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Fig. 1. Global polarization of Lambda and anti-Lambda hype-
ron in non-central nuclear-nuclear collisions at different en-

ergies.

FEAE AN, ARXF O AR A i e 37 A7 A DU AR 25
Fag, DT S B0 A AE 25 1A ] DXCSRAT 5 A ], s g
TR AR AR A (BRI, TR AE T AL
23 (6] 3 A1 BRI BR, AT 5 B0 25 9 AR AL
A SE IS TS AL AN BERE S BE 1 R JCRR LT,
BUNTEREIE RE R 3 GeV ZiAq ik B UEAE 0¥, B H Ay
HADES S5 7E 3 GeV LA M IRHE X S92 0 25 R %
AL B AR S

Ak, PS5 v B b T L A e e
Y, M%) 1 R A A 2 7= A s, i T A,
A BIREREA R 2 S ECEN TR AL 2 R 22 57 L AT 1
JiR R 7.7 GeV DL ABAANAL S A DI 45
MILLES, ATLAE B HET A, A AR AL TR R 2236
N B WL B 2 25 5, IR STAR 28 Mg
FI9H 1) K00 I LA R R RS R 1Y S 6 00 Ak 45 H P A

2318

2.2.2 mAaRX A AT EABNZ 2R
T 200 GeV W& ¥i-EaiHE Y, STAR H1E
T 2018 4EHEAT T kG BE I A 17, ORI ) AR T
AR AL B TE W5 5, AR HLIRRE X Atk /NS
L ABf55 W EMIRT 4 Fhrw 2, 1€ 20%—50%
O BE AN AR AT 2I(E A 0.277 4+ 0.040 (stat)
998 (sys) (%] , HHE T RIMAL N 0.240 +
0.045 (stat) £0:09% (sys) [%]. &l 2 Jr 7w A& (A%
A Bt G 42 v O B AR Ak, T LA S04 Ak Bt 25 i A
HPCN R A8 R I o S R R R v B R e )
Eh i ARRT ORERE, R R AR E R, F5
A TR, X R BE T — 8 K 3 FR ol

| STAR Au+AuySxx =200 GeV
[n] <1,0.5 <pp<6 GeV/e

1.0

* A
Y A

P/ %

2I0 4I0 GIO 80
Centrality /%

Kl 2 200 GeV 4 4% -4 ¥ il 18 Hh O R R4 o0 BE R A, A

TR R AR AL

Fig. 2. A and A global polarization as a function of the

collision centrality in Au+Au collisions at /Sy = 200 GeVI7.
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Fig. 3. Polarization of A, A as a function of n (a) and pr
(b) for the 20%—60% centrality bin in Au+Au collisions at
V/Snn = 200 GeVIT.
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Fig. 4. Global polarization of = and Q in Au-Au collisions
at 200 GeV, and compared with A polarization!?.
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Fig. 5. A sketch illustrating the system created in a noncen-
tral heavy-ion collision viewed in the transverse plane. Velo-
city field and expected vorticities are shown, the colliding
beams are along the z axis and z-z plane defines the reac-

tion plane.
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Wy for 20%—60% centrality Au+Au collisions at 200 GeVF7.
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Fig. 7. Centrality dependence of P, s2 averaged for Lamb-

da and anti-Lambda in Pb+Pb collisions at 5.02 TeV and
in Au+Au collisions at 200 GeVB7:38],
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TR SCITIR, 4 e M o R AR ARS8 T LAH 3o
TR A TS S AT & X TR EA T
XA G T PR R A EHES ) (spin alignment):
TEEE ML AAR R, MK =411 B iETE
37 ) R R . FEBCA AR LT, B
o 3 NI I Y B BEHESI A48 TEA AL
BUT, TERRAL DT 1) A BRI R 2 R S . W)
HE ARSI T A e BEAE R IR, X T A e
1 RPRLT, A e B p J2—1 3x3 AL
FEFE. TEBAMALIYIEOL T, B RXS TR SR,
R 1/3. XFFAICHIRRARES 1/3 WERE 3 —
1) FBEHES, BIAEAER AL, DA R R+ F i,
i AR R R SR A BAE S R T R, S
Tk A e B FER Y poy o 1 pyy BETT, T
HEB & po. 5 A BT 1Y B BB A & 7261,
S b AR AR R AR R IE R T R
I3 A TEHEIIE S poo:

W (cosf*) =No[(1 — poo) + (3poo — 1 )cos®6*] , (10)

Horr Ny 2 H A 7, 0 2 TE AR T IR R
AR AR AN IE L B 3 BT 1) AR A 7 1) 2Z A AY
ey, X FASCE AR, XA A5 T 3
Je Ml AR S HUE A S A 5 1. FIHTSC A BT
AR (R AT T AR, AT A AT i
A Ao S B 0 A B Al R 6 A A AR B Y
FF KA E
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0.

[}

0.4+

Raw yields/10~3

0.2

0.98 1.00 1.02 1.04
M(K+,K~)/(GeV-c?)

(c) ¢
1.7+ Au+Au 27 GeV & 20%—60%
ly] <1.0 & 1.2 < pr < 1.8 GeV/c
7
S 1.6}
=
o o+
e
5
3 »+o
g 15t e
14+
0 0.2 0.4 0.6 0.8 1.0

|cos(6")]

K10 MY EE TR T o KO AE S AR (a) T (b) 672 ARG 341 (o)

Raw yields/10—3

1 4 |
i * ). 11
PO 3 T 1 3Rep (pOO 3 (11)

32 HETFHiEARENFEERLD
=
STAR A 1A 2008 4 T 44% 44% 200 GeV
Ho A KT R AL, BE Y A D RS
oo HOTNE- 45 3T 1/3, DL SLEe A WEZs) [
FEHEFE S 4. A 2010 2T 4R, STAR A E4LiEfT
WO RE AL, JFEZ R TAEh 2R
T BRI 200 GeV 4 B -4 K% %) i 3451
STAR G AR X SR AT 4007, M <=+
AR F e HES S 5 b RS RERE RE &, R PO
JE HURL 1 2 i S S0 o A . B 11 2R o
(20%—60%) ZH%-EAZRETE & T HREAA H iEHE
B Bt Sl AT (A SR, ] 12 RN R KO
YRR A TEHRS A5 B A 2 404 1) 0 et 45 2R 10,

8

(b) K™

Au+Au 54.4 GeV & 20%—60%
|yl <1.0 & 2.0 <pr<2.5 GeV/c

6 — BW +res. bkg.
— —-res. bkg.

Raw yields/10—3

0.8 0.9 1.0
M(n*+,K¥F)/(GeV-c2)
5.0

(d) K™

Au+Au 54.4 GeV & 20%—60%
|yl < 1.0 & 2.0 < pr <2.5 GeV/c

4.8

o
ﬁ%ﬁi% 4

4.2

0 0.2 0.4 0.6 0.8 1.0
|cos(67)]

H(d) 0°F 53 o3 A 1)

Fig. 10. Example of ¢ and K™ distributions in Au+Au collisions at relativistic heavy-ion collider: (a) and (b) Examples of invariant
mass distributions; (c) and (d) the extracted yields as a function of cos§*ll.
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0.5 AutAu (20%—60% & |y| < 1.0)
® ¢ (1%*-order EP)
0.4l E * ¢ (2d-order EP) [
0.3 [ %
11.5 GeV 19.6 GeV
0.5
s 0.4
< A
_____ ol Mg
0.3
27 GeV @ 39 GeV
0.5 F =
04f L
_______________ [~ — —F _*]_ — —_— p—_—
osl g e
[é] 62.4 GeV 200 GeV
1 2 3 4 5 1 2 3 4 5
pr/(GeV-c™)

F11 SRR A I T A S i 200 GeV B -4
BB T & S 7 poo Wl ELA 18] )2 1 53 A 1]
Fig. 11. py as a function of transverse momentum for ¢p-mes-

on for beam-energy scan energies and for the high statistics
200 GeV dataldl.

051 11.5 GeV [ 14.5 GeV
0.4Ff @
0.3} @ e @
051 19.6 GeV [ 27 GeV
04F L
L O ____ G R SO o
0.3f TTe ™
S 057 39 Gev [ 54.4 GeV
0.4 @ o
@ @
__@__O_ _________ p— _@_—_— _____
0.3} L e =
051 200 GeV [
Au+Au
0.4r (©] [ (20%—60% & |y| < 1.0)
0 - - @ O o_ @ _____] & K'0 (2nd-order EP)

pr/(GeV-c1)

P12 SR AR S A 52 46 R SR 200 GeV & Hi-4
LR K0 A poo BE A 1) 2l ek 1) 53415 19

Fig. 12. py as a function of transverse momentum for K™ for
beam-energy scan energies and for the high statistics
200 GeV datal®.
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poo FEITAT 1 Bl IX AR AR AE T 1/3. % D £ 45
BRI T BEKAEHEST, 55
5ok B B 5 AR U AR B DR /INITT G 5, X — IR 5 A
FHAC AR R S SR — 5.

R TSS9, B O ER R AT
)0 5 445 SR A B e AT ARy, AR BN IA] 13 Fos
SR JERRBER 62 GeV X HLLF, ¢ A TR
R R ATEHESIE 5, RILRIL py BE K
T 1/3. X <62 GeV BB IIACKF- 9153 pyg =
0.3512 + 0.0017(stat) + 0.0017(sys). &% &5
THREM AL IR, STAR SR MMIEFSEH o /i
TR ATEHIIME S5 KT 1/3 BB & P74 4
PrifE(m 22 6. & 13 H KO AF AR AS 5] pg $23E
1/3, Xf<54.4 GeV PIEIE AR F- 9153 pyy =
0.3356 + 0.0034(stat) 4+ 0.0043(sys). STAR &1
AN LG T RIS T X ALAE X ALICE GE4R)

* ¢ (Jyl <1.0& 1.2 <pp <54 GeV/c)
oa0l © KO (lyl <1.0 & 1.0 < pr < 5.0 GeV/c)
— GW =4.64 + 0.73 m!

0.35

Poo

0.30

0.25 + Filled: STAR (Au+Au & 20%—60% centrality)
Open: ALICE (Pb+Pb & 10%—50% centrality)

10t 102 108
SNN/GeV

P13 ARXS IR B TR o KO B AR fh I 25 2R 6,
Pel v 920 B4 20K B STAR WU &, %50 #iJ2 AN ALICE 5
I o 3 1 R STAR HOHE 9 3y o X, w0 J3E X [R] de 12 30 1Y
M. L0 EIL0 L2 o T3 5 Sk v B Ve X 52 30 3 10
WG, L0 LN R %G S ER] LHC fE X 4

Fig. 13. Measurements of ¢ and K™ global spin alignment in
heavy-ion collisions!®l. Solid points are data from STAR measu-
rement, open symbols indicate ALICE results with the pp
bin nearest to the mean py for the 1.0-5.0 GeV/c range as-
sumed for each meson in the STAR analysis. The red solid
line is the fitting of the local fluctuation theory of the n
meson field to the experimental data, and the red dotted

line is the extension of the fitting to the LHC energy region [*1l.
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AN, STAR AYEL4LT 2018 4E3RHU T & 481t
1A [R] JBT 57 2R 74 RN - Bl FE 451 ) o S R
WERE P2 AR RG2S 10% 25 5, T X PG 2 il
RGN R T REH RGEARBURARN, X R
G BT R AR AL B B, T LABIF T R o S A A
FRRgRZm, I HLT LUREE F | SO F RO Ak 22 7 30F
T2 HAIE. RIS, 38 FAH (R RE & T 4 A- 4 A% Al
P T AR AR LB, 1T LSS H S AR AL X
R G

(b) ¢ x2"d-order EP

(a) ¢ m 15t-order EP
0.4+ $

osl f%

Au+Au 27 GeV

Au+Au 39 GeV

(c) ¢

Au+Au 200 GeV

Poo

(e) K00 2"-order EP

0.4} L
6 Iyl < 1.0
1.2 < ppr <54 GeV/c

K |y| < 1.0 @
0.3r 1.0<pr<50GeV/el [

Au+Au 39 GeV

(f) K0 (g) K°°

b o I ___a___ b ,Q,,,,,,§,,,
| YET

Au+Au 54.4 GeV Au+Au 200 GeV

0 20 40 60 80 0 20 40 60

80 0 20 40 60

80 0 20 40 60 80

Centrality /%

14 FEE TS 6 F KO AT poo BERE R RGO BER A, 0T & A7 AU A 56 1 — B S - T2 A 77 3% 1

Fig. 14. py, as a function of centrality for ¢ and K*0, and for the ¢ meson analysis, results from first order event plane are also car-

ried out for cross check!.
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SPECIAL TOPIC—Spin and chiral effects in high energy heavy ion collisions
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Abstract

The experimental data of the global polarization of A hyperon, ¢ and K™ vector mesons in high-energy

heavy ion collision confirm the new phenomenon of global polarization of hot-dense QCD matter, which has

attracted extensive attention from researchers and has become a new hot research direction in the frontier of

high-energy nuclear physics. This paper reviews the recent global polarization measurements. We focus on the

global polarization measurements of A hyperon and ¢, K™ mesons, carried out by the solenoidal tracker
detector (STAR) collaboration group at the Relativistic Heavy Ion Collider (RHIC) at its Phase I of Beam
Energy Scan program, and extend to the global polarization measurements containing multiple strange quark

particles, such as =, Q and the local polarization studies of A along the beam direction. In the paper, we also

briefly comment on the measurements at higher energy from the large hadron collider (LHC) and at very low

energy in HADES experiment. In the end of the paper, the physical information given by these experimental

results is also briefly discussed.
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