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P RAR RS, THA T B REIR, JRHES ) T BB
T FE ARG AT A5 B0 SRS AT A 1) 11 e

3.2 ETETHRAZENAEHNES

SCHK [19,20] R 5 Kadanoff-Baym 77 & AN
F3ET & FI7ie s —IR B ik, s T H
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TEs . Fo & S & A EAE B IE 2K
TR

(ify - 0 — m)y(x) = hp(z), (40)
Hrp=-(1/n)0Lr/0y, LAt rAEEAEM
WAy, Rk 5E AR, AT LAAS B A% 44 R ALY
IEB T

(e 20) e

= [yt (oY) (e 1) 1),
(41)
LTy - [p+ (ih/2)0) + mAE TR IR T BRI AL,
T B S 5 AR, RIS S HE s 2N sR B 3% R 25 2
i
p-0 Wap(z,p) =

i ! —dpy/ [
5 | e e+ 5)

x(fifw.§+m)}ﬁwa (- %)

Bes 2o ()] ).

A HU R T[] A 2-2 B R R, ) (42) A3
AR I (TR ICH Cap) T LAHT 2-2 3o B8 BB 4
Mot h

Cap = ((227:? > / d*prd*padiqrdies

T1,72,51,52

X 1n<p1 n P2 — q 371,72 |¢Ofﬁ( )‘pl
2 2’
,P2+ 31782>
x Husy (PJ ) { (z,p5) 5(4) (q5)

—ih [a;ga“* (@))] 0 (w.p) pur, (05— ), (43)
I o ) TIOR3 20,
S 19, 20] MIHHFEHIZ A, BIA T KB

PR A PREL S (2, p,5):

f(ﬂf,p,ﬁ) = % []?(Jf,p) -5 A(x,p)]

= md(pz - m2 - h(smz)f({t,p’ﬁ), (44)
Horprst hIH— 5ol REaE B A RETT, F AR
f5URH AT FIAE IE B 4ERS 90 R B bR 18 08, hom?
NBGEBIE. KB p - ofEHAE f(2,p.5) |, &
Tite (42), BIATARE] f (2, p, s) W R UK 25 807 12

5(272 - mQ)p -0 f('rvp75) = 5(172 - m2)éon—shell[ﬂ-
(45)

ZH R R B pr HORAETC Y, O B FE BB A
HARAGTH . R R e DL kX 4A
Con_shenl[f] =

/dFldFQdF/W [f(l’ + A1,p1a51)
—f(z+A2,p2,80) = f(x + A, p,s) f(x+ A", 1, 8)]

+ / AT3dS1 (p)2D f(2+Ar,p,s1) f(e-+Ag, pa,53),

(46)
Sk, K25 IR S (p) = ‘5(5}“”% ) ar=
d*ps(p? — m?)dS(p), 1M J7 #& =S AL FE Al

h

PA = ——
2m(p -t +m)

Horpir = (1,0,0,0) KEHEI T AN 5. (46) X
R 55— T4 3 A il 1o R R A ) B i, ek
ASRLT e 15 IR A i B AN R 1Y
e, (MR R A BE, 25— E
T RS L. Jr RO 520 43 B WA i
FEXE I S IR0, i1 (43) A Y Do (p) 16 KL
FA& LR EEATRA . EXATES R, R
T 85K 2% 2 b, 2006 T Sl p F p/t R4S
ki T B9 FIPHZE (Pauli blocking) . #1184 £ 3
HAREZ B AT (46) TigHE e 85K
B, B A AL RS I AL SCRR [19,20]38 3118 TR
YT 45 5 R 0 B A E IR R ST o0 A, LA
K HBR 2% 8 AR B TR 12 .

3.3 Hftaix

SCHR [67) 5 T i8R 22 A PERY 2K, B
1 (34) 2 SCHYREFE A AR AR 25 A8 3 T, MY
A HEz T PR Sh (HERANEESh), A AR TR
25K, M ST FERR A
h

=f(xz,p) + By
TP e o om0

pytAasBy (47)

F(x,p)

x {ng(p);7],0af(x,p)} (48)
Hruf = (1,0,0,0) R E] 7 0] B BN R &, n#(p)
M (36) ZCEA . %0 Ai I te(F) SA AH 25 18] A i kL
TR, M te[n# (p); ) FIAAHZS R A % .
TEMINF Y irS % R E w210 5 —S% R
o, JERE AR F R
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F'=D(Ryp) |F+ = {Auou,a F}] DY (Ryp),

(49)
Hrr D(Ry p) h RS2 A N W 4ERE 9N 5
1E A Tiezs [ P i RoR, MBI AL, e Ll

AP — Au AP

Uouw u?
Al = —e””aﬁnju(p)pauﬁT /(2muyg - p), (50)

Horpr AL Sy A eas 1) P . IR AR R AL A% i
B, LR ERE A IOMORE -, LB B 35 A
O EIFFARIFAC LR . DA T 4 ) o
H, EREASE ZPRXLORHE, 5 — 2% R
U ARXT DR, AR — S F R a, il
il R A R B A S A e SR, IR ATEIX
NS Z ] LU B 20m A g S R, (R
Or A R FAEX 2% R i AL DR 382 0T R
p-OF(z,p) = C[F], MATELIE R, BR%ES
TiRIE A

d°p; d 4
p-0 Fy 2nh92/2E 2E 2E - (2nh)

x 8@ (py +pa —p — p3)

X M(p1,p2; 81,52 = D, P3;70,73)

X M (p17p2a7“177°2 — D, D357,

s3)
X {Frl,a(pl)pm,w(pﬂ [57"08 F +(p )}

[ rass — Fr333(p3)}

— Fros () Frasa (ps) [0, = Frps (p1)]

X |:67‘232 — Frys (m)” +h.c., (51)
,H\FPE’Jhc 71 HIF T 0 2 LB I A, s HBAT,
F=F+~— {Auou,a F}, FRIEE R
Daii Mﬁﬂ? H BE AR 2Z (8] 1Y) 2-2 FU L R
BRI, X —&5 RS To i 2ok T 1 1R 3
by e
WSRRTE R A FAE AT, J843CHk [68) 12
H ) 2 4 DR B30 it 4 ) T ARLAS 2K S — o ff B
AR T 58, Hrh 4EA& 98 R8s 2 10 7 7

[7- (p+ 123) - M] Wz, p)

- %’y . U,W(x7p) B Weq((E,p> , (52)
T

Forh Weg (2, p) 9 117 O HEAR 20 pREL, w S Jey 38k

BT, 7 Mt AstIE]. S 20 [ e
L2y )

WL Bh

U - h a
P OA = =B At g Wi b, (59)

Hoh w2 =[0°(TuP) — 0°(Tu®)] /22 L JE 18 T
Gy 109701 6.A, 5 6 fy o2 F Tié % FE 55 R0 5508 BEARXT
%@I?‘H’JWH:‘%. SCHR [68] 11 T Wi X Kadanoff-
Baym J5 B0 4 [R]ERL, I BLAE NJL B AL bR
A EAEHBRELE T, XA 5 A L & F e fk
PR k1T TR

B 1 IR TAERISL, Sl JUAFR A HA AR TR
TEANHE R ) TAE, 40 SCHR [71] M ZEAS 40 R EHY
Kadanoff-Baym 77 # il &, R 17T H
1P R PR T 5067 I A e sh A SOk [72]
W T 5 e OB RETT Borb ygh e, 4555 B
HiT, A BT ER (9 9 A LAV E F A sl AT Ak T M
IR B, ANl PRI HESR 25 S B 45 A Al R Z Ak
WA RE Z AL, T8 A7 7R B RS 3 Jmy Sl -1
fift . anfey NS 3Ry AR B A BETAR )27y R A ]
B, AN Ryt — B RABIESE.

4 E &

B AR AR AN 2 T Rl AR s B B LA
MRA R EEY IS, A STAR GEHT
2017 AEAE Au-+Au flf 18 52505 ohOULIN 3] A B8 - 1Y RS
TRALN Z )5, R T AR R T2 %
. TEE B R AR PR T, A e A R
Gk A TR Z AR RS R, i mi R A A
6 1 Bl v MR TR S [ s a5 B, IrAT
SRR ZS [ R A B e A G800 R Al
. AN A EE RS & —Fh a0, TR
BLIVNE S R S (e s eI B e 28 W W T B i
PR AN I — N ) T H. ARSI T AlEN 1/2
B FRK T R G I TYEAs 40 pR AL =7 3l B2, L
R AE IR b % R 1 e i Be . 1E [ ek
iz B 7 TH A SR R R B S AR A B
TR A A50NE A B) 28 Y AR AR AL T IR S Y B SRl
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SPECIAL TOPIC—Spin and chiral effects in high energy heavy ion collisions
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Abstract

Global polarization effect is an important physical phenomenon reflecting spin-orbit couplings in heavy ion
collisions. Since STAR’s observation of the global polarization of A hyperons in Au+Au collisions in 2017, this
effect has attracted a lot of interests in the field. In the hot and dense matter produced in heavy ion collisions,
the spin-orbit couplings come from non-local collisions between particles, in which the orbital angular
momentum involves the space and momentum information of the colliding particles, so it is necessary to
describe the particle collisions with spin-orbit couplings in phase space. In addition, the spin-orbit coupling is a
quantum effect, which requires quantum theory. In combination of two aspects, the quantum kinetic theory
based on covariant Wigner functions has become a powerful tool to describe the global polarization effect. In
this paper, we introduce the quantum kinetic theory for spin-1/2 Fermion system based on Wigner functions as
well as the spin transport theory developed on this basis. The recent research progress of spin transport theory
provides a solid theoretical foundation for simulating the space-time evolution of spin polarization effects in

heavy ion collisions.
Keywords: Wigner function, quantum kinetic theory, spin transport theory
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