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06UlA71 XAPAKTEPll1CTll1KA PA60Tbl 

a) AKmva.11bHOcmh meMbl. 3a noCAe.llHee AeCRmuAemue c:pu3uKa 8 
Me30HOB OlleHb 6ypHo pa3BUBaAaCb KaK c meopemulfeCKOU, maK u c 
3KcnepuMeHmaAbHOu cmopoHbl. 111Hmepec K pacna.llaM B Me3oHos 
npeJK.lle scero o6ycAOB/\eH B03MO.lKHocmblO mo4Horo onpe.lleAeHUR 
31\eMeHmos Mampu1.1b1 Ka6u66o-Ko6auawu-MacKasa {CKM) 
napaMempu3111pyiow.ell B3auMo.llellcmsue KsapKoB 4epe3 3apsnKeHHbte 
moKu. &tlccAe.lloBaHUR noAyAenmoHHblX pacna.llOB b ~ cCv1 u b ~ u.Cv1 

yJKe nossoAU/\U onpe.lleAUmb MampullHbte 31\eMeHmbt V,,b u V,,b 
coomsemcmseHHO [1]. 0)1(U.llaemcsi, 4mo cAa6b1e pacna.llbt B Ma3oHoB 
Cblrpaiom pewalOUJ,YIO POAb B BblSICHeHUU ucmUHHOU KapmUHbl HapyweHUSl 
CP-uHeapuaHmHocmu [2], 3a Komopoe {B paMKax cmaH.llapmHou 
MO.lleAu) omsemcmseHHa e.llUHcmseHHaR c:pa3a s Mampuue CKM [3]. 

<l>eHoMeH HapyweHust CP-uHsapuaHmHocmu ffBAstemcst O.llHOLI us 
Hau6oAee nAoxo uccAe.lloBaHHbtX o6Aacmeu s cospeMeHHou c:pusuKe 
3AeMeHmapHbtX 4acmuu. KaK ussecmHo, HapyweHue CP-
uHsapuaHmHocmu B03HUKaem ecmecmseHHbtM o6pa3oM B 
cmaH.llapmHOLl MO.lle/\U c mpeMR noKOAeHW1MU c:pepMUOHOB. 0.llHaKo 
ecmb ocHosaHUR noAaramb, 4mo npe.llcKa3blBaeMaR cmaH.llapmHoll 
MO.lleAblO KapmuHa CP-HapyweHUR He RBARemcff m04HOU. B 1..1acmHocmu, 
no Bceu BU.llUMOcmu ee He .llOCmamollHO .llMI o6bRCHeHUSI 
npoUCXOlK.llSHUSI 6apUOHHOU acUMMempuu B Ha6AJO.llaeMOu BceAeHHOU 
(HapyweHue CP-uHsapuaHmHocmu RBMtemcst O.llHUM U3 Heo6xo.llUMbJX 
ycAosuu .ll/\st 6apuoreHe3uca [4]). 

C 3KcnepuMeHmaAbHou cmopoHbl u3y1..1eHue CP-Hapywa10w.ux 
3c:pcpeKmos Haxo.aumcsi eute Ha paHHeu cma.auu pa3sumuR. 0Hu 
Ha6Ato.llaAucb moAbKo s pacna.llax . HeumpaAbHbJX K-MesoHoB [5]. B 
Hacmostiuee speMff msep.llo ycmaHOBAeHo Ha/\U4Ue maK Ha3blsaeMoro 
npRMoro CP-HapyweHUR [6]; meM caMblM ucKAI04eH cueHapull 
csepxcAa6oro HapyweHust. 0.llHaKo, u3MepeHHoe 3Ha4eHue .llAR 
seAU4UHbl Re[&'/ & ] , stB/\sttow.eecst KO/\Ul.fecmseHHou xapaKmepucmuKoll 

npsiMoro CP-HapyweHUff, 6oAbwe 3Hal.feHull npe.L1cKasb1saeMbtX (s paMKax 
cmaH.aapmHOU MO.llSAU) 60/\bLllUHCmBOM meopemu4eCKUX oueHOK. 8 mo 
JKe speMst meop. Heonpe.lleAeHHocmu 3mux npeAcKasaHuu He 
nosso/\sttom oKOHlfame/\bHO npo~cHumb 3mom sonpoc [7]. 
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Cmpamerw'I .aaAbHeuwux 3KcnepuMeHmaAbHblX uccAe.aosaHuu 

npocma: .aM nposepKu KapmuHbl npe.aAaraeMou cmaH.llapmHoU MO.lle/\blO 
nAaHupyemcsi nposecmu KaK MO.lKHO 60/\bWOe 4UC/\O He3aBUCUMblX 
U3MepeHuu cmopoH u · yrAoB maK Ha3blBaeMoro "mpeyroAbHUKa 
yHumapHocmu", 4mo npuse/\o 6b1 Au6o K npomusopeLIUBblM 
pe3yAbmamaM, Au6o K no.L1msep.lK.L1eHu10 cocmosimeAbHocmu 
cmaH.llapmHOU MO.ll0/\U. 

3KcnepuMeHmbl HOBOro noKO/\eHUfl BABAR (B SLAC, CWA) u BELLE 
(B KEK, 7lnoHusi) Ha maK Ha3b1BaeMb1ex B Me30HHblX cpa6puKax, 
cmapmosaswue a noc/\e.llHee speMsi, 6y.L1ym nocssimeHbl .aemaAbHOMY 
u3y4eHUIO pacna.llOB B-Me30HOB, maKUX KaK B ~ JI 'PK~ , B ~ mr , 

B ~ ;rK u .ap., npe.L1Aaraioiuux meop0mu1.1ecKu omHocumeAbHO 
"L1ucmb1e" B03MOJKHocmu onpe.a0AeHUfl yrAoB "mpeyroAbHUKa 
yHumapHocmu" [8]. npe.asapume/\bHble U3MepeHUR CP-Hapywaiomux 
3cpcpeKmOB B pacna.ae B ~ JI 'PK~ [9] y.lKe CBU.ll9/\bCmBylOm 0 

HeHy/\eBOM 3H849HUU O.llHOro U3 amux yr/\OB, O.llHaKO 60/\bWUe (B 
ocHOBHOM cmamucmuL1ecKue) Heonpe.lle/\eHHocmu He noaBO/\RIOm c 
noAHOU ysepeHHocmblO ymsepJKnamb 06 o6HapyJKeHuu CP-HapyweHUR s 
B Me30HHblX pacna.llaX. CBOIO pOl\b Ha apeHe UCC/\9.llOBaHu(J CP­
HapywalOlllUX acpcpeKmOB HeCOMHeHHO Cblrpaiom maKJKe pe.llKUe 
pacna.llbl B-Me30HOB. 

PenKue pacna.llbl onpe.L1e/\R10mcR KaK cAa6b1e nepexo.ab1, Komopb1e s 
cmaH.aapmHou MO.lleAu npomeKaiom 4epe3 .llUarpaMMbl c O.llHOU u 60A0e 
nem/\RMU. TeM caMblM B cmaH.aapmHOU MO.lle/\U OHU UMeiom 
omHocumeAbHO Ma/\ble wupUHbl u B ee pacwupeHURX Morym noAyLlamb 
BK/\a.llbl cpaBHUMble co BKAa.aoM CM .llaJKe npu Maccax HOBblX Llacmuu B 
HeCKO/\bKO com raB. C/\0.llOBame/\bHO, U3MepeHUR pa3/\U4HblX 
xapaKmepucmuK pe.llKUX pacna.LIOB Hempusua/\bHblM o6pa3oM 
mecmupyiom cocmoRme/\bHOcmb cmaH.aapmHoll MO.llftl\U. TaK, 
U3MepeHHHast wupuHa UHK/\I03UBHoro pacna.aa B ~ X,y [10], KomopaR 

Haxo.aumcR B paayMHOM cor Aacuu c npe.llcKaaaHueM cmaH.llapmHou 
MO.llel\U, yJKe urpaem Ba.lKHYIO pO/\b B cpeHOMeHO/\OfUU Cl\86blX pacna.aoe, 
Ha/\araR cmporue orpaHu1.1eHusi Ha Hau6oAee nonyARPHble MO.llel\u 
"HOBOU cpU3UKU". 

CAe.ayem omMemumb, Limo cyry6o a paMKax cmaH.llapmHou MO.lle/\U 
pe.llKUe pacna.llbl mecmupyiom ee KaK KBaHmoeyio meopuio nol\R Ha 
O.llHonemAeBoM ypoeHe. 0Hu maK>Ke Morym 6b1mb ucnoAb30BaHbl .LIAR 
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KOCBeHHoro onpe.llel\9HUR eaauMo.aeucmsuu t KBapKa (B 1.1acmHocmu .llAR 
noAyLleHUR orpaHULleHuu Ha 31\eMeHmbl V,d, V,,,. MampuU.bl CKM) 1.1acmo 

.aoMuHupyiomero a nemAeBblX BKAa.aax. 
CmpyKmypa MampUU.bl CKM npuso.aum K moMy, 1.1mo pacna.llbl 

b ~ s... uMeiom omHocumeAbHO 60/\bWUe wupuHbl, mor .aa KaK B 
pacna.aax b ~ d... o>KU.lla10mcsi 60/\bwue CP-Hapywaiow,ue acpcpeKmbt. 
CAe.aosameAbHO, u3y4eHue CP-Hapywaiomux acuMMempuu B maKux 
pacna.aax, KaK B ~ Xdr U/\U B ~ xde+c- [11],[12] MOJKem 6b1mb no/\93HO 

.lll\fl noHUMaHUR cpeHoM0Ha HapyweHUR CP-uHBapuaHmHocmu. 

6) LJeAbto LJuccepmayuoHHOU pa6ombl SIBl\Remcsi 
• 8b14UC/\eHue BK/\a.lla supmyaAbHblX nonpaBOK nopR.aKa a .. .ll/\R 

UHKl\I03UBHOro pacna.aa B ~ X,l+ C- ; 
• "1ccAe.lloBaHue CP-Hapywaiomeu acUMMempuu B pacna.lle 

B ~ Xdr BHe cmaH.llapmHOU MO.lle/\u; 

• "1ccAe.aosaHue 3KCK/\I03UBHOro pacna.lla B ~ K' r B 

cmaH.llapmHOU MO.lle/\U 3a paMKaMU npu6Au>KeHUfl Be.llylUUX l\OrapucpMOB. 

B) HaVl/HaR HOBU3Ha. 

• Bnepsb10 6bll\U BblLIUC/\eHbl supmya/\bHbl9 O(a,) nonpaBKU 

.llASI UHKAI03UBHOrO pacna.lla B ~ X,e+ C-, BK/\I049HU9 KOmOpblX 
cymecmB9HHO OCAa6Ast9m 3aBUCUMOCmb m0opemuL1eCKUX npe.llCKa3aHUU 
om moLIKU n0peHOpMUpOBKU. noAyl.leHHble ou.eHKU .ll/\R cneKmpa u 
1.1acmu1.1Ho uHm0rpuposaHHOU wupuHbl pacna.lla HB/\R10mcsi Hau6oAee 
mollHblMU U3 UMelOIUUXCR Ha ceu AeHb npe.acKa3aHUU B paMKaX 
cmaH.llapmHOU MO.lle/\U. 

• lllccAe.lloBaHbl GP Hapywaiolllue 3cpcpeKmb1 s UHK/\I03UBHblX 
p0AKUX pacna.llax B Me30HOB B paMKax HeKmompblX · pacwupeHuu 
cmaH.llapmHou MO.ll9AU. noKa3aHo, 1.1mo B amux MO.ll9/\RX CP­
acuMMempuR B pacna.ae B ~ Xar Mo>1<0m cyiuecmseHHO omAu1.1amcsi om 
3Ha4eHuu np0.acKa3blBaeMblX e CM u e 4acmHocmu MeHRmb aHaK .lla>Ke 
npu omcycmcmsuu HOBblX CP-HapywaiolUUX cpa3. 
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• Bnepsb1e BblllUCAeH BKAa.ll ">KecmKux" rAIOOHOB .lll\SI 
3KCKJIJ03UBHoro npouecca B ~ K·r B paMKax KOBapuaHmHOU MO.ll61\U .llMI 
CBH3aHHblX cocmoHHuu. noKa3aHo, 4mo BKAI04eHue nonpasoK 
Cl\6.llYIOlU.ero (no OffiHOWeHUIO K Be.llyll.(eMy) nOpff.llKa npUBO.llUrn K 
yseAU4eHUIO meop. npe.llcKa3aHU1l .lll\H wupUHbl pacna.aa Ha (10-20)%. 

r) npaKmUl/8CKaR µeHHOCmb pa6ombl 

nol\y4eHHble pe3yl\bmambl .llMI cneKmpa pacna.aa B ~ x,,r r B 

o6Aacmu 0.05Sq
2 

Im; :5:0.25 (r.lle q2
- UHsapuaHmHasi Macca AenmoHHou 

napb1) u .llM wupuHbl pacna.lla, UHmerpuposaHHou no amou o6Aacmu, 
S1BAS110mcsi Hau6oAee mol!HblMU meopemu4ecKuMu oueHKaMu amux 
Bel\U4UH u Morym 6blffib ucnOl\b30B8Hbl .lll\SI cpaBHeHUSI c 6y.ayw.uMu 
3KcnepuMeHmaAbHblMU .llaHHblMU. TaKUM o6pa3oM MOJKHo 6y.llem 
nposepumb cocmosimel\bHacmb cmaH.aapmHou MO.llel\u Ul\U no11y4umb 
HOBble orpaHulleHusi Ha ee pacwupeHusi, maKue KaK 
cynepcUMMempu1.1Hb1e meopuu. 

C11e.llyem maKJKe omMemumb, 1.1mo mexHuKa pa3sumasi AJ\ff 
BblllUCl\eHUSI .asyxnem11eBblX .llUarpaMM, .ll810UJ,UX BK/18.ll .lll\SI pacna.lla 
B ~ x,r r , MoJKem 6b1mb no11e3Ha .a11si npose.lleHusi no.L106Hb1x 
pacl.lernos u Al\H .apyrux uHmepecHblX pacna.llaB. 

Pe3yAbmamb1 ucc11e.L10BaHuu CP-acuMMempuu s pacna.lle 
B ~ Xdy nOK83blBalOm, limo 3Ha4eHue amo(i 891\UllUHbl MOJKem CUl\bHO 

om11u4ambcff om npe.llcKa3aHusi cmaH.llapmHou MO.lle11u. "13MepeHue ee 
3HaKa MOJKem noc11yJKUffib .lll\SI MO.ll611bHO-He3aBUCUMoro 
3KcnepuMeHmaAbHoro onpe.lleAeHUH 3HaKa BUAbCOHOBCKoro 
K03cpcpuuueHma ct I KomopblU He cpuKcupyemcsi UMelOUJ,UMUCSI 
.ll8HHblMU, 

.4) HavllHb1e noAo)f(eHuR Bb/HOCUMble Ha sa!l(umv. 

1. 8b11.1ucAeHbl nonpasKu nopH.aKa a • .lll\SI UHKAI03UBHoro pacna.aa 

B ~ X,t+r. noAyl.feHbl 8H81\UmU40CKUe pe3yAbmambl KaK AMI 

supmyaAbHblX nonpasoK, maK u .llllSI mex U3 nonpasoK, CBH3aHHblX c 
U3Ayl.feHueM o.aHoro .L106aso4Horo r11iootta, Komopb1e Heo6xo.llUMbl .lll\SI 
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coKpaw,eHUSI UHcppaKpaCHblX u KOAUHeapHblX paCXO.llUMOcmeu. 
nol\yl.feHHble pe3yAbmambl npUMeHUMbl B KUHeMamul.feCKOU o6Aacmu 

0.05 :5 q2 I mi :5 0.25 . 
2. Yllem BblllUCAeHHblX nonpasoK .llASI (uHmerpupoeaHHOU no 

o6Aacmu 0.05::;; q2 I mi s 0.25) wupUHbl pacna.lla B ~ x,r r npuso.llum K 

3H84UmeAbHOMY OCAa6AeHUIO 38BUCUMOcmu om ffi04KU nepeHOpMUpOBKU 
.llO ±6.5% . B paMKax cmaH.llapmHou MO.lleAu .llJ\SI 1.1acmu"IHO 
uHmerpuposaHHoro "branching ratio" noAyl!aemcs:i ou.eHKa 
(1.31±0.08)·10-6 , r.lle y4meHa moAbKO Heonpe.lleAeHHocmb css:i3aHHaS'I c 

ocmamollHOU 38BUCUMOCffiblO om moll KU nepeHOpMUpOBKU. 
Heonpe.lleAeHHocmb CBH3aHHaH c Heu3secmHocmb10 mo1.1Horo 3HalleHUS'I 
coomHOWeHUH me I mb cocmaBASlem ±7.6%. 

3. CP-Hapywaiomasi acUMMempuS'I B pacnaAe B ~ x.r RBAHemcH 

y.llo6Hou seAU4UHou .lll\ff mecmuposaHUH cmaH.llapmHou Ma.lleAu. 
HanpuMep, s cAyL1ae cynepcuMMempuLIHblX meopuu oHa MoJKem uMemb 
3HaK npomusonoAOJKHblU ceoeMy 3HaKy s CM. npu omcymcmsuu HOBblX 
KOMnABKCHblX cpa3 ee 3HaK onpe.lleASlemcH 3H8KOM 8UAbCOHOBCKOro 
KoacpcpuuueHma c;B·; amo Ma.JKem 6b1mb ucnoAb30BaHo .llASI . 

3KcnepuMeHmaAbHoro onpe.lleAeHUSI sign[ qff]. 
4. Y4em nonpasoK cAe.llyiow.ero (no omHoweHUIO K ee.llymeMy) 

AarapucpMU4ecKoro nopsi.aKa AMI pacna.lla B ~ K• r npueo.llum K 
3H8LIUmeAbHOMY OCAa6AeHUIO 38BUCUMOCmU om mo4KU nepeHOpMUpOBKU. 
B pe3yAbmame meop. npe.llcKa3aHue .llASI wupUHbl pacna.lla 
yseAU4usaemcH Ha (10-20)%. 

e)Anpo6ayuR pa6omb1 . 

Yllumbtsasi c110JKHocmb Bb14UC/\eHuu npou3Be.lleHHblX s pa6omax 
sowe.awux B .llUCCepmauuio, OHU He3aBUCUMO 6btl\U BblnOAH0Hbl 
pa3AU4HblMU coaemopaMu u 3ameM scecmopoHHe nposepeHbl. CAe.ayem 
omMemumb, 1.1mo a mpex pa6omax s Ka4ecmee coaemopoe 6b1Au 
Bb16paHbl U3BecmHble 3apy6elKHble y4eHble, uMeiow,ue 6oAbwol) onbim 
pa6ombl s uccAe.llyeMblX o6Aacmsix. 4acmb pe3yAbmamoe nocAe 
ny6AuKauuu 6b1Aa no.amsepJK.lleHa s pa6omax .llpyrux aemopoe. 

.I 
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Pe3yAbmamb1 pa6om 6b1Au npe.acmaaAeHbl Ha Hay4HblX ceMUHapax s 
Epcl>ltl, Ha Kacpe.ape meop. cj:>U3UKU EprY, UHcmumymoa meop. cpu3UKU 
npu yHusepcumemax 6epHa u Uiopuxa, s u.eHmpe Democritos u 
mexHu1.1ecKoM yHuaepcumeme a AcpuHax. 
OCHOBHble pe3yAbmambl .llUCcepmau.uoHHOU pa6ombl .llOKAa.llblBaAUCb u 
o6cy.lK.llaAucb Ha Me)K.ayHapo.aHou KoHcj:>epeHu.uu "Quarks 2000", CaH1<m­
nemep6ypr, POCCWI, 2000; Ha pecny6AUKaHCKOU KOHcpepeHU.UU MO/\O.llblX 
y1.1eHblX "<Pu3ut<a-99", EpeaaH, 1999. 

JK) f7V6AUKBL[UU. 

no meMe .llUCCepmau,uoHHOU pa6ombl ony6AUKOBaHbl 3 Hayl!Hble 
pa6ombr, cnucoK Komopbrx npuao.aumcsi s KOHU.e asmopecpepama. 

3) CmpvKmvoa .t1uccepmauuu. 

.Lluccepmau.w1 cocmoum U3 sae.aeHw1, 1.1emb1pex rAae u cnucKa 
Aumepamypbl BKAI04aJOw,eu 161 CCblAOK Ha opuruHaAbHbJe pa6ombr, 
o63opbr u .llOKAa.llbl Ha KOHcpepeHu,usix. 06beM pa6omb1 cocmaaM1em 139 
cmpaHuu. net1amHoro meKcma, BKAI04asi 34 pucyHKa. 

CO.Ll.EP.>t<AHltlE PA60Tbl 

B · ase.aeHuu o6ocHoBaHa aKmyaAbHocmb meMbl, U3Ao.lKeHbr 
npaKmu1.1ec1<all u.eHHocmb u KpamKoe co.llep)KaHue pa6ombr. 

B nepsotJ r11ase AeAaemcll .aosoAbHO .aemaAbHblU o63op meM, 
3amp0Hymb1x a .auccepmau.uu, npueo.asimcll cpopMyAbl, Komopbre 6y.aym 
ucnoAb3oeaHbl e cAe.ayrow,ux rAasax. 

§1.1 nocssiw,eH Mampuue Ka6u66o-Ko6allwu-MacKasa (CKM). 
npuso.allmcsi Hau6oAee nonyARpHble npe.llcmaBAeHw1 3mou Mampuu,br: 
cmaH.llapmHasi napaMempu3au,usi u npu6AU)KeHHasi napaMempu3au,uS1 
BoAcpeHcmeuHa. Bso.llumcsi noHsimue "mpeyroAbHUKa yHumapHocmu" 
(unitarity triangle), npuso.asimcll l.IUCAeHHbre 3Ha4eHusi napaMempos 
BoAcpeHcmeuHa c y1..1emoM meopemUl~eKux u 3KcnepuMeHmaAbHblX 
Heonpe.LleAeHHocmeu. 

B § 1.2 nposo.Llumcsi o6w,ee pacCMompeHue pe.aKux pacna.L1os B 
Me30HOB. Ha npuMepe pacna.aa b ~ sr UMrocmpupyemcsr .lleucmsue 
MeXaHU3Ma r /\3UJoy-lt1/\UOnoyAoca-MauaHU (GIM); noKa3blBaemcsr, I.Imo 

, 
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6oAbWaff (no cpasHeHuto c MaccaMu npoMe.lKymo1.1HblX seKmopHblX 
6o3oHoB) Macca t KsapKa acpcpeKmusHo ycmpaHsiem GIM-no.aasAeHue 
C03.ll.aBaSI B03MO.lKHOCmb UCCA0.llOBaHUSI npou.eccos o6ycAOBA0HHblX 
HeumpaAbHblMU moKaMu MeHsitow,uMu apOMam (flavor changing neutral 
currents- FCNC) u s 1..1acmHocmu pe.a.Kux pacna.aos B u K Me3oHoa. 
noKa3blBaemCSI, I.Imo KBaHmOBbl0 nonpaBKU 3a Cl.lam o6MeHa fl\IOOHaMU 
UMetom Ba.lKHYIO poAb npu UCCAe.aosaHUU CAa6blX pacna.LlOB U3-3a 
B03HUKHOB0HUll 6oAbWUX AorapucpMOB In(µ/ Mw)' r.ae µ- xapaKmepHaSI 

3Heprusi .LIAR .a.aHHoro pacna.lla (.llASI pacna.aos B Me30HOB µ - m1, ). 

Momusupyemcsi Heo6xonuMocmb pacCMompeHusi cAa6b1x pacna.lloB s 
paMKax 3cpcpeKmUBHOU meopuu c AerKUMU KBapKaMU c npUBAel.leHueM 
Memo..aos peHopMaAu3au,uoHHou rpynnbr AMI cyMMuposaHusi 6oAbWUX 
AorapucpMoB so scex nopsi..aKax meopuu B03Myw,eHuu. 

B §1.3 nposo.a.umcsi ..aemaAbHOe pacCMompeHue peAKUX pacna.llOB 
B ~ X«,l)r u B ~ X..cd>.e+ r a a¢>cpe1<muaHou meopuu a paMKax 

cmaH.aapmHOU MO.lle/\U. npuBO.ll.SlmCSI pe3yAbmambl Bbll.IUC/\0HUU .LIAS! 
pacna.aoa B ~ X,cdl c y1.1emoM nonpasoK cJ\e.llytow,ero no omHoweHuio 

K ae..aymeMy nopsi.aKa (next-to-leading order - NLO}, a maK.lKe cpopMyAbl 
.aAsi coomsemcmsyromux CP-Hapywatow,ux acuMMempuu. 
PaccMampusaemcJI NLO BblllUCA0HUe .Lll\SI npou.eccoa B ~ xs(d)r r . 
Momusupyemcsi Heo6xo.llUMocmb y1.1ema rAIOOHHblX nonpaeoK 
cAe.ayiow.ero nopJ1.aKa A.AR ycmpaHeHUSI meopemu4ecKux 
Heonpe.aeAeHHOcmeu, CBSl3aHHblX c 6oAbWOU 3aBUCUMOCmbto om mol.IKU 
nepeHOpMUPOBKU. 

Bo smopotJ r11ase paccMompeHbl supmyaAbHble nonpasKu 
nopsi.l!Ka a, .lll\SI pacna.lla B ~ X/! r s paMKax cmaH.aapmHou MO.lleAu c 

ucnoAb30BaHueM Memo.lla acpcpeKmusHoro raMUAbmoHuaHa. 
B §2.1 .aemaAbHO UAAtocmpupyemcsr Bbl4UCAeHue nonpaeoK 

nopsi.aKa a.. .ll./\ff MampU4HblX 3AeMeHmOB 3cpQJeKmUBHblX 

1.1embrpex¢>epMUOHHblX onepamoi:;oa 0 1 u 0 2 • 3mu nonpaBKU .a.atomcsi 
.aayxnemAeBblMU .auarpaMMaMu <l>euHMaHa, .llMI KomopblX noAyl.leHue 
aHaAumu1.1ec1<ux pe3yAbmamoa J1B11.siemcsi HempuauaAbHou sa.lla1..1eu. 
lt13Aaraiomcsi MameMamul.lecKue Memo.lib! no3BOJ\asiiomue Bbll.IUCAumb 
CAO.lKHble UHmerpaAbl no cl>eUHMaHOBCKUM napaMempaM u n0Ay1..1umb 
pe3yAbmam B BU.lie psi.aos no cmeneHSIM u (UAU) AorapucpMaM MaAblX 
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80./\ULIUH, maKUX KaK me I mb ' q2 Im;. nocJ\0.llHee 03Hallaem, limo Hawu 

pe3yAbmambl eepHbl .lll\SI .llocmamo1.1Ho MaAblX q2: 3mo yc11oeue 

BblnOAHRemc.R .ar.si o6r.acmu 0.05 :s; q2 Im; :s; 0.25 npe.llcmaB.l\.R1011.1,111u 
Hau6or.bwuu uHmepec. Yllumb1eaiomcH BKAa.llbl coomsemcmeyio11.1,ux 
KOHmpll.l\eHOB Heo6xo.llUMblX .ll.l\SI ycmpaHeHUR y11bmpacj:>uo11emoBblX 
pacXO.llUMOcmeu, B03HUKBIOW,UX npu BblllUC.l\0HUU .llByxnem/\eBblX 
.llUarpaMM. noKa3blBaemCR, limo BK.l\a.llbl CO.ll0p)l(8lll,U0 UHcj:>paKpaCHble U 
KO/\UHeapHble cuHryAApHocrnu Moryrn 6bllllb y4meHbl nocpe.llcmeoM 
Ha.L111e)Ka11.1,ero nepeonpe.lle/\eHUR Bu11bCOHOBCKoro K03cj:>cj:>u1.1ueHma c;'f. 

B §2.2 pacCMampusaiomcR nonpaeKu K MampullHblM 31\eMeHmaM 
onepamopos 0 7 , 0 8 u 0 9 • Coomeemcmsyiow,ue O.llHonemr.eBble 
.llUarpaMMbl Bb14UC/\RIOIT1CR cmaH.llapmHblMU Memo.llaMU . 
.LJ.eMoHcmpupyemcH coKpaUleHue YAbmpacpuor.emoBblX pacxo.LIUMocmeu. 
lltHcppaKpacHble pacxo.lluMocmu peryM1pu3upyiomcR c noMOUlblO 
pa3MepHol'.I pery11S1pu3a1.1uu, a Ko11uHeapHb1e cuHry11RpHocmu - nymeM 
coxpaHeHUff HeHyr.eeoro 3HaLleHUff Maccb1 cmpaHHoro KBapKa m ... 

§2.3 nocBRW.eH aHa11usy nonpaeoK K cneKmpy pacna.lla 
B ~ x,e+ .e- ' o6yc/\OB.l\eHHblX npo1.1ecCOM B ~ x .. ge+ .e.- c U3AylleHUeM 
O.llHoro .ao6aso1.1Horo r11io0Ha (bremsstrahlung process). Yllumb1saemc.R 
ma llaCmb nonpaBOK, KomopaR Heo6XO.llUMa .ll.l\R COKpaw.eHUR 
coomeemcmsyioiuux uHcj:>paKpacHblX u KO/\UHeapHblX cuHry11RpHocmeu s 
supmyaAbHblX nonpasKax. 

8 §2.4 npueo.llumcR Bb1pa)l(eHue .ll/\R cneKmpa pacna.lla 
B ~ x,e+.e.- c y1.1emoM Bb11..1uc11eHHblX nonpaeoK. 

B §2.5 npousso.llumcff 1.1uc11eHHblU aHa/\U3 .l!Aff cneKmpa, a maK)l(e 
.lll\SI wupuHbl pacna.lla uHmerpuposaHHOU no BblWe ynoMRHymoMy 
KllHeMamU40CKOMy UHmepBa/\y. no11y1.1aemCff 4UCl\0HH00 3HB40HU0 
(l.31± 0.08) x 10--6 .lll\R 1.1acmu1.1Ho uHmerpupoHHro "branching ratio", r .lle 
Heonpe.lle/\eHHocmb coomsemcmeyem ocmamollHal'.I saeucuMocmu om 
ffiOLIKU nepeHopMUpOBKU. 

8 nplllAO)K0HUU npe.llCffi8B/\0Hbl nO/\Hble nepeHOpMupoeaHHble 
Bblpa)l(eHUSI .lll\R nonpaBOK K MampU4HblM 3.1\eMeHmaM 
llembrpexcpepMUOHHblX onepamopos Di u 0 2 • 

-

' 
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TpemhR r11aea nocBRtUeHa usy1.1eHUIO CP-Hapywaiow.ux 
acUMMempuu B pacna.llaX B ~ x.r(d)r u B ~ xs(d)e+ r . 

B §3.1 KpamKO onUCblBaemcR MUHUMS/\bHOe cynepcUMMempU4HOe 
pacwupeHue cmaH.llapmHol'.I MO.lleAu (Minimal Supersymmetric Standard 
Model-MSSM). Onucb1BaemcR eepcuR MSSM c yHueepcaAbHblMU 
41\eHaMu peaAusupyiow.uMu "MRrKoe" HapyweHue cynepcuMMempuu. 

B §3.2 paccMampueaemcR CP-acuMMempuH e pacna.ne B ~ Xdr 

s paMKax Bblwe ynoMRHymou eepcuu MSSM, c omcymcmeueM 
cynepcuMMempu4HblX CP-Hapywaiow.ux cj:>a3. CKaHupoBHUeM 
npocmpaHcmea napaMempoe MO.lleAu noKa3blBaemcR, 1.1mo uMeiomcR .LIB.a 
Ha6opa cynepcuMMempullHblX napaMempoe, Komopbre 
cpeHOM0HO.l\OrU40CKU npUeMAeMbl, maK KaK He Hapywaiom 
3KcnepuMeHmaAbHblX orpaHulleHuu Ha wupuHy pacna.lla B ~ X,y . 8 

cl\y1.1ae nepsoro Ha6opa Bul\bCOHOBCKULI Koacpcpu1.1ueHm c;t1 UMeem 
mom )1(0 (ompu1.1amel\bHblU) 3HaK, limo u B cmaH.napmHou MO.lle/\U, 1.1mo 
npuso.llum K noAO)KUmeAbHOU (KaK u e CM) CP-acuMMempuu. .LJ.r.s1 
smoporo )Ke Ha6opa c;1f noAo>KumeAeH, npuBO.llR K ompu1.1ameAbHou 

CP-acuMMempuu. 
B §3.-3 onucb1eaemcR pacwupeHue cmaH.llapmHou MO.lleAu c .llBYMS! 

XurrcoeKUMU .llynAemaMu (2 · Higgs doublets model- 2HDM). 
Onpe.lleARIOmcR Hau6oAee nony11S1pHb1e ee eepcuu, u3eecmHb1e KaK 
MO.ll0/\U muna I, II u Ill. 

B §3.4 UCCAe.llyemcR CP-acUMMempuR B pacna.lle B ~ Xdr B 

paMKax 2HDM. noKa3blBaemcR, limo .ll.l\R MO.lleAeu muna I u II 
omK.l\OHeHUR UCC.l\0.llY0MOl'.I Be.l\ULIUHbl om npe.llCKa3aHUR cmaH.llapmHOU 
MO.lleAu He eeAUKU, mor .aa KaK .ll.l\R MO.lle.l\U muna Ill Morym UMemb Mecmo 
6aAbWUe omKAOHeHUff. 111ccAe.llyemcR 3cpcj:>eKm eee.lleHUR Hoeol'.I CP­
Hapywaioiueu cj:>a3bl, KomopaR MalKem noRBARmbcJI e MO.lleAu muna Ill. 

§3.5 noceRw.aemcR usy1.1eHuio CP-acuMMempuu e pacna.lle 
B ~Xi'-+ p_- B paMKax 2HDM. noK83blBaemcR, 41l10 C y4emeM meop. 
Heonpe.lle.l\eHHOCmeu 3ffiOU BeAULIUHbl, 2HDM npaKmULleCKU He 
omAu1.1aiomcR om npe.llCKasaHul'.I CM. 

B LfemeepmotJ r11ase U3/\araiomcR pesyAbmambl Bbl4UCAeHuu 
wupUHbl 3KCK.l\I03UBHOro pacna.lla B ~ K. r B paMKaX cmaH.llapmHOU 

MO.lleAu c y1.1emcM NLO nonpaeoK. 
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B §4.1 nposo.aumc.R 061Uee pacMompeHue .llMI pacna.aa B ~ K'y. 

Onpe.aeAsiromc11 cpopM-Q:laKmopbl onucblBaroiuue 3mom nepexo.a. 
B §4.2 npe.acmaBASlemcsi ucnoAb30BaHHasi HaMu MO.lleAb 

onucasaioiuasi a.llpOHbl B HallaAbHOM u KOHellHOM cocmo.RHUSIX. 
B §4.3 pacCMampusaromcsi r.t.IOOHHble nonpaBKU UHKAI03UBHoro 

muna. 06cy>K.aaemc.R npo6AeMa . UHcppaKpacHblX pacxo.auMocmeu. 
npe.llAaraiomcsi .LI.Ba Memo.aa .LI.Ail UX ycmpaHeHU.R U nOAYll6HUSI KOHellHOU 
WUpUHbl pacna.aa B ~ K' y . 

B §4.4 npUBO.llSlmC.R pe3yAbmambl BblllUCAeHUU .llASI r AIOOHHblX 
nonpaBOK 3KCKAI03UBHOro muna, B KOmOpblX y1.1acmsyem Bmopou 
(AerKUU) KBapK. . 

B §4.5 npoeo.aumcsi 4UCAeHHoe u3y4eHue 3¢cj:>eKma BblllecAeHHblX 
nonpaBOK c ucnOAb30BaHUeM .llByx MemO.llOB .llAfl ycmpaHeHUSI 
UHcj:>paKpaCHblX CUHryASlpHocmeu. 

B npuAo>KeHuu K 1.1emeepmou rAase npuBO.llflmcfl Bb11.1ucAeHw1 
UHcj:>paKpacHO-CUHryASlpHblX BKAa.llOB UHKAI03UBHoro muna c 
ucnoAb3oEiaHueM o6pe3aHusi CHU3Y s uHmerpaAax no supmyaAbHblM 
UMnyAbcaM. 

B 3aKAIOl./eHUU U3Aaraiomcfl OCHOBHble pe3yAbmambl 
.llUccepmauuoHHou pa6omb1. 

1. Bbl4UcAeHbl supmyaAbHble nonpasKu nop.R.aKa a,, .llA.R 

UHKAI03UBHoro pacna.lla B ~ x,r r s paKMax 3cj:>cj:>eKmusHou meopuu. B 
1.1acmHocmu noAy4eHbl aHaAumu4ecKue Bb1palKeHufl MampU4HblX 
3AeMeHmos 1.1emb1pexcj:>epMUoHHblX onepamopoe q u 0 2 , Komopb1e 
onpe.aeA.Riomcsi CAOlKHblMU .asyxnemAeBblMU .LlUarpaMMaMu <l>euHMaHa. 
.ll.Ail 3mou ueAu ucnoAb30BaHbl uepapxuu MaccoBblX napaMempos 
BXO.llSllUUX B .auarpaMMamw.iecKUe BblpalKeHUSI u npoU3Be.lleHbl 
pa3AO>KeHu.R no coomsemcmsyioiuuM MaAblM napaMempaM. 8b11.1ucAeHb1 
maK>Ke BK/\8.llbl onepamopos 0 7 , 0 8 , 0 9 u 0

10 
• 

2. Bbtl.fUCAeHbl me u3 O(a,) nonpasoK K npoueccy B ~ x,,.rr, 
o6ycAOBAeHHblX U3Ay4eHUeM O.llHOro .ao6aB04HOro fAIOOHa, Komopble 
Heo6xo.llUMbl .llAfl COKpaiueHUSI UHcj:>paKpaCHblX u KO/\UHeapHblX 
cuHryAsipHocmeu a eupmyaAbHblX nonpasKax. 

3. Bb1L1uc11eHHb1e nonpaBKU ucnoAb30BaHbl c ueAblO no/\y4eHust 
yAy.aweHHoro meop. npe.acKa3aHUH cmaH.aapmHou MO.LleAu .LIAS! cneKmpa 

~--~ I 
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pacna.lla B ~ X/.+ r B KUHeMamu1.1eCKOU o6Aacmu 0.05 $ q2 I mi $ 0.25 . 

npO.ll0MOHCmpupoBaHO cyiuecmBeHHOe OCAa6A0HUe 3aBUCUMOCffiU om 
mo1.1Ku nepeHopMupoBKU . .ll.Afl 1.1acmu1.1Ho UHmerpupoeaHHoro "branching 
ratio" noAy1.1eHa oueHKa (1.31±0.08)•10-6, r.lle Heonpe.lleAeHHocmb 

o6ycAOBJ\0Ha ocmamoLIHOU 38BUCUMOCmblO om ffi04KU nepeHOpMUpOBKU. 
4. PaccMompeHa CP-Hapywaiow.afl acUMMempust B pacnaae 

B ~ X 0y B pacwupeHUSIX cmaH.llapmHOU MO.ll0/\U. noKa3aHO, I.Imo 3ffi8 
BeAU4UHa MOlKem 6blffib nOA03HOU .llMI mecmupoeaHU.R cmaH.aapmHOU 
MO.lleAu. B 1.1acmHocmu .aalKe e c11y1.1ae omcymcmsust HOBblX CP­
Hapywarow.ux cj:>a3 oHa MO>Kem uMemb 3HaK, o6pamHblU csoeMy 3HaKy s 
cmaH.llapmHou MO.lleAu. lll3MepeHue 3HaKa CP-acuMMempuu 
npe.L1cmaBAilem co6ou y.ao6Hblu Memo.LI MO.lle/\bHO-He3asucuMoro 
onpe.lleAeHUfl BUAbcoHoscKoro Ko3cpcj:>uuueHma c;JJ . 

5. Bb11.1uc11eHbl nonpaBKU cAe.ayiolUero (no omHoweHUIO K 
se.ayw.eMy 11orapucpMu1.1ecK0My) nopst.aKa .LIAH 3KCKAI03UBHoro pacnaaa 
B ~ K'r . .ll.Afl onucaHU.R a.apoHOB B Hal.fa/\bHOM u KOH0LIHOM cocmOflHUflX 
6b1/\a npusAe1.1eHa npocmast KosapuaHmHasi MO.ll0Ab, a.lleKsamHafl .ll/\.R 
paccMompeHUH pacna.D.oB 8 Me30HOB Ha AerKue Me30Hbl. lllcnoAb3Yfl .asa 
Memo.aa .LIA.R peweHUfl npo6AeMbl uHcppaKpacHblX pacxoauMocmeu, 
noKa3aHo, 1.1mo Bbl4UC/\eHHble nonpaBKU npusoA.flm K yseAULleHUIO meop. 
npe.llcKa3aHUfl .llAfl wupUHbl pacnaA.a B ~ K'r Ha (10+20)%. 
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UuibuwtunumpJnLUIJ Cil.J.ppt.{wo t B llbqnuulipp tlp 2wp.e 
hwqt.{wqJnLLn lllflnhmtlulipp L. 1111wugmu CP-fuwtmnnq t!j>bljUlubpf1 
mumlluwuppmpJWLIIJ uuiwu11w11ui lln11bLmll L. Gpw 2112wuwljGbppg 
11mpu: 

UuiliuwtunumpJmuu ulfut.{nul t Cibpw6mpJWllp, nrunbri 
hpllCiwt.{npi.J.nul t pbllWJfl WlfUlnLWLnLPJnLfiQ, hwllwnmn nLflt.{Wq6t.{mll t 
WJG tuCi11f111Glipfl w2wCiwlf1J, npnug Cii.l.r11L1.wo t w2tuwuiwu90: 

U11w2f10 q.LmtuCi nLuf1 octw011wlf pCimJp: UJUUlbl'\ tlwQpwllwuunpl:iu 
9CiGwplfi.J.wo bCi hwqt.J.wqJnLUl lllpnhmtlCil:ipp uibuwlfwCi 
hbuiwqnlllmpjmuubpfl hfllluwlfw(j Wfll'}JnLU.QUliflQ, ubptlm6t.{wo b(j 
hflUCiWl.jWCi hwulf wgmpjnLUCibp[!, r).nLflU bu qplJ.WO tlp 2Wfl.Q Wuhpwctbzui 
pwQwCIL.bp, npnCi.e oq1J1wq.np6t.J.mll bu hw2n1111n11. qLmfuulipnLll: 

B ~ x.e+ r f1Cilfumqpt.{ hwqt.{wqJmlll uipnhmtlo llb4u t WJCi 
tunu1J1mllCituLfl9 lllflnhmllubpflg, npnCi.e 4wpnq bu q.pwGgt.lbL llnui 
w1.4wqw1mu L. npnug hwllwp lflnpClwpwpwl.jwCi L. uibuwl.jwCi uit.lJwLGbpfl 
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