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Model

The model we consider is the dynamical Chern-Simons gravity coupled with the axion.

Einstein-Hilbert action:

The Chern-Simons term:

it is convenient to express the coupling constant as

The action  of the axion field



equation of motion

The equation of motion for the axion field is the modified Klein-Gordon equation

for  homogeneous background spacetime

where Φ0 is determined by the energy density of the axion field

if  ignore the cosmic expansion



equation of motion

The GWs can be described by the metric

two linear polarization modes

where the polarization tensors u,v is two orthogonal unit vectors

the circular polarization modes are defined by

the gravitational wave equations can be diagonalized as



Resonant amplification of GWs



Resonant amplification of GWs
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the first resonance wave-number kr is given by kr = m/2.

the width of the resonance as

hA grows exponentially

the growth rate



If the distance from 
the GWs source to the 
earth is 10 kpc, the 
amplitude of GWs
can be significantly 
enhanced. 

Resonant amplification of GWs



Resonant amplification of GWs

the growth rate depends on the chirality



Conclusion

The axion coherent oscillation induces the parametric resonance of GWs 
due to the Chern-Simons term resulting in the circular polarization of GWs. 

The observation of GWs can strongly constrain the coupling
constant of Chern-Simons term and/or the abundance of the light axions.


