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Weyl semimetals and the axial anomaly
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Curvature:

Describes how tangent spaces roli
when parallel transported:
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Torsion

Torsion:

Describes how tangent spaces twist
when parallel transported:
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Parallel transport of a vector

Commutator of covariant
derivatives

A bit more formal

V.V =8,V + T,V
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Coupling of spinors to geometry: going beyond the metric

- Deformations of a crystal with one orbital per site
U; =P Uij — &iuj + Ojui P J;; metric

- Deformations of a crystal with more than one orbital per site
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Local rotations, or local orbital deformations, are not captured by the metric

Metric not enough to capture changes in the background geometry in the
presence of spinors, the frame is needed



The torsion tensor is just the field strength of the frame field (in the absence
of curvature)

information not registered in

the metric
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Torsion tensor:

Analogy with electromagnetic field ==



Torsion in a Weyl semimetal

Coupling of the background geometry to Weyl fermions (vanishing curvature):
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Q;v —P Anisotropic Fermi velocity




Strain induced tilt generates axial torsion

Deformations of a continuous medium: ¢} = ¢/ — & u;

tit e = uy  tilt=0

Tight-binding: strain effects beyond the above
Elastic vector fields: A" ~ £ K uJ (proven t.b.) # Goro 1% K Landsioner anc

. t(L,R '
Tilt: ez.( B :I:Kju;z (expected t.b.) v Arjonaand M. A. H. Vozmediano, PRB 2018

Torsion from strain

et = (e'D) 4 gtR) /2 = ¢ et = (et — gt B /9 v K u?

Axial torsion!!

No counterpart at a
fundamental level



Mixed axial-torsional anomaly

With torsion With axial torsion
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We impose charge conservation == there has to be an extra term in the effective action:
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Regularization and relation to Hall viscosity

P5 X Z_an'BbT/ab P  Sazion X l_2/d v K -2 & B nap
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l 63- — Uj; conventional elasticity theory
UHKiGkaUjﬂlkl Hall viscosity
Shear viscosity Hall viscosity

Dissipationless: s = (

Avron, Seiler and Zograf, Phys. Rev. Lett. 75, 697 (1995)
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In our time-reversal breaking Weyl semimetal
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Anomalous Hall conductivity O [ == Transport coefficient fixed by p5 x F - B

1 — —
Anomalous Hall viscosity 77 H —-’ Transport coefficient fixed by ,(')5 X l_2 EY- B b Nab
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sign(my) = —sign(ms) ? sign(my) = —sign(ms)
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sign(my) = sign(ms)
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Torsional anomaly: activation

Tilted interface Phonons

7 7 gg ® U= ugsin(ksz — wt)

? ? ® & ~sin(ksz — wt)

Axial chemical potential
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Torsional anomaly: observation

Chiral magnetic effect at the interface z |x 7
B
J~pusB =9 J? ~ cos(ksz —wt) B Y i/(

K. Fukushima, D. E. Kharzeev, and H. J. Warringa, PRD 2008

Propagating charge density wave at the interface

p+0-J=0 —P pr~cos(ksz —wt)B
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Amplitude of ACcurrent B~ 10mT =—9 J~40nA

YF, Y. Kedem, E. Bergholtz, J. H. Bardarson, PRL 2019



Conclusions

Main result: previously overlooked contribution to the axial
anomaly under axial torsion. Only exists in Weyl semimetals,
concept with no counterpart at a fundamental level

Implementation by sending transverse sound waves through
a tilted Weyl semimetal interface

Observation through the generated AC current when applying a
magnetic field



