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OBII.J;A.H XAPAKTEPI'.ICTIIKA PABOTbI 

AKTyaJI1>HOCT1> TeMbI 11ccJie,2:1;0BaHlilH. 

CTaH,rr,apTHa5I Mo,rr,eJih (CM) cPYH,II,aMeHTaJihHhIX B3aHMo,n,e:HcTBHH sJieMeHTapHhIX 

qacTHII;, HeCMOTpR Ha xopomo H3BeCTHYIO KPHTHKY H rrepBhie CBH,II,eTeJihCTBa Bhixo,rr,a 3a 

ee rrpe,rr,eJihI, o6HapyMeHHhie B HeiiTpHHHhIX 8KCIIepHM8HTax, rrpO,II,OJI:>KaeT OCTaBaThC5I 

e,II,HHCTBeHHhIM cPYH,II,aMeHTOM npeu;H3HOHHhIX TeopeTH'f8CKHX paC'-IeTOB, ueo6XO,II,HMhIX 

,II,JI5I KOppeKTHOM HHTeprrpeTaII;HH 8KCrrepHM8HTaJihHhIX ,n,aHHhIX. 

BaMHaR pOJih BhICOKOTO"IHhIX TeopeTH'feCKHX rrpe,n,cKa3aHHiI B cPH3HKe BhICOKHx 

sHeprrr:H H3BeCTHa co BpeMen sKcrreprrMeHTOB Ha LEPl H LEP2, r,rr,e TO"IHOCTh H3Me

peHHM 3Ha"IHTeJihHO rrpeBhICHJia 0.13 YI 13 cooTBeTCTBeHHO. Bo BpeMena LEP rrpeu;rr-

3HOHHhie pacqeThI, B ocnoBHOM, rrpoBO,II,HJIHCh ,rr,mr rrpoBepKH CM. EIII;e 60.rrbIIIa.H TO"I

HOCTh rrOTpe6yeTC5I Ha 6y,rr,yIII;HX sJieKTpOHHhIX JIHHeMHhIX ycKopnTeJI5IX (ISCLC, CLIC) 

II MIOOHHhIX ¢a6pHKax. Ha ue,n,aBHO BB€,IJ,8HHOM B 8KCIIJiyaTaII;IIIO a,n,pOHHOM KOJIJia:H,rr,e

pe LHC O)Irn,II,aeTC5I TO"IHOCTh H3MepeHHH rv 13 (rro-BH,II,HMOMy, orpaHH"I8HHa5I CHCTe

MaTHKOM ,II,JI.H rrpou;eccoB c BhICOKOM CTaTHCTHKOH). 9TO IIOTpe6yeT COOTB8TCTBYIOIII;HX 

TeopeTH"I8CKHX rrpe,rr,c1<asa1rn:H, no KpaH:HeM Mepe, rrn ypOBHe O,IJ,HOII8TJI8BhIX (NLO) pac

"I8TOB B s.rreKTpocJia6oM ceKTOpe (9C) CM, a B KX~ ceKTOpe CM - ,II,ByxrreTJieBhIX 

(NNLO) norrpaBOK. 

ITpou;e,rr,ypa BhI"IHCJieHrr.a 8C pa,n;rrau;HoHHhIX rrorrpaBoK (PIT) ,n,omKHa y"IHThIBaTh 

crreu;HcPHKY sKcrrepHMeHTa. CTporo roBop.a, aTa rrpou;e,rr,ypa B03MO:>KHa TOJihKO c rroMo

III;hIO MeTo,rr,oB MoHTe KapJio. Ee MmKHO peaJIH30BaTh .rrIImh B TecHOM coTpy,rr,HrrqecTBe 

TeopeTIIKOB H 8KCrrepIIM8HTaTopoB, II03TOMY B03HIIKJIO IIOH.HTHe "TeopeTH'-IeCKa.H IIO,II,

,n,epMKa" 3KCrrepHM8HTa. ~HccepTaII;H5I OCHOBaHa Ha pa6oTax ITO TeopeTH"I8CKOH IIO,II,

,n,ep./KKe 8KCrrepHM8HTOB cPII3HKII BhICOKHX aHeprHH 3a IIOCJI8,II,HHe 15 JieT. 

ITepBa.H rpyrrrra sKcrrepIIMeHTOB - rJiy6oKoHeyrrpyroe ep pacce.amre (fHP) Ha ycKo

pHTeJI5IX HERA (sKcrrepHMeHThI Hl II ZEUS), fHP HeiITpHHO (sKcrrepHMeHThI NOMAD 

II NuTeV) H ynpyroe µe pacce.arrne (sKcneprrMeHT SMC). 

~JI.H y)Ke saKOH"IHBIIIHxc.a sKcnepHMeHTOB Ha ycKoprrTeJie HERA BhI'-IHCJie1-rne K9~ 

PIT ,II,JI.H rHP ep pacce.amrn 6bIJIO Ba:tKHbIM rrpII H3MepeHIIH CTPYKTypHbIX cPYHKII;IIM 

rrpoTOHa (KBapKOBhIX pacrrpe,n,eJieHHM PDF). B STHX SKcrreprrMeHTax PIT 6bIJIH BeJIII

KH II 3aBHC8JIH OT KIIHeMaTII"I€CKHX rrepeMeHHbIX, B TepMHHax KOTOpbIX OIIHCbIBaJIHCb 

SKcrrepHMeHTaJihHbie ,rr,aHHbie. Bbl.JI Heo6xo,n;HM yqeT rrorrpaBOK BToporo rrop5I,II,Ka, xoT.a 

6hI B rrpH6JIH:iK8HIII:I Be,rr,y11wx JIOrapHcPMOB. Cos,rr,aHHa.a Ha OCHOBe pa6oT, BOIII8,II,IIIHX B 

,II,I:Icceprnu;rrIO, rrporpaMMa HECTOR aKKYMYJIHpoBaJia Bee MHpOBhie pesyJihTa'l'hI B sTo:H 

06.rraCTH H 6bIJia IIIHpOKO BOCTpe6oBaHa H II;IITHpyeMa. 

rJiaBHOM u;e.rrhIO 8KCrrepHM8HTa KOJIJia6opau;HH SMC c IIOJI.HpH30BaHHbIM MIOOHHbIM 

rry"IKOM 6hIJIO H3Mepe1-rne crr:I:IHOBhIX CTPYKTYPHhIX cPYHKII;HM, a ,II,JI.H SToro Tpe6oBa.rrocb 

TO"IHOe 3HaHHe IIOJI.HpH3aII;HH MIOOHOB. ,ll;JI.H MOHHTOpirnra IIOJI.HpH3aII;HI:I H3Mep.HJIOCb 

yrrpyroe µe pacce.arrne, rrpo KOTopoe 6bIJio I:I3BeCTHO, "ITO K8~ PIT B rroJIHOM ¢a30BOM 

o6'beMe oKa3bIBaJIHCh BeChMa 3Ha"II:ITeJihHhIMI:I. EcTeCTBettuo ueo6xo,II,HMhIMH rrpep;cTaB

JI.HJIHCh pacqeTbI B peaJIHCTH"IeCKI:IX aKcneprrMeHTaJihHhIX ycJioBmrx. Ha 6ase pa6oT, 

BOIII8,II,IIIHX B ,II,HCCepTaII;HIO, C03,II,aHa rrporpaMMa µela. c IIOMOIII;bIO nporpaMMbI µela, 
OCHOBaHHOM na "p;eTepMIIHHCTH"I€CKOM" rrop;xo,n;e, 6bIJIO IIOKa3aim, "ITO B 8TOM CJiyqae 

K9~ rronpaBKH oKa3bIBaIOTc.a MaJihIMH. 

BhI"IHCJieHHe rroJIHhIX 8C pa,n;HaD;HOHHhIX rrorrpaBOK .aBJI.aeTc.a necpaBHeHHO 6oJiee 

CJIOMHOH 3a,n;aqeiJ:, qeM K8~ PIT, I:I3-3a rrprrcyTCTBH.H 6oJihIIIOro qrrcJia ,n;rrnrpaMM H 
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~rn:eprenrqeCKIIX MaC1IITa60B ( MaCCbI 6030HOB, TOII-IrnapKa). 

B cIIJry 3TIIX rrpwrnH B rrocJie,n;mre ro,n;hI CTaJia aKTya.rrhHOH rrpo6JieMa aBTOManr-

3au;IIII Bhr-crnc.rreHIIH 9C PII. IfanecTHhIMI:I rrpI:IMepaMII TaKI:IX KOMIIbIOTepHbIX CIICTeM 

.HBJI.HIOTC.H FeynArts II GRACE-loop. B Te'IeHIIe p.H,n;a rroc.rre,n;HI:IX .rreT B J15ITI OM5IM 
6br.rra c03,n;aHa II rrpo,n;om1:<aeT pa3BIIBaTbC.H KOMIIhIOTepHa.H CIICTeMa SANC. Bo.rrbIIIa.H 

qacTb pa6oT, nome,n;IIIIIX B ,n::rrccepTaII;IIIO, CB.H3airn c rrpoeKTOM SANC. 
He,n;aBHIIe 3Kcrrep:rrMeHThI, rnrrne KaK NOMAD, NuTeV, CHORUS, ,II,OCTIIrJIII 3Ha'III

T€JihHoro rrporpecca B II3y'IeHI:II:I fHP ttell:TpI:IHO. Mx rrpeu;II3IIOHHbre II3MepeHII.H c,n;e.rra

JIII Heo6xo,n;IIMbIM y.rry"IIII€HIIe ypoBH.H TO"IHOCTII TeopeTII'I€CKOro orrncamrn rrpou;eccoB. 

0,II,HIIM II3 rrepBbIX rrp:rrMepoB IICIIOJib30BaHI:I.H CIICT€Mbl SANC 6bIJIO HOBOe BbI'II:ICJieHI:Ie 

9C PTI, ,II,OIIOJIHeHHoe y<-IeTOM JII:I,II,IIpyrorn;I:Ix K9~ PTI B rrpII6JimKeHIII:I Be,II,yru;Hx .rrora

pIICpMOB. B pac<-reTax 6brJIII rrpHH.HThI BO BHIIMaHIIe 3KcrrepIIMeHTaJihHbre yc.rroBI:I.H perII

CTpau;IIII qacTIIII. :rr OT6opa co6hITIIH rrpHcyrn;IIe Tpe6oBaHII.HM 3KcrrepIIM€HTa NOMAD. 

BTopa.H rpyrrrra 3KcrrepIIM€HTOB --- 3KcrrepIIM€HThI Ha a,n;poHHbIX KOJIJiaH:,n;epax Teva

tron II LHC. KaK y)Ke 6hmo cKa3aHo BhIIIIe, rrpeu;II3IIOHHhie pac"leThI rrpou;eccoB B3a

I:IMO,II,ell:cTBI:I.H 3JI€M8HTapHbIX "laCTI:III, Ba:EI{HbI ,)];JI.H cl;>I:I3I:IKI:I a,n;pOHHbIX KOJIJiall:,II,epOB. 

0,II,HI:IMI:I H3 OCHOBHbIX rrpou;eccoB, rrpe,II,CTaBJI.HIOIII;HX 60JibIIIOH HHTepec ,11,JI.H peaJIII3a

II;III:I cl;>II3II"l€CKOH rrporpaMMbI 3KcrrepIIMeHTOB ATLAS I:I CMS Ha LHC I:I ,II,JI.H 3Kcrre

pIIMeHTOB DO II CDF Ha Tevatron, .HBJI.HIOTC.H rrpou;eccbI TIIrra ~pe.rrJia-5IHa ,n;.rr.H 3ap.H

)K€HHoro II H€HTpaJibHOro TOKOB (Ha3hIBaeMbie TaK)K€ rrpou;eccaMI:I 0,11,l:IHO"!HOro p0)K

,II,€HI:I.H w II z' COOTB8TCTB€HHO). 9TII rrpou;ecCbI JierKO perI:ICTpIIpyIOTC.H B ,II,€T€KTOpax 

I:I I:IMeIOT 60.rrhmoe ceqeH:rre (~ 30 H6 I:I 3 H6, cooTBeTCTB€HHO, rrpI:I 14TeV). M3MepeHII.H 

rrpor~eccoB TIIIIa ~peJIJra--.5Irrn IICIIOJib3YIOTC.H ,11,Jl.H orrpe,II,eJieHII.H rrapTOHHbIX ¢YHKII;l:IH 

pacrrpe,II,eJieHI:I.H, YTOqHeHII.H 3HaqeHIIH rrapaMeTpOB Mw, sin2 eeff, fw, MOHI:ITOpI:IHra 

CB€TI:IMOCTI:I ycKOpI:IT8JI.H II KaJIII6pOBKII ,II,eT€KTOpOB. ~JI.H ,)];OCTH)K8HI:I.H Tpe6yeMOIT TO"l

HOCTII Heo6xo,II,I:IMO yqecTb 3JI€KTpoc.rra6bre I:I KX~ rrorrpaBKII II HX B3aI:IMHOe BJII:I.HHI:Ie. 

AKTyaJibHOCTh rrpeu;II3IIOI-IHhIX pac"leTOB ,II,JI.H 3TIIX rrpou;eccoB II0,11,TBep:EI<,n;aeTC.H rrpo

Be,II,eHI:IeM HeCKOJibKI:IX M8)K,D;yHapO,IJ;HbIX COBen~aHIIH ITO corJiaCOBaHHOMY cpaBIIeIIHIO 

pe3yJihTaToB, B KOTOphrx rrpHHIIMaJra yqacTI:Ie I:I rpyrrrra SANC. 
B ,n;I:IccepTau;IIIO TaK)Ke BXO,IJ;5IT pa6oTbI no II3y"leHIIIO p.H,n;a rrpou;eccoB, rrpe,n;cTaB

JI.HIOIII;IIX 6oJihIIIO:ti I:IHTepec ,II;JI.H cl;>II3HKII LHC, TaKIIX KaK po*,n:emre 6o30HHhIX nap II 

O,IJ;I:IHO"IHOe pmK,IJ;€HIIe TOII-KBapr<a. 

Ilpe,n;cTaBJieHHbie pe3yJibTaTbI aHaJIHTI:I'I€CKIIX BbiqIICJI€HIIIT II COOTB€TCTBYIOIII;II€ 

¢opTpaHHhre KO,II;hI IIMeroT Mo,n;y.rrhHYIO CTPYKTYPY ( cTaH,n;apTHbre SANC ¢opTpaHHbie 

M0,11,yJrn, SSFM). Mo,n;y.rrhHOC'rh - oqeHb Ba)KHOe CBOHCTBo, II03BOJI.Hrorn;ee JierKo OT

,n;eJI.HTh BKJia,IJ;hI pa3.rrIIqHoH: cPH3IIqecKoH: rrpIIpO,IJ;hI: KX~, K9~, 'IIICTO c.rra6bre :rr T.rr. 

BhI'IIICJieHII.H KX~ II 9C PTI rrpo,n:mrnyThI ,n;o ypoBH.H C03,IJ;aHm1 Mo,n;y.rreH: ,n;.rr.H MHOrIIx 

rrpou;eccoB. Ha IICIIOJib30BaHIIH SSFM ocnoBaHbI MonTe KapJIO IIHTerpaTOphr II reHe

paTOphr SANC. Pe3yJibTaThr, rroJiy<-IeHHhie c rroMOIII;hIO MonTe Kap.rro HHTerpaTopoB II 

reHepaTopoB SANC ,II;JI.H rrpou;eccoB TIIIIa ~pe.rr.rra-5IHa, Y*e naxo,n:.aT cBoe rrpIIMeHeHHe 

rrpI:I ana.rrII3e rrepBbIX ,n:aHHhIX 3KcrrepIIMeHTa ATLAS Ha LHC. B ocnoBHOM B ,n;:rrccep

Tau;Hro BOIIIJIII pa60TbI, IIOCB.HIII;€HHbie C03,IJ;aHIIIO 9C C€KTOpa CHCT8Mbl SANC. 

IJ;e.rrb ,n;nccepTau;110HHoii pa60Th1: Ue.rrh nacTo.Hrn;eH: pa6oThI cocTOHT B Teope

TII'IeCKOH IIOMep:tKKe 3KcrrepHMeHTOB rrn ycKOpHTe.rr.Hx HERA, SPS (::iKcrrepIIMeHThI 

SMC, NOMAD), LEP n LHC (::iKcrrepI:IMeHT ATLAS). 9Ta u;e.rrh ,n;ocTIIrHyTa rryTeM 

C03,IJ;aHI:I.H rrporpaMMHbIX rrpo,n;yKTOB c y,n:o6HbIMI:I I:IHTep¢eH:caMH, B KOTOpbIX peaJII:I30-
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BaHbI pac'!eThI COOTBeTCTBYIOIIJ;l1X Ha6JIIO,IJ;aeMbIX Ha O,Il;HOIIeTJieBOM ypoBHe TO'IHOCT11 B 

CTaH,n;apTHOil Mo,n;emr (CM) c Teopern:-qecKoH: Heorrpe,n;eJieHHOCThIO LKeJiaTeJihHO JIY'l

rneil, 'leM OIIlH6K11 9KCrrep11M€HTa. 

~HCCepTau;m:r IIOCB.HIIJ;eHa rrperi;H3HOHHhIM pacqernM cPII3II'leCKHX Ha6mo,n;aeMbIX B 

rrpou;eccax: my6oKOHeyrrpyroro ep pacce.HHH.H, yrrpyroro µe paccemrn.H, my6ormrre

yrrpyroro HeilTpIIHHoro pacce5IHII5I, rrapyIIIemrn '!eTHOCTH B aTOMHhIX rrepexo,n;ax, a 

TaIOKe pac'leTaM rrceB,n;O- 11 peaJIHCTH'l€CKHX Ha6mo,n;aeMbIX ,IJ;JI.H rrpou;eccoB TIIIIa ff bb 
II ff ff (r,n;e f, b mo6o:it ¢epMHOH, 6o3oH CM) Ha OCHOBe c03,n;aHrroH: rrpou;e,n;ypHoil 

rrJiaTtj)OpMhI aHaJIHTnqecKHX BhI'IHCJieH11il rrpoeKTa SANC 11 BHe,n;peHIIIO 9TIIX pac'leTOB 

B rrporpaMMhI aHaJIH3a ,n;aHHhIX p5I,n;a 9KCrrepnMeHTOB. 

Hay-<IHaSI HOBM3Ha pesyJihTaTOB ,n;rrccepTau;n11 cocT011T B CJie,n;ymru;eM: 

• BrrepBhre rrpe,n;JIO)l<:eH e,n;HHhiil rro,n;xo,n; K pac'leTy IIIHpoKoro Kpyra rrpou;eccoB B 

CM Ha o,n;HorreTJieBOM ypoBrre TO'IHOCT11, ocHoBaHHhI:it Ha rroJiy-aBTOMaTIIqecKHX 

CIIMBOJihHhIX BhI'IMCJieH11.Hx Ha .H3hIKe FORM; 

• BrrepBhre rrpe,n;Jio)l{eH JI rrpnMeHeH MYJihTHKaHaJihHhI:it rro,n;xo,n; K BhI'IHCJieHII5IM o,n;

rrnrreTJieBhIX 9JieKTpOCJia6brx rrorrpaBOK K p.H,n;y ¢epMIIOH-6030HHhIX H 4-x ¢ep

MHOHHhIX rrpou;eccoB B KaHaJiax HeilTpaJihHOro H 3ap.HLKeHHOro TOKOB; 

• rrpe,n;JimKeH HOBhIM CMCTeMaTHqecKHH rro,n;xo,n; ,Il;JUI BhI'IHCJieHH5I BCIIOMOraTeJib

HhIX cPYHKD;Hil, THrra D-¢yrrKri;II:it IIaccapnHo-BeJibTMaHa (IIB), y,n;o6HhIX ,Il;JI.H 

aHaJIH3a rrpHpO,lJ;hI HHcppaKpaCHhIX II MaCCOBhIX CHHryJI5IpHOCTeil o,n;norreTJI€BhIX 

aMIIJIHTy,n;; 

• BIIepBhie IIIIIpHHa H€CTa6IIJihHO:it '!aCTIID;hl ( TOII-KBapKa) HCIIOJih30BaHa ,IJ;JI5I pery

JrnpH3aD;IIII :rrn¢paKpaCHbIX paCXO,Il;l1MOCTeil KaK BHpTyaJibHhIX, TaK 11 peaJihHhIX 

aMIIJIHTy,n;; rrpoBe,n;eHO cpaBH€HIIe co CTaH,n;apTHhIM IIO,IJ;XO,Il;OM; 

• peaJIH30BaHa KOHri;erru;n.H "cTaH,n;apTHhIX MO,IJ;yJie:it", KaK OCHOBHOrO BhIXO,IJ;HOrO 

rrporpaMMHoro rrpo,n;yKTa cncTeMhI SANC, 11 rrpo,n;eMOHCTpHpoBaHa nx rrpnMeHH

MOCTh ,IJ;JI.H rrpIIJI0)1{€HH:it B aHaJIH3e ,n;aHHhIX KOHKpeTHhIX 9KCrrepHMeHTOB ll IIC

IIOJih30Bamrn: B MoHTe KapJio reHepaTopax ,n;pyrnx rpyrrrr (WINHAC). 

,ll;oCTOBepHOCTb pe3yJibTaTOB KOHTpOJIHpOBaJiaCh rrocpe,n;CTBOM MHOroqJICJieH

HhIX BHyTpeHHHX TeCTOB: aHaJIHTll'l€CKOe COKparu;eHIIe Kamr6poBoqHhIX rrapaMeTpOB, 

BbIIIOJIHeHne TOLK,n;ecTB Yop,n;a n T.rr., a B cJiy'la5Ix, r,n;e 9TO 6bIJIO B03MO:tKHO, rryTeM 

cpaBH€HII.H c pe3y.JibTaTaMII BbI'IIICJieHHH ,n;pyr11x rpyrrrr. 

IIpaKTMqecKaH II HayqHaSI u;eHHOCTh ,n;nccepTaD;HII cocTOHT B 11CIIOJib30Ba1rnII 

co3,n;aHHhIX rrporpaMMHbIX rrpo,n;yKTOB B rrpou;e,nypax anaJrn3a y:>Ke 3aBeprneHHbIX 9KC

rrepHMeHTOB Ha ycKopnTeJI.HX HERA, SPS 11 LEP, qTo rro,n;TBep:>K,n;eno BbICOKOH D;II

THpyeMOCTbIO (B rrepIIOA c 1995 no 2005rr). Co3,n;aHHhre rrporpaMMbI BOCTpe6oBaHbI 

9KcrrepIIMenTaTopaMII ATLAS Ha LHC, 'ITO rro,n;TBep:tK,n;eHo y-qacTIIeM ,n;11ccepTaHTa B 

pa6oTe KOJIJieKT11Ba aBTOpOB, rro,n;roTaBJIIIBaIOIIJ;IIX rrpou;e,n;ypy anaJIII3a ,n;aHHhIX (CM. 

ATL-COM-PHYS-2010-325). 
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Pe3yJihTaTbI H rroJIO)KeHHH, BhIHOCHMhie Ha 3a:rn;nTy: 

1. Pacc-crI:ITaHbI K9,ll; rrorrpaBKII K my6oKoHeyrrpyroMy 9JI8KTpoH-rrpoTOHHOMy pac

C85IHI:IIO B ycJIOBII5IX 9KcrrepIIM8HTOB Ha ycKopHTeJie HERA B cMemaHHhIX KIIHeMa

TIIqecKI:IX rrepeMeHHhIX. Cos,n;aHa 11 rrpHMeHeHa ,LI;JI5I aHaJIH3a ,n;aHHhIX rrporpaMMa 

HECTOR, 06'he,n;HH5IIOrn;a51 co6cTB8HHhre pesyJihTaThI H MHpoBoil orrhrT B 9TO:i1 06-

JiaCTH. 

2. Paccq:ruaHbI K9,ll; rrorrpaBKI:I B ycJIOBI:I5IX 9KcrrepIIMeHTa SMC c ~eJihIO MOHH

TOpHHra IIOJI5IpI:I3a~HH MIOOHHOro rry'!Ka. Cos,n;aHa II rrpIIM8H8Ha ,LI;JI5I aHaJIII3a 

,n;aHHbIX KOMIIbIOT8pHa5I rrporpaMMa µela. 

3. BbI"CfI:ICJI8Hbl 9C PIT K rrpo~eccaM rHP H8HTpHHO B ycJIOBH5IX 9KCIIepHM8HTa 

NOMAD. Cos,n;aHa KOMIIhIOTepHa5I rrporpaMMa, KOTopa5I rrpIIMeHena ,n;JIR aHa

JIH3a ,n;aHHbIX. 

4. Paspa6oTaHa KOH~err~Irn rrpoeKTa SANC, rrpe,n;nasttaqeHHoro ,LI;JIR rroJiy-aBTOMaTI:I

qecKoro Bbl"CIIICJI8HH5I tta6JIIO,n;aeMbIX B qrn3HK8 BbICOKIIX 3H8prI:IM Ha O,LI;HOII8TJI8-

BOM ypOBHe TOqHOCTI:I ( cPI:I3HqecKa5I qaCTb). 

• Cos,n;aH ocHOBHOH Ha6op BHyTpeHHI:IX rrpo~e,n;yp, rrpe,n;ttasHaqeHHhrx ,LI;JI5I 

aHaJIIITHqecKI:IX O,LI;HOII8TJI8BbIX BbJqHCJI8HIIM. 

• Bb1qI:IcJieHbI 11 mrn,n;petthr B cpe,n;y SANC o,n;ttorreTJieBbre 9JieKTpocJrn6bre rro

rrpaBKI:I K ¢epMI:IOH-6030HHbIM rrpo~eccaM TI:IIIa 2f2b ~ 0 B paMKax rrpe,n;

JIO)K8HHOro B ,n;I:IccepTa~III:I MYJihTHKaHaJihHOro rro,n;xo,n;a. 

• BBe,n;eHbI I:I BbiqI:IcJieHbI BCIIOMoraTeJibHbre cPYHK~IIII B KJiacce cPYHK~I:IH IIac

cap11no-BeJibTMaHa c HCIIOJib30BaHI:I8M rrpe,n;JIO)K8HHOro B ,LI;I:ICCepTa~I:II:I 06-

~ero MeTo,n;a. 

• PeaJIH30BaHhI H I:ICIIOJib30BaHhI rrpH rro,n;roTOBKe K aHa.JII:I3Y ,n;aHHhIX 9KC

rrepI:IMeHTa ATLAS rrporpaMMHhre rrpo,n;yKThI SANC B BI:I,n;e CTaH,n;apTHbIX 

Mo,n;yJieH:. 

Arrpo6an;H.H pa6oThI. 

OcHOBHhie pe3yJihTaThI ,n;I:IccepTa~I:II:I ,n;oKJra,n;hrnaJIHCb I:I o6cy)K,n;aJII:ICh Ha ceMHHa

pax Jia6opaTopI:IM TeopeTI:IqecKoil <l>H3HKI:I I:IM. H.H. BoroJI106osa H Jia6opaTopI:II:I 

5!,n;epHbIX ITpo6JieM I:IM B.IT. ,ll;:tKeJierroBa OH.5IH, Ha ceMI:IHapax B llHCTI:ITyTe <DrrsI:IKI:I 

BbicoKI:IX 9neprI:I:it B I.I,onTeHe (fepMaHI:IR), B CERN (Illsen~apmr), B DESY (faM-

6ypr, fepMaHI:I5I), Ha Pa6o'leM Cosern;aHI:II:I "<Ptt3MKa Ha HERA" (29-30 0KT5I6p5I 199lr., 

faM6ypr, fepMam:rn), Ha Pa6oqeM Cose~arrnI:I "fJiy6or<0Heyrrpyroe pacce5IHI:Ie 11 (6-10 

ArrpeJI5I 1992r., ToH:rrH~, repMaHI:I5I), Ha Pa60'l8M Cosern;aHI:II:I ECFA-DESY (12-15 

ArrpeJI5I 2002, CaH MaJio, <Dpan~I:I5I), Ha Pa6o'leM Cosern;aHI:II:I ECFA (12-16 0KTR6-

p5I 2003, MottrreJII>e, <DpaH~H5I), Ha Pa6o-crI:Ix Cosern;aHM5IX no cPH3I:IqecKo:i1 rrporpaMMe 

ATLAS B OM.5IH (28 arrpeJI5I M 25 H05I6p5I 2005 r., 14 arrpeJI5I I:I 22 ,n;eKa6p.a 2006 r., 25 

,n;eKa6p.a 2007 r. rr 21 arrpeJI.a 2008 r.), Ha c0Bern;an11.ax pa6oqI:Ix rpyrrrr (MottTe Kap

JIO reHepaTopos rr <PI:I3I:IKI:I 9C ssaI:IMo,n;e:iicTBII:ii) 9KcrrepIIMeHTa ATLAS B CERN (14 

.HHBap.a 2006 r.' 8 OKT.a6p.a 2007 r. Ii 9 ceHT.a6p.a 2008 r.)' Ha M8:>K,n;yHapO,Il;HbIX KOHcP8-

peH~Ii.HX CALC2006 II CALC2009 (,2J;y6Ha, 15-25 I:IIOJI5I 2006 r., ,ll;y6Ha, 10-20 IIIOJI.a 
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2009 r.), ACAT2002 (MocKBa, 24-28 IIIOHR 2002 r.), ACAT2007 (AMcTep,IJ;aM, 23-27 
arrpeJIR 2007 r.) II ACAT2008 (9p:wre, C:rnJ;IIJurn, 3-7 HOR6pR 2008 r.) 

fiy6JIHKaIJ;HH. 
IIo pe3yJibTaTaM ,IJ;HccepTau;iu1 orry6JIHKOBaHo 30 pa6oT, B TOM '!HCJie 16 pa6oT II3 

rrepe'IHR H3,n;amfii, peKoMeH,n;oBaHHhIX BAK ,n;mr ,IJ;OKTOpCKHX ,n;Hcceprnu;Hfi. 

JlH"'IHblll BKJia,n; aBTOpa. 
lfa Bcex pa6oT, BhIIIOJIHeHHbIX B coaBTOpCTBe, B ,IJ;HCCepTau;HIO BKJIIO'!e:HbI IIOJIO:tKe

HH5I H pe3yJibTaTbI, IIOJiy'!eHHhie m160 JIH'!HO aBTOpOM, JIH60 rrpH ee orrpe,IJ;emnorn;eM 
yqacTHH B IIOCTaHOBKe 3a,IJ;a'! H pa3pa60TKe MeTO,IJ;OB HX pernemrn. 

06'heM H CTPYKTypa ,n;HccepTaIJ;HH. 
,.QHccepTau;Irn COCTOHT H3 BBe,n;eHIIR, '!eTbipex rJiaB II 3aKJIIO'!eHH.H II CIIHCKa IJ;IITH

pyeMOH JIHTepaTypbI, CO,JJ;ep)Kaiu;ero 217 HaIIMeHOBaHHH. 06iu;n:H o6'beM ,IJ;HCCeprnu;IIH 
- 257 CTpaHnu;a. ,.QnccepTau;IIR co,n;ep:tKHT 61 Ta6JIIIU:Y n 74 pncyHKa. 

IIo MaTepIIaJiaM ,JJ,HccepTau;IIn orry6JIHKOBaHbI cJie,JJ,yroiu;IIe pa6oThI: 

I. CTaTbH B peu;eH3HpyeMhIX )KypHaJiax 

1. D. Bardin, P. Christova, L. Kalinovskaya, T. Riemann. Complete O(alpha) QED 
corrections to the process ep ---+ eX in mixed variables. Phys. Lett. B357:456-
463,1995. 

2. A. Arbuzov, D. Bardin, J. Blumlein, L. Kalinovskaya, T. Riemann. Hector 1.00: 
A Program for the calculation of QED, QCD and electroweak corrections to ep 
and lepton+- N deep inelastic neutral and charged current scattering. Comput. 
Phys. Commun. 94:128-184,1996. 

3. D. Bardin, L. Kalinovskaya, T. Riemann. Deep inelastic scattering with tagged 
photons at HERA. Z. Phys. C76:487-497,1997. 

4. D. Adams, ... , L. Kalinovskaya, ... et al. The Spin dependent structure function 
gl(x) of the deuteron from polarized deep inelastic muon scattering. By Spin 
Muon Collaboration (SMC) Phys. Lett. B396:338-348,1997. 

5. L.V. Kalinovskaya. About implementation of e+e- ---+ ff processes into the 
framework of SANC system. Nucl. Instrum. Meth. A502:581-582,2003. 

6. A. Andonov, ... , L. Kalinovskaya, ... et al. SANC press release. Nucl. Instrum. Meth. 
A502:576-577,2003. 

7. D. Bardin, L. Kalinovskaya, G. Passarino. Atomic parity violation and precision 
physics. Eur. Phys. J. C22:99-104,2001. 

8. A. Arbuzov, D. Bardin, L. Kalinovskaya. Radiative corrections to neutrino deep 
inelastic scattering revisited. JHEP 0506:078,2005. 

9. A. Andonov, A. Arbuzov, D. Bardin, S. Bondarenko, P. Christova, L. Kalinov
skaya, G. Nanava, W. von Schlippe. SANCscope - v.l.00. Comput. Phys. Com
mun. 174:481-517, 2006, Erratum-ibid.177:623-624,2007. 
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10. D. Bardin, S. Bondarenko, L. Kalinovskaya, G. Nanava, L. Rumyantsev, W. von 
Schlippe. SANCnews: Sector ffbb. Com put. Phys. Commun. 177:738-756,2007. 

11. D. Bardin, S. Bondarenko, L. Kalinovskaya, G. Nanava, L. Rumyantsev. Electro
weak radiative correction to the three channels of the process fif1H A-+ 0. Eur. 
Phys. J. C52:83-92,2007. 

12. D. Bardin, S. Bondarenko, L. Kalinovskaya, G. Nanava, L. Rumyantsev, W. von 
Schlippe. Electroweak radiative corrections to the three channels of the process 
f1f1ZA-+ 0. Eur. Phys. J. C54:187-197,2008. 

13. ,IJ;.IO. Bap,n;HH, JI.B. KamrnoBCKa5I, JI.A. PyMRHIJ;eB, <PyHKIJ;HH J(A) B pe,n;yKIJ;HH 
ITaccapHHo-Be.rrhTMaHa. I1HChMa B 9LJA5I, ToM 6, N21(150),54-71,2009 

14. ,IJ;.IO. Bap,n;HH, JI.B. KaJIHHOBCKaR, B.A. Ko.rrecHHKOB, B. ¢oH Illmmrre. <t>yHK
IJ;HH JAw,w A B pe,n;yKIJ;HH ITaccapHHo-Be.rrhTMaHa . .H,n;epHa5I cpH3HKa, ToM.73, 
N212,2048-2063,2010. 

15. A. Andonov, A. Arbuzov, D. Bardin, S. Bondarenko, P. Christova, L. Kalinov
skaya, V. Kolesnikov, R. Sadykov. Standard SANC Modules. Comput. Phys. Com
mun. 181:305-312,2010. 

16. D. Bardin, S. Bondarenko, S. Jadach, L. Kalinovskaya, W. Placzek. Implemen
tation of SANC EW corrections in WINHAC Monte Carlo generator. Acta Phys. 
Polan. B40:75-92,2009. 

II. MaTepHaJibI KoHc)JepeHii;Hii H pa6oqHx coBem;aHirii 

17. D. Bardin, J. Blumlein, P. Christova, L. Kalinovskaya. Recent developments in 
radiative corrections at HERA. DESY-96-198, Sep 1996. llpp. Contribution to 
the Proceedings of the 1996 HERA Physics Workshop. e-Print: hep-ph/9609399. 

18. D. Bardin, J. Blumlein, P. Christova, L. Kalinovskaya. O(alpha) QED corrections 
to polarized elastic µe and deep inelastic lN scattering. Oct 1997. lOpp. 2 Topical 
Workshop on Deep Inelastic Scattering off Polarized Targets: Theory Meets Expe
riment (SPIN 97), Zeuthen, Germany, 1-5 Sep 1997. 

19. D.Yu. Bardin, L.V. Kalinovskaya, F.V. Tkachov. New algebraic numeric methods 
for loop integrals: Some one-loop experience. Tver 2000, High energy physics and 
quantum field theory* 230-232, e-Print: hep-ph/0012209. , 

20. A. Andonov, ... , L. Kalinovskaya, ... et al. Project SANC (former CalcPHEP): Sup
port of analytic and numeric calculations for experiments at colliders. 31 Interna
tional Conference on High Energy Physics (ICHEP 2002), Amsterdam, Nether
lands, 24-31 July 2002. Published in *Amsterdam 2002, ICHEP* 825-827, hep
ph/0209297. 

21. D. Bardin, P. Christova, L. Kalinovskaya. SANC status report. Nucl. Phys. Proc. 
Suppl. 116:48-52,2003. 

22. D. Bardin, L. Kalinovskaya, ... et al. SANC: prec1s10n calculations for the SM 
processes. ACAT2007 conference proceedings, PoS ACAT:077,2007. 
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23. C. Gerber, ... L. Kalinovskaya, ... et al. Tevatron-for-LHC Report: Top and Electro
weak Physics. FERMILAB-CONF-07-052-E-T, May 2007. 
e-Print: arXiv:0705.3251 [hep-ph]. 

24. C. Buttar, ... L. Kalinovskaya, ... et al. Standard Model Handles and Candles 
Working Group: Tools and Jets Summary Report. Les Houches 2007, Physics 
at TeV colliders. e-Print: arXiv:0803.0678 [hep-ph]. 

25. A. Andonov, ... L. Kalinovskaya, ... et al. Standard SANC Modules. XII Interna
tional Workshop on Advanced Computing and Analysis Techniques in Physics 
Research, ACAT2008 conference proceedings, PoS ACAT:ll0,2008. 

III. IlperrpHHTbI 

26. D. Bardin, L. Kalinovskaya. QED corrections for polarized elastic muon-electron 
scattering. DESY-97-230, Dec 1997. 54pp. e-Print: hep-ph/9712310. 

27. D. Bardin, L. Kalinovskaya, G. Nanava. An Electroweak library for the calculation 
of EWRC to e+e- ---+ f J within the topfit project. JINR-E2-2000-292, Dec 2000. 
e-Print: hep-ph/0012080. 

28. D. Bardin, ... , L. Kalinovskaya, ... et al. Project CalcPHEP: Calculus for precision 
high-energy physics. Feb 2002. 14pp. e-Print: hep-ph/0202004. 

29. D. Bardin, S. Bondarenko, L. Kalinovskaya, V. Kolesnikov, W. von Schlippe. 
Electroweak Radiative Corrections to Single-top Production. Aug 2010. 22pp. 
e-Print: arXiv:1008.1859 [hep-ph]. I1p1m.aTo K rre"Y:aTH B Eur.Phys.J.C. 

30. M. Aharrouche, ... L. Kalinovskaya, ... et al. An Analysis of the Z, W Cross Section 
Determination in the Electron Channels with ATLAS. ATL-COM-PHYS-2010-
325. 
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CO,IJ;EP)KAHI1E PABOTbI 

Bo BBe,n;eHHH o6ocHOBbrnaeTC.H aKTyaJibHOCTb T8MbI ,i::i;rrccepTan;1rn:, cpopMynrrpy

eTc.H OCHOBHa.H n;eJib H 3a,n;aqrr, B03HHKaIO:rn;He rrpH ee ,IJ;OCTH:tK8HHH, paccMaTpHBaeTC.H 

HayqHa.H HOBH3Ha rrpOB8,IJ;8HHbIX HCCJI8,Ll;OBaHHM, a TaK1Ke rrpe,n;cTaBJI.H8TC.H o63op JIHTe

paTypbI B ,i::i;arrnoH: 06.JiacnI. 

IlepBaH I'JiaBa ,lJ;HCC€pTaa;m1 IIOCB.H:rn;ena OIIHCaHHIO BbiqHCJI8Hll.H K9,II; rrorrpaBOK 

K my6or<:oHeyrrpyroMy ep pacce.arrrrro B cMernaHHhIX rrepeMeHHbIX rr rrpoeKTY HECTOR. 
B pa3,n;eJie 1.1 orr11caHo rrpoBe,n;errrre anaJIHTrrqecr<:oro (He ocHoBarrrroro Ha Me

TO,n;e MorrTe KapJio H c Ma.JibIM 'IHCJIOM ocTaToqrroro t.rnc.Jierrrroro m-ITerprrpoBarrrr.a), 

rromrnro ( 6e3 HCIIOJib30Bairn.H rrpn6JIH:IK8HH.H Jlll,Ll;Hpyro:rn;Hx JIOrapncpMOB)' MO,Ll;8.JibHO
He3aBHCHMOI'O (rre OCHOBaHHOI'O Ha rrnapK-rrapTOHHOM MO,Ll;8.JIH) BbiqHCJI8Hll.H K9,II; JieII

TOHHOM pa,n;Han;HOHHOM rrorrpaBKH K H8MTpaJibHOMy TOKY B my6oKOHeyrrpyroM ep pac

C8.HHllll B TepMHHax CMeIIIaHHbIX rrepeM8HHbIX. Ilo.JiyqeHbl aHaJIHTHqecrrne Bbipa::tKeHH.H 

,IJ;JI.H IIOJIHbIX 0 (a) JI8IITOHHbIX rrorrpaBOK K peaK:a;HH 

(1) 

rrprr ::>Heprn.ax ycr<:opIITe.JIH HERA. O,i::i;rro H3 qeTbrpex m-ITerpIIpoBarrnH: cpa3oBoro o6'b
eMa rrpo,n;e.JiaHo arra.JIHTH'IeCKH. Bee Bbrqnc.JieHH.H rrpoBe,n;errhr c yqeTOM o6MeHa KaK 

cpOTOHOM, TaK Ii z 6o30HOM. 

B napa2parfie 1.1.1 orrrrcarra KHHeMaTHKa rrpo:u;ecca ( 1), xapar<:TepII3yro:w;eroc.H rne

CTbIO H83aBHCHMbIMH mrnapIIaHTHbIMll rrepeMeHHbIMH, KOTOpbI8 Bbr6paHbI CJie,n;yrorn;HMH 

2(p1k1), s1 = 2(p1Qz) = Sy1, Qr, 

2(p1Qh) = Syh, Q~, Z2 = 2(k2k) ' 

r,n;e Qi= ki - k2, Qh = P2 - Pl· 
9.JieMeHT cpa3oBoro o6'beMa rrpo:u;ecca (1) MO:tKeT 6brTb rrpe,n;cTaBJieH KaK: 

dk~ dk dp?, 2 (4) 
df = ---dMho (k2 + k + P2 - ki - P1)drh 

2k0 2k0 2p0 ' 2 2 

(2) 

(3) 

3,i::i;ecb dfh = IJ dp115C4l(p2 - LPi), (M~ = p~) .HBJI.HeTc.H ::>JieMeHTOM cpa3oBoro 
i 2pi i 

o6'heMa KOHeqrroH: CHCT8MhI a,n:poHOB. Terrepb rro,n;cTaBHM rrepeMeHHhre (2) B (3): 

r = ~ j dQrdS1dQ~dShdrkdrh, 
2v >-s 

r,i::i;e dfk = 2dfao [(Pi+ Qh) 2 + M~] 0 [Q~ - (P2 - P1)]. 

B CHCTeMe IIOKO.H rrpOTOHa (P1 = 0): 
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r,n;e rp - yroJI Me:tK,n;y ITJIOCKOCT5IMH, orrpe,n;emieMbIMH 3-HMITYJibCaMH (k1, k2) H (k,'fi2), 
Z1,2 = -2k1,2k H ITpe,n;eJibI HX I13MeHeHH5I zr~n,max 6y,n;yT OITpe,n;eJieHbI HH}Ke (CM. (7)). B 
TepMrrHax ITepeMeHHbIX (2) ¢a30BbIH o6'beM ITpou;ecca (1) rrMeeT Bn,n;: 

(6) 

I1oJIO:tKHTeJibHO-OITpe,n;eJieHHa.H ¢YHKIJ;H5I Rz - 9TO OITpe,n;eJIHTeJib rpaMMa 4-BeKTOpOB 

k1,p1, k2,p2. IIpe,n;eJihHhie 3Ha'IeHHR z1,2 OITpe,n;eJI.HIOTCR c ITOMom;bro KOpHeti: Rz: 

max,min - B1,2 =F VlJ; 
Z1,2 = (7) 

~JI.H BhI'IHCJiernrn ,n;Ba:tK,II;bI ,n;mpcl:>epeHu;rraJihHoro ce'!eHHR HHKJII03HBHoro ITpou;ecca 
(1) Heo6xo,n;nMo ITpoBeCTH HHTerprrpoBaHne KBa,n;paTa MaTprrqHoro 9JieMeHTa ITO ITepe

MeHHOH z2 (nJIH z1) rr pe3yJibTaT Bbrpa3HTb qepe3 ,n;Be ,n;pyrrre ITepeMeHHbre I. Ha6op 

9THX OCTaBIIIHXC.H HHBaprraHTOB He 6y,n;eT HCITOJib30BaTbC.H ,D;JI5I HHTerprrpoBaHH.H B ( 6). 
06o3Ha'IHM 9TOT Ha6op r<aK £. Cym;ecTByeT TPH pa3JIH'IHhie crroco6a HHTerpHpOBaHrrR: 

I= {(Sh, Q~), (Q~, Sz), (Qr, Sz)}' (8) 

rrpHBO,lJ;Rm;rrx K ce-qemI.aM, ,n;rr¢¢epeHu;naJibHbIM ITO rrepeMeHHbIM: 

(9) 

B napaepaifje 1.1. 2 OITHCbIBaIOTC.H KHHeMaTrrKa B cMeIIIaHHbIX ITepeMeHHbIX: Em = 
(Qr, Sh), 'Im = ( Q~, Sz). HaH:,n;eHa ¢mrrqecKa.H o6JiaCTb ,II;JIR nepeMeHHhIX HHTerpnpoBa
Hrr.a 'Im= ( Q~, Sz) ITpH ¢HKCHpOBaHHbIX 3HaqeHH.HX Qr H sh. 06JiaCTb HHTerpHpoBaHH.H 
pa36HBaeTC.H Ha ,II;Be qaCTH: 

i) ( Q~)min ::; Q~ ::; Qr, 

(smin) < s < s max l I_ l_ l , 

ii) Qr ::; Q~ ~ sh, 
(smin) < s < s max l II_ l_ l , 

r,n;e ( Q~)min = Qr + 2~2 (S1max - Sh) ( S1max - -} (S1max)2 + 4M2Qr) 

11 (s;nin)r,n = 2~~ [ sh(Qr + Q~) ±(Qr - Q~)F.] . 

(10) 

B napaepaifje 1.1. 3 OITHCbrnaeTc.H cl:>aKToprr3yrom;rrii:c.H BKJia,n; (soft,hard) B ce"IeHrre 

peaJihHOro TOpM03Horo II3Jiy<-renmr B YJihTpa-pe.rr.HTIIBHCTCKOM ITprr6JirrMeHnH: 

B napaepaifje 1.1.4 ITOJiy'IeHo BbipaMeHrre ,II;JI.H KOHeqHoti: 'IaCTH ceqemrn: 

- ~:' J J dQ~ds,t,[A,(Q~,Sh) ~i s,(Q/,S,,Q~,S,) 
A,(Qf, s.) ~t Sf(Q/, s.) .C!R(Qt, s., QL S,)l 
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He rrpeHe6peraeTc.a r,rr;e Ai ( Q~, Sh) - o6o6m;eHHhie CTPYKTYPHhre cpyHKn;:rur, S? ( Q[, Sh) 
H Si(Q[, sh, Q~, Sl) cpyHKIJ;HH, OIIHCbIBaIOm;He cei:remrn B BopHOBCKOM rrpH6JIH:JKeHHH 
H rrpou;ecca TOpM03HOrO H3Jiyi:remrn: COOTBeTCTBeHHOi £IR(Qf, Sh, Q~,Bl) - HHcppaKpac
HbIH rrpe,rr;e.rr rroc.rre,rr;HHX. TipHBO,IJ;HTC.H HX .HBHbIH BH,IJ;. 

B cpopMy.rre (12) MO:JKHO rrpo,rr;eJiaTb O,Ii;HO aHaJIHTH"IeCKOe HHTerpHpOBaHHe ITO rre
peMeHOH sl. B pe3yJibTaTe HHTerp11poBaHH.H ITO rrepeMemroit Sz rro.rryi:reHbI KOMIIaKTHbie 
Bbrpa)Kemre ,rr;Jrn cpyHKIJ;Hli Si(Qf, Sh, Q~) B y.rrhTpa-peJI.HTHBHCTCKOM rrpn6.rrn:JKeHHH. 
TipHBO,II;HTC.H OKonqaTeJihHa.H cpopMyJia ,II;JI.H d2uK/ dQ[dSh. 

B napa2parjje 1.1. 5 BBO,II;HTC.H noH.HTHe 6e3pa3MepHoro cpaKTopa ,IJ;JI.H K9,D; PTI 

(13) 

r,rr;e d2utheor / dE - TeopeTHi:recKoe rrpM6JIH:JKeHHe K H3Mep.HeMOMY cei:reHHIO, a d2uB / dE 
- BopHOBCKoe ce"Iemie rrpou;ecca (1). 

B nanreM rrpe,rr;cTaB.rremrn rronpaB.rremroe K9,D; cei:remre rrop.H,rr;Ka a 3 ,rr;omrrno co11;ep
:>KaTh em;e BKJia,Ii; K9,D; BeprnHHHoii: tj:>yHKTI;HH 

(14) 

11, c.rre,rr;oBaTeJibHO, 

d2 F d2 B 
c5(£) = ~ c5VR(£) O"R ;__!!_ 

rr + dE dE ' 
(15) 

(16) 

B KOHTI;e 9TOro rraparpacpa rrpHBO,II;HTC.H .HBHOe KOMIIaKTHOe Bbipa:II<eHHe ,II;JI.H c5VR(£). 

B pa3,n;eJie 1.2 omrcaH pe3yJihTaT o6'he,rr;:rrneHH.H B e,rr;HHhIM rrporpaMMHhIH rrpo
,rr;yKT HECTOR Bhri:rnc.rreHHli pa11;Hau;110HHhrx K9,D;, KX,D; H BHpTya.rrhHbIX 9C rrorrpaBOK 
K ,IJ;Ba:JK,rr;hr ,rr;ncpcpepeHu;na.rrhHOMy ce"tJ:eHHIO B KaHa.rrax NC H CC r.rry6oKOHeyrrpyroro 
.rrerrTOH-IIpOTOHHOrO pacce.HHH.H c yqeTOM pa,rr;HaTI;HOHHbIX ::icptj:>eKTOB rrpH 113.JIY"IeHHH 
cpoTOr-rn H3 JierrTOHHoro TOKa rrpu ::iHeprH.HX HERA. BepcH.H rrporpaMMHoro rrpo,n;yKTa 
HECTOR 1995 ro,rr;a 6a311poBaJiach Ha MHpOBhIX pe3yJihTamx B ::JTOH 06.rracTH. HECTOR 
6hIJI OCHOBaH Ha paHee cy:w;ecTBOBaBIIUIX KO,rr;ax: 

• K9,D; H 9C rroJIHhie O(a); (rrporpaMMHhie rrpo,rr;yKThI DISEP (NC/CC), TERAD91), 

• K9,D;, LLA O(a) + O(a2); (rrporpaMMHhIM rrpo,Ii;yKT HELIOS). 

9TH rrporpaMMbI He BOIIIJIH B ,rr;nccepTau;nm, HO 0 HHX Heo6xo,rr;HMO yrroM.HHYTb, KaK 0 
TeopeTHi:recKOM cpyH,rr;aMeHTe HECTORa. 

ITporpaMMhI cepHH DISEP peaJIH3YIOT BhI"IHCJieHH.H rroJIHbIX 9C rrorrpaBoK O(a) Ha 
ocHOBe pa6oT rpyrrrrbr aBTopoB (,D;. Bap,rr;:rrn, LI. Byp,Ii;HK, T. PHMaHH H IT. XpHCTOBa); 
pa6oThI BbIITOJIHeHbI B 1988-1989rr. ITporpaMMa TERAD91 aKKyMyJrnpyeT MHoroJieTHHH 
OIIbIT ,D;y6Ha-UoH:TeH rpyrrrrhr pa,rr;nan;HOHHhIX rrorrpaBOK (Dubna-Zeuthen Radiative 
Correction Group, DZRCG) ( aBTOpbI A. AxyH,IJ;OB, ,D;. Bap,Ii;HH, JI. KaJIHHOBCKa.H H 
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HELIOS TE RAD l~ISEP 

LEPNCi LEPNC IMEA=1 TERADL DISEPL LEPTONIC, NC 

IDSP=2 

JETNCi JETNC IMEA=2 TERAD.J JB, NC 

.JETCCi I 
1

11 

.JETCC IMEA=3 
JB, CC 

I 

MIXEDi MIXNC IMEA=4 TERADM DISEPM MIXED, NC 

IDSP=2 

DOUB AN IMEA=5 
DOUBLE ANGLE 

METHOD, NC 

ANY.JB IMEA=6 
LEPTONIC ANGLE: 

ANDYJH•NC 

TERADH 
IMEA=7 HAD NC HADRONJC, NC 

TE RH IN 

LEPCC IMEA=8 IDSP=2 DISEPW I,EPTONIC, CC 

I 

SIGMA IMEA=9 
:!::- METHOD 

XSIGMA IMEA=10 
cE - METHOD 

jc-cl:CJ(o:2 L 2 ) QED CORRECTIONS 

ic=2:0(a2 L2 } e-e+ - coNVERSION 

PHc. 1: BJio'fC-cxe.Ma HECTORa. PasJiU"l'}-f,'bte .Memoa'bi B'bt"lUCJie']-f,UJ/, K9,ll; nonpaeo'fC B'bt-
6upa10mcJ1, c no.MOW/b10 'fCJi'/O'L/,eu IMEA and IDSP. 

T. PHMaHH) no BhiqHcJieHHIO K8,IJ; norrpaBOK B pa3JIH<IHhIX KHHeMaTHqecKHX rrepeMeH

Hhrx; JJ;HKJI pa6oT BhIITOJIHeH B 1987-1995rr. ITporpaMMa HELIOS (aBTop M. BmoMJI5IHH) 

peaJIH3YIOT BhrqHcJieHH5I K8,II, rrorrpaBoK O(o:) + O(a2) B TeXHHKe Be,i:iyrn;Hx JiorapH¢

MOB; pa60ThI BhIITOJIHeHbI B 1990-1995rr. KX,II, rrorrpaBirn BHe,n;peHbI aBTopaMH rrpo

rpaMMhI HECTOR B NLO rrpH6JimKeHHH. 

B ::>TOM pa3,n;eJie o63opHo rrpe,n;cTaBJieHhI Ha6opb1 KHHeMaTHqecKHX rrepeMeHHhrx, 

,n;mr KOTOpbIX rrpoBe,n;eHhI <IHCJieHHbie pacqeTbI Ha OCHOBe ¢opMyJI, B35ITbIX H3 pa6oT 

He BOIIIe,n;rrrnx B ,lJHCCepTaII;HIO: JieIITOHHhie, a,n;poHHhie, )KaKe-BJIOH,II;eJia, rrepeMeHHbie 

BhrqIIcJieHHhre I: MeTo,n;oM, eI: MeTo,n;oM, MeTo,n;oM ,TI;BOHHOro yrJia, H rrepeMeHHbie Bz, YJB· 

O,n;ua H3 BCIIOMoraTeJihHhIX 6JioK-cxeM ,JJ;JI5I yrrpaBJieHH5I KJIIO<IaMII Bhr6opa rrepeMeHHhIX 

rrpe,n;cTaBJreHa na PHc. 1. 

B KaqecTBe qHcJieHHoro rrpHMepa pe3yJihTaTOB Ha PIIc. 2 rroKa3aHo rroBe,n;emrn pa

,JJ;Han;IIOHHoro ¢aKTOpa 8 (orrpe,n;eJieHHoro B Yp.(13)), KaK ¢YHKJJ;IIII y c rrapaMeTpOM x 
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rrpn: 9Heprmi:x ycKoprrTeJrn HERA S = 98400f9B2 B cJiy'Iae JierrTOHHbIX H cMeIIIaHHbIX 

rrepeMeHHbIX. ITo,rr,TBepiK,n;aeTC5l xopoIIIo H3BecTHOe CBOHCTBO PIT B pa3JIIPIHbIX rrepe

MGHHI>rx: Han:6oJibIIIaH rrorrpaBKa cooTBeTCTByeT JierrTOHHbIM rrepeMeHHbIM. PIT c 9KC

rroHeHIJ;HpoBaHn:eM MHI'KHX cPOTOHOB TaK:>Ke rrpe,n;cTaBJIGHbI Ha 9THX prrcym<ax (IIITpH

XOBa5l JIHHH5l). 3aMeTHO, qTo B 60JibllI8H l:.J:aCTH KHHeManrqecKoro ,n;rrarra30Ha 3HaHHe 

rrorrpaBOK 0( a) BIIOJIHe ,1I,OCTaToqHO. 

100 80 

80 Hector 70 

60 60 

40 50 

20 40 

0 30 

-20 20 

40 I 10 
I 

:: I -10 

.. 100 _i-.-l ,l-J. .• l..L.L.LJ....1...kl..-L,I J,1-..L.l,,kLLLl..J.J..i...~ . .L_l_L,l....L.J_l.J.LJ. ... Ld~l . ...i...l-d ... 1.. .. L.L.L J 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

y y 

PHc. 2: K9/f, nonpa61w 6 j/,enmoH'H'btX (J/,eB'btu pucyHon) u cMewaHH'btX nepeMe'l-l'H'btX 
(npa6'btU pucy'Ho'K) 6 %. To'L(,nu: O(a), ny'Hnmup: +O(a2), cnJ1,0W'H'bte /1,U'l-luu: + 3nc
n0He'H'4Upoea'Hue .M.R,e'Kux rfiomo'H06. 

BocTpe6oBaHHOCTb rrporpaMMHoro rraKeTa HECTOR cy:w;ecTByeT ,n;o CHX nop. B 2010 

ro,n;y IIOCTYIIHJIH 3arrpOCbI co CTOpOHbI 9KCrrepHM8HTaTOpOB Ha BHe,n;pemre B 9TOT naKeT 

rrporpaMM HOBbIX KHHeMaTw-IeCKHx rrepeMeHHI>rx. Pe3yJII>TaTbI rrepBoH: rJiaBbI orry6JIH

KOBaHbI B pa6oTax [1]-[3],[17]. 

BToprui rJiaBa ,rr,MccepTan;MM rrocBmn;etta orrMcaHHIO BbrqrrcJieHH5l rrorrpaBOK K rro

JIHpH30BaHHOMY µe pacceHHHIO. ITOJI5lpH30BaHHOe µe pacceHHH5l H3Mep51JI0Cb B 9KCIIe

pn:MeHTe SMC ,IJ;JIH MOHHTOpHpoBaHH5l rromi:prr3aD;HH MIOOHHoro rryqKa. MccJie,n;oBaHHe 

rrpoB0,1I,HJIOCb no 3arrpocy 9KcrrepHMeHTaTopoB SMC (CERN, SPS). 

B pa3p;eJie 2 .1 ,n;aeTC5l KpaTKHH TeopeTHqecKHH ofoop BbrqHcJieHHH pa,n;rran;HoH

HbIX 9cPcP8KTOB K IIOJIHpH30BaHHOMY µe pacceHHHIO. 

B napaeparfie 2.1.1 paccMaTpHBaeTCH ,n;mpcpepeHn;HaJibHOe ceqeHHe HH3IIIero no

pH,n;Ka: 

daBORN 27ra2 [(Y - y) 1 ] 
d = -E 2y (l-yPePµ) +-(l-PePµ) ' 

y me µ y 2 

r,n;e mµ, me Macci,1 MIOOHa H 9JI8KTpoHa; Pµ, Pe - rrpo,n;oJibHbie IIOJIHpH3an;mr MIOOH

Horo rryqKa H 9JieKTpoHa MHIIIettrr; y = Yµ = 1-E~/ Eµ - H3Mep5reMaH rroTepH 9HeprHH 

MIOOHOM; Y = (1 + mµ/2Eµ)- 1 - ee KHHeMaTHqecKHH MaKCHMyM; Eµ, E~, E~ - 9Hep

rHH HaqaJibI-IOro H KOHeqHoro MIOOI-Ia H 9JieKTpOHa B Jia6opaTOpHOH CHCTeMe. 

3aBHCHMOCTb da OT IIOJI5lpH3aTI;HH HCIIOJib3yeTC5l ,1I,JI5l BbiqrrcJieHH5l H3Mep.HeMOH 

12 



spin-flip acnMMeTp1ur A~~P KaK c)?ym<u;mr nepeMeHHOii Yµ 

A exp = [do-(jl) _ do-(tl)] j [do-(j l) + do-( ji) l · 
µe dy dy dy dy 

B rrpe,IJ;bIAYIIIIIX BhP-IIICJieHn.ax HCIIOJih30BaJiacb rrepeMeHHa.a Ye = E~/ Eµ, rrpH"<IeM B 

HH3III8M nop.a,n;Ke Yµ =Ye = y. cho paBeHCTBO HapyrnaeTC5I npH y"<IeTe K8,D, norrpaBOK 

ns-sa H3Jiy"<IeHH5I HeHa6mo,n;aeMhIX c)?oTOHOB. BeJIII"<IIIHa K8,D, nonpaBOK MO:tKeT CHJihHO 

saBnceTh OT Bhr6opa rrepeMeHHOH Yµ HJIII Ye· B 9KcrrepIIM8HTe SMC ncrroJib30BaJiacb 

rrepeMeHHa5I Yµ, II09TOMY IIOTpe6oBaJIIICb HOBbie BhI"<IIICJ18HH5I. 8TH HOBhie paC"<J:8TbI 6hI

JIII peamISoBaHbI B ¢opTpamrnii rrporpaMMe µela rrpwcJie,n;yroni;nx ycJIOBH.ax: 

- rroJIHhre BhI"l!HCJJeHII.H O(a3); 

- y"<IeT rrpO,IJ;OJibHhIX IIOJI5IpH3aI.J,HM MIOOHOB II 3Jl8KTpOHOB; 

- y"lleT MaCChI MIOOHa (n r,n;e Heo6xo,n;HMO - 9Jl8KTpOHa); 

- y"<IeT BCex Heo6xo,n;HMhIX o6pe3aHHll B paMKaX IIOJiy-aHaJIHTH"<I8CKOro rro,n;xo,n;a; 

- o6pe3aHMe Ha 3Heprmo OT,IJ;a"l!H 9J18KTpOHa, E~ 2: ERG (ERG = 35 rsB); 

- o6pe3aHHe Ha 6aJiaHC 9Heprnli, IE - E~ - E~I 2: EBO (EBO= 40 rsB); 

6 e B 6 IBerueas - BeBORN I < - yrJIOBbI8 0 pe3aHH5I Ha µ H e, µ II e B Jia OpaTOpHOll CHCT8Me: 

Bruin' I B:eas - e:ORN I :::; Bruin (Bruin = 1 Mpa,n;). 
BORN BORN 

3,n;ecb B~eas H e:eas - H3M8p5I8MbI8 yrJihI, a Bµ H Be YrJihI, BhI"<IHCJ18HHhie 

B rrpe,n;noJio:tKeHHH BopHOBCKOli KHHeMaTIIKM. 

B napaipacfie 2.1. 2 paccMaTpHBaroTCH noJIHhre o,n;HorreTJieBhre K8,D, rrorrpaBKH. B 

rrop.a,n;Ke CJ( a 3) HM88TC5I 12=2 x 6 TIO OT,II;8JlbHOCTII KaJIH6pOBO"<IHO-HHBapIIaHTHbIX 

BKJia,IJ;OB: 

d,..,.QED 2 6 d l 

_v_= LLda-k, 
dyµ l=l k=l Yµ 

k II l o6osHa"<IaIOT: 

l= 1 
2 

k= 1 
2 

3 
4 

5 

6 

H8IIOJIHpH30BaHHbre BKJia,TI;hI, l = unpol; 

rromrpII30BaHHbre BKJia,JJ;hI (rrporropu;HoHaJibHhre PePµ), l = pol; 

BopHOBCKoe ce-qemrn, k = b; 
K8,LI; rrorrpaBKH K MIOOHHOMY TOKy: 

B8pIIIHHbI+TopM03HOe H3Jiy"<IeHHe, k = µµ; 
BKJJa,n; B aHOMaJibHbIM MarHHTHbill MOM8HT MIOOHa, k = amm; 

rronpaBKII K 9J1€K'rpOHHOMY TOKy: 

BepIIIHHbI+TopM03HOe H3Jiyqerrne k = ee; 
µe HHTep¢epeH1111.a: ABYXcPOTOHHhIH o6Men + 

HHTep¢epeHI.J,II5I TOpM03HbIX II3JiyqeHIIll MIOOHa H 9J18KTpOI-Ia, k = µe; 
rronpaBKa OT r10JI.apnsa11nR BaKyyMa, 6eryIIIa.a a, k = vp. 

K8,D, rronpaBJieHHOe ce'Ierrne ,n;aeTc.a cyMMOti:: 
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BORN d BREM 

Ce'Ie1urn: c k = µµ, ee, µe IIMeIOT rro,n;o6r1y10 CTPYKTypy: ddO"k = ~ J~R dO"d + _O"_,dk __ 
Yµ Yµ Yµ 

,:i... u KVR u ,:i... 
c '±'aKTOpH3yIOrn;eHCR 'IaCThIO Uk ' B03HHKarorn;eII OT HH'±'paKpaCHO pacxo,n;mIIHXCR 

Birna,n;oB BHpTyaJibHhIX (V) H peaJihHhIX (R) cPOTOHOB. 

Pac'!eThI rrpoBe,n;eHhI c o,n;HorreTJieBoit TO'IHOCThIO, TaK KaK rrprr y'IeTe rrorrpaBOK 

MOryT cyrn;eCTB8HHO II3M8HHThCR KHHeMaTH'IeCKIIe pacrrpe,n;eJieHIIR, Heo6xo,n;HMbie ,n;.rrn 

rro,n;aBJieHIIR ¢oHa. 

B pa3,n;eJie 2 .2 rrpe,n;cTaBJieHhI 'IHCJieHHhre pe3yJihTaThI HCCJie,n;oBaHHR H BhIBO,IJ;hI. 

0HH Harm:i:,n;Ho rrpoHJIJIIOCTprrpoBaHhI ,D;BYMR PHCYHKaMH, Ha KOTOphIX rrprrBe,n;eHhI K8~ 

rrorrpaBKH K aCHMMeTpHII B 3aBHCHMOCTH OT rrepeMeI-IHOH Yµ ,D;JIR ,Il;BYX CJiy'IaeB: 6e3 

Karrnx-JIH6o o6pe3aHIIii: rr c o6pe3aHHRMII sKcrrepIIMeHTa SMC. 
AcHMMeTpirn A~e H K8~ norrpaBKa K He:H: J~ orrpe,n;eJieHhI CJie,n;yrorn;HMH Bhrpa)Ke

HHRMII: 

AQED 
dyµ dyµ 

A~e = -dO"_a_( i-l )-+-_d-O"=a (=ii=) ' a= BORN, QED, KA µe 1 
UYµ - ABORN - . 

µe 

dyµ dyµ 

KaK BH,D;HO H3 prrcyHKOB, K8~ rronpaBKa 6e3 o6pe3aHHH O'IeHh 6oJihIIIaR. 01m ,n;ocTrr

raeT -20%. IIorrpaBI<:a c5 rra,n;aeT ,n;o Be.JIH'IIIHhI MeHhIIIe 1 %, Kor,n;a HaKJia,n;hrnaIOTCR 

'I8Tbipe 3KCrrepHM8HTaJibHbIX o6pe3amrn. 

·12 -0.2 

-14 -0.4 

-16 -0.6 

-18 -0.8 

-200.~1~0~.2~0~.3~0~.4~·-cJ:s_JtB~ o.s o.9 1 -1 J-.W...1..J~ ..L...i-L 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

Yµ, Yµ, 

Prrc. 3: K9,l( nonpaeiw -x; noA.R,pusaV/UO'li'HOU acuMMempuu 6es 3-x;cnepuMeHmaA'b'H'blX 
o6pesa'Huu (j/,eewu pucy'Ho-x;). K9,l( nonpae-x;u -x; nOj/,.R,pusa'UiUO'H'HOU acuMMempuu c 3-x;c
nepu.Me'Hma.J1,'b'H'btMU o6pesa'HU.R,MU ERC = 35 I'3B, EEC = 40 I'3B, ee,min = Bµ. min = 1 
Mpaa (npae'btu pucyi-w-x;). 

Ihor rrccJie,n;oBaHmI y'IeTa K8~ rrorrpaBOK K rrpo!Ieccy rro.rrnpH30BaHHoro µe pac

ceRHHR - ¢opTpaHHhIH nporpaMMHhIH rrpo,n;yKT rrpoeKTa µela, 8TOT rrporpaMMHbIH 

rrpo,n;yKT rrpHMeHZIJica rrprr aHa.rrn3e ,n;aHHhIX B pa6oTe [4]. Pe3yJihTaThI BTopoiI r.JiaBbI 

rrpe,n;cTaBJieHhI B pa60Tax [4],[18],[26]. 
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TpeTbH rJiaBa p;HccepTar:J;HH rrocBRrrt;eHa paHHHM pa6oTaM no rrpoeKTY SANC, 
KOr,II,a ern;e TO.JibKO Bbipa6aThIBaJiaCh KOHI18IT:o;Irn caMoro rrpoeKTa. B 3TOT rrepHO,IJ: co-

3,IJ:aBaJIHCb H T8CTHpOBaJUICh OCHOBHbie IIPOile,II,yphI CHCT8Mhl (CM. qeTBepTyIO rJiaBy). 

B pa3,z:r;eJie 3.1 orrHcaH O,II,HH H3 rrepBhrx rrpIIMepoB rrpoBepKH rrpaBHJihHOCTII pacqe

TOB SANC ,II,.JI5I cPII3wrecKoro rrpo:o;ecca, e+ e- --+ ff, (CM. pa6oTy [5]), rrpe,II,CTaBmnor:o;ero 

60JibIIIOH HHTepec ,IJ;JI.H cPH3HKII JIIIH8HHOI'O 3.JI8KTpOHHOro KOJIJiaii,II,epa. 3naqeHIIe 3TOI'O 

IICCJI8,Il,OBamrn BbIXO,IJ;IIT ,II,aJieKO 3a paMKII BOCIIpOH3B8,IJ;8HII5I II3B8CTHbIX B MHpOBOH JIH

TepaType pe3y.JibTaTOB IIOJiyqeHHbIX, HarrpHMep, c IIOMOID;bIO CIICT8M FeynArts/Feyn
Calc II GRACE-loop. B pa60Tax [6] II [27] 6hr.Jia rrpo,II,eMOHCTpIIpoBaHa opIIrIIHaJihHOCTh 

ITO,II,XO,II,a SANC: IICITOJih30BaHIIe R~ KaJin6poBKII (RBHOe cor<:parn;eHIIe KaJIH6poBoqHhrx 

ITapaMeTpOB B aMITJIIITy,ri;ax cPH3HqeCKIIX ITpo:o;eccoB rapaHTHpyeT BblCOKYIO Ha.n;e::rK

HOCTb BbrqIIC.JI8HIIH); B CBOIO oqepe,II,b, anaJIHTIIqecr<:oe COKparn;eHIIe B03MOfKHO TO.JlbKO 

ITOCJie ITOJIHOH "cKaJI5IpII3aIIIIII" aJ.VIIIJIHTY,II,hI, T.e. CBe,n;eHII5I BbipaLK8HII5I K CKaJI5IpHhIM 

cPYHK:O:IIRM ITB A0 , B0 , .... 3,II,eCh TaKLKe BnepBhie OITIICaHo pa3JIOLKeHIIe KOBapHaI-ITHOii 

aMITJIIITY,II,bI IIPOil8CCa ITO 6a3IICHbIM CTPYKTypaM, qTO BITOCJI8,1I,CTBIIII CTaJIO 0,11,HHM H3 

ITepBhIX cTaH,II,apTHhIX rnaroB B peaJIH3aIIIIII o,ri;HorreTJieBhrx BhrqHCJieHIIli B SANC. 11.n;eR 

6a3HCHhIX CTPYKTYP II cooTBeTCTByrorn;IIx cKaJIRpHhIX ¢opMtj)aKTopoB Mo::rKeT 6bnh .Jier

KO ITORCHeHa ITyTeM cpaBHeHIIR o6rn;Hx Bhrpa::rKeHIIli ,II,JIR BopHOBCKoii H o,ri;HoITeT.JieBoii 

aMITJIIITY,1I, rrpoI1ecca. 

B napa2parfte 3.1.1 paccMaTpIIBaeTC5I BopHOBCKaR aMITJIIITy,ri;a rrpo:o;ecca: 

AB 
z 

. 4 (0) QeQt 
-'/, 7rQ ~/µ®/µ, 

. 2 1 [ (3) (3) 8 (3) 
-ie 4s~c~(Q2 + M~) le It /µ/+ 0 /µ/+ + elt /µ 0 /µI+ 

+1~3l5t/µ"/+ 0 /µ + 8e8t"/µ 0 "/µ l , 
r.n;e /± = 1 ± "/5 JI CHMBOJI 0 IICITOJih3yeTC5I ,1I,JI5I COKpar:o;eHII5I Bbipa::rKeHIIH 

/µ (Ln+ +Qi) 0 /v (L21+ + Q2) = 

(17) 

(18) 

v (P+) "/µ (Ln+ +Qi) u (p_) u (q_) Iv (L21+ + Q2) v (q+); (19) 

.n;anee 81 = v1 - a1 = -2Q1s~" f = e, t. BBe,ri;eM LL, QL, LQ, II QQ cTpyr<:TyphI (cM. 

Yp. (18)). Ilo.JiyqaeTC.H IT5!Th C'rpyKTyp, K KOTOphIM Mo::rKeT 6hITh cBe,n;e1-ra BopHOBCKaR 

aMIIJIIITy,ri;a: O,LJ;Ha ,II,JI5I 'Y o6MeHa II qeTbipe ,1I,JI5I z o6MeHa. vb HIIX qeTbipe CTPYKTYPhI 

5IBJI5IIOTC5I He3aBHCIIMbIMII. 

B napa2parfte 3.1. 2 orrHcaHa o,ri;HoITeT.JieBaR aMIIJIIITy,II,a ITpo:o;ecca e+ e- --+ ff. 0,II,
HOIIeTJieBaR aMrrJIMTy,n;a pacrrna.n;hrnaeTCR ITO IIIecTM 6a3IICHhIM CTPYKTypaM H rrapa

MeTpH30BaHa III8CTbIO CKaJI5IpHbIMII ¢opM¢aKTOpaMH, qTo paBHO qHc.Jiy He3aBHCHMhIX 

crrrrpaJihHhIX aMII.JIIITY,II, ::>Toro ITpo:o;ecca. 

Y .n;o6Ho pa6oTaTb B LQ D 6a3IICe, KOTOphiii ecTeCTBeHHO B03HHKaeT B cJiyqae, KO

r.n;a He npeHe6peraIOT MaccaMII B KOHeqHOM cocTORHHH. EcJIII 6hr MaccaMH HaqaJibHoro 

COCT05IHII5I TaKLKe He npeHe6peraJIII, TO ,1I,.JI5I OIIHCaHII5I ITOTpe6oBa.JIOCb 6br 10 6a3IICHhIX 

CTpyr<:Typ, 10 ¢opM¢aKTopoB II 10 ne3aBIICFIMhIX crrnpaJihHhIX aMnJIFITy,II,. O.n;norreTJie

BaR aMITJIIITy,II,a cxeManrqeCKII MO:EKeT 6bITb 3amrcaHa B BFI,IJ;e: 
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r,n;e Dµ = (q+ - q_)w 
Ka)K,IJ;hIH ¢opM¢aKTOp B R~ KamI6poBKe MO)KeT 6hITh rrpe,n:cTaB.rreH KaK cyMMa: 

Fz,Q,D (s) = F26,D (s) + F:,~~D (s). (21) 

IlepBOe CJiaraeMOe OTBe'!aeT e = 1 KamI6pOBKe, a BTOpOe CO,IJ;ep:tKHT BCe e 3aBHCHMOCTH 

H HC'Ie3aeT rrpM ~ = 1 no IIOCTpOeHHIO. 

Bhl.rro npoBepetto coKpam;emrn Bcex ~-3aBHCIIMhIX -q.rrettoB B HeCKOJihKIIX rro,n;rpyrrrrax 

,n;HarpaMM. ITpnMep TaKoti: rro,n;rpynnhI - Z Z 6oKChI. HaMII Hati:,n:eHo 7 TaKIIX rro,n;rpyrrrr: 

3 B K9~ ceKTope u 4 B 9JieKTpoc.rra6oM ceKTope. 

"0,n;eTa5£" aMnJIIITy,n;a 'Y o6MeHa, 

(22) 

II,IJ;eHTII'!Ha BopHOBCKOH aMrrJIIITy,n;e Eq. (18) c TO'IHOCThIO ,n;o 3aMeHhI a(O) Ha 6erym;y10 

9.rreKTpoMarHIITHyro KOHCTaHTY a(s): a(s) =a/ { 1 - 4: [ II~~(s) - II~~(O) J}. B LQD 

6a3IICe aMn.rrw.ry,n;a Z o6MeHa HMeeT Bopttorro,n;o6Hyro CTPYKTYPY B TepMIIHax rnecTII 

(LL, QL, LQ, QQ, LD II QD) ¢opM¢aKTOpoB: 

A;:'A ~ i e2 Xz?) { 'Yµ'Y+ 0 "(µ"(+FLL ( s, t) + "( µ 0 "Iµ 'Y+FQL ( s, t) + 'Y µ"I+ 0 'YµFLQ ( s, t) 

+ "!µ 0 "f µFQQ ( s, t) + 'Yµ'Y+ 0 ( -im,Dµ) FLn ( s, t) + "!µ 0 ( -im,D µ) F0 n ( s, t)} 

(23) 

B Yp. (23) ncno.rrh30BaHo OTHorneHIIe rrporraraTOpOB Z/1 c s-3aBIICIIMOti: (II.rrII rrocTo

.HHHoii) z IIIHpMHOti:: Xz(s) = l/(4s~c~)s/[s-M;+i(fz/Mz)s]. 9TO THIIIP-IHbIH 

npIIMep npHMeHeHH5£ nOH.HTHH KOBapIIaHTHOH aMnJIHTJ,IJ;hI, 6a3IICHbIX CTPYKTYP H CKa

JI.HpHbIX ¢opMtj)aKTopoB B II,n:eo.rrorIIII SANC. 
B napacparjje 3.1. 3 ,n:aHbI 'IHCJieHHhie pe3y.rrbTaTbI II BhIBO,Il;hI. 

B pa3,z:i;eJie 3.2 npIIBe,n:eH npHMep ncnOJih30BaHHZI "paHHeti:" SANC, OCHOBaHHbIH Ha 

pa6oTe [7]. Pe3JJibTaThI 3Toii pa6oThI 6bmrr BHe,n;peHhI B nporpaMMY ZFITTER V. 6_35 II 
B Te'!eHHe p5I,n:a JI8T HCnOJib30BaJIIICh npII rJio6aJibHOM cPHTe MHpOBhIX 9JieKTpOCJia6bIX 

,n:aIHihIX. 

9Ta pa6oTa BbIITOJIHeHa no 3anpocy 9KcnepIIMeHTaTopoB LEP BKJIIO'IHTh pacqeTbI 

napaMeTpOB HapymeHH5£ 'IeTHOCTII B aTOMHhIX nepexo,n;ax (3,n;ecb M ,n:a.rree APV) B cmr

COK nceB,n:o-Ha6mo,n;aeMhIX (3,n;ec:q II ,n;a.rree PO) ,n;ocTynHhIX B ¢opTpaHHhIX nporpaMMax 

TOPAZO II ZFITTER, ,n:JI.a Toro 'IT06hr yqecTh pe3yJihTaThI APV B cPIITax BbIIIOJIHaeMhIX 

J1enOBCKOH 9.rreKTpoc.rra6oti: Pa6o'-IeH rpynnoli (LEP EWWG). 

IlpII'IHHa TaKoro 3anpoca COCTOHT B TOM, qTO HMeIOTCZI npeu;II3HOHHbie 9KCnep:HMeH

TaJibHhie H3Mepemrn APV B rrapax u;e3H5£, Ha ypoBHe 0.4%, TaJIJIII5£, CBIIHI.J;a II BIICMyTa. 

TeM He MeHee HeJih3.H He OTMeTIITh, 'ITO HMeeTca cym;ecTBeHHa5£ pa3HIIu;a Me:tKAY PO 

Ha Z-pe30HaHce, HanpHMep, r z, O"~adl A~B II T.rr., H napaMeTpaMH APV, r,n:e THnHqHazr 

9HepreTII'IecKa.H IIIKaJia ,II;HKTyeTczr rrpe,n;e.rroM Hy.rreBoro nepe,n;aHHoro IIMIIJJibca B APV 

raMHJihTOHIIaHe. Y)Ke 9TOT ¢aKT ZIBJIZI€TC5£ rrpIIqIIHOM OTHOCHTeJibHO 60.rrbIIIHX Teope

THqeCKHX Heorrpe,.u:e.rreHHOCTefi, KO'l'Opbre o6yc.rroB.rreHhI rrpeHe6pe:tKeHIIeM KX~ nonpaB

KaMH B 9TOM pe)KMMe. 
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il3yLiemi:e APV 6b1JI0 rrpe.n;MeTOM HeCKOJibKIIX pa6oT, BhIIIOJIHe:HHbIX B 80'e ro,rr,hI 

B. Mapt.IIIaHo II A. CIIpJIIIHbIM. ,Il;mr rrporpaMMbI TOPAZO, KOTopaR ocnoBairn na cxeMe 

MIIHIIMaJihHOro BblLJ:IITaHII.H, OKa3aJIOCb OTHOCIIT8JibHO JierKO BKJIIOLJ:IITb BCe BbILJ:IICJieH

Hhie 9cpcpeKThI BhICIIIIIX rropR.D;KOB B "cTapbre" MS BbILIIICJieHIIR. ,Ii;JIR ZFITTERa BhI

rroJIHeHo HOBoe BhILJ:IICJieHIIe rrapaMeTpOB APV B cxeMe rrepeHopMIIpOBOK Ha MaccoBoH: 

IIOBepxHOCTII (OMS). 

Ilapaepaifj 3.2.1 rrocBmn;eH ycoBepIIIeHCTBOBaHIIIO MS BhILJ:IICJieHIIM. 

9JieKTpOH-IrnapKOBbIM, HapyIIIaIOID;IIM LJ:eTHOCTb faMIIJibTOHIIaH rrpII HyJieBOM rrepe,II,aH

HOM HMIIYJibCe rrapaMeTpII30BaH CJie,rr,yIOll!HM o6pa30M: 

HPV = ~ (C1ue/µ/5eu1µ,u + C2ue1µ,eil'Yµ/5U + C1de/µ/5ed1µd + C2de/µed'Yµ,/5d) ... , 

(24) 

r,n;e cpaKTOpH30BaHa KOHCTaHTa <I>epMH GF, a MHOrOTOLJ:IIe OTBeLiaeT BKJia,rr,aM TmKeJibIX 

1rnapKOB. B TR)KeJihIX aTOMax ,n;oMIIHnpy10:rn;aR LiaCTh HapyIIIeHHR LJ:eTHOCTII rrporropr:i;n

oHaJibHa TaK Ha3bIBaeMOMY CJia6oMy 3ap.a,n;y Qw: 

(25) 

BhIJIH ncrroJib30BaHhI BhILJ:IICJieHHR B. MapLIIIaHo H A. CnpJIHHa, BhIIIOJIHeHHbre B MO

.n;11¢n1IIIPOBaHHOM cxeMe MHHHMaJibHOro Bbl'IHTaHII.H (MS). 0HH 6bIJIII ,IJ,OIIOJIHeHbI rro

cpe,n;CTBOM yLJ:eTa BCex II3BeCTHbIX B HaCTORm;ee BpeMR 9cpcpeKTOB BbICIIIIIX IIOp5I,I1,KOB, a 

IIMeHHO: ,II;ByxrreTJI8BbIX BKJia,II,OB B rrapaMeTp p (Pl. <l>JI.HMIIIep, 1993), TOLJ:HbIX rrorrpaBOK 

0 (aa 8 ) (B. HIIJih, 1990), rrorrpaBOK 0 (aa;) K p (K. qeTbipKIIH, 1995), NLO ,D;Byx

rreTJieBbIX rrorrpaBOK B pe)KIIMe TR)KeJioro TOII-KBapKa (,II;. ,II;erpaccn, 2000). B TO )Ke 

BpeMR 6bIJia c,n;eJiaHa IIOIIbITKa OI!eHHTb TeopeTIILJ:eCKIIe Heorrpe,n;eJieHHOCTII Ha ypOBHe 

9JieKTpocJia6brx 11 KX,II; rrorrpaBoK. 

B napaepaifje 3.2. 2 orr11caHbI BhILIHCJieHIIR B OMS cxeMe. 

Tipe)KHII:ti: pe3yJihTaT (B. Mapt.Inm:ro, 1983) 6bIJI rroJIHOCThIO rrepeBbILJ:IICJieH B OMS 

cxeMe. 3,rr,ech TeXHII'IeCKYIO rrpo6JieMy rrpe,n;cTaBJIReT H3BJieLJ:eHne rrpe,rr,eJia rrpn HyJie

BOM rrepe,n;aHHOM IIMIIYJibCe 113 Bbipa)KeHIIM BhIBe,rr,eHHbIX ,II,JIR rrpo1Iecca ee --7 tt, CM. 

pa3,rr,eJI 3.1 9TOM fJiaBhI. PaccMaTpIIBaeMbiii: 3,rr,ecb rrpo1Iecc - pacce.aHne B t-KaHaJie 

ee -+ uu. 9To HCCJI8,II,OBaHIIe co,n;ep)KIITCR B pe3yJibTaTax pa60Tbl [5], TaK KaK OHO 6hIJio 

rrpoBe,n;eHo c y,rr,ep:1KaH11eM Bcex Mace. CJie,rr,oBaTeJibHO B03MO)Irno B3.HTIIe rrpe,rr,eJia rrpn 

HYJieBOM rrepe,n;aHHOM IIMIIYJibCe, Q2 ~ m 2 (m - JII06aR Macca). 

,Ii;oBOJibHO JierKO B35!Tb rrpe,n;eJI Q2 -+ 0 ,)J;JI.H BepIIIIIHHbIX II co6cTBeHH0-9HepreTII

qecKIIX cpyHKI!HM, IIOCKOJibKY OH.II 3aBIIC.HT TOJibKO OT 9TOM rrepeMeHHOH. ,Ll;JI.H 60KCOB 

IIPOI!e,n;ypa 6oJiee CJIO:IKHa.H H3-3a IIX CJIO:IKHOM 3aBHCIIMOCTH OT HHBapIIaHTOB s II t. O,rr,

HaKO, z z H z, 6oKCbI cpopMIIpyIOT KaJin6pOBOLJ:HO mrnapnaHTHbie rro,rr,-Ha6opbl IIOJIHOro 

pe3yJihTaTa, a ,IJ,JI.H WW 601<coB Heo6xo,n;IIMO 1mH:T11 B cooTBeTCTBy1o:rn;eM rrpe,rr,eJie 'l'OJih

KO LJ:aCTb pe3yJibTaTa IIPII ~ = 1, KOTOpa.H xopOIIIO orrpe,rr,eJieHa II rrpocTa. 9TII cpaKTbI 

o6ycJIOBIIJIII cTpaTermo BhILJ:IICJieHnii. Bee BKJia,II,bI ( KpoMe 601<coB) 6epyTCR B npe,rr,eJie 

Q2 -+ 0 cpopMcpaKTopoB rrpo1Iecca ee -+ tt, a 6oKCOBCKIIe ,n;IIarpaMMbI rrepeBbILJ:HCJIR

IOTC.H 3aHOBO rrpn Q2 = 0. Bee BhILJ:HCJieHII.H 6hIJIII rrpo,rr,eJiaHhI c rroMOII!hIO rrpoTOTIIrra 

KOMIIhIOTepHOM CIICTeMhI SANC (cM. [6],[28]). 

,Ii;JIR HaIIIIIX BbILJ:HCJiemril MO)KHO cpaBHIITb APV faMHJibTOHIIaH Eq. (24) II ero 
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ee -t tt airnJior: 

Az (0) = 

(26) 

r,rI,e (0) o6o3Ha'IaeT Q2 = 0. ITp1rno,n:HTC5! TOJihKO o,n:HH apryMeHT, TaK KaK BKJia,rr; 6oKCOB 
HCKmol'.feH. ,[l,aJiee, I+ = 1 + 15 , d1 = -4IQ1!s~. Ifa ypaBHeHHH (24) II (26) MO)l{HO 
110JiyqHTh cooTHOIIIeHH5! Me)l{,rr;y rrapaMeTpaMII APV C11 H C21 H cf>opMcf>aKTopaMH 
ee -t tt rrpH HYJI€BOM rrepe,rr;aHHOM HMITJJibCe: 

(27) 

CY 
r,rr;e f = u, d II !LL,QL,LQ = 1 + 47f82 FLL,QL,LQ(O). ITocJie rpoM03,LJ;KHX Bhil'.:[HCJieHHH 

w 
rroJiyqaeM Bhipa)l{eHH5! ,IT;JI5l C1u, Cid, C2u, C2d· 

B napa2parjje 3. 2. 3 3Toro pa3,rr;eJia paccMaTpHBaeTc5! HaCTOHIIWH ypoBeHh TeopeTH
'IeCKOH HeOIIpe,rr;eJieHHOCTH B APV. Bbrno,rr; TaKOB, 'ITO TeopeT11qecKIIe Heorrpe,rr;eJieHHO
CTH rroJIHOCThIO ,rr;oMHHIIpyIOTC5l KX,D, 3cPcP€KTaMH rrpH HyJieBoM rrepe,rr;aHHOM HMITYJince. 

8cf>cf>eKTHBHhIH APV cJia6b1ii: yroJI cMeIIIHBaHHH orrpe,rr;eJIHeTCH cJie,rr;y1o~HM cooT-
HOIII€HH€M: 

(28) 

,[l,JI5I Mz = 91.1875 f3B, MH = 150 f3B II a 8 (M;) = 0.119 HHTepBaJI 3Hal'.feHHH HMeeT 
BH;..t;: sin2 8APV = 0.231601 (0.232123). 

CoBpeMeHHoe 3Ha'IeHHe ,IT;JIH cJia6oro 3ap51,n:a TaKoBo: 

Qw(Cs) = -72.06 ± 0.28 (exp.)± 0.34 (theo.). (29) 

B 3TOT rrepexo,n:HhIH rrepHo,rr; (2000-2004rr) rrpoeKT SANC ,rr;oKJia,rr;hrnaJICH Ha poc
CIIHCKHX H Me:>K,IT;yHapO,IT;HbIX KOH¢epem:I,H5IX [5],[6],[19]-[21],[28], B TOM 'IlICJie Ha Po'Ie
CTepCKOH KOH¢epeHIJ,HH B AMCTep,rr;aMe B 2002r, [20]. 8TH pa60TbI ChirpaJIH Ba::>KHYIO 
pOJih B ¢opMHpoBaHHH KOHn,emI,IIH rrpoeKTa H ero arrpo6an,mr rrepe,rr; HayqHhIM coo6~e
CTBOM. 

B pa3,n;eJie 3.3 omi:caH rrepBhIH rrpvrMep HCIIOJih30BaHH5I SANC ,D;JIR cPH3HqecKHX 
rrpHJI0)!{8HHH B KOHKpeTHOM 3KCIIepHM8HT8. 8To 3KCIIepHM8HThI ITO rJiy6oKOHeyrrpyroMy 
pacce5IHIIIO H8HTpHHO, T.e. rrpon,eCChI 

CC: 

NC: 

v(k1) + qi(P1) -t z-(k2) + qJ(P2) H f) +qi -t z+ + qf, 

v(k1) + qi(P1) -t v(k2) + qJ(P2) H iJ +qi -t D + qf. 

(30) 

(31) 

Pa,rr;vraII,IIOHHhie 3cpcf>eKThI K paccem-rnm Hei1TpHHO HYKJIOHaMH: Bhil'.:[MCJieHne BKJia,rr;a 
)!{8CTKHX cPOTOHOB, BKJia,rr;oB BHpTyaJibHhIX (o,rr;HOII8TJI8BhIX) 3JI8KTpOCJia6bIX rronpaBOK, 
rrpo,n:eJiaHHhie c rroMO~hIO aBTOMaTIIqecKoti cHcTeMhI SANC, 6b1Jrn BHe,n:peHhI B 06~y10 
MoHTe KapJio cxeMy aHaJIH3a 3KCrrepHMeHTaJihHhIX ,rr;aHHhIX 3KcrrepIIM€HTa NOMAD. 

18 



PaccMaTprrnaIOTC5I BKJia,JJ;hI c MaccoBhIMII CIIHry.Ju.IpHOCT.HMII, BK.JIIO'!a.H rrorrpaBKII Bh.IC

nrnx rrop.H,JJ;KOB B Be,n;yrn;nx .JiorapII¢Max. 11cc.Jie,n;yeTC.H cxeMHa.H 3aBIICIIMOCTb rrorrpaBoK, 

o6yc.JIOB.JieHHa.H c.Jia6bIMH B3anMo,n;eilcTBII.HMH. Pe3y.JihTaTbI pac'!eTa - 9C rrorrpaBKII 

,1.I,OCTIIraIOT HeCKO.JlbKHX 3 no a6co.JIIOTHOH B8.JIII'!Irne, II HMM He.Jib3.H rrpeirn6pe"'Ib. '-IT0-

6hI o6ecrretIHTb 6bICTpyro pa6oTy COOTBeTCTBYIOIII;IIX rrporpaMM, OIIIICh.IBaIOIII;HX rrorrpaB

KII, 6bI.JIII IIO.JIY"'I8HbI aHa.JIHTJfC.IeCKIIe ¢op My.Jib! ( 6e3 "'IIIC.Jl8HHOro HHTerpHpOBaHII.H). 

B napa2paif;e 3. 3.1 OIIHCaHO BopHOBCKOe Ce"'Ierrne rHP HeilTpIIHO. Eb.I.JI paccMOT

peH rrpou;ecc rHP B paMKaX KBapK-IIapTOHHOll MO,JJ;e.JIII, rrpe,1.I,IIO.Jiara.H, 'ITO KIIHeMaTH

tieCKa.H 06.JiaCTb TaKoBa: Q2 » A~cD· 
~.Jl.H rrpou;ecca pacce.HHH.H c 3apmKeHHbIM TOKOM, (30) 6opHOBCKHll ypoBeHh cetie

HHll H8HTpIIHO-KBapKOBOrO B3am.vro,n;e:ti:CTBII.H, CB8PHYTbIH c KBapKOBbIMH ¢YHKD;II.HMH 

pacrrpe,II,e.JieHIIH (PDF) HMeeT c.J1e,n;y1o:rn;II:ti: BH,II,: 

d2cr~cc o 
= crcc, 

dxdy 

d2 Born G2 Af4 
(]"DCC 0 ( 2 0 I 12 F A w A 2 ) d d = crcc 1 - Y) , crcc = ViJ -s A fi(x, Q ),(32 
x y 1f (M! + Q2)2 

r,n;e Mw - Macca W 60301ra; .§ - KBa,II,paT ::>HeprHII B cncTeMe u;eHTpa Mace He:ti:TpHHO

KBapKoBoH: CIICTeMbii IVi1I - ::>.JieMeHT KBapKoBo:ti: MaTpHD;bI cMeIIIHBaHH.H Ka6H66o

Ko6a.HrnII-MacKaBa; fi(x, Q2) PDF Ha'!a.JibHbIX KBapKOB B ,II,aHHOM HYK.JIOHe. 

KrrHeMaTrrKa orrncbrnaeTC.H BbepKeHOBCKHMII rrepeMeHHhIMrr: 

Q2 
y =-A-) 

s 
S = (k1 + P) 2 , (33) 

r,n;e P - HMIIY.JibC Hatia.JihHOro HYK.JIOHa. Mb.I 6y,II,eM IICIIO.Jib30BaTh o6o3Ha"'IeHII.H m 1,2,1 
( Qi,2,1) ,II,.JI5I Mace (3ap5I,II,OB) Ha'Ia.JibHOro KBapKa, KOHetIHOro KBapKa II MIOOHa. 

~.JI.H rrpor~ecca paccemnrn c HeiITpa.JibHbIM TOKOM, (31): 

1 
r,n;e 9L = -2 + I Qi I sin2 Bw, 9R = IQil sin2 Bw, Mz - Macca Z-6o3oHa; II Bw yro.JI 

c.Jia6oro cMernrrnaHH5I. 

llapa2paif; 3.3.2 rrocB.H:rn;er-r orrrrcaHmo BbP-IHC.JieHII.H 9C PIT. Pa,n;IIa~IIOHHO-rrorrpaB

.JieHHoe CetieHHe rHP H8HTPHHO, T.e. pe3y.JibTaT Bbl"'IIIC.JieHH5I PIT rrop.H,n;Ka 0 (a), MO:JKHO 

rrpe,n;cTaBHTb KaK cyMMY BopHOBCKoro cetiemrn n BK.Jia,n;oB BHpTya.JibHhIX rreT.JieBhIX 

,1.I,HarpaMM (Virt), M5IrKoro II3.Jiy'IeHH.H (Soft) II :JKeCTKOrO II3.Jiy"'Ie:HII.H ¢oTOHOB (Hard): 

(]"i = O"i 1 + c)Virt + c)Soft + c)!'Iard 
d2 Corr. d2 Born ( ) 

dx dy dx dy i i i ' 
(35) 

r,n;e IIH,II,eKc i o6o3HatiaeT TIIII paccMaTpIIBaeMoro rrpou;ecca (vq CC, Dq NC H T.rr.). 

Bee pactieTbI C,II,e.JiaHbI B rrpe,II,IIO.Jio:>KeHIIII, 'ITO KBa,II,paT rrepe,n;aHHoro IIMIIY.JibCa Ma.JI no 

cpaBHeHrrro c Macco:ti: W 6o3oHa, T.e. rrpeHe6peraeTC.H rrorrpaB.I<aMII rrop.H,II,Ka aQ2 /NI!. 
• rro.JiytieHbI aHa.JIIITH'!ec1rne Bbrpa:tKeHII.H ,II;.JI.H BHpTya.JibHhIX rrorrpaBOK CC n NC 

He:ti:TpIIHO-KBapKOBOro paccemrn.H c5~lfb NC' II aHTIIHe:ti:TpHHO-KBapKOBOro pacce.HHH.H 

c5~lfb NCi rrpIIBe,II,eHbI 5IBHhie, ,II,OCTaTO'IH~ rpOM03,II,KIIe, Bb!pa:JKeHII.H ,II,.JI.H pe3y.JibTaTOB. , 
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CJia6a.H LJ:aCTb BMpTyaJibHOM rrorrpaBKH K NC cJiyLJ:aro BKmoqeHa B orrpe,n,eneHHe 

::>¢¢eKTHBHhIX 9JI€KTpOCJia6hIX KOHCTaHT CB5I3H: 

9L(R)---+ 9L(R), 9L = p(-~ + jQijKsin2Bw), 9R = pKjQijsin2Bw, (36) 

r,n;e p H K - 9JieKTpOCJia6hre ¢opM¢aKTOpbI. 

e OIIHCbIBaeTC?I H3JiyqeHH8 M.HrKHX cPOTOHOB B rHP H€MTpHHO CTaH,n,apTI-IbIM o6-

pa30M - rrocpe,n,cTBOM ¢aKTopoB corryTCTByrorn;ero H3JiyLJ:eHH.H. AHamrTHqecrrne Bhr

pa:tKeHH.H ,IJ,JI?I COOTBeTCTBYIOIII;HX BKJia,II,OB M.HrKOcPOTOHHbIX rrorrpaBOK IIOJiyqeHbI ,n,mI 

3ap.H:tKeHHOro H H€MTpaJibHOrO TOKOB: 6~(!2;, 6~(!2; . 
• rrpHB8,IJ,8HbI BKJia,IJ,bI H3JiyqeHH5I :IK8CTKHX cPOTOHOB ,II,JI.H 3ap5I)K8HHOro H Heil:TpaJih

rroro vq pacce5IHHSI - 6~;Jrg, 6~~(5 H ,IJ,JI.H Dq paccemrn5I - 6~0rg H 6~0rg. 
B napa2parfie 3. 3. 3 paccMaTpHBaIOTCR rrnapKOBbre MaccoBhre cmi:ryJI.HpHOCTH. 

BcrroMoraTeJibHhIH rrapaMeTp w (soft-hard pa3,n;e.rrHT8Jih) coKparn;aeTCR B cyMMe MHrKHX 

H :tKeCTKHX tj)oTOHHbIX rrorrpaBOK. VIHtj)paKpacHo CHHryJI.HpHhre qJieHbI ( co,n;ep:tKarn;He 

JIOrapMcPM .A) COKpam;arOTCH B cyMMe BMpTyaJibHbIX H M.HrKHX BKJia,IJ,OB. KpoMe Toro, B 

IIOJIHOM cyMMe 6oJibJJHie JIOrapMcPMhl (MaCCOBbie CHHrym:rpHOCTH) c Maccofi KBapKa B KO

H8'-IHOM COCTO.HHH:H m2 HC"9:83aIOT B corJiaCHH c TeopeMOM KHHOIIIHTbI-J1H-HayeH6epra. 

,I(JI.H HacTozrrn;eil: 3a,n;aLIH MO:tKHO orpa:HHLJ:HTbC.H rrprrMeHeH:rreM MS cxeMhr BhILJ:HTa

mrn ,II,JI.H K9,I( LJ:aCTII pa,n;:rrar:r,IIOHHhIX rrorrpaBOK paccMaTpHBaeMbIX rrpor:r,eccOB. 9To 

rrpIIB8,II,8T K C,II,B:rrry JIOrap:rrtj)Ma c MaCCOBOH CIIHryJI.HpHOCTbIO HaqaJibHOrO KBapKa (II 

HeKOTOpoH: KOJ:ICTaHTbI) H3 Harrrero pe3yJibTaTa B COOTBeTCTByrorn;y10 cPYHKIJ,HIO pac

rrpe,n,eJieHH.H KBapKOB. 0Ha TaK:tKe ,IJ,OJI)rrna 6hITb B3.HTa B MS cxeMe. Mbr rroJryqaeM 

CJie,n,yrorn;ee BbipaLI<8HHe ,IJ;JI.H qJieHOB, KOTOpbie ,D;OJI)KHbI 6bITh BbiqTeHhI II3 IIOJIHOro 

pe3yJibTaTa BbI"9:HCJieHHH c MaCCIIBHbIMII KBapKaMH: 

2 a 11 
[ 1 + x2 

( Q2 
) l 2 a ( 4 Q2 17) 6- = Q - dx x ln- - 1- 2ln(l - x) = Q - --ln- - - . 

MS 1 27r 1 - x m2 1 27r 3 m2 9 1 + 1 
0 

(37) 

Ilapa2parfi 3.3.4 IIOCB5IIII;8H MIOOHHbIM MaCCOBbIM CIIHryJI.HpHOCT.HM. B CJiyqae cc 
pacce.HHH.H 60JibJ1IHe JIOrapMtj)MhI, CHHryJI.HpHbie B rrpe,n;eJie mz ---7 0, OCTaIO'rC.H B OKOH

qaTeJibHOM OTBeTe. 8TH "9:JI8Hhl HaXO,II,.HTC.H B cornac:rr:rr c rrpe,n,cKa3aHII8M MeTo,n,a pe

HOpMaJIII3aII,HOHHOH rpyrrrrbI. 

,I(JI.H HailIIIX :r:r,eJieil: ,D;OCTaTOqHO paCCMOTpeTb rrpII6mr:tKeHIIe Be,n,yrn;IIx JIOrapIIcpMOB 

B rropsi:,n;Kax 0 (aL) H 0 (a2L 2), BKJIIOqazr BKJia,n, po:tK,n;emrn e+e- nap. VIcrroJih3Y.H 

¢opMaJIII3M cpyHKII,IIII ¢parMeHTa:IJ,IIII, MO:IKHO IIOJiyqHTb rrorrpaBKY, CJie,n,y10rn;y10 3a 

Be,n;yrn;eH:, T.e. rrop.H,II,I<a 0 ( a 2 L). IlorrpaBKa s?)LL OTBeqaeT cyMMe BKJia,D;OB 0 ( a 2 L 2 ) 

II 0 (a2L). 
B napa2parfie 3. 3. 5 arrnJIII3IIPYIOTC.H -ctHcJie:HHhie pe3yJihTaThr H cyMMMpyIOTC.H BhIBO

,II,hI. CyMMHPYR Bee BKJia,IJ;bI B PIT paccMOTpeHHbre Bhrrrre, II rrpIIMeH.HR MS BhrqIITaHIIe 

MaCCOBbIX CHHryJI..HpHOCTeil: Ha"<IaJibHOro KBapKa, 6hIJI IIOJiyqeH pe3yJibTaT ,II,JI.H rrorrpa

BOK K H8HTpHHO-KBapKOBOMY ce"CJ:eHIIIO: 

d2 Corr. d2 Born 
cri = O'i (l 6. 6~2)LL _ 6_) 

dx dy dx dy + i + i MS ' 
(38) 

r,n;e 6;2)LL HC"<Ie3aeT B cnyqae NC. 
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BnI'IHCJieHM.H rrpoBO,LI;HJIHCb npH cJie,n:yioll!HX ycJIOBH.Hx: qrnKcHpoBaHHaa 8HeprH.H 

H€HTpHHO Ev = 80 fsB; H30CKaJI.HpHa.H H,JJ;~pHaH MHIII€Hn; o6pesamre Ha 8Heprmo a,II,

pOHHOH CHCT€MbI B KOHeqHoM COCTO.HHHH Ehadr ~ 10 raB, HCIIOJib30BaH Ha6op PDF 

CTEQ4L. 
BnIJIH paccMoTpeHI>I ,r:i;Be 8JieKTpocJia6hIX cxeMbI: GF H a(O), H HaH:,r:i;eHo, qTo sa

BHCHMOCTI> OT BbI6opa CX€Mbl SaMeTHa. Ha PHCYHKax 4,5 IIpHBe,n:eHa OTHOCHT€JibHa.H 

B€JIMqHHa cyMMbI pa,r:i;Ha!IHOHHbIX nonpaBOK, Ji + Ji2)LL - bMSl ,D;JI.H ,D;Byx KaHaJIOB 

(HeH:TpHHo-up-rrnapK NC pacceaHHe H HeH:TpHHO- down-rrnapK CC pacceaHHe) B sa

BMCMMOCTM OT y ,D;JI.H Tpex cpHKCMpOBaHHbIX 3HaqeHHH x. IToBe,n;eHMe IIOIIpaBOK ,ll;OCTa

TO'IHO rJia,n;Koe, H IIOIIpaBKH ,JJ;OCTHraroT H€CKOJibKHX IIPOI!€HTOB, T.e. MX Heo6xo,n;MMO 

yqHTbIBaTb IIpH aHaJIHSe ,n;aHHbIX. 

-2 -- X=0.5 .......................... .., .. _ ............................... , .. .. 
········· X=0.9 

() 
§ -2.5 ...................................... .. 

r,o 

-3 

·3.5 ~~~~~~~~~~~~~~~~~~~~~~~ 
0 0.1 0.2 0.3 0.4 0.5 

y 
0.6 0.7 0.8 0.9 

PMc. 4: Om'HocumeA'b'H'blU 3rfirfienm Pll n v - u NC pacce.fl'HU'IO 6 saBucu.Mocmu om y 
J.11,.fl mpex rfiuncupo6a'H'H'blX sHa'l.f,e'Huu x. 

5 

4 

3 
() 2 () 
'O 

r,o 

0 

· 1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
y 

PHc. 5: Om'HocumeA'b'H'blU 3rfirfienm Pll -x; v - d CC pacce.fl'HWO 6 saBucu.Mocmu om y 
J.11,.fl mpex rfiuncupo6a'H'H'blX sua'l.f,euuu x. 

Co,n:ep)1:<a1rne ,n;amrnro pas,r:i;eJia ony6JIMKOBaHo B pa6oTe [8]. 
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B rJiaBe 4 rrpe,n;cTaBJieHo orrn:camre BbiqHcJIHTeJibHO:ti cpe,II,bI SANC, ocHOBHbie pe-

3YJihTaThI BHe,II,pemrn B CHCTeMy SANC 2f2b rrpoI!eccoB n: HeKOTOpbIX 4f rrpo:u;eccoB, 

BBe,II,eHn:e II BbI"l!IICJieHHe BcrroMoraTeJibHbIX cPYHKI!HH J. PaccMoTpeHa ycrrenrna.a MO

,n:yJibHOCTb O,II,HOIIeTJieBbIX pac"<IeTOB, peaJIH30BaHa n:,n:e.a 8KCIIOpTa MO,IWJie:ti B cyrn;e

CTByIOrn;II:ti MC reHepaTop WINHAC, orrIIcaHo rrpn:MeHeHn:e MO,II,yJie:ti SANC rrpn: o6pa6oTKe 

,n:aHHbIX B ::>KcrrepHMeHTe ATLAS. 

B pa3,rr,eJie 4.1 ,II,eTaJibHO paccMaTpHBaeTc.a 6a3a BbI"<IHCJIHTeJibHO:ti cpe,n:b1 SANC, 
OCHOBaHHa.H Ha IIOTOKax Bbl"<IHCJieHHH BHYTPII rrpo:u;e,II,yp. 

B napa2parfie 4.1.1 rrpe,II,cTaBJieHbI rrpou;e,II,ypbI BbI"<IHCJIIITeJibHOH cpe,n:bI. I1po:u;e

,n:ypbI rro,II,pa3,n:eJI.HIOTC.H Ha TPII Tn:rra: cne'Uiurfiu"{ec~ue, cne'UiuaA'b'H'bte II B'Hympe?-mue 
(intrinsic). TeKCT BHyTpeHnn:x rrpo:u;e,n:yp ne,n;ocTyrren IIOJib30BaTemo, OHII paccMaT

pIIBaIOTC51 KaK qepHbie 5lll1HKII. I10Jib30BaTemo ,II,OCTaTO"<IHO IIOHHMaTb !IX cpyHKI.J;llII ll 

CMbICJI IIX apryMeHTOB. BHyTpennn:e rrpoI!e,II,ypbr rrpe,n;cTaBJIHIOT co6o:ti HCTIIHHbIH cpyn

,n;aMeHT cn:cTeMbI SANC. B ::>TOM rraparpa¢e rrpIIBO,D;IITC.H orrncaHn:e ocHOBHbIX BHyTpen

HIIX IIPOI!e,II,yp, KOTOpbre MOLKHO BCTpenITb B I<:a:tI<,II,OH rrporpaMMe BbI"<IHCJieHII51 rrpo

u:eccoB BHe,II,peHHbIX B ,n;epeBh51 SANC. Hx rrepeqeHb He .HBJIHeTcH rroJIHbIM, rrpoI!e,II,ypbI 

rrpe,II,CTaBJI8HbI B aJicpaBIITHOM rrop51,II,Ke II o6'b.HCHeHbI o6parn;eHH51 K HX apryMeHTaM II 

II05ICH8HH51 KJIIoqe:ti. 

B napa2parfie 4.1.2 rrpe,II,cTaBJieHa H,II,e51 rrpe,II,BbI"<IHC.JieHH:ti (Precomputation) B 
paMKax cn:cTeMbI SANC. 0,II,norreT.JieBbre BbI"IIIC.JieHn:.H Tpe6yIOT 60.JibIIIIIx BpeMeHHbIX 

3aTpaT, II ll,II,8.H rrpe,n;BblqIIC.JieHHH 3aKJIIO"!aeTC.H B TOM, "<IT06bI Bbrqn:c.JIHTb 3apaHee BCe 

He06XO,II,IIMbie O,II,HOII8TJieBbie ,n;IIarpaMMbl ll CB513aHHbie Be.Jin:qn:HbI (HarrpIIMep, KOHCTaH

TbI rrepeHopMn:poBOK II T.rr.) n: coxpa1rnTb pesyJibTaTbI B BH,II,e ¢a:tiJIOB. B ::>TOM rrapa

rpacpe rrpIIBO,Il;HTC.H orrIIca1rne peaJrn3a:I.J;H.H rrpe,II,BbrqHcJieHII:ti, ,rr.epeBb51 SANC, rro,n;po6noe 

OIIIICaHn:e rrpe,II,BbPIHCJIIITeJibHbIX MO,II,y.Jie:ti ,IT.JI.H co6CTB8HHbIX aneprn::ti, BepIIIIIH II 6oK

COB. Pe3yJihTaThI ::>TIIX rraparpacpoB, a TaKLKe KpaTKOe pyKOBO,II,CTBO ,II,.JIH IIO.Jib30BaTeJI51 

BepCHH SANC v .1. 00 II rrpou:ecc ee IIHCTaJIJI5IU:HH rrpe,rr.cTaBJI8HbI B pa6oTe [9]. 
B napa2parfie 4.1. 3 orrncaHbI aHaJIIITIIi::i:ecKMH II "<IHCJieHHbI:ti ypoBHII BHe,rr.peHIIH 

rrpou:eccoB (Processes) B CIICTeMy SANC. 
)J;epeBo SANC co,n;ep:1KIIT Tpn: Mo,rr.eJin: BSaHMo,n;e:ticTBn::ti ::>JieMeHTapHbIX "<Iacniw K8,II;, 

8C n: KX,n. 

Ha PIIc. 6 rroKasaHbI ,rr.epeBb.H BHe,II,peHHbIX rrpo:u;eccoB B 8C Mo,rr.e.JIII. 

TIIrrn:qHbre aBTOHOMHI>Ie rrporpaMMHbie rrpo,n;yKTbI ::>KcrropTa SANC Ha Bblxo,rr.e: cpop

TpaHHbre MO,II,YJIH II oT,rr.eJibHbie MoHTe KapJio reHepaTopbI, (CM. pas,rr.e.JI Downloads Ha 

,rr.oMaIIIHIIX CTpaHIIu:ax npoeKTa http: I I sane. j inr. ru II http: I /pcphsanc. cern. ch). 
0,rr.HIIM II3 rrpe,n;MeTOB ,IT.IICCepTaI!IIII .HBJI5IeTC.H BHe,II,peHIIe IIPOI!eCCOB 8C ceKTOpa: 

f fbb --+ 0, (IIJIII 2j2b, CM. ,rr.epeBb.H npoI!eccoB Ha pIIc.6). A1rnIIrIIJI5II!II5I B BaKyyM 

f fbb --+ 0 03HaqaeT, "ITO Bee 4-IIMIIYJibCbI - BXO,IT.5III1IIe; 8TO CTaH,II,apTHbIH (MYJibTIIKa

Ha.JibHbI:ti) TIO,II,XO,IT. SANC, KOTOpbIH II03BOJI5IeT ,II,eJiaTb pac'-IeT O,IT.HOII8TJI8BOH KOBapIIaIIT

HOH aMIIJIIITY,II,bI (CA) II ¢opMcpaKTopoB TOJihKO O,IT.IIH pa3 II no.JiyqaTb IIX ,II,JIH Ka)K,rr.oro 

KOHKpeTHOro KaHaJra rryTeM KpOCCIIHr-rrpeo6pa30BaHII51. 

,nepeBh51 BHe,II,peHHbIX B SANC rrpoI!eccoB cocTO.HT II3 HeCKOJibKIIX "KaTaJioroB", Ko

TOpbre 3aKaHqIIBaIOTC51 "cpaft.JiaMII". 06brqHo IIMeeTCH TpII cpaft.rra: FF (Form Factors, 

¢opMcpaKTOpb1), HA (Helicity Amplitudes, crrIIpa.JibHbie aMIIJIIITY,II,bI) II BR (Brems

strahlung, conyTCTBYIOlliee TOpM03HOe I!£3JiyqeHIIe). B Ha3BaHIIlI KaTa.JIOrOB IICIIOJib3Y

IOTC.H o6o3HaqeHmr: b - ,II,JIH .JII06oro 6o3oHa; j(j1) - ,IT.JI51 JII06oro ¢epMIIOHa (!1 - ,Lt;.JIH 

6e3MaCCOBbIX cpepMIIOHOB rrepBoro IIOKO.JieHirn, MaCCbI KOTOpbIX y,rr.ep}KIIBaIOTC5I TOJib-
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I Root 
9-· ~ SANC 

lil QED 
.. EW r Ii Precomputation 
'f 9 Processes 

~ 3 legs 
?-ti! 3b 

I r Iii H-> AA 

f 
Iii H ->AZ 

l I . II H -> z z 
! I Iii H-> WW 

ii Z-> WW 

9-~ b2f r Iii H ->ff 

t Ii Z-> nu nu 
I lil Z ->ff 
~-Ii W-> ff' 

I ~~ t-> Wb 

I. 1- mi t -> W b (FF) 
1--mi t-> W b (HA) 

l L- mi t -> W b (BR) 

·Iii 4 legs 
().ii QCD 

@Root 
~ lf1) SANC 

t- Iii QED 

r···• EW l>- Iii Precomputatlon . 

l 9-~ Processes ' r Iii 3 legs 

1
1 9-~ 4 legs 

r-va 4f 
I I r ~ Neutral Current 

I I o- Iii Bhabha 
' ' J,_ Iii fl fl -> f f 

I l ~ ~ Charged Current . t- lil fl fl'-> ff' 
0- Iii t -> b fl fl' 

~ 2f2b 
I 9--~ Neutral Current 

1 r- liiiil ff-> AA 
I ~ lil A A -> ff 

i r' Iii fl fl -> H A 
, Iii H -> fl fl A 
j>- Iii fl A -> fl H 

~ Iii fl fl -> z z t- Iii fl fl -> H Z 
l>- Iii H -> fl fl Z 

t-- Iii fl fl -> Z A 
f- !ill Z -> fl fl A 

I 0- Iii fl A -> fl Z 
b.. Iii Charged Current 

0.. Iii QCD 

Pnc. 6: 3-x u 4-x "-lacmU"-l'H'bte 9C npo~eccu7 aocmymt'bte 6 6epcuu SANC 1.10 

KO B apryMeHTax .JiorapmpMWieCKHX ¢YHKil;I-Li1:); A - ,n;.JI.H ¢oToHa, Z, W, H - ,II;.JIZI 

6o30HOB; B Ha3Bamrn: ¢aii.JIOB TO )K8 caMoe, HO IIO,II; t H b rro,n;pa3yMeBaIOTCZI TOTI H 

6oTTOM-KBapKH. qeTBepThIH ¢ail.JI (MC) ,n;.Jizr HeKOTOphIX rrpoIJ;eccoB SANC -- 3TO BK.Jia,n; 

TOpM03HOro H3.JIJLI8HHZI B IIO.JIHOCTbIO ,n;n¢¢epeHIJ;Ha.JibHOM BH,II;e (,n;.JIZI HCIIO.Jib30BaHHZI B 

MoHTe Kap.Jio HHTerpaTopax n/n.JIH reHepaTopax co6b1Tnii). 8Tn LieTbipe nrna ¢aii.JIOB 

rrpe,n;cTaB.JIZIIOT co6oii aHa.JIHTHLieCKHe Mo,n;y.Jin SANC. 

CornacHo rrpHHZITOMY B SANC rro,n;xo,n;y, Bee f fbb ~ 0 rrpoIJ;eCChI MoryT 6h1Tb rro

C'IHTaHhI c 6o30HaMH He .Jie)KaIIJ;HMH Ha MaCCOBOH IIOBepxHOCTH, 'ITO, B CBOIO O<Iepe,n;b, 

II03BO.JIHT HCIIO.Jib30BaTb HX B Ka<IeCTBe CTpOHTe.JihHbIX 6.JIOKOB ,II;.JIZI 6y,n;yIIJ;ero BHe,n;pe

HHZI 5 ~ 0 rrpOIJ;eCCOB. 

• AHaJIHTl'.r<IeCKHM ypoBeHh BHe,n;peHH51 rrpo:u;ecca SANC - rrpe,n;rro.JiaraeT BbI

'IHC.JieHne O,II;HOIIeTJieBbIX CKa.JIZipHbIX ¢opM¢aKTOpOB, crrnpa.JibHbIX aMII.JIHTY,II; H corryT

CTBJIOIIJ;ero TOpM03HOro H3.JIY"I8HHZI. 

~.Jizr BbIIIO.JIHeHnzr aHa.JIHTH<IecKnx BbI'IHC.JieHnii ncrro.Jib3yeTczr ZI3bIK FORM (Bepcnzr 

3.3). Bee pacLieTbI Ha o,n;HorreT.JieBOM ypoBHe TO<IHOCTH BbIIIO.JIHeHbI c ncrro.Jib30BaHneM 

peHOpMa.JIH3aIJ;HOHHOH cxeMhI Ha MaCCOBOH IIOBepxHOCTH (OMS) B Rr:, Ka.Jin6pOBKe c 

TpeMZI Ka.Jin6pOBO'IHhIMH rrapaMeTpaMH ~A' ~z H ~ ~W· 
~.JIZI rrapaMeTpH3aIJ;HH y.JibTpa¢no.JieTOBbIX paCXO,Il;HMOCTeii HCIIO.Jib3yeTCZI pa3Mep

HaZI pery.Jizrpn3aIJ;HZI. IleT.JieBbie HHTerpa.JibI BbipaMaIOTCZI <Iepe3 CTaH,n;apTHbie CKa.Jizrp

Hbie <PYHKIJ;HH ITB: A0 , B0 , C0 , Do n BcrroMoraTe.JibHhie cPYHKIJ;HH ao, bo, co, do. 
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Pea.JihHbie rrorrpaBKH COCT05IT H3 BKJia,II;OB M5IrKoro ("Soft") H :>KeCTKOro ("Hard") TOp

M03Horo II3.Jiyi::reHH5I. Om1 Bh1qn:cJimoTc.a MO,IJYJI5IMH BR rr MC. M.arKoe TOpM03Hoe n:3-

Jiyi::reHn:e o6Jia,n;aeT BopHorro,n;o6Hoii: KHHeMaTrrKoii:, B TO BpeMH KaK tj:>a3oBoe TipocTpaH

CTBO )K8CTKOro TOpM03HOro H3JiyqeHI15I co,n;ep:tKIIT ,IJ;OIIOJIHIIT8JlhHYIO qaCTHU:Y ( tj:>OTOH 

HJIM rmooH). 

MoHTe KapJio HHTerprrpoBaH:He no tj:>a30BOMY TipOCTpaHCTBY d<I>n ocyru;ecTBJrneTC51 

c n:cno.Jih30BaHIIeM rrpou;e,n;yphI Vegas. 

CTieu;rrcprrKa paci::reTa cocTOHT B TOM, "ITO MaccaMII JierKHX cpepMIIOHOB nepBoro no

KOJieHH5I rrpeHe6peraeTC5! TIOBCIO,IJ;y, 3a HCKJIIO"I€HH€M K8,.Q ,IJ;IIarpaMM c BHpTya.JihHbIMH 

H pea.JibHhlMH cpOTOHaMH. 

Ha Prrc. 6 OTKphITbI cpaliJihI ,n;mr pacna,n;a t -+ Wb, KOTOphre BhI"IHCJIHIOT: 

- KoBaprraHTHYIO aMTIJIHTy,n;y cKamrpHhie cpopMcpaKTOphI. CA cooTBeTCTByeT Tip21-

MOMY paci::reTy Bcex ,IJ;HarpaMM, ,n;a10:m;rrx BKJiap; B p;aHHhIH rrpou;ecc Ha O,IJ;HOII€T

JI€BOM ypoBHe. Pe3yJibTaT Tipe,n;cTaBJI€H B KOHeqHOM 6a3uce cmpy'J\,myp, COCTaB

JI€HHOM H3 CTpOK MaTprru; )1,HpaKa (HHOrp;a CBepHyThIX c BH€IIHIHMH HMIIYJihCa

MH) II caMHX BH€illHHX HMIIYJihCOB, CBepHyThIX c IIOJrnpH3au;rroHHhIMH B€KTOpaMH 

B€KTOpHhIX 6o30HOB. AMrr.JirrTy,n;a rrapaMeTpH30BaHa HeKOTOphIM qrrcJIOM cpopM

cpaKTopoB, KOTOpbre o6o3Hai::raIOTC2! KaK F. !11-1,n;eKc cpopMcpaKTopa OTBei::raeT co

OTBeTCTBy10:m;eii: CTPYKType. l.JHCJIO cpopMcpaKTOpOB TIO IIOCTp0€HHIO paBHO "IHCJIY 

CTPYKTYP· 0,n;HaKo p;JI21 cJiyqaeB, TiprrBe,n;eHHhIX HmKe, HeKOTOpb1e H3 cpopMcpaK

TopoB MoryT 6bITb paBHhI. TaKHM o6pa3oM, i::rrrcJio He3aBHCHMhIX cpopMcpaKTopoB 

MO:tKeT 6hITb M8Hhme i::r11cJia CTPYKTYP· ,Il;JI21 cyru;ecTBy1oru;rrx CTPYKTYP ,n;peBec1-10-

ro ypoBH5I COOTB8TCTBYIO:m;He cpopMcpaKTOpbI 3aIIHChIBaIOTCZI B CJie,n;y10ru;eM BHp;e: 
a - -

F = 1 + -4 2 F, r,n;e "1" OTBeqaeT BopHOBCKOMY rrpH6JimKeHIIIO, a F - o,n;ao-
7!" Sw 

rre~JI€BOMY TI~)6JIH:>K€HHIO. Tpa,n;~HOHIIO, IICTIOJih3YIOTC5I ~3JIH"!Hhl€ KOHCTaH-

Thl. Qf, 11 , O"J - VJ+ af, 81 - VJ - af, Sw - e/g, Cw - Mw/Mz. OrrHcaHa 

scpcpeKTHBHa21 M,n;eoJiorn:51 cTpOH'l'eJihHhIX 6JIOKOB (Building Blocks, BB) SANC ,n;JI21 

BhI"IHCJieHrrii: cpopMcpaKTopoB. ¥lH¢opMau;II21 o rJiaBHhIX Tipep;BhI"IHCJieHHhIX BB 

coxpaH5I€TC5I B 6a30BhIX * .sav tj:>aii:Jiax (BSF). 3aMeTHM, "ITO ,IJ;JI5I 4-i::raCTH"IHhlX 

rrpou;eccoB f fbb Bee BB - qeTh1pex1-1orrre TIO TIOCTpoe1-1rr10. 8ToT rrpIIeM CHJihHO 

yrrporu;aeT Tipou;e,n;ypy rrpoeKTHpoBaHH5I CA 1-1a 6a3HC He3aBHCHMhIX CTPYKTYP· 

J1106oii: MOAYJib, Bb1i::rrrcmno:m;rrii: tj:>opMcpaKTOph1, Ha1-rnHaeTC5I c 3arpy3KH BbI"IIIC

JieHHhIX BB II3 6aHKa BSF. BSF co,n;ep:>I<aT rrpep;BhI"IHCJieHHhie o6'beKThI: co6-

CTBeHHhie 3HeprHH, BepIIIHHbl H 6oKChI (HHOr,n;a c 6o30HaMH BHe MaCCOBOH IIO

BepXHOCTH). Tipe,n;BhI"IHCJIIITe.JihHhie 11pou;e,n;yph1 IIMeIOT HecKOJihKO ypoBaeii:. B 

MO,n;ym.1x, Bbl"IHCJI5IIO:m;Hx tj:>opMcpaKTOphI, HCIIOJih3YIOTC5I pe3yJihTaThl IIOCJiep;He

ro ypoBHH, KOTOpbIH co,n;ep:>KMT y:tKe rrepeHopMIIpoBairnhre BB - rrporraraToph1 II 

BepIIIIIHhI. HarrprrMep, rrpHHIIMaIOTC5I BO BHIIMaHIIe 'J\,O'Hmp"iAe'H'bL H cne'lliua.11,'b'H'bLe 
Bepwu'H'bL. O,n;naKo, B HIIX ecTh MHoro ocTaTO"IHhIX UV TIOJIIOCOB II ~-3aBIICIIMhIX 

cJiaraeMhIX, KOTOphie c0Kpa:m;a10Tc5I B cyMMe p;JI21 o,n;aorreTJieBoii: CA cpII3rrqecKo

ro rrpou;ecca. I1MeHHO II03TOMY IICIIOJib3Y€TC5I TepMIIH "rrepeHOMHpOBKa" B CB5!3II 

c Mo,n;ymrMH, BhP-IHCJI.mo:m;rrMM FF. 

3arpy3Ka BSF ,n;eJiaeTC5I B HecKOJihKO IIIaroB: 

Illar co6CTB€HHbIX 3HeprIIii: +mar BepmHH +mar 6oKCOB - 3TO CTpOHT€JihHbI€ 
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6.JIOKM. I1Tor - ::>To cyMMHpoBa1rne Bcex BK.Jia,n;oB. KoHcTpyMpyIOTC5I "<IeTbipe BbI

pa1I<eHM5I, Sum'i', OTBe"<Ia10rn;:rre Ka.JIII6poBO"<IHbIM HH,IJ;eKcaM i=l(~A), 2(~z), 3(~). 
4(He 3as111c111T OT 11to6oro ~). 3aK.JIIO"<IMTe.JibHbIH mar - ¢opMHpoBaH:rre BSF *.sav 
c 'i' FF: FF'i' ( i = 1 - 4) ,D;.JI5I ,n;a.JihHeilrnero ncrro.Jib30BaH:rr5I B rrporpaMMHOM 

rrpo,n;yKTe s2 n. f. 

ITo.Jiy"<IeHHbre cpopMcpaKTOpbI F cBo6o,n;HbI OT Ka.Jin6poBO"<IHbIX rrapaMeTpOB H OT 

Y.JibTpacpIIoJieToBbIX c11Hry.JI5rpHOCTei1. AHa.JI:rrTH'IeCKHe Bbrpa1KeHH5I ,TI;.JI5I ¢opM

¢aKTopoB CJIMIIIKOM rpOM03,Il;KH ,Ii;.JI5I Toro, "9:T06bI rrpe,ri;cTaBHTb MX B ,n;aHHOH r.JiaBe 

,ri;11ccepTa:o;mI. OH:rr MoryT 6brTb Bocrrpo113Be,ri;eHbI B pe1K:rrMe pea.JibHoro BpeMeH:rr 

c IIOMOITI;bIO CMCT€MbI SANC. 

Crrnpa.JibHbre aMII.JIHTY,TI;bI (HA). OHM 3aBHCRT OT cKa.JIRpHbIX cpopMcpaKTopoB, 

'H (Fi) p .. i}. C:rrMBO.JI { ,\} 03Ha"<IaeT Ha6op KBaHTOBbIX co6cTBeHHbIX 3Ha"<IeHHi1 crrn

pa.JibHOCTei1. 06bI"9:HO 8TO rrpOCTO rrpoeKD;MM CIIHHa Ha H8KOTOpbie OCH KBaHTOBa

HHR (HarrpMMep, HarrpaB.JieH:rr5I BHeIIIHMX MMIIY.JibCOB). 

CorryTcTByrom;ee peaJibHOe TOpMOSHoe M3Jiy"<IeHMe (BR). Mo,ri;y.Jib BR BbI"<IHC.JI5IeT 

BK.Jia,ri; pea.JibHOro TOpM03Horo H3.Jiy"<IeHH5I K paccMaTpHBaeMbIM rrpo:o;eccaM B HH

K.JII03HBHOH IIOCTaHOBKe. 

B HeKOTOpbIX c.Jiyqa51x :rrMeeTCR ,ri;orro.JIHHTe.JibHbIH MC Mo,ri;y.Jih, rrpe,ri;Ha3HaqeH

HbIH ,Ii;.JI5I pacqeTa rro.JIHOCTbIO ,ri;:rr¢¢epeH:o;Ma.JibHbIX pacrrpe,ri;e.JieI-I:rri1 B Mm-rTe Kap

.JIO KO,ri;ax. 

• l".lncJieHHhiii ypoBeHb BHe,n;peHH.H rrpo:u;ecca SANC ,.Q.JI5I "<IHCJieHHbIX pac~eTOB 

HCIIOJib3YIOTC5I cpopTpaHHbie MO,Ii;y.JI:rr, creHep:rrpOBaHHbie rraKeTOM s2n. f - qacTbIO CM

CT€MbI, Harr:rrcaHHoi1 Ha R3bIKe PERL. C:rrcTeMa SANC BKJIIOqaeT B ce65I co6cTBeHHYIO 

¢opTpaHHYIO 6M6JIMOTeKy ,Ii;.JI5I "<IHCJieHHbIX BbI"<IMCJieH:rr:H cpy1rn::o;:rr:H ITB :rr :rrcrrOJib3yeT 

rraKeT LoopTools. ,ll,JIR y,n;o6cTBa Bbl'-IHCJI€HHH BBe,ri;eH KJiacc BCIIOMOra'l'€JibHbIX cPYHK

:o;:rr:H J ( cM. pas,n;eJI 4.4). 
BbrJI:rr rrpoBe,n;eHbI cpaBHemrn HaIIIHX "<IHCJieHHbIX pesyJibTaTOB ,Ii;JI5I Bcex BHe,n;peH

HbIX rrpol!eccoB c ,n;pyrHMM He3aBHCHMbIMM o,n;HorreT.JieBbIMH BbI"<IHCJieHM5IMH cyrn;ecTBY-

10rn;:rrMH B JIHTepaType. BopHOBCKHH ypoBeHb II BKJia,Ii;bI :>KeCTKoro TOpM03Horo H3Jiyqe

HHR ,Ii;JIR Bcex KaHa.JIOB Bcer,ri;a cpaBHHBaIOTC5I c pesyJibTaTaMH rraKeTa CompHEP. PesyJib

TaTbI 8THX cpaBH€HMH IIOKa3aHbI B KOHII;e COOTBeTCTBYIOIIl;HX rraparpa¢oB CJie,ri;y10ni;ero 

pa3,ri;eJia. 

B pa3,n;eJie 4.2 no e,n;HHOH cxeMe orr:rrcaHbI pacqeTbI H BHe,ri;peHHe 9C PIT B o,n;Ho

rreTJieBOM rrpM6JIM1I<eH:rr:rr B c11cTeMy SANC HeCKOJibKMX j fbb-+ 0 rrpo:o;eccoB. 

IToJiy"<IeHbI ¢opMcpaKTOpbr, cBo6o,n;Hhre OT Y<I> pacxo,n;:rrMocTe:H, :rr crrIIpaJibHbie aM

IIJIHTY,Ii;bI. ,.QJI5I ycTpaHeHM5I MH¢paKpaCHbIX paCXO,Il;HMOCTeH yqTeHbI BKJia,Ii;bI MRrKoro 

TOpM03Horo MSJiy"<IeHMH. BbrqHc.JieHbI :rr BHe,n;peHhI BKJia,JJ;bI )K8CTKoro TopM03Horo II3.Jiy

qeHII5I. B Kott:o;e Ka1K,n;oro rraparpa¢a rrpe,n;cTaB.JieHo cpaBHeHHe rro.Jiy"<IeHHbIX pe3y.Jib

TaTOB c MMpOBOH JIMTepaTypoi1. 

B napa2parjje 4. 2.1 ,n;nccepTal!HH rrpHBe,n;eH pac"<IeT 9C rrorrpaBOK B o,n;HorreTJJeBOM 

np:rr6.JIH1I<eHHM ,TI;.JIR rrpo:o;ecca f (p2)f (p1) -+ Z(p3 )Z(p4 ). ITpe,n;cTaBJieHa KOBapHaHTHa21 

aMIIJIHTy,ri;a rrpo:o;ecca B KaHa.Jie aHHHrHJI5IIJ;MM, OCTa.JibHbie KaHa.JibI B ,n;aHI:IOM CJiyqae 

H8cPH3H"9:HbI. 0Ha co,n;ep1KHT 10 JI8BbIX h+) H 10 rrpaBbIX b-) C'rpyKTyp: 
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Affzz ko { [ v (P1) (P3r+(P1)µ(P1)vFt( s, t) + P3r+(P1)µ(P2)vFi(s, t) 

+ P3r+(P1)v(P2)wFi(s, t) + Psr+(P2)µ(P2)vFt(s, t) + P3/+0µvFt(s, t) 
+ /µP3/vr+Ft(s, t) + /µr+(P1)vFi(s, t) + /µr+(P2)vFi(s, t) 

+ 1v1+(P1)µFt(s, t) + 1v1+(P2)µF:.-O(s, t) )u (P2) c~ (p3)c~ (p4)] 

+ [I+ --+ /-, ;::,,+ --+Fi-] } , (39) 

ig2 
ko = --8 2 ' 

Cw 

I±= I ±/5, 

iJ (P1) 'u (P2)- 6HCIII1HOpbl BHeIIIHHX cpepMHOHOB, 

C~(µ) (P3(4) )- z 6o30HHhie IIOJUipII3aII,HOHHbie BeKTOpa. 

06b11rnhre IIHBapIIaHThI MaH,n;eJihIIITaMa B MeTpHKe ITayJIH (p2 = -m2 ) orrpe,n;eJieHhI 

CJie,n;yIOIII,IIM o6pa30M: 

B napazparjje 4.2.2 rrpHBe,n;eH pacqeT 8C rrorrpaBOK B o,n;HorreTJieBOM rrpII6JIH:tK€HHII 

,n;Jrn rrpon.ecca f (P1)f (P2)H(p3)Z(p4) --+ 0 B KaHaJie aHHIIrIIJI.HII,HII H KaHaJie pacrra,n;a. 

• B KaHaJie aHHIII'HJI.HII,HH fif1 -+ HZ IIMeIOTC.H mecTh CTPYKTYP B cJiyqae, Kor,n;a 

rrpeHe6peraeTC.H ¢epMHOHHoiI MaccoH:: 

A11Hz = k {[v (P1) ( lv/+<Y1F"d(.s, t) + Psr+(P1)vFt(s, t) (41) 

+ P3r+(P2)vFi(s, t)) u (P2) c~ (p3) J+[o-f --+ 81, I+ --+ /-, Fi+(s, t) --+ Fi-(s, t)]}, 
ig2 M 

r,n;e k = --2 M2 z , a ,n;Ba cJiaraeMhIX /v/+O" 1F(j=(s, t) cooTBeTCTBYIOT BopnoBcKoMy 
4cw z - s 

rrpH6JIH)KeHHIO. qHCJIO 6=2 x 3 - rrpOI13Be,n;eirne 2 naqaJibHhIX 6e3MaCCOBhIX crrnpaJib-

HhIX COCTO.HHHH H 3 COCTO.HHHH KOHeqnoro z 6o3oHa. 

• B KaHaJie pacrra,n;a H --+ f 1 / 1 Z CTPYKTyphr MoryT 6hrTh rroJiyqeHhI cJie,n;yroIII,eli 

rrpocToiI 3aMeHoiI 4-IIMIIYJihCOB P1 -+ -p3, P2 --+ -p4, p4 -+ -p1, p3 -+ p 2 B CTPYKTypax 

Bbipa)KeHII.H ( 41). 
Co,n;ep)KaHHe 8Toro rraparpacpa orry6mIKOBaHo B pa6oTe [10] II ,n;oKJia,n;hrnaJIOCh na 

pa6oqIIx coBeIII,aHII.HX rpyrrrrhr ATLAS B OI1SU1 H Me:>I<,n;yHapo,n;HoiI KOHcpepeHII,IIH [22]. 
B napa2parjje 4. 2. 3 ,2wccepTaII,HH rrp11Be,n;eH pacqeT 8C rrorrpaBOK B o,n;HorreTJieBOM 

rrpM6mrn<:eHHM ,IJ;JI.H rrpon.ecca f(p1)f(p2)H(p3)A(p4) -+ 0 B Tpex r<:aHaJiax: aHHHrHJI.H

I!MII, pacrra,IJ;a H 6o3oHa, a TaK)Ke pmK,n:eHM.H H 603oHa. 
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• B KaHaJie aHHI:lTMJI.HII,MH B BaKyyM !if1H "/ -+ 0 BCe 4-HMIIYJibCbI BXO,II;.HIII,He. 
B ,n:aHHOM pa3,n:eJie MCIIOJib3YIOTC.H o6o3HaqeHM.H Q2, T 2, U2, T.e. rro,n:qepKMBaeTC5I, '1TO 
KaHaJI peaK11;irn e:rn;e He 3a¢nKCMpOBaH. CA MMeeT mr,n:: 

AtifiH'Y = ii (P1) { [ k1 (P2)v - k2(P1)v + ~ ( k1 + k2) P3"/v l Fv1 ( Q2' T 2' U2) 

+ [ (P~v - (p~!"] 7,F,1 ( Q2 , T', U2) + Pnv [ Fv2 ( Q', T', U') + 7,F,, ( Q', T', U') l 
+ i [Ps (P1)v - k2"/v l [ Fv3( Q2, T 2, U2) + "/sFa3 ( Q2, T 2, U2) l ( 42) 

+i [p3(p2)v - knv l [Fv4(Q2, T2, U2) + "/sFa4(Q2, T 2, U2)] }u (P2) c~(p3), 

1 1 
r,n:e kl = T 2 2 M k2 = U2 2 M m j - Macca HaqaJibHbIX ¢epMMOHOB. 

+mf +mf 
KoBapHaHTHbre aMIIJIMTY,II;bI MoryT 6bITb rroJiy11eHbI M3 Yp.(42), c rroMOIII,bIO cJie,n:y-

IOIII,e:lf rrepecTaHOBKM 4-HMIIYJibCOB. 

• B KanaJie aHHMrMJI.HII,HH Ji/1-+ H1: P1 -+ P1,P2-+ P2,p3-+ -p3,p4-+ -p4. 
• B KaHaJie pacrra~a H-+ fifn: P1-+ -p3,p2-+ -p4,p3-+ -p1,p4-+ P2· 
• B KaHaJie po.JK,n:eHM.H H-6o3oHa 1e-+ eH: P1-+ -p3,p2-+ P2,p3-+ P1,p4-+ -p4. 
Co,n:epLKaHne 9TO:ii rJiaBbI orry6JIMKOBaHo B pa60Te [11] n ,n;oKJia,II;bIBaJiocb Ha pa6o-

'1HX coBe:rn;annax rpyrrrr ATLAS B OM5IM M CERN. 

B napa2parjje 4.2.4 rrp1rne,n;eH pac11eT 8C rrorrpaBOK B o,n;HorreTJieBoM rrpn6Jin:tKeHMH 

AJI5I rrpo:u;ecca ff ZA -+ 0 B Tpex KaHaJiax: aHHHrHJI.HII,HH, pacrra,n;a Z 603oHa, a TaK::>Ke 
pmK,n;eHH.H Z 6o3ona. 

0,n:HorreTJieBbie 8C rrorrpaBI<H K 9TOMY IIPOI!€CCy MOryT 6brTb rrapaMeTpH30BaHbI B 
TepMMHax 28 CKaJI.HpHbIX cPOPMcPaKTOpOB F M COOTBeTCTBYIOIII,HX 6a30BbIX MaTpHqHbIX 

9JieMeHToB, 14 BeKTOpHbIX H 14 aKcnaJibHbIX. KoBapnaHTHaa aMIIJIHTy,n;a TaKoBa: 

13 

AJ.i,z7 = V (P1) [ Str~" ( v1?,: +ans?,;)+ f; St~" (Ft+ 7,F;) l u (p,) ez(p,)ef (p,), 

(43) 
r,n:e 

- Str~v = i [ H k2 + k1) I µP3/v + k2 (p3dµv - "Iv (p3) µ) - ( k2 (P1)v - k1 (p2)v) /µ J ; 
- c~(p3) o603Ha'IaeT cPOTOHHbIM rromipM3al!MOHHbIH B€KTOp; 
- sff (p4) - Z-6o30HHbrit rroJI5IpH3aII,I:IOHHbI:ii BeKTop; 
- FZ,a - cr<:aJI.HpHbre ¢opM¢aKTOpbr BeKTOpHbIX I:I aKCHaJibHbIX TOKOB; 

- F~,a I:I StrZv cooTBeTCTBYIOT MaTpwrnoMy 9JieMeHTY B HI:I3IIIeM rropa,n:Ke TeopHH B03-
My:rn;eHn:lf; MaH,n;eJibIIITaMOBCKHe I:IHBapI:IaHTbI orrpe,n;eJieHbr B Yp. ( 40). 

B ,n;nccepTal!HM ,n:aHbI .HBHI>re Bbrpa)KeHH.H AJI.H ocTaJibHbIX CTPYKTYP Str~~ 13 . B 
Yp. ( 43) ¢epMMOHHbre Maccbr y,n;ep)I<HBaIOTC.H TaK, 11To6b1 coxpaHaJiach ¢0To1rna5I rro
rrepe11HOCTb. KpoMe Toro, Macca y,n;ep::>KnBaeTc.H B co,n:ep)!<:aIII,I:IX Macey 3HaMeHaTeJI.HX 

StrZv. Oun cooTBeTCTByroT rrporraraTopaM ¢epMI:IOHOB, KOTOpbre I:I3JIJ"'IaIOT BHeIIIHI:Ie 
cPOTOHbI, 'ITO rrpHBO~l:IT K MaCCOBbIM Cl:IHryJrnpHOCT.HM. 

27 



Ba30Bhre CTPYKTYPHhre ::>JieMeHThI, Strtv, Bhr6paHhI TaK, qTo6hr 6hITh IIOJIHOCThIO 

rrorrepeqHbIMII 4-IIMIIYJihCY cPOTOHa, T.e. BhIIIOJIH5IIOTC5I CJie,n;yro111IIe COOTHOIII8HII5.I: 

StrLv(P3)v = 0. 

KOBapIIaHTHhre aMIIJIIITY;:t;hI ,1.I.JI.H pa3.JIIIqHhIX KaHaJIOB rrpo:o;ecca f J Z A -+ 0 MoryT 

6brTh rroJiyqeHhI II3 Yp.(43), ncrrO.Tih3Y.H CJiep;ym111ym rrepecTaHOBKY 4-IIMIIYJibCOB. 

• B KaHaJie amrnrHJI.HIJ,HH !if1-+ Z1: P1-+ P1,P2-+ P2,p3 ___, -p3,p4--+ -p4. 

• B KaHaJie pacrra;:i;a Z-6o3oHa Z--+ Jifn: P1 --+ -p3,p2 -t -p4,p3 --+ -p1,P4 -+ 

P2· 
• B KaHaJie po2K;:t;eHH.a Z-603oHa Jn--+ fiZ: P1 --+ -p3,p2 ___, P2,p3 --+ P1,P4 -+ 

-p4. 

B napa2paifJe 4. 2. 5 cyMMMpy10Tc5I BhIBO;:t;hI. 

Co,n;ep:1KaHMe ::>Toro pa3p;ena orry6m1KoBaHo B pa6oTe [12] n ,1.I.OKJia;:t;hIBaJioch Ha pa-

6oqIIx coBe111aHII.HX rpyrrrr ATLAS B 0 l15U1 II CERN. 

B pa3,z:i;eJie 4.3 ;:t;IIcceprn:o;rrn rrpe,n;cTaBJieHhI pe3yJihTaThI pacqeTa 8C rrorrpaBOK 

K rrpo:o;eccaM Of);IIHO"'!HOro pmK,1.I.eH:H5I t-KBapKa (Ha rrapTOHHOM ypOBHe) II pa3JIII"'!HhIM 

r<:aHaJiaM ero pacrrap;oB. 

llapa2paifJ 4.3.1 rrocB.a111eH CA paccMaTpIIBaeMhrx rrpo:o;eccoB B paMKax MYA'bITTU'IW
'liaA'b'liOzo noaxoaa pa60ThI [11]. 

B napa2paifJe 4. 3. 2 IICCJiep;yeTC.H 1rn¢paKpacHa.H peryJI.HpII3aIJ;II5I KOMIIJieKCHOH Mac

coli t KBapKa, cHa"<Ia.Jia ;:t;JI.H BIIpTyaJihHhIX K8,II; rrorrpaBOK, a 3aTeM ;:i;mr :JKeCTKoro 

II3.rryqeH:H5I cPOTOHOB. 

B napa2paifJe 4. 3. 3 rrpMBO,IJ;5ITC5I qIIcJieHHhre pe3yJihTaTbI cpaBHeHII.H sToro rro;:i;xo;:i;a 

II CTaH;:t;apTHoro rro;:i;xop;oB B CIICTeMe SANC (perymrpn3aIJ,n5I Maccoli tj)oToHa). 113 cpaB

HeHIIR BIIf);HO, qTo yqeT rrrnpIIHhI t-KBapKa p;aeT s¢¢eKT B 1 % ,IJ;JI.H pacrra;:t;OB t-KBapKa 

II rrop.H,IJ;Ka 0.1 % f);JU! paCCMOTpeHHhIX KaHaJIOB 0,1.I.MHOqHoro pmK,IJ;emrn t-KBapKa. 

B napa2paifJe 4. 3.4 ¢opMy.JIIIpyIOTC.H BhIB0,1.I.hL 

Co,n;ep:a<amre 9Toro pa3,n;eJia rrpe,IJ;cTaBJieHo B rrperrpIIHTe [29] n ,1.I.OKJia,1.I.hIBaJioch Ha 

pa6oqIIx coBe111aHII5IX rpyrrrr ATLAS B 0115111 H CERN. 

B pa3,z:i;eJie 4.4 ,.a;nccepTa11,nII paccMaTpIIBaeTca rro,.a;xo,n; K aHamrTIIqecKOMy coKpa

r:o;eHmo MaccoBhIX II IIHcppaKpacHbIX CIIHryJI5IpHocTeii B 8C rrorrpam<ax. B ::>TOM pa3-

,n;eJie OIIIICaHbI BBe,.a;emre M BhiqIICJieH:He BCIIOMOraTeJibHhIX cPYHKD;HH J' B03HIIKaIOillIIX 

rrpII OT;:t;eJieHIIII IIH¢paKpaCHhIX pacx0,11,IIMOCTefi H3 Do ¢YHKD;II:i1 B pe,.a;yKIJ,HH TIB. BhI

JIO rrpOBe,.a;eHo cpaBHeHIIe c rrporpaMMHhIM rraKeTOM LoopTools, KOTopoe rro,IJ;TBep,.a;IIJIO 

rrpaBIIJihHOCTh II 6hICTpOTY cqeTa TIO IIOJiyqeHHhIM KOpOTKHM ¢opMyJiaM. 

B napa2paifJax 4.4.1-4.4. 3 rrpnBe,IJ;eH pacqeT BCrroMoraTeJihHhIX cPYHKIJ;IIli J ,1.I.JI.H 

rrpo:o;eccoB f fbb. TIIIIWIHbili rrpIIMep Tarrnx ,n;IIarpaMM, B03HIIKa10111Mx B BhrqncJieHII.HX 

o,n;r,wrreTJieBhIX 8C rrorrpaBOK K rrpo:o;eccaM f J --+ Z Z(ZA, AA), paccMoTpeH B pa6o

Te [13]. B 3TO:i1 pa6oTe BrrepBhre 6brJI rrpe,n;JIO)KeH yHMBepcaJihHhiii rro,II,XO,II, K BhI"<IHCJie

HIIIO 3TIIX cPYHKIJ,IIfi. 

B napa2paifJe 4.4.4-4.4. 7 orn1caHo, KaK no;:i;xo,n; ,II,JI.H pacqeTa BCIIOMoraTeJihHhIX 

cPYHKIJ;IIH J pa6oTaeT ;:i;mr npo:o;eccoB c 3apa2KeHHhIM TOKOM (CC): B KaHaJiax pacrra,n;a 

t --+ bfif{, s (!if{ --+ tb, !1 - 6e3MaCCOBhIH ¢epMHOH) II t (bu -+ td II T.n.) KaHaJiaX 

O,Il;HHoqHoro pmK,II,8HII5I Torr-rrnaprrn. Co,n;ep)KaHHe ::>Toro rraparpa¢a ony6JIHKOBaI-IO B 

pa6oTe [14]. 

B napa2paifJe 4.4. 8 c¢opMyJIMpoBaHhI BhIB0,1.I.hI. 
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B pa3,n;eJie 4.5 rrpe,n;cTaBJieHbI rrporpaMMHhie rrpo,nyKThI n rrpnJIO)K8HH.H CHCTe
MhI SANC. I1o,n;po6Ho orrncaHhI CTaH,n;apTHbie SANC <PopTpaHHhie Mo,n;yJin (SSFM) n 
rrpo,n;eMOHCTpllpOBaHbI rrpIIM8pb! llX rrpMM8H8Hll.H. 

B napa2paif;e 4.5.1 paccMaTprrBaeTc.H ncnoJib30Battne SSFM B rraKeTax Ha rrapTOH
HOM ypOBHe ,II;JI.H 6bICTporo H3Y"9:8HH.H pa3JIH"9:HbIX CBOHCTB H8KOTOpb!X rro,n;rrpo:o;eccoB: 
ou;eHOK 9cPcP8KTOB, CB.H3aHHbIX c 3aBHCHMOCTblO OT BXO,IJ;HbIX rrapaMeTpOB, pa3JIH"9:HbIX 
9JI8KTpOCJia6hIX cxeM, B3aHMHOro BJIH.HHH.H pa3JIH"9:HblX BKJia,II;OB pa,n;HallHOHHbIX IIO
rrpaBOK (8C-KX,I(, K8,I( H3Jiyqemrn H3 Ha"CJ:aJibHOro H KOH8"9:HOro COCTO.HHHH H llX 

MHTep¢epeH11nn). Co,n;ep:LKairne 3Toro rraparpa¢a M3JIO)Ketto B pa6oTax [15],[23]-[25]. 
B napa2paif;e 4. 5. 2 npe,n;cTaBJieHa peaJin3allH.H n,n;en 9KcrropTa Mo,n;yJieti: o,n;ttorreTJie

BhIX BhI"CJ:MCJieHnti: B MoHTe KapJio rettepaTOpbI po,n;cTBeHHhIX 3a,n;a-q: OHM 6bIJIH BHe,n;
peHbI B reHepaTop WINHAC, YJIY'UIIMB TaKMM o6pa30M ero B03MO)KHOCTH. Co,n;ep:tKaHne 
9Toro rraparpa¢a ony6JinKoBaHo B pa6oTe [16]. 

B napa2parfie 4. 5. 3 npIIBO,II;.HTC.H pe3yJihTaTbI BHe,n;peHn.H Mo,n;yJieti: B HH'rerpaTopbI 
H reHepaTOpbI co6hITHH, KOTOpbie HCIIOJib30BaJIHCb ,Il;JIH llOCTpOeHHH pacrrpe,n;eJieHHH B 
KOHeqHOM COCTOHHHH c llOJIHOH KMHeMaTMKOH. fettepaTOpbI co6bITHH SANC CKOOp,II;HHO
poBarrno CBH3aHhI c Ko,n;aMH, reHepnpy10111nMn napTOHHhie JIHBHH - PYTHIA rr HERWIG. 
B ,n;aJibHeti:IIIeM co6bITHH MoryT 6bITh npony111eHhI qepe3 rroJIHyro rrporpaMMHyro cpe,n;y, 
cnMyJinpyro111yro 9KcneprrMeHTaJihHyro cnTya11H10 (,n;eTeKTOpbI). C rroMOlllbIO 9THX MoH
Te KapJio nporpaMMHhIX npo,n;yKTOB CHCTeMbI SANC 6bIJin n3yqeHbI 8C PIT, HeyqTeHHbie 
pattee B rrporpaMMax 06111ero rrOJih30BaHnH. A nMeHHO, qrrcTo cJia6bre (PW) rrorrpaBKM 
n rrorrpamrn, 06ycJIOBJieHHb1e K8,[( MHTep¢epeH11rrefi M3JiyqeHnfi (BnpTyaJibHhIX n pe
aJibHhIX ¢oTOHOB) H3 Ha"CJ:aJibHoro n KOHe"CJ:Horo cocTOHHMfi (K8,I( IFI) B NC(CC) rrpo
I!eccax TaK Ha3bIBaeMoro o,n;HHO"CJ:Horo pmK,n;eHnH Z(W) 6o30HOB Tmrn ,[(peJIJia-5IHa: 
pp ---+ (Z, 1) ---+ e+e- X (pp ---+ (W) ---+ e+veX). Ha Pnc. 7 rrpnBe,n;eHbI pacrrpe,n;eJie
mrn 6 = ( da-PW+INT / d{ x}) / ( d0"10 / d{ x}) ,IJ;JI.H Tpex 9KCrrepHMenTaJihHO Ha6Jiro,n;aeMbIX 

BeJinqnn: {x} = Pr - BepxH.H.H rrapa pncyHKoB; {x} = 17lel cpe,n;HHH pncyHKOB; 

{ x} = Prl1tl (,n;ByMepttoe pacrrpe,n;eJieHne) - HH:tKHHH rrapa pncyHKOB. 3,n;ecb Pr n 
bel - rr011epeqHbiii: MMIIYJibC n nceB,n;o6brcTpoTa 9JieKTpoHa (rro3nTpoHa). MoHTe Kap
JIO MO,II;8JillpOBamre 6bIJIO BbIIlOJIH8HO c y"CJ:eTOM peaJibHbIX KMHeMaTH"9:8CKHX o6pe3aHHH 
9KCrrepnMeHTa. ,I(JI.H IIOJiyqeHH.H pacrrpe,n;eJI8HllH Ha a,n;pOHHOM ypOBHe HCilOJib30BaJIMCb 
KBapKOBbre IIJIOTHOCTM (PDF) CTEQ6Ll. KaK BM,IJ;HO M3 Pnc. 7, Hey"CJ:TeHHhie 8C PIT 
,II;OCTHraroT H€CKOJibKHX npo:o;eHTOB, T.e. He .HBJIHIOTCH rrpeHe6pe:LKMMO MaJiblMH ( oco-
6emw B ,n;ByMepHbIX pacrrpe,n;eJieHrrHx). 

Co,n;ep:LKaHne 9TOro rraparpa¢a orry6JIMKOBaHo B pa60Te [30], BhIITOJIHeHHOH coB
MeCTHO c 9KcrrepnMeHTaTOpaMn rpyrrrrbI ELAN (ATLAS). 
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PHc. 7: Pacrrpe,rr;eJiemu.r ,rr;mr PW + K9,II; INT cocTaBJI.HIOrn;eii: 5 rrpH c.u;.M. 9HeprHH 
ycKopHTeJI.H 7 TeV ,IT;JI.H rrpou;ecca pp ---+ (Z, !') ---+ e+e-X: ,IT;JI.H e- - JieBhiii: CTOJI6eu;; 

,IT;JI.H e+ -- rrpaB1:>ril CToJI6eu;. 

B 3aKJIIO"leH1n:1 KpaTKO cyMMHpyIOTC.H OCHOBHhre HayqHJ:>re pe3yJihTaThI, rrpe,n;cTaB

JieHHhre B ,rr;HccepTaTI;HH, ¢opMyJIHPYIOTC.H rroJio:tKeHH.H, BhIHOCHMhie Ha 3arn;1ITy. IIpHBO
,IJ;HTC.H CITHCOK ceMHHapoB H HayqJ:IbIX KOH¢epeHu;Hii:, r,rr;e ,IT;OKJia,IT;bIBaJIHCh H o6cy)K,rr;a

JIHCb ocHOBHhre pe3yJibTaTbI ,n;RccepTau;rrrr. B1:>rpa:tKaIOTC.H 6Jiaro,rr;apHOCTH KOJIJieraM rro 

COBMeCTHOH pa6oTe. 

CToJlylJeHo 20 ,neKa6p51 2010 r. 
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