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HaeI'OSIm.ee Y'leGHoe noc06uc npe~CT1Ui';l.sleTc060ft KoucneKT JleKu,nil', np0'lHTdHHhlX al:lTOpo),{ B 

1999-20011'1'..Zl..iUJ cry,nCIJTOB " &crwpaHToB ?-.l«1lTH. T~eJlb 3TIIX .1CKuuil- ,1J;aTh B KpaTKoi1 II no 

B03MO)KHOCTfl npocToil <popAle BnC/J;eHHe Ii $n3uKY alq)OHOR, C01l.ep:JoKalll.nx TSI)KC..'lbIe KHapKH~ 

Ha upuMepe HHKJU03lmnoro 3JleKTpOCJla6oro pacnaJ\a B -+ Xa'Y' KptlTKO H3JlaffilOTCR OCJlOBfJ 
TOOpUJl 83aUMo.n.eficTBIIA KBapKoB c KaJUl6pOBOQHLT:\/H 6030Ha:\Ulj npnOO;J,eHhl OCHOHHble 3KC

rtep"'1eHTa.flbHhle cPaKThI, OTHocsrlliueCil K pacna:J;.Y B -+ "81; pacC:I./orpeKO nepTyp6aTHBHoe 

8b1'U1C:'ClIHe illHpHHbl pacnall.a b -t s,...,. R KXZ{ 1:I npn6mnKCHlUi l'JlaBHhIx J"lOl'apHcPMOB. 3a
KJIIO'lHTeJlhHbIe J...eKll,Hl1 nOCBSlIIIeHhl paeC:MOl'peHUIO nonpaOOK K ClleK'!'PY cPoTolfon n pacnpe
.uCJlClllnO no HHl:IapHaHTHofi :'ItaCCC BTOPllttHbIX a.u.pOHOB B pacna.,n,e B -t X.~,~ 06yc......oBneHHblx 
3<PcPeKTa.MH l:HJlbHhlX ~3alfMO;I,eHCTRntt 9TH UOnpaBKJI ll()lJ:pOUHO 06CY*.:!.aIOTCH Ha npm.Iepe 

KOHCTUTIO::JHTHOI1 K.BapKOBOfi MO,.1.CJlIl Ha CReTOBOM cPPDHTe. 
JIeK~HH peKOi\feHJl.OBaHbl KatPe,rwoil 3.11e;vleHTapHblX 'laCTlIl-\ q>aK'yJlhTe"l'a 06meii Jl Dpn

KJI8).J,HOil ¢U3IlKH M<DTH B Ka'ieCTUe y"le6HOrO nOCOOJHI ll,.!1H cTylJ,eHTOB c-rapuUlx KypC.QB, cne

U,H8.ilH3IipyIOlI{llXC.sl B 3KcnepHMeHTaabHoli 11 TeopeTnQUCKoii. q,U311Ke a'ICMeHTapHbLx '-lacTUU.. 

Lectures on B-meson physics. Nonperturbative effects in 
electroweak decays 
I. M. Narodetskii 
This training appliancc represents the lectUl'e notes on t.he B-meson physics delivered by the 
author for the graduate" students of ttw Moscow Physical Technical Institut.e in 1999-200l. 
The purpose of these lectures is to present the brief introduction into the bE'.avy flavor physics 
with an example of inclusive electroweak decay B -t X.')'. In the first lecture the theory of 

quark interaclions with the gauge bosons is briefly considered. In :t.he second lecture we collect 
the main experimental facts relevant to the decay B -t X 8",'. The third l~cturc discusses t.he 
perturhative QeD calculation of the decay width r(b -t s"r) in the leading log approxima.tion. 
Lectures 4-6 are devoted to the calculation of the corrections to the photon spectrum and mass 
distdbution in the decay B -t "81 due to the strong interaction effects. These corrections are 

considered in details with an example of the constituent quark model on the Light Front. 
These notes are recommended by the Elementary Particlc Division of the General and 

Applied Physics Department as the training appliance for the students who are spt.'CiaJized in 
the e,,-perimental and theoretical elementary particle physics. 

Pile. - 14, cnHCOK ....aT. - 62 Haml. 
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1. B3aHMO,LI.eiicTBlfe KBapKoB If KaJIlf6pOBOQHhIX 6030HOB 

1.1. BBep;eHHe 

OCHOBHaa u,eJIh 3KcneplIMeHTaJIhHOrO HCCJIe.L\OBaHHH c.lJa6hlX pacna.non TSDKeJlhlX 

Me30HOB n 6apHoHoD - y13YQeIIHe MaTpJ-p-IHhIX 3,YleMeHTOB MaTpIHl,bT Ka6H66o

Ko6amuH-MacKaBa (Cabibbo, Kobayashi, Maskawa, COKpa~eHHO CK:\1) [1], [2], 
KOTopa~ onpe1l,eJTHe1' co6cTReHHhlc COCT051H.I15I KBapKOB B (,~'la6LIX npou,eccax. 

MaTpHu,a CKtvi onHChIBaeT <pH3wrecKHe npou,eccbl, KOTOphTe OTBe'"IaIDT Hapy

IlleRIUO rJI06aJIhHO~ ¢JTe~BOpHoMl cHMMeTpllH CTaH,1J.apTROfi Mo,rr,eJIH (CM) npH 

3Hepr1151X nop~llKa ltlw, r)J.e M w 70 GcV - Macca W-6030Ha. ITo:noMY, H3Yf'V 

Qaa paCna)1,hI T5DKeJIbIX KBapKoB C Macco"t1 rv 5 GeV, MbI MO)J(eM y3HaTb, KaK 

yCTpoeHbl CJIa601e B3a.MMo.ueHcTBlUi Ha llIKa.ne rv Mw. ,npyrllMH CJIOBaMH , CKM

MaTpuu.a 5IBJI~eTC5I HH3KO 3HepreTHQeCKI1M IIpmIB~'1eHHeM<pH3I1KH BbICOKHX 3Hep

l'H.ti. 113}1"l.JemW C:lTOH: MaTpl'II~hT R,UKHO TaK)J(e II ,rr,JT5I nOHI1MamUI MexaIUI::1Ma Hapy

meHH5I CP- t -IeTHOCTl1. B nepBoH rnaBe MhI KpaTKO HanOMHHM OCHOBHble q>aKTbI, 

OTHOC~U~"ec51 K omTcaHHIO CJIa6blx pacna)1,OB B OraH,Iv"pTHO~ MOj\CJTH. 

BepllIHHhI, onHCbIBaIOID;He B3aMMO)1,eitcTBHe KBapKOB C KaJm6poBo....IHblMI1 60

30HaMl1 If CM, ITOI<a3RHbf Ha PI1c.1. CJIa60MY B3RHMO,lJ,eMCTHHIO, IIpl1 KOTOpOM 

KBapK C apOMaTOM i nepexo,rr,J-IT D KBapK C apOMaTOM j 1 OTBe'--IaeT BepII1J1Ha, no

Ka3aHHa5I Ha pJ1C. la. COOTseTCTUYlow,a}! <pe:AHMaH013CKa}l RMIIJTI1Ty.n;a HMeeT BH.n; 

(1) 

r.n;e g2 - KOHCTaHTa CB5I3H KaJIl'I6pOBO'--IHO~ rpynnhI SU(2)r, a Vij - ij
bIll 3JIeMeHT :.IIaTpHI.~bl CKM (\!ji = Vi;). Bblpa)f(eHl1e (1) OTRe'--IaeT V-A 
(BeKTop-aKCHaJIhHbItl BeKTop) CTpyKType B3aIIMo.n;e:AcTBH~3ap5l)J(eHHbIx TOKOS. 

Et'JI}) HMnyJIbC W -6030Ha MHOro MeHbllle ero Ma.cCbI, 'H.eJW?i:Q.JL'buoe 4

¢epMHoHIIoe B3aHMo.n;eitcTBl1e, 06YCJlOBJlCHHOe o6MeHoM W 1 MO)KeT 6bITh CT51HY

TO B TO'--IKy If armpOKCHMHpOBaHO A01>:aAbUU,M. 4-¢CPMHOHHhIM K:JaHMOi1CllCTBH

eM (C~. pHC. 2), aHaJIOrM'lHbIM <l>epMMeBcKoMy B3aHMo,n,eifcTBfIlo B /J-pacna,rr,e, C 

KOHCTaHTOll CB5I3H G F , r~e 

1MhI HHOI'.ll.a 6y.n;eM I{Cno..lb30B<\Tb aHI'.lH.(.ICKH~ TepW-IH /laV01J.r B~leCTO p~"CCKoro - apQ.MIlTTl. 
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(a) (b) (c) (d) 

PIlC. 1: BepulIlHbl H3afI:\lo,J:eficTfHl51 KnllpKon C Ki:l.'H16pOBo<JJJhI:\m 

Ol'Be~alO1' pa,3.ilif<lHhT:\1 apOl\13Tal\\ KBapKoB (i, j = 11, d, C, 8, t , b). 
o030Har-IH. 3H3.r·IKl[ H j 

x
 
Puc. 2: Pac. 2. 3aueHa B31l.1L\1O,J,PllCTBIUl, 06yc':lOtlJleHHol·o 06!\ieHO!l1 IF .'lOKa.!IbHb1:\1 4
<pepl\lltOHHbl~l H'3i:Ul~101J,eltCl'l:lIH~:\·I. 

(2) 

1.2. MaTpluJ,a CKM 

B3a.H:V1O~ei1cTBHe KBapKOB C W -6030HOMB npe)l,CTaBJleHHH B3aHMop,et1cTBI15I 

onpe,n;eJI5IeTC5I npOCTpaHCTBeHHbIM lH-ITerpaJIOM 

(3)
 

/';\C IlJIOTHOCTh J1arpaH)f(lHtHa paBHa 

(4) 

B (4) c'l'o.!16u.Ll U H D cO/l,CP)K(l.T KBapKoBhTC nOJIH up- H down- nma.LlJI51 3-x 
nOKOJleHIL[1 KBapKoB 
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U(X)) d(X)) 
U(x):= c(x) , D(x) == s(~r) (x:=(t,x)). (5)(	 (

t(x) b(x) 

I1U,lJ,eKC L B ypaBHeHI1H (4) 03HaqaCT, "ITO HO H3aI1MOA.ellc'l'HI1J1 yYaCTHylO'I' /te6'bl.e, 

('I/;L = HI _/5)'1/;) KBapKH. CB~3h V - A KBapKOBhIX TOKOB C W onpe)J,eJI~eTCfl 

KOMTIJIeKCHhIMI'I ~IHCJIaMH ~~j, 06pa3YIOI.IJ;:HMH 3 x 3 MaTpHI.J,.Y VCKM ' 

HanOMHI1M, qTO B CM C KaJH-I6pOBO'-IHOM rpynn0l1 :meKTpoC'JH16bIX B3B.HMO)l,eii

CTI3Ht'I Sf.h(2) x UR(l) KRapKH H JlenTOHhI 06pa3yIOT JTeBbIe ,ny6JIeThI l{ npaBhIe 

CHHI'JleTbI. C06cTBeHHhIe COCT05IHH5I KBapKOB C onpe.n,eJIeHHOn Maccot1 OT.TII1Qa

IOTC51 OT COCTO}lIlHn~ BXO,u.5IIIJ.HX B CJm6blR raMI1JlbTOHuaH. TIo corJIamemno CR513h 

Me)l(A,y ,LJ;BYM51 Ha60paMH COCT05IHHt1" RhTpa)KaeTCSl B TepMI'lHax 3 x 3 MaTpl1IJ;bI, 

.KOTOpa5I )J,encTByeT Ha c06cTBeHHbJe COCTOSlHIUI C 3ap5I,1l,OM -e/3 (d, s, b) }oJ 

onpe)J,eJIeHHO~ MaCCOH 

d') (~d ~8 ~b) (d)s: = Y::d Vc:s t~b s .	 (6)(
b vtd vts 'V;b b 

).J,JHl Ka6If660BCKoro ceKTopa, OTBey.aJOlll,ero CMeuumaHIflO Me)K~ ncpBbIMH 

)l,BYM5I rrOKOJIeHH51MH, COOTHeTC'rBYIOIlJ,a~nO)J,MaTpHIJ;a MaTpHJJ.bI CKM co.n,ep)f(HT 

4 3Jle~eHTa, KOTOpbIe napaMeTpH3YIOTC5I B TepMI-IHaX TOJlbKO o,IJ.llo1'O napaMeTpa 

- yrJIa Ka6l1660 Be. 

COS Be sin Be ) (7)( - sin Be cosBc 

cho o:maqaeT, 9:rro IVudl = I~.sl Ii IVUHI = l'v~dl· TIpHBe,n,eM ,lI.JI}I I1JlJIIOCTpaU;I1lf 

3KGTTCPUl'vteHTa.nbHble 3Ha,{~H:H~}'II~_~_ro.1~aTpH'IH~TX 3Jle:\1CHTOH. 

•	 V ud: IVudl = O.9735±O.00082 
(choT MaTpI1~IHblfi :=meMeHT onpe)J,emleTC.a 

113 cyrreppa3perneHHbIX <t>ep~l1eBCKHX nepeXO)J,OB B 5I)l,pax~ CM. PI1C. 3a) 

• V \J5: IVusl = 0.2196 ± 0.0023 (nOJIyJIeIITOHHhIe pacna,n;bI K-Nle30HOB 

I1JTH nmepOHOB, CM. pHC. 3b) 

• V cd: lY::dl = 0.224 ± 0.016 (pO)K,1l,emle 'IapNla B rJIy6oKo HeynpyroM 

vN 11JI}1 fiN paCCC5lHHH, eM. pnc. 3c). 

~Ilpllae)J.eHHoe ~ma'leHUe Fud [3] npe.~CTaB.TTlIeT cpe..!l.Hee 3HaQCHlie Be,lUI'IliH, l-!3uepeHHhlx B cyneppa,3pemeH
llliIX ¢epMllenCKUX nepexo;t;ax R MJt.pax Ii R !'5 pacna;J;e CBOOO;UIOro HeihpOHa. 
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~H"-
(a)	 (b) 

epwlls 

c s 
D' •. gd	 •£ .

. -O=
II 

(c)	 (d) 

PHC. 3: h:napKoBLIe ,IJ,ltarpaMMbl, H3 KOTOPI,\X Ol1pe;J.eJIlIIOTOI M'1.TPWJHhH~ 3.!leMeHThl l"~d. l~" 

l;,d. It 1-:.. 1>raTpH~hT CK\! 

• Yes:	 I\~,I = 1.01 ± 0.18 (nO)IY)lCIITOHIlhIC pacna,rrhf o<lapouaHHHblx 

Me:loHoB, eM. pHC. 3d). 

BeJlIf'lHHhI ~d Ii 11,,8 B KOMOMHa.J\11H C Iv"bl = 0.0036 ± 0.0010 [3] n03BOJUUOT H<1.I1

6oJlf~e TOQHO npOl~Cpl1'rh ymlTapHocTh CKM-Ma'l'pM~bl,113 KOTOpOH, D'iaCTHOCTH, 
2

C-J1CAYCT COOTHOllfCHIW /il"dI 2 + 1\~,sr2 + IVub l = 1. DO.n;CT<lB)I5IH npHBe)J,eHHble 

ULllJ1e 3H(\'<ICHI151, nOJJy'wCM 

2 2 2Wua!' + IVII., I + IV"bl = 0.9959 ± 0.0019. (8) 

BKJIa.)! IVt/b!2 IlpcUC6pe)fUlMO MaJI, a HCOIlPC.n.C.'lCHHOCTh B npaBoA '-IaCTI1 Ha 70% 
Ollpe.n;eJI5IeTC5I :,)KcnepliMCHTaJIhliOti OIlIH6K0t1 onpe.n;p-JlcHIUi v,'d M H3 30% 3KC

rrcpHMeHTaJJhIlOii OllIH6KOrt OTIpC)J,e.IIClil15I \",.,. TIpaBH5I <laCTb B (8) Bce eu\c 01'

.'1WmCTC5I 01' 1 Ila ypoBHe 2,20-. TIo::nO:v1Y )~.fJ5I npOBepKH YCJIOBH5I yHl-ITapHOCTI1 

Tpc6yeTC5I 113MepeHI1C \"Jd H I.",., C TOqHOCThlO 10--1.'V 

B cOBpeMellIloM BH,[\e ,II.JI5I ,!I,BYX llOKOneHl1fl (6-TI1 KBapKOf!) WnpHI\a (6) 6bwa 

B 5IBHOM BM,n,e RnCpTlbIC 3aCIMCa.HH B 1973 I'. Ko6a5IIIU!11 YlacKaB<l. t1J1CJIeHHble 

3Ha'-leH115I ee MaTpl1QHhlX ~~JJeMeHTOB npI1Be,'I,eHhI II o630pe Particle Da.ta. Group 
(coKpaIIIeHHo PDG) [3]: 
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0.9745 - 0.9757 0.219 - 0.224 0.002 - 0.05 J 
0.218 - 0.224 0.9736 - 0.9750 0.036 - 0.046 (9)

( 
0.004 - 0.014 0.034 - 0.046 0.9989 - 0.9993 

MaTpHu,a CKM CO)J,ep)KHT 9 KOMIIJleKCHblX H.THI 18 Bern;eCTRCHHhTX nap<U.feT

pOB. o'I1;Ha.Ko HCnOJIh:3yH yCJIORHe ymnapuoC"l'l1 11 TOT <paKT, GTO <Pa3bI BOJIHO

BbIX cPyHKU,Hii KBapKOB np01l3BOJIhHhI, JIerKO y6e~lITbCH B TOM, "ITO ILl 18 Be

l1.J,eCTBeHHbIX "IMCeJI He:~amICUMbn1H 51BJI}'HOTC5I TOJIbKO 4: TpH yr.na. "BpalT~CHHH" 

8ij , ij = 12, 13, 23, H O/1;HCI. Ta.K HCl3hmaeMaH CP-<pa..>a b133 . 9TH 4 napaMeTpa. 

.5IBJl5IIOTC.5I <pYH)J,aMeHT3JIhHbIMI1 BeJIHIIHHaMI1 TeopMM, KOTOphlC CJIC,iJ,yCT olIpe,Ll,e

JllITb In 3KcrrepHMeUTa,. BJIaro,u.apH 3KcrrepHMeHTa.'1hHhIM l1CCJIe,n;oBaHH5IM R Te1Te

Rile rrocne,n;Hero )J,eC.5ITI1JIeTI1Il H8..K01lJJeHa 60JlbWaSI I1H<POp~.•iaIJ,lUI 0 MaTpHt.IHbIX 

3JleMeHTax ':-iaTpllIl,bI VCK~"{· 9TH HH<.t)Op:~mll,IUl. nOflY'feHa H3 ,n;a.IIHbIX ITO nOJIy

JlerrTOHHhIM pacrra,n;aM, HetiTpI1HHbIX peaKI~Htt ¥I, COBceM HeJ\aUlIo, H3 113MepeHM5I 

aJ\pOHHLIX pacua,LI.ou W. 
HaI16o~'1ee o6ma5I napaMeTpH3al~I-'I}J,pCKoMeH)J,OBaHlla,5I PDG: HMeeT BH,ll; 

S12C13 813 Cxp( -ibIS) ) 
Cl2C23 - 812823813 exp(ibl3) SZ3C13 , 

-C12S23 - S12C23813 exp(i013) C2SC13 

(10) 

r,n;e C.ij = cos (Jij M 8ij = sin 8ij , a 013 - <pa3a, He06xo)J,llMa.5I ,ll;JI.5I HapYlIIeHH5I CP
lleTHOCTH. 11::3 3KCnepl1MeHTa H~BeCTHO, 4'1'0813 f"V 10-3 Ii 823 I'"V 10-2, rro3ToMY 

C xopoll1cfi TO~THOCThlO MO)KHO TTOJIO)KI!JTb C13 = c23 = 1. TOl'J.l,a lle~mlH1CI1),1LIMH 

napaMeTpaMl'I B (10) .5IBJI5IIOTC5I 

(11) 

3B 06U1e~[ c.1.y'lac .:J;.>UI "":q nOKo.nCIlHii ~IaTpIJua h:'J(!>{ HB.1HeTCil yHI1TapHoil Ny x 1\"y MaTpHueii II n03To:.Jy 

OnliCLmaeTCl1 Ni eellleC'nleHHI>IMIi lIapahleTpa~lI-I. O,zrHaKo 2Nq -1 U3 :3TUX naTlaMCTTloD ~lorYT 61>1'1'1> BK;IIO'leHbl 

B Heqm3H'ieCKHe cPa3bl KBapKOBbIX IIo:refi. TIPWUlH3 TOro, 'iTO '-111('_10 q,a30Bb1X \IHOJtn1Te:le'i paRHO '},}'I[9 - 1, 

3aKJ1IOq:aeTCH 6 TOM, 'ITO ec.lli Bee nOJHI Y:l.IHOJRlITb fM 06l1lHH cPa30Hhlii ,IHO>KHT{':lh, TO 3apJolJKeHHbIH TOK .J/~·C 

He l(3).i€HIHCSJ. fi03TOhly 'me.ao ¢a3, KOTopble A10}KHO nOI'.10TllTb IIepeonpe~e.'Iem-Ie)'1 QxuOBbIX MHO}KIfTe.rreH 

paBHO tie 2.1\'9' a tta 1 ~ieHbl1le_ B pe3y.'lb'mTe OCTaeTCll. (IVy - If cPH3J1'lCCKHX napaMCTpOB. Bo.'le€ nO.!l:p06Hoe 

paC{:MOTpemw C\l. 8 KHI-Ire [,11. 
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HapyweHl1E' CP-'-{eTllOCTl1 13 cTaH)1apTHoI1 MO.ueJTH B03HHKaCT CCTCCTBeHHbIM 06

pa30M Ii HMCCT [\-TeCTO, eCJ1l1 TOJIbKO CP-¢a3a813 He pa.BHa 0° EJUI 180°, T.e. ec

JIH cy.w;ecTByeT HeTpHBl1aJIbHOe CMeWHBamle ?l-1e)KAY Ka.:tK,IlOfi. napoll rrOKOJIemIH 

KBapKOB. EC'~nH HapymcllHc CP-I1HBapHaHTHOCTl1 ,lJ,el1cTBl1TeJlbHO 1303Hl1KaCT Ka.K 

C'~T1e)WTBHe HCHyJreBoti CP ¢a::Jbl: TO B TeopHH He~.fe,D)IeHHO B03HHKaeT onpe)J,e

JIeHHa,7l HepapXIUI 3¢q)eKTOB aapyrneHlul CP-"le'±rrOCTH B pa3nWiIIblX pacrra,n.R....x. 

IIapa..'v1e'I'PI"3al~11~ (10), O)J,HaKO, 7lBJI5IeTC7l HaCTOJIbKO CJIO:>KHOM, ~ITO ee rrpaKTIf

"leCKI1 HeB03MO)KHO HCrrOJIL30BaTb. Ha rrpaKTl1Ke 06blYHO l1GIIOJlh3YCTC5t 60JICe 

rrpOCTa5I: HO npH6mnKeHHa.R rrapaMeTpl-I:3a.J..I;H7l BOJIb<peHllITeHHa [5], KOTOpa5I HC

IlOJlb3yeT TOT 3:VIIUi:pn"IeCKHR ¢aKT, 'ITO MaTpl1 '-{Hble 3JICMClITbI I1MCIOT nepapXl1

~IeCKYLO CTpyKTypy 11 YMClILllIaIOTC5I no Mepe Y)laJleHH~ 0'1' ('JmI:lHOI1 ,rvmrOHaJIM 

MaTpnII.bI (CM. (9)). )J,eticTBl1TeJILllO, Vud, v~s I1 vtb I1MeIOT nOp5I)J,OK 1, ~JS VI V~rl 

,....., 10-1
, t~b H Vis "-' 10-2

: a Vub VI vtcl ........, 10-3• CJIef\Y5I pa60TaM [6], orrpe,n;em'lM 

H013LIM na6ap TIapaMCTpoR (R )J,allbHeHrneM BMeCTO 8 13" rrHilleM npOCTO b) 

(12) 

r)J,e 

813 813 .
P = --coso, 7] = --sm8. (13) 

8128 23 812 823 

Do,n.CTaBJl5I5I (12) B (10), nOJIy,-{I1M CKM: MaTpl1TW, KC1.K <pyHKII,I1lO rrapaMeTpoB 

.A, A, p, "I, KOTOpa5I Yfl,oBJleTBOp5leT TO'-IHOMY YCJ10BIHO YHl1'l'apllOCTl1. Pa3J1araH 

Tenepb Ka.IKf1bfti" MaTpl1~IHbIH 3JIe11eHT t~j no CTerrCH5LvI .\, 110JlYLjaCM 

1 2 1 4 6F = 1 - -.\ - -.\ + 0(.\ .) (14)-1 
11" 2 8 ' 

(15)
 

(16) 
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1 2 - ~ 
V~d = -,\ + 2"A Xl [1 - 2(p + iTJ)] + 0('\/), (17) 

(18) 

2 ( 8~b = A,\ + (] ,\ ), (19) 

(20) 

(21 ) 

1 2 4 6vtb = 1 - "2A ,\ + 0 (,\ ). (22) 

Ol'MCTI1M~ ~TO onpe.u.eJIeHI1e V~tb (16) He co.u.eP.>KHT BblCllHlX nonpa.BOK no ,\ 11 

~TTO nonpaBKH K Vvs H ~b I1MeIOT 110p.5I,lI,OK, COOToeTCToeUHO, 0(,\7) H 0(,\8). 
TI03TOMY C o-qeHb xopoweH TO~lIlOCTbIO MO.>KHO nOJIo:>KHTh 

, '. 2·
Vus ='\, ~b = A,\ , (23) 

V;tb = A,\3(p - iTJ)~ ~'td = A,\3(1- 15 - iij), (24) 

r,n.e 

,\2 ,\2 
p= p(l- 2)' ij = 1](1- -). (25)

2 



9
 

B pe3y..'1bTH,Te llpllXO,.'J;HM K nH.pai\tteTpl13a.~H.H BOJIb<peHIIl'rct'lHa, B KOTOpOH VCKM 

l1MtX'T RH/l, 

(26) 

Bell~eCTBeIImUI '(HlCTb TIapa~feTpH.:1RIl,JIH BOJIL(peIllllTeHIIa (26) COBllaAaeT c (10) 
C TOL\HOCTblO rv ).3, a MIHf\.fa51 - C TOTlHOCThiO rv ).5. HCHYJI€BO€ 3Hlly:eUHe Tl 

03ml~l(leT uapywelll1e Cp- ~leTHOCTH, KOTOPO€ He,a,aBHero BpeMeHlI Ha6mo..n,3,.,'10Cb 

TOJII.,KO H paCIlH)l,e HetiTpaJlhHhlX J(-j\·1e30HOH. UCJlhlO Q)H31'IKH T}DKeJIbIX KnapKon 

51R.'151CTC51 onpe)W.'IeHHe )., A, p H 1]. 

1.4. Y IHtTapHhIH TpeyrOJIbHHK 

CJTCllYfOlT{Hti 113 yHHTapHocTH CK11-MaTpHlI,bI Ha60p eOOTHOllIeHHH yle)K,D,Y ee 
MHTpWmbD..fH 3Jle~\'leUTaMI1 MWKllO rpa<lm ~IeeKI1 upe,llcTaul1Th U UH,!J,e TpeyrOJlb

HI1KOB B KOMTIJIeKCHOti nJIOCKOCTH. 9TH TpeyrOJIbHI1KH CXeMi:\TWleCKH nOKa3a.HbI 

Hel pI1c. 4. Oco6eIIIlo rrO.Tr€3IILHvI }JBJ17I€TC>l COOTHOllleHH€ 

(27) 

YpaHHCHHC (27) 03Ha.TraeT, qTO CY~B..1a Tpex KOMTIJIeKCHbIX TIlIce.n V;ulV::bl V~;(.ll~b 

H ~~dl~b prtlma IryJIIO. B T€pMHIIaX napaMeTpoB BOJTb<l)(~HJlITei1H(t ..'1€BR5I qaCTL 

(27) I1MeeT BH)I, 

l~ldV:J*h =	 A).3 [,0 + -i r;] + 0 (). I) 

_.4).3 + O().i) (28) 

/1).3[1 - (15 + ifj)] + O()'7) 

r,lle 15 = 11 fj 6blJ1l'1 Ollpe,1leJl€Uhl U (25). nO:no~1Y rpa4HPlccKH ::HO ypaBueuHe :VIO)K

uo npe..'l,C'ralHITh H HJ'I)~C TpeyrOJIbHHKa~ IJOKi:1.3aHHOrO Ha. pHC. 5. 9TOT TpeyrOJIb

HHK nOJIyy.aeTC51 nOCIle RhI ...'l,e.'T€HH5l o6ruero :vfHO/KHTe..'1}l A>..3. Tpeyro.'1bHHK Ha 
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ds 

Puc. 1: 6 YHlfTapHhIX TpeyrOJIbHIIKOB. HHlJ;eKChT Ha. pHeYHKe, HanpH?-Iep ds, OTHOC.HTC.H K CTpo

K.: t Xl CTOJ16u,aM B COO'l'Horue1H1H yHHTapHoC'.TlI. 

p:m:. 5 opMeHTHpoBan TCLK, QTO ropH30H1'l:1JlhHaH OCh HailpaHJ1CHU B.n,O~'1h V';;d~b*. 

,Ll,JnIHbI ero CTOpOH paB~IbI 

(29) 

AB = Ivtri~~1 = J(1.,- p)2 + fi2 =~ Ivt.b 1 (30)
l~dl~1 A ~b 

1 

YiJI!>] (3 11 "y B TpeyrOJIbHHKe yIIHTapBOCTH lIenocpe.n,CTBeHHO CB5I3a.IILI C KONI

ITJIeKCHbIMM q)a::mMI1 MaTpl'PlHbIX ::weMeHTOB "V;d H V;Jd 

TI 11J I -iBv td = ,. td e ) . (31) 

a yrOJI a onpe.n,eJI5IeTC5I H3 YC.JlOBH5I a + f3 + "y = 180°. I1cfIOJIh3Y5I npOCTYro Tpn

rOHOMeTp:HIO: MO:lli.1l0 I3blpa3I1Tb sin 20', sin 2,8 11 sin 21' B TepMl1HaX uapaMe'rpou 
pnfj 

2ij( fi2 + p'2 _ 15)
sin 2a = --:--~_--:..__.....:..-_- (32)UP + fj2)((1 - p)2 + 7]2)' 
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2'77(1 - p) 
(33)sin 2,8 = (1 -r +' -"),- p ~ rr 

(34) 

A. = (fi,ij) 

~.l_(P+'ry)
 
~ J 

C = (0,0) B = (1,0) 

PUC:. 5: YHHTapHhrit Tpeyro.,bHlIK, npe,n,cTaBJHllOillnli rpaq)H'l€cKylO 3amICL ypaBlIclIlm (27). 

CKct\.rHmroBhlti' ¢aKTop IV:MJ21 = AA3 XOpOlliO M3BecTeH. CTopoua AC TaK)Ke 

I13BeCTHa, XOT5I H C MeHbl1le~ 'fO'-lHOCT l> 10, nO:'n'OMY ).I,JI~1 '1'01'0 lfT06bI ,ll,0cTpmITb 

TpeyrOJlbHHK YHI'napHocT~, Hco6xo.LI,MMO JIu60 MJMepHTb ,ll,JU1HY TpeTbetl CTOpO

HbI, T.e. BeJIWIHHY Ivtdl; JIH60 O)J,I1H 113 ero yrJIOB, JUl60 KOYl.6HIIaIlI1Io 3THX ,l];BYX ne
JU1'-Hll1. 9KCUCpJ1MeHT .aOJDKeH orrpcJl,GnHTb rrOJTO)l{eBl1e RCPTllHHbI A J1 TeM caMhTM 

HCJIH'-lHHY YI'llOB Q,I3 J1 T O.!l.HOBpeMeHHo MO:>KHO npOBepHTh caMocor.TJ:~OBaH

HOCTb CTa,H.n,apTHofi Mo,n.e.'1"'1 I1 IlMO)KHTb OrpaHH'-l:eHIHI wi napaMerphl MO,lJ,f',JIeii ee 

o606~eHH5I. "9KcnepUMeHTaJIbHOe" OIlpe)J,CJlelIJ1e bd Tpeyl'OJILIlHKa IIOK3..1allO Ha 

pRC. 6. 3aUITpHXOHaHHhlc o6.nacTH Wl, :3TOM pHcyHKe nOKa3hIBaIOT ;J.onycTHMble 

:3H::VTCHH5J B p - 7J nJIOCKOCTH (±10-). TIOCJIe,lI,HMe nO.TJ:y'IeHhl 113 3KCrrepI-IMeUTaJIL

HbIX .n.aHHhIX ITO Il~Jb/V~bl, C:YIClIlllBaHtIlO BO- H BO-:V1e:30HOR H CP-Hapymemno R 

pacna,lI,e Kl (E). nepeCe'-l:eHl'Ie Bcex Tpex 06.'IacTetr onpe.n.e.'151eT HCKOMyIO BepllJH

Hy A(p, A). COBpeMeHHble 3KcnepMMenTRJlbHbie 3HaYCHIUI. !Iapa-MeTpOB A, A7 p,r; 
1'1 yrJIOB B Tpeyl'OJILllBKe yHI1TapHOCTH pi:I.BHbl [9]: 

A 0.83 ± 0.07, A = 0.224 ± 0.004, 
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p 

sin(2Q' ) 

I 

0.21 ± 0.12, 'r, = 0.38 ± 0.11, 

-0.14 ± 0.57, sin(28) = 0.74 ± 0.14, 

(62" ± 15°). (35) 

0.8 
Exd;ded by, 
B s m!xjng 

/ 

0.2 0.-+ 

PIIC, 6: 3KcnepmreWl"dJIbHOe OnpeD,e.1ClIHC yUHTapHoro Tpeyro,lbHlIKa [71· 

1.5. HeiiTpa.rrbHhle TOKH C H3MeHeHHeM apOMaTa 

B CM aMTIJ1HTY,[\bl ApellecHblx ,[\J1ilrpaMM; OTRc'mlO~HX HefiTpa.rrbHblM TOKaM C 

HapywcHloIC'J apo'JaTa (FCNC), paBHbJ HyJlIO 'I.e. lie cy~ecTByeT BeplIIHH TIma 

b s u c 

T T 
KBaHTOBble rrOrrpaBKI1: KOTophle npIHlO.L\${T JUl60 K KBa.n,paTl-lbIM (eM. PH<~. 7) J1H

60 1< mIHf"H/1HHbl~1 (n1. puc. 8) ,L\Imrpa'J'M\.\1, \101'YT, O~H<1.KO: np.lBOJ\I1Th K FCNe 
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nepeXO)lH.M. )lHa.rpa:\O.lhI, nOKa:3aHHble Ha. pnc. 7 npl1Bo)J.5iT K 8°-13° OCllHJIJI5IllH

5i:\1. DHHrBlfHHa5I )J,HaTpaNn'la., nOKa3alIa5-1 ua puc. 8, reHepnpycT 3JICKTpOC.'1a.6ble 

paCna,Il,LI 8-Me30HH: KOTOphlC 6y.n,yT no,n,po6Ho paeCMOTpeHbI HIDKe. npOI1CXO

)I(..u.eHHe Tep:..1HHiJ "rrHHrBI1HHH.5T /l,Hrpa:\1Ma" HJIJIIOCTpHpyeTC5! fIa. pHC. 9: JlerKHH 

K8a,pK-cneKTaTop "no,QBelIlHBaeTc5{ K b-KBapKy C JlOMOW,l>lO rJlIOoHa., HOeJIC 'Icro 

Jl,HrpaMMY MO)KHO nepepHcoBaTL TaK, qTO OHa C'ra.HORI1TC5I rroxo)Keil Ha npaBYIO 

,ll,Harpa)'IMy Ha pnc. 9 

d b d u,c,t b 

u~ =rr 
b d b 11, r, t d 

Puc. 7: K 13a~paTHble ~l,lIarp;_nli-(hT, npUB01UIIII:Ile K BO-13° Cl\IeIlUlBaHUIO. 

w IV 

l1,e, t 

I sd s d 

Zo_, 
, I Zll , '"I 9 

(a) (b) (c) 

Puc. 8: I1PUi\IBPbl nHHrBIIHHhTX ;l,IIarpa~n{, KOTopble BlfOC~I'f' 13K.ill\Ll, 13 aM"lHTYJlY reNe nepe

XOllon d -1 s. ;::(nal'paMMbl (a) II (b) rra3bIBa1OTCSI. :.'Me'K'In]JocJw6'bt.M,U n11.HZ6u'/-{:/-/,bI....m ,lJ.Uarpal\I

Ma~m, B TO Bpe.\UI KaK ,l.uarpai\-L\ra (c) npe,J,cr<l.BJUIeT c.J!100'H.'H.'blll UlJ.1ti'.OWl. 

YHwmpliOCTh CK:Yl MaTpH~bl npHBO,UHT K TOMy, 'ITO Bee FCl\;C BeplIIHHbI 

06paIIJ,aloTc5I B HOJlh 13 lIpeACJIC Bhlp0)K)J,eHHbIX :\1a.CC KuapKOB. 9TO ymcp)K)l,e

HHe HOCHT Ha..:HmHHe MexaHH3Ma GIM (Georgy, Iliopoulos, \1aiani)[lO]. PaccMoT

pHM, nanpI1\ilep: )J,Harpa\iMY: IIOKa::m.HHyf() Ha pHC. 8(a) B rI1DOTeTHQeCKOH CH

TyaI1,Hl-i, Kor.na. pea;Uf3yeTC.H T.IL ;;rOpM:30HTa~'lbHa.H'· cn::vn1eTploI5I, npyl KOTOpo.i1 

m v = me = mt· B :nOM CJlyqa.e BKJ'1a,lJ, KH)K)J,oro nOJIO)f(HTeJIblIO 3ap5DKCHH(}-

ro KapKa 13 lIeT.TIe npoCTo rrponOpll,UOHRJICH cooTseTcTBylOrn:eMy :'UletlleHTY CK.\tl 
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1}
 . - ,-.
 " ~".
.. ... 
It :5 '- w 

t ! 

~, , 

Puc. 9: nunrBHHHbre pacna,rr,bI B ~IE'·30Ha. PUCYROK B:3llT H3 pa60TbI [81. 

MaTpHl~bJ, n03TOMY nOJIHbu'1 HKJIa.n; nponopmIOun.JleH 

(36) 

Ho ::na KOM6tIHaQH5I 06pall~aeTC51 B HOJlh B CJ1JIY yHHTapH()(:TI1 CKM-~mTpHqbI. 

AHaJIOrWIHbJHapryMeHT CnpaRC)l.JU113 )l.J[~ Bcex FCNC neplllHH. 

H,. npaKTHKe, KOHe't.IHO, MaCChi KBapKOB He paRHbI, 11 FCNC BepTlll1HbI He 

06paw.alOTC5I B HOJ1h. TeM lIe MeHee R HeKOTopbIX npou,eccax GIM McxaHH3M 

MO)f(CT rrpHBO)l.HTh K 3R.MCTHOMY nO,IJ,(\,BJ1CHHlO nep05ITHOCTH nepexo.n;OB. 

1.6. P, C H C P CHMMeTpIiUI 

CHMMeTpHH H['palOT ¢YH)l.aMeHTaJl hHym po.rrb B <pH3HKe BOo6II.I;C 11 B q>H3HKe 

:~JIe~eHTapHbIX TracTHI~, B QaCTHOCTI1. I3 :~TOH J1eKll,IU1 :\.1bI KpaTKO pacCMOTpHM 

HapymeIIl'Ie CP- CHMMeTpl1.H, H3y'IeHHe KOToporo 51BJUlCTC5i OCHOBlIOi1 3a,IJ,a'Ye'ti: 

3KcnepHMeU'l'aJlbHOH <pH3HKH nOKeJIl>IX KBapKOR B 6mDKatiuIl1e HeCKOJIhKO JleT. 

IIpOCTpaHCTBeHHoe OTpaJKeHHe: npeo6pa30BaHHe npOCTpaIICTBeHHoro OTpaJKe

HJUI MeH5IeT 3H£lK npOCTpaHCTBeHHbIX KOOp)l.MIIa.T, (x, t) --+ (-x, t). IlpH 3TOM 

BeKTopHble H aKCHaJlbHO-neKTopIIble rrOJI5f' npeoOpa.1YIOTC5f CJIe,llYIOI~HM 06pa30:1.1 

(37) 

J1eBble KOMIIOHeHThl cPepMI10HOB (~(1 - "/)'1/;) npeo6pa3YlOTC>I B npaBble KOM

IIOneHTl>l. TaK KaK CJHl,6hle BJalIMO,IJ,eHCTB1UI co;~ep)KaT TOJIbKO J1CBhle TOKll, TO 

OHH, B OTJHrQHe 0'1' CJ1a6bIX 11 3JIeKTpOMarnHTHbIX B3a.U\10,IJ,eticTBI1'ti:, He COXpaH>I

JOT Y€THOCTb. 
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3apg~OBOe COrrpH)J(eHUe. PaCC:vtOTpl1~1 <!)YPhe-pa3JIO.IKeliHe CB060)1HOI'O nomI 

4>(X). KO:3<!)(1)H ~HeHTbl B :nOM pa::mO)KeHHH cO,n,ep)KaT OnepaTOpbl pO)K)l,eHI1.51 11 

yHH \.lTO;>KE'mUI 

¢(x) = '.' a + .'. bT, (38) 

r,n;e a - oncpaTOp YHIP-ITO;>KeHlUI ~ra.cnl.llbI, bt - onepaTOp p0.IK,rr,emUI aIlTWraCTlIll,LI. 

TIpe06pa30BaHlIe 3ap5Ip,OBoro conpmKellm! 3a.KJIlOy.aeTC5I B nCpeCTt:1.HOBKC a H b. n 
TeOpl'lU B3alIMo,n,enCT13YIOI.U;nX nOJl€i;j 3l:lMCHa Y.1:\,CTIHlbl Ha. aHTlPiaCTI1UY Tpe6yeT 

CPT-npe06pa-30RaHIUL rAe T - orrepaTop 06paw;eHIuI Bpe11euH. Te~ lIe Mellee 

3a.P5i-'~OBOe cOrrp.5l)KeHHe I1:VteeT ntbICn 11 B 3Tm1 CJIY'-iae. fIlm C-npeo6pa,30BCl.HHH 

TOKH npeo6pa3yIOTc5I CJleAYlOllJ,11 )..1 06pa30M 

(39) 

rJI.€ '(/Ji - cmmopHoe none. 

CP: CP-rrpeo6pa,30BaHI1e :3aMelI}leT tHl.cnmy a Ha ee aHTUqaCTIUl..Y (L, HJ~1eII5I.H 

rrplI 3TOM nanpaBJICHI1C I1Mnynbca llaCHIllhI Ha. rrpOTHBOllOJIO.lKlIOe, HO He MCHHCT 

npoeKLl,1110 CIlHHa Hl:t ocr., KBa.HTOBamUI. B Tep.MHH8,x onepl:tTOpOB p0:JK)J;eHH5I H 

yHH ~ITO)KCHlf51 

(40) 

r)Ie 1]n - npOH3BOJILH851 q.)(13a, 3aBHC.Hrn;a.51 aT nmaqaCTl'Il\ (eCJIH qacTlIu,a COBna

,n,aeT co CHOCti aHTWIaCTJ-Ul,eti, TO TIn = (-)2J TI~, ['lIe J - CTIHH ~IaCTI1 I.J;bI). 3l1.KOH 

IIpeo6pa:30RaHlUI (40) orrpe)l€JIHeT OlJepaTOp C P B I'Hnb6epToBoM IlpOCTpaHCTRC. 

•TII06oM BbI60p CP-¢a3bl OUpe)l€Jl.51CT R03MO)KHbIR BI1)l. CP-oTIepa'l'opa. 13 t.IaCT

HOCTl1, eC.n.H C P-q)a3Y \t10)KHO BbI6paTb TaK, lITO ,TIarpamKHl:l.H B3a.HMo.n.eiicTBI151 

KOM~1YTHpyeT C orrepaTopOM CP-l.JeTIIOCTH; TO IlpOl\ece: om1ebIBae~1blR3THM B3a.

I1MO.n.e:t1:cTBHe:Vl, HHUapl1aHTeH OTHOClITeJIbHO rrpe06pa30BaHH5I CPo TIpC06pa,30Ba

HHe (40) cnpaHCi\JII1BO H ,l],n51 nOJleM KBapKOB 11 W-6030HH., KOTopbIe coe.raB.'1eHbl 

1I3 COOTBeTcTBylOIUHX orrepa.TopOI3 pO)K,n,eHHH 11 ym·ly.T02KeRH:51. TIPI1 KOM6HHl'IpO

BaHHO~l C p- rrpeo6pa30BaHHl1 TOKH rrpeoopa3YlOTc5I COf'JIaCHO 
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f)J,e 110JIR B JleBOH (npaHOI1) Yl:1CTI1 BLI~HeJUllOTCJI rrpI1 (x, t) .( (- x, t) ). ilOJIaraR 

HCCYIlJ,eCTI3€HHYIO <pa3Y 1]n- p.umoti l~ lIOJIY Lll1M, 'ITO JIarpaH)KHaH B ypaRHCHl1H 

(4) npH CP-llpeo6pa30Bamm npeo6pa3ycTc}I C.'IC,LWIOllJ,HYI o6pa30M 

r.n,c npocTpancTuellHo-BpeMeHHoi1 apryMeHT x B JICHoti l.J.aCTlI 3aMeHReTC5I Ha 

x' ~ (t, -x) R npaJ::lOM YaCTH, l.J.TO He CYllJ,eeTBeHHO, nOCKOJlbKY (4) CO,Ll,epiKHT 

HHTerpnpoBaHHe no BCCMy npOCTpaUCTtly. DO:3TOMY, eon1 MO:>KHO BbI6paTb <pa.3hl 

TaK, YTO 

7]"·'l1*D VI')' = V~ (43)u,". j' 'I) , 

T() (CP)L:qIF ( C P)t = L:~n', B pe3YJIbTa,'re JIarpaH)KI1Cl.H B3aI1MO).J,eMCTBIUI Lint(t) 
B ypaBHeHI1Y1 (3) OKC13hIHl:"WTC5f :Hlmapl1aHTHbIM npE C P-npeo6pa~-lORaHHI1. TIo

CKOJIbKY 1]ui 11 7]D
i 

- npOH3BOJIhHhle <pRabl, Cm13aUHble C Ka)K)],bIM KBapKoM, cqJOP

MyJll1p013aHHOe BblUJe yCJIOBHe 3KBllBaneHTHO YTBep/K,Ll,cHHIO, '{.{TO MO)KIlO TaK Bbl

6paTb q>a3hI KBapKoBhDC 130JIII0I3LIX ¢yHKlI,l'rti, 'LITO Bee 6 Ma:rpWlHbIX :~JleMeHTOB 

~~j CTaHyT BeIl\eCTBeHHbIMI1 (HJIH, rOBO[HI 60Jlee TOLIHO, JIlo6a5I HX cPa3a MO)KeT 

6blTb 1l01'JIOllJ,eHa nepeorrpe,1l,eJIeHHeM KBapKOBhlX IIo.rrei1). D 06ll.(eM cny'{.{ae, 0,lJ,

HaKO, MOIKIIO BbI6paTb BeI.TJ;eCTBeHHhIMI1 TOJThKO 5 M<:l.TPHqHbIX 3JIeM€lITOH Vij. 
,UcikTBHTeJlbHO, MLI 11MeeM 6 KBapKOBblX TIOJIeR, KOTopble HMeIOT 5 OTHOCI1TeJlh

HhIX <}.>a:3. 

ECJII1 e,n,HHCTBeHHhIM HCTO"IHHKOM Hapymemul lreTHOCTl1 u DpHpO,lJ,e HBJUleTcH 

CP--Q)33a Ma'1'pl1LJ,bl CKM, TO TOl~.n,a Tpe6yeTC5I no KpattHeit Mepe 3 nOKOJI€HH5i 

KBapKOB. OCHOBHOH 3a.n,aqeit 3KCJlCPl1MCHTHJIbHbiX HCC.Jle,lJ,OBamltI B-Me30HHofi 

qn.13HKH RBJI5IeTCH rrOJIY"IenHe OTBew Ha Bonpoe 0 TOM, HBJI5ICTC5[ JII1 <pa3a CKM

M<:1.TPHI~bI e)J.HHCTBeUlI1:>IM (l1JlH rJIaBHbIM) HCTO"IHIlKO:\1 HapYllleHHJI C P- qeTHD

e'1'l1. 

B naCT05IllJ,ee BpeM5I (.n,eKa6pb 2001) CP-Hapymcmle B pacna,nax B Me30Ha 

C~I1TaeTCR Tuep,Ll,o YCTRll0U!IeHHbI~f lnJ, l12]. Terre-pb ~W)J{HO Cl.fHTaTb ,II.OKa3HH

HhIM, 'ITO CP-q)a3a CKM-M3,'rpI1u,bI npRI3HJlbIlO 06'b5ICHJleT nepapXHIO Hapymc

mm CP-qeTHOCTH B 3<p<peKTax c:vremHJ3aHH5J H ('~rra6bTX pacna,l.l,ax K-Me30HOB, a 

TaK)Ke OqapOBctHHbIX 11 npeJIeCTHblX H,,11pOHOB. B Y.a.CTHOCTH, MeXaHI13M CK:VI 06'b

5ICHJleT, IJoqe:vry HapyrneHl1e CP MaJIO Ii K-K eYleUlImamm (cK) 1'1 K ~ 7r7r pac

na.n,ax (.s' / f.), nO'IeMy HapymeHl-Ie CP HaCTOJlhKO Ma~'10 B paCIIa,LlHX Ol.fapOBaHHbIX 
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~a.cnu.r;, YTO OHO He MO)i(eT 6bITh o6Hapy/KCHO Ha C013pe~leHH0l\1 YPoBHe 3KcnepH

MCHTH,JlbHOt1 CTaTHCTllKl1, a Tfl.K>Ke TOT <t)nKT, YTO CP HapyrneHI1e MaJIO B B - f3 
CMeuumaHIIH (cH); HO BeJIHKO B pacna,n;e B -+ J / '1/) K. 06IIa.py)KeHUe HapYllleHlUI 

CP B 3TOM pacna)J,e nOKa.3aJIO; ~TO CP-CH:Vl?vWTIHI5I 'He JWJt.H.entCJt npu,6/1.'u.:HCe1t

um'J. cu.M.Jwe'mp'lldl llawel'O :\Hlpa. ylaJIOCTb 3cP<peKTOB HapyrneHlUl CP B .n.PyrH x 
CHCTe}.1aX CKopee 5IB.T[${eTC5f np05fRJlCHIIC1vl 11cpapXHH :-'!€X(lIJH3~la CP-HapyrneHH5L 

llCKJ1IOT..fHTCJlbHO CR5I3C\.HHbIM C MaTpHCfHbIMH :').lleMellTaMH CK~1-Ma.TPHU.b1.TaKli/l.{ 

06pa30~1, 3KcnepUMeHTa.·'1bHbIe .n.aHHhle CBH.ll,eTeJlhCTflYJOT H HCKOTOpOM CMbICJIe 

o TpnyM¢e CTa.U,IlapTHoti Mo,n,eJIl1:. 

2.	 MHKJII03HBHble 3JIeKTpOCJIa6ble paCna,ll;hI B-Me30Ha. 

OCHOBHbIe 3KcnepHMeHTaJIbHble II TeOpeTHQeCKHe 

<t>aKTbJ 

CpC,TT,H HHKmO:.:HfRHhTX PC)l,KHX pacrrallOfl B :vfC30Ha pacna)1, B -+ X S1 arpaeT oco

6yJO pOJlb, T.K. 3TO e,ll,HHCTBeHHbltI pe)J,Klfrr pacnaA, o6Hapy)KeHHblfi :iKcnepHMeH

TMbHO. KaK 6blJIO OTJ\tlCyeHO H lIepB0I11'JIaHe1 1::l CM pe,ll,KHe paella,ll.LI B-YIe30Ha 

l1H,IJ,YIJ,I1pYIOTC5J Ojl,HO-m~TJreRhIMM }ll1a.rpaM:vfaMH C 06MeHOM W -60301IOM 11J111 'u

KBapKaMH. B 'raCTHOCTl1, pacnaA b -+ S"j o6YCJIOBJleH ::meKTpoMarHlfTHofi llHH

PHHHHOH LI,HarpaMOH '131 ~ 13 KOTOpOi1: b-KBa.pK HcnycKaeT 1'1 nOrJIOIIJ;aeT vV-60301I: 

'reM (;a?vlLl~I ,lJ,lla.>K.lJ,bI MemUI CBOl1: apOMaT, a <pOTOH HcnycKaen:5J IlJII1 W -6030110M, 

HJII1 H3 O;~HOi;j 113 3ap5i.>KCHHbIX KHapKOBhIX JIHHMM, C:vf. I'JI£l.HY 1. VbY'1CHI1C PC/~

KHX paCna,ll.OB B Me30Ha Ba)KHO H C TOl.IKH 3peHHR npOBepKI1 taMOn CM. 9Tl1 

pacrra;J.bI MOI'YT 6hITh MCT1()}lh30RaHhI jl,JI5I onpe.neJ1CHH5f pa3J1I1YHbIX :\.1aTpIfYJILIX 

3IIe:vIeHTOB CKM-MaTpHIJ;bI, KOTopaH Orrpe,ll,f'..JI51eT BepOHTHOCTH CJIa6hIX pacna,n;OB 

13 eM. B YaCTHOf:'l'H, 3Jle'1'pOCJla6ble b -7 Sf H b -+ d"'/ paClla.1l.blonpeAeJl5IIOTC5I 

:vIaTpWIHbJ~U1 3JleMeIl'fa:\UI IVisl Ii Il~dl, eOOT13eTCT13ellIlO, KOTopLle IIpaKTJ1'-1eCKH 

HCH03MO)KHO 113MepHTb B CJT.a6bIX pacna,II,ax t-KBapKa. KpOMe TOro; 3TH paCflaJ~bl 

MoryT 6hITh O'ICHh 'iYBCTBHTe~'1bHhJ K Pi:1.3J1HYHbI:\.i CXeMa:\.i o606uWHH5I CM. 
Cy~ecTBOBaHI1e 3JleKTpOCJHl.6blX paClla,llOB, o6yc,,'10BJleHHbIX mIHrBliHHbIMH 

)~H~U'pa:V{MaMl1, 6bIJfO Bl1epBbIe ~KCnepI1:MeHT'dnbHOllO.lJ,TBep.>K,II,eHO B 1993 I'. I'PYIl

noit CLEO-II-J. ::ha rpyllrra o6HapY:iKHJla 3J1eKTpOMarHHTHbIt'I 3KCKJH03HBHbIll 

pacna,n; B -+ K*, [14]. OTJIOCI1TeJlbIlR}} llepml'l'JIOCTb (branching ratio, cOKpa

-'eLLO npe,:tCUlU.'lHt'T (;OJl!~1l0H,.J.a.:lhl!b1ii. ,.J.eT<)KTOP c 4To [-eO~le·I1)1\ei1. OlSf3aHHblii C f'- - c- Y(;KOpnTeJle~l 

CESR (Cornell Electron Storage Riug) . :::lTOT YC:KOPIIT€J1I. pa601"aeT f.I o6:mcnl aHepmii, OTB€<.t31Q1I\I1X ~\(\CC€ 

Y(4S) pC30wmca: :.'llleprU}I l3 CHCTe~w IJ,€HTpa I.lacc: ·,ueKTpOH-1I0:3InpOHHoii IIClp hI paBHH 10.58 GeV, 'Le. 0'1

DCLIi\eT 1I0pOI·Y pmK,-\l:'Hmi l3Lt Te~I ca~lblM CESR HB.'51€TC51 IElea.lbHofi ¢a6puKotl: pO>K;J,eHHSf L~S~ 11 STS
nap, rrpU'I€H 13 UeJOHhl P0>K.J:aKlTC5I rrO'lTIJ D nOKoe : PB ::::: 300 I\Ic\'.!c. 
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I.I.J;CHHO Bn) HRK.nI03I1BHoro pa.cna)ta B -* )(81 6bIJIa M3:\<IepeHa. rpyrrnoft CLEO 

HCCKOJlbKO n03)f(e [15] H OKa.3a.JIaCb paBRott 

(44) 

ITepna5I OIIIH6Ka - CTaTHCTWleCKa51, a BTOp::\,5{ - GHCTeMa.'l'l1 'leCKa.H. CnCTC:vtaul

'ieCKa5-1 ollur6Ka BKJIIOLIaCT, B LIa.CTHOCTH, HeOrrpCp;CJIeHHOCTo, CB.H3a,HHYIO C MO

AeJlhH0t1 3aHl1el1~1OCTblOpe3YJIbTaTa: CM. IUDKe. 91'01' pe3YJIbTaT 6bIJI nOJIyllcH H3 

aHaJIH3a 2.2 x 106 BE C06hITHt1. 

B 1999 r., CLEO npe;n.CTaBI1Jla YTo<lHeHHblll PC3YJIbTaTa., OCHOHaHHbli;j Y)KC Ha 

anaJIH3C 3.3 x 106 C06:bITHH [16] 

BR(B -* X.~I') = (3.15 ± O.35stat ± O.32sys ± O.26m.od) x 10-4
. (45) 

)J;pYl'11e )J"aHHble OTHOC5iTC~ K 3KcrrepHMeIITaM n 06JIaCTM Zo- ITMKa, BhInOJIHCH

HbIM Hll. YCKOPI1TCJIC LEP. KOJIJIa.6opaulul ALEPH [17] 113MepI1JIa HHKJH0311BHYIO 

BepO.HTHOCTb, HCnOJIb3Y5I nY<IOK, COCTO.H~Hll 113 C:MCCH B-MC30HOH 11 Ab-6apHOHOB, 

06Pa.3YIO~MXC5IB pacnap;ax ZO-6030Ha (01'CIOAa CHMBOJT H b R (46)) 

(46) 

TIOCKOJlbKY CTaTMCTWICCKa,5I CMCCb 13 H Ab H 3KClIcpl'IMeHTax LEP 11 CESR. pa..'1

JIwma, TO )J,aHHble ALEPH P;OJI)f(Hbl, Bo06rn;c rOBOp5I, OTJUI'-IaTbC5I 01' ,ll,i:l,.HRhIX 

CLEO, nOJly'-ICHHbIX 1-13 H3Mepemrtl: B 06JIaCTH 3HeprHll, OTBeqaIOlll,fIX ~1acce 

Y(4S)-pe30HaHca. TeM He MeRee .I1HKJU03HtlHaH umpl'IHa, Jo:vrepeHHa5I rpyrrITOH 

ALEPH: corJIacyeTC5.l B rrpe.n;eJIax OWU60K c .n.aHHbTMH CLEO. 

He,llaUllO rpylllIa CLEO npe,1l,CTaBHJIa ROBbIn rrpe.n;BapHTeJIbHblH pe3yJIbTaT, 

nOJIyqeHHbIH JI;JT>I 60JIee HH3Koro 06pC3<:l.HHH no 3HeIH'Hl1 q)OTOHOB £-, .~ 2.0 GeV: 

(47) 

a rpynrra BELLE rrpe,rr,CTH-BI1J1a ,Lla.liHble cpaBHHMofi 3Kcrrepu:vteHTaJIbHOfi TO'-IHo

CTl1 [181: 
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BR( B -t )(5/) = (3.37 ± O.53stat ± 0.42sys ± O.54mod) x 10-4
, (48) 

B HaCT05lTTVX.~ Bpe!>.Ul pe,n;KHe paena)J,bI b-KBapKa HHTenCHDno HCCJIe,n:ylO'1'cH HR. 

5
YKopH'1'eJI5IX

•	 CESR R KOpHeJILcKoti .na,60pa'1'opfIH; r,n:e H3Y<.JaCTC~ pO:>K,'J,em-Ie BB-nap B 

06JICl,CTH 3HCPI'H~i; O'1'DW-HUOIlI,HX ~mcce r (48) pe30Hauca; 

•	 HH. TCRH.TpOHe 13 <PepymeBCKOll na60pa'1'OpI1H, 1'l~C BB- napLI 06pa3ylO'1'C5I B 

pp C'1'OJIKHOBeHIIHX. 

Ha. 3'1'HX YCK0I-)J-'[TCJI5IX y:>Ke llRKOlIJleHa. 60JII.IIla51 CTCl,'1'HCT:H Kil. 0630P 3KcrrepH

MeHTaJ1I.HblX acrreKTOB; CB51::3Cl,HHbIX C :3THMH yCKopHTeJI5IMH, co,n;ep:>KI1TC5I R [221. 
KpoMe Toro, B HaC'1'051IIJ.CC RpCM5I rUlmmpyeloTcH HOBbIe 3ycnepHMeH'1'bI Ha B
Me30IIIlLIX <t>a6pHKax B SLAC'e (BaBar) H KEK (Belle), a TaK:>K€ ycoBeprneHC'1'B(}

HaHHol1 B-Me30IIllOH <pa6pHKe Ha yCKOpHTCJTC CESR (C(),l'PY,1..l,llWieC'1'Bo CLEO
III). B 6JlJ-I)f(at1I1lCe RpCMH IIJIR1ll1pyeTC5I )J;OC'1'I1THyTb HOBoro ypOBH}f C'faTI1CTHKH, 

npH KO'1'OpOH pa)J;Ha.IJ;HOHHI.Ie B pacna,rr,I.I ncpccTaHy'1' 6LI'1'L pe,rr,KHMH: O)KH)J;ae'1'

C5I, Q'1'O '1'O~HOC'1'L H3MepeHH5I HHKJl103HBHI.lX b ---t s--y pacna,rr,013 CTRHe'1' :::; 10%. 
9KcnepHMCHT1:lJThHI.IH rrpol'pecc 13 CllOiO Oqepe)J;b C'1'JtlMYJII1pye'1' '1'eopeTH<.JecKI1H: 

HH'1'epec K l'I3YleHHlO pe,IJ,KHx paCl1a,uoR B-~C30Ha.. 

B pacrra,rr, € B ---t ./\s1 OCHOBHylO POJII. HrpalOT pacrra,rr,bl nma B ---t K*(892)--y; 
H KO'l'OpbiX cneK'1'p <pO'1'OHOB B cnC'1'eMe rrOK051 BMe30Ha I1MCCT pC3KHM: llHK npH 

3HeprHH, npH6JI113l1TeJlbHO panHOM: nOJlOBHHe MaCChI B-Me30Ha. .lJ,pyroH Mexa

H:H3M 06pa30BaHH5I --y KBaHTOB - 31'0 rrcpeXO)J;I.I b ---t cW*--y .Ii b -t uW*-y (r,n;e 

~F* o::ma'-la€T IH1pTyaJlbHbU~i W-6030H) , o6yCJ10BJIeHHI.Ie 3ap51)KeHHhIMI1 TOKaMH. 

B 3'1'HX pacrra,rr,ax Cl1eKTp <poToHa 1I0XOiK Ha cneK'1'p '1'OpM03I-WrO H3JIYQeHHSJ II, 

CJIe.n.OBa'1'eJ1I.HO, H:vteCT MH.KCHMyM rrpI1 E ....., = O. 9'1'0'1' MeXaHI13M 5lBJI5Ie'1'C5I RC'1'O'I

HHKOM <poHa; Ha rrpaK'1'nKe <poH 06I.FIHO rro,n:aBJI}feTC5I 11CIIOJlh30HamI€M llH:>KHerO 

06pe3aHH5I no 3HepnII1 <po'1'oHa. TaKI1M 06pa30M, R :~KcnepHMeH'1'e 113:\1ep5le'1'C5I 

He rrOJ1HhIit crreK'1'p <pOTOllOll, a ClleKTp B 06JIaC'1'H :;meprHH E;'"in ::; E, ::; E;ax, 
r,rr,e E~;a::r = 2.7 GeV - KHHeMa'1'Ht-IeCKa51 rpaHHu,a CIlCK'l'pa. 113 3'1'oro crreKTpa 

nOJIy-'H\.C'fC5I T.H. 11,UHe.M,a,m1J."1.eC'fuaJl 6ep0.ftm1tocm'b 

(49) 

5.10 He,1<\Imero Rpe!\1eHII pe.n:K1ie pacna.n:bI h-KBapKCt HC('Jle).l,OaUJIHCb T'dKlKC Ila yCKOpI1TeJIe LEP II IlEPIJ'e, 
r;J;€ Ii3Y'Ia...OCb POJK.'.l. €Hli € BB-nap II 06.rla<:Tl1 :;lHeprHtl, OTBe'laJOllUIX MaCC€ ZO-pe30Hauca. 
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TaKInf 06pa,30M, )J,JI5I Toro LlT06Ll 113 (49) 1l0JIY'IHTL nOJ1HYlO Bep051THOCTb :::}J1eK

1'I)()cJIa.6oro JlCPCXO)l;a. Hc06xo,Il,HMO 3HaTh /J;OJlIO C06hlTHH C E1 2: E~;in 6. fIo::'lTO:vlY 

1'Ot.IHOC1'h 3KcncpHMCH1'aJIbHhIX rrpe.n,CKa:3aHufr orrpe.n,eJUIe1'C5I rrOMH\W CT<\.TlfCTH

1.JeCKOH 11 CHC1'CMa1'lPreCKofi onHr6KH 1'aK)Ke 11 1'eopetI-rl'tecKOHHeOnpe,1J,eJIeHHO

C1'hlO BhIqHCJICHH5I O1'HOllleHIUI R 1.JHC..JIa. B ~ Xsl' C06bI1'HH C 3HeprHeti q)01'O

HOB, 60JIhIlIeM E!;·in K nOJIHoMy t.IHCJIy <pOTOHOB. fI031'OMy Heo6xo.n,UMO Ha.n,e)K

HOe TeOpeTUQeCKOe BhIt.IH~eHHe crreK1'pa <pOTOHOB B 3JIeKTpOCJIa6hIX B -+ XSf 

pacrra.n,ax. 31'0 He06xo.n,HMO 1'aK)Ke Ii ,D;JT7I onpC.L\eJICHIiJl 60JICC TOHKHX XH.paKTC

pnCTHK cnCKTpOB, TaKHX KaK CPCJJ;H5I.5I 3HCprH5I q)()TOHOR H RhTClIJH€ MOMCHThT 

pacrrpe,n,e.'1eHH5I, KOTophIe B CBOlO O'-lepe,ub MOI'YT 6bl1'h HCn0.11b30BaHbI )J,Jl5I olIpe

.n,e.'1CUH5I <pyn,naMeIITaJlbHhIX napaM€1'pOI3 KXjJ, - rrOJIIOCIIOM MaCCbI b-KBapKa H 

KHHC1'HQeCKolt 3HeprHH T5I)f(CJIOro KBHpKa B B-MC30HC [23]; [24]. 

3. I1~pTyp6aTHBHoeBbIQUCJIeHHe r(b --+ s,) B KX~ 

B 31'011 rna'DC MhI KpaTKo paccMoTpUM ULl'H1CJIellJ1€' B'R.(b -+ Sf) U lIcp'l'yp6a

1'I1BHOti KX,lJ;.3'l'0 BhlY.HCJICHHC HMceT )lOJU'YfO J1C'l'npHlo. Teope1'Ht.IeCKHH rrpOpbI13 

3JJ;CCh H(1.erymm cpaRHHT€JIhHO HCJJ;l:\.RHO. I1HTcpccYlOn~(;MYC5I ·IHTa.T(~lnO pCKoMeH

)lye1'C51 H3y'-m1'h no.n,p06HhI:t1: 0630P l46j, B KOTOp01-1 co.n.ep)KI1TC5I~1HOro TeXHWIe

CKI1X )WTaJICti 11 IIPHHc;~cHa 1I0;w06Ha~ 6116JII101'pacPI1~. 

Ha 60JIhIIIoti IIIKaJIe f.t rv M) r.n,e !l4 = mt nJIH !l4 = mBl pa/"Hl;LT~HOHHhTj;t pac

uaA b -+ Sf OllHCLlBaeTC~1 3JleK'i'pOCJIa6oti rrHHrBI1HHot\ )J.HarpaMMoM ~ rrOKa3aHHOH 

Ret pHC. 3a. Pa.n.I-IetU;UOHRhle nonpaBKH B KX,D: Re/'J,YT K 3Ha'-l11TCJlhHO:vlY YCI1JICHHIO 

HHKJII0311BROH llIl1pl1HhI. 9TI1 3<p<peKThI CBH3aHhI C 06MeHOM )KeCTKHMH rnJOOHa

MH Me)K.n,y KBapKOBhIMI1 nl1HH5IMI1 B o.n,HOIIeTneBblX )llmrpaMMax 3JIeK1'pOc.rra60H 

TenplnI (pHC. 10). 
Pa1-I.HaT~HOHHbIC nonpaBKH COlT,CP)Kl:\.T 6o.TlhHInC .TlOIC\.pH<p:\1hT RH/J;<l a:~·(mb) 

10gm(mbjA1); r)l,e m :::; n (n = 0,1,2, ... ); TITO 5IBJI5Ie1'CH xapaKTepHolt Tlep1'oH 

JHo60,'o npou.ecca, B KOTOpOM HMeeTC5I ,n,Ba pa3nl1QHhIX MaCIIIT"a.6a; B paccMaT

pUBaeMoM CJIYQae M 11 mb. l.{T06bI nOJJYl.IHTh B TaKOncHTyanuH pa3YMHhTH 01'

BeT Heo6xo,1I,H~W npOCYMl\1I1pOBa1'h QJIeHhI TeOpl1H B03MYIu:eHI-r:fi: CO)l,ep)KaIlJ,He no 

KpaJ"lHeti: Mepe ne,1lYIlJ,I1€ JInrapl1<pMhI (LL) 

(50) 

6TIepROHaqa..IJhHO rpynna CLEO HcnO.lb30Ba.la 06pe3aHHe no ''1Heprun [i;!,nill '" 2.2 GeV. n noc:re,ll.RHX 

)l.O.nO>KefIIlLIX pCJy;u,TaTaX :~TO 3HaLJeHI1e CHHlKeHO )l.O E!,fliTl '" 2.U GeV. 
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PIIC. 10: QeD nOnpa13KIl K pacna.:ly B --4 ..:tJ~:. 

91'0 cyM1mponH.nue BbmOJIII~eTC.lI OTIIOCH1'eJlbHO npOCTO H HCrrOJIb3ye1' TexHHKy 

PCHop~H'pynnhT. 13 c.T1e,rryIOTT~eM (ncxt-to-leading-log (NLL)) 1lIm6.!IlDKell111111eo6

XO,lJ,HMO npocyMMHpoBaTh 'UTeRbI BH,lJ,a 

(51) 

OU1I16Ka LL rrpn6JUDKeHluI B OCHOBHOM rrpo5IBJUIeTC.lI B CHJIbHOH 3aBHCHMOCTH pe

3YJlhTaTOH HhP·lI1CJlCHl1.i;J 0'1' Hh160pa. lUK8JlbI 1-". 06bI'UIO COOTBe1'CTI3YIOrn;a5I H€Onpe

,lJ,e.'1eHHOCTb OlJ,CmmaCTCR rryTcM Bapl1aUHH peHop:VfaJIH3~Hl,HOHHot~TTIKH.JThI R npe

.ueJIax mo/2 < J.l < 2mb. Pe~YJIl..>'raTLl, llOJIyy.euIILle B LL npH6JIIDKemlH, MeHR

fOTCH np'" 3'1'01\1 IH1 ±25%, '1'1'0 y>KC YK3:3hll:me-r Ha He06xOAHMOCTb yqeTa NLL 
TIOnpaBOK. ilepBbIC 113Mepem151 rpyrrnbI CLEO (c~. (44)) CORna]~<:WlH (B npe,ll,e

.)lax oum6KH) C TeOpeTI.fl-leCKHMH pac"reTarvUl: B LL Ilpn6JlH:>KeHIHf (CM. (73)L npn 

3TOM KaK 3KCnepHM€IITH,,'1bHble TaK 11 TeOpenlqeCKHe oUIH6KH 6bWH OTHOCHTeJIbHO 

UeJH1KH 11 epamu1MbI lIO UeJ1W!JWC ,Ll,pyl' e ,Ll,pyCO:vI. DOCKOJlbKY 3KcnepHMeHTaJIb

RaJl TOqHOCTh B 6.lUI:>Ka~llIe:\l1 6y,nyllJ,e~ HeCOMHeHHO 6Y,LI,eT YBeJIl1CfeHa; }fCHO, Y.TO 

Ami cpanlIemuI C 3KcrrepHMeHToM ny:IKuo ilbIQHCJII1Tb I1HKJII03HBUYIO umpHHy C 

y"ieToM .KLL nonpaBoK. 91'a aM6Hli,1103Ha5I nporpaMMR 6hTJH1. RhmOJTHC.ma cpall
HHTeJlbHO HeAaBHO YCl1JIIUIMH HeCKOJlbKHX TeOpeTHqeCKHX rpynn ([19]; [20], [21}, 
[251, [261: [271),[281). 13 pC3'yJIbT'l.Te TcopeTH'-leCKa.lI OllIH6KCl LL 6bIJIa CH1DKeHa AO 

~ 10%, a u,elrl'pa.JILlIOe :ma<.rCIII1e lla.pTolllIoi1 WUpHHbl paClla,LlH yBeJIH"lHJTaCb Ha 

'" 20%. 
B 3TOH r.llaBe paccMoTpeHbI BhFIHCJIeHH5I B LL npI16JIH:>KeHIiH H KpaTKo onl1ca

Hhl OCHORHhle 3T<:WhT RhPTHCJTCHH5I 1\LL nonpaBoK. QI1TaTeJl5IM, >KeJlalOIlJ,HM 60JIee 

,lJ,eTa,IIhHO O:.maKOMH1'bCH C TexHHKoft Ii pe:~YJIb1'aTaMnNLL BhIQI1C:.JICHIi~i pCKoMeH

,nyeTC5I H:1Y'iHTb ue.n,anmrfii 0630P 181. 
nOKa)KCM. KaK Y1JCT pa,rrHaU;UOHHhIX nonpaBOK npHBO,Il,HT K n05II.lJleWlIO HOBbIX 

ollcpaTopoR H :~cl)(I)f:;KTHRHo:v[ JlarpaH>KTH\.Hc. PaccMoTIHCvl, HallpH1-1CP, pacna.,n; 

K -Me30Ha. Ha ,lJ,Ba flUOR3-. Ha KBapKoBoM ypoBlIe ,lJ,peseCHR5I .rumrpaMMCl, OIlHCbI

BaIOllJ,a5I 3TOT rrpou;ecc, nOKa;3aHa. Ha. puc. ll(a). COOTBeTCTBYIOru;a5I aMIlJII1TY)J,a 
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nporropu,nOH3.JIbHa 

(52) 

)J;pyrHMH C'JIOBaMH :na. a.MnJII1Ty~a npOnOpIJ,I10Ha~'IbHa MaTpH4110My 3JleMellTY 

orreparopa 

(53)
 

B3SIToro MC)K,i1'y IK)- H I1rJr)-COC"l'O}1lllUIMI1. O.n.HOIIeT..'IeBaR rrOrrpaBKa (T.e. 

norrpaBKa, CB5I3aHHa.H C 0,ll.HOI'JllOOHHblM 06MeHOM) K 3TOH aMmIIuy)J.e 

nOKa3aHa na pRe. 11 (b). 9Ta nonpaBKa reHepHpycT HOBblH OlIepaTOp: 

(dTa,IL(l _(5)u) (iiTU'IJ(l- "15)8) 7: KOTOpbIH, nCnOJIb3Y51 TO.IK.n.eCTBa <l>l1pl~a: 

MO.IKHO rrepe:pHcaTb B Bl1)J.e JIHHei1HOH K0:Y16HHa.I~1111 orrepaTopOB 0 1 11 O2 f;n,e 

(54) 

91'01' npl'1Mep JIerKO o606uV-ITb VI Ha BblClllHe nOp}l,l.l,KH TCOpl111 BO:3Myll.(eHHH. 

8~1I 
_ . ltV : -9......,!"..--~~...---H.-: 
d fj 

(a) (b) 

Puc. 11: KHapKoBble ;l.lIarpaMMhI, omiChlBaIOllllle ~poHHhIe pacon,ll.l f{-ll-w:JOnOB 

TeXHIP'leCKH BbIl.U1CJIeHHSI BHlVI<:l..Jle BbIIIOJIH5IIOTl:51 Ha 6()JIhIIIOH· IIIKa.ne 

J.t O(Af) , r)J.e rrOJIHa51 TeOpH5I CLllI'IBaeTC5I C 3<p<peKTHRHOH TCOpHCH C 'U1CJIOM ""-J 

apOMaTOH Nt = 5, Hocne 4eI'D 11CrrOJlb3YIOTC5I ypaBHeHH5I 3BOJIIOIJ,HH (ypaBHeHH5I 

pe'tiOpuH2pynu'bt). B pe3yJIbT';l.Te Mhl IIOJIY'-laC\1 34)<pCKTHHHylO Tcopmo npH IIIf3

Koii IDKBJIe /lb 'V mb. TIOJlYl.J.eHHbll'!I TClKHM 06pa-30M 3(I)q)(~KTHBHhIH JlarpamKl1a.H 

73.::leCh Til - AI(l'iplfU,b1, O'l'He4alOlI(He rClIcparopa.:\1 UD(~ODOii rpyl1l1!>I SL"(3) 13 (PYH.::la~leHTa.ihHOM npe,TJ,t:TdR

JIel-nul. 



23
 

CO)WP)KHT He TO.TlbKO HOByIO :'l<PcP~KTHBHYIOKOHCTaHTy CB5I311 m()''ie~'H,02() K~aHMO

,lJ,ei1cTBlul., nepeBO,.'];5IIu,ero b-KBa.pK B S-KsapK; HO H )~OIlOJ1HI1Te.'lbHble orrepaTopbI 

U JIfiTpamKHaHC cna6oro R:::HUIMo,rreHCTBH5I 

(55)
 

B cl>opMyJTe (55) Oil i = 1, ... , 6 - qeTbIpex-cPep~1I10HHble onepaTopbI, Ch - 3.J1CK

TpOc.'l8.6bIH rrI1HrBHHHbIH orrepaTOp; a Os - el'o I~BcTo':vlarHHTHbIH aH3JIOr (CM. 

HlDKe). 9q)(peKTbl, 06YCJIOIWeIlHbTe TH)KCJThDAH CTCrreH5IMH CB06o,lJ,bI, Crrp5ITaIIbI B 

3<i><.t)eKTI1BHbIX KMm6poBoTIHbIX KOHCT8.HTaX, 6erylll,Hx J\·1a.ceax KnapKoB H RHJlhCO

HOBCKHX K03<p(1)HIJ,HeHTax Gi , OI1l1CnIRalOlfJ,J1X 3<p(I>eKTHBHYIO BeJlWumy JlOKMb

HbIX ollep;:I,T0pOB 0; B 4>opMyJIe (55). B JIH)1,upylOll.I,eM IIOp5I)lKe TeOpl1l1 B03MY

ll.I,eHHH 3BOJltOU,I1H OT 60.rrnTUOH IIIKaJIbI A1 BHM~ )1,0 IIlK8JIbI Ilb 011l1CbllmeTC1l ypaB

HelUunm peHOp~-T'pynnhf,B KOTOpbIX K03<P<PHll.J!eIITIIbIe 4>YHKI\1111 GlAtf) 5IBJI5I

IOTC5:l H(l}IaJIhHbL\tIl1 3Hal.leHI15IMH. 9'1'11 <PYIIKIJ,HI1 BbI'UICJIHlOTC5I B BH,IJ,e p5I,rra rro 

as: 

(56) 

PerneHHe ypaBHcHI1H peHop~-rpynnbI Ha IIlK8JIe p, CXeMaT.I1yeCKH MO)KCT 6hTTb 

3allHcaHO R RH)J,e 

C,l0J(M) + ~b~O) (';; In (~2)) n (57) 

+ as C?)(AI) L b~I) (as In (JI.~2))JL + ... , 
~ n n p,2 

r)1,e K03¢<l)HlJ,HeHTbI bn IIonyyalOTC5I 113 peIIleHlUI peHOrHrt-rpyrrITORhIX ypcnmeHHH. 

KX,IJ,- nonpaBKH K IIIHpHHe pacna/~a BKJIIOyaIOT rronpaBKH f"V O's K MaTpI1T..J.HbH-l 

3JIeMeHT,'n1 pa~:UTlpmhTX orrepaTopOB II IIonpaUKH f"V K HI1J1beOHOHCKH:vf K03q>a oS 

q)l1qHeHTa.M: KOTopble BblYHCJH110TCH Ha, HI1~iK(BHCPT'CTH'·IeCKO:H. IIIKane ttb. TOJIbKO 

eYM:vra 3THX ITOnpaBOK lIe 3aRI1CHT OT J-lb. lfcnoJIb3y5I TOT <paKT; {.ITO 3<p<peK

THBHbI"fi: raMl1.l1LTOHI1HH He :3aBHCHT OT tt: MO)KHO ITOJIyT..J.HTb ypaHHeHlUI peHolHil

rpynllhl )VT51 BHJIbCOHOBCKHX K03¢qH1UHeUTOB Gi(tt) 
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(58) 

r,n,e MaTpnU;a "( npC)l,CTaBJUleT MaTpHIJ;.Y aHOMMbHhIX pa3:MCpHOC'l'Cii OnepaTOpOB 

Ch. 
I1poIW,DJ'pa BLP-IHC.neHIUI LL (NLL) nonpaBOK B 3<1><peKTHBHOii TeopMH noml 

BKJllO"IaeT CJle,LlYIO~l1e Tpa ::"nana: 

•	 STan 1. Ha nepBOM 3Tane rrOnHa5I TeOpm! CTaH)l,apTHoi1: Mop,eJ111 CWl1BaeTC5I 

C 3<pcPeKTHBHo1:t TCOpHCfi Ha IllKa.Jle j), = A1. ITpa 3TOfi IllKaJ1e MaTpH"lHbIC 

3J1eMeHTbI onepaTopOB B 3<p<l>eKTHRHOH TCOpHI1 co,n,ep)fmT Te )Ke JIOrapH<p

MhI, '-ITO H B nOJIIIOH TeopMH. BUJIbCOHOBCKlle K03<pqHUl,I1eHTbl Ci(Jvf) Ha 

3TOM 3Tarre co,.u.epLKa:l' MaJIbIe KX,IJ,-rronpaBKYI; KO'1'ophIe YIOryT 6hlTh BbI

"lH('J1eHbI B cPHKClIpOBaHHOM rrop~I~KC TCOpHI1 B03Myru;eHl1fi. B qacTHOCTH, 

LL (NLL) BbIT.II1c"'leHH5I co,n,ep/KaT nonpaBKM nOp5I,lI.Ka O(a~) (O( a~)). 

•	 chan 2. 3aTe.T\1 Bbl '-I l1CJI51eTC5I 3BOJIIOU;M51 BHJlbCOHOBCKHX K03<PcPHlJ,HCHTOH 

0'1' j), = A1 )],0 /--l = j),b, r~'le j),b '" mb. nOCKo.nbKY MaTpW-THhIC :-mCMCHTbI 

oncpaTopOR nprr HH:3K01:t IllKMe j),b ue CO,lJ,ep.lKa:r 60~'lblIIHX JIorapnet>:.\lOB; Bhl

T.IHCJIeHH5I B LL (NLL) npI16JUDKCHI111 11cII0.lrh3YlO'l' YHtTPHll..Y anOMam.>IlbIX 

pa.3MepIlocTei1: nOp5l)],Ka 0:; (a;). 

•	 8Tall 3. B LL (NLL) iTpH6~'lI1)KeHIHi ~mTp:wIHble 3JleMeHTbI onepaTopoH 

< sg\CJi(/--l)lb > npl1 /--l = Pb ,IlOJILKHbI 6LITb BbI'-IHCJIeHbI C TO"IHOCTblO 

a~ (a~). 

5IBHbIH BH,lJ. onepaTopoB Oi B (55) MO/KHO Hafi'1'H, HanpHMcp; K 0630PC [46]. 
OllcpaTopbI; OTHOC5Iru;neC5I K narneMy pacc:vWTpeHl1lO, 3'1'0 3Jw'~mpO/I1.ac3'H.'I../'rm--{''bf/ll 

mmZ6U1-I. 

(59) 

H ero ~BeTOMarHHTHblti:aHMor :... 2JlWO'H.'H.'bI,{i nU1--I.26'l./,H 

(60) 
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r,n;e e 11 9s- :-1.'lCKTpOMarHHTHa5J H CIVlbHa5I KOHCTaHTbl CB5I3H; COOTBeTCTBelIIIO: 

a F,w Ii G~v - TeH30pHble onepaTopbl ,lJ.Jl}I. 3JLeKTpOMarH11Tlloro 11 fJIIDOIIlIOro no

Jleii. BKJIa,n,OM onepa:I'OpOH 03, ... ;0 6 MO)KHO C xopomefi n)QHOCTbIO npeHe6pe' lb" 

Bl-[]lbCOHOBCKHe K03(pqHH\HeHTbI 3THX onepaTopOB B03HHKaIOT 113 onepctTOpHOrO 

CMemHBaHH5I H 'UICJleHHO Ol.JeHb MaJIbL 

TIPI1 fJ, rv A1R" HKJTa.D, MaTpWIHOfO 3JIe:MeHTa 0,; B lliHplmy pacna,n,a b -+ s"( 
8

paue1l

MHO)KI1TeJIb m~ B (61) !:lCX1Hl1KaeT 113 flByx-QaCTJ1QH(),O 4m.30Roro 06'h(~?\HI.. B 
meop1l.'U 111,,H,;)fCe.lt'bl1.~ 'l);6ap'h.06 (Heavy Quark Expansion, cOKpa~eHHo HQE) mb 

06hI'-lHO a.CCOI.l,l111pyeTC5i C nOJHOcHOf.1' Maccoii b KBapKa mb.pol~'" Pa3HOCTh Me)K)Iy 

2() 2mh fJ,b :H mb,pol~, B JlCpHOM nOp5i,l\Ke ITO as paBHa 

2( ) _ 2 (1 8a.~(fJ,b))mh fJ,b - mh I - ---- . (62)
,po (' 3 7f 

8m pa3HocTb He BXO,lJ.l1T II pe3YJIb'ffiT, nOJlY'ICHHhIH R JIH,L\HpYlO~eM JIorapu¢

::I.1Hl.leCKOM npl16JIH.lKCHIHf 11 ,L\OJDKHa Y'fHTblBaTbC5I TOJlbKO B norrpaBKax K 3TO~1Y 

UpI16JUDKeHJHO. 

<l>YHKI~IHI c7['(lvhv) = C~~) (Xt) H C8G(Mn,,) = C~~(Xt), Xt = iH: RhJlIHCJl5I

JUICb MHOrI-IMI1 aUTopaMM. CTaH,n;apTHotl CGhIJIKOH 5I:BJUIeTC5I CCbIJIKa Ha pa60Ty 

I1HaMH 11 .JIl1l:la [47] . .5IRHoe BblproKeHHe ,lI,Jl5I: C~~) (Xt), rrplme)J,erH-ro€ B STOM pa60Tc 

I1Meer BI1,lI, 

(63) 

(64) 

"YI1eJICHHO Il.JI5I mt = 170 GeV C}~) = -0.193 H CJ~ = -0.096. 

83,LleCb 11 B ,J.a."lhHeihJle~1 Mbl.) n~)He6perae"l ~l<'!.ccofi CTpammro KBapKa, nOCKQ.;lbKY 3Th Macca BXO,:lllT H 

KOHeCil-lblC Bblpa:meHIHI R flH,n;e m;!mi,. 
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Bbtpa.>KeUI151 (63) 11 (54) He BKJTJOqalOT KX,lJ,-nonpaBOK, 8BOJIlOl.\H5I JIarpaH

.>KHaHa (55) BHH3 K WKR.Jle /-lb npMBO,lJ,I1T K C)JenUIBamuo ollepaTopon 

Ci(/-l) = L U(/-l, Mn')Cj (Aln'). (65) 
j 

8'1'0 npHBO,lJ,HT ,K cy~ecTBeHHO)JY YCJlO.>KHeIIlUO Bbl'-ll1CJlemdL He YAHBHTeJIbHO, 

'-ITO ncpBble ,1l,0CTRTOY.IIO IIOJIHble BbJlUlC.neHH5I B NLL rrpU6JflDKeHHH 6bIJIH orry6

...'1I1KOBaHbI, KaK OTMey.aJlOCb HhlUIe, TO...TJbKO B 1996 ro,n;y. O,rr,HaKo B npJ16JUDKeHHl1 

I'JIaBHbIX JlorapH:<pMoB, paCCMOTpeHHeM KOTOpOI'O MbI TOJILKO ¥J OrpaHW-IHBaeMC5I 

R 3TOH rJIaB€, pe3YJILTaT,ll,OCTaTOtmO rrpOCT: rnnpHHa f(b ~ 8,) CHona orrpe

,ueJ15IeTC5I ypaBHeHI1eM (61), H KOTOpOM l o,rr,uaKO, ne.miqI-ma C71 (f-l) 3aMCmWTG5I 

''3<p<peKTHBHbTM K03(1)(p"I1~11eHToM" C}~)eff (/-l) [48J 

r,n:c CJO) (Mw) = 1 H 'TJ = a(A1H·) / O:(/-l), '·;MarRt.lecKMe "uIc.na" hi and ai npHBe,1l,e

HbI, HarrpUMep, B Ta6JL 23 o630pa [461. 06paUD.f UIIH)JaIIHe Ha TO, tITO MaClIITa6 

f-lb BXO)l,HT B ypaRHcHHC (66) TOJIbKO "':lepe:l KOllCl'allTY CHJIbHbIX B3a.:HMO,D,eticTBHl1 

a(r]). 
JJ:JI}I mt = 170 GeV C~O)(/-lW) = -0.096. TorAa, :HCrrO.'1b3y51 

(67) 

r,lJ,e J-Lb = 5 GeV I1 O:s(.l\tfz ) = 0.118, nOJIyqa.e:M 

C iO)eff ( ) C(O)() ,(O)()
11 J..tb 0.695· 7-,. J-Ln' + 0.085 . eRG J-LH' (68) 

(0)( )-0.158· C2 /-llf = -0.3 

ECJUI npene6peQL KX,LL-rrorrpaUKaMI1, TO 'TJ = 1 It 

(O)e!!( ) 0(0)( )C7; /-lh - 7")' Ala' 
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TaKHM 06pa.30M, y:>Ke B npH6.mDKeHHl1 l'Jla.HHbIX JlOrapH(pMOB B03HHKa,eT 60JIblllOI! 

3tj)(lwKT YCl-IJlCHHH UmpHHhT pacna)J,a B ---t Xs'Y [49]. 
PaccMoTpHM Tenepb cneKTaTopHylo ::'.10.n;eJlb: B KOTOpOll IIIHpHHa HHKJlI03HB

Horo pacna.)J..n. B ---t X 8 "1 anrrpOKcloilHpyeTc5I napToHHoM 11IT1pI-IHOH f(b ---t s'Y). 
HenOJIb3yeM Hop:\mpoBKY Ha rrOJIyJlenToHHyIO unrpm·yy; '-lT06bI H36emaTb Heonpc

)J,eJIeHHocTet1; CB513R.HHbIX C Ma:rpW-IHbIMH ::meMeHTaMH CKM Ma,TPHIJ;bI n :-J.HO:>KH

TeJIeM mZ, TOr,I\a. 13 rrpu6JII-I:>KeUUH rJIfWIIhIX JIOrapHlp:.vlOB nOJIy'-IR.e:-'-l 

(69)
 

f'll..e 

(70) 

B <popMyJIe (70) g(p) - lpa30Hhli1 06'bC:Y1 H IIOJIYJICIlTOHHOM paClla)~c b ~ cev 

2 
_ m'c,po!eg(p) = 1 - 8p + 8p2 - p4 - 12p2 ln p, P--2-.. (71) 

mb ,pole 

IToCJIe,ll.HMH MHmKHTeJIb B ypaBHeHHH (70) rrapa:-J.eTpH:~yeT HerrepTyp6aTHBHble 

norrpaBKM K IIIHpMIlaM IIOJIyJIerrTOIIIloro H pall..naIJ;HOIIIIoro pacrra,nOB B MeTO,.'J;e 

OPE [23] 

(72) 

r,z:r.e Al 11 A2 - :\1aTpH'-IHbI€ ::meMeHTbl orrepaTopOB KHHeTH'-IeCKoii H IJ,BeTo

MarHHTIIoi1: ::mepnm, COOTBeTCTBeHHO. HarlOMHHM, 'iTO 3TH onepaTopbl rr051llJI51

fOTC5I 13 HQE KaK '-IJleUbI IIOp51)J,Ka 11mb. 3HaqeHHe A2 113lleCTHO 113 paCl.U,eWlelUU! 

Mace B* 11 B Me30HOB, A2 = 0.12 GeV2
. 3HaT-IeHI1e At onpe)J,eJIeHO e ropa3,LT,O xy)J,

IDeM TOqHOCTbIO; K CqaCTblO, OHO cOKpall~a.c-I'C}f H IIpaHol~i '-IaCTI1 ypaBHeHH5I (72). 
HenepTyp6aTHBHhle rrorrpaBKH B (72) HMeIOT IIOP5lAOK HeCKO.rIbKI1X npou,eHToB 

H B 3HaTUITe.'1bHotl CTelIeHU COKpaIJJ;<lIOT .LIpyr ,llpyra. TIo:::no:yry IIOJIHa5I Henep

Typ6aTlmna5I nOllpaBKa B ypaBHeHI111 (72) OK3-3hlBaCTC5I rOp(3)lO MeUhIIIe, L[e:Yl 
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TO'IHOCTh CaMOI'O nepTyp6aTl.fBHOrO BbI'iHCJIeHJ:I5I Rquark B npH6mnKeHl1l1 rv'laB

HbIX JIOrapH(pMOB. OKOW-IaTe..'IbHhIit pe:"-lYJIbTaT BbIQHCJletm:i1 B 3TO:\1 npH6JIH)Ke

HHH HMeCT BIi)J, [481 

BR(B --+ X s ,) = (2.8 ± 0.8) x 10-4, (73) 

rIle TeopeTl1 y.eCKa5J o llUI6Ka., B OCHOBHOM, CB513aHa C Heonpell.eJIeHHOC'I'hlO H Hhl

60pe IllKaJIbI Jib· 
KaK yJKe OTMe'ia.nOCL, IIOrrpaBKI1 KnyH6JIHJKeHl1K) rJIi:\.RHhTX .'lorapml)MoB 

RKJIJO'raIOT norrpaBKY rrOpHJl.Ka O:s K C+?')f'! [50], llonpaBKy rv as B03HHKalOI!O'lO 

H3 O.D;HO-IIeTJIeBbIX MaTpI1'iHhTX ::weMeHl~(>B < sl'\07..,lb >, < sl'IOsclb >, H .D;BYX-· 

neTJIeBbIX MaTpM'iHbTX 3JIeM€HTOR < sl'\Oilb > OCTCtJIhHbIX ouepct'l'OpOB. LJacTb 

nonpaBoK rv O:s 06YCJlOBJI€Ha y ' -reTol1 TOpM03Horo (Bremsstrahlung) 113JIYY.CHI1~. 

TeOpeTH'ieCKl1e npe.n,CKa3aHH5I C YQeTOM norrpaBoK f',J a.s K npH6.mnKeHHlO rJIaB

HbI", Jrofapnqn,1oB Jre)KaT B o6JIacnt 

BR(B --+ X s ,) = (3.3 ± 0.3) .10-4
, (74) 

T.e., KaK 6bJJIO YK83aHo paHee, pe3ynbTaT rrpn6.'IIDKeIIH5I rv'IaUHbIX ~'10rap.H<pMOB 

H:3MeH5reTC5l m" ~ 20%, a TCOPCTWIeCKa,5I Heonpe.n;eJIeHHOCTb YMeHLlllaeTC5-1 )]..0 

10%. 9TOT pe3YJIbTaT Ha.xO)l.HTC5I B xopollieM COfJraCHU C HOBhIMH 3KcrrepHMeH

TaJILIIbIMH .n.a.iIIILIMI1 (45) - (48). 
D 3aKJTl()Timnrc :~TOtt JICKW1H OTMCTl1M 1 lITO TCOpC'T'WIeCKlie npe.n,CK83amUI ,1.f.Jl}l 

SR(B --+ X.~I'), .H 3KCnepl1MeHTaJIhHbIe .n,anHble ~lOrYT 6bITb HCIIOJlb30BaHbI ,n,Jl5I 

Toro l·n06hl OIWHHTh KOM6HHaJ~HlO IvtbV;:I/I\'~bI3JleMCHToHCKM-MaTpI1I..I,bl. TIo

CKOJrbKY M:aTpW-IHhle 3JIeMeHTbI ~IJ H V,b OTHOCHTeJIbHO XOpOlIIO H3RCCTHbl, H::J 

3TOH KOM6.HHalJ,HH MO)KHO B CBOIO Ollepe,rr,b orrpe.n;eJUiTb MaTpwIHbIH 3neMeHT Ivts/
HCnOJlb3Y5I .n:aHHhIe CLEO (45) ,. ALEPH (46) H npIlBe,n,eHHbIe BbIllie TeOpeTJ:I'ie

CKne pe3YJlb'l'aTbl, nO.I1'yyaeM 

0.95 ± 0.08exp ± 0.05t h CLEO 

0.91 ± 0.15up ± O.04th ALEPH. 

Cpe,ru-ree 3Wt'ieIIHe ~nHX )IByX '-IHce..'I panno 
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1l-1~~1.·~1~ = 0.93 ± 0.09 ± 0.03 = 0.93 ± 0.10, (75)
L'b 

l',ll,e TeopeTH'-IeCKH€ II ~KcneplntCH'mJIbHbleoum6Kl1 6br.'1H B:"HiTbl B KBa.n.paTypax. 

!1CIIOJlb3Y5I IVtbl =' 0.99 ± 0.15 H IV~:bl = 0.0393 ± 0.0028 (3TOT MaTpHtIHbIH: 

3JIe:vieHT OnpCJI:CJIeH 113 aHaJlH3a. rrO.nyJIerrTOHHhIX paCna..rr,OB B Me30Ha), nOJIyqa.eM 

'\~sl = 0.037 ± 0.007, (76) 

-- l',ll,e lice OlIII'I6KH CHOBa, 6bIJIH B35fT.bl H KBa~paTypax. 9TOT pe3YJIhTUTi l103110)KHO, 

~BJL5IeTC.H HC1.I16c)JJce np5IMbIM onpe,l],e.'1eHl'ICM McnpWIHOl'O 3J1eMeHTa Vts ' MOlKHO 

mKH,l1,aTh, 'ITO B 6y.u.YllI,eM OTHOCHTeJlbHa5I oIIII16Ka 8 (76) YMeHLIlIHTC5I no Kpatt

HeB Mepe B 2 pH3a. 

4. HenepTyp6aTHBHble IIonpaBKH pacna,n;e B -t Xs""i 

4.1. Mo,n;eJIh ACM 

TIpnBe.n;eHHbIe B JICKHHH 2 3KcnepHMeHTaJIbHbIe pe3YJJh'T'aTbI 6bIJI11 llOJIyqeHbI C 

HenOJIK~OBamle:\II ACM MO,£leJ1H [29], [301 )j,JUI Mo.n;eJIHpOBaHlur crre.KTpa q)OTO

HOB
g

• I1epBoHaT'laJIbHO ~T<l. Mo,n;eJ1h 6hlJIa llpe,n;JIO.JKena. ,!l;JUI Toro, TITOOhI OI.l,eHI1TL 

CHCTeM<l.Tl1YCCKYIO own6Ky B 11O.u,e.,rUlpOBamm rrOJIHOrO enCKTpa 3JleKTpOHOB HJUI 

:\1100HOB B nOJrYJIeTITOIIHbIX paCl1a.rr,a.x '0- H B-Me30HOB. ~10)J,e.,rlh Y'-lI1TbIBaeT KH

HeMi:'\.TI1'-IeCKHe OrpaHHYeHU~ ,l1,JI5f crreKTpOH, o6yC'..JlOBJIeIIIILle TeM 4>aKToM, 'ITO Ha 

onbITe I-l3Mep5feTC71 He pacnH.,Il..cDo6o,II,HOrO b KBapKa, a b--KRapKa, em13aHHoro B 

a.,II,pOHe. B-Me30H C Maccoti mH paCCMaTpI-IBaerrC5f KaK CB5I3aHHOe COCTO}lHHe T}l

.>KeJIOl'O KuapKa 1'1 ~'1erKOrO KBapKa CrreKT<l.TOpa C MaCCOM m Sp1 rroC.'1e)J,H~~ rrpe;J.

CTaB.lmeT rro.n,foHo'-THhIi1 ImpaMeTp. KBapK-cneKTaTOp H:\1CCT HMrry.nbCliOe pac

npe)J,eJIeHHC <I>(p2), r~e P -3,IU1llYJlbC cneKTaTopa. 8TO p<tcrrpe)],eJlCHl1C 06bI'lnO 

Bb16HpaeTC5I B rayccOBcKO~ BU,ll,e 

2 4 (IPI
2

)~(p ) = r;;; ~ exp --2 ' (77) 
V 7rPf Pf 



30 

r,n,e tIHCneHHblH MHOIKHTeJII, onpe,neJI5IeTC5I HOp~vnlpORKOH 

f
00

<I>(lpl)p2dp = l. (78) 
(1 

ECJUI npHH5ITb, KaK 3TO ,n;enaeTC.H U MO,l1,eJIM ACM, '-lTO 3HeprH5I b-KtmpKa Eb
 

B Bepnnme B ---7 bd orrpetl,eJl51CTCTI 3aKOHOM COXpaHeHH5I 9Hepnm H lumYJlbCa
 

Eb = mE - Jp 2 + m2 
.~p' 

(79) 

,TO b-KBapK He MO:iKeT HMeTL onpeAeJIeHHYfO \1HCCY. B ,l./,ettcTBHTenbHOCTH Mo,rr,eJlb 

crreIJ,HaJ1bHO KOHCTpyupyeTO! TaK, "ITo6bl ¥l36e:iKaTb nOH51Tl15I nJIOXO onpe,neJIelI 

HOtI MaCCbl b-KBapKa Bo06uW. BMCCTO q)HKCHpoBaHHoti MaCCbI b-KBapK HMe€T 

nnaBaro~ylO ("floating") Macey 
(mh1)2 -- mB2 + m 2 

sp - 2mE-JP2 + m 2 
sp , (80) 

KOTOpa51 3aBHC11T 01' (pl. 
, CrrCKTp <POTOHOB (mUI JIenTOHOB; CCJIH paCCMaTpI1BalOTC5I rrOJIyJIenTOHHhle 

pacna,n,bI) nOJIyqaeTGH 11:1 cneKTpa drb(mj, E')/dE' B pacnap,e b-KHapKa C yIHBil

pHaHTHoi! Maccott mt (B CI1CTCMC llOK05I b-KnapKa) c nOMOlu.hlO rrpeo6pa30Bu,HH5I 

J10peH7'T~a-H3 CHCTCMbI rrOK051 b- KBapKa jj CI1CTe:VlY nOK051 B-Me30Ha. B pe3YJlh

TaTe ,IJ,JI5I crreKTpa <pOTOHOB B CliC"TeMe nOKO}{ B-:..1e30Ha nOJlyqaeM 

df(B -* X S/ ) = P/;na~d 2<p( 2)dr(b---7 s,,/)(E-.{!mj(p2» 
dE~f 0 PP P dE, ' (81) 

r,n,e dI'(b -* s'Y)/dE"'t - CIICKTP 4)OTOHOB B pacrraAe b-KBapKa C HMnyJIhCOM -p 11
 

rrJIaBaIor.u;etl Maccoti mf(p2).
 
CrreKTp <pOTOHOB B pacrra.u.e b ---7 51 e y~eToM pa,lJ,HaIJ,HOHIILIX norrpaBOK 6hIJI 

Bblq11CJIeH B CTaTMIX Arm M Kpof16a [19], [20]. I1cnOJIh3yH 3TI1 pe3yJIL'l'a'fbl 11 

Mo,n,eJlb ACM )l,JIH MO,ll;eJIHpOBaHU.H lIOJIlIOf'O cneKTpa, CLEO npHBO,ll;HT 3HatIeHl1C 

R = 85%-94%, KOTopoe 3l:tTeM HCrrOJIb3yeTc51 ,fl,J1H onpe.n;eJIeHH5I B1l(B -* Xs"rl 
n npo'J'HHOIIOJIO>KHOCTb 3KCKJlI03:HBIIbIM pacn a,n,aM: TeopeTHQeCKOC paCCMOT

peHHe HHKJI103l1BHbIX pacna.n;oB ropa.::vT,O npOIIJ,e; nOCKO.!IbKy II 3TOM CJIy'-Iae He 

Tpe6Y€TCH ,u.OUOJlHI1TeJlbliOl'O BBe.n,eHH5I KOHKpeTHOH MO.u.CJUi ormcaHH5I KOHeq

HblX 3.nPOHHblX COCT05IHHH. l1cnOJIb3y5I rnrrOTe3Y KBapK-a.n;pOHHOtt .llyaJIbHOCTl1 

11' TOT q)l:tKT, tITO Macea. b-KBi:l.pKa. BCJII1Ka no cpamleHl1IO C xapaKTepHbI:vt HH3KO

::JHeprenp-IeCKHM rrapaMeTpOM CHJIbHbIX B3aUMo,n,eticTBl1i:l AQcD , nOJIHa}] Bep05IT

nOCTL HIlK.JIJ03HBHoro B ---7 X s{ pacna.n;a TpaAHIJ;MOHHO RhPIJ1CJl5I€TC}! B MeTo,ne 
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onepaTopHoro pa,3,,'lO)KeHH5I (OPE) [311 B Tep;vnmax p33JIO)KeHHH no CTenCHH:\1 

AQcn/mb 

(82) 

9TH <l)Op:VlyJ1a. 113UeCTHa Ka,K <j>OpMy.'la. 3<P¢eKTI1BHOrO pa:3.'1())KeHH:5I B M€TOAC T:-1

)KeJlbIX KBapKoR (HQE). J111)~l1pYIOIl.l,HH 'L'I€II I3 :~TOM pa3JlO)KCHYIH: npe,Ll,CTaBJl}leT 

pacna.n, cBo6o.n,Horo KBapKa C y'JeTOM nepTypoaTHRHblX QCD-nOnpa130K, yY.HTbl

13H.KH..U,I1X I1CllYCKaJil'le pea.JlbHbIX H BupTyaJIbHbIX fJIlOOHOB. HenepTyp6aTHBHbiC 

nonpaBKH IIO)~aHJ1CHhl MHO)KUTCJICM A~CDlrnt 10. TOT <paRT, '-ITO B (82) oTCyT

cTByeT rrorrpaBKa rrepBoro nOp5I)1,Ki:t no AQCD/mb, CB513aH co CIIelJ,11a..JlbHbIM onpe

,rr.eJleHHeM :-.mCChI T5I)Ke.,'10ro KBapKa ffilJ [33] (CM. HtDKC), KOTopoe MO)KeT pac

C:VIaTpImaTLC5l KaK HenepTyp6aTHBHoe o606.ru;cml€ nOH5ITH5I nOJITOCHOH MaCChl· il 

KXLL· 
PaccMoTpHM pacnaA cB06o,IT,Horo KBapKa H rrp€H€6pc./KCM pa,11,lmU;HOHHbIMH n~ 

npaBKaMH. TOJ:;r.a cneKTp 4)OTOHOB npe,rr.CTaBJI5ICT :VlOHoxpO:-'1aTH'lccKyKl JIHHI1fO 

dr(~~ 81') = rib -, 8,,!)6(E, _ ~"). (83) 

LLJIH 3HCpl'Uti E- HC eJII1111KOM 6JII13KI1X K MaKCHMaJlhHOMY 3HaQemUO cneKTp <l)~
l 

TOHOB df (b -+ s,)/ dEl MO)KCT 6bITb Pa3JIO)f(CH B p5I,Ll, TCOPI1H B03:vfYl~eHHH no 

KOHC'I'aH're CHJlbHOH CU5J.3l'l as, Upl1 :nOM nepl$blH (He 33,BHC5I.ru;l1fi OT as ) '1JI€H 

H PH)l)' '!'COPIH1 H03:-'1yn~eHI1i1 OnpC)~CJIHCTeH q)OpMyJTOH (83). t.IJICHbl IlOpM,LI,KH as 
H3BeCTHbI aHaJIHTHtWCKJ1 [24]. HCJJ,aBHo 6bIJ1a. Bbp·II1C.neHa. TaK Ha3bmaeMa5l BLM 
nOrrpaBKa rrOp5l,ll,Ka a;.80 ' r.ne (30 = 11- 2nf/3 - O.LI;HOneTJI€Ba51 t1:-¢YHK1J;J'15l. 0)1,
lH).KO JlerKO 3a:\JleTHTL, 'ITO B6mDn Kpa5I cne~Tpa ~lIeprOBbl,IT,eJICHHe B pacrra)J,e 

b-KRapKa n:vwc'T' rrOp$l)J,OK He O(mb), a A = !vIs - mb "-' AqCD. I1(X~T()MY B 

3TOfi 06JTaCTH 3Heprn::fi pa.3JlO)KeHHe B€.rr,eTC5I He no l/m~, a CKopee no napa.MCTpy 
2l/mbA. ~ 0(1 GeV ), H onepaToplIO€ pa3JIO)KelII1e 3,n.eCb He npHMeHHMO. Pac

XO,11IBolOCTb p5I,ua onepaTopHoro pa3JIO:~KeHiI5I B :~(p<l)eKTI11moM TeOpl1H OT13€llaCT 

HenepTyp6aTHBH0?<1y 3Q>Q>eKTy, CB5I3aHHoMY C M5IrKH:\1H B3aID.1O,n:etfcTHluIMH b-
KBapKa c ..'1erKln1H KOnCTHTIO~'1IlTa.MI1. 9TOT 3<p<i)eKT, tDBeCTHbIH no,IT, Ha3BaHHe:vt 

3<t}(peTa ;(4)ep~1HeBeKOro,ll,BH)KeHlut, :VlO?KeT 6blTb BKJIlOyell U l/mb pa3JIO)f(eHH€ 

IOKpO)le 'foro,: l:YllleCTBYIor ·HeqepTyp6aTHBHble norrpaBKH, l:Ba3aHHhIe l: CYllleCTl:\OflaHl\e~1 IIpO~le)Kyl'o<tHl>IX 

COCTOHHHil. ce. 3Tli nonpaBKH HMCIOT llOPR,J:OK 11m; II YIJCmf<.IUBaIOT OTIlOCl:lTC.'hUYIO BepoSlTHocTb H3 .:;:" .3% 
132J. . , 
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nyTcM CyMMHpoBaUml 6eCKOHe~mOrO 'H1CJla )~I1arpaMM, OTI3€qaIOIJJ;flX IJPI16JIlDKe

HElD .1JH,ll,HpylOllWro TRHCTa,. Ta.Koe CyMMHpoBaHHC npHRO/T,IlT K I105fRJIemUO 13 TC

0Pl1.l1 "<l:>YHKIJ,IU1 q,OPMbI" F(x) l35j, r.Il-e cKefi.'llmrOBa51 nepeMeHHa51 onpe~eJIeHa 

CJ1ej!ylDIJJ;HM 06pa.30M: 

(84)
 

Gl1'l'ya.u..lU! :3.l-l.eCb B110JIHe aHaJIOrl1'ma TOM, KOTOpM l1MeeT MeCTO AJl51 CTpyKTyp


HhlX q,YHKIJ,I1H B f'JIy60Ko-HeynpyroM paCCe5lHl111 B 06JIaCTJ-I, B KOTOpOH BbepK0 ",,"
 

HOBCKa.}i nepeMeUIIan X B -t 1. B naCTO»I.IJ;ee BpeM.H He M3BeCTeH c11oc06 MOAeJlbHO
 

He3aBHCHMoro onpC,lWJIeHHH q)YHKT~HH 4)OPMhl (31'0 MO)KHO 6bIJIO 6bl B npHHlJ,l1


11e C,l\emtTb 13 pellieTOt.IHbIX paC"leTaX B KX,LI" OAHaKO TaKl1e paCqeTbI ,l\0 Cl1X
 

110p npOBe)J;eHbI He 6bIJIH [361). KOHKpeTHbln BbI60p <PYHKI.I,flfl <pOP11bI C yqeTOM
 

: Jq,opMaIJ;IUI 06 ee UeCKOJI1>K11X uepUblX MOMeHTax 6blJI He,ll,aUllO npe,II,.IIOa<eu B
 

pa60Tc [37], H KOTOpOH TaK)Ke paCCMaTpFlBaJIHCb NLL nepTyp6auI'BHbIe KXfI: 


nonpa.RK~L 

4.2. KBapKoBa.a Mo,n;eJlL Ha CBeTOBOM <ppoHTe 

B HaC'fomu;efi l'JIaue M1>1 paccMoTpHM MeTO,ll, DhIQI1CJJemUI clleKTpa <pOTOHOU 13
 

. HHKJlI03HHHOM l3 -t Xs'Y pacna,JJ,e, HCnOJ1b3YlOIIJ;Hti T.H. ,D,I1HaMIfKY Ha CBemo


80M rPpoume (Light Front, COKpaIlJ;eHHO LF). 9TOT MeTO,ll; I\}I~ fIHKJl103HRHhlX
 

nO.ILY.lLenmouuux paCna,D;OB 6bIJI nepBOHal:laJIbHO rrpe~.iIoa<eH B pa60Tax l38j-t41j
 
11 IIe,n,aDIIO 6bIJI ycoBepmeHCTBOBan B pa60Tc [42], A KO'I'OPO~ 6oJ1cc aKKypaTHo
 

6bIJIO npo,lI,eJIano I1HTerpHpo13amle no nOnepeqHoMy HMnyJIbCY T5I}KeJIOro KBapKa.
 

IllnpHHa HHKJl103MUllOl'O pacna,na B [42] ULlpa:tKaeTC51 B 'l'epMHlIax cl>YHKIJ,I1H pac

2

rrpC,ll,eJIeHIUI I'l/J(~,p3J 1 b-KtmpKa Ha CHeTOHOM <ppOHTC, KOTOpa5l Ilpe.n:CTaBJIHCT
 

nep05l1'HOC1'h TorO,·t.JTo' b-KBapK JIMeeT npO,l\OJIbHblti MM11YJIbC (B 11epeMenHblX LF)
 

+ 
c = Ph (85)
~ + + +Pb Psp 

11 KHa,JJ,PaT rr011epe'lHoro HMnyJIbCa pI = Ipl.l 2. B pe3yJIbTa,Te 6bwa nOJlY~IeHa
 

HOBa51 napTOHHa51 ¢opMyJIa ,l\.iIH HHKn:103HBHbIX Umpl1H b -t c: Y"lflTLIBaIOll1,aJI
 

a,D;pOHHble rrOnpaBKa K IIH1pI1He pacua)J,a CHo60,ll,lIOI'O KuapKa. 9Ta 4>opMyJla alIa


JIor.wIlIa. ¢OpMyJIC BhcpKCHa 'it up_ [43], no.ny'-IeHHOM B KX,IC O,lI,HaKO B npe,ll.e~'1e
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6eC'Ii.;o'}-{'f'.~l'fW mJt,?/ce.Jl'bt:r b- 11 C-KBapKOB. 

,lJ,~IU.l rrOJIy.'IenTOHHbTX paCna,ll,Oll nOJlY'-IeHHC\.5I B (42] 4)OpMyJIa. ,l.l,OBOJlbHO ('.f]O)1(

Ha, nOCKOJILKy aHa. cO;:.t.ep*HT IIHT(WPl1pOBa..I.IHe KaK ITO HHBapnH.HTHoi1 Macce .1leIT

TOHOB, Tc1.K H no HlwapuaHTHoit MaCCf' ll,uPOlIOB. C~1bICJI 3TOti (l)opMyJlhl Jler"If' .110

H51Tb, paCCMclTpHBa5I ClIeKTp <pOTOHOB B :,.neKTpOCJla6bIX pacna,n:ax B -7 X s /. B 
llOCJle,nylOrn;nx rnR.BaX MbI paCC:\lOTpH\1 a606rn;eHHe PC3YJIb1'aTOB, 1l0JIY'-IeHHbIX B 

[42] ;'~Jl:.l BbI"IHCJlf'HIUI HerrepTyp6uTl1BllblX nonpaBOK K q>OTOHHO:vlY crreKTpy 11 HH

KJU03HBHOii HTHIJHHe pacua,1la B -+ X S1 , Harna u,eJlo 3i:1.KJIIO'·meTC5I B rrOCJlClI;OBa

Tf'...JlbHOM Bbl1IHCJIeHIm :-JcP<PCKTOB, CB5I3aHHhlX c. BOJTHOROH (i)YHKI~HeH B-:Me30Ha: 

KaK ;'\Jl:.1 eneKTpa q)OTOHOB, TaK H /l.JI5I paclIpe,ueneHB5I no IU-IBapHaH'I'HOH .\<Iacce 
lla)J,poHoB . KpoMe 1'01'0, :\1bI cpaBHHM 4)()TOHHhIC cneKTpb.l H pacnpe.n,eJ1CHH51 no 

HHBapHaHTHblM MaccaM Cl.,.'.lpOIIOI3, nOJly'-IeHHble R /I;HHi:tMHKe LF H :"'IO.n.eJIH ACM: H 

IIOKa)Ke:.vt, '{TO 06a nO/I;xo,n;a npHUO,L1,}lT K npaKTlf~eCKI1 O)J,HHR.KOHblM pe3YJILTaTa\1. 

4.3. ,n:aJIhHeHilUdi aHaJIH3 napToHHoHQ>OpMyJlbI 

I3mt.'fi:)JIe pacc:\10TpHM MeTO.n RhPlHCJIeHI1}l HHKJII03HBHoro crreKTpa crOTOIIOB B 

pacna)l,ax B -7 X s / U )JJ1Hai\-1HKe LF [421. ITO)J,06HO ~lO,LI,e.'IH ACM, B KBapKOROH 

Mo.n,em1 Ha CBeTOBO\of <ppOHTC T5I)KeJlbIH .Me30H paCCMaTpJ1BaeTC}l KaK CB.S.I3a.HHoe 

COT05IHHe T5DKCJTorO b-KBapKa 11 Jlef'Koro KBapKa-eneKTl:I.TOpa.. O;.I,HaKO, B ,U.HHaMlI

Ke LF 06a KBapKa m.1elOT <pHK<":I1pOHCl.HHylO Maccy. B 31'0:..1 3aKJII01raCTC.S.I OTJll1'fl1e 

01' MOp,enl1 ACM, KO'l'OpOe, KaK MbI YBII)J,I1M HlDKC, He C,JU1WKOM cYII.J;ecTBeHHO. 

TIO,lJ,XO,lJ, pa60Tbl [42] OCHORhlRCl.E'TCH lift n1flOTe3e, o TOM lrro CYMMCl. na.pUl1a.JIL

HbIX Ull1:pI1H no Bce:\1 B03MO)l{HbIM KOHe'-l.HhIM a)\pOIlIILIM eOCT05.lHI15IM X..,) (,O,IWP

fKarn;UM CTpaHHhli1 KHapK, pa.nna Illl1pl1I-1e pacna.n.a b-KRapKa II C-KBapK ( npwtei\1 

06a K6apKa paCC~1aTpmmJOTC~Kc1.K LlaCTl1Ubl C 4mKCHpOBltHHOM Me:1.CCOi1 'mb H me, 
coO'rue1'C'l'BeHHO), ycpe)J,HeHHOH no q)YHKI~H11 pacnpe,n;eJIemi5I b KBapKll. R Mt',"10IIe 

f(~,p3J· ,lJ,CT8JIH HblBO)J,a MOfKHO HaRTH B OpHTHHHJIbHOH CTaTbe l42J. Pe3YJIbTaT 

AJI5I napI~Ha..JlhHof1: llil1pl1l1bl HHKJII03HBHOro B -7 X S! pa.cnH..n.8. nMeeT BHA 

(86) 

I')J,e 

(87) 

3a.MCTI1M: '-iTO e(,~'IH rrpeIle6pe'-lb nepTyp6aTHRHhlMH llonpaBKall.HI, TO KBa;Lpa:l' 

~'laTpWlHOro 3JIer-WHTa 3JleKTpOC~'Ia.601'Opacna,llR 5IBJI5IeTC.S.I KOHCTCl.HTOH: He 3aBH

11 I1oc.!Ie-3...VIOIllee PilCC:>.IOTPCIIHC OCHOBblBaeTC:H Ha pa6UTax [.I.I!, [-151 
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C~llJ,ei1 0'1' 3HepnUI, II 11o:1KeT 6WTb BhlHeCeH II3-nOA 3Hr1..Ka. HHTerpcW1a., '-ITO Ii 6bLHO 

npO,T1,Cna.no B (86). 
B epopMyJIe (87) mb Teneph H?\HX~T C?1bIC)I KOHCTHT103HTIlOt'I Ma.CCbI b-KBapKH. 

HOpM}'IpOBKa. f(~,PlJ H (86) onpe.n.e.JI~eTCH Bblpa)KeHHel1 

7f f
1 

d~ f
00 

dkif(~, ki) = 1, (88) 
o 0 

1',lJ,e MHO)KlneJIb l/E 06YCJlOBJleH Hop:-.mpoBKofi B -+ btl BepmHIIbI 151]. <I>a30Hhll1 

o6beM d, pa.Ben 

(89)
 

-~hI6epeM oeb Z B)J,OJ1b 3-RcKTopa q, TOr)l.a q+ = 2E-" q_ = 0, rAe q± = qo ± q;;. 
B pe3YJlbTa:re dT npHHHMaeT BMp, 

2 2 
2 P.l. + mb). .d, = 8( mb - + E..,dEyo (90)

Pb . 

B nepBOM rrp.a6..TJll)KeHllH, CQI1Ta}l pi « m~, MO)KHO rrpeue6pe\.lh pi B apryMeHTe 

8-<l>YHKlJ,Mllo Tor,n;a, B TepMlmax cKefiJlI1HrOBOfi nepeMeHHot% 

_ 2E.., 
(91)y - AtB 

cneKTp <POTOHOB df/ dy B pacna)~e B -+ Xs'Y HMeeT rrpOCTOH BH)1, 

~ . df(B -+ X S1 ) _ R ()- LF Y , (92)ro dY 

r.n.e 

1 
Ru:(Y) = -yf(y) (93)

Xo 
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l(EJ = 1r I
0;:: 

dp'if(E,p'1J· (94) 
o 

1{O)i(IfO rrepeIUICaTb npC)l,hrllYWYIO <l)OPMY."'Iy B BH)J,e, ::lKHHHl:t.•neIITIIOM CTaH)J,apT~ 

HO~1Y 13blpa)KemUO ,U.JI5I CneK'l'pa. 4>OTOIIOB B KX,II. [52) 

1 df 2 
(95)f dE: = XF(x),o 

2E, - mh Y - XQ 
X= '- =--, (96)

A 1- Xu 

a Xo onpe.n.e.'I5IeTC5I ¢opMy.JTof.-f (87). TI03'l'OMy KOHKpeTHblfi Bbr60p l(~) OTne~aeT 
CJH'l\YIOme:\-IY ULJ60py q),YHKWm <P()P~·fLT R KX,II, 

)\ 
F(x) = -:;--1yf(y)· (97) 

II HXU 

3aMeTR:"{: '-ITO eC...'IH MbI 1'1CnOJTh:~yeM npeCKpl1IllUUO CHCTeMbl e oeCKOHClfHhlM HM

nyJThGOM [38], [391 Ph = EPA, n.e. m~(O = eAll TO 1'13 ypamreIlHfi (92), (93) 
CJleAYf''t [53J 

df ex E~j(y)dE" 

YtneM l'enepb nouepe'1uoe ,Ll,BlDKeHYre b KBapKa; KOTO!)QMY OTBeqaeT 'VIeR C 

pi B (90). Tor):\<\ ,1J,.;r151 Ru'(Y) nOJlY'1clCTC}f HeMHoro 6o."'Iee C,JIO)KHOe Bblpa.)KeHHe 

(98) 

TIpC)l,('JThI rmT(~qmpoBaHl151 Ollpe)Ie.TI5IIOTCH ycnoBHeM p~2 2: 0, I')~C 

*2 *2 (E) 2 ( / ) (99)P.l = P.l (, = m!) ( y - 1 .CJ 



36 

B 3TOM CJIy'Iae q)yIIKn.IUI ¢OPMbI orrpe.ueJU1CTC>I 11HTCI'1)I1poBaHI1c~<.!>YHKn.HH pac

rrpe.n:e.'leHIUI f(E, p'll BrrpO'-IeM: KaK \fhI YBI:I)J,HM ,l],a..n:ee: pa.:..'lHHIJ,a MeMA.Y cneK

TpaMH RLF (y), Onpe,lJ,eJUIeMbBHI <POpMYJ:m:vm (93) 11 (98) l.JHC.JIeHHO O'leUb ?-1<1J1(1.. 

B npI16JU1)KeHMH cB060,IJ,HorO KBapKa 

(100)
 

nOJIHMI HHKJI.10311fm8.}1 IIll1pHHa B-Me30Ha r(B -+ X 8 ,) eoBna.iJ,aeT C llUIpHHOH 

f(b --+ 8,) pacrra.ua CBo60iJ,HOrO b-KBapKa: H cneKTp qJOTOHOB npe.n;CTaBJl5IeT 

MOHOXpOMaTl1'leCKyIO JlvlllMlO, eM. (83). OJJ;HH.KO rrOCKOJThKY 1'H)KCJTbltt KBapK B 

Me30ne ,lI,BfDKeTCJI, TO t5-<PYHKI~I1}1 B (83) Tp::tHccl>opMHpyeTC5I B rrUK KOHe'IHOH 

IlIHpHHhT. 8TOT 3<PcP€KT :u;eJIHKOM OTBeTCTBeHeH 3a 3anO.fmeJII1e HIITepnll.nH, MeM

llY' mb/2 11 K11HeMaTHl.JeCKOfi rpaHl1u,eH B pacrra,n.e B Me30Ha Em.a:!' = AIB/2 12. 
r)6a BblpCUKeHH5I (93) H (98) 06napyJKHBHlOT OTYCTJH1HhlM II 11K, KOTOpbTH O'-l€Hb 

He CI1MM€TPWIeU. 8'1'0 npHBJIeKaTeJIbHOe CBOHC1'BO Mo,TJ,e.nH; nOCKOJIbKY OHO co

f'JlacycTC5i K8.K C rrpe,lJ,CKa:,mmleM KX~, TaK 11 C 3KcrrepHMeHTa.JIbHbIMI1 lI,aHHbIMH. 

)J,pyrofi HCTO'-IHHK rrO~BJIeHH5I HeTpHBHa.J1bIIOrO cneKTpa ¢OTOIIOll - Y~Ie'r nep

Typ6aTHBHbIX llOllpanOK. chI1 nOrrpaBKI1 CRH31:1.HhT C HcnycKam-reM TOPM03HbIX 

l'JIlOOHOR 11 C l-rreTJleBbIMI1 3cP<peKTaMH [20J. :\1hI B OCHOBHOM 6y,u,eM paeCMaT

pI-maTh HcnepTyp6aTHBHble 3<P<i:>eKTbI: CB5i3aIIIILIe c <pepMHenCKHM )~HI1)KCHHCM, 

a nepTyp6aTl1BHhle rrOrrpaBI<11 He 6y,ueM paCeMltTpl1Ri:lTh Roo6nw, OTChIJIM HHTe

pecylOIIl,erOCR '-IHTaTeJJ}I K 0pHrHHaJlbHbDA pa60TaM (20]. 

4.4. (tlyHKIJ;XUJ pacnpe,lJ;eJleHIDI b---KBapKa Ha CBeTOBOM <l>poHTe 

}fBRoe Bblpa:iKeHHe $OKOBKlIX KOMnOHeUT BOJIHOHOti 4JYHKI~I1H B-Me30Ha B KXn. 
He H3BeCTtiO. TI03TOMY Heo6xo1\lfMO BhT6paTb KOHKpeTHbIR BI1)l BOJIHOBOH <PYHK

IJ,HH [)-Me30Ha. KOHe'-iHO, npH :,;lTOM B Haill afIa,llH3 rrpHBHOCHTC5I 3J1eMeHT MO

JI,eJIbHOfi :3a.RBCIOWCTI1. B orrpaB,l],am-r€ 3aMeTIL\1, '-iTO TaKaJI Me M6)WJIOH(l.~ 3aRH

CI1MOCTh CO,lJ,ep:iKI1TC51 B 0pHrHHaJIhHo:fi MO)J,eJll1 ACM. BHpO'-leM, 11 B KX,U TC~ope
TH'-ieCKH-H aHaJII-I3 KpM cneKTpa R pacna.)~c B -+ X",,,/ TaKiKe 5IBJ15IeTC51 Mo.n.eJIbRO 

3aBHCHMbJM. MO:>KHO TOJIbKO Ra,lJ,e5ITbC5J, '-ITO 3aBHCHMOCTb OT BbI6paHHOH Mo/~eJIH 

He BeJIHKa. TaK 3'1'0 11JIl1 He TaK MbI YBH)lI1M HTDKC. 

B ~aJILIIeHlIJCM ~ bl paCCMOTpHM .n;Ba. Tuna MO)J,enbHblX (pyHK1lJ'IH. TIepBbIH H3 

HHX 5lBJ15WTCH '-IRCTO <peHOMeHOnOrH"-IeCKU:vl. BOJIHOKhiC (PYHKI~1111 H'I'0POI'O THrra. 

UO'l'.\leni:ll, 'ITO. CTpOro roBopa KOReU cneK-rpa pa.cno.10)KCI'1 D TO'IKC [Mk - (mK -+ rfI"f1l21UB;;:;; 2.60 Ge\', 
T.e. HeMHOro HH)J(€ M R /2 ~ 2.64 Ge\', 
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llOJTy'IRIOTC51 yHHTapHbI:v1 npe06pa30BaHlH:':V1 BOJ1HOBbIX <l)YHKJ~Hi1 KOHCTHTK):3HT

HOti KBapKOBOi1 YIO,l],E'.rm [54]. HaIJOMt-iH~<~1TO ~')'rI1 IlOCJle,nUl1e tl)yHKlI,IUI OTBe'-IaIOT 

O,!1HOI3peM€HHOil TeopHH. 

B Ka'-IeCTB8 <PPHO:\wHO.rTOrULJPCKOH (1)YHKI~lm MbJ paCC;vIO'ITHnl (i)YHKllI1IO~ Brrep

I3blC lIpejl]IO)KeIIIIYIO Il pa6(ne 155J npH pa.cC'YIOTpeHlUI q)()pM-4)<1KTOpC)B lbrypa.

Bai1::H': n ::laTeM HCnOJTh::~ORaHHblil 13 pa60Tax [39L [41] ,n;JI51 y'-leTa. norrpaBoK K 

pacna,n;aM B-Me30Ha, 06YCJ10BJ1€UHhIX cm CTpyKTypOH KaK CB513a.I-IHOrO COCT051

IfIUI T5I)K€JIOrO H n€rKOrO KilapKa. CooTBeTcTBYIOr..u;a5I BOJ1HOR<1.5f <PYHKlI,I'l5J. :3a.nH

CLWaeTC5! 13 .!IOpeULI,-l111UapHaH'l'lIoti <pop:\,re 

A A c
1P(!pl) = Nexp( --2VBVsP) = N cxp( --2'_P ), (10l) 

.,n.~p 

r)J,e VTJ H v.~p - 4--CKOpOCTlI b-KBapKa H KBa.pKa--crreKTaTopa~ cooTBeTcTBcHHO, 

PB = AIB vB, Ph = mbvb, a. cp = Jlp[2 + m;p - ~:mepnl5I KBapKa-crreKTaTopa. 

NIb! HCTlO.Jlb3yeM yc.noBHe HOpMl1pOBKH 

(102)
 

R 31'OM CJlY'1.ae 

(103)
 

r,n;e K1(A) - cPYHKU..lUI MaK-,L(oJlaJILAa nepBoro pOJIao Tbr)la ¢YHKlI,IUI 

<I> (p2) ='l/)2( Ip I) /2cp l1pe,rr,cTaIlJI5.leT HMrryJ1bCIIOe pacnpe,rr,eJleHl1e KBapKa 

eTI<~KT;:l.TOpa R CHCTCYfC nOK05T B \1'C:30H<l.. TIcpef1lIeM OT ET K LF I-L\1l1YJILCRM, 

OCTetBHB nOl1epe'IHble H:Ml1YJIbCbI He IBMeHHbI:M11 11 110Jlard,5i 

2 2 
1(+ _) 1(+ Pd. + m'i )

Pi;; = '2 Pi - Pi = 2' Pi - pi (104) 

KaK lVT5f b-KRapKa (-i = b), TaK H /l,JHI KBapKa-cneKTaTopa (i = sp). B LF Kl1IIe

~mTHKe BE'.lIW-IHHbI (i orrpe)le.rI5IIOTC51 (:.,lJe,uYIOr..u;H:\i o6pa30~[ 

(105)
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r)l.e pt + P;p = P"t - n CUCTeMe 1l0Kml B :'vle30Ha Pi; = AlB. Tor)),a )l.JI5I <l)YHKI.I,HI1 

pacnpe.neJIeHH5I13 

(106) 

nopMHponaIIHOH COrJIaCHO (84): nOJIy'-raeM 

(107) 

I'I~C ~o = m,sp/!viB - cDYHKI.I,H5I (107) nMeeT pe3KHH nHK npH PI = 0, E = ~o· 
B nOCJIeA.YIOlIJ,eM MbI 6Y,LI,eM CCLIJlaTbC5I Ha BOJIHOByIO <PYHKl.I;lUO (107) KaK Ha. 

."apHaHT A. 
A priory, He Cyw:eCTByeT CB5I3H Me)K)l.y HMnYJThCHhTM pacnpe,n,e.lIeIIJ1eM b

KBa.pKa <P (p2), nOJlyqeHI-IblM 11:1 O,lJ,llOHpeMeHHoj;I <pyHKI.I,HH KOHCTliTI03HTHO.t!: KBap

KOBOrr MO)l.eJII1 11 pacnpe;\CJICHI1.CM 'lp(a:,plJ, 3aTIHCalIIIbIM n Tep:\UlHax nepeMeH

HbIX CBeTOBoro <ppOHTa. O)l.HaKO onHCaHHa5f BbIme npOC1C1Sf KHHCMCl.TI1"'-1eCKa5f 3a

MeHa. nepeMelUIhlX IIO:~I30m'leT upe06pa30BaTb HOpMHpOBaHHoe perneHI1e ypaBHe

Hl1}l IIlpe)l.l'lHrepa B HOpMl1pOBaHHoe pellIeUHe ypaBIleIlH5I )l.BH)KeHH5f Ha CBeTOBOM 

<PpOHTC. I1pH :HOM R3aHMO)l;CHCTBHe B ypaBHeHI1H na CBeTOllOM q)pOlf'l'e nOJly'-:!a

eTC5I yHHTapHhlM npe06pa30BaHlieM nOTeHI.I,Harra KBapKOBOll MO/~e.JTI1_ DOCKOJlhKY 

O,IJ,HOBpeMeHHa51 <pyHKIVUI KBapKOBOH MO)l.eml 3aBI1CHT 01' OTHOCI-ITeJIbHOro HM

nYJIbCa., 60Jlee y)l.06HO I1cnonb30BaTb BMeCTO CJ1CTeMbI rrOK051 B Me:30Ha. C11CTeMY 

HOKOH KBapK-aHTl1KllapKOllofi napbI. XOT5f 3TH )l.Be CHCTeMbI COBna)l.aIOT B O)l.HD

HpeMeHHOM <pOpMaJII13Me, 11 )l.UIlaMHKe lIa cneTOBOM <ppOHTe OHM npe,n.CTaBJI5f1OT 

pa3JmQHbJC CHCTCNfbI OTC'IeTa. 

TIpI1MeH5I5I YKa,:~aHHoe npe06pC:t30BaHI1e, TIOIly'-HiM CRSi3h :vIC)KIJ,y BOJIHOBOH 

<PYHKI.I,lIKH Ha. CBeT0I30M <ppOHTe 11 BOJIHOBOt! <pyHKI.I,HeH, rrOJly'-IeHHoH B Ol1HO

RpCMCHHOM raMHJIhTOHOROM nO)l.XO)l.e 

(108) 

5IHHbIH HI1;~ SiKo6",aHa ncpcxOI~a 0'1' nepCMCHHO:H pz K nepeMeHHOM ~ 3a)l,aH, Ha

npHMep, <pOpMyJIOH (10) pa60TbI [41]. I1MeHHo TaKJ1C ci)YHKI~T1H HcnWlb3011aJIHCb 
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n He)J;aBHHX BbI~HCfleHl1>lX BpeMeI'HI .lKH3IIl1 Bc -Me30ua [56]. 
YTo6hJ oueHUTh MaCllITa6 MO)J,e~'lhJ:I0i1 3aBUeI1MOCTH pe3yJlbTaTOB, MhI paccMoT

pn:V1 BhI'-IIIc.lleHue ~Hep['eTI;PTeCKO[,O cneKTpa q)OTOHOB; IICnOJIb3Y5I TpH pa.3JUPI

Hble BonHOBble cPYHKL\IUI Ha cBeToBo:\1 <ppoHTe, OTBe1.IaIOllJ;I-Ie B YKa3aHHOM Bhlille 

C::v1bICJle HepemITHBHCTCKHM MO,lleJI5I11 IS (I13rypa-CKopbl) [571 11 ALI [58L a Tal<

)KC PC'JI}lTI1HH30HaHHoH KHapKoHofl IvlO)~Cm1 DSR [59]. O,rJ;HOBpeMeHHa5I BOJIHOB3S1 

<l>YHKJIHH IS OTRC1HtCT T'ayCCOBCKO:vIY pacrrpCi'1;CJTeHHIO ~ (p2) (T.e. TOMy :IKe CaM0

My pacnpe)J,e~'leHHIO, KOTopoe 06hP-IHO HCnOJIh3yeTC51 B MOjJ,eJII1 ACM) c ~epMJ1
enCKl1M HMnyflbcoM PF = 0.43 GeY. ,UJI5I BO~'lHOBbIX <t>YHKI~Hi1 MO;~CJICi;j ALI 11 

DSR ;vlbI I1cnOJIh:~YCM rrpocTYIO aHi:1,.,'lHTlPTeCKYlO rraparvleTpH3aIJ,HIO O,lJ,HOBpeMeH

HbIX BO..'1HOBbIX (pyHKI-V1fi B BH)I,e CYM~1bI rayccoBcKHX'-lJlellOB 

(109) 

Ta6JIHIJ;a 1 . 3Hi:\t.TemU.l napaMeTpoB Ci (B e)l.HHHIl,ax Gey-3/ 2) H O'.i (n e)ll'l
2

HHu;ax Gey- ) B 3HaJIHTH"-IeCKo"tI napaM€TpI13al..l,I1H (109) BOflHOBbIX <t)YHKT~HH 
B-Me30Ha, OTUe"-IarOllJ,HX 1l0TCHI~HaJmM ALI ff DSR.. BOJIHOBble <pyHKIl,HM Hop",m

POB3HbI CorJIaCHO J1jJ2(p)p2dp= 1. 
o 

Model (Xl 0'.2 0'.3 0'.4 Cl C2 C3 C4 

ALI 4.979 2.184 0.638 0.097 4.845 1.839 0.128 0.097 
DSR 5.294 2.022 0_758 0.233 1.448 2.303 0.650 0.067 

napaMerpbI Ci H 0i np11l3e)./,eubI B Ta6.II. 1. OCHoBHoe pa3.,'Upme BOJIHOBbIX 

q>'yHKI~Hj;j YK83aHHblx KBapKoBbIx MO)l.eflei;j 3aKJUO"-IaeTCH B nOB€).!,eW1I1 llOJIHOBb.lX 

<t>YHKLl,Hii rrpn 60flblIIHX HMJIYJlhcax. ,UR.JlbHci1mee o6cy:IK,lJ,eHHe C~. B pa60Te (56). 
?vImKHo ,LI,yMaTL, '-ITO p<n6poc pC::3y..TJhTa:rOB, nO.TIY"-IeHHblfi ,II,JI5I pa3..TJH"-IHbIX MO,lle

Jleti: ~O)KCT CJ1Y>KHTb ,ll..'Ul ,II,OCT3TOT-lHO Hi:\.ue)KHOM OlJ,ellKI1 :YlO)./,eJlbIloi1 3aDMC.l1

Mocnl nonpaBOK, B03HI1KaIOIlIJIX rrpH y-qeTe ¢epMHeSCKoro )l.BI1:IKeHIUI T5I.lKeJIOro 

KBapKa B ,II,HHaMI1Ke CBeTOBoro cPPOHTH,. 
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4.5. BbI60p mb 

B npe.n.hI,lJ,yu~eM p(3)1,e.ne Mbl 06'b5ICHHJIH HenepTyp6aTHBHhie aClICKTbI DbPUICJle

HIm cneKTpa ¢OTOHOB B pa<.:rra.n,€ B -t XsT Tenepb MbI npo.n,OJDKHM Helme pae

CMOTpeHI1€ H 66cYJWM tUICJIeHHbIe pe3YJIbTaThT. ~'lbI rrpoaHa..rlH3I-rpyeM qyBCTBH

T('JIbIIOCTb cneKTpoB n fIX MOMeHTOB K ubl60py BOliHOBOti cPYHKIJ,I1H B-:'v1C30Ha.. 

Mbi BblY.UCJIHM cneKTphI <pOTOHOB, HCnOJlh3Y5I KtlK DLlpa)J{eHHe (93), B KOTOpm.1 

rrpene6peraeTC5InOnepel.IHbTM HMny..'1bCOM b KuapKa, TaK Ii q)OpMyJIy (98); B KO

TOpOM: 3'1'01' IlOUepey.HbIfi I1MnYJlbC ytI:HTbIBaeTC}J. :\IIbi nCrrOJlb3yeM 4 <pyHKU;HH 
2

pacnpe)J.e.TTeHlUJ 11p(e, P~J 1 , KOTophle o6cy)J{,l],aJIHCh R npe)J,bIJlyIIJ,eM pa,3,Ll,e.'1e. B 
cJIYl.lae A MbI Hcno..'1b3ycM ::maqeHH5I MaCCbI b KBapKa mb = 4.8 GeV II Ma.CChl 

KRapKa-cneKTaTopa m sp = 0.3 GeV, a )J,JI51 napaMeTpa A HCnOJTh3yeM 3nat remre 

A = 2. 9TOT BbI60p MOTI1BHpOBaH IIPC)~hl!l.YlI.V'IM H3Yl.leHHeM b -t C pacna,loB 

f41). J(mI MO)J,eJIeti B - D MbI HCnOJTh3ycM MaCCbI KOllCTHTlO3HTHbIX KBapKoB, 

"Ka3aHHbIe HIDKe U '1'a6J1. 2. 
BbI60p mb B AI'IHa~U,rKe CBeToBoro <ppoHTa 3aCJIY)KHRCleT cnel1,HaJlbIIOrO o6c:y

)K)1,CHR5I. I3bPTHCnetII1.S1, I1CnOJlb3ylOLJ....He KOHCTHTI03HTHyIO Maccy b -KBapKH, llpH-' 

BO,n;51T K Bt'.JIl1QHHe IlII1pHHhI f(B -t X S1 ) , KOTopaa 3Ba-qI1Te~'lbHO OTJIlPra,eTC5I 

OT 11ll1pHHbI pacnaAa cB060,1I,HOrO KRapKa f o (~ 10% )../,JUl c.nYl.laeB B - D, CM. 

l'aon. 2). 9TOT QI1CJleUJIbIl1 pe3YJIhTaT yKa.'3bIBaeT Ha rr05IBJICHMe .nMHci1HhIX no 

11mb IIonpaBoK K rIUlpRHe pacna)\a cHo6o/\HOrO KuapKa. I1pl1'uma 3Toro 3aKJllO

QaerC5I D obI60pe ,l],JI5I MaCCbI b KBapKa ee 3H(1.'WHH5J: B35ITOrO 113 KOllKpeTHofi 

KuapKoBol1 MO)J,eJIH. KOHCTl1TlO3HTHble KBapKoBhIe M0,ll.CJIH 06bl'1HO 11CllO.HKlyroT 

3Ha,{CHI1~ Ma.CCbi b-KBapIffi, KOTopLle na 300-400 MeV 60J'1hTTlC nOJ1JOCHott MaCChi 

mb,pole = 4.8 ± 0.15 GcV. 

HanOMHI1M, "{TO nOJIHaJI HHKJII0311BHaJlUIHPl1HH pacna)~a b-KHapKa {X mg. 110
3TOMy 113MeHeHI'1e mb Ha f"V 5 - 10% npHBO,llUT K H3MeHeHHlO nmpHHbl pa,cna

)J,a cBo6o.n,Horo KBapKa Ha rv 15 - 30%. t.Il'06hI YC'l'pallJ1Tb Heorrpe.n,eJIeHHOCTb, 

CB5I3aHHYIO C I1CllOJlb30BaUMeM KOHCTHTlO3HTHOH Macca b KBapKa 6y,n;eM HCIIOJlb

30RaTh UpOc-J"OH epcHoMeHOJIOrHQeCKHH pe~enT, KOTOpbIti npHBo.rr,HT K TOMy, "{TO 

pe3YJThTaThI, nonYl.ICHHbTC B LF .rr,11HaMI1Ke KatteC'l'BeUHO COfnaCYIOTC5I C npe)J,CKa.

3aHH5IMH MeTOAH onepaTopHoro pa3JIO)l{eHY.l5l. HanOMHWM, '1'1'0 H Mo/\eJIH ACAl 
11mb norrpaBKH K rrOJIHOH lIlHpHHe MO)J{HO yCTpaHHTh, ec.,"rUf nO)1,XOl~5Ill.I,I1M 06

pa,30M onpCJI,CJIHTh MC:tC<.:Y b-KBapKa [52J (cooTueTcTsYIOIIJ.l1e BhIKJIa,,lJ,KI1 KpaTKo 

om-lcaHbi B fJIaSe 5). BY)J,eM .n.eHcTBoBaTb aHaJIOrHlIHbD.1 crroco6o:'v1 H OlIpCAeJII1M 

Macey b-KBapKa mb 

(110) 
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fj = J
I 

yRLF(y)dy. (111) 
o 

0'1':VleTHM: 9:TO yc.nOBI1e (111) B TOYHOCTH COBua,n,aeT C YC'.JIOfH1e~..'1, HCrrOJlb3yeMbIM 

R HQE ,llJl}l orrpe,n,e.rleHH5I ITo.mOCHOI1 MaCCLI b-KBapKa.. KaK :Vlbl CetlLH'\.C y6e,n,HM

C5I, TaKoe onpe;I,CJleHHe n/'b RrrOJrHe ,Il.OCTH.T09:HO, .llJl>I Toro LIT06bI KaqeCTHCHIIO 

COrJlaCOBaTb pe3YJTbTaThT MCTO,Il.a LF c pe3YJlbTaTaYlH HQE 14. BbVIO 6bI 3a.MaH

llI-IBO yTBep/K,Lla.Tb, '-ITO HOBoe orrpelWJletUle 1n/l rrpHBO)lHT K COKpall.l,ell11l0 l/mb 
norrpaBOK. O;\HaKO y6e;:J;HTbC5I B :31'0\1 lJ,U(J,jJ,'1/'1J1'I/,"teC'h:'u, B 06111,eM CJIy'-Ia,e ,TJ,OROJlbHO 

TPY,L1.HO, CYlll,eC'TuyeT TOJIbKO O,Il.Ha TOlmo pCluae:-"1a5I Mo.neJlb, B KOTopott BhIKJla.n.

KH Ql.l€l:Ib npOCTbI If B aBHOM RH,ne ,Il.eMOHcTpnpyIOT YKR..1aUHOe COKpallI,eHue. B 
OCT(lJlbHbIX JKe C~'1Yl.1a5IX Y1hI .J\()JI)KHbI CKopee OfmpaTb(,Jl Ha PC3YJIbTaTbI 9:I1CJIeH

HbIX paC1rCTOB. HaLIIle~l C aHaJIHTH'IeCKOM :vlO;~CJIH. 

PaCCMOTpl1:.\1 MO,D,eJIb, B KOTOpOfl crreKTp <pOTOHOB onpc,n,emIeTC5:I ypaBHeHHeM 

(93): a cPYHKlJ,JUI pacnpc/T,c.'1eHH5l ypaBHeHI'w:vr (107). B 31'0\'1 e,llyLIae 

- 2 [ A (~o 1 - E,)] (112)!(E,) = Ac,oK
1
(A) exp -"2 1 - f. + T . 

Terrepb HeTPYNW rro.'lYlJHTL }iBHbIe BbIproKeHH5I ,D,Jl}l HCJ1I'l'-UIII 

1 1 

RLF = f RLF(y)dy, fj = JyRLF(y)dy 
o 0 

(113) 

f,ne "'n = Kn()..)/K1(A),n = 2,3_ DOllpaBKa f"V l/AIB B Bbrpa>KeHlUl ,1lJJ5I RLF 

MO)KeT Terrepb 6bITb BKJIIOl.1eHa R HOBoe onpe)J,eJleHl1e mb.lleflcTBHTeJIbHO, npe

He6pe>KeM ~6 l1 nOJIO)KI1M mb ~ (1 - ~o"'2)JvfB, Tor.ua HCMe,nJIeIIHO rrO.'1Y'lIHM 

14I1pu 3TO:\( rroapaBKH, 06yC.10B.'leHlihl€ --:lH€pI1Ieii CDlBH b-KBapKa, B "JJiC\'lHTe,rlbHOii CTenCIlII KouneHcnpy
IOTca C;J;D1IrOM ero KOH<:TI1TKHHTHofi MaCChI. 
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(114) 

cho Bblpa*CHl1e cO)J,epmUT nOrrpaBKY "-J l/Al~: O,LIHaKO C Tpe6Ye:\lOll TOY:HOCThIO 

1(A1'§ B (114) MO)f{HO :3a).1eHlITb He\, l/m~. TaKHM 06pa.:so:M nOJIyqaeM }KCJIae);lbIH 

pe3YJIbTaT 

Ru • = 1 + O(l/mi). (115) 

Ta6JIlIu;a 2 ; 3Ha.TH~HI15I KOHCTl1TIO:1HTHbIX \1aCC KBapKoH ntb H m sp (B e)J,HHHll.ax 

GeV) ).J,JL~l Mo,rr,eJlei1: A-D. TaK)Ke YKa3aHbI 3HaqemUI mb: onpC/'I,CJICHHhle HQE 
YCJIOHl1CM < X >= O. 3Ha'-IKH (a) M (b) 03Ha'-fcUOT, '-fTO RLF(y) BbJTIHCJ1J1CTC}I C 

HcrrO.'1b30naHHeM ypalmelll1M (93) H (98), eOOTBeTCTHCHHO 

Model A B C D 
mb 4.80 5.20 5.227 5.074 

IDS1) 0.30 0.33 0.315 0.221 
-l~a) 

mb 4.76 4.72 4.76 4.68 

mbb
) 4.73 4.68 4.73 4.60 

mtCJ\l 4.73 4.68 4.73 4.60 

,UJUI MO)J,eJlef1 B - D rrOJIy'-lllTb aua..JIOrlFIHblii aHaJUITHTIeeKUM PC3YJlhTaT KpaMHe 

CJIOlKHO. B 3Ha'-IUTeJIbHOH Mepe 31'0 CR5I3aHO C Te:M , "ITO B 3TO::vr CJTy'lae ay)K

HO HCrr0J1b30HaTf~ CI1CTeMY rrOK05I KBapKOB, a He l3 MC30Ha, 13 KOTOpOH 5IKo6HaH 

rrepeXO.Ll,a OT nepCMCHHOM pz K "npo,n;OJIbHOMY HMnyJIbcy" (, I'!MCCT ,ilOCT1tTOT.fHO 

l'pOM03,ll,KHI1 BH~. O,n;HaKO 'IHCJTeHHt>IW PCSYJ1hTaT nne,n;eHIUI Mo,n;HqnUJ;HpOBaHHOM 

MaCChI 'mb TOT )Ke caMblM. 9TO HJ1JIIOCTPHpYCTC51 pe3yJII.>1'aTaMH TCt6JI. 2. B 3TOfr 

Ta6JlIllJ,e npl1.ue,L~eHbl 3HaTleHH5I mb: BbJTUlCneHHhlC C 11cnO.'1b30naHHeYl KaK TO'-lHott 

¢OPMYJIbI (98) ,lJ,lI5i <pO'l'OHHOrO cneKTpa RLr(y) , TaK H npl16mDKeHHofi ¢op::vry

JIbl (93), B KOTOpOi1 npeHe6peraeTcSl nOnepe'-lHblM ,rr,BIDKeHHeM b-KBapKa. XOT5-1 

caMli 3HaQeHIUl mb H 3a.nHC5IT 0'1' <pOPMbI <PYHKIJ,liH paenpe)l,eJICHI151 !(f"pJ.J, 3Ta 

3aBHCHMOCTb He BeJUIKa: ,n,JI5I Bcex paCCMOTpeUIIbIX :VlO,neJleil 3HaT.leHIUI mb yKJIa

)l,hIHfUOTCX B Y3KHH HJITepBaJI 4.6 - 4.7 GeV (eM.Tel.f).'!. 2). Bce 3TI1 3Ha'-leHH5I He 

npOTlIBOpeqaT 3HaT.feHJfIO nOJIIOCJIOH MaCChI b-KBapKc\' mb,po]e = 4.8 ± 0.15 GeV 
[60]. 
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5. CneKTpbI <:pOTOHOB II IIX MOMeHTbI 

CneKTpbI cPOTOHOB, IIOJIyqeHIILIe 1I3 q)OpMyJI (93) H (98) nOKa3aHbI Ha. puc_ 12. 
Pa..:1JUlqHble KpHBbIC Ha 31'0;\1 p1'1cyHKe OTBe~ra.IOT MO)J,CJI5l.M A. - D. p'JUI Ka>K/T,OH 

MO)J,eJIl1 OT,[J,eJIbHO nOK~aHbI CnCKTpbI, rrO.nY'-IeHHble 113 ypaBHelU:I11 (93) H (98). 
I1oK33aHhI TaKIKe crreKTpbI, BbI'-I.HCJTeHHble D :.w.rr,eJIH ACM, KOTopble MhI paccMoT

pHM Hl'DKe. I1H1'erpa.!ILl OT cIIeKTpoB (HHKJH03HHHhle BepmITHOcTH) H MO~fCH1'bI 

npHBe.rr,eHbI B Ta6.n. 3; 4; 5. 3aI3HCHMOCTb pe3YJ1hTaTOB 0'1" BbI60pa pa3JIM'IHbIX 

(l)YHKIJ,I1.t"r pacrrpe.rr,e..'1emUI H :vraCCbI lrKBapKa. HJI..'1IOCTpnpyeTcR B Ta6JI. 3: r~e 

IIIH1I3e,LJ.eHbI Ka.K HHKm03HBHble BepoRTHocTH RLF(mb), RLF(ihb) , TaK H aHaJIOl'l1Q

Hble Be.J1n'-IHHbI B MO.LJ;e.nH ACM. Cpe.llII5I5I ::meprHR ¢OTOHOB, HOpMl1pOSaHHa5I Ha 

lvIB/2; H MOMeHTbI y2 H y3 IIpI1BeJl.ellbl B Ta6..'1. 4 H 5. KaK H: B npC)~hl)J,yw;e:M c.lIY

'{ae, Mbl nOKa3bIBaeM pe3YJIbTaThI; nOJlyyeHHble C I1CnOJIb30BaHHeM ypaBHemUI 

(93) (Ta6J1. 4), TaK H H~ ypaI3H€HH5I (98) (m6JI. 5). 
3aBHcHMoCTh MOMeHTOll y""JI. 01' mb .rr,OBOJIbHO cJIa6a5I, B OTJIHY:He 01' MOMeHTOB 

<PYHKIJ,IU1 <POp:vrbI B KX,lJ, 

1 
n< x >= / xnF(x)dx. (116) 

-2MB!:\' 

TIoCJIe,ll,HHe OQeHb '-IYBCTBI1TeJlbHhT K paaHHLl,e Me>K,ll.Y NIn H mb. B 'IaCTHOCTH, 

3aMeHa mb Ha 111,b npHBO.llHT K o'IeHb 60JIhUiOMY 113MeHeHI1I0 < x 2 > 11 < x 3 >. 
OTMeTI1M, '-1.1'0 MOMCHThl < x 2 > H < x 3 > CMJIbHO 3aBI1C5JT 01' BbI60pa MO)J,e

JIB. Hawn pe3Y.TJbTaThI .n;JI5I < x 2 > OTHOCHT(~JILlIO )'1aJlbI; XOT5I (.rr,JI5! Mo.rr,e.lIH D) 
eormlCYlOTC5I C pe3YJlbTaTOM pa60TbI [37] H He npOTI1BOpCYaT PC3YJIbT'dTy, IIO

ny'leHHoMy H:3 npamfJJ CYMM : <: ~z;2.>:::::: 0.5.81'0 03HaQaeT, '-ITO LF nOJIXO.n; 

MO)KeT 6bITb cor.'laCOBaH cKX,LI, onHcaHHcM rrpH yC.JlOBHH, Y'l'O KBapK-crreKTaTOp 

}IBJl5l€TCR peJlRTHBHCTCKHM. 8'1'01' BbIBO.rr, cornacyeTC5J C aHaJTorHYHbn1 BhIBO,lI.OM; 

IIonY'IeHHbIM. B [52] )J;JIR MOJl,.eJII1 ACM. 

Table 3. TIpOTm1'eqHfpoB£tmILI€ no 3.l-leprIUI c:neKTpbI ¢OTOHOB RLF 11 RAc)'l, 

BbPUICJIeHHble e HcrrOJlh30BaHlleM BbIpa>KeH 111~i (93) ( ::)'rm.1Y CJry'-l.alO OTBe'-ra.eT 

tlcpxHl1i;j HH)l.€KC (a) n RLF) 11 (98) (::lTO:VIY CJIYYa,1O OTBc'ra,(~T BepXHHfi l'iH.neKC 

(h») .llJI51 BOJlIiOllLIX <PYHKLl,HI1 :'\W)l.eJlefr A - D, onpe)l.eJI(~HHbIX Rhllie. npHI3eJl.eHbI 

TaKlKe npmmTerpnpOBaHHhle 110 3HeprHH q)OTOIIOn cneKTpbI RAe!'.'! (mtCM ) II 

M0.lleJIH ACM (c:VI. (117)) 
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Model A B C D 
RLF(mb)(a) 0.9 0.9 0.9 0.9 
RLF(mb)(b) 0.973 0.900 0.905 0.899 
RLF(mb)(a) 0.995 0.994 0.995 0.99 
RLF(mb) (0) 0.987 0.986 0.989 0.974 

RAc~'l (mrCi\I) 1.008 1.005 1.008 1.003 

3a.MeHa mb ---7 mil rrpHBO)J,HT K H3MeHeHHlO nOJl1lOi1 lUl1pHHhT paCna,l1,a H MO

:vfCHTOB f), y2 Ha "J 8 - 9% ,lJ.JI5f MO)J,e.'1efi B-D; B TO Bpe:vt5l KaK COOTBeTcTBylOI.IJ:ee 

H3MeHelll1e )J,JUI MOJJ.CJIM A MeHblUe qeM 1.5% . Pe3YJIbTRTbl )~JI5f IIpOI1HTerpnpo

BaHHLlX cneKTpOH 4)OTOHOB RLF(mb) Terrepb XOPOWO COI'JIaCYIOTC5f C npcll;CKa3a

HH.e~l .MeTO)J,a. onepaTopHoro pa3JIO.>KeHJ15l (23) 

ROPE = 1 + 8RAD , 

2
r)J,e 8RAD 6blJlO onpe.n;eJleHO B (72). ,UJl}l Al -0.3 ± 0.2 GeV and 
..\2 = 0.12 ± 0.02 GeV2 ROPE OTJHPIaeTC5I 0'1' aHMOrIPlHOrO llLlpa.iKeHH5I B MO)"J;C

JIH cBo60)J,HbIx KBapKon Bcero H(l, HeCKOJlbKO rrpolJ;eHTOI3: ROPE = 0.975 ± 0.005. 
OTMeTHM TaK)KC, '-ITO pe:3YJIbTaTbI )J.JI5I R LF CJm60 :3aBl1C5fT OT KOHKpeTHOil cPYI1K

llHOHaJlLHO"ti <}>OPMbI <PYHKllHH pacnpC)~CJICHI1'5L ChOT pe3YJIbTaT XOpOlllO l1JIJlIO

cTpHpyeT O)J.HO 113 CJIe)J,CT811.H. 2Jw6a./t'b1tOti. KBapK-aJJ.pOIIIIoll AYaJlbHOCTI1, KOTopoe 

rJlaCHT, qTO )J.a.>Ke '·mCTl1qHO npOtIHTerpHpOBaHHLle crreKTphT He \.IYBCTBHTe.'lbHbI 

K 3<p<peKTaM CB5I3H T5DKeJlOrO KBapKa I3 a)J,pOHC. OTMeTI1M TaK.>Ke; qTO nOnpaBKI1; 

CB.sI3aHHbIe C rronepeqI1LIM )J,BIDKCRJ-JeM KBa.pKa 3Ha\'IHTeJILHO :vtCHhIUC Hconpe,n;e

JTeHHOCTeM: CB5I3a.llHbIX C Bbl6opOM Mo,n;eJUI <PYHKll,1111 pacnpe~(' ..'1eHlUl. 

Ta6J1HQa 4. MOMeHTbl q-)OTOHHbIX cneKTpoB f)'\ n = 1,2,3; 11 HQE MO:vteHTbI 

< x 2 >, < x 3 > ;VI~ CJIyTlaeB A-D. 9UepreTI1"leCKHC crreKTpbI <:):>oToIIon 

B KlmpKoRo1t MO)J.em1 Ha CBeTOHOM <ppoHTe BbI~HC..'leHbl C l1CllOJIb30RaHHC:vf 

(93). CKe:fiJIlmrOBble lIepeMcHHbIe x H y orrpe~e_lJelIbI <:):>op:vtYJIaMI1 (84) H (91), 
COOTBeTCTHeHHO. 



45 

I Modell A ~ 
y(rnb) 0.889 0.822 0.831 0.823 
y(ihb) 0.897 0.888 0.897 0.877 

?/(mb) 0.806 0.744 0.758 0.740 
y2(rhi) 0.813 0.797 0.812 0.783 
flJ(rnb) 0.0.733 0.676 0.693 0.670 
y3(rhb) 0.739 0.718 0.737 0.705 

< x2 > 0.390 0.313 0.316 0.493 
< -x3 > 0.377 0.155 0.195 

-

0.415 

Ta6JI:HI.J;a 5. MO:\1eIITLlepoTOHHbIX eneKTpoB yn: n = I: 2, 3, 1'1 HQE MO:\1e1fTbJ 

< x2 >, < x3 > R KBapKORbJX MO,LJ,eJl.HX 11a. CHeTOBOM <ppoHTe. 9HepreuPlecKHe 

cneKTpbI <l>oToHoB BbIt.IHC.'IeHbJ C HCnOJIb30BaHI1eM ¢OpMyJlhl (98). 

Model A n c D 
y(mb) 0.873 0.806 0.818 0.795 
y(mb) 0.885 0.873 0.885 0.851 

1/(mb) 0.787 0.726 0.742 0.709 
2( - 2)y mh 0.798 0.778 0.796 0.751 

y3(mb) 0.712 0.655. 0.676 0.636 

ll( ii1b) 0.722 0.695 .0.718 .0.669 

< x 2 > 0.378 0.295 0.302 0-456 I 

< -~e3 > 0.348 0.130 0.176 0.348 

l.ho6hl cpaHHI1Tb PC3YJT h'!'l:\.Thi , nOJ1Y'-lCHHhle R :\1eTo,n;e cneTOBoro q.)POHTd: C 

pe3YJlbTaTaMH B Mo,n,eJIH ACM, BbJlJHc.TJ:HM HHKJII03HBHbJe cneKTpbI qlOTOHOB II 

pacrra.ne 8 -+ X-s l B yrrpOllJ,eHHOH AG\1-Mo,n;eJIH [52); B KOTOpOt1 cneKTp (P01'O

HOH H pacna,LlC cll060)~HOI'O KllapKa, MOHOXPo.\H1TI1'-l:eH (CM. ypamleHHe (83)), T.e. 

npeHe6pcf'Cl5f pa)J,Hall,HOHHbIMH KX,IL-nonpaRKaMH. n ~;)TOM CJlYlJae JlerKO flo.lIY

'·IaeM 
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(117) 

l').I,C NI51 Kpa:I'KOCTH BBe,lleHO o603Ha'leHue 

(118) 

mi(p2 ) - nepCMCHHa51 Macca b-KBapKa (CM. ypaBHeHHe (80)) H 

2( ) _ 1 m 2sp )2
PoE: -- --E: , (119)

4 ( E: 

C.n.eJIaeM 'l'euepu Ue60JlhllIOe OTcTynJICHHC H npHBe,rr,eM HeCKOJIhKO nOY<UiTeJIhHhIX 

aHaJIHTHqeCKHX pe3YJlbTl:l.TOH (52] /VHI rayccoBcKOH ¢OPMbl q)yHKlI,l11'l pacnpe,lle

JleHIUI cll(p2), CM. (77). C TU'-lHOCTbIO,II,O qJIeHOB nOp5I.ll;Ka PF/A1B nOJIyqaeM 

2 3) 2( ) 2 ] p2(t) [. p2{(\ IdfACM _ A AlB B() 2 -T 1 3PF (p+~)r(3 Po t) O( PF )
---- -- E -~e PF --e PI- -,P+-2- + -2 ' 

dE, ( 41f PF..jir AlB 2 PF M B 

(120) 

n <popMy.Jle (120) P = m;ljp~>, f(o, x) - HeIlOJIHa51 I'aMr"m-<pyHKll.I1.5I, a 3HeprH5I 

E-y BXOAHT TOJlbKO qepe::! KOM6THmv-no pa(t), onpe,rr,eJIeHHylO B ypauHenuu (119). 
I1HTerpnpy.5I ypaBHeHHe (120 no 31lepI'l1l1 <PoToHa nOJIyqHM 

/\\2MB 
3 

[ 3PFP 2 P PF2 ]
f.4.CAf = -- 1---eP! K 1(-) +0(-) . (121)

41f fl,fBft 2 M~ 

Onpe.n.e~'1u~t Tenepb Macey O-KBapKa C nOMOIlJ,blO COOTHOlileHIHI 

.4CM _ ~1. PFP p/2K (p)
mb - lV. B - y'1fC I 2" (122)1 
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K01'OpOe rrpe.n;cnl.BJ151eT He '-{TO HHoe, KaK rrJ1aRaJOUlYlO :vmcey b-KBapKa~ ycpe,lJ,

HeHHylO no <PYHKl.J;lUI pacnpe.n;e.neHlUl <I>(p~). Tor.n;a JIerKO BH)J.eTb, '-ITO nonpaBKa 

I1CpHOrO nOp5l,lJ,Kl:l no 1/mb HC HXOAHT B Bblpa.IKCHHC ,!VJ5I l1OJIHOH U_IHpHHhl 

(123) 

B nOJIHO:-'-f COrJIaCI1H C 06W,lH1 YTBep./K)J.ellHeM KX,l1. 06 OTCyTCTlH1l1 1/mb
noopa-flOK K nOJIHOH IIIHpHHe pacJla;~a. 9TO yrrpa.IKHcHl1e H TOLfHOCTl1 aHaJIOrHLfHO 

ynpa:iKHeHHlO, npo.n;eJla.HHOMY paHee B rJl. 4, CM. q.)OpMyJIbI (113) - (115). 
B AcwbHeHweM l1C110JIL:lyeM l1MIIYJILCllble paCllpe,lJ,eJlelllUI 1>(p2) ).I,JI5I KBapKa

cneKTaTopa, OTHCLfalOll\He :vrO)l,en5lM A-D. Bo Bcex cnyqa5lX Mbl oOHapy:iKHBaeM, 

'-{TO crreKTpbT, RhfllHCJ1eHHble B ACM-- H LF-Mo.rr.eJI5lX nO'-ITJ1 TO:iK.rr.eCTBeHHbl. 9TO 

HC Y)~HBHTeJlbHO, T.K. MO:iKHO lUICJIeHHO ripoBepHTb, lITO Macca ihb; onpe.rr.eJIeH

Ha51 B LF Mo.rr.e.'lH, npaKTlP-IeCKH conna,lJ,aeT C nepeMeIIllofi MaccOH m,{ B MO)l,eJIH 

ACM, ycpe)J.HeHHofi no paCllpe)J,eJleUl1l0 <I>(p2), CM. Ta6.11. 2. flpoMHTerpl1pOB8.H

HhlC enCKTpbI <pOTOHOB RAC~il .n;JI51 l\1o.rr.eJIeit A - D npe,ll,CTaB.neHbl B Ta6JI. 3. OmI 
COBna)J,alOT c RLF C npou,eIITIIoH TOqIIOCTbIO. MO\1eHTbl ::meprHH B MO)l,CJIH ACM 

llOKa:lallLI 13 Ta6JI. 6. 

Ta6JIH~a 6. 110MeHTbl f/\ n = 1,2,3 11 < -x 2 >, < x 3 >1 BblYl1CJleHHble 

B ACM-MO,lJ,eJll1 C I1CnOJIb30RllHl-IeM H~vmYJ1hCHOT'O pa.cnpe.neJleHI151 KBapKa

cneKTaTopa .rr,JI5I CJIYl.ra.eB A-D. cI>oToHHbTe cneKTpbl BblqHCJleIIbl no <j)OpMyJle 

(117). CKet'iJIlilHrOBl>le nepeMeUHble x 11 y OIJPC/WJlCHhl Hblpa.IKCHI15-1MH (84) VI 

(91), eOOTRCTCTBeHHO 

:Model A n C D 
y 0.903 0.894 0.901 0.883 
;2y 0.817 0.800 0.813 0.786 

rP 0.743 0.718 0.737 0.706 

< x 2 > 0.355 0.308 0.317 0.489 
< -.2,3 > 0.289 0.141 0.206 0.427 

tlro6bJ epaBHHTb pe3YJIbTaTbI c ,n;aHI-IbIMl'I CLEO ,n;JI5I dBRjdE1ab , KOTO

pule nOJlyqaIOTC5I B JH1.60pH:I'OpHOi;j Cl1CTeMe, a He B CI1CTeMe DOKOR B-Me30Ha., 
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Heo6xoll,IHm BLIllOJlHHTb ,nOpeHl~eBO np€06pa~~omtHHe B CHC1'C\1Y nOKml -Nl€30Hft.. 

Pa.306beM IIOJIHblH I1HTepnaJI 3HeprHl1 Ra HHTepUa.lIbJ: llCnOJlb30Bl:1,HHbl€ H aHa.

JIH3C CLEO, H )J,JI5I Ka>K)J,oro Bb160pa ¢YHKllHH pacrrpe)~CJleHI151 IIO)J,I'OHHM nOJl

HylO HopiVmpoBKy TaK: l.JT06bI HaI1Jly"t.J.UHIM o6pa~30M OnnC<lTb 3KcuepIHfeHTa.."Tlh

Hble ,n,aHHble
15

. Pe3YJlhT'c1.TbI rrOKa.3aHbI B Ta6JI. 7: a lIaI1Jly"LIIlla51 no,n.rOHKa Ha puc. 
13. Bcc no,n,rOHKH nMelOT X2jndof « 1: LITO OTp<UKaeT co~pCMeHHYIO TOLIHOCTh 

3KcnepM)..leIlTa.. Ycpe)J,H5ISI no MO~eJnlM, flOJIy"t.J.HM 

(124) 

r.n.e rrOCJICll,H5I5I oWM6Ka B03H11KaeT 113 MO;~CJI hHOH 3amiCHMOCTH. 91'01' Pe3YJILTaT 

COrJIacyeTC5J C rrOeJIe)J,HHM aHaJunOM CLEO: a. TaK)f(C C Tf~OpeT!1LIeCKOM o6pa.6oT

KOM l~aHHbIX CLEO B pa60Te [37] 

(125) 

Ta6J1Hn;a 7. BR(B -7 X.~,) IlOJIYLICHHhlC 1'13 IlO)J,rOHKI1 K AaHHhlM CLEO 11 

OTHOCHTeJIbHhlC HCP0}iTHOCTI1 Rj{.(892) (CM. rJIaRy 6) 

Model A B C D I 
BR(B -7 X s1') x 104 2.54 2.59 2.50 2.91 

0.218R\U) 
K-(892) 0.192 0-158 0.174 

R}~~(892) 0.168 0.131 0.149 0.181 

15KoHe'lHO, 31'0 yrrpa::KHeHJle liMee1' TOJlhKO ~JeTo~n'ICCK\lH HHTepe<:, IIOCKo.rrhKY cneKTpbl B pacu<t.1lC CI3060..::t

Horo KBapKa He CO;J,ep>KaT pa.1l.Hall~IOHHbIX KX"J,-nonpaBOK. Te11 He MeH(~e pe-3YJlhTaTbl Iloy'urre.1IblIbI. 
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PHC. 12. CrreKTpbl cPOTOHOB~ BbI'H1C.J1CHHbIC B KBapKoublX ~lO,L~eJIRX Ha. CBeTO

BO~'1 cPpoHTe. Ha Ka.)K,Il,O~1 pl1CyHKe OT,IJ,eJlhHO nOKa:3aHhl elleKTpbl~ BblqtlC.neHHblC 

;~Ml MaCChI mb 113 (93) (cnnoIIIIIbIe ,Hm'IHu) U (98) (nyHKTHpHhTe JIHlll1H). CneK

Tpbl, Bbl'UrC-TIeHHbIe B :\w.uenH AC:\1, nOKal~U1l>1 lilTpl1X-llYHKTHPHbIMli JIHHIUiM.H. 

KPI1BbIe A D OTBeqalOT ~lO)J,e.rl}iM, OTUlcaHHblM B TeKCTe. 
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PHC. 13. CIl€KTPbI (})OTOHOB B J1a60paTopuoM CllCT€Me, BhT'mc.n€HHbIe ..u,JUI 

pa3JII1YHbIX cl-)YHKI~H:t1: f (~, pD H COOTBC'!'CTHYIOIIJ;nX 3THM <PYHKUIUD1 3HaY€HHl1 

mh· 0603HayelUUI T€ )Ke caMbIe, 'lITO Ii Ha PMC, 12. 8KcnepHMCHTaJlhHbI€ ,lJ,aHHble 

B35!ThT 113 }lOKJIa,lJ,aC. fJ1€HHa [61) 
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6. CneKTp HHBapn:aHTHbIX Mace 

13 pa,UaauHoHHbIX pacna,ll,ax B-~1e30Ha. HOMln10 cneKTpa ¢OTOHOR i\W)KHO 113.:vle

})}lTh eneKTp HHBa.pnaHTHbIX Mace AIR H.,!.!,pOHOB, 06pa3YJO~nxcH rrpl1 pacna,rr,e. 

BCJTIPlHHa. JlIH Cl.m3aHa co cKetiJIlmrOBOM ncpCMCHHoti y COOTHOrneHI1eM 

') ') ( )AIii = AlB 1- y . (126) 

D03TOMY TeOpeTH'-iecKHe npe,n,cK33<lHIUI ,rpm cneKTpa cPOTOHOR MoryT 6bITb Heno

CPC/ICTBeHHO nepeC"'-IHTaHbI B cneKTphl IHIllapHaHTHbIX Macc. Paenpe,rr.eJlcH l-Ie no 

:.1acce a,n,poHHhlX COCTOHllHli X s , CO,ll,ep)[{a~HX cTpa.HHhlH KBapK, rrOJIY'-leHHOe 113 

HHKJ110311BHbIX fJ,aHHbIX rpyrrnhl CLEO H.:vleeT OT'-leTJIHBblfi MaKcHMyM npl1 .\IIaC

ec K*, 3a KOTOpLIM BHa<Hl.ne CJIe,n,yCT MHHHMY~1, a 3aTeM CHORa IlIHPOKHM JU1K, 

KOTOPblfl OTBe'-laeT 60Jlbl.UOMy '-lHC'JIY IIepeKpbIBaR)U~H:vIC}l K-Me30IIubIX pe30HaH

COB. 9TO nOHC;~CHHe BnOJIIIe eCTeCTBeHHO, nOCKOJIbKY rrepBblM 113 B036Y)K)J,eHHbIX 

K-?1e30IIHbIX pe30HaHCOB 51BJIHCTC5I [{I (1270). CYI.ll;ecTBYlOllI,a51 3KCnepI1MCHT3JIb

HlUI C'raTUCTHKa, O,lI,HaKO, He I10::3Bo.n5IeT Hhl;~CJmTb BKJIa,.!l HH O,UHoro H3 HHll,HBI1

,lJ,yaJlbHbIX PC30Hi:l.HCOB. 330 HCKJIIO<WHl1e1JI K*(892). KOM6I1IIl1PYH HHKJI103HBHble 

H 3KCKJIlO3I1BHbre .n:a.HHhI<.\ CLEO npl1BO)J,HT 3HRneHl'Ie OTHO~HTeJIbHoi1 HepO.7ITUO

CTl1 

_ BR(B -7 K*(892)) _ cr. 
RK '(892) - BR(B-7 XBi) - (18.1 ± 6.8)~. (127) 

Ha pHC. 14 rrOKa.3aHbI pacnpC;\CJICHI151 no HImapl1aHTHOfi Macce H-/1pOHOB )J,Jl}1 !\10

ACJleH A-D. OT::\1eTI1M, '-lTO 3TH pacnpC)1,eJICHI15f CJle.IJ,yeT llOm-B1aTh B CMblc..'1e 

'Ji:8ap?l;-adp0l/,no'ii. AYaJIbHOCTI1. 11C'l'.I1HHbIH crreKTp B 06JIaCTI1 MaJIl.,IX J\.1ii ex A-f~~ 

I1MeeT pe30HaHcHylD CTpyKTypy, KOTOpa5I COBce).1 He nOXO>Kl:\. HH CrJICl,)KeHHbIe 

KpHBble pHC. 14. Pea~'1J1CTH'[CCKa5f MO,ll,e.TIb ap,pOHHOl'O crreKTpa B 3.,TleKTpOeJIa6bIX 

pa.crra}I,ax B-:\1e30Ha OTBe'-laeT OTHOCHTeJlhHO y3KOMy IllIKy npH Macce K*(892), 
:3a KOTOpblM (IIpl'! MH ~ M th ) c.ne/IT,yeT KOHTHHyyM COCT05lHl1tt. 9TOT KOHTHHy

y:;"'1 H 0I1HCbmaeTC71 HaWHM HHK.ll103HBHhl:\of eneKrpo:\1, KOTOpbIH )J,yaJIeH OO.'1bW0-

My '-lHC.JIY lIepeKpb1BalO~I1XCH pe30HaHCOB. B npl'IBC)tcHHOH pauee Ta6.'1. 7 6bWH 

IIOKa::3aHbI OTHOJlICHI1}l Rj{O{S92) , nO.'1YTleHHble nHTerpHpoBaHHe~1 UHKJIl03HBHoro 

cncKTpa B 06JlaCTH !'viH ::; Jvlth . .HellO, '-ITO PC3.YJIbTaT HHTerpHpOBaHI1~ O'-lCHb 

'-IyI:lCTBHTC.'1eH K BbI60PY A~.{th; OTHOUIeHH${, npI1RC)1,CHHble B m6.'1. 7 OTRC'HHOT 

I3bI6opy Alth = 1.15 GeV, KOTOpbI:H HCnOJTh::30Ri:lJIC~ KanulOM 11 Ho~6cPT0l1 [37]. 
Ycpe.!.l,H~5f pe3y.TThTCl.Thl no pa3HbiM YlO)leJI5I:\1, nOJIy<.meM Rl\"(892) = 0.157::2:11, 
'-lTO IlellJIOXO corJ1a.cyeTC5I C )I,aHHbIMH rpynuhl CLEO. 
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7. 3aKJIIOQHTeJIhHhIe 3aMe-qaHHSI 

B l'JIaHaX 4 - 6 MLl110,LI,p06HO pa.ccMoTpCJIH HOByK) napUW1i:HYw ¢Op:\iyJIy, KOTOpa51 

rrpOCThlM 06pa30M CB5I3hfBaeT ampl1HY 3JIeKTpOCJIa60ro pacrra.n;a f(B -t ""y.~I') C 

ImlpHHoti r(b -t s,) pacrra.n;a cB06oAHoro b-KBapKa. XapaKTepHoH ~IePTOH H3J10

)KeHHOrO 1i:8(1,'H,'/1W60-.M.eXa'H'l£"ieC1;020 l1o,n.xo.n;a 5IBJI5IeTCH pHcc~mTpcHHe b-KBapKn 

KaK qa.cTJifl.\bl Ha Ma.cCOBOll nOBepxHocTlI H 5IBHOe BKJIlOl.IeHfle 3<i><peKToB, B03HI1

KaKm,HX rrpH y'-J:eTe nOnepe"i1W20 ,D,B11)Kemm b-KBapKi1 B B-Me30He. P(',3YJlhTCtT 

.n;aeTC5I t:POpMYJIaMl1 (93), (98). BhTJTn rrpHRCJlCHhT rrpMMepbI BbIl.IUCJIeH1I5I crreK

Tpa. (hOTOHOB H paclla;~c 11 norrpaBOK K IllupHHe paena,ll,a cB06o.n;Horo KBapKa 

c HCnOJIh30Ba.mWM pa3JTWIHLIX <PYHKIl,HI':'I pacnpC).l.CJleml~ T~()KeJ10rO KBapKa Ha 

CBeTOBOM ¢pOHTe. Mbl 06HapylKHJ1I1, '-ITO 111l1.pIlI-Ia pacrra.nH f(B -t x.~,) He co-

)Iep)K:I1T mmefrIIblx no 11mb 110npaHOK TOJlhKO B TOM l:J1yt me, Kor,n,a PC3YJlhTaT 

BblpalKaeTCH H TcpMMHax He KOHCTHTlO3HTHOH MaCCbI KBapKa, a MaCCbI mb, KO

Topa~ onpe,rr,eJI5IeTC5I crroc060M, aHaJIOrHl.IHbIM TOMy, KOTOpbI:i1 HCllOJIb3yeTC}! B 

HQE ,n,JI5I onpe.n;eJIenH51 nOJIIOcHoi1 MaCCbl 'I'}I)KCJIOI'O KI-mpKa. mb,pole- TIPH 3TOM, B 

rrOJlHOM COrmlC1111 e HQE, MO>KHO 1'l36e1Ka1'b 60JIbIlII1X (11 Mo)],eJlbHO 3aBHCRI.I.J;HX) 

nonpaBOK nop5I)],Ka 11mb. 91'0 CorJIaCue, O)I.HaKO, )],OCTHrae1'C5I u.eHo"tI BBe)l,eHI1'» 

C/\HHft1. B 3Hal.leHHM KOHCTMTlO3H1'IIOH MaCChI T~DKeJ10rO KHapKa, KOTOphIH B 3Ha

qHTeJIbHofr CTelIeJlI1 KOMneHC11pyeT 3Q)<PCKT CR5I3H KBapKa B M€30He. KaTaJIOr 

pe3YJIhTaTOD rrapTOHHOH MO;~CJl(if, co.n;ep)Karn;Htk5I B Ta6JI. 3, 4, 5 nOKa3hIBaeT )],0

BOJIhHO xopOllee COrJIaCHe KaK C pe3yJIbTaTaMH, rrOJIy'-J:eHHblMH H KX,IJ:, TaK lif 

C HMelOI.I.J;HMMC}! 3KClJepHMeHTaJIbHhTMH J(aHHhIMM. MbI TaK)Ke y6e,ll,HJlHCb B TOM, 

4'1'0 cnCKTphI <pOTOHOB, BhPU1CJIeHHhIe B napm01-tHO,M. rrO)l,xo).l.e C llpl1llJley.elIlieM 

KBapKOBhIX Mo,n,e.nei1 na CDeTODO:M <ppOH'l'C, 1104'1'11 TOIK,LI,eC1'BeHHbI cneKTpaM, no

JIY'-J:eHHbl:'1 B MO)l,eJIH ACM: rrpH Y(,~TJOBHH, '-ITO B 060VIX C.Hr-ra5lX MCnOJIb3YeTC5I 

odna 'it rna :JfCC O;~HoRpeMeHHa51 <pyHKIJ,IUI pacrrpe)l,eneHIuI iP(p2). TIpu 3TO:M 3<P

¢eKTHBHoe :llla'femle Mcl,(~CbI b-KRapKa mb npaKTMqeCKH COBna)l,aeT C rrJlaBaIO~eH 

~mccoH ACMMo,rr,eJIH, ycpe,lJ.HeHHot1 no pacnpe)I.eJIeH1lIO 4>(p2). YMecTHO OTMe

TI1Tb; qTO TOt.IHO Ta.KOC iKe COOTBeTCTBHe rrOJIy t laeTc5I H .n;JI5I ,n,pyrHx KaHMOB 

pacrraJ(l:t B-Me30Ha, HanpRMep, b -+ C 11 b -+ u 1621. 
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