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Outline

1. Quantum anomalies → reduction of sound attenuation in Weyl semimetals 
subject to magnetic fields.

2. Static strains → sound attenuation dichroism – nonreciprocal propagation 
of sound.

3. The chiral anomaly → nonlocal response to light.

4. Anomalous nonlocal regime → enhancement of electromagnetic wave 
penetration depth. 
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❖ Hamiltonian:

❖ Bloch theorem:

❖ Band structure:

Quasi-momentum defined in the Brillouin zone

Carrier density is small 

but nonvanishing
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Field lines of the Berry 
curvature for a Weyl 
semimetal → dipole 

structure
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High-energy physics:

[S.L. Adler, Phys. Rev. 177, 2426 (1969), J.S. 
Bell and R. Jackiw, Nuovo Cim. A 60, 47 
(1969)]

Anomaly = breakdown of classical symmetry by 
quantum effects

Allowed by the chiral anomaly!
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3D crystal:

[H. Nielsen and M. Ninomiya, Phys. Lett. B 130, 389 (1983)]
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Chiral magnetic effect:

[A. Vilenkin, Phys. Rev. D 22, 3080 (1980); K. Fukushima, D. E. Kharzeev, 
and H. J. Warringa, Phys. Rev. D 78, 074033 (2008)]

Separation of wave packets → electric current
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Transport in magnetic fields

[X. Huang, L. Zhao, Y. 
Long, et al.,
Phys. Rev. X 5, 031023 
(2015)]

Weyl semimetals (TaAs)

[C.-L. Zhang, S.-Y. Xu, I. 
Belopolski, Z. Yuan, et al., 
Nat. Commun. 7, 10735 
(2016)]

Magnetoresistance is 
“negative”

Other mechanisms:
• Current jetting
• Weak antilocalization-localization 

crossover
• Scattering off charged disorder

Weak 
antilocalization

[R. D. dos Reis, et al., New J. Phys. 18, 
085006 (2016)]

[P. Goswami, J. H. Pixley, and S. Das Sarma, Phys. Rev. B 92, 
075205 (2015)]

• New approaches are needed to 
verify chiral anomaly

• Novel effects await in the ac regime
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Sound propagation

Deformation potential: 
Sound →modifies the 
potential acting on electrons



16

Sound propagation

Momentum-independent
deformation potential



16

Sound propagation
Strong screening ⟹ local charge neutrality ⟹ only volume-preserving deformations allowed

Momentum-independent
deformation potential

Momentum-dependent
deformation potential



16

Sound propagation
Strong screening ⟹ local charge neutrality ⟹ only volume-preserving deformations allowed

Valley-dependent
deformation potential
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Symmetric Weyl nodes in magnetic field

Anomaly-induced drift of chiral wave packets violates 
local charge neutrality → screening of the valley-odd 

deformation potential

Magnetic field reduces the sound attenuation

Chiral 
anomaly:
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Sound attenuation coefficient

Sound attenuation 
coefficient

Dissipated energy Sound energy flux

Sound attenuation is determined by the
non-equilibrium part of the charge densities
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Kinetic equations

Inter-valley transfer 
induced by deformation

Anomalous term

Diffusive approximation:

Currents in each of the nodes:
Anomalous part of 

the current

Gauss law:

Inclusion of the Gauss law is the key 
difference from the previous studies [B. Z. Spivak and A. V. Andreev, Phys. 

Rev. B 93, 085107 (2016).]
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Results of the chiral kinetic approach
Screening is strong even in semimetals 

(𝜇 ≈ 10 − 20meV)

TaAs

[P. O. Sukhachov and L. I. Glazman, Phys. Rev. B 103, 214310 (2021)]
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Results of the chiral kinetic approach
Pseudomagnetic field → sound

attenuation dichroism

TaAs

[P. O. Sukhachov and L. I. Glazman, Phys. Rev. B 103, 214310 (2021)]
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Enhancement of light transmission 

Chiral anomaly + diffusion of 
the chiral charge

Anomalous nonlocal regime

With 
diffusion

No 
diffusion

[P. O. Sukhachov and L. I. Glazman, Phys. Rev. Lett. 128, 146801 (2022)]

Transmission of 
electromagnetic field is 

enhanced
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Nonlocal regime

Nonlocality parameter:

Chiral imbalance diffuses away from the skin 
layer → skin depth increases

Electromagnetic field penetration enhances

[P. O. Sukhachov and L. I. Glazman, Phys. Rev. Lett. 128, 146801 (2022)]
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Summary

1. The chiral anomaly is manifested in dynamical responses

2. The anomaly reduces the sound attenuation in Weyl semimetals 
subject to magnetic fields

3. Strain-induced pseudomagnetic field or non-symmetric Weyl 
nodes → the sound attenuation dichroism.

4. The chiral anomaly → nonlocal regime in a response to light.

5. Anomalous nonlocal regime → enhancement of electromagnetic 
wave penetration depth 
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Possible applications

1. New experimental methods to identify quantum anomalies

2. Magnetic and pseudomagnetic fields as control knobs for sound propagation
and attenuation

3. Sound attenuation dichroism as an indicator of pseudomagnetic fields

4. Enhancement of the penetration depth as a way to measure light 

polarization
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New directions: Weyl altermagnets

[A. Sah, et al., npj Quantum Materials (2026), arXiv:2510.21968]

• Altermagnets: unconventional magnets with 
spin-split energy bands

• Intercalated TMDs → platforms combining 
altermagnetism and Weyl physics

CoNb4Se8

• Interplay of altermagnetism and quantum 
anomalies

• Electric and spin transport properties of Weyl 
altermagnets

• Interaction effects: magnetic catalysis and 
superconductivity

Open questions:

Definitions:
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