
AION-100:	
Design	Study	Status	&	Prospects

Atom	interferometry	
AION	project	status	
Studies	for	si?ng		
AION-100	@	CERN	

Update	on	AION	science

John Ellis
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Light vs. Cold Atoms: Atom Interferometry
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http://scienceblogs.com/principles/2013/10/22/quantum-erasure/
http://www.cobolt.se/interferometry.html
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Principle	of	Atom	Interferometry



Effect	of	Dark	Matter	on	Atom	Interferometer



Effect	of	Gravitational	Wave	on	Atom	Interferometer



Atomic Multi-Gradiometer

Mul?ple	atomic	interferometers	in	the	same	ver?cal	shaL,	
manipulated	with	same	laser	beam.	

Eliminate	laser	noise,	minimize	gravity	gradient	noise.



AION	Collaboration

Network	with	MAGIS	project	in	US	
MAGIS	Collaboration	(Abe	et	al):	arXiv:2104.02835	

, A Beniwal1,
J. Carlton



AION	–	Staged	Programme

• AION-10:		Stage	1	[year	1	to	3]	
▪ 1	&	10	m	Interferometers	&	site	investigation	for	100m	
baseline	

• AION-100:	Stage	2	[year	3	to	6]		
▪ 100m	Construction	&	commissioning	
• AION-KM:	Stage	3	[>	year	6]		
▪ Operating	AION-100	and	planning	for	1	km	&	beyond	
• AION-SPACE	(AEDGE):	Stage	4	[after	AION-km]		
▪ Space-based	version	

AION	Collaboration	(Badurina,	…,	JE	et	al):	arXiv:1911.11755

Initial	funding	from	UK	STFC

Workshop	@	CERN,	March	13/14,	2023
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AION-10 @ Beecroft building, Oxford Physics 

10.0m

AI-10

Ground level

• New purpose-built building (£50M facility)
• AION-10 on basement level with 14.7m 

headroom (stable concrete construction)
• World-class infrastructure 
• Experienced Project Manager: 
• Engineering support from RAL (Oxfordshire)

10
m

Laser lab for AION
vibration criterion, VC-G = 
10nm@10Hz. Temperature  
(22±0.1)°C

Planned	Loca?on	of	AION-10m												
      



Laser	Laboratories



1

Laser stabilisation systems for 5 Sr labs

Need to stabilise 689 nm and 698 nm lasers in all 5 Sr labs
ÆWe can address the very narrow 689 nm and 698 nm atomic resonances

							Laser	Stability	Tests



Laser	Cavity	Tests



Also	studying	possible	site	at	STFC	Boulby	Laboratory	in	UK

Supported	by	CERN	PBC	Team	
(Gianluigi	Arduini,	Sergio	Calatroni	…)	

on	feasibility	study:	
Seismology	
Temperature	
Ven?la?on	

Radia?on	protec?on	
Electromagne?c	interference	

Access	&	safety

















•    The	EN-HE	group	found	a	solu?on	to	access	ver?cally	to	the	experiment	with	a	plalorm	based	on	
the	European	Standard	EN1495.	This	plalorm	allows	a	complete	ver?cal	access	along	the	PX45	shaL	in	
all	posi?ons,	but	has	a	maximum	speed	of	12	m/min,	constraint	coming	from	the	European	standards.	

•    Discussions	with	CERN	safety	unit:	acceptable	evacua?on	?me	is	2	minutes	

•    Evacua?on	from	near	surface	requires	speed	of	70	m/min	

•    A	standard	machine	based	on	EN1495	allows	an	evacua?on	in	about	30	minutes,	because	the	
evacua?on	speed	is	approximately	6m/min	and	the	evacua?on	system	needs	to	cool	down	every	20m	

•    Two	possible	solu?ons:	
Building a machine based on EN1495 able to evacuate at the maximum speed of 12 m/min without pauses. This would mean an 
evacuation time of about 12 minutes (11,67 minutes)

Building	a	special	machine	based	on	the	European	Machinery	Direc?ve,	able	to	evacuate	people	faster	than	12	m/min.	The	EN-HE	
group	needs	to	launch	a	preliminary	study	to	validate	the	feasibility	and	the	maximum	speed	reachable	considering	the	volume	
available	for	the	plalorm	

•    EN-HE	is	confident	that	a	technical	solu3on	can	be	found



Search	for	Ultralight	Dark	Matter

  

AION/AEDGE/STE-QUEST



Ultralight	Dark	Matter



Ultralight	Dark	Matter



Gravity	Gradient	Noise

Badurina,	Gibson,	McCabe	&	Mitchell,	arXiv:2211.01854



Gravity	Gradient	Noise

Badurina,	Gibson,	McCabe	&	Mitchell,	arXiv:2211.01854

100m 100m

Assuming	“infinite”	isotropic	medium	
Unimportant	for	low	background	model



Gravity	Gradient	Noise

Importance	of	GGN	depends	on	
penetra?on	depth	of	Rayleigh	waves,	

which	depends	on	speed	cH	
and	is	sensi?ve	to	rock	composi?on

Badurina,	Gibson,	McCabe	&	Mitchell,	arXiv:2211.01854
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LHC	Rock	Studies
Core	sample

Core	sample	

Glacial	
moraine

Molasse	
(sandstone)John	Osborne Michael	Guinchard



Masses	of	Black	Holes	Deduced	from	
Measured	MergersIntermediate-Mass	black	holes

LIGO-Virgo-KAGRA	Black	Hole	&	Neutron	Stars



Intermediate Mass Black Holes 
Identified as Low-Luminosity Active Galactic Nuclei 

Chilingarian et al, arXiv:1805.01467



Volonteri,		Habouzit	&	Colpi,	arXiv:2110.10175

How	to	Observe	Mergers	of		
Intermediate	Mass	BHs?



Signal-to	Noise	Ratios	(SNRs)		
for	Gravitational	Waves	in	AION-100

IMBH	mergers

AION	Collaboration	(Badurina,	…,	JE	et	al):	arXiv:1911.11755

Cosmological	U(1)	
phase	transition



Gravitational	Waves	from	IMBH	Mergers

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

AION	Collaboration	(Badurina,	…,	JE	et	al):	arXiv:1911.11755

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



Boson	emission	causes	spin-down	of	black	holes

Black	Hole	Superradiance										
No	constraints	on		

intermediate	scalar	masses		
where	AION	sensi?ve:	

need	observa?ons	of	spins		
of	IMBHs

Boson	emission	may	cause	spin-down	of	black	holes	(if	self-interac?ons	weak)

Brito,	Cardoso	&	Pani:	arXiv:1501.06570	



Black	Holes	vs		
Ultralight	Dark	Marer

Excluded	
by	

spins	
of	

LIGO	
BHs

Can	be	explored	by	prospec?ve	
AION-1km/AEDGE	BH	spin	measurements

JE	&	Vaskonen:	in	preparation	

Ng,	Hannuksela,	Vitale	&	Li:	arXiv:2011.06010		

JE	&	Vaskonen:	in	preparation	

Ünal,	Pacucci	&	Loeb:	arXiv:2012.12790	

Exclusions	can	be	avoided	
if	ULDM	has	(self-)interac?ons

Excluded	
by	

spins	
of	

SMBHs



Summary
• Good	technical	progress	on	AION-10	

• Studies	underway	for	si?ng	AION-100	at	CERN	or	in	UK	

• No	show-stoppers	for	AION-100	at	CERN	

• Technical	report	on	AION-100	@	CERN	planned	for	Q1	2023	

• Interna?onal	interest	in	AION-100	@	CERN	

• Science	studies	progressing	

• Study	of	(mi?ga?on	of)	gravity	gradient	noise	in	ULDM	search	

• Synergies	of	ULDM	search	with	GW	constraints	on	BH	spins	

• Workshop	on	terrestrial	long-baseline	atom	interferometry	
planned	for	March	13/14,	2023	@CERN


