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Olill.l,MI XAPAKTEPHCTHKA PAliOThl 

AuyaJJbHOCib TeMbl 

Ha npornlKemm MHomx .n:ecJITHnernn 3KcnepHMeHTI.I no nernoH-HYKJIOHHhIM 

pacceJIHmlM CJIYlKHJIH xopoumM HCTQqHHKOM 1mciJopMaUHH 0 CTpyKT)'pe HYKJIOHOB. ,n:o 

He.n:asHero apeMeHH .z:t:JIJI 011ucaHHJ1 cTpyKTYPhl HYKJIOHOB noni,3osanuc& .z:t:BYMJI 
KaTeropHJIMH KBaHTOBO-XpOMO.z:t:l1HaMHqecKl1X ofu.eKTOB - ynpyrnMl1 qiopM-ciJaKTOpaMH 11 

napYOHHh1M11 <l>YHKU11JIMH pac11pe.n:eneH11J1. HyKJIOHHLie <l>opM-ciJaKTop&1, 113MepJieM&Ie B 

ynpyrux JICllTOH-HYKJIOHHLIX pacceJIHl1JIX, OllHCb!BaJOT p83Jil1q11e :meKTpOMarHl1THOH 

cTpyKTYPhl HYKJIOHa OT ToqeqHOH qacT11ur.1 H npe.n:cTaBJIJIIOT nonepeqHi,1e 

npocTpaHCTBeHH1>1e pacrrpe.n:erreH11J1 3apJI.n:a 11 HaMarnuqeHHOCTH B HYKJIOHe. ITapTOHHLie 

ciJyHKU:HH pacnpe.11eneH11J1 rrpe.n:crnBJIJIIOT co6oi1 pacnpe.n:eneHHJI .non11 rrpo.nonr.ttoro 
11Mrryrrr.ca HYKJIOHa aecymuM napTOHOM 11 113MepllIOTCJI B 11HKJII03HBHblX H rrony­
HHKJll0311BHblX rny60KOHeyrrpyrnx pacceJIHl1JIX. <I>opM-ciJaKTOpbl 11 napTOHHbie <l>YHKUl111 

pacrrpe.neneHl1JI npe):{CTaBJIJllOT co6ol1 O,nHOMepHble rrpocTpaHCTBeHHbie H 11MllYJibCHbie 

pacrrpe.neneHHJI COOTBeTCTBeHHO. 
B KOHTeKcTe HOBOBBe,neHHoro <t>opMaJIH3Ma 06o6meHHLIX ITapTOHHbIX 

Pacrrpe.neneHHli (OITP) cTano B03MOlKHbIM 6onee oxsaT1>rna10mee orrucaHHe CTPYKTYPLI 

HYKJIOHa. OITP 6&m11 srrepB&Ie paccMoTpeHLI B pa6ornx rpyrrni,1 TeopeT11KoB e KOHUe 
BOCLMH.lleCJ1T&1x. CornacHo rrocne.nH11M 3KcrrepHMeHTaJihHbIM 113MepeHl1JIM, B pa3JIOlKeH1111 

Z-KOMllOHeHTbl Clll1Ha HYKJIOHa Ha COCTaBJIJllOl.l.{He OT co6cTBeHHblX yrnOBblX MOMeHTOB 

KBapKoB AI; H rn100HOB Ag 11 cooTBeTcTBeHHO 11x op611TanhHL1x yrnoa1>1x MOMeHTOB L,q u 
L,8 
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BKJia.n co6cTBeHHblX yrnoBblX MOMeHTOB KBapKOB COCTaBJIJleT nopJI,nKa 20-25%. 
Cne.noaaTeJibllO, '3KCnepHMeHTaJlbHOe H3MepeH11e OT,AeJibHbIX COCTaBJIJllOLUHX CllHHa 

HYKJIOHa JIBJIJieTCJI O.!IHOH 113 Ba)lmeliumx 3a,naq cn11Hoaon <t>u311K11. 
l1HTepec K OITP 3Haq11TeJI&Ho B03poc nocne OTKpr.1T11J1 X. )J,lKH, KOTOpbIH noKa3an, 

qTQ llOJIHblH yrnoBOH MOMeHT KBapKOB H fJllOOHOB MOlKeT 6I.ITb BbHIBJieH rrocpe,nCTBOM 

OITP. C .11pyrofi cToponr.1, OITP BKJ110qa10T B ce6JI yrrpyrne <t>opM-<l>aKTopr.1 11 rrapTOHHhie 
pacrrpe,neneHHJI, KOTOpbie JIBJIJllOTCJI COOTBeTCTBeHHO MOMeHTaMH H npe.nenLHblMl1 

cnyqaJIMH OITP, TeM CaMblM npe.nocTaBJJJIJI cKoppenupoaaHHYIO HH<t>opMaUHIO 06 

0,llllOMepHOM pacnpe.neneHHH 11p0,!10JlbHOH COCTaBJIJIIOmeli HMrryni,ca KBapKa c 
,nB)'MepHLIM rrpocTpaHCTBeHHblM pac11pe.neneH11eM B no11epequoi1 llJIOCKOCTH. 

OITP MOJYT 6r.ni, 3KcnepttMeHT8JILHO BbIJIBJJeHLI B H3Mepeu11J1x rny6oKoaeynpyrnx 

3KCKJll03HBHLIX npou:eccoB, B KOTOpbIX MH!lleHb OCTaeTCJI HeTpouyTOH (uenOCTHOH). B 
nocne.nHee BpeMJI 3KCnepHMeHT8JlbHO Ha116onee qaCTO uccnenyeMLIM 3KCKJll0311BHhIM 

npou:eccoM JIBJIJieTcJI fny6oKO-BHpTyani.Hoe KoMnTOHOBCKoe pacceJIHHe (fBKP) (Deeply 

Virtual Compton Scattering (DVCS)), r.ne s11pTyanLHLIM <floTOH, ucnycKaeMLIH 
HaJieTa!Oll.IHM JJellTOHOM, nornomaeTCJI o,nHHM 113 KBapKOB ll.Upa Ml1UleHl1 • KOTOpblli B 

CBOIO oqepe.n:r. H3JiyqaeT peaJI&HbIH <t>oTOH, OCT8BJIJIJI M11IIJeHb u:enOCTHOli pe-+pey. 
HapJ1,ny c fBKP urnpoKo ttcnonr.3y10TCJ1 TaKJKe npou:eccr.1 3KCKJII03HBHoro 
rny6oKOHeynpyroro nenTOpOlK,neHHJI Me30HOB. B COBpeMeHHbIX 3KCnep11MeHTax Ha 

<l>ttKcttposaHH1>1x MHIIJeHJIX, TaKHX KaK HERMES, JLAB, H3MepeHHJI ceqeHHJI fBKP 
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3aTpy.uHeHO BBH.UY cyIUeCTBOBaHHll npouecca EeTe - faiiTJJepa, KOHeqHoe COCTOllHHe 
KOTOporo 3KCnepHMeHTaJibHO He pa3JJH,HMO OT fBKP " ceqeHHe KOTOporo HaMHOro 
npee&mrneT ceqeHHe fBKP. TeM CaMbIM, HaH6oJJee y.uo6H&IMH Ha6J110.uaeMbIMH llBJJllIOTCll 
a3HMyTaJlbHbie aCHMMeTpHH no OTHOIIIeHHIO K IlOJJllpH3auHH JJenTOHHOro nyqKa HJIH 

3apll.UY a TaKlKe nOJJllpH3aUHH MHUleHH. 
B CJJyqae fBKP Ha .ueiiTpoHe MOlKHO paCCMOTpeTb ,l\Ba THna paccellHHll -

KorepeHTHOe " HeKorepeHTHOe. KorepeHTHoe paccellHHe (Koma .ueltTpoH noc11e 
paccellHH» ocTaeTCll ue11ocTHhIM) .uaeT B03MO)!(HOCTb paccMaTpHBaT& CTPYKTYPY .ueiiTpoHa 
Ha ypoBHe KBapKOBblX CTeneHelt CB060,Ubl. A c11yqaii HeKorepeHTHOro paccellHHll, Kor.ua 
,z:(eiiTpOH pacnMaeTCll, npe.uocTaBJilleT B03MO)!(HOCTb HCCJie,l\OBaHHll OilP Ha HeltTpOHe. 

!k.iihm .UHCCepTaUHOHHOH pa60Tbl llBMeTcll: 

• 

• 

• 

• 

B&16op co6bnHl1 no JienTOpO)!(,UeHHIO peaJI&Horo <tioToHa Ha .ueltTpone H3 

'3KCnepHMeHTaJibHb!X ,llaHHbIX. 

H3yqeHHe pacnpe.ueJieHHll He,UOCTaIOIUeii MaCCbl peaJibHb!X <tioTOHOB H onpe.rr.e11e1me 

3KCKJII03HBHOH 06Jiacn1 .UM fBKP. 

onpe.ueJJeHHe Heo6xo.UHMbIX KHHeMaTHqecKHX orpaHH,eHHlt, cnoco6cTBy101uHx 
CHH)!(eHHIO <tionOBblX ClffHaJIOB B 3KCKJII03HBHOH o6JiaCTH ,!(Jill fBKP. 

HCCJie,UOBaHHe a3HMyTaJlbHblX aCHMMeTpHH no OTHOUleHHIO K llOJlllplnauHH 
JienTOHHOro nyqKa, ee 3aplllly, npO.l\OJlbHOH nOJJllpH3aUHH MHUICllH, n TnlOI<e no 

OTHOUICHHIO K HX CMemaHHblM KOM6HHaUHllM. 

HCCJie,l\OBaHHe B03MOlKHbIX CHCTeMarHqecKHX 34'<lieKTOB " ouenKa cyMMapnoii 

CHCTeMaTHqeCKOH OUIH6KH H3MepeHHH. 
BblllBJieHHe o6JJaCTH KOrepeHTHOro paccellHHll " ouenKa na6JJIO,UaeMblX aCHMMCTpHlt 

,!(Jill KOrepeHTHOro fBKP Ha .neltTpoHe. 

Hay,Haa uouu:ma: 

• 

• 

Pa3pa6oraHa MeTO.l\HKa H3BJJeqeHHll co6&1THl1 nemopoJKlleHHll pean&11oro cj>0To11a m 
3KCnepHMeHTaJlbHblX .uaHHblX " ycraHOBJICHHll o6nacrn .l\Jlll fBKP na .neltTCpHCBOH 

MHUleHH. 

BnepB&Ie 3KcnepHMeHTaJJbHO 6&IJI H3yqeH npouecc JJemopoJKlleimll pem1r.11oro 

<tioTOHa Ha HenOJJllpH30BaHHOM H npO,UOJlbHO nOJJllpH30BaHHOM .neltTpOile. 

Bnepsble H3MepeH&I -t, XN " Q2 3aBHCHMOCTH a3HMYTaJibHblX yrnos&rx acHMMeTpHii 
no OTHOUICHHIO K nOJillpH3aUHH nyqKa, ee 3apll.UY H no OTHOUICHHIO K npO):lOJibHOH 

nOJJllpH3aUHH .ueltTepHeBOH MHUleHH a TaKJKe HX CMelllaHHb!M KOM6HHaUHllM. 

Upa1ITu1Jecwag ueuuocrh: Pe3yJJ&TaTbI, noJJyqeHH&Ie B ):lHcceprauHOHHOH pa6ore 

Henocpe.ucrne1rno HCITOJJb30BaHbI .UJJll nposepKH pa3JJH,HbIX TeopeTHqecK11x MO):leJJeii 
OilP. IloJ1yqe1111&1e pe3yJJ&TaT&I aMnJ111Tyll ac11MMeTp11H: MoryT 6b1Tb 11cnoJI&30BaHr.1 B 
Kaqecrne 11CXO):lHblX i.aHHb!X ):lJlll rno6aJJbHOro <ti11T11poBaH11ll BCeMHpHl:.IX ):lallllblX 110 

OilP. 
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OcuoBHbie ooJJOtKeuug, BhIHOCUMble ua Ja111u1y; 

l13eneqeH11e co6bnwn no Jiemopo)l(llen1110 peaJJ&Horo <tioroHa Ha .ueltTpoHe 113 
3KCep11MeHTaJibHblX ):laHHblX. 

Onpe.ueneHHe 3KCKJJI0311BHOl1 06nacT11 ):lJill fBKP c noMOIUblO 113yqeH11ll 
pacnpe.ueneHHll He.n;ocTaIOIUeii MaCCbI. 

BM.n;enenwe a3HMYTaJibHbIX yrnoeLrx acHMMeTpHlt nenTOpOJKlleHH» peanbHOro 
<iiOTOHa Ha HenomipH30BaHHOM .ueilTpOHC no OTHOUICHl1!0 K IlOJillpH3aUHl1 nyqKa ' ee 
3aplllly a TaK)Ke no OTHOllICHl1!0 K HX CMelllaHHblM KOM6HHaUHllM. 

CpaBHeHHe nonyqeHHhIX aMnJIHry.U acuMMeTp11lt Ha .ueltTpOHe c aHanomqH&IMH 
pe3yJILTaTaMH, nonyqeHHblMH Ha npoTOHe. 

OueHKa acHMMeTpHlt .UM KorepeHTHOro fBKP na .ueltTpoHe. 

Anpoiiauua paiiorhl: OcHOBH&Ie pe3yJILTaTbI .uucceprauHOHHOH pa6oTLI m11p0Ko 
U3BCCTHbl B cpe.ue cneuHaJIHCTOB, MHOroKpaTHO .UOKJ!MbIBaJll1Cb Ha Me)l(llyHapo.n;HbIX 
KomflepeHUHllX (DIS-2009, SPIN-2008, HT. i..), a TaKlKe Ha ceMuHapax B ,[J,E3l1, B EPCl>l1 
" Ha KOJIJia6opauuoHHbIX MHTHHrax HERMES KOJ1Jia6opau1111. 

IlyiiJJuKanuu: Ilo TCMe .UHCCCpTaUHH ony6JI11KOBaHO 4 CTaTbH B *YPHaJJax 11 Tpy.zi;ax 
KOH<iiepettu11n: 3 CTaTbH ony6JJHKOBaHbl B se.uym11x M11p0Bb!X lKypHaJiax, O.l\Ha pa6ora 
HaneqaTaHa B c6opHHKe MaTepHaJIOB Me)K.UyHapo):lHOH KOHCflepeHUH11. CnHCOK 
ony6JIHKOBaHHb!X CTaTelt npHBO,UHTCll B KOHUC asTOpeqiepara. 

Crpyiaypa u ofibeM pafiOTblj ,[J,HcceprauHOHHall pa6ora (Ha aHrJIHHCKOM) COCTOHT 113 

BBe.n;eHHll, qeTb!pex mas, 3aKJIIOqeHl1ll, CilHCKa UHTHpOBaHHOH Jl11Teparypbl " 
npHJIOlKeHHll. Co.uep*an11e H3JIOlKeHo Ha 141 crpaH11uax neqaTHoro TCKCTa, BKJJJOqag 46 

pHCYHKOB" 125 6H6JI11orpa<t>ffqeCKl1X CCblJIOK. 
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Cot{epmauue pa6oTbl 
paccMaTp1rnaeTCll «f>opMaJIHJM OTIP B o6mux qepTax. ,[Vil! uaqana 

npHBe,[{eHbI onpet{eJieHH.SI OCHOBHblX KHHeMaTH'leCKHX nepeMeHHblX, HCilOJib3yeMblX )lml 
omrcaHHl! rny6oKoHeynpyroro JienTOH - HYKJIOHHoro paccel!HIDI (fHP) u nepequcneHbI 
OCHOBHble BbIBO)lbl H3 JKCnepMeHTaJibHb!X .11.aHHblX no fHP, co6paHHblX Ha npOTl!JKeHHH 
HeCKOJ!bKHX )leCJITHJleTHH. fHP OilHCbIBaeTCJI c IlOMOlllblO OilTH'leCKOH TeopeMbI, KOTOpCUI 
CBll3bIBaeT Ce'!eHHe HHKJll03HBHOro fHP ep-+eX c MHHMOH 'laCTblO )lHaroHaJibHOH 
KoMnTOHOBCKoii aMnJIHTY.ll.bI HJIH npouecca y*p->y*p. BBHllY «f>aKTOpH3aUHOimol1 
TeopeMbI npouecc y*p->y*p MOJKeT 6bITb pa3t1eneH Ha nepTyp6aTHBHy10 H 
HenepTyp6aTHBHYIO '!aCTll. TiepTyp6aTHBHaJI qacTb (B3aHMO)leliCTBllJI Ha MaJib!X 
paccTOJIHHJIX) MOJKeT 6b1Tb BbI'!ecneHa B paMKax nepryp6aTHBHOii KX,[(, e TO epeMll KaK 
Henepzyp6aTHBHal! (B3aHMO)leHCTBHll Ha 60JibllIHX paCCTOJIHHllX) '!aCTb MOJKeT 6b1Tb 
napaMeTpH30BaHa c noMOU(blO napTOHHblX cjJyHKUHli pacnpe.neJieHHl! (TI<l>P) (CMOTPH pHC 
!). 

B cepe.nHHe 90-b!X 6blJIO ,l(OKaJaHO, '!TO CBOHCTBOM tiJaKTOpH3aUHH o6JIMa!OT 
TaKJKe He.11.11aroHaJibHbie KoMnTOHOBCKHe aMnJIHTYllbl y <*> p1->y<*> p2, r.ne pea11bHOCTb HJIH 
BHpryaJibHOCTb Ha'laJibHOro HJIH KOHe'IHOro tiJoTOHa He Tpe6yeTCll. 8 JTOM CJiyqae 
Henepzyp6aTHBHaJI 'laCTb napaMeTpH3yeTCJI c IlOMOU(blO 0606me11HblX napTOHHblX 
tiJYHKUHH pacnpe.nenemrn (OTIP). 

p(P) p(P) p(P) p(P') 

PHCYHOK I: "Handbag" ouacpCIMMbt ORR OltaWHaRbHOl'i II /le OltaWHaRbHOZ'i 

KOMnmo110Gc1<01i GM11J1umyob1. 

OITP JaBHCllT OT KHHeMaTH'lecKHX nepeMeHHbIX x 11 I;, KOTOpb1e npet1cTae1rn10T 
COOTBeTCTBeHHO cpe)lHIOIO H pa3HOCTb .l(OJIH npO/lOJlbHOro HMilYJibCa, Hecyll(HM 
BJaHMo.neiicrey10mHM naproHoM a Ha'!aJibHOM H KOHe'IHOM cocTOJIHHJIX. OITP 3aBHCllT 
TaKJKe OT KBMpara '!eTb1pexMepuoro HMnynbca, nepe.nauuoro HYKJiouy t=(p1-p2)2. 
Het111aroHanbHal! KoMnTOHOBCKM aMnn11zy.na .l(JIJI MPOHOB co cnHHOM 1/2 on11cbmaeTcll 
'leTbipbMll OITP (a ceKTope TBHCT-2), coxpaHl!IOIUHMH cnHpanbHOCTb KBapKoe .nnll 
KalK,lloro KBapKoaoro apoMara Hq, Eq, flq H Eq. B cnyqae MPOHOB co cnHHOM I 
Heo6xo.11.HMbI coornercrne11110 .neBJITb OITP H1q, ... Hsq, fl1q··· fl4q. I-fa eaJKHenurnx caoiicTB 
OITP cne.nyeT OTMeTHTb 11x e3a11MocBJ13b c o6bI'IHb!MH naprnHHblMH pacnpe.1.1eJieHHllMH H 
JnacTH'IHblMH tiJopM-cjJaKropaMH. Ilaprnmlble pacnpe,l(ene1111J1 nony<1m0Tc» OT OJ IP npu 
npet1eJibHOM nepexo.ne t-+O, s -+O, a tiJopM-tiJaKTOpbl CBJl3allbl c nepBb!Mlf x MOMeHTaMI! 
OITP. 8aJKHoii oco6e11nocTb10 OITP J1BJIJ1eTcJ1 TaKJKe noJIHllOMHanb11oe cnoiicrno HX 
MenHHOBCKHX MOMeHTOB. 11nrepec K OITP H HX ~Kc11cp11MeHTaJibHOMY Bb!JIBJieHHIO 
3Ha'IHTeJibHO B03poc nocne o6HapyJKeHHJI HX B3aHMOC8Jl'.JH c l!OJIHblM ymOBblM MOMeHTOM 
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napTOHOB a HYKJIOHe. KaK 6brno noKaJaHo X. ,[(i1rn, HMeeT MecTo cnet1y10mee 
cooTHOUieHne, CBJl3bIBamuiee OITP Hq If EG c noJIHbIM yrnoBblM MOMeHTOM KBapKa Jq. 

lim f
1 

dxx(Hq (x, {, t) + Eq (x, {, t)) = Jq (2) 
t .... o lo 

c JKCnepHMeHTaJibHOH TO'IKH 3pemrn CaMCUI npOCTall peaKUH.11, B KOTOpoii MOlKHO 
nony'IHTb .nocryn K OITP, J1BJIJ1eTCJ1 rny6oKO-BHpryaJibHOe KoMnTOHOBCKoe paccellHHe 
(rBKP) (Deeply Virtual Compton Scattering, DVCS) ep(d)->ep(d)y. KpoMe rBKP 
cymecrnyer .npyron npouecc - Eere-falirnepa, a KOTopoM uaqaJibHble H KOHe'IHbie 
COCTOllHHll O)lHHaKOBbl c Ha'!aJlbHbIMH H KOHe'!HblMH COCTOHHHllMH fBKP, HO B KOTOpOM 
KOHe'IHbIH peaJibHbIH cjJOTOH HcnycKaeTCJI He KBapKOM, a HaJieTalOU(HM HJIH BblJ!eTalOllIHM 
nenTOHOM. 3TH )lBa npouecca JKCnepnMeHTaJibHO Hepa3!1H'IHMbl H, BBH.!IY O/lHHaKOBOro 
KOHe'IHOro COCTOJIHHJI, HHTeptiJepwpylOT. TeM caMbIM, KpOMe fBKP H EeTe-faiirnepa, 
cyMMapHoe ceqeHHe nenrnpolK,lleHmr peaJibHoro cjJoroHa 

da XAY2 [ 
dxAdQ2dltld4> = 32(27r)4Q4vfl + c:2 ITBHl

2
+1Tnvcsl

2
+1] (3) 

co.neplKHT TaKJKe HHTepct>epeHUHOHHblH qJieH. 3.necb ~ yron MelK.UY nJIOCKOCTblO 
paccenBaHHJI JienTOHa H nJJOCKOCTblO polK,lleHHl! peaJJbHOro cjJOTOHa. B COOTHOIUeHHH 3 
KBR/lpaTHM aMnn11zy.na Eere-raiirnepa JaBHCHT OT JJJeKTpoMarHHTHbIX cjJopM-cl>aKTopoe 
H MOJKeT 6b!Tb paCC'IHTaHa TeopeTnqecKH c 60JlblllOH TO'IHOCTblO. liHTepcjJepeHUHOHHblH 
qneH JIHHei1Ho 3aBHCHT OT KoMnTOHOBCKHX cjJopM-cjJaKTopon (K<l><l>), KOTOpb!e JIBJJllIOTCll 
ceepTKaMH OITP c aMnJI11ry.uoi1 my6oKoHeynpyroro pacceaHHll. KsMpaTHCUI aMnnuryt1a 

fBKP (ltovcsl2) TaK:lKe npe,!lCTaBJllleTCJI qepe3 K<l><l>, HO B JTOM cnyqae 3aBHCHMOCTb OT 
K<l><l> KBMpaTH'IHa. 8 6oJibIUHHCTBe JKcnepHMeHTOB Ha cjJnKcuposaHHbIX MHIUeHJIX BKJIM 
OT npouecca EeTe-faiirnepa B ceqeHHe ,l(OMHHHpyeT Ha.I( rBKP. Ho 6Jiaro.uapll 
cymecTBOBaHHIO HHTepcjJepHUHOHHOro '!JleHa CTaHOBHTCJI B03MOlKHbIM H3MepHTb 
aMnJIHTY.LlY fBKP. 3To MOlKHO c.uenaTb nocpe,!lCTBOM H3MepeHHH acHMMeTpHH, KOTOpbie 
noJ1BJIJ110Tca s aJHMyTaJibHbIX pacnpe.ueneHHllX peanbHhlx cjJoTOHOB. PaccMoTpeHHbie B 
.nHccepraUHOHHOH pa60Te acHMMeTpHH MOlKHO pa3.nenuTb Ha TPH rpynnb1. Ilepe<UI rpynna 
aCHMMeTpHH 6blJJa H3'bl!Ta H3 .uaHHbIX, co6paHHbIX Ha HenonllpH30BaHHOH .11.enTepHeBOH 
MHll!em1. ACHMMeTpHH no OTHOIUeHHIO K nonllpH3al.{HH nyqKa, ee 3apa)l.y, a TaKJKe HX 
CMeIUaHHOH KOM6HHaUHH onpe.neneHbl B ypaBHeHHSIX 4 - 6. B JTHX ypaeHeHHJIX + H -
0603uaqa10T 3apll.U nenTOHHoro ny'IKa, a o.nuHO'IHbre CTpeJIKH - HanpaaJiem1e 
nOJillpH3aUHH nenTOHHOro nyqKa no OTHOIUeHHIO K HMilYJibCY nenTOHOB. 

(u-+ + u<-+) - (u-- + u--) 
Ac= , ~+ + u<-+) + (u-- + u<--) (4) 

(u-+ + u->-) - (u<-+ +a-<-+) 
ADVCS _ (5) 

LU - (a-_,+ +CT_,_)+ (a-<-+ +a-<-+) 
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AI _ (er_,++ er--) - (er_,_+ er<--+) 
6 LU - I _ _.,.,L I -'-- \ I I-~- I _,,_-L. \ ( ) 

B o6o3HaqeHHJIX acHMMeTpHlt C yKa3hrnaeT Ha 3apsia, L - Ha npoJJ.OJJhHYIO nonJipH3al{HIO 

nyqKa HJIH MHWeHH, u - Ha HenonsipH30SaHHhIH nyqoK (MHWeHh). BTOpaJI rpynna 

acHMMeTpHH onpe)leJieHa no OTHOWeHHIO K nom1pH3al{HH nyqKa H npO,llOJlhHOH 

nonJipH3al{HH ,lleHTepHesoii MHWeHH (H HX KOM6HHal{HH) ,llJ]JI Il03HTpOHHOrO nyqKa. 

OnpeJJ.eJJeHHe JTHX acHMMeTpHii aaHo s ypasHeHHJIX 7-9. 

(er;>++ er~+) - (er~++ er~+) 
AL~= - - - - (7) 

(er*+ + er<=+) + (er*+ + er<=+) 

(er;>++ er~+) - (er~++ er~+) 
AuL = _ _ _ _ (8) 

(er*++ er*+)+ (er<=++ er<=+) 

(er;>++ er~+) - (er~++ er~+) 
ALL = - - - - (9) 

(er*+ + er<=+) + (er<=+ + er*+) 

B 'JTHX ypasHeHHJIX asoil:111>1e cTpenKH o6o3Ha'!alOT npo.llOJlhHYIO nonJipH3al{HIO 

,lleil:TepHeSOH MHWeHH no OTHOWeHHIO K HMUYJJLCY nenTOHHOfO nyqKa. BaJKHO OTMeTHTh, 

qTo "HeUOJlHaJI" cnHHOSaJI acHMMeTpHJI, onpeaeneHHaJI s ypasHeHHH 7 OTJJHqaeTCJI OT 

auaJIOrH'IHblX acHMMeTpHH Ha HeUOJIJipH30SaHHOH MHWeHH TeM, qTo s ee 3HaMeHaTene 

ceqeHIDI ycpeJJ.HSllOTCJI TOJlbKO no npOJJ.OJlhHbIM UOJJJipH3al{HjJM )leHTepHeSOH MHWeHH, 

OCTaSJJJIJI TeH30pHyJO KOMUOHeHTY HeTpOHYTOH. AcHMMeTpHH Tpeneii rpynnhl 

onpe,lleJJeHbI no OTHOIIIeHHIO K 3apSl,lly nyqKa H npO,llOJlhHOH nonsipH3UL{HH MHWeHH. Ho 

SSHJJ.Y Toro, '!TO ,llaHHhie Ha IlOJIJipH30SaHHOM ,lleil:TpOHe H c 3JleKTpOHHhIM nyqKOM 6hIJIH 

co6paHhl TOJlhKO c OTpHL{aTeJlhHOH IlOJJJipH3al{HeH nyqKa (npH n03HTpOHHOM nyqKe o6e 

nOJJJipH3al{HH 61>mH )J.OCyYUHbl), aCHMMeTpHH 'JTOH rpynnhl 6yayT onpe)leJieHhl ,llJIJI 

OTpHL{aTeJlhHOH nOJIJlpH3al{HH nyqKa. I1x onpe.u.eneHHe ,llaHO B ypasHeHHJIX 10- 12. 

(er~++ er~+) - (er~-+ er~+) Ac¢== _ _ _ _ 
-=> (er*+ +er<=+) + (er*- +er<=+) 

(er~+ +er~-) - (er~++ er~-) 

A~L = (er~++ er~-)+ (er~++ er~-) 

(er~++ er~-) - (er~++ er~-) 

A£L = (er~++ er~-)+ (er~++ er~-) 
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(10) 

(11) 

(12) . 

B ma(/e 2 .u.aHhl OCHOSHhie xapaKTepHCTMKH ycKopmeirn HERA H ycTaHOSKH 

HERMES. HaKonHTeJJh HERA cocTOHT 113 .u.syx KOJiel{ JJ.JJHHOH 6.3 KM. 0)lHO 113 KOJJel{ 

YCKOpJieT npOTOHhl )lO :meprHH 920 fes, a STOpOe - 'JJleKTpOHhI/n03HTp0Hhl .!1.0 'JHeprnH 

27.6 res. THnHqHhlH TOK JlenTOHHOro nyqKa MeHJieTCJI OT 10 .!1.0 40 MA. B HaKonHTeJlh 

11HlKeKTHPYIOTCJI 220 nenTOHHhlX 6aHqos Jl.JIHHOH 27 nc, pa3)leJleHHhlX BpeMeHHhlM 

HHTepsanoM 96 He. KalKllLIH 6aHq co)lepJKHT npHMepHo 3.8· 108 nenTOHOB. B 
JKcnepHMeHTe HERMES 11cnoni,3osancsi TOJihKO nenTOHHhlH nyqoK. YcKopmeni, pa6oTan 

s OCHOBHOM Ha n03HTpOHHOM nyqKe. 3JieKTpOHHhIH nyqoK 6hm )locryneH TOJILKO s 1998, 

2005 H 2006 ro.r1ax. YcTaHosKa HERMES JIBJIJieTCJI THnHqHoif .llJlJI JKcnepHMeHTos Ha 

<l>HKCHposaHHOH MHWeHH nepe)lHHM cneKTpOMeTpOM. 0Ha COCTOHT H3 .ilSYX 

CHMMeTpHqHhJX nOJIOSHH, pacnoJJOJKeHHhlX ShIWe H HHlKe ny'!Ka-nposoaa YCKOpHTeJJJI, 

KaK nOKa3aHO Ha pHCYHKe 2. 
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P11cyHOK 2: CneKTpOMeTp HERMES 

CneKTpoMeTp SKJJJO'!aeT s ce6si aeTeKTOp1>1 peKOHCTpy11posaHHJ1 TpeKos, 

,llHUOJlhHhIH MarHHT H )leTeKTOphl H)leHTmf>HKal{HH '!aCTHL{. I1aeHTH$HKal{Hll qacTHL{ 

ocymecTBJJJieTCJI conoCTasneHHeM CHrHanos OT ,lleTeKTopos nepexO,llHOro H3JJyqeHHJI, 

JJHsHesoro KOHsepTepa, 3neKTpoMarHHTHoro KanopHMeTpa H RICH aeTeKTOpa, 

npe,llOCTaSJijJJI S03MOlKHOCTh JJ.OCTH% :i<t><t>eKTHSHOCTH pa3,lleJJeHHJI JienTOHOS OT aapoHOB 

He HHJKe 98% . PeKOHCTpyKL{HJI TpeKos 3apJ1lKeHH1>1x qacTHL{ ocymecTBJJJieTCJI c noMOlllhlO 

HeCKOJlhKHX .r1peii$OBhIX KaMep, pacnonoJKeHHhIX cnepe,llH H C3a,llH MarHHTa, a TaKlKe c 

noMOlllhlO nponopl{HOHaJJhHhIX KaMep, pacnonoJKeHHhIX B nonocTH MarHHTa. Yrnosoii 

3axsaT cneKTpOMeTpa COCTaBJlJleT +/- 170 Mpa,ll no ropH30HTaJlH H 40-140 Mpa,ll no 

seprHKaJJH. JleUTOHHhlii TpHrrep <t>opMHposancg cosna,lleHHeM CHrnanos OT JlBYX 

CL{HHTHJJJlJIL{HOHHhIX roaocKonos HI H H2 (cMoTpH pHc. 2), JJHBHesoro KOHsepTepa H 

3Heproswi:eneHHeM nenTOHa s KaJJOpHMeTpe 6onee 3.5 res. B Ka'leCTBe <l>HKCHposaHHhlX 

MHWeHeii 6hIJ1H HCUOJlh30SaHhl ra3006pa3HhIH HenOJijJpH30SaHHhIH H npo,llOJlhHO 

nOJJjJpH30SUHHhlH aeifTpOH. THnH'IHaJI IlJlOTHOCTh nonJipH30BaHHOH MHIIIeHH COCTaSJJJIJJa 

1014 HyKnoHos/cM2 , a HenonJipH3osaHHOM MHllleHH - 1016 HyKnoHos/cM2 
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B .waae '.l npHBO.llHTCJI .neTaJii.Hoe onttcaHHe npoue.nypi,1 o6pa6oTKH 

3KCIIepHMeHTaJibHblX ,llaHHblX. l13MepeHHe 3KCKJII03HBHbIX npoueccoB Tpe6yeT TO'IHOro 

orrpe.neneHHJI KOHe'IHOI'O COCTOJIHHJI peaKUHH, 'ITO B cny11ae rBKP COCTOHT H3 Tpex 

11acTHU. Ho H3-3a Manon senu11HHbl KBa.npaTa 11eT1.1pexMepHoro HMnyni,ca, rrepe.naHHoro 

MHilleHH (-t<l res), OHa He perttcTpHpyeTCJI rrepe,llHHM crreKTpOMeTpOM. TeM He MeHee, 

rryTeM ,lleTeKTHpOBaHHJI pacceJIHHOro nenTOHa H H3Jiy'leHHOro ¢oTOHa MO/KHO ,llOCTH'lb 

3KCKJII03HBHOCTH. 3TO ocymecTBJIJleTCJI rro.n6opOM COOTBeTCTBYIOIUHX KHHeMaTH'leCKHX 

orpaHH'leHHH H Bbl.lleneHHeM COOTBeTCTBYJOIUei1 o6nacTH B pacrrpe.neneHHH He,LlOCTaJOIUeH 

MaCCbl. HeCMOTpll Ha TO, 'ITO aHaJIH3HpyeMble .naHHble 61.IJIH co6paHbl Ha .nei1TpOHe, B 

paCC'IHTaHHblX KHHeMaTH'leCKHX rrepeMeHHblX 61.IJia HCIIOJlb30BaHa Macca rrpOTOHa. 3To 

o6ycnOBJleHO TeM, 'ITO B 60JlbllIHHCTBe KHHeMaTH'leCKHX o6naCTeH HeKorepeHTHbltt 

npouecc ,llOMHHHpyeT Ha,ll KOrepeHTHblM, a HX 3KCnepHMeHTaJlbHOe pa3.neneHHe 

HeB03MOJKHO 6e3 perHCTpaUHH MHllleHH OT,lla'IH. 

Ilo.n6op co61.1THi1 61.IJI ocyiuecTBneH B TPH 3Tarra. Cnepsa 6hmH si.1.nenetti.1 co61.ITHJ1 

rny6oKoHeynpyroro pacceJIHHJI. Cpe.nu scex co6blTHi1 6i,mu si.meneHbl Te, B Kornpi.1x 

cyiueCTBOBana TO'IHO 0,llHa 11aCTHUa, H,lleHTH<jrnuuposaHHaJI KaK JieIITOH H 

y.nosneTBOpJ110IUaJ1 HHlKe npuse.neHHbIM KHHeMaTH'leCKHM orpaHH'leHHJIM: 

• 1 res2 < Q2 < 10 res2 

• W2> 9 fes2 

• v < 22 rea 

• 0.03 < XN < 0.35 

Ll,anee H3 Bcex C06b!THH rny60KOHeynpyroro pacceJIHHJI BbI,lleJJJIJJHCb Te, B KOTOpblX 

KpOMe JieIITOHa cyiuecTBOBaJI TO'IHO O,llHH ¢oTOH (He3aplllKeHHaJI 'laCTHUa, OCTaBJJJllOIUaJI 

CHrHaJI B KanopHMeTpe), He accou1rnpyeMblH c 3apS11KeHHbIMH TpeKaMH H c 

3Heprosi.meneHHeM Ey > 5 res. HHlKHHtt npe.nen ,llJIJI yrna MelK.rly peaJJbHblM H 

Bttpryani.Hi.IM ¢oTOHOM 6i,m si.16paH 0rr• > 5 Mpa.n H3-3a orpaHH'leHHOro yrnosoro 

pa3pellleHHJI ycTaHOBKH, a sepxHHH npe.nen 61.m si.16pan 0rr• < 45 .nnsi yMeHblllemrn ¢otta. 

Lf.anee .nm1 si.16opa 3KCKJIJ03HBHhIX co61.1THH paccMaTpttsaeTcsi pacnpe.neneHHe KBa,llparn 

tte.nocTaJOIUei1 Macci.1 M 2x=(q+PN-q')2 c PN=(MN,0,0,0), r,Lle MN Macca npornHa, a q (q') 

11eT1.1pexMepH1.1n HMIIyJibc BHpTyarri.noro (peani.Horo) !f>omHa. Pacnpe.neneHHe Ksa.npam 

He,llOCTaJOIUeH MaCCbl npHBe,lleHO Ha pucyHKe 3. 3KCKJII03HBHaJI o6JiaCTb ,llJIJI fBKP 61.IJia 

0.15 

~ 
~ 0.1 

"o 
~ 0.05 

• Data 
-MC sum 
---- Coherent 
-Incoherent 
•Associated 
· · · · Semi-Inclusive 
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PucyHoK 3: PacnpeoeJ1eH1111 11eoocma1ou1e1i Maccbt 11 'lenlbtpexMepHozo 
nepeoa11Ho20 11MnyJ1bca. 
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onpe.nerreHa BbI6opoM -2.25 res2< M 2x < 2.89 res2 . l13-3a orpaHH'leHHOCTH pa3pellleHHJI 

KaJIOpHMeTpa M 2x MOJKeT HMeTb OTpHQaTeJibHble 3Ha'leHHJI. Ilo TOH lKe IIpH'IHHe B 

3KCKJII03HBHOtt o6JiaCTH HMeeTCJI 6onbllIOH ¢oH OT accouHaTHBHblX npoueccoB 

pe30HaHCHOrO npOH3BO,llCTBa, KOTOpbltt OCTaeTCJI 11aCTblO CHrHana B KOHe'IHblX 

pe3yJibTaTaX. Ll,pyroi1 lf>oH OT nony-HHKJJI03HBHOro npOH3BO,llCTBa Hei1TpanbHblX Me30HOB 

(B OCHOBHOM :rt0) MO)J(eT 6bITb paCC'IHTaH BBe,lleHHeM COOTBeTCTBYIOIUei1 KOppeKUHH Ha 

pe3yni.TaT1.1. Ha pttcyHKe 3 TaKJKe IIOKa3aHO pacnpe.neneHHe -t, r.ne npHBe,LleHo cpasHeHHe 

JKCnepHMeHTaJibHblX .naHHblX c MOl!Te-Kapno CHMyrrupoBaHHblMH .naHHblMH ,llJIJI 

pa3JIH'IHblX npoueccoB, HeCyIUHX BKJia,ll B 3KCKJII03HBHYJO o6naCTb. 

Ilocne npHMeHeHHJI BbJllleyKa3aHHblX orpaHH'lem1n, 3KCKJII03HBHble co6bITHJI 

HCII0Jlb3YIOTC.ll ,llJIJI lf>HTHposaHH.11 a3HMYTaIIhHblX aCHMMeTpHH. <l>HTTHpOBaHue 

npoBe,lleHO MeTO,llOM MaKCHMaJibHOfO npas.nono.no6HJI. IlpuMeHem1eM COOTBeTCTBYJOIUett 

HOpMHpOBKH 6hIJIH y11TeHbl B03MO)J(Hble CTaTHCTH'leCKHe ,llHC6anaHCbl B pacnpe.neneHHJIX 

nonsipu3au1di. AcHMMeTpHH 6hlnH ¢ttTHposaH1.1 TpHroHOMeTptt11ecKHMH ¢YHKUH.llMH, s 

pe3yJii.TaTe 11ero 6blJIH H3"b.11Tbl TpHrOHOMeTpH'leCKHe MOMeHTbl (aMIIJIHTY.llbl) 

COOTBeTCTBYJOIUHX aCHMMeTpHtt. 
l13DJ1Tble aMnJIHry.ni.1 acHMMeTpHi1 61.wu no.nseprnyThI HeKoTopbIM KoppeKUHJIM. B 

rrepsy10 011epe.n1> 61>mo o6HapyJKeHo HecoorneTCTBHe MeJK.ny pacnpe.neneHHJIMH 

He,llOCTaIOIUeii MaCCbl (C,llBHr II03HUHH 3KCKJJI03HBH0f0 IIHKa) ,llJl.11 ,llaHHblX, co6paHHhlX B 

pa3Hble fO,llbl. 3TO 6hIJJO y11TeHO np11MeHeHHeM COOTBeTCTBYJOIUero C,llBHra ,llJIJI 

3KCKJII03HBH0tt o6naCTH HJIH np11MeHeHHeM COOTBeTCTBYJOIUei1 KOppeKUHH Ha 3Heprmo 

lf>OTOHOB, H3MepsieMy!O KOJIOpHMeTpOM, OCHOBaHHOtt Ha aHaJIH3e OTHOllleHHJI 311epnrn K 

HMnyni,cy E/P ,llJI.11 nemoHOB. KpoMe rnro, 6bIJI y11TeH BKJia,ll nony-HHKJII03HBHOro 

pOJK,lleHHJI 11° B 3KCKJll03HBHYIO o6naCTD fBKP. Lf.nsi 3TOro OT,lleJibHO 6hm pacCMOTpeH 

rrpouecc ·nony-HHKJJI03HBHOro poJK.[leHHJI 11°, H 6bIJJH HTh.llTbl COOTBeTCTBYJOIUHe 

aCHMMeTpHH ,L{JIJI JIH,llHpyromero lf>oTOHa (¢OTOH OT pacrra.na :rt0 c Hatt60JiblIIeH 3Hepmei1). 

3TH aCHMMeTpHH B ,llaJibHei1rneM 6hIJJl1 HCIIOJib30BaHbl ,llJIJI KOppeKUHtt aCHMMeTpHH 

rBKP. 
B .nttccepTaUHOHHOi1 pa6oTe oco6oe 3Ha11eHHe nptt,llasanoci, oueHKe sceso3MOJKHi.1x 

CHCTeMaTH'leCKHX 3¢¢eKTOB. Ll,OMHHHPYJOIUHH BKJla,ll B o6iuyJO CHCTeMaTH'leCKYJO 

OllIH6Ky BHOCJIT 31f>!f>eKTbl, CBJl3aHHbie c orpaHH'leHHblM aKcenTaHCOM cneKTpOMeTpa H 

3!f>cl>eKT KOHe'IHOH IIIHpHHbl 6HHa. flocrre)l.HHH B03HHKaeT H3-3a pa3HHUbl aMIIJIHry.n, 

npOHHTerp11posaHHblX B O,llHOM 6HHe no cpasHeHHIO c aMIIJJHry,llaMH, paCC'IHTaHHblMH B 

cpe.nHei1 KHHeMaTH'leCKOtt TO'IKe .naHHOro 6HHa. CoBOKYIIHblH BKJJa,ll B CHCTeMaTH'JeCKYJO 

Heonpe.neneHHOCTb OT 3¢¢eKTOB orpaHH'leHHOrO aKcenTaHca cneKTpOMeTpa, KOHe'IHOM 

llIHpttHbl 611Ha 11 MaJiblX CMeIUeHHH 3JJeMeHTOB cneKTpOMeTpa IIO OTHOilieHHIO K ny11Ky 

6hm onpe)l.eneH c IIOMOIUJO MOHTe-Kapno CHMYJJJIUHtt. Lf.n.11 3TOro CTaTHCTH'leCKaJI 

Bb16opKa MOHTe-Kapno ,n;aHHblX 61.rna aHaJIH3HposaHa TeM )Ke MeTO,llOM, 'ITO H peaJJbHbie 

.naHHbJe. Ll,arree, MOHTe-Kapno ,llaHHbJe 6bIJIH cl>HTHOBaHbl MeTO,llOM MaKCHMaJibHOro 

npas.norro.no611.11 H 61.IJJO rrpoBe,lleHO cpaBHeHHe H3"bJITbIX aMIIJIHTY,ll acHMMeTpHi1 

(peKOHCTpyttposaHHble aMIIJJHTy,n;i.1)c COOTBeTCTBYJOIUHMH aMIIJIHTy,n;aMH, 

reHepttposaHHblMH B ueHTpaJibllblX KHHeMaTH'leCKHX TO'IKaX KalK,llOfO 611Ha 

(reHepttposaHH1.1e aMnnHry.!li.1). Pa3HOCTb peKOHCTpyttposaHHbIX H renepttposaHIIblX 

aMIIJIHTY.ll 6i,rna npHITHCaHa KaK CHCTeMaTH'leCKaJI OIIIH6Ka. Ll,pyme HCTO'IHKH 

CHCTeMaTH'leCKHX OllIH60K, y11TeHHbie B OKOH'laTeJibHblX pe3yJibTaTaX CBJl3aHbl c 

KoppeK[(Heii aMIIJIHTY.ll Ha C,llBHr 3KCJJI03HBHOro IIHKa H c KOppeKUHei1 Ha <t>oH OT nony­

HHKJJI03HBH0f0 paJK.[leHH.ll 1to. 
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B maue 4 npuse.n:eHbI OKOHqaTeJibHhte 3KcnepuMeHTaJibHhte pe3yJihTaTht, 
nonyqeHHbte npH BbIIlOJIHeHHH .n:uccepTaUHOHHOH pa60TbI. BbutBJieHHhte aMnJIMTY.llbI 
aCHMMeTpHH Ha .n:eliTepHeBOH MHIIleHH cpasHeHbl c pe3yJibTaTaMH aHanornqHblX 
H3MepeHHH Ha so.n:opo.n:e, a TaKlKe c npe,n:cKa3aHIDIMH pa3HhIX TeoperuqecKHX Mo.n:eneii. 
Pe3yJibTaTbI .UJill 3apll.UOBOH acMMMeTpHH Ha HenonllpH30BOHHOM .n:eiiTpoHe npuse.n:eHbI 
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PucyHoK 4: AMnnumyobt 3ap1100Goii acUMMempuu Ha HenoJ1Jipu3oGaHHOM 
oezimpOHe. 

Ha pucynKe 4, s rnecTH HHTepsanax (6unax) no -t, XN, H Q2. Pe3yJibTaTbI .n:airnoi1 pa60TbI 
npe.n:crnsneHbl Ksa.n:paTHblMH TOqKaMH. CnnornHble sepTHKaJibHhte (ropM30HTaJibHbte) 

noJIOCbl npe.n:crnsmIIOT CTan!CTHqecKHe ( CHCTeMaTHqeCKHe) 01IlH6KH. MeJIKO H Kpynno 

3aIIlTpHXOBaHHhIMH nonocaMH npe/'ICTaBJieHbl pac<teTbl TeopeTuqecKoH MO,QeJIH c 

Pe/'llKeOBCKOH H cf>aKTOpH30BaHHot1 t 3aBHCHMOCTblO coorneTCTBeHHO. HmKHllll naHeJib 

IIOKa3bIBaeT MO/'leJIHpOBaHHble cppaKJ.V1H OT KOrepeHTHOro npouecca H pe30HaHCHOro 
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) 

J 

) 

) 

npon3so.n:crna. B nesoM sepTHKaJibHOM pH.UY npe.n:cTasnenbl pe3y11bTaI'bI OTHOCHIUHec.ll K 
HHTerpanbHOH KHHeMaTHKH HERMES. Ilonocbl TeopernqecKHX npe.n:cKa3aHHH 6btnH 
nonyqeHbl sapbHposanneM cso60,n:HbIX napaMeTpos Mo.n:enei1 H npe.n:cTaBJillIOT 
KOM6HHHposaHHYIO HeKorepeHTny10 CYMMY npe.n:cKa3aHHH Ha npoToHe H HeiiTpone. 

Oco6bIH HHTepec BbI3hIBaeT aMnnnry.n:a Ac005~ , KOTOpaH qyscTBHTeJibHa K OilP H1 (H) 

.n:nll KorepeHTHoro (HeKorepeHTHoro) npouecca. HacTm11J.V1e /'laHHb1e noKa3bIBaIOT, qTo aTa 

aMnJIHTy.Qa ysennqusaeTCll c pocTOM -t. AMnnnry.n:a Ac00'<0~>, KOTopall, KaK O)l{H,QaeTCll 

OTHOCHTCll K TOH )l{e KOM6HHaJ.V1H OilP KaK H Ac
00

'"', nOKa3bIBaeT CXO)l(ee nose.n:enue, HO c 

o6paTHblM 3HaKOM, KaK H OlKH,llaJIOCb. OcTaBIIlHeC.ll aMnJIHTY.llbl Ac00•<2
<1>> H Accos(Jcf>) ' 

KOTOpbte OTHOClITCll K OilP 6onee Bb!CIIIHX TBHCTOB (TBHCT-3), B npuse.n:eHHOH 
KHHeMaTnqecKOH 0611acn1 cpaBHHMbl c HyneM. . . 

AMnJIHTY.llbI acHMMeTpHH no OTHorneHHIO K cnuny nenTonnoro nyqKa Aw,ovcs""$, 

a TaKlKe no OTHOllleHHIO K KOM6HHaQHH CilHHa c 3apll.ll0M Aw/n(n$) ' nOKa3aHbl Ha 

pucynKe 5. AMnnury.n:a Aw,ovcs•in$, KaK H Aw,1sin(2$', qyscTBHTeJibHa K OilP BbICIIlHX 

TBHCTOB, HO no cpasneHHIO c Aw,ovcssincf> aMnnnry.n:a Aw,1sin(2cf>l HMeeT neHynesoe 

3uaqeHue H .UJI.ll llHTerpanbHOH KHHeMaTHKH nonolKMTeJibHa s I. 7 cTan.n:apTHbIX 

OTKJIOHeHIDI B o6mei1 3KCnep11MeHTaJibHOH OllIH6Ke. AMnJIHTY.Ua Awl""'' KaK H Ac coslj> , 
qyscTBHTeJibHa K OilP H1 (H), XOTll 3Tll /'IBe acHMMeTpHH BhllIBJillIOT pa31111qHhte acneKTbI 

OilP, OTo6paHHLie no pa3JIHqHblM cseprKaM c 1<0Mn11e1<CHOH aMnnHTy.n:oi1 pacce.llml.ll. B 
TO speMll KaK 
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P11cyH01< 5: AMnnumyo1>1 acuMAtempuii A1Lu u ALuvvcs Ha HenonRp1110GaHHOM 

OellnlpOHe. 
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aMmmryna Accos~ qyscTB11TenhHa K peanhHOH qacrn K<l><l> '1-(, ('}{), aMnn11ryna Aw/n~ 
qyBCTBHTenhHa K ee MHHMOH qaCTl1 11 IlOKa3hIBaeT CYIIleCTBellHOe OTpHitaTenhHOe 

3Haqe1111e. B nonocax TeopeT11qecKHX npe)lcKa3aHHi1 TaK Ha3hrnaeMOMY D - qneHy 6hmo 

np1mttcaHo 11ynesoe 3HaqeHtte, TaK KaK pa11ee 6hmo ycTaHosneHo, qTo BKJIIO'leHtte D -
llJleHa c JII060H 3HaqHTeJihHOH BeJIHqHHoH npH JII060M Bhl60pe CB060)J.HhlX napaMeTpOB 

MO)J.eJIH He MO%eT onttcaTh 3apsi11.osy10 acHMMeTpHIO, H3MepeHHYIO B HERMES Ha 

BO)J.OpOWIOH MHWeHH. TeopeTHqecKHe npe)J.cKa3aHHSI, OCHOBaHHble Ha Pe)J.)l(eOBCKOH t 
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Pttcy110K 6: AMmmmyObl acUMMempui1 Ac Ha Heno11npu10aaHHOM i>eiimpoHe u 

npomone. 

3aBHCHMOCTH xopowo cornacyIOTCSI c t 3aBHCHMOCThlO H3MepeHHOH 3apS1)J.OBOH 

acHMMeTpHH, B TO BpeMSI KaK o6a BapHaHTa MO)J.eJIHpoBaHHSI t 3aBHCHMOCTH 

npeACKa3hIBalOT CHJihHO npeyBeJIHqeHHoe 3Ha11HHe AJISI aMnJil1TYA Aw.1sin(n~>_ Ha p11cy11Ke 6 
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11 7 aMnJIHTY.UhI Accos(n~) H Aw/nCn~>, H3MepeHHhie Ha 11enonsipH30BaHHOH ,llei1Teptteaoi1 

MHllleHl1, cpaBHHBaIOTC.11 c aHanornqHhlMH pe3yJihTaTaMH, nonyqeHHhlMH OT .naHHhlX 

HERMES Ha Herrom1ptt3oBaHHOM npoToHe. .D:aHHbie Ha p;ei!TpoHe BKJIIO'laIOT 

KorepeHTHhIH H HeKorepeHTHhIH rrp011ecch1. B nocne)J.HeM HYKJIOH TaK%e MO)l{eT 

B036y)l{)J.aTbCSI B pe30HaHCHoe COCTOSIHl1e. )J;aHHhle Ha npOTOHe BKJIIO'lalOT TOJJhKO 

ep~epy, a TaK)l(e cnyqai! c pe30HaHCHhlM B036y)l{p;eHHeM. JI106h1e pa3JIH'lHSI, KOTOphie 

IlO.RBJISllOTCSI npH MaJihIX 3Ha'leHHSIX -t MoryT 6h!Th CB}l3aHHhl c KorepeHTHhIM rrpmteccoM, 

BKJiaA KOTOporo AOMHHHpyeT npeHMYIIlCTBeHHO B nepBOM H BO BTOpOM 6HHaX no -t 
(-t < 0.06 GeV2). B ocTaJihHOH )Ke o6nacTH -t )J.OMHHHpyeT HeKorepeHTHhIH rrpoL1ecc, rAe 

pe3yJJhTaThl Ha )J.eHTpOHe H npoTOHe B OCHOBHOM COBilO)J.alOT. 3To o6yCJIOBJieHHO TeM, qTo 
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PttcyHOK 7: AMn7UmyObl aCUMMempuii A1Lu Ha Heno11RpU306QHHOM oeiimpoHe 
u npomoHe. 

BKna.u npOToHa B HeKorepeHTHOH o6JJaCTH npeo6nap;aeT Ha)J. BKJia)J.OM HeHTpOHa npH 

OTHOCHTeJihHO 6oJJblllHX 3HaqeHHSIX -t. Bepo.RTHbie pa3JIH'IH.R aMilJIHTYAhl Accos~ B 

nocnep;HHX ABYX 6HHax no -t MoryT 6hITh CJJe)J.CTBHeM BKJJap;a Hei!TpOHa H ee pe30HaHCOB. 

PeJyJJhTaTbI aMnJIHTYAhI Aw,1•in(2+l Ha AeHTpoHe H npoToHe pacxop;SITC}I B 2.5 pa3a B 06llleH 

3KcnepttMeHTaJihHOH ow116Ke AJJSI HHTerpanbHOH KHHeMaTHKH. 3To HeCOOTBeTCTBHe 6onee 

BhlpIDKeHHO npH 6oJihlllHX XN, H Q2 11 B )J.aHHhlH MOMeHT He HMeeT O'leBHAHOro 

o6'MICHeHHSI. 
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Ha pHcyHKe 8 noKa3aHHbI aMnnMTYAhI ac11MMeTpHH AL""• BbU1BneHHb1e Ha npo11onhHO 

nonsipl130BaHHoM 11eiiTP0He B qeTbipex 6!rnax no -t, XN, 11 Q2. AMnn11Ty11a AL.,.sin<i HMeeT 

60JibUIOe OTp11UaTeJibHOe 3HaqeHHe ' B TO BpeMll KaK aMnJIHTy.n;a AL.,.sin
2

<1> cpaBHHMa c 

ttyneM. Ha pHcyHKe 8 TaIOKe rrpHaep;eHbI aMilJIHTYAhI acHMMeTp11H A1
Lu Anll cpaBHeH11S1 

Me:lK):ly llOJIS!p1130BaHHbIM l1 HellOJillpH30BaHHblM J(eHTpOHOM. 0)!(11AaeTCll, ~o aCMMMeTp11H 

AL'=' H A1w MoryT pa3nHqaTbcsi 6noro11apsi qneHy, co11ep)!(all\eMy K<l><I> 'Jfs .. HO KaK BHAHO 

. ~ . ~ 
113 pHcyHKa 8, J111Al1PY10ll\lfe aMrrnHTYAhI AL""''"• 11 Aw/'"• He pa3m1qa10TCll 11a)!(e B 

o6nacTH npeo6na11aHHS1 KorepeHTHoro npouecca (a rrepBoM -t 61rne). TaKoPi 

He3HaqHTJihHbiii BKJiaA OT K<l>cl> 'Jfs (HnH OTIP Hs) tta6n10AaeTCS1 TaK)!(e npli cpaBHeHHH 
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P11cyHoK 8: CpaBHeHm; aMnJIHTYAhI acHMMeTpHii AL"" 11 A
1
Lu . 

10 

Q2 [GeV2
] 

pe3ynbTaToB .n;nsi 3apl!AOBhIX acliMMepHii Ha HenonllpH3oBaHHOM .n;eiiTpoHe Ac 11 

npOAOJibHO nom1pi130BaHHOM 11eiiTpoHe, onpe.n;eneHHOii B ypaBHeHHM 10, r.n;e TaIOKe 

Ha6JIIOll;aeTCll IlOJIHOe COOTBeTCTBlie peyJibTaTOB BO aceii K11HeMaT11qecKOH o6nacTl1. 

Ha pliCYHKe 9 npe11cTaBJieHbl aMilJiliTYAbl aCHMMeTpllll no OTHOUieHlilO K 

nonHpM3aUMH MllUieHll Aul B qeTbipex 6l1Hax no -t, XN, II Q2 l1 AJISI llHTerpaJibHOii 

K11HeMaTHK11. Pe3yJibTaThI Ha AeiiTpoHe cpaBHHBaIOTCll c attanor11qHb1M11 pe3ynhTaTaM11, 

H3'hl!TbIMll 113 AaHHhIX HERMES Ha npo11onhHO nonllp113osaHHOH npoTOHHoii MliUieHM. Ha 
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p11cyHKe TaIOKe rrp11Be11;eHo cpaBHeHHe pe3yJibTaTOB 3KcnepHMeHTaJibHOrO H3MepeHHSI c 

npel(cKa3aHHHMH reopeT11qecKoii M0Aen11. Jl11A11py10rn;all aMrrn11TyAa AuL''"' Ha AeifTpoHe, 

KOTopasi qyscTBHTeJibHa K OTIP Ht (HJIH K MHHMoii qacTH cooTBeTCTBYIOll\ero K<f><I>), 
HMeeT cnerKa OTpHUaTeJibHOe 3HaqeHf!e, B TO speMH KaK aMnn11Tyl(b1 AuLsin

2
<1> H AuLsinJ<i 

cpaBHHMbt c eyneM. Pe3ynhTaTbI aMnJIHTYAht AuLsin<i Ha rrpoTeHe H AeiiTpoHe B npe.n;enax 

3KcnepttMeHTaJlbHOH onm6KH xopOUIO cornacyIOTCSI Apyr c ApyroM KaK J(JISI HHTerpanbHOH 

KHHeMaTHKH, TaK 11 Bee rrpoeKUHSIX no -t, XN, II Q2, B TO BpeMSI KaK 3MllJlllTYAbl AuLsin<i AJISI 
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PttcyHoK 9: AMnJIHTYAht acHMMeTp1u1 Aul Ha J(eHTpoHe H rrpoToHe. 

HHTerpanbHOH KHHeMaTHKl1 pa3JIJ1qa10TCSI Ha 1.5 CTaHJ(apTHblX OTKJIOHeHHSI B 0611\eH 

3KcrrepHMeHTaJibHOH onm6Ke. 3TO pa3JIHqHe o6ycJIOBJleHo pa3JJHqHeM B o6JiaCTH 60JiblllHX 

-t ' HO TOJlbKO B 0.l(HOM 6ttHe no XN, qTo 60Jibllle llOXO)!(e Ha CT3THCTHqecKylO 

cpntoKTY3UHIO. J.13 cpaBHeHHSI npeACKa3aHl1H TeopeTHqecKOH MOJ(em1 AJISI rrpOTOHa II 

J(eHTpOHa MO)!(HO ysnp;eTb, qTo MOJ(eJib npel(CK33btBaeT AOBOJlbHO 60JihlIIOH BKna11 OT 

HeHTpoHa. JTOT cpaKT He MO)!(eT 6bJTb HH onposeprnyT, HM yTBep)!(JJ;eH HaCTOllll\HMH 

11aHHblMH, IlOCKOJibKY B npel(enax 3CnepHMeHTaJihHblX OUJH60K TeopeT11qecKHe 

npe.n;cKa3aHHSI OllliChJBatoT 3KcnepHMeHTaJlbHbJe p;aHHble KaK Ha .n;efiTpOHe, TaK 11 Ha 

npOTOHe, HO c .n;pyroll CTOpHhl B npe.n;enax Tex )Ke onrn6oK pe3yJibTaThl aMITJIHTYA Ha 

npoToHe 11 .n;ettTpoHe COrJIOCYIOTCSI. 

Ha p11cyHKe l 0 upe.ncTasnenhr aMnn11ry.nh1 ac11MMeTp11il. no OTHOllleHHll K 

CMelllaHHOH KOM6mmu1111 OOJISipH3aUliH IlY'IKa If npO.l(OJibHOH nom1pH3aUHH MHllleHH ALL. 
flp11se.neHo cpannen11e aMnn11Ty.n H3'bHTbIX na .nei1Tpone c aHanornqHbtMH ar.mn111y.naM11, 
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nonyqeHHblMH Ha npOTone H c npe,nCKa3aHHSIMH TeopeTHqecKHX Mo.neneit JlH.n»PY!Oll{He 
aMnnHTY.nhl ALLcos(O~) H ALLCOS~ qyBCTBHTenhHbl K onP Hi (1rnH K peaJlbHOH qacTH 
coorneTcrny10mero KCl>CI>). AMnrrmy.ni,1 Ha npoTOHe H .neliTpOHe corrracyJOTC» B npe.nenax 
o6mei1 3KcnepHMeHTaJ1hHOH onrn6KH. Bo3MO)l(Hbie pa3m1qHsi B HHTerpanhHOH 

0.6 = VGG Regge p + n • iii++ a A e+ + p g O 
4 

a::t= VGG Regge p 
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PHCYHOK I 0: AMnITHTY.nbl acHMMeTpHH ALL Ha npOTOHe H .neliTpoHe. 

KHHeMaTHqeCKOH TOqKe H B nepBOM 6HHe no -t, MOryT 6bITb o6ycnoBneHbl KorepeHTHblM 
pacceSIHHeM Ha .neHTpOHe, TaK KaK B .naHHOH aCHMMeTpHH KpOMe fBKP HMeeT BKna.n 
TaK)l(e npouecc EeTe-falirnepa. 

B ,nHccepTaUHOHHOH pa6oTe TaK)l(e paccMoTpeHhI .npyrne acHMMeTpHH, 
onpe.neneHHbie B ypaBHeHHSIX 10-12. 

BblBO,nbl 

1. Pa3pa6oTaH MeTo.n no BhI.srnneHHJO co61>1THH nemopo)l(,neHHSI pearr1>Horo <t>OToHa Ha 
.neliTpoHe 1i onpe.neneHH» 3KCKmo3HBHOH o6nacTH rny60KO-BHpTyan1>Horo 
KoMnTOHOBCKoro paccesiHHSI nocpe.ncrnoM aHarrH3a He.nocrn10meii Maccbl [ 1]. 

2. lh'M!Tbl a3HMyTanbHhle yrnOBbie aCHMMeTpm1 no OTHOilleHHJO K IlOl1SlpH3aUHH 
neilTOHHOro nyqKa, ee 3apsi.ny H HX KOM6HHaUHH Ha HenonsipH30BaHHOM .neliTpOHe [2]. 

3. CpaBHeHHe aMnllHTY.Ll acHMMeTpHii norryqeHHbIX Ha HenonsipH30BaHHOM .neiiTpoHe 
c aHanomqHJ,JMH pe3yJ1LTaTaMH nonyqeHHhIMH Ha HenonsipH30BaHHOM npOTOHe [3] He 
BLISIBJlSIIOT oco6eHHOCTeii si.nepHOH CTPYKTYPLI .neliTpoHa [2]. 

4. JifaLSIThl a3HMyTaJILHLie yrnoBbie acHMMeTpHH no OTHOilleHHIO K nonsipH3aUHH 
nenToHoro nyqKa, ee 3ap11.ny, a TaK)l(e no OTHOllleHHIO K npo.nonhHOH nonsipw3aUHH 
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.neHTpOHa H HX CMewaHHblM KOMfiHHaUHSIM. 
5. CpaBHeHwe aMnn»ry.n acHMMeTpHH nonyqeHHbIX, Ha non11pw3osaHHOM .neliTpoHe c 

aHanorwqHbIMH pe3yJ1bTaTaMH norryqeHHblMH Ha HenorrS1pH30BaHHOM .neHTpOHe H Ha 
Il0l1SlpH30BaHHOM npOTOHe [4], He BblSIBJlSIIOT oco6eHHOCTeH TeH3opHLIX 3<l><l>eKTOB. 
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