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BBenenue

[TonsipuzalluOHHBIE JaHHBIC COJIEP’KAT LIEHHYIO HMH(POPMALMI0 O CHJIBHBIX B3aUMOJECUCTBUSIX. ITO
KacaeTcsl, B YaCTHOCTH, NPOOJEMbl YyJIep>KaHUsI KBapKOB, MPOSIBICHUS IIBETOBBIX CHJI, MPOUCXOXKICHUS
MacC KBapKOB U aJIPOHOB, XPOMOMATHUTHBIX TOJIEH U XPOMOMATHUTHBIX MOMEHTOB KBAapKOB, a TaKKe
MPOUCXOXKICHUS CaMUX TMOISPU3AIMOHHBIX dPHEKTOB.

B Hactosmem 0030pe OyayT pacCMOTpPEHBI JaHHBIE I TpPeX THUIIOB  OJHOCIHMHOBBIX
MOJISIPU3AIIMOHHBIX HAOII0IaEMbIX BEJIUYMH:

OaHocniMHOBAasE AaCMMMeTPHS aIPOHOB (Ay): do(¢p) = oy(1 + AyPcos(9)), (1)
rie P — BepTukanmbHas MONSApU3amMsa My4dka, ¢ — yrojd MEXIy HOPMalbl0 K TUIOCKOCTH PEaKIUu U
HampaBiieHHeM cniuHa mydka. Ay(pr=0) = 0 u3-3a coOXpaHeHHs] YeTHOCTH B CUJIbHBIX B3aUMOJICHCTBHSIX.

Houasipuzanust (Py) runeponoB (H) HampaBieHa, B CHIly COXpaHEHUS YETHOCTH B CHJIbHBIX
B3aUMOJICHCTBUSX, BIOJb HOpManu K IIockocTH peakuuu n = [Py Pyl/|[[PpeamPull- Hapyumenne
YEeTHOCTH B C€JIa0OM pacrnaje TUIEpOHA IO3BOJISIET OMNPEACIUTh €ro MOJSPU3ALUI0 MO YIIOBOMY
pacrnpeesieHIIo MPOAyKTa pacnaja (HyKJIOHa) B cucTeMe 1mokost H oTHOCUTENbHO HOpMaiH n:

dN/dcosO = 0.5(1 + aPycos0), (2)
rae cos® = n-P /|P,|, P,- BEeKTOp uMMIyJibca HYKJIOHA, 00 — KOHCTaHTa pacnaaa. Py(p=0) = 0 u3-3a

COXPaHEHHMs YETHOCTU B CHJIBHBIX B3auMOAEHCTBUX. JlJis coymapeHuid MASHTUYHBIX aapoHOB Py (-Xp)= -
Pn(Xp) 1 Py(xg=0) = 0 n3-3a u30TpOnuu npocTpaHCcTBa.



BBenenue

CnuHOBasi BBICTPOCHHOCTH (Pg,) BEKTOPHBIX Me30HOB (V, cnuH J = 1) ompenpenserca u3
YIJIOBOTO pacIpeiesieHus MPOAYKTOB UX pacnaja Ha ABA MCEBAOCKAISPHBIX ME30HA
OTHOCHUTEJIbHO OCU KBAaHTOBAHMS B CUCTEME ITOKOSI BEKTOPHOTO ME30HA!

dN/cos0 = 3N/4[(1—pyo) + (Bpye—1)cos?0]. (3)
JU1 HEMOJSIPU30BaHHOTO BEKTOPHOT'O ME30HA Py,=1/3. PacnipeneneHue B 3TOM cirydae U30TPOIHO
(0IMHAKOBO BO BCEX HAIIPABJICHUSX, BBICTPOCHHOCTh OTCYTCTBYET).

B xadyecTBe ocu KBaHTOBaHUS OOBIYHO BBIOHMpPAIOT morepeunyto cuctemy koopauHat (TR) ¢ ocbro
Z BIIOJIb HOPMAJIU K TJIOCKOCTH PeaKLuu, 00 cucteMy cniupaibHocTu (SH), (och Z B
HanpaBJeHUHU BbUIETa V B C.II.M peakuun), 1uo6o cuctemy I'ordpuna-/>xexcona (GJ) (ock Z B1oab
HaIpaBJIeHUs JIBUKEHUS HalleTaromei yactuiibl B cucreMme GJ). Bo Bcex yka3zaHHBIX cucTeMax
KOOPJAWHAT CHavaJia MPOUCXOIUT MEPEXO0 B C.II.M., a 3aTE€M MEePEX0/1 U3 C.I[.M. B CUCTEMY ITOKOSI
Me30Ha V, 4To oOecrneunBaeT HeOOXO0UMBIN IMTOBOPOT OCei KOOPAMHAT.

[TpenmymectBom cuctemel TR siBasieTcst To, yTo 1pu pr=0 BBICTPOEHHOCTb OTCYTCTBYET (Py,=1/3),
MOCKOJIbKY HET BBIJICJIEHHOTO HAIIPABJICHUSI HOPMAIM K TJIOCKOCTH PEAKIINU U MPOUCXOIUT
YCPEAHEHUE IO 3TOMY HAIPABIICHHUIO.

CornacHo Mozenu u3 padotsl [1] pyy = (1 — P P:)/(3 + P P;), rae P, u P;; - monsipusanuy kBapka u
aHTHKBapKa, COOTBeTCTBeHHO. [lonsipusannu P, u P; — HamnpasiieHsl BOJb HOPMAJIH K IIIOCKOCTH

peakuuu u ectb Koppensnus Py = -kP, rne k= 0.5.
[1] Z. T. Liang and X. N. Wang, Phys. Lett. B 629, 20-26 (2005).



Moaeab XxpoMoMarHuTHOM nmoJisspusanuu KapkoB (XIIK)
B monenu XIIK kpyrooe nomnepedHoe xpoMmoMaruuTHoe nojie B? B 00;1acT B3aUMOJCUCTBUS aJIpOHOB
TEHEPUPYETCS COCTABIIAIOIIMMM KBAPKAMU-CIIEKTATOPAMU, KaK BAJIECHTHBIMU KBapKaMU, TaK U MOPCKUMU
KBapKaMu, KOTOpPbIE 00pa3yroTCs U3 BaKyyMa BO BpeMsi B3aUMOJICUCTBUSI U JBUXKYTCSI B HAPABJICHUU
CTaJIKUBAIOIIUXCS aJIPOHOB (B CUCTEME KOOPJMHAT LIEHTpa Macc). B oTnuuune oT u3BeCTHON MOJEIN
PbIcKMHA, UMEHHO JIBUKEHHE KBAPKOB CO3AAET XPOMOMArHUTHOE TOJIE, TOJI00HO TOMY, KaK JIBUKEHUE
ANIEKTPOHOB B MPOBOAHUKE CO3IAET KPYTOBOE MONEPEUYHOE MArHUTHOE MoJie. CrieKkTaTopamu sIBJISTFOTCSI BCE T€
KBapKH, KOTOPbIE HE BOMIYT B COCTAB HAOIIOAAEMOT0O a/IpOHa.

Kaxk u B monenu Prickuna, nonsipuzaiimonHbie 3P eKkThl BOZHUKAIOT W3-3a AeiicTBus cuiibl LlTepHa-I'epnaxa
B HEOJIHOPOHOM MoJie B* Ha XpOMOMAarHUTHBIA MOMEHT TIPOOHOTO KBapKa P, = sgq/2My,, r7e s — CiuH
KBapKa, g — 9TO IIBETOBO 3apsi| KBapKa, g* — [IBETOBOW rUpOMarHuTHeIi (akrop Jlanne, u Mg — 310
JMHAMHUYECKasi Macca COCTaBIISAIONIEro kBapka. [[poOHbIe KBapKu — 3TO T€, KOTOPbIE BOMAYT B COCTAB
HAOJIF01aEMOTO a/[pOHA. AHOMAIIBHBIA XPOMOMATHUTHBIA MOMEHT Ap?, = (g*-2)/2 =-0.4 (H.KoueJes).

HeiictBue cunbl Jlopenna B mone B? Ha nBeToBOM 3apsiz (g MPOOHOIO KBapKa MPUBOJIUT K €ro (POKYCHUPOBKE
WK Ae()OKyCHPOBKE, YTO YCUIIMBAET WK OcaadigeT 3QQeKT noasipu3ainm, a TakKe BIUAET Ha 3aBUCUMOCTh
HaOmonaeMbIx Ay U Py oT sHEeprun Vs. TIpoTskeHHOCTH OIS B2: So™Xa B Sp*Xp, Xppy=(XpEXp)/2, Sy=1dm.
B monenu XIIK yuutbiBaeTcs npereccusi CMHOB MPOOHBIX KBAPKOB B XPOMOMArHUTHOM T1osie B2,

B*{(z<0) B*{(z=0) Spin Down Quark
[TpoOHnbIie
+ KBapKu
Target fr tation B f tati Prc. 1
rget fragmentation Beam fragmentation .
& regiun reggiun Spin Up Quark

spectators 5



Kanaccupuxkanusa peakuui. IllpaBuiia moacyera KBapKoB - CIIEKTATOPOB V,, Vg

= 1

P a P — P I,
( e (% ~
Ld v=A \I'.‘_ \ . v:%
U oy — | \\x ——-— 5 f
PR Prc.2a,b o4 =)
u y=—TA u p ; —-T A
u v=-7A P u v=-1tA P
d wv=—-7A d v=-TA
pi+p—ont+X p+tp—E"+X
JB2dz~v,=[3\ - 3T\] ~ -0.394 < 0; [Badz ~v,=[2+21-31\]~1.741>0 (10)
Ax ~Pyvaqs (8P -2)/2> 05 Py ~v,qs(g's-2)/2 <0. (11)

A =—0.135284+0.00004, t=0.02894+0.00008, OblaM ony4yeHbl U3 aHanu3a 133 peakumit. (12)

Vv, IPEJICTaBIsIET COO0M CyMMY B3BEILIEHHOT'O YKCJIa KBAPKOB-CIIEKTATOPOB (C BECAMHU A U -T).

A TIpesicTaBIseT co0Oi OTHOCHTENBHEIH BKIa qq and qq B3auMoeHcTBHA. J]/Is KBapKOB-CIIEKTATOPOB
U3 MUIIEHHU J00aBsieTcst (hakTop —T.

q9, qq -SU(3), 1BETOBOM aHTHTPUILIET, BKIAA: V= \; Cp = 2/3 — uBeroBoi (paxkTop
q9, qq -SU(3), 11BETOBOI CHHIJIET, BKIa v =1. Cy = 4/3 — uBeroBoil pakrop

AHTI/ITpI/IHHeTHOG N CUHIJICTHOC IBCTOBLIC COCTOAHUA ABJIAIOTCA JOMUHUPYROIIUMMU. Onu IMPUBOIAT K
IMPUTAKCHUIO MCIKAY KBApKaAMH.

|A|/T =4.674 £ 0.013 = 6 — mocTrosinHasa Deitrendayma =4.669202... (KOHCTAHTA B TEOPHH Xa0cCa)

» S.P. Baranov, Phys. Rev. D54, 3228 (1996). |¥(0)> ~ (Cgog)’. (13)

> A=W (0w, ((0) =-1/8=-0.125, uBeroBoii pakrop. (14)

» IlapameTp T y4uThIBAET MOJABICHUE BKJIa/1a KBAPKOB-CIIEKTATOPOB MUILIEHU B V4.

» VYIJIbl MPEECCHH CTIMHA KBAPKOB (4 U O TIPONOPIMOHANBHBI V,/Mq 1 Vg/M, COOTBETCTBEHHO.

SHOLVLDAdS



Aynasa pT+p(A) -+ X upt+p(A) — p+ X peakunmii

p+p—ont+X,v,=[3A-31A] #-0.394 <0; pi+p — ptX, v,=[2 + 2A -37A] =1.741 >0.
3Hak: Ay ~ Pyv,qq (8%y-2)/2 > 0; 3HaK: Ay ~ Pyvaq, (82y-2)/2 <0;
0.5 O.ZA N (b)
Vs, GeV
M0 ol 0w
0.3 F
0.2 f 0 N\
0.1 , .
ol ++ 0.1 A
=14 Kpuseie Ha Puc.3 —
O T s 025 pacuetsl 1o moxenu XIIK.

Puc.3. A\(xp) ans peakumii pT + p(A) —»n" X (a) u pT + p(A) —p X (b).

(1) Abramov V. V. et al 2007 Phys. At. Nucl. 70 1515. \s=8.77 3B ®OJC-2 (m)
(2) D.L. Adams et al., Phys. Lett. B 264, 462 (1991). Vs =19.4I»B E704 (o)
(3) Arsene I. et al 2008 Phys. Rev. Lett. 101 042001. Vs=62.4 5B BRAHMS (o)

Jannsie sxcniepumerta ®OJC-2 (3), mpu suepruu Vs=8.77 9B (kpacHble kBagpaTsl Ha Puc. 3b u
KkpuBas (1)), oka3pIBalOT HEMOHOTOHHYIO OCHMJUIMPYIOLIYIO 3aBUCUMOCTh Ay(Xp). DTO CIEACTBUE
TOTO, 4TO V, >1 M MHTETrpaIbHbII yTOJ NPELECCUN CIIMHA U-KBAapKa BEIUK. 3aKioueHue: Ay (Xg) B
Cllyyae peakivu (a) moJ0KUTENIbHA U MTOYTH JIMHEeWHAs PYHKIUS Xg, MOCKOJBKY V, =-0.394 <0. B
ciyqae peakiuu (b), U3 3HaUNTENBHONU BEIMUUHBI V,~1.741 >0 cneayer Ay(Xp)<0 u €€ ocumsuisanms.



Iossipu3anus ruNepoHOB B peakuuax p + A — =

N

0.1

0.05 >

® W8 pBe .. CPO model

S
-
1

p+p(A) —= +X, VA=[2 + 2\ -31:%] ~1.741 >0.

@’ A®B) = Qs%sVap) MR(8%0-2)/ MQ (ssd)

"+ Xup+A—->A+X
P,
0.1
. x:;:bpm CPQ madel (b]
-0
-0.1
-0.2 pA—A+X
Puc.4
0.3 Y
0 0.2 04 06 038 1
Xg
p+p(A) — AT+X, VA= [1+A -3’c7n] ~0.876 >0;

®’ A®B) = 450V ap) MR(g%o-2)/ MQ (s)

Yacrora ocumsiuun Py(xy) B peakuuu p+p(A) —= +X, MeHblue, yueM B peakiuu pt + p(A) —p+X, Ha

(pakrop my/mg = 0.866.

N3 Puc.4 BugHO, uTo Py(Xp) B peakiuu p + A — =+ X mocTuraet npeaenna u nepecTaeT pacT, TOraa
Kak B peakuu p + A — A + X HaOmroaaeTcs MOYTH JIMHENHBIN pocT 10 Xg =~ 0.75, B cornacuu ¢
BEJIMYMHON mapamerpa v,. Ammmtyaa Py st A runepona npumepHo B 2 pasa OoblIe, 4eM JIs &
runepoHa. JKenarenabHo paclmpuTh 00J1aCTh U3MEPEHUN B ATUX PEAKLUSAX IO Xp C LENb0 00Jiee TOYHOTO

onpeneneHus 3aBUCUMOCTH Py (Xp).

(a) J. Duryea et al., Phys. Rev. Lett. 67 1193 (1991).

(b) K. Heller et al., Phys. Rev. Lett. 41 607 (1978).



Hoasipuzauus (Py) aHTUrMIIEPOHOB B 0APUOH-0APHMOHHBIX COYIAPEHUAX

(a) Py (b)
0.1 [ @ 38.78 GeV, pBe, PM.Hoetal. CPQ model
— ™
(;" }§+ 0 pA-Z"+ X
e —0.1 F
.5 v=1
P(A){—H\\ \_::: t__:% sl
N\ ——d v=
&—*u v=1 03 L
.i;, V= % tT
D S
u vV=-—1 —0.4 -
i; 1P(B) : i:; 0.5 | | | | I
| 0 02 04 0.6 0.8 1.0

X

Puc.5. KBapkoBas nuarpamma (a) u Py(xp)[107] B peakiuu  p + Be — =7 + X[107].
v, =6 — 3tdeff = 5.92 (s pp); 3nHak: oTpuLATENbHBIN; ©°) gy = G0,V R Mp(g(-2)/M,  (ssd) [104].

MakcuMaibHast 4acToTa OCUMILIAIME Py(Xy) osKnaaeTcs A1 aHTUTHIIEPOHOB, 00Pa3yIOIIMXCH B
0apUOH-0APHOHHBIX COYIapPEeHUAX, KAK MOKa3aHO Bbile. Bcero umeercs 6 KkBapKoOB-CIIEKTATOPOB.
OHHM B3aMMOJICHCTBYIOT C KaXKJIbIM MPOOHBIM aHUTHKBapkoM. Jlanueie [ 107] u3aMepeHs! npu Vs =38.78
GeV B pBe coynapenusx.

3axmtouenue: HeoOxoaumo Oosbliie JaHHBIX B IIUPOKOM MHTEpBalie 1o Xg! Xopoiuas Gusuka s
skcniepuMeHTOB CITACHAPM u SPD. HccnenoBanue MexaHn3Ma NOJISIPU3ALAA TUIIEPOHOB.

104. V. Abramov, “Polarization of cascade hyperons and antihyperons,” J. Phys. Conf. Ser. 2020 1435, 012001.

107. P. Ho et al., “Production polarization and magnetic moment of anti-XI+ antihyperons produced by 800-
GeV/c protons,” Phys. Rev. Lett. 65, 1713—-1716 (1990).



Monsipu3anusi aHTUTUIEPOHOB B peakusix pA — = X u pA — X~ X

P
0.1 —
pA-E" + X
0.05 - CPQ model
-0.05 + \/\
_0.1 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Xp

Puc 6a. omstpusamus B peakiuu p + A — Z0 X mpu Vs =
38.78 I'3B [41]. KpuBas nokassIBaeT pe3yabTaTbl PaC4eTOB
o mojeim XIIK.

[41] E.Abouzaid et al., Phys.Rev.D 75 (2007) 012005.

PN
0.2
pA-T +X
@ 3878 GeV, pCu, A.Morelos —
0.1
9
0 / [ 1 1

0 04 08 1.2 1.6 2
P GeVie

Puc.6b. onapmsarms B peaknun p + Cu — X~ X npu
Vs = 38.78 3B [43]. KpuBast TOKa3bIBAET PE3yIbTATEL
pacuetoB 1o mojenu XIIK.

[43] A.Morelos et al., Phys.Rev.Lett. 71 (1993)

[42]V. Abramov, “Polarization of cascade hyperons and 5177

antihyperons,” J. Phys. Conf. Ser. 2020 1435, 012001.

N3 Puc. 5 u 6 BUHO, 4TO Py(Xf) UTO MONSpU3aLMsA aHTUTUIIEPOHOB B pA-COYIApEHHSIX HE MOHOTOHHA,
OHa OCHUWJITUPYET C OOJIBIIIEH YaCTOTOM, YEM B CIIydyae TMIEPOHOB.

JaxmoueHue: Mogenp XIIK mpencka3piBaeT HECKOJIBKO MAKCUMYMOB I MUHUMYMOB B 3aBUCHMOCTH
Py(Xg). TpeOytroTcst Gosnee mompoOHbIE HCCIIE0OBaHUS 3aBUCUMOCTH Py(Xp, pr, A). 10



3aragka ¢ noasipmsaumeii A B peakmuu p + p(A) —» A + X

z 1 . .
n_‘ Vs, GeV ppiA)—= AX
0 8 i [10] 31.43 p(C,Cu)
* O [11] 38.78 pBe
0 6 - ® [12] 7.31pp
* A [13] 27.44 pBe
0 4k A [14] 27.44 p(Be,Cu,Ph)
' ¢ [15]41.59 p(C,W)
0 2 qF [16] 7000 pp.

0
-0.2
_0.4 1 | ] 1

0 0.5 1 1.5 2 2.5
P GeVie

Puc. 7. Py(pr) B peakuuu p + p(A) — A + X.

[10] J.L.Sanchez-Lopez (2007)
arXiv:0706.3660

[11] E.J.Ramberg et al., PL 338B
(1994)403

[12] J.Felix,Trieste,Italy,1995.
p. 231. BNL, E766. Xf=-0.23.

[13] K.J.HELLER PRL 41(1978) 607
[14] B.Lundberg PR D40(1989) 3557
[15] I.Abt PLB638(2006)415
[16] G.Aad arXiv:1412.1692

BOJIBIIMHCTBO 3KCIIEPUMEHTOB, BHITIOJIHEHHBIX TTPU
BBICOKOT dHepruu (Vs > 27 ['3B), HoTydnin HylIeByio
TONSAPH3AIMIO B peakimu p + p(A) — A + X.
EnuncrBennbiid skcriepuMeHT BNL E766, BBINOJTHEHHBIN
npu 0oJjiee HU3KOM YHEPIruu Vs =7.31 B, MOJTY YT
3HAYMUTEIBbHYIO0 OTPUIATEIBbHYIO TTOsApu3anuto, 10 -20%
[12] (cm. Puc.7).

Ecnu nannbie padotsl [12] 10cTOBEpHBI, TO OHU YKa3bIBAIOT
Ha BO3MOXHYIO 3aBUCUMOCTb PN(\/S) OT DHEPTHH \'S
pe3oHaHcHoOro tuna. PezonancHas sneprust Ex=7.0+0.6
I'3B. Takas 3aBucumoctb oxunaercs B mogenu XIIK uz-3a
s dekTa «Maru4eckoi» HEPruM TECTOBOTO KBapKa, Mpu
KOTOPOU MpEKpaIlaeTCs MPELECCUs €ro CuHa B
XPOMOMAarHMTHOM TOJI€, a TaKXKe U3-3a (DOKYCUPYIOIIETO
JNEUCTBUS XPOMOMArHUTHOTO TOJIsA, YTO yCUIUBAET 3 PeKT.

3akmouenue: [Tonspusanus B peakuun p + p(A) — A + X
JI0JDKHA OBITh TIIATEIBHO MCCIIEIOBaHA, KaK (PYyHKIIUS \/s,
P> Xp, 1 A, UTOOBI OJATBEPANUTD UM ONIPOBEPTHYTH
pe3ynbratsl [12]. Oxupaercs ocrusauus Py(xg) npu
U3MEHEHUU Xg. IJTU UCCIIEIOBAHUSI KPUTUUYECKHU Ba’KHbI
JUISl IOHUMAHUS MEXaHU3Ma MOJISIPU3allii TUTIEPOHOB.
Xopomas puzuka s sxcriepumeHToB CITACHAPM u
SPD.

11



z 0.6
=¥

IMoasipuzamus X*° B pA coymapenusix u A B X~ A—A X peakuun

s, GeV
[20] 38.78 pCu PAIX a)
O [21] 27.44 pBe
| @ [22] 27.44 pCu
A [23] 38.78 pCu ¢
| A [23] 38.78 pBe
1 1 1
0.5 1 1.5 2 2.
P> GeV/e

z 0.5
=9

04 r
0.3

0.2
0.1
0
-0.1

Vs, GeV

A5 AX

W [28] 24.94 p(C+Cu)
O [29] 25.31 p(C+Cu)
smmmmeee- X =030 [28]

v Xy = 0,86 [29]

- xp =074 [29]
xp =0.64 [29]
X =0.55 [29]
X, = 0.4529]
x, =0.35[29]
x, =0.25[29]
x; =0.25

-0.2

0

0.4

Puc. 9.
T+ p(A) = AHX, v,= [14) -31A] ~0.876 >0;

0.8

1.2

1.6 2
pp. GeV/e

z 0.6
R
05
0.4
03
0.2 -
0.1

0
-0.1

 Gev N 0.6
S L |
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03
0.2 [
0.1
0
s L ' . -0.1
03 06 09 12 15
P, GeVi/e
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

o

[26] 27.44 pBe

[27] 27.44 pCu

pA S E-X

c)

Puc. 8.

0

0.4

0.8

1.2

1.6 2
P> GeVie

p+p(A) > T +X, v,= [242) -31A] ~1.741 >0

A. Morelos et al., Phys.Rev. D52 (1995) 3777. \s=38.78 GeV.
C. Wilkinson et al., Phys.Rev.Lett. 58 (1987) 855. Vs=27.44 GeV.
C. Ankenbrandt et al., Phys.Rev.Lett. 51 (1983) 863. \s=27.44 GeV.

C. Dukes et al., Phys.Lett. B193(1987)135. \s=7.44 GeV.

D.T. Bonner et al., Phys.Rev.Lett. 62 (1989)1591. Vs=6.05 GeV.
L. Deck et al., Phys.Rev. D28(1983)1. Vs=27.44 GeV.

Y.W. Wah et al., Phys.Rev.Lett. 55(1985) 2551. Vs=27.44 GeV.
J.L. Sanchez-Lopez et al., arXiv:0706.3660. Vs=29.94 GeV.
M.I. Adamovich et al., Z.P.A350(1995)379. \s=25.31 GeV.

p+ p(A) — TH(ZO) +X, v,= [1+) -37A] ~0.876 >0

B A-, E-, u Q-runepoHax, CIUHBI TUIIEPOHA U S-KBAPKA HAIIPABJIEHBI B OJIHY CTOPOHY. B 2X-runeponax,
CIIMHBI TUIIEPOHA U S-KBAapKa HaIMpaBJICHbI B MPOTHUBOMOJIOKHBIE CTOPOHBI. B coynapeHusix 6apuoH-sapo
S-KBapK UMEET OTPULIATEIILHYIO MOJISIPU3AIINIO B TUTIEPOHE, €CJIU KBapK 00pa3zyeTcs u3 Mopsi, u
MOJIOKUTENBHYIO TIOJISIPU3AIINIO, €CITH S-KBAPK OBLT BAJICHTHBIM B HAJIETAIOIIEM aJIpOHE, B COTJIACUH C
mojenbio DeGrand-Miettinen. T.A.DeGrand, J.Markkanen, H.I. Miettinen, Phys.Rev. 32 (1985) 2445.



Hoasipuzanus A B peakuusax T A—-AXu K A—-A X
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Puc. 10.

v, =3 —31deff = 2.92.

Yepurbie kpyxouku Ha Puc. 10 a,b,c,d
- pe3ynbTaThl U3MEpPEHUN Ha
ycranoBke CITACHAPM. B.B.
AbpamoB u 1p., [Ipenpunt 2024-9,
ITnucema B XKOT®D, Tom 120, BHIIL. 6,
c. 393 —399 (2024).

[Tomapu3zamusa A B nmyukax K-, UMEIOIIUX BaJICHTHBIM CTPAHHBIM KBAPK, 3HAUUTEIbHAS U MTOJOKUTEIIbHAS
B oOsactu parmenTanuu myuka (Puc. 10 a,b). B obnactu ¢pparmenrauuu siapepHoit muienu Py 6nmska
nymto. [lonmspuzanust A B obsiact pparMeHTaIMy T My4YKa B HECKOJIBKO pa3 MeHbliie, ueMm B K- myuke
(Puc. 10 c¢,d). B obnactu pparmenranuu muienu Py nonoxurensHas. Ha Puc. 10e cpaBHuBaroTcs
nossipusaiuu B myukax K-, u -, usmepennsie Ha yctranoBke CITACHAPM npu umnyinsce 25.5 [HB/c.

B nyyke 7", B OT/IM4YHE OT NIPOTOHHOT0, CTPAHHBIA KBAPK B A ruImepoHe ¢J1a00 moasipu3oBaH. ITO
MOXET OBITh CBSI3aHO C TEM, YTO UMITYJILC KBapka B 71" B 1.5 pa3a OoJibIle B C.I11.M., 4YeM B IIPOTOHE.



IToporoBas 3aBucuMOCTb Ay Kak pyHkuuu E™ u 0 B peaknusax pt + p(A) — a* X

Ay Ay
0.8 T Gov 0.2
u pp, 19.4 (1) T
0 pp, 19.4 (2)
. A pA,8.77
0.6 o gc, 6.55 0
* pp,4.89
0-4 B '0.2 B
0.2 B -0.4 B
-: ) ' Vs, GeV
0 «H* . e 0.6 * pp,4.89
T / al e o pC, 6.51
: ® pA,8.77
m pp, 19.4 (1)
-0.2 : : : : -0.8 :
0O 1 2 3 -1 7 9
E™, GeV E™, GeV

Puc.11. 3aBucumocts Ay(E®™) B peakuusx pT + p(A) — = X. [5].
Jannbie uz [1-4].

[1] W.H. Dragoset et al., Phys. Rev. D 18, 3939 (1978). Vs =4.89I'>B
[2] C.E. Allgower et al., Phys. Rev. D 65, 092008 (2002). Vs =
6.55IB

[3] V.V. Abramov et al., Phys.Atom.Nucl. 70 (2007)1515-1526,
Yad.Fiz.70 (2007)1561-1571 \s = 8.77T5B

[4] D.L. Adams et al., Phys. Lett. B 264, 462 (1991). Vs = 19.4T5B
[5] V.V. Abramov, Phys.Atom.Nucl. 70 (2007) 2103-2112,

Yad.Fiz. 70 (2007) 2153-2162

Saxmtouenue: |[Ay(E™,0,,)>0 nns peakuuii pt + p(A) — n* X, ecnu sneprust Em > E

Ha Puc. 11 noka3ana 3aBucumocts Ay(E™)
ot sHepruu (E™) peructpupyemoro -
Me30Ha B c.1.M. [ToporoBoe 3HaueHue

Em = E . . Bbiie koToporo |Ay(E*™)>0,
anmpOKCUMUPYETCS BBIPAKEHUEM:

Enin= Eo+ s (f, —a5tan’(0,,/2)), (30)

rae E, f, u a, — cBoOOIHBIE TapaMeTpBHI.

ITockonbky E ;) > m_, MbI mosrydaem
IIOPOTrOBOE 3HaUeHue yriaa 0

tan2(0,,/2) < f,/a, + (E, - m,) /(a,\s), (31)
Y, B IIPEJIEJIE BBICOKUX SHEPTUN:

0., < 2arctan(fy/a)) =0, (32)
max = 73° st 0, (mpoGHBIit d KBapK)
Oax = 90° 1 T, (IPOGHBIN U KBAPK)

max

min® u 0cm < emax'

IToporosast 3aBucuMocTs Ay(E®™,0,,,) CBsI3aHa ¢ pa3au4yueM MacC U aHOMaJIbHBIX XPOMOMAarHUTHBIX
MOMEHTOB COCTAaBJISIONIUX U U d KBapKOB, 1 MOXKET UCCJIEI0BATLCS VISl pa3IUYHbIX PEaKIUi B

skcriepuMmenTax CITACHAPM u SPD.
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CkelyIMHIoBasi 3aBUCUMOCTb Ay OT Y, H Vs B peaKkuusax pT +p(A) > 71X

(1- EgNs)A, (1-E Ns)A,
0.8 0.2
LA " © | B.B. A6pamos, SI® 70,Ne12(2007)
0.6 * ﬁi:zso':’"? (2) L AL
m pp, 134 )
A S5 =]. +(). .
0.4r 5;?,’;.13 . 0.2 +*h‘+=""| Eli 1.91+0.29 F3B,
pp,ﬁ.'(E o ‘+ . pA,’B.'T? 1) T 0_0073i0013,
o pp.6.55 ++ A PA,8.77(2) T a,=0.073+0.014;
0.2 il ¢ 04 ° PA’;;? (3)
PP-
by n: Eg=1.31£0.21 T'3B;
0 0.6 & 2605 Er=4.89+0.32 I'3B;
- ppods £,=0.088+0.033;
- TR R 08l 2,=0.155+0.031;
0.3 0.1 01 03 05 07 7"%32 0 02 04 0.6 0S8
Ya Y,

Puc. 12. Mnnroctpanus moporoBoi 3aBUCUMOCTU Ay OT CKEWJIMHIOBOM IIEPEMEHHON Y 4,
IPONOPLUHMOHAIBHOM YTy Ipeneccuu cnuHa kBapka B monenu XIIK. [ns yrmos 0,
Oonbiie 73° Ha npaBoM pucyHke Ay (m)=0. [Tapamerp E; yuuThIBacT 3aBUCUMOCTH Ay OT
SHEPTrUU Vs. [TOJI0KHUTETBHBII 3HAK Ay s T ¥ OTpULATENBHBIN ISl 7T IPU BBICOKUX
sueprusix (Vs > 6 I9B).

ya=xX,- (Ey/Ns+ )1+ cos 0m) +a,(1 —cos ™), e x, = (Xg +Xp)/2.  (33)

P = yA®’, — YTOJI TIperieccuu CrruHa KBapka, rjae o, =q.o.v AMR(8%5-2)/ Mg (33a) s



Hapymenne ckeMJIMHTa NMPHU CPeTHUX IHEPTUAX

:_f‘ - W [12] p"=2.0 GeVic 0.5
o~ [ A [12]p™=4.0 GeVic s . W p"=3.0 GeVic
& o4 LY D121p=50Gevic ‘ = A p'=4.0GeVic
= L0 [12] p™=6.0 GeVic * = 04 [ pn=5.0 Sevic
- O [12] p*=7.0 GeVic ‘ sl “ O p;%.g geﬁ,{c
A [12]p™=7.5 GeVic 5 Z C E Dn;-f) szg
0.3 =0 [12]p™=80 GeVic -t 03 [ . p"‘:e{o o
L [12] p=8.5 GeV/c I ~ b < E“;as P
[ % [12]p™=9.0 GeVic l ;“ ?L T L p"=92.0 GeV/ic
e r | %. eﬁ 0.2 [
i ‘&Eg %: 0.1 [
L > - |
i * ;I{r r ,+
0 *+ ' 0 - l
: ﬁ % pp—7’ - PP ‘ %ﬁ
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l';'S 1 125
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Puc. 13. Ay(py) B peakuusx pl+p — n* +X.

W.H. Dragoset et al., Phys.Rev. D18 (1978)3939. P = 11.75 I'3B/c. Vs=4.89 I'3B.

3HaK Ayn(pr) IpY IPOMEKYTOUHBIX YHEPTHIX (\Ns< 6 I3B) u pr< 0.5 I'3B/c 3aBucur ot p; Kpussie Ha
PUCYHKaX COOTBETCTBYIOT UMITyJibcy p”™ = 8 I'3B/c. boiiee BripaxkeH 3ppekT cMeHbl 3HaKa il T ME30HOB,

coJiep KaluX BaJCHTHBIN d-KBapK M3 MOJISIPU30BAHHOTO TIPOTOHA.
V.V. Abramov, Eur. Phys. J. C14 (2000) 427.

3axmmtouenue: CKeHIuHT, HAOJII0JaeMbI TTPU BBICOKUX YHEPTUSIX, HAPYIIACTCS MPU MPOMEKYTOUHBIX
sHeprusix (rae \/s/nq < 1 I'3B). 3aBHCHMOCTb CIIMHOBBIX Q(PEKTOB OT Vs MOXKHO HCCIEI0BATH B
skcnepuMenTax CITACHAPM u SPD. 16



CKellJIMHT 1J1 OAHOCIIMHOBOW aCMMMETPUHU B peaKuuun pT +pon’+X

0.7
Ay (x,) — mouTn Q:Z © 4 [22] 200 GeVic, pp, E704
0 6 L @ [21] 200 GeV/c, pp, E704

s 0
JIMHEUHA NJIA TT * [30] 21298 GeV/c, pp, STAR

CKelJInHr: 0.5 L * [30] 21298 GeVc, pp, STAR
" [ o [14] 40 GeVic, £ p, PROZA
AN (Xps PrS) = Ay (X, 5 Xg5 Py) 0.4 F
B w
X, = -u/s = (X + X)/2 035

Xg= -t/s = (Xg — Xp)/2 0:2 _ l /

Tpu nopsiaka o 01! “"l/
JHEPIUH B JLC.K. '0
S 0.1

uT: (1anHble STAR) x
Ay (Xy) = Ag (X4 —Xp) -O'ZOI 02 04 06 08 1
x, = 0.251+ 0.023 X = (Xp+Xp)/2

Puc. 14. A(py) B peakiusx p'+p — n® +X.

Hao0.ro1aercst CKeHJIMHT 110 NIEPeMEeHHOM X , B peaKuuu pT +p-on’+X
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3aBuCHUMOCTb Ay(Xp) OT MHOKECTBEHHOCTH 3aPAKEHHBIX YACTULl B COOBITUM

plp—n" X, R, =Multiplicity/Mean plp—mX, Vs=200IB
Ay A
0.2 0.1
® 2373 V.V. Abramov,
0151 DSPIN2011,
. * 0.068
Proceedings, p.21. 0
0.1F
-0.1+
0.05
Puc. 15a,b. 02 , , , ,
0 . 0 01 02 03 04 05
0 04 05

B skcniepumente BRAHMS na kosutaiinepe RHIC, BNL Obuta usmepena Ay B p'p coymapeHusx s
WHKTI03UBHOTO oOpaszoBanuss 7' and - me3oHOB (J.H.Lee, DIS2009, 2009).

JlaHHBIE MPEICTABIEHBI JJIs1 TPEX UHTEPBAJIOB 10 MHOYKECTBEHHOCTH 3apsI>KEHHBIX YaCTHII,
HOPMHUPOBAHHOM Ha CPEAHIOI0 MHOXKECTBEHHOCTH (R ). B Mmoznenn XIIK Oonbiiee 3HaueHne Ay
COOTBETCTBYET OOJIBIIIEH BEIMUYUHE XPOMO-MAarHUTHOTO TIOJISI U KOPPETUPYET C YUCIOM KBAPKOB-
CHEKTATOPOB. YHUCIIO KBAPKOB CIIEKTATOPOB KOPPEIUPYET C MHOKECTBEHHOCTBIO Ny,

3aBUCHMOCTb OT MHOKECTBEHHOCTH BO3MOYKHA U VISl APYTUX peaKuil U HaOII0/1aeMbIX BEJIUYHH,
TaKuX, Kak Ay, Py, pgo- U1 TakuX uccienoBanuil Tpedyercs JeTEKTOP MHOXKECTBEHHOCTH B
ycTaHOBKe. JleTanbHOE HCCleIOBaHNUE TOM 3aBUCUMOCTH TIO3BOJIUT MPOJUTH CBET HA BO3ZMOKHBIN
MEXaHU3M TOJIIPU3AIMOHHBIX sSBIeHUU. OMH U3 OTKPBITHIX BOIIPOCOB — 3aBUCHUMOCTh
HaOmogaemMoro dpdekra OT SHEPTUH B C.IL.M.

AP dext moxer ucciaenoBarbes B Ikcnepumentax CITACHAPM u SPD.
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BbICTPOCHHOCTH BEKTOPHBIX ME30HOB (P, )

TR TR
le_ ( ) (a) pio _( ) (b) [F}

P P(A) = p(770)° X

0.8 o 3ss 0.8 r o 3 ol _‘#_ -t':-q’l'. |

os| + %ﬂ | 0 “

04f | | 04td o .
T [ oﬂl—#-— l‘?_—é— -
0.2 L L L L 1 | 02 1 I 1 | nE - _¢’_ - ! L
0 02 04 06 08 1 12 “0 025 05 075 1 | ~4
pp> GeV/e Xp e . - _r‘—l, - —" .
0 025 05 075 10 025 05 075 1
Puc. 16a.
Puc. 16b Puc. 16C

Puc. 16. BeicTpoeHHOCTB B peakuuu p + p — p°(770) X npu umnyisce 32 [9B/c (Vs= 7.87 IB) [51].
va=[3A - 31A] = -0.394 < 0;

3aBHCUMOCTb Py, OT KWHEMaTHYECKUX NepeMeHHbIX. B cucteme koopaunat TR Habmogaercs
HanOOJIbIIIast BRICTPOEHHOCTH 10 cpaBHeHuto npyrumu cucreMamu (GJ, SH, AD). BeictpoeHHOCTH
pacteT nipu yBenndeHuu p B oodnactu 0.2 — 0.8 '3B/c, a Takke npu yBenuueHuu Xg B oonactu 0.3 —0.8.
B o6mactn 0< x; <0.3 p,, yMeHbmaeTcs ¢ poctom \s [51].

3aBUCUMOCTb Py, OT MHO’KECTBEHHOCTH N ;. B obmactu py> 0.55 I'3B/c py, yMeHbIIaeTCsl ¢ pOCTOM Ny,
a B obnactu [Xg[>0.4 — py, pacter ¢ yBenuueHnueM ng, [S1].

HabmrogaeTcst CX0ACTBO B 3aBUCUMOCTSX Py, Ay U Py OT KNHEMaTHUECKUX NMEPEMEHHBIX U N,

[51] A.A. Minaenko et al., Z. Phys. C 62, 15-23 (1994) (\s=7.87 I'3B).
[52] B.V. Batyunya et al.: Nucl. Phys. B294 (1987) 1037 (Ns=3.55 u 4.94 T'3B).
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Peaknun, KoTopbie MOTyT HcciaenoBaTbes B 3kcnepuMentax CITACHAPM u SPD

Ta6nuna 1. Hapsany ¢ yxe ucciieIoBaHHBIMU YaCTUYHO PEaKIUsIMU CIOJIa 100aBJICHBI pEaKIInu, IO
KOTOPBIM €II€ HEeT TaHHBIX. ITO MOTYT OBITh YaCTHUIIbI U PE30HAHCHI, TOKA3aHHBIC B TPEThEU

kosonke. Hanpumep, p™0(770), ®(782), ¢(1020), £,(1270), A(1232) u npyrue. Peakiuu ¢
ME30HHBIMU M MOHHBIMH ITyYKaMU TaK)XKe MOTYT ObITh H3MepeHbl B akcniepumenTe CITACHAPM.

Ne Reaction Np Ne Reaction Np Ne Reaction Np
1 | p'pA) — " 169 14 |p'p(A) —A 48 28 | p'p(A) — p*(770) 0
2 | p'pA) - 156 15 |pp(A) — Al 333 29 | p’p(A) — p°(770) 0
3 |p'p—n® 700 16 |pp(A) —ET 95 30 | p'p(A)—p(770) ©
4 | p'pA) — K* 45 17 | pp(A) —E" 21 31 | p'p(A) — o(782) 0
5 | p'pA) - K 57 18 | pp(A) — X 50 32 | p'p(A) — 9(1020) 0
6 |plp—K% 16 19 |pp(A) — X 2 33 | p'p(A) — £,(1270) 0
7 |p'p(A)—>n 87 20 [ppA) —XT 6 34 | p'p(A) —A1232) 0
8 |p'p(A)—p 197 21 |[ppA) — Q1 5 35 | ppA) — pt(770)! 0
9 |pfA—p 41 22 |AA SAT 9 36 | ppA) — p°(770)" 46

10 |[plA—Jy 57 23 | pp(A) — A" 69 37 |ppA) — p (770)" 0

11 |[p'p—n 70 24 | pp(A) —ET 3 383 | pp(A) — o(782)" 0

12 |dA—zt 15 25 | pp(A) —E" 5 39 | pp(A) — ¢(1020)! 5

13 |dA—-m 12 26 | pp(A) —X 4 40 | pp(A) — £,(1270)" 0

27 | ppA) — Iyt 78 41 | p p(A) — K*=(892)10

3akmoueHue: Beero nopsiznka 40 peakinii U HaOII01a€MbIX MOXKET OBITh U3MEPEHO Ha YCTaHOBKAX
CITACYAPM u SPD. [lia 27 peakiuil yxe UMEIOTCSI HEKOTOPOE KOJIMYECTBO JAHHBIX.
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3akjao4eHue
1) pgo» Ay ¥ Py IMEIOT 3HAYUTENBHYIO BETUYUHY JUIS BCEX UCCIIEAOBAHHBIX YHEPTUN U
peaKum"I. Ha6J'IIOI[aeTC$I CXOJZCTBO B X 3dBUCHUMOCTH OT KHHCEMATHNYCCKUX HepeMeHHBIX,
MHOXCCTBCHHOCTHU 4aCTHUILl B CO6BITI/II/I 1 aTOMHOI'O B€Ca MHUIIICHM.

2) Yuciio KBapKOB M aHTHUKBAPKOB — CIIEKTATOPOB (C BECaMU, 3aBUCSIIIUMU OT A U T) BIUSIET HA
3aBUCUMOCTbD Py, Ay U Py OT KHHEMaTH4YeCKUX NepeMeHHbIX. [Ipu OobIIOM YKnCiie KBapKOB-
CIEKTAaTOPOB 3aBUCUMOCTb OT Xy CTAHOBUTCSI HEMOHOTOHHOW (OCILUJUIMPYIOIIEH).

3) Haubouiee BbICOKas 4acTOTa OCHMIUISALIMN HAOII0JAEMbIX 0XKUIAETCSA B PEAKIUSIX POXKACHUS
AHTUTUIIEPOHOB B OAPUOH-OAPUOHHBIX COYAAPEHUSIX. ITU PEaKIUU 3aCIyKUBAIOT JIETaILHOIO
UCCIIeIOBaHMsl, KaK (DYHKIUM KWHEMaTUYECKUX U APYTUX NepeMeHHbIX. NHTepecHO
UCCIIEIOBATh MOJISIPU3AIMI0 aHTUIISIMO/1a TUTIEPOHA B PP U PA COyJIlapeHUsiX B 001acTu
uMnyabcoB 23 — 27 I1B/c (\/s ~ 7 I'3B), rine BO3MOXKHA 3aBUCUMOCTh OT SHEPTUU PE30HAHCHOTO
THMA.

4) B obnacty BICOKHX dHepruii (Vs >6 ['9B) HaGmonaeTcs IpHOIMKeHHbIH CKeIIHHT IS
A\(y,) B peaknusix pT+p(A) — a% +X, KOTOpBI HApYIIACTCS PH SHEPTHAX s < 6 I'B.

5) HabGmronaeTcst moporoBoe moBeaeHue Iist Ay B peakiusx pl+p — n* +X, B 3aBHCUMOCTH OT
sHepruu (E°™) u yrma (0,,,) oOpa3oBaHHs YaCTHILIBI B C.II.M.
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3aK/JII0YeHHue

6) B psine peakuuii Oblia U3MEPEHA 3aBUCUMOCTD MOJMAPU3ALMOHHBIX HAOII0JAEMBbIX OT
MHOKE€CTBEHHOCTH 3apsKEHHBIX YACTUI] (N,) B COOBITHH, KOTOPasi MOXKET KOPPEINPOBATh C
YUCJIOM KBAPKOB-CIIEKTATOPOB. ITH U3MEPEHUSI CIEAYET MPOBECTH JJIsI BOSMOKHO OOJIBIIIETO
4yuCya peakuuil U HaOII0JAeMbIX I MPOSICHEHUS MEXaHU3Ma 3TOW 3aBUCUMOCTH.

7) Ha yctanoBkax CITACHAPM u SPD B0O3MOXHO UCCIE€A0BAHUE PACCMOTPEHHBIX BBIIIE
MOJSIPU3ALMOHHBIX SIBIICHUW JJIS1 JECATKOB PEAKIINN, KPUTHUUECKH BAXKHBIX JIJISI BBISICHEHUS UX

npupozsl. [locnenyromuii aHalIn3 NOJYYEHHBIX JaHHBIX TO3BOJIUT MPUCTYIIUTh K CO3AAHUIO
TEOPETUYECKUX MOJICIIEN.

CITIACMBO 3A BHUMAHUE!
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Back-up slides
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BBenenue

[TonsipuzalluOHHBIE JaHHBIC COJIEP’KAT LIEHHYIO HMH(POPMALMI0 O CHJIBHBIX B3aUMOJECUCTBUSIX. ITO
KacaeTcsl, B YaCTHOCTH, NPOOJEMbl YyJIep>KaHUsI KBapKOB, MPOSIBICHUS IIBETOBBIX CHJI, MPOUCXOXKICHUS
MacC KBapKOB U aJIPOHOB, XPOMOMATHUTHBIX TOJIEH U XPOMOMATHUTHBIX MOMEHTOB KBAapKOB, a TaKKe
MPOUCXOXKICHUS CaMUX TMOISPU3AIMOHHBIX dPHEKTOB.

JInst yTouHEeHUs: Tpupoibl U MexaHu3ma 3G (PEKTOB, CBA3aHHBIX CO CTMHOM, HEOOXOAMMO HUCCIIEA0BAThH
uX Jyisi OOJBIIOTO YMCIIA peakiuid B HIMPOKOM JUAIa30HE KMHEMATUUECKUX WU APYTUX MEPEMEHHBIX U
MPOAHAIM3UPOBATh UX B PAMKaxX €IMHOT0 MEXaHU3Ma. DTO MO3BOJISAET BBISIBUTH O0IME 3aKOHOMEPHOCTHU U
XapaKTePUCTUKHU OTJCIbHBIX PEaKIMi U HAOMIOJAEMbIX BEJIMYMH. AHAJIU3 JTaHHBIX MOKA3bIBAET, YTO JJISI
TOr0, 4YTOOBI C/I€JIaTh BBIBOABI O JJOCTOBEPHOCTH KOHKPETHOW MOJIETH, HEOOXOIUMbI COTHU TOYEK JAHHBIX
JUTSL KOKJIOM U3 peakiuii, ”3BMEPEHHBIE MPU HECKOJBbKUX IHEPIHUsX.

OaHocnIMHOBAsE ACHMMETPHS aAPOHOB (Ay): do(d) = o,(1 + AyPcos(d)), (1)
rie P — BepTukanmbHas MONSApU3amusa My4dka, ¢ — yrojd MEXIy HOPMalbl0 K TUIOCKOCTH PEaKIUu U
HampaBiieHHeM cnuHa mydka. Ay(pr=0) = 0 u3-3a coOXpaHeHHs] YeTHOCTH B CUJIBHBIX B3aUMOJICHCTBHSIX.

Hoasipuzanus (Py) runmeponoB (H) HampaBieHa, B CHIly COXpaHEHUSI YETHOCTH B CHJIbHBIX
B3aUMOJICUCTBUSX, BIOJb HOpManu K IIockocTH peakuuu n = [Py Pyl/|[[PpeamPull- Hapyuenue
YEeTHOCTH B C€JIa0OM pacraje TUIEepOHa IMO03BOJISIET OMNPENCIUTh €ro MOJSPU3ALUI0 MO YIJIOBOMY
pacrnpeesieHlIo MPOAyKTa pacnaja (HyKJIOHa) B cucTeMe nmokost H oTHOCUTENbHO HOpMaJH n:

dN/dcosO = 0.5(1 + aPycos0), (2)
rae cosb = n-P /|P,|, P,- BEeKTOp mMMIylibca HYKJIOHA, 00 — KOHcTaHTa pacnaaa. Py(p=0) = 0 u3-3a
COXpaHEHUs! YETHOCTH B CUJIbHBIX B3auUMoJeHcTBUX. i coynapeHuil HIEHTUYHBIX aApoHOB Py (-xp)= -
Py(Xp) 1 Py(Xg=0) = 0 u3-3a ©30TpOonuu nNpoCTpaHCTBA.

[Tonstpu3zanusi TUIEPOHOB U OJHOCIIMHOBAsI ACUMMETPHS aJJpOHOB HAOJIOJAIOTCS B IIMPOKOM JHAaNa3oHe
KMHEMaTUYECKUX MEPEMEHHBIX, YTO YKa3bIBAECT HA HENEPTYPOATUBHBIA MEXAaHU3M UX MPOUCXOXKICHUS. 24



BBenenue

CnuHOBasi BBICTPOCHHOCTH (Pg,) BEKTOPHBIX Me30HOB (V, cnuH J = 1) ompenpenserca u3
YIJIOBOTO PacIpeiesiCHUs MPOAYKTOB UX pacnaja Ha JBa NCEBAOCKAISPHBIX ME30HA.
YrioBoe pacmpejeneHue NMpPOayKTa pacnana, NPOUHTEIPUPOBAHHOE MO a3UMYTaJbHOMY YIUIy ¢
(BOKpPYr OCH KBAaHTOBaHHUs) 3aBUCUT OT IOJISIPHOro yriia 0 BpLIE€Ta OJIHOTO W3 IICEBIOCKAISIPHBIX
ME30HOB, OTHOCUTEIBHO OCH KBAHTOBAHHMS B CUCTEME MOKOSI BEKTOPHOTO ME30HA:

dN/cos0 = 3N/4[(1—pyo) + (Bpye—1)cos?0]. (3)
JU1 HEMONSIpU30BaHHOTO BEKTOPHOT'O ME30HA Py,=1/3. PacnpeneneHue B 3TOM cirydyae U30TPOIHO
(0IMHAKOBO BO BCEX HAIIPABJICHUSX, BRICTPOCHHOCTh OTCYTCTBYET).

B xadecTBe ocu KBaHTOBaHUS OOBIYHO BBIOHMpPAIOT morepeunyto cuctemy koopauHat (TR) ¢ ocbro
Z BIIOJIb HOPMAJIK K TJIOCKOCTH peaKluu, 100 cucteMy cnupaibHocTu (SH), (och Z B
HaIpaBJICHUHU BbUIETa V B C.II.M peakuuu), 1160 cucteMmy I'ordpuna-/>xexcona (GJ) (ock Z B1oiIb
HaIpaBJIeHUs JIBUKEHUS HasleTaromiei yactuisl B cucreme GJ). Bo Bcex yka3zaHHBIX cucTeMax
KOOPJMHAT CHavaJia MPOUCXONUT MEPEXO0/ B C.II.M., a 3aTE€M IEePEX0/1 U3 C.I[.M. B CUCTEMY ITOKOSI
Me30Ha V, 4To o0ecreunBaeT He0OXOAUMBII TTOBOPOT OCEH KOOpAMHAT.

[TpenmymectBom cuctemsl TR siBasieTcst To, yTo 1pu pr=0 BBICTPOEHHOCTb OTCYTCTBYET (Py,=1/3),
MOCKOJIbKY HET BBIJICJIEHHOTO HANIPABJICHUS] HOPMAJIM K TJIOCKOCTH PEAKIINU U MPOUCXOIUT
YCPEAHEHUE IO 3TOMY HAIPABIICHHUIO.

CornacHo Mozenu u3 padotst [1] pyy = (1 — P P)/(3 + P P;), rae P, u P;; - monsipusanuy kBapka u
aHTHKBapKa, COOTBeTCTBeHHO. [lonsipusannu P, u P; — HampasiieHsl B0 HOPMAJIHU K IIIOCKOCTH
PEAKIINU U €CTh KOPPETSALMS Pci = -kPq, rne k= 0.5.

[1] Z. T. Liang and X. N. Wang, Phys. Lett. B 629, 20-26 (2005).
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I'J100a/1bHBIH AaHAIHU3 JaHHBIX: Ay

Tabmuua 2. NHKII03UBHBIE PEAKIIMK, B KOTOPBIX YK€ U3MEPSIach OQHOCIMHOBAsA acuMMmeTpus (Ay) B
aJpOH-aJIPOHHBIX coyJapeHusX (28 peakuuit). Np — 3TO YHUCIO IKCIEPUMEHTAJIbHBIX TOYEK IS
naHHOM peakunu. Kpome Toro, npeactout usMepuTh Ay B 00pa30BaHUM YaCTUIl U PE30HAHCOB, TAKHX
Kak B, X, p*9(770), ©(782), ¢(1020), £,(1270), A(1232) u apyrux. B ciryyae moaspu30BaHHOTO MMydYKa
MO>KHO MCMOJIb30BaTh JIE€PHbIE MUILIEHU U UCCIEA0BATh 3aBUCUMOCTh Ay OT TUIIA s/ipa MUILICHU. B
CiIydae MoJsSpU30BaHHOM MUIIIEHH UMEETCS BO3MOXKHOCTh MCMOJIb30BaTh Pa3IMUHbIC ITYYKH YACTHII.

No Peakuus Np No Peakuus Np No Peakuus Np
1 p' p(A) — w* 258 10 | p'A—>JNT 58 20 |atpl—>at 6
2 | p'pA) > a 189 11 p'p—nN 71 21 mpl > 6
3 |pip—n® 701 12 |dA—a" 15 22 |mp'—-n" 40
4 | p'pA) — K+ 127 13 |dA—->m 12 23 |nd - 45
5 |p'pA)—-K 78 14 |p'p—n" 10 24 |Kd->a 12
6 |p'p—K 17 15 |p'p—=- 15 25 |Kpl—a® 15
7 |p'p(A) —>n 88 16 |p'p—n 34 26 |mp—n 3
8 |p'p(A)—p 285 17 |p'p—n 3 27 |mdl—nq 3
9 |plA—p 42 18 |[pdl —a® 12 28 [(ppl—a° 12

19 |p'p(A)—A 29

B o011ieli c10%KHOCTH B IN100aIbHOM aHAJIM3€ B HACTOSIIIEE BPEeMs UCOIb3YIOTCS 103 MHKITIO3UBHBIE
1 30 3KCKIIFO3UBHBIX PEAKLAN C YMCIOM TOYEK NaHHBIX Np= 7630. 26



I'J100a/1bHBIH aHAIU3 JaHHBIX: Py

Tabnuua 3. MHKII03UBHBIE PEAKLMK, B KOTOPBIX OblJIa U3MEpEeHa nonepeunas nossipuzanus (Py)
TUIIEPOHOB B CTOJKHOBEHUSX aapoHOB (33 peakuun). /{15 uzyueHnus 3aBucuMocTH Py ot
Pa3IMYHBIX MIEPEMEHHBIX U UICHTU(DUKAIIMN MEXaHW3Ma MOJIIpU3alUi HaM HE0OXO0IUMbl COTHU
TOYEK JIAHHBIX JIJI KaXJ0M peakiuu. B aTux peakiusx He TpeOyIOTCs MOJSIPU30BAHHBIC TYYKU U
MUIIICHU, TTOATOMY BO3MOKHBI U3MEPEHUS B OOJIHIIIOM YKCJI€ PEAKIMI C PA3IMUYHBIMU MTyYKaMU U
MUIIICHSIMHU U UCCIICIOBAHUE 3aBUCUMOCTHU MOJISIPU3aIMU OT aTOMHOT'O BECa MUIILICHH.

Ne | Reaction Np Ne | Reaction Np Ne | Reaction Np
29 | pp(A) — A 333 40 |[Z-A— AT 138 51 |[K-p— Al 129
30 |[pA—>ZET 95 41 |XT-A—ET 74 52 |KFA—-Z7' 15
31 |pA—>ZET 22 42 |pA—A 69 53 |mA—-ZET 17
32 |[pA—>ZHT 50 43 |T-A—- AT 18 54 |wtp— Al 8

33 |pp—1p’ 36 44 |pA—EY 4 55 | K'p— AT 22
34 |pA—X 6 45 |pA— =Y 6 56 |mp—A' 56
35 |pA— Q-1 5 46 |pA—Xt 4 57 |K*p—A' 35
36 |pA— X" 3 47 |pA— Al 8 58 |mp—o AT 17
37 |AA—> QT 5 48 | AFA, — Al 72 59 | K p—Al 2
38 |[Z-A-XH 6 49 | AutAu — AGD 66 60 |mA—ET 17
39 | AutAu—A' 9 50 | AutAu — ATGD 58 61 |pA— Al 10




Peaxknuu ¢ BCKTOPHBIMHA MC30HAMHU

Tabnuia 4. HKIIIO3UBHBIE PEAKIIMK, B KOTOPBIX U3MEPSIACh BLICTPOEHHOCTh BEKTOPHBIX ME30HOB.

No

Reaction Np

No

Reaction Np

SN D BN W N =

nC— K*@892)X 6
nC— K*@892)"X 6
AuAu—@(1020) X 5
pp — ¢(1020) X §
AuAu—K*(892)" X 5
p p—p°(770)! X 46

10
11

ete — K*(892)" X 12
K* C — K*(892)*X 9
K* C — K*(892)’X 9
K- C — K*(892)-X 21
K- C — K*(892)" X 21
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Ay VISl peaKkumnu p’ + p(ALAu) > n + X, Vs=200 B

B skenepumente PHENIX HaGmronanach 0.4 AN

dHOMaJIbHAS 3aBUCHMOCTD AN(A) IU—ISI ) CPQ model, P, =0.108 GeV/e, X =0.54, Vs =200 GeV

p€aKknuun pT +A — n + X OT aTOMHOTO BEca ® PHENIX Data (inclusive)

A muiieHn. Ay(A) U3MEHSET 3HaK U A PHENIX Data (BEC-veto) ‘h/
0.2 | W PHENIX Data (BBC-tag) !

BEJIMUMHY B TPU pasa NpH yBEIUYECHUU A
ot 1 no 197. BaxxHO OTMETUThH, U3MEPEHHUS

BBINOJIHEHBI JJI MAJIBIX TIONEPEUYHBIX : g
umITyiibcoB pr ~ 0.1 I'3B/c. 13-3a 0r N
COOTHOLIEHHS HEONIPEAEAEHHOCTEN BKIIA]

B ACHMMETPHIO JAFOT MHOTO HYKJIOHOB 0.2 "-\\ /

anpa. OHu 00pa3yr0T MHOTO CIIEKTaTOPOB.

/
Jlannble morydeHsl B pl+p, pT+Al u \/ |
p™+Au coynapeHusx.
Y -0.4 =t——

2

PHA — n+X, v,=[2 + 24 -3TAA ] 1 10 10,

3Hak: Ay ~ Py +Pp)vaqg (8% - 2)/2 < 05

pp:  va= 0.867; Puc.4. 3aBucumocts Ay(A) UIsl peakiuu

pAl: VA: 1 182', p'+pA) > n+X.

pAU: VA_ 3178, V.V.Abramov,J. Phys. Conf.Ser. 938 (2017) 1, 012038
° A_ . Y

Nuclear dependence of the transverse-single-spin asymmetry for forward neutron production in
polarized p+A collisions at Vs=200 GeV. PHENIX Collaboration (C.Aidala et al.)

Phys.Rev.Lett. 120 (2018) 2, 022001; e-Print: 1703.10941 [hep-ex].

3axntoueHue: oxunaercs ocunusius Ay (A) nns peakuuu pt +A — n+ X npu p; = 0.1 [9B/c B
pe3ysprare 3aBUCUMOCTEN V,(A) 1 Vg(A). MHOTO HYKIIOHOB siJIpa AAatOT BKJIAA B V(A) 1 vg(A).
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P

Predictions for the cascade antihyperon polarization in pA-collisions
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[42]V. Abramov, “Polarization of cascade hyperons and

antihyperons,” J. Phys. Conf. Ser. 2020 1435, 012001.

Fig.8a,b

Calculations of Py(xp) forthe p+A — Z"+ X andp + A — Z° + X reactions are shown above for p; =
0.7 GeV/c (near maxima of |Py(Xg,pr)|). In order to reveal the Py(Xxg) oscillation, measurements have to
be performed in a wide range of x;. When beam momentum increases, the position of peaks for Py(xy)
moves to a smaller Xp.
Conclusions: Oscillation of Py(xy) is a major CPQ model prediction, related to a quark spin
precession in a strong chromomagnetic field in the interaction region. The dependence of Py on
energy and xg can be studied in SPD.
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A polarization in pp, pA-collisions
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Xp

Peak at Vs = 7 GeV is a resonance between spin precession frequency and
oscillation frequency in a circular chromomagnetic field. Dependence on X 1s the
result of spin precession angle @gz(x¢) behavior. The energy and A-dependence of
polarization can be studied in SPD.
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Some parameters of the CPQ model were obtained as a result of global analysis

Anomalous chromomagnetic moment of quark:
In the instanton model: Ap?, (0) =(g-2)/2=-0.4  N. Kochelev[34,36], D. Diakonov [35]. (57)

Model-dependent (within the framework of the CPQ model) estimates of Ap?, for u, d, s, ¢, b quarks were
obtained from a global analysis of polarization data:

> Aptq (use) = -0.4902:£0.0008, q= +2/3; (58)
> Apt (ds,b) = V(2/3) Ap?o(use) = -0.3951, q= -1/3. (59)
> Rp=Ap?, (d,s,b)/Ap?, (u,c) = 0.8164=£0.0007. (2/3)= 0.81650... (60)

[34] N.I. Kochelev, Phys. Lett. B 426, 149(1998).
[35] D. Diakonov, Prog. Part. Nucl. Phys. 51, 173 (2003).
[36] N. Kochelev, N. Korchagin, Phys. Lett. B 729, 117(2014.

Weights for spectator quarks (color factor A):
A =-0.13528+0.00004, = 0.02894+0.00008 form a global fit of 133 reactions. (61)

AHTUTPUIIJIETHOE M CHHIJIETHOE LIBETOBEE COCTOSHUS SBJAKNTCH IOMMHUPYOILMMH .
OHM NPUBOOAT K NPUTSIXKEHMIO MEXIOYy KBapKaMU.

A/t =4.674 £ 0.013 = 6 — nocTrosinHasi Peiirendayma =4.669202... (teopusi xaoca) (62)

Additional constituent quark masses (Mq = m, + AM,):

AM,, = 0.2715 £0.0004 GeV; (63)
AM,, = 0.3134 £0.0005 GeV; (64)
AM, = 0.3866 £0.0007 GeV; (65)
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The model of chromomagnetic polarization of quarks

In this talk, the phenomenological model of chromomagnetic polarization of quarks (CPQ) is used
as a tool for generalizing the dependence of existing data on various variables, as well as for their
interpolation and extrapolation. It combines theoretical ideas and insights obtained from a global
analysis of the dependence of polarization observables on various variables.

The CPQ model assumes the presence of a non-uniform circular transverse chromomagnetic field in the
region of hadron interaction, which acts on the chromomagnetic moment of the quark and gives it an
additional transverse momentum (the Stern-Gerlach effect), which is the mechanism of polarization
phenomena. Chromomagnetic fields are created by spectator quarks and antiquarks moving at
relativistic speeds, which leads to a dependence of the observables on the type of reaction being studied.
The precession of quark spin in a chromomagnetic field leads, in the case of large precession angles, to
an oscillatory dependence of Ay(Xp), Pn(Xp), and pyo(Xp) on Xp. The quark spin precession rate is
described by an equation similar to the Thomas—Bargmann—Michel-Telegdi equation, which takes into
account the non-Abelian nature of QCD.

The presence of a “magic” energy of the constituent quark, at which the precession of the quark spin
ceases, can lead in a number of reactions to a resonance dependence of Ay(Vs), Py(Vs) and pyy(Vs) on the
reaction energy Vs in the c.m.

[1] M.G. Ryskin, Sov.J. Nucl.Phys. 48 (1988) 708-712, Yad.Fiz. 48 (1988) 1114-1121
[2] Arkady B. Migdal, S.B. Khokhlachev, L.N. Shchur, Sov.Phys.JETP 64 (1986) 441-445,
Zh.Eksp.Teor.Fiz. 91 (1986) 745-753

[3] V.V. Abramov, Phys. Atom. Nucl., V.72, no. 11. (2009) P. 1872—-1888.
[4] V.V. Abramov et al., Physics of Particles and Nuclei, 2021, Vol. 52, No. 6, pp. 1044-1119.

[5] V. V. Abramov 2020 J. Phys.. Conf. Ser. 1435 012001.
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STERN-GERLACH APPARATUS

Stern-Gierlach
Beam of particles apparatus

Fig.1

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(u: B(z)) = p- VB(z). (3.15)
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Larmor precession of the spin () of the quark in the field B?

dé/dt = a[¢ B] (T-BMT-eq.) (1)

a=¢,(g-2+2MyEy/2Mg; rae (My=Mp = 0.3 I'3B), (2)
Apg = (g-2)/2~-0.4; which is called anomalous chromomagnetic moment of quark[6] (3)
[6] N. I. Kochelev, Phys. Lett. B 426, 149 (1998).

For high energy limit E¢ » [Mq/Apg| we have d&/dt = q; Apg[E Bl/My,. (6)
For Eq = -Mq/Apgwe have a =0 and d€/dt =0; the quark spin stops precessing, (7)
and polarization effect is near its maximum value. Stern-Gerlach force acts all time in one direction.

Longitudinal size of chromomagnetic field is

S = S,*x, in the fragmentation region of projectile A, (8)
and
S = S,*xg in the target B fragmentation region. 9)

S, 1s about 1 fm. x, = (XgtXp)/2; Xg = (Xg-X¢)/2; This assumption follows from the scaling behavior of
An(Xa-xp) and Py(x,,Xp).

Conclusions: The precession of the quark spin leads to oscillations of Ay(xp) and Py(xy) and allows
us to estimate Ap, = (g — 2)/2. The energy dependence of A\(xg) and Py(xy) also changes.
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Larmor precession of the spin of the quark ¢ in the field B?
de/dt = a[E B] +b(vB)[EV] +d[E[EV] (T-BMT-eq.) (1)

a=(,(g-2+2MyEy)/2M; rae (My =My = 0.3 I'3B), (2)
Apg = (g—2)/2~-0.4; which is called anomalous chromomagnetic moment of quark[6] (3)
[6] N. I. Kochelev, Phys. Lett. B 426, 149 (1998).

b = q,"(g-2)'E¢/(Eq+My)/2My;  where g, = V4ma, = 2.5; (4)

d =g, {g - 2E/(EqtMg)}/2M,,. (5)

The second and the third terms in (1) are not taken into account. vB = 0; E = 0;

For high energy limit E¢ » Mg/ |Apg| we have d&/dt = q; Apg[€ Bl/M,. (6)

For Ep =-Mg/Ap, we have a=0 and d&/dt = 0; the quark spin stops precessing, (7)

and polarization effect is near its maximum value.

In the c.m. Ep = XR\/S/Z'MQ/ZMQ, where xg = p™/p™ .. < 1. (8)

So, at \s = Eg =-2XM/(Apgxg) the maximum polarization effect can be expected. 9)

If q,v,< 0, the sign of Ej, is positive, and the polarization effect reaches its maximum at s = Eg (the

"attraction" effect of test and spectator quarks under the influence of the Lorentz focusing force). Here,
v, 1s the weighted sum of spectator quarks (see below). Otherwise, Eg <0, and polarization effects
decrease with decreasing \'s.

Longitudinal size of chromomagnetic field is S = S;*x, in the fragmentation region of projectile A, and
S = Sy*xg 1n the target B fragmentation region. S, is about 1 fm. x, = (XgTXp)/2; Xg = (Xg-Xp)/2;
Conclusions: The precession of the quark spin leads to oscillations of Ay(xp) and Py(xy) and allows

us to estimate Ap, = (g — 2)/2. The energy dependence of A\(xg) and Py(xy) also changes.
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Scaling variables and the dependence of Ay and Py on them

X, =(xg +xp)/2 —scaling variable 1 in the fragmentation region of A (15)
X =(Xxi -xp)/2 —scaling variable 2 in the fragmentation region of B (16)
P, and Ay depend on variables y , and yg:
Y.4=%4— (Eg/Ns + £5)[1 + cos0,,, | +ay[1 - cosO,, |, (17)
yg =g — (Eo/Ns + f,)[1 — cos0,, | + ag[1 + cosO,,, ], (18)

where a, f, and E,, are phenomenological local parameters that take into account the masses of

constituent quarks in the proton and the detected hadron.

O «Spin precession angles» : ¢, =®’,y, and @g= ®'yg (19)
O «Oscillation frequencies»: @) = qy0Va ) Mr(g*g-2)/Mg
(20)
O mg =S,/p? = 0.3568 £ 0.0007 GeV,; p is transvers radius of B? region (21)
where mg, Apg = (g%9-2)/2 1 M, — global phenomenological parameters.
- 1
P - d A - = 1]
P bh-."‘\ 4 i |
- ( (
T : ‘.II \ N *l{ : Fig.5
58 wv=1 \~—_ . u 3\
U w=A S - d A
u w——7TAXA - i —TA
U w=—TA P _-;1: ff= 11 —rh A
d v=-7A - d —r A

p+p — A™+X, v,=[1+A -37A] =0.876 >0; p™tp — ptX, v, =[2 + 2X -31A] =1.741 >0. (22)

Conclusions:scaling variables y,, y; describe the dependence of Ay (xy) and Py (xp) for Vs>6 GeV. 37



Generalized form of equations for Ay and Py for reactionA+B — h+X

Ay or Py= C(s)F(pr,A)IN,G(9,) —NpG(gp)l, (23)
where ¢,, ¢p — integrated spin precession angles,

G(@,) =[1—cos @]/, + €9,, result of spin precession and action of Stern-Gerlach forces. (24)
€ =-0.005055 +0.000006 is a global parameter.

C(Vs) = vy/[(1 - Eg/Ns )2+3,2]12, effect of “magic” energy of quark and Lorentz force action (25)

where Eg >0 in the case of the “focusing” condition qv,< 0 for the test quark, and E; <0 in the opposite
case of “defocusing” of the test quarks in the chromomagnetic field.

Hadron color form factor: takes into account Ay and Py suppression at small p,.

F(pp A,) = {1 — exp[-(p/p°p)* 1}(A — a4 InA_; ), a, =0 for most of reactions, (29)
where A ;.= MIN(A,, Ay), A;=61.4+3.3, and % =2.571£0.033 — universal global parameters!
A, is the target atomic number. The value of p°;, which is a local parameter, depends on the reaction!
At small values of p, the degrees of freedom of quarks and colors are not resolved, and polarization

effects are suppressed!

Conclusions: Eq. (23) can describe both, Ay and Py for reactions like A+ B — h+X
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A-dependence of model parameters

Global data fit showed the possibility of the following power parameterization
of the A-dependence of the model parameters:

E,, Eg ~A* IF x> 0; where a=0.03517+0.00011; (30a)
Op ~(A1A)% Py ~(AA)? D, ~ (AYA ) (31)
6 =Np/N, ~ (A,/A,)P; where = 0.2467 +0.0010; (32)
PP~ (A A2 a,~ (A))"; where y=a+ p=0.28187; (33)

One exception to the reaction:  pA — A™+X,  p'r~A,© (34)

Only two parameters, a and 3, are required for 81 reactions! 81 reactions and 3479
experimental points are used to estimate o and 3.

Conclusions: A-dependence of the CPQ model parameters has a universal
form, with one exception. Only two parameters are needed.
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TSSA for pT + p(A) > p + X,
0.11 <xz< 0.7, 0y =40°-129°

=

-
QAx(PO) > [AN(PpCu)|

d Ay (pA) oscillates
above ppy =1 GeV/c

d Ay(pA) =0 for
pr<1GeV/c
(or Oy > 90°)

O First p data in high x; fragmentation
region for p; > 1 GeV/e.

0.3
- & pC p
I b pCu

+

0.1

I

——
__D_
+

ol

MRl
e

B I aa

pr, Gevic

pl+p — p+X, v,=[2 + 2% -31\] =1.741 >0.
Sign: Ay~ (2Py+Ppyv,qs (8%y - 2)/2 <05

(3) Abramov V. V. et al 2007 Phys. At. Nucl. 70 1515-26 \s=8.77 GeV

Measurements on C and Cu targets.

Conclusions: Ay(py) oscillates with p; as a result of high v,=1.741 and low u, d — test quark

masses. @', g) = q,0,V, g Mg(g%o-2)/M, . The magnitude of Ay is larger for light nuclear target.

Good physics for SPD. Additional data are needed at different s, py, X, targets.

+ Fig.7
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More examples of polarization oscillations (FNAL)
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[5] Dukes E.C. et al., Phys.Rev.
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V. Abramov, Preprint IHEP 2001-13.

Curves for p=0.5 GeV/c (dashed), and

pr = 1.5 GeV/c (dash-dotted).
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[39] Heller K., In Proc. of the 12t International
Symposium on High-Energy Spin Physics. (1976) p.23.
=Z9Be —» =ZT+X. p=562 GeV/c.

V. Abramov, Preprint IHEP 2001-13.
Curves for p=0.5 GeV/c (dashed), and
pr = 1.5 GeV/c (dash-dotted).

Conclusions: Other beams, not proton, also give us very interesting polarization results.
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More examples of P and TSSA oscillations

0.1
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Fig.15. Py(Xg) in the reaction p+Be — QT +X.
P =800 GeV/c. The curves correspond to a fit
for p;=0.5 GeV/c (red), and p=1 GeV/c
(green). [40] Luk K.B. et al., Phys. Rev. Lett.
70 (1993) 900.

V. Abramov, Preprint IHEP 2001-13 (2001).
Conclusions: Significant oscillation of Py(xy)
is expected in the reaction p+Be — Q' +X as
a result of high v, value. More data are
needed! Good physics for SPD.
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Fig.16. Ay(py) inp'+p — 7 +X.

W.H. Dragoset et al., Phys.Rev. D18 (1978)3939. P =
11.75 GeV/c. Vs=4.89 GeV. At intermediate energies,
the sign of Ay(py) depends on pr. The curve corresponds
to a fit for data points at p™ = 8 GeV/c.

V.V.Abramov, Eur. Phys. J. C14 (2000) 427.
Conclusions: At intermediate energies, the Ay
behavior may differ from the behavior in the high
energy limit. We have to study transition from low to
high energy limit. It is interesting to study the Ay in a
wide kinematic range in SPD. 43
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The p; dependence of Py at p; < 0.3 GeV/c 1s the result of behavior of
F(pp) = {1 — exp[-(p1/p°1)*? I}. At higher p; the P dependence is the result of
decrease of color field ~ ¢ ,(A,pr,Xg) In the fragmentation region. Dependence on A
is the result of spin precession angle @z(A) behavior. Color field is ~A!3 in the
fragmentation region of A. Polarization peaks are around A=1 (H2), 23 (Na) and
A=T79 (Se). The energy and A-dependence of polarization can be studied in SPD.
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Conclusions

1) The TSSA and hyperon polarization data are analyzed within the framework of chromomagnetic
polarization of quarks model (CPQ).

2) The mechanism for polarization phenomena takes into account the Stern-Gerlach force and quark spin
precession in an effective chromomagnetic field. It predicts oscillations of Ay(Xg) and Py(X) in the
case of a sufficiently strong field.

3) Suppression of quark degrees of freedom and color forces at small values of p cancels spin effects at
small py. The color form factor F(py) has a universal form for all reactions and a common global
parameters ® = 2.585 £0.033, A;=61.4+3.3.

4) Global data analysis reveals a correlation between the A(x) and Py(xp) oscillation frequencies and the

number of spectator quarks and antiquarks, weighted by the color factor A = —0.13528+0.00004. Target

quarks have a suppression factor of —t =-0.02894-+0.00008.

5) The maximum frequency of Ay(xy) and Py(xg) oscillations is expected for the production of

antihyperons in baryon-baryon collisions. An additional increase in frequency occurs in heavy-ion

collisions as a result of the larger number of spectator quarks in an event.

6) The effective spin precession angle ¢, is proportional to the scaling variable y,, the weighted number of

spectator quarks v,, and the inverse mass of the constituent quark M.

7) The value of Ay(E,) is zero below the threshold hadron energy in c.m. The threshold hadron energy is a

function of the production angle (6_,,) and the energy (Vs).

8) As a result of the correlation of multiplicity (N_,) with the weighted number of spectator quarks (v,), a

dependence of Ay and Py on the N, is expected.

9) Global analysis of polarization data allows us to estimate the anomalous chromomagnetic moments of

the constituent quarks and the additional quark masses that arise as a result of spontaneous chiral symmetry

breaking in QCD.

10) It is proposed to study dozens of reactions in the SPD experiment in order to reveal the chromo-

magnetic nature of polarization phenomena.
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Effective number of nucleons in the beam and target in
the case of A1+A2 collisions

In the case of a collision of two nucle1 with atomic weights A, and A,, the effective
number of nucleons in a tube of radius R, =r,A ! will be: (83)

A=A {1 -[1-(AJA)??]*?}; fragmentation region of the beam nucleus A (84)
Beff=A,{1 —[1 — (AJ/A,)?*]>?}; fragmentation region of the target nucleus B (85)
where A, = MIN(A |, A,, A)), (86)
A, 1s a free global parameter of the model:

A,=19.3+5.5; R, =r,A, 13~ 3.22 +0.36 fm (87)

where A, 1s the atomic weight of the beam nuclei, A, 1s the atomic weight of the
target nuclei.
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Scaling and polarization oscillation.
Comparison with model predictions.
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2)

3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)

17)
18)
19)

BbIBO/AbI 0 (DEHOMEHOJIOTHH, CTPYKTYpPE U JMHAMHUKE B3aUMOAECTBUM

Ponb nuHamMu4ecKkux COCTaBIISIIONIMX KBAPKOB ¢ aHOMAJIbHBIM, OOJIBIIMM OTPUIIATEIbHBIM XPOMOMArHUTHBIM
MOMEHTOM, LIBETOBBIM 3apsIJI0M, CIIMHOM 72 © MAaCCOW m ~ mp/3.

B3auMopeiicTBrue kBapka MpOOHMKA U CIIEKTATOpa: JOMUHUPYET aHTU-TPUILIET A1 qq M CHUHIJIET 1O UBETY Ul (-

q B3aumoaeuncTeuil. [IpaBuna kBapkoBOro cyera.
[MposiBeHue 1BeTOBBIX akTopoB. Popmyna wist A: A= 1 —exp(1/8) = -[Cx(qq)/Ce(qq)]® = -1/8.
[TouTH KITaccudeckoe KPyroBoe MonepeuHoe XpoMoMarauTHoe noje? D dekt xpedTa.
Cuna [tepHa-I epraxa B HEOQHOPOJHOM XPOMOMAarHUTHOM I10JI€ — UCTOYHUK Ay U Py ?
KpyroBoe nonepeyHoe XpOMOMarHuTHOE MOJIE -- HE TOYEUHBIH 00BEKT, MaciTad Syx, ~1 ®M. KondaitHmeHT.
Hpyroi 3Hak 1t napamerpa € < -0.005. BnusiHue npoaoibHOro XpoMO3JIEKTPUYECKOTO TIOJIS?
dokycupyromee aeiictsue nomepedroro most Ay ~ 1/[(1 — Eg/Vs)? + 8;2]V2 ans mapst g-q , Eg >0.
IIpeneccust civHa KBapka B ONEPEYHOM XpoMOMarHuTHoM nosie 1 A.X.M. = Ap?, <0.
Ocuuuisiyst nojspusanuu Py u Ay B CHIIBHBIX XpPOMOMArHUTHBIX MOJsiX. pT+A—p X. pT+A—E-0 X.
[TonaBnenue BkiIajga KBapKOB MUILEHU B moje B? B obnactu x>0, 1~0.029 « 1.
Pocrt BKI1aga map - B 1MOJI€ TIPH CBEPXBBICOKUX SHEPTHX. Nq=nqexp(—W/\/s)[1— Xn]% ng =4.671£0.018;
[TomaBneHne 3TOro BKJIaa Mpu OOJIbIINX Xp U Pr. Xy = [(pr/Pp)? + x21V% n=(A,A,)"S;
YMmenbiuenue sHeprun W ¢ pocTOM aTOMHBIX BECOB Ay, Ay, W=W/n; W, =M */M,;
Hacpimenne yncia 3 pekTrBHBIX map N, IIpU BBICOKUX SHeprusix. KonpainmenT?

HeB03MOXHOCTHh MTHOBEHHO MCPCBCPHYTH CIIMH, CCJIN HET KCCTKOT'O YCJIOBUA U3 3aKOHOB COXPAaHCHUS. CJIGI[CTBI/IGI

B ieprypOatuBHOi KX/ Ay ~ my/pr JUIsl TOYCYHBIX YaCTHIL MaJa.
YHuBepcanpHas A-3aBUCUMOCTb IMAPAMETPOB MOJICIIH JIJIS1 PA3JIMYHBIX PEAKIUN. 2 TapaMeTpa.
MOXHO OLICHUTH U3 MOJSAPU3ALUOHHBIX TAHHBIX TOKOBBIE U COCTABIIIOLINE MACCHI KBAPKOB.
MOXHO OLIEHUTH U3 MOJAPU3ALUOHHBIX TAHHBIX AaHOMAJIbHBIE XPOMOMAarHUTHBIE MOMEHTHI.

Ap?g (u,c) = -0,4902+0,0008; Ap*y, (d,s,b) = V(2/3) Ap?o(u,e);  Cormacue ¢ UHCTAHTOHHOM MOJIENBIO.

20)
21)

22)
23)
24)

Hanuure mopora aist Ay 10 yrily U SHEPTUH aipoHa B C.ILM. JUIsl psiaa peakiuii. pT+p(A)—n? X
YBenuueHue nonepeyHoro pajnyca BETOBOTO MOJIS IPU MAJIBIX P, KaK IPOSIBIEHUE COOTHOILICHUS
HeolpeieNIeHHOCTeH? AHOMAaNIbHOE MOBECHUE (CMEeHa 3HaKa U BeInuuHbl) Ay(A) g pt+A—n X.

3HaK IMOJIpU3alui S-KBapKa B 6apI/IOH-6apI/IOHHI>IX COYIapCHUAX: + JIJId BAJICHTHBIX U3 ITy4Ka, - 1JI1 MOPCKHX.

3aBUCHUMOCTb YaCTOTBI OCLMIUIALMN Py, Py ¥ Ay OT 4KCIIa KBAPKOB-CIIEKTATOPOB V4, V.
3aBUCUMOCTb Py, Py ¥ Ay OT MHOXKECTBEHHOCTH Ny, U YACIIA KBAPKOB-CIIEKTATOPOB V,, Vp.
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BoiBoabI: (eHOMEHOJIOTUS MOJAPUZAMUOHHBIX ABJICHUI

1) Ocummasumum Ay u Py  (HeMOHOTOHHass 3aBHCHMOCTL OT
KHHEMATHYECKNX M APYTUX MePeMeHHBIX: \S, X, Prs A, Ny, ... ) KaK

CJICACTBHUC IIPCUHECCCHUH CIIMHA B CUJIbHBIX XPOMOMAIHUTHBLIX IOJJISAX.

2) 3aBucumocts A\(Xp) M Py(Xp) OT KBapKOBOIo cocraBa aJApOHOB,
MpaBUJia KBAPKOBOIO cYeTa M PoJib I[BeTa (MapaMeTphI A, T, N, W,
Pp). IdpdexTuBHOE YMCI0 HYKJIOHOB B A/Apax, A , B, HMapamerpsl

Ay Ay ap Py)-

3) IloporoBasi 3aBUCHUMOCThH AN(XF,\/S) KaK NPOsIBJICHUE Pa3HbIX MacC U
CKOPOCTEeN COCTABJIAIIMX KBAPKOB U u d.
4) CxeusmHr Ay um Py ot x,, Xg Wi (y,, Vg ). KBapku-naprossi.

S) Pe3onaHcHass 3aBHCHUMOCTDH AN(\/S) /| PN(\/S) kak J3(pdekT
NPUTIKEHUS KBApKAa M AHTUKBapKa (CHEKTATOP M TECTOBBIH
KBapK, Ep>0) u ocraHOBKH mnpeneccu CMHA IPH ONpeae/IeHHON
JHEPruM KBapka. B ciayyae npursKeHUsi KBApPKH JA0JIbIIe
HAXOAATCHA B IBETHOM I10Jie, YTO YBeJHYMBACT MOJAPH3ANHOHHBIC

ndhdhorrTry



BoiBoabI: (eHOMEHOJIOTUS MOJAPUZAMUOHHBIX ABJICHUI

6) O0IIHOCTHL MEeXaHU3MOB OJHOCIIMHOBBIX SIBJICHUHM B aJ{POH-aIPOHHBIX,

7)

8)

a/IPOH-SI/ICPHBIX, JIENTOH-IICPHBIX U et+e- coyaapeHusax. Kak ToJabKO
NMOSIBJISIOTCH KBAPKH, HAUMHAaeT JAeiicTBoBaTh Mexanu3M XIIK.

Haubosiee uHHTEpecHbBI peakUUud OO0pa30BaHUS AHTHOAPUOHOB B
HYKJIOH-HYKJIOHHBIX COYJAAPEHHUAX ¢ 00JIbIIOMA 0KHAAEMON 4aCTOTOM
OCUMLIIAUI Ha0/oaaeMbIxX (Ay 1 Py), Hannpumep p+p(A) —AT+X.
Boabmag 4acrora ocuumuignuii HaOawogaemMblx (Ay u  Py)
0KMIAETCH TAKKe JJIS COYAAPEHUM THXKeJIbIX HOHOB U JISI BHICOKOU
JHEPIrUM COyAAPECHUN Vs (BEJIMKO YHCI0 KBAPKOB-CHEKTATOPOB).
Ay m Py npm BBICOKMX DJHEPrusix AOJIKHBI 3aBHCETb OT
MHOKeCTBEHHOCTH YacTHI N (0o/1b1Ie/MEHbIE CIIEKTATOPOB).

9) TpebGyercs 3HAUNTEJIbHOE YBEJIUMYCHUE CTATUCTUKH, YHCJIA U3YyYaeMbIX

peakuuii U NmpeaejioB M0 KUMHEMATHYECKUM MU JPYrUM NepeMeHHbIM
IJIA CUCTEMATHYECKOTI 0 HCCJIeI0BAHUA (peHOMEeHO0J10THH
MOJISIPU3ANMOHHBIX ABJEHUH. JTO MO3BOJUT B OyaylieM NOCTPOUTH

AICKBATHDBIC TAHHBIM MOIC/IN IOJAPU3AIMNOHHBIX SIBJICHUM. -



Model parameters (global)

1) m,=2.15MeV;2)m;=4.67MeV; 3) m;=93.4 MeV; 4) m_= 1270 MeV; 5) m, = 4180 MeV;
6) Ap?, (6) =-0.4902+0.0008; 7) Ry, (37) = 0.81637+0.0007;
7) AM,, = 0.27154+0.0004 MeV; 8) AM,; = 0.3134+0.0005 MeV; 9) AM, = 0.3866+0.0007 MeV;

10) T=0.02894 +£0.00008; 11) A =-0.13529 £0.00004; 12) ¢ =-0.005055+0.000006;
13) W,=276.9 £0.7 GeV; 14) Py=87.8+£ 7.8 GeV/c; 15) my =0.3566+0.0007 GeV;

16) n, = 4.784+0.005; 17) A,=19.34£5.5; 18) A,=0.3203+0.0022;

19) Ay =61.3£3.3; 20) 8g = 0.264 £0.005; 21) a; =3.37+0.17;

22) Vi =0.171£0.026;  23)p,, =0.124+0.004 GeV; 24)p, = 0.4225 +0.0035;
25) Kk =2.585+0.033;  26) p, = -0.0086 =£0.0003; 28) a,, = -0.01371 = 0.00022;
29) o, = 0.0359 £0.0005; 29) B, = 0.2430 £0.0017; 32) 0o = 0.142 +0.004;

33) P, = 1.15+0.46; 34) Cy, =0.677 +0.065; 35) Dy = 0.8126 =0.0041;

Characteristic scales of some model parameters:

W= m 2/m =255+24 GeV; m~(m,+m,)/2=3.45+0.33MeV; L =1-exp(1/8)=-0.133;

Where m=2.2 MeV; m;=4.7 MeV; M, =0.2687 GeV; M, = 0.308 GeV;

po=q/Pt, where g=p,Pt — Momentum transferred. p,=-2¢; or p, = m, /M~ 1/100, (My~
300 MeV, m, 4~ 3 MeV).



CooTHoumenus mexay napamerpamu moaeau XIIK

0 — nocrosinHas Peiirendayma =4.669202... (koHCTaAaHTA B TeOpUM Xxaoca); o = 2.50290;
e=2.718281; y=0.577215 664; m=3.141592;
A =-0.13528+0.00004, t=0.02894+0.00008, £ =-0.005055 +0.000006; Nq = 4.671+0.018;

A, = 19.345.5;

A, =0.3203+0.0022; A=61.4 £3.3; ApaQ (u,c) =-0.4902+0.0008;

® =2.571£0.033; wu3 m1o0aabHOro anaausa 133 peakuuii (103 HHKIHO3UBHBIX), C YMCJIOM TOYEK
naHHbIX Np= 7630.
W,=276.9 £0.7 GeV; my = 0.3566+0.0007 GeV; Mn+ = 0.13957; Mp=0.938272 GeV;

1)
2)
3)
4)
S)
6)
7)

8)

F=[)/t = 4.674 £ 0.013 = & = 4.6692...
Nq = 4.671£0.018 = §;

(IM/t)/Nq = 1.00074; Nq(3V-g)= 0.99136;

E = 1/(3V-¢) = 4.71169 +- 0.0056; ~ &

U =3/5*V(A,) = 4.701 = §;

a,=A, **1/3 =2.6842; a,=A, **1/3=0.6842; a,-a,=2;
wla = 1.0272 +- 0.013; % ~2*2%*1/3 =2.51984;

Rp = ApaQ (d,s,b)/ApaQ (u,c) = 0.81637+0.0007.

F/3 = 1.00103 +- 0.0028;
Ngq/5 = 1.00039 +- 0.0039;
(3V-g)[Al/T = 0.99200;

E/3 = 1.0027 +- 0.0012;
U/5 = 1.00038 +- 0.054;

a; = K, = 2.688545 (XuHunHa KOHCT.);

V(2/3)= 0.81650...
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3aucumocTh Emin = EM | ot U; pT +p(A) > X

E, GeV
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Thomas precession effect in
etfective color field

U =s-®; -an additional term in the effective Hamiltonian (12)

o= [Fv]/My - Thomas frequency for Eop»pM,,. (13)
OP = -®/AE — polarization for pp—A+X, where AE >0. (14)

> Direction and magnitude of the force F= q.E? is determined by quark counting rule
for CPQ model. F, ~-[2+2X-31X]<0 for O=s in pp—E™+X,

F,=qsE*, =-2q0s[1 +A-3tA]/p?<0  for O=sin pp—A+X, (15)
F,~-[3A-3TtA]>0 for O=u in pp—n" +X.
» Force F, is processes dependent! 6Py > 0 for O=s in pp—A+X.

» Additional Thomas precession term 6Py > 0 is opposite in sign to the DeGrand
model predicted negative polarization for pp—A+X. In CPQ model dominates
chromomagnetic field contribution with 0Py <0 .
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Dependence of ag on the transferred momentum

The expression for ag, obtained within the framework of
perturbation theory, has an unphysical singularity at small values of
the transferred momentum q. A solution to this problem was
proposed by D. Shirkov using analytical perturbation theory (APT).

_ap(f) = S+ ———] (24)
Os = =F Gatls 1 —explia)’
g° 61
=14+ Bluvi+ 272 azmiﬁj, B =—, (25)
0
33 — 2n; 153 — 19n;
folng) = =5 — Pilny) = —F—— (26)

where n; — number of active quark flavors, A = 0.35 GeV.

JI.B. IllupxoB u A.B. 3askun, P 70, 119 (2007). cg



Calculations of the polarization of A -hyperons in meson beams

P
1 - 0.5 — _ -
RE20 7 p(A) > A X CPQ model CPQ model RES0 K" p(A) - A X
p,=0.2 GeV/e
- Tp p,=0.2 GeV/c x:: 0.25 o
0.75 | ) XF=0-25 '::;{,-;.—-
------- T[- C 0 J:;,;-/
05+
0.5} — Kp
025+ /S o~ Ty g e K C
R L K Cu
0 L I I '-‘h"“ _1 1 1 1 1
0 2 4 6 \/8 10 0 2 4 6 8 10
s, GeV \/s, GeV

Fig. 19. Calculations of PN(\/ s) according to the CPQ model for the reactions
K- (1) + p(A) — A+ Xatx;=0.25and p;= 0.25 GeV/ec.

Resonance like behavior of PN(\/ s), dependence on atomic weight are predicted for the
reactions m + p(A) — A + X and K-+ p(A) — A + X. The height of the polarization
maximum decreases with increasing target atomic weight (A). The position of the
polarization maximum shifts towards smaller values of Vs as A increases, from 5.5
GeV to 4.7 GeV for the reaction m + p(A) — A + X. This is due to the dependence
of the s-quark spin precession rate in a chromomagnetic field on Vs and the attraction

between the s-quark and spectator quarks.
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A-dependence of Py for A in e"A collisions

The A polarization P(A) in
e"A collisions was measured in
the HERMES experiment.
K.Rith, DIS 2010.The
effective quark contribution
creating the color field is

v,= I+A(BAeff -2)—1(A+1),
where A=-0.133, 1 =0.053, Aeff
~0.6A1/3. The field and Py
~v, decrease with increasing
A, and P = 0 at A =120. The
red curve 1is the prediction.

e"A —>Ae X, Vs=7.26GeV

0.2

0.1
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A polarization in v,A-collisions

The A polarization in v A
collisions is measured in the
NOMAD experiment.
D.V.Naumov, Acta Phys. Polon.
B33:3791-3796, 2002.

We assume that W™ interacts
with d-quark and produce u-
quark, moving forward, in v,
direction. The Effective Color
Field is created by this u-beam
from v, and by the two quarks
from the target remnant, which
are moving in opposite direction
in c.m.

xg= -0.27 (target fragmentation region)

Py vA—-AWwX, Vs=6.82GeV

0.2

1
-
=

I
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Ay for " in e"p-collisions

etpl >t et X, Vs =7.26 GeV
The n™ production Ay in €™
collisions 1s measured in the
HERMES experiment. K.Rith, 0.1 5 x,=030
SPIN2010. x,=-0.14
J.Phys.Conf.Ser.295: o x,=+0.01
012056,2011. 0.05
We assume that virtual photon
produce q-q-bar pair (vector 0 +
meson dominance), which '#
interacts with the target quarks
and produce n*. The sign of  .(.05
Ay and x are changed to the
opposite.

AN

-0.1 ' '
0 0.5 1 1.5
P, GeV/e
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Ay for K" in e"p-collisions

The K" production Ay in e'p
collisions 1s measured in the
HERMES experiment. K.Rith,
SPIN2010.

The not monotonous pr
behavior of the Ay is due to
the dependence of scaling
variables y, and yg on polar
angle 0. This leads to the
dependence on p of the quark
spin precession angles @ ,, ¢y
and to the dependence of the
Ay

etpl >K' e X, s=7.26 GeV

An
0.1
0 x;=-0.30
x,=-0.14
0.05 L ® X0
0
-0.05 -
-0.1
0 0.5 1 1.5

P Gerc'
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