Quark coalescence model
for spin alignments
of vector mesons ¢ and K*’
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= |ntroduction
= (Quark coalescence model for spin
= Spin alignments of ¢ and K*°

= Summary

Based on:
XLS, Qun Wang, Xin-Nian Wang, Phys. Rev. D 102, 056013 (2020).
XLS, Lucia Oliva, Qun Wang, Phys. Rev. D 101, 096005 (2020).
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Spin polarization

Picture from
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» Polarization through spin-orbit
coupling:
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Barnett, Rev. Mod. Phys. 7 (1935) 129.

S. A. Voloshin, arXiv:nucl-th/0410089.

Z.-T. Liang, X.-N. Wang, PRL 94 (2004) 039901.
J.-J. Zhang, R.-H. Fang, Q. Wang, and X.-N. Wang,
PRC 100 (2019) 064904.
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Vector meson field

o Magnetic fi.eld induce_ quark polarization o W.T. Deng, X.-
through spin-magnetic coupling E G. Huang, PRC
B % ) 85, 044907
Bl s q < 0.001 (2012).
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¢ Effective meson field can polarize quarks like electromagnetic field.
This is in analogy with vector dominance model.

0

Viw=0,V, —0,V, ) Ey=-VV;-— prid
(p; W, ®) By =% X ¥

: : . /Effective meson field is \

e Effective cb meson field can polarize s quarks used to explain difference
Fg” = MY — OY p* O = _(gqb/mé)lj;z between polarizations of
(@) (5) i(2) g
JE(t,x) = (ps, Js) = (ps, 35" 37 Js”) L. P. Csernai, J. |. Kapusta,
Strangeness current is generated by and 1. Welle, Phys. Rev.
C99, 021901 (2019).

fluctuations. \ ’ ( ) j

2021-05-19 Xin-Li Sheng, CCNU 3/14



F A a a X

HUAZHONG NORMAL UNIVERSITY

Quark polarizations

e Spin polarizations of quarks/antiquarks

1 1 qgv gv
PY, (x, = —Ww, r ——(& X + — BY 4. — =" (F. %
g = gyt g ~EXPh e mlvte v X Pl
rotation and acceleration effective vector meson field
1
w = §V X (BU), V,ur/ = 0;1VV - au‘/.p
1

£ = —5[3t(ﬁu)+V(,8u0)].

e Rotation w and acceleration € are jj and 0i components of thermal

vorticity tensor } e
w;;} = ’E[()J (Bup) “_ ap(ﬁ”ﬂ)]

Polarized m—) Polarized Qb K*0
quarks hadronization mesons @ @

i% Motivation: derive spin alignments of vector @ @
mesons from polarizations of quarks

2021-05-19 Xin-Li Sheng, CCNU 4/14



F A a a X

HUAZHONG NORMAL UNIVERSITY

Vector mesons

e Mesons decay to e Spin alignment is measured through polar

pseudo-scalar mesons angle distribution of decay products

+ - K. Schilling, P. Seyboth, G. E. Wolf, NPB 15, 397 (1970)

¢ —>K +K [Erratum-ibid. B 18, 332 (1970)].

K°>K'+rx dN 3
E = Z [(1 — poo) + (3p00 — 1) cos? 9}

* Experimental results

=) talk by Takafumi Niida (May 20, 13:25) / 1 1 \
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Quark density matrix

¢ Density matrix for particles with spin

p—Z/d3 / o )393152 xp)/(%)?, g hE

5152

ﬂ>< _4
SLP+ 5 ) (2P~ 3

P s Pt Pt Pt Pt Pt Pt P Pt Pt Pt Pt Pt P Pt Pt Pt Pt Pt Pt Pt Pt Pt P Pt
e P P

sum over spin along weight function spin-momentum states
quantization direction (density matrix element)

d3q iq-x q q
pswz(xap)_/weq <Slap+ §‘P‘S2ap_§>

Wigner distribution function:
Heinz(1983);Vasak, Gyulassy, Elze (1987); Zhuang, Heinz (1996); etc...

¢ For quarks with spin-1/2, we parameterize matrix element as

|
pngQ (X, P) = w(q | S1, X, P)5.5132 — Efti'(x? P) [1 + SlPQ(Xﬂ P)] 58182
quark distribution in phase space average spin
5 polarization
N, = /d / - )3fq X, p)
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Quark density matrix

e Density matrix for a quark-antiquark pair
direct product of density matrices for quarks and antiquarks

3. .3 Spid’ps [ Pad’® i i
Z Z /d x1d Xg[ (278 f (28 g M~

41,92 81,52

1
X_fq_i (Xl,pl)f(fg(XQ,pZ) [1 - SlPQl (xlapl)] [1 - SQP@Q (x2?p2)}

- q2 q1
‘Q’h 51, P1 + |(I2;S2=P2 e 5 > <Q'2382:p2 = 7| <Q1;51;p1 D)

¢ Density matrix element for mesons

d'i
M - ?,qx
pSz}_;Sz'_)(x'Jp) _/(2ﬂ')3 <I\/I S Szl:p+ 2

: s
pqci Masaszlap 2>

Assumed that density matrix of a meson is identical to
density matrix for a quark-antiquark pair
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Meson density matrix

e Density matrix element for mesons

. ¢
'Sl?x+ _bf E —|_ pb) w (FIZ

X Z w (ql 55

P1
p/ﬁs 81,82 e co---
1 pg,
Py %)/2 X (S, S | 515-‘52) (‘:1 52 | S, 572)
1
|
-Po

¢ Assuming that distributions of quarks/antiquarks are
slowly-varying in phase space

Xp 1 p b P
’ - o (o) [+ (2.5 o)
(‘3’1 iy X T gy 2+pb) 2fql( 2)[ 2 Tt g TPy
_ Xp P 1 p X, P
w(qz‘”’x_7 E_pb) = 5‘?2(’{’5) [1+32P§2(x_?’§_p")]
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Spin alignments

« Spin alignments of vector mesons ¢ and K*° , as functions
of quark/antiquark polarizations

1 4 X 5
¢ = P.( i . )p(__E_ )>
.D[)U(X.-. p) 3 9 < s ([ X+ 9 s 9 + Pb s | X 9 9 P "
I{xﬂ ]_ 4. 2 Xh p Xb p
Poo (X,p) = 379 <fd (X . 29 = o Ph)Pg (X BEL N Pb)> . XLS, Q. Wang, X.-N. Wang,
: ' B PRD 102, 056013 (2020).

* Average is taken on meson wave functions (Gaussian
distribution in our study)

. 4 3 3 Pg 2 2
(- Iy = — | d°xpd”py exp — 5 —anX (--+)
m M

* If neglecting Xp dependence of quark polarizations, recover results in
Y.-G. Yang, R.-H. Fang, Q. Wang, X.-N. Wang, PRC 97, 034917 (2017).

If neglecting phase-space dependence of quark polarizations, recover
results in Z.-T. Liang, X.-N. Wang, PLB 629, 20 (2005).
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® mesons

 Spin alignment of ® mesons

1 1, . 1 : . .
(phox.p)) = -5 () - g7z (e2) +{=2) (i),
2 i 2 2
gﬁf’ 2 2 22 12 pb,.’.t: 22 12 pb,z
+ B2B2 ) + (B2E2, ) +(B2E2, |
93’?’?% <t qb,y) <i . ) <Ep1 Epz >¢ <»‘ @, > <Ep1 Ep2 >¢
Dependence B 1|, 2 /42 2 < 1 > 2
+ - E ,
on transverse 36ms _<Ez> 96 (0" Be.:) By By, /| "
(longitudinal) — -
momentum 1 2\ _ 2 /252 1 2 XLS, Q. Wang, X.-N. Wang,
Jr36fm§ (ee) = 95 (0" F5.) <EplEp2 > (j Pz PRD 102, 056013 (2020).

e Rotation and accelerations have negative contributions to spin alignment
of ® mesons, while effective vector meson field have positive contributions.

e Average over gb meson wave function (---), can be calculated in quark

models: B Silvestre-Brac, Few Body Syst. 20, 1 (1996).
E. Hiyama, Y. Kino, M. Kamimura, Prog. Part. Nucl. Phys. 51, 223 (2003).

e (---) is average over generating space-time points of ¢ mesons.
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¢® mesons

e Contribution of electric part of
vector ¢ field to spin alignment
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because of lower N (GeV) NN
temperatures at XLS, L. Oliva, Q. Wang, Subhash Singha (STAR),
lower energies PRD 101, 096005 (2020). NPA 1005 (2021) 121733.
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K*® mesons

 Spin alignment of K*’ mesons

K*U > 1 1 29 1 ,_.2 ,_.2 )
X, ~ —— —(wi)y— —— ((e2) + (&
(5" B)) = 3= 5 (Wd) = g () + (€2) (PD)
1 2 2 2 2
+36m my [<Ez>p$ * <6$>pz] XLS, Q. Wang, X.-N. Wang,
N PRD 102, 056013 (2020).
® Contributions of w are same for ¢ and K*°,
while contributions of ¢ are different.
Contribution of € to pK*O M <P2>K*o 5 9
Contribution of € to pj, ~ ™a (Py)y ' e Jwow Mg
0.40 ¥z 3D random © 3D random $
*0 . ,f’— —————————— R
e pho issmaller than 1/3when p =0, ;035_@#%%%%#
proportional to pT in low P region, ( e o %‘E
qualitatively agree with experiment results — % ?&
R S -
o Effectwevectormesonflelddoesnot T L

p, (GeVic)

Subhash Singha (STAR), NPA
1005 (2021) 121733.
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Vector meson fields

¢ Correlations between vector meson fields acting on constituent quarks
of ¢ and K*°

Os @M s QOu O u @ d 6 d

e Contributions of vector meson fields to meson spin alignment is important for gb
mesons, but less important for K* mesons
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Summary

* Proposed a quark coalescence model for spin alignments of vector
mesons.

* Effective vector meson fields contribute a large positive deviation
from 1/3 for spin alignment of ¢ mesons.

* Spin alignment of K*° mesons is smaller than 1/3 for mesons with
p = 0, proportional to p> inlow pr region. Vorticity fields are
major contributions.

* This model can be used for spin polarization of baryons in a similar
way. XLS, Q. Wang, X.-N. Wang, PRD 102, 056013 (2020).
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