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Introduction
The chiral vortical effect (CVE) is believed to be intrinsically related to the
anomalies of the axial current and the topological properties of the system. It
was suggested that the CVE can be generalized to systems of higher-spin par-
ticles and, particularly, to photons [1, 2, 3]. However, there is no local gauge
invariant definition of photonic helicity current. This problem can be overcome
with an appropriate choice of the polarization measure. Recently, it was shown
that there is a vortical effect in photonic Zilch current (ZVE), which can play
the role of a local gauge invariant helicity separation measure [4]. In this work
we study the Zilch current in terms of chiral kinetic theory and show that the
ZVE can be related to the non trivial topological properties of the system in
momentum space manifested through the Berry phase. We also show how the
ZVE arises in terms of the Wigner-function formalism for vector particles.

Chiral Vortical Effects
• Fermions [5]
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• Photons [1, 2]
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In [1] helicity current Kµ = εµναβAν∂αAβ was used
Connection to Berry curvature [2]

Is there any gauge-invariant measure of helicity current?

Zilch currents
• Extra conservation law for Maxwell’s equation independent of energy and

momentum conservation [6]

∂µZ
µ = 0

Zilch charge and current:

Z0 = E · (∇× E) + B · (∇×B), Z = E× Ė + B× Ḃ

• Zilch is actually a component of a tensor [7]

∂ρZµνρ = 0

Zµνρ = F̃λµ∂ρFνλ − Fλµ∂ρF̃νλ = F̃λµ
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• Infinite set of conserved quantities Z(s)
α1 ···αs [7]

• It is convenient to define a symmetrized Zilch

Z̄
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Z̄
(s)
α1 ···αs and Z(s)

α1 ···αs have the same charge and both are conserved

Chiral kinetic theory
• Construction of current in chiral kinetic theory (CKT)

(i) Vectors at our disposal: pµ and jµ = pµf + Sµν∂νf

(ii) Dimensionality

• Case s = 3, [Z̄] = [E]5, thus

Z̄i00 =

∫
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•Global equilibrium, first order in vorticity ω =⇒ Zilch Vortical Effect
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• Case s > 3
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• Relation to the Berry curvature through Sµν!

Wigner function for spin-one particles
•Gauge-dependent Wigner function [8]
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• Equations of motion (we choose ∂µAµ = 0)(
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Wµν(x, p) = 0, ~ pα∂αWµν(x, p) = 0

Mass m is introduced to regularize

• Solution using semiclassical expansion and truncating at first order

Wµν = W (0)µν + ~W (1)µν + . . .

•Global equilibrium:

Wµν =
[
Pµν(f (0) + ~f (1)) + i~ωµνf (0)′

]
δ(p2 −m2)

Thermal vorticity – ωµν = 1
2(∂µβν − ∂νβµ), f (0) = (2π)−3[exp(β·p)−1]−1

•Gauge-invariant Wigner function [8]
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Y σδνα = kσ∗kνW δα − kσ∗kαW δν − kδ∗kνWσα + kδ∗kαWσν

with kµ = pµ + i~2∂
µ

•Chiral Vortical Effect

Kµ = −iεµναβ
∫
d4p kαWνβ =
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with kµ = pµ + i~2∂
µ

• Zilch Vortical Effect
Typical terms are of the form
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in agreement with CKT!

• Z̄(s)
α1 ···αs from Wigner function also agrees with CKT

Outlook
•Origin of Chiral Vortical Effects

• Transport theory for vector particles

• Polarization effects in heavy-ion collisions
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