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Global Spin Polarization In HIC 01/12
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Local Spin Polarization In HIC 02/12

Local longitudinal polarization 2
due to collective flow
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Local Spin Polarization In HIC

Local longitudinal polarization 3 27, Vsny =200 GeV RRIC

due to collective flow

0.001

= I Au+Au \s, = 200 GeV — +
) - — 10%-60% L .
\8/ 0.0005_— @
/] More physics are needed in a precise
? quantification of the spin polarization rate:
oos- *r | ) non-equilibrium correction,
ook jA » feedback to the fluid.
On top of that, the theory should correctly
std reflect microscopic properties of the system.
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Outline 03/12

» Microscopic Theory (for Massless Fermions)

Chiral Kinetic Theory

» Thermal Equilibrium

ldeal Spin Hydrodynamics

... + Non-Equilibrium Correction

Viscous Spin Hydrodynamics

» Theoretical Framework for future precise study of Global & Local Polarization



Microscopic Theory



Chiral Kinetic Theory

Wigner function: quantum distribution function

a 4x4 matrix
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Chiral Kinetic Theory 04/12

Wigner function: quantum distribution function

Wan(x,p) | dyel P B+ 2y (x )
a 4x4 matrix, decomposed in Clifford basis
W | %' F+iPI°P+ VI H+ A 11T H 4 %Lu!"“!
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Chiral Kinetic Theory 04/12

Wigner function: quantum distribution function

Was(x,p) ! dlyetP¥ s Dt %)
a 4x4 matrix, decomposed in Clifford basis
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Chiral Kinetic Theory

Dirac equation => Equation of Motion

!u(pu'+

i)W (x, p) = mW (x, p)
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Chiral Kinetic Theory 05/12

Dirac equation => Equation of Motion

(P + %i! "HYW (X, p) = mW (X, p)

Equation of Motion for Clifford components:

VH a a a a VH
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Chiral Kinetic Theory 06/12

Dirac equation => Equation of Motion Massless | imit

P+ i W(X,p) = M)

Equation of Motion for Clifford components:
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Chiral Kinetic Equation (up to h-order):
[Refs: Hidaka-Pu-Yang PRD2017&20138;
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Chiral Kinetic Theory 06/12

Dirac equation => Equation of Motion Massless | imit

P+ i W(X,p) = M)

Equation of Motion for Clifford components:
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Chiral Kinetic Equation (up to h-order):
[Refs: Hidaka-Pu-Yang PRD2017&20138;

TR T pug T \Pf -0 Huang-Shi-Jiang-Liao-Zhuang PRD2018;
P == 2U ap o E T Liu-Gao-Mameda-Huang PRD2019]
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Quantum Corrections



from Microscopic to Macroscopic



Thermal Equilibrium Distribution

Thermal Equilibrium Distribution:

Jea,:
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Thermal Equilibrium Distribution 07/12
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Non-Equilibrium Correction 08/12

14+6 Moment Expansion: | x: polynomials of (uip)
R L : ¢ LT ap
f |f +feq(1 eq)l N “pu"" HH pup #11. Ao

non-eq. correction to polarization



Non-Equilibrium Correction 08/12

14+6 Moment Expansion: | x: polynomials of (uip)
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Non-Equilibrium Correction 09/12

14+6 Moment Expansion: | x: polynomials of (uip)
by e L : ; . ap
f£ f +feq(1 eq) | Ak “pu+| A Pu P #1132 D

non-eq. correction to polarization
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Viscous Spin Hydrodynamics

Spin-Hydro with Non-Equilibrium Correction:
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Viscous Spin Hydrodynamics

Relaxation Equations for Dissipative Quantities:

A+ = | E#|+[2nd order terms]
&

T 1t _ 208
w G897 +[1g TBY = + [2nd order terms]
O ( L l'li
+u“ +u + [2nd order terms]

" RAY + H#“ =M. . #! +[2nd order terms]

QH: non-equilibrium correction of spin polarization vector.

H

i

2 Relaxation Time; M & C: Mixing Terms

M & C are integrals of collision kernel, and reflect the microscopic properties

11/12




Summary & Outlook 12/12

» Chiral Kinetic Theory! (14+6) moment expansion <z

» Viscous-Spin Hydrodynamics (for Massless Fermions)

» Accounting for:
» Non equilibrium correction to spin polarization

» Back-reaction to the orbital motion of fluid

» Future:

» precise phenomenological study of global and local spin polarization



Back-Up Slides



Chiral Kinetic Theory

Dirac equation => Equation of Motio] U’
1|l @ time-like auxiliary field;

| M _ . oy o .
L (pr + 2| e reflects the ambiguity in spin-tensor;

Equation of Motion for Clifford comf (a.k.a. side-jump effect, see e.g.

‘Chen-Son-Stephanov PRL2015],
vH T Hidaka-Pu-Yang PRD2017&2018],
. AH 8/ 'Huang-Shi-Jiang-Liao-Zhuang PRD2018])
e LW g ® physical observables are independent of u!;
# F e u' = flow velocity in this research. By doing so,

P the "f" is to the distribution function in fluid co-

moving frame.

Chiral Kinetic Equation (up to h-orde




about the Symmetry of Stress Tensor

In this work, we take the canonical definition of energy-momentum tensor:

Than " 19" M4 )1 #=

It could be asymmetric at quantum level, e.q. if taking the eq. distribution:

7T 2T R) | O FBRSKR Y M ey gy

Teq = 5 3 31 2
N 1L12A T2 4 3Hv!'; Ha (8" MU'+ TH"™ $.y)
In principle, one could symmetrize T by performing "pseudo-gauge" transformation:
TH = TH + %!--(! L R R} R+ =0

see e.g. [W. Florkowski, R. Ryblewski, A. Kumar, Prog.Part.Nucl.Phys.108(2012)103709]
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