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B ,!1;11CcepTal\110HHOtt pa6ore npeACTaBJieHhI pe3yJihTaThI 113Mepett11i1 crr11110BhIX 11 a311MfTa!lbHhIX 

ac11MMeTp11i1 B r !JY60KO tteynpyrHX rrpo11eccax np11 pacceJ:IHHH 3JieKTpOHOB 11 n0311TpOHOB 

BbICOKHX 3Hepr11i1 Ha R,ll;pax, BKJIIOqaJI BnepBbie npoBe,ll;eHHbie Ha6JIJOAeHl1J:I 0,lJ;HOCnHHOBblX 

aCl1MMeTpHtt B 3JieKTpopOlK,ll;eHHl1 3apalKeHHbIX 11 HettrpaJihHblX nHOHOB B nO!JYl1HKJII03HBHOM 

l'!JY60KO neynpyroM pacceJ:IHl111 B C.II}"fae noJIRp1130BaHHOH Ml1WeHl1 11 nonapH30BaHHOl'O nr-1Ka. 

Bee 3Kcnep11Me11raJihHhie 113MepeHHJ:I 6hIJ1H BhlITOJIHeHhI tta ycranoBKe HERMES B DESY 11 B 

Xonne E yCKopHTena CEBAF (CIIIA) c 1995 no 2011. IlpeACTaBJieHHI>Ie AaHHhie npe,ll;CTaBJIJ:IJOT 

co6oi1 snepBbie npoBe,ll;eHHbie 113Mepe1111J:I Bcex paccMOTpettHhIX tta6J110,ll;aeMbIX. lfaMepett11e 

OAHOCnl1HOBbIX aCl1MMeTp11tt noJIOlKl1JIO 11aqaJIO cep1111 113MepeHHH, 11eJib!O KOTOpbIX 6b!JIO 

AeTaJibHoe 11ccJieAOBa1111e, TaK Ha3bIBaeMoi1, TpexMepttoi1 CTPYKTypbI a11,pottoB, no3BOJIJ:IIDI.Qei1 

113yqett11e pacnpe,ll;eJieHl1H napTOHOB, He TOJibKO no npO,ll;OJlbHOMY 11MIIY!lbCy, HO 11 no 

nonepeqHOMf, no OTHOWeHHID K HanpaBJ1eHHJO 11Mnynhca 6blcTpo AB11JKYI.Qeroca a,ll;potta, a TaKlKe 

no nonepeq11oi1 KOOPAHHaTe OTHOCl1TeJibHO 11e11Tpa a,ll;pOHa. 

Axryam.HOCTL pa60Thl. 
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A nm 

xpoMOAl1HaM11K11 (KX,ll.) J:IBJIJieTrn OAHOH 113 ocHOBHhIX 3a,ll;aq RAepttoi1 ¢113HKH. Cn11H HYKJIOHa 

Bcer,ll;a 6hlJI BalKHbIM KOMnOHeHTOM B 11CCJie,ll;OBaHl111 11 nOHl1MaHl1H KX,ll. . l'Iccne11,0BaH11e 

op611TaJibHOl'O MOMeHTa napTOHOB CTaJIO KJIJOqeBbIM BonpOCOM KX,ll. nocJie Toro, KaK 113MepeHl1J:I, 

BhmOJ1HeHHbie KOJIJia6opal\HRMl1 SLAC 11 EMC noKa3a!IH qTo cyMMapHbitt BKJiaA cnHHOB KBapKon 

COCTaBJIJ:IeT JIHWb MaJiyJO qacTb cn1111a ttyKJIOHa. A311MfTaJlbHbie pacnpe,ll;eJieHHJ:I qacTHI.\ B 

KOHeqHOM COCTOJIHHH B nonyHHKJII03HBHOM rny6oKO neynpyroM pacceRHl111 (SIDIS) nrpa!OT 

BaJKttyJO ponh B 113yqe111111 nonepeq11oro pacnpeAeJiemIJ:I 11MnyJihCOB KBapKOB B ttyKJIOHe 11 

06ecrreq11Ba10T AOCTyn K op611TaJibHOMf AB11JKeH1110 KBapKoB. B nocJieAH11e rDAhI 113Mepenna 

a311MYTaJibHblX MOMeHTOB nOJIJIPH30BaHHhIX a,ll;pOHHbIX ceqe1111i1 B )!{eCTKHX npo11eccax, B 

qacTHOCTl1, O,ll;HOCnl1HOBhie ac11MMeTp1111 (SSA), paccMaTp11Ba!OTCJ:I B KaqecTBe MOl.QHOro 

11HCTpyMeHTa AJil'I 11ccne11,osa1111a crpyKTypbI ttyKJIOHOB nocpeACTBOM 113MepeHl1J:I 0606111eHHbIX 

pacnpe,ll;eJieHHH napTOHOB (GPDs) 11 napTOHHbIX ¢YHKI.\HH pacnpe,ll;eJieHHJ:I, 3as11rn11111X OT 

nonepeqttoro 11MnyJibCa (TMDs) B 3KCKJII0311BHOM 11 nOJIYHHKJll0311BHOM p0)!{,ll;eHl111 ~aCTHI.\, 
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COOTBeTCTBeHHO ap;pOHOB 11 CpOTOHOll. n epBbt e 0/\11 031W'l ll bl e H3MepeH!UI O)J;HOCnHHOBbIX 

acHMMeTpHH B SIDIS, KOTOpb1e no110JK111111 tta'l3J10 mn 1mi,1M Teop eT11'1eCKHM pa3pa6oTKaM, cTa1111 

H3MepeHJoUI 3Ha'IHTeJibHbIX SSA KOJIJia6o p a11HeH HERM ES u CJI r 1ae npop;OJihHO nollilpH30BaHHOH 

MHweHH [1, 2, 3, 4]. 06HapyJKeHHe Hettyne noH SSA nounei<; 10 o rpoMnoe KOIIH'leCTBO 

TeopeTH'leCKHx H ::1Kcnep11MeHTaJibHbIX pa6oT. B HaCTOH!l\ee npeMH no nceM MHpe cTaBHTCH 

MHOJKeCTBO 3KCnepHMeHTOB c 11e11bl0 H3MepeHHH pa3JIH'IHbIX ::i<ji<jieKTOB, CBll3aHHblX c nonepe'IHOH 

CTpyKTypOH H)'KJIOHOB. 0HH HCnOJib3yJOT noJiyttHKIII03HBHOe rny6oKOHeynpyroe paccel!HHe 

(HERMES B DESY, COMPASS B U:EPH, Jefferson Lab), nollilpH30BaHHbie npowH-npoTOHHbie 

CTOJIKHOBeHHH (PHENIX, STAR H EpaMca Ha RHIC) , H ::ineKTpoH-n03HTpOHHyJO aHHHrHJilll\HIO 

(Belle Ha KEK, H BABAR Ha SLAC). 

I1ccnep;onaHHH SSA B HaCTOH!l\ee npeMH Tpe6yJOT MOp;epHH3al\HH HecKOJihKHX cyll.\eCTByJO!l\HX 

ycrnttonoK (JLab, RHIC,COMPASS) 11 cTpomeJibCTBa HOBhIX 11eHTpoB no nceMy MHPY (EIC, FAIR, 

JPARC). 

IJ;eJII>JO Hacwm:u;eii: pa6on.I JIBJilleTCJI 11crnep;onaHHe TPeXMepHOH CTPYKTypb1 HYKJIOHOB B paMKax 

KBapK- rJIJOOHOfO on11caHHl1, OCHOBaHHOro Ha H3BJie'leHHH 0606!1.\eHHbIX napTOHHblX 

pacnpep;eJleHHH H3 H3MepeHHH cnHHOBbIX H a3HMyTaJihHblX aCHMMeTpHH B 3JleKTpopolKp;eHHH 

aApOHOB, B nony11HKJII03HBHOM rny6oKO HeynpyroM paccellHHH 11 rny6oKO HeynpyroM 

J 1<c 10 1103 11111 10M p0>KAen1111 ap;pottoB H <jioTOHOB. IIpoTOHhI HBJIHJOTCH cJIOJKHbIMH CHCTeMaMH, c 

Gonrroii 1111 yTpc 1111 c i\ c-rpywrypoi1 H CJIOJKHOH p;11ttaMHKOH. B ttacTOH!l\ee npeMH MhI He o'leHh 

XOflOlll () 11 (11111 Mll('M , 11 :111p11M('p, / \llllaMlll(Y Toro KaK CilHH KBapKOB Koppen11pyeT c HX 

11 0110l1((• 11 11 <'M 1111 y '1 p11 1111po 11 r1 11 11 ~ 11M 11 y111.('0M. I i:IMcpc1111 c 01111ocn11HOBbIX acHMMeTpHH nnepBbie 

/ \11 110 110 .IM(llf( ll (l( H ll ('('/H'/ \01111 '11 , / \llll ll Mlll(Y 111\l l jl l( 1·1110011111.ix 1m ppl'l llll\ld'1 c 111111 a, IlOJIOJKeHHH B 

11 p o 11 c"rp1111 t "l'lll '. 11 11 •111 y111 .r11 . '1'1110 1M nllp1110M, 1111 11 11M1·11111111 11 11p1111111 11up1•0 11111 .1>< pnc11pc11c;1c1111 i i 

MQ)l( l "I' (Ji,1ri. 0C!ol'l 11\l' ll il , II :!Tll 11 111111111111 11 1111 y •11111. I \ll '\ Mf ' \1111 H' 11 :10<1palt(C ll1te, AalO!l\ee 

11 p Cl\C'l'n lll lCllll (' 0 p!! (' ll jll'l\('111 ' 111111 lt lll l Jll<llll II "'"" ' l ll" lll llM lljll!I 'l'l) llllCTUe no HMnyllbCaM H 

1<oop11 11 1oaTflM , I l o1111M l111111 ' l f ll lljl hlllll o l ~ 11111 11 •111111 •/11 111 11 11 1\11 11 \" lllOM COCTOllHHH, H HX BJIHHHHH Ha 

<l>OpM11po 11 1J 11 11 (' l(i) ll \" 11 11!1 II "' '"''ii'"'"'"" 11 M 11 y111 .1 II 1rn11p1<0 B, KOTopoe 
MOJKHO 1ny'laTh 

11ocp<'ll( 'l' 1U1M 111 M1•p1•1111 111111 11 111 11111111111.1\ 111 11 M~11 · 1 p11ll, 11 11; 1neTCll Ha cerop;HHWHHH ACll b 0111111M H3 

1{)11() 1 1( ' 1\ld \ iu 11q ~1u1 11 1i l111 011 1 1t ' 11 111 11 1111\ llHlllMllJ\\' tlt'T llllii. 
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Ha}"DWI HOBH3H.a pa6on.I. 

B HaCTOH!l\eH pa6oTe snepBbie rrpone.u;eHhI Ha6nJOp;eHHH op;ttocrrHHOBbIX acHMMeTpHi1 B 

3JieKTpopoJKp;eHHH nHOHOB B IlOJIYHHKJII03HBHOM r ny6oKO HeyrrpyroM pacceHHHH B cnyqae 

noJIHpH30BaHHOH MHWeHH, a TaKJKe OAHOCnHHOBbrx aCHMMeTpHH B 31leKTpopolKp;eHHH 

33pHJKeHHbIX Me30HOB, H BnepBhie 6bIJIH H3MepeHbl 3Ha'IHTeJihHhie O,ll;HOCnHHOBhie 3CHMMeTpHH 

AJIH OTPHl\aTeJihHbIX H Hei1TpaJILHbIX nHOHOB B noJiyttHKJIJ03HBHOM rny6oKo tteynpyroM 

pacceHHHH B c11yqae noJIHpH30BaHHoro nyqKa. BnepBbie 6Lrna H3MepeHa acHMMeTpHH Kol\HHHHa­

Mynp;epca H 3aBHCHMOCTb p;BOHHOH acHMMeTpHH crrHHa B nonyHHKJIJ03HBHOM rny6oKo tteynpyroM 

pacceHHHH OT nonepe'!Horo HMnyJILCa polKp;eHHbIX ap;poHoB. B Hccnep;onaHHHX 3KCKJIJ03HBHbIX 

npo11eccoB BnepBbie Ha6JIJO)J;aJIHCb O)J;HOCilHHOBbie aCHMMeTpHH B JKeCTKOM 3KCKJll03HBHOM 

polKp;eHHH <jiOTOHOB (DVCS) B CJIY'lae nollilpH30B3HHOH MHWeHH, a TaKJKe O)J;HOCilHHOBbie 

aCHMMeTpHH B poJKp;eHHH JKeCTKHX 3KCKJII03HBHhIX nHOHOB B cnyqae nOJIHpH30BaHHOro nyqKa . 

IlpaKTH'lecJCall D;eHHOCTb. 

IlOJIY'leHHbie pe3yllhTaTbI yKa3bIBaJOT Ha HaJIH'IHe CHJlbHbIX CllHH- op6HTallhHbIX KoppeJllll\HH B 

pe3yJihTaTe KOTOphIX nOJIOJKeHHe KBapKOB H HX norrepe'IHbie HMnyJlbCbl 3aBHCHT OT HX CI1HH3 . 

<llaKTH'leCKH, cnHH KB3pKOB BJIHlleT Ha BepOHTHOCTb HaxOJK)J;eHIUI KBapKa B onpep;eJieHHOH TO'IKe 

npOCTpaHCTBa c onpe,u;eJieHHbIM HMnyJihCOM. U:ttKJI H3MepeHHH op;HOCnHHOBbIX aCHMMeTpHH 

npe,u;cTaBJieHHhIH B HaCTOH!l\eH pa6oTe OTKphIJI HOBbie B03MOJKHOCTH Alli! HCCllep;oBaHHH KBapK-

r JIJOOHHhIX KoppeJIHl\HH H ttccne.u;onaHHH TpeXMepHOH CTPYKTyphI ap;poHoB. 

Pacrrpep;eneHHH rrapTOHOB B nonepe'IHOM rrpoCTpaHcTBe, 3aKop;ttponaHHbie B 0606U1eHHhIX 

pacnpe.u;eneHHHX rrapTOHOB (GPDs) H pacnpe.u;eneHHH napTOHOB no nonepe'IHbIM HMnyJibcaM, 

3aKOp;HposaHHbie B TMDs, nptt3HaHhI B Ka'lecTBe ocHOBHhrx 11enei1 Mop;epttH3a111111 Jlab Ha 12 faB 

H rnaBHbIM MOTHBOM CTpOHTeJlbCTBa KOIIJiaHp;epa (Electron Ion Collider). HeCKOJibKO npoeKTOB 

yJKe 6hIJIH yTBepll<p;eHbI HayqHbIM coneTOM JLab PAC ,ll,llll H3y'leHHH GPDs H TMDs Ha )Lab12 c 

npHCBOeHHeM Bb!CWHX peHTHHrOB no <jJH3HKe. I1crrOJih30B3HHe MOp;epH113HpOB3HHOro 

aneKTpOHHOro ny'!Ka B JLab H o6HosneHHoro CLAS12 p;eTeKTopa c co'leTaHHeM w11p0Koro 

KHHeMaTH'leCKOH oxBaTa, Bb!COKOH HHTeHCHBHOCTH ny'IKa (cBeTHMOCTH) , Bh!COKOH 3HeprHH, 

BbICOKOH noJIHpH331\HH, a TaKJKe pacnrnpeHHblMH B03MOJKHOCTHMH H,D;eHTH<jiHKal\HH '13CTHf.\, AaCT 

YHHKaJihH)'IO B03MOJKHOCTb ,ll;JIH H3yqeHHH KoppeJIHl\HH cnHHa c nonepe'!HblM HMnyJihCOM, npH 
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lKeCTKOM pacceSIHIHI B 3KCl(Jl l03HllHblX 11 no11y 111-1KJ110311BHblX r11y60KO HeyrrpyrHX rrpOl\eCcax c 

6ecrrpel\eAeHTHOH TO'IHOCTblO. 

AliTop BLIHOCHT Ha ~ CJI~~e OCJJOBHHe IlOJIOJKeHHJI H peayJILTaThl: 

• BnepBble 6blJIH rrpo neAeHh! Ha6JJJOAeHHJJ OAHOCn HHOBblX aCHMMeTp Hi1 B 3JleKTpopOlKAeHHH 

n HOHOB Ha npOAOllbHO rro1rnpH30BaHHOH MHllleHH (1,2,3,4]. 

• BnepBbie Ha6J1t0AaJIHCb OAHOCIIHHOBhie aCHMMeTpHH B 3JJeKTpopOlKAeHHH IIHOHOB B cnyqae 

II011S!p1130BaHHOfO rryqKa [5, 6,14]. 

• Brrepnh!e 6hIJJH rrponeAeHhI 3H3'IHTeJibHhre H3MepeHHJJ OAHOCIIHHOBbIX aCHMMeTpHil: AJJJI 

0TpHl\aTe11bHbIX rr110Hon [7] H Heil:TpaJibHhIX rrHOHOB [8,21] n SIDIS. 

• Brrepnhre 6b1J1H H3Mepetthr 3aBHCHMOCTH p;noi1Hoi1 acHMMeTpHH crrHHa n SIDIS OT rrorrepe'IHOro 

HMrryJJbCa KOHe'!HOro lIHOHa [9,12,14,17,19]. 

• Brrepnh!e rrponep;eHbI H3MepeHHSI aCHMMeTpHH Kol\HHJIHa- MyJip;epca n SIDIS [1,9,13,16,17,18]. 

• Bnepnhre tta611rop;aJIHCh op;ttocrr11HOBbie aCHMMeTpHH n lKeCTKOM 3KCKJJI03HBHOM polKp;eHHH 

cpoTOHOB (DVCS) B cnyqae II01IJipH30BaHHOH MHllleHH [10,20]. 

• Bnepnb1e Ha611rop;aJI11Cb op;Hocrr11HOBbre acHMMeTp1111 n lKeCTKOM 3KCKJJI03HBHOM polKp;eHHH 

TIHOHOB rrpOAOJlbHO no1rnpH30BaHHb!MH 3JJeKTpOHaMH [11,20]. 

Anpo6~Hll pa6oThl H rry6~. 

OcttoBHbre rroJIOlKeHJffi p;11ccepTal\HOHHOH pa60ThI HeOAHOKpaTHO p;oKJiap;Lrna1111cb Ha ttayqtthrx 

ceMHHapax, H MelKp;yttapop;HhIX KOHcpepeHJ.\HSIX (DIS 1999, 2000, 2005, SPIN 2003, 2006, 2012, 

CIPANP 2003, PANIC 2008, EINN 2009, Transversity 2005, 2012, ECT' 2004, 2006, 2010, .. ) . 

06LeM H C1J'YKTYP3 p;HCCepY~. 

,ll.11ccepral\HSI cocTOHT H3 nnep;eHHJI, ceMH r JiaB 11 3aKJJIO'!eHJ1JI. Pa6ora H3JIOlKe rta 11 a 209 

CTpaHHJ.\aX MaIUHHOIIHCHOrO TeKCTa H BKJIIO'!aeT 109 p11cyHKOB, 11 Ta6JIH1\ H cnHCQ I( Jlll'l'Cp<n y pbl 

H3 328 HaHMeHOBaHHH. 
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Kpanoe cop;ep)l(3JDle AHCcep~: 

Bne,n;eHHe co.n;eplKHT KpaTKoe Hayqttoe 06oc11onatt11e aKTyaJibHOCTH HCCJie,n;onaHHJI TpeXMepttoi1 

crpyKyYpbI ap;pOHOB. lfaMepeHHJI nonepe'IHLIX HMrryJJhCOB (Pr) B KOHe'!HOM COCTOJIHHH ap;poHOB B 

ep -7 e'hX, AJJJI KOTOpLIX a.n;poH p;ereKT11pyeTCJI B connap;eHHH c pacceSIHHbIM JJenTOHOM, 

II03BOJJS!eT TIOJIY'!HTb nonepe'!Hble pacnpe,n;eJieHHSI HMrryJJhCa napTOHOB (TMDs), KOTOpbre He 

,11ocrynHhI n HHKJII03HBHOM paccexHHH. KXA- cpaKropH33J.\HSI p;JISI SID I S, p;oKa3aHHaJI p;nx HH3KHX 

nonepe'IHbIX HMTIYJibCOB B TOKOBOH cpparMeHT3J.\HH [22, 23, 24], o6ecrre'!HBaeT CTpornH 

cpopMaJIH3M p;JJJI 113yqeHHJ1 naproHHhIX TMD H3 SIDIS p;aHHhIX, 11cnoJIL3YSI pa3JIH'!Hhre crrHH-

3aBHCHMhre H CTIHH- He3aBHCHMbie Ha6nrop;aeMbie 3cpcpeKTbl (25]. 

B n epBO:li r.nane 06cylK,n;arorc11 3JieMeHTLI reop1111 3JJeKrpopolKp;eHHSI npH 6oJJbIUHX rrepep;aqax .n;nx 

IlOJIYHHKJJI03HBHbIX H 3KCKJII03HBHbIX npo11eccon c aKl\eHTOM Ha KoppeJJJIJ.\HH rrorrepe'!HbIX H 

rrpo,n;oJibHbIX crenetteil: cno6op;br. Mbr TaKlKe o6cy)l(p;aeM n ,n;eTaJIJIX pa3JIH'IHLre Mo,n;e11hHL1e 

pac'!eTLI TMDs, Koropbre 3areM HCIIOJih3yrorcx p;nx cpanHeHHJI H3MepxeMbrx acHMMerp11i1 c 

TeopeTH'!eCKHMH npep;CK333HHJIMH. 

Bee napTOHHbre TMD pacnpep;eneHHSI nonyqettbI rrpH H3MepeHHSIX cnHHOBLrx H a3HMYTaJJhHhrx 

arnMMerp11il: B nony11HKJIJ03HBHOM DIS (SIDIS) c non11p113onaHHhIM nyqKoM HJIH MHWeHLIO, rp;e 

TMD rroSIBJJJIIOTCJI n BHAe cnepToK c coornercTByroIJ.\HMH cpyHKl\HSIMH cpparMeHTaJ.\HH. B 

rrpe,n;nOJIOlKeHHH op;ttocporoHHOfO o6MeHa, JieIITOH- a,n;poHHOe Ce'!eHHe MOlKeT 6h!Tb BbrpalKeHo 

MOAeJibHO-He3aBHCl1MbIM o6pa30M c TIOMOIJ.\bIO Ha6opa CTpyKyYpHbIX cpyHKl\HH (25,26] . 
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,n;o HaCTOHI11ero npeMeHH KX,Zl;-cpaKTOpH3a~HH AJJH JIOJJYHHKJJI03HBHhlX rrpo~eCCOB 11ptt HH3KHX 

rrorrepe'!HhIX HMIIYJJbcax B o6JJaCTH cpparMeHTa~HH TOKa 6i,rna ycTaHOBJJeHa B pa6ornx [23, 24] 

TOJJhKO /l;JJH JJHAHPYIOIIIHX TBHCTOB. CTPYKTYPHhle cpyHK~HH cpaKTOpH3npyIOTCH B TMD 

pac11peµ;eJJeHHH, cpYffK~HH cpparMeHTa~HH 11apT0Ha H '!aCTH 01111ci,rnaI0111eii Heyrrpyroe pacceHHHe 

(HUU, .. . ) [23]. 

crvu ""Fuu ~ f 1 (x,kr )D, (z1,,pr ) lfuu (Q2
) 

al.l "'Fu."' g 1 (x,k;)D1 (ZJ. ,pr )flu. (Q2
) 

rµ;e kT H pr HBJJHIOTCH nonepe'!Hb!MH HMIIYJJbCaMH KBapKOB µ;o H llOCJJe pacceHHHH, 

orrpeµ;eJJHIOillHe norrepe'!HhIH ttMrryJJnC KOHe'!Horo aµ;poHa Pr = zkr + pr (cM. Pttc.l). 

HerroJJHp113oBaHHaJI 01 H noJJHptt30BaHHaJI H1J. cpyHK~HH cpparMeHTa~HH B ~eJJOM 3anttcHT OT 

nonepe'IHOro HMIIYJJnca cpparMeHTHPyIOlllerocH KBapKa. Pac'leThI 3aBHCHMOCTH TMDs OT 

rrorrepe'!Horo HMrryJJnca B pa3JJH'!HhIX MOµ;e=x (27, 28, 29, 30, 31] H Ha perneTKe [32, 33, 34] 

IIOKa3b!BaIOT, '!TO 3aBHCilMOCTb rronepe'!HOro pacrrpeµ;eJJeHHH KBapKOB OT HX ITOJJJIPH3a~HH H 

apoMaTa MO)f(eT 6b1Tb O'!eHb 3Ha'!HTeJJbHOH. Op6HTaJ!hHb!H MOMeHT KBapKOB cy111ecTBeHHO MeHHeT 

pacrrpeµ;eJJeHHe KBapKOB B o6JJaCTH BaJJeHTHb!X KBapKOB, B '!aCTHOCTH, pacnpeµ;eJJeHHH KBapKOB 

aHTH-BblpOBHeHHbie co CIIHHOM npoTOHa [12] . ITpoCTb!e MOµ;eJJbHhie paC'!eTbI TaK)f(e ITOKa3bIBaIOT, 

'ITO KBapKH opneHTttponaHHbie no CIIHHY rrpoToHa, q+, H aHTtt-opneHTttponaHHbie 110 CIIHHY 

rrpOTOHa, q-, MOrYT HMeTb O'!eHb pa3Hble pacnpeµ;eJJeHHH JIO norrepe'!Hb!M HMrryJJhCaM [12] . 3rn 

MO)f(eT rrpttBeCTH K Ha6JJIOµ;aeMbIM acpcpeKTaM B 3aBHCHMOCTil ,D;BOHHOH rrpoµ;OJJhHOH aCHMMeTpHH 

OT rrorrepe'!Horo HMIIYJJbca, Pr, KOHe'!HOro aµ;poHa [28). ITocJJeµ;Htte pe3yJJhTaThI 110 pac'!eTaM 

TMDs c KX,Z1; Ha pemeTKe [32, 33], rroKa3bIBaIOT, '!TO crrnH-op611TaJJhHh1e KoppeJJJI~HH MOrYT 

Il3MeHHTb pacrrpeµ;eJJeHHe rrapTOHOB no rrorrepe'!Hb!M HMIIYJJhCaM. vfaMepeHHH 3aBHCHMOCTH 

pacrrpeµ;eJJeHHH JIO norrepe'IHOMY HMrryJJncy OT cnttpaJJbHOCTH TaK)f(e Ba)f(Hbl /l;JJH HHTep11peTa~HH 

TeKYIIIHX HCCJJeµ;oBaHHH Ha pa3JJH'!Hb!X ycTaHOBKax BO BCeM MHpe JIO ITOJJHpH3a~HH rJI!OOHOB c 

HCITOJJb30BaHtteM aµ;poHOB c BhICOKHMH Pr [36, 37, 38]. 

l13MepeHHH MO)f(eCTBeHHOCTeii (multiplicity) H ABOHHOH CIIHHOBOH aCHMMeTpHH B 3aBHCHMOCTII 

OT KOHe'!HOro rrorrepe'!Horo nMrryJJnca ITHOHOB B SIDIS B JLab [39, 9] noKa3bIBaJOT, 'ITO 

rrorrepe'!Hbie pacrrpeµ;eJJeHHH HMIIYJJbca MoryT 3aBnceTh OT rroJJHptt3a~HH KBapKoB tt, B03MO)f(HO, 

HX apoMaTa. 
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B rrepTyp6anrnHOM rrpeµ;ene 6oJILIIIHX Pr, acHMMeTpHH, KaK H m1mp;aeTrn, 6yp;eT Pr -He3aBHCHMOH. 

B cny'lae, eCJil1 III11p11Hbl f1 (µO) 11 g1 (µ2) pa3JIH'!Hbl [28], '!TO MOJKeT 6b!Tb o6ycJIOBJieHO CIIl1H­

op611TaJibHblMl1 KoppeJIHI.\HHMl1 (26), ,l\BOHHaJI aCl1MMeTpHJI 6yp;eT rrpoHBJIJITb HeTp11Bl13JlbffYIO 

33Bl1Cl1MOCTb OT rrorrepe'!Horo 11Mrryni,ca KOHe'!HOro ap;poHHOro COCTOHHHH Pr: 

' '"' ,2 ,q. ) q····><. • ' !!..!_ "" <...q <q8 1 (x [)I (~) _,2 1'}·~-·i!'<l :~L ... _ -
Fi L ,,21<i ( ~)D't-• r i '' "", .. ,..,'ii 1( 1r,,·•·,'1~ 1 

l q I · J ,Z 

I13MepeHHe Pr-3aBHCHMOCTl1 g1/f1, II03BOJIHT IIOJIY'IHTb nmpHHbI pacrrpep;eneHHH rro rrorrepe'!Hb!M 

11MrryJILCaM rrapTOHOB, B '13CTHOCTl1, pacrrpeµ;eneHl1H crr11panbHOCTH g1 (µ2) . x 11 Z-3aBHC11MOCTl1 

,l\BOfIHOH aCIIMMeTpHII 6yµ;yT orrpep;eJIJITCH IIOJIHOCTb!O x-3aBIICIIMOCTb!O ¢YHK1\HH pacnpep;eJieHHH 

f1 11 g1, II z-3aBIICl1MOCTLJO HerronJip1130BaHHOH ¢YHK1\1111 ¢parMeHT31\HII Di. 

,IJ:nH IIOJIHp1130BaHHbIX Ml1IIIeHeH, HeCKOJibKO a311M)'TaJibHbIX aCIIMMeTpHH B03HHKaeT yJKe B 

rnaBHOM rropHp;Ke. ,IJ:nH npop;OJibHO-IIOJIHp1130BaHHblX MHIIIeHeH ep;11HCTBeHHbIH BKJiap; B Be,l\yll.\eM 

rropHµ;Ke BKJIJO'!aeT CBepTKy RSMT TMD 11 cpyHKl\IIH ¢parMeHTal\HH Konn11H3a [26): 

p Sin2¢ 
UL . oc .'\' 2 11.q( )Hl.q (· .) 

J... eqx 1IL x I z 
q,ij 

3Ha'!IITeJibHM aCHMMeTpHH 6bIJia rrpep;cKa3aHa [40, 41, 42, 43) TOJibKO rrpII 6oJiblllllX x (x> 0,2), B 

o6JiaCTl1 xopOIIIO 11CCJiep;oBaHHOH B JLab. (sin2<p)-acHMMeTpIIH, KOTOPM BrrepBb!e o6cyJKµ;anacb 

K01\11HHHOM 11 Mynµ;epcoM [70), B BeAYil.\eM rropHµ;Ke BKJiap;a TIIIIa CHBepca He 11MeeT II MOJKeT 

6bITb 11crrOJl b30naHa AJIH H3MepeHIIH ¢YHK1\HH ¢parMeHTal\HH KoJIJIHH3a. (sin2<p)-MOMeHT 

rrpop;Oi1bH0>1 SSA 11 0 11 311onneT noRyY11Tb RSM T T M D ¢ YHK1\1111 TBHCTa 2 (h.L 1L). IlepBbJe pac'!eTLI 

RSMT T MD 6w111 nhtr1 01111e11i,1 11 N·nmap 1<ouo~i Mop;eJ111 [35 ) . Heµ;anHo RSMT TMD 6i,rna 

paCC 'J11Ta 1rn B MOp,e1111 COCTallJlfllOIJ\11X 1rnap1<0 ll (29) c 11CllOJi b30B3HHeM pa3J1 11'1Hb!X BOJIHOBbIX 

¢ y ttKl\Hi-i . AnbTepttaTHU1 1i.tii no;1xo11 11c no11i,3ycT Ta i< 11 a3hrnaeM1>1e "JiopeHl\-HHBapHaHTHLie 

COOTHow e1m n ", KOTOpblC COC/\1-11 11110'1' h .L 11. h, pacn peµ;enettHeM, orrHCb!BaJOil.\HM rronepe'IHO 

nonnp1130 11a1-11-1b1e Knap1<11 11 11 0 11 cpc• 1110 11 011 np•1Joua1-n10M rrpoTOHe [44). RSMT TMD rropoJKp;aeT 

,l\HllOJlbHYIO /.\CCjlOpMa l \M 10 I] x- 1111 Tcrp11po11a 1·IHblX, kr-3aBHCHMOH IIJIOTHOCTII rrorrepe'IHO-
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IIOJIJlpH30BaHHbIX KBapKoB BffYTPH rrpop;OJibHO-IIOJIHpH30BaHHbIX HYKJJOHOB, KaK IIOKa3aHO Ha PHc. 

2. 

-OS o. I).) -0.5 tl tt5 
k•,(CA") k, fCcV) 

PHc. 2 x-HHTerpHpOBaHHaJI IIJIOTHOCTL KBapKoB, n01rnpH30BaHHLIX B rrorrepe'!HOM 

HarrpaBJieHHH x BffYTPH rrpop;OJJbHO-IIOJrnpH30BaHHbIX ffYKJIOHOB. 3TH pe3yJILTaTbl 

6bIJIII rronyqeHbl Ha peIIIeTKe (lattice QCD) ,l\JIH MaCCbl IIHOHa mrr ~ 500 M3B [32] . 

BcrnBKH oT06paJKa10T crrHHOBbie rronHptt3al\HH KBapKoB H ffYKJIOHOB. 

B CBH3H c ,n;11rro11LHOH ,n;e¢opMal\HeH, 3Ta IIJIOTHOCTb He ocecHMMeTpH'IHa. IlHK nBHo cMell.\eH OT 

11eHTpa B,l\OJ!b OCH, onpe,n;eJIJleMOH BeKTOpOM rrorrepe'IHOro CIIHHa. 3TOT C,!IBHr CBJI3aH c 

HeHYJieBbIM cpe,n;HIIM rrorrepe'IHblM HMrryJJbCOM KBapKa. 3TH BKJ!a,!\bl IIMeJOT O,!\HHaKOBbIH 3HaK 11 

BeJJl1'1HHbl, IIOXOJKHe Ha Te, 'ITO 6bIJIII rronyqeHbl B KBapKOBOH MO,l\eJIH [29, 45), HeCMOTPH Ha 

He¢H3H'!eCKH 6oJJbllllle MaCCbl KBapKOB B peIIIeTO'!HblX pac'!eTax. 

lfaBne'!eHIIe RSMT TMD H3 SIDIS p;aHHhIX Tpe6yeT 3HaHHJI HeH3BeCTHoro ornoIIIeHHH cjiyHKl\HH 

KonnIIH3a K HerroJIJ1p1130BaHHOH ¢YHK1\HH ¢parMeHTal\H11. l13MepeHHH (sin2<p)-MoMeHTa 

npoBe,1\eHHbie K01111a6opal\HeH: HERMES [2) oKa3aJIHCb corrocTaBHMhI c HYJJeM, B TO BpeMJI KaK 

ll3MepeHHH (sin<p)-MOMeHTa B TOM JKe 3KCrrepHMeHTe OKa3aJJHCb cyII1eCTBCHHO HeffYJICBblM11. 

l13MepeHHH rrpoBe,n;eHHbre Konna6opal\11HMH HERMES [46) 11 Belle [47) rroKa3bIBaJOT, 'ITO 

JIIIAIIPYIDil.\M II rro,n;aBneHHaJI ¢YHK1\HH KonnHH3a rrpHMepHo paBHhI II HMeroT rrpomBorronoJKHhie 

3HaKH. 
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1faBeCTHO 'ITO OCHOBHOH BKJiap; B (sincp)-cmrn-3aB11C11MOM ceqemm B CJiyqae rrpop;OJihHO 

ITO!IS!p1130BaHHOH M11JlleH11 np;eT OT BhICilIHX TB11CTOB [25], KOTOphie ITOp;aBJieHhl ITO 1/Q ITP11 

6oJihllIHX ITepep;aHHblX 11MITYJihcax. Ha6JIIop;aeMhie , 3aB11CJ11I111e OT BhICOKHX TB11CTOB, HaITpttMep 

SSA B cJiyqae ITpop;OJibHO-IT01rnp113oBaHHOro rryqKa 11JI11 M111lleH11, HMeIOT BalKHOe 3Ha'!eH11e AJIH 

ITOH11MaHHH KBapK-rJIIOOHHOH A11HaM11K11 Ha p;aJieKHX pacTOJIHHHX. Hep;aBHO a<I><l>eKThI OT Bh!Clllero 

rn11cTa B SIDIS 6hrn11 ITpo11HTepITpeTnpoBaHhI B TepMHHax cpep;Heii ITOITepe'IHOH CHJihI, 

p;e(1crny10111ew Ha aKT11BHhIH KBapK B MOMeHT ITOCJie ITOrJIOII\eHHJI B11pTyaJibHOro <l>oTOHa [48]. 

KaK (sincp)- TaK 11 (sin2cp)-MoMeHThI ceqeHHH SIDIS p;mr rrpop;oJihHO-ITOJIHp113oBaHHhIX MHilleHeii 

JIBJIJIIOTCJl BalKHhlM 11CTO'IH11KOM He3aBHC11MOH 11H<l>opMa~1111 0 MexaH113Me qiparMeHTa~1111 

KoJIJI11H3a [40], p;oITOJIHHI01I111e Hep;aBHHe H3MepeHHH Belle [47]. (Sin2cp)-aC11MMeTp11H, op;HaKo, 

06ecrre'!11BaeT '111CTOe H3MepeHHH qiparMeHTa~1111 KoJIJI11H3a, ITOTOMY 'ITO OHO He 11MeeT BKJiap;a 

mrra C11Bepca B JI11A11PYJOII\eM ITOpHp;Ke [49]. 

Ha6JI10p;aeMh1e 11Me101I111e BhICill11e TB11cn1, HaITp11Mep, Fut, Fw, .. ., BalKHhI p;JIH ITOH11MaHHH KBapK­

rJIIOOHHOH p;11HaM1IK1I H OH11 TaIOKe MOrYT 6h!Tb ITOJI)"leHbl KaK Bep;y1I111e BKJiap;bi ITP11 113MepeHHHX 

OITpep;eJieHHbIX acnMMeTp11ii [ 44, 50, 51, 56] 11, B qacTHOCT11 sin <p SSA c ITpop;oJibHO­

ITom1p113oBaHHhIMH rryqKaMH 11JIH M11JlleHb!O. 

l13MepeHHH Bb!Clll11X TB11CTOB ITpep;CTaBJIJIIOT 11HTepec ITO HeCKOJibKHM ITP11'111HaM. B ITapTOHHbIX 

MOp;eJIJIX OIT11CaHHe 3T11X CTPYKTypHbIX <l>YHK~11H 6bmo Ha'!aTO B [ 44] H 3aBepllleHO COBCeM 

Hep;aBHO [42, 43, 52]. TB11CT-3 BKJia,D,bl B ce'!eH11H B ~eJIOM BbirJIJl,ll,JIT KaK CBepTKH TBHCT-3 

<l>YHK~11H pacrrpep;eJieHHH 11 TB11CT-2 <l>YHK~HH qiparMeHTa~HH 11 Hao6opOT. 

Pa3JIH'IHbie BKJiap;bI B sin cp, KOTOpb1e o6cylK,ll,aJIHCh p;o CHX ITop [49, 53, 25], o6ecITe'IHBaIOT 

p;OCTYIT K pa3JI11'1Hb!M JIH,D,11PYJOII\11M H cy6JI11,ll,HPYJOII\HM pacITpep;eJieHHHM, H <l>YHK~HHM 

qiparMeHTa~1111 ITapToHoB, CBH3aHHbIX KaK c KoJIJI11H3-MexaH113MOM, TaK 11 c MexaH113MOM C11Bepca. 

EoJihlll11e SSA ,D,Jill ITOJIHp113oBaHHoro rryqKa 6brnn ITpep;CKa3aHbI [ 44] Ha 6a3e ,11,11HaM11K11 

ocHoBaHHOH Ha MexaH113Me C11Bepca. B paMKax :noro ITop;xop;a acnMMeTp11H reHep11pyeTCH Ha 

ypoBHe pacrrpep;eJieHHH n 3ap;aeTCll JI1160 cBepTKOH T-He'!eTHbIX ITapTOHHbIX pacITpe,11,eJieH11H h.L1L c 

TB11CT-3 <l>YHK~11eii qiparMeHTa~1111 H (x) [44], JI1160 CBepTKOH TB11CT-3 T-He'!eTHOH <l>YHK~11eii 

pacrrpep;eJieHHH fi..L c HeITOJillpmoBaHHOH <l>YHK~11eii <l>parMeHTa~1111 D1[54]. 
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Bo Bropo:ll: rJJaBe rrpHBOAHTOI orr11caH11e aKcITep11MeHTa HERMES, B TOM 'IHCJie HeKornpb1e 

p;eTeKTOpHbJe xapaKTep11CT11K11 BalKHble ,ll,JIJI ITpep;CTaBJieHHhIX 113MepeH11H. 

3KcITepnMeHTaJibHaH ycrnHOBKa HERMES (HERA MEasurement of Spin) pacITOJIO)l(eHa B 

BocTO'IHOM ITaBHJibOHe HaKOITHTeJibHoro KOMITJieKca HERA B DESY. HERMES-- aKcrrep11MeHT 

BToporo noKoJieH11J1 ITO H3yqeH1110 ITOJIHp113a~HOHHbIX a<l><l>eKTOB B DIS. Cpep;HllH ITOlillpH3a~11J1 

M11JlleH11 COCTaBHJia 0.86 c HeoITpep;eJieHHOCTblO -5%. Cpep;HHll ITOJIJ1p113a~Hl! ITyqKa ,ll,JIJI 

aHaJI11311pyeMbIX p;aHHbIX cocTaBJil!Jia 0.55 c HeoITpep;eJieHHOCTbIO -3.4%. PacceHHHhIH IT0311TpoH 

11 <l>oTOHhI OT pacITap;a rr" ,11,eTeKT11poBaJI11cb B cITeKTpoMeTpe HERMES [55]. Ilo3nTpOHhl 

OT p;eJIJIJI11Cb OT ap;poHOB co cpep;HeH aqiqieKT11BHOCTh!O 99% c ap;pOHHOH ITP11MeCb!O MeHee 1 %, 

HCITOJih3YH HH<l>opMa~1110 OT 3JieKTPOMarH11THOro KaJiop11MeTpa, p;eTeKrnpa ITepexop;Horo 

113JI)"leH11ll, p;eTeKTopa preshower, n rroporoBoro qepeHKOBCKoro p;eTeKTopa. K11HeMaT11'lecK11e 

Tpe6oBaHHH, ITpe,ll,'hllBJUieMhie K pacceHHHhlM IT0311TpoHaM COCTaBJIJIJI11: Q2 > 1 faB', 0.023 <X <0.4, 

0.2 <y <0.85 11 K KBap;paTy HHBapnaHTHOH MaCChl Ha'laJibHOH <l>oTOH-HYKJIOHHOH C11CTeMbl W'> 4 

faB'. 

B l]>E!The:ll: rmme rrpHBOAJITCll ITepBhle H3MepeH11J1 op;Hocrr11HOBbIX ac11MMeTp11ii BrrepBhie 

npoBep;eHHhie KOJIJia6opa~11eii HERMES, HX B03MO)l(HaJl HHTepnpern~HH n BJIHHHHe Ha 6y,11,y111ee 

SSA H3MepeHHH BO BCeM Mnpe. 

,ll;aHHbie, HCilOJib3YeMbie B Tpeneii rJiaBe, 6hIJIH Ha6paHbl B 1996 H 1997 rop;ax c HCilOJih30BaHHeM 

npO,ll,OJibHO IlOJIHpH30BaHHOH Bop;opop;HOH MHJlleHH H Il03HTpOHHOfO rry'IKa C 3HeprneH 27.57 faB. 

0,11,Hocn11H0Bb1e acnMMeTpnn B noJiyHHKJII03HBHOM pO)l(,ll,eHHH nnoHOB B rny6oKoro HeynpyroM 

pacceHHHH 6hIJIH H3MepeHhI BnepBhie KOJIJia6opa~11eii HERMES. 3Ha'IHTeJihHaH aCHMMeTpHH B 

pacnpep;eJieHHH no a3HMYTaJihHOMY yrJiy IlHOHa <p, OTHOCHTeJibHO IlJIOCKOCTH pacceJIHHH 

JieilTOHOB 6hIJia H3MepeHa B rr+ 3JieKTp0p0)1(,ll,eHHH Ha npop;OJibHO-IlOJIJ!pH30BaHHOH BOp;opO,ll,HOH 

MIUIIeHH. l13MepeHHaH aMnJIHTyp;a (sincp)-Mop;yJIH~HH ce'!eHHH COCTaBHJia 0.022 ± 0.005 ± 0.003. 

3TOT pe3yJibTaT 6bIJI HHTepnpeTnpoBaH KaK BKJiap; B rronepe'IHOM ce'!eHHH OT KHpaJibHO­

He'!eTHOH <l>YHK~HH CBJl3aHHOH c nonepe'IHOH IlOJIHp113a~HeH KBapKOB B CO'leTaHHH c <l>YHK~11eH 

qiparMeHTa~1111, KOTOpal! qyBCTBHTeJibHa K nonepe'IHOH IlOlillpH3a~HH qiparMeHTHPYJ01I1ero 

KBapKa (<l>YHK~11eii KoJIJIHH3a). 
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B CJI)"Iae 06pa3osaHID1 rrorry11HKJII0311BHhIX rr110HOB B pacceJ1H1111 JierrTOHOB Ha rrpop;OJihHO­

rroJIJ1p113osaHHhIX H)'KJIOHax, yroJI KoJIJI11H3a CTaHOBl1TCJI paBHhIM a311M)'TaJihHOMY yr rry polKp;eHID! 

Me30Ha <p ITO OTHOilleHHIO K HarrpaBJieHHIO B11pTyaJibHOrO ¢oToHa B IIJIOCKOCTl1 paccefillID! 

JierrTOHOB. B 3JieKTpopolKp;eH1111 c rroJIJ1p113osaHHhIM IT)"IKOM 11 M11nreHbIO K11paJihHO-He'!eTHb1e 

¢YHKIJ,1111 pacrrpep;eJieHIDI B coqernH1111 c ¢YHKu;11efi ¢parMeHTan;1111 KoJIJil1H3a rropolKp;aIOT B 

ceqemm [51, 56] CIIl1H-3aBl1Cl1Mhle MOMeHTbl B pacrrpep;eJieHl1JIX IIl10HOB no a311MYTaJibHOM)' yrny 

<p. 

Pa3JIH'!Hhie BKJiap;hI B cp-3aBHCHMOCTh ac11MMeTp1111 6hIJIH s11p;eJieH11 rryTeM 113BJie'!eHID! MOMeHTOB 

ce'!eHIIJI, B3BenreHHhIX no COOTBeTCTBYIOIIJ,11M 3aBl1CJllIJ,HM OT <p ¢YHKil,Hl!M. AHaJIH311pyro1IJ,aJ1 

crroco6HOCTb ,1\JIJI II)"!Ka (MHnreHH) c rrpop;OJibHOH IIOJIJ1PHJau;11efi 6hIJil1 ou;eHeHbl KaK: 

{,~ L Nt W(4Jf ) - L:T~ W(4JJ) 
If J.~ .I "° 1 I J.~ 1 • ... i I 

A . = ······--·-···-··············- ·· ·--'-----
wr.uL) HN ! + Ni] 

rp;e 1' I -.J, o603Ha'laeT rroJIOlKIITe!IhHyro I OTp11u;aTeJI1Hyro crr11paJihHOCT11 IT)"!Ka (M11nreH11). N1' I 

-.J, - '111CJIO Bb!6paHHb!X co6bITl1H ,1\JIJI KalKp;oro CIIl1HOBOro COCTOJIHl1JI II)"!Ka (M11nreH11) 

COOTBeTCTBYIOIIJ,HX CBeTl1MOCTJIM rrorrpaBJieHHb!M Ha MepTBb!e BpeMeHa L 1' /L -.J, . Bee 3Tl1 

BeJil1'111Hbl 6b!JIH ¢aKTl1'!eCKl1 ycpep;HeHbl no crr11paJibHbIM COCTOJIHID!M Ml1llieHl1 (II)"!Ka) , 'IT06hl 

rrp11fiT11 K op;HOCIIHHOBofi aCHMMeTp1111. Becos11e ¢YHKIJ;HH W (<p) = sirrcp 11 W (<p) = sin2<p rrpH 

3TOM 06ecrre'!11Ba10T 'IYBCTBl1TeJibHOCTb K COOTBeTCTBYIOIIJ,11M a311MfTaJibHb!M MOMeHTaM. 

AHaJIH3Hpyro1IJ,11e cnoco6HocT11 61rn11 113BJie'!eHhl rryreM 11HTerp11poBaHID1 no aKcenrnHcy 

crreKTpoMeTpa 11 no KHHeMaT11'!eCKHM rrepeMeHHh!M y 11 z. ITp11MeHJ1Jiac1 TaKlKe rrorrpaBKa 

)"ll1Tb1BaJ11IJ,aJ1 aKcenTaHC cneKTpoMeTpa Ha OCHOBe MOp;eJI11poBaHID1 MeT0,1\0M MoHTe- KapJio. 

3tta'!ett11J1 AuL""~ , Am""'~ H Aw'' "~ ycpep;tteHHh!e no x H PT 61IJI11 113BJie'!eHhl 113 p;aHHhIX. B 

rrpep;enax om1160K, Am''" 2~ 0Ka3anoc1 cpaBHl1MO c HY JJeM p;JIH rr• 11 p;JIJI rr· • ,ll,pyraJI op;Hocrr11HoBaJ1 

ac11MMeTp11J1, Am''"~ . oKa3aJiacb Hynesofi p;JJJI rr-, HO ac11MMeTpID! p;JIJI rr+ OKaJaJiacb 3Ha'!11TeJihHO 

OTJJH'!Hofi OT ttyJIJI. IToJ1BJJett11e TaKofi ac11MMeTp1111 npe.n;rroJiaraeT HaJJH'!He JHa'l11TeJI1Hofi T -

tte'!eTttofi ¢YHKIJ;HH ¢parMeHTaIJ;Hl1 KoJIJil1H3a, B coqernH11H c op;H11M 11JI11 6onee K11paJihHO-

He'leTHhIM crrHHOBhIM pacnpep;eJieH11eM. EoJihillaJI pa3tt11u;a MelKp;y ac11MMeTp11J1M11 B CJI)"lae rr• rr· 
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MOlKeT 6hITb ITOHJ!Ta B napTOHHhIX MOp;eJIJIX, TOJJhKO eCJIH rrpep;rrOJJOlKHTb 6oJJhmyro pa3HHu;y 

MelKp;y JI11p;11pyro1IJ,efi H nop;aBJieHHOH KHpaJibHO-He'!eTHhIMH ¢YHKil,Hl!Ml1 ¢parMeHTail,Hl1. 

IJ.OS 

• \V= ,'fin tj) 
O.f)(j 

O.f.14 

• W = ,'fin241 

~-<.;5 o.rn . • 
0 :-·--, .... . ! .. 

• 
-0.02 i 

. • 
~- 5 

""' 

. ,,. . ,,· 
0.(1:5 

. 
0 l .. . ... 

•: 
- ~ . :, . 

... . . ._.. ··0 .05 
____ .. _,_ 

-0 .04 ;_ (1.05 
0. 1~ 0 .2 11. 15 

0:2 uA o.6· o:s . "i ····- T2 
P l.(G e V) 

PHC. 3. 0p;HOCITl1HOBh!e acHMMeTpH11 Am""~ (KPYlKKH) H Am''"~ (Ksap;pan1) AJIJI rr• KaK 

¢YHKil,Hl! OT x (CJieBa) 11 B 3aBHCl1MOCTH OT nonepe'!HOro 11MrryJihCa (cnpasa) , ,1\JIJI 

1T + (KBap;paTbI) H 1T . (KPYlKK11). 

lfaMepeHHhie ac11MMeTp11H Am''"~ H Am''"'~ 11 Aw''"~ p;JIJI 7r + rrp11BOp;JITCJ1 Ha P11c.3 KaK ¢YHKIJ;IIJI 

OT x c ycpep;HeHHeM no PT. 

ITp11 60.Jiee BbICOKHX 3Hepr11JIX, aHaJIHJHpyrolll,aJI cnoco6HOCTb sin <p MOMeHTa, KOTOphlfi HMeeT 

rropHp;OK l/Q, KaK OlK11p;aeTCJI, 6yp;eT nop;aBJieH ¢aKTopoM Pr I Q (44] no OTHO!lleH11IO K 

JIHAHpYIOIIJ,eM)' '!JJeHy sin 2cp. B HERMES K11HeMaTHKe, rr0Kp1rnaro1IJ,efi cpaHHTeJibHO HH3KHe Q2, 

OTHonreHHe MOMeHTOB Am""'~ H Am""~ OlK11p;aeTCJ1 MaJib!M. 

Ha Pttc. 3 TaKlKe noKa3aHhI Am""'~ ,1\JIJI rr• 11 rr· KaK ¢YHKIJ;Hl! OT Pr rrocJie ycpep;HeHIIJI no x . 

Cpep;HHfi Q nopHp;Ka 1.55 f3B A.JIH scex TO'!eK. ,ll,aHHhre yKa3b!BaIOT Ha TO, '!TO Am""'~ 

yBeJIH'IHBaeTca c pocTOM PT p;o -0.8 faB. :'.ho IIOBep;eH11e MOlKeT 6hITb CBJ!3aHO c 

p;OMHHHpyrolll,efi pOJihlO BttyTpeHHerO rronepe'!HOro MOMeHTa KBapKOB, p;o Tex rrop, IIOKa PT 

OCTaeTCJ! HIDKe THIIH'IHOH ap;pOHHOH MaCCbl (- 1 f3B). B 3TOM CJI)"lae, B rrpH6JJ11lKeH1111 

rayccOBCKoro pacrrpep;eJieHHJI ITO rrorrepe'!Hh!M 11MIIYJihCaM B Ha'!aJibHhIX pacnpep;eJieHIIJIX 11 B 

¢parMeHTau;110HHhIX ¢YHKIJ;HJIX, Am''"'~ 6yp;eT pacTH rrporropu;ttoHaJibHO Pr, no Kpai1:ttefi Mepe, 
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,ll.JUI MaJlhlX 3Ha'leHJfH PT [ 25] . 0CHOBHOH BKJia,ll. B Cl1CTeMaT1of'leCK11e Heorrpe,ll.eJieHHOCTl1 

B03Hl1KaJil1 OT IlOJIJ1p113aJ..111H MHilleHl1 11 nyq:Ka, OT pa3MhITHJI B CBJ1311 c pa3pemeH11eM ,ll.eTeKTopa 11 

OT JIOlKHOH ac11MMeTp1111 l1HAYJ..111poBaHHOH aKcenTaHCOM ,ll.eTeKTopa. Heorrpe,ll.eJieHHOCTh B 

rronpaBKax Ha aKcenTaHc rrpone,ll.eHHhIX Ha ocHoBe pac'!eTOB MoHTe-KapJio, rrpeo6Jia,ll.alOT 

Cl1CTeMaT11'leCKl1e Heorrpe,ll.eJieHHOCTl1 np11 M31IhIX x, KOTOpbre yMeHbW3IOTCJI c yBe1I11'1eH11eM x. 

.il:JIJI cpe,ll.Hero 3Ha'leHHJI y OKOIIO 0.5, pa,ll.113J..1110HHhie 3cp¢eKThI, K3K OlKl1,lJ.3eTCJI, 6y,ll.yT 

He3H3'1HTeJihHhIMl1 11 B rrepBOM rrpH61I11lKeH1111 He3aBHCl1MhIMH OT 33pll,ll.a IIl10H3. 3Tl1 3¢¢eKThI 

6b!Jll1 OJ..leHeHhI Ha HeII01Illp1130B3HHOM ce'leHl111 11 ,ll.eHCTBl1TeJihHO 6b!Jil1 HaH,lJ.eHhI 

He3Ha'll1TeJihHhIMl1 [58] . 

Ha6mo,11aeMMe O,ll.HOCII11HOBhle ac11MMeTp1111 Tpe6YJOT cyll.\eCTBOBaHHJI KoppeJIHJ..111H MelKAY 

HanpaBJieHl1eM cn11tta '!aCTl1J..lhl 11 op11eHTaJ..111eH: IIIIOCKOCTl1 pO)l(,ll.e_HHJI '!aCTl1J..\hI 11 TeM caMbIM 

,llOJllKHhl 6bITh CBJl3aHhI c op6HTaJibHbIM MOMeHTOM rrapTOHOB B HYKIIOHe [59, 60, 61]. 

B 'leTBeproii: rm111e npHllOAffTC.ll on11caH11e HeCKOJihKHX 3Kcnep11MeHTOB CLAS, KOTOphre 

rrpe,11ocTaBl11Il1 ,ll.3HHhie ,ll.JIH 11CCJie,ll.OBaH11H, BKJIIO'!eHHbIX B ,ll.11CcepT3J..111!0, B TOM '111CJie orr11caHHe 

HeCKOIIhKHX KOMIIOHeHT 11 COOTBeTCTBYJOll.\HX xapaKTep11CTl1K ,ll.eTeKTopa, Ba)l(HhIX ,ll.JIH 

11CCJie,ll.OB3HHJI IIOJIYl1HKIII0311BHhIX 11 3KCKIII0311BHhlX rrpoJ..leCCOB c HerroJIHp1130B3HHhIMl1 11 

IIOIIllp1130B3HHhIMl1 ~mrneHJIMl1. 

H3MepeH11J1, rrpe,ll.CTaBJieHH&re B ,ll.11ccepTaJ..11111 rrpoBO,ll.111Il1Ch Ha 3JieKTpoHHOM rryqKe CEBAF c 

11crro1Ih30BaH11eM cneKTpoMeTpa CLAS. CLAS 11crro1Ih3yeT Topo11,ll.a1IhHoe MarHl1THoe none ,ll.JIJI 

onpe,ll.eJieHHJI 11MrryJihCa [62], '!TO II03BOJIJleT ,ll.eTeKT11poBaH11e paccellHHhIX 3JieKTpOHOB 11 ,ll.pyrax 

qacT11J..1, 06pa3y101I111XcJ1 B peaKJ..11111 B rn11poKoM ,ll.11ana3oHe yrnon 11 3Hepr11H:. PacceJ1HH&re 

3JieKTpOHbl 11 BTOPH'IH&re a,ll.pOHhI ,ll.eTeKTl1PYJOTCJI B CLAS. Tp11rrep ,ll.Jlll 3JieKTpoHoB 

OCHOBhIB3eTCJI Ha COBIIa,ll.eHl111 MelK,ll.y ra30Bh!Ml1 C'leT'll1KaMl1 'IepeHKOB3 11 CBl1HJ..IOBO-

CJ..111HTl11IIIJITOpHhIM 3JieKTpoMarHl1THhIM Ka1Iop11MeTpOM. Il110Hbl B 11HTepBaJie 11MrryJihCOB OT 1.2 

,110 2.6 faB 11,lleHT11cp11J..1HPOB3Jil1Ch c rryTeM peKOHCTPYKJ..11111 BpeMeHl1 rrpoJieTa OT MHilleHl1 ,ll.O 

CJ..111HTl1JIIIllJ..1110HH&Ix C'!eT'll1KOB TOF . 

.D:aHHhie CLAS, Borne,ll.rn11e B ,ll.11CcepTaJ..IHIO BKJIIO'!aIOT B cefo1 113MepeHHJI c HerrOJIJ1p1130BaHH&1M11 

lKH,lJ.K11M11 BO,ll.opo,ll.HhrM11 M11weHJ1MH (CLAS ElC, el6, ElF, eldvcs 3Kcrrep11MeHTh1) 11113MepeH11J1 c 

rronJ1p1130BaHHOH "NH, M11rneH&10 (CLAS EGl 3Kcnep11MeHT) . IloJIJ1p1133J..1Hll rryqKa perymqmo 

16 

113Mepirnach c noMOll.\hlO noJU1p11MeTpa MeJIJiepa 11 B cpe,ll.HeM pamurnach 0.70 ± 0.03. Cmrn 

Ha'laJihHhIX 3JieKTpOHOB nepenopa'111BaJic11 Ka)l(,ll.hie 30 MC, 'IT06hr cnecT11 K Ml1Hl1MYMY 

Cl1CTeMaT11'1eCK11e om116K11. 

B llllTOA rmu1e npHllOAJITCll BnepBh1e 113MepeHHhle O,ll.Hocn11H0Bhre ac11MMeTp1111 B cnyqae 

rroJU1p113oBaHHoro rry'!Ka, ocyIJ..leCTBJieHHhre c rroMOll.\hlO ,ll.eTeKTopa CLAS o6cylK,ll.aeTCJI HX 

B03MO)l(HaH 11HTeprrpeTaJ..1Hll 11 BJIHJ1H11e Ha 6y,ll.yll.\11e 113MepeHHJI SSAB JLab 11 JLabl2. 

BrrepBhie HeeyneBaH O,ll.Hocrr11H0Ba11 ac11MMeTpHJ1 B 31IeKTPOPO)l(,ll.eH1111 c noJIHp1130BaHHhIM 

II)"IKOM 6hrna 113MepeHa B rrony11HKJII0311BHOM polK,ll.eH1111 rr+ B DIS K11HeMaT11'1ecKoH: 06nacT11 

(P11c. 4). AMIIJil1TYA3 MO,ll.yJIHJ..11111 <p COCTaB111Ia 0.038 ± 0.005 ± 0 .003 B cnyqae He,ll.OCTalOll.\eH 

Macchr errX ChICTeMbI Mx> 1.1 faB 11 0.037 ± 0.007 ± 0 .004 ,ll.IIJI Mx > 1.4 f3B (5, 6] . Ac11MMeTp1111 

IIOKa3bIBaeT Cl11IhHhIH pocT, np11 6oJihilIHX 3Ha'!eHHJIX Z, B TO BpeMH KaK, Hl1KaKOH CYIJ..leCTBeHHOH 

X-3aBl1CHMOCTl1 B 113Mepl!eMOM ,ll.11arra30He He OTMe'!aeTCJI. 

BKJia,ll.hI B c11cTeMaT11'!ecK11e Heorrpe,ll.eJieHHOCTl1 B03Hl1KaJOT BC1Ie,ll.CTB11e CJ..leIIJieHHJI 

3311MYTaJihHhIX MOMeHTOB B Ce'!eHHl1 11 B aKcerrTaHce. 3TO rrp0113BO,ll.11T rrorrpaBKl1 K 113MepeHHbIM 

a311MYTaJihHhIM MOMeHTaM T11na sin<p (2] . BKJia,ll. B Heonpe,ll.eJieHHOCTh B CBJl311 c CLAS 

aKcerrTaHCOM BO Bcex cooTBeTCTBYIOll.\HX K11HeMaT11'!eCKHX rrepeMeHHhIX (x, y, z , PT, <p) 

OJ..1eH11BaeTCJI B cpe,ll.HeM, B MeHee, 'leM 0.004 11 B MeHee, 'leM 0.007 ,ll.IIJI Bcex 611HOB. 

C11cTeMaT11'1eCKl1e Heonpe,ll.eJieHHOCTl1 B 113MepeHl111 IIOJillp113aJ..11111 rry'IK3 ,ll.aIOT BKJia,11 Ha ypoBHe 

0 .002. B03MO)l(Hhle BKIIa,lJ.hl OT HenpaBl1JlbHO 11,ll.eHTl1¢11J..111pOB3HHhlX 'laCTl1J..I B ,ll.OCTYTIHOM 

Kl1HeMaTH'!eCKOM ,lJ.11arra30He, r,ll.e 113Mep11n11ch SSA, OJ..1eH11BaIOTCJ1 MeHee, '!eM 0.001. 1ho6b1 

CBeCTl1 K Ml1Hl1MYMY pa,ll.11aJ..1110HHhie rronpaBKl1, 11CflOJlh30BaJIOCb orpaHl1'leH11e Ha OTHOilleH11e 

:mepr1111 B11pryaJihHOro ¢oToHa K 311epr1111 HaJieTalOll.\ero 3JieKTpoHa (y <0.85) . Pac'leTHhie 

pa,ll.113J..1110HH&Ie rrorrpaBK11 He npeBhrmaIOT 11ecK01IhKHX rrpou;eHTOB OT 3Ha'leHHJI SSA (58], 11 ,lJ.aIOT 

He3Ha'll1TeJihHbie BKJia,ll. B Cl1CTeMaTl1'1eCKYJO Heorrpe,ll.eJieHHOCTb. .ll:pyr11e Cl1CTeM3Tlf'leCK11e 

Heorrpe,ll.eJieHHOCTl1 JIBJIJIIOTCJI He3Ha'll1TeJibHbIMl1. 
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PHc. 5: SSA Aw (JieBaJI naHeJib) KaK <jlyHKl.\HH OT z 113BJie'IeHHaJI p;IIJI pa3JIH'IHhIX 

pa3pe3oB Ha Hep;ocTaIOI11yro Macey Mx (a f3B), Mx > 1.1 (KPYJKKH), Mx > 1.2 (KBap;paTbr) , 

M x > 1.3 (TpeyrOJibHHKH BBepx) H Mx > 1.4 (TpeyroJibHl1K BHH3) H KaK <jlyHKl.\HJI OT z 

p;JIJI pa3Jil1'IHhIX p;Hana30HOB x p;JIJI M x > 1.1 f3B (npasaJI naHem,). KpHBaJI 

npep;CTaBJll!eT cj>HT KO BCeM p;aHHblM, 'IT06bl TIOKa3aTb 06I11ee TIOBep;eH11e aCHMMeTp1111. 

Ha P11c. 5, z -3as11c11MOCTb SSA Arn npe,11,cTaBJieHa ,11,IIJI pa3HhIX 3Ha'!eH11i1 M11H11Ma1IbHoro 3Ha'IeHHH 

tte,11,ocrn10I11ei1 Macchi. B CBJI311 c 6oJibIIIoii Koppe1IJil.\11eii MelKp;y nepeMeHHhIMH z 11 Mx, c 

yseJIH'IeH11eM M x cyI11ecTBeHHO ctt11JKaeTcJI 'iHCJIO co6brT11ii c 60JibIII11M11 z, np11 3TOM, SSA 

OCTaeTCJI npaKTl1'IeCKl1 Hel13MeHHblM. 3To yKa3bIBaeT Ha TO, 'ITO B rrpe,11,eJiax CTaTl1CTl1'IeCKOH 

tteonpe,11,eJieHHOCTH 113MepeHHll, onpe,11,e1IJIIOI11eii rrepeMeHHOH B rrpol.\ecce pacceJIHHH JIBJIHeTCl! 

cj>paKl.\Hll 3Hepr1111 B11pTyaJibHOro <jloTOHa Z, YHOCl1MaJI IIl10HOM, a He Hep;OCTa!OI11aJI Macca Mx. 
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P11c. 6. SSA Aw KaK cJ>YHKl.\11JI OT x p;JIH no1IoJK11Te1IhHhIX (CLAS 3Knep11MeHT el6) 11 

HeiiTpallbHbIX (CLAS 3Knep11MeHT el - dvcs) Til10HOB (JieBaJI naHeJib) 11 ,D;IIJI 

noJioJK11TeJihHhrx (KBap;paThr) HeiiTpaJibHbIX (TpeyroJibHHK11) 11 0Tp111.\aTe1IbHhIX 

(KpylKKH) Til10HOB (CLAS 3KnepHMeHT elf) . Bee TeopeTH'IeCK11e KpHBbie Y'f11TbIBaIOT 

TOJihKO BKJiap; OT <jlyHKl.\Hl1 KoJIJil1H3a (e© H1.L). 

CpaBHeH11e Aw SSA p;JIJI 3apJIJKeHHhrx H tteiiTpaJibHOro TIHOHOB ,n;pyr c ,n;pyroM H Bhl'Il1CJieH11l!MH, 

Y'fHTb1BaIOI11HMH TOIIbKO BKJiap; OT 3<jl<jleKTa KoJIJil1H3a (PHc. 6), IIOKa3b!BaIOT, 'ITO BKJiap; THTia 

CHsepca (g.l ® DI) MOlKeT 6bITh 3Ha'i11Te1IbHbIMH p;lll! n • H n° 11 MaJibIM p;JIJI n-. TaKoe nosep;ett11e 

xoporno cornacyeTCJI c nocJiep;H11M11 tta6JI10p;eHHHM11 HERMES H COMPASS, rp;e 6oJILIIIOii BKJiap; 

OT :icj><jleKTa KoJIJIHH3 6hIJI 113Mepett p;JIH 3apHlKeHHhIX n110HoB, a :i<jJ<jleKT C11sepca OKa3aJICJI 

3Ha'Il1TeJibHbIM TOJlbKO p;JIH n'. 

B mecroli: r.IIlllle npHBOAJITCSI srrepBbie rrposep;eHHbie 113MepeHHH 3as11c11MOCT11 p;soiittoii 

aCl1MMeTp1111 CIIl1Ha OT rrorrepe'IHOro 11MTIYIIbCa Pr KOHe'IHbIX ap;poHOB, l13Mepem1e 

K11HeMaT11'!eCKHX 3as11c11MOCTeii, B 'iaCTHOCTl1, Pr, pa3Jil1'IHhIX op;Ho-11 p;syx-cmrnoBbIX 

ac11MMeTp11ii B polKp;eHl1H TIOJIYl1HKIII0311BHbIX TIHOHOB c npop;OllbHO-TIOJIHpH30BaHHbIX npoTOHOB 

(11, 17, 9], TI03BOJIJieT HCCJie,11,0BaTb pacrrpe,11,eJieHHH no norrepe'IHbIM 11MTIYIILCaM (kr) pa3Jil1'IHblX 

TMD, o6ecne'!HBaJI KOJIH'IecTBeHHYIO 11H<jlopMal.\HIO o TOM, KaK KBapKH 3aKJIIO'!eHbI n a,11,pottax. 

CLAS cneKTpoMeTp [62] B 3aJie B B Jefferson Lab 6h11I 11cno1Ib30BaH ,11,JIH 113Mepett11ii cn11HOBbIX 

aCl1MMeTpaii rrp11 pacceJIHl111 rrpop;OllbHO-IIOJillp1130BaHHbIX 3JieKTpOHOB Ha rrpo,11,0JibHO 

IIOJIJip1130BaHHbIX rrpoTOHax. ,ll,aHHbie 6bIJil1 Ha6paHbl B 200 I r. c 11CTIOIIb30BaH11eM Ha1IeTaIOI11ero 

rryqKa cseT11MOCTIO 5-HA c 3Heprneii E = 5 .7 faB 11 co cpe,11,Heii IIOJIJip113al.\11eii PB= 70%. 
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l1CTO'IHHKOM noJrnp1130BaHHhIX npoTOHOB, Heo6xo,n;HMhIX ,l\JUI 3Kcnep11MeHTOB no lf3)"IeHHIO 

pa3JI11'1HhlX 0,l\HO- If ,n;Byx-cn11HOBhIX ac11MMeTp11i1:, CJIYlKHJia HenpepbIBHO noJIJ1p113yeM<UI TBep,n;<UI 

a MMl1a'!Ha.H MHIUeHh, co.n;eplKaID;aHC.ll B Kp110CTaTe, BCTaBJieHHOM B 11eHTpaJibttyIO qacn ,n;eTeKTopa. 

I10Jrnp113a1\HH MmneHl1 KOHTpoJI11poBaJiaCb B pelKHMe OHJiaii:H CHCTeMOH 51MP' H KOJie6aJiaCh OT 

60% .n;o 80%. HenoJI.HpH30BaHHh!e 4He H 12C Ml111IeH11 6hIJil1 TaKlKe HCnOJih30BaHbl ,l\Jl.ll H3MepeHl1.ll 

cjipaKI.\HH HenOJI.HpH30BaHHOro MaTepHaJia, np11cyTCTBYJOrn;ero B nOJI.HpH30BaHHOH MH11IeH11. 

Ilpo,n;yKT PbPt noJI.HpH3a1\HH rryqKa 11 Ml1IIIeH11 orrpe,n;eJI.HJIC.ll ,l\Jl.ll KalK,n;oii: KOHcji11rypa111111 113 

H3BeCTH OH ep ynpyroii: aCHMMeTpHH ,l\JUI npoTOHa. TipoTOHhl 11 :'lJ!eKTpOHhl 113Mep.HJIHCh B 

coBna,n;eH1111, no,n;aBJI.H.H cjioH OT a3oTa .n;o He60Jih111oro ypoBH.H. I1po3Be,n;eHHe PbPt 113BJieKaJIOCh 

,l\Jl.ll Bcex ~ 611HOB c a,n;eKBaTHOH CTaTHCT11KOH, 3aTeM ycpe,n;HHOCh ,l\Jl.ll noJiyqeHHH 

OKOH'!aTeJibHOro 3Ha'leHH.ll. ,li;JI.H noJiyqeHHH noJIJ1p113a1\HH MHllleHH Heo6xo,n;HMOH ,l\Jl.ll 

o,n;HocnHHOBhIX ac11MMeTp11i1:, PbPt ,n;eJIHJIOCh Ha 0,7 ± 0,03, '!TO cooTBeTCTBOBaJio cpe,n;Heii 

noJIHp113a111111 nyq:Ka. ,li;Boii:H<UI ac11MMeTpHH A1 onpe,n;eJIHeTC.ll KaK 

l JV'· - N ­
Ai = flY (y)PsP, N+ +N-

r.n;e f = 0.14 (3aBHCHT OT KHHeMaTHKH) .llBJI.lleTC.ll Koacjicji111111eHTOM pa36aBJieHHH If onpe,n;eJIHeTCll 

KaK ,n;oJIH co6h1T11i1:, npo11cxo,n;Hrn;HX 113 nOJIHpH30BaHHhIX ttyKJIOHOB 11 N ± HBJIHIOTCH 'IHCJiaMH 

co6hITHH B3BerneHHb!X CBeTl1MOCThIO ,l\JI.ll aHTH-napaJIJieJihHh!X H napaJIJieJibHbIX KOHcji11rypa1111i1: 

cn11paJihHOCTei1: aJieKTpoHa 11 npoToHa. KoJIH'!ecrno co6hIT11i1:, Ha6JI10,n;aeMhIX c yrnepo,n;Hoii 

MHllleHhIO, HCnOJih30BaJIOCb ,l\Jlll 01\eHK11 OTHOCHTeJihHOro BKJia,n;a OT 

a30Ta B ITOJI.HpH30BaHHh!X MHIIIeH.HX aMMlfaKa. 0CHOBHh!Ml1 11CTO'IHl1KaMl1 CHCTeMaT11'1eCKOH 

Heonpe,n;eJieHHOCTH B H3MepeHH.HX ,ll;BOHHhIX CIIHHOBh!X aCl1MMeTpHi1: 6b!Jlli: Heo11pe,n;eJieHHOCTb B 

H3MepeH11H ITOJI.HpH3a1\HH Il)"IKa H MHllleHH (4%), Koacjicji111111eHT pa36aBJieHHH (5%), a TaKlKe 

cjiaKTopa D' .n;erronoJIHpH3a1\HH (5%). BKJia,n;h1 OT cjiparMeHTa111111 M11111eH11, aarp.H3HeHHH KaoHaMH 11 

pa.n;11a11110HHb1e rronpaBKH [ 64] 6brn11 01\eHeHhl HlflKe 3% KalK,l\bIH. 

3aBHCHMOCTh ,l\BOHHOH aCHMMeTpHH OT x-EbepKeHa ,l\Jl.ll pa3HhIX 11110HOB, ITOJI)"IeHH<UI 113 ,n;aHHhIX 

CLAS rrpe,n;cTaBJieHa Ha p11c . 7. Pe3yJihTaThI A 1 cornaCYJOTCH c IIOJiyttHKJII03HBHbIMH ,n;aHHhIMl1 

HERMES, a rrp11 6oJihllIHX x HMeIOT 3Ha'!HTeJihHO MeHhlIIYJO CTaTHCTH'!ecKyIO Heo11pe,n;eJieHHOCTh. 

,li;aHHhie no ,n;Boi1:Hoi1: arnMMeTp1111 c1111Ha, 110JiyqeHHb1e B HERMES 11 B CLAS 11p11 pa3HhIX 
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3HeprHHX rryqKa (c K03cjicjl111111eHTOM = 5) Ii pa3JIH'!Hb!X 3Ha'!eH11H cpe,n;Heii Q2 (c KOacjicjJ1111HeHTOM 

= 3), rrp11 cjJHKCHpOBaHHOM x - EepKeHa, HaXO,l\.llTC.ll B xopoIIIe M cornac1111, '!TO yKa3hIBaeT Ha 

OTCYTCTBHe 3Ha'IHTeJihHOi1: ~-3aBl1CHMOCTH ,n;JIH ,n;Boi1:Hoi1: rroJIJ1pma11HoHHoi1: aCHMMeTpH11 A1. 
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P11c. 8 . ,li;Boii:H<UI acHMMeTpHH KaK cjiyHKI.\H.ll x OT rroJI.>1p1130BaHHOi1: rrpoTOHHoii: 

MHIIIeHH ,l\Jl.ll pa3JIH'!Hb!X ITHOHOB. 0TKpb!Tb!e TpeyroJibHHKH cooTBeTCTBYJOT 

H3MepeHHHM HERMES Al ,n;JIH rr+ [57]. ToJihKO CTaTHCTH'leCKoii: Heorrpe,n;eJieHHOCTH 

rroKa3aHhI Ha p!icyHKe. C11JI01IIH<UI, 111Tpttx0Ba.H Ii 11yHKT!ipH<UI Kp!iBhie pacC'IHTaHHhI c 

HCIIOJih30BaHHeM LO GRSV PDF [65] Ii D1H"'/Du,-?rr+ = 1/(1 + z)' [29] 

,ll;JI.ll rr+, rr-, and rr", COOTBeTCTBeHHO. 

IfaMepeHH<UI ac11MMeTpHH TaKlKe cor JiacyeTC.H c pac'leTaMH, ocyrn;ecTBJieHHhIMH B se.n;yrn;eM 

rropHAKe GRSV PDF [65 ] If c HCIIOJih30BaHHeM rrpocrnii: rrapaMeTp113a111111 OTH0111eHHH 

rro,n;aBJieHHOH Ii JIH,ll;HpYJOrn;eii: cjiyHKI.\HH cjiparMeHTal.\HH (39] . IloCKOJihKY OTHOCHTeJihHbIH BKJia,n; 

OT rro,n;aBJieHHOH D1Hrr+ H Jil1,l\Hpy10rn;ei1: Du, -?rr+ cjiparMeHTal.\HH MeHHeTCll C H3MeHeHHeM X, 3TO 

BHOCHT ,l\OITOJIHHTeJihttyIO x - 3aBHCHMOCTb. 
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PHc. 8 . ,li;Boii:HaH aCHMMeTpHH A1 B 3aBHCHMOCTH OT rrorrepe'!Horo HMrryJibca PT, 

rrpoHHTerp11poBaHH<UI no BCeM OCTaJibHb!M KHHeMaTH'l:el.\KHM rrepeMeHHhIM. 0TKpb!Ta.ll 

ITOJIOCa COOTBeTcrnyeT CHCTeMaTH'!eCKOH Heo11pe,n;eJieHHOCTH. llhpHXoBaH, 
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rryttKTHPHaJi Ii WTpHX-nyHKTHPHaJi KpHBbie pacC'IHTaHbl ,ll;JUI: pa3JIH'IHbIX 3Ha'!eHHH 

OTHOWeHHJI ll!HpHHbl no nonepe'!HOM)' HMIIYJibCY ,ll;JUI g1 Ii fi (0,40, 0,68, 1,0) nptt 

clittKCHpoBaHHOH WHpttHe p;JIH f1 (0,25 faB2
) [28] . 

I13MepeHHaH ,11noiiHaJ1 acMMMeTpttH A1 noKa3atta Ha pttc . 8 B 3aBHCHMOCTH OT Pr, 

npottHTerpttponaHHaH no BCeM x (0.12-0.48) ,ll;JUI Q'> 1 faB2, W2> 4 faB2, Hy <0.85 . 

Bo3MOlKHhie HHTepnpeTal\HH Pr-3aBHCHMOCTH ,!IBOHHOH acttMMeTptttt MOlKeT 6bITb CBH3aHa c 

pa3Hb!MH WHpHHaMH B nonepe'!HbIX pacnpe,11eJieHHHX no HMnyJILCaM KBapKOB pa3JIH'IHbIX THnOB Ii 

noJIHpH3aI.\HH [28], B pe3yJihTaTe pa3JIH'IHJI B op6ttTaJihHOM ,!IBHlKeHHJI KBapKOB c pa3Hb!MH 

noJIHpH3al\HJIMH [12] . Ha pttc. 8 TaKJKe noKaJaHhI pac'!eThI TypHHCKoii rpyrrnh1 [28], c 

HCnOJib30BaHHeM pa3JIH'!Hb!X 3Ha'!eHHH COOTHOWeHHH WHpHH B kr ,!IJIH napTOHHbIX 

pacnpe,11eJieHHH cnnpaJibHOCTH g1 H HMny JihCa f1, B npe,11noJiolKeHHH, '!TO rayccoBCKHe 

pacrrpe,11eJieHHJI no kr He 3aBHCHT OT apoMaTa. ,ll;aHHhie no A1 (Pr) ,!IJIH rr+, HCnOJih3YH TOT lKe 

nO,!IXO,ll ,11aeT COOTHOWeHHe WHpHH g1 Ii f1 0.7 ± 0.1 C X2 = 1.5. <f>HT C npHMOH (6e3 pa3HHl.\bl B g1 Ii f1 

WHpHHbl) ,11aeT X2 = 1.9. 

ActtMMeTpHJI B 3aBHCHMOCTH OT a3HMYTaJibHoro yrJia q> noJBOJIHeT H3Mep11Tb pa3JIH'IHhie 

KOM6ttHal\HH TMD napTOHHhIX pacrrpe,11e11eHHH H cpyHKl\HH cpparneHTal\HH [25] . CrnH,11apTHaJ1 

npol\e,llypa ,ll;JIH H3BJie'!eHHll pa3JIH'!Hb!X MOMeHTOB, BKJIIO'!aeT B ce6JI copTttpOBKY AUL B 6ttttax no 

cp H clittTbI ::imx cp-pacrrpe,11eJieHHii c TeopeTtt'leCKH o6ocHoBaHHbIMH cpyHKl\HlIMH. CJie,11y11 

CTpyKType ce'!eHHJI ,!IJIH cliYHKl\HH HCnOJib30BaJiaCh cpopMa p1'sincp + pi'sin2cp H, aHaJIOrH'IHO 

(p1'sincp + p2sin2cp) I (1 + P' cos cp). OcHOBHhie HCTO'IHHKH CHCTeMaTH'!eCKHX Heonpe,11eJieHHOCTeii 

B H3MepeHHJIX 0,!J;HOCnHHOBbIX aCHMMeTpHii BKJIIO'laIOT Heonpe,11eJieHHOCTb B nOJIHpH3al\HH 

MHWeHH (6%), ::icpcjieKTOB aKcenTaHCa (8%), a TaKlKe Heonpe,11eJieHHOCTb B KmcpcpHl\HeHT 

pa36aBJieHHH (5%). BKJia,11 OT pa3JIH'IHJI HCTHHHbIX CBeTHMOCTeii ,!\Jill AByx pa3JIH'IHbIX CnHHOBbIX 

COCTOJIHHH, HHlKe 2%. Pa,11Hal\HOHHhie nonpaBKH Ha CHttyCOH,llaJibHbie MOMeHTbl ,!\Jill yMepeHHbIX 

3Ha'leHHH y JIBJIHJOTCJI He3Ha'IHTeJibHblMH [58]. 3aBHCHMOCTb HHTerpHpOBaHHOH no BCeM p;pyrttMH 

KHHeMaTH'leCKHMH nepeMeHHhlM 0,!IHOCilHHOBOH aCHMMeTpHll OT c:p, npttBep;eHa Ha pttc. 9. 
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Pttc. 9. SSA AuL c nonHptt30BaHHOH MttweHhIO, KaK cpyHKl\HH OT a3ttMyTaJibHoro yrJia q>. 

ToJibKO CTaTHCTH'!eCKHe Heonpe,11eJieHHOcn1 noKa3aHbl Ha pucyttKe. 

CooTBeTCTByIOilltte aMnJIMTYAhI p;JIJI rr+, 7l" H rr''. PJP2 0.047 ± 0,010 / -0.042±0.010, -

0.046±0.016 I -0.060 ± 0.016, 0.059±0.019 / 0.018±0.010 coorneTCTBeHHO. I1yHKTttpHb1e 

Ii WTpHX-nyttKTHpHbie JIHHHH ,!IJIH rr + noKa3hIBaIOT OTp;eJibHO BKJia,llbl sinc:p Ii sin2c:p 

MOMeHTOB, B TO npeMH KaK cnJIOWHaJI JIHHHlI noKa3bIBaeT cyMM)'. 

Ha6JI10p;aeTCH 3Ha'!ttTeJibHaJI sin2cp MOAYJIHl\HlI ,!IJIJI rr• (0.042 ± 0 .010). 0THOCHTeJihHO He6onhwaJI 

aMnJIHTyp;a sin2c:p B a3HM)'TaJibHOH 3aBHCHMOCTH p;JIJI rr" H3XO,!IHTCJI B cornaCHH c p;aHHblMH 

Ha6JIJ0,11eHHH HERMES [46] . ITocKOJibKY e,11ttHCTBeHHbIM H3BeCTHbIM BKJia,110M B MOMeHT sin2cp 

npottcxo,11MT OT 3cpcpeKTa KoJIJIHH3a, MOlKHO c,11enaTh BbIBO,!J;, '!TO p;nH rr" cpyHKl\HH KoJIJIHH3a 

nop;aBJieHa. ,ll;eiicTBHTeJibHO, KaK YKa3bIBaIOT H3MepeHHJI HERMES [46] H Belle [47], 

JIHAHPYIOII.\He H nop;aBJieHHbie cliYHKl\HH KoJIJIHH3a npttMeptto paBHhI 11 MMeIOT 

npor11BonoJIOlKHbie 3HaKM, '!TO 03Ha'!aeT, '!TO OHH B 3Ha'!ttTeJihHOH cTeneHM coKpall\aIOTCl! ,ll;JIJI rr". 

c p;pyroii CTOpOHbl, aMnJIMTYAhl sin <p-Mop;yJIHl\HH ,ll;JIH rr• H rr" cpaBHHMbl no BeJIH'IHHe. 3TO 

03Ha'laeT, '!TO BKJiap; OT ::icpcpeKTa KoJIJIHH3a B sincp SSA, B o6ll\eM cnyqae, OTHOCHTeJibHO HeBeJIHK. 

AUL sin2cp KaK cpyttKl\illl x, npttBep;etta Ha pttc. 10. Sin2cp MOMeHT BnepBbie npep;cKa3aHHbIH 

Kol\HHHHOM H MyJip;epcoM no3BOJilleT nonyq1ub TBHCT- 2 TMD cpyttKl\HH hl1L . OcttOBHOii BKJiap; 

B ::iry acHMMeTpHIO B KHHeMaTHKe p;OCTyrrHOii CLAS p;11JI rr• up;eT OT u-KBapKoB, no3TOM)' B 

COBOKyrrHOCTH c ,ll;OIIOJIHHTeJibHblMH p;aHHblMH no cliYHKl\MH cpparMeHTal\HH KoJIJIHH3a OT 

H3Mepett11ii Belle (47] MOlKeT o6ecne'IHTb nepnoe npep;cTaBJieHHe o TBHCT-2 TMD cpyHKl\HH. 

3aBHCHMOCTb SSA OT x p;JIH rr+ H3 CLAS ,n;aHHbIX (Pttc. 10) npMMepHo cornacyeTCH c 

npep;cKa3aHHHMH ocHoBaHHbIMH Ha ::icpcpeKTe KoJIJIHH3a p;JIJI npop;oJibHo- nonHpH3oBaHHoii 
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MHll!eHH. l1HTeprrpeTal.\HH ,11aHHblX ,l\JIH rr·, KOTOpbie HMe!OT 3HaK rrpoTHBOIIOJIOJKHhIH OJKH,l\aHHHM, 

MOJKeT IIOTpe6oBaTb }"feTa ,l\OIIOJIHHTeJibHbIX BKJia,llOB. 
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PHc. 10. SSA A ut sin2cp KaK <jJyHKl.\HH OT x C}'Illecrnyrom;HX H3MepettHH Aut OT 

HERMES. HHJKHHH rronoca rroKa3bIBaeT CHCTeMaTH'feCKHe Heorrpe,11eneHHOCTH. 

BepXHHH JJOJIOCa IIOKa3bIBaeT cym;ecrnyrom;ee rrpe,11cKa3aHHe TeopHH c 

Heorrpe,11eneHHOCTb!O, COOTBeTCTByrom;eH <l>YHKl.\HH KoJIJIHH3a [40,66]. 

KHHeMaTH'feCKHe 3aBHCHMOCTH o,11ttocrrHHOBhIX H ,11syxcrrHHOBbIX acHMMeTpHH 6&JJIH H3MepeHbI B 

ll!HpoKoM ,l\Harra3oHe KHHeMaTH'feCKHX rrepeMeHHbIX x, P r H z c rrpo,110JihH0-110JIHpH30BaHHOH 

rrpoTOHHOH MHll!eHro. I1ose,11eHHe Pr-3aBHCHMOCTH ,l\BOHHOH acHMMeTpHH, rrpe,11cTaBJieHHOH 

BrrepBbie, yKa3bIBaeT Ha B03MOJKHOCTb pa3JIH'IHH B pacrrpe,11eJieHHHX no rrorrepe'fHbIM HMrryJibCaM 

,l\lIH KBapKOB c pa3Hb!MH opHeHTal.\HHMH CIIHHOB. HettyJieBaH sin20-op;HOCJJHHOBaH aCHMMeTpHH, 

H3MepeHHaH BrrepBbie, yKa3bIBaeT Ha TO, 'ITO CIIHH-op6HTaJ!bHOe KoppeJIHl.\HH rrorrepe'IHO-

IIOJIHpH30BaHHbIX KBapKOB B rrpop;OJibHO-JJOJIHpH30BaHHbIX ttyKJIOHax MOfYT 6&1Tb 

3Ha'fHTeJibHblMH. 

B ceAI>MOH rJiaBe IIpHBOAJITCll rrepBbie H3MepeHHH SSA B 3KCKJII03HBHOM 3JieKrpopoJKp;eHHH 

<jJOTOHOB H IIHOHOB Ha JJOJIHpH30BaHHbIX H HeIIOJIHpH30BaHHblX MHllleHHX H HeKOTOpbie 

B03MOlKHbie HHTeprrpeTaJ.\HH p;aHHbIX. 

0606m;eHH1>1e rrapTOHHbre pacrrpep;eneHHH (GPD) B IIOCJie,l\HHe fO,l\bI 6bJJIH rrpH3HaHbl 

YHHBepcaJI&HbIM cpep;cTBOM rrpH Hccnep;oBaHHH H orrHCaHHH CTPYKTYPhI ap;poHOB Ha KBapK­

flIIOOHHOM ypoBHe. GPD, B 'faCTHOCTH, o6ecrre'fHBaJOT HOBbIH B3fJIHA Ha rrpocTpaHCTBeHHoe 

pacrrpep;eJieHHe KBapKOB H fJIIOOHOB BttyTpH ttyKJIOHOB H BKJia,l\bl KBapKOB B op6HTaJibHbIH 
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yrnosoli MOMeHT H B cnHH HYKJIOHa [67, 68, 69] . GPD co,11epJKaT HH<jJopMal.\HIO, Heo6xo,n;HMyID 

,l\JIH rrocTpoeHHH MHOroMepHbIX H3o6paJKeHHH BffYTpeHHeH crpyKTYPhl HyKJIOHa. Op;HH H3 caM&IX 

110,n;xO,n;HIJ.\HX rrpol.\eccoB AJIH orrHcaHHH G PD - 3TO r ny6oKo BHpryaJI&Hoe KOMIITOHOBCKoe 

pacceHHHe (DVCS), B KOTOpOM 0,l\HH KBapK HYKJIOHa rrornom;aeT BHpTyaJibHbIH <jJOTOH H HCrrycKaeT 

peaJibHbIH <jJoTOH. DVCS HBJIHeTrn HaH6onee rro,n;xo,1111m;HM AJIH H3y'feHHH GPD rrpH yMepeHHbIX 

3HeprHHx H B peJKHMe BaJieHTHhIX KBapKoB. I1pH HH3KHX 3tteprHHx rry'fKa, ce'feHHe DVCS MaJio H 

MaCKHpyeTcH 6onee o6HJibHbIM o6pa30BaHHeM <jJoToHoB OT rrpol.\ecca EeTe-falirnepa (BH). TeM He 

MeHee, BKJiap; DVCS MOJKeT 6hITb H3MepeH Herrocpep;cTBeHHO 'Iepe3 HHTepcpepeHl.\HIO DVCS H 

aMIIJIHTYAbl BH, B pe3yJibTaTe B pe3yJibTaTe KOTOpOH B ce'feHHH IIOHBJIHIOTJ.\11 O,l\HOCIIHHOBbJe 

aCHMMeTpHH, KaK B cJiy'fae IIOJIHpH3al.\HH rry'fKa, TaK H B CJI}"fae JJOJIHpH3al.\HH MHllleHH. 3TH 

acHMMeTpHH qyscrnHTeJibHbI K pa3JIH'fHbIM KOM6HHaJ.\HHM GPD H TaKHM o6pa30M, rro3BOJIHJOT 

o6ecrre'fHTb p;orroJIHHTeJibHyID HH<jJopMal.\HIO, Heo6xop;HMyID ,l\JIH oTp;eneHHH pa3HbIX GPD [70]. 

l13MepeHHH rrorrepe'IHoro ce'feHHH 3KCKJII03HBHb!X cporoHOB H DVCS acHMMerpHH ,l\JIH 

rroJIHpH30BaHHOro IIY'fKa rrposep;eHHbie B JLab c 3HeprneH rry'fKa 6 faB [71, 72] cornacyrorrn c 

reoperH'!eCKHM OJKH,l\aHHeM ,l\OMHHHpoBaHHJI O,l\HOKBapKororo pacceHHHH (rrpH6JIHJKeHHe 

p;oMHHaHTHOCTH Bep;ym;ero TBHCTa) AJIH DVCS p;n11 BHpTyaJibHOCTH <jJoToHa Q' HeCKOJihKHX faB2, 

Heo6xo,11HMOe AJIH HHTeprrpeTal.\HH rrpol.\ecca en -7 eNy B TepMHHax ,11aHHbIX GPD. 3TH 

3KCrrepHMeHTbl TaKJKe npop;eMOHCTpHpoBaJIH B03MOJKHOCTb TO'fHOro H3MepeHHH 

,n;H<jJ<jJepeHJ.\HaJibHOH t - JaBHCHMOCTH Ce'feHHH, Heo6xop;HMOH ,l\JIH peKOHCTPYKl.\HH 

rrpocTpaHCTBeHHbIX o6pa3oB HYKJIOHa Ha octtose GPD cpopMaJIH3Ma. 

l1aMepeHHH DVCS acHMMeTpHH c rrpo,n;onbHO- rron»pHaoBaHHOH MHll!eHhIO TaKJKe Haxo,1111Tc11 B 

COOTBeTCTBHH c 11pe,11cKa3aHHHMH, OCHOBaHHblMH Ha GPD cpopMaJIH3Me, H CMoryT B 6yp;ym;eM 

nrpaTb KpHTH'fernyro ponb B H3MepeHHHX GPD. 

Tor JKe Ha6op ,11aHHbIX, KOTOpbIH HCIIOJ!b30BaJICH AJIH HCCJie,n;onaHHH IIHOHHb!X aCHMMeTpHH B 

SIDIS, npHMeHHJICH TaKJKe AJIH H3BJie'feHHH acHMMeTp1111 B rrpol.\ecce DVCS 0,n;HocnHHOBaH 

acHMMeTpHH Aut c Herron11pH30BaHHhIM rry'fKOM H rrpop;oJibHO rron11pHaoBaHHOH MHll!eHIO 6L1Jia 

H3BJie'feHa BrrepBLie B ep -7 epy. 3TH p;aHHhie 6hrn11 HaKorrneHhI B JLab co cneKTpoMerpoM CLAS c 

HCIIOJJb30BaHHeM 5.7 f3B 3JJeKTpoHoB H rrpo,n;oJJbHO-IIOJJ»pH30BaHHOH NH3 MHll!eHH. 

C}'IlleCTBeHHaH a3HMYTaJJbHaJI aCHMMeTpHH CBH3aHHaJI c HHTepcpepeHl.\HeH BHpTyaJibHOfO 
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KOMilTOHOBCKoro paccesi:HIDI H npo~ecca EeTe-faHrnepa 6b1J1a Ha6JIIo,u;eHa c aMnJIHT}',!l;OH sincp 

MOAYJIH~HH cocTaBJIHJOII.\eH 0.252 ± 0.042stat ± 0 .020sys (10]. 3KCKJIJ03HBHOCTh epy npo~ecca 

6bIJia onpe,u;eJieHa nyTeM ,u;eTeKTHpoBaHIDI ncex 'laCTH~ B KOHe'IHOM COCTOHHHH. Co6hITHll 6LIJ1H 

BbI6paHhI H3 Tpe6oBaHIDI HaJIH'IIDI poBHO O,!l;HOH IlOJIOlKHTeJibHOH, O,!l;HOH OTp11~aTeJibHOH 11 

0,!l;HOH HeHTpaJibHOH '!aCTl1~bl. fJiy6oKOHeynpyraH K11HeMaTHKa 6b1J1a onpe,u;eJieHa nyTeM BbI6opa 

co6bITHH c Q' > 1 faB2, W > 2 faB, 11 t <0.6 faB'. r,u;e W npe,u;crneJIHeT HHBap11aHTHYJO Macey 

<jioTOH-npOTOHHOH Cl1CTeMbI. ,ll;JIH 15NH3 Ml1IIIeHH, 60JiblllaH qacTb co6bITl1H np0113B0,!1;11TCH Ha 15N. 

Cyll.\eCTByeT TaKJKe 60JibIIIOe KOJIH'leCTBO co6b!THH c O,!l;HHM <jioTOHOM B KOHe'IHOM COCTOHHIDI, 

11.u;yll.\HX OT ep -7 ep rr", co6bITHH, r,u;e ,u;eTeKT11pyeTCH TOJibKO o,u;11H <jioTOH OT pacna,u;a TI". ,ll;JIH 

no,u;anJieHIDI TaKoro BKJia,u;a, HcnoJib30BaJioch orpaHM'leHwe Ha pa36poc B npe,u;eJiax 2 rpa,u;ycoB 

MeJK,u;y yrnaMH Ha6JIJO,D;aeMoro <jJOTOHa H npe,u;cKa3aHHOro, c HCITOJlb30BaHHeM Ha6JIJO,D;aeMbIX 

HMnyJibCOB 3JieKTpoHa H npoTOHa B peaK~HH ep-7epy. YroJI o6pe3aHIDI eyx 6hIJI onpe,u;eJieH Ha 

ocHone CHMYJIH~HH MoHTe-KapJio (MC). ,ll;JIH ,u;aJihHeHIIIero aHaJIM3a 6bIJIH Bb16paHb1 co6hITHH c 

He,u;ocTaJOII.\eH MaccoH (e, ep) X ,u;wana3oHe -0.12 faB2 < Mx2 <0.12 f:iB'. Co6b1TIDI ep -7 ep rr" 

6LIJIH npoaHaJiw3wponaHhI n TOH JKe KHHeMaTM'lecKOH o6JiaCTH. Co6bITIDI 6bIJIH Bb16paHbI c 

Tpe6onaHHeM H3JIH'IIDI 0,!l;HOro 3JieKTpOHa, O,!l;HOro npOTOHa H ,u;nyx <jioTOHOB. ,ll;JIH rr" 

HcnoJibJOBaJICll TOT JKe MeTo,u;, KOTopbIH 6bIJI wcnoJibJOBaH n OT6ope co6bITHH DVCS-BH, c 

HCITOJib30BaHHeM Orp3HH'leHIDI Ha pa3HH~Y H3MepeHHbIX H npOrH03HpyeMbIX yrJIOB 8 rr°X <2.5°, 

r,u;e YTOJI TI" 6brn peKOHCTpyttpoBaH no MMnyJihCaM HJMepHeMbIX <jioTOHOB, a YTOJI X BhI'IHCJIHJICH c 

HCITOJib30BaHHeM coxpaHeHHH 4-HMnyJihCa ,!l;JIH ep-7epX, npe,u;noJiaraH KHHeMaTHKY co cno6oµ;HblM 

npoTOHOM. Co6bnIDI c rr" OT611paJ111cb B npe,u;eJiax 0.05 faB <Mw <0.18 faB H -0.1 faB2 < Mx2 < 0.14 

faB2• ,ll;Jill rr" co6blTHH, Km<jJ<jiw~weHT pa36anJieHIDI npH 3TOM 6LIJI f = 0.782 ± 0.036. KaK 

OKaJaJIOCb, aCHMMeTpHH rr" poJK,u;eHIDI HMeer B OCHOBHOM 3Cl1MMeTpHIO sin2cp B TO BpeMH KaK ,!l;JIH 

<jJOTOHOB ,11,0MHHHPYJOII.\eH HBJIHeTCH 3aBHCHMOCTb sincp. ,ll;JIH o~eHKH OCT3TO'IHOro rr" 3arpH3HeHHll 

B OT)l.eJibHhIX co6b1THH y, npoB0,11,HJiacb MC CHMYJIH~IDI DVCS-BH H TI" co6b1THH c noCJ1e)l.YJOII.\HM 

npoxoJK,u;eHHeM qepe3 ,11,eTeKTOp, MO,D;eJIHpOBaHIDI KOTOporo npOBO,!l;HJIOCb Ha OCHOBe naKeTa 

GEANT. MC 11aHHb1e Ha BbIXo,u;e o6pa6aThrnaJIHCh c HcnoJibJOBaHHeM Tex JKe npo~e11yp, KOTOpb1e 

6brnH wcnOJib30BaHbI AJill 11aHHh1x. CneKrp MC TI" 6b1J1 HopMwponaH Ha 'IHCJIO rr" co6bITHH, 

Ha6JIJO,D;aeMbIX B 11aHHbIX. CJie,u;yH TOH JKe npo~e,u;ype, KOTopaH 6bIJia HCilOJlb30BaHa npw Bb16ope 

DVCS-BH co6bnwI1, TI" co6hITIDI TOJihKO c O/IHHM <jioTOHOM BhI6paJIHCb AJIH HMHra~HH <jioHa rr". 
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HaKoHe~, KOHe'IHal! acHMMeTpIDI llJ!ll e,11,HHH'IHOro npoH3BO/ICTBa y onpe,11,em1J1ach c noMOII.\hJO 

ypaBHeHIDI: 

Atti1_'(,P) = ry($)An ($) + F,,.o (4> )A~($) , 

r11e ALUexp 3KcnepMeHTaJibHO H3MepeHHaH acHMMeTp11H, BKJIJO'IaJOII.\al! BKJiall OT TI", Aw•0 ecTb 

O/IHOCIIHHOBaH acHMMeTpHll OT rr", a Fy=l-Frr" - cooTBeTCTBYJOII.\al! ¢paK~IDI OT DVCS-BH 

C06bITHH. 

AJHMYTaJibHaH 3aBHCHMOCTb KOHe'IHOH acwMMeTpHH AUL noKa3aHa Ha pHc. 11 npH < Q' > = 1.82 

f3B', <-t> = 0.31 faB'. H <l> = 0.16 (t, ~ IIOJ!Hb!H H npo110JibHblH rrepe11aHHbie HMilYJihCbI). cp -

3aBHCHMOCTb 6bIJia ¢wTttponaHa c <jiyHK~HeH a sincp +j3 sin2cp (cnJIOIIIHal! JIHHHll) c napaMeTpaMH 

a= 0.252 ± 0.042stat ± 0.020sys, H j3 = -0.022 ± 0.045stat ±0.02lsys. BAUL npeo6Jia11aeT TepM sincp, 

a aMITJIHT}',!l;a sin2cp COBMecnrMa c ttyJieM B npe11eJiax OIIIH60K, yKa3bIBal! Ha TO, 'ITO BbICIIIHe 

TBHCTbl He BHOCHT cyll.\eCTBeHHOro BKJia,u;a B paccMaTpHBaeMOH KHHeMaTH'IeCKOH o6JiaCTH. 
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PHc. 11. 011HocrrMHOBal! acMMMeTpIDI B poJKµ;eHHH 3KCJIJ03HBHbIX <jioTOHOB (DVCS) Ha 

npo,u;OJibHO-ITOJIHpH3aOBaHHOH IIpOTOHHOH MHIIIeHH B 3aBHCHMOCTH OT a3HMYTaJibHOro 

yrJia cp <jJOTOHOB nocJie Bbl'IHTaHIDI ¢otta rr0• IlpaBaH naHeJib noKa3bIBaeT 3aBHCHMOCTb 

sincp-MoMeHTa AUL OT t 11 ~ µ;JIH 3KCKJIJ03HBHoro :iJieKTpopoJK11eHHH <jioTOHOB. 

IlyHKTHpHal! KpHBaH HBJIHeTCll MOAeJibHbIM pac'!eTOM c HCITOJib30BaH11eM ~ 

3aBHCHMOCTH GPO rrapaMeTpwJa~HH (73] Ha ocHone MRST02 HenoJillPHJOBaHHbIX PDF 

(74] H nOJIHpH30BaHHbIX PDF[75J 11= TBHCT-2 BKJ1a110B, yqwThIBaJOII.\HM TaKJKe BKJiallbI 

OT Bb!CIIIHX TBHCTOB. fiyHKTHpHaH KpHBaH IIOKa3bIBaeT aCHMMeTpHIO npw H = 0. 

,ll;= o~eHKH ::meKTpopoJKµ;eHIDI rrcen11ocKaJillpHbIX Me3oHon npw MaJibIX 3Ha'IeHlfHX ~. 

HCIIOJlb30BaJiaCb MOAeJib MeIIIKa (handbag). OCHOBaHHaH Ha ¢aKTopw3a~HH JKeCTKHX napTOHHbIX 
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noµ;npou;eccos H ttenepryp6amBHhIX o6o6iu;ettHhIX naproHHhIX pacnpeµ;enettttii (GPD) [76, 77, 

78] . Ilonepe'IHbie GPD B 3TOM cpopMannaMe coeµ;ntteHbI c TBHCT-3 BOJJHOBblMH cpyttKu;HJIMH 

Meaotta. Oco6ettttyIO ponb AJJJI polK,n;ettHJI nces,n;oCKaJJJ!pHhIX MeaottoB ttrpaeT GPD ET KOTopoe 

onHCbIBaeT pacnpeµ;eJJeHHe nonepe'IHO-nOJJJIPH30BaHHhlX KBapKOB B nonepe'IHOH nJJOCKOCTH H 

MOJKeT 6b!Tb nonY'leHo B paMKax perneTO'IHOH KX,ll;. Otto npttBO,ZJ;HT K ,n;OMHHttpyioiu;ttM BKna,n;aM B 

paaJJH'lHbie cocraBJJJ!IOiu;He nonepe<rnoro ce'leHHJI 3KCKJJI03HBHhIX rr" [78]. ITapTOHHblH 

noµ;npou;ecc, onHCb1Ba10iu;ttii poJK,n;em1e n°, pacc'lnnrnaeTCJI B paMKax Mo,n;ncpttu;ttpoBaHttoro 

nepTyp6aTHBHOro no,n;xo,n;a [77], B KOTOPOM Y'-!HTb!BaIOTCJI nonepe'IHble CTeneHH CBo6o,n;bl 

KBapKoB, a TaKJKe Cy,n;aKoBcKoe no,n;asnetttte. ITonepe'IHbIH paaMep npottase,n;ettttoro Meaotta nptt 

3TOM He HrttopnpyeTCJI, KaK B KOJIJJHHeapHOM (se,n;yiu;ero TBHCTa) no,n;xo,n;e, B TOlKe BpeMJI 

rrapTOHbI, BXO/l;J!Iu;He B no,n;npou;ecc, paccMaTpnBaIOTCJI KaK nany'laeMbie n rrornoiu;aeMbie 

ttyKJJOHOM, KOJJJJHHeaptto K HMrryJJbCY HYKJJOHa. 

MC no,n;xo,11 ,ZJ;JJJI nccne,110BaHHJI paa,n;eneHHJI DVCS cjioTOHOB or 3KCKJJI03HBHbIX rr" co6I>ITHH 6bIJJ 

TaKJKe HCnOJJb30BaH /l;JIJ! nay'leHHJI paa,n;eJJeHHJI 3KCKJJI03HBHblX rr" OT 6oJJblllOfO KOJJH'leCTBa 

nonyHHKJJI03HBHblX rr". ,ll;aHHbie, HCllOJJb30BaHHbie ,Zl;JIJ! H3Y'-!eHHJ! O,l\HOCnHHOBblX aCHMMeTpHH B 

3KCKJJI03HBHOM polK,ZJ;eHHH HeiirpaJJbHblX llHOHOB c npo,n;oJJbHO-nOJJJIPH30BaHHblM llY'IKOM 

3JJeKrpoHOB 6bIJJH nOJJY'-ieHbl ,l\JIJ! 3JJeKTpOHOB c 3Heprneii 5.754 f:iB, na,n;a10iu;HX Ha 

HeITOJJJIPH30BaHttyIO 5-cM MHllleHb H3 lKH,ZJ;KOro BO,n;opo,n;a. ITOJJHaJI CBeTHMOCTb 3TOfO Ha6opa 

,n;aHHblX (CLAS el6) COCTaBHJJa 28.S fb- 1. ,ll;aHHbie Ha6paHbl c OKTJI6pJI 2001 ro,11a no 

JIHBapb 2002 ro,n;a. KntteMaTH'leCKaJI o6nacn noKpbITaJI B 3TOM 3KcnepttMeHTe rrpnMeptto 

COOTBeTcTByer Q' OT 1.5 ,n;o 5,5 f3B2• I1pou;e,11ypa paapa6oTaHHaJI ,Zl;JJJ! Bbl'IHTaHHJI cpotta ,Zl;JIJ! rr" 

attannaa, ttcrronI>ayeMoro ,ZJ;JJJI SIDIS rr", 6brna npnMettetta TaKJKe n ,ZJ;JJJI 3KCKJJI03HBHhIX rr". 

0KOH'lareJJbHoe KOJJH'leCTBO rr" noCJJe scex o6peaaHHH H3 CLAS e16 ,n;aHHbIX cocraBHJJa -70000. 

3KCKJJI03HBHhie n•n co6b!THJI 6bIJJH BhI,l\eJJeHbl o6peaatttteM no tte,n;ocra10iu;eii Macce Mrrx <1 .02 

[63]. ActtMMerpttJI Aw 6h1JJa H3Mepetta B ttecKOJJhKHX 6nttax no x H t rryTeM cpnmposaHHJI 

CHttyCOH,ZJ;aJJbHOH aaBHCHMOCTblO H H3BJJe'leHHJI aMilJIHTY,ZJ;bl MO,l\YJJJiu;nn. 3tta'IHTeJJbHaJI 

aCHMMeTpHJI ,Zl;JIJ! 3KCKJJI03HBHhlX llHOHOB 6brna H3Mepetta BrrepBLie B DIS KHHeMaTJfKe (W2>4 reB', 

Q' >l feB2). 0,llHOCllHHOBaJI aCHMMeTpHJI C Sirrq>-MO,ZJ;YJJJiu;tteH B KHHeMaTHKe JKeCTKOfO pacceJIHHJ! 

B CJJY'-!ae c llOJJJ!pH30BaHHblM llY'IKOM (cM. pttc. 12), B OTJJH'-!He OT O,ZJ;HOCnHHOBOH sinq>-
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aCHMMeTpHH B CJIY'-!ae c llOJJJIPH30BaHHOH MHllleHhIO, noJJOlKHTeJJLHa Ii npH 60JJblllHX z 

cornacyiorcJI c peayni.TaTaMH ,l\JIJI tteiiTpaJJhHbIX llHOHOB, H3MepeHHblX c HCllOJJh30BaHHeM 

ycraHOBKH CLAS c BttyrpettHHM KanopnMeTpOM [79], rrpe,n;rronara10iu;nM 6onee :icpcpeKTHBHYJO 

perncTpau;tt10 cjioTOHOB B CLAS. 

• 01 i~.2 ep-+e' :~n t~ r: r.O, < 0.15 • z•n 0.15 

01 +"' t f 0.1 

t f + f 
t 0.05 l l + )' {·f ff 0.05 

0 

--0 .. 00 -0.05 
0.25 0.5 0.75 1 0.3 0.4 0.5 

Puc. 12. Oµ;ttocrrHHOBaJI acHMMeTpHJI B CJJY'-!ae npo,11oni.tto-nonJ1pnaosattttoro llY'-!Ka 

,ZJ;JJJI rr+ H rr°, H B KHHeMaTHKH pacceJIHHJ! (W' > 4 feB', Q'> 1.5 feB2c <Q'> ~ 2.5 feB', 

<X> ~ 0.34) KaK cpyttKu;HJI t (Ha JJeBOH naHeJJH), a TaKJKe cpyttKu;HJI x, ,Zl;JIJI 3KCKJJI03HBHblX 

rr+ ,l\JJJI W' >5 feB', Q'> 2.5 feB2 c <Q'> ~ 3 feB', (npaBaJI natteni.). 

XoTJI KoppeKrttpoBKH K a6conIOTHOMY ce'lett1110 3KCKJJI03HBHoro :ineKTpopoJK,11eHHJI nttOHOB, 

npoaHaJJH3ttpoBaHHOMY B TepMHHax o6o6iu;eHHblX napTOHHhlX pacnpe,11eneHHH, KaK OlKH,llaeTCJ!, 

6y,n;yr 60JJblllHMH, cornacHO MO,ZJ;eJJhHblM pac'-!eTaM norrpaBKH K 0,ZJ;HOCnHHOBbIM aCHMMeTpHJIM 

,l\OJJlKHbl 6bITb Mettee '-!YBCTBHTeJJbHbl K nmpoKOMY Kpyry norrpaBOK, KaK ,ZJ;JIJI nonyttHKJJI03HBHbIX 

[80], TaK Ii /l;JIJI JKeCTKHX 3KCKJJI03HBHblX [81] rrnoHOB. 

BhIBOAbl: 

B ,n;uccepTau;ttOHHOH pa6oTe rrpep;cTaBJJeHHhI 3KcnepttMeHTaJJbHLie H3MepeHHJI cnttH­

a3HMJTaJJhHblX aCHMMeTpHii B 3JJeKrpopoJK,n;eHHH nHOHOB H cjioTOHOB B rny6oKO tteyrrpyrHX 

nonyttHKJJI03HBHLIX H 3KCKJJI03HBHLIX npou;eccax. Bee peaynI>rari.1 so111e,n;11111e B µ;11cceprau;1110 

J!BJJJ!IOTCJ! BnepBblMH npose,11eHHblMH H3MepeHHJ!MH COOTBeTCTBYIOiu;HX tta6JJIO,llaeMblX, BKJIIO'laJI: 

1. Ha6JJIO,lleHHe 0,ZJ;HOCnHHOBbIX aCHMMerpnii B 3JJeKTpopoJK,n;eHHH nHOHOB Ha npop;OJJhHO 

noJJJIPH30BaHHOH MHllleHH. 
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2. Ha6mo,n;em1e O,ll;HOCnHHOBbIX aCHMMeTpHH B 3JieKTpopmK,n;eHHH nHOHOB B CJl)"Iae 

II01U1pH30BaHHOro rry'IKa. 

3. H3MepeHID! JaBHCHMOCTH ,n;soiiHoii acHMMeTpHH crrHHa B SIDIS OT rrorrepe'IHOro HMrrynLca 

KOHe'IHOro nHOHa. 

4. H3MepeHID! aCHMMeTpHH Ko~HH.l!Ha-Myn,n;epca B SIDIS. 

5. Ha6mo,n;eHHe O,D;HOCIIHHOBLIX aCHMMeTpHH B lKeCTKOM 3KCKJII03HBHOM polK,n;eHHH <j>OTOHOB 

(DVCS), B CJIY'lae " 21UIPH30BaHHOH MHIIIeHH H nHOHOB B CJIY'lae rrpo,n;OJILHO 

nom1pH30BaHHLIX 3JieKTpOHOB. 

l13MepeHIDI cnHH-a3HMYTaJILHbIX aCHMMeTpHH, rrpe,n;cTaBJieHHLIX B HaCTOHII\eH pa6oTe B 

coBoKynHOCTH c nocne,n;yIOII\HMH no,n;o6HLIMH H3MepeHHHMH, noJIOlKHJIH Ha'!aJio HOBOMY 

HanpaBJieHHIO B S1,n;epHoii <j>H3HKe HLIHe H3BeCTHOMY KaK Hccne,n;oBaHtte TpeXMepHoii CTPYKTYPLI 

a,n;poHOB. 
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Uutlih1111Jth h mq}nfnL\llllll lllU)tUliUlp)twhhp)t nLunufuwu)tpmp]ntbbhp 

l:t hlJ.Ulpwbhumb unmghuntu 

UUcI>flcI>lll•U 

U1u WU1hliwjununqa1wli tfh2 lihpljw1wgqwb hli tf)l 2wpp ~w$mtflihp m4]1uw1]1u II 

wq)ltfntUlUll wuhwtfw~m$nLJa1muuhp}l hwtfwp]W )lliljumq)ltl. II tljuljumq)li.J. Junrn n~­

wnwilqwljwu qhljU1pwbhtfwl.i hphtl.nLJphhpnuf: UUJ]lh-wq)ltfmUlwl 

wuhwtfwlm$ntp]mhuhp)l (SSA) ltu$mtfuhpu huwpwqnpmp]ntU hu UlwJlrn hhU1wqnU1ht 

UJWpU1nuw1)1u Ultupphp tWJUwlj)l ]ltfUJmtuhhp}l pw2Jumtflihpn (TMD) II "[!Uqhwhpwgqwb 

UJWpUlnuwi)lu pw2Jumtfl.ihpn (GPDs), npnl.ip hwl.iqJmwl.imtf hl.i wnwl.igpw1]1u ump1hqU1uhp 

wiu ruU1huwjunump1wu tfh2: :.?w$mtflihpn h)ltfliqwb hu HERMES hwtfwqnpllwqgmp1wu II 

Qh~hpunu)t 1wpnpruU1np)lw1J1 Hall B-mtf }lpwqwuwgtJ.wb lnru q)1U1w$npilhp)l U1tl.Jw1uhp)l 

tl.Pw: :.?wipqwb tf)lwiuwlj UUJpUW]ph II wq}ltfntUlUll wuhwtfwlw$mp1muuh11n hwtfwp]W 

)ltiljumq)ltJ. junpn nl-wnwilqwljwl.i l:t hqU1pwbl.itfwl.i hplinLJpl.ihpmtf (SID IS) gnLJg bu U1wlJ1u 

qnph1wg)lw1)1 qn1mp1mhn ptJ.wplJ.hhp]l 1w1uwq)l )ltfUJm1uJ1, hpqwiuwljwu ]ltfUJnqu)l li qpwug 

UUJpup tfp21I: 

Uq)ltfnunw1 wuhwtfwlw$ntp]ml.iuhp)l lW$mtflihpn [9], tfwuhwtJ.npWUJhU, 

WUJWhnqmtf hu wutf)12wqwu UlhIJ.hqnqa]ntU UUJpU-opppU1Wl hwpwphpwqgntpjntUuhp)l 

tfwu)lu, huwpwqnpmp1mu U1WtntJ. lm$h1m wnw2mU1wp ptJ.)lutn}l TMD-1.i, np[! l.iqwpmqpmtf 

t Ulrupphp opp)1U1rul tJ.)1.:\wql.ihp)l }luU1hp~hphl.ig)lwl.i: Y:pljhwq)l UUJ]lhw1)1h 

U1uhU1tfwlU1$mp1mhl.ihp)l tfU1uu]lql.ihp)l qwjuqwllmpiml.i[! 1wJl.iU1qU1u ]ltfUJnqu)lg 

Ulpmtfwqpmtf t ll1lll9nt9J1l U1hIJ.hljwmtJ.mp1mul.ihp ptJ.wpquhp)l 1w1hwq)l ]ltfUJnqu)l 

qwjuqU11lmpJU1U ql:ipU1pl:ipJWl }lphhg plil:inU1gmtf)lg II U1pUJ]lg: '\..,2U1uwqwtJ1g $npill.iwqU1u, 

ijlnpilU1pU1pU1qwu l.t Ull:iuU1ljrul.i 2lllhphp hu UJWhwh2tl.mtf hwuqwuw1m hwtfmp tf)lmiuwq 

UUJ]lhwj)ll.i II wq)ltfmmw1 wuhwtfwlwijlntpjntl.ihhp[! !!tJ.whtnwjpU -!2pntfnq)luwtf)lltw1)1 (QCD) 

~nptfwtJ1qtfmtf: Hermes-mu II CLAS-mtf q)lmwpqtJ.wb tf)lwiuwlt uu1ruw1]1u 

wuhwtfwlwijlntp]mhuhp)l tfnqh1w1J1u qhp1mbmp]mhuhp[! hwuqhgphg)lu \mp ptJ.tium-3 

pw2Jumtflihp)l hlll]tnhwqnpbmp]LUU[!: 

35 



Z.Jnilnuljwl! UIJll}]Illlipl!hpJ!, npn\Jp l!hpljw]Wgij_wl! hl! \Jhpljw wmhl!wJununtp]UIU uh2 

l!hpwnmu hl! plihnwgij_wl! pJipwJuniJ. tIJiw1l!wlj UUJJ1l!w1Jil! wl!hwuw2wtJimp]ntUUhpJi 

wnw2Jiu qJimwpljmtIJ! hwuwp1w JiU.ljumqpiJ. JunpJ! n2-wnw6.qwljwu t1tljmpwl!l!iJ.wl! 

tJigpwiJ.npiJ.wl! [1,2] b. 2tqnp [3,4] UJJinli.l!hpJi. wnw2Jiu qJimwpljmtIJ! tIJiwiti.wlj UUJJiUwJJil! 

wuhwtiwiwtJimp1ml!uhpJi pb.hnwgiJ.wl! iJiU.2Ji hwuwp qpwljwl! UJJinuuhpJi (5, 6] b. wnw2Jiu 

twljwti. iwtJimtIUhpJ! pwgwuwljwti. [7], li 2hqnp [8] UJJinl!ti.hpJi hwuwp, wnw2Jiu iwtJimtIJ! 

lingJil!Jwli-Um1qhpuJi wuJiuhmpJiw1Ji (1 ,9], wnw2Jiu iwtJimtIJ! ljpljliwljJi 

wl!hwtfw2wtJimp1ml!l!hpJi ljwJuiJ.wl!mp]wl!' l!ti.ij_wl! UJJinUl!hpJi tWJUWljJi JitIUJm1uJig [9], 

wnw2Jiu qJimwpljmtIJ! tIJiw1liwlj UUJJ1Uw1Jiu wl!hwtiwiwtJimpJml!ti.hpJi tljuljumqpiJ. JunpJ! ni­

wnw6.qwljwl! :j>nmnl!Ji qhljmpwl!ti.tfwl! (DVCS) UJpnghumtI phhnwgij_wl! pJipwJuJi hwuwp 

[10], wnw2Jili qpmwpljmtIUhpJ! i.IJiwil!wlj UUJJ1l!w1Jiu wl!hwtiwiwiJimp1muuhpp tljuljumqpij_ 

JunpJ! ni-wnw6.qwljwl! UJpnuuhpJi t1hljmpwl!ti.i.Iwl! (DVMP) UJpnghumtI hpljw1liwljp 

plihnwgiJ.wl! qhljmpnli.w1Jili iJili2Ji qhUJpmtI (11]: 

'llwpmnUUhpp iwiti.wljp mwpwl!pw]pU pwzJuiJ.wl!mpJml!ti.hpJ!, npnUp ljnqwiJ.npiJ.wl! hti. 

J!l!qhwli.pwgij_wl! UJU1Jllflnliw1Jil! pwzJunttil!hpmtI (GPDs) b. UJUIJllilnl!UhpJi iwil!wljJi JitIUJnquJi 

pwzJuiJ.wl!mp]ml!lihpJ!. npnl!p ljnqwij_npij_wl! hti. tWJUWljJi JitIUJm1uJi pwzJumtil!hpnttI (TMDs), 

wpqhu iwiti.nphu 6wti.w2iJ.wl! hti. npUJhu wnwl!gpw1Jiu l!UJwmwljti.hp JLab 12 q.t'{ 

pwph1wiJ.uwl! b. npUJ hu zwpctpi met l:th!Jmpnl! f'nti. lintWJl}hp-Ji ljwnmguwU hwuwp: UJi 

pwUp wnw2wpljmpJmUUhp, npnlip U.iJ.PpiJ.wl! hu GPD m TMD mumi.IUwuppmpJmUUhppU 

WUJWqw JLab-mtf, wpqhli hwumwmiJ.lit hti. JLab-Ji qJimwljwti. JunphpqJi (PAC) ljnqtfpg. li 

wpctwliwgt1 hu wuhliwpwp6.p ij_wpljwlipzli.hpp: OqmwqnpllhtniJ. JLab-Ji pwph1wiJ.iJ.wl! 

t1hljmpnl!w1Jiu iJimli2J! ht CLAS12 qhmhljmnpJ! hhmwqw iJinpO.hpmtI, hti.wpwiJ.npmp]ntU 

ljmlihti.wlip tJiwpcthp oqmiJ.lit J!UO.hnti.ij_wl! hqwljp hwuwqpmpJmliJig ' uhl! Jil!mhl!uJiiJ.mp1wli, 

pwp6.p tlihpqJiwjp. pwp6.p plihnwgi.Iwu, J!UqtU1Jl!h1m uhpljw1wgpwl! Ul[l'lJilllipl!hpJ! li 

munttIUwuJiph1m pij_wpljti.hpp iwi\Jwljwti. pwzJumtilihpJ! pwgwnplj b. w\JU.wJuwqhUJ 

6zqpmmp1wup: 
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Studies of the Spin and Azimuthal Asymmetries in Electroproduction 

SUMMARY 

In this dissertation we present a series of measurements of spin and azimuthal asymmetries in 

electroproduction of final state particles in semi-inclusive hard exclusive processes. 

The studies of spin and spin azimuthal asymmetries in electroproduction providing access to 

different Transverse Momentum Dependent (TMD) partonic distributions and aGeneralized Parton 

Distributions ( GPDs) are a core subjects of this dissertation, and they are based on the data from the 

HERMES collaboration and four experiments carried out in Hall B at Jefferson Laboratory. 

Measured single spin asymmetries in electroproduction of pions in SIDIS indicate that the correlations 

of the transverse spin of quarks with their transverse momentum lead to observable spin and azimuthal 

asymmetries. The measurement of the sin 2q> moments [9] in particular provides direct information on spin­

orbit correlations by measuring the leading twist TMDs related to the interference between states with 

different orbital momenta. The P7'"dependence of the double spin asymmetries provide additional 

information on the flavor and polarization dependence of transverse momentum dependence of helicity 

distributions of quarks, providing complementary to SSA measurements access to spin-orbit correlations. The 

sin q> and sin 2cp moments have been studied to probe he underlying T-odd distribution and fragmentation 

functions. Significant experimental. phenomenological and theoretical efforts have been made to understand 

the SSAs in QCD at twist-2 and beyond. Parton model analysis of sub-leading single-spin asymmetries 

observed at HERMES and CLAS led to introduction of a complete set of twist-3 

distribution functions. 

Main results we will defend in this dissertation include: first observation of polarized target SSAs 

in electroproduction of charged [l , 2] and neutral [3, 4] pions in semi-inclusive DIS, first 

observation of polarized beam SSAs in electroproduction of positive pions (5, 6] and first significant 

measurements of SSAs for negative [7], and neutr~ l [8] pions in semi-inclusive DIS, first 

measurement of Kotzinian-Mulders asymmetry [l, 9], first measurements of transverse momentum 

dependences of double spin asymmetries in SIDIS [9], first observation of polarized target SSAs in 

hard exclusive production of photons (DVCS)[IO], first observation of polarized beam SSAs in hard 

exclusive production of pions 

Transverse space distributions of partons, encoded in Generalized Parton Distributions, and 
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transverse momentum dependent distributions, encoded in Transverse Momentum Distributions, 

have been widely recognized as key objectives of the }Lab 12 Ge V upgrade and a driving force 

behind construction of the Electron Ion Collider. Several proposals have been already approved by the 

}Lab PAC to study GPDs and TMDs at JLabl2 and were awarded the highest physics rating. 

Using the upgraded JLab electron beam and CLAS12 detector at its maximum luminosity future 

experiments will take full advantage of the unique combination of wide kinematic coverage, high 

beam intensity (luminosity), high energy, high polarization, and advanced detection capabilities to 

extend presented measurements and study the transverse momentum and spin correlations in hard 

scattering in exclusive and semi-inclusive DIS with unprecedented precision. 
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