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caustic ring



Inner	Galactic	rotation	curve
Inner Galactic rotation curve

from Massachusetts-Stony Brook North Galactic Pane CO Survey (Clemens, 1985)



GAIA	sky	map
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ẑ is toward the North Galactic Pole

ˆ� is in the direction of Galactic rotation

⇢̂ is in the direction away from the Galactic Center

with	respect	to	a	non-rotating	Galactic	reference	frame

Uncertainties	on	the	densities	are	large								but						
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S.	Chakrabarty,	Y.	Han,	A.	Gonzalez	&	PS,	
2007.10509



• The	evidence	for	caustic	rings	requires	that	the	dark	
matter	has	vorticity

• Ordinary	cold	dark	matter,	such	as	WIMPs	and	sterile	
neutrinos,	cannot	have	vorticity.			Their	velocity	field	
is	curl	free.

• Axion dark	matter	acquires	vorticity because	it	forms	
a	rethermalizing Bose-Einstein	condensate.			Indeed	
the	lowest	energy	state	for	given	angular	momentum	
is	a	state	of	rotation.



• The	axion dark	matter	fluid	first	thermalizes	(by	
gravitational	self-interactions)	and	forms	a	BEC		
when	the	universe	is	approximately		1	year	old	
(Q.	Yang	and	PS,	2009;	O.	Erken et	al.,	2012)	

• The	horizon	at	age	of	one	year	expands	to	the							
size	of	the	largest	disk	galaxies	today.

• Assuming	the	above	is	not	an	accident,	we	have	a	
new	handle	on	the	axion mass.
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A	reentrant	cavity	search	for	axion dark	matter	

ADMX			Letter	of	Intent
August	20,	2020

Abstract:

We	propose	 to	search	for	axion dark	matter	in	the	frequency	 range	100	- 625	MHz	
(0.4	<	m_a <	2.6	μeV)	using	a	reentrant	cavity	haloscope.	First	a	small	prototype	will	be	
built	and	tested	in	data-taking	mode	inside	the	magnet	of	the	1980’s	UF	Axion Project.	
Based	on	this	experience,	a	larger	reentrant	cavity	haloscope will	be	built	 for	the	ADMX	
site	at	UW	and	operated	there.	





Reentrant	Cavity



Possible	
Reentrant	
Cavity	Design



Dielectrically
loaded	
cavity

simulations	by	
Mohamed

see	Ben’s	talk
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Axially	symmetric	reentrant	cavities	simulations

relax2a2.f,		relax2a6.f,		relax2a7.f,			relax2a8.f,			relax2a9.f
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Reentrant	Cavity	Form	factor			
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For	posts	both	of	 length	25	cm:

For	posts	of	lengths	25	cm	on	the	left,	24	cm	on	the	right:



Sensitivity	of	an	ADMX	
reentrant	cavity	search
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For	example
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No mode crossings.

f0 = 574 MHz

C(f) = 0.4
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With	the	ADMX	magnet	at	CENPA,	
how	low	can	we	go?
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Medres sensitivity	for	our	standard		0.45	GeV/cc	density



Prototype	reentrant	cavity	design
by	Joe	Gleason					

































Thank	you

Conclusion:

a	low	frequency	search	
is	“low	lying	fruit”


