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/4.A. ApecpbeB 

1 06m;aSI xapaKTepHCTHKa pa60Tbl 

1.1 AKTYa.JlhHOCTb TeMbI 

HaCTOH~aH AHCCepTaU,HOI-IHaH pa6oTa npeACTaBJrneT 3KcnepIJMeHT8JlbHbie pe-

3YJJbTaTbl IJCCJJeAOBaHHH AHcppaKU,IJOHHbIX nporwccoB B f'JJy6oKOHeynpyroM ep 
pacceHHl1H, noJJytJeHHbie B 3KcnepHMeHTe. Hl Ha KOJJJJatiAepe HERA (DESY, 

Germany). ,l],aHHbiti THil co6b!THti anepBhie Ha6JJIOAMCH B 3Kcnep11~eHTax Hl 

11 ZEUS Ha KOJJJJatiAepe HERA B rny6oKotteynpyroM pacceHHHH (rHP, deep 

inelastic scattering, DIS) B o6JJaCTH MaJibIX BeJJIJ'IHH nepeMeHHOti BbepKeHax:::: 

10-4' HeAOCTYilHblX B 3KCnep11MeHTaX Ha {pHKCHpOBaHHbIX MHUJeHHX. O6beK

TOM HCCJJeAOBaHHti HBJIHIOTCH HHKJJI03IJBHbJe peaKU,HH AHcppaKU,HOHHOro o6Me

Ha B rHP, HX aH8JIH3 B paMKaX KOM6HHHpOllaHHOrD IlOAXOAa Ha OCHOBe cpe

HOMeHOJJOf'l!H noJJIOCOB PeA)f<e IJ KBaHToBoti xpoMOAIJHaMHKH (KX,l],, quantum 

chromodynamics, QCD) AJJH BbI'IIJCJJeHHH AHcppaKu,110HHhIX <PYHKU,nti pacnpe

AeJJeHHH napTOHOB · (DPDF, diffractive parton distribution function, DPDF) B 

npOTOHe. l1ccJJeA0!3amrn o6pa3oBaHHH ABYX ~)KeCTKHX' CTpyti aApOHOB B peaKU,H

HX Ali(ppaKU,HOHHOro o6MeHa B rHP Il03BOJIH.TI!f ocy~eCTBHTb npoBepKy YHl1Bep

C8JibHOCTH DPDF AJJH onIJcaHHH pa3HhIX TIJnoa npou,eccoa rHP. ITonytJeHHbie 

pe3yJJbTaTbl B ep B3aqMOAetiCTBHHX HBJJHIOTCH YHIJK8JibHb!MH, TaK KaK Il03B0-

JJHIOT IJCCJJeAOBaTb. CTPYKTYPY AlicppaKU,HO~HOf'O o6MeHa B ''IHCTOM' BIJAe 6e3 

BJJHHHIJH BTOpH'IHb!X npou,eccoB MHf'KHX napTOH-napT0HHbIX B3aHMOAetiCTBHti, 

xapaKTepHblX AJJH peaKU,Hti Ha pp H pp KOJJJJatiAepax. 

1.2 ll;eJib pa60Tbl 

IJ,eJJb!O npoBeAeHHb!X HCCJJeAOBaHHti HBJJHeTCH IlOJJY'leHHe HOBb!X Pe3YJJbTaTOB 

no H3MepeH~IO cetJeHHH HHKJJI03HBHb!X peaKU,Hti B AH(ppaKU,HOHHOM rHP C o6-

pa30BaHl1eM JJHAHPYIO~ero npoTOHa B KOHetJHOM C0CT05JHI1!i; aH8JI11~ AaHHb!X 

B paMKax KX,l], AJJH Bbl'IHC~~Hl1H AHcppaKU,HOH~b!X . <PYHK~Hfi pacnpeAeJJeHHH 

napTOHOB B npoTOHe B CJJeAJIO~eM-3a-JJHAHPYIOIU,HM nopHAKe (next-to-leading 

order, NLO)" BbI'IHCJJe~mti; rrpoaepKa yHHBepca.rrbHOCTH DfDF AJJH rrpou,eccoa 

o6pa3oBaHHH ABYX ')KeCTKHx' cTpyti aApoHoB B A11¢paKu,uo11HoM rHP; rrpoaep

Ka f'HilOTe3bl O cpa~TC>pn3au,m1 npou;eccoB AH(ppaKU,HOHHOro o_6MeHa B rrpOTOH

HOti BepumHe H rJJy6oKOHeynpyroro pacceHHHH B11PTY8JibHOro {pOTOHa Ha nap-. . . . . . . ' 

TOHe; H3MepeHHe napaMeTpOB AH(ppaKU,HOHHOf'O o6MeHa JJOMepOHOM, rrpoaepKa 

yH11aepca_;n:,HO~TH TpaeKTopu11 rroMep~Ha AJJH rrpou,eccoa rHP 11 MH~Knx aAp~H

aApOHHhIX B3aHM0AetiCTBHti rrpH Bb!COKHX 3HepmHX. 
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1.3 Hay<rnaH HOBII3Ha pa6oTbl 

9Kcnep11MeHTaJihHh1e ycn0B1151 KOJIJiafi,!1,epa. HERA no3BOJil1Jil1 BnepBhie 3aper11-

cTp11pOBaTb 11 11CCJie,[\OBaTh ,!1,mppaKU,110HHhie npou,eCCbl B peaKU,1151X rHP. 9Kcne

p11MeHTaJibHbie B03MO)KHOCTl1 ycTaHOBKll Hl 11, ·B 'JaCTI-IOCTl1, noJiy'leHHbie ,[\aH

Hbie CO cneKTpOMeTpa Jll1,!1,11py!O]ll,11X npOTOHOB n03BOJll1JI11 113M8pl1Tb Ce'leHl151 

11HKJII0311BHbIX ,!1,mppaKU,lIOHHbIX npou.ecCOB B fHP B nrnpoKofi Kl1HeMaT11'leCKOfi 

o6JiaC'I'l1 B11PTYaJibHOCTefi <pOTO~a Q2 (2 ::; Q2 ::; 700 rsB2), a Tcl,K)Ke BnepBbie 

113Mep11Tb Ce'le!-11151 o6pa30BaHl151 ,!1,BYX ')KeCTKl1X' CTpyfi a,[\pOHOB B ,!1,11cppaKU,11-

0HHblX npou,eccax fHP c n11,!1,11py10]ll,11M npoToHoM B KoHe'IHOM cocT051H1111. ITo

ny'leHHhie pe3yJihTaThl 6hIJil1 11cnOJib30BaHhl ,[\Jl51 Bbl'll1CJieHII51 ,ll,11<ppaKU,110HHbIX 

cpyHKu,1111. pacnpe,!1,eneH1151 napTOHOB B npoT6He B paMKax KX,Il;. Ce'IeHl151 o6pa3o

Bairn51 ,ll,Byx ')KeCTK11x' cTpyfi a,!1,pOHOB B ,!1,11cppaKu,110HHhIX npou,eccax fHP 6h1nu 

conocTaBneHbI c npe,!1,CKa3aH1151M11 KX,JJ; B CJie,!1,YIOlll,eM-3a-JI11,!1,11py101ll,11M riop51,ll,

Ke Bbl'll1CJieH11lf 11 n0Ka3aHa YHl1BepCaJibHOCTb DPDF ,[\Jl51 ';:iaHHhix npou.eccoB. 

B pa60Te o6ocHoBaHa npm.ieH11MOCTh mnOTe3bI o cpaKTop113au,1111 npou,eccoB ,ll,11-

cppaKu,110Hnoro o6MeHa B npoTOHHOfi Bep1mrne 11 rny6oKoneynpyroro pacce51HH51 

B11PTYaJihHoro <poToHa Ha napToHe. ITp11MeHem-1e cpopMaJI113Ma Pei)Ke np11 ana

n113e nony'leHHhIX pe3yJihTaTOB ·no3B0Ji11no Bh1iii1cn11Th napaMeTph1 TpaeKTop1111 

noMepoHa, naKJIOH KOTOpofi B ,[\aHHOM CJiy'lae 3Ha'll1TeJibHO MeHbIIIe HaKJIOHa 

TpaeKTOp1111 noMepona ,[\Jl51 a,!1,pOH-a,!1,pOHHblX B3aHMOP,eficTBl1fi. lfa cpaBHen1151 

ce'leHnfi ,!1,H<ppaKu,11onnoro fHP c o6pa30BaH11eM B KOHe'IHOM cocT051Hl1H JI11,!1,H

py101ll,ero npOTOHa 11 o6pa30BaHl1eM 60.hhIIIOro 6hlCTpOTHoro mITepBaJia (BBI1, 
large rapidity gap, LRG) Me)K,ll,Y npo,!1,yKTaMn ,ll,Hccou.11au.1111 npoToHa 11 BHpTy

aJihHOro <pOTOHa C,[\eJiaH BblBO,[\ 06 yn11BepcaJihHOCTII cpopMbl pacnpe,!1,eJieHHfi no 

KHHeMaT11'JeCKl1M nepeMeHHbIM ,[\aHHb!X peaKU,Hfi II 113Mepen BKJia,[\ npou.eccoB 

,!1,Hccou.nau.HH npoTona B ce'leHne peaKu,nn c o6pa3oBanneM LRG. 

lA HayqHo-npaKTifqecKaH 3HaqlfMOCTh pa6oTbl 
\ ' ;, 

9Kcnepl!MeHTaJlbHble pe3yJibTaThl HCCJie,[\OBaHI!}1 ,!1,H<ppaKU,110HHb]Xi npou.eccoB B 

f'Jiy6oKOHeynpyroM pacce51HHH, noJiy'leHHhie Ha ep KOJIJiafi,[\epe HERA; }18JI.H

IOTC51 YHIIKaJibHblMll Ii B Te'lenne ,[\JIHTeJibHOro BpeMeHH OCTaHyTC51 e,[\HHCTBeHHO 

,[\OCTynHhIM 11CTO'IHHKOM ,[\Jl51 TeopeTH'leCKHX HCCJie,[\oBaHIIfiC u.e.i:IhIO nocTpoenu51 

MO,[\eJil1 ,ll,11<ppaKU,HOHHbIX B3al1MO,ll,eficTB11fi. ,Il;ncppaKU,110HHbl~ cpyHKU,lHi pacnpe

,[\eJieHH51 napTOHOB B npOTOHe noJiy'leHbl B BH,[\e' napaMeTpifaau,nfi C 'y'leTOM 3KC

nepHMeHTaJihHblX Ii MO,[\eJihHblX norpeIIIHOCTefi Ii y)Ke' BOCTpe6crnaHhi npu npo

BepKe YHHBepCaJibHOCTH npe,!1,CKa3aHHfi KX,Il; ,[\JI51 onIICaHl151 npou.eccoB ,!1,H<ppaK

U.HOHHOro o6pa30BaHl151 ')KeCTKHX' CTpyfi a,[\pOHOB 11 T51)KeJiblX KBapKOB B peaKu,n-
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51X cpoTopO)K,!1,eH1151 "IP na Konnafi,!1,epe HERA, a TaK)Ke B pp B3al1MO,ll,efiCTBH51X 

Ha Konnafi,!1,epe Tevatron 11 pp B3a11Mo,ll,eficTBH51X na KOJIJiafi,!1,epe LHC. ITpe,!1,

cTaBJieHHbie pe3yJibTaTbl y)Ke 11cnoJih30BaHhl np11 nnannpoBaHHl1 HOBbIX .3KCne

pHMeHTOB, HanpnMep, B paMKax npoeKTa noBoro ep Konnafi,!1,epa LHCe .. ITony

'lennh1e pe3yJihTaTbI no_3BOJI51IOT cylll,ecTBeHHO yny'IIIIIITh nonnManne CTPYKTYPhI 

,!1,HcppaKU,HOHOrO 06Me1,1a BO B3al1MO,[\eficTBl151X 3JieMeHTapHblX 'laCTIIU. npn Bb!CO

Kl1X 3HeprII51X H_ 3Ha'll1TeJibHO np0,!1,BHHYTpC51 B nocTpOeHHl1 MO,[\eJIH ,ll,11<ppaKU,H

OHHblX B3aHMO,[\eficTBHfi a,!1,pOHOB. ITpe,!1,CTaBJieHHhie B ,[\11CCepTaU,110HHOfi pa6oTe 

,!1,HcppaKU,HOHHbie cpyHKU,HH pacnpe,!1,eJieHII51 napTOHOB B npOTOHe y)Ke 11cnOJib3Y

IOTC51 B MonTe Kapno renepaTOpax RAPGAP n PYTHIA. 

1.5 ABTOp 3arn;m:11;aeT CJie,u,yrorn;IIe pe3yJihTaTbI: 

1. Co3,!1,aH cneKTpoMeTp JIH,!1,11py101ll,HX npoTOHOB ycrnnOBKH H1 c KOOp,!1,HHaT

HhIMH ,[\eTeKTOpaMH na OCHOBe CU,11HTHJIJl51ll,HOHHbIX cpn6epHbIX ro,[\OCKOnOB 

Ii n03HU,110HHO- 'IYBCTBl1'.I'eJibHblX <pOTOY~HO)KHTeJiefi; pa3pa6ornna MeT0,!1,H

Ka peKOHCTPYKU.HH HMnyJibCOB JIH,!1,Hpy!O]ll,HX npOTOHOBj 

2. l13MepeHhI ce'lenn51 npou,eccoB ,!1,H<ppaK~HOHnoro rny6oKoneynpyroro 3JieK

Tpon - nporoHnoro. pacce51HH51 C JIH,!1,HPYIO!ll,HM npOTOHOM B KOHe'IHOM co

CT051HHH B III11p0KOM ,[\Hana30He BHpTyaJihHOCTefi <pOTOHaj 

3. l13MepeHbl napaMeTpbl HaKJIOHa 3Kcnonenu.11aJibHOfi 3aBl1CHMOCTH ce'JeHH51 

,!1,H<ppaKu,nonnoro rny6oKoneynpyroro pacce51n1151 c JIH,!1,Hpyiolll,HM npoTo

noM B KOHe'IHOM COCT051Hl1H OT KBa,!1,paTa nepe,[\annoro 4-x HMnyJibCa B npo

TOHHOfi BepIIIHHe B IIIHpOKOM ,[\Hana3one BHpTyaJibHOCTefi <pOTOHa; 

4. ITpe,[\JIO)KeH MeTO,[\ aHaJil13a 3KCnepnMeHTaJihHblX ,[\aHI-JblX no Ce'JeHl151M ,ll,H

cppaKu,HOHHblX npou.eccoB B rny60KoneyrrpyroM 3JieKTPOH - npOTOHHOM pac

ce51HHH B paMKax. MO,[\eJIH nOJIIOCOB Pe,ll,)Ke 11 Bbl'IHCJieHbl rrapaMeTpbl Tpa

eKTOp11H noMepoHa B ,[\aHHhIX npou.eccax; 

5. ITpe,!1,,!JO)KeH MeTO,[\ aHaJIH3a 3aBHCl1MOCTl1 napaMeTpOB TpaeKTOpl!H noMe

pm-ia OT BllpTyaJibHOCTH <pOTOHa, B Pe3YJibTaTe npnMeneHH51 .KOToporo II0,!1,

TBep)K,!1,eHa rnnOTe3a O <paKTOpl!3aU,HH npou.eccoB B npOTOHHOfi BepIIIHHe Ii 

cpoTon-napTonnoro pacce51nn>1; 

6. l13Mepeno OTHOIIIenne ce'leHH51 ,!1,H<ppaKU,HOHHoro rny6oKoneynpyroro 3JieK

TpOH - npoTOHHOro pacce51HH51 C o6pa30BanneM 60JibIIIOro HHTepBaJia no 

6bICTpoTe a,[\pOHOB K Ce'leHHIO rrpou.eccoB C o6pa30BanneM JIH,[\11{>YIO!ll,ero 

npoTona n onpe,!1,eJieH BKJia,!1, npou,eccoB ,!1,Hccou.nau.nu npoTona B ce'lenue 
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.n.mppaKU,IIOHHOro_ rJiy6oKOHeynpyroro pacceHHIIH C o6pa30BaHIIeM 6QJiblllO

. , ro IIHTepBaJia:n0 6bICTpOTe a.n.poHoB;. 

7. Tipe~JIO)KeH II ripIIMeHeH K0M6IIHIIpoaaHHb!tl: MeT0)J. aHaJIH3a .n.aHHbIX no ce

iieHRHM npou,eccoB .n.mppaKU,IIOHHOro rny6oKoHeynpyroro 3JieKTpOH- npo-
. T0HHOI'0 pacce.HHIIH Iia OCHOBe 3BOJIIOU,Hli rrapTOHOB DG LAP B paMKax KX,II; 

II cpeHOMeHOJ!OrIIH nOJIIOCOB Pe.n.)Ke. Onpe.n.eJieHbl )J.IIcppaKU,IIOHHbie cpyHK-
1.l,HII ; pacnpe.n.eJieHIIH napTOHOB B npOTOHe B cne.n.yiow;eM-3a-Jitt)J.IIpyIOru;IIM 
nopH)J.Ke BbI'IIICJieritti:t KX,ll;, ou,eHeH&I IIX 3KcnepIIMeHTaJibH&Ie II M0)J.eJI&
H&Ie norpernHOCTII li Bbl'IIICJieHbl BKJia)J.bl rJIIO0Ha II CIIHrJieTa KBapKOB B 
npou,ecCbl )J.IIcppaKU,IIOHHOro o6Metta; 

8. lfaMepeHO 0TH0illeHIIe Ce'!eHtti:t )J.IIcppaK~IIOHHOro II IIHKJII03liBH0ro rny6oKo~ 
Heynpyroro 3JieKTp0H-np0T0HH0ro pacceHHIIH; B pe3yJI&TaTe C)J.eJiaH Bb!B0)J. 

0 no.n.o6Hoi:t CTpyKType np0T0Ha, K0T0paH npoHBJIHeTCH B 3THX npou,eccax; 

9. BnepBble li3MepeH0 Ce'!eHIIe o6pa30BaHIIH ')KeCTKttx' CTpyi:t a.n.poH0B B )J.ll

cppaKU,IIOHHOM rJiy6oKOHeynpyroM 3JieKTp0H- np0T0HHOM pacceHHliII C JIII
.D.IIPYIOW:IIM npOTOHOM B K0He'IHOM C0CT0HHIIII; 

10. IloKa3aHa YHIIBepCaJibH0CTb )J.IIcppaKU,IIOHHb!X cpyHKU,IIi:t pacnpe)J.eJieHttH nap
TOH0B B npoT0He, noJiy'!eHHbIX B paMKax 3B0JIIOU,IIII DGLAP B cJie,eyiow;eM-

3a- JIII)J.IIPYIOW:IIM nopH)J.Ke Bbl'lliCJieHIIi:t KX,II;, )J.JIH 0nIICaHIIH npou,eccoB )J.II

cppaKU,IIOHHOro o6pa30BaHttH CTpyi:t a.n.poH0B B rny60KOHeynpyroM 3JieKTp0H
npoTOHH0M pacceHHIIII; 

11. I1oKa3aHa npttMeHIIM0CTb rIInoTe3bl 0 cpaKTOptt3aU,IIli npou,eccoB B npOT0H
H0i:t BeplllIIHe )I.JIB omICaHIIH npou,eccoB o6pa30BaHIIH CTpyfi a.n.poHOB B rJiy-
60KOHeynpyroM pacceHHIIII; 

12. IIpoBe.n.etto cpaBHeHIIe ce'!eHIIfi o6pa.3oBaHIIH cTpyi:t a.n.poHoB B .n.i1<ppaKu,tt
OHHOM rny6oKOHeynpyroM· pacceHHIIII c MO)J.eJIHMII .Jili)J.IIpyiow;ero nopH)J.Ka 

Bb!'lliCJieHIIi:t KX,II; II noKa3aHo, '!TO MO)J.eJib C0CTaBHOro noMepciHa OIIHCbJ
BaeT cpopMy pacnpe.n.eJieHIIi:t, B . TO BpeMH. KaK )J.JIH noJiy':leHIIH, a6COJIIOT
Hb!X 3Ha'leHIIi:t ce'!eHIIi:t Heo6xo.n.IIMO y'!eCTb npou,eCCbl CJie.n.yiow;ero- 3a
JIII)J.ttpy1ow;ttM nopH)J.Ka BbI'IIICJieHIIi:t KX,II; . 

1.6 ,z::t;ocTOBepHOCTb pe3yJihTaTOB 

,II;ocTOBepHOCTb npe.n.cTaBJieHHbIX B )J.IICCepTaU,IIII Pe3YJibTaT0B no)J.TBep)K,L\ac·1•c51 
.n.eTaJibHb!M pacCMOTpeHIIeM CIICTeMaTII'leCKIIX II M0)J.eJibHb!X i-ieonpe.n.eJie1111oc:·1·ctt 
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Pe3YJibTaT0B no ce'!eHIIHM )J.IIcppaKU,liOHHbIX npou,ecC0B B rJiy6oKOHeynpyroM pac
ceHHliII II Bbl'IIICJieHHb!X )J.IIcppaKU,IIOHHb!X cpyHKU,IIi:t pacrrpe.n.eJieHIIH napTOH0B B 
rrp0TOHe; C0II0CTaBHM0CTb!O pe3yJI&TaTOB 110 ce'!eHIIHM )J.IIcppaKU,IIOHHb!X npou,ec
C0B B rny6oKOHeynpyroM pacceHHIIII, noJiy'leHHbIX MeTO)J.0M perIICTpaU,IIII Jlli)J.li

pyiow;ero np0TOHa II MeT0)J.0M perIICTpau,IIII 6oJiblllOro HHTepBaJia no 6b!CTpoTe 
a.n.ponoB; cpaBHeHIIeM pe3yJI&TaT0B II3MepenIItl ce'!eHtttl, noJiy'leHHb!X B 3KCne

PIIMeHTaX Hl II ZEUS; IllIIP0KIIM npIIMeHeHIIeM noJiy'leHHbIX .n.ncppaKU,IIOHHbIX 
cpyHKU,IItl pacnpe.n.eJieHIIH napT0H0B B np0T0He npII cpaBHeHIIII C .n.pyrnMII 3KC

nepnMeHTaJibHbIMII .n.aHHbIMII II npn M0)J.eJIIIp0BaHIIII H0BbIX 3KCnepIIMeHT0B no 
rny6oKoHeynpyroMy pacceHnmo. 

1. 7 Arrpo6an;m1 pa60Th1 H rry6m1Kan;HH 

OcttoBH&Ie pe3yJI&TaT&I, cocTaBJIRIOru;IIe .n.uccepTaU,II0HHYIO pa6oTy, HBJIHIOTCH ocpn-

1.l,IIaJibHbIMII pe3yJibTaTaMII KOJIJia6opau,IIn Hl. OHII 6&InII npe.n.cTaBJieHbl aBTO
poM Ha Me)K.n.yHapo.n.Hnx KOHcpepeHU,IIHX: 

47th Rencontres de Moriond: QOD and High Energy Interactions (La Thuile, 
Italy, 2012), . 

Low x workshop on deep inelastic scattering, diffraction, final states and related 

subjects, Lowx 2012, (Paphos, Cyprus, 2012), 

Ringberg workshop: New Trends in HERA Physics 2011 (Ringberg Castle, Bavaria, 

Germany, 2011), 

Low x workshop on deep inelastic scattering, diffraction, final states and related 

subjects, Lowx 2010, (Kavala, Greece, 2010), 

18th International Workshop on Deep Inelastic Scattering and Related Subjects: 
DIS 2010 (Florence, Italy, 2010), 

17th International Workshop on Deep Inelastic Scattering and Related Subjects: 
DIS 2009 (Madrid, Spain, 2009), 

16th Internat~onal Workshop on Deep Inelastic Scattering and Related Subjects: 
DIS 2008 (London, England, 2008), 

International Workshop on Diffraction in High Energy Physics: Diffraction 2008 
(La Londe-les-Maures, France, 2008), 

International Conference: HADRON STRUCTURE'07 (Modra-Harmo11ia, Slovakia, 
2007), 

33th International Conference on High Energy Physics: ICHEP 2006 (Moscow, 

Russia, 2006), 
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11th International Blois Conference on Elastic and Diffractive Scattering: Towards 

High Energy Frontiers (Chateau de Blois, Blois, France, 2005), 

32th International Conference on High Energy Physics: ICHEP 2004 (Beijing, 

China, 2004), . 

12th International Wo~kshop on Deep Inelastic Scattering: DIS 2004 (Strbske 

Pleso, Slovakia, 2004), 

10th International Blois Conference on Elastic and Diffractive Scattering, (Helsinki, 

Finland, 2003), 

37th Rencontres de Moriond: QCD and Hadronic Interactions (Les Arcs, France, 

2002), 

16th International Workshop on High Energy Physics and Quantum Field Theory: 

QFTHEP 2001 (Moscow, Russia, 2001), 

7th International Workshop on Deep Inelastic Scattering and QCD: DIS 1999 

(Zeuthen, Germany, 1999), 

HERA and the LHC: A Workshop on the Implications of HERA andLHC Physics 

(CERN-DESY, 2004-2005), 

a TaK)Ke ,ll,OKJia,D,h!BaJIHCh aBTOpOM ua pa6oqux COBew,aHHHX KOJIJia6opagHH Hl 

11 uayquhIX. ceMHHapax O6'be,D,HHeHHOro HIICTHTyTa 51,D,epHhlX HCCJie,D,OBaHHfi: B r. 

/zy6Ha. 

OcHOBllhie pe3yJihTaThl ,n,11ccepTagHH orry6JI11KOBaHhl B pa6oTax [1]- [24], B TOM 

q11cJie B pecpep11pyeMhlX Hayquh1x )KypHaJiax: European Physics Journal C, Nuclear 

Physics B, Nuclear Instruments & Methods, 9qA5:I. 

1.8 06heM M CTPYKTypa pa6oThI 

,IJ.uccepTagHH COCTOHT H3 BBe,n,eHHH, ,n,eBHTH rJiaB, 3aKmoqeHHH 11 CI111CKa 6tt6JIHO

rpacpHH. O6'heM ,ll,HCCepTagHH COCTaBJIHeT 212 CTpaHHA, BKJIIoqa51 85 pHCYHKOB, 

10 Ta6JIHA 11 CI111COK 6tt6JIHOrpacp1111 113 225 HaHMeHOBaH11fi:. 

2 · ·· Co,l).ep:»<:aHHe ,ll.HccepTan;HH 

BBe~eHMe 

Bo BBe,D,eH11H o60CHOBaHa aKTyaJihHOCTh HCCJie,n,oBaHHl1 ,n,11cppaKgHOHHhIX rrpo

geCCOB B rJiy6oKoHeyrrpyroM ep pacceHHHH; orrpe,n,eJieHa geJih'pa6oThI H ccpopMy

JI11poBaHhI HayqHaH HOBH3Ha 11 Hayquo-rrpaKT11qecKaH 3HaqHMOCTh pa60Thl. Bo 
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BBe,n,eHHl1 TaK)Ke rrepequcJIHIOTCH OCHOBHhJe pe3JJihTaThl, KOTOpb!e Bhl.f!OCHTC,H Ha 

3aW,HTY, ,D,aeTCH o60CHOBaHHe HX ,ll,0CTOBepHOCTH H rrpHBO,ll,llTCH CITHCOK:Me)K,D,yHa

pO,D,HhIX KoH¢~peHgnt1, Ha K0TOph!X 3TH pe3JJibTaThI ,D,OKJiaAhIBaJIHCh aBTopoM. 

2.1 ,ll,mppau;M.SI M a~OH-a~pOHHbie B3aMM~~~HCTBM.SI 

B rrepBOfi: rJiaB·e ,n,aeTCH KpaTKOe BBe,n,emie B TeOpeTHqecKHe ITO,ll,XO,ll,hl; rrpHMeHHe

Mhie rrpH HHTeprrpeTagHH 3KCrrepHMeH,TaJihHhlX ,n,aHHblX no ,D,HcppaKgliu B a,n,poH

a,n,pOHHhIX B3aHMO,D,et1CTBHHX, BBO,ll,HTCH 0CIIOBHhJe TepMHllhl Teopmi: IlOJIIOCOB' Pe

,D,)Ke, Il0HHTHe TpaeKT0p1111 pe)VKCO!Hl II TpaeKTOp11H IIoMepaHqyKa (rroMepoHa) 

,n,JIH orrucamrn rrpogeccoB ynpyrom paC'cem111a H rrpogeccoB ,n,uccog11agu11 a,n,po

HOB np11 BhIC0Kl1X 3Hepr1rnx. 

2.2 rJiy6oKoneynpyroe ep pacce.SIHMe 

Bo BTOpot1 rnaBe rrp11B0,ll,HTCH OCHOBI!J,>Ie ~11HeMani:qecKne rrepeMeHHbie ,D,JIH orrn

caHHH rrpogeccoB rny6oKotteyrrpyro paccea11_na (fHP); BBO,D,HTCH rroHHTne CTpyK

TYPHhIX cpyHKAHfi: rrpOTOHa U ,n,aeTCH HX 11HTeprrpeTagUH B paMKax KBapK- nap

TOHHOfi: MO,D,eJin U TeOpHH CUJihHhIX B3aUMO,D,el1CTBUfi - KBaHTOBOH XpOMO,ll,HHa

MHKU (KX,IJ.). ,lJ.aJiee BBO,D,HTCH TeopeMa KX,IJ. o KOJIJIHHeapHofi: cpaKTopu3agn11 

H rrpHBO,ll,HTCH pa3JIUqHhJe cxeM~I 3B0JIIOAU11 rrapTOHOB, UCI10Jlh3JeMbie rrpn UH

TeprrpeTagHH 3KCrrepnMeHTaJibHhlX ,n,aHHhIX. B rJiaBe TaK)Ke YKa3aHhl MO):\eJIH, 

KOTOphie CBH3hIBaIOT ,ll,HcppaKU,HOHHhle rrpogeCChl H rrpogeCChl rny6oKOHerrpyroro 

pacceHHUH. B 3aKmoqeHHe Ha rrpHMepe ,D,HarpaMM BBO,ll,HTCH OCH0BHbie Kl1HeMa

T11qecKne rrepeMeHHhle ,D,JIH OITHCaHUH ,n,ncppaKgHOHllhIX rrpogeccoB B rny6oKO

HeyrrpyroM pacceHHHH (,IJ.fHP) n o6cy)K,D,aIOTCH TorroJiorw1ecKne oco6eHHOCTn 

peaKgnn. 

KttHeMaTnqecKHe 1_1epeMeHHhie; OITUChIBaIOUJHe I10JIJUHKJII0311BHh!l1 rrpogecc 

,IJ.rHP, rrp11BeAeHhl Ha Puc. la. ,lJ.oJIH rrpo,n,oJihHoro HMfIJJihca (x IP), rrepe,n,aHHaH 

rrp0TOHOM B pe3JJihTaTe 6ecgBeTHOro o6MeHa fIOMepOHOM IP n ,ll,OJIH rrpO,ll,OJih

HOr0 nMIT)'JihCa IP, nepeAaHHaH KBapKy, pacceHHHOMY na BHPTJaJihHOM cpoToHe 

(/3)' CBH3aHhl C MaCUITa6Hol1 nepeMeHHOfi BbepKeHa X C0OTHOIIJemi:eM: /3x IP = x. 
'BttpTyaJihHOCTh' (pOTOHa, onpe,n,eJieHHaH KaK OTp11gaTeJibHaHBeJIHquna OT KBa,11.

paTa ero 4-x 11MfIJJibCa, Q2
' HBJIHeTCH MaCIIJTa6oM (lllKaJiol1) ')KeCTKOCTH' npogec

ca rHP. B anaJI113e npogeccoB rHP ucrroJih3yeTCH TaK)Ke rrepeMennaHy, KOTopaa 

Ha3bJBaeTCH 'neyrrpyrocThIO' pfaKgUH H onpe,D,eJIHeT ,ll,OJIIO UMilYJihCa 3JieKTpo

Ha, rrepe,n,aHHJIO BUpTyaJibHOMY (pOTOHY B CUCTeMe ITOKOH npoTOHa. IIepeMeH

Hhl~ fHP He HBJIHIOTCH He3aBHCUMhlMH U CBH3aHhl ~OOTHOIIJeHHeM: Q2 = sxy, 
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Puc. 1: ,[t:uarpaMMbl JIU,!1.UpylO~ero nop.H,D.Ka: a)noJiyUHKJIIOJUBHOli peaK~UU ,n.mppaK~UOHHOI'O 
rHP ep ➔ eXp; 6)peaK~uu cporoH-I'JIIOOHHoro CJIU.HHU.H ep ➔ ejjX'p. 

r,n;e s ITpe,n;cTaBJUieT KBa,n;paT mrnapliaHTH0fi MaCChl CHCTeMbl ep. ITepeMeHHaH 

MaH)],e.JJhllITaMa t 0ITpe,n;eJrneT KBa,n;paT nepe,n;aHHoro 4-x HMITYJJhCa a ITP0T0HH0fi 

Bepll!HHe. ITepeMeHHaH Mx 0ITpe,n;eJJHeT HHBapHaHTHYIO Macey a,n;p0HH0fi CHCTe

Mhl X. Ha PHc. 16 IT0Ka3aHa ,n;HarpaMMa npol_\ecca cpoToH-rJJIOOHHoro CJJHHHHH 

ep ➔ ejjX'p c o6pa3oBaHHeM ,n;ayx CTpyfi a,n;poH0B jj H JJH)J.HPYIOIL\ero npoTO

Ha B K0He'IH0M C0CT0HHHH. ,ll.JJH xapaKTepHCTHKH ITP0I_\ecca o6pa30BaHHH )J.Byx 

CTpyfi a,n;p0H0B BB0)],HTCH ITepeMennaH Z[P, K0TopaH ITpe,n;cTaBJJHeT )J,0JJIO HMITYJJh

ca ,n;ncppaKL\HOHnoro o6MeHa (IToMepoim IP), ITepe,n;aHHYIO ITapToHy, yqacTBYIO

IL\eMy B KX,D. 3B0JJIOL\HH H rny60KotteyITpyroM pacceHHHH. ,ll.nH ,n;HarpaMMhI JJH

,n;HpyIOIL\ero IT0pH,n;Ka KBapK-ITapTOnnofi Mo,n;eJJH (KITM), IT0Ka3anttofi na PHc. la, 

BepH0 C00TH0llleHHe: ZIP = (3. ,ll.JJH ITp0I_\eCC0B IT0pH)J,Ka frs H Bhlllle, Bepno C00T

H0llleHHe: 0 < /3 < ZIP-

2.3 9KcrrepHMeHT HI 

B TpeTbefi rJJaBe ITpHB0)J,HTCH 0CH0BHb!e ITapaMeTpb! 3JJeKTp0H- ITP0T0HHoro K0JJ

JJafi,n;epa HERA (Hadron Electron Ring Accelerator) H ,n;atto 0ITHCaHHe ,n;eTeKTO

poB ycTaH0BKH Hl, K0T0pbie Ba)KHbJ. )J,JJH HCCJJe)J,0BaHHH )J.Hq>paKI_\HOHHhIX npo

l_\eCC0B a rny60KOHeyITpyroM ep pacceHHHH. 9KCITepHMeHTaJihHhie ,n;aHHhie ITO 

,D.rHP, K0T0pb1e aHaJIH3npyIOTCH B ,n;attttofi pa60Te, ITonyqenh1 na ycTanoBKe Hl 

B ep B3aHM0,n;efiCTBHHX ITPH 3HeprHH B CHCTeMe l_\eHTpa Mace vs = 301 11 319 

rsB B ITepHo,n; Me)K,n,y 1997 n 2007 rr .. 

,D.anee o6cy)K)],aIOTCH 3KCITepHMeHTaJihHhie MeT0)J,bl perHCTpal_\HH )J.Hq>paKl~H-

0HHh!X ITp0I_\eCC0B B rny6oKoneynpyroM ep pacceHHHH. ,D.ncppaKI_\HOHHh!e '11pOI\CC

Chl B rHP xapaKTepH3YIOTCH HaJIH'IHeM B K0He'IH0M C0CT0HHHH JJH)J.11PYIOll\ero 

ITp0T0Ha, ttecyll\ero 6oJJhllIYIO )J.0JJIO sttepr11H npoToHa nyqi<a (E;/ Ep > 90%), 
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HJJH naJIH'IHeM 6oJJhll!Oro 6bICTpOTHoro HHTepBaJia (BBH, large rapidity gap, 

LRG) Me)K,n;y JJH)J.HPYIOIL\HM ITp0T0H0M ( HJJH ITp0,lJ,YKTaM11 ,n;nccol_\Hal_\HH ITpoTOna 

- cHcTeMofi Y) H CHCTeMofi a,n;poH0B X (PHc. 1). B ITepBoM MeTo,n;e paccem1-

Hhifi ITp0T0H perHCTpHpyeTCH B CITeKTp0MeTpe JllI)J.HpyIOIL\HX ITP0T0H0B (forward 

proton spectrometer, FPS) - CHCTeMe TpeK0BhIX ,n;eTeKTopos, ycTaH0BJJeHHhIX na 

paccT0HHHH 60-90 M ITO HaITpaBJJeHHIO ITP0T0H0B OT T0'IKH ep B3aHM0,n;efiCTBHH 

B ycTaH0BKax Hl H ZEUS. CHcTeMa MarHHT0B ycKopHTeJJH HERA 0TKJJ0HHeT 

pacceHHHhie ITp0T0HhI, 'ITO IT03B0JJHeT 113MepHTh HX HMITYJJhChl. XapaKTepHCTH

KH cITeKTp0MeTpa JJH)J.HPYIOIL\HX ITP0T0H0B FPS ycrnH0BKH Hl oITncaHhI B pa6o

Tax [1,3,4,22 24]. Bo BT0p0M MeTo,n;e BhI)],eJJHIOTCH co6bJTHH, B K0T0pb!X 0TCYT

CTBYIOT BbIC0K03HeprHt.JHbie a,n;p0Hbl B 60JJhllIOM lIHTepBaJJe ITO ITCeB)J.06bJCTpOTe 

B ITepe,n;Hefi 06nacT11 ycTaH0B0K Hl JI ZEUS 0TH0C11TeJJhH0 HaITpaaneH11H ITY'IKa 

ITP0T0H0B [2, 5]. BepoHTHOCTb B03Hl1KH0BeHl1H 6oJJbllJ0['0 11HTepBaJia ITO ITCeB

)J,06bICTpOTe 6.r, 3KCIT0HeHI_\11aJibH0 IT0)],aBJJeHa B He,n;11cppaKI_\l10HHbIX co6bJTl1HX. 

9TO IT03B0JJHeT Ha)J,e)KH0 H)],eHTl1q>l1L\11pOBaTb ,n;11cppaKI_\l10HHbJe ITp0I_\eCCbI, Be

p0HTH0CTb K0T0pblX paBH0MepH0 pacITpe,n;eJJeHll, ITO BeJJl1'111He lIHTepBaJJa 6.r,, B 

,n;11cppaKI_\l10HHbIX ITP0L\eCcax 6.r, ~ In 1/xw n Tpe6oaaHHe LRG 6.r, BbI)J.eJJHeT 

co6hITl1H c MaJJbIMH xw ;S 0.03. MeTO)J. LRO He IT03B0JJHeT 11,n;enTH<PHL\HpoBaTb 

C06bJTl1H C 60JJbllll1M XIP 11 60JJhllIOfi l1HBap11aHTHOfi W\CC0fi Mx, T.K. ITpHMeCb 

He,n;11cppaKI_\lIOHHhIX co6bITHfi yaeJJl1'111BaeTCH C p0CT0M X IP ( M X). 

MeTO)J, 60JJbllJ0['0 6bJCTpOTHOl'O 11HTepaana ,n;aeT 3Ha'IHTeJJbH0 60JJbllIYIO CTa

Tl1CTl1KY ,n;11cppaKI_\l10HHh!X co6h!T11fi, 'leM MeT0)J, JJl1)J.HpyIOIL\el'O ITP0T0Ha, K0TO

pblfi orpaHut.JeH MaJibIM aKceITTaHcoM cITeKTpoMeTpa FPS. O,n;ttaKo co6bITHH c 

LRG BKJJIO'laIOT ITp0I_\eCChl ,n;11cppaKI_\UOHHOfi )],HCC0I_\Ual_\UH ITp0TOHa B C0CT0HHHH 

C MaJI0fi Maccofi My, BKJJa)J, K0T0pbIX (~ 20%) HeB03M0)KH0 IT0HH3HTh U3-3a· 

orpattut.JeHufi aKceITTattca 3KCITepuMeHTaJihHbIX ycTanoBoK Hl u ZEUS B ITepe)J.

nefi o6JJaCTU ITO 6bICTpOTe. OcHOBHblMl1 UCT0t.JHIIKaMU CHCTeMaTH'leCKl1X IT0rpell!

HOCTefi B MeTo,n;e LRG HBJJHIOTCH Heper11cTpal_\11H n11,n;11pyIOIL\ero ITpoTona, BKJJa,n; 

cpoHOBhlX He,n;11cppaKI_\HOHHhlX ITP0L\eCC0B 11 IL\YM0B ,n;eTeKT0pa, K0T0pbie IT0)],aBJJH

IOT LRG. B MeTO,n;e LRG neB03M0)KH0 H3MepeH11e aen.u'll1HbI t ,n;niuHKJJI03HBHbIX 

ITp0I_\eCC0B ,D,rHP, IT03T0MY H3MepeHHbJe Ce'leHHH lIHTerp11poBaHbl ITO t B o6JJaCTH 

Jtl < 1 r9B
2

. CucTeMaTH'lecKue ITorpell!H0CTH MeTo,n;a n11,n;upyio~ero ITpoToHa 

0ITpe,n;eJJHIOTCH He0ITpe,n;eJJeHH0CTHMl1 IT0JJ0)KeHHH ,n;eTeKT0p0B !\PS 0TH0CHTeJJbH0 

ITY'IKa ITP0T0H0B u tteoITpe,n;e.neHH0CTHMu MarnuTHofi 0ITTl1KH ycKop11TeJJH HERA, 

a TaK)Ke MaJibIM aKceITTaHC0M FPS. K ITpe11Myll\eCTBaM 3Toro MeTO,n;a MO~Ho oT

necTH ITpHM0e 113MepeH11e BeJJl1'111H X IP 11 t ITO 9Heprnn 11 IT0ITepe'IH0MY HMITYJJbCY 

JJl1)J,HpyIOIL\el'O ITp0T0Ha. rop1130HTaJibHhie per11cTp11pyIOIL\l1e ~TaHI_\HlI CITeKTpo

MeTpa Hl FPS .<JYBCTBHTe.JJbHbI K ITpol_\eccaM ,D.rHP a 6onee ll!11p0Kofi 06nacT11 

x Ip ;S 0.1 ITO cpaBHeH11IO c o6nacThIO H3MepeHHH MeT0)J.0M LRG. B 9Tofi 06-
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JlaCTil B03MO)KH0 H3Mepem1e npou.eccoB o6MeHa noMepOHOM, a TaK)Ke BKJla,n.a B 

ce'--leHHe npou.eccoB o6MeHa pe,n.)KeOHOM, KOTOpbie no,n.aBJleHbl B 06J1aCTH MaJlbIX 

XJp. B npou.eccax ,Il,fHP, H3MepeHHhIX c noMOlll,hIO ropH30HTaJihHhIX ,n.eTeKTopoB 

cneKTpoMeTpa FPS, o'-!eHb MM BKJ1a,n. npou.eccoB ,n.Hccou.Hall,HH npoToHa. MeTo

,D.hI H3MepeHHH ,D.HCppaKll,HH B rHP C nOMOlll,bIO MeTO,D.OB LRG H FPS HMeIOT 

pa3Hble HCTO'--IHHKH CHCTeMaTH'--leCKHX norpeIIIHOCTefi H, TaKHM o6pa30M, ,n.aIOT 

,n.onOJlHHTeJlbHYIO npoBepKy TO'--IHOCTH H3Mepeml.fi. 

,Il,aJ1ee B rnaBe OnHCbIBaeTCH MeTO,D. perHCTpall,HH JlH,D.HpyIOlll,HX npoTOHOB B 

cneKTpoMeTpe FPS ycTaHOBKH Hl. TipoTOHhI, pacceHHHbie B ep B3aHMo,n.eficTBHH 

Ha yrJ1hI ;S 1 Mpa.n., OTKJlOHHJlHCb ny'--IKOBbIMH MarHHTaMH KOJ1J1afi,n.epa HERA 

Ha paCCTOHHHe HeCKOJlbKHX CaHTHMeTpOB OT ll,eHTpaJlbHOfi op6HTbl npOTOHHOrO 

ny'-!Ka H perncTpHpOBaJlHCb CHCTeMofi ,n.eTeKTOpOB, ycTaHOBJleHHbIX B6J1H3H ny'--1-

Ka npoTOHOB C HOMOlll,bIO no,D.BH)KHb!X CTaHll,Hfi, TaK Ha3bIBaeMb!X Roman Pots. 

Ka)K,n.aH no,n.BH)KHaH CTaHU.HH cneKTpoMeTpa FPS [24] co,n.ep)KaJ1a '--leTbipe Koop

.D.HHaTHbie nJlOCKOCTH Cll,HHTHJlHll,HOHHb!X qm6epHb!X ,n.eTeKT0pOB, KOTOpbie BMe

CTe 113MepHJ1H ,D.Be opToroHaJlbHble KOOp,D.HHaTbl ITepece'-!eHHH TpeKa pacceHHHO

ro npoToHa B nJIOCKOCTH (x, y). CBeT c CU.HHTHJlHU.H0HHhix qm6epoB co611.panc51 

11a MHOroKa11aJ1bHh!e no3Hll,HOHHO-'--IYBCTBHTeJlhHbie q>OTOYMIIO)KH'reJlH (TI-Y:<DY, 

position sensitive photomultipliers, PSPM). Koop,n.1rnaTh1 pacnoJIO)KeHHH ITy'--1-

KOBbIX MarHHTOB, a TaK)Ke H3BeCT!lbJe 3Ha'--leHH51 MarHHTHOro nOJ151 B MarHHTax, 

rJ03B0J151JlH B0CCTaHaBJlHBaTb HMnyJlhC H yroJl pacceHHHH Jlll,D.HpyIOlll,ero npOTOHa 

u TO'-!Ke ep B3aHMo,n.ei1cTBHH. B rJ1aBe npHBO,D.HTCH aKcenTaHc cITeKTpoMeTpa FPS 

H 3<pq>eKTllBHOCTb peKOHCTPYKU.HH TpeKOB, OITHCbJBaeTCH MeTO,D. KaJ1tt6pOBKH no

Jl0)KeHHH ,n.eTeKTOpOB OTHOCHTeJlbHO ny'-!Ka npOTOHOB ll MeTO,D. peKOHCTPYKU.llll 

HMnyJ1bca paccemrnoro npoToHa, npttBO,D.HTCH ou.eHKH pa3pernemrn cITeKTpoMeT

pa H CHCTeMaTH'-!eCKHX norpeIIIHOCTefi H3MepeHttfi. 

,D:a1rn1,1e FPS HERA I 6b1J1H HaKonJ1eHhI B 9KCITepHMeHTe Hl B e+p B3attMo

,n.eficTBHHX n Te'-!eune 1999 11 2000 rr .. ,Il,aHHbie HERA II c J111.,n.npy10lll,ttM npo

TOHOM, 3aperncTpHpoBaHHhIM B cITeKTpoMeTpe FPS, 6hIJ1H rroJ1y'leHbI B e-p n 

e+p B3aHMO,n.eficTBHHX nocJ1e Mo,n.epHtt3au.nn KOJ1afi,n.epa HERA H ycTaHOBKH Hl 

B nepno.n. c 2005 ITO 2007 rr. Pa3perneHtte FPS no 9Heprnn pacceiHHoro npoToHa 

cocTaBJ1HeT ~ 5 f9B. Pa3perneHtte no KOMnoneHTaM noITepe'-!Horo HMnyJ1bca pac

cemmoro npoTo~a cocTaBJ1HeT ~ 40(50) M9B ,ll.JlH Px tt ~ 100(150) MjB ,D.JlH' Py, 
cooTBeTCTBem10, ,D.JlH ,n.aHHbIX FPS HERA I (HERA II). OcHOBHOfi BKJ1a,n. B pa3-

perneune cITeKTpoMeTpa FPS ,n.aeT pa36poc npoToHuoro ITY'-!Ka no ITonepe'--IHOMY 

HMnYJlbCY B TO'-!Ke B3allMO,n.eficTBirn. Pa3perneHiie cneKTpOMeTpa no KBa,n.paTy 

nepe,n.aHHOro 4-x HMnyJihCa B npoTOHH0fi BeprnttHe t ,ll.JlH ,n.aHHb!X FPS HERA 

I tt3MeHHeTcH OT 0;04 f3B2 npH !ti = 0.08 T9B2 ,n.o 0.08 f3B2 npH !ti = 0.5 

f3B2• CooTBeTCTByiolll,ee pa3perneHtte not ,D.JlH ,n.aHHhIX FPS HERA II H3MeHH-
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eTcH OT 0.06 f3B2 npn !ti= 0.1 f9B2 .n.o 0.17 f3B2 ITptt !ti= 0.7 f9B2• Pa3HHU.a 

B pa3perneHttll OITpe,n.eJ1HeTCH 60JlbIIIHM pa36pocoM ITY'-!Ka ITPOTOHOB ITO Px H Py 
B nepno.n. HERA II. B nep110.n. HERA II cTaTHCTttKa peKoHcTpynpoBaHHhIX co-

6b1THfi ,Il,fHP C Jlll,D.ttpy1o~HM ITpOTOHOM COCTaBHJla ~ 69000, '-ITO B ~ 21 pa3 

60J1bI1Ie ITO cpaBHeHttIO c ITepHO,D.OM HERA I. YBeJltt'--leHtte CTaTttCTHKH CTMO B03-

MO)KHhIM 3a c'-!eT yBeJltt'--leHHH cBeTttMOCTH KOJ1J1afi,n.epa HERA, aKcenTaHca FPS, 

9q>q>eKTHBHOCTH peKOHCTpyKU.HH TpeKoB B FPS, a TaK)Ke 3a C'-!eT 60J1brnefi one

pau.noHHofi 9q>q>eKTHBHOCTH Ha6opa ,n.aHHb!X B pe3yJlbTaTe ITpHMeHeHHH 60J1ee 

coBeprneuHofi cHcTeMhI n03HU.HOHttpoBaHttH n KOHTpOJlH ,n.eTeKTopoB FPS. 

B 3aKJ1IO'-!eHtte rnaBbl ITpHBO,D.HTCH YCJ10BH51 BbI,D.eJleHHH co6b!Tllfi MeTO,D.OM 

LRG B u.eHTpMbHhIX ,n.eTeKTopax ycTaHOBKH Hl, ,n.a10TcH ou.enKtt 3q>q>eKTHB

HOCTH MeTo,n.a H BKJla,n.a npot\eCCOB ,D.HCCOll,Hall,HH npOTOHa, onpe,n.eJ1HeTCH KHHe

MaTH'--leCKaH 06J1aCTb H3MepeHHH no nepeMeHHbIM My H t. 

2.4 Atta.JUI3 3KcneplIMeHTaJibHbIX p;aHHbIX II lI3MepeHJie ceqeHJIH ,ll;ll-

cppaKu;IIOHHOro rJiy6oKotteynpyroro ep pacceHHIIH 

,Il,aHHbie FPS HERA I, 11cnoJ1h3yeMhie B aH.aJitt3e HHKJ1I03HBHhIX ce'-!eHttfi npo

u.eccoB ,n,rHP C JlH,D.ttpyIOlll,llM npoTOHOM B KOHe'-!H0M COCTOHHHH, COOTBeTCTBy

IOT HHTerpaJ1bHofi cBeTHMOCTH 28.4 n6-1. ,Il,aHHhie HERA II c J1tt,n.Hpy10lll,ttM 

npoToHoM, 3aperttcTpttpoBaHHhIM B cneKTpoMeTpe FPS, 11.cnOJ1h3yeMbie KaK ,D.JlH 

aHaJIH3a llHKJ1!03llBHb!X Ce'-!eHHfi, TaK H ce'-!eHttfi o6pa30BaHH51 .D.BYX ')KeCTKHX' 

CTpyfi a,n.pOHOB B ,D.Hq>paKll,llOHHOM fHP, COOTBeTCTBYIOT HHTerpaJlbHOfi CBeTH

MOCTH 156.6 n6-1. B nepno,n.hI FPS HERA I H FPS HERA II KOJ1J1afi,n.ep HERA 

ycKopHJl ITY'--IKH e± H ITPOTOHOB ,n.o 9Heprttfi Ee = 27.6 f3B H Ep = 920 f3B, '-ITO 

onpe,n.eJlHJlO 9Heprtt!O B CHCTeMe u.eHTpa Mace ep CTOJlKHOBeHttfi vs = 319 f9B. 

, ,LJ:JIH aHaJIH3a npou.eccoB ,Il,fHP c o6pa3oBaHtteM LRG B KOH,e'--IHOM cocTOHHHtt 

HCnOJlb30BaJ1HCb pa3Hble ua6opb! ,n.aHHb!X ,ll.J151 pa3HblX 06J1aCTefi H3MepeHHfi ITO 

Q2
• ,LJ:JIH Bcex Ha6opoB ,n.aHHhIX KOJ1J1afi,n.ep HERA pa60TaJ1 B pe)KttMe IT03ttTpou

npoToHHhix CTOJlKHOBeHHfi. ,Il,JlH ll3MepeHHH B llHTepBaJle 3 < Q2 < 13.5 f9B2 

npHMeHHJlHCb ,n.aHHbie, Ha6paHHbie B 1997 r. C HCITOJlb30BaHHeM TpHrrepa Hl 

minimum bias. B npoMe)KyTO'--IHofi 06J1aCTH 13.5 < Q2 < 105 f3B2 ITpHMeHH

JlHCh OCHOBHbJe ,n.aHHbie, Ha6paHHb!e B T_e'--leHHe 1997 r .. B 3THX ,n.aHHb!X pacceHH

Hblti no3HTpoH peKOHCTpynpoBaJ1CH B 9JleKTpoMarnttTHOM SpaCal KanopttMeTpe. 

B KttHeMaTtt'-!eCKOti 06J1aCTH Q2 > 133 f9B2 npHMeHHJlHCb ,n.aHHhie, Ha6paHHbie B 

Te'--leHHe 1999-2000 rr .. B 9THX ,n.aHHblX pacceHHHbIH IT03HTpOH perttCTpHpOBaJlCH 

B LAr KMopttMeTpe. 9ueprttH ITY'-!Ka no3HTpOHOB cocTaBJ1HJ1a Ee = 27.6 f9B. 

9ueprttH ny'-!Ka npoTOHOB cocTaBJ1HJ1a Ep = 820 f9B B 1997 r. n Ep = 920 f9B 
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B neptto)J. 1999-2000 rr., 'ITO onpe)J.emmo aHeprmo B c11cTeMe qeHTpa Mace ep 
CTOJIKHOBem1fi, COOTBeTCTBeHHO, VS= 301 raB ll VS= 319 raB. 

,l],anee OIIllCbIBa!OTCH MeTO)],bl peKOHCTpym.1;1111 KllHeMaTtt'leCKllX rrepeMeHHblX. 

IIepeMeHHhie rHP y, Q2
, x orrpe)J.eJIHJIHCh KOM611H11poBaHHhIM MeTo)J.oM, KOT0-

pb1fi B p83Hb!X KllHeMaTH'leCKllX o6nacTHX CBO)],llTCH K llCIIOJih30BaHll!O IIOJIHpHo

ro yrna 11 aHeprH11 pacceHHHoro aJieKTpoHa ('electron method') 11n11 )].Byx nonHp

HhIX yrJIOB: pacceHHHOro 3JieKTpOHa ll KOHeqHoro a)],pOHHOrO COCTOHHllH ('double 

angle method'). KoM6nHnpoBaHHhifi MeTO)J. II03BOJIHeT tta)J.e)lrno peKOHCTpynpo

BaTh KnHeMaT11Ky rHP B nrnpoKofi 06nacn1 n3MepeHnfi no y. 

MttBap1rnHTHaH Macca Mx a)J.pOHHOfi CIICTeMhI X (Pnc. la) CBH3aHa c )J.PYrHMII 

nepeMeHHb!Mll ,l],rHP COOTHOIIIeHIIHMII: 

f3=Q2/(Q2+M'Jc-t); xIP=(Q2+M}-t)/(Q2+W2-m;), (1) 

r)],e W - 3HeprHH B CllCTeMe qeHTpa Mace peaKqllll 'Y*P, mp - Macca npOTOHa. IIe

peMeHHhie rHP CBH3aHhl COOTHOIIIeH1IeM: W 2 ~ sy- Q2
• fiplI aHaJIH3e C06bITnfi 

c LRG BeJIII'lllHhI /3 n x IP BhI'lllCJIHJillCh cornactto cpopMynaM 1. B peaKqnHx, 

r)J.e c noMOIII.hIO cneKTpOMeTpa FPS ll3MepeHhI aHeprHH 11 norrepe'IHhifi HMIIYJihC 

Jlll)J.llPYIOIII.ero rrpOTOHa, rrepeMeHHbie x IP n /3 orrpe)J.eJIHIOTCH CJie)J.yIOIII.eM o6pa-

30M: 

XIP = 1- E;/Ep; /3 = x/xIP (2) 

I1p11 llCIIOJib30BaHllll MeTO)],a JIII)J.llpyIOIII.ero rrpOTOHa B o6JiaCTII MaJiblX XIP ;S 
0.01, rrepeMeHHaH /3 peKOHCTpy1IpyeTCH IIO cpopMyJie 1. TaKOfi MeTO)], )],aeT JIY'l

IIIYIO TO'lHOCTb ll3MepeHllH. 

KBa)].paT rrepe)J.aHHOro 4-x IIMIIYJihCa B npoTOHHofi 13epIII11He t = (P - P')2 
peKOHCTpynpyeTCH IIO rrorrepe'IHOMy llMIIYJibCY Jlll)J.llPYIOIII.ero rrpOTOHa Pt II rre

peMeHHOfi XIP cornacHo cpopMyne: 

PF 
t = tmin - 1 - X IP tmin = 

2 2 
XIPmp 
-- ' 

1- XIP 
(3) 

r)J.e Jtminl eCTh KnHeMaTn'leCKll MllHllMaJihHO )J.OCTYIIHOe B p_eaKqlIII 3Ha'leHIIe !ti. 
BeJill'lllHa ZIP, orrpe)J.eJIHeMaH )],JIH rrpoqeCCOB o6p830BaHllH )J.BYX CTpyii a)J.po

HOB B ,l],rHP (Pnc. 16), CBH3aHa C )J.pyrnMII rrepeMeHHb!Mll ,l],rHP COOTHOIIIettlieM: 

Q2+M?. 
JJ 

ZIP = Q2 + M'Jc ' 

r)J.e Mii rrpe)J.CTaBJIHeT co6oii acp<peKTllBHYIO · Macey )J.Byx cTpyfi a)J.pOHOB. 
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(4) 

,l],anee B rnaBe OIIllChIBa!OTCH Kp1ITep1rn OT6opa co6bITIIfi ,l],rHP C Jlll)],llpy!O

III.IIM rrpoTottoM IIJill LRG B KOtteqttoM cocTOHHIIII, KOTOpb1e BKJI10qa10T ycnoBIIH 

3anycKa (Tpnrrepa) ycTattoBKII Hl, KpnTepnlI, ttanaraeMbie rrpn peKOHCTpyKqlIII 

BepIIIIIHbl B3allMO)],ei1CTBIIH, pacceHHHOl'O 3JieKTpOtta, JIII)J.IIPYIOIII.ero rrpOTOHa ll 

KIItteMaTnqecKIIX rrepeMetttthIX rHP. Kpinepnn oT6opa co6b1Tnfi 'l'aK)Ke BKJIIO'la

IOT rrpnMeHHeMbie, orpaHII'leHllH )],JIH IIO)],aBJieHllH q>OHOBbIX He)J.II<ppaKqlIOflHblX 

npoqeCCOB II rrpoqeCCOB q>OTOpO)K)],eHIIH, a TaK)Ke q>OHOBbIX co6hITllfi B crreKTpo

MeTpe FPS OT rano rryqKa rrpoTOHOB. PeKoHcTpynpoBaHHbie )J.atttthie FPS HERA 

II CO)J.ep)KaJIII OKOJIO 68200 co6b!TIIH B o6naCTll rrpoMe)KyTO'lHbIX 4 < Q2 < 110 

raB2 II OKOJIO 400 co6bITIIfi B o6JiaCTII 60JibIIIIIX 120 < Q2 < 700 raB2
• Pe

KOHCTPYIIPOBaHHbie )J.atttthie FPS HERA I co)J.ep)KaJIII oKono 3300 co6hITIIfi B 

o6nacTII 2 < Q2 < 50 raB2
• 

Ha )J.aHHhIX FPS HERA II )J.enanacb Bh16opKa co6h1T11fi ,l],rHP c )J.BYMH CTpy

HMII a)J.pottoB. KpnTep1I11 oT6opa orrpe)J.eJIHJillCh o6naCThIO rro rrceB)J.06bICTpoTe 

'TJ = - In tan 0 /2 CTpyn a)],pOHOB, IIO rronepe'IHOMY IIMIIYJibCY CTpy11 Pr B CII

CTeMe qeHTpa Mace 'Y*P II rro acpcpeKTIIBHoii Macce )J.Byx cTpyfi Mii. ,l],nH peKoH

cTpyKqnn CTpyfi a)J.pOHOB llCIIOJib30BaJICH KJiaCTep!'lhlfi kr-aJirOpllTM, IIpllMeHeH

Hhlfi B cncTeMe qettTpa Mace "(*p. ,l],nH Torronor11n co6h1THfi c )J.BYMH CTPYHMll B 

qeHTpaJibHOfi o6nacTn 6hlcTpOT (U:OB) npnMettHJIOCh accnMeTpll'IHOe Tpe60Ba

tt11e Ha P} )],JIH Jlll)J.llpyIOIII.efi II CJie)J.y!OIII.eii- 3a-Jill)J.11pyIOIII.efi CTpyii a)J.pOHOB. 

,l],m1 TOIIOJIOI'IIII co6b1T11fi c O)J.HOii cTpyefi B U:OB II o,ri.Ii.Ofi bpyeii B rrepe)J.tteii 

o6nacTn 6b1cTpoT (IIOB) rrpnMeHHJIOCh orpatt11tJeH11e tta acpcpeKTllBHYIO Macey 

)J.BYX CTpyfi Mjj. TaKlle orpaHn'leHl!H II03B0.liHIOT Bbl)],eJillTb KllHeMaTll'leCKyIO 

o6JiaCTh, I')],e KX,l], B CJie)J.yIOIII.eM-3a-Jill)J.Hpy10III.1IM IIOpH)J.Ke Bhl'lllCJieHl!fi (next

to-leading order, NLO) )J.aeT Ha)J.e)KHhie rrpe)J.CK83attnH.' Bcero 6h1JI0 3aper11cTp11-

poBaHo 581 co6b1T11e C Jlll)J.llpyIOIII.llM rrpOT0HOM ll )J.Byti,rn CTPYHMII a)J.pOHOB B 

U:OB 11 309 co6b1T11ii c 0)J.H0fi cTpyefi B U:OB II 0)J.Hofi CTpyefi _B IIOB. 

B rJiaBe rrp11BO)],IITCH oqettKa BKJia)],a q>OHOBbIX co6b!Tllfi, KOTOpb!e Bbl'll!Ta

JillCb rrp11 orrpe)J.eJieHllll ceqeHllH IICCJie)].yeMbIX npoqeccoB. OcHOBHOfi,q>OH B co-

6bITllHX ;n;rHP c Jlll)J.llPYIOIII.llM IIpOTOHOM B FPS IIpOllCXO)],llT OT cnyqafitth!X 

COBIIa)],eHII~ IIO BpeMeHll He)J.n<ppaKqllOHHbIX co66ITnfi, peKOHCTpyttpoBaHHblX B 

qeHTpaJibHOM )],eTeKTOpe Hl, ll pacceHHHbIX IIpOTOHOB 113 rano IIpOTOHHOl'O rryq

Ka, 3aperncTpnpoBaHHhIX B FPS. ITocne np11Mettett115i KpnTep11eB OT6opa )J.JIH 

Bbl)],eJieHllH IIHKJII0311BHbIX rrpoqeccoB ,l],rHP q>OH B FPS OT rano rryqKa COCTa

BllJI B rrep110)]. HERA II B cpe)J.HeM 13%. B nepiio)J. HERA I cpottoBhie ycnoBl!H 

6b1Jin 6onee 6narorrpnHTHbie n cpoH OT rano rryqKa He npeBhIIIIaJI 7%. 

,l],anee B rJiaBe OIIllChIBaIOTC~ )],eTaJill MO)],eJillpOBaHIIH MeTO)],OM MOHTe Ka{>JIO 

rrpoqeccoa ,l],rHP )J.JIH orrpe)J.eJieHnH rrorrpaaoK Ha pa3peIIIett11e n acpcpei<T11attocTh 
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ycTaHOBKH Hl, )J;JI51 pac'IeTa aKcenTaHca 11 CHCTeMaTH'IeCKJIX norpeUIHOCTefi, )J;JI51 

OQeHKH np11Mec11 <pOHOBbIX co6hITHfi, )J;JI51 pactJeTa BKJia,n;a npOQeCCOB K9,.D; 113JIY

qeHH.H (pOTOHOB 3JieKTpOHOM C QeJibIO KOppeKQllll 3KCI1epttMeHTaJibHbIX ,n;aHHblX 

Ha 3TH 3<p<peKTbI. Ilptt aHaJI113e ,n;aHHbIX FPS HERA I )J;JI.H M0,1J;eJI11poBaHH.H pe

aKQHll ep---+ eXp llCI10Jlb30BaJiacb )J;lIIlOJibHa.H MO)J;eJib HaCbllll,eHll.H ('saturation' 

model), peaJitt3oBaHHa.H B reHepaTOpe co6b1rnfi RAPGAP. Ilptt aHaJIH3e 6oJiee 

no3,n;H11x ,n;aHHhIX FPS HERA II )J;JI.H HHKJII03llBHbIX npoQeccoB ll pmK,n;eHH.H ,n;Byx 

',KeCTKllX' CTpyfi a,n;poHOB llCnOJib30BaJiaCb MO)J;eJib COCTaBHOro noMepoHa, pea

Jlll30Bamm.H B reHepaTope co6b1Tttfi RAPGAP. B ,n;aHHOfi Mo,n;eJI11 npe,n;noJiara

Jiach cpaKTOpH3aQll.H npoQeCCOB B npOTOHHOfi BepUIHHe ll, Hap.H,n;y C Jlll)J;llPYIOill,HM 

o6MeHOM noMepOHOM, Y'IHTbIBaJIC.H TaK)i<e BTOpH'IHbifi o6MeH pe,n;)KeOHOM. ,ll;JI.H 

on11caH11.H noToKa H CTPYKTYPhI noMepoHa 11cnoJib30BaJiacb napaMeTptt3aQH.H 'Hl 

2006 Fit B' (rnana 6). Ilptt aHaJI113e npoQeccoB ,.o;rHP c o6pa3oBaHtteM LRG 

B KOHe'IHOM COCTO.HHllll KOM6llH11pOBaJillCb HeCKOJlbKO MO)J;eJiefi. )];JI.H reHepaQllll 

co6hITllfi B o6JiaCTl1 XJp < 0.15 llCnOJib30BaJiaCb MO)J;eJib COCTaBHOro noMepoHa. 

,ll;JI.H MO)J;eJillpOBaHH.H (pOHOBbIX npoQeCCOB He,n;11cppaKQHOHHOro rHP ll3 o6JiaCTll 

x 1p > 0.15 H M~ > 5 r3B ttcnoJib30BaJic.H reHepaTOp co6hITttfiDJANGO. Ilpo

QecchI a,n;pOHll3aQllll napTOHOB MO)J;eJillpOBaJillCb, llCI10Jlb3Y.H CTPYHHYIO MO)J;eJib 

Lund B nepcm~, peaJIH30BaHHofi B nporpaMMe PYTHIA. OTKJIHK ,n;eTeKTopoB Hl 

,n;eTaJibHO Mo,n;eJittpoBaJIC.H, ttcnoJib3Y.H nporpaMMY GEANT3. Mo,n;eJittpoBaHHbie 

co6hITl1.H npOXO)J;HJIH qepe3 TY )Ke QenO'IKY aHaJIH3a, 'ITO ll )J;JI.H 3KCnep11MeHTaJib

HbIX ,n;aHHbIX. 

Ha Pttc. 2 np11ne,n;eHo cpanHeHtte ,n;aHHhIX FPS HERA II )J;JI.H co6b1Tttfi ,.o;rHP 

nocJie Bbl'IHTaHH.H <pOHa C pe3yJibTaTaMll MO)J;eJillpOBaHll.H TaKllX co6bITllfi reHe

paTOpOM RAPGAP. IloKa3aHbI pacnpe,n;eJieHH.H no nepeMeHHbIM XJp, Px, Py tt Jtl. 
MoHTe KapJIO MO)J;eJillpOBaHlle BocnpOH3BO)J;llT pacnpe,n;eJieHll.H, peKOHCTpyttpo

BaHHbie B cneKTpoMeTpe FPS, B npe,n;eJiax 3KcnepttMeHTaJibHbIX norpeUIHOCTefi. 

,l];aJiee B rJiaBe onllCbIBaIOTC.H ,n;eTaJIH JI3MepeHll.H )J;ll<p<pepeHQHaJibHOro ce

qeHll.H )];ll<ppaKQHOHHblX npoQeCCOB rHP. 9Kcnep11MeHTaJibHbJe pacnpe,n;eJieHll.H 

KOppeKTHpOBaJillCb Ha aKcenTaiic ycTaHOBKH Hl, BeJill'IllHa KOTOporo onpe,n;eJI.H

eTC.H CBOfiCTBaMll ,n;eTeKTOpa ll HaJIO)KeHHb!Mll orpaHH'IeHH.HMll Ha KllHeMaT11qe

CKlle napaMeTpbl co6bITllfi. ,ll;JI.H KOppeKQHll 3KCnepHMeHTaJibHblX pacnpe,n;eJiem1fi 

Ha aKcenTaHC ycraHOBKll ttcnoJib30Banc.H bin-by-bin MeTo,n;, KOTOpbifi npe,n;no

naraeT HCI10Jlb30BaHlle TOJibKO ,n;ttaroHaJibHbIX 3neMeHTOB B unfolding MaTpllQe. 

Ilpll onpe,n;eJieHllll neJill'IllHbl llHTepBaJia no KllHeMaTll'IeCKllM nepeMeHHbIM Tpe-

60BaJIOCb, 'IT06bl 'IllCTOTa BbI60pKll COCTaBJI.HJia He MeHee 70%, TO eCTb COOTBeT

CTBOBaJia ~ la pa3peUieHll.H no 11ccne,n;y_eMofi nepeMeHHOfi. CTa6HJibHOCTb MeTO

,n;a npoBep.HJiaCh nY'reM BapbllpOBaHH.H <pOpMbl MO)J;eJittpOBaHHbIX pacnpe,n;eneHllfi 

no KllHeMaTll'IeCKllM nepeMeHHbIM XJp, ·13, Q2 ll t ll OQeHKH MO)J;eJibHblX CllCTeMa-
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Puc. 2: Pacnpe,n;e.neHHH co6h1Tttii: ,n:rHP c Jiu,n;upy1◊rn;uM nporoHoM, peKOHCTpyupoBaiiHhIM B 

FPS, no a) xrp, b) Px, c) Py, d) Jtl (To'IKH). <l>oH OT raJio ny'!Ka npOTOHOB BhI'!TeH HJ ,n;aHHhIX. 

Pacnpe,n;e.neHHH MoHTe KapJio co6hITHii: RAPGAP noKaJam,1 KaK rucTorpaMMhI c OKparneH

HhIMH IlOJIOCaMH, COOTBeTCTBYIOI.IJ;HMH 3KCnepHMeHTaJihHhlM CHCTeMaTH'!eCKHM norpellIHOCTHM. 

Tll'IeCKHX norpeUIHOCTefi ll3MepeHHbIX cetJeHttfi. ,ll;ttcpcpepeHQHaJibHOe cetJeHlle B 

HHTepBane KOHe'IH0rO pa3Mepa KOppeKTllpOBaJIOCb K 3HatJeHllIO B QeHTpe llHTep

BaJia. Ilpll 3TOM Y'IllTblBaJIC.H KaK pa3Mep HHTepBaJia, TaK ll orpam1'IeHll.H (pa30-

BOro npocTpaHCTBa, KOTOpbie onpe,n;eJI.HIOTC.H HaJIO)KeHHb!Mll KllHeMaTH'IeCKHMll 

orpaHH'IeHH.HMll npll reHepaQllll co6bITHfi. Ilpll Bbl'IllCJieHllll CetJeHH.H n BopHOB

CKOM nptt6Jitt)KeHllll ,n;e.ilaJillCb KOppeKQllll ll3MepeHHblX BeJill'IllH Ha 3tp<peKTbl 

K9,.D; tt3nytJeHH.H <pOTOHOB 3JieKTpottoM 11cnonh3YH nporpaMMY HERACLES. 

Ceqemrn o6pa3oBaHH.H ,n;Byx ')KeCTKHx' CTpyfi a,n;pottoB B ,.o;rHP onpe,n;eJI.HJIHCh 

)J;JI.H npoQeCCOB Ha ypoBHe a,n;poHOB, p0)K)J;eHHblX B ep B3aHMO)J;eficTBl1ll. Ilpe,n;

CKa3aHll.H KX,.D;, nonytJeHHbie )J;JI.H npoQeCCOB Ha napTOHH0M ypOBHe, K0ppeKTH

poBaJillCb )J;JI.H nepexo,n;a K npoQeccaM Ha yp0BHe a,n;pOH0B C HCnOJib30BaHlleM 

,n;nyx Mo,n;eJiefi napTOHHhIX JIHBHefi B MoHTe KapJio reHepaTOpe RAPGAP. ,l];n.H 
yqeTa 3cp<peKTOB aKcenTirnca ll pa3perneHH.H Hl no peKOHCTpyttpoaaHHbIM nepe-
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MeHHhIM npi-IMemmac& npou;e,n,ypa MaTpHqHoro ampon,11,HHra (unfolding) 3Kcne

pHMeHTaJibHhIX ,11,aHHbIX. IlepeMeHHbie Xtrue )J,JIH npou;eccoB, onpe,11,eneHHbIX Ha 

ypOBHe a,11,poHOB, BOCCTaHaBJIHBaJIHCb H3 H3MepeHHbIX B 3KCIIepttMeHTe nepeMeH

HbIX Yrec c HCIIOJib30BaHHeM COOTHOIIIeHHH Aitru'e = Yrec• 3,11,ecb A - unfolding 

MaTpHu;a, IIOJiyqeHHaH H3 pe3yJI&TaTOB MoHTe Kapno MO)J,eJIHpoBaHHH, KOTOpaH 

yqIITbIBaeT pa3peIIIeJrne H aKCeIITaHC ycTaHOBKH Hl. 

IlpH H3MepeHHH ceqeHHfi ,ll,fHP c JIH)J,Hpy1mu;HM npoTOHOM 6&1JIH yqTeH&I 

CHCTeMaTHqeCKHe norpeIIIHOCTH H3 cne,n,yIOiu;HX HCTOqHHKOB: norpeIIIHOCTH npH 

BOCCTaHOBJieHHH 3HeprHH H KOMIIOHeHTOB IIOIIepeqHOro HMIIYJibCa JIH)J,HpyIOiu;ero 

IIpOTOHa; Heonpe,11,eneHHOCTH B H3MepeHHH 3HeprHH' H IIOJIHpHoro yrna pacceHH

HOro 3JieKTpOHa; CHCTeMaTHqecKHe norpeIIIHOCTH IIPH BOCCTaHOBJieHHH 3HeprHH 

KOHeqHoro a,11,pOHHOro COCTOHHHH; MO)J,eJibHaH 3aBHCHMOCTb aKCeIITaHCa IIpH Ba

pbHpoBaHHH cpopMbl MO)J,eJIHpOBaHHbIX pacnpe,11,eneHHfi no nepeMeHHbIM XJp, /3, 
Q2 H t; MO)J,eJI&HaH 3aBHCHMOCTb rrpH KOppeKI.l;HH ceqeHHH K 3HaqeHHIO B u;eHTpe 

HHTepBana. B aHaJIH3e TaK)Ke yqHTbIBaJIHCb HeOnpe,11,eneHHOCTH, CBH3aHHbie C 

BbJqHTaHHeM q>OHa OT rano nyqKa IIpOTOHOB, npou;eccoB q>OTOpO)K,11,eHHH H )J,HC

cou;IIal.l;HH IIpOTOHa; CHCTeMaTHqecKaH norpeIIIHOCTb IIpH peKOHCTPYKI.l;IIH Bep

IIIHHbl co6&ITHH; Heonpe,11,eneHHOCTH HOpMHpOBKH ceqeHHH, o6ycnoBJieHHbie 3q>

cpeKTHBHOCTbIO TpHrrepa, 3q>q>eKTHBHOCTbIO BOCCTaHOBJieHHH TpeKa npOTOHa B 

cneKTpoMerpe FPS, norpeIIIHOCTbIO H3MepeHHH HHTerpan&Hofi cBeTHMOCTH 3KC

nepHMeHTa Hl, norpeIIIHOCTbIO 3KCTpanOJIHI.l;HH ceqeHHH ll3 o6naCTH H3MepeHHH 

cneKTpoMeTpoM FPS. B o6nacTb ltminl < ltl < 1 f3B
2

• 

IlOJIHbie CHCTeMaTHqecKHe norpeIIIHOCTH H3MepeHHH ceqeHHfi nonyqeHbl ny

TeM cyMMHpOBaHHH B KBa,11,paTe BCe BKJia)J,OB, KpOMe Heonpe,11,eneHHOCTH HOpMH

pOBKH, qTO npHBO,ll,H; K cpeiHefi norpe111HOCTH )J,JIH ,11,aHHhIX FPS HERA II B 8%. 

,ll,onOJIHHTeJibHaH Heonpe,11,eneHHOCTb HOpMHpOBKH ceqeHHH COCTaBJIHeT4.3% )J,JIH 

o6nacTH H3MepeHHfi 0.1 < ltl < 0.7 f3B
2 

H 6% )J,JIH ceqeHHH, 3KCTpanonHpoBaH

Horo B ,o6nacTh ltminl < It! < 1 f3B
2

• IlonHaH 3KCIIepHMeHTaJI&HaH norpe111-

HOCTh ceqeHHH npe,11,cTaBJIHeT KBa,11,paTHqHyIO cyMMY CTaTHCTHqecKofi, CHCTeMa

THqecKOfi H HOpMHpOBOqHOfi IIOrpeIIIHOCTefi" H~MepeHHfi H )J,JIH HaH60Jiee TQqHbIX 

H3MepeHHfi coC'i'aBJIHeT ~ 10%. CTaTHC;HqecK~e norp~IIIHOCTH H3MepeHH&Ix ce

qeHHfi, a TaK)Ke CHCTeMaTHqecKHe norpeIIIHOCTH OT Ka)K,11,0ro HCTOqHHKa )J,JIH 

Bcex H3MepeHHbIX HHTepBaJIOB IIO KHHeMaTHqecKHM nepeMeHHbIM )J,JIH ,11,aHHbIX 

FPS HERA II npHBe,11,eH&I B pa6oTe [31, a TaK)Ke Ha web-site [27]. 

CTaTHCTHqecKHe H CHCTeMaTHqeCKHe norpeIIIHOCTH ceqeHHfi )J,JIH BCex H3Me

peHHbIX HHTepBanOB no KHHeMaTHqecKHM nepeMeHHhIM Ha ,11,aHH&Ix FPS HERA 

I IIpHBe)J,eHbl B pa6oTe [1]. IloJIHbie CHCTeMaTHqecKHe rrorpeIIIHOCTH ceqeHHfi )J,H

cppaKI.l;HOHHOro fHP, H3MepeHH&Ix Ha ,11,aHH&1x FPS HERA I, cocTaBJIHIOT 12% 
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)J,JIH o6nacTH H3MepeHHfi 0.08 < !ti < 0.5 f3B2 u 13% )J,JIH ceqeHHH, ,3K<-'Tpa

nonHpoBaHHoro B o6nacT& ltminl < !ti < 1 f3B2
• ,ll,orronHHTeJihH1J,H Heonpe

,11,eneHHOCTh HOpMHpOBKH ceqemrn onpe,11,eJIHJiaCb B OCHOBHOM norpeIIIHOCTbIO B 

onpe,11,eneHHH 3q>cpeKTHBHOCTH P~K;HCTPYKI.l;HH TpeKa JIH,ll,HpyIOiu;ero rrpOTOHa H 

COCTaBHJia 10.1%. 

CHCTeMaTHqeCKHe rrorpeIIIHOCTH H norpeIIIHOCTH HOpMHpOBKH ceqeHHH o6pa-

30BaHHH ABYX ')KeCTKHX' CTpyfi aApOHOB COCTaBHJIH, COOTBeTCTBeHHO, 11%(7%) 

,11,na TononorHH co6&1THfi c ABYMH CTPYHMH B UOB H 17%(6.2%) )J,JIH Tonono

rHH co6&1THfi c 0,11,Hofi CTpyefi B LI;OB H 0,11,Hofi crpyefi B ITOB. CHcTeMaTHqecKHe 

norpeIIIHOCTH rrpH H3MepeHHH ceqeHHH o6pa30BaHHH ABYX ')KeCTKHX' CTpyfi a,11,

pOHOB OT Ka)K,11,QPO HCTQqHHKa IIpHBe)J,eHbl B pa6oTe [4]. 

CHcTeMaTHqecKHe norpeIIIHOCTH ceqeHHfi npou;eccoB ,ll,fHP c o6pa3oBaHHeM 

LRG, H3MepeHHhIX Ha ,11,aHHiiIX HERA I, BKJIJOqaJIH Heorrpe,11,eneHHOCTH B H3-

MepeHHH 3HepmH H noJIHpHoro yrna pacceHHI!Oro 3JieKTpOHa B KaJIOpHMeTpax 

SpaCal H LAr, a TaK)Ke Heorrpe,11,eneHHOCTH KaJIH6poBKH ,11,eTeKTopa Hl npH H3Me

peHHH 3HeprHH a,11,pOHOB. TaK)Ke yqHTb!BaJIHCb CHCTeMan1qecKHe norpeIIIHOCTH 

rrpn B&1.U:eneHHH .LRG B KOHeqHoM cocToaiiim peaKu;Hn, orrpe,11,emieM&Ie 3cpcpeK

THBHOCThIO rrepe,11,H11x ,11,eTeKTopoB ycTaHOBKH • Hl. C1-1creMaTHqecirne norpe111tto

CTH TaK)Ke yqHTb!BaJIH MO)J,eJibHYIO 3aBHCHMOCTb ceqeHHH, KOTOpaH 6&IJia ou;eHe

Ha nyTeM Baplial.l;HH cpopMbl M0,11,enHpoBaHHbIX pacripC,ll,eJICHHfi no nepeMCHHbIM 

X[p, /3, t H Q2• I1pH ou;eHKe MO)J,eJibHOfi 3aBHCHMOCTl1 ceqeHffH TaK)KC napbH

pOBaJICH OTHOC~TeJI~HHll BKJI,a)J, rrpou;eccoB o6MeHa pe,11,)KeOHOM, BKJia)J, <l>OHOBbIX 

He,11,ncppaKu;HoHHhIX npou;eccon H3 o6m;tCTH 6on&IIIHXXfp iI My H BKna,11, cpoHOBhIX 

npou_eccoB q>OTOpO)K)J,eHHH. CTaTHCTHqecKHe norpeIIIHOCTH ceqeHHll ;nrHP c o6-

pa308aHileM LRG, H3MepeHHhIX Ha ,11,aHHhIX HERA I; a TaK)KC CHCTeMaTHqecKHe 

norpeIIIHOCTH OT Ka)K,11,oro HCTOqHHKa )J,JIH Bcex H3MepeHHbIX HHTepiianoB no KH

He~aTHqecKHM riepe,MeHHhIM npHBe,11,e.H&I B pa6oTC [2J,' a TaK)Ke Ha web-site [25]. 

D(4) ' 
2.5 Ceqemre ar ,n;HcppaKIJ;HOHHoro rJiy~oKOHeyrrpyroro ep pc1.ccex-

HHX H rrpoaepKa rHIIOTC3bI O cpaKT9J>H3aIJ;HH rrpou;eccoB B,. rrpo-
TOHHbti' aepUIHHe -

, ,·r - . 

Ila-raa rnaBa,co,11,epi1rnT pe3yJI&TaT&I. n3_yqeHHH pe~Ku;r,H ep ➔ eXp B TepMHHax 

)J,Hq>cpepeHI~HaJibHOI'O Ce'Iettml )J,Hq>paKI.l;HOHHOr() P.1jy60KOHertJ?P?I'O ep pacce

HHIUI (,ll,fHP) no nepeMeHHOfi t H np1me,11,eHHOro CC'JCHHH O'r ( , rronyqeHH!:,Je c 

noMOiu;bIO cneKTpoMeTpa nrr,11,npyIOiu;Hx npoTOHOB FPS ycTaHOBKH Hl H .ony6nH

KOBaHHhJe B pa6oTax [1,3J H Tpy,11,ax Kompepem:~Hfi [IOJ~ [15]. 
:, . . ,·, . ·' 
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P11c. 3: flapaMeTp HaKJJOHa B ,11.JlH 3KCIIOHeHI~ll8.JlbHOil 3aBIICHMOCTll ,!1,ll(p<pepeH~llaJlbHOro 

ceqe11m1. OT t, 113MepeHHb1il Ha ,!l,aHHhIX FPS HERA I ,11.JlH pa3HhlX IIHTepBa.JIOB rro Q2, fJ n XJP, 

lfa aHaJUI3a 3aBl:ICl:IMOCTM ,11,mpcpe- ~

peHI~l:laJihHOro ceqeHl:151 ,11,1:1cppaK- ~ 10 •-
11,l:IOHHoro rny6oKOHeynpyroro pac- ~

ce51Hl:151 da / dt ex exp ( Bt) ~3Me- m 

2.5 

e H1 FPS HERA II 
Regge Fit IP+IR 

0 HfFPS HERA I 
□ ZEUS LPS 1 

ZEUS LPS2 

peH napaMeTp HaKJIOHa B )J,JI51 

pa3Hh!X IIHT!:!PBaJIOB no n,epeMeH

HblM Q2,/3 II XJp [~,3]. Tionyq~HO, 

qTO )],Jl51 (pIIKCllpOBaHHOro 3Haqe- . 

Hil51 x 1p napaMeTp B ne 3aBIICIIT B 

npe,11,enax norpernHocTefl Il3Mepe

Hil.fi ~T. BeJIIlqIIH Q2 II_ /3, xapaK

TepI13YIOI11IIX npou,ecc rHP. 9TO 

Bil,11,HO Ha PIie. 3 Ha npIIMepe ,11,aH

Hh!X Hl FPS HERA I. AHano-

L...-:-----------.......................... _ ............................... ..J.1 

1'0 -3 10 -2 1 () -1 

XIP 

nNitbitl Bh!BO)], c,11,eiian Hit 'octtoBa-; P11c.' 4: 'ITapaMeTp 'HaKJIOHa B ,!],JIH 3KCIIOHeH~ll8.J!b-
: · . . . · HOH 3aBIICHMOCTII ,!l,ll<p_ cpepeH~lla.JibHOrO ce'leHIIH OT 

HIIII ,11,aHHh!X C JIIl,11,IlpyIOII\HM npo-- ' . . ' ' '' ' ' · t, tt3Mepe1111b1il 11a. ,!l,a1111wx FPS lIERA I n FPS 

TOHOM, nonyqeHHh!X B 3KCI1epI1- HERA II KaK cpyHK~IIH XJp H ycpe,!],HeHHhlil IIO rre

MeHTe Hl B nepII0,11, HERA II, a peMeHHhlM Q2 n fJ. flpnBe,!1,eHhl TaK)Ke pe3yJJhTaThI 

TaK)Ke pe3yJI~TaTOB 3KCnepIIMeH- 3KCIIep11MeHTa' ZEUS. CrrnonmaH JIHHRH 'rrpe.n,cTaB-

z'EUS ·H . p ·-: 4 , ' m1e:r pe3yJJhTaT cpeHoMeHOJJOrtt'leCKoro cp11Ta Pe,!!,)Ke 
Ta . a IIC. npI1Be,11,en 

•. , . . · .. , . . . ,l,I.JIH ,!],aHHhlX Hl FPS HERA II, KOTOph~il Y'IIIThrnaeT 

napaMeTP HaKJIOHa B )],Jl5I 3~cno-- ~6MeH IIOMep~HOM IP, 11 pe,ri)KeOHOM JR. 
ueHU,H!lJlhHblf 3aBIICHMOC'fII ceqe- · · · · · · _ 

mm oT t, noKa3aHHhitt kaK cpy111<11,1151 xIP: Pe3y.TihTaT ncmyqeH ,11,.rr51 ,11,aHHhIX FPS 

HERA I II FPS HERA II, ycpe,11,neHHhIX no nepeMeHHhIM Q2 II /3. TipI1Be,11,eHo 
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TaK)Ke cpaBHeHI1e c pe3yJihTaTaMII 3KcnepI1MeHTa ZEUS. B 3KcnepI1MeHTe Hl no

nyqeno, qTQ B o6JiaCTII MaJih!X X[p ;S 0.03, r,11,e ,11,0MIIHIIPYeT o6MeH noMepOHOM, 

napaMeTp HaKJIOHa B ~ 6 r::iB-2. cho 3naqIITeJihHO MeHbrne, qeM BeJIIlqIIHa, Il3-

MepeHHa}I B nepI1cpepI1qecKI1X a,11,~0H-a,11,poHHh!X B3aIIMO)],etlCTBil~X II cornacyeTC51 

C BeJIIlqIIHOtl, Il3MepeHHOtl B npou,eccax 3KCKJII03IIBHOPO p0)K)],eHil51 BeKTOpHb!X 

Me30HOB B rHP ep ➔ eVp II npou,eccax cpoTOpO)K)],eHI151 TH)KeJihIX BeKTOpHhIX 

Me30HOB, Macca KOTOpblX 3a)],aeT ll1KaJiy.')KeCTKOCTil 1 npou,ecca. TipIIXJp;:: 0.05, 
r,11,e 3HaqIITeJieH BKJia,11, ofo.teHa pe,n,)KeOHOM, Ha6JIIO)],aeTC51 yMeHhilleHile napaMeT

pa HaKJIOHa ,11,0 B ~ 5 r::iB-2, qTO COOTBeTCTBYeT "'f*p pacce5IHIIIO Ha paCCT05IHIIII 

3ap51,11,0Boro pa,11,I1yca npoToHa. Bonee paHHile ,n,aHHhie 3KcnepI1MeHTa ZEUS co

rnacy10TC51 B npe,11,enax norpeillHOCTetl C pe3JJihTaTaMII Hl B o6JiaCTII X IP ;:: 0.05. 
Tiocne,11,Hile pe3y.iihTaThI 3KcnepI1MenTa ZEUS coorneTcTBYIOT ~ecKoJihKO 6oJih

rneMy 3HaqeHIIIO B ~ 7 r::iB-2, KoTopoe ne 3aBIICIIT OT nepeMeHHhIX Q2, Mx II 

X[p. 

TipI1Be,11,eHHOe ceqeHile af(4
) CB513aHO C ll3Mep5IeMh!M ,D,IlcpcpepeHU,IlaJihHh!M ce

qeHileM no cpopMyne: 

daep-+eXp 41ra2 y2 
df3dQ2dx1pdt = f3Q4 [l - y + 2) af(4}(/3, Q2, XIP, t) (5) 

B npI16JimKeHI1II 0,11,HO-cpOTOHHOrO o6MeHa B o6JiaCTII Q2 « Mj npI1Be,11,eHHOe 

ceqeHile onpe,11,eJI5ITC51 BKJia,11,oM crpyKTypHhIX cpyHKU,Iltl Ff II Ff: 

2 
D(4) _ p,D(4) _ Y pD(4) 

ar - 2 l + (l _ y)2 L (6) 

BKna,11, B ceqenI1e npou,eccoB fHP npo,11,onhno non5IpI130BaH11h1x cpoT0110B, KoTo

phitt onpe,11,eJI5IeTC51 CTPYKTypuotl cpyHKU,Ilett Ff; no,n,aBJieH B 06nacTI1 y ;S 0.5. 
lfaMepeHI1e ceqeHil51 af (4) Ha ,11,aHHhIX HERA I (HERA II) npoBe,11,euo B KIIHe

MarnqecKotl o6nacTII no BIIPTYaJihHOCTII cpoToHa 2 < Q2 < 50 r::iB2 ( 4 < Q2 < 
llO f::iB2), ,11,one npo,n,oJibHoro IIMnynhca, nepe,11,aHHotl npoTOHOM B ,11,I1cppaKU,I1-

0HHOM o6MeHe X[p < 0.1 II KBa,11,paTy nepe,11,aHHOro 4-x IIMnyJihCa B npOTOHHOtl 

BepI11I1He 0.08 < It! < 0.5 r::iB2 (0.1 < !ti < 0.7 r::iB2), CIICTeMaTWJeCKile no

rpernHOCTH Il3MepeHiltt cocTaBJI5IIOT B cpe,11,HeM 12% )],JI51 )J,aHHhIX HERA I 1:1 8% 
)],JI51 ,11,aHHhIX HERA II. ,nonoJIHIITeJihHhie norpernHOCTII HOpMHpOBKl:I ceqeH1:1fi 

)].JI51 ,11,aHHhIX HERA I (HERA II) cocTaBJI5IIOT 10.1% (4.8%). 

Pe3yJihTaT )],JI51 npl:IBe,n,eHHOro ceqeHil51 X1paf(4l, nonyqeHHh!tl Ha ,11,aHHh!X 

HERA II, TIOKa3aH Ha PIie. 5. l13MepeHHhie 3HaqeHil51 ceqeHil51, a TaK)Ke 1:1x 

CTaTI1CTI1qecKI1e 1:1 CIICTeMaT1:1qecK1:1e norpernHOCTII npIIBe)],eHhl B pa6oTe [3] II 

,11,0CTynHhl Ha web-site [27]. TionHa51 3KCnepI1MeHTaJihHa51 norpernHOCTh ,n,aHHh!X 
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Puc. 5: IlpuBe,11,eHHOe ceqe1me X1Paf?<4>, H3MepeHHoe Ha ,11,aHHhIX FPS HERA II Ka~ cpyHK

U:HH X IP ,[(JIH pa3JmqHbIX BeJ!lfqlfH t, fJ ·" Q2. OTpe3KH onm60K npe,11,cTaBJIHIOT. KBa,[(paTnqHyIO 

cyMMY CTaTHCTnqeCK0ii: If CHCTeMaTuqeCK0ll norpellIH0CTeii. Heonpe,11,eJieHHOCTb H0pMHp0BKH 

ceqeHHH 4.3% He II0Ka3aHa. CnJIOllIHbie JIHHHH npe,11,cTaBJlllIOT pe3yJJbTaTbl cpeHOMeHOJIOruqe

CK0ro cpuTa Pe,11,)Ke, KOTOpbiii: BKJIIOqaeT 06MeH·noMepo110M IP II pe,[(MC0H0M IR. 

FPS HERA II 110 o-f?(4
), KoTopaa 11pe,11,cTaBJrncT c:ofiofi Kna,11,pan1qHyIO cyMMY 

CTaTHCTlfiCCKOfi, CHCTeMaTifqecKofi noI'pCIIIII0CTCfi 11 IIC0llpe,11,eJieHlt0CTH H0pMH

p0BKH ceqeHHH,. C0CTaBJIHCT 10% /1,JIH 11a1100JICC 'l'0'IllbIX · 1-t3MepeHHfi .. ,IJ;aHHhie 
. D(4) 

FPS HERA 11 110 <7r 11onyqe11b1 B 60;1ee 11111p0Kofi KHHeMaTHqecKofi o6na-

CTH Ii BKJIIOqaIOT H3Mepemrn npH MCilhll111X (3 11 6oJiblllHX Q2 no cpaBHeHHIO C 

6onee pattHHMH H3MepeHHHMl1 FPS HERA I H ,[(aHHhIMH 3KcnepHMeHTa ZEUS. 

CeqeHHH, nonyqe1111b1e Ha ,11,a11111,1x FPS HERA II, HMeIOT MeHhlllHe 3Kcnep11MeH

TaJih.Hhie norpelllH0CTH. 

,D;aHHhie Hl FPS 110 <7;?(
4

) 11, 3J 6hIJIH HHTepnpernposatthI B paMKax cj:>e110Me

H0JI0rHH noJIIOC0B Pe,11,)Ke. ,D;na 3Toro cTpJKTJpHaH cj:>yHKU,HH Pf napaMeTp1130-

sanach Bb!pa)KCHHCM: 

Ff(4
) = fw(xw, t) · FIP(/3, Q2)+ n1n · fm(xIP, t) · Fm(/3, Q2

) ; (7) 
, , eB1P.IRt · 

!IP,IR(XIP, t) = AIP,IR; 2;,IP,IR(t)-1 ' (8) 
Xfp 
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K0T0poe npe,11,noJiaraeT q:>aKTOpH3au,1110 3aBHCHM0CTH F.f no nepeMeHHhIM X[p Ii 

t Ii 3aBHCHM0CTH no nepeMeHHhlM rHP (3 Ii Q2' 0T,[(eJibH0 )],JIH npou,ecC0B o6MeHa 

noMep0H0M Ii pe,[()KC0H0M. BeJIIfqlfHhl !IP Ii fm onpe,11,eJIHIOT II0T0Kl1 o6MeHa 110-

Mep0H0M JP, K0TOphlfi ,11,0MHHHpyeT B o6JiaCTH X[p ;S 0.03, Ii o6MeHa pe,11,)Ke0H0M 

IR, K0T0phlfi HBJIHeTCH BT0plfqHhIM 110 BeJIIfqlfHe, HO ,11,aeT 3aMeTHhlfi BKJia,[( IIPH 

X[p ~ 0.05. IIoTOKH !IP Ii fm 3a,[(aIOTCH 11apaMeTpH3au,Hefi B paMKax q:>eHOMe

H0JI0rHH II0JIIOC0B Pe,[()KC. TaK KaK 11pou,eCChl B llpOTOHHOfi BeplllHHe xapaKTepH-

3JIOTCH 11epeMeHHhIMH X[p H t, a q:>OTOH-llapTOHHOe pacceHHl1e, C00TBeTCTBeHH0, 

11epeMeHHhIMH (3 Ii Q2, TO 11pe,11,11onaraeMaH B aHaJIH3e YHHBepCaJihH0CTh q:>OpM 

pac11pe,11,eJieHHfi ceqe1rnfi 110 11epeMeHHhIM X[p Ii t, He3aBl1CHM0 OT 11epeMeHHhIX 

rHP, Ha3hrnaeTCH eILI,e rH110Te3ofi o cj:>a1<TOpH3au,H11 11pou,eccos B 11p0Tonnofi Bep

IllHHe. B KaqecTBe Fm(/3, Q2) HCII0Jih30BaJiaCb TeopeTifqecKaH 11apaMeTpH3aU,HH 

Owens ,[(JIH cTpJKTJpHofi cj:>ynKU,HH 7T-Me30Ha. B q:>HTe TaK)Ke q:>HKC11poBaJIHCh 

napaMeTpbl II OTO Ka pe,[()Ke0Ha f IR· l1x BhJ6op C00TBCTCTB0BaJI na11nyqlllefi 11a

paMeTpH3aU,HH HaKJI0Ha 3KCII0HCHIJ,HaJihH0fi 3aBHCHM0CTl1 ,11,Hq:>q:>epeHU,HaJibHOro 

ceqe1rna 110 t 11pH pa3HhIX 3HaqenHHx Xfp, 11onyqeHnoro Ha ,11,aHHhIX FPS HERA 

I. HopMHpOBKa ceqeHHH llpH q:>HKCHponaHHhl:X /3 Ii Q2 3a,11,asanacb qepe3 CB060,[(

Hhle 11apaMeTph1 q:>HTa F1p(/3, Q2). He6oJihlllOfi BKJia,[( CTPYKTypnofi q:>yHKU,HH 

Ff B H3Mepe1rnoe 11pHse,11,ennoe ceqeHHe o-[?(4) ou,enen 110 cj:>opMyJie 6 cornacHo 

11apaMeTpH3aU,HH, 11onyqeHHofi B pa60Te [2J. Pe3JJihTaThI q:>HTa ,11,aHHhix FPS 

IlapaMeTp 3tta'!eHue 

arp(0) 1.10 ± 0.02 (3KCII.) ± 0.03 (Mo,11,eJib) 

ll'~p 0.04 ± 0.02 (3KCn.) ~ 8:8~ (MO,[(eJJb) f3B·2 

Erp 5.73 ± 0.25 (3KCn.) ~ 8:ig (Mo,11,eJib) f3B·2 

nm [0.87 ± 0.10 (3KCn.) ~ 8:~g (MO,[(eJib)] . 10-3 

Ta6Jiuu:a 1: Pe3JJJbTaTbI q>nTa ,11,attHhIX FPS HERA II no af?<4) B paMKax cpettoMettoJioruu no

JIIOC0B Pe,11,Me. 9KcnepuMeHTaJihHaSI norpellIH0CTb npe,11,cTaBmieT KBa,11,paTuqttyIO CJMMY CTa

THCTltqecK0H If CHCTeMaTH'leCK0ll norpellIHOCTei1. Mo,11,eJJbHaSI norpellIH0CTb onpe,11,eJieHa nyTeM 

Bapuau:uu q>HKCllpOBaHI!bIX napaMeTp0B q>nTa. 

HERA II 116 <7;? (
4

) 110 cj:>opMyJie 7 11pHBe,11,eHhI B Ta6JIHU,e 1. B pe3JJihTaTe q:>HTa 3a-

8HCHM0CTH ceqenHH 110 11epeMeHHh!M X[p Ii t H3BJie'1eHhl 11apaMeTpbl TpaeKT0pHH 

110Mep0Ha o:IP(t) = o:1p(0) + a~pt. <PHT ,11,aeT x2 /ndf = 273/289 c yqeToM cm

THCTHqecKHx Ii HeKoppeJIHp0BaHHhIX CHCTCMaTifqecKHX 11orpelllH0CTefi. BKJia,11, B 

ceqenHe 11pou,eccon o6MeHa pe,11,)KeonoM IR 3aBHCHT OT x IP H ,11,ocTHraeT 50% 11pH 

x 1p = 0.075. IIepeceqenHe TpaeKT0pHH 110Mepona IP c t = 0 (intercept, HH

Tepcem) o:rp(0) = 1.10 ± 0.02(3Kc11.)±0.03(Mo,11,eJih) cornacyeTcH n 11pe,11,enax 

11orpelllHOCTefi H3Mepemifi C BeJIHqlfH0fi 0:IP(0) '.:::::'. 1.08, H3MepeHHOfi B MHI'KHX 
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a,1].pOH-a)].pOHHhIX B3attMO)].eilcTmrnx. Pe3yJihTaT, noJiy'leHHhlil )].Jl51 a IP( 0), TaK)Ke 

cornacyeTC51 c )].aHHhIMtt Hl B )].ttcppaKu,ttoHHhIX npou,eccax c o6pa30BaHtteM LRG 

B KoHe'IHOM cocT051Htttt [2] tt pe3yJihTaTaMtt 3_KcnepttMeHTa ZEUS. B paMKax cpe

HOMeHoJiortttt noJIIOCOB Pe)].)Ke lIHTepcenT noMepoHa aIP(O) onpe)].eJI5leT CTeneHb 

poCTa nOJIHOro Ce'leHtt51 1 *p B3alIMO)].eflcTBlI51 C 3Heprttef1: CT tot (,*p) CX: W2<>IP(0)-2• 

CornacHo cpopMyJie 8 napaMeTp aIP(O) TaK)Ke onpe)].eJI5leT pocT npttBe,l].eHHoro 

ce'leI-itt51 XJpaf(4
) nptt MaJihIX XJp, KaK BlI)].HO Ha Pttc. 5. 

IToJiy'leHHhlll HaKJIOH TpaeKTOplilI noMepoHa a/p conocTaBlIM C HyJieM lI 3Ha

'llITeJibHO MeHbIIIe, 'leM BeJilI'llIHa OJp '.::='. 0.25 r3B-2, lI3MepeHHa51 B M5lrKlIX 

a)].pOH-a)].pOHHhIX B3alIMO,l].eilcTBlI5IX . BJilI3Kllf1 Pe3YJihTaT )].Jl51 OJp noJiy'leH TaK

)Ke B aHaJitt3e )].aHHhIX FPS HERA I lI B 3KcnepHMeHTe ZEUS. B paMKax cpeHoMe

HOJiomtt nOJIIOCOB Pe)].)Ke HaK~OH JllIHeflHOfl TpaeKTOplllI noMepOHa OJp onpe,1].e

JI5leT C)KaTHe (shrinkage) )].ll<ppai<u,IIOHHOro KOHyca C yMeHhIIIeHtteMXJp corJiaCHO 

cpopMyJie: B(xIP) = BIP - 2a1plnxIP. cho coorneTcTByeT pocTy napaMeTpa B 
C 3Heprlleii B ClICTeMe u,eHTpa Mace peaKU,lllI w, TaK KaK XJp ex: l/W2 cornaCHO 

cpopMyJie l. MaJioe 3Ha'leHHe a1p rv O npe)].CKa3hIBaeTc51 B MO)].eJI5IX nepTyp6a

TlIBHoro noMepoHa, a TaK)Ke B paMKax 3BOJIIOI.l,llll napTOHOB BFKL. Pe3yJihTa

ThI aHaJilI3a Ce'leHlIH o6pa30BaHlI51 BeKTOpHb!X Me30HOB B 3KCnepn~eHTax Hl lI 

ZEUS TaK)Ke )].aIOT MeHhIIIHe 3Ha'leHH51 a1p, 'leM BCJIH'lttHa 0.25 r3B'-2 . ,l],JI51 

npOBepKlI rttnOTe3hl O <paKTOplI3aU,lllI npou,eCCOB B npOTOHHOll BepIIIlIHe, <plIT 

)].aHHhlX no af(4
) C lICnOJih30BaHHeM napaMeTplI3aU,lllI Pe)].)Ke no cpopMyJie 7 6bIJI 

BhlilOJIHeH OT)].CJihHO )].Jl51 Tpex o6JiaCTeii no Q2
. Pe3yJihTaThl aHaJIH3a npHBe)].e

Hhl Ha PHC. 6, OTKy)].a noJiy'leHO, 'ITO B npe)].eJiaX 1.5a norpeIIIHOCTefl lI3MepeHHi1 

napaMeTphI arp(O), a1p tt Brp He 3aBHC5IT OT 'Q2. · 

B pe3yJihTaTe aHaJIH3a noJiy'leHO, 'ITO napaMeTpbl TpaeKTOplllI noMepoHa lI 

HaKJIOH 3KCnOHeHU,llaJihHOH 3aBlIClIMOCTlI )].mpcpepeHU,llaJihHOrO Ce'leHlI51 not He 

3aBHC5IT OT BllpTyaJibHOCTlI q>OTOHa Q2. Ha . OCHOBaHlllI 3TOro .C,l].eJiaH Bh!BO)]. O 

npttMCHlIMOCTlI rttnoTe3bl O cpaKTOplI3aU,lllI npou,eccoB B npoTOHHOtl BepIIIlIHe lI 

q>OTOH-napTOHHOrO pacce51Hll51. 9TO n03BOJI5leT lIHTepnpeTHpOBaTb )].aHHhle no 

ce'leHlI5IM ,l],rHP B paMKax KOM6lIHllpoBaHHOro <peHOMeHOJIOrtt'leCKOro nO)].X~)].a, 

KOTOpblil npe)].nOJiaraeT o6MeH B npOTOHHOH BepIIIlIHe TpaeKTOpHefl noMepOHa 

lIJllI pe)].)KeOHa C nOTOKaMlI !IP lI !IR, 3aBlIC5llll,lIMlI OT XIP lI t. ITplI 3TOM 3aBH-
. 2 . 

ClIMOCTlI ce'ICHlI51 no Q lI (3 onpe)].eJI5IIOTC51 B paMKaX KX,l], aHaJIH3a cornaCHO 

ypaBHeHH5IM 3BOJIIOU,llll napTOHOB DGLAP )].JI51 )].H<ppaKu;HoHHhIX cpyHKU,Hil pac

npe)].eJieHH51 napTOHOB, KaK onHCaHO B rnaBe 6. 
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Pttc. 6: Pe3yJJhTaThl <pHTa Pe,lJ)Ke AJUI napaMeTpOB TpaeKTOpHH nOMepotta °'IP{O), °'~P H BIP, 
noJJy~eHtthle ua ,II.aH11h1x FPS HERA II no af<4

J ,II.JJH Tpex o6JJacTefi no Q2. OTpe3KH ::iKcne

pttMeHTaJJhHhlX on11160K COOTBeTCTBYJOT KBa,II.paTH'IHOfi cyMMe cTaTHCTH'leCKOfi H 11eKoppeJJI1-

poaa11tth1x Cl!CTeMaTH'leCKHX norpern11ocTefi. 

2.6 Attam13 .n;attHbIX B paMKax KX,l]; 3BOJIIOU,MM 11 M3BJie'-lett11e .n;11-

cppaKU,MOHHhIX <pyHKU,MH pacrrpe,n;eJieHM.H rrapTOHOB 

lllecT.a51 rnaBa nocB5llll,eHa KX,l], aHaJIH3y npHBe)].eIIHhIX ce'leHHil af<3
), noJiy'leH

HhIX MeTO)].OM LRG. 9TH )].aHHhie o6Jia)].aJilI HaH60JihIIIef1 cTaTHCTH'lecKofl TO'l

HOCThlO lI OXBaTb!BaJilI IlllIPOKYIO KlIHeMaTH'leCKYIO o6JiaCTh 110 Q2. Pe3yJihTaTbl 

ony6JilIKOBaHHbl B pa6oTe [2] lI B Tpy)].ax KOHcpepeHU,lIH [10], [13]- [21]. 

CornacHo TeopeMe KX,1], o KOJIJIHHeapHofl cpaKTOpH3aU,ttlI, IipHMettemmfl K 

npou,eccaM )].lI<ppaKU,lIOHHOro rHP, Ce'leHtte MO)KeT 6hITb napaMeTplI30BaHO B 

CJie)].yIOII.l,CM :Bll,l].e: 

daep➔eXY(x,Q2,XJP,t) = LfP(x,Q2,xrp,t)©daei(x,Q2), (9) 
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r,rt;e JieIITOH-rrapTOHHhie ceqemrn aei aHaJIOrH'IHbl Ce'leHH51M npou,eCCOB HHKJII0-

3HBHOrO rHP, a JP - )J.mppaKu,ttqHHhie cpyHKU,HH pacrrpe,n;eJiemi51 ·rrapTOHOB ( 

diffractive parton· distribution functions, DPDF) B npoToHe. OHH npe,rt;CTaBJI51-

IOT co6ofi pacnpe,rt;eJieHH51 Bep051TH0CTll ,ll;Jl51 napTOHa i B npOTOHe II onpe,rt;eJieHbl 

npII 3a,rt;aHHOM 4-x IIMilYJihCe pacce51HHOrO npOTOHa IIJIII CIICTeMbl y C 3<p<peK

TIIBHOfi Maccofi My, B KOTopy10 npoToH ,rt;IICCOU,IIIIpyeT. DPDF He MoryT 6bITh 

BhI'IIICJieHbI B paMKax nepTyp6aTHBHofi KX,n:, a onpe,n;eJI51IOTC51 II3 q>IITa 3KC

nepIIMeHTaJihHhIX ce'leHIIfi C IICilOJ1b30BaHIIeM ypaBHeHIIfi 3BOJIIOU,IIII napTOHOB 

DGLAP. TeopeMa KX,n: o KOJIJIIIHeapHofi cpaKTOpII3aU,IIII rrpIIMeHIIMa ,rt;JI51 npo

u,eccoB ,n:rHP npII ,ll;OCTaTO'IHO 6oJibIIIIIX Q2 
II q>IIKCIIpOBaHHhIX X[p, t H My. 

9TOT TeopeTH'leCKHfi no,n;xo,n; TaK)Ke MO)KeT 6b!Tb rrpttMeHeH ,ll;Jl51 OilHCaHII51 ceqe

HHfi rrpou,eccoB, IIHTerpttpoBaHHbIX ITO My H t. 
lfa-3a KHHeMaTII'leCKIIX orpaHII'leHHfi, rrpHMeH51eMbIX B 3KCITepttMeHTe Hl, 

HeB03MO)KH0 OXBaTIITb BCIO o6JiaCTb H3MepeHHfi ITO X II Q2 Ha OCHOBe ,rt;aHHblX 

ITPII O,ll;HOM q>HKCHpOBaHHOM X[p. TI03TOMY IICITOJlh30BaJIC51 <peHOMeHOJIOrH'leCKHfi 

ITO,ll;XO,ll;, B KOTOpOM ITpe,rt;ITOJiaraJiaCh cpaKTOpII3aU,H51 ITpou,eccoB B ITPOTOHHOfi Bep

IIIIIHe. )J:JI51 3Toro JP ITapaMeTpII30BaJIHCh B BH,rt;e: 

JP(x, Q2, X[P, t) = fip(XIP, t) · f;(/3 = x/xw, Q2
) +nm· !IR(XIP, t) · J/R(/3, Q2

) , 

(10) 
TO eCTb cyMMHpOBaJIHCb BKJia,rt;bI B ceqeHIIe ITpou,eccoB o6MeHa ITOMepoHOM IP 
(ITpou,ecc JIII,rt;ttpyIOlll,ero ITOp51,rt;Ka) H pe,rt;)KeOHOM IR (ITpou,ecc BToporo IT0p51,rt;

Ka). 9Ta rHITOTe3a He HMeeT CTpororo Teopen1qecKoro o6ocHoBaHH51 B KX,n:, Ho 

corJiacyeTC51 C ,n;aHHhIMH 3KCITepttMeHTa Hl, KaK ITOKa3aHO B rJiaBe 5, a TaK)Ke 

3KcrrepttMeHTa ZEUS. 3aBHCHMOCTH JP OT xw H t OITHChIBaJIIICh qepe3 IIOTOKH 

o6MeHa ITOMepoHOM fw tt pe,rt;)KeOHOM f IR c ITapaMeTpaMII TpaeKTOpHfi, ITOJiy'leH

HbIMH H3 Pe,rt;)Ke aHaJIH3a ,rt;aHHhIX c JIII,rt;ttpyIOlll,HM ITpOTOHOM HERA I [lj. MeTo,n; 

ITapaMeTpII3aU,IIII ITOTOKOB f IP H !IR OITttcaH B rJiaBe 5. 3aBHCHMOCTH JP OT f3 
H Q2 napaMeTpH30BaJIHCh Ha OCHOBe ,rt;II<ppaKU,HOHHhlX cpyHKU,IIfi pacITpe,rt;eJieHH51 

ITapToHoB B ITOMepoHe, f;(/3, Q2
), H pe,rt;)KeoHe, JlR(/3, Q2

), B paMKax DGLAP 

3BOJIIOU,HH rrapTOHOB Ha'IHHa51 co CTapTOBOH IIIKaJibl Q5. C u,eJibIO yMeHbIIIeHH51 

'IHCJia CB060,rt;Hh!X ITapaMeTpOB q>HTa ,ll;Jl51 OITHCaHH51 CTPYKTYPhl pe,rt;)KeOHa HC

IIOJih30BaJiaCh TeopeTtt'lecKa51 ITapaMeTptt3aU,H51 Owens ,rt;JI51 cTpyKTypHofi cpyHK

U,IIH 7f-Me3oHa. HopMIIpOBO'IHhifi ITapaMeTp nIR ,rt;JI51, BKJia,n;a IR oITpe,n;eJI51JIC51 H3 

q>HTa 3KCITepHMeHTaJibHbIX ,rt;aHHbIX. TaKHM o6pa30M, ,rt;HcppaKU,HOHHhlfi ITpou,ecc 

paccMaTpIIBaJIC51 KaK o6MeH ITOMepoHoM IP co cTpyKTypofi, OITpe,rt;eJI51eMofi ITap

TOHHhIMH pacITpe,n;eJieHH51MII f;(/3, Q2
). TiepeMeHHa51 /3 03HaqaeT ,ll;OJIIO ITpO,rt;OJib

HOro IIMITYJibCa ITOMepoHa, ITepe,rt;aHHOro KBapKy, pacce51HHOMY Ha BIIPTYaJibHOM 

cpoTOHe, a ITOTOKII fip(xw, t) II fIR(xw, t) 03Ha'laIOT Bepo51THOCTII ,rt;JI51 IP II IR 
C 3a,rt;aHHhlMII X[p II t B ITpOTOHe. AHaJIII3 ITpOBO,ll;IIJIC51 ,ll;Jl51 ITpIIBe,rt;eHHbIX ceqe-
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P11c. 7: Ilp11Be,!l,eHHOe ceqe1111e XIPe1f<
3
l rrpo11,eccoe ,LITHP c 06paJoaaH11eM LRG B KOHe'IHOM 

COCTOHHIIII. IloKa3alia 3aBIICIIMOCTb Ce'!eHIIH OT Q2 11 fJ ,!],JIH q>IIKCllpOBaHHOro 3Ha'!eHIIH X[p. 

,LI:aHHbie cpaBHIIBaIOTCH C pe3yJibTaTOM KX,n: q>11Ta B CJie,!J,yIOIIl,eM-3a-Jill,!1,11pyIOIIl,11M rropH,!!,Ke 

BbI'IIICJieH11ii: 'Hl DPDF Fit A'. 

HHH a;?(3l, IIHTerpttpOBaHHbIX B o6JiaCTII My < 1.6 r3B II ltl < 1 r3B2. lfa

MepeHHbie Ce'leHII51, a TaK)Ke CTaTHCTII'leCKHe H CHCTeMaTII'leCKHe ITOrpeIIIHOCTII 

ITpttBe,rt;eHhI· B pa6oTe [2j II ,n;ocTyITHhI Ha web-site [25). KaK noKa3aHo B rnaBe 7, 
B ITpe,rt;eJiax OIIIII60K II3MepeHttl1 He Ha6n10,n;a~TC51 pa3JIH'lttfi B cpopMe pacnpe,n;e

JieHH51 Ce'leHH51 ITO /3 II Q2 
,ll;Jl51 npou,eccoB C ,ll;IICCOU,Hau,ttefi ITPOTOHa B CHCTeMy 

C Maccofi My < 1.6 r3B H rrpou,ecCOB C coxpaHeHIIeM JIH,rt;HpyIOlll,ero ITPOTOHa 

(My = mp)- <l>HT ocylll,eCTBJI51JIC51 ,ll;Jl51 3KcriepttMeHTaJibHbIX ,n;aHHbIX B o6JiaCTH 

8.5 ::; Q2 
::; 1600 r3B

2
, Mx > 2 r3B H /3 < 0.8, r,n;e He ITpe,n;IToJiaraeTc51 °3a

MeTHOro BKJia,rt;a rrpou,eccoB, He onttchrnaeMbIX ypaBHeHH51MII 3BOJIIOU,HH DGLAP .• 

B q>HTe HCIIOJib30BaJIHCb 190 3KcnepIIMeHTaJibHhlX H3MepeHHfi a;?(3
) ,ll;JI51 pa3-
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HbIX 3Hat.Jemtfi Q 2
, (3 ll X IP· CTpyKTypa IIOMepoHa KaK 06beKTa C KBaHTOBbIMll 

t.JHCJiaMn naKyyMa BKJIIO'-laJia DPDF cnnrneTa E(z) JICI'Knx KBapKoB n aHTn

KBapKoB ( u = d = s == u = d = s) _n .rn100Ha g(z ). ,IJ:n51 rrpou,ecca ,IJ:fHP 

nn,11,npy10I11,em rrop51,D,Ka (Pnc. la) ,D,OJI51 rrpo,n.oJibHOI'O nMrrynhca rrapTOna z = (3. 
ToP,n.a KaK ,l],JI51 rrpou,eccOB 6onee BbICOKOI'O rrop51,l],Ka ITO as BbIIIOJIH51CTC51 ycnonne 

0 < (3 < z. TiapaMeTpn3au,n51 DPDF B qmTe Bhll10JIHeHa c ncrroJih30BaHneM cxe

MhI nepeHopMnpoBKH MS. TmKeJihie KBapKn c n b npe,n.nonaPannch MaCCHBHhIMH 

ll HX BKJia,n. B cet.JeHne Y'-IHTbIBaJIC51 BnJIOTb ,ll,O nop51,n.Ka Bbl'-lllCJieHnfi a; qepe3 

npou,eCCbl cpOTOH-I'JIIOOHHOI'O CJill51Hll51 (Pnc. 16). _BePylll,a51 KOHCTaHTa CHJlbHO

I'O B3allMO,n.efiCTBll51 COOTBCTCTBOBaJJa MHpOBOMy cpe,n.HeMy 3Hat.JeHHIO ,l],JI51 n51Tll 

apoMaTOB KBapKOB: ai
5\Mi) = 0.118 ± 0.02. 

DPDF KBapKOBOI'O cnHPJieTa n I'JIIOOHa napaMeTpn30BaJIHCh npn cTapTOBofi 

wKane DGLAP 3non10u,nn Q5 = 1.75 - 2.5 f3B2, TaK '-ITO BhIIIOJIH51JIOCh ycno
nne Q5 « Q;,,in• TiapaMCTpn3au,n51 DPDF 3a,n.aBanacb B BH,n.e zf;(z, Q5) = 
A;z8 ' (1 - z r,, ocylll,eCTBJ151JiaCh llX 3BOJIIOU,H51 B o6JiaCTb Q 2 > Q5 C nOMOlll,b!O 

ypaBHCHllfi DGLAP B CJIC,l],y!Olll,eM-3a-JIH,ll,llPYIOlll,llM nop51,l],KC Bbl'-lllCJieHnfi (next

to-leading order, NLO) n npon3Bo,n.nnacb cBepTKa (convolution) DPDF c Koscp

cpnu,neHTHhIMH cpyHKU,ll51Mll, KOTOpbie Bblpa)Ka!OTC51 qepe3 cpOTOH-napTOHHhie ce

t.JeHH51 B cpopMyJie 9. Bb16op OnTllMaJibHOI'O Q5 ocylll,eCTBJI51JIC51 no MHHllMaJibHO

MY x2 B pe3yJihTaTe cpnTa. B aHaJill3C He Y'-lllThIBaJIC51 B03MO)KHblfi BKJia,n. cpyHK-

1\Hfi paC1(\CnJieHH51 'np51MOI'O'. noMepOHa ( direct Pomeron) B napTOHbI, KOTOpblfi 

npHBO,L~HT K 11eo6XO,l],llMOCTll yt.JeTa 'HCI'OMOI'eHHOI'O' '-IJieHa (inhomogeneous term) 

B ypaBHCHH51X 3B0JIIOU,Hll napTOHOB. Yt.JeT TaKOI'O t.JJieHa B 3BOJIIOU,llH npnBO,l],llT 

K YMCHbll1CHl1IO ,l],OJill rJIIOOHa B cpyHKU,ll51X pacnpe,n.eJICHll51 napTOHOB (PJiaBa 9). 
TaK KaK cpnT ne t.JYBCTBHTeJieH K cpopMe DPDF rrpn (3 > 0.8, no3TOMY ,ll,JI51 

BhinOJIHenn51 ycnoBH51, 'IT06b1 DPDF CTpeMHJIC51 K HYJIIO npn z -t 1, DPDF 

,n.mI KBapKOBOI'O CHHI'JieTa ll I'JIIOOHa YMH0)KaJIHCb Ha BCJlll'-lllHY exp (-~~;). Ta

KllM o6pa30M, 3Hat.JeHH51 Cq ll Cg MOI'Jlll 6hITb KaK nOJIO)KllTCJlbHbIMll, TaK ll 
D(3) 

OTpH(\aTCJlbHblMH. BKJia,n. CTpyKTyp11ofi ,cpyHKU,Hll FL onpe,n.eJI51JIC51 ll3 ee 3a-

BHCHMOCTll oT DPDF cnHPJieTa KnapKoB n I'JIIOoHa B cne,n.y10I11,eM-3a- nn,n.npy

IouwM nop51,n.Ke BwrncneHnfi: TaK KaK OTHOCHTeJihHhie HOpMnpoBKH DPDF no

Mepona (pe,ll,)KCOHa) n noTOKa noMepoua (pe,l],)KCOHa) B cpopMyJie 10 He cpHKCH

poBaHhl, npaBHJIO coxpaHCHll51 cyMMbl llMIIYJibCOB napTOHOB He npnMeH51JIOCb. 

3aBHCHMOCTh noToka noMepoHa (pe,n.*eoHa) OT xw napaMeTpH30B.anacb cornac

no cpopMyne 8, B KOTopofi Tpa.e'i<TOpn51 noMepona (pe,n.)Keona) npe,n.nonamnacb 

nni-IJfinofi: afj,(t) = aw(0) f a~pt. ,IJ:n51 napaMeTpoB B1p(BIR) n a~p(a~R) n nx 

u~onpe,n.enenHocTefi 6bIJIH ncnoJib30BaHbI pC3yJihTaTbI Pe,n.)Ke anann3a ,n.annhIX 

FPS HERA I (PJiaBa 5f 

l1Mnynhcnoe pacnpe,n.eneime nJIOTHOCTH (DPDF) cnnrneTa KBapKOB onpe,n.e-
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JI51eTC51 BeJIH'-lllHOfi CTpyKTYPHOfi cpyHKU,llll Ff (3) C TO'-IHOCTblO, KOTopy!O ,n.a!OT 

,n.auub1e no af(3
), n t.JYBCTBHTeJibHO KO i3ceM TpeM napaMeTpaM Ag, Bg n Cg, 

ncnoJih3yeMbIM B rrapaMeTpn3af\HH DPDF. l1MnyJihCHoe pacnpe,n.enenne IIJIOT

nocTn I'JIIOOHa onpe,n.eJI51TC51 BCJill'-lllHOfi npOll3B0,l],HOfi CTPYKTypuofi cpyHKU,llH 

Ff(3l no In Q2, '-ITO o6'b51CH5leTc51 BKJia,n.oM npou,ecca pacI11,enneHH51 g -t ijq, 

KOTOpblfi ,ll,OMllHHpyeT B o6JiaCTll (3 ;S 0.4. ITpn 6oJiblllllX (3 '-IYBCTBllTCJibHOCTb 

,n.aHHbIX K llMnyJihCHOMY pacnpe,n.eJieHHIO I'JIIOOHa YMCHbWaeTC51. B pe3yJibTaTe 

aHaJIH3a 6bJJIO noJiyt.JeHo, '-ITO cpnT uet.JyBCTBllTCJieH K HaJill'-lll!O napaMeTpa Bg. 
ITosToMy B cpnTe KOJint.JeCTBO CB060,1J,HhIX napaMCTpoB ,l],JI51 DPDF I'JIIOoua 6b1-

JIO OI'paHll'-ICHO Ag ll Qg- ,r:I:JI51 npoBepKll '-IYBCTBllTCJibHOCTll pe3yJihTaTOB cpnTa, 

6hIJill ncnOJib30BaHbl )J,Ba Bll,l],a napaMeTpn3aU,llll llMnyJihCHOI'O pacnpe,n.eJieHll51 

I'JIIOOHa npn cTapTOBofi IllKaJie Q5: c ,ll,BYM51 napaMeTpaMn Ag n Cg ('Hl DPDF 

Fit A') n c o,n.nnM napaMeTpOM Ag ('Hl DPDF Fit B'). B cpnTe MHHHMH3npo

Banacb cpyHKU,ll51 x2
, npn onpe,n.eJieHllll KOTOpofi Yt.JllTbIBaJIHCb CTaTHCTll'-ICCKHe, 

HCKOppeJIHpOBaHHbIC CllCTeMaTH'-ICCKlle noPpeUIHOCTll, a TaK)KC KOppennpoBaH

Hbie CllCTeMaTH'-leCKHe noPpeillHOCTll ,l],Jl51 ,D,aHHblX no af (3), ll3MepeHHblX MeTO

,ll,OM LRG. Pe3yJihTaTbI cpnTa npnne,n.eHbI •B pa6oTe [2], a TaK)Ke ,n.ocTynuhI Ha 

web-site [26]. <l>nT ,n.aeT x2 /ndf = 158/183· ,n.n51 napaMeTpn3au,nn 'Hl DPDF 

Fit A' n x2 /ndf = 164/184 ,D,JI51 napaMeTpn3au,nn 'Hl DPDF Fit B'. Ha Pnc. 7 

npnBe,D,eHbl ,n.aHHbie no a;?(3
) B 3aBHCllMOCTll OT Q 2 ll (3 npn cpnKcnpoBaHHOM X[p 

n noKa3aHhI pe3yJihTaTbI napaMeTpn3au,nn 'Hl DPDF Fit A'. CTaTncTnt.JecKne 

ll 3KCnepHMeHTaJibHhie CllCTeMaTH'-ICCKlle noI'pCWHOCTll ,n.aHHblX ll llX KOppeJI51-

U.HH TpaHCJillpOBaJillCb B 3KcnepnMeHTaJibHhie noppeillHOCTll napaMCTpOB cpnTa. 

Mo,n.eJihHhie noPpeUinocTii cpnTa onpe,n.eJI51JIHCh nyTeM napna(\nn ·Q5, a TaK)Ke 

cpnKcnpoBaHHhIX napaMeTpOB cpnTa, TaKnx KaK JIR(xw, t), a~p, B1p, a 8 (MJ), 
me, mb. B pe3yJibTaTe cpnTa 3KCnepHMCHTaJibHblX ,n.aHHblX 6hiJill noJiyt.JeHbl na

paMeTpn3au,nn DPDF ,ll,JI51 cnHPJieTa KBapKoB n I'JIIOOHa, HHTepcenT TpaeKTopnn 

noMepoHa aw(0), KOTOpblfi onpe,n.e.irneT 3aBHCHMOCTb CC'-ICHll51 OT X[p, H napa

MeTp nIR ,D,JI51 HOpMHpOBKll BKJia,D,a npou,eccoB o6Meua pe,D,)KCOHOM. B pe3yJihTaTe 

aHaJIH3a nonyt.JeH llHTepcem aw(0) = 1.118±0.008(::iKcn.) ~&:&i5(MO,ll,CJib), KOTO

pblfi B npe,!).eJiaX 3KCnepnMeHTaJibHblX noI'pCWHOCTefi He 3aBHCllT OT o6JiaCTH IIO 

Q 2 ll (3, '-ITO cornacyeTC51 C I'HnoTe3ofi O cpaKTOpH3aU,HH IIPOf\CCCOB B npOTOHHOfi 

BepUIHHC. 

Bennt.J1rna aw(0) uecKOJihKO Bhiwe, t.JeM HHTepcem noMepoHa aw(0) c::= 1.08, 

H3Mepeuuh1fi B M51I'KHX npo(\eccax a,n.pou-a,n.poHHOI'O pacce51HH51. Bennt.J.nuaa1p(0) 

conocTaBHMa c pe3yJihTaToM, nonyt.JeHHbIM Ha ,n.aHHhIX FPS HERA I n HERA II 
(rnaBa 5), n c nocne,n,HnMn pe3yJihTaTaMn sKcnepnMenTa ZEUS, nonyt.JeHHhIMn 

,n.n51 npou,eccon ,n:rHP KaK c o6pa3oBaHneM LRG, TaK n c nn,n.npy10ui.nM npoTO

HOM B KOHet.JHOM cocT051Hnn. Pe3yJihTaTbI KX,IJ: cpnTOB 'Hl DPDF Fit A' n 'Hl 
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cTefi He 3aBHCHT OT Q2• I1HTerpa.iihHhifi BKJia,n, ttM11yn1,ca rnIOoiia B IP HeCK0Jih

K0 Mem:,rne ,l.J,JI5! 11apaMeTpH3a~uu 'Hl 'DPDF Fit B' H3-'3a Menhrnefi 11noTiiocTH 

rJIIO0Ha 11pw 6oJihlllllX z. O,n,naKo Pe3YJihTaTbl ,n,JIR ,n,syx napaMeTp113a~wfi corna

cyIOTC51 B 11pe,n,enax 11orpelllH0CTefi. TaKHM b6pa:3oM/ B ',n,wq:ipaK~llOHHOM o6Mene 

,1.J,0MHHllpyeT BKJia,n, PJIIO0Ha. Ananorwqni,1fi Bh;B·o~ 6i,11 c,n,eJiaH. 1103,l],Hee 110 pe-

3YJihTaTaM KX,Ll; aHaJill3a B 'ai<cnepHMeHTe ZEUS: no pe3yJihTaTaM q:>HTa Hl no

Jiyqeno, qTQ BKJia,n, 11po~eccbB d6MeHa pe,n,,Ke0H0M IR c llHTepce11TOM CX[R ~ 0.5 

B ceqenwe ,n;rHP 11pll XJp = 0.01(0.03) C0CTaBJI51eT 10%(30%) H CTaH0BHTC51 

11pHHe6pe,KH¥0 MaJihIM 11pH MeHhlllllX XJp. 

2. 7 Ceqemie a-;?(3
) .n;ncppaKu;1rnHHoro rJiy6o_KOHeynp;roro ep paccea

HHSI 

B Ce)],hMOfi rJiaBe aHaJIH3Hpye;C51 npHBe,n,eHHOe ceqeHHe a-;?(3) (/3, Q2, X IP), 110Jiy-
D~ 2 • 

qeHH0e HHTerpHp0BaHHeM <Yr. (/3, Q 'XJp, t) B o6JiaCTH ll3MepeHHfi 110 11epeMeH-

HOfi t ll 3KCTpa110JI51IJ.Hefi B o6JiaCTb !ti < 1 I'aB2• 9KcTpa11omi~H51 ocy~eCTBJI51-

JiaCh c wc110Jih30BaH!feM H3Mepenuofi 3aB1ICHMOCTH ceqeHH51 OT t, KaK onwcano B 

rnaBe 5. Pe3yJihTaThl ony6JIHKOBaHbl B pa6oT~X [1 3, 5j H Tpy,n,ax KOHq:>epeH~Hfi 

[10]- [15]. 

TiorpernHOCTH H0pMHp0BKH ceqenwfi a-;?(3) npo~eCCOB C JIH,1.J,llPYIO~llM 11poTO

H0M B KQHequoM cocT051HHH, H3MepeHHh!X ua ,n,aHHhIX Hl FPS HERA I (HERA 

II), cocTaBJI51IOT 10.1% (6%). JJ:aHHhie FPS HERA II pacurnpRIOT H3MepettH51 

af (3) B o6JiaCTb MaJiblX p < 0.01 ll 60JiblllHX Q2 > 120 raB2. 

TipwBe,n,ennoe ceqenrre X[Pa-;?(3) npo~eCCOB C JIH,1.J,llpyIO~HM 11p0T0H0M 
0

B K0-

ueqnoM C0CT051HHH I10Ka3aH0 Ha Prrc.10 B 3aBllCHMOCTH OT /3 ~JI51 °BbI,1.J,eJieHHbIX 

3Ha~enwfi Q2 ·w XJp. l13MepenHhie 3naqen1IH ceqeuirn Ha ,n,annhix FPS HERA II, 
a TaK,Ke CTaTllCTHqeCKlle H CHCTeMaTHqeCKtte 11orpernHOCTH ceqeHll51 11pHBe)],eHhl 

B pa6oTe [3] H ,n,ocTy11HbI na web-site [27]. TionnaR 3KcnepiIMeHTaJibtta51 riorpern

H0CTh ,n,nR naw6onee ToqHh1x H3Mepeiuifi cocms;rneT 10%. Pe3yJihTaT H3MepeHH51 

ua ,n,aHHhIX FPS HERA II cpaBHllBaeTCR c ceqeH~eM ,D,Hq>l)aK~Hbttnoro r.iiy6oKo

neynpyroro ep paCCe51HH5! c· o6pa30BaHHeM 60JihillOPO fo,iCTpOTHO.rOHHTepBaJia 

(BBH, large rapidity gap, LRG), 110JiyqeHHhIM Ha ,n,aHHbIX HERA Is pa6oTe [2J. 

,Ll;annble 110 a-;?<3), 110JiyqenHble MeT0,1.J,0M 'per
0

llCTpa~Hll JIH,1],HpyIO~ero 11p0TOHa, 

co11ocTaBHMhI 110 3Kc11epwMeHTaJihHOfi ToquocTH c ,n,annhIMii, nonyqeuH·h1M·w Me

T0,1.J,0M LRG. MeTo,n, LRG o6ecneq!fBaeT 6oJiblllYIO iq:i¢eKTHBHO~Th perwcTpa~~H 

co6b1T11i1, HO ,n,aHHbie LRG cooTBeTCTBYIOT MeHhrnefi HHTerpa.iibnorl cBeTHM0CTH. 

,LI;a1111i.1e C JIH,1.J,HPYIO~HM np0TOH0M. p'acrnHp5110T KHHeMaTnqecKyIO o6JiaCTh ~3-

Mepe1111n npo~eCCOB ,n;rHP ,n,o'Be.rruquH X[p '.:::'. 0.1, He,l],OCTYI1Hl>IX B MeTO,n,e LRG, 
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M, TaKMM o6pa30M, II03BOJUIIOT 6onee TO'IHO onpe):\enttTh BKna):\ B ce•iem1e )],rHP 

npou_eccoB o6MeHa pe,l\)KeoHoM IR. CetJeHtte )],rHP c o6pa30BamieM LRG onpe-

■ H1 FPS HERA II, My=n\ 

A H1 LRG HERA I (Interpol.), My<1.6.GeV 
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Pnc. 10: TipttBe,D.eHHOe ceqeHHe xwaf(3
) B 3aBHCHM0CTH OT /3 ,D.JIH BbI,D.eJJeHHblX 3HaqeHHli Q2 H 

x1p, H3MepeHH0e ,D.JIH npo11,eccoa c J1H,D.Hpy10in:nM npoT0H0M (FPS HERA II) H LRG B K0HeqttoM 

C0CTOHHHH (LRG HERA I). CnJJOillHbie JJHHHH noKaJhIBalOT pe3JJJbTaTbI napaMeTptt3atJ,HH 'Hl 

2006 DPDF Fit B', nonyqeHH0li B Kx,z:i: aHaJJH3e ,n.aHHblX LRG HERA I (rnaaa 6). 

):\eneHO ,n;mI npou.eccoB, B KOTOPhIX B KOHe'IHOM COCTOHHMM IlOMMMO o6pa30BaHM51 

nI-IAMPYIOIJJ.ero npoTOHa B03MO)KHa ):\MCCOJJ,ttaJJ,ttH. IIpOTOHa. B CHCTeMy_ C Maccon 

My < l.6 r3B. Tio3ToMy oTHorneHtte ce'IeHttH .npou_eccoB.c o6pasoBaHtteM LRG 
K ceqeHHIO rrpou.eccoB C o6pa30BaHtteM nMAMPYIOIJJ,ero npOTOHa B KOHe'IHOM co

CTOHHMH Il03BOJUieT OJJ,eHMTh BKna):\ ):\MCCOJJ,Ha_u_tttt npOTOHa B npou_ecChl nepBoro 

Tttna. )],nH COBM_eCTHOrO aHMH3a ):\aHHhIX Ba)KHa TaK)Ke npoBepKa YHMBepcanh

HOCTM pacnpe):\eneHttil no Q2, (3 M XIP ):\nH npou_eccoB C ntt,l\ttpylO~H_M npOTOHOM 

tt c o6pa3oBaHtteM LRG. OTHorneHtte ceqeHttii ,n;nH cTaTttCTtttJecKtt Hes_aBHCMMhIX 

AaHHhIX HERA I tt HERA II noKasaHo Ha Pttc.li B _3a,BHCHMOCTH OT nepeMeHHhIX . . 

Q2, /3 tt x IP ,n;nH o6nacTtt x IP < 0.04, A0CTynHoii B H3MepeHtt5Ix MeTOAOM LRG. B 

npe):\enax HeKOpl)enttpOBaHHhlX norpellIH0CTeii H3Mepl:)Httti He Ha6mo.n,aeTC51 sa

BHCMMOCTM OTirnrneHH5I ceqeHttfi OT YKa3aHHhIX nepeMeHHhlX. Ycpe):\HeHHOe OT

HOrnem-1e ce'IeHI-Ifi, nonyqeHHhIX Ha ):\aHHhIX ·HERA I tt HERA II, coCTaBnHeT 

cr(My < l.6 r3B)/~(My = mp) = 1.20 ± 0.11 (::iKcn.), r~e ::iKcnepu~eHTanh

HaH norpellIHOCTh npe,l\CTaBnHeT KBa):\paTM'IHYIO cyMMY CTaTHCTM'IeCKoii, KOp-

30 

penttpOBaHHOii M HeKoppenttpoBaHHOii CMCTeMa~tt'IeCK~X norpellIHOCTeii. TaKMM 

o6pa30M, ABa-MeTOAa aaanusa npou_eccoB )],rHP ;n,a10T cornacyIOIJJ,fiecH pesynh

TaThI tt MoryT 6hITh MHTepnpeTttpoBaHhl B paMKax O):\HOti cpeHOMeHonortt'IeCKOii 

MO):\entt, KaK OIIHCaHO B rnaB_e 6. 
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Pnc. 11: OTHOilleHHe ceqeHHll ,n:rHP, H3Mepemioe B 3KCnepHMeHTC Hl ,D.JIH npotJ,eccoB C o6pa-

30BaimeM LRG (My< 1.6 f::iB) "nn,n.npy10iu:ero npOTotta {My= mv) a K0H~qttoM·cocT0HHHH 

B o6JJaCTll !ti < 1 r::iB2.· .. 

)],anee B rnaBe aHantt3ttpyeTC51 3aBMCMMOCTh npttBe):\eHH0°rO C~'IeHMH cr/?(3) npo

u.eccoB )],rHP C nMAMPYIOIJJ.MM npOTOHOM B KOHe'IHOM C0CTOHHMM OT nepeMeHHhIX 

XIP, /3 M Q2 M npttBO):\I-ITCH cpaBHemie C npe):\CKa3aHH51Mll KX)], B .~ne,n;y10IJJ,eM-

3a-JIMAHPYIOIJJ.HM nopH,l\Ke BhI'IttcneHttfi Ha ocHoBe DPDF, noJiy'IeHHhix. B rnaBe 

6. Ha Pttc. 12 pe3yJihTaThI AJIH XIpcrf(3
), nonyq~HHhie Ha ,n;aH·m,1x FPS HERA II, 

cpaBHMBalOTC51 c napaMeTp_usau_tteti 'Hl DPDF Fit B'. B npe):\CKa3aHtt5IX DPDF 

J'IHThJBaeTcH BKJiaA npou_eccoB o6MeHa noMepoH0!v.l IP tt pe,l\)KeQHOM IR. TaK KaK 

npe,l\Ka3aHtt5I DPDF nonytJeHhI no pesynhTaTaM aHani-Isa ·npou_eccoB )],rHP c o6-

pa3oBaHtteM •LRG,· OHM ·yMeH6IiieHhl mi 'BeJIM'IHHY 1.20 p,i-i5I KoppeKJJ,llll BKna):\a 

npou.eccoB ):\MCCOJJ,HaJJ,Mll npOTOHa. PocT ceqeHHH nptt 6~JlhllIMX XIP cornacyeTC5I 
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• H1 FPS HERA II, My=mP 
- H1 2006 DPDF Fit B, IP+IR •·•·• IP only 
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P11c. 12: flp11ae,n;e1moe ceqeH11e XIPaf<3
> npou:eccoa ,ll:fHP c JI11,n;11py10IIJ:IIM npoToHOM B JaB11-

CIIMOCT11 OT Q2 
,ll)ISI PaJHblX 3HaqeH11ll /3 11 X[p. ,ll;aHHbie cpaBHIIBalOTCSI C npe,D;KaJaHHSIMII 'Hl 

DPDF Fit B' B CJie,D;y10IIJ:eM-Ja-JI11,n;11py10IIJ:IIM nopsi,n;Ke Bb!q11CJieHilll. 

c yBeJm:qemteM BKJia.n.a rrpou,ec

coB o6MeHa pe.n.)KeOHOM IR. Ilp~- · 

Be.n.eHHoe ceqem1e yMeHhrnaeTcH 

C pOCTOM /3 3a lfCKJIJOqem1eM 06-

JiaCTlf /3 -+ 1 'rrplf MaJibIX 3Ha

'IeHlfHX Q
2 

lf xrp. TaKoe rroBe.n.e

mie BOCIIpOlf3B0)1.lfTCH rrpe)J.CKa-

3aHlfHMlf KX)J; B CJie.n.y10~eM-3a

Jilf.D.lf PYJO~lfM rropH)I.Ke Bbl'IlfC

JieHlfft Ha OCHOBe DPDF, B KOTO

pb!X IIJIOTHOCTlf pacrrpe.n.eJieHlfH 

KBapKOB' lfMeJOT IllfK B o6JiaCTlf 

60JibllllfX
0 

/3 lf MaJibIX Q 2 (Puc. 8). 
3aBlfClfMOCTb IIpHBe)J.eHHOI'O ce-

D(3) . . 
'IeHlfH Ur. OT Q 2 IIplf q>lfKClf-

poBaHHb~X xrp" /3 xapaKTep1I3Y

eTCH IIOJIO)KlfTeJibHblM HaKJIOHOM. 

0 o.o3 
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Pµc. 13: ~go11JBO,D;Hl3:SI no In Q2 np11Be,n;emwro ceqe~ 
HHS! X[P<h ) npou:eccoa C Jlll,D;IIPYIOIIJ:IIM IlPOTOHOM 
,ll)IH paJHb!X 311a'!eH11ll fJ II x 1p. lloKaJaHbI TaK)l(e 
npe,n;CKaJaH11si DPDF B CJie,n;y10iu:eM-Ja-JI11,n;11py1oiu:11M 
nopsi,n;Ke Bb1q11CJieH11ll 'Hl DPDF Fit ·B'. 
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no lnQ2 (HapyrneHlfeM MaCIIITa6Hoft lfHBaplfaHTHOCTlf, scaling violation) 3a lfC

KJIIO'IeHlfeM o6JiaCTlf 60JibIIIlfX /3 > 0.5, r.n.e HaKJIOH CTaHOBlfTCH OTpHtiaTeJibHbIM. 

B KX,LI; TaKoe rroBe.n.eHlfe HBJIHeTCH pe3yJihTaTOM DGLAP 3BO.iIJOU.lflf DPDF •lf 

o3Ha'IaeT 6oJihrnott BKJia.n. TJIJOOHa B DPDF (maBa 6). KaK Blf)J.HO lf3 Plfc.12, 

6hICTpb1ft poCT ceqeHlfH C Q 2 MO)KHO o6bHCHlfTb BKJia)J.OM npou.ecCOB o6MeHa rro

MepOHOM IP .n.a)Ke B o6JiaCTlf 6oJibIIIlfX xrp, r.n.e 3Ha'IHTeJieH BKJia.n. o6Meim pe

,11,)KeOHOM IR. AHaJIOrlf'IHoe rrose.n.eHHe na6JI10.n.aeTCH )J.JIH rrpHBe.n.eHJ:IOro ceqeHHH 

Clr rrpou_ecCOB lfHKJII03lfBHOrO rHP B 3aBlfCHMOCTlf OT Q 2 IIplf pa3Hb!X 3HaqeHlfHX 

rrepeMeHHOft BbepKeHa X. 3aBlfClfMOCTb ce'IeHlfH crf(3
) OT In Q 2 napaMeTplf30-

BaJiaCb JIHnettnott cpynKu,ttefi 11 orrpe.n.eJIHJICH . HaKJIOH b D (/3, x IP). BeJilf'IHHhI b D 

,11,JIH pa3HhIX 3Haqenutt {3·lf xw rrpuae.n.eHhI na Plfc.13 ,il,JIH o6JiaCTlf xw ::; 0.035 . 

BKJia.n. pe.n.)KeOHa B 3TOfi o6JiaCTH cocTaBJIHeT Menee 15%. TaM )Ke rrpuse.n.eno 

cpaBHeHHe c rrpe)J.CKa3aHHHMH KX,LI; B cJie.n.y10~eM -3a-JIH)J.Hpy10~HM rropH)J.Ke 

BhI'IHCJieHlffi c ucrroJib30BaHHeM rrapaMeTp1I3au_uu 'Hl DPDF Fit B'. BeJIH'IHHhI 

bv )J.JIH q>HKCHpoBaHHblX /3, HO pa3Hb!X 3Ha'JeHlffi X[p, corJiacyJOTCH, 'ITO rro.n.

TBep)K)J.aeT rlfIIOTe3y O cpaKTOpH3aU,lflf rrpou.ecCOB B rrpOTOHHOfl BeprnHHe. 

• H1 FPS HERA II, My=rriP 
- H1 2006 DPDF Fit B 
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Puc. 14: BeJiuq11Ha (l-j3)x1paf<3
> /a, .n,;isi nppu:eccoa,n;mppai<u:110HH0ro 1111HKJI10JllBHoro fHP 

B JaBIICIIMOCTH OT Q2 ,ll,IISI PaJHblX JHaqeHHll /3 II X[p. 

CpaBHeHlfe 3aBlfClfMOCTett ceqenlffi )J.lfq>paKU,lfOHHbi'x lf lfHKJII03lfBHbIX rrpo-
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l.\eCCOB rHP OT. Q2 11 X HBJIHeTCH Ba)l{HbIM 11HCTpyMeHTOM )].JIH nposepK11 npe)].

CKa3aHl1fi KX,LI. Ha ocHOBe )].11<ppaKl.\110HHbIX 11 11HKJII0311BHbIX PDF, a TaK)l{e 

npe)].CKa3aHl1fi <pl1311lJeCKl1X MO)].eJiefi B 06JiaCT11 MaJibIX 3HalJeHl1fi x, KOTOpb!e 

npe)].nonaraIOT B3al1MOCBH3b TaKl1X npOl.\eCCOB. ,ll.JIH 3Toro B aHaJil13e BbllJl1C

JIHJiaCb BeJil1lJl1Ha OTHOilleHl1H (1 - (3)xjp af(3l(xw, (3, Q2)/ar(X = f3x1p, Q2) 

np11 <pl1KC11pOBaHHbIX Q2, (3 11 Xjp C 11CnOJib30BaHl1eM napaMeTp113al.\1111 ar, no

nytJeHHOfi B ::iKcnep11MeHTe .Hl. YKa3aHHoe OTHOineH11e np11Be)].eHo Ha P11c.14 

B 3aBl1Cl1MOCTl1 OT Q2 
)].JIH <pl1KC11pOBaHHbIX /3 11 XJp. Dp11Be)].eHHaH BeJil1lJl1Ha 

3KBl1BaJieHTHa OTHorneH11IO M}daD(Jl(Mx, W, Q2)/dM}/ aZ:~--tX (W, Q2), Ko

Topoe 6bIJIO 113MepeHo B ::iKcnep11MeHTe ZEUS. Dp11 cp11Kc11poBaHHOfi BeJI11tJ11He 

X IP OTH01lleH11e cetJeH11fi cna6o 3aBl1Cl1T OT f3 11 Q2 3a l1CKIOlJeH11eM o6JiaCTl1 

60Jibllll1X (3. OTHOilleH11e cetJeH11fi pacTeT np11 6oJiblll11X XJp 3a ClJeT YBeJil1lJe

Hl1H BKJia)].a npOl.\eCCOB o6MeHa pe)].)l{eOHOM. Ha P11c.15 nOKa3aHa BeJil1lJ11Ha Ha

KJIOHa ( np0113BO)].HaH) OTHOilleHl1H cetJeH11fi no ln Q2 )].JIH <pl1KC11pOBaHHblX /J 11 

XJp. Ha TOM )l{e p11cyHKe pe3yJibTaTbI cpaBHl1BaIOTCH c npe)].CKa3aHl1HMl1 KX,LI. 

C 11cnOJib30BaH11eM )].11<ppaKl.\110HHbIX 11 11HKJII0311BHbIX PDF B CJie)].yIOW,eM-3a

Jll1)].11pyIOW,11M nopH)].Ke BbllJl1CJieH11fi. Dpe)].CKa3aHl1H KX,LI. BOCilp0113BO)].HT no

Be)].eu11e OTHOilleHl1H Ce'leH11il BO Been 06nacr11 X = f3xw, .B TOM lJl1CJie IlOBe

)].eH11e np0113BO)].HOfi OTHOilleHl1H no In Q2 C pOCTOM /3. Dp11Be)].eH.Hbie cetJeHl1H 

)].11<ppaKl.\lfOHHbIX If lfHKJII031fB-

HblX npOl.\eCCOB Bbipa)l{aJOTCH 'le- a 0.02 H1 FPS HERA II 
pe3 cpyHKl.\lflf pacnpe)].eJieH11H KBap- -= 

"C 
KOB B npOTOHe. DpO!I3BO)].Hbie -

cetJeHlfH no In Q2 
nponopl.\lIO- ? 

HaJibHbl cpyHKl.\lfl1 pacnpe)].eJie- ~ 0-01 ' 

HlfH rJIIOOHa B npOTOHe B o6JiaCTlf, f 
r)].e npol.\ecc pacw,enneHm1 g ➔ .,,_'=-

qq )].OMlfHIIpyeT B KX,LI. 3B0JIIO- cc: 
- - • 0 

l.\lflf. Ha PHc. 15 · Blf)].Ho, · 'ITO npo- :::. 

lf3BO)].HaH OTHOilleHl1H cetJeHlffi no 

In Q2 Me)].JieHHO yMeHblllaeTCH C 

• XIP = 0.0025' ■ x;p = 0.016 

□ X. = 0.0085 l:,. x,. = 0.025 . 

- H1 2006 DPDF Flt B 
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.6. x,.= 0.035 
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f3 

pOCTOM (3, O)].HaKO cpe)].HHH BeJI!fc 

lJ!fHa npOII3BO)].HOfi cornacyeTCH C 

HyneM B·npe)].enax 3a ::iKcnep!I

MeHTaJibHOfi norpelllHOCTlf. 

lfa-3a 6n!f;ocni npO!I3B0)].HOfi 

OTHorneirnH cetJeHlffi no In Q2 K 

P11c. 15: Ilpo1t3BO.D,HaH no In Q2 ,ll,JIH neJIU'mHbI 

(1 - /3)xwaf?(3)/a, B 3aBitCltMOCTit OT /3 It XJp. 

CnJI011rnaH JI1tH1tH noKa3bIBaeT npe.D,CKa3aHitH KX,n: 
Ha OCHOBe .D,Itq>paKl\ItOHHbIX ll ItHKJII03ItB.HblX PDF B 

CJie.ey10III,eM-Ja-JI11.D,1tpy10ll\1tM riopH.D,Ke·ab1q11cJieH1tli. 

HYJIIO B pa6oTe C)].eJiaH BbIBO)]., 'ITO 

OTHOilleHlfe cpyHKl.\lflf pacnpe)].eJieHlfH ClfHrJieTa KBapKOB K cpyHKl.\lflf pacnpe)].e-
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JieHlfH rJIIOOHa, lf3MepeHHbIX B npOl.\eccax ,LI.fHP, 6Jil13KO no BeJil1lJlfHe K OTHOille

HlflO COOTBeTCTBYIOW,11X cpyHKl.\lffi pacnpe)].eJieHlffi )].JIH npOl.\eCCOB lfHKJII031fBHOrO 

r HP B o6JiaCTlf MaJiblX X. 

2.8 Ce'IeHHe 06pa3oaamrn p;ayx ')KeCTKttx' cTpyii ap;poHOB H JIHp;ttpy
roui;ero npoTotta B p;mppaKII;HOHHOM rJiy6oKotteynpyroM ep pac

ceBHHH 

B BOCbMOfi rnaBe aHaJI!f311pyIOTCH npol.\eccbl ,LI.fHP c o6pa3oBaH!feM JI!f)].lfpyio

w,ero npOTOHa If ')l{eCTKlfX
1 

CTpyil a)].pOHOB )].BYX TOnonor11fi: ')].Be CTpy11 B l.\eH

TpaJibH0fi o6nacT!f 6bICTpoT (IJ;OB)' 11 'o)].Ha cTpyH B l.\eHTpanbHOfi o6nacrn 11 

O)].Ha cTpyH B nepe)].Hefi 06nacn1 6bICTpOT (DOB)'. Pe3yJibTaTbI aHan113a ony6-

Jil1KOBaHbI s pa6oTe [4], a TaK)l{e B Tpy)].aX KOHcpepeHl.\11fi [9, 10]. 
PeaKl.\11H o6pa30BaHl1H )].Byx· 1)1{eCTKl1X' CTpyfi a)].pOHOB np011CXO)].lfT B OCHOB

HOM tJepe3 npOl.\eCC <pOTOH-rJIIOOHHOro CJI11HHl1H (P11c. 16). TaKOfi npOl.\eCC 'lYB

CTBl1TeJieH K )].11cppaKl.\lfOHHOfi cpyHKl.\111f pacnpe)].eneHl1H rJIIOOHa B npoTOHe. Do

nepetJHbJe 11MnyJibCbl CTpyfi a)].pOHOB Pr B Cl1CTeMe l.\eHTpa Mace "(p, a TaK)l{e 

Bl1PTYMbHOCTb cpoToHa Q2 3a)].aIOT rnKany nepTyp6aTl1BHbIX BbitJ11cneH1Ifi KX,LI.. 

Dp11 on11caHl1l1 cetJeH11fi o6pa30BaHl1H )].BYX ')l{eCTKl1X' CTpyfi a)].pOHOB B l.\eH

TpaJibHOfi 06nacT11 6bICTpoT MO)l{eT 6bITb npoBepeHa YH!fBepcaJibHOCTb DPDF 

rnIOoHa, KOTopaH nonytJeHa 113 DGLAP aHaJilf3a 11HKJII0311BHbIX )].!I<ppaKl.\lfOH

HbIX cetJeHlfil rHP, on!fcaHHoro B rnaBe 6. PaHee cetJeH11H o6pa3oBaH!fH )].Byx 

')l{eCTK11x' cTpyn a)].poHOB 113MepHJil1Cb TOJibKO B peaKl.\lfHX c o6pa3oBaH!feM LRG 

Me)l{)].y a)].pOHaM11 - 113-3a 6onbrnoro aKcenTaHca ycTaHOBOK Hl If ZEUS K TaKlfM 

peaKl.\11HM. ,lI.aHHbie HERA II, nonytJeHHbie )].JIH peaKl.\lflf o6pa30BaH11H )].Byx 

')l{eCTK11X' CTpyfi a)].pOHOB C Jil1)].11PYIOW,HM npoTOHOM B KOHelJHOM. COCTOHHl111, 

no3BOJIHIOT 113Mep11Tb 3aBl1Cl1MOCTb cetJeHl1H no t 11 npoBep11Tb np11MeHHMOCTb 

rHnOTe3bl O cpaKTOp113al.\111f' npOl.\eCCOB B npOTOHH0fi Beprn11He. 8Tlf )].aHHbie TaK

)l{e HBJIHIOTCH HHCTpyMeHTOM )].JIH npoBepK11 yH11BepcaJibHOCT11 NLO DPDF )].JIH 

on11caHl1H npOl.\eCCOB ,lI.fHP 6e3 )].lfCCOl.\11al.\lflf npOTOHa 11 B 6onee Ill11pOKOfi Kl1-

HeMaTl1'leCK~fi 06nacT11 XJp < 0.1, tJeM )].OCTynHo B MeTo)].e LRG. 11ccne)].oBaHHe 

co6b1T11fi c Tononorwen 'o)].Ha crpyH B IJ;OB If O)].Ha cTpyH B DOB' MOT11B11poBaHo 

npoBepKofi yH11BepcanbHOCT11 DPDF B peaKl.\1111, r)].e MO)l{HO O)l{lf)].aTb OTKJIOHe

HHil OT npe)].CKa3aH11fi -KX,LI. Ha ocHose 3BOJIIOl.\111f napTOHOB DG'LAP. B TaK!fX 

co6bJTlfHX · no)].aBJieH nopH)].OK pOCTa PT napTOH0B OT· Jll1)].lf PYIOW,ero npOTOHa K 

Bl1PTYaJibHOMy cpoToHy, KaK npe)].nonaraeTcH B DGLAP 3B0JIIOI.\HH mi.pTOHOB. 

TaK11e co6b1T11H He)].ocTynHbI )].JIH perwcrpal.\1111 MeT0)].0M LRG 11 MoryT 6bITb 

H3MepeHbl TOJibKO B ,lJ.fHP C JIH)].11pyIOW,HM npOTOHOM, B KOHelJHOM COCTOHHl111. 

TaK)l{e npe)].cTaBJIHeT 11HTepec, HaCKOJibKO pa3Jil1lJHbie MoHTe Kapno MO)].eJIH, 
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OCHOBaHHbie Ha JUl)J.ITPYIOW.eM IIOpH)J.Ke Bbl'IITCJieHITti KX,IJ., CIIOC06Hbl OIIITCaTb 

ceqeHITH TaKITX IIPOL\eCCOB. 

B pe3yJihTaTe aHaJIIT3a IT3MepeHo ceqe1rne npoI.1,eccoB ,IJ.rHP c o6pa30Batt1i:eM . 
)J.BYX ')l{eCTKITX' CTpytt a,n.pOHOB IT JIIT,ll.ITpyIOw.ero IIpOTOHa B KITHeMaTITqeCKOti 

o6nacTIT .4 < Q2 < HO raB2
,. x IP < 0.1. ,lJ.nH cpaBHeHITH c pe3yJJhTaTaMIT, 

nonyqeHHhIMIT ,11,JIH npol\eccoB c o6pa3oBaHITeM LRG IT npe,n.cKa3aHITIOMIT DPDF, 

ceqeHITH IIpOI.1,eCCOB C JJIT,ll.ITPYIOW.ITM IIpOTOHOM 3KCTpaIIOJJITpOBaHbl IT3 o6JiaCTIT 

IT3MepeHITti 0.1 < itl < 0.7 raB2 B o6JiaCTb itl < 1 raB2
. 

Pe3yJibTaT6I, nonyqeHHbJe ,l].JJH ceqem1tt o6pa30BaHITH ,ll.BYX ')l{eCTKITX' CTpyfi 

a,n.poHOB IT JJIT,ll.ITPYIOW.ero npoToHa, cpaBHITBaJIHCb c npe,n.cKa3aHITHMIT KX,IJ. Ha 

OCHOBe DPDF B CJie,D,JIOW.eM-3a-JIIT,ll,ITpyIOW.ITM riopH,n.i<e BbJqITcJJeHITfi 'Hl DPDF 

2006 Fit B' (rnaBa 6) IT 'Hl DPDF 2007 ·Jets'. YKa3aHHhie DPDF nonyt.ieHbI 

B paMKax rITnOTe3bI 'O cpaKTOpIT3all,ITIT 'npoI.1,eCC0B B npOTOHHOti BepnrnHe. ,LI..trn 

BbJqITcneHITH ceqeHITti o6pa3oBaHITH ,n.Byx c1;pyfi napTOHOB B ,IJ.rHP npIT q>ITK

CITpoBaHHoti XJp ITCITOJJb30BaJiach nporpaMMa NLOJET++. B pacqeTax B Ka

qecTBe JIIKaJJbl nepeHOpMITpOBKIT IT cpaKTOpIT3all,ITIT ITCITOJJb30l3aJJaCb BeJIITqITHa 

µr = µf = JQ2 + (P,;,) 2 , r,n.e (P,j,) - cpe,n.HHH BeJIITqITHa nonepeqHoro ITMIIYJibca 

,ll,BYX CTpyfi a,n.pOHOB B CITCTeMe l\eHTpa Mace 1*p. ,lJ.JJH OI.l,eHKIT BKJJa,n.a 6onee 

BbIC0KITX nopri,ll,KOB BbJqITcJJeHITll, IIIKaJJa nepeHOpMITpOBKIT µr IT. IIIKaJia q>aK

TOpIT3all,IIIT- µJ O,D,HOBpeMeHHO BapbITpOBaJIITCb B npe,n.enax OT 0.5 ,ll,O 2 OT Il,eH

TpaJibHOro 3HaqeHITH. Cpe,n.HHH BeJIITqITHa Heonpe,n.eJieHHOCTIT IT3-3a BapITall,ITIT µr 
IT µ1 cocTaBITJia 33%. BKna,n. Heonpe,n.eneHHOCTeti napaMeTpIT3aI.1,ITIT DPDF TaK)Ke 

yqITTb!BaJICH B aHaJIIT3e II COCTaBITJI B. cpe,n.HeM7%. Beryw.aH KOHCTaHTa CIT_n:bHO

ro B3aITMO,D,etiCTBITH ,ll,JIH ITHTIT apoMaTOB KBapKOB COOTBeTCTBOBaJia BeJJITqITHe 

ai5\Ml) = 0.119 ± 0.002. Heonpe,n.eneHHOCTb IT3-3a BapITaI.1,ITIT l\'.8 cocTaBITJJa 

B cpe,n.HeM 1.5%. ,lJ.JIH oI.1,eHKIT BKJJa,n.a cne,n.y10w.ero-3a-JJIT,ll,ITPYIOW.ITM nopH,lJ,Ka 

BbJqITCJieHITti, npe,ll,CKa3aHITH KX,IJ. 6hIJJIT noJiyqeHhI TaK)l{e B JIIT,ll,ITPYIOW.eM no

pH,ll,Ke BbJqITCJJeHITti. I1pe,D,CKa3aHITH ,ll,JJH ceqeHITll o6pa30BaHITH ,ll,BYX CTpytt. nap

TOHOB 6bIJJII CKOppeKTITpOBaHbl ,ll,JIH on~caHITH npoI.1,eCCOB Ha ypoBHe a,n.pOHOB c 

ITCITOJJb30BaHITeM pe3yJJbTaTOB MO,D,eJIITpOBaHITH napTOHHbIX JJITBHeti ,ll,JJH napTO-; 

HOB HaqaJibHOrO IT KOHeqHoro COCTOHHITti, npOI.1,eCCOB cpparMeHTall,ITIT IT a,D,p0HII3a

Il,ITIT. Heonpe,D,eJJeHHOCTb KOppeKI.1,lill Ha a,n.pOHIT3all,ITIO napTOHOB onpe,n.eJJHJJaCb 

KaK pa3HITI.l,a npe,n.cKa3aHITti ,ll,BYX MO,D,eJJefi napTOHHb!X JJITBI-Jell IT COCTamrna B 

cpe,n.HeM 7% .. TaKITM o6pa30M, OCHOBHOll 13KJia,n. B norpelllHOCTIT npe,n.Ka3aHITll 

KX,IJ. BHOCHT Heonpe,n.eJieHHOCTIT IIIKaJibI ,ll,JJH nepTyp6aTIIBHbIX BbJqITcJJeHITfi µr 
IT µ1. Heonpe,n.eJieHHOCTIT napaMeTpIT3all,ITIT DPDF IT KOppeKI.1,ITti Ha a,n.poHIT3a

l\ITIO n~p'rOHOB ,D,a!OT 3HaqITTeJJbHO MeHbIIIITti BKJJa,n.. IIonHaH Heonpe,n.eJieHHOCTb 

npe,D,CKa3aHITti KX,IJ. BbJqITCJIHJJaCb KaK KBa,n.paTITqHaH cyMMa Heonpe,n.eneHHO

CTeti IT3 pa3HbIX lICTOq~rnKOB. 
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,lJ.ITcppaKI.1,ITOHHbie cpyHKI.l,ITIT pacnpe,n.eJieHITH napTOHOB 'Hl 2006 DPDF Fit B' 

IT 'Hl 2007 DPDF Jets' 6hIJJIT nonyqeHhI IT3 KX,IJ. aHaJIIT3a ceqeHITfi npoI.1,eccoB 

,IJ.rHP c o6pa3oBaHITeM LRG, BKJJJOqaJOW.ITX ,n.ITccoI.1,ITaI.1,ITIO npoTOHa B cITcTeMy 

c Maccott My < 1.6 raB. IIoaToMy ,n.nH cpaBHeHITH c IT3MepeHHhIMIT ceqeHITHMIT 

,l].ITq>paKI.l,ITOHHOrO o6pa30BaHITH ,ll.BYX CTpytt a,n.poHOB IT JJIT,ll,ITPYIOW.ero npOTOHa 

npe,n.cKa3aHITH DPDF 6hIJJIT yMeHhIIIeHhI Ha BeJJITqITHY 1.20 (rJiaBa 7). 

CeqeHITH ,IJ.rHP ,n.nH ,n.Byx TononorITfi cTpytt a,n.poHbB, ITHTerpIIpoBaHHhre no 

KITHeMaTITqecKoti o6nacTIT IT3MepeH,ITfi, noKa3aHbI B Ta6JJITI.1,e 2. I1pe,n.Ka3aHITH 

2 CTPY" B l.l,OB 
a [n6] 

1 CTpyH B l.1,06 n 1 CTPYH B TTOB 
_ _crjn6] 

JJ:8.Hahie I 254 ± 20(cTai.)±27(cnc-rJ 150 ± 19( CTar.}±26(cl-!CT.) 

NLO KX.ll: 
H1 2006 Fit B 1210:mIIIKaJia):fg(DPDF)±16(a,D;p.) 
H1 2007 Jets 257:mIIIKa.f!a)±22(MP-l _ 

14S:gi(IIIKaJia):~3(DPDF)±6(MP-) 
128=~~(IIIK8.Tla)±7( a,D;p.) 

Ta6nnua 2: Ce'!eHne o6pa3oBaHnH co6bITnii ,Ll,fHP )1Byx Tononornii: 1) ,D;Be CTpyn a,D;pOHOB B 
l.1,06; 2) 0)1Ha cTpyH B l.l,OB 11 0)1Ha CTPYH B TTOB. ,IJ:aHHbie cpaBHIIBaIOTCH c npe,D;CKa3aHIIHMII 
KX,IJ: B cne,D;yIOI[(eM-3a-n11)111py101[(11M nopH,D;Ke BhI'InCJieH11ii. 

KX,A B cne,n.yIOW.eM-3a-JJIT,ll,ITPYIOW.ITM nopH,n.Ke BhJqITcneHITfi cornacyIOTCH B npe

,n.enax norpeIIIHOCTefi C IT3MepeHHbIMIT ceqeHITHMIT. lfaMepeHoe ,ll,ITq>q>epeHI.1,ITaJib-

cr10 

~ 
~ 
OJ 8 

6 

(a) 
4 

2 

• H1 FPS two central jets 

"' H1 FPS inclusive DIS 

I 

i 
I 1 1 t t t t 

10·2 

H1 

I 

t t 

10·l 

XiP 

two central jets 
'.o 
..e. • H1 FPS Data 

- 3 
--a_ ~oHILRGData/1.2 

'5, 10 LRG phase space 

~ f ! :g 1a2 j ii ? 
(6) 12 ~ 0 

10ty ? 
l 

I I 

H1 

-2 -1.5 -1 
log(Xip) 

P11c. 16: a) HaKJIOH B 3KCilOHeH[(lla.TlbHOil 3aB!ICIIMOCTII )1mpcpepc11umu11,1iom CC'll'IIIIH OT t 
,D;J151 pa3Hb!X 3Ha'IeH!IH XJp, 113MepeHHblH ,!L/151 npoueccoB ,r:i:rHP C 06pa:mna1111cM l\BYX ',KCC"'l'
KIIX' CTpyii a,D;pOHOB II ,ll;Jl51 IIHKJII0311BHhIX np011ecCOB ,r:i:rHP. 6) ,IJ:mpcpepelll\llo.111,11()(• ("{"l('lllll' 
o6pa30BaH!l51 )!BYX ')KeCTKIIX' CTpyil a,D;pOHOB B 3aBIICIIMOCTII OT log.-z:w. ,LI:a1111i.ie {" Jlll/1,llc 
pyIOI[(BM npOTOHOM cpaBHIIBaIOTC51 C pe3JJlbTaTaMn, nonyqeHHblMli ).l,,1H llp01\l'CCOII Jl,fHP C 
o6pa30BaH!leM )1BYX '>i<eCTKIIX' CTpyil II LRG B KOHe'IHOM COCT051H!IH. 
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Hoe ceqemie o6pa30Bamrn ,n:Byx ')KeCTK11x' cTpyfi a,n:poHOB ITO t ITapaMeTp1130Ba

nocb B B11,n.e: da / dt ex: exp ( Bt). KaK ITOKa3aHo Ha P11c. 16a, ITapaMeTp HaKJlOHa 

ceqeHml B cornacyeTC51 C BeJ111q11Hofi, 113MepeHHOfi B 11HKJ1!0311BHOM ,n:mppaK

IJ.llOHHOM rny60KoHeyITpyroM pacce51n1111 ITp11 TOM )i<e 3uaqeH1111 XJp · (rnaBa 5). 

TaK11M o6pa3oM, ,n:aHHhie cornacyJOTC51 c r11ITOTe3oti o cpaKTop113au.1111 ITpou,eccoB 

B ITpOTOHHofi BeprrrnHe. Ha P11c. 166 ITp11Be,n:eno cpaBHeH11e ,n:11cpcpepenu.11aJ1hHoro 

ceqeH1151 ITO log X IP C ceqen11eM o6pa30BaH1151 ,n:Byx CTpyfi a,n:poHOB, 113MepeHHb!M 

panee B 3KCITep11MeHTe Hl MeTo,n:oM LRG. Ilocne KoppeKu.1111 Ha BKna,n: ITpou.ec

coB ,n:11ccou.11au.1111 ITpoToHa B co6bIT1151 ,D,rHP c LRG (rnaBa 7), pe3yJ1hTaThI ,n:Byx 

MeTO,LJ:OB cornacyJOTC51. ,l],aHHbie C J111,D:11py!OIIJ.11M ITpOTOHOM B KOneqHOM COCT051-

H1111 IT03BOJ151JOT pacrrrnp11Th K11HeMaT11qecKyJO o6nacTh 113Mepen11fi ,n:o BeJ111q11H 

XJp ;S 0.1. ,l],11cpcpepenu.11aJ1bHbie ceqen1151 o6pa30BaH1151 .D:BYX ')KeCTKllX' CTpyfi 

a,n:pOHOB ITO ITepeMeHHb!M ZJp, PT,1 Jlll,LJ:llpy1oru.efi CTpy11 11 ITCeB,LJ:OfaICTpOTbl 'T/J 
cTpy11 a,n:poHoB B II OB ITOKa3anhI Ha P11c. 17. Pe3yJ1hTaThI cpaBn11BaJOTC51 c ITpe,n:

CKa3anm1M11 KX,l], na ocHoBe ,n:11cppaKu.110HHhIX PDF. ,l],11cppaKIJ.llOHHb1e PDF, ITO

nyqeHHhie B CJ1eAYIOIIJ.eM-3a-J111,n:11pyIOIIJ.l!M ITOp51,n:Ke BbJq11cnen11fi B pe3yJlhTaTe 

KX,l], cp11Ta ceqeH11fi 11nKJ1I0311BHhIX ITpou.eccoB ,D,rHP, ,n:aJOT ITp11eMJ1eMoe OIT11-

caH11e ceqeu11fi o6pa30BaH1151 ,LJ:BYX ')KeCTKllX' CTpyfi a,n:poHOB, ITp11Hl!Ma51 BO BH1I

Man11e ITorpeIIIHOCTll 113Mepen11fi 11 ITpe,n:cKa3aH11fi KX,l],. OTn11q11e na6nJO,n:aeTc51 

TOJlhKO B 06nacT11 ManhIX 'T/J, r,n:e ITpe,n:cKa3an1151 Ha ocnoBe DG LAP ITpeBocxo,n:51T 

3KCITep11MenTaJ1hHh!e ,n:aHHhle. 

TaKllM o6pa30M, pe3yJlhTaTbl ITO ceqeH1151M o6pa30BaH1151 .D:BYX ')KeCTKllX' CTpyfi 

a,n:pOHOB ITO,n:TBep)K_n:aJOT yH11BepcaJ1bHOCTb ,n:11cppaKIJ.llOHHb!X cpyHKIJ.llll pacITpe

,n:eneH1151 ITapTOHOB B ITpOT0He ,LJ:J151 oIT11caH1151 TaK11x ITpou.eccoB: Ilp11 3TOM, ITpe,n:

cKa3aH1151 na ocnoBe DPDF, ITonyqeHHhie B n11,n:11py10ru.eM ITOp51,n:Ke Bh1q11cneH11fi 

KX,l],, MeHbIIIe 113MepennhIX ceqen11fi ,D:J151 ,n:Byx TOITOJ1or11ti co6h1T11fi na BeJ111q11uy 

2.0 7 2.5, qTo yKa3hrnaeT Ha Heo6xo,n:11MoCTh yqeTa ITpou.eccoB cne.n.yioru.ero-3a

n11,n:11py1oru.11M ITop~,n:Ka Bh1q11cnett11fi KX,l],. 

B paMKax 3BOJ110IJ.1111 BFKL B03MO)KHO 113nyqeH11e ,n:oITonn11TeJ1hHh1x rnJOo

HOB Me)K_n:y CTPY51Mll ITapTOHOB, qTO ,LJ:OJl)KHO ITpl!BO,LJ:l!Tb K ,n:eKoppeJ151IJ.1111 B pac

ITpe,n:eJ1eH1lll ITO pa3nocT11 a311MyTaJ1hHhIX yrnoB CTpyfi a,n:ponoB lb.¢*1. O,n:naKo 

Ha6nJO,n:aeTC51 cornac11e Me)K.n.y 113MepennhIM ceqen11eM ITO lb.¢*111 ITpe,n:cKa3aH11-

51Mll na ocHoBe DGLAP B cne.n.yIOIIJ.eM-3a-n11,n:11pyIOIIJ.llM ilop51,n:Ke Bh1q11cneH11fi. 

TaK11M o6pa3oM, B K11neMaT11qecKofi' 06nacT11 113MepeH11ti He Ha6mo,n:aeTc51 acp-

cpeKTOB, KOTOpb1e He 01111c·hrna10TC51 ai30J110IJ.11efi ITapToHoB DG LAP. · · 

CeqeH1151 o6pa3oBaH1151 ,n:Byx ')KeCTK11x' cTpyfi a,n:poHOB 11 n11,n:11py10ru.ero ITpo

Tona B KOHeqHOM cocT051H1111 cpaBn11BaJOTC51 TaK)Ke c ITpe,n:cKa3aH1151 MonTe-Kapno 

MO,n:enefi Jlll,D:llPYIOIIJ.;PO ITOp51,LJ:Ka, B KOTOpbIX ITpou.ecCbl 6onee Bb!COKl!X ITOp51,LJ:KOB 
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P11c. 17: ,l],mpcpepeH~llaJlbH0e ceqe1111e o6pa30BaHllll ,[\BJX ')KeCTKIIX' CTpyli a,L(p0H0B II Jill

,L\llpy10rn;ero np0T0Ha B 3aBIICIIM0CTII OT ZJp, P,j, 1 Jill,[\llpy10rn;eli CTPYII II nceB,L\06bICTp0Tbl T/J 
CTpy11 a,Llp0H0B B TIOB . ,l],a1111b1e cpaBHIIBa!OTC~ c npe,L\Ka3aHlll!MII DPDF B cJie,L1y10lll,eM-3a

Jill,L\11py10rn;11M nopll,[\Ke BbJq!ICJieH11li. 

CHMyJ111pyIOTC51 qepe3 ITapTOHHbie JlllBHll. B aHaJ1113e paccMaTp11BaJOTC51 cne.n.y10-

ru.11e Mo,n:en11: 

- Mo,n:enh cocTaBnoro ITOMepoHa (resolved Pomeron, RP), B KOTopofi ITp11Men51-

eTc51 r11ITOTe3a O cpaKTOp113aIJ.1111 ITpou.eccoB B npoTOHHOti BepIIIl!He 11 pe3yJlhTaTbl 

DGLAP cpttTa 'Hl 2006 Fit B' _n:n51 napaMeTp113au_1111 noTOKOB o6MeHa ITOMepo

HOM 11 BTop11qHhIM pe_n:)KeOHOM, a TaK)Ke 11 ux DPDF cTpyKTyphI B n11,n:11pyIOIIJ.eM 

ITop51J:i:Ke Bh1q11cneH11fi; 

- Mo,n:enh ,n:Byx-rnJOoHiioro IToMepona (2 gluon IP), B KOTopofi ITpou.ecc ,D,rHP 

Mo,n:enupyeTC51 KaK B3allMO,n:eficTBHe 6ecu.BeTHOfi napbl PJl!OOHOB 113 npOTOHa C 

,D:l!ITOJleM qij' l!Jlll qijg, B KOTOpblll q>J1yKTy11pyeT BHpTyaJlhHblll q>OTOH;• 
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- MO)J.eJih MHrKIIX rrapTOHHhIX B3aIIMO)J.el1cTBIIl1 (soft color interactions, SCI), 

B KOTOpol1 )J.IIq>paK~IIOHHhll1 o6MeH MO)J.eJIIIpyeTCH KaK rrpo~ecc rHP c IIOCJie

)J.yIOlll,IIM rrepepacnpe)J.eJieHIIeM napTOHOB C BepOHTHOCThIO P, B pe3yJihTaTe KO

TOporo MoryT o6pa30BaThCH CIICTeMhl ~BeTO~hIX CIIHrJieTOB, pa3)J.eJieHHhlX LRG. 

,ll;JIH BepOHTHOCTII SCI 6hrna BhI6paHa BeJIIIq1rna P = 0.3, qTo no3BOJIIIJIO Boc

npoII3BeCTII B MO)J.eJIII a6COJIIOTHYIO BeJIIIq1rny ceqeHIIH o6pa30BaHIIH ,!J.BYX CTpyl1 

a)J.poHOB B IICCJie,1J.yeMhIX npo~eccax ,ll;fHP KaK B o6Jiacrn I.I,OB, TaK II B TIOB. 

Mo)J.eJIII 'resolved Pomerori' II '2 gluon IP' peaJIII30BaHhI B MoHTe KapJio 

reHepaTOpe RAPGAP, MO)J.eJih SCI - B rrporpaMMe reHepa~IIII co6hITIIl1 LEPTO. 
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P11c. 18: ,l];mpq>epeHI,\llaJlbHOe ceqe1111e o6pa3oBaHIIR ,!IBYX ')KeCTKIIX' CTpyii a,11p0H0B II Jlll,1111-

py!Oll,\ero rrp0T0Ha B 3aBIICIIM0CTII OT logx1p II Z[P, ,l];aHHbie cpaBHIIBa!OTCR C rrpe,!1Ka3aHIIRMII 

Mo11Te KapJio M0,!leJieii B JI11,1111pyroll,\eM rropR,11Ke BbI'l11CJie1111ii. 

,ll;11cpcpepeH~IIaJihHhie ceqeHIIH o6pa3oBaHIIH )J.Byx cTpyl1 a)J.pOHOB B ,ll;fHP no 

nepeMeHHhIM log XIP II ZJp rroKa3aHhI Ha PIIc. 18. lfa cpaBHeHIIH II3Mepe1mhlx 

ceqeHIIl1 C MO)J.eJIHMII MO)KHO C)J.eJiaTh BhlBO)J., qTO MO)J.8Jlh COCTaBHOro IIOMepoHa 

(RP) onIICbIBaeT cpopMy ,!J.IIcppaK~IIOHHhIX pacnpe)J.eJieHIIfi, HO He)J.OO~eHIIBaeT 

a6COJIIOTHYIO BeJIIIqIIHY ceqeHIIfi )J.JIH ,!J.BYX TOnOJIOrIIl1 co6hITIIl1 B f 5 + 2.2 pa-

3a. TaKIIM o6pa30M, MO)J.eJIIIpOBaHIIe rrpo~eCCOB JIII)J.IIpyIOlll,ero nopH)J.Ka 11 nap

TOHHhlX JIIIBHel1 He)J.OCTaToqHO )J.JIH BOCIIpOII3Be)J.eHIIH )J.aHHblX. TiapaMeTpII3a~IIH 

nOTOKOB o6MeHa noMepottOM II. pe)J.)KeOHOM, peaJIII30BaHHaH B MO)J.eJIII RP, )J.aeT 

cornacyIOlll,11eCH pe3yJihTaTbl C 3KCnepIIMeHTaJihHhIMII )J.aHHhIMII )J.JIH 3aBIICIIMO

CTII ceqeHIIH OT X[P II t KaK )J.JIH IIHKJII03IIBHhIX npo~eCCOB ,ll;fHP (rJiaBhl 5 II 6), 
TaK II )J.JIH npo~eCCOB o6pa30BaHl1H ,!J.BYX ')KeCTKIIX' CTpyl1 a)J.pOHOB B ,ll;fHP. 

Mo)J.eJih MHrKIIX napTOIIHhIX B3aIIMO)J.eficT)KIIl1 (SCI) He onIIchrnaeT cpopMy 

,!J.IIcppaK~110HHhIX pacnpe)J.eJieHIIl1 no log X IP 11 Z[P II pacnpe)J.eJieHIIH no Q2, HO 
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B0Cnp0II3BO)J.IIT 3aBIICIIMOCTh ceqeHIIH no nepeMeHHhIM, onIICbIBaIOlll,IIM TOIIOJIO

rIIIO co6hITIIH, TaKIIM KaK Y, p;; II T/ CTpyl1 a)J.pOHOB. 8T() YKa3hIBaeT Ha no)J.06IIe 

noCJie)J.HIIX pacnpe)J.eJieHIIl1 B npo~eccax ,!1.IIcppaK~IIOHHoro II He)J.IIq>paK~IIOHHOro 

rHP. A6coJIIOTHaH BeJIIIqIIHa ceqeHIIH B MO)J.eJil1 SCI 3aµaeTcH .Bh16opoM napa

MeTpa p )J.JIH BepoHTHOCTII MHrKIIX napTOHHblX B3aIIMO)J.el1CTBIIl1 II, TaKIIM o6pa-

30M, He, npe)J.CKa3bIBaeTCH MO)J.eJih!O. 

Mo~eJih ,!J.Byx-rJIIOOHHoro noMepoHa (2 gluon IP) on11chrnaeT a6coJIIOTHYIO Be

JIIIqm1y ce'IeHIIH o6pa30BaHIIH CTpyfi a)J.pOHOB TOJihKO B o6JiaCTII MaJiblX XJp ;S 
0.02. B o6JiaCTl1 60JihllIIIX XJP B MO)J.eJIII He)J.OCTaeT BKJia)J.a npo~eccoB, KOTOpbie 

MOryT 6b!Th OnIICaHhl o6MeHOM pe)J.)KeOHOM. B )J.aHHOl1 MO)J.eJil1 )J.ByX-rJIIOOHHbll1 

noMepoH B3al1M0)J.el1cTByeT KaK ~eJioe ( direct Pomeron) C )J.IInOJihHOl1 KOHcp11ry

pa~11el1, B KOTopy10 q>JIYKTy11pyeT BIIPTYaJihHhitt q>OTOH. B MO)J.eJil1 OTCYTCTByeT 

BKJia)J. npo~eccoB, B KOTOpbIX B rHP yqaCTByeT TOJihKO COCTaBHaH qaCTh noMe

poHa. TaKIIe npo~eCCbl )J.aIOT BKJia)J. B o6JiaCTh MaJihIX ZIP, r)J.e MO)J.eJih He)J.OO~e

HIIBaeT II3MepeHHOe ceqeHIIe. 

2.9 CpaBHemi:e pe3yJibTaToB c ,ri;pyr11M11 H3MepeHH.HMH II napaMeTp11-

3au;11.HM11 napTOHHbIX pacnpe,ri;eJieHH
0

ii 

B HaqaJie )J.eBHTOl1 rnaBhl npIIBO)J.HTCH pe3yJihTaThl cpaBHeHIIH ceqeHl1H a;?(3
) ,· rro

nyqeHHhIX B )J.aHHOl1 pa6oTe )J.JIH npo~eCCOB ,r:i;rHP C o6pa30BaHl1eM Jil1,!1.11pyIOlll,e

ro rrpoToHa, c pe3ynhTaTaM11 3Kcnep11MeHTa ZEUS. TioKa3aHo, qTo pe3yJihTaThI 

)J.BYX 3KCnep11MeHTOB conocTaBl1Mhl B npe)J.enax 3KCnep11MenTaJibHhlX norpelll

H0CTel1. 8To n03BOJil1JIO noJiyq11Th KOM611Hl1pOBannoe ceqett11e ITO HeCKOJihKl1M 

113MepeH11HM B ,!J.BYX 3KCrrep11MeHTax C yqeTOM KOppem1pOBaHHhIX 11 HeKoppe

m1poBaHHhlX norpellIHOCTel1. 8Kcnep11MeHTaJihHaH ToquoCTh KOM611H11poBaHHoro 

ceqen11H npeBOCXO)J.11T pe3ynhTaThl OT)J.eJihHblX 113MepeHIIH 11 COCTaBJIHeT 6% )J.JIH 

HaII60Jiee TOqHhIX II3MepeHIIfi. 

,ll;anee npIIBO)J.IITCH cpaBHeHIIe npe)J.CKa3aHIIl1 KX,ll; Ha OCHOBe napaMeTpII3a

~IIl1 'Hl DPDF Fit A' II 'Hl DPDF Fit B', onIIcaHHhIX B rnaBe. 6, c ceqeHIIHMII 

o6pa30Bamrn- cTpyfi a)J.pouoB B npo~eccax ,ll;fHP c LRG, II3MepeHHhIMII B 3KC

nepwMeHTe Hl. CeqeHHH TaKHX npo~eCC0B qyBCTBHTeJihHhl K. pacnpe)J.E!JieHHIO 

rn100Ha B npoToHe. TipHBO)J.HTCH TaK)Ke Pe3YJihTaThI KX,ll; aHaJIH3a ceqeHHtt 06-. . DW 
pa3oBaHHH crpyi,i a)J.pOHOB B ,r:i;rHP H )J.aHHblX no ar B BH)J.e rrapaMeTpH3a~HH 

'Hl DPDF Jets'. TioKa3aHo, qTO pe3yJihTaThI napaMeTpH3a~HH 'Hl DPDF Fit B', 
KOTopaH )J.aeT M8Hhll1Hl1 BKJia)J. rJIIOOHa npH 60JihllIHX )J.OJIHX HMnyJihcalP, Jiyqllle 

cornacyIOTCH C ceqeHHHMll npo~eCCOB o6pa30BaHHH CTpyi,i a)J.pOHOB. Pe3yJihTaThl 

auaJil13a orry6nllKOBaHhl B pa6oTe [7], a TaK)Ke B Tpy)J.ax KOHcpepeH~HH [10, 13-16]. 
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B rnaBe TaK)Ke on11chrna10TCH ~co6eHHOCTl1 11 pesyJihTaTbI KX,[I. aHaJil138."ce

tJeHl1i1 11HKJII03HBHbIX npou.eccoB 11 npou.ecC0B o6pa3oBaHl15I CTpyn a,11.pOHOB B 

,IJ.rHP C LRG, Bh!IlOJIHeHHOrO B 3KCnepHMeHTe ZEUS, H npHB0,11.11TC.H cpaBHeHl1e 

pe3yJihTaToB napaMeTp03au_11t1 DPDF ,11.Byx 3KcnepHMeHTOB. KX,[I. aHaJIH3 ,11.aH

HhIX 3Kcnep11MeHTa ZEUS ,11.aeT ,11.0M11H11pyw;0t1 BKJia,11. rJIIOOHa B DPDF npoToHa, 

tJTO cornacyeTC.H B npe,11.eJiax norpeUIHOCTei1 c pe3yJihTaTaMH KX,[I. aHaJil13a B 

3Kcnep\l_MejlTe .H 1, npe,11.CTaBJieHHOro B )J.aHHOi1 pa6oTe. O'.l'JI11tJl15I B. a6coJIIOTHOi1 

BeJIHtJHHe_ npe,D,CKa3aHl1i1 DPDF oTpa)KaJOT pa3HHu.y B a6coJIJOTHOi1 Ben11tJ11He 

cetJeH11i1, noJiytJeHtthIX MeT0,11.0M LRG B 3Kcnep11MeHTaX Hl 11 ZEUS, KOTopa.H 

COCTaBJIHeT ~ 13%. 

,[1.anee 06cy)K,11.a10TCH oco6eHHOCTH KX,[I. aHaJI113a cetJeH11i1 npou.eccoB ,ll.fHP, 

Bhmonttettttoro rpynnon Martin-Ryskin-Watt (MRW). B cpeHoMettonomqecKoM 

attan113e MRW )J,aHHhie 3Kcnep11MeHTa Hl no cetJeHHHM ,[l.fHP c LRG cp11T11py10T

CH C llCnOJib30BaHlleM M0,11.eJil1, B KOTopon YtJl1Th!BalOTC5I BKJia,11.hl Tpex npou.eccoB 

B ,[1.fHP: o6MeHa HenepTyp6aTl1BHb!M COCTaBHh!M noMepOHOM, nepTyp6aTl1BHbIM 

COCTaBHblM noMepoHOM ll nepTyp6aTl1BHbIM 'npHMbIM' IlOMepOHOM. Pe3yJihTaThl 

aHan113a MRW cpaBHJ1:Ba10TC.H c i;iapaMeTpH3au_11HM11. 'Hl DPD.f Fit A' 11 'Hl 

DPDF Jets'. YtJeT B <p11Te npou.eccoB o6Metta 'npHMhIM' noMepottoM,. KOTopoMy 

cooTBeTcTByeT 'HeroMoreHHhit1' tJJieH (inhomogene~us term) B ypaBHe.mrn 3B0-

mou.1111' napTOHOB, np11B0)].11T K MeHbUieMy BKJia,D,y rJIIOOHa np11 6o;;hlll11X ,11.0JI.HX 

11Mnynbca IP no cpaBHeH1110 c pe3yJihTaToM napaMeTp113au_1111 'Hl DPDF Fit A'. 

Pe3yJihTaThI npe,11.cKa3am1fi Ha ocHOBe napaMeTp113au_11fi 'Hl DPDF Fit A' 11 

'Hl DPDF Fit B', a TaK)Ke napaMeTp113au_1111 MRW cpaBH11Ba10TCH c cetJeHl1HMl1 

o6pa30BaH11H · oqapoBaHHhIX KBapKOB B npou.eccax ,[1.fHP. B pactJeTax KX,[I. B 

KatJeCTBe UIKaJihl cpaKTop113au_1111 11 nepenopM11pOBKl1 11CilOJih30BaJiaCh B()JilltJ11Ha 

{LJ = µ; = Q2 + 4m~, r,11.e me - Macca oqapoail.HHoro I<BapKa. Bee napaMeT

pn:mu.1111 onHCbIBaIOT 3Kcnep11MeHTaJibHbie ,11.aHHble B npe,11.eJiax norpeUIHOCTefi 

ll3MepeHHfi, K0TOpbie, O,D,HaKo, ne 06na,11.a10T BblCOKOfi' TOtJHOCT1:>IO- 8KcnepHMeH

TaJihHa51 norpeUIHOCTb cyw;eCTBYIOIIJ,llX ,11.aHHhlX He Il03B0JI.HeT onpe,11.eJillTb BKJia,11. 

'np51Moro' noMepoHa; KOTOpblil ,11.0JI)KeH npo.HBJI51TbC.H npll 6onhUil1X ,11.omtx llM

nym,ca noMepmia (3, nepe,11.aHHoro pacce51HHOMY napToHy. 

,[l.pyrnM npou.eccoM, tJYBCTBllTeJibHblM K ,11.llcppaKIJ,110HHciMy pacnpe,11.eJieHlllO 

rJIIOOHa B npoTOHe, 51BJI51eTC5I npou.ecc ,11.11cppaKIJ,llOHHOrO <pOTOp0)K,11.eHl151 oqapo

BaHHOro KBapKa, B 3TOM npou.ecce Q2 ~ 0 11 UIKana ')KeCTKOCTl1' ,11.Jl51 nepTyp-

6aTl1BHblX BhitJl1CJiett11i1 KX,[I. 3a,11.aeTCH Maccon me, a TaK)Ke ·.nonepetJ~hIM HM

nynhCOM pr oqapoBaHHoro KBapKa; ,[l.aHHbie 3i<cnep11MeHTa ZEUS, rionytJeHHi>Ie 

,11.JI51 3TOrO npou.ecca, Oil11ChIBalOTC5I npe,11.cKa3aHll5'1Mll KX,[I. Ha OCHOBe napaMeT

pH3aIJ,llfi 'Hl DPDF Fit A', 'Hl DPDF Fit B', a TaK)Ke 'ZEUS LPS+charm Fit'. 
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BonhUille neonpe,11.eJieHHOCTl1 BbltJllCJieHllH CB.H3aHbl C TeM, 'ITO UIKaJia ')KCCTKO

CTl1' npou.ecca, orrpe,11.eJienna51 K_aK µJ = µ; = m~ + p}, neBemIKa. 

YH11BepCaJihHOCTb ,11.ll<ppaKI.).110HHh!X cpyHKIJ,llH pacrrpe,11.eJieHl151 rrapTOHOB MO

)KeT 6b!Th rrpoBepeHa B ,11.11<:ppaKU.110HHblX rrpou.eccax <pOTOp0)K,11.CHll51 ')KeCTKllX' 

CTpyfi a,11.poncrn, r,11.e B11pTyanbHOCTb o6Mennoro <pOTOHa 6JIH3Ka K HYJIIO. B TaKIIX 

rrpou.eccax IIIKana ,11.JI51 rrepTyp6aTIIBHhIX BhitJHCJieH11fi KX,[I. 3a,11.aeTc.H BeJIHtJIIHofi 

PT JIH,1!.IIpy10w;efi cTpyII pacce51HHhIX napTonoB. B TaKHX npou.eccax 3<:p<peKThI 

BTOptttJHOro B3aIIM0,11.efiCTBTI51 napTOHOB COCTaBnoro a,11.p01mno,11.06Horo <pOTOHa 

II rrpoTona rrpIIB0,11.51T K rro,11.anneHHIO Bep051THOCTII o6pa30BaHII51 ,11.IIcppaKIJ,IIOH

HOH TOIIOJIOrIIII co_6hITIIH. 3natJl1TeJibllhlH 3<:p<peKT rro,11,aBnemrn ,l],II<ppaKIJ,llOHHOH 

TOIIOJIOrIIII co6bITIIH (na II0p51,11,0K BeJIIItJllHhl) OTHOCIITeJibHO rrpe,11,CKa3aHIIH na 

ocnone NLO DPDF, rroJiytJeHnhIX 113 ,11.annh1X no ,11,HcppaKU.IIonnoMy rny6oKo

neyrrpyroMy ep pacce.Hn1110 _na KOJinafi,11,epe HERA, na6JI10,11,anc51 B npou.eccax 

o6pa3oBaHII51 ')KeCTKllX' CTpyfi a,11,ponoB B pp B3allMO)J,eficTBll.HX na KOJIJiafi,11,epe 

Tevatron. Ew;e MeHbllla51 BCp051THOCTb coxpaHeHII51 ,11,ll<ppaKIJ,IIOHHOfi TOnOJIOrlll1 

co6b1THfi (gap survival probability) O)KII,n,aeTc51 npH 6oJiee BhICOKHX 3Heprirnx B 

pp B3a11Mo,n,eficTBII.HX Ha KOJIJiafi,11.epe LHC. 

lfaMepeHHhie B 3KcrrepIIMenTe Hl cetJeHl151 ,n,IIcppaKu,oHHoro cpoTopO)K,11.eHII51 

,D,BYX CTpyfi a,n,pOHOB COCTaBJI51IOT BCJilltJllHY 0.58 ± 0.21 OT rrpe,11,CKa3aHHH Ha 

OCHOBe NLO DPDF 'Hl 2006 Fit B'. Ko3<:p(plllJ,lleHT rro,n,aBneHll51 cetJeHII.H OTHO

CllTeJibHO rrpe,n,cKa3aH11fi B rrpe,n,ena_x neorrpe,n,eneHHOCTefi rrpe,11,cKa3aHIIfi He 3a

BHCl1T OT BeJil1tJllH x, 11 ZJp, KOTOf.>bie orrpe,n,eJI51IOT )J,OJIII 4-x IIMIIYJibCOB <pOTO

Ha ll IIOMepona, rrepe,n,anHhie rrapTOHaM, ytJaCTBYIOIIJ,IIM B npou.ecce ')KeCTKOro' 

pacce.HHl151. O,n,HaKO na6JI10,1J,aeTC.H HeKOTOpb!H pOCT OTHOWeHll.H cetJeHl151 <pOTO

p0)K)].CHll51 cTpyfi K rrpe,11.cKa3aHII51M NLO DPDF c pocTOM rrorrepequofi 3nepmH 

Er JIH,1J.Hpy10w;efi cTpyII a,11,pouon. Pe3ynhTaThI ananH3a orry6JIIIKOBaHbl B pa6o

Tax [6,8], a TaK)Ke B Tpy,n,ax KOH<pepeHIJ,IIfi 110, 13 16]. 

I10~06na51 )KC 3aBllCllMOCTb OTH0UICHII51 cetJeHll51 ,11,ll<ppaKU.IIOHHOro (pOTOp0)K

,n,eHII51 CTpyii: a,n,poH0B K rrpe,n,cKa3aHll51M NLO DPDF OT rrepeMeHHb!X x, II Er 
nH,11.Hpy10w;efi CTI)YII a,11,ponoB irn6JI10,n,aeTC51 B 3KcrrepHMeHTe ZEUS. O,n,naKo a6-

con10Tna51· BeJIIItJHHa ceqenH51, II3MepeHnoro B 3KcnepIIMCHTe ZEUS, corJiacyeTC.H 

B npe,11.eJiax norpeIIIHocTefi c rrpe,11.cKa3amrnMII NLO DPDF H, TaKIIM o6pa3oM, 

yKa3bJBaeT na OTCYTCTBlle rro,11,aBJieHII51 npol_\eccoB ,11.IIcpl)aKU.llOHHOro <pOTOp0)K)].e

Hll51 CTpyfi a,11.p0H0B 3a CtJeT BT0PlltJHOro B3allM0,11.eficTBll51 napT0HOB C0CTaBnoro 

cpoToHa H rrpoTona. Heo6xo,n,HMO yi<a3aTh, tJTO B 3KcrrepHMenTe ZEUS H3Mep.H

JIHCh rrpo11,ecch1 cpoTOpO)K,11.eHH51 c Er > 7.5 f3B ,D,JI.H Jill,11.Hpy'iow;efi crpyII a,11,po-

1-10B, Tor,11.a KaK B 3KCnepIIMenTe Hl npHMeH51JI0Cb 6oJiee M51rKoe Tpe6oBaHHe Ha 

')KeCTKOCTh' rrpou.ecca Er > 5 f3B. 
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2.10 3aKJI1oqem1e 

B 3aKJIIO'lemm IIpHBe,D,eHbl OCHOBHbie Pe3YJib_;raTbl ,ll,HCCepTaI.J.HOHHOft pa60TbJ: 

1. Co3,D,aH crreKTpOMeTp JIH,D,Hpy10~0:x rrpoTOHOB ycTaHoBKH Hl c Koop,D,1rnaT

HbIMH ,D,eTeKTOpaMH Ha OCHOBe CI.J.HHTHJIJI.HI.J.HOHHbIX qrn6epHbJX ro,D,OCKOIIOB 

H II03HI.J.HOHHO- 'IYBCTBHTeJibHbJX <pOTOYMHO)KHTeJieft; pa3pa6oTaHa MeTO,ll,H

Ka peKOHCTPYKI.J.HH HMIIYJibCOB JIH,D,HpyIO~HX rrpOTOHOB C HCIIOJib30BaHHeM 

CI.J.HHTHJIJI.HI.J.HOHHblX KOOp,D,HHaTHblX ,D,eTeKTOpOB H MarHHTHOft OIITHKH KOJI

Jiaft,D,epa HERA. 

2. H3MepeHo rrpwae,D,eHHOe ce'leHwe a;?(
4

) rrpou.eccoa ,D,H<ppaKI.J.HOHHoro rny6o

KOHeyrrpyroro ep -+ eX p pacce.HHH.H C JIH,ll,HpyIO~HM IIpOTOHOM B KOHe'I

HOM ,COCTO.HHHH a KHHeMaTH'leCKOft o6JiaCTH, orrpe,D,eJI.HeMott. BHPTYaJibHO

CTb!O <pOTOHa 2 < Q2 < 110 rsB2
, ,ll,OJieft IIpO,ll,OJibHOrO HMIIYJibCa, IIe

pe,D,aHHOft IIpOTOHOM a )J.H<ppaKI.J.HOHHOM o6MeHe X[p < 0.1, BeJIH'IHHOft 

0.001 < /3 = x/xrp < 1 0: KBa,D,paTOM rrepe,D,aHHOro 4-x HMIIYJibCa a IIpOTOH

HOft aeprrmHe 0.08 < ltl < 0.7rsB2
• IloJIHa.H sKcrrepwMeHTaJibHa.H rrorpern

HOCTh ,ll,JI.H Ha0:6onee TO'IHblX H3MepeHHft COCTaBJI.HeT 10%. 

3. H3Mepen rrapaMeTp HaKJIOHa B ,D,JI.H 3aBHCHMOCTH ceqenH.H ,D,H<ppaKI.J.HOHHo

ro rny6oKOHeyrrpyroro ep pacce.HHH.H c JIH,D,HPYIO~HM IIpOTOHOM a KOHe'IHOM 

cocro.HHHH da /dt ex exp (Bt) rrpw pa3HbIX BeJIH'IHHax XIP H /3 = x/xrp, a 

IIIHpOKOft o6JiaCTH BHPTYaJibHOCTeft <pOTOHa Q2
• B o6JiaCTH MaJiblX X IP :s 

0.03, r,D,e BKJia,D, o6MeHa IIOMepoHOM ,ll,OMttHttpyeT, rrapaMeTp HaKJIOHa co

CTaBJI.HeT. B !:::'. 6rsB-2, 'ITO MeHbIIIe, qeM aeJitt'IHHa, tt3MepeHHa.H a M.HrKttx . . 

a,D,pOH-a,D,pOHHbIX B3aHMO,D,eftCTBtt.HX, H COOTB_eTCTByeT BeJitt'IHHe, tt3Mepen-

HOft a rrpou.eccax ,D,H<ppaKu.ttonHoro fHP rrpw 3Ha'lttTeJihHoft IIIKaJie '*eCT

KOCTH' rrpou.ecca. 

4. Ilpe,D,JIO)KeH MeTO,ll, anan0:3a ,D,aHHhIX no ce'leHH.HM ,D,ttcppaKI.J.ttOHHoro fHP 

Ha OCHOBe cpeHOMeHOJIOrttH IIOJIIOCOB Pe,D,)Ke. B pe3yJibTaTe aHaJitt3a 3aBH

CHMOCTtt Ce'leHH.H IIO rrepeMeHHbJM X[p H t Bbl'lttCJieHbl rrapaMeTpbl TpaeK

TOpHtt IIOMepoHa C:X[P(t) = C:XIP(0) + a~pt. vlHTepceIIT TpaeKTOptttt arp(0) = 
1.10 ± 0.02(sKcrr.)±0.03(Mo,D,eJib) cornacyeTc.H a rrpe,D,eJiax rrorpern11ocTeft 

tt3MepeHttft C BeJIH'lliHOft aIP(0) !:::'. 1.08, tt3MepeHnott B MHrKttX a,D,pon

a,D,pOHHbIX B3attMO,D,etiCTBHHX. HaKJIOH TpaeKTOptttt a~p cornacyeTCH C ny

JieM H MeHbIIIe, qeM BeJitt'IHHa a~p !:::'. 0.25 rsB-2
, tt3MepeHHaH B MHI'KliX 

a,11.pon-a,D,pOHHbIX B3aHMO,D,eftCTBttHX. 

5. Ilpe,D,JIO)KeH MeTO,ll, aHan0:3a 3aa0:ctt'Moci0: rrapaMeTpoa TpaeKToptttt noMepo

Ha OT BttpTyaJibllOCTH <pOTOHa Q2
• B pe3JJibTaTe IIOJiyqeno, 'ITO rrapaMCTpbl 
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TpaeKTOptttt IIOMepoHa H llaKJIOH 3KCIIOHeHJ,\ttaJibHOft 3aBttCHMOyTli _ce'leHH.H 

OT rrepeMeHHOft t He 3aBtt,CHT OT BttpTyaJibHOCTtt <pOTOHa B>IIpe,D,eJiaX 1.5a 

rrorpeIIIHOCTett tt3MepeHHft. Ha OCHOBaHtttt 3TOro C)J.eJiaH .Bb!BO,ll, 0 rrpttMe

HliMOCTH rttllOTe3bl O cpaKTOptt3aU.ttH npou.ecCOB B rrpoTOHHOft BepIIIttHe Ii 

<pOTOH-rrapTOHHOrO pacce.HHfrn. 

6. vl3MepeHo rrpttae,D,eHHoe ceqemre af<
3
) rrpou.eccoa ,L\H<ppaKu.ttoHnoro · fHP 

C JIH,ll,HpyIO~ttM IIpOTOHOM B KOHe'IHOM COCTOHHHtt B KttHei.rnTH'leCKOft 06-

JiaCTH 2 < Q2 < 700 rsB2, X[p < 0.1, 3KCTpaIIOJIHpOBaHHOe B o6JiaCTb 

ltl < 1 fsB2• 8Kcnep0:MeHTaJihHb1e ,D,aHHbie a o6nacTtt 120 < Q2 < 700 fsB
2 

rrony'leHbI arrepabie. TionHaH 3KcrrepttMeHTaJihHa.H rrorpernnocTh ,D,JIH Hatt6o

nee TO'IHblX tt3MepeHttft COCTaBJIHeT 10%. 

7. vl3MepeHO OTHOIIIeHHe ceqeHH51 af?(
3
) 

0

,lJ,H<ppai<U.ttOHHOPO rHP C o6pa30Ba

HtteM 6oJibIIIOro HHTepaa:na IIO 6bICTpoTe Me)K,D,Y a,D,pOHaMir i< ce'-!eHmO ,D,tt

cppaKU.ttOHHOro fHP c. o6pa3oaaHHeM Jitt,D,Hpy10~ero rrpoTOna. B pe3yJihTaTe 

IIOJiy'leHO, 'ITO BKJia,D, rrpou.eccoB ,ll,HCCOI.J.ttaU.ttH npOTOHa ,B ce•IeHHe ,D,H<ppaK

I.J.HOHHOro rHJ? C o6pa30BaHiieM 60JiblllOf0 6hICTpOTHOro liHTepaana COCTaB

JI.HeT 20 ± 11(3KCII,)% Ii B npe,D,eJiaX rrorpeIIIHOCTeft H3MepeHttfi He 3aBttCHT 

OT KHHeMaTtt'leCKOft o6JiaCTtt no rrepeMeHHbIM Q2
, X IP Ii /3. 

8. Tipe,D,JIO)KeH KOM6HHttpoaaHHblft MeTO,ll, aHaJitt3a ,D,aHHblX IIO ce'leHtt.HM npo

u.eccoB ,D,H<ppaKI.J.liOHHOro rHP, OCHOBaHHbltt Ila rrptt.MeHeHtttt ypaBHeHttfi 

3BOJIIOI.J.tttt rrapTOHOB DGLAP a paMJ<ax KX,IT. ,D,JIH napaMeTptt3aI.J.ttH 3aatt

CHMOCTtt ceqeHH.H IIO nepeMeHHblM Q2
, /3 H cpeHOMeHOJIOrtttt ITOJIIOCOB Pe

,ll,)Ke ,ll,JI.H napaMeTptt3aI.J.ttH Ce'leHttH IIO rrepeMeHHb!M X[P Ii t. B pe3yJihTaTe 

aHaJitt3a Bbl'lttCJieHbl ,D,H<ppaKI.J.HOHHbJe cpyHKI.J.Hli pacrrpe,D,eJieHttH CttHrJieTa 

KBapKOB H rmooHa B rrpoTOHe B CJie,D,YIO~eM-3a-Jitt,D,HPYIO~ttM nop.H,D,Ke Bbl

'IHCJieHttfi KX,IT., ou.eHeHbl 3KcrrepHMeHTaJibHbJe H MO,D,eJibHbJe neorrpe,D,eJieH

HOCTtt pacrrpe,D,eJieHHti. 

9. vl3MepeHo oTnornentte ceqeHtt.H af?(
3l ,D,H<ppaKu.ttonttoro fHP c Jitt,D,ttpy10-

~ttM npoTOHOM B KOHe'IHOM COCTO.HHtttt K ceqenttIO O"r ttHKJII03HBHOf'O ·rHP 

B KttHeMaTtt'leCKOti o6nacTtt 4 < Q2 < 700 rsB
2

• IloKa3aHO, 'ITO pe3yJib

TaT ,cor.riacyeTc.H c rrpe,D,CKa3aHttHMtt KX,IT. a cJie,D,YIO~eM-3a-JIH)J.HpyIO~ttM 

rropH,D,Ke Bbl'IHCJieHHfi. C,D,eJiaH Bb!BO,ll,, 'ITO OTHOIIIeHHe <pyHKciHH pacnpe,D,e

JieHttH CttHrJieTa KBapKOB K cpyHKU.Htt pacrrpe,D,eJieHttH rJIIOOHa, tt3MepeHHblX 

a rrpou.eccax ,,D,ttcppaKI.J.HOHHoro rHP, 6Jitt3KO no BeJitt'IHHe K OTH0II1entt10 

COOTBeTCTBYIO~HX <pyHKU.ttfi pacrrpe,D,eJieHttH ,ll,JIH npou.eccOB ttHKJII03HBHO

ro rHP a o6JiaCTtt MaJibJX.X. 
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lQ; BrrepBbie ll3Mepett6 Ce'IeHIIe o6p830BaHll51 ')KeCTKllX' CTpyfi a)].pOH0B B )].ll
cppaKU,ll0HHOM THP c JHIJJ.llPYIOllJ.llM npoTottoM ·B Kotte'IH0M cocT051Hllll. Ce
'Iettne ·113Mepetto )].JJ51 ,r(Byx Tcmonornfi' co6b1Tttfi ('JJ.Be cTpyu B ~ettTpanb
Hofi o6nacTn no nceB)].o6hICTpc>Te' 11· 'o)].Ha CTpy51 B u,ettTpani,ttofi 06nacT11 n 
O)].Ha cTpy51 B nepe)].ttefi 06nacT11 no nceB)].061,1cTp0Te') B KtttteMaTtt'IecKofi 
o6naCTl1 4 < Q2 < 700 raB2

, XJp < 0.1 11 3KCTpanonnpoBaHO B o6JJaCTb 
ltl < 1 f::iB2 

•. 

11. Tiony'Ietto, 'ITO napaMeTp HaKJJOHa B )].Jl51 3aBllCllMOCTl1 cetJeHl151 o6p830-
BaHll51 )].BYX ')KeCTKl1X' CTpyfi a)].pOHOB B )].11q>paKU,110HHOM fHP C JJ11)].llpy
lOllJ.11M npoTOHOM B KOHetJHOM cocT051Hl111 da/dt ex exp (Bt) cornacyeTC51 c 
BeJJl1'111HOfi B, ll3Mepemmfi B 11HKJII0311BHOM )].Hq>paKU,110HHOM rHP. 9TOT 
pe3yJJhTaT nO)].TBep)K)].aeT rnnoTe3y O cpaKTOpll3aU,1111 npou,ecCOB B npOTOH
HOfi Bepurntte. 

12. TioKa3atta ytt11BepcaJJhHOCTh )].11cppaKu,1totttth1x cpyttKu,11fi pacnpe)].eJJeHHH nap
TOHoB· B npOTOHe nyTeM cpaBHeHl151 pe3yJJhTaTOB )].Jl51 ce'Iettnfi o6p830BaHll51 
JJ.BYX ')KeCTKnx' cTpyil a)].pottoB B ,D,ncppaKu,110HHOM THP c J:i11)].11pyIOID.11M 
npoTOHOM B KOHetJHOM cocT051Hlll1 c npe)].CKa3aHH51Mll KX)J; B cJJeJJ.YIOllJ.eM-
3a-JJHJJ.11pyIOID.11M nop51)].Ke Bhl'Il1CJJe1rnfi. 

13. TipoBe)].eHO cpaBHeH11e cetJeH1151 o6p830BaHl151 JJ.BYX ')KeCTKl1X1 CTpyfi ·a)].po
HOB B )].llq>paKU,110HHOM fHP' C JJ11)].llpyIDllJ.11M npOTOHOM B K0HetJHOM COCT0-
51Hl1li c npe)].CK83attll51Mll MottTe-Kapno MO)].eJJefi B JJ11)].11pyIOm.eM nop51)].Ke 
BhitJ11cJJen11fi KX)J;. TioK83atto, 'ITO MO)].em, cocTatittoro noMepotta o'ni-Ichma
~T cpopMy )].11q>paKU,llOHHbIX pacnpe)].eJJett11fi, B OTJlll'Il1ll OT MO)].eJJll M51rK11X 
napTOHHblX B38.llMO)].efiCTBl1fi ll MO)].eJJl1 'np51Moro' noMepo'tta. ,ll;JJ51 on11caH1151 
a6COJJIOTHblX 3HatJeHllfi cetJeHl151 He06X0)].11M ytJeT npou,eccoB CJJe)].yIOill,ero-
3a-JJll)].l1pyIOID.llM nop51JJ.Ka Bb1tJ11cJJett11il KX)J;. 
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