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The fastest rotation:w~10%1s~1
The strongest magnetic field:eB~108G

=» Spin polarization of quarks

Spin alignment of vector mesons
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From Prof. Qun Wang’s Talk Lots of theoretical explanations

1
p%, =3+ totcptepterteaterto

/L N N L

E-part of B-partof Electric Magnetic Frag. Helicity
vorticity vorticity field field [4] l 6,7]

tensor tensor [1] [1,3] ' . :
(1.2] (1.2] Turbulent ¢ field [1]

color field [5]

our proposa

cannot explain large positive deviation from 1/3

[1] Sheng, Luica, QW (2019); [5] Muller, Yang (2022);

[2] Becattini, Csernai, Wang (2013);  [6] Xia, Li, Huang, Huang (2021);

[3] Yang, Fang, QW, Wang (2018); [7] Gao (2021);

[4] Liang, Wang (2005); [8] Li, Liu (2022); Wanger, et. al. (2022)

3/14



- *¢ (yl<10&12<p_ <5.4GeVic) -

1 0.4 o K®(lyl<1.0&1.0<p <50 GeVrc) |

15 i %} %} 1 _ —GY=464+073m! .
i 0| : @

—0.2 0.35
19.6 27 N -

P]\ — Py (%)

ZE

B L, - a

H
L ——
T
1 Il
T

I

0 g {:} N

051 4' scaled using ap=0.732 ¢ N 0.3 |

<> STAR 20-50% Au+Au, BES-II - .

—

Poo
V—Uf_\

1 <> STAR 20-50% Au+Au, BES-I - -
B & ALICE 15-50% Pb+Pb i B i
—-1.5 ' - filled: STAR (Au+Au & 20% - 60% Centrality) ]
T T L0t 0.251 pen: ALICE (Pb+Pb & 10% - 50% Centrality) |
(@]
STAR. Phys.Rev.C 108 (2023) 1, 014910 [2305.08705] SNN ol e "|2 L N :
10 10 10

. . . . H H 9 1

No splitting of P, and Pz - No magnetic field Magnetic field Poo = 3

A A 3

Magnetic field is not enough to induce such large pgo
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No obvious centrality-dependence Most-central high energy collision:
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Can we obtain spin alignment without any rotation, magnetic field ......?
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Spin alignment of vector meson h Local spin polarization of quarks

In a local region ,the possibilities to find ¢ of s, = 1,0, —1:

B — NIN] P NIN; o, LN]N;+ NN/
NNe™ W NNgT T2 NG
'y 4 | | | )

Assume the small imbalance between spin-up and spin-down: /N, /NS < 1

SN, = NT—N} is the number difference between spin-up and spin-down
N, = NI+N} s the total number

Py

_ ON, ON;
Spin alignment of ¢: Poo = Pt Pt

J.?\'TS ;Nrg

1 4
3 9
Average over all events or thermal states: <<(SN.5 5N§ >> Spin correlation

-~ 1 41(51\[d (5]\[5
PO~ 379N, N,

Similarly, spin alignment of K*°:
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Spin density fluctuation

?II ? % : i : i more spin-up than spin-down
1:1171111 SN, > 0,6N: > 0 = SN.SN: > 0
l ? i ? i ? i ; or more spin-down than spin-up
I §N; < 0,6Ns < 0 = SN;SN;s > 0
o M

Spin alignment of vector meson does not depend on
the spin polarization direction of quark.

Global polarization x
Local polarization V

* thesign of 0N;0N; doesn’t change by the local spin fluctuation,
thus (((YNS(SNS—)) survives after average.
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SO A AP 4 . B
J+ —Jit]- —]J2~8]s + bJ; ~M] — M} — (ML — MY)~8M, — M
d3p Ep? + mp? d3p Ep? + mp?
T _ z L M 1 _ ! T _ AL z M 1 _ gnt
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Spin Polarization(SP) Magnetic Moment Polarization(MMP)
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Local spin fluctuation induced by interactions

Lagrangian of NJL model with quark spin potential a and axial-vector interaction

L=9(ip —m+ ay®y> )y +[GA(t/7V3V51/J)2J

T

The grand potential: Q= —Van(a)
. A )
Consider second derivative: IT=——=17,+1
da?
2
7= 3 ([ @adrtiru)) =0 for a>0
T _ _
Iy = _V /dBLUdeBSE/dT/<<(¢’Y3”Y5'¢)T,a;(w73’75¢)7’,x’>>
#0 for a0

82

— <<(L 57°7°8)") = =VT 55U a)la—o
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L=9(ip —m+ay3y®)Y + Ga(Py3y )

The grand potential, first-order expansion
over Gu:

Q= —G4N? (T;/

(;1753 Tr[S(a)v?’ﬂ)

2
Together with <<(/ 57°7°s5)%)) = —VT%Q(@)]G_)O

—) (( / 7°7°5)2) = 32N?G 4 VTL?

d3p p2
where J — _ L or(E
/ 2m)p 2652 B

With similar process we can obtain %(((/ Ei’ylfy28)2>>
T

Quark propagator:

S(a)

1

T p-m+ary
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The spin correlation can be obtained:

LENSNE) = 5 ([ 5778 = ([ sivta2s)?)

(1) Axial-vector interaction: Gy (l/j]/?’)/sl/)) 2

& (J §y3yss> (J §y3y55> > 0 « (J §iy1yzs> (J §iy1yzs> >= 0
X X X

X

- = — <0
9 N,N; 9c? NN

‘ 8poo(d) ~ 4 {(0Ns0N5) 1 < (fx§y3y5s)2 >

(2) Tensor interaction: G (Yiyly?y)?
K <] §y3y53> <] §y3y55> >=0 K (j §iy1y25> (j §i)/1yzs> = 0

2
) |/ (¢)~_é<<5NS5N§>>_ 1 < (fx§i)’1yzs) > ;
POORET= T N.,N; 942 NN, >

: : . 1 . : . 1
Axial-vector interaction induce pgo < 3 while tensor interaction induces pyo > 3
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1 40Nz 0N;
Spin alignment of K*O: Poo ~ 3 §Tdd Nz

82

)  ((§NON;) = VT
dag0ag

gl(a)hhuas—+0

Spin potential matrix: Va7 Y = aqdy* v d + a.5v47s

where a = (ad O) Y = (d, S)T

0 as

Need flavor-mixing interaction: G/ (534" 5) (dy3v°d)

DO

(6NadN3)) = NS GR" VT L(ma) L(ms)

Interaction induces spin alighment of K*°meson
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where is the interaction?
1. One-Gluon-Exchange(OGE)

>WM7< :> X ']HG'“’U J" = GV']N.(]HUJU — GV(I:-/_’F}/“L'![;)Q

Gluon propagator with large gluon mass to an effective four-fermion contact interaction

1 1 J) 1 L5 5 5 5
Fierz transformation FYxy,) =1x1- 5"/" X Yy — 56’ Y X Y }r v Xy

Axial-vector interaction appears!

2. Instanton-induced interaction s, 551 (1995) 1267-1281

Low temperature: Non-interacting I/- Gas

4 N.—1 . _ o o
£ = [ nlo)dog s {2 e (T ) + )] {;V (b aww)'*’} Tensor interaction

High temperatureT = T,: II-Molecule

Lonolsym = G{ Nig[(@zfa¢)z — (¥79)*] —5 ;,3 [(Broy,1)2 {(d—)v—a’ru"/s%b)j] + %ﬁ;(%p%w%} + Ls

/ Axial-vector interaction

Flavor-mixed interaction: (§’Y“’Y5S) (CZ’YM’YE’d)
13/14

Contributes to the spin alignment of K*°



* Spin density fluctuation of quark can induce spin alignment of vector meson

* Axial-vector interaction induces pgo < 1/3, tensor interaction induces pyo >

1/3

* |nstanton-induced interactions could be the source!

Thank you
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Numerical example

Coupling constant as a function of chemical potential

Gy = 5Gs = Bup 038}
Gr = 40up

0.36}

0.34}
radius r =2fm

=
Freeze-out line: < 0.32f
_ 1.477
HB = 1703435 0-30F |
—— Theory X

T = 0.158 — 0.14u2 — 0.04u}  0-28f 1 1

0.26 { Y STAR, 0%—-20%, |y|<1.0&1.2<pr<5.4 GeV/c ]

5 10 50 100

Vs [GeV]
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