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06ru;a.H xapaKTepI:ICTI:IKa pa6oTbI 

AKTyaJihHOCTh TeMbI. 

ITepBbre Tprr ro,n;a sKcrrnyaTau;rrn BoJibrrroro a,n;poHHoro KOJIJiail,n;epa 

(LH C), rrprrMet.IaTeJibHoro ym1KaJibHO:ti. ynpaBJI5:!eMOCTbIO H cTa6HJibHOCTbIO pa6o

TbI, 6bIJIH osHaMeHoBaHbI HeCKOJibKHMM KpyrrttbrMrr ycrrexaMH coBpeMeHHOH ¢M3M

KH BbICOKllX SHepnrtt B rrepByIO Ot.Iepe,IJ,b 9TO, KOHeqHo, OTKpbITlle B 9KCIIeprrMeH

Tax ATLAS H CMS 6osoHa Xrrrrca - rJiaBHoro ofrbeKTa HCCJie,IJ,OBaHrrti ¢M3I1Klf 

sJieMeHTapHbIX 1-IaCTMll, B TeqeHHe rroc1re,n;1mx ,IJ,Byx ,n;ec5:!THJieTMH. HeMaJioBa)KHbIM 

BKJia,IJ,OM 5:!BJI5:!IOTC5I I1 pa60TbI no IIOCTaHOBKe orpaHnt.IeHMM Ha <PnsnKy 3a rrpe

,IJ,eJiaMH CTaH,n;apTHOH MO,IJ,eJIM (SM), B TOM qMcJie cyrrepcHMMeTpHqHbre MO,IJ,8JIM, 

,n;orroJIHnTeJibHbre I13MepeHM5:! n HOBbre KaJrn6poBOt.IHbre 6o30HbI. Y:tK:e Hat.IaJibHbIX 

,n;aHHbIX ,n;eTeKTopa ATLAS c nHTerpaJibHOti cBeTrrMOCTbIO 35pb-1, Ha6paHHbIX 

sa 2010r. rrpn ...jS = 7 TeV, xBaTHJIO ,.u;Jrn H3Mepemrn OTHorrreHM5:! ce1.reHM5I O,IJ,M

HOt.IHoro pO:tK:,IJ,eHI'.15.! I1 pacrra,n;a w 6o30Ha B SJieKTpOHHOM ll MIOOHHOM KaHaJiax B 

rrpou;eccax TMIIa ,IJ;peJIJia-5foa c T01-IHOCTbIO, COIIOCTaBlfMOM c MHpOBbIM ycpe,n;HeH

HbIM sHat.IemrnM Particle Data Group. 

CJie,n;yeT OTMeTMTb, t.ITO nsMepeHI'.15.! rrpou;eccoB ~peJIJia-5IHa B rJiy6oKo

Heyrrpyrnx rrpOTOH-IIpOTOHHbIX CTOJIKHOB8HI15IX lflVIeIOT cyrn,eCTBeHHOe 3Hat.IeHne 

,IJ,JI5:! ¢n3MKll BbICOKMX 9HeprI1ti. q8TKa5:! CllrHaTypa JieIITOHHbIX KOH8"9:HbIX COCT0-

5:!HI1M pacrra,.u;oB 9JieKTpOCJia6bIX 6o30HOB II03BOJI5I8T HaKaIIJIMBaTb ,IJ,OCTaTOLIHYIO 

CTaTMCTHKY ,IJ,JI5:! BbIIIOJIHeHM5:! HeCKOJibKlfX Ba)KHbIX 9KCII8pI1M8HTaJibHbIX 3a,.u;at.I, 

TaKMX KaK: yTOt.IHeHne sJieKTpocJia6brx rrapaMeTpoB ( Mw, mt, pa3JIIf1.IHbIX rrrnp11H 

ll KOHCTaHT CB5I3ll)' BbI,IJ,eJieHI'.18 cPYHKIJ;HH napTOHHbIX pacnpe,n;eJieHI'.!H (PDF)' Ka

JIM6poBKa 9JieMeHTOB ,n;eTeKTOpa I1 MOHI1TOpI1Hr CBeTMMOCTH, a TaK:tK:e ,IJ,OIIOJIHll

TeJibHa5:! HaCTpOHKa aJirOpI1TMOB JII1BHeo6pa30BaHI15I, I1CIIOJib3yeMbIX B nporpaM

Max MottTe KapJio ,Il;JI5I MO,IJ,eJIHpoBaHM5:! npo:o;eccoB. 

ToLIHOCTb TeopeTMqecKMX npe,n;cKasamrtI ,IJ,OJI)KHa COOTBeTCTBOBaTb IIOCT0-

5:!HHO noBbIIIIaIOrn,eilc5:! ToqHocT11 sKcnepIIMeHTaJibHbIX nsMepeHnil. OcHOBHbIMrr 

I1CTOqHnKaMI1 rrorperrrHOCTeH TeopeTIILI8CKii.l:X rrpe,IJ,CKa3aI-IllH 5:!BJI5IIOTC5I i) norperrr

HOCTI1 PDF, ii) Heonpe,n;eJieHHOCTb rnKaJI ¢aKTop113au;rrn n peHopMaJin3a:o;H11, a 

TaK)K8 iii) HeOHp8,li;8JI8HHOCTM, BbI3BaHI-IbI8 J1-I8TOM KOHeq1rnro q11CJia qJieHOB B 

nepTyp6aTI1BHOM pasJIO)KeHMM. ITocJie,.u;HIIH BKJia,IJ, KOHTpOJIHpyeTC5:! IIOBbrrneHM

eM IIOp5:!,Il;Ka pa3JIO)K8HI15:! no Teoprrn B03Myrn,eHM5:!, KOTOpoe, O,IJ,HaKo, CB5I3aHO c 

6oJibIIIMMM BbrqrrcJinTeJibHbIMI1 TPY,IJ,HOCT5IMM. Harrp11Mep, rrorrpaBKa NLO QCD 

K llHTerpaJibHOMY C81-IeHI1IO rrpou;ecca ,lJ;peJIJia-5IHa B KaHaJie H8HTpaJibHOI'O TOKa 

MO)K8T COCTaBlfTb IIOp5:!,IJ,Ka 203' B 3aBI1ClfMOCTI1 OT KMHeMaTI11-IeCKllX orpaHrrqe

HI1H. ITpn STOM y-qeT nonpaBOK cJie,.u;yIOrn,ero nop5:!,.u;Ka, NNLO, cocTaBJIZIIOIIJ;lfX 
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OKOJIO 2 - 33, Tpe6yeT Bbl'U1CJI8HH5I B ,1.J;eC5ITKI1 pa3 6oJibIIIero KOJIWieCTBa ,n;Ha

rpaMM H B coTHH pas 6oJibllle BpeMeHH CPU. 

TeopeTwrncKoe coo6ru;ecTBO rro,n;,n;epfKHBaeT rroTpe6HOCTb 9KcrrepHMeHTaTo

poB B MoHTe KapJio HHCTpyMeHTax ,D;JI5I rrpe:o;HsHOHHbIX BbI'IHCJieHH:ti rrorrpaBOK 

BbICllIHX rrop5I,D;KOB. Cyru;ecTByeT HecKOJibKO H3BeCTHbIX rrporpaMM, BbIIIOJimnoru;Hx 

BbrqHcJieHI15I rrpo:o;eccoB ,lJ;peJIJia-5IHa B pa3JIW-IHbIX rrpH6JimKeHmi:x: NLO QCD 

(DYRAD, MCFM); NLO EW (W/ZGRAD2, HORACE); NLO QCD + NLO EW (mcsanc); 

NNLO QCD (DYNNLD, FEWZ v2.x); NNLO QCD + NLO EW (FEWZ v3.x). Bee H3 

rrepe'IHCJI€HHbIX rraKeTOB 5IBJI5IIOTC5I I1HTerpaTopaMII, TO eCTb MoryT BbiqlICJIHTb 

HHTerpaJibHbre H ,II,mp¢epeH:o;11aJibHbre ceqeHHII, HO He crroco6HbI reHepHpoBaTb 

co6bITH5I ,D;JI5I M0,1];€JII1pOBaHH5I OTKJIHKa ,n;eTeKTOpa. 

Heo6xo,n;HMbIM ycJIOBHeM ,D;JI5I BbiqJicJieHHII ceqeHHli rrpo:o;eccoB B rJiy6o

KOHeyrrpyrHx a,n;poHHbIX CTOJIKHOB€HH5IX 5IBJI5I€TC5I 3HaHHe cPYHKIJ;HH rrapTOHHbIX 

pacrrpe,n;eJieH11:ti. Ha cero,n;HIIllIHH:ti ,n;eHb cyru;ecTByeT 6oJiee ,n;ec5ITKa HayqHbIX 

rpyrrrr, 3aH11MaIOIIJ,I1XC5I Bb1,n;eJieHHeM PDF II3 9KcrrepHMeHTaJibHbIX ,n;aHHbIX. B oc

HOBe rrpo:o;e,n;ypbl BbI,D;eJieHH5I Jie:IKHT cPHTHpOBaHIIe 9KcrrepHM€HTaJibHbIX pesyJib

TaTOB TeopeTI111:€CKI1MH rrpe,n;CKa3aHirnMI1. ,Il;JI5I rJio6aJibHbIX cPI1TOB HCIIOJib3YIOT

C5I no B03MO:IKHOCTI1 BCe ,D;OCTYITHbie ,n;aHHbie - OT H8HTpHHHbIX 9KCIIepHM€HTOB 

,n;o KOJIJiali,n;epHbIX (CTEQ, MSTW, ABKM, JR), y3Kocrre:o;HaJII13HpoBam1hre ¢11-

Thr MoryT I1CIIOJib30BaTb, K np11Mepy, TOJibKO ,n;aHHbie 9KCrrepI1M€HTOB rJiy6oKO

Heynpyroro pacce5IHI15I (HERAPDF). TioMI1MO CTaH,n;apTHOro MeTo,n;a cPI1TIIpOBa

HI15I MI1HI1MI13a:o;11ei1: X2, IIpI1M€H5I€TC5I TaKMe IIO,il;XO,D; He:tipOHHbIX ceTeH (NNPDF). 

Ba:JKHO OTMeTMTb, '-ITO rrop5I,D;OK nepTyp6aTHBHoro rrp116JIH:1KeH115I TeopeTH

"LJ:eCKHX pac'IeTOB ,il;OJI:IK€H COOTB8TCTBOBaTb cPYHKIJ;H5IM napTOHHbIX pacnpe,n;eJie

HHH, BbI,D;€JI€HHbIM c IIOMOill;bIO npe,n;CKa3aHI1H B TOM Me 110p5I,D;Ke npH6JIH)K8HI15I. 

To ecTb, BbI'-IHCJI5I5I ceqeH11e B rrp116JI11:1KeH1111 NLO QCD, MbI o6IIsaHbI 11crroJib

soBaTb PDF, KOTOpbre 6bIJII1 rroJiy"LieHbI B cooTBeTCTBy10ru;eM rrp116JI11MeH1111. B 

6oJibIIII1HCTBe cJiyqaeB yBeJIH'IeH11e TO'IHOCTI1 TeopeT11"LJ:eCKI1X BbI'IHCJieH11fi np11-

BO,il;I1T K MaCIIITa6HoMy IIOBbIIII8HI1IO 3aTpa'-rnBaeMoro Bp8M€HI1. ,Il;JI5I o6xo,n;a 9TOH 

rrpo6JieMbI rrpHM8H5IIOTC5I Ta6JII1II,bI K-¢aKTopoB, rrepeBsBellI11BaH11e CTpyKTYPHhIX 

cPYHKII,H:H, 6bICTpaR o:o;ettKa ce"LieH11:ti (FastNLO, APPLgrid) JIH6o HX KOM611Ha:o;11H. 

Il;eJihIO ,n;aHHOH pa6oTbI 5IBJI5I8TC5I o6ecneqeHHe TeopeTrr"LiecKoro conpo

BOM,D;eHFI5I: aHaJI11sa ,n;aHHhIX 9Kcrrep11MeHTa ATLAS, noJiy"LieHHbIX sa 2010r., Ha

:o;eJieHHOM Ha FI3MepeH11e ce'-IeHH5I p0:1K,D;eHI15I 9JI8KTpOCJia6bIX 6o30HOB B npo:o;ec

cax THrra ,1J;peJIJia-5IHa; aHaJIFI3a pesyJibTaTOB ,n;aHHbIX FI3MepeHHH B KOHT8KCTe 

QCD c II,eJibIO orrpe,n;eJieHI15I ITJIOTHOCTFI (s/s)-KBapKOB B IIpOTOHe; rrprr I1CCJie,n;o

BaHHlI COBM€Ill;8HI15I rrapTOHHbIX JII1BHe:ti I1 9JI€KTpOCJia6bIX rronpaBOK K ceLJeHI1!0 

npo:o;ecCOB THIIa ):(peJIJia-5IHa, B TOM ql:[CJre o6ycJIOBJieHHbIX BKJia,D;OM npou;ecCOB 
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c cPOTOHOM B HaqaJibHOM COCTO.HHHH, B 3aBHCHMOCTH OT pa3JII1'-IHbIX aJiropHTMOB 

JIHBHeo6pasoBaHM5!. 

,Il;JI.H ,IJ;OCTIDK8HH5! IIOCTaBJieHHOM IJ,8Jm Tpe6oBaJIOCb perneHHe CJie,n;yIOIIJ,F!X 

3a,n;aq: 

1. Cos,n;aHne MoHTe KapJio FIHTerpaTopa ,IJ;JI.H BbrcrncJreHFI.H ceqeHFI.H npoIJ,eccoB 

TH!Ia ,IJ;peJIJia-5IHa B rJiy6oKOHeynpyrFIX npOTOH-IIpOTOHHbIX CTOJIKHOB8HF!

.HX Ha ocHoBe ¢opTpaHHbIX Mo,n;yJie:H SANC. ITporpaMMa ,IJ;OJI)KHa npHHHMaTb 

BXO,LJ;Hbre napaMeTpbI BbFII1CJI8HHM, npOH3BO,LJ,F!Tb COOTB8TCTBYIOIIJ,YIO npou;e

,n;ypy HHTerpnpoBaHH5! Fl BbIBO,Il;HTb pesyJibTaTbI B BH,IJ;e m-ITerpaJibHOI'O ce

qemu:r B sa,n;aHHbIX npe,n;eJrax H ,n;nc:Pc:PepeH1l,HaJibHOI'O ceqeHHII B BI1,Il;8 rHCTO

rpaMM, sanporneHHbIX noJib30BaTeJieM; 

2. Mo,n;eJinpoBaHF!e co6bITI1M rrpou;ecca ,lJ;peJIJia-5IHa c yqeTOM 9JreKTpocJra6brx 

nonpaBOK, BbI3BaHHbIX npou;eccaMH c cPOTOHOM B HaqaJibHOM COCTOIIHFIH, ,Il;JI.H 

,IJ;Byx pa3JII1LJ:HbIX anropFITMOB JIF!BHeo6pasoBaHH5!, peaJIH30BaHHbIX B npo

rpaMMax Pythia8 FI Herwig++ 11 cpaBHeH11e pesyJihTaToB Mo,n;eJIFipoBa1urn; 

3. BbrqfICJieHHe NNLO QCD ce'-reHHM ,n;Jrn po.tK,n;eHFI.H W H Z f'y* 6osoHOB B npo

u;eccax TFirra ,[(peJrJia-5Itta B ycJIOBFI.HX ,n;eTeKTopa ATLAS Ha LHC ,n;m:r pas

JIF!qHbIX Ha6opOB cPYHK1l,I1M rrapTOHHbIX pacrrpe,n;eJieHFIM; BbI'-II1CJI8HF!e KOppe

JI.H1l,HM OllIH60K Me.tK,n;y ceqeHH5IMH p0.1K,LJ,8HII5! w Fl z 6o30HOB Fl cpaBH8HF!e 

c 9KCIIepHM8HTaJibHbIMF! II3MepeHHRMFI; 

4. BbrqHCJieHHe NNLO QCD H NLO EW K-c:PaKTopoB ,IJ;JI.H cPHTFipoBaHmr 

,n;aHHbIX ATLAS napTOHHbIMH pacnpe,n;eJieHFIRMH c IIOMOIIJ,bIO rrporpaMMbI 

HERAFITTER; reHepa:o;Fisr ceTOK APPLgrid ,n;Jrn 6hrCTpo:H ou;eHKH NLO 

QCD ce'-reHMti npou;eccoB ,[(peJIJia-5IHa. 

OcHOBHhie rroJioa<:eHM.H, BhIHOCMMhre Ha 3am;MTy: 

1. Paspa6oTaH H cos,n;aH IIHTerpaTop mcsanc ,n;Jrn BbiqF!cJieHIIR ceqeHFIM npou;ec

coB TFIIIa ,[(peJ1Jia-5IHa, accou;naTHBHoro po.tK,n;eHFIR XHrrca H 9JieKTpocJra-

6hrx 6o30HOB, a TaK)K8 O,IJ;HHQqHoro p0.1K,IJ;8HHR TOII KBapKa B s- II t-KaHaJiax 

Ha ocHoBe ¢opTpaHHbIX Mo,n;yJie:H SANC. TipoBe,n;eHHoe TIIJ,aTeJihHO corJiaco

BaHHOe cpaBH8HHe mcsanc-vl.01 c ,I.J;pyrHMH nporpaMMHbIMH npo,n;yKTaMH Fl 

JrnTepaTypoti IIOKa3aJIO ,Il;OCTOBepHOCTb BbPiliCJieHIIH. 

2. lfayqeHO BJIHRHHe pa3JIF!qHbIX aJiropHTMOB mrnHeo6pasoBaHHR, c ynopsr,n;o

'-rnBamieM no nonepeqHOMY IIMIIYJibCY (Pythia8) II anropHTMa KorepeHTHoro 

B8TBJI8HHR (Herwig++), Ha 9JieKTpOCJia6bre rronpaBKH, BKJIIOqa5J: o6ycJIOB

JieHHbie npoIJ,eccaMH c cPOTOHaMFI B HaqaJibHOM COCTORHHH, peaJIH30BaHHbIMH 

B reHepaTopax cncTeMbI SANC. 
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3. IToJiyLJ:eHbI TeopeTHLJ:eCKMe rrpe,n;cKa3aHH.H ,IJ;JI.H MHTerpaJibHbIX I1 ,n;mp¢epeH

I.J;MaJibHbIX ceLieHHH c yqeTOM rrorrpaBOK NLO EW I1 NNLO QCD ,D;JI5I pa.3JIW:I

HbIX Ha6opoB PDF B pa6oTe no I13MepeHMIO ceLieHMiI po:tK,n;eHI15I I1 pacrra,n;a W 
I1 Z/'Y* 6osoHOB Ha ,n;eTeKTope ATLAS Ha ocHOBe 35pb-1 ,n;aHHbIX sa 2010r. 

rrpH ..JS = 7 TeV. ITorrpaBKH NLO EW BbrqHcJI.HJIHCb c rroMOI.JJ;bIO nporpaMM 

SANC, a nonpaBKH NNLO QCD c IIOMOI.JJ;bIO rrporpaMMbI FEWZ. 

4. ITpoBe,n;eHo cpaBHeHHe KOM6HHI1poBaHHbIX HHTerpaJibHbIX I1 ,n;mpcjJepeHI.J;H

aJibHbIX ceLJ:eHHM pO:IK,ll.8HI15I I1 pacrra,n;a w I1 z 6o30HOB c TeopeTI11-IeCKI1MI1 

npe,n;cKasaHH5IMH ,IJ;JI5I pasJIMqHbIX Ha6opoB PDF c yqeToM KoppeJI.7.Ill;:IJ:H rro

rpeIIIHOcTe:it. 

5. Ou;eHeHo OTHOI.I.leHHe IIJIOTHOCTe:H rrapTOHHbIX pacrrpe,rr.eJieHHiI s-KBapKa II 

MopcKoro d-KBapKa B rrpoToHe Ha ocHoBe ,rr.aHHbIX ,n;eTeKTopa ATLAS sa 

2010r. c rroMOI.JJ;bIO rrporpaMMbI HERAFITTER, HCIIOJib3Y5I MeTo,n; 6bICTporo 

BOCCTaHOBJieHH.H ceqeHH5I BbICllIMX rrop5I,IJ;KOB rrpM6m1:1Kemrn APPLgrid M Ta6-

JII1IJ;bI K-cjJaKTOpOB. HsMepeHO COOTHOI.I.leHIIe Ts= 0.5(s + s)/d = 1.00~8:~~' 
rrpH 3HaLJ:emrnx nepe,n;aHHoro IIMIIYJibCa Q2 = 1.9 GeV2 II x = 0.023. 

HayciHa.H HOBH3Ha: 

1. BnepBbre co3,n;aH MoHTe KapJio HHTerpaTop mcsanc ,n;Jrn BbILJ:IICJiemrn ceqe

HIIli pR,n;a npou;eccoB B NLO QCD II EW npII6JIH:tKeHH5IX, B ocHoBe KOTO

poro Jie:tKaT Mo,n;yJIII SANC. CnMCOK rrp01i;eccoB BKJI10qaeT B ce6.H npou;eccbr 

TIIna ,[I,pemra-5IHa, accou;IIaTHBHoro po:tK,rr.eHH5I XHrrca I1 W / Z 6osoHOB, a 

TaK:tKe O,IJ;IIHOLJ:HOI'O p0)K,IJ;eHI15I TOII-KBapKa B s- II t-KaHaJiax. ,[I,ocTOHHCTBOM 

,n;aHHOro I1HTerpaTopa 5IBJI5IeTC5I y,n;o6CTBO IIOJib30BaTeJibCKOrO I1HTep¢elica 

lI rro,n;,n;ep:tKKa MHOrorrpou;eccopHbIX BbILJ:IICJieHHM. 

2. BrrepBbre H3yLieHo BJHI5IHIIe pa3JII1qHbIX aJiropIITMOB napTOHHbIX JIIIBHe:H Ha 

9JieKTpOCJia6bre rronpaBKII o6ycJIOBJieHHbie npou;eccaMII c cpOTOHOM B HaLJ:aJib

HOM COCT05IHHI1. 

3. CeqeHIIR po:tK,n;eHII5I II pacna,n;a W I1 Z/'Y* 6o3oHoB, II3MepeHHbre Ha ,n;eTeKTO

pe ATLAS Ha ocHOBe ,rr.aHHbIX sa 2010r B sJieKTpOHHOM II MIOOHHOM KaHaJiax, 

BnepBbre conocTaBJieHbI c Teopen1LJ:ecKHMII rrpe,rr.cKa3aHII5IMII B NNLO QCD 

rrpH6JIM:tKemrn, rroJiyqeHHbIMH c pa3JIIIqHbIMI1 Ha6opaMH PDF c Y"'-IeTOM Kop

peJI5IIJ;HM I1X norpellIHOCTe:H. 

4. BrrepBbre I13Mepetto OTHOI.I.leHIIe IIJIOTHOCTeli rrapTOHHbIX pacrrpe,n;eJieHHM s
KBapKa II MOpCKOI'O d-KBapKa B COCTaBe rrpOTOHOB. 

Arrpo6au;Ma pa6oTbI. OcHOBHbre pe3yJibTaTbI pa6oTbI ,IJ;OKJia,IJ;bIBa

JIIICb Ha pa6oLIIIX coBeru;aHnRx no ¢n3HLiecKo:H rrporpaMMe ATLAS (,[(y6Ha, 
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,n;eKa6pb 2012, cpeBpaJib 2013); c0Bern;am:n1 ,D;JIH IIOJih30BaTeJiei1 rrporpaMMhI 

HERAFitter (MapceJih, cpeBpaJib 2012); KOHcpepeHIJ;HH CALC-2012 ()J;y6Ha, HIOJih 

2012); ACAT-2013 (IleKHH, Mai1 2013); EPSHEP-2013 (CToKrOJihM, HIOJib 2013). 

)J;HccepTaIJ;HOHHaH pa6oTa 6bIJia BbIIIOJIHeHa rrpH rro,n;,n;epMKe rpaHTOB P<I>

<I> I1 10-02-01030, 12-02-91526-CERN _a H <I>oH,n;a «,Il;HHaCTH5!». 

Jl:ffqHhIM BKJia,n;. ABTOp 6bIJI JIH,n;epoM pa3pa6oTKH Ko,n;a HHTerpaTopa 

mcsanc, rrpHHHMaJI Henocpe,n;CTBeHHOe y11aCTHe B cpaBH8HHH aJirOpHTMOB JIHBHe

o6pa30BaHH5! B KOHTeKCTe 3JI8KTpOCJia6bIX rronpaBOK HH,D;YIJ;HpOBaHHhIX cPOTOHOM 

B HaqaJibHOM COCT05IHHH. ABTOp npHHmvraJI aKTllBHOe y-c..rncTHe B IIOJiyqemm Teo

peTHqecKHX npe,n;cKa3aHHM ,n;mr ceqeHHM )J;peJIJia-5IHa B KHHeMaTHLJ:8CKllX orpaHH

qeHH5IX qyBCTBHTeJihHoro o6'beMa ,n;eTeKTopa ATLAS, BhrqncJieHHH KoppeJIHIJ;Hi1 

rrorpeIIIHOCTHi111 B Bhr-c..mcJieHHH K-cpaKTopoB H reHepaIJ;HH Ta6JIHIJ; APPLgrid ,D;JIH 

H3MepeHH5! IIJIOTHOCTH rrapTOHHOrO pacrrpe,n;eJiemrn S-KBapKa B rrpOTOHe. 

IIy6JIMKau;MM. OcHOBHhie pe3yJibTaTbI rro TeMe ,n;HccepTaIJ;HH ony6JIHKO

BaHhI B 5 neqaTHbIX H3,n;am:rn:x, Bxo,n;Hrn;Hx B CIIHCOK peKoMett,n;oBaHHhIX BAK. 

06'beM M CTPYKTypa pa6oThl. ,Il;HccepTaIJ;H5! COCTOHT H3 BB8,1J;8HH5I, rrn

TH rJiaB, 3aKJIIOLI8HH5! H rrpIIJIO./KeHirn. IloJIHbIM o6'beM ,lJ;HCCepTaIJ;HH 154 CTpa

HHIJ;hI TeKcTa c 52 pHCYHKaMH H 29 Ta6JIHIJ;aMH. CrrIICOK JIHTepaTyphr co,n;ep.EKHT 

152 HaHM8HOBamrn. 

Co,n;ep)KaHMe pa6oThI 

Bo BBe,n;eHMM 06ocH0BhIBaeTc5! aKTyaJihHOCTb HCCJie,n;oBaHHi1, rrpoBO,D;H

MhIX B paMKax ,n;aHHOM ,lJ;HCCepTaIJ;HOHHOll pa60ThI, rrpHB0,1J;HTC5! o63op Hayqtto:ti 

JIHTepaTyphI no 1,13yqaeMOM rrpo6JieMe, cpopMyJI11pyeTC5! u;eJih, CTaB5ITC5I 3a,n;aqH 

pa60TbI, ccpopMyJrnpoBaHbI HayqHa5! HOBH3Ha H rrpaKTnqecKa5! 3HaqHMOCTh npe,n;

CTaBJI5IeMOM pa60ThI. 

IIepBaa rJiaBa nocBmu;etta TeopeTHqecKoMy o63opy c}:>H3HKH rrpou;eccoB 

)J;peJIJia-5:IHa B rJiy6oKOHeyrrpyrHx rrpOTOH-IIpOTOHHhIX CTOJIKHOB8HH5IX. ,Il;aHO 

KpaTKOe ormcaHHe napTOHHOM MO,D;eJIH B KOHT8KCTe rrpOTOH-IIpOTOHHhIX CTOJIKHO

BeHHll B Be,n;yrn;eM rrpH6JIII./KeHHH H OIIHCaHbI crroco6bI OTHeCeHH5I KOJIJIHHeapHbIX 

pacXO,lJ;HMOCTe:ti:, B03HIIKaIOIIJ;llX B BbICIIIHX IIOp5l:,IJ;Kax rrepTyp6aTHBHOH TeopHH, K 

cpaKTOpH3yeMbIM cPYHKIJ;H5IM napTOHHhIX pacnpe,n;eJieHHH. IlpHB8,Il;8HhI OCHOBHbie 

,n;1mrpaMMbI, ,n;arorwrn BKJra,n; B NLO EW H QCD norrpaBKH K npou;eccaM B11,n;a 

pp --+ Z --+ £/!, H pp --+ W --+ Rve. 
Bo BTopoii rJiaBe rrpHBO,Il;HTCH KpaTKoe orrHcaH11e CHCTeMbI SANC, a 3a

TeM pa3BepHyTO H3JiaraeTC5I OIIHCaHHe HHTerpaTopa mcsanc. Ilp11Be,n;eH CIIMCOK 

rrpou;eccoB, peaJIH30BaHHbIX B MHTerpaTope, orr11caHhI BKJia,D;bI B NLO EW n QCD 

ceqeHIJ:5! Ii rrpHBe,n;eHbI Ta6JIIJ:IJ;hl Ii pacnpe,n;eJieHH5!, ,n;eMOHCTpHpy10rn;1rn ,Il;OCTOBep-
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pp-+ zo(µ+µ-) w+(µ+vµ) w-(µ-Dµ) 

NLO QCD 3388(2) 12263(4) 9045(4) 

NLO MCFM 3382(1) 12260(1) 9041(5) 

Ta6JI. 1: IlHTerpaJihHhre cei:reHH.H NLO QCD ,IJ;JI.H rrpon;eccOB Hei1TpaJihHOro H 3ap.a>KeHoro TOKa 

)J:peJIJia-5IHa, BhrqncJieHHhre B me sane H MCFM (B pb) rrpn corJiacoBaHHhIX aJieKTpocJia6hrx 

rrapaMeTpax H KHHCMaTMqecKHX orpaHHqCHH.HX. 

HOCTb pesyJibTaTOB, rroJiyt.reHHbIX c rroMOIIJ;bIO ,n;aHHoro Ko,n;a. B Ta6JI. 1 rrp1rne,n;eHo 

cpaBHemrn NLO QCD ce-qemrti: c ce'IeHIIZIMII, rroJiyt.reHHbIMII B rrporpaMMe MCFM 

,n;mr rrpou;eccoB ,I(peJIJia-5IHa. Ha PIIc. 1 rroKasaHo cpaBHeHIIe ,n;mp¢epeHu;IIaJib

HbIX ce'IeHII:ti: c y'!eTOM NLO QCD, EW II QCD+EW (cJieBa) II cooTBeTCTByIOru;IIe 

rrorrpaBKII 8(%)(crrpaBa) ,n;Jrn rrpou;ecca pp-+µ+µ- . 

......... LO 
••••· NLO(EW) 
..... NLO(QCD) 

• - NLO (EW+OCO) 

20 30 40 50 60 70 80 90 100 110 120 
M(µ'µ·), GeV 

80 90 100 110 120 
M(µ•µ·), GeV 

Pnc. 1: CpaBHCHIIe BKJia,n;oB EW H QCD B rrorrpaBKH rrop.H,n;Ka NLO B pacrrpe,n;eJieHHII cecre

HH.H no IIHBapIIaHTHOH Macce JICIITOHOB B KOHeqHOM COCTO.HHHH ,IJ;JI.H rrpon;ecca ,IJ;peJIJia-5!Ha 

Hei1TpaJihHOro TOKa pp -+ µ+ µ-. 

B TpeTbeii: r JiaBe paccMaTpIIBaIOTCZI pesyJibTaTbI aHaJIIIsa KOM6IIHIIpo

Bamrn: rrapTOHHbIX JIIIBHe:ti H 9JieKTpOCJia6bIX rrorrpaBOK, o6ycJIOBJieHHbIX rrpou;ec

caMH c cPOTOHOM B Ha'!aJibHOM COCT05IHHII: 

"( + q --7 q' + g+ + Vp_, 

'Y + q -+ q + g- + g+. 

IIpoBe,n;eHo cpaBHeHrre ,n;aHHbIX rrorrpaBOK c rroJiy'IeHHbIMII B ,n;pyrIIx HCCJie,n;oBa

HII5IX I1 113yqeHO BJII15IHI1€ pasJrnqHbIX aJirOpHTMOB JIIIBHeo6pa30Bamrn' peam'.!30-

BaHHbIX B Pythia8 H Herwig++ Ha sJieKTpocJia6bre rrorrpaBKrr, BbrqrrcJieHHbre B 

reHepaTopax SAN C. 

1IeTBepTaSI rJiaBa IIOCB.5IIIJ;eHa orrncaHHIO IICCJie,n;oBaHHM ITO H3MepeHHIO 

HHKJII03HBHoro ceqeHHZI pmK,n;eHrrZI W rr Z / 'Y* 6osoHoB c pacrra,n;oM B sJieKTpoH

Hbre I1 MIOOHHbie KOHeqHbie COCT05IHI15! I1 cpaBHeHHIO pesyJibTaTOB c TeopeTH'!eCKI1-

MI1 rrpe,n;cKasaHHZIMH. ,2J;JI5I aHaJIM3a 6bIJIH HCIIOJib30BaHbI ,n;aHHbre ATLAS 2010 
ro,n;a c HHTerpaJibHO:ti: cBeTHMOCTbIO 35pb-1 rrpH 9HeprHH rryt.rKOB Vs = 7 TeV. 
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B rJiaBe rrpirne,n;eHo KpaTKoe orrncamrn ycTaHOBKH ATLAS, orrncaHne Kp:rITepn

eB OT6opa co6bITHM, rrpo:o;e,n;ypbl BbF:IHCJI8HH5I HHTerpaJibHOro H ,n;mpcpepeH:o;H

aJibHOrO ce"tJeHH5I H o6'be,D;HH8HH.H pesyJibTaTOB ,D;JI5I 8JI8KTpOHHOrO H MIOOHHOro 

KaHaJIOB. PesyJibTaTbI H3MepeHHH ceqeHnli rrpnBe,n;eHbI B cpaBHeHHH c TeopeTH

"tJeCKHMH rrpe,n;cKasaHH5IMH B NNLO QCD rrpH6JimKeHHH, rroJiy'-IeHHbIMH B rrpo

rpaMMe FEWZ ,D;JI5I pasJIHqHbIX Ha6opoB cpyHK:o;nli rrapTOHHbIX pacnpe,n;eJieH1111:: 

MSTW08, HERAPDFl.5, ABKM09, JR09. B Ta6JI. 2 rrpnBe,n;eHbI ceqeHHH, H3Me

peHHbie B '-IYBCTBI1TeJibHOM o6'beMe ,n;eTeKTopa. Ha PHc. 2 rroKasaHbI ,n;11¢¢epeH

:o;naJibHbie pacrrpe,n;eJieHH.H H3MepeHHoro ce'-IeHHII n TeopeTHqecKHX rrpe,n;cKa3aHni1: 

coTHoIIIeHHM ceqeHHli W / Z c 8JIJI11rrcaMn cKoppeJinpoBaHHbIX rrorpeIIIHOCTeli. 

~ Data2010(ls= 7TeV) 

60 !!. MSTWOS 

40 <, HERAPDF1 .5 

t:l ABKM09 

o JR09 

0.5 

+ Uncorr. uncertainty 

Total uncertainty 

2 

:a 
.s 
~ 
t 5.5 

~ 
Cf 
OJ 5 
;g~ 
-1::) 

4.5 

ATLAS 

e Data 201 o NS= 7 TeV) 

0 MSTWOB 

[I HERAPDF1.5 

£::,. ABKM09 

4 <) JR09 

0.4 0.45 

I L dt = 33-36 pb'1 

total uncertainty 
_... sta e sys 

uncertainty 

68.3% CL ellipse area 

0.5 0.55 

PHc. 2: IfaMepeHHOe B 'IYBCTBHTe.rroHOM o6'heMe ce'IeHHe B cpaBHeHHH c TeopeTH'IeCKHMH rrpe,n;

CKa3aHH5IMH B NNLO rrpH6.rrmKeHim, BhI'rn:c.JieHHhIMH c pa3.JIH'IHhIMH Ha6opaMH PDF. C.JieBa 

rrp11Be,n;eHo ,n;mp¢epeHr.i;Ha.JibHOe ce'l:eH11e ,n;m=r Z -+ ££, crrpaBa ( O"w+ + O"w-) vs. O"z/'y•. 9.rr

JIHIICbI COOTB8TCTBYIOT ypoBHIO ,Il;OCTOBepHOCTH 683, a rrorperrrHOCTH TeopeTH'I8CKHX 3Ha'IeHHH 

cooTBeTCTBYIDT TOJibKO tteorrpe,n;eJieHHOCT5IM PDF. 

Il.HTa.H rJiaBa IIOCBIJ:III,eHa HCCJie,Ll;OBaHHIO IIJIOTHOCTI1 pacrrpe,n;eJieHH.H s
KBapKa B rrpoToHe Ha ocHoBe ,n;aHHbIX ATLAS. B HeM: orrncaHbI MeTO,Ll;bI H3BJieqe

HHII napTOHHbIX pacrrpe,n;eJieHHM H3 8KCrrepnMeHTaJibHbIX ,n;aHHbIX, Heo6xo,n;HMbie 

rrpo:o;e,n;ypbl 6bICTpo:0: o:o;eHKI1 TeopeTH"tl8CKHX npe,n;cKa3aHHM ,Ll;JIII COOTBeTCTByIO

I:o;HX ceqeHHM, H3JIO)Ke:Hbl pesyJibTaTbI QCD aHaJII13a c BhiqncJieHHeM OTHOIII8HI1.H 

IIJIOTHOCTH s/s-KBapKOB K IIJIOTHOCTH MOpCKOrO d-KBapKa B rrpOTOHe. IloJiyqeHHOe 

OTHOIIIeHHe T8 = 0.5(s + s)/d paBHO 

np11 3Haq11IJ:x rrepe,n;aHHoro HMTIYJinca Q2 = 1.9 GeV2 n x = 0.023. 
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w+ 
w
w± 

Zh* 

o-~· BR(W -+ ev) [nb] 

sta sys lurn 

3.110 ±0.008 ±0.036 ±0.106 

2.017 ±0.007 ±0.028 ±0.069 

5.127 ±0.011 ±0.061 ±0.174 

o-~?7•· BR(Zh*-+ U) [nb] 

0.479 ±0.003 ±0.005 ±0.016 

ace 

±0.004 

±0.002 

±0.005 

±0.001 

Ta6JI. 2: KoM6HmipOBaHHbie ceqeHH5I po:1K,n:eHH5I l?I pacrra,n:a B JieIITOHHbie KaHaJibI ,n:mr w+, w-' 
w± H Z/1*, H3MepeHHbie B qyBCTBJ?ITeJibHOM o6'beMe ,n:eTeKTOpa, orpaHHqeHHOM l77el < 2.5, 

PT,e > 20 GeV, ,n:n.>I 3apmKeHHoro TOKa: PT,v > 25 GeV H mT > 40 GeV, II ,Il;JI5I HeitTpaJibHO

ro TOKa: 66 < mee < 116 GeV. IlpIIBe,n:eHhI 3Hai:.reHII5I rrorpernHOCTeit: CTaTJ?ICTIIi:.recKIIX (sta), 

9KCrrepJ?IMeHTaJibHbIX CIICTCMaTIIqecKIIX (sys), CBeTIIMOCTH (lum) II 9KCTparrOJI5IIJ;IIl?I (ace). 

Ha P:ac. 3 rrp:rrne,n;eHo cpaBHeH11e H3MepeHHOH B aHamrne BeJiwnrnbr rs co 

3Ha'IeHIUIMH, rrpe,IJ;IIOJraraeMbIMH pa3JII1'-IHbIMI1 rpyrrrraMII, 3aHIIMaIOru;I1MIIC5I rJI0-

6aJibHbIM cp11TrrpoBaHireM PDF. 

0 2 = 1.9 GeV2, x=0.023 ATLAS 

• ABKM09 __._ 
• NNPDF2.1 ---
• MSTWOS -+-

" CT10 (NLO) 

·. total uncertainty 
II experimental uncertainty 

-0.2 0 0.2 0.4 0.6 0.8 

PIIc. 3: Ilpe,r:i;cKa3aHiuI Ha ocHOBe aHaJIJ?I3a rrepTyp6aTHBHoit QCD B NNLO rrpH6JIH:IKeHHH ,n:n.>I 

OTHOIIIeHirn rs(x, Q2) = 0.5(s+s)/d. To"IKa:M COOTBeTCTBYIOT pe3yJibTaThI aHaJIII30B rno6a.rrbHbIX 

cpHTOB c rrorpernHOCT5!MH PDF, crrnomHa.>I rronoca - pe3yJihTaT H3MepeHHM rro ,n:aHHbIM ATLAS. 

B 3aKJIIOqeHHH rro,n;Be,n;eHbI ocHOBHbre 11Tor11 pa6oTbI: aBTOpoM o6ecrre'-re

HO TeopeTII'IecKoe corrpoBo:?K,n;eHIIe aHaJIII3a ,n;aHHbIX sKcrrepIIMeHTa ATLAS 2010 
ro,n;a, Han;eJieHHOM Ha II3MepeHIIe C8'!8HII5I pO:?K,LJ;8HII5I 3JI8KTpOCJia6bIX 6030HOB B 

rrpon;eccax T11rra ,[(peJIJia-5faa. TeopenPiecKoe corrpoBo:?K,n;eHIIe aHaJIII3a pe3JJibTa

TOB ,n;aHHbIX I13MepeHIIH B KOHT8KCTe QCD II03BOJII1JIO BIIepBbie orrpe,n;eJIITTb IIJIOT

HOCTb (s/s)-KBapKOB B rrpoToHe B ,n;IIarra3oHe cpe,n;m1x 3Ha'-reHrrti x II Q2. ABTop 

6bIJI JIII,n;epoM B co3,n;aHrrrr MoHTe KapJio IIHTerpaTopa mcsanc ,II;JI5I BbI'-rncJieHrrSI 

ce'!eHIIH pR,n;a rrpo:u;eccoB B NLO QCD II EW rrpII6JI11:?KeHIIRX Ha ocHoBe cpopTpaH

HbIX Mo,n;yJreli SAN C H 6bIJI KJIIO'IeBbIM y'!aCTHIIKOM B BbI'IIICJieHIIII NNLO QCD 
ce'-IeHIIH ,Il/rn po)K,n;eHIIR W II Z / "Y* 6o30HOB B rrpon;eccax Tmra ,Il;peJrJia-5IHa B 
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ycJiomrnx ,n;eTeKTopa ATLAS Ha LHC ,LJ,mI p.H,n;a Ha6opoB cPYHKIJ;HM napTOHHbIX 

pacnpe,n;eJieHHM c IIOMOID;bIO nporpaMM MoHTe KapJio. OcHOBHbIM pe3yJibTaToM 

aHaJIH3a B KOHT8KCT8 QCD ,D;llcPcPepeHIJ;llaJibHbIX C8'!8HI1M po:tK,LJ,8Hll5I M pacna,n;a 

W H Z / "'!* 6o30HOB B ::ineKTpOHHOM H MIOOHHOM KaHanax .HBJI.HIOTC.H BrrepBbie I13Me

peHHbie OTHOI1!8HI15I IIJIOTHOCTetl: napTOHHbIX pacnpe,n;eJiemrtl: S-KBapKa ll MOpCKoro 

d-KBapKa B COCTaBe rrpOTOHOB. 
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