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YqeHhifi ceKpeTaph 

)].llCCepTaU,H0HHOro C0BeTa <;?f1~~ A.B. APBY3OB 

06rn;a5I xapaKTepHCTHKa pa6oThl 

AKTYaJlhHOCTh npo6JieMhI. 3a noCJie,n;mrn ,n;Ba,n;u,aTh JieT CmH,n;apTHa.H Mo­

,n;eJib ( CM) o6ecne'IHBaJia IICKJIIQqllTeJibHO TOqHoe On1ICaH1Ie BCex SKCneplIMeHTOB 

B <plI31IKe BbICOKIIX SHeprlifi. B HaCTO.Hiu,IIfi MOMeHT OHa npoBep.HeTC.H Ha ypOBHe 

TQqHOCTII O .1 %. Y TO'IHeH1Ie Ba:lKHhlX BXO)].HbIX napaMeTpOB OraH,n;apTHOfi Mo,n;eJIH 

npe,n;nOJiaraeTC.H, B qaCTHOCTII, Ha SJieKTpOHHhlX JIIIHefiHhlX KOJIJiafi,n;epax C onu,uefi 

GigaZ, T.e. B03BpaT Ha Z pe3oHaHc co CTaTIICTHKofi B 109. O6cy:lK)].aeMbre KOJIJiafi­

,n;ep1,r CLIC(CERN), Me:lK,n;yHapo,n;Hhlfi JIIIHefiHnrfi MeKTpOHHnrfi KOJIJiafi,n;ep ILC II 

MIOOHHbie cpa6pHKII 6y,n;yT HOBbIMll npeU,II31IOHHhlMll IIHCTpyMeHTaMII ,ll;JIH <plI31I­

KII qaCTIIU,. IIpe,n;noJiaraeTC.H )].OCT1I)KeH1Ie BhlCOKIIX TO'IHOCTefi Ll sin~ 
1 
~ 0.00002, 

•I 
LlMw ~ 6 MsB, Llmt ~ 0.2 fsB, a )].JI.H LlMn ~ 100 MsB (1I3 npou,ecca e+e- ➔ 
ZH). MrooHHhle cpa6puKII 6y)].yT o6Jia,n;aTn onpe,n;MeHHhIMII npelIMyru,ecTBaMH ne­

pe,n; MeKTpOHHbIMII KOJIJiafi,n;epaMH. Ha HIIX 6y,n;eT B03M0)KH0 ,Il;eTaJlhHO n3yq1ITb 

CBOfiCTBa X1IrrC-6030Ha nocpe,D;CTBOM ero np.HMOro pO)K,Il;eHII.H B S-KaHaJie. 

BhlCOKaH TQqHOCTb II3MepeHIIfi Tpe6yeT no,n;,n;ep)KKII TeOpeTIIqecKHX paC'leTOB 

COOTBeTCTBYIOiu,IIX Ha6JIIO,n;aeMhIX c TeOpeTIIqecKoil: Heonpe,n;eJieHHOCTbIO B HeCKOJib­

KO pa3 JIY'IIIIe SKCneplIMeHTaJibHOfi, CKa)KeM ~ (2 - 3) X 10-4, 'IT06bI He BHOCIITb 

,n;onOJIHIITeJihHYIO CIICTeMaTIIKY H B nOJIHOil: Mepe IICnOJih30BaTb BbICOKYIO TQqHOCTb 

SKCneplIMeHTaJibHbIX H3MepeHIIfi )].JI.H npeu,II31IOHHOil: npoBepKII TeOpHII. 

B Cmtt,n;apTHofi Mo,n;eJIII cnoHTaHHoe HapymeHHe CIIMMeTplIII ,n;ocTIIraeTc.a no­

cpe,n;cTBOM MexaHII3Ma X1Irrca, II HMeHHO TaKHM o6pa30M y KBapKOB, JienTOHOB II 

KaJI1I6poBoqHI,IX 6o30HOB nO.HBJI.HIOTC.H MaCChl. 

OTKphlTHe X1IITC-6030Ha - o,n;Ha II3 rJiaBHhlX <pH31IqecKIIX 3a,n;a-q He,n;aBHO 3a­

nyru,eHHOro BOJihIIIoro A,n;poHHOro KOJIJiafi,n;epa (LHC) B CERN. ,lljrn SKcnepHMeH­

TaJihHOro H3yqeHII.H X1Irrc-ceKTOpa CTaH,n;apTHOil: Mo,n;eJIH He06XO,ll;IIMO noHHMaTb 

II KOHTpOJI1IpOBaTb MeKTpOCJia6hle nonpaBKH BhlCIIIero nop.a,n;Ka K npou,eccaM po­

)K,Il;eHII.H II pacna,n;a XIIITC-6030HOB. 

O,n;HO II3 Ha1I60Jiee MHOroo6eru,aIOiu,IIX HanpaBJieHIIfi no noHCKY X1Irrc-6030Ha -

STO ero pacna,n; Ha qeThlpe MIOOHa: 

H ➔ zz• ➔ µ+µ-µ+µ-. (1) 

CaMhiil: cyru,eCTBeHHbifi cpoH, KOTOpnrfi no,n;aBJI.HeTC.H TOJibKO C nOMOill,bIO y'IeTa 

pacnpe,n;eJieHIIfi co6hlTHfi no K1IHeMaT1I'IeCK1IM napaMeTpaM - STO po)K,Il;eHIIe napnr 

z 6030HOB, KOTOpnre TO)Ke pacna,n;aIOTC.H Ha 'IeThlpe MIOOHa: 

pp ➔ zzx ➔ µ+µ-µ+µ-x. (2) 

IIpoBe,n;eHHoe ncCJie,n;oBB.Hne npeCJie,n;oBa.rro CJie.n;yroiu;ne n;eJin: 

• Pa3BIITb <plI31I'IeCKYIO 'IaCTb KOMilbIOTepHOfi CIICTeMhl SANC (,n;o BepCIIII 1.10), 
,n;ocTynHofi 'Iepe3 IIHTepHeT, )].JI.H aBTOMaTII'IeCKOro BbI'IIICJieHII.H nceB,n;o- II pe­

aJIIICTII'IeCKIIX Ha6JIIO,n;aeMbIX Ha o,n;HoneTJieBOM ypOBHe TO'IHOCTII )].JI.H U,eJIO­

ro p.a,n;a npou,ecCOB II pacna,n;OB MeMeHTapHhlX 'IaCTIIU, B ceKTOpe cpepMHOH-

6o30HHbIX B3aJIMO,n;efiCT~- - ~-----· 
'1€,lJ,IIBeHH1IH 1iHC'l'HTj 

H,D,epH1IX ~CCJie;wmtHL 

BI1BnI10TEhA 



• PeaJHI30BaTb B cpe,ne SANC BbPUICJieHirn: O,!l.HOTieTJieBbIX 3JieKTpOCJia6hIX no­

npaBOK K npou;eccaM ff ➔ HZ, H ➔ f fZ, ff ➔ ZZ. 

• Co3,naTh MoHTe-KapJio reHepaTop ,nJIH npou;ecca H ➔ 4µ B o,nHoneTJieBOM 

pe30HaHCHOM npn6mDKeHim. 

• PeaJIH30BaTb B cpe,ne SANC BbPUICJieHHH O,!l.HOneTJieBbIX 3JieKTpOCJia6bIX no­

npaBOK K npou;eccaM ff HA ➔ 0 n ff Z A ➔ 0 c HCTIOJih30BaHneM npe,nJio­

:iKeHHoro MHOrOKaHaJibHOro IIO,IJ.XO,na. 

• BHe,IJ.pHTb Bbl'UICJieHHH crmpaJibHbIX aMIIJIHTy,n ,IJ.JIH BCex paccMaTpHBaeMbIX 

npou;eccoB. 

• BHe,IJ.p'IITb BbPUICJieHHH BKJia,noB MHrKoro 'II :lKeCTKOro TOpM03HOrO ll3JIY'IeH'IIH 

,rr,rrn ,naHHhIX npou;eccoB. 

• BhPUICJIHTb cneu;naJibHhre cpyHKIJ;HH JA, B03HHKaIOIIIHe B pe,IJ.YKIJ;Im IIaccapHHO­

BeJibTMaHa. 

Hayqttaa HOBH3Ha pa60Tbl. 

• B cpe,ne SANC BnepBbie peaJIH30BaHbI TIOJIHbie BbPUICJieHHH O,IJ.HOIIeTJieBb!X 

weKTpoCJia6hrx norrpaBoK K npou;eccaM ff ➔ HZ, H ➔ f fZ, ff-+ ZZ. 

• Ha aToii ocHoBe co3,naH MoHTe KaPJIO reHepaTop ,nJIH Mo,neJinpoBaHHH pacrra­

,na 6030Ha Xnrrca Ha YJeTbipe MIOOHa C ll3JIJYJeHHeM o,nHoro peaJibHOrO q>OTOHa 

B pe30HaHCHOM npn6JIH:lKeHH'II C 'IICIIOJib30BaHHeM n,neOJIOr'IIH "cTpOHTeJibHbIX 

6JIOKOB11 
• 

• BrrepBbie rrpe,nJIO:lKeH MJJibTHKaHaJibHb!H IIO,IJ.XO,n K BbIYJHCJieHHHM 0,IJ.HOTieTJie­

Bb!X 3JieKTpOCJia6hIX rronpaBOK K pacrra,IJ.aM KaJIH6poBOYJHblX 6030HOB H 'II z 
Ha cpepMHOH-aHTHq>epMHOHHYIO napy 'II 0,!l.'IIH q>OTOH (rrpou;eCCbl Z ---+ f J,y 
n H ---+ f J,y), a TaK:lKe K nx Kpocc-KaHaJiaM - aHHHrHJIHIJ;HH ff ➔ Z I n 

ff ---+ HI n po:iK,neHHH H n Z 6o30HOB B e, coy,napeHHHX ( npou;ecchr e, ➔ · eZ 
n e,-+ eH). 

• 8 cpe,ne SANC BnepBbie peaJIH30BaHbl TIOJIHbie Bb!YJHCJieHHH O,!l.HOIIeTJieBb!X 

3JleKTpoCJia6bIX norrpaBOK KO BCeM IIIeCT'II npou;eccaM f fH, ➔ 0 n f fz,-+ o, 
HX CIIHpaJibHb!X aMIIJIHTy,n, a TaK:lKe rrpou;e,IJ.Ypa Bb!YJHCJieHHH BKJia,noB MHrKo­

ro H :lKeCTKOrO TOpM03HOro II3JIJYJeHIIH ,rr..rrn Tpex npou;ecCOB ff z, ➔ 0. 

• BnepBbie rrpe,nJIO:lKeH CIICTeMaTJIYJeCKIIH TIO,IJ.XO,n ,!l.JIH Bb!YJJICJieHJIH J[cpyHKIJ;IIH 

,!l.JIH pacCMOTpeHHb!X npou;eccoB. 
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IlpaKTH'leCKrul n;eHHOCTb pa60Thl. 

CncTeMa SANC HaxO,IJ.IIT CBOe npnMeHeHIIe ,IJ.JIH npeu;H31IOHHbIX BbIYJIICJieHIIH BKJia­

,IJ.OB rrpou;eccoB CTaH,napTHOii Mo,neJIII B aKcrrepnMeHTaX no nOIICKY HOBOii q>II31IKII 

Ha coBpeMeHHbIX ycKOplITeJIHX (LHC, aKcneplIMeHT ATLAS). 

CJie,nyroiu;11e pe3yJihTaTbl Bbl)];BHraIOTCa )];JIH 3aID;HTbI: 

1. Pa3BIITHe KOMTiblOTepHOH cpe,nhI SANC, v.1.10, ,!l.OCTJIIHOH YJepe3 IIHTepHeT II 

peaJIII3JIOIIIeii BbIYJIICJieHIIH q>II3JIYJeCK'IIX Ha6Jiro,naeMb!X C O,!l.HOIIeTJieBofi TOYJ­

HOCTblO ,IJ.JIH IIIIIpOKOrO Kpyra cpepMIIOH-6030HHblX rrpou;ecCOB B q>II3HKe BbI­

COKIIX 3Hepr1Iii. 

2. 3aKOHYJeHHOe BHe,npeHHe B CIICTeMy SANC pH,na cpepM1IOH-6030HHbIX rrpou;ec­

COB, rrpe,ncTaBJIHIDIIIIIX IIHTepec ,IJ.JIH q>II31IKII LHC. 

3. MyJihTIIKaHaJibHhrii rro,nxo,n K pacYJeTy KOBap1IaHTHbIX aMIIJIIITy,n ff bb-rrpou;ec­

coB. 

4. O6III1Iii MeTo,n BhIYJIICJieHIIH cpyHKIJ;IIii JA. • 

5. MoHTe KapJio reHepaTop ,nJIH Mo,neJI1IpoBaH1IH pa3JIIIYJHbIX pacrrpe,neJieHIIii 

,IJ.JIH pacrra,IJ.a 6o3oHa X1Irrca Ha YJeThrpe MIOOHa c II3JiyYJeHIIeM peaJihHOro cpo­

TOHa. 

Anpo6au;11a pa6oThI 

OcHOBHhie pe3JJibTaThl ,nnccepTaIJ;II'II ,noKJia,IJ.bIBaJIIICh II o6cy:lK,IJ.aJIIICb Ha ce­

MIIHapax Jia6opaTop1III TeopeTIIYiecKoii <I>n3IIKII JIM. H.H.BoroJI1060Ba 0115111, Ha 

Pa60YJIIX CoBeIIIaHIIHX no q>II31IYiecKoii nporpaMMe IICCJie,noBaHIIii Ha ycTaHOBKe 

ATLAS (28 arrpMH II 25 HOH6pH 2005 ro,na, 14 arrpeJIH II 22 ,neKa6pH 2006 ro­

,na, 25 ,neKa6pH 2007 ro,na), a TaK:iKe Ha KOHq>epeHIJ;IIII ACAT2007 (AMcTep,naM, 

H1I,nePJiaH,nh1, 23-27 arrpeJIH 2007 r.) 

Ily6JIHKIDJ;HH. Ilo pe3yJihTaTaM ,!l.lICCepTau;IIII orry6JIHKOBaHO YJeThipe CTaThlI II 0,IJ.IIH 

BKJia,n B Tpy,nhI BhIIIIeyrrOMHHJTOH KOHq>epeHIJ;II'II. 
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Co)],ep>KaIIne pa6oThI 

Bo BBe)],eHHH (nepBo:li rJiaBe ,n;1Iccepmu.1rn:) o'Iep'IeH Kpyr IICCJie,n;yeMhrx npo-
6JieM, KpaTKO C<pOpMYJIIIpOBaHhI IICnOJih3yeMhie MeTO,D.bI II pe3yJibTaThI, nOJiy'IeHHhie 
B ,n;1Iccepmu.1I1I. ITp1IBe,n;eHo co,n;ep}K3.HIIe no rJiaBaM. 

Bo BTopoii rJiaBe ,D.1Iccepmu.1I1I np1IBe,n;eHo BhI'I1ICJieH1Ie nOJIHO:li MeKTpoCJia-
60:li O,D.HOneTJieBO:li nonpaBKII K npou.eccaM aHHIIrlIJIHil,IIII !1/1 ➔ HZ II Ji/1 ➔ zz 
II npou.eccy pacna,n;a X1Irrc-6030Ha H ➔ Jif1Z, a TaK)Ke on1IcaH1Ie MoHTe-Kapno 
reHepaTopa H ➔ 4µ. Bee pac'IeThI BbIIIOJIHeHbI c nOMOIIl,bIO CIICTeMhI SANC. BbI'IIIC­
JieHIIH BbIIIOJIHeHbI B Rf, KaJI1I6pOBKe c TpeMH KaJI1I6poBO'IHbIMII napaMeTpaMII. 

B Ta6Jim1,ax 1 II 2 np1IBe,n;eHo cpaBHeH1Ie Me)K,n;y pe3yJihTaTaMII SANC II pe3yJih­
TaTaMII ,n;pyr1Ix rpynn II nporpaMM. 

vs,raB MH, raB [l] Grace-Loop SANC 
500 100 4.1524 4.15239 4.15239 
500 300 6.9017 6.90166 6.90166 

1000 100 - 2.1656 - 2.16561 - 2.16560 
1000 300 - 2.4995 - 2.49949 - 2.49949 
1000 800 26.1094 26.10942 26.10942 
2000 100 -11.5414 -11.54131 -11.54136 
2000 300 -12.8226 -12.82256 -12.82256 
2000 800 11.2468 11.24680 11.24680 

Ta6Jim1,a 1: CpaBHeHIIe npou.eHTOB nonpaBOK B nOJIHOe ce'IeH1Ie npou.ecca e+ e- ➔ 
ZH Me)K,n;y pe3yJihTaTaMII [1], Grace-Loop II SANC. 3,n;ech [1] - aTo CTaThH 
A.Denner, J.Kublbeck, R.Mertig and M.Bohrn "Electroweak radiative correction~ to 
e+e- ➔ HZ", Z.Phys.C56 (1992) 261-272. 

BbIJIII npoBe,D.eHhI pac'IeThI MHrKoro II )KeCTKOro TOpM03HOro II3Jly'IeHIIH. BKJia,n; 
M~ITKOro TOpM03HOro II3Jiy'IeHIIH co,n;ep)KIIT IIH<ppaKpacHyIO pacxO,D.IIMOCTb, KOTO­
paH ycTpaHHeTCH nplI ,n;o6aBJieHIIII O,n;HoneTJieBoro BKJia,n;a. )KecTKOe )Ke TOpM03HOe 
mJiy'IeH1Ie 6hIJIO cpaBHeHo c nporpaMMo:li CompHEP. TaKoe cpaBHeH1Ie np1IBe,n;eHo B 
Ta6JI1IIJ,ax 3 II 4. 

HaKOHeIJ,, B Ta6JIIIIJ,e 5 nplIBe,n;eHO cpaBHeHIIe pe3yJihTaTOB, nOJiy'IeHHblX reHe­
paTOpOM Prophecy4f, c reHepaTOpoM SANC H ➔ 4µ. 

B TpeTheii rJiaBe ,D.IICCepTaIJ,IIII peaJIII30BaH MYJibTIIKaHaJibHbI:li no,n;xo,n; ,n;JIH 
Tpex KaHaJIOB npou.ecca Jili.HA ➔ 0. Pac'IeTbI BhIIIOJIHeHbI c noMOIIl,hIO cpe,n;h1 
SANC. fioJiy'IeHhl cpopM<paKTOpbI II CnlipaJibHhle aMnJIIITY,D.hI, CB060,D.Hbie OT Y<I> 
paCXO,D.IIMOCTe:li. ~JIH ycTpaHeHIIH IIH<ppaKpaCHO:li paCXO,D.IIMOCTII B nmp1IHe pacna­
,n;a H ➔ !1 /1 A II B ce'IeHIIHX npou.eccoB aHHIIrHJIHil,IIII f 1 /1 ➔ HA II pO)K,D.eHIIH 
XIIrrc-6030Ha e"y ➔ eH Y'ITeHhl BKJia,D.bI MHrKoro TOpM03Horo II3Jiy'IeHIIH. ~JIH 
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vs, raB 0 [2] J,% SANC J,% 
100 16.13 16.134 

190 45° 16.22 16.225 
goo 16.32 16.321 
100 13.88 13.879 

210 45° 13.93 13.932 
goo 13.85 13.849 
100 12.64 12.642 

250 45° 11.96 11.959 
goo 10.47 10.473 
100 13.26 13.258 

500 45° 5.51 5.514 
goo -1.68 -1.679 
100 11.89 11.888 

1000 45° 6.00 -6.000 
goo -17.66 -17.660 

Ta6JIIIIJ,a 2: CpaBHeHIIe CJia6o:li o,n;HoneTJieBO:li nonpaBKII J B % ,n;JIH e+e- ➔ ZZ 
npou.ecca (BXO,D.Hhre napaMeTpbI KaK B pa6oTe [2] A.Denner and T.Sack "Electroweak 
radiative corrections to e+e- ➔ Z0Z0", Nucl.Phys. B306 (1988) 221). 

O' • 10-2, n6 
vs, raB 250 300 500 1000 2000 
Born (SANC) 21.984(1) 17.454(1) 5.6890(1) 1.2898(1) 0.31322(1) 
Born (CompHEP) 21.984(1) 17.454(1) 5.6889(1) 1.2898(1) 0.31322(1) 
Hard ( SANC, s2n) 8.0309(1) 9.1168(1) 4.3650(1) 1.3246(1) 0.40293(1) 
Hard (SANC, MC) 8.0307(1) 9.1166(1) 4.3649(1) 1.3246(1) 0.40293(1) 
Hard (CompHEP) 8.0306(2) 9.1168(2) 4.3651 (1) 1.3242(3) 0.40287(4) 

Ta6JIIIIJ,a 3: CpaBHeHIIe ,D.JIH 6opHOBCKOro Ce'IeHIIH II ce'IeHIIH )KeCTKIIX <pOTOHOB B 
[n6] ,n;JIH peaKIJ,IIII e+e- ➔ HZ'Y (BxO,D.Hhre napaMeTpbI CompHEP, aHeprnH 0601Ix 
<pOTOHOB Ey 2 1 raB). 

aHHIIrIIJIHIJ,IIOHHoro KaHa.i"Ia Ha p1Ic. 1 npe,n;cmBJieHo ce'IeH1Ie npou.ecca c pa,n;1IaIJ,1I­
OHHhIMII nonpaBKaMH. 

~JIH pacna,n;Horo )Ke Kattana Ha puc. 2 noKa3aHo pacnpe,n;eneHHe no IIHBapII­
aHTHO:li J\{aCCe µ+ µ- napbl ,Ll;JIH 6opHOBCKOro II O,n;HoneTJieBoro CJiy'IaH. BII,D.HO, 'ITO 
ecTb ,D.Ba nIIKa - KYJIOHOBCKH:li (B pa:lioHe Macchi Mµ,+µ,- = 0) II Z-pe30HaHCHhI:li (B 
pa:lioHe MaCChI Mµ,+µ,- = A1z). 

HaKoHeIJ,, ,D.JIH KaHana pO)K,D.eHHH XIIrrc-6o3oHa e'Y ➔ eH 6hIJIO npoBe,n;eHo cpaB-
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a, rr6 
,/s, f9B 250. 300 500 1000 2000 
Born {SANC) 1.0758(1) 0.82971(1) 0.40644(1) 0.14815(1) 0.049760(1) 
Born (CompHEP) 1.0758(1) 0.82971(1) 0.40644(1) 0.14814(1) 0.049761(1) 
Hard {SANC) 0.52262(1) 0.46800(2) 0.29114(1) 0.13375(1) 0.54563(1) 
Hard {CompHEP) 0.52258(2) 0.46801(1) 0.29111(2) 0.13374(1) 0.54563(6) 

Ta6mm:a 4: CpaBHemi:e 6opHOBCKoro ·ceqemrn H ceqeHmr )KeCTKoro TOpM03Horo H3-

JiyqeHmr B [n6] ,n:mr peaKIJ;HH e+e- ➔ zz, (Bxo,n:Hhle napaMeTpbr CompHEP, ,rneprmr 

o6onx q>OTOHOB E'Y 2:: 1 raB). 

,/s, f9B 120 130 140 150 
Prophecy4f 7.053(3) · 10-8 2.3769(9) · 10-1 6.692(2) · 10-7 1.6807(6) · 10-6 

SANC (G,,) 7.197(3) · 10-~ 2.4079(8) · 10-r 6.743(2) · 10-r 1.6842(5) · 10-0 

o,% 2.04 1.01 0.76 0.21 
SANC (a) 6.938(2) · 10-~ 2.343(1) · 10-7 6.594(2) · 10-r 1.6534(5) · 10-6 

Ta6Jinu;a 5: CpaBHeHHe ,n:mr nmpHHhI pacna,n:a H ➔ 4µ B Gµ-CXeMe MH = 140 faB 

Me*,n:y Prophecy4f H SANC. 
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Pnc. 1: Ceqemi:e npou;ecca c o,n:HoneTJieBhIMH nonpaBKaMH po*,n:eHHH Xnrrc-6o3oHa 
qepe3 aHHHrHJIHIJ;HOHHhI:li KaHaJI KaK q>YHKIJ;HH MaCChI Xnrrc-6o3oHa, MH, CnJIOIII­

HaH H IIYHKTHpHaH JIHHHH OTBeqaroT pe3yJihTaTaM COOTBeTCTBeHHO ,n:JI51 Js=500 H 

vs=1500 raB. 

HeHHe IIOJIHhIX ceqeHH:li npou;ecca Me)K,Il;y pa6oTO:li [3] H SANC ,n:JI51 Tpex 3HeprH:li B 

CHCTeMe u;eHTpa Mace vs= 500, 1000, 1500 raB H ,Il;JI51 IIIHpOKOro ,n:HaIIa30Ha Mace 
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Pnc. 2: Pacnpe,n:eJieHHe TIO HHBapnaHTHO:li Macce µ+µ- naphI. IlOKa3aHhI n 6opHOB­

CKH:li (nyHKTHpHaH JIHHHH), H O,Il;liOIIeTJieBO:li (cnJIOIIIHaH) pe3yJihTaThI. 

Xnrrc-6030Ha: 110 raB~ MH ~ 400 raB ([3] - 9TO CTaTh51 E.Gabrielli, V.A.Ilyin 

and B.Mele "Z,H vertex effects in Higgs production at future e"f linear colliders", 

Phys.Rev.D56 (1997) 5945-5961, hep-ph/9702414). Pe3yJihTaThI cpaBHeHHH MO)KHO 
BH,Il;eTh B Ta6m1u;ax 6 H 7. 

B qeTBepToii rJiaBe ,n:nccepTau;HH peaJIH30BaH MYJihTHKaHaJihHhill no,n:xo,n: ,n:JI51 

Tpex KaHaJIOB npou;ecca !if1ZA ➔ 0 noqTH IIOJIHOCThIO aHaJIOrnqHo TpeTheii rJiaBe. 
Bee pacqeThI BhIIIOJIHeHhI B cpe,n:e SANC. IloJiyqeHhI q>opMq>aKTOphr n cnnpaJihHhre 

aMnJIHTy,n:hr, TaK *e KaK H B npe,n:hr,n:yru;e:li rJiaBe ,n:nccepTau;nn. ,Ll;JIH aToro npou;ecca 

MH/Js 500 1000 
SANC [3] 6 SANC [3] 6 

80 8.40 8.38 -0.2 9.31 9.29 -0.2 
100 8.85 8.85 0 9.95 9.94 -0.1 
120 9.77 9.80 0.3 11.16 11.2 0.4 
140 11.76 11.8 0,3 13.68 13.7 0.1 
160 20.91 21.1 0.9 24.82 25.0 0.7 
180 20.67 20.9 1.1 25.04 25.3 1.0 
200 16.99 17.2 1.2 21.05 21.2 0.7 
300 5.90 5.97 1.2 8.44 8.53 1.0 
400 1.64 1.64 0 2.74 2.78 1.5 

Ta6Jinu;a 6: KaHaJI po*,n:eHHH H-6o3oHa, SANC H [3]. 

eCTh TPH KaHaJia peaKu;nn: aHHHrHJIHIJ;HOHHhI:li Ji/1 -t ZA, pacna,n:Hhr:li Z ➔ fif1A 
H KaHaJI po*,n:eHHH Z-6o3oHa Hae, KOJIJia:li,n:epax e, -t eZ. 
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B Tafomu.e 8 npirne,n;eHhI pe3yJibTaThI cpaBHemrn: Harrmx pe3yJihTaToB c pe3yJih­

TaTaMH rrnKeTa CompHEP ,n;mi: 6opHOBCKHX Ce'leHHfi n ,lI,JHI ce'leHHfi )KeCTKOro TOp­

MO3HOrO H3Jiy'leHHSI npou.ecca e+e- ➔ Z 1 (,). 

M"/vs 1500 
SANC [3] r5 

80 9.76 9.74 -0.2 
100 10.48 10.5 -0.2 
120 11.80 11.8 0 
140 14.52 14.6 0.6 
160 26.48 26.6 0.5 
180 26.81 27.0 0.7 
200 22.64 22.8 0.7 
300 9.33 9.43 1.1 
400 3.15 3.18 1.0 

Ta6;rnu.a 7: KaHM pO)K,D;eHHSI H-6o3oHa, SANC n [3]. 

er, rr6 

vs, rsB 100 200 500 1000 2000 
Born (SANC) 2482.0(1) 86.230(1) 11.652(1) 2.9845(1) 0.77816(1) 
Born (CompHEP) 2482.0(1) 86.230(1) 11.651(1) 2.9846(1) 0.77817(1) 
Hard (SANC) 586.7(7) 43.26(8) 7.69(2) 2.341(6) 0.717(2) 
Hard (CompHEP) 586.7(3) 42.48(5) 7.47(1) HeCTa6HJihHO HecTa6HJihHO 

Ta6;rnu.a 8: CpaBHeHHe ,!l;JISI 6opHOBCKOro Ce'!eHHSI n ce'!eHHSI )KeCTKHX <pOTOHOB B 

[rr6] ,!l;JISI peaKu.nn e+e- ➔ Z 1(,) (BXO,!l;Hhle rrapaMeTphr CompHEP, 9Heprnsi: o6onx 

q>OTOHOB E'Y 2: 1 rsB). CmTHCTH'leCKaSI HeTO'IHOCTb IIOCJie,n;Hefi 3Ha'!am;efi u.nq>pbl 

,n;aHa B CK06Kax. 
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,ll;JISI 9TOro )Ke rrpou.ecca B Ta6JIHU.e 9 rrpnBe,n;eHO cpaBHeHne 6opHOBCKHX ll O,!l;HO­

rreTJieBbIX Ce'!eHHfi, ,n;eMOHCTpnpyeTCSI He3aBHCHMOCTb OT rrapaMeTpa w, pa3,n;e;rmo­

m;ero BKJia,D;bI MSirKoro ll )KeCTKOro TOpMO3HOro ll3JIY'leHHfi. 

vs, rsB 200 500 1000 2000 5000 
cr1>orn , rr6 27.8548(1) 3.37334(1) '0.816485(2) 0.202534(1) 0.0323355(1) 
crt-10op' rr6 43.36(4) 5.216(9) 1.239(4) 0.299(1) 0.0436(3) 
CT~-IOop' rr6 43.38(5) 5.211(10) 1.235( 4) 0.298(2) 0.0430(5) 
81, % 55.7(2) 54.6(3) 51.9(4) 47.4(6) 34.9(8) 
82, % 55.7(2) 54.5(3) 51.3(5) 46.9(8) 33.0(14) 

Ta6JIHU.a 9: CpaBHeHne 6opHOBCKoro n O,!l;HOIIeTJieBoro Ce'!eHnfi aHHHrHJISIU.HOHHOro 

KaHMa e+e- ➔ Z1(,) ,!l;JISI pa3JIH'!HhIX 3Ha'!eHHfi rrapaMeTpa w. 

,ll;anee, paccMoTpHM KaHM pacrra,n;a Z ➔ Jd1A. Ha pncyHKe 3 IIOKa3aHa 6op­
HOBCKasi: ll 0,!l;HOIIeTJieBaSI ,n;nq><pepeHU.HMhHaSI ·rrmpHHa. 

10·2 

-> 10·4 

2l 

i 
!; 

10·6 

,, 

__ Born 
_ lloop 

10·',, 20 40 60 80 
M

11
•

11
-,GeV 

Pnc. 3: Pacrrpe,n;eJieHne no HHBapnaHTHOfi Macce µ+ µ- rrapbr pacrra,n;a Z ➔ 
µ+µ-'Y(,). Ilpe,n;CTaBJieHhI n 6opHOBCKHfi (rryHKTHpHaSI JIHHHSI), n O,!l;HOIIeTJieBofi 
( CIIJIOIIIHaSI JIHHHSI) pe3yJihTaThI. 
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HaKoHeu;, ,n_Jrn npou;ecca ey ➔ eZ B m6Jrnu;e 10 noKa3aHo cpaBHemrn 6opHOB­
CKoro ll 0,ll.HOIIeTJieBOro Ce'leHHfi. 

VS, f::~B 200 500 1000 2000 5000 
atlorn, n6 8.3381(3) 1. 79168(0) 0.46840(0) 0.11842(0) 0.019007(0) 
at-loop, n6 8.7988(5) 1.9591(2) 0.52129(5) 0.13171(1) 0.02037(2) 
a~-loop, n6 8.8002(9) 1.9593(2) 0.52131(6) 0.13168(1) 0.02037(3) 
61, % 5.54(1) 9.35(1) 11.29(1) 11.23(1) 7.16(1) 
62, % 5.54(1) 9.36(1) 11.30(1) 11.20(1) 7.15(2) 

Ta6;rnu;a 10: CpaBHeHne 6opHOBCKoro n o,n.HonerJieBoro ce<JeHnfi npou;ecca ,e- ➔ 
ze-(,), BbI'lllCJieHHbIX C pa3JIH'lHbIMll 3Ha'leHHS!Mll napaMeTpa w. 

B IlSITOll r Jia.Be ,n_nccepTaD;llll 6hIJill Bbl'lllCJieHbl cpyHKD;llll J A B pe,n_yKD;llll 
ITaccapHHO-BeJibTMaHa, a HMeHHO <pyHKD;llll h(ZZ), JA(ZA) ll JA(AA). chn cpyHK­
u;nn Heo6xo,n.nMbI ,n.Jisr pac'leToB npou;eccoB ff ➔ ZZ, ff ➔ ZA n ff ➔ AA. 
B Ta6Jinu;e 11 npnBe,n_eHO cpaBHeHHe Beru;eCTBeHHbIX n MHllMbIX 'laCTefi cpyHKD;llll 
Ji,fub npn ,n.Byx 3Ha'lennsrx nepeMennofi s H Tpex cos ,0 npn m7 = 10-4o, me = 
10-10 , Mz = 91.1867 (Bee pa3Mepnhre BeJIH'lHHhI npnBe,n.enhr B rsB). ITepBasr cTpo­
Ka - LoopTools, BTOpasr CTpoKa - nacTosrru;asr pa6om. 

cos0 s = 4 · 104 s = 10" 
-0.999 -9.17793269440E-5, 5.01365750241E-5 -8.34819076278E-5, 9.56822492987E-6 

-9.17793269440E-5, 5.01365750242E-5 -8.34819076277E-5, 9.56822492987E-6 
0 -8.19476326776E-5, 2.66195083157E-5 -7.59496912845E-5,-1. 71354446353E-5 

-8.19476326775E-5, 2.66195083157E-5 -7.59496912844E-5,-l. 71354446353E-5 
0.999 -6.38460671355E-5, 7.09185809003E-7 -3.56999202585E-5,-6.06505583369E-5 

-6.38460671354E-5, 7.09185809029E-7 -3.56999202585E-5,-6.06505583369E-5 

Ta6Jinu;a 11: CpaBnenne cpynKu;nn JA(ZZ) c naKeTOM LoopTools. 
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OcHOBHhie pe3yJibTaTbI, Il0Jiy'leHHhie B )];HCCepTaIJ,HH. 

1. B cpe,n_y SANG BHe,n.peHbl paC'!eTbl 0,lJ.HOIIeTJieBbIX SJieKTpOCJia6bIX nonpaBOK K 
npou;eccaM ff ➔ HZ, H ➔ f fZ, ff➔ ZZ. 

2. B cpe,n_e SANG peaJIH30BaHO Bbl'lHCJieHHe 0,ll.HOIIeTJieBbIX SJieKTpOCJia6hIX IIO­
npaB0K K pacna,n.aM KaJIII6poBO'lHOro 6o3oHa Zn 6o3oHa Xnrrca Ha cpepMIIOH­
aHTncpepMnOHHYIO napy 11 0,ll.IIH q>OTOH (npou;ecCbI Z --t ff, ll H --t ff,), a 
TaK)Ke K nx Kp0CC-KaHaJiaM - KaHaJiaM aHHllrllJISID;llll (npou;eCCbI ff ➔ z, 
II ff ➔ H,) II K KaHaJiaM po,K,n_eHnsr H n Z-6o3oHa (npou;eccbr e1 ➔ eZ 
II e, --t eH), lICIIOJib3YSI npe,ll.JIO)KeHHbifi B ,n_nccepmu;nn MHOrOKaHaJibHblfi 
no,n_xo,n_. 

3. PeaJIH30BaHa npou;e,n_ypa Bbl'lHCJieHnSI BKJia,n;OB MSl:rKoro II )KeCTKOro T0pM03-
HOrO ll3JIY'leHHSI ,ll.JISI ,n.aHHbIX npou;eccOB KO BCeM paCCMOTpeHHblM B ,n_nccep­
TaD;llII ff bb npou;eccaM. · 

4. B CllCTeMy SANG BHe,n.peHbl cnnpaJibHbie aMIIJilITY,ll.bl ,ll.JISI Bcex paCCMOTpeHHbIX 
B ,n.11ccepTau;11n npou;eccoB. 

5. Co3,n_aH MoHTe Kapno reHepaTOp ,ll.JISI Mo,n.eJinpOBannsr pacna,n_a 603ona XIIrr­
ca Ha 'leTbipe MIOOHa C ll3Jiy'leHHeM O,ll.HOro peaJibHOro q>OTOHa. 

6. Bb1'lnCJieHhI cneu;IIaJibHhre cpyHKD;HII JAB KJiacce cpynKu;nfi ITaccapnHo--BeJihT­
MaHa c IICIIOJib30BaHneM npe,n.JIO,KeHHoro B ,n_nccepmu;nn o6ru;ero MeTo,n.a. 
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