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Sansone, 1, 50019 Sesto Fiorentino, Firenze, Italy
11LIGO, California Institute of Technology, 1201 E California, Pasadena, CA 91125, USA
12Institute of Nuclear and Particle Physics, NCSR Demokritos, Agia Paraskevi 15310, Greece
13University of Pisa, Largo Lazzarino, Pisa, 56122, Italy
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Cold	Atoms	in	Space:	Advances	of	Atomic	Clocks
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Cold	Atoms	in	Space:	Earth	Observation

Alonso	et	al,	arXiv:2201.07789	
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Cold	Atoms	in	Space:	Earth	Observation



STE-QUEST	Proposal



STE-QUEST	Science:	
Tes:ng	the	Equivalence	Principle



STE-QUEST	Science:	
Searching	for	Ultralight	Dark	Ma"er



STE-QUEST	Science:	
Probe	of		Quantum	Mechanics

Models	for		
wave-func:on	collapse		

parameterised	by		
:me-scale	 		
and	range	 	

GRW	=	parameters	
proposed	by	

Ghirardi,	Rimini,	Weber

λ
rC



Abou	El-Neaj,	…,	JE	et	al:	
arXiv:1908.00802	

Beyond	LISA

White	paper		
submitted	to		
ESA	Voyage	
2050	Call



AEDGE:	Searches	for	Ultralight	Dark	Matter
Linear	couplings	to	gauge	fields	and	matter	fermions

Orders	of	
magnitude	

improvement	
over	current	
sensitivities

time

DM 
induced 
oscillationDark matter 

coupling

Abou	El-Neaj,	…,	JE	et	al:,	arXiv:1908.00802	



Gravitational	Wave	Spectrum

• Gap	between	ground-based	optical	interferometers	&	LISA	
– Formation	of	supermassive	black	holes	(SMBHs)?	
– Electroweak	phase	transition?	Cosmic	strings?	

~~~~



How	to	Make	a	Supermassive	BH?
SMBHs	from	mergers	of	intermediate-mass	BHs	(IMBHs)?



AEDGE:	Gravitational	Waves	from	IMBH	Mergers

Probe	formation	of	SMBHs	
Synergies	with	other	GW	experiments	(LIGO,	LISA),	test	GR

Badurina,	Buchmueller,	JE,	Lewicki,	McCabe	&	Vaskonen:	arXiv:2108.02468



AEDGE:	GWs	from	IMBH	Mergers

AION	complementary	to	LIGO,	Einstein	Telescope	(ET)	
Operation	before	LISA

Lighter	shading:	
Measure	inspiral

Darker	shading:	
Measure	mergerMass	gap?



AEDGE:	GWs	from	IMBH,	BH-NS	Mergers

AEDGE	complementary	to	LIGO,	LISA,	Einstein	Telescope	(ET)

Darker	shading:	
Measure	merger

Lighter	shading:	
Measure	inspiral

BH-NS	mergers	
out	to	large	z

Detect	
ultramassive	BH

Mergers	of	
BHs	in	mass	gap

Badurina,	Buchmueller,	JE,	Lewicki,	McCabe	&	Vaskonen:	arXiv:2108.02468



AEDGE:	Gravitational	Waves	from	Cosmic	Strings

Spectrum	~	flat	from	PTA/SKA	to	LIGO/ET	
Tension	Gμ	<	10-11	from	PTA	limit

AEDGE:	Bertoldi,	…,	JE	et	al:	arXiv:1908.00802	

Effects	of	
modified	
expansion:	
Kination,	
Matter		

Dominance	



AEDGE:	Gravitational	Waves	from	Cosmic	Strings

Different	experiments	sensitive	to	different	
values	of	cosmic	string	tension	

Badurina,	Buchmueller,	JE	et	al:	arXiv:2108.02468	



Community	Proposal	for	ESA	Road-Map	for	
Cold	Atoms	in	Space

Alonso,	…,	Badurina,	…,	JE,	…,	McCabe	et	al,	arXiv:2201.07789	



Towards	the	Defini0on	of	an	Earth	
Observa0on	(Pathfinder)	Mission
• The EU has committed itself to a pathfinder EO mission in 

collaboration with ESA


• What should be its objectives?


• What should be the long-term satellite EO objectives


• Wishlist? 


• What sensitivity on what time-scale, with what spatial 
resolution?


• C/should it be sensitive to moisture, biomass, infrastructure, …?



