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HacTtosiuzee yuebnoe nocobue npeacrapisier cobofi KOUCNEKT AeKuiil, APOYHTAHHbIX ABTOPOM B
1999-2001 rr. ma=s cryacuros o acuupanros MOTH. T{eap svux sckuuit - 3aTh B Kparkoii u mo
BO3MOXKROCTH npocrol ¢popae BBe/ieHHe B DH3UKY AAPOHOB, COAEPIRAIHX TSDHKCILIE KBAPKIL,
HA LIpHMEpe WHKJLO3UBNOTo anexTpocnaboro pacnana B — X,v. Kpatko u3naraorcs ociosm
TeOPHA B3AHMOIEHCTBHIT KBAPKOB C KayHOPOBOYHLIMA $030HAMIL; NPHBCICHKT OCHOBHLIE IKC-
nmeprMeHTaibhble MAKTH, oTHOCAIMeCH K pacnaty B — Xy, paccMorpewo weprypbaryBHoe
suuHCACHEE IHApusl pacnasa b — sy 8 KX s npubmnkcHun raasabix aorapudmon. 3a-
FJIOYHTENTRHEIE JeKUMY NOCBAIEHH DACCMOTPEHHIO TONPABOK K Cilek1pY (DOTOHOB M pacrpe-
AENCTHIO MO HHBAPHAHTHON MACCC BTOPWYHBLIX aApOHOB B pacnaie B — Xy, 00y CIIOBIEHHBIX
sddexkramMi cHAbREX B3aRMOJERCTRIN. ST nONpPaBKn NOXPODHO 0BCYXRAAOTCA HA NPHMepe
KOHCTHTIOSNTHON KBAPKOBOH MOICAH HA CBETOBOM (DpOHTE.

Jlekuuu pexosenioBans kadespon meMenTapuux gacruy dakyarrera Obmeli n [lpn-
xaansoh dusukH MOTH B kayecrse y1eOHOr0 ROCOOHS 2431 CTYASHTOR CIAPWINX KVPCOB, Crie-
UMAIM3HPYIOITNXCH B SKCIEPHMEHTAIBHOM H TEOPETHYCCKOM PH3HNKE WICMEHTAPHBIX 1aCiHy.

Lectures on B—meson physms. Nonperturbatlve effects in
electroweak decays

I.M.Narodetskii

This training appliance represents the lecture notes on the B-meson physics delivered by the
author for the graduate students of the Moscow Physical Technical Tustitute in 1999-2001.
The purpose of these lectures is to present the brief introduction into the heavy flavor physics
with an example of inclusive electroweak decay B — X,v. In the fivst Jecture the theory of
quark interactions with the gauge bosons is briefly considered. In the second lecture we collect
the main experimental facts rclevant to the decay B — X,+. The third lecture discusses the
perturhative QCD calculation of the decay width I'(4 — sv) in the leading log approximation.
Lectures 4-6 are devoted to the calculation of the corrections to the photon spectrum and mass
distribution in the decay B — X,y 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 Particle Division of the General and
Applied Physics Department as the training appliance for the students who are specialized in
the experimental and theoretical elcmentary particle physics.

Puc. - 14, cnucok ant. - 62 mHam.
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1. BgzsammojeiicTBue KBADKOB ¥ KaJIMOPOBOYHBIX DBO30HOB

1.1. Breneune

OcHOBHAsA ENb IKCNEPUMEHTAJILHOTO HCCIIENOBAaHM CiabbiX PaclaioB TSRKEIbIX
Me30HOB U GapHOHOB - U3ydYelne MATPHYHBIX 31eMeHTOB Marpuubi Kabwbbo-
Kobasiun-Mackasa (Cabibbo, Kobayashi, Maskawa, coxpamerno CKM) [1], {2],
KOTOpas onpenensier coOCTBEHHBIC COCTOSHMSE KBAPKOB B CIAOLIX MPOLECCAX.
Marpuua CKM onuceiBaer puauvecKue npoueccs, KOTOPHIC OTBEYAT HApY-
menuio riobansrol daeioproit' cummerpuu Crangapraoit Monemn (CM) npu
suepruax nopanka My, rne My ~ 70 GeV - macca W-6osona. Tlostomy, uzy-
Yasl pacnaibl TSIKENBIX KBAPKOB € Maccolt ~ 5 GeV, Mbl MOXKEM Y3HATH, Kak
yeTpoensi ciuabpie B3auMoueiicrsus Ha mwkade ~ My, Ipyravu crosavu, CKM-
MATPHUUIA SIBAAETCH HH3KO JHEPreTHHECKUM POABAeHeM (DHUIUKY BLICOKHX IHEp-
ruft. Usydenue a1olt MaTpUIB! BAXKHO TAKXKE K JJIsl TOHVMMAHHA MEXaHU3Ma Hapy-
menust CP -vernoctu. B nepso#t rnage Mbl KPATKO HATIOMHUM OCHOBHbIE (DAKTHI,
OTHOCAIIHECA K OnHcaFHio wiabbix pacnanos 8 Ctaunaprrol Monenn.
Bepmunn, onuchbiBaiomue B3auMoIeHCTBHE KBAPKOB ¢ KAJIHOPOBOUHBIMY 6O-
sonamu 8 CM, nokazauw na puc.l. Cinabomy B3auMOLEHCTRHIO, UPU KOTOPOM
KBaDK € APOMATOM ¢ NEPEXOAHT B KBADK C &POMATOM j, OTBeYaAeT BEPUIKHA, N0~
kasaunas va puc. la. Coorsercryowas HefiHMaHOBCKAS AMITHTY I8 HMEET BHJ

z;-%-wm(l — ) (1)

rae g» - KOHCTAHTA CBH3nM Kanubposousolt rpymnmet SU(2)p, a Vi; - ij-
it snement marpuunl CKM (Vj; = V7). Beipaxenue (1) orsevaer V-A
(BCKTOp—aKCHAJILHBIN BEKTOP) CTPYKTYDE B3AHMOIEHACTBHS 3aPIKEHHBLIX TOKOB.

Eom nvoynse W-6030HA MHOrO MEHBINE €M0 MACCHl, HMEAOKGALHOE 4
depMuonnoe B3aUMOAelcTBHE, 0byCnoBaeHHOe 0bmenom W, moxker BuiTh crany-
TO B TOYKY W ANIPOKCHMHDPOBAHO A0KQAbIbM 4-DCPMHOHHBIM B3aHMOICHCTRI-
eM (CM. pHC. 2), aHANOrMYHBIM (HEPMHEBCKOMY B3aHMOACHCTBHIO B (3-pacmae, ¢

KOHCTaHTOH cBsizu G, rae

1
MuI utoraa 6yneM KeNoJIb30BATL AHCIHACKHN TePMHH flQUouT BMECTO PYCCKOTO - apoaant
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Puc. 1. Bepminst 53amMoaefiCTBHS KBADPKOB ¢ KATHOPOBOUNEBIMH O030HAMH., 3HAaUKH [ o j
OTBEHAKOT PATAIHRIM apOMaTAN KBAPKOB (1,7 = u.d,¢, $,1,b).
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1.2. Marpuua CKM

Bareda B3amodeficTBHl,
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BaanvoseticTue KBapkoB ¢ W-G6030HOM B NpPEACTABJCHHE B3AMMOIEHCTBUSA
OIpeIeNAeT s IPOCTPARCTBEHHBIM HHTEIPAJIOM

Line(t) = [ do(Low (@) + Lhw(2)), ®

I'Jic IJIOTHOCTH ﬂar‘paHxa’mHzt paBHa

Lyw(z) = %U

VCK11]7,¢1DL($) Wﬂ(z)' (4)

B (4) croabupt U v D conepxar KBapKOBRIC TOJNA UP- W dovm THTIA. Jlnﬂ 3-x

NOKOJIeHI A KBapKO8




u(z) d(x)
Ux)= | e(x) |, D(z)={ s(z) (x = (t,x)). (5)
t(z) b(z)
Wupexc L B ypaBHeHEH (4) 03HAYACT, 4TO BO B3AMMOALIHCTBIN YUACTBY 0T AE6HE,
(¥r = (1 — ¥*)¢) kpapxu. Cease V — A kpapkoseix Toxos ¢ W onpeaensercs
KOMIIJIEKCHBIME uncsiaMi Vj;, obpasyrommvn 3 X 3 marpuny Vokwm.

HanomunMm, yro 8 CM ¢ kasmubposousoil 1py ol 31eKTpocnabbix B3anMonet-
cromit SUL(2) x Ug(l) kBapKy u nentoHb! 0Gpa3yioT fepble AyOJeThl U NPABbIE
cunriersr. CoOCTBEHHBIC COCTOSIHUS KBAPKOB C ONPEJEJEHHOH Maccol oTianda-
IOTCA OT COCTOSINHUHA, BXOAAIMX B Ciabbiii raMuiibronnad. 110 cornaimennio CRa3b
MEXKAY ABYMsT HAGOpaAMH COCTOSHHE BHIPAXKAETCS B TEPMUHAX 3 X 3 MaTpulbl,
KOTOpasi NeHCTBYeT Ha CODCTBEHHBIE COCTOSIHHA ¢ 3apszoMm —e/3 (d, s, b) u
OnpenesieHHoN Maccol

d’ Vaa Ve Vi (d
s't=1Va Vo Valls]. (6)
b’ Vid Ws ‘/th b

Jns kaBubBOBCKOTO CEKTOPA, OTBEYAIOIErO CMEIUMBAHHMIO MEKIY TCPBBIMH
JBYM# TOKOJIEH®s MM, COOTRETCTBYOMan nopmarpuna Marpuusl CKM conepkut
4 3neMCeHTa, KOTOPbIe NAPAMETPUIYIOTCA B TEPMHUHAX TONBKO OALIOIO IAPAMETPA
- yruta Kabub6o 8.

( cosf, sinf, ) , 1)

—sinf. cosB,

910 osnauaet, 910 |Vyg| = [Vis] 1 |Vis| = |Vee|- lpusenem mns wimocTpanuu
SKCTICPHMEHTAIBHbIE 3HAYEHMST ITUX MATPUYHBIX 3AEMCHTOR.

o Via: |Vig| = 0.9735+0.0008? (10T MATPUYHBIN 3NE€MEHT OLPE ACISHeTCA
M3 CYTeppa3petieHHbIX PePMUEBCKHX NIEPEXDIOB B sIAPAX, CM. PHC. 3a)

o Vst |Vis| = 0.2196 £ 0.0023 (monynentonusie pacnaapi K-ME30HOB
SN THUIEPOHOB, CM. puc. 3b)

® Vea:  |Veg| = 0.224 4 0.016  (poxpaenue 1apma B riybOKO Heynpyrom
vN wav PN paccesHun, cM. puc. 3c).

*[Ipupeuennoe 3uadenue Vyq [3] npexncrasnsier cpenuee 3HAYEHNE BENINIH, H3MEPEHHLIX B CYTIeppa3peLIeH-
ubix hepanesckux nepexoiax B #7pax W B 3 pacnaje ceoGOIHOTO HeHTPORA.
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(a) {(b) o

Puc. 3: KBapKoBLle ANArpamMmbl, H3 KOTOPHIX ONPEALISIOTCH MATPHUHKIE 3AEMEHTR! Vyg, Vi,
Vid, # Ve MaTpumer CKM

e Vi |Vl = 1.01 £0.18  (nomynenroHnnie pacuaibli 04apOBaHHHBIX
ME30HOB, ¢M. pHC. 3d).

Beswaunnt Vi u Vo B KOMOunanmu ¢ [V,4| = 0.0036 + 0.0010 3] nossonsiior vau-
Gosiee TOYHO TTPOBCPUTDL YuuTapHOCTh CKM-Marpuist, U3 KOTOpOIii, B YACTHOCTH,
cnemyer cootsonicHue |Vigl? + [Visl? + |Vis|? = 1. TlogcraBnsis npueeenHbie
BLULE 3HAUEHHS, TIONYYACM

Vaal* + [Vaul® + [Viel> = 0.9959 % 0.0019. (8)

Bkuas [V ipeniebpexumo Mal, a HCOlpeaeseBHOCT B TpaBoil yactu na 70%
OllpeJieNnAeTcs SKCIePUMCHTAALHON omubkoi onpegenenus Vg u Ha 30% skc-
nepuMeHTANLION owmubko# onpeuesnenns Vi, [pasas wacrs B (8) BCe eme oT-
angactess ot 1 na yposhe 2,20. [loatomy xins1 mpoBepku YCTORUA yHHTAPHOCTH
tpebyerca usmepenne Vg u Vi ¢ Tognoetsio ~ 1074, :

B cospewmeriiom BuAe A7 IBYX LOKoNeHuH (6-11 kBapkos) maTpuia (6) 6pLia
B SIBHOM Buje Brcpsble 3amucada B 1973 1. Kobasmu n Mackaba. Yncienusie
3HAYeHHA e€ MATPHYHKIX 3JTeMEHTOB NpHuBeAeHB! B 0030pe Particle Data Group
(cokpamenno PDG) [3]:




0.9745 — 0.9757 0.219 - 0.224 0.002 - 0.05
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

Marpuna CKM cogepxur 9 KOMMJIEKCHBIX MK 18 BemECTRCHHBIX TapaMeT-
poB. OfHAKO MCHONb3ys YCHOBHE YHUTAPLOCTH M TOT (PAKT, 9TO (asbl BOSHO-
BbIX (YHKIMA KBADKOB IPOUSBONLHBI, JIETKO YOEInThCs B TOM, 4TO u3 18 Be-
LIECTBEHHbIX YHCEN HEIABHCHMDLIMH SBASIOTCH TONLKO 4: TpM yria “BpamcHus’
b5, 17 = 12, 13, 23, n onna Tak Haswaemas CP~dasa §13°. Ot 4 napamerpa
SIBISIIOTCS PYHAAMEHTAVILHBIMY BEJUTHHAMA TEODHH, KOTOPHIC CJIC/LyCT OLPee-
JIHTD W3 IKCHEpHMenTa. Baaroaaps skCnepuMenTaNbHBIM HCCIeNOBAHMSIM B TETC-
HHE MOCJEHHETO JECATUIIETHS HAKOoWiensa Gonbuwas nudopMaus 0 MATPHIHbIX
JIEMEHTAX MATPUUBl Vegy. Dta uHOopMalys MONyYeHa H3 JAIHBIX 100 HOJLY-
JIENITOHHBIM PACHANaM, HEATPHHHBIX DCAKUWH ¥, COBCEM HELABIIO, W3 U3MepeHust
AJPOHHLIX paciuasos W,
Haunbonee obmas napamerpusanus, pekomennopannas PDG, umeer sug

€12€13 S12€13 513 exp(—1613)
—812C23 — 12823513 €xP(1d13)  Cr2003 — 512823513 €xP(id13) 523C13 ,
8512823 — 1223513 exp(z'ém) —C12823 — 812€23513 EXP(Mm) C23C13
(10)

rOe ci; = cos B u s;; = siny;, a 613 - dasa, HeoOxoumMas 1A Hapywerust CP-
ueTHOCTH. W3 9KCnepuMenTa H3BeCTHO, 410 513 ~ 107 it 893 ~ 1072, noarouy
C XOpoILet! TOTHOCTHI0O MOXKHO TTOJIOXKATL €13 = Co3 = 1. Toraa nezasucuvibimu
napamerpamu B (10) sBisoTcs

s12=|Visl, s13=1|Vis|s s23=Vis|, dus. (11)

3B obmem cayuac 1as N, nokonermii MaTpiua Vo ABasercs yrmurapHoft N, x Ny saTpauedf 1 nostouy
ONHCLIBAETC z'\?: seruectTsenshiMi napanerpasi. Onxako 2N, ~ 1 U3 3THX MAPAMETPOB MOFYT GLITL BKIIOYEHb!
B Heu3HYECKHe a3kl KBAPKOBLIX nozelt. IIpuuHa Toro, 4To 4Hei0 GadoBpIx MHokuTesel pasuo 2N, — 1,
3aKHOYAETC B TOM, YTO €T BCe NOMA YMHOKUTL Ha abniiil HasoRmii MHOXKHTEh, TO 3apyKeHHbIH TOK I, f'c'
He usMexnTcs. [ToaTomy wieao das, KOTOPLIE MOMNHO NMOIOTHTS NepeonpeteeHieM (DAROBLIN MHOMUWTENed
pasHO e 2N, & na 1 menbwe. B pesynsrare ocraerca (N, — 1)° usueckux napayerpos. Bonee noapobuoe
paccMoTpenwe ev. B kaure [4],
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Hapymenne CP—deriiocTit B CTAHZAPTHOR MOIENH BO3HHKAET €CTeCTBCHHBIM 00-
pa3oM 1 umeer MecTo, ecr Tonbko CP-gasa 8;3 He pasra 0° wnu 1807, t.e. ec-
JIH CYIIECTBYET HETPHBHAJILHOE CMEIMBAHME MEXY KazkIOH NMapoil nokosnenui
kBapkor. Ecnu Hapymeune CP-uupapuadTHOCTH AeHCTBUTENLHO BOBHMKALT KAK
cneacTeue Henynesoli CP- dasbi, TO B TEOPHH HeMEINJIEHHO BO3HHKAET ONpele-
JeHHasA uepapxusi 9 HeKTOB HAPYIIEHHs CP—4etlioCTH B PA3IHYIBIX PACTIALAX.

1.3. TIMapamerpusanus Boandenmreiina

Mapamcrpusawns (10), omsako, ABISIETCsT HACTOJBKO CIOMXKHOI, “TO €€ NpakTH-
YeCKH HEBO3MOXKHO HCMONL30BaTh. Ha mpakTuke 06bidHO wcionbzyercs Gosice
npocTast, HO MPUONMXCHHAA NapaMeTpusains Bonbdenmrefina [5], koropast ue-
TOMNL3YET TOT IMOMPHYECKHH (BaKT, 4TO MATPHUILIE eMelThl UMEIOT HepapXu-
YECKYI0 CTPYKTYPY B YMEULIIAIOTCS O MEPE Y/AJEHHsS OT [JIABHON JHATOHANH
marpuust (M. (9)). defictsurennno, Vg, Ves u Vi umeror nopagox 1, Vo u Vg
~ 1078 VypuVie ~ 1072, a Vi n Vig ~ 1073 Crienya paboran (6], onpeensm
HOBLIA HABODP NAPAMCTPOB (B JaJBHEHIEM BMECTO 813 MUIIEM IPOCTO &)

siz=2A, su=AN, spe® = AN (p—in), (12)
rre
S .
=8 cos§, n= B siné. . (13)
512523 512523

Ioacrapnss (12) B (10), wonywnm CKM marpuny, kak GYHKIMIO napaMeTpos
Ay A, p, 1, KOTOPAS YAOBIETBOPAET TOYHOMY YCIOBHIO yHMTapuocrd. Pasnaras
reneph KaxX bl MaTpuuHELl aeMeHT Vj; no cremersiv A, nosyyacm

1
Vig=1- §A2 -~ %X‘ + O(\9), (14)
Vus = A+ O(X"), (15)

Vi = AN(p — in), (16)
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Vea = —H%Aw [1—2(p+in)]+ O(N'), (17)
Ve =1- -;—(Az) - -:3‘-,\*(1 +44%) + O(\8), (18)
Vi = AN+ O3, (19)

Vig = AN [1 = (p+im)(1 — %/\2) O, (20)
Vis = —AN + %A(l —2p)X —inAXt 4+ O(N%), (21)
Vip=1— %A‘ZX‘ +O(2°). (22)

Ormerum, uto onpeaenienne Vi, (16) He CONEpXKHMT BLICIIWX HOUPABOK MO A H
uto nonpasku K Vis # Vi umeror nopsnok, coorsercrsento, O(A7) u O(A®).
TToaromy ¢ oueHb XOpOoIEH TOUIOCTHI0 MOKHO NOJMKUTh

Vs = A, Vc = A’\Z? 7 (23)
roe
] X N
p=p(1-=), 7=n(1-7F) (25)
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B pesynbrare npuxoguM K napamerpusaunn Bossgenurreiiva, 8 kotopolt Vokm
UMCCT BUT

-4 A AN(p—in)
Vekn = -A -4 AN . (26)
AN = p—in) —AN 1

Bewecrsemas yacth napaverpusaunn Bomndenmreiina (26) cosnazaer ¢ (10)
¢ TOUHOCTBIO ~ A3, a MuuMas - ¢ TOTHOCTRIO ~ A°. Hemynesoe snauenue 7
osnauaer napyuwenie CP- ueTHoCTH, KOTOPOE HEeABHErO BpeMeHH HAOMOAATOCH
TONBKO B pacnaje Heflrpanbhbix K—mez0H0RB. Lcuinio Qr3uki TAXeNnbX KBAPKOB
ABAACTCH Onpejienenne X\, A, p u 1.

1.4. VYuHurapHbii TPEeyroJbHUK

Crenywonmit w3 yautaproctn CKM-Marpuipl HabOp COOTHOINEHHH MEXKAY ce
MATPUYHBIMH NEMELTAME MOXKUO rpaduyecku LIPEACIABHTL B BUAE TPEyro/ib-
HHKOB B KOMIIJIEKCHOH NJIOCKOCTH. 9Tl’l TPEYTrOJIbHUKH CXEMATHUIECKU [TOKa3aHbI
#a puc. 4. Ocobenno nonesnuiM ABAAETCH COOTHOUIEHHE

ViaVis + ViaVen + VigVip = 0 . (27)

Vpasuchne (27) 03HATAET, YTO CyMMa TpeX KOMIUTeKCHbIX wuces ViV, ViaVi
u Vi Vip pasua nymo. B repmuiiax napamerpos Bosbdenurreitsa neBag gacrs
{27) umeer BUT

- A3 A L i 7

VidViw = AX[p+if] + O(X')
VaaViy = —AN + 00\ (28)

433 - T
iV = AN - (p+m)] +O(X),

rae p = H 7 66111 onipegesels B (25). [oaromy rpaduicckn 5To ypaBHenne Mox-

HO IPEACTABATH B BWJIC TPEYTONBHHKA. HOKA3AHHOTO HA PUC. 5. DTOT TPeyrofb-
HUK TIOJy42eTCA Moche Bhiaeaennsa obmero vuoxutens AAXS. Tpeyroswrnk na
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ds " uc .
VegVes * VudVed
évtdvls v, VvE
V“ dv ‘S ubVeb VMV :3
sb ct
VesVei . VesVis
5 v, AV,
® [
VoVt VusVub ngv tﬂi)
bd Vv ’ W Ve
VurVaa VirVia VeaVud VaVii

Puc. 1: 6 yHuTapHEIX TPEYroJbHAKOB. HHNeRCH Ha pACYyAKe, HanpAMep ds, OTHOCATCA K CTPO-
K 1 4 crosbuaM 8 COOrHOMEHHN YHHTAPHOCTH.

PHC. 5 ODHEHTHDOBAH TaK, YTO TOPH3OHTAJIbHAA OCh HAIPaBiCHA BAOAL Vg V™.
JIMTMHEDBI ero CTOPOH PABHEL ‘

|V;/dvfb| ~ )‘2 1 Vub

AC = - 2280 — 52 42 = (1 — —=)= = 29
Vo] P+ = 3 )/\ - (29)
_ VeVl —— 1|V

AP = g TV PP =10 0

Yrant 8 # Y B TPEyTONbHHUKE YHHTADHOCTH HENOCPEACTBEHHO CBS3AIILI ¢ KOM-
MIEKCERIME (hasaMyi MATPHYHBIX 3NMeMERTOB Vig 1 Viy

Via = |Vadle™, Vg = [Viale™, (31)

a yrosi o onpesensieTca u3 yeiosua o+ 8+ = 180°. Ucnoaniys npoctyio Tpu-
TOHOMETDHIO, MOXKIIO BLIPA3HTL sin 2¢r, sin28 1 sin 2y B TepMUHAX LAPAMETPOB
pun

20(72 + 7 — p)
(P + (1 = p)2 + %)

sin 2 = (32)



sin28 = —%r]—(}:;ﬂ):;, (33)
(1=p)?+7
2p1m 2
sin2y = R (34)

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

Puc. 3: Vantapasit TpevroabHnK, npeacTasisomnii rpagueckyo sanuct ypasuenus  (27).

Crkeiinnnronnit dpaxtop |Vipsia] = AA3 xopowo uzsecrer. Cropona AC taxxe
U3BECTHA, XOTS H ¢ MeHbwedt Tounocryio. Hoaromy Ui 10ro 4robsl ZOCTPOUTH
TPEYTOJbHHK YHUTAPHOCTH, HEobXoauMo JTHOO H3MEePHTDH JJIHHY TpeThel CTopo-
Hbl, T.€. Besmumny |Vigl, 1160 onue 13 ero yriios, u6o KOMOHIIANMIO 9THX ABYX Be-
Jiuml. FKCUEPUMCHT JOJIKEH OTIPCICTHTh TONOXKERUEe BeDITHEBL A ¥ Tem caMbIv
BeauKHY yInoB @, f 1 y. ONHOBPEMEHHO MOXHO NPOBEPHTEH CAMOCOITIACOBAH-
HOCTb CTAHZAPTHOH MOJENHM ¥ NIAJOKUTL OTPAHHYCHHS 115 IaPAMETPB MOLEeH ee
00061eHs. “DkcnepuverTanbroe” oupedenenre bd rpeyroablRKa HOKA3I0 Ha
puc. 6. 3anTPHXOBAHHKIC 0DNACTH HA 3TOM PHUCYHKE MOKA3bIBAIOT AONYCTHMbIE
SHAYCHUS B p — 1) mtockocTd {+1¢). Ilocnesnue noayyeHnl U3 SKCIEPUMETITATIL-
HBIX JaHERIX 10 |Vop/Vap|, cuenmsanuio B~ n B'~yesonon # CP—sapymicuuio B
pacnane K¢ (e). Tlepeceuenue Beex Tpex obaacTelt onpelessier HCKOMYIO BePITH-
1y A(p, A). CoBpeMeRHbBIe PKCIEPUMELTANILHBIE 3HAYEHUA LAPAMETDOB A, A, P, 1]
H YIJIOB B TPEYIONbLIHKE YHHTAPHOCTH pasibl [9]:

A = 0.834+0.07, X=0224+0.004,
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= 0214012, #=0.38+0.11,

7
sin(2a) = —0.14+£0.57, sin(28) =0.74 £ 0.14,
y = (62° £15°). (35)

. Txcluded by,
0.8} By mixing

0.6} .

04

\
T

Puc. 6: IKCnePHMEHTATLHOE ONPENEICIHC YUITAPHOTO TPeYTroabHHuKA [7].

1.5. HeliTpaabpHble TOKH C U3MEHEHNEM apoMarta
B CM aMnnuTysabl APEBECHBbIX JMarpaMM, OTBCYAIOUHX HEHTPANTbHBIM TOKAM C

napywexnnem apomata (FCNC), paBHbI HY/I0 T.€. lle CyIUeCTBYeT BEPIINH THIIA

b s u c

5 1

'

KBauToBbIe monpaBku, KOTOpHIe MPHBOAAT AUO0 K KBaAPATHBIM (CM. puc. 7) an-
60 K MUHIBMHHBIM (CM. DHC. 8) AHATDAMMAM, MOIYT, OfHAKO, NpHBOMTL K FCNC
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nepexonam. Juarpammpl, Nokasanubie Ha puc. 7 npusoaar k BY—BY ocnpnnsiu-
awv. [luHrBUHEAS JHATPAMMA, TOKAZALAs LA PHC. 8, TEHEPHPYET 31€KTPOCTabbie
pacnagn B-vesona, koropwic 6ynyT nogpoOHO pacemoTpensl Hinke. ITpoiexo-
KICHHE TePMUHA “MHHTBUHHAS NUTPAMMa’ WUIIOCTPHDYeTCs HA puc. 9: nerkmi
KBAPK—CHEKTATOD “IOABCLIMBACTCH K b-KBApKY € IHOMOLLLIO LJIFOOHA, TIOCNC HCTO
JIITPAMMY MOXKHO NEPePUCOBATL Tak, 40 OHA CTAHOBHTCH NOXOXell Ha NpaBylo

IHarpaMMy Ha pHc. 9

d b d ot )
L . —
o
[N u,e,t é
—«—orTTTIOTY 3
. e —- -
b d 6wl d

0 .
AN

(a)

(©)

Puc. 8: IIpuaepel nHHIBUHHKIX AHArPAMM, KOTOPblE BHOCHT BK1a4 B asanTvay FCNC nepe-
xo10R d — 5. Juarparmel (a) 1 {b) Ma3LIBAIOTCA 24eKMPOCALTHMU NUHZEUHNDMY  JHATDAM-
MaMIl, B TO BPEMS KAK JIMATPAMMA (C) NPeACTABASRL 2A100HHb{ NUTLZGUIL

Yuurapiocts CKM marpuubl apubogur « rtomy, uro sce FCNC sepuinnn
OOPAILAIOTC B HOJL B LIPEJEJIC BHIPOKASHHBIX MACC KBAPKOB. DTO YTBCPKAE-
HHE HOCHT naskanue mexanusma GIM (Georgy, [liopoulos, Maiani){10]. Paccumor-
PHM, HAIIPHMEepP. AHArPaMMy, NOKA3aHHYK Ha pUC. 8(a) B runorerHdeckod cu-
TYALUH, KOTAA DEAJM3YETCA .M. “TOPHIOHTAJILHAST CHMMETPHs, IPH KOTOPOi
m, = m, = m;. B 3TOoM ciyuae BKIAL KaKIOFO [OJ0AKHTENBIO 3aPAKCHHO-
rO KaPKA B LIETJIe TIPOCTO TPONOPIHOHAICH COoTBeTCTBYIOMEeMy smementy CKM




Puc. 9: Tlunreunnsle pacnaasr B vesona. Pucyaok B3t u3 padoTer (8]

MATPHIibL, [03TOMY NOJHBIA BKJAL TPONOPUHOIANEH

VdVis + VeaVie + VigVit. (36)

Uus

Ho sta koMmBunaius obpaiiaercst B HOSL B cuity yuutapHoctn CKM-varpuist.
Anasornunbiit apryment cnpancgmuns Aas seex FCNC sepumvn.

H.. opaxruke, KoHeuHo, Macce kBapkos He parubi, ¥ FCNC Bepuinnb ne
obpainaiorTes B Honmb. Tem ne Menee B HekoTopbix uponeccax GIM mexannsm
MOKET OPHBOAUTH K 3AMETHOMY MOJABJICHMIO BEPOSITHOCTH NEPExOI0B.

1.6. P,CuCP émwmeTpmd

CuMMerpun urpaioT GbyHIaMeHTaIbHYIO ponb B (u3suke Boobue # B (usnke
3NEMEHTAPHBIX HaCTWll, B YaCTHOCTH. 3 3TOR JIEKIUH MBI KPATKO PACCMOTPHM
Hapywere CP- cUMMeTpuM, U3ydYeHHe KOTOPOro ABAAETCS OCHOBLON 3anadet
IKCTICPHMELITaNLHON (DUSHKH Ts2K€eILIX KBAPKOR B OIIMKafllIne HECKOIBKO JeT.

IIpocTpaHCTBEHHOE OTPA’KEHME: Hpeoépas%o%ﬂue NpPOCTPAIICTBEHHOrO OTpaxxe-
HHsI MEHSeT 3HaK NPOCTPAHCTBEHHBIX XoOpmuuart, (X,t) — (—x,t). Ipu srom
BEKTOPHLIE H AKCHAJILHO-BEKTOPIIBIE MOJs 1TPe0hpa3yIoTcs CIeAy oM 06pa3oM

Vi(x,t) = VE(=x,t) u  Au(x,t) = —A¥(—x,1) . (37)

JleBble KOMIOHEHTH (BEPMUOHOB (%(1 ~ v%)1) npecbpasyloTes B TPABbIE KOM-
nonentol. Tak kax cyiabple B3aUMONEHCTBUA COEPKAT TONLKO JICBbIE TOKM, TO
OHH, B OTNHYHE OT cAObIX U 3MEKTPOMATUNTHLIX B3AHMOACHCIBHH, HE COXPAHsi-
10T Y€THOCTbD.
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BapsgoBoe conpsbkenme. LaccmorpuM  (pypbe-pasuoxelne CBOOOIHOTO MO
é(z). KoappuumeHTbl B 3TOM DasOMEHIH CONEPXKAT ONEPATOPbI POKAEHUA U
YHUUTOXKEHUS ,

dlzy= - a + --- b, (38)

e @ - ONCPATOP YHHUYTOXKEHUST HYaCTULB, bt - onepaTop poxen s ATHYACTHLbL.
T[Ipeobpazopariie 3apsIIOBOTO COMPSLKENNS 3AKIIOUACTCS B IICPeCTAHOBKe a 1 b. B
TEOPHH B3aMMOCHCTBYIONINX NOMEl 3aMeHA YACTHILbL Ha aHTHYACTHIY Tpebyer
CPT-npeobpasosanns, rae T - onepatop obpamexnst spevenn. TeM Ie Menee
3apsI0BOE CONPSXKEHHE HMEET cMbIea it B 31oM cayuae. [Ipn C-npeobpazosanun
TOKH MPEOOPA3YIOTCS CIeAYIOMmMHUM 00pa3oM

Pryvs = — Yy, Yivuvsde = Varus¥r (39)

JIe ¥ - CIHHOPHOE HoJe.

CP: (CP-npeobpasosarue 3aMeUsET TACTHIY G HA €€ RHTHYACTHILY &, H3MEIlsis
UPY 3TCM HANPABICHHC UMTYThCA MACTHILI HA IIPOTHBOLOIOXKHOE, HO HC MEHSET
NPOEKUKIO CIHHA Ha OCh KBAHTOBaNHsI. B TepMnHax OnepaTopoB POXICHHS H
YHUYTOKCHHS

(CP)a! ;. (CP)' = n,al

n,p,o fl—fa?

(40)

rae 7, - NPoM3Bo.bHAS (asza, 3ABHCAIAA OT TUNA YACTHI (ECHH HACTHLA COBIA-
JAET CO CBOCH aumTudacTuued, 10 n; = (—)*/n), rae J - cuuH vacTvup). 3akon
upeobpazobanus (40) onpegensier oneparop CP B ruanbeproBoM 1POCTPAHCTRC.
Jwboit seibop CP-dasw oupeaenscer ro3moxusiil Bug CP-oneparopa. B uacr-
HocTH, ecnu O P-da3y MoXHO BHIOpaTh Tak, 410 JIarpamkKrau B3auMOACHCTBUA
komMyTHpyet ¢ onepatopom C P-4eTIoCTH, TO NPOUECE, ONUCHIBAEMbIH YTHM B3a-
MMOLEHCTBHEM, HHBAPUAHTEH OTHOCHTENBHO npeobpasosanust CP. Ilpeobpaszosa-
une (40) cnpasesnrHBo B Ana nonedt Kkpapkos u W-6030Ha, KOTOPbIE COCTABJIEHD!
H3 COOTBETCTBYIONIUX ONEPATOPOB POXKIECHHS 1 yHHUTOXeHus. [Ipy KoMOHHHPO-
santom C P- npeoGpazoBanium TOKM Mpeobpa3yTes CornacHo

Yrvabs = =Py 1 and Yyt = — Gy s (41)
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rze nons B nesoii (nMparoit) vactu BLucasorcs mpu (X, t).((—x,t) ). Honaras
HECYWeCTBeH Y0 a3y 1y PaBHOH 1, noayunM, 4T0 JIarpamkuaH B ypapHCHHU
(4) mprn CP-upeobpasoBanun npeobpazycres wic.dy lomnM 06pa3oM

(CP)Lw(CP)t = % > mep Vi (Ui (1 =)D, (42)

8j=13 .
FIC MPOCTPANCTBEHO-BPEMEHHON APTYMEHBT T B JICBOH “MACTH 3aMEHSIETCS HA
= (t, —x) B MpaBoil Yacru, YTO HE CYLIECTBEHHO, MOCKOIBKY (4) copepxnT
MHTerpupoBanye no reemy npoctpanctsy. [loatomy, ecti MoxHO BrbpaTs hazbi
TaK, 970 ' ’

nuath, Vi = Vil (43)

10 (CP)Lar (CP) = C:[ﬂ,.‘-, B PE3Y/IBTATE NArPAMKHaH B3aWMOUEHCTBUA Lin(t)
B ypaBHeHHn (3) okasbisaercs unsapuanTHbiM npu CP-npeobpasoranun. Ho-
CKONBKY Ty7; B 7, - NPOM3BOJThEBIE hasbi, CBI3ANHBIE ¢ KAXKABIM KBAPKOM, ¢op-
MYJIMPOBAHHOE BHILIE YCIIOBHE KBUBAJIEHTHO YTBEPHKACHHIO, YTO MOXKIIO TAK Bbl-
6path a3kl KBAPKOBBIX BOJIOBLIX (YHKIHH, 9T0 BCe 6 MATPUYHBIX HJIEMEHTOB
Vij cramyT BemecTsenHbIMM (WJIH, TOBOPA Bosiee TONHO, Jiobast ux Baza MoXKeT
ObITH 1I01J101eHA NEPEOTIPENEIeHHeM KBApKOBLIX noner). B obueM ciyvae, of-
HAKO, MOXIIO BBHIODATH BEL(ECTBEHHBIMH TONHKO 5 MATPHUYHBIX ajemeirros V.
HeterButenbno, Mol uMeeM 6 KBApKOBbIX NONeE, KOTOPLIE HMEIOT 5 OTHOCHTE b~
HBIX Qas.

Ecii efMHCTBEHHBIM HCTOYHHKOM HAPYIIEHNS “eTHocTu i IIpupone seasercs
CP-daza matpunp CKM, 1o toraa tpebyercsi o kpaiiHel mepe 3 DOKoieHUs
kBapkoB. OCHOBHOH 3ajadel IKCIICPHMMCHTAJILHBIX HccaenoBanull B-meaonuott
u3KKE ABSETCS MOdyYele OTBETa Ha BONPOC O TOM, ABafcTesa i daza CKM-
MATPHIbl €AHHCTBENLILIM (MJIM [JTABHBIM) HCTOYHHKOM Hapyenust CP- setHo-
CTH. '

B nacrosmee spems (nexkabpp 2001) CP-wapymewnuc B pacragzax B mesona
cHMTAeTCs TBEPAO yeraunosiexnsty |11], {12]. Tenepy MokHO CYHTATH AOKA3AH-
HbiM, yT0 CP-daza CKM-Marpunsl npaBrinio 06LACHAET HEPAPXHIO HApPYINC-
unst CP-yerHocTn B 3dpdextax cMemupanus u ciabeix pacnagax K-me30H0B, a
TAKXKE OUAPOBAHHEIX M IIPETECTHBIX aponoB. B vactrHoCTH, MexannzM CKM obb-
acuser, mosemy napymesnue CP vano s K-K cvewnsamun (ex) n K — 7 pac-
najax (g'/e), nouemy napymenve CP HACTOIBKO MAJIO B PACIALAX OHAPOBAHHRIX



17

YACTHL, YTO OHO HE MOXeT ObITh OOHAPYIKCHO HA COBPEMEHHOM YPOBHE 3KCHEPH-
MCHTAJIBHON CTATHCTHKH, A Takxke TOT dakT, uro CP wapymenue mano 8 B — B
cuewnBanuu (€y), #o Beamko B pacnage B — J/¢ K. ObuapyxeHue HapymeHns
CP B srom pacmage nokasano, 4to CP-cumMerpusa ne Asasemcs npubauscen-
noth cummempuedi nawero mupa. Manocts addexros Hapymenus CP B apyrux
cHCTEeMax CKopee SIBJIFeTCs NposiBneHieM uepapxun Mexaimava CP-"apymenusi,
HCKJTIOUMHTCIIBHO CRABAHEBIM ¢ MaTpHyHBIME emerraMd CKM-varpuuer. Taknam
00pa30M, SKCIEPHMEHTANBHEIE JAHHBIE CBHICTENLCTRYIOT B HCKOTOPOM CMBICTE
o TpuyMde CTAILIAPTHON MOLENH.

2. Wukmo3uBHBIE 3JIeKTpOCciadbie pacnaasl B-me3ona.
OcHoOBHBIE IKCTIEPUMEHTAJIbHBIE U TEOPEeTUYEeCKHNe
dhaxkTh

Cpetrr HEKITIO3UBHBIX PCJIKHX pactasos B vesoHa pacnay B — Xy urpaer oco-
6y10 POJb, T.K. 3TO eHHCTBEHHBIN PeAKM pacna, obHAPYKEHHBIN KCIEPHMEH-
ranbho. Kak Ob110 ormeveno s uepsoit 1nase, 8 CM peakne pacnagnl B-vesona
WHJYLHPYIOTCS OJIHO—TICTIICBHIMU jiuarpamvaMu ¢ obmMerom W-GozonoM uim u-
kBapkami. B nactwocTy, pacnag b — sy 00yc/IOBJiEH 3MEKTPOMATHATHOM MHH-
reuHHON nuarpamol (13|, B koTopoit b-KBapk HenyckaeT n nornomaer W-6osor,
TeM CAMDIM ABRXKIABI MEHAA CBOH apoMaT, a GoTon nenyckaercd nan W-60301t0M,
MM M3 O/IHOI 13 3apSUKEHHBIX KBADKOBBIX JIHHMH, cM. rnany 1. W3yucHue pe-
KHX pacnafoB I3 me30Ha BAXHO U C TOYKH 3peHusi nposepku camoii CM. 3tu
pacmajbl MOI'YT OBITH MCTIOIB3OBAHBL JUIA OTMPCACIACHAS DA3JIUYHBIX MATPUUIILIX
snemenToB CKM~-MaTpunsl, KOTOpas OnpeaensieT BePOTHOCTH (JIA0BIX PACHalI0B
B CM. B yactocru, anerpocinaboie & — sy n b — dy pacnaubt OnpeaeisiioTes
marprunbivy anemerrravu Vi) u |Vig), coorpercrsenio, koropuie upakrinyecks
HCBO3MOXXHO H3MEPHTD B CNabbIX paciafax t-KpapKa. Kpome Toro, sTu pacuajibi
MOTYT OBITh OYCHb WYBCTBHTCIBHE! K Pa3fpyHbiM cxemaM obobuenns CM.
CymecTBoBanue NeKTpocabeiX pactauos, 0DYCIOBIEHHLIX MHHIBHHHBIME
JMarpavMMami, ObUTO BIIEPBbIie IKCIePHUMEHTAIBHO DOATBEPX)KAeHo B 1993 . rpyn-
no#t CLEO-II'. 91a rpynna ofuapy»mia 3eKTPOMAarHMTHBI IKCKIHOSMBHbIH
pacrian B — K*y [14]. Ornocurennnas seposrrioct, (branching ratio, coxpa-

4CLEO npeicTaBaacT COMeHOMIAAIbULIL AeTeKTop © 47 reonerpHeil. CBs3anmbil ¢ €~ ~ ¢~ yYCKopHTeaex
CESR (Cornell Electron Storage Riug) . D1oT yekopitent paboTaer B 0014CTH 3HEPridil, OTREYAIMMX MaCce
T(4S) pesonalica: MEPrua 8 CHCTRME LEHTPA MACC 3.1eKTPOH-NO3NTPOHKOMN taph pasna 10.58 GeV, r.e. ot-
peuaer uopory pomienus BB, Ten cayeid CESR spasercs naeaisnoft babpuxoft pokaenus BB w B™B~
nap, opirieM B Me3oHBl POXJAITCH MOYTH B TIOKoe : pg = 300 MeV /e,
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wenno BR) uuknosusroro pacuajia B — Xy 6uuta uavepena rpynnoit CLEO
HECKOILKO No3xe [15] i okazanack paBHOL

BR(B = X,y) = (2.32 % 0.57001 % 0.354,0¢) - 107 (44)

IlepBast OmKOKA - CTATHCTHYECKAS, a BTOPAd - CHCTeMaTuyeckas. CHCTEMATH-
yeckasl OUTHOKA BKJIIOUAET, B YACTHOCTH, HEONPENENEHHOCTh, CBS3AHHYI0 C MO-
JENBHOM 3ABUCUMOCTHIO PE3YALTATA, CM. IIHXKe. DTOT Pe3yAbTAT ObLI NonyyeH w3
anayu3a 2.2 x 108 BB cobriuti.

B 1999 r..:CLEQ npegcrapusnia yTOHeHHBIN PE3yAbTATA, OCHOBAHHDBIH yXKe Ha
anamuze 3.3 x 108 coboruit [16]

BR(B = X7) = (3.15 £ 0.35,10¢ & 0.32,5 & 0.26,69) x 1074 (45)

JIpyrue sanHble OTHOCATCS K 9KCIEpHMENTaM B obnactu ZC- muka, BLIIOMHEH-
HBIM H& yekopurene LEP. Konna6opauust ALEPH [17] usmepuia HHK/I03HBHYIO
BEPOATHOCTb, HCTIONB3YA MY HOK, COCToAuE u3 cvecu B-mezonon u Ay-Gapnonos,
ofpasyiouxes B pacnagax Z0-6030ma (orciona cumeon Hy & (46))

BR(Hy = Xs7) = (3.11 £ 0.8040r & 0.7245) X 1074 (46)

Tockonwky craTucrTrnyeckas cvech B Ay v sxencpumerdrax LEP u CESR. paz-
miyHa, 1o gaxunie ALEPH gomkwel, BooDine roeopsi, OTIHYATLCA OT IJaHHBIX
CLEO, nosyyeHHbIX H3 H3MepeHHH B OOGJIACTH 3SHEPrUi, OTBEYAIOUIHX MACCe
Y(4S)-pezonanca. TeM He MEHEE MHKJUO3NBHASH IMPHHA, H3MEDEHHAA TPYINOH
ALEPH, cornacyercs B npesenax omnbox ¢ gasusimu CLEQO.

Hepnasuo rpyuna CLEO npencrasuna HOBbIl NpenBapUTENbHELE DE3YJbTAT,
noJTyweHHbI 115t Bosee Hu3Koro obpesauns no sxepruu goronos E. > 2.0 GeV:

BR(B — X,v) = (2.85 £ 0.354 & 0.22,,) x 107, (47)

a rpymma BELLE npeacrasuia gaunsie cpaBHUMON SKCIEPHMEHTAILHON TOYHO-
cru [18]:
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BR(B — Xy7) = (3.37 £ 0.53410r £ 0.2, £ 0.54,050) x 107, (48)

B nactositiiee Bpemsi peikue pacnalbl b-KBapka HHTEINCHBIIO HCCINENYIOTC Ha
YKOPHTENAX"

e CESR B Kopuennckoit saboparopuu, tae usygacres poxigenne BB-nap B
obaacTu 3nepruit, orsedaomux macce Y (4S5) pesonanca;

o ua Teparpone s Pepuuesckoil 1abopatopuy, e BB- napur obpasyorcs B
PP CTOJIKHOBEHHAX.

Ha arux yckopurensx yxe nakowieda bonbiras crarucruka. O630p akcnepu-
MEHTAJILHBIX aCIIEKTOB, CBASAHHBIX C FTHMH YCKODHTENSAMHU, COAEPXKUTCH B [22].
Kpome Toro, B HaCTOSUICC BPCMS ILAHMPYEIOTCS HOBBIE 9YCIEPHMEHTH Ha B-
mesoniix dabprkax B SLAC’e (BaBar) u KEK (Bclle), a Taxake ycoBepuieHcTBO-
sanxol B-mezoumnoin dbabpuke Ha yekopurene CESR (corpyuunvecrso CLEO-
I1I). B mmokatimee BpeMsi IJIALUMPYETCH HOCTUTHYTH HOBOTO YPOBHS CTATHCTHKHY,
NPH KOTOpO# pamnauuounble B pacmagpl HePectanyT ObITh PEOKAMHA: OXKHMIAET-
csl, 4TO TOYHOCTL M3IMEPEHHA WHKIIO3WBHBIX b — sy pacnamos crager < 10%.
DKCIEPUMCHTAJTLHEIN IPOIPECC B CBOI0 O4Yepedb CTUMYNUPYET TeOpeTHYecKMit
HHTEPEC K M3YYEHUIO PEIKHX pachanor B-vesona.
B pacnane B — X,y OCHOBHY10 pPOJIb HrpatoT pacnagsl tuna B — K*(892)y,
B KOTOPbIX CHEKTP (HOTOHOB B CHCTEME MOKOs [3 ME30HA HMCCT PC3KHI MUK MPH
aHepruu, nprbIU3MTENLHO PaBHOH NoaoBHHE Macchl B--Meszona. [Ipyroé mexa-
HH3M OOPA30BAHHSA 7y KBAHTOB - 3T0 Tepexogsl b — cW*y u b — uW™y (rme
W* o3nauaer supryasivibiii W-6030H), 0OYCIOBICHHBIE 34DAXKEHHBIMM TOKAMH.
B s1Hx pacnajax cmekTp OTOHA HOXOXK HA CHEKTP TOPMO3HOIO U3JIydeHHs H,
CJIEMOBATEIIBHO, MMEET MAKCHMYM Npu E., = 0. D1or MeXaHH3M SBJIAETCS HCTOU-
HHKOM (HOHA; Ha NPAKTHKE (HOH OBBIYHO MOAABIACTCA HCHONL3OBAKUEM LIIXKHELO
obpesanust no snepruu dorona. TakuM 06pa3oM, B IKCICPUMEHTE MIMEPSETCS
He NOMHBIH CTIeKTP (hOTONOB, A clextp B obiacTu suepru EM" < F., < ETes,
rae BJYC = 2.7 GeV - KuHeMaTHUeCKas TPaHMLR ClCKTDA. 13 3TOro. CrieKTpa.
NONYYACTCA T.H. KUHEMGTMUNECKGA BEPOATRHOCTID
“aBR
dF,

BR(B — Xy} (EJ™") = dE,. (49)

Ellun
d

7710 HeABHETO RPEMEHH DelKHE PACTIAIB! h-KBapKa HCCNE0BAMICE TaKA#e 11a yexophTeae LEP a IEPITe,
rAe M3yHAI0och poxaenne BB-map B ofnacTu sHeprail, oTBevaKunx Macce Z°-pesonanca.
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Takum obpaszoM, 445 Toro 4robul n3 (49) nosyunTy NOMHYIO BEPOATHOCTD AEK-
TPOCIABOTO: 11Cpexo/ia HeOBXOAUMO 3HATH 00 cobriThii ¢ By > E;’,’i” 6 TMoaromy
TOYHOCTh 3KCTIEPHMEHTAJIbHBIX NPEICKA3AHN ONPEAESALTCS MOMBMO CTATHCTH-
YeCKOH H CHCTeMATHUEeCKON OMHOKM TakXKe ¥ TeopetH1ecKoN HeonpeneJeHHO-
CTBIO BBIYHCIIEHHS oTHOmeHHs R uncna B — X,y coboituii ¢ sueprueit dhorto-
roB, Gonbueit EM" x nomnomy wucity (oTonos. I1osToMy HeoBXOMHMO Hagex-
HOE TEOPETHYECKOE BhIYHCIIEHHE CEeKTPa (hOTOHOB B dfeKTpociabuix B — Xy
pacnagax. D10 HEOOGXOLHMO TAKKE M [Jisi OlpeleieHHs 6OJIee TOHKHMX XapakTe-
PHCTHK CTICKTPOB, TAKHX KaK CPCJIHSS JHCPTHS (POTOHOB W BBHICIIHE MOMCHTHE
pacnpesesennsi, KOTOPbIE B CBOIO OY€Peib MOryT ObITb MCIONB30BAHb] LIS OLpe-
nesennst dyigamentanbabix napamerpos KXJI - mosmoctioit Macent b-xpapka u
KHHETHYECKOH 3HEPIUMH TSKENOTO KBapKa B B-Mesone (23], [24].

3. Ileprypb6aruBnoe Borauciaenne I'(b — sv) B KX]I

B 370/ T/1aBe MBI KPATKO PACCMOTPHM uu‘mCJleuue'B"R(’b’——) $v) B ueprypba-
Tusnoi KXJI. D10 BLIUMCICHUE MMEET HOALY O HCTOPUIO. TeopeTniecKut mpopeIB
371CCh HACTYTTHIT CPABHUTENTRHO HOJIABHO. MIHTCPCCYIOMICMYC St THTATCITIO PCKOMCH-
JLYeTcs u3yuuTh TOAPOGHBLH 0030p [46], B KOTOPOM COREPIKUTCSE MHOIO TEXHHYE-
CKMX JICTa)ICH H pUBC/icHa NopobHas Gubiuorpadus. "

Ha 6onbmolt mxane u ~ M, rne M = m; wnu M = myy pajwanuorHbi#t pac-
uay b — sy ouncnisaercs NEKTPOCTIOON NMErBUHHON IHArPAMMON, MOKA3aHHOM
na puc. 3a. Paguauuonnsie nonpasky B KX/ BeayT K 3HAUMTCIBHOMY YCHIICHUIO
HHKJIIO3MBHOM IHPHHBI. OTH 3¢pexThl CBI3aHbI ¢ 0OMEHOM KECTKHME TJII00HA-
MH M€Ky KBAPKOBBIMHU JMHWSIME B OJHONET/EBbIX AHATPAMMAX JIEKTPOCIabOi
Teoprn (puc. 10). ’ » _

Pajimal{noHHbIC TIOMPaBKH cosiepkat bonbmue norapudubl BHa o (mp)
log™(my/M), tme m < n (n = 0,1,2,...), 91T0 ABAAETCH XADAKTEPHON “epPTOH
Joboro npouecca, B KOTOPOM MMEETCS ABA PAMHYHBIX Macitaba, B pPacCcMaT-
puBaeMoM ciydae M 1 my. UTOBH MOJYUHTH B TAKOW CUTYAIMH PasyMHbIi OT-
BET HEOOXOAMMO POCYMMHPOBATD 4JICHE! TEODHH BO3MYIIEHMIt, COAEPKAIIHe Mo
Kpaiineii mepe senympume morapudyer (LL) -

ol (ms) log"(ms/M), (LL). (50)

$Tleprottavankio rpvirna CLEQ ucnos3osata oBpeszarte No IHepryn FJ;"“' ~ 2.2 GeV. B nocieannx
JONOMEHIILIX PC3V.ILTATIX 3TO 3HAYEHHE CHHIKEHO JO E,‘,""" ~ 2.0 GeV.



Puc. 10: QCD nonpaskn k pacnazy B — Xjs.

3TO cyMMHPOBANHE BBINOISIETCA OTHOCHTENBHO NPOCTO H UCHONB3YeT TEXHUKY
penopurpynns. B enepyomey (next-to-leading-log (NLL)) npubnukenmu 1eob-
XOAMMO NPOCYMMHPOBATH WIEHBI BHAA

ay(my) (a(my) log"(my/M)), (NLL). (51)

Owmmbka LL upubimkenns B OCHOBHOM UPOSIBIAETCS B CHILHOM 3ABHCUMOCTH pe-
3yAH1ATON BhruucaeHuit or suibopa iwkausl (. OBLIMIIO COOTBETCTBYIOWIA HEONPE-
JENEHHOCTD OLEHHBAGTCH MYTeM BAPUALNHN PEHOPMATMSANUOHHON WKAJIH B pe-
genax my/2 < p < 2my. Peayawraru, vonydvennue 8 LL npubamxenun, mens-
oTest ipn 3Tom Ha +25%, uro yxe ykasbisaer ua neobxomumoctn yuera NLL
nonpasok. [lepsbie uamepenus rpynnsl CLEO (cum. (44)) comnasanu (B npexe-
Jax ownbKH) ¢ TeopeTHueckimy pacueramu B LL npubmuxenun (em. (73)), npn
ITOM KaK IKCIIEPUMEIITAJILHLIE TAK ¥ TEOPETHIECKHE OmUBKY Obi/It OTHOCHTENBHO
BEJMKH 1 CDABHUMDI 110 BeAMUHie JAPYI' ¢ ApyroM. TIoCKOubKY 3KCIIEPHMERTAIb-
Has TOYHOCTH B OukaiiieM OyayleM HeCOMHEHHO DYUET yBesMyeHa, HCHO, Y10
LISl CPABIEINSL ¢ SKCTEPHMEHTOM IIYXKHO BLIMHCIKTDL UHK/IOZMBHYI) WHPHEY C
yuetom NLL nonpasox. Dra amBuuuosHasi nporpaMMa ObUTa BHITONHCHA CPAB-
HHUTENBbHO HEAABHO YCMJIHSMH HECKOILKUX TeopeTuyeckux rpymn ([19], |20}, [21],
[25], [26], {27]).[28]). B pesyabraTe Teoperuueckas omntka LL 6una cauxena o
~ 10%, a ueuTpaviLIoe 3NaYElNE AP TOLLION WMPUHbL PACHAL YBEAHTHIACH HA
~ 20%.

B s10# rmase paccmMoTpenb! BuidHCIeRus B LL npubamxennn u KpaTko onvca-
HBI OCHOBHBIC aTanbt Reraucncans NLL nonpasok. Yurarensy, xenaoumm Honee
JETANbHO O3HAKOMHTBCS ¢ TEXHHKOH ¥ pesyibTaTamu NLL Beraucuicknii pekoven-
AYETCsT M3Y4UTL Hesasumit 0630p {8].

[TokaneM, Kax yYeT pagiaiHOHHbIX TONPABOK NPHBOIKHT K MOSIBAEHHIO HOBBIX
onepatopos 8 a¢ubexTirHoM Jlarpanxuanc. PaceMorpiry, wanprvep, pacnag
K-wve3zoua na asa unona. Ha KBADKOBOM ypOBHE ADEBECHAS AHATPAMMA, ONHCLI-
BaIOLIAS ITOT IpOLece, Nokaszaxa Ha puc. 11(a). CooTBeTcTBYWOMAR AMILIUTYA
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npOHOpLL_I‘IOHaJIbHa
G}" "/t 7 I 1 35 A 5 g
ﬁ oaVas (] (dyH(1 — +)u) (v (1 = 7)) K) . (52)

Apyrumu iioBaMn 9Ta aMINIHTYA2 OPONOPLUHOHAILHA MATPHYIIOMY 3JEMELTY
oneparopa

0, = (" (1 - 7)) (@l — ¥)s). (53)

BaaToro Moxay |K)- wn |wm)-cocrosiuusivu, OpHomersieBas nompaBka (T.e.
NONpaBKa, CBA3aHHAS C OAHOIIIOOHHBIM OOMEHOM) K 9TOH AaMIIHTYAE
nokazana na puc. 11(b). Dra nompaska reHepHpyCT HOBBLUA OHEDATOP,
(dT*y*(1 — ¥*)u) (#T“y,(1 — 7°)s) 7, koTopsiii, ncnoabsys toxaecrsa Pupia,
MOXKHO TIEPENHCATh B BUAE JHEEHOH kombunanuu onepatopos O v O, roe

Oz = (dy"(1 = 7°)s) (@yu(1 — 7)) (54)

DTOT npUMeD Jerko 00OBUMTE U Ra BHICUIHE IOPAUKM TCOPHU BOIMYIICHHIL.

§ g U s » u
qw G ¢ q W

- d - 3 9 _

d— u d 7
(2) o (b)

Puc. 11: Kpapxosbie aHarpamMyel, ONHCHIBAIONIHE AAPOHHBIE PACHA,TH A -ME30110B

TexHuuecKH BBIYHCIEHHS BHAYMAle BBIIOAHSIOTCA HA  Goubuioit - mikasie
pu ~ O(M), rae noanas Teopus CUMBALTCSA ¢ SPDEKTUBHON TCOPHCH ¢ UHCIOM
apomaros Ny = 5, 1OCIE 4€r0 HCTONb3YIOTCS YPABHEHUS IBOIOLUH (ypaBHEHHs
penopamepynnn). B pesyabprare mbt noayuacy 3bOCKTHBAYIO TCOPHIO NpH 13-
KO mxane up ~ Mp. [lonyueHHbI Takuy 06pa3om 3 HCKTHRHAIL JarpaHKuaH

73nech T* - MaTpHUBI, OTHEYAILHE TCICPATOPAM UBCTODOM TRYIILI SU (3) b hyHIAMEHTATLHOM TPEACTAR-
JIEHUF.
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COJACPKHT He TOABKO HOBYIO 3(hpeKTHBHYIO KOHCTAHTY CBA3H MOUEYHOZ0 BIANMO-
JeHCTBHUSA, NePeBOISIIEro b-KBAPK B S-KBAPK, HO i JIOIOIHHTEIBHEIE ONEPATOPh]
B JArPAHXHAHE CTabOTO B3aHMONeHCTBHA

4Gy . .
Less = \/gvfmyglci(u)oi(m. (55)

B dopumyse (55) O;,1 = 1,...,6 - wernipéx-depyuonubie otiepatopsl, O - K-
Tpocnabplii MUMHrBMHHBIAE oneparop, a (Jg - €0 1|BCTOMAPHHTHBIN AHAJIOr (CM.
Hmke). D dexrbl, 00yCHOBICHHBIE THKCIBIMH CTCIEHAME CBOOOBI, CIIPATAIILI B
aphEKTHBHBIX KaTHOPOBOTHBIX KOHCTAHTAX, OETYIINX MACCAX KBADPKOB U BUJIbCO-
HoBCKUX Koadduipentax C;, OlKChIBAKINX IDQPEKTHBEYIO BETUYHHY JIOKAJIb-
ubix oueparopoB O; B dopmyne (55). B nuaupyiomwem nopsake TeOpuM BO3My-
weHHH 300U K OT BONRmON Kadbl M BHUR [0 MIKAJbI [y ONUCHIBAETCH yPaB-
HELiHSIMH PCHOPM-TPYTITBI, B KOTOpbix koddgdunnentuvie dpynkumnn Ci{ M) sBns-
IOTCS HaMTAJIBHBIMH 3HAUEHUsIMY. JTH (DYUKIUHY BBIMHCASIOTCS B BHIE PAfa IO
Qs

ay(M)

Ci(M) = (M) + —ﬁ—-C’.}”(M} .. (56)

Pemenue ypaBHCHMIT PEHOPM-TDYNIBI HA LIKAJIE [ CXEMATHYECKH MOXKCT GHITH
3alIHCAHO B BHJIE

Ci(p) = C(M) + T (‘:’ln (—Af;)) (57)

Qs (1) w (@, (M)
+22Cn) 8 (Trln(u,2 .

rae koadruuenTs b, TOMYYAlOTCA B3 PEITeHUS PEHOPM-TPYTITIORBIX YPABHEHMUH.
KX]l- monpaBki K mMMpHHE pacita/ia BKIIOYAIOT OONPABKH ~ ¥y K MATPHYHBIM
AEMEHTAM PABITHYHBIX ONEPATOPOB M IIONPABKH ~ (5 K BUIBCOHOBCKMM KO-
urHeHTaM, KOTOPbIE BbIYMCISIOTCS Ha HESKOHCPTCTHYeCKOR Kkade . Tonbko
CyMMa ITHX MONPABOK IIe 3aBMcUT OT wp. Vcnomszya tor Gaxt, 9ro 3¢ dek-
THUBHBIH TAMUJILTOHHAH HE 3aBHCUT OT f4, MOXHO MONYHYUTb ypPaBHEHHS DEHOPM-
TPYTulbl 15 BUABCOHOBCKUX K03 duunentos Cy(u)
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d .
u@Ci(u) =75 Cj(p), - (58)

[e MATPHIA 7y TPCACTABATET MATPHIY AHOMAJIBHBIX PA3MEPHOCTEll ONepaATOpPOB
Mponegypa soruncnenwst LL (NLL) nonpasok B ahcpexrnBHOR Teopuy nosis
BKJTIOUAET CAENYIOME TPH STATA:

e Jrann 1. Ha nepsom stane monnas TeOpusi CTaAHAAPTHON MOLEIM CLUMBACTCH
¢ addexruBHoll Teopnell na mkaje u = M. Ilpu atolt mwkame MaTpHyHBIE
3leMeHTHI 011epaTopoB B 3 PEKTHRHON TCOPHM COmEPKAT Te 2Ke Jorapud-
Mbi, 4TO W B NOMION Teopud. Buibconosckue koadpduunentnr C;(M) na
3TOM 3Tane couepxar maible KX/I-nonpaeku, KoTopsie MoOrytT Obirh Bbl-
YHCJIEHB! B (PHKCHPOBAHHOM HOPS/IKC TeopHK BO3MYIeHni. B gactroCTH,
LL (NLL) seruncrienus comepxar nonpasky nopagxka O(al) (O(al)).

e Jran 2. 3arem BbIYMCISIETCS IBONIOLMS BHJIBCOHOBCKHX KO3 DHLHCHTOB
or p =M po p = pp, rae pp ~ mp. [HocKOABKY MATPHUHBIC JICMCHTHL
OTEPATOPOB MPY HUIKOH LIKAJE [y HE copepykar 60bliuX Torapu)Moe, Bbl-
uncenua B LL (NLL) npubnwkenyuu uciionb3ytor MATPHILY AlOMAJILIBIX
pasMeplocTeii nopsiaka al (o).

e Duau 3. B LL (NLL) tipnbmoxkenus MaTpuusble 3/1€MEHTHl ONEPATOPOR

< 59|O0;(p}|b > mpr g = pp DOMKHBL GLITH BHIYHCIAEHH ¢ TOUYHOCTHIO
a? (o)
s §7°

HAeupiit Bug onepatopoB O; B (55) MOXHO HaliTH, Hanpumep, B ob3opce [46].
OnepaTopsl, OTHOCSUINECS K HALIEMY PACCMOTPEHHIO, 3TO SACKMPOMAZHUMHL
NUNZEUH,

€

07‘,' = ﬁjmb(ﬂ)gaauu(l + 75)b¢.\]7uu7 (59)

H €r0 LBETOMATHHTHBIN QHAJIOT - 24W0HMBIT NUH26UH

Osc: = 5355()5a00(1 + 75) Tighs G (60)
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rje € U gs .- ANCKTPOMAFHWTHAS M CHJIbHAH KOHCTAHTHI CBSI3M, COOTBETCTBEHIIO,
a Fyy n G, - TeH30pHbIE ONEPATOPBI JJlsl 3NEKTPOMATHUTIONO 1 TII0ULOro No-
seit. Braagom oneparopor Os, ..., O MOKHO € XOPOWEI TOYHOCTHIO HpeHedpes.
Busbeorosckne KO3(D(HUHEHTH! 3THX ONEPATOPOB BOZHHKAIOT H3 ONEPATOPHOTO
CMEUIMBAHHS H HCIEHHO OYeHb MaJlbl.

Ipn p ~ My sknag marpuynoro snementa Or, B WUpUHY pacnata b — sy

papen®

G2 . .
Fo = Db 57) = S5 Va Vi e, (Myr Yy (Miv ). (61)

Muoxutens m) 5 (61) Bosunkaer u3 uByX~4acTHuroTo hazororo obméva. B
meopuu maoceans xeapvoe (Heavy Quark Expansion, coxpamenno HQE) my,
OOBINHO ACCOLMUPYETCS ¢ TOMIOCHOR Maccoll b KBApKa My pole. PA3HOCTD MeKLY
M3 (1b) U ™ oy, B 11CPBOM TOPSIZKE MO 025 PABHA

(o) = (1 — S0 AE)y 2

OTa Pa3sHOCTb HE BXOAUT B PEIYJILTAT, NONYNCHHbIN B JMIUPYIOMWEM JOrapHb-
MUYECKOM NPUOIMAKCHAN ¥ NODKHA YUHTHIBATHCS TOJIBKO B NONPABKAX K ITOMY
L PUDJIHUIKEHH ).
0 [4) i)

Dynknun cr(My) = C-‘gv.)(a:t) 1 cse(Myr) = C8(zy), ¢ = #f.— BBITTHCITS-

AuCh MHOTIMY aBTopamu. CTAHZAPTHON CCHUIKOM SIBJISIETCS CChLTKA Ha pabory
0 ,

Uramn v JIuua [47). SInHoe Boipaxkenne s Cé.,’ (z:), npuBegennoe B 3T0# pabore
HMEET BHJ

3z —2 o 824522 -T2
CO(g,) = 22257 2 ST T oT, ~ 1T 63
(@) = 2 g T T T o (63)
~322 —z? + 522 + 22
CO(My) = —2%t ) TT T IO% T AT 64
s6 (Mw) = gr—yrneet —gr =15 (64)

Yucenuo gns my = 170 GeV C(g) = —0.193 u C'é?} = —0.096.

83,‘.18(,'13 1 B JaTbHENINeN MbI npeueﬁperaeu Maccof CTPAINIOro KBapka, MNOCKQIbKY 3Ta MAcCCa BXOUIT B
KOHEYHbIE BLIDAKEHHS B BHe m;/my.
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Buipaxkenus (63) u (64) ne sxmouaror KX/-nonpasok. DBomouus narpask-
xuaxa (55) BHH3 K LIKA/E [p TPABOAUT K CMEIIHBAHHIO OLIEPATODOB

Ci{u) = Z U(p, My )Ci(My-). (65)

D10 NPHBOAAT K CYLHECTBEHHOMY YCIOKHenuio BuivucieHu#i. He yaneutennHo,
YTO MCPBBIE ZOCTATONUO nosHble Bhruncienus B NLL npubiuxennn Obinu onyd-
JHKOBAHBL, K&K OTMEYaI0Ch Bhime, Tosbko B 1996 rogy. Omsako B npubiinxenun
IABHBIX JIOTAPH(]DMOB, PACCMOTPEHHEM KOTODOTO MBI TOALKO H OIDaHHIHBAEMCs
B 3TOH ruaBe, Pesy/LIarT HOCTATOYHO mpoct: mupuHa (b — svy) cuosa onpe-
mensetcs ypasHenweM (61), B kOTOpOM, OIAKO, BEJWYHHA Cr,(p4) 3amenseTes
- “schbpexTrBabiM KO3 PHIHEHTOM ;E?Cf 4 (u) 48]

eny = OO () = R (M) + | (66)
8, 1 16 8 @
3% = )GV (M) + 7 (Miw) 3 ™,
1

e CQ(O) (Mw) = 1un = a(My)/a(p). “Maruueckue uncra” h; and a; npusene-
HBI, HAIIpEMeD, B Tabur. 23 o63opa [46]. Obpatuv punManme Ha TO, 4TO MacTab
{44 BXOAUT B ypanHeHuC (66) TONBKO Yepes Kouctary CHIbHBIX B3aHMOeHCTBUH
a(n).

Jast my = 170 GeV Céo)(p.n.’) = —0.096. Torma, vcnonb3ys

_ as(Mz) e
as(.ub) 1o Boasgyzz ]n%’Z' (67)
i 2r b
rre pp =5 GeV u a,(Mz) = 0.118, nonyyaem
CH M () = 0.695 - C1 () +0.085 - C2 () (68)

~0.158 - G () = 0.3

Ecnu npeuetpess KX /I-nonpaskamp, 10 7 = 1 1

O ) = € (M)
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TaxuM 06pazom, yxe B IPUOTHKEHHHN IIABHBIX JOrApH(MOB BOZHIKAET HONbINOI
aderT yeunenns wpruk pacnaga B — X,y {49].

PaceMoTprM Tenepb CHEKTATOPHYIO MOLENb, B KOTOPOH LINPHHA HHKJIKO3HB-
Horo pacnama B — X,y anmpokcuMupyercs naprortoit mupunoit I'(b — s7).
Hcnonb3yeM HOPMUPOBKY Ha LOMYJENTOHHY IO IMHPHHY, YT06bI n36eats Heotpe-
IenEHHOCTEH, CBA3AHHBIX ¢ MaTpryHbiMy aiemerTamMn CKM marpuis! 1 MHOXH-
TesieM My, TOrAa B TPUGTIKEINH MIABLLIX J10raprdMoB mosyyaem

I(B— Xsy) _ T(b—sy)
['(B— X.7.)  T(b— ci)

= Rﬂuarky (69)

rme
[VitVinl|? 60QED | ~0yes .3( dsr 6349)
Rpark =~ 5 —— - 1C7 " 1-—=5+—51. 70
WERT Va2 mg(p) | (1)l m; | mi (70)

B dopumyne (70) g(p) - dazoskiii 06biM B iouyscirronroM pacnaie b — cev

2
P m,
9(p) =1-8p+80" — p* 120’ Inp, p= 5% (11)

mb,pole

Hocneanuit MHOKMTEND B ypaBHenun (70) napaMerpusyeT HenepTypbaTHBHLIE
NONpaBKy K IHHPHIAM HOMYJeNTOUIIOr0 M PAaAHALMOIION0 PACIAA0OB B METOIE

OPE [23]

. ) n
5SL:£,\1+(§_6_(1_“_M_),\27 5mw=£———, (72)
2 2 flp) 2
rae A ¥ Ay - MATPHYHBIC 3JTEMEHTH ONEPATOPOB KHHETHYECKOH H LBeTO-
MACHHTIION SHEPrHu, COOTBETCTBEHHO. HAloMHHEM, 410 9TH OUepaTOpBl MOSBA-
torcs 8 HQE kak wieunt nopsiaka 1/my. 3uaverne Ay U3BECTHO M3 PACLUSILICIIH
macc B* i B me30H08, Ay = 0.12 GeV2. 3nadenne Aj ONpeeseno ¢ Fopasmo Xyji-
1Ielt TOYHOCTBIO; K CYACTHIO, OHO COKPAIIACTC B IPAKON YacT ypasHeHust (72).
Hernepryp6atushbie nonpaBke B (72) uMEIOT NOPALOK HECKOJbKHX NPOUECHTOB
H B 3HAMHTENBHON CTONEHH COKPAWAKT Apyr Apyra. [losromy nonHas Henep-
TypbaTHBIAT NONPaBKa B ypasHeruu (72) OKa3bIBACTCA COPa3/0 MEUDINE, HeM
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TOMHOCTH CAMOI'0 NEPTYPOATHBHOTO BLIYHCIEHHS Ryyark B UPHOIMMKEHHA TIaB-
Hbix sorapudMoB. OKOHYATELHBIH PCIYNBTAT BHIMUC/IEHUE B 3TOM npubiiKe-
HHU EMecT BH]L [48]

BR(B — X¢v) = (28 +0.8) x 107, (73)

rae Teoperuyeckast OmubKa, B OCHOBHOM, CBA3AHA C HGOHpPﬂeﬂPHHOPIhK) B Bbi-
Oope WIKAABE Lt

Kak yxe oTMedasnoch, monmpaBkH K })1{6nnx<eﬂmo TIIABHBIX JIorapudMoB
RKJTIOHAIOT TOUPABKY TOPAAKA O K C(?)”f [50], nONpaBKY ~ vy BOZHHKAIOLIYIO
M3 OJHO-NMETHAEeBbIX MATPHYHBIX 3JIEMEHTOB <
HETNEBBIX MATPHYHBLIX 9NMeMEHTOR < $v|0;b > ocranbhbix oueparopos. Hacrs
HONPABOK ~ y 0DycnoBnena yuerom Topmostoro (Bremsstrahlung) usstyucrus.
TeopeTnueckne NPEACKAZAHUS C YYETOM NONPABOK ~ Qg K NPHOJMIKCHHIO THAB-
HbL~ JIOTAPU(PMOB JIEXKAT B OONACTH

BR(B — X,v) = (3.34£0.3) 107, (74)

r.€., KaK ObuUIO YKA3aHO pasee, Pe3yabTaT HPUHOMMKENHsI M1aBHbIX JorapudMoB
waMensieTcs Ha = 20%, a TCOPCTHUCCKast HEONPEAENEHHOCTb yMEHDIIAETC 10

10%. DTOT pe3sysnbTaT HAXOAHTCS B XOPOUIEM COIJIACHH C HOBBIMH 3KCHEPHMEH-
TAJILIBIME Jaimnive (45) - (48)

B zakmiotorue 3ToH NCKUHYE OTMETHM, HTO TCOPCTHYECKHE NPEACKA3AHHUs L5l
BR(B — X v), 4 3KCTHIePAMEHTANLHBIE ANHEIE MOTYT OBITH HCIIONL30BaAHbBI HJIst
Toro wrobn oncante kombuHawio |V Vil /| V| snemenros CKM-marprust. Ilo-
CKOJIbKY MATPHYHBIE IEMEHTH! Vi ¥ Vi OTHOCATENHHO XOPOWIO M3BECTHEI, W3
3TOH KOMOMHALME MO2KHO B CBOIO 04€DELb ONPENEIUTD MATPHIHLIR JtemeHT |V, |-
WUcnonbsys naansie CLEO (45), ALEPH (46) v upuseneBHbie BbilIe TEOpETHYE-
CKHe Pe3YJILIaTHL, 100y YaeM

‘I‘ ’l"' = 0.95% 008,z £ 0.055 CLEO

VsV

= 0.91+0.15,,+004, ALEPH.
Vel

CpenHee 3nadenne ITHX JBYX YHCE] PABIO
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%ﬂ = 0.93 +0.09 4 0.03 = 0.93 + 0.10, (75)
ch

1ie TEOPETHUECKHE H IKCTIEPHMEH TAJIbHBIE OIIUOKH GbIId B3sITLlL B KBAAPATYPAX.
Ucnonwaya |V = 0.99 £+ 0.15 u |[V| = 0.0393 £ 0.0028 (aror marpudubil
MIEMEHT ONPC/ICIIeH U3 AaHANM3A TIOYJIENTORHbIX pacnagos B me3oHa), onyyaem

[Vis] = 0.037 4 0.007, (76)

rie Bee orHOKE CHOBa ObUIH B3STH B KBAAPATYPAX. ITOT PESYIIHTAT, BO3MOMKHO,
ABAAECTCH HanbOce NPSAMBIM ONMPENEIEHICM MATPHYHOIO 3NieMeHTa Vis. MoxHO
OXKHJATH, WTO B OyayuleM orHocuTensHas omubka 8 (76) yMeHLUInTCS N0 Kpait-
Heit Mepe B 2 pa3a.

4. HeneprypbarusHble nonpaBKu pacuaie B - Xy

4.1. Monems ACM

TIpuBeacHHbIE B JICKIHH 2 IKCMEPHMEHTAIBHBIE Pe3y.JhTAThH GbliK 11Oy 4eHEl ¢
ucnonszosanem ACM mozeny [29], [30] win momennpopamus cnexTpa doro-
1oB?. [TepBOHAYANBHO 9Ta MOAETh OhlIa IPEIIONKENA, 118 TOr0, YTOBH OLEHHTL
CUCTEMATVYECKY0 OWHOKY B MOAEIHPOBAHHH MOJHONO CNCKTPA 3JIEKTPOHOB MK
MIOOHOB B TIOJYJNENTOUNbLIX pacuagax D- u B-mesonos. Mogelih yUHTHIBAET KH-
HEMATHYECKUE OFPAHHYEHUA JIJIS CIIEKTPOR, OOYCIOBJIEIIILIE TeM GaKToM, 9To Ha
OIBITE M3MepsieTCH HC pachad cBoDogHOro b- KBapka, a b—KBapKa, CBI3AHHOTO B
anpoHe. B-Me30H ¢ Maccoll my PaccMalPUBAeTCs KAK CBSI3AHHOE COCTOAHHUE Tsl-
KENOTO KBAPKA M JIETKOTO KBAPKA - CIIEKTATOPA € MACCOH Mgy, MOCHENHAT NPe-
CTaBJIAeT NOATOHOYHK ilapamerp. KBADK-CHEKTATOp HMCCT WMIMYJLCHOE Dac-
npegenerve S(p?), rae p - 3-MMiLyJIbC COEKTATOPA. DTO pachpeaeseHne obbdIo
BLIBUPAETCA B rayCCOBCKOM BHIE

@(pQ) = \/;p}

exp (_LP‘QE) ) (77)

*Moaenn Tak MAIRARA NO MMEKM ARTODUB paGuTsI [30], HHoraa HenoaL3yeTCs 060sHavenne AC™ M.
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TJe YHCICHHbI MHOXHWTENL ONpenenaeTcs HOPMHPOBKOH
o
2
[ @(pl)p’dp = 1. (78)
0

Ecau npussate, kak 9710 genaerca B mogenu ACM, uto sHeprus b-xsapka L
B Bepunne B — bd onpezenscres 3aKOHOM COXPAHEHHS! SHEPIHWU H HMITYJIbCA

Ey=mg — \/pg + mgpa (79)

10 b-KBAPK HE MOXKET HMEThL ONpeleSenHyo Maccy. B jelictBrurensHOCT MOJED
CHEIMANBHO KOHCTPYHPYETCs TAK, YT00b! na3bexarh NOHATUA IUIOXO Olnpemesel-
HOM Maccul b-kBapka Boobue. Buiccro dbukcuposaunoi Macchi b-kBapK HMeer
miasarorgyio (“floating”) maccy

(m{)2 =m} + mi’tp ~ 2mp,/p? + mgp, (80)

KOTOpas 3aBUCAT OT |P|.

" CuexTp HOTOHOB (MM JIENTOHOB, CCIH PACCMATPUBAIOTCS TNOJYIENTOHHbIE
pacnagpt) nonydaercst ua cnexkrpa dl'y(my, E')/dE’ B pacniage b-xBapka ¢ nHBA-
PHAHTHOR Maccoh m{ (B cucreme 1OKOS B-XBAPKA) ¢ NOMOIIBIO MPEoBpazoBaHms
JIOpeHTNa U3 cHeTeMBE TOKOSL b- KBapka B cucTeMy ToKos [B-mesona. B pezynb-

TATE LIS CIeKTPa HOTOHOB B CHCTEME TIOKOs! B-ME30Ha NOIyvYaeM

darB - X)) T L,
DDA T s d
7 0/ P ®(p")

dl'(b — s7)(Ey, ms(p*))

o (81)

rze dE'(b — sv)/dE, - ciekip $oToHOB B pacniazie b-KBapKa ¢ HMIyThCOM —P H
nuiasatowedt maccost my(p*).

Crekrp ¢oTOBOB B pacnaje b — sy ¢ y9eToM pajBanuoHIILIX HONPABOK ObLl
BbiyHcne B crarbax Asm n Kpoiba [19], [20]. Ucnonksys atu pesyuvrarsl
monens ACM ans mogennposanus noutoro cnexrpa, CLEO npusomut ssadeHue
R = 85%—94%, koropoe saTem ucnonssyercs ans onpenenenns BR(B — X,v).

B nporuBoos0xKHOCTS 3KCKITIO3UBIILIM PACcTiagaM, TEOPETHYECKOE PaccMOoT-
peHre MHKJIIO3MBHBIX PACHafOB I'OPAaZIo NPOLIE, MOCKOJALKY B ITOM CJIy4ae He
Tpebyercsl MOUONHUTENLHOIO BBENEHHST KOHKPETHOH MONENH OIHUCAHHS KOHEY-
HbIX ajaponnbix cocrosiHull. Menmonnzys runoresy KBapk-agpoHHOR JyalbHOCTH
M TOT (PaKT, 4TO Macca b-KBapKa BCIMKA MO CPABLEHUIO ¢ XaPAKTEPHBIM HH3KO-
SHEPIeTHYECKHM MapaMeTPOM CHIIBHBIX B3aHMOLEHCTBHI AQep, NONHAS BEpOsIT-
1OCTL HIKTIO3UBHOTO B — X,y pacnafa TPamHLHOHHO BRIYHCHSIETCH B METOJE
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oneparoproro pasnoxcuus (OPE) [31] & repvnnax pasnoxeHns No crencHsu
AQCD/ my

BR(B — X,y) = BR(b + s7) + 0(;”%). (82)

Sta hopuyia ussectHa Kak Gopmyna 3HGhEKTHBHONO PA3IOKEHHS B METOIC Ta-
xenpix kBapkor (HQE). JTujupyomuil 4ien B 3TOM pasioKeHuH IpeacTaBiser
pacnan cBODOAHOrO KBapKa ¢ yuerom neprypbarnsubix QCD-nonpasok, y4sTsl-
BRIOLIMX HCLYCKAHME DEAJILHBLIX ¥ BUPTYAJbHBIX TnooHoB. HenmeptypbarnrHnic
nonpaski sojasncni Muoxnresen Abop/mg 1. Tor daxr, uto B (82) orcyr-
CTBYET MONpPaBKa MEPBOTo NOPsIKA 10 Agep/mp, CBA3AH CO CLIEUARILHBIM OLIPe-
JEJERHEM MACCHI TSKENOro KBapka 7, [33] (cM. Hmxe), koTopoe MOXKeT pac-
CMATPHUBATLCH KaK HemepTypbaTuBHOE 000DIEHHE NOHATHS MOSIOCHON Macchl B
KX 1.

PaccmoTprM paciiaf CBOBOIHOTO KBAPKA ¥ NPEHEOPCIKCM PagHALHOHHBIME 110
npaskamu. Torga cruekTp (BOTOHOB NPEACTABISET MOHOXPOMATHYUCCKYIO JIHHHK

dr'(b — s7v) ™m, v
T =T sy)o(E, ~ 5 ) (83)
Hos srepruit B, ne contiikom BiM3Kux K MakCcuMaJsibHOMY 3HAYEeHUIO ciekTp dho-
ToHOB dI'(b — 57)/dE, Mmoxer ObiTh PA3JIOKeH B PSf TEOPUKH BO3MYWEHHH 1O
KOHCTAHTE CHABHON CBH3M (g, UPM YIOM NEPBLIA (He 3aBHCAWHN OT (y ) YJjleH
B Py TCOPHI BOBMYIHEHHIT onpescasicres gopmynoit (83). HicHwt nopsiaka oy
“3BECTHBI aHaiuTHYCCKu [24]. Heasro H6buta BoIuncaena Tak Hasbisaemas BLM
nonpaska nopsanka a2y, rae By = 11 — 2ns/3 - omxonernesas S-dbyukuua. On-
1IAKO JIETKO 3aMETHTD, YTO BOJM3U KPas COEKTPA JIEProbBbiesiedie B Pacnaie
b-xRapka mvcer nopsaok He O(my), a A = Mp — my ~ Agep. ostomy B
3TOM 0BNACTH 3HEPrult pasioKenHe sejiercs ke no 1/m?, a ckopee no mapameTpy
1/mpA ~ O(1 GeV?), u onepaTopiioe pasnoxenye 34€ch He NPUMEHHMO. Pac-
XOAMMOCTL PAAA OMEPATOPHOTO PA3IOKeHus B 3pdeKTHBION Teopum oTseuaer
HenepTypOATHBHOMY 3(¢EKTY, CBSIZAHHOMY ¢ MITKHMH B3aWMOAEHCTBHs MU b—
KBapKa € JIEMKHMH KOUCTHTIOINTAMH. DTOT 3P]eKT, H3BECTHBI 1107, HA3BAHHEM
athdera “hepunesckoro uprkeHHa’, Moxer OLITL BKIIOYEL B 1/my pagnoxenue

UK pove TOro, CyeCTBYIOT HeHepPTYPOATHBHbIC NIONPABKH, CBA3AHHELIE ¢ CYIECTBOBAHIEM IPOMEXKYTOHHBIX
cocTosHufl ¢f. ITH NONPABKH. HMEIOT I0PAIOK 1/m? i YBCIHYHDAIOT OTIIOCHTCILHYIO BEPOSTHOCTL Ha & 3%
{32]. Lo ’
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NYTCM CYMMHPOBAHHA HECKOHEUHOTO YMCIA JHMArPAMM, OTBEYAIOMIHX HPUOJIHKE-
HHIO JTHAMPYIONICTO TRUCTA. Takoe CYMMUPOBAHHC TIPHBOJINT K TOSTRJIEHUIO B TC-
opuu “byuxuun Gopmer” F(x) [35], rae cxelinuHroBast nepeMeHHast OUpeLeJieHa
cnenyiomuM obpaszom:

z=2Br=m (84)

A
Curyauust 34eCh BIONHE AHAJOTHYHA TOM, KOTOPAsS MMEET MECTO [J1 CTPYKTYD-
HbIX QYHKUHE B riiyGOKO-HEYNIPYTOM paccesHnH B OBJIACTH, B KOTOpo# Bhepke-
HOBCKas nepemennasi £y — 1. B nactosuiee spemst se u3secTeH c10cod MOAEbHO
HE3aBHCHMOTO ONpeeeHHsT DYRKIHH HOPMES (3TO MOXKHO ObLI0 Ob B TPHHIK-
e CHeNaTh B peuterodnbix pacuyerax B KX/, omnako Takue pacueTsl HO CHX
nop nposeaenst Ke Obutn [36]). Konkpernbiit subop dynkupn Gopybl ¢ yueTom
- 1bopmaiuy 06 ee HECKONLKUX HEPBbIX MOMEHTAX ObLI HEAABLO NPELJIOKE! B
pabore {37], 8 koTopo# Takke paccmarpuBasucs NLL neprypbarusueie KX/I-
MONPABKH. :

4.2. KsapkoBas Mone/s Ha CBEeTOBOM (ppoHTE

B macrosweit 1yase MLl PACCMOTDHM MeTO) BLIYMCAEIHUs Clekrpa (OTOHOB B
" mHkino3uBHOM B — Xy pacnafie, MCNOABIYIOIMEA T.H. AVUHAMHKY Ha C8ET0-
som gponwme (Light Front, cokpaimenno LF). Bror merop Ans mMHKAOIMBHBIX
TOAYAETMONNYT PACTIANOB ObLT NEPBOHAYANLHO TIPEJVIOKeH B pabortax [38|-[41]
¥ 1e1anlo Gbul ycoBeplieHCTBoBaH B paborc [42], B koropo# Gosec akkypaTHO
651710 IPOIENAHO UHTErPHPOBAHUE IO IIONEPEYHOMY HMIYJTHCY TAMXKEJIOTO KBAPKA.
nprna AHKLO3MBLOIO paciaza B [42] suipaxaercs B repmunax GyHKuMu pac-
npeaenenns |[Y(€, p%)|* b-ksapka Ha cherosoM HPOHTC, KOTOPAs HPEACTABNZET
BEPOSTHOCTH TOTO, YTO b-KBapK HMeeT NPOJOJBHBIN UMIYIIbC (B epeMensbx LF)

(85)

fo B0
Py + D03

¥ KRaApaT HONEPETHOro uMnynkca po = |po|°. B pesyaprare Gnuia nomyuena,
HOBAA NMapTOHHAS POPMYJa AIA UHKIIO3UBHBIX WKHPUH b — ¢, YYMTLIBAIOULAS
aJIpOHHbIE TTONPABKH K IHPHHE Pacuasa csobomioro ksapka. Jra Ghopmya aua-
normsna dopmysic Brepkena u dp. [43], nonyuernoit 8 KX, ograko B npeaese
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Beckonenno manceauy b- v c—KBapKOB.

Jl19 TONYNENTOHHBIX PacTiagoB nonydentast B [42] dbopMyira JOBOILHO CNOXK-
Ha, MTOCKOJLKY OHA COAEPYKHUT HHTErPUPOBAIIYE KAK ITO MHBAPHAHTHON Macce Jier-
TOHOB, TaK 1 TT0 HIIBAPHAHTHON Macce aapoiios. CMbict 3TOH (HhOpMyJIbl sierde no-
HATDh, PACCMaTPHBasi ClekTp (GOTOHOB B 3aexTpocnabuix pacrnagax B — X,v. B
HOCJIEAYIOLIMX TIIABAX MBI PACCMOTPHM ODODUIEHHE PCIYIBTATOB, NOAYIEHEBIX B
[42] ans BerdECTeHns HenepTypOATHBIILIX HONPABOK K (DOTOHHOMY CIEKTPY M HH-
KJIIO3HBHO MHpHHE pacuaia B — Xy, Hawa uens 3akmovaercsa B 1ocn¢oBa-
TEJNBLHOM BBIHCIEHNH 3M(MCKTOB, CBI3AHHBIX C BOJHORON (hyukuuest B-Me30Ha,
KaK iJist CIEKTPa (POTOHOB, TaK W JUTA PACIpeIesieHnsl 0 HHBAPHAHTHOR Macce
anporos . KpoMe Toro. mbl cpasHuM (GOTOHHBIC CHEKTPL! H PACTPEACACHHA 110
HHBAPHAHTHBIM MaccaM aspolios, nojydennple B guHamuke LF u vogenu ACM, n
[OKAKEM, 4TO 0D 10 [X0)/it HPUBOYST K NPAKTHYECKH OJHHAKORBIM PE3VIALTATAM.

4.3. JlanpHefiinwit aHAJIHU3 NAPTOHHON HOPMYyNbI

Bhayane pacCMOTPHM METOA BHIMHGIEHM: MHKJIIO3UBHOTO CIeKTpa (hOTOHOB B
pacnasiax B — Xy s aunamuxe LF [42]. [Tonobro vogenn ACM, B kpapkosoit
MOJENH Ha CBETOBOM (DPOHTE TSIKEILIH ME30H PACCMATPUBASTCS Kak CBA3BAHHOE
COTOSIHHE TSKENOro b-KBAPKA U JIeIKOTO KBapka-cnektaropa. OQHAKO, B AMHAMHE-
ke LF oba kBapka nMe0T QUKCHPOBAHHYI0 MACcCy. B 3T0M 3akmovacTes oriuyne
ot vogemn ACM, koropoe, Kak MBI YBHMM HUXKC, HE CHRIIKOM CYLIECTBEHHO.

Monxoxn paboTel [42] OCHOBRIBAETCA 1A IHIOTE3E, O'TOM MTO CyMMA NAPIHAIL-
HBIX WIMPHH [0 BCEM BO3MOXKHBIM KOHEUHbIM a/\POIHLIM COCTOSHUIM X, COLEP-
YKALUIHM CTPAHHBLI KBAPK, PABHA [KHPUHE Paciaia b-KRapka B ¢~KBapK ( mpudeM
0ba KBAPKA PACCMATPHBAIOTCA KAK YACTHLBL ¢ PUKCHPOBARHON MacCoit my u my,
COOTBETCTBEHHO), YCPEIHEHHON 10 (hyHKIWMK pacnpejenenvs: b KBapka B Me30ie
F(€,p2). Jeraum BbBORA MOXKHEO HAUTH B OPHIHHATILHOM cratse |42]. Pesynprar
IUTSL RAPIHATRHOA WHPHIILL HAKTIO3HBHOTO B — X7y pacuaja mMeeT BUJ

L rdpide
dr = 4zl [ —”E;é f(&.p2)dr, (86)
e me .
Lo = m- (87)

3amcrum, uTO ecan npenebpeub nepTYPOATHRHBIMU ILONPABKaMH, TO KBajIpar
MATPUUHOLO IEMEHTA 3iCKTPOIaboro pacaalia ABJIsieTesl KOHCTaHTOH, He 3aBu-

HTlocneyIomee pACCMOTPCINE OCROBLIBACTCH Ha pabuTax [14], [45]
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cALEH 0T IHEPTHH, H MOXKET BRITH BEIHECEH H3-I0f, 3HAKA HHTerpana, 4to H 6LLuio
nposenano B (86).

B dbopmyae (87) my reneps MMCCT CMBICA KOHCTHTIOIHTION Macchl b-KBapka.
Hopwuuposka f(£€,p2) » (86) onpegensercs BelpakenHey

1 o
w [de [kl f(ERD) =1, (88)
0 4]

e MuoKETeb 1/€ obyciosien nopvmposkoii B — bd sepummiint [51]. ®azoshii
obbém dr pasen

dr = 8l(py — q) B dBs, (89)

“nibepeM oCb Z BIOJb 3-BEKTOPa q, Toraa ¢4 = 2B, ¢ =0, roe g+ = g t ¢..
B pesyabrare dr npuHuMaeT Bug,

2 2
dr = §(m3 — %ﬂwydg. (90)
b

B nepsom npubamxernu, cautas p2 <& m7, Moxuo npenebpeus p2 B apryMeHTe
d—dynkuun. Torma, B TepMrHax cKeHIMHTOBON NepeMerHoN

2F,
= —1 1
V=37 (91)
CHEKTD (b(:)T()LHOB dl’/dy B pacnaje B — X,y nmeer nbocmﬁ BHJT
1 dI'(B — X,7)
— . T8 R 2
1-\0 dy LF(y)J (9 )
rIe
1 -
Rip(y) = —yf(y) (93)
o
"
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oG
r 2 2 g
f(&) = [ dplf(E.pl)- (94)
0
Mox110 nepenncath NPEIBYILYIo HOPpMYNY B BHAE, 3KBHBANENTIOM CTAHAAPT-

HOMY Bpipaxkenuo njist cnextpa (oronos 8 KX [52]

1 dl 2
la 2 95
rdE - AL @) (95)

rae A= Mg — my + O(l/m(,) ~ AQCD»

2k, -my Yy -z
A T l-zy

 (96)

T
a zg onpegeasercs Gopmynot (87). Tloaromy koukpeTHI BRGOP f(€) oTREUAET

crenyomeMy suibopy dyuxunn dopmot B KX

F(z) = x&;yf@)' (07)

BaMeTHM, YTO €CH Mbl HCRONB3YCM NPECKPUIILEIO CHCTeMbL ¢ GECKOHCHHbIM MM-
nynecom [38], [39] py = €Pp, n.e. mi(€) = €2M}, 10 w3 ypasuenut (92), (93)
crenyet |53]

dl' « E2f(y)dE,.

y‘l’T(EM TelepL, nolepevoe OBH2XKeHHe b KBapKa, KOTOpOMY OTBEYAET HJCH C
p% B (90). Torga ans Ryp(y) nonyuacres nemHoro 6osee CIOXKHOE BEIDAXEHHE

‘ 2 . -
Rup(y) = 2mar [ f(6,p0)de. - (98)
ITpenensr HETCrpUPOBAHKS OUPE,IESIAINTCS YCIIOBUEM piz > 0. e

P =pE B) = mi(g/y — 1). (99)
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B stom cayuae dynximst GopMbI ONIPEASAACTCA MRTCIPHPOBAHHCM (PYHKIHT Pac-

npenenerus f(€, pi) Brnpouem, kax Mpl yBuARM Janee, PA3HHUA MEXIy CHeK-

tpamu Ripg(y), onpenensiempive dopmynavu (93) u (98) uucieHHO ovellb Mada.
B npubnuxennn ¢BOGOAHOrO KBAPKA.

fl& 1) =66 = &)%) (100)

NOJHASA MHKJLUO3UBHAS HpuHA B-mesona ['(B — X,v) coBnagaer ¢ mupHHoit
I'(b — sv) pacnaga csofonHoro b-xsapka, u Cnekrp (OTOHOB NMPEACTABIAET
MOHOXPOMAaTHYecKyl0 antnio, cM. (83). OnHaxko MOCKOTRKY TAKCNBIH KBAPK B
Me30He mBukercs, 1o O-bynkiys B (83) TpaHchopMEDPYETCS B UHK KOHEUHOR
HIHPHHBL. DTOT 3DDHEKT UEAHKOM OTBETCTBEHEH 32 3AI0JHEHNe HUTEPBAIA MeX-
oy mp/2 n kEHeMaTHYecKOH rpatuueil 8 pacnage B mesona Epq, = Mp/2 12,
Y6a sepaxkerus (93) u (98) oOHAPYKHBAIOT OTUCIIMBbIH 11HK, KOTOPHI® OYeHb
HE CUMMETPUYEH. DTO NPUBJICKATENLHOE CBOHCTRO MOJCHW, TIOCKOJIBLKY OHO CO-
rnacyercst Kak ¢ npeickasanuem KX/, Tak v ¢ sKCnepuMeHTAIbHEIMH JaHHBIMY .
Jpyro#t MCTOYHMK [OHBIENUS HETPUBHAJBLIOTO CHEKTPA OTOLOB — yUeT nep-
TyPOATHBHBIX 1IOIPABOK. IJTH HONPABKH CRA3aHBI C HCMNYCKAHMEM TOPMO3HBIX
100HOR ¥ ¢ l-neraesbivMu adpdexravn [20]. Met B ocrosrHOM Oyuem paccmar-
puBaTh HeneprypbaTuBHble 3¢hdEK T, cBA3ALNLIE ¢ DEPMHEBCKHM JIHHKCHUCM,
a neprypbaTHBHbIE MONPABKY He OYJEM PACCMATPHRATH BOODTIC, OTCHUIAA HHTE-
PECYIOMIErOCs YHTATENA K OPUIMHANThHBIM paboTam [20].

4.4. PyHxuus pacnpefeyieHUs b-KBapKa Ha CBEeTOBOM ¢hpoHTe

SiBHoe Boipaxkenne DOKOBKUX KOMIIOHENT BonHOBOH (pynkinn B-mesona B KX/
ge m3secyto. [losromy HeoOGX0MMO BRIOPATE KOHKPETHBIA BHJ BONHOBON dbyHK-
uny B-me3ona. Koneuno, npu 3TOM B Halll aHAJIH3 TIPHBHOCHTCSA 3JEMEHT MO-
AenbHOMt 3aBUCHMOCTH. B onpasianue 3aMeTnM, YTO Takad e MOACHbHASA 3ani-
CUMOCTh CONEPXKHTCS B opuruHajbaol monen ACM. Bupouews, u 8 KX/ Teope-
THYECKUH aHANM3 KPas CueKkTpa B pacnajic B — Xy Takke SBIAETCH MOJENLHO
3aBUCHMBIM. MOXXHO TONBKO HAIEATHCS, YTO 3ABHCHMOCTD OT BLIBPAHHON MOAEIIN
He Bestuka. TakK 910 MM He TAK Mbl YBHAMM HHXKE.

B pgasnieifinicm Mbl pacCMOTPEM ABa TUIIa MOACTbHBIX (byHKumniL. Ilepsoiil u3
HUX FABISCTCS YHCTO peHoMenoNnornueckum. Bonuosnie hyHkipu sroporo tuna

12Orserna, YT, CTPOrO rOBOPH KOHEI CTIRKTPa PACROIONCH B Touke (M3 — (i + miy)?]/20p ~ 2.60 GeV’,
T.€. HEMHOTO HIke Mp/2 ~ 2.64 GeV.
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HONYYAIOTCsl YHUTAPHBIM IpeoHPA30BAHHEM BOJHOBBIX (DYHKIIMA KOHCTHTIOSHT-
HOt KBapKOBOit Mogenu [54]. HanoMuus, 9t0 911 nocsiemme GpyHKIME OTBEYAIOT
OTTHOBPEMEHHOI TEOPHHL

B kadecTBe (heHOMEHOMOPTIHECKON (DYHKITHH Mbl paceMorpuM HpVHKUKIO. Biep-
BBIC HPEATOXKenIyIo B paboTe [55] npu pacemorpernn dopm—daktopos Uarypa—
Baitsc, a saTeM nCnonb3oBanHBL B paboTax [39], [41] naa yuera nonpaBok K
pactianam B-Me30Ha, 0BYCIOBIEHHRIX CrO CTPYKTYPOH KaK CBABAHHOTO COCTOR-
HUS TAXKENOrO M JIETKOro kpapka. COOTBETCTBYIOIAA BONHORBAS (DYHKINA 3anu-

CLIBAETCsL B JOpeHU-uiBapuartioit popye

A
B(pl) = Nezp(~ Svsv) = N oxp(~5 ), (101)

2my,

TAe Up W Uy — 4-CKOPOCTH b-KBapKa M KBapKa-CTEKTaTOPa, COOTBETCTBCHHO,

pp = Mpup, py = myuy, & £, = |/|p[2 +mZ, — sHEPrAA KBaDKA-CIEKTATOPA.
Mpt uenionbp3yem yClIoBHe HOPMHPOBKH

2C 202
/ papt Pl _ (102)
b0 2
B 3"[‘0Mv C.Hy qae
. T 2A
NP= 2 103
N AGYA (163)

roe Ki(A\) - dyvkuus Max—lonasvaa mepsoro poma. Torga dyukuus
®(p?) = ¢?(|p|)/2e, npencTaBaseT MMIYNLCIOE pACTIpeleNeHHe KBapKa
cekTatopa B crereme nokost B mesona. Hepeinzem ot ET k LEF umnyincam,
OCTABHB MOMNEPETIHBIE HMIIYHbCH He H3MEHHBIMH M MOJATAS

o= (T —pT Y = —(pt L 04
piz = 507 — ) = (P P ) (104)

Kak Jist b-kmapka (i = b), Tak u aan kBapka-cuekrtatopa (¢ = sp). B LF kuue-
MATHKe BeJIHHMHEBL € ONPENesOTCs CIeRyOIHM 00pa3om

+ +

D, Dy o
gsp = P_;f’ gb = P_Er (105)
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rae pi +pl, = Pg. B cucreme nokon B vesona P = Mp. Torna ans dynxuyuu
pacupenesenns's

PV2(€,p3)

Tie (106)

; 1
2y — _
f(€1 pJ_) - 871'
HOPMEpPOBaIHOH coryacHo (84), monmydaem

N 2 AN/1— 2
f(fypl)zmﬂ%g—)exp [_5( £0£+1£—0£(1+:z_§))] , (107)

sp

e & = mg/Mp. @yukuma (107) uveer peskuit nuk npe p2 = 0, £ = &.
B nocnegyomem Mbl GyneM ccuiiarsest Ha BOMHOBYIO dyukimmio (107) kak Ha
sapHaHT A.

A priory, HE CYWECTBYeT CBA3H MEXKILY WMIYJThCHRIM Dacnpepenenuem b—
kBapka P (p?), noNyueHHbIM M3 OUHOBPEMEHHON DYHKIUH KOHCTHTIOSHTHOH KBAp-
KOBO# MOJiesin ¥ pactipejicsichuem 1(x, p? ), 3aNECAINILIM B TEPMUHAX NEePEMeH-
HbIX CBeTOBOrO (ppoHTa. OAHAKO ONHCAHHASA BBIIE NPOCTAs KHHCMATHYECKAA 3a-
MEHA MepeMelllbiX H03BMIIsEr 1IPeoOPA3ZOBATh HOPMHPOBAEHOE DELIEHHE YPaBHe-
1z Ipejuurepa B HOpMUPOBAHHOE PELIEHEE YPABIIEIHSI JBIKEHNsT HA CBETOBOM
dpouTte. Ilpn 3TOM B3aNMOJICHCTBHE B YPABHEHHUH 1A CBETOBOM (hpoHTe nosyya-
©TCst YHUTAPHBIM NMPeobpa30BaHueM HOTEHIHaNa KBapkoBoll Moaemn. ITockosibky
0AHOBpeMeHHAas (DYHKIMA KBAPKOBOH MONENH 3aBUCUT OT OTHOCHTENLHOTO HM-
nyJibca, bonee ynobHO HCIONb30BATL BMECTO CHCTEMBI MOKOA B Me3oHA cucremy
LIOKO KBapK-aHTHKBAPKOBOH napbl. XOTA 3T LBE CHCTEMBI COBNAJAIOT B OLHO-
spemenHoM opmanuame, B JUIAMEKE Ha CBETOBOM (POHTE OHM IIPEACTABJSIOT
pasNuYHbie CHCTCMBI OTCYETA. :

[pumenss ykasaHHOe NPeobpPasOBAHHME, TONYYMM CRs3h MCXK/Y BOJHOBOMH
bynkipKit Ha cBeToBoM (BpOHTE M BONHOBOH (QYHKIMEN, MOJYUEeHHON B OJIHO-
BPEMEHHOM TAMMJIBTOHOBOM MOJAXOHE

(&, 1) = (Op./0€) (P’ + p2(€,P0))- (108)

Asupiit By skobuaka nepexoyia OT NEPeMCHHON P, K HepeMeHHOM € 3alaH, Ha-
nprMep, dopmynoit (10) paborst [41]. MimenHo Takue yHKIHH HCTNOIB30BAIKCH

1337¢cL 1 b JaInUelimenm £ = &,
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B HEJABHHX BBIUHCJICHHMSIX BpeMeHH xu3un B, Mesona [56].

YTo6h OUEHHTH MACIITAD MOACIBLHOMN 3ABUCHMOCTH PE3YJILTATOB, Mbl PACCMOT-
PHM BBINICACHHE HEPTeTHUECKOTO CHEKTPA (HOTOHOB, VICTIONL3Ys! TPH PAa3NHTI-
HbIE BOJHOBLIE DYHKIMH Ha CBETOBOM (DPOHTE, OTBEYAIOHIHE B YKA3AHHOM BbIIIE
cmblicsie HepensTusucTckuM Mozeasy IS (Harypa-Ckopst) [57] u ALL [58], a rax-
HC pelsTHBU3oRanHOi krapkorofi Mosicsn DSR [59]. O aHoepemennas gonHOBast
dyuxmus IS orrevacT rayceosekomy pacnpesenesmo @ (p?) (T.e. Tomy xe camo-
My PACHpeleJIeHHIo, KOTOpoe 00bYHO Henonb3yercsa B mogean ACM) ¢ depmu-
epckuM uMnynbcom pp = 0.43 GeV. Jns sonsossix dyrkuuit moseuicit ALT n
DSR MBI MCTONB3YCM TTPOCTYIO aHANHTHUECKYIO HAPAMETPH3ALHIO OLHOBPEMEH-
HBIX BOJHOBBIX (DYHKUHI B BHJE CyMMbI FAYCCOBCKMX “JIEHOB

Y(p) = 3 ciexp(—aip?). (109)

Tabamra 1 . 3naveHus napaMerpos ¢; (B €IHHAAX GeV~3/ N u o (B ean-
HAAX GeV’z) B aHaNUTHuUecKol napamerpusauud (109) BonHoBBIX (QyHKUME
B me3ona, oTsedalomux norexipaiam ALT v DSR. BosHosbie $byHKIH HOpMHU-
POBAHEI COTIACHO 291/;2(p)p2dp =1.

Model | oy ay Qa3 ay | c c2 c3 C4
AL1 149792184 | 0.638 | 0.097 T4.845 1.839 | 0.128 | 0.097
DSR |5.294 | 2.022 | 0.758 | 0.233 | 1.448 | 2.303 | 0.650 | 0.067

Hapamerpsl ¢; u o; upupegeunt B Tabn. 1. OcHoBHOE pasnmyume BOJHOBBIX
dbyHkiMi yKa3aHHBIX KBAPKOBEIX MOJEIEH 3AKIIIOMACTCSH B NOBEACLMH BOJIHOBEIX
byBKURI 1pu GonbiEx uMnysincax. JdasbHeiiuee obcyxaerne cM. B pabore [56].
MoxxHo AyMarh, 4To pazbpoc Pe3yIHhTATOB, NOJYYEHHBIE A PASANYHBIX MOAE-
JIe, MOXKCT CIY’KUTh AJA JOCTATOMHO HAAEXKHOH OUENKH MOAEALIIOR 3aBHCH-
MOCTH NONMPpaBOK, BOZHNKAIONIHNX IIPK y4eTe (bepMVleBCKOFO OBH2KEHHA TAXEAOIO
KBAPKa B JHHAMHKE CBETOBOIO (DpOHTIA. '
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4.5. Burbop my

B upeasiayuiem pasnene Mbl OObACHIIH HeNepTYPOATHRHEIE ACICK LI BLIYHCIE-
Hust criekTpa Gororos B pacnase B — X,v. Teneps MBI NpOROAXKHM Hale pac-
CMOTpEHHE W OBCY (UM YHCIEHHbIe PE3YILTAThl. MBI NPOAHATH3HPYEM HyBCTBH-
TEJILIIOCTH CHEKTPOB H MX MOMEHTOB K Buibopy BOsHOBOH (pyHkuuu B-ve30HA.
Mui BoiamcszEM cneKTpsl (GOTOHOB, HCNIONL3YA KAK BLIpaxkenue (93), B KOTOpoM
npenebperaeTcs NOMePEUHBIM UMMYbCOM b KBapka, Tak u dopmyny (98), B xo-
TOPOH 3TOT HOUEPEYHBIN WMIYJILC YUHTHIBAETCH. Mbl ucrnonnsyeM 4 ¢GyHKimn
pacupenencuus |1(€, p2)|?, KoTopbie 0bcy>xaamICh B APCABLAYEM pasaete. B
cydae A MBI HCIOAB3YCM 3HadeHust Maccut b kBapka my = 4.8 GeV u maccn
KRapKa-CIeKTaTopa Mg, = 0.3 GeV, a nns mapaverpa A HCromk3yeM 3i1aueHye
A = 2. 3TOT BLIOOP MOTHBUPOBAH HPC;(biAyIIHM H3yderueM b — ¢ pacna/oB
[41]). Ons monenest B - D MbI HCTONL3yeM MACCLI KOHCTHTIOOHTHBIX KBAPKOB,
Ka3aHHble HIXKe B Tabr. 2.

Beibop my B AHHAMUKE CBETOBOTO (HPOHTA 3aCIYXKUBAECT CIEUMANLIOLO 06Cy-
XKJICHWSA. BbIMCIenns, HenonL3youHe KOHCTUTIOIHTHYK) Macey b -KBapka, npu-
BOZAT K BeyiunHe mmpuibl (B — X v), k0Topas 3HAYMTENBHO OTIIHIALTCH
OT WEPUHE! pacnajga cBobogHoro Kpapka Iy (= 10% asas ciywaes B - D, em.
Tabai. 2). DTOT unCeHibI PE3YNBTAT YKA3BIBAET HA TOSBIEHUE JIMHCHHMIX TI0
1/my, nompasok X mmMpuHEe pacnasa csobojnoro ksapka. Ipurnna storo 3akiawo-
yaercss B BLIOOPE st MACCHL b KBapKa ee 3IHAMCHHS, B3ATOIO H3 KOUKPETHON
KBAPKOBOH MOAenn. KOHCTUTIOSHTHBIE KBAPKOBHIE MOAEH O0LIYHO MCHOAB3YIOT
3HAUCHHS Macehl b-kBapka, Kotopute Ha 300 —400 MeV Gonrme noniocHo# Maccol
M, pole = 4.8 £+ 0.15 GeV.

Hanomauu, 4T0 NONHAA HHK/IIO3MBHAS NIMPHHA pacnaa b-krapka o my. ITo-
3TOMY M3MeHenue my Ha ~ 5 — 10% npHUBOANT K W3IMEHEHHIO NIKMDHHBL PaCla-
I cBobonHoro kpapka Ha ~ 15 — 30%. YT06b ycTpaiuTh HEONpeAeeHHOCT,
CBA3AHHYIO € HCLOJIL3OBANYEM KOHCTHTIOOHTHOH Macca b KBapka Oynem uciionn-
30BaTh 1IPOCTOH (PEHOMEHONOrHIECKHH PELIENT, KOTOPLIA TPUBOAUT K TOMY, YTO
pe3yabTaThl, nony4eHHbIc B LF OuHaMuKe KauecTsenno CoOraacyorca ¢ NpecKa-
3aHUSIMH METONA Oneparophoro paznoxenus. Hanomuum, uro s mopenn ACM
1/my nonpaBku K HOJMHOR IUHDHHE MOXCHO YCTPAHWTh, CCIM NOMXOAAUIMM 06-
PAa3OM OTMPCACHAHTL Maccy b-KBapka [52] (coorsercrByOmwMe BLIKIAAKH KPATKO
ONHCanH B rJiase 5). Bynem neficTBOBaTbL AHAJIOTHUIHLIM CIOCODOM 1 OUDEAEAHM
Mmaccy b-kBapka 1y

My = my + omy (110)
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w3 ycnosusl §{MMy) = To, TAE

7= | yRir(y)dy. (111)

ST

OrmeTnM, a0 yeaosue (111) B TOMHOCTH COBIAJAET C yCJIOBIEM, HCTIOTb3YEMbIM
8 HQE nns onpesenenus nonwocHoi macent b-ksapka. Kak Mol cefiuac ybegmu-
Cs1, TAKOE ODDE/CIEHHME 1My BIOJEE AOCTATOYHO, AJsi TOrO 4T00bl KA4eCTBEHHO
cOrmacoBaTh peaynbraThl Metoga LF ¢ pesynpratamu HQE M. Bouwio 661 3aman-
WHBO YTBEPHKAATh, YTO HOBOE ONPE/CJIEHHE Ty TPHBOAHT K COKpaweunio 1/my,
nonpasok. OjiHAKO YOEAHTLCA B 3TOM QUAAUMMUHECKY B ODIIEM CIIydae JOBOJILHO
tpyaso. Cymecrsyer TOAbKO OJHA TOUHO PEILAEMASI MOJIEb, B KOTOPOH BhIKJIAI-
KM 04EHb NPOCTHL ¥ B ABHOM RMIE IEMOHCTPHPYIOT YKA3AIHOE COKpalleHue. B
OCTAJBHDIX XKEe CIAYYAFX MbI JIOJDKHLL CKOPEe OMUPATHCA Ha PCBYILTATHL 4HCIEH-
HBIX pactcToB. Hadnem ¢ aHATATHIECKOH MO/icv.

Paccmorpuv Mozens, B koropoil ciekTp POTOHOB ONPCAENsiercst yPaBHERUEN
(93). a dyskups pacnpesneacrusa ypasaennem (107). B stom cuyqae

fe) = Ago—,i(;)exp -5 (724 =] (112)

Tenepb HETDY/THO TIOJAYYUTL HBHBLIC BbIDAXKEHH N5 BOJINYIHUIL

1 1
Rip= /RLF(y)d% 7= /yRLF(y)dy
0 )
Hpocfme BBHIYHC/IEHHA TIPHBOAAT K CJISAYIOMEeMY pesyabTary:

1 :
(1= 2692 + E3rs), (113)

1
1 - y = —
(1 —&oke), ¥ -

Rip = —
Zgy
rae kn = K (A)/Ki(A),n = 2,3. lloupaska ~ 1/Mp B Bripaxcuuu aua Rip
MOXET TENEPL ObITH BKIIIOYEHA B HOBOE OLPELEeHue Myp. JelcTBHTeNBHO, Tpe-
ueGpexxem £2 n nonoxum 1My = (1 — &gkz) My, Toraa HeMeANenHO oAy nM

MTIps 3T0M MOOpABKH, 0OYCIOBIEHHKE IHEPIHRl B3I h~KRAPKA, B 3HAYWTE/BHOLN CTeNCHH KOMIRHCHDY-
HOTCA CIBUIOM X0 KOHCTHTIOIHTHON MACCHL.
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Rip =1+ 0(1/Mp). (114)

TO BbipaskeHue CORepKuT nonpasky ~ 1/M3, onsako ¢ TpebyeMoil TOYHOCTBIO
D710 BbIp e cone aBky ~ 1/M3, Hyemoii

1/M} B (114) moxHO 3aMeRuTs Ha 1/mj. Taxum obpaszom nonydaem xcraeMbiii
peayanTaT

Rrp =1+0Q/m}). (115)

Tabanna 2 : 3HAYCHUA KOHCTHTIOOHTHBIX MACC KBAPKOR My H Myp (B €AMHHELAX
GeV) yus mogenet A - D. Takxke ykazaus 3pauendst 1y, onpesencuuasie HQE
yoiosem < z >= 0. 3naukn @ w @ ograuaor, yto Rrp(y) Bhrmcascres ¢
ncnonn3oBakveM ypasueuuit (93) u (98), coorBercTBeHHO

Modl] A | B | C | D
m, | 4.80 | 5.20 | 5.227 | 5.074
mep | 0.30 | 0.33 ] 0.315 | 0.221
A\ 476|472 | 476 | 4.68 |
ml 473468 473 | 4.60
mpC™ | 473 [4.68 | 4.73 | 4.60

Has moneneii B - D nosiyunTs allajlOrHYHBIN aHAJMTHICCKHE PC3yJibiaT Kpaiine
cAoKHO. B 3HAYHTEILHONH Mepe 310 CRA3AHO ¢ TEM, YTO B 3TOM CIIyqae Hym-
HO HCTIONB30BATh CUCTEMY HOKOSI KBAPKOB, a He I3 Me30HA, B KOTOPOW sikoDHaH
nepexoga OT TICPeMEHHOM p. K “IPOJONBLHOMY MMIIYNbCY' € MMCET JOCTATOYHO
rpomo3akui Buig. OOHAKO THCIEHHbIA PC3YABTAT BBEACHHS MONHGbUUHMPOBAHHONR
MACChl 17y TOT 2Ke caMbiil. ITO HAMOCTPHPYCTCs. pesynvrataMu 1abn. 2. B stoit
TabHLe NPUBE/IeHBI 3HAMEHH T7lp, BHITHCASHHDIC ¢ UCIIONDL30BAIHEM KAK TOYHON
dbopmynet (98) pa doronroro cnektpa Rir(y), Tak v npubanxenuoi popmy-
asi {93), B XoTOpOH npeHebperacTCst NonepeuHniv ApxenteM b-ksapka. Xors
caMu 3HaeHus My ¥ 3aBHCAT ot bopMb yHKIMM pacnpenesichus f(€,p3), sta
3a.BHCHMOCTD HE BEJHKA: JIJISI BCEX PACCMOTPENIILIX MOTesell 3HAUCHUA My yKJIa-
JiiBatorc B y3kuil unrepsan 4.6 - 4.7 GeV (cv.taba. 2). Bee atw 3Hauenus He
TPOTHBOPEYAT 3HAYCHHIO NOJIOCHON MACChl b-KBapKa My pole = 4.8 £ 0.15 GeV
[60].
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5. CpexTpsnl (POTOHOB M MX MOMEHTBI

CrexTpel ¢hoToHOB, nonydenunnie u3 dopmya (93) u (98) nokazansl Ha puc. 12.
Pazanunple KpUBHIC HA 9TOM PUCyHKe OTBeTaloT moactsM A - D. [Jas kax o
MOJEJIH OVIENBbHO MOKA3AHBI CTICKTPLL, MOXyYeHHble u3 ypasueuuil (93) u (98).
[okazannl TakXKe cnekTpel, Beraucierabe 8 Mogean ACM, KOTopbie Mbl PaCCMOT-
puM Hike. MaTerpainl or crnekTpoB (HHKMO3HBHbIE BEPOSITEOCTH) H MOMCHTEHI
npuBegeHbl B Taba. 3, 4, 5. BaBHCHMOCTb Pe3yNLTATOB OT BLIBOPA PaBIUHBIX
dyuknmit pacnpenesenus W vacch b—kBapka wIIOCTpHpyercs B 1abn. 3, rae
IPUBEAEHb! KAK HHKJIIO3HBHBIE BeposaTHOCTH Ryp(my), Rir(My), Tak u ananorny-
uble Beanaunbl B Mogenn ACM. Cpenusia aneprust GOTOHOB, HODMUPOBAHHAS HA
Mp/2, u MomenTst 32 1 43 npuBeseibl 8 Tabi1. 4 u 5. Kak o B npejsuymmey ciy-
4ae, Mbl [OKA3BIBAEM PE3YJIbTATHI, TOJLYYEeHHBIE C HCHOJb30BAHUEM YDPABHEHHA
(93) (Tabn. 4), raxk u u3 ypasrenus (98) (rabn. 5).

3aBHCUMOCTE MOMEHTOB 7 OT 1My JAOBOJBHO Cabast, B OTJHYIHE OT MOMEHTOB
dyuxuun dopmer B KX

<a">= [ 2"F(z)de. (116)
—2Mp/A

Tlocnennue 0YeHb TyBCTBHTEALHBI K pasHuue mexay Mp u my. B wactHOCTH,
3aMEHa My HA 1y IPUBOAHT K OYUCHb GOTLIIOMY W3MEHEHHIO < #2 > 1 < z° >.
OTMOTHM7 YTO MOMCHTbHI < 2 > u < z3 > CUJIBHO 3aBHCAT OT BbI60pa. Moae-
mu. Hamn pesynerarsl oas < £2 > OTHOCHTELIO MaJbl, x0T (s Momed D)
COTTACYIOTCS € Pe3yanTaTom paboTsl [37] W He MpOTHBOpEuYAT PC3YJIBTATY, MO-
JYYEHHOMY M3 TIpaBun cymm : < 2 >= 0.5. 9to o3nauyaer, uto LF noaxon
MOxeT ObITh corsacoBad ¢ KX/] onncanneM pH yelIoBUH, Y0 KBAPK-CIIEKTATOD
SIBJSETCH PENSTHBHCTCKHUM. DTOT BBIBOL COTJIACYETCS € AHANOIHYHDLIM BBIBOLOM,
nosyueHEBIM B [52] ans Mozesn ACM.

Table 3. IlponuterpupoBanibie no sHeprau cnekTpul ¢poToros Rip n Racag,
BHIMHCJIEHHBIE € HCHONb30BaHUeM Bbipaxkennii (93) ( aromy caydai oTBedaer
pepxunii praekc Y n Rpp) u (98) (3TOMY CIydaio OTBEHACT BEPXHHHA HHICKC
) st Bosmonbix byskumit Mogeneir A - D, onpenenéuubix shiite. [Ipupesens
TaK>Ke TPOHHTErpUpOBanHbie 110 IHeprud doTonon cnektpsi Racy(mi®™) B
mogenn ACM (cum. (117))
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Model A B C D
Rer(my)® [ 0.9 [ 09 | 09 | 09
Rrr(my)® 10.97310.900 | 0.905 | 0.899
Rir(ms)@ 10.995[0.994 [ 0.995 | 0.99
Rirr(my)® [0.987 0.986 | 0.989 | 0.974
Racy(mp©™) [1.008 | 1.005 | 1.008 | 1.003

Bamena my — 1), IPHBOAUT K M3MEHEHMIO NONLOH LIMPHHBI DACTaa W MO-
MCHTOB ¥, 32 Ha ~ 8 — 9% ans vogerneit B-D, B To Bpevsi KaK COOTBETCTBYIOLIEe
u3MeHenre I Mogcay A menbine dem 1.5% . Pesynnrarot juist 1pOHHTErpHPO-
BAHHLIX crnektpos dhoToHoB Ryp(7M) Temeph XOPOLWO COMIACYIOTCS ¢ NPCICKA3a-
HUEM METOLA OTIePATOPHOrO pasJioxenus (23]

Rope = 1+ dgrap,

rme Orap 6biio ompemeneno B (72). Just Ay = —0.3 £ 0.2 GeV? and
A2 = 0.12+0.02 GeV? Ropg OTIHYAETCA OT AHAJIOPHYHOTO BLIPAXKEHUS B MOJIC-
JH CBODOJIHBIX KBApKOB BCETO Ha HECKOABLKO npouwentos: Ropp = 0.975 + 0.005.
OTMeTHM TaKKe, YWI'0 Pe3yABTATh! A7t Ry r c1abo 3aBUCST OT KOHKPETHOM (yTiK-
UHOHANLHOH DOPMBI DYHKLUHHM PACMIPCACHCHHA. DTOT PESYIIBLTAT XOPOLUO HILTIO-
CTPHPYET OIHO U3 CIEACTBAIL 2406045101 KBAPK-AAPOIIION JyaJbHOCTH, KOTODOE
TJIACHT, YTO [aXKE Y4&CTHYHO IPOMHTErPHPOBAHHLIE CIEKTPHI He MYBCTBHTEIbHDI
K 3¢ dexTam CBI3M TAKENOro KBADKA B afpoHe. OTMETHM TAKIKe, YTO TONPABKM,
CBA3AHHBIE ¢ NOMEPEUliLIM ABHXKECHUEM KBAPKA SHAMKTENLHO MCHbILC HEOTIPEAe-
JIEHHOCTEH, CBA3AHHBIX ¢ BHIOOPOM MOKe DYHKLMH PACIPEICICHUS.

Tabnnua 4. Momenth doTounsrx cnektpos 77, n = 1,2,3, it HQE moMeHTH
< 2% >, < 2% > ;s cnywaes A - D. Duepreruuecknc cnekTpbl (OTONOB
B KBApKOBOM MOZEAM HA CBETOBOM (PPOHTE BBIYHCICHBl C HCHOAL3OBAHHCM
(93). CkeitnHroBble LlepeMCHHbIE T K ¥ onpedenensl dopumysamu (84) n (91),
COOTBETCTBEHHO.
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| Model A B > | D
" g(ms) | 0.889 [0.822]0.831]0823
glme) | 0.897 [0.88810.897 | 0.877
g°(my) | 0.806 |0.744 | 0.758 | 0.740
g°(mi) | 0.813 [0.797 | 0.812 ] 0.783
#°(my). 10.0.73310.676 | 0.693 | 0.670
() | 0.739 10.718 [ 0.737 | 0.705
<z?> | 0.390 ]0.313]0.316 [ 0.493
< —z3 > 0.377 [0.155 | 0.195 [ 0.415

Tabmnua 5. Mowmentit dorosrsx cnektpos §*, n = 1, 2,3, u HQE momenTrs
< 2? >, < 2% > B KBADKOBLIX MOgEAAX LA CBETOBOM bpoHTE. DHEpreTUIECKHe
CHEeKTPbE (DOTOHOB BHIYHCICHBI ¢ HCTIONMB30BaHMEM (Gopmyan (98).

Model A B C D

7(my) ] 0.873]0.806 [ 0.818]0.795
g(ms) 10.885(0.873]0.885 [ 0.851
§°(my) |0.78710.726 | 0.742 1 0.709
g2 (m2) |0.798 1 0.778 | 0.796 | 0.751
7°(mp) [0.712]0.655 | 0.676 | 0.636
#(p) [0.72210.695 1 0.718.1 0.669
<z?> [0.3780.295 ] 0.302 | 0.456
< —2% > [0.348 [ 0.130 | 0.176 | 0.348.

Y1oOh CpaBHUTL PEIYILTATHI, TOSYUCHHBIE B METOOE CBETOBOrO ¢bpoHTa, C
pesyabtaTaMi B Mogean ACM, BLIYHCIHM HHKJAIO3HBHEIC COCKTPbI OTOHOB B
pacnage B — X, B ynpowenro ACM-umonemn {52, B xoTopo#i cnextp ¢oro-
HOR B pacnadc csobojHOrO KBapKa MoHOxpovaTuuer (cM. ypasuenue (83)), t.e.
npeHebperas pagrannosdbiMi KX -nonpaskamu. B aToM cayyae serko nofy-

qaeM
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dI‘AC.'M £ 2113

7’5(5)

PAC JUIH KPATKOCTH BBEJEHO 0B03HAUEHHE

A a@ _
L= o | VsVl (M (), (118)
4m

m{ (p?) - mepemennas Macca b-xsapka (cMm. ypasrenue (80)) u

. 1 {m? 2
pé<e)=z(7“’—s) \ e=Mp(i—y). (119)

Crenaem reliepl 11€60bIHOE OTCTYTJICHHUC ¥ NPHBEAEM HECKOIBKO MOy YHTEIbHBIX
AHATMTHYECKHX pesyabratos [52] ana rayccoekolt Gopumbl GyHKIMu pacmpene-
nenns ®(p?), em. (77). C TOUHOCTHIO IO YNeHOB NOpAAKa pr/Mp nonyuaem

F( p0(€))+0(1w'g)
(120)

dlacy _ XM 8(e) 2 ~1’§%F—’ - 3PF (ot 202 LAl
ak, 4 pryT Mz®

B dopmyne (120) p = mZ,/p%, T(a, z) - nenounas ravma-dynruus, a sueprus
E., Bxomut Tosibko Hepes kombrHaumio pi(e), onpenenentyio B ypapuenuu (119).
Hurerpupys ypasuenue (120 no suepruu (oToHa nosydum

M} 1 Sprp

= o \/_AP/"K( )+0( . (121)

Caicar =

Onpegneaun tenepb Maccy b-KBapKa ¢ HOMOIIBIO COOTHOLIEHHS

miC M ]\/I I%C”/QKl(e

5); (122)
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KOTOPOE MPEACTABIAET HE YTO MHOE, KaK IUTARAIOULYI0 MAcCy b-Keapka, ycpei-
Rl

HeHHY0 10 QyHKuEE pacnpesenenns ®(p”). Torga nerko BUAETH, YTO NONPABKa

LICPBOTO NOpAAKa 110 1/7mp HE BXOANT B BbIPAYKCHHC JiIA TIOAROI 11HDHHDI

/\'2 (m,—l(,‘}l[)3

y 1+ 0@/m}), (123)

Cacar =
B TONHOM cornacuy ¢ obuuM yTeepagensem KX o6 orcyrcrsud 1/my-
NONPABOK K [OJIHONH HIMPUHE PACHA/A. DTO YIPAKHCHUC B TOUHOCTH AHAIOTHUHO
YTIPAXKHEHHIO, NPOREIaHHOMY paHee B 1. 4, cM. dopmynsr (113) - (115).

B nansHefiuieM HCloONbL3YEM HMITYJILCIILIE PACIPELEIIeus] (P(pz) AJ1s1 KBAPKA-
cnexkratopa, orscsaone vosienam A - D. Bo Beex cnyugaax Mbl 0OHADY KHBaeM,
yro cnekTpsl, Bhivncredasie B ACM- u LF-Mogensax nourn ToXKIeCTBEHHbI. JTO
HC Y/IMBUTENRHO, T.K.” MOXKHO HCJIEHHO HPOBEPHUTDH, ITO MACCA 7Tity, ONPEIENeH-
Hasg B LF Mozmenn, npakTHYeCKH COBIAJAET ¢ IepeMenioi Maccoi m{ B MOJIEJIH
ACM, ycpenuennoii no pacupesenennio ®(p?), M. 1abu. 2. IIpounrerpuposas-
HhiC ceKTpel GOTOHOB Racnm Ana Mogenedt A - D npencrasnens B Tabn. 3. Ounn
coBnagaoT ¢ Rip ¢ npouenTtiioi TouocTtoo. MovenTs aueprui B mojesn ACM
HoKasalnl B Tabu. 6.

Tabmuna 6. Movente 7%, n = 1,2,3 u < z? >, < 2% >, Bhluncsuennble
B ACM-mMoieii ¢ HCTIOAB3OBAHHEM WMMITYITLCHOTO DACUpeeeHns KBapKa-
crekTaTopa Aist ciayuaes A - D. QoToHHBIE CLIEKTDBI BBIYHG/IEHBL 10 (Gopmye
(117). CxeitmuuroBule NepeMenHbe T ¥ Y ONPCACICHH BhipaxcHusmu (84) n

(91), cooTReTCTBEHHO

Model A B C _D
g 0.90310.894 ] 0.901 [ 0.883
7° 0.817 | 0.800 | 0.813 | 0.786
7° 0.74310.718 | 0.737 | 0.706

<2?> [0.355[0.308[0.317 | 0.489

< —2%>[0.289]0.141 | 0.206 | 0.427

Yrobw cpaBHuTh pesynastathl ¢ gamEbiME CLEO mns dBR/dEy, , xoto-
pole ToaydaioTed B naboparopHOil cucTeMe, a HEe B CUCTeME Mokos [B-Me30Ha,
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HEOBXOTHMO BLLUIOAHHTD JOPEHIEBO NPeoOPa30BAHKE B CHCTCMY TOKO$ - ME30HA.
Pa30o6béM MOMEBIA MHTEPBAJ JHEPrME Ha WHTEPBAMBi, HCIOIL30BAKHLIE B AHA-
auzc CLEQ, u gsia kaxnoro Bbibopa DyHKINH PACIPE/CAEHHS HOIIOHHM [0~
HY'0 HOPMHPOBKY TaK, YTODLI HAMJIYYIINM 0BPA30M ONWCATH IKCHEPUMEHTANb-
Hble Jannble’®. Pe3ysinTaThl MOKA3AHBI B TabJl. 7, & HAM/YYIIAS NOATOHKA HA PHC.
13. Bee noaronky uMeoT X2/ng,s < 1, 4TO OTpaXkaeT COBPCMEHHYIO TOYHOCT
IKCTIEPHMEIITA. YCPEOHSA [0 MOAGSAM, NOJyIaM

BR(B — Xyv) = (2.5 4 0.5.5 £ 0.3001) x 1074, (124)

CIE MOCAC/HAA OLMOKa BO3HUKAET U3 MO,/ bHOH 3aBHCAMOCTH. DTOT PE3YJILTAT
cornacyercs ¢ nocenaum ananuzom CLEQ, a takxke ¢ reoperuueckoit obpabor-
oit sanavix CLEO B pabote [37]

BR(B = X,7) = (2.62 £ 060y *33 ) x 1070 (125)

Tabauua 7. BR(B — Xyv) nonyuwennbic w3 mogrouku k ganubiv CLEO n
OTHOCHTEJILHBIC BCPOATHOCTH Flic.(g99) (CM. riany 6)

[ Model [A[B]C]D |
| BR(B — X7) x 104| 2.54 | 2.59 ' 2.50 | 2.91 |
| Rlm  |0192]0158]0.174] 0218
| RY. son) [0.168 [ 0.131]0.149 [ 0.181 |

15 KoHe'HO, 370 YTIPaskHEH e HMEET TONhKO METOMINCCKH HHTEPEC, TOCKOTRKY CMEKTPbI B DACHLIC CBOBOI-
HOTO KBAPKA HEe COAepRaT pagnanuounbix KX 1-nonpasok. Tem He MeHee Pe3YJBTATBI [OY 4HTENBIILL.
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Puc. 12. Crnexrpsi (OTOHOB, BEIMHGJICHHBIC B KBAPKOBLIX MOEIAX Ha CBETO-
BoM dponTte. Ha Kaxxa0M prcyHKe OTALHO NOKA3aHhbl CLEKTPLL, BHIYHCAEHHABIC
s macent 1y 13 (93) (cnoonune avuun) ¥ (98) (nyuropawic auuun). Crex-
TPBL, BuiHHCIEHHBIE B Mogean ACM, nokasalibl Wrpux-11yHKTHPHBIMHE JHHHAMA.
Kpusoic A D orBedaior Moue/siM, OMHCAHHBIM B TEKCTE.
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" Puc. 13. Cuektper ¢oroHos B nafopatopuoii cucreme, BhIMUCIIEHHBIE nna
pa3anyHblx GYHKUEE f ( £,p2) u cooTBerCTBYOUIX 3THM DYHKLHAM 3HAYEHRH
my. ObosHadeus Te XKe cambie, uTo u Ha Puc. 12. JxenepumentalibHble JaHHEE
B3stral 13 jlokaaaa C. [nenua [61]
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6. Chnexrp WHBAPUAHTHBIX MAaCC

B paanaunonsnx pactuagax B-Me30Ha MOMHEMO CUEKTPa POTOHOB MOXKKHO H3Me-
psTh CNEKTD HHBAPHAHTHBIX Mace My auposoB, 0OPasYIOLIMXCH TPH PAcHaje.
Bennuwna My csazata co CKEHARHIOBOM NCPCMEHHOI i COOTHOICHHEM

M2 = M3(1 —y). (126)

[MosToMy TeopeTHuecKHe NpeAcKa3anist Aas CleKTPa GoToHOB MOryt buiTh Heno-
CPCACTBEHHO MEPECUHTAHB B CIEKTPH HIBAPHAHTHBIX Macc. Pacipeaencuue no
Macce agpoORHBIX COCTOsiiniA X, COREPYXAUYIX CTPayHbii KBAPK, NOIyYeHHOE U3
VMHKMOSHBEBIX Jaubix rpynuost CLEO mMveer oTyeT/uBLI MaKCHMYM IPH Mac-
ce K*, 33 KOTOPLIM BHAYANE CHEAYCT MHHHUMYM, a 3areM CHOBAa LIMDOKHI TNHK,
KOTOPBI 0OTBeuaer OOULLIOMY YUCHTY TepeKphIBaIOmHMes K-Me301nix pe3oHas-
COB. DTO TIOBC/ICHHE BIIONIE €CTECTBEHHO, NIOCKOIbKY MEPBbIM U3 BO30Y X IEHHBIX
K-mesonpix pesonancos sisnsieres K (1270). Cyuiectsyomas sKCrepumMeH Talib-
HAS CTATHCTHKA, OJHAKO, HE MO3BOJAET BhiICJIHTL BKAAJ HH OJHOTO W3 WHIHBH-
IYAJbHBIX Pe3oHaHcos, 3a nckmioienneM K*(892). Kombuuupys MHKIIO3HBHBIE
¥ 3KcKIo3uBHbE aHubie, CLEQ npuBoaaT 3HauenHe OTHOCHTENbHON BEPOATIIO-
1Ty

R _ BR(B - K'(892))
K1®92) = TBR(B = Xo)

= (18.1 + 6.8)%. (127)

Ha puc. 14 nokazaspl pacupencacHus 0 HIBAPDHAHTHOH MACCE AAPOHOB 1J181 MO-
seneii A-D. OtMernm, 9TO 3TH pacupe/ienceHust clenyer [IOHWMATh B CMBICHE
xeapr-adpounot nyanbHoerd. Vcruanbiit cnexTp B obnactn Mannix ME o« ME.
HMEeT PEe30OHAHCHYIO CTPYKTYPY, KOTODasi COBCEM HE NOXOXKA Ha CTJazKeHHbie
KkpuBeie puc. 14. Peanucrrieckas MOAENDL aAPOHHOIO CIEKTPa B JIEKTPOCIA0BIX
pacnagax B-Me30Ha 0TBEHAT OTHOCHTENbHO Y3KOMY NEKy npH Macce K*(892),
3a KOTOpeiM {puy My > My,) ciienyer kKOBTHHYYM COCTOSHUHA. DTOT KOHTHHY-
YM H OITHUCLIBAETCS! HAIIKM MHKIIO3WRHBIM COEKTPOM, KOTOPBIA ayases Goabmo-
MY HHCIY HEPEKPHIBAIOWUXCS PE30HAHCOB. B mpusejicHuoil panee taba. 7 Obutu
HOKa3aHB OTHOMECHIs Ry-(g9), MONY1IEHHBIE HHTEPHPOBAHHCM HHKJIIO3UBHOTO
crekTpa B obnactn My < My, Acuo, wro pesyibTaT HHTErDHPOBAHMY OYCHb
yyscrBuTeNeH K BoIbOpY Mu,: OTHOWEHUS, npuBcAcHHbEe B Tabha. 7 oTsevaoT
Beibopy My, = 1.15 GeV, kotopsit ucnonssoranca Karanom n Hotibeprom [37).
YepeaHsiai pesyNbTaThl N0 Pa3KbIM MOJENSM, TonyuaeM Ri-(sg) = 0.1571034,
YO Ledoxo corsacyercs ¢ ganusive rpynos CLEO.
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Puc. 14. CpanHcHue TEOPETHIECKUX NPEACKAZAHNH WIs! CLIEKTPOB HHBAPH-
AIITHBIX MaCC B KBAPKOBLIX MOJIENAX Ha cerosoM ¢porte u Mogenu ACM. O6o-
3Hadendst re XKe, 4ro ¥ Ha pec. 12.
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7. 3aKJi4uTeIbHbIE 3aMeYaHus]

B rnasax 4 - 6 Mbl 1OZPOBHO PACCMOTPCIN HOBYIO napmonhyto Gopmyly, KOTopas
IPOCTEIM 00Pa30M CBA3ZWBAET DIMPUHY snekTpociaboro pacnaga I'(B — X,v) ¢
wuputoit ['(b — s7v) pacnana coboanoro b-xksapka. XapakTepHo# yeproii u3Jio-
KEHHOTO KEAHTOG0-METAHURECKO20 TOAXOAR ABASETCA PACCMOTPCHNE b-KBapKa
KAK 9aCTHLbl HA MACCOBOH MOBEPXHOCTH M sIBHOE BKJOUeHHE 3bdeKTos, BOIHH-
KaloIUX IPU Y4YETe NONepewno2o aBuxeHust b-xpapka B B-mesone. Pesynwrar
naercs opmynamu (93), (98). Brin mpuBcAcHb! MpHMephl BHIYUCIEHNST CNEK-
Tpa (GOTOHOB B PACHAJC M MONPABUK K HIMPHHE Dacliafa CBODOLHOrO KBADKA
€ MCTONB30BAHHEM Pa3fHYHLIX DYHKUUI DACHPEUeNeHs TSOKEJIOT0 KBapKa Ha
cBeroBoM ¢porTe. Ml obHapyxuaHK, uro wupuna pacoana (B — X;y) we co-
IDEPXKUT JEHERIBIX No 1/, HONPaBOK TOABKO B TOM CIY'IAE, KONA DE3YJILTAT
BLIDAXKASTCH B TCPMUHAX HC KOHCTHTIODHTHON MACCEHI KBapKa, a MACCHl My, KO-
TOPAas ONMPERENseTCs CnocobOM, AHAJIOTHIHBIM TOMY, KOTODBIH UCLOAL3YETCH 13
HQE pns onpegenenns NOMOCHON MACCh THIKCJIOTO KBAPKA My pole- [IPH ITOM, B
nonnom corsnacun ¢ HQE, MoxHo H36exaTh Gonpimmx (M MONENBHO 3ABACHUIHX)
nonpasok nopsigxa 1/my,. 3o cornacue, OEHAKO, HOCTHTAETCH HEHON BBeJeHMs
GAIRHTA B 3HAYEHHH KOHCTHTIOHTIION MACCHI TSIKENOrO KHAPKA, KOTOPhIH B 3HA-
YHTEAbHON Creileny xomuneucupyer addexT cpasy kBapka B Mesone. Karanor
PE3YJIbTATOB NAPTOHHOI MOJICHH, coepx)amuiics B Tabn. 3, 4, 5 noKa3bIBaeT 0-
BOJIBHO XODOIUEe COMIACHE KaK C pe3yinrataMi, noiydeHanimu 8 KXJI, 1ax u
C MMEIOLLIMMHCS IKCIUEPHMEHTATBHHIMHI JIAHHBIME. MBI Taxxke yGequiuce B TOM,
410 CreKTPhl (POTOHOB, BBIYMCIEHHBIE B NAPMOKHOM TOAXOUE C 1iPUB/IEYELUEM
KBaPKOBLIX MOZeNel 114 CBETOBOM (PPOHIC, HIOUPH TOKACCTEEHHE! CHEKTPAM, TI0-
gyuenusid 8 Mogenn ACM, npy yenoBuu, 4T0 B 0BOHX Clyyasx MCHONB3Yercs
odna w ma oce ojHoBpeMenHas Gyuxuus pacnpenenenus S(p?). Ilpu stom 3¢-
(eKTHBHOE 3AYEHHE MACCH b-KRApKA 771, TPAKTHYECKH COBNAJAET ¢ Nnasalomel
maccoii ACM -mozenu, ycpeasennoti o pacupenenenuio ®(p?). Yvecrso orme-
THTb, YTO TOYHO TAKOC KC COOTBETCTBHE MUJYHYAELTCA R JJIA APYTHX KAHAJIOB
pacnajia B-mesoHa, HanpuMep, b — cu b — u |62].
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