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“Proton spin crisis” FRFBEEBH

SRR
SR BEIEZMZ

DIS:e+p—-e+X

N(p) i/é/

EMC, PLB 206,364 (1988)

894E: ~0
B#i: Z~20%S,

Four types of striking spin effects observed in high energy reactions since 1970s

Single spin left-right asymmetry (SSA)

p(M + pon + X E n
jz@: (T) P( yomX —3—> 4_
g R 05;; ; . + 0] \ P
E 0.2 -
< o0l -3’; ﬁ 2 _NM-N{)

0z o ] NENDOFNOD
Gab K '{L e.g. FNAL E704,

0 02 D4 06 08

PLB264, 462 (1991)

predictions of pQCD in 1970s (I QACDFAT) ~ 0

=RFAES,
Spin analyzing power in pp —

DISSEI&
7\)0\ \i::ﬂ

.GVGS

L p+p(M —>p++p

Wt _ N -NQ)
e % R TOEY (O]
| eg.D.Grabetal,

T ° PRL41, 1257 (1978)

Y

LW 5P E M —— QCDE

3RO ——> QCDRIEIIE

Jransverse polarization of A in pp — AX

ptp- A(T) +X P
S ’ -— A._
§ ol %A{? _ PN
[}
E 02 p,>1Gevic ] p, = HOEXIO)
aow A= "N 1 1~
03k 2 z xmw } O'(T) + O'(l)
; Vs=62 GeV
Ty pmoe |, e.g. S.A. Gourlay et al.,
o Joz o4 o5 08 1

. PRL56, 2244 (1986)
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BRE¥HE: QCDEE—3HLEHREIER

Spin-orbit interaction seems to be essential in QCD Spin physics

wEwmEys  E190ERTFR, REMEREHR
——) AR +QCD B HEHLE A (D

Four types of striking spin effects observed in high energy reactions since 1970s see e_g_ original papers,
“Proton spin crisis” FRFEIERHL Single spin left-right asymmetry (SSA) D. W. Sivers’ PRD 41 , 83 (1 990);
TRy DISie+p-e+X . P EPoEAX /P
i q == C. Boros, ZTL, Meng Ta-chung, PRL 70, 1751 (1993);
> PRLOR (O
re, @ e : C. Boros, ZTL, PRL79, 3608 (1997);
B#f: 2~20%S, i EMC, PLB 206,364 (1988)

e.g. FNAL E704,
predictions of pQCD in 1970s ({{#£QCDFE) ~ 0

i S. Brodsky, D. Hwang, |. Schmidt, PLB 530, 99 (2002);
s polrcaonf Ainpp > AX also many review articles, e.g.,

+
T?L\*‘

Spin analyzing power in pp —

;:3);-;;(:%—» 'Z t’p‘ /;.\k X';‘:’] g n? p?t;’ z '4_."5”‘ \Ar‘ : ;. B . N u ru s h ev, I nte r- J n M Od " h S " A1 2, 3433 1 99 ;
T NN LR y p, =20 =00)
‘ AN=_NET;+NE£ o :":E:’ ‘%}} 6(2:15) E . I . I {Ellllsey’ I rogl I art- NUCI. I hys- 39, 599(199; );
e.g.D. Grab etal,, @R, e.g. S.A. Gourlay et al.,

Fds s - mamies ][ C, Boros, ZTL, Inter. J. Mod. Phys. A15, 927 (2000);
s S@iemERsE — acDEbFssEmn — acosiEmE | U, D’Alesio, F. Murgia, Prog. Part. Nucl. Phys. 61 (2008)
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B ETFHiiE e ?
SE5RNNAZGEAEEANER"

ZTL & Xin-Nian Wang, PRL 94, 102301 (2005)

e N Tt
Au+Au, 130~200AGeV RRERAIE

AR E—E SR L ppxHEHL
p(pol)+p(ponl):_]200~5006ev QCDRAEHIE

“"—‘ﬁﬁm ”

B AK~38km, HEH~61TMS, ET~150M$
S 19844ETTRE, 20004RIE1T, 2004 B LT QGP

1.5
1 . b b xb
impact parameter y; n, = p"'—li
0.5 Au+Au at 200AGeV | Pi, X b |
’ normal of the reaction plane
% Tes T 15 2

\ A unique place to study spin-orbit interaction in QCD! |

L 202554 24-28H 7
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quark global polarization

(QGPEHR L)
ZTL & Xin-Nian Wang, PRL94, 102301(2005); PLB629, 20 (2005).
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ZTL & X.N. Wang®93ZEE20045F10818HIR3Z

arXiv.org > nucl-th > arXiv:nucl-th/0410079

Nuclear Theory

[Submitted on 18 Oct 2004 (v1), last revised 7 Dec 2005 (this version, v5)]

Globally Polarlzed Quark -gluon Plasma in Non-cer

Zuo-Tang Liang (Shandong U), Xin-Nian Wang (LBNL)

Sergei Voloshin 2004<E10 521 HiE 32

arXiv.org > nucl-th > arXiv:nucl-th/0410089

Nuclear Theory

[Submitted on 21 Oct 2004]

Polarized secondary particles in unpolarized hig}

> RIZFarXiviiE {3k, 3EEWayne State X2 Sergei Voloshin##%
#ik B 1R B8 BB F—ia FabiE

*I, #Eﬁ(ﬂ'u

cent paper [1]| discussing non-central nuclear collisions. I
would totally concur with the results presented in this
paper. Here, I discuss a few ideas beyond those already

In this short note I would like to point out that such
a conversion of the orbital momentum into spin (and, in
principle, wise versa) can be relevant not only for A+ A
collisions but /Z?Z could lead to important observable

effects in hadrén-hadron collisions. In particular I try

Sergei A. Voloshin )

[1] Z.-T. Ligng and X.-N. Wang, arXive:nucl-th/0410079,

In this short note | would like to point out that such a conversion of the

orbital angular momentum into spin ...

can be relevant not only for A+A
collisions but also could lead to important observable effects in hadron-

hadron collisions (S XX 4#%—#% ... T A ...

#

¢

58 F—58 1 il E)
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> X [E|Tom BonnerZ3k15& . EHMEELIF K= Miklos Gyulassy# %
MREIERNESQCPARER, MR TEEFHRULS R
ERXR, HE®RA FETHRES FUIERN—FAMERE

(... opens a new avenue to investigate heavy ion collisions ...) ”

PHYSICAL REVIEW C 76, 044901 (2007)

Polarization probes of vorticity in heavy ion collisions

Barbara Betz,!"?> Miklos Gyulassy,!** and Giorgio Torrieri'

Unstitut fiir Theoretische Physik, J. W. Goethe-Universitdit, Frankfurt, Germany

SE1 a2
and the observed spectra of A, &, and £2 decay products. This Eéﬁ;{tlﬁ
opens a new avenue to investigate heavy ion collisions, which
has been proposed both as a signal of adeconfined regime [3—6]
and as a mark of global properties of the event [7—10].

[7] Z. T. Liang and X. N. Wéng, Phys. Rev. Lett. 94, 102301

(2005). o

[8] Z. T. Liang and X. N. Wang, Phys. Lett. B629, 20 (2005). °°

[9] F. Becattini and L. Ferroni, arXiv:0707.0793 [nucl-th]. <]
[10] Z. t. Liang, J. Phys. G 34 S323 (2007).

L 20255E4H24-28H 10
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> BN BB« B KFIE K5I (INFN) F. Becattinig#
RAMR 7 HQGPHEIELHSHNMEXLIEES K, AZIETIE
SRS REERNXHR.

PHYSICAL REVIEW C 77, 024906 (2008)

Angular momentum conservation in heavy ion collisions at very high energy

F. Becattini”

Dipartimento di Fisica, Universita di Firenze, and INFN, Sezione di Firenze, Florence, Italy
The most distinctive signature of an intrinsic angular gIA
- . - (13 V< - Al 4]
momentum would be the polarization of the emitted hadrons. SIZ{QI?S

This argument has been put forward in Refs. [6,7], where
'the authors take a QCD perturbative approach. Also, more
recently, polarization has been related to the fluid vorticity
[8], yet without the development of an explicit mathematical
relation. In this paper, we take advantage of a very recent
study of the ideal relativistic spinning gas [9] and present

Vsl

[6] Z. T. Liang and X. N. Wang, Phys. Rev. Lett. 94, 102301 (2005). °°
[7] J. H. Gao, S. W. Chen, W. T. Deng, Z. T. Liang, Q. Wang, and .‘ ¢

X. N. Wang, LBNL-63515, arXiv:0710.2943.

L 20255E4H24-28H 1



First measurements by the STAR Collaboration at 200GeV

However, NOT observed at

STAR /s = 200GeV within the

statistics available at that time!
The STAR Collaboration

PHYSICAL REVIEW C 76, 024915 (2007)

Global polarization measurement in Au+Au collisions 08— T

i fragmentation: © ¢ (20-60%)
0.4r = — PQ,Ps =-0.3 0
- = -0.08<P,,P.<0.15 & K™ (20-60%)
F 0.6 — s ]
0.3F n
C _ M
0| ABTEERL e L I
TF S | L= (| -
0.1F o 04 S Y |
C == 11!1 LT e a2 =t ‘ll ————— - T———-———————— e
< } E y L [ &

- OE 02+ [G’ recombination: -
0.1F = lﬁBd’ P_<0.15
0; BN FEEENHS-
e 0 :
o0aF- 0 1 2 3 . 5

= L Pr (GeVic) RAPID COMMUNICATIONS
04555 2 4 45
pt (GeV/c) PHYSICAL REVIEW C 77, 061902(R) (2008)

Spin alighment measurements of the K **(892) and ¢(1020) vector mesons in heavy ion collisions at
«/SNN = 200 GeV

g 20255F4H 24-28H 12



Observation of global hyperon polarization

STAR Beam Energy Scan (BES) |

[ = primary =-=-- primary+feed-down L — — > .
' AMPT A 10 10 10

X |1 5 L N : 02 i p‘nmary primary+feed—dov|vn I \/57NN [GeV]

VS (GeV) © " JsmiGevi | STAR, J.Adam et al., PRL126, 162301 (2021)
STAR, L. Adamczyk et al., Nature 548, 62 (2017). STAR, J. Adam et al., PRC 98,014910 (2018)

T 8
—ry . ~ : s L Nature548 62 (2017) -7 STAR Au+Au 20%-50%
E — L i T _ - P £3.02 %] aunsm 017)
S Au+Au 20 50/ o - eA  ORK 3 er hyperOns S,
[ _ ~ [ PRC76.024915 (2007)
~— 8 * ﬁ"‘fs study | PRC76.024915 (2007) r AA AR
|Q:-:: L @ A this study i A oK r I:RIEJQS 21%910(2019)
¥r A PRC76 024915 (2007) 2—
L — . Y thi T ALICE Pb+Pb 15-50%
6 O A PRC76 024915 (2007) this analysis < F PRG101,044611 (2020)
*A A . AP +A oA
H T
I high precisjon o~
4 — mea reme nt - ; * Z+E (vtadaugmer/\P )
r ¢ E+E
L 4 - X u C E@ + Q +Q (via daughter A:H)
L AN 4
2+ c+: . L N 0 v
= e [ AMPTPRC99, 014905 (2019) 7 o, = 07320014 4
L i r STAR Au+Au 20%-50% e r OIA+A S o =-0.758 £0.012
o [ 0e «1» :(L_,:ro 401+ 0.010
UrQMD+VHLLE, A [ 0 o et R

S, 6 DH S at'ds“l““{’t[':”";“]m; | ~ STAR Beam Energy Scan (BES) lI
ALICE at LHC o Secateora T e .

(a) f‘ scaled using ay=0.732 '7
A A
10 % % STAR 20-50% Au+Au, BES-II
#* # STAR 20-50% Au-+Au, BES-I
0O O ALICE 15-50% Pb+Pb

| AutAu, s = 2%&?” ]

. ALICE, PRC101 (2020) 04461\ —

I Ag+Ag, /s =2.55GeV E

Py (%)

Py (%)

8

mm ) | j+ gﬁ& éﬁﬁ*

"""""""""""""""""""""""""""" ’ll;f» + 0.0:
L * _ t 0
07 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
L ‘ L = el i ﬁﬁ'ﬁé’ - 19.6 :
10 102 10° 10* &

Vsnn (GeV) \ SNN [GeV] - 10 102 10° 10*

ALICE, S. Acharya et al., PRC 101, 044611 (2020) HADES, R. Abou Yassine et al., :
PLB 835, 137506 (2022) STAR M. I. Abdulhamid et al., PRC 108, 014910 (2023)
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I8i$: Spin polarization in a vortical fluid

oy SPin-orbit . spin-vortical
Consider QGP as a fluid: OAM = vorticity ?nﬂg‘r:crt?:)tn isnpt:enr:;ﬁ,lga

OAM — vorticity: B. Betz, M. Gyulassy, and G. Torrieri, PRC 76, 044901 (2007)
Quark polarization in a viscous quark-gluon plasma:

X.G. Huang, P. Huovinen, and X.N. Wang, PRC 84, 054910 (2011)
Vorticity using HIJING MC generator — in (3+1)D hydrodynamic model :

W.T. Deng and X.G. Huang, PRC 93, 064907 (2016);

L.G. Pang, H. Petersen, Q. Wang, and X.N. Wang, PRL 117, 192301 (2016)
Equilibrium, ideal spinning gas — local equilibrium:

F. Becattini, and F. Piccinini, Ann. Phys. 323, 2452 (2008);

F. Becattini, F. Piccinini, and J. Rizzo, PRC 77, 024906 (2008);

F. Becattini, V. Chandra, L. Del Zanna, and E. Grossi, Ann. Phys. 338, 32 (2013);
F. Becattini, |. Karpenko, M. Lisa, |. Upsal, and S. Voloshin, PRC 95, 054902 (2017)

1 J d2p*®w,,np(1 — ng) 1
H(p) = — — hvPo = _ — u/T
S*(p) 8m€ Dv fdzlp’lnp Wy 2 (avﬁu aupv) B =u/

L& 20255E4H 24-28H 14



IEif: Global vorticity and fit to the Global A Polarization

AMPT transport model 1 '|:";3§il::§-;§::::::::.:.‘,l..h.u" 5| .
- Li, Pang, Wang, Xia, PRC96, 054908(2017) | " Aean
-- Wei, Deng, Huang, PRC99, 014905(2019) < Nl ™ S
1+ ++ FU) | L

UrQMD + VHLLE hydro ] L]
-- Karpenko, Becattini, EPJC 77, 213 (2017) T Ve P (s (GeV)
PICR hydro g 19
-- Xie, Wang, Csernai, PRC 95, 031901 (2017) R Z:Zj
Chiral Kinetic Equation + Collisions R % 23 e : i
-- Sun, Ko, PRC96, 024906 (2017) N T B -
-- Liu, Sun, Ko, PRL125, 062301 (2020) TR T e e
AVE+3FD | T ]
- lvanov, 2006.14328 £ AR | o

Q_A2: 1 ] ] o 4
Other works ...... ) | Th 5‘5"§‘-E‘\\m 1

b Vs, (Ge\1/0)O

ppt from Huang Xu-guang, plenary talk at QM2019
Lig 20255F4 H24-28H 15




A new direction in QCD Spin Physics

R MR RS SR TR
FEMNERSSRT, ARME e m s Mk
. B LHAhEERESE —

#[ERHIC. CERNLHC, EEGSI, -~ SF3IARY . EBEIIRRE
UREERGRHHEBHNCA, | :

FhE HIAF : .

o HREMILR o B | NS .

4 = - - —
FE. XE. EE. EXH, ZTL & X.N. Wang, ZTL & X.N. Wang

#HEZHr. HE. ENEF+JLA  PRL 94, 102301 (2005) PLB 629, 20 (2005)
3R 24930 MEER4H . HEP iNSPIRE Citations=567  HEP iNSPIRE Citations=259

EHEHEFH FE B HEME
pin Transport in QCD: “QCD Spintronics”?

X RS RS

= o N oy
e T
T “i%?ﬁ\]ﬁﬁ E %% (ﬁﬂ?i ﬂ Spln Physics in HIC

B 5 | | T g

i 20255F4H 24-28H 16
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W41z T3Ek : Electromagnetic contributions

STAR M. |. Abdulhamid et al., PRL 131, 202301 (2023)

— = .
[E1 R 543 3R (isobar) Xing-rui Gou, EPJ Web of Conferences 276, 04007 (2023)
ZgRU-F?ﬁRU*ﬂZgZI‘-l—ZgZI‘mE 2T I"'I'N‘I‘I'I« ] 2_’\‘[‘1"'w‘|'w‘_1'|«
\ = e & LS
ﬂ*EEFA/A\ a/aﬁ%*&ﬂ*ﬂ%rﬂ \:N;N*:i;*j" ' | ] | :g:;*u 1 ]
N 1 o AutAu : &+ - 1 o AutAu LS e
BRI E. z | Ry $ == oz | | |
ﬂ.< " @ 1 n-l< 3 | ... 10, A= |
AR ER o T
-A hy;eron --S-quark ﬁ Lo-A hy;eron - S-quark 4‘
_101110‘210 310I4|o‘slo‘sio‘7lo alo _10‘1‘0‘210‘310l410.5|0‘610‘710‘810
Centrality [%] Centrality [%]

ZMAB

I_J &F‘ *A%A%W*&RZ%E‘JJM!

E R R g If AP~ F. Becattini, lu. Karpenko, M. Lisa, I. Upsal,
iﬁ and S. Voloshin, PRC 95, 054902 2017
: +
oo . pp~—0.61—
0 % Hadron level: ua Zmp
e 2u,B 0.61eB
= - APZPA—PZN Ka ~—W
: M¢+ e e ’
05 S
ﬂjF Quark level: =959m. = " 3m.
VN Centrality (%) Z”S B e B
STAR M. I. Abdulhamid et al., PRC 108, 014910 (2023) APg =Py = Ps~—r—~ =5
S

i 2025%F4 F124-28 [ 18
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HADES Preliminary
» AgsAg 5, =255

=~ e 2age o ] 0.12
5 0.2<p, [GeVic] < 1.5, -0.5 <, < 0.3 E - AU+AU o b=5.0 fm
1 AutAu. /s = 2.4GeVeemne i 0.1
aF Vs : ﬁ&z%“ E . —-b=8.0 fm
: — 0.08F
£ - —~ b=10.0 fm

s- 1 Ag+Ag, /S =2.55GeV E E
1 9 Vs = 0.06F

] i u j 3
Contiftue to rgfe? I §
IS bo = TF
OF $ ,,,,,,,,,,, } ,,,,,,,,,,,,,,,,, S 0.02p
I = ; 5 3 4567 10 20 3040
1 10 10 10° \Sny (GeV)

Vs [GeV]

FDU Group: X. Deng, X. Huang, Y.G. Ma, and S. Zhang, PRC 101, 064908 (2020);
X. Deng, X. Huang, and Y.G. Ma, PLB 835, 137560 (2022).

T

TRME? ST E? FEMBTAENH?
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B4t : Local vorticity —— local polarization effect

Jian-hua Gao, ZTL, Shi Pu, Qun Wang, Xin-Nian Wang, PRL 109, 232301 (2012)
Chiral kinetic theory: j,,5s = {sw, —— local polarization effect

€l

F. Becattini, V. Chandra, L. Del Zanna, and E. Grossi, Ann. Phys. 338, 32 (2013);
F. Becattini, and lu. Karpenko, PRL 120, 012302 (2018)

P?, /sy =200 GeV RHIC P?, /sy = 2760 GeV LHC

spin hydrodynamics : SO s
Local longitudinal polarization in 3 o o o
the transverse plane in HIC :
N p,[geV] i ’ ’
Monte-Carlo Simulations
transverse longitudinal .y
(b) [
wone==1)  w, (n:=1) AY __ (@) (=0.6fm)
I mrsy— - T |w, (fm-Y) Wi q h}.ou
Ay r> \ |77 NN R Tw, 4-’ ‘ 0.012 @ ®
i FFFr- LAEEEE. o S 5. 18 0.05
E ottt ittt il : W’ . -
~ [l < of i RO
AN AR “x iy V) —-0,05 >‘_2_ 024
=5 :::: / : ::;5 -0.10 4F 2
A T T &l &
X (fm) X (fm) 0.1 fm™? N . p— i i .
6-4202 46

x (fm)
Xiao-Liang Xia, Hui Li, Zebo Tang, and Qun Wang, PRC 98, 024905 (2018)  De-Xian Wei, Wei-Tian Deng, and Xu-Guang Huang, PRC 99, 014905 (2019

i 20255F4H 24-28H 20



B4t : Local vorticity —— local polarization effect

Examples of further studies:

® Temperature vorticity

Hong-Zhong Wu, Long-Gang Pang, Xu-Guang Huang,

and Qun Wang, PRR 1, 033058 (2019)

® Shear-induced spin polarization in chiral
kinetic theory

Baochi Fu, Shuai Y. F. Liu, Longgang Pang,
Huichao Song, and Yi Yin, PRL 127, 142301 (2021)

e Stationary non-equilibrium density operator,
isothermal local equilibrium

F. Becattini, M. Buzzegoli, and A. Palermo,

0.002

0.001

o thermal vorticity
« kinematic vorticity
= T-vorticity

+ non-relativistic

" 0.000{8&"- B —

-0.001

-0.002

-0.003

0 2 3 4 6
¢, (rad)
T 15 T T 4 T T T
4P, (1/1000) _ 10 [P, (1/1000) [P,(1/1000)  STAR, Au+Au
ol Ahyperon, ~ T s s quark 20 P 200 GeV, 20-60%
e I s L
.
0 0 0 L 1 % ¥
N
2f -5 [ 3 %
2
- - a0k - 1 A
-4 ——Total - = -W/O shear 15 — Total - - -W/O shear 4 [ A )
0 1 2 3 0 1 2 3 0 1 2 3
0, [rad] 9, [rad] ¢, [rad]
5 T 5 T 5 T T T
4-P, (1/1000) 4 [-P, (1/1000) 4 }-Py(1/1000) STAR, Au+Au |
A hyperon s quark 200 GeV, 20-50%
3r 3k 3r - .
% = A, A combined
2t 2+ 2t 1
TR~ - 1 1t
0 0 0 ; I
T
: Total - - ;W/O shear 1 Total - - 1W/O shear 1 ) T
0 1 2 3 0 1 2 3 0 1 2 3
0, [rad] . [rad] 0, [rad]

PLB 820, 136519 (2021); ¢l T | £ N
F. Becattini , M. Buzzegoli , A. Palermo, G. Inghiram | =7 &1 * 1Ll - Ny
and l. Karpenko, PRL127, 272302 (2021) k2 ’ Pl 0
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I2iL: QCD Spin Transport in Relativistic Quantum Kinetic Theory

ez ¥ R EHpQCD HXTieEFIIEE
PRL (2005) — PRC (2008) | Relativistic Quantum Kinetic Theory

\ ]
& 4 S F AR EERE

- :> BT 4 1 40 65 1 (Wigner function)id
RO HRO B B 7 Eh 3 23818 (quantum kinetic theory)

d* : _ -
Wigner function W g(x,p) = j (Zn})l‘* e "PY(S|Pg (x + %) U (x + % X — % ) Y, (x _ %) S)

e |S) = QGP: spin transport in QGP
e |S) = Nucleon: spin structure in nucleon
e |S) = EM systems: spin effects in atomic physics .......

very useful/powerful !

very challenging!

] . L] h J—
Wigner equation ly” (rll‘ + lEV”) — m] Wx,p) =0 32 coupled equations!

m = 0: “disentanglement theorem”, J.H. Gao, ZTL, Q. Wang and X.N. Wang, PRD 98, 036019 (2018);
J.H. Gao, ZTL and Q. Wang, Int. J. Mod. Phys. A 36, 2130001 (2021).

U. Heinz (1983), H. Elze, M. Gyulassey (1986); D. Vasak, M. Gyulassy and H. Elze (1987); Pengfei Zhuang,
Shu Lin, ......... ; Jian-hua Gao, ZTL, Qun Wang, Xin-Nian Wang, ......
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I2iL: QCD Spin Transport in Relativistic Quantum Kinetic Theory

Semi-classical expansion in terms of 1™
e.g., Gao, ZTL, PRD 100, 056001 (2019) to the first order of 7 | >

p

M, = hkB, — hpw,/m

ha,j* = —2mj- + h%2CE - B B T REA IR A _np
”]5 Js Quantum Magnetization Effect Js oB
A S RO (QME) SFAIE 53 B R
Chiral Anomaly Effect Chiral Separation Effect
(CAE) , f & (CSE)

AAXT S E TIIEFEHIR

Relativistic Quantum Kinetic Theory

(RQKT)
HE?
Any Other Effect

“More is different”
——> QCD “spintronics” ?

BARIRACII L

Global Polarization Effect
(GPE)

VA= Exv)(v-V+E,V, - V,)F

2mEp
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FH3£: QCD under rotation

B b R T R R o 4 P

SWRE: T8 HAK, 4MKIE S HFEE W Ll B
\ 2023.7.29-30 Michael Lisa Editors
2P E: FEAFHBRXHEH 356 £ St |
7 A 29 HEH Sessionll EFHA: FE rong y
Bt 19 B E TN Interacting
11:10-11:40 QCD Under Rotation FERE G EEARF Matter under
Rotation
R e s
A1 ae o] Ak e s QCD phase transitions under SKTHF
15:30-16:00 = 18 FENFRAT magnetic field and rotation

4827H EfAR (LBREERBBEE=#LETR)

| : Electromagnetic effect | 2715 &
N1 E- SSE (A4
14:30 15'00_ et RF on particle production |
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KENFREBEAY— SRER

m

TAR s Abdallahetal, %Kit (Nature) &3Rie3C!

Nature 614, 244 (2023) DRAIBRELTAFHSTARPEHBIEEEXE,
PRIV EFRUSMNEFERTEFE

Article

Pattern ofglobal spin alignment of ¢ and K*°
mesonsin heavy-ion collisions

- % ¢
B @ FIAKENFEAEBIEHS
ozs|- 9% STAR(AuAuand 20 c0% cenvalty) 174 1 2

_”10' SRR ST e .1E ‘poo _5‘ >> PA~Pq2 Q

The STAR Collaboration 20235, STARERB TEMMULERNF
78

¥ o(yl<1.0and 1.2 <p; <54 GeVc)
© KO(yl]<1.0and 1.0 <p; <5.0GeV c)
— GY=464+073m}

102 102
Voo GV

ABTFEERU SR

\

e L B e e L B e ELELAAS E e e o

F 0 HADES =
5 Gev 10-40%

Theoretical predictions 2 N
— e s
REE ,Z T —Lyinunitof 10° o gg?;ﬁgg ij: St . 15 E
Y 1\ N e ;/// o B TR £ s
Qv —\||—/| = Py=Pp=Py=Py : ]
FHENENEAEATR OAN) I Pyw. 3E E
o0 o XE N FEIFBIEH oF E
P LT 2
a8t ’ wiiaig il 1-P b E
e | ) A BIUSH, | o xBATHISAMRASI - q E
BEFRSH TSR P EL Poo = 31 P¢21 of
quazkglogl{i(;gzéa)ﬁon LR —1= AN T L vl S o o
QGP! N 1 10 10? 10°
ZTL & Xin-Nian Wang, PRL94, 102301(2005); PLB629, 20 (2005). PR RS L VSnn [GeV]
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Quark spin correlations (QSC) in QGP in HIC?

combination

v recombination _
& coalescence q1 tqz; > M
203 mEEAmE >| N1 T0t:ob
? q: +q; +q; > B

AA collision éﬁ%}ﬁ?ﬁéﬁoep

Evidences: constituent quark number scaling: (1) v5; (2) py-distributions

@ AL AN S A © ol
0.1~ " Kg+(ST(AR) ) 8 gi%'( (STAI)R) 7 %W
. ] cm o8 00
- 8%.,% R kg@-"# ‘ fa- Gpr) =kaf? (p1),
< . 1 £
= o.05- "% + & i.. fo @pr) =K4 fE (PT),
- PHENIX PRL 98, 162301 (2007)
: = : Jun Song, Xing-rui Gou,
ou | Feng-lan Shao, ZTL,
O eE YR T2 0 es T s 2 PLB774, 516 (2017)

p.l.lnq (GeV/c) KE;/n, (GeV)

é strong quark spin correlations (QSC)
STAR data on P4 and p, :> in QGP produced in relativistic AA collisions!
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Spin transfer in quark combination process

* combination/recombination/ ( q1 +q; - M
&KI QGP hadronization— coalescen_ce q1 +q, +q3 > B
R gﬂé/iéﬁlﬂé q1+q2 +q3 — B

Take g, + G, — V asanexample  p¥ = Mp@ad gt M: the transition matrix
pY = (jm|MpID | jm’) = N;(jm|p9192)|jm’)y  independent of M

1/1+P 0
. . VD) A@) = — 1
Quark spin density matrix: p > ( 0 1-— pq)

R = = - PH= Z CquiZPq
Hyperon: q; + q; + qg > H p(q1qzq3) — p(CI1)®p(€I2)®p(fI3) e

’p\(thﬁz) — ﬁ(fh)@’p\(ﬁz)

_— _ _ _ p2
Vectormeson: 91t dz—V pgo_l Pgq,P 1-Py

q1~ q2 __
- - 2
3+ ququ 3+ Pq

The simplest and most direct consideration: need average

Py = <zcipqi

i

1_<Pqpﬁ) 1_<Pq)<Pﬁ>
3+ (P,P;) 3+ (Py)Pg)

=Zci (Pgi) = (Pq)  plo =

H i

STAR Data indicates (P,P5) # (P,)(P5) simply means correlation!
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Systematic studies of Quark Spin Correlation (QSC)

Correlations:  (P,Pg) # (Py)(P5)
(1) local correlation: (P,P;) =+ (Py) (Pg),

(2) long range correlation:

((P),(Pa),)_#{(Pa),)_((Pa),)

S

Off-diagonal elements ?

(Pax) = (Pey) = 05 (P2} % 0,(PZ,) % 0

qx) Q)’> o

——> Asystematic study of QSC in QGP:
@ define variables to describe QSCs

inside a hadron, ~ 1 fm, local correlation

I / o ® two folded average
Lo 80062y | Cara=(ear),
@ Q ‘O ‘ inside the mesonf/ﬂt
O Q. '® O over the system S

®@ O

in different hadrons, long range correlation

@ — 1( 1+P,, Py —iP,
2\Pg +iP,, 1-P,,

@ relationships to measurable quantities } \

® find out origins of QSCs

@ other consequences Ji-peng Lv, Zi-han Yu, ZTL, Qun Wang,
and Xin-Nian Wang, PRD 109, 114003 (2024)

i
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Polarization of particles with different spins

Spin 1/2: The spin density matrix (2x2): » = %(1 +5-9)

Vector polarization: S* = (0,57,S;)

Spin 1:

See e.g. A. Bacchetta, & P.J. Mulders, PRD62, 114004 (2000)

The spin density matrix (3x3): p =5 (1+3 ! +379%Y)

Poo=(1—28;;)/3
Vector polarization: s* = (0,57,5,)

gix g 3 >8 independent
Tensor polarization:  S..,Sir = (Si.5)), St (TT TT) 5 components

TT = Xy XX
STT —STT

Spin 3/2: | See e.g. Jing Zhao, Zhe Zhang, ZTL, Tianbo Liu, Ya-jin Zhou, PRD106, 094006 (2022)

. . . _A_l 4 .. %) —an_na 8 lik<iik
The spin density matrix (4x4): p = (1 +-S'E + S TYEY + S RUKEY )

Vector polarization:  s* = (0,57,5,)

3
Tensor polarization: “LL>°LT o)y 91 =\ gy gn 5 s independent
' components
Rank 3 Siir s Sier = (Sir Stir) » p

Tensor polarization:

= S = <
LTT ; TTT yxx
<S:¥T —S’L‘%‘~T> J STIT

XX Xy . XXX yxx
ij Sirr S LTT ijx Strr S TTT )
TTT TTT

i
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Measurables and sensitive quark spin quantities

Hadron Measurables Sensitive quantities

Spin 112 Hyperon polarization Py average quark polarization (P,)

(hyperon H) Hyperon spin correlation ¢y, y,,cy 5, long range quark spin correlations c,,, €4q

Spin 1 Spin alignment p,, local quark spin correlations ¢,
(Vector mesons) ot diagonal elements p,,,,, local quark spin correlations ¢
Hyperon polarization Py« or S; average quark polarization (P,)
Spin 3/2
izati local quark spin correlations
JP = ?baryons Rank 2 tensor polarization S;; q p Cqq
Rank 3 tensor polarization S;;; local quark spin correlations ¢,

:> Systematic studies of quark spin correlations in QGP!

Ji-peng Lv, Zi-han Yu, ZTL, Qun Wang, and Xin-Nian Wang, PRD 109, 114003 (2024);
Zhe Zhang, Ji-Peng Lv, Zi-han Yu, and ZTL, PRD 110, 074019 (2024).
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® Origins of QSCs in QGP in HIC?

Many studies by many groups, e.qg.

¢-meson filed leads to strong (x, p)-dependence of s and s polarizations
Xin-Li Sheng, Lucia Oliva, ZTL, Qun Wang and Xin-Nian Wang, PRL131, 042304 (2023);

by glasma fields: Avdhesh Kumar, Berndt Mueller, Di-Lun Yang, PRD 108, 016020 (2023)

Quarkonium spin alignment in a vortical medium:
Paulo Henrique De Moura, Kayman J. Goncalves, Giorgio Torrieri, PRD 108, 034032 (2023)

Polarized-Polyakov-loop Nambu-Jona-Lasinio model under rotation:
Fei Sun, Jingdong Shao, Rui Wen, Kun Xu and Mei Huang, PRD 109, 116017 (2024)

Spin alignment of vector mesons by second-order hydrodynamic gradients:
Avdhesh Kumar and Di-Lun Yang, PRD 109, 054038 (2024)

Holographic spin alignment for vector mesons,:
Xin-Li Sheng,Yan-Qing Zhao, Si-Wen Li, Francesco Becattini, Defu Hou, PRD 110, 056047 (2024)

with light front quarks: Baochi Fu, Fei Gao, Yu-Xin Liu, Huichao Song, PLB 855, 138821 (2024)

Spin magnetohydrodynamics: Zhe Fang, Koichi Hattori, Jin Hu, 2409.07096, 2410.00721 [hep-ph]

Coalescence with spin-vorticity non-equilibrium:
Kayman J. Gongalves, Giorgio Torrieri, Radoslaw Ryblewski, 2410.16448 [hep-ph]

Quasi-particle in off-equilibrium medium: Shu Lin and Jiayuan Tian, 2410.22935 [hep-ph]

Mostly concentrate on pgg, predictions on other measurables?
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Future experiments

T STAR Au+Au 20%-50%
= Nature548.62 (2017) eA OX
o PRC76.024915(2007) @A OX
PRC98.014910 (2018) oA ok
B i PRC104.L061901 (2021) ® A
ALICE PRC101.044611 (2020)
5— # A &K Pb+Pb15-50%
| HADES PLB835.137506 (2022)
NICA A Au+Au 20-40%
= STAR-FXT _ A Ag+Ag 20-40%
FAIR
HIAF-CEE
O O emmmm T TTToWe PR
AMPT, A
s primary primary +feed-down
UrQMD+VHLLE, A ( a, =-0-=0732
| —primary -- primary+feed-down
1 10 102 102
\/SNN [GeV]
0.45 T T III|II| T T |IIIII| T T Illllll T
r  STAR (Au+Au & 20% - 60%) .
| *xo (lyl<1.0& 1.2<pT<5.4 GeV/c) ]
L oK? (lyl<1.0&1.0< Py < 5.0 GeVlc) -
) 0.4 _c¥-464+073m ]
NICA) NICA Accelerator Complex in Dubna i i
BU@N: L IR
data taking, F e ) L |
80'35__ HIAF-CEE B
Q === | i =gl
i NICA i
0.3+ =
JINR Dubna N 1
i Fap  STARBESI i
5% < N < L open symbols: ‘T i
[ Booster (c i T 0.25— ALICE (Pb+Pb & 10% - 50%) ||
‘ ) ' ; i I
,,,,, I oo = | 1 11 IIIII| 1 11 IIIII] 1 1|
Budget: approx. 500 M$ " )
1 10 102 10°

ppt from Sun Xu (IMP) at Zhuhai workshop, December 2023 s (GeV)
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Transverse hyperon polarizations in unpolarized hh/hA collisions

Definition: unpolarizedp +4 - A+ X —

P |
_ O-(T) - O-(Jr) N ﬁlnxﬁA ne< P X Py ’/A
IO RTIO N G Ny
Early experiments:
A. Lesnik et al., PRL 35, 770 (1975); § [ M """""""
G. Bunce et al., PRL 36, 1113 (1976). § o} %
Experiments carried out: £ oz p,>1GeVie % . % %
® p+p/A->H+X, H=AZE _o_sf_f.ﬁizmiﬁ + __
® Exclusive: pp - pAK, pp - pAK(nm) % 02 o4 06 08 1

Some reviews:
L. G. Pondrom, Phys. Rep. 122, 57 (1985);
K. Heller, in Spin1996, proceedings edited by C.W. de Jager et al., World Scientific, 1997, p23;
G. P. Ramsey, Prog. Part. Nucl. Phys. 39, 599(1997);
S.B. Nurushey, Inter. J. Mod. Phys. A12, 3433 (1997);
J. Felix, Inter. J. Mod. Phys. Lett. A14, 827 (1999);
C. Boros, ZTL, Inter. J. Mod. Phys. A15, 927 (2000).
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Transverse hyperon polarizations in unpolarized hh/hA collisions

Some of the “representative results”

RRRRRRRRRR , VOLUME 40, NUMBER 11 1 DECEMBER:1585 VOLUME 58, NuMBER 9 PHYSICAL REVIEW LETTERS 2 MaRcH 1987 VOLUME 56, NUMBER 21 PHYSICAL REVIEW LETTERS 26 May 1986

Polarization in inclusive A and A production at large pr pp / p
i 0.4

Polarization and Magnetic Moment of the £ * Hyperon

Polarization of A’s and As in pp, 7p, and K = pInteractions at 176 GeV/c
A - HX

D e e e o ST - AX
<#l I [ I ® St THIS EXP'T . . By 00 T 1
tl ﬁ AX 0.3F o3 REF. 12 " . . o ® 176 GeV/c (This Experiment)
% % pp/p PN 8 L - : .75 o 32 GeV/c (Ref. 8) KRS
= A =° .
Z 0.11— %4 — > Oie o =" .‘L L zi Z SO 4 14.3 GeV/c (Ref. 14)
E o n [d =]
o o
< e S
= < N
5 ¥ 5o v - z° —Pr(K=p—AX
0.2 1— i e * 5 o 0 E L TR Al | 24
< Be » A X T << 1 & T p—y — J . . +
r E -0.1}[ ’ s 4 o [N o
[ o, - 6 mraa { ] 3 AL WAR g " iPa(pp/pA - AX)
L X6, =7 mrad ] [L_C > oLy * - =50 [ ¢ i 5
—03[—00, = 10 — ’ : : . ]
i N mrad 1 . e It k
O, 12 mrad
=03 -
A 6, = 20 mrad |
(o)) 24 Irn ad | | | 0.4 (BT L IR R L TR B : .2
o4l PR N N L y 140 180 " X
0.0 0.2 0.4 0.6 0.8 1.0 69 190 40 80 220 B0 200 F
Xp MOMENTUM (GeV/c)
VoLUME 50, NUMBER § PHYSICAL REVIEW LETTERS 31 JaNuary 1983 Physics Letters B 283 (1992) 1

Inclusive A Production and Polarization in 16-GeV/c ™ p Interactions hp / hA _) H X e p p - p A K
Tt—p - AX [ ) mOderate pT (O . 2 ~ 2) Gev Further evidence for pomeron—quark interactions:

020 observation of large A° polarization in pp— (A°K™* )p

. FEYNMAN X=0.5 - 0.8 Py |a|"ge xF (frag. reg ion) R608 Collaboration

R S : : : Pp,=—-(62+4)%

: + ffi for diff H 4l

foel T };%E ° d! erent ord! ere"t_ _ for 2.7 < M(AK) < 3.0GeV
- W . o different for different incident h

o } 1 o e weak +/s-dependence dominate at_
- e almost no target-dependence lower energ|93?

PPPPPPPPP
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Hyperon polarization in e* e~ annihilation into hadrons

Longitudinal polarization at LEP

Eur. Phys. J. C 2, 49-59 (1998) THE EUROPEAN

PHYSICAL JOURNAL C
(© Springer-Verlag 1998

E!H 9 May 1996

Ry PHYSICS LETTERS B

ELSEVIER Physics Letters B 374 (1996) 319-330

Polarization and forward-backward asymmetry of A baryons
in hadronic Z° decays

OPAL Collaboration

Measurement of A polarization from Z decays

ALEPH Collaboration

ete” - 7% - qq > AX

Eﬂ-—‘os_ ————————
'

* ALEPH data

Jetset (corrected)

-~ Jetset range

0.7

0.6

0s

transfer in fragmér@tation

02

. OPAL

JETSET (default popcorn)

~~~~~~~~~ JETSET (modified popcorn)

L] OPAL data

P P

. 06 e g sccses s = £ z¢s
z Xg
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Hyperon polarizationine*e™ - H + X

Parameterization at an initial scale: G572 (z, uo) = z°D5~2(z, uy)

u/d-A

d-A
Gy (z, mp) = Nz2D¥/ ™ (2

7”0)
dy .
QCD Evolution (DGLAP equation) 5z G47"(7 @) = an j ~ 6" (7.02) apy )

Two parameterizations available:

@ DSV98: D. de Florian, M. Stratmann, and W. Vogelsang, PRD 57, 5811 (1998).
@ K.B. Chen, W.H. Yang, Y.J. Zhou and ZTL, PRD95, 034009 (2017).

Figures taken from K.B. Chen, W.H. Yang,
Y.J. Zhou and ZTL, PRD95, 034009 (2017).

physics behind the parameterization?
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Spin transfer in g —» A + X : phenomenological studies

Calculations based on fragmentation models: R.D. Field, R.P. Feynman, NPB136, 1 (1978)
attribute to the polarization of the initial quark g, Srdrank 2ndrank 1st rank
only first rank hadrons, i.e. those containing q,, are polarized M(@3q2) M(@290)  M(@190)

pistrank = p ¢lo”f poterTe = 0 - U \/U
/contribution of quark of flavor q to spin of H, q3Gs 49292 9191 | 90
(-H _ 4Q “ from SU(6) wave function or DIS data
ol

Mg, ¥~ number of valence quark of flavor q in H

1st or higher rank? calculate using PYTHIA; No other free parameter

e DGy

O sl eAEPH moPaL AQ: SU(G)
0.7 G. Gustafson and J. Hakkinen, PLB 303, 350 (1993).

0.6

0.5

AQ: SU(6) or DIS
with systematic decay contributions
C. Boros and ZTL, PRD 57, 4491 (1998)

0.4
D.3
D.2
0.1

0

Here also constituent quark degree of freedom?
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Vector meson spin alignment in e* e~ annihilation into hadrons

et e~ annihilations — quark fragmentation

praizs
P. Abreu et al., PLB 406, 271 (1997
) , 271 (1997) K. Ackerstaff et al., PLB 412, 210 (1997)

50.8; T REREF REELE ALY E T T AR
Particle Xp range P00 Re p1-1 Imp;_, 07 & OPAL E
0.6 E
: ]
K*0(892) 0.1<x,<0.3 033005 0.004+0.02 —0.01+0.02 05 | ¢ ]
¢ 0.05<xp<03 0.30+004 0.00+0.02 0.00£0.02 04 ; ; { §e+ " S K+ X ¥
03 4% ﬁ """"""""""""""""""""""""""""""""" E
° 0.42+0.04 0.0040.02 0.0040.02 02 | { 3
K*0(892)  x,>03  041£0.07 0.01£0.03 —0.0140.03 01 F :
g | TN NI W PSS N ST WS R R S
2 02740.04 000002 0.00:0.02 0 01 02 03 04 05 06 07 08 09 1
o° 0.434+0.05 0.014+0.02 —0.01=:0.02 %
K*0(892) Xp>0.4 0.46+0.08 0.00:£0.03 —0.03+0.03 0 0.3 :I L L [Nt A I 1
& 0.30£0.04 0.01+0.02 —0.01::0.02 S02L  OPAL E
o° 0.48+0.06 0.0240.03  0.0040.03 o1 b E
K*0(892)  x,>05 0474010 —0.02+0.04 —0.060.04 i§ 4 { § ]
¢ 0.3640.06 0.0240.03 0.00+0.03 0 PF--3- ; ----- G { ............................ :
é xp207 0554010 0.02::0.04 0.00:0.04 o J % % { 3
02 [ 3
_0.3 :1_I_LIIlAL|llllllllllllllIIIlIII_IIlL[IIllllllllllllE
0 01 02 03 04 05 06 07 08 09 1
X
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Hyperon polarization in fragmentation processes: QCD fragmentation function

In QCD quantum field theory, fragmentation is described by fragmentation functions (FFs)
defined via the quark-quark correlator Z

e.g., one dimensional E(zp,s) = j dg~ e PE/2(RX[P(E)|0)(01L (™, 0) (0)|hX)

We expand it in terms of the I'-matrices (ZET-ERETRFF)

E(zp.S) =E(zp,S) +ivsE(z;p,S) + ¥Ea(z;p,S) + ivsY*Ea(z; D, S) + ivs0FE5(z;p, S)

We make the Lorentz decomposition G&£255 1) e.g.,

_ < M?
z24(z;p,S) = p™ND1(2) + MS1oD1(z) + FnaDS(Z)

and obtain, e.g., D1(2) = jds‘ ~8/2(hX|(§7)|0)01L(E, 0)yp (0)|hX)
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The vector meson spin alignment v.s. the longitudinal spin transfer

1
YR = 2 (1tys)Y
The vector meson spin alignment D4;;(2)

D1(2) + SyiD11a(2) = an j zdg= e "¢ " (hX[;, ©r* [o) (0[ws, (0)|nx)

Aq=LR

independent of the spin 4, of the fragmenting quark!

The longitudinal spin transfer G4, (z)

5161,(2) = Z | zag e [(RX[ )7+ [0)O1p, @) 1hX)
— (hX[Pr(Dr*[0)(01yr(0)|hX)]
dependent of the spin A, of the fragmenting quark!
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Vector meson spin alignmentinete™ >V + X

The first parameterizations of D4;;(z) are given in

K.B. Chen, W.H. Yang, Y.J. Zhou and ZTL, PRD95, 034009 (2017).
K.B. Chen, ZTL, Y.K. Song and S.Y. Wei, PRD102, 034001 (2020).

e —_— _— - - -
[| o opAL 1| o DELPHI ] [l o OPAL T| o DELPHI
|| mmmn /5 = 2 GeV || ===+ /5 =2 GeV || mmme /5 =2 GeV I mmmn /5 =2 GeV
|| m— /5 = 91.2 GeV ]| w— /5 = 91.2 GeV , | w—5 = 91.2 Gev | — 5 = 91.2 GeV
0.6 Humm /5 =500 GeV H === /5 =500 GeV s 0.6H=== /5 =500 GeV Hem= /5 =500 GeV
| + h | T e
I - rQ
o - o I R N 2 A ¥ etlg
& | S v <N S G~ S
. 0.4
0;1 L AKKO08 N AKKO08
G5 ) R T P o SF . -
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The 26" International Symposium on Spin Phys1cs
September 22 - 26, 2025 Qingdao, Shandong, China

https://indico.ihep.ac.cn/e/spin2025

Nucleon helicity structure

Spin physics in nuclear reactions and nuclei

Three-dimensional structure of the nucleon: TMDs
Three-dimensional structure of the nucleon: GPDs and form factors
Low energy spin physics with lepton, photon and hadron probes
Fundamental symmetries and spin physics beyond the standard model
Acceleration, storage and polarimetry of polarized beams

Polarized ion and lepton sources and targets

Future facilities and experiments

Application of spin and nuclear polarization techniques

Spin in heavy ion collisions

Quantum computing and artificial intelligence

International Spin Physics Committee

C. Alexandrou (U. Cyprus) H. Gao (Duke U.) J. Pretz (FZJ/Aachen)
K. Aulenbacher (U. Mainz) Y. Goto (RIKEN) T. Roser” (BNL)
A. Bacchetta (Univ. Pavia) A. Guskov (JINR) N. Saito (KEK)
F. Bradamante® (U. Trieste) C. Keith (JLab) K. Sekiguchi (Tokyo Inst. Technol.)
D.G. Crabb* (U. Virginia) K. Kirch (ETH Zilirich) E. Steffens* (U. Erlangen)
N. D'Hose (CEA Saclay) P. Lenisa (Chair, U. Ferrara) W.T.H. van Oers* (U. Manitoba)
A. Deshpande (Stony Brook) Z. Liang (Shandong U.) W. Vogelsang (U. Tiibingen)
P. Di Nezza (INFN) A. Masaike* (Kyoto U.) X. Zheng (U. Virginia)
R. Fatemi (U. Kentucky) R. Milner* (MIT)
G. Fidecaro® (CERN) C.Y. Prescott’ (SLAC) * Honorary members
Zuo-tang Liang (Chair, Shandong U.) Shi Pu (USTC) Qinghua Xu (Shandong U.)
Jinhui Chen (Fudan U.) Guang-You Qin (CCNU) Yi-Bo Yang (ITP, CAS)
Xiaging Li (Shandong U.) Jian Wang (Shandong U.) Jinlong Zhang (Shandong U.)
Tianbo Liu (Shandong U.) Wei Wang (SJTU) Yuxiang Zhao (IMP, CAS)
Xiaorui Lyu (UCAS) Bo-Wen Xiao (CUHK) Jian Zhou (Shandong U.)
Bo-Qiang Ma (Peking U.) Hongxi Xing (SCNU)

Conference Venue: Qingdao Haitian Hotel
Email: spin2025@sdu.edu.cn

Spin symposium plenary talks from China:

20145, {EE, Three-dimensional spin structure
of the nucleon (theory)

20214E, 4E=E, Spinin heavy ion collision

20234, £ &, Spinin heavy ion spin - theory

2025<F, 3-4?

Welcome to (dingdao!?
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