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06m;a.H xapaKTep:UCT:UKa pa60Thl 

AKTYaJihHOCTh TeMhI 

HacTO.HIIJ;a.H ,11.llCCepTaIJ,ll0HHa.H pa6oTa npe,11.cTaBJI.HeT 3KCnepHMeHTaJihHhie 

pe3JJibTaTbl n3yqeHH.H B3allMO)].eilcTBll.H <pOTOHOB, noJiy~eHHhie Ha ycTaHOBKe 

DELPHl{CERN). ,L(ByxcpOTOHHhie peaKIJ,llll .HBJI.HIOTC.H npo,u.yKTllBHhIM 

llCTOqHllK0M llH<pOpMaIJ,llll BO MHOrllX o6JiaCT.HX cpll3l1Kll BbICOKllX 3Heprnil. 

O6'heKTOM llCCJie,11.0BaHllil _.HBJI.HIOTC.H npou,eCCbI KBaHTOBOii 3JieKTPO,ll.llHaMIIKll 

(K9,n, QED), TaKlle KaK pO)K,11.eHlle JienTOHOB; npou,ecChl rJiy6oKOHeynpyroro 

3JieKTpOH-cpOTOHHOro pacce.HHll.H; o6pa3oBaHne ')KeCTKllX' CTpyii ll pO)K,11.eHlle 

T.H)KeJihIX KBapKOB, OnllChIBaeMbie B paMKaX KBaHT0BOll xpOM0,11.llHaMMKll 

{KX,n, QCD). O6nmpHyro o6JiaCTh ncCJie,11.oBaHnii cocTaBJI.HeT a,11.poHHa.H 

cneKTpOCKOnll.H COCTO.HHllil ,11.ByxcpOTOHHOro CJlll.HHll.H, BKJIIOqa.H nollCK HOBbIX 

qaCTllIJ,. 

ITepBbie pe3JJibTaTbl . 3KCnepHMeHTaJihHOro Ha6JIIO,ll.eHll.H peaKIJ,llll 

(e+e- -t e+e-e+e-) 6hIJill noJiyqeHbl B HoBOCll6llpCKe ll 3aTeM no,11.Bep)K,ll.eHbl BO 

<I>pacKaTH. TaM )Ke 6b1Jia BnepBhle nccJie,11.oBatta peaKIJ,ll.H (e+c -t e+e-µ+ µ-). 
C TeX nop 6blJIO noJiyqeHo MH0)KeCTBO ~ 3KcnepnMeHTaJihHbIX ,11.aHHbIX C 

pa3JlllqHblX ycTaHOBOK, pa6oTaBIIIllX Ha aJieKTPOH-n03llTPOHHhIX KOJIJiaii,11.epax, 

no llCCJie,11.oBaHll.HM cpll3l1Kll B3allMO,ll.eilcTBll.H cpOTOHOB. 

II;eJih pa60Tbl 
ITpoBe,11.eHHbie llCCJie,11.0BaHM.H CTaBMJill CBOeil u,eJihIO noJiyqeHMe HOBbIX 

pe3yJibTaT0B B o6JiaCTll M3yqeHll.H cpll3l1Kll ,11.ByxcpOTOHHbIX. B3allMO,ll.eilcTBllil 

no M3MepeHMIO K9,n 11 Kx,n CTPYKTYPHhIX cpyHKIJ.llii cpoToHa F:J; nJyqeHnro 

acpcpeKTa HeHyJieBoii MaCCbI cpoTOHa-MllIIIeHH; ll3MepeHllIO IIIllpllHbl r TY 

,11.ByxcpoTOHHOro pacna,11.a oqapoBaHHbIX Me30HOB; ll3MepeHllIO ceqeHnil 

npou,eccoB · e+e- -t e+e- + µ+µ- n e+e- -t e+e- + hadrons BO 

B3allMO,ll.eiicTBllll cpoTOHOB BbICOKOii BllPTYaJibHOCTll; cpaBHeHllIO ll3MepeHHblX 

ceqeHnil c BFKL Bb1qncJieHH.HMll B Jill,11.HpyroIIJ,eM n cJie,ll.yrorn;eM-3a

Jill,ll.llpyrorn;nM nop.H,11.Kax; ll3MepeHllIO ceqeHllii pO)K,11.eHll.H ')KeCTKllx' CTpyil .BO 

B3allMO,ll.eiiCTBllll KBa3llpeaJibHbIX cpOTOHOB ll cpaBHeHllIO noJiyqeHHbIX ceqeHnii 

c npe,11.cKaJaHH.HMll KX,n B JIH,11.HpyroIIJ,eM n CJie,u.y10IIJ,eM-Ja-Jin,11.npy10rn;nM 

nop.H,11.Kax BhrqnCJieHHii. TaK)Ke B pa6oTe npe,11.cTaBJieHhI nepcneKTHBbI 

n3yqeHH.H YJibTpanepncpepnqecKHX (,11.ByxcpOTOHHbIX) B3allMO,ll.eiicTBllii B 

paMKax nporpaMMbl HCCJie,11.0BaHHii .H,llJ)O-.H,11.epHbIX CTOJIKHOBeHHii Ha ycTaHOBKe 

ATLAS. 

=H=a~~q-=.:H:..:rul.:....::..·_H_O_B_H_3_H_al+(P,"'"_C'-',~=P ... P.;.'-rT ... ; .M_-:-uu1rr1" i-'HCTF<rinol '"~" .,. ii .il 'j l I 
SAepHBX Hccne~oBaHuf: 

Br,r.r1.r;J/;1-~:i:;· · : 



9KcrrepnMeHTaJihHhie yCJIOBm1 KOJIJiaii,n.epa LEP rro3BOJIHJIH rrpoBeCTH 

HCCJie,n.oBaHml II B3aHMO,ll,eiiCTBllll B He,n.OCTYIIHOH paHee o6JiaCTH 

3Heprnii CTaJIKHBa10IIIHXC.H q>OTOHOB BIIJIOTh /J..O HeCKOJihKHXc ,u.ec.HTKOB 

f3B. 9KcnepnMeHTaJihHhie B03MO}KHOCTH ycTaHOBKH DELPHI pacnmpHJIH 

,U.HaIIa30H BHpTyaJihHOCTefi q>OTOHOB B HCCJie,u.yeMbIX ,U.ByX<pOTOHHblX peaKIIH.HX 

,u.o 3HatJeHnii rrop.a,u.Ka ,u.ec.aTKOB f3B2• BbJihIIIa.a qacrb rrpe,u.cTaBJieHHhlX 

B ,n,nccepTaiJ,IIOHHOii pa6oTe pesyJihTaTOB .HBJI.HeTC.H He rrpOCTO · HOBOii, 

a e,U.HHCTBeHHO ,11.0CTYIIHOii B ·onpe,n.eJieHHOll KHHeMaTH'IeCKOii o6JiaCTH 

B3a11Mo,11.eiicTBy10rn.nx cpoToHoB, ·· a nMeHHO: KX,LJ, crpyKTypHa.a cpyHKIIH.a 

q>OTOHa F:J'QCD H3MepeHa rrpH' cpe,n.HeM 3Ha'IeHHH Q2 q>OTOHa-'rrpo6anKa' 

paBHblM 12 f3B2; • 113MepeHa K9,LJ, • cTpyKTypHa.a cpyHKIIH.a cpoToHa F:J'QED, 
o6Hapy}KeH H H3y'IeH 3cpcpeKT HeHyJieBOii MaCChl q>OTOHa-MHIIIeHH P2; 

nccJie,n.oBaHhI npo11eccb1 e+ e- -+ e+e-=-+ µ+ µ- n e+ e- -+ e+ e- + hadrons 
npn BHPTYaJihHOCT.HX o6onx cpoTOHOB Q2 B o6JiaCTH OT 10 f3B2 ,u.o 200 f3B2 

ll HHBapnaHTHOii Macce q>OTOHOB w BhIIIIe 2 f3B; H3y'leH npo11ecc po}K,11.eHH.H 

. ,11.BYXCTpyiiHhlX co6hITHfi BO B3aHMO,U.eiiCTBllll KBa3HpeaJihHbIX q>OTOHOB ,lI.JI.H 

CTpyii B o6JiaCTH nceB,n.06bICTp0Thl -:-1 < ,,, < 1 II C nonepe'IHhIM HMilYJihCOM 

PT BhIIIIe 3 f3B. Pe3yJihTaThl npoBe,U.eHHblX IICCJie,n.oBaHHii no p0}K,U.eHH10 

'}KeCTKHX' CTpyii 6hIJIH COIIOCTaBJieHbl c rrpe,U.CKa3aHH.HMH KX,LJ, B JIH,U.HpyroIIIeM 

H CJie,u.y10II1eM-3a-JIH,1J.Hpy10IIIHM nop.a,n.Kax Bhl'IHCJieHHii. 

Haycrno-npaKTHqecKruI 3HaqHM0CTb pa60Tbl 
IlpoBe,U.eHHble HCCJie,U.oBaHH.H npHBHeCJIH HeMaJIY10 MeT0,11.H'leCKYID ll 

npaKTH'IecKyro HOBH3HY B TexHIIKY H3MepeHn.a· KX,LJ, CTPYKTypHoii cpyHKIIH.a 

q>OTOHa F:J'QCD; B B03MO}KH0CTH npnMeHeHH.H pa3JIH'!HbIX napaMeTpH3aIIHii 

CTPYKTYPHOH cpyHKIIHII q>OTOHa 6e3 npoBe,n.eHH.H 3aTpaTHOro MO,U.eJIHpOBaHH.H 

· ,ll,JI.H Ka}K,ll,Oll B OT,U.eJihHOCTH; B, rrpnMeHeHHH . OpHrHHaJlhllOro cnoco6a 

n3yqemi.a npo11eCCOB o6pa30BaHH.H ,U.BYX '}KeCTKHX' CTpyfi BO B3aHMO,U.efiCTBHH 

KBa3HpeaJihHhIX q>OTOHO~, OCHOBaHHOro mi. cenapaTHOM paCCMOTpeHHH Ka}K,11.0ll 

ll3 KOMilOHeHT rrpo11ecca C IIOCJie,u.yIDIIIHM q>HTHpOBaHHeM 3KCIIepnMeHTaJihHhIX 

,n.aHHhIX. 

IloJiy'IeHHhie 3Kcnep11MeHTaJihHhle pe3yJihTaThI n3yqeHn.a ,n.ByxcpoTOHHbIX 

B3aHMO,ll,eiiCTBHii, npoBe,U.eHHbie Ha ycTaHOBKax 3JieKTpOH-Il03HTpOHHOro 

Ko.imaii,n.epa LEP, B Te'IeHne ,u.oJiroro BpeMeHH ocTaHyTc.a e,u.nHCTBeHHO 

,ll,OCTJilHhIMH ,lI.JI.H TeopeTH'IeCKHX HCCJie,ll,OBaHHll (.aBJI.H10IIIHXC.H OCHOBOll 

IlOCTpOeHH.H MO,U.eJieii ,u.aHHhIX B3alIMO,ll,eficTBHii) BO MHOrHX acneKTax q>OTOH

q>OTOHHoro pacce.aHn.a, B qacrHocTn, no rJiy6oKoHeynpyroMy e1 pacce.aHHID, 

o6pasoBaHH10 '}KeCTKHX' CTpyii, pacce.HHH10 q>OTOHOB BhICOKOll BHPTYaJihHOCTH

Ilpe,u.cTaBJieHHhie pe3yJihTaThl 6y,u.yT, 6e3yCJIOBHO, BOCTpe6oBaHhl npH 
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rro,u.roTOBKe HOBhIX 3KcrrepnMeHTOB, HarrpnMep, B paMKax npoeKTOB ILC 

ll q>OTOH-q>OTOHHOro KOJIJiaii,u.epa. IlpnBe,n.eHHa.a B ,u.nccepTaIIHOHHOii 

pa6oTe H npHH.HTa.a B KOJIJia6opa11nn ATLAS(CERN) nporpaMMa H3y'IeHH.H 

YJibTpanepncpepII'IeCKHX (,u.ByxcpOTOHHbIX) B3aHMO,ll,eiiCTBHii B .a,u.po-.a,u.epHbIX 

CTOJIKHOBeHH.HX Ha yCKOpHTeJie LHC 6b1Jia paspa6oTaHa C Y'leTOM IlOJiy'IeHHhIX 

Ha LEP pe3yJihTaTax n OTpa}KaeT nepcrreKTHBhI npo,n.OJI}KEmn.a nccJie,11.0Ba1rnii 

11 B3anMo,u.eiicrBnii. 

IloJiy'IeHHhie pe3yJihTaThl II03BOJI.H10T cyIIIeCTBeHHO YJIY'IIIIHTh IIOHHMaHne 

npnp0,11.hl q>OTOHa H 3Ha'IHTeJibHO npO,ll,BHHYThC.H B IlOCTpoeHHH MO,U.eJieii 

B3aHMO,ll,eiicTBHll q>OTOHOB. 

Anpo6a:u;asi pa60Tbl H ny6JIHKa:u;HH 
Pe3yJihTaThI, COCTaBJI.H10IIIHe ,u.nccepTaIIHOHHYID pa6oTy, ,U.OKJla,11.blBaJIHCh 

aBTopoM Ha pa6oqnx coBeIIIaHn.ax KOJIJia6opa11nn DELPHI; 6bIJIH 

npe,u.cTaBJieHbl Ha Me}K,u.yHapO,U.HbIX KOHcpepeHIIH.HX no q>OTOH-q>OTOHHhIM 

B3aHMO,U.eiicTBH.HM '10th Workshop on Photon-photon Collisions PHOTON95' 

(Sheffield, England, 1995), ''I\vo-Photon Physics from DAPHNE to LEP200 

and Beyond' (Paris, France, 1994), ''I\vo-Photon Physics at LEP and HERA -

Status of Data and Models' (Lund, Sweden, 1994), 'Diffraction in high-energy 

physics' (Cala Gonone, Italy, 2004), 'The plioton: its First Hundred Years and 

the Future. Includes PHOTON2005 and PLC2005' (Warsaw and Kazimierz, 

Poland, 2005), 'International Conference on the Structure and Interactions 

of the Photon, 17th International Workshop on Photon-Photon Collisions 

and the International Workshop on High Energy Photon Linear Colliders' 

(Paris, France, 2007), 'Relativistic Nuclear Physics: from Nuclotron to LHC 

energies' (Kiev, Ukraine, 2007); ony6JIHKOBaHhI B nay'!HhIX H3,U.aHn.ax '.H,u.epHa.a 

<l>n3nKa', 'IlnchMa B 9tJA.H', 'Nuclear Instruments & Methods', 'Zeitschrift 

fiir Physik',.'European Physical Journal', 'Nuclear Physics B', 'Acta Physica 

Polonica'. 

0CHOBHbie pe3yJihTaThl ,11.HCCepTaIIHH ony6JIHKOBaHhl B pa6oTax [1]-117]. 

O6'heM H CTPYKTypa pa60Tbl 
,Il,nccepTaIIHOHHa.H pa6oTa, H3JIO}KeHHa.a Ha 128 CTpann11ax, COCTOHT H3 

BBe,n.eHH.H, IIIeCTH rJiaB H 3aKJI10'!eHH.H, co,u.ep}KHT 44 pncyHKa, 7 Ta6JIHII H 

CIIHCOK IIHTHpyeMoii JIHTepaTyphl H3 103 HaHMeHOBaHHii. 

ABTOp 3am;Hm;aeT: 

1. H3MepeHHe KX,[I, CTpyKTypHOii cpyHKIIHH q>OTOHa F:J'QCD rrpn 
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rJiy6oKOHeynpyroM e'Y pacceHHHH B ,LJ.Hana30He nepe,LJ.aHHOro q)OTOHY-. 

'npo6HHKy' Q2 OT 4 r:::1B2 ,LI.O 30 r:::1B2 co cpe,LJ.HHM 3Ha'IeHHeM 12 r:::1B2 

ll noBe,LJ.eHHe F:j'QCD BnJIOTh ,LI.O 3Ha'IeHllll nepeMeHHOit BhepKeHa X 
nOpH,LJ.Ka 0.01; 

2. H3MepeHHe K9,LJ, cTpyKTypHoit cpyHKIJ;HH cpoTOHa P:J·QED Ha ocHoBe 

co6hITllH pO)K,ll,eHHH µ+ µ- nap B rJiy6oKOHeynpyroM e'Y pacceHHIUI H 

H3y'IeHIIe 3cpcpeKTa HeHyJieBO:il: MaCChl q)OTOHa-MIIIIleHII P 2
; 

3. ll3MepeHHe IlIHpHHhl r T"Y ,LJ.ByxcpoTOHHOro pacna,LJ.a T/c Me30HOBj 

4. H3MepeHHe ce'IeHHH npou;ecca e+e- - e+e- + µ+µ- npH BHPTYaJihHOCTH 

Q2 o60HX q)OTOHOB OT 10 r:::1B2 ,LI.O 200 r:::1B2 H HHBapHaHTH()H Macce 

q:>OTOHOB W CBhllll~ 2. r:::1B; 

5. H3MepeHHe noJIHOro ce'IeHIJH aee B3aHMO,LJ.eiit;:TBHH e+e- - e+e- + 
hadrons B q)a30BOM npOCTpaHCTBe, orpaHH'IeHHOM npe,LJ.eJiaMH no Q2 

OT 

10 r:::1B2.,LJ.O 200 r:::1B2 II HHBapHaHTHO:il: Macce a,LJ.pOHOB Whad 6oJiee 2 r:::1B; 

6. H3MepeHHe II cpaBHeHHe c BFKL BhI'IHCJieHHHMH B .ri:~,LJ.Hpyrom;eM H 

cJie,LJ.Yroru;eM-3a-JIH,LJ.Hpyroru;HM nopH,LJ.Kax ce'IeHHH da1 • 1 • / dY · peaKIJ;H
0

H 

'Y*'Y* -t hadr9ns ;_ 

7. HOBhlll MeTO,LJ. H3y'IeHHH npou;eccon o6pa30BaHHH ,LJ.BYX '}KeCTKllX' CTpy:il: BO 

B3aHMO,LJ.e:il:CTBHH KBa31IpeaJihHhlX q)OTOHOB, OCHOBaHHhIH Ha cenapaTHOM 

paCCMOTpeHHH Ka}K,LJ.OH H3 KOMnOHeHT npou;ecca C noCJie,LJ.YIOIIJ;HM 

q)IITHpOBaHHeM 3KcnepHMeHTaJihHhlX ,LJ.aHHhlXj 

8. H3MepeHHe nOJIHOro Ce'IeHHH pO}K,Ll.eHHH ,LJ.BYXCTpy:il:HblX co6hITHH BO 

B3aHMO,LJ.e:il:CTBHH q)OTOHOB ,LJ.JIH CTpy:il: B o6JiaCTH nceB,LJ.06hICTp0Thl -1 < 
TJ < l H C nonepe'IHhIM HMnyJihCOM PT BhIIIle 3 r:::1B; 

9. H3MepeHHe H cpaBHeHHe c npe,LJ.CKa3aHHHMH KX,LJ, B JIH,LJ.Hpyroru;eM 

H CJie,LJ.YIOIIJ;eM-3a-JIH,LJ.Hpyroru;HM nopH,LJ.Kax Bhl'IHCJieHH:il: 

,LJ.Hq:>cpepeHn;HaJihHhlX Ce'IeHHH pO}K,LJ.eHHH ,LJ.BYXCTpy:il:HbIX co6hITliii 

KaK <PYHKIJ;HH cpe,LJ.Hero nonepe'IHOrO HMnyJihCa CTpy:il: PT H pa3HIIIJ;hl HX 

nceB,LJ.06hICTpoT l-6.ryl; 

10. nporpaMMY H3y'IeHHH YJibTpanepHcpepH'IeCKHX (,LJ.BYXq)OTOHHhIX) 

B3aHMO,LJ.e:il:CTBHH B paMKax HCCJie,LJ.oBaHHH H,LJ.pO-H,LJ.epHhIX CTOJIKHOBeHHH 

Ha ycTaHOBKe ATLAS. 
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Co,n;ep)KaHIIe ,n;IIccepTau;IIII 

Bo 'Baep;eHHII' pa60Thl o60CHOBaHa aKTYaJihHOCTh npoBe,LJ.eHHblX 

HCCJie,LJ.OBaHHHj npHBe,LJ.eHhl o6ru;He CBe,LJ.eHHH O cneKTpe 3a,LJ.a'I ,LJ.ByxcpoTOHHbIX 

B3aHMO,LJ.eHCTBHHj Ha npHMepe o6o6ru;eHHO:il: ,LJ.HarpaMMhl npou;ecca IIOHCHeHhl 

OCHOBHhie KHHeMaTII'IeCKIIe " TOIIOJIOrH'IeCKHe oco6eHHOCTII peaKIJ;Hllj 

BBO,LI.HTCH 6a30Bble q)H3H'IeCKHe nepeMeHHbie H npOBO,LI.HTCH KJiaCCHq)HKau;m1 

,LJ.Byxq:>OTOHHhlX B3aHMO,LJ.e:il:CTBllll. 

B nepBo:il: rJiaBe '9Kc1Iep11MeHTaJibHaH ycTaHOBKa DELPHI' [1] 
npHBe,LJ.eHO OIIHCaHHe OCHOBHhlX npHHIJ;HIIOB C03,LJ.aHIIH ycTaHOBOK ,LI.JIH 

KOJIJia:il:,LJ.epoB 3JieMeHTapHhlX 'IaCTHIJ; C aKu;eHTOM Ha npe,LJ.Ha3Ha'IeHHe 

Ka}K,LJ.Oro THIIa ,LJ.eTeKTOpOB. ,Ll,aJiee npHBO,LI.HTCH reoMeTpH'IeCKHe H q)ll3H'IeCKlle 

rrapaMeTpbr <:1JieKTpOH-n03HTpOHHoro ycKopHTeJIH LEP(CERN) H 3aTeM 

cJie,LJ.YeT onHcaHHe ,LJ.eTeKTOpOB ycTaHOBKH DELPHI c ,LJ.OCTaTO'IHO:il: cTerreHhIO 

,LJ.eTaJIH3aIJ;Hll Ka}K,LJ.Oro. B ~aHHO:il: rJiaBe OTMe'IeHhl oco6eHHOCTH IIOCTaHOBKll 

3KCnepHMeHTOB no H3y'IeHHIO ,LJ.ByxcpOTOHHhlX B3aHMO,LJ.e:il:CTBH:il:. 

BTopaH rnaBa 'CTpyKTypHrui: <pyHKa;m1 <pOTOHa' co,LJ.ep}KHT pe3yJihTaThI 

[1]-[8],[17] H3y'IeHHH peaKIJ;HH rJiy6oKOHeynpyroro 3JieKTpOH-q)OTOHHOro 

pacceHHHH (e'Y - e + X), ce'IeHIIe KOTOpo:il: orrpe,LJ.eJIHeTCH <PYHKIJ;llHMII 

pacnpe,LJ.eJieHIIH napToHon (parton density functions, PDF) B cpoToHe J? (x, Q2) 

II Bhipa}KaeTCH nocpe,LJ.CTBOM 3TIIX pacnpe,u.eJieHIIH B BII,Ll.e CTPYKTYPHO:il: 

<PYHKIJ;IIII q)OTOHa. O,LJ.Ha 'IaCTh ,u.aHHO:il: q:>yHKIJ;I:III OIIIIChIBaeTCH B paMKax 

rrepTyp6aTIIBHO:il: KX,LJ,, B TO BpeMH KaK ,u.pyraH HeBhI'IIICJIHeMa H II3BeCTHa KaK 

'a,u.poHOIIO,LI.06HaH' 'IaCTh q)OTOHa. 

B peaKIJ;IIII e+e- _/ e+c'Y*'Y -t e+e-X, r,u.e X o6o3Ha'IaeT CIICTeMy 

pO}K,Ll.eHHhIX BO B3alIMO,Ll.e:il:CTBIIII q:>OTOHOB 'IaCTIIIJ;, pacceHHHhiit 3JieKTpOH 

(n03HTpoH) MO}KeT 6bITh 3aper1ICTpnpoBaH. lfaMepHH ero napaMeTphl ~ 3Hepmro 

Etag H IIOJIHpHhIH yroJI Btag - KBa,LJ.paT nepe,u.aHHoro cooTBeTCTByroru;eMy cpoToHy 

4-x IIMIIYJihCa MO}KeT 6hITh Bhl'IIICJieH CJie,LJ.YIOIIJ;llM o6pa30M 

Q2 = 4EtagEbsin2 (0ta9 /2), (1) 

r,u.e Eb - 3HeprHH ny'IKa ycKopHTeJIH LEP. B TaKIIX, TaK Ha3hrnaeMhIX, co6hITIIHX 

'O,Ll.llHO'IHOro Me'IeHIIH' (single-tagged) BTOpo:il: q)OTOH (HalI60Jiee BepOHTHO) 

HaXO,Ll.llTCH B6JIII31I MaCCOBO:il: IIOBepXHOCTII (on-shell) H u;eJIIIKOM rrpou;ecc 

BhirJIH,LI.IIT KaK rJiy6oKOHeynpyroe pacce.HHIIe 3JieKTpOHa Ha KBa31IpeaJihHOM 

q)OTOHe-MIIIIleHH C Maccoit P 2 6JIII3KO:il: K HYJIIO (p1ICYHOK 1). 
Ce'IeHIIe rrpou;ecca, Bhrpa}KeHHoe · B TepMIIHax CTPYKTYPHhIX cpyHKIJ;H:il: 

cpoToHa P:J_ II FZ, MO}KeT 6hITh 3an1IcaHo CJie,LJ.YIOIIJ;HM o6pa30M: 

da _ 41ro?s [ 2 7 ( 2) 2 7 2)] dxdy - (J-4 (l + (1 -y) )F2 x, Q -:-y FL(x, Q N7 (z, Bmax)zdz, (2) 
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r,11,e 

s = 4El, 

electron 

Q2 = -q] 

p1 =-q1 

... 0untag,. Euntag ...... _ 

positron 

Pnc. 1: ,ll;narpaMMa npon.ecca e-y pacce.HHH.H. 

Y = 1 - (Etag/ Eb) cos
2(0ta9 /2), X=-9:.._ 

Q2+WJ.,' z = !b.. Eb. 

<l>yHKU.H.H N-y(z, 0max) OIIHCblBaer pacnpe,11,eJieHHe IIOTOKa Q>OTOHOB-MHllieHH C 

3Heprneil E-y, a 0max - MaKCHMaJlbHhlil yroJI pacce.HHH.H He3aperncTpHpOBaHHOrO 

3JieKTpOHa. WTI o603HaqaeT HHBapnaHTHJIO Macey 'Y'Y CHCTeMbI, a F:J(x, Q2
) H 

F2(x, Q2) - CTPYKTYPHhie Q>YHKU.HH q>oToHa, nepBa.H H3 KOTOpbIX n .HBJI.Herc.H 

npe,11,Me'rOM ,11,aHHOro HCCJie,11,0BaHH.H. 

B 3KCIIepnMeHTe pacce.HHHhlil 3JieKTpOH perncTpnpyeTC.H npH OTHOCHTeJibHO 

He60JihlliHX IIOJI.HpHhIX yrJiaX H ,11,0BOJibHO Bh!COKHX 3HeprH.HX {6JIH3KHx: K 

3Heprnn nyqKa). Ilo3TOMY MaJIOCTh BennqnHhI nepeMeHHOii y ( < y >'.:::'. 0.1) 
,11,enaeT H3MepeHHe qyBCTBHTeJihHhIM JIHllih K F:J(x, Q2). IlpeHe6pera.H BKJia,11,0M 

nepeMeHHoii y, ceqeHne npon.ecca rny6oKoHeynpyroro pacce.HHH.H 3JieKTpoHa 

Ha KBa3HpeaJihHOM q>OTOHe MO)KeT 6hITh ynpm:n.eHO H 3aIIHCaHO B TepMHHax 

nepeMeHHblX X H Q2 KaK: 

da(e-y-+ eX) 4na2 F:J(x, Q2
) 

dxdQ2 = Q4--x (3) 

3aMeTHM, qTo BO B3aHMO,ll,eilcTBHH q>OTOHOB MO)KeT 6hITb pO)K,11,eHa HJIH 

HeKa.H CHCTeMa a,11,POHOB HJIH )Ke napa JieIITOHOB, II03TOMY pa3JinqaroT, 

cooTBe'rCTBeHHo, KX,ll; nnn K9,ll; cTpyKTYPHhie q>yHKU.IIII q>oToHa. 

113BeCTHO, qTo Q>OTOH cnoco6eH q>JIJKTJHpOBaTh B CB.H3aHHJIO KBapK

aHTHKBapKOBJIO napy - BeKTOpHhlfi Me30H (TaK Ha3bIBaeMoe a,11,pOHOIIO,ll,06Hoe 

IIOBe,ll,eHHe q>OTOHa), O,ll,HaKO HalI60Jihlliliil IIHTepec K II3yqeHIIIO n,QCD(x, Q2) 

6 

o6ycJIOBJieH TeM, qTo q>OTOH MO)KeT npO.HBIITh ToqeqHono,n;o6Hoe pacrn;enJieHHe 

Ha KBapKH. TaKoe IIOBe,n;eHHe HaqlIHaeT ,ll,OMHHIIpOBaTh IIPII BhICOKHX Q2 (~ 

5 r3B
2

) n 60Jihm1Ix 3Haqemrnx nepeMeHHoii x. 1Iccne,n;oBaH1Ie noBe,n;eHII.H 

F:J'QCD(x, Q2
) TaK)Ke CIIOC06HO ynyqmlITh IIOHIIMaHIIe o6JiaCTII nepexo,n;a 

Me)K,ll,y HenepTyp6aTHBHhIM II n'epTyp6aTHBHhlM pe)KIIMaMH B3aHM0,n;eii:CTBH.H 

Q>OTOHOB. fI pe,n;meCTBYIOlll.lie H3MepeHII.H CTpJKTypHOii: -Q>YHKU.IIII Q>OTOHa 

II0,ll,TBep,n;IIJIII IlpHMeHHMOCTh ,ll,BJXK0MIIOHeHTH0ro no,n;xo,n;a K OIIIICaHHIO 

,n;aHHhIX B3alIMO,n;eiicTBHM. 

Cne,n;OM 3a KpaTKHM OIIIICaHIIeM ,n;eTeKTOpOB ycTaH0BKII DELPHI, KOT0phie 

IIMeIOT Han60Jihlliee 3HaqeHIIe ,ll,Jl.H HCCJie,n;oBaHH.H F:J IIpHBe,n;eHhl KpHTeplIII 

OT6opa co6bITHii H on.eHeH q>OH. B ,n;aHHOM HCCJie,ll,OBaHIIH 6hIJIH IICIIOJih30BaHhl 

3KCIIepnMeHTaJihHhie ,n;aHHhie, co6paHHhie B TeqeHHe 1991-1993 rr. IIPII 3Hepr1III 

nyqKOB YCK0pHTeJI.H LEP OT 44.1 r3B' ,ll,0 47.5 r3B, CO0TBeTCTBYIOlll.lie 

HHTerpaJihH0ii CBeTIIMOCTII YCKOplITeJI.H 60.6 n6-1. Ilocne IIplIMeHeHII.H 

0IIHCaHHhIX B pa6oTe KpHTepHeB 6hIJIO OT06paHO 977 MJJihTIIa,11,poHHhIX 

co6hITIIii: C CJMMapHhIM BKJia,ll,OM q>OHOBhIX co6bITHii paBHhIM npn6JIH3HTeJlhHO 

4% o6'heMa BhI60pKII. KBa,11,paT MaCChl BHPTJaJihHOro q>OTOHa-npo6HHKa, 

BhJqHCJI.HeMhlli HCXO,ll,.H H3 H3MepeHHhIX 3HaqeHHM 3HeprHH II IIOJI.HpHoro yrna 

'MeqeHHOro' 3JieKTpOHa, BapbnpyeTC.H OT _4 r3B2 ,ll,O 30 r3B2 co cpe,n;HHM 

3HaqeHIIeM 12 r3B2. 

B MO,n;ennpoBaHHH ,ll,BJXQ>OTOHHhIX B3alIMO,ll,eiicTBHM B pe)KIIMe 

rny6oKOHeynpyroro pacce.HHII.H 6bIJia. IIpHMeHeHa ,ll,BJXKOMIIOHeHTHa.H MO,ll,eJih, 

yqlIThIBaIOrn;a.H ,ll,YaJIH3M B · IIOBe,n;eHHII q>OTOHa-MIIllieHII. EcJIH 3TOT Q>OTOH 

Q>JIYKTJHpyeT B HeKOTOpoe CB.H3aHHOe qq COCTO.HHHe (BeKTOpHhlll Me30H 

P, w' cp)' npou.ecc BhirJI.H,ll,HT KaK rny6oKOHeynpyroe 3JieKTpOH-a,lJ,pOHHOe 

pacce.HHHe (a,n;poHono,n;o6Hhiii npon.ecc, hadron-like process). On1IcaH1Ie 

TaKoro npou.ecca HenepTyp6aTIIBHO n BBO,ll,IITC.H nocpe,n;CTBOM O6o61ll.eHHOii: 

Mo,n;enlI BeKTOpHoil ,n;oMHHaHTHOCTH (OMB,n:, Generalized Vector-meson 

Dominance Model, GVDM). C ,11,pyroii: CTopoHhl, MHmeHHhiii q>OTOH 

MO)KeT TaK)Ke pacrn;eIIHThC.H B KBapK-aHTHKBapKOBJIO napy C ,ll,OCTaTOqHO 

6oJihllilIMII nonepeqHbIMH IIMIIJJihCaMII OTHOCHTeJihHO OCII q>OTOH-q>OTOHHOro 

CTOJIKHOBeHII.H ( ToqeqHono,n;o6Ha.H KOMIIOHeHTa npon.ecca, IIp.HMOe pO)K,ll,eHIIe, 

point-like component). B ,n;aHHOM cnyqae npnMeHIIMhI nepTyp6aTIIBHhie 

BhJqlICJieHH.H KaK B KBapK-napTOHHOil MO,ll,eJIH (KIIM, Quark Parton Mod

el, QPM) TaK II B paMKax KK,[(. ,ll;n.H Mo,n;en1IpoBaH1I.H 6bw IICIIOJih30BaH 

reHepaTOp co6hITHii: TWOGAM COBMecTHo c nporpaMMOii: JETSET7.3 ,ll,JI.H 

q>parMeHTaU.HII pO)K,ll,eHHhIX KBapKOB. 

Pacnpe,n;eJieHH.H MHO)KeCTBeHHOCTII 3ap.H)KeHHhIX qacTHU., IIX IIOJIHoro 

IIMIIJJibca, IIHBapliaHTHOfi MaCChl a,11,pOHHOfi CIICTeMbl H Q2 ,ll,Jl.H 
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3KCnepHMeHTaJibHbIX . ,n;aHHbIX If MO,z:t;eJrnpoBaHHbIX co6bITlfll npHBe,z:t;eHbI B 

pa6oTe. 

,ll;a.rree B ,n;11ccepTan.1111 on11caHa npon.e,rr,ypa ampoJI,z:t;HHra ( unfolding) 

3KCnepHMeHTaJibHbIX ,n;aHHbIX, npHBJieqeHHe KOTOpoil: o6ycJIOBJieHO TeM, qTo 

.n;irn H3MepeHHH CTPYKTypaoil: q>yHKU.HH Ha6mo,n;aeMoe (detected, visible) B 

3KCnepHMeHTe pacnpe,n;e.neHHe nepeJ1.rnHHOll X Heo6xo,z:t;HMO TpaHCq>OpMHpOBaTb 

('pa3BepHJTb', unfold) B cnoe nepn0Haqa.rr1,Hoe (produced, true) pachpe,n;eJieH11e 

B BepnrnHe B3aHMO,z:t;eil:CTBHi1. Ilp11q11HOH TOMY HBJIHeTCH orpaH11qeHHhlll 

aKcenTaHC ycTaHOBKH, BCJie,z:t;CTBHe qero HeKOTOpaH qaCTb pO)K,l].eHHbIX qacTHU. 

He pemcTp11pyeTCH II noccTaHOBJieHHaH (detected) HHBap11aHTHaH Macca 

ClfCTeMhI ClfCTeMliTlfqeCKH Hlf)Ke lfHBap11aHTHOll MaCCbI pO)K,z:t;eHHbIX (pro

duced) qacT11n.. AHq>OJI,z:t;HHr 3Kcnep11MeHTaJibHbIX ,n;aHHhIX 6bIJI npone,n;eH 

c noMOITI.bIO nporpaMMbI RUN. Ba30BhIM rnaroM aJiropHTMa nporpaMMhI 

HBJIHeTCH dnpe,z:t;eJieHHe KOppeJIHU.lfll Me:>K,II,y lf3HaqaJibHbIM Xtrue. If Blf,ll;lfMhIM 

(Ha6mo,n;aeMbIM B 3KCnepHMeHTe) Xvisibl~ pacnpe,n;eJieHHHMlf. AJiropHTM 

aHq>OJI,z:t;HHra 6bIJI npoTeCTHpoBaH II pe3JJibTaT nOKa3aHHOro n pa6oTe TeCTa 

nO,z:t;TBe p)K,n;aeT npHMeHHMOCTb ,n;aHHOro a.rrropHTMa BOCCTaHOBJieHHH HCXO,z:t;Horo 

pacnpe,n;eJiemrn CTPYKTJpHoil: q>yHKU.HH B 3Kcnep11MeHTaJibHbIX yCJIOBHHX DEL
PHI. 

3aTeM B pa6oTe c,n;eJiaHO 'oTCTynJiemrn' OT 113yqeHHH pO)K,z:t;eHHH a,n;poHOB •. 

B npon.ecce e1 pacceHHHH 11 · paccMaTp11naeTCH npon.ecc pO)K,z:t;eHHH JienTOHHbIX . 

nap, qTo npe,n;ocTaBJIHeT B03MO)KHOCTb npone,n;eHHH lf3MepeHHH F:J'QED 
If HCCJie,z:t;OBaHHH 3q>q>eKTa HeHyJieBOll MaCCbI MHllieHH. I,fayqeHHe F:J'QED 
HBJIHeTCH npeKpacHoit B03MO)KHOCTbIO npoBeCTlf TeCT MO,z:t;eJIH Ha 3aBHCHMOCTb 

OT KBa.n;paTa MaCChl MHllieHHOro q>OTOHa P 2• 11 qTO HeMaJIOBa)KHO, TaKoe 

lf3MepeHHe npoBO,ll;HTCH 6e3 oco6oro BJIHHHHH npon.e,rr,ypbl aHq>OJI,z:t;HHra, T.K. 

Xtrue If Xvisible ( C TOqHOCTbIO ,ll;O annapaTJpHOrO pa3perneHHH JCTaHOBKlf) 

6JIH3Klf. I1HhIMlf CJIOBaMH, C TOqKlf 3peHHH pa60TbI no 113yqeHHIO pO)K,z:t;eHHH 

a,n;poHOB B e1 pacceHHlflf HCCJie,n;onaHHe pO)K,z:t;eHHH JienTOHHbIX nap - 3TO 

'npoMe)KyToqHbril:' mar B cyrn.ecTBeHHO Jiyqrn11x 3Kcnep11MeHTaJihHbIX yCJioBHHX. 

Pe3JJibTaTOM npone,n;eHHOro aHq>OJI,z:t;HHra 3KCnepHMeHTaJlbHbIX ,n;aHHbIX no 

pO)K,z:t;eHHIO MIOOHHbIX nap B npon.ecce rJiy6oKOHeynpyroro 3JieKTpOH-q>OTOHHOro 

pacceHHHH HBJIHeTCH lf3MepeHHe p:;_,QED (x, Q2, P 2), npe,n;cTaBJieHHOe Ha 

pHCJHKe 2. Ilp11 BblqlfCJieHHlf F:J'QED 6bIJilf HCnOJib30BaHbI TPH no,n;xo,n;a ,n;JIH 

cpaBHeHHH C npone,n;eHHbIM lf3MepeHHeM CTPYKTYPHOH q>yHKU.HH. IlepBbIM 

BapHaHTOM HBJIHeTCH BblqlfCJieHHe q>JHKU.HH, B KOTOpOM B KaqecTBe MaCCbI 

MHrne.HH 6bIJilf HCnOJib30BaHbI 3HaqeHHH Pt MO,ll;MHpOBaHHOro Ha6opa ,n;aHHbIX, 

T.e. F2 =< F2(P?) > (cpe,z:t;HHH Kp11naH Ha p11cyHKe 2). ,IJ;pyroil: B03MO)KHOCTbIO 

HBJIHeTCH HCnOJib30BaHHe cpe,n;Hero 3HaqeHHH P2 no 3TOMY )Ke Ha6opy 
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P11c. 2: l13MepeHHaH K9,II; c:TpykTypHaH q>yHKU.HH q>OTOHa F:J'QED_ 'KpeCTbr' 

nOKa3hIBaIOT 3KCnepHMeHTaJibHbie ,n;aHHbie IlOCJie npone,n;eHHOro aHq>OJI,z:t;HHra. 

KpHBbie COOTBeTCTBJIOT BbrqnCJieHHHM F:J'QED' BhlnOJIHeHHbIM npH pa3JI1-iqHbIX 

npe,n;noJIO)KeHHHX OTHOCHTeJibHO MaCCbI MHllieHHOro q>OTOHa P2• BhrqHcJieHHH 

npH liyJieBOit Macce MllllieHH IlOKa3aHbI nepxHeit KpHBoil:; cpe,z:t;HH.H COOTBeTCTByeT 

BbiqllcJieHH.HM, npone,n;eHHbIM no O)KH,z:t;aeMOMY n paMKaX K9,ll; cneKTPY MaCCbI 

P 2
; HH)KH.HH - HCilOJib30BaHHIO cpe,n;Hero 3HaqeHH.H P 2 no TOMY )Ke cneKTPY Mace 

q>OTOHa-MHllieHH. 

,n;aHHhIX, T.e. F2 = F2(P~ean) (HH)KHHH KpHBaH). B ,ll;OllOJIHeHHe 6hlJilf 

npoBe,z:t;eHbI 'BbrqncJieHH.H CTPYKTYPHOH q>yHKU.HH npH HyJieBOM 3HaqeHHH 

MaCCbI MHllieHH, KOTOpbre, KaK BH,ll;HO Ha pHCYHKe, CHCTeMaTnqeCKH Bbillie 

H3MepeHHOil: p:;_,QED_ I1cnoJib3onaH11e cpe,n;Hero 3HaqeHH.H (0.13 r3B2) 

MaCCbI MHllieHH, BblqlfCJieHHOro no MO,z:t;eJIHpOBaHHOMY Ha6opy ,n;aHHbIX, 

TaK)Ke HBJIHeTC.H Hey,n;oBJieTBOpHTeJibHbIM BCJie,z:t;CTBHe Heraycconoil: q>OpMbI 

pacnpe,n;eJieHHH P;2• <I>11Kc11ponaHHoe 3HaqeH11e P 2, KOTopoe 06ecneq11naeT 

KaqecTBeHHbiit q>MT ll3MepeHHOll p:;_,QED, paBHO npH6JIH3HTe.JlbHO 0.04 r3B2 

H COOTBeTCTBYeT Me,n;naHe pacnpe,n;eJieHHH · P 2• B ,ll;aJlhHeitrneM 3TOT · 3q>q>eKT 

3KcnepnMeHTaJibHOrO aa6JIIO,z:t;eHHH HeHyJieBOit MaCCbI q>OTOHa-MnllleHH 6hIJI 

no,n;Tnep)K,n;eH B ncCJie,n;oBaHHH, npone,n;eHHOM KOJIJia6opan.Heit OPAL. 
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Tenepb sepHeMc.H K 3a,n;a'le H3Mepemrn F:J'QCD B npon.ecce po)K,n;eHH.H 

a,n;pOHOB B rJiy6oKOHeynpyroM e"( pacce.HHHH. Pa3JIH'IHbie napaMerpH3aIJ,HH 

F:J'QCD 6hIJ1H ,11.0CTYilHbI ,ll.J1.H cpaBHeHH.H C 3KCnepHMeHTaJihHbIMH ,n;aHHbIMH. 

B IlOCJie,n;yro~HX HCCJie,n;oBaHH.HX IlOJiy'leHHbie HaMH pe3yJihTaTbI 6bIJIH 

HCilOJ1h30BaHhI ,11.J1.H cpaBHeHH.H H C 60J1ee Il03,ll;HHMH napaMeTpH3aIJ,irnMH, 

HanpuMep, SaSlD. B HacTo.H~eM HCCJie,n;osaHHH 6bw npe,n;JIO)KeH H 

anpo6upoBaH crroco6 HCilOJih30BaHII.H Jiro6oii napaMerpH3an.uu 6e3 npose,n;eHH.H 

3aTpaTHOro M0,11.MHpOBaHH.H ,11.J1.H Ka)K,11.0ii B OT,11.MbHOCTII. .Ll:JI.H cpaBHeHH.H 

'BH,ll;HMbIX' pacnpe,n;eJieHHii peaJihHbIX ,n;aHHbIX C MO,ll;eJIHpOBaHHeM, 

npose,n;eHHbIM C IICilOJ1b30BaHHeM pa3JIH'IHbIX napaMeTpII3aIJ,Hii F:J(x, Q2), 

BHa'laJie 6bIJ10 npose,n;eHO M0,11.eJIHpOBanue co6hITHii, creHepHpOBaHHhIX C 

'e,n;HHH'IHhIM' pacnpe,n;eJieHIIeM CTPYKTypttoii <PYHKIJ.HII. 3aTeM Ka)K,n;OMY 

MO,n;eJiupoBaHHOMY co6hITHlO 6bIJ1 npIICBOeH 'sec' paBHblll 3Ha'leHIIlO 

HCilOJ1h3yeMoii napaMeTpH3aIJ,HH npu ,n;aHHhIX 3Ha'leHH.HX X H Q2, T.e. 

Bee paBHblll F:j(Xtrue, Q~rue)- B pa6oTe IlOKa3aHO, 'ITO pacnpe,n;MeHH.H, 

IlOJiy'leHHbie pa3HbIMH cnoco6aMH ,ll;Jl.H O,ll;HOii H TOH )Ke napaMeTpH3aIJ,IIH, 

y,n;oBJieTBOpHTeJihHO cornacyroTC.H Me)K,n;y co6oii. 

IlpHMeH.H.H OilHCaHHhIH BbIIIIe MropHTM, 6hIJ10 npOH3Be,n;eHO cpaBHeHHe 

3KCnepHMeHTaJibHbIX ,n;aHHbIX C M0,11.eJIHpOBaHHeM HeKOTOpbIX napaMerpH3aIJ,HH 

CTPYKTypttoii q>ynKIJ,HH H noKa3aHo, _'ITO napaMeTpH3aIJ,HH Duke-Owens (DO) 

(npe,n;cKa3hrnaroru;eii pocT F:j npH MaJihIX 3Ha'leHH.HX x) H Gordon-Storrow 

(GS) (pOCT OTCYTCTByeT) ,n;ocTaTO'IHO xopomo OilHChIBalOT 3KCnepHMeHTaJibHhie 

,n;aHHhre, a napaMeTpH3aIJ,H.H Levy-Abramowicz-Charchula (LACI), y)Ke Ha 

CTa,11.HH cpaBHeHH.H C peMhHbIMH ,n;aHHbIMH OKa3bIBaeTC.H cyru;eCTBeHHO HH)Ke 

,n;aHHbIX. 

B CJie,n;yroru;eii 'laCTH npHBe,n;eHhI H o6cy)K,n;alOTC.H pe3yJihTaTbI 

H3MepeHH.H F:J'QCD. rJ1y60KOHeynpyra.s1 ,meKTpOH-q>OTOHHa.H peaKIJ,H.H 

paccMaTpHBaeTC.H KaK B3aHMO,ll;eHCTBHe q>OTOHa-npo6HHKa C KOHCTHTyeHTaMH 

KBa3HpeaJihHOro q>OTOHa-MHllleHH, pacru;enJI.HlOIIJ,eroc.H B CB.H3aHHOe qq 
COCTO.HHHe (a,n;poHono,n;o6Ha.H KOMilOHeHTa peaKIJ,HH) HJIH s 'cso6o,n;ttyro' 

qq napy ( TO'le'IHOno,n;o6Ha.H KOMilOHeHTa, np.HMOe pO)K,ll;eHHe KBapKOB)., 

TeopH.H npon.ecca npe,n;cKa3hrnaeT cneIJ,H(pH'leCKHe oco6eHHOCTH B nose,n;eHmi 

CTPYKTypttoii <PYHKIJ.HH KBa3HpeMhHoro q>oToHa F:J(x; Q2). BhI'IHCJieHH.H 

IlOKa3hIBalOT pOCT q>yHKIJ,HH C pOCTOM nepeMeHHOH BbepKeHa X - ,ll;OJ1H 

HMilYJlhCa B3aHMO,n;eiiCTByroru;ero napT0Ha B q>OTOHe~MHllleHH. Q2 3aBHCHMOCTb 

F:j s HeK0T0poii ( CM. ,n;anee) orpaHH'leHH0H o6JiaCTH nepeMeHH0H x 

nponopIJ,H0HMhHa In < Q2 >. TaK)Ke; KaK 6hIJIO 0TMe'leHo, HeKoTopbre 

napaMeTpH3aIJ,HH CTPYKTYPH0fi q>yHKIJ.HH npe,n;cKa3hIBaroT pocT npH o'leilb 

MaJibIX (nop.H,n;Ka 0.001) 3Ha'leHH.HX x. 
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l13MepeHHe CTPYKTypnoii <PYHKIJ,HH 6hIJ10 npose,n;eH0 C HCil0J1b30BaHHeM 

MO,n;eJIHpOBaHHbIX TO'le'IHOilO,ll;06HbIX (point-like) co6bITHH. l-faMepeHHa.H 

CTPYKTyptta.H <PYHKIJ,H.H q>OTOHa ,11.J1.H JierKHX KBapK0B npn cpe,n;HeM 3Ha'leHHH 

Q2 paBH0M 12 rsB2 IlOKa3aHa Ha pHCYHKe 3 BMeCTe C H3MepeHHeM, 

npose,n;eHHhIM Ha ycTaH0BKe OPAL npH 6JIH3KOM cpe,n;HeM 3Ha'leHHH Q2 

paBH0M 14.7 rsB2• IIoJiy'leHHhie Pe3JJ1hTaThl y,n;oBJieTBOpHTeJibH0 corJiacylOTC.H 

Me)K,ll;Y co6oii . .LI:se KpHBhre Ha pHcynKe npe,n;cTaBJI.HlOT CJMMY <I>KTI (Field-

@ 0.8 

'do 

-- 0.7 
8 
Cl 
;,:.N 0.6 
ll-, 

0.5 

0.4 

• 

0 

DELPHI <Q2> = 12 GeV2/c4 

OPAL <Q2> = 14.7 GeV2/c4 

~==' __________ , __ ,c:;:····- ... _ '· -----· 
: ·-

-··· .· -b;-~.--- ... :·,. 
0.3 .. -_,: 

0.2 '· 

0.1 

00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
X 

PHc. 3: lfaMepeHHa.H (unfolded) n,QCD JierKHX KBapK0B npH < Q2 > = 
12 rsB2. KpHBhre noKa3hIBaroT cyMMY <I>KTI npe,n;cKa3aHnfi, BhI'IHCJienHhrx 

npH 3Ha'leHHH napaMeTpa M0,11.MH p~ paBH0M 0.1 rsB (sepxH.H.H KpHBa.H) H 

0.5 rsB (HH)KH.H.H KpHsa.s1) n OB.LI:M Mo,n;eJIH. BKJia,n; OB.LI:M 6hw yMH0)KeH 

Ha 'rroporosbrii q>aKTop' paBHhiii (1 - x). IIpnse,n;eHHa.H 'noJioca' noKa3hrnaeT 

sq>q>eKT HeHyJieBofi MaCCbl MHllleHH n o6cy)K,ll;aeTC.H s TeKCTe ,ll;HCcepTaIJ,HH. 

Kapusta-Poggioli) npe,n;CKa3aHH.H, BbI'IHCJieHH0ro npH 3Ha'!eHHH BHyTpenHero 

q>eHOMeHOJIOrH'leCKOro napaMeTpa napaMerpH3aIJ,HH p~ paBH0r0 0.1 rsB 

(nynKTHp) H. 0.5 fsB (mTpHx-nyHKTHp), n 0)KH,n;aHH.H B paMKax OB.LI:M 

MO,n;eJIH. Y3Ka.H Il0JI0Ca KpHBbIX B HH)KHeii 'laCTH' pHCYHKa 3 IlOKa3bIBaeT 

sq>q>eKT ttenyJieBofi Macchr MHmenn ,11.J1.H OB.LI:M K0MnoneHThI. Bepxn.s1.s1 

(HH)KH.H.H) KpHBa.H 3TOfi IlOJIOCbI C00TBeTCTByer Bbl'IHCJieHmIM npH HyJieBOH 
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x bins gr 
2 

0.003 - 0.080 0.21 ± 0.03(stat) ± 0.06(syst) 

0.080 - 0.213 0.41 ± 0.04(stat) ± 0.05(syst) 

0.213 - 0.428 0.45 ± 0.05(stat) ± 0.05(syst) 

0.428 - 0.847 0.45 ± 0.ll(stat) ± 0.lO(syst) 

Ta6Jin1.1,a 1: CTpyKTypHaH q>yHKl.l,HH q>OTOHa F:J'QCD. 

(cpe,n.HeM 3Ha'leHHH) Macce MHmeHH, a cpe)].HHH KPHBaH nOKa3hrnaeT OB,LI;M 

Bhl'lHCJieH1rn, ycpe,n.HeHHbie no cneKTPY Mace MHmeHH. 

t-facJieHHhre 3Ha'leHHH H3MepeHHOi1 cTpyKTypHoii: q>yHKl.l,HH q>oToHa F:J'QCD 
npe,n.CTaBJieHhl B Ta6JIHl.l,e L CTaTHCTH'leCKHii TeCT MaTpHl.l,bl KOBapHal.l,Hi1 

nOKa3aJI, 'ITO B nepBOM nopH)].Ke Bbl'lHCJiem1i1 KOppeJIHl.l,HHMH MO)KHO 

npeHe6pe'lh. 

A 2.5 
~ 

□ PLUTO 
<> JADE 

0.3 <x < 0.8 
tS 2.25 
'-s 

Ol 
2 

?.'=-"" 
k. 1.75 

1.5 

1.25 

1 

0.75 

r,. TPC/2-y 
T TASSO 
o AMY 
o OPAL 
e DELPHI 

0.5 L -----..C ~--· 
---..-=---q·rr.:.~~-

0.25 E:-::.:.:.::l:.:.:.::i:iiF:.: ···' ... 

I,= 0.1 GeV/c 

I,= 0.27 Ge Vic 

I,= 0.5 GeV/c 

0 2 3 
1 10 JO 2 T,2 1..0 

Q (Gev le) 

Pnc. 4: Q2 sBOJIIOl.l,H.H F:J'QCD, ycpe,n.HeHHOi1 B HHTepBaJie nepeMeHHOii: x OT 0.3 

,ll,O 0.8. JlJIHllH nOKa3hlBaIOT KX,Ll; npe,n.CKa3aHHH npH pa3JIH'lHbIX 3Ha'leHHHX 

q>eHOMeHOJIOrH'leCKoro napaMeTpa p~ - nonepe'IHOrO HMnyJihCa KBapKa B 

q>OTOHe-M11meHH. 
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-~ 

Ha p11cyHKe 4 (KoTOpbli1 BKJIIO'laeT pe3yJibTaTbl HeCKOJibKJIX 

3Kcnep11MeHTOB) nOKa3aHa 3BOJIIOl.l,llH CTPYKTYPHOH q>yHKl.l,HH q>OTOHa 

F:J'QCD, ycpe,n.HeHHOl1 B ,n.nana30He nepeMeHHOi1 X OT 0.3 ,ll,O 0.8, B 

3aBHCHMOCTH OT cpe,n.Hero 3Ha'leHJIH Q2• Pe3yJibTaT ,u.aHHOro llCCJie)].OB.aHHH 

- F{(x)/cxQEn=0.45±0.08 (cTaTHCTll'leCKaH n CHCTeMaTH'leCKaH OmH6KJI 

H3MepeHHH npocyMMllPOBaHbl KBa)].paTJI'lHO) - cornacyeTCH C Q)KH,ll,aHHeM B 

paMKax KX,LJ; . 

8 3aBepmeHHe ,n.aHHOi1 rJiaBbl npHBO,ll,HTCH BbIBO)].bl no H3MepeHHIO 

CTPYKTYPHOH q>yHKl.l,HH q>OTOHa, KOTOpbi:e B paMKax aBTOpeq>epaTa 6y,n.yT 

nepe'IHCJieHbI HH)Ke. IloJiy'leHHhie pe3yJihTaThl 6bIJIH npe,n.cTaBJieHbl Ha 

Hay'lHbIX KOHq>epeHl.l,HHX [2]-[5], ony6JIHKOBaHhl B BH)].e 0611.1,eKOJIJia6opa1.1,HOHHOii 

pa60Tbl [8], np11MeHHJIHCb npll aHaJIH3e ,n.aHHbIX ,n.pyrHMH 3KCnep11MeHTaMH 

H BKJIIO'leHhl B Particle Data Group (PDG) Ha6op 3Kcnep11MeHTaJihHhIX 

pe3yJibTaT0B. OTMeTHM TaK)Ke )].0BOJibH0 BbICOKYIO 1.1,HTHpyeM0CTb pe3yJibTaT0B 

pa6oThI [8] - OHa Bxo,n.HT B, TaK Ha3hrnaeMhii1, cnncoK 'TOPCITE50+'. 

TpeTbH rJiaBa 'O6pa3onamrn rJc Me3oHon' co,n.ep)KHT pe3yJihTaTbI 

[1],[9],[17] JICCJie)].OBaHHH pO)K,ll,eHHH pe30HaHCHbIX C0CTOHHHH B ,ll,ByXq>OTOHHbIX 

B3aHM0)],eficTBHHX H H3MepeHHH Ce'lt!HHH po)K,ll,eHHH H ,ll,Byxq>OTOHHOl1 illllpHHbl 

pacna,n.a pe30HaHC0B, n03BOJIHIOll.l,HX H3y'laTb .HX KBapK-rJIIOOHHYIO CTPYKTypy. 

Cpe,n.11 BCeB03M0)KHbIX COCTOHHHl1 onpe,n.eJieHHhli1 HHTepec npHBJieKaIOT 

Me30Hhl, B C0CTaBe K0TOpbIX np11cyTCTBYIOT TH)KeJihie. (c H b) KBapKH, T.K. 

TaKHe Me30Hhl MoryT 6hITb onncaHhl. B paMKax HepeJIHTHBHCTCKllX MO,ll,eJieii. B 

'laCTHOCTll, TO'lHOe H3MepeHHe )].Byxq>OTOHHOfi illllPHHbl pacna,n;a 'qapMOHllH' 

no3BOJIHeT Bhl'lllCJillTb KX,LI; KoppeKl.l,llH K onncaHHIO cc KBapKOHHH. IlepBbie 

01.1,eHKll nap1.1,HaJibHOH illllPHHhl ,ll,Byxq>OTOHHOro pacna,n;a rJc Me30Ha (fy-,(TJc)), 
lIOJiy'leHHhie HCXO,ll,H ll3 H3BeCTHblX mHpllH pacna,n;oB J/'ljJ - µ+µ- H rJc - gg, 

BapbHpOBaJIHCh OT 4 K3B ,n.o 8 K3B. .Pa3JIH'lHbie MO)].eJIH npe,n.cKa3hIBaJIH 

BeJIH'lHHY r.n(rJc) B JIHTepBaJie OT 3 K3B ,ll,O 14 K3B. 9KcnepHMeHTaJibHhle 

rpynnhI, ll3MepHBilllle 3TY BeJIH'lHHY, e11.1,q; 60Jihme pacm11pHJIH 3TOT llHTepBaJI. 

OTMeTHM pe3yJibTaTbl pa6oTaBillHX .Ha 3JieKTP0H-n03HTpOHHbIX KOJIJiaii,n;epax 

rpynn, ll3MepHBillllX r ...,...,( rJc) B ,n.Hana30He OT 4 K3B ,ll,0 27 K3B. 

8 ,n.aHHOH rJiaBe ,ll,llCCepTal.l,llll np11Be,n.eHhl pe3yJihTaThl llCCJie,ll,0BaHJIH 

p0)K,ll,eHHH 'f}c Me30HOB Ha 0CHOBe 3KcnepHMeHTaJibHblX ,n.aHHhlX, co6paHHblX Ha 

ycTaH0BKe DELPHI B Te'leHne 1994-1999 rr. npn sHepmHx LEP OT 90 fsB 

,ll,O 202 rsB B CllCTeMe 1.1,eHTpa Mace CTaJIKHBaIOil.l,llXCH ny'IKOB 3JieKTPOHOB JI 

n03llTPOHOB ll llHTerpaJibHOi1 CBeTHMOCTH K0JIJiai1,n.epa .c = 531 n6-1. U:eJihlO 

llCCJie,ll,0BaHHH HBJIHeTCH H3MepeHHe pa,n.11a1.1,110HHOfi illllpllHbl 'f}c pe30HaHca np11 

ero 'leTbipexqacTH'lHOM pacna,n.e B CJie,n.y1011.1,nx Mo,n.ax pacna,n;a Me3oHa: 

• '1'l - K°K±1r"f 
"IC S ' 
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Mo,II.a pacna,II.a BepOBTHO,CTb ,II.on. Tpe6oBamrn aKcenTaHC ycTaHOBKJI 

% % 
K*UK•U 0.19 ± 0.06 2,6 ± 0.1 

K*°K1r 1.33 ± 0.46 He MeHhIIIe 1 Kaoua 1.0 ± 0.1 

2K21r 2.0 ± 0.7 2 KaoHa / 1 KaOH JI 2 1.0 ± 0.1·· 

nJIOHa 

K~K1r 1.5 ± 0.4 JI,II.eHTJI<pJIIJ,JipOBaHHhIH 2.8 ± 0.3. 

KaOH JI 

peKOHCTpyJipoBaHHhii 
Ko 

s JIJIJI Ko 
s 

KaH,II.JI,II.aT 

Ta6JIJIIJ,a 2: AHaJIJI3IIpyeMhie B pa6oTe MO,ll.hI pacna,II.a T/c Me3oHa 

• T/c -t K+ K-1r+1r- (BKJiroqaB pacna,II. qepe3 npoMe)KyToqnhre K*° K•0 II 

K*° K±1r~ cOCTOBHIIB). 

B pa6oTe noKa3aHhI B03MO)KHOCTII ycTaHOBKII DELPHI no II,II.eHTII<pJIKaIJ,JIII 

a,II.pOHOB: e / 1r / K / p pa3,II.eJieHJie ua ocuoBe II3MepeHIIB IIOHII3aIJ,IIOHHhIX noTepb 

dE / dx BO BpeMB-IlpoeKIJ,JIOHnoii: KaMepe (TPC) B o6JiacTII IIMnyJihCOB HJI)Ke 

700 M::iB ,II.JIB 7r / K II 'BnJIOTb ,ll.O 1 r::iB ,II.JIB 1r /p pa3,II.eJieHJIB; 7r / K 
II,II.eHTJI<pIIKaIJ,IIB B o6JiaCTH IIMnJJibCOB BbIIIIe 1 T::iB nocpe,II.CTBOM II3MepeHHOro 

B RICH yrJia t-IepeHKOBCKoro JI3JiyqeHIIB 3apB)KeHHhIX qacTIIIJ,; peKoHCTpyKIJ,IIB 

BepmIIH pacna,II.OB K~ C nOMOIII,bIO BepIIIIIHiioro ,neTeKTOpa. B pa6oTe noBCHeHa 

npJIHBTaB B DELPHI npoIJ,e,II.ypa KOM6IIHIIpOBaHHOii II,II.eni'II<pIIKaIJ,IIJI qacTIIIJ, 

Ha OCHOBe IIHq>OpMaIJ,JIII C pa3JIIIqllbIX ,II.eTeKTOpOB JCTaHOBKII. ,[l;aJiee B 

pa6oTe no,II.po6uo onIIcauhI KPIITepJIII · oT6opa co6hITIIii II npJIBe,II.eHa oIJ,eHKa 

::icpcpeKTJIBHOCTH JIX TpIIrrupOBaHIIB, paBHaB npII6JIII3HTeJihHO 85% ,II.JIB K° K 1r 

II 80% ,II.JIB 2K21r MO,ll. pacna,II.a. .Il:JIB nOHCKa pacna,II.OB, BKJIIOqaBIIIIIX 

o6pa3oBanIIe npoMe)KyToqHhIX K*0 Me30HOB, 6hma BhI6paHa 150 M::iB-naB 

nOJIOCa BOKpyr HOMJIHaJihHOii MaCCbI Me30Ha. HaJIIIqne II,II.eHTH<pHIJ,JipOBaHHOrO 

KaoHa no3BOJIBeT MHHHMJI3MpOBaTh BJIHBHHe KOM6HHaTopHoro cpoHa . 

.Il:aJiee nepeqJicJieHhI aHaJIH3HpyeMhie KaHaJihI pacna,II.a T/c Me30HOB 

c onHCaHJieM npJIMeHeHHbIX ,II.OnOJIHHTeJihHhIX Tpe6oBaHHii n npHBe,II.eHa 

cyMMIIpyroIII,aB Ta6JIHIJ,a 2. BeJIHqHHbI aKcenTaHca ycTaHOBKJI K JKa3aHHhIM 

MO,II.aM pacna,II.a 6hIJIH noJiyqeHbl no pe3JJibTaTaM MO,II.eJIHpoBaHHB co6hITHH, 

npoBe,II.eHHOro C nOMOIII,bIO reHepaTOpa TWOGEN. 
Pacnpe,II.eJieHHB HHBapHaHTHOii MaCChI qeTbrpex qaCTJIIJ, ( c 

COOTBeTCTBJIOIII,HM pe3JJibTaTaM' H,II.eHTJI<pHKaIJ,HH qaCTHIJ, Ha3HaqeHHeM MaCCbl 

Ka)K,II.Oii H3 HHX. HeH,II.eHTH<pJIIJ,HpOBaHHhie qaCTHIJ,bl cqHTaJIHCh 3apB)KeHHhIMH 
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nHOHaMH) nOKa3aHbl Ha pHCJHKe 5. ,[l;JIB onpe,II.eJieHHB pa,II.HaIJ,HOHHOii IIIHpJIHbl 

.._10 

:~~1fl, t 
DELPHI 

~: .. I I 1tft ttf 1d tttt+tt 
O 2.6 2.8 3 3.2 3.4 3.6 3.8 4 

M (K•K-1T•1T-) (GeV/c2) 

2K21r 

~ 4.------------. 
.D 
C . 

....,,3.5 

3 
~ 

I:: 
~ 2.5 
:II:: 
~ 2 
a:, 

·~ 1.5 
b 

1 

0.5 

DELPHI 

O 2.6 2.8--3-----rr 3.4 3.6 3.8 4 
M (K°K1T) (GeV/c2

) 

K°K1r 

PHc. 5: llHBapHaHTHaB Macca CHCTeMbl 38.pB)KeHHhIX qaCTJIIJ, B co6hITHH. 

T/c Me30Ha 6bIJI npoBe,II.eH q>HT npe,II.CTaBJieHHbIX pacnpe,II.eJieHHii CJMMOH 

pacnpe,II.eJieHJIB BpeiiT-BHrnepa (Breit-Wigner) 

( ) ( ) r TYrtot ( 
BW r 'Y'Y' M.,cl rtot, WTY = 81r 2J + 1 (W2 - M2 )2 M2 r2 ' 4) 

'Y'Y 1/c + 1/c tot 

OnHCbIBaIOIII,HM ceqeHHe po)K,ll.eHHB T/c Me30Ha C yqeTOM 3KCnepm.ieHTaJibHOro 

pa3pemeHHB G(W-y-y, a) H noJIHHOMOM 3-eii: CTeneHH P3 (W-y-y) ,II.JIB 

napaMeTpH3aIJ,HH pacnpe,II.eJieHHB q>OHOBhIX co6bITHH. IlpoIJ,e,II.ypa 

q>HTJipo~aHHB n03BOJIBeT onpe,II.eJIHTb npOH3Be,ri.eHHe ceqeHJIB pO)K,II.eHHB 

H BepOBTHOCTH pacna,II.a B onpe,II.eJieHHOe COCTOBHJie, Macey pe30HaHca H 

3KcnepJIMeHTaJihHOe _pa3pemeHHe no Macce a. Bee 3TH napaMeTphl 6hIJIH 

onpe,II.eJieHbl ,II.JIB Ka)K,II.Oro H3 JICCJie,II.yeMbIX KaHaJIOB pacna,II.a, a nOJIHaB 

IIIJIPHHa Me30Ha rtot 6bIJia 3aq>HKCHpOBaHa B COOTBeTCTBHH C ,II.aHHbIMH Particle 

Data Group. 

B Ta6JIHIJ,e 3 npe,II.cTaBJieHhl pe3JJibTaTbl BblqJicJieHHB 3HaqeHHB 

pa,II.HaIJ,HOHHOH nmpHHbl T/c Me30Ha. 

B CHCTeMaTHqecKyIO norpemHOCTb H3MepeHHB BHOC5IT BKJia,II. KPHTepJIH 

oT6opa co6bITJiii (npH6JIH3HTeJibHO 44% noJIHOH norpeIIIHOCTH) H CB060,II.a B 

BbI6ope IIIJipHHbl H KOJIHqecTBa 6HHOB q>HTHpyeMoro pacnpe,II.eJieHHB ( OKOJIO 

28%). 
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MOJ1..a BR(%) Nev(1Jc) f ,-y (KsB) 
K~K±n"'f 1.5±0.4 41 13.3 ± 2.6(cTaT) ± 2.0(cncT) ± 3.5(BR) 

K+K-1r+1r- 2.0±0.7 42 14.2 ± 4.9(cTaT) ± 2.9(cncT) ± 4.9(BR) 

Ta6nnu,a 3: BepoHTHOCTb pacna,n;a (branching ratio, BR), KOJinqecTBo co6~rTnii 

Nev(1Jc) (qncno co6bITIIii B ,n;namt30He Mace M'l
0
± 150 MsB) lI pa,n;nau,noHHaH 

urnpnHa )];JIH Ka)K,ll;Oii lI3 lICCJie,n;oBaHHbIX MOJ1.. pacna,n;a 1Jc Me30Ha. 

0KoHqaTeJibHbIM pe3JJibTaT no lICCJie,n;oBaHHbIM MO)l;aM pacna,n;a 1Jc Me30Ha 

paBeH 

r'"Y'"Y = 13.9 ±:2.0(stat.)±1A(syst.)±2.7(BR) KsB 

IloJiyqeiIHbie . pe3JJibTaTbI 6hIJilI ony6JIMKOBaHbl B BM,n;e 

o6ru,eKOJIJia6opau,noHHOii pa6oThI [9]. 

CJie,n;yrom;aH rJiaBa 'B3aHMO,n;eiiCTBHe BbICOKOBHpTyaJibHblX q>OTOHOB' 

[10]-[12],[17] npe,n;cTaBJIHeT pe3JJibTaTbl n3yqeHml· J1..BJX<pOTOHHbIX 

B3a~Mo,n;eiiCTBMii B Mo,n;e ',n;BoiiHoro MeqeHnH' e+e- -+ e+e-'Y*'Y* -+ e+e- X, 
r,n;e X o6o3HaqaeT MIOOHHYIO napy MJIM cncTeMy a,n;poHOB. B ,n;aHHOii Mo,n;e o6a 

pacceHHHbIX 3JieKTpOHa1 pernCTpnpyIOTCH B ,n;aHHOM cJiyqae KaJiopnMeTpOM 

MaJibIX YrnoB (KMY). B cpaBHeHMM c MHbIMM ('HeMe'leHHoii' n 'o,rr.n@~rnoro 

MeqeHMH') Mo,n;aMM, ,n;aHHaH MOJ1..a lIMeeT oqeBMJ1..HOe npenMyII1,eCTBO -

KlIHeMaTMKa B3alIMO,n;eiiCTBlIH nOJIHOCTbIO onpe,n;eJIHeTCH lI3MepeHHbIMlI 

3HeprlIHMlI lI yrJiaMM pacceHHirn 3aperMCTplipOBaHHbIX 3JieKTpOHOB. 

PO)I{,ll;eHMe JienTOHHbIX (B ,n;aHHOM lICCJie,n;oBaHMlI, MIOOHHbIX} nap 

HBJIHeTCH ToqHo BbrqncJIHeMhIM npou,eccoM n onnchrnaeTCH K9,1l B 

nepBOM npM6JIM)KeHMlI MO)KHO paccqIITbIBaTb Ha onncaHMe pO)K)l;eHMH 

a,n;poHOB_ B paMKax KBapK-napTOHHOii MO)l;eJilI. PacqeTbI, npoBep,eHHbie B 

JilIJ1..MpyIOII1,eM nopH,n;Ke BbJqlICJieHnii, nOKa3aJilI, qTo O)KlI)l;aeTCH 3HaqnTeJibHbIM 

BKJia,n; npou,ecCOB (MJJibTlI)rJIIOOHHOro o6MeHa Me)K,n;y . qij ,n;nnOJIHMlI, 

o6pa30BaHHbIMlI B3alIMO,n;eiiCTBJIOII1,lIMlI <pOTOHaMM BbICOKOii (nopH,n;Ka 10 

fsB2 ) BMPTJaJibHOCTM. TaKoii o6MeH onnchm~eTcH BFKL ypaBHeHneM II1 

TaKMM o6pa30M, J1..BYX<pOTOHHbie B3alIMO,n;eiiCTBlIH HBJIHIOTCH nOJ1..XOJ1..HII1,lIM 

cpe,n;cTBOM nccJie,n;oBaHMH BFKL ,n;nHaMMKM. 

OcHOBHblMlI KlIHeMaTnqeCKlIMlI nepeMeHHbIMlI, lICnOJib3yeMbIMlI B ,n;aHHOM 

lICCJie,n;OBaHMII, HBJIHIOTCH Q; (BlipTJaJibHOCTR <pOTOHa), W'"Y~'"Y* (lIHBap1rnHTHaH 

Macca B3alIMO,n;eiiCTBJIOII1,lIX q:>OTOHOB) lI 6e3pa3MepHaH nepeMeHHaH ·. y' 
onpe,n;eJIHeMhre cne,n;yrom;nM o6pa3oM: 

1
TepMHH ',meKTpOH' 6y,n;eT HCilOJib30BaH H ,!l;JI51 pacceHHHOro Il03HTpoHa nyqKa. CHMBOJI 

'Y* OTMeqaeT Bb!COKYIO BHPTYaJibHOCTb q>OTOHOB. 
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• Q; = -q; = -(p; - p;)2 = 4E;Ebeam sin2(0;/2); 

• W,; •. 'I* = -(qi + q2)
2 ~ SY1Y2, r,n;e Y; = 1 - (E;j Ebeam) cos2(0;/2); 

• Y = ln(W,;.'"'1./ ~). 

CpaBHeHne 3KcnepnMeHTaJibHhIX pe3yJihTaToB c BFKL BbrqncJieHMHMM 

npoBOJ1..lITCH no nepeMeHHOii Y C yqeTOM ,n;onOJIHlITeJibHbIX YCJIOBMii, 

npnMeHeHHbIX npn npoBe,n;eHMM BbrqncJI~Hnii: W,;.'"'I. » Q; n j ln(QI/QD I< 1. 

BTopoe yCJioBne o6ecneqnBaeT o,n;nnaKOBhrii nopHJ1..0K BeJIMqnn BMPTYaJihHOcTeii 
q:>OTOHOB. 

OcHOBHbIM ,n;eTeKTOpOM B ,n;aHHOM lICCJie,n;oBaHMlI HBJIHeTCH MOHlITOp 

CBeTMMOCTM ycTaHOBKM DELPHI - KaJiopnMeTp MaJibIX YrJioB (KMY, Small 

angle Tlle Calorimeter, STIC), nepeKphmaroru,nii o6JiaCTh noJIHpHoro yrna 0 
OT 29 Mpa,n. J1..0 185 Mpa,n;, o6ecneqnBaIOru,Mii 3KCnepnMeHTaJihHOe Pa3perneHne 

no Q
2 

OT 1 fsB
2 

JJ..O 2.5 f-aB2 B o6JiaCTM Q 2 ,n;aHHOii pa6oThI OT 10 fsB2 

J1..0 200 fsB
2

• 9KcnepnMeHTaJibHhie ,n;aHHbre, Ha6paHHhie B TeqeHne 1998-2000 

ro,n;oB npn e+e- 3Heprnn B cncTeMe u,eHTpa Mace OT 189 fsB ,n;o 209 fsB, 

COOTBeTCTBJIOT lIHTerpaJibHOH CBeTMMOCTlI yciopnTeJIH 550 n6-1. 

IlepBoii qacThIO ,n;aHnoro nccJie,n;oBaHMH HBJIHeTCH aHaJIM3 e+e- -+ e+e- + 
µ+µ- B3alIMO,n;eikTBMii. B pa6oTe nepeqncJieHbI KplITepnn OT6opa co6bITliii 

,ll;JIH ,ll;aJihHeiirnero aHaJIM3a (226 co6brTMii); npnBe,n;eHa ou,eHKa 3<p<peKTlIBHOCTlI 

TpnrrnpoBaHMH ,n;aHHhIX co6hrTnii (6oJiee 99%); onncaHa nporpaMMa BDK RC 
MO)l;eJinpoBaHMH 'Y*'Y*-+ µ+µ- peaKU,lIM.·,Il;aJiee 6bIJilI paCCMOTpeHbl lICTOqHlIKlI 

<pOHOBhIX C06hITliii ( CJMMapHhiii q:>OH 6bIJI ou,eHeH B 2%) BMecTe C ou,eHMBaeMbIM 

BKJia,n;oM OT Ka}KJ1..0ro lI3 HlIX lI npnBe,n;eHbI pacnpe,n;eJieHMH 3KCnepnMeHTaJihHhIX 

,n;aHHhIX n MO)l;eJIMPOBaHHhIX co6hITliii ,ll;JIH Han6oJiee xapaKTepHhIX nepeMeHHbIX 

- 3Heprnn 'MeqeHHhrx' 3JieKTPOHOB, lIX noJIHpHbIX yrJIOB lI T.n. 

AHaJilI3 'Y*'Y* -t µ+ µ- C06bITliii n03BOJIHeT 'np03K3aMeHOBaTb' KaqecTBO 

peKOHCTpynpoBaHHhIX co6bITlIH. KnHeMaTnKa ,n;aHHOro 3KCKJII03lIBHOro KaHaJia 

'Y'Y B3anMo,n;eiicTBMii nepeonpe,n;eJieHa - o,n;na n Ta )Ke KMHeMaTnqecKaH 

nepeMeHHaH MO)KeT 6bITh BhrqnCJieHa Ha OCHOBe lI3MepeHHhlX napaMeTpOB 

MIOOHOB lIJilI )Ke no napaMeTpaM 3aperMCTplipOBaHHblX pacceHHHhIX 

3JieKTPOHOB. 113MepeHMH no MIOOHaM B ,n;aHHOM CJiyqae, 6e3yCJIOBHO, 

TOqHee. 0,n;HaKo, npn lICCJie,n;oBaHMlI npou,ecca PO)KJ1..eHMH a,n;poHOB OCHOBHblM 

6y,n;eT lI3MepeHne lIHBapnaHTHOii MaCChI ClICTeMhI a,n;poHOB no napaMeTpaM 

3JieKTpOHOB. 9To o6yCJIOBJieno HeM36e)KHOii 'noTepeii' HeKOTOpoii qacTM 

a,n;pOHOB lI HeB03M0)KHOCThIO TOqHo BOCCTaHOBlITh lIHBapnaHTHyIO Macey 

a,n;poHOB w. B pa6oTe Ha npMMepe pacnpe,n;eJieHlIH Pa3HOCTlI lIHBapnaHTHOii: 

MaCChI 'Y*'Y* ClICTeMbI (nep@eHttott.:J;;)JH~hIHlICJIP.lfHOii-;;-ijo qeTbrpeX-MMnyJihCaM 
JVDCr1-\HLL,.1...1. .. JJ--i1T .nllC.1 .. r.11y 11 
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MIOOHOB Wµµ(Yµµ) II ee )Ke, HO BhP-IIICJieHHOfi no pe3yJihTaTaM II3MepeHIIH 

napaMeTpOB pacceHHHbIX 3JieKTpOHOB W-y•-y• (Y-y-y) Il0Ka3aHo, 'ITO IICilOJib30BaHIIe 

IIH<popMaIIIIII O 'Me'leHHhIX' 3JieKTpOHax HBJIHeTCH y,LJ,OBJieTBOPIITeJibHhlM 

npII6JIII)KeHIIeM ,LJ,JIH Bbl'IIICJieHIIH KIIHeMaTII'leCKIIX xapaKTepIICTIIK ·'· 'Y* 'Y* 

CIICTeMhl. 

IlocJie npoBe,LJ,eHIIH KOppeKIIIIH Ha aKcenTaHC II 3q>q>eKTIIBHOCTb • 

3KCnepIIMeHTaJibHOll ycTaHOBKII, npo,LJ,eJiaHHbIX Ha OCHOBe MO,LJ,emtpoBaHHbIX 

c noMOIIIhJO B DK RC co6hITIIfi, 6bIJIO II3MepeHo ce'leHIIe a ee peaKIIIIII 

e+e- -> e+e- + µ+µ- , paBHOe (1.38 ± 0.12(cTaT)±0.06(cIIcT)) n6 ,LJ,JIH 

BIIPTYaJihHOCTefi B3aIIMO,LJ,eHCTBYJOIIIIIX q>OTOHOB Q; B IIHTepBaJie Me)K,LJ,y 10 
raB2 II 200 raB2 II IIHBapIIaHTHOH Maccoii: Wµµ OT 2 raB ,LJ,O 50 raB. K9,LI, 

Bhl'IIICJieHIIe, BKJIJO'laJOIIIee pa,LJ,IIaIIIIOHHbie nonpaBKII, paBHO (1.36 ± 0.01) n6. 

Ce'IeHIIe, BbI'IIICJieHHOe 6e3 Y'leTa pa,LJ,IIaIIIIOHHbIX nonpaBOK, npII6JIII3IITeJihHO 

Ha 8% HII)Ke. ,Ll,IIq>q>epeHIIIIaJihHOe Ce'leHIIH npoIIecca 'Y*'Y* -> µ+ µ- KaK 

<PYHKIIIIH nepeMeHHOll y' noKa3aHHOe Ha pIICYHKe 6, cornacyeTCH C K9,LI, 

Bhl'IIICJieHIIHMII. 

DELPHI 
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PIIc. 6: ,Ll,IIcpcpepeHIIIIaJihHOe ce'leHIIe 

9KcnepIIMeHTaJibHbie ,LJ,aHHble noKa3aHhl 

COOTBeTCTByeT K9,LI, BhI'IIICJieHIIHM. 
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npoIIecca 'Y* 'Y* -> 

6 
y 

'KpecTaMII'' cnJIOIIIHaH 

µ+µ- . 
JIIIHIIH 

l13y'leHIIe e+ e- -+ e+ e- + hadrons B3aIIMo,LJ,e1!.cTBIIii npoBe,LJ,eHo c 

TeMII )Ke KpIITepIIHMII BhI6opa 'Me'leHHbIX' 3JieKTPOHOB II 3apH)KeHHblX 'laCTIIII. 

lfaMeHeHIIe KacaeTCH TOJibKO O,Ll,HOro - BMeCTO MJOOHOB Heo6XO,LJ,IIMO OT06paTh 

co6hITIIH c pO)K,LJ,eHIIeM CIICTeMhI a,LJ,pOHOB. Bh16opKa -·(",* -+ hadrons 
co6hITIIll ocyIIIeCTBJieHa Tpe6oBaHIIeM Toro, 'IT06hI Ka)K,LJ,Oe co6bITIIe CO,LJ,ep)KaJIO 

no MeHhIIIefi Mepe 3 3apH)KeHHhie 'laCTIIIIhI, IIHBapIIaHTHaH. Macca KOTOpbIX 

Whad (BbI'IIICJieHHaH B npe,LJ,nOJIO)KeHIIII MaCCbI nIIOHa ,Ll,JIH 'laCTIIIIbI) 60JihIIIe 

2 raB. TaK)Ke 6hIJIII npIIMeHeHbI ,LJ,OnOJIHIITeJihHble KPIITepIIII ,Ll,JIH yMeHhIIIeHIIH 

BKJia,LJ,a q>OHOBblX co6bITIIii:. 

IlocJie npIIMeHeHIIH OnIICaHHbIX B pa6oTe KpIITepIIeB 6bIJIII OTo6paHhl 434 

co6hITIIH C 3q>q>eKTIIBHOCTbJO TpIIrrIIpoBaHIIH BhlIIIe 99%. 

TeHepaTOpb! co6hITIIll ,Ll,JIH npoBe,LJ,eHIIH MO,LJ,eJIIIpOBaHIIH ,*-y* II q>OHOBbIX 

co6hITIIll nepe'IIICJieHbI B pa6oTe BMeCTe c OIIeHKaMII BKJia,LJ,a nocJie,LJ,HIIX. 

feHepaTOpb1 TWOGAM (BepcIIH 2.02) II PYTHIA (BepcIIH 6.205) 

6bIJIII IICnOJib30BaHhI ,LJ,JIH 
0

,LJ,eTaJibHOrO MO,LJ,eJIIIpOBaHIIH II noCJie,LJ,yIOIIIeii: 

peKOHCTPYKIIIIII ,*,* B3aIIMO,LJ,eii:CTBIIii:. Ilpe,LJ,CKa3hIBaeMoe KOJIII'lecTBO 

co6hITIIii: paBHO, COOTBeTCTBeHHO, (331±8) II (330±8). feHepaTOpbI co6bITIIll 

BKJIIO'laJOT KaK KBapK-naPTOHHYJO (KIIM) {acTh, TaK II onIIcaHIIe BKJia,LJ,a 

q>OTOHOB 'o,LJ,IIHO'IHOrO pa3perneHIIH' B JIII,LJ,1IpyroIIIeM nopH,LJ,Ke BbI'IIICJieHIIll. 

CyMMapHbiii: cpoH cocTaBIIJI OKOJIO 60 co6hITIIii:. 

Pacnpe,LJ,eJieHIIH BIIPTYaJibHOCTeii: q>OTOHOB Q;; IIHBapIIaHTHOii: 

MaCCbl a,LJ,pOHHOii: CIICTeMhI, BhI'IIICJieHHOil no 'leTbipex-IIMnyJihCaM 

3aperIICTpIIpOBaHHbIX 3apH:>KeHHbIX 'laCTIIII Whad; 3apH,Ll,0B0il 

MHO:>KeCTBeHHOCTII co6bITII1!. II nepeMeHHOil y' Bbl'IIICJIHeMOil 'Iepe3 w,,.,,. 
nOKa3aJIII Ka'leCTBeHHOe corJiaCIIe C pe3yJihTaTaMII MO,LJ,eJIIIpOBaHIIH ,*-y* 
B3aIIMO,LJ,eiiCTBIIii. 

BbI'lIICJieHIIH aKcenTaHca II 3q>q>eKTIIBHOCTII ycTaHOBKII 6b!JIII npoBe,LJ,eHhI 

,Ll,JIH o6eIIX -y*-y"' MO,LJ,eJiei1 II nOKa3aHhI B pa6oTe. 9cpq>eKTIIBHOCTII, 

npe,LJ,CKa3hmaeMhle MO,LJ,eJIHMII, HeCKOJihKO pa3HHTCH -TWOGAM noKa3hlBaeT 

6bJihrnyro, He:>KeJIII PYT HI A, acpq>eKTIIBHOCTh B o6JiaCTII BhICOKIIX Y, B 

TO BpeMH KaK ,Ll,JIH MaJihIX Y noBe,LJ,eHIIe HBJIHeTCH npOTIIBOnOJIO)KHbIM. 9Ta 

pa3HIIIIa 6y,LJ,eT B ,LJ,aJihHei!.rneM ycpe,LJ,HeHa II BKJIJO'leHa B CIICTeMaTII'leCKyIO 

Heonpe,LJ,eJieHHOCTb II3MepeHIIH. 

IlocJie BbI'IIITaHIIH q>OHa II KOppeKTIIpOBKII 3KcnepIIMeHTaJibHbIX ,LJ,aHHbIX 

Ha 3q>q>eKThI, npIIBHeCeHHhie ycTaHOBKOi!. (c IICilOJib30BaHIIeM o6eIIX MO,LJ,eJieii), 

6bIJIO II3MepeHo ,LJ,IIq>q>epeHIIIIaJihHOe ce'leHIIe du eel dY , noKa3aHHoe Ha 

PIICyHKe 7 BMecTe c ycpe,LJ,HeHHbIM no ,LJ,BYM MO,LJ,eJIHM O)KII,LJ,aHIIeM. KaK 

BII,Ll,HO Ha pIICYHKe, 6e30THOCIITeJihHO K MO,LJ,eJIII 3KcnepIIMeHTaJibHbie ,LJ,aHHbie 

YKa3hIBaJOT Ha npeBbIIIIeHIIe Ce'leHIIH Ha,LJ, npe,LJ,CKa3aHIIeM B o6JiaCTII BbICOKIIX 
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3HR'leHIIii Y, KOT0pbie COOTBeTCTBYIOT 60JihllIIIM IIHBapIIaHTHhIM MaccaM ,*,* 
CIICTeMhI. IloJIHoe ce'leHIIe Uee B3aIIMo,n.eiicTBIIii e+e- -+ e+e- + hadrons 

B q:>a30BOM IIpOCTpaiicTBe, orpaHII'leHHOM npe,n;eJiaMII IIO Q; OT 10 f::iB
2 

,n;o 200 f::iB 2 II IIHBapIIaHTHOii Maccoii Whad Bhillle 2 raB, II3MepeHO 

KaK (2.09 ± 0.17) n6 npII IICIIOJih3oBaHIIII ocHoBaHHhIX Ha TWQGAM 

KOppeKIJ,IIii Ha 3q:>q:>eKThI 3KcnepIIMeHTaJihHOii ycTaHOBKII II (1.86 ± 0.14) 
n6 - ,n;m.1 · KOppeKIJ,IIii, npoBe,n;eHHhIX c noMOIIl,hIO PYT HI A reHepaTOpa. 

CTaTIICTII'leCKIIe II CIICTeMaTII.;_IeCKIIe ( OilIICaHHhie B pa6oTe) Heonpe,n;eJieHHOCTII 

II3MepeHII.H 6hIJIII npocyMMIIpoBaHhI KBa,n;paTII'IHO. OTMeTIIM, 'ITO Q)l{lI,ll;aeMoe 

3Ha'leHIIe B paMKax KBapK-napTOHHOii Mo,n;eJIII paBHO (1.81 ± 0.02) n6 II 

noJiy'leHo Ha
0

ocH0Be TWOGAM Mo,n;eJIIIpoBaHHhIX co6hrTIIii. 

~ 0.6 

~ 
~ 
"l::l 
'-- 0.5 

" b" 
"l::l 

0.4 

0.3 

0.2 

0.1 

I 
-2 -1 

DELPHI 

I 

0 2 3 

! 

4 

! 

5 · 6 
y 

PIIc. 7: ,lJ;II<pq:>epeHIJ,IIaJihHOe ce'leHIIe peaKIJ,IIII e+e- -+ e+e- + hadrons. 
lllTpIIXOBaHHa.H rIICTOrpaMMa COOTBeTCTByeT ycpe,n;HeHIIIO npe,n;CKa3aHHii 

Mo,n;eJieii TW OG AM II PYT HI A. 8KcnepIIMeHTaJihHhre ,n;aHHhre noKa3aHhl 

'KpecTaMII'' Ha KOTOphIX TaK)Ke OT,n;eJihHO o603Ha'leHhI CTaTIICTII'leCKIIe 

Heonpe,n;eJieHHOCTII II3MepeHII.H. 

HanoMHIIM, 'ITO B3aIIMo,n;eiiCTBII.H 1*1* -+ hadrons 'IYBCTBIITeJihHhI 

K npou.eccaM MYJihTIIrJIIOOHHoro o6MeHa, onIIchrnaeMoro BFKL · ypaBHeHIIeM. 

IlpoBe,n;eHHhle B JIII,n;IIpyrolll,eM nop.a,n;Ke BhI'IIICJieHII.H npe,n;CKa3hIBaIOT pocT 
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ceqemrn ,*,* -+ hadrons B3aIIMo,n;eiicTBIIii npII 6oJihllIIIX Y. BhI'IIICJieHIIH 

6hIJIII npOII3Be,n;eHhl npII CJie,n;yIOIIl,IIX ,ll;OIIOJIHIITeJihHhIX ycJIOBIIHX: W;. . >> . ' "I Q; (nepeMeHHaH Y 6oJihllle 2) II I ln(QUQ~) I< 1 (BIIPTYaJihHOCTII 

q:>OTOHOB O,ll;HOro nop.H,n;Ka BeJIII'IIIHhl). 8KCIIepIIMeHTaJihHhie ycJIOBIIH ,n;aHHoro 

IICCJie,n;oBaHIIH (Q; >> m~ II CIIMMeTpIIH KpIITepIIeB perIICTpaIJ,IIII pacceHHHhlX 

3JieKTpOHOB) Il03BOJIHIOT npeo6pa30BaTh COOTHOllleHIIe Me)K,n;y u ee II u "!""I" 
' II3Ha'laJihHO npe,n;cTaBJIHeMhIM CJie,n;yIOIIl,IIM o6pa30M ( IIHTepq:>epeHU.IIOHHhie 

'IJieHhI onylll,eHbI): 

Uee = "°"'· •-TLLi3"Uij, L.ii,J- ' 

B 6oJiee npOCTYIO q:>OPMY, BKJIIO'laroru.yro 'aq:>q:>eKTIIBHoe' ce'leHIIe U"l•"I· 

Uee = LTTu"l""I" with u"i""I" =UTT+ 2EULT + E2ULL, 

r,n;e LTT - BhI'IIICJIHeMhlll B K8,LJ; IIOTOK nonepe'IHO IlOJIHpII30BaHHhIX q:>OTOHOB, 

E - napaMeTp paBHhlll 0.94, ULT · '.'.::=:'. 0.2aTT II ULL '.'.::=:'. 0.05uTT· ,lJ;JIH 

BhI'IIICJieHIIH LTT 6hIJia npIIMeHeHa nporpaMMa TWOGAM, BKJIIO'laIOIIl,aH 

K8,LJ; pa,n;IIaU.IIOHHhle IIOIIpaBKII. IlporpaMMa IICIIOJih3yeT ,n;eKOMII03IIU.IIIO 

TIOJIHOro ce'lemrn B m1,n;e napu;IIaJihHhIX ce<reHIIll B3aIIMO,n;eiiCTBIIll q:>OTOHOB 

pa3JIII'IHOii IIOJI.HpII3aU.IIII. IloJiy'leHHhre 3Ha'leHIIH ce'lettIIii due~/ dY (,n;JIH 

aKcnepIIMeHTaJihHhIX ,n;aHHhIX II Mo,n;eJIIIPOBaHIIH) II du"l""I" / dY npe,n;cTaBJieHhI 

B Ta6JlIIU.e 4.. 8q:>q:>~KTIIBHOCTh ceJieKU.IIII co6hITIIii 6hIJia ycpe,n;HeHa 

no . pe3yJihTaTaM TW OG AM II PYT HI A. Pa3HOCTh · pe3yJihTaToB, 

noJiy'leHHhIX npII IICTIOJih30BaHIIII YKa3aHHhIX reHepaTopoB, 6hIJia BKJIIO'letta 

B CIICTeMaTII'leCKYIO norpellIHOCTh II3MepeHII51. TaK)Ke B Ta6JIIIU.e npIIBe,n;eHhI 

3Ha'leHII.H IlOTOKa q:>OTOHOB, Bhl'IIICJieHHhie B pa3JIII'IHhIX 6IIHax nepeMeHHOii y. 
A6coJIIOTHa.H norpellIHOCTh BhI'IIICJieHIIH dLTT/ dY cocTaBJIHeT 0.002 x 10-3 . 

Ha pIIcyHKe 8 npIIBe,n;eHo ,n;II<pq:>epeHU.IIaJihHOe ce'leHIIe du "!""I"/ dY. B 

Bhl'IIICJieHIIII CIICTeMaTII'leCKIIX norpellIHOCTeii II3MepeHII51 ,ll;OMIIHIIPYIOIIl,IIM 
r, 

OKa3hIBaeTCH pa3JIII'IIIe pe3yJihTaTOB, IlOJiy'leHHhIX IIPII IICIIOJih30BaHIIII 

TW OG AM IIJIII PYT HI A reHepaTOpOB co6hITIIii. I1Hhie 

Heonpe,n;eJieHHOCTII, onpe,n;eJIHMhie II3MeHeHIIeM KPIITepIIeB OT6opa co6hITIIii, 

KpIITepIIeB no Q2 II T.Il. BHOCHT BKJia,n; OT 17% ,n;o 29% CTaTIICTII'leCKOll 

norpellIHOCTII .. Pe3yJihTaThI BhI'IIICJieHIIii B paMKax KIIM II BFKL B 

JIII,ll;IIpyrolll,eM II B CJie,n;yrolll,eM-3a-JIII,ll;IIPYIOIIl,IIM nopH,n;Kax BhI'IIICJieHIIii TaK)Ke 

noKa3aHhI Ha pIICYHKe 8. ,lJ;Be KPIIBhie, npe,n;cTaBJieHHhre ,n;JI.a Ka)K,n;oro II3 BFKL 

BhI'IIICJieHIIii COOTBeTCTBYIOT pa3HhIM 3Ha'leHIIHM MaCllITa6Horo napaMeTpa 

Pe,n;)Ke so, KOTOphIM B pac'leTax onpe,n;eJIHeTCH CTapT aCIIMIITOTII'leCKOrO 

pe)KIIMa. ,lJ;JIH II3y'leHII51 BJIIIHHIIH ,n;aHHoro napaMeTpa Ha pe3yJihTaT 

Bhl'IIICJieHIIii 6bIJIII BhI6paHhI ,n;Ba ero 3Ha'leHII51 - Q2 II 4Q2 . 
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y du ee/ dY data duee/dYMc dLTT/dY dU-y•-y•/dY 
(n6) (n6} (x103 ) (H6} 

6e3 ln(QUQ~) YCJI0BH.11 -1 < ln(QUQ~) < 1 
(-3)-(-2) 0.02±0.01±0.01 0.02±0.01 0.060 0.20±0.11±0.06 
(-2)-(-1} 0.13±0.04±0.01 0.11±0.02 0.114 0.56±0.18±0.15 

(-1)-0 0.17±0.04±0.02 0.26±0.03 0.113 0.89±0.23±0.21 
0-1 0.42±0.06±0.08 0.48±0.01 0.090 2.50±0.49±0.58 
1-2 0.41±0.04±0.01 0.48±0.01 0.082 3.56±0.42±0.08 
2-3 0.30±0.03±0.02 0.32±0.01 0.070 3.00±0.33±0.19 
3-4 0.25±0.02±0.01 0.15±0.01 0.054 2.83±0.32±0.02 
4-5 0.08±0.01±0.01 0.06±0.01 0.034 1.47±0.29±0.07 
5-6 0.09±0.03±0.02 0.02±0.01 0.015 3.51±1.33±0.60 

Ta6JrnQa 4: l13MepeHHhle (Bo BTOpoii H mIToii KOJI0HKax BHa'-laJie npHBe,U.eHbl 

CTaTHCTH'-leCKHe, a 3aTeM CHCTeMaTH'-leCKHe Heonpe,u.eJieHHOCTH H3Mepettm1) H 

O)KH,U.aeMbie 3Ha'-leHH.H ,u.mpq:>epeHQHaJibHOro ce'-leHn.11 du eel dY data peaKQHH 

e+e- -+ e+e- + hadrons ; BbI'-lHCJieHHhle c y'-leToM pa,u.naQHOHHbIX 

nonpaBoK 3Ha'-leHH.H noToKa q:>OTOHOB LTT; H3MepeHHoe ce'-leHne du.., • ..,./ dY 
npoQecca 7*7* -+ hadrons KaK g:>yHKQJI.11 nepeMeHH0il Y. 

OcHOBHOii BhlBO,ll. C0CTOHT . B TOM, 'ITO 3KCnepHMeHTaJibHbie ,u.aHHbie 

pacnoJiara10Tc.11 HaMHOro HH)Ke BFKL ce'-leHH.11 Jin,u.npy10m;ero nop.11,u.Ka 

Bbl'-lHCJieHHii H ropa3,U.O 6JIJI)Ke K Bbl'-lHCJieHH.IIM CJie,u.y10m;ero nop.11,u.Ka. 

O)Kn,U.aBirrnilc.11 pocT ce'-leHn.11 BCJie,U.CTBHe rJIIOOHHoro o6MeHa (BFKL) 0Ka3aJIC.H 

ropa3,U.O CJia6ee nepBOHa'-laJibHbIX Bhl'-lHCJieHHil n npO.HBJI.HeTC.11 B o6JiaCTH 

3Ha'-leHHH nepeMeHHOil y BbIIIIe 4. HH)Ke 3T0ii BeJIH'-lHHhl. B ce'-leHHH npOQecca 

po)K,ll.eHn.11 a,u.poHOB ,u.oMnHnpyeT KilM BKJia,u.. TaK)Ke OTMeTHM, '-lTO aHeprnn 

ny'-lK0B LEP H co6paHHOil CTaTHCTHKH 3KCnepnMeHTaJibHblX ,u.aHHbIX BCe-TaKH 

He,u.ocTaTO'-lHO ,II.JI.II H3y'-leHH.II Il0Be,U.eHH.11 ce'-leHH.11 B o6JiaCTH 60JibIIIHX 3Ha'-leHHii 

nepeMeHHOil Y, r,u.e MO)KHO O)KH,U.aTb ,u.oMnHnpoBattn.11 BFKL MYJihTHrJIIOOHHoro 

o6MeHa. 

B 3aBepIIIeHne ,u.aHH0H rJiaBbl npHB0,ll..llTC.11 BblBO,ll.hl no H3y'-leHHIO 

B;!aHMO,U.eilcTBHH BbICOKOBHPTYaJihHblX q:>OTOHOB, KOT0phre 6y,u.yT nepe'-lHCJieHbl 

HH)Ke. IloJiy'-leHHbie pe3yJihTaTbl 6bIJIH npe,u.cTaBJieHbl Ha Me)K,u.yHapo,n.Hbl~ 

KOHq:>epeHQH.HX 110]-111], ony6JIHKOBaHbl B BH,U.e o6m;eKOJIJia6opaQHOHHOil 

pa6oThl 112], a TaK)Ke BKJIIO'-leHhI B Particle Data Group (PDG) Ha6op 

3KCnepnMeHTaJihHhlX pe3yJihTaTOB. 

Il.11Ta.11 rJiaBa '06pa30BaIIHe CTpyii B )KeCTKHX 77 CTOJIKHOBeHH.HX' 

113)-114),ll 7) co,u.ep)KHT pe3yJibTaThI n3y'-leHn.11 ',u.ByxcTpyi1Hhrx' co6brTnil B 

q:>OTOH-<pOTOHHhIX B3aHMO,U.ei1CTBH.IIX. B ,U.aHHOM CJiy'-lae HHTepec npe,u.CTaBJI.lllOT 

npoQeCChl PO)K,U.eHH.11 rpynn '-laCTHQ (CTpyil) C 60JihIIIHMH nonepe'-lHbIMH 
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Pnc. 8: LJ:ng:>q:>epeHQHaJibHOe ceqeHne peaKQHH 7*7* -+ hadrons. 
9KcnepnMeHTaJihHhie ,u.aHHbie Il0Ka3aHhl • 'KpecTaMn': IlOJIHa.11 OIIIH6Ka 

H3MepeHH.H cooTBeTcTByeT KBa,u.paTH'-lHoi1 cyMMe cTaTHCTll'-lecKoil· (noKa3aHHoi1 

OT,U.eJibHO) H CHCTeMaTH'-leCKOii: Heonpe,u.eJieHHOCTeil. CnJIOIIIaH JIHHH.11 

C00TBeTCTByeT npe,U.CKa3aHH.IIM B paMKaX . KBapK-napTOHHOH ,. M0,U.eJIH. 

'To<ie'-lHhie' (nyHKTHPHhle) JIHHHH noKa3hlBaIOT pe3yJibTaT BFKL BbI'-lHCJieHnii, 

npoBe,u.eHHblH B JIH,U.Hpy10m;eM ( CJie,u.y10m;eM-3a-JIH,II.HPYIOIQHM) nop.11,u.Ke. LJ:Be 

KpHBbie ,1I.Jrn Ka)K,u.oro H3 BFKL BbI'-lHCJieHnii: cooTBeTCTBYIOT pe3yJihTaTy 

Bbl'-lHCJieHHii npn 3Ha'-leHHH Pe,u.)Ke-napaMeTpa paBHOM Q2 
(BepXH.11.11 JIHHHH) 

HJIH 4Q2 (HH)KH.Hi JIHHH.11). BKJia,u. KBapK-napT0HHOii MO,U.eJIH ,u.o6aBJieH 'K 

o6onM BFKL npe,u.cKa3aHH.HM. 

HMilYJibCaMH PT BO B3aHMO,U.eHCTBIIII KBa3IlpeaJihHhIX q>OTOHOB. TaKI1e 

npoQeCCbl OKa3bIBaIOTC.II '-lYBCTBIITeJibHhl KaK K KBapKOBOH, TaK II K 

rJIIOOHHOH KOMil0HeHTaM <pOTOHa II aHaJIIl3 p0)K,U.eHil.11 CTpyii: ,U.0ilOJIH.HeT 

Il3y'-leHile CTPYKTYPHOH g:>yHKQIIII <pOTOHa, B KOT0p0M HCCJie,n.yIOTC.11 KBapKOBbie 

pacnpe,u.eJieHIIH. TaKHM o6pa30M, H3y'-leHne npOQeCCOB o6pa3oBaHIIH CTpyii 

II HCCJie,U.OBaHHe CTPYKTYPHOii cpyHKQHII <pOTOHa II03B0JIHIOT onpe,u.eJIIITh 

q:>yHKQIIH pacnpe,u.eJieHH.11 napTOHOB B KBa3HpeaJihHbIX <pOTOHax. Ilonepe'-lHa.11 

3HeprnH cTpyi1 ycTaHaBJIHBaeT IIIKaJIY nepTyp6aTHBHhIX KX,n: BbI'-lHCJieHilii. 

BoJibIIIHe aHepriln ny'-lKOB n HHTerpaJibHaH cBeTHMOCTb KOJIJiaii,u.epa LEP2 

(aHeprn.11 ny'-lK0B 3JieKTp0HOB H Il03HTpOH0B KOJIJiai1,u.epa C 1998-ro ro,n,a 6brJia 
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,ll,ByKpaTHO yaemP-IeHa ,ll,O rrpH6JIII3HTeJibHO 100 raB) I103BOJIHJIH paCC'IHThIBaTb 

Ha B03MO)KHOCTb aKKypaTHOH rrpoaepKH BbPIHCJieHHH B JIH,ll,HPYIOfi\eM (lead

ing order, LO) H cJie,n,yIOrn;eM 3a HHM (next-to-leading order, NLO) 

rropa,n,Kax BbI'IHCJieHHM. CpaBHeHHe 3THX BbI'IHCJieHHM YKa3bIBaJIO Ha TO, 

'ITO rrpH 3HeprHHX LEP2 'IHCJieHHbie pa3JIH'IHH Me)K,n,y HHMH CTaHOBHTCH 

3Ha'IHTeJibHbIMH H 0)KH,ll,aeMaa TO'IHOCTb 3KCrrepHMeHTaJibHbIX H3MepeHHii 

HBJIHeTCH ,ll,OCTaTO'IHOH ,ll,JIH o6Hapy)KeHHH 3THX Pa3JIH'IHH. 

,lJ;JIH rrpoae,n,eHHH aHaJIH3a 6bIJI Bhr6paH HHBapHaHTHbIH OTHOCHTeJibHO 

Jlopemr-rrpeo6pa3oBaHHM (6ycTa) B,ll,OJib OCH CTOJIKHOBeHHH rry'IKOB, TaK 

Ha3hIBaeMbIM, k.1.-KJiacTep aJiropHTM BOCCTaHOBJieHHH CTpyii. 11crroJib3yeMbIMH 

rrepeMeHHbIMH HBJIHIOTCH rrorrepe'IHbIH HMITYJibC PT ' a3HMYTaJibHbIH yroJI ¢ H 

rrcea,n,o6blcTpoTa (pseudorapidity) 7J = - ln(tan(0/2)) 3aperncTpHpoaaHHhIX 
'IaCTHIJ, (BOCCTaHOBJieHHbIX CTpyii). 

PO)K,l),eHHe a,n,pOHOB B CTOJIKHOBeHHH KBa3HpeaJibHbIX q>OTOHOB OITHCbIBaeTCH 

MO,ll,eJibIO, OCHOBaHHOH Ha ,l),HarpaMMax, rrpe,n,cTaBJieHHbIX B JIH,ll,HPYIOfi\eM 
rropa,n,Ke Ha pncyHKe 9. 

a b 

y 

C d 

Pnc. 9: ,D;narpaMMbI rrpou,eccoa pO)K,l),eHHH a,n,pOHOB a ,, CTOJIKHOBeHHHX 

- B3aHMO,n,eiiCTBHe BeKTOpHbIX Me30HOB (MO,ll,eJib BeKTOpHOH ,ll,OMHHaHTHOCTH, 

MB,D;, a), 'rrpaMoe po)K,n,eHne' (KaapK-rrapTOHHaa Mo,n,eJih, KITM, b) H c o,n,HHM 

(c) HJIH o6oHMH (d) q>OTOHaMH, q>JiyKTYHPOBaBIIIHMH a CHCTeMy rrapTOHOB. 

TaK Ha3hmaeMoe, rrpaMoe po)K,n,eHHe ( direct term) orrnchmaeTca Born-box 
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,n,narpaMMoii B paMKax KaapK~rrapTOHHOii Mo,n,eJIH (KITM, quark-parton model, 

QPM). EcJIH )Ke o,n,HH HJIH o6a q>oTOHa q>JIYKTYHPYIOT ('pa3peIIIaIOTca', re

solved) B HeKOTOpoe rrapTOHHOe COCTOHHHe, rrpou,ecc Ha3hIBaIOT, COOTBeTCTBeHHO, 

'o,n,HHO'IHoro' ('OP') HJIH ',n,aoiiHoro' (',D;P') pa3peIIIeHHH. HeKoTopaa qacTh 

co6hITHH ',n,BOHHOro' pa3peIIIeHHH OilllChIBaeTCH a paMKax MO,ll,eJIH BeKTOpHOH 

,ll,OMHHaHTHOCTH (MB,D;, VDM), paCCMaTpHBaIOfi\eH B3aHMO,n,eiiCTBHe qepe3 

q>JIYKTyau,nIO q>OTOHOB B CBH3aHHOe COCTOHHHe (aeKTOpHbIH, rrpeHMyrn;ecTBeHHO 

·p, Me30H).' OTHOCHTeJihHbltt BKJia,n, Ka)K,l),Oro H3 OTMe'leHHbIX rro,n,rrpou,eccoB 

3aBHCHT OT KHHeMaTH'IeCKOrO pe)KHMa 1haHMO,l),eiiCTBHH, orrpe,n,eJIHeMoro (a 

OCHOBHOM) KPHTepHHMH OT6opa co6bITHH. ITepeMeHHbIMH, 'IYBCTBHTeJibHbIMH K 

O)KH,l),aeMOMY pa3JIH'IHIO TOITOJIOrHH rro,n,rrpou,eccoB HBJIHIOTCH 

L (Ejet+Pz,Jet) 
X + - --==Je~•..,.•=-------,-

1' - L (Epart+Pz,part) 
part 

and x-r 

E (Ej~'t-Pz,jet) 
jets 

L (Epart-Pz,part)' 
part ';, 

r,n,e 'part' o6o3Ha'IaeT 3aperncrpnpoBaHHhre 'laCTHIJ,hI, a Ejet n PzJet 

- 3TO, COOTBeTCTBeHHO, 3HeprHH CTPYH H Z KOMITOHeltTa 'ee HMITYJihCa. 

9TH rrepeMeHHhie OTpa)KaJOT 'laCTb HMITYJihCa q>OTOHa, COOTBeTCTBYIOfi\YlO 

)KeCTKOMY B3aHMO,l),eiiCTBHIO. B3aHMO,n,eiiCTBYIOfi\He 'rrpHMbIM'o6pa30M q>OTOHbI 

yqaCTBYIOT a peaKIJ,HH u,eJIHKOM n o6e xt n x:; rrepeMeHHhie ,ll,OJI)KHbI 6brTb (a 

H,LI.eaJihHOM CJiy'lae perncTpau,nn acex pO)K,ll,eHHbIX a,n,pOHOB) paBHbI e,n,HHHIJ,e. 

ITpoaaJieHne peMHaHTOB (cM. ;Hli)Ke) B co6hrTnax OP HJIH ,D;P cMefi\aeT x+ n 
. -y 

x·- rrepeMeHHhie B o6JiaCTh MeHbIIIHX 3Ha'IeHHH. -y . 

ITpoaHaJIH3HpOBaHHhre 3KCrrepnMeHTaJibHbie ,n,aHHbre 6hIJI11 co6paHbI Ha 

ycTaHOBKe DELPHI rrpn aHeprnn cncTeMbI u,eHTpa Mace e+e- (~) B 

,n,narra30He OT 189 raB ,ll,O 209 raB. ,lJ;amiire COOTBeTCTBYIOT HHTerpaJibHOH 

c~eTHMOCTH KOJIJiaii,n,epa LEP paBHoii 550 rr6-1. B pa6oTe ,n,eTaJihHO om1caHhr 

KpHTepHH OT6opa co6hITHii ,l),JIH aHaJIH3a, a TaK)Ke rrpnae,n,eHO KpaTKOe OITHCaHne 

'k.1.-KJiaCTep' aJirOpHTMa peKOHCTpyKIJ,HH CTpyii, peaJIH30BaHHOro B rrporpaMMe 

KTCLUS. 
Co6hITHe 6bIJIO OTo6p'aHO ,l),JIH ,l),aJihHeiirnero aHaJIH3a, eCJIH B u,eHTpaJibHOH 

o6JiaCTH ( -1 < '17 < 1) OHO co,n,ep)KHT ,l),Be n TOJibKO ,n,ae CTpyn H rrorrepe'IHbIM 

HMrryJihC Ka)K,l),OH H3 3THX CTpyi1: PT BbIIIIe 3 raB. KpoMe 3THX ')KeCTKHX' c-rpyii, 

co6bITne M0)KeT co,rr.ep)I{aTI; ,n,pyrne CTPYH BHe YKa3aHH0ro BbIIIIe HHTepBaJia 

rrcea,n,o6i,rcTpOThr; KOTopbre B ,n,a21ri,tt:eiirneM 6y,n,eM 'Ha3bIBaTb 'peMHaHTHhIMn' 

(remnant). IToCJie rrpnMeHeHHH rrpn:se,n,eHHbIX KpHTepneB 6hIJIH OT06paHbI 5147 

co6bITHii:' 

ITpoae,n,eHne KOppeKIJ,Hll 3KCrrepnMeHTaJibHbIX ,n,aHHbIX Ha rrpHBHeCeHHhie 

YCTaH0BKOH 3q>q>eKTbI {reoMeTpH'IeCKHH aKcerrTaHC, 3q>q>eKTHBHOCTb 
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peKOHCTPYKIJ,IIII qaCTIIII, KOHe'IHOro COCTO.HHm1) npOBO)].IITC.H Ha OCHOBe 

MO)].eJmpoBaHII.H co6hITIIii. KpoMe 3TOro, MO)].eJmpoBaHIIe IICil0Jlh3yeTC.H )]..11.H 

011,eHKII BKJia)].a M.HrKIIX npo11,ecCOB II )]..11.H Y'IeTa BJIII.HHII.H a,1].pOHII3all,IIII 

o6pa30BaBlllIIXC.H napTOHOB . .l1/I.H MoHTe-KapJIO MO)].eJIIIpOBaHII.H pmK)].eHII.H 

a,1].pOHOB B 'Y'Y B3aIIMO)].eiiCTBII.HX 6blJI IICilOJlh30BaH rettepaTOP,,. co6hITIIii 

PYT HI A (BepcII.H 6.205). 'Ilo)].JlmKKa' (underlying) M.HrKIIX co6hITIIii 

6blJia CMO)].em1pOBaHa .nocpe)].CTBOM, TaK Ha3hIBaeMhlX, M!!O)KeCTBeHHhlX 

B3aIIMo,neiicTBIIii napTOHOB (MBII, multiple parton interactions, MIA), KOr)].a 

B O)].HOM II TOM )Ke co6hITIIII npOIICXO)].IIT B3alIMO)].eiicTBIIe 6oJiee 'IeM 0)].HOii 

napbl napTOHOB. 

OcHOBHhIM IICTO'IHIIKOM q>oHa .HBJI.HeTC.H npou,ecc (e+e- - a)].pOHhl), 

KOTOphiii 6blJI rrpOMO)].eJIIIpOBaH c IIOMOlll,hIO reHepaTopa co6hITIIii K K2f 
(Bepc1rn 4.14) II ero BKJla)]. ou,eHeH B (500 ± 5) co6hITIIii. IlpIIMeCh co6hITIIii 

pO)K)].eHII.H T nap B )].Byxq>OTOHHhIX B3alIMO)].eiicTBII.HX 6hIJia BhI'IIICJieHa C 

IIC[IOJih30BaHIIeM BDK RC rettepaTOpa II Haii)].eHa paBttoii ( 43±3) co6hITII.HM. 

<I>oH OT -r co6hITIIii B rrpou,ecce e+ e- aHHIIrHJI.Hll,IIII npeHe6pe)KIIMO MaJI. 

BKJia)]. co6hITIIii C o6pa30BaHIIeM w II z 6o30HOB COCTaBJI.HeT (38 ± 4). 
Bhilllenepe'IIICJieHHhie IICTO'IHIIKII q>ona ()].anee OHII 6y)].yT 11,IITIIpOBaThC.H KaK 

'ne--y-y' q>oH) .HBJI.HIOTC.H JIIIlllh 'IaCThIO IIOJIHOro q>ona. ,ll;pyme COCTaBJI.HIOlll,IIe 

rrplIBe)].eHhl, ou,eHeHhI II o6cy)K)].eHhI B CJie)].yIOIIJ,IIX rJiaBax )].IICCepTaIJ,IIII. 

Bee (:z:t - x::;) -rrpocTpaHCTBO · MO)KeT 6hITh 'paclll,errJieno' Ha 'IeThipe 

KBa)].paHTa neKOTOphIM 3Ha'IemieM rrepeMeHHOii x...,. Bb16paHHa.H B )].aHHOM 

cJiyqae BeJIII'IIIHa ( x...,=0.85) 06ecrre'I1IBaeT rrpII6JIII3IITeJihHO O)].IIHaKoByIO 

CTaTIICTIIKY co6hITIIii B pa3JIII'IHhIX KBa)].paHTaX. TaKoe pa36IIeHIIe q>OpMIIpyeT 

TpII KIIHeMaTII'IeCKIIX o6JiaCTII - II :z:~ II :z:- 60Jihllle 0.85 (B )].aJihHeiillleM 
' ' ..., ' 

3TY o6JiaCTh 6y)].eM IIMeHOBaTh 'Dir'); o6e rrepeMeHHhie MeHhllle 0.85 (o6JiaCTh 

co6hITIIii ')].BOiiHoro pa3pemeHII.H', 'DR') II c¢opM1IpOBaHHa.H II3 )].Byx 

OCTaBllllIXC.H KBa)].paHTOB TpeTh.H o6JiaCTh ( co6bITII.H 'O)].IIHO'IHOro pa3pellleHII.H', 

'SR'). Ha3BaHII.H oTpa)KaIOT JIIIlllh neKOTopoe O)K1I)].an1Ie, narrplIMep, Toro, 'ITO 

o6JiaCTh 'Dir' HaCbilll,eHa B OCHOBHOM co6hITII.HMII np.HMOro pO)K)].eHII.H KBapK

aHTIIKBapKOBOii rraphI. KaK. 6y)].eT BII)].HO HII)Ke, IIO)KaJiyit JIIIlllh )].JI.H 3TOii 

o6JiaCTII Ha3BaHIIe Ha1I60J1ee COOTBeTCTByeT O)KII)].aHII.HM. 

Ha pIICYHKe 10 rrplIBe)].eHhI pacrrpe)].eJieHII.H cyMMapnoii atteprIIII (Eout) 
'IaCTIIIJ, B co6bITIIII, KOTOpble He rrplIHa)].Jie)KaT peKOHCTpyIIpOBaHHhIM CTPY.HM, B 

cpaBHeHIIII C MO)].eJ11IpOBaH1IeM. 11HhIMII CJIOBaMII, 3TO pacrrpe)].eJieHII.H aneprlIII 

'peMHaHTOB'. BKJia)].hI pa3JIII'IHhIX COCTaBHhIX MO)].eJIII TaK)Ke IIOKa3aHhI. 

Bo3BpaIIJ,a.HCh K CKa3aHHOMY Bhillle OTHOCIITeJihHO HalIMeHOBaHII.H pa3HhIX 

)].OMeHOB :z:t - x::; -npocTpaHCTBa, OTMeTIIM, 'ITO o6JiaCTh, o6o3Ha'IeHHa.H KaK 

'Dir' rrpeIIMylll,ecTnenno (Ha 94%) 'narroJI_H.HeTC.H' KIIM-rro)].o6nhIMII co6hITII.HMII 
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PIIc. 10: Pacrrpe)].eJieHII.H IIOJIHOii anepmlI co6bITIIii BHe peKOHCTPYIIPOBaHHhlX 

CTpyii Eout )].Jl.H BCero na6opa 3KcnepIIMeHTaJihHhlX )].aHHhlX II MO)].eJmpoBaHII.H 

(a) II )].JI.H pa3JIII'IHhIX o6JiacTeii :z:t- x::; rrpocTpaHCTBa: 'Dir' (b), 'SR' (c) and 

'DR' (d), on1Ican1Ie KOTOphIX nplIBe)].eHo B TeKcTe. Bepxn1Ie cnJIOlllHhie 

mcTorpaMMhI cooTBeTCTBYIOT cyMMe npe)].CKa3hrnaeMhIX PYT HI A 
)].BYXCTpyiiHhlX 'Y'Y B3alIMO)].eiicTBIIii II q>OHOBhIX rrpo11,eCCOB. BKJia)].hl 

pa3JIII'IHbIX 'Y'Y II0,1].IIpo11,eccOB Il0Ka3aHhl IIYHKTIIpHhIMII (rrp.HMOe pO)K)].eHIIe, 

KIIM), lllTp1Ix-rryHKTIIpHhIMII ('o)].IIHO'IHoe pa3pellleH1Ie' q>oTona) II TOHKIIMII 

CilJIOlllHhlMII (')].BOiiHoe pa3pellleHIIe') rlICTOrpaMMaMII. 
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(pIIc. 10b). BKJia,u, co6hITIIit ',u,BoiiHoro p8.3perneHm1' B o6JiaCTh 'DR' (pIIc. 10d) 

OK8.3hIBaeTCll He TaKIIM y)K onpe,u,enmo~IIM II COCTaBJilleT OKOJIO 54%, B TO 

BpeMH KaK 'SR' ,u,oMeH (pIIc. 10c) co,u,ep)KIIT co6hITIIH Bcex Tpex no,u,npon,eccoB 

B npII6JIII3IITeJihHO O,lI,IIHaKOBOii nponopIJ,IIII. 

OcHOBHhIM · )Ke 3aKJiroqeHIIeM 'nepBoro B3rJIH,U,a' llBJilleTCll TO, qTo 

MO,lI,eJih He OilIIChrnaeT 3KCnepIIMeHTaJihHhie ,u,aHHhie B Tex qaCTllX (:z:t -
:z:_:;) -npocTpaHCTBa, B KOTOphIX BKJia,u, co6hITIIit c 'p8.3peIIIIIBIIIIIMIICll' 

q>OTOHaMII cyrn;eCTBeHeH. TaK)Ke CTaHOBIITCll llCHhIM II TO, qTO npocTall 

O,lJ,HOnapaMeTpIIqecKall nepeH.OPMIIpOBKa MO,lI,eJIIIpOBaHHhIX co6hITIIii KaK 

e,u,IIHoro n,eJioro (KaK 3TO 6hIJIO c,u,eJiaHo B IICCJie,u,oBaHIIHx ,u,pyrIIx LEP

OBCKIIX KOJIJia6opau,IIit llBJille'J'.Cll Hea,u,eKBaTHOit II 'no,u,cTpoitKa' MO,lI,eJIII ,lI,OJI)KHa 

6hITh npOII3Be,u,eHa OT,lJ,eJihHO ,lI,Jlll Ka)K,lI,Oii II3 KOMnOHeHT MO,U,eJIII co CBOIIMII 

HOPMIIpOBOqHhIMII K03q>q>IID,IIeHTaMII. TaKall nepeHOPMIIpOBKa llBJilleTCll HOBhIM 

IlO,lI,XO,lJ,OM B aHaJIII3e co6hITIIit C o6p8.30BaHIIeM )KeCTKIIX CTpyit B ' ' 

coy,u,apeHIIHX. 

,Il;JIH 'HaCTpOiiKII' MO,lI,eJIII 6hIJI BhIIIOJIHeH 3-napaMeTpIIqecKIIii (no 

KOJIIIqecTBy KOMnOHeHT MO,U,eJIII) q>IIT pacnpe,u,eJieHIIii CJie,ajrlOIIl,IIX 

KIIHeMaTIIqecKIIX nepeMeHHhrx: Eav.t (10), 6anaHca nonepeqHoro IIMnJJihCa. 

qaCTIIIl, ( I I:; p i,TI) II IIHBapIIaHTHOit MacchI 3aperIICTpIIpoBaHHhIX B 

co6hITIIII qaCTIIIl, w. Pacnpe,u,eJieHIIll 3TIIX nepeMeHHhIX 6hIJIII q>llTIIpOBaHhI 

O,lJ,HOBpeMeHHO II B Ka)K,lI,OM (:z:t - :z:_:;) -,lI,OMeHe. BhIJIII noJiyqeHhI c.iie,u,yrorn;IIe 

napaMeTphI ( Macmm6Hhre K03q>q>II~IIeHThI a ,lI,JIH Ka)K,ll,oro II3 no,u,npon,eccoB): 

Oqprn = (0.86 ± 0.02), Os-res= (1.49 ± 0.09) II ad-res= (1.93 ± 0.05). 
B pa6oTe nOK8.3aHhI BhI6opoqHhie pacnpe,u,eJieHIIll nepeMeHHhIX, KOTOphle He 

6hIJIII BOBJieqeHhI B npon,ecc q>IITIIpOBaHIIll, .B cpaBHeHIIII c MaCmTa6IIpOBaHHOii 

MO,U,eJihlO, KOTopall nocJie npIIMeHeHIIll K03q>q>IIIJ.HeHTOB COCTOIIT II3 33% 

KfIM-no,u,o6HhIX co6hITIIii, 23% co6hITIIil 'o,U,IIHoqHoro p8.3pemeHIIH' II 44% 

- ',u,BoiiHoro p8.3pemeHIIH'. flocJie,u,1rne, B CBOIO oqepe,u,h, · co,u,ep)KaT 75% 

co6hITIIii 6e3 MHO)KeCTBeHHOro B3aIIMO,U,eiiCTBIIll napTOHOB (B ,lI,aJihHeilmeM 

6y,u,eM H8.3hIBaTh STY qacTh KaK '6e3-MBIT') II 25% - c TaKOBhIM ('c-MBIT'). 

flo,u,po6Hoe paccMoTpeHIIe MBIT npIIBe,u,eHo HII)Ke. 

KaK y)Ke 6hIJIO OTMeqeHO, MO,lI,eJIIIpOBaHIIe ',Il;P' co6hITIIii BKJIIOqaeT 

B03MO)KHOCTh MHO)KeCTBeHHOro B3aIIMO,u,eitCTBIIll napTOHOB (MBIT). fIOChIJIKOit 

,u,aHHOro no,u,xo,u,a llBJilleTCll TO, qTo 'p8.3pemIIBIIIIIecll' q>OTOHhI llBJilllOTCll 

KOMil03IITHhIMII ofrheKTaMII, COCTOllIIl,IIMII II3 MHO)KeCTBa . napTOHOB. TaKIIM 

o6p8.30M, B03MO)KHhI B3aIIMO,U,eilCTBIIll ,lI,BYX II 6oJiee nap napTOHOB B 

O,lI,HOM ' ' CTOJIKHOBeHIIII. 8¢¢eKT npIICJTCTBIIll MBIT npOHBJilleTCll ,lI,BOllKO. 

Bo-nepBhIX, )KeCTKIIe CTPYII, y,u,oBJieTBOplllOIIl,IIe Tpe6yeMhIM KpIITepIIHM, 

o6p8.30BaHhl B CTOJIKHOBeHIIII O,lI,HOit naphl napTOHOB II MBIT MO)KeT ( ecJIII 
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KIIHeMaTIIqecKII OK8.3hIBaeTCll . 6'JIII3KO K )KeCTKIIM CTPYHM) CIICTeMaTIIqecKII 

yBeJIIIqIIBaTh peKOHCTPYIIPOBaHHYIO 3HeprIIIO CTpyII. A B03MO)KHO, qTO )KeCTKIIii 

npon,ecc B3aIIMO,U,eitCTBIIll nepBOil naphI napTOHOB He o6ecneqIIBaeT Tpe6yeMhIX 

rrapaMeTpoB CTpyit, o,u,HaKo, c ,u,o6aBJieHHhIMII qacTuu,aMII MBIT 3TII cTpyII 

MOryT Y,lI,OBJieTBOpIITh KpIITepIIII OT6opa co6hITIIil. B noCJie,u,HeM CJiyqae 

MBIT BKJia,u, HBJIHeTcH q>OHOM II ,lJ,OJI)KeH 6hITh on,eHeH II BhJqTeH II3 

3KCnepIIMeHTaJihHhIX ,u,aHHhIX. ,Il;JIH 3Toro reHepaTop PYT HI A 6hrJI 3anyrn;eH 

B Mo,u,e c BhIKJiroqeHHhIM s¢q>eKTOM MBIT II 6hIJIO Hait,u,eHo To, qTo 27% 

',II;P' co6hITIIit He npOIIIJIII 6hr KpIITepIIII ,lI,BJXCTpyiiHOCTII. 3aMeTHM, qTo B 

OIIIICaHHOM BhIIIIe npon,ecce q>IITa ,u,aHHhIX ',Il;P' qaCTh yqaCTBOBaJia KOrepeHTHO, 

T.e. 6e3 pacrn;errJieHIIH Ha no,u,Ha6ophI '6e3-MBIT' II 'c-MBIT'. 

CyMMIIPYH CK8.3aHHoe o BJIIIHHIIII MBIT Ha orrIIcaHIIe ,u,aHHhlx, OTMeTIIM, 

qTO Mo,u,eJih npe,u,cK8.3hIBaeT q>oH OT MBIT B p8.3Mepe 7% (3%) ,u,oJIII 

co6hITIIil ',u,BoiiHoro p8.3pemeHIIll' (noJIHOro qIICJia co6hITIIil). flpII6JIII3IITeJihHO 

B 18% ',Il;P' co6hITIIil 3Hep~IIll peKOHCTPYIIPOBaHHhlX CTpyil yBeJIIIqeHa II3-

3a npIICJTCTBIIH MBIT. B a6coJIIOTHhix IJ.IIq>pax q>oH OT MBIT ou,eHeH 

B (131 ± 7) co6hITIIit. Heo6XO,lJ,IIMO OTMeTIITh 6e3yCJIOBHYIO Ba)KHOCTh 

BhlIIOJIHeHHOro 3-napaMeTpIIqeCKOro q>IITa, T.l{. BhJqIICJieHIIe qIICJia q>OHOBhIX 

co6hITIIil rrpOII3Be,u,eHO C IICIIOJih30BaHIIeM noJiyqeHHhIX napaMeTpOB. 

BhrqIICJieHIIll npOBO,lI,llTCll ,lI,Jill o6p8.3yeMhIX napTOHOB ll CTPYll - 3TO 

rrapTOH B Tpe6yeMoil o6JiaCTII IlCeB,lI,06hICTpOThI II C Tpe6yeMhIM MIIHIIMYMOM 

rrorrepeqHoit 3HeprIIII. ,Il;anee, B npon,ecce, a,u,poHII3aD,IIII napTOHOB Mhl 

rrepeXO,lI,IIM Ha ypoBeHh pO)K,lJ,eHHhIX B BepmIIHe B3aIIMO,u,eitCTBIIll qaCTIIIJ.. 

3aKJIIOqIITeJihHhlM 3BeHOM 3TOil n,enoqKII llBJilleTCll 3KCrrepIIMeHTaJihHOe 

Ha6JI10,u,eHIIe B ycTaHOBKe ,lI,OJIII 3TIIX qacTIIIJ., qTo CBH3aHO C HerepMeTIIqHOCThlO 

( aKcenTaHC) II He3q>q>eKTIIBHOCThlO ( OT,U,eJihHhIX ,u,eTeKTOpOB) yCTaHOBKII. 

QqeBII,lI,HO, qTo cpaBHeHHe BhlqIIcJieHIIil C 3KcrrepIIMeHT0M ,lI,OJI)KHO 6hITh 

npoBe,u,eHO Ha KaKOM-TO, BIIOJIHe orrpe,u,eJieHHOM, ypOBHe. Bh16op npOII3BOJieH 

II B ,u,aHHOM CJiyqae TaKoe cpaBHeHIIe 6y,u,eM npOBO,lI,IITh Ha ypoBHe qacTIIIJ. 

B BepmIIHe B3aIIMO,u,eiiCTBIIll. TeopeTIIqecKIIe npe,u,CK8.3aHIIll npoBe,U,eHhI Ha 

napTOHHOM ypOBHe, 3TII napTOHhI CJie,u,yeT TpaHCq>OpMIIpoBaTh B qaCTIIIJ.hl II 

peKOHCTPYIIPOBaTh CTPYII B ' ' BepmIIHe - 3TO, TaK H8.3hrnaeMhie, KOppeKU,IIII 

Ha 3q>q>eKT a,u,poHII3aD,IIII ('hadronisation corrections'). B pa6oTe nOK8.3aHhI 

II 3TII KoppeKIJ.IIH, npoBe,u,eHHhie c noMOIIl,hlO nporpaMMhI PYT HI A, II 

3q>q>eKTIIBHOCTh (aKcenTaHc) ,u,eTeKTopa KaK q>yHKIJ.IIII PT .II j.6.77j. 
flepeXO,lJ,IIM K 3aKJiroqIITeJihHOMY mary paccMOTpeHIIll q>OHOBhIX co6hITIIil, 

CMhICJI KOTOporo o6ycJIOBJieH TeM, qTo OnIICaHHhie Bhime KOppeKD,IIII ,u,aHHhIX 

II .. TeopeTIIqeCKIIX BhlqIICJieHIIii (npIIBe,U,eHIIe II Tex II ,u,pyrIIX Ha ypoBeHh 

pO)K,lJ,eHHhIX B BepmIIHe qaCTIIIJ.) 6hIJIII npoBe,U,eHhI ,lI,Jlll ,lJ,BJXCTpyiiHhlX co6hITIIil:. 
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l1HhIMII CJIOBaMII, aKCeIITaHC 6hIJI BhP-IIICJieH Ha OCHOBe co6hITllii, B KOTOpbIX 

II pmK,rr,eHHhie B BepurnHe II 3aper11cTp11poBaHHhie B ycTaHOBKff qacTIIIJ.hI 

o6pa30BhIBaJIII ,11,Be CTPYII C Tpe6yeMhIMII napaMeTpaMII no nonepe'IHOMY 

JIMnyJihCY II no nceB,rr,06hICTpOTe. OqeBil,11,HO, 'ITO HeKOT0pbte co6hITII.H, He 

6y,rr,yq11 ,11,BJXCTpyiiHhIMII IIJIII He Y,11,0BJieTBOp.HIOIIJ.IIMII KpllTepll.HM OT6opa Ha 

ypoBHe napTOHOB, MOryT nonaCTh B OTo6paHHhie ,rr,aHHhie no BCe TOH )Ke 

npll'IIIHe - He3aper11cTp11poBaHHbie 'IaCTIIIJ.hI MeH.HIOT TOilOJIOrllIO co6hITII.H II OHO 

norra,rr,aeT B BhI60pKy. 9Tll co6hITII.H, o603Ha'IaeMhie ,11,aJiee KaK 'He2-B-2 CTpy11' 

¢oH, ,11,0JI)KHhI 6hITb BbI'ITeHhI 113 3KCnep11MeHTaJihHhIX ,rr,aHHhIX B COOTBeTCTBIIII 

C M0,1J,eJI11poBaH11eM II npoBe,rr,eHHhIM Ha ero OCHOBe ¢11TOM. 9TOT COpT ¢oHa 

.HBJI.HeTC.H ,11,0BOJibHO 3Ha'I11TeJihHbIM II on.eHeH B (893 ± 13) co6bITllii. 
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P11c. 11: Ce'IeH11e o6pa30BaHII.H ,11,BJXCTpyiiHhIX co6hITllii B CTOJIKHOBeHII.HX 

KBa311peaJibHhIX ¢oTOHOB KaK <PYHKIJ.11.H PT (a) II 1~111 (b). CTpy11, 

peKOHCTpy11poBaHHbie nocpe,rr,CTBOM k_L-KJiaCTep aJirOpllTMa, HaX0,11,.HTC.H B 

o6JiaCTII nceB,rr,06hICTPOTbI -1 < 11 < l II IIMeIOT norrepe'IHhiii IIMilJJibC 

PT Bhillle 3 rsB. r11cTorpaMMbI IlOKa3bIBaIOT pe3JJihTaThI JIIl,JJ,IIPYIOll!ero, a 

IlJHKTllpHbie 'KpeCTbI' - CJie,rr,y10:ru;ero-3a-JIIl,1J,I1py10ru;11M nop.H,11,KOB BbI'IIICJieHllii. 

,[I:aJiee B pa6oTe npo,11,eMOHCTp11poBaHo . y,11,oBJieTBop11TeJihHOe cornacirn 

pacnpe,11,eJieH11ii nepeMeHtthIX PT II I~ 17 I B sKcnep11MeHTaJihHhIX ,rr,aHHhIX 

II M0,1J,eJI11poBaHI1ll co6hITllii. IIocJie npoBe,rr,eHII.H KOppeKI1,llii Ha aKcenTaHC 

3KCnep11MeHTaJibHOii ycTaHOBKII II s¢¢eKT a,rr,pOHI13aI1,I1ll napTOHOB, IlOJIHOe 

ce'IeHlle PO)K,11,eHII.H ,11,BJXCTpyiiHhIX co6hITllii BO B3aJIM0,11,eiicTBIIII ¢oTOHOB 

113MepeHO KaK (17.1 ± 0.3) n6 ,11,JI.H CTpyii B o6JiaCTII nceB,rr,o6hICTpOT -1 < 
11 < l II c rrorrepe'IHhIM 11MITJJihCOM PT Bhillle 3 rsB. CTaT11cTn'IecKa.H 

II CIICTeMaTil'IeCKa.H norpellIHOCTII 113MepeHII.H (np116JII1311TeJihHO 0,11,IIHaKOBOrO 
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pa3Mepa) 6hIJIII KBa,rr,paTil'IHO npocyMMllpOBaHhI. Onpe,rr,eJI.HIOIIJ.llii BKJia,rr, B 

c11cTeMaTI1'IeCKYIO , Olllll6Ky 113MepeHII.H BHOC.HT norpellIHOCTb BhIIlOJIHeHHOro 

¢11Ta peaJibHhix ,rr,aHHhIX, Heonpe,rr,eJieHHOCTh · BKJia,rr,a MBII 11 ¢oHOBhIX 

co6hITilii. TeopeTil'IeCKile O)KJl,11,aHII.H paBHbI {20.2±0.1) n611 (17.8±0.1) n6, 

npoBe,rr,eHHhte, COOTBeTCTBeHHO, B JIIl,11,llpyroru;eM H CJie,rr,yroru;eM-3a-JIIl,11,IIPYIOIIJ.IIM 

nop.H,11,Kax BbI'IIICJieH11ii. ,D;11¢¢epeHI1,llaJibHhie ceqeHII.H np11Be,11,eHbI Ha p11cyHKe 

11 BMeCTe C TeopeTil'IeCKIIMII npe,rr,CKa3aHII.HMII B 06011x nop.H,11,Kax BbI'IIICJieHilii. 

OTMeTIIM, 'ITO BbI'IIICJieHII.H CJie,rr,y10ru;ero-3a-JIIl,11,11py10ru;11M nop.H,11,Ka He 

06Jia,11,a10T Tpe6yeMoii TO'IHOCThIO II Ha p11cyHKax NLO BhI'IIICJieHII.H np11Be,11,eHhI 

BMeCTe C IIX norpellIHOCT.HMII. 
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P11c. 12: Ce'IeH11e KIIM KoMnoHeHThl KaK <PYHKIJ.11.H PT (a) 11 1~171 
(b). llhp11x0Bhte rncrorpaMMhI cooTBeTCTBJIOT npe,rr,cKa3aHII.HM Mo,11,eJI11 

PYT HI A, MacuITa6I1poBaHHhIM B cooTBeTCTBIIII c upoBe,rr,eHHhIM <PIITOM 

3KCnepI1MeHTaJibHbIX ,rr,aHHbIX, OIIIICaHHhIM B TeKCTe. 'KpyrII' ('KBa,rr,paTbI') 

npe,rr,cTaBJI.HIOT pe3yJihTaThI NLO (LO) BhI'IIICJieH11ii. 

HanOMHIIM, 'ITO B npon.ecce ¢11Ta 6wJia Bhl.HBJieHa Heo6xo,11,11MOCTb 

npoBe,rr,emrn MaCllITa611poBaHI1.H KOMilOHeHTbI 'np.HMOro pO)K,1J,eH11.H' 

KBapK-aHTIIKBapKOBoii naphI (KIIM KOMnoHeHTa) c Kos¢¢11n.11eHTOM 

oqv= = (0.86 ± 0.02). KIIM KOMIIOHeHTa .HBJI.HeTc.H, IlO)KaJiyii, Ha1160Jiee 

.HCHOii C TO'IKII 3peHII.H <Pll3IIKII II M0,1J,eJI11poBaHI1.H npon.ecca II o6hI'IHO 

paccMaTpllBaeTC.H B ,11,BYX<POTOHHhIX IICCJie,rr,oBaHII.HX KaK CTa6IIJihHa.H 

11 He Tpe6yroru;a.H 'BMelllaTeJihCTBa' KOMIIOHeHTa. IIo Hameii npocb6e 

M.Klasen npoBeJI BhI'IIICJieHII.H BKJia,rr,a ,rr,aHHoii KOMIIOHeHThI B 060I1x (LO 

1:1 NLO) nop.H,rr,Kax BhI'IIICJieHHii. PI1cyHoK 12 ,11,eMOHCTp11pyeT cpaBHeH11e 

MacllITa6I1poBaHHoii KOMnoHeHThI 'np.HMoro po)K,1J,eH11.H' 11 LO II NLO 
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BhPUICJieHJill. 3aKJUO'leHJie ,n.aHHOro cpaBHemrn MO)KHO ccpopMyJIIIpOBaTh 

cJie,n.yrom,IIM o6pa30M - Macrnm6IIpoBaHHhiii KITM BKJia,n. corJiacyeTC51 c NLO 

pac'leTaMII B npe,n.eJiax 10% (pa3JIII'IIIe, cpaKTII'leCKII, 3aKJIIO'leHO B O,l].HOM 6IIHe 

PT ) II HaMHoro ,l].aJihIIIe OT LO BhI'IIICJieHIIii. 11HhIMII CJIOBaMII, conoCTll;_BJieHIIe 

MacrnTa6IIpoBaHHOii KITM KOMnoHeHThI c LO II NLO pac'leTaMII · MO)KHO 

paccMaTpIIBaTh KaK KOCBeHHOe ,l1.0Ka3aTeJihCTBO Ha6JIIO,l].eHII51 nonpaBOK K 

KITM KOMTIOHeHTe npou;ecca o6pa3oBaHII51 )KeCTKIIX cTpyii. 

3aBeprnaeTC51 ,n.aHHa51 rJiaBa BhIBO,l].aMII no II3y'leHIIIO o6pa30BaHII51 )KeCTKIIX 

CTpyii BO B3aIIMo,n.eiiCTBII5IX KBa3IIpeaJihHhIX <pOTOHOB, KOTOphre B paMKax 

aBTOpecpepaTa 6y,n.yT npIIBe,n.eHhl HII)Ke. IloJiy'leHHhie pe3yJihTaThl . 6hIJIII 

npe,n.CTailJieHhl Ha Me)K,l1.YHapO,l1.HOll KOH<pepeHIJ;IIII [13] II ony6JIIIKOBaHhl B BII,l].e 

06m,eKOJIJia6opau;IIOHHOll pa60Thl [14]. 

IIIecTa51 rJiaBa 'IlepcrreKTHBbl lICCJie)];OBaHHH q>OTOH-q>OTOHHbIX 

peaKn;Hii' [15]-[16] CB513aHa C pa3BIITIIeM TeMaTIIKII ,l].IICcepTaIJ;IIOHHOll 

pa60Thl Ha CJie,n.yrom,eM TIOKOJieHIIII ycKOpIITeJieii 3JieMeHTapHhIX qacTIIIJ;. B 

KpaTKocpo'IHOii nepcneKTIIBe B CERN B 2008-M ro,n.y BBO,l1.IITC51 B sKcnJiyaTau;IIro 

ycKop1ITeJih npoTOHOB Large Hadron Collider (LHC), Ha KOTopoM nJiaHIIpyeTc51 

npoBe,n.eime e)KerO,l].HhIX <pII3II'leCKIIX ceaHCOB C ycKopeHHhlMII ,n.o 3HeprIIII 

6oJiee 5 TsB/HyKJIOH T£)KeJihIMII 51,n.paMII. B ,n.aHHOM rJiaBe npe,n.cTaBJieHo 

npe,l].JIO)KeHIIe . II O)KII,l].aeMhie pe3yJihTaThl no II3yii.eHIIIO <pOTOH-<pOTOHHhIX 

peaKu;IIii Ha MHorou;eJieBoii ycTaHOBKe ATLAS(CERN), KpaTKOe onIIcaHIIe 

KOTOpoii npIIBe,n.eHO B pa6oTe. 

CIIJihHOe 3JieKTpOMarHIITHOe TIOJie peJI5ITIIBIICTCKIIX T5J)KeJihIX IIOHOB 

OTKphrnaeT B03MO)KH0CTh IICCJie,l].OBaHII51 ,l].ByX<pOTOHHhIX II <pOT051,l].epHhIX 

B3aIIMO,n.eiicTBIIll Ha ycKOpIITeJI5IX 51,l].ep. EcJIII paCCT05IHIIe Me)Kµ,y 

HaJieTaIOlIJ,IIMII 51,n.paMII B TIJIOCKOCTII nonepe'IHOll K OCII CTOJIKHOBeHII51 

( npIIu;eJihHhlll napaMeTp II CB513aHHa.H C HIIM 'u;eHTpaJihHOCTh'. B3aIIMO,n.eiiCTBII51) 

,l].OCTaTO'IHO 6oJihIIIOe (b > R1 + R2, r,n.e b - npIIu;eJihHhlll napaMeTp, a 

Ri - pa,n.IIyc 51,n.pa), TO B03MO)KH0 3JieKTpOMarHIITHOe B3aIIMO,l].eiiCTBIIe 51,l].ep. 

9JieKTpOMarHIITHOe TIOJie T5J)KeJihIX IIOHOB MO)KeT 6b!Th npe,n.cTaBJieHO KaK 

TIOTOK KBa3IIpeaJihHhIX <pOTOHOB, IIHTeHCIIBHOCTh KOTOporo nponopu;IIOHaJihHa 

KBa,n.paTy 3JieKTpII'IeCKOrO 3ap51,n.a 51,l].pa ( Z e) 2 II ce'leHIIe IIHIIIJ;IIIIpOBaHHhIX 

<pOTOHaMII peaKIJ;IIll CTaHOBIITC51 ,l].OBOJihHO 60JihIIIIIM. ,II:aHHhie B3aIIMO,l].eiicTBII51 

Ha3hIBaIOT 'yJihTpanepIIcpepII'IeCKIIMII' II IlO,l].pa3,l].eJI5IIOT, B CBOIO O'Iepe,n.h, Ha. 

co6CTBeHHO 3JieKTpOMarHIITHhie <pOTOH-<pOTOHHhie peaKIJ;IIII .II B3aIIMO,n.eiiCTBII51 

<pOTOHa C 51,l].pOM. Ilpou;ecChl p0)K,l].eHII51 a,n.pOHOB BO B3aIIMO,n.ei1cTBII5IX 

<pOTOHOB B ,n.aHHOM CJiyqae 6y,n.yT conpOBO)K,l].aThC51 CIIJihHhlMII <pOHOM 

OT nepIIcpepII'IeCKIIX B3aIIMO,n.eiiCTBIIll 51,l].ep (Kor,n.a 51,n.pa CTaJIKIIBaIOTC51 

'BCKOJih3h' II B3aIIMO,n.eiiCTBYIOT JIIIIIlh HeKOTOphie HYKJIOHhl), <pOTOH-
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noMepOHHhlMII II TIOMepoH-TIOMepOHHhIMII B3aIIMO,l].eiiCTBII5IMII. BcJie,l].CTBIIe 

HeMaJIOll Heonpe,n.eJieHHOCTII B OilIICaHIIII ,l].BYX TIOCJie,l].HIIX npou;eccoB, B paMKax 

,n.aHHOll rJiaBhl npIIBO,l1.IITC51 qaCTh nporpaMMhI, CB513aHHa51 C pO)K,l].eHIIeM 

JiellTOHHhlX KOHe'IHhIX COCT05IHIIll . 
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PIIC. 13: Pacnpe,n.eJieHIIe IIHBapIIaHTHOll MaCChl µ+ µ- CIICTeMhl 

creHepIIpOBaHHhIX YJihTpanepIIcpepII'IeCKIIX co6bITIIll ('KpeCThI') II TOll IIX 

'laCTII, KOTOpa51 npornJia KpIITepIIII OT6opa ,l1.Jl51 perIICTpau;IIII co6hITIIll B 

u;eHTpaJihHOll o6JiaCTII ycTaHOBKII (mcTorpaMMa) 

Mo,n.eJIIIpOBaHIIe ' ' B38.IIMO,l].eiicTBIIll 6bIJIO npoBe,n.eHO C IlOMOlIJ,hIO 

reHepaTopa co6hITIIii T PH IC, 3aTeM 6hIJI npoMO,l1.MIIpoBaH 'oTKJIIIK' 

ycTaHOBKII c noMOlIJ,hIO naKeTa GEANT II, B 3aBeprneHIIe, co6hITII51 6hIJIII 

o6pa6oTaHhl 'cTaH,n.apTHOii' nporpaMMOll peKOHCTPYKIJ;IIII co6hITIIll ycTaHOBKII 

ATLAS. PIIcyHOK 13 npe,n.cTaBJI5IeT ,n.Ba pacnpe,n.eJieHII51 IIHBapIIaHTHOii Macchi 

,l].Byx MIOOHOB - nepBoe, IlOKa3aHHOe 'KpecTaMII', C0OTBeTCTBYeT pacnpe,n.eJieHIIIO 

II3Ha'laJihHO creHepIIpoBaHHhIX co6hITIIii, a npIIMeH5IeMbie KpIITepIIII OT6opa 

co6b1TIIll ( Tpe6oBaHIIe K BOCCTaHOBJieHIIID o6eIIX 'laCTIIIJ;; He06XO,l].IIMOCTh 

MIOOHHOll II,l].eHTII<pIIKaIJ;IIII II T.Il.) II3MeH5IIOT ero II O)KII,D.aeMoe pacnpe,n.eJieHIIe 

npe,n.cTaBJieHO rIICTOrpaMMOll. KoJIII'leCTBO co6hITIIit Ha pIICYHKe COOTBeTCTByeT 
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O,ll.HOMecJPIHOii pa6oTe LHC c ycKopeHHhIMH H,ll.paMn: 11, KaK BH,ll.HO Ha p11cyHKe, 

O)KH,ll.aeTCH per11cTpa11,11H HeCKOJihKHX 

¢oTOH-<POTOHHbIX CTOJIKHOBeHHHX. 

II pe,L1.JiaraeMaH nporpaMMa 

TbICH'l MlOOHHbIX nap, pO)K,ll.eHHbIX B 

H3y'leHIIH YJihTpanepn:¢epn:qecKn:x 

B3aHMO,ll.eiiCTBllii B KOHTeKCTe nporpaMMbl IICCJie,ll.OBaHllii H,ll.pO-H,ll.epHblX 

CTOJIKHOBeHn:ii Ha ycKop11TeJie LHC 6h1Jia npe,ll.CTaBJieHa Ha Me)K,lJ.YHapO,ll.HhIX 

KOH¢epeHIJ,IIHX [15]-[16]. 

rJiaBa '3aKJUO"<IeHHe' CO,ll.ep)KIIT OCH0BHhie pe3yJihTaThl ,ll.llCCepTaIJ,IIOHHOii 

pa6oThi: 

• BnepBhie H3Mepetta KX,l], CTpyKTypttaH <PYHKIJ.IIH ¢oTotta F:J•QCD B 

,ll.Hana30He nepe,ll.aHHOro ¢0T0Hy-'npo6H11Ky' '!eTbipex-n:MnyJihCa Q2 OT 

4 r3B2 ,ll.O 30 r3B2 co cpe,ll.HIIM 3Ha'leHHeM 12 r3B2 Ha OCHOBe 

aHaJ1113a co6bITIIH MHO)KeCTBeHHOro pO)K,ll.eHIIH a,L1.pOHOB B npon;ecce 

rny6oKoHeynpyroro e7 pacceHHHH np11 3Hepm11 3JieKTpoH-n0311TpoHa 

B cn:cTeMe n;eHTpa Mace B 06JiacT11 Macchi Z-6o3oHa OT 88 r3B 

,ll.O 95 r3B II IIHTerpaJibHOH CBeTHMOCTII KOJIJiaii,ll.epa 60.6 n6-1 . 

IfaMepeHn:e corJiacyeTCH c npe,ll.CKa3aHn:eM MO,ll.MH, ocHoBaHHOii Ha KX,l], 

Bbl'IHCJieHIIHX, IloJiy'leHHhie pe3yJihTaThl ony6JIIIKOBaHhl B pa6oTe, HH,ll.eKc 

11,11T11pyeMocT11 KoTopoii: HaxO,ll.llTCH B rpynne 'TOPCITE50+'; 

• lfayqeHo noBe,L1.eH11e F:J•QCD BnJIOTh ,ll.O 3Ha'leHHH nepeMeHHOii: BbepKeHa 

x nopH,ll.Ka 0.01; 

• IloJiy'leH COBMeCTHO C ,L1.pyr11M11 3KCnepn:MeHTaMII pe3yJihTaT no 113yqeHHIO 

Q2-3BOJIIOIJ.HII CTPYKTypHoii: <PYHKIJ.1111 F:J•QcD, KOTOph1ii: corJiacye-:i;cH 

c npe,ll.CKa3aHHeM B paMKax KX,l], o pocTe CTPYKTypHoii <PYHKIJ.HII c 

YBMll'leHHeM Q2
; 

• Ilpe,ll.JIO)KeH II anpo611poBaH op11mHaJihHhiii: cnoco6 npn:MeHeHHH J1106oii: 

napaMeTp113a11,1111 . CTPYKTYPHOii: <PYHKIJ.Hn: ¢oToHa 6e3 npoBe,ll.eHn:H 

3aTpaTHOrO MO,ll.eJin:poBaHIIH ,ll.JIH Ka)K,ll.Oii: B OT,ll.eJibHOCTH; 

• BnepBbie 113MepeHa II Haii:,L1.eHa B Y,ll.OBJieTBOpHTeJibHOM corJiaCIIII C 

TeopeTH'leCKHMn: BhI'IHCJieHHHMH K9,l], CTpyKTYPHaH <PYHKIJ.IIH ¢oToHa 

F:J·QED Ha OCHOBe aHaJill3a co6hITllii pO)K,ll.eHHH µ+ µ- nap B 

rny6oKoHeynpyroM e7 pacceHHn:n:; 

• O6Hapy2KeH II H3y'leH 3¢¢eKT HeHyJieBoii: MaCCbl ¢oTOHa-MHIUeHn:. 

CpaBHeHn:e C TeOpeTn:'leCKHMII Bbl'IHCJieHIIHMII YKa3bIBaeT Ha 

'IYBCTBHTeJlbHOCTb 3KCnep11MeHTaJibHbIX ,ll.aHHbIX K 3¢¢eKTY HeHyJieBOii: 
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MaCCbl ¢oTOHa-MllllleHH P 2 H MO,ll.Mb a,ll.eKBaTHO onHChIBaeT ee 

noBe,L1.eH11e; 

• IloJiy'leHhl HOBbie 3KCnepn:MeHTaJibHhie ,ll.aHHbie no 113Mepenn:ro 

lllllpHHhl r -y--y ,ll.BYX<POTOHHOrO pacna,ll.a T/c Me30HOB 7 o6pa3ylOIIJ.HXCB 

BO B3allMO,ll.ei1cTBIIBX KBa3n:peaJihHbIX ¢oTOHOB. Po2K,L1.eH11e T/c Me30HOB 

6hIJIO 11,ll.eHTll<PHIJ.HPOBaHO nocpe,ll.CTBOM Ha6JI10,L1.eHIIB IIX pacna,ll.OB B 

Monax K° K±1r=f n: K+ K-1r+1r-· 
...... 8 ' 

-
• IlpoBe,ll.eHo nepBoe H3MepeHn:e ceqeHn:B npon;ecca e+ e- - e+ e-+ µ+ µ-

np11 BllpTyaJihHOCTII 060IIX <POTOHOB Q2 B 06JiaCTH OT 10 r3B2 ,ll.O 

200 r3B2 11 IIHBapHaHTHOil: MaCCbl cpoTOHOB W Bbillle 2 r3B, paBHOe 

(1.38±0.12(cTaT)±0.06(c11cT)) n6. K9,l], Bbl'IIICJieH11e, Y'IHThIBalOIIJ.ee 

pa,L1.11a11,110HHbie nonpaBKH K nOTOKY ¢oTOHOB, ,ll.JIB ,ll.aHHOro npon;ecca 

paBHO (1.36±0.01) n6. l1cCJie,L1.0BaH11e 7*"Y* B3allMO,ll.ei1cTBHi1 ¢oTOHOB 

BblCOKOil: BHPTYaJihHOCTH B MO,ll.e ',ll.BOil:Horo Me'leH11B' 6bIJIO noBe,ll.eHb np11 

3Hepm11 3JieKTpOH-n0311TpOHa B CIICTeMe 11,eHTpa Mace OT 189 r3B ,ll.O 209 

r3B H HHTerpaJibHOil: CBeTIIMOCTII KOJIJiai1,L1.epa 550 n6-l. . 
• IlOJiy'leHhl nepBbie 3Kcnep11MeHTaJibHbl~ ,ll.aHHhle no 113MepeHIIIO nOJIHOro 

Ce'leHHB <Tee B3aHMO,ll.eiicTBHii e+e- - e+e- + hadrons B ¢a30BOM 

npOCTpaHCTBe, orpaHH'leHHOM npe,ll.eJiaMH no Q; OT 10 r3B2 ,ll.O 200 r3B2 

II HHBapn:aHTHOH Macce a,ll.POHOB Whad Bblllle 2 r3B, paBHOe (2.09±0.17) 
n6; 

• BnepBhle n:3MepeHo II cpaBHeno c BFKL BhI'IHCJieHHBMH B JIH,ll.n:pyroIIJ.eM 

n: cJ1e,L1.Y10IIJ.eM-3a-J111,L1.11py10IIJ.11M nopB,ll.Kax ceqeH11e du-,•-,•/ dY 
B3aHMO,ll.ei1cTBllii: 7*7* - hadrons . Bhr'l11CJieH11H Jill,ll.HpyroIIJ.ero 

nopB,ll.Ka a6COJIIOTHO He corJiacyroTCH c ,ll.aHHblMH, B TO BpeMB KaK 

npe,ll.CKa3aHIIH B CJie,ll.YIOIIJ.eM nopH,lJ.Ke Bhl'IHCJieHn:ii: BBJIHIOTCB HaMHOro 

6oJiee 6Jill3KIIMII 3KCnep11MeHTaJihHblM ,ll.aHHblM. Ha6JIIO,ll.aTh 3Ha'!HMblii: 

3¢¢eKT MYJlbTllrJIIOOHHOrO o6MeHa Me)K,ll.Y KBapK-aHTIIKBapi<.OBblMII 

,ll.HnOJIHMH (BFKL BKJia,ll.) He npe,ll.CTaBJIBeTCH B03M02KHhIM npn: 3Hepnrnx 

LEP II n npe,ll.Max Ha6paHHOi1 IIHTerpaJibH0il: CBeTIIMOCTII K0JIJ1aii,L1.epa; 

• Ilpe,ll.JIO)KeH II np11MeHeH 0pllrHHaJibHblH cnoco6 113yqen11B 

npon;eCC0B o6pa30BaHHH ,ll.BYX 
7
2KeCTKIIX

7 
CTpyii: BO B3aHM0,ll.eiiCTBHII 

KBa3HpeaJihHblX ¢oTOHOB, 0CHOBaHHbiil: Ha cenapaTHOM paCCM0TpeHHH 

Ka)K,ll.0H 113 K0MnOHeHT npon;ecca C noCJie,ll.YlOIIJ.IIM ¢n:Tn:poBann:eM 

3KCnepn:MeHTaJibHhlX ,ll.aHHbIX; 
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• BrrepBbie Il3MepeHO IIOJIHOe ceqeHile pO)K,11,eHIIH ,11,BYXCTpyfiHbIX co6bITilfi 
BO B3aIIMO,II,efiCTBIIII q>OTOHOB ,rr,.1rn CTpyfi B o6JiaCTII rrceB,II,06bICTpOTbl 
-1 < TJ < 1 II C rrorrepeqHbIM IIMIIYJibCOM PT Bblllie 3 raB 
paBHOe (17.1 ± 0.3) rr6. TeopeTI1qecKI1e O)Kil,11,aHIIH, rrpoBe,11,eHHhre B 
JIIl,11,IIPYIOIII,eM II CJie,II,yIOIII,eM-3a-JIIl,1],I1pyIOIII,IIM rropH,11,Kax BbJqIICJieHilfi, 
paBHbI, COOTBeTCTBeHHO, (20.2 ± 0.1) rr6 II (17.8 ± 0.1) rr6; 

• BrrepBbre Il3MepeHbI II cpaBHeHbI c rrpe,11,cKa3aHI1HMI1 KX,II, B 
JIIl,11,IIPYIOIII,eM II cJie,II,yIOIII,eM-3a-JII1,1I,I1pyIOrn;I1M rropH,11,Kax BbJqI1cJieHI1ii: 
,11,Ilq>q>epeHu;IlaJibHbie ceqeHIIH pO)K,11,eHIIH ,11,BYXCTpyii:HbIX co6bITilfi KaK 
q>yHKIJ;IIII cpe,11,Hero rrorrepeqHoro IIMIIYJibCa CTpyii: PT II pa3HIIIJ;bl IIX 
rrceB,n.06b1cTpoT l~r,I; 

• Hatt,11,etto, qTo MacnITa6I1poBaHHb1fi BKJia,II, rrpou;ecca 'rrpHMoro' pO)K,11,eHIIH 
KBapK-aHTIIKBapKoBoii: · rrapbI corJiacyeTCH , c NLO pacqeTaMII B 
rrpe,11,eJiax 10% H cyru;ecTBeHHO HH)Ke KX,Il,-BbJqHcJieHHii:, rrpOBe,11,eHHbIX 
B JIH,1],HpyIOru;eM rropH,11,Ke, qTO paccMaTpIIBaeTCH KaK KOCBeHHOe 
Ha6JIIO,II,eHHH KX,II, rrorrpaBOK K KBapK-napTOHHOfi KOMilOHeHTe npou;ecca 
o6pa30BaHHH )KeCTKHX CTpyii:; 

• ITpHBe,11,eHa npHHHTaH B KOJIJia6opau;HH ATLAS(CERN) nporpaMMa 
H3yqeHHH YJibTpanepI1q>epHqecKHX (,11,Byxq>OTOHHbIX) B3aHM0,11,efiCTBIIH B 
paMKax nporpaMMbl IICCJie,11,oBaHIIH H,n.po-H,11,epHbIX CTOJIKHOBeHIIH Ha 
ycKOpIITeJie LHC, KOTopaH ormpaeTCH Ha noJiyqeHHhre Ha ycTaHOBKe DEL
PHI pe3yJibTaTbI II HBJIHeTCH 6JII1)Kafirneii: nepcrreK'l'IIBOii: rrpo,11,oJI)KeHIIH 
IICCJie,11,0BaHIIH II B3aIIMO,II,eiiCTBilfi. 
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