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We know that QCD suffers from the 
fact one can add to the Lagrangian
the following term

ℒ	 ⊃ −𝜃
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16𝜋 𝑇𝑟(𝐺𝐺
/)

𝐺12 = 𝐺124 𝑇4

𝐺/12 = 𝜖1267𝐺67

It can be shown that this term is a total
derivate and one would naively think we
can just forget about it. However, the 
structure of QCD vacuum makes this
term important, with physical
consequences

It leads to a dipole moment 
for the neutron
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The idea is to assume a spontaneously broken U(1) PQ 
symmetry: theta becomes the goldstone boson field
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Performing a chiral (and anomalous) 
transformation one also gets a very
important interaction
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Dwarf Galaxy
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Observable: 
photons
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Modified Maxwell 
Equations

Dispersion relations are modified 𝜔± = 𝑘 ± 𝑔4HH𝜕<𝑎(𝑡)

𝑤𝑖𝑡ℎ							𝑎(𝑡)~𝑎<cos	(𝑚4𝑡 + 𝛿)



Due to parity violation photons with different chiralities
propagate at different speed. Given a polarized signal
this induces a rotation of the polarization angle 
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