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Noncentral relativistic heavy-ion collisions could product a really huge strength ot the magnetic
field and a really high temperature which could restore the chiral symmetry. So it provides an
ideal environment to study the chiral anomalies.

There are two main chiral anomaly effects. One is the chiral magnetic effect induced by
particles with unbalanced helicities. The other is the dual effect induced by particles with
unbalanced charges, named as the chiral separation effect. These two effects are expressed as
two equations for currents shown above.

Both currents are proportional to the magnetic field, and they violate the P or CP symmetry.

Chiral Equations of motion
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» This is an intuitive semiclassical approach for spin-1/2 massless particles under an external

magnetic field. k is the kinetic momentum and & is the spin. By using canonical equation, the
time evolutions of coordinates, momenta, and spins are obtained, which are called the spin
equations of motion (SEOM). The second term of SEOM represents the Lorentz force.

» By using an adiabatic approximation for spin and substituting it into the SEOM, the chiral
equations of motion (CEOM) were obtained.

Chiral Magnetic Wave
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» Combining formulas for currents and densities as well as the continuity equation and Fick’s
law, the wave function for the chiral magnetic wave (CMW) can be obtained, D; is the
diffusion constant, and v, is the phase velocity of the CMW.

Box System

» The chiral anomalies are studied in a cubic periodic box

system, 1.e., particles moving away from a side of box will
come back from the opposite side.
At the beginning, particles are initialized as uniformly in

coordinate space, and momenta of each type particles are
sampled according to the Fermi-Dirac distribution.
The two-body scattering process and the Pauli blocking
among particles were considered, and the blocking
probability is 1—(1—=f3)(1—fy)

f3 and f is the occupation number after collision.
)’ @ » The stochastic method is applied for attempted collisions.
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> In CEOM, the occupation This method divides the box into many small cubic boxes.

is calcul
numberlls calculated by cach other and the collision probability is calculated from
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» In the SEOM scenario, the spin is initialized as the momentum direction multiplying ¢, and the
Pauli blocking is considered for different spin states.

Only particle pair in the same small box may collide with
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Results and Discussions

Currents
T = 300MeV,n/s = 0.08h, eB,, = 0.5GeV /fm.
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Chiral magnetic wave

» evolutions of vatious densities in the direction of the magnetic field.

dashed: SEOM solid: CEOM

t=0fm/c t=3fm/c t=5fm/c t=8{im/c t=10{im/c
O.OS_I"'I"”}\'XI__I"'I"'I__I"'I"'I__I"'I"'I__I"'I"'I_
0.00 - / :\J -\\/ 1\\:»/\--\\//\- pr/n right-handed density
—8.8%::’:\/:/:::::::::::::::::::::::::::::::::::::::::::::::::::
0.00} \\< x/{_‘ \\_‘i//__/\//‘__- \\//’ pL/n  left-handed density
_0.0S_I---Iuwl--luuuluuuI--quuluu-I--quuluuul--luuuI---I_
[0 N LI L™ LI B P Y B L P S B L P S B B p
0.0 4 p/n charge density
_8&-':::::::::'“':::::::::'“':::::::::'“':::::::::'“':::::::::'-
il 7T /\\" T T il
N AN .' al densi
0.0 _ y , 5/1N aXla enS|ty
o1k // N A \/\ s/
S 1 R 1= I T N
Y (tm)
Phase velocity and Dittusion constant
0.20 0.25

0.15

0.05

» The velocities in CEOM are

0.20 larger than those in SEOM,
S and they both are lower than
:; theoretical limits.
=

> The tendencies of diffusion
constants are different between
twoO scenarios.
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Electric quadrupole momentum
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| ! . » The electric quadrupole moment can
eBy (GeV/im) |0.5 be calculated from the charge density
ﬂ distribution.

» The electric quadrupole moment

increases faster at lower temperatures,
and faster in CEOM than in SEOM.

Summary

» The artificial truncation is 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 in a box system can be described reasonably well with both CEOM and

SEOM.
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