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Chiral transport phenomena
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Chiral kinetic theory
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® [ orentz covariance

N ® strong magnetic field
® collision

| ® gravitational field
® mass correction

_ o ® other derivations
® spin polarization
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Limitation 1 : magneto-vortical transport
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Limitation 1 : magneto-vortical transport
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Equilibrated?

Check it from off-equilibrium nonlinear CK
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Limitation 2 : trace anomaly
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Limitation 2 : trace anomaly
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Limitation 2 : trace anomaly
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Limitation 2 : trace anomaly
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Quantum kinetic theory

® classical

np(t, 2, p)

® guantum field theory (relativistic)
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Quantum kinetic theory

® classical
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® right-handed current density
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Quantum kinetic theory

® classical

np(tv Zl?,p)

® right-handed current density
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e chiral kinetic theory
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Zeroth-order Wigner function

® general solution
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Linear-order Wigner function

® general solution
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Linear-order equilibrium Wigner function

® solution of Kinetic eq
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® momentum integral
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® Nondissipative due to quantum anomaly



Nonlinear-order Wigner function

® general solution
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Nonlinear-order equilibrium Wigner function

® solution of Kinetic eq
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conformed from off-equilibrium Wigner function



UV divergence
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UV divergence

® f(0)(x,p) contains vacuum contribution

Rébo) = 276 (p*)p* oy (z; p)

® vacuum contribution to current
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® UV logarithmic divergence

ne(|lp| —p) +ne(lp|+p) — 0
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Regularization problem

1 1 1

® Pauli-Villars 2 3 k2 2 k2 _ A2

Inapplicable: no mass parameter in CKT

® 't Hooft-Veltman (dimensional regularization) /d4k — /d4_€/<;
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Point-Splitting regularization in CKT
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Point-Splitting regularization in CKT

® inverse Wigner transformation
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® regularized vacuum part
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Point-Splitting regularization in CKT

® inverse Wigner transformation
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® regularized vacuum part
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Compensation of PS regularization

® gauge invariance unbroken
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Compensation of PS regularization

® gauge invariance unbroken

0Tl = 0

® translational invariance broken

0Ty + FMJ2) # 0

® conformal invariance unbroken

T" 2y =0

because of backgr fields?  regularization



Euler-Heisenberg theory
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Euler-Heisenberg theory

® Effective Lagrangian
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Euler-Heisenberg theory

® Effective Lagrangian

, Re cosh
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UV regulator ~ y2



Euler-Heisenberg theory

® Effective Lagrangian
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nonlinear CKT Is consistent with EH theory



Physics in logarithm

® cffective charge
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Physics in logarithm

® cffective charge
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Physics in logarithm

® cffective charge

| R e? 361 4
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EH theory nonlinear CKT
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Summary

® Formulation of nonlinear CKT

® Verification for the nondissipativeness of JY ~ é D

® Regularization problem
PV : no DR: no PS : relatively OK

® Consistency with Euler-Heisenberg theory

log y_l charge renormalization, trace anomaly

® Potential developments

meaning of another frame vector?
nonlinear transport by Berry dipole

collisional effects

chiral plasma instability from dynamical gauge fields



