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Introductlon I~
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Chgd T | o J — 27T2h2M56B3
/\': 1 - Ne = 3
=3 J5 = WQhQWB
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P-odd P-even
A. Dobrin Nature 546, 7659 (2017) CP-even CP-odd
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Spin EOM (SEOM)

2= co Chiral kinetic Motion
- S p— Canonical —
k=7xqeB | {— J|H=c5-k
> 27 N equation
a—cakxa ¥ =5 —ged BoVxd

Adiabatic approximation E. van der Bijl and R. A. Duine, PRL.

AL a
@ g ~ ck ——k X k 107195302 (2011).

Chiral EOM (CEOM) 2k X.-G. Huang, Sci. Rep. 6, 20601 (2016).

5 Al = k

\/ET' — k + h(C.Q . k)qu 0O = 2k3 Berry curvature
VGk = k X geB

\/E = 1+ h(qe§ . C.(_i) g= =+ 1: Charge number

k=k/k

c= 1 1: Helicity
M. A. Stephanov, Y. Yin, J.-W. Chen, S. Pu, Q. Wang,
X.-N. Wang, D. T. Son, N. Yamamoto...
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Inltlallzatlon

» Coordinate
Uniform Distribution

Cubic Periodic Box

» Momentum .
Fermi-Dirac Distribution
1
f— kuqcaﬂqc—qlLL+CU5
1+e T
> Scatterlng Process
Pauli blocking Blocking probability: 1 — (1 — f3) (1 — fy)

At

Stochastic method Collision probability:  Pyy = 0pe1099———
(Az)’

Z. Xu, C. Greiner, PRC 71, 064901 (2005). Vel = S/ (2F1 F5)
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CEOM

eB, = 0.5GeV/fm
n/s =0.08a,T = 300MeV
Theoretical limit —>

03<V6 < 1.7 =

—
ki

SINAP

Truncation:
Pk Pk

/27rh j/fzm

D. Xiao, J. Shi, and Q. Niu, PRL 95, 137204 (2005).
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SEOM Current

T = 300MeV, n/s = 0.08% J @
eB, = 0.5GeV/fm |3,_, = ck|} )

SINAP

L)

> Scattering process S N

1. Stochastic method:; 71 0>

2. PaUIi bIOCking by CT\'Igo o L L L b
considering spin state In %4' With scattering ( )'"
discrete space; 3f A

eB,|(GeV/fm)

3. Single particle Energy
conservation

cG-k=cd k"
4. Spin tend to polarize to gB, £ (fm/o)
gB - &'is the maximum value.




P ERRTULE AR B EE

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

103

5 O_-) ¢ I_(>

SEOM COS(O', k) = T
solid: without scattering

5 C? ¢ E

CEOM cos(a,k) = |F|k

-

>
O = Cr

cos{G, k)

For SEOM:
cos(d, k) is -1 in the initial state;

It evolves gradually away from =1 and
becomes equilibrated in the final state.

For CEOM:
Cos(o_", 75) Is equilibrated at the beginning.
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Current Density
- N, o N.T?
J = 2W2h2ﬂ5eBa p =~ 373 H,
p— Nc - N ]\rcjj2
S QWQﬁQMGB P5 373 H5-

3heB
2?2

PRIL:

Continuity equation

CMW

y n/T <1, us/T < 1

v, Is the velocity of the CMW,
D; is the diffusion constant.

‘atﬁR/LvLﬁ-jR/L—O‘

@

Fick’s law: ‘—DLﬁpR/L‘

G. M. Newman, JHEP 01 (2006) 158,
D. E. Kharzeev, H.-U. Yee, PRD 83, 085007 (2011).

— vp(“?y — DL5’§) PR/L = 0‘
3heB
= 2T
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Initialization |ps:(s.0) = + Amsin(3y)

Periodic Bound condition PR/L|y:—Z :PR/L|y:+Z

: 1

Evolution: Pr/L(Y,t) = :I:iACne_DLﬁ% sin |8 (y F vpt)]

N, — N_
_D; 2% - _
p=pr+pr=—Amne P17 sin (Buyt) cos(By)| Ae = N, + N_
ps = pr — pr. = +Ame” P cos (Bu,t) sin(By) T N
foal
Modification: 2~ “_  § = a7,

Js = aJ;
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SINAP
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Electric Quadrupole Momentum

) (3y2 — 7"2) dr =) Dyy =

=

eBy (

4A.N 2
—D; 5%
7 e sin (Suyt)
| SEOM (@ | cEOM (b)
T]/S = 0.08n A
T = 300MeV

eB, (GeV/fm) |0.5
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With a damping magnetic field

eB, (t) =

eB) = 0.5GeV/fm  n/s = 0.08h

Current

T = 300MeV

I
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Summary

» The artificial truncation i1s needed for CEOM and
underestimates the chiral effects compared to the
theoretical limit.

»SEOM can be away from the artificial truncation but
also leads to weaker chiral effects.

» The chiral magnetic wave Iin a box system can be
described reasonably well with both CEOM and SEOM.

» Chiral effects are less sensitive to the fast decay of the
magnetic field in SEOM compared to that in CEOM.

13
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Thank you for your attention!
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Backup "

In a thermalized medium, the shear viscosity: "/ — 154,
The transport cross section: 5, — / dg% (1 o’ 9)
_ _ _ 2
The isotropic cross section: Oty = —099
’ =1/(e"" +1)

Lk Slfin - <1 ) ln(1—f)

The entropy density: s = —4N. /

H.-C. Song, S. A. Bass, U. Heinz, T. Hirano, and C. Shen,
n/s € (0.08k,0.20h) PRL. 106, 192301 (2011).

2

T2

099 € (1.74,4.36)=| Where o,, in fm?, T in GeV.
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Backup

Phase space

Particle density: ngc = V. f (2%)3 \/éf (k_ﬁqc)

-

Jye = N. [ b \/Grf (’“—;) ~(V)

PR = Ng(+)e(+) ~ Mg(=)e(-)
PL = Ng()e(=) ~ Ng()e(+) P = PR T PL, P5= PR~ PL

Ti= st = dioreiy J=Jr+Jp, Js=Jr—Jp

— —

JL = Jyye(=) = Ja(=)e(+)




