
OE'bE,L(IIHEHHbiH IIHCTIITYT MEPHbiX IICCJIE,l(OBAHIIH 

H-25" 

HAHABA 
rmo 

2-2004-176 

Ha rrpasax pyKOIIHCll 
Y,[(K 539.12.01 

O,[I;HOilETJIEBhiE 3JIEKTPOCJIAEhiE 11011PABKI1 

K 11POIJ;ECCAM 2/1 -?(y,Z)-72/ 11 PACI1A,l1;AM .B-72/ 
B CPE,[I;E SAN C 

Crre~HanbHOCTL: 01.04.02- TeopeTwieCKIDI <l>H3HKa 

ABTOpeiPepaT ~HCCepTaQHI1 Ha COHCKaHHe yqeHOH CTerreHH 

Ka~~aTa IPH3HKO-MaTeMaTHqecKHX HayK 

C JlrG .G~1 + CJ,lf6,Gel 

)J.y6Ha 2004 



Pa6oTa 

MM. B.Il. 
BbiiiOJIHeHa B 

,lJ,)IWJierroBa 

MCCJie.LJ:OBaHMH. 

.ITa6opaToprrrr 

06'be.LJ:MHeHHOrO 

Hay'IHbie pyKOBO,LJ;HTeJIH: 

.LJ:OKTOp ¢M3MKO-MaTeMaTMqeCKMX HayK, 

rrpo¢eccop 

KaH.LJ:M.LJ:aT ¢M3MKO-MaTeMaTMqeCKMX HayK 

OcpHn;HaJihHbie orrrroHeHTbi: 

.LJ:OKTOp ¢M3MKO-MaTeMaTMqeCKMX HayK, 

rrpo¢eccop 

.LJ:OKTOp ¢II3IIKO-MaTeMaTIIqeCKMX HayK 

Be,n;ym;a» opraHH3aD;H.H: 

.H.n;epHhiX rrpo6JieM 

MHCTMTyTa .H.LJ:epHbiX 

,LJ,.IO. Bap.n;rrH 

.IT.B. KaJIIIHOBCKa.H 

A.B. E¢peMOB 

<I>.B. TKaqeB 

HayqHo-McCJie.n;oBaTeJibCKMH MHCTMTYT .H.n;epHoll: ¢M3MKM MocKOB

CKoro rocy.n;apcTBeHHoro yHMBepcMTeTa, r. Moc.KBa. 

3arn;IITa .LJ:MCCepTaiJ:IIM COCTOMTC.H " __ " 2004 r. B 

15 °0 
Ha 3ace.n;aHMII .n;MccepTaiJ:IIOHHoro coBeTa K 720.001.01 rrpM 

.ITa6opaTOpMM TeopeTMqecKoll: ¢M3MKM MM. H.H. Boromo6oBa. 

06'be.LJ:MHeHHOrO MHCTMTyTa .H.LJ:epHbiX MCCJie.LJ:OBaHIIH, r. ,1J,y6Ha, 
MocKoBcKoll: o6JiaCTM. 

C .LJ:MCCepTaiJ:Meii: MO)KHO 03HaKOMMTbC.H B 6M6JIMOTeKe 06'be.LJ:MHeH

HOrO MHCTMTyTa .H.n;epHbiX IICCJie.LJ:OBaHMH. 

ABTope¢epaT pa3oCJiaH " __ " 2004 r. 

YqeHbiH ceKpeTapb 

.LJ:MCCepTaiJ:MOHHOrO COBeTa .(¢ C.M. <I>EILOTOB 

06ru;a5I XapaKTepHCTHKa pa60Tbl 

AKTYaJibHOCTb npo6m;Mbi. CoBr?~ennhre 3KcrrepnMeHThr B ¢n3nKe :omeMen

Tapnhrx '!aCTHU xapaKTCpH3YIOTC51 orpmiHOii CTaTJlCTJIKOH 3aperHCTpiipOBaHHb!X C0-

6bJTIIH. TaK nanpiiMep, na 'ICTbipex ;r,eTeKTOpax LEP: .-\LEPH, DELPHI, L3 II OPAL 
6bJJIO 3aperHCTp11pOBaHO OKOJIO 17 MII."I.liiOHOB C06bJTHH. 3TO OrpOMHa51 CTaTIICTU

Ka o6eCIIC'IIIJia 6ecnpell,CH,li,CHTHYIO TO'IHOCTb 3KCIICpiiMCHTaJJbHbiX 113MepeHHH ,li,JI51 

HCKOTOpbiX Z pe30HaHCHbiX na6JIIO,ll,ae~lb!X, TaKI!X KaK aZ II r z, II0p51,11,Ka 10-3 IIJ"lll 

JlY'IIIIe. C 1995 ro,11,a no 2000r. LEP pa6oTan np11 3Heprn5Ix Bbiiiie Z pe3onanca, .n:o

CTHrHYB K 1999 ro,:r,y 100 raB Ha IIY'IOK II IlOCTaBIIB K OKT516p!O 2000r. 6onee 750rr6-l 

CBCTUMOCTU Ka)K.IJ:OMY .IJ:CTCKTOpy, 'ITO rrpeBb!CUJIO npOCKTHblC IJ,CJIU. l103TOMY J(a)Ke 

B o6JiaCTH Bb!COKIIX 3Heprnii, rJ(e Hepe30HaHCHbiC CC'ICHU51 MaJJbi, TO'IHOCTb H3Mepe-

HHH rrpeBbiCHJia 1%. . 

3Ta BbJCOKa51 TO'IHOCTb H3MepeHHH IIO'l'pe60BaJJa TCOpeTH'ICCKHX paC'!CTOB COOTBCT

CTByiOIII,HX na6JIIO,ll,aCMb!X C TCOpCTH'ICCKOH HCOIIpCJ(CJICHHOCTb!O B HCCKOJibKO pa3 

JIY'IIIIC 3KCIIepHMCHTaJJbHOH, CKa)KCM rv (2 - 3) X 10-4 , 'IT06b! He BHOCHTb J(OIIOJI

HIITCJibHYIO CIICTCMaTHKY II B IlOJIHOH Mepe HCIIOJib30BaTb BbiCOKyiO TO'IHOCTb 3KC

nepnMCHTaJJbHbiX n3Mepermii ,li,JI51 npeun3nonnoii rrpoBepKII Teopnll. L{JI51 3Toro B 

pac'leTax npiiXO,li,IIJ"IOCb Y'IHTh!BaTb rreTJICBhre KBaHTOBbie rrorrpaBKH. CooTBeTCTBY

IOIII,IIH MaTeMaTH'ICCKHH anrrapaT C03,ll,aBaJJC51 B CCMH,li,CC51TbiC-BOCbMII,li,CC51TbiC rOJ(bl 

IIpOlliJIOrO BCKa. Bee 3TH <iJaKTbl II03BOJI5IIOT 3aKJIIO'IHTb, 'ITO. B TC'ICHHC IIOCJIC,li,HHX 

,li,CC5ITII JICT OKOH'!aTCJibHO c¢opMyJIHpOBaJJaCb .HOBa51 nay'!Ha51 ,li,IICJJ,HIIJIIIHa' - npe

UH3HOHHa51 ¢n3nKa BbiCOKIIX 3Hepr11H, HMCIOIII,a51 ,li,BC COCTaBJI5IIOIII,lle: 

e C06CTBCIIHO IIpCll,ll3110HIIbiC II3MepeHH51 rrpn CBepXBbiCOKIIX 3Hepr115IX, II 

• IIOMCP)KIIBaiOIII,IIC llX TeOpCTll'ICCKllC paC'ICTbi, KOTOpbiC, C IICII36C)KII0CTb!O 

,li,OJI)KHbi 6b!Tb MHOrOIICTJICBbiMH Bbi'IllCJICHII5IMII B TCOpHH B03MYIII,CIIIIH peJI51-

TllBHTCKOH KBaHTOBOH TCOpllH IIOJI51 • 

11pe,li,IIOJIOraeTC51, 'ITO IIpCJJ,ll3llOHHa51 ¢H3HKa BbiCOKHX 3Heprnii HMCCT XOpOIIIIIC 

rrepcrreKTHBbi B 6y,li,YIII,CM. Y)Ke B 6Jin)Kaiimee BpeM51 0)KH,ll,aeTC51 yTO'Inenne Ba)KHbiX 

BXO,li,Hhrx rrapaMeTpOB CTan,11,apTHOii Mo,11,eJin. ,UJI51 TeopeTn'!ecKoii IIOMCP)KKH 3Kc

nep11MeHTOB 11a COBpCMCH!IbiX ll 6y.n,yui:11x yCKOpllTCJI5IX, r,11,e 0)KH,ll,aCTC51 CIIIe 60Jibiiia51 

CTaTUCTIIKa, He06XO,D;HM HOBbiH ypOBCHb KaK TCOpCTH'ICCKHX rrpe,li,CKa3aHHH 1 TaK II 

KOMIIb!OTCpHb!X rrporpaMM. rpoM03,li,KOCTb IICTJICBbiX paC'!CTOB IIpllBO,li,HT K · Heo6xo

,li,IIMOCTH C03,ll,aHH51 COOTBCTCTBYIOIII,llX KOMI!b!OTCpHbiX CIICTCM. 

11pHBC,li,CHHOC MCCJie,D;OBaHMe npeCJie,D;OBaJIO CJie,D;YIOID;Me IJ;eJIH : 

• Co3nanne '!eTbrpexypoBneBoii KOMIIbiOTepnoii cncTeMbi · SANC, ,li,OcTyrrnoii 'Ie

pe3 IIHTepHCT, ,li,JI51 aBTOMaTH'ICCKOrO Bbl'IIICJICHII51 JICCB,li,O- II peaJJIICTII'ICCKIIX 

Ha6JIIO,ll,aCMbiX Ha 'O,li,HOIICTJICBOM ypOBHe TO'IHOCTII ,IVI51 JJ,CJIOrO p51,11,a rrpOJJ,CCCOB 

II pacrra,11,oB aJieMeHTapnhrx qacTnJJ,. B nacT05IIII,ee BpeM51 ,li,OCTyrrna Bepcu51 0.41 

CllCTCMbi. 



• Iloc.'le;J,oBaTeJlbHO BHe~pHTb B cncTeMy SANC TexnnKy cnnpa:IbllbiX a~m:nrry.u 
~JUI pacqeTa Ha6mO.LtaCMbiX. )lml BbJqUCJICIIU51 C11Up8..JJbllbiX a~III."IHT~·;( OCIIOB
IIbiX npoueccoB B SANC ncnoJib3YCTC51 MeTO~ Bera-By;iKn, a ;:J:JJ51 npoueccoB 

COIIJTCTBYIO!li,CfO H3JJY'IC!Ill51 - TCXHHKa Knaiica-CTIIpJIH!Ira. 

• C ncnoJib30BaHueM TeXHIIKn cnupaJibHbiX aMrrnnTy.n; co3.n;aTb MoHTe Kapno 

reHepaTop .n;na pacna.n;oB B -t f f"f. 

• Pe3yJJbTaTbi TOqHoro MmiTe Kapno reHepaTopa SANC .n:na pacna.n:a ll' -t Wn 
ncrrOJlb30BaTb .n:na ynyqrneHII51 II3BCCTHoro npii6JIH)!(CIIHOro MonTe KapJio re

nepaTopa PHOTOS. 

Hayquaa HOBII3Ha pa6oTbi. 

• BrrepBbie c03.n;aua o,·lHopo.n:Haa KOMIIbiOTepHaa cpe.n:a SANC, ~ocTyrrnaa qepe3 
IIHTCpiiCT, ~JI51 aBTOMaTIIqCCKOfO BbJqiiCJICHII51 Ha6JIIO~aCMbiX B ¢II3IIKC BbiCO
KUX .'3HCpriifi Ha O~HOIICTJICBOM ypOBHC TO'IHOCTII. 

• B cpe.J:Y SANC IIMnJieMeHTIIpOBaHo Bbi'IIICJieniie o.n;HorreTJICBbiX ~~J"ICKTpocJia-

6biX nonpaBOK K npoueccaM TIIrra 2fi -t 2f. 

• B cpe.n:e SANC pea-ln3oBaHo BbJqiicJieHne o.n;HorreTJICBbiX 3JJCKTpocna6biX rro

rrpaBoK K .n;Byx¢epMHOHHbiM pacrra.n;aM KaJIII6poBoqHbiX 6o3oHoB (Vll±, Z) II 
603oHa XIIrrca. 

e l1MIIJICMCIITIIpOBaHa 11p0li,C)l;ypa Bblqf!CJICHH51 BKJia~OB M51fKOfO H )!(CCTKOfO 
Top~103Horo n3nyqeniiH .Lina i(aHHbiX npouecco~;~. 

• I3 cHcTc~ty SANC Bue;weHa TeXHIIKa crriipaJibHbiX aMIIJlHTY..l ;.~,.lm pacqeTa ·cl;>n
. 3H<JeCKHX ua6JI!O,'laCMbiX. 

• BncpBbie co3.n;aH MoHTe KapJlO renepaTop .D;JJ51 MO)l;CJIIIpOBaHna ~Byxc);:>epMIIOH
HbiX pacna.LIOB 6o3onoB CTaii.LiapTHOii Mo~enn n 6o3o11a XIIrrca c HJJiyqeHIIeM 

0~1101'0 pcaJibHOfO q)OTOHa. 

• PeJyJJbTaTbi, noJiyqeHHbie c noMOIUbiO 3Toro MoHTe Kapno reHepaTopa. HC

IIOJib30BaHbi .n;na ynyqrneHHH npe.n:cKaJaTeJJbHOii cnoco6HOCTII reHepaTopa 
PHOTOS. 

fipaKTII'!eCKrui o;eHHOCTb pa60Tbl. 

, Co3.n;aHHaa cncTeMa SANC 11aii~eT CBOe npnMeHeHne ~JJa npeuiiJIIOHHbiX BbJqnc

.leHnii BKJia~oB npoueccoB CTaH~apTHoii Mo.n;enii B 3KcnepMeHTax no noiicKy HO-

~ 

Boii ¢InnKn 11a coBpeMeHHbiX (CER:-J: NOMAD) n 6y.n;ymiix ycKopiiTe"1ax (LHC : .. 
:\TLAS, CMS). 

~ 
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Cne.zzyiOIIJ;IIe pe3yJILTaTbi Bbi,ll;BIIraiOTca ,n;Jia 3cim;IITbi : 
(I . 

1. C03.n;aHIIe KOMIIbiOTepHoii cpe.n;hr SANC, v.040, .n;ocTyrrHoii qepe3 nHTepHeT n 
peaJIII3JIOIUHH BblqUCJICHIIC ¢n3nqeCKUX Ha6JIIO)l;aeMbiX C O)l;IIOIICTJICBOH Toq

HOCTb!O )l;JI51 IIIIIpOKOfO Kpyra !IpOlJ,CCCOB B ¢II3HKC BbiCOKIIX 3!1epriifi. 
. . . 

2. BHe,L\peniie B CIICTCl\IY SANC TCXHHKH crriipaJibHbiX aMIIJJIITY.Ll· 

3. Co3..laHIIP. ~loHTe Kap.1o reHepaTopa .n;na Mo.n:e.'liipOBaHIIH pa3.1IIqlfbiX pacnpP

.LICJJCHIIii ;J,:m ;wyx¢epMIIOHHhiX pacna.n:oB 6o3onoB CTaH.n:apTHoii Mo..le""III n 
6o3o11a XIIrrca c U3J"JyqeniieM peaJibHoro ¢oTOHa. 

4. Ynyqrneniie npe.n;enoB npiiMeHeHII51 IIIIIpoKo II3BCCTHOro MoHTe Kapno renepa

Topa PHOTOS nocpe.n;cTBOM npq,ue.n;ypbr BBe.n;eHIIa KoppeKTIIPYIOIUero Beca, 
OCIIOBaHHOH !Ia pe3yJibTaTaX TOqi!OfO MO.LICJIHpOBa!III51 pa.unali,IIOIIHbiX pacrra

,II,OB. 

Anpo6au;Ha pa6oTbi 

OcHOBHbie pe3yJihTaTb! .n;IIccepTaUIIII .n;oKJia.D;biBaJIHCb n o6cy)K.D;aJIIICb 11a ceMn

Hapax Jia6opaTopim TeopeTIIqecKoii <l>u3uKn HM. H.H.Boron106oBa Ol15Il1, 11a ce

MIIHapax B CERN, 11a KOH¢epeHuiiax CAAP- 2001 (,Llj611a, Poccna, 28 HIOHb 2001 
r.), ICHEP- 2002 (AMcTep.n:aM, HII.n;epnaH.D;bi, 24-31 H!OJib 2002 r.), ACAT- 2002 
(MocKBa, PoccnH, 24-28 l11011b 2002 r.), Ha Pa6oqeM CoBemaHIIII ECFA LCWS 

(Monrre.1be, <I>paHUIIH, 13-16 HoH6pb 2003 r.) 

Ily6JIIIKao;IIII. ITo pe3JJibTaTaM .n;nccepTali,IIII orry6JIIIKOBaHo rraTb CTaTeii n qeTbipe 
BKna.n;a B TPY.D:bi BbirneyrroMaHyTbiX KoH¢epeHunii. 
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Co,u.ep.>KaHne pa6oTLI 

Bo BBe,u.eHnu O'Iep'IeH Kpyr nccne.u,yeMhiX rrpo6neM, KpaTKO c¢op~t_lumponaHhi 

HCII0"1h3YE'Mh!E' ~teTO.LI,hl H pe3yJihTaTbl, IIOJIJ'leHHbie B li,HCCepTaiJ,HII. · flpnBE'.."J:PHO CO
_l('p)!(al!He no r·.1ana~1. 

B rrepBoii rJiaBe .LI,HceepTau.nn rrpnne.LI,eno Bhi'IHCJieHHe rro.1noii 3.1eKTpoc.1a-

6oii o)lnorreTnenoii norrpanKn K rrpou.eccaM Tnrra 2f1 ---+ 2f. Pac'!eThi BhiiiOJIHe

Hhi c rroMOIIJ,hiO CHCTeMhi SANC. Macchi Ha'laJihHhiX ¢epMHOHOB rrpene6peraiOTcn, a 

KOIIe'IHhiX ¢epMHOHOB y)lep*nBaiOTcn. Bhi'IHc.~eH,nn BhiiiOJIIIeHhi B R{ KaJin6ponKe 

C TpeM51 KaJIH6pOBO'IHhiMH rrapaMeTpaMH. l1CIIOJib3JeTC51 TeXHHKa CIIHpa.1hHhiX a!\1-

IIJIHTY)l. il,JI51 JCTpaHeHH51 HH¢paKpaCHhiX paCXO.Ll,llMOCTeii B ¢ll3H'IeCKllX ua6JIIO;J:ae

~lb!X (.LI,n¢¢epelii.!_Ha.JihHhie H IIOJIHhie ceqeunn, acHMMeTpHn), J'ITeH BKJia)l MnrKoro 

TOpM03HOrO H3JIJ'lei!ll51 OT BHeiiiHHX 3ap51)!(eHHhiX ¢epMHOHOB. flpHBe.LI,eHO )leTaJih

HOe cpaBHeHHe IIOJiy'leHHhiX pe3JJibTaTOB C pe3JJibTaTaMH ll3BeCTHOH rrporpaMMhl 

ZFITTER ,ll,JI51 ncex KaHaJIOB c PD*.LI,enHeM nerKnx ¢epMnonon. B Ta6nHu,e 1 rrpe.LI,

cTaBJieHo cpannenne .LI,JI51 'leThipex nenyneBhiX ¢opM-¢aKTOpon .LI,JI51 Tpex 3Ha'lennii 

3Heprnn c.u..M. Vs· A B Ta6nHu,ax 2 H 3 - cpanneHne .LI,Jia. )ln¢¢epenu,nanhHoro 

Ta6mm,a 1: 3C ¢opM.-¢aKTOpbi t~JIH npouecca e+e- --t f f. CpasHeHJie SANC-
ZFITTER. ITepBaH cTpoKa - SANC, s;·opaH cTpoKa -ZFITTER. 

II t: II. 100 f3B · 

I 
200 fsB, · 

I 
300 f3B 

uu KaHaJI, mu = 0.1 f3B, md = 0 
FLL 12.89583 - il.84786 8.24737 - i10.64653 8.98371 - i12.88466 
ZF 12.89583 - il.84786 8.24736 - i10.64651 8.98370,- i12.88466 
FQL 29.30446 + i3.67330 29.38217 + i2.27613 31.59711 + il.59304 
ZF 29.30445 + i3.67330 29.38216 + i2.27613 31.59710 + il.59304 

FLQ 29.10831 + i3.26973 29.48511 + i0.92311 31.65835 - i0.89711 
ZF 29.10832 + i3.26973 29.48512 + i0.92312 31.65835 - i0.89711 

Fqq 44.88228 + i8.85688 43.31854 + i9.48286 44.18773 + i10.25197 
ZF 44.88228 + i8.85688 43.31854 + i9.48286 44.18773 + i10.25196 

dd KaHaJI, ffid = 0.1 fsB, mu = 0 
FLL 13.70781 - il.51002 15.18630 - i3.93706 8.86000 - il.80409 
ZF 13.70781 - il.51002 15.18629 - i3.93706 8.86000 - i 1.80409 

FQL 29.64340 + i4.12394 31.96819 + i6.97877 31.69945 + i8.03876 
ZF 29.64340 + i4.12394 31.96818 + i6.97877 31.69944 + i8.03876 

FLQ 29.12112 + i3.22780 30.28990 + il.73736 31.69321 - i0.07000 
ZF 29.12113 + i3.22780 30.28990 + il. 73733 31.69323 - i0.07001 

Fqq 44.87608 + i8.79014 43.94906 + i9.86523 44.19463 + i10.38253 
ZF 44.87609 + i8.79014 43.94905 + i9.48286 44.19462 + i10.38251 

II IIOJIHOrO CelfeHim, COOTBeTCTBeHHO. KaK Bll,ll,HO, ypoBeHb COrJiaCH51 Me)!(ll,._V Bbl'IHC

JieHl!51Mll SANC n ZFITTER 51BJI51eTC51 O'leHb xopoiiinM n cocTannneT 6 nnn 7 3Ha

KOB. ,lJ,JI51 KaHana C pO)!(,ll,eHHeM t-KBapKa pe3JJibTaTbl cpaBHllBaJIHCb C rrporpaMMaMH 
FeynArts II topfit. Yponeiib cornacHn SANC c 3TIIMH rrporpaMMaMn cocTannneT 8-9 
3HaKOB, Ta6JIHIJ,a 4. 

/' 

4 

1' 

.. 

¥" 

Ta6nnu;a 2: Cpaanenne O)J.HOlleTJieaoro )J.n<P<f>epenu;nanhnoro ce'lenna, [n6]. 
Tiepaaa crpmm ·- ZFITTER, BTOpaa crpoKa ~ SANC. 

yS 100 faB 200 faB 300 faB 400 faB 700 faB 1000 faB 
cost9 

uu KaHaJI, mu = 0.1 faB 
-0.9 45.404742 0.386966 0.225923 0.138065 0.048621 0.024156 

45.404602 0.386966 0.225923 0.138065 0.048621 0.024156 ' 
0 60.382423 1.882835 0.771939 0.421410 0.133475 0.064245 ! 

60.382566 1.882837 0.771939 0.421410 0.133475 o.o64245 I 

173.467517 6.450000 2.5ljl881 1.346620 0.417295 0.198842 
0.9 173.467551 6.450000 2.510881 1.346620 0.417295 0.198842 

dd KaHaJI, md = 0.1 faB 
-0.9 86.554414 0.430807 0.136720 0.069644 0.020899 0.009978 

86.554110 0.430807 0.136720 0.069644 0.020899' 0.009978 
0 72.820806 1.180211 0.419410 0.219070 0.066312 0.031351 

72.820908 1.180212 0.419411 0.219070 0.066312 0.031351 
0.9 176.717336 3.770861 1.469194 0.796291 0.255118 0.124714 

176.717376 3.770861 1.469194 0.796291 0.255118 0.124714 

Ta6nnu,a 3: CpanneHne O.LI,HDneTJienoro IIOJIHOro. 9C ce'!emm, [rr6J. 

Ilepnan CTpoKa - ZFITTER, BTopan CTpOKa - SANC. 

O'tot 

52.61662 
52.61662 

52.61634 
52.61634 

160.8980 
160.8981 

193.7658 
193.7658 
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Ta6Jinu;a 4: CpaBnenne .D,n¢¢epenu;nanhnoro ceqenn.H npou;ecca e+e- ----t 

tl. Y'ITeH BKJia.D, M.HrKoro TOPM03Horo n3Jiy'leHH.H, E;'ax = ys/10. IlepBa.H 
=poKa - SANC, BTOpa.H =poKa - FeynArts, Tpem.H =poKa - topfit. 

ys 5oo r3B . 100 r3B 1000 r3B 
cosiJ 
-0.9 0.11408409557800 0.05199100267864 0.02310170508071 

0.11408410 0.051991003 0.023101705 
0.11408410 0.051991001 0.023101706 

-0.5 0.14308120516447 0.06560630503586 0.02882301902010 
0.14308121 0.065606305 0.028823019 
0.14308121 0.065606305 0.028823021 

0.0 0.21718800976521 0.11496514450150 0.05495088904853 
0.21718801 0.11496514 0.054950889 
0.21718801 0.11496514 0.054950889 

0.5 0.32933727394 776 0.19615154401629 0.09941700898317 
0.32933727 0.19615154 0.099417009 
0.32933727 0.19615154 0.099416999 

0.9 0.44290816734352 0.27915043976042 0.14426233253975 
0.44290817 0.27915044 0.1442.6233 
0.44290816 0.27915045 0.14426232 

Bo BTOpoii rJiaBe .unccepTau;nu pacMoTpena npou;e,n;ypa Bhi'IUCJienna o,n;noneT

JICBLIX ::JC nonpaBOK K )lByx¢epMHOHHbiM pacna,n;aM KaJIU6pOBO'IHbiX 6030HOB 

(lV±, Z) u 6o3ona Xnrrca. Pac'-!eTLI BLIIIOJIHeHLI c noMOIIJ;hiO KOMllhiOTepnoif cpe

.Jlbi SANC. IloJiyqeHLI ¢opM-¢aKTOpbi 11 cnnpaJILHbie aMnJIHTY.Jlhi cBo6o,n;nLre OT 
Y<l> pacxo,n;nMOCTeil. LI:Jia ycTpaHemm IlK pacxo.n:nMocTn B umpuue pacna.ua y'-!TeH 
BKJia,n; MHrKoro TOpM03noro U3JiyqeHua. TaK*e BLI'IIICJien BKJia,n; )KeCTKoro TOpM03-

noro U3Jiyqeu!1·a B umpnny pacna,n;a. Bbi'IUCJieHn.H 8G nonpaBoK ,ll;JIH 3TI1X pacna.uoB 

B R( KaJin6poBKe BhiiiOJIHeHLI BnepBbie. Ha puc. 1 u puc. 2 npe,n;cTaBJieHhi pe3yJih

TaThi Bhi'IUCJieHUll pa.uuaUUOHHbiX nonpaBOK K ,n;aHHbiM. pacna,n;aM BblllOJIHeHHbie C 

IIOMOII~biO SANC. 

0.1 

r,: . 
!.., 
~ 
~ 

'"' 
... 
..., 

-born 

-··---- weak 

------- weak+OED 

~ ~ ~ ~ ~ s ~ ~ ~ 

~~~ ' 

... 
iD 
lJ 0.005' 
! 
~ 
~ .... 

... , 

.., 

..,, 

--- born 

-------weal!: _..,., 

~ ~ ~ ~ ~ -~ ~ ~ ~ 

~~ 

Puc. 1: 3aBncnMOCTh !IIupuHbi pacna.ua OT Macchi H 6o3oHa. 
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Puc. 2: 3aBnCHMOCTh pa;(nar(HOHHOH nonpaBKJI K rrmpiiHe pacna.LJ,OB OT Macchi H 
6o3oHa 

B TpeTbeii rJiane .LJ:IICcepTau;uu npiiBe,n;euo oniicaHIIe MauTe KapJio reHepaTopa 
)l;JIH ,n;Byx¢epMIIOIIHhrx pacna,n;oB KaJin6poBO.'IHhiX 6o30HOB II 6o3ona Xurrca c II3Jiy

qeniieM o,n;Horo peaJILHoro <poToHa. Ilj:m IIMIIJieMeHTau;IIu o,n;noneTJieBbiX K8LJ: II cJia-

6Lrx nonpaBOK Maccal\m KOHe'!HhiX ¢epMIIOHOB ne npeHe6peraeTca. LI:Jia 'IIICJieHnoro 

pac•reTa aMUJIIITY)l; pa,n;IIaiJ;II.OHHb!X paCHa)l;OB IICIIOJih3yeTCH MeTO)l; Clliii!OBb!X aMUJIII

TY)l; KJiaifca~CTIIPJIIIHra. lfnTerpi1poBanue B ¢a30BOM npocTpancTBe BhiiTOJIHeHo c 

noMOIIJ;hiO TexniiKH MonTe KapJio. Co6biTHH, creHepiipOBaHHhie c noMOIIJ;hiO SANC, 

HMeiOT e,n;iiHII'IHhiit Bee. LI:Jia pacna,n;a Z 6o3oua, K8LJ: qacTh Bhi'IHCJieHIIii cpaBHII
BaeTca c TO'IHhiM o,n;uoneTJieBhiM K8LJ: npe,n;cKa3aHIIeM II3BeCTHOro MonTe KapJio 

reHepaTopa KORALZ, KOTOphiH TIIJ;aTeJihHO npoBep.HJIC.H B Te'Ieniie nocJie,n;niix 20 
JieT II IIIIIpOKO IICnOJih30Ba.nca npu o6pa6oTKe ,n;aHHLIX Ha· LEP II SLC. lf3 npuBe:J:en
HLIX Ha puc. 3 rucTorpaM:vr BU,ll;HO, 'ITO ypoBeHL cornacua SANC c KORALZ JIY'IIlle, 

'Iel\1 0.5% (T.e. HaXO)lUTCH Ha ypOB!Ie CTaTUCTU'IeCKUX OIIIH60K). IlpoBepaeTCH, 'ITO 
K8LI: nonpaBKU nopa)lKa O(a) K .IIIupune Z -+. f J pacna,n;a corJiacyiOTCH c xopo!IIo 

3a 
U3BeCTHLIM cTau.uapTHbiM ¢aKTopoM 1 + -- = 1.001743. BLI'IUCJieHua SANC ,n;Jia 

4~ . 
3TOrO ¢aKTOpa )laeT 1.001733 ± 2.8 X lQ-5. T.e. COrJiaCne JIY'IIIIe, 'I eM 0.01 %. LJ:Jia 
lV u H pacna,n;OB pe3yJILTaTbl cpaBHIIBaJIUCb c npn6JIII)KeHHbiM MoHTe KapJIO rene
paTOpOM PHOTOS. KaK BU,ll;HO U3 npnBe,n;eHHLIX na puc. 4 n puc. 5 rucTorpaMM, 

corJiacne SANC c PHOTOS Haxo,n;uTca B npe,n;enax O)Ku,n;aeMoro ypoBH.H TO'IHO
cTu, ecJiu yqecTb, 'ITO anropnTM MonTe KapJio reuepaTopa PHOTOS ocuoBaH na 

npu6Jiu*emm. Jiu,n;upyiOIIJ;UX Jiorapu¢MoB. LI:JI.H pacnpe.n:eneHua no. aKOJIJinHeapno
CTII (puc. 5), r.n:e rJiaBHbiH BKJia.rt: onpe.n:enaeTca necnnryJiapuoii: qacTbiO MaTpH'IHoro 
3JieMeHTa pacrra.n:a W-+ Wn, OTJIU'Ine Me*,n;y SANC ll: PHOTOS cocTaBJiaeT 40%. 
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Puc. 3: Cpannenue paciTpe.ll,eJrenlli1 SANC 11 KORALZ .li,JUI pacna;~,a Z-+ J.L+J.L-('y); 
OTI!OllleHI-Ie paciTpe.LJ,eJieHH51 no 3HeprHll cpoTona (ua JieBoM pile.) II yrny ¢oTona (na 

ITpaBOM piiC.) OTHOCIIT€JibHO J.L-. 

3To 6hrJio IICITpanneno c ITOMOIIJbiO ,n:o6annenmr n PHOTOS KopeKTIIPYIOIIJero neca: 

c5 
Qw ( m[Et · 

-8E-y(l- f3t cosO)Q; Mtv(I- mf/M'fv)(4- mf/A!f~·) 
2EtE-y ) 

+ Mfv(l- mTJM'fv)(4- mTJM'fv) . 

B pe3yJihTaTe, cornaciie SANC c PHOTOS cTano 3naqiiTeJibHO nyqiiie (pile. 6), 
OC06eHHO B TOH 06JiaCTHcpa30BOPO ITpOCTpaHCTBa, P.ll,e )J;OMIIHIIpyiOT H€JIII.li,I1pyiOIIJII€ 

CJiaraeMbie MaTpllqnoro 3JieMeHTa paciTa,n:a w -+ Wn ( rv 10%). 
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Pile. 4: Cpanneniie paciTpe,n:e.neHIIH SANC II PHOTOS .li,JIH paciTa.n;a H-+ J.L+J.L-1; 
OTHOIIIeniie paciTpe.n;e.neniiH 3Hepri1II ¢oTona (na nenoM p11c.) II MIOona (na ITpanoM 

PIIC.) · rnaBHblH BKJia.ll, OITpe,n:eJIHeTCH JIII,L!;IIpyiOIIJIIM JIOrapi1cpMOM ( KOJIJIIIHeapHOCTb). 
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Pile. 5: CpaBHeHIIe pacrrpe,n:eoleHIIH SANC II PHOTOS ,!IJI}! paciTa,n:a vV-+ J.LV/; OT

HOIIIeHIIe paciTpe,n:eJieHIIH ITO yrny cpOTOHa OTHOCIITeJihHO J.L- (Ha JieBOM piiC.). II J.L- J.L+ 
aKOJIJIIIHeapHOCTII (Ha ITpaBOM piiC. ). rnaBHbiH BKJia,II O!Ipe,n:eJIHeTCH J1K CIIHry;mp

HOCTbiO ,LI;JIH JieBOH riiCTOI'paMMbl, II Ii:eCIIHrynilpHOH qaCTbiO MaTpl!qiiQI'O 3JieMCHTa 
.J:JIH npaBoi1 riiCTorpaMMbi. 
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Pile. 6: CpaBnen11e paciTpe,n:eneHIIH .li,JIH W paciTa,n:a Toqnoro SANC II ynyqiiiennoro 

PHOTOS; OTHOIIIen11e pacnpe.ll,eJieiiiiH ITO yrny ¢oTona OTHOCIITeJibHO J.L- (na JieBOM 

pnc.) II J.L-V aKOJIJIIIHeapHOCTII (na ITpaBOM p!IC.). rnaBHbiH BKJia,LI; onpe,n:em!CTCH J1K 

CIIHryolHpiiOCTbiO ,LI;.1H JieBOH riiCTOrpaMMbl II HeCIIHryJIHpHOH qaCTbiO !\taTpli'IHOI'O 

·3oleMenTa ,LI;JIH npaBoi1 rncTorpaMMbi. H;:: Hll:lKHIIX p11cynKax ITOKa3aHbi Te :lKe cpan
neHIIH paciTpe,n:enenni1 Me:lK.li,Y TOqHhiM II ITpii6mi:lKeHHbiM SANC. 
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OcHOBHLie pe3yJILTaTLI, noJiy'IeHHLie B .n;uccepTan;uu. 

1. Co3)J,aHa O)J,HOpO)J,Haa KOl\lllbiOTepHaa cpe)J,a SANC, )J,OCTynHaa qepe3 HHTep
HeT, )J,JIR aBTOMaTH'leCKOrO Bbi'IHCJieHHB Ha6JIIO)J,aeMhiX B <f>H3HKe BbiCOKHX 
:3Heprnii Ha O)J,HOIIeTJieBOM ypOBHe TO'IHOCTll. 

2. B cpe)J,e SANC nMnJieMeHTnpoBaHo Bhi'IHCJieHne O)J,HorreTJieBhiX 3JieKTpocJia-
6biX rrorrpaBoK K rrpou;eccaM Tnrra 2/J --t 2f. 

3. B cpe)J,e SANC peann3oBano Bhi'IHCJienne O)J,norreTJieBhiX 3JieKTpocJia6hiX rro
rrpaBoK K )J,Byx<f>epMnonnhiM pacna)J,aM Kann6pOBO'IHhiX 6o3onoB (W±, Z) n 
6o3ona Xnrrca. 

4. J1MJIJieMeHTllpOBaHa rrpou;e)J,ypa Bhl'lllCJieHHR BKJia)J,OB MRrKOrO ll )KeCTKOrO 
TOpM03nOro ll3JiyqeJIHR )J,JIR )J,annhiX rrpou;eCCOB. 

5. B cncTeMy SANC BHe)J,pena TexnnKa crrnpaJihHhiX aMnJIHTY)J, )J,JJR pacqeTa ¢n-
3H'IPCKHX Ha6J1IO)J,aeMhiX. 

6. Co3)J,an MonTe KapJio renepaTop )J,JIR MO)J,eJinpoBaHnR )J,Byx¢epMnonnhiX pac
rra)J,OB 6o3oHOB CTan)J,apTHOii Mo)J,eJin n 603ona Xnrrca c H3Jiy'leHneM o)J,noro 
peanhnoro ¢oToHa. 

7. Pe3yJihTaThi, rro.1y'leHHhie c JIOMOIIJ;hiO 3Toro MoHTe KapJio renepaTopa, nc
IIOJih30BaHhi )J,JIR yJiyqrneHna rrpe)J,CKa3aTeJihnoii cnoco6HOCTH MonTe KapJio 
renepaTopa PHOTOS. 
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