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BBeneHue

CouH d4acTull SBISETCA OJHOM M3 HMX (YHIAMEHTAJbHBIX KBAaHTOBBIX
XapaKTEPUCTHUK, KaK B CWIbHBIX, TaK U B JPYTHUX TUINAX B3aumojachcTBUM. [lanee
MBI OyZIeM paccMaTpuBaTh TOJIBKO CHJIbHBIC B3aUMOJICMCTBUA. 3/1€Ch UMEETCS PSII
HE PEIICHHBIX IOKa MpobieM. B yacTHOCTH, 3TO TpoOseMbl KOH(MaWHMEHTA,
NPOSIBJICHUST [IBETHBIX CHWJI, MPOUCXOXKICHUS MAcC KBapKOB M aJIPOHOB,
MIPOMCXOXKJICHUE CaMUX MOJAPU3AIMOHHBIX A(DPEKTOB, XPOMOMATHUTHBIX MOJICH
U XPOMOMAarHMUTHBIX MOMEHTOB KBapPKOB.

DEHOMEHOJIOTHST  TOJSIPU3AIMOHHBIX ~ SBJICHWH O4YE€Hb HWHTEPECHA U
MHOrooOpasHa. B uactHocTH, momepeuHas moisipusanus TunepoHoB (Py) u
OJHOCTIMHOBAsI aCUMMETpHs aapoHOB (A,) 3aBHUCAT HE TPUBUAIHHBIM 00pa3oM
OT THUMNA YYACTBYIOIIMX B PEAKIUM 4YaCTHUIl, KMHEMaTHYECCKUX IEPEMEHHBIX,
MHOK€CTBEHHOCTH YacCTHIl B COOBITUM, aTOMHOIO Beca sjaep (MUILICHU W/ WU
HaJICTAIOIIECH YaCTHIIbI), MPUIECTBHOTO MapaMeTpa M IEHTPAIBHOCTH B CiIydae
AAPO-SJEPHBIX COYIAPEHUN.

[Tonsapu3aimoHHbIE SKCIIEPUMEHTHI TOKA3aJIM CE0s1 MOIITHBIM MHCTPYMEHTOM ISl
VCCJIENOBAHUSA CBOMCTB CWJIBHBIX B3aUMOJECHUCTBAM B ILEJIOM U IIPOBEPKU
CIIPABEIMBOCTH MOMYJIAPHBIX MOJICJICH B YaCTHOCTH.



BBeneHue

B CHIIBHBIX B3aMIMOJICHCTBUSAX COXPAHCHHUE YETHOCTH IIO3BOJISICT MMETH JIHIIb
HoTepeyHyro (BI0JIb HOPMAIU K TIIOCKOCTH paccesnus, N ~ [K; K, ,]) monspuzanuro
rurepoHoB (Py).

B ciydae mnomnepeyHo MOIAPU30BAHHOM NYYKOBOM YaCTUIIBI CO CIIMHOM 72 H
oJIsIpU3aluei P 3aBUCUMOCTb CEUEHHUS OT YIJIOB OyAeT

1(6,0) = 15(6)(1 + A(B)p.n) =1y(6)( 1 + A(B)|p|cose), (1)

rie  A(0) - aHammsupyromas crocoOHOCTh, 0 W (¢ — TOJAPHBIM M a3MMYTAIBHBINA
yrabl. Ock Y 371€Ch HampaBjicHa BJIOJB [P, @ YIOJ (¢ OTCUHMTHIBACTCS OT ILUIOCKOCTH
paccesiHus YacTHIIBI.

[1] G.G.Ohlsen 1972 Rep. Prog. Phys. 35 717.

[Ipouiecchl U COOTBETCTBYIOIINUE 3P(DEKTHI, B KOTOPHIX U3BECTEH CIHWH JUIIb OTHON
U3 HAYAIbHBIX YaCTUIl W U3MEPSETCAd YINIOBAasA a3uMyTajbHas 3aBUCUMOCTH
00pa30BaBIICICA YACTUIIBI, JIMOO HU3MEPSIETCS MOJISIPU3ALNSA OJHOW U3 BTOPUYHBIX
yacTul] (HalpuMEp TUIEPOHA) B COYAAPEHUSX HEMOJSPU30BAHHBIX YACTHUIl, MBbI
OyJieM Ha3bIBaTh OJTHOCITUHOBBIMH.



BBeneHue
1(0,9) = 15(0)( 1 + A(0)p.n) =1,(6)( 1 + A(6)|p|cosy), (1)

OIHOCNIMHOBAasA ACUMMETPHUS OIPECISACTCA YEPE3 CEUCHUE KAK

Ay = 1) = I))/AT) + 1))/ (p-cos @) =A(0) (2)

U paBHA aHAJIM3Upylomei crmocodHoctr A(0) s ciydas CUIbHBIX B3aUMOACHCTBUN
1 TIOTICPEYHO IOISIPU30BAHHOM BAOIb OCH Y HAJICTAIOIICH YaCTHUIIBI CO CITMHOM 5.

OKCHEPUMEHTAIBHO 00JIee BBITOAHO M3MEPATh a3MMYTalbHYIO 3aBHCHMOCTH (1) B
obmactu 0< ¢ < 27, npu ABYX HaAIPaBJICHUSAX BEPTUKAIHHOM MOISIPU3AIUM ITyUKa WM
vumenn (‘1 ®m ’]’), TOCKOJIbKYy TIIpH 3TOM 3HAQYMUTEIIPHO CHIDKAOTCS
CHCTEMaTHYECKHUE OIINOKHU.



BBeneHue

JI1st IpOosSICHeHUsT TPUPOAbl U MEXaHU3Ma OJHOCHMHOBBIX 3((PEKTOB TpeOyeTcss ux
MCCIICIOBAHKE JIJIsI OOJIBIIIOTO YHCHa PEAKIMd B MIMPOKOM 00JaCTH KUHEMATUYECKUX
U JIPyTUX MEPEMEHHBIX U UX DIOOATBHBIA aHAJIN3 B pAMKaX €IMHOIO MEXaHU3Ma. ITO
MO3BOJISIET BBISIBUTH OOIIME 3aKOHOMEPHOCTM U 0O0JIEE TOYHO OIPEICIIUTh
r7100aIbHbIC TTApaMETPhI MOJICIIH.

Takoii moaxom Mbl OyaemM  Ha3blBaTh  CHUCTEMAaTHYECKHM  HCCIIEAOBaHHEM
MOJISAPU3ALUOHHBIX SIBJICHUN B OTJIMYME OT MCCIEIOBAaHUS HEOOJIBIIOIO 4YHCIIa
peaKIMii B OrpaHUYE€HHOM 00JIaCTU NEPEMEHHBIX.



OnpenesieHne MOJAPU3ANUUA AJAPOHOB
U3 YIJIOBBIX pacnpenaejeHuid NPOAYKTOB UX pacnaaa

Hapyiienue 4YeTHOCTH B cCiaObIX pacnagax A-TUIEPOHOB ¢ Tmojspuzamnueid P
PUBOJIUT K 3aBUCUMOCTH

W(0,) = (1 + a_Pe,)/4n, (9)

T1e €, — CIMHUYHBIN BEKTOP B HAIIPABIICHAH JIBIDKCHHUSI IIPOTOHA B CHCTEME TIOKOS
rurniepona. Ilapamerp pacnaga A —p m-, a.=0.732+0.014 [PDG live].
BBICTPOEHHOCTH BEKTOPHBIX ME30HOB (V) OIUCHIBAETCS DIEMEHTAMM P, 1, CIIMHOBOM
MaTpHUIlbl TIIOTHOCTH p, TA€ M U M’ 0003HAYaOT CIMHOBBIE KOMIIOHEHTHI B10JIb OCH
KBaHTOBaHUA. [[MaroHanbHBIE JIIEMEHTHI P11, Pog U P.1.1 M1 MATPUILII C €TUHUYHBIM
CJICZIOM SIBJISIFOTCS OTHOCHUTEJIbHBIMU BEPOSITHOCTSIMU KOMITOHEHT CITMHA ME30Ha M
OpUHATH 3HaYeHMs 1, 0, 1 -1 COOTBETCTBEHHO, M KOTOPBIE HOJIKHBI ObITH paBHBI 1/3
JUIs1 CITydast HETMOJISpU30BaHHbBIX YACTHII.

B cucreme nokos BekropHoro me3ona V, ms pacrnaga V — hy+ h,, rae hy u h,
SABJISAIOTCSL TICEBAO-CKAIAPHBIMU ME30HAMHM, YIJIOBOE paclpeeiiCHUE

W(60,p) = dN/d2 npomykToB pacmama uMmeeT Bun [2]:

W(6,0)=0.75{Cc0520 py, +5in20 (py,+p.1.,) 12-5in20 (cos ¢ Re p,q-singlm p,)/N2 (10)
+5in26 (cos pRe p-;, + singlm p-,,)/N2 — sin26[(cos(2p)Re p,, — sin(2p)Im p,,)]} /1
31ech 6§ ABIAeTCS MOJSIPHBIM YIIIOM MEXKTy HalpaBJIeHUEM JBMKCHUS N 1 OCHIO
KBAaHTOBAHUS, a () €CTh a3UMYyTAJIbHBIA yTOJ.

[2] K. Schilling, P. Seyboth, G.E. Wolf, Nucl. Phys. B 15 (1970) 397. 7



OnpenesieHue NOJIAPU3ANUU AJPOHOB
M3 YIVIOBBIX pacnpeaejaeHnii NPpoOayKTOB UX pacmajaa

HNuTerpupys no ymy ¢, Mbl IOJIy4YaeM

W(60) = 0.75[(1 - pgo) + (3 pgo - 1) cos*A]. (11)
AHaJIOTUYHO, HHTETPUPYS 110 YTy 6, MBI TTOTy4aeM
W(p) = 0.5[1 - 2cos(2p)Re p,.; + 2sin(2¢) Im p, ,]/n (12)

MBpbI BUUM, YTO OTKJIIOHEHHE Py, OT 1/3 mpUBOAUT K HEPABHOMEPHOMY
pacnpeaeIeHHIO MPOIYKTOB paciiaja mo Cosé.

B oTmiiune ot nossipusaluu runepoHoB, apaMeTp BEICTPOCHHOCTH CIIMHA
BEKTOPHBIX ME30HOB, Py, HE CBA3aH C HAIIPABICHUEM IUIOCKOCTH pacCesHus, TaK KaK
OH 3aBHUCHUT TOJIBKO OT C0S%6. [T03TOMY, HEBO3MOXKHO H3MEPUTH 3HAK IOISPU3ALINH
KBapKa MOCPEIACTBOM OIPEACICHU ITapaMeTPa BLICTPOCHHOCTHU CIIMHA BEKTOPHBIX
Me30HOB. B [3] npenmnonaraercs CBA3b JIEMEHTOB MATPUIIBL pj; C MOJISIPU3ALIUEH

BAJICHTHOI'O KBapKa U COOTBETCTBYIOIIETO aHTUKBAPKa, 00pa3yroIMX BEKTOPHBIN
me3oH. [3] Z.-T. Liang, X.-N.Wang, Phys. Lett. B 629 (2005) 20-26.

V(rec) 1 — Pqpq
Poo lr ;
3+ P,P,

(13)



OnpenesieHue NOJIAPU3ANUU AJPOHOB
M3 YIVIOBBIX pacnpeaejaeHnii NPpoOayKTOB UX pacmajaa

Jlpyras BO3MOXHOCTb U3MEPEHUS MOISPU3AIMU BEKTOPHBIX ME30HOB PEaTU3yeTCs B
UX pacrajax Ha mapy pepmuon-antudepmron[4]. Tak, HanpuMep, I H3MEPCHUS
noJsipu3anuu J/PSi-Me30Ha HCIIOJIB3yETCS aHAIU3 YIIIOBOM 3aBUCHMOCTH €T0
pacnaja Ha 4"y~ B cnupalibHOM 0a3uce, B KOTOPOM OCh KBaHTOBAHMS HaIlpaBjIeHa
BJI0JIb HAIIpaBJICHMS JIBM)KCHUS BEKTOPHOIO Me30HA B J1abopaTopHOI cucTteme. Mbl
onpeneisieM 6* Kak yroyi Mexay UMITYJIbLCOM 4* B cucTeMe okos J/PSi v 0Chio
KBaHTOBaHHUs. HopMupoBaHHOE yITI0BOE pacnpeesieHre (1 ONMCHIBACTCS
BBIpAXKCHHEM

I(cos 6*) = 1.5(1 + a cos? 0%)/(a + 3). (14)
[TapameTp moasipu3anuu o CBSI3aH C CEUCHUSIMUA 00pa30BaHUS TONEPEYHO (07) U

IPOAOJIBHO (0 ) MONSIPU30BAHHOIO BEKTOPHOTO ME30HA COOTHOILIEHUEM
a = (o1 — 20 )/(o7 + 20). (15)

J11s1 psima BEKTOPHBIX ME30OHOB (p, @, ¢ ) BO3MOXKHO U3MEPEHUE JIIEMEHTA MATPUIIbI
IJIOTHOCTH pyy B MOZE paciiajia Ha NCEBIOCKAISPHBIE ME3OHBI JINOO MapaMeTpa o B
MOJIaX UX pacragoB Ha u*u u €7e". iMeercs TakKe BO3MOKHOCTb U3MEPEHUS IS
ATUX BEKTOPHBIX ME30HOB OJTHOCITMHOBOM aCUMMETPHUU Ay C UCTIOIBb30BAHUEM

nornepeyHo noisipuzoBanHoi mumienu win nyuka . [4] T. Affolder et al., Phys. Rev.
Lett. 85 (2000) 2886. 9



HeKoTopble nomne3Hble COOTHOLUEeHUS

MHBapUaHTHOCTh  CUJIbHBIX  B3aUMOJECUCTBUM  OTHOCHUTEIILHO  BpAaIllCHUS B
IPOCTPAHCTBE NPUBOAUT K COOTHOIICHHIO Pu(-Xepr) = -Py(Xe:Pq) (16)
U COYHApEHUM TOXJIECTBEHHBIX YaCTHIl M, KaK CJICACTBUE, Pu(0,p1) = 0, Tme
Pn(Xg,Pr)- IOTIEpedHas moaspu3alis TUnepoHa.

3 coxpaHeHus: Y4eTHOCTU B CHJIbHBIX B3aMMOACHCTBHSIX CIETYET

PnXePr=0) = 0, Ay(XRPr=0) = 0, (17)
MOCKOJIbKY HOpPMallb K IUIOCKOCTH pAacCesHUs B OTOM CIydae HE ONpeielieHa.
CyIecTBYIOT W JAWHAMUAYECKHE TPUYHMHBI TofaBieHus Py u Ay mpu Majibix
MOTMIEPEYHBIX UMITYIIbCAX Pr.

AHanu3 JaHHBIX YKa3bIBaeT HA MPUOIMKEHHOE BHITIOTHEHHUE MPU BHICOKUX DHEPTUIX
ckeinuHra Py 11 Ay 10 iepeMeHHBIM X, = (Xg+Xp)/2 1 Xg =(Xg-Xg)/2, (18)
rae Xg = P*2/0*yax: Xr = P*/P*yax B C.ILM.

Taxxe, mpu BbeICOKMX d3Heprusix st peakuun A+B —C+X, cnpaBennusebl
COOTHOWIEHUST X = P Pp/PaPp = -US, Xg = P P/PyPp = -1/S, Toe mepemeHHbIE
Mamngenscrama S=(P,+p,)?, S=(P,-P.)? U=(P,-P.)*> BBIpaKAIOTCS Yepe3 4-UMITYJIbChI
gactuir A, B u C. Taxoxe X, = E_,(1+C080,,,)/Ns; Xg ~ E(1-C080,,,)/S, (19)
rae E, 1 0, — 3HEprus u yroj 00pa3oBaHMs YaCTULBI B C.1I.M.
[lepemeHHBIE X, U Xg OYyIYT UCIIOIB30BATHCA HUXKE TIPU aHATIN3€E TAHHBIX. 10



Global Data Analysis: Ay

Inclusive reactions, in which was measured single-spin asymmetry
(A\) In hadron-hadron collisions ( 27 reactions).

Ne | Reaction Ne | Reaction Ne | Reaction
1 |p'p(A) - =t 10 |ptA— Iy 19 |[a*pl—at
2 |pTp(A)—>m 11 (pTp—on 20 |mpl>m
3 [plp—nl 12 |[dTA—> =t 21 | pl—>al
4 |p'p(A)— K 13 ([dTA—->m 22 |mdl —>al
5 [p'p(A) - K 14 |p'p—n* 23 |Kd' - a
6 |p'p— K% 15 |p'p—m 24 |K p' - a°
7 |p'"p(A) —n 16 |p'p— a° 25 | pl—n
8 |p'p(A)—p 17 |p'p—m 26 |md —n
9 |ptA—>p 18 (pd! —=xP° 27 |pp!—ad

Bcero 94 MHKJIKO3UMBHEIX M 29 3KCKJIKO3MBHBEX pPeakLuM
11



Global Data Analysis: Py

Inclusive reactions, in which was measured hyperon polarization
(Pn) In hadron-hadron collisions ( 31 reactions).

Ne | Reaction Ne | Reaction Ne | Reaction
28 | p p(A) — AT 38 |[T-A- X 49 |K-p—AT
29 [ pA—ET 39 [ ET-A->ET 50 |[KFA— ET
30 [ pA—-EY 40 | pA— AT 51 | mA—-ET
31 [ pA—>X" 41 |T-A— AT 52 |atp— AT
32 [pp—p’ 42 |[pA— EH 53 |K*p — Al
33 |[pA—->XT 43 |p A — E0 54 | p—oAT
34 |pA— Q- 44 |pA— 51 55 |K*p —A
35 [T-A-AT 45 |pA— Al 56 |mp— Al
36 |[pA— XU 46 | AjtA, > Al 57 |K p —AT
37 |AA— Q1 47 | Au+Au — ATGlob) |58 | = A, FH
48 | Au+Au — AT(GloB)




Global Data Analysis: Ay, Pns Poo

Other inclusive reactions, in which was measured vector meson
polarization and lepton induced reactions ( 24 reactions).

Ne | Reaction No Reaction Ne | Reaction

59 |pA— Jhy! 68 n A — K*(892)- 74 | e* A — Al

60 |pA— Jhy! 69 n A — K*(892)*1 75 et A— Al

61 | p A— Y(1S)! 70 pp — ¢(1020)! 76 |e*p! —> o

62 |pA— Y(29)! 71 pp— p(770) 77 |etp! > o

63 |pp— Y(1S)'® 72 | AuAu—K*(892)01 78 | et p! - K*

64 |pp— Y(2S)'® 73 | AuAu— ¢(1020)" 79 | et p! - K-

65 | pp — Y(3S)'® 80 | p~6LiDT — h*
66 |pp— Y(1S)! 81 | pn 6LID" — h-
67 |pp— Y(2S) 82 |v,A— Al

13




Global Data Analysis: Ay, Poos P11

Other inclusive reactions, in which Ay, pgo. p1.; Were measured
(12 reactions).

Ne | Reaction No Reaction Ne | Reaction
83 | p'p — =Y Isolated |89 K*p — K™ (pgo) 93 |ptA—p*
84 | p'p — w¥ Notlsol |90 K*p — K™ (pyo) 94 |ptA—-
85 | e+ e- — K™(py) 91 K'p — K" (pgo)

86 |et+te-— K%py,) |92 K p — K™ (pgp)

87 |et+e-— A(Py)

88 |e+e-— A(P,)

14




Global Data Analysis: Exclusive reactions

Exclusive reactions, in which A, or Py, was measured in hadron-

hadron collisions ( 29 reactions).

Ne | Reaction Ne | Reaction Ne | Reaction

95 |[a*n’ —np! 105 | K- p! — K°n?  [115 |a p! — a,n'
9% | p' —-nn! 106 |K'nT — 7w Al 116 ([pp! — pp!
97 |ap! —->n’n! 107 | K- p! — - X*1 117 [pnt — pn!
98 |mpl — ant 108 |[K°p' — &+ AT |118 |[pn! — np'
99 |a*n! — alp! 109 |[K°p! — &+ X017 119 |[pp! — nn'
100 |7 p! — @ p! 110 [m p! — KYA! 120 |[pp! — pp!
101 |#a*tp! — @t p! 111 | p! —» K X1 121 (pp! — w* @
102 |K p! — K p! 112 |atp! —» KX 1122 [pp! —» KK
103 |[K*p! - K*p' |113 |a p! —» K*YAT [123 |pTA — ATK*N
104 |[K'n! - K'p!' |114 |a p! —» on!

Bce atu mannbie (123 peakiium) BKIIOYSHBI B I100aJIbHBIN aHAIU3.

15



I[OHOJIHI/ITG.HI)HZIH (])m.nqecxaﬂ MOTHUBaAIIUA

K HacTosiliieMmy MOMEHTY HaKOIUICHBI JJAHHBIC MO ASCSATKAM PEAKIMKA, HO UX
TOYHOCTbh, KaK IIPaBUJIO, HEAOCTATOYHO BBICOKAs, & KHHEMAaTH4yecKasi 001acTh
CHUJIBHO OorpaHu4eHa. Bce 3To He Mo3BoIseT caelaTh OTHO3HAYHBIC BBIBOJIBI O
MPOUCXOKICHUN MOJISPU3ALMOHHBIX A(PHEKTOB U Take 00 UX 3aBUCUMOCTH OT
pa3IMYHBIX MepeMeHHbIX (P, X, \/s, A4, A,, N, KBaHTOBBIE IIEPEMEHHBIE,
KBApKOBBI COCTaB aJpOHOB).

[Ipennaraercs 3HAYUTEIBHO YBEJIMYUTh 00bEM MOISPU3ALMOHHBIX JAHHBIX U UX
TOYHOCTb. DTO MO3BOJIUT CO3AaTh MOJIEJIH, aJICKBATHO OMMUCHIBAIOIINAE BCIO
MMEIOIYIOCS COBOKYITHOCTD JTaHHBIX. MOENIM MO3BOJISIFOT HAUTH KPUTHUECKUE
00JIaCTH MO0 KUHEMAaTUYECKUM U APYTUM IIEPEMEHHBIM, IJI€ HaOI10/1aeMbIe
OCHWJUIMPYIOT, MEHAIOT 3HAK, UMEIOT SKCTPEMYM, PE30HAHCHOE JIMOO TOPOTOBOE
MoBeJeHUEe. AKTyallbHa IPOBEPKA MpeJCKa3aHUul MOJCIeH B 3 TUX 00JIacTAX,
MOCKOJIbKY OHA MO3BOJHUT CJI€IaTh BBIBOJIbI 00 MX CIIPABEIJIMBOCTH.

16



Moaenun nonsapmn3aunoHHbIX ABNEHUN

[Tomepeunasi OAHOCTIMHOBAsI aCUMMETpHsI aApOoHOB (Ay) ¥ TIOJSpU3aUs TUTICPOHOB
u aHturuneponoB (P,) okazamuch MHOTO OOJBINE MPEACKA3bIBAEMBIX B PaMKax
TCOPHUH BO3MYIIICHUH KBaHTOBOM XpomoauHaMuky (T.B. KXJ1) Bemuuun [5,6].

[Tonsspuzanuss KBapKa B JKECTKOM MOAIPOLECCE OKA3bIBAECTCA MaJIOM B CHIY
BEKTOPHOTO  XapakTepa  B3aUMOJACHMCTBUS W NPUOIMIKEHHOW  KHUpaJIbHOU
WHBAPUAHTHOCTH Jarpamxnana B KXJI, a ciupaabHOCTh COXPAHIETCA C TOYHOCTHIO

710 YICHOB O(mq/\/s). | 1 J
L. — q_{.ip.lr..l"ﬂ“ _l_ g..:ll.ﬂfAﬂ - m]g _ ET-[. GJI’I. [;j”__.:l

e Gy, = 0, A, — 0, A, —ig[A,, A,| — TEH30p HANPAKEHHOCTEN TMIOOHHOIO NONA

8
a A# = E Aﬁt” eCTh CAMO IMIIOHHOE None.
a=1

TpeGyemast s oObsicHeHns HabmonaeMbix acummetpuid Ay ~ Im(F F*;) reneparus
cipura (a3 ammIuTyn ¢ usMeHeHueM crupanbHocTH (F;) m 0e3 wm3MeHeHus
cnupansHocTH (F.¢) He oOecrieurnBaeTcsi B3aMMOACHCTBUSIMU HAa MAJIbIX PACCTOSTHHSIX
1, TIO-BUIUMOMY, SIBJISICTCS CIIEICTBUEM HENepTypOaTUBHBIX ) dekToB [6].

[5] G.Kane, J.Pumplin and W. Repko, Phys. Rev. Lett. 41(1978) 16809.

[6] C.M.Tpomun, H.E. Tropun. YOH 164 (1994) Nel10, ¢. 1073. .



Mogenu nonapusaunoHHbIX aeneHnn: 1.8. KX/

Jl1st 6€3MacCOBBIX KBAPKOB KMPAJIBbHOCTh U CIIMPATBLHOCTH COBITAIAIOT!

I ; W | 1
ip =5 (1 +os)b, =51 =75), (20)

KXJI-B3auMoeCTBUS OJIMHAKOBBI KaK JJIs JIEBBIX, TaK U JJI IIPABBIX KBAPKOB:

Wy AN = gy g A+ gy W AT (21)

U TI03TOMY HE MPUBOJAAT K IIEPEBOPOTY CIUPATBHOCTU. be3MaccoBbie YacTUIlbl OyyT
BCETJa OCTaBaThCA JIMOO JIEBBIMM, JIMOO MPABBIMU. YUET MACChl TOKOBBIX KBApPKOB
OPUBOAUT K HEOOJBIION aMIUIMTYAE C MEPEBOPOTOM CIHUPAIBHOCTA W HEOOJBIION
MOJIIpU3ALIUY KBAPKOB:

P, x a,m,/pr=0.1%, (22)
IIPOUCXOXKICHUE KOTOPOU CBA3aHO C YYETOM BKJIa[a IUAarpamMM ¢ HEHYJIEBOM MHUMOM
yacTeio [6]. 31mech 0g- KOHCTaHTa CHIILHOTO B3aUMOJEUCTBHS, M, - TOKOBas Macca
KBapKa, a Pr - XapakTEepHbIM MONEPEYHbIM HMIIYJIbC  KBapkKa. AHAJIOTUYHO,

Ay < a;m,/p, (22a)
YTO XaPaKTEPHO JJIs BKIIAJ0B BBICIINX TBUCTOB.
18



MexaHnambl CnBepca n KonnmHsa

B »THX MexaHW3Max, KaKk W B PAAE JAPYrUX, MOpeamnojiaraetcs (Qaxkropusaus
NepTypOaTUBHBIX U HENEPTYpOAaTUBHBIX (PAKTOpPOB. JKecTkoe paccesHue NMapTOHOB
(KBapkOB ¥ TJIFOOHOB) OIMCHIBaeTCS B TaKUX MOJACIAX B paMKaX TEOPHH
Bo3MyieHut KXJ[. Msrkue mnpouecchl (¢ HeOOJbINIONH Iepeaadyell MMIYJIbCa)
YUUTBIBAIOTCSI, HAPUMEP, YEPE3 BBEIACHHUE CTPYKTYPHBIX (YHKIHUU W (PYHKIUN
(parMeHTalMy TOJSAPU30BAHHBIX IAPTOHOB B aJPOHBI, KOTOPHIE HAXOISTCS W3
SKCIOEPUMEHTA W YYWUTHIBAIOT MPEACKA3BIBAEMYI0 W3 TEOPUU HBOJIOIMUID ATHUX
(YHKIIMA TP U3MEHEHUH TTEPEAaHHOTO UMITYJIbCa.

B 0CHOBE 3THX MOAXOMOB JICKHUT MPEANOIOKEHHE O CYIIECTBOBAHUM 3aBHCSIIUX OT
CIIMHA W IIONEPEYHOro HMMIyiabca (yHKIUH pactpeneineaus kapkoB (TMD) B
nojigpu3oBaHHoM — mporone  (Sivers)[7], mambo  PyHkmuii  dparMeHTanUN
noJispu3oBaHHBIX KBapkoB B aapoHbl (Collins)[8]. CymiecTByer Koppelsius Mex Iy
HaIpaBJIEHUEM CIIMHA U pacIpe/eICHUEM 0 IMOMePEIYHOMY UMITYJIbCY KBApPKOB.

Ay < am/pr

[7] D.W.Sivers, Phys. Rev. D 41 (1990) 83.
[8] J.C. Collins, Nucl. Phys. B 396 (1993) 161.
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MexaHunsmbl Cnsepca u KonnuHsa

JHannasie STAR mis 7° -ME30HOB IIPH DHEPTHH \s=500 I'>B [9] npu qocTUrHYTHIX Ha
CErOAHSIHUN JI€Hb MONEPEUYHbIX UMNIyiabcax 2< Py < 7.5 I'3B/c He yka3bIBalOT Ha
ymeHblieane Ay(Pr) mpu yBenwueHuu Pr. DT qaHHbIe HAa Puc.l mpencraBieHs! B
CpaBHeHUU ¢ npeackaszanusMu moxeneii Cusepca [7] (cnmeBa) m Komnunza [8]
(cipaBa). PacueTs! BemosHeHs! B [10].

[9] G. Igo (for the STAR Collaboration), AIP Conf. Proc. 1523 (2013) 188. pt p — =% X.
[10] M. Anselmino et al., Sivers effect and the single spin asymmetry Ay in p’p —hX
processes: 2013. arXiv: hep- ph/1304.7691.
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Mogmenke XPOMOMAIT'HUTHOM CTPYHEI

Monens PoickrHa (Ha3biBaeMasi TAKKE MOJICJIbI0O XPOMOMAarHuTHOM CTPYHBI)
OTJIMYAETCS MPOCTOTOW U HANISITHOCTHIO MEXAHW3MA MOJISIPU3ALMOHHBIX SABJICHUN U
BO3MOXHOCTBIO €0 MPUMEHEHUS B Ka4€CTBE OOBSICHEHUS MOJISIPU3allUi TUIIEPOHOB B
COYAApPCHUAX HEMOJSIPU30BAHHBIX YACTHUI] U OJHOCITMHOBOW aCUMMETPUU AIPOHOB, B
COyJIapeHUSX IOJISIPU30BAaHHOM M HenonsspuzoBanHou vactul, |20, 21,22].

boabiue Habmogaemele nojspu3anuonubie 3pdexTel B AT + B — C + X cBsS3aHBL,
BUIUMO, ¢ OOTBIIMME paccTossHUsIMU (I >> 1/Q1 ) 1 MOTYT naTh HHGOPMALIUIO O
MEXaHU3Max aJpoHu3alu U KoH(pallHMeHTa. B Mozenu cTpaHHbIi KBapK CO CITUHOM
BBEPX YaIll€ BbUICTAET BIPABO, YEM BJIEBO. TakOW pe3ysIbTaT MOJYYaeTCsl, €CIIH
IIPUHATH BO BHUMAHUE B3aUMOJICVICTBUE [IBETOBOTO MATHUTHOTO MOMEHTA ¢ KBapKa
C XpOMOMATrHUTHBIM MOJIEM, BOZHUKAIOIIHUM IOCJIE COYIAPEHHUS, HA CTAAUN
agponu3anuu (3To apdext lTepHa-I'epnaxa B HeogHopoaaom noine) [20]. ITocne
coylapeHusi 1 0OMEHa IIBETHBIM TJIFOOHOM (IIBETOBOM MEPE3aAPSAKU) MEKITY
CTAJIKMBAIOIIMMHUCS aJJpOHAMM HaTATMBAETCs TPyOKa IIBETOBOTIO MOTOKA (CTPYHA).
[20] ML.T'. Peickun, SA®. 48 (1988) 1114,

[21] M.G. Ryskin, Polarization phenomena and confinement forces: In Proc. of the
Int. Conf. on Quark Confinement and the Hadron Spectrum, edited by N.Brambilla
and G.M.Prosperi. Como, Italy, 20-24 June 1994.: Singapore, River Edge, N.J.:
World Scientific, 1995. P. 261.

[22] C.b. Hypymes, M.I. Peickun, JA®D. 69 (2006) 138-146.
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Mogmenke XPOMOMAIT'HUTHOM CTPYHEI

Kak nokazaHo B pabotax [23,24], BOKpyT TpyOKH BOZHUKAET XPOMOMArHUTHOE MOJIE
(KaK BOKpYT MPOBOJHUKA C TOKOM). CxemMaThuuecKoe n300pakeHue TpyOKH IIBETOBOTO
notoka (KXJI cTpyHbI) MeX1y KBapKOM U aHTUKBApKOM MOKa3aHo Ha Puc. 6.

[23] A.b. Murgan u C.b. Xoximaues, ITucema XKOT®D. 41 (1985) 159:

[24] A.b. Murgan u C.b. Xoximaues u C.b. Illyp, XKOT®. 91 (1986) 745.
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Puc. 6. Cxemarnueckas KapTuHA TPYOKH IIBETOBOTO ITOTOKA MEXKTY KBApKOM H
aHTUKBapKoM. [IpoobHbIC JIMHAY TIOKa3bIBAlOT HAIPABICHUE XPOMO-
3IEKTpHUICCKOTO oI E, a KpyroBeie HarmpaBlIeHHEe XpOMOMAarHUTHOTO 1101 B.
XapakTepHas HallpsHKEHHOCTh XpoMoMarauTHOro mojs [20],

B = V[ (R,)]/1,6R2, ~ 0.05 I'sB?, (23)
rne R, = 1/(400 M»B) - paccTosinue, Ha KOTOPOM KOHCTAaHTa 0, HAYMHAET PE3KO
MEHSATBCS, 4TO OOJBIIIE XapaKTEPHOTo pa3Mepa nHcTanToHa p = 1/(600 M»aB),
a.~1/2. Ha 3TuX paccTOSHUSX HAIO YKe UCIIONIb30BaTh HE TOKOBYIO MacCy KBapKa,
a TMHAMHUYECKYIO0 MaccCy, KOTOPYIO TpHoOpeTaeT KBapK B Pe3yJbTaTe
B3aUMOJICHCTBHS C MHCTAHTOHAMH TIOCJIE CIIOHTAHHOTO HAPYIICHHUS KUPAJTbHOU
cummerpun, Mq = 330 MaB.
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Mogmenke XPOMOMAIT'HUTHOM CTPYHEI

XPpOMOMArHuTHBI MOMEHT g BBIJIETAIOIIETO U3 00JIACTH B3aUMOJICCTBUS KBapKa
B3aMMOJICUCTBYET ¢ mojieM B. HeonHopoaHoe XpOMOMarHMTHOE T0JI€ COOOIIaeT
KBAapKy CO CIMHOM BBEPX JIOMIOJIHUTENIbHBIN MONEPEUHBIA UMITYIIBC O(,
HaIpaBJICHHBIA BIPABO, a KBAPKy CO CIIMHOM BHH3 — BiieBo [20]:

67 = Bp = -4/3a/(2M, 1.6R?) = -100 MaB/c. (24)
Cuibl, TEUCTBYIOIIUE CO CTOPOHBI HEOAHOPOIHOTO XPOMOMArHuTHOTO 1oJisi B
(anamnor a¢gdexra [lreprna-I'epnaxa [25]), cMemaoT cieKTpbl HaOII0JaEMbIX
aJPOHOB BJIEBO WJIM BIIPABO I10 IIKAJIE MOMEPEYHBIX UMITYJILCOB, YTO M IMIPHUBOJUT K
HaOI0JaeMOM OJHOCITMHOBOM acuMMeTpuu Ay Ha ypOBHE KBAPKOB:

Aq =[do(gr + 89y ) — do(ar — 80y ))/[do(dy + 607 ) + do(gr —0qy )] =

= 601 0/0p+ [In(d3c/d®p)] = Dég-, (25)
rne D = 0/0p1 [In(d®6/d3p)] = -4.19 T3B! — xapakTepHbIit HaKIOH criekTpa [22].

s A, momyvaem Benuuuny mopsiaka 0.419.

O6uas popmysa Ha ypoBHe anpoHOB: Ay(X)= Py (X)A,(X)w(X), (26)
rie Py (X)- monsipusaius Ha4aibHOTO KBapka, W(X)- NPEICTaBIsAET OTHOCUTEIbHbIN
BKJIaJ] paCCMaTpUBAEMOro KaHalla B TAPTOH-TTAPTOHHBIC B3auMOoAeicTBHS ((pakTop
«pazbapiieHus»). TakuMm 00pa3oM 3aBUCHUMOCTh OT KHHEMATHYECKUX IIEPEMEHHBIX B
(26) B MHOTOM O0YCIIOBJICHA YMEHBIICHHEM BKJIA/Ia TIOCTOSHHOM A, 33 CYCT He

3aBUCAIIMX OT COMHA (MW NOJSPU3AIMH ) TPOIIECCOB, HAIPUMEP TIIFOOH-TITFOOHHBIX

B3aumoericTeuid. [25] GerlachVonW. and Stern O. // Z. Phys. 1921. Vol. 8. P. 110.
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Mogmenke XPOMOMAIT'HUTHOM CTPYHEI

CpaBHeHMe naHHBIX dkcniepuMmenTa E704 [26] ¢ npeacka3zaHUs MU MOJICIH
XpOMOMarHMTHOM CTPYHHI [22] mpencraBiieHo Ha Puc. 7.

[26] D.L. Adams et al., Phys. Lett. B264 (1991) 462-466. p = 200 I'sB/c. E704
[27] A. Bravar et al., Phys. Rev. Lett. 77 (1996) 2626.

0.2 [

<

Puc. 7. CpaBHeHHE JaHHBIX JIJIs
P'p (uepHbie Kpykouku) [26] u
PP (OTKpBITHIE KPY:KOUKH)[27]
Y TIPOBEpKa MPAaBHII 3aPsII0BOTO
COIPSDKEHUS

AnB(1) +p — 70+ X) =
Ap(D+p—m+X)  (27)
AN +p— T+ X) =
Anp(D+p— 7 +X).  (28)

u3 paboTer [22] .
Puc.7 24




IHoasspuszanusa 0apuoHOB B MexaHH3Me npeneccud Tomaca

B moagenn npeneccun Tomaca, cozgannoii T.DeGrand u H.Miettinen gs
OOBSICHEHUS MOJISIPU3AllUM OAPHOHOB B IPOH-aJPOHHBIX COYAAPEHUSX, OCHOBHBIC
COOTHOIICHMS CIIEIYIOT U3 KapTHUHBI pekoMOnHauu 1 SU(6) cHMMeTpUU KBapKOBOU
MOJICTTU M HE 3aBHUCAT OT KOHKPETHOT'O MEXaHHU3Ma Ha KBapKOBOM ypoBHe [28].
ChopmynupoBaliy ClIeAyOIIee TPOCTOE MPaBUIIO: MEIJICHHBIE ITAPTOHBI B
pe3ybTaTe peKOMOMHAIIMYA UMEIOT CITMH, HAIPaBJICHHbBIA MPEUMYIIIECTBEHHO BHU3, A
OBICTPBIE — BBEPX, OTHOCUTEIBHO MCEBIOBEKTOPA HOPMAJIU K IIJIOCKOCTU PACCESIHUSI.
[IpenioxeH KOHKPETHBIN MOJIYKIACCUUECKUU TMHAMAYECKU MEXAHU3M T€HEpPALIUU
NOJIIpHU3alliK, OCHOBAaHHBIN Ha d(dekre npereccnn Tomaca [29] B mporiecce
pekoMOUMHaIMu KBapkoB. [Ipeanonaraercs, 4To ObICTPhIC BAJICHTHBIE KBAPKU
TOPMO3SITCS, @ MEJIJICHHBIE MOPCKHUE KBAPKHU YCKOPSAIOTCS B IIPOIECCE
PEKOMOMHAIIMH, TaK YTO UX CKOPOCTH V, B CpelIHEM, BbIpaBHUBAIOTCS. [10CKOIBKY
KBapK{A UMEIOT MOINIEPEUYHBIA UMITYJIbC, HAIPABJICHUE AEHCTBYIONICH HAa HUX CHIIbI F 1
HaIlpaBJIEHHUE UX CKOPOCTHU HE COBIIAAAIOT, YTO MPUBOIUT K Iperieccur Tomaca ciuHa
KBapKa U K JIOMOJIHUTEILHOMY 3(P()EKTUBHOMY BKJIaAy B TaMuibTOHHAH U = s- @,
rne yacrora npeueccuu Tomaca o = [FxV]y/(1+ y)/m,, (29)

rjie S -cHuH KBapka, ¥ = (1-v?)~/2u m, - Macca kBapka, Ha KOTOPYIO JieiicTByeT

cuna F [30].

[28] DeGrand T.A., Miettinen H. // Phys. Rev. 1981. Vol.D 24. P. 24109.

[29] Thomas L.H. // Philos. Mag. 1927. Vol. 3. P. 1.
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Ionsipu3anus 0apuoHOB B MexaHmn3Me npeneccun Tomaca

B pamMkax Teopuu BO3MYIIEHUI KBAHTOBOM MEXaHUKHU aMIUIUTY/Ia PACCESIHUS

s mporecca Pp — AT X MokeT ObITh BhIpaKeHa, KaK

rae AE, > 0 u aBnsercsa pasHuLen 3HEPruii B TPOMEKYTOYHOM U KOHEYHOM
COCTOSIHUSIX, B OTCYTCTBHE CHMHOBBIX 3P (ekToB [28]. B Beayiem nopsjke no o,
KOTOpasi, O4UEBUIHO, AHTUNIApaAJUIENIbHA TICEBIOBEKTOPY Ipeneccun Tomaca oq.

KauecTtBenunie IMpeacKasanu:Aa MOACJIN HJIA MakKCUMaJIbHOU IMOJAPpHU3alTuN
oapuonos: [30] DeGrand T.A., Miettinen H. Phys. Rev. 1985. Vol.D 31. P. 661.

n—=20=-¢/3-20/3; p—oX=(4c-95)6; ph)—A=-¢ p(n) = A =0;

p o= =—€/3-28/3; p— X =2¢/3-0/6; Xt — A =-2e/3+5/6; (32)

T,K* — A =-0/2; K- — A =+¢, rue mapaMeTpsl MoAeu € ~ 0 ~ 1/3.

MMeroruecs Ha CeroaHs 0oyiee TOUHBIC TaHHBIC HCKITIOYAIOT UX 00OBSICHEHHE TOJIBKO

Mexanu3MoM nperieccun Tomaca. Tak, [Py (p—Z%Z7)[<0.15~€/2, uTo npoTUBOpEYHT
(32). Ilonspusamust aHTUTUIIEPOHOB TaK)Ke HE paBHA HYJIIO JJIs IIPOTOHHOTO ITyYKa.
[31] Gourlay S.A. et al. Phys. Rev. Lett. 1986, v. 56, p. 2244. CMoTpu Takxe

npenpunt [32] V.V.Abramov, IHEP 2001-13 (2001) c¢ 0630poM HUMEIOIIHUXCS

JaHHBIX 10 MMOJISPU3AIIIN THIICPOHOB.

http://web.ithep.su/library/pubs/prep2001/ps/2001-13.pdf
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Ionsipu3anus 0apuoHOB B MexaHmn3Me npeneccun Tomaca

OnHako, He UCKIIOUEH BKJIAJ] 3TOI0 MEXaHM3Ma B KaueCTBE JOIIOJIHUTEIBHOIO K
OCHOBHOMY, KOTOPBIU €IIE NPEACTOUT OIPECIUTD.

CpaBHenue qaHHBIX 0 Py st p+p(A) — AT X u mpeacka3anuii MOJIEIH MPETeCCHH
Tomaca noka3zano Ha Puc.8 B 3aBUCHMMOCTH OT X (ciieBa) U Py (cpasa).
u3 [28] DeGrand T.A., Miettinen H. // Phys. Rev. 1981. Vol.D 24. P. 2419.
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FIG. 5. Polarigation asymmetry for p—A at fixed x5 FIG. 6. Polarization asymmetry for p—A at fixedp,
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cribed in the text. eribed in the text,
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Moaeibs XpoMOMAarHuTHOU noJsipusanuu KBapkos (XIIK)
B mopenmu XIIK Takxe nmpeamnonaractcss BO3HUKHOBEHUE KPYTOBOT'O MOIIEPEYHOTO
XpOMOMAarHuTHOTO noJisi B2 B o0nacTu B3aumoaeiictBus aapoHoB. [lone B2 co3gaercs
JIBWKYIIMMUCS B HAIIPABJICHUU CTAJKUBAKOIIUXCA aIPOHOB COCTABJISAIOLINMU
KBapKaMHU-CIIEKTaTOPaMM, BAJICHTHBIMU, a TAK)KE€ MOPCKUMH, OOpA3YIOIIUECS U3
BAKyyMa B MIPOLIECCE B3aUMOAECHCTBUA. B oTinuue o Moaenu PrICKMHA UMEHHO
JIBUKEHHUE KBAPKOB CO3/Ia€T XPOMOMArHUTHOE TOJIE, TOAOOHO TOMY, KaK ABHKYIIUECS
B MPOBOJHUKE DJIEKTPOHBI CO3/IA0T KPYTOBOE MOIMEPEYHOE MATHUTHOE TIOJIE.
CnekraTopsl - BCE T€ KBapKH, KOTOPbIE HE BOMAYT B COCTAB HAOII0IaeMOI0 aJIpOHa.
Taxke, kak B Mmozenu PoICKUHA, TTOIApU3ALMOHHBIE 3 (PEKTHI BOSHUKAIOT B PE3YJIBTATE
nevicteuga cui lltepna-I'epiaxa B HeomHOpOAHOM MoJiIe B2 Ha XpoMOMarHUTHBIN
MOMEHT TECTOBBIX KBapKOB U, = $¢°0J/2My , rme S — cnmH KBapka, gs— 1BeToBOH (33)
3apsi] KBapKa, §* — IBETOBOW TMPOMAarHuTHbIi (pakrop Jlanne, Mg — munammdeckas
Macca COCTABIISIONIETO KBapKa. TeCTOBbIE KBAPKHU - KOTOPBIE BOMIYT B COCTAB aJIPOHA.

B¢(z<0) B®(z>0) Spin UP quark
JAQN
) ! Test
quarks
) 77 !
spectators Puc. 9

Target fragmentation Beam fragmentation .
g region region Spln DN quark 28



STERN-GERLACH APPARATUS

Stern-Gierlach
Beam of particles apparatus

Ficure 3.1. Schematic setup of a Stern-Gerlach experiment
for measuring the spin. Particles in a strongly inhomogeneous
magnetic field are deflected according to the component of the
magnetic moment in the direction of the gradient of B.

a large positive z-component B(z) that increases with z (that is, VB(z)
points in the same direction as B). The force on a neutral particle near the
symmetry plane is then approximately given by

F(x)=V(p-B(x)) =V (p: B(z)) = p- VB(z). (3.15)

(34)
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BoiBoa ypaBHeHUH 1J1 Py 1 acHMMeTpuM aApoHOB Ay

3ajada: MOJYyYUTh B KBAa3WKJIACCUYECKOM MPUONMAKEHUH OCy, Kak (PYyHKIIUIO
KMHEMaTUYECKUX M JIPYTrUX IMEepeMeHHbIX. HeT HeoOXoauMOCTH y4MThIBaTh (DOH!
3aBHCHMOCTh OT MEPEMEHHBIX 3aJ10K€HA CAMOM JUHAMUKOW B3aUMOACUCTBUA!
OtMmeTuM Takke ocHoBHbBIC oTiINUus Moaenau XIIK ot moaenn PrickuHa:

1) Yuer koHKpeTHOH reoMeTpun 3h(HEKTUBHOIO XPOMOMArHUTHOTO o B2:
By =-B,Yy/p; B, = ByX/p; B, = 2a.v/p?; Ba(r > p)=0. (35)

By~ 2-1.14/2.08°T3B? = 0.53 I'’)B? = 0.76 -10%° Ta1 — xapakTepHoe moJie (v=1),
rie 1T = 0.693-10° B2, a.= g.¢/4n; 9= +\(4na,), + ams KBapKa.
V — B3BElIEHHOE CO IBETOBLIMH (DAKTOPAMH YHCJIO KBAPKOB-CIEKTATOPOB.

2) Yder 3aBucuMocTH 0Q; (a Takke B u v) oT umcima KBapKOB-CIIEKTaTOPOB.
[IpaBuiia KBapKOBOIO cU€Ta JJIs BKJIaJa KBAPKOB- MU AaHTUKBAPKOB-CIIEKTATOPOB B V.

TecToBbie KBAPKU U KBAPKU-CIIEKTATOPHI B3aUMOICHCTBYIOT MEXY COOOM TOMapHo.
Bec, ¢ KOTOpbIM ITapa BHOCUT BKJIAJ B V 3aBUCHT OT IBETOBBIX (pakTopoB Cr mis (q
¥ (/] B3aUMOZEHCTBHIA, a TaKKe OT KHHEMAaTHIeCKnX mepeMeHHbIX. v(qd) = v(qq)=1;
v(q9)=v(qq)=A=-1/7. Bec KBapKOB-CIIEKTATOPOB MUIICHH IOMOTHUTEILHO TOABICH
(akTOpoM -T, MOCKOJbKY OHHM ABHXKYTCS B IPOTHMBOMIOJIO)KHOM HAIlPaBJICHUMU U
[IOYTH HE YCIIEBAIOT BO3JICUCTBOBATH HA TECTOBBIN KBAPK, IBUKYIIUNUCS BIIEPEL. 3



IIpaBujia KBapKOBOI'0 CYETA 1JIfl V,
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p+p —-a"+ X p+p—ENT+X
JE2 ~ [B2 ~v,=[3) - 3t 2] <0; JEa~[B2 ~v,=[2 + 2\ -3t A] >0 (36)

An ~ Pyval@?y- 2)12My > 0; Pn~va(0%-2)/2Mg < 0. (37)
qg, qq -SU(3). aHTuTpunnet, Bknag v=2, C.=2/3 — BETOBOI (hakTop
qd, q9 -SU(3), cuHrmet, Bknag v = 1. Cr = 4/3 — uBetoBon pakTop
OOMUHUPYIOT aHTUTPUNIET U CUHIMET. MNpUTSKEHE MexXay KBapKamu.

»S.P. Baranov, Phys. Rev. D54, 3228 (1996). |¥(0)|> ~ (Cras)®. (38)
» = =Yoo (0) [y, ;(O)|2 ~ -1/8 nBerToBoii pakTOp (39)
»)=-0.13529+0.00009, 7 =0.02896+0.00009 pas 123 peakumii.s:



BoiBoa ypaBHeHUH 1J1 Py 1 acHMMeTpuM aApoHOB Ay

3) Yuer npeneccun criHa KBapka B 1one B2, Ypasuenue (ananor) T-BMT:
d&/dt =a[EB?]; a=0s(0% -2+ 2Mu/Ep)/2Mq ; (Mp=0.313B). (42)

4) TTpogonpHas poTsKEHHOCTH OISt B2 S=S X, (X>0); S=SyXg (Xg<0).  (43)
Xa = (Xg + Xp)/2; Xg = (Xg — Xp)/2. Tlone B2 - He ToueuHsbIit 00BEKT. Sy =~ 1 Om.

5) Ucnonwayetcs o, = 1.1425 u3 APT (/.Iupkos) BMecTo o, =~ 0.5 u3 1.B. KX/I.
[33] D. V. Shirkov and A. V. Zayakin, Yad. Fiz. 70, 808 (2007)

6) Tlonspusauus cocrasnsiomux ksapkop P= & pasHa 1 (mma U u d).
B mMonenu Peickuna Poc £X - one UMITy/bCca MpOTOHA, YHOCUMOHN KBapKOM.

B kBapxoBoi#t mogemn SU(6) monspusanusi paBna: P,=+2/3, Py=-1/3.

7) HeomHoponHoe noje B2: neicTByer Ha
n?, = 59%0/2Mq — XpOMOMAarHUTHBIM MOMEHT COCTABIIAIONIETO KBapKa. (44)
Ao = (9% —2)/2 <0 - aHOMaJBHBIM XPOMOMArHUTHBIH MOMEHT. (45)

8) Cuiel lltepua-I'epnaxa (ramunsronnan H= pu2B?, t- HedeTHBIN).
fy = pd, 0B /0x + p? OB3 /0x;  f, = p?, 0B% /0y + pd, OB? /0Y. (46)
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Ilpeneccus cnuHa yacTUlbl (S=1/2) B MAarHUTHOM I0JI€

E = ME?, (sBomronys MONAPHU3ALMN B MATHUTHOM 1ose) (47)

I'apkyma B.W. u ap. [Ipenpunt UDOBI-86-147, 1986.

B: cos(ks) + B B.B,[1 — cos(ks)] —B,Bsin(ks)

M=—5 B, By[l — cos(ks)] Bjcos(ks)+ B, B:Bsin(ks) |, (48)
B, Bsin(ks ) — B_Bzin(ks) B? cos(ks)
where k = aB/v and s is a path length in the
field (ds = vdt). Pa =k's; (49)
&= (0,&,, 0), (Ha"uaJIbHOE 3HAYCHME TTOJISAPHU3AIINN) (50)
&= (&°/B?[B,B,(1-cosp,), B,*cosp,+B,? -B,Bsing,). (51)

[Tocne ycpennenus o X,y: <§>=0; <& >=0; <BXBy >=0; <B,B>=0.
&,= €°,/B?[ B,°Cospp+B,?], ¢,=kS=aBS/v —yroxn npeneccun. (52)

Jlanee momaraem: By =-Byylp; By =Bgxlp; B,=2ayp? B3r>p)=0. (53)
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Ilpeneccusi ciuHA KBaAapKa B IBETOBOM I10J1€

dé/dt = a[§ B?] (ananor T-BMT-ypaBHeHM:1) (54)
a =0gi(0% — 2 + 2M/Ey)/2M, (55)

JTunammyeckue maccst My = Mp = 0.3 I'3B, Eq — sHeprus kBapka B C.11.M.

Mg = m, + AMq(0) — nuramuueckas macca kapka (M, 1 AMg(Q) — rmobanbHbie

(peromeHonormyeckue mapamerpsl Mmoaenu XIIK, m, — TokoBast macca.
— a “ (V]

Apso =(9%5-2)/2 (anoMabHBIA XPOMOMArHUTHBIM MOMEHT KBAapKa).

[Ipu BBICOKHMX SHEPrUsX KBapKa 4acTOTa IMPEIECCUH CITMHA KBapKa MPOIOPIIHOHAIbHA
—(na

Apso =(9%9-2)/2 1 06paTHO MPONOPLMOHATbHA MACCE KBapKa.

» braromapst cnoHTaHHOMY HapyIICHUIO KUPAIHPHON CHMMETPHH Y KBapKa
noseisorces Mmacca AMg(q) 1 Apds(q) < 0.

» Ilpu sHeprum U u d-KBapKOB Eq=-Mg/Api5= 0.7 I'9B a=0 u npeneccun cnuna
KBapKa He IIPOUCXOIHNT, a IMOIIPU3AIMOHHBIC A3()(PEKTHI CTAHOBITCS MaKCUMAaJIbHBIMH.

[lonaras Eg =~ \s Mq/22. Mg, nostydaem XapakTepHyrO SHEPTHIO:
Vs = Eg» 4% My/(2-92,). (56)

Hanpumep, s pt + p(A) —» © + X, u3 mobansHoro ¢puta Eg = 3.75+ 0.32 I1B.
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AHOMAJIbHBIA XPOMOMATHUTHBIM MOMEHT

B uncrantonnoit mogenu: Apis (0) =-0.4  (N. Kochelev); [34] (57)
(D. Diakonov). [35]
ITocne yuera paxropa 4 B [35] omenka JIpsxoHoBa Toxke gaet -0.4.

»lonydens MoaenbHO-3aBucuMEIC (B paMkax XIIK) omenkn Apdg

s U,d,s,C,b-kBapKoB 13 1100aI5HOT0 aHAIM3a OIS PU3AIIHOHHEIX
JTAHHBIX .

> Ap?,, (u,c) = -0.4839+0.0017, q=+2/3: (58)
> Ap?, (d,s,b) = V(2/3) Apeo(u,c) = -0.3951, g=-1/3.  (59)

[34] N. I. Kochelev, Phys. Lett. B 426, 149(1998).
[35] D. Diakonov, Prog. Part. Nucl. Phys. 51, 173 (2003).
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BoiBoa ypaBHeHUH 1J1 Py 1 acHMMeTpuM aApoHOB Ay

9) Cuna, nelcTByromas Ha XpPOMOMArHHTHBIH MOMEHT TECTOBOTO KBapka, Oyaer
OCHIJUTHPYIOIIEH (YyHKIIUEH BPEMEHU MPOXOXKICHUS B TIOJIE t MK pacCTOSHUS S:

fy = n? Bo/p = p2& Bo/p[(y/r)>cosd +(x/r)?], <f>=<-paBy/p>=0, (60)
rae yroa mpeneccun ¢ = aB3S/v = taBgr/p, a = g((0%; -2 + 2My/Ey)/2M, (61)
u3 ypaBHenus T-BMT:  d&/dt =a[EB?].

10) B pesynaprate geiictBus cuibl f, KBapk momy4aer MOTOTHUTEIHHBIN
MOTMIEPEYHBINA UMITYIIBC O, (TIOCIIe YCPEeIHEHUS TI0 CEYCHUIO oS, I < p):

op, = U(np?)llf 2nrdrdt = p2&0 G(e,)/(ap), (62)
G(@a )= [(1 —Ccos@p)/@a + e9,], (63)

rae €=1/2. Jlanee Mbl 00001IaeM ypaBHeHHE (63) U mmotaraeM € CBOOOIHBIM
napameTpoM. [ 7100anbHbIN QUT MOIAPU3ALMOHHBIX TAHHBIX JACT 3HAYCHUE

¢ = -0.005056+0.000008 - rmoGanwbHblid mapamerp Moaeaun XIIK. Bo3moxHoe
OOBSICHEHUE — BIMSHUE MPOJOJIBLHOIO XPOMORJIEKTPUUYECKOrO OIS ==
JEUCTBYIOLLIETO HAa IIBETOBOM 3aps KBapKa (., YTO OIPUBOAUT K mpeueccun Tomaca
M TIOYTH KOMIICHCUPYET JIMHEWHBIN M0 yITy mpeneccun ¢, Bkiaag B G(¢, ) B (63).

[TprurHOM MOXKET OBITh TaKKE JIpyras reoMeTpHs MoJIs U JpyTrue (pakTopsl.
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JIOTOJTHUTENbHBIA MONEPEeYHbIA UMITYJILC, IPHOOpPEeTaeMbIil
kBapkoMm Q B pesyabrarte aeiictBus cui Illltepuna-I'epiaaxa

JIOTIOTHUTENBHBINA ONIEPEYHBIA UMITYJILC KBAPKA OpP,, 3ABUCALLHAMN OT €T0
NOJIAPU3ALNH, IPUBOJIUT K a3UMYTAIBHON aCUMMETPUU Ay, TU00 K TONEPEUHOU
noJisipu3aiuu 6apuona Py.

0Py = g% E° [(1 - cos@p)/@p + £9al/2p/(92 — 2 + 2M/Ey), (65)
Pp = W X,  «YTOJ TIPEIEeCCUH KBapKka B 00macTu Gpparmentaruu A». (66)
©a= 040V So(9% — 2 +2M/E)/(MgCp?) «uacToTa OCLMILILY (67)
Xag) = (Xr = Xg)/2  CKEHIMHIOBBIE MIEPEMEHHbIE (68)

Yacrora OCUMIIALMUA W, MPONOPUUOHAIBHA My:

mg = Sy/p? = 0.3570 = 0.0005 I'3B; € = -0.005056+0.000008; (69)
Ay unu Py = -op, D; [20] (PwIckun, 1988) (70)
D = -0/0p; In(d36/d3p); D=4.19 B, (71)

Dr=D/p = 0.8090 £0.0059, mmnst 53 unkIt03UBHBIX peakiuii u3 94.  (72)

37



3aBuCHUMOCTB 3(P(PEeKTHBHOIO BETOBOI0 moJisa B2
B Mozean XITK ot Vs m aToMHBIX BecoB A, A,

OG6pa3oBaHKe TP BBICOKOM SHEPrHU VS 0 PP
HOBBIX KBAPKOB U AaHTUKBAPKOB M3MECHSIET . S
MHTEHCUBHOCTb IIBETOBOTO MOJISI. o0l ,-f"".
| ’
B ciydae coynapenuii HOHOB oG dekTuBHOC |0 2| /!
YHCJIO KBAPKOB U aHTUKBAPKOB, 3l
YYaCTBYIOIIMX B CO3/IAHUM IIBETOBOTO MOJIS 10 A
PAaBHO MX YUCIIY B TPYOKE C pagnlyCcoM, 10
OrpaHUYCHHBIM KOH(GAWHMEHTOM: oL i —
1 10 10
da=3(L+F)A ~ 3(L+FYAYS  (73) s, Gev
- p/p ~ f/(1+f);
Oa = 3fAer  ~ AL (74) f=3.4exp(-46GeV/\s)

Bxiaz HOBbIX KBapKoB Ty (NS, Pr, Xz) IOJaBiIeH IpH GONBIINX Pr M Xp,
TaK KaK OBICTPBIN TECTOBBIM KBAPK OICPEKACT KBAPKH-CICKTATOPBI U
co37aBaeMoe UMH Tone. Ty BBIXOJUT Ha [UIATO TIPH YBEIHYCHHUH \S. -,



b deKTUBHOE YHCJI0 KBAPKOB B CTAJIKUBAKINUXCH YaCTHIIAX

C yyeTroM JONOJHUTEIBHO pOXAAIOMMXCS Tmap (q (fy) Ha KaxmwIif
CTAIKMBAIOIINKCS BAJICHTHBIN KBapk B peaknuu A+B —C + X monHoe ux 4ucio

OyzeT (B coyiapeHMSIX HYKJIOHOB WUJIM SIJIEP):
qa = 3(1 + fy)Ass - 9HCIIO KBapKOB B sipe A;

qa = 3f\ A - UMCIIO aHTHKBAPKOB B sape A;

dg = 3(1 + f )B4+ - umcio xBapkoB B spe B;

qg = 3f\Bes - umcno anTHKBapKOB B sipe B;
3aBucumocTk fy 0T Vs, Py ¥ X¢:
fu=Ng5= nqexp(-W/\/s)(l-XN)”, (cnenyer u3 ganubix RHIC u ap.)
Xn=LP/PE)2 + X112, n=(A1A)Ye, W =W/,

e N, W, 1 pg - mobanbHbie napamerpsl mojenu XIIK.
W,=277.3+0.6 I3B, nq:4.784ﬂ:0.005, pP=87.6+8.0 I'3B/c

(73)
(74)

(75)
(76)

(77)

(78)

(79)
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(P PeKTUBHOE YMCJI0 HYKJIOHOB B MUILICHH!
(B.sr) B ciryuae hA-coynapenuii

Yuci10 HyKIIOHOB B MHIIIEHH B TPyOKe Honepednoro paauyca R, = r A, Y2 Gyner:

Berr = A1~ [1— (AfA,)%512} ~ 0.69A,15. (80)
rne A, = A, + A, exp(-W/As) exp[-(p/p, )%, mns Hykiaonos B =1, (81).
I'mobansable mapametpsl: A =0.3198+ 0.0027, p,,=0.1265 =+ 0.0042 GeV/c,
2;=3.398 £0.18. A,=A — aTOMHBII1 BEC MUILIEHH.

IMonepeunsiit paauyc nons Ry, = r,A,2 =~ 0.82+0.02 dm =1, (82)

rie ry = 1.2 ®wm, 1y, - paauyc npotoHa. R, — XapakTepHblii panyc XpOMOMarHUTHOM
TPYyOKH (CTpYHBI) B CJIy4ae CTOJIKHOBEHHS ITPOTOHA C siApPOM. JJisl HaJIeTaromero
HAJIETAOLIETO apOHa WX JICTITOHA TaKxke ronaraem A = 1.

[Tpu BBICOKMX 3HEPTUAX U P1< 2P, 3PPEKTUBHOE YHCIIO HYKIOHOB B siApe B,
Jaroniee BKIIaj B rnoje B2 Bennko B cuily COOTHOIIEHUST HEONPEAEIEHHOCTEN. B
pe3ysibTare BO3MOXKHA aHOMaJIbHasi A-3aBUCUMOCTb Ay 1711 MAIIbIX P1< 2P,
Hanpumep, A-3aBucumocts Ay 11 peakunu pT+A— n + X,

[36] Abramov V.V. On the A-dependence of the neutron single-spin asymmetry in
pA-collisions // J. Phys. Conf. Ser. — 2017. — V. 938. — P. 012038. [37] PHENIX
Collaboration (C.Aidala et al.) e-Print: arXiv:1703.10941 [hep-eX].
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The shape of Ay(A) forthep™+ A —-n+ X

The shape of Ay (A) is determined mainly by the term G(¢@,) In
Ay = C(\s) F(pr, A)[G(¢,) — 6G(@g) ], which depends on the “spin precession
angle” @,, In the fragmentation region of particle A (a polarized proton),

where the function Ay

G((PA) - [1_COS(PA]/ (PA + 8(PA has 0'4 CPQ model, P, =0.108 GeV/c, X,=0.54, s =200 GeV

a set of maxima and minima. ®  PHENIX Data (inclusive) /
- - - A PHENIX Data (BBC-veto)

These maxima and minima are DY R ——— ‘b

transformed into the maxima and
minima of Ay(A). 6=0.178.

Ay (A) for the inclusive trigger has a OF
maximum near A=215 and there

are also two minima at A=3 and 0.2
A=86 as is seen in Fig. 2. The |

position of the maximum and

minimum depends on p; and \s. Y 70 Y Y R
| 1 10 10”
It worth to mention that Ay(A) for A
other reactions was measured _
usually at p;> 0.3 GeV/c. Fig. 2. Ay(A).
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P PeKTUBHOE YHCJI0 HYKJIOHOB B IMYYKe U
MUILEHU B ciay4dae A,+A,-coyaapeHui

B ciy4ae CTOIKHOBEHHMS JABYX SIIEP C aTOMHBIMU BecaMu A U A, 3 deKTUBHOE
YHCII0 HYKJIOHOB B TpyOKe pamuyca R, = r A Y2 Gyner: (83)

Ay =A{L-[1-(AJA)??P?}; obmacts pparmenranmu spa myuka A (84)
Bt =A{1—[1-(AJA,)???}; obnacte pparmenTanuu sapa mumenu B (85)

e A, = MIN(A, A, A), (86)
A, sBisieTcs CBOOOJHBIM ITIOOAIBHBIM ITAPaMETPOM MOJIEIIH:

A,=9.8+21; R =rALY%~257=0.29 Du (87)

rae A, — aTOMHBIN BEC AAEp NyUYKa, A, — aTOMHBIN BEC SIAEP MUIIEHH.
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A-3aBHCHMOCTH IIapaMeTPOB MOJEJIH

[ mo0anbpHbBIN (DUT JaHHBIX MOKa3aJ BO3MOXKHOCTb CJIEAYIOIICH
napamMeTpu3anu A-3aBUCUMOCTH apaMeTPOB MOACIIN:

Eo Eq ~A2 IF x> 0; rme o=0.03574+ 0.00064=A(39); (88)
Ey Er~A2 IF X< 0;  Ep Ex~(AA)¢ ma X-= 0; (89)

O ~(ALA)Y  Pe ~ (AJA)25; D, ~ (AA)> ™3 (90)
o ~ (AJ/A,)P; rne B =0.2430+£0.0018 =A(44); (91)
PO ~ (ALA)Y2 ag~ (A7, tme y=o+p. (92)

OmHO MCKIIOYEHHE I peakuu . PA — AT+X
por ~ Ay (93)

TpeOyeTcs Bcero ABa mapamerpa, o v 3, miis 123 peaxiuid!

Jl1s oueHku o U 3 ucnonb3yrrcsa 123 peakiuu, (452 3KCI. TOYEK.
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O0001eHHbIe YpaBHeHust AJs1 Ay, Py u (pgg-1/3)

Ay i Py = C(\s) F(pr, A)[G(¢,) — 6G(9g) ] (94)
G(pn) = [1—cos @ )/pa+ €p,, Spin precession and S-G force (95)

C (\s) = Vo/[(1 - Eg/Ns )2+852]H2,  spin precession vs Eq (96)

F(p,A) ={1 - exp[-(p+/p’7)*1}(1 -a, INA,), color form factor (97)
o, = 0 mis Beex peakumii kpome msatu. A, = MIN(A,,A;) , e

A; =60.4+3.4; x = 2.599 + 0.037 — mmo0anpHbIC TapaMETPHl.

Vo = -D, 9% &, 12(9%, -2), magnitude of A, and Py (98)

Or= 0, @ =0%Y;, integral “precession angles” (99)

Y = X — (Eg/\s + f,)[1 + cos@,,,, ] + a,[1 — coso,, ], (100)
Ve = Xg — (Eg/Ns + T,)[1 — cos@,,, ] + a,[1 + cose., ], 101)
Xp = (XgtXp)/2, Xg= (Xg-Xg)/2. scaling variables  (102)
@ pp) = RANG mr(_gaq_— 2)/Mq, €= -0.005056ﬂ:0.000006_3. (103)
vae) - €ffective contributions of the spectator quarks to the field B2,



IlapameTpbl 00001IeHHBIX YpaBHeHuid st Ay, Py 1 (pyo-1/3)

Monenp XIIK umeet 31 mobanbubiil napameTp. OHu o01IMe 171 O0IBITMHCTBA
pEAKIUI U MEPEUUCTICHBI HUKE. YacTh U3 HUX YK€ YIIOMHUHAIACh.

1) m, =2.16 MeV; 2) m, = 4.67 MeV; 3) m,=93.4 MeV; 4) m, = 1270 MeV,
5) m, =4180 MeV; 6) Ap?, =-0.4899+0.0013; 7) AM, =0.2712+0.0007 GeV;
8) AM, = 0.3132+0.0009 GeV; 9) AM, =0.3865+0.0009 GeV; 10) t =0.02896 +0.00009;

11) & =-0.13529 £0.00009; 12) & = -0.005056--0.000008; 13) W,=277.3 £0.6 GeV;
14) P.= 87.6 + 8.0 GeV; 15) n, = 4.784=0.005; 16) m,, = 0.3570:0.0005 GeV;
17) A, = 9.7642.11; 18) A,= 0.3198+0.0027; 19) A; = 60.4+3.4;

20) 85 = 0.2617+0.0035;  21) p,= 0.008723 +0.00020;  22) a, = 3.398+0.180;

23) D = 0.8090+0.0059;  24) % = 2.599+0.037; 21) 25) p,. = 0.1265+0.0042 GeV;
26) p, = 0.4203+0.0039 GeV;  27) V7 = 0.1536+0.013; 28) Y, = 1.199:+0.074;

29) o =0.03574+ 0.00064, 30) B=0.2430+0.0018; 3l)ag= -O 01372 +0.00023;

JIOTIOJTHUTEIIBHO, JJI KaXKI0M peakIIui UMEIOTCS JTOKaJIbHbBIC ITapaMeTPhI,
KOTOpbI€ HaJ0 3a(UKCUPOBATH UCIIOJIB3YS SKCIIEPUMEHTAJIbHBIC JJaHHBIE.

910 mapameTpsl 6, PO1, Dg, a4, Ey, Ty, @y, Er, 0z B 0000IICHHBIX YPaBHEHUSX.
OTH napaMeTpbl MOKHO pacCMaTpUBaTh, KAK IPAaHUYHBIC YCIOBUS IS
HaOmrogaeMbIX. JIJIst MHOTHX peakIliid 4acTh U3 HUX MOXKET ObITh BhIpaXkeHa yepe3
no0aNbHbIe MapaMeTphl, HapuMep 310 6, Dg, a5, f,, Eg U 8y, uTO cHIXKAeT
CpeAHEE YUCIIO HCKOMBIX JIOKAJIBHBIX [TapaMETPOB HA PEAKIUIO IPUMEPHO 10 5. ¢



«Ridge» »¢dekT B coyrapeHHAX TSKeJIbIX HOHOB

OkcniepuMenThsl Ha koutaiinepe RHIC (PHENIX, PHOBOS, STAR) u LHC (ATLAS, CMS, ALICE,
LHCb) moka3zanu, 9To CyIIeCTBYIOT JIBa y3KHMX IMHUKA B IBYXYaCTHUHBIX KOPPEIAIHUAX 10 PA3HOCTH
a3uMyTaIbHBIX yIIIoB anapoHoB (A¢ BOMm3m yroB 0 and 180 rpamxycoB) B crpye. CoOTBETCTBYIOIINI
ik (s @ ~0) B pa3HOCTH MCeBIOOBICTPOT (A1) CTAaHOBUTCS IHpe JUIst 00JIee EHTPaTbHBIX
COyJIapeHU U TsDKENbIX saep. HeoxuaanHoe HaOMIOAEHUE TaKUX JalbHOICHCTBYIOIIUX KOPPETSILIHA
noiyuniio HazBanue "ridge (ropuerii xpebder)". IlceBmoOsicTpoTa 1 = -In tan(6/2), rae 6 — monsipHbIit

yTO.

a) b)
0 e |
2 % 470
05'200 '% 460
* 450+ g 450

1004

410+

Fig. 1. Two particle correlation function for d Au (left) and Au Au (right) central
events at \/syn = 200 GeV from STAR experiment |2].

[38] B. Abelev et al., Phys. Rev. C80, 064912 (2009). e



IIpoucxoxaenue “ridge” a¢ppexra B Mmoaenaun XIIK

D (PEeKTHUBHOE KPYIroBoOe MomnepevHoe XpOMOMArHUTHOE mojie B2 oTkioHseT
TECTOBBIC YaCTHIIBI (KBAPKU I aHTUKBAPKHU B CTpye) Oyarofaps ICHCTBYIONICH Ha
IBETOBOM 3aps cwie JIopeHna. YIibl OTKIIOHEHUS 3aBUCAT OT UMITYJIbCOB KBApKOB Pl
U P2. B pe3ynbrare NpouCXOAUT YIIUPEHUE CTpyH 1Mo An. Pa3HOCTh a3uMyTaIbHbIX
YIJIOB A MEHSIETCS MAJIO, HOCKOJIBKY cuia JIopeHIia HampaBieHa B TAKOM MOJIE
paguanbHO. “ridge” 3pdeKT TomKEH YBEINYMBATLCA ¢ YMEHBIIICHUEM HMITY/Ibca (HMiIn
Pt ) ¥ IEHTPaTLHOCTH coynapeHuid. JlomomHuTeIpHOE YITUpEeHUEe Ar| POUCXOIUT HU3-
3a IMIPOTHUBOIIOJIOKHOTO HApaByieHNs CUiibl JIopeHIia 1 KBapka U aHTUKBapKa,
MMEIONIMX PA3HBIN 3HAK [IBETOBOIO 3apsi/ia.

“ridge” 3¢eKT — apryMeHT B M0JIb3y CYILIECTBOBAHUA MOJIs B2,

Model of chromomagnetic polarization of quarks
(origin of “Ridge” effect, microscopic color-magnetic lens):

B*(z<0) B%(z>0) quark with momentum p1

a(pl)

a(p2)

Target fragmentation Beam fragmentation quark with momentum p2

region region
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CpaBHEHHE JAHHBIX M pacdyeToB 110 Moaenn XIIK

b: 4 _ =4
[ Y, PpGeVic © Y, PpGeVic
e 1.6 0.33 L e 1.6 033
3 - =24 0.76 3 - =24 0.76
I STAR data: o 3.6 2.55 i . o 3.6 255
am 044 568 i CPQ model: 044 5.68

2 7 Vs=200 GeV 2 T
1| 1L
0 YT TR T TN [N SN TN SN TN N SN TN ST TN NN TN TR SR NN (N T W' 0 -, PR ST TR N SRR S T WO SN SN SO ST SR NN ST SR S T S S S’
0 25 S0 75 100 0 25 50 75 100
Centrality, % Centrality, %
Fig. 1. o, vs centrality, Fig. 2. o, vs centrality, CPQ
STAR data at Vs = 200 GeV. model at \'s = 200 GeV.

Monens XIIK mo3BonseT o0bsicanTh Ridge-addexr kak meiicTBre CHUITBI
JlopeHiia Ha IBETHOM 3aps1 KBapka B nosie B2,

[39] Abramov V.V. J. Phys. Conf. Ser. — 2017. — V. 938. — P. 012038.

[40] D. Kettler(STAR Collaboration), J. Phys. Conf. Ser. 270, 012058 (2011) and PoS CERP2010, 011 (2010).
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CpaBHEHHE JAHHBIX M pacdeToB 110 Moaenr XIIK

< 4 = 4
Y, PpGeVic © i Y, PpGeVic
e 1.6 0.33 s e 1.6 0.33
3 i =24 0.76 3 - =24 0.76
o 3.6 2.55 B o 3. .
| STAR data: o 44 568 CPQ model: 0 ig gz:
2 T Vs=200 GeV 2 T Vs=200 GeV
1 + 1
0 L T R R T R S 0 PR S T T A T N T T N S T | PR S R I S T
0 75 100 0 25 50 75 100
Centrality, % Centrality, %
Fig. 5. o, vs centrality, Fig. 6. o, vs centrality, CPQ
STAR data at \/S = 200 GeV. model at \/S =200 GeV.

[40] D. Kettler(STAR Collaboration), J. Phys. Conf. Ser. 270, 012058 (2011)
and PoS CERP2010, 011 (2010).
[39] V V Abramov 2017 J. Phys.: Conf. Ser. 938 012038. 49



Ocumanssuuu Ay (Xg, P, A) u Py (Xg, P A)

Ay = C(Ns) F(pr, A)[G(9n) — 6G(¢g) 1, (104)
G((pa) = [1—COS @/ + £0p, TaE @p - DyHKRIMS (S, X5, P, A) (105)
(iq)t:p )=(1-cos(0 )/ e 0.2 AN
o Max at
0.5} 0,223 0.1}
0 >~\\.//r\\/ """""""""""" /\ AN 0
-0.5 1 \/ Min at -0.1
Pp=-2.3
0 a0 o0 10 20 025
UN

OxcTpeMyMbl G(( ) TTPOSBIISAIOTCS B Ay(Xp) for pt +p(A) — p + X
BUIE SKCTpeMyMOB Py (Xr) m Ay(Xe) B VAS[2 + 21 - 3T A] >0 (106)
CHIIBHBIX XpOMOMArHUTHBIX TIOJISX.

[41]V.V. Abramov, J. Phys. Conf. Ser. 678 (2016) 012039. JTauusie ®OJIC (Vs = 8.77
B(3)) 1 BRAHMS (Vs = 200 (1), 64.2 (2) I'3B) u BNL(\s = 3B). 50
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“Oscillating” behavour of A, and P
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PA—E + X
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0 0:2 0:4 0:6
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38.78, pBe, EJ.Ramberg et al.
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Va[L+%-3t2]>0 X

We can see, that P (xg) for the p + A — =~ + X reaction is not monotonic (it
oscillates) with maximum near X = 0.5 - 0.6 , while in case of thep + A — A +X
reaction it increases almost linearly up to x. = 0.75, due to the smaller value of

v,. The data is in agreement with the CPQ model predictions, shown by curves.
The sign of P < 0 since Py ~ v,(9.-2)/2 < 0.

[42] V.V.Abramov et al., Phys.Part.Nucl. 52 (2021) 6, 1044-1119 51



Quark flow diagrams for the cascade antihyperon production

S
Y|
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Y|

v |
y l i |
\'u —d v=1 |I — U j {
'l\\—' : v { \'[I\\\—’ 0 l
= I _
\' »d r=1 \ :; j {
u 1 T . 0 | _
11} P(B) 1 T . 11} P(B] 1 T
d i T d . -

In case of =F and Z° production in pA-collisions the quark flow
diagrams look similar. But constituent masses of u and d are different.

Six spectator quarks interact with each of active valence test quark of
antihyperon and create a very strong chomomagnetic field.

Large values of v,= vg= 6 — 3t leads to a very high quark spin
precession frequency and the corresponding high oscillation
frequency @°, g, for Py(Xg), which is proportional to v, or vg.
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The data for cascade antihyperon polarization

~
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vA=[6 - 31]>0

We can see, that Py (Xg) for the cascade antihyperon production in pA-collisions is
not monotonic (it oscillates) with higher frequency, than in case of the
corresponding hyperons. The CPQ model agrees with data and predicts several
maxima and minima of Py (Xg). This is the main signature of the CPQ model.
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L VF ~¢ CPQ model

® 3878 GeV, pBe0, EAbouzaid et al.

va=[6 -3t]>0 (107)

[42]V.V.Abramov et al., Phys.Part.Nucl. 52 (2021) 6, 1044-1119
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Predictions for the cascade antinyperon polarization

P P
N N
0'6 P:lI‘IC = 800 GeV/c =4 0'4 Pinc = 800 GeV/c =
Pinc =400 GeV/ie pA—Z +X  Pinc=400 Gev/e PADE +X
Pinc = 200 GeVi/e Pinc = 200 GeV/e
0.4 1 T pe e (PQ model 03 ——  Pinc= 60 GeVie
Pinc = 30 GeV/c Pe=07GevV/e | 1 e Pinc = 50 GeV/c CP(Q model
Pinc= 15 GeV/e ———  Pinc= 30 GeV/e
0.2 - 02 - Pinc= 15 GeVie ~ Pr=07GeVie
0 0.1
-0|2 B 0
-04 - -0.1
-0.6 ' ' ' L -0.2 ! ! I 1
0 02 04 06 08 1 0 02 04 06 08 1
X F XF

Calculations of P\(x;) forthep + A— "+ X and p + A— =% + X reactions are
shown above for p; = 0.7 GeV/c (near maxima of |Py(Xgp+)|). In order to reveal the
P\ (Xg) oscillation, measurements have to be performed in a wide range of x.. When
beam momentum increases, the position of peaks for P\ (xg) moves to a smaller X.
Oscillation of Py (Xg) is a major CPQ model prediction, related to a quark

spin precession in a strong chromomagnetic field in the interaction region. o



IToporoswbie 3aBucumoctu Ay (0.,) 1 Ay(E..,)

Jlnst Ay(O,y,) B MHKITIO3UBHBIX PEAKIUSX HAOMIOAAETCS MOPOroBasi 3aBUCUMOCTH OT
nossipHoro yria 0,,,. B mogenu XIIK noapasymesaetcs, uto Ay(0,,,) OTIudHa OT
HYJISl B TOM 00J1acTH yriioB paccesinus (0,,) aapoHa, I11e yroa paccesHus
MOJISIPU30BAaHHOTO KBapka MeHbIle 90° B C.II.M. JIByX CTAJIKUBAIOIIUXCS KBAPKOB
(MOJIIPU30BAHHOTO TECTOBOTO KBapKa M HEIMOISPU30BAHHOTO KBapKa MUIIICHH).

PaccmoTpum ciyyaii paccessHug MPOTOHA Ha MPOTOHE.

Ecii moasipu30BaHHBIN TECTOBBIN KBapK TshKellee KBapka MumieHu (Hanpumep df
paccenBaeTcs Ha U KBapKe), TO OPOroBasi BeJIMYMHA yIjla 3aMeTHO MeHbIie 90° B
C.II.M. peaKiuu (B cirydae Pp-coymapenuii, Hanpumep mis pPT+p—nX). Ecim xe
paccerBaeTCs MMPEUMYIIECTBEHHO 00Jiee JErKui MoJISIpU30BaHHBIN KBAPK HA TAKOM
K€ WA 00JIe€ TSHKEIOM, TO TOPOTOBBIN yroi 0in30kK K 90°, HanpumMep aJis
pT+p—oa*X.

Jl1s1 cimyyas paccesiHisl ME30Ha Ha MPOTOHE HEOOXOAMMO YYUTHIBATh, YTO UMITYJIbC
KBapKOB ME30Ha MpUMEPHO B 1.5 pa3a 0oJbliie, 4eM UMIYJbC KBAPKOB
MOJIIPU30BAHHOM IPOTOHHOW MUILIEHU B C.II.M. B pe3ynbrare COOTBETCTBYOILIUN
MIOPOTOBBIN yToj 3HAUUTEIBbHO 00JibIe 90 © B €.11.M. ME30H+TIPOTOH (Harpumep s
np! — 70 X).
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3aBucuMocTs Ay 0T Y, | Vs; pT+pA) > X

(1-E Ns)A, (1-ENs)A
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| %# | A PA,BT77(2) T
L _ | o pA,8.77(3)
0.2 s ¢ 04 . ﬁp, 200
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0 0.6 §§§f§ SI® 70,Ne12(2007)
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Existing data on Ay(Xg, p) for pT +p(A) —» n° + X
A

N Ay
0.25 0.25
® 200 GeV, pAu, A164(1) XF=0.20 . ® 200 GeV, pp, ALGA(D) XF-020
B 200 GeV, pAu, A164(2) XF=0.30 B 200 GeV, pp, ALG4(2) XF=0.30
0.2 = O 200 GeV, pAu, A164(3) XF=0.40 0.2 L O 200 GeV, pp, AIGA(3) XF=0.40

200 GeV, pAu, A164(4) XF=0.50
0 1 5 A 200 GeV, pAu, A164(5) XF=0.60
A 200 GeV, pAu, A164(6) XF=0.70

200 GeV, pp, A164(4) XF=0.50
0 1 S A 200 GeV, pp, A164(5) XF=0.60
A 200 GeV, pp, A164(6) XF=0.70

T

0.1F

0.1
0.05 - 0.05 -
0 0
-0.05 ' ' ' | | |
GeV/c
Py P GeVie

Fig. 4. Dependence of A on p; at Fig. 5. Dependence of A on p at

energy Vs = 200 GeV and for several energy Vs = 200 GeV and for several

values of x: in pAu collisions [45]. values of x in pp collisions [45].

The CPQ model is consistent with the data. There is a weak A-dependence of Ay,
IIpuunna - Majiasi BeJIM4YUHA TapaMeTpa T. Abramov V., SPIN2021 57



Predictions on Ay(Xg, p1) for pt +p(A) —» 7 + X

A
N A
0.3 N
CPQ model 0'3
) pA—>1t0+X pr=1GeV/e — x,=03
0.2 py=2GeVic T wm0d
0.2 L :: ............... X, = 0.5
e X, =06
0.1F P
0 FFES
o x=0.6, Vs =9.75 GeV |
------- x;=0.3, Vs =9.75 GeV 0
0.1 ¢ x;=0.6, Vs = 200 GeV e | CPQ model
------- xp=0.3, \s = 200 GeV ;;' pp—n’ + X
T e M e
A 0 Vs, GeV
Fig. 8. Calculations of the dependence of  Fig. 9. Calculations of the dependence
A\ on A at energies Vs =9.75 and 200 of A on the energy Vs for several
GeV in pA collisions. values of x. in pp collisions.

Strong Ay(A) dependence at Vs = 9.75 GeV and x-=0.6. Negative Ay (Vs) at \'s
=130 GeV and x-=0.5. Large positive A (\s) at Vs =9.75 GeV and x-=0.6. 58



Predictions of Ay (A) forthep’+ A—-n+ X
A

The positions of 0.5 N

maximum and minimum T e eswgey

of the Ay(A) are moving 04 —— ey

to lower A values with the (.3 - 5=87Gev

rlse Of energy. 0.2 i L ] PHEND; l;ala ;00 GeV R

For Vs < 100 GeV the 0.1 ; /

A\(A) is negative for all 0 I

values of A

. -0.1 -

(there is no anomalous

A-dependence in this -0.2 - -

case). T
1 10 10 A

Fig. 5. Dependence of the Ay(A) for p=0.108 GeV/c,

X=0.54 and the inclusive trigger. -



Comparison of data and the CPQ model calculations

A A
0.5 — 0.1 —
0.4 0
-0.1
03 © -0.2
0.2 - -0.3 ®
0.1 V4 N | °
05} ]
0 0.6}
-0.1 : ' ' ' -(0.7 ' l I |
0 02 04 06 08 1 0 02 04 06 038 1
Xp Xp
Fig. 1. Ay(Xg) inreaction pT + p(A) Puc. 2. Ay(Xg) inreaction pT + p(A)
— w++X at Vs =200 (1a, 1b), 64.2 (2), — w+X at Vs =200 (1a, 1b), 64.2 (2),
19.4 (2) and 8.77 (4) GeV. 19.4 (2) and 8.77 (4) GeV.

The data are from BRAHMS(RHIC) (1a,1Db, 2), and FODS(IHEP) (4).
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A polarization in pp, pA-collisions

For A production in pp or pTP(A) —> A X, Vs=7.31T5B

PA collisions most of the P,
data are at high energy, 0.3
\s > 27 GeV and Py is 02 L © —Vs=731Gev BNL, E766.
compatible with zero (blue
diamonds). The only non- 0.1 %
zero data, [70] J. Felix 0 -y ,__¢,_,¢__¢_ Mﬁ# ,#, ¢¢¢ +§
(1995), reported at ICTP, 0
Trieste, Italy, have s = -0.1
7.31 GeV (red points). In i
-0.2
the CPQ model the large + ’
P, values are explained by -0.3 |

quark focusing effect with 04 | g . :

E,=7.2+0.2 GeV. 0 0.5 1 1.5 2 2.5
pp, GeV/e
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3aBucumoctb Ay (Xg) oT MHO:KkecTBeHHOCTH N,

T *X, s=200T5B
[71] Acummetpust Ay B pPp—m A, NS ¢

obpazoBanuu T B PTp 0.2 A
coynapenusx (BRAHMS T .37
Coll. J.H.Lee, DIS2009). 1.0

[Ipencrasnenst ganusie st 015 Fw g5 R =Multiplicity/Mean
TpeX 3HAYCHHUI
MHO>KECTBEHHOCTH, 0.1+
HOPMUPOBAHHOW HA CPETHIOK
Bennuuny (R,,). bonbmeit R
COOTBETCTBYIOT OOJIBIIICE
I0JIE U aCUMMeETPU Ay;.
[Tomaraem, uto BKmax qg-map 0 0.5
KBapKoB, fy, ' ' ' X

MOTMQUIMPYETCH KAK: ¢ 4 2 (R 1), a =0.030+0.006 (127)
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3aBucumoctb Ay (Xg) oT MHOkecTBeHHOCTH N

p'p— X, Vs=200I5B

A

[Ipeanonaraem, 4To ¢ N

N3MCHCHUEM
MHO>KECTBCHHOCTH
MOIU(DUIIUPYETCS TOITBKO
3aBUCSAIIAS OT \'s yacThb
gA: 3(:I--I_fN)'A‘eff H

qa = 3f A XOTH
BO3MOKEH U BKJIQJ[ BH1A -0.1
Oa= 3(:I--I_am(Rm':]-)-I_fN)'A‘eff'
OTBeT IOJKHEBI 1aTh HOBBIE * 0.068
AKCIIEPUMEHTHI, B TOM 0.2 |
yuciae CTIACUAPM 0 01 02 03 04 0.5

(MDBO) 1 uzmepeHus Ha
HUKE B JlyGHe. fy~1+a,(R,-1), a,=0.030+0.006 (127)

0.1

R, =Multiplicity/Mean
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A polarization in v, A-collisions

[72] The A polarization in  x_= -0.27 (target fragmentation region)

v, A collisions Is measured ] _
in the NOMAD experiment. VA DA X, ¥s =6.82 GeV

D.V.Naumov, Acta Phys.
Polon. B33:3791-3796, l
2002. 0 T
We assume that W*
0.2} '%

Py

0.2

Interacts with d-quark and
produce u-quark, moving Jooo e
forward, in v, direction. The % S
ECF is created by this u- -0.4 &

beam from v, and by the
two quarks from the target ¢ | |
remnant, which are moving 0 0.5 1 1.5
in opposite direction in c.m. Py, GeVie




A\ for " Iin e*p-collisions

The =t* production A In

measured in the Ay
HERMES experiment. %107 205
[73] K.Rith, SPIN2010. x,=-0.14
J.Phys.Conf.Ser.295:  ¢.05} °* "
012056,2011.

We assume that virtual ol
photon produce g-g-bar + #
pair (vector meson

dominance), which -0.05 -

Interacts with the target

quarks and produce n*.  _g 4 . |

The sign of Ay and xgare 0 0.5 1 1.5

changed to the opposite. P GeV/e
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A, for K* In e*p-collisions

The K* production Ay In

measured in the Ay
HERMES experiment, 2N E——
[73] K.Rith, SPIN2010. x,=-0.14

The not monotonous p; ~ 0.05 °* "

behavior of the Ay is due
to the dependence of

scaling variables y, and {

Yg On polar angle 6.

This leads to the -0.05 1

dependence on p+ of the

quark spin precession 0.1

angles @,, ¢g and to the 0 0.5 1 1.5

Pps GeVie
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Py(A) for A in e*A-collisions

The A polarization P (A)
iIn e*Acollisions Is
measured in the
HERMES experiment.
K.Rith, DI1S2010.

The number of quarks,
creating the ECF Is

va= THA3A -2)-
t(A+1),  (108)

where A=-0.135, t =.029,
A+ ~0.6A3, The ECF
and P ~v, and are near
zero at large A =100. Red
curve is the model

prediction.
Abramov, DSPIN11.

etA—Aet X, Vs=7.26GeV

P
0.2

N
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Exclusive reaction smp! — K% Al

The values of GA(p,), ! — KO AT
estimated from the data in a

wide range of c.m. energies,  G,(&,)

are scattered near the s = 3.06 - 872 GV
universal model curve (a ol K+ A %
solid one), which oscillates 1 | %
as a function of the spin A s
precession angle @,. ||
V.Abramov, DSIPN11 L —— ;\L /AR %, """"

1

D.J.Grennell et al. Phys. Rev. “‘*—/‘\{/
D6(1972)1220. Vs =3.06-3.49 GeV. -1 | -

W. Beusch et al. Nucl. Phys.
B99(1975)53. Vs =3.21 GeV.

|.A.Avvakumov et al. Yad. Fiz. -10 -5 0 5 10
42(1985)1152. Vs =8.72 GeV. 0,
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Exclusive reaction Kp! — K

The values of GA(p,),
estimated from the data Kpr—Kp
In a wide range of c.m. G,(0,)

energies, are scattered 1
near the universal model o
curve (a solid one),

which oscillates as a

function of the spin

precession angle @,. 0
V.Abramov, DSIPN11

M.Borghini et al. Phys. Lett. 0.5 _
31B(1970)405. s =3.53 GeV. KpT =K +p

M.Borghini et al. Phys. Lett. Vs =3.53-5.24 GeV

—4.46- -1 ' | |
B36(1971)497. Vs =4.46-5.24 GeV. 0 5 10 15 20
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Exclusive reactionp nT - np

The values of GA(p,),
estimated from the data
In a wide range of c.m.
energies, are scattered
near the universal model
curve (a solid one),
which oscillates as a
function of the spin
precession angle @,.
V.Abramov, DSIPN11

M.A. Abolins Phys. Rev. Lett.
30(1973)1183. Vs =2.77-4.74 GeV.

D.G. Crabb et al. Nucl. Phys.
B185(1981)1. +s=6.85 GeV.

pnt—np

pnT —n+p
Vs = 2.77 - 6.85 GeV
5 10 15 20



Exclusive reaction pnT — np

At large spin precession
angle ¢, the linear term

ep, dominates in the . pnt—np
experession | ATA

GA((PA) :[1_ vos (PA]/(PA ¥ Vs = 2,77 - 6.85 GeV
o pnT —n+p

where € = -0.005056 =+ 0.5
0.000008 is a
phenomenological 0
parameter, as expected

from the CPQ model.

Large precession angle ¢, -0-3
values are reached at low o
energy Vs =2.77 GeV. S~

V.Abramov, DSIPN11 0 60 120 18 q)240
A
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Global Polarization in nuclel collisions

- : + T+
Polarization of A in 0.6 Py Au+Au —AT + X
Au+Au—collisions. — A=197, A,=197, s =200 GeV

: s, GeV
Experiment STAR: 0.3 A zim, A

#r 62, Aut+Au

Vs =62 u 200 GeV.

There Is energy 0 , g -
dependent global | \J; T

A- hyperon polarization I :|Lr\ A

in heavy ion collisionsat  -0.3 | |

Pr = 2.7 GeVic. - A =197, A,=197, Vs =62 GeV

Combine effect of large . | | |
color fields ~f A3 and 0.6 0 1 7 3 4 5
correlation of production p, GeV/e
and reaction planes.
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CxelyiuHI ¥ ocumisuuu Ay 1 Py
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P (Xg, p7) for ete — AT+ X and ete — AT+ X

P P
0.1 —> — 0.1 — —
5, Gev e'e >AX  Gev e'e” 5AX
B 1058, x, =025 m 10, xp = 0.25
® 1058, xl_.=ﬂ.35 o 10.58, xF=0.35
[0 1058, xF=0.45 O 1058, xF=I}.45
A 10.58, xF=0.65 A 1058, xF=0.65
0 #/$* ﬁ]
........ g
o A#\% /}L
-0.1 : '
1.5 0 0.5 1 1.5
P GeV/e P GeV/c
Fig. 6. Dependence of Py on prat Fig. 7. Dependence of Py, on p; at
energy Vs = 10.58 GeV energy Vs = 10.58 GeV
in e+e- —AT X [120]. in e+e- -»AT X [120].

[120] A.Abdesselam et al. arXiv:1611.06648v1 [hep-ex]
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Predictions on Ay(Xg, p1) for pt +p(A) —» 7 + X

AN
0.5 — W \s =9.75 GeV
-« pd p;=2GeVie
0.3 -
0.1r
'0.1 ~  CPQ model
pA—m0 +X
_0.3 | | L L
0 02 04 06 08 1

Fig. 12. Calculations of the dependence of A, on X at
energy Vs = 9.75 GeV, p; = 2 GeV / ¢, in pA collisions.

Strong dependence of Ay(Xs A) on Aat high x at Vs = 9.75 GeV.
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Predictions on Ay(Xg, p1) for pt +p(A) —» 7 + X

AN AN

0.4 0.4

— o Vs =130 GeV — Vs =200 GeV
0.3 _______ - Pr eVie 0.3 - Z‘:Ie Py =2GeVie

— pC — pC
0.2 - e i 0.2 -

pCu i pCu

01 ‘ 0.1"

0

0

-0.1 - CPQ n;odel -0.1 - CPQ model
pA—T +X ' pA-t’ + X

-0.2 - 0.2+

030702 04 06 08 1 O350 a0 o5 1

Fig. 13. Calculations of the dependence  Fig. 14. Calculations of the dependence
of A on X, at energy Vs =130 GeV, p;  of A, 0n X, at energy Vs = 200 GeV, p;
=2 GeV/c, in pA collisions. =2 GeV /¢, in pA collisions.

Oscillation of Ay(Xg) in a strong chromomagnetic field at 130 GeV and 200 GeV.



BbIBOAbI 0 (DEHOMEHOJIOTHM, CTPYKTYpPE U JMHAMHUKE B3aMMOAeCTBUM

1) Ponb nTMHAMUYECKUX COCTABISIONINX KBAPKOB C AHOMAIBHBIM, OOJBIIIAM OTPUIIATEIEHBIM
XPOMOMATHUTHBIM MOMEHTOM, IIBETOBBIM 3aps/IOM, CIIMHOM /2 M Maccoi my ~ m,/3.

2) B3saumojeiicTBre KBapKa MPOOHUKA U CIICKTATOpa: TOMUHUPYET aHTH-TPHUILIET i1 (| U CHHIJIET IO
nBery misA (-0 B3auMoseiicTBuii. IIpaBuia KBapKOBOTO CUETA.

3) Ilpossnenue 1BeToBHIX (hakTopos. opmyna mig A: A= 1—exp(1/8) = -[Cc(qq)/C(qq)]® = -1/8.

4)  TloutH KJIacCHYECKOE KPYTOBOE MONEPEYHOEC XPOMOMArHuTHoOE mmose? Dddekt xpeora.

5) Cuna lUltepHa-I'epnaxa B HEOTHOPOAHOM XPOMOMAarHUTHOM I10JI€ — UCTOUHUK Ay 1 Py ?

6) Kpyrosoe XxpoMOMaraHuTHOE IOJIE -- HE TOYEUHBIH 00bEKT, MacuTad SyX,~1 ®m. Kon(aliHMeHT.

7) Hpyroii 31ak nis napametpa € = -0.005. Bnusinue npo10ibHOTO XPOMO3JIEKTPUYECKOTO OIS ?

8) ®okycupymomee eiicTeue monepedroro momst Ay ~ 1/[(1 — Eg/Ns)2 + 8:2]Y2 st maper g-q , Eg >0.

9) Ilpeneccus cnvHa KBapka B MONEPEYHOM XpoMOMarHuTHoM mone 1 A X.M. = Apd, <0.

10)  Ocrwmsiiust monsipu3auu Py 1 Ay B CHIIBHBIX XPOMOMArHUTHBIX TIOJISX.

11) IlonmaBneHue BKJaja KBapkoB MuilieHHu B mojsie B2 B obmactu x>0, 1=0.029 « 1.

12) Pocr BKIIana nap g-q B oJie TIPU CBEPXBLICOKUX dHEprusx. N, = nqexp(-W/\/s)[l- X

13) Tlomasnenue dToro Bkaaga npu coneimux Xg 4 Pr. Xy = [(pr/Pp)? + X£21Y%; n=(A,A,)YS;

14) Ymenbienue sneprun W ¢ pocTOM aTOMHBIX BECOB A, A, W=Wy/n; W, = M /M,

15) Haceimenne uncna spdexTnHbIX nap N, mpu BHICOKHX dHEprusix. Konpaitnment?

16) HeB03MOXXHOCTH MTHOBEHHO NIEPEBEPHYTH CITMH, €CJIA HET KECTKOTO YCIOBUS U3 3aKOHOB
coxpanenus. Cnencraue: B neprypoatuBnoit KXJ[ Ay ~ mq/ P1 U1 TOYEYHBIX YACTHULl MaJia.

17) VYuauBepcanbHas A-3aBUCUMOCTh IapaMETPOB MOJIC/IH JIJIs Pa3INYHBIX PEaKIuil. 2 mapameTpa.

18) MOKHO OIIEHUTD U3 MOJISIPU3ALMOHHBIX JAHHBIX TOKOBBIE U COCTABJISIONINE MAacChl KBAPKOB.

19) MOoXHO OLIEHUTh U3 MOJISIPU3ALUOHHBIX JAHHBIX AHOMAJIbHBIE XPOMOMArHUTHBIE MOMEHTHI.

Apiq (u,c) =-0,4899+0,0013; Apiq (d,s,b) = \/(2/3) Aan(u,C); Comiacue ¢ HHCTAaHTOHHOW MOJIENBIO.

20) Hanuuwme nopora ajig Ay 10 yIUIy U SHEPTUU apoHa B C.ILM. A psiaa peakuuil. pT+p(A)—n X

21) VYBenuueHue MONEPEYHOro paguyca IIBETOBOIO MOJIS IPU MaNbIX P, KAK IPOSBICHUE COOTHOLICHUS

HEONPENENEHHOCTER? AHOMAJILHOE NIOBEICHUE (CMEHA 3HaKa M BemuuHbl) Ay(A) i pT+A—n X, 44



BoiBoabI: GpeHOMEHOJIOTUA MOJAPU3ANUOHHBIX ABJICHUN

1) Ocumaasimum Ay U Py (HEeMOHOTOHHAsi 3aBUCHMOCTb  OT
KHHeMATHYEeCKHX M APYTUX MepeMeHHbIX: VS, X, Pr, A, Ny, ... ) Kak

CJICACTBHUC NIPCHECCCHUU CITMHA B CUJIbHBIX XPOMOMAI'HUTHbBIX HMOJISX.

2) 3aBucumoctb Ay(Xg) M Py(Xg) oT KBapkoBOro cocraBa aJpOHOB,
NpaBUjIa KBAPKOBOIO CYeTa U PoJb usera (mapamerpsl A, T, Ny, W,
Pe). ddexTuBHOE YNCI0 HYKJIOHOB B siIpax, A, B+, mapaMerTpsl

Az Aps 85 Prn)-

3) Moporopas 3aBucuMocTh Ay(Xr,\S) KaK IMpOSIBJIeHHEe PA3HBIX MAcC H
CKOpOCTeii cocTaBAAIIINX KBapkoB U u d.
4) Cxeilsimar Ay Py 0T X, Xg Wi (Ya, Vg ). KBapku-napToHsl.

5) Pezonancuast 3aBucumMoctb Ay (\S) 1 Py (Vs) kak a3 ekt npuTsikeHus
KBAapKa M AHTHKBapKa (CMEKTATOp U TeCcTOBbIH KBapk, EL>0) u
OCTAHOBKH IpenecCud CINMHA MPHU ONpeaeeHHOM IHEPIruu KBapKa.
B ciryvae NpuTsKeHUs KBAPKH T0JIbIIe HAXOAATCS B IIBETHOM I0JI€,

YTO yBEJIUYUBACT MOJAPU3AMUOHHBIC 3PPEKTHI. S



BoiBoabI: GpeHOMEHOJIOTUA MOJAPU3ANUOHHBIX ABJICHUN

6) OOIIHOCTH MEXaHU3MOB OJHOCIIHHOBLIX SIBJIEHHH B aJ{PpOH-aJAPOHHLIX,

/)

8)

a/IPOH-SI/IEPHBIX, JENTOH-AAePHbLIX U et+e- coynapeHusx. Kak TobKko
NMOSABJIAIOTCA KBAPKU, HAUUHAaeET JAeiicTBoBaTh Mexanu3Mm XIIK.

HauOosiee HHTEpeCHBI peakmud o00pa3oBaHUS AHTUOAPUOHOB B
HYKJIOH-HYKJIOHHBIX COYIAPEHHUSAX ¢ O0O0JbIIONA OXKHIAAEMON YacTOTOM
ocumLIsnMii HaGmonaembix (A u Py ), Hanpumep p+p(A) —AT + X.
boabmas yacrora ocuwuisuuii Haomwmaembix (A u  Py)
0KUIAETCH TAKKe JJIsl COyNapeHUuil THAKeJIbIX MOHOB M IVl BHICOKOU
YHEPruH COyIapeHHii VS (BeJHKO YHCII0 KBAPKOB-CIIEKTATOPOB).
Ay m Py npu BBICOKMX JHEpPrusix [AO/KHBI 3aBHUCETH OT
MHOKecTBeHHOCTH YacTull N, (00Jib1Ie/MeHbIIe CIIEKTATOPOB).

9) TpebOyeTcsi 3HAUNTEJILHOE YBeJIHUEHHE CTATUCTHKH, YHCJIa H3yYaeMbIX

peakuMii M mpeaeJoB M0 KUHEMATHYECKUM M JPYTrMM IepeMeHHBbIM
IJIA CUCTEMATHYECKOI0 UCCJIeI0OBAHUS (peHOMEHO0JIOTUH
MOJISIPU3ANUOHHBIX SIBJIEHHMH. JTO NMO3BOJUT B OylyuieM MOCTPOUTH

AACKBATHbBIC TAaHHbIM MOIAC/IH INOJAPU3AINNOHHBIX SIBJICHUM. 80
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BbiBOObI O CTPYKTYpPE U AMHaAMUKe B3anMOO4EeUCTBUM

1) Ponb nUHAMHYECKHUX COCTABIISIONIMX KBAPKOB C OOJIBITUM aHOMAJIbHBIM

OTPULIATEIIEHBIM XPOMOMAarHUTHBIM MOMEHTOM, [IBETOBBIM 3apsiiOM (., CIIMHOM 72
u maccoit My ~ M /3. Jlunamuueckue Macchl KBApKOB MOJUHMHAOTCS
NPUOINKEHHOMY COOTHOIICHUIO:

In(M,/M,)=4N-2 tne M; u M, — maccel kBapkoB (M, < M, ) B mokosieann N.

2) Bo3Hukaet 3(heKTUBHOE KPYTOBOE MOMEPEUHOE XPOMOMArHUTHOE MOJIE.

3) B3auMoeiicTBre KBapKa IPOOHUKA M CIIEKTAaTOpa: JOMHUHHUPYIOT aHTH-TPUILICT JIIS
0 u cuHIIeT ;s -0 B3aUMomeHCTBHiA. [IpaBria KBApKOBOTO CUETA.
va(qQ) =1; va(qQ)=A. Bknag s addexTuBHOE TIONE.

4) ITposiBiieHHE LIBETOBBIX (DAKTOPOB B B3aUMOJICHCTBUSIX KBAPKOB M aHTHUKBAPKOB.

Dopmyna s iamb6aa. A & =y, (0)|° /w5 (0)] =-1/8 = -0.13529 £0.00009.
5) [lomaBneHne BKJajla KBAPKOB MUIICHU B T0OJI€ B 00JIACTH (PparMeHTaluu
HajsieTaromieit yactuipl. Pakrop —1, rae T = 0.02896 +0.00009.
6) Poct BkiIaza map (- B [0JIe IPU CBEPXBBICOKMX SHEPTHX VS =W,=277.3£0.6 I'3B.
Wo/M, =M /m;,  m, = (2m, + my)/3 = 3.l~i 0.5 MaB. M /m, — ramma cakrop?
3aBrcHMOCTS Yrcia 3pPeKTUBHBIX ap  q ot sHeprun: N,z ~ nqexp(-\/s/W).

/) IlomaBnenue 3TOro BKIJIAa Mpu OonbNX Xg U Pr. Onepexenne ObICTPhIMU
KBapKaMHU-IIPOOHUKAMU MEJJIEHHBIX KBAPKOB-CIIEKTATOPOB MpH Xg ~1.
BoccraHoBiieHre KUpaibHOM CUMMETPUU IIpHU O0nbINX Py = Pr = 88 [3B/c? g3



BbiBOObI O CTPYKTYpPE U AMHaAMUKe B3anMOO4EeUCTBUM

8) Ymenbienue sHeprur W ¢ pocToM aToMHBIX BeCOB Ay, A, W = W /(A A,)Ye.

9) IpoTsxeHHOCTH MO SyX,~1 OM. KpyroBoe momnepedyHoe XpoMOMarHuTHOE TIOJIE
— HE TOYCUHBINA O0BEKT, MOITOMY OOJIbIINE CHUHOBBIC (D (PEKTHI.

10) HeB03MOXHOCTH MTHOBEHHO TIEPEBEPHYTH CITHH, €CJIM HET )KECTKOTO yCIOBHS,
CIICTYIOIIETO U3 3aKOHOB COXPaHCHHS.

11) Manas BennunHa mapametpa €. € = -0.00505620.000008 B G(¢,). BozmoxHoe
BIIMSTHUE MIPOIOJIBHOTO XPOMOAJIEKTPUUECKOrO OIS INOO €r0 reOMETPHH.

12) PesonancHas 3aBucuMocTh Ay 1 Py OT sHeprum VS 11s peakiuii ¢ 0.va< OB
CHJIBHBIX MOJISIX [V,| » 1. DokycupoBka kBapkoB monem st Eg > 0.

13) Ipeneccus cnuHa KBapKa B CUIILHOM TIOTIEPEIHOM XPOMOMArHUTHOM ITOJIE.

14) Ocummsust nonsipuzanuu Py (Xg) 1 acummetpun Ay(Xg) B CHITBHBIX TTOJSIX.

15) 3aBucumocts oporosoro yria 0., ams Ay(0,,,) OT CKOpocTH 1 Mace
COCTaBJISIONINX KBAPKOB B CTAIKHUBAIOIINXCS aIpOHAX.

16) daxTopu3arus 3aBUCUMOCTeH Py OT Vs, Pt ¥ Qp, Og:

Py = C(\s) F(pr, A)[G(9a) — 5G(9g) 1.

17) LseroBoit popmbaktop F(pr, A) ={1 - exp[-(pt/p°1)?> 1}(1 -a, INA).

o= 0 s 76 peakiuii. Mckmrouenus: pPA— AT+X (a,=0.121), pA —p™X (a,=-5/3),
PA— T 1+X (0,=0.121) u pA— E+X (0,=0.296) .

89



BbiBOObI O CTPYKTYpPE U AMHAMUKE B3aUMOOENUCTBUN

18) Pesonancuas 3asucumocts: C (Vs) = Vo/[(1 - Ex/Ns )2+852]Y2, hokycupoBka
KBapKOB MBeTHBIMHU crutamu? Magnetic focusing in atomic, nuclear and
hadronic processes Yu. A. Simonov (Moscow, ITEP). Aug 26, 2013. 18 pp.
e-Print: arXiv:1308.5553 [hep-ph].

19) 3nak Eg coBmanmaer c Fy=-QsVa IS 80 MHKII0O3UBHBIX PEaKIHM.

20) Benmmuuna Eg cornacyercs mist 69 peakmuii u3 80 ¢ dopmynoit, ciemyromiei u3
ypasuenust T-BMT s mpenecenn cnmna: Eg = 4r 2. Mo/(2-9%,).

21) Benmuuuna Jd,, cornacyercs ¢ 0g = (0.2617+0.0035) (A;A,)%, o == 0.03574=+
0.00064, nis 77 peakuuii. Mckmrouenus: pA— A T+X, dTA >t X u AUAU—
AT+X,

re o, = (0.0136 = 0.0097) (A,A,)%

22) AHOMaIbHBIE XPOMOMArHUTHBIC MOMEHTBI COCTABJISIONINX KBAPKOB:

Apiq (u,c) = 0.4899+0.0013, q=+2/3;  Pesynprar 1i00ajbHOTO

Apig (d,s,b) = V(2/3) Apio(u,c), q=-1/3. ¢rTa TOISIPU3AIMOHHBIX JaHHBIX.
Cpennss BenmnuunHa -0.43 6nmmska k onenke H.Kouenesa Ap = -0.4. Anomalous
Quark Chromomagnetic Moment and Single-Spin Asymmetries
N.Kochelev,N.Korchagin.arXiv:1308.4857[hep-ph].
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BbiBOObI O CTPYKTYpPE U AMHaAMUKe B3anMOO4EeUCTBUM

23) [onstpuzanust COCTaBISIIONINX KBAPKOB B MPOTOHE paBHa: P ;= +1; Py =-1.

24) YauBepcallbHask 3aBUCHMOCTD INIO0ATBHBIX MTAPAMETPOB MOJICITH OT aTOMHBIX
BECOB CTaJKMBarOIIMXCs gacTuil. Mckmouenne: pA— AT+X  (pO ~ A, ).

25) B3auMoeiicTBrIE B OKTETHOM IS (-0 CHCTEMBI M B CEKCTYIIETHOM A (Q-
CUCTEMBI IIPUBOAUT Ha MAJIBIX PACCTOSHHAX K OTTAJIKHBAHUIO, 2 B CHHIJIETHOM
M TPUILUIETHOM — K NPUTSKEHUI0. DTO MOXKET OOBICHUTH JOMUHUPOBAHNE
MOCJIEAHUX B OMTMCAHUM TOJIAPU3AIMOHHBIX SIBIICHUM, TOCKOJIbKY JIJII HUX
BO3HHUKACT SIBJICHUE (POKYCUPOBKH (IIPUTSHKEHUS ) IPOOHKMKA U CIICKTATOpa, 1
3TO YMEHBIIAET CPEIHUN PAINYC MTONIEPEUHBIN T10JISI U YBEJIUUYUBAET €10
BEJTUYUHY. A 3TO B CBOIO O4YepPEe/ib MPUBOJIUT K YCUJICHHUIO MOISPU3AITHOHHBIX

SIBIICHMH TpH MabIx sHeprusix Vs=Er. J. Takahashi et al.,
Phys.Rev.D88(2013)114504; Y.Nakagawa et al., Phys.Rev.D77(2008)034015;

A.Nakamura, T.Saito, Phys.Lett.B621(2005)171.

26) B xauecTBe KOHCTAHTHI CHIIBHOTO B3aMMOJICHCTBUS JTIYUIIIE MOAXOIUT
o = 0°/4n = 1.1425 w3z APT JI.B. Illupkosa, a ue o, = 0.5.

Ectb eme popmyna uz A.Deur, Nucl.Phys. A755,(2005) 353. a(q=0) = m.
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Brian qg—mnap B 3¢p@PpekTuBHOE M0JIe IPU BHICOKHX IHEPIrUsixX

CBs13b P 1 iepenanHoro umnynbca B moaenu XIIK: q = -pyp+, (96)
rae moOanbHbId napametp py = 0.00872 + 0.00020.

I'Mnore3sbl:
1) Wo=mp/mg, vq=Wy2m, = 147.8; 2m vy, = 1.034 I'3B. (97)

W, - sHeprus B C.I.M. HpH KOTOPOW Macca ((-mapel mopsiika m,?
BuprtyaneHas 1mapa (J  BBIXOJMT Ha MAaCCOBYI0 IIOBEPXHOCThb IIpH

JIOCTHKCHUHU 9TOMW SHepruu? m,~3.5 MsB.

2) py= Mp/py = 115Mp = 108 I'B, noniepeunstii (4 = -pyPr)- (98)
Pt ® Py, IpH KOTOPOM 3P PEKTUBHBIN MTepeaaHHbIi uMITyIibe || = 1 [3B.

3) po = My /Mq= 1/100, (M, =296 MbB, m,~3.5 M3B). (99)
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Bknag BbICLLMX TBUCTOB

Jpyroii MexaHu3M reHepalii OJTHOCITMHOBBIX aCUMMETPHI ObLT MPEAJI0KEH
EdpemoBbiM u TepsieBbiM B 1982 1. [11]. B HEeM paccmarpuBaercs, B paMKax
KOJUJTMHEAPHOM KMHEMaTUKH, BKJIaJ TBUCT-3, YUYUThIBaOIIUMN 3 (PEKTH KBapK-
[JIFOOHHBIX KOPPEIALUM.

Oco0OEeHHOCTBIO YKAa3aHHBIX BBIIIIE MEXaHU3MOB SIBIISICTCSI 3aBUCUMOCTD OT
MIOTIEPEYHOTO UMITyJIbca Buaa Ay ~1/p1, 4To XapaKTepHO JJIsl BKJIaga TBUCT-3.
B 00miem ciayuae TBHCT-t maer Bkiaj B ceuenue Buaa Ac~(u/Q)¢.

DKCIepUMEHTAIbHBIC JaHHBIC IPH JOCTUTHYTHIX Ha CETOIHSIITHUN ICHb
TIOTIEPEYHBIX UMITYJIbCAX HE YKa3bIBAIOT HA 3HAYMTENLHOE YMeHbIeHue Ay (pr) ipu
YBEJIMUCHHUH P, KaK TIpeIcKa3biBaeT Mojaeb. CaMu TaHHBIC HE NCKITFOUAIOT
HEMOHOTOHHOM 3aBucuMoctu Ay(P+).

[11] A.B.Edpemos, O.B. Tepsie, SID 36 (1982) 242 -246., Ad 39 (1984) 1517 -1526.,
A.V. Efremov, O.V.Teryaev, Phys. Lett. B 150 (1985) 383.

[12] J. Qiu, G.F. Sterman, Phys. Rev. Lett. 67 (1991) 2264 - 2267, Phys. Rev. D59 (1998)
014004.
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MomeJsir MHCTAHTOHHOU XUIOKOCTU

MexaHn3M OCHOBaH Ha KBapK-KBapKOBOM B3aUMOJCUCTBUU, MHIYLIUPOBAHHOM
OOJIBIITM aHOMAJIbHBIM KBAPKOBBIM XPOMOMArHUTHBEIM MoMeHTOM [19]. Onenkw,
CICJIAHHBIE HA OCHOBE MOJIEJIA MHCTAHTOHHOU KUJIKOCTH IS Bakyyma KX/,
MOKa3bIBAIOT BO3MOKHOCTh T'€HEpAIUU OOJIBIION OJJTHOCIIMHOBOM aCUMMETPHUH Ha
KBapkoBoM ypoBHe. Ha Puc. 3 mokazansl 3aBucuMoctu acummerpuu Ay(Q,) oT
NEepPEIaHHOTO UMITYJIbCA, IPU PA3HBIX 3HAYCHUAX MapaMeTpa HHPPAKPACHOTO
oOpesanust M, (cieBa) U AMHAMUYECKOW MacChl KBapka M, (crmpasa)
COOTBETCTBEHHO. ACUMMETpHS MOXKeT nocturarb 50%, a 3aBUCUMOCTD OT
NEPEAAHHOTO UMITYJIbCA (; UMEET HHTEPECHBIE OCOOEHHOCTH.
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[19] N. Kochelev and N. Korchagin, Phys. Lett. B729 (2014) 117-120.
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BepnnHckass MOOeJik BpallaIMXCsI KBAPKOB

Moenp Bpaaronuxcs BaJCHTHBIX KBApPKOB B MOJISIPH30BaHHOM IpoToHe [13,14 ]
ObLIa mpeIoKeHa Il 00bICHEHHS MMPOUCXOKICHUS OJJHOCTTMHOBOM aCUMMETPHUU B
00pa30BaHUM TMOHOB U MOJISIPU3AIUU /-TUTIEPOHOB.

OpOuTanbHOE BpallleHUE KBApPKOB MPOUCXOAUT BOKPYT OCH MOJISIPU3AIMUA TPOTOHOB,
npudeM U- 1 0-KBapKH BPAIIarOTCs B IPOTHBOMIOIOKHBIX HAIIPABICHHIX, UTO
CBSI3aHO C UX MOJIsIpU3alMed U BOJIHOBOM (DyHKIMEH MpoToHa. B3auMmonencTeue
IPOUCXOJIUT BOIM3HU (DPOHTATBHON MOBEPXHOCTH CTAJIKUBAIOIIUXCS aJIPOHOB, TaK
4TO 00pa30BaBIIMICS TUOH MPUOOPETAET HOMOJHUTEIbHBIN MOMEPEYHBIN UMITYIIBC
Py PEKOMOMHAITUN ¢ MOPCKUM aHTHKBAPKOM U3 MUIIICHHU.

Monenb naet Ka4eCTBEHHOE OMMCAHUE OJJHOCITMHOBOW ACHMMETPHUH U TTOJISIPU3ALINT
TUIIEPOHOB.

[13] C. Boros, Liang Zuo-tang, Phys. Rev. D53 (1996) R2279; C. Boros, Liang
Zuo-tang, Meng Ta-chung, Phys. Rev. D54 (1996) 4680; Liang Zuo-tang, C. Boros,
Inter. J. Mod. Phys. A15 (2000) 927.

[14] H. Dong, F. Liand Liang Zuo-tang, Phys. Rev. D 69 (2004) 017501.
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BepsmmnHckass MOOeJIk BpallalliMXCs KBAPKOB

z 08 ' - 00— T | T T
< (=] I O ]
p(T)+p(0)— = +X =
04 © : :
M | -
= 017 1
0.2} T s ]
o 3 :
0 e 1 < 021 p, >1GeVic ]
4 | O pBe; p=400 GeVic ]
028 ___ very highs &'&Q 03] ® PpBe: p-800GeVic 1
oal Eﬁf P. =200GeV/c . B pp; vs=62 GeV
= + ] | A pPb; p=400 GeVic
— o Puc22GeVie + 1 04—l 1 . A PI/ICZ
0.6 - - : . 0 0.2 0.4 0.6 0.8 1
€% 02 04 06 08 1
Xg X

Ha Puc. 2 cieBa noka3ansl ganHbie 3kcnepumenToB E704 [14,16] u E925 [15] npu sHeprusax
200 u 22 I'3B, KoTOpBIE CPAaBHUBAIOTCS C JBYMS BapuaHTaMM napaMeTpusanuu qaHubix E704.
[penckazanus monenu st Py (Xg) B peakuu pp(A) — 4 X cpaBHHUBAIOTCS ¢ JAHHBIMU Ha
Puc. 2 cnpaga [15,16].

[14] D.L.Adams et al., Phys. Lett. B264 (1991) 462-466.

[15] C.E.Allgower et al., Phys. Rev. D65 (2002) 092008.

[16] D.L. Adams et al., Z. Phys. C56 (1992) 181; A. Bravar et al., Phys. Rev. Lett. 75 (1995)
3073.; A. Bravar et al., Phys. Rev. Lett. 77 (1996) 2626; D.L. Adams et al., Nucl. Phys. B
510 (1998) 3.

[17] Liang Zuo-tang, Single spin asymmetries in inclusive high energy hadron-hadron
collisions processes: 1996. Preprint FUB-HEP-96-5, arXiv:hep-ph/9604293.

[18] Liang Zuo-tang, C. Boros, Phys. Rev. Lett. 79 (1997) 3608.

24



KupanesHass Momenb GuabTpaummM CHIMHOBBIX COCTOSIHUM

Enre oquH MexaHu3M MATKOW (HenepTypOaTUBHOM ) T€HEpaIuy OJHOCITMHOBOM
ACUMMETPUU OCHOBAH Ha KUPAJIbHOM KBAPKOBOU MOJIENHN, B KOTOPOU IPUHATHI BO
BHUMAaHUE Takue (PaKTOpbl, KAK YHUTAPHOCTh U KapTHUHA MPULIECIIBHOTO apaMeTpa
[18]. B paccmarprBaeMoi MOACIH IPOUCXOIUT (DHIIETPAIINS CIIMHOBBIX COCTOSHUM,
KOTOpasi 00yCJIOBJIEHA YHUTAPHOCTHIO B S-KaHasie. OHA CBS3bIBACT MOJISIPU3AIUIO C
ACUMMETPHUEH B TTOJIOKEHUM KBAPKA B IPOCTPAHCTBE MPHUIIEIBHBIX TAPAMETPOB.
[18] S.M. Troshin, N.E.Tyurin, Phys. Part. Nucl. 41 (2010) 54-63.

[19] S.M. Troshin, N.E.Tyurin, Chiral quark model spin filtering mechanism and
hyperon polarization: 2005. arXiv:hep-ph/0509238.

[Tonsspuzanus TMIEPOHOB NOKa3aHa Ha Puc. 4 B 3aBUCUMOCTH X¢ (ClieBa) U P
(cripaBa) cOOTBETCTBEHHO. CIUIOMIHBIMU JTUHUAMHU ITOKa3aHbI Pacy€Thl 10 MOJIECIIN
¢uapTpanuu cimHa [19].
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Bpaiienue napToHOB B CTPYKTYPeE COCTABJISIONIEI0 KBapKa

B pabortax TpommHa u TropuHa paccMarpuBaeTCs TaKKe MEXaHU3M, B KOTOPOM
MPEATIOIAracTCs BOSHUKHOBEHUE OJTHOCIIMHOBOM aCUMMETPHUU U MOJIAPU3ALINA
TUIIEPOHOB 3a CYET BpAIllCHHUSI KBAPK-aHTUKBAPKOBOTO 00JIaKa BHYTPU BaJICHTHOTO
cocrabistoniero kBapka [20,21,22]. OcHoBHas pojb B MEXaHU3ME BOSHUKHOBEHUSI
MOJISIPU3ALIMU TUIIEPOHOB MPUHAJICKUT OPOUTATLHOMY MOMEHTY U MOJISIPU3AILlUU
naphl SS -KBApKOB, BXOAIINX B CTPYKTYPY COCTaBIsAIONMEro kBapka. O0pa3oBaHue
TUIIEPOHOB MPOUCXOAUT B JIBE CTaAuu. Ha mepBoM cTaguu MPOUCXOAUT MEPEKPHITHE
U B3aUMOCHCTBUE NIEpUPEPUUICCKUX 00JIAKOB COCTABIISAIONIMX KBAPKOB, YTO
MIPUBOJIUT K TTOSABIICHAIO MACCUBHOTO CTPAHHOTO KBAapKa U T€HEPALIUU CPETHETO
nojs. Ha BTopoii craguu mpoliecca pad0oTaroT ABa KOHKYPUPYIOIIUX MEXaHU3Ma:
MPOMCXOJIUT PEKOMOUHAIINS COCTABJISIIOIIMX KBAPKOB C MACCUBHBIM BUPTYaIbHBIM
CTPAHHBIM KBApKOM (MSTKOE B3aMMO/JICHCTBHUE) ¢ 00pa30BaHUEM T'HIIEPOHA; JIMOO
paccesHue COCTaBIISIONIECTO KBapKa B CPEITHEM I10JI€ (B3aMMOJICUCTBUE C OOIBIION
nepeiayeil MonepeyHoro UMITYJbCa), €ro BO30YKJI€HHE U TTOSIBIICHUE CTPAHHOTO
KBapKa B pe3yJibTaTe paciiajia BO30yKJICHHOIO KBapKa. 3aTeM MHPOUCXOIUT
(parMeHTaIus CTPAHHOTO KBapKa B TMIIEPOH.

[20] S.M. Troshin and N.E. Tyurin, Phys. Rev. D54 (1996) 838.

[21] S.M. Troshin and N.E. Tyurin, Phys. Rev. D55 (1997) 1265.

[22] S.M. Troshin and N.E. Tyurin, Phys. Part.Nucl. 35 (2004) S63-S66.
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Bpaiienue napToHOB B CTPYKTYPeE COCTABJISIONIEI0 KBapKa

CpaBHeHMe NpeAcKa3aHuil MOJICNIM U JJaHHBIX JJ1 uMnyibca nydka 400 I'»B/c, B
3aBHCUMOCTH OT Xg M P1 COOTBETCTBEHHO, TIOKa3aHo Ha Puc. 5a u 5b [21].
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IIpaBujia KBaAapKOBOIO CYeTa IJIA Vp
B mpoueccax p+p —A+X u p'+a — n’+X

= 11

uly o/
3
C 1 u =\
g =1 U1 =X\
-0 = A\ dl v =\
U = —TA - u _ V= —T\
u L’:—'T/\ > d} T (B) V= —T
d v=-—TA
pp — A + X production quark diagram. pr~ — 7 + X production quark diagram.
Color flux tube counting. Color flux tube counting.

B2 ~v,=[1+1-3tA] >0; JB? ~v = [3A—t(1+1)]<0; (40)

Py~ va(@Pg- 2)/12Mg<0 An~(2PytPp)/3-va(0% - 2)/2Mg> 0 (41)
Y4YuTbIBa€M TOJIIBKO S-KBAapK, TaK  YcpedHseM 1o U- u d-KBapkam, OCKOJIBKY
kaKk U md mapa kBapkoB B A o0a KBapKa JaroT BKJaz B oOpasoBanue 1.

HaXOaAUTCs B CUHITICTC 110 CIIMHY.
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ete” — K*(892)°T + X

Poo P11
1 0.4

- + - #* 0 _
Vs =91.19 GeV e'e ~K(892)°X Vs =91.19 GeV e'e 5K (892)' X

(-)0.2 0 02 04 06 08 1 -02 0 02 04 06 08 1
Xp Xp
Fig. 6. Dependence of pgy ON X at Fig. 7. Dependence of p, ; On X at
energy Vs = 10.58 GeV energy Vs = 10.58 GeV
Ine+e- —» K* (892) % X [121]. in e+e- — K*(892)01 X [121].

[121] OPAL , K.Ackerstaff, PL412B(1997)210 o6
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NMonsipu3saumoHHble addekTbl ana peakumm pT + p -nl + X

Ay (X,) — moutn

JIMHeHa a1st 0
va= [3A —1(1+ )] = -0.43091,
CkelJIMHr:

AN (g, Py S) = Ay (Xa, X5 Py)
X, = -U/ls = (X + Xc)/2

Xg= -t/s= (Xg — Xp)/2

Tpu nopsiaka mno

JHEPIUM B JI.C.K.

©® @ur: (mannblie STAR)
© Ay(Xy) =A,(Xs—Xp)

X, = 0.2514 0.023

(CxennuHr)
. 0.7
o - & [22] 200 GeVic, pp, E704
0.6- *® [21] 200 GeV/c, pp, E704
- % [30] 21298 GeVi/c, pp, STAR
05 * [30] 21298 GeV/c, pp, STAR
’ O [14] 40 GeVic, £ p, PROZA
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Kaaccol OJHOCIIMHOBBLIX MHRJ/IIO3UBHbLIX IIPOIECCCOB

1)B+B—>B+X 16 peakuii
2)B+B — B+ X 7 peakuuii
3) B+B—B+X 0 peakruii
4)]~3+B—>]~3+X 1 peakuii
55 B+B—->P+X 13 peakmmii
6)B+B—->VI+X 12 peakmmii
7)B+B—-P+X 6 peakumii
8)B+B — V1 + X 4 peakun
P+BT P+ X 8 peaknuii
100)P+B—-> BT+ X 6 peakiuii
11)P+B > B+ X 4 peakiun
12)L+B"—>P+X 6 peakiuii
13) L+B—> BT+ X 2 peaKIn

14)L+B - B+ X 1 peakuyn

15)e+te- — hT+ X 4 peakuu

16)P+B —->VT+ X 4 peakuu

B — 6apuon, P —wme30u(J=0), V — BekropHbIi Me30H(J=1),
L — nenroH. Beero B rmo6anbHOM aHaINW3€ MCIIOIB3YIOTCS JaHHbIe 94
MHKJTI03UBHBIX peakiuii, 4099 skcriepuMeHTaIbHBIX TOYEK.
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Existing data on Ay(Xg, p) for pT +p(A) —» n° + X

AN AN

0.1 0.15

B 500 GeV, pp, A144 XF=0.20

@ 200 GeV, pp, A150(1) XF=0.28
B 200 GeV, pp, A150(2) XF=0.32
@ 500 GeV, pp, A144 XF=0.28 O 200 GeV, pp, A150(3) XF=0.37

200 GeV, pp, A150(4) XF=0.43
] 500 GeV, pp, A144 XF=0.36

0.1 | A 200 GeV, pp, A150(5) XF=0.50 A
A 200 GeV, pp, A150(6) XF=0.60
0.05 -

q 0]

f = 0.05 +
% § 10 0, 4

Pp GeVie p» GeVie

Fig. 2. Dependence of A on p; at Fig. 3. Dependence of A, on p; at
energy in ¢.m. Vs =500 GeV and for energy Vs = 200 GeV and for several
several values of x¢ in pp collisions [43]. values of x; in pp collisions [44].

Curves show calculations using the CPQ model. The CPQ model is
consistent with the data. No decrease in A (p;) with increasing

pPr, as predicted by the pQCD, is observed. Abramov V., SPIN2021 o4



Existing data on Ay(Xg, p) for pT +p(A) —» n° + X

Ay Ay
0.3 0.4
1 9.78 GeV,ad126 pp, V.V.Abramov et al. O  62.4GeV, pp, al70(1) et al.
® 1943 GeV,ad116 pp, D.L.Adams et al. ® 200 GeV, pp, al70(2) et al. PTP—”TO +X

0.3 r

0.2 | B 200 GeV, ad141 pp, S.Heppelmann et al. 200 GeV, pp, A171 et al.

* 200 GeV, ad150 pp, B.L.Abelev et al.

¢ 200 GeV, pp, A174 et al. ‘
0.2 — ¥¢ 500 GeV, pp, A188 et al. +
B 510 GeV, pp, A184(1) et al. ]
0.1 i .
T r
0 —F7+¢ .
_0.1 L | 1 1 _0.1 | | i |
0 02 04 06 038 1 0 02 04 06 08 1
XF XF
Fig. 6. Dependence of A, on X at Fig. 7. Dependence of A, on X at energies
energies Vs = 9.78, 19.43 and 200 Vs = 62.4 [10], 200 [10,11,12], 500 [13]
GeV in pp collisions [7,8,9,5]. and 510 [14] GeV in pp collisions.

Ay (X \s) is usually rising with x-. Some dependence of Ay on Vs is visible.
Abramov V., SPIN2021
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Ilpeneccusi CMMHA KBAPKAa B
XPOMOMATHUTHOM I10Ji¢ CTPYH

»Jlapmoposa npeneccus cnuna ksapka & B none B,= 2a,Nr/p®:

de/dt ~a[g B] + b(vB)[g V] + d[S[EV]  (BMT-eq.) (5)
a=0,(9-2+2My/Ex)2My  (My=Mp=0.3 3B) (6)
b = 05(9-2) Eo/(EqgtMo)2Mg ;. gy = V4ma = 2.5; (7)
d = g, {9 - 2Eo/(Eq+Mg)}2Mg, (8)

BMT-ypaBHeHUE BBIBEICHO B KBA3UKJIACCUUYECKOM MPUOIMKeHUU. MMmysbc
YaCTHUIIBI HE JOJKEH 3HAYMTEILHO MEHSATHCS Ha PACCTOSIHUU MOPSIKA JJTMHBI BOJTHBI
h/p. Jlapmopos paguyc R = p/g.B » h/p wm p » (29,0, v)¥?/p = 0.60 I'>B/c.
Brmagamu ~ b u d MbI IpeHeOperaem, T.K. P BBICOKMX SHEPIUAX B 001aCTH

¢parmenTanmu npubmmxenno V L B, V || E, rme V — ckopocts kBapka.

10.
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IIpeneccust Tomaca B 3phpeKTUBHOM
XPOMOJJIEKTPHYECKOM I10J1€e

U =5 - mobaBounblii Bkiaa B ['aMUIbTOHNAH (128)
o= [FV]/My - uyacrora npenecenn crimna for Eq»pMo, (129)
OP = -m+/AE — monspuzanus nns pp—A+X, roe AE >0. (130)

» Hanpasnenue u BenuuuHa cuiibl F= ¢.E? onpenensiercst u3 npasui
KBapKOBOI'O CYETA:

F, =0<E%, =-20c0c [1 + A -3t A ]/p?<0 g Q=s B pp—A+X, (131)
F, ~-20505 [3L - 3t A )/p? >0, 8A <0 g Q=uin pp—ont +X. (132)
» F, 3aBucut ot nporecca! OPy > 0 ansa Q=S B pp—AT+X.

JlOnOIHUTENBHBIN BKIIAJ OT Ipeneccnu Tomaca B nmoisspusanuro oPy>0
MPOTUBOIIONIOXKEH 10 3HAKY npesackazanusm Py <0 B monenu DeGrand
mis pp— AT +X. OcHoBHOM BKIaj B ojspusanuio A B moaenu XIIK
0OyCJOBJIEH BKJIAJIOM XPOMOMArHUTHOTO OIS ¢ 3HAKOM 0Py < 0 .



B3aumMmoaercTBHe KBapKa ¢ 1oJieM
KX/1-cTpyHbI

B
[IpogonpHOE XpOMOaneKkTpuueckoe E2 (/;\\1 = )
H LUPKYJIApHOE XpoMOMarautHoe B2 @ . \@ — O Q
ot KX /[-CTpyHBI. N

— _ i Color flux tube fields B and E.
n SgQgS/ZMQ XPOMOMAIHUTHBIN A .B.Mipgdal, $.B.Khohlachev, 1985

MOMCHT COCTABJIIAKOLICTO KBapKa. JETP Lett. 41. 194
(1985) .

3aBUCUMOCTH MOJIA OT paCCTOSHUA I OT OCH CTPYHBI.
EC)., =-2a,N /p? exp(-rilp?), (1)

B®@), = -2a;N rip* exp(-r?/p?), (2)

rne N — uucno kBapkoB, p =1.25R.-~ 2.08 B,
Rc.1=~ 0.6 I'B, R. — pamuyc koHdaitumenTa, o = g.2/4m = 0.5;

10.
a7



P PeKTUBHOE NMONEePEeYHOEe XPOMOMATHUTHOE I0JI€e

B paborax A.b. Murnana u ap. B npuOmmkeHuu 3p(PEKTUBHOTO JarpaHKuaHa
MOJIy4€Hbl YpPaBHCHMS, OMNHUCHIBAIONIME CPEIHHUE I0J B IJIFOOHHOW CTpYHE,
COCAUHSIONICH KBapK M aHTUKBapK. BiusHue HenepTypOaTUBHBIX 3(D(PEKTOB
YUYUTBIBACTCS MOJICJIbIO W MPUBOJUT K CTPYHHOMY PEHICHHI0, B KOTOPOM
[JTI003JICKTPUYECKOE TI0JI€, HAMPABJIECHHOE BJOJIb OCH CTPYHBI, OKPYKEHO
UPKYJISIPHBIM TJIIOOMarHUTHBIM TiosieM. Ilojig Jokanu3oBaHbl B 00JacTU €
MOIIEPEUYHBIM Pa3MEPOM IOPsJIKA pajinyca KoHpalHMEHTa.

3aBMCHMMOCTBD I0JIsI OT NMONEPEYHOI0 PACCTOSTHUSL I OT OCU CTPYHBI.

AD =1f(x)Ip, AR, =g(x)lp, x=rlp, f(X)=2+ @(X); (4)
9(X) = a5 (p) va exp(-r2lp?), @(x) = -a5(p)2va? [~ dtit exp(-t)[1 - exp(-t?)]; (5)
EC,=AD, A@, . EW =-0AW;/or, BB =-0A®), /or=-g'(x) Ip? (6)
E®), = 2a.v, Ip? exp(-rip?); (7)
E®), = -a,2v,2/(rp) exp(-r2Ip?)[L — exp(-r2ip?)]; (8)
B@, = 2a.v, rlp3 exp(-rilp?), 9)

e V) — YUCJI0 KBapkoB, p =1.25R.= 2.08 I B;
R.1~ 0.6 3B, R — paanyc kondaiinmenra, o, = g.°/4n~ 0.3.
A.B.Murnaa, C.Bb.Xoxsaaues, IIncbma B ZKIT®, Tom 41, (1985) cTp. 159-162.

A.b.Murnan, C.b.Xoxnaues, JI.H.Iyp, KIT®, Tom 91, (1986) cTp. 745-753. 28



P PeKTUBHOE KPYIrOBOE€ XPOMOMATHUTHOE IOJIe

B pab6orax FO.I1. ['oH4apoBa nmonydeHsl peneHus ypaBHeHu Sura-Muiica u s
HUX — pEIICHUs ypaBHEHUS J(upaka 11sl mapbl KBAPK-aHTUKBAPK (ME€30HBI) U 151
Tpex KBapkoB (Oapuonsbl). Ilonme wMeeT KpyroByrd XpPOMOMAarHUTHYIO
KOMITOHEHTY B2. XpoMOMarHuTHOE noJjie 00ecreuynBacT KOH(QANHEMEHT KBapKOB.

Ai=alr+A, A,=br+B. Pemenus ypasHenuii SInra-Muuica.
a, (=0) — «; gS \(4ra) — 2m; A.Deur, Nucl. Phys. A755(2005)353.
PeanpHo ucnomnsiyetcs g, ()=6.10-2.84, =VQ2=m,.

Yu.P.Goncharov, Mod.Phys.Let.A16(2001)557-569.

Yu.P.Goncharov, Phys.Let.B617(2005)67-77.

Yu.P.Goncharov, e-Print: hep-th/0512099.

Yu. P.Goncharov, N.E.Firsova, Int. J. Theor. Phys. 49 (2010)1155. Classical model of confinement.
Yu.P.Goncharov,arXiv:1312.4049 [hep-ph]. Quark confinement for baryons.

Haanuyue B ajpoHax KpPyrosoro xpoMOMardimTHOIo I1oJjsi B HA4YaJIbHOM H
KOHCYHOM COCTOAHMAX IIPUBOAUT HAC K TI'HUIIOTE3€ 0 BO3MOKHOCTH €I'0
HAJUYMA M B 00J1aCTH B3aHMOHeﬁCTBHH a/IPOHOB B HepeXOHHbIﬁ IICPHUOI.

29



3aBHCUMOCTD 05 OT NMEPEJAHHOI0 UMITYJIbca (g

CpaBHEHUE Og B
AHAJIMTUYECKOU TEOPHUU
Bo3myieHui (ATB, I1IupkoBs)
n TB KX/I.

B ananu3e 1aHHBIX XapakTepHas
BeIMYMHA Og ~ 1.14, uyto
COOTBETCTBYET YCIOBUAM
AVHAMUYECKOTO HAPYIICHUS
kupaibHOU cumMmeTpun KX/I.

K. Higashijima, Phys. Rev. D29,
1228 (1984).

J1J1s1 O1IEHKM (] UCITOJIb3YETCS

i

1.5

1.25 |

0.75 |

0.5 |

e
-
ﬁ-‘.
-"h
~——
— -
- -

COOTHOIIEHHE ( = PPy, THe  py = 0.0106£0.0009. (23) @ .,



3aBHCHUMOCTD Ug OT HEPCAAHHOT'O UMITYJIbCA

BreipaxkeHue Wisl Olg, HOJIy4€HHOE B paMKax TEOPUH BO3MYIIEHHM,
UMeEeT He(PU3NYECKYI CUHTYISIPHOCTD MPH MaJbIX 3HAYCHHUSIX
nepeaaHHoro uMnylsibcea . Penienue mpo0aemMbl NpeaaoKeHO
J1.IIInpkoBBIM B aHATUTHYECKOM TeopuH Bo3myIineHun (ATB).

1.1 1

—_— 2 —_— — | —
(IS — ﬂE(q :] J@\D[EE —I_ ]_ L EIP(EE:]], (24)
7’ P
h=1+Blnvi? 427, I =In(15), B= 5, (25)
III
33 — 2n; 153 — 19n;
.'SD(TL.{] — ]_ETT ! -ﬁl(Tlf) — 2_,1:?_‘_2 ! (26)

rae Ny — YACIIO aKTUBHBIX KBApPKOBBIX apoMaroB, A = 0.35 [3B.

JI.B. lupxoB u A.B. 3asxun, D 70, 119 (2007).
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3aBucuMocTh Mg 1 Ap®, oT mepeaHHoOro UMIyJibca g

B uncrantonsou moaenu
ITMHAMHWYECKHE MACCHI I\/IQ 51

AHOMAJIbHBIE XPOMOMATrHUTHbBIE
MOMEHTBI KBapKOB Ap®5 3aBUCST
OT IIEPEIAaHHOIO UMIyJIbCa (:

Mg(q) = mq + AMgFi(q),

Aph(g) = Apd(0)Fi(g)?,

Fig) = exp[~( 1)),

rae , = 0.7 I'3B/c.

(27)

(28)

(29)

g = poPr, tIe p, = 0.0106+0.0009.

M, GeV

0.5

04|

03}

0.1

0.2}

- * Dynamical quark mass vs momentum q

[ o.M.IIb9K0OHOB,
:*\ 2003
| — ‘v*\‘
x%\
B \*\
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-.__*__ ______
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Ao GeV



Dependence of the color field on centrality

The effective chromomagnetic field B2 depends on the centrality u, of collisions.
Ba(uc)/Ba(O-5) = U(uc) = Cl'CZ(uc+u02) +C3(U03 'I_uc4 'ucs)v 0< U < 1, (12)
where ¢, = 6.1184, ¢, =9.5397, c; = 13.0326, with normalization U(0.5) = 1.

B/B(0.5)

CPQ model, Vs =200 GeV

The width An of the pseudorapidity
difference of the two quarks increases 6 -
for more central collisions. This )
dependence was parameterized to

reproduce the “ridge” data for the p+p, 4r
p+A and A+A collision.
2 .
0 | | | il | i

0 02 04 06 08 1
Centrality
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AHOMAJIbHBIA XPOMOMATHUTHBIM MOMEHT KBapKa

I'smoBasbHBEIM QUT
[TOJIAPVMIBAUVIOHHBEIX IJAdHHBIX ¢
(cpemnee mis U,d-KBapKoB)

p® = -0.4257+0.0051;

M, = 0.2781+0.0025I'B.

[Ipenckazanue HHCTAHTOHHOM MOJIEIU
(rToxa3aHO CUHEH KPUBO):

ne = —-0.4448

(M, = 0.2781 I'sB).

I'ne My=0.2781+0.0025 I'3B/c? — cpenusia nunamMudeckas Macca U,d-kBapkos,
p =1.67 I'3B! — cpennnii pasmMep HHCTAaHTOHA,

o, ~ 1.1425, g, =~ 3.78 u3 APT (. B. llIupkos) nns q=0 (o, = 0.5 B DP).
D. Diakonov, Prog.Part. Nucl. Phys. 51, 173 (2003).



I'100anbHas noJasipu3anus A-runnepoHoB B
coyaapenusx Au+Au (kotaiigep RHIC)

[IBeTHOE MIONe B? mponoprmonansuo uncity kBapkos N ~Al -exp(-w/As)

P
0.6 7 06
AutAu—A ) Au+Au—A
0.4 e 0'4 L
0.2+
+ 0.2+
)=
[ ’_+ 0 __."._.—_.__*_* ||
-0.2 - i
Jart 02} +W.
-04 -
-0.6 - s, GeV 047
e 200 _0'6 L
-0.8 STAR, preliminary .ﬁ"sﬁ’zﬂev
_1 | 1 1 1 1 '0.8 B
0 1 2 3 4 5 6 ,
G V}- - 1 | | 1 | 1 |
Py EV/E 01 2 3 45¢6 7 8

Au+Au—A: \Vs=200 GeV, o,=-374+51; Au+Au—A:\s =62 GeV, ©,=-58+38
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A, for @ In e*p-collisions

The © production Ay In

e*p collisions is etp! -met X
measured In the Ay

HERMES experiment. 0.1 ———

K.Rith, SPIN2010, x,=-0.14
J.Phys.Conf.Ser.295: 0.05L ©

012056,2011.

The data are described
well for different x- and
reactions. The ECF is
described by Quark -0.05 |-
counting rules for g-q
pair, moving forward and 4 4 . .
uud-quarks, moving in 0 0.5 1 1.5
the opposite direction.




A, for K- In e*p-collisions

The K- production Ay In
e*p collisions is
measured in the
HERMES experiment.
K.Rith, SPIN2010.
J.Phys.Conf.Ser.295:
012056,2011.

0.1

0.05

etp! -K et X
A‘N
o x,=-0.30
x,=-0.14
e x=+0.01
| o
QO
0 0.5 1.5



BoiBoa ypaBHeHMH 1J1d Py 1 acuMMeTpum aApoHOB A

YcnoBueM MNPUMEHMMOCTH KBa3WKJIACCMYECKOIO IOAXOJa SBIISETCS
HE3HAUUTEIILHOC M3MEHEHHE HMITyJbCa KBapkKa Ha PacCTOSHHUHU
opsiKa JJIMHBI BOJIHBI h/p.

Jlapmoposckuit panuyc R = p/g.B2» h/p (70)
WIIH
p » (29,0, v)¥?/p = 0.6 I'3B/c, (71)

e xapakrepHoe mnoie B2 = 2a.v/p?.
Taxkke paguyc CTpyHsl p » h/p, oTKyna moiryyaem

p» hip=0.5I3B/c. (71a)



[Tonck oBLLMX 3aKOHOMEPHOCTEN B MONAPU3ALMOHHbBIX SABIIEHUAX

['moGanbHBI (PUT MOJAPU3ALMOHHBIX JAaHHBIX i1 80 MHKIIO3UBHBIX pPEaKIMM.

Yucno Touek 3325, umciao mapamerpoB — 91. Ilpum MuHMMH3amuu Y2 BeC

y —1/( 2 2 _
OKCHIEPUMEHTATLHON TOUKU W=1/(0%, + G%yq), THE Ogyy U Oy - OLIMOKM JTAHHBIX

u moaenu coorBeTctBeHHo. 0,00<o

80

60

40

T

20

ID 79
3160
0.1309E-01
0.9462

Entries
Mean
RMS

67.57
0.1904E-01
0.8M47

Constant
Mean
Sigma

“J.' 1 L

3325 Osys

3325 N reaction 57 2
3325 N events 1139 159
3325 Fraction 0.343 0.048

0

2.5

(YTh_YExp)/ Cexp

0.0000 0.0050 0.0100 0.0200 0.0300 0.0500 0.0700

S

SyS

<0,07, y¥?/d.o.f.=0,916. v°=2963.
PacrnpeneJjieHME Pas3HOCTU
SKCIIEPUMEHTAJIbHEIX HaOJ0IaeMbIX
(Y@®) M MX MOIEJIbHBIX OLIEHOK
(Yy,) , HOPMaJIM30BAHHOM Ha
BeyMuMHy OommOKM (O%, + G2
Pe3ynbrar puta rayccoBbIM pacnpeaeaieHueM
MMOKa3aH KPaCHOM KPUBOM.
o =0,90; y%/d.o.f.=1,26.
70% Touex umeroT oy, < 0.01,

85% peakimii UMEIOT Gy < 0.01.

)1/2.

9 7 1 1 3
1026 4677 198 219 117
0.309 0.140 0.0060 0.066 0.035
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Baryon polarization oscillation

The best studied
reactions: PN in hp &
hA—collisions. 19
reactions Ne 2442, 691
points. High precision
data.

G,(0,)

We expect oscillation for
Kp—-oAT+ X

Model — solid curve:

G(@p) = (1-CosQp)/@ptepy



Data for 46 most studied reactions, -10 < ¢, < 40.

For anti-hyperon

production in pp or pA 2

collisions the effective
color field and the
precession angle ¢, are
high due to large number of
spectator anti-quarks. As a
result the polarization
oscillates as a function of

Xe OF Q4. -
Model: Solid curve:

G(pp) = (1- cos@p)/@ptep,

1

O
all=" A7 K
0 EFH' .iIEEI
h [
¥ T
¥

2
-10



Vector meson polarization

The best studied G,(0,)
reactions: Polarizationin 2
hp & hA-—collisions.

9 reactions Ne 51+59, pCu—Y(S2)
116 points. High
precision data.

0 —= .
+ pP—Y(S1)
Model: ol Ty \pCu—>Y(Sl)
Solid curve: ] . ] . .
G(@n) = (1- COSQA)/Pptep, -20 -10 0 10 20

04



BBeneHue

B oOmeMm ciydae CHIBHBIX B3aUMOACUCTBUM M CIHMHA 72 A
MOJIIPU30BAHHBIX HAJICTAIOIIEH M PACCEIHHOM 4YaCTHUIl CECUYCHHE U
MOJIspHU3aLKs MOTYT OBITh 3allMCaHbl B BUJIC:

I =1o(1+pA), (2)
Px’l = IO(prX,x + szX,z)’ (3)
Pl = 14(Py.+ p,KY), (4)
Pz’l = IO(prZ,x + szZ,z)' (5)

[1] G.G.Ohlsen 1972 Rep. Prog. Phys. 35 717.

31ech P, Py» P, - KOMIIOHEHTBI MOJIIPU3ALUH HaJIeTaroIIeN YaCTULIBI, Ay
— aHamu3upyromas cmnocobunocts, P,. P, P, — nomsipusarms
paccessHHON vacTuilbl, Ko3gduuueHnTsl K y4uThIBAIOT JBYXCIHHOBBIC
Koppessinud. Jlajmee Mbl OyaeM paccMaTpHUBaTh TOJBKO OQHOCIIMHOBBIC
HaOJIfofaeMble, MO KOTOPBIM HMEETCS OOJIBbIIIONM MAacCHUB JAHHBIX s

ACCATKOB pCaKHHﬁ, HMHKJIFOBUBHBIX U 3KCKJIIFO3NBHBIX. 5



IToporosasi 3aBucumocTtb Ay ot yriaa M

B cirydae ncnonp3oBanus 00001eHHBIX ypaBHeHn (60)-(63)
MaJbIX ymioB npetneccuu Ay ~ (Y, — oYg). OrpaHuueHnue Ha yrod:
tg2(6m/2) < [E, — m_+(f,+0a, )Vs]/[ayVs + o(E,+f, Vs ) —m_] (76)
d o0m < 78° g w 0°M < 89° g w owm Vs >10 B

ma nt f,=-0.057; 6 = 0.776;
a,= 0.097; E, = 1.56 I'3B;

ma v fy=-0.149; 6 = 0.791, [
[IpenenbHbIN yrom 0°M = 40 |
0oy YMEHBILIAETCS C _

20

POCTOM PHEPIrUH, CMOTPH

PUCYHOK crpasa, EM,

IIPU STOM YBEIIMUUBACTCS. 1 10 10
Vs, GeV »




I'py6asi ouenka Py mas peakmum PA(p) —»AT X
Py = -(D/p)g?sG(@a)/ (9% - 2)/2, (61)
Pp = O X,  «YTOJ IMPELECCUH KBapKa B 001acTh (pparMeHTamm Ay.
Op = 00.Va Sp(0% — 2)/(Mgp?) «uactora ocumumsaiuny  (62)

G(@a) = Pal2;  Xa=(Xg *Xg)/2 (63)
o, ~1.14; g.=V(4rna)=3.78; vy=[1+A-3tA] =1+L=0.87 (64)
D,=D/p~0.747+ 0.021; m, = Sy/p?~ 0.3573 + 0.0016 I'3B;

Ms= 0.471+0.007 I'3B; (macca S-xkBapka).

Py = -(1+A1)/4-D, 9% g5 o, M, X, /M, (65)
PN (A) ~ -0.69 Xa; Xp = 05— PN =~ -0.34, (66)

Heo0xoqumo yuutsiBath Gopmpaxtop F(p,A) = 0.63 nas
Pr=0.8 I'3B/c u nokanbueli D= 0.62 - Py =-0.18 (X, =0.5). .

=



Summary and outlook

4 The analyzing power (A,) and hadron polarization (Py)
reveal scaling dependence on kinematical variables:

Ay = G(p.Ya)/(1 — ExAs) , as expected in the effective color
field model.

4 P, and A oscillation due to the quark spin precession in the
effective color field is predicted and confirmed for proton, A,
A, Jy, K*(892)-, =0, = production.

4 Oscillation frequencies m, obey the quark counting rule and
rise with \'s and projectile atomic number.

d Spin precession mechanism allows to estimate p,=(g-2)/2:
(9-2),/2=—-0.75 £ 0.03(stat); (g9-2)4/2=—0.53 £ 0.10(stat),
which are consistent with the instanton model predictions.



BBenenue

B nocneonue 200wvt aghghexmy Lllmepna-I epraxa yoensemcs HUMarnue
KaK meopemuxos, makx u 3KCNepumMeHmamopos.

Observation of the Continuous Stern-Gerlach Effect on an Electron Bound in an
Atomic lon. N. Hermanspahn,2 H. Hiffner,1 H.-J. Kluge et al. PRL 84(2000)427.

Stern-Gerlach Effect for Electron Beams H. Batelaan, T. J. Gay,
and J. J. Schwendiman, Phys.Rev.Lett.79:4517-4521,1997.

Garraway, B.M., and Stenholm, S. (1999). Observing the spin of a free electron. Phys.
Rev. A 60, 63.

A microscopic Stern-Gerlach magnet for electrons? D.L. Freimund, and H. Batelaan,
Laser Phys. 13, 1, (2003).

The Stern-Gerlach experiment, electron spin and intermediate quantum mechanics.
A R Mackintosh 1983 Eur. J. Phys. 4 97-106

10.
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Global data analysis, inclusive reactions: Ay

Go(y)

An(Xp) and Ga(@a)

oscillate due to spin

precession in color 1+

field.

Vs =200 GeV
The best studied 0 7%;@%@%
reactions: Ay inhp & { }
hA—collisions. '\
14 reactions Ne 114, -1 pr_’n /
510 points. High \s <70 GeV
precision data.  plpomKE |
Model: Solid curve: s -0 s 0 S ¢1“
A

G(@p) = (1-CosQp)/@ptepy



summary

A semi-classical mechanism is proposed for single-spin phenomena.

»Effective color field of QCD strings, created by spectator quarks &
antiquarks is described by quark counting rules.

>Microscopic Stern-Gerlach effect in chromomagnetic field and
Thomas spin precession in chromoelectric field lead to large SSA.

> The energy and atomic weight dependence of effective color fields,
combined with quark spin precession phenomenon, lead to oscillating
behaviour of Ay and Py, as a function of kinematical variables.

> Additional anti(quark) production at high Vs > 70 GeV changes the
dependence on kinematical variables and violate Ay (xg) or P, scaling.

»Quark focusing or defocusing in the effective color field leads to an
additional resonance like energy dependence of Ay or Py.



O0cy:xaeHue pe3yjabTaToB

] H3yuyenue oqHOCHHUHOBBIX 3 PeKTOB B coylapeHHsIX
a/IPOHOB AABJISIETCS TOM 00/1aCTHI0 GPU3MKH BBICOKHX
JHEPIUH, I71e MPOABJIIIOTCH Ba)KHbIC CBOMCTBA TCOPUM
CHWJIbHBIX B3aumoaeucreuil — KX /1:

O CTpykTypa aapoHOB NpH pa3JIHYHBIX Iepeaavyax
umnyJbca. Tpu odaactu o P, (0-0.7); (0.7-3); (>3) I B/c.

(] CnonTaHHOe HapyllleHHe KUPAJbHOH cuMMeTpuH. PoJb
COCTABJAKIINX U TOKOBbIX KBapkoB B KX/ mpoueccax.

] Mexanu3M agpoHH3aIMd KBapKoB (KOH(paHMEHT).
d Poar KX/ cTpyH.

] Bpems ¢pparMenTanuu u (popMUPOBAHUS ATPOHOB.

11.47



O0cy:ka1eHne pe3yjabTaToB

1 IIpemeccusi cnuna kBapka B 3¢ eKTHBHOM
XPOMOMATHUTHOM I10JI€ M OCHUJIJISIIMH ACUHMMETPHUH.

U IIposiBjieHNe CKeHJIMHIa ¥ MONPABKH K HEMY NPH
HU3KHUX JHEPrusx.

] Biausinne nBeTHBHIX J-(pAaKTOPOB M MACC COCTABJISIIOIIHNX
KBAPKOB HAa OJJTHOCIIMHOBbIE HA0JII01aeMble.

U IIpaBuja KBapKoBOro cueTa AJs OAHOCITHHOBLIX
MPOLECCOB, HANIPUMEP IJISl YACTOTHI OCHMJIIAIUN M 4.

 3aBucuMocTh M, OT Vs, A, g-hakTopa U Macchl KBapKa.

11.48



Oo0cy:kaeHne pe3yjJabTaToB

d Ocummnsinum Py 1 Ay HaOMIOMAOTCS B COYAAPEHUSIX TKEITBIX
noHOB (AU+AU — A (A)) 1 B 00pa3oBaHuN IPYTHX anpoHOB (p, Jy,
K*(892), 20 =) B pp u pA-coymaperusix. [Ipu suepruu \s = 200
['5B HaunMHAIOT MPOABIATHCA OcUMUIAINU Ay B oOpazoBannu 1, K+,
p. OxxuaaeTcs TaabHEUIINA POCT M , TIPU YBEIUICHUN YHEPTHUH 10
Vs = 500 I'B.

1 YacToTa OCIUIISAINN M, OTIMCHIBACTCS TTPaBUIIAMHA KBAPKOBOTO
cueTa M pacTeT Mo a0COOTHOM BEIMYMHE IIPH YBEINUCHUH
SHepruy Vs M aTOMHOTO BeCa HAJICTAOIIETO SAPa, a TAKKE [PH
YBEINUCHUM YHClIa KBAPKOB, 00Pa3yIONIMXCS U3 BaKyyMa IIpH
(OopMHUpPOBaHUH HAOIIOAAEMOT0 aapoHa. DPPeKkTUBHOE
XPOMOMATHUTHOE 10JI€ B 00JIACTH B3aMMOJICHCTBHS BO3paCTaeT IpU
YBEJIIMYECHUH KaXKJI0TO U3 IIePEUMCICHHBIX BbIIIe (DAaKTOPOB.

11.49



Explanations of A-dependence for neutron SSA

In paper C.Aidalaetal., e-Print: arXiv:1703.10941 [hep-ex]:

“In the case of neutron production in p+p collisions, production cross sections[19-
21] were successfully explained in terms of one-pion exchange [22-26]. However,
that alone could not explain the sizable A in very forward (near zero degree)
neutron production, discovered at RHIC in p+p collisions at Vs= 200 GeV [21]. To
reproduce the experimental asymmetry, an interference between the spin flip ©
exchange and an on spin flip a,-Reggeon exchange was necessary[26]. Kopeliovich,
Potashnikova, and Schmidt considered nuclear absorption effects as a source for a
possible A-dependence of A, and found only a small effect [27].”

21Y. Fukao et al., Phys. Lett. B650, 325-330 (2007).

26] B. Z. Kopeliovich, I. K. Potashnikova, I. Schmidt, and J. Soffer, Phys. Rev.
D84, 114012 (2011).

27] B. Z. Kopeliovich, I. K. Potashnikova, and I. Schmidt, “Leading Neutrons
From Polarized Proton-Nucleus Collisions,”Proceedings, 9th International
Workshop on Diffraction in High Energy Physics (Diffraction 2016): Santa Tecla
di Acireale, Catania, Italy, September 2-8, 2016, AIP Conf. Proc.1819, 050002
(2017).
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Ckeiliuar Ay B peakmusix PTA(p) —»n* X

(1-E Ns)A,

0.2

AN

(1-E Ns)Ay

Ay (17)=0,

AJIA

Ocm >[40,
IpeneabHbIA
YIoJI.

Vs, GeV T
® pA,8.77 (1)
| A PA,8.77(2)
* pp, 200
x pp,4.89
m pp, 194
. A pC,6.55 -0.2
- pp,5.18 ) Vs, GeV
. pp, 6.05 A + ® pA,8.77 (1)
o pp, 6.55 1.4 * A PA,8.77(2)
% 0.4 | © PASTT3)
Par : * pp, 200
X pp,4.89
m pp, 194
- | A pC, 6.55
0.6 =+ pp,5.18
+ 1 pp,6.05
n o pp,6.55
2 | | | 1 - 8 1
-0.3 01 0.1 03 05 0.7 -0.2 0

0.2 04 0.6 038

AN

E,=1,92 #0,30 3B, E,=1,126 +0,091 3B, f,=0,073%0,013, a,=0,073+0,014.

n: Er= 4,98 0,29 3B, E,=1,71 +0,11 M3B,  ,=0,059+0,014, a,=0,28+0,08.

Ya = Xx — (Eo/Ns + f,)[1 + cosO,, ] + a,[1 —cos0,., ], (44)

X = (Xg+Xg)/2.

B.B.A6pamos, A®D.T.70(2007)2153.
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Quark focusing in ECF B2

The dependence of C(\s) = vy/(1 — Ex/Ns ), Ay and Py, is due to
focusing properties of circular chromomagnetic field Ba.

Focusing Lorentz force F = g [vB&]l2 leads B

to the prolongation of probe quark stay in a E

color field and enhance polarization effects @ ‘———@—+—O Q
In case of E; > 0. For opposite field
direction we have a defocusing effect, Er  uior flux tube ficlds B and E.
< 0 and there is a decrease of A or Py, Quark movement in the tube.

The focusing effect is similar the one used in a Tokamak type
thermonuclear reactor to keep plasma away off reactor’s walls.



1.5

0.5

An example of quark focusing in field B2

1/C(\s)
E704

‘ Vs =19.4 GeV

/ FODS-2

&s
e Vs =8.77 GeV

Vs =200  F-.

GeV, & Vs=4.89 GeV,

$ T, BNL

| BRAHMS q% &
0 8 16 24 32

p'+p(A) —»n* + X,
focusing effect when
o’ =185 >0;

Vs <70 GeV

E, =3.31 £0.09 GeV
Vs =200 GeV
defocusing effect when
o'y ~-11 <0

1/C(Ns) ~ (1-Ex/Ns);
Vs, = 100 GeV



An example of quark defocusing in field B2

1/C(\s)

a®
a
ar "
a
=
a
-t
a
-
a
s
-
-
-
ar”
-
-
ar
'l
-
"
a
-
-

\s =4.86 GeV.
BNL

Vs =200
STAR
0 8 16 24 32
Vg{k

p+p(A) —» AT+ X,
defocusing effect when
0’ =—2.41<0;
E,=-2.95 +0.30 GeV

AUu+Au — AT + X,
focusing effect when
o', = +44.78 >0;

sy =4.86 GeV;

Er =+4.805 +£0.016 GeV

Vs, = 100 B



Conclusions

1) The observed “Ridge” effect can be due to the Lorentz force, which acts on the
color charge of a quark in the effective circular transverse chromomagnetic field
as Is assumed in the CPQ model.

2) Generation of new qq pairs at high energies increases effective chomomagnetic
field and enhance the “Ridge” effect.

3) In more central heavy-ions collisions large number of spectator quarks are
produced which results in a more significant “Ridge” effect.

4) In collision of heavier nuclei more intense color-magnetic field is generated and
the “Ridge” effect 1s stronger.

5) The “Ridge” effect is bigger at low py since in this case Lorentz force changes
polar angle stronger.

6) Predictions are given for the “Ridge” effect in A-A-collisions which can be
checked in the existing and future experiments.
22



I'py0ast ouenka Ay aJs peakuuii pTA(p) —n* X

~-(D/p)9q &yG(9a) (9% - 2)/2, (55)

QPp = WpX,  «YTOJ MPELECCUM KBapKa B 00nactu (pparMmeHTanuu A».

O = G40V Sp(9%0 — 2)/(Mp?) «uacToTa oCHUIIAIIN (56)
G(@n) = (1 -COSQA)/@p+ EQa= Qal2;  Xp = (Xg + Xg)/2 (57)

o, ~1.14; g.=V(4na)=3.78; vy=3r= -0.4; (58)
D,=Dlp = 0.747+ 0.021; m, = Sy/p? = 0.373 + 0.005 I'3B;

AW, =(0%-2)12; Ap?, = -0.468; App, =-0.383:

0%,=1.06; g*p=124; &, (u)=+1; & (d)=-1 (moasipusanusn).
M= 0.257+0.003 I'3B; Mp~= O.301£0.004 I'3B (macchr).

AN ~ '(3)‘/4)DrgaQ éoy Js O My XA /MQ’ (59)
Ay (T)=050x,; Ay (m)=-0.52 Xy, (60)

Xp=0.8 = Ay =£0.40, 4To 01M3K0 K HAO/MIOAAEMBIM A



BBenenue

Ilpennaraercda  HOBBIM  KBA3UKIACCUYECKUM  MEXAHU3M  JUIA
OJHOCHHUHOBBIX MPOIECCOB, KOTOPHIK OCHOBAH HA B3aMMOJICUCTBUHU
MaCCHUBHBIX COCTaBJIAIOIIINX KBapKOB C 3(p(HEKTUBHBIM
XPOMOMAarHUTHBIM MOJIEM TJIFOOHHBIX CTpyH (cwibl Tthna IlltepHa-
['epmaxa). Ilpemeccust cnmHa KBapka B I[BETHOM IIOJIE IIPHUBOJIHT K
OCHWUUIALIMA  TMOJSIpU3alid  aJ[pOHOB B 3aBUCUMOCTA  OT
KMHEMATHYECKUX IIEPEMEHHBIX.

HOI[paBYMeBaeTCH, 970 B COI'laCHMH C IPHHOUIIOM COOTBCTCTBHA
Bopa, CYHICCTBYCT KBA3HUKIIACCHUYCCKOC OIIMCAHHUC, AHAJIOI'MYHOC
KBAHTOBOMY, KOTOPOC COXPAHICT OCHOBHBIC 3dBUCHUMOCTHU
OJHOCIIMHOBBIX 3(1)(1)6KTOB OT KHHCMATHUYCCKHUX IICPCMCHHbIX W THIIA

B3aMMOJIEUCTBYIOIIMX aJIPOHOB. .
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Conclusions

1) The anomalous A-dependence of A\ (A) for the neutron production in pA-
collisions is due to the Stern-Gerlach force action and the quark spin precession in
the effective chromomagnetic field. The anomalous A-dependence of the Ay(A) is
expected for p;< 0.3 GeV/c, X-< 0.6 and \'s > 100 GeV.

2) The chromomagnetic polarization of quarks model predicts not only a large
positive peak for the Ay(A) at A= 215, but also negative peaks at A=3 and A=86 due
to the quark spin precession in the effective chromomagnetic field. Observation of
the negative peaks will support the main assumptions of the CPQ model.

3) The dependence of the Ay (A) on the trigger type can be due to the color field
dependence on centrality.

4) Similar anomalous A-dependence of Ay (A) can exists also for other inclusive
reactions at low p:< 0.3 GeV/c. It is interesting to study the A-dependence of Ay(A)
in the experiments SPASCHARM (IHEP), SPD (JINR), STAR and PHENIX (BNL).

5) The “ridge” effect can be explained in the framework of the CPQ model.
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CBS3b JIOKAJIBHBIX U IV100AJIBHBIX IIAPAMETPOB

JI71st MHOTHX peakIinii JIOKaJdbHbIE MMapaMeTpbl MOTYT OBITh BBIPAYKEHBI Uepe3
r7100aIbHBIC TApAMETPHI. DTO MO3BOJISIET OLICHUTH IT100aIbHBIC TAPAMETPHI U3
mo0aIbHOTO (PUTa MONSPU3ALMOHHBIX TaHHBIX. 3HaK Eg coBnagaer ¢ (93) B 100%
cydaeB (80 peaknwmit). Bennuuna Eg coBmanaer ¢ (93) mst 86% peakuuid, a VO
omuceiBaeTes (95) miusa 67% peakiuii. @opmyna (96) cupasemmusbl aias 100%
peakiuii. Otu Tpu hopmyibl (93, 95,96) u npaBuia KBapKOBOro cYeTa MO3BOJISIOT
OMPENCIUTh TJ100abHbIE TapaMeTpPHhI.

ry = sign(w®,) =-sign(gsva); ecamry >0,  doxycuposka (94)
0, — IIBETOBO 3apsi/1 KBapKa-POOHHUKA, V- BKJIA KB. CIIEKTaTOPOB.
Vo= -D, 9%, &, 12/(g°; -2 ), marnutyna Ayu Py  (95)
0’5 = 050 (976 — 2)Sy/(Mg p?)  100% peakuuii (96)
@ = (’JOQ va, (Q=udscb); ¢p=oya (97)
Pp= 0 Xy = @2Y,, (yuer moporoBoro sddekra). (98)
Ey= ry2 Mg[l + (2 - 8dy)/(2-920)]; (62 peakuun)  (99)
dy=ag+fy; (100) L4



The Stern-Gerlach experiment can now be
understood




Origin of the “Ridge” effect

It is assumed that initially two quarks (or quark and antiquark) are produced in a jet-
like structure inside the interaction region. These two quarks are deviated by an
effective chromomagnetic field and then fragment into the observed hadrons. The
width Ay,(py) of a jet cone is adjusted to reproduce the widths n, and ¢, of two-
particle correlation in peripheral collisions, where the color field is weak:

Ajet(P7)= 1.44 - 0.2875y,, for 2<y,< 3.6, (20)
where y, = In[(Py +m;)/my), and Ai(py) Is a constant out of the above range. (21)

Effective chromomagnetic field B2 depends on the centrality u, of collisions . This
dependence is parameterized to reproduce p+p, p+A and A+A collision data:

Ba(uc) - U(uc) = Cl'CZ(uc+u02) +C3(uc3 +uc4 'ucs)’ 0< U, < 1, (22)
where ¢, = 6.1184, ¢, = 9.5397, c; = 13.0326, with normalization U(0.5) = 1.
Field dependence on longitudinal z-coordinate has an antisymmetric factor:

Ba(z) ~ z,.exp(-abs(z,v,)), wherez, =2/Z., (-Z, ,Z,)— field region, (23)
and v, = 0.092. B(z) changes its sign due to opposite direction of spectator quarks in
fragmentation regions of projectile A and target B, respectively.
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Energy dependence of the “Ridge” effect

Chromomagnetic field
increases with the
collision energy due to
production of
additional quarks and

antiquarks - spectators:

Number of pairs:

fy =ngexp(-Wy/f,Ns),
where f, =AY,

ng= 4.56 +0.12,
W,=280 + 4 GeV.

=3
)

e 15%
o 50%
O 85%

Q
()
HIT @E"'“EEIIB---EEEE--EED

Q 0}0)

Au+Au — h,+h,+X
0.15<p; <10 GeV/e

B00E0r0-00060.0

IIIII L 1 IIIIlIl

10

10

2 4
100 10

Vs, GeV

Fig. 9. CPQ model predictions of 6, vs Vs for Au+Au collisions.
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Energy dependence of the “Ridge” effect

The gaussian width
c, varies with
energy Vs much less
then o,.. This Is due
to the fact that
Lorentz force is
directed radially.

l:.590.55

0.5

0.45

0.4

e 15% Au+Au— h, +h, +X

o 50% 0.15<p <10 GeV/e

Fig. 10. CPQ model predictions of 6, vs Vs for Au+Au collisions.
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A-dependence of the “Ridge” effect
3
=

Chromomagnetic field ©
increases with the
increase of atomic
weight A of nuclel:

Color-magnetic field in the
fragmentation region of nuclei
A with A, nucleons:

B2 ~ vu= 3(A, -AD)[H (L))

where A, — projectile, A,-target.

e 15%
o 50%
O 75%

CPQ model:
\s=2760 GeV

py =0.15-10 GeV/e

100

150 200

A

Fig. 11. CPQ model predictions of o, vs A for A+A collisions.
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AN

Recently the PHENIX experiment (.4

reported about the observation of o prEN a0 GeVie, X, =054, s =200 GeV
anomalous dependence of A, for A PHENIX Data (BBC-veto) ‘H/

the reaction pT +A —n+ Xonthe (.2 [ ™ PHENXDaa®BBCLay) /
atomic weight A of the target. The
A\ (A) changes its sign and the
magnitude increases three times 0
at high atomic weight compared
to the case of proton target! We
call this phenomena “anomalous  -0.2 -
A-dependence of A”. Important
feature of the data — it was
observed at small p; = 0.1 GeV/c. -0.4 =——t—"——nb———d >
The data are measured in the 1 10 10
p'+p, p'+Al and p'+Au collisions.

Fig.1. p’ +A — n + X (single-spin asymmetry Ay(Vs,pr. XA trigger).
Nuclear dependence of the transverse-single-spin asymmetry for forward
neutron production in polarized p+A collisions at ¥s=200 GeV. PHENIX

Collaboration (C.Aidala et al.) e-Print: arXiv:1703.10941 [hep-ex]. 49



Quark counting rulesfor A+B - #a*n + X

Color-magnetic field in the A C 3 mt
fragmentation region of nuclei A with d v= )
u i
A, nucleons: T bl
s

[Ba ~v,=3(A; — An)[M+(1+V)]; (18) 4

- u pv=—T7A

= u v=-—-7\ B
Color-magnetic field in the - d v=—7)
fragmentation region of nuclei B with
A, nucleons:
JB2 ~vg=3(A, - Ay) M+ (1+1)]; (19)
fy =ngexp(-Wy/f,/Ns),  where f, = A,16, (20)

ng=4. 56 +0.12, W,=280 £ 4 GeV A =—0.1338+0.0014, t=0.0265+0.0009.
fN gives effective number of new g-gbar pairs (spectators, contributing to |B?).

09, qg -SU(3), antitriplet, weight v =2, C: = 2/3 — color factor
g, qg -SU(3), singlet, weight v = 1. Cr = 4/3 — color factor 12
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Fig. 10. Calculations of the dependence of

Predictions on Ay(Xg, p1) for pt +p(A) —» 7 + X

..................

Vs =9.75 GeV

e g =11.54 GeV
--------- Vs =19.43 GeV

CPQ model

pp—)ﬂ'c0 +X
Xp = 0.3

Vs =62.40 GeV

--------- s =130.0 GeV
s =200.0 GeV

--------- Vs =500.0 GeV
| ' :

0

0.5 1
pp GeVie

Xg = 0.3, In pp-collisions.

Plane A (p;) dependence at p; > 0.3 GeV/c, Vs > 9 GeV.

1.5 2

N
0.4
v V8 = 6.00 GeV
--------- Vs =9.75 GeV
0.2 F 7 e
0
02+ = e \s =11.54 GeV
CPQ model Vs =19.43 GeV
ppon +X e Vs =62.40 GeV
— 0.6 s =130 GeV
Xp=00 s =500 GeV
_0 4 | | |
0 0.5 1 1.5 2
P, GeVie

Fig. 11. Calculations of the dependence
Ay, 0N p; for several values of energy Vs, at  of Ay, on p; for several values of energy

Vs, at X = 0.6, in pp collisions.
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0.5

0.3

0.1

Fig. 15. Calculations of the dependence
of A\ on X. at several values of energy Vs, 0f Ay 0n X at several energies s, pr = 2
pr =1 GeVl/c, in pp collisions.

Predictions on Ay(Xg, p1) for pt +p(A) —» 7 + X

Ax

— 6.00 GeV
v 975 GeV
,,,,,, 11.54 GeV
— 1943 GeV
- 6240 GeV
130.0 GeV
--=-m-0 200.0 GeV
...... 500.0 GeV

CPQ model
pp—):lt0 +X
pr=1GeV/e

0.2

04

0.6

0.5

0.3

0.1

Fig. 16. Calculations of the dependence

Ax

— 6.00 GeV

v 978 GeV
______ 11.54 GeV
— 1943 GeV
--=e- 62.40 GeV
130.0 GeV
--- 2000 GeV
...... 500.0 GeV

e e
" g
-

______

=== mitl
...........

CPQ model
pp—)ﬂt“ + X
pr=2GeV/e

0.2

04 06 038

GeV/c, in pp collisions.

Oscillation of A(Xg) in a strong chromomagnetic field at 130 GeV and 200 GeV.
Change of Ay, sign for Vs = 6 GeV with p; increasing.

1

F
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Conclusions and outlook

Analysis of the available data and calculations performed using the CPQ model in
areas not yet investigated indicate the possible presence of a number of interesting
features in the dependences on kinematic variables and target atomic weight.

1) Oscillation of Ay(Xg) with negative Ay (Xg) sign for 0.5< xg <0.7 is expected at
energies around Vs = 130 GeV.

This effect can be studied at the RHIC collider (BNL).
2) A significant positive value of Ay, is expected at energies around \s = 9 GeV and
large x> 0.5. A strong A-dependence of A is expected in this area. On heavy nuclei

A, Is expected to be negative in this case.

This effect can be studied at the NRC Kurchatov Institute - IHEP (using the
SPASCHARM facility) and at the NICA collider at JINR (using the SPD facility).

16



Chromo-magnetic polarization of quark (CPQ) model

1) After initial color charge-exchange longitudinal chromoelectric field E? and
circular transverse chromomagnetic field B2 are generated.

2) Single-spin asymmetry is due to the Stern-Gerlach force acting on a quark in
Inhomogeneous transverse circular chromomagnetic field.

3) Quark flow diagrams and quark counting rules (QCR) describe the contributions
of quarks and antiquarks (v) to the effective color field. Contributions of quarks and
antiquarks are linear functions of their numbers with weights determined by the color
factors C-(qq) and C(qq). [1] V.V. Abramov, Phys. At. Nucl. 72 (2009) 1872.

Dependence of chromomagnetic field on transverse radius r:
B, =-2a,v rlp3, (3)

where v —weighted number of spectator quarks and antiquarks,
o, = 024w, g, - color charge.

p=12A3fm,  A,=9.79+0.84, for A, A,>A.. (4)
p =1.25min(A,,A)Y3fm, for 2 <min(AA,) <A, (5)
p=1.2A Y3 fm,  A,=0.317+0.005, for A;=1 orA,=1. (6)

A, = A, + (A, —A)exp(-Wy/f Ns)exp(-p/p,), T, =AM W,=280+4 GeV, (7)

15
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Thank you for attention!
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KuHeMaTuka B OJJHOCIIMHOBBIX IpoIeccax

Polarized @

Quarl-:s or Gluons

Pnlaﬂzed Proton Unpu:ulanzed Proton

@ +— [Juark, Gluon

e pT+pA) > c+X

« Ed3c/d3p = 6, + S'no, = o,(1 + Ay P coSo) (1)

* P — monspuzanus my4yka BJI0Jb BEKTOpA CIIMHA S

* N = PAx PY/|PAXPC| — HOopMaitb K IIIOCKOCTH pEaKIMK

* A\ — aHAJIIM3HUPYIOIIAs CITOCOOHOCTH 157



IlosiBJIeHHE a3UMYTAJTBHOU ACUMMETPUHA

- | cL ) AN p— L
‘. ® %{ LFR

[TlonepeyHasi NNocKOoCTb
y
1

BropuuHbIe yacTuubr umerot
A3UMYTASIbHYHO CUMMETPUO

TToasngaeTcsa
a3uMyTanbHas aCUMmeTpus
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Transverse Single Spin

Asymmetry Ay
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Ay Measurement

=77 T gl Lyt
’ J“¢f"’n-¢ - JNcﬁNﬁ—tﬁ
ENCE

it s snoniti] Tl Lt

= PA, sin(¢p — ¢, )
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The role of color factor A

When taking into account the interaction of a test quark with the field created by
a moving spectator quark, it is necessary to take into account the color factor for
the corresponding pair of quarks (spectator and test quarks). An analysis of the
data have shown that the quark-antiquark pair interacts predominantly in the
color-singlet state with the color factor C. = 4/3, and the quark-quark or
antiquark-antiquark pair interacts in the color-antitriplet state with C. = 2/3. For a
hydrogen-like potential, the wave function of two quarks or a quark and an
antiquark at zero coordinate is proportional to |¥(0)|*> ~(Cras)? [3], which leads to
the ratio of contributions from qq and qq interactions to v, of the order

A= -|¥qq(0)[Z/[¥qq(0)J? = -1/8. (1)

The minus sign in (1) takes into account the opposite sign of the field created by a
moving spectator quark and a moving spectator antiquark. Experimentally, the

value of the global parameter A, obtained as a result of the global fit of the
polarization data, turned out to be A =—0.1363 + 0.0003. A value, more close to

the experimental one is given by the formula A = 1 — exp(1/8) = —0.1331, which

can be considered as a generalization of formula (1).

[15] Baranov S.P. On the production of doubly flavored baryons in p p, e p and
gamma gamma collisions // Phys. Rev. — 1996. — V. D54 — P. 3228-3236. 19
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Quark spin precession in the color field

ds/dt = a[s B?] (F-T-BMT-equation) (6)
a=0g4(0% — 2 + 2My/E)/2M,, g =i\/(47w3)— color quark charge (7)
Constituent quark masses M =Mp=0.3 GeV, E, — quark energy in c.m.

Ap?o =(9%5-2)/2 < 0 (quark anomalous chromomagnetic moment). (8)

AtEq=2My/(2-9%;) = -Mo/Ap?y, ds/dt =0. Prediction: There is usually a local
maximum of Ay(Vs) around Vs = Eg = 4My/(2-%,) = -2M/Ap?,.  (9).

Prediction: Oscillation of Ay(Xg) and Py(Xg) in the case of a strong B2 field.

»Due to the spontaneous breaking of chiral symmetry appear the AM(q) = 0.3 GeV
and Ap?,(q) of the constituent quarks, where g — momentum transfer.

In the instanton model:  Ap?, (0) =-0.4 (N. Kochelev); [3] (10)
Model-dependent (CPQ) estimate of Ap?, for u,d,s,c,b-quarks were obtained from
the global analysis of polarization data, including 87 reactions:

» Apd, (u,c) =-0.4839+0.0017, q=+2/3; (11)

> Ap?, (d,s,b) = V(2/3) ApPg(u,c), g=-1/3. (12)
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PoJb ciMHA B IPUPO/IE M HAYKeE

©® CnomH S B KBAaHTOBOM MEXaHUKE 0003HAYAET COOCMBEHHBIIU MOMEHM
umnyavca (J) gactui. IlepeHOCUMKHN B3aMMOJICHCTBHUS — BEKTOPHBIC
kaanOpoBouHble 0030HHI ¢ J=1: v, W, Z, g. MaTepus — JI€ITOHBI U
kBapku ¢ J=1/2. bozon Xurrca ¢ J=0 gaet Maccy 3THM 4acTHUIIAM.

® CnuH urpaet (QyHIaMEHTAIBHYKO pPOJb B (PU3HMKE MHUKPOMHUpA.
Ddusznueckne W XUMHYECKHME CBOWMCTBA BJIEMEHTOB TAaOJMUIIBI
MenzgeneeBa BO MHOIOM ONPENECIAIOTCA CIIMHAMM 3JIEKTPOHOB U
HYKJIOHOB, 00pa3yromux atoM. CIMH MOKHO pacCMaTpUBaTh TAKkKE
KaK HNPEeYyu3sUOHHbIU UHCMPYMEHm, TIO3BOJAIONINNA HUCCIEN0BATh
MEXaHU3M B3aUMOJICUCTBUAS AAPOHOB M MX COCTABIAIOINIUX —
KBApKOB U IJIFOOHOB.

® lHTEepec K HCCIEHOBAHUIO CIMHOBOKW 3aBUCUMOCTU CHUIIBHOTO
B3aMMOJCUCTBUS CBA3aH C BO3MOXXHOCTBIO HM3YUYCHHUS OUHAMUKU
83auUMO0eiucmeus u CHUHOBOU CIPYKHLYPbl A0POHOE.



CnunHoBble 3G (PeKTHI NPH BLICOKUX IHEPrUAX

® OKCIEpUMEHTAJbHbBIC MCCIACIOBAHUS Ha Pa3HBIX YCKOPUTEIAX
MHpa  TOKa3alh, YTO OOHOCHUHOGAA  ACUMMEmpus B
MHKJIFO3UBHOM 0Opa30BaHUU MUOHOE B 00JacTH (parMeHTaIUH
NOJISIPU30BAHHOIO MPOTOHA U noaApuzauus A-cuneponoe He
yOBIBAIOT C POCTOM DSHEPIrHH B IIUPOKOM JHAIA30HE DHEPrUil B
naboparopHoii cucteme ot ~10 I'3B no 20 TaB.

® B Crangaptaonn moaenu(CM) KXJI Ha ypoBHE JIUAUMPYIOIIMX TBHUCTOB BCE
onHocnuHoBbie acummeTpun Ay=0. Ho skcnepuMeHThl MOKa3bIBalOT OYEHb
Oonbme Ay=5-40% B oOnactu HemeprypOatuBHoit  KXJI.  M3BecTHbIe
TeopeTndeckue noaxoanl (3ddexrer CuBepca m Kommma3za, TBHCT-3 3PpdekT u
Ap.) TBITAIOTCS MPUMHUPHTH TCOPUIO M DKCIIEPUMEHT. B OOJIBIIMHCTBE MOJACIICH
a0COJIIOTHAsl BEJIMYMHA ACHUMMETPHUM YMEHBIIIAETCI C POCTOM SHEPrUM MU
MONIEPEYHOI0 UMITYJIbCA.

©® YToObl JUCKPUMHUHHPOBATH CYHIECTBYIOIIME MOAEIM H CTUMYJHPOBATH
pPa3BUTHE HOBBIX MOJIENIEH, HEOOXOAUMBI CUCTEMATHYECKHE UCCIAeA0BAHUA Ay
I 00JILIIOT0 YHCJIA Pa3jJIUYHbIX MHKJIK3UBHBIX M 3KCKJIK3HBHbIX
peakiuid, 0COOEHHO B 00nactu HenepTypoaTuBHO KX /[ - HauMmeHee sicCHOM s
TEOPUM KMHEMATHYECKOM O0JIaCTH, a TAKKE€ B aAPOH-S1IEPHBIX COY/IAPECHUSX.



