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Einstein de-Haas effect
Polarization -> rotation

S. J. Barnett, Phys. Rev. 6, 239 (1915)

A. Einstein and W. J. de Haas, Verh. d. Deutsch. Phy. Ges. 17, 152 (1915)
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Barnett effect
Rotation -> Polarization
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Global polarization

Large initial orbit angular momentum (OAM) of order of 10°# is
produced in peripheral heavy ion collisions.

The deconfined quarks can be polarized along the direction of the
initial OAM via spin-orbit coupling, and the hadrons in final state
can be further polarized from quark coalescence mechanism.

QGP is the most vortical matter in nature, w ~ 10%2s71,
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Sign puzzle in local polarization

Stronger in-plane expansion of
QGP due to spacetime
anisotropy can induce local
polarization along the beam line.

In the past, the theories in the
market CANNOT explain the local
polarization well, even gives
opposite results.

The shear effects can be
important to local polarization, and
even quantitively explain the
experiment by proper choice of
parameter.
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Global spin alighnment

Cy: Vector meson strong
force field(®!
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could be significant

Muller, Yang, PRD(2022); Yang, JHEP(2022); Table taken from

Wagner, Weickgenannt, Speranza, PRR(2023); .
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Question: how can we understand spin polarizations
and alignments emerged in heavy ion collisions?

1. Roughly speaking, the hyperon spin polarization inherits from
guarks, quantitatively describing the spin polarization of
guarks in the many-body system needs a spin transport
equation;

2. Spin transport equation of vector fields is also necessary to
understand the spin properties of vector mesons;

3. Vector meson spin alignment also reflects the correlations of . ©
the polarization of quarks: also need the input from the spin e EKO% o
transport of quarks. o P,
\\Eéz‘/{yp O
Question: Microscopically, how to implement the spin evolution ol o0

Into the evolution of quarks and vector mesons?
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Present efforts on quantum kinetic theory

Up to now there are plenty of investigations on relativistic quantum kinetic theory and spin transport
equations of fermions:

« Chiral kinetic theory:

D. T. Son, N. Yamamoto, PRL(2012); PRD(2013); S. Lin, A. Shukla, JHEP (2019) ; M.A. Stephanov, Y. Yin PRL (2012) ; J.-Y. Chen, D.
T. Son, M. A. Stephanov, H.-U. Yee, Y. Yin, PRL (2014) ; J.-W. Chen, J.-Y. Pang, S. Pu, Q. Wang PRD (2014); J.-Y. Chen, D. T. Son,
M. A. Stephanov, PRL (2015); J.-H. Gao, Z.-T. Liang, S. Pu, Q. Wang, X.-N. Wang PRL(2012);J.-W. Chen, S. Pu, Q. Wang, X.-N.
Wang, PRL (2013) ; Y. Hidaka, S. Pu, D.-L. Yang, PRD (2017) ; A. Huang, S. Shi, Y. Jiang, J. Liao, P. Zhuang, PRD (2018) ; N. Mueller,
R. Venugopalan, PRD(2018) ;PRD 96 (2017); Y.-C. Liu, L.-L. Gao, K. Mameda, X.-G. Huang, PRD(2019); S.-Z. Yang, J.-H. Gao, Z.T.-
Liang, Q. Wang, PRD(2020); K. Mameda, PRD(2023); N. Yamamoto, D.-L. Yang, APJ(2020); PRD(2021),PRL(2023), 2308.08257;

« Quantum kinetic theory including quantum corrections:

* Quantum kinetic theory without collisions: J.-H. Gao. Z.-T. Liang, PRD(2019); N. Weickgenannt, X.-L. Sheng, E. Speranza, Q.
Wang, D. H. Rischke PRD(2019); K. Hattori, Y. Hidaka, D.-L. Yang PRD(2019); Y.-C. Liu, K. Mameda, X.-G. Huang CPC (2021); Z.
Wang, X. Guo, S. Shi, P. Zhuang PRD(2019); D.-L. Yang, JHEP(2022); S.-X. Ma, J.-H. Gao, 2209.10737;

« Spin transport theory with collisions based on QKT: N. Weickgenannt, X.-L. Sheng, E. Speranza, Q. Wang, D. H. Rischke
PRL(2021); PRD(2021); PRD(2021); D.-L. Yang, K. Hattori, Y. Hidaka, JHEP(2020); Z. Wang, X. Guo, P. Zhuang, EPJC(2021); Z.
Wang, P. Zhuang, 2105.00915; N. Weickgenannt, D. Wagner, E. Speranza, D. H. Rischke, PRD(2022), PRDL(2022); SF, S. Pu, D.-
L. Yang PRD(2022); Z. Wang, PRD(2022); S. Lin, PRD(2022); S. Lin, Z. Wang, JHEP(2022);

Also see Y. Hidaka, S.Pu, Q. Wang, D.-L. Yang, PPNP(2022) for a recent review on CKT&QKT

See Prof. Qun Wang'’s talk for a review
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Spin polarization from interactions

The dynamical evolution of spin DoFs incorporate the effects of interactions to spin polarization density
S#, which further relates to the spin spectrum of quarks and spin density matrix of vector mesons.

Local
( equilibrium part

Solving from spin
Boltzmann
equation
(Collision part)

Perturbative SPpin spectrum,

. spin alignment,
solution P g

Other ingredients
(e.g. self-energies)
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Why QKT with self-energies?

An example in relativistic classical kinetic theory:

* In classical kinetic theory, the leading order contribution of interactions lies in the mean field
approximation:

o (4) > - " < y
2(x, ) 52 e (x) 0(x, M\F 27 (x, ¥) O(xq, o) + 2 =(x, ¥) O( ¥, Xo), ([ Puts a Y “M*@"}‘ d ZDG X p)
P(x, ) & Pup(x) 89(x, ) 4 P™(x, ») O(x0, ¥o) + P=(x, ¥) O(yo, Xo)»
(%, y) N s (x) 3D x, )+ 7 (x, ) B(x0, ¥o) + H<(x, 7) O30, Xo). =(Z3(X,p) G (X, p)+ 27 (X, p) GX(X, p))

A comprehensive paper on the Walecka model: S. Mrowczynski, U. W. Heinz, Annals Phys. 229, 1(1994): In
the pairing approximation, corrections of vacuum meson mass,

M*(X)=M—g.(p(X)).

And the effective Lorentz force induced by background mean mesonic field,

| [p*8,—g P KF. (X)), —gM*(X)3,($(X)) 4] G=(X, p)
An effective |

Lorentz force = — 18,0, (X)) G2(X,p)} — 5 8 LF. (X)){y"", G2(X, p)},

Similar applications in high-temperature gauge theory: J. P. Blaizot & E. lancu, NPB 557, 183(1999); Phys.
Report. 359, 355(2002).
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Why QKT with collisions?

Collision terms serve as dynamical sources of quark spin polarization with higher order
couplings: the collisions between quarks bring off-equilibrium effects.

Similar insights from condensed matter physics: the anomalous Hall effects, spin Hall effects
etc from electron scattering and impurity scattering.

f 4> » pj5“ (p, X) Extrinsic anomalous Hall effects from
S'u(p) = , collisions in condensed matter physics
2my [ dS- N (p, X) SR
2 S s <
Spin polarization phenomena: momentum spectrum of spin :’_;ggf \T o Thee v = 0eY
Hall effects for the hot dense matter. The collisional effects L —
must play a role. & N TR VVVWMNJ

-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Doping density X

D. Xiao, M.-C. Chang, Q. Niu RMP 82, 1959

N. A. Sinitsyn 2008, J. Phys.: Condens. Matter 20,023201
Y. Yao, etal. PRB 75, 020401

Hirsch, J. E., 1999, PRL 83, 1834.
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QKT with self-energies and collisions (I)

We define the gauge invariant 2-point Wigner function for fermions,

S5m0 == [ a1 Gylo+ DA P @ ¥ Dty (o= Uy

Along the Schwinger-Keldysh contour, one derives the Kadanoff-Baym equations up to O(#),
Y(z,y) = ih( (@, y) + 00(0, 90) 7 (2, y) + 0 (%0, 20)Z(z, 1), Retarded and advanced quantities

ik Tadpole self-energy 4 T
R e —f‘s<+z< "
(Cy) Ret

S~ (—@W’L% +’7“ﬁu —m> + 8<% T(X) = — STHEE; —I—S<*Ea ‘(c.,) T o

Gauge- |nvar|ant I\/onal product

to- if
From the analytical properties of r/a quantities,
O>(qa ) o O<(Q7 X)
2 p)

v/ ReS™ = 0, perfect quasi-particle = §(p* — m?)
ReS" # 0, nonzero-width

Blaizot, lancu, Phys.Rept.(2002); O'(q, X) = ReO'(q, X) + i

Hidaka, Pu, Yang, PRDL(2017); : : :
Hattori, Hidaka, Yang, JHEP(2020); 0a(4 X) = Re®"(q X )_Z_O>(q’X) —0%(¢, X) We will work on quasreartlcle
Yamamoto, Yang, 2308.08257; 2 approximation but ReX" # 0.
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QKT with self-energies and collisions (Il)

Work in the Clifford basis,
<
,X) = B(X) 4 Rex2 B =

Self-energy with tadpole and retarded @ _
Collisional self-energy

- 1
| F= AP PV + 2 e + 585,,7“”] ,

- 1
F|ZE+TEr + 955+ L, + 5 TR

Based on the quantum nature of spin polarization, we adopt the power counting,

Vi~ O(R), A ~ O(RY),

From EoMs, P ~ O(h?),S" ~ O(h'), F ~ O(k°), and similar for the self-energies

Then we obtain the master equations for the Clifford components of Wigner functions:

Kinetic equations for Wigner functions;

Constraint equations: o
q[NVV]

. . (¢ —m*)Vs
K. Hattori, Y. Hidaka, D.-L. Yang, PRD 100, 096011 (2019) s
D.-L. Yang, K. Hattori, Y. Hidaka, JHEP 07 (2020) 070 A<
SF, S. Pu, D.-L. Yang, 2311.15197 g

oy g L N .
- 0<h2)’ (aQ N m2)A: - §€“Vaﬂaypav<,ﬁ i meuuaﬁv<’szB
- O(h’z)a +2(iA . (A]')V; — 2iA,u(a' V<) 53 O(h3)
— ~ 1 L 1 . _ -
= TLV5 + O(R?) DV = —= G5V = = [Sr @V )] 5 + O,
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QKT with self-energies and collisions (lll)

From the master equations, we find the mass and momentum are modified by the self-energies,

m:m_ZFa QMZQM+ZV,M7
The perturbative solutions are modified in dispersion relations, solution structure, etc,

Distribution of vector charge
V;(q,X) = 2me(qo)d(q" — mz)q+ O(1*), Modified spin tensor
nvpo
A (@, X) = ARyu( X) + AGonyu (4 X) + AGag) (4, X) , @R = g Sy

_ 27re(q0){ 5(F — i) [@+ Sy . TAYD” 15— Saf | - 8@ — ) f5
Effective spin 4-vector <
in phase space X laeﬂyaga”(QeFo‘ﬂ + 2V + fiepasd o + 2(Ta - 3)du — 2ffz2§A,u] }

Effective field strength tensor  Other sources of spin polarizations from self-energies

These new ingredients related to the self-energies and their gradients in the axial-vector
Wigner function can serve as new sources of quark spin polarization.

D.-L. Yang, K. Hattori, Y. Hidaka, JHEP 07 (2020) 070; SF, S. Pu, D.-L. Yang, 2311.15197
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QKT with self-energies and collisions (1V)

We then obtain the scalar kinetic equation for fermion distributions (the Boltzmann equation),
0 = 2me(00)d(@ — %) {Gu V" £ + @i fy + MSefv
—m [(VOAEF)Q(;JC\? o (a],aiF)a?(f\?] } i O(h2)7
And the axial kinetic equation for the quark effective spin vector with modifications from self-
energies, = n n n
J O™ A<+ g,0M A< + m0OW, A< = ™ + h(G,cma + mef™),

=

>
DEIZIZ‘A< = 5((72—772 ){q V(aHfA)—i—QeFW( VfA)"‘Qewaﬁ AAO BfA

r- AT . V%
e F(auf;) QMTT,LF(OJV.]C;)}7

with e.qg.

1 A
I m

It is found that, there exists the terms similar to the relaxation time even in the absence of
collision kernel; AKE serves as a generalized BMT equation with effective “Lorentz
forces” originating from the spin tensor and self-energies.

D.-L. Yang, K. Hattori, Y. Hidaka, JHEP 07 (2020) 070; SF, S. Pu, D.-L. Yang, 2311.15197
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Spin Boltzmann equation with collision terms (I)

We firstly consider the massless fermions and neglect the self-energies for simplicity. The
independent EoMs of the Wigner functions are simplified to,

A-VS = X5-V7 =% VS,

AAS = X5 A7 X5 - AS—X5- V> +37 - V<.

For massless fermions, the equilibrium conditions are,

global equilibrium :  9,( Bu,,) =0 @ @ ])

local equilibrium : WFW = Spln chemical Thermal
potential vorticity
We consider the evolution of a hard probe electron in a thermalized QED plasma, and
evaluate the collision kernels for a realistic gauge theory.

— - (1. — (! — (1]
e (p) + e lk) #+e (p) + e, k), a B
k
: > > >
Y. Hidaka, S. Pu, and D.-L. Yang, Phys.Rev.D 97 (2018) 1, 016004 L vV p
SF,S. Pu, D.-L. Yang Phys.Rev.D 106 (2022) 1, 016002 p P
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Spin Boltzmann equation with collision terms (ll)

- A spin Boltzmann equation (SBE) with explicit collision
kernel is derived using HTL approximation:

64 2
(p-0)fs (x,p) = CHTL[ fv] + O(R?), Cvlfv] = zi(;)l 75 [2fv< )7 (0) + [PIF(P)h,a0p, 5 (p) — Pl <m- 0. )f5 (p)
CHTL 2
(p-0)f3 (2, p) + hOLS(,)\ 00 fy (2,p) = [fv, fa] + O(R7),
Calfv fa] = - 45§f;|)ln,fp{352|p|F<> F0)+ 3P E@GL - 00.) - 50y V5
- Itis found that, when the vector and axial distribution S 0p )+ W05, 5
functions of probes are in local equilibrium, the T
.. ) . —1,—2 )| p|e” PP 1 ug0p, p0a fr +l e’”” Lpua0p, v0afy
collision kernels are zero: Detailed balance exists for toge RS e
q uan tu mm Od es. +h;76"‘5)"{p,\1t,{agf‘§ (P)axudtf\f (p)
—hl;r; ple?*Pp L Lusby (vgrnpPLADy, OF, Oufy (P)} +0(R?).

- For certain cases, we find the spin relaxation rate can be
much slower than particle relaxation rate.

SF,S. Pu, D.-L. Yang Phys.Rev.D 106 (2022) 1, 016002
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Solving SBE: Gradient expansion

- In the Navier-Stokes limit, we can derive the solution of SBE when the vector distribution f, is
in local equilibrium for the Moller scattering process,

Sfx(z,p)
B . 48732 27¢(3) 21n2 |
= —2fS. (a, ) e (2 VP — BV qw®
" 2fl'.leq(‘1 p)fV.leq(rl p)e_lln% ( 7_‘_2/3 B P) 3 (("// / f w )
a B ’ on P
27¢(3) 5 360¢(3)
¢ "y —— E - — In2)p3 Pe
— p  —» y/:gv:‘\\ak — + 23 p) (3 T pp¥e
p Bp VP p E oy . 2 "
+ 4")C(3) — 7m“In2 praf V..aV. 8 37 BoHe
- € T US v ¥ ,p( - Do >w1v ’)C!
| 1472 1n 2 A S 10In2 fi [ 400
[ 3 1 3645¢2(3) + 775 .
+ _/Z <w<“Vp>5 4 5/3V<”w°> 4 6“”"<”aff>uvv,,/3> + 1:;@12;_,1)6(3)” 526""0<p0f}>'ugv,,a
10935¢2(3) — 147° , . T e
75671—4((3) 32w< Vp>a/ p<(¥pp> == md?w(/ ot >P(#Pp1),\) .

- We notice that, the corrections are proportional to combinations of hydrodynamic fluctuations and,
therefore, lead to a higher order corrections to the spin polarization if fy is in local
equilibrium.

SF, S. Pu, et al in preparation
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Spin polarization with off-equilibrium
corrections

In terms of spin Cooper-Frye formula,
1 h
PH(t5p) = ~Plitp)y [ dEap" 0S5 (ep) + 5 [ A5 ppSs5 (o
N Js ON /s
- _Pl'léq (PV,shear 57 PV,chern) T 7DAZ,vort—VT £ 7Dj'li,Vvort T Pz,vort—chem

M M M K
+7DA,vort—shear 53 PA,chem—VT e PA,shear—VT 3 7DA,shear—chem’

where we have, for example p h* B3 / < >
y ’ = .. d> -
PA,vort—VT ANet In % 5 pr,leq(p) fV,leq(p)
1
Xp“ [d2 (Ep —d; 6_> wavaﬁo - dﬁﬁop(app)wavp60] )
0
Phsvon = T [ 45 P a8 )
A,Vvort 4N€4 ln é L Jleq Jleq

Becattini, Chandra, Del Zanna, Grossi, Annals Phys (2013); i
Fang, Pang, Wang. Wang, PRC(2016); X p [(Ep - dlﬁ_
Yi, Pu, Yang, PRC(2021); B
SF, Pu, et al in preparation

1
) d2/80vawa T d6 §/B§vawpp(app>] )

Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Outline

Spin polarization and alignment in heavy ion collisions
Quantum kinetic theory with collisions and self-energies

Self-energy corrections to spin polarization and
alignment

Summary

Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Self-energy: widely used in nuclear physics

The crucial role of self-energy has been realized in nuclear physics:

« The mean field approximations in low-energy nuclear physics: nuclear EoS, binding energy,...

See: B. D. Serot, Rept. Prog. Phys. 55, 1855(1992); B. D. Serot and J. D. Walecka, Int. J. Mod. Phys. E 6, 515(1997).

« The mean field approximations used in QCD phase transition: for example, in the use of NJL model,...
See: S. P. Klevansky, RMP 64,649(1992); T. Hatsuda, T. Kunihiro, Phys. Rept. 247 (1994) 221-367.

Actually, people use the contributions of self-energy widely when
they deal with spin polarization phenomena......

- The external electromagnetic (EM) field induces the difference of spin polarization of A/A: In the
background field gauge, the EM field are the classical fields (mean fields); muller, Schafer, PRD(2018):

« Spin alignment of ¢ mesons from spacetime dependent mean ¢ fields Guo, Shi, Feng, Liao, PLB(2019);
Xu, Lin, Huang, Huang, PRDL(2022);

at freezeout: gqﬁFgV _ g¢(au <¢u> o1 <¢u>) Peng, Wu, Wang, She, Pu, PRD(2023);

« Spin alignment of J/y from initial-stage classical color fields.
Sheng, Oliva, Liang, Wang, Wang, PRL (2023); PRD(2024); Muller, Yang, PRD(2022); Yang, JHEP(2022).
Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Spin polarization from one-point potential

Consider a quark-meson interaction
mt — ggbcbuw’)/#q/)a

Up to the leading order in coupling constant (with Hatree/tadpole diagram), we derive, ZI\J} = g¢<gbﬂ>,
and the contribution to the axial vector Wigner function reads,

o\ o
5./4;’# — —277'5/(&2 — m2)§€,u1/a,8(7ug¢F¢ﬁf\§7
then up to the linear order in self-energy and working in the global equilibrium case, we obtain
S BATH( h
f dqo < ) - 49?}7‘8#(]‘_]0\/)
f 2 ‘Fs Q7 ) m
which induces the spin polarization of strange quarks.

dPH(q,z) =

Similarly, one can obtain the quark polarization from other effective fields via a tadpole diagram.
In our formalism, the quantum part of gauge fields and the background color fields are

neglected in the background field gauge.

X.-L. Sheng, L. Oliva, Z.-T. Liang, Q. Wang, X.-N. Wang, 2206.5868; PRL 131, 042304(2023); SF, S. Pu, D.-L. Yang, 2311.15197
Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Spin polarization from a thermal QCD
background ()

Omitting the external EM field and background color field, the leading order contribution from
gauge fields to quark spin polarization comes from the Fock diagram.

Due to a lack of knowledege the quantum part of gluonic Wigner function in O(h), we firstly
neglect the corresponding corrections,
h

SAS gp(g, X) = 2me(qo) 046 (q° — m?) fy 26“V5Q8X1m2++’

For the weakly coupling QGP, we obtain,

OsIm¥y 7, (¢, X)

2
P (12 _ oL (Ey TO.T ' ( qo ) L0 <ﬂ)]
mfc = Cpg (F+T2) F ( ,BN_*_ B ) |qi|Q |QJ_| i |QL|2Q1 |QL|

e o 1o(2) 20 2] e (2

: + - X T
Loiz]= g In x—ll’ mf{ arl |2 \fat) "l @ ey )| ~ @) @ g ]
010) =21 o o (i) -z ()

+q1, QL( Buv)’ |3 Qo |qu |CJ¢| |QJ_|

M. L. Bellac, Thermal Field Theory (2011);
SF, S. Pu, D.-L. Yang, 2311.15197
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Spin polarization from a thermal QCD
background (ll)

In the canonical pseudo-gauge, a modification to the spin Cooper-Frye formula reads,
Jsa- daqu°5A<“(q X)

OPH(t, = B
( q) 2 J‘E q do_ f dqo .F< )
= 0P )+57’51ear( Q) + 6Plem(t: @) + 6Phc(t, @) + 0P, (¢, @),
h? maT u
where §Ph_(t,q) = — g doGr(E,, q) f3 el B (_5) : Becattini, Chandra, Del Zanna, Grossi, Annals
2m E; /4§ Phys (2013):
j2 mf P Fang, Pang, Wang. Wang, PRC(2016);
OPear(t: ) = =7 | 406G, (g, @)z —F— "9, Yi, Pu, Yang, PRC(2021);
K q q SF, Pu, Yang, 2311.15197
h? Opg” wT % g T
5 e Al B v, (£),
Perem(t: @) eyl R iT’E? | E, VilT
H hz Bm? KV po
5Pacc( ) = AN Zq ’ dUGT( ) E3 € PuaDuua

590 ) = " [ q-do™ [t (sGe(E,q) - 2L 6, (B q) + 26 (B q)
vor AN Eq Eg T ¢4 E,g w1 VRS | w2 ¢4

w-q q.u
Hel’e, _( Eq ) <6U#GT(E117 q) + E—LGLM (EQ7 q))] )

q
—_— . <
N = fz q dUfV (Eq’ X) Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Spin polarization from a thermal QCD
background (lll)

Comments:
v An additional term proportional to kinetic vorticity appears even in global equilibrium;

v The distribution function f;, can be off-equilibrium in general;

v Such interaction-dependent contributions of the first order in gradients may be
dissipationless as they exists even when the collision terms are zero.

An order-of-magnitude approximation with g2 = 4?”, N.=3,T =0.165 GeV, and m; = 0.3 GeV,

ylelds, 1] = 0.5 GeV||qL| = 1.0 GeV||q1| = 2.0 GeV
5. 0.325 0.098 0.024 5.p Do > was A
| therm/‘zcherm leq| : ’ ’ ‘Zcherm leq(q7 ) = STfVJequ,leq6 QVaa (T) )
q
) 0.081 0.028 0.007 1 -~ %
| “7shear/‘7shear leql ‘751;“ leq(q, ) = _hmjc\ileqf\ileqeu P dpUcq Oy,
[ g L 0.177 0.103 0.030 !

M. L. Bellac, Thermal Field Theory (2011);
SF, S. Pu, D.-L. Yang, 2311.15197

Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Spin alighment from quark self-energies

Possible applications to vector meson spin alignment:
1 —11"(q = 0)

where
ﬁzz(Q) = 4f2da'q['~75iq,a(2> )+5'~75qSE 21% } [j5qa 217 Jr5‘75qSE(2’ ﬂ
f do - vaq( a/2» g)f\§—(Eq/2a%)

If one determine the §/5 s from quark self-energies, a nontrivial contribution to spin alignment is obtained.
One of the most important result is the spin alignment of ¢ from an effective ¢p meson field.

In the framework of chiral quark model, the presence of effective meson fields can be used to explain
the spin alignment of other mesons e.g. K*°.

Kumar, Muller, Yang, PRD(2023);
Sheng, Oliva, Liang, Wang, Wang, PRL (2023); PRD (2024)

SF, Pu, Yang, 2311.15197
Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Outline

Spin polarization and alignment in heavy ion collisions
Quantum kinetic theory with collisions and self-energies
Self-energy corrections to spin polarization and alignment
Collisional effects on spin polarization

Summary

Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024



Summary

1. We have derived the QKT with self-energies and collisions for spin-half
fermions. It is found that the dispersion relation, perturbative solutions, and
Kinetic equations are modified by self-energies.

2. The spin polarization of quarks from self-energies are of leading order in
couplings and gradients. Our results provide a theoretical support to the s-
guark polarization from effective meson fields; we also derive a modification
of the spin Cooper-Frye formula from quark self-energies; it has important
contributions to spin alignment.

3. Collisional effects is discussed from a spin Boltzmann equation based on
HTL approximation; the off-equilibrium corrections are derived.

Shuo Fang(USTC), QKT with self-energy, ExHIC-p worshop, Taipei, 2024
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Numerical Estimation of off-equilibrium
effects by solving SBE

The off-equilibrium effect can be described using numerical simulation,

St(p) =

fdz 'pjf)u( ,X

200GeV, CLVisc hydrodynamics + AMPT initial + EoS: NEOS-BQS
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