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• Does this pole correspond to some collective mode?

• Are there other poles in the transverse part?

• What happens with this mode in the low-energy limit?
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Anomalous hydrodynamics in D=2
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Bosonization

Anomaly Hydrodynamics

E. Mottola, AS, NPB, 2021



• In 2d the pole is a propagating collective mode

• It is also the sound of the 2d anomalous hydrodynamics

• No analogy for the transverse part



Effective action in D=4
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Interacting fermions
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• In 4d the pole is a collective mode propagating over a background medium

• It is the sound of the anomalous hydrodynamics

• In the non-interacting limit one has to carefully study the transverse part of 
the anomalous diagram in the presence of (general) background

• For interacting fermions, one finds that the axionic mode is unmodified, while 
the EFT is under control (e.g. no transverse terms)



Weyl semi-metals



Weyl semi-metals
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Summary

• The anomalous pole leads to a propagating collective mode, at least in the 
presence of matter

• This mode is protected by a version of the anomaly matching condition

• The presence of the mode in the non-interacting limit highlights a non-trivial 
analogy between SSB and anomalies

• This mode is a collective axion, it fits into the ongoing search for axionic
modes in condensed matter systems, and may lead to phenomenological 
implications in Weyl/Dirac semi-metals


