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Chiral Transport Phenomena

Dirac/Weyl semimetal

nuclear physics condensed matter astrophysics
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Kinetic Theory for Anomalous Transport
equilibrium nonequilibrium (with AC mag. field)
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Boltzmann kinetic theory + anomaly  =  Chiral Kinetic Theory
Stephanov, Yin (2012)
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andRelativistic spin transport theory

Anything else coupled with spin ?

nuclear physics astrophysics condensed matter



Chirality and Vorticity

Why noninertial effect?
Why not spin part?
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Chirality and Gravity

Mathisson-Papapetrou‒Dixon (MPD) equation

?

spin-cavature coupling
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Chirality and Torsion

eaµ = �aµ + �eaµ

<latexit sha1_base64="qqk+ZbPczJW2YfT0IqTkNTT7RBs="></latexit>

eaµ = �aµ

<latexit sha1_base64="f6IxSeJWU/16sFy4BqQqKwucGgQ="></latexit>

pa ! pa � �eabpb

<latexit sha1_base64="kMkPWZcS2RVv4QaQmiTxRJppGr8="></latexit>

T a
µ⌫ = @µe

a
⌫ � @⌫e

a
µ

<latexit sha1_base64="YtJNLcnuwlfCT0CX1pBYZeRw3ww="></latexit>

pa ! pa � �eaµpµ

<latexit sha1_base64="x0OHVKAtkYk9cHIJnFafo4/uyqM="></latexit>

Bµ =
1

2
"µ⌫⇢T a

⌫⇢pa

<latexit sha1_base64="WQhHcVY+TZWgx4wnL7wT3i056qo="></latexit>

emergent gauge field

chirality dependent

spin-torsion coupling

torsional magnetic field



Our Work

gravity torsion
(inhomogeneous) 

vorticity

Spin coupled with Spacetime Geometry

nuclear physics astrophysics condensed matter

CKT in curved spacetime

condensed matter
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1. From QFT to CKT in curved spacetime



From Quantum Field Theory to Chiral Kinetic Theory

Quantum Field Theory
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1. Construct Wigner function

3. Perform the semiclassical expansion

Chiral Kinetic Theory
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via Dirac eq.2. Derive dynamical equation of
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Wigner Function
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Wigner Function in EM-field
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covariant derivative

General covariant & local Lorentz covariant translation
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covariant Wigner function



2. 1st order CKT in general coordinate
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1st order CKT
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Kinetic Equation
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Equilibrium Distribution

but how about ?
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3. 2nd order CKT in general coordinate 
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current cons.

conformal sym.

AM cons.
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Side-Jump term at 2nd Order

quantum mechanics

Stone (2015) 
Fukushima, Pu, Zebin (2018)
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Equilibrium Distribution
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(up to frame-independent part)



Ex.) Gravito-Electromagnetic Field

thermal gradient (inhomogeneous)  vorticity

gravity
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Luttinger (1964)

Ricci tensor



Current

Gravitational Nernst Effect
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Summary & Outlook
[1] The CKT has been extended to general coordinate

To describe the dynamics with GR effects

[2] Phenomenological outlook

[3] Theoretical outlook

How anomaly is reproduced

(collisions necessary)

Why two frame vectors emerges

Gravity-induced current can be generated
(practical estimation)

(Nieh-Yan anomaly?)

The 2nd order CKT in curved spacetime can be solved
(unlike the one in EM backgrounds)

The CKT in rot. coord. explains the B-ω duality


