
AION:		
Atom	Interferometer	Observatory	&	Network

•Lecture	1:	

• Principles	of	atom	interferometers	

• AION	project	

• Search	for	ultralight	dark	maBer	

• Quantum	technology	for	fundamental	physics	

•Lecture	2:	

•Measurements	of	gravitaEonal	waves		

• Probes	of	fundamental	physics,	astrophysics	&	cosmology	

• STE-QUEST 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



Principle	of	Atom	Interferometry

Interference	patterns	sensitive	to	interactions	with	
dark	matter	&	modulation	of	light	travel	time	caused	by	GWs	

Space-time	diagram	of	operation	of	
pair	of	cold-atom	interferometers	

Use	single-photon	transitions	
between	ground	state	(blue)	
and	excited	state	(red	dashed)

Laser	pulses	(wavy	lines)		
divide,	redirect,	and	recombine		

atomic	de	Broglie	waves



Optics	for	Atom	Interferometry



Optics	for	Atom	Interferometry



Optics	for	Atom	Interferometry



Optics	for	Atom	Interferometry



Effect	of	Dark	Matter	on	Atom	Interferometer



Effect	of	Gravitational	Wave	on	Atom	Interferometer



AION	Collaboration

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

, A Beniwal1,
J. Carlton



Partnership	with	MAGIS	
could	be	extended	

Atom	Interferometer	Observatory	&	

Network

MIGA	(France)

ZAIGA	(China)



MAGIS	Collaboration	(Coleman	et	al):	arXiv:1812.00482	



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
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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	LocaEon	of	AION-10m		
   



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



Laboratory	
Equipment



Laser	StabilisaEon

To second 
layer



Laser	StabilisaEon

• Plot shows the possible 
number of LMTs assuming

• A Rabi frequency of 8 kHz
• A desired contrast of 90%
• That the laser is detuned 

throƵghoƵt the atoms͛ 
flight by the amount shown

• At a ϯ Hǌ lineǁidth͕ that s͛
𝑛௠௔௫ ൌ 350 000

14

How useful is 𝟕 ൈ 𝟏𝟎ି𝟏𝟓 ?

Exceeds	science	objecEve	
by	large	margin



AION	Design	Parameters

Initial	targets	and	final	goals

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



Possible	Site	for	AION	100m	(1km?)	
Boulby	Mine	STFC	Laboratory





Electromagnetic	Studies	for	AION-100	at	CERN

With	RF	vs	no	RF	
at	boBom	of	shal

DC	magneEc	field



Electromagnetic	Studies	for	AION-100	at	CERN

Magnet	power	cycle

DC	magneEc	field

Richard	Hobson	“Change	in	magneEc	field	can	easily	be	compensated”



AION	Phenomenology	Team



Strange	Recipe	for	a	Universe

The	‘Standard	Model’	of	the	Universe	
indicated	by	astrophysics	and	cosmology



Search	for	Ultralight	Dark	Matter

  

AION/AEDGE/STE-QUEST



Ultralight	Dark	Matter



Ultralight	Dark	Matter



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

AION-100	
&	AION-1km:	
Beware	of	
Gravity	
Gradient	
Noise	
(GGN)

time

DM 
induced 
oscillationDark matter 

coupling

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



Gravity	Gradient	Noise



Gravity	Gradient	Noise



Unimportant		
for	AION-10

AION-100	&	AION-1km:	Beware	of	Gravity	Gradient	Noise	(GGN)

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

Not	large		
for	AION-100

Important	
for	AION-1km

Gravity	Gradient	Noise



Sensitivities	to	Quadratic	DM	Interactions
AEDGE:	Bertoldi,	…,	JE	et	al:	arXiv:1908.00802	



Constraints	from	Pulsar	Timing	Arrays

Becomes	relevant	for	lower	masses
Kaplan,	Mitradate	&	Trickle,	arXiv:2205.06817	

Couplings	can	modify	pulsar	properties



Quantum	Science	&	Technology	Programmes	



UK	NaEonal	Quantum	Technology	Programme	

Seven	samurai	…	including	AION	



Quantum	Technologies	for	Fundamental	Physics:	

Axion-Like	Particles

QI	Consortium

+	QSHS	Consortium



Quantum	Technologies	for	Fundamental	Physics:	

Ultralight	Scalar	Dark	Matter	Searches

QSNET



Quantum	Sensors	for	the	Hidden	Sector	

•Search	for	axions,	etc.,	via	
conversion	to	microwaves	
in	a	high	magneEc	field	

•IniEal	focus	on	QCD	axion	

•CollaboraEon	with	US	
ADMX	experimental	team



Quantum-Enhanced	Interferometry	



Clock	Network	to	Measure	Stability	of	
Fundamental	Constants

•Network	of	clocks	across	the	UK,	linked	to	Europe	

•Search	for	variaEons	in	the	fine-structure	constant	

•Search	for	variaEons	in	the	proton/electron	mass	raEo	



Quest-DMC

Quantum-Enhanced	Superfluid	Technologies	
for	Dark	MaBer	&	Cosmology



Quantum	Simulators	for	Fundamental	Physics

Science	goals:	

•Quantum	simulaEon	of	decay	of	
false	vacuum	

•Quantum	wave-modes	around	
analogues	of	black	holes



Quantum	Technologies	for	Neutrino	Mass	
ConsorEum

IniEal	goal:	
•Technology	
demonstraEon	for	
measuring	neutrino	mass	
in	 -decay	

UlEmate	goal:	
•Measurement	at	a	triEum	
facility,	e.g.,	Culham	

3H β


