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Chiral anomaly in pictures



Chiral anomaly in pictures




1+1 charged boson
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1+1 charged boson
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Gauging 1+1 charged boson

1
L= (8¢ — A)?
2
j=0¢p—A Noether current 07 =20
5 — [d¢] Topological current 85 = (

/

Not gauge-invariant!



Gauging 1+1 charged boson
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Gauge-invariant! Not conserved




Gauging 1+1 charged boson
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7 =0¢p — A  Noether current 07 = |dA

5 — [d¢ — A] Topological current 85 — —[d A]

Both covariant currents are not conserved! Mixed vector-axial anomaly.



Anomaly Inflow
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Both covariant currents are not conserved! Mixed vector-axial anomaly.



Anomaly Inflow
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Pressure, equation of state
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Both covariant currents are not conserved! Mixed vector-axial anomaly.



Euler fluid and helicity conservation in 3d
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barotropic equation of state
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additional conservation law! h — v - w - helicity



Euler fluid and helicity conservation in 3d

(op -+ (”UV)U — —V,u P = ,udp

barotropic equation of state

pt + V(pv) =0

d

T 9, (vw) £ V(..) =0

[s there a mixed anomaly between two conservation laws?



Euler fluid and helicity conservation in 3d
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Not gauge-invariant!



Euler fluid and helicity conservation in 3d

ve + (WW)o=—-Vu+FE+vXxB

pr + V(pv) =0 \

Bt(v-(w+23))+V(...):2E-B
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Gauge-invariant! Not conserved

Anomaly for axial current in presence of vector gauge field!



Covariant notations
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Covariant notations
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Actions in 1d and 3d
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Even more general
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Most general axial-vector
mixed anomaly as in
fermionic theories



Conclusions

. A variational principle constructed for a fluid with mixed axial-vector
anomaly

- The anomaly inflow picture for 3+1 fluid is analogous to 1+1
bosonization picture

- The most general mixed anomaly requires two 5d Chern-Simons terms
- Mixed axial-gravitational anomalies can be obtained similarly

- There are multiple versions of anomalous fluid dynamics to be
explored...
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Buon Compleanno, Andrea!
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