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BBenenne
OpnHoit 13 GyHIAMEHTAJIBHBIX 3araJ0K CTAHIAPTHOI MOJIEIH SIBJISIETCST HEIIO-
HUMaHIe Macchbl (pepMUOHA U nepapxui - vermuBannsd. MHOroooemaommm mo/I-
XO0J0OM K peEHIeHHIO 9TOM T'OJIOBOJIOMKH SIBJIAETCSI UCIOJIb30BaHIE ropn3oHTaJib-
HBIX CUMMETPHUil, KaK TJI00AJbHBIX, TaK U JIOKAJIBHBIX, KOTOPhIE Ipeodpas3yroT

depMmoHBbI OJTHOIO TOKOJIeHus1 B Jipyroe. Tor dakt, uro B "

2lesie nCUe3a-
omux cssaseit FOkasbl"crangapraasg Mojens obsajgaer orpomuoit SU(3) X
SU(3)%ex SU(3)% x SU(3)} x SU(3)%xU(1) g1, ropusonTaibHOl cummerpueii,
JIeJIaeT STOT TOJIX0JL BIIOJIHE [PABIONOJ00HBIM.

Jasiee Oy1yT BECTUCH PACCYZKIEHUsI O JIOKAJILHOM Pe¢. 11 3aIliu FOPU30HTA b-
HbIX cumMerpuii. JIokasbHble cuMMeTprn 06J1a1at0T OpPe e IeHHBIMU SIBHBIMU
IPEMMYIIECTBAME 110 CPABHEHUIO CO CBOMME TJIOOAIbHBIMU aHajoramu. Han-
6oJiee CyIIECTBEHHBIM OTJIMYUEM, BO3MOXKHO, SIBJISIETCSI CHUJIBHOE TIOJI03PEHIE B
TOM, 4TO 1I06aJIbHbIE (HO He JIOKAJIbHBIE) CUMMETPUH [OJ[BEPIKEHbI SIBHOMY Ya-
CTOMY HAPYIIEHNIO U3-38 KBAHTOBBIX MPABUTAIMOHHBIX (D }EKTOB.

Hanuune cymepcnmMerpuit HaK/IaIbIBaeT JTOMOJTHUTEBHBIC OMPAHUYICHHS
Ha MOJIEJIN C JIOKAJBHBIME TOPH30HTaJIbHBIMI cuMMerpusimu |1]. Hampuwmep,
ecJi BRIGpaTh 001y IPOCTYIO HeabesieBy rpyiiiy G Kak JIOKAJIbHYIO NOPH3QH-
TAJBHYIO CUMMETDHIO, DU HAJIUYNE HAPYIIEHUs CylepcuMMeTprn, D—dajieHsl,
CBsI3aHHBIE ¢ 9TOil rpy1moii G, Oy/yT BbI3bIBATH PACIICIUICHIE MEKLY MacCaMu

CJIEIITOHA N CKBapKa Pa3HbIX [HOKOJICHU A (HpHMeanI/IeI CJIEITOHBLI 1 CKBapKM -

IUIIOTETUYCCKIE CyTIePCUMMETPUYHbBIE YaCTUIIbI-IIADTHEPHI K JIEITOHAM 1 KBap-
KaM). OHE BbI3BIBAIOT 3P DeKThl HEHTPATHLHONO TOKA, M3MEHSIONNX apoMar.
[Tocko/TbKy CKBApKOBBIE PACIIEIJIEHUs] MacC He 3aBUCAT OT TOPU30HTAIbLHBIX
KaJIMOPOBOK U TI0Ka MOPUBOHTAJIbHAS IPYIIIIa sIBJISIETCA ITPOCTON, HET CBODO/I-
HOI'O TTapaMeTpa, KOTOPBI MOXKHO HCIOJIB30BATh JIJIsi YMEHBIICHUST 9TUX pPas-
JIeJICHUIl JI0 ONpPEJICJICHHOIO YPOBHS. DTO CO3/aeT MPOOJEMY HUCIIOIb30BAHIS
JIOKAJTbHBIX TOPU30HTAJIBHBIX CHIMMETPUI KaK CIIocoba TMOHNMaHUS HepapXuin
Macc (PEPMUOHOB B CYIIEPCUMMETPUIHOM KOHTEKCTE.

Eciu 661 D—ajiennble cKBapKOBble pacIierieHusi Mace (Uil CJIeNTOHOBbIE)
OTCYTCTBOBAJIH, JIOKAJbHBIE TOPU30HTAJILHBIE CUMMETPHH MOIJIM Obl PEIuTh
npobsiemy apomara B SUSY (SUperSYmmetry), kotopasi mpecieyer o0ILyio

HapPYIIaeMyIo CYyIepCuMMETPUIHYIO CTaHIapTHYIO MOJIEb. SIBHBIM ITpEenMYTIie-
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CTBOM SIBJISIETCsT TOT (DAKT, ITO HE i1 /2KHO JIeJIaTh HUKAKIX CIEIUAJIbHBIX ITPE/I-
noyioxkennii o norennuane Kemepa (Kahler potential wmu cyneprnoreniuman),
KpoMme TpeboBaHUs KaJHMOPOBOYHOI MHBapuaHTHOCTH. Panee ObLIn Ipejpu-
HSTBI JIBa PA3JIMIHBIX T10JIX0/Ia, KOTOPbIE MO3BOISIOT M30€7KaTh BHIIICYIIOMIHY-
TOit TpyaHOCTH ¢ D—djIeHOM: 1epBoe - INPEJIOJI0KEHNe, IYTO NOPU30HTAJIbHAS
CUMMETPHU SIBJIsIeTCs TJI00AJLHON, WM BTOPOE - UCIOJIL30BaHUE JIMCKPETHOM
KaJIMOPOBOYHOI cuMMeTpur. B obonx ciydasix HET ¢BA3aHHBIX D—djIeHOB.

B namnoit pabote onuckiBaercst perrenne "mpobdsembl D—uiieHa KoTopoe 1mo3-
BOJIIJIO OBl MCIIOJIb30BATh UCTHHHBIE KAJIMOPOBOUHbBIE CUMMETPUN JIJIsT OJHOBPE-
MEHHOI'O penieHus mpodeMbl MACChl (PepMHUOHA 1 TTPOOJIEMbBI CyTIEPCHMMETPU Y-
woro apomara |2]. [TokaseiBaercs, aro, npucoemnuus rpyiiy U(1) Kak jokaib-
HYIO CHMMETPHIO K CYIIEeCTBYIOIIel HeabesieBoil ropm3oHTa bHOil rpyiie G,
MOYKHO PACCMOTPETh MACCOBbIE PACHIEIIICHUST MEXKTY PA3IUIHBIMU TOKOJICHISI-
MI CKBapKOB, BbI3BaHHble D—1menamu. Pasnenenne maccol Terepb Oy/1eT KBa/l-
PATUYHO 3aBUCETH OT COOTHOIIEHHS JIBYX KaJUOPOBOUYHBIX BbIParKeHMi, KOTO-
poe MOXKET ObITh CKOPPEKTUPOBAHO TaKUM 00pa30M, 4TOOBI cjiesiaTh 3(PEEKTHI
FCNC (Flavor-Changing Neutral Current) moctaTodno MajabiMi. DTOT MeXa-
HU3M Oy/IeT MPOM/LTIOCTPUPOBAH Ha IIPUMepe ropu3oHTaIbHOT Mogemn SU (2) i X
U(1)g. Barem Oyjer ommucaHo MOCTPOEHHE TTOJHOCTBIO PEATIHCTHIHOM MOJIEIH,
HCIOJIB3YsI 9TY IPYIILY, U oKa3aHo, Kak ¢aktop U (1) MoKeT ObITh OTOXKIECTB-
JIEH ¢ aHOMaJIbHOI rpymmoit U (1), BO3HUKAIOMIEH IIPH KOMITAKTU(MUKAIIUU CY-

epcTpyH (MpuMedanne: KOMIAKTHHDUKAINA - Ollepariust, KoTopast mpeobpasyer

TOIOJIOTHIECKIE TIPOCTPAHCTBA B KOMIIAKTHBIE). DTa MOJIE/b BIOJHE MPEJICKa-
3yeMa B HEHTPUHHOM, a TaKyKe B KBAPKOBOM I +ieIITOHHOM ceKTopax. B dact-
HOCTH, OHA IOJIJIEPXKUBACT aTMOC(EpPHbIE 110 OOJIBIITUM YIJIaM U COJIHEUHBIE 110
MaJIbIM yTJIaM HefiTpuHHbIe Koslebanus. Momenb MokeT OBITH OTOpOITEHA, eC/In
pPeJIKUil pactajl (4 — ey He OyJeT HabJII0JaThCsd B PACCMATPUBAEMOM SKCIIEPH-
menTe. Kpome Toro, rpyiia, cOOTBETCTBYIONIAsT JAHHON MO MOXKET ObITh

nerko oobeauuena B rpymmy SU(5) mwin SO(10).
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IlogaBiaenne D-4jieHHBIX paclielyieHnii Macc

B IPUCYTCTBUU JOTOJIHUTEJIbHOM rpyrmbt U (1)
Pacemorpum kamubposounyto rpytiy reopun Kak SU(3)exSU(2), xU(1)y
xGp, rie ropusonTasnbias rpymmna Gy Boiopana kak SU(2)y x U(1l)y, Kak
ObLIO YKa3aHO paHee. BoiOepeMm cTpoeHune Mojenn Takoil »ke, kak u B MSSM, ¢
n00aBIEHNEM TPEX TPAaBBIX HEHTPUHO (0003HATAEMBIX VY ). DTU T0JIS V§ HEOOXO-
JMBI JIJIsT yeTpanenust "aHoMmajmu Tpeyrojabauka u riobansaoit SU(2)y aHo-
masinn. CJiecTBUEM STOrO SIBJSIETCS TO, UTO JieBble HEHTpUHO OYIyT HMETHb
HEeOOJIbINNE MACChI, HH/IYIIIPYEeMbIe Seesaw-MexXaHn3MoM. ['0pr30HTaIbHbIE KBAH-
TOBBIE UHCJIa BBIOPAHBI B COOTBETCTBUU C TE€M IIPEJIOJIOKEHIEM, UTO TaCTUIIbI
[EePBBIX JIBYX IMOKOJEHUH npuHajieskar K jybiaeram rpymisl SU(2) g, Torga
KaK 4JaCTHUIbl TPETHEro MOKOJEHHs HAXOMIATCS B CHHIJIETHOM IPeJICTaBICHI.
Kpowme Toro, Mbl BBOJIUM ycJjiOBHE YHUDHUIUPYEMOCTH, KOTOPOE O3HAYAET, ITO
BCe 16 9IeHOB ITOKOJIEHUsT IMEIOT OJMHAKOBbIE TOPU30HTAJILHBIE 3aPsIIbl. TaKIM

obpazoM:

{Qa,La,ug,dg,eg,ug} : 2(_1) (1)
{Q37L37u§7 §7€§>V2} : 1(0)

e nokasanbl KBauntoele unciaa SU(2)y x U(1)g. Sgecs a = 1 — 2 - 910

nigerce SU(2)y. Cekrop Xurrca cOCTONT U3 CJICIYIONHAX TTOJIEi:

(Ho Ha) = 100); 6 20005 = 2(—1)sx - 1(1); ¥ 2 1(—1); 85 1(0)(i =1~ 2)

2)

Bnecy H,, Hy siBiisitorcst oObIYHBIME TIOJIAME JiyOsieta MSSM, B To Bpems
KaK BCE OCTAJILHDIC I0JIsl ABJISIIOTCA CUHIJIETAMU CTAHJIAPTHON Mojesn. Ydn-
TBIBasl IPYIILY MOPU30HTAILHON cummerpun G, 3Ta cucreMa XUITCa sABJISICTCSI
MUHUMAJILHBIM BBLIOOPOM, KOTOPBI MOXKeT IpaBuibHo pa3outh rpyuny G 6e3
napymenns cynepcummerpun. 1lons (¢, ¢) paspensior SU(2)g, B To Bpems
Kak 1oy (x, x) pasgensaior U(1)y. Toas S; HeoOXoAuMBbL jijist TOTO, ITOOBI
paspelTh KyOudecKue 4ieHbl B CylIepIOTeHIale, 9T0 ABJIAeTcsd TpeOOBaHU-

€M, €CJIM T'OPpU30OHTaJIbHasd Ka.HI/I6pOBO‘lHa5{ CUMMETPHSA JOJIZKHa OBITH HapylieHa
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B CYIIEPCUMMETPUYHOM IIpejiesie TOJIbKO IIePEHOPMUPYEMbIMU YJIEHAMMU.
[IpogemoncTpupyeMm, Kak B 3TOI MOJIeTN BOZHUKAET MO/ IaBIeHIe PACIIeIIe-
HUsT MacChl D—djieHa MezK /Ty CKBapKaMI Pa3HbIX MOKOJIeHuil (1 cenronamu). B
9TOII KOHKPETHOI Mojiesn ipobiieMa Kacaercss D—aienos jjist SU(2) g, KoTopbie
MOTEHIINAIBHO MOTYT Pa3/Ie/INTh MACChl IEPBLIX JIBYX MOKOJeHUi. Takke Bak-
1O, uTo D—uten ijist U(1) 7 He BBI30BET MACCOBOTO PACIIEIIEHUST B [IEPBBIX JIBYX
nokoJieHusix. Hanbostee obmmit cyneproTeHnya, BKIOYAONN 11051 XUrrea,

nMeeT BUJI:

W = uppd + AppS1 + W' (xx, S;) (3)

e u3beraercs siBHast popma dparmenta W', Bkioaatoriero moss (XX, S;)-
B cynepcuMMeTpuIHOM IIpejiesie Mbl IMeeM < ¢ >=< ¢ = Vo >n < x >=<
X >= V. [enaercs npeamoozkenne, 4T0 MacTab HaPyIIEHNs] TOPH30HTAI b
noit cummerpun (Vy, V) ) HaMHOro 6oJiblile, 4eM MacIITad yCJIOBUIl HapyIIeHUs]
cynepcuMmMerpun. TpeboBanne obpallieHnss B HYJIb F—4eHOB B CylepcrMMeT-
pUUHOM Ipejiesie noapasymesaer Fy = (py + AS1)¢ u Fs = App + W' /1 = 0.
BkJrouast pou3BoJIbHOE HAPYIIEHUE CYLEPCUMMETPHUN, CKAIAPHBIA II0TEHIN-
aJ1, BK/IIOYAIONTHit 1107151 (¢, ¢), 3a7aeTCs OTAEILHBIM BhIPaZKeHneM. A MUHIMI-
3Upys 9TOT MOTEHIMAJ OTHOCHTEIBHO TIOJICHl ¢ M ¢ M BBIYNTAS J[BA YCJIOBH

OKCTpeMU3all, Mbl ITPUXOJNM K COOTHOIICHUIO!

*

_ A _ 1
(10"~ loI*) [¢—¢(A¢¢+5W'/5S) (920 +4970) + Bopo+ ApAS] = (mg —my)

4
(4)
B nrore Bki1a/1 B pacimernienne Macchl CKBapKa (nim ciaenrona) or D—aena

OITPEJIe/ISIETCS CJIEIYIONINM 00pa30M:

2
o1 2 2
SRl B P R (5)
Gy +4giy ’

Crout obparuts BHEMaHMe, urTo B orcyrctBue U(1)y, rpymma H (t.e., ecim

Q—m?b, KOTOpasl He 3aBUCUT OT KaJUOPOBOYHOI CBSI3U U

¢
siBJIgIeTcsl IPoU3BOJIbHOM (T.e. Jmoboit Mexkay (100GeV)? u (1000GeV)?) . Xo-

Am

DN

gim = 0), omiy,, ~ m

T 9TU D—4j1eHbl BHOCAT BKJIaJ B duWal'OHaJIbHbIE MaCCbl CKBapPKOB, IIOCKOJIBKY
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OHM He YHUBEPCAJIbHBI, KAK TOJHKO ITPOU3BOJINTCs Bpalenne Kabuboo na kBap-
KOBBIX I0JISIX, OHU BHOCAT BKJIaJ] B IPOIECCHI U3MEeHeHMs apomara. Haubosee
CTpOrHe OrpaHmUeHHs] BO3HUKAIOT 133a cMernuBannst K — KO u peakoro pac-
najia j — e7y. Pasuuna mace K — Kg ycranaBauBaer orpanndene (13 caMoro
crpororo omeparopa (LL)(RR)) [dmZ/m2]0c < 1 x 107%(mg/500GeV) | rae
mg 0b03HaYaeT CcpejlHeKBapaTuiIHyio Maccy. Orpanudenne, BO3HUKAIOLIEE U3
i — ey, anajornano. O4eBuHo, 9T0 ecau g1 — 0, To pacierienne D—aiena
OyaeT rpy0o MPOTHBOPEYUTH SKCIIEPUMEHTAM, €CJIN MacChl KBaJIPATOB OY/IyT HU-
ke T9B. C apyroit ¢cTopoHbI, IPU HAJUYIUN JIOTOJHATEIHLHOIO KaJIuOPOBOYHOIO
BBIDAYKEHUsI ¢y CTPOEHHe OYIeT BBIIJISAIETh [O-MHOMY.

Mot mg ~ (300—500)GeV mozess coracyercst ¢ sKciepuMenTamin. BaxHo,

YTO cJIaraeMble MacChl, HAPYIIAIOIINAE CYIIEPCUMMETPUIO, mé 11 M2 He TIPOXOJISAT

¢

HIZKe TOPU3OHTAIBLHOTO MACIITaba, (II0CKOILKY TIOJIS ¢) U () MIMEIOT MACChl OPSI-
Ka Vj). C Apyroit CTOPOHBI, MACCHI CKBAPKOB JIEHCTBUTEILHO HAXO/STCS HIZKE
V4 1 B 9TOM Hpoliecce MOTydaloT yHUBEPCAJIbHBII BKJIaJ] apoMaTa OT gauginos
(gaugino - 1o runoreTndeckuii (bepMUOHHBIT KBAHT CYIIEPCHMMETPUTHOTO MO~
Jis1 (T.e. - cynepuapTHep) KaaubpoBOUHOIO MO/, MPEJICKA3aAHHBIN KATMOPOBOY-
HOU Teopueil B coYeTaHnu ¢ cynepcummverpueit). st comocraBuMbIx 3HATEHUI
HadaIbHBIX (10 mKaJje [Lnatnka) Mmace gaugino u ckBapka KoM duimeHt mé / mg
yMeHbIIaeTcs npuMepro #a ~ 1/10.

HecMmoTpst Ha ucroib30BaHe KOHKPETHOTO IIpUMepa JIJIsi peIeHus podJie-
Mbl D—dieHa, ero ocobeHHOCTH IIpeodJiajaloT B Oosee oOIux ciaydasx. Ha-
IIpUMeEp, MOXKHO HCIIOJIB30BATh aJbTepHATHBHBIE CYIIEPIOTEHINAJIBI, TAKIEe KaK
W = A\Si(ppp?)+W' un Taxoii cyneprnoTeHma, KOTOphIi BKII0YaeT Helepe-

HopMmupyembie oriepatopbl. [Ipobiema FCNC B orcyrersue U (1) g u ee pererue

gepe3 U(1)y OyayT uAeHTHIHDI CJIYUIAi0, OMUCAHHOMY BBIIIIE.
Peanucruuynaga MOJ€JIb MaCCbI (l)epMI/IOHOB n

HepapXHﬁ CMeEellInBaHUA
Hasiee OynieT 1mokasaHo, YTO MOJIe/Ib, OIUCAHHAs B IPEJIbILIYIIEM pas/iele,
MOYKET €CTECTBEHHBIM 00pa3oM OObSCHUTH Maccy (pepMUOHa U UEPAPXUIO0 CMe-
muBanus. byaeM ciieoBaTh TOi TOUKe 3peHns, YTO B JarpaHzKuaHe paspere-

HBI BCE OIIEPATOPHI, COTJIACYIOIINECs ¢ KaJMOPOBOYHON MHBAPHMAHTHOCTHIO. JTO
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BKJIIOUAET B cebsl HellepeHOPMUPYEMbIE OIIEPATOPBI, KOTOPbIE O/ /1 /T I0IaBIE€HbI

COOTBETCTBYIONINMI OOPATHBIMU CTEIIeHIMU ILJIAHKOBCKO# Macchl. [Ipe/moara-

eTcst, 9TO Bee KOIMMUIMEHTH! TAKIX OIEPATOPOB UMEIOT MOPSIIOK €IMHUIIbI.
CuauaJsia OyjieT paccMOTPEH KBapKOBbI cekTop Teopuu. OOmunii cymnepro-

Tenmual, coryacyrommuiics ¢ cummerpueit SU(2) g x U(1)y, 3amaercs:

u d

h hg
Wyur = hi3Q3uSH, + hisQzdsHy + Mﬁaanug Hy,op + MéaanchdébbJr

th ab c hd ab c th c ap bq
+M€ Qsuy, u¢b+ﬁ€ QsdyHadp + QQaubHu¢p¢q€ €7+

hg2 c ap bq hqu ab c hd ab &
+WQaded¢p¢q€ € +W€ QuusH, X JrWG QudsHyx* (6)

Taxzke MOXKHO MOJYYUTH CJEIYIONTYI0 NepaApXUIecKy0 MaTPUILy MacC Kak

AJIgd BEPXHETro, TakK U JJId HUZKHET'O CEKTOPOB!

0 h126 0
Mf = Uf —h{2€2 h 2E¢ h 23€0 (7)

0 h§2€¢ h33
¢ f = u,d. Marpuna macchl 3apsijia JIEIITOHA UMeeT UJIEHTUIHYI0 (POopMYy, KaK
u Marpuia Maccel Hefitpuno dupaxa (ecim onpegenuts f = [ v jjis JIBYX

CITyIaeR).

MaTpuiipl Macc eCTeCTBEHHBIM 00pa30M 00bACHSIET HePAPXUIO Mace (hepMu-
OHa U yIJia cMmennBaHus. [ajee, mpemooKuM, 9To Bee napaMerpsb! hij mmeror
[IEePBLII HOPSII0K. MaccoBble COOTHOIIEHHSI B CEKTOPE HUYKHUX KBAPKOB 3aTEM

3aJ1a10TCsd (POPMYJIOI:

M /My, ~ eé, Ma/ms ~ eie;ﬁ (8)

C AHAJIOTUYHBIMU Pe3y/IbTaTaMI B CEKTOPAaX BEPXHETO KBAPKa W 3apPAKeHHO-
ro JienTona. Ecin BoiOpars €4 = 1/7 u €, = 1/20, Bce nabiitoaeMble MacChl I
YIVIBI CMEHIUBaHUs MOI'YT ObITh 00bsICHEHBI, IIPU 9TOM KO3 dunnenTs! h;; 1pu-
HUMAIOT 3HavYeHus B juarnasone (1/2 — 2). D10 3HAYUTETHLHOE YIIyUIlIeHHe 0
CPaBHEHUIO CO CTaHJIAPTHLIMU MojeasaMu FOKaBbl, KOTOpbIe OXBATLIBAIOT MPU-

MEpPHO MIECTh MOPSAKOB BeJIMINHBI. B 1annoit cucreme, pa3andus IepBOro IMo-

7
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psiJiKa, TaKue Kak B 1M, /m; u ms/m; (OTInYatoTcst IPIMEPHO B 3 Pa3a 110 IKa-
e Ilianka), 0ObSICHSIOTCS PA3JIHINSIMU [EPBOIO HOPsIKA B COSUHEHHSIX h;;.
Uepapxust my/m; TpebyeT yMepeHHbIX nin 60JbInx 3Hadennii tgf ~ 10 — 40.

[Tepexomst Terepb K JIEIITOHHOMY CEKTOPY, KaK yKe OTMEUYaJIOCh, MaTPUIIbI
MaCC 3apsiZKeHHOro JielToHa 1 Hefitpuno Jlupaka UMeOT njieHTHIHbIe POPMBI,
Kak ObL10 moKazano B ypasuennn (7). MaccoBas marpuna v$ Maiiopans! mosty-

JaeTCd U3 Jlal'DaHzKHaHa.:

f

e c,.c f2 c
f13 c f c ap b f
+ — M3 VEUSAdy, x> +—M4uaubAgbp¢q eWebin? 4 —— A6 v,

CUEND P+

¢p§bq apequ (9)

Ha yposre cranpaprroit Mojesn st Macchl ¥§ Maiiopatbl Oy/ier ormyiieH
POCTOH MaCCOBBII wieH. BbIABUTaeTCs IIPEANOIOKEHNE, YTO 3TO BO3HUKAET
m33a VEV (Vacuum expectation value) mosst §, koropoe napymaer B - L crw-
merputo. Korjga Moesnb BCTPOEHA B JIEBO-IIPABYIO CUMMETPUUHYIO CTPYKTYPY
win SO(10), win ecjiu usmepsiercst B-L cummMeTpust MoJIe i B €e HbIHEIITHEM Bli-
Jle, MaftopaHOBCKIe Macchl noJjieit v¢ notpedytor VEV 11 TaKoro MyIbTHILIETa
3]

I13-3a CI0KHOCTH Seesaw-INaroHaI3aII MOYKHO COXPAHUTH HAUMEHbIITHE
He oOpallaloyecs B HyJb YWICHBI BO BCEX 3JeMeHTax Marpullbl Maitopansr v¢,

KOTOpad 3aJacTCsd:

fueiey fuee, fizeser
M,e=<A> f12€i6?< f226¢ f23€¢ (10)
f13€¢€§< fas€g /33

Pentenne nmpobjieMbl cynnepcuMMeTPIYHOT'O apo-

MaTa
[IpencraBiennas 3/1ecb MOJIETb TaKxKe NMEET BCTPOEHHOE pelieHune mpobJie-
MBI CyNEPCUMMETPUIHOIO apomaTa. Ha camom jese, 4acTblo MOTUBAIUU HC-
M0JIB30BaHUS TOPU30HTAJILHON CUMMETPHUH W OBLIO, 10 CYTH, PEIICHHEM 3TOi

HpO6JI€MbI. HOCKOJIbe ropm3oHTaJibHad CUMMETPHLA JIOKaJIbHa, OT KBaHTOBbIX
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I'PABUTAIMOHHBIX 3(PPEKTOB HEe 0XKUJIAeTCs sIBHOTO HapylleHns. Kak yxxe 00-
CY2K/IATIOCh (CM. pas3[l. 2), YCHJINBAOIIas FOPH30HTAIBHYIO CUMMETPUIO TPYIIITA,
o koaddurmenty U(1) yMeHbInaeT HapyIIeHne apoMara, BOSHUKAIOIIee N3-3a
ropusoHTa bHbiX SU(2)y D-unenos. OjHako HapyIlneHne apomara B CEKTOPEe
CKBApKOB (1 CJIENTOHOB) OYJIeT BBI3BAHO, KAK TOJBLKO OY/IyT BKJIFOUEHBI 3 deK-
Thl HAPYIIEHUS FOPU30HTAIBHON cuMmMmeTpun. Terepb MokaykeMm, 9To TaKie Ha-
PYIIeHNs He SIBJIAIOTCS YPE3MEPHBIMU U COTJIACYIOTCS € CYIIECTBYIOMIUME Or'Pa-
Hunuennsaymu FCNC.

[Tpejosraraem, 4To HapyleHne CylnepCuMMETPUN IIPOUCXOUT B CKPBITOM
cekTope 1 nepejiaercsa B cekrop MSSM ¢ nmomortnbio cyneprpasuraryuu. OHaKko
Jajiee He OyJeT ¢ielaHo HUKAKIX CIIENUATbHBIX TPEJITOIOYKEHI O TOTeHITnaIe
Kenepa (mmm cyneproreniinase). B gacTHOCTH, He MPEJIIOIAraeTcs, ITO CKa-
JISIpHBIE MACChl YHUBEPCAJBHBI WM 9TO TPUINHEiHbIe A—dJIeHbl, HAPYIIAIOIIIE
CYTIEPCUMMETPHIO, MPOTOPINOHAIBHBI CYIIEPIOTEHITNAJBHBIM CBsA3sIM HOKaBbI.
Msrkne ckaagpHble Macchl BOZHUKAIOT U3 OOIMNX MOTEHINAIbLHBIX 4IeHoB Ke-
nepa. st cKBapKOB NEPBBIX JIBYX MOKOJIEHNI JTOMUHUPYIONIUI BKJIA ITPUXO-

JNTCA Ha:

>(<

4Ot
/d QQ QaM Planck <11)

rje 7 — IM0Jie CKPBITOTO CeKTopa (CIypUOH, MpUMeYaHue: 9T0 (bUKTHBHOE

BCIIOMOTaTeJIbHOE TI0JIe B KBAHTOBOI TEOPUH T10JIsI, KOTOPOE MOYKET HCIIOJIB30-
BaTbhCs JIIsI ITapaMeTpus3allin JII000T0 HAPYIIEHUsS CUMMETPUHN U OIpeaeIeHUsd
BCEX OIePATOPOB, WHBAPUAHTHBIX OTHOCHTEIBHO CHMMETDHN) C HeHy/eBoil F-
cocTaBJIgoNIel, Hapymaomei cynepcummerpuio. Uaentudunupys F2/ M]%l anchk
M gU gy» BUJIHO, YTO JOMUHUPYIOHINE MACChI Jijlsl IIePBBIX JIBYX HOKOJICHUIT yHH-
BepcasIbHBI BCIEJICTBIE TopusoHTasbaolt cummerpun SU (2)y. Heynusepcasib-

HbI€ MCIIPpaBJICHMA 6y,ZLyT BBITCKATb N3 TaKNX TEPMHNHOB, KaK

2z

L= [ doQioei0n) 77—

1 aHaJIOTMYHBIN WIEH ¢ 3aMeHOil ¢ Ha ¢. [lo cpaBHEHHMIO ¢ JOMUHHPYIO-

(12)

lanck

MMM BKJIaAOM, 3TH HEYHUBEPCaJIbHbIC YJICHDLI IIOAABJIAIOTCA KOS(beI/IHI/IGHTOM

635 ~ 2x1072. [TockobKY 9TH TOTPAaBKN BHOCAT BKJIaJT B AUATOHAJIBHDBIE 3AITUCH
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B MaTPHIE MaCChl CKBapKoB, J1000il ahdexT FCNC morpedyer J10moHITE/1HHO-

mq

o yrJia CMeIunBaHusi KBApKoB (~ O ~ |/ — =2 0.2). Kpowme Toro, Kak orMeda-
mg

JIOCh paHee, 9TH HEYHUBEPCATbHBIE MOMPABKH pa30aBIsioTest mpuMepHo B 1/10

pa3a B cekTope ckBapkoB 3a cueT 3ddekro RGE, mporoprnonajbHbIX Macce
gaugino (ryaBHBIM 00pa3oM - gluino). Yio6HO orpejie/iuTh HabOp MapaMeTpoB
6{, xak orHomenne (1,2) s1eMeHTa MATPUIIBI MACCHI CKBAPKA K CPEJIHeMy KBa/I-
paTy Macchl cCKBapka B Oasnce, rjie KBAPKOBBIE TOJIST SIBJISIIOTCST (DU3UICCKIMI.
Barem onenusaercsa (0%)rrrr ~ (2 x 1072) x (0.2) x (0.1) = 4 x 107* |
DTO cJieJlyeT CPABHUTDH C SKCIIEPUMEHTATbHBIM IIPEJICJIOM JIJIsi 9TOH BEJTNINHBI
(0% r.rr < 1 x 1073, jeiicTBurebHbIM 1715 cpejneil Macehl Ksajpata 500
['5B. Takoit pe3y/bTaT coriacyeTcs ¢ SKCIepuMEHTOM.

AHaJlorumaHoe paccyzKJieHne B CeKTOPE CJIEITOHOB MEePBBIX JBYX MOKOJIEHMI
~ (2x1072) x (0.07) ~ 1.4 x 1073,

3J1eCb OBLI IIPUHST yIOJI CMEIIHBAHUS e— /L DPABHBIM y/M./m,, ~ 0.07, aTo coot-

IIPUBOJUT K HPOrHO3Y, 4To (0%,) ) L.RR~é0,,
BeTCcTBYeT MaTpuiie Macc. CToNT 0OpaTUTh BHUMAHNE, YTO B OTJINYINE OT CEKTO-
pa CKBapKOB, HET 3HATUTETHLHOTO 3 derTa pazdasienns (MOCKOJIbKY CIEITOHbI
HefTpaIbHBL [0 [[BETY). DTO YUC/IO CJIEyeT CPABHUTH C OPAHUYEHHEM U3 Ha-
CTOSIIIETO IKCIIEPUMEHTAJIBLHOIO 1IpeJiesia i [ — €7, KOTOpOe COOTBETCTBYET
(0%9)cr.rr < (4.0 x 1072 — 1.8 x 1072) m ~ 100 T'sB u jus x = m2/m? »
qnanasone 0,3 — 3. XoTsd orpaHnyeHne BBIIOJIHEHO, BEPOATHOCTD JIJI L — €7y
He MOXKET OBIThL HAMHOT'O HUXKe TEKYIEro SKCIepuMeHnTaabHoro mpegena. [lo
OIleHKaM, 3TOT IoKa3aTe b He Oosiee yeM B 100 pa3 Hu»Ke HBbIHEIIHero mpejea,
KOTOpBIIT BCKOpe OyieT MPOTEeCTUPOBaH.

Kacaemo cynepcummerpun, Hapyiatomnieil Tpuinneiinbie A-4jieHbl, OHU BO3-
HUKAIOT B MOJIEJIAX CyllepIPaBUTAINN U3 CYIEPIOTeHIUAIbHBIX TEPMUHOB, Ta-

KX KakK:

<

Pesynbrupytorue KoM UIMeHThbl TPEXJINHEHHBIX CKaJSIPHBIX 1JIEHOB NMe-
10T nopsaok Mgpysy. T'opusonTaibHast KaaunOpoBOUHas MHBAPUAHTHOCTE 1101~
pasyMeBaeT, UYTO B JaHHOI MOJIEIN CTPYKTYPa A—I/IeHOB UJIEHTUIHA CTPYKTYpe

cynepnoteniuaia. Onaako KoadduiurmeHTsl MaTpuibl A He IPOIOPINOHAILHDI
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marpuie FOkasol. Pesyiaprupyioriue Ko3hbuineHThl TPeXJINHERHBIX CKAJIAD-
HBIX YJIEHOB 3TOM HEIPONOPIMOHAJILHOCTH MpuBeyT K mporeccam FCNC. Mbr
onenusaem napamerp (0f,)pr ~ € Avg/m?. Boibupas m, = 500GeV u npu
B = 30 mpr nomygaem (6%)rr = 3 x 107, 9TO 3HAMUTENBLHO HIZKE JKCIIE-
PUMEHTAJIBLHOTO TMpeJiesia I 9TOT0 KOJMYeCTBa, BO3HUKAIOIIEIO B pe3y/ibTare
emenmupanus K — KO, Anajiornunag onenka OyzeT cipaBeInBa, JIjIsl JIeITOH-
noro (8%9)Lr.rr- st mace cienrrona B 500 I'sB orpannyenue ot 1 — ey pasHo
(685)Lr.rr < 2x107°. Bujino, u4To orpaHutenue J0BOJILHO JKecTKoe. Y UuThiBast
HEM3BECTHBIE KOIPPUIMEHTDHI TIEPBOTO TOPsiJIKa (MM HEKOTOPYIO MTPOIIOPITHO-
HAJIbHOCTDb 4JIEHOB A), MOXKHO TIPUHATH K BBIBOJLY, UTO [t — €7 HE MOXKeT ObITh
HAMHOI'O HUYKE TEKYIIEro dKCIepuMeHTaJIbHOoro npejena. [Tockombky Koahdu-
IUEHTBI [i1,€R W [LREr TPUOJUBUTETHLHO OJIMHAKOBBI, OXKUJIACTCS, ITO MIOOHBI
000ouX crMpabHOCTeNl OYJIyT y4acTBOBATh B paciajie, B oryindne oT 3hdeKToB
BEJINKOTO 00'be/INHEHNsI, TJIe pactaj (7, — e’y nogasigercsd. CKOPOCTh paciia-

Jla T — 47y OLICHUBAETCS Ha JIBA MOPAJKA BEJINYNHBI HUXKE TEKYIINX [IPEJIEJIOB.

3aKJIIoYeHne

B kadecTBe 3aK/II0YEHNS] MOXKHO CKa3aTh, YTO OBLT OIICaH CIIocob n30exKaTh
gpe3mepHbIx 3pdexkToB FCNC, BbizBaHHbIX D—4jIeHHBIM pa3je/ieHIeM MaCChI
MEYKJTy CKBapKaMW U CJEITOHAMHU PA3HbIX MOKOJEHUI B MOJECIAX C JIOKATbHDI-
MU TOPU3OHTAJIbLHBIMIA CUMMETPHUAMU. Dbljta ocTpoeHa Mojieb 0e3 aHoMaJIiil
¢ SU(2)g x U(1)g B KauecTBe JIOKAJTBHOMN TPYIIIBI TOPH30HTAIBHON CHMMETPUN
U ITOKA3aHO, YTO 3TO MOYKET IPUBECTU K NMPaBUJILHOMY TOHUMAHUIO HabJII0/1ae-
MBIX Hepapxuil cpe/in Macc KBAPKOB W JIEITOHOB 1 WX cMelnennii. Takxke ObLIO
MOKA3aHO, 9TO MOJIEJb 0DecleunBaeT OJHOBPEMEHHOE pelleHre MpodIeMbl Cy-
HEePCUMMETPUYHOIO apoMaTa. be3 Kakux-jubo JOMOJTHUTEIbHBIX JIOIYINEeHn
9Ta MOJIe/Ib TaKyKe MPUBOJIUT K »KeJIaeMOil KapTHHe Macc HEHTPUHO U CMEITBa-
HUil; oHa MOIep:KUBaeT KOJIeOAHWS 0/ MAJbIM YIJIOM JIJIsT COJTHEUHDBIX OCITHI-
JISITUI 1 OCTIWJIISATIE TI0JT OOJIBIITNM YTJIOM JIJIT aTMOC(EpPHDBIX HEHTpUHO. XOTs
HapyIIeHe apoMaTa B MOJIEJIN OINUCHIBACTCSA, OHO HE SIBJIsieTCsT HeHabJIio/1ae-
mbIM. [Iporunosupyercs, 9ro pejkuit pacnaj (1 — ey Oyjer OJM30K K TEeKyIeMy

IKCIIEpUMEHTaAJIbHOMY IIPEICITY.
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