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Results: massless limit

Abstract


We consider accelerated and rotating media of weakly interacting
fermions in local thermodynamic equilibrium. Kinetic properties of
this media are described by covariant Wigner function calculated on
the basis of relativistic distribution function of particles with spin. We
show that chiral vortical effect (CVE) obtained from quantum field
loop calculations also follows from the consideration of relativistic
distribution functions. We obtain the formulae for axial current
beyond the approximation of smallness of thermal vorticity tensor
and chemical potential. In the massless limit higher order terms over
vorticity and chemical potential compensate each other leaving only
the low-order contributions. It is shown, that axial current obtains a
component along 4-acceleration vector. Diagonalization of axial
current is suggested and also the divergence is calculated.







Background and methods


According to chiral vortical effect (CVE) axial current flows
along vorticity

In massless limit different contributions compensate each other
in higher order terms over the vorticity and chemical potential,
which is connected with the property of polylogarithms

Results: massive particles


After calculation of the traces with gamma-matrices from
distribution function accurate formula for axial current of
massive particles can be obtained beyond the approximation of
vorticity smallness

Finally one obtains the next expression for axial current

An intriguing consequence of the obtained formulae, is that
axial current obtains a topological component along 4acceleration
(this also corresponds to the case of massive
particles) . Axial current is non-zero in vacuum limit of vanishing
temperature and chemical potential
where





CVE can be obtained by different ways: in effective field theory
approach [1], from hydrodynamics with triangle anomalies [2],
in kinetic approach [3], [4], [5].
Thermal vorticity tensor [4] contains information about local
acceleration, vorticity and temperature gradients in the media
with local thermodynamic equilibrium.



It is connected with 4-acceleration and vorticity, which have the
next form in local rest frame



The method to describe kinetic properties of the media, which
allows to take into account quantum effects, is based on
covariant Wigner function. For the spin 1/2 particles this is a
spinorial matrix, expressed by mean value of the operators of
Dirac fields [4], [5]



In [4] local equilibrium distribution functions
for massive
particles with spin in the accelerated media were introduced.
For particles:





and

are scalars, depending on vorticity

Axial current also can be diagonalised by introduction of
combined complex vectors

The divergence of axial current can be calculated by the
formulae from [3]

and
denote one-dimensional integrals, which can be
calculated numerically with necessary accuracy

Comparison: previous results


The expression for axial current can be compared to the existing
results. In particular, in [6] axial current of right handed
massless fermions was calculated for the system with constant
rotation speed on the axis of rotation, which can be obtained
from our formula for
= 0. In particular, the third order term
over the rotation speed in [6] also appears in our formula. In [3]
axial current was calculated up to the first order over the
vorticity which is also in accordance with the obtained
expression. The formula also corresponds to fundamental paper
[2].
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