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Y'leHitI:ii cexpeTap1> cneii;. co11eTa, 11..qi.M..H.c7. ~ ~ 3.,IJ;, raaaaJIH 

OE~ XAPAKTEPI1CTI1KA PAEOTbI 

AKtyalil!HOCTI> TeMl!l 

ITOHHMaHHe CTpyxTypl>l HYJCIIOHa O,!IHa H3 Han6oJiee BIDKHitIX 3a,ZJ;a'I: COBpeMeHHOR cpH3HKH 

Bl>lCOKHX aHepraii:. MHoro o H)'KJIOHe crano H3BecTHo 6Jiaro.n;apa aKcnepnMeHTaM no 

rny6oKoHeynpyroMY pacceJIHHIO (rHP) 3JieKTpOHOB Ha HYJCIIOHe. 3TH 3KCIIepIIMeHTl!l pacKpI>Iiill 

KBapK-rJIIOOHH)'lO CTpYKTypy HYJCIIOHa, H TO 'ITO KBapKH HecyT IIOJIOBHHy HMnyJII>Ca HYJCIIOHa, a 

HX BKJia,n; B CIIHH HYJCIIOHa COCTaBJIJieT TOJII>KO 25% OT llOJIHoro CIIHHa H)'KJIOHa. HeCMOTpa Ha 

3TO, O'leHI> MHoro H3BeCTHO 0 KBapK-KBapKOBitIX Koppe11aii;wrx, pacnpe,11e11eHHJI nonepe'IHI>IX 

HMnyJII>COB KBapxoB, 06 yr110BitIX MOMeHTax KBapKOB H 0 BK1Ia,11e KBapK-aHTHKBapKOBI>IX nap 
(Me30HI>I) B BOIIHOBOH cpyHK~HH HYKIIOHa. 

He,n;aBHO pa3BHTI>IH cpopMaJIHJM 06 06o6ll.\CHHI>IX TiapTOHHLIX Pacrrpe.n;e11eH11JIX (OTIP), 

npe,111ImKeHH:r.ril: B. PaAIOIUKHHI>IM, ~. MHJIJiepoM n X. ,lVKn IIOKa3an, 'ITO TaK)'lO IIHcpopMa~mo 
MOlKHO H3BJie'l:r. c IIOMOIIJ;I>IO rey6oKoHeynpyrax 3KCKJII03HBHI>IX rrpo~eCCOB JieIITOpo>K,n;eHHJI. 

OIIP co,11ep>KaT B ce6e HHcpopMa~HIO o pacnpe,11eJieHnn nonepe'iHitIX COCTaBJI.IIIOIIJ;Hx nMnyJI:r.cos 

KBapKOB, 0 pacnpe,11eJieHnn yrnoBI>IX MOMeHTOB KBapKOB. 0HH o6ecIIe'IHBalOT ~eJIOCTH)'lO 

HHcpopMaii;nro o MHornx cpyir,n;aMeHTaJII>HI>Ix BeJIH'IHHax orrHCI>IBaroui;nx CTPYKTYPY a,n;poHoB, 

TaKHX KaK IIOmq>naoBaHHI>Ie H HeII01IKpH30BaHHI>Ie pacrrpe,n;eJieHHJI KBapKOB, BKJia,11 yrJIOBI>IX 
B036y)l()l;eHH:ii: B CIIHH H)'!CJIOHa. 

~o cero,!lHeIUHero ,!IHJI OITP HCCJie,110Bannc:r. Ha aKcnepHMeHTax no fJIY60KOHeynpyroMY 

KoMIITOHOBCKOM}' paccemmro (Deeply Virtual Compton Scattering (DVCS)) 'Y*P--> ~fp B 

KHHeMaTH'l:eCKOH o6JiaCTH, r,11e 'Y* HMeeT 60JIItlll)'IO IIpocTpaHCTBeHHOIIO,n;06H)'lO 

BHpryaJII>HOCTI>, a HHBapnaHTHl!lii: HMnyJIItC t nepe,n;aHHI>Iii: IIpoTOH)' O'leHI> MaJI. CnnHOB:r.1e 

aCHMMeTpnn B DVCS II03BOJIJUOT H3MepaT:r. MHHM}'IO 'lacn KoMIITOHOBCKoro cpopM-cpaKTOpa B 

CIIeIJ;HcpH'leCKO:ii: KHHeMaTl!'ICCKOK TO'IKC (X = e), a ,!IOCTyII K peaJII>HOH 'laCTH MO>KHO 

llOJIY'IHTI> JIH6o H3MepeHHeM ce'l:eHHK DVCS, JIH6o B H3MepeHwrx 3apa,110Boii: acHMMeTpHH 

11errTOHHOro nyq:Ka. Ce'ieHHJI DVCS TpY.llHO H3MepHTI>, IIOTOM}' 'ITO cyui;ecTByeT 60JI1>IUoii: cpoH 

OT HaJIY'leHHJI BeTe H raii:T11epa, a H3MCpeHH.II 3apa,!IOBOH aCHMMeTpHH ny'iKa Tpe6yeT 
JieIITOHHitie II)"IKH pa3Hlt!X 3apa,110B. 

PeaJII>H)'IO 'laCTI> KOMrrToHo_BCKHx aMnJIHT}'A Mo>Kuo H3MepHTh u c rroMO~hlO rrpo~ecca 

o6paTHoro DVCS: 'YP--+ 'Y*P, r,n;e 'Y* 11MeeT 6oJI:r.lll)'IO BpeMarro,1106eyro BnpryaJII>HOCT:r. H 

paCIIa,!laeTCJI Ha z-z+ napy npn MaJII>IX nepe,n;aHHitlX HHBapHaHTHI>IX HMny111>cax t. ITocJie,D;HIIfI 

npo~ecc Ha3I>IBaeTCJI BpeIDino,n;o6Hl!lM KOMIITOHOBCKHM pacceJIHHeM (BKP). YrJIOBI>Ie 

acHMMeTpnn B BKP rrporropii;noHaJII>H:r.I pea.n1>Hoii: 'l:aCTH aMrr11nry,n;1>1 KoMrrToHoBcKoro 

pacceJIHna. Pea111>Haa qacn 'IYBCTBHTeJI:&Ha K Mo,n;eJIKM OITP, oco6eHHO K TaK Ha3I>IBaeMOM)' «D­

'l:IIeH)'», KOTOpl!l:ii BIDKeH ,!llIK coxpaHeHHK llOIIHHOMHaJIItHOH 3aBHCHMOCTH M1rneHOBCKHX 
MOMeHTOB OITP. 

B ,!laHHOii: pa60Te 6N11n peIUeHitI ,11Be 3a,n;a'ln. ITepBaa 3a,11a'la aTo oT6op co61>1Tn:il: no 

cporopolK,Zl;eHHIO 3JieKTpoH-II03HTpoHHI>IX nap H3 ,n;aHHitIX aJieKTpopo)l()l;eHHJI B o6JiacTH BKP. 
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BTopair 3ap;a<1a rrocBx~eHa H3BJie<1emuo yrJIOBLIX acmn.i:eTPH:ii: <l>OTopollC,D;eHHH JierrTOHHMX 

nap B o6Jiacrn BKP. 

lleJI:& lIHCCepTauHOHHO:ii: pa6oTM 

• M3 3KCnepHMeHTOB SJieKTpopo~eHHH BI>16paT1> co6I>ITHH KBa3H-peaJI1>Horo 

$0Topo~eH1U1 JienTOHHl>IX nap. 

• Jifay'IHTI> pacnpe,11eJieHHe HHBapHaHTHO:ii: MaCCl\I 3JieKTpoH-n03HTpoHHl>IX nap. 

• Onpe,D;e1IHT1> 06nacT1> HHBapHaHTHl>IX Mace ,ll;lI.!I H3Y<feHH.!I BKP. 

• B npon;ecce $oropo~eHH.!I JienTOHHl>IX nap Hccne,11;0BaT1> yrJIOBMe aCHMMeTPHH B 

o6JiaCTH BKP, KaK «l>YHKn;mo OT nepep;aHHOro HMnyJI:&ca. 

Hanna11 non11311a 

• Pa3pa6oTaHa MeTO,ll;HKa H3BJie'leHH.!I co6I>1THH KBa3H-peaJI1>Horo <l>oTopo~eHHJl H3 

3KCnepHMeHTaJil>Hl\IX ,llaHHl\IX no SJieKTpopo~eHHIO. 

• BnepsMe SKcnepHMeHTaJILHO 6I>IJIO H3Y<feHo cpoTopolKp;eHHe e-e+ nap B 0611acTH BKP. 

• BnepsMe H3MepeHa t-3aBHCHMOCT& yrJiosoii: ac:imMeTpHH <J;>oropo~eHHH e-e+ nap. 

IlpaKTH'leCKaJl ueHHOCTI> pa60Tl\I 

• Pa3pa6oTaHHM:ii: Mero,11; no oT6opy co6I>ITHii: no <J;>oTopo~eHmo H3 

3KCnepHMeHTaJil>HhlX )laHHLIX c SJleKTpoHHLIM ny'IKOM OTKpLIBaIOT B03M0)KH0CTI> ,11;1IH 

H3Y<feHH.!I 3KCKJII03HBHl>IX peaxn;Hii: <l>oTopo~eHH.!I. 

• I1011yqeHHI>1e ,n;aHHMe no pean:&Hoii: qacrn KoMnTOHOBCKoii: aMITJIHTy~ OTKpI>IBaIOT 

B03MO)KHOCT& ,ll;Jl.!I nposepKH TeopeTH'lecKwc Mop;eneii: OITP. 

Ha)"IHMe nonolKeHwi:. BMHOCHMLie Ha 3aumzy 

• :Vfasne'leHHe co61>ITHH KBa3H-peaJILHOrO cpOTOpo~eHHH H3 3KcnepHMeHTaJILHl\IX 

,n;aHHl\IX no 3JieKTPOpo:>K,n;eHHIO. 

• Onpe,n;eJieHHe 0611acrH BKP c noMo~LIO H3Y'feHwi: pacnpe,n;eJieHWI HHBapHaHTHO:ii: 

MaCCL! e-e+ nap B pa3Hl\IX KHHeMaTH'leCKWC 0611aCTHX. 

• BLip;eneHHe yrJIOBl\IX aCHMMeTpHii: cporopo)l(,ll;eHH.!I e- e+ nap B o6JiaCTH KHHeMaTHKH 

BKP. 

Arrpo6auHH pa60TLI 
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OcHOBHI>Ie pe3yJI1>TaT1>I ,n;HccePTa~oHHo:ii: pa6oTI>I ,110KJia~BaJIHC1> Ha Me)l(,ZzyHapo,ZlHo:ii: 

KOH«l>epeH~H CIPANP 2009 (CaH-,ZJ;Hero, KanH<l>opHHH), Ha co6paHHH OT,D;eJia 11p;epHo:ii: 

$mHKH AMepHKaHCKo:ii: accon;Han;HH $H3HKOB 2009 (BanKaJioa, raeaH), Ha xoJia6opan;iroHHOM 

MHrnHre CLAS- KOJia6opa~H (MapT 2010), H Ha ceMHHapax Ep<I>H. 

ITy6JIHKauHH 

Ilo TeMe ,ll;HCCePTaD;HH orryfiJIHKOBaH:&I 3 HayqH:&Ie pa60T:&I, CillfCOK KOTOp:&IX rrpHBO,llHTCH B 
xoHn;e asrope«l>epaTa. 

Cr,pyxn:pa m1cceprauHH 

,ZJ;HcCePTan;HH COCTOHT H3 BBe,11eHH.1I, 'leT1>1pex rJiaB, 3aKJIIO'leHH.!I, l! Cnl!cKa JIHTeparypLI l!3 83 
HaHMeHOBaHHH. 06~l!H o6'beM pa60Tl\I COCTaBJIJ!eT 116 CTpaHHI.\ rre'laTHOro TeKCTa H BKIIIO'laeT 
67 pHcyHKOB H 10 TafiJIHD;. 

Cop;ep>KaHHe pa60Tbl 

B nepBo:ll: rJiaBe onl!caH $opMaJIH3M o6o6~eHHl>IX napTOHH:&IX pacnpe,n;e11eHHii. 

rnyooKOHeynpyroe paCCeHHHe HrpaeT OOJl:&myIO po1I1> B nOHHMaHHH KBapK-rJIIOOHHOH 

CTPYKTYPM eyKJioHa. B<l)l(HaJl oco6eHHOCT:& rJIY60KOHeynpyroro paccexHHH saKJiro'laeTCH B 

B03MO)KHOCTH pa3,D;eJieHHH nepryp6aTHBHOii: 'laCTH (B3aHMO,n;eii:CTBHH Ha MaJIL!X paCCTOHHHHX) H 

HenePTYP6aTHBHOH 'laCTH (6oJILUIHe paccrOJIHH.!I). 3ro CBOHCTBO $aKTOpH3aD;HH c ycnexoM 

Hcno111>30BaJIOC1> B rJiy6oKOHeynpyrwc npon;eccax no H3Y<feHHIO CTPYKTYP:&I eyKJioHa. .ZJ;o 

He,D;aBHero BpeMeHH O'leHL HeMHorHe 3KCKJII03HBHl\Ie npon;ecchl 6LIJIH OnHCaHL! c nOMO~LIO 

nepTfP6arnBHOii: KX.ZJ; (Hanp. ynpyrHe $opM-$aKTOpLI nHOHa H HYKJIOHa). He,n;asHo pa3BHTI>I:ii: 

M 

Hq, Eq, itq, 

N N' N " a) b) 
PHc 1: "Handbag" 14HarpaMMa: a) lfJIJC DVCS, 6) lfJIJC po)l(,lfeHHJt IIHOHa. 

cpopMaJIH3M ,11;JIH onHcaHH.!I rey6oKoHeynpyroro KoMnTOHOBCKoro pacceHHHH (Deeply Virtual 

Compton Scattering, DVCS), H rny6oxoHeynpyroro 3KCKIII03HBHoro po~eHHH Me30HOB, 

o6ecne'IHBaeT pa6oqyro 6a3y, B KOTOpo:ii: aMnJIHT)',ll;l\I 3TlIX npon;eccoB MOryT 6L!TL pa3,D;eJieHLI Ha 
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,!l;Be 'lac:rn: '!a CTI> )l(eCT1Coro paccea:HID! ( TO'IHO onpe,!l;erui:eMaa: c nOMOin;1>10 KX,Z:I;) H 

Henepryp6aTHBHylO 'laCTD CTpyKT}'PDI H)'KJIOHa, Koropaa: MO)l(eT 6DITI> napaMeTPH30BaHa B 

cpopMaJIH3Me o6o6xn;eHHDIX naproHHDIX pacnpe,!l;eneHHH (OIIP), CMOTPH Pnc 1. OIIP co,!l;ep>I<aT B 

ce6e HHcpopMaIJ;HlO 0 pacnpe,!l;eJieHHH nonepe'IHDIX COCTaB]IJ'llOin;HX HMnyJil>COB KBapKOB H 0 

pacnpe,!l;eJieHHH yrnoBDIX MOMeHTOB KBapKOB. 0HH o6ecne'!HBalOT n;enOCTHylO irncpopMan;HlO 0 

MHOrHX <l>YH,!l;aMeHTaJil>HDIX xapaKTepHCTHKax a,!l;poHOB, raKHX KaK IlOJIHpH30BaHH:&Ie H 

Henorui:pH30BaHHhie pacnpe,!l;eJieHID! KBapKOB, H BKJI~ yrnoBDIX soa6y)l(,ll;eHH'bIX COCTOHHHH B 

cmm HYKJIOHa. 

Ka)l(,ll;DIH KBapK xapaKTepH3yeTCH CJie,ll;yroID;HMH OIIP - Hq, fiq, Eq H jjjq ,KOTOphie 3aBHCHT 

OT Kl!HeMaTH'leCKHX nepeMeHHhlX ;i;, e H t. OnH onpe,D;eJIJl:K)T aMnJIHTy,ll;DI y,D;aJieHJIH KBapKa c 

,ll;OlleH HMnyJinCa X - {, H BOCCTaHOBJieHHIO KBapKa C ,!l;OlleH HMnyJI:&Ca X + { (PHC la). lJ.orui: 

-+ 
HMnyn1>ca KBapKa x Ha cBeTOBOM xoayce onpe,D;eneHa KaK k+ = xP , r,D;e k nMnynnc KBapKa B 

nerne, a P cpe,ll;HHH HMnynnc ayKJioHa (p = .E.±...zi. p H p' Ha'iaJII>H:&IH H KOHe'!H:&IH 
2 

HMnyllnC H)'KJIOHa). { Ilpe,ll;CTaBmi:eT co6oH: 06o6ID;eHHy10 nepeMeHayK> BepxeHa 

Q2 XB 
{=---=-+ --

4q· p 2-XB 
B npep;ene 

t 
Q2 -+ 0. 0,D;Ha H3 IIIHpOKO ynoTpe6rui:eMDIX 

napaMeTpn3an;Kfr OITP Kcnon1>3yeT cpaKropHaoBaHHDIH no,!l;XO,!l; OTHOCHTeJII>HO t 3aBKCHMOCTH, H 

onpe,D;erui:eT 'laCTI> He3aBKCHin;yK> OT t KaK CYMMY ,ll;Byx 'UleHOB. 

1 x 
Hq(x, {) = H'bn(x, {) + 9({ - lxl) NJ D( e) (1) 

r,D;e H'bn 'laCTL OITP, npe,D;cTaBnll:K>In;all: co6oi1 o,zi;HoMepHylO 'laCTI> ABYMepHoro 

pacnpe,!l;eneHID!. BTopoi1 'l!IeH B (1) BBe,!l;eH, ,n;rui: B:&InonHeHID! yCJIOBID! noJIHHOMHan1>Hocm 

l" 

p p' 

pHc 2: "Handbag" IQlarpaMa ~JIJl BKP 
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MwreHOBCKHX MoMeHroB. 

OilP BXO'AJ'IT B KoMnroHOBCKHe cpopM-<PaKropDI (Kcl>cl>) KaK HHrerpaJI1>1 no x, H no3roMy 

3KcnepHMeHTaJil>HO noaBOJill:yIOT HMeT1> ,D;ocryn TOJILKO K ~-aaBHCllMOCTH OITP. 

CaMaa: npocraa: peaI<n;wt, c IlOMOID;l>Kl KOTOpoii: 3KcnepHMeHTaJil>HO MO)l(HO nO!IY'!HTb ,!l;OCTYU 

K OIIP - 9To rny6oxoHeynpyroe KoMnroHoBcKoe paccell:HHe (Deeply Virtual Compton 

Scattering, DVCS) 7*p-+ "YP B KHHeMaTH'lecKoii: o6JiaCTH, r,D;e 1• HMeeT 6on1>m:yro 

npoCTPaHCTBeHono,ZJ;06Hyro anpryannHOCTI>, a HHBapHaHTHDiii: HMnyJ11>c t nepe,ll;aHHI>IH npoToHY 

O'leH:& MaJI. CnnHOBhie acHMMeTpHH B DVCS ,!l;aK>T B03MO)l(HOCT:& onpe,ll;eJIHTI> MHHMyro qacT:& 

Kcl>cl>, KOTOpaa: JIHHeHHO aaBHCHT OT OIIP B oco6oii: KHHeMaTH'leCKOH TO'II<e x = e. PeaJII>Ha.B: 

'!acn Kcl>cl> MO)l(eT 6DIT:& H3BJXe'!eHa Jrn6o nocpe,ll;CTBOM H3MepeHID1 ce'leHll: DVCS, mm nyreM 

H3MepeHID! 3apH,ll;OBOH aCHMMeTPHH ny'IKa. .11aMepeHHe Ce'leHID! 3aTPY,ll;HeHo HaJIH'!HeM 

6oJI:&IIIOro cpoHa OT H3JIY'!eHHH BeTe raii:TJiepa (Br), c ,D;pyroH: CTOpOH:&I, H3MepeHID! 3apll:,ll;OBOH 

aCHMMeTPHH Tpe6yroT Hcnonn30BaHHe pa3JIH'IHI>IX no 3apll:,D;y ny'IKOB. Pean1>Hy10 qacr:r. 

KoMnTOHOBCKOH aMnmrry,ll;:&I MO)l(HO H3Bne'ln H3 npon;ecca o6paTHoro DVCS: /P-+ 7*p (pHc 

2), r,ll;e 7* HMeer 60JibIIIyro BpeMHnO,ll;06HYK> BHpTyaJII>HOCTI>, H pacna,D;aeTCJI: Ha z-z+ napy, npH 

3TOM HHBapHaHTH:&IH nepe,ll;aHHhIH HMnyJl:&C t MaJI. TaKOH npon;ecc Ha3:&IBaeTCH 

BpeMHno,ll;o6Hoe KoMnroHoBcKoe paccMHHe (BKP). Kax H B CJIY'!ae DVCS, s cpoTopo)l(,ll;eHHH 

nenroHHDIX nap, Br HHTepcpepHpyeT c BKP, 6onee roro so sceH: KHHeMaTH'lecKoii: o6nacrH 

ce'!eHHH Br 6on1>me 'leM ce'!eHHH BKP. l'faTepcpepeHn;HoHHall: 'laCTL B ce'leHHH He'leTHa 

OTHOCHTeJI:&HO nepecTaHOBKH 3apll:,ll;OB 3JieKTPOHa H n03HTpoHa. Jiro6aa: Ha6mo,!l;aeMall:, KOTOpall: 

MeHJl:eT 3HaK npH nepecTaHOBKe 3apll:,!1;0B nenTOHHblX nap, 6y,D;eT BDIJl:BJHIT:& 

HHTepcpepeHD;HOHH:&IH 'iJieH. B:&Ipa)l(eHHe HHrepcpepeHn;HOHHOH 'laCTH ,ll;llll: Ce'leHHH 

cpoTopo)l(,!l;eHHH nenTOHHI>IX nap HMeeT CJieAyroxn;yro cpopMY: 

_d_u __ = __ a_~m_M 1 L [cos¢1+cos20Refl1--+o(~)] (2) 
dQ12dtd(cos¢) 47rs2 Q' r.;r=-:T Lo sin(} · Q' 

- 2.jt0 - t 1 - 7J [ - t ] 
M-- = . . l + 

17 
Fi 1t1 - ry(Fi + F2)7t1 -

4
M 2 F2&1 (3) 

r,!l;e ¢ yron Me)l(,ll;y IlJIOCKOCTHMH nenTOHH:&IX nap H Ha'laJI:&Hb!X H KOHe'lHDIX npoTOHOB B CHCTeM 

n;.M. "YP (pHc 3), a () yron Me)l(,!l;y orpHn;areJinH:&IM nenrOHOM H KOHe'lH'bIM npoTOHOM B CHCTeMe 

boos I p' 
<>•:--t-: 

'YP c.m. 

~~!'P''· 

~ifr1 ".LC " 
~f:· / ,,.,,, 

"···-~·· .. :-; 
O!!~ i-~~~' -~~-:·,!,;~~~·~'.: 

r+r c.m. 

pHC 3: CxeMa KHHeMaTH'WCKblX rrepeMeHHMX B CHCTeMax Lf.M."(p H .q.M. /- [+. 
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n;.M. 1-1 +. Br TO:lKe HMeeT CHJil>H}'JO 3aBHCHMOCTI> OT yrJia </>. JleBI>IH rpacl>HK pHC 4 IlOKa31>1BaeT 

3aBHCHMOCTI> Ce'ieHH.ll OT yrJia ¢> ,ll;JI.ll Br (cnJIOlliHa.ll JIHH.ll) H ,ll;JI.ll HHTep<l>epeHn;HOHHOH 'laCTH 

(rryHKrnp). tIT061>1 ocBo6o,IJ;HTC.ll OT Br-oil: aaBHCHMOCTH H H3BJie'II> yr110Byro 3aBHCHMOCTI> 

L 
TOJII>KO M.ll HHTepcl>epeHD;HOHHOro '!JieHa, H~O B3BeIIIHBaTI> ce'IeHH.ll no MHO:lKHTeJIIO -. 

Lo 
B3BemeHHhle ce'ieHH.ll noKa3aHhl Ha npaBoM rpacl>m<e pHc 4. 

.. - 12 ,-~-~~--------

~ 11 I BH + I~~· -- I ~ 91 ' ' ~ 8.5 BH+ I~~== l 
~ 8 ..... ,······· ....• £. 10 ~ ,..-...... 

; ! \ I 
;: 9 \\ /!'\ 1/ 

"l.,, 8 "-\ // v\ (· 
·e: 7 5 ~ /~--.::::.::...-.-. -
~ .7l .-··'/ "·· ....... 
" 

0 "\J' \ / "C 7 "· ' \ / - ···· ...... ./ " .... ·· 
a :s. 6.5 -.g 6 '--~~~~-~~-~ ¥:l 6 ,__~~-~-......_~_._____. 

0 'lr12 lt 3itl2 2n: 0 :r./2 lt 3ll12 2n: 

9 ~ 

pHc 4: 3aJJHCHMOCTH ce'leHHii .IfJIJl EI' (cnJIOIIIHMe JIHHHH), H .IfJIJl EI'+ HHTepefJepeH~HJI 

(nyHKTHp). IlpaBMii rpa<jJHK TOT )[(e 'ITO H JieBMH, HO Ce'leHHJI 6MJIH B3BeIIIeHM no..!:.._. 
Lo 

Y ,IJ;06H1>1ii: cnoco6 ,IJ;JI.ll nony'!emu1 yrnoBoii: acRMMeTPHR, sro onpe,IJ;eJieHHe KOCHHYC 

MOMeHTOB B3BemeHHhlX ce'leHHH. 

H(s, (J'2, t.) = 

2,,. £311'/4 L(O, </>) da 
2 f cos</Jd¢ dO--Y--(0) dQ'2dtdOdef> ./o . rr/4 -'O 

1:i,,. 1311'/4 L(O, ¢>) da 
d</> dO L (B) 

0 ,,-;4 0 

(4) 

TeopeTH'leCKRe npe,IJ;CKa3aHR.ll ,IJ;JI.ll BeJIH'!HHI>I R Hao6pa:lKeHI>I Ha pHc 5. Cepa.11 JIHHHX 

cooruercruyer ,[J;yaJII>Hoii napaMeTPH3an;HR OITP, a ocraJII>HI>Ie MO,IJ;eJIH ,IJ;BOHHI>IX 

pacnpe,IJ;eJieHHii:: KOr,IJ;a D-'IJieH BKJIIO'ieH c orpHn;areJII>HI>IM 3HaKOM (-D), 6ea D-'IJieHa (NOD), 

H Kor,IJ;a D-•rneH BKJIJO'ieH c noJIO:lKRTeJII>HI>IM 3HaKOM (+D). 

B sro:il: pa6oTe pacc'!RTaHa BeJIH'IRHa R npe 'lerhlpex 3Ha'!eHH.llX t, B KRHeMaTR'leCKOH 

o6JiaCTH s = 7:7GeV2 R Q'2 = 2.25GeV2. 

8 

0.2 

0.1 

Q:: 

0 

s = J/.76 (GeV!cf Q2 = 1.5 (GeV!cf 

~,.,,,,. 
,,/ 

/ .. ~-"'' 
// 

/ 
.. / 

--......... ___________ _ 

0.1 0.2 0.3 
t(Gd1!cf 

•+D 
.NOD 

·-D II Dual 

.. -----· 
0.4 0.5 

pHc 5: TeopeTH'leCKHe pac'leTM lfJIJl R. Cepas JIHHHJI cooTBercrByer ,n:yaJibHOii 

napaMeTpH3~HH OIIP, a OCTaJibHMe no MOlfeJIH .IfBOiiHoro pacnpe,lfeJieHHJI KOrlfa D-'lJieH 

BKJIIO'leH c orpH~areJibHMM 3HaKoM (-DJ, 6e3 D-'lJieHa (NOD), H KOrlfa D-'lJieH BKJIIO'leH c 

noJio)[(HTeJir.HMM 3HaKoM (+ D ). 

Bo BTopo:I: rJiaBe OilRCaHl>I OCHOBHl>Ie yJJil>I H np1rne,IJ;eHI>l xapaKrepRCTHKH ycKOpRTeJIMI 

R ycraHOBKH 3aJia «B» (CLAS). Y CKOpHreJII> CEBAF (Continous Electron Beam Accelerator 

Facility) MO)!{er O,ll;HOBpeMeHHO o6ecne'IHTI> aKcnepRMeHTaJII>HI>Ie 3aJII>I (A, B R C) fiY'iKaMH TPex 

pa3Hl>IX 3HeprRii, nolI.llpH3an;Rii H TOKOB. MaKCRMaJII>Ha.ll 3Heprrur ycKopeHHhlX 3JieKTPOHOB 

COCTaBmrer 6 I'3B. 

YcraHOBKa B axcnepHMeHTaJII>HOM 3aJie «B» Ha31>1BaeTCJ1 CLAS (Cebaf Large Acceptance 

Spectrometer). CLAS RMeer maponyro cpopMY c MHUieHI>IO B n;eHrpe. 

CLAS npe,IJ;crauirner H3 ce6.11 KOMnJieI<C pa3HI>IX ,IJ;ereKropou. OcHoBHI>Ie ,IJ;ereKropI>I, 

CMOHTHpOBaHHI>Ie Ha CLAS-e: 

• )J;peiicl>oBI>Ie KllMepI>r: H3Mepmor rpaeKTOpHR 3apIDKeHHI>IX '!aCTHD;. 

• '1epeHKOBCKRe C'ieT'!HKH: HCilOJII>3yIDTC.ll B OCHOBHOM ,ll;JI.ll paa,l\eJieHH.ll 3JieKTpOHOB OT 

IlHOHOB, H ,ll;JI.ll TpRrrepa B 3KCnepHMeHTax no 3JieKTPOpolK,IJ;eHIIIO. 

• BpeM.llnpoJieTHl>Ie C'leT'!HKR: HCilOJil>3YJOTOI ,IJ;JI.ll H3MepeHH.ll CKopocreii 'laCTHD;. 

• 3JieKrpoMarHHTHhle KaJIOpHMerpI>I: HCIIOJII>3YIOTCJI ,ll;Jlll 3JieKTOH-a,IJ;pOH pa3,IJ;eJieHIIJ!, 
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p;na ,ZJieTeKTHpoBaHHll Heii:Tpan&Hl>IX 'iacrHJJ; (Heii:TpoH, I) H cnyl!GlT B Ka'iecrne 

TPRrrepa B 6on&IIIHHCTBe 3KcnepRMeHTOB no s11eI<TPOpo>K,D;eHH10. 

Toru~,, 

CC·' 

pHc 6: TpeXMepHDiii cxeMaTH'leCKHH BH.lf CLAS-a. 'Torus"-ropOH.lfaJibHMii MarHHT, "RI,R2,R.3"­
perHoHM p;peii</.XJBMX KaMep, "CC" - lfepeHKOBCKHe C'leT'lHKH, 'TOF" BpeMHIIpolieTHMe 

,lfeTeKTopM, "EC"-3JieKTpoMarHHTHMH KaJIOpHMerp. 

fJiaBHbie xapaKTepHCTIIKH CLAS-a KpaTI<O lI3Jio:>KeHbI B Ta611R:u;e 1. 

Ta61111::u;a 1: fJiaBHDie xapaKTepHCTHKH ycraHOBKH CLAS 

Be11R'iHHa 3Ha'leHwt 

YrnoBoii: 3axBaT ,Z1;JIH. 3apIDKeHH'bIX 8° < () < 140° 
'laCTHIJ; 

06nacT& I1Mnyni.c 3ap.11llCeHHbIX 'iacrR:u; P > 0.3GeV 
p;eTeKTH:poBaHHJt Y ro11 <J?oToHa 8° < () < 45° 

I 3Heprwt cl>OTOHa E7 > O.lGeV 
. ---- ---- -----·--------------------- -

I1MnyJI&C (() < 30°) ap/P ~ 0.5% 

I1MnyJI&C (() > 30°) ap/P ~ (1 - 2)% 

Pa:3pe111eHHe 
II011apH&Iii: yro11 1 Mpap; 

AJHM}"IaJI&HDIH yroJI 4Mpa,!1; 

I 
BpeMH. 3apJlllCeHHl>IX 'lacTH:u; (100-200)nceI< 

---- ------· ----- ----

L 3HeprHH. cl>oooHa ae/E ~ 10/../E 

10 

B TpeT:&eit mane H3JIO>KeHo npo:u;e,zzypa aHamoa p;aHHDIX ::11<cnepHMeHToB el-6 Helf. 06a 

3TH 3KCnepHMeHTa 6&IJIH no 3JleKTpopO>K,!1;eHmo. 3Heprwt 3JieKTpoHHOro ny'lKa COCTaBJIH.Jia 5.76 

feB (,Z1;1IJ[ el-6) H 5.479 feB (,Z1;JIH. elf). XapaKTepRCTHKH o60HX 3KcnepH:MeHTOB npep;CTaBJieHDI B 

Ta6mu~e 2. 

Ta6mrn;a 2: XapaKTepRCTHKH sKcnepe:MeHTOB el-6 Helf 

El-6 Elf 
-·- ----------- --· --------

BpeMH. 0KT. 2001 - RHB. 2002 Anp. - I110JI& 2003 

:3Heprm1 fiY'lKa 5.76 5.479 
--- -- ·----

___________ .. __ 
- . 

fioJIH.pH3a:u;wt 720/o npo,ZliOJlbHaH. 75% npO,ZliOJI&HaH. 
f------ - ·- -

Tpe:rrep EC«iCC 11 1<3)1CAOM EC NCC B IC<\)IC/\OM 

ceKTOpe ceKTope 
-·· 

ToI< B MarHHTe 3375N6000A 2250N6000A 
---------

MHIIIeHi. 5cM LH2, B :u;eHTPe CLAS- 5cM LH2 , 25cM npomB Hanp. 

a. ny'lKa CLAS-a. 

Ha6paHHaH. 37fb-l 21Jb-1 

CBeTHMOCTb 
--------

Cb1phle ,ZJiaHHble o6po6oTblBaJIHCb c noMom;:i.10 nporpaMMld RECSIS, KOTopaa cop;epllCHT B 

ce6e naKeTbI ,Z1;JIH. BCex ,n;eTeKTOpoB. KallC,D;ldH naKeT BOCCTaHaBJIHBaeT 3HeprHIO, BpeMH. H 

t<OOp,Z1;HHaTbl H3 CRrHaJIOB Bll;II H All;II COOTBeTCTByiom;ero ,n;eTeKTopa. IloTOM 3Ta RH«l>opMa:u;HH. 

aHaJIH3HpytoTCJI c noMom;:i.10 cne:u;Ran:&Horo nporpaMMHoro naKeTa SEB (Simple Event Builder). 

IlporpaMMa SEB npe,Z1;Ha:3Ha'ieHa ,Z1;JIH. coe,ZJiHHeHwt HH$opMa:u;HH OT pa3HDIX ,ZJieTeKTopoB H 

BOCCTaHOBJleHHH. co6:&1THH. 

Bo BpeMH. noccraHOBJieHwt co6:&1THH SEB BCeM 'iacre::u;aM B co6:&ITHH npHnHC1>1BaeT 

npe,11;BapHTeJI:&Hbie ID, KOTOpble H}'llC,D;alOTCH. B YTQ'IHeHHH BO BpeMHH. ,ZJiaJI:&Heii:mero aHaJIR3a. 

ll>oTOpo>K,Zl;eHHe JienTOHHDIX nap Ha npoTOHe HMeeT TPH 'laCTHIJ;bI B KOHe'IHOM COCTOH.HHH: 

sneKTpoH, n03HTpoH u npoToH. A,llipOHhI, oco6eHHO 71"- noreH:u;nan:&Ho MOryT HeBepHo 

H,ZJieHTH<pH:u;HpoBaT&CH. KaK 3JieKTpoH. A,ZJipOH:&I B OTJIH'llle OT 3JleKTPOHOB B OCHOBHOM He 

reHepRpyioT 3JieKTpoMarHHTHDIH JIHBeH:& B Ka11opHMeTpe H OCTaBJIJllOT npHMepHo 30M::iB 

3HeprHH Bo BHYTPe11ueii •iacTH KaJ10pHMC1'pa CLAS. O;v10 HJ 06pc3am1ii AJlll H,ZJiCHT114nrnau.1m 

3JieKTpoHa JIBJIH.eTCH. o6pe3aHHe no 3HeprOBl>I,ZJieJieHHlO BO BH}'TPeHHeii: 'laCTH KaJIOPHMeTpa. I13-
3a Toro, 'ITO 3JleKTpoHbI reHepHpyioT 3JieI<TpOMarHHTHbIH JIHBeH:&, 3Heprwt, perHCTpHpyeMaJI B 

KanopHMeTPe nponop:u;RoHaJI:&Ha Ha'laJI:&Hoii: ::IHeprHn ::ineKTpoHa. Cym;ecTByeT BepoH.THOCT&, 'ITO 

a,n;poHbI TaKllCe MOryT reHepRpOBaT:& JIHBeH:& H H,ZJieHTH<l?H:u;HpOBaT:&CH. KaK 3JieKTpoH. 3Ta 
BepO.llTHOCT:& pacTeT c TOJ[[~HHOH MaTepe:ana. Bo H36ellCaHHe nop;o6HldX CJl)"iaeB, o6pe3aHHe Ha 

BeJIH'iHH}' E / P (OTHomeHRe pemcTpHpyeMOH aHeprRH B KanopRMeTepe Ha HMnyni.c 'laCrnIJ;ld) 
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6hIJIO paccMOTpeH OT,IJ;eJIHO AAJl BH)"rpeHHeii: qaCTll KaJIOpHMeTPa H AAJl Bcero o6'!>eMa 

KaJIOpHMeTPa. J13-3a Toro, 'iTO SJieKTpoHbI, npe>K,D;e 'l:eM ,ll;OCTH'il> ,ll;O KaJIOpHMeTPa 

B3aHMo,IJ;eikTBYJOT c Be~ecTBOM CLAS-a, OTHomeHHe E / P HMeeT cJia6yro 3aBHCHMOCTb OT 

HMnyJI1>Ca. ,ll;JIJl'. H,IJ;eHTHC)mxau;HH S!IeKTpoHOB STa 3aBHCHMOCTb 61>rna paCC'lllTaHa, H o6pe3aHHe 

no BeJIH'iHHe E / P HMeJIO 3aBHCHMOCTb OT HMnyJI&ca. BbIJIO noKa3aHo 'iTO yqeT 3aBHCHMOCTbH 

BeJIH'iHHhI E / P OT HMnyJI1>ca yJI)"iIIIaeT xaqecTBo H,n;eHTHcpHK~HH sJieKTpOHOB H no3HTpoHOB 

B nopx,n;Ke 10%. ITocJie,n;Hee o6pe3aHHe ,ll;JIH H,ll;eHTHcpHKau;HH SJieKTPOHa CTaBHJIOCb Ha 'iHCJIO 

cpoTOSJieKTpDHOB B qepeHKOBCKOM C'ieT'l:HKe. 11.n;eHTIIcpHK~HX n03lITpoHOB npoBO,ll;H!IaCb 

aHaJiorH'iHDIM o6pa30M. 3Ha'l:eHHX o6pe3aHHH npHBe,IJ;eHDI B Ta6JIHu;e 3. 

Ta6JIHI~a 3: BeJIH'iHHI>I H o6pe3aHHX no HHM ,Z1;JIH H,ll;eHTmp11xau;HH 

SJieKTpOHOB H n03HTPOHOB 

3JieKTpOHl>I IT03HTPOHl>I 

HH)!(. npe.n;. Bpx. npe,IJ;. HH)!(. npe.n;. Bpx. npe.n;. 

,ll;aHHDie sxcnepuMeHTa E 1-6 

Einer 60MsB 60MsB 

_N"11h.cl 25 25 

---------

1--- ----
~ E,.,.,./P 

f Em er 

0.096 0.341 0.1256 0.344 

,ll;aHHbie sxcnepHMeHTa e 1f 

60MsB 60MsB 

\ Nph.el 
I 

25 25 

I Einer/P 
0.08 0.348 0.095 0.349 

Ka!IH'leCTBeHHaH ou;eHKa IIHOHOB, HenpaBHJibHO H,ll;eHTHcpHu;HpyeMI>IX KaK ::meKTPOHbI HJIH 

_II03HTPOHl>I, npoBO,ll;HJiaCb c noMO~blO BCIIOMOraTeJibHl>IX peaKu;Hii: ep-+ e7r+(n) H 

ep-+ e7r-7r+(p). B nepBoi!: peaxu;HH B pacnpe,n;eJieHHH He,n;ocTaio~eii: MaccDI 6DIJia 

onpe,IJ;eJieHa o6JiaCTb He,IJ;OCTaIO~ero HeHTPOHa, H TaKHM o6pa30M 6DIJIH BDI,ll;eJieHbI IIHOHHbie 

co6&ITHX. K BbI,ll;eJieHHl>IM IIHOHaM 6DIJIH npHMeHeHI>I o6pe3HHX ,ll;JIX H,ll;eHTHCpHKau;HH 

na3HTPOHOB. I-fa 2.17 x 105 
nHOHHDIX co6DITHH TOJII>Ko 121 npomJIH '1epe3 nooHTpOHHDie 

o6pe3aHHX. 113 3TOro CJie.n;yeT, 'iTO BepoXTHOCTb H,IJ;eHT~cpHK~HH IlOJIO)!(HTeJII>HbIX IlHOHOB KaK 

121 
n03HTPOHOB paBHa .~ = 5.5 x 10-4

• Bo BTOpo:H: peaKu;HH c IIOMO~blO He,ll;OCTaIO~e:H: 
2.17x10 

12 

) 

) 

1 
j 

l 

----- __ _J 

MaCCbI e-7r-7r+ CHCTeMbI onpe,n;eJI.ll:JiaCb o6JiaCTI> He,ll;OCTaIO~ero nporoHa, H B 3TOii: o6JiaCTH 

CTaBHJIHCI> o6pe3aHHX ,ll;JIH H,n;eHTHcpHKau;HH sJieKTpoHa Ha OTPHu;aTeJII>HO 3apx)!(eHHhl'.e nHOHDI. 

I-fa 10747 co61>ITHii: TOJII>KO 4 npoIIIJIH 'lepe3 sTH o6pe3aHHX. TaxHM o6pa30M, BeponHOCTI> 

H,D;eHTHcpHK~HH OTPHu;aTeJII>HDIX nHOHOB xaK ::meKTpoHOB panHa 3. 72 x 10-4
• 

KoM6HHHpoBaHHbiii: Kosit>cpHu;HeHT BepoXTHOCTH HeBepHo H,ll;eHTHCpHu;HpyeMDIX 71"- 71"+ nap KaK 

e-e+ napbI IlOJI)"iaeTCJl nepeMHO)!(eHHeM ,ll;BfX BblIIIeynoMHeyTDIX KOscpcpHu;HeHTOB, H paBeH 

2.07 x 10-7 . 

,ll;JIH H,n;eHTHcpHK~HH nporoHoB HCIIOJII>30BaJIOCb ID qacrnu;, xaTopoe onpe,n;e=oc1> 

nporpaMMoii: SEB no npeMH BOCCTaHOBJieHHX co6:&ITHii:. 113 Bcex noJIO)!(HTeJII>HDIX 'l:aCTHu;, TOJII>KO 

Te H,ll;eHrncpHu;HpoBaJIHCb KaK npOToH, ID KOTopDIX paBHO 2212. IlaKa3aHO 'ITO TaKoli MeTo,n; 

H,D;eHTHcpHKau;HH IIpOTOHa Hapx.n;y c KHHeMaTH'leCKHMH o6pe3aHHXMH ,ll;OBOJil>HO xopomo 

OT6HpaeT npoTOHbI. 

3cpcpeKTHBHOCTI> ,IJ;eTeKTHpoBaHHX 'lacrHu; B CLAS-e 3aBHCHT OT KHHeMaTH'leCKHX 

napaMeTpoB 'laCTHu; (HMnyJI1>C, a3HMYTaJII>Hblii: H noJixpHDiii: yrJIDI). B 6o!I1>IIIHHCTBe aHaJIH30B 

,ll;aHHbIX orpaHH'lllBaIOTCJl o6JiaCTblO, r.n;e scpcpeKTHBHOCTb ,IJ;eTeKTHpOBaHHX 'laCTHD;bI IIO'ITH 

IIOCTOHHHa. Taxax ~epHax KHHeMaTH'leCKaH o6JiaCTb ( p, (), 'P) Ha3bIBaeTCJl o6JiaCTblO 

paBHOMepHOH scpcpeKTHBHOCTH. IloCJie H,IJ;eHTHcpHKau;HH 'laCTHD; 6J>IJia onpe,IJ;eJieHa o6JiaCTb 

paBHOMepHoii: scpcpeKTHBHOCTH H BbI6HpaJIHCb TOJibKO Te COObITHX, B KOTOpbIX Bee 'laCTHD;bI ( 

e-e+p) nona,IJ;aJIH B sry o6JiacTb. 

C~eCTBYJOT ,IJ;Ba cpaxTa, KOTOpDie BJIH.ll:lOT Ha IIpaBHJibHoe BOCCTaHOBJieHHe HMnyJibCOB 

'laCTHu; B CLAS-e. TiepBbiii: cpaKT - sTo HeTO'IHoe 3HaHHe pacnpe,IJ;eJieHHX MarHHTHaro IIOJIJl'. H 

pacnoJioX<eHHX ,IJ;peii:cpoBbIX KaMep B CLAS-e. BTopoii: cpaKT B03HHKaeT w-3a Taro, 'iTO '1'.aCTHD;bI 

Moryr B3aHMO,IJ;eii:cTBoBaTb c MHIIIeH&IO H c OCTaJII>HI>IMH KOMIIOHeHTaMH ,n;eTeKTopa CLAS H, 

CJie,n;oBaTeJibHO, TepXTb 'l'.aCTb CBoeH SHeprHH, 'ITO H npHBO,ll;HT K HeIIpaBHJibHOMY 

BOCCTaHOB!IeHHIO HMnyJII>Ca 'l'.aCTHD;. B aHaJIH3e npoBO,ll;HJiaCb xoppexu;HX HMny!II>Ca SJieKTPOHa H 

IIpOTOHa. KoppeKu;HH HMnyJI1>ca sJieKTpOHOB H npoTOHOB npoBO,ll;HJIHCb c noMO~blO 

pa,IJ;Hall;HOHHO-ynpyroro paccexHHH SJieKTpOHOB Ha npoTOHe (€P -+ €P"/). ,ll;Be KHHeMaTH'l'.ecKHe 

nepeMeHHI>Ie ,IJ;OCTaTO'l'.HbI ,Z1;JIH na!IHOro onpe;a;eneHHH KHHeMaTHKH sToii: peaxu;HH. B Ka'lecrue 

TaKHX nepeMeHHI>IX HcnoJII>30BaJIHCI> noJIJl'.pHbie yrnhI SJieKTpoHa H nporoHa. HMnyn1>CbI 

SJieKTpoHa H npoTOHa 6DIJIH paCC'l'.HTaHbI c IIOMO~blO IIOJIHpHbIX yrJIOB. ,ll;aJiee B Ka'l'.eCTBe 

KoppeKll;HH pacCMaTPHBaJIOCb OTHOIIIeHHe H3MepeHHOrO HMny!II>Ca Ha paCC'l'.HTaHHbIH HMny!IbC. 

Koppe~HH HMnyJII>COB pacCMaTpHBa!IHCI> KaK cpYffKu;HH a3ffMYTaJII>Horo yrna B pa3HDIX 

HMnyJII>CHhIX HHTepuanax ,Zl;JIH Ka)!(,ll;Oro ceKTapa CLAS-a OT,IJ;eJI1>HO. IloJI)"ieHHI>Ie xoppeKu;HH 

61>IJIH B npe.n;enax o,n;Horo npou;eHTa. 

B 'leTBepro:I: rnaue npHBe;a;eHa npou;e;a;ypa BbI,IJ;eJieHHH peaxu;HH /P -+ e- e+p, pac'l'.eTa 

axceIITaHCa H KOHe'IHbie pe3yJI1>TaTbI. 

BpeMErrogo6Hoe KOMIITOHOBCKoe paccexHHe (BKP) HB!IHeTCX cpoTOpo)!(;D;eHHeM !IeIITOHHbIX 
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nap. M:&I HCIIOJil>3yeM .zlaHH:&Ie no :meK-rpopo)l(,ll;emn<> ,!llIJl sroro a11amoa. Bo BpeMH 

sJieK-rpopo)l(,ll;eHWl, ecmi: sJieK-rpc>H pacceHnaeTCJl no,11 o-qem. MaJiem.KHM yrJioM () "' 0, TO 

BHpryaJI:&HOCT:& HC~eHHoro iporoHa (Q2 = -(k - k')2) 6y,11er O'ieH:& Malla. TaKHe co6:r.rrHJI 

cooTBeTCTB)'lOT KB33H-peaJI:&HOMY iporopo)K,llieHHIO. M1>1 Hcnon:r.3yeM Klla3H-peaJI:r.Hoe 

iporopo)l(,ll;eHHe ,!llIJl aHaJIH3a BKP. 

0THomeuxe R 6:&IJio onpe,11eJieHO no cpopMflle (4): 

rlJ.e Y<l>: 

L cos<I>Yq. 
q. 

R= LYq. 
q. 

L(8,<P) Ne_l~ 
Yil.> = L Lo(0) ii.> Ace~ 

e 

(5) 

(6) 

Ace~ H N2 HBJIJllOTCll coornercrueHHO aKcenTaHCOM ,11eTeKTopa, H 'iHCJIOM co6:&ITHH B 

cooruercTByiow;eM HHTepnaJie yrnon (0cm, <Pcm). OruomeHHe R H3y-qaJioc:r. B -qeT:&Ipex 

o6naCT.llX xHBapHaHTHoro nepe,!laHHoro HMnyJI:r.ca npoToHa t. Ilony-qeHH:&Ie pe3YJI:&TaT:&1 6:&IJIH 

cpanHeH:&I c TeoperH'ieCKHMH npe,!1CKa3aHHllMH. 

1fro6:&1 BDIJlelIHTI> co6DITHJt KB113H-peaJianoro rboropoyenHJt e-e+ reap. cHa'irn B:&I6HpaJIHC:& 

Te co6:&ITWI, KOTOp:&Ie co,11ep)l(aT TOJI:&KO O,!IHH 3JieK-rpc>H, O,!IHH npoTOH H O,D;HH n03HTpoH. IlOTOM 

CTaBHJIHC:& o6pe3aHHll no ue.zi;ocTa!Ow;e:H Macce H no nonepe'iHOH KOMIIOHeHTe ue.zi;ocTarow;ero 

HMnyJI:&Ca. Ha pHC 7 IIOKa3aHO pacnpe,zi;eJieHHe co6:&ITHK B IIJIOCKOCTH x' y COCTaBJIJllOlll;HX 

He,11ocrarow;ero HMnyJI:&Ca, HOpMHpOBaHH:&IX Ha IIOJI:&H:&IX He,!IOCTaIOlll;HK HMnyJI:&C (JieB:&IK 

tlJ' 

Ill 

./ ~I 

pxc 7: Pacnpe.zi;eneuxe co6:&ITHK B IIJIOCKOCTH X, YcocTaBJillIOw;HX He,11ocTarow;ero HMnyJI:r.ca, 

HOpMHpOBllHH:&IX Ha IIOJI:&H:&IX He,11ocra10w;HH HMnylI:&C (JieB:&IH pHcyHOK). 3aBHCHMOCT:& 

nonepe'iHOK cocranJIJllOw;eii He,11ocTarow;ero HMnyJI:r.ca OT KBa.zi;paTa ue.zi;ocrarom;eil: Macc:&1 

(npaB:&IK pHcyHoK). 
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pHcyHOK) H 3aBHCHMOCT& nonepe'l'.HOK COCTaBlillIOw;eii: He,11;ocrarow;ero HMnyJI&Ca OT Kira,zq>aTa 

He,zi;ocrorom;eii: Macc:&I. Co6:r.xTHJI OKOJIO Px/Pmis ~ Py/Pmis ~ 0 H MM2 ~ 0 

COOTBeTCTB)'lOT npe,zi;eJiy, Kor.zi;a Ha'iaJI:&H:&IH 3JieK-rpoH pacceirn:Cll Ha O'ieH:& MaJieH:&KHii yroJI H 

H36e)l(aJI .zi;ereKrHpOBaHWI. Ha PHc 8 noKa3aHO pacnpe.zi;eneHHe HHBapmtHTHOH Macc:&1 e-e+ nap 

AJIH. co6:&1THii:, xorop1>1e npomJIH -qepe3 nee B1>1meynoMsr.ffYTHe o6pe3aHHsr.. Ha pHcyHKe BH.zi;H&I 

nHKH COOTBeTCTByi<>m;He BeKTOpH:&IM Me30HaM p(770), w{782) H rp(l020). ll/r.sr. Toro, 'IT06:r.x 

OTp;eJIHT:& Me30HH:r.te pe3oHaHc:r.t, ,D;aJI:&HeiimHe HCCJiep;OBaHHll BKP npoBOp;HJIHc:r. B o6naCTH 

M(e-e+) > 1.lGeV. 

KaK OTMe'ieHO B nepuoii: rJiane, AJill BKP Bll)l(H:&IMH BeJIH'l'.HHaMH HBJisr.IOTCH. 0cm. <I>cm, 
HHBapHaHTHhIH nepe,11aHH:&Iil: HMnyJI:&C t, cyMMapHasr. 3HeprHll B ~empe Mace s, H 

BHpryaJI&HOCT:& BpeMsr.no.n;o6Horo <PoroHa Q'2 =: M2(ce+). 06Jiacr:r. no 8cm .n;oJI)l(Ha 

orpaHH'IHllaT:r.csr. HHrepnaJioM (71" / 4 + 371" / 4 ), r.zi;e BKJia,!I Br cpanHHTeJI&HO r.reH&me. B STOM 

aHaJIH3e H3 3a HexBaTKH craTHCTHKH paccr.rarpHBaJIHC:& TOJI&Ko t 3aBHCHMOCT& BeJIH'iHH:&I R, a 

3aBHCHMOCTH OT s H Q'2 6:&IJIHycpe,D;HeH:r.t.11HTepBaJI IIO t OT 0.1 .zi;o l(GeV/c)2 6:&1Jipa3.zi;eJieH 

Ha 'leT:&Ipe He panH:&IX o6nacrn TaKHM o6pa30M, 'ITO 'iHCJIO co6:&1THH B Ka)l(,ll;O:i!: o6JiaCTH 6:&1JIH 

npHMepHO paBHhl. 

Ol(782) 

lllOO~ I 
I l srJO I 

,qi(/020) 

M(1r·t'•J(Gei1c:> 

I 
JSOOh 

lllOO 

I 
t 

soo 

l.S 

I w(7s2; 

I 
M(,.~ .. )(~V/c 'J 

t,S 

PHC a.: Pacrrp{!AeJieHHe HHBapHaHTHOH MaCCIJ e-e+ rrap ,l{JIJl el-6 (JieBDiii) H elf (rrpaBDiii) 

,l{aHHJiIX. 

tfro6hl nOJif'IHT:& Bl>IXO,D; y B yp. (6), ~HO IIOC'l'.HTaT:& aKCeIITaHC:&I. ,l(n:x pac-qera 

ucenTaHCOB CLAS-a, c noMow;:r.10 nporpaMMhl fsgen 6:r.tJIH creHepKpoBaH&I co6:&ITHJI 

COOTBeTcTBy10w;He IIpol\CCCY 'YP - e- e+p. B rc11cpHposa1111:r.xx co6&1THllX HHBapHaJITHaK 

r.racca e-e+ nap, 6:&1Jia > 1.lGeV, a HaKJIOH 3aBHCHMOCTH OT t 6HJI B3llT pBH:&IM 4.6 (KaK H B 

sKcnepHMeHTaJI:&H:&IX ,D;aHHhIX). lJ1r.sr. noxy-qeHHll OTKJIHKa ,11;ereKropa CLAS creuepHpoBaHH:&Ie 

co6HTHll 06pa6ar1>1BaJIHC:& c noMow;:r.10 cne~aJI:&H:&IX nporpaMM: GSIM, GPP, RECSIS. B GSIM­

e BJIO)l(eHa H,D;eaJI:r.Hasr. MO,D;eJI:r. CLAS-a. Ee OTKJIHK O'leH:r. 6JIH30K K peaJI:&HOMY OTKJimcy CLAS-a. 
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B:&IXOA}t:&Ie .n;aiume GSIM-a KoppeKTHpytOTCll nporpaMMOK GPP, KOTOpall Hcnon3yer 

RHcpOpM~ no «MepTB:&IM» 30HaM ,n;peil:cpoB:&IX KaMep H Cll;HHTHliruI~OHH:&lX C'!:eT'lliKOB ,ll;lIH 

npRBe,n;eHHll OTKJIRKa R,n;eaJibHOrO ,n;eTeKTOpa B cooTBeTCTBHe c peallbH:&lM OTKJIHKOM. 

B:&IXo,!J;H:&le ,n;aHH:&Ie GPP nocryn:aior nporpaMMe RECSIS, KOTOpall co61tpaeT cHrHaJIDI or pa3H:&IX 

KoMnoHeHTOB ,n;erexropa CLAS R BoccraHaBJIRBaer co6:&1THll. ,ll;ruI pacqera axcenraHCOB 

3KcnepRMeHTaJibHI>le 3Ha'!:eHHll o6pe3aHHH no o6JiaCTH paBHOMepHOH 3cpcpeKTHBHOCTH 61>1JIH 

npHMeHeHDI x CRMflIRpoBaHHI>IM ,n;aHHI>IM. AxcenraHc B ,n;aHHOM KHHeMaTR'!:eCKOM RHTepBaJie 

61>1JI paCC'!:HTaH KaK OTHOIIIeHRe '!:HCJia co6:&ITHlI, KOTOp1>1e npoIIIJIH qepe3 Bee o6peaaHH, K 'IHCJI)' 

Bcex creHepHpoBaHHI>IX co61>ITHH B ,11aHHOM RHTepBaJie. AKcenTaHCl>I 6:&IJIH RCCJie,D;OBaHI>I ,ZJ;BfMll 

pa3HI>IMH cnoco6aMR. B nepBoM CJIY'!:ae (AxcemaHc paBHOMepHoil: 3cpcpexTHBHOCTR) cpe31>1 no 

o6JiaCTHM paBHOMepHOH 3cpcpeKTHBHOCTH 6J>IJIH npRMeHeHI>I K creHepHpOBaHHI>IM co6J>ITHHM 

cpa3y nocJie fsgen-a. Bo BTOpoM CJIY'!:ae (GSIM axcemaHc) cpe31>I no o6JiaCTllM pasHoMepHoil: 

3cpcpeKTHBHOCTH npRMeHHJIHCb K creHepRpOBaHHbIM co61>1THllM, KOTOp1>1e yxce npOUIJIH qepe3 

GSIM, GPP R RECSIS. IlepBDiil: MeTO,ll C'!:RTaeT TOJII>KO axcenraHc pasHoMepHoil: 

3cp<J?eKTHBHOCTH H He co,n;ep»<HT B ce6e HH<J?opMaJJ;HH 06 3<J?cpeKTHBHOCTH ,n;eTeKTRpoBaHHH H 

pa3pemeHHH ,n;erexropa CLAS. Bropoil: MeTo,D; Y'J:HTDIBaeT raK»<e xapaxrepHCTRKH ,n;erexropa. 

•; iii/ ·'"' 
.... , .. '"' •(<r.,i.t 

, .. .. 
olll""*' 

,trllt .. .. ... ., .. 
....... , 

pHc 9: j(ByMepHblii aKceIITaHc paBHOMepHoii 3<}:11/JeKTHBHOCTH (BepXHHii pxl{), GSIM aKcenTaHC 

(cpel{HHii pxl{), H 3KcnepHMeHTaJibHHe 1{8HHble (HmKHHii pxl{). Pa3Hble KOJIOHKH 

COOTBeTCTBYJOT pa3HblM 6HH8M not. 

Ha pHc 9 noxa3aHO ,11Byy,i:epHoe pacnpe,n;eJieHHe axcenraHca paBHOMepHoil: 3cpcpeKTHBHOCTR no 

BeJIH'!:HHaM 0cm H 4>cm (BepXHDii!: px,n;), GSIM axcenTaHC (cpe,!IHDIH pn,n;) H 

3KCnepHMeHTaJibHJ>Ie ,11aHH1>1e (HHJKHRi!: pn,n;). Pa3HJ>Ie KOJIOHKH cooTBeTCTBytOT pa3HI>IM 

o6JiaCTHM no t. AxcenraHcDI, IIOC'!:HTaHHI>le ,D;BYMJl BI>IUIOIIRCaHH:&IMR cnoco6aMH, noKa3J>IBaIOT 
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cxoxcyio 3aBHCHMOCTb OT BeJIH'!:HH 8cm H 'Pcm. Tax KaK ll;eJiblO 3TOH pa60TbI HBJIHeTCH 

H3MepeHRe yrJIOBOH aCRMMetpHH e-e+ nap IIO cpopMf!Ie (5), a 3cpcpeKTHBHOCTb 

,n;erexrnpoBaHHH CLAS-a B BDI6paHHO:il: o6JiaCTH He R3MeHsi:ercx orn;yrHMo, TO MI>I 

HCnOJib30BaJIH axcenTaHC paBHOMepHOH 3cpcpeKTHBHOCTH, KOTOpi>Iil: C'!:HTaeTCH ropa3,Zl;O 6Mcrpee. 

BM'l:HCJieHHe BeJIH'l:Hifbl R 

,ll;JIH pac'!:eTa Bl>IXO,ll;OB y 6I>IJIH H3Y'J:eHJ>I ,!IByMepHDie pacnpe,n;eJieHHH axcneTaHCOB 

paBHOMepHOH 3cpcpeKTHBHOCTH no BeJIH'IHHaM 0cm H 'Pcm B K~OM RHTepBaJie t. 0,!IHHM H3 

HCTO'!:HHKOB CHCTeMaTH'!:eCKHX oum6oK HBJIHeTCH npou;e,n;ypa 6RHHpOBKH. 

Ha pHC 10 IIOKa3aHa BeJIH'!:RHa R pacc'!:RTaHHaH ,D;ruI ,11Byx pa3JIH'!:HDIX 6HHHpoBoK no ,llaHHI>IM 

3KCIIepRMeHTOB e 1-6 (JieB:&IH) H e 1f (npaB1>1il:). 3Be3,!IO'IKH COOTBeTCTBytOT 6RHRpoBKe A e (10°), 

A.'1>(20°), a rpeyroJII>HRKH - A.8(10°), A.'1>(40°). 3Ha'!:eHRe CRCTeMarnqecxoil: omH6KH, 

CBH3aHHOH C 6HHRpoBKOH, 6:&IJIO IIOJIY'J:eHO paBHl>IM 270/o. ,lJ;pyrHM HCTO'IHHKOM 

CHCTeMaTR'!:eCKDIX oum6ox HBJIHeTCH Mero,n; B3BemRBaHHH JienroHHbIX nponoraropoB L R Lo· 

l -8(/l/',,4>Ulf) l D•~•~• o.8r j r•-etiifJ:-iliutfJ I DBf/fl"J . ..,,,,.) 

-"'[1 j j 
j 0.4 t 

o.2r 
~~-~~__L__ .. ___. _ ___.__J_..___.,1 __ _ _!_ .. _ .. _ .. __ 1 ___ ._~ _ _.____j_ ' ' 

o.z 0.4 (/.6 0.2 0.4 0.6 
l(G~Vlc/ t(GeV!cJ' 

pHc 10: 0THOIIIeHHJC R, pacc'l:HTaHHble c HcnOJib30BaHHeM l{Byx pasJIH"'lHblX 6HHHpoBoK: 

A.8(10°), A'P(40°)(TpeyroJibHHKH) H A.8(10°), A<P(20°) (3Be3.l{O'IKH) rrpH pa3HblX 

3Ha"'leHHJlX t. JleBblii pHcyHOK COOTBeTcTByeT ,[faHHbIM el-6, a IIpaBblii - el£ 

OrHomeHHe R 6:i.xJio noc'!:HTaHO ,D;BYMJl MeTO,llaMH. B nepBoM CJiyqae B ~OM 61tHe 6J>IJIH 

HCIIOJib30BaHbI cpe,n;HRe 3Ha'!:eHHH L(8, 'P), H Lo(8). Bo BTopoM CJiyqae KIDK,11oe co6:&rrae 

B3BemHBaJioc1> no OTOHUieHHIO L/ Lo, xoropoe pacc'!:HT:&IBaJIOCb c 1tcnon1>aoBaHHeM TO'!:Hoil: 

KHHeMaTHK ,n;aHHOro co6bITHSI. 

Ha pRC 11 npRBe,n;eHI>I 3aBRCHMOCTR R OT t pac'IHTaHH:&Ie no ,11ByM MeTO,!J;aM. Tpeyrom{HKR 
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, __ 

cooTlleTCTByIOT ycpeAfieHHOM)' L H L0 , a KBaApaThl ci:>oTBeTCTllyIOT MeTOAY, B KoTopoM co6hlTHX 

B3BellIHBaJIHCh no OTHomeHHlO L /Lo. JieBhlH pHcyHOK npeACTaBIDleT AaHHhle H3 el-6, a npaBhlH 

- elf. CHcreMaTH'leCKHe omH6KH, cBx3aHHhle c MeTOAOM B3BeIIIHBaHHX L H Lo cocraBrui:JIH 

nopXAKa AHyx npon;eHTOB. 

0.8 

\ 
t1·-·-·1 : ... ._,11y,,.~L/I.~~ 

0.6 

\ 
\ 

ao: 

\ "' l 
0.61-

ao:0.4 

0.2 

().4 0.6 0.2 0.4 0.6 

t(GeV!cf t(GeV!c)' 0.2 

pHc 11: 0THOHieHHe R pacc'!HTaHHoe no p;BJ'M MeTOp;aM B3BeJIIHBaIU!JI. TpeyroJIHHKH 

cooTBeTCTB)'IOT ycpep;HeHHOMJ' L H L 0 , a KBa,u;paTDI - Mero.zy, B KoropoM co6DITHJI 

B3BeIIIHBaJIHCb rro oTHOHieHHIO L /Lo, IIOC'!HTaHHOMJ' HCXOAJl H3 TO'!HOii KHHeMaTHKH co6DITHJI. 

JieBblH pHcyHOK rrpe,u;CTaBJIHeT l{BHHble el-6, a IIpaBI>IH - e 1£ 

CHCTeMaTH'leCKHe OTKJIOHeHHll MOryT B03HHKHYTh TaKlKe H3-3a onpeAeJieHHX o6naCTH 

HHTerpHpoBaHHll no 8cm B yp.(6). KaK BHAHO H3 pHC 9 npeAeJihl HHTerpHpOBaHHll no Gem 

3aBHCJlT OT <Pcm· PacnpAeJieHHX KHHeMaTH'leCKHX BeJIH'lHH (s, t, Q'2 ) B 3KcnepHMeHTax el-6 H 

o.8F 

o.J + 

\ ~,ti I 

0.2 

0.2 0.4 0.6 
t(GeV!c/ 

PHc 12: BeJIH'lHHa R l{JIH p;aHHDIX el-6 (TpeyroJibHHKH) Helf (rroJIHHe oKppKHOCTH). 
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elf nO'lTH OAHHaKOBhl. 0,zi;HaKO MarHHTHhle norui: HMelOT pa3Hhle 3Ha'leHHX, 'ITO npXMO BJIHJreT 

Ha o6JiaCTh 8cm· TaKbIM o6pa30M CHCTeMaTH'leCKHe omH6KH CBJl3aHHhle c onpe,D;eJieHHeM 

o6JiaCTH e cm 6hlJIH onpe,zi;eJieHhl KaK CpeAfiax pa3HHI~a BeJIH'lHH R IIO ,D;ByM Ha6opaM ,D;aHHbDC 

el-6 H elf. Ha PHc 12 noKa3aHa 3aBHCHMOCTh BeJIH'lHHhl R OT 3Ha'leHHX t ,zi;rui: .D;Byx 

aKcnepHMeHTOB: el-6 (tpeyroJihHHKH) Helf (noJIHhle oKpylKHOCTH). CpeAHJlll CHCTeMaTH'lecKax 

OIIIH6Ka BeJIH'lHHhl R. B03HHKalO~ax KaK CJieACTBHe pa3HhlX 3Ha'leHHH MarHHTHhIX noJieil:, 

coCTaBHJia nopxAKa 21%. 

KoHe'lHMe pe3'VJibTaTbl H cpaBHeHHe c TeopHeii 

KoHe'IHhIM pe3YJibTaTOB xBrui:eTcx BeJIH'lHHa R, onpeAeJieHHax B 'leThlpex HHTepBanax 

BeJIH'lHHhl t, no o6'beAHHHeHhlM ,D;aHHhlM 9KCnepHMeHTOB el-6 H elf. ,[(aHHhle H3 el-6 H elf 

6hlJIH oOO.e,D;HHeHhl Ha ypoBHe BhlXOAOB B qiopM)'Jie AJIX onpeAeJieHHX BeJIH'lHHhl R 

CJie.D;yIO~HM o6pa30M: 

L cos<I>. (Y;1-6 + y:11) 

R= _<J.>=--~~~~~...,....,.~~ 
y:el-6 + y:el/ 

<J.> <J.> 

(7) 

vel-6 velj ~ 6 ;f.. rAe i <J.> H i <J.> npe,D;CTaBJIJllOT co6oH B3BemeHHhle B AaHHOM HHe '!'cm BbIXO.ZJ;hl. 

OxoH'laTeJibHble pe3yJihTaThl AJIX BeJIH'lHHbI R B 'leTblpex pa3HbIX 6HHax npeACTaBJieHhI Ha pHc 

13. Ha pHcyHKe npe,D;craBJieHhI TOJihKO cTaTHCTH'leCKHe omH6KH. CyMMapHax CHCTeMaTH'lecKax 

omH6Ka 6bIJia IIOJIY'leHa nopx,D;Ka 34%. 

3KcnepHMeHTaJlhHO IIOJIY'leHHax t-3aBHCHMOCTh BeJIH'lHHhl R 6bIJia cpanHeHa c 

TeopeTH'leCKHMH npeACKa3aHHXMH, B KoTOpblX HcnoJih30BaJIHCh paaJIH'lHHe Mo,D;eJIH OIIP. l13 

pHc 9 "l:eTKO BH.D;HO, 'lTO CLAS MOlKeT AeTeKTHpoBaTh coohITHX B orpaHH'leHHoil: o6JiaCTH 8cm· 

EoJiee Toro rpaHHIJ;hI 9TOH o6JiaCTH 3aBHCXT H OT t H OT <I>cm. qTolShI MOlKHO oh!JIO cpaBHHT 

TeopHTH'lecKHe pac'leTbI c sKcnepHMeHTaJlhHblMH AatmhlMH, HflKHO B yp. (4) npeAeJihl 

HHTefpHPoBaHHX no 8cm CTaBHTh 3aBHCX~HMH OT t H Wcm, TaKHMH )Ke, KaK npH aHaJIH3e 

::iKcnepHMeHTa. Ha pHc 13 JIHHHX «WTpHX-TO'IKa-To'lKa• cooTBeTcTByeT ABOHHOM)' 

pacnpeAeJieHHlO MOAeJIH (DD) c D 'lJieHOM BKJIJO'leHHbIM c OTpHn;aTeJihHbIM 3HaKOM; KOpOTKHH 

IIITPHX COOTBeTCTByeT MOAeJIH 6e3 D 'lJieHa; IIITpHX-TO'IKa-TO'lKa-TO'lKa COOTBeTCTByeT MOAeJIH 

DD c noJIO)l(HTeJihHhlM D-"l:JieHOM. J!HHHX c AJIHHHhlMH uITpHXllMH cooTBeTCTBYeT p;yai1Holi 

napaMeTpH3aD;HH OIIP. KaK BHAfiO H3 pHcyHKa sKcnepHMeHTaJibHbie ,D;aHHbie HaxO,D;llTCX B 

6oJibmeM coOTBeTCTBHH c p;yaJibHOH napaMetpH3an;Heii: OTIP. IloJIY'leHhle ::iKcnepHMeHTaJihHbie 

AaHHHe no BKP HccJieAOBaHhl B KHHeMaTH'lecKoil: o6JiaCTH 3Ha'leHHX nonHoA sHeprHH n;eHtpa 

Mace 8 = 7.SGeV, H BHpIYaJibHOCTH BpeMXnOA06Horo cl>oTOHa Q'2 = l.34GeV2
, KOTOpble 

ohIJIH cpaBHeHhI c TeopHeli. ,ll;Jix H3BJie'leHHX HHcl>opMan;HH 06 o6o6~eHHllIX naproHHllIX 
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0.51-
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l ~ [ _.--i---------1 
<>:: 01-

-1/t 

-0.51- ,- .. "" -·D _ .... , 
~ 

-I 0.2 0.4 0.6 
t(GeV!c)" 

pHc 13: BeJIH'iHHa R. "Dual" cooTBeTerByeT TeopeTH'l:eCKHM rrpe;rcxasaHHJCM, pacc'l:HTaHHMM c 

HCIIOJib3oBaHHeM ,o;yaJibHOii rrapaMeTpH3al{HH OIIP. lIHHHH "+D': "NOD" H "-D" rrpe~CTaBJIJIKJT 

pac'l:eTM ~JIJC BeJIH'l:HHM R, c HCIIOJib30BaHHeM DD MO~eJIH OIIP, c IIOJIO)l(HTeJibHMM "D" 

'l:JieHOM, 6es "D" 'l:JieHa H c OTpHL{aTeJibHblM "D" 'l:JieHOM COOTBeTCTBeHHO. "Data" rrpe~CTaBJI.JleT 
co6oii 9KCIIepHMeHTaJibHble TO'l:KH IIOCJie o6"be~HHeHHJC ~aHHbIX 9KCIIepHMeHTOB el-6 H ell 

Ha rparjJHKe rrpe,o;craBJieHM TOJibKO cTaTHCTH'leCKHe OIIIHOKH. 

pacnpe,u;eJieHWIX (OTIP), 6r.tJIH H3MepeH1>I HOpMaJIH30BaHHDle cos(<P) MOMeHTDI ce'leHH.11. 

H)1)l<HO OTMeTHTD, 'ITO sTo nepnxe SKcnep:HMeHTaJI:&HLie ,11;aHHLie no yrJioBoii: acHMMel'pHH BKP, 

H nepBMe cpaBHeHH.11 c TeopHeii:. BMJIO noKa3aHo, 'ITO sKcnepHMeHTaJI:&HMe ,u;aHHLie 6oJiee Bcero 

6mi:3KH K Mo,u;eJIH ,ZJ;)'aJI:&Hoii: napaMe1'pH3aD;HH OTIP. 

B1.i:BO,ll;liot 

1. Pa3pa6oTaH MeTo,u; no H,ZJ;eHTHcpHKaD;HH sJieKTpOHOB H no3HTpOHOB KOTpLiii: yJiyqlllaeT 

Ka'leCTBO H,D;eHTHcJ?HKan;HH B nopxp;Ke 10% [2]. 

2. }'fayqeHO cJ?oTOpo)l(,D;eHHe 3JieKTpoH-Il03H1'pOHH:&IX nap H3 SKcnepnMeHTaJibHbIX 

,11;aHHMX no sJieKl'popo)l(,Zl;eHmo, noJiyqeHH:&IX c noMOin;I>IO ,n;eTeKTopa CLAS B 

Jia6opaTOpHH HM. ,[VKecJ?cJ?epcoHa (CllIA). 3ToT npon;ecc, Ha3:&rBaeMI>Iii: BpeMXno,n;o6Hoe 

KOMnTOHOBCKOe paccexHHe (BKP), BnepBD!e 6bIJI H3y'leH c HCnOJib30BaHHeM MeTOp;a 

ceJieKn;HH co6I>ITHH KBa3H-pea1IbHOrO cJ?oTOpo)l(,D;eHW! H3 3KCnepHMeHTaJIIJH:&IX p;aHHIJIX 

no SJieKTJ>OPO)l(,Zl;eHHIO[ 1]. 

3. AliaJIH3 pacnpe,D;eJieHHX He,ZJ;OCTaIOru;ero 4-MepHoro HMnyJI:&ca H HHBapHaHTHOH Macer.I 

JienTOHH:&IX nap B peaKn;HH ep -t e-e+pX noKa3aJI npHcyTCTBHe npon;ecca 

cJ?OTopolK,D;eHW! [3]. 
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U1hpntlinu.C 

Uz]:uuumu b.pnu.f muntub.w uJ.t l1 tJ. wb t q lilpnrn b.-UJ. nqlnnrn b.wJ)lb. q nLJq l:ir )1 !l>mnnbb.nuIJ! 
UJ.I1lltnnh]l lJ.l1w: U]U UJ.l1nghu'(!, nrl! IJ.n~qnuf t dwtfwhwqwhlfwh lJnuui.umh1wh grntu (ctl.!8) 
ntunttfhwu]1111J.ht t wnw2]1b whqwtf, oqmwqn11bhtntJ. qhqmrnbhtfwh q]lmwtP-n11&.h11]1 
mlJJwthh11]19 ptJ.wq]l-]lrwlJ.wb !l>nmnbhtfwh IJ:hUJ.php.]1 wnwh&.hwgtfwh tfhFilIJ:l! 

ep - e-e+pX nhwqg]lwJnll.C: 'llwqwunq pwnw~wi.jl ]luui.m1u]1, h qhqmrnh-ui.nq]lmp.nh 

qnL]qh11]1 t!l>hlJ.m]ltJ. qwbqqwbhh11]1 pw2Iunttfhh111! uiw11qnp.n2 qhp.UJ.ntJ. gnt]g mtJ.hg]lh 
:t>nmnbhtfwh ip.wum'(!: ctl.!8-'(! FlltJl I: mw!lm bn11 tfhFnlJ:lltJ. p.h:jm11tfwg]lw umwhwt 
'(!\nihwh11wgtJ.wb uiwrmnhwJJih pw2Iumtfhh11]1 (C'll.P) qhp.wphp.JWt: lfwubtJ.n11wui.hu 
l.intfui.mnh1wh :t>nptf-!l>wqmnrtihr]l J111w1J.wh tfwu'(!, np.'f! hwhIJ:]luwhnttf t C'IJ..P-hh11]1 qbw1]1h 
IJ.ntfp]lbwg)lw, IJ.w11hll1 I: ~w$ht thuimnhw1]1h qm]qh11]1 whli.Jmhwi]lh wuJitfhm11]1w1Ji 
tf]12ngntJ.: Uju w2Iuwmwbpmtf wnw2]1h whqwtf ctl.!8 ui.rnghul! munL1fhwu]111tJ.ht t 
q]lhhtfwm]lq mJipmJpmtf, np.mhq tp.]lq qwhqtJ.wb]l qhhmrnh]l thhp.q]lwh s = 7.8GeV h 

dwtfwhwqwbtfwh :t>nmnh]l tl]lp.tnnLWtnLFJnLh'f! Q'2 = 1.34GeV2: C'll.P-hhp.p. lj_hp.wphp.JWt 

]lh!l>n11uwg]lw umwbwtm huiwmwlJ.ntJ. ~w$1J.ht t ctl.!8-]l IJ.m111J.wbp]l hnp.tfwtJ.np.tJ.wb cos( <I>) 
tfntfhhm'(!: 

'llhmp t h2ht. nr WJU w11IJ:Jmhphh111! wnw2]1h i.jlnp.&.w11wp.wqwh WJUllmhphh11b hb ctl.!8-]1 
whli.Jmhw1]1h whhwtfwlw1pmp1wh lj_hp.wphp.]Wl, h wnw2]1h whqwtf hh hwtfhtfmmtJ.ht 
mhuwqwh qwhiuwml:iumtfhhp.]1 hhm: 
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