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06maJI xapaKTepHCTHKa pa60Tbl 

HeeMoTpll Ha neeoMHCHHhle .noeTHJKCHHJI B KBaHTOBO:ii: xpoMo,n1rnaMHKe (KXIl), 

ona Bee erue ne B eoeTOJIHIUI om1eaTb "MJ1rK11e" npoueeebl <pparMCHTallIIll IIJIII 

anpoHII3aUIIII llBCTHblX napTOHOB (KBapKOB II rJIIOOHOB) B Ha6rrronaeMhIC 6eeUBCTHble 

anpoHbl. B IlOilblTKax IlOHJITb 3TII nponeeebl B IlOCJIC,lJ.HIIe .neeJITIIJICTHJI npOBC,lJ.CHbl 

MHOI'OtIIIeJieHHbIC 3KenepIIMCHThI, B KOTOpb!X IIHKJII03HBHOC o6pa30BaHIIe qaeTIIll 

IIeerrenoBaJIOeb . B eIIJihHhlX, erra6blx II 3JICKTpOMarHIITHblX B3aIIMone:ii:eTBIIJIX B 

llIIIpOKOM .nIIanaJOHC 3HeprH:ii:. B OTeyTCTBIIC IICTIIHHO:ii: TeOpIIII, Janaqa 3TIIX 

3KCilCpIIMCHTOB eOCTOJIJia B ycTaHOBJICHHH 3MilIIpII'lCCKIIX 3aKOHOMCpHOCTCM B o6pa-

30BaHHII qaCTIIll, KOTOpble Il03BOJIHJIII 6bl C03,UaTb II npoBepIITb q>CHOMCHOJIOI'II'lCeKIIe 

MO,lJ.CJIII nponeeeoB anpoHII3aUIIII, IlOCTOJIHHO pa3BIIBaCMblC no Mepe HaKOilJICHIIJI 

HOBhIX 3KcnepIIMCHTaJibHblX ,naHHblX. 

lhytieHIIC npoueccoB o6pa30BaHIIJI 'laCTIIll B e+e--aHHIIrIIJIJlllIIJIX
0 

JIBJIJICTCJI 

6orree y.no6Hb!M, 'ICM H3Y'lCHHe 3TIIX JKC nponeccoB B anpoHHblX peaKUIIJIX. Ilponecc 

e+ e- ➔ qij C O'lCHb Bb!COKOM TO'lHOCTbIO OilIICbIBaCTCJI 3JICKTpOCJia6o:ii: TeopIIe:ii:, TaK 

HaJhlBaeMo:ii: CTaHnapTHo:ii: MoneJihro1• TeopIIe:ii: He onIIChlBaeTCJI TOJihKO nocrrenHJ1J1 

<pa3a 3TOI'O nponecca - npeBpameHIIe KBapKOB II rJIIOOHOB B 3KCIIepIIMCHTaJibHO 

Ha6JironaeMhie qacTIIllhl, T. e. <pparMeHTaUIIJI HJIII anpoHII3allIIJI. TaK 'ITO II· B 

nponeccax e+e- aHHIIrIIJIJIUIIII IIOIICK 3aKOHOMCpHOCTCM B o6pa30BaHIIII anpoHOB 

Bee erue oeTaeTCJI, B OCHOBHOM, Janaqe:ii: 3KCIIepIIMCHTaJibHO:ii: q>II3IIKII. Ho II 3,UCCb 

IIOJIOJKCHIIC K KOHllY BOebMII,lJ.CCJITblX ronoB BhlrJIJl,lJ.CJIO He BIIOJIHC y,noBJICTBOpIITCJib

HblM II3-3a ,UOCTaTO'lHO orpaHII'lCHHO:ii: CTaTIICTIIKII BblIIOJIHCHHb!X K TOMy BpCMCHII 

e+e- 3KCIIepIIMCHTOB. 

CIITYallIIJI II3MCHIIJiaCh B JIY'IIIIYIO cTopoHy rrorne JarrycKa B 1989r. B CERN 

Honoro ycKopIITeJIJI LEP co BCTpetIHhlMII rrytIKaMII 3JICKTpOHOB II rroJIITpOHOB. HoBaJI 

o6JiaCTb 3HeprII:ii: II BblCOKaJI CBCTIIMOCTb LEP, 60JibIIlaJI CKOpOCTb Ha6opa ,naHHblX 

B z0
-rrIIKe II YJIY'lIIICHHhle, no cpaBHCHIIIO C rrpenIIIeCTBOBaBIIIIIMII 3KCIICpIIMCHTal',rn 

B03MOJKHOCTII B perIIcTpaUIIII qacTIIll B 'lCTblpex 3KCIICpIIMCHTaJibHhIX ycTaHOBKax 

Ha LEP (ALEPH, DELPHI, L3 ~ OPAL), HaKoHen, 'lIICToe, xopoIIIo orrpenerreHHoe 

rrpoMeJKyTotIHoe cocToJIHIIe e+e--aHnIIrIIJIJlllIIII (Z0-6o3oH) c.nerrarrII LEP I II;lleaJihHhlM 

IIHCTPYMCHTOM JlJIJI neTaJibHOro IICCJIC,UOBaHIIJI KOHC'lHb!X anpoHHblX COtTOJIHIIll 

II IIOilb!TOK OIIIICaHIIJI anp~HHblX pacmi..noB zo <peHOMCHOJIOrII'lCCKIIMII MO,lJ.CJIJIMII, 

nocTpoeHHhlMII Ha 6aJe KXIl. 
AKTYaJibHOCTb pa60Tbl. BaJKHhIM MCTO,UOM IICCJie,noBaHIIJI rrponeccoB MHO

JKCCTBCHHOM reHepaUIIII tiaCTIIll JIBJIJICTCJI II3Y'lCHIIe 3<p<peKTOB KoppeJIJIUIIII MCJK:UY 

KOHC'lHbIMII 'laCTIIUaMII. 

TaK KaK MH02KCCTBCHHOCTb qacTIIll B co6hlTIIII B03pacTaeT C pOCTOM Ha'laJihHO:ii: 

3HeprIIII, KOppeJIJlllIIII MC2K.UY qacTIIUaMII MCHJIIOT pacnpe,neJieHIIJI 3TIIX qacTIIll B 

1S. Weinberg, Phys. Rev. Lett. 19 (1967) 1264; A. Salam, Proceedings of the 8th Nobel Sym

posium edited by N. Svartholm(Almquist and Wiksell, Stockholm, 1968), p.376; S. Glashow, Nucl. 

Phys. B22 (1961) 579. 
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CTPYJIX, II II0HIIMaHIIe 3TIIX KOppemruIIil: CTaH0BIITCJI 6onee Ba)KHhlM. CooTBeTCTBeHHO, 

II3y'leHIIe KoppeJIJIUIIM npII BhlC0KIIX 3HeprIIJIX CBJI3aH0 C II3y'leHIIeM CBOMCTB CTpyil: 

H c npoBepKoil: KXIl Mo.neneil:. O'leBIIJlHhlM npIIMepoM BJIIIJIHIIJI KoppeJIJIUIIil: Ha 

pacnpe,neneHIIJI 'laCTIIU B CTPYJIX JIBJIJieTCJI HapymeHIIe Bpeil:T-BnrHepoBcKoil: q>opMhl 
__,_ 

pacnpe,neJieHIIJI IIHBapnaHTHhlX Mace pa3H0HMeHHO 3apJI)KeHHhlX IIH0H0B OT pacna,noB 

mnpoKIIX pe3oHaHcoB
2

• GToT 3q><peKT, KOTOphlil: 6hlJI o6Hapy,KeH npn LEP-oBCKHX 

3HeprIIJIX, JIBJIJieTCJI pe3yJibTaT0M BJIHJIHIIJI Bo3e-3il:HIIITeil:HOBCKIIX KoppeJIJIUHil:3. 

BhlJIO TaK,Ke II0Ka3aHo, 'ITO II3MepeHHaJI Macca W 6o3oHa Ha LEP200, BepoJITHo, 

6y,neT II3MeHeHa BJIIIJIHIIeM Bo3e-3il:HIIITeMHOBCKIIX KOppeJIJIUHil:4 • Ilo3TOMY y'leT K0p

peJIJIUII0HHhlX 3<p<peKTOB, TaK )Ke KaK II pa3pa60TKa anropHTM0B Bo3e-8il:HIIITeil:HOB

CK0ro 3q><peKTa II cpaBHeHIIe C 3KcnepnMeHTaJibHhlMII .naHHhlMH npu BhlC0KUX 3Hep

rIIJIX, CTaH0B1i;TCJI Heo6xo,nIIMhlMII )lJIJI TO'lH0ro II3MepeHIIJI MaCChl w 6030Ha. 

8cpcpeKThl KoppeJIJIUHU, CBOMCTBa IICT0'IHIIK0B 3TUX 3<pq>eKTOB, a TaK)Ke BJIUJIHUe 

KOppeJIJIUIIM Ha xapaKTepUCTIIKU K0He'lH0ro COCTOHHUJI eme ,naneKU OT noJIHoro 

noHUMaHUJI. IlnJI 3T0ro Heo6xo,nIIMhl HOBhle U3MepeHIIJI, K0T0phle He 6h!JIU .nocTynHbI 

paHbIIIe II3-3a 3KcnepuMeHTaJibHhlX Tpy,nHOCTeil:. 

IlBYX'laCTII'lHhle( Tpex'laCTII'lHhle) K0ppeJIJIUIIII npUB0)llIT K U3MeHeHIIIO Bepo

JITH0CTII Ha6JIIO)leHIIJI 3TIIX ,nByx(Tpex) 'laCTIIU B KIIHeMaTII'leCKOM o6JiaCTU, onpe.ne

JieHHOM 'leThlpeXIIMnyJibCaMII paccMaTpUBaeMhlX 'laCTUU. IlBYX'laCTU'lHb!e nII0HHbie 

KoppeJIJIUUII II3Y'laJIIICb IIHTeHCIIBH0 KaK B a.npon-a.npoHHhlX B3aUMO,neil:CTBHJIX, TaK H 

e+ e- -aHnuruJIJIUUJIX npu 3HepruJix LEP. O,nHaKo, cymecTByeT T0JibKo o'leHb orpanu

'leHHoe K0JIII'leCTB0 3KcnepIIMeHTaJibHhlX ,naHHhlX no Tpex'laCTU'lHb!M Koppem!UIIJIM. 

HccJie,noBaHue KoppeJIJIUII0HHhlX 3q><peKTOB BhlC0Koro nopJI,nKa, B 'laCTH0CTU, 

IICCJie,noBaHIIe Tpex'laCTII'lHb!X KoppeJIJIUIIM JIBJIJieTCJI TaK)Ke Ba)KHb!M 3BeH0M )lJI.11 

noHUMaHUJI 3<p<peKTOB Bo3e-8il:HIIITeMHOBCKIIX KOppeJIJIUUM. Tpex'laCTII'lHbie Koppe

JIJIUIIII JIBJIJIIOTCJI CJie)lCTBUeM o6bI'lHhlX JlBYX'laCTII'lHhlX KoppeJIJIUIIM IIJIII )Ke CJie,n

CTBIIeM TaK Ha3bIBaeMhlX UCTUHHhlX Tpex'laCTII'lHhlX Koppe_JIJIUIIM, B03HUKaIOIIlHX 

II3-3a B3aIIMO,neil:CTBUM Bcex Tpex paccMaTpIIBaeMhlX 'laCTUU. l13MepeHue UCTIIHHQX 

Tpex'laCTII'lHb!X Koppen.11uuil: CBJI3aH0 C 6oJibllIIIMII 3KcnepIIMeHTaJibHb!MII TPYJXHO

CTJIMII II3-3a Heo6xo,nIIMOCTII 6oJibllIOM CTaTIICTUKU C BhlCOKOM MH0)KeCTBeHH0CTbIO 

co6hlTIIM, no3T0MY Bonpoc cyruecTB0BaHIIJI IICTIIHHhlX Tpex'laCTU'lHhlX KoppeJIJIUUM 

.nmi 0)lH03aplIJlHhlX TpIInJieT0B, ( + + +) II (- - - ), noKa erue 0TKphlT U Hy)K,naeTC.11 

B 3KcnepnMeHTaJibH0M no,nTBep)K,neHIIU. 

fl3-3a TPYJXH0CTII u,neHTU<pIIKaUUII cTpaHHhlX 'IaCTIIU II Heo6xo,nuMocTu 6onhmoil: 

CTaTIICTUKU 0'leHb orpaHII'leHoil: JIBJIJieTCJI TaK)Ke 3KCnepIIMeHTaJibHaJI IIH<pOpMaUUJI. 0 

xapaKTepUCTUKax Bo3e-8il:HIIITeil:HOBCKUX KOppeJIJIUUM Me)K,ny CTpaHHblMII 'laCTUUaMII. 

MeTO)lOM_ IICCJie,noBaHIIJI MH0r0'laCTU'lHhlX npoueccoB JIBJI.lleTCJI TaK)Ke U3y'leHue 

2P.D. Acton et al. (OPAL Coll.), Z. Phys. C56 (1992) 521; P. Abreu et al. (DELPHI Coll.), Z. 
Phys. C65 (1995) 587 .. 

3 G. Lafferty, Z. Phys. C60 (1993) 659. 
41. Lonnblad and T. Sjostrand, Bose-Einstein effects and W mass detenninations, CERN-TH/95-

17. Phys. Lett. B351 (1995) 293. 
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UHKJII03IIBHhlX xapaKTepIICTUK '!aCTIIU u pe3oHaHC0B. IIocKOJlbKY 60JiblliaJI '!aCTb 
I 

'laCTIIU, 06pa3yrom:iixcJI B npouecce coy,napeHIIJI, Ha caMoM .nene, JIBJIJIIOTCJI npo,nyK-

TaMu pacna.na MHOh>'IHCJieHHhlX pe30HaHC0B, TO oco6eHHO Ba)KHhl 3KCnepuMeHTaJib

Hb!e naHHhle no UHKJII03IIBH0MY o6pa3oBaHIIIO pe30HaHC0B, HeCylillIX 6onee nplIMYIO 

UH<popMaUIIIO 0 KBapKOBOM CTPYKType a,np0H0B II MexaHII3MaX B3aUMo,neil:CTBIIJI 

KBapK0B u rJIIO0H0B. OTMeTIIM, 'ITO no CIIX nop He cymecTBYIOT 3KcnepIIMeHTaJibHhle 

,naHHhle 06 UHKJII03IIBH0M o6pa30BaHIIII HeKOT0phlX pe3oHaHC0B, p0)K)laIOIIllIXCJI C 

MaJihlMU ce'leHIIlIMiU II pacnan:aro:uurxcJI Ha CTpaHHhle 'laCTIIUhl, KOT0phle Tpy,nH0 

II)leHTIIq>UUIIpoBaTh. HanpuMep, po,K,neHue /~(1525) pe3oHaHca na6nro,nanocb T0JibKO 

B 3KCKJII03UBHhlX peaKUIIJIX. l13y'leHue IIHKJII03UBH0ro o6pa30BaHUJI 3TOro C0CT0JIHIIJI 

JIBJI.lleTCJI Heo6xo,nUMhlM )lJIJI noHIIMaHIIJI JlIIHaMIIKII ero po)K)leHIIJI. 

BhlCOKaJI CTaTUCTIIKa, noJiy'leHHaJI C noM0IIlbIO ycTaHOBKU DELPHI, a TaK)Ke 

xopoIIIaJI u,neHTII<pUKaUIIlI K0He'lHhlX 'laCTUU no3B0JIJIIOT U3y'laTb KoppeJI.IIUUH Me)K,ny 

CTpaHHhlMH 'laCTIIUaMII, a TaK)Ke IICCJie,noBaTb xapaKTepucTIIKU pe3oHaHC0B, pacna

,naIOIIllIXCJI Ha CTpaHHhle 'laCTIIUhl. 

UeJibIO pa6oThl JIBJI.lleT~JI 

• 3KCIIepIIMeHTaJibH0e IICCJie)l0BaHIIe IICTIIHHhlX Tpex'laCTII'lHhlX KOppen.11uIIil:. 

• II3y'leHIIe KoppeJIJIUIIM Me)K,ny 3apJI)KeHHhlMII KaoHaMII ( K+K+ II K-K
Koppen.11uIIII). 

• II3y'leHIIe KoppeJIJIUIIM Me,K,ny Heil:TpaJibHb!MII KaoHaMII ( KiKi KoppeJIJIUIIII). 

• uccne,noBaHue IIHKJII03IIBH0ro o6pa3oBaHIIJI /~(1525) pe3oHaHca, peKoHtTpyu

poBaHHoro c noM0IUbIO ero pacna.na B K+K-. 

Hay<JHaJI HOBH3Ha 3aTp0HYThlX B ,nuccepTaUIIII npo6.rieM onpe,neJIJieTCJI, 

npe,K,ne Bcero, II0Jiy'leHIIeM OCH0BaHHhlX Ha 60JibllIOM CTaTIICTIIKe H0BhlX pe3yJibTaT0B 

no a,npoHHhlM pacna,naM zo 6o3oHa B 3KcnepIIMeHTe DELPHI Ha LEP. 

BnepBhle 6hlJIII o6Hapy)KeHhl IICTIIHHhle Tpex'laCTII'lHhle KoppeJIJIUIIII )lJI.11 

0)lH0IIMeHH0 3apJI)KeHHhlX TpmmeTOBj 6hlJIO II0Ka3aH0, 'ITO KOpOTKO)leMCTBYIOIIlIIe 

( + + +) II ( - - - ) K0ppeJIJIUIIII cymecTBYIOT B npupo,ne. 

DELPHI JIBJIJieTCJI nepBhlM cpe.nII LEP 3KcrrepHMeHT0B, r.ne 6h!JIII u3y'leHhl 

KoppeJIJIUUU Me)K,ny 3apJI)KeHHhlMII KaoHaMII. 

BnepBhle 6hlJIO Ha6J):ro,neHo H IIcCJie,noBaH0 po,K,neHIIe JH1525) M~3oHa B 

IIHKJII03IIBHhlX peaKUIIJIX. 

IlpaKTH<JeCKaJI ueHHOCTb pa60Thl 3aKJIIO'laeTCJI B TOM, 'ITO npe,ncTaBJieHHhle 

B ,nuccepTaUIIII ,naHJ:Ihle MoryT 6h!Tb IICII0Jib30BaHhl )lJIJI pa3BIITIIJI TeopeTU'leCKUX 

MO,neJieil: MH0)KeCTBeHH0ro o6pa3oBaHHlI 'laCTIIUj MoryT 6hlTb IIpIIMeHeHhl npu 

aHaJIH3e C06hlTIIM Ha pa3JIII'lHhlX 3KCIIepIIMeHTaJibHhlX ycTaH0BKaX, a TaK)Ke npu 

IIJiaHIIp0BaHIIl'I H0BhlX 3KCIIepIIMeHTOB. 

O,nIIH U3 Pe3YJibTaT0B pa60Thl, II3MepeHue cpe,nHeil: MH0)KeCTBeHH0CTII /~(1525) 

B a,n:poHHhlX pacna,nax zo, 6y,neT BKJIIO'leH B Ta6nuey CBOMCTB '!acTIIU PDG (Particle 

Data Group). 
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CTpyKTypa ,nHccepTaunn. llrrccepTaumr cocTorrT HJ BBe,neHrr11, 4 rnaB rr 
JaKmoqemrn. 

Anpo6aun.H pa6oThl. PeJynhTaThI rrccne.n:oBaHrrii:, cocTaBHBIIIrrx .n:rrccep
Taumo, .UOKJia,UhIBaJIHCh Ha HayqHhIX ceMHHapax Jla6opaTop1rn 51.n:epHbIX Ilpo6JieM 
OII51II, lIHcTrrTyTa cf>rrJHKH BhlcoKrrx 3Heprrrii: TfY (T6rrnrrcrr), Me)KyHrrBepcrrTeT
cKoro lIHcTJITyTa BhlcoKJIX 3HeprJiii: (Ep10ccenh), EBpoITeii:CKoro UeHTpa 51.n:epHhIX 
IIccne.n:oBamrii: (CERN). MaTepJianhI .n:JiccepTaUJIJI 6h!JIJI ITpe.n:cTaBJieHhI Ha Me)K
.n:yHapo.n:HhIX KOH<pepeHUH11X ITO q>JI3HKe BhICOKJIX 3HeprJiii: B MopJIOH,Ue (cf>paHUJI11, 
1995r.), Ep10ccene ( Eenhrrr11, 1995r.), YITITcane (II!Beurr11, 1995r.), CTapo-JleCHe 
(CnoBaKJI11, 1995r.), MopJioH.n:e (cf>paHuJI11, 1996r.), Ha Me)K.n:yHapo,nHhIX coBeruaHrr11x 
3KcneprrMeHTa DELPHI; a TaK)Ke 6h!JIJI npe.n:cTaBJieHhI aBTopoM .n:rrccepTaUJIJI Ha 
Me)K.n:yHapo.n:Hoii: KOH<pepeHUJIJI "Hadron 95" B MaHqecTepe (AHrJIJI11, 1995). 

llJiccepTaumr HanrrcaHa Ha ocHoBe pa6oT, BhIITOJIHeHHhIX B OII51II JI CERN B 
paMKax Me)K.n:yHapo.n:Horo coTpy.n:HJiqecTBa ·uo nporpaMMe 3KcneprrMeHTa DELPHI. 
OcHOBHoe co.n:ep:arnHrre .n:JiccepTaurrrr ony6JIHKOBaHo B )KypHanax "Physics Letters", 
B KaqecTBe npenpJIHTOB CERN rr MaTepJianax KOH<pepeHurrii:. CnrrcoK ITy6mmauJiii: 
ITprrBe,neH B KOHUe aBTopeq>epaTa. 

Co.n;ep2KaH11e pa6oTbI 

Bo BBe,UeHHll cqiopMyJIJipOBaHa ueJih .n:rrccepTaUJIOHHOll pa60ThI, o6ocHOBhI
BaIOTC11 aKTYaJihHOCTh, HayqHa11 H0BJI3Ha H npaKTJiqecKail ueHHOCTh npoae.n:eHHOro 
rrccne.n:oaaHrr11, KpaTKO JIJJIO)KeHo co.n:ep)KaHJie .n:rrccepTaUJIJI. 

B nepBoii rnaBe co.n:ep)KHTc11 KpaTKoe onrrcaHJie 3KcneprrMeHTa DELPHI Ha 
e+ e- KOJIJiaii:.n:epe LEP. B 3Toii: )Ke rnaae BBe.n:eHhI onpe.n:eneHJI11 Koppen11uJioHHhIX 
q>yHKUHii, npJIMeH11eMble B ,UaJihHeii:IIIeM ,UJI11 aHaJIH3a EoJe-3ii:HIIITeii:HOBCKJIX Koppe
JI11UJill. 

BTopa.H rJiaBa ITOCB11IUeHa pe3yJihTaTaM 3KcnepJIMeHTaJihHOro HCCJie,UoBaHH11 
TpexqacTJiqHhIX KoppeJI11UJill. IlpHBO,UHTC11 KpaTKHii: nepeqeHh cymecTBYIOIUJIX pe3yJih
TaTOB, nonyqeHHhIX B .n:pyrrrx 3KCnepJIMeHTax. Ilpe.n:cTaBJieHbI OT6op co6bITHll H Me
TO,U· aHaJIJI3a .n:aHHhIX. OcHOBHhIM pe3yJihTaTOM npoae.n:eHHOro aHaJIHJa 11BJI11eTC11 Ha-
6n10.n:eHrre HCTJIHHhIX TpexqacTJiqHhIX KoppeJI11UJill KaK ,UJI11 pa3HOJIMeHHO 3ap11)KeH
HhIX, TaK JI .UJI11 O,UHOHMeHHO 3ap11)KeHHhIX ITHOHOB. 

Ha prrcyHKe la noKaJaHa nonHa11 TpexqacTJiqHa11 Koppen11uJioHHa11 q>yHKUH11 Kf 
.UJI11 O,UHOJIMeHHO 3ap11)KeHHhIX TPJIITJieTOB. CrrJihHble Il0JI0)KJITeJihHhie KoppeJI11UHJI 
o6Hapy)KeHbI B o6JiaCTJI MaJihIX 3HaqeHJill pa3HOCTJI qeTbipeXHMITYJihCOB Q. O.n:H_aKo, 
TpexqacTJiqHaJl: KoppeJI11UHOHHa1! q>yHKUJI11 /{~, KOTOpa1! co.n:ep)KJIT BKJia.n: TOJihKO 
OT .n:ayxqacTJiqHhIX KoppeJI11UJill, TO)Ke B03pacTaeT nprr MaJihIX Q. PrrcyHOK la 
.n:eMOHCTpJipyeT, qTo B03pacTaHrre nprr MaJihIX Q ,UJI11 TpexqacTJiqHhIX Koppen11urr11 B 
OCHOBHOM o6ycJIOBJieHO .n:ayxqacTJiqHhIMJI KoppeJI11UJI11MJI, HO HeK0Topoe npeBhIIIIeHJie 
Kf Ha.n: /{~ BCe)Ke Ha6n10.n:aeTC1!. B o6JiaCTJI MaJihIX Q . 

TpexqacTrrqHhle q>YHKUJIJI Koppen11UJIH Kf JI /{~ .n:n11 pa3HOHMeHHO Jap11)KeHHhIX 
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PJic. 1: Pacnpe.n:eneHJI11 no Q .n:n11 IT0JIHhIX 
TpexqacTrrqHhIX Koppn11urrii:. 
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PJic. 2: PacITpe.n:eneHrr11 ITO Q .n:n11 
HCTHHHhIX TpexqacTJiqHhIX Koppn11urr11. 

TPJIITJieToB npe.n:cTaBneHhI Ha pJICYHKe lb. PaJHJIUa Me)K.n:y K; JI [(~ q>yHKUJI11MH B 
o6JiaCTJI MaJihIX Q TaK )Ke Ha6n10.n:aeTC1! JI y pa3HOJIMeHHO 3ap1!)KeHHhIX TpHnJieTOB. 

IlcTHHHhle TpexqacTJiqHhle Koppen11urrrr R3=K;-K~+ 1 .n:n11 o.n:HOJIMeHHO Ja
p11)KeHHhIX TpHnJieTOB IT0KaJaHbI Ha pJICYHKe 2a. l.JeTKHll CJirHan, COOTBeTCTBYIO
IUJill KOpOTKO.n:eii:cTBYIOIUJIM TpexqacTJiqHbIM Koppen11un11M, Ha6n10.n:aeTC1! ITPH Q < 
0.5 f3B/c. IlcTHHHble TpexqacTJiqHble KOppeJI11UJIH TaK)Ke Ha6n10.n:aIOTC1! H .UJI11 
pa3HOJIMeHHO 3ap11)KeHHhIX TpHITJieT0B. 3To IlOKaJaHO Ha prrcyHKe 2b, r.n:e q>yHKUHll 
RJ(Q) IlOCTpOeHa ,UJI11 pa3HOHMeHHO 3ap11)KeHHhIX TpmmeTOB. 

. O6Hapy)KeHHhlll 3q>q>eKT ofo,11cH11eTC1! KaK CJie,UCTBHe EOJe-3ii:HIIITe1!HOBCKHX 
KOppeJI11UJiii: "BbICOKOro ITOp11,UKa. EhIJIH H3MepeHhI BeJIJiqJIHhI napaMeTp0B Eo3e-
3ii:HIIITeii:HOBCKHX KoppeJI11UJill TpeTbero nop11,UKa: 

>.3 = 0.31 ± 0.04(stat) ± 0.Q7(syst) 
r3 = 0.63 ± 0.03(stat) ± 0.04(syst) fm. 
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8KcnepIIMeHTaJihHhie .naHHbie cpaBHIIBaIOTCll c pa3HhIMII Mo.nmpIIKaUIIllMII JET

SET MoHTe-Kapno Mo.nenII. O6cy)K,naIOTCll npo6neMbI BKJIIO'IeHIIll Eo3e-8ftm1neftH

oBCKIIX KoppenauIIft B Mo,nenII. Y'IeT Eo3e-8ftHIIITeftHoBcKIIX KoppeJillUIIH B JETSET 

MO,UeJIII MeHlleT He TOJlbKO pacrrpe.neneHIIll .UJill ( + + +) II ( - - - ) KomtrnrypauIIft 

(pIIcyHoK 2a) , Ho TaK)Ke II .UJill ( + + - ) II ( + - - ) KomtrnrypauIIft(pIIcyHoK 2b ), 

II npIIBO.UIIT K JIY'IIIIeMy corJiaCIIIO C 3KCnepIIMeHTaJlbHbIMII ,naHHbIMII. Mo.zi~Jib C 

yqeTOM Eo3e-8ftHIIITeHHOBCKIIX KoppeJillUIIH onIICbIBaeT Y.UOBJieTBOpIITeJibHO .naHHbie 

,UJill ( + + - ) II ( + - - ) KOM6IIHaUIIH (pIICYHOK 2b) II npe,ncKa3bIBaeT pocT npII MaJibIX 

Q ,UJill ( + + +) II (- - -) KOHqrnrypauIIft (pIICYHOK 2a). 

Ilo.n BJIUllHUeM Eo3e-8ftHIIITeHHOBCKIIX Koppenauuft B03pacTaeT BepOllTHOCTb 

Ha6JIIO,UeHIIll qacTUU npu MaJiblX OTHOCUTeJibHbIX IIMnynbcax KaK .UJill O.UHOUMeHHO 

3apll)KeHHbIX, TaK U .UJill pa3HOUMeHHO 3apll)KeHHbIX KOH<purypauuft, T.e. CTPYll 

CTaHOBUTCll y)Ke u, COOTBeTCTBeHHO, Macca CTpyu MeHlleTCll. 8To Ha6JIIO,UeHue O'IeHb 

Ba)KHO ,UJill MHorux 3a,naq npu BbICOKIIX 3HeprIIllX, B qacTHOCTU, ,UJill TO'IHOro 

U3MepeHUll Macchi W 6o3oHa B 3KcnepuMeHTax Ha LEP200. 

B TpeTbeii rnaBe npe.ncTaBJieHbI pe3yJihTaTbI uccne.noBaHIIll K+K+ u K-K

KoppeJillUIIH. Ilo.npo6HO onucaHa MeTO,UUKa noJiyqeHUll <pOHOBOro pacnpe.neneHIIll. B 

.naHHOM aHaJIU3e .UBYX'IaCTU'IHall nJIOTHOCTb BepOllTHOCTU K+K- nap ucnOJib30BaJiaCb 

KaK <pOHOBall nJIOTHOCTb BepOllTHOCTU. Ha pucyHKe 3a nOKa3aHO pacnpe.neneHUe 

no pa3HOCTU 'IeTbipexuMnyJihCOB Q .UJill O.UHOUMeHHO II pa3HOUMeHHO 3apll)KeHHbIX 

qacTUU, lfacTUUhI, ucnOJib3YIOI.llIIeCll B 3TOM aHaJIII3e, 6bIJIU u.neHTU<puuupoBaHbI KaK 

3apl1,KeHHbJe KaOHbI, Pacnpe.neJieHUe .UJill pa3HOUMeHHO 3apa,KeHHbIX qacTIIU 6bIJIO 

OTHOpMupoBaHO Ha pacnpe.neJieHUe O.UHOIIMeHHO 3apll)KeHHbIX qacTUU B UHTepBaJie 

0.6 < Q < 1.5 f3B/c. 

Oco6aa npoue.nypa npuMeHanacb .nna yqeTa npuMecu K+K- nap OT pacna.na 

4>(1020) Me3oHa B BbI6opKe pa3HOUMeHHO 3apll)KeHHbIX nap. Pe3yJibTUpy10mee 

pacnpe.neneHue no Q .nna K+K- nap 6e3 npIIMecII nap OT pacna.na 4> Me3oHa 

noKaJaHo Ha pucyHKe 3b. Ha 3TOM )Ke pucyHKe noKa3aHo pacnpe.neneHue no Q 
,nm! O.UHOUMeHHO 3apll)KeHHblX KaOHHbIX nap. lJeTKO HafiJIIO,UaeTCll npeBbIIIIeHUe 

O.UHOUMeHHO 3apll)KeHHbIX KaoHHbIX nap npu 3Ha'IeHIIXX Q < 0.5 f3B/c. OTHOIIIeHIIe 

R(Q) nocJie npHMeHeHHX Bcex KOppeKUUH noKaJaHO Ha pucyHKe 4a. KoppeJIXUUOHHall 

<pyHKUHX B03pacTaeT B o6naCTH MaJibIX Q' 'ITO xapaKTepHO ,UJljl E03e-8ftHIIITeHHOBC-

. KUX KOppeJillUHH. 8TOT pocT MO,KHO napaMeTpU30BaTb fayccOBCKOH <pyHKUUeft. 

Pe3yJibTaT annpoKCUMauuu nOKa3aH B BU,Ue KpUBOH Ha pucyHKe 4a. 

AJibTepHaTUBHO, <pOHOBoe pacnpe.neneHue 6bIJIO BbI'IUCJieHO TaK)Ke c noMOIUbIO 

MoHTe-Kapno co6b1Tuft (6e3 Eo3e-8ftHIIITeHHOBCKHX Koppenxuuft) u OTHOpMupoBa

HO Ha pacrrpe.neneHue peaJibHbIX co6bITHH B UHTepBaJie 0.6 < Q < 1.5 f3B/c. 

Pe3ynhTupy10mee R(Q)- pacnpe.neneHue noKaJaHo Ha pucyHKe 4b. TaM )Ke cnnoIIIHoft 

KpUBOH noKa3aH pe3yJibTaT <pUTa fayccOBCKOH <pyHKUHeft. 

EbIJIU U3MepeHbI CHJia KOppenxuuu H pa.n11yc o6JiaCTH HcnycKaHHX 3apx,KeHHbIX 

KaQHOB: 

>. = 0.82 ± 0.ll(stat) ± 0.25(syst) (3) 
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Puc. 3: (a) Pacnpe.neneHux no Q .nnx 
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Puc. 4: KoppenxuuoHHall <pyHKUHX .nnx 
3apX)KeHHbIX KaOHOB: C. ucnOJib30BaHHeM 

(a) pa3HOUMeHHO 3apx)KeHHbIX KaOHOB H 

(b) MoHTe-Kapno co6bITUH .UM <poHa. 

r = 0.48 ± 0.04(stat) ± 0.07(syst) fm. (4) 

B 3Toft )Ke rnaBe npe,ncTaBJieHbI pe3yJihTaThI, nonyqeHHhie .nnx KiKi Koppe

JillUHH. KoppeJIXUUOHHall <pyHKUHX B03pacTaeT o6JiaCTU MaJibIX Q. 8'TOT pocT 

MO)KHO napaMeTpu3oBaTb fayccoBcKoft <pyHKuueft. BeJIH'IUHhI napaMeTpOB Eo3e-

8ftHIIITeHHOBCKHx Koppenxi:i11ft .nnx KiKi paBHXIOTrn: 

>. = 0.61 ± 0.16(stat) ± 0.16(syst) 

· r = 0.55 ± 0.08(stat) ± 0.12(syst) fm. 

(5) 
(6) 

Benu'IHHbI napaMeTpoB Eo3e-8ftHIIITeftHOBCKUX K<>ppenxu11ft nonyqeHHbie .nnx 
KiKi cornacy10Tcx c BeJIH'IUHaMH, nonyqeHHhIMU .nnx K+K+ 11 K-K-. 

IlaHHbie, nony'IeHHbie B 3TOH rJiaBe, cpaBHHBaIOTCX C ,naHHbIMH ,UJljl nUOHlibIX 

11 KaoHHhIX Koppenau11ft, nony'IeHHhIMH B 3Kcnepn:MeHTax Ha 'LEP. IhMepeHoe 
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3Ha<remrn CUJihl 003e-8ii:uJTeii:HOBCKUX KOppem1uuii: corrracyeTCH C npe,unoJIO)KeHueM 
0 cymecTBOBaHUU MaKCUMaJibHOii: UHTepq>epeHUUU Me)K.uy KaOHaMU. 

> 1400 
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Puc. 5: Pacnpe.uerreHue no UHBapuaHTHOii: 
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Puc. 6: l!HqiqiepeHUUaJibHoe ce<reHue• uH
KJII03UBHoro pO)K)leHUH f~(1525)-Me3oHa. 

. 9eTBepTruI rJiaBa IIOCBH:W:eHa aHaJIU3Y UHKJII03UBHOrD o6pa30BaHUH !~(1525) 
Me3oHa B a.upoHHhIX pacna,uax zo 6o3oHa. ,ilaHHhle, npe,ucTaBJieHHhle B 3Toii: rrraBe, 
HBJIHIOTCH nepBhIM UHKJII03UBHhlM u3y<reHUeM !~(1525) COCTOHHUH. Ha pucyHKe 5 
noKa3aH cneKTp UHBapuaHTHhIX Mace (K+K-)-cucTeMhl ,uJIH H,lleHTUq>m~upoBaHHbIX 
3apH)KeHHhIX KaOHOB. Ha6JIIO,UaeTCH <reTKUii: curHaJI OT !~(1525) pe30HaHca. OhIJia 
U3MepeHa cpe,uHHH MHO)KeCTBeHHOCTb !~(1525) Ha O)lHO a,upoHHOe co6hITUe ' 

< Ni~ > = 0.020 ± 0.005 (stat)± 0.006 (syst). (7) 

Ha pucyHKe · 6 npe,ucTaBJieHhl ,uuq>q>epeHUUaJibHhle ce<reHUH !~(1525) B 
3aBUCUMOCTU OT OTHOpMupoBaHHOro UMIIYJibCa Xp- IlyHKTUpHoii: JIUHUeii: IIOKa3aHO 
Xp-pacnpe,uerreHue .urrx ¢(1020) norry<reHHOe c noMOWbIO JETSET co6h!Tuii:·u oTHOp
MupoBaHHOe Ha cpe,UHIOIO MHO)KeCTBeHHOCTb ¢(1020), U3MepeHHYIO 3KCIIepuMeHTaMU 
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Ha LEP. KaK BU.UHO U3 pucyHKa 6 qiopMbI Xp-pacnpe.uerreHuii: .UJIH !~(1525) u ¢(1020). 
HBJIHIOTCH no.uo6HbIMU, YKa3hIBaH Ha CXO)KU:rr MexaHU3M o6pa30BaHUH 3TUX Me30HOB. 
lI3MepeHHaH cpe.UHHH MHO)KeCTBe_HHOCTb !~(1525) corrracyeTcx c npe.ucKa3aHueM JET
SET Mo.uerru. JETSET Mo,ueJib TaK)Ke xoporno onuch!BaeT 3KcnepuMeHTaJibHoe xP
pacnpe.uerreHue(pucyHoK 6). Pe3yJihTaThl UHKJII03UBHoro aHanu3a corrracyIOTCH c 
npe.unoJIO)KeHUeM, 'ITO !~(1525) COCTOHHUe HBJIHeTCH SS-TeH30pHhIM Me30HOM. 

B 3aKJIIO'leHHR KpaTKO cq>opMyrrupoBaHhl OCHOBHhle pe3yJibTaThl .uuccepTa
UUOHHOii: pa6oThl: 

• 06Hapy)KeHbI KOpOTKO)leii:cTBYIO:W:Ue TpexqacTuqHhle KoppeJIHUUU .UJIH O.UHO
UMeHHO U )lJIH pa3HOUMeHHO 3apH)KeHHhIX IIUOHOB. .Urrx O.UHOUMeHHO 3apx
)KeHHhIX IIUOHOB 3TU KOpperrxuuu 6bIJIU Ha6JIIO.UeHhl BIIepBhle. 

Tpex<raCTUqHhle KoppeJIHUUU .UJIH O.UHOUMeHHO 3apH)KeHHbIX nuoHOB MoryT 
6bITb o6'bHCHeHhl KaK cJie.UCTBHe 003e-8ii:HIIITeii:HOBCKUX Kopperrxuuii: BhICOKOro 
IIOpH.UKa. lI3MepeHhl napaMeTphl 003e-8ii:HIIITeii:HOBCKUX KoppeJIHUUH TpeTbero 
nopx.uKa. 

IloKa3aHo, <rTo Mo.uerrb JETSET (LUND MoHTe-Kaprro) nocrre yqeTa 003e-
8HHIIITeHHOBCKUX KoppeJIHUUH xoporno OIIUChIBaeT 3KCIIepuMeHTaJibHhle .uaH
Hbie .UJIH TpexqaCTU'IHhIX Kopperrxuuii: .UJIH pa3HOUMeHHO 3apH)KeHHhIX IIUOHOB, 
u KaqecTBeHHO npe.ucKa3hIBaeT pocT KOpp~JIHUUOHHOH q>yHKUUU .UJIH CUCTeMhl 
O)lHOUMeHHO 3apH)KeHHhIX IIUOHOB. 

• BnepBhle u3yqeHhl KoppeJIHUUU Me)K_uy O.UHOUMeHHO 3apH)KeHHblMU KaOHaMU, 
06pa3y10mUMUCH B e+e- aHHUrUJIHUUHX. KoppeJIHUUOHHaH 4>YHKUUH HMeeT 
TUIIll'IHhlii: 003e-8ii:HIIITeii:HOBCKHii: pocT npn: MaJihIX 3Ha'IeHHHX pa3HOCTH 
<reThlpexn:MnyJibCOB KaOHOB. lI3MepeHhl napaMeTphl 003e-8ii:HIIITeHHOBCKHX 
Kopperrxun:ii:. 

IIorry<reHa Kopperrxun:oHHaH q>yHKUHH .UJIH K~K~ nap. Berrn:q:n:Hhl napaMeTpOB 
003e-8ii:HIIITeii:HOBCKHX Kopperrxuuii: IIOJiyqeHHhle .UJIH K~K~ xoporno corrracy
IOTCH c aerr:n:q:n:HaM:n:, norry<reHHhIMH .urrx K±K±. 

lI3MepeHHOe 3Ha<reH:n:e CllJihl 003e-8ii:HIIITeii:HOBCKHX KoppeJIHUHII corrracyeTCH 
C npe,UIIOJIO)KeHHeM O cymecTBOBaHHll MaKCHMaJibHOH llHTepq>epeHUllll Me:lK.UY 
KaOHaM:n:. 

• BnepBhle 6hIJIO Ha6JIIO,UeHO po)K,UeH:n:e !~(1525) Me30Ha B llHKJII03llBHbIX 
peaKUHHX. OhIJia ll3MepeHa cpe.UHHH MHO)KeCTBeHHOCTb ll norryqeHO :n:MnyJibCHOe 
pacnpe.uerreHn:e .UJIH 3TOro COCTOHHHH. 

IlpoBe,UeHhl cpaBHeH:n:H ce<reHHH :n: q>opMhl llMIIYJibCHOro pacnpe.uerreHHH !~(1525) 
Me3oHa c npe.UCKa3aHuHMU JETSET Mo.uen:n:. Mo.ueJib, r.ue !~(1525) Me30H 
yq:n:ThIBaeTCH KaK TeH30pHoe SS-COCTOHH:n:e, .xoporno corrracyeTCH C 3Kcnep:n:
MeHTaJibHhIMU .uaHHhIMU. 
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