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The string axions	
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Resolve	the	Strong	CP	problem	

Mass	distribuEon	is	logarithmically	flat	

Model	independent	axion	  H = dB = ∗dθ

Model	dependent	axion	
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Coherent axion oscillation	
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The	axion	is	an	coherently	oscillaEng	scalar	field	

φ = φ0 cosmt
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The	average	value	of	the	pressure	over	the	oscillaEon	period	is	zero.	
Hence,	the	axion	can	be	regarded	as	the	dust	macer	on	cosmological	scales.	

The	energy	density	becomes	

The	pressure	is	given	by	
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The	model	



Gravitational waves propagating in 
the axion dark matter	

5	

 10−14eV     ⇔  10−10eV



Axion search through Chern-Simons portal	
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In	the	presence	of	the	axion,	there	arises	the	Chern-Simons	term	in	the	gravity	sector.	

The	Chern-Simons	term	appears	in	string	theory.	
It	is	also	natural	from	the	effecEve	theory	point	of	view.		
	
Indeed,	the	Chern-Simons	gravity	has	been	invesEgated	
																																																																	as	a	modified	theory	of	gravity	for	a	long	Eme.		

There	already	exists	a	Post-Newtonian	constraint	on	the	coupling	
																																																																																							from	the	gravity	probe	B	experiment.	

The	future	observaEon	of	gravitaEonal	waves	will	also		
																																																																										give	a	constraint	on	the	coupling	constant.	

coupling	constant	



Current constraint on CS coupling	
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ω 1.1R⊕( )
2J

1.1R⊕( )3

−1 ≤ 20%

Gravity	probe	B	has	measured	the	gyroscopic	precession	due	to	the	frame	dragging.	
The	result	was	in	agreement	with	GR	to	an	accuracy	of	20%.	

 ℓ ≤108km
Y.Ali-Haimoud	&	Y.Chen	2011	



Future Constraint on CS coupling with GW	
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In	future,	in	principle,		the	ground-based	detectors	could	constrain	the	CS	
coupling	to	be		

  ℓ ≤ 10−100( )km

Yagi,	Yunes,Tanaka	2012	
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The	gravitaEonal	waves	emiced	from	the	binary	system	can	be	calculated	as	

or	prove	the	presence	of	the	CS	term.	

Kerr	parameter	



Parametric amplification of GWs	
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Dynamical	Chern-Simons	gravity	

We	can	neglect	the	cosmic	expansion	

GWs	in	the	axion	background	



Parity violation in gravity	
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Axion	oscillaEon	induces	parity	violaEon	
in	gravity.	

If	this	parity	violaEon	pacern	is	observed,	we	can	believe	the	axion	dark	macer.	



A new constraint on Chern-Simons gravity	
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 ℓ ≤108kmThe	current	constraint	provided	by	the	Gravity	Probe	B	is	

We	can	calculate	the	growth	rate	analyEcally	as	

From	this	growth	rate,	we	can	say	that	
	ajer	10kpc	propagaEon	the	amplitude	of	10kHz		GWs	is	significantly	enhanced.			

Thus,	taking																												,		we	obtain	a	new	stringent	constraint	
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However,	we	have	never	observed	these	phenomena.	

Suppose	the	axion	is	the	main	component	of	the	dark	macer.	

  ct×10 = 10Mpc



Constraint	from	GW	observaEons	
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Electromagnetic  waves 
propagating in axion dark matter	
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 10−13eV     ⇔  103eV



A constraint on axion density	
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Γ =
λ ρ
4

at kr =
m
2

We	can	calculate	the	growth	rate	analyEcally	as	

Ajer	30Mpc	propagaEon,	there	should	not	be	significant	growth.			
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Thus,	we	have	obtained	the	constraint	on	the	axion	abundance	

Suppose	the	axion	is	the	main	component	of	the	dark	macer.	

From	this	growth	rate,	we	can	say	that	
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•  We	have	shown	that	string	dark	macer	and	parity	violaEon	in	
gravity	induced	by	the	axion	can	be	detected	with	ground	laser	
interferometers.	

•  We	can	give	a	new	stringent	constraint	on	dynamical	Chern-
Simons	gravity	if	the	axion	is	the	dark	macer.		

Summary	
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