
Searching	for	dark	matter	
with	atomic	clocks	in	space

Tigran	Kalaydzhyan

arXiv:1705.05833

This	work	was	performed	at	the	Jet	Propulsion	Laboratory,	California	Institute	of	Technology,	under	a	contract	with	the	National	
Aeronautics	and	Space	Administration.	© 2017	California	Institute	of	Technology.	Government	sponsorship	acknowledged.



Motivation

§ No	direct	detection	of	the	dark	matter	to	date,	while	having	an	overwhelming	
amount	of	indirect	observations.	Importance:	27%	of	energy	content	of	the	
Universe,	85%	of	the	mass	content.	

§ Vast	range	of	unexplored	masses	(about	80%)	of	the	total	span	10-24	eV	- 1028		eV.	
WIMPs	are	typically	tested	above	GeV	and	axions above	𝜇eV	scale.

§ Light	bosons	predicted	by	nearly	every	new	theory	beyond	the	Standard	Model.

§ Specifically	for	the	clock	stability	studies:	able	to	show	high-frequency	signals	and	
make	easier	to	identify	different	types	of	noise.
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Brief	theory	(dark	matter)

Presence	of	dark	matter	can	induce	a	change	in	the	fundamental	constants:

Clock	response	is	due	to	the	change	in	the	atomic	transition	frequency:

Action	of	the	theory	and	interaction	Lagrangian:
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Example	of	an	atomic	clock	(87Sr@ JILA)

Source:	“An	optical	lattice	clock	with	accuracy	and	stability	at	the	10−18 level”,	
B.	J.	Bloom	at	al.,	Nature 506, 71–75 (2014)
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Brief	theory	(clocks)
Average	fractional	frequency	deviation:

Allan	variance	(continuous	version):

W.J.	Riley,
“Handbook	of	frequency	stability	analysis”Regime	of	our	interest:
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General	idea	of	the	measurement
Compare	two	clocks	assuming	either	of	the	two	dark	matter	
configurations:	dark	matter	waves	or	topological	defects.

1.	Waves	with	frequency 2.	Clumps	of	dark	matter	of	size

Images:	Phys.org,	
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Anomalies	in	the	stability	plots
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Further	directions
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• Comparing	mechanical	clocks	allows	to	test	larger	DM	masses	
(Bohr	radius	scales	with	𝛼)

• One	can	study	stochastic	backgrounds	of	various	fields	
(including	DM	waves)	by	cross-correlating	noises	from	
different	atomic	sensors:	atomic	clocks	(scalar	DM),	atom	
interferometers	(vector	DM).
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Conclusions
• Comparison	of	ultra-stable	atomic	clocks	provides	an	
opportunity	for	direct	tests	of	light	dark	matter.
• Time	domain	analysis	opens	access	to	a	new	region	of	
parameter	space	for	the	DM	masses	and	couplings.
• Existing	data	for	Hg+/Al+ comparison	puts	new	limits	on	the	
DM	coupling	in	the	DM	wave	background.
• Networks	of	atomic	sensors	can	be	used	for	the	search	of	
the	stochastic	backgrounds	of	new	fields.

This	work	has	been	done	under	supervision	of	Dr.	Nan	Yu	within	the	science	
study	of	the	ACES	collaboration	project.	We	are	grateful	to	Slava Turyshev,	Eric	
Burt,	Jason	Williams,	Dmitry	Duev and	Andrei	Derevianko for	useful	comments	
and	suggestions.
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