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OEW:MI XAPAKTEPHCTHKA PAEOThl 

AKTYaJihHOCTh pa60T1>1 

CrnH.napTHa& Mo.neJI1> (CM), ocHoBaHHa& Ha pa6ornx Bail:H6epra­

CaJiaMa-fmrnoy, HBJIHeTcH o6'heJlHHeHHeM cJia6oro H :meKTPOMarHHTHoro 

B3aHMo.neil:cTBHH. B onHcaHHH B3aHMo.neil:cTBHH :meMeHTapHhIX 'IRCTHU CM HBJIHeTCH 

OtfeHb ycnelIIHOH Teop1:1eil:. 0.nHaKO, B03MOlI<HO OHa He HBJIHeTCH OKOH'laTeJibHOH 

Teop1:1eil:, a HBJIHeTCH . HH3K03HepreT1:1qecK1:1M rrpe.neJioM 6onee o6meil: TeopHH. 

Q)KH.L(aeTCH, 'ITO <P1131:1Ka BHe CM JlOJDKHa rrpoHBHTbCH rrp1:1 3Heprn&x OT HeCKOJihKHX 

coreH GeV .no 1 TeV. 

Pe.nu1e HHKJII03HBHhie pacrra.nhl B-Me3oHoB .llBJIHIOTCH BaJKHhlM 1:1croqHHKOM 

HH«l>opMau1:11:1 B (jJH3HKe MacrnTa6os HeCKOJibKHX coTeH GeV. B paMKax CM 3Tl:I 

rrpouecc1>1 HJlYT 11epe3 rrernes1>1e .n1:1arpaMM1>1, 1:1 1:1x BKJiaJl rro.nasJieH H3-3a 60J11>rn1:1x 

Mace KaJIH6poBO'IH1>1x 6o3oHOB. B HeKoTophlx pacrn1:1peHHHX CM BKJiaJlhl B 3TH 

rrpouecc1>1 OT .n1:1arpaMM c 'HOBbIMH' qacTHUaMH COH3Mep1:1Mbl, a HHor.na 1:1 60JI1>rne 

BKJia.nos CM. llo3TOMY, noey11eH1:1e TO'IHhIX 3KCIIep1:1MeHTaJibHhIX .naHHhIX JlJIH peJlKHX 

pacrra.nos HaKJia):(hIBaeT c1:1JI1>H1>1e orpaH1:1qeH1:1J1 Ha CM, 1:1 MOJKeT npHBecTH K 

Hecornac1:110 c CM, qro 6y.neT JlOKa3aTeJI1>CTBOM HeKoii 'HoBoil: «l>1:13HKH'. 

BaJKHOH 'laCTbIO CM JIBJIHeTCH MaTp1:1ua KKM (Ka61:1660-Ko6a&rn1:1-MacKaBa), 

KOTOpaH rrapaMeTpH3yeT B3al:IMOJleHCTBHe KBapKOB c 3apIDICeHHhIMH TOKaMH. MaTpHUa 

KKM HBJIHeTcJI e.nHHCTBeHHhIM HCTO'IHHKOM CP HapyrneHHH B CM. B 3TOH cBH31:1 

1:1ccJie.nosaHHH B o6JiaCTH pe.nKHx pacrra.nos B-Me30HOB HMeIOT oco6oe 3HaqeH1:1e, TaK 

KaK HaKJia.n1>rna10T orpaH1:1'1eHHJ1 Ha 3JieMeHTbI KKM MaTpHUhI. 

HeKoTopwe oco6eHHOCTH b-a.upoHOB crroco6cTBy10T H3y11eH1110 

TeopeTH'leCKHX 1:1 3Kcrrep1:1MeHTaJihHhIX cropoH ¢113HKl:I B-Me30HOB. Ilepsoe -

cpaBHHTeJI1>Ho JlOJiroe speMJI lirn3HH 'tb ~ 1.6 ps . BTOpoe - Macca b-KsapKa HaMHOro 
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6oJihUie xapaKTepHoro MacUITa6a KX,L( mb >> AQCD "'0.3GeV. Macca h-KBapKa B 

rrorrIDce "' 4.8 Ge V . MarrocTb Beml:'IHHhl AQO) I mb cHa6)!(aeT Hae yno6HbIM 

rrapaMeTpOM nm1 pa3JIO)!(eHHJ! B pl!ll no reopHH BOJMyII1eHHii:. BMecTe c cpaKTOM, 'ITO 

a, (mb) "'0.2' 3TO naeT B03MO:ll<HOCTb AJIJ! HCIIOJlb30BaHHJ! nocrrenoBaTeJibHbIX 

np116JIH)!(eHHH IIO CTerreHJ!M 3THX rrapaMeTpOB, 'ITO H HCIIOJih3yeTCJ! B HeKOTOpb!X 

rrpHJIO)J{eHHJ!X reopHH TJ!)!(eJioro KBapKa, B qaCTHOCTH B HQE (Heavy Quark 

Expansion). 

B cny'lae c HHKJII03HBHbIMH B-pacnanaMH, 3TH rrpoueccb1 MoryT 61>1Tb 

OIIHCaHbl Ha ypoBHe rrapTOHHb!X rrepexonoB (T.e. Ha ypoBHe KBapKOB, a He anponoR) B 

paMKax HQET (Heavy Quark Effective Theory) H HQE. 

B pa6oTe paccMaTpHsaeTCJ! HHKJIID3HBHbiii: pacrran B-Me3oHa B ~ Xs yy . 

rfaBeCTHO, 'ITO HHKJIIQ3HRHb!e pacrranbI HMeIOT 6oJibIIIYIO TeopeTH'!ecKyJO 3lla'IHMOCTb, 

'!eM 3KCKJII03HBHbie, TaK KaK HerrepTYp6aTHBHb!e 3cpcpeKTbl HrpaIDT corron•rnneHHYIO 

pOJih. 

lleJib llHCceoraUHOHHOH pa60TbI 

• 

• 

• 

IlpHMeHeHHe rrpencrnBJieHHJ! MerrJIHHa-EapHeca H aBTOMaTH3HposaHHoro 

anropHTMa JiarropTbl AJIJ! rrony'leHHJ! aHaJIHTH'!eCKOfO Bb!pa)!(eHHJ! llJIJ! 

BKJianoB npesecHoro rropJ!llKa HHTepcpepeHUHii: Me:ll<.!lY orrepaTOpaMH 0 1 , 

0 2 H 0 7 B IIIHpHHY pacrra.ua B ~ Xs yy . 

Bb!BOA BKJiana rropJ!llKa O(a.
5

) ::ineKTpoMarHHTHoro nHnoJibHoro orrepaTOpa 

B .llBOHHYIO nHcpcpepeHUHaJibHYIO UIHpHHY pacnana B ~ X,yy B 

aHalIHTH'!eCKOM BH.Ue. 

l1ccrren0Bam1e 3aBHCHMOCTH OT peHopMaJIH3aUHOHHoro MaCUITa6a O(a. 5 ) 

BKrrana orrepaTOpa 07 B ,!(BOHHYID .llHcpcpepeHUHaJibHYID II!HpHHY pacrrana 

B~XsYY· 
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Hay'!Hal! HOBH3Ha 

• 

• 

• 

• 

BrrepB1>1e BbI'!HcrreHhI NLL norrpaBKH KBaHTOBoi1 xpoMO.UHHaMHKH 

::ineKTpOMarHHTHOro nHIIOllbHoro orrepaTOpa .!(JIJ! pacrrana B ~ X, yy . 

IIpoH3Benetto HccnenoBaH11e 3aBHCHMOCTH norrHoro NLL BKrrana 

l!HTepcpepeHUHH ( 07' 07) OT peHOpMarrH3aUHOHHoro Mac1ma6a. 

Brreps1>1e c rroMOIIlbIO rrpencTaBJieHHJ! MerrJIHHa-Eaptteca rrorry'!eHbI 

aHaJIHTH'leCKHe Bb!pa)!(eHHJ! .lllIJ! BKJia,!(OB B .llBOHHYIO n11cpcpepeHI.(HallbHYIO 

nrnpHHY pacnana B ~ X, yy HHTepcpepeHUHH ( 0 1, 0 1 ), ( q , Dz), 
( 0 1 , 0 7), ( 0 2 , Dz) H ( 0 2 , 0 7 ). 

BrrepBbie npoH3BeneHo HccrrenoBaHHe BelIH'IHHbl U
5 

rronpaBKH 

HHTepcpepeHUHH ( 07 ' 07 ) ITO cpaBHeHHIQ c cyMMapHblM npeBeCHbIM 

BKJianoM .lllll! pacrrana B ~ x, yy. 

IIpaKTH'!ecKaJ! ueHHOCTb pa6oThI 

KaK y:llce OTMe'!anoc1>, penKHe HHKJII03HBHbie pacrranbI B-MeJoHoB nrpaIOT 

O'leHb Ba)!(HYIO pOJib B TeCTHpOBaHHH COCTOmellbHOCTH CrnttnapTHOH Moneirn. LJ:o CHX 

nop, IIIHpHHa penKoro pacrrana B ~ X, yy 6brna H3BecTHa c TO'IHOCThJO TOJibKo .no LL 

rrorrpaBoK, '!TO J!BJIJ!eTCJ! 11e.uocTaTO'IHOH TO'IHOCTblO. CKopo B .11TarrHH 11 RrroHHI! 6ynyT 

IIOCTpOeHhI ycKopHTerrH SuperB H Super KEKB, Ha KOTOpbIX 6y1:i:eT H3Mepetta nrnp1111a 

pacnana B ~ X, yy , H AJIJ! cpaBHe1111J1 TeopeT11'!eCKHX 1:i:a1111hlx c 3Kcrrep11MeHToM 

HY)!(Hbl Bblcnrne rrorrpaBKH. BhI'IHCrreHHaJ! B 3TOH pa6oTe NLL norrpaBKa J!BJIJ!eTcJ! 

rrepBb!M IIIaroM B 3TOM HanpaBrreHHH. 

TaK)!(e, MeTOAbl, OCBOeHHbie npH Bbl'IHCJieHHJ!X, IIp01!3Be,l:(eHHbIX B 

nHcceprnu1101111oi1 pa6oTe, MOfYT 6bITb rrone3HbI AJIJ! BbI'!HcrreHHH .upyrnx NLL 

rronpaBoK .UJIJ! AaHHoro pacna1:i:a, a TaK)!(e rrp11 rrpoBeAeH!IH rro1:i:o6111>1x pac'!eTOB AJill 

npyrnx peAKHX pacna.UOB. 
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Hay'!Hbie rronmKemrn, Bb!HOCHMhie Ha 3aumzy 

• BhI'IHCJieHl!e U
5 

rrorrpaBoK 3JieKTpOMarHl!THoro .llllIIOJihHoro orrepaTopa B 

.usoii:HyIO .ump<}lepeHU.llaJihffYIO rrrnp11ey pacrra.ua B ~ Xs yy. 

• Ilp!!MeHeHl!e MeTO.UOB .U!!<}l<}lepeHUHaJihHh!X ypaBHeHl!H H rrpe,UCTaBJieHl!H 

• 

MeJIJIHHa-EapHeca .um rronyqeHHll aHaJillTHtieCKHX Bbipa>KeHHH .UJil! CX.
5 

BKrra.ua orreparopa 0 7 1:1 cyMMapHoro .npesecHoro BKna.ua orrepaTopoB 0 1 , 

0 2 H 0 7 . 

Mccrre.uoBaH11e 3aBHCHMOCTH NLL rrorrpaBoK orreparopa 0 7 OT 

peHopMaJI113au110HHoro Macrnra6a. 

• MccJie.uosamie BeJIH'IHHhI NLL rrorrpaBOK rro cpaBHeHHIO c cyMMapHhIM 

.upeBeCHhlM BKJia,UOM. 

Arrpo6aum1 pa6orhI 

OcHOBHh!e pe3yJihTaThI n11ccepTa1IHOHHOH pa6oThI .!lOKJia.!lhIBaJil!Ch Ha 

naytIHOM ceM11nape B Hau1:10HaJihHOH HayqHoH Jla6oparop111111M. A. YI. Arr11xaHJ1Ha. 

Ily6nHKal!IHI 

Ilo TCMe .llHCceprauHOHHOH pa6oThl orry6nHKOBaHhl 3 HaytIHh!e pa6oThl, 

CilllCOK KOTOph!X IIpHBO.llllTCH B KOHUe aBTOpe¢epaTa. 

CrnyKrvpa rmcceprau1111 

6 
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,l(11ccepra1uu1 COCTOHT H3 BBe)leHHll, tieTb!pex rnaB, 3aKJIIO'!eHHll ll CIIHCKa 

JillTepatyphl ll3 115 H3HMeHOB3HHH. 06umii: o6'beM pa60Tbl COCTaBJil!eT 108 CTpaHHU 

rreqaTHOfO TeKCTa. 

Co.neplKllHHepa60TJ>I 

Bo BBe)lemm o6cy/K,lleHa Ba>KHOCTb 3Toii: pa6oTIJ, H3JIO>KeHh! ee 

rrpaKTH'leCKal! ueHHOCTh H KpaTKOe co.nep>KaHHe. 

B nepooii rJiaBe KpaTKO OIIHChIBalOTCH OCHOBHh!e IIOJIO>KCHHH TeOPHH, B 

paMKax KOTOpoii: rrpo.ueJiaHa pa6oTa. Crrepna OIIHCaHhl HeKOTOpbie Ba>KHh!e CBOHCTBa 

CM, B qacTHocTH, MexaHH3M X11rrca H KKM MaTp.11ua. IloKa.3aHo, KaK B paMKax CM 

pean1ny10TCH rrpouecch1, MeHHIOillHe apoMaT HeHTPaJibHbIM roKoM (FCNC). B CM 

FC;NC rrpouecchI .11.uyT TOJihKO qepe3 IleTJieBhie .u.11arpaMMhI, KOTOph!e nemTcn Ha .usa 

T.llrra - Il.l!HrBllHHh!e ll 6oKCOBhie, Ilp.l!Be.ueHh! rrp.llMCphl 060.11x T.llIIOB )l.llarpaMM. 

TaK>Ke, KpaTKo o6cylK,lleHa cxeMa pa3MepHoii perymp.113au.11.11 .11 MO)lHcp.11U.11poBaHHal! 

cxeMa M.llHHMaJihHhIX Bhl'IHTaHHH (MS cxeMa), KOTOph!e HCIIOJib30BaHhl B 

.u11ccepTaUHOHHOii: pa6ore. B pa.3.uene 1.5 OII.l!ChIBaeTCH Mero.u 3cp<}leKTl!BHoro 

faMl!JlhTOHl!aHa, KOTOph!H COCTOHT H3 .llBYX qacreii - orreparopaoro pa.3JIO>KeHHH H 

peaopMrpyrrrroBh!X ypaBHeHHH. OcHOBHh!e oco6eHHocrn 060.11x 3THX MeTO.llOB TaK>Ke 

o6cy)lmeHhI B ::iroii masc, B qacTHOCTll, B03HHKHoBeHHe 6oJihillHX JiorapHcpMOB B FCNC 

rrpoueccax, Bhl'IHCJieHHC K03cpcpHuHeHTOB BHJibCOHa, HX rrepeHopMHpOBKa, IIOHl!THe 

MaTpHUhl aHOMaJibHOH pa.3MepHOCTH H perueH.llH ypaBHeHHH peHOpMaJIH3aUHOHHOH 

rpyrrrrhl. IlpHBO.!lHTCl! BH.U 3<}lcpeKTHBHOro faM.l!JlbTOHHaHa .!lJIH peJ:lKOro llHKJll0311BHOf0 

B-pacrra.ua H HBHhIH BH.!l orreparopOB, BXO.!ll!IUllX B ::icpcpeKTHBHhIH faMHJlhTOHHaH. B 

KOHue rnaBhl B 06IUHX qepTaX OIIHCh!BaeTCl! ::icpcpeKTllBHal! TeOpHH TIDKerroro KBapKa 

(HQET) ll MCTO.!l pa3JIO>KeHHl! no Macce TJDKeJioro KBapKa (HQE), c IIOMOillhlO KOTOph!X 

a.upOHHh!H pacrra.u rrpHBO)lllTCl! K pacCMOTpeHlllO KBapKOBOfO pacrra.ua. 

Bo BTOpoii rnaBe c IIOMOillhlO aBTOMaT.11311pOBaHHOfO arrropHTMa JlarropThl H 

rrpe.ucTaBJICHlll! Menmrna-EapHeca Bhl'IHCJIHCTCH B aHaJIHTH'!eCKOM BH,lle BKna.u 

.npeBecHoro . rropll.nKa HHrep<}lepeHu1rn ( 0 2 , 0 7 ) .UJ!l! pacrra)la B ~ X s yy . CrrepBa 

06cy)l(.!laeTcJ1, KaK pa6oTaeT aJiropHTM JlarropThl. Anrop11TM ocHoBaH Ha Merone 
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HHTerp11poBamrn ITO qacn!M H II03BOJil!eT 60JibIIIOe qffcJio llHTerpaJIOB, noeyqa!OIUllXCH 

H3 ,llHarpaMM <l>eiiHMaHa, Bh!pa3HTb qepe3 He60JILIIIOe 'IHCJIO Tar<: Ha3LIBaeMb!X MaCTep­

HHTerpaJIOB. Orrl!Cb!BaeTCH TaK)Ke rrpe,llCTaBlieH11e MeJIJIHHa-EapHeca, c IIOMOIUblO 

KOToporo BLipa)KeHl!H THrra 1 /(x + y),_ ,(A > 0) MO)KHO rrpe.ncTaBllTL B crre.ny10meM 

Bii.ile 

_} -- } f ds XS 

(x+ y)'1 - r( a) c 21ti ya+s r(-s )r( a+ s), 

r.ne HHTerpHpOBaHHe rrpOH3BO,llllTCH ITO C- KOHzypy, KOTOpb!ii IIpoXO,llHT rraparrJielibHO 

MHl!MOH OCH B KOMIIJieKCHOH IIJIOCKOCTH s ' rrepeceKaeT peaJibHYIO OCL Me)K.!ly TO'IKaMll 

-A H 0 H OT,llelIHeT .npyr OT .npyra B03pacTaIOIUl!e II y6LIBaIOIUHe IIOlIIOCa 

IIO.!lbIHTerparrbHOH <J.lyHKll;Im, o6ycJIOBJieHHLie r(-s) ll r('A + S) , COOTBeTCTBeHHO. 

Ilocrre paCCMOTpeHHH MeTO.!lOB BL!qHcrreHllH OIIHCbIBaeTCJI rrpouecc 

Bhl'IHCJieHHH BKJia,lla HHTep¢epeHUHll ( 02 , 07 ). B paMKax Hll3K03HepreTH'IeCKOH 

3<J.i«l.JeKT11BHoii Teopmi: cKopocTL rrapToHHoro pacrra.na B ~ XsYY MOJKeT 6LITb 

3arr11caHa B cJie.llyrorueM Bii.ile: 

,..;;. 2 - 4 
Cr~a m (µ)m • 

f(b ~ S"f'() = """' F em b b I v v 12 e cff G .. tt 10241t5 tb ts l J lJ 

I-fa 3TOro BLipaJKeHHH B 3Toii rrrase Mb! paccMaTp!IBaeM ToJILKo BKJia.n G27 . ,l(JIH Hero B 

.npesecHoM rrp116JimKeHHH rroeyqaeM rrpocroe BLrpa)JceHHe 

G27~!6q,q,2 Re[l-s1 -s2 -4m,,
2
arcsin( 

J
2] - s1 - s 

4fuc 2 2 ' 

qTo HBlilleTCll OCHOBHLIM pe3yJILTaTOM 3TOH rrraBbI. 

TpeTLH rrraaa rrocBHIUeHa my'leHlllO BKrra.na 3JieKTpoMarHHTHoro .!lllIIOJihHoro 

orrepaTopa 0 7 .lllill pacrra.lla B ~ Xs yy . IIpoH3Be.neuo BhlqwcrreH11e O( as) rrorrpaaoK 

K .naoiiHoii .ll11«J.i«J.iepeHu11arrbHOii IIIHpHHe dr 77 !(ds1ds2 ) .!lJill pacrra.na B ~ X
8
yy 

( si = (pb - qi )2 Im;). ,l(JIH 3Toro, cornacHo orrTHqecKoii TeopeMe, 6bmH 

paccMoTpeHbI .asa nma pa3pe3oB co6cTBeHH0-3HepreTHqecKHX .n11arpaMM h-KBapKa -

Tpex'lacT11qHLre (co.n;ep)Jcam11e rlIIOOHHYIO rrern10) H 'leTLipexqacTll'IHbie (co.n;epJKam11e 
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.,, 

rJIIOOH KaK KOHeqHoe COCTOHHHe). TaKJKe, paccMaTp!IBalOTCH .nwarpaMMLI c 

KOHTpqrreHaMH, peryJIHPYIOIUHe YlibTPa!J.lHOJieTOBb!e paCXO.!lHMOCTll rJIIOOHHOii IIeTJIH. 

IlpHMep .!lHarpaMMhl <l>eiiHMaHa, orrpe.neJIHJOII.(yIO 0.llHY H3 BHpTYalibHb!X rrorrpaBOK K 

IIIHpHHe pacrra.na, rrpHBe.neH Ha p11c. l. 

b 

I 
I 

3P 
I 
I 

b 

PHc. 1. ,l(HarpaMMa, orrpe.neJIHIOIUaH O.llHY H3 BHpzyaJILHLIX rrorrpaBoK K 

IIIHpHHe pacrra.na b ~ SJ1' . 

BllpTYaJILHble rrorrpaBKH BhlqHcJieHLI ToqHo .!llill HeKOTOporo HHTepBarra 3HaqeHHii S1 

H S2 (HCKlIIOqaromero H3JiyqeH!le MHrKHX cJ?oTOHOB). 1:1eTLipexqacTHqHLie rrorrpaBKH 

BL1q11cJieHLI c TO'IHOCTLIO .no Beeymero rropJI.!lKa OTHOCHTeJibHO (HopMllpOBaHHOH) 

a.npoHHoii MaccLI s3 = (pb - q1 - q2 )2 Im; B TPOHHoii .n11«J.i«J.iepeHUHaJILHoii III11p11ue 

pacrra.na dr 77 l(ds1ds2ds3 ). PaccMoTpeua 3aBHCllMOCTb rroJiyqeHHoro pe3ylILTaTa oT 

peHopMalIH3aUHOHHOro MacIIITa6a. ,l(rrJI :rroro IIOCTpOeHbl rpacJ?HKH .!lJill .!lBOiiHoii 

.nmpcjlepeHuHarrbHoii IIIHpHHbI pacrra.na dr 77 I ( ds1 ds2 ) KaK «l.JYHKUHii OT s1 rrpH 

«l.JHKCHpOBaHHOM S2 =0.2 ,llJIH Tpex pa3HLIX 3HaqeHllii peHOpMaJill3al(HOHHOro 

Macrma6a µ= mb I 2, mb, 2mb. IloKa3aHo, qTo NLL rrorrpaBKll MeHHIOT LL pe3ylibTaT 

rrpHMepHO Ha 50%. B KOHUe rnaBLI Mb! IIPllBO.!lHM .lleTarr11 Bblq11cJieHllll, B TOM q11cne II 

9 



KOpOTKO OIIHCbIBaeM MeTO,!l mup¢epemi;HaJibHb!X ypaBHeHHH, HCIIOJib30BaHHb!H ,!{Jill 

Bb[ql{CJieHHH CJIOlKHb!X Macrep HHTerpanoB. 3TOT MeTO,!l Il03BOJIHeT IIonyqHTb 

aHanHTH'IecKHe BbipalKeHHH ,llnH Bcex pe3yJibTaTOB 3TOH rnaBb!. Ha IIpHMepe 

,!lHarpaMMb! pHc. l 3TOT MeTO.ll pa6oTaeT cJie,!lyJOll{HM o6pa30M. B 3TOM cnyqae Mb! 

HMeeM llHTb MaCTep HHTerpanoB. 1IeTb1pe H3 HHX MOlKHO Bbl'UfCJIHTh IIYTeM IIpHMOro 

HHTerpHpOBaHHH !IO <l>eHHMaHOBCKHM IIapaMeTpaM. ,L(nH BbJq11eneHHH llOCJie,!lHero 

MaCTep HHTerpana (o6o3HaqHM ero P11u. TaK KaK OH CO,!leplKHT qen1pe IIpoIIaraTOpa B 

IIepBOH CTeIIeHH B 3HaMeHaTene) Mb! peruaeM ,!lH¢¢epeHl:(HaJibHble ypaBHeHHH 

oTHOCHTeJibHO s1 H s 2 , H rronyqaeM perueHHe, KOTopoe o6o3HaqHM qepe3 Ouu· Ha 

'.'lTOH CTa,!lHH BJ,JqHcneHHH Quu CO.!lCP)J(HT KOHCTaHTbl HHTerpl!poBaHHH (KOTOpble He 

q>HKCHpy!OTCH ,!lH¢¢epeHuHaJibHblMH ypaBHeHHHMH). 1IT06bl nonyql!Tb 3TH KOHCTaHTbl, 

Mb! IIOCTYnaeM cne,11;y:EOIUHM o6pa30M. MI.1 rrepeIIHCbIBaeM Macrep HHTerpaJI Puu c 

IIOMO!Ub!O Cl>eil:HMaHOBCK:llX IIapaMeTpOB: 

1 

~111 =s;·s~·(l-s1 -s2r· fg0 (s1 ,s2 ,E,u,v,y)dudvdy, 
0 

r,!le u, v H y - IIapaMCTpbl <l>eil:HMaHa (Bee MCHHIOIIJHCCH c 0 ,!lO 1). <l>aKTOp 

s;• s;• (1- s, - s
2 
)-• H.!leT H3 TpexqaCTHqHoro ¢a3oBoro rrpocTpaHcTBa. IIo,11;cTaBJIHeM 

S2 =O B g 0 (sl' s.' E, u, v, y) Ii HHTCrpHpyeM 110 Cl>eil:HMaHOBCKHM IIapaMeTpaM. 

IlonyqaeTCH HOBaH ¢YHKUHH 

1 

g 1(s1 ,s) = Jg
0
(sl'O,s,u,v,y)dudvdy 

0 

Mb! BbJq:11cJ1HJI:ll BC.!lYIUHH qJieH pa3JIOlKeHHH ¢YHKUHH g 1 ( S1 '£) !IO SI 
-2 

BOKpyr HyJIH, KOTOpb!H HBJIHCTCH !IpOIIOpUHOHaJibHb!M SI . }fa 3TOro cpa3y IIonyqaeM 

v P v o; 2 
BC.!lY!UliH qneH pa3JIO)JCeHHH Ill! 110 S1 Ii S2 ' KOTOpb!H 11po11opuH0HaneH S2 SI . 

CpaBHHBaJI pe3yJibTaTbl 3TOro BJ,JqHcJieHHll c COOTBCTCTBYIO!UHM pa3JIO)J(eHHeM 

perneHHll Quu .UH¢¢epeHuHaJibHOro ypaBHeHHH, orrpe.ueJIH:eM KOHCTaHTbl 

HHTerpHpOBaHHH. 
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) 

') 

') 

) 
I 

AHaJIHTHqecKHH BH.U .UJIH qeTb!pexqacTHqHbJX rro11paBOK IIonyqaeM c 

ITOMO!Ub!O TOro )Ke MeTO.ua, O.UHaKO B 3TOM cnyqae BbJq!fcJieHHH MeHHIOTCH H3-3a Toro, 

qTQ B rrpoMe~OqffbJX CTaJ:J;HHX ¢HrypHpyeT TaKlKe rrapaMeTp S3 . 

B qemeproil: rJiaBe Mb! BbJqHcnneM BKJia.Ubl ,11;pesecHoro rropH.UKa OIIepaTOpoB 

01, 02 H q B .UBOHHy!O .UH¢¢epeHl:(HaJibHYIO IIIHpHHY df l(ds1ds2) pacnana 

B---) X 8 yy H paccMaTpHBaeM HX 3aBHCHMOCTb OT 11epettopMHposoqHoro Macrnrn6a. 

Mb! npHBO.UHM aHaJIHTHqecKHe Bh!pa)J(eHHH .!lJIH scex BKJiaJ:J;oB, rropHJ:J;Ka CX.
5 

nnn 

HHTep¢epeHUHH ( 07' 07) (H3 TpeTbeil: rnaBbl), H .upeBeCHOro rropHJIKa JIJIH 

HHTep¢epeHuHil: ( 0 1, 0 1 ), ( 0 1 , q ), ( q , 0 7 ), ( q , 0 2 ) H ( q , q ), BbJqHcJieHHbIX 

c rroMOIUbIO npe.ucrnsJieHHH MeJIJIHHa-EapHeca. PaccMoTpeHa 3aBHCHMOCTb 

cyMMapHoro ,!lpeBeCHoro BKJia.ua OT peHopMMH3aUHOHHOI'O MaCIIITa6a. ,L(nH 3TOro 

paccMOTpeHa 3aBHCHMOCTb .UBOHHOH JIH¢¢epeHUHanbHOH IIIHpHHbl pacrrana OT S1 IlpH 

¢HKCHpOBaHHOM S2 =0.2 JIJ!ll Tpex 3HaqeHHH peHopMaJIH3aUHOHHOro Macrnrn6a 

µ= mb I 2, mb, 2mb. IlpoH3Be.ueHo HCCJie,11;0BaHHe BeJIHqHHbI CX.
5 

rrorrpaBKH 

HHTep¢epeHUHH ( 07, 07) 110 cpaBHeHHIO c cyMMapHblM ,11;peBeCHb!M BKJia]IOM .UJIH 

pacrra.ua B---) X 8 yy. IloKa3aHo, qro 3aBHCHMOCTb NLL IIorrpaBKH oIIeparopa 0
7 

oT 

rrepeHopMHpoBO'!Horo Macrnrn6a 3HaqHMa, H cne.uoBaTeJibHO, rrorrpaBKH orreparopa 0
2 

TaK)J(e JIOJilKHbI 6bITb y~eHbI, qro6bI cyMMapHaH 3aBHCHMOCTb NLL BKJiana oT 

peHopManH3aUHOHHoro Macrnrn6a yMeHbIIIIrnacb. 

B 3aKmoqemm: H3JiaraIOTCH OCHOBHble pe3yJibTaTbl .UHCcepTaUHOHHOH pa60Tbl: 

• IlpoH3Be,!leHO Bb!qHcneHHe 

JIH¢¢epeHuHaJibHOH IIIHpHHe 

O(a.J rro11paBoK K JIBOHHoil: 

df77 l(ds1ds2) pacrrana B---)X
8
yy, 

B03HHKa!Oll{HX OT .UHarpaMM, co.uepiICallllfX ::lJleKTpOMarHHTHblH 

.UHIIOJlbHb!H orrepaTOp 07. ,[(JIH 3T0f0 6bIJIH Bb[qHcJieHbl BHPTYaJibHb!e 

rrorrpaBKH H llOIIpaBICH, co.ueplKaIUHe rJIIOOH KaK KOHe•rnoe COCTOHHHe, JIJIH 

HaH6oJiee HHTepeCHOro KHHeMaTH'IeCKOro HHTepBaJia. Pe3yJibTaTbl 

IIonyqeHbl B aHaJIHTHqecKOH ¢opMe. ,[(JIH 3TOro 6bIJI HCIIOJlb30BaH MeTOJI 

nH¢¢epeHuHaJibHblX ypaBHeHHH. 
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• PaccMoTpeHa 3aBHCHMOCTb NLL rrorrpaBKH HHTep¢epeHllHH ( 0 7 , 0 7) OT 

peHopMarrmanHOHHoro Macwrn6a. IloKa3aHo, qTQ IlJUI yMeHbWeHIDI µ-

3aBHCHMOCTH cyMMapHoll: NLL rrorrpaBKH, BKIIM orrepaTOpa 0 2 TaJOKe 

IlOII)!(eH 6b!Tb 3Haq;!TeIIbHbIM. 

• Hcrronb3YJI rrpeJ:lCTaBneHHe Menmrna-EapHeca BbJq!fcneHbl B aHanHTlfqecKoM 

BHJ:le BKJiaJ:lhl ,npeBeCHOro IIOp.ll,LIKa HHTeplf>epeHUHH cq,q), 
( 01, q ), ( q, 07), ( 02 ,q) If cq ,q) ,LIIIJ! rrpouecca B ~ XsYY. 

• PacCMOTpeHa 3aBHCHMOCTb OT peHOpManlf3aUHOHHOro MacwTa6a BKJIMa Bcex 

BbIWenepeqlfcneHHbIX HHTeplf>epeHUHH. Hccne,1:10BaHa BeJIH'lliHa as 
norrpaBKH HHTeplf>epeHUHH ( 07 , 07 ) no cpaBHeHHIO c cyMMapHb!M 

.npeBeCHb!M BKIIa.noM ,nnJ! paCIIMa B ~ Xs yy. 

0CHOBHJ>Ie pe:iyJI:&TaThI ;a;:e:ccepTa.IQU! OTpax<euJ>I B CJie;a;y:IOm;HX ny6JI:e:Ka:ql!lllX: 

1. A.Erna3apirn, "BbrqHcneHHe HHTepcj>epeHUHH (02,07) .LIJIJ! pacna,1:1a 

B ~ Xsyy ", l13BeCTHll HAH ApMeHHll, c1JH3HKa, 47, 1 (2012). 

2. H. M. Asatrian, C. Greub, A. Kokulu, A. Yeghiazaryan, "Next-to-leading 

logarithmic QCD contribution of the electromagnetic dipole operator to 

B ~ Xsyy ",Phys. Rev. D 85, 014020, (2012) 

3. H. M. Asatrian, A. Yeghiazaryan, "B ~ XsYY double differential decay 

rate", Armenian Journal of Physics, 4, 193-199, ISSN 1829-1171, (2012) 
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Utl't}lmpnuf 

UmliuwtunumraJmiln fafJi.pt(wa t hwql{tuC!Jmm jJ.upumqJi.t( B-U!IqniltuJJi.il 

mpnhmtl'UtipJi. mum 1fitwuJi.pmraJWUff 

UmtiuwtunumraJmiln uqut(mtl' t ulipwamraJrntl'µ, npmlIIJ µlipt(nnf t 

wmtiuwtunumraJtuU ljwnmgt(wb'pn L. hwljJi.pu µnt(tuil!],wljmraJmiln: 

Unw2}1u cutunnf utipljtuJtugt(wo liu If}1 pwujJ. hjJ.Ifuwqwu IJ.PntJ[<lillip 

mtiumiaJntil}lg, npjJ. w2wuwljulipmu ljwmwpt(li1 tiu tumliuwtunumraJwil 

w2tutumwupuupn: Plipt(wo liu op}luwqulip IJ.Jirnqpmtl'UlipjJ. mliupnt(, 131i Ji.'Ui uiliu liu 

UmwuI).mpm UnIJ.litJi w2wuwqulipmu Ji.pwljwuwumtl' iliqnp hnuwupulip}l tf]i2ngnt( 

nurawgnI) tqpngtiuulip, npnup ifmtumu liu pt(tupljulipJi. 1m1Jpn: uljwprnqpt(rno t uwL. 

t:p:ptiqmp.t[ ~wif}11mnuJi.rnujJ. mliuntiaJmun, npn h}ltl'Ut(wo t ouitipwmnpwJJi.il 

t(liptmcrmraJwu L. ntiunptl'w1Ji.qwg}lnu ]utl'pJi. hwt(wuwpmuutipjJ. t(pw: Plipt(wo t 

t:P:Ptiqmp.t[ hwif}11mnuJi.rnuJi. mliupn B-U!IqnuJi. hwql{tuC!Jntm mpnhuwu hwtl'tup, npn 
puuwplji.imif t hlimwqw w2]utumwupmu: 

bpljpnPIJ. q1]unnf uqwpwqpt(mu t B ~XS yy mpnhuwu hwuwp ( 02 '07) 

OUjUpU!tnnprnljwu Ji.umlip:J.>lipliugJi.wJJi. hw2tjwpljn: uljwprnqptjwa liu 

IfwraliiftumJi.qwljrnu i.flirallI).nli1m npnup ljJi.prnnt(li1 liu WJI). hw2t(rnpljn ljmmwpli1m 
hwump' UlinJi.u-Prnpuliu}l ulipljtujrngmifn L. Ji.umliqpm1uupJi. pwuwljJi. ljpurnmtl'wu 

(tfwumlip - Ji.umliqpw1ulipJi. pliptfwu) w1qn11Ji.ratfn: UJI). wtqnpJi.iaif}l hp.tf wu t111rn 

w2]uwmnIJ hwtfwqwpqiwJJi.il apwq}lpn hurnpwt!npntraJntil t mw1Ji.u ptuqtfwraJi.t( 

Ji.umtiqptu1ulipJi. hrn2t!rn11ljn, npnup umwgt!mtf tiu I).pmrnpljt!nIJ uipngliuJi. liliJiltfwuJi. 

IJ.Jl.rnqpwtfutip}lg, plipli1 tJi.npp rat!nt! tfwumlip Ji.umliqpw1ulipJi. hwzt!rnpljJi.: UUrngwo 

Ji.umtiqprn1ulipn rnpmwhwJmt!mtf tin WJI). tfwumlip Ji.umtiqpw1ulipJi. If}12ngnt! qbtuJJl.il 

aL.ntj: UJu q1tumtf pliptjrno liu B ~ xs yy mpnhtfwu hrnuwp ( q, 0
7

) 

[l.umlip:JitipliugjJ.rnJp arnnwJpU tfwljwpI).rnljjJ. I).prnqprntfulipn, uptuug 

hwtfumIWmrnuiuwunIJ tfwumlip pumtiqprn1ulipp prngrnhrnJm mliuplipn, JiiliUiliu utul.i 

lllJI). pumlip:jilipl'iugjJ.u1JJ1 ulipI).pnttfn mpnhtl'wu L1pljuwl1[l. I).jJ.:)i:jilipliugjJ.rn1 llllJUillfc!Jtu~t 

tfli2: 

bppnPIJ. q1Jumtf mumtf'Uwu[l.pt!wo liu t1liljmpurtfU1q'UjJ.uU1ljU1'U I).jJ.U!Il[tuJjJ.u 

olljl:'iprnmnpp pt!mlimUIJjJ.u ppnifnI).}l'UUitfpl{UIJjJ. NLL mIJIJntif'Ulipn B ~ xs yy 

mpnhtfwu hwtfUip: UpI).JntUputipn µlipt!Uia liu uruU11JlmJllj mtlupnt(' 
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ljjiutttfrnmjiljwl:(luu wnrnt[trt tlllb htrmrnpp.ppn1ia1mu iltr!ltiw1wg'U11IJ jiumtrllt!rn1Ji 

h1m.fw!l: NLL nu1rimtflitr11'1 liIT!llJ,!llllll]} hwztjtrtm hwtfw!l qpmrnlll!tlwb tru trpljm 

mpurp qprnq!lrntfutrp' t!Ji!lmn1w1 qumuntj qJiwq!lrnt.flitr!l (npnlip 

hwtfrnU{rnmrnu]uwunuf liu li!llIP tfIUUujiljrnuJi tjtrp2uwljrnu tjpornljjiu) li qumnuw1tiu 

g!lnttfntj qprnq!lrntfutrp (n1mup U{rnpmurnljnnf liu uwli qumnun npU{liu tjtrp2urnljrnu 

t[jinrulj li hrntfwU[rumruu)uruunnf tr'U pwnrntfruuuplj tjtr!l2ilrul[wu tjjiornl[pu): 

1.J.J:illmmrut mriIJmtfillI!ln hrnzt[t[wcr tru ozqpjim' l[Jiutrtfwmpl[wl[rnu wnwtjlit tftrcr 

hlimwp!lppllt]dJntU ulipljrnJrngunIJ pumtrptjrntti hrntfwp, h pliptjrnb liu wilrntpmplj 

mliupnt[: J2rnnrntfwuuj11[ t[li!l2urnl[rnu tjjiornl[nt[ ll!Pngliuutrpji hrnztjrn!lJ.rnu.f U[!Uhtjrnb t 
uprnJil num fuiptfrnt[nptjrnb hrnqpnurn1Jiu qwuqt[wbp tjtrptmbnt]dJlllU wnrn2rnmrnp 

rnu11rntfn: <>;limhrnprnp, WJIJ. tfnmrntjnpnt]dJntll]} opzm t hUIIJ.!lllll!UJJiu qtuuqtjtubji 

. itinpp wpcttrpulipp qlIU[pmtf, pwrn pwuti n!l qjimwpl[tjwcr ljjiutrtf=Jil[wl[wu 

pum\Iptjrn1n11.f lUJI]. qrnuqtjrncrn rnnrntjtrttuqntjllJ] nu11mumtf t 1/4 Ui!lcftrp, lUU{lU 

11Jimrnpljtjtub tfnmtut[npnt[<!Jmun mtut!iu t !!tutlrnl[tuupu nzqppm tuPllJmup 

11J:imrnpljtj11IJ nq2 m)l.pntJf<lP htutftu!l: qrnpo p'Uutupljtjtr1 t 'Utuh 11ti:P:PliptrugJi.tut 

hwtjrnmupmtfulipJ:i tllif<ln111J, n!lJJ l[Ji11wntjtr1 t htuztjtupljlilipp dtutfwurnl[: 

<>;\Imrnqnmtj\11 t umwgt[rnb WpIJ.Jntilpulipp l[tu)utjwbnt[<!JlllUIJ nliunpt.ftultiqrngpnu 

tftuuzmwpJi.g, li puuwpl[t[lit nu WJIJ. J.rw]utjrn0n1ia1mujig p)ullIJ hlimhruuputrpn: 

!JnppnP11 q1Jun1tf mumtf'Utuupptjtub \I'U Di, 0 2 h 0 7 OU[liprnmnpu\Ipjl 

pn1n11 hiltuptutjnp tiumtrp:p\Ipliugptuutrpp atunru1)1u t.ftuJ.rtuP11tul[p utrp11pmt.fuli11n 

B ~ xs yy m!lnhtftuu l[pl[utul[Ji. qJi:p:ptrpliugJ.iwt 1w1umiaJtuil tlll2: Ptr!lt!tucr nu 

hwzt[ru!lJ.rt!nri IJ.ptuqpwtfulip!J, h t!trllJJ 'Uztjtub liptrp ou1lI11rumnpilli!lli tf!12h pntn!l 

hiltu!lUit[np t[lig jiumlip:pliplI'Ugptuu\Ipjl ulip11pn1tfulipp tuilrutJimJ:il[ mliupli!ln: 

J2uutupl[t[tucr t 11ntn11 Ji.'UmlI11:PtrptrugJiwilli11Ji B ~ xs yy mpnhtfruu l[pl[iltul[Ji 

11Ji:P:PlipliugJiwt llllJlllll[<lJtuu tftr2 qmtftupruJJiu ulipqptftuu, pilzU{ITU 'Utuli npnz 

tfruuuwl{Ji. illI!lIJ.Jlmtfulipji l1tu)ut[tucrmra1mun nlitfnptfrn1Ji.qtugjinu tfIUUzmwppg: 

q..llw:PJ1l[p m\Iupnt[ gmJg t mpt[tub, ialI nppwunt[ t qqtulti lI!lJ1IlJ1IJ. qt]umtf hwzt[t[rub 

( q, 07) Jiumlip:plip\IugJ1tujp NLL llllPll!llllU]} OlUOtujpU tftul{utpI].tul{p qmtfruptujpll 

u\Ipqptfruu h\Im htutftrtfrnm, h 1rll4!iil qpmtupl{t[tub t tuJll htu!ltuphpmia1rnu 

ljmJut[rucrmiaJmiln n\Iunptfru1Ji.qrugpnu tfIUUzmrnpjig: 
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Summary 

In this thesis rare inclusive B - decays are studied. 

The thesis starts with the introduction, where the structure and the brief 

description of the thesis are presented. 

In the first chapter the main features of the theoretical framework are 

described. We give examples of the diagrams with flavor changing neutral currents 

(FCNC processes). We discuss also the theory of Effective Hamiltonian, which is based 

on operator product expansion and renormalization group equation methods. Each of 

them is described separately in this chapter. We then give the form of the effective 

Hamiltonian for the rare B - decay, which is used in the rest of the thesis. We finish the 

first chapter with the brief discussion of the heavy quark effective theory (HQET) and 

heavy quark expansion (HQE). 

In the second chapter the contribution of the ( 0
2

, 0
7

) interference for 

B ~ XsYY decay is calculated. First we describe the mathematical tools used for the 

calculations - the Mellin-Barnes representation and the algorithm of Laporta. The 

computer programs based on _that algorithm reduce the large number of integrals, 

coming from Feynman diagrams, to small number of master-integrals. All the other 

integrals are then expressed through the master-integrals linearly. In this chapter the 

diagrams of the ( 0 2 , 0 7 ) interference for B ~ Xs yy decay are presented, the 

analytical form of the master integrals and of the tree level contribution of ( 0
2 

, 0
7

) 

interference to the double differential decay width are calculated, using the Mellin­

Barnes representation. 

In the third chapter the NLL corrections of quantum chromodynamics of the 

electromagnetic dipole operator for B ~ Xs yy decay are calculated. The results are 

obtained in analytical form for the most interesting kinematical interval. For that 

purpose two types of diagrams are considered - the virtual corrections and the gluon 

bremsstrahlung corrections. While the (renormalized) virtual corrections are worked 

exactly for a certain range of s1 and s2 , we retain in the gluon bremsstrahlung process 

only the leading power with respect to the normalized hadronic mass 

s3 = (pb - q1 - q2 )2 Im; in the underlying triple differential decay width 
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dI'77 l(ds1ds2ds3 ). The combined decay width, based on this approximation, is free 

of infrared and collinear singularities. The approximation is correct only for small values 

of the hadronic mass, but in the considered kinematical range it's value is maximum 1/4, 

and therefore it gives good precision result in the whole considered region. Also, the 

method of differential equations is described, which was used to obtain analytical results 

for the master-integrals. The dependence of the results from renormalization scale is 

analyzed. 

In the fourth chapter the tree level contributions of 0
1

, 0
2 

and 0
7 

operators 

to the double differential decay width for the process B--+ x.yy are discussed. The 

relevant Feynman diagrams, as well as the analytical form of the contributions of all six 

interferences between the three mentioned operators are presented. The dependence of 

the total tree level contribution from the renormalization scale is analyzed. We also 

discuss the magnitude by which the NLL result, calculated in the third chapter, changes 

the total tree level correction, and also analyze it's dependence from the renormalization 

scale. 

/~ 
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