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1. SUSY model

TepMUH ‘cynepcMmMmeTpus’ o3HavyaeT CUMMETPUIO Mexay pepmrmoHamn n 603oHamm. B yacTHoCTH,
OAHON M3 OCHOBHbIX NPWUYNH MHTEpPEca K PeasnMCTUYECKMM CYynepCUMMMETPUYHBIM TEeOpUAM ABAAETCA
OTCYTCTBME B MOCAEAHWMX KBaApPaTUYHO PacXoAdAalmMXcA MOMPaBOK K Maccam CKalApHbIX 4YacTuu,
Hanpumep, XWUrrcoeckoro 6030Ha. JTO CBOMCTBO MO3BOAAET PEWWTb Tak HasbiBaemylo npobaemy
KannMbpoBOUYHOM MepapxmMu, CUMTAIOLLYOCA OAHMM M3 cnabbix mect CraHaaptHoli Mogenn (CM)
B3aMMOZEMNCTBMI 3/1eMeHTapHbIX YacTul. MImeHHO, ecan npeanonouTb, 4to CM Xopolwo onucbiBaeT
GU3MKY MMKPOMMpA BMAOTb A0 3SHEPruit, MPM KOTOPbIX CTAHOBATCA CyLLECTBEHHbIMU 3bdeKTbI
KBAHTOBOW rpasBuTaumMmM, uAM A0 Mmacwrtaba bonbworo obbeguHeHUs  B3anMmoZeNCTBUIA
(M oy ~101% I'sE), To BenMumHa xapakTepHoro macwraba 371eKTpocnaboro HapyleHus, onpegensemas

maccolt Z- 6o3oHa  mz~10% TaB <« Moy, Mz, 32 cyeT pacxogAawmxca auarpamm 6yaeT noayyatb
OrpOMHble pafnaLMOHHbIe MonpasKkK. T.e. nepapxmsa MaccoBbiX MacluTaboB oKaxkeTca HecTabuibHOWM
OTHOCUTENbHO KBaHTOBbIX 3(deKToB. B peannuctMyeckux CynepcMMMETpUYHbIX TEOPUAX Macchl
CKaNAPHbIX YacTul, NOAYYaloT MMLIb AorapuPMUUYEcKM pacxoddalimecs Mnonpasku, U CcTabuabHOCTb
nepapxum craHosuTcA obecneyeHHOW. ITOT (aKT ABAAETCA BaXHbIM [A0BOAOM B MO/b3Y
CcynepcuMMeTPUYHbIX 0606LLeHNnn CM.

Kaxkpaa mogenb Teopun Bennkoro O6beamHeHua (TBO), ocHoBaHHasA Ha 06bIYHOM KannMbpPOBOUYHOM
CUMMETPUM, MOMKET ObiTb paclWMpeHa [0 CYNepCMMMETPUYHOrO BapuaHTa. TaK, cywecTsyer
MUHMManbHaa SUSY SU(5) — mogenb nam SUSY SU(10) — moaens. Cynepcummetpua obnagaeTt oveHb
WMPOKUM  CNEKTPOM  GEHOMEHONOTMYECKUX  MPOABAEHMIA  (MHOMKECTBO  cynep-napTHeEpPOs,
nocnefoBaTeNIbHOCTU pacnajos, KAaHAMAATbI HA POJib TEMHOW MaTepuu, HapyweHue R-yeTHoctum, CP-
HapyLweHMe, HapyLeHWe 3aKOHa COXPaHEHMUA NeNTOHHOIO YNCAa, U T.4. U T.N.). OTmeuyeHbl 6blan TaKkKe
ABe BarKHble BO3MOXXHOCTM SUSY mopeneii: CP-HapyweHue 4depe3 CP-HeyeTHble mArkve ¢asbl U
HapylwWeHMe NenTOHHOIo YMcaa 3a CYeT HecoxpaHeHMA R-YeTHOCTM M CMELMBAHUA HEUTPUHO C

HeWTpanunHo.

2. NHdnauma, 6apnocnHTEe3 U 0OCHOBHbIE KaHAUAaTbl B TM B pamKax cynepcummeTpuyHoii
mopgenu:
Unpnayusa

MepBaa nonbiTKa NOCTPOMTb MOZLENb pasayBatolleiica BceneHHoM, HaueneHHaa Ha pelleHune
pAafa Kocmonorumyecknx npobnem, Ha ocHoBe PU3NYECKOTO CKaNAPHOro nonaa 6bina npegnpuHATa A.
lycom B 1981 roay. OaHako 13-3a NpuBA3aHHOCTU K paszoBomy nepexoay Bennkoro O6vbeanHeHus (BO)
el 6blIM NpUCyLLM Hepaspelmmble npobaemol: Npobaema ob6pa3oBaHMA CUbHbBIX HEO4HOPOAHOCTEN B
pesynbrate MHOAALMMW, NPEXHME BOMPOCHI NPOUCXOXKAEHNA B OTHOLWEHUN ropAYen AONHPAALUOHHOM
cTaguun. bbino coopmynmpoBaHo TpeboBaHME K CBOMCTBAM CKANIPHOroO MoAs, OTBETCTBEHHOro 3a
nHAAUMIO — nona MHPNAHTOHA, rAe KAK4YeBOe 3HadeHWe umeeT dopma ero noTeHumana. ITu
TpeboBaHMA ABAAOTCA GU3NYECKON OCHOBOM MHDNALMOHHON KOCMONOTUMN.



Kanangatamu B nHobaaumio ans SUSY, Ha mon B3rnag, mMoryt ABAATbCA Noss MHbNaHToHa. Ponb
MHbNAHTOHA MOTYT UrpaTb NOAA C NOTEHUMaNnamu, UMeLMMU acumnToTuky 1V oo @™, Mpocterwmm

m*

MPUMEPOM MOKET CAYXKWUTb noTeHuman Vig) = — @2,

BbapuocuHmes B cynepcMMMeTpUYHbIX Mogensax boin npeanoxeH Abnekom m ariHom B 1985 roay.
MoTeHuMan B CYyNnepCUMMETPUYHOM JlarpaH)KMaHe COCTaBAAeTCA ucxogA M3 oblmux TpeboBaHMi
(TpeboBaHUI cynepcMMMETPUN, KanMBPOBOYHBIX CUMMETPUNA, B-L cummeTpum), AonNycKarowmx
HapyweHue B n L B oTAeNbHOCTU. [JaHHbIN NOTEHUMAN A0 HAPYLIEHMA CYNEPCUMMETPUM NPAKTUYECKU HE
3aBUCUT OT HEKOTOPbIX KOMOWHaUMI Nosel CKaNApPHbIX KBAapKOB. TakKMe KOMOWHALMW MNOAYyYMUIM
Ha3BaHWe Nonel  «NAOCKMX HaNpaBAEHUIA» WUAM «JO0AUH». B cynepcMMMETpUYHbIX peanmnsaumsax
mozenen WHONAUMM  CYNEPCUMMETPUA HAPYLIAeTCA NO OKOHYaHWM MHONAUMM M NOAA  AO0WH
npuvobpeTatoT maccy. T.e. 3HaYeHUA NOAS AOMHbI CTAHOBATCA 3HEPreTUYECKN HEIKBMBAZIEHTHBIMMU, U KX
noteHuman npmobpertaer MMHMMYM. [1ONA [OAWMH HAaYMHAKOT OCLMANMPOBATb BOKPYr MUHMMYMA. Ecan
nose AoAWHbI Hecno B cebe GapMOHHbLIN 3apsaa, TO IHepPrua 3TUX KonebaHuii nepexoamut B SHeEpruto
603e-KOHAEHCaTa CKa/IAPHbIX KBApPKOB C HEHyneBbiM OapuMOHHbIM 3apAagom. Brnocneacteum 603e-
KOHZAEHcaT pacnagaeTca Ha 0bbluHble KBAPKW, faBas 6apMOHHbIM U3ObITOK.

Kangugatbl B TM B pamKax cynepcMmmeTpUUYHO moaenu

OaHoi u3 Hambosiee NONYAAPHbIX KaTEropuii KaHAWLATOB HA POJib YacTUL, TeMHOW maTepumn (TM)
ABNAOTCA BUMMbI (Ha3BaHMe “BUMMbI” 06pa3oBaHO OT aHri. aabbpesmatypbl WIMPs-Weakly Interacting
Massive Particles), KoTopble No onpeaeneHnto GbIAN POXKAEHbI BNEepBble MIHOBEHMA nocne bonbluoro
B3pbiBa. TepmMHOM “BMMN” MPMHATO Ha3blBaTb KNACC 4YacTUL, XapaKTepusyemblX, NperKae BCEro,
TAaKMMM 3HAYEHUAMM MACCbl U CEYEHMUA aHHUTUNALLMM, KOTOPbIE NMO3BOIAIOT UM BbIATU U3 paBHOBECUA B
paHHel BceneHHOW C NNOTHOCTbIO, XapakTepHon ans TM. Bumnbl 0cO6EHHO MpuBAEKaTeNbHbl KaK
KaHaupatel B TM BBMAY psAga OYEBUOHbIX [OCTOMHCTB. Bo-nepsblx, nosBieHWEe BMMMNOB B
TeopeTnyeckon GpU3nKe 4acTul, MOTUBMPOBAHHO NPo6iemoli HapylleHUA 31eKTPoCaabolt cuMmMeTpUmn.
Bo-BTOpbIX, COrNAcCHO CTaHAAPTHbIM KOCMOJIOTMYECKUM MPEANONOKEHUAM, UX TENNOBAA PEIMKTOBAA
pacnpoCcTpaHeHHOCTb ecTeCTBEHHbIM 06Pa3oM coBMagaeT Cc TOM, KoTopasa Tpebyetca ana TM. HakoHel,
TpeboBaHMe AOCTAaTOYHO IPPEKTUBHOW aHHUIMAALMM BMMMOB (g5 obecneyeHMa COOTBETCTBYIOLLEN
PENUKTOBOM MJIOTHOCTM) O3HAYaeT, YTO B3aMMOLENCTBME BMMMOB C MaTepuelt ABAAETCA A0CTaTOYHO
CUAbHbBIM 418 TOrO, YTOBbl OHM MOT/IN BbITb 06HAPYKEHbI B MPAMbIX SKCNEPUMEHTAX.

B T

OueHKM ana coBpeMeHHOM NAOTHOCTU BUMMNOB AatoT: Dyyrpygph™ * CpegHee ceyeHue

dHHUTUNAUNKN, YMHOXeHHOe Ha CKOpPOCTb AnAa 4YacTuubl ,Cl,aHHOI‘;I MacCcCbl, WMMeeT MaKCUMYM,
1

S

o v 17} o
onpeaenAaemMblii NapunanbHO-BOJHOBOW YHUTAPHOCTbIO S-MaTpuLbl, (OannVimaz -

el ™ = 1 coorBetcTBYET YHUTAPHOMY MPEAENY U MPUBOAUT K OTPaHUYEHMIO Ha Maccy YacTul, TM
Myp = 340T2E

;= TpebosaHue

B HacToAwee Bpema B paMKax CynepCUMMETPUYHBIX Modeneid paccmaTpMBaeTCs TPU OCHOBHbIX
KaHamaata 8 TM: HEeMTpPaANHO, FPaBUTUHO, aKCUHO.



HelTpanuHo — gaHHaA 4YacTMua, ABAAETCA Cynepnosnuumeit NapTHepPoOB HeWTpanbHbIX noiein B, W u

Xurrca. [laHHan YyacTMua MoXKeT bbITb nervaiien cpeauy Apyrux cynepyactumu 1 6biTb CTabuabHOMN.

Yactuua rpasutuHo () npenckasbiBaeTcAa npu  CymepcMMMETPWuHBIX  pacumpennsx  CM,

b

BK/IHOYALOWMX rpaBuTaumio. NpaBUTUHO — MaVlOpaHOBCKaH 4aCTuLa CO CMMHOM > N YeTblipbMA CNUHOBbIMU

COCTOAHTAMMU (ABa CMMHOBbLIX COCTOAHWUA TPaBUTHUHO I'IpMO6pET3€T OT ronaCTMHO NpU HapyweHuun

CynepcMMmMETPUN, CTAHOBACh MACCUBHbIM).

YacTMua akcMHo — cnabo B3aMmodencTBylowaa 4Yactuua. AKCMHO — cynepnapTtHep aKCMOoHY

(fa <107 T3Bm, > 05-1073B) o cnumom

1
E n COOTBETCTBEHHO noAaBaAeTcA npu

CynepcMMMeETPUYHOM  paclwimpeHmn CM, BKawoyvatowem mexaHusm [leyein-KynH nopasneHuns CP-
HapyweHua B KX[A. CynepcummeTpusauma mogeneit Medel-KynH npusoamt ana mogenein SUSY
cneacteuam. [na nons akcMoHa co cnvHom S=0 (M R-yeTHocTb R=1) paBeHCTBO MeXay 4ucnamu

6030HHbIX M GepMMOHHbIX cTeneHen cBoboapl, Tpebyemoe cynepcummeTpuein, obecneymBaeTca
1

no6osneHnem maiiopaHoBCKOro pepmmnoHa — akcunHo () c5=; HR=-1, CKanapa - c-akcuoHa (c-

II. )
aKcuHo) ¢ S=0 n R=1. TpeboBaHMe COBNOAEHNA CUMMETPUN Ve (1) e nossonser aKCUHO, TaKKe KaK u
CaMOMy aKCMOHY, npuobpetatb Mmaccy 0OblYHbIM 06PaA3OM 33 CUYET HapyleHUs CynepcUuMmMeTpumu.

Takoro 3anpeTta He BO3HMKAET A/A C-aKCMOHA, U ero macca MOoXKeT 6bITb nopAaagkKa macc 06bIYHbIX

cynepnaptrepos ~ 100 + 1000138 gosppkaowmx nocne Hapywerma SUSY. Macca akcuHo & moxert

BapbMpOBaTb B LUMPOKUX npedenax M 6biTb 3HAYMTENbHO MeHblle Macc APYrux cyneprnapTHepos:

ms ~ k3B +T3E  Axcuno momer aBnATbcA nervaiiweii cymepuacTuuelt M, cnemosaTenbHO, npw

coxpaHeHUM R —4yeTHOCTM BbITb CTabUABHOMN.

3. Kocmonoruyeckuii cueHapuid:

. . | FETGY oy
F+y 0 I kiUl —_ Ty
BcenleHHas, 3B0OlOUMA, KoTopas onucebisaetca Hit) ¥ RiD)jexp {.\( 2 J [j, roe A= GTGyOy
M3BeCTHa noj Ha3BaHMEM BcesieHHoW ae Cuttepa, Uan BCieACTBME SKCMNOHEHLMAAbHO BO3PacTaloWero
pacwmpeHusa — noa HassaHnemM MHGNALMOHHOM BCEIEHHO.

B Bonpocax, CBA3aHHbIX C MNEePBUYHbIM HYKIEOCUHTE30M W cpe,u,Hei/i NIOTHOCTbIO BellecTBa BO
BCEI’IeHHOﬁ, coBpemMeHHaA KapTuHa 3BOJOUUNU BceneHHo Haumbonee 4YyBCTBUTE/IbHA K TeOopuun
3/1eMEeHTapPHbIX YaCTuu,.

K mMomeHTy Hayana HyKkneocuHTesa (nopsagka 1 c. nocne Bonbworo B3pbia) NLSP (the next-to-
lightest superpartner) nepectaloT B3auMmogencTBoBaTb € 4YacTuuamm CM UM gpyr c apyrom
(3akanuBatoTca), B TO BpemA Kak ¢GOTOHbI M3 MX pacnaga MOryT CyWwecTBEHHO MOBAWMATbL Ha
pPacnpoCTPaHEHHOCTb XMMUYECKMX 3/1EMEHTOB BO BceneHHOM 3a cyeT paspylleHus yxe obpa3oBaBLIMXCA
Anep. 3Ton npobaembl MOXKHO M3beXKaTb, ecM TemnepaTypa pasorpesa BceneHHoil nocne nHbaALMK



HeBe/MKa, TaK 4YTO OMacHaA KOHUEHTpauusa cynepnapTHeEpOB He AocTuraerca. [lpyroe pelieHue
OCHOBaHO Ha TpeboBaHMM pacnaga NLSP 3a nepBylo CEKyHAY KM3HWU BCceneHHOW. B nocnegHem cayvae
Ha MapameTpbl TEOPUM NOYYaIOTCA Ceaytolme OrpaHUYeHUs:

T __ 5 (mNLsey 4 oo
W Foss < 10 (mj T=E  TaKk 4to mogenu c TAXeNbIM rPaBUTUHO (?}1;._-: = 5TsE, T1e.

Fpsg~ms;, My, = (10% T3B)7) npeacTaBnaloTcA HaMMeHee MepCneKTUBHbIMUA C TOUKM  3peHus

KOCMO/10rnmn.

[pyroe orpaHuyeHWe Ha maccy rpaBMTUHO CBA3aHO C TpeboBaHWem, YTobbl cpefHAs MAOTHOCTb
BellecTBa Bo BceneHHolt {1, He npesbiwana KpUTUYECKYIO 2. K npumepy, B NpeAnoNoxKeHnm, YTo Nerkoe

ctrabunbHoe rpaBUTUMHO TEPManM30BaHO B paHHel BceneHHOM, MOXHO MOAYYMTb OrpaHuyeHue
ms; = 2h- k3B, rge 1 - noctoAaHHaa Xab6na, BblpaxkeHHaa B eguHuuax 100 km c~! Mnk. C yyetom

coBpemeHHbIx oueHok (i1~ (.7) ponyckaeTca auwb rpaButHO nerve 1 k3B. Ha macwTtab HapyleHus
CYyNnepcMMMeTpum Npu 3TOM MOJlydaemM OrpaHWYeHUE CBeEPXY: \-'F_.;.SS = 2x10°TsB. B mopgensax c

npoucxogAwmMm B getektope pacnazom NLSP rpaBuTMHO, B CpaBHEHWM C OLEHKAaMW CHU3Y U3
ycKkopuTenbHoit ¢u3MKKM, OblI0O NOKAa3aHO, YTO AaHHbIA pacnag He npeacTaBAseT yrposbl AnA
Kocmonormn. bonee TOro, w3 Ha6J1I-O,D,€‘HVIVI KpuUBbLIX BpalWweHUA TralakTuk WU3BeCTHO, 4YTO [10AA
HecBeTAllerocA BewecrBsa B cpep,Hei/i NAOTHOCTU BceneHHOM 3HauyuTenbHa. |_|pVI‘-IeM n3 aHaam3a
HYK/NIeoCUHTE3a cnefyeT, YTo H6onbliaA YacTb 3TOM TEMHOM MaTepuu A0NXKHA UMETb He BapUOHHbIN
coctaB. Jleekoe 2pasumuHo, HAX00AuWjeecs 8 Mmersa080M pPABHOB8ecUU, MooOxXodum HA pPorb
memHoUl mamepuu.

4, JKcnepumeHTanbHoe orpaHuyeHue SUSY:
o [OMCK YacTUL, TEMHOMU MaTepumn B SKCNEepUMEHTAX Ha Konnahaepax

Mouck 4actmy TM (BMMMOB) COCTaBAAET BaKHYI 4acTb IJKCMEPUMEHTasbHbIX MCCNeAO0BaHWUM,
NPOBOAMMbBIX CeiYac Ha yckoputene TaBaTpoHe M maaHMpyembiX Ha BoabllOM agpoHOM Konnangepe
(LHC). B akcnepumeHTax CDF (Collider Detector at Fermilab) 1 DO Ha TaBaTpoHe Npu 3HEpPrMn B cucteme

ueHtpa macc 52, % 1,96 TsB nonyyeHbl HMXKHME Npeaesibl Macc IMIOUMHO M CKBApKOB, COCTaBAAloLWMe

okono 300 MB. Ha LHC B pp-B3anmoaencrsnax AOCTUXKMUMbI 3Heprnmn ~52_ %14 TsB n BO3MOMKHO

usyyeHme o06pasoBaHMA  HOBbIX 4YacTuMy, Cc 6onblwMMM  maccamu. Maea  uccnenoBaHuA
CYyNepcMMMETPUYHBIX YacTuL, B 3KcnepumeHTax Ha LHC 6bin1a npegnoxeHa B cepeanHe 1990 roaos.

[na HabnogeHMA BUMMNOB HeA0CTaTOYHO AOCTMYb YCKOPUTE/IbHbIX SHEPrMIA, NPEBbILIAIOLLMX Maccy
nokos Bumna. Ob6pasoBaHHble B PpP-B3aMMOAENCTBMAX CNaboB3aMMOAENCTBYIOWME M HE umelolme
3apaga BMMMbl 6yayT HEBMAMMbIMU B AeTeKTopax. TOAbKO Ha OCHOBE MOJIHOTO KMHEeMaTU4eCcKoro
aHanM3a BUAMMbIX MPOAYKTOB PpP-B3aMMOAENCTBMA MOXKHO BOCCTAaHOBWUTb HEAOCTAIOWE 3HEpPruto
(vmnynbc), KoTopas 6bina 3aTpayveHa Ha PoXKAeHWe BUMnNa.

Cnegyer OTMETUTb, YTO He BCA 3HEPrusa pPpP-B3aMMOAEWNCTBMA MOXKeT 6biTb 3aTpayeHa Ha
06pa3oBaHME CynepCUMMETPUYHbIX YacTul. [NHOMHO M CKBapku o06pasyloTca BO B3aMMOAENCTBUAX
WMHAMBMAYANbHbIX KBAapKOB W [/IOOHOB, KOTOpble nepeHocAT meHee 10% MOAHOM 3HEPrMM NPOTOHA.



Mostomy cobbiTna ¢ obpasoBaHMemM BMMMNOB ¢ Maccamu B obnactn 100 M3B oxupgatotca Ha LHC npu
3Heprmsax, He meHbLimx 2000 M3B.

Pa3nnMyHble BapuaHTbl CynepcUMMETPUYHBIX MoJenei W moaenen C  AONOJAHUTENbHbIMU
pasMepHOCTAMM MpeasaraloT MHOMEeCTBO KaHAMAATOB Ha po/b BMMMOB. I3TO 0OCTOATENbCTBO
CYLLEeCTBEHHO 3aTPYAHAET B 3KCNEPMMEHTAX Ha pp-KoNnanaepax BblaeneHme N3 KOHEYHOro COCTOAHMA C
60NbLIOK MHOMECTBEHHOCTbIO XapaKTepPHbIX CUrHaTyp, accouumpyemblx ¢ obpa3oBaHMeM BUMMMNA TOrO
WAW MHOTO TUNa. XOTA HEKOTOpble XapaKTepHble 0COBEHHOCTU KOHEYHOrO COCTOAHMA B3aMMOENCTBUA
OenalT pasfeneHue c/ydyaeB CyYnepcMMMETPUM U MPOABAEHUA AOMNONHUTENbHbIX Pa3smepHOocCTel
NPUHUMANANABHO BO3MOXHbIM, MAEHTUOUKALMA NPUPOAbI BUMMNOB Ha Konnangape LHC npeacrasnaetca
manosepoaTHon. OAHaKo, Hanpumep, HabnwaeHne B sKcnepumeHTax Ha LHC TAMKenbIX XMITCOBCKUX
6030H0B (A, M, H=)cywectBeHHO oOrpaHnuMtT 061aCTM HEWTPaSIMHO-HYKNOHHBIX CEYEHUI, KoTopble
onpenenstoT HeobxoaMmble 3HAYE€HUS YYyBCTBUTENBHOCTU OETEKTOPOB AN NPAMOro obHapy*KeHus
yactuy TM.

bonee npeunsmMOHHbIE N3MEPEHMA CBOWCTB BUMMOB MOTYT 6biTb NPeANPUHATLI HA NPOEKTUPYEMOM

NuHeiHom €7 &~  Konnanpepe ILC (International Linear Collider) npu sHepruax 5:.=0,5 — 1 T3B. B
npoueccax £~ £~  aHHUTUMAAUMK NPU BbICOKUX 3Hepruax obpasytoTca nmapbl HOBbIX YacTul, B H6onee

KOHTPO/IMPYEMBIX YCNOBMAX, MOCKOAbKY HAaMHOMoO npolie UAEHTUOULMPOBATb KOHEUHble COCTOSHUA
peakumm €7 €7, yem BOCCTAaHOBWUTb BCE MNPOAYKTbl pp-B3ammogenctsua. MpeanpuHATas MONbITKa

HabnoaeHMa BO30HOB XMITCa B £ & B3aMMOAEWNCTBMAX, Ha Konnanaepe LEP, npu sHeprusax B cucteme

ueHTpa macc 53.=200 3B, He yBeH4anacb ycnexom. HuKHMIA Npuaen maccbl XUITCOBCKOro 6030Ha,

noay4yeHHbI Konnabopaumammn ALEPH (Apparatus for LEP Physics), DELPHI (Detector with Lepton,
Proton and Hadron identification), L3, OPAL (Omni Purpose Apparatus for LEP), coctaBun Mg>114,413B.

3HaunTenbHo 60nee BbICOKM 3HEPTUM, KOTOpble MOryT gocturaTb Ha ILC, OTKpbIBalOT MepcrneKTMBbl
obHapyXeHuss BUMNoB. MNpu 3TOM MMEetoTCA 3HaYnUTe IbHble LaHCbl pa3aenuTb cueHapum (SUSY uan UED)
nx npoucxoxaeHuna. OAHAKO B YCKOPUTE/IbHOM 3SKCMEepMMEHTE HEeBO3MOXHO onpeaenntb Aarke Ana
KOHKPETHOrO CLeHapus, KakoW BK1aa 06pa3oBaBLUMECA HOBble YacTULbl BHOCAT B TM Bo BceneHHOM.

e Pacnap npoTtoHa

PaclumpeHne obbluHbIX Mmoaenen Teopuun sennkoro obbveauHenus (TBO) ao SUSY mopeneit TBO

- a M4y

NpUBOANT K CNeACTBMAM ANA pacnaja npoTtoHa. Mo dopmyne “# ~ 1,5 BPemMsa W3HM NPOTOHA

=]

NPOMNOPLMOHaNbHO YEeTBEPTON cTeneHn maccbl X- 6030Ha, MO NPeAnoNoXKeHWUo NpubansnTenbHoO
paBHOW TOW 3HEpPruu, NpuM KOTOPOW MNPOUCXOAUT HapylweHun cummeTtpum TBO (Hanpumep, SU(5)-

cummeTpum). BeeaeHne SUSY napTHEPOB M TEM CaMbIM YBEIMYEHME YMCAA YACTHLL, BXOAALLMX B CNEKTP
16
4YacTULL, NPUBOAAT K TOMY, UTO BE/IMKOE 06beAMHEHNE AOCTUXMMO NLLIbL NPK sHepruax okono 1077 3B,
BASUSY o Lqnis A ]
B MUHWUManbHOM SUSY mogenn TBO Mz~ ¥ 4810 I=B | ——— |

Takum o6pasom, peakuus pacnaga npotoHa P — € T 7 3amepnsetca 40 HEKPUTMUECKMX
3KCMepPUMEHTa IbHbIX BEPOATHOCTEN

F 4 ¥ ™y - LT M A - Ao L A £l A
T,(p—e” +7%) = 6,6 107828 [ﬁ] JeT = 6,6 - 105511+ [ ]* zer



OfHaKo 3TM mopenn He npeAcKasbliBalOT AOMUHUPYIOWYIO POSb 3TOrO KaHana. Bmecto Hero

MNO/IYYaloT SKCMEPUMEHTaNbHO TPyaHee HabaogaemMblii KaHan pacnaga F K74V (wan 7 K +11),
[Ona AOMMHMpPYlOLLEro B 3TOM KaHase pacnafja MpPOTOHA 3KCMepMMEHTaNbHas rpaHWuUa coCTaBaseT

BEMUUHY B I:'.t?—’ K™+, ] =1 -10%2 .

Pacnap npoToHa noAasafeTca B MOAenax BeanKoro ob6beanHeHma. 3a cyet BBegeHus R — yeTHocTH
nogasnsaem pacnag npoToHa.

JKcnepuMmeHTbl, BNOCAEACTBUMN BbINOAHEHHbIE PU3NMKAMMU, NOCTENEHHO MNOAHUMAMU SMMUPUYECKYIHO
HUXKHIOIO FPaHWLY BPeMeHM KMU3HM NpoToHa. Hanbonee npoaymaHHbIA MOUCK pe3ynbTaToB, KOTOpble
ony6/MKOBaHbI K HAaCTOAWEMY BPEMEHM, Bblal BbINOJIHEH COTPYAHMKAaMK yHUBepcuTeTOB Kali3 BacTepH
Pe3seps 1 ButyoTtepcpaHa 13 yHusepcuteTa KanndpopHum 8 MpemHe. OHM nccnepgosanun 20 TOH XKUAKOTO
CUMHTMANATOPA Ha rybuHe 3,2 KM B 3010TOM wWaxTe B KOXHOW AmepuKe ¢ 1964 no 1971 r. NocneaHwmi
aHaNM3 MX AaHHbIX Aan pe3ynbTaT, YTo cpegHee BPeMA XKM3HM MPOTOHA WKW CBA3AHHONO HEMTPOHa
6onbe yem 103 ner.

3aKnoueHune

HecmoTps Ha OTCYTCTBME KaKMX-NMBO 3KCNEepMMEHTaNibHbIX YKasaHWW, Ha Hanuuue B npupoge
CYNepcMMMETPUN, UHTEPEC K 3TON MOAenu MPOABAAIOT TaK Ke U TeopeTuKu, paboTawouwme B dU3nNKe

3/1eMEeHTapPHbIX YaCTuu,.

TpeboBaHMe CYyNepCUMMETPUYHOCTU TEOPUMU ABAAETCA, OYEHb MKECTKMM C TOUYKW 3PEHMA CMeKTpa
OMnMCbIBaeMbIX YacTul. MMeHHo, Hapady C HabAAaEeMbIMU YacTULAMM AO0NXKHbI MPUCYTCTBOBATb WX
cynepnapTHepbl — YacTWLbl APYrOro CMHA C TEMM XKe KBaHTOBbIMMW YMcCAammu M maccamu. OTcyTcTBue
CKaNAPHbIX 4acTML, C MaccaMu NENTOHOB U KBapKOB 1 GEepPMMOHOB C Maccammn KaanbpoBouHbIX 6030HOB
03Ha4aeT OTCYTCTBME HEeHapyLeHHON CynepcumMmMeTpumM B npupode. TaK e B onpedeneHHbIX paboTax
6bII0 MOKa3aHO, YTO MOMKHO HapyWWTb CYNnepCMMMETPUIO, COXPaHWB CBOWCTBA COKpalLeHuA
KBaApaTMUHbIX pacxoamMmocTeit. Takoe HapylleHWe Ha3biBaloT MATKMM, U OHO ecTecTBeHHbIM o6pasom
NPMBOANUT K MacCMBHbIM cyneprnapTHepam. Bce 3TO yKasblBaeT Ha BO3MOXKHOCTb CyLL,ECTBOBAaHWA B
npupoAe HapyLIEHHOW CYynepCMMMETPUM, a 3HAYWUT, Ha HeobXOAMMOCTb M3yYeHUA MEeXaHU3MOB ee
HapyLleHus.

MHTepecHbIM BOMPOCOM ocTaeTcs ¢pusmdeckana npupoga UHOAAUMK. BeeseHuMe MHOAALMOHHbBIX
Mmogenein aenaet HeAOCTYMHbIM CEKTOP TEOPWMWM 4YacTUL, KOTOPbIA OTBeYaeT 33 WHAAuMIO. Becbma
Ba*KHbIM OCTaeTCs ycnoBme GpU3NYECKON COracoBaHHOCTU GU3MKU MHPAALMM, BAPUOCMHTESA U CPbITOM
maccbl. Tak ke ¢opmynmpoBaHna GUBNYECKM CAMOCOINACOBAHHbBIX HaAYasbHbIX YCAOBUIK gns
MHPNALUMOHHOM KOCMOJIOTUM.

lMpoBoAuMblE 3KCNEPUMEHTbI, MOCBALLEHHblIE MNPAMOMY MOUCKY BMMMOB C WCMO/b30BaHWEM
Pa3MYHBIX ALEPHBIX MULLEHEN, ALONONHAIOT BO3MOXHOCTb NAEHTUPUKaumm npupogapl TM. Jaxke ecnm B
9KCMEPMMEHTAX Ha Ko/inanhgape HOBble YacTuubl 6yayT OOHapyKeHbl, TO BE/JMYMHA MX BKI3Z0B B
nosHyto maccy TM BcenleHHOM oCTaHeTcs HeonpeaesieHHOMN.

OcHoBHOe ¢u3nyeckoe npeackasaHne SUSY-mopenei: Kaxkaoh M3BecTHOM ¢yHAAMEHTa/IbHOM
yactuue (KBapKy, nenTtoHy, y, W+, Z, rI00HY, XMITCOBCKOMY 6030HY) COOTBETCTBYET NApTHEP MO CUHY



(cynepnapTtHep) ¢ maccoit Ms~ 0,1—1 TaB (macwTtab macc ¢pukcupyetca TpeboBaHMEM KOMMEHCALUK
KBaZpaTUYHbIX PACXOAMMOCTEN NPU BONbLUMX SHEPIUAX; HEKOTOpPblE CymnepvyacTMubl MOryT OKas3aTbCA
CpPaBHUTENIbHO Nerknumu, ¢ maccamm ~ 1—10 M3B). PasHoOCTb macc cynepnapTHepOB BO3HMKAaET 3a cyeT
HapyWweHMsa cyrnepcummeTpun Teopun. M3ydanucb pasHble cnocobbl HapyweHua SUSY; Hamnbonbliel
NONyNAPHOCTbIO B HACTOALLEE BPEMSA MOJIb3YIOTCA MOAE/NN, OCHOBaHHblEe Ha HapylweHun SUSY 3a cuet
adpdeKToB cyneprpaBUTaLmm.
SUSY-0606ueHMe eanHbIX TEOPUI NPUBOAUT K USMEHEHUIO NPeaCcKa3aHM BPEMEHU KU3HU U MOj,

pacnaga npoToHa.
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