


.~. ....'.; 

,J "._- " ~. 

'-'j; 

•. :: .'> 

.I,.' 

r~:; ~ 

../;. 
. '.-

J 

'.' 

. ~, 

t: 

.:;! .. :~%:!:'\~;~ 
'/ 

.. ~. ".\. ": -·;,··:'::;':ii:~:· .. 
-' 

".:. 

'"'

~ ..•... 

..~ 

. . . ..,... ~.~, ." ,\ .. : . 

.,~. CPPM:.MueIlO.~ce . . .~ .. ~.' 

-~' 
"-'. 

-:<~'." "" 



Co~ep)Ka.Hlite. 

1.	 BBe.n;eHue. 

HOBbIe TeoplIlI, HOBbIe Cl:IMMeTpIm, HOBbIe TJaCTm:J;hI, HOBbIe KBJIemnr. 

"cI>a6PlIKH" W- II Z-6030nOB. 

3aTJeM H30IaTb IIeTJIeB:bIe IIOIIpaBKII. 

2.	 H3 HCTOpUH 3J1eKTpOCJla6hIX pa.nuanHOHHbIX nOnpaBOK. 

Pacrra.znu MIOOHa liI neHTpoHa. 

OCHOBRDIe COOTHome:mur 3JIeXTpOcmLfioR TeOpmI. 

Tpa.n:HIUIoHHaJI rrapaMeTplI3a.:QIDI IlOIIpanOK K J.L-pacna.zur II 6er a. 
rrry6oKo-Heynpyroe pacce.a:HRe neIlTpmro na HYKJIOHax. 

llpyrne rrpoueCCbI C yqacTneM neHTpaJThHDIX TOKOB. 

3.	 06 OnTUMaJIbHOB napaMeTpH3aIUUI TeopBH lit Bbl60pe oopaoB

CKoro npB6nB)J(eHUJI. 

Tpa.n:HunoHHbIH BhI60p ocnOBHliIX rrapaMeTpoB. 

OUTKMaJIbHDIii BhI60p OCHOBHhIX rrapaMeTpoB. 

Pacrra.n;1>I Z-6030HOB. AMllJmTy.n;1>I n rrmplilHbI. 

ACHMMeTpIDI. 

BOpHoBcKoe npn6JIIDKenne nJUI 6e3unpoHHbIX Ha6monaeMLIX. 

4.	 O,nHoneTJleBhIe nOnpaBKH K 6e3~poBBbIM aa6nIO,AaeMhlM. 

qeThIpe TlIITa tPei'mManoBcKHX .lll1IarpaMM. 

ACHMIITOTJIqecKItii rrpeneJI rrpII m; ;p m}. 
<I>ynKIIIIH Vm(t, h), VA(t, h) n VR(t, h). 
llorrpaB:rrn bVi(t, h). 
CJIy-qa:iffiaJI KOMnenCan;n.a: H Macca t-KBapxa. 

KaK BbItrn:CJIIITb Vi? "II.a:Th maroB". 

5.	 A,ApOBHble pacn~bI Z-6030Ha. 

llHnnpyRJII:(JiIe KBapKH H anpOHbI. 

Pacrra.n;hI Ha napbI nerKHX KBapKOB. 

Pacna.1lbI na napy bb. 

6.	 COnOCTaBJIeBUe pac-qeTOB C 3KcnepUMeHTaJIbHhIMB .n;aBHblMH. 

KOMIIbIOTCPIlaJI nporpaMMa LEPTOP. 

06m;nH ~IIT. 
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7.	 3aKJIlO'IeSHe. 

lIocTIDKemu. 
ITpo6rreMhl. 
IIepcneKTHBhI. 

8.	 IIpBJIO)l(eUIIJI. 

IlpRJIo2Kemre A. IIpaBRJIa BhNHCJIeBIDI iPei'mMaHOBCKRX ImTerpaJIOB. 
IlpnJIo2KemIe B. CooTHomeIme Me~y a.1I a(O). 
IIpRJIo2Kemm C. CBO,lU{a pe3YJThTaTOB paClJeTOB a. 
IlpJilJIo2KeHHe D. KaK "nOJI3YT" aw(q2) II az(q2). 
IIplIJIO.JKeIme E. COOTROmeHRa: Me)Kny a, Op, mz H roJ'ThIMH BeJ'IIiPlHHa
MH. 

ITpIIJI02KeHHe F. PanuaTophI RAq II RVq II BemrtUma as.
 
IIplIrro2KeHlIe G. BhIBon .:poPMYJI ,l1J111 aClIMMeTpri.
 
IIpHJlo2KeIme H. ITonpaBKR, npOllOpIlHOBaJIbm.Ie m;.
 
IIpHJlo2KeIme 1. 5IBlWiJ BH,D; .pymnurH Ti(t) 1I HiCh).
 
IIpHJlO.JKeHHe J. BKJIan TDKeJIhIX ~epM1l0HOB B co6cTBeHHyIO 3neprmo
 
BeKTOpH:hIX 6030HOB.
 
IIpHJIo2KeHHe K. BKJlan JIerKRX .pepMllOHOB B c06cTBeHIJYIO 3Hepnno BeK

TOpHhIX 6030HOB.
 
IIpHJIo2KeHHe L. BKnan BeKTopHblX II CKaJIjJPIffiIX 6030HOB B co6CTBeH

BJIO 3Repnno BeKTOpHhIX 6030HOB.
 
IIpMJlo2Kemre M. BepIImHHbIe qaCT:O: FAI H FVI II KOHCTaHThI Ci •
 

IIpHJIo2KeHHe N. cPymanm ¢>(t) II 6¢>(t) B pacna):(e Z -t bb.
 
IIpHJIO.IKeHlIe O. IIonpaarrn: fJ2Vi .
 
IIpRJIo2KeIme P. IIonpaBKII 65Vi.
 

CnBCOB: JIBTepaTypbl.
 

TIO.llnllCB non pHcyBKaMlI.
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BBe.n;eHue. 

HOBbie TeopUB, HOBbIe CBMMeTpHB, HOBbie qaCTUnbI, HOBbie 

JlBJleBBJI. 

C03,naHBe B KOHn;e 1960-x rOnOB e,lJ;mIOH 3JIeKTpOCJIa6oH TeOplm [1], [2] 11 B 

naqaJIe 1970-x - KBaHToBoR XPOMOAHHaMIDrn [3} pa.nlIKaJThBO II3MeHlIJIO BCID 

Kapnwy <p1I3IDHI 3JIeMeHTapHbIX qaCTlIn;. Ee OCHOBOH CTarrH KaJIR6pODOQHhIe 

CIIMMeTpHII: 3JIeKTpocrra6as: SU(2)L x U(l) II IUleTOBaJI SU(3)e. BbHICHlIJIOCb, 

TJTO KaJIl!6pOBO'tIlThIe CIIMMeTpIIII onpe.nemUOT ,lJ;HHaMRKy tPyH,lJ;aMeHTaJThlThIX 

tPII3II"1:JeCKlIX npo~eCCOB, KJIlO'tJeByIO porrh B KOTOpoi lITpaIDT KaJIH6pODO"tffibIe 

BeKTop:m.le 6030HhI -- ,D;aBHO H3BeCTHhIe <J?OTOHbI R IIJIe5I,Ua HOB:bIX qaCTmx: 

W+, W-, Z-6030HhI II BOCeMh rmooHoB, OTillIQaIOIIUlXCJI ,lJ;pyr OT .npyra CBO

lIMB n;BeTOBhIMH 3ap.s:.n;aMlI. If XOTJI B 3JIeXTpOCna6oH TeOplm npO,lJ;OJDKaeT 

OCTaBaThC.s: 3ara.llO'TIIhIM xnrrcoB KOH,D;eHCaT, 3anOJIHSlJOIIUIii Bce npOCTpaH

CTBO, a B xpOMO,lI,HHaMlIKe He perneHa np06JIeMa KOH.paUMeHTa, TeM He MeBee 

o6e TeoplIlI HaCTOJIbKO HeOT.u;eIDIMbI OT cOBpeMeHHoH .pR3HKH, qTO IIOJIrra

Jm Ha3Ba.Ime MHHE:MaJThHOH CTaH.u;apTHOH Mo.u;eJIlI (MCM). B 3TOM o630pe 

MhI 6y,neM npe,n;nOJIaraTb 3HamIe lJHTaTeJI.HMH OCHOB MCM (CM., HanpHMep, 

MOHorpaq.lIH [4]). 
B npon;ecce C03,ZJ;amUI MCM pe3KO pacrrm:pHJIBCb npe.u;CTaBJIeHHJI 0 KBap

Kax. B pa60Tax [1] 3JIeKTpocrra6ag TeopHX 6hIJIa rrpe,lJ;JI02KeHa ,nmI JIenTOHOB 

(3rreKTpOHOB n: 3JIeKTpOHHbIX HeiITpmm). IIocJIe.n:oBaTerrhHoe BKJIKrqemre B 

Bee KBapKOB 3acTaBllJIO npe.u;nOJIO)K}lTh, lITO Hap.s:,ny C H3BeCTHbIMH B TO Bpe

MH u, d, S-KBapKaMH cymecTByeT qeTBepTI.IH XBapK - C. COrJIaCHO [2}, eCJIH d
B S-KBapKH .smmnOTC.s: aHaJIOraMR e 1I Il, COOTBeTCTBeHRO, TO aHaJIoraMII l/e II 

l/J.l ,n;OJDKHLI HBJIHThCSI B3aHMHO opToronaJIbRbIe KOM61IHaIUIH u COS 8e + c sin 8c 

1I -u sin 8e + c cos Be, r,n;e 8e - yrorr Ka6H660 [5}. 
Omm::M H3 BaxHhIX nocrre,nCTBml nOCTpoelIIDI 3JIeKTpOCrra6oH TeOpnH 6hIJIO 

npe.u;CKa3aIme crra6bIX HeiTpaJILHhIX TOKOB. COrJIaCHO TeopHlI, HeHTpaJIhHllle 

crra6LIe TOKl:I .n;OJI1KHhI 6hIT:D ,n;lIarOHa.J1l:>HLI, lIHhIMH CJIOBaMlI ne]J:TpaJIbHbIe 

TOKll C H3MeneHlIeM apOMaTa KBapKOB (FCNC) ,l(OJI)l(Hld 6bITL 3arrpemeHbI. 

3TO 06'biICHHrrO OTCyTcTBlIe Ha OIIbITe TaKlIX paCIIa.n:OB KaK KO -+ ee, KG --+ 

{tp, K+ -+ 7f+ee. lh-3a OTCyTCTBIDI B rrarpaIDKl1IaHe aeHTpaJIbHOrO TOKa sd 
~TII pacna.nbI He MoryT H,lJ;TH B llpeBeCHoM nplI6JIIDKemm, nnH mIX Tpe6yroTC.R 

neTJIH C BRpTyaJThHbIMH W-0030HaMH. To JKe OTHOCHTC.R II: K nepexo.n:aM KG_ 
[(0, o6yCJIaBmmaIOID;RM Pa3HOCTb Macc [(2 H K~-Me30HoB. 
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liHarOHaJIbHhIe HeHTpaJIbHhIe TOKE 6hImI OTKphIThI B peaxnmrx C HeHTpHH

HhIMI:I ny"tJKaMlI {6}, B nOBOpOTe nJIOCKOCTH rrOJIKp1l3alurn: rra3epHOrO rry-qa B 

napax BHCMyTa [7}, B paCCemmI IIOJIEpH30BaRlibIX 3JIeKTpOHOB .1leHTOHaMll 

[8]. 
OqaponaHHI:.Iil KBapK C 6bIJI OTKphIT B 1974 r. [9]. Ho eme .n;o 3Toro Ko6a

HI.mI H MaCKaBa [10] npe.n;noJIo)KB.JIH, "ITO B .n;OnOJIHeHHe K ,IlByM nOKOJIeHlHlM 

JlenTOHOB H KBapKOB, (Ve, e, u, d), (vI" tt, C, s), .IlOJDKRO CynJ;eCTBOBaTb TpeTbe 

IIOKOJIeIDIe (Vrlo T, t, b). llJliI Tpex nOKorremm 2 x 2 MaTpHua Ka6R660 

COS Be SinBc ) 
( - sin Be cos Be 

3aMeHKeTCH ymITapHOH: MaTpHD;en 3 X 3, co.n.epJKameiI B 06meM CJIyqae TpH 

yrJIa H O;LJ;HY 4la3Yi nOCJle;LJ;HKK OTJIlflHa OT Hyrra, eCJm HapymaeTcR CP
HHBapHaHTHOCTb. TaK 6hIJI rrpenrroxeH MeXamI3M HapymemIK CP Ha ypoBHe 

:rrnapKOBhIX TOKOB. 

B cepemme 1970-x ro,n:OB 6LIJIlI OTKphIThI Ha onhITe T-JIeIITOH [11] II b
KBapK [12}. CaMhIii TDKeJThIH 4lepMllOH - t-KnapK 6LIJI OTKphIT JIlIlITb qe

pe3 ,IlBa ,n:eCRTHneTWl [13} [14}. qTO KacaeTcx MexaHlI3Ma HapymeHliIx CP
HimapHaHTHOCTlI, TO OR .n;o crne nop He BhIXCHeH. 

ITepenOpMHpyeMocTb 3JIeKTpOCJIa60iI Teop:rm: II KBaHTOBOH XPOMO,IUIHaMlI

KR [15J H CBORCTBO aCHMIITOTHqeCKUH CB060.n.hI KXll [16] OTKphIJill illHpOKHR 

npocTop .1lJlj[ Ha;LJ;e)KH))lX pacqeTOB, IICrrOJTh3yrornmc Teopmo B03MymeHliIlI. Ha 

6ase 3TRX paCqeTOB B ,npeBeCHOM npH6mnKeHJi:IH 6hIJIlI npe,IlCKaJaHhI TaKHe 

Ka-qeCTBeHHO HOBbie fiJleRIUI KaK KBapKOBhIe H rmOOHHhIe CTpyHj HCXO,n:K H3 

;LJ;aB1IbIX 0 HeH'I"paJILHbIX TOKax, em;e ,ZJ;O OTKphITIIK W - II Z-6030HOB 6hIJIH 

npe,ltBh[qI{CJIeHhI HX MacChI H nOJIHhIe R napUlIa.JIbHhIe illllpI:IIlld. 

"CI>a6pHKH" W- H Z-6030BOB. 

liJIg npOBepKlI 3TlIX npe,lJ;CKa3a.Hl:1H 3JIeKTpOCJIa60H TeoplllI 6hIJ'IH IIOCTpO

eHbI B Ha'tJa.rre 198D-x ronoB npOTOB-aHTRIlpOTOBHbIe KOJlJIaR.ZIePbl B EBpone 

(UEPH), a 3aTeM BellA (<f>HAJI). OTKphITHe W- H Z-6030HOB [17] 6JIeCTK

me 1l0,nTBep,nHJIO npeBeCHhIe pac'tJeThI [4} II c,n:eJIaJIO aKTyaJIbHbIM BOrrpOC 0 

npemnHoHHoH npOBepKe 3JIeKTpOCJIa6oH Teopmt: C yqeToM neTeJTh. crOBOpg 0 

.1lpeBeCHOM (60pSOBCKOM) rrp116J1HJKemm: 11 IIeTJIjIX, MhI 3neCh H B ,n:aJILBeHmeM 

lIMeeM B BH,ny COOTBeTCTBy-IOII:J;He q>auHMaHoBcKHe rpaepRKlI.) 

YHHKaJThHblM 06'beKTOM ,1lJI.SI TaKOH IIpOBepKH KBll1ICK Z-6030H, ,nmI IIpeIUl

3ROHHoro R3~eH11H CBOHCTB KOToporo B KOlme 1980-x rO;LJ;OB 6hIJIH IIOCTpoeHDI 
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3ncKTpoH-ll0311TpoHHhIe KonnaiI.D;ephI: LEPI B UEPH J2l SLC B CJIAK. 3neK
TpOHhI .II n0311TpoHhI B 3TJ2lX KOnnaH.llCpax CTaJIKlIBaIOTca: npJ2l 3Hcpnm. B n;eH

Tpe Macc, paBHoi Macce Z-6030Ha. B pe3YJIhTaTe npoJ2lCxo,n:J2lT pe30HaHcHoe 

pOlKlleHlle II pacna.n; Z-6030Ha (CM. pRC. 1). 
B oKTil6pe 1995 r. LEPI 3aBepIlmn CBOIO pa60Ty; Ha qeThIpeX .neTeKTO

pax 3TOro Konnai.nepa (ALEPH, DELPHI, L3, OPAL) 3aperlICTpHpOBaHO 

OKono 20 MJIH. Z-6030HOB. IIOJIHoe -qncno Z-6030HOB Ha SLC, 3apenIcTpHpo

BaJIHhIX e,IJ;IlHCTBeHHDIM .lleTeKTopOM SLD, COCTaBJlSIeT nplIMepHO 105, O.nHaKO 

H3-3a Toro, "liTO CTaJIKlmaIOmneca: II}'"'IKH B SLC npo.n;onhHO IIonKpJ2l30BaHhI, 

Ha HeM MOXCHO H3MepHTb 3aBJ2lCHMOCTb CeQeHJ2la: aHIDIr1lna:Iurn: e+e- B Z- 60

30B OT 3HaKa rromq>H3amm: rry"tlKOB. B pe3YJIhTaTe lIa./Ke IIplI cymecTBeHHo 

MeHbmeH CTaTHCTHKe SLC OKa:U,IBaeTca: KOHKYPeHTocIIOC06HhIM. llocTRrHY

ThIe CTaTIICTlftIeCKaJI 11 MeTOlIWIeCKaJI (cHcTeMaTWIecKa.sr) TOqHOCTII B 1I3Y

lIemm. CBOHCTB Z-6030HOB COCTaBnj[1()T nopsr.nKa 10-5 .nJIsr MaCChI Z-6030Ha II 

rropsr.nKa HeCKOJIbKHX ThICsrqH:blX Ana: Ha6JllO.nae~~, XapaKTep1I3yIOmmc era 

pacrrallhI. 

3aqeM H3YQaTb neTJleBbIe nonpaBKU? 

ECTeCTBeHHO 3a.naTh Bonpoc: 3atIeM HY)KHO CpaBHHBaTh C OIThITOM neTne

Bble nonpanKH· 3neKTpocna60H TeOpJ2lJ2l? B OCHOBHOM, .nmI Toro lIT06hI IIO

rryqaTb CBe,n:eHIIil 0 eme He OTKpbIT.bIX qaCTWIax. TaR, e~e )1,0 OTKphITIU 

t-KBapKa Ha TeBaTpone, Ha yCTaHOBKax CDF [13J R DO [14], ero Macca 6:bI
na npelICKa3aHa J2l3 aHaml3a pa.nJ2lamWHHbIX neTneBhIX nonpaBOK J2l .naHHhIX 

LEPI 11 SLC [181. OCHOBHaJI neTna: C yqaCTFIeM BlIpTyaJIhHblX t II t-KBapKoB 

J2l306paxeHa Ha pRC. 2a. 

Bce eme He OTXphIT CKanKpHhIll XlITrcOB 6030B - HnH npOCTO ~rrc. B MH

BlIMam.HOM BapHaHTe TeopliIH, Tax Ha3hIBaeMOH MHHllMaJIbHOft CTaH.n;paT-:

BOH Mo.n;emr (MCM), nMeeTca: O.n;HH XlITrc - neftTpaJIbHaJI qacTlIlla, Macca 

KOTOpOH Be $.IIKClIpyeTca: Mo.neJIhIO. B MliIHliIMaJIhHOH CynepCHMMeTp1lqnOR 

CTaH,n:apTHoH MoneJIll (MCCM) eCTb Tp.ll nenTpaJThHblX H p;Ba 3apa:)KeHHbIX 

xmTca. CaMhtii nerKl'lii RJ HeHTpaJILm.IX XHITCOB flomKeH 6hITb He Tsr2KeJIee 

135 r3B [19], [20J. IIpocTe:HmaJI ,lU:IarpaMMa C yqaCTlIeM BlIpTyarrbHoro XJ2lrr

ca npe.ncTaBneHa Ha plIC. 2b. 
IIpn IIJIaImpOBaHlIl:I 3KCIIeplIMeHTOB Ha LEPI H SLC 6:bIJilI BemIKH 02K1I.lla

IDU, lITO npeU1l3.110HHble 1I3MepeHl:Ur 06Hapy2KaT a:pKO BbIpa2KeHHbIe OTKnOHe

mu[ OT IIpenCKa3aHlIH CTaH,n:apTHOH MOnerm 1I TeM caMbIM He,n:ByCMbICJleHBO 
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yKaJKyT Ha Cym:eCTBOBaHlIe K8JWH-TO "HOBOR epJiI3HKl1". If XOT.K aeKOTOphIe 

Hecorrracn.K C MCM IlMeIOTCS:, OHH JllllIIb B OJJ;HOM cnyqae (B pacna,n;e Z
6030aa na bb-naphl) BhIXOJJ;JlT 3a Tp.JiI CTaHJJ;apTHl:JX OTKJlOnemiJ:j1. ECJIJiI 3TH 

HeCOrJIaCIiUI He CBX3aHbI C KaIOIMlI-TO ClICTeMaTFIeCKlIMH Om.JiI6KaMH, TO OH.JiI, 

B03MO)J{HO, YKa3EIBaIOT (CM. 3aKJIIO'leHHe) na cym;ecTBOBaBlIe CPaBH:RTeJThHO 

JIerKllX «("'oJ 100 r3B) cKBapKoB II rJIIOl:IHO - cynepCHMMeTpU'qB])[X napTHepoB 

KBapXOB .JiI rmooHoB, COOTBeTCTBeHHo. 

2 H3 HCTOpHH 3neKTpOCJIaOLIX pa,n;HaIJ;HoHHLIX nonpa

BOK. 

ITepBhle pac'leThl3nexTpocrra6hIX nonpaBOK B MCM 6hIJllI npOBeJJ;eHhI B 1970
x ro,ZJ;ax, 3anOJITO no OTKpLITHi: W- H Z-6030HOB. OmI 6hlffil nocmrm;eHhl pac

na,lly MIOOBa H ,B-pacna.naM neKTpoHa 11 .5l;n;ep l:I rJIY6oKo HeynpyrHM nponec

CaM. B CBH3H co CTpOHTeJILCTBOM LEP H SLC ne.1IhI1I pm TeopeTH"tJecKllX 

rpynn npOBeJI .u;eTaJIbHhle pac'leTLl HeOOXo,llHMhIX pa.n;lIaII;JiIOHIThIX nonpaBOK. 

3TH paC"tJeThI 6hIJllI o6cy)KJleHhI 11 COnOCTaBJIeHhI ua CnemraJIbHbIX pa60"tJHX 

COBemaH1H£X. Pe3YJIbTaTOM 3THX COBemamnI 6hIJIa ny6Jll1K8JUUI ,l(ByX T.R. 

"2KeJIThIX OT'leTOB CERN" [21J, [22], KOTophIe, BMeCTe C "2KeI.ITLIM OT''ICTOM'' 

[18}, CTaJIlil aacTOJIbHDIMlil KHHraMII 3KCneplIMeHTaTOpoB II TCOpCTRKOB, lny

"tJaIOIIJ;HX Z-6030H. 

Pacua,QLI MIOoua B BeBTpoHa. 

CHpmm [23] BDftIltCJmJI pa.zmannOHHDIe nonpaBKH K pacnaAY MIOOHa, o6y

CJIOBJIeHHbIe O.D;HonCTJIeBhlME: .pe:HHMaHOBCKBMn AnarpaMMaMB (CM. pRC. 3). 
Cne;n;yeT no,nqepKHYTL, 'tITO "'!HCTO 3neKTpOMaI'IDITHaJI nonpaBKa K pacna

.n;y MIOOHa, o6ycnOBJIeHHaJl 06MeHOM BHJ>Tyam.HhIMH epOTOHaMH If ncnycKa

IDIe¥ peaJIbRhIX epOTOHOB 6hIJIa BhI'tlHCJIeHa panee [24} em;e ,llJIK TO'le'tlHoro 

-qeTbIpexq.epMRoHHoro B3aHMO,lleHcTBHs, T.e. 6e3 y"tJeTa W -6030na (CM. pnc. 

4). OKa3aJIOCb, "tJTO ORa Kone-.:ma - He co,n;epJKlIT pacxo,nRMOCTeH. KOHCTaHTa 

'1JeThIpexepepMD:OHHoro B3aID.mnenCTBlIJI, Gp., I13BJIeKaeMaK II3 BpeMeHH 2KH3HII 

MIOOHa Tp., 

(1) 
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4

rAe f(x) = 1 - 8x + 8x3 
- x - 12x2 1nx, yJKe y-qnThIBaeT 3TY 3rreKTpoMar

HIITHYIO nonpaBKy, nponopIJ;lIOHaJIbHYIO a. KOHeqHOCTb qHCTO 3rreKTpoMar

HHTHOH nonpaBKlI B pacna.D;e MIOOHa o6yCJIOBJIeHa V-A XapaKTepOM B3aHMO

.n:encTBYIOII.UIX 3ap.s.DKeHRI:.IX TOKOB VJ-I/-l1I eVe' 

B pacna.D;e HeHTpoHa 'tlHCTO 3JIeKTpOMarmITHaJI nOnpaBKa K -qeThIpex.pep

MHOHHOMy B3aHMo.D;eikTBlIIO (pIIC. 4(j) JIOrapH<pMlPIeCKlI paCXO.D;lITCK. C yqe

TOM W -6030HHOro nponaraTopa (plIC. 4(h» JIOrapH<pMHqeCKaJI paCXO.D;IlMOCTb 

06pe3aeTCK Ha Macce W -6030Ha. 

BhPllICrreHHasI B pa60Tax [25], 3Ta nOIIpaBKa K BeKTopHoH BepIIDIHe B JIII

.D;lIpYIOllleM JIoraplI~MlIqeCKOMnpn6mDKemm: .D;aeTCK MRO)KlITeJIeM 

1 + 3a In mw (2)
27r m p ' 

rAe m p - MaccanpoTOHa. Ee 'tlHCrreHHOe 3HaqeHlIe nopK)J;Ka 1.7%. II TOJIbKO 

IIocrre y-qeTa 3TOH nonpaBKII Cos2 Be, 1I3BJIeKaeMhIH II3 K,UepHOrO ,6-pacna)J;a, 

CTaHOBIITCK paBHbIM 1 - sin
2 Be' r.D;e~in2 Be 1I3BJIeKaeTCK n3 pacna.n;OB CTpaH

HhIX -qaCTHIJ; (Be - yrOJI Ka6n66o). XOTSI o6cY2K,UaeMaSI nOrrpaBKa II CO.D;ep2KHT 

no.D; 3HaKOM JIOrapH~Mamw, OHa IIo-cymeCTBY KBJIKeTCK 3JIeKTpOMarHIITHOH, 

a He 3JIeKTpOCJIa6oH, nOCKOJIbKY OHa HeqYBCTBlITerrbHa K .n;eTaJI.SIM 3JIeKTpO

cna60H TeopHH Ha MaJlbIX pacCTOKHlUIX B OTJI.KqBe, CKa.IKeM, OT 3JIeKTpOCJIa

6hIX nonpaBOK K pacnany MIOOHa (pIiC. 3). 
IIpII BI:.PInCJIeHHII 3JIeKTpOCJIa6bIX nOnpaBOK K pacna.D;y MIOOHa BbIKCHlI

nOCb, qTO OCHOBHaSI nonpaBKa, rrpeBOCXO.D;.SIIIJ;aJI Bce OCTaJIbHhIe, B03HHKaeT 

H3-3a nOJIKp1I3aIJ;1III BaKyyMa <pOTOHOM (pIIC. 5a). 

Ha nepBI:.IH B3rJIK.n;, 3Ta IIonpaBKa He ,IIOJDKHa 6bIJIa 6bI nOilBHTbcSI B /-l
pacna.n;e B OAHOrreTJIeBOM npH6miDKemm:: ee HeT Cpe.D;H neTeJIb pRC. 3. O.D;HaKO 

OHa no.smmreTC.SI, Kor.n;a Gp. BhIpa2KaIOT -qepe3 nOCTO.SIHHYIO TO:BxOH CTpyKTypbI 

a R MacChI W- R Z-6030HOB. 

OCHOBHhIe COOTHomeHIUI 3JIeKTpOCJIa6o:i: TeopHH. 

Xopomo 1l3BeCTHO [4], qTO B 60pHOBCKOM np1I6mDKeHlIH (CM. pllC. 4a) 

G _ g2 
(3)

J-I- 4J2m~ , 

r.n;e mw-Macca W-6030na, g - ero KOHCTaHTa CBK3H C 3apDKeHHhIM TOKOM. 
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C ;a;pyron CTOpOHIil, B TOM JKe np1I6mDK.eHEll 

mw = "2
1
91] , (4) 

r.n;e 11 - BaKYYMHoe cpe.n;Hee xmTCOBa nOJIx. 

AHarrorH'IHo
 
1
 

mz = "2/11 , (5) 

r.n;e mz - Macca Z-6030Ha, a f - ero KOHCTalITa CB.B:3n C HenrpaJIhHbIM JIeBMM 

TOKOM. 

TaKlIM 06p330M, 

mw = 9 (6) 
mz f 

ECJm BBeCTH 3HaMeHlIThIH yrorr BaiiH6epra [1], TO O'leBH.D:HO, 'tITO B 60pHOB

CKOM npn6JIl12Kemm: ,IJ;JIX Hero B paBROn CTeneHn cnpaBe,lJ;JIHBhI ,lJ;Ba onpe,neJIe

HIUl 
mw

cosBw =-
mz

7cos8w = (7) 

KaK H3BeCTHO [1], yroJI Ow B 3JIeKTpOCJIa6oH TeopHII onpe,neJIXeT CBX3:O Me2K.n;y 

3JIeKTpn'leCKlIM 3apg.n;oM e II CJIa6MM 3apx.n;oM 9 

e = 9 sin Ow . (8) 

TaKlIM 06pa30M, B 60pROBCKOM npn6JIIDKeHlIH 

G = g2 = _1_ = 1rCt = 1rll' ( ) 

p. 4v'2m~ V21]2 v'2m~ sin2 Ow v'2mi sin2Ow cos2 Bw 9 

ECJllI y-qeCTh Teneph 3JIeKTpOCJIa6LIe nOllpaBKH, TO 

Tpa,D;BIJ;BOBBaJI uapaMeTpB3aItBJl nonpaBOIC IC JL pacna,ny B 6er Ct. 

B JIHTepaType (CM. 0630p JIaHraKepa H 3prrepa [35], CTp. 1304 II CCblJIKH B 

HeM) IIllIpOKO IICnOJTh3YIOTC.B: orrpe.n;erreHHX ClIpIDIHa [23J, COrJIaCHO KOTOphIM 

2 
2 - SIn• 2(} - 2 -1= - COS W = 1 - -2-

m
, (10)Sw = w -1= Cw 2(} w 

mz 
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(11)
 

rn;e 

~r = ~rem + ~rew 

BKJIIOlIaeT B ce6x KaK IlCTIIHHO 3JIeKTpOCJIa6hIe IIOIIpaBKH ~rew OT rreTeJIb 

pllC. 3, TaK H qnCTO 3JIeKTpOMarHHTHYJO nonpaBKY ~rem, 06YCJIOBJIeHHYIO 

6erOM a OT q2 = 0 .n;o q2 '" m~, mi. 3Ta nonpapKa B03IDIKaeT OT TOro, lITO 

a == a(q2 = 0) = 1/137.035985(61) (12) 

orrpe.n;eJIeno npn q2 = 0, B TO BpeMH KaJ( XapaKTepHhIe HMIIYJIbChI BllpTYaJIb

HhIX. qaCTIID; B 3ne~TpOCJIa6bIX neTJIjJX - nOp.SIlIKa MacChI npOMe)KyTOqffiill{ 

6030HOB. Y,n;06BO 0603Ha"lIHTb 

_ 2 a a 
a==a(mZ)=1_~rem=1_8a (13) 

BemPmRa ~rem BLflIIfCmIJIaCL B neJIOM px.n;e pa60T [26]; neo6xo.llHMhIe ¢lop

MYJIbI ,naHld B IIpllJIO)l{eHlIX£B II C. BKJla,n: JlerrTOHHbIX. rreTeJIb B ~rem OIIH

CbIBaeTCjJ BbIpaJKe:mreM 

1_ 1 0: . m~ 5]
fJa = ~rem = -3 L:~n -2 - -3 = 0.03141 , (14) 

1r 1 ml 

rn;e 1= e, J,L, T. BKJIan; KBapKOBbIX neTeJIb Be Mo~eT 6b1Tb BLPnlCneB TeOpeTli

-qeCKH, T .K. Macca KBapKa, BXOn;KlIlaR nOll 3HaK JIOrapnq>Ma, He HMeeT cTpororo 

TeOpeTlPIeCKOrO onpe,neJIeHlIlI. Tecno CBH3aHO C 3THM II .upyroe 06CT05ITeJIb

CTBO - rmooHHbIe IlOnpaBKH. II03TOMY KBapKOBYJO (an;poHHYIO) -qaCTn. ~r:m 
HaxO,D;HT, rrO,D;CTaBJUUI B ,D;HcnepCHOHlIOe COOTHOmeRHe 3KCrrepHMeHTaJIbBhle 

n;aHHhIe no celIeHRIO e+e- -aHHHI'RmIIIRH B a.nP0Rl>I: 

h _ _ OO hh mi L ds
Do: = ~rem - -42 2 2 CTe+e-, (15)

1r a 4m.. mz - s 

rAe U:+ - - ceqemre ammrlImrrnm: e+e- B a,D;pOHbI Qepe3 O,D;Im: BnpTyaJIbHbIHe 

q>OTOB. 

B 3TOM 0630pC MLI HCnOJIb3yeM Be,D;aBBE::1i pe3YJI:bTaT ErepJIenepa n 3i
n;eJIbMaBa [26]: ~r:m = 0.02799(66), TaK "lITO 

DO! = bot' + bah == ~rem = ~r~m + ~r:m = 0.05940(66) (16) 

1-13 (13) H (16) CJIe,nyeT, "lITO 

Q = [128.896(90)fl (17) 
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CBO,llKY pe3YJIbTaTOB pa3IDPIHhIX pac'tJeTOB 0' CM. B IIpnJIo)KeHlfiI C. COI'JIacHO 

Tpa~, B a(mz) He BKJIIO'tJaIOT BKJIa.n t-KBapKoBOH neTJIIiI n W -6030HHon 

neTJIH. B Jm,llHpYIOmeM npn61IIDKemm: no 11m; BKJIa,n; t-KBapKoBoR UeTJIH 

pallen: 

t a 4 mz 2
Llrem = ---(-) = -0.00005 .IImr: Tnt = 180r3B , (18) 

7r 45 Tnt 

TO'tJHaJI lPopMYJIa (CM. yp-HlIe (67») OTBe'tJaeT 

Llr:m = -0.00006 ,llJlll mt = 180f3B 

BKJla,n; W -6030HHOH neTJIII 3aBlIClIT OT Kann6poBKlI. B KaJIn6pOBKe 'T XOq>Ta

~efuIMaHa on panen ~T~ = 0.00050 (CM. (66». 

rJly6oxo-ueyupyroe paCCeJlRBe HeBTpBHo aa RyKJIOnax. 

BOJIbIImHCTBO TeopeTWIeCKIIX pa60T no 3JIeKTpOCJIa6:bIM nOnpaBKaM .n;o 

OTKphITRX w- II Z-6030HOB 6hIJIO nOCBnn;eHO paC'tleT3M ce-qeHlIJi B3aJiIMO,lleH

CTBlljI HenTpKHo C 3JIeKTpOaaMH [27] n oco6eRHo C HYKJ10HaMD: [28]. 3TO 06'L

.KCnXeTCX TeM, 'tlTO nOCJ1e OTKphITHj[ HeiTpaJIDHldX TOKOB nMeHHo H3 CpaBHe

mIX ce-qenm'i neRTpaJIDHhIX TOKOB NC H 3apjDKemn.rx TOKOB CC H3BJleKaJIach 
22 m

BemPDma Sw :::=: 1 - ~. ECJm W-6030n B3aJIMo,n;eHcTByeT C 3apX)f{eHHbIMHmz 
TOKaMH Tlma V - A, narrpHMep, 

2~WaU(1'a+ 1'a1'5)d (19)I 

TO Z-6030n B3aHMo,neikTByeT C neiiTpaJIbHhIMII TOKaMJiI, HMeIOIll1IMH 60JIee 

CJIO)KHhIH Bl?lll 

(20) 

r.n;e Tl H Qf - TpeTMl KOMDOneHTa cJIaooro H30TOIIHQeCKOrO CIIHHa H 3apAA 

~epMHOHa f (KBapKa IIJm JIenTOHa), a 't/Jf - Oll1ICbIBaIOIIunl ero ,UnpaKoBcKlrii 

cmmop. B .n:peBecHoM npJiI6J1IDKemm: OTHomeHlle ceqemHI NC II CC .nmr: "tIIICTO 

aKCHaJIbHbIX B3aHMo,neHCTBmI panRO 1, nOCKOJThKY BeJIJilqRHa 

f2m~ 
p-- (21)

- g'l m~ 

paBHa e,UlilHune B 3TOM npH6Jm:)KCHlUI. C yqeTOM BeKTopHoro TOKa OTHOIIIe

IDle NC H CC 3aBHCHT OT sW' IbMepeHlIe 3Toro OTHOmeHBJr: .nano 3Ha-qeHne 
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stv ~ 0.23 H, CJIe,nOBaTeJIl.HO, n03BOJTIlIIO IIpenCKa3aTb MaCChI W - Ii Z-6030HOB 

(H3 4>OpMyJIbI ,D;IIjI pacna.aa MIOOHa (9)). BOJIee TOqHOeH3MepeHlIe NCICC IIO

3BOJIllJIO YTOqJil{Tb s~ HacTOJIbKO, qTO nOBa.ao6HJIOCb yqeCTh 3JIeKTpOCJIa6bIe 

pa,nllan;nOHHI:iIe nOrrpaBKII KaK B s~, TaK. II B p, KOTopoe Tenepb, C yqeToM no

rrpanOK, He paBHO e.n;mnm;e. 

KaK BIIepBbIe OTMeTHJI BeJThTMaH [29], ec.rm: mtfmz ~ 1, TO OCHOBHaJI rro

npaBKa B p II si,v 06yCJIOBIIeHa HapymeHReM ~JIeKTpO-CJIa60H1I30TOIIWIeCKOB 

mmapHaHTHOCTII MaCCaMH t- H b-KBapKoB B lleTmIX c06CTBeHHhIX 3Heprmt Z
H W -6030HOB. limI HaxO)K,II,eBlU p B npenene mtfmz ~ 1 .nOCTaTo"tJHO pacCMO

peTI:. 3TH neTJIH, rrpeHe6peru lIMllYJIbCOM W- II Z-6030HOB q no cpaBHeHlIIO 

C MaccaMH lV H Z, T.e. I1pH q2 = O. 3JIeMeHTapHhI:H paClJeT ynoMnryTbIX 

neTem• .n:aeT (CM. IIpHJIoJKeIDIe H): 

p = 1 + 3az ( Tnt ? = 1 + 3aw ( mt )2 = 1 + 3Gp.m; (22) 
167r mz 1671" mw 8V2?r2 

3.uech II B .uaJIbHe:mrreM 

(23)
 

TIOCKOJThKY B peaJ'ThHOR 2KH3Hl'I 1nt/mz ~ 2, TO cYMMa OCTanhHbIX, He 

JIH.nnpyIOmnx IIOilpanOK, OKa3hIBaeTCjI CpaBHHMO:B: C IIonpaBKon, nponopUHO

HaJILHOH m; (CM. mDKe). 

B HacTonu;ee BpeMH BeJnPIHHa srv, H3BJIeKaeMaJI 113 ,naHHbIX no rJIy6oKo

HeyrrpyroMy vN-paccenmro, COCTaBmIeT 0.2260(48) (rJI06arrbHhIH epHT .n;aH

HbIX KOJIJIa60parurli CDHS (30] H CHARM (31]), HJIH 0.2218(59) (KoJIJIa60

panlljl CCFR) [32]. TOlJHOCTb 3TIIX ,ll;aBHhIX xY2Ke, lJeM 1I3 Herrocpe.uCTBeH

Horo 1I3MepeHIU MaCChI W -6030Ha mw n OTHomeHIUI m w/ m z KOJIJIa60pa

rurnm UA2 B UEPH [33] II CDF na T~BaTpoHe [34]. COrJIaCHO PDG [351, 
.pHTHpoBaHHasI Benwnma mw = 80.22(26), lJTO OTBeqaeT s~ = 0.2264(25). 
3aMeTHM, lJTO COrJIaCHO HOBeHnmM .n:aHHhIM [36], TOtIHOCTb R3Mepemn[ mw 
erne BhIIDe: mw =' 80.26(16)GeV. II03ToMY B naJIbHeRmCM MhI I'JIy60Ko

Heyrrpyroro paccemnH HeiiTpHHo 06CY2K,lJ;aTb He 6y.neM. TeM 60JIee, "tlTO .aJIi[ 

ImTeprrpeTamm: 3TllX OIThITOB He06xo,ll;lIMbI nOilOJIHIITCJIbHhIe rrpe.nnOJI02KeHl'UI 

06 3.p£!leKTIIBHO:H Macce C-KBapKa 12I 0 TOqHOCTH KXll-rronpaBOK. 
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llpyrBe nponeccbI c yqaCTReM UeDTpaJlbHhIX TOKOB. 

B eme 60JIhmeH CTeneHn 3'1'0 OTHOCHTCJI K Hapymemno qeTHOCTlI B eD

paCceJIHlIH [8], KOTopoe K TOMY X(e .u:aeT cyrnecTBeHHO MeRee TO'lHOe sw = 
0.216(17). 

TO"llHOCTL H3MepeHHK vlJe- H vpe-paccemIDI .n;alKe B HaH60JIee TO't[HOM 3KC

nepl1lMeHTe CHARM II [37] He.n;OCTaT01IHa, 'tIT06hI yBH.n;eTh HCTHBHhIe 3rreK

TpoCJla6Me nonpaBKH. O.n;HaKO, 6y,llytlll npOaHa.JIH3HpOBau B 60pHOBCKOM npll

6JIJDKeHHH, 3'1'0'1' 3KcnepHMeR'1' BrrepBhIe 1I0Ka3aJI, 'tITO KOHCTaHTa B3aB.M0.n;eiI

C'1'BIHI TOKa VIJVfJ C Z-6030HOM HaxO.n;H'1'CJI B CorJIaClm C TeopIIeli (CM. [381, 
[39]). 

He.n;ocTa'1'01JHO -qyBCTBIITeJIeH rrpH nOCTHI'HY'1'oi! TOlIHOCTH II 3KClIepHMeH'1' 

no II3Mepemrro HapymeHWI. qe'1'HOC'1'1I B ne3HJiI 133CS55 [40]. 3.n;ecb 3.p.pCK'1' 

06yCJIOBJIeH B3aHMo.n;eHc'1'BHeM HYKJIOHHoro BeKTopHoro TOKa C aKCHaJIbHhIM 

3JIeX'1'pOHHLIM TOKOM. IIoCKOJIbKY XapaKTepHhIH HMIIyJIhC 3JIeKTpOHoB B aTOMe 

MaJI no CpaBHeHlIlO C au;epHbIMH pa3MepaMlI, Bce HyKJIOHbI g:,n;pa "pa6oTaK>T" 

KorepeHTHo II sr.n;po XapaKTepH3yeTCJI cyMMapHh1M CJIa6hIM 3apAAoM Qw, KO

TophIil Ha OlIblTe OKa3hIBaeTCK paBHhIM Q~P = -71.0 ± 1.8, B TO BpeMR KaK 

TeOpeTH'leCKH 02KlUlaeMoe 'tJlICJIO COCTaBJUeT -72.9 ± 0.1. 3aMe'tIaTeJIbHbIM 

CBOHCTBOM Qw KBrrKeTcg: TO, 'iTO B CHny CJ1)"tJaHBoro COKpaIUeHlnI BKJIana 

lIpOTOHOB II aeHTpoHoB ORO npaKTIPIeCKH He 3aBKCKT 0'1' mt- 3aTO Qw OqeHb 

-qyBCTBHTeJIhHO K BKJIa.n;aM HeRTpaJIhHhIX 6030HOB Z', Z", 60JIee TR)J(eJThIX, 

qeM Z-6030HhI, eCmI 0Hl! cymecTBYIOT. 

MTaK, RaJIrry1:JIIDIM 06'beKTOM .ZJ;JIlI H3yqeHlIJI 3rreKTpocrra6oii TeopHFI Ha ne

TJIeBOM ypoBHe KBm[eTcg: Z-6030H, KOTOpOMy B OCROBROM 1I nOCB.sm::J;eH .uau:Hh"IH 

0630p. 

06·onTHMaJIbHOH napaMeTpU3a.nHH TeopHU U BLl60pe 

60pHoBCKoro npU6nH)KeHHJI. 

3JIeKTpOCJIa6as TeopHH OTJllt1IaeTC.R 0'1' 3JIeKTpOJUffiaMRKH BO MHorID{ OTHO

meHH.SIX II, B 'laCTHOCTK, 06HJTIleM Pa3Jm'lHhIX ~acTlIIJ; H B3aHMo.n;eHcTBlrii, 

KOTophIe He06xo.n;IlMo rrpmmMaTh BO BRIIMamre rrpH paCCMOTpeHHII JlI06oro 

3.p4JeKTa B rreTJIeBOM npH6JIH)J(emm. TIapaMeTpH3a:nHJI K3ll He B.bI3hIBaeT 

pa3MhIIIIJIeHHK: <PYH,IJ;aMeRTaJU..HhIMH BemPIlIHaMH jIBJIJIIOTCX Macca H 3ap~ 

3JIeKTpOHa, KOTopble K TOMy xe 1I3BeCTm.I C OqeHb BhICOKOiI TO~OCThIO. Tax 
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-qTO B K3ll eCTecTBeHHO Bee TeopeTH~eCKlIenpe.n;CKa3aHHSI BhIpaJKaTb -qepe3 

(},.IiI me. 

Tpa~B:qROHHhIii BhIOOP OCBOBHbIX napaMeTpOB. 

B c~ae 3rreKTpocna6oH TeOplm Bbl60p OCHOBHhIX napaMeTpOB He CTonb 

OqeBHneH. I1cTopJiItIecKlil B Ka-qeCTBe TaKHX napaMeTpOB 6hImI BbI6paHbl GJl 

KaK HaH60nee TO'tfHO Jil3MepeHHaJI Ha OIThITe KOHCTaHTa crra6oro pacnana, 

stv == 1 - mtv/m~, nOCKorrbKY Henocpe,llCTBeHHo W n: Z 6030HbI B TO BpeMS! 

eme He Ha6mo.n;aJIHCb, a 3BaqeHHe stv 6hIJIO H3BeCTHO R3 onhITOB C HeHTpaJTh

BhIMH TOKaMH, n, HaKOHeu, a. 3Ta napaMeTp:H3aIUU[ 70-x ro,IIOB OK83aJIaCb 

O'tJeHb .iKlIByqeii, ORa n CBS!3aHHhIe C BeI<> neTneBbIe napaMeTpbI ~r II p IDII

pOKO HCnOITb3ytOTC.a B JIHTepaType II lIMeIOT Bce maHCbl coxpaHlITbCSI n no

CJIe KOHua 3Toro CTOJIeTlIi:.· BMeCTe C TeM 3Ta napaMeTpH3aUID[ naneKa OT 

OIITHMaJIbHo:a, nOCKOITbKY Ha OIIbITe mw ell, crre.n;OBaTeJIbHO, sw) n3MepeHa 

C rop83.D;O XYllmeH TO'tJHOCTbIO, qeM mz: 

mw = 80.26(16)GeV (24) 

mz = 91.1884(22)GeV (25) 

B pe3YJThTaTe s~ 113BJIeKaeTC1I: rryTeM q>HTHpOBaHHJl neTJIeBhIMH 4>opMYJIa

Mil CaMIllX pa3HhIX Ha6mo.n;aeMbIx. O.n;HaKO nplI TaKOM H3BJIe-qemm: IIpHXO

.D:IITCK 3a.n;aBaTb 3Ha'tJemU[ Macc t-KBapKa H XHrrca• .upyrHM He,n;OCTaTKOM 

o6cy)K.u;aeMoH napaMeTp.Iil3amm: jIBJI1I:eTC.a TO, 'tJTO BeJDftIlIHa Q:' npn BceH ee 

nOpa311TeJThHOB: TO"tfHOCTR He llMeeT npnlOro OTROmeIDI1I: K 3rreKTpocna6hIM 

IIeTJI.SIM, KOTophIe XapaKTep1I3YIOTC1I: BemirQHROB: 0:, 1I3BeCTHOH C ropa3,n;o 60

JIee HlI3KOB: TOQHOCTbIO. B pe3YJThTaTe qnCTO 3JIeKTpOMarHHTHaJI IIonpaBKa 

~rem He OTnenHeTC1I: OT HCTllHHO 3JIeKTpOCna6hIX nOnpaBOK, ~TO 3aTeMH.HeT 

ImTepnpeTaumo 3KCneplIMeHTaJThHhIX .n:aHHbIX. 

OUTHMaJIbHblH BLl60p OCROBHbIX napaMeTpOB. 

113 CKa3aHHOro BbIlIIe cnenyeT, ~TO OTITllMaJIbHO:H B naCTOIDllee npeMa 

1I:BJIS!eTC1I: napaMeTpR3an;lIH, OCHOBaHHaJI na Gjl, mz l'I a. IIPII TaKOR napa

MeTp1l3aI(IDI OKa3bIBaeTCSI y.u;06HMM BBeCTH crra6:b.:IH yrorr (J, onpeneJIaeMhI:H: 

(no aHaJIOrnn C YP-HlIeM(9)) COOTHomenlIeM: 

G _ Jra (26)jl - v'2m~s2c2 ' 
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2 2 

rne 8 == sin2 8, c == cos
2 e. 

Joh ypaBHemHI (26) CJlenyeT 

. 2 4rra 
SIn 28 = vl2G 2 = 0.71078(50) ,

2 p'mz 

8
2 = 0.23110(23) , (27) 

c = 0.87687(13) 

YroJI e6:hIJI BBe.ueH B cepe.nJme 1980-x rO~OB [41]. O,llHaKO ero nocrre.n:OBa

TeJThBOe HCnOJTh30BaHHe Hal:laJIOCh C pa60ThI [42]. 
HCnOJTh30BaHlIe () BMeCTO Ow aBTOMaT:H'leCKH yqnTblBaeT 6er 0:' II n03BOJUI

eT cocpe.uoTO"UIThCi£ Ha lICTHHHO 3JIeKTpOCrra6hIX nOnpaBKax:. HCnOJIh30BaHBe 

mz BMeCTO SW n03Borr.a:eT XBHbIM 06pa30M BI.I)l;eJIHTb 3aIUICHMOCTL OT mt H 

fiB ~mI KaJK,IJ;OH 3JleKTpOCJla6oH Ha6monaeMoR. 

CJIe~yeT OTMeTHTh, l:lTO B JIBTepaType cymecTByeT .upyroe onpe,n;eJIeHlIe 

MaCCLI Z-6030na mz, CBjJ3amIOe C .npyron napaMeTpH3aIlHeH tPOPMbI .IDIKa 

Z-6030Ha [43]. 3Ta Macca mz MeHhme mz npn6JlH3HTeJThHO Ha 30 M3B. B 

3TOM o630pe MhI nOCJle.uOBaTeJIhHO HCIIOJIb3yeM TOJIbKO mz, crrenyH CBOnHLtM 

OTQeTaM KonJla6oparum LEP [44]. 
IIoKaxeM, KaK napaMeTp1I3aIlluI B TepMllHax Gp., mz, 8 ITpHMeHjJ:eTC5l K aM

nmITy.naM paenanOB Z-6030HOB H K OTnomenlIIO mw/mz. 

Pacna,u;bI Z-6030BOB. AMILJIBTY.D:hI III WIIIpBHhI. 

B COOTBeTCTBmI cypaBHemreM (20), 3ammIeM aMnJIHTyAY pacna.ua Z

6030Ha B tPepMlIOn-aHTlllpepMH0JmYIO napy f! B BlIne 

(28) 

3,n;eCb no onpe.n;eJICHHIO f - 3nal:leHlIe KOHCTaHThI CBH3H f B 6opnoBcKoM nplI

6JIIDKeHH.H: 

(29)
 

(HcnOJIh30BaHHe onnon H TOB: )f(e 6YKB:bI f nJIH 0603Ha-qeHI:IH tPepMHona II 
, . 

KOHCTaHT:hI CBjJ:31:1 He MOJKeT BHeCTll nYTaJnIIlbI, HaCTOJlhKO pMJIlPIHhI 3TH 

06'I>eKT'bI). BhICOKM TO'tIHOCTL, C KOTOpOH H3BeCTno '1J:llCJIeHHOe 3Ha-qe:ane f 
06yCJIOBJleHa TeM, TITO f Be 3aBHCHT OT a. Bce 3JleKTpOCna6h1e pa~nauH

OHHhIe nOnpaBKlI "CnpHTaHhI" B 6e3pMMepHhIX KoHcTaHTax gVj II gAj. 3TH 



15
 

K03$<pHUlIeHTbI He BKJIIO'£IaIOT BKJla.ua B3alIMo,neHCTBmI B KOHeqHOM COCTOjJ

HlIH, o6yCJIOBJIeHHLIX 06MeHOM rJIK>OHaJ-.m (IlJIjJ KBapKOB) II <pOTOHaMlI (nmr 

KBapKOB II JIeIITOHOB). B3aIlMo,neikTBlU B KOHeqHOM COCTOgmm: He lIMeIOT HH

qero o6mero C 3JIeKTpOCJIa6hIMH nonpaBKaMll II nomKHhI 6hITb yrITeHbI B BllIle 

OT.IJ;eJlbHhIX MHO)KlITeJIe:H npB nepeXOlle OT aMnJIHTy.nbI IIpouecca K ero ill]2[

pRHe. 3TH· MHO)JQITeJlll lIHor.u;a Ha3hIBaIOT " palllIaTOpaMH", nOCKOJIhKY OBB 

ytIRThIBaIOT He TOJIbKO 06MeH epOTOHaMH It rmooHaMlI, liO II lIX IIcnycKaHIIe. 

B CJIyqae pacnalloB na JlI06Y1O ]2[3 nap VeVe , VpVp , VrVr pallBaTopbI 

TpliIBHaJIbaO paBHbI e.nlImm:e H n03TOMY 

(30)
 

r.n;e r 0 - Tax Ha3hIBaeMasI CTaHllapTHaH rrmpllHa: 

Gpmz3
f o = ~ = 82.944(6)M3B (31)

24v2Jr 

IIpB npeHe6peiKeHHR MaccaMll He:ilTpmm 

gAv = gv" == gIl (32) 

TaK qTO 

r11 = srOg; (33) 

nm:I paCna.I.lOB na mo6yIO 113 nap 3apjJ:JKeHHbIX JleTITOHOB zf [18}: 

_ - ( 2 3&) 2 3ii mr
f 1 = f(Z -+ ll) = 4fo gVl(1 + - + gAI(1 + - - 6-2 )] , (34)

4rr 411" mz 
r.n;e KBaBTOB03JIeKTpo,rUIHa.MJI1:IeCKag nonpaBKa Yl:JTeaa JIRIIIh B HII3meM npR

6JIIDKeHHH TIO a; qJIeHaMll nOpg,l(Ka (i5t:jJr)2 'V 10-6 MhI npene6peraeM. 'lIneH, 
rrponopnnOHaJIhHhriI mr npeHe6pc:JK1IMo MaJI .nm:I I = e, J.L Hero CJIe.u;yeT yq]1[

ThlBaTh JIlllIIb llmI I = T (m;/m~ = 3.8 . 10-4). 

llmr pacrrana Ha mo6yIO H3 mrTH nap KBapKoB qij: 

(35) 

3.neCb ,nonOmnlTeJIhIlDIH ITO CpaBHeHInO C JIeilTOHaMH MHOJIalTeJIb 3 YqJiThI

BaeT TpH IJ;BeTa Ka:JKl{oro 113 KBapKOB. "Pa.unaTopbI" B nepBOM npn6mUKeHlIll 

Ol{HHaKOBhI nJIJI BeKTopHoro H aKClIaJIhHO-BeKTopHoro B3aHMOlleHCTBlIn:: 

(36)
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r.zre &s - KOHCTaHTa B3aHMOneHCTBHjI rmooHoB C KBapKaMH npH q2 m~. 

Cym;ecTBYJOT pa3Jm'tIHI:iIe KOHBemum npB BhI60pe as. IIpH paclIeTe pacna

.zrOB Z-6030Ha o6menplffiJITO onpeneJlJITb &s B T .H. Mo.n;:mPHIJ.lIP0BaHHOH cxeMe 

MIDmMaJThHOro Bz.tqHTaHIDI, MS. (CM. KOHe.n; llpHJIO)l(emnr A.) qHCJIeHHOe 

3B:a~eIm:e as, onpe.n;eJIeHBOe 1I3 pacIIa.zrOB Z-6030Ha IIOpJl,lXKa 0.12. BOJIee no

.np06HO 0 BeJIl1r1nIHe Qs 11 60nee TO~ BhIp3.)KemHrX .lIJHl pa,nnaTOpOB CM. 

IIpBJIo)KeHHe F. 3neCh 3a.MeTlIM mmIh, lITO paclIeTy panHaTopOB IIOCB,g:meaa 

06nmpHaJI JmTepaTypa II OBH BhIlIBCJIeHbI no TeopIDI B03MYIUemrii: BIIJIOTb .lIO 

~JIeHOB (&'s/7r)3 BKmoIfilTem.no [45], [46], [47], [48]. IIoJIHaJl anpOHHaJI nm
proIa C TO"tlHOCThIO no O"'leHb MaJIhIX nOnpaBOK rrpe,lXCTaBJI.SreT C060H CYMMY 

IImIHIH IIi:TB KBapKOBhIX KaHaJIOB: 

(37) 

IIOJIHaJI IlIHpmia Z-6030Ha ,IJ;aeTcsr O"tleBH.nBhIM COOTHOme:mIeM: 

r z = r h + r e + r IJ + r T +3rv • (38) 

CelIeHHe aHImr:mUII(lllI e+e- B a,IJ;pOHhI B Z-IIIIKe B COOTBeTCTBHlI C .popMyJIoii 

BpeiiTa-BIITHepa palmo: 
121r r~Th 

Uh = M2~ (39)
Z z 

HaKonen:, mHpOKO lICIIOJIb3YJOTCS: CJIe,IJ;YJOIIllIe 0603Ha~emJJl: )l;JIi: OTHOmemUI 

napmIaJIbHbIX IIIlIPIm: 

(40) 

(06paTBTe BHHMaHHe Ha TO, "tITO B R B OTmrcm:e OT Rb 11 Rc' rh CTOHT B 
" -rmCJIRTeJIe) . 

ACIIMMeTpIIB. 

Hapj[,ZJ;y C no.nHoH J2( napUHaJThHbIMI1l nmpllHaMH pacna,nOB Z-6030na Ha 

OIlhITe H3MepSIIOTC.sr TaK)Ke 3cpcpeKThI, 06yc.nOB.neHHhIe necoxpaHeHHeM "tIeT

noeTH, T.e. liIHTep.pepeH.IJ;mI BeKTopHoro II aKC11aJThHO-BeKTopHoro TOKa. ilmI 
nap JIerKllX KBapKOB (u, d, s, c) Ii .nenTOHOB onpe.n:enliM BeJmqHHY 

2gA19V!A (41)1= 2 2' 
gAl + gVI 
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I[JIJI naphI bb (CM. IIpIIJIO)KeHlIe G): 

A = 2gAbgVb . V
b (42) 

v2g1b + ~(3 - V2)g~b 

r,n:e v - CXOPOCTb b-KBapXa ( B emurnnax c): 

_ ~ 1 4m~v- --2-' (43)
mZ 

31IeCb mb 3HalleHHe "6eryme:a MaCChI" b-KBapxa npH JIMIIYJIbCe m z, BLPIII

CJleHHOe B cxeMe MS [50]. 3apK,n:oBaJI aCHMMeTpHK Bnepe,n;-Ha3a,n; npH pacna.ne 

Ha f f paBHa (CM. ITpIIJIO)KeHlIe G): 

'. A' = N F - NB - ~A A (44)FE - N +N - 4 e I
F B 

r,ne Ae OTHOCHTCa: x po)K.nemno Z-6030Ha riPII e+e- -aHHHrIlJlKIJ;l'IlI, a A, - K 

era pacna,n;y Ha f f. 
IIpo,n:oJThHaJI nOJlKpII3a~JI r-JlenTOHa B pacna,n:e Z --. rr paBHa 

(45) 

Ecmr)Ke 1I3MepxTh nOJlxpH3awn<> KaK epYHKD:lIIO yrJla BMex,n:y lIMuym.COM 

T II HanpaBJleHI:IeM nyqxa 3JIeKTpOHOB, TO 3TO n03BOJHleT onpe,n:eJmTb He 

TOJThKO An HO H A e : 

Ar (1 + cos
2 B) + Ae2cos B

Pr(cosB) = (46)
(1 + cos2 B) + A r Ae 2cos B 

IIOJlKpll3anllJl Pr norry'tJaeTC.a: 113 Pr(cos B) IIHTerpHPOBaHlieM 'tJIICmITeJIJI 

II 3HaMeHaTeJlK B (46) no nOJIHOMY TeJleCHOMY yrJlY. 

OTHOCHTeJIhHaJI pa3HocTh nOJIHhIX CeqeHIIH B Z -rrHKe ,n;JlK JIeBO- II npaBO

IIomlpH30BaHHhIX 3JIeXTpOHOB, CTaJIKHBaIOIIUIXCK C HeIIomlpH30BaHHhIMI'I IIO

3HTpOHaMH (3Ta BeJIll'llIIIa H3MepHeTcH Ha XOJlJIaHlIepe SLC) paBHa 

aL - aR
ALR = =Ae • (47)

aL +aR 

lthMepemre nepeT.J.IICJleHHhIX BhIllIe aCHMMeTp:H:li n03BOJlJleT onpe,n;eJIHTh Ha 

OIIhITe BeJIIIl:Jl'IlibI gv1/gAl, nOCKOJIbKY 3TH aCH~eTpmI06yCJIOBJIeHbI HHTep

4>epeHIUleH BeXTopHhIX .a aKCHaJIbHO-BeKTopHhIX TOXOB. B CBOIO Oqepe,n:b H3

MepeHIHI IIIlIpHH r I, r h, r z II03BOJIKIOT B OCHOBHOM OIIpenemITb Ha OllhITe gAl, 
IIOCXOJIbKY ,nJIH XBapKOB IgVql2 < 19Aq[2, a .nmI JIeIITOHOB Igvd 2 -< IgAd 2• qTO 

xacaeTCH r q II r h, TO .ax 3HaHlIe II03BOJIKeT TaK)Ke HaHTII 3HaqeHHe as. 
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BOpHOBCKoe upH6nlllJKeHBe ,ltnJl 6e3a.npOHHhIX Ha6nlO.D;aeMhIX. 

IIp~e qeM OOCY.2K,IJ;aTb neTJIeBhIe 3JIeKTpOCJIa6hIe nonpaBKH, paCCMO

TpnM BhIpaxemul .n;JHl mw/mz, gAl II gVI/gAI B T.H. a-60pHOBCKOM npn

6mDKemm:. HCnOJTh3YX BBe.n;e:mn:.rii BbIIlle yrOJI 8, ero Clmyc s n KOCImYC C, 

MhI aBTOMaTu'tJeCKII yqHThIBaeM 'tJIICTO 3JIeKTpOMarHlITHYID nOnpaBKy, o6y

CJIOBJIelffiYIO 6eroM 0:'. JIerKo BlI,lleTL, "tJTO B a-6opHoBCKOM npn6JIlDKemm: 

(mw/mz)B = c (48) 

g~, = Tal (49) 

(9VI/gA/)B = 1 - 41Q/Is2 (50) 

HHTepeCHO CpaBHHTL 60pHoBcKHe 3Ha"tJeHHX C l:IX. 3KcnepIlMeHTarrbHLIMJiI 3Ha

"tJemUIMH. Ta6mm:a 1 COnep)KJIT TaKoe CpaBHeHlIe .n;rrx TaK Ha3hIBaeMhIX " 6e

3a.n;pomn.rx" Ha6mo.n;aeMLIx (3,n:ecL H HIDKe 3KCneplIMeHTa.rILHhIe pe3YJIbTaThI 

B3HThI 113 [44J.) 

Ta6nBn;a 1 

I Ha6mo.n;aeMaJI I 3KCnepHMeHT I a-6opH 

mw/mz 0.8802(18) 0.8769(1) 
mw (GeV) 80.26(16) 79.96(2) 
s~ 0.2253(31) 0.2311(2) 

gAl -O.5011(4) -0.5000(0) 
rl (MeV) 83.93(14) 83.57(2) 

gvl/gAl 0.0756(14) 0.0756(9) 

s¥ 0.2311(4) 0.2311(2) 

LIJIX y.n;o6cTBa 'tJIITaTemI B Ta6JImJ;e npHBeneHbI pa3JUPIHLIe rrpe.n;CTaBJIeHRJI 

o,zumx n Tex 1K:e na6monaeMhIX., I1CnOJIL3yeMbIe B JllITepaTypc. TaK, COrJIaCHO 

illnpOKO lICnOJIb3yeMhIM onpe.n;eJIeHliUIM, 

s~ = 1- m~/m~ , (51) 

2 2 • 2 ()lept 1 ( /) ( 2)sl == sell == Sill ell =:; 4" 1 - gVl gAl 5 

3KCnepHMCHTaJIbHOe 3HaqeHlle s1 B Ta6mme npenCTaBJIJIeT co6on cpe.n;Hec 

nByx "lfficeJI 0.2316(5) (LEP) II 0.2305(5) (SLC). B Ta6JIHue rrpennOJIaraeTCH, 



4 

19 

qTO HMeeT MeCTO neIITOHHaJI YJiHBepCaJThHOCTh II .n;aHHhIe no neIITOHHhIM pac

na.n;aM OTHOCjlTClI K ycpe.n;HeHHbIM no PaJJIH""<JHhIM Ha6nro.n;aCMbIM 3HaQeHIUIM. 

1'13 Ta6JIl!1UhI 1 cnc.n;yeT, "tITO &-60pHOBCKOC npn6JIIDKeIDIe XOpOillO onH

ChIBaCT 3KCnepItMeHTaJIhHhIe .n;aHHhIe. (He xy.n;mee COrJIaCHe lIMeeT MeCTO 

H .llJIlI a.npoHHhIX pacna.n:OB Z-6030HOB.) Oco6eHHo (II HemKH.n;aHHo!) Xopo

mee COrJIaClIe II, cne.n;OBaTenbHO, MaJIOCTh 3JIeKTpocna6hIx pa.n;lIaD;IIOHHhIX 

nOnpaBOK HMeeT MeCTO .n;ml: gvtlgAl. BnepBhIe aHOMaJIhHaJ[ ManOCTb nCTHH

HO 3neKTpocna6hIX nonpaBOK 6hIJIa OTMeqeHa B 1992 r. [42], Kor.n;a BnepBhIe 

6hIJIO npHMeHeHO &-60pHoBcKoe rrplI6JIillKeHHe. (llo 3Toro ORa MaCKHpOBa

naCb 60JThilllIM BKna.n;OM OT -qnCTO 3JIeKTpOMarHIITHoro 6era a, KOTOphIH He 

OT.n;emmCK OT HCTIIHHO 3JIeKTpOCJIa6hIX nonpaBOK). llaHHhIe LEP 1 B 1992 r. 
6hIJIl1 He.n;OCTaTOT.IHO TO"lJHhI, "tJ.To6hI Boo6me yBH.n;eTh HX• .IIa)I(e .n;aHHhle, rrpe.n;

CTaBJIeHHhIe Ha KOH41epeHUHH B MapceJIe JIeTOM 1993 r., KaK OTMe'tiaJIOCb B 

pH.n;e .n;OKna.u;OB [51], 6hIJIlI Bce ern;e He.n;OCTaTOTIHO TO't.JHhI .n;mI perHCTpanlI1I 

pa.n;I1aD;nOHHhIX nOIIpaBOK. Ha KOH$epeHD;mI B rna3ro JIeTOM 1994 r. nOIIpaB

KH 6hIJIH BII,IJ;HhI Ha ypOBHe 2,3 a .n;JIl[ gAl, 1,5 (j .n;mI mw .II la .n;mI gvtlgAI 
[52]. 3aMeTHM, qTO Pa3HOCTb Me:iK,ZJ;y COBpeMeHHhIMH 3KcneplIMeHTaJIhHhIMII 

3Ha'tiemUMlI sW = 0.2253(31) II sf = 0.2311(4) KBJIKCTCK npOKBJICHlICM 3JIeK

TpocJIa6hIX pa.n;HaIJ;.IIOHHhIX nOnpaBOK, KOTOpOC HC 3aBlICIIT Hll OT BhI60pa 

60pHoBcKoro npH6mnKeHIlK, Jlll OT BhI60pa CXCM paCqeTa .II COCTaBJIHeT 2a. 

O.n;HorreTJIeBhIe rrorrpaBKH K 6e3a.npoHHhIM Ha6JIIO.na

eMbiM. 

To, qTO Ha OIIhITe 3JIeKTpOCJIa6bIe nOIIpaBKn MaJIhI, HaBOllHT Ha MbICJIb, "ITO 

.n;m[ HX OnnCaHlIK 6y.n;eT .n;OCTaTO"tIHO o.n;HoneTJIeBOrO npn6rrn.JKeHlIK [42]. 3Ta 

MDICJIb no.n;TBep)l(.n;aeTCK TmaTeJIbHOE: on:cHKon [18] TeOpeTlI't.JeCKlIX HeTO"tlHO

cTeH, BHOCIIMhIX BbICIIIJIMH nOpK,IJ;KaM1I' TeOplIlI B03MymeH.IilH no 3neKTpOCJIa

60MY B3aHMo.n;eHcTB.IIIO. ITo cym:ecTBy, eCTb TOJIbKO o.n;Ha .n;lIarpaMMa, KOTO

PYIO CJIe.n;yeT rrplIHHTb BO BHHMaHIIe. OHa 6bIJIa BbI'tillCJIeHa B pa60Tax [53], 
II MbI o6cy.n;HM cc BKJIa.n; HII)I(C (CM. epoPMYJIy (79) 11 y"tlTeM cro. 

l...{eThlpe Tuna ~e:iHMaBOBCKBX.nuarpaMM. 

B 3neKTpOCJIa6hIC nOnpaBKH .amI IIHTCPCCYIOIIUIX Hac Ha6mo.n;aCMhIX 

mw/mZ,gAI,gVI/gAI .n;aIOT BKJIa.n; "tlCThIpe TlIIIa epCHHMaHOBCKIDC .n;lIarpaMM: 
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1.	 Co6cTBeHHo-3HepreTlflIecKlIe neTJIII ,nJHI W- n Z-6030HOB C BIiIpTyaJIbHbl

MJiI V, 1, q, H, W IiI Z B neTJHDc. IIpHMephI HeKOTOphIX H3 3TJiIX ,nIiIarpaMM 

npHBe,neHhI Ha pRC. 5b-5n. 

2.	 IIeTJIH 3apX)KeHHhIX -qaCTn:D;, nplIBo,nnnne K Z ~ f nepexo,naM (CM. pIiIC. 

50-5r). 

3.	 BepmHHllhIe TpeyroJIhHmGl C BRpTyam.B:bIMlI JIenTOHaMH 11 W - HJIH Z
6030HOM (pHC. 6a-6c). 

4.	 3JIeKTpOCJIa6hIe nonpaBKH K BOJIHOBhIM ~JIIKnnj[M JIenTOBOB (pRC. 6d

6e). 

CJIe,nyeT no~epKHYTh, 'ITO neTJIR, npe,nCTaBJIeHHhle pnCYHKaMD 5h-5n, .D:aIOT 

BKJIa,n Be TOITbKO B Maccy mz R, CJIe,nOBaTeJIhHO, B OTHomeHRe mw/mz, HO 

II B pacna,n Z-6030Ba Ba naphl If, B KOTOpli£ii .naIOT BKJIa,n TaIOKe Z ~ f 
nepexo,nhI (pIlC. 50-5r). 3TO npOHcxo,nIlT 1l3-3a ,nHarpaMM Tlma pIlC. 6f-6g, 

,naIOIIIHX IIOnpaBKH K BOJIHOBOi ~ymaum Z -6030Ba. 

O'leBII.1lBO, 'ITO 3JIeKTpOCJIa6bIe nonpaBKH K mw/mz, gAl II gvtlgAl 6e3

pa3MepHhI, n03TOMY OHll ,nOIDKHhI BbIpa3HTbC.a: -qepe3 fi, C, S n 6e3pa3MepHble 

napaMeTphI 

t = ( m t )2 , h = (mH)2 , 
mz mz 

r.1le mt - Macca t-KBapKa, a mH - Macca xnrrca. (MaccaMlI JIenTOHOB R Bcex 

KBapKOB, KpOMe t, MhI IIpeHe6peraeM.) 

ACIIMnTOTHQeCKHB: npe.nen npH m; ~ mi. 
cI>yHKItUH V m (t, h), VA(t, h) II VR(t , h). 

BhI'IllICJIemre nonpanOK y,n06HO pa36nTb Ba p~ 3TaIIOB n BRtIaTh C BbltIlI

CJIeHH..H aCHMIITOTHtIeCKOrO npe,neJIa npH t ~ 1. 
COrJIaCHO t TeM, lITO OTMelIanOCb BhIrne (CM. yp. (22), OCHOBHOH BKJIa,n IIpn 

3TOM .1laIOT ,II;HarpaMMhI, co,nep)K~e t- R b-KBapKH 5c II 5ij. IIpocToi pacqeT 

(CM. IIpllJIO)Kelfile H) ,naeT ,nJIJI cYMMhI 60pHoBcKoro n neTJIeBOrO CJIaraeMbIX: 

mw/mz = c+ 32 2(
3c

2 2)at.	 (53) 
1TS c - S 

(54) 
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(55) 

(56) 

ECJIIi Teneph OT aCliMnTOT1PlecKoro CJIy-qasr t ~ 1 nepeftTlI K CJIy-qaIO, 

Kor,rJ;a t rv 1, TO, BO-nepBhIX, 1I3MeHeHlIe BKJIa,na ,n:lIarpaMM 5c, 5i II 5j MO)KHO 

npe,n:CTaBlITb B BH,lJ;e: 

t -+ t+Ti(t) , (57) 

r.n;e IDI.n;eKC i = m,A,R II v ,n:m[ mw/mz, 9AI, R == gVt!9AI Ii 9v, COOTBeT

CTBeHBO. <l>yHKIJ;IIH Ti npe,nCTaBJIKIOT C060H CpaBHlITeJIhHO HeCJImKHbIe KOM

6IIHaIJ;Hl'I aJIre6p3.lfqeCKIDC l'I JIOraplI<pMlfCIeCKlIX <PYJI¥UIft. B HBBOM BIIp;e ORn 

npHBe,neBhI B IIplIJIo2KeBHn 1. Rx ~nCJIelllIhIe 3Ba~eHlUI .n;JIK Pa3JIlI'llIhIX 3Ha

qeHHft mt nplIBc.n;eHhl B Ta6mmc 2. HTaK, q,YHKIJ;HII Ti(t) OlllIChIBaIOT BKJIa.n: 

B BCJUI'tJlIHhI mw/mz, 9A,R = 9vdgAI II 9v KBapK~Boro ny6JICTa t, b. ECJIn 

2KC y-qeCTh Tcncph BKJIa,lJ;bI OCTa.JIhHhIX BllpTyaJIhHhIX qaCTHII, TO CYMMapHhIlI 

pC3YJIhTaT MO)KHO npC.n;CTaBlITh B BllnC: 

(58) 
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Ta6nRQa 2 

mt 

(r3B) 
t Tm TA TR 

0 0 -0.188 0.875 0.444 
10 0.012 0.192 0.934 0.038 
20 0.048 -0.256 0.955 -0.015 
30 0.108 -0.430 0.812 -0.305 
40 0.192 -0;753 0.403 -0.959 
50 0.301 -0.985 0.111 -0.748 
60 0.433 -0.931 0.327 -0.412 
70 0.589 -0.688 0.390 -0.250 
80 0.770 -0.317 0.421 -0.143 
90 0.974 -0.080 0.440 -0.061 

100 1.203 0.084 0.451 0.006 
110 1.455 0.214 0.460 0.062 
120 1.732 0.323 0.465 0.111 
130 2.032 0.418 0.470 0.154 
140 2.357 0.503 0.473 0.193 
150 2.706 0.579 0.476 0.228 
160 3.079 0.649 0.478 0.261 
170 3.476 0.713 0.480 0.291 
180 3.896 0.772 0.481 0.319 
190 4.341 0:828 0.483 0.345 
200 4.810 0.880 0.484 0.370 
210 5.303 0.929 0.485 0.393 
220 5.821 0.975 0.485 0.415 
230 6.362 1.019 0.486 0.436 
240 6.927 1.061 0.487 0.456 
250 7.516 1.101 0.487 0.475 
260 8.130 1.139 0.487 0.493 
270 8.767 1.176 0.488 0.510 
280 9.428 1.211 0.488 0.527 
290 10.114 1.245 0.489 0.543 
300 10.823 1.277 0.489 0.559 

.,. 

3n;ec:b Hi (h) COn;ep)J(][T BKJIan; BlIpTyaJIbHhIX BeKTopHhIX II XHrrCOBhIX 60
30nOB W, Z II H II ilBJUIeTCK ~ynKlUIeH MaCChI XlIrrca m H (MaCChI W - II 
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Z-6030HOB Bxo.u;aT B H '1epe3 napaMeTphI C, S, orrpenerreHHble yp-HReM (26)). 
5IBm:.nl BlI.II 4lYHKnHi Hi IIpHBe.n;eH B ITplIrrO)Kemm: I, a lIX "'llICneHHhIe 3Ha'1e

HJiU[ .n;mI Pa3JIlPIHhIX 3Ha'lleHRH mH rrpRBeneHhI B Ta6JIllll;e 3. 

Ta6JlBQa 3 

mH 

(r3B) 
h Hm HA H R 

0.01 0.000 1,120 -8.716 1.359 
0.10 0.000 1.119 -5.654 1.354 
1.00 0.000 1.103 -2.652 1.315 

10.00 0.012 0.980 -0.133 1.016 
50.00 0.301 0.661 0.645 0.360 

100.00 1.203 0.433 0.653 -0.022 
150.00 2.706 0.275 0.588 .-0.258 
200.00 4.810 0.151 0.518 -0.430 
250.00 7.516 0.050 0.452 -0.566 
300.00 10.823 -0.037 0.392 -0.679 
350.00 14.732 -0.112 0.338 -0.776 
400.00 19.241 -0.178 0.289 -0.860 
450.00 24.352 -0.238 0.244 -0.936 
500.00 30.065 -0.292 0.202 -1.004 
550.00 36.378 -0.341 0.164 -1.065 
600.00 43.293 -0.387 0.128 -1.122 
650.00 50.809 -0.429 0.095 -1.175 
700.00 58.927 -0.469 0.064 -1.223 
750.00 67.646 -0.506 0.035 -1.269 
800.00 76.966 -0.540 0.007 -1.311 
850.00 86.887 -0.573 -0.019 -1.352 
900.00 97.410 -0.604 -0.044 -1.390 
950.00 108.534 -0.633 -0.067 -1.426 

1000.00 120.259 -0.661 -0.090 -1.460 

KOHCTaJIThI C j B (58) BKmo'llaIOT BKJIa.n;hI nerKHX 4lepMHOHOB B co6CTBeH

BDIe 3Repnm: W - IiI Z-6030HOB, a TaIOKe B .n;HarpaMMhl plIC. 3, OIIHCblBaK>IIUle 

pacna.u MIOoua II pRC. 6a-6c, OIDIChIBaIOIIIHe pacna,n: Z-6030Ha. KOHcTaHThI C i 

npe.n;CTaBJUllOT C060B .n;OBOJIbHO CJIO)KH:ble <PYHlnUllil 82. MhI (CM. llpHrrO)KeHl1e 
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M) .uaeM me ~CJleHHbIe 3HaQemUl: .D:JIj{ 82 = 0.23110 - 682: 

Cm = -1.3497 + 4.13882 (59) 

CA = -2.2621 - 2.631582 (60) 

GR = -3.5045 - 5.72682 (61) 

Gil = -1.1641 - 4.88682 (62) 

,IIOlIpaBKH hVi (t, h). 

HaKOHeu, nOCJIe.uHee CJIaraeMOe B yp-HmI (58) co.uep)((HT CyMMy nonpaBoK 

n.srTII Pa3JllPIHhIX THnOB. Mx OO'be.n:nHJIeT TO, 'tITO OHH OqeHb MaJIbI (3a nc

KJII<lqeHlIeM6~\Ii) II oTBe'tlaIOT .D:ByM rreTmIM (3a IICKJIIO'tIeHHeM o,ZJ;HorreTJIeBOH 

hIVi II TpexneTJIeBOH 63Vi). 

1.	 hIVi co.nep1KHT BKJIa.uhI W-6030Ha 11 t-KBapKa B nomrp]l3an;:mo 3J1eKTpO

MarHlITHoro BaKJYMa Dwa == Ar~ 11 6t a == ~r~m (CM. pIlC. 7a-c 11 yp-HHe 

(16», KOTopbIe ITO Tpa.uH.JJ;:WI He BKmoqaIOTCX Boer a(q2), T.e. B BeJIlI 

"tJHHy 5:. Hx pa3yMHee paCCMaTpllBaTb KaK 3.TleKTpOCna6bIe DOnpaBJrn. B 
oco6eHHOCTH 3TO OTHOCHTC.a: K W-neTne, KOTOpaJI 3aBHCIIT OT Ka.rm:6poB

KH, BbI6paHHOH ,nnx OIIHCaID'IX W- n Z-6030HOB. TOJIbKO C yqeTOM 3TOH 

rreTJIH CYMMapHhIe 3.TleKTpOCJIa6hIe IIOnpaBKB CTaaOBSITCX KaJIH6pOBO'tIHO 

lIHBapHaHTHbIMlI, KaK II .n:OJDKHO 6hITL .n;JU 4>II3RtIeCKHX Ha6rrlO.n;aeMhIx. 

3.n;ecb n B .nam.aeRmeM npn BhI'tIIICrreHHSlX IICnOJTh3yeTcx xaJIn6pOBKa 

T 'Xoot1>Ta-¢leHHMaHa (CM. IIp1lJIoJKeIDIe A): 

16 41
6} Vm(t, h) = -311"5 ;(6wa + 6t a) = -0.055 , (63) 

16 2 2 1 
6}VR (t,h) = -T1rS C ~(8wa+8ta) = -0.181 , (64) 

61VA(t, h) = 61Vv(t, h) = 0 , (65) 

r.ue
 

6wa 1 2 • 1 1
 
- = -2 [(3+4c )(1- V4c2 -larcsm-) - -] = 0.0686, (66)

a ~ 2c 3
 

6t a 4 1 4 1
7 = - 91r [(1 + 2t)Ft (t) - 3"J ~ - 451rt+ ... ~ -0.00768. (67) 

(3.ueCb 11 B .D:aJIbHemneM Ml:iI, eCJm He orOBopeHO oco6o, llCrrOJIb3yeM .urr.K 

-qncrreHKhIX OneHOK mt = 175 f3B.) 
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2. ITOllpaBKII 62Vi B03mIKalOT H3-3a ~eTa BnpTyaJIbHhIX rmOOHOB B 3JleK

TpocJla6hIX neTrurx B IIopSI.llKe aas (CM. pnc. 8a-c); aHaJIornqHbIe ,lIlIa

rpaMMnI eCTb, KOHeqaO, n y W-6030HOB. KpoMe neTeJIb C rrerKlIMlI KBap

KaMH q = u, d, S, C eCTI. aHaJIOrlIqJlhIe neTJIH C KBapKaMlI TpeTI.ero no

KOrreHn.sI t, b: 
62Vi(t) = 6~Vi + 6;Vi(t) 

AHamITWIeCKHe BhIpa2KemHI ,l(rr.sI nOnpaBOK 61 Vi H 61Vi (t) nplffieneHbI B 

IIpnrr02KeBlDl O. 3.lleCb MhI .n;a,nl:IM mmu. lIX -qncneHHhIe oueHKH: 

(68) 

(69) 

8iVR = 0 (70) 

6~Vm(t) = _11.67 as (mt} = -10.61 a8 (71) 
7r 1r 

8~VA(t) = _lO.lOas(rnt) = -9.18
a

$ , (72)
7r 7r 

6~VR(t) = _1l.8S&sCmt) = _10.80 o-s , (73)
7r 1f 

nOCKOJThKY [16] 
~ () as

Q' m - --...,=-=--- (74)
8 t - 1 + ..R ~ lnt 

1211"0'·8 

(llJlH QHCrreHHhIX oueHOK MhI nCn01Ib3yeM as == Q:s(mz) = 0.125.) MhI 
Y2Ke rmCamI 0 TOM, 'ITO nOIIpaBKlI D§Vi(t), qnCrreHHbIe 3HaqemIK KOTOphIX 

npHBeneHhI B (71)-(73), 3Ha~TeJIbHO 60JThwe BCex npyrHx CJIaraeMhIX, 

BxOnmmx B 6Vi. IIo,lJ,qepKHeM, TITO ITllllHPYIOm;:m.'i np1l6oJlbmnX t '1JIeH B 

8;Vi YHllBepCaJI€H - He 3aBHCHT OT i. Kax IIOKa3aHO B pa60Tax [54], 3TOT 

Jm,ZJ;RpYIOIIl)rlI tIJleH nOrrrraeTCJI YMH02KeHReM aClIMllTOTHKlI B€JIbMaHa 

t Ha MHO)KHTeJIb 

(75) 

nrrn trncrreHHO, 

t -t t(l - 2.86&s(rnt)) (76) 
1r 

KaQeCTBeHHo MHOJKHTeJIh (75) COOTBeTcTByeT TOMy, 'ITO 6eryruaa: Macca 

t-KDapKa upn nMnyJIbcax p2 tV m;, nn:PKYJIHpyIOIWDC no t-KBapKOBOH 
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neTJIe, MeHbme, lIeM Ha MacCOBOH nOBepXHOCTH t-KBapKa. HHTepeCHO 

CpaBHRTb noupaBKy (76) C BeJnPIImOR 

(77) 

BhI'm:CnCHHOH B Kaml6pOBKe JIan,nay B pa60Te [55], CTp. 102. Cornacne 

nopa3HTeJIhHoe. Tax "lITO ,llUS: On;eHKH rJIaBHOE: rmOOHHOE: nOrrpaBKII K 

t-nCTJIC lIMeCTCH rrpOCTOe MHCMOHHqeCKOe npaBHJIo. 

3.	 IIonpaBKH 83Vi nopSI,UKa a&; 6LImI BhI'tIHCJICHbl B mITepaType [56J .nmI 

JIlUllIpYIOlllero no t TIneHa (T.e. a6:;t). ORR HC 3aBlICSIT OT i: 

,Uml. TIlICna JIerKlIX apoMaToB KBapKoB Nf = 5.
 

Ecm:r nonpaBKIl 81Vi, 82Vi, 83Vi, He 3aBHCemI OT mH, TO nonpaBKII 84Vi
 
3aBIlCSIT KaK OT mt, TaK II OT mH, a nOnpaBKR 85Vi rrponopUHOHaJThHliI
 

mho B OTJIR'qRe OT Bcex npe,lJ;hI,ZJ;yIT(HX, OHH B03HlIKaIOT OT yTIeTa 3neK


Tpocna6oro B3a:ID4o,nenCTBJiI.SI He B O,lJ;Ron, a B ,IJ;Byx neTmIX.
 

4.	 84Vi(t, h), B03mIKaIOIUas: OT ,z:urarpaMM pllC. 8d-f, B JIR.n:npyromeM no t 
npII6JTIDKeHlllI He 3aBHCllT OT i H lIMeeT.BIl,ZI; 

84Vi(t, h) = Q 2A(~)t2 ,	 (79)
161rs2c t 

r.ne epYHKIUI.SI A(h/t), BhPUICJIeHHaJI B pa60Tax [53], .n:aeTCSI: B Ta6mm;c 4 
.n:mr mH/mt < 4. 

llmr mt = 175GeV II mH = 300GeV 

(80) 

llmr mH /Tnt > 4 HMeeT MeCTO CJIe,llYIOm;ee pa3JIO)KeHlIe: 

49 2 27 3 2 1 2 2
A(h/t) = -4 -1r - 2 1nr - 2ln r - 3r (2 - 121f + 121nr - 271n r) 

2r 
-8(1613-2401r2 -1500lnr -720In2 r) ,	 (81)
4 , 

rue r = t/h. 84Vi(t, h) - CaMaSI 601IhmaSI .D:ByxneTJleBaJI no 3JIeKTpOCJIa6o

MY B3aJIMo.neHcTBmo nOnpaBKa, OnHaKO 1I OHa B HeCKOJIbKO pa3 MCHhmc, 

lJeM OCHOBBNc rJIrooHHhIe norrpaBKH 8~Vi. 
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Ta6nm:n;a 4 

mH /ffit A(mH/mt) j(2)(mH /7nt) mH/7nt A(mH/mt} T(2) (mH/7nt) 
0.00 0.739 5.710 2.10 9.655 1.373 
0.10 1.821 4.671 2.20 9.815 1.421 

0.20 2.704 3.901 2.30 9.964 1.475 

0.30 3.462 3.304 2.40 10.104 1.533 
0.40 4.127 2.834 2.50 10.235 1.595 
0.50 4.720 2.461 2.60 10.358 1.661 
0.60 5.254 2.163 2.70 10.473 1.730 
0.70 5.737 1.924 2.80 10.581 1.801 
0.80 6.179 1.735 2.90 10.683 1.875 
0.90 6.583 1.586 3.00 10.777 1.951 
1.00 6.956 1.470 3.10 10.866 2.029 
1.10 7.299 1.382 3.20 10.949 2.109 
1.20 7.617 1.317 3.30 11.026 2.190 
1.30 7.912 1.272 3.40 11.098 2.272 
1.40 8.186 1.245 3.50 11.165 2.356 
1.50 8.441 1.232 3.60 11.228 2.441 
1.60 8.679 1.232 3.70 11.286 2.526 
1.70 8.902 1.243 3.80 11.340 2.613 
1.80 9.109 1.264 3.90 11.390 2.700 
1.90 9.303 1.293 4.00 11.436 2.788 
2.00 9.485 1.330 

5.	 TIonpanIaI 85Vi o6ycnonneHhI .D;ByxneTJIeniJMH .zurarpaMMaMH TlIIIa plIC. 
8g-8j. ORn npene6pe)l(llMo MaJIhI, HO )lng nOJIHOThI H3JIQ)J(eHng ORR npn
Be,n;eHbI B IIpHJIo2KeIllIH P. 

Cny'1aBUaJI (?) KOMneHCan;HJI III Macca t-KBapKa. 

Tenepb, Kor,n;3 Bce cnaraeMI:.Ie B cpopMYJIe (58) BbITIllCaHhI, yMecTBo npo
aHaJm3HpoBaT:b lIX POJIh II o6m;ee nOBe.n;eillle cpyma::urif 'Vi(t, h). KaK 4>YHKD;IIH 
Tnt npn Tpex q>HKCllpOB3HHb1X 3Ha-qeHlHIX mH OHH 1I306paJKeHhI Ha pnc. 9a, 
lOa, lla. Ha Bcex 3THX pli:lcyHKax HMeeTCg li:I3JIOM (T.H. KacU) npn mt = mz/2. 
3TO 06hI"tIHWI nOpOrOBaJI oco6eHHocTh, B03Hli:1KalOIIJ;aJI rrpH OTKphITHH KaHa

na Z -+ tt. IIpaKTlPIecKoro IIHTepeCa OHa He npenCTaBJIKeT, nOCKOJThKY Ha 
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OlIbITe mt > mz/2. IIpyroe, qTO 6pocaeTcii B rJIa3a, :)TO TO, "tlTO $yHKIU:1l2l Vi 
6JIH3KlI K HyJIIO B lIHTepBaJle fit f'V 100 - 200 f3B. 3TO npoHcxoIlHT B pe3yJIh

TaTe KOMlleHCarum JIlIIllIpYIOmero CJIaraeMOro t II OCTaJIhHhIX crraraeMhIX, B 

cYMMe Ilarommc OTpnIlaTeJIhHhIi BKJIan. Oc06eHHO .RpKO 3TO npO.RBmIeTCJI B 

~ynKUllll VR rrpH mt f'V 180 r3B. 3,n;ecb OCHOBHO:ff oTpHUaTeJThHblB BKJIan 

.ZJ;aIOT JlerKlIe q.epMlIOHbI (KoHCTaHTa CR). 
ECJm npeHe6pe"tlh MaJIoi nonpanKoii64Vi (t ,h), 3aBIICJIII{en o.nHOBpeMeHHO 

H OT t H OT h, TO q.yBKIUm lti(t, h), rrpe.nCTaBJIiIIOT co60n CYMMY $YlIKDlIlI, 

o,n;Ha 113 KOTOphIX 3aBliIClIT OT t II He 3aBlIClIT OT h, a BTOpaJI 3aBHCllT OT h 
H He 3aBliIcnT· OT t (ITJIIOC, pa3YMeeTC.R, KOBCTaHTa, He 3aBl1ICJIII{3.X HH OT t, 
mr OT h). II03Touy KplIBhIe, OTBeqaIOIIllIe fiB = 60 II 1000 r3B, Ha plilC. ga, 

lOa, lla IIOnyqaroTCJI (B OCHOBHOM) napaJIJIeJIbHhIM nepenocoM KplIBOft ,ll;JlJl 

mH = 300 r3B. 
Ih pnc. 9a, lOa, l1a BH,llHO, qTO eCJIli! 6bI t-KBapK 6hIJI rrerKRM, pa.nRaD;lI

OHHhIe IIOnpaBKH 6bIJIH 6bI oTplIIlaTeJIhHhI, a ecmr O"tleHh T.R)KeJIbIM, OHl1I 6hIJIH 

6hI rOpa3,ll;0 60JThwe.· HMeeT MeCTO KaK 6hI KOHcnllpaIlH.s: Me2K,ll;Y Ha6mo,ll;aeMOR 

BeJllI'tllIHOa MacChI t-KBapKa n BceMlI OCTanbHbIMn napaMeTpaMB 3rreKTpocrra

60B TeopnlI, IIPHBO,ZUIID;aJI K TOMY, -qTO 3JIeKTpOCrra6aJl nOnpaBKa VR CTaHO

BHTCJI aHOMa.JIbHO Marra. 3aMeTRM, QTO o.nHOBpeMeHHoro 3aHyJIeBHSI IIonpaBOK 

ne rrp0l1lCXO,ZJ;HT, T~K., eCJIlI<pHKcnpOBaTh BeJIHqUHy fiH, TO Vm(t) ,VA(t) n 

VR(t) nepeceKaIOT ropR30HTaJI1>HhIe J1llHlJlI Vi = 0 IIpH Pa3JIlI"t!IIMX 3Ha-qeHlI.RX 

mt. HMeeT MeCTO npn6JIH)KeHBOe 3aHYrreHHe, OTBeqaromee KaK 6hI KaKOH-TO 

HapymeHHoH CIIMMeTpHlI. IIpnpo.na 3TOB CHMMeTplm HaM He jiCHa, II CaMO ee 

cymecTBOBaHliIe BeCbMa np06JIeMaTHtmO. 

Crre.nyeT 06paTl1ITb BHllMaHRe Ha IIyHKTHPHYIO napa60ny na pRC. ga, lOa, 

l1a, OTBe"'laIO~BelILTMaHOBCKOMYqJleHY t. BH,lJ;HO, qTO B HHTepBaJIe 0 < 
mt < 250 f3B OHa paCIIOJIOiKeHa ropa3,ZJ;O BhIIDe VA n VR 111 npH6JTIDKaeTCSI 

K Vm JIlIIITh B npanoa qaCTn pnc. 9a. TaKHM 06pa30M, T.H. HeJIII,llHPYIOI:IllIe 

"MaJIbIe" IIOnpaBKII, KOTophIe B cTaHnapTHbIX TeKcTax 06hPIHO 3aMeH.a:IOT 

MRoroTOqlIeM, OKMbIBaIOTCg CpaBHl:IMhI C JIlI,IlHpYJOID;1lM QJIeHOM t. 
rJ'Lll,ll;.R Ha pRC. ga, lOa, lla, JIerKO IIOHHTh, KaK, HeCMOTp.sI na Ma

JIOCTb 3JIeKTpOCJIa6hIX nonpanoK, nx ~KClIepIIMeHTa.m:.Hoe l1I3yqeHlIe n03BO

JIgeT npe.II:CKa3aTb B paMKax MmmMaJII.HOB cTaH.n;apTHOH: Mo.n;eJIII Maccy t
KBapKa. II3.)Ke B TO BpeM.s:, Kor.n;a TO~OCTb 3KCneplIMeHTOB Ha LEPI H SLC 
6hIJla He,ll;OCTaTO'<IHa, "tlT06hI YBlIlleTb 3JleKTpOCJIa6hIe nOIIpaBKl1I, oHa 6hIJIa .no

CTaTOqRa, QTo6hI yCTaHOBHTb Maccy t-KBapKa IIO TO"tlKaM, B KOTOphIX KpHBhIe 

Vi(Tnt) nepeceKaIOT rop1l30HTaJIbHhIe mnmn:, OTBeqalOIURe 3KCneplIMeHTaJIb
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HbIM 3HaQemU:M Vi II napaJIJIeJIhHhIe lIM mTpHXOBbIe :rnrmm:,YKa3bIBaIOIIUIe 

KOpR.n;Op B O.n;HO CTaH.n;apTHOe OTKJIOHeBne. TO'tlROCTb B onpe.n;eJIeHmI Tnt onpe

.neJliIeTCK nm:plIHOH KOpII,IJ;Opa n KpyTn3BoH JIl:llIlIll Vi(mt). 
AHaJIOrWIHbIM 06paJOM M02KHO IIOCTpOHTb 3aBlICHMOCTb Vi (m H) ;rr.JlJI. TpeX 

q>llKCnpOBa.mILIX 3Ba'tlemm: mt = 150,175 II 200 r3B (PIIC. 9b, lOb, lIb). 113 
jIDHOro Bl:!;rr.a CJIaraeMbIX Hi(mH) CJIe.nyeT, qTO 3aBHCHMOCTb Vi(mn) ropM,110 

60JIee nOJIorasr (JIOrapn:qJMlPIeCKaJI). HMeHHo n03TOMY npe.n;CKa3aHliIe MaCChI 

XID'rca, 1I3BJIeQeHHOe 1iI3 3JleKTpOCJla6hlX nonpaBOK, 06JIa.n;aeT CTOJIh 60JIhillOH 

Heonpe.neJIeHHOCTbIO. Kax MbI YBRlIlIM HIDKe (CM. pIlC. 13, 14, 15), TOqaOCTb 

npe.n;CKMaB1U[ mn 6Y,lleT CIiIJIbHO 3aBHceTh OT Toro, KaKoR OKa2KeTCjI Macca t
KBapKa. ECJIIiI mt = 150±5 r3B, TO mH < 200 r3B Ha ypOBHe 3u. ECJIE: mt = 
200±5 r3B, TO mH > 120 r3B Ha ypOBHe 3u. ECJIlI 2Ke mt = 175±5 r3B, TO 

HaM Kpymm He nOBe3eT: Orpa:mJ1:leHlliI Ha mH npaKTHqeCKH He B03ID1KHeT. 

IIpe)I{.n;e qeM nepeXO,llllTb K paccMoTpemno anpOHHhIX pacna,llOB Z -6030Ha, 

BepHeMCK "K nCTOKaM" 11 nOK8.2KeM, KaK 6I.IJm nOJIyqeHhI q>oPMYJThI .n;JIK 

"\;i(mt, mH). 

B.nYM'tJRBbIii 'tJllTaTeJIb y)J{e ,UaBHO ,lIOJDKeH 6bIJI 3a,llaTb BOrrpOC: KaKlIM 

06pa30M B OAHoneTJIeBOM rrpR6muKeHlIH aMlImITy.nDI JIenTOHHbIX pacna,llOB 

Z-6030Ha OKa3bIBaIOTCK 3aBIICm:IUlMH OT co6CTBeHHon 3Hepnm: W-6030Ha? 

Be.n;:b B nHarpaMMax pacna.na Z-neTJIH, OilliChIBaIOIIUle COOCTBeHHYIO 3Hep

rmo W-0030Ha, He BXo.n;KT: mIll nOjIBJIj[J{)TCi[ mmn. Ha'tJIIHaK C ,UByxneTJIeBoro 

np1I6JlIDKeH1IJI. OTBeT Ha 3TOT BOrrpOC B CJIe.n;ylOmeM. KaK Y)I{e no.n;QepKlIBa

nOCL BhIDIe, MhI BLIpalKaeM pa,IlIiIalU!OHHbIe nonpaBKlI K pacna.n;aM Z -qepe3 

ii, mz 1I Gw Ho BbIpa.JKemIe .n;njl Gp co;rr.ep.JKnT co6cTBeHHylO 3HeprHIO W
6030Ha Y2Ke B O,D;HoneTJIeBOM npOOJIH2KeHRH. HTaK, Bce ,lleJIO B TOM, "tlTO Ml:.I 

BLIpaX{aeM O.n;BB Ha6mo.naeMLIe (B ,llaHHOM cJIYqae mw / m z, 9A, 9v /9A) Qepe3 

Apyrne, 60JIee TO-qgO n3MepeHHhIe Ha6JIIO.n;aeMLIe (0', mz, G,,). 
IIpocJIe.n;BM mar 33 marOM, KaK 3TO ,lleJIaeTC.Sl. Bcero 6Y,lleT "IIjITb marOB 

K CqaCTbIO", OCHonaHHbIX Ha o.nHoneTJIenOM npn6JnDKe:mm:. 

IDar I. Hal:ffieM C 3JIeKTpocna6oro JIarpaIDKHaRa nOCJIe TOro, KaK B HeM 

np01I30illJIO CnOHTaHHOe HapymeHne SU(2) x U(I)--cllMMeTpInI XlITrcOBbIM 

BaKYJ'MHhIM KOH.neHcaTOM TJ n W- n Z-6030Bbl CTaml MaCCHBHbIMH. PaccMo

TpllM roJIbIe KOHCTaHTbI CBjl3H (rOJIlde 3ap.smbI q>oToHa eo, W-6030Ha 90 II 
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Z-6030Ha 10) II rOJlhIe MaCCIll BeKTopHbIX 6030HOB: 

- 1 
mzo = 2/017 , (82) 

1 
mwo = -9017 , (83)

2 
a TaIOKe rOJIIue MacChI t-KBapKa Tnto II mrrca mHO. 

mar II. BhIpa3HM 5, GJi , mz l:J.epe3 fo, 90, eo, '7, mtO, mHO H l/E 
(cM.lIpIIJIO)KeIDIe E). 3.ZJ;ech l/E nOIlBJIKeTCK 1I3-3a TOro, 'lTO MbI IICrrOJIh3yeM 

pa3MepHYro perYIT.ip:~l3aIUIIO, BbftlHCITjI.i <peHHMaHOBCKHe HHTerpaJIbI B npo

CTpaHCTBe D H3MepeHHii. (eM. IIpmIO)Kemre A). 3TH lIHTerpaJIbI paexo.ZJ;.HTea: 

npn D = 4 n KOHel:J.HhI npH D :j:. 4. lIo onpe.ZJ;erremIIO 

2c = D - 4 -+ 0 . (84) 

3aMeTIIM, "tlTO B o.n:HoneTJIeBOM npn6JIH)KeHlnI mtO = mt, mHO = mH, no

CKOJI.bKY 3JIeKTpOCJla6LIMl:I nOnpaBKaMlI K MaeeaM t-KBapKa H XHrrca Mbi: npe

He6peraeM. nIDI XEI'I'Ca 3TO rrpH6JIH2KeH1le BnOJIHe 3aKOHHO, T .K. ero Macca 

onpe.ZJ;emleTCK H3 pa.ZJ;HaIJ;ROHHhlX nonpaBOK C o~eHb HH3KOH TO'tJROCThIO. -qTO 

KacaeTca: t-KBapKa, TO npH eOBpeMeHHOM ypoBHe TOl:J.HOCTII 1I3Mepeuna: 3JIeK

Tpocrra6hIX nOnpaBOK ~TO TOJKe cnpaBe.ZJ;mmo, HO MOrITO 6hI CTaTh CJImnKOM 

rpy6hIM npu:6JIIDKemreM, eCJIH 6hI 3Ta TO~OCTh Ha LEP H SLC yrryqImIJIach 

na nopK,D;OK. 3,D;eCh cHTyaIllIjI aHaJIOrWIHa Gjj H co6cTBeHHoR 3HeprHll W
6030Ha. mar II - 3TO nO"tlTH q,n3lIKa: BhIl:J.HCJIeHHe epeHHMaHOBCKlIX .n:n:arpaMM. 

(errOBO "IIO~Tl'I" no,ZpIepKlIBaeT, ~TO na6JIIO,ZJ;aeMhle BhIPaJKaIOTCH Qepe3 ne

Ha6JIIO,ZJ;aeMbIe, "roJIhIe", Boo6me rOBopa:, 6eCKOHeqflhIe BeJIHt:IHHhI). 

mar III. 06paTHM BhlpaJKemU, norry-qeHHhIe B mare II II BhIpa3lIM 10, 
90, 17 "tlepe3 a, GJi , mz, mt, mH II l/E. 3TOT mar - qlICTaJr arrre6pa. 

m~rv. BhIpa:UIM Vm , VA, VR (llJIH 3JIeKTpOCJIa6yro o.nHOlleTrreBYIO no

llpaBKY K JII060H .n:pyron 3rreKTpOCJIa6oii Ha6mo.n:aeMoH, KOTophIe Bee paCCMa

TplIBaIOTCa: Ha paBHOM OCHOBaHHH) "tlepe3 fo, 90,1], Tnt, mH H 1/£. (3TOT mar, 

IIOJJ;o6HO mary II - CHOBa IIO"tlTH epII3IIKa). 

mar V. BhlPa3HM Vm , VA, VR (IIJIH mo6yIO .ZJ;PyrYIO 3rreKTpocrra6yIO no

npaBKy) Qepe3 (¥, G,." mZ, mt, mH HCnOnh3YSl pe3YJIhTaThI marOB In II IV. 
<f>oPMaJIhHO - 3TO "tlHCTaJr arrre6pa. TIo cymecTBY 2Ke 'tIlICTasI <pH3HKa, T .K. 

Teneph MbI BMpa3IIJIH O.ZJ;HH epH3H"tleCKHe Ha6mo.ZJ;aeMhIe -qepe3 npyrlle epII3H

-qeCKHe Ha6mo.n:aeMhIe. Ec.rm no .n;opore He 6bIJIO C.ZJ;enaHO oilln6oK, TO "T.JJIeHhI 

l/E B3aHMHO ymrqT02KaIOTC'I. B pe3YJIhTaTe MhI IIOJIyl'.JaeM COOTHomeHne (58L 
BhIpa2KaIOIUee Vi B BH.n;e 3rreMeHTapHhIX 4lYHKUn.H OT t H h II S. 



5 

31 

Onn:caHHbIe Bblme nKTb marOB O"tJeHb npOCThI H HarmIJlHbI. MhIUPlIXO,IUIM 

K HanIJilM OCHOBBhlM COOTHOmeBJilSIM, Be lICnOJTb3YH "T}l)I{enyIO apTHJIJIeplIIO" 

KBaHTOBO:H Teopllll nOJIS{ C ee KOHTpqJIeHaMR B JIarpaH:>Kl!aHe II npone,I:{ypOH 

nepeHopMHpOBOK. TaKaJI npOCTOTa 1I HarJUI,lIHOCTb CTann B03M02KHhI 6JIaro

)l;apSI O)l;BOneTJIeBoMy 3JIeKTpOCJIa6oMy B3aHMO,IleHCTBHIO. ( B MHOrOneTneBhIX 

paCqeTaX TaKOH nO)l;XOn; K nepenopMEpOBKaM XOT.s: It B03MO:>KeH, O.1lHaKO CTa

ROBHTC.H: 60nee rpOM03.IlKlIM, qeM CTaH.IlapTBhle npon;eAYPhI.) qTO KacaeT

Cg KXll-rronpaBOK K KBapXOB:DIM 3JIeKTpOCJIa6hIM neTJIKM 1I ,IlByxneTJIeBoMy 

BKJIa)l;y XlITrca, CnpJITaBHblM B QJIeHax c51"i B yp-mm (58), TO e:pOPMYJIhl JlJISI 

mIX Mhl 6epeM Jil3 pacqeTOB ApynIX aBTopOB. 

A.npoHHLIe paCna,llLI Z-t)o30Ha. JIU,lluPYIOUJ;ue KBap

KH H a,llpOHLI. 

KaK y.JKe o6cyLK)l;aJIOCb BLIIlIe( CM. IPoPMYJIbI (35) - (40) 1I cne.nYIOID;HH 3a 

HlIMU pa3,IIeJI " ACIilMMeTpHH" ), paCCMOTpeHHe anpOHlffiIX pacrra.n;oB CBO,IUITCg 

K pacqeTy pacna.n;OB Ha naphI :rrnapKOB: Z --+ qq. IIpn 3TOM KJIIO"tJeByYO pOJIb 

nrpaeT nOH.8:TlIe mIAHPYIOIqIIX. a.n;pOHOB, ynocSlIIllIX OCHOBHYIO ,IlOJIIO 3Hepnm: 

pacnanmeroc.8: Z-6030na. HanpJilMep, npl! pacna,Ile Z --+ CC B OCHOBHOM B03HH

KaIOT nBe CTpyn a.npOHOB, JIeTmnre B npOTlIBOIIOJIO:>KHbIe CTOpOHDl, B O.n;HOE: 

D3 KOTOphIX JID,IIlIpYlOIIWM 6y)l;eT a.npon, co.nep.JKa.rnmI C-KBapK, HanpllMep, 

D- = cd, a B .n;pyroft - a.n:pOH, co.n;ep:>Ka.n:J;Bi! c-:rrnapK, HanpHMep, DO = cil 

1IJIB: At = udc. AnaJIOrlI'IffihIM o6pa30M lIO rrpBCyTCTBHIO 3BeprlI"tJH.hIX B
DJm B-Me30HoB :a,neHTD<pJiIJJ;lIpYIOTCK pacna.n;bl Z --+ bb. ECJIB oT6DpaTb Tonb

KO 'lacTBD;bI c 3HepnUMB 6JllI3KlIMH K mz/2, TO H.n;eHTHIPIIKaIU1SI HCXO.n:II:bIX 

KBapKOBhIX KaIIaJIOB o.n;H03Ha"tJHa. O.n;HaKO nOJIHOe "<llICJIO TaKllX cnyqaCB 6yncT 

MaJIO. EC.TID )KC ~TblBaTb B KaqeCTBC ClITHaJIa B-Me30HbI MeHbIIIHX 3Hep

£'ri, TO B03HHKaeT np06JIeMa RX npOllCXO)l()l.emu. BC,I:{h napa bb M02KeT 6:bITb 

pO.iK,lJ;eHa He TOJIbKO Z-6030HOM, HO II DDpTyaJIhHblM rJlIOOHOM B pacna.lle, CKa

2KCM, Z --+ CC (pIlC. 12a) Dnn Z --+ nu HJIH SS. 3TOT nplIMCp nOKa3hIBaeT, 

C KaKJilMlI Tpy.nHOCTDUI CTaJIKlIBaIOTCH ~KcnepHMeHTaTophlnplI nneHTIIq>H

KaUlIlI Toro mIH HHoro KBapK-aHTIIKBapKOBoro KaHana. KpOMe TorOl H3-3a 

BTOpl'I"tJHhIX nap nOJIBaJI a)l;pOHHaJI mnpHHa OKa3bIBaeTCSI paBHOR cyMMe nap

IUla.JThHblX KBapKOBhIX llllIplIH XOTjI D C BhICOKOB, no KOHe"tIHon: TO"tlHOCThIO. 

HanOMHHMl qTO JlJIS{ napURaJThHOH IIIItplIHbI pacna.lla Z --+ qq MhI HMeJIH 
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COOTHomeHlIe (35): 

r q == r(Z -+ qij) = 12ro[g~qRAq + g~qR~q] , (85) 

r.n;e CTaH,IJ;apTHasI IDlIpHHa f o, COrJIacHO (31) 

G~m~ (f o = ~ = 82.944 6)M3B , (86)
24v27l" 

a pa.n;naTophI RAg IiI RVq npIiIBe.n;eHhI B llplIJIO)KeffilJI F. LITO KacaeTCX 3JleK

TpocJIa6I:iIX nOIIpaBOK, TO OHR cO,l(epXaTCjf B K03tPtPmJ;HeHTax gAq H gvq- CYM
Ma 60pHOBCKoro H o.n;noneTJIeBoro CJIaraeMhIX HMeeT BIIn: 

R, "" 9v,/9A, = 1 - 41Q,18' + ~~Q,I .) iiVRq(t, h) (88)
41r C - S 

Pacna,nhl ua napbl JlerKHX KBapKOB. 

3.n;eCh, KaK II B CJlY'Iae 6e3anpoHHhIX Ha6mo.naeMhIX, BeJIJrTlIDlbI V, xa

paKTepH3yronme nOIIpaBKH, HOpMJiIPOBa.IILI CTaH,L(apTHbIM 06paJOM: V --+ t 
IIpn t > 1. ECTecTBeHHo, tITO Te cnaraeMbIe B V, KOTopble o6yCJIOBJIeHhl 

co6CTBeHHbIMR :,lHeprJIXM:H BeKTopHhIX 6030HOB, OJI:IiIHaKOBhI ,IJ;JI.lI JIeIITOHOB II 

KBapKOB. OTJII:rtIne OT nyJH[ Pa3HOCTIiI VAq - VAl H VRq - VR/ CB5I3aHhI c pa3JllI

"'!HeM pa,ZJ;nannOHHhIX nOIIpanOK K BepnmHaM Z --+ qij H Z --+ 11. liml qeThIpeX 

JIerKBX KBapKOB HMeeM: 
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167r8c(c2 - 82)
VRcJ(t,h) = VRs(f, h) = VR(t, h) + ~-3&-- x (92) 

2 4 2 )]x[Fvl - (1 - 48 )FA1 + 3«1 - 3"8 )FAd - FVd , 

r.ue (CM. IIplIJImKemre M): 

a 2FAl = -(3.0099 + 16.468 ) , (93)
47r 

a 2
FVI = 471" (3.1878 + 14.968 ) , (94) 

a , 2 
FAu = --(2.6802 + 14.768 ) , (95)

471'" 
ii 2

FVu = - 47r (2.7329 + 14.268 ) , (96) 

FAd = 4: (2.2221 + 13.5682
) , (97) 

FVd = <1' (2.2287 + 13.5682 
) • (98)

471" , 
3,nech 3Ha-qeW!IJI F npIme.n;eHhI nml 82 = 0.23110 - b82. TO'qROCTh B IHlTb 

3Haqam;mc OH<PP HBmreTCg 'l:JHCTO ap:a<pMeTHQeCKOH. 4>H31f1reCKne Heonpe.ne

rreHHOCTH, CBK3aHHhIe C npene6peIKemIeM BhICnnIMH neTJUIMH rrpoxnJUnOTCK 

Y2Ke .n;ml TpeThei 3HaQaI.D;eU na«!>pbl. CJIe.n;yeT OTMeTHTh, B qacTBOCTH, 'ITO 

lI.0 CRX nop He BhI1JHCJIeH:bI IIonpaBKH THlla Toi, KOTOpaJl H306paE:eHa Ha plIC. 

12b. 

PaCDa,AbI Ha Dapy hi>. 

B pacna,II.e Z -4 bb ne06Xo,II.RMO YQeCTh ,II.onOJIHRTeJIhlILIe BepIIIlnIHhIe IIO

npaBlill, 3aBRCnIJ;He OT t: 

8S2C2 

VAb(t, h) = VAd(t, h) - 3(3 _ 282) (¢J(t) + b¢J(t)), (99) 

4s2(c2 _ 82) 
VRb(t,h)==VRd(t,h)- 3(3-282) (¢J(t)+6¢J(t)) (100) 

3.n;ecb QneH ¢J(t), Bh[qB,CJIeHHbm B pa60Tax (57J, OTBeqaeT pRC. 12c, a 'tInea 
6¢(t), BblqJilCneHBm B pa60Tax [58], [53J OTBeQaeT mmHPJIOIUHM rmOOHH:bIM 

H XlITrcOBCKHM norrpaBKaM K queRY ¢J(t) (CM. pnc. l2d). BbIpa2KeHJ2fH ~JIH ¢J(t) 
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B 8</>(t) IIpIIBe.n;eHbI B IIpHJlo)KemuI N. JlmI mt = 175 r3B, 

mn = 300 r3B: 

</>(t) = 29.9 (101) 

6</>(t) = --3.0 (102) 

II nOIIpaBOqHhIe "tIrreHhI B yp-Bl2JJIX (99) II (100) OTJe:m. BeJIJilKll, OmI paBHhI -5.0 
H -1.8, COOTBeTCTBeHHo. 

6	 COIIOCTaBJIeHHe paCqeTOB C 3KcnepHMeHTaJIbHhIMH 

.naHHhIMH LEPI II SLC. 

KOMUbIOTepHaJI UpOrpaMMa LEPTOP. 

nmI cpaBHemUI npemr3HOHHhIX ,ZlaHHLIX LEP1 II SLC 6bIJl C03.n;aH p.SI.n KOM

IIbIOTepHllIX nporpaMM (KO.n;OB). Han60nee 1I3BeCTHOR npOrpaMMOE: B EBpone 

.SIBJH[eTCjJ ZFITTER [59], KOTOp3Jl YTJIlThIBaeT He TOJ1l:>KO 3rreKTpOCJla6bIe pa

.nHauHOHHOIe nonpaBK:II, HO II Bce YfilCTO 3JIeKTpOMarHI:ITHble II, B "tJaCTHO

CTH, HcrrycKamIe IPOTOHOB CTamamaIO!IllIMltCX 3JIeKTpOHaMB H rr03HTpOHaMlI. 

O.n;ID:I 1I3 nepBLIX pa60T, r.n;e, lICXO,U,g 1I3 npeIJ;II3HOHHbIX H3MepeHlrii, 6hIJIa 

npe,nCKa3aHa Macca t-KBapKa [60], 6hIJIll OCBOBaHhI Ha rrporpaMMe ZFITTER. 

HeCKOJIhKO OTJIH"IaIOTC,g OT KO,lla ZFITTER p;pyrne eBpOneHCKl'Ie KO,UhI BHM 
[61], WOH, TOPAZO [62). 'B ellA Han60JIee R3BeCTHbI pe3YJIhTaThI IIpo

rpaMMLI, IICnOJTh3yeMoH JIaIITaKepOM [35]. 
IIepBoHaqam.Hax lI,UeH aBTOpOB 3Toro o630pa B 1991-1993 r. 3aKJIIOTJaJIacb 

B nOJIy"leHlZl:H npOCTbIX aJIaJIHTlPIeCKlIX <p0PMYJI .n;JI.sI 3JleKTpOCJla6hIX pa.n;lIa

IJ;BOHH:bIX nOnpaBOK, "KoTopbIe n03BOJlXJUI 6hI, He nCIIOJTh3YSl KOMIIbIOTepHhIe 

KO.n;hI (nporpaMMbI), aaaJIH3HpyH 3KCnepllMeHTaJIhHNe .naBHLIC Ha JIIICTKe 6y

MarlI, npe.n:CKa3aTb Maccy t-KBapKa. O,ZlHaKO 1I3-3a MHor006pa3IIH a.npomn.IX 

pacna.nOB Z-6030HOB, 3aBllCmn,nx OT KOHCTaHThI CIIJlbHOro rJIIOOHHOrO B3aH

Mop;enCTBII.K as, np:mnJIOCl> nepeBeCTlr aHaJIHTnqeCKlIe <pOPMYJIhI B KOMIThIO

TepH)'IO nporpaMMY , KOTOPYJO MhI myTJIIlBO Ba3BaJlH LEPTOP [63]. TIpo

rpaMMa LEPTOP rrpOII3BO,ZlHT BhITInCJIeHIIC 3JleKTpOCna5hIx Ba6JIlOnaeMLIX 

B paMKax MRHlIMaJThHO:R CTaH.napTBOH Mo.neJllI R $IITHpoBaHlIe 3KcnepR

MenTaJThHbIX .n;aHHhIX nJIX onpeneJIemUI 113 HlfX BeJIl1ITJmr 'tnt, MH II QAMz ). 
JIorlflIeCKaJI KOHCTPYKIlWl LEPTOP ,gcna II3 npenhI.uy.w;m<: pa3,lleJIOB H npe.n;

CTaBJIeHa Ha CxeMe 1. KOMllbIOTepnail nporpaMMa LEPTOP MO)KeT 6hITl> 

nOJIyqeHa no lIHTepHeTy: http : j jc.'Ppm.in2p3.jr.jleptopjintro_leptop.htwl. 
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CpaBHemIe KO,r:r;OB ZFITTER, BHM, WOH, TOPAZO II LEPTOP, rrpOBe

lIeHHoe B 1994-95 ronax [18], nOKa3aJIO, QTO n:x npe,nCKa3aHllK ,rvu Bcex ~rreK

TpocJIa6hIX Hafimo.naeMhIX COBrra,llaIOT MeEAY c060H C TOl:ffiOCThIO, H3.MHOrO 

npeBocxo.ll.m:IJ;ei TO"tJROCTb 3KcrrepRMeHTa. HIiIEe npIIBCneHht pe3YJIbTaThI 06

pa60TKH 3KCnepIIMeHTaJIbBlllX ,llaHHbIX C nOMoID;bIO rrpOrpaMMhl LEPTOP. 
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CxeM~ 1. 

BbI6epllTe Tpn Han60nee TO"IiHO 1I3MepeHHLIX Ha6mo~aeMhlx: 

GIJ ,Mz ,a(Mz ) == a 
I
 

Orrpe.n:emlTe yrOJI () ( S == sin 8 c == cos 8)
 
Qepe3 GIJ ,Mz ,a: GIJ = (trl'J2)als2c2Mj
 

I 
BBe,nHTe B paMKax MCM rOJIhle KOHCTaIlTbI CBK31I
 

(0:'0 ,azo ,O:'wo), I'OJIbIe MaCChI (Mzo, Mwo, MHO, Tnto, mqo)
 
II BaKYYMHoe cpe,lJ;Hee xnrrcoBoro nonK 'fJ.
 

I
 
BLIpa3FITe ao ,Qzo ,Mzo "lJepe3 GJl ,Mz ,a
 

B O;UHOneTJIeBOM llpn:6JIFIlKeHlIIi, nCnOJTh3yH pa3MepaylO
 
perymIpH3amno (11 E ,J1)'
 -

I 
BbIpa3HTe o.nBorreTJIeBLIe 3neKTpocna6bIe nonpaBKIiI KO BceM 

3JIeXTpOCJIa6hIM Ba6mo.naeMhIM "-Iepe3 ao ,QZO ,Mzo ,Tnt ,MH , 
a crre.ZJ;OBaTeJIhHO, "-Iepe3 Gil' Mz ,ex ,mt ,MH . IIpoBepLTe 

B3aHMHOe cOKpameBlIe lIJIeHOB (11c ,It). 

I 
BBe;UlITe rmooHllLIe rronpaBKJiI B KBapKOBLIe rreTJUI
 

II KSU (B KXU)B38JilMo.nei&:cTBl'I1I B KOHe"tIH.bIX COCTO.snmgx
 
(B a.n;poIIHbIX pacna.nax), BhIpa2KeHBhIe -qepe3
 

cl' ,&s(Mz ) ,mb(Mz ) ,fflt.
 

I 
CpaB:IDITe rrpe.n;CKa3aHBX 60pBoBcKoro rrp1l6JIlI.2KeHBK
 

:II rrpH5JlIDKemu: 60pH+ O,IlHa neTJIX C 3KcnepHMeHTaJThBbIME
 
.n;a.BBbIMJiI lIO Z-pacna.naM.
 

I 
C.n:enaRTe I'JIo6aJTh:HhIii q.HT .ZJ;JIX Tpex rrapaMeTpOB
 

Tnt ,as(Mz ) ,MH HJIH .n;mI rrepBhIX .nByx, <pHKCHpyK TpeTIiIH.
 

I
 
TeOpeTHQeCKH rrpenCKalKJiITe lleHTpaJIbHI>Ie 3Ha"-IeHlIlI
 

Bcex 3JIeKTpOCJIa6LIX Ba6monaeMhIX 11
 
COOTBeTcTBylOIIllIe HeonpelIeneHHOCTlI (" omn:6:rrn:").
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B Ta6mule 5 ITpIme.nelThI 3xcnepHMeHTaJThIIbIe 3HalIeHlIji :ulexTpOCJIa6hIX 

aoomonaeMhIX, nOJIY'tleBHhIe ycpe.uaeHlIeM pe3YJIbTaTOB q€ThIPex .ueTeKTO

pOB LEP (lIaCTb a), a TaIGKe .naHHhIe SLC ('tlaCTb b) 1I .naHHble no Macce 

W-6030Ha ('tlaCTb c). (llaHHhIe no Macce W 6030Ha 1I3 3KcrreplIMeHTOB Ha 

pp-Konnai.nepe .una y.n;o6cTBa qu:TaTeJIa npe.ncTaBJIeHhI TaIOKe B B:a.n:e stv, a 

,n;aHHhIe no stv 113 vN-3KcneplIMeHTOB npe.nCTaBJIeHhI TaK:>Ke B BB,Z.J;e mw. 3TlI 

.uBa "tJHcrra BhI,D;eneHhI KYpCHBOM, "tITo6hI no,n;qepKHyTb, lITO OHII He RBnJIIOTCjJ 

He3aJUIClIMhIMH 3KCnepIIMeHTaJIbHhIMlI ,n;aHHhIMlI.) 

Ta6nm:J;a 5 CYMMHPyeT 3KCnepIIMeHTaJlhHhle .uaHHhIe, lICnOJIh30BaHHhIe 

.nJU[ onpe.n;eneml.SI (<pHTRpOBamIH) napaMeTpOB CTaHllapTHUff Mo.neJIlI mt II 

a's(mz) (CM. Ta6JlIIny 7). UeHTpaJILHbIe 3HaqeHIHI B TpeTbeiI KOJIOHKe BhI

'<llICneHhI llJHI me = 300 r3B. B cKo6Kax YKa3aHhl Heonpe,n;eJIeHHOCTlI B no

crre,nHRX 3Haqam:mc IUIQlPax, o6ycnoBrreHHbIe Heonpe.ueJIeHHOCTjIMlI q>HTlIpO

BaHlThIX 3HalIeHHE: Tnt B Os' CBepxy II CH1l3Y yKa3aHbI CnBRrH B nocne.nIIIIX 

3HaQaIIJllX IUIQlpax, OTBeqaIOIInIe mH = 1000 r3B II mH = 60 r3B, COOTBeT

CTBeHHO. B no.cne.nHen K0J10HKe yxa3aHhI 3Ha-qeHHJI "T.lIrn". Tgra (pull) no 

onpe.neJIeHlIIO npe.nCTaBmleT co6on: Pa3HOCTb Me:>K.ny 3KcnepllMeHTaJIbHhIM II 

TeOpeTnqeCKHM 3HaQeHlleM, .neJIeHHYID Ha 3KcnepllMeHTaJIhHYIO HeTO'tIHOCTb. 

113 BeJIlillIlIHhI T.sIT BimBO, "'ITO HalI60JIbmee paCXOJKneHlIe 3KCrrep:HMeHTaJIb

HhIX naHHhIX c MlIHHMaJIbHOn CTaHllapTHoJii: MonenhIO lIMeeT MeCTO nmr Rb 
(3.8lT). PaCX02Knemm Ha ypoBHe 2.50' HMeeTCg TaK:>Ke y R c H sin2 (J~ii == S7 
H3 ALR (SLC). llJIH 60JIhIDHHCTBa Ha6monaeMhIX paCX02KneHHe Menee IlT. B 

TO )Ke BpeMjI, KaK BHllHO 113 TaGmIIlhI 6, 3HaQeHHe s; = 0.23186(34), 1I3BJIe

'tleHHOe 1I3 Bcex aClIMMeTp:rriI Ha LEP, xopomo COBna,naeT C epHTHpOBaHHbIM 

3Ha-qeHReM MCM sf = 0.2321 (4) no .uaHHhIM LEP H Boo6me no JIlO6bIM .Il:aH

HhIM (CM. Ta6JIlIuy 6). 
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TaOJ1BIJ;a 5 

¢nT
 

Ha6mo.llaeMhIe
 

3KCrrepHMeHTaJThHliIe 

.n;aHHbIe CTaH.llapTHOH Tua 
Mo.n;eJIIl 

a) LEP 

$opMa Z-mma 
n: JIenTOHHhIe acHMMeTplIH:
 

mz [r3B]
 91.1884(22)
 
r z [r3B]
 -0.42.4963(32) 2.4976(26)~~6 

0.541.488(78)(7h[H6] 41.450(20)~¥ 
0.620.788(32) . 20.770(24):t~1R1 

1.20.0172(12) 0.0158(6)+~A~B 
T -IIOJIXpH3aIunr: 

-0.40.1418(75) ().1450(26):;I3AT 
-0.70.1390(89) 0.1450(26):;13Ae 

Pe3YJIbTaTbI no b H C
 

KBapKaM:
 
3.8R/) 0.2219(17) 0.2155(3):tf 
-2.50.1543(74) 0.1724(1)~~Rc 

-0.6 
0.0725(58) 
0.0999(31) 0.I017(I9)+~oA}B , 

0.00.0726(14)+~AFB 
3apX.llOBaJI acnMMeTpnJI nap
 
JIer:rrnx KBapKOB qij:
 

0.6 
b) SLC 

0.2325(13) 0.2318(3)~iSr«QFB» 

2.50.155I(40) 0.1450(26):+13ALR 

-2.50.2305(5) O.2318(3)~~Sr(ALR) 
0.30.2171(54) O.2155(3):+iRb 
-1.80.8410(530) 0.9345(2)+~Ab 

-0.7 
c) pp and vN 

0.6060(900) 0.6670(12)+~Ac 

-0.580.26(16) 80.35(5)~5mw [r3B} (Pp) 
0.2253(31) 

0.40.2257(47) O.2237(9)~~1- mw mz2 (vN)t:/ 80.24 (?4) 
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Ta6J1BIla 6 

Ha.6mo,naeMoe s¥ Cpe,UlIee no 

rpynnaM Hafimo.nelllll1 

KYMYmlTHBHOe 

CpenHee X2
/ d.o·f· 

A~B 
AT 
A e 

0.23096(68) 
0.23218(95) 
0.2325(11) O.23160(49) O.23160(49) 1.9/2 

0.23182(35) 2.4/4 
0.23186(34) 2.6/5 
0.23143(28) 7.8/6 

A}B 
AFB 

0.23209(55) 
0.2318(13) 0.23205(51 ) 

<QFB> 0.2325(13) 0.2325(13) 
ALR (SLD) 0.23049(50) 0.23049(50) 

B Ta6mm;e 6 nplIBeneHhI 3KCrrepIIMeHTaJThHhle 3HaT.J:eHlIK s;. TpeTbK KOJIOH

Ka rrOJIylJeHa ycpe,nHeHHeM BTopon, qeTBepTaJI - KyMyJlSITHBHhIM ycpe,n;HeHB

eM TpeTheB, B Hei! YKaJaHO TaJC1Ke 3HaT.J:eHHe X2 Ha lJBCJIO CTerreHen CBo6o,IJ;hI 

(degrees of freedom). 

Ta6J1B~a 7 

4>B3HlJeCKlIC 

BeJI:I1['qJffibI 

LEP LEP + SLC LEP + Mw LEP + SLC 
+Mw 

mt (f3B) 171(9):821 182(7)~~~ 170(8)~~r 180(7)~~1 
&s 0.125(4)~~ 0.123(4)~~ 0.125(4)~~ 0.124(4):~ 
X:l/d.o.f. 18/9 29/13 18/11 30/15 

sf O.2321(4)::~ O.2317(3)~~ O.2321(4)~~ 0.2318(3)~~ 

gVtlgAI 0.07116(16)+: O.0732(12)+~ 0.0716(16)+a O.O728(12)+~ 

siv 0.2247(9)+~ O.2234(9)+~ O.2237(9)+~ O.2237(9)+~ 

mw/mz O.8805(5)~i O.8813(5)~i O.8804(5)~J O.8811(5)~~ 

mw (r3B) 80.29(5)~~ 80.36(5):i 80.28(5)~~ 80.35(5)!A 

B Ta.6mm;e 7 rrplIBe,lleHhI 4JIlTlIpOBaHllI>Ie 3HaQemu: mt H as == &s(m~), a 

TaJOKe 3Ha-qewnI X2 Ha 'tlBcno CTeneHen cBo6onhI .II}Ia: pa3JIHlJHbIX Ha6opoB 

,llaHHhIX, rne IIO,ll A-fw IIO,llpa3YMeBaJOTCB: KaK IIpB:MhIe .D:aHHDJe no R3MepeHIDO 

Mw B ppCTOJIKHOBeHBB:X, TaK II 3HalJeBJIa: s?v, H3BneQe:mn.:re H3 VN-OIlhITOB. B 
mUKDen lJaCTn TafiJmIlbI IIplIBe.neHbI 3HalJemHI Sf == sin2 {}~j} == i (1 - gv1/gAl) 
II s~ == 1 - m~ / m~, BbI'tJRCJIeHHbIe B onHoneTrreBOM 3J1eKTpOCJIa6oM rrpn6JIlI

.lKeHlIH B paMxax MIIHHMaJlbHOn CTaH.napTHOH MoneJm C RCnOJIb30BaHlIeM 

<pJilTHpOBa.HHDIX 3HalJemrH: mt II as. OmIlfiKn (B cKo6Kax) 06yCJIOBJIeHhI HeTOlJ

HOCTSlMII mt, &s B Ct, n BblqRCJIHJUIC:b cyMMJiIpOBaHJiIeM KBa,I:(paTOB fie3 yqeTa 
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KoppemrUID'!. 3aMeTlIM, ~TO OIDH6KH B BbIqUCJIeHOM Ha OCROBe <pUTa 3Ha~eHIDI 

str CyrI(eCTBeHHO MeHhllIe, qeM B 3KCrrepHMeHTaJIbHOM 3BaqeHRlI 3TOn: BemI

qlIHLI (CM. Ta6n. 5), B TO xe BpeM.s: ,An..s: Sf orrm6KH B 3KcrrepIIMeHTanbBbIX 

(Ta6mma 6) II TeopeUPleCKOM (Ta6mma 7) 'ulcrrax npaKTnqeCKlI COBna,Aa

IOT. 3aMeTHM, 'tITO B HIDKHen: -qacTn Ta6JIlIUhI 7 rrepBaJI n: BTOpaJI CTpO'tIKlI 

HecyT OARY 1I Ty iKe RB<popManmo, TO 2Ke OTHOCHTC..s: II K TpeTbeH, qeTBepTOH 

II rrKTOH CTpOqxaM. 

7 3aXJIIOQeUHe. 

nOCTJlUKeHBJI. 

, KaxOBIil OCHOBHbIe lITorH pa60TLI qeThIpeX ,AeTeKTOpOB Ha KOnJIaimepe 

LEP1 II o,ZJ;noro Ha SLC? 
C TO~]:K:H 3peHlI..s: YCKoplITeJIbHOH TeXHlIKll II TeXHlIKM 9KCrrepHMeHTa ,AO

CTHrHYT BhlCO'IaBnnnI ypoBeHb KOJIrreKTmmoro TBOp'IeCTBa. HeBH,1laBBaJI .no

ceJIe OCBameHBOCTb npeUH3HOHHbIX r:o:raHTCKIiX yCTaHOBOK CAeJIaJIa B03MOiK

HbIM HeB03M02KHoe.' 20 MHrrJlllOHOB paCna,ll;OB Z-6030HOB 1I3MepeHhI C TO"tlBO

CTblO, rrpeBocxo,zvlm;eH IOBermpRJIO. 

C TO'tIKE 3peHll.K !pn3HKl1 OCHOBHbIM pe3YJIhTaTOM xnJUIeTCK 3KCrrepHMeB

TaJIhHOe n:OKa3aTemCTBO, 'tITO cym;ecTBJIOT TOnbKQ TplI rrOKOneHnK KBapKOB 

II neUTOROB C JIerKIIMII HeHTplIHo. qncJIo JIerK.I1IX HeRTpllHo, orrpe,ll;erreHHoe.no 

cyMMapnoH mRplIHe neBH,D;1IMhIX pacna.n;OB Z-6030HOB, paDRO 

Nv = 2.990(16) (103) 

HH:iKlIltii npe,n;eJI Ha MaCChI TSDKem.rx aelITpHHo, BXO.n.n:rm:X B .norrOJIHIITeJIh

HhIe nOKorremUl:, eCJm TaKOBbIe cym;ecTBJIOT, 6JTII30K K mz /2 H COCTaBJI.KeT 

44 r3B. 
HHKaKIDC. HOBhlX 'laCTHU B pacrra.nax Z-6030HOB He Haii,ueHO. B qaCTaOCTII 

He na.il.nea xnrrc. HH)KIIlll'I rrpe,AeJI Ha Maccy xnrrca COCT3,J3JHIeT no ,naHHhIM 

LEP1: 
mH > 60r3B . (104) 

IIpeUH3E:OHHoe H3MepeHIIe MaCCI.! Z-6030Ha, ero nOJIHOH H napUIIaJIbHhIX 

IIIlqnm: pacna,na, a TaKiKe 3epKaJIbHO- II 3apmOBO-He'IeTHbIX aCIIMMeTpHH 

paCrra,IJ;OB .naJIll B03MOiKBOCTb HaliTE: aa orrbITe BPJIwmHhI 3JIeKTpOCJIa6bIX 

pa,nIlaQffOHBbIX nOnpaBOIL COIIOCTaBJIeHlle 3TRX ~KCnepHMeHTaJIhHbIXBeilll

qIDI C TeopeTH-qeCKlIME paclJeTaMlI Ha OCHOBe MHHHMaJIbHOH CTaH,IJ;apTHOII 
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Mo.n;eJm II03BOJIHJIH npe.n;CKa3aTb Maccy t-KBapKa mt H KOHCTaHTy CIIJ1bHOrO 

B3aBMO.n;eHCTBlU rmooHon Ha MacmTa6e MaCChI Z -6030Ha &s: 

mt = 180(7)~~~r3B , (105) 

&s = O.124(4)~~ . (106) 

3.n:eCb B CKOOKax YKa.3aHa Heonpe.n:eJI(~HHOCTb (O.n:HO CTaH.n;apTHoe OTKnOHe

ID'Ie), 06yCJIOBJIeHHaK HeTOtIHOCTbIO 3KCnepHMeHTaJIbKbIX naHHbIX; OCHOBHCUl 

BeJIlPIHHa OTBeqaeT npe.n:IIOJI02Kemno, qTO mn = 300 r~B, a Bepxmm II HIDK

HRit "C,llBlITll" OTBeqaroT mH = 1000 r~B II 60 r3B, COOTBeTCTBeHHO. lh-3a 

cna60B 3aBlICHMOCTH pa.n;HaIJ;HOHHhIX nonpanOK OT m H n3BJIe'tlh II3 HHX Be

mPInHy mn He ynaeTCS'. IIpencKa3aIUlaJI 113 pa,nHarrn:oHHbIX IIonpanOK Macca 

t-KBapKa B npeneJIax cyrueCTBYJOIUIIX B HaCTOnnee BpeMK neorrpeneJIeHHOCTeH 

aaxo,nIlTCS' B rrpeKpacnoM cornaclIH Crrp.aMhIM H3MepeHHeM mt B .n;eTeKTopax 

CDF l[ DO Ha T3BaTpoHe: 

mt' = 176(13) [64] CDF . (107) 

mt = 199(30) [65] DO . (108) 

llpH naJIbHeBmeM YTOqaemm MaCChI t-KBapKa, H3MepeHHOH Ha LEP1, pa

,nHazmOHHbIe norrpanKH MoryT 6:bITb HCIIOJIb30BaHbI .nJIS' yTO'tIHeHHS' 06JIacTH, 

B KOTOpOR HaxO.n;lITCg Macca XlIrrca. llpn ~TOM, KaK BHAHO H3 pllCyHKOB 

13-15, Bce 6yneT CHJThHO 3aBHCeTb OT Toro, HacKOJThKO HaM rrOBe3eT. ECJUI 

mt = 150(5) r~B, TO 113 pHC. 13 CJIe.n;yeT, qTO mn < 150 r~B na ypoBne 30'. 
ECJIn mt = 200(5) r3B, TO mH > 120 r3B Ha ypoBHe 30' (pIlC. 15). Ecrrn :iKe 
mt = 175(5) r~B, TO B npe.neJIax 30' xnrI'C MO)l{eT nMeTb JII06yIO Maccy. 

np06JIeMbI. 

BerJIoro B3rJI.SJ:,Zl;a Ha Ta6JIHuy 5 .n;OCTaTO'tIHO, qTo6hI YBHneTb OCHOBHYIO 

npo6neMy iPn3mrn: Z-6030Ha: HeCOOTBeTCTBHe 1I3MepeHHoR mHp:Ii.IRbI pacna,na 

B rrapy bb TeopeT~eCKlIM npe,ll;CKa3amIjIM. 

CynepCnMMeTplI'laUHK cTannapTHOlI MOneJIH M02KeT IIOMO% B pemeIDIH 

3TOH npo6rreMbI (CM. pRC. 16a) [77] (.nnarpaMMa c cynepnapTHepaMH pnc. 

16a RMeeT npaBlIJIbHhIH 'lHaK - ynemPIlmaeT Rb). 

06paTHMCjI Terrepb K Q-s(mz). B paue pa60T [66]-[67) OTMeqanOCb, 'tITO 

3Ha'tIeHlIe 0.124(4):!:~, YKa3aHHoe B Ta6mme 7, HeCKOJThKO rrpeBbImaeT IB

MepeHluI a (q2) opn: q2 ~ (10r3B)2 B rny6oKo-HeynpyroM pacceHHHlI [68),s 
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a.ZlpoHHhIX pacnanax T -Me30Ha {69] 1'1 oco6eHHO B cneKTpe ypoBHen IUICHJIO

mnr [70}. ECJllI np03KCTpanOJIllpOBaTb B paMKax CTaHp;apTHOH KXll HH3KO

3HepreTIPleCKlIe 3Ha-qeHIDI a (q2 .:$ (10r3B)2) .n;o q2 = m~, TO nOJIyl:laeTcKs 

aAm~) = 0.110 - 0.118. qTO KacaeTcK TO'tInOCTH 3Toro JilHTepmWIa, TO cpe

,l(H aBTOpOB [67]-[70J HeT e.n;HHCTBa. HaH6oJI~e OCTOp02KHhIe On;eIDIBaIOT ee 

KaK ±O.005 [68]-[69]. HaH60rree pennITeJThHhIii HaCTaHBaeT Ha ±O.OOI [67J, 
[70}. B nOCJIe,UneM CJIyqae lIMeeTCX smaoe npOTHBOpel:lHe C BeJllf'IliIHOE:, IIO

nyqeHHon .H3 anamna pacna,l(OB Z-6030Ha. 3TO npOTlmope"IHe nocJIy)lQlJIO 

OCROBaHHeM ,D;JIX npe.n;nono)J{emm [66] 0 TOM, l:ITO npe.uCKa.3amHI MCM .n;mI 

a.n;poHHhIX mHplIH MO,llH~mnrpYIOTCgBKJIa,llOM B 3neKTpocna6hIe pa,llRauHoH

HhIe norrpaBKlI KaKHX-TO HOBhIX -qaCTIITJ:, HanpllMep, CKBapKOB II rJIIOlIHO 

cyrrepCHMMeTplPlHLIX napTHepOB KBapKon E rmOOHOB. lIJIg Toro, "tlTo6bI ne

TJIH C 3THMH 'tIaCTlInaMll npHBenn K ,l(OCTaTOl:lHO CRJIbHHM OTKJIOHeHEJIM OT 

MCM, Heo6xo,l(HMO, 'tITo6hI crrnapKH 1I rJIIOHHO 6hIJUI .n;OCTaTOTIHO JIerKHMH, C 

MaccaMlI nopx.n:Ka 100 r3B. Kax He3aBlIClIMhIH aprYMeHT B IIOlli>3Y Toro, qTO 

HOBaJI qJH3m<:a "2K.n;eT Hac 3a 6JIIDKaID:1mM yrJIOM", paccMaTpHBaeTCK TaJOKe 

OTKJIOHeIDIe 60JIee -qeM Ha 3a Ha6mo.n;aeMoR BeJIHtnIHbI R b OT ee 3HaqeHHH, 

npe.uCKa3bIBaeMoro B paMKax MCM Ha OCROBe rn06aJThHOrO .pHTa (CM. Ta

6m1[]:~Y 5). lIna .zwynrx OTKJIOHeHlIK OT MCM B Ta6mu:J;e 5 MeHee cepne3HhI: 

Rc Jil ALR OTKJIORj[I()TC.H Ha 2.5 CTaH.n;apTRhIX OTKJIOHeHIllJ:L 3aMeTBM, qTO B 

nOCJIe,nHeM CJI~ae HMeeTCg paCXO)Kll;emre He TOHLKO C MCM, HO H C B3Mepe

H1U£MII nenTOHHhIX acHMMeTplIi: na LEPl, nOCKOJIbKy, COrJIaCHO ypaBRemno 

(47), ALR = AI. 
B JIHTepaType cymecTBYJOT pa3JI.H1UlbIe napaMeTplI3aIU1B npODJIe:mm: HO

BOn qJB3HKlI. Oco6eHHO B3BeCTBhI napaMeTphI S, T, U [78J H t}, t2, ta, £b [79J. 

IlepcnekTlIBbl. 

Ocem.IO 1995 r. KOJI.rraH.1lep LEP 3aBepmHH pa60Ty B pe2KlIMe LEPllI Ha

qaJl pa60Ty B pe2KHMe LEP2. IIpe,llrroJIaraeTcg ,ItOBeCTH CYMMapJIYIO 3Heprmo 

3J1eKTpOHa H n03HTpOHa JI,O 192 r3B. KaKOBhI OCHOBHhIe 3aJI,aqn LEP2 [80}? 
T:m;aTeJIbROe H3MepeHHe ce'tleHRX peara::um: e+ e- ~ W+W- ,llJIX 113Mepe

BlIK MaCChI W -6030Ha C TO'tlHOCTLIO nopa:JI,Ka 50 M3B 11 nponepKII Toro, -qTO 

B3alIMo.ueucTBlW W -6030noB· C cfloToHaMII H Z 6030HOM cooTBeTcTByeT CTaH

lIapTHOE: Mo.n;eJIH (CM. pBC. 16b). 
IIOlICKlI XBI'rca C MaccoH ,llO 92 r3B B peaKIUUI e+e- ~ HZ (P1lc. 16c). 

IToncKH JIerKllX cynep~cTlIII (cneIIToHoB, cKBapKoB). 

IIoRcK1I HeoJKRlIaHHOCTeit 
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llaJIbHeHIIDIe rrepCneKTHBhI npOBepKH CTaH.n;apTHOH MO.n;emr H nOlICKOB 
"HOBOH !PH3HKH" 3a ee rrpe.n;enaMH CBSI3aHhI C bOn:billRM AnpOHHhIM KonnaH
,nepOM LHC (pemeHHe 0 ero CTpOHTe.TIl>CTBe B UEPH Y)Ke npHHjITO) H TaK 
HaJblBaeMoro· "CnenYIOmero JIHHeftHoro Konnaftnepa" ::meKTpOHOB H rr03H
TpOHOB NLC (Next Linear Collider), Haxonnn;erOC5I IIOKa B CTa.zum: o6cy)K,I(e
B:WI KOHKJPHpJIOI.IJ;mC Me)Kny co6oft npoeKTOB. 

MhI 6naronapHLI A.B.HoBRKOBY 3a nOMOn:J;:b B nOnrOTOBKe CTaT:bH; A.H.Po
3aHOB 6JIarOnapeH CNRS-IN 2 P3jCPPM 3a no,n.n;ep)KKY; M.H.BhlcouKHiI, 
B.A.HoBlIKOB H n.B.OKJHh 6naro.n;apHLI P4>4>H 3a rpaHT 93-02-14431; 
M.H.BhICOUKlIiI H B.A.HoBRKOB 6naroLJ;apHbI INTAS 3a rpaHThI 93-3316 H 
94-2352, KOTophIe crroco6CTBOBamI BhIIIOJIHeHHIO .n;aHBOE: pa50ThI. 

rrOnn~oaHO R ne~a,z 22.02.96 @OPMBT 60x90 1/16 GmceTH.neq.
Yc~.-neq.n.2,75. yq.-z3~.~.2,O. TMpaE 110 ~R3. 3axas II. 
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