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@ Anomalous transport effects
o Chiral waves
@ Chiral kinetic theory formalism for Fermi liquid

@ Results
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@ blah-blah
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Motivation

@ Anomalous transport effects should reveal themselves in heavy ion
collisions
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Motivation

@ Anomalous transport effects should reveal themselves in heavy ion
collisions

@ Namely, chiral waves should cause generation of quadrupole moment
in quark-gluon plasma
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Anomalous transport effects

e Chiral magnetic effect
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Anomalous transport effects
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Anomalous transport effects

e Chiral magnetic effect

v = paB
VT on2
o Chiral separation effect
ja= b3
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@ Chiral vortical effect
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Chiral magnetic wave

@ Chiral effects + axial and vector current conservation laws

David Frenklakh (ITEP) Chiral waves August 24, 2017 6 /18



Chiral magnetic wave

o Chiral effects + axial and vector current conservation laws
@ Chiral magnetic wave:
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Chiral magnetic wave

@ Chiral effects + axial and vector current conservation laws
@ Chiral magnetic wave:
pravB
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Opvja+ 0 -jya=0

Jvia=

e Consider small fluctuations above neutral background (uy = pa = 0)

dpy/a = XOHv/A
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Chiral magnetic wave

@ Chiral effects + axial and vector current conservation laws
@ Chiral magnetic wave:
pravB
22
Opvja+ 0 -jya=0

Jvia=

e Consider small fluctuations above neutral background (uy = pa = 0)

dpy/a = XOHv/A
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Dispersion relation

vemMw = m
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Chiral vortical wave

o Chiral vortical effect is quadratic in chemical potentials =
@ We need finite vector charge density in the background
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Chiral vortical wave

o Chiral vortical effect is quadratic in chemical potentials =
@ We need finite vector charge density in the background

. (ui +p3)  T?
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TEP
m

Jv =

Opyja+0-jya=0
@ Assume that temperature is kept constant

dpy/a = XOHy/a
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Chiral vortical wave

o Chiral vortical effect is quadratic in chemical potentials =
@ We need finite vector charge density in the background
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Opyja+0-jya=0
@ Assume that temperature is kept constant

dpy/a = XOHy/a

Dispersion relation
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Chiral heat wave

@ Anomalous energy transport due to rotation:
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Chiral heat wave

@ Anomalous energy transport due to rotation:
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@ Energy conservation law:
Oe+0-jg=0
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Chiral heat wave

@ Anomalous energy transport due to rotation:

. 32, + p?
it [M L2l o
3 T
@ Energy conservation law:
Oe+0-jg=0

@ For small fluctuations of vector charge and energy density above
equilibrium
Opy = xouy + adT

Se = COT + oy
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Chiral heat wave

Dispersion relation
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Mixed chiral heat-vortical wave

@ Non-zero background charge density

e Temperature, vector and axial charges fluctuating
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Mixed chiral heat-vortical wave

@ Non-zero background charge density

e Temperature, vector and axial charges fluctuating

Dispersion relation
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Berry Fermi liquid

@ System of strongly interacting chiral particles
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Berry Fermi liquid

@ System of strongly interacting chiral particles

@ Not far from equilibrium is described in terms of quasiparticles
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Berry Fermi liquid

@ System of strongly interacting chiral particles
@ Not far from equilibrium is described in terms of quasiparticles

@ The anomalous effects are captured by Berry connection in
momentum space
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Kinetic equation

anR/L
Jop

8nR/L % ) 8TLR/L
ot BIL " px

+ Pr/L - = Cg/r[nr,nL]

® np/r(t,x,p) are right and left quasiparticles distribution functions

e Cp/p are respective collision integrals
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Equations of motion

\/Gr/LXr/L = VR/L + 2ep/LVR/L - br/L) + ER/L X bR/L
Gr/itPr/L = ERr/L + 2€r/LVR/L X 2+ (Egyr - )2€R,1bR/1

@ Here e/, are quasiparticles energy functionals,

aERL aGRL

® b/ = j:% are Berry connections curvature in momentum space

(p = Ipl)
o /GRr/ =1+ 2¢eg/(bg/r - ) modify phase space volume
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Collective excitations in kinetic theory formalism

@ We are considering the small fluctuations above the equilibrium
distribution functions:

nR/L = n(l)%/L + (5nR/Lei(k'x_"Jt)

where
nY,, = 71
R/L 6’8(60_'“) +1

@ Here f=T7"' and we assume ;> T

David Frenklakh (ITEP) Chiral waves August 24, 2017 14 / 18



Collective excitations in kinetic theory formalism

@ We are considering the small fluctuations above the equilibrium
distribution functions:

nR/L = n(l)%/L + (5nR/Lei(k'x_"Jt)
where
n%,, = o
R/L 6’8(60_'“) +1

@ Here f=T7"' and we assume ;> T

e Two regimes: w < 7! (hydrodynamic regime) w > 7~! (collisionless
regime). Here 7 is characteristic relaxation time of collision integral
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Hydrodynamic regime: chiral heat-vortical wave

Dispersion relation

. T27T2
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@ Fy and Fy are taken from linearised energy functionals
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Collisionless regime: zero sound

Non-modified implicit zero sound dispersion relation
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@ Here 59 = R Fg and F5 are taken from linearised energy
vf

functionals
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Modified zero sound

Modification due to the chiral heat-vortical wave
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Conclusion

@ The result for velocity of chiral heat-vortical wave coincides with the
one known from hydrodynamics
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Conclusion

@ The result for velocity of chiral heat-vortical wave coincides with the
one known from hydrodynamics

@ There turn out to be two branches of modified zero sound with the
correction to velocity being quadratic in angular velocity
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