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Spin alignment

® Spin alignment for a vector meson ( =17)
is 00-element g of its

. . . , P+1,+41  P+1,0 P+41,-1
normalized spin density matrix

S=1
Prs = Po.+1 Poo Po,—1
p_]-a+1 p_]-ao p_]-s_]-

* Mesons decay to ) [0, K*0
J b—K*+K @ @
pseudo-scalar mesons
(Parity-odd strong decay) K SK 11 (s) @
e Spin alignment is measured through polar 1 Spin
- . > - quantization
angle distribution of decay products Loy < = Poo 3 direction
K. Schilling, P. Seyboth, G. E. Wolf, NPB 15, 397 (1970) 3 b
[Erratum-ibid. B 18, 332 (1970)]. O
dN 3
— = — (1 — + (3 — 1) cos? 6
db 4 [( ;000) ( P00 ) } More decay products in More decay products in
. . transverse direction longitudinal direction
00=1/3 if spin does not have a preferred
direction I I Quum)
Spin parallel to Spin perpendicular to
quantization direction quantization direction
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Experimental results
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Observation of Global Spin Alignment of ¢ and K*" Vector
Mesons in Nuclear Collisions sTAR collaboration,

arXiv:2204.02302
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meson’s g is significantly
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energies of 62 GeV and below
(8.4 1)

T r — T T T
L Au+Au 20-60% ly| <1.0&1.2<p <54 GeVic |

0.4 . % 0 (Out-of-Plane & 2"%-Order EP) |
4 0 (In-Plane & 2™-Order EP)

s
Q 0351 |

— CY=1109 + 143fm® |

| C.=148 £125fm®
1 1 L I A

10 10?

Vsun (GeV)




F A a a X

HUAZHONG NORMAL UNIVERSITY

Related studies

Spin Alignment of Vector Mesons in Non-central A + A Collisions PLB 629, 20 (2005).

Zuo-Tang Liang! and Xin-Nian Wang?!
! Department of Physics, Shandong University, Jinan, Shandong 250100, China
uclear Science Division, MS 7T0R0319, Lawrence Berkeley National Laboratory, Berkeley, California 947%
(Dated: November 5, 2018)

) ap2
Quark-antiquark recombination:  v..o 1-PP;, Fragmentation: 7 " - ﬂ
Poo =7 ; 2 3= I
d + PqPq‘ _ q

Contributions from vorticity and Py Pbo P
magnetic field: P(w) or prow) | F6w | 3-—5(Bw)” |} 3w

Y.-G. Yang, R.-H. Fang, Q. Wang, X.-N. PB)orpi(B)| 0 5+ 5(BumsB)’ Plims B BB
Wang, PRC 97, 034917 (2018). 2 (B) 2Bume BT = s\ Phme BT 1 Bkma B

oasef L

Local vorticity:
X.-L. Xia, H. Li, X.-G. Huang, H.-Z. Huang,
PLB 817,136325 (2021).

po
/\ /\ 1/3
0333 4
b 7 / \/ \ ]
[ Central A+A colision 3
h L L ! .
o 2 2n

32

e
A =hoc - Vae

Helicity alignment: J.-H. Gao, PRD 104, 076016 (2021).
Turbulent color fields: B. Mueller, D.-L. Yang, PRD 105, 1 (2022).

Shear-induced spin alignment: F.Li, S.Liu, arXiv:2206.11890.
D.Wagner, N.Weickgenannt, E.Speranza, arXiv:2207.0111.

Vector meson fields: XLS, L.Oliva, Z.-T.Liang, Q.Wang, X.-N.Wang, arXiv: 2206.05868; arXiv: 2205.15689.
XLS, Q.Wang, X.-N.Wang, PRD 102, 056013 (2020). XLS, L.Oliva, Q.Wang, PRD 101, 096005 (2020).

Xin-Li Sheng, KiE=ReHIEAS S



Contents €) ¥ +4t ik

HUAZHONG NORMAL UNIVERSITY

= Boltzmann equation for vector meson
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Quark combination

®* Boltzmann equation for quark- quark
antiquark combination

kA

g+g—V vector
P, meson
antiquark
energy
. d*p’ . - conservation
ok ~ Y [ E— A (BY - B2, - ET,)

r,s=x1/2 —-p’
x |M(k—p.,rmp,s— k)2
x {f2k —p') fA(p') [1+ fY (k)] — fx (k) [1 - f2(k — p)] [1 — f2(p")]}

Pt Pt Pt Pt Pt Pt P P Pt Pt P Pt P P Pt P P Pt Pt P Pt e e e P e e e e e P P e e e e e e e e e e e e

gain term loss term (decay process)

e fV(x.k)is distribution in phase space for a vector meson
with spin  along spin quantization direction

* General form: Voo 0 ff",il ff? b ,
Matrix valued spin 0 fF 0 |=| f&i fo fi-i |=fhzk)
dependent distribution 0 0 fY Yi1 Mo o
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Boltzmann equation

e Matrix valued spin dependent distribution

d*u —iwz/h 3x3, Hermitian, related to Wigner function
Pora(@ k) = f sy ok e ’ ’ 9
dkO
i _u U A @) = 2B [ e (06 (@ e 10
><<av (/\Q}k 2)(1[/ (/\11{+ 2)> Zﬂ'ﬁ .
Spin vectors for _ [k-ex ke
vector meson (A k) = ( my my (EY +mv)k)

e Dyson-Schwinger equation
m=m) Kadanoff-Baym equation for Wigner function XLS, L.Oliva, Z.-TLiang, Q.Wang,
ms) Matrix-form Boltzmann equation X.-N.Wang, arXiv: 2206.05868

il 4 d:ip.- 1
- Oy f.xl,x.zf? k) = [F (A1, k)eu (A2, k)Copa (7. k) | Clomla }_/(QWFHQEE,EE

~Caiss (k) f, 1, (2, )] . x Tt {T% (' - v — mg) [1 + 151+ Pz, p')]
xI# [(k —p) -y +my] [1 +1
®* Spin alignment only depend x fa(z, p') folz,k — P),
on coalescence process
- f% (O k)e, (0,k)C* (z,k) polarizatigns of
o o+ Tt 1 Torcott e, K)C (@, ) duardantiquark
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= Numerical results for meson’s spin
alignment
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Polarization of quarks

e Polarizations of strange quark/antiquark in a thermal

equilibrium system
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F.Becattini, V.Chandra, L.Del Zanna,
E.Grossi, Annals Phys. 338, 32 (2013).

& QS q.qb
Pt (z,p) = —e"*Pp, |wpe+ ——=Foe + ——=F% | XLS, LOliva, Q.Wang,
dms i (u-p)T (u-p)T 1 PRD 101, 096005 (2020);
Pt (Tp) ~ 1 {:ﬁwa.ﬁp W — Q“" F_ — 9¢ F? XLS, L.Oliva, Z.-T.Liang, Q.Wang, X.-
s dmy 1T (w-p)T 7 (w-p)T P7]  N.Wang, arXiv:2205.15689, 2206.05868.
@ thermal vorticity vector field_
fields (rotation coupled to /~
@ and acceleration) (strong force field)
e? 1 gc% e?
4r 137 dm Am
* At low energies, strong interaction is mediated by H. Yukawa,

mesons, which was proposed by Yukawa in 1935.

®* Vector meson field has been used to explain the
difference between polarizations of and
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Spin alignment in lab frame

e Spin alignment of the meson in its rest frame
measuring along the direction of €g

1 1 ‘
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Numerical set-up

e Set-up for our numerical calculation

((L{Jz—)2> = <(Ei)2> =10 denotes the an.iStrOpy
between longitudinal and

<( Bf(u))2> <(q@E‘” y)) > — V transverse dlrectlon_s‘k

((9sB2)?) = ((95E2)%) = 1. F? < F?

¢ Spectra of meson
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Spin alignment

e Spin alignment as a function of collision energy
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Solid line; =0.79

Upper bound = 0.59
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Spin alignment
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e Spin alignment as a functions of transverse momentum
( is integrated out by taking an average over rapidity range |y|<1)
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* Spin alignment as a functions of transverse momentum
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Centrality dependence

e Spin alignment as a function

of centrality
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Summary

® We derive a relativistic Boltzmann equation for quark-antiquark
combination and form vector meson

® Using two parameters (fluctuations for transverse and longitudinal
components of meson field), we can reproduce most of recent
STAR data for meson spin alignment o«

0.38
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