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Global polarization
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Spin alignment
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J /¥ spin alignment

ALICE:
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New sources are required
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Anisotropy of QGP
Acta Phys.Polon.B 45 (2014) 12, 2355-2394
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Anisotropic Hydrodynamics

Hadronization

Initial energy

Expansion rate is much faster
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Anisotropy at freeze out state: determined by transport coefficients «,{,n ...
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Anisotropy of QGP

Romatschke-Strickland Distribution

Phys.Rev.D 68 (2003) 036004
Phys.Rev.C 90 (2014) 5, 054910
Nucl.Phys.A 848 (2010) 183-197
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High energy: t=10fm/c, n/S=1/(4r) - PL/PT=0.92
Low energy: t=8fm/c, n/5=0.2 - PL/PT=0.77
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General analysis

2—1 coalescence process:
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¢ and K*° with hadronic interaction

Vector meson production: quark level (QGP) + hadron interaction (hadron gas)

Long life-time meson(¢ ...): quark interaction dominant
Short life-time meson(K*?, p ...): hadron interaction dominant

Vertex from Chiral perturbation theory:
Loxw = igorcd” (KT0,K~ — K-0,K* + K°0,K" — K'9,K°) |
'CK*UK’?T = ?:gK*OKWK:;O (K_G'L’WPL — W+8“K_ + KOE?“’?TO — WO@’“’KO) -

P _ b _ o 2
¢; =0, Cy = 204K K Spo0 > 0
*() () I 00

(‘:{{ = 0, (':g{ = Qg;i*an.
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1.Decrease with rapidity (opposite to data).
2.Magnitude ~ several percents.
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¢ and K** with vector coupling

Vertex Phys.Rev.D 109 (2024) 3, 036004, X.-L.Sheng et al.
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Lo = grrogsW ' 0 K

Phys. Rev. D 100, 114038 (2019) Y.-Z. Xu et al.
Eur. Phys. J. C 81, 895 (2021) Y.-Z. Xu et al.

b 2 o 2 )
C1 = _zgqbsﬁﬂ Co = _ZQQSSE?
2
50 . (ms — myg) %0 . <0
€1 = —2gk-o4s [1 - 2 ] ) Cy = —20K+04s
0pPoo < 0

Parameters: quark mass mg, anisotropy parameter ¢
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Spin alignment with varying ¢
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¢ and K*° with tensor coupling vertex

General effective vertex:

Lo = goss, |7

L+ = QK*Odgwd

y#:. vector coupling
o"V: tensor coupling
(. ratio between two vertexs

¢ = 0: pure vector coupling, §pgo < 0

{=— 2M_. p wave dominate (L->S)
mq+m,

identical to hadronic case, 6pgg > 0
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Predictions
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PNRQCD Lagrangian

L :ﬁgluon =+ Elight—quark

n /d3rTr [ST (i — hs) S + O (i — ho) O

1
+ O'g,r - ES + STg,r - EO + §OT {gsr-E, O}

1 T
T - T ] — T - * ® @ VO: 1a_:5,
+O"u-BS+ STy BO+20 {n-B,0} + }k aN, /

J/W¥ production: c+ ¢ - [cclg = J/P + g
Chromo-electric decay: 313](8) — 3Sgo)(spin independent)

Chromo-magnetic decay: 18(()8) — 3Sgo)(spin related)

Phys.Rev.D 111 (2025) 5, 056005 D.-L. Yang
Phys.Rev.D 111 (2025) 7, 074002 Z.-S. Chen, S. Lin
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Production rate

Anisotropic distributed
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Spin alighment

1
10 o = exp [ﬁg\/p% +(1+&)p2 + “m%] 1
d)em — Pre cm re
PREPY (S Yy ey
: p”oo—1/i(10‘3) A exXp [—/30 \/ Pomr + (L +&) P2 . +4M2]),
101; ' e Conclusion: Imprecise assumption
W | 1. Anisotropy of gluon field can
10 iInduce negative spin alignment
: f 2. Magnitude is 10”-5 without
quark distribution anisotropy
: f due to the thermal mass.
0L, — 3. Precise prediction relies on
0 2 4 6 8 10 . . .
¢ exact charm quark distribution
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summary

1. Anisotropy in momentum space can induce a non-vanishing spin
alignment and determines the magnitude. It may help us to explain
the inconsistent between data and theoretical prediction at zero
rapidity.

2. For light mesons, tensor coupling vertex is important in study the
spin-related phenomena, the sign of spin alignment is determined
by the ratio between tensor coupling and vector coupling vertex. It
helps to study the hadronization process of light mesons.

3. For heavy quarks, it might be a potential source of J/Psi’s spin
alignment.
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Thank you
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