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CopoepxaHue
BBeneHue

[naBa 1. NocTtaHoBka akcnepumeHta OLC-2 Ha
nonsapu3oBaHHOM NPOTOHHOM ny4dke MPB3O npu aHeprum 40 2B

[naBa 2. lamepeHusa A B p'p-coyaapeHusax. ©=160 mpag
[naBa 3. lamepeHusa A B p'C(Cu)-coymapeHusax. ©=90 mpan
[naBa 4. lamepeHusa A, B p'C(Cu)-coymapeHusx. ©=160 mpag
[naBa 5. lamepeHusa A B p'C(Cu)-coymapeHusx. ©=230 mpag
[maBa 6. Mogenu nonapusaunoHHbIX ABEHUN (B TOM Yucne
co3gaHHaa aBTOpPOM MoAesSlb XpOMOMarHMTHOW nonsipusauunm
KBApPKOB, KOTOpas ABNSAETCA 0006LLEHNEM IMMUPUYECKNX
3aKOHOMEpPHOCTEN)

3aknodyeHume



OObEKT nccnegoBaHns U akTyarnbHOCTb TEMb

iccnegoBaHus, npoBeaeHHble 3a nocrnegHue 35 neT, nokasanu Hanmyuve
3HaYUTENbHbIX CMTMHOBBLIX 3MEKTOB B PA3NIMYHbIX, B TOM YMCHE UHKITIO3UB-

HbIX NpoLueccax, Npu aHeprusx ot Heckonbknx 9B oo coteH 9B B c.u.m.

OGBLEKT MCCNenoBaHUS: OAHOCMMHOBLIE NPOLIECCH!
A’ + B — C + X (oaHocnuHoBasa acummeTtpus Ay (Vs,pr,Xe))
A + B - C!+ X (nonepeyHas nonsipusaums  Py(\S,pr.Xe))

Hannuune 6onbwunx (>10%) cnuHOBBIX 3(PdEKTOB HE YOaETCH
OOBbACHUTL B paMKax Teopun Bo3myLleHnin KX:

Ay ~ Py~ asmy/pr=0,1%. (1)

AKTyarnbHbIMU ABNAOTCA: AanbHeNLWne akcnepumMmeHTanbHble
nccriegoBaHMa U rmodanbHbIV aHanNnU3 BCeEN MMEKLWENCS
NHdopMaLIMKM N0 OAHOCMMHOBBLIM MpoLeccam.



Llenb anccepraumoHHon paboThbl

iccneooBaHUA CMHOBBLIX 3PEKTOB B UHKITHO3UBHOM
obpasoBaHMKM agpoOHOB Ha NONAPN30BAHHOM MPOTOHHOM MyYKe
NPB3 npn nmnynsce 40 [3B/c.

Co3gaHne heHOMEHOSTorM4Yeckon Moaernin, NO3BOSIAIOLLEN B
pamMKax equHoro MexaHmama onmcaTb UMEOLLYHCS
COBOKYMHOCTb AaHHbIX N0 O4HOCMMHOBLIM MpoLeccamMm 1 HaUuTK
NHTEPECHbIE NPOABMEHUA CMTUHOBBLIX 3 (PEKTOB.



ABTOp 3alluLlaeT:

1. MNony4yeHHble B 3KcnepumMmeHTe Ha yctaHoBke PO C-2 npwu aHeprum
nonsapu3oBaHHbIX NPoToHOB 40 3B pe3ynbraTtbl U3MepeHUn 0 AHOCNMHOBOM
acummeTpumn agpoHoB (nt, K% p n p), Ha Tpex muweHsax (p, C, Cu), B HOBOM
KnHemaTtuyeckomn obnactu: 0,6 < p; < 3,6 N3B/c n -0,08 < x < 0,71, ansa Tpex
3Ha4veHun nongapHoro yrna: 90, 160 u 230 mpaa.

2. B obnactu cpparmeHTaumMm nonsipusoBaHHbIX NPOTOHOB (X > 0,35)
acummeTtpua A F0 Ana Tex agpoHoB (nf, K*, p), B cocTaB KOTOPbIX BXOAAT

BaneHTHbIe KBapKu U3 npoTtoHa. [insa aapoHos (K-, p), coaepXaLwmx ToNbLKo
MopcCKue KBapku, A,=0 BO Bcen nccrnegoBaHHOM KNHEMaTMYeCKON obnacTu.

3. O6bHapyxeHMe ocuunnsaALMn ogHOCNMHOBOU acUMMETPUUN, Kak PyHKLUN
KMHEMaTU4YEeCKNX NepeMeHHbIX, B peakuun p'+A — p +X. 3HauuTenbHas
acummMmeTpusa A, HabnropaeTcAa ToNbKO B obnactu yrnoB meHee 70° B c.L.M.
CTasfIKMBaloLWMUXCA HYKINOHOB.

4. O6HapyxeHne NoporoBom 3aBMCUMOCTb OT MNONSIPHOro yrna B C.LU.M. Ans
ogHocnuHoBOoW acummeTpun B peakuumn p' +A — = +X. A=0 npm 6, >73°.

5. NoporoBasi Benu4uuHa X , Bbille kotopoun A, (Xg)>0, B peakumum p'+A— zt* +X,
yBenuumBaeTcA Npu yMeHbLUeHUU NOonsApHoOro yrna B c.u.M. BennuuHa A (Xp)
yMeHbLUaeTcs ¢ yBenuyeHnem yrrna obpasoBaHuUs NMUOHOB .



ABTOp 3alUnLLIaET:

6. He HaGnopgaeTcA cylwecTBeHHOW 3aBUCUMOCTU A OT MacCoBOro Yucrna sgpa
MULLEHU ANA 3apsiXeHHbIX aAPOHOB, 32 UCKITIOYEeHUeM NPOTOHOB.

7. MeToAbl N aNropuTMbl 06PaGOTKM U aHanNu3a AaHHbIX, NOJIy4YEeHHbIX Ha
NONAPU30BaHHOM My4Ke.

8. Mogenb xpomomarHutHou nonspusauum kBapkoB (XIK), kak MUHCTPYMEHT
rmobanbHOro aHanum3a ogHOCNUHOBLIX ABNIEHUN N NOUCKA O0LMX

3aKOHOMepHOCTep'I B noBeaeHUN OaHHbIX.

9. O0bsACHeHUe crnabon 3aBUCUMOCTU NONAPU3ALMOHHbIX 3hpcheKToB OT TUNa
MMULUEHU B oGnacTtu chparMeHTauum HanetarwoLwen 4Yactmubl.

10. O6bsicHeHUe HabnrgaeMoun nonaApmusaumm aHTUrMNepPoOHOB B COoyAapeHUsX
GapunoHoOB.

11. O6bACHeHMe AaaHHbIX 3KcnepumeHta HERMES no namepeHuro
A-3aBucuMmMocCTM nonepevyHou nonsapusauum A’ B peakuum e + A — AT +X.



Hay4yHag HoOBU3HA

N3mepeHa A B peakumsax p'+p(A)— C + X, roge C=xF K5p, u
aHTUMPOTOHLI, B HOBOW KNHEMATUYECKOW obracTtu. QHeprua nydka E=40 ['3B.
O6nactb no p+ 0,6 < p; < 3,6 ['3B/c. PaHee 6bInn gaHHbIe TONMbKO B obnactu
pr <2,213B/c, E<22 3B n E=200 ['3B B n.c.k.

[aHHble Ong aHTUNPOTOHOB MOSyYeHb! BriepBble. Bnepsbie nony4veHol
OaHHble Ha HeCKONbKux muwweHsx (p, C, Cu).
[NlokasaHo, uto A =0 ana n npu yrne obpasosaHuna 6onbLue 73° B C.L.M.

Bnepsble Habnogaetca A #0 ond NpoOTOHOB, a Takke CMeHa 3Haka
acummeTpum (ocumnnauma Ay(Xg)), 4to obbsacHaeTca B mogenun XI1K.

Cos3paHa doeHomeHonorndyeckas mogenb XINK, kotopas senserca
0000LWEHNEM SIMMNPUYECKNX 3aKOHOMEPHOCTEN NONAPU3ALNOHHBIX JAHHbIX.



Anpobaunsa padboTtbl 1 nyonukaunumu

[lo pe3synsTaram nccnegosaHum onybnmnkoBaHa 21 Hay4yHas
paboTa, B TOM 4ucne 12 — B peLeH3npyeMbIX XKypHanax.
OcHOBHbIE pesyrbTaThl onybrnnkoBaHbl B XXypHanax «AgepHas
dounanka» - 8 crateun, «Nuclear Physics B» - 1, «Zeitschrift fur
Physik C» -1, «Particles of Physics and Nuclei»-1,«European
Physical Journal C» -1, B Buae TpyaoB MexXxayHapoaHbIX
KOHdbepeHumn — 8 cTtaTen, a Takke ogmH npenpuHTt NOBO.

PesynbraThl paboT AoKnaabiBanncb Ha MeXayHapOoaHbIX
KOHJoepeHUmMaX, Ha KoOHepeHuax Cekumn aaepHon PU3nku
OTtoeneHuns dusnyecknx Hayk PAH, Ha cemmnHapax MPBO u
OUNAN.



CTpyKTYypa guccepraumm

[uncceptauna nanoxeHa Ha 151 ctpaHuvue, COCTOUT U3
BBeAEHUA, LLECTN rMaB OCHOBHOIO TEKCTA, 3aKMyYeHUsa 1 NaTu
npunoxeHnn. ducceprauma cogepxuTt 53 pucyHka, 33 Tabnuubl
N CMNCOK LUNTUPYEMOU nuTepaTtypbl U3 251 nyHKTAa.

OcHoBHas 4acTb paboTbl NOCBSILLEHA ONUCAHMNIO U3MEPEHUN
OAHOCMMHOBOWN acCUMMETPUMN Ha NONSIPU30BaAHHOM NPOTOHHOM

nyyke 1 noJstyveHHbIM pe3yJibrataM.

OnucaHnio Moaeny XpoOMOMarHMTHOM NONsApu3aLnum KBapKoB
MOCBSILLEHO LLEeCTb CTPaHUL, AnccepTaLmu.
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[maBa 1. lloctaHoBka akcnepumeHTta ®OOC-2 Ha
nonapu3oBaHHOM NPOTOHHOM nydke NMPB3I npu aHeprum 40 3B
MH2 MV1,2

' v
;’&‘} /
Il
o&%?%&'«:w

CxemaTunyeckoe nsobpaxeHue 22-ro kaHana, rae T-6epunnmesas myweHb, MH1-ounwaowmn marHur,
P1-nornotutens 3apsbKeHHbIX YacTul, K-konnumartop Ans BblAeneHnsa YacTu nyyka ¢ onpeaeneHHom

nonapusaumen, MH2-marnut, MV1 n MV2-epTtukansHble koppektopa, T1-muweHs OOC-2.

[MepBuYHbIN Ny4ok 13 Y-70: nuteHcusHocTb Ao 10%3/cbpoc, 60-70 3B.
CpegHun nmnynbsc nonspusoBaHHbIX NPoToHOB: 40 ['aB/c, Ap/p=14,5%.
CpegHaa nongpusaums nyyka: 39 (+1, -3)%.

MHTEHCUBHOCTb nondpuaoBaHHoro nyydka: o 3x107/cbpoc.

CmeHa 3Haka nonspusauunm nydka — kaxgble 100 ymknos Y-70, 3a 30 c.

®oH " oT pacnaga K% — m- cocTaBndaeT 0,8%.
11



IlapamMeTpsbl Ny4YKa HA MUIICHM:

FODS MAGNET

Q9 Q10 S MVI A, MV2
C1 C2
= I1\-7 -6 - _Q| -1 / 0
S, S, H,

g gl g g e g g T e g e g T Sl g g el g el g g g R g Ty e g g o g s

CxeMaTuueckoe mu300paxeHMe OKOHEUHOM uYacTu 22-T'0 KaHaja, rme Q9 m Q10 -
boxycupywomme JuH3b, Cl,C2 -NIOPOTOBHE UYEPEHKOBCKME cueTuuky, S1,S2 —IIyuykKOBHE
yepeHkKOBCkue cueTtumky, IC,, IC,, IC; —MOHMBAUMOHHEIE MOHMUTOPHE M MNPOPUIIOMETPH,
MV1 m MVZ -BepTHMKAaJIbHEIE KOPPEeKTOpa, Hy —CUMHTUIIALMOHHEIE I'OOOCKOIBI, T1 -MulleHBb
u nmajee MarHuT OOJC-2. lUmdpamMm yKaszaHO pPacCTOAHME OT MMUIIEHM (B MeTpax) .

PasmMep nyuka: o, = 10,6 MM, o, = 8,1 MmMm.
PacxogmmocTe: 09, = 6,5 Mpaxn, 69, = 6,0 mMpan.
TynnyHasa pasHOCTb KOOPAMHAT MyYKa Ha MULLEHW ANS NonNspusauum

BBEPX U BHU3 (nocne koppektopoB MV1 n MV2) nopsagka 0,5 mm.
[Ona MmmHMMmnsauum adpdpekta casura nyyvyka Mcnonb3yeTcs MeTos
BblpaBHMBAHNA CpedHMNX KoopanHaT nyyka (nocpenctBsoM OTOpakoBKU

cbpocoB) Ansa nonsipusaunn BBEPX U BHUS.

12



Cnexkrpomerp ®OJIC-2

T1 — MmuIeHsp TOP VIEW
H — romockon

C-— YEPEHKOBCKHUH CUETUYHK
S — TpurrepHblii c4eTYHK
DC — JIpeiidhoBas kamepa

SCOCH — CnexkrpomMeTp
KOJICI YepPEHKOBCKOIO

7

_

i

M3ITy4eHHs
HCAL — anpoHHBbIi

KATOPIMETD FRONT VIEW (ALONG THE ARM AXIS)
STEEL — Mio0OHHBIH i D DS:0GRGRG PG HOAL EEL s
JIETEKTOP % - qj"}‘ &\ﬁ%\\\\i
MAGNET —Maraur u i ;\\x@

ITOITIOTHUTCJIb ITYYKaA
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CKOUY - cnekTpoMeTp KoJIell YePEeHKOBCKOI0
M3J1ydeHus

HPM —
TOAOCKOIIMYECKUM
(hOTOYMHOKHUTEIIb

24 HPMs

NaeHTudukanms:

mt, o, K Ko p, p

A

CYLINDRICAL  SPHERICAL MIRROR A
LENS i\



CKOUY - Cnekrpomertp KoJenr YepeHKOBCKOT0
M3J1ydeHUs

x 10

10000 |
7500 |
5000 |

2500 |

-0.5 0 0.5 1 1.5

M2, GeV’
JIlvana3oH UACHTU(DUKAIMHN:
n*, w (2-40 I'xB/c); K*, K- (5-401»B/c); p,p (5-40 I'»B/c).
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Kunemarnueckasi 00J1acthb AaHHbIX ¢ ®OJIC-2

Oo6nacte 1: 230 mpan

~0.08 < x- <-0.06

Oo6nactp 2: 160 mpan

—0.01 <xp<+0.27

Oo6nacts 3: 90 mpan
+0.03 <x<0.71

X = 2p/\s,
X = 2pem_/As.

1

0.8

0.6

0.4

0.2




U3mepeHust

U M3mepenns npu AByX 3HaKaX MAarHATHOTO ITOJIS JJIS YMCHBIIICHHUS
CUCTEMATUYECCKOU OIIHNOKMU.

1 M3Mepenus mpu AByX BenwuuHax MarautHoro mnojsg (B=1.4 T u
B/2) nns yBenmnueHUs WMITYJILCHOIO JHAIla30HA M BHEIPAaBHUBAHUS
CTaTUCTUKU IIPU PA3JIMYHBIX Pr. TakKe MCIOIB30BAIUCH HECKOJIBKO
IIOPOT'OB 110 YHEPTUH B KAJIOPUMETPE.

] PesynbraThl Ha SOSPHBIX MUIICHSIX ITOIYYCHBI IMPH 00padOTKe
4.7x107 coObrtuii, 3ammcaHHeix B aByx ceancax 2003 roma ¢
HCIIOJIb30BAHUEM YTIJIEPOJHON U METHON MUIIICHEM.

] /larAbIC HA BOJOPOIHONW MUIIEHH OBLIM M3MEPEHBI IICHTPATLHON
obnactu B mpooHOM ceance 1994 r. m omybaukoBansl B Nucl. Phys.

B 492 (1997) 3.



O0OpadoTKa JaHHBIX

( PekoHcTpyHpoBaHbBI TPEKHU 3apsokeHHBIX dacTHIl (€ = 50%). op/p =2-3%.
U Unentudunmuposansl agponsl nt, n-, K¥, K-, p, p
Hogast nporpamma o6padotku CKOY, Tonbsko 2 mapamerpa/I' @Y

(e = 93-96%, R < 30 cMm, yroa < 80 mpaj. — yIBOCHUE CTATHCTHKH).
U Onpenenensl HopMupoBaHHbIe BEIXoABI NT 1 N .

O Onpenenena Ay = (N1 —N|)/ (N1 + N|)/Pg/COS(¢) ans uatepBana Ap.
 Yepennens: 3nauenus Ay aist aByx mied DOC-2.

O Yepennenst 3nadenust Ay 17151 ABYX 3HAKOB MAarHUTHOTO TOJIS.

4 Yepennens: 3nadenust Ay nst AByx 3Hauenuid (B u B/2) marautHOro mossi.

O Yepennens: 3navenus Ay nist aByx ceancos 2003 .
d Cucremarnyeckas ommbka Ay coctasiser € = 4%.

18



Asymmetry

[naBa 2. lamepeHunsa A, B p'p-coyaapeHusax. ©=160 mpag

+ -
n T
05 05 —
T £ L
e w4cewFons2 . 3) E [ e 740GV, FODS2 6)
(17 R I N MRS ATMIAT AR M M 2 - R R o s o T S S S S S
SO 7,133Gev,BNL < (O %, 133Gev,BNL
", 7, 185GeV,BNL | 7 | A w,185GeV,BNL
L i = 03 [ R A
02 | 02 [ e 15 S ——
01 | 01 [
0 : 0 -
01 b o1 L
RN 74 R S O T OO O W b B
SRR Mo e
I I
_0.3 7\ 11l i L1l i L1l i L1l i L1l i L1l i L1l i L1l i I i L1l -03 7‘ L ‘ L i L1 i | ‘ Ll i L ‘ L i L i Ll ‘ L i L
0 01 02 03 04 05 06 07 08 09 1 “0 01 0. 03 0. 05 0. 07 08 09 1
Xr Xy

0,03 < X, < 0,12; 0,66 < P, < 3,37 I'sB/c.

X, = 2p,/Vs; Vs= 8,77 I'sB.

V.V.Abramov et al. Nucl.Phys.B492(1997)P.3-17.
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[naBa 3. lamepeHusa A B p'C(Cu)-coymapeHusax. ©=90 mpag

y »
L —e 0.6 ——
- pCu a Tt LY BCu a
. +
0.4 1~ % 0.4 | K
i n i K+ + ®
0.2 |- i# 0.2 [ *
- i + + O
0 Wﬁ 1 0 i \J* d) ] ++ i
-0.2 : ‘ 1 — — ‘ i * L + ? N 1 |
0 0.2 0.4 0.6 0.8 -0.2 0 0.2 0.4 0.6 0.8
0 4<F+_* Ir e pC
p
i o
B $ ¢ $ . O pCu -
02 ; # # j Tc_ 0.5 ; K
[ - &
0.4 | O ¢$ §+‘*
. e pC p 0.5 i <>
06| ©PCt U k-
| L Ll Col B K
0 0.2 04 0.6 0.8 -1 | Ll o o |
0 0.2 0.4 0.6 0.8

X

F
Bonpumasi acMMMeTpust OJsi agpoHoB (n',n” ,K'), comepxaumx
BaJIeHTHie KBapkyu (u,d) M3 noasspmM30BaAHHOI'O MPOTOHA.

B.B.A6pamoB u gp. A® T.70(2007)C.1561-1571. 20



[aBa 3. lamepeHusa A B p'C(Cu)-coymapeHusax. ©=90 mpag

Ay

0.3
0.2
0.1
0
-0.1
-0.2
-0.3

1

0.5

=

1
&
wn

1
[y

- e pC
- C pCu IIPOTOHEI + a
2 i 4t p
- | | ‘ | | ‘ | | ‘ | |
0 0.2 0.4 0.6 0.8
- P AHTUIIPOTOHH G
E @
B O
- e pC
A | |
| | | | | | | | |
0 0.2 0.4 0.6 0.8

Ana aHTMnpoToHoB U K- A =0.

BnepBble Habnwaaetca 6onblian
acummeTpua A AnNsi NPOTOHOB, a TaKXe ee

ocumnnAaums, npu Vs=8,8 MB.

An

0.2

IIPOTOHSI +

_0.4 | | | 1 | 1
-04-02 0 02 04 06 08 1

Xp

AaHHble POAC-2 n BRAHMS(RHIC) npwu
aHepruax Vs=8,8 n 200 MB. MogenbHble
KpuBble, CHU3Yy BBEpPX, COOTBETCTBYHOT
Vs=43, 11,5, 8,8 n 200 3B.
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[naBa 4. lamepeHusa A, B p'C(Cu)-coymapeHusax. ©=160 mpag
A A
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[ O pCu J
7\\\\‘\\\\‘\\\\‘\\\\
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K+

BHauuTeNbHAasT aCUMMMEeTpusi OJisi Me3OHOB (7',K"), comepxaumx
BAJIEHTHHM U-KBapK M3 IIOJSPMBOBAHHOI'O IIPOTOHA.
B.B.A6pamMoe u mp. SA® T.70(2007)C.1790-1798. 0= xFSO,27.22



[naBa 4. lamepeHusa A, B p'C(Cu)-coymapeHusax. ©=160 mpag

A
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0.4
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p IIPOTOHEI

.

0

1 2 3 4

P auwunpowonm+

tﬁ Jﬂal,hjﬂ% B

® pC

0

1 2 3 4
pp GeV/e

HymneBass acuMMeTpuUsi OJIsI

(t~, K ,IpOTOHOE,
aHTUIIPOTOHOB) . B.B.A6paMoB u
np. A¢ T.70(2007)C.1790-1798.

st m—- MesoHoB A, =0 mgns
IIOJISPHOT'O yIuia 6oJsiee 73° B
C.II.M.

Ipu ©=160 Mpan nyneeas
acuMMMeTpPHusi OJIsi BCeX MEeBOHOE,
He cogepxalMx BaJIeHTHHEe u-
KBapKM M3 MNOJSPUBOBAHHOTIO
nporoHa. CucTeMaTmMdeckKasi
oumbra < 4%.

A, (pp)< A (PA) mns nt m p.



[naBa 5. lamepeHunsa A B p'C(Cu)-coymapeHusax. ©=230 mpag
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BHauuTeNbHAasT aCUMMMEeTpusi OJisi Me3OHOB (7',K"), comepxaumx
BAJIEHTHHM U-KBapK M3 IIOJSPMBOBAHHOI'O IIPOTOHA.

B.B.A6pamoB u gp. ¢ T.70(2007)C.1799-1805. x; =-0,07.



[naBa 5. lamepeHunsa A B p'C(Cu)-coymapeHusax. ©=230 mpag

AN
0.6
B P IIPOTOHEI
04 P
0.2 [
0 5 1L + ?
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0.4 |- a
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HyneBast acuMMeTpust OJisi

(T, K ,npoToHOEB,
AHTUNIPOTOHOB) . B.B.A6paMoB u
np. Ae T.70(2007)C.1799-1805.

Ins - MesonoB Ay =0 nns
IIOJISPHOT'O yrJyia 6oJsiee 73° B
C.I.M.

Ip ©=230 Mpan HyJIeBas
acvMMeTpusi OJiIs BCeX MEBOHOB,
He cojepxXaumyMx BaJIeHTHHEe u-
KBapKy M3 NOJSAPUBOBAHHOIO
IpOTOHA.

3aBuCMMOCTE OT aTOMHOI'O Beca
MMIIEHM B Opegejiax oumbok

OTCYTCTEYyET.
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[oporoBas 3aBnucnumMocTtb Ay(O.,) 4na peakuum pTA— - X

0.2

NS

0 20 4 60 80

100

Yron B c.u.M., rpamycm O

Inst T~ MesoHoB A, = 0

OJIST [IOJISPHOI'C yIJia
boJyilee 73° B C.1I.M.

dO[C-2, Vs=8,8 M3B, p'A.
m o=
e O =160 mpan

90 mpan

1 © =230 mpan

[pyrne akcnepuMeHTbl:

o E704, \s=19,4 'sB.

¢ BNL-E-0925, Vs=6,56 3B.
A BRAHMS, Vs=62,4 '3B.

# BRAHMS, Vs=200 I3B.



Mopgenb xpoMmomarHutHon nonapusaumm kesapkos (XI1K)

B mecroii miaBe pacCMOTPEHBI MOJENIH, NPEIIOKEHHBIC 1 OObSICHECHUS
MOJIAPU3ALMOHHBIX  SBJIEHWHW, B  TOM  YHCJI€  CO3JaHHAsA  aBTOPOM
(heHOMEHOJIOTnYECKast MOAEIb XPOMOMAarHUTHOM MOJIIPU3AIMHA KBAPKOB.

Monens  XIIK  sBmsgeTrcss  HMHCTPYMEHTOM  JUId  IJI00AJBbHOrO  aHajav3a
NOJIApU3aiMOHHBIX  JaHHBIX (80 WHKIFO3MBHBIX peaknuii). Ee ocCHOBHEBIC
MOJIOKEHUA (OTINYAIOIIHNE €€ OT U3BECTHOU Mojenu PrickuHa):

1) Tlocime 1BeTOBOH mepe3apsaKH CO3JAIOTCS IIBETOBBIC IIOJISA, ITPOJOJIBHOE
XPOMODJICKTPUUECKOE M KPYTOBOE MOMEPEYHOE XPOMOMATHUTHOE.

2) Tlonspuzanuonnsie 3¢ dexThl Bo3HuKaoT O1aromaps s¢dexry lrepna-I'epnaxa
B HCOJTHOPOJHOM XPOMOMArHUTHOM MOJIE.

3) IIpoucxoauT Ipeneccus CIMHA KBApKOB B I[BETOBOM IIOJIC, YTO IPUBOIMT (B
clTydae CHIIBHBIX ToJiei) K siBieHnto ocumusiun Ay(Xg) 11 Py (Xg).

4) KpapkoBble aumarpamMmbl U mpaBuia kBapkoBoro cuera (IIKC) mcmonsiyrorcs
JUTSL OIIEHKHW BKJIaja (V) KBapKOB M aHTHUKBApKOB B 3(D(PEKTHBHOE I[BETOBOE IIOJIC.
BxJ1aibl KBapKOB U AaHTUKBAPKOB - JIMHEHHbBIC (DYHKIIUHM UX YUCJIA C BECAMM.

5) YuuteiBaercs reomerpust 3pHEKTHBHOTO XpOMOMArHUTHOTO Torst B2
By = -Byy/p; By =Bxlp; B,=0; B,=2ayvp? B3r>p)=0.
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P PeKTUBHOE NMONEePEeYHOEe XPOMOMATHUTHOE I0JI€e

MeeTcs mpOa0ABHOE B
XPOMODJICKTPUYECKOE T10JIE /N E

E2u kpyroBoe nomepedyHoe Q . ( @ } . Q Q
XpOMOMAarHuTHoe mnoJie B2, "/ o

8, =50%0./2M —
Wq = 3970/ 2Mq . A.B.Migdal, S.B.Khohlachev, JETP Lett. 41, 194 (1985).
XPOMOMATHUTHLII MOMEHT

COCTAB/IAIIECI0 KBapKa.

Mogens Peickuna. O0bsicuenue Ay 1 10, B wpl m pTp, Py ama pA—ATX.

Mopgejab XpOMOMATHUTHOU MOJIAPU3ANNN KBAPKOB
(muxkpockonnyeckuii npuoop llrepua-I'epiaaxa)

B¢%(z<0) B%(z>0) Spin UP quark
- e NI }
) . 77— - 1
N N
Target fragmentation Beam fragmentation Spin DN quark

region region
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IIpeneccusi CMuHA KBAPKa B IIBETOBOM I10JI€

dé/dt = a[§ B?] (BMT-ypaBHenue) (2)
a=04(9% — 2 + 2M/Ep)/I2M, (3)
maccel M, = Mp = 0.3 I'9B, Eq — aneprus kBapka.

Apeo =(9%o-2)/2 (anoManbHBIA XPOMOMATHUTHBI MOMEHT KBAapKa).

» bnaromapsi CIOHTaHHOMY HapyIIEHUIO KUPAJIbHONH CUMMETPUU
nosiysrorcs macca AMq(q) u Apds(Q) kBapxka.

B uncrasToHHON MOOENN:

Apey (0) =-0.4 (H. Komenes, Mean Field, Mq=0.170 GeV);

Apio (0) ®-1.6 (1. desikonos, Diakonov-Petrov, Mq = 0.345 GeV).

» 113 17100a/IbHOr0 aHaIK3a MOIIPU3AIMOHHBIX JaHHBIX:

» Apdg (u,c) =-0,471+0,007, q=+2/3; <Ap?,,>=-0.428;

> Ap?, (d,s,b) = N(2/3) Ap2o(u,c), g=-1/3. <M, > =0.275 GeV.
» OauH mapaMeTp I OIMUCAHUS Apeq Juis U, d, s, ¢, b — kBapxos.
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Ypasuenus niasa Ay, Py (pgo-1/3):
Py = C(Ns) F(pr, A)[G(9,) -~ 0G(9g) ]
G(pa) = [1—cos @pl/pa + €¢,, mpenieccust cimaa u LI-I" cuita
C (Vs) = Vo/[(1 - Ex/Ns )2+8:2]Y2,  yeunenne Ay, Py mipu \s= Eg
F(prA) ={1 - exp[-(p1/p°r)>° JH1 -04 INA), 1B. popmdakrop
Vo= -D, 07 &° /12(9%8 -2 ), wmarnutyna Ay u Py
Pp= @Y, O = 0O:Yg, HMHTETPAIbHBIC YINIBI IPELECCHH
Ya = Xp — (Eg/Vs + fy)[1 + cos, ] + ay[1 — cos, 1,

Vg = Xg — (Eg/s + f,)[1 — cos@y,, ] + a,[1 + cosl,,, ],
Xa = (XgtXp)/2, Xg= (Xg-Xp)/2. cKeiIMHTOBBIE TEpeMEHHbIE

@ 5@ = Gs0sVaR) So(0% — 2)/(Mqg cp?), &=-0.00476 + 0.00011.
TIE Vae) - 9P (HEKTUBHBIN BKIIa/l KBAPKOB-CIICKTATOPOB B 1o B2,

(4)
()
(6)
(7)

(8)
()
(10)

(11)
(12)

(13)
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IIpaBujia KBapKOBOI'0 CYETA 1JIfl V,

=

= 11

o
YR s
v
1
,
p
o
N

d | 8
: N L
1 § .

u v=-—TA 4
u v=-7ix P l;
d v=-7Ai ‘

5 =1

]

(1]

=1
v= A

v= A
V= =TA
v=-1tA P

= =T A

SHO1V1DO3dS

JE2~[B2 ~v,=[3h-3tA]<0; [Ea~[Ba ~v,=[2+ 2\ -3t ] >0

Ay ~ Va(Q3,- 2)/2 > 0; P\ ~ Va(g%-2)/2 < 0.

a9, qq -SU(3), aHtuTtpunnert, Bknag v=1»%;, Cg =-2/3 — LIBETOBO (pakTop

g, qq -SU(3), cuHrmet, Bknag v = 1. Ce = -4/3 — uBeToBOM (pakTop

»S.P. Baranov, Phys. Rev. D54, 3228 (1996). v ~ (Crac)®?. (14)
b ==y (0)| My, ;(O)|2 ~ 1-e/8 ~-0.1332 uBeronoii paxrop (15)
»)=-0.1338+0.0014, 7 =0.0265+0.0009 pas 80 peakmuii.
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Hoaspuzanus B pA — E*T+X

1
0.8
0.6
0.4
0.2

0

-0.2
-0.4

'0.6 1 | |~ |
0 02 04 06 08 1

Predictions: solid red: pBe;
Dashed blue: pp;

Dotted orange: pCu;
Dash-dotted black: pPb.

Left panel: pA; \s=38.78 GeV;

IHonsipuzanus BOSHUKACT
onaronaps 3¢pdexry IITepHa-
I'epj1axa B XpOMOMArHUTHOM

nmoJje B2
Ocumnnsiumsi noJasipmusanmum

aHTUTUIIEPOHOB B OapMoOH-
OaApPMOHHEIX COYLaAPeHMUSIX —
pesynbpTaT IIpelecCum
CIMHa aHTUMKBAPKOB B
CUJIBHOM XPOMOMAaI'HMTHOM
I10Jie 6 KBaApKOB-
CIIeKTaToOpoB (B paMkax
Momesnin XIIK) .

32



3aKkJII0YCHHUEe

[Tony4eHbl pe3ynbsTaThbl N0 OQHOCMMHOBOW aCUMMETPUN B
HenccnegoBaHHOM paHee KMHeMaTu4yeckon obracTtu, angd
LLUECTUN TUMOB 3apPSAXKEHHbLIX aApPOHOB, TPEX MULLEHEWN U
TPeX 3Ha4yeHUn yrroe B M.C.K.

Pag pesynsrtaTtoB nNosiydeH Bnepsble. B uenom HoBble
aKCnepuMeHTarbHble gaHHbIe NPU SHEPrnu
nonsipu3oBaHHOro nNpoToHHoro nyyka 40 3B no3sonunu
nony4nTb 6onee NonHy KapTUHY OgHOCMNUHOBBIX
NoNApun3aLMOHHbIX ABMEHUN, YTO CTasrio BaXXHbIM LLIArom B
nccrnegoBaHMmM PEeHOMEHOOrMn 3TUX NPOLLECCOB.

deHOMEHONOrM4YecKyto Moaesnb XpoMOMarHUTHOM
nonsipusaunm KBapkoB MOXHO paccMaTpuBaThb Kak
0006LLEHNE 3IMNUPUYECKNX 3aKOHOMEPHOCTEN,
HanOeHHbIX B Xxo4e rnobanbHOro aHannsa gaHHbIX.
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Cnoacu6o 3a BHUMaHnue!
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JlomoJTHUTEJIbHBIE CJAaANuAbI:

C8(qq) = 1/6 for octet,
C6(qq) = 1/3 for symmetric sextet
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[IpakTnyeckasa LeHHOCTb

NMony4yeHbl AaHHbIe B obnacTtn aHeprumn yckopurtensa APBI.
OGHapyXeHHble 3aKOHOMEPHOCTU NO3BOSIAIOT INy0Xe NOHATL
CTPYKTYpPY aApOHOB U AMHAMUKY UX B3aUMOLENCTBMUS.

NMpeanoxeHbl MeToAbl 06PAGOTKM AAHHbLIX, KOTOPbIe NO3BOSNAIOT
YMEHbLMTb CUCTEMATUYECKYIO OLUNOKY U3MepeHus acummeTpum A,,.

Pa3pabotaHa HoBas nporpamMmma oo6paboTKu AaHHbIX CO CMeKTpomMmeTpa Kornew
yepeHkoBckoro usny4deHusa (CKOY) ana ycranosku ®OMC, yto BABOE
YyBENMYnno Y1ucro naeHTupumpyemMbix 4yactuu,.

Uaoen noncka CKeMNMHroBbIX NepeMeHHbIX B NONSPU3aLuMOHHbIX
nccnepoBaHUAX ObINIM UCMOSb30BaHbI NPY MNOArOTOBKE NMpeanoXeHus
akcnepumeHta SERPUKHOV-175 Ha yctaHoBKe PO/ C-2.

Pe3ynbraTbl 3TOM pabdboTbl UCMONBL30BaNICb NPU NOAroTOBKE NpeasioXKeHus
akcnepumeHta CIMNACHAPM B UDBO.

Mopaenb XIK ucnonb3oBanacb aonsa oobAcHeHUs A-3aBUCMMOCTU Nonsapusauum

B peakuum e* + p(A)—A'" + X (akcnepumeHT HERMES). .



P (A) 11 A B e*A-coyaapenusx

The A polarization Py (A)
In e*Acollisions Is
measured in the HERMES
experiment. K.Rith,
DI1S2010.
Bkiag KBapKoB Y aHTU-
KBapKOB B Vo U B2
va= 1+AEA4 -2)— T(A+1),
(16)
rne A=-0.134, 1 =0.027,
A ~0.6A3, TTone B2 n
Py ~va =0 mpu A =100.
KpacHas kpuBas —
NpcACKA3aHNC MOICIIN.

etA—AT X, s=7.26 GeV

P
0.2

N

0.1
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OdmuimarnesrHele OIINIOHEHTEH! :

OOKTOpP O(mMBMKO—MaTeMaTHMUYEeCKMUX HAYK

H.H. Hukonaere (MHCTUTYT TeopeTmuecKom Obmsmkm
M. Jlanpay, I'. YepHOI'OJIOBKA) ,

OOKTOP OmBsmMko—MaTeMaTHMUYeCKMX HaykK U.A. CaBuH
(TaBbopaTopmust dmBMKM BHCOKMX 3Hepruu, OWAU,
r. Ody6Hna),

JokTop OMBMKO—MaTEeMaTHMUYECKMUX HaykK
JI.H. CMupHOoBa (HUNAP MIY
mM. J.B.CkobesbiiMHa, . Mockea).

Benymass opraHmumsaumsa — I'BY T'HI P® UTIS
mM. A. V. AnuxaHoBa (r. Mockea).
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brnarogapHoOCTMU:

ABTOp 6bnarogapeH HblHEWHUM 1 ObiBLWUMM coTpyaHukam NOBO b.KO.banguny,
A.®.bysynyukosy, FO.M.bpeesy, A.A.Bonkosy, B.KO.[meb6osy, 1./.[oH4aposy,
A.M.Topuny, A.H.l'ypxunesy, A.C.0ObiwkaHTy, B.H.EBOoknmoBy, B.H.3anonsckomy;,
B.B.3mywko, A.KO.KanuHuny, FO.I1.KopHeesy, A.B.Koctpuukomy, A.H.KpuHuumHy,
A.B.Kopabnesy, H.HO.KynbmaHy, A.W.Jlnnatosy, A.A.Mapkosy, FO.M.MenbHuky,
B.M.lNogctaskosy, B.B.Tanosy, C.U.TepewieHko, J1.K. TypuyaHosudy, A.B.XmenbHnKoBYy,
A.l ®etuncosy n A.E.AKyTMHY 3a HEOLIEHMMYIO MOMOLLL B NOAIOTOBKE N NPOBELEHUN
aKCcnepuMmeHTarbHbIX uccrnegosaHum Ha yctaHoske GO/LC.

CBOMM NPUATHBLIM AOMTOM aBTOP CYUTAET Bblpa3nTb 0CObyo BnarogapHoOCTb
A.H.Bacunsesy, B.U.Kpbiwknny, A.M.3anuesy, B.®.O6pasuoBy n H.E.TiopuHy 3a
noaaepKKy AaHHoM paboTbl Ha pa3HbIX ee aTanax.

ABTOp nckpeHHe bnarogaput A.H.Bacunbesa, A.A.[lepeBLunkosa,
O.1.ObsakoHoBa, B.B.Exeny, A.B.Edpemoa, A.B.Kucenesa, H.U.Kowenesa,
B.B.Mo4anosa, C.b.Hypywesa, C.M.TpowuHa 3a nnoooTBopHoOe obcyXaeHune
BOMPOCOB, CBA3aAHHbLIX C NOMAAPU3aLNOHHON OUINKON.
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KoppeKTHpOBKA NYUYKAa € LEeJbI0
BbIPABHUBAHMSA €r0 MapaMeTPOB HA MUIIICHHA:

copocor/0.05 mm

Beepxy: pacnpeneneHue no 300 o — w0216 MM
X-koopauHaTe ny4ka : ; e Xy =-0.776 MM
c nongapudaunen UP/DN go 200 ;
BblpaBHMBaHWUA. PasHocTb 100 | a
X-koopauHart nopgagka 0.5 mwm [
0 [ L L~ L
BHUM3Y: nocne BblpaBHUBaAHUS -5 0 S 10
CPEAHIX 3HAYEHIA C TOHHOCTBIO 300 | — e
nyywe 4 MKM. : e Xy =0.526 MM
200 |
100 | °
0 5 10

X5z, MM
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False asymmetry due to difference in X
or Y for Up and Down polarized beam

»False asymmetry is
minimal near maximum
(plateau) of P distribution.

»\We have to level UP and
Down coordinates with 4 um
accuracy to have false
asymmetry less than 0.002.

»The remaining systematic
uncertainty 0.04 is estimated
from run to run A variation
and Is added Iin quadrature to
the statistical error.

7075 |

0.25

0.5

FODS-2, 40 GeV/c, pC, B o = 48.0°

-

<>+ "

| @ SX(UP/DN) = +0.0 mm

[ SX(UP/DN) = +0.5 mm

C 6X(UP/DN) = 0.5 mm
IR | T N R TR TR SR AN T N B

1 2 3 4
P GeV/e
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0.8

0.6

0.4

0.2

+

.

Ckeiiiuar Ay B peakmusix PTA(p) —»n* X

(1-E Ns)A,

0.2

AN

(1-E Ns)Ay

An(T7)=0,

8., >73°.
MNMpeaenbHbIN
yror.

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 = Xp — (Eo/\s + f,)[1 + cosO,, ] + a[1 —cosb,, ], (18)
B.B.A6pamos, A®D.T.70(2007)2153.

Xa = (Xg+Xg)/2.
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Comparison with Other Data

o pC, 40 GeV, 40°-79° z 0.2 R
a pC, 40 GeV, 73°-94° < PP(C) - +
= pp, 200 GeV, 15° 0 4 A
0.6 - 2 PC,216GeV, 23° M+ B A
y pp, 21298 GeV, 2.3°,177.7° oK * s4o 4
« pp, 11.75 GeV, 30-77° 02 | o
& pp, 13.3 GeV, 78° -0. + A
0.4 F + -
" -04
L
0.2 ++ 0.6 -
S A pC, E925,21.6 GeV, 23°
i > & 0.8 L ® PC FODS, 40 Gev, 41°
0 i + 0" o pp, E704, 200 GeV, 15°
VT ﬁ + v pp, BRAHMS, 21298 GeV, 4°
1l ¢ pp, BRAHMS, 21298 GeV, 2.3"
-0.2 | | | | | | | |
025 0 0.25 0.5 0.75 0 0.25 0.5 0.75 1
Xp X

F
A, depends on s at moderate energies and have a threshold value of x., which

also depends on energy and production angle 6y,.
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[Tonck oBLLMX 3aKOHOMEPHOCTEN B MONAPU3ALMOHHbBIX SABIIEHUAX

['mo6anbHBI (PUT MOJIPU3ALMOHHBIX JAaHHBIX i1 80 MHKIIO3UBHBIX pPEaKIMM.
Yucno Touek 3160, umcino mapamerpoB — 99. Ilpm MuHMMH3aLUU Y2 BeEC

y —1/( 2 2 _
OKCHIEPUMEHTATLHON TOUKH W=1/(0%,, + %), THE Ogyy U Ogy - OLIMOKM JTAHHBIX

1 moaenu coorBeTctBeHHo. 0,00<o

80

60

40

T

20

ID 79
Entries 3160
Mean 0.1309E-01
RMS 0.9462

Constant 67.57
Mean 0.1904E-01

Sigma 0.8947

“J.' 1 L

0 5

(Yn—Yew)/Oces
3160 ER sys 0.0000 0.0050
3160 N reaction 57 2
3160 N events 1122 159
3160 Fraction 0.355 0.050

2.5

SyS

<0,07, yd.o.f.=0,946.

PacrnpeneJjieHME Pas3HOCTU
BSKCIEPUMMEHTAJIbHEIX HaOJII0IaeMbBIX
(Y@®) M MX MOIEJIbHBIX OLIEHOK
(Yy,) , HOPMaJIM30BAHHOM Ha

BemunHy ommOxy (0%, + 0%

exp
Pe3ynbTaT (puta rayccoBbIM pacipeacieHueM
MMOKa3aH KPaCHOM KPUBOM.

s =0,90; y2/d.o.f.=1,26.

0.0100 0.0200 0.0300 0.0500 0.0700
9 7 1 1 3

878 4677 198 219 117
0.278 0.148 0.063 0.069 0.037
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The relation of local and global parameters

For many reactions the local parameters can be expressed via the
global ones, that allow to estimate the global parameter values for
the data analysis.

E, = r,2 Mg[l + (2 - 8dy)/(2-9%,)]; (50)
do=a,+1;; (51)
ry = sign(e’,) = sign(-gyv,) (52)
Er = 4r2. Mo/(2-9%); (53)
@°q = 050,54(9%, — 2)/(Mq cp?) (54)

mOA = moQ VA; (Q - U,d,S,C,b); Oa = (DOAyA (55)
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AHOMAJILHBIA XPOMOMATHUTHBIM MOMEHT
KBAPKAa B MHCTAHTOHHOU MO/IeJIH

n
TP 02 w004 (MF) (11)
205(p)

e p = 1.6 T'9B! — cpennuit pasmep nucranToHa, My=0.170 I'sB/c?
u N, =<0lasG? G ,,|0> onpenensieTcst BENUUUHON [ITFOOHHOTO
xougeHcara. N.l.Kochelev, Phys.Lett. B426, 149(1998).

Ma =

~-0.744, x2~-1.6, (DP) (12)

A
- (M_p)?
u ( QIO 2
I'me N¢ =3 - uncno useros, My=0.345 1“3B/C2 TMHAMMAYECKAs

Macca KBapKa IIpU HYJIEBOM BI/IpTyaJIBHOCTI/I p=1.67 I3BY,
n/a, = 6. Cpegauit pazmep uHCTaHTOHA - P = 0.35 DM,

D.Diakonov,Prog.Part.Nucl.Phys. 51, 173 (2003).
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AHOMAJIbHBIA XPOMOMATHUTHBIM MOMEHT KBapKa

W, = _r (Mop)’ Izlc ~—0.744, x2 D.Diakonov (40)
O N¢ -1
0 5
[ I'sto®asyibHEM OUT IOAaHHBIX :
05 L (cpemuee 1 U,d-KBapKOB)
[ u® = -0.4257+0.0051 ;
. I M, = 0.2781+0.00251B.
IIpenckazanne HHCTAHTOHHOM MOJIEIIN
-15 (rmoxa3aHbl CHHEH KPUBOM):
[ pn® = -0.4448
S S (nsM, = 0.2781 I'sB).
0 0.2 0.4 0.6

I'ne My=0.2781+0.0025 I'>B/c? — cpennsia nunamudeckas Macca U,d-kBapkos,
p =1.67 I'>B! — cpennnii pa3mep HHCTAHTOHA,
o, ~ 1.1425 u3 APT (I.B.IllupkoB) nns =0 (otnuuaercs ot o, = 0.5 B DP).

D.Diakonov,Prog.Part.Nucl.Phys. 51, 173 (2003).
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OueHKa Macc KBapKoB

Pe3ynpTarsl 11o0aabHOro (prra MoJIsipu3allMOHHBIX JTaHHBIX .

TokoBasg macca m,: CocraBJstioniasl Macca, I\/IQ = mq+AmQ:
m,=2.3 M»>B/c? M, = 0.253 + 0.004 I'>B/c?
m,=4.8 M>»B/c? Mp = 0.297 + 0.005 I'B/c?

m, =95+ 13 M>bB/c? M = 0.462 + 0.008 I'>B/c?
m,=1275+0.10 IB/c? M. =1.275 +£0.10 I'»B/c?
m, = 4.18 ['aB/c? Mg = 4.18 I'3B/c?

PDG 2012:

m, =2.3+0.7(0.5) MaB/c?> CooTrHolieHHE [JIs COCTABISIONUX
my=4.8+0.7(0.3) MaB/c> wmacc: In(M,/M,)=4N-? e M, u
m, =95 +5 M»sB/c? M, — Macchl JIETKOTO U TSXKEIIOro
m,=1.275+0.025T3B/c?  kBapkoB mokonerust N (N=1, 2, 3).
m, = 4.18 £ 0.03 I'aB/c?

m,=173.5+ 0.6 £ 0.8 I'3B/c?
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LiBeTOBBIC (PAKTOPHI BO B3AaMMOACHCTBUAX KBAPKOB

QCD color interactions between two quarks

A. Nakamura, and T. Saito, Phys. Lett. B621 (2005) 171-175.
Casimir factors:

C1(qq) = -4/3 for singlet, mpursxenue

C8(qq) = 1/6 for octet, orrankuBanue;

C6(gqg) = 1/3 for symmetric sextet, orrankuBaHwuE;

C3(gq) = -2/3 for antisymmetric anti-triplet, nputsxenue.
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BbiBOObI O CTPYKTYpPE U AMHaAMUKe B3anMOO4EeUCTBUM

1) Ponb niMHaMHUYECKUX COCTABIISIIOIIMX KBAPKOB C OOJIBIINM aHOMaJIbHBIM
OTPHULIATEIEHBIM XPOMOMAarHUTHBIM MOMEHTOM, LIBETOBBIM 3apsiIOM (J, CHUHOM
V2 u maccoii M ~ M /3. Jlunamuueckue MacChl KBAPKOB MOJYHHAOTCS
COOTHOIIICHUIO:

IN(M,/M,)=4N-2 e M, u M, — maccer kBapkoB (M; < M, ) B mokosernu N.

2) Bo3Hukaet 3((heKTUBHOE KPYTrOBOE MOMEPEUHOE XPOMOMArHUTHOE TOJIE.

3) B3auMoneiicTBre KBapKa IpOOHWKA U CIIEKTAaTOpa: JOMHHUPYIOT aHTH-TPHUILICT
s (0 ¥ CHMHDIET ;Ui (-0 B3auMoeicTBHil qoMuHHpyeT. [IpaBuna
kBapkoBoro cueta. vA(Qq) = 1; vA(q9)=A. Bxnax B addexruBHOE MOME.

4) IlposiBieHrEe IBETOBBIX (PAKTOPOB BO BKJIA/IaX KBAPKOB M aHTHKBAPKOB.

W(O)* ~ (Crug)’; A =—|wyq(0)° /wy 4 (O)F = 1-e1® ~-0.1339 + 0.0013.

5) IlogaBineHnue BKJaga KBApKOB MHUIIICHU B I10JI€ B 00acTH (hparMeHTalU
HaneTaromeit yactuipl. axrop —, rae T = 0.0248+0.0008.

6) Poct Bkiazna map - B [OJIE IPH CBEPXBBICOKHX DHEPIHSIX 'S =W,=267+4 1'3B.

WIM, = M/m,, m, = (2m, + my)/3 =~ 3.1+ 0.5 MaB. M /m, — ramma ¢akrop?
3aBrcUMOCTD Yncia d3QPeKTHBHBIX map g q ot sHeprun: N,z ~ exp(-Vs/W).

/) IlogaBiienre 3TOr0 BKIaAa Ipu 0onbmnx Xg U P1. OnepexkeHue ObICTphIMA

KBapKaMU-IIPOOHUKaMU MEJIEHHBIX KBAPKOB-CIIEKTATOPOB IpHU X¢ ~1.
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BbiBOObI O CTPYKTYpPE U AMHaAMUKe B3anMOO4EeUCTBUM

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

9) IIpoTsKEHHOCTh MOJISI U COOTBETCTBYIOIIMI XapaKTep B3aUMOICHCTBYSI, KPYTOBOE
MIONIEPEYHOE XPOMOMArHUTHOE TI0JIE — HE TOUEUHBIN 00BEKT SyXa ~1 DMm.

10) IToutm KIaccHYecKoe MOMEPEUYHOE KPYTOBOE XPOMOMArHUTHOE TOJIC.

11) HeB03MOXKHOCTh MTHOBEHHO NIEPEBEPHYTH CIIUH, €CJIM HET CTPOTOro
TpeOOBaHUS, BRITEKAIOIIETO M3 3aKOHOB COXPaHCHMS.

12) Bo3MOKHOE BIMSIHUE MPOJIOJIBHOTO XPOMOIJIEKTPUIECKOro noJisi. Maas
BennurHa rmapametpa €. € = -0.00474 + 0.00010.

13) Pe3onancHas 3aBucuMocTh Ay 1 Py OT 3HEprun VS uIs peaxiuii ¢ g.va< OB
CHJIBHBIX TOJISIX [Va| » 1. st aTux peakuuit Eg>0, a qns gov,> 0 umeem Eg<O0.

14) IIpeneccust cnvHa KBapKa B MONEPEYHOM MOJIE.

15) Octmmmsiust monsipuzanuu Py (Xg) 1 acummetpun Ay(Xg) B CHITBHBIX TTOJISIX.

16) 3aBucumocTs oporoBoro yria 0, ams Ay(0,,,) OT 4uclia ¥ Macc COCTaBIISIFOIINX
KBapKOB B aJIpOHAX.

17) ®akropuzanus 3aBUCUMOCTEN Py OT Pt U Qp, Op:

Py = C(Vs) F(pr, A)[G(¢a) — 0G(¢g) 1.

18) IIBetoBoit popmbaktop F(pr, A) ={1 - exp[-(pt/p°1)?> 1} -a, InA).

o= 0 s 76 peakmuii. Mckmrouenus: pA— AT+X (a,=0.121), pA —p'X (a,=-5/3),
pA— Z*1+X (0,=0.121) u pA— Z91+X (a,=0.296) . 49



BbiBOObI O CTPYKTYpPE U AMHAMUKE B3aUMOOENUCTBUN

19) 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].

22) 3nak Eg coBnamaet ¢ r;=sign(-gsv,) auis Bcex 80 MHKIIO3MBHBIX PEAKIIUN.

21) Bennuuna Eg comtacyerca nis 69 peakunmii u3 80 ¢ popmynoi, cieayromen us

ypasaenust BMT nis npeneccun cnmna: Eg = 4r 2 Mo/(2-9%).

22) Benmnuuna J,, cornmacyercs ¢ 0g = (0.288 = 0.017) (A,A,)%, a = 0.0350 + 0.0017,
s 77 peakumii. ckmouenus: pA— A T+X, dTA >t X 1 AuAu— AT+X,

rae 0g = (0.0136 +£0.0097) (A A,)* (Er>0, 51 peakuus; Ex<O, 29 peakumii).

23) AHOMaIbHBIE XPOMOMArHUTHBIC MOMEHTBI COCTABJISIONINX KBAPKOB:

Apéq (u,c) = -0,469+0,006, q=+2/3;  Pesynprar 1100aJIbHOTO

Apig (d,s,b) = N(2/3) Apio(u,c), q=-1/3. duTa HOJISIPU3AIMOHHEBIX JAaHHBIX.
Cpennsist BenmnunHa -0.426 cornacyercs ¢ onienkoit H.Komenera Ap = -0.4.
Anomalous Quark Chromomagnetic Moment and Single-Spin Asymmetries
N.Kochelev, N.Korchagin.arXiv:1308.4857[hep-ph].

Mg = (-Ap?/5.752)Y2 = 0.272 T>B (MncTanToHHas Moznens 11 Aut=-0.426).
Cpennss macca Mo=(M+M;)/2=(0.256+0.300)/2=0.278 I'5B. I'nobanbubli dur.
o = g.2/4m = 1.1425; 9.=3.789; (APT, J.B.Ilupxos); p=1.67I3B1; 2%. 5
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BbiBOObI O CTPYKTYpPE U AMHaAMUKe B3anMOO4EeUCTBUM

24) Tlonspuzanus COCTaBIAOIMIMX KBapKoB paBHa: P = +1; Py =-1.
25) YHuBepcajbHas 3aBUCUMOCTD INIO0AJIbHBIX TApaMETPOB MOJICIN OT aTOMHBIX

BECOB CTalKuBarouxcs yactuil. Mckmodenne: pA— AT+X  (pr ~ A, ).

26) B3anMopeiicTBre B OKTETHOM JIJIs1 (-0 CHCTEMBI M B CEKCTYIUICTHOM I (-

27)

28)

CHUCTEMbI MPUBOAUT HA MAJIBIX PACCTOSHUSAX K OTTATKUBAHUIO, & B CHHITICTHOM
1 AHTUTPUILJICTHOM — K IPUTSHKEHHUIO. ITO MOXKET OOBSICHUTH JIOMUHUPOBAHHE
MOCJEHUX B OMMCAHUU TIOJISIPU3ALMOHHBIX SIBICHUM, HOCKOJIBKY JJIsl HUX
BO3HHUKACT SIBJICHUE (POKYCUPOBKU (IIPUTSHKEHUS ) IPOOHKMKA U CIICKTATOpa, 1
3TO YMEHBIIAET CPEIHUN PANYC MTONIEPEUHBIN T10JISI U YBEJIUUYUBAET €10
BEJIMYHHY. A 3TO B CBOIO OUYepe/ib MPUBOJNUT K YCHUIICHHIO MOJISIPHU3AIIMOHHBIX
SIBIICHUH TIpU ManbIxX 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.

B xadecTBe KOHCTAHThI CUJIBHOTO B3aMMOJICHCTBUS JTYUIll€ HOIXOUT

o = 0°/4n = 1.1425 u3z APT JI.B. lllupkosa, a ue o, = 0.5.
[Tonsipu3aliMOHHBIC SIBJICHUSI BO3HUKAIOT B MSITKUX MPOLIECCAaX ¢ OUCHb MAJION
nepenadeit ummnynbca: q = rypq, o =0.0100+0.0010.
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BbiBOObI O CTPYKTYpPE U AMHAMUKE B3aUMOOENUCTBUN

29) YHuBepcaapbHOE OMKMCAaHUE JIOKATBHBIX TAPaMETPOB MOJCIH CYIIECTBYET IS
yKa3aHHOTO HIDKe uncia peakiuii (u3 80):

c D Er Ey a3 pr fa fg=faoa=0 & Yy

/0 53 71 62 71 79 69 78 76 77 80
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BbIBO ypaBHEHMH 1JIS1 MOJISIPU3AIAUA THIIEPOHOB U
OTHOCIITMHOBOW ACUMMETPHU AJPOHOB

HNcxomnasd wumes moaeJd XPOMOMATHMUTHOM mnogaspusanuu KBapkosB (XIIK)
3auMcTBOBaHa u3 Mojein M.Prickuna (M.Pwickmn, SI® 48(1988)1114). Ilocne
coyllapeHuss W oOMeHa IIBETHHIM IJIFOOHOM (IIBETOBOM TMeEpe3apsjiKi) MEXITY
CTAJIKMBAIOIIUMUCS aJpOHAMHU HATATHMBACTCS TPyOKa IIBETOBOrO ITOTOKA (CTpPYyHA).
Kak moka3ano B padore A.B.Migdal, S.B.Khohlachev, JETP Lett. 41, 194 (1985),
BOKPYT TPYOKH BO3HHMKACT MOIEPEYHOE KPYroBOE XpOMOMAarHutHoe Irojie B (kak
BOKPYT MPOBOJIHUKA C TOKOM). OHO CTaOWJIM3UPYET CTPYHY.

[Tore B B3ammomelicTByeT ¢ XPOMOMAarHUTHBIM MOMEHTOM (|1) BBUICTAOIICTO W3
00JlacTH B3aMMOJICVCTBUSI KBapKa. JHEPTUsl B3aUMOJICHMCTBUA KBapka paBHa -Bp.
[TockonbKy HamnpaBiI€HHE TPYOKHM OJIM3KO K HANpaBICHUIO CTaJKUBAIOIIUXCS
YacCTHUIl, TO HEOJHOPOJHOE XPOMOMATHUTHOE TIOJIE COOOIIAET KBAPKY CO CIMHOM
BBEPX JIONOJIHUTEIbHBIN TIONEPEUYHBIM HUMITYIbC OCy, HAIIPABJICHHBIM BJIEBO, a
KBapKy CO CIMHOM BHM3 — BIIpaBo. OueHka g+

0g+=Bp= [4/3us]/[2mq1.6R02] ==+0.1 I'3B, (1)

rie my=0.33I3B, R=25I3B", a,=1/2 (PbIcKHH).
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BoiBoa ypaBHeHMH 1J1d Py 1 acuMMeTpum aApoHOB A

Jliist olieHKH acuMMeTpuu Ay MOKHO BOCIIOJIB30BaThCsl POPMYIIOit

Aq = [de(dr+80r)-de(d-60+))/[do(qr+607)+do(q-607)] =
00-(0/0p1)In(d3e/d3p) = 69D, D=-55I3B, 6g;==+0.115B.
A,=00:D (acummeTpust Ha KBAPKOBOM YPOBHE) . (2)

Cuibl, [OEHCTBYIOIIME CO CTOPOHBI HEOZHOPOTHOIO XPOMOMATHHTHOIO IIOJIS
(amanornunble cwiaaM B dkcrnepuMmente llltepua-Tepiaaxa), CMeEMAIOT CIEKTPEI
HaOJII0AaeMbIX aJpPOHOB, BIEBO WM BIIPABO, IO INKAJIC IOMEPEYHBIX HMITYIHCOB.
dopmMa W MarHuTyga CaMHX paclOpeneieHdil P JTOM HE H3MEHSIIOTCS.
[Monspuszannonnbie 5(Q(EKTHl BO3HHMKAIOT IIPH B3aMMOIEHCTBHM B KOHEYHOM
COCTOSIHUH, ITOCJIE JKECTKOTO PACCESHUS KBAPKOB.

Vea0BreM IPUMEHUMOCTH KBAa3HKIACCHYECKOTO TOAX0A ABJISETCS
HE3HAYMTEIHHOE U3MEHEHHNE UMITYIIbCA YaCTUIBI HA PACCTOSHHUHM ITOPSIKA IJIMHEI
BonHBI h/p. JlapmopoBsckuit paguyc R = p/g.B2» h/p wmm

p » (20,0, v)¥?/p = 0.6 I'3B/c, e xapakreproe mone B2 = 2av/p?.
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BoiBoa ypaBHeHUH 1J1 Py 1 acHMMeTpuM aApoHOB Ay

OcuosHbIe oTiImunsg Mojienu XIIK ot moxenu Prickuna:
1) Yuer reoMmerpun 3PEKTUBHOTO XpOMOMArHUTHOTO 1ot B2:;
B, = -B.y/p; B, = ByX/p; B, = 2a.v/p?; Ba(r > p)=0. (11)

2) Yuer 3aBucuMoctH 0(; (a Takke B W v) OT uucina KBapKOB-CIIEKTaTOPOB.
[IpaBrita KBapKOBOIO CUCTa JUIS BKJIaga CIICKTaTOPOB B V.

3) Vet npeneccuu cnuHa kBapka B mosie B2, YpaBaenus bBMT:
dé/dt=a[EB?];  a=gs(0% -2 + 2Mq/E)/2Mg ; (Mg=0.3I'3B). (7)

4) Tlonspusauus COCTaBIsAOMX KBapkoB P, paema +1  (mia  u m d).
B mMonenu Peickuna Pjoc X - mone uMIyibca MpoToHa, YHOCUMOHN KBapKOM.

5) IIpononbHas NPOTSHKEHHOCTH ostst B2: S=SpXp (X>0);  S=SyXg (X<0).
Xa = (Xg + Xp)/2; Xg = (Xg — Xp)/2. Ilone B2 - He TOUeUHBIN OOBEKT.

6) VYuer Bkigama B B W V poXmarommxcs IpU BBICOKHX BHEPrHAX (|0-IIap.
3aBHCHMOCTb 4rcia 3QGEKTUBHBIX map g oT 3Heprum: N T dl exp(-Vs/W).

W = W/(AA)YS, W,=267+4T>B.  n,=4.22+0.08.

7) Ucnons3oBanue o, = 1.1425 u3 APT (/I.I0upkos) BMecTo o, ~ 0.5 u3 1.B. KX/I.



3aBHCHUMOCTD Ug OT HEPCAAHHOT'O UMITYJIbCA

CpaBHEHUE Og B
AHAJIMTUYECKOU TEOPUU
Bo3myleHu (ATB) u 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
COOTHOILLIEHUE (J = PP, TAE

o 1.5 :
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BoiBoa ypaBHeHUH 1J1 Py 1 acHMMeTpuM aApoHOB Ay

1) HeognopoaHoe mojie B2 aelicTByeT Ha
1o = 59%04/2Mq — XpOMOMArHUTHBIA MOMEHT COCTABIIONIETO KBapKa.  (11)

2) Cuel LlTepna-T'epnaxa (rammipronnan -pu2B2 - {- HeUeTHBIN):
f, = nd, 0B /0X + pd 0B2 /0x;  f, =p?, 0B3 /0y + pd, OB /0y. (5)

3) Yuer npeneccun crivHa KBapka B mose B2, Ypasuenns bMT:
d&/dt = a[EB?]; a=0s(0% -2 + 2My/Eq)/2Mg ; (Mp=031I3B). (V)

uio = (9% —2)/2 - aHOMaIbHBI XPOMOMArHUTHBIM MOMEHT.
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Ilpeneccus cnuHa YacTUlbl (S=1/2) B MAarHUTHOM I0JI€

gl = MEY, (oBomronus monspu3aid B MaraiutHoMm moje) (13)

["apkymia B.W. u ap. I[Ipenpunt UDB3-86-147, 1986.

1 B: cos(ks) + B B.B,[1 — cos(ks)] —B,Bsin(ks)
M= B.B,[1 - cos(ks)] B® .:c.s(k.-_:l} + B2 B.Bsin(ks) |, (14)
B, Bsin(ks) — B_Bzin(ks) B?cos(ks)

where k = aB/v and s is a path length in the
field (ds = vdt).

&= (0, &,, 0), (HayaJIbHOE 3HAYECHUE MOJIAPU3ALINN) (15)

&=£°,/B?[B,B,(1-cos), B,*cos¢+B,2?, -B,Bsing]. (16)

&,= &,/B?[ B,2cos¢+B,?], $=kS=aBS/v — yron npeneccun.  (17)

[Tocne ycpennenus o X,y: <§ >=0; <§_>=0; <BXBy >=0; <B,B>=0. o



BoiBoa ypaBHeHUH 1J1 Py 1 acHMMeTpuM aApoHOB Ay

1) Cuna, aeficTByromasi XpOMOMAarHuTHBIM MOMEHT KBapKa, OyJeT OCIHIILIHPYIOMICH
GyHKIHEH BpeMEeHHU IPOXOXKASHUS B Tojie t=S/V uau paccTosHus S:

f, = 1%, Bylp = pa&0, Bylpl(y/r)2cosp +(xr?2],  <f>=<-piByfp>=0, (11)
rae yron mpeneccun ¢ = aBaS/v = taByr/p, a = g4(9%, -2 + 2My/Eg)/2Mgy  n3
ypaBuennss BMT:  dé/dt =a[EB?].

2) B pesynbrare aeiictBusi cwibl f, KBapk ToiydaeT MOMOJHUTEIBHBIA WUMITYIIBC
(rmocie yCpeIHeHHs 10 CEYSHUTO0 Mo, I < p):

dp, =Ifdt = p2E, /(ap)[(1 - cosg,)/pa + 9a/2], (19)
O = 20, a/p? -SIV= X, - YTOJI IPELIECCHH CITMHA,; (20)
rae S=SyX, — MoJiHas JUIMHA TpaeKTopuu B nosie B, S, =1 Owm. (21)

Xpo = ( Xg + Xg)/2 - cxeinuaroBas mepemeHHas. (21) ciemyetr u3 T00aIbHOTO
aHAIIM3a MOJSPU3AIMOHHBIX TAHHBIX W HAOMIOMEHUS CKeUITUHTa Ay TIO X 4.

0P, = 9% &° [(1 — cos@a)/@a + e0al/2p/(9%g — 2 + 2MG/Ey), (22)
e =-0.00474+0.00010 - mmoGanbhbli mapameTp Mmoaenu XIIK.
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OrpaHn4eHHOCTH MHTErpasa 3PPeKTUBHOIO
moJist KX/I erpyH: S = SpX,

Jlnnaa myty (S) kBapka B 1oJie TpyOKH
npu (PUKCUPOBAHHOM P Q S

S ~ Ry/sIN(@ o) ~ PIPT~PaXalPr -
r€OMETPUUYECKUN (PaKTOP.

(Quark path length S in a color flux tube.

~ |~ P ~ PaX, (ecnm nmuna dhopmupoBanus menbiine R/SIN( ,,)).
TaKHM o0pa3om, JJIMHA NyTH KBapKa B 3(PHEKTUBHOM
XPOMOMArHUTHOM ITOJIE CTPYHBI TPOHOPIIMOHATIBHA X1 S = SyXa.
KoappuuneHnt S, He pacTeT B C.1.M. TUHEWHO ¢ P A~\/S, a IIpaKTH4eC-
KM IIOCTOSIHEH, T.K. JJIMHA CTPYHBI HE MOXKET PaCTH HEOTPAaHUYCHHO B
cuily kKoHdariaMeHTa. IIpoucxoaut ee pparmeHTanus ¢ oOpa3oBaHUEM
napbl KBapK-aHTHUKBapPK, IIOCJIE Y€Tr0 KBapK U aHTUKBAPK B KaXKJOM M3
00pa30BaBIINXCS CETMEHTOB CTPYHBI HAUMHAIOT YCKOPSITHCS HABCTPEUY
APYT APYTY HOJEM CTPYHBI, YTO OrPaHUUYHUBAET POCT CYMMAapPHOM JIJIMHBI
CTPYH U 3 (PEKTUBHOrO HHTETpaja nojiasa B2, 59
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Acummerpust Ay B pTA — 1 +X

Ay A
0.4 0.4 —
03| SPASCHARM, o3l E704
Predictions, P=200 GeV/c
0.2 0.2 |
p=25 GeVI/c ,
0.1} 0.1
ol 0 _.‘:_.___'_.':_:_,__:‘::.:;;j‘;‘fl
-0.1 : : ' ' 0.1 | ! | .
0 02 04 06 08 1 0 02 04 06 08 1
Xp Xp
Predictions: solid red: p'p: Solid red: Vs=19.4 GeV
Dashed blue: p'Be; Dashed blue: Vs=8.77 GeV
Dotted orange: p'Cu; Dotted orange: Vs=6.98 GeV
Dash-dotted black p'Pb. Dash-dotted black: Vs=5.48 GeV

Left panel: pTA; Vs=6.98 GeV; Right panel: p'p.
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IIpoucxo:xaeHne BeJUYMHBI A

OTpulIaTeAbHBIN 3HAK A 00BSCHSIETCS IMPOTHUBONONIOKHBIMU
3HAKaMU LIBETOBBIX 3apsJ0B KBapKa M aHTUKBapKa U MX BKJIaJ0B B
a(pdekTuBHOE noiue Ba.

Matast a0COJIFOTHAS BEIUYUHA A MOXKET OBITH CBS3aHA C
OTHOIIICHHEM BOJHOBBIX (PyHKIIMI (| 1 qq Hap:

1= = [WeqO)/ lwg o)1 = -1/8, (6)

e I BOAOPOIO-II0M00OHOI0 MOTEHIMAIA BOIHOBAS (QYHKIIHS B
nyse nporopionaibia (Crog)®?, rne Ce = 4/3 s 11BeTOBOTO
cuarneta u Cp = 2/3 pyis anTUTpUILICTA.

S.P. Baranov, Phys. Rev. D54, 3228 (1996).

[ mo6anbhbIl ananu3 s 80 peakuuii gaet A = —0.1338+0.0014,
YTO HAXOJMUTCS B KAYSCTBEHHOM COIvIacuu ¢ (6) M CIyKUT

00OCHOBaHHEM IIpaBHUJI KBAPKOBOI'O CYCTA U MOACJIIN B IICJIOM.
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A-3aBHCHMOCTH IIapaMeTPOB MOJEJIH

E,, ER ~ A% IF x> 0; rne o = 0.0390+ 0.0027

E, Egr ~A* IF X< 0; Eo Er ~ (AL A)* st Xg = 0;
Or ~ (ALA)% Py ~ (AA) S Dy ~ (AfA)>,
o~ (AJA)P; rne f=0.2423 +0.0071

P ~ (A A)Y% ay~(A)™, toe y=a+p.

OnHO MCKIIOYEHHE I peakuu . PA — AT+X
POy ~ Ay

TpeoOyercs Bcero aBa mapamerpa, o u 3, ;i1 80 peaxiuii!

Jl1sa ouenku o 1 B ucnonb3yrorcsa 80 peakiuii, 3160 skcn. ToYeK.
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VVO
m,

Pa3mepHble rj100aabHbIe mapaMeTpsl (6)

- IMapamerp, 3B

266.0+ 3.4

0.361+ 0.006

7 Hapawmerp, I'3B/c
Pv 74+13
m, = S,/p?

A Taxke TokoBbIe (5) n quHamMudeckue (3) Macchl KBapKOB.
In(M,/M,)=4N-2 tie M; u M, — MacchlI JIETKOTO ¥ TSKEIOT0
4

KBapKOB B MokojaeHuu N.

Quark (g-2)12 ¢

U
D
S
C
B
T

-0.471
-0.384
-0.384
-0.471
-0.384

1.058

1.232

1.232
1.058
1.232

Mq dMq
0.2526 0.2503+ 0.0037
0.2974 0.2926+0.0048
0.4623 0.3673+ 0.0082
1.2750 0.0000
4.1800 0.0000
173.5

In(M2/M1)
0.1635

1.0145

3.7259
0.000

GEN=N
0.69

2.01

2.95
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Be3pa3mepHble 17100a1bHbIe MapaMeTpsl (16)

| [Mapamerp | ITapamerp | ITapamerp
A -0.1338+0.0014 o 0.0368+0.0016 Dy  0.767 £0.024
T 0.0265 =+ 0.0009 B 0.243+0.007 OR 0.299+0.018
€ -0.00476+0.00011 A;  56.4+9.1 Ug 2/3
§  247+0.11 A, 10.8+0.8 dy  -Uyn2
n, 4.24+0.08 A, 0.321+0.009 K 0.0071+0.0092
po 0.0100+0.0010 Cry 0.454 +0.024 d,  0.030+0.006

A TaxKe aHOMaJIbHbIe XpOMOMarHUTHBIC MOMEHTHI KBapKoB (1).

Bcero 6+16+1=23 rimo0anbHbIX ITapaMeTpa.
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Dependence of ECF
on Vs and atomic weights A,, A,

At high energy Vs new quark and antiquark 10 |

production changes the ECF intensity. L] .
In case of ion collisions the effective number 10| ’
of spectator quarks in a projectile nucleus is |, 2| I
equal to its number in a tube with transverse | -'
radius limited by the confinement: 10 1
10 -
da= 3(1+f)Agr ~ 3(1+f A (23) 4
~ 10— e
Oa = 3nAcs ~ 3f A3 (24) 1 10 10 %, Gev

New quark contribution fy(Ns, py, X¢) is a suppressed at high p; & X¢
since fast probe quark leaves the ECF very quickly and is not
influenced by it. The fyis rising with energy +s.
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The case of A,A,-collisions

In case of A;A,-collisions the new quark contribution f to ECF &
string number v, at a given p; & Xg Is modified as:

fy = NgEXP(-W/NS)(1-Xy)", (25)
Xy = [(pr/pn)? + Xe2 1Y (26)
W = Wy/(A,A,)Y8 (27)
n= (AA) (fractality parameter) (28)
W, = 266.0 + 3.4 GeV, W, = 2M Jogy,

n,=424+0.08, py=74.0=+13.0GeV/c;
where A; & A, are atomic weights of colliding nuclel.
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JlomoJTHUTEJIbHBIE CJAaANuAbI:
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OLieHKa aHOMarbHbIX XPOMOMArHUTHbLIX MOMEHTOB KBapKOB
Ap? =(g* -2)/2 (16)

AHOMAaJIbHbIE XPOMOMATHMTHbIE MOMeHTHI npu =0:

Apd,(0) =-0.473 £0.010 M HCTaHTOHHAS MOJICIIb:

Apd;(0) =-0.382 £ 0.010 Kochelev: Ap2=-0.4 (m,=170 MeV)
Apé(0) =-0.405 +0.012 Diakonov: Ap? =-1.6 (m =345 MeV)
Apé-(0) =-0.443 £ 0.031

Apdg(0) =-0.347 £0.021 Ap? ~m? (17)

Ap?,=-0.38(d,s,b), q=-1/3; Ap2,=-0.47 (u,c), q=+2/3.

N. Kochelev, and N. Korchagin, arXiv:1308.4857 [hep-ph].
N. Korchagin, N. Kochelev, N. Nikolaev, arXiv:1111.1831v2

N.l. Kochelev, Phys. Lett. B426(1998) 149.
D. Diakonov, Prog. Part. Nucl. Phys. 51(2003)173.
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Additional transverse momentum of quark Q
IS due to Stern-Gerlach type force in ECF

Due to microscopic Stern-Gerlach effect quark Q gets an additional
spin-dependent transverse momentum o6p,, which causes an azimuthal
asymmetry A, or transverse hadron polarization P.

8P, = 0% &% [(1 — Cos@)@a + £0al/2p/ (0% — 2 + 2MGJE),  (9)
@, = WX, SPIN precession angle in the fragmentation region of A.

O = 0s0Vp So(9% — 2 + 2MG/ER)/(Mq cp?)  «frequency»  (10)

Xa) = (Xg £ Xg)/2  scaling variables (11)
S,/p? =~ 0.361 £ 0.006 GeV; € =-0.00476 + 0.00011.
Ay = -oP, D; Fermi relation (Ryskin, 1988) (12)

~ —0/0p+ In(d3e/d3p); D=5 GeV-1 (13)
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Thomas precession effect
In effective color field

U =s-®o; -an additional term in the effective Hamiltonian (12)
o= [FV]/M, - Thomas frequency for Ep»M,. (13)
OP = -m+/AE — polarization for pp—A+X, where AE >O0. (14)

»Direction and magnitude of the force F= g.E? is determined by quark
counting rule for ECF. F, ~-[2 + 2\ - 3t A ]<0 for Q=s in pp—E°+X,
F, =0cE?, =-20s05 [L + A -3t A ]/p?<0  for Q=s in pp—A+X, (15)
F,~-[3A-3tA]>0 for Q=u in pp—on* +X.
»Force F is processes dependent! oPy > 0 for Q=s in pp—A+X.

»Additional Thomas precession term 6P, > 0 is opposite in sign to the
DeGrand model predicted negative polarization for pp—A+X. In ECF
model dominates chromomagnetic field contribution with 6P <0 ..
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Oscillation of Ay for p' p(A) —» = X

The data for the pTp(A) — 0 p(A) — 1 X
n- X reaction are also G (0,)

described well by the ECF 1 — 2
model with a universal
function G,(¢,), shown by
the solid black curve.

0.5

It IS very interesting to (N e e
measure A, at different 7
energies, from s =70 GeV 05|
up to 500 GeV. The data ' pTp > 14X
points should move along Vs = 4.89 - 200 GeV
the curve from positive ¢, -1 ' ' '

region to the negative one. -10 -5 0 = q}m
A
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Oscillation of Ay for p'p(A) — n* X

The =* production A In
pTp(A) collisions is
measured in the E704,
FODS-2, BRAHMS and
many other experiments.
The data at Vs =200 GeV
have negative values of @,
due to new g-q pair
production ~ exp(-Vs/W)
and change of the ECF
sign. The data at Vs <70
GeV have positive ¢, and
an approximate scaling for
A\ (Xgp7). Parameter
W=272.7+1.3 GeV.

PTp(A) — n* X

G, (0,)
1
0.5
o aw
-0.5
pTp — n'+X
Vs = 4.89 - 200 GeV
= -10 _5 5 10
Pp



IHoasipuzanus B PA — AT+X

0.2

2 2.5
P GeV/c

Predictions: solid red: pp;
Dashed blue: pBe; x=-0.23
Dotted orange: pCu;
Dash-dotted black: pPb.

Left panel: pA; \s=7.31 GeV;

0.6

0.35

0.1

Sel

-0.15 SPASCHARM

predictions

0 0.5 1 1.5 2 2.5
P GeVie

-0.4

Solid red: pp

Dashed blue: pBe, xz=+0.23

Dotted orange: pCu

Dash-dotted black: pPb
Right panel: Vs=6.92 GeV



Global data analysis: Ay

Inclusive reactions, in which analyzing power was measured in hp
& hA—collisions. 24 reactions, 1409 points.

Ne | Reaction Ne | Reaction Ne | Reaction
1 |p!p(A) — =w* 9 |ptA— Jiy! 17 |pdl — #°
2 [p'p(A)—>m |10 |[p'p—n 18 [p'p—n
3 plp—nal 11 |[dTA—> =" 19 [n*pl > w?
4 |pTp(A)—> K" (12 |[dTA—>w 20 |l pl—>m
5 p'p(A) - K (13 |[plp—p 21 | pt — ad
6 [p'p— K% 14 |p'p— =t 22 |mdl — 1
7 |p"p(A)—>n |15 |p'p—om 23 |wd' — x°
8 Ip"p(A)—>p |16 |p'p— a° 24 |K-d' — a0




Global data analysis: Py

Inclusive reactions, in which polarization was measured in
hp & hA—collisions. 25 reactions, 1058 points.

Reaction Ne | Reaction Ne | Reaction
pp(A) — Al 34| X-A->xX1 43 |IpA— Al
NA— AT 3B X-A->ET 44 |K-p— Al
PA—ET 36 | AA— ET 45 |K-A— ET
pA— EN 37 | AA— Q1 46 | p — Al
29 [pA— X 38 |[pA— Al 47 |K*p — Al
30|pp—p! 39 | Z-A— Al 48 |mp — Al
31 [pA— X 40 |[pA— EH 49 |K* p —»AT
32 |pA— Q1 41 |p A — =01
33 ([Z-A— AT 42 |[pA— X1




Global data analysis : Ay, Py, Poo

Inclusive reactions, in which Py, was measured in AUAU—
collisions, vector meson polarization, Py, & Ay in lepton-
nucleon collisions. 26 reactions, 544 points.

Ne | Reaction Ne | Reaction Ne | Reaction
50 | Au+Au — AT |59 |nA— K*(892)1 68 | et A— Al
51 [Au+Au — AT |60 |nA — K*(892)" 69 et A— Al
52 | A+A, — Al 61 |pp— Y(19) 70 et p! — @t
53 (pA— Jy! 62 |pp— Y(29) 71 (et p! > 7
54 |pA— Jhy! 63 | AuUAuU—K*(892)01 72 et p! —» K*
55 pPA—Y(1S)! (64 |AuAu— ¢(1020)! 73|e*pl - K-
56 | pA—Y(2S)! |65 |v,A—Al 4| pd —ht
57 (pp— p(770)" |66 |e*e- — K*(892)" poo) |75 |p-d' — h-
58 |pp — ¢(1020)" |67 |ete — K*(892)%(p1




Multiplicity dependence of Ay (Xg)

The ©* production A in p'p—n* X, s=200GeV
p! p collisions is measured Ay

In the BRAHMS 0.2

experiment. J.H.Lee, ¢ 2373

DI52009. 015, ;:EES R, =Multiplicity/Mean

The data are presented
here for three bins of
multiplicity, normalized to
the mean value (R,,).
Higher R, corresponds to 0.05
larger ECF value due to
correlation of the number 0 /ol
of strings and multiplicity. 0 0.1
New quark contribution to

the ECF, f, Is: fy~1+a.,(R.-1), a,=0.030+0.006 (24)

0.1

0.5



Multiplicity dependence of Ay (Xg)

The =* production Ay in p!
p collisions is measured In Ay
the BRAHMS experiment. 0.1
J.H.Lee, DIS20009.

The data are presented here

for three bins of 0
multiplicity, normalized to
the mean value (R,,). Higher
R, corresponds to larger

pTp—m X

0.1
ECF value due to ® 2373
. 1.0
correlation of the number of « 0068 R, =Multiplicity/Mean
strings and multiplicity.
- - - _0'2 ] 1 ] 1
Larger ECF gives in this 0 01 02 03 04 05

model higher Ay, X



Color field between quark and antiquark

B
There are longitudinal chromo- (/;\\1 = )
electric field E2 and a circular Q . \ @ T Q
chromomagnetic field Ba. N2

an — SggS/ZMQ —ch romomagnetic Color flux tube fields B and E.

] A.B.Migdal, S.B.Khohilachev, 19385
constituent quark moment. A.B.Migdal, S.B.Khohlachev, JETP Lett. 41, 194 (1985).

Also, Yu.Goncharov, Int.J. Theor.Phys.49, 1155 (2010).

Field dependence on the distance r from the string axis:
EC), = -2a,v, Ip? exp(-rélp?), (1)

B, = -2a.v, rlp3 exp(-rép?), (2)

where v, — number of quarks, p =1.25R. = 2.08 GeV,
R:.1=~ 0.6 GeV, R — confinement radius, o, = g2%/4nt ~ 1.
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Stern-Gerlach-like force acts on a quark

moving inside QCD string (flux tube)

R P, OB /O +pd OB JOX (3) P /<
f, =a By oy ()
»Quark Q from the observed hadron - :
C, which has p; kick of S-G force & :
spin precession is called a probe and

it measures |B* & [E.
Effective color field (ECF):

Towm T oR TR R

[ O

=1

(1]

Quark counting rules.

=1

=1

e e e

"I:I
SHO1V1O3dS

»Spectators are all quarks which are not constituents of hadron C.
»>In case of reaction pp—Z°+X the probe s & u quarks from =° “feel”
field, created by spectator quarks with weight v,= A, created by
antiquarks with v,= 1, and by target quarks with vg= -TA, respectively.
h=—|Weq(0)? /lwy ((O)? ~1-e¥® ~-0.13315 color factor (5)
»)=-0.1338+0.0014, 7 =0.0265+0.0009 for 80 reactions.

JEa~[B2 ~v,=[2 + 2\ - 31 A]
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[MpaBnna KBapkoBOro cyeTa Ans v, n wo,

=

KBapku v aHTUKBapKU —

P a "

CIIEKTaTOPhI JAKOT BKJIA] B (
va, ©0, 1 [B3dz ¢ BecoMm T d v=2A

U = A
A 1 1 cOOTBETCTBEHHO. vd w2
CriekTaTtopsbl U3 MUIICHA uv= —Ti .

o u =7

UMEIOT JOTOJIHUTEIbHBIN d v— 7
¢akrop —. ol +p — 7t + X
qq -SU(3)c Tpunner, v = A; |Badz~ 0= [BA-3TtA]>0;

qq -SU(3)c cunrmeTt, v = 1. @’y ~ (0% =2)/2<0. Ay>0,

»CnieKkTaTophl — BCe KBapKH, HE BXOIAIINE B HAOIIOMAaEeMbIii aIpOH.
»Ha nonsipu3oBaHHBIN U-K8apx 6 T IEHCTBYIOT MO, CO3JaBaeMbIC
KBapKaMH-CIIEKTaTOpaMHM 13 ITy4YKa U MUILICHHU.

» L= |yu(0)]? /g 4(0)? = 1-e¥® »-0.13315 color factor (5)

A =-0.1338+0.0014, 7 =0.0265+0.0009, d¢ur aasa 80 peakuuii.

SH401Vv103dS

84



Quark counting rules for frequency ®°,

Quarks & antiquarks P a "
spectators from projectile 4\ C

contribute to @°,, with o 2
weights A & 1 vd v=A 0
respectively. Spectators W oz ::i P :5';
from target have additional d v=-—1A <
factor —. 0l +p — 1t + X

Ea~B2~ @’y =w0’ [3L-3tA]>0; Ay >0;
o’y ~ (9%, -2) <0.
General frequency @°, equations for g u q probes from hadron C:
°5(0)= (’JOQ{EIneW +Apew — Elused - Myseq TAQ T+ EIA —T(qu"'EIB)} (27)
@A(q)= (’*)OQ{)"dneW +0new — Mused = Gused tda + Ada —T(0g+ A0g)} (28)



Quark spin precession in string field
dé/dt = a[§ B?] + d[§ [Eav]] (BMT-equation) (6)

a=04(0% — 2 + 2My/Ep)/2Mg  (mass I\/IU_: Mp~=0.313B) (7)
d = gs[0%, — 2Ex/(EqtMQ)1/2M, (Eq 1s Q energy) (8)

ApPo =(9%5-2)/2 (quark anomalous chromomagnetic moment).

»Spontaneous chiral symmetry breaking leads to non-zero additional
dynamical quark mass AMq(Q) & Au?,(0).

In instanton model: Ap?, (0) =-0.4 (N. Kochelev);
Apd, (0) =-1.6 (D. Diakonov).
Both, AMq(0) & Aps(q) tend to zero when q — oo.

»The second term in (6) iIs due to Thomas spin precession in E2.
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Predictions of A for Vs = 130 GeV, 0.y,= 4.1°

Ay, scaling is violated at Vs > 70 GeV due to new quark production.

AN
T+ T4 0.8
P p—m X e g = 62.4 GeV Vs = 130 GeV
E704 \/S _ 194 GeV - vs = 19.4 GeV ---=--- s = 200 GeV
O 19.4 GeV _
BRAHMS: 0.4 - * 624GeV LT
\s = 62.4 GeV '*
\s = 200 GeV
0 .
Solid red curve — predictions
Vs =130 GeV, 0.y, = 4.1°. B
Dashed blue curve — -04 ' ! ' :

predictions for
Vs =200 GeV, 0.y = 4.1°.



Global data analysis: Ay

An(Xg) and Ga(ea) 2 Gal0)
oscillate due to spin
precession in color
field. 1F
\s =200 GeV
The best studied / « \
reactions: Ay inhp & 0 e
hA—collisions. AR
14 reactions Ne 1+14, p'p—n
510 points. High -1
precision data. p'p—m
Model: Solid curve: -2 ' :
-15 -10 -5

G(pa) = (1- cos@p)/@ptep, (25)

5 10



A polarization in pp, pA-collisions

For A production in pp or

PA collisions most of the 03 Py
data are at high energy, Vs
> 27 GeV and Py is 0.2 -
compatible with zero (blue 0.1k
diamonds). The only non-

zero data, J. Felix (1995), 0 g é“h%#m* -------- ¢+§

reported at ICTP, Trieste, 01k
[taly, have Vs = 7.31 GeV.
In the ECF model the -0.2 |

o — Vs=731Gev BNL, E766.

large P values are + ?
- -0.3
explained by quark
focusing effect with -0.4 . | | 1
ER:7.O:|:O.6 GeV and 0 0.5 1 1.5 2 2.5

+ GeV/e
8 = 0.05. Pr ’



A polarization in pp, pA-collisions

z 0.4
=
0.3
0.2 pCu - AX
e x;=030
0.1 O xp=0.55
0 B, S —
p;=1GeV/e
-0.1 ' l l
0 10 20 30 40
\/s, GeV

z 0.4

=

0.3
0.2
0.1
0
-0.1
-0.2
-0.3

s = 6.98 GeV
Padd °
° [ nd
- '.I[ "
(4 pA - AX
- pr=1GeV/c
_©, _JO’OO"@\.__ o
® x,=0.30
- @ Cj
06 O xp=0.55
| 1 | | 1
0 50 100 150 200
A

Peak at Vs = 7 GeV is due to resonance between spin precession

frequency and oscillation frequency in a circular chromomagnetic

field. Dependence on A is due to spin precession angle ¢g(A)
behavior. Color field is ~Al2 in the fragmentation region of A.
Polarization peaks are around A=1 (H2), 23 (Na) and A=79 (Se).



A polarization in pp, pA-collisions

4 0.4 Z 0.4

=5 =5 PA 5 AX
.O.' BN e
0.3 'd ® ® p+Se, xp = 0.30 0.3 AR Vs = 6.98 GeV
. O p+Na, x, = 0.55 p, = 1.00 GeV/c
02+ 9 \ F 0.2 - J . T
. ° /0% .
0.1 | . 0-1 B . o N, .»" \‘.
’ o) S
0 5. ° @ 0 o .‘. \ '/.-':! ®
? o) O oo 4
-001 _é) O’ _0.1 - \ @ @
02 o pA - AX o p+Na S
-0.2 Fo . - u \
%_ G)'@"O Vs = 6.98 GeV 0.2 e p+Se @@ 5
-0.3 L L L -03 | 1 1 I
0 1 2 3 4 0 02 04 06 08 1
P, GeV/e Xp

The p; dependence of Py at p; < 0.3 Gev/c IS due to benhavior or
F(p7) = {1 —exp[-(p+/p°1)3 1}. At higher p the P, dependence is due
to decrease of color field ~ @, (A,p,Xg) In the fragmentation region.
The x¢ dependence is due to quark spin precession in a color field.
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Polarization of A in AA collisions

2 0.6
A Au+Au - A X
@ pr=1GeV/e
04 - o ® x;=0.36
o O x;=0.70
0.2 - %
| &
. e o S
0.2 4 6 8 10
v s, GeV

z 0.6

=

0.4 [

0.2

0

02+

-0.4

®

-
' % @2 oco o -

A+A 5 AX
Vs = 4.812 GeV
py=1GeV/e

® o4

"

4

_g-000QY
0000Q g

O Xp= 0.70

0

100

200
A

The P peak near Vs = 4.81 GeV is due to focusing properties of color

field, with parameter E,, = 4.82 GeV.

The Py dependence on A with peaks at A =9 and A=197 is due to spin

precession angle @g(A) behavior. Color field is ~pg(A) ~A3,
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Polarization of A In AA collisions

z 1.2 z 0.8

= AusAU — A X =¥ Au+Au — A X
| B 45116 GeV ?@O 0.6 - p, =1GeVie ,0"/.
0.8+ - r_ g';g ; Vs = 4.81 GeV "
F— " O
0.6 | _.-'...300@@; 04 - .
‘.m. é
; o
0.4 r &P 02f T
0.2 K .‘_Ooe pery _.6’ .2.0'.. “of
0 e 0 0
-0.2 L L L - 1 L L L
0 05 1 15 2 02002 04 06 08 1
pp GeVie X

The p; dependence of Py at p; < 0.3 GeV/c is due to behavior of
F(p7) = {1 —exp[-(p+/p°+)%° ]} and due to the change of color field
~@a(NS, Pr.Xe) ~0g(Vs, pr.Xg).

The x¢ dependence is due to quark spin precession in a color field
and peaks correspond to peaks of Gg(pg).
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SSA of protons in pp, pA-collisions

z 0.2
< p+Pb—pX e x;=0.20
pp=1GeVie o xp=0.536
0.1 - C?O .. — 8 _.
RS e
s
0 Boyg e
o8
1!;3
-0.1 | | .
0 S0 100 150

\/s, GeV
The SSA peaks at Vs = 9.0, 19.4 and 61.3 GeV are developed since

~ 0.1
PA—pX ® x.=0.20
Q py=1GeV/c O xp=0.536
0.05 |
®
0
\s =8.77 GeV
-0.05 -
L) .
- OOOOP PP
-0.1 :

50 100 150 200

A

GA(pa)-0Gg(@g) IS near its maximum value at corresponding energies.
A, dependence on A is due to spin precession angle ¢g(A) behavior.
Color field is ~pg(A) ~A2 in the fragmentation region of nucleus A.
Maximum of the SSA is around A=1 and minimum plateau is at A>60.



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

All the existing polarization  G,(,)
data are described by the 2
model very well. The data
for 46 reactions are
compared with the model
function G(¢,) of
precession angle @ .

Model: Solid curve: (25)
G(9a) = (1- COSQA)/@ateQ




The meaning of ¢, & @z precession angles

Precession angle @, g, “measures” color field integral in the
fragmentation region of hadron A(B).

Pp = M X, =@y, = precession angle A (19)
Pp = MgXg = @'zYyg = precession angle B (20)

where @%@y = 940Va) So(9% — 2)/(Mg cp?) - the limit of
oap) at high quark energy Eq. vag) — effective number of strings.

Variable y, g, takes into account the quark motion inside proton and
spin precession in the ECF:
Ya = X — (Eg/\s + f,)[1 + cosO,,,, ] + a,[1 - cos,, ], (21)

Vg = Xg — (Eo/Vs + T, )[1 — cos@,, ] + ag[1 + cos0,,, ], (22)

where a,, f, & E, — phenomenological parameters.
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Predictions of A, for Vs =500 GeV, 0.y,= 4.1°

Ay, scaling violation at \'s > 70 GeV due to new quark production.

pt+p—ont +X
E704: Vs = 19.4 GeV

BRAHMS:

\s = 62.4 GeV
s = 200 GeV

Solid red curve — prediction
Vs =500 GeV, 0y = 4.1°.

Dashed blue curve -
predictions for
Vs =200 GeV, 0.y = 4.1°.

A

N
0.8 , ,

e Vs = 62.4 GeV Vs = 500 GeV
06 Vs = 19.4 GeV = ---—--- Vs = 200 GeV

O 19.4 GeV |
04 + * 624 GeV e

* 200 GeV ___1_'_"'—'.,




Polarization in nuclei collisions

Polarization of A In
Au+Au—collisions.

Experiment STAR:
Vs =62 1 200 GeV.

There Is energy
dependent global

A- hyperon polarization
In heavy 1on collisions at
pr > 2.7 GeVl/c.
Combine effect of large
color fields ~f ,A® and
correlation of production
and reaction planes.

0.6

03

P

Au+Au — AT+ X

N
— A =197, A,=197, Vs =200 GeV
s, GeV
B * 200, Aut+Au
#r 62, AutAu
£ L
i | |
N
~--- A =197, A,=197, Vs =62 GeV
] | | |
0 1 2 3 4 5

pp, GeV/c



Baryon polarization oscillation

The best studied
reactions: PN in hp &
hA—collisions. 19
reactions Ne 24+42, 691
points. High precision
data.

G,(0,)

We can see oscillation for
Kp—-oAT+ X

Model — solid curve:

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



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

04



Quark counting rules for frequency ®°,

Quarks & antiquarks P a "
spectators from projectile 4\ C

contribute to @°,, with o 2
weights A & 1 vd v=A 0
respectively. Spectators W oz ::i P :5';
from target have additional d v=-—1A <
factor —. 0l +p — 1t + X

Ea~B2~ @’y =w0’ [3L-3tA]>0; Ay >0;
o’y ~ (9%, -2) <0.
General frequency @°, equations for g u q probes from hadron C:
°5(0)= (’JOQ{EIneW +Apew — Elused - Myseq TAQ T+ EIA —T(qu"'EIB)} (27)
@A(q)= (’*)OQ{)"dneW +0new — Mused = Gused tda + Ada —T(0g+ A0g)} (28)



Thomas precession effect
In the effective color field

U =s-®o; -an additional term in the effective Hamiltonian (12)
o= [FV]/M, - Thomas frequency for Ep»M,. (13)
OP = -m+/AE — polarization for pp—A+X, where AE >O0. (14)

»Direction and magnitude of the force F= g.E? is determined by quark
counting rule for ECF. F, ~-[2 + 2\ - 3t A ]<0 for Q=s in pp—E°+X,
F, =0cE?, =-20s05 [L + A -3t A ]/p?<0  for Q=s in pp—A+X, (15)
F,~-[3A-3tA]>0 for Q=u in pp—on* +X.
»Force F is processes dependent! oPy > 0 for Q=s in pp—A+X.

»Additional Thomas precession term 6P, > 0 is opposite in sign to the
DeGrand model predicted negative polarization for pp—A+X. In ECF
model dominates chromomagnetic field contribution with 6P <0 ..



P PeKTUBHOE YHCJI0 HYKJIOHOB, JAI0IIMX
BKJIaJA B moJsie B? mis A A,-coyrapenui

Yuciao HyKJIOHOB B TpyOKe pamuyca R, = r A3 Oyner: (54)
Agr = A{l - [1 - (AJA)PI?} = T.TAS. (59)
Ecom A; <A, 10 Ay = A, nsg HyknoHoB A = 1.

A, sBIseTCS CBOOOIHBIM MTapaMeTPOM MOJICIIH.

®ur: A,=10.8+0.8; R,=r1,A®~2.74+0.03 Om,

rae p=1.2 ®m, A;— aTOMHBIN BEC HAJIECTAIOLIETO SApa.

Yucio HyKIIOHOB MUIIIEHH B TpyOKe paanyca R, = r,A, Y3 Oymer:
Berr = A{1—[1 - (AJA)PP} = T.TAS. (56)

rae A, — aTOMHBIN BEC 5JIpa MUILIECHH.
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I PeKTUBHOE YMCJI0 HYKJIOHOB B MUILIEHH B
ciayuae hA-coynapenuii

Yuciio HyKJIOHOB B MUILIEHH B TpyOKe pamuyca Ry, = r A, Y2 Oymer:
Berr = A {1 —[1 - (A/A,)??]P?} ~ 0.61A,15, (57)
Ecmu A, <A, T0 B =A,. nsg HyknoHoB B = 1.

A, sBIseTCS CBOOOIHBIM TAPaMETPOM MOJICIIH.

®ut: A,=0.321 £0.009; R,=r,A,Y®3~0.76 + 0.02 DM,

rae A, — aTOMHBIN BEC Apa MULIEHU.
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Data for 46 most studied reactions,
-20 < @, < 20.

G,(0,)

Xg > Xy Pr>0.3 GeVie.
46 reactions, 1427 points.

Model:

Solid cureve:

G(@p) = (1-CosQp)/@ptepy
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Dependence of My & Ap?5 on g

In instanton model dynamical
quark mass Mg & anomalous
chromomagnetic moment Ap?,
depend on momentum transfer q:

Mg(a) = mg+ AMgF(q), (62)
Apgle) = Apg(0)Fi(g),  (63)
Flg) =ep[-(C)],  (64)

0

Data analysis, 103 reactions used:

M, GeV

0.5

03}

0.2

0.1

0.1 Do

Jo,=4.2+3.3 GeV/c.

- * Dynamical quark mass vs momentum q

04 D.l.Diakonov, 2003

0]

106



Appendix A: P estimate
Hyperon polarization P with respect to the normal to the

production plane can be estimated via angular distribution of its
decay products:

W (6.) = const (1 + aPe,), (A.1)
where e, - unit vector in the direction of the «" - meson In the rest

frame of the hyperon (in case of AT —p 7 decay).
The decay parameter a = 0.642 + 0.013 .
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Appendix A: p;; estimate

Vector meson spin matrix density elements can be estimated via
angular distribution W (0, ¢) = dN/dQ of decay products (spin-0
mesons in decay V — h; + h,, ):

W(0,¢p) = 0.75{c0s%0 py, + Sin%0 (py; + p.1.q) 12

—sin28 (cos ¢ Re pyy — Sing Im pyo)/N2

+ 5in26 (cos pRe p-,o + SinpIM p-1,)/\2

—sing[(cos(2¢)Re p,_, —sin(2p)Im p, )]}Hn (A.2)

Here 0 is the polar angle between the direction of motion of h; and
the quantization axis, ¢ Is the azimuth angle.
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Appendix A: p;; estimate
Integrating over the angle ¢, we get
W(0) = 0.75[(1 - pgg) + (3 pgg - 1) c0S?4]. (A.3)
Similarly, integrating over the angle 0, we get
W(p) = 0.5[1 — 2cos(2¢)Re p,, + 2sin(2¢) Im p, ,]/m. (A.4)

By measuring W(0), we can estimate p,,. Other elements, p,, and
p.1.1, can be studied by measuring W(6,0).

Diagonal elements py;, pyo @and p_,_; for the matrix with unit trace
are the relative intensities of the spin meson m to take the values 1,
0 and -1, respectively, which must be equal to 1/3 for the case of
unpolarized particles.
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Estimate of a = (61 - 26, ) / (6 + 26)).

Another possibility for measuring the polarization of vector
mesons Is Implemented in their decays to a pair of fermion and
antifermion.
For example, to measure the polarization of J/\yy-meson we are
using the angular dependence of its decay into u* u in a spiral
basis, in which the quantization axis is directed along the direction
of the vector meson in the laboratory frame. We define 6* as the
angle between the momentum of u* in the rest frame of J/y and
the quantization axis. The normalized angular distribution of the
ut s given by

I(cos 8*) = 1.5(1 + a cos? 0%)/(a + 3). (A.5)

For non-polarized vector mesons, we have o = 0, whereas o = +1
or -1 for 100% of the transverse or longitudinal polarization,
respectively. 1o



3aBHCHUMOCTD Ug OT HEPCAAHHOT'O UMITYJIbCA

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

1.1 1

—_— 2 —_— — | —
(IS -_ ﬂE(q :] J@\D[EE —I_ ]_ L EIP(EE:]], (58)
7° &l
=14+ Bluvi+ 272 azm(ﬂgj B ==, (59)
III
33 — 2ny 153 — 19n;
.'SD(TL.{] — ]_ETT ! -ﬁl(Tlf) — 2_,1:?_‘_2 ! (60)

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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AHOMAJILHBIA XPOMOMATHUTHBIM MOMEHT
KBapKa

n, =(0o-2)/2 (anoManbHbIM XPOMOMATHUTHBIM MOMEHT KBapKa)
Uncranronnas monens: W, = —0.4 (Kouenes); n, = —1.4(dbsxonos)
KI: p, = +a /2m; T.B. KX/I: p, = — a5 /6m.

B a6enesoii (KDJI) u B HeabeneBoit (KX/I) kaauOp. Teopuu moJs
3HAK [, - Pa3HbIA B CUIIYy AHTUKOMMYTAIIMU T€HEPATOPOB IPYIIIIbI

SU@3), B KXJI: ToTPT2 = -Th/6.
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A\ B 00pa3oBaHUM MPOTOHOB

HabOnronenune pt + p(A) — p +X
ocurmIuIsIOuM Ay B G,(®,)

o0pa3oBaHUHU
IpoTOHOB. 129 Touek, ®OJIC-2
Xe>0.1,pr>0615B/c. 5+ Vs =8.77 B

4.9 < s <200 GeV

Moneb:

CILJIOIIIHAasA KpHuBasi.

G(@a) = (1- cos@p)/@ate@, -30 -20 -10 0



A polarization in v, A-collisions

The A polarizationin v, A x_=-0.27 (target fragmentation region)

collisions i1s measured in the
NOMAD experiment.
D.V.Naumov, Acta Phys.
Polon. B33:3791-3796,
2002. 0
We assume that W*
Interacts with d-quark and
produce u-quark, moving
forward, in v, direction. The
ECF is created by this u- -0.4
beam from v, and by the

two quarks from the target ¢
remnant, which are moving

In opposite direction in c.m.

0.2

P,vA—A W X, Vs=6.82GeV

0.5 1 1.5
pp, GeV/e
1

14



A\ for " Iin e*p-collisions

The m* production Ay in e*pl Hnt e* X, Vs =7.26 GeV
e*p collisions is

measured In the 0.1 An

HERMES experiment. ' o x=-030

K.Rith, SPIN2010. R

J.Phys.Conf.Ser.295: 0.05 = "

012056,2011.

We assume that virtual oF 4 4

photon produce g-g-bar

pair (vector meson

dominance), which -0.05

Interacts with the target

quarks and produce m*. -0.1 | '
0 0.5 1 1.5

The sign of A and X are P GeV/e
changed to the opposite. 115



A, for K* In e*p-collisions

The K* production Ay In

e*p collisions is

measured in the

HERMES experiment.

K.Rith, SPIN2010.

The not monotonous p; ~ 0-05
behavior of the Ay is due

to the dependence of 0
scaling variables y, and

Yg 0N polar angle 6.

0.1

This leads to the -0.05
dependence on p; of the
quark spin precession -0.1

angles ¢, ¢g and to the
dependence of the A,.

etpl K et X, s=7.26 GeV
A

0 x,=-0.30
x,=-0.14
o x,=+0.01

1.5
P, GeV/e
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