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Axion and Chern-Simons gravity

Why is axion important?
— AXxion

Superstring - a a - Candidate for
theory dark matter

predicts a a

It leads to verifying superstring theory and dark matter.

Chern-Simons(CS) gravity coupling constant
e axion
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CS term

CS term induces the circular polarization in GWSs.




Purpose of this study
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axion domain wall

Circular polarization is induced.

/

IVAVAVA
|

We constrain the coupling constant.

observing GWs with
circular polarization

— What we investigated in this work

® |s the circular polarization large enough to be observable?

® How do we give the constraint on the coupling constant?




Axion domain wall vz
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Assuming the domain wall is static and in (x, y)-plane gives
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Axion domain wall V2

The domain wall solution b'*(2)
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Equation of motion for CS-GWs 4

metric GWs
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Equation of motion for CS-GWs
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Using Fourier modes

hr/r(t,z) = Hr/r(2)e""  w: frequency of GWs
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Equation of motion for CS-GWs
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Right-handed GWs Hp and left-handed GWs H;
follow different equations of motion!

=P Circular polarization
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How to solve the EOM i

EOM

w£2 / ! w£2 1! / 2 w€2 /

1{ }N[R/L: \/F(Z)HR/L F(Z)li?\)qub/(z)]

Effective potential

Schrédinger type Eq.: 3] ﬂ — Right |
_ & .20 I
[ T2t Veff(Z)] Hpy, = w HpyL Vi |
1k
1 (F'\° 1F” :
CA (F) O 0.

[ \/
—IIO.‘..—ISI..IO.H.é‘..‘lIO




How to solve the EOM 1

EOM
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Degree of the circular polarization

|Tr> = |Tz|*>  Just calculate Tr/. numerically

T =
‘'TzI2+ |72  as a scattering problem!




Result 2
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CS correction < 1

The degree of circular polarization
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Constraint on the coupling constant '

Constraint on w and ¢
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How to give the constraint
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the observation by Gravity Probe B
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Summary Vi

@ The degree of the circular polarization becomes large enough
to be observed at near the critical frequency.

Mp M, : Plank mass

= €2n2

n : Energy of the domain wall

wC
£ : coupling constant between axion and gravity

® Observing the circular polarization with increasing frequency,
we can obtain constraints on the coupling constant £.

Future Work
Enabling the observation of GWs across a broad frequency!

(Especially high frequency)



