
Cy1iecTByIOT Tak»Ke 'caMOCONPsSIKEHHbIe MynbTHILIETHL ¢ N > 1, cooTBeT-
CTBYIOLHE PaCLUHPeHHOI cynepcuMMerphy. JlBa HIXKeCIe/yoIuX npHMepa
orsedatoT N = 4 cynepCUMMeTpHUYHOMY AUT-MHUJUICOBCKOMY MY/LTHIICTY
1 N = 8 MyJabTHIIETY CYNEeprpaBUTAlUH:

N =4 SUSY YM cnupanbnocts -1 -1/2 0 1/2 1
A=-1 # cocrosuuit 1 4 6 4 1

N=8 SUGRA -2 —3/2 —1 —-1/2 0 1/2 1 3/2 2
A=-2 1 8 28 5 70 56 28 8 L

Kak BuiH0, MyJbTHIIETHI PACLIMPEHHOM cynepchMeTpnu BECbMa BEJIMKH
¥ CofiepKaT 60JIbLIOE YHEIIO MACTHIL.

Orpanuyenve Ha yuciio CYCH-reneparopos ciiefyer u3 rpeboBatust ca-
MocorsacosannocTy, cootBercTByoiieil KTII. Yucnio cynepcummerpuii u Max-
CHMAJIbHBIN CIIMH YACTHL B CYNIEPMYJIbTHIUIETE CBSI3AHBI MEXY CO0Oil:

N <48,

rjge S — MakcuManbublil cnuH. Tak Kax Teopuu co crnivHOM Gosbiie 1 Hene-
PEHOPMHPYEMbI, & TEOPHHU CO CIMHOM Gonblue 5/2 He cOracoBaHbl ¢ TpaBU-
Taluei, To OTCIofla cieflyeT orpanuyenue Ha yuciao CYCH-reneparopos:

‘N<4 ,lmﬂ PEHOPMHPYEMbIX Teopnu (YM),
N < 8' ' ,rmﬂ (cynep)rpaBuTaunu ’

B nasbueiiem. Mbl - 6y,ueM paccMaTpUBaThL MPOCTEMIIYIO CynepcHMMer-
pHio, uim N = 1 .cynepcMMMETPHIO B OTJIMYHE OT PACIIUPEHHONH CynepcuM-
merpuu ¢ N >-1. B 9T0M ciiyqae uMeeTcs fiBa THIA CYNEePMYJbLTHILIETOB:
TaK Ha3blBaeMblil - Kupasouvtd MyabTHIleT ¢ A = 0, KOTOpBI# COAEPKHUT
aga dbusuieckux cocrosiust (¢, 1) co cnuom 0 u 1/2 coorsercrseHno, u
sexmophuti MyabTHILIET ¢ A = 1/2, KOTOpBIil TakKe COAEPXKUT ABa PU3H-
deckux coctosinus (A, A,;) co cnmroM  1/2 u 1 cooTBETCTBEHIIO.
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3.2. CynepnpocTpaHCTBO U Cynepnojs

DneranTHyio GOPMYIUPOBKY NMpeodpa3oBatuil CyNepCHMMETPUH U CYIIEPHI-
BapHaHTOB MOXKHO NIOJIyYUTh Ha si3blKe cynepnpocrpancrsa [4]. Cynepnpo-
CTPaHCTBO OTJIMYaeTCst oT obbluHoro EBkimaosa (MHHKOBCKOI‘O) IIPOCTPaH-
cTBa 00aBIeHHEM JBYX HOBBIX Koopiuar O, u g, KOTOpble ABJIAIOTCH
rPAcCMaHOBBIMH, T. €. GHTHKOMMYTHPYIOIMMH TIepeMeHHbIMMU:

{eayeﬁ} = 01 {éayéﬁ} =‘O; 621 = 07 552} = 0) aa,BthB = 172
Taxum 06pa3oM, Mbl hépexo,uuM oT Hp(l)CTpa}I:CT‘B‘a‘K CYTIEpIIPOCTPAHCTBY:

Ipocrpancteo = - CynepnpocTpaHcTBO
Tu _ Ty, 6&7 ed

['pynnoBoit 3yieMeHT, 0TBEYAION[Hii CYyTIEPCUMMETPHH, MOXKET ObiTh 1I0CTPOEH
B CYNEPIPOCTPAHCTBE TAKHM XKe cnoco60M KaK U ODbIKHOBEHHAsSI TPaHCIIs-
115 B OOBIMHOM NPOCTPAHCTBE:

G(z,6,8) = i~z P, +0Q+6Q) | ' (3.2)

ITO NPUBOIUT K cyneprchnﬂunn B CyNepnpoCcTpancrse:

Ty —) a:;,—i-zﬁa#s—zsayﬁ I ('3‘3)
8 — O+¢e, 60— 0+¢, : :

IJie € ¥ € — IPACCMAHOBbI NapaMeTpbl npeobpasosanusi. VI3 ypasuenus (3.3)
MOXKHO JIErKO HOJIyYUTh MpPeACTaBieHHs 15 cynep3apanos (3.1), neicrBy-
IOIIMX B CYNepnpoCTpaHCTBe:
Qo = 62 —ioh, 00‘6 Qs ; 0(69
Jlns1 onpeenenust moseil Ha CyNepHpPOCTPAHCTBE PACCMOTPHM IPeICTAB-
nenusi rpynnbl cynep-Ilyankape (3.1) [3]. IIpocrefiiunm siBnsiercst ckansp-
Hoe cynepnone F(z, 6, 0) KOTOpOE eCTh CynepuHBapHanT. Ero pasnoxenue
B psa Teiinopa 110 @ u @ cOAEPIKUT JHILb HECKOIBKO Y/IEHOB B CHILY HMJIb-
HOTEHTHOTO XapakTepa FpacCMaHoOBLIX nepemeHHbIX. OIHAKO 3TO Cynepno-:
7 OKa3blBaeTCA NPUBOAMMBIM npeacTapienneM CYCHU. UYrtobu monyduTsh’
HEIPUBOXHUMOE TIPE/ICTaBJICHUE, ONPEICTHM xupa./zbnoe cynepnone KOTopoe
no,uqHHﬂeTcs{ YPaBHEHUIO L

+ i6a0 T (34)

DC',F = 0, " roe Dd = —5% - 1:(90’”)56,, R (35)
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- KOBapHalITHAs IPOM3BOAHAsI Ha CyNepIPOCTPAHCTBE.
Jn151 KUpaIbLIIOTo CyNeploa rpaccMatoBo pasiioxKenue umeer Buj (y =
T + 1000)

‘P(y, 0) = A(y) + vV20%(y) + 06F (y) (3.6)
= A(z) + 8090, A(z) + %000—9DA(3:)

+ V20y(z) - -\;—ﬁeeam(x)aﬂé + 80F ().
Koapdpunpentr apisiores 06bIKHOBEHHBIMY BYHKIMAMHE OT T, Oy ayun obbru-
HbMu nosisAMK. O Ha3BIBAIOTCA KoMnonenmamu cyneprons. B (3.7) ume-
10TCst 2 6030HHBIX (KOMILIEKCHOE CKanspHoe none A) 1 2 pepMuoHHBIX (Beii-
JIEBCKOE CIIMHOPHOE 1oJ1e 1) creneny cBoboapl. Komnonenrubie mons A u Y
HasbiBalOTCA cynepnapmuépamu. Tlone F aBnsieTcs: BCnoMoraTesNbHEIM No-
JieM, OHO umeeT "HenpaBuiIbHYI0"Pa3MEPHOCTh M He HMeeT (DUIHYECKOro
cofiepkanust. ITo nose Tpebyercs s 3aMblKanus arebphi (3.1) 1 Moxer
OBITH HCKIIIONIEHO C HCTIONbIOBAHMEM YPABHEHUS JABHIKEIIHSL.

Takim 06pa3om, cyneprione CoaepKuT paBHOE THCI0 6030H}1i;1x U (hepMmu-
OHHBIX cTenened cBoboabl. IToj AeliCTBHEM CYNepCHMMETPUHN OHH IEPEXOST
APYT B pyra: '

6.A = V2,
o = iV20"E9,A + V2¢F, (3.7)
0.F = iV2e0"9,.

3aMeTuM, 4To Bapuaiys F-KOMNOHeHTH! ecTh nosimas npouanomlaﬂ, T. €.
HCYE32ET NP MHTEIPHPOBAHMH TI0 NIPOCTPAHCTBY-BPEMEHH.

Mox110 NoCTPOMTS TaKke H AHTUKUPAILHOE CyMeprojie ®* noguunsio-
n1eecst ypaBHeHHUIO

Dy®t =0, rage D, = 029 + 1(0*0) 40,
a
IIpoussenenre Kupanbubix (aHTMKHpaibHbLIX) cynepnoseii 2, &3 u .
eCTb TOXKe KHpaJbHoe (aHTHKMPAJIbHOE) CylEpIONe, B TO BpeMsi KaK Mpo-
M3BeJIeHHe KMPAJILHOrO Ha aHTHKUpanbhoe cyneprone ¥ ecrh obwee cy-
neproje. _ :
st npoussonbHoi bYHKIME KHPaJbHBIX CyNepIoJeii nMeeM

W(®;) = W(A; +V20; +00F) (3.8)
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2
= W(A) + \/_91.01 100 (6WF 1 W 1,011.0]) . D. B sroii kanubposke

o4 T 204,04,
V. = —00"8v,(z) + i000A(z) — 1099\ (z) + %999—51)(1‘),

W Ha3BIBAETCA CYNEPTOMENUUAAOM, KOTOPBIH 3aMeHsAET OOBIYHbINA MOTEH-
HaJ JIs CKaJIAPHBIX MoJelt. S S N VYT '
HHat A p \ _ V? = ~-0006y,(z)v"(z),
Hnst nocrpoenus KaJII/I6pOBO'{HO-I/IHBapI/IaHTHOI‘O B3aUMOJEHCTBHS HaM 2 '
NOHALOBUTCS JeficTBUTebHOE BeKkTOpHOe cyreprone V = V*. Oto ne ku-
pajibnoe cynepmoie, a obliee nefiCTBUTENBHOE CYNepIoie o CefyOLHM

V=10 urn (3.11)

Moxuo Takxke onpeenuTh TEH30pP HANPSIKEHHOCTH MOJIS (anamor F,, B

IPACCMaHOBBLIM Pa3JIOKeHHeM: ' ; KAJIMGPOBOIHBIX TEOPHSIX)
Vi, 9 9) ‘ '(z)%iex(z) —iéx(z)Jr—;;Bé[M (z)%iN(i)]' P . W, = ~1D2eVDae4V, | W, = —lu?e"Daa", (3.12)
%gg[M(x) - ZN(x)] - 90"§Uy(z) + if)f)é_[)\(z) + %5”3;:)((@]' KOTODBIii SIB/SETCA TOJTHHOMOM M0 NOJAM B KAJHOPOBKE Becca~3yMHI{o
— 909N+ Lot R(e)] + 000D 4 0@ (39) g o o e .

DuzyuecKue CreneHn cBoGompl, COOTBETCTBYIOLIME JeHCTBHTEILHOMY BeK- “% s ce D; Wa =0, DﬂW = O

TOpPHOMY cynepnomo vV, - BeKTopHoe KaJIGPOBOYHOE NOJE Uy, W Ma#opa- { B : 6 '
K —

HOBCKOE CIIHHOpHOE noste A. Bee pyrue KOMIIOHEHTBI ABMSAIOTCH Heuzmue- Q anubpopke Becca~3ymuno on nommnomuasen:

CKMMH H HX MOXHO HCKJIIOUMTE. JleHCTBUTENbHO, O AeHCTBUEM 3.6eJ'IeBbIX W T“ e 1 0.D% i “"’9 < 2 ar T4 S
= —Z _——
(cynep)kanuGpoBoOUHbIX NpeobpasoBanuii cynepnone V uzMenseTcs kak' «T 1Aq Vo : (a 7°0)aky, +6°(a" Dyl )a> (3.13)
v V O+ ot e
— + o+ c a be,; Xy 3 bye:
_ =z ) Fi, = 0v; — (9 vy + fe vyvy, DA =0)\ + f“bcvz/\c.
rae & u ®* - nekoropbie KupaJbhbIe Cynepnoss. B xoMmonenTax 3To BbI- B a6esiesom. ciyuae ypasHenusi (3.12) ynpomalorcs # nprIMMAIOT BHJ, -
CIASAJMT CJIEAYIOmUM 00pa3oM: ' 1 : 1
- o W, = —4—D2D0,V, Ws = —=D’D,V.
¢ - C + A+ AY 4
X = — V2 29, ‘ 4 - 3.3. Ilocrpoenme cynepchMeTpanmx narpaﬂxmaﬂon
M+iN = M+zN~2iF,
K oA A, (3.10) Haunéum ¢ arpanxkuana, KOTOPBIH He uMeeT Ka..HPI6pOBO'{HOPI cummeTpun. B
U V,y — 1 —_ . .
u # (2 ) cynepnojieBbix’ oboznayenuax CYCH-nnBapiuanTHbIi NarpamKuaH {Biser-
A A o N » T Csl MIOJIMHOMOM 1o cynepnonsM. Mmest B Bugy, 4To B KOMIOHEHTAX Mbl JIOJIXK-
D = D, _ o L HbI TIOJTy4uTh OOBIMHBIA BUJ JATDAHXKHAHA U OTMEYEIHOE BbILE CBOMCTBO
N - ) ‘ - o 7 'CYNEPHHBAPHAHTHOCTH BBICIIEH KOMIMOHEHTHI Cynepnois (F-KoMmoHeHTh),
M COOTBETCTBYET OOBIYHOMY KayMOPOBOUHOMY NpeobpasoBaHHIo It pusn- obuwee pripaxcenne CYCH-HHBADHAHTHOIG NArpaHIKHAHA MOMKET ObITh 3a-
ueckux koMnonent. CornacHo (3.10) MOxHO BbOpaTh KaJubpoBKy (kasiub-! NHCAHO B BHAE : ' -
poBky Becca-3ymuno), rie C = x = M= N = 0, oCTaBII0IYIO TOILKO e T e e
dusnyeckue creneHn cBobOAbl, 33 HCKIIOYEHHEM BCIOMOrATENBHOIO 110 i o= PFD; | gggp A [(Mids + 1m1]q> ®; + 1g”kq> >, q>k)|99 + 3. c] (3.14)
_ : ‘ k= ¢ A4 2 "3 :
16 : : HAVT
,, | H AVUHO- TEXHHIECK A5t

| BLESIIHOTEKA
| 7L 1



31¢ech B Jallee BEPTUKAJIbHAs YEPTa 03HAYAET COOTBETCTBYIOUIUA YJeH Teil-
JIOPOBCKOT'O PA3JI0XKEHHUS.

IepBoe ciiaraemoe - 310 KuHeTHYecKUH ysed. OH CONEPKUT KMPAJIbHOE U
aHTHKMpaJbHoe cynepnons ®; u &F COOTBETCTBEHHO H €CTb (yHKLHs rpac-
cMaHOBbIxX napamerpos 8 u 8. Bynyun pasnoxentbim 1o 6 # § oH NpUBOIUT
K OOLIYHBIM KHHETHYECKHUM YJICHAM JJIs COOTBETCTBYOIUX KOMIOHEHTHBIX
nosei.

Crnaraémoe B ckobkax oGpasyeT cymepnoTeHuuai. OH IOCTPOEH TOABKO
13 KMPaJbHbIX MoJed ([II0C CONPsKEHHOE ClIaraeMoe, IOCTPOEHHOe U3 aHTH-
KHPaJIbHbIX) W ABJIAETCA KMPAJIbHbIM cynepnioneM. Tak Kak IPOU3BEAEHHUsT
KHMPaJbHOTO ¥ AHTHKMPAJIBLHOTO CyNeproeii Aaior oblee cyneprone, TO OHH
HEJIONYCTUMBI B CyneprnoreHunase. [Tocnennuit uneH pasiioxKeHHs cynepno-

TeHUMaJa N0 IPAcCMAHOBY NapaMerpy 6 CynepcHMMeTPHYHO-HHBapHAHTEH -

H ,uaeT OOBbIYHbIH l'IOTeHIlPIaJI nocjiie H36a.BJIeHPIH OT BCIIOMOTAaTeNbHbIX NOJEH.

Jlarpamxnan (3. 14) MOXeT ObITh 3alucaH ropaszo Oosee SJ€raHTHBIM

"06pa30M, eciii BBECTH CYEepHpoCTPaHCTBO. Tak ke Kak oObI4HOe AeiiCTBHE
€CTb HHTErpall Mo NPOCTPAHCTBY-BPEMEHH OT JIarPaHKEBOH IIJIOTHOCTH, TaK

U B CYNEPpCHMMETPUYHOM cily4yae AEHCTBHE €CThb WHTErpas 1o cymepnpo- =«

crpaHcTBy. [IpocTpancTBeHHO-BpeMeHHasI 1arpalikeBa MJIOTHOCTb TOTAA MO-
XKeT ObITh 3amUcaHa KaK HHTErpaJ 10 rpacCMaHOBBIM KoopauHaTaM (3, 4]:

_ 1 1
L= /d29d29 (I’:-(I’i+/d29 [/\,-<I>,-+§m,-j¢>,-¢>j+§y,-jk<I>,~<I>j<I>k]+3.c., (3.15)

IJle TIepBOe CIIATAEMOe — KMHETHuecKul 4iieH, a BTOPOe — CyNeploTeHIHal
W. 31iech BMECTO B3SITHS COOTBETCTBYIOLIMX KOMIIOHEHT MBI HCIIOJIB30BAJIN
MHTErPUPOBAHKE 110 CYNEPIIPOCTPAHCTBY COMVIACHO MPABMJIAM IPACCMAHOBA
uHTerpupoBanus {11]:

/ d, =0, [0 dbs = 6up.

npOH3BO,£[ﬂ HEeNoCpeaCTBCHHOE HHTerpvpoBaHue II0 I'paCCMaHOBBLIM IIapa-

MeTpaM, Mbl noydaeM u3 (3.15)
L = 05" + AJDA; + F! F; (3.16)
1
+ [MFi + mij(AiFj — 51/1.'1/’1') + Yije(AiA; Fx — i Ax) +2.¢].

Hocne,uﬂne JIBa CJlaraeMbIX NPeACTaBasoT coboi B3auMogehcTeye. robbl
NOJIyYNTh JIATPAHXKHAH B IPUBBIYHOR (hopMe, MbI JOJKHEI pa3peluTh CBsl-
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3H
oL :'Fk+/\*+mf‘A%+ LATAT =10 (317
8F,;‘ k ik4 yz]k 145 ’ ( )
oL = Fl 4+ A+ mipAi + yijrAiA; =0 3
OF; k E+ MipAi + YijeAiAj . (.18)

Briparkas Bcnomoraresibhbie nons F' 1 F* u3 3TuX ypaBHelHil, OKOHUATeI b
HO TMONYYHM o

v

L = ’L.a,,'l;,‘&“d)i + A:DAi mz]d’zd’] m;]d’td’]
yz;k¢1¢1Ak yukdjldjj Ak (Ai, A‘j), (319)

IAie CKaisipHbI noTeHuuan umeeT Bup YV = F} Fy. Mbl BepuéMcs K obcy-
PKIEHHIO CKATAPHOrO NMOTEHIHANIA B CYNIPCHMMETPH IHbIX TEOPUSX HIKE.

PaccMoTpM Tenepn KanubpoBOUHO-HIBAPHANTHBIE CYIEPCHMMETPHYUHbBIE
narpatknansl. OHI JOMKHBI COfEPXKATb KaMOGPOBOYHO-HHBAPHAHTHOE B3a-
HMOJCHCTBHE MATEPHANBLHBIX NOJIEH, & TaKXKe KMHETHUECKHH WIeH U caMo-
JefcTBHE JJIsi CAMUX KaJMOPOBOUNBIX MOJIEH. - '

Hauném ¢ kunernuyeckoro uiena 111151 KaJinbpoBouHLIX noneli. B kanu6-
poBke Becca-3ymuno nmeem

, <1 1 1
WWelpg = —2iAa* DX — 5 Fu P 502 +iTF F €, (3.20)

rae D, = 0, +ig[v,, | - o6blunas KoBapuanTias TPOU3BOAHAS, & NOCICHIH,
TaK HA3BIBAEMDIH TONOJIOIHUECKHI, el — NosHast npomsBoguas.

KaJIId6p0BO‘IHO-HHBapHaIITHbIH NarpaHXxHaH’ Tenepb npmmmaeT 3HaKo-
MBIt BUA:

SRS O SR B
£ o= [ dOWWort [ &8 WEW,
1, 1. . e -
= §D2~ZF“VF“V;i/\UﬂDy/\. o (321)

Jnst nonydenus kannbpoBOYHO-HHBAPHAHTHOrO B3aHMONEHCTBHA ¢ Ky~
Pa/ILHBIMH CYNIEPIIOJISIMY MATEPUH, PACCMOTPUM KaluGpoBouHble (a6eJ1eBbx)
npeo6pa3013a1mﬂ NOCIEANHX:

@ - e-'91‘<1> ot q>+ LZAE V+i(A = AY),
rie. A - KBJI]/I6pOBO‘{HbIH napamerp (KPIpaJII)HOE cynepriose).

19



Tenepb 04EBUIHO, KAK NOCTPOUTH KATHOPOBOTHO- H CyNepCHMMETPUIHO-
UHBAPHAHTHOE B3aMMOZIEHCTBHE (Cp. C KOBAPHAHTHOI IPOM3BOAHOM B OOBIH-
HOli KANHGPOBOYHON TeOpHH):

O} @;g055 = D7 €9 Bilggas- . (3.22)

[Tonublii CynepcUMMETPUYHO- H KaJTMOPOBOYHO-HHBADHAHTHBIH JIArPAHKI-
aH NMPUHUMAET BAJ,

Liny = % [d6 WeW, + % [ WEWe+ [ d*0d° dfe?’ ®;
+ / d*0 (-;-m,-j@,-«b,- + éy,-,-k@,@,-@k) +3.c. (3.23)
Heabenepo o6061ieHre TPHBHAILHO!
Lsusy yar = % [d% Tr(WoW,) + % / d26 Tr(WeW,) (3.24)
+ [d0d°0 Bin(e7);01 + [0 w(@,) + [ W),
rae W — cyneprorenyuadi, KOTOpE;Iﬁ JIOJI>KEH ObITh HHBapHAHTHBIM OTHOCH-

TeJIbHO I'PYNNbl CHMMETPUH KOHKPETHOH MOZEH.
B TepMHHAX KOMIOHEHT NMPUBEAEHHBIH BbILIE JArPaHKHAH NPHHUMAET

BHU],
‘ 1 U |
ESUSY YM = —-ZF;‘IVFGIW - l/\aUpr/\a + ‘é‘DaDa (325)
+ (BuAi — igueTeAi) (8, 4; — iguaT®Ai) — o (s — igupT i)
— DO AITOA; — iV AITON Y + iV 2T AN + F P

ow ow 1 a*w 1 0*W
T - ——— ;.

Y oAt o™ T 204047 294704

Hsbasnsisich oT BCIIOMOraTe/IbHbIX noneﬁ D® u F;, mbl BocnpousBo,zmM 00pIY-
HOe BBIpAyKeHue [Jisl JIArPAHKUaHa (HPUBUIECKMX KOMIOHEHT.

3.4. CxkansgpHBII IMOTEeHUMA

B ornuune or CM, rae ckajsipHblii NoTeHUMaJ MPOU3BONECH H OrpaHHyH-
BAETCS TONBKO TPeOOBAHUAMU KaNMOPOBOYHON MHBAPHAHTHOCTH, B cynep-
CHMMETPHYHBIX TEOPUAX OH MOJHOCTHIO ONPEAENALTCH CyNepnoTEHINAIOM.

OH COCTOMT M3 BKJIaOB, BosHHKaowux or D- u F-unenos. Kunernwye-

cKasi SHeprus KasmbpoBouHbix moseit (cM. (3.21)) COmEpKUT “WieH BUA2
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1/2D*D% a B3aHMOJEHCTBHE NOJIell MATEPHH C KaJTHOPOBOYHBIMU MONAMH
naér (cM.(3.23)) gD°T% A} A;j. Buecre OHU NPUBOAAT K CIIEAYIOWIEMY BbIpa-
YKEHHIO;

X . |
- Lp = 5D°D* + DT A A;. (3.26)

OTCXO}I& 'c.ne,uyeT ypaBHeHué ,ILBP[)KeHHﬂA }],JIH BCHOMOf‘&TGJIbHOI‘O nona D:
D® = —gTE AL A, (3.27)

[oacrasnss ero o6parHo B (3.26), nonyyaem Bkaag D-unena B noteHuua:
Lp= _ipaDa = Vp = 5D“DS‘, (3.28)

rae D® umeer Bug (3.27).
Bxnag F-unexa mosydaercs: H3 caMozeiicTBus noseit matepuu (3.16).
Hns cynepnorennunajia W obiero Buja nMeem

- Lp F‘F + (BW

aAF—i-sc) - (3.29)

MCHOJIbByﬂ YPaBHEHHUs] JBH2KEHUSA OJI BCIIOMOTATEJILHLIX NoJed E

- oW - :
FEram (330)

noJsy 4aeM
Lr=—-F'F, =Vr=FF, ‘ (3.31)

rae F paéres ‘),'paBH.eHI./‘IeM (3.30). HFOJIFHin"I MOTeHUHAN eCcThb cyWa STHX
JBYX BKJIAJIOB: 4 ’
V=Vp+ Vp. o (3.32)

Taxum obpazoM, dhopMma marpaH:kuana npaKTHYECKH (bPUKCUPOBaHA Tpe-
BoBaHusiMu cumMeTpHud. EauHcTBenHas ¢Bob6oJa COCTOMT B BbIbOpE Habopa
noJIElt MaTepHH, 3HAYEHHSA KaJIUOPOBOYHON KOHCTAHTBI CBA3H ¢, IOKABCKHX
KOHCTAHT CBSI3H ¥;jx ¥ Macc dactul. B cuny TpeGoBaHust nepeHopMHpyeMo-
cn V < A* cyneprnorennuan J0/mKeH 6bITh OrpaHuyeH KyGHYHBIMA 4iIeHa-
Mu W < @3, kak B (3.15). [Ipu 9TOM Bee 4JieHbl CyNepMyJIbTHILIETA HMEIOT
OJIHO M TO € 3HAYEHUe MACChl, T. €. 6030HBI M (HPEPMHOHBI BBIPOKICHBI 1O
Macce. 9TO CBOHCTBO CyNMEPCUMMETPUYHBIX TEOPH npomaopetm’r d)eﬂome—
HosoruK U TpebyeT HapylUleHHs] CyNepCHMMETDHH.
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3.5. CrnoHnTaHHOe HapyuleHHue CynepCuMMeTPHH

Tak Kak CylepcHMMeTpHUHAas ajire6pa BEIST K BHPOXKACSHHOCTH Mace B Cy-
HNepMYJbTHILIETE, TO JIJIs1 OObICHEHHs OTCYTCTBHSI CyTeplapTHEPOB NPH CO-
BPEMEHHDIX SHEPTUsIX OHa JOJKHA GbITh Hapyuiena. CyIIECTBYIOT HECKOMb-
KO IyTeji napyuienus cynepcummerpun. Ona MoxkeT GbITb HapylieHa WiH
HENOCPeACTBEHHO, WilK crionTanno. Hapyas cynepcuMMeTpuio, HyKHO 6bITh
OCTOPOXHBIM, YTOOBI HEe Pa3pYHINTh COKPAUIEHUE KBAJPATHYHBIX PACXOIH-
MOCTEH, YTO BEAET K PELICHUIO IIPODJIEMbl HEPAPXHI. DTOr0 MOXKHO JJOOUTH-
¢Sl yTéM CIIOHTAHHOrO HAPYLIEHHUs CYyNepCHMMETPUH. - ‘

B omnnune or necynepcummerpuunbix teopuit B CYCH-Monensx sneprus
BCErJa HeoTpHuaTe/bHa. JefcTBiuTeNbHO, COVIACHO KBAHTOBOH MEXaHUKe

E=<0|H|0>,

a B cuity asireOpol cynepcummerpun (3.1) {Qa, Qﬁ} =2(0") 44 Pu; 1 yauTHI-
Bad, uTo tr(0*P,) = 2F,, nonyuaem SRR

1 = 1
E=- Z < Ol{QavrQa}lO >= _Z IQaIO > |2 > 0.
4 a=1,2 ' 4

Otciona
E=<0/H[0>#0 Tornaun TOJILKO TOTA3, KOTAR Q.]0 ># 0.

CrnepoBaTeNbHO, CyNiepcuMMETPUsl CIIOHTAHHO HAPYLIEHa, & MMEHHO Ba-
KyyM He nuBapuanted (Qq|0 ># 0) mozda u moavko mozda, xoeda MUHH-
MyM CyIeplnoTeHIHala JI0oJoXKATeNeH, T. €. B > 0.

CrionTanHoe HapylleHHe CYIePCHMMETPHH JOCTUIAeTCs TeM JKe NyTéM
YTO M HapyLIEHHe MeKTPOciaboll ciMMeTpru. BBOAMTCS 107e, BaKyyMHOE
CpeHee KOTOpPOro He PABHO HYJIIO ¥ BEAST K CIOHTAHHOMY HAPYIIEHHIO CHM-
merpun. OfHAKO B CHIy CHELMAJbHONO XapaKTepa CylepCHMMETPHH STO
JIOIDKHO OBITH CyNIeprioJie, UbH BCloMorarenpple F- 1 D-KOMIOHEHTB! IpH-
obperaioT HenyJiesoe cpeanee. [10aToMy cpesin BO3MOXHBIX MEXAHU3MOB Ha-
pylLIeHUs: CyIePCUMMETPUH pasinyaioT F- nu D-MexaHnu3Mbl.

1. Mexanuam Qaite-Wmonyioca (D-mexannam) [12).

B srom caygae K narpanknany nobasisercs jnHednbli D-unen:

AL=¢Vigpg=¢[doV. - (333

Cam no.cebe oH KaTUGPOBOYHO- H CYNIEPCHMMETPHIHO-HHBAPHAHTEH, HO. MO~
JKeT IPUBECTH K CIIOHTAHHOMY HapYUIEHHIO ¥ TOH U Apyroil B 3aBUCUMOCTH
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OT BeJunbl napamerpa §. Jnsa uamocrpanun Mel npuBoguM Ha pHc. 5,a
THIYHbIN CIEKTP B Cily4ae ABYX KHpaJjbHbIX MynbTHiieroB. Henocratok

Mass ’ ‘ Mass

ALy

R —

R P P

n
RN

Ay an RN

o — e NS — e e e o

=0 o<y <m?  fg=m? Ly > m? 2gA < mt 29A > w?

a) 5]

Puc. 5. Cnektp cnontanno HapYLIEHHBLIX CYIEPCHMMETPHUHBIX TeOPHT

aroro mexanusma cocront B U (1) kanubposounoi unsapuanrnoern. On Mo-

XKeT ObITL HCHOMB30BaN B 0600WEHHsIX CM. no ne B Teopusix Bemukoro-
obbesuienys.

Cnextp ma I ‘ o
P MAacC Tak>Ke He BIIOJINE y/IOBJCTBOPHTEIEH, OCKONLKY ClpaBe,l-
JIMBO CJIEJyI0ILee IPABHIIO CYMM: .

> m? = > mf? . (334)

6030HHBIE COCTORHMSH * tepMuonnic coctoanns
4TO HE COOTBETCTBYeT (DeHOMEHOJIOTHHY.
2. Mexanusm O’Paticbeprn (F-mexanuam) [13)].
B stom ‘cityuae Tpebyiorest neckonbko KUP&JILHBIX NoJIell U cynepnoTennnan
Joikel ObITh BhIGpaH TakuM 06pa3oM, 4Tobb! OTCYTCTBOBaAH HyJieBble Ba-

KyyMHbIE Cpelinue y BcnoMoraTesibublx F-komnonent. Hanpuwmep, BLIOMpas
CynepnoTeHuuan B BUae '

W(®) = A®3 + m®; By + gB3d?,
NOJIy4aeM ClIeAyiolne yPaBHEHHs! s BCIOMOTATENbHBIX OJIei:

FY = mA; +29A;4;,
F2‘ ) mAl,
Fy = X+g4},

I
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KOTOpbIE HE UMeIOT penieHuit ¢ < F; >= 0, ¥ cynepcuMMeTpHsi CIIONTAHNO
napymaercsi. THIMYHBIR CIIEKTP MacC B 3TOM CIyyae NMOKa3aH Ha puc. 5,b.
HenoctatkoMm 3TOr0 MexaHu3Ma siByisieTcst Houiblliasi CTENeHb NPOU3BOJIa B
BbIGOpe cynepnotenuuana. [IpaBuno cymm (3.34) Toxke OKa3bIBaETCs Clipa-
BEIJINBBIM B 3TOM CJIy4dae. ;

K coxallenuio, Hi OfMH U3 9THX MEXaHU3MOB HE MOXET GbITh HENOCpe/-
CTBEHHO MCIIOJIL30BAH B CyNepPCHMMETpHUHbiX paciupenusx CM. Hu ogso
u3 noneit CM He MOXET MOJNYHHTh HEHYJIEBOE BAKYyMHOE CPELHEe y CBO-
ux F- umu D-xommonent 6es mapymenus SU(3) nmm U(1) xanmubposou-
HOH CHMMETPUH, IOCKOJIbKY OHM He SIBJSIOTCH CHHIJICTAMH 110 OTHOMIEHHIO
K 9TuM rpynnam. JaHHoe 0BCTOSTENHCTBO PEANONAraeT HaIUYHe IpYyTHX
MCTOUHUKOB CIOHTAHHOLO HAPYUICHHS CYNepCUMMETDHH, KOTOpbIE MBI pac-
cMoTpuM Hike. O[HAKO BCE OHH OCHOBaHBI Ha TeX ke F- u D-MexaHusmax.

4. CYCH-o0606menne CranmaprHoii mogeaun. MCCM

Kak yxe ynoMHHaJIOCh, B CyNEPCHMMETPHUYHBIX TEOPHSX YHCIO HO3OHHBIX
creneHeil cBoGobI paBHO uucty depMuoHHbIX. B To ke Bpems B CM ume-
ercst 28 6o30uHbIX U 90 depMHOHHBIX cTeneHel cBoboabl (¢ 6e3MACCOBBIMH
HeitTpiino, unade - 96). [Tosromy CM B BhICIICH CTeleHH HecylepCHMMer-
puuna. JobaBiisisi HOBble YyacTHHpI JJisi cynepcuMmerpusanun CM, cnenyer
HMETDb B BU/Y clefylouee:

e 8 CM ner d)epMHOHOB C KBAaHTOBBIMH YHCJIAMM Ka.JII/I6pOBO‘IHbIX 6030~
HOB;

® XHITCOBCKHE TI0JIs1, UMEIoNIHe HeHyneBme BaKyyMHbIe Cpemme He Mo-

ryT GbITH CyHepHapTHepaMI/I KBapKOB U JIENTOHOB, nocxonbxy aTO TpUBeEJIO

6Bl K Hapymeﬂmo 6apuoHH01‘o U JIEITOHHOTO 1HCElT,
. Tpe6yeTC$I no KpaiiHelt Mepe Ba KOMILJIEKCHBIX KI/IpaJH)HbIX ny6ieta
XUITCOBCKHX TOJIelt, YTOObI JATh MACCHI BEDXHUM U HUPKHHM KBapKam.
Tocsienee siBnsieTcs ciieCTBUEM GOPMbI CyIEPIOTEHHANA U KHPAJibHO-
CTH cyneprioyieit MaTepuu;. [leAcTBUTENLHO; CyNepoTeHIHAT JOJIKEH ObITh
MHBADHAHTHBIM OTHOCHTENbHO Kaubposounoil rpymnet SU(3) x SU(2) x

U(1). Ecan nocMotpers Ha 1oKaBckue B3aumogeiicteust B CM, To BUHO, 4TO

oHH, geiicTBuTenbHO, U(1)-UHBApHAHTHBI, TaK KaK CyMMa CUIEp3apsiioB B
KaxKJ0i BEpUIMHE paBHA HyJi0. B Cilyuae BEDXHHX KBAapKOB 3TO JOCTHIAET-
Cs1 IIpH [IOMOIIM CONPSIKEHHONO XUITCOBCKOro jybnera H = impH! BMecTo
H. Opnako B cynepcMMMETPUYHBIX Teopusax H ecTb KupaibHoe cyneproe
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H, CJICAOBATENLHO, CyNepIOTeHIHA, KOTOPbIit nocrpoen 3 Kupa.m,nmx no-
Jielt, Moxer CO/IEPIKATD TONLKO H, o ue H, koTopulii ecTh (anKupa..anoo
cynepnone

,Z[pyrasi NPHYKHA, TIO KOTOPOH HEOBGXOZHM BTODPOH XHITCOBCKHI nybuaer,
CBfA3aHa C KUPAJIbHbIMH aHOMATHSAMH. I/Isaec"rﬂo 4TO KHpaJIbHbIE aHOMAJIHH
Pa3pylaioT KaTUOPOBOIHYIO MHBAPHAHTHOCTD U, CJIEJIOBATEIILHO, TIEPCHOP-
mupyemocts teopun. Oun coxpaiaiorcss 8 CM MEK1y KBADKAMH H JIENITO-
HaMH B KaxJ0M NMOKojeHHH. ONIAKO €CiM BBECTH KHPAaJIbHOE XUITCOBCKOR
CyTIeproJie, OHO COAEP>KHT MOJIE XHITCUHO, SIBISIONEECs: KHPAIbHbIM hep-
MHOHOM, U TMIPUBOAMT K aHOMastusM. [lJis MX COKpaIeHUs! HeoBGXOMUMO 10-
6aBUTb BTOPOH XHITCOBCKMH Jly6MeT ¢ MPOTHBONOIOMHBIM THIIEP3APS,IOM.
Hoatomy XHITCOBCKHIT CEKTOP B CyNePCHMMETPUUHBIX MOAEJSX C Heo6xo-
JMMOCTBIO PACUIMPEH, OH COLAEPIKHT Y8THOE KONHUECTRO ny6neros.

Buisod: 8 CYCU-Momensix cynepcuMMeTpHst CBA3bIBACT ugeecmume 6030-
Hbl C HOGBIMU (DEPMUOHAMH H usGecmHbie PEPMUOHBI C HOGHIMY BO30HAMIM,

4.1. Coctas noaeit

Paccmorpum cocras noneit Munumanshoit cynepcummerpuunoi cranapt-
noit mozienu (MCCM) [14]. CorviacHo nupesiiymeii MUCKYCCHH, B MHHH-
MaJIbHON BEpCHM Mbl yABaMBaeM 4YHCJIO dacTuy (BBOAA CyNepnapTHEpa sl
KaxKJIO# 4acTHILbI) U ,zL0_6aBJ1;1eM BTOPOIi XHrrcosekuii aybier (co csoum cy-
nepnapruépom). Takum. 06pasoM, XapaKTeplOil 0COGENIOCTHIO CynepCHM-
MerpuaHoro obobuienuss CM aBasieTcs npucyTcTBHE cynepnapTHEPOB (cM.
puc. 6) [15].

€ Supersymmetric
~ "shadow" part

Puc. 6. TetieBoii MHp CynepcHMMeTPHUHBIX YacTHI
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Ecnu cynepcuMMeTpust He HapyIleHa, CyNepnapTHEPb! OObIUHBIX YaCTHIL
JOMKHBI MMETb Te K€ MaCChl, YTO W CaMH YACTHIbI, H JOKHBI HAGMIONATb-
ca. CunTaeTcs1, YTO X OTCYTCTBUE NPH COBPEMEHHBIX SHEPTHsIX 0ObACHSET-
csi TeM (PAKTOM, 4YTO OHH.3aMETHO TsXKeJlee, T. €. CYNepPCHMMETPHs J0JIKHA
ObiTh HapyweHa . CleloBaTeNbHO, €CIH YBEIUYUTh SHEPTHIO YCKOpHTENeH,
TO CyNnepHapTHEPDI JOMKHB! POXKAATHCA.

. Cocras noneit MCCM Buirnaaut cnegyiomum o6pa3oM.

Cocras noneit MCCM

Cyuep Bosoub! depMHOHBI SU(3) SU(2) Uy(1)
Bektop

G*? IJIIO0OH gq° [JIIOUHO g . 8 0 0
vk cnabpie  W* (W*,Z) Bumo, suno w* (w%,2) 1 3 0
\'A runepsapsy B (v) 6uHO 13('7) 1 1.0
Martepus

Li i;i (",é)L L,-:(V,e)L 1 2 -1
E; CACNTONL | & _ o JIEIITOHBI { E, = en 1.1 2
Q; Qz = (ﬁ, ) Qi = (u,d)L 3 2 1/3
U; ~cxBapku { U; = g kBapku { U; = u$ 3* 1 —4/3
D; D; = dg D; = d% 31 2/3
Xurre

H, H m 1 2 -1
H, XHITC { H, XHITCHHO { a, 1 9 1

31ech M Jlajee THIbAR HaJl CHMBOJOM 0003HAYAET CylepnapTHEPa OObIYHOM
YACTHIIBI.

TIpucyTcTBHe AOTIOJHHATEILHOIO XHITCOBCKOro GO30Ha B CynepcHMMeT-
DHYHOH MOJIeIH eCTb HOBOE.CBOHCTBO teopun. B MCCM umetores asa ay-
Gaeta ¢ kpanToBbIMH uncnamu (1,2,-1) 1 (1,2,1) coorBeTcTBEHHO:

O vy + SR HF H
H1= (H}_) = ( ! - 2. i H2=’ , H20 = +_2__25?+iP ?
; H ) 2 2T "

re v; — BaKyyMHbIe CDeJJHHe HEeHTPaJbHbIX KOMIIOHEHT.

Cneposatenbho, uMmeeM 8=4+4=5+3 creneneii ceoboap!. Kax u B ciryvae
CM, 3 crenenu cBobojibl MOTYT ObITh OTKATHOPOBaHbI M OCTaHeTCsA 9 HU3HU-
YeCKHX COcTOsIHHIA 110 cpasHenHio ¢ 1 8 CM. Ilosromy B MCCM, kak u B Jito-
6o# ABYX1yOJeTHON MOZIesIH, TPUCYTCTBYIOT NATh (PU3NYECKHX XUTT'COBCKHX
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6ozonos: aBa neiTpanbubix CP-uéTHBIX, OfuH HeliTpabHb CP- HEeY€THbIH

U 1Ba 3apAXEHHbIX. HH)KG MBbl paCCMOTPHUM COﬁCTBGHHbIe MaCCOBbIe COCTO-
AHHALA.

4.2. Jlarpamxman MCCM |

Jlarpamxuan MCCM coctouT us mByx vacref: nepBas 4acTb €CTb Cynep-

cuMMeTpryHoe o6o6wenne CM, a BTopas ocyuiecTsisier HapyLIeHue cynep-
CHMMCTPDHH, YHOMsIyTOC Bblllle: '

L = Lsysy + LBreaking, (4.1)
o , , | , . |

CS-USY = L:Gauge +‘£Yukawa ‘ ‘ (4.2)

) " o _

Luuge = > ( / 40 Trw W, + / 28 TV, )
L. SU@M),SU@RLUQ)
+ ¥ [d%dg oledsVst 9:V2 + mhg, (4.3)
Matter Y '

‘CYukawa = /d20 (WR + WNR) +3.c. B ; . (44)

HNupexc Ry cynepnoTenupuasta 0THOCHTCS K TAK HA3bIBAEMOM R-46THOCTH (16],
CIeANIbHOM CHMMeTpHH KOTOpas npHcBauBaeT 3apag "+" Bcem 06bIYHBIM

n__
qacTulaM u 3apsan "—" ux cynepnapruépawm. Ilepsas yacts cynepnorenun-
ama W R-cummerpnuna; :

Wr = €i;(yn, QAU Hj + Y QDS + v LA ESH] + wHiH]),  (45)

rae 1,7 = 1,2,3 - Hﬂ,qexcm r'pynnbl SU(Z) a ab = 1,2,3 - ungexcw
NOKONeHHi; 1BeTOBbIE MHJIEKCDI onymeﬂbl ITa YacThb JIArpaHXXHaHA NOYTH
nonHoctpio nosropsier CM 3a nckimouennem Toro, 9To Tenepn moss - 3T0
cynepnons, a He obbrunbie nosist CM. Equncrsennas Pa3HHLa COCTOHT B TOM
NOC/IE/IHEM YJleHe, KOTOPBIH ONMHCHIBAET CMEIMBAHME XHITCOBCKHX none.
On orcyrersyer 8 CM, IIOCKOJIbe TaM MMEETCs TOJIBKO OfH XHITCOBCKHH
Ay6aer.

Bropas uacth cynepno're}iuua.ua R—}iecnmmefrpnqna:
- Whr= ei;(AG,Li L’E§ + AL L’Q{,Dd + ph L) + B USDEDS.  (4.6)
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Ho,1106m>1e B3aPIMO}IeI/ICTBI/IH OTcyTCTByIOT B CM prmﬂa NpOCTa: HeBOB—
MOYKHO 3AMEHUTH Cyneprons B ypaphenur (4.6) Ha obulumbie nosms, Kak B
(4.5), u3-3a TpeOOBAHHUS JIOPEHL|-HHBAPHAHTHOCTH. Posib 9TUX WIEHOB APY-
rast. OHU HADYIIAIOT JienToHHoe (MepBbie TpH craraeMbix B (4. 6)) uin ba-
pronHoe (nocieanee ciaraemoe) Uucio. Tak Kak oba shdeKTa He Habmosa-
JOTCsl B IPHPOJIE, TO ITH YJIEHB! JOJXKHbI ObITh NOAABJIEHD! HIIM UCKIIIOIEHBI.
Mo>KHO U3GABHTHCA OT TAKMX 4JIEHOB, BBEJA CNELUAIBHYIO CAMMETPHIO, Ha-
spiBaeMyio R-cummerpueit. 9to rnobanbnas U(1) g-cummerpus

Ul)g: 60— €8, @™o, (4.7)

KOTOpasi PeAyLUpYeTcs N0 MUCKPETHOH MOATPYNNbI Zg, HA3LIBAEMOH R-
4bTHOCTBIO. KBAHTOBbIE YHCaa 10 R-48THOCTH JUisl 4aCTHLL CIIHHA S BBILJIsA-
nat kak R = (—1)38-D+25 Crenosarenbho, see o6bIiHble JACTHIIH HMEIOT
R-aéTiocts R = +1, B TO BpeMs Kax CynepnapTHEPbI MMeloT R-4eTHOCTh
R = —1. R-uéTHOCTb, OueBHAHO, 3anpemaer Wyg 4acTb cynepnoTeHIHaa.
O[HAKO BIIOJHE BO3MOXKHO, YTO 3TH HWIEHBI [IPUCYTCTBYIOT, XOTs SKCIEPU-
MeHTaJIbHbIE npe,uenbl Ha TakKye KOHCTAHThI CBA3M BeCbMa KECTKU:

DL AL <107, AB <107

abe?

4.3. CaoiicTBa B3aUMOJeicTBHI

“Ec/in IPeANoNoKUTb, 4To R-1&THOCTE COXPAHSAETCs, TO B3aNMOACHCTBUS Cy-
néprnapTHEPOBIIO CYHIECTBY ABJIAIOTCS TOUHO TAKUMH 2Ke, KaK B CM, tosbko
JIBe U3 TPEX YACTHL, yJaCTBYIONIMX BO B3anMoelicTBUH B JI000I BepiimHe,
JIOJKHBI BBITH 3aMeHeHbl Ha uX CyneprnaprTHepos. lpuuuna cOoCTOUT B R-
yérnocti. CoxpaHeHne R-uéTHOCTHM HMeeT 1Ba CIeJICTBUA:

e CyNeprnapTHEPB! POXK/AIOTCS TAPAMH; ‘
e Jeryafimas cynepyacTuia (LSP) crabuibna. O6brano 310 HOTHHO 7,
cynepnapTHep (’pOTOHa ¢ HEeKOTOpOIi IPUMECHIO HeI/ITpaJTbHOl"O XMLTCHHO.
_THnu4HbIe BEPIIMHb B3AHMOACACTBHSA MOKA33HbI Ha PUC. 7. Tunbaa HAT
6yKBOH 0603HaqaeT COOTBETCTBYIOUIEro CylepnapTHépa. OTMeTPIM 4YTO KOH-
CTaHTa CBfA3H OCTAETCA TOff Ke CAMOH BO BCEX BEPIIHHAX, meoqa}oumx
CyIepnapTHEPOB.

4.4. Poxnjenme u pacnazng cynepnapTgépOB

OTMeyYeHHOe BblIlIe [PABUJIO [/l HOCTPOSHUs BEPIIHH B3auMOJCHCTBUS CY-
nepnaprhépos pmecre ¢ npasuaamu QefiHmana 1 CM no3BosigioT Ha-
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q q ’iL./r -( "- (/r n q "-. qr.r
—iyYu —iey(p+ P ~iey : iFAE
V2
4 g H"*" Y
=" ; ! ;
g g g N\§ W+ Wy it /s -
igefore ig, fobe - g g
. I, - H, H,
: = . ; .
Qr, Un - Qr. ....( ‘o.. (_:y n . .Q I ".. { n
yur - Ay : Y )
Rigid Soft Rigid

Puc. 7. BaanMogeilcTBie KaTHGPOBOMHBIX Nostell ¢ MOJAMH MATEPHH, CAaMOAEICTBHE Ka-
16 POBOYHBIX MOl .U 10KaBcKoe B3aumogeiicreue B MCCM

PHCOBATBL JUATDAMMbI, OMUCHIBAIONIME POXKIEHHE H PACIAj CyNeplapTHi-
poB. OgHHM U3 MHOroobGeIAOIINX POLECCOB ABIAECTCS MPOLECC HICKTPOH-
TNO3UTPOHHON AHHUTHIIALMY (CM.'pPIC. 8).

IIpu sToM UMEIT MeCTO OObIUHbIE KHHEMATHYECKHE OrPAaHUYEHHs; B Cll-
CTeMe LIEHTPa MacC Migalyig, < 32@ [Togo6Hble poreccs! MPOUCXOAAT U Ha

aJIpDOHHBIX KOJUIafiiepax ¢ 3aMEHOI 3JIEKTPOHOB U MO3HTPOHOB 11a KBAPKH,
AHTUKBapPKH U [JIIOOHBI. :

.. Poxnenue cynepnapTHepOB MOXKeT COHpOBO)K,lIaTbCSI poxJeHreM 00bId-
HBIX 4acTHI. MBI pacCMOTPUM Da3/UYHbIE. IKCIIEPUMEHTANBHBIE [1POsIBIIE-
HUA cynepnapTHEpoB Ha ete™- u azpoHmbix Koinafigepax mxe. Ouu cy-
IleCTBEHHBIM 0DPA30M 3aBUCAT OT CelUPUKY HApyIUEHU CynepchMeTpnli
U CIIEKTpa MacC CyneprnapTHEPOB.
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NEUN RO

,('l—eii_’[g-,{i«, Lu i_(,)

Puc. 8. Poxaenue cynepnapTHEDOB

OcobernocTu pacnaja CyneplapTHEPOB TAKXKE 3aBUCAT OT MX Macc. lns
KBAPKOBLIX U JIENTOHHBIX CYyNeprnapTHEPOB OCHOBHbIE IIPOLECCHI Paciaia Mmo-

Ka3aHbl HA pHC. 9.

a

I*,q

v, q

=5
/
,
=

Puc. 9. Pacnag cynepnapruépos

Korma R-4éTHOCTh COXPaHseTcs, HOBble YACTHIIbl B KOHIE KOHIOB pac-
Na/IaI0TCs | OCTAIOTCA OfHH HeHTpajJnHo (Neryaiiune CynepyacTHipl), YbH

B32MMOICHCTBUS CPABHUMBI C B3aHMOJEHCTBUSIMA HEHTPHUHO, M OHH HCUe-

3a10T HENEeTEKTHPOBaHHBIMH. CJICII,OBaTeJIbHO xapaKTepHon 0COBEHHOCThHIO

3TUX NpOoNeccoB Oy/ieT HeloCTaIOUIAA IHEPrUd U HOTIePeyHbIH MMITYJIbC. Ho—,

3TOMY, €CJIH CyNepCHMMETPHsI CyLeCTBYeT B IPUPO/Ie H eCIH OHa HapylIeHa
Ha mkajie nopsiika 1 TaB, 6yl1eT BO3MOXKHO O6Hapy)KPITb €€ B 6nm1<a1711118M

Oy aymem.
30

IIpumepu. PaccMOTpHM KOHKpETHBIE TIPUMEPHI PAcHajia cylieprnapTIépos:

CKBApKH GLr = 9+ X7 (kBapk + othuo)
L — ¢ +xF (kBapk + 4ap/pKuIO)
g - qtg (kBapK “+ IUIIOMHO) st MG > My
h e+t O (ocHoBuasi mona) 2 crpyn +f1
ot = b4 xi _ 2b crpym + 2 nenrona + fr
o %i?ff’ (ff =1p,99) (4 crpyn)+ Er
CJIETITOHBI : o=+ X (nenton + (l)OTPIIiO)
I = w+xi (nefiTpunO T vapaKuEO)
TJIOUHO : g = q+d+7 (xBapk + aNTHKBAPK + (bOTPlHO)
. g = g+7 * (rmoon + (bOTnHO) '
YADJDKHHO : Xi = e+ U+ )2? (snexTpon -+ nefirpuiio -+ dboruno)
o Xt - q + q+ x, (kBapk + + aHTHKBADK + (bo"muo)
weiitpaniio : X9 — X+ X.

B nocsiesHeM enyvae cymecTByeT MHOTO BO3MOXKIIBIX KAHAJIOB pacnajia, BH-
JIIMBIX H IIEBHIUMBIX.

BugnMble KanaJgibl - Koneunnte cocrosguus -

X2 - QT (=epr) ,
= Xilu I+ Er
— Xll:t ‘ .
— quq 2 ctpyn + Fr
- 1 v+ Er
- X197
< ><1li 2 crpyn + fr
-+ Xi l:FV) . )
< X1q@ I* + 2 crpyu + Er
- Xiqd . : _
— Wy : I* +2 crpyn + Er

HesuanMblil Kanan . Koneynoe cocrosnue

- i?Vli;l ] o ‘ET
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5. Hapymenne cynepcummerpun B MCCM

Tak kak uu ofuo u3 noseil MCCM- He MOkeT MMETh OTJIMYHOE OT HYyJIA
BaKyyMHoe cpejuee, TpeGyiomeecs: juist Hapymenus CYCH, e napymas
TIPH 5TOM KaJMOPOBOYHOH NHBAPHAHTHOCTH, MPEJIIONATAETCs, YTO CIIOHTAH-
HOE HapyIleHNe CyNePCUMMETPHH NPOUCXOAUT C IOMONIBI0 KAKUX-TO JAPYTHX
nosneit. Haubosee pacnpocTpanénubimM CLieHApHEM ISt NOJMyYeHHMs] HU3KO-
SHEPTeTHYECKOH HAPYUIEHHOH CyNepCHMMETPUN ABJIAETCS TAK HA3bIBAEMbII
clieHapuil cxkpmmozo cexmopa [17]. CorniacHo eMy CyIIECTBYIOT J(Ba CEKTO-
pa: obbIuHaA MaTepusi IPUHAIEKHUT "BUIUMOMY" CEKTODY, B TO BpeMs Kak
BTOPO1, "CKPBITLIA" CEKTOD CONIEPXKHT MOJIsA, KOTOPbIE IPHBOAAT K Hapyie-
HHUIO CyNepCMMMETPHH. DTH ABa CEKTOPa B3AUMOAECHCTBYIOT APYT C APYIOM
nyTéM 06MeHa HEKOTOPBIMH HOJIHMH HasbiBacMbIMH "nocpeunkamu”. Onn
NEPEHOCAT HApYIUEHHE CYNePCHMMETPHH U3 CKPBITOTO CEKTOpA B BHMMBIH.
IocpearukaMn MOTYT Iy KUTh Pa3JIMYHBIE N10JI51: TPABUTOHBI, KaJHOPOBOY-
Hble 6o30HbI i T. 1. CKPBITBIA CEKTOp NpeicTaBiseT coboil HanbGonee ys3-
BuMyo Yactb MCCM. B uém cogeprkutcst 60yb10i HPOU3BOJ, YTO BEAET
K HEONpeeEHHOCTH B npeackasannsax MCCM, KoTopble Mbl pacCMOTPHM
HILXKeE. .

B nacrosiuuit MOMEHT CYILECTBYIOT YeThIpE OCHOBHLIX MEXaHH3Ma mepe-
HOCA HAPYIIEHHS CYyNepCHMMETPHMH M3 CKPBITOrO B-BUAMMLIH cektop. [lo-
CPEIHHUKAMH NIDH 3TOM BBICTYHAIOT:

e rpaBuTOHBI (cyneprpasuranus) [18];
e xannbposounbie nous [19];

o anomayuu [20];

e xanubpuuo [21].

Bce ueTrIpe MexaHH3Ma MSATKOrO HAPYLIEHUS CyNepCUMMETPHH Pa3Jinyia-
I0TCSl B AETAJIAX, HO CXOAATCs B peayabrarax. OHH FEeHEPUPYIOT HAPYIIAIO-
e CyrnepcuMMETPUIO KaJII/I6pOBO‘{HO—PIHBapI/IaHTHbIe ONepaTopsl pa3Mmep-
HocTH < 4: )

Lsoft =" —‘Z_ m| Al — ZMi(/\i'/\i + Aiki)
—ZB,]AA ZA,]]CAA Ak-i-SC (5.1)
ijk
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KOTOPBbI€ FABJISIOTCA €AMHCTBEHHO BO3MOXKHBIMH OIIEPaTOpPaMH, He pa3pylua-
IOI[MMH [IEDEHOPMHPYEMOCTb. TEOPUH U COXPAHAIOUIUMI CYNEPCHMMETPHY-
Hble Toxcectsa Yopaa [22]. ITo 1ol npuuMHe uX NPUHATO HA3BIBATH AtA2-
KUMU OIIEPATOPAMH. _ _

Ipenckasanus cnekTpa Macc 3aBUCAT OT MEXAHU3MA HAPYIIEHUs Cynep-
cummeTpuH. [l cpaBHeHUs] YETHIPEX YNOMAHYTHIX MEXaHH3MOB MBI NpPeEJ-
CTaBHJIH Ha pUC. 10 THIHYHBIA CHEKTP Macc,B KaXKI0M CJIyyae HOpMUPOBaH-
HbI} Ha Maccy kaymbputno M, [23].

SPARTICLE SPECTRA

Q

— i =

i

==l I

Gravity Gauge  Anomaly  Gaugino

Puc. 10. CniekTp Mace cynepyacTHiL /s Pa3THIHBIX MEXAHA3MOB HApYIIEHHs CyNepCHM-
METpHUH

Jnst BBIMKCIEHHS CIIEKTPa MACC ‘CYIepIapTHEPOB HEOOXOANUMO 3HATH B~
HBIH BUJ| HAPYIIAIOIIMX CyNepcuMMeTpuio dienos. B ciyyae MCCM u npu
cOXpaHeHHUH R-4€THOCTH OHM HUMeIoT BHUJ

R S . B 1 o N ;-.; . .
_‘LBreakiny = ngzl%lz + (— Z Ma/\a/\a + BHH, (52)
+ Aaan H2+A anD H1+A bL Ele—}—Sc)

rae SU(2)-uupexcet OIyILEHbL. 3,£Lec1> i — BCE CKAJISIPHDIE TIONS, Ag — TOJIS
KanubpuHo, Q, D U L E - CKBAPKOBBIC M CJICIITOHHbIE NOJIA COOTBET-
CTBeHHO, a Hy g — SU( )-AyOJ€eThl XUITCOBCKUX Mojtef. T
Jlarpamxuan (5.2).CofepKUT OTPOMHOE YHCIO CBOGOIHBIX N1APAMETPOB,
KOTOpble CHUIKAIOT Hpe,ILQKHSaTeHbHyIO cujy Moaeny. Jlya yMeHbllenus ux.
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YA MBI TPHMEM TAK Ha3bIBAEMYIO THIIOTE3Y YHUBEPCAALHOCTNY, T. €. IPeJi-
NOJIOXKUM, YHHBEPCANBLHOCTD HJIM PABEHCTBO Pa3jiMUHBIX MSTKHX TIApaMeT-
POB NPH BbICOKHX 3HEPrHsiX, & HMEHIIO: TIOJIOXKHM MAacChl BCeX YACTHIY{ CITH-
Ha 0 paBHbIMH YHUBEDPCAJILHOMY 3HAUYEHHUIO 7139, MACCHI BCEX YACTHIL[ CIIHHA
1/2 (xanubpnHo) paBHBIMH 7721 /9, & Bce KyOMUHbIE H KBajPATHUYHbIE IeHbDl,
nponopuuoHanbibie A U B, NOBTOPSIOMHMH CTPYKTYPY IOKABCKOTO Cynep-
norediana ‘(4.5), B cBoI0 ouyepe/ib, (PMKCHpOBaHHOTO TpeboBaHHEM Kasinb-
POBOYHOH WHBAPHAHTHOCTH. DTH JIONOJHUTE/bHbIE TPeDOBAHHSI MOTHBHPO-
Ballbl CYNEprpaBUTALMOHHBIM MEXAHM3MOM HAPYUIEHHS! CYNEePCUMMETDHH.
YHUBEPCANBHOCTD 1i€ ecTh HEOOXOAUMOe TpeboBaHnue, BIOJIHE MOXHO pac-
CMATpHBATL M HEYHHBEpcabHble uienbl. OJ1HAKO 3TO He MPHBEJET K Kaue-
CTBEHHBIM Pa3JIHYHsIM B NpejicKa3anusax. 1109ToMy HyKe Mbl PacCMOTPHM
yHHBEpcasbHble TPaHMYHbIE yCa0BHsl. B 3TOM ciywae narpamxuas (5.2)
NPUHHMAET BH/L

1 ~ = .
"‘LBreaking = my Z |(,01|2 (_m1/2 Z Aada - (53)
+ A[yubQﬂUbH2 +y5Q.D Hy + y& Lo EgHy) + B[#H1H2} +a.c.).

Msrkue uieHb! HEMOCPEJACTBEHIIO HapymaoT cynepcummerpuio. Kak Oy-
JeT NOKa3alo 1IMXKe, OHH NMPHUBOAAT K CIEKTPY Macc, OTJIHYaIOIIEMYyCsl OT
cnekTpa Macc obbruHbIX vactHl. HanomunMm, yro macebl KBAPKOB M JieH-

TOHOB OCTAIOTCH HYJIEBBIMH JO TeX nop, noka SU(2)-cummerpus ocraérest

HeH‘dpyHJeHHOM

5.1. - Msrkue 4jieHbl 1 MaccoBble (bOPMYJIbI

CyuiecTByioT B2 OCHOBHBIX HCTOYHHKA MACCOBbLIX WJIEHOB B JlarpaHXKHaHe:
D-unenpi n msarkue uneusl. Mmes 3uadenns napamerpos mg, m, s, i1, Y1,Ys,
Y., A u B, MOXHO MOCTPOUTH MACCOBbie MATPHIIbI 711 BCEX YACTHI. 3Hask

3HayeHns napaMerpos Ha uikaie TBO, MOXHO pelIMTh COOTBETCTBYIOWIME

PI'-ypaBuenus u BbIYHC/IUTh -‘UX 3HAYEHUSA HA snekTpociaboit wikase. Ioj-
"CTaBJsIsl 3TH 3HA4Y€HUsI B MACCOBbIE MaTPHILbl, MOXKHO NPe/ICKa3aTh CHEKTp
Macc cynepnapthépos {24, 25]. L L

5.1.1. Maccn KanbprHO-XRITCHHO

Maccomﬂe ManPlubI ,unﬂ Ka.rm6ano cynepnapTHepOB ‘KasiubpoBOYHbIX 60-

) 3OHOB H ana XHI‘I‘CPIHO, cyncpnaanepOB XHI‘FCOBCKHX 603OHOB, He,unaro- )
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HaJIBHBI, YTO BEJIET K CMEIHBANUIO 3TUX Nojel. MaccoBbie 4ennbl BuIrisa AT
cIIelyIolUM 0bpa3oM:

. 1. -
[rGaugino—Higgsino = _§M3/\a/\a XM (";Z)M c)";[) +2a.c. ) (54)
rne A, a=1,2,...,8 —'MaﬁopaHOchue I_IQ.HH K8J}I/I6]I)HHO, a
B
w3 (W
H}

~ COOTBETCTBEHHO MalOpaHOBCKHE MOJsi HEUTPAJNWHO ¥ AMPAKOBCKHE IOJIA
YapIPKUHO. ' !
MaccoBas MaTpuua HEATPaIMHO UMeeT pasMepHOCTDb 4 X 4:

M, 0 -+ -Mjz cos Bsiny Myzsin Bsiny
MO = 0 - M, "Mz cos B cosy -Mz sin 3 cosw
-Mzcos smW M cos B cosyy 0 .7 !
Mz sin B siny -Mz sin 8 cpsW : - 0
| (5:6)

rie tan 3 = vy/v; €CTh OTHOIEHHE BAKYYMHBIX CPEJHHX JBYX XUITCOBCKHMX
nofei, a siny = sin Oy — oObIMHbIH CHHYC 971€KTPOCTA0Oro yria cMennBa-
nust. OU3HYECKHE 3HAYEHUS MACC HEHTPAIHHO Mo siBnsiotcs CO6CTBeHHbI—
MH 3Ha4YeHHsIMH MaTpuupl (5.6).

Jnst yapipkuno uMeeM 2 X 2 MaTpHIL:

Mz V2MysinB
'V2Miy cos B "

JaHHast MaTpULa MMeEET J1Ba CODCTBEHHBIX COCTOSIHUS Xio C COBCTBEHHBIMHU
3Ha4YEeHHUIMH

M© = (5.7)

1
My = 5 [Mg +p* + 2M5 (5.8)

F V(M5 = 12)? + 40, co? 28 + 4MF, (M + 2 + 2Mopsin 2B)|

5.1.2. Macchel CKBApKOB U CJICIITOHOB

Hencqesa}oume I0KaBCKHEe B3aUMOJeiCTBUS IIPHBOJAT K CMENIMBAaHHUIO MEXK-
Ay 3J'leKTpOCJ]a.6bIMPI CODCTBEHHBLIMU 3HAUECHHSAMH U MaCCOBBLIMU coOCTBEHHbI-
MH 3HAYEHHUAMMU JJid TPETLEroO IOKOJIeHHs YaCTHLI. Maccosbie MaTpulbl OJ1s1
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m2, M2 u M2 umeior Buy

. my(Ay — pcot )

( my( A — ,Zcot B) tfnfR ) ) (5.9)
i mp(Ap — ptan )

( my(Ap -—b;l; tan 3) lp ) ; (5.10)
~?' mT(AT —,utanﬂ)

(mr(AT—-than,B) g ) ) (5.11)

re
my, = Ty +mi+ (4MW MZ)cos2,B,

Mg = m?/'*‘mt_ (MW M3%) cos 28,

My, = my + m? — —(ZMW + M%) cos 28,
Myp = Thp+my + (MW M3) cos 28,

mi, = mi4+m? ——2-(2M‘2I — M%) cos 28,
mip = mh+m?+ (ME — M%) cos28.
Macchl siBRsIIOTCSE COOCTBEHHBIMU 3HAYEHUAMH: 3THX MACCOBBIX Manuu Hana
JIEPKUX TIOKOJIEHUI CMEUIMBAHNE HeCyIIeCTBeNHO.

Hepsrie cnaraemsie (2) — 3T0 MArKHE 4IEHB! HADYLIEIHs CYIIEPCHM-
METPHH, KOTOPbI€ BBIYHCIIAIOTCA C [OMOUIbIO YDaBHEHHI DEHOpMIPYIIbE,
Ha4yNHas ¢ UX 3naveHuit Ha wkane TBO nnu nnankosckoi mkase. Bropoie

NPEJCTABNAIOT cOBOH 0BBIYHbBIE MACChI KBAPKOB U JIENTOHOB, 3 NOC/E/HUE ~
D-ynienn1 u3 norennmana.

5.2, XuUrrcoBCKUil MOTEeHIMAT

Kak yxxe ynomunasnocs, xurrcosckuii norennuan 8 MCCM nonsocTbio onpe-
AEJHETCs CyNePIOTEHIHAIOM (M MATKAMHU ‘-I.HeHaMI/I) VMest B Bumy cTpyx-
TYypy cynepnotenuuana W (4.5), camozeficTBue noneii XHrrea onpesessieTcs
ACKITIOUNTENbHO D-yunenaMu, B To Bpems Kak F-ujieHbl ZaioT BKJIaJ B Mac-
cosyio Marpuny. Ha fpeBecHOM ypoBHE MOTeHIHA] UMEET BHI

W'rée(Hly H2) = m1|H1|2 +m2|H2l2 e m3(H1H2 + 3.6.)'
T g + g* >
+ (P - | K + TH P, (5.12)
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rae m? = my + p%,m} = m¥, + p?. Ha mkane TBO mi = mj =
m3+ i, m2 = — Byg. 3aMeTHM, YTO KOHCTAHTA CaMOJIeHCTBHSA XUTTCOBCKHX
noseit B (5.12) GpHKCHPOBaHA U OIPEENAETCs KAINOPOBOIHBIMH B3aUMO/ILH-
cTBusAMu B omindue or CM.

XHITCOBCKHA noieﬂunan (5.12) B COOTBETCTBHH C CynepCHMMETpHUeH 1mo-
JIOXKUTEJIBHO Onpeaenén u ycroiuus. OH HE MMeeT HeTPHBHAJIbHOTO MHUHHU-
MyMa, OTJIMYHOTO OT HyJsi. JleficTBUTEbHO, 3aNMIIeM YCTIOBHS MUHUMYMa

norenuuana (5.12):

16V 2 o gtg?

ESE = mju — mgvg + 4 (’U% — ’U%)’Ul =0, (5.13)
35H, m2v2 miv; + ——4——(11% — vd)vy =0, (5.14)

rae BBeJeHbl 0603HaYeHUA
<.H >=v,=vcosfl, < Hy >=vs=vsinf, v = v%+v§, tang = o~
1

Pemrenus ypasrenuit (5.13), (5.14) MoryT ObITh BbIpaKeHb! B TépMHHax v?

u sin28:
C (2 202
o 4(mj—mjtan” §) 2f = 2m3 (5.15)

= 5 , sin s, :

(g° + g"”*)(tan* B — 1) m3 4 mj

U3 (5.15) nerko yBaaeTs, u4to eciii mi = m3 = m3-+ud, To 3navenue v’ oka-
3IBAETCS OTPHUIATENbHBIM, T. €. MUHUMYM He cyulecTsyer. B neficrutens-
HOCTH MOJOXKHTeJbHbIE BelleCTBeHHble pemienus ypasHennit (5.13), (5.14)
CYIIECTBYIOT, €CJTH BBLIOTHSIOTCS CJIEJLyOLIHeYCIOBUSL:

m?+m2 > 2mi, mimi<mi, (5.16)

4TO He BbINOMHAeTCA Ha mkaje TBO. 9To o3HadaeT, 4TO CMOHTAHHOE HA-
pymenue SU(2) kam6poBo4HO# MHBApUAHTHOCTH, Heobxomumoe B CM niisi
NpUIaHUA MacC BceM dacTuuam, He uMeer mecta B MCCM.

DTO CUJIbHOE YTBEP2XKIeHUE CIPABE/IIHBO, OIHAKO, TONbKO Ha mxane TBO.
Ecnii gpurathes HiKe 110 SHEprud, TapaMeTpsl notennuaia (5.12) nepexop-
mupyiorcs. OHM CTAHOBATCA TaK HasblBaeMbIMU "Geryuumu" mapamerpamy,
NPUYEM MX SHEPreTHYECKas 3aBUCHMOCTb OMHCBHIBAETCA YDABHEHHUSMH pe-
HOpMrpynmbl. DTO TPHBOAUT K 3aMEYATENIbHOMY SIBJIEHHIO, HA3bIBAEMOMY
PaduayuontLM COHMAHHDLM Hapywenue.m cu.MMempuu KOTopoe MBl 06~
CyINM HUXKE. :
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B ToM cay4dae, KOTAa yC/iOBHs (5.16) BLINONHAIOTCS, MaCCOBbIE MATPHILIbI
Ha JPEBECHOM ypOBHe NPUHHUMAIOT BHA:
CP-neuétHble KoMnoHenTol Py u Py :

. .
ald = (tanﬁ 1 ) m3;,  (5.17)

M‘odd =
, 8P,-6Pj e 1 cotp

CP-uérHbie HeliTpajibHble KOMIIOHEHTb S1 H Sa:
oV tang -1 g f[cotf -1 ,sin 24
= M :
85,'85]' ( -1 cotf ) mg + —1 tanp zZ 9
. (5.18)

M even —

sapsikenHble Komnonentsl H™ n H:
82V _ ( tang 1
8H1+8H] Hi=v 1 cot ﬂ

JIuaroHaJn3upysi MaccoBble MaTPHLbl, Mbl NPHXOAUM K CJeAyIolmHM cob-
CTBEHHBIM COCTOSIHUSIM:

{ Gd = - cosﬂPl + smﬁPg,

M = ) (m? + ME, cosﬂsin B). (5.19)

rOJIACTOYHOBCKMiA 6030H — 2,

A = sinfP, +cosfBh, Hefirpanbublit CP = —1 xurrc,
Gt = —cosB(H{)*+sinBHS, ronacroyHosckuit Goson — W,
H* = sinB(H[)* +cosBH;,  3apsAXeHHbIH XHUITC, :
h = —sinaS]+ cosaSs, ~ xurrcoBckuil 603os CM CP =1,
H = cosaS; +sinaSs, - JIOTIONIHUTENbHBIA TSXKENbI XUITC,:
rJie yroj CMeulMBaHus @ MMeeT B[ ,
2 2
mj + Mz
tan2a = tan 28 | —5—5 | -
o p (mg, M2

Du3nyeckHe XUITCOBCKHE 6030Hbl npno6p(_e'ram'c.ne,11ylomue maccsl [14]:

my=m?+m}, (5.20)
mys = m% + My,

CP-He‘{e’I‘HbIﬁ HeATpaNbHbIi XUrre A:
aameeHHbIe xurrcet HE :

CP-‘ie’I‘HbIe HeﬁTpaﬂbele xurresl H, h

m"}z,h =3 [m‘j’, + M2 ;1: S+ MI)? ~4m AM o 28], - (521)
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2 2
rae, Kak obbruno, My, = 92— , ML= 9——-‘L—
9710 npusoauT K 3samenuThiM CYCHU- yCJ'lOBPIﬂM Ha 3HAYEHUS MACC XUIT-

COBCKHX 0030HOB
mygs > Mw, mh <my < MH,

mh<Mz|0052ﬁ|<Mz, mh+mH—mA+MZ (522)

Takim 06pa3omM, Nerdaflnil XUrrcoBCKHi 60301 OKa3bIBaeTcs Jerde Z-
6030Ha, YTO OTJAMYAET ero or XUrrcosckoro 603ona CM, MO0, x0T MBI M HE
3HAEM 3HAYE€HHE MACCHI XUITCOBCKOro 6030Ha B CM, CyleCTBYIOT pa3iny-
Hble KOCBEliHble OTPaHHYeHHsl, IPHBOJISIIHME K HHXKHEH rpaHule myM > 135
I'sB. ITocne BKII0UEHNS paaHALMOHHBIX MONPABOK Macca JIeryafimero Xurr-
cosckoro 6osona my B MCCM .Bo3pacraer, Mb1 paCCMOTpHM 3TOT BOIIpOC

foJiee NOAPOOHO HHUXKE.

5.3. PenopMrpynmoBoit aHaimn3

JLns BbIUMCIEHAST HI3KOYHEPIeTHYECKNX 3HAUCHHH MATKUX NapaMeTPOB Mbl
HICMONb3yeM ypaBHeHusl penopMrpynnbl. B oanonernesom npibmmxkennn PT-
ypaBHenus aj1st KoHcTant cesa3n MCCM umeror Bug [26]

W ha =108 QY M,

dYy 16 _ . 13 ' ,

_dt = —YL (——(13 + 3y + Bal‘v —~ GYU - YD) ,

dYp 16 7

— = =Y 3 — Y —

at D ( 3 —a3 + 3 + 15a1 v—6Yp — YL)

dY; 9 . . , , :
—dt_L. = -Yr (3&2 -+ ‘5&1 -3Yp — 4YL) , ) ‘ (5.23)

rje Mbl UCIIOJIB30BaNi o603HakueHHs & = a/4w = ¢°/167%, Y = y?/1672.
sl MArKYX NapaMeTpoB HaXOAUM

aM; - -
T b;a; M;,
dA 16 13
—dt—U‘ = —3—a3M3 -+ 3012M2 -+ —~a1M1 -+ GYUAU -+ YDAD,
dA 16 7
_dtg = —a3M3 + 3de My + —alMl +6YpAp + YUAU +YLAL, :
dAr, ~ _
7 = 3012M2 + galMl +3YpAp +4YLAp,
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3
— = 3aMx+ E&IMI +3YyAy + 3YpAp + Y Ag,

dt
dr? (.16 1.
——EQ- = - ("‘“(13M3 + 3a2M2 5(11M]?)
— Yy(md +md +my, + A?,) - Yp(mg + mp + my, + AD)],
dm? 16 _ 16 _ - .
—-&t—q = —‘L(?agMg + —ﬁalMlz) - 2YU(_m%2 +id +my, + A%,)] ,
- dm? 16 . 4 _ . -
'7222 = — (?Q3M32 + i‘galMIZ) — 2YD(m2Q + m% + m%1'+ A%)] y
dﬁl% . [/ ~ M2 1. M2 Y, ~ 2 ~ 2 2 A2 ’
T —L3,(a2 2+'E_;Cl.1 1)"' L(mL+mE+mH1+ L) )
dink [ 12 PP
TE = — (?alMl) - 2Yy () + mE +miy, + A%)] ,
dy? 2
-Et— = —u [3 Qs + al) — (3YU +3Yp + YL) (524)
dm%,1 - r -2 -2 2 2
-—YL(ﬁlL —+ mE + 7nHl + A2 )]
dm%,2 - 2
it = {3( M2 'E-_)'alMl) 3YU(mQ + mU + mH; + A )]

Vmes Bce PI-ypaBHeHHs!, MOXKHO HAHTH [IOTOK PEHOPMIPYIIIbI AJIsI MAL-
KHX napaMerpoB. Beibupas navajibHble JaHHbIE JJ151 MACKAX MacC HA MIKa-
ae TBO B nfrepsase 102 + 10° I'sB, uro coryiacyeTca co IIKaloit Ha-
pyumenus CYCH, nonyyaemoit u3 obbejuHeHUs KaauOPOBOYHBIX KOHCTAHT
(2.7), HaxojMM MOTOK PEHOPMIPYMIIbI st MArKUX Macc, noxasaHHbIﬁ Ha
puc. 11 [24, 25].

OTMeTuM ciiemyomue obuiue yepThl "6era" MArkux napamerpos, He3a-
BUCHMbIE OT BHIOODA HAYAJIbHBIX JAHHBIX: ' '

1. Macce! kanubpuHo nosTopAT "6er" KaJUOPOBOYHBIX KOHCTAHT CBA3M
¥ PACLIENJIAIOTCS NPU HU3KUX SHEPIUsX, MPUIEM Macca [JIFOUHO H3MEHseTCs
ObicTpee OCTabHbIX. [JIIOMHO SIBJIAETCST OOBIYHO CaMOM TAXKENON JacTHLeH
13 KaJMBPHHO M3-3a TOrO, YTO OHO YYACTBYeT B CHJIbHBIX B3aUMOJICHCTBHSIX.

2. Macchl CKBApKOB M CJICNITOHOB TaKXKe PACHIEIUIAIOTC NPH HU3KHX
9HEePrHAX, NPUYEM CTOMbI (M COOTTOMBI) OKASBIBAIOTCS JIerie OCTAJIbHBIX
CKBapKOB HM3-3a OTHOCHTEJIbHO OOJILIIHX I0KABCKUX KOHCTAHT CBA3HU y Tpe-
THETO MOKOJIEHHS. a '
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H

tan § = 1.65
Y, =Y,

tanf =50
Y=Y, Y,

A,

~mass [GeV]
mass [GeV]

Gluino

Vo 2emy?
My,
200
100
) o ;

7 46§ 8 10 1z M 16 T 4§ 6 8 1 n 1M 16
N Jog,, Q : log,, Q

Puc. 11. Tunnunas 3BOJI}OI_[PI${ Macc cynepnaanepOB PI HapaMeTpOB MSTKOTO Hapymeﬂnﬂ

CymepcHMMeTpHA M} = m,,I +ptn m% = mh,2 + p? nas MAJIoro (cneBa) 1 Gonbloro

(cnpaBa) 3HAYeHHA tan S

3. XurrcoBckue macchl (UK 110 KpailHeil Mepe OfiHa U3 HUX) H3MEHSIOTCS
oueHb 6LICTPO,H UX 3HAYEHUA MOTYT CTATh OTPULATETHHBIMHY.

Tunuunas 3aBUCHMOCTD CNEKTPa MACC OT HadaJbHBIX yCJIoBuii (mg) 1o-
Ka3aHa Ha puc. 12 [27]. Jina buxcupoBaHHOro 3Ha4YeHus 1M/ Macca Jer-
YallMX YACTHI, NPAKTUYECKH He 3aBHCHT OT Mg, B TO BpEMs KaK Macca
TSDKENBIX YaCTUL] BOIPACTAET C Mg MOHOTOHHO. Kak BHIHO, Jerdaiiiime Hei-
TPAJIMHO H YAPJPKHHO, & TAKXKE CTOM-KBAPK MOTYT ObITL BECLMAa JIETKUMH.

800 "800 ——r—r
00| Ry ] m('. , . mip=150GeV |
PR SIS ] r<0
S =
O 400 } ] 9,
% . = rip=150GeV, 4,
g 300f 53 ’ i
E w<0 . E
200 | '
X x
100
N e
0 C 710001200 300777400 -+ 500 0'0 T w0 a0 00 o0
m, (GeV] . R Mg [Gev]

++ Pme. 12. Macesl cynepyacTH; Kak ,pyHKUMH Ha4albHOTO 3HAUEHHA Mo

v e T I T ot AN
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5.4. PapgunanmoHHOe HapyiileHNe 3j1eKTpociiaboil cuMMeTpuu

Ber XxurrcoBcKux Macc MpUBOAMT K SIBJEHMIO, U3BECTHOMY KaK paduaiuoh-
Hoe napyuenue saexmpocaabol cusmaempuu. deiicTBHTe/BHO, KAK MOXKHO
yBUAETh U3 puc. 11, m2 (unu o6e m? u m2) yMeHbINAIOTCS NPU ABHIKEHUH OT
mikansl TBO k wkane Mz 1 nx 3HayeHHs] MOTYT Jla’Ke CTATb OTPHLATEJIb-
nbiMu. Kak pesysnbrar npu HekoropoM 3HauenHu Q2 ycnosus Munumyma
norentmana (5.16) BHINOIHSIOTCS H NIOABIAETCS HETPHBUANBHBII MUHHMYM.
910 BbI3bIBaET crioHTaHHOe Hapyurenne SU(2) kanubposouHoit cHMMeTpHH.
BakyyMHble cpeaHHe XUITCOBCKHX NoJjieif npuobperaioT HeHyJleBble 3Hae-
HusA, yTo obecneynBaeT Macchl KBapkaM, gentoHam u SU(2) kanubposou-

HbIM 6030HaM B cuily addekTa Xurrca, a COOTBETCTBYIOLIIHe cynepnap’rnepbl

nosyyaloT Jo6aBKH K MaccaM.

OTCIO}],& caieayeTr TakxkKe H 06’bHCHeHI/Ie TOI‘O noueMy ABe IKaJlbl CTOJIb

pasnuynbl. B cuny norapudmuueckoro xapakrepa bera napamerpos Tpeby-
etcst Gonbioe "spema", yTobe1 m3 (nnu 06e m? u m3) craau orpuuarenb-
HBIMH, €C/IM- MBI CTApPTYeM € NOJIOKUTEeILHLIX 3Hauenuii nopagka Msysy ~

102 + 103 I'sB ua mkane TBO.

6. Orpaunuennas MCCM

6.1, IlIpocrpanctBo napamerpos MCCM

MHHMMAIbHAS CYNEPCUMMETPUYNAsT CTAHAAPTHAS MOAE/b MMeeT CleLyio-
wui Habop ¢BOGOAHBLIX MapameTpos: 1) TpH KaJHOGPOBOYHBIX KOHCTAHTBI
CBA3M @; 2) TPH MATPHIBI I0KABCKUX KOUCTAHT cBsi3u Yy, tae i = L, U, D;
3) napameTp CMeNIMBaHHMsI XUITCOBCKMX NOJieil p; 4) mapaMeTphbl MsITKOro
napyuents cynepcummerpun. Ilo cpaBuemno ¢ CM 3pech ectb gononuu-
TeJIbHBbIH MapaMerp CMelMBaHUA XMITCOBCKHX MOJIEH, HO 3aTO KOHCTAHTA
caMo/ielicTBUS XUITCOB, KoTopas npousBonbia B CM, dukcuposana cynep-
cumMerpueii. [naBhas Heonpeaenéﬂnoc'rb BO3HHMKaeT 34 CUET HEeM3BECTHBIX
MATKHX NapaMeTpoB. ‘

B paMKaX IMnoTe3bl YHMBEPCAJILHOCTH OCTABTCs CJEy oM Ha60p U3
AT CBOBOAHBIX MApaMeTpoB, KOTOPbIE ONPEACAIOT WKaAy Mace:

B, Mg, My, AuB(—-)tanB-—’-—%.

Boibupast onpeaeiéHHble 3HaYeHHs CBOGOAHDIX IAPAMETPOB M Aeias Npeli-
’(:_Ka.aaﬂuﬂ,_Moxmo JeficTBOBATL. ABYMs CcriocobaM¥y:
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1) BoIGpaTh HU3KOIHEPreTHIECKHE NapaMeTphbl, HalpUMep MacChl cynep-
qaCTHIL Ty, g2, My, tan B, napamerpbl cMewWBaHUs Xsop, 4 U T. ., B
KayecTBe MCXOAHBIX JAHHBIX M. BHIYMCIUTH CEYEeHHs B3aUMOAEHCTBUSA H IIp.
Kak GYHKUNH ITHX NapaMETPOB;

2) BLIOpATh BBHICOKOSHEPTETHYECKHe IAPAMETPhI, TUNA YKA3AHHbIX BbILIE
NATH MATKHX NapaMeTpoB HapyIIeHHs CyTepCcMMMETPHH, PEIUTh ypaBHe-
HHSl PEHOPMI'PYIIbI ¥ ONpeJeuTh UX HU3KOSHepreTHyeckHe 3Havenus. Te-
nepb BCE BbIMUCJIEHHS MPOBOASATCA B TEPMHUHAX MAJIOr0 MUC/Ia HAYAJIbHBIX
napaMeTpoB. JKCIEPUMEHTAIbHbIE OrpaHUYEHHS AOCTATOYHB!, YTOOB! HANTH
JIONyCTUMBIE 3HAYEeHHs STHX IIapaMeTPOB, XOTs U ¢ OGosibuiolt Heonpeaenén-
HOCTBIO.

6.2. Bri6op orpaHuueHHIt

[lpn HanoxeHun pasiNyHbBIX TpebOBaHUil HA NMPOCTPAHCTBO NapaMeTpPOB
MCCM, noxanyit, Hanbosiee 3aMeyaTeNbHbIM (PAKTOM SIBJISETCS TO, YTO
BCE OHM MOI'YT BBLINOJIHATHCSA OJHOBPEMEeHHO. B HallleM aHain3e Mbl HaKJIa-
AbIBAEM CJIe/YIOI1e SKCIIEPHMEHTANLHBIE H TEOPETHYECKHE OrPAHHIEHHUSL.
e O0beauHeHHsT KAJTMOPOBOUHBIX KOHCTAHT CBSI3H.
Brto oaHO M3 Haubosee KECTKMX OrpaHMueHH#l, KOTOpoe Mbl 0bCyKuanu
B pasn. 2. OHO (bUKCHpyeT LIKaJly HapylWeHHsl CYyNepCHMMETPHH MOPsiJKa
1 TaB.
e Macca Z-6030Ha M.
PaanaunoHHblil MeXaHU3M HapyLIeHHs! eKTPOciaboil CHMMETPHH (CM.
(5.15)) onpepensier Maccy Z-6030Ha Kak

2 2
2 = ™ maten’ S (6.1)

tan?8—1
W3 aroro ycnoeus onpenensiercss napaMerp i s JaHHBIX 3HAUYEHUR my U

ml/z.

L O6’be}1HHeHHe IOKABCKHMX KOHCTAHT CBA3H.
Maccesl Ton H KBapKOB, a TaKXe T-JIeNTOHa MOryT ObITD NnoJsiy4eHbl B3 HH3KO-
JHepreTHYECKUX 3HAYCHUI JIOKABCKUX KOHCTAHT CBA3M COIJIACHO d)opMynaM

my =y vsinB, my =y, vcosB, m; =y, vcosp. . (6.2).

Onu MoryT 6bITh HEpPENHCaHbl YEPES NOJIOCHBIE MACChI C YYETOM PaANalHoH-
HbIX nonpasok. [lonrocHble Macchl 4j11 TPETHEro NOKOJIEHHs YaCTHI, HMeloT
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_(:J'Ie,[llylobumé SHAYeHUsT [7):
‘M, = 174.3+5.1 B/,

M, = 4.9440.15 TsB/d, - (6.3)
M, = 17711 :t 0.0005 TaB/c’.

Tpebosanue obbefuienns b i T IOKABCKUX KOHCTAHT CBA3U Ha uikaie TBO
CHJILHO OCPAHU'IMBAET BO3MOYKHbBIE pellienys TIOCKOCTH M tan,B (28],
KaK 3TO BUJHO Ha PHC. 13 o

=
-3
O, 200
g
= 180
160
~ 1 - —
o 1 7 //—
5 10 t P
s | STTTrTIeTT CErrr e ou R N
Ll e L o e E
10} by .——"""/
4 : el
10 o e R
10 b €55)h B e el
o — )
10
el .
20 G IR
10
0

1 10 tan B

Puc. 13. Cepxy nokasauna macca TON-KBapKa Kak cbvmuum tan 8 gna mo = 600 3B,

myyz = 400 ['3B. B cepeanne 110xa3aHbl 3sHaUCHUs IOKABCKIIX KOHCTAHT CBSI3H Ha [KaJIe
TBO, u na HuxKieii YacTH PHCYHKA npuBe,ueHbl COOTBETCTBYIOIHE 3HAYEHUS X2

OYHbBIE H3Mep€HI/Iﬂ BEpOATHOCTE PACMaJOB.

Pa/jualoHHble HOMPABKM OT CYNepnapTHEPOB MOLYT CyHIECTBEHHO BJIUSTH
Ha BEpPOSTHOCTH PACHajoB Jaxke B MOANOporosoit obsnacti. Mbl B3siM Be-
poaTHoCTh pactafa BR(b — sv), koTOpas M3MepAIach KOJUabopalusaMu
CLEO [29] n ALEPH [30], uro gaso muposoe cpesuee BR(b — sv) =
(3.14 + 0.48) - 10~%. B CM nosyyaetcs HECKOJIbKO MEHbIUHH DE3YJIbTAT,
OCTABJISAS, TAKUM 0bpa3oM, MecTo st CYCH. Tpebosanue cOOTBETCTBUS
C 9KCIIEPHMEHTOM JOBOJIHO CHIBHO OrpaHUHBAET npOCTpaHCTBo mapamer-
pOB, 0cobeHHO B ciiyyae Gonbiuoro tan 3. '
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o AHOMANBHBI MATHATHBIH MOMEHT MIOOHA.
HenaBsHee u3sMepeHHe aHOMAJILHOTO MACHUTHOMO MOMEHTA MIOOHA YKAa3blBa-
er Ha HebonbIloe oTKyoHenue oT npejckasanuil CM  nopsiaka 20. Hepno-
CTATOK MOXET ObITh JIerkO 3aIOJHEH BKJAJOM CYNepCUMMETPUH, KOTODBIH
TIPONOPUHMOHANIEH TAPAMETPY f4. ITO TpebyeT NONOKUTEILHOrO 3HAKA {4, 4TO
3aKpbIBaeT TIOJIOBUHY NpocTpatcTBa napamerpos MCCM [31].

® DKCIepUMEHTAJIbHbIE OTPAHMYEHAs! Ha MACChl CyNepyacTHIl. _

CynepnapTHEphI He HabJII0JAJIMCh B IKCIIEPUMEHTE U U3 [IOUCKOB cynepch—
merpuut Ha LEP usBecTHB orpanndenus CHU3Y Ha MacChl 3apsKEHHBIX JIel-
TOHOB ¥ 4apmKKHO. OHM COCTaBJISAIOT OKOJIO MOJOBUHBI Cy MMAPHOR 3HEPTUH
B cucTeMe uenrpa Macc [32]. Orpannyenue Ha Maccy HeHTDAJIHHO MPUMEPHO
B JiBa pa3a Menblie. CymecTByOT TaKKe OTPaHMYEHHs Ha MACChl CKBADKOB
U TJIIOMHO, TIOJIyYeHHbIe Ha aJiPOHHBIX KOJIaiaepax [33] DT OorpaHHyueHUs
HAKNIAILIBAIOT TpeboBaHKUa HAa MUHHMAJbHbIE 3HAYEHUS MAPAMEeTPOB HapY-
WIEHHA CYNePCHMMETPHH.

e Témuasn MaTepnﬂ S
Henasuue ouenn Tounble acrpodusnyeckre JaHHbie OFpaHI/I‘{I/IBa}OT KOJIU-
yecTBO TEMHOI MaTepun Bo Beenennoit na yposne 23 %. Ilpesnonaras, 4ro
nocrosHHast Xabbna hg > 0.4, HAXOOMUM, UTO BKJAJ, KaXXIOH DEJMKTOBON
YaCTHLBL X JOJKEH YJOBJIETBOPATH YCJIOBUIO Q ho ~ 0.1 + 0.3. 910 cny-
KUT OUeHDb CHIIbHbIM orpanuyernem na CYCU-napaMeTphl [34].

ViMes B Bily ynOMSIHYTHIC Bbillle OTPAHHUEHHS, MOXKHO HaliTn HanGonee
BEPOATHYIO 06J1aCTh MPOCTPACTBa NMAapaMeTPOB, MUHHMHU3HPYS (ByHKIHMIO
x> Ona uenen HACTOAICrO AHANH3A MBI HCTIONE3O0BAIIN GIEAYIOIEe Ope-
NeJieHue x [25]

NI %‘(GFI(MZ} — Onssa(Mz))? S
=1 ‘7;2 - L
, + (Mz —91.18)%- (M, —174)% -
o2 - o}
¥4 t
(M — 4.94)2 (M —1.7771)2
+ : 3
Ub (o= .
(Br(b— sy) = 3.14 x 1074)?
a(b— sv)?
Qh% —1)?
(o -1

5  (ons Qh? > 1)
aq

-,

- (6.4).
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[Tpexkae BCero HailaéM 3HAYEHHE ApaMeTpa CMEINBAIHS XHITCOBCKUX
noseii p u3 TpeGOBANUS PAANALHOHHONO HAPYUIEHHs SEKTPOCIaboil citM-
MeTpHH, 3aTeM Mbl BoibepeM 3navenus tan 3 u3 TpeGoBaHus obbeuHenst
IOKABCKUX KOHCTAHT cBsi3u (cM. puc. 13). CymectsyioT asa BO3MOXKHBIX Pe-
lUeHUsT: pelleHne ¢ MajibiM tan 8 COOTBETCTBYeT 3HaueHHio tan 3 ~ 1.7, a

pemerne ¢ Goabluum tan B - 3nadenuio tan B = 30 + 60. OcTalorcs 3nave-

tan B =1.65 >0 tan Pp=351<0 tan p=64, 1 >0

S(I)O 1000
m, {GeV] .

Puc. 14. x*-pacnpenenenue J/is pemennii ¢ maabiM 1 6onbimum tan 8. Pasmiynbie usera
Ha PHUCYHKe COOTBETCTBYIOT M3MeneHusM X2 ¢ marom Ax? = 4. 3pé3noukoii oGo3nave-
HO onTHMaibHoe pemenne. Kouryps 0003124210T 0BJACTH NPHIDKEHHS! KOIKDETHLIX
YCJIOBHH; HCTIONbL3YEMBIX B aHaJn3e

HUs IapaMeTpoB A, mo ¥ ™Myjs. Onnako posib TPOIHOi KOHCTaHThI CBsi3n A
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HecylecTBeHHa. B panbHeiiieM Mbl pACCMOTPHM IIPOEKIHIO HA IJIOCKOCTD
Mg, My /2 1 HalAEM pa3periénHbie 06J1aCTH B 3TOH 110cKoCcTH. Kaxao# To4-
Ke Ha TIOCKOCTH COOTBETCTBYET HAGOP IIAPAMETPOB, UTO MO3BOMISIET BHIMUC-
JIMTh CHIEKTP MAace, CEYeHHsT B3AMMOJEHCTBUS U T. 1.

Paspemménnble 061aCTH IIPOCTPAHCTBa NAPAMETPOB B CIIyYae MaJioro
Gosbioro tan 3 npeacrasyienbl Ha puc. 14. DTOT pUCYHOK JEMOHCTPHDYET
POJIb PA3MYHBIX YCIOBH M MX BKAaA B pynkuuio x2. Kd}_{Typr oboznaya-
10T 06JIaCTH [PHJIOXKEHHs PA3NIMUHBIX YCJIOBHIL, HCTIOIb30BAHHBIX B AHAJH3E

[35]. ‘

6.3. CnexTp Macc cyneprnaprHEépoOB

Korga nabop napamerpos (hpUKCHPOBaH, TO MOXXHO BBIYHCIHMTD CIIEKTP Macc
cynepnapTaépos. Huxe Mbl npusoanM obpa3el criekTpa Macc, COOTBETCTBY-
IOIUA ONTHMAaJIbHOMY BHIOOpDY Habopa mapameTpoB, 0003HAUEHHOMY 3BE3-
I04Ko# Ha puc. 14 (cm. Tabn. 1) [25].

Maccwt cynepyactun s [[3B]

Cumson. Mautstit tan donburoii tan 8
W(B), X3(W3) 214, 413 170, 322
K3(Hy), X3(Hs) 1028, 1016 481, 498

YE(W), 55 (HY) 413, 1026 322, 499
g 1155 : 950

ér, ér 303, 270 | 663, 621

L 200 658

4L, 9r 1028, 936 1040, 1010

Fi, T2 279, 403 537, 634

by, by 953, 1010 835, 915

t, 727, 1017 735, 906

h, H ] 95, 1344 119, 565

A, H* 1340, 1344 565, 571

Tabauua 1. 3Hauenns Macc cyneprnapTHépos npu ManoM u .Gonpmom tan 8

YT06bI IPOIEMOHCTPHPOBATH 3ABUCHMOCTb MACC JIerYaHmuX YacTHl OT
BbIGOpPa MapamMeTpoB, Mbl IOKa3bIBaEM Ha PHC. 15 MX 3HayeHHa BO BCEi MII0C-
KOCTH Mg, My /2 [35].
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6.4. DKcrepMMeHTAIbHbIE IIPOsABIeHNa Ha ete™ Koiutaiimepax

DKCHepUMEeHThl; HAKOHEl|, HAUUHAIOT: TPOHHKATE ‘B’ GYMECTBEHHYI0 ' 9ACTD
npocrpancTsa napamerpoB MCCM. Mbi :3HaeM, Kakue:€ecTh'CynepuacrH-
bl H KAaKOBLI HX B3aHMOJIEHCTBU, HO Mbl He 3HA€M UX MACCHL M NApaMeTPhI
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cMmeluBanus. 3Has COEKTDP MAcC, MOXKHO BBHIYMCJIMTb CEYEHHsl B3aHMOJEH-
CTBUSL M PACCMOTPETH BO3MOXKHOCTH HabJIIONEHHsT HOBBIX YACTHI[ H3 COBpE-
MEHHBIX YCKOPUTeJaX. B mpOTHBHOM ciiyuae MOXKHO NMOJAYYMTH OrpaHHde-
HUSA HA HéHBBeCTHbIe IAPAMETPHI.

Hauiém ¢ eter: Konnaﬁ,uepoa u, npexxae Bcero, ¢ LEP II. B nnaupyio-
eM TOpsi/IKe pomgeﬂﬂe CyNepYacTHL| ONMCHIBACTCA JUArPaMMaMi, Ipeji-
CTABJIEHHBIMH HA PHCE 8 1 BbIIHe Jlns nanHO# SHEpTUH B CHCTEME IIEHTDPA Mace
CeueHHus 3aBHC${T OT Macc poxmafoumxc;{ YJaCTHI 1 UCUE33I0T Ha KHHEMATH-
4eCKOM TpasuIe. DKCIepUMEHTATbHBIE IPOSBIICHNs ONPELEISIOTCH MOJAAMH
pacmajia, KOTOpble BApbHPYIOTCS B 3aBUCHMOCTH OT cleKTpa Macc. OcHOB-
Hble QKCnepnmeHTaanEIe IpOsIBJIEHHS cynepqacrﬁu CYMMHDOBaHbI HUXKE.

Poxpenne ~ Ocnosbie moap! pacnaza  [lposerenus
. l~L,Rl~L,R l% ii? \( KackaJ napa
o ff — 1*X? /' pacmaspl  3apAKEHHBLIX JIENTOHOB + Fr
o b 7 1ER0 - Fr | ,_
o XXt )21 - xlliz/ Qg7 M30JTUp. enToH + 2 crpyu + For
. .)21 . ~2ff' . Mapa

Xi = o — gy nentonos + Fr

5wl - Vll)z(l) 4 ctpyu + Fr
. )Zf)x? % = X, )ZJ - XX’ - X = vy HeBHAMMbBIE
. : S =,2l,2 crpyn
204+ Fr,l+2j+Fr
o i t — cxf 2 crpyn + Fr
t1 = bxy = bf 'R0 2 b crpyu + 2 nenrouna + Fr
Seiio o, oo o2 berpyd + ento + fr
. Eil;j b — bxd 2 b crpyu + Fr o
5 - bX2 - bff'xl 2 b crpyu + 2 nentona + Fr

2b CprH + 2 crpyH + ET

XapaKTepﬂon 0CODEHHOCTBIO . BCEX nposmnemm cynepcnmmerpun SABJIsA-
€TCS HeJOCTAIOIAA SHEPIUA U UMITYJIbC, YTO MOXET, CIIy>KHUTh 3KCIepHMeH-
TaJIbHBIM CHIHAJIOM Jylsi €€ ODHApYXKeHHs. ‘

MHorounciiesHbIe TOUBITKH HAHTH CyNepnapTHEPOB Ha yCKopUTeJe ] LEPII
He N1aJIi [IOJI0XKUTETBHBIX PE3YJILTATOB H MI03BOJIMIIH I0J1y YUTh HUKHHE OlIeH-
Kn Ha ux maccel [32]. Onm mokasanbl Ha puc. 16, o
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Puc. 16. HUckmouénnnie o0JacTH napaMerpoB B IJIOCKOCTH MAacC YapJyKHHO-CJICITON H
YapA KUMHO-CTON '

Tunuunsie Npeebl Ha MACCHl CyleplapTHEPOB, nonyuennbie Ha LEP i,
HUMEIOT BU/I

myo > 40 TsB, mg,, > 105 T'sB, m; > 90 TsB,
myx > 100 ['sB, mg, , > 100 T9B, my > 80 I'sB, (6.5)
 ms,, > 80 TsB.

6.5. DkcnepMMeHTaJIbHbIe NPOsIBJIEHMsE HA aJPOHHLIX KoJiaije-
pax ‘

B

SKcnepnmeHTaanbIe npo;mnemm Ha ap,pOHHblx KOJLTAfiepaXx TOX0XKH Ha
TO, YTO Mbl HMeeM Ha e e™— MaIMHaX, O{HAKO 3/1eCb HMEETCsl ropasio bollb-
e BosMoxkHoCTel. [ToMHMO OObIMHOrO aHHHTHJISLMOHHOrO KaHalla, aHa-
norusinoro ete™ ¢ OYeBHM/HOM 3aMEHON 3JIEKTPOHOB Ha KBapKh (CM. pHC.
8), MMEIOTCS MHOTOUHCIIEHHbIE TIPOUECCHI [JIIOOHHOTO CJHSIHAS], KBAPK-aHTH-
KBapKOBOTO H KBapK-TJIIOOHHOrO paccestnus (cM. puc. 17).
DKcnepuMERTANILHBIE IPOABIeHNA cynepcuMMeTprn Ha TaBaTpoHe u cTpo-

smemcs BosbiioM aspornoM kosuaiiziepe (LHC) umetor caenyiouui BUL,
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Puc. 17. I'moounoe cinsiHue, gf-paccesiine, KBapK-IJIIOOHHOE paccesHue

g i

e

‘@ueesusuensn
w2

Easnsssnen (1

ty— bXE, X — a7

'{1 - bi:lt1 )2:1‘: — X?liyar

li—)l:l:x0 * > yxt
b= vy)
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JIMJIENTOHBI -+ TPy -+ ET

Pox enne OcHosHble Moapl pacnana - [Ipossienns
7 adx 7 :
o GaRaT ar%E (mg>mg  PTTMmmICD
-0 v 3 (+nenToHbt)
s |
—) P
g - Z’);* M >
L X1 — xll v, x? — X3 Ttpunenton + Er
‘ x1 — X197, X3 = Xlll
* XixXy "X1 = Dy - auientod + Fr
o X - XIX X — XIX, punenTon+erpys + Br
L t1t1 t1 - cx1

2 HEKOJJIMHEPHBIX cTpyH + Fr
efuHuYHbIA JlenTon + Fr + s
aunenton + Fr+ b's
nusentod + for

eJMHUYHbIA JenToH + Fr



OTMeTHM ONATb XapaxTepHble COOBITHA C HejocTalouleli sHepruei u norue-
peYHBbIM UMIYJIbCOM. B omiiue or e*e™— KoJIaiepoB Ha afpOHHbIX Ma-
IHax (POHOBbIE NPOLIECCH 04eHb MHOTOYHC/ICHHBI U cynJ,eCTBeHHbI

6.6. Jleruaiimas cynep4yacruua

OJIHIM M3 KPHUTHYECKMX BOIPOCOB SIBJISETCA BONPOC O CBOACTBAX Jierdai-
weii cynepyactuubl (LSP). Pasnuunbie MexaHu3Mbl 'HapyIIEHHUs] CyNEPCHM-
MeTpPUH TPUBOAAT K Pa3JIMUHbIM IKCIIEPUMEHTAJIbHBIM CJICJICTBUAM M pa3-
JmuneiM LSP.

e ['paBHTALIMOHHBIH MEXaHH3M.

B stoM ciyqae LSP ectb sieruaiimee HelATpaauHO %}, KoTOpOe nouTH Ha
90 % ¢oTHHO AJIA peuleHHsl C MAJTbIM tan 3 H COAEPKHT HECKONBKO 60nb-
LIYIO TPUMECH XUTTCHHO JIs 60JIbI.IIel"0 tan B. OObIYHBIM MPOSIBIEHUEM LSP
ABJISIETCS] HEAOCTAIOIAA JHEPrHs; %} crabuibHo n mpejcTaBiseT u3 cebs
HaJIyyIIero KaH/aTa Ha pojib XONOfHO# TéMHO MaTepuu Bo Beesentoi.
Tunuunblii NPOLECC, B KOTOPOM POXKJACTCA LSP, 3akaHuMBaeTCs] HECKOMb-
KuMH cTpyami + for, wa sentonamu + Fr, nin u TeM # ,u,pymM + Fr.

o KanubpoBouHblii MEXaHH3M.

B 3tom cayuyae LSP - rpaButuno G, 4To TaKXKe MPUBOJHT K HEJOCTAI0-
wieit aneprid. 3/ech Bajkiee, Kakasl YaCTHIA ABJIAETCs Ceyiomel nervai-
e qacmueﬁ (NLSP). Bo3MoxHEI B2 BAPMAHTA: v

1) x? ects NLSP, Torsa Mosp! pacnajia TakoBbl: X - 'yé' hG, ZG.
Kax pesyJIbTaT TOJy4aeM JBa xeécTkux PpoToHa + ET Wi cTpyu -+ Fr;

2) lR ectb NLSP, Torsa ocHoBHast MoJia pacraja lR — 7G u Ha BbIxOjE
TMOJyuaeM 3apSKEHHbII JIETTOH U HEJOCTAIOIYIO SHEPTHIO.

¢ AHOMAJIbHBI MEXaHH3M. )

B aToM ciyvae Tak>Ke HMEIOTCH JIBe BO3MOXKHOCTH:

1) Xy ectb LSP u mopobna suno. OHa MOYTH BHIPOXKJEHA MO Macce ¢
NLSP; . A :

2) v, ecrs LSP, Torpa ona Bo3HuKaeT U3 pacna,u,a yapykuno YT — vl u
NMPOSIBJISIETCs KaK 3apsKEHHBIN JINITOH M HEJOCTAION(AsA SHEPrUsl.

. Teopuu ¢ Hapyensoit R-uérnoctoio. ‘

B srom ciyuae LSP ne siBasiercst crabusibHOl vacTHuell ¥ MOXET pac-
najaThes Ha obpruHble yacTuibl. OHa MOXET ObITb 3aps’KEHHOM (1 naxe
LBETHOH) H MOMET NPHBOJHTb K DPEIKHM pacnajiaM THIA Ge3HeHTPHHHOTO
JBOMHOTO ﬂ_-pacr‘la,u,a M T. I
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DKcnepUMeHTaIbHbIe TIpejeNb Ha 3HaueHns Maccel LSP ciepyior us
HeHabJoIeHUsT COOTBETCTBYIOMMX COObITHI. COBPEMEHHbBIN HUXKHUA 1pe-
nen cocrasisieT okouio 40 I'sB (cm. puc. 18).

Preliminary DELPHI LSP limit at 189 GeV L3 pretiminary
. v ] 60 prefiminary
—~ 50
NS any m,
S 45 F 0 7 50
v 40 F 7
Q s /\\ 1 < 40
v o3 € 32GeVier L A 3 [}
Y : ; i o
G sE ~ 30
Shf =
20 F ‘g
L5215 b 20
10 p
10
sE
0

1 2 3 4 5 678910

tanp R 10

tan §

Puc. 18. Ipenensl Ha 3Hauenus Macchl Jerdaitmeii cynepuactuusl B MCCM [32]

7 XHFFCOBCKHVI 6030 B CM n MCCM

Ozna u3 OCHOBHBIX 3a/1a4 9KCIIEPUMCHTAIBHOMN NPOBEPKH CM - 1moMCK XHrT-
cosckoro 6ozoma. On siBsieTcs nociie/ineil HeoTKphITol Yactuueii CM, u ero
OTKpPBITHE MO3BONUNO Obl 3aBepiliuTb nposepky CM u HOATBEPAUTL CHpa-
BeJIJINBOCTh MEXaHM3Ma CHOHTAHHOrO HapyiieHus cumMerpuu. W naobopor,
OTCYTCTBUE XUITCOBCKOTO 6030Ha mocesuio 6bl ' COMHEHUsl B CIIPABeAIHBOCTH
BCell KapTMHBI M NOTPebOBao Obl HOBBIX KOHUEMUMA. DTO MOXKeT ObITh TaK-
e OKHOM B HOBYIO ¢u3HKy. Hi>ke Mbl pacCMOTpPUM CBOHCTBA XHITCOBCKOTO

6o3ona 8 MCCM.

7.1. Paapeméhﬂaﬂ ‘oﬁnéci'bi Macé B CM

dKcnepuMeHTaNbHBIE NIPEfeNibl Ha MACcCy XHITCOBCKOrO 6030Ha CEAYIOT U3
npsiMoro nowcka na LEP II u TapaTpoHe U U3 KOCBEHHBIX OLIEHOK MOATOHKH
TOYHBIX 3JIEKTPOCIabbIX JAHHBIX, TPEXK/E BCErO U3 PAJAHALMOHHBIX MONpa-
BOK 'k Macce W-6Go3ona u Ton-kBapka. KoMOUHMpOBaHHBIN (UT coBpeMeH-
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HbIX 3KCIEPUMEHTAIIbHBIX JaHHbIX Ja€T (36]
mp = 90155 3B, - ' S (1.1)

4TO ¢ BEPOATHOCTBIO 95 % npHBOAMT K 3HA4YEHHIO BEpXHel rpaHULIb! B 200IsB
(cm. puc. 19). B To e BpeMms, noc/ieaHue npAMble NOHCKH XUTTCOBCKOro 60-

sona Ha LEP 11 mns snepruu 209 I'sB ycranaBiuBaloT 3Ha4€HHE HUXKHETO

npexena B 113.4 T'sB [36].

Preliminary

10 10 10°

Puc. 19: x2-pacnpesenenne Kak (pyHKIuA MACCHl XHITCOBCKOTO Go3ona n3 ¢uTa IIEK-
TPOE1AOKX JABNBIX M MACCh! TON-KBapKa. BarenéHHan o0NaCTb HCKIIOWEHA U3 JAHHBIX

10 NpsAMOMY NOHCKY XHUITCOBCKOTO 6030Ha

B CM 3HaueHHe MAacchl XMITCOBCKOro 6030Ha mp HE NpEACKa3blBACTCA.
OpHaKo, MOXKHO TIOJIYYHTh TPAHULBI HA 3HAYEHUS MACCHL. Ouu cneayoT u3
[OBeeHUs KOHCTAHTHI CAMOAEHCTBH, KOTOpasi CBA3aHa C MacCol XHUITCOB-
ckoro 6030Ha ypaBHeHueM i = 2\v.

Ha puc. 20 [37] nokasanbl 3Ha4eHUsA BEPXHETO U HHUXKHErO orpaHdyeHHH
na Maccy xurrcosckoro 6o3ona 8 CM xak (yHKUUM IIKanbl A, 1o xoTopoi,
npegnonaraercs, cupaseaiusa CM. Kax sugso Ha puc. 20, ecnu CM crpa-
BeJTHBa BIIOTH 0 IUIAHKOBCKOH MIKAJIBI, TO 3HAYEHHE MACChI XUITCOBCKOro
6030HA CHIIHO OTPAHUYEHO M HAXOAUTCA B 00N1aCTH 150-200 I'sB. HanpoTHs,
ecnu HoBas (pu3uKa (CynepCUMMETpHs) CyUIeCTBYeT Ha MEHbIUX SHEPTHsX,
0 Macea XMITCOBCKOTO 6030Ha MOXeT ObiTh MeHblue. TeM CaMbIM OTKPBI-
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m, = 175 GeV
a,(Mz) = 0.118
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Puc. 20. Orpaunvenus ua 3HaqeHns MACChl XUITcoBCKoro Gosona B CM. A ofosnauaer
wKasy SHepruii, 10 koTopoii CM cnpasedansa :

THe JIErKOTO XHITCOBCKOro 6030Ha cJty»kuJio 6bl yKa3aHHEM Ha TO, YTO HOBas
dbu3NKa JOMKHA, [OSBUTHCH Ha MIKale B Heckonbko TaB.

7.2. Macca xurrcosckoro 6030Ha B VMCCM

Kak y»xe oTMeuanoch, Macca Jierdaiimero xurrcosckoro 6osona 8 MCCM
oxasblgae‘Tc'ﬂ MeHblIIE, YeM Z-6030Ha. DTO CrpaBe/JIMBO, OJHAKO, JHUIUb Ha
/PEBECHOM YPOBHE W TOABEPIKEHO PajManyonnbiM nonpaskam. C yuérom
OJIHONIET/IEBbIX PAJUALMOHHBIX MONPABOK MACCA JErYaillero XMUrrcoBCKOro
fozona paBHa

2,4 2 =2

g 9 g o 3g°my mg My o
. mi &~ M3 cos” 28 + 1tz
' hTTE P 1672 ME, log mé (7.2)

KaK‘ BHM/HO, OJJHOTIET/IEBbIE TONPABKH TOJIOXHUTENbHBl 1 yBennanaroT 3Ha-
UeHHe Macchbl Bogona xurrca. JByxnersiieBble NONMPAaBKH HMEIOT npOTidBono—
NoxHbi# 3¢pPeKT, HO oM MaJbl [38]. ' ‘
Macca xurrcosckoro 6030Ha 3aBHCUT [VIABHBIM 06pa30M OT CIEAYIOUIMX
NapaMeTpoB: MacChl TON-KBapKa, MacC CKBAapKOB, CMe‘IHHBE;.HPIH B CKBapKO-
BoM cekTope d tan 3. MakcumanbHoe 3HaUeHUe nonytiaefrca st GonsLoro
tan 8, nis MakcHMAaJbHBIX 3HAYEHHH Macc TON-KBapKa M CKBAPKOB H npu.
MUHHUMAJILHOM CMEIIMBaHuM CTon-KBapkop. Ha puc. 21 u 22 ripejcrase-
HO 3HaYyeHHe MACChI Jierdaiiliero XUrrcopckoro 603oHa BO BCel MJIOCKOCTH
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Puc. 21. Macca nerdafinero xurrcobekoro 6o3ona jisi Ciyyas Majioro tan 8 xak dyHkK-
LKA Mg H M2, KoHTypHl Ha BepxHeil YaCTH PHCYHKa COOTBETCTBYIOT dukcupoBanHOMY
3HAYEHUIO XHUTTCOBCKOM Maccol. Ha HiKHEN 4YacTH PHCYHKA JEMOHCTPHPYETCA: BbIXOZ
MAacchl HAa MOCTOSIHHOE 3HAYeHHe MpH GOMbIINX 3HAYEHHAX IapaMeTpoB

Mg, M3 JUIs Clly4asl MaJjloro u Gomporo tan 3 coorercrBerHo [39]. Kax
BUZHO, OHA NPAKTHIECKU NIOCTOAHHA BO BCell MIOCKOCTH ¥ HACHIIIALTCA TIPU
- BOJBbILNX 3HAYEHHAX Mg H 1M /2.

Macca fleryaftiero XMrrcoBeKoro 6osona my, Kak gyrkmus tan noKa-
3aHa Ha puc. 23 [39]. 3aTenénHas Moa0Ca COOTBETCTBYET HEOIpeJeIEHHOCTH
B Macce TON-KBAPKA U CMEeIUUBAHUH TDH cpefiHEM 3HAYEHWH MACCHl TOM-
kBapKa m; = 175 I'sB. Bepxuss rpaauna cOOTBETCTBYET my=170 I'3B, a
HkHaa — my=180 I'sB. '

KoMOrHEpY# BCE HEOTIPe/IeNIEHHOCTH, TIOJTY HaeM cJiefiyionuii BHIBOZ, O Be-
nnunHe xurrcoBekoit maccsl B MCCM: :

e cuenapuit ¢ manbiM tan B (tan 8 < 3.3) MCKJTIOYAETCs HCXOJisl M3 3HaMde-
HHUST HUKHErO SKCIIePHMEHTAIbHOrO npejieNa Ha Maccy XHITCOBCKOro 6030HA
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113.3 I'sB [7];

e B Ccuenapun ¢ GoibmuM tan S Macca XMITCOBCKOro Gosona pasHa [39)
mp = 115+ 3 (stopm) =+ 1.5 (stopmix) =+ 2 (theory) &5 (topm) I'sB,

rae omMOKK MpPEeICTABIsAT coboil cTaHIapTHBIE OTKJIOHEHUA OT CPEIHEro
3HAYEHUS. :

Tlonobuble npesesbl Ha 3HaYEHHE MACCh xurreosckoro 6o3ona B CYCHU
MOTYT OBbITh U HE CTONb XKECTKUMH, €CIIH PACCMOTPETh HEMUHUMAJbHbIE Cy-
nepcUMMeTPHYHBIE MOJIenH. B 9THX cllydasx MOXHO AOOUTHCS MOBbIIIEHUHA
npegena Ha 20-30 I'sB npu manom 3HadYeHnH tan [, HO mpH 6osbuIoM tan 3

tanP=35, u < 0
m, ~2LOOP

1000}
500
800

700+

m1/2 N

m 2

600 [

500 |

L L
500 1000

m, [GeV]iT
m, {GeV]‘j

400
‘nhkhiyi 1000 500 X

Pue. 22. To xe, 4To w na puc. 21, no npu Gonbmom 3HaueHun tan B =35
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Puc. 23. Macca neryaitmero xurrcosckoro 6o3ona B MCCM kak dbynkuus tan 3

nonyyaioTcs Te ke 3HaueHusi. Tak 4yTo Jaxke aTH bonee CIOXKHBIE MOJENH
He MEHAIOT 00LIMX CBOHCTB, CYCI/I ~TeopHii — NPUCYTCTBHE JIETKOIO XUITCOB-
CKOTO 6030Ha

8. TIlepcuexTuBnl HADIIOAEHUA CylepCUMMeETPIN

C 3akpoituem LEP panprelimne nonbiTKH OTKPLITL CylIEPCHMMETPHIO CBsi-
3aHbI € aJJPOHHBIMH Koytafinepamu Tasarpon 1 LHC.

8.1. T3Ban0H

A nposHbli Konnaﬁ,aep TsBaTpon Ha BTOpOM 3Tane HMeeT SHEPTHUIO B CHCTe-
Me LEHTPa Mace paBHle 2 T3B u nnanupyeMyio cBeTumocThb B 10 pa3s mpe-
BBILIAIONLYIO Ty, YTO JOCTHTHYTA Ha nepBoM. OZIHAKO TAK KaK 3TO aJPOHHBLH
KOJLIal€ep, TO He BCS SHEPTUsA YXOAUT B CTOJIKHOBEHHA, YaCTh €€ YHOCUTCA
TEMH KBAPKAMH B IPOTOHE, KOTOpHIE He Y4acTBYIOT BO B3aUMOJEHCTBHUSX.
Vi3-3a 04€Hb BHICOKOTO yPOBH:A (hOHA ITOMY KoJuUiaiiziepy TpebyeTcst MHOro
BpeMeHH, 4TOOb! JOCTHYDb NIONTHOH CBETUMOCTH, HEOOXOMUMOMN 1151 OTKPBITHS
CyNepCUMMETPHH.

B ta6x. 2 [40] npounsocTpupoBaHbl rpaHUIBl BO3MOXKHOCTH T9BaTpOHA
110 OTKPBITHIO CKBADKOB TPeTbero nokosenust. Takxke Ha puc. 24 [41] noka3za-
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Hbl COBpEMEHHbBIe HCKJIIouéHHbIe obnacTy. Kak BUHO, OHM BCE ewE JaseKy
OT OPKMJIAEMBIX HHTEPBAJIOB 3HaYEHHUl MaCC CyNepnapTHEPOB, IPHBEJEHHBIX
g Tabs. 1.

Pacnag Nocnenyromuit  Koneunoe coct Ilpenen JOCTHXKHMOCTH
(Br =100 %) pacnag Byby wnt £y @20 6~! . (I sTan)

b= b . bEr 260 T'sB/c? (146 ['sB/c?)
i o ccfr 220 TsB/c2 (116 TaB/c?
iy — bl G A 240 T'sB/c? (140 T'sB/c?)
Lo I*-bfr - (129 T'sB/c?)
f, = bt TEoWOR b 210 TsB/c? (-) '

i WxD . g 190 TaB/c? (-).

Tabnnua 2. [peaenst nocrukumoctn mis My u Mi, oxxnnaemere Ha 11 aTane

Stop in the Dilepton Channel, 1 »>1¥ b

110 A 500 . : ‘ .
[ ~ KR
j : COF L ,d t= 10.,7 pb il 95% C.L. Excluded Region
100;—-.§‘BTO~DlVb)=100/¢ . ) {1l ocor
; " cDE . : 400 ]. (106pb™, LS Dilepton + By + Jets) |
o0 F ;o exciuded at 95% C.L. .
;: 80 o I E
8 f
g 70f
= r L J
60
E i
50
o= - —— 4 500 600
60 80 ' 100.¢ 3 120 140 , Y 100 200 300 . . 00
M(T) (GeVic?) o Ma (GeV!Cz)

Puc. 24. Uckitouénabie obaacTa g1 3HadeHHH MAcC CKBapKOB M cneﬁrpm{o (cneBa) u
CKBapKOB M IMouHo (cnpasa) Ha TapaTpone

8.2. Bonbiuoii a,upouﬁsiﬁ_ Konﬁaﬁgep (LHC)

Bonbuion aJIpOHHBINA KOJ1ainep (LHC) npejHa3HayeH JUIs IOMCKA HOBOMN
busnky Ha ToBHOA mikase. [InaHupyercs, YTo 3HaYeHHe ero YHEPriuH B CU-
CTeMe [eHTpa MAacC JIOCTHrHeT 14 T3B co cBeTHMOCTBIO JO HECKOJILKUX CO-
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ten ¢67. Oxujaercs, uro LHC nepekpoeT mHpoKyo 0671aCTh MPOCTpaH-
ctBa napamerpos MCCM (cm. puc. 25 [42]) u oTKpoer cynepnapTHEPOB CO
spauenuamMu Macc o 2 TsB [43]. Dto 6yaer KpHTHYECKUM TECTOM MCCM
¥ BOOBLIE BCell KOHLEMIMH HU3KOSHEPreTHYECKOH! CynepCHMMETPHH.

_Explorable domain in g, g seaches
in n leptons + EJVSS + > 2 jets final states

Expected sparticle reach in various channelil :

m SUGRA, Ap=0,tan =35, p> 0

m SUGRA; tg B = 2 (about the same up to ~ 5), Ag =0, u <Q
5 o contours ; non - isolated muons

5 & contours (6 = Ngig / Ngg + Npgg) for 10°%pb™ o i ; oy
cM™m
I 1 L A R S N SN N A { 1a00{~
cMS; 1050 ! g

miss -1
=T ) saom 10017 o

1000 -~ = ‘7,@330!
1200

1000
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200 F{-ox-

200
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- - struclure .

0,0, 1aa et

g
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s i ]
It ’ 0 500 1000 1500 2000
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Puc. 25. Oxunaeman obnacts gocruxerns LHC no noucky cynepcamMerpuut

LHC rtakxe MM OTKpOET XUITCOBCKHH GO30H, UM JOKAXKET ero orT-
cyrcTBHe. B TepmuHax pa3peiménHplx 00nacTell NPOCTPaHCTBA HAapaMeTpos
MCCM LHC nokpoer Bech UHTEPECYIOWHUI HAC HUHTEPBaJ (CM puc. 26 {42]).
PasstuuHbIe MOJBI Paciiajia NO3BOIAIOT NPOBEPHTE PASIHIHEIE 06acTH, X0-
T2 (DOHOBBIE MPOLECCHL OYEHb CYUIECTBEHHDI.

9. 3akjaroueHHne

CynepcuMMeTpHsl AIBJISIETCS He TOJIbKO Hauboree MOMyNAPHBIM PaCIUHpEHH-
em CraapaprHoit Mogemu. Ouna obeuaer HaM, 4TO HOBas (U3UKA MOFABUT-
cAl y’Ke Ha TOBHOM UIKaJe, YTO [O3BOJHT YBH/ETH eé y>Ke Ha YCKODHTEJSIX
GrmxKaliero gecatuietus. Ecian Hamy mpejcka3saHus onpaBJaloTCs, OeHb
CKOpO HAC OXKHJAIOT HOBbIe OTKDBITHSA: BOSHHKHET LEJbIH MHp CYNEPCHM-
MeTPHYHBIX 4acTHL, ¥ Tabiuna GyHJAMEHTAJIbHBIX YACTHI| 3aMETHO pac-
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Puc. 26. O61acTH AOCTHIKEHUS Konnaiimepa LHC no noncky xurrcosckoro 6o3oxa gy
PadJIHHBIX MOZ pacriajia ‘ . :

HIMPUTCS. 9’1‘0 6y,11eT OOJILLIMM [aroM BIEepEN B MOHHMAHHHU YCTPOHCTBa
MHUKDOMHDA.

Bnaro;xapﬁocni ‘
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