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06m;a.H xapaKTepHCTHKa pa6oTbi 

AKTYa.JILHOCTb npo6JieMLI. 

Jly'lmeii na cero,n;nH Teopneii, orriiChiBaiOIII,eii pa3JIII'IHbre HBJieHnH, rrponcxo,n;H

III,IIe Ilpll CTOJIKHOBeHIIH 'laCTHIJ; BblCOKIIX anepriifi, HBJIHeTC.H TaK Ha3biBaeMa.H CTaH

,n;apTHa.H Mo,n;enh ( CM) B3anMo,n;ei1CTBHH aneMeHTapHhix· '!acnru;. B Te'leHIIe rrocne.n;

Hnx ,IJ;Ba,n;n;aTH IIHTH JleT IIpOBO,Il;IiJIIICb MHOrD'IHCJieHHbie 3KCIIepnMeHTbl 110 IIpOBepi<:e 

CM Ha ycKopnTeJIHX BhiCOKIIX aHepruii n a rrpe.n;enax TO'IHOCTu aTnx aKciiepnMeHTOB 

He 6bmo o6Hapy)KeHo HU o,n;Horo pacxo)K)l;eHII.H OT 1Ipe,n;cKa3aHui1 CM. C IIO.HBJieHII

eM HOBhiX ycKopnTeneii (LHC, ILC, CLIC) IIO.HBJI.HeTCH B03MO)KHOCTb 1IpoaepKn CM 

C TO'IHOCTbiO :::::! 1%, 'ITO IIpe,IJ;IIOJiaraeT BhiiiOJIHeHIIe TeopeTII'leCKIIX paC'leTOB C eiii,e 

60Jihmei1 TO'IHOCTbiO ( < 0.3%), 'IT06bi He BHOCIITb ,Il;OIIOJIHHTeJibHJIO CIICTeMaTII'le

CKJIO IIOrpemHOCTb IIpH CpaBHeHIIII pe3JJibTaTOB 3KCIIepiiMeHTOB C 1Ipe,n;CKa3aHIIHMII 

TeOpiiH. 

O.n;nuMu H3 1Ipou;eccoa, IIpe,n;cTaBJI.HIOIII,HX 6onhmofi nuTepec ,n;JI.H ¢u3u'leCKOfi 

1IporpaMMbi 6y.n;yiii,ux aKCIIepuMeUTOB ATLAS u CMS na ycKopnTene IIPOTOUOB LHC 
u ,n;JI.H rrpoao,n;nMhiX B uacTO.HIII,ee apeMH aKciiepuMenTOB DO u CDF ua Konnafi.n;epe 

Tevatron, r.n;e CTaJIKHBaiOTCH IIJ'IKII IIpOTouoa u aHTHIIpoTouoa, .HBJIHIOTC.H IIpou;ecchr 

TUlia )Ipenna-5IHa IIO KauanaM 3ap.H)Kenuoro u uefiTpanbnoro TOKOB, ua3biBaeMhie 

TaK)Ke IIpou;eccaMu O,Il;HHO'IHOro po)K.n;enu.H w ll z 6030HOB: pp -+ w± + X -+ 

£±ve(l) +X, pp -+ 1, Z +X -+ e-e+(J) +X, pp -+ w± +X -+ £±ve(J) +X, 
pp -+ I, z + X -+ e-£+ (I) + X. 9TH IIpou;eccbl nerKO perHCTPIIPYIOTC.H B ,n;eTeKTO

pax u IIMeiOT 6onhmoe ce'!eHire (:::::! 1 u6). flpen;n3nonuoe n3y'leune aTux IIpou;eccoa 

HCIIOJib3JeTC.H ,Il;JIH OIIpe,n;eJieUH.H 'IIapTOUHbiX <l>YHKIJ;HH paCIIpe,n;eneHH.H, JTO'IHeUIIH 

3Ua'lenufi IIapaMeTpOB Mw, sin2 eeff, rw, rz, MOUHTOpunra CBeTUMOCTH ycKopnTe

JI.H II KaJIH6pOBKH ,n;eTeKTOpOB. ,lJ,JIH ,IJ;OCTII)KeHHH Tpe6yeMOH TO'IUOCTH Heo6XO,Il;HMO 

y'leCTh aneKTpocna6ble II KX,[I, IIOIIpaBKH u HX B3auMuoe BJIH.Hnue. 

Cornacuo CM ,n;oMHHHpyiOIII,HM · KaHaJIOM paciia,n;a TOII-KBapKa .HBJIHeTc.H 1Ipo

u;ecc t -+ bW+ C OTHOCHTeJibHOH BepO.HTHOCTbiO 99.9%. B CBOIO oqepe,n;b, OTHO

CHTeJibUa.H Bepo.HTHOCTb pacrra.n;a- W -6o3ona na 3ap.H)Kenuhrfi neiiTOH u HefiTpuno 

Br(W+ -+ e+ve) :::::! 11%. TaKIIM o6pa30M, IIOJiyJieiiTOHHbie paCIIa,IJ;bi t -+ b£+ve 
(£+ ==' e+,JL+,r+) COCTaBJI.HIOT IIpH6JIU3HTeJibHO TpeTh BCeX paCIIa~OB TOII-KBapKa. 

IJpen;H3HOUHOe Bbi'IHCJieHHe IIOIIpaBOK K 3Ha'leUIIHM mupuH ,n;aHHbiX paCIIa,IJ;OB II03-

BOJIIIT JTO'IHHTb 3Ha'lenHe IIapaMeTpa vtb MaTpnn;hr Ka66II6o-Ko6aHmu-MacKaBa. 

Cpe,n;CTBOM ,n;JIH uaH6onee TO'IHOro u 1Io.n;po6Horo cpaBueuH.H 1Ipe,n;cKa3<l.nuii Teo

piiH c pe3yJihTaTaMH aKciiepuMenTOB B nacTO.HIII,ee apeM.H HBJIHIOTCH MonTe-Kapno 

renepaTophl co6b1Tui1 c e.n;unH'IHhiM aecoM, IIpe,n;cTaBJIHIOIII,ue co6oii 1IporpaMMbr, 

MO,Il;eJIHpJIOIII,He peaJibHble IIpon;ecChl, IIpOHCXO,n;.HIII,IIe rrpu CTOJIKUOBeHHH 'laCTHIJ; Bbl

COKHX aneprufi. TaKHe H3BeCTnhre IIporpaMMhl KaK PYTHIA u HERWIG Mo,n;enupyroT 

1IpOIJ;eCCbl CTOJIKHOBeHU.H a.n;pOHOB II JieiiTOHOB UaU60Jiee IIO,IJ;p06no, J'IIITbiBa.H o6-

pa30BaHUe IIapTOHHhiX nuaneii, a.n;ponu3an;uro n pacrra.n; o6pa3JIOIII,IIXC.H a.n;ponoa. B 
OCHOBe IIX Jie)KUT TaK Ha3biBaeMbiH )KeCTKIIH 1Ipou;ecc CTOJIKUOBeHII.H IIapTOHOB TUlia 

2 -+ 1, 2 -+ 2 HJIH 2 -+ 3 ,n;JI.H KOTOpbiX li3BeCTeH KBa,IJ;paT MaTpH'IHOrD SJieMeHTa. 

06'1e)J.HHQHH1HI llliCTHTYT 
S,LiCpHhiX HCCne,[iOBaHI1Il 

I BHBDMOTEI{A i 



Ho .z:r,JI.H MHOriix 3TIIX npou;eccon MaTprPmhrii 3JreMeHT noc'IIITan .JIIIIllb n 6opnon
CKOM npii6.JIII:lKeHIIII. )];.Jill Y'leTa 3¢¢eKTOB BbiCilliiX nopH,ll;KOB MO:lKHO IICnO.Jib30BaTb 

MoHTe-Kapno reHepaTOphr, KOTOphle reHep11pyroT co6biTIIH .JIIIIllb )l;JIH :JKeCTKIIX npo
u;eccon, HO C yqeTOM He06XO)l;IIMbiX nonpaBOK. 9TII C06biTIIH MOryT 6biTb 3aniiCaHbl B 
¢aii.Jihi, KOTOpbre nepe.u;a!OTCH )l;JIH o6pa6oTKII n MonTe-Kapno renepaTopbr o6r.u;ero 
Ha3Ha'leHIIH. 

IIpone.u;eHHoe nccne.u;onaHne npecne.u;ona.Jio cne.u;yrow;ne n;enn: 

• BhrrrO.JIHIITh pacqer o.u;noneT.JieBhiX 3.JieKTpoC.Jia6brx nonpanoK K npou;eccaM Tll

na ,Il;penna-5IHa 11 C03)l;aTb MonTe-Kapno reHepaTop )l;JIH .u;aHHhiX npou;eccon 
Ha OCHOBe 3TIIX Bbi'IIIC.JieHIIii. 

• IIponecTu pac'leT 3.JieKTpocna6hrx IIOIIpanoK K rnnpiiHaM IIonyneiiTOHHhlX pac

IIa.u;on TOII-KBapKa t-+ bfv1('y) na O,ll;HOneT.JieBOM ypOBHe TO'IHOCTII II C03)l;aTb 
MoHTe-Kapno renepaTop ,ll;JI.II .u;annhrx paciia.u;on. 

• Co3.u;aTb nnTep¢eiic Me:lK,ll;J MoHTe-Kapno reHepaTopaMn SANC )l;.JI.H npou;eccon 

Tnna ,Il;penna-5Iua n npou;e)l;ypaMII IIapTOHHhiX nunnefrn nporpaMMax PYTHIA 
u HERWIG. 

• Y'leCTh BK.Jia.u; o6paTHoro TOpM03uoro n3.Jiy'leHu.H B ceqeun.H npou;eccon TIIIIa 
)];penna-5Iua. 

Hay<IHa» HOBH3Ha pa6oTbi. 

• C noMor.u;b!O CIICTeMbi SANC Bbi'InC.JieHbi nonnhre o.u;HoneT.Jienbre 3.JieKTpocna6hre 

nonpanKn K ceqeun.HM npou;eccon TIIna ,Il;penna-5IHa no KaHa.JiaM 3ap.H:lKeHHO

ro II neiiTpanbnoro TOKOB. Bhlno npon.e.u;eHo cpanueune c pe3y.JihTaTaMn, nony
'leHHhiMII He3aBIICIIMO II O)l;HOBpeMeHHO ,ll;pyriiMll rpynnaMII npn O)l;l!HaKOBbiX 

nxo.u;nhrx napaMeTpax, KOTopoe noKa3a.JIO xopornee cornacne 3Tnx pe3y.JibTa
TOB. 

• Bnepnbre Y'~Tenhr BK.Jia)l;hi o6paTHoro TOpM03Horo n3nyqenn.H B ceqenne npo
u;eccon TIIna )J;penna-5Ina, .HB.JI.HIDr.u;IIec.H qacTbiO 3.JieKTpOC.Jia6brx nonpanoK. 

• B CIICTeMy SANC nne.u;penhi o.u;noneT.JieBhre 3.JieKTpocna6bre nonpaBKII K nony
nenTOHHhlM pacna)l;aM TOn-KBapKa. 

• Bnepnhre c03.u;anbr MonTe-Kapno renepaTOpbi co6hlTIIii c e.u;nnii'IHbiM necoM 

,ll;JIH npou;eCCOB TIIna ,Il;pe.JI.Jia-5Ina II IIO.Jiy.JieiiTOHHbiX paCna)l;OB TOII-KBapKa C 
yqeTOM IIO.JIHbiX O,ll;HOIIeT.JieBhlX 3.JieKTpOC.Jia6biX IIOIIpaBOK. 

ITpaKTU<IecKaa n;eHHOCTh pa6oThi. 

Pe3y.JihTaTbi .u;IIccepTau;nii naii,ll;JT cnoe npnMenenue npu Bbi'IIIC.JieHIIII BKna.u;on 
npou;eccon CM B 3KcnepnMenTax ATLAS u CMS no npeu;n3IIonnoii nponepKe CM 
n noncKy nonoii ¢n3IIKII na ycKopnTe.Jie LHC. 
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OcHOBHbie pe3y.liLTaTLI, Bbi)J;BHraeMbie .u;na 3aiD;HTbl: 

1. IIony'leHbi ce'leHIIH npou;eccon Tllna ,IWe.Jina-5IHa no KaHa.JiaM 3apH:lKenHoro 
II HeiiTpa.JibHOro TOKOB pp -+ w± +X -+ e±ve('y) +X, pp -+ w± +X -+ 

e±ve('y) + x, PP -+ "f, z + x -+ e-e+('y) + x, PP-+ "/, z + x -+ e-e+('y) + 
X Ha a.u;pOHHOM yponHe c yqeroM o.u;noneT.JieBhiX · 3.JieKTpoC.JI~6hrx nonpanoK. 

lfcC.Jie)l;OBana 3aBIICIIMOCTb noppaBOK OT Bbi6paHHOii CXeMbi IIX Bbl'IIIC.JieHI~H. 

2. Bnepnbre no.JIHOCTb!O yqTeHhi 3¢¢eKTbi o6paTHoro TOpM03Horo n3nyqeniiH 

)l;JI.H npou;eccon Tuna ,Il;pe.JIJia-5Ina. XoT.H 3TH 3¢¢eKThi Ma.Jihi )l;JI.H nonnoro 

Ce'leHU.II ( < 1%), IIOKa3aHO, 'ITO IIOIIpaBKa, CB.H3aHHa.II C 3TIIMII IIpou;eccaMU, 

MO:lKeT )l;OCTIIraTb "' 10% )l;JI.H .u;u¢¢epenu;uanbHhlX paciipe.u;eneuuii no none

pe'IHOMY nMIIY.Jibcy Pr(f+) .JieiiToua IIpn 3uaqeuuHx PT(f+) ~ 100 GeV. 

3. BIIepBbie IIO.Jiy'leHbi 3Ha'leHU.II IllllpiiH IIO.Jiy.JieiiTOHHbiX paCIIa)l;OB TOII-KBapKa 

t-+ bfve( +"f) (f = e+, JL+, T+) B.O)l;HOneT.JieBOM 1Ipii6JIU:lKeHUII 3.JieKTpOC.Jia6oii 
Teopuu IIpii pa3.JIII'IHOM Bbi6ope cxeM Bbi'IIIC.JieHU.II 6e3 IICnO.Jib30BaHU.II KaC

Ka)l;HOrO npU6.JIU:lKeHU.II. 

4. Co3.u;aHhi MoHTe-Kapno uui'erpaTOpbi u reHepaTOpbi co6brTnii c e.u;nHH'IHbiM 

necoM )l;JI.H npou;eccon Tuna ,Il;penna-5IHa u nonynenToHHhiX pacna.u;on Ton

KnapKa Ha O)l;HOIIeT.JieBOM ypOBHe TO'IHOCTII. )J;.JI.H npon;eCCOB TUna ,Il;pe.JI.Jia-

5IHa C03,D;aH HHTep¢eiic Me:lK,ll;Y MonTe-Kapno reHepaTopaMu SANC u reHepa

TopaMn o6r.u;ero Ha3Ha'leHII.H PYTHIA u HERWIG, no3BO.JIH!Or.u;uii yqecTb BK.Jia)l;hi 

napTOHHbiX JIIIBHeii. 

Anpo6an;na pa6oTbi. 

OcHOBHbie pe3y.JibTaTbi )l;IICcepTau;mr )l;OK.Jia)l;biBa.JIIICb II o6cy:lK)J;a.JIIICb na ceMII

Hape Jla6opaTopmi TeopeTII'IecKoii <l>II3IIKII IIM. H.H.Boron106ona OII5III (31 OK

T.H6p.H 2008 r.), ua Pa6o'IIIX Coner.u;auii.HX no ¢II3H'IeCKOii nporpaMMe ATLAS (28 

anpe.JI.H II 25 noH6p.H 2005 r., 14 anpe.JI.H II 22 .u;eKa6p.H 2006 r., 25 .u;eKa6p.H 2007 

r. 11 21 aiipe.JI.H 2008 r.), ua coner.u;amr.Hx ATLAS Monte-Carlo Generator meeting B 

CERN (14 .HHBap.H 2006 r., 8 OK.T.H6p.H 2007 r. li 9 cenT.H6p.H 2008 r.), a TaK:lKe na KOH
¢epeuu;II.HX TOP2006 (KoiiM6pa, IIopTyra.JIIIH, 12-15 .IIHBap.H 2006 r.), CALC2006 

(,IJ;y6na, 15-25 IIIO.JI.H 2006 r.), ACAT2007 (AMcTep.u;aM, 23-27 anpen.H 2007 r.) II 

ACAT2008 (CIIIJ;II.JIII.H, 3-7 uo.H6p.H 2008 r.) 

11y6miKaiJ;HII. 
ITo pe3y.JibTaTaM )l;IIccepTan;IIII ony6.JIIIKOBauo 'leTbipe cTaTbii B Be,ll;Jr.u;nx peu;en-

3IIpyeMbiX :JKypnanax n 'leTbrpe pa6oThl B Tpy.u;ax KOH¢epenu;IIii. 

06'beM II CTPYKTypa .u;nccepTan;nn. 
)J;uccepTaiJ;II.II COCTOIIT II3 BBe)l;eHII.II, Tpex r.JiaB II 3aKJIID'IeHII.H. 
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Co,u;ep)lffiHIIe pa60Tbi 

Bo nne,u;eHIIII- oqep'IeH Kpyr IICCJie,u;yeMhiX npo6JieM, KpaTKO ccpopMymtpona

Hhi IICnoJih3yeMhie MeTO)J;hi II pe3JJihTaThi, noJiy'leHHhle n ,n:IIccepTan;IIII. IIpiine.n;eno 

co.n;ep:amniie ,n:IIccepTan;IIII no rJianaM. 

B nepnoii rJiane ,n:IIccepTaD;IIII npiine.n;eno Bhi'IIICJiemie nOJIHhiX o.n;noneTJieBhix 

3JieKTpoCJia6hiX nonpanoK K npou;eccaM TIIna ,LWMJia-51na no KanMaM 3ap.!DKeH

noro II HeiiTpaJihHOro TOKOB: PP -+ w± +X -+ f±ve(J) +X, pp-+ w± +X -+ 

e±ve(J) + x, PP -+ ,, z + x -+ e-e+(J) + x, PP -+ ,, z + x -+ e-e+(J) + x. 
PacqeThi BhiiiOJIHeHhi c noMOIIJ;hiO CIICTeMhl SANC. Macchi Ha'laJihHhiX KnapKOB npe

ne6peraiOTCH 3a IICKJIIO'leniieM CJiyqaen, Kor.n;a OHII npiiCJTCTBJIOT B apryMenTax 

JIOrapucpMII'lecKIIX cpynKD;IIii. Macchi KOHe'IHhiX JienTonon y.n;ep:amnaroTCH ncro,u;y. 

Bhi'IIICJieHnH npone.n;enhi n R~ KaJIII6ponKe c TpeMH KaJin6poBO'IHhiMII napaMeTpa

MII. IIoJIHhie pa,n:IIaiiiiOHHhle nonpaBKII nopH,n:Ka O(a) .n;eJIHTCH na BIIPTYaJihHhre (o.n;

norreTJieBhie) avirt(..\) n peaJihHhie. IIocJie,n.HIIe, n cnoro oqepe,n:h, ,n:eJIHTCH na MHrKoe 

a• oft ( ..\, w) n :lKeCTKOe ahard ( w) TOpM03HOe II3Jiy'leHIIe. BcnoMoraTeJihHhie rrapaMeT

phi ..\ - <<Macca cpoTOHa>>, peryJIHpii3JIOID;aH uncppaKpacnhle .pacxo,n:IIMOCTn n cpii3II

qeCKIIX na6Jiro,n:aeMhiX II w.- 3HeprnH cpoTona, pa3,n:eJIHIOIIJ;aH o6JiaCTII MHrKoro n 

:lKeCTKOrO TOpM03HOrO II3JIJ'IeHUH, COKpaiiJ;aiOTCH IIpii CJMMIIpOBaHIIU BCex BKJia)J;OB 

U He BXO)J;HT B OKOH'laTeJihllhlll pe3JJibTaT. 

O.n;norreTJienble pa,n:IIau;uonnhie rrorrpanKu co.n;ep:lKaT cJiaraeMhie, KOTOphie rrpo

rropn;IIOHaJihHhr JiorapiicpMaM Mace KnapKon log(s/m~,d). Onii IIOHBJIHIOTCH no BKJia

.n;ax II3Jiy'leHII5I n3· Ha'laJihHOrO COCTOHHUH, BKJIIO'laH MHrKOe II :lKeCTKOe TOpM03HOe 

II3Jiyqenue u nupTJMhHOe II3Jiyqeniie cpoTona. TaKue Macconhie cunryJIHpnocTII xo

pomo II3BecTHhi, narrpiiMep, n npou;eccax e+e--annuruJIHIJ;IIII. Ho n cJiyqae CTOJIKHo

neHIIH a.n;ponon 3TH JiorapiicpMhi y:lKe 3cpcpeKTIIBHO J'ITenhr B rrapTOHHhiX cpynKD;IIHX 

pacrrpe,n:MeHIIH (PDF). <I>aKTU'leCKII, rrpii II3BJie'leHIIII PDF H3 3KcrrepiiMeHTaJihHhiX 

.n;annhiX, pa,n:IIaiJ;IIOHHhie K8,ll; rrorrpanKII K KnapKOBhiM JIIIHIIHM ne 6hiJIII CIICTeMa

TII'IeCKII Bhi'ITeHhi. IIo3TOMY cyiiJ;eCTBYIOIIJ;IIe PDF 3cpcpeKTIInno BKJIIO'IaiOT n ce6H 

ne TOJihKO KX,ll; 3BOJIIOIJ;IIIO, no II K8,ll; 3BOJIIOIJ;IIIO. BoJiee Toro, II3BecTno, 'ITO rro

ne,n.eniie JIII.D:IIPYIOIIJ;IIX JiorapiicpMon K8,ll; II KX,LJ; 3BOJIIOIJ;IIII KnapKOBhiX cpyHKIJ;IIii 

pacrrpe,n:eJieHIIH n cooTneTCTBIIII c ypanneniiHMII ,ll;oKmiiu;epa-fpii6ona-JIIIrraTona

A~hTapeJIJIII-IIapii3II anaJiorii'IHO. TaKIIM o6pa3oM, rroJiyqaeTCH 3BOJIIOD;IIH PDF c 

3cpcpeKTIIBHOH KOHCTaHTOii CB5I3II 

aeff ~a + Qt a 
s ~ s Cp , (1) 

r,n:e a 8 - KOHCTaHTa CIIJihHOrO B3aiiMO)J;eiiCTBIIH, a - nOCTOHHHaH TOHKOH CTpyK

TJphi, Q; - 3apH,n: KBapKa II Cp - u;neTonoii MHO:lKIITMh KX,LJ;. HeTpiiBIIaJihHaH 

pa3IIIlu;a K8,ll; u KX,ll; 3BOJIIOD;IIII na'IIIHaeT noHn.iiHThCH n Bhicmux nopH,n:Kax u co

OTBeTCTBJIOIIJ;nii IIM quCJieHHhiii BKJia,n: MaJI no cpanneHIIIO c ocTaiDIIJ;UMIICH KX,ll; 

neonpe.n;eneunocTHMII n PDF. Bo II36e:lKanue .n;noiinoro yqeTa KBapKOBhiX MaccOBhiX 

CimryJI.HpiiocTeii 6biJia rrpnMenena rrpou;e,u;ypa Bhi'IUTamm )J;JIH K8,ll; rrorrpaBOK K 
paccMaTpiinaeMhiM rrpou;eccaM. 

4 

,ll;JIH 'IIICJieHHhiX paC'leTOB IICnOJih30DaJIIICh ,li.Be CXeMhl Bhi'IIICJieHIIii: a-CXeMa II 
G p-cxe:Ma. B a-cxeMe n Ka'IeCTne KOHCTaHThl cnrou IIcnoJih3yeTCH 3Ha'leHIIe rrocTo

Huuoii TOHKoii CTPJKTYPhl a(O). B Gp-cxeMe sJie:KTpOMarniiTHaH nocTOHHHaH ~hi
'IIICJIHeTCH no cpopMyJie 

..;2 2 ( Mfi,) acF = -;-GFMw 1-~ . (2) 

II IICIIOJih3JeTC5I ,lJ.IDI napaMeTpii3aD;UII 6opUOBCKOrQ ceqeHIIH, B TO BpeMH KaK B CO

OTBeTCTBJIOIIJ;IIX IIOIIpaBKax UCnOJih3JeTC5I KOIICTaHTa CB5I3II a(O). 

TaK:lKe y'ITen BKJia)J; rrpou;eccon o6paTuoro ropMo3uoro II3Jiy'leHIIH h1 + h2 -+ 

X +I+ q -+ X+ q + el + l2. Bhi'IUCJieHIIH npone,n.eHhl KaK )J;JIH npou;eccoB na 

napTOHHOM yponne (T. e. npou;eccon B3aiiMo,n.eiiCTBII5I cno6o,n:nhlx KBapKon), TaK II 

,ll.JIH a.n;poHHhiX npou;eccon - npou;eccon CTOJIKHoneHIIH npoTonon pp na LHC u rrpo

Tona II anTIInporona pp na ycKopiiTeJie Tevatron. IIpu pac'!e:Te npou;eccon na a.n;

ponnoM yponne npuMen5IJiacb cnepTKa ,n.IIcpcpepenn;IIaJihHhiX ceqeuiiii napTOHHhrx 

no,n:rrpOD;eCCOB CO CTpJKTJPHhiMII cpyHKD;JIHMII COOTBeTCTBJIOID;IIX KBapKOB. J1crrOJih-

30BaJIIICh na6ophi CTPYKTYPHhiX cpynKu;IIii MRST2004QED u CTEQ6L. 
3aBIICIIMOCTh pe3J.111>TaTOB OT Bhl6opa 3JieKTpOCJia6oii CXeMbl Bhi'IIICJieHIIH IIJIJIIO

CTpiipyeT Ta6JIIIu;a 1. B neii npiine.n;enhr 3na'IeHIIH ceqeniiH napTounoro npou;ecca 

Ud-+ £+ve(/) B 6opHOBCKOM II O)J;HOneTJieDOM rrpu6JIII:lKeHII5IX )J;JIH )J;BJX CXeM Bhi'IIIC

JieHIIH (a(O) II Gp) II cooTneTCTBJIOID;M pa3nnu;a, CBH3annaH c pa3JIII'IHhiM nhr6opoM 

cxeM. ,ll;nH ceqeHIIH 6opnoBCKoro npu6nu:lKeHIIH pa3nuu;a n -7.3% CBH3ana c pa3JIII

'IIIeM KOHCTaHT CB5I3H B )J;BJX cxeMax. KaK II CJie)J;OBaJIO O:lKII)J;aTh, pa3HHD;a )J;JIH 

ceqenuii n o.n;norreTJienoM npii6JIII)Kennii Menhme, no nee :lKe 3aMeTna. 

Pe3yJihTaThi corJiaconannoro cpannennH Me:>K.D:Y MmiTe-KapJio rrporpaMMaMII 

SANC, HORACE II WGRAD2 ,ll.JIH rrpou;eccon Tnrra ,LWMna-51na no KaHMY 3apH:lKenuoro 

ToKa na a.n;ponnoM: yponne na ycKopnTMHX Tevatron u LHC rroKa3aHhi n Ta6niiu;ax 

2 II 3, COOTBeTCTBeHHO. 113 Ta6JIIIIJ; BH)J;HO XOpomee COrJiaCIIe pe3JJibTaTOB. 

Ta6niiu;a 4 co.n;ep:lKnT pe3yJihTaThi cornaconannoro cpannenuH Me:lK,u;y rpyrrrraMu 

SANC, HORACE u ZGRAD2 ,ll.JIH rrpou;ecca nma ,LWMna-51ua rro KaHaJIY neiiTpaJihHO

ro TOKa na a.n;ponnoM yponne na ycKopHTMe LHC. BII,n.no, 'ITO pe3yJihTaThi ,li.JIH 

neiiTpMhnoro TOKa TaK:lKe corJiacyiOTCH n npe,n:Max omn6KII. 

B Ka'IecTne rrpuMepa ,n:IIcpcpepeHD;IIaJihHhiX pacrrpe,n:MeHIIii na Puc. 1 rrpnne.n;e

Hhi rrorrpaBKII K pacrrpe,n:MeHIIHM no rrorrepeqnoii Macce Mr(£+v1) ,ll.JIH o,n:Iinoquoro 

pO:lK)J;eHIIH w+ na YCKOPIITM5IX Tevatron II LHC. IIonpaBKII K pacnpe,n:MeHIIHM no 

unnapiiaHTnoii Macce M(e+e-) ,ll.JIH o.n;unoqnoro po)K)J;eHIIH Z na ycKopiiTene LHC 
noKa3aHhi ua Puc. 2. Pe3yJihTaThi pa3JIII'IHhrx rpynn cornacyiOTCH n npe,n.Max CTa

TIICTII'leCKIIX OIHIIfiOK. 

Pe3yJihTaThi ,IJ.mi nonpanoK, CBH3annhlx c npou;eccaMn o6paTnoro TOpM03HOro 

u3JiyqeuiiH, npe,n:CTaBJieHhl n Ta6n1Iu;ax 5 u 6. Ha pucynKe · 3 noKa3aHhr nonpanKn, 

CBH3aHHhie c 3TIIMH npou;eccaMn, ,li.JIH pa3JIII'IHhiX ,n.ucpcpepenu;IIMhHhiX pacnpe,n.e

neuuii. 
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,;§jGeV 40 80 120 200 500 1000 2000 

B-o/pb, (Gp). 2.646 7991.4 8.906 1.388 0.165 0.0396 0.00979 

8-o/pb, [a(O)J 2.454 7410.2 8.258 1.287 0.153 0.0368 0.00908 

oof% (cliff) -7.3 -7.3 -7.3 -7.3 -7.3 -7.3 -7.3 

B-1/pb, MS (Mw), (Gp) 2.665 8183.2 7.796 1.345 0.183 0.0467 0.01195 

B-1/pb, MS (Mw ), (a(O)J 2.617 8029.5 7.721 1.324 0.179 0.0455 0.01162 

od% (cliff) -1.8 -2.0 -0.5 -1.5 -2.6 -3.1 -3.3 

Ta6mm;a 1: IloJIHOe ceqeune naproHHOro npou;ecca ud ___. e+vl('y) B 6opHOBCKOM n: 

o,n;HorreTJieBOM rrpu6nmKeHmiX .n;Jlll cx:eM Bhiqn:CJieHn:H Gp u a{O) 11 cooTBeTCTBYIO

m;aH pa:~HUIJ;a, CBH3aHHaH C pa3JUI'IHbiM Bbi60pOM CX:eM.
1 

10 
t:..[%] 8 HORACE -_j t:.. (%] 

SANG······ 

t:..[%] 

0 

~ 

~ 

~ 

~ 

-W 

Tevatron 

w~ w+-+ e+v., 

bare cuts 

-121 I I I I I ,"' I I I I 

-2 

W U 00 ~ ro ~ M M 00 ~ ~ 

Thva.tron 

pP-+ w+ -+ p+v,. 

bare cuts 

SANG······ 
WGRAD -·-·-

-4~~~~J-~--L-~~~J--L~ 
W U 00 ~ ro ~ M M 00 ~ ~ 

MT(!'+v,.) (GeV] 

t:..(%] 

-2 

-4 

-6 

-8 

-10 

LHG 

pp-+ w+ -+ e+v., 

bare cuts 

HORACE-
SANG······ 

WGRAD -·-·-

\f
. ....u:.r&~ ?'"'- ;r.l 

. 

-12~~~~~~--~-L--L--L--L-~ 

w u ro ~ ro ~ w M oo ~ ~ 

0 

-1 

-2 

MT(e+v,) (GeVJ 

LHC 

pp-+ w+ -+ p+v,. 

bare cuts 

HORACE--
SANC······ 

WGRAD --·-

··~~·· , ... u· ''"· 

t 
-31 I I I I I ,lf I I I I 

w u ro ~ ro ~ w M oo ~ ~ 

MT(!'+v,.) (GeVJ 

Puc; 1: 0THOCHTeJihHaH rronpaBKa D.(%) K pacnpe.n;eneumo no nonepeqHoii Macce 

MT(f+vt), CBH3aHHaH c 3JieicrpOCJia6biMII norrpaBKaMn: rropH,IJ;Ka O{a) ,IJ;JIH o,n;nHoq

Horo pO.>K,IJ;eHUH w+ Ha YCKOpBTeJUIX Tevatron II LHC. 
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~ 
J 

\_ 
'J 

' ' 

Tevatron, pji--+ w+ --+ e+ve 

bare cuts calo cuts 

LO (pb} NLO (pb] D.[%] LO [ph] NLO [pb) D.[%] 

HORACE 773.509(5) 791.14(2) 2.279(3) 733.012(5) 762.21(3) 3.983(4) 

SANC 773.510(2) 791.04(8) 2.27(1) 733.024(2) 762.03(9) 3.96(1) 

WGRAD2 773.516(5) . 791.01(5) 2.268(7) 733.004(6) 762.00(5) 3.956(6) 

Tevatron, pp--+ w+ --+ p,+v11 

bare cuts calo cuts 

LO [pb} NLO [pb) D.[%] LO [pb} NLO [pb} D.[%] 

HORACE 773.509(5) 804.18(2) 3.965(3) 732.913(6) 738.16(3) 0.716(4) 

SANC 773.510(2) 804.07(6) 3.951(7) 732.908(2) 738.01(5) 0.696(7) 

WGRAD2 773.516(5) 804.11(1) 3.955(2) 732.917(6) 738.00(1) 0.693(2) 
-

Ta6nuu;a 2: Pe3yJihTaTbi cornacoBanHoro cpaBHeHnH Me)l{.n;y SANC, HORACE 11 WGRAD2 
,IJ;JIH rrpou;ecca O,IJ;IIHOqHor~ pO)I{,IJ;eHllH w+ Ha ycKOpUTeJie Tevatron. 

LHC, pp -+ w+ --+ e+ve 

bare cuts calo cuts 

LO [pb] NLO (ph) D.[%] LO [pb} NLO [pb} D.[%] 

HORACE 5039.11(4) 5140.6(1) 2.014(2) 4924.17(4) 5115.5(2) 3.886(4) 

SANC 5039.21(1) 5139.5(5) 1.99(1) 4925.31(1) 5113.5(4) 3.821(9) 

WGRAD2 5039.16(7) 5139.6(6) 1.99(1) 4924.15(5) 5114.1(6) 3.86(1) 

LHC, pp -+ w+ --+ p,+v11 

bare cuts calo cuts 

LO [pb} NLO [pb} D.[%] LO [pb} NLO [pb} D.[%) 

HORACE 5039.11(4) 5230.5(2) 3.798(4) 4925.16(5) 4944.5(2) 0.393(4) 

SANC 5039.21(1) 5229.4(3) 3.775(7) 4925.31(1) 4942.5(5) 0.349(9) 

WGRAD2 5039.16(7) 5229.9(1) 3.786(3) 4925.30(7) 4943.0(1) 0.360(3) 

Ta6n11u;a 3: Pe3yJihTaTbi cornacoBaHuoro cpaBHeHn:H Me)I{,IJ;y SANC, HORACE 11 WGRAD2 
,IJ;JIH rrpou;ecca O,IJ;llH~qHoro pO)I{,Il;eHUH w+ Ha ycKOpllTeJie LHC. 
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LHC, pp-> Z,"f-> e+e-

bare cuts calo cuts 

LO [pb] NLO [pb] 0 [%] LO [pb] NLO [pb] 0 [%] 

HORACE 739.34(3) 742.29(4) 0.40(1) 737.51(3) 755.67(6) 2.46(1) 

SANC 739.3408(3) 743.072(7) 0.504(1) 737.857(2) 756.54(1) 2.532(2) 

ZGRAD2 737.8(7) 743.0(7) 0.71(9) 737.8(7) 756.9(7) 2.59(9) 

LHC, pp-> Z,"f-> 1-'+1-'-

bare cuts calo cuts 

LO [pb] NLO [pb] o[%J LO [pb] NLO [pb] 0 [%] 

HORACE 739.33(3) 762.20(3) 3.09(1) 738.28(3) 702.87(5) -4.79(1) 

SANC 739.3355(3) 762.645(3) 3.1527(4) 738.5331(3) 703.078(3) -4.8006(3) 

ZGRAD2 740(1) 764(1) 3.2(2) 740(1) 705(1) -4.7(2) 
- -·-- L-... 

Ta6Jiuu;a 4: Pe3yJihTaThi corJiacosmmoro cpasnenua Me)K,rry SANC, HORACE u ZGRAD2 
,n;Jia npou;ecca o,n;uno'!Horo po)i(,n;enua Z na ycKopuTeJie LHC. 

Pr,J"fGeV 25-00 50-00 100-00 200-00 500-00 

ao/pb 

DK 2112.2(1) 13.152(2) 0.9452(1) 0.11511(2) 0.0054816(3) 

SANC 2112.2(1) . 13.151(1) 0.9451(1) 0.11511(1) 0.0054813(1) I 

0-yq/% 

DK 0.071(1) 5.24(1) 13.10(1) 16.44(2) 14.30(1) 

SANC 1 0.074(1) J 5.24(1) _1_13.09(1) 16.43(1) 14.30(1) 

Ta6Jiuu;a 5: Ce'Ienua a0 u O"-yq npou;eccos p[q]p[q'] --> v~"f-L+x u p["f]p[q] --. v~"f-L+x, 
COOTBeTCTBeHHO u nonpaBKH 0-yq = 0"-yqj ao, noJiy'IeHHhie rpynnaMH DK u SANC ,n;Jia 

pa3JIH'IHhiX ,n;uana30HOB H3Meuenua nonepe'Inoro HMITYJibCa PT,J" MIOOHa na ycKopu

TeJie LHC. 
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M~"+~"-/GeV 50-oo 100-00 200-00 500-00 1000-00 

ao/pb 

HORACE 254.64(1) 10.571(1) 0.45303(3} 0.026996(2) 0.0027130(2) 

SANC 254.65(2) 10.571(1) 0.45308(3} 0.026996(2) 0.0027131(2) 

0-yq/% 

SANC 1 o.o47(1) 1 0.449(1} 1 o.m3(1) 1 o.496(1) 1 o.619(1) 

Ta6Jinu;a 6: Ce'Ienna a0 u a-yq npou;eccos p[q]p[q1
) --> f-L+ J-L-x n p["f]p[q] --. J-L+ JFX, 

COOTBeTCTBCHHO li nonpaBKa 0-yq = 0"-yq/O"o )l;Jla pa3.1Ili'IHhiX )l;Halla30HOB li3MCHCHHa 

unBapuanTnoii MaCChi M~"+~"- na ycKopiiTeJie LHC. 

180 

1:1 ::1 rit 
HORACE I fL HORACE--

SANC ·-·--·-· SANC ~--·--
ZGRAD2 -- ZGRAD2 ·---· 

120 

·~l f l 
00 

~ 
LHC 

~ 40 
pp-z-e+e-

bare cuts 
20 

20 

0 

-20 

-40 -20 
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200 

.AI1+t- (GeV) M,.,_ (GeV) 
35 

=~ 
HORACE-- n HORACE 

30 SANC -·-- SANC ·····-·--
ZGRAD2 ··--- ZGRAD2 ·····-···-

25 20 

15 
20 

~ ~ 
10 

15 LHC :r 9 LHC 
pp- Z- e+e- . w-z-p.+p-10 

calo cuts 
calo cuts 

-5 
~-:: 

-10 
L..cr' 

-5 -15 
60 80 100 120 140 160 180 200 60 80 100 120 140 100 180 :!0(1 

M,.,_ (GeV) M,.1- (GcV) 

Puc. 2: 0THOCHTeJibHaa nonpaBKa 8(%) K pacnpe,n;enenniO no unsapuanTHOii Macce 

M(e+e-), cBa3annaa c 3JieKTpoCJia6biMH nonpaBiciu.m nopa,n;Ka O(a) MH o,n;Imo'I
uoro po)K,n;enua Z na ycKopnTeJie LHC. 
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Puc. 3: 0TnocuTeRbHaR nonpaBKa, CBR3anrraa c npou;eccaMu o6paTnoro TOpM03noro 

U3JiyqerruR 

w, GeV rhard, 10-2 GeV rhard, 10-2 GeV 

(CompHEP) (SANC) 

10 0.2578(2) 0.2592(2) 

1 0.6982(3) 0.8582(2) 

10-1 0.8538(3) 1.5000(3) 

10-2 0.9628(4) 2.1495(3) 

10-3 1.0730(4) 2.8005(4) 

10-4 1.1809(3) 3.4525(4) 

Ta6JIIID;a 7: CpaBnerrue ,!VIR 3naqerruii mupunhi pacn3.Aa t -+ bf.L+VI-&y, noJiyqerrnhiX 

nocpe,n;cTBOM SANC 11 CompHEP ,!VIR E7 2:: w. 
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Scheme l rBorn,GeV ri-Ioop, GeV o,% 
a(O) e+,p.+,r+ 0.14948(1) 0.16064(1) 7.47 

GF e+,p.+,r+ 0.16018(1) 0.16299(1) 1.75 

Ta6JI11u;a 8: Ill1Ipurra pacna.n;a B 6opHOBCKOM II o,n;noneTJieBOM npu6Jiu:lKeHIIRX 11 

cooTBeTCTByimu;aR rronpaBKa B a(O) II GF cxeMax BhiquCJienuR. 

Bo BTOpoii rna.Be orruchiBaeTcR pacqeT o.n;rroneTJieBhiX 3JieKTpocJia6hiX nonpa

BOK K noJiyJienTOHHhiM pacn3.AaM TOn-KBapKa t -+ b£+vt( 1) (I!= e, f.L, r). PacqeT Bhi
noJinen B cpe.n;e SANC. IlOJIHaR O,li;HOneTJieBaR mupuna rl-loop pacna.n;a t-+ b£+vt(r) 
MO:lKeT 6biTh pa3)J;eJieHa Ha HeCKOJibKO CJiaraeMbiX: 

rl-loop = rBorn +•fvirt(>,) + rreal(>.,w), 

rreal(>.,w) = r•oft(>.,w) + rhard(w). 
(3) 

3,n;ecb fBorn - IDIIpliHa pacna,n;a B 6opHOBCKOM npu6Jiu:iKenuu, fvirt - BKJia)J; BUp

TYaJihHhiX nonpaBOK, rsoft U fhard - BKJia)J;bi M~ITKOrO II :lKeCTKOrO TOpM03HOrO U3-

Jiyqenmi, cooTBeTCTBenno. :BcnoMoraTeJihHhiii MaJihrii napaMeTp w (3nepruR ¢oTona 

B CUCTeMe nOKOR TOn-KBapKa) pa3)J;eJIHeT 06JiaCTII MRrKOrO U :lKeCTKOrO TOpM03HOrO 
U3Jiyqenuii, a napaMeTp A ( «Macca ¢oTOHa» ), BXO)J;RID;Uii B CJiaraeMhie rsoft II fvirt, 

peryJIHpu3yeT IIH¢paKpacnhre pacxo,n;uMocTu. 1-horOBhiii pe3yJihTaT )J;JIH mupunhi 
fl-loop B npe,n;eJiax liiilw-+0 II fiiDA-+0 He 3aBIICIIT OT 3naqenuii W U A. 

B quCJieHHhiX pacqeTax ucnOJih30BaJIUCh ,n;Be cxeMhi BhrqucJienuii: a(O)-cxeMa u 

G F-cxeMa. Pe3yJihTaThi ,IVIH :lKeCTKoro TOpM03Horo U3JiyqenuH cpaBHUBaJIUCh c co

OTBeTCTByroru;uMu pe3yJihTaTaMli li3BeCTHOii nporpaMMhi CompHEP. ch~ pe3yJihTaTbi 

npnBe,n;enhi B Ta6JimJ;e 7. Bu.n;no, qTo pe3yJihTaThi pacxo,n;RTCR, npuqeM TeM CHJih

nee, qeM Menhme 3Haqenue BcnoMoraTeJihnoro napaMeTpa w. Pacxo:lK,n;errue CBR3ano 

c neToqnoCThiO B nporpaMMe CompHEP, B03HIIKaroru;eii npu nepeMHO:lKenuu pa3miq
HhiX nponaraTopoB W-6o3ona. 

Pe3yJihTaThi noJIHhiX o,n;noneTJieBhiX 3JieKTpocJia6hrx BhrquCJienuii B a(O) u G F 

cxeMax npuBe,n;enhl B Ta6Jiuu;e 8. Pe3yJihTaT npaKTuqecKu rre qyBcTBUTeJieH K Macce 

JienTOHa, TaK KaK OHa yqUTbiBaeTCR TOJihKO B apryMeHTaX JIOrapu¢MOB, KOTOpble 

ucqe3aiOT comacno TeopeMe Kunom11Thl-Jlu-Hayen6epra. 

B TpeTheii rna.Be .n;uccepTau;11u ormcanhl MonTe-KapJio renepaTOphi co6brTuii 

c e.n;unuqnhiM BeCOM ,IVIH npou;eccoB Tuna ,[WeJIJia-5Irra. 8Tn renepaTOphi IICnOJih-

3YIOT CTan.n;apTHhle MO)J;YJIU SANC ,!VIR pa3Jiuqnhrx BKJia,n;oB B .n;u¢¢epenu;naJihnoe 

ceqenue paccr.mTpnBaeMhiX npou;eccoB. Ilpou;e,n;ypa renepau;uu co6hiTIIii ocnoBana 

na 3-AanTUBHOM aJiropnTMe FOAM u npoxo,n;uT B )J;Ba 3Tana: nocTpoenne onTIIMaJih

noii CeTKU, pa36uBaroru;eii o6JiaCTh nHTerpupoBanuH na MHO:lKeCTBO no.n;o6Jiacreii u 

nenocpe,n;cTBenno rerrepau;HH co6hiTIIii no aJiropiiTMy ¢on-HeiiMana. 
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PIIc. 4: Pacrrpe.n;eJieHIIH )l;JIH rrpo~ecca TIIrra .[q>eJIJia-51ua rro K3.HaJIY 3aps.:1Keuuoro 
TOKa B 6opHOBCKOM li O)l;HOIIeTJieBOM IIpM6JIH:IKeHHHX C y'leTOM rrapTOHHbiX JIIIBHefi. 

I1mpopMa~HH 0 creHepiipOBaHHbiX C06biTIIHX 3aiiiiChlBaeTCH B OT)l;eJibHhle ¢aii
Jibl B CTaH)l;apTHOM ¢opMaTe Les Houches accord. ,LI:anee STH ¢aiiJibi MoryT 6hiTb 
rrepe.n;aHbi )l;JIH o6pa6oTKH B reuepaTopbr o6~ero Ha3Ha'leHHH, TaKHe KaK PYTHIA 
H HERWIG, B KOTOpbrx y'ITeHbi s¢¢eKTbi rrapTOHHhlX JIHBHeii KX)J. n peaJIH30Baua 
rrpo~e.n;ypa a.n;poun3a~IIII II pacria..n;oB o6pa3yro~CH a.n;pouoB. 

TipnMephl rncTorpaMM )l;JIH pa3JIH'IIIbiX ua6Jiro.n;aeMbiX IIOKa33.Hhl ua PncynKe 4. 
Co6biTIIH )l;JIH STHX mcTorpaMM 6hiJIH creuepiipOBaiibi c rroMO~biO reuepaTopa SANC 
H o6pa6oTaHhi rrporpaMMoii PYTHIA. 

Co3.n;anuhle reuepaTopbr MOrYT ncrroJib30BaTbCH )l;JIH auanll3a .n;aHIIbiX c .n;eTeK
TopoB ATLAS n CMS. 

B 3aKJIIO'IeHHH c¢opMyJIIIpoBaiihl ocuoBHhle Pe3YJibTaTbi .n;HccepTa~IIII, Bbi)l;BII
, raeMbre )l;JIH 3a~IITbi. 
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