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1 DBsenenue.

HogBrre TEOPHH, HOBHI€ CHMMETPDHHA, HOBbI€ JaCTHN LI, HOBLIE
ABJICHNA.

Cosnanme B xorne 1960-x roos enmHoit snexTpocnaboit Teoprx (1], 2] m B
Hagane 1970-x — KBaHTOBOM XPOMOLMHAMEKH [3] panrKalbHO H3MEHMIO BCIO
KapTHHY (PA3MKA 37IeMeHTAapHHIX 9acTan. e ocHOBo# cTaay KanuGpoBoyHkie
coMMeTpuu: asekTpocitabag SU(2)y, x U(1) n meerosas SU(3).. Brigcrmmocs,
UTO KATHOPOBOYHBIE CAMMETPHHA ONPEAEIAIOT TUHAMAKY PyHIaMeHTAIBHRIX
dU3TIECKAX IPONECCOB, KITIOYEBYIO POilh B KOTOPOH HIPal0T KaTHOPOBOYHEIE
BEKTODHEIE 0030HE! -~ HABHO H3BECTHHEIE (POTOHH W IGiesa HOBBIX TaCTHIL:
W+, W™, Z-6030HE B BOCeMb TJTI0OHOB, OTIAYAIOLIAXCE APYT OT APYyra CBO-
HMA OBeTOBHMHE 3apgfamu. U xoTs B saexTpociaboif Teopmm mpomomxkaer
OCTaBaThCHd 3aTANOTHEIM XUTTCOB KOHOEHCAT, 3alOJIHSIONIMAR BCe IIPOCTPaB-
CTBO, & B XpOMOJAMHAMUKE He pelieHa IpobireMa KoEGaAHMEETA, TeM He MeHee
00e TeopHU HACTOIBEO HEOTHEIMMEl OT COBPEMEHHOU (PH3MKHW, YTO IOIYyIH-
mm Hasparme MuemMmansnoit Crannapreoi Momemm (MCM). B sTom o63ope
MBI OyleM IpennmonaraTh 3HaHWe duTarenssvu ocEoB MCM (cM., manpmuep,
MoHorpadun [4]). :

B uponecce cosnarmms MCM pe3ko pacompmIACE OPEACTABICHUS O KBap-
kax. B pa6orax [1] anekTpocnabas Teopus Gulla MpenyIoXKeHa A TeNTOHOB
(3meKTPOHOB W 3ieKTPOHHLIX HeilTpmuo). llocienoBaTenbHOe BKTIOYeHEE B
Hee KBAPKOB 3aCTaBRIO OPEANOIOXHATD, YTO HAPLLY ¢ H3BECTHLIME B TO Bpe-
MA u, d, $-KBapKaMu CyINeCTByeT JeTBepTHH kBapk — ¢. CormacHo [2], ecna d-
¥ S-KBApPKW ABJIAIOTCA 3HAJIOTAMHE € 7 ji, COOTBETCTBEHEHO, TO aHAJIOraMU v, X
Vv, NOJKHBI SBASTHCS B3aNMHO OPTOrOHAIbHEbBIE KoMOrHamAR u cos . + csin b,
# —usin ., + ccos b, rae 8, — yrox Kabut6o [5].

OnEmv ¥3 BAXXHEIX TOCIEACTBHI TOCTPOEHNS 3IIeKTPOCIAG0i Teopun GEIT0
HpencKasanue cl1abbIX HeHTPaIbHEIX ToK0B. COrIacHO TeOpHH, HeMTPAIIbHBIE
cnabEe TOKW IOJIAKHBEI OLITH XMATOHAJILHBI, MHRIME C/IOBAMHA HEXTpAJIbLHBIE
TOKHA C m3MeHeHmeM apomara KBapkoB (FCNC) momxHb! GHITH 3alpeLieHEL
DTo 06BACHMII0 OTCYTCTBHe Ha OIBITe TakdX pacmamoB kak K — ée, KO —
fp, K — ntée. Us-3a oTcyTcTeua B MarpamXuaHe HeATPaJbBOro TokKa 5d
9TH pacialbl He MOTYT HATH B IpeBeCHOM IpHOIrKe NN, IIL HEX TpebyroTcs
TeTIIE ¢ BEPTYa bHEME W-6o30omamu. To xke oTHOCHTCS I K mepexomam K° —
K", o6ycnapmmpatommamM pasmocts Macc K} u K 3-Me3omos.
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JlmaroransHse HeETPadbHEE TOKA GhIIA OTKPHITH B DEaKIMIX ¢ HEHTpAH-
HBEIMH ITy9KaME [6], B m0BOPOTe MIOCKOCTH HOIAPHIAIMEA JTa3epPHOTO Iyda B
mapax BHCMYTa [7], B PacCesHAR UOISPH3OBAHHEIX 3JEKTPOHOB HeiToHAMMN
[8]-

Owgaponamgki xBapk ¢ 66u1 oTKpHET B 1974 1. [9]. Ho eme mo sToro Ko6a-
aum 7 Mackasa [10] npenmonoxuimm, 9T0 B [oN0NHEEEAE K [BYM IOKOJEHHIM
TIeTITOHOB W KBapKOB, (Ve, €,%,d), (Vy, i, ¢, §), HOILKHO CYIIECTBOBATH TPeThe
nokonennde (v,,7,t,b). lng Tpex nmokomenuit 2 X 2 marpuna Kabu66o

cosf, siné,
( —siné, cosé, )
3aMeEfeTCd YHUTapHod MaTpuueit 3 X 3, cogepxkaieit B obmeM cliygae TpH
yIila W OOHY (pasy; mociemHdd OT/IIMIHA OT Hynd, eciim Hapymaercs CP-
HHBapHAHTHOCTD. Tak GuIN npenyoxern MexarmsMm Hapymernns CP ma yposae
KBapKOBHIX TOKOB.

B cepenmre 1970-x romop 6HIIE OTKPHITH Ha ombITe 7T-jentoH [11] m b-
kBapk [12]. Cameni Taxenstdi $epMuEOE — t-XKBapK ORI OTKPHIT UL de-
pes msa necatmietms [13] [14]. Yto kacaercs mexammsma mapymenma CP-
WHBAPHAHTHOCTH, TO OH OO CHMX IIOp He BRIACHEH.

IlepeEOpMEDPYEMOCTD 3JIEKTPOCTIaboll TeopUH B KBAETOBOK XPOMOXUHAMU-
xu [15] = cBoiicTso acmMuToTHIecKol csoGoms KX {16] orkprim mmpokmit
TIPOCTOP IS HaNeXHEIX PacIeToB, ACHOAB3YIOMINX TeOpHIO Bo3Mymmenwmit. Ha
6a3e 3THX PAaCIETOB B IPEBECHOM IPHOIMXEHWA OLINM IpPENCKa3aHbl TaKHe
Ka9eCTBEHHO HOBHIC fBICHUS KaK KBADKOBHIE H IVIIOOHHHIE CTPYH; HCXOOH W3
IaHHBIX O HEATPaJbHBIX TOKAaX, eme N0 oTKpPNTHL W- m Z-6030HOB Oblnnm
HOPENBEIIACIEHEl MX MAcCHl ¥ MOJIHEE ¥ NapUHAILHEE IIAPHHEL.

"®abpuxn” W- n Z-6030H0B.

Jl1g mpoBepkd 3TUX HPEeACKa3aHul 3IeKTpociaboi Teopra GHIIA mMOCTpo-
eHHl B Hadade 1980-x romoB HpoOTOB-aHTHIIPOTOHHEIC KoNTaitnepsi B EBpone
(IEPH), a satem 3 CIITA (PHAIJL). OtxpriTre W- 1 Z-6030808 [17] 61€cTs-
Ime HONTBEDARIIO IPeBecHkIe PAacIeTH [4] B cHeNatTo aKTYalbHEBIM BOIPOC O
IPEMM3AOHHON MpoBepke EKTPOociiabolt Teoprd ¢ yueToM meTens. (I'opops o
npeBecEOM (60pHOBCKOM ) NpH6IMAKCHHH ¥ IeTIIIX, ME 37leCh I B NalbHeHIIeM
IMeeM B BUJY COOTBETCTBYIOIIZe haiHMAHOBCKHE rpadmki.)

YHEKAIbHBIM 06K TOM M7 TaKol MpoBepKy SBuAcA Z-6030H, 11 IpeIH-

3BOHHOTO M3yYeHHd CBOHCTB KOTOPOro B Koane 1980-x ronos 6811z HOCTPOEHET
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3JIeKTpOoH-No3ATporHEe Koumaifeps:: LEP1 8 UEPH m SLC B CJIAK. Onek-
TPOHEL H NO3ETPOHLL B 3THX KOJUIadiepax CTAJIKABAIOTCS NPH YHEPI A B IeH-
Tpe Macc, paBHO# Macce Z-6030Ha. B pesynsTaTe IPOACXOMHT Pe30HAHCHOE
poxineHme U pacuag Z-6o3ora (cM. pzc. 1).

B okTa6pe 1995 r. LEP] 3aBepmmi cBoio paboTy; Ha 9eTHIpeX HeTeKTo-
pax sToro konnaiinepa (ALEPH, DELPHI, L3, OPAL) 3aperucTpupoBaHO
okoi10 20 M. Z-6030H08. Iommoe wrcno Z-6030m08 ma SLC, 3apermcTpapo-
BaHHKX eJUHCTBeHHEM feTekTopoM SLD, cocraBiigeT npuMepao 10%, onmaxo
m3-33a TOro, UTO cTajJkmBajonmecd nydxkd B SLC mpononsHEO mOISpHE30BaHEL,
Ha HEM MOXHO M3MePSATh 3aBHCHAMOCTD CedeHHs aHRurmIsond ete™ B Z- 60-
30H OT 3HaKa HOJIPH3ANdA IIYIkoB. B pesyinbTaTe maxke HPE CYLIECTBEHHO
Menbpureit craTucreke SLC okasmBaerca kKoHKYpeaTocnocobuuM. ocTuray-
THe CTATACTHYIECKas ¥ MeToxmdeckad (CHCTeMaTHIecKas) TOTHOCTH B H3y-
JeHUH CBOACTB Z-6030HOB COCTaBISIOT mopanka 1075 nug Macchl Z-6030Ha 1
TIOpANKa HECKOIBKAX THICAYHEIX IJIs HabTONaeMbIX, XapaKTepU3YIOIUIAX ero
PacIameL.

3aveM M3y9aTh DeTJEBhIe NOUPABKH?

EcrecTBeHHO 3a1aTH BOOPOC: 3a9eM HYXHO CPABHEBATE C OILITOM IETIe-
Bhle TIOIpABKY -3ieKTpociaaboil Teopma? B ocroBHOM, m71s Toro 4TobH mo-
JIy9aTh CBENEHHSA O ellle He OTKPBHITHIX dacThmax. Tak, erre 10 OTKPHTHA
t-xBapka Ha TeBarpore, Ha ycraopkax CDF [13] u DO [14], ero Macca 6uI-
Ta mpencKa3aHa W3 aHAIM3a PAAMAIMOHHEIX HETIEBHIX IOMPABOK M JTAHHKIX
LEP1 z SLC [18]. OcHoBHas meTis ¢ y9acTHeM BAPTYAIbHBIX ¢ i {-KBapKOB
m3obpaxkeEa Ha pHC. 2a. o ‘

Bce eme He 0TEPHIT CKaApEBIL XUrTcoB 6030H — miIn npoéTo xurre. B mm-
HAMaJILHOM BApHAHTe TEODWH, Tak HashipaeMoil MummManesoi CTamnpart-
ot Momerma (MCM), mMeercs onwH XArTC — HeATpadbHas YaCTHOA, MacCa
KOTOpOit He dmKcHpyercs Momeiblo. B MurnMamsroii CymepcummeTpriHOM
Cramnapreoi Momemn (MCCM) ects Tpm HeﬁTpa;Imex H [IBa 3apAKEHHBIX
xmrrca. CaMblii Nerkuil B3 HeETPaTLHLIX XHAITCOB HOMXKEH OHTH He TAXKeIee
135 I'sB [19], [20]. TIpocTeiimas iuarpaMma ¢ y9acTHEM BEPTYAIBHOIO XUIT-
ca ImpencTaBieHa Ha puc. 2b.

IIpn nnanmposarnm >kcuepumMerTos Ha LEP1 7 SLC 6sIIE BeTUKH 0XHLA-
HHASA, 9YTO NPEeOA3AOHEEIE U3MepeHud 00HAPY KAT IPKO BEIPA’KeHHEIE OTKIIOHe-
HEAA OT OpeNCKa3aHmil CTAHAAPTHOH MOIEIH ¥ TeM CaMbIM HEIBYCMBICTEHHO
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YKaXxyT Ha CyIIeCTBOBaHWeE KaKOW-TO ’"HoBoi ¢umsmku”. W xoTH HekoTOpHe
gecorstacug ¢ MCM mMeloTcs, oBm muas B OXHOM Ciiydae (B pacmage Z-
6030Ha Ha bb-maphl) BEIXONAT 3a TPH CTAHIADTHBIX OTKIOHerms. Ecam sTm
HeCOrJIaCHs He CBE3aHH ¢ KaKAMA-TO CACTEMATHIECKAME OMMAOKaMHu, TO OHH,
BO3MOXHO, YKa3EBaloT (cM. 3ak/moYeHne) HA CyIIeCTBOBAEME CDABHMTEIHHO
nerxax (~ 100 I'sB) ckBapkoB ¥ INIIOHMHO — CyIEPCAMMETPHIHBIX TapTHEPOB
KBapKOB U T'TI00HOB, COOTBETCTBEHHO.

2 W3 ncropmm 3nekTpocaabelX pagMamMOHHLIX MONpa-
BOK.

IlepBrie pacgaeTs anexTpoctabux norpasox 8 MCM Geuma mposenens: 8 1970-
X roflax, 337070 0o oTXpHTHEL W- 1 Z-6o30H08. OHE OLlnE HOCBSITIEHH pac-
majy MIOOHa U [J-pacmafiai HeATDOHA W fhep U riIyGOKO HEyIPYIrAM mpomec-
cam. B cBasm co crpomrensctsom LEP m SLC penmiil pam TeopeTHIeCKAX
I'PyUl IpOBeJl HeTaldbAble pacdeTH HeoOXOMUMEX PaTHANNOHHEIX TOIPABOK.
3Ta pacdeTH Ohinm 06GCYyXIEHB W CONOCTABIIEHEl Ha CHEIAJBHBIX pabodax
COBeruaHugX. Pe3ympTaToM 5THX coBempanwmit OhlVia DyOImKanwd OBYX T.H.
7 xenThx ordetos CERN” [21], [22], koTopsie, BMecTe ¢ ” xeaTHM oTdeToM”
[18], cTanu HacTONBPHEIME KHUraMu KCIEPEMEHTATOPOB H TEOPETUKOB, W3Y-
gaommx Z-6030H.

Pacoaarr mioona m ReATpOHA.

Cuprmn (23] peramcmu paamanmoRHble HONPABKH K pacagy MIOOHA, 00y-
CIIOBTIeHEEIE ONHONETACBRIMY QefHMAHOBCKAMY AMarpaMMaMi (cM. puC. 3).

CrenyeT DON9epPKHYTH, 4TO IACTO YIEKTPOMATHATHAS HOMPABKA K Pacla-
Iy MIOOHA, 00yC/IOBN€HHag 0GMEHOM BHPTYAlIbHBIMA (HOTOHAMM M MCIYCKa-
HEeM pealbHHIX GOTOHOB GhlIA BEIIACTEHA paHee [24] emme miId TOYEUHOro
9eTHIPeX(PEPMHEOHHOTO B3aMMONENCTBHL, T.e. 6e3 yaera W-6030Ha (cM. pmC.
4). Oka3as10ck, 9T0 OHA KOHETHA — He CONepXMT pacxogmmocted. KoHncTanTa
JeThIpex(hepMIOHHOTO B3amMonieicTBas, G, H3B/leKaeMas U3 BpeMeHH KW3HA
MIOOHA T,

(LB 0
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rae f(z) = 1 — 8z + 823 — z* — 122% Inz, yxe yamTHBaeT 3Ty 3nexTpOMAr-
HETHYIO IOIPaBKy, TPOUOPUXOHAILHYIO . KOHeTHOCTH 9MCTO 3IIeKTpOMar-
HUTHOH HOOPaBKYW B pacOajie MIOOHA 06ycioBieHa V-A XapakTepoM B3aMMO-
NeHCTBYIOIMIMX 3aPAKeHHAIX TOKOB ¥y [t H év,.

B pacnoaze HeATpoHa 9MCTO 7EKTPOMATrHATHAS NONDABKa K JeThIpexdep-
MMOHHOMY B3amMoflelicTBmio (pxc. 4(j)) smorapupmuayeckn pacxogutcs. C yge-
ToM W-6030HHOrO mponaraTopa (puc. 4(h)) morapudmmdeckas pacxonuMocTs
obpesaerca Ha Macce W-6030ma.

Brrunciiennas B paborax {25, aTa nompaBKa K BEKTOPHOH BepINWHE B /-
OEPYIOIIEM JIOrapE(pMATIECKOM NPUOIHXKEHAN NaeTCS MEOKATEIEM

1432, 2)

2 m,

rOe m, — Macca OpoToHa. Ee ‘mc*remioe 3HaveRme nopsnka 1.7%. U Tombko
TocJie y9€Ta TOA HOMpPAaBKE COS 00, W3BIEKaeMBIA U3 AOEePHOro [(-pacmana,
cramoBETCE paBHEM 1 — sin? f,, rre sin? f, E3BIeKaeTCa M3 pacmanoB cTpaH-
HEIX gacTan (. ~ yrosa Kabm660). XoTd obcyxmaeMas HONPAaBKa A CONEPKHUT
[IOA 3HAKOM JIOTapU(PMa myy, OHA HO-CYIIECTBY IBILETCH SIEKTPOMArHITHOM,
a He 3JIeKTpoCi1aboii, HOCKONBKY OHAa HETyBCTBUTENbHA K IETa/IAM 3IICKTPO-
caboil TeOpHHE Ha MAJILIX PACCTOSHUSX B OTIAYME, CKaXKeM, OT IEKTPOCaa-
6BIX OMpPABOK K pacHafy MiooHa (puc. 3).

IIpu BrrauciieHw® >MekTpociaalhX NOOpaBOK K pacualy MIOOHA BEISCHH-
JIOCh, 9TO OCHOBHAS HONPaBKa, OPEBOCXOULIais BCe OCTAJIbHEIE, BOZHEKAET
73-3a MOMAPU3ANAA BaKyyMa GoToHOM (puc. 5a).

Ha mepBrrit B3rasz, sTa mompaBKa He HOMDKHA OBITa GBI HOABATHCA B fi-
pacmazie B OQHOIETIEBOM IPHOGIMKEHIN: ee HET Cpeld HeTels puc. 3. OnHako
OHa mogBngeTcs, korga G, BHPaXaloT Yepe3 IOCTOSHEYIO TOHKOH CTPYKTYPH
« 7 Maccel W- 1 Z- 6030HOB

OcHoBHbBIE COOTHONICHMA JIEKTPOCHAGOH TEOpPHH.

Xopomro u3BecTHO [4], 9To B GopHOBCKOM mpmbmIxkeHn: (cM. pHC. 4a)
g
4/2m%,

roe mpy—Macca W-6oaona, g — €r'o KOHCTaHTa CBA3H C 3apAXECHHBIM TOKOM.

G,= (3)
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C mpyro#t CTOPOHH, B TOM e NpAOIWKeHnd
1
rIie 77 — BaKyyMHO€e CpellHee XHTTCOB2 IIOJIL.
ARanoruwgaso 1
mz = §f n, (5)
roe myz — Macca Z-6030Ha, & f — ero KOHCTAHTa CBA3K C HEWTPAIbHEIM J€BHIM
TOKOM.
Takma o6pasoM,
mw _9 (6)
mgz f

Ecim BBecT® 3HaMeRUTHI yroi Baita6epra [1], To oueBmmro, 9TO B 60pHOB-
CKOM IpHOIWXeHNN A9 HETO B PaBHOU cTemeHU COPaBeIIUBHL OBa ollpenerie-

mw

HA4
cos By =
mz
_9 ,
cosby = = (7
f

Kaxk m3BecTHO [1], yrom Oy B 3:1eKTpoCIaboil TeOPHH ONpeNeISeT CBA3b MEXKIY

3K TPHYECKAM 3apIfIOM e H CIIabhM 3apsiioM g
(8)

e=gsinfy .

Takum ob6pa3oM, B GOPEOBCKOM HpUOIMKeHNH
2 1 TQ Ta
-9

g
G, = = = =
H 4\/§m%V V212 ﬁm%v sin? Oy \/im% sin? Oy cos? Oy

Ecnz ygecTs Temeps 3mexTpociabhle MOMIPABKH, TO
my 9

mgz " f

TpaarOomoRHAR mapaMeTpH3alud NONPABOK K i pacmaxy m Ger o.

B marepatype (cM. o630p Jlarraxepa u Ipiepa [35], crp. 1304 1 ccouiku B

HeM) IIHPOKO MCHOJIB3YI0TCA onpenenenus CuprmHa [23], cOrmacHO KOTOPEIM
2

= (10)

2 bl

st =sin?fw=1-cly=1-cos?y =1-—
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B o
P ami st (1 — Ar)

G (11)

rIe
Ar = Aren + ATey

BKITIO9aeT B Cebs kKaK MCTMHEHO 3I€KTpoclafie monpaRkm Ar,, OT meresb
pHEC. 3, TAK W 9ACTO 3IeKTPOMAarHHTHYIO OOOPABKY AT, 06yCIOBIeHHEYIO
6eroM a ot ¢°> =0 o ¢°> ~ m¥,, m%. Ora monpapka BO3EWKaET OT TOTO, TITO

a = afq® = 0) = 1/137.035985(61) (12)

olpenesleHO OpH ¢> =0, B To BpeMS KaK XapaKTepHble AMIOYNHCE BEPTYAIb-
HEIX JaCTHUIl B 3NEKTPOCIAOBIX MeTIEX — MOPANKa MAacChi IPOMEKYTOTHRIX
6030HOB. Y 06HO 0603HAYATE

2 [47 _ o
oa\m = =
(m3) 1-Aren 1 —ba

o (13)
Bemmamaa Ar,, BEIIUCI4TAch B UesoM pane paboT [26]; Heobxomumbte dop-
Myis gaHu B [Ipmnoxenwsx B u C. Bxnan nenrorusix merens B Ar,, omm-
CHIBaETCH BHIDaKeRHeM

o m% 5
bo = Arl = — Y [ln—%£ - 5] =0.03141 , (14)
3r 7 my 3
rze | = e, y, 7. BkaJ KBAPKOBEIX mETeNb He MOXKET OBITH BLIYUCIER TEOPETH~
9eckH, T.K. MacCa KBapKa, BXONAIIAs O 3HAK JoTapudMa, He EMeeT CTPOIoTO
TeOopeTHIeCKOTo onpe/iesieEns. TeCHO CBA3aHO ¢ 3THM H Apyroe o6CTOSTENb-
CTBO — IVIIOCHHBIE IOIPaBKH. IlosToMy xBapkoByio (ampommyi0) wacTs Ark
HaxoOodT, DOACTAaBIAS B JUCIOCPCAOHHOE COOTHOII€HME SKCOEePUMCHTAJILHBIE

OaHHEE [0 CETEHMIO €' ¢ -aHAATHIANAR B aJPOHLL:

my e ds

oo 15
dmiq Jami m% — g ¢ (15)

h o h
b = Ar) =

rae ol ~ cedenme aHFWrEAAIEY ¢t e” B AXPOHEI Tepe3 ONHH BUPTYATLHEIR
q)b'ron. )

B sToM 0630pc MH HCHONB3yeM HefaBHMI pe3yibTaT Erepnenepa m Ji-
memsMana [26]: Arf = 0.02799(66), Tax 10

ba = bo! + ba* = Aren = A+ Ar® = 0.05940(66) . (16)
M3 (13) = (16) cnenyeT, 9To0
a = [128.896(90)] ! . (17)
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CBonKy pe3y/pTaToB pa3iniHkx pacdeToB & cM. B [Ipuaoxkenun C. Cormacro
Tpanummy, B a7z ) He BKIOYAIOT BKIal t-KBapKoBoil meTim u W -6030HHOR
meriu. B smampytomem mpEbmixerma mo 1/m? Bknan t-kBapKoBoil HeTiH
paBeH:
a4 m
Art = -—~—(-—Z~
T45"  my,
TouHad popMmyia (cM. yp-ame (67)) oTBedaer

Art, = —0.00006 w1z m, = 180I'B .

)2 = —0.00005 mas m; = 180IsB (18)

Bxrang W-6030HHOR teT/IR 3aBUCHT OT KanuGposkn. B xamabposke 't Xodra-
®eitrMana on paser Arl = 0.00050 (cu. (66)).

I'nyGoxo-seynpyroe paccesame HEATPMHO HA HyKJIOHAX.

BoIBNIEECTBO TeOpeTHIeCKHX PafoT Mo 5neXTpociabhiM IoopaBKaM HO
oTkphITALE W- 1t Z-6030HO0B GHINTO MOCBAIIEHO PacdeTaM CedeHH B3amMolIei-
CTBES HEATPHHO ¢ 37eKTpoEaMu [27] 1 ocoberno ¢ HykioHama [28]. D10 06B-
SCHAETCE TeM, ITO [OoC/le OTKPHTHA HeTPATHHRIX TOKOB IMEHHO B3 CpaBHe-
HAS cedeHMA HERTpalbHLX ToKoB NC 1 3apgxernnx Tokos CC m3Biiekanach
BeMumHA S5y = 1 — -’}'n—% Ecmm W-6030H B3anMOTEACTBYET ¢ 3aPIKEHHBIME

ToxaMm THOA V — A, Hampumep,
g _
o /oW o a d 3 9
573"« (% + 7a75) (19)

To Z-6030H B3a@MOIEHCTBYET ¢ HeHTPATbHEIME TOKaMH, mMelommaMu Gojee
CIIOXKHBIA BHI

-]Qi BT vays + (T = 2Q/ 53y )valvs (20)

rie T{ w Qf - Tperbs xoMmoEeHTa C1A6OTO H3OTOMMIECKOTO CILHHA T 3PS
¢depmuoBa f (KBapKa MJIH JIENTOHA), & ¥y — OMECHIBAIONIMI €r0 AEPAKOBCKUI
cuweop. B nperecroM nprbiamkenmn oTHomerme cedenuit NC u CC misg amero
AKCHANLHBIX B3aMMOMEHCTBHAM PABHO 1, HOCKOIBKY BEIIMIHHA
2.2
i miy
P="5—5 (21)
g°mz
paBHa efmHUNE B 3T0M npubmmkensd. C y9eToM BEXTOPHOro TOKa OTHOLIE-
rue NC n CC 3amzcrT ot s, NaMepenne 3TOro OTHOMIERAS Maj0 3HAGECHME
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S%V = 0.23 u, ciregoBaTe ILHO, MO3BOIMIIO IPENCKa3aTh MACCH W-u Z-6030H0B
(w3 popMynns Ana pacnana MiooHa (9)). Boree TouHOe m3MepeRTe NC/CC no-
3BOJIAJIO YTOYHHTD 5 HACTOIIBKO, 9T0 HOHANOGHIOCH yIeCTh dIeKTPOC/Iabbie
paJFaTHOHHEE ONPABKYE KAK B 3y, Tak I B p, KOTOPOE Telepb, C yIeTOM II0-
IpAaBOK, HE PAaBHO eIWHUAIE.

Kax BmepBsie orMeTmt Bemsryman [29], ecmz my/mz > 1, To ocHOBHaA 1m0~
HpaBKa B p ® Sy obycioBIeHa HapyIIEHEEM JJIEKTPO-CIaboi M30TOMIIeCKOR
AHBRPHAHTHOCTH MACCAMHE t- B b-KBADKOB B NETJIAX COGCTBEHHRIX SHEPral Z-
1 W-603008. JIng Baxoxenns p B npenene my/mz 3> 1 HOCTATOTHO paccMo-
peTh >TH neTin, npedebperas mMmynscoM W- 1 Z-6030HOB ¢ 0 CDaBHEHHIO
¢ Maccama W = Z, T.e. mpr ¢*> = 0. DileMenTapHRI paCcTeT YIOMSIHYTHIX
nereins faet (cM. Ilpmnoxerne H):

oz, my Jaw , my o 3G, m?
=1+ —(—)= —(— )= —£_t 2
p t 167r(mz) 1+ 167 (mW) 1+ 8/ 272 (22)
3necs 7 B mansHeHIIEM
2 g2

(23)

gz = E , aw = 'G .

TlockoabKy B peanbHOM XE3HE 7y/mz ~ 2, TO CyMMa OCTAlILHLIX, He
AEZEPYIONAX IONPABOK, OKA3HBaeTCA CPABHEMON ¢ IONPABKOW, HPOIOPIHIO-
HabHOK mi (cM. HmKe).

B HacTosIIee BpeMA BeNMHWHA Sy, MIBJIEKaeMas W3 JAHHAKIX [0 TIy6OKO-
HeympyroMmy vN-paccesHmio, cocTasigeT 0.2260(48) (rmobabablit GAT DaH-
BhIx KommtaGopammit CDHS [30] # CHARM (31]), mam 0.2218(59) (konnabo-
pamus CCFR) [32]. TourocTs 3TEX HAHHKX XyXe, 9eM M3 HEIOCPENCTBEH-
HOTO m3MepeHUs Macch W-GozoHa mpy ® OTHOmMeEHHS My /mz Koilabopa-
masmu UA2 8 IIEPH [33] w CDF ma Tasatpore [34]. Cornacao PDG [35],
duTEpoBaEHas BemmamHa my = 80.22(26), wTo oTBewaeT si = 0.2264(25).
3aMeTnM, 9TO COITACHO HOBeMIIAM LaHEBIM [36], TogHOCTS H3MepeHEE My
eme Brmme: mw = 80.26(16)GeV. TlosToMy B NanbHeimeM MH TILyGOKO-
HEYLUPYToro paccesmus HeHTPHHO ob6cyxaaTh He Oynem. Tem Gomee, aTo nus
FHTepIpeTAINN STHAX ONLITOB HeOGXOIMMEI NONOIHATEILHEIE IPEII0IOKEHNL
06 s>¢hdexTHRHON Macce c-KBapka # 0 ToaHoCcTE KX ]I-mroupaBok.
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Ilpyrme nmponeccu ¢ ysacTHeM HeHTpPAIBHBIX TOKOB.

B eme Gosbmed cTemeEM To OTHOCHTCHE K HapYIIEHHIO 9eTHOCTE B eD-

paccedrmmn (8], KOTOpOe K TOMY Xe NaeT CYIIECTBEHHO MeHee TOMHOE S5 =

0.216(17).

TogrOCTH W3Meperns v e- B 7,e-paccesHEd NaxKe B Hanboslee TOTHOM IKC-
nepumerte CHARM 11 [37] memocTaTowna, 9T06K yBANETh ACTHHHKIE 3IIEK-
Tpocitabile monpask®. OaHAKO, OYyIyIn DpoaHATA3APOBAH B HOPHOBCKOM MPH-
6ImKeHMM, 3TOT 3KCIEPHMEHT BUEPBHIe HOKA3all, YTO KOECTAHTA B3auMOIeii-
CTBNE TOKa uv, ¢ Z-6030HOM HAXOOWTCE B COriacHm ¢ TeopHmedt (cm. [38],
[39)).

HemocTaTowHO TyBCTBHTENEH UPH KOCTHTHYTOR TOYHOCTH W SKCHEPHEMEHT
IO H3MepeEMIo HapyIieHms JeTHocTE B mesmm 33Csgy [40]. 3necn sddexT
o6ycioBieH B3aEMoHeHCTBHEM HYK/IOHHOIO BEKTOPHOTO TOKA C AKCHAIbHBIM
3K TPOHHEM ToKoM. I[0CKOIbKY Xapak TepHELA MMIYIIhC 3TIEKTPOHOR B aTOMe
MaJl 0 CPaBHEHHIO C SAEPHEIMI pa3MepaMH, Bce HYKIIOHH 14pa " paboTaor”
KOT€PEHTHO ¥ 41IP0 XapakTepA3yeTCcs CYMMAPHHIM CiIabrM 3apanoM Qw, Ko-
TOpHIil Ha OIBITE OKa3hBaeTcE paBEEM Q7 = —71.0 + 1.8, B To Bpems Kak
TeopeTHIeCKN oxwmuaeMoe umcio coctabiger —72.9 £ 0.1. 3amevaTemsERIM
cBoicTBOM (Jyy ABIgETCA TO, 9TO B CAAY CIyHaiHOIO COKPAllleHWs BKIIANA
IPOTOHOB M HEATPOHOB OHO TPAKTHYECKH He 3aBHCHT OT my. 3aT0 Qw 09eHB
YYBCTBETENHHO K BKIaJaM HeATpaibABIX 6030mH0B Z', Z" BGosee TAXKeNbIX,
geMm Z-6030HH, €CITA OHE CYIIECTBYIOT.

Wrax, ranmywmm o6beKTOM 118 H3yIeHAS 3IeKTPOCTaboif Teopun HA IIe-
TJIeBOM YPOBHE gBIgeTCH Z-6030H, KOTOPOMY B OCHOBHOM ¥ HOCBSAINEH TaHHBIN
0630p.

3 O6 onTnMaJanHON NapaMeTpHU3alliy Teopuu 1 BeiGope
6GOpPHOBCKOro npmubGIMKeHn.

OmekTpocnabas TeOpHS OTIMIACTCHE OT 3JIeKTPONUHAMHAKA BO MHOTHX OTHO-
IWIeHASX W, B YaCTHOCTH, oOHM/IMeM Da’ljIAYHHX JaCTHN H B3aMMONEHCTBHA,
KOTOphIe HeobXommMo MPAWHAMMATE BO BHEMAaHHWE DU PacCMOTpeHEm mi06oro
sbdexTa B meTieBoM mpubGimmkensd. Ilapamerpmsamus KDl me BHI3EIBaeT
PasMBIIIeHRH: QYHIaMEHTAIBHLIMA BeIAYAEAMY SBIISIOTCE MacCa H 3apan
57eKTPOHA, KOTOPEIE K TOMY € H3BECTHH C 0I€Hb BBICOKOR TOIHOCTBIO. Tax
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gqro B KDJI ecTecTBennO BCe TeopeTudeckne NPEACKA3AHUA BRIDAXKATH depe3
o’ m,.

TpagunHOHHKE BHIGOP OCHOBHLIX NapaMeTPOB.

B ciyqae 3nmexTpociaGoi TeOPHHE BEIGOP OCHOBEEIX IAPAMETPOB He CTOIMb
ogesunieH. McTopaueckn B KatecTBe Taknmx MapaMeTpoB 6mim BHGpadb Gy
Kak Hambollee TOYHO W3MepeHHAs Ha ONBITE KOHCTAHTA CiIaloro pacmana,
s%, =1 — m¥%,/m%, nockonbky memocpencTserao W u Z 6030HH B TO BpeMs
eIrle Be RAOMOTAINCE, & 3HaYeHNe Siy GHTIO H3BECTHO W3 ONMBITOB C HEATPAITS-
HEIME TOKAaMH, K, HaKOHeN, (. JTa mapameTpm3ands 70-X TONOB OKa3ajach
OYeHb XHBYUeH, OHa W CBA3aHHBIE C HElO NeTNeBhle mapaMeTphi Ar m p mm-
POKO HCHOIB3YIOTCE B IATEPATYPE M MMEIOT BCe MIAHCH COXPAaHUTHCK U II0-
cjle KOHINa 3TOro cTojleTdd.- BMecTe ¢ TeM 3Ta mapaMeTpmsanms najleka OT
OOTHMAJIBHOU, IOCKOIbKY Ha OmWITe my ( W, CIeN0BATENbHO, Sy) H3MepeHa
¢ Topa3fio XyOmIed TOYHOCTHIO, YEM M z:

mw = 80.26(16)GeV (24)
mz = 91.1884(22)GeV (25)
2

B pesynsraTe sfy miBnekaercs myTeM QMTEPOBAHES IETIEBHRIME (GOPMYIIa-
MA caMBIX pa3Heix Habmopaemrrx. OmHako IpW TaKOM H3BIIEY€HHH IIPHXO-
IUTCA 3a0aBaTh 3HAYeHHS MacC (-KBapka ®m xmrrca. IpyrmM HemocraTkoMm
ofcyxmaeMoil mapaMeTpU3aliy ABILeTCH TO, UYTO BEIMYWHA (¢ IPH BCed ee
MOPa3ATENLHON TOIHOCTH He MMeeT IPAMOTO OTHOIIEHHMSE K NIEKTPOCHabuM
HeTiIaM, KOTOpEe XapaKTepU3yIOTC BeJIMIMHOA &, M3BECTHOR C ropa3zo 6o-
Jlee HW3KOH TOYHOCTHIO. B pe3ynbTaTe 9acTO 35leKTpOMArHATHAS OOOPABKA
Aren HE OTHOENLETCHE OT UCTAHHO 3JIEKTPOCHabhIX MOMPABOK, ITO 3aTEMHIET .
UHTepOPEeTADUIO 3KCIePAMEHTAIBHERX JaHHBIX.

OnTaMaNbLHEEIA BEIGOP OCHOBHBIX IIapaMeTpoB.

U3 cxaszaEHOrO BHIIE CieNyeT, 9TO ONTHMAJBHON B HAacTOLIIlee BpeM:
ABJIACTCA TIapaMeTpH3anud, ocHOBaNHai Ha G,, mz u &. lIpm Tako# mapa-
METPH3ANRE OKa3kBaeTcs ymoGHEM BBecTH clIalhii yron #, ompemesiseMsbin
(o arayoremm ¢ yp-HueM(9)) cooTHOmeEREEM:

T

= —— 26
G” ﬁmQZ 82C2 3 ( )
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rae s° = sin? 6, ¢® = cos?6.
W3 ypasrenus (26) crmenyer

LY e
. 2
20 = —=——— = 0.71078(50) ,
s V2G,m}, (50)
5% = 0.23110(23) , (27)

c = 0.87687(13) .

Yroix 6 6uun BBener B cepenumne 1980-x romos [41]. OnHako ero mocienoBa-
TeInbHOE HCIO0JIb30BAHMe Hadaloch ¢ paGoTH [42].

Hcunonsiosarne § MecTo )y aBTOMATHIECKH YIUTHEaET Ger v M IO3BOILA-
€T COCPEeNOTOYRThLCA Ha HCTHHHO 3IeKTPociIabex nonpaekax. Mcnonb3osanue
Mz BMECTO Sy HO3BOJIEET ABHBIM 06Da30M BHLENATH 3aBHCUMOCTH OT My H
™y OIS KaXIol 37eKkTpociaboit HabmomaeMoi.

CneyeT 0OTMETHTD, YT0O B JIHTEPAType CYIIeCTBYeT APYToe OlpenesieRne
Macchl Z-0030Ha 7iz, CBA3aHHOe C APyro#l mapaMeTpu3anumed (POPMEI HHKA
Z-6030ma [43]. Ora Macca My Merbme my npubiamsnTensbEe Ha 30 MsB. B
3TOM 0030pe MEl HOCIeHA0BATEILHO HCIOIE3YeM TOILKO My, CICLYd CBOIHEIM
oTgeraM Komutabopamun LEP [44].

TlokazxeM, Kak DapaMeTpH3aOuS B TepMuEaX (7, Mz, § IPAMEHIETCH K aM-
WIATYRAM PacmazoB Z-G030HOB U K OTHOWEHHUIO Ty /my.

Pacnanst Z-603080B. AMIVIMTYABLI B IIAPUHEL.

B cooTseTcTBAm ¢ ypasHenweM (20), sammmeM aMIATYRY pacmafa Z-
6o30Ha B depMuoH-aBTRGEPMBOHERYIO Hapy ff B BHIe

M(Z - ff)= %f_ ZoV§(Yagv s + YaVsgaf)V5 - (28)

3necy no onpenencHmo f — 3HaY€RNe KOECTAHTH CBL3U f B GOPHOBCKOM LpH-
OnmKeEnH:

7 = 4v2G,m% = 0.54866(4) (29)

{(Acoonb3opanme onmoit m Toi ke GykBel f mng obo3HageHms (epMHOHA H
KOHCTAHTHl CBS3M HE MOXET BHECTH LYTAHHWIbI, HACTOJBKO Pa3jIMYHH 3TH
06BexTH). BrICOKadg TOYHOCTD, ¢ KOTOPOIl H3BECTHO UHCICHHOE 3HadeHme |
o6yCnoBNeHa TeM, ITO f He 3aBHCAT OT &. Bce smekTpocnabhie pammamu-
OHHbIE IONPABKH ~CIPATARH B Ge3pa3MepHEIX KOHCTaHTAaX gyj O gaf. OTH
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K03(QHUUBEeHTH He BKIIOTAIOT BKIaNa B3aUMONEHCTBHE B KOHEYHOM COCTOS-
HEH, 06yCIOBIeHHHX 06MeHOM TIIOORAM¥ (IS KBAPKOB) B (OTOHAME (I711
KBapKOB M JIEITOHOB). B3amMoIeACTBAL B KOREIHOM COCTOSHAM He MMEIOT HA-
9ero 06mIero ¢ 3JIeKTpociIabbIMy HOIIPaBKAMUY H NOXKHEL OLITE yUTEeHEl B BHIE
OTHeNIbHBIX MHOXHTENCH OPH Hepexole OT aMIIATYABI Dpollecca K ero ImA-
pmHe. OTH MHOXWTEIM HHOTAA HASKBAIOT = PalHaTOPAMHA’ , HOCKOIBKY OHH
YIATHIBAIOT He TONbKO 06MeH ¢OoTOHAME H ITIOOHAMHE, HO W WX HCIyCKaHWe.

B caygae pacmamos Ha mobyio ®3 map v,7,, VyVy, VrUr PAIHATOPH
TPUBHAJILHO DaBHH e[MHALE W HOITOMY

T, =T(Z —vp) = 4Ty(¢%, +g%) , (30)
roe Iy - Tak HasnBaeMad CTaHDAPTHAS MUPHEHA:

_ G,,m:iz
- 24\/571'

IIpr mpere6pexeEnA MaccaMu HelHTPHEO

T = 82.944(6)M>B (31)

gaw =gv, = 4 (32)
Taxk ato .
T, = 8Tog? (33)

Nns pacnamos Ha mobyio w3 map 3apsxeHHHX JTentonos U [18]:

N = 3a 3a m?
Iy =T(Z — Il) = 4To[gi(1 + H) + gl + P :n';é;)] , (34)

TTie KBAaHTOBOYJICKTPOAMHEAMAIECKAd HOUPABKa yITEHA JIUING B HUA3IIEM IpH-
Grvxern® N0 &; 9iaeHaMna nopsaka (&@/m)% ~ 107% Mur npere6peraem. Ustes,
IIPOOOPIIMOHAILHEIH m,z opereGpexmvo Mall Iig [ = e, ¢4 ¥ ero clexyeT ydm-
THBATh Jumb Wit | = 7 (m?/m% = 3.8 107%).

Hng pacnama Ha mo6yio 13 O4TH Dap KBapKoR ¢J:

INy=I(Z - g93)=12- FO[!]E&qRAq + 912/«1RV4] (35)

3rech MOMOTHATEIBEBIA 10 CPABHEHMIO € JIeNTORAME MHOXHUTEIb 3 yIATH-
BaeT TPH [BeTa KaxKIoTo u3 KBapkoB. " PagmaTops” B mepBoM Dpnbimxennn
ONVHAKOBHI IJI1 BEKTOPHOIO B aKCHAJbHO-BEKTOPHOTO B3aNMOLEACTBHIA:

qu=RA,,;1+$ : (36)
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roe &s — XKOHCTAHTA B3aHMONEHCTBHA IVIIOOHOB C KBaDKaM@ OPH ¢ = mp.
CymecTBylOT pa3nauHble KOHBEHIWE HpH BGope ¢;. lIpm pacdeTe pacma-
nos Z-6030Ha OGIIEIPHHITO OLUPEENLTh &; B T.H. MOTEDENMPOBAHHON cxeMe
MMHUMAJIBHOTO BhramTamud, MS. (CM. xomen Ilpmnoxerns A.) Yumcneanoe
3HaYeHme &y, ompenelleHHoe n3 pacanor Z-Gosona nopsanka 0.12. Bonee mo-
npoGHO 0 BesTmamHEEe (5 W 6Oilee TOYHHEIX BHIPAXEHHIX I PAJIHATODPOB CM.
IIprnoxenwe F. 3mech 3aMeTHM awmb, 9T0 pacdeTy PaguaToOpPOB IOCBAINEHA
ofImmpHas JIATepATypa B OHM BRYACICHH 110 TEOPAA BO3MYIUEHUH BILIIOTH 0
qreroB (&,/7)° sxmowuremsro [45], [46], [47], [48]. Mommas anponnas mmm-
PHEHA C TOYHOCTHIO IO O4Y€HB MAJKIX MONPABOK MpeNCTaBiIgeT coboi cymMMmy
IIAPAH NITA KBAPKOBHIX KAHAJIOB:

thru+rd+rs+rc+rb . (37)
IMonaas mupwea Z-6030Ha TaeTCd OIEBUIHKIM COOTHOIMEHUEM:
Fz=Fh+Fe+Fﬂ+Fr+3Fy. (38)

Cegenne apgmransmma et e™ B aIpoHH B Z-1AKe B COOTBETCTBAH ¢ (GOPMYIOH

Bpei#ra-Buraepa pasno:
12z L.y,

=3Z T -

MZ FZ
Ha.KOHe]I, MAPOKO ACHOJIL3YIOTCA Clenyronme 0003HaIcHUS A8 OTHOLICHHAS
nDaprvaJIbHBEIX INHPHH:

Th

(39)

Iy
Ty
(O6parmTe BHEMaHUWe Ha TO, 9T0 B Ry, B oTimmawe or Ry @ R,, T'j cTonT B
GECIETeNe).

Ry = , Re= , By==—= . (40)

S|

AcmaMmmeTpHu.

Hapsny ¢ monHO# @ napumaibHRIME IMUPEHAMA DAcOanoB Z-6030Ha Ha
OULITE HM3MepHAIOTCE Takxke 3pdexTsI, obycioslieRERIe HeCOXpaHeHAEM dYeT-
HOCTH, T.e. HHTeP({pepeHINH BeKTOPHOIO I aKCHAILHO-BEKTOPHOrO ToKa. Jlns
Hap JerKex KBapkos (u,d, s,€) E JIeNTOHOB OOpPEXEEM BeIAIRHY

29459v
= = (41)
gag + 9vy
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Ilns mapst bb (cu. Hlpunoxerwe G):

29m9vs .
= -v : 42
vk, + %(3 — v?)gty (42)

Te v - CKOpoCcTh b-KBapka ( B eIMHHIAX C):

, (43)

3mecy My 3HadeHWe "Oerymeit MacCH® b-XKBapKa OpH HMIYJIbCE Mz, BEIUH-
cirenHoe B cxeme M S [50]. 3apsosas ackMMeTpHS BIepen-Ha3al IPHA pacmaie
Ha ff pasrHa (cM. Ilpmnoxenne G):

- Ng—Ng 3
Afp=F—F =244 44
FB NF + NB 4 e/lf ( )
roe A, OTHOCHTCSA K POXICHUIO Z-6030Ha TipH ete -aEEETIISOAE, a Af - X
ero pacoany Ha ff.

IIpomonbHEas mongpmsanus T-JenTOHA B pacmale Z — 77 paBHa

Pr=—A, . (45)

Ecim xe m3MepaTs TONSpH3ANMc Kak GYHKIAO yTia § MexXx a1y AMIyIbCoM
T~ ¥ HaIpPaBJIeHUEM OYydKa 3JEKTPOHOB, TO 3TO IO3BOJIZET ONpEeNelMTh He
TONBKO A,, HO 1 Ag: '

Ar(1+cos? ) + A.2cos b
(1 +cos?28)+ A,A.2cos8

Honsgpusanms P, nomyuaercs u3 Pr{cosf) mHTerpHpoBaHEeM THCIMTENS
o 3HaMeHaTesns B (46) IO HOMHOMY TeJleCHOMY yIiy.

OTHOCHTETLHAS Pa3HOCTD MONHKIX CeTeHmi B Z-TMKe AJIA J€BO- U IpaBo-
MOJISPU30BAHHBIX 3JICKTPOHOB, CTAIKABAIOIINXCE C HENONIPA3OBAHERIMA 1O~
3MTPOHAME (3Ta BeJMIEHA H3MepgeTcs Ha Koirlaiinepe SLC) pasra

P,(cos8) = (46)

App=LT9R _ 4, . (4
oL+ 0g

HN3aMmeperve nepednciieEELIX BHIMIE aCMMMETPHE HO3BOJISET ONPENEINTh Ha
OIIBITe BEJIMIUHH gy f/gAf, DOCKOIBKY STH aCHMMEeTPHE 06y CIIOBICHBl HHTEP-
¢deperIHer BEKTOPHHEIX H aKCHAJLHO-BEKTOPHEIX TOKOB. B CBOIO 0depenb W3-
Meperns mupeE L'y, 'y, I'z D03B0NSI0T B 0OCHOBHOM OIIpENeTTh Ha. OIIBITE §Af,
HOCKOMBKY M KBAPKOB |gy,|? < |g4,|% a mns aemromon |gvi|? < |gal?. Yro

kacaercs ['y m 'y, To Bx 3HaBHe HO3BOJIZeT TakXKe HANTH 3Ha49eHHe (.
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BoproBckoe mpnGamxenne 151g Ge3aApPOHELIX HAGIIOKAEMBIX.

Ilpexne 9em o6cyXknaTs HeTHeBHe TeKTpociiabhle IOMPaBKH, PacCMo-
TPEM BRIDaXeHUS IS My /Mz, gas & 9vs/gas B T.H. &-GOPHOBCKOM IpH-
6mmxenny. YMcnoms3ys BBeJeHHEN BRIIE YToi §, ero CHHYC S W KOCHHYC C,
MEL aBTOMATHYECKH YIATHIBaEM THACTO 3IEKTPOMAarHHTHYIO MOOPaBKy, 00y-
cnoBiIeRHEYyI0 GeroM «. Jlerko BumeTh, 9TO B @-GOpPHOBCKOM IpRGITXKeHNH

(mW/mz)B =c (48)
gir =Tas (49)
(9vi/9a5)® =1 - 4|Qy|5* (50)

NHaTepecHO CpaBHEETL GOPHOBCKHEE 3HAUEHES C WX HKCIEPAMEHTAIHHEIMA 3HA-
qepasmu. Tabmmana 1 comepXuT Takoe CpaBHeHME IS TakK HA3EIBaeMBIX ~Ge-
3aJIPOHHEX” HAbGMOTaeMEIX (3MeCh ¥ HEXe 3KCIePAMEHTAILHEIE Pe3yIbTaTH
B34TH 13 [44].) :

TaGnuna 1
Habmonaemas | OxcnepmMenT | &-60pH
mw/mgz 0.8802(18) 0.8769(1)
my (GeV) 80.26(16) | 79.96(2)
Sty 0.2253(31) 0.2311(2)
gal -0.5011(4) -0.5000(0)
I'i (MeV) 83.93(14) 83.57(2)
gvi/9a 0.0756(14) 0.0756(9)
s 0.2311(4) 0.2311(2)

HJH{ yl'[06CTB& YATATEIL B Tabnane OpHUBEOCHBI PA3TUYIHLIC IDEOCTABIICHAA
OOHHAX N T€X XK HaﬁmonaeMan, HCOOJIB3yeMBI€ B jiuTepaType. TELK, COI'JIaCHO
IIAPOKO MCHOIB3yeMhIM OIpenelIcHuIM,

s%v-:l—m?v/m?z , - (31)

) 1
st = s =sin’ 6l = = avi/ga) - (52)

DKCHePHMEHTAILHOE 3HATEHAE s? B TabiHlle OpencTaBigeT coboli cpellHee

nByx wmcen 0.2316(5) (LEP) m 0.2305(5) (SLC). B Tabnune npeanomnaraercs,
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9T0 EMeeT MeCTO JIENTOHHAs YHABEPCATbHOCTE U JaEHKIE 10 JIEITOHHKIM Pac-
MalaM OTHOCATCH K YCPeOHEHHRM [I0 Pa3sInIHKM HAGIIOAaeMbIM 35a9eHIAM.
W3 Tabmmmer 1 crenyeT, 9To (-60pHOBCKOE NpPHOIMXKEHHE XOPOIIO OIH-
CHIBaeT dKclepAMeHTadbELe Namaue. (He xymmee coriacme mveer Mecrto
W O7f aXpOHHLIX pachanoB Z-6030H0B.) Ocobenno (m Heoxkwmmamso!) Xopo-
IIee COrJIacHe M, CIEIOBATEIHHO, MAIOCTh NIEKTPOCIAGHX PaAManmOHHEIX
TDOOPaBOK MMeeT MecTo IiIL gyi/ga. BuepsBrie aHOMalmbHas MaloCcTh MCTHH-
HO 3JIeKTPOCIAOBIX IonpaBok Ohiia oTMedena B 1992 r. (42], korna smepshie
65L10 IpEMeHEHO &-G0pHOBCKoe mpmbmmxkerme. (o 5Toro oEa MacKHpoBa-
71ach GONBINAM BKIIAJOM OT 9HCTO 3J€KTPOMATHATHOrO 6era c, KOTODHIH He
OT[eNEICS OT UCTHUHHO 37IeKTPOCIabrX monpasok). Hamaeie LEP 1 5 1992 r.
OBUIM HENOCTATOTHO TOYHH, YTOOH BooOwme yBumeTh ux. Naxe mammsle, Ipen-
CTaBIeHHEIe Ha KoH¢pepernmurm B Mapcese nerom 1993 r., kax oTMedalocs B
p#ie mokIamoB [51], 6BITA Bce emie HETOCTATOMHO TOYHKI MJA PerHCTPAlAN
PaIHanmoHHKIX monpaBoK. Ha kordepennuu 8 ['masro merom 1994 r. mompas-
K OBUIH BUAHEL Ha ypoBHe 2,3 0 masg gai, 1,5 0 nns my u lo nas gvifga
[52]. BameTmM, 9TO Pa3HOCTH MeXKAY COBPEMEHHBIMIE SKCIEPHMEHTAILHEIME
3sHadeHmsME siy = 0.2253(31) m sf = 0.2311(4) sBIgeTCa OPOSBICRMEM JJIeK-
TpocnabhlX paJFanUoOEHEX IOIPABOK, KOTOPOE HE 3aBHCAT HU OT BRIGOpa
60pEOBCKOTO IpHOIMKEHNS, B OT BRIGOpA CXeM pacdeTa @ COCTABIAET 20.

4 OpHoneT/ieBLIE NONPaBKH K Ge3apOHHBIM HabJ/Itona-
€MBbBIM.

To, 9To Ha onEITe 3TeKTPOCIabhle TONPABKH MAJIBI, HABOAMT Ha MEICIIb, ITO
IV MX olMcaHAA GyIeT DOCTATOTHO OLHONETIEBOro mpubimxkernna [42]. Dta
MBIC/Ib TIOATBEPXKIACTC TIIATENLHON onenkoil (18] TeopeTmaecknx HETOYHO-
cTell, BHOCHMEIX BHICIIVIMH HOPAAKAMY TEOPHU BO3MYILIEHHAN IO 3J€KTDPOCIIA-
6oMy BzamMonmeiicTemio. [lo cyirecTBy, ecTh TOIBKO OfHA NHAIDAMMa, KOTO-
pyio cilemyeT HpWHATH Bo BHmMaHuWe. Ona 6blia BhYmcieHa B paborax [53],
7 MBI o6cynmM ee Bkian HEke (cM. ¢opmymy (79)) u yureM ero.

YeTrIpe TEHa GeAHEMAHOBCKHX QHArpaMM.

B smextpocnabhie IOmpaBKM I UHTEPECYOIAX Hac HaGIIOoaeMBIX
mw Mz, gai, gvif gai DAIOT BENan 9eThipe THOA PeHHEMAHOBCKAX IHArDaMM:
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1. CofcTBenHO-3HepreTmIeckme et/ 1jid W- 1 Z-6030HO0B ¢ BUPTYa/IbHEI-
va v, l,q, H;W n Z 8 nerasx. [[peMeps HEKOTOPHIX U3 3THX AMATPAMM
npuBelleHH Ha puC. 5b-5n.

2. TleTan 3apgKeHHEIX YaCTHI, IPABONAINAE K Z « <y IepexofaM {CM. pHC.
50-5r).

3. BepmimHBEIe TPEYTOIBLERKY C BEPTYAILHEIMA JenToHaMeE A W- nmu Z-
6o3onomM (pmc. 6a-6c¢).

4. OnexTpocnabie IMONPABKW K BOJHOBEIM JYHKUMAM JenToHOB (puc. 6d-
6e).

CnenyeT momaepKHyTH, 9TO IeTIIH, IPeACTaBIeEH e pucyHEKaM7 Sh-5n, majoT
BKIIaj] He TOJIKO B MacCy mz M, CIeI0BATeIbHO, B OTHOINEHRHE My /Mz, HO
u B pacman Z-6030Ha Ha maphl II, B KOTOpDEII HalOT BKIAm Takxe Z «+ 7y
mepexonsl (pEc. 50-5r). DTo mpomCcXomMT m3-3a nEarpamm TEma puc. 6f-6g,
[aloIIFX TONPaBKA K BOJHOBOH dyHKUmA Z-6030Ha.

OvgeBrnBO, 9TO 3MeKTpociIabrle ToUPaBKA K My /mz, g4 & gvi/gar 6e3-
pa3MepHEI, TIO3TOMY OHHI JOJIKHEI BRIDA3HThCH Uepes &,C, s H Oe3pasMepHEIE
napaMeTpEl

t=(ﬂ)2:h=( )2’
mz
rge m; - Macca $-KBapKa, a my - Macca xurrca. (MaccaMu JIeITOHOB B BCex
KBapKoOB, KpoMe ¢, M nipeHe6peraeM.)

my
mz

AcmMnToTEveckEl npemen npa m? > m3.
®ymxnam Vi (t,h), Va(t,h) u Vg(t,h).

BrigncieEre monpaBok yoobHO pa3bETE Ha pAfl 3TAlOB M HadaTh C BBIYIM-
CIIeBMd aCHUMIOTOTHWIECKOTO Ipedena opm ¢ > 1.

CornacEo ¢ TeM, 9T0 0TMETANIOCH BHOIe (CM. YP. (22), OCHOBEOH BKJIAL IpH
9TOM NAlOT JEarpaMMEl, cofepXaiume i- u b-xsapkn 5c¢ u 51,). IIpocToii paczer
(cM. Iprnoxerne H) naet mas cyMMur 60pHOBCKOTO U IETIIEBOTO CIIATAEMEIX:

B
32ms2(c? - s2)

1 3 _
A N Ve 5

mw/mgz =c+ (53)
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3

m@t , (55)

R=gyifga =1 — 4s* —

1 3

DOysxnEE Vi,(t,h), V,(t,h) m Vi(t, h).

Ecmm temeps oT acummmToTHYeckoro ciaydas t 3> 1 mepe#iTm k ciydalo,
Korma t ~ 1, To, Bo-IlepBHX, N3MeHeHWe BK/Iaa OUArpaMm 5¢, 51 B 5) MOXKHO
opeacTaBuTE B BUOE!

t—t+Tit) , (57)

rme wHOekC 1 = m, A, R m v nag mw/mz, ga, R = gvi/9a 1 gy, cooTBeT-
creerno. yaknnu T; OpencTaBIfioT cOBOH CPaBHATEBHO HECIOXKHEIE KOM-
6mHanuy anreGpawdecKuX ¥ jorapmbmMmdecknx ¢yrEKnmit. B gaBHOM BEIE OHE
npuBenensl B llpumoxermnm [. Ux yncnennnie 3Ha9enns 414 pa3IAdAKIX 3HA-
geHni m,; npusedeHH B Tabnmme 2. Utak, dysknnm T;(t) onnCcHBaloT BKIAT
B BeMIMEH My /mz, g4, R = gvi/gu B g, KBapkoBoro ny6ieta t,b. Ecmn
e y9ecTh TellePb BKIAaAE OCTANLHEIX BUPTYAILHEIX 9YaCTHI, TO CYMMAapHRIA
pe3yIBTaT MOXKHO IPeACTaBUThL B BHAE:

t — Vi(t, k) =t + T:(t) + Hi(h) + Ci + 6Vi(t, h) . (58)
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Tabnaana 2
(I'sB)
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

501 0.301 }-0.9850.111 | -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| 0.32310.465 | 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 | 0.51Q
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

3necs H;(h) conepx®T BXIag BAPTYATbLHELIX BEeKTOPHEIX M XHITCOBEIX 60-
3000B W,Z m H n sBusercs QyHKmmell Macchl xmurrca my (Maccw W- m
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Z-6030H0B BX0#aT B H depes mapaMeTpH c, s, oupeneseHnsie yp-aueM (26)).
Spanii Bun dyaxnmi H; npusenen 8 [Ipunoxernu I, a ux wmcrrenare 3paqe-
HAL JI1 PA3jIMYHEIX 3HAYEHNN my Tpusenessl B Tabmage 3.

Tabnama 3

my h) Hm| Hp| Hpgy
(T'sB)
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

KoncranTst C; B (58) BKIIOYAOT BKIAKE JIETKHX (EPMEOHOB B COGCTBEH-
HEle 3Heprmm W- m Z-6030H0B, a Takxke B JHAIDAMMEI PAC. 3, ONECHBAIOIITE
pacmoai MIOOHa I puC. 6a-6c, omucuiBaiom@e pacnan Z-6o30Ha. Koacranti C;
TPEACTaBISIOT cobolt MOBONBHO ClioXHEe GyHKIEn s°. Mur (cM. Ilpamoxenue
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M) maem mx umcneHHEle 3HaTeHms mus s2 = 0.23110 — §s%:

Cin = —1.3497 + 4.1365° (59)
Cy=—2.2621 — 2.6365° (60)
Cr = —3.5045 — 5.7265* (61)
C, = —1.1641 — 4.886s* (62)

IHompaskm §V;(t, h).

Hakorem, mocienaee ciaraeMoe B yp-Eed (58) COmEPKHAT CyMMY HOIPABOK
ISTH PasiEIHLIX THEHOB. x ofbeNmHSeT TO, ITO OHH OTE€Hb MAJIEL (33 HC-
kmoderneM 55V;) u oTBeqaloT OBYyM neTnsM (3a HCKTIOYEHHEM ONHOLETIIEBOR
61V; m Tpexmerinenoit 63V;).

1. 6,V; comepxur BrIansr W-6030Ha 1 {-KBapKa B IOISPA3ANUIO IEKTPO~
MarguTHOro BakyyMa dwa = Arl u §;a = Art,, (cM. puc. Ta-c @ yp-Hue
(16)), xoTophie mo TpalMIEA He BKMoJaloTCs B Her ag?), T.e. B BemH-
gpHy &. Mx pasymHee paccMaTpuBaTh Kak a7aeKTpocnabnie nonpasku. B
0COGeHHOCTH 3T0 OTHOCHTCH K W-IleTJle, KoTOpas 3aBACHT 0T KaJImOpoB-
k", BuIOpansaof g onmcapms W- m Z-6o3onos. Tombko ¢ yueTom aToit
TeTIM CYMMAPHBIE 3/1eKTpociabhie TONPaBKA CTAHOBATCE KAIHGPOBOIHO
UHBapPHAHTHLIME, KaK W HO/DKHO ORITH Iis dmimdecKmx HabGI0OOaeMbIX.
3meck m B JanbHeHMIeM OpH BRIUCIEHALX HUCHONB3YeTCH KanuOpOBKa
1T'XoodpTra—Peitamana (cMm. Hpnmoxenme A):

1 1
51Vm(t, h) = —§ﬂ545(5ura +6i0) = —0.055 (63)
1 1
61 Vr(t, h) = ——é?wszga(éwa + &) = —0.181 (64)
5, Va(t, k) = 6V, (t,h) =0, (65)
rae
wa = i[(3 + 4¢?)(1 — V4c? = 1arcsin ——1—) - l] = 0.0686 (66)
! 27 _ 2¢" 3 ’ ’
b 4 1 4 1 ‘
— = -]yt 0. . 7
” on [(1 + 2t)Fi(1) 3] i + 0.00768 .  (67)

(3meck # B maspHeMMIEM ME, €C/IE He OrOBOpeHO 0060, HCIOIb3YeM LIt
YMCTIEeHHEIX OUeroK 1My = 175 ['3B.)
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2. Tonpasku §9V; BO3EWKAIOT W3-3a y9eTa BHPTYAIBHHX IIIOOHOB B 37I€K-
TpocnabhIx meTnsxX B mopanke dd, (cM. puc. 8a-c); aHaNormyHble IHA-
I'PAMMEI €CTh, KOReTHO, B y W-6Gosoron. KpoMe neTens ¢ nerkuMa KBap-
KaMHe q = u,d,s, ¢ €CTH 2HAJOTMYHHE IeT/IH ¢ KBADKaM# TPeTbero mo-
kKonedus i, b:

8Vi(t) = 83V + &Vi(0)

Amamuraeckne BhIpaxeHus 1S nonpasok 53V u §3V;(t) mpupenentr B
TIpunoxernu O. 3peck MB KaAuM UL OX IHCICHHLIE OIEHKU:

5V = —0.377% (68)

5V = 1.750% (69)

§Vp = (70)

V(1) = —11 67“S<m‘) —10.51% : (11)

8Va(t) = —10. 100‘5("") —9.18% | (72)
e

SLV(t) = —11. 88“‘(’”’) ~10. 80 , (73)

HOCKOIBKY [16] )
QB

1+ 6,1t
(Ina 9@CcHeHHBIX OUEHOK MBI HCHOIB3yeM &, = &s(mz) = 0.125.) Mu
y2Ke IIECAJIA O TOM, 9TO Honpasku 05V (1), aucienHse 3Ea9eHEL KOTOPRIX
npueenernl B (71)-(73), 35auaTensHo Gosbile BCeX OPYTHX CIArAeMBIX,
pxonsmx B V. llonuepkuem, 9T0 manmpyloraii npa 6oILMIKX ¢ Y4NeH B
65V; yamBepcaser — we 3aBmcuT 0T i. Kax moka3aso B paborax [54], aToT
HARPYIONMMH qeH MOXyJaeTCd YMHOXeHTEM acEMITOTEKA BerbMana
t Ha MBOXHOTEIDb

&3 (mg) = (74)

(1- 272 4+ 6

&s(my)) (73)
BId YECIERHo,

t—t(1 - 286“5("“)).

(76)
KagecTBenno MBOXETeIS (75) COOTBETCTRYET TOMY, ITO GeryIias Macca

t-KBapKa IPE AMIYIbCAX p° ~ M:, MAPKYIHPYIOMUX HO {-KBADKOBOI
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meTiie, MeHBINe, YeM HA MACCOBOM HMOBEPXHOCTH (-KBapka. W HTepecmo
CPaBHATH HOHpaBky (76) ¢ BewImsoit

AN

me = mi(p! = —m?) = m?(1 - 2.78— (77)

BEramciIcHEON B Kanmbposke Jlarmay B pabore [55], cTp. 102. Cornacme
mopasuTenbHOe. Tak 9TO A4 OmeHKR IJIaBHOM IVIIOOHHOH IIOIPABKH K
i-meTiIe MMeeTCH MPOCTOe MHEMOHMYIECKOe PABHIIO.

. lonpaskw §3V; mopsmka &4? GelmM BRITMCIEHH B AmTepaType [56] mns
namApylomero o ¢ wena (T.e. &G2t). OHR He 3aBHECAT OT i

83Vi(t) = —(2.38 — 0.18Ny)@2(me)t & —1.484%(my)t = —0.07  (78)

JJIS 9ECIa JIeTKAX apoMaToB KBapKoB Ny = b.

Ecmm mompaexm 6V, 6,V;, 85V, He 3aBmcermm 0T mpy, To mompask: 84V
3aBHCAT KaK OT 7, TaK W OT My, a Wonpasxd §5V; nponoprEoHaTbHEL
m%. B oramame oT BCex IPENHAYINX, OHA BOSHEKAIOT OT yIeTa d/eK-
Tpociaboro B3amMOnefCTBAS He B OBHOM, a B AByX HeTIX.

. 84Vi(t, h), BosEmkawoomas or mmarpamM puc. 8d-f, B smaupyoowmem 1o ¢
UpHOIIDKCHUH HE 3aBUCAT OT { M HMEET BUL
&
16mws2c?
roe ¢pynxnns A(h/t), BerauciieEHad B paboTax [53], naercs B Tabmune 4
g myg/my < 4.
Hng my = 175GeV 1 my = 300GeV

5,Vi(t, ) = AP (79)

&Vi = —0.11 . (80)

s my /m; > 4 mveer MecTo clienylomee pasiioXeHne:

Ahft) = —§ —? 3231:” - —;—hQr - ér(z ~ 1277 + 12107 — 271n? r)
2 N
- 7%(1613 — 2407 - 15001n 7 — 7201a’7) . (81)

rmer = t/h. 6,Vi(t, h) — camag Gonpmag AByXmeTIeBas IO 3IEKTPOCTabo-
My BBaﬂMO.IIeﬁCTBYHO nOHpa.BKa, ONHAKO B OHa B HECKOJIBKO pa,3 MCHBIIIC,
JeM O0CHOBHEIE [IIOOHHEIE TIONpaBKd &5V,
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Tabnana 4

my [my | A(mg[my) | 7D (mg[my) | myg/mi [ A(my[my) [ 7 (my/my)
0.00 0.739 5.710 2.10 9.655 1.373
0.10 1.821 4671 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. Honpaskm 85V; o6ycnoBienn AByXTeTIeBMME AWArPaMMaM¥l THILE PHC.
8g-8j. Onnm npenebpeXAMO MaJIbl, HO IS TONHOTH H3NOXKEHHS OHU [IPH-
Bezers: B [Ipunoxennu P.

Crnyqaitnas (?7) KommeHcanms u Macca t-xBapka.

Teneps, korma Bce cnaraeMuie B dopmysie (58) BHIMACAHEI, YMECTHO HPO-
aHAJIM3HEPOBAThH UX POMb 1 obmee nosenerne dpymxmma Vi(t, k). Kak pymxunm
m; OpH TPeX GUKCAPOBAHHHIX 3HAYECHASX My OHE HM300pakeHHI Ha puc. 9a,
10a, 11a. Ha Bcex 3Tmx pucyEKax mMeeTCs M3JIOM (T.H. KacH) OpH my; = mz/2.
OT0 obrrYHas mMOporoBaf 0COGEHHOCTH, BOHEKAIONIAS IPX OTKPLITAN KaHa-
na Z — tt. lIpaxTudeckoro mETepeca OHa He MPENCTABIAET, NOCKOIBKY Ha
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onsiTe My 3> myz/2. Ipyroe, aTo 6pocaeTcd B riasa, To To, IT0 GyHKOHE V;
fnM3KE X Hyo B mETepBane my; ~ 100 —200 I'sB. Qo nporcxonnt B pesyinb-
TaTe KOMIEHCAIWY AAIVPYIOMIEro ClIaraeMoro ¢ M OCTANbHEIX CIAraeMEIX, B
CyMMe [AIOMWX OTPHANATENLHERN BkiIan. Ocobenro gpxo To mpogsngercd B
¢yexmmr Vi opm my; ~ 180 I'sB. 3necy ocuOBHON OTPMIIATENHHRIA BXKJIaI
maloT Jerkne depmuonsl (KoncTaHTa CR).

Ecnn npenebpeas manoif mompabkoit §4V;(¢, h), 3aBucsineit onEOBpeMeHHO
7 oT t u o1 h, To pyrxumm V(t, h), npencrasngior coboit cyMMy OYHKIHHA,
OIHA W3 KOTODHIX 3aBHCHT OT ¢ M He 33BHCHET OT h, a BTOpaf 3aBUCHAT OT &
u He 3apmcuT or t (mmoc, pazymeeTcd, KOHCTAHTA, He 3aBUCSINAS HE OT i,
HE oT h). [losToMy kKpuBmre, orBegatomme my = 60 u 1000 I'sB, Ha pmc. 9a,
10a, 11a mosrywaoTcs (B OCHOBHOM) HADANICNBHBIM IEPEHOCOM KPHBOH AL
mg = 300 I'sB.

H3 pmc. 9a, 10a, 11la BugHO, 9TO0 echE OB {-KBAapK GBI IETKAM, DAIAMALA-
OHHEIEe IONPAaBKWE ORITH OBl OTPUTIATENILHEL, 4 €C/IN 09eHD THAKeIIhIM, OEX ORI
6m1 ropasno 6ombme. iMeeT MecTo kKak ObI KOHCIHpanmd MeX Oy Habuionaemoi
BEIMYFHOM MACCH! {-KBAPKA U BCEMU OCTaJIbHBIME HapaMeTPAMH 37I€KTPOCIIa-
6ol TeopHHE, OPHEBOLAMIAA K TOMY, ITO 3IIeKTpociabad mompaska Vi craHO-
BATCA AHOMANKHO Maja. 3aMeTHUM, ITO ONEOBPEMEHHOIO 3aHY/IeHH S TIONPaBOK
He TPOACXOLHET, T.K., €CITH PUKCHPOBATH BeIMIHHY my, TO Vi(t) ,Vi(t) m
Vr(t) nepecekaioT ropmsonTasbabe mEwE V; = () OpHA pa3iMYHEEIX 3HAYeHAIX
m;. ViMeeT MecTO nmpubimXkennaoe 3aHydeHAe, OTBedalolee Kak Ohl Kakol-To
HapymeHHO# caMMeTprH. [Ipmpona 2Toll cuMMeTpUH HaM He SCHA, U CaMO ee
CyIIeCTBOBaHZE BechbMa IMPOOIEMaTHIHO.

Crenyer o6paTuTh BEEMaH¥e Ha DyHKTHPHYIO napaboxy Ha puc. 9a, 10a,
11a, oTBedalonIyio BeIbTMAaHOBCKOMY ieHy {. Bmmro, 9T0o B mHTepBase 0 <
m; < 250 I'sB oma pacnonoxeHa ropasno Brine V4 m Vip u opmbnuxkaercs
K V,, mams B upaBoit 9actm puc. 9a. Taxum o6pa3om, T.H. EenmmapyouIae
“MaJkle” NONpaBKM, KOTOPHE B CTAHOAPTHEIX TEKCTaX OOLIYHO 3aMEHSIOT
MHOTOTOIZEM, OKa3hIBAlOTCY CPABHEMEL C JEIVPYIOLIAM IJIeHOM f.

T'nama ma puc. 9a, 10a, 1la, merko OOHATH, KakK, HECMOTPE Ha Ma-
JOCTh 3IEKTPOCIAOHX [OOPABOK, AX SKCIEePIMEHTAIHHOE H3yJeHHe MO3BO-
JigeT OpencKa3aTh B PaMKaX MUHMMAJLHOM CTAaHZAPTHOH MOIEIH Maccy f-
xBapka. llaxe B To BpeMs, Koraa TOYHOCTH dkcHepuMenToB Ha LEP1 m SLC
6bI7a HegoCcTaTOIHA, ITOOH YBHIETD 37IeKTPOCIabhle IOIPaBKX, OHa ORI Mo-
CTaTO9HA, ITOOK yCTAHOBHTH Maccy {-KBapka IO TOIK4M, B KOTODEIX KpUBhIe
Vi(m;) mepecexaioT ropm3oETaNbEEE JINEAN, OTBEYAIOIINe IKCIEPAMEHTATh-
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HEIM 3Ha¥eHmsM V; W NapajulellbHble MM IITPAXOBHIE JTHHWN, YKa3hIBAlOLAe
Kopaaop B OTHO CTaHgapTHOE OTKJIOHEHUE. TogROCTH B onpenesieEny 1My oupe-
ZengeTcs MUPHAHON KOPHAOpa W KpyTu3Hoi nuamd V;(my).

ABaJTormaEEM 06pa3oM MOXHO HOCTPORTh 3aBACHMOCTE Vi(m ) 1UIS Tpex
PEKCHPOBAHHLIX 3HadeHHH m; = 150,175 r 200 I'sB (Puc. 9b, 10b, 11b). U3
ABHOTO BENa claraeMerx H;(mpy) creayet, 9To 3aBEcEMOCTS Vi(my) ropasmo
6onee momorad (Iorapmpmmaeckad). FIMeEHO moTOMYy Npenckazalme MACCHI
XHArTCA, H3BJIEYCHHOE W3 3JIEKTPOCIabHX NOIpaBok, 061alaeT CToMEL 60bIIof
HeonmpenenessocTs0. Kak Mut ysanmm mmxe (cM. puc. 13, 14, 15), TogHOCTH
OpencKa3aHus my OyneT CHILHO 3aBHECETh OT TOTO, KaKol okaxkeTcs Macca. i-
xBapka. Ecnr my = 15045 I'sB, To my < 200 I'sB =a yposre 30. Ecim m; =
200+ 5 I'sB, o my > 120 I'sB na yposae 3o. Ecma xe m; = 17545 B, To
HaM KDYUHO He NOBe3eT: OTDAHWIEHHS HA My NPAKTHICCKA He BOHUKHET.

IIpexx e geM mepexonuTh X PACCMOTPEHMIO aIPOHHKIX PacOamoB Z-6030Ha,
BEpHEMCS X WCTOKaM” ¥ TOKakeM, KaK ORIITM DONXYIeHH GODMYTH IS

V,(m,t, mH).

Kax seruncnnth Vi? [IaTe maros.

BoymMumeriit unTaTens yXke HaBHO OOJDKEH ORI 3aaTh BONPOC: KaKaM
00pa30M B ONHONETIIEBOM NPHOIUMEHWA aMIMATYIE JTeNTOHHBIX PACIANOB
Z-6030Ha OKa3hIBAIOTCH 3aBACAIIAMMA OT cobcTBeHHOR >Heprumm W-6o3zoma?
Bemsr B pmarpammax pacmazma Z-merid, ONHCHIBaiomde COGCTBEHHYIO 3HED-
o W-6030Ha, He BXONAT: OHE HOABIILIOTCH JIUITH HATAHASL C IBYXIIETIIEBOO
mpubmmkerus. OTBET Ha 3TOT BoIpoc B cirenyomeM. Kak yxe moxaepkusa-
JIOCH BEIIIE, ME BBIDAXKAaeM DaIWaNfOHHBIEe MONPABKHE K pacmafaM Z depes
a, mz u G,. Ho Bepaxenne nns G, conepxmT cobcTBeHRYIO Heprmio W-
6030Ha yxke B onHOmETIIEBOM mpumbamxenmn. Tak, Bce meno B TOM, YTO M
BEIpaxkaeM ONEu HabltonaeMsle (B JaHHOM CiIy4dae mw /Mg, ga, gv/ga) depes
npyrme, Gonee TOYHO W3MepeHHEIe Habmonaemste (&, mz, Gp).

IIpocnenvm mar 3a maroMm, Kak 3To menaercd. Beero 6ymer "naTe maros
K C9acTHI0”, OCHOBAHHKIX H4 OZHOIETIICBOM IPHUOIIIKCHNH.

Mar I. HagneM c amexTpociaboro marpanXknafa HOCIE TOTO, Kak B HeM
npousomuio cnorTapnoe Hapymerme SU(2) x U(l)-CHMMeTPHM XEITCOBBIM
BaKyyMHBIM KoHIOeHCATOM 7) B W- B Z-6030HH cTamy MaccuBEMMHA. PaccMo-
TPEM TOJIHE KOHCTAHTHL CBA3W (roisle 3apamul GOTOHA ey, W-Gosoma gy o
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Z-6030Ha f)) I To/IEIe MACCH BEKTODPHEIX 6030HOB:
i 1
mz = 5fon (82)
1
mwo = 5907 (83)

a TaXxXe roijible MacChl {-KBapKa My B XUATTCA M q.

Ilar II. Breipasmm &, G,, mz qepes fy, go, €y, 1, My, myo u 1/¢
(cm.IIpunoxerme E). 3mecs 1/¢ nossaserca us-3a TOro, IT0 MK HCIONB3YeM
Pa3MepHYIO PEry/SpA3AlNIO, BRAACIIS (eflHMAHOBCKAE HHTErPAlIbl B IIPO-
crpaEcTBe D m3mepenmi. (Cm. Ilpunoxenwe A). DTH HETErpathl pACXonLTCS
opr D = 4 n xomeurnt upa D # 4. Ilo onpenenenmo

2%=D~-4-0 . (84)

3aMeTnM, YTO B OMHOUETIIEBOM HPEGIMKEHEA My = My, Mpyy = My, LO-
CKOIILKY 3TIEKTPOCIIAOKIME NONPABKaMA K MaccaM t-KBapKa B XATTCa MBI Ipe-
Hebperaem. [lng xmrrca 3To mpubimxkeHWe BIOJHE 3aKOHHO, T.K. €T0 Macca
olpeneNseTcs U3 paXuanEOHHLIX NOMPABOK C 0Y€HDb HU3KOA TOYHOCTHI0. YTO
KacaeTcs t-KBapKa, TO OpPH COBPEMEHHOM YDOBHE TOYHOCTH H3MEPEHUS 3JleK-
TPOCIal0RIX DOMPABOK DTO TOXE CUPABENIABO, HO MOIJIO OR CTATH CIIAINKOM
rpy6niM npubamxenneM, ecim 661 9Ta ToyHoCcTh Ha LEP 7 SLC yoywmmnacs
Ha IOpAmoK. 31ech CATyauus aHajgormisa G H cobcTBeHHOR 3Heprmm W-
6o3ora. [llar II - sTo mouTH Pu3mKa: BHIIACICHAE (PeHEMAHOBCKAX UATPAMM.
(CrnoBo ”moaTn” momuepxuBaeT, 9TO HabIIomaeMble BHIPAKAlOTCA gepe3 He-
nabmonaeMele, "romsie” , Boolime roBops, GeCKOHETHEIE BeJIAIUHE]).

IMar III. O6paTuM BHIpaXeHn#, TOAyYeHHEE B mare 11 m BHpasmMm fj,
g0, 1 gepes &, G, mz, my, my 1 1/e. OToT mar — wacrag aire6pa.

Hlar IV. Bupasmm Vi, Vi, Vi (mnm anexTpocnabyio ofgoneTIeByo mo-
TIpaBKy K 1000 Ipyrof ainexTpociaboi HabmomaeMoi, KOTOPBIe BCe PaccMa-
TPHEBalOTCA Ha PaBHOM OCHOBaHHH ) depe3 fy, go, 17, My, my & 1/e. (Dot mar,
mogobro mary Il - cEHOBa mouTH Pm3mka). -

Ilar V. Bripasam V,,, V4, Vi (mm moGyio apyryio »mekTpociabyio mo-
mpaBKy) depe3 &, G, mz, my, My ECHOIb3yd Pe3ynsTaThl maros 111 m IV,
PopmansHO ~ 5T0 umcTas anrebpa. Ilo cymmecTBy Xxe umcras Qu3mka, T.X.
TeoepPh MEl BBIPA3WJIA ONHHN ¢m3mdeckWe HabmogaeMule depe3 npyrume $mim-
geckre HabmogaeMsle, Ecim mo nopore He ObUIO CHEIAHO OMMOOK, TO WIEHK
1/€ B3amMHO YHHYTOXAIOTCA. B pesymnTaTe Mb momyTaem cooTHomerne (58),
BRIpakaiomee V; B Bule 3ieMeETApHEIX GyHEKNmWA oT ¢t 1 h 1 s. '
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OnmcaHEHbie BBIIe OATh [IAT0B OYeHh NIPOCTH M HATIIANHE. MEI DpEXonaM
K HAIIAM OCHOBHBIM COOTHOMICHAAM, He MCHONb3Ys " TAXKEeLYIO ApTUIIePHIO”
KBAHTOBOI TEOPHH WOJS C ee KOHTPUNIeHAMH B JIarPaHXuaHe H IPoIenypoi
nepeHOpMAPOBOK. Takasd OpPOCTOTa ¥ HArILTHOCTH CTAIE BO3IMOXHE! 6iraro-
naps OMHOMETIIEBOMY 3ieKTpociabomy BiammoneicTeuo.( B MEOromeTseBEX
pacYeTax TaKOH NOAXON K IEPEHOPMEPOBKAM XOT4 W BO3MOXeH, OIHAKO CTa-
HOBETCH 60JIee TPOMO3IKEM, deM CTaHHapTHEE NponenypH.) UTo KacaeT-
ca KXI-monpaBok K KBAPKOBHIM YIEKTPOCIAORM IETIIM M [BYXIIETIEBOMY
BKIIARy XHITCA, COPISTAHHBIM B uieHax §V; B yp-muu (58), To popMymH mi4
HWX MEI OepeM M3 pac¥eTOB IPYTHX aBTOPOB.

5 Apnponnsie pacnanu Z-6o3oHa. JImgupymoiue xBap-
KH ¥ aJPOHHI.

Kak yxe obcyxnanocs semme( cM. bopmyas (35) - (40) »m cremyrormmit 3a
HEME pasmen ’ AceMMeTpER” ), PACCMOTPeERe aAPOHHBIX PACIa/ioB CBOMATCH
K pacdeTy pacmaloB Ha maphl kBapkos: Z — ¢§. IIpm 3ToM Kmio9eBy0 pons
UI'DaeT NOHATHE IANAPYIONIVX aPOHOB, YHOCAIIMX OCHOBHYIO OO YHEPrAl
pacnaBmrerocs Z-6o3oua. Hanpamep, npu pacname Z — € B OCHOBHOM BO3HH-
KaloT ABe CTPYH ANPOHOB, JIETAIfe B NPOTHEBOMOIOXHLIE CTOPOREI, B OTHON
3 KOTODHIX JuampyiommaM OyAeT aXpoH, CoNepXKalllMii C-KBapK, HaOpmMep,
D~ = &d, a B npyroit — anpoH, conepxaimit c-XKBapk, HanpmMep, D? = cii
mwm A} = ude. AmanormvHEIM 006pa3oM IO NPECYTCTBUIO 3HEPIAYHEIX B-
wim B-Me30H0B mueRTAGMIMpPYOTCE pacnanst Z — bb. Ecim otéapaTs Tomh-
KO 9aCTHIE C 3HePrUaMH Giam3keMu K myz/2, To uaeETAGEKANES UCXOTHBIX
KBapKOBHIX KaHaJI0B OMHO3Ha9Ha. ONHAKO HOTHOE YHCII0 TEKHUX CliyIaeB byner
marno. Eciim xe yIMTHBATE B KadecTBe CHTHATA B-Me30HB MeHBIINX SHep-
Ui, TO BO3HAKaET MpobieMa mxX npoucxoxnenns. Bens mapa bb moxeT GHITH
poxJieHa He TOIALKO Z-G030HOM, HO I BEPTYAJILHEIM [JIIOOHOM B PacHame, CKa~
xkeM, Z — ¢C (puc. 12a) mma Z — u@i mwm s§. DTOT mpUEMep IOKa3HIBaeT,
C KaKPMH TPYAHOCTAMA CTAIKHBAIOTCA YKCICPAMEHTATOPHI IPH ANeHTHDH-
KallAd TOr0 NN MHOrO KBAapK-aHTHKBApDKOBOTO KaHama. Kpome Toro, m3-3a
BTOPHYTHHEIX IIap HONHAA afPOHH2S [IAPHHA OKA3BIBACTCH PABHOW CyMMe Iap-
TAAIHHKX KBAPKOBHIX IIXPHE XOTA W C BHICOKOU, HO KOHEYHOA TOYHOCTHI).
HanomauM, 9T0 mi14 mapnmansEON MUPHHAL pacHafa Z — ¢J MBI EMeld
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cooTHOmeEHNE (35):
Ty =T(Z — qq) = 12To[ga,Raq + i Bil (85)
Tie cTanJapTHas mupusa Iy, cormacao (31)
G, m3
Ty = —£Z = 82.944(6)M>B 86
0 924 \/§7r 9 ( ) 3 3 ( )

a panumaTopu R4, m Ry, npuseners B llpunoxenmn F. Uro xacaercs amek-
TPOCIa0bIX NOIPaBOK, TO OHYM COMlepPXKATCe B XodhdunuenTax g, # gy4- Cym-
Ma 60pPHOBCKOTO H ONHONETIIEBOTO CIIAaTAEMEIX AMEET BHI:

3o
gA‘I = T3‘1[1 + 327T8202VAq(t’ h)] ) (87)
31Qd
Ry = gve/gs =1 - 4Qls” + m!z ilsz)avw, . (88)

Pacnaabl Ha mapsol Jerkax KBapKoB.

3nech, xak u B ciydae Ge3aNpOHEEX HabniofaeMuIX, BeJEYHmHR V, Xa-
pakTepH3yIolne IOMPABKA, HOPMAPOBAHE! CTaHZAPTHEM ofpazom: V — ¢
apu t > 1. EctecTBenHo, 4T0 Te claraeMuie B V| Koropnie 06yCioBIIe€HBI
cOOCTBEeHHBIMA 3HEPTEAMEA BEXTOPHHX (030HOB, OIMHAKOBLI LI JENITOHOB U
xBapkos. OTnmame ot Hyxs paspocTh Vi, —Vy u Vi, — Ve CBA3aHBI C PA3IH-
qmeM paJAallHOHHEIX NOMPABOK K BepmmHaM Z — g B Z — ll. Ilig 9eTripex
JIETKUX KBapKOB EMeeM:

1287s%c3

Viu(t,h) = Vae(t, h) = Va(t, h) + %(FAI + F) (89)
1287538

VAd(t, h) = VAs(t,h) = VA(t, h) + T(FAI — FA,j) s (90)

2
Via(t,h) = Vie(t, h) = Vg(t, h) + w—-”i‘%«s—) x

3 8
X[FVI — (1 - 432)FA1 + 5(—(1 - gSQ)FAuﬁ- Fvu)] ,

(91)
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2
Via(t, ) = Viu(t, h) = Va(t, h) + %‘i—"s—) x (92)

4
x[Fyi— (1 — 4s?)Fy 4+ 3((1 ~ gsg)FAd ~Fva) ,

rre (cM. Hpunoxerame M):

Fu= %(3.0099 +16.485%) , (93)
Fyi = %(3.1878 +14.965%) (94)
Fu, = —%(2.6802 +14.765%) (95)
Fy, = —%(2.7329 + 14.265%) (96)
Faa= %(2.2221 +13.585%) , (97)
Fyg= %(2.2287 +13.565%) . (98)

3aecy 3smadenms F mpusemesn miag s? = 0.23110 — $s?. Toumocts B DsiTh
sHa9amX nudp ABIETCA IACTO apupMeTudeckod. Dmzmyeckme Heompene-
NEHHOCTH, CBA3aHHBIE C IpeHeOpeKeHHeM BHICIIAME IET/ISAME ITPOSBIISIOTCE
YyXe miis TpeTheld 3Hagamed madppu. CneqyeT oTMETHTS, B TaCTHOCTH, ITO
[0 CHX IOP He BHIYUCICHK NOOPABKHA THOA TOH, KOTopas m3obpaxeHa Ha pHC.

12b.

Pacoaaw ma napy bb.

B pacnane Z — bb Beob6XOOEMO Y9eCTb NOMOJHATENLHEE BEPUIMHHELE [IO-
OpaBK|, 3aBHCAIIMAE OT i:

Ve, ) = Vaalt, ) = 22 (6(0) + 6000, (%9)
452(c? - 5?)
Vrs(t, h) = Vpa(t,h) — m(ﬁb(t) +8¢(t)) (100)

3neck wnen ¢(t), BHABCIeHBLI B paborax [57], oTmeuaer puc. 12¢, a Wier
8¢(t), BeIamcnennsl B paborax (58], [53] oTBegaeT TMAAPYIOMIAM I TIOOHHEEIM
7 XHFTCOBCKAM LonpaBKaM K wieHy ¢(t) (cM. puc. 12d). Buipaxenus nina ¢(t)
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u $¢(t) npnsenens: B Ilpanoxenvn N. ing my = 175 T'aB, a,(mz) = 0.125,
my = 300 I">B:
#() = 29.9 (101)

§(t) = —3.0 . (102)

¥ TOIpaBOTHbIE WIEHH B yp-Huax (99) u (100) ovens BenmkH, OHE paBER! —5.0
n —1.8, cooTBeTCTBEHHO.

6 ComnocraBileHUEe PacYeToOB C KCIEPUMEHTAJILHBIMU
nanaeiMmu LEP1 n SLC.

KomusioTepras nporpaMma LEPTOP.

s cpassenns npenmsmorsEsx gaEapx LEP1 n SLC 6mn1 cozman pan xoMm-
OBIOTepHEX HporpaMM (komos). Hambonee m3pecTHo# mporpamMoil B Espone
ssagercd ZFITTER [59], xoTopas yawTeBaeT He TOMBKO 3K TPOCIA0ke pa-
MUANVOHHLIE HONPABKA, HO ¥ BCE YHCTO IEKTPOMATHATHEIE H, B TaCTHO-
CTH, HCOyCEaHTe (POTOHOB CTAIKMBAIOUIAMICS JE€KTPOHAMY B IO3ATDOHAMMA.
Onem ®3 mepsrIx paor, rHe, HCXONA U3 IPeNHM3NOHHEIX M3MePeHUH, GhIa
Opencka3zaHa Macca t-kBapka [60], 6sum ocHoBanH Ha nporpamme ZFITTER.
Hecxompxo orimgatorcs oT koga ZFITTER apyrue esponeiickue xonsi BHM
[61], WOH, TOPAZO [62]. B CIIIA mambonee m3BECTHEI Pe3yNLTATH IIPO-
rpaMMei, Bcnonssyemoi Jlanrakepom [35].

IlepBoHawambHAs BAes aBTOPOB 3Toro o63opa 8 1991-1993 r. 3akmoganacs
B IOJTy9eHUN TPOCTHIX aHAIATHIECKAX GOPMYT IS 3TeKTPocIabhix panna-
IEOHHKIX MONPABOK, KOTOPHIE TIOSBOIAIA Ghl, He WCMONB3YS KOMUBIOTEDHEIE
KOZHI (IIPOTDAMMBL), AHATA3HPYH IKCIEPAMERTAIbEEIE JaHHEIe Ha JIACTKe 6y-
Mard, IpecKas’aTh Maccy t-kpapka. ONHAKO M3-3a MHOT00GPA3HS aXpPOHHEIX
pacnanoB Z-6030HOB, 3aBHCATIAX OT KOECTAHTHI CHIILHOIO TIIOOHHOTO B3am-
MOZEHACTBHES (5, IPHUILIOCH IePEBeCTH aHAIIATAICCKHE QOPMYIIE B KOMIIBIO-
TEPHYI0 IPOTPaMMY , K0Topylo Mu myTimso Hadsanu LEPTOP [63]). IIpo-
rpamma LEPTOP mpowmssonzT BhramcieHEme meKTPociabhX HaGMIOIAeMETX
B pamxax MummMmanssont Cramnaprthoi Momeim m pmTHpoBRaAme >Kcuepm-
MEHTAIbHHIX NAHHLIX IUTSA OIpellelleHAs U3 BUX BeIWIHE 1y, My m &,(M 7).
Jormaeckas xoacTpykmag LEPTOP scra m3 npemsiaymmx pa3enoB 1 mpexa-
ctapiena Ha Cxeme 1. Komnbiorepuas nmporpamva LEPTOP moxer 6HTH
TmoIy<TeHa 10 WHTEPHETY: hitp : //cppm.in2p3.fr./leptop/intro_leptop. htwl.
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Cpasrerue xonos ZFITTER, BHM, WOH, TOPAZO u LEPTOP, npose-
nenHoe B 1994-95 ronax (18], mokasano, 9To mX IpeAcKa3zaHUL OIS BCEX HIIEK-
Tpocabhx HabMOZaeMEIX COBHALAIOT MeXAy cofOH ¢ TOYHOCTHIO, HAMHOTO
IPeBOCXOAAINell TOYHOCTD IKCIepuMenTa. Huke npusenensl pe3yasTaThl 06-
paboTKH SKCnepMMeHTAIbERNX JAHHAX ¢ moMomrsio nporpaMMel LEPTOP.
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Cxema 1.

Bri6epure TpE HamGollee TOYHO A3MEPEHHBIX HAOTIOHaEMEIX:

G;A ’MZ ,O.’(Mz) =&

1

OupenemTte yrox 8 ( s =sinf,c = cos )
aepes G, , Mz ,&: G, = (ﬁ/\/i,)&/s"’&Mg

[

Beenmre B pamxax MCM ronsie KOECTaHTH CBA3U
(o , arzo , o), Tomsie Macchl (Mz, Mo, Mg, Mag, Myo)
4 BaKyYMHOe CpefHee XATTCOBOIO HOJA 1).

T
|

Buipasnre o ,az0 , Mz qepe3 G, M &
B OMHOTETIICBOM IPHOIKEHNH, ACIIOIB3YS Pa3sMEPHYIO
peryaspmsammio (1/¢ , p).

l

BrpasaTe omHONETNEBRIE »IEKTPOCIa0Ee [IONPABKA KO BCEM
3IeKTPoCcHabhIM HabIOgaeMRIM depe3 «g , azg , Mzg ,my , My,
a cienosaTensEo, depe3 G, , Mz ,a& ,m¢ , My. IlposeprTe
B3aMMHOe COKpairieHye wieHoB (1/¢ , p).

1 .

Bsenure rmooHHsIe MONPAaBKA B KBAPKOBhIE IETIIH
z KOII (u KXH)s3aumMozneicTBEs B KOHEYHBIX COCTOTHUIX
(B ampOHHKIX pacmaZaX), BHPaXeHHEE depes
@, &S(MZ) ) mb(MZ) )y M.

l

CpaBanTe npencka3agds GOPHOBCKOTO IPAGIMKEHAA
7 npabimkerns 60pH+- ONHA HeTVIA C IKCHEePEMEHTATTLHLIMEA
IaHHKNME 00 Z-pachajaM.

L

CroemaiiTe raoGanbHENN QAT MIL TPeX HapaMeTPOB
my ,&s(Mz) , My wima nis nepsbIx OBYX, (WKCADPYS TPETHIL.

1

TeopeTudeckn mpeacKaxnTe NeHTPAIbHbE 3HATCHUS
BCeX 3ieKTpocinalbrx HabmonaeMbIX 1
COOTBeTCTBYOMME HeollpeReneRHocTH (7 ommnbxn” ).
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O6ummix dur.

B rabnune 5 mpwBemeRH KCHEpHMEHTalbHEE 3HATERUS 3JIEKTPOCIabRIX
HabMIOTaeMbIX, NOIyYeHHke YCPeNHeHIEM Pe3yIhTaTOR HeTHIPeX NeTeKTO-
pos LEP (wacts a), a Takxe marune SLC (wacTte b) m masERIe mO Macce
W-6o308a (yacts c). (Jaunne mo macce W 6030HA U3 3KCHEDHMEHTOB Ha
pp-kKonnaiinepe g yno6cTBa YATATENd NPEICTaBICHLl TakKXke B BUIE s%v, a
JaHHHE 110 s%,v 3 v N-3KCIepAEMEHTOR IPEACTABNEHE TAKXKe B BULe My . OTH
IBa YHCIIa BLIAENEHE] KYPCABOM, YTOGR HOTYEPKHYTE, ITO OHA He SBIIAIOTCA
HE3aBHCAMAIMIE 3KCHEPAMEHTAILHMIMHA AAHHRIMA. )

Tabnzmma 5 cyMMEpyeT 3KCOepuMeHTANbERe NaEHHE, HCIOIb30BaEHBIC
Iiis ompeneseHns ((PUTAPOBAHUA) NapaMeTPOB CTAHAAPTHOM MOLENH T H
&s(mz) (cm. Tabmuy 7). llenTpanpHsle 3Ha9eHES B TPEThed KOJIOHKE BHI-
ancnersl g my = 300 I'sB. B ckobkax ykasams! HeolpeleleHHOCTH B 1I0-
ClAeXHMX 3HATAIMX Oudpax, o0yCiIoBIeHALe HEONPENeIeHHOCTIMEA (PATAPO-
BaHEHRIX 3HadeHH# my; u &;. CBepXy ¥ CHU3Y yKa3aHEl COBATH B IOCTEKHHEX
3HagaImmwx nudpax, orsedasorme my = 1000 I'sB u my = 60 I'sB, coorser-
CTBEHHO. B mocnenuell konoHke ykasauel 3HadeHEs ~Tarm”. Tsara (pull) mo
ONpeNeIeHTIO IIPEACTABIIZET COBORA PA3HOCTE MEXIY IKCIEPAMEHTAILHEIM A
TeopeTHYeCKAM 3HadeHEneM, NeJeHHYI0 Ha SKCIePAMEHTAIBHYIO HETOTHOCTD.
VI3 BeIWYEHEI TAr BEAHO, YTO HamOONBIIee PACXOXKICHUE 3KCOEPUMEHTAIhb-
HEIX TaBEBHX ¢ Muemvansaoit Cramnapraoir Monensio nMeer Mecto mus R,
(3.80). Pacxoxnmenme Ha ypopHe 2.50 mMeeTcs Takxe y R, m sin? Gief”; = s?
m3 Azg (SLC). Hus GormpmrHCTBa HabITIONaeMEIX pacxoxaenme MeHee 1o. B
TO xe BpeMs, Kak BuAHO w3 Tabmmamer 6, 3maqerme s; = 0.23186(34), m3pe-
YeHHOe M3 BceX acmmMerpuii Ha LEP, xopomo coBmamaer ¢ ¢pmrEpOBaHRRIM
saagerdeM MCM s? = 0.2321(4) mo namaemm LEP 7 Boo6me mo mo6sm nan-
aHeM (oM. Tabmany 6).
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Tabaana b
DxcnepuMen TalbHEIE dur
HabmonaeMere DaHHBIE craanapraon | Tara
Moznzmei|a

a) LEP

dopMma Z-mmKa

A JeNTOHBLIC aCUMMeTPUH:

my [[3B] 91.1884(22) :

Tz [[5B] 2.4963(32) 2.4976(26)*% | -0.4
on[n6) 41.488(78) 41.450(20)13 | 0.5
R, 20.788(32) - 20.770(24)78, | 0.6
Abp 0.0172(12) 0.0158(6);3 | 1.2
T-IONTAPDH3IALAL:

A, 0.1418(75) 0.1450(26);15 | -0.4
A, 0.1390(89) 0.1450(26)5 75 | -0.7
Pesynerars mo b m ¢

KBapKaM:

Ry 0.2219(17) 0.2155(3);7 | 3.8
R, 0.1543(74) 0.1724(1)}3 | -2.5
Abp 0.0999(31) 0.1017(19)7%, | -0.6 |
“5 0.0725(58) 0.0726(14)7% | 0.0
3apanoBagd acAMMeTpHUA map

JIETKWX KBapKOB ¢§:

s (< Qrp >) 0.2325(13) 0.2318(3)*3 | 0.6
b) SLC

Arg 0.1551(40) 0.1450(26)7%5 | 2.5
sH(ALr) 0.2305(5) 0.2318(3)43 | -2.5
Ry 0.2171(54) 0.2155(3);7 | 0.3
Ay 0.8410(530) 0.9345(2)73 | -1.8
A 0.6060(900) 0.6670(12)38 { -0.7
c) pp and vN

mw [[3B)  (pp) 80.26(16) 80.35(5)*F | -0.5

0.2255(31)
1 —mi,/m% (vN) 0.2257(47) 0.2237(9);7 | 04
80.24(24) |
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Tabuana 6
Habmonaemoe s7 Cpengee 1o KyMmynsTusHOe
. rpymuaM Habmoneamit | cpenmee x2/d.o.f.

Akp 0.23096(68)
Ar 0.23218(95)
A, 0.2325(11) 0.23160(49) 0.23160(49) 1.9/2
A’}; B 0.23209(55)

¥B 0.2318(13) 0.23205(51) 0.23182(35) 2.4/4
< Qrp > 0.2325(13) 0.2325(13) 0.23186(34) 2.6/5
Apr (SLD) 0.23049(50) 0.23049(50) 0.23143(28) - 7.8/6

B Ta6muue 6 TpHEBeeHE SKCIIEPEMEHTAbHEIE SHaYeHAs 57. TpeThs KOJIoH-
Ka MojlydeHa yCpeIHeHWeM BTOPOH, YeTBepTas — KyMyJASTHBHBIM yCPEAHEHN~
€M TpeTbeli, B Helt YKa3aHO TaKike 3HaUeHWe Y HA WHCIO CTemeHeH CBOGOMIEI
(degrees of freedom). -

Tabiuana 7

Pusmaeckme LEP LEP + SLC | LEP + My | LEP + SLC
BeJITIVHDI . ' + My

m; (I'sB) 171(9)%, 182(0)F% [ 170(8)FY | 180(N)%
arg 0.125(4)%3 | 0.123(4)7; | 0.125(4)F; | 0.124(4)*3
x*/d.o.f. 18/9 29/13 18/11 30/15

s} 0.2321(4)%; ] 0.2317(3)7; | 0.2321(4)7} | 0.2318(3)1] |
gvi/ga 0.07116(16)75 | 0.0732(12)73 | 0.0716(16)7§ | 0.0728(12)74
8%y 0.2247(9)73 | 0.2234(9);7 | 0.2237(9)7; | 0.2237(9)72
mw/mz 0.8805(5)*] | 0.8813(5)7] | 0.8804(5)*] | 0.8811(5)73
| mw (I'sB) 80.29(5)%; | 80.36(5)*3 | 80.28(5)*7 | 80.35(5)'3

B Ta6nmune 7 npuBeneEN GUTHPOBARHEIE 3HAUCHHAL 7y U &, = &s(m%), a
TakXe 3Ha4YeHUd x2 Ha YUCNo cTeleHed cBoboOR IJis pa3dnUIHEIX Habopom
DaHHHIX, TOe Dox My nompa3syMeBalOTCH KakK OpIMbie JaHHBIE M0 H3MEPEHAIO
My B pp CTONKHOBEHMAX, TaK W 3HAYCHAA s%v, w3BJIe9eHERe U3 v /V-oneIToB. B
HEDKHe#d JacTH TaOluOH OpHBeNeHsl 3HAYeHASL 8) = sin? Bff'}‘ = i( 1—-gvi/ga)
u 52 = 1 ~m},/m%, BuucIeRAEe B OMHONETEBOM 3TEKTPOCTaboM opurbnm-
XKeHgn# B paMxax MumamMmamsHoit CraBmapraod Momemu ¢ HCOOIB30BaHHEM
¢uTEPOBAHHBIX 3HATeHMHA My B &s. Omnbxn (B ckobkax) o6y cIIOBIEHK HETOT-

HOCTAME M, &3 U &, I BEIYUCIAINCE CYMMUpPOBaHUEM KBanpaTos 6e3 ydeTa
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Koppensuimi. 3aMeTHM, 9To oIAOKH B BHITUCIEHOM Ha OCHOBE QUTA 3BEAYCHEH
S% CYITeCTBEHHO MeHbIIle, YeM B HKCIePHMEHTATLHOM 3HAYCHUHN 3TOH Bein-
anusr (cm. Taba. 5), B To XKe BpeMg /14 s} oMMGKA B SKCIEPAMEHTAIBHBIX
(Tabmuna 6) m Teopermdeckom (Tabmuma 7) umcIax NPAKTHIECKH COBOALA-
1oT. 3aMeTnM, 9TO B HHXKHel dacTd Tabnmmel 7 nepBag X BTOpas CTPOYKH
HECYT OBHY ¥ Ty Xe mHbOpPManmo, TO ke OTHOCHTCS U K TPeTbel, IeTBePTOH
A OSTOH CTPOYIKAM.

7 3axkagoyenwue.
HocTaxenns.

" KaxoBul ocHOBHEIE HTOTH DaboTH GeTHIpex [EeTeKTOpPOB Ha KoILTaiilepe
LEP1 n onroro ra SLC? '
C ToYK: 3peHns YCKOPHTENBHOM TEeXHUKW W TEXHUKU 3KCOEepHMeHTa Io-
CTHrHYT BHCOJAMIIWA YPOBEHE KOJIeKTHBHOTO TBopyecTBa. Hepnnannad no-
ceJjie OCHAIIEHHOCTH HPEUA3HOMHEIX TATaHTCKUX YCTAHOBOK CHEIIAIa BO3MOX-
HBEIM HeBo3MoxHoe. 20 Mui/mosoB pacxian613 Z-6030H08 H3MEPEHEI ¢ TOYHO-
CTBIO, TIPEBOCXOAMIEN I0BETINPHYIO. '

C Touxm 3peRms QEIMKE OCHOBHBIM PE3YIBTATOM SBILETCA DKCIEPEMEH-
TaJbHOE [O0Ka3aTelIbCTBO, ITO CYIIECTBYIOT TOMBKO TPH IOKOJIEHHS KBAPKOB
7 JIEHTOHOB C JeTKAMHE BedTpmHO. UACII0 Nerkux HefTpMHO, onpesesIeHHOe 110
CYMMADHOR MIWpPAHE HEBIAMMEIX PacnatoB Z-6030H0B, paBHO

N, = 2.990(16) (103)

Humxawit mpenes Ba Macchl TAXKEIEIX HEHTPHHO, BXOALIXEX B JKODOJIHATEb-
HEle TIOKOJICHMA, eC TRKOBEIE CYINECTBYIOT, 6IM30K K My /2 @ cocTaBiser
44 T'5B. -

Hukaksx HOBEIX 9acTHI B paclazax Z-6030HOB H¢ Haimeso. B wacTHOCTH
He HaiineH xurrc. Hmxawit mpenesn Ha MacCy XHETICa COCTABIfET IO JAHHBIM
LEP1:

mg > 60I'sB . : (104)

lpemrsmorBoe m3vMeperne Macck Z-6030Ha, €ro TOMHOH 1 DAPIHANLEHIX
IMUPpUH pacOalia, a Takke 3ePKajJbEO- B 3apAN0oBO-HEUETHHIX acCEMMeTpH
PACHAmoB HANHW BO3MOXHOCTL HalTH Ha ONEITe BeJIHIMHBL HJIEKTPOCHAbBIX
pPalHaqUOHHEIX DompaBok. ComOCTaBIeHHEe STHX YKCHCPHMEHTAJbHEIX BEIId-
YHH ¢ TeOpeTH4YeCKAMI pacIeTaMH Ha ocHoBe Mmammanproit CraEmapTHOl
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Momnems TO3BOJIMII TPENCKa3aTh Maccy (-KBapka 1m; U KOHCTAHTY CUIILHOTO
B3aMMOIEHCTBHA TIMOOHOB Ha MacmTabe Macchl Z-6030Ha (!

my = 180(7) 188 | (105)

&, = 0.124(4)7% . (106)

3neck B CKOOKax ykasaHEa HCOMPENE/IEHHOCTH (ONHO CTAHZAPTHOE OTKJIOHE-
Hue), 00y CiI0B/IeHEAS HETOTHOCTHIO SKCIePEMERTAJBEEIX NagHEIX. OcHOBHAS
BEJIMYFHA 0TBeYaeT MPEeANolIokKeHmo, 910 my = 300 I'sB, a Bepxaufl # HAX-
Hul " capurn” oTeeuator my = 1000 I'sB u 60 I'sB, cooTsercTrerso. U3-32
ciaboll 3aBECAMOCTHE paAMaIlMOHHEIX IIONPABOK OT My H3BJIEYh B3 HUX Be-
TmauEy mpy He ynaercd. [IpenckasapHad 3 pag@aOWOHHBIX MOIPABOK MAacca
t-xBapKa B IIpefiesIaX CyIIecTBYIOIIUX B HACTOLIIIee BpeMs HeonpelelleHHOCTelH
HaXOOWTCHE B IPEKPACHOM COIVIACHE ¢ OPAMEIM A3MepeHEeM Ty B NeTEKTOPaxX
CDF = D0 Ba T3paTpoxe:

m, = 176(13) [64] CDF . - (107)
mq = 199(30) [65] DO . (108)

Ilpm nanpHEelimeM yTOYHEHMH MAacCH {-KBapka, waMeperHoi Ha LEP1, pa-
IEANEOHHBIE TIONPABKM MOTYT OBITH MCIONIL30BAHEL [71S YTOYHEHAR 06IaCTH,
B KOTOpOM HaxoBATCE Macca XHrrca. llpm 3ToM, Kak BHSHO 3 PHCYHKOB
13-15, Bce 6ymeT CHIILHO 3aBHCETH OT TOrO, HACKOJLKO HAM TIOBe3eT. Kcam
my = 150(5) I'sB, To m3 puc. 13 cnenyer, aro my < 150 I'sB ma yposre 30.
Ecrma my = 200(5) I'sB, To my > 120 I'sB ma yposre 30 (puc. 15). Ecrm xe
my = 175(5) T'sB, To B npenenax 3¢ XWITCc MOXeT HMETH MOBYIO Maccy.

ITpo6neMet.

Bernoro e3rnana ma Tabnmmy 5 ZoCTATOIHO, YTOGH YBHZETH OCHOBHYIO
upobnemy dum3mkn Z-6030Ha: HECOOTBETCTBHE N3MePeHHOH ITHEPUHEI PacIana
B mapy bb TeopeTHIeCKMM MpeNCKA’aHEaM.

CynepcrMMeTpr3anvs CTaHZAPTHOA MONETH MOXKET MOMOYL B PellleHHW
sToll mpobnemur (cm. pmc. 16a) [77] (mmarpamma c cymepmapTHepaMu pHC.
16a AMeeT mpaBEILHEIN 3HaK — yBeIHIuBaeT Rp).

O6parmMmcs Teneps kK &,(myz). B pane pabor [66]-[67] ormewarnocs, aTo
snazerme 0.124(4)*}, yxasamnoe B Tabiume 7, HecKoTBKO OpEBHINAET W3-
Mepenmsa &;(q?) mpm ¢> < (10I'sB)? 8 riy6oxo-meynpyrom paccesmuw [68],
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aIPOHHEIX pacmanax Y-MesoHa [69] u 0coGeHHO B CIEKTpe ypOBHeH HICHIO-
mus [70]. Ecnm mposkcrpanonmposath B paMkax cranzapTeoin KXII mm3Ko-
smepreTHdeckne sHavenns &;(¢> < (10I5B)?%) no ¢* = m%, To momywaercs
&,(m%) = 0.110 — 0.118. Yro kacaercs TOYHOCTH 3TOT0 WHTEepBadsa, TO Cpe-
mu asTopoB [67]-[70] Ber enmmcTBa. Hamboiee ocTopoxHEe ONEHHBAIOT ee
kak +0.005 [68]-[69]. Hambonee pemmremsueiit HacTampaeT Ha +0.001 [67],
[70]. B mocienmeM citygae mMeeTcs SBHOe DPOTHBODEIME C BeJIAIMHOM, Io-
JNyYeHHOA B3 aHAJIM3a PACHATOB Z-6030HA. DTO NpPOTMBOpEYIHE NOCITYXHUIO
OCHOBaEWeM i OpefmonoxeHwid [66] o Tom, aTo mpenckasamms MCM mns
AIPORHELIX IMAPWH MOAEPIOEPYIOTCA BKIIALOM B 3JIEKTpoCIabhle paglalion-
HBEI€ OTOOpaBKH KAaKHX-TO HOBRIX YacTHIL, HAIPpUMEP, CKBAPDKOB I TITIOHHO -
CyIepcHMMMeTPHIHEIX IIApTHEPOB KBApKOB M IAl0oHOB. s Toro, uTobmr me-
TIH ¢ 3TEMH JaCTHINAMF OPHBEIA K JOCTATOYHO CH/ILHEIM OTKIIOBEHHAM OT
MCM, reofxonuMo, ITo6H CKBAPKH B IIIOWHO GRITA JOCTATOTHO JIETKVME, C
Maccamy nopsaka 100 I'sB. Kax mezaBacAMELT apryMeHT B DOJB3Y TOTO, 9TO
HoBag PU3MKa ”XKTeT HAC 3a GMKaimmM YFIOM~, pacCMaTPHBACTCH TaKXe
oTKJIoHeHHe Gomee weM Ha Jo Habmomaemoii BenmumHEI K 0T ee 3HaqYeHNd,
TpenckasbBaemoro B paMkax MCM ma ocmoBe rio6amsuoro ¢ura (cM. Ta-
6nuny 5). Isa npyrmx orkiorerns ot MCM B Tabnune 5 MeHee cephe3HEL:
R, m AL OTKIOEZIOTCS Ha 2.5 CTAHOAPTHHIX OTKIIOHEHUA. 3aMETHM, 9TO B
TOCeMHEM ciiydae mMeeTcs pacxoxnenme He Toasko ¢ MCM, Ho m ¢ m3Mepe-
HHASMH TenTOHHEIX acaMmerpuil Ha LEP1, mockonbky, coriacso ypaBHeHHmIO
(47), ALr = Ay

B amTepaType Cy1IeCTBYIOT pasiwdHbE HapaMeTPA3ANANE OPOIBICHAN HO-
Boit ¢usukn. Ocoberno misecTHH napamerpu S, T,U [78] m €1, €9, €3, [79].

IlepcnekTHBH.

Ocerszo 1995 r. xonnasimep LEP 3asepmmin pabory B pexxnme LEP1 u Ha-
qan pabory B pexkmme LEP2. IIpennonaraeTca [oBeCTH CYMMaPHEYIO SHEPIHIO
3rieKTpOHA W mo3uTpoHa 1o 192 I'sB. Kaxosr ocropaie 3anaau LEP2 [80]?

TmwaTenbHOe W3MepeHEe cedeHnd peakmnd e e — WHW™ nns mamepe-
Hua Macchl W-6030Ba ¢ TowHOCTHIO nopanka 50 MsB u nposepkm Toro, 9To
B3amMoZeicTRue W-6030HOB ¢ dpoToramm u Z $030HOM COOTBETCTBYET CTAH-
IapTHOU Monmemm (cM. puc. 16b).

Tomckm xmrrea ¢ Maccoit go 92 I'sB B peaxmu ete™ — HZ (puc. 16c).

Toncky Nerkax CymepYacTHn (CNenToHOB, CKBAPKOB).

lloncku reoxmmanEOCTER.
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Hamprelimue OepcHeKTHBR MPOBEPKM CTAHAAPTHOH MOAETH H I[IOUCKOB
"HoBo# pu3nkn” 3a ee UpemeNaMu CBA3aHH ¢ Bonbmimv AnporarnM Kommai-
nepom LHC (pemernue o ero crpoutemscrse 38 LEPH yxe mpeasTO) B Tak
HasuBaemoro. ” Crenytomero Jlmaeinoro Konnatinepa” 31neKTpoHOB 1 IIO3M-
TpoEoB NLC (Next Linear Collider), Haxongimerocs HoKa B cTaIHl o6CyzxKITe-
HES KOHKYDPUPYIOI{EX MeXAY coBoi mpoeKTOB.

Mui 6maromapes A.B.HosukoBy 3a nomonis B nonroroeke crarsn; A.H.Po-
3am0B Gaaromapes CNRS-IN 2 P3/CPPM 3a momnepxxy; M.H.Bsicomkui,
B.A.Hosukos m JI.B.Oxymsn Guaromapami PO®U 3a rpamT 93-02-14431;
M.A.Burconkuit u B.A.HoBrkos 6naromapasr INTAS 3a rpasta 93-3316 =
94-2352, xoTophie CIIOCOGCTROBAIIH BEIIOIHEHEIO JAaHHON PaGOTHL

'Hozmzcano K nmeyary 22.02.96 @ogma’r 60%90 1/16 Ogce'rn.neq.
Yoxn.-neg.n.2,75. Ya.-mg3x.x.2,0. Tngam 110 3g3. aras 171.
IBoexc 3649

Ornevatano B UT3®, II7259, Mocrma, b.UepeMymKRBCKaH, 25






