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Genesis

• NERC	funding	to	King’s	for	ac5vi5es	promo5ng	

							“Discipline-Hopping	for	Environmental	Solu5ons”

• Quantum	sensors	using	cold	atoms	offer	one	possibility	

• Proposal	encouraged	by	Physics	Department	-	Ruth	Gregory,	
Chris	Lorenz,	Malcolm	Fairbairn	

• Enthusias5c	collabora5on	from	Emma	Tebbs	(Geography)



From	our	NERC	Proposal
• Quantum	sensor	technologies	based	on	cold	atom	physics	have	many	

applica7ons	that	are	of	interest	to	NERC,	including	measurements	of	
gravita7onal	fields	for	monitoring	effects	of	climate	change,	agriculture	and	
prospec7ng,	as	well	as	sensing	magne7c	fields.		

• These	technologies	can	be	integrated	into	new	satellite	Earth	Observa7on	
missions,	contribu7ng	to	novel	solu7ons	for	monitoring	and	managing	the	
impacts	of	climate	change	and	suppor7ng	the	UN	Sustainable	Development	
Goals.	

• The	King’s	Physics	Department	par7cipates]	in	the	AION	project	funded	by	UKRI	
through	STFC	and	EPSRC	to	employ	cold	atoms	for	experiments	in	fundamental	
physics.		

• We	propose	a	workshop	to	bring	together	cold	atom	physicists,	members	of	the	
AION	Collabora7on	and	experts	on	the	quantum	sensors	of	interest	to	NERC	
from	King’s	and	elsewhere	



The	Context	(1)
• Earth	Observa5on	is	key	to	monitoring	and	understanding	

climate	change	-	Emma	Tebbs	

• The	UK	has	been	making	substan5al	investments	in	Quantum	
Technology	-	Peter	Knight	

• Quantum	sensing	offers	new	perspec5ves	in	environmental	
monitoring	-	Kai	Bongs	

• The	UK	has	ini5ated	a	Quantum	Technology	for	Fundamental	
Physics	programme	in	which	King’s	Physics	is	par5cipa5ng		-	
Oliver	Buchmueller



The	Context	(2)

• Natural	hazards	research	at	KCL	-	Bruce	Malamud	

• Satellite	measurements	key	for	monitoring	changes	in	
terrestrial	mass	distribu5on	-	Rene	Forsberg	

• In	par5cular	changes	in	water	and	ice	levels	-	Fiona	Turner	

• Quantum	measurements	from	space	could	take	Earth	
Observa5on	to	the	next	level	-	Federica	Migliaccio



Mo=va=ons
• In	the	Physics	Department,	we	want	to	use	cold	atoms	to	probe	

fundamental	physics,	e.g.,	gravity,	dark	maXer	and	quantum	
mechanics	

• Our	programme	envisages	a	series	of	experiments	of	increasing	
sizes	measuring	interference	effects	between	atoms	

• Our	long-term	ambi5on	is	perform	these	experiments	using	
satellites	

• Many	of	the	technologies	are	common	to	those	to	be	used	for	
Earth	Observa5on	missions



Mo=va=ons

Engaging	the	next	genera:on:	student	presenta:ons	

• Review	of	User	Requirements	for	Earth	Observa5on	
Applica5ons	-	Gabriella	Fasoli	

• Atom	Gravimetry,	Accelerometry	&	Interferometry	-	John	
Carlton



Making	Common	Cause
• Have	collaborated	with	experts	in	atomic	clocks	(next-genera:on	

:me-keeping	and	geodesy)	and	Earth	Observa:on	to	propose	
jointly	to	ESA	a	road-map	for	developing	and	deploying	cold	
atoms	in	space	

• The	road-map	starts	from	exis:ng	terrestrial	cold-atom	projects,	
and	progresses	via	pathfinder	projects	towards	long-term	
scien:fic	space	missions	

• Aim	to	develop	technological	readiness	levels	of	cold	atoms	and	
op:mize	synergies	between	different	scien:fic	missions	

• Joint	proposal	for	cold	atom	road-map	presented	to	ESA

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



Par:cipants	in	Community	Workshop



Common	Technologies
• Preferred	cold	atom	species:	stron5um	&	rubidium	

• Stron5um:	atomic	clocks	and	interferometric	detectors	for	dark	
maXer	and	gravita5onal	waves	-	AION	&	AEDGE	

• Rubidium:	technology	more	advanced,	preferred	for	Earth	
Observa5on	and	space-borne	probe	of	equivalence	principle,	
dark	maXer	and	quantum	mechanics	using	Bose-Einstein	
condensates	-	STE-QUEST



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

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



AION	Collaboration

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

, A Beniwal1,
J. Carlton



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

Beyond	LISA

White	paper		
submitted	to		
ESA	Voyage	
2050	Call



Large	missions:	
• Moons	of	the	Giant	Planets		
• Exoplanets	
• New	Physical	Probes	of	the	Early	
Universe:	Fundamental	physics	
and	astrophysics	

Possible	Medium	missions:	
• …	QM	&	GR	(cold	atoms?)	
Technology	development	
recommendations	for	Cold	Atom	
Interferometry	
• for	gravitational	wave	detectors	
in	new	wavebands	…,	detectors	
for	dark	matter	candidates,	
sensitive	clock	tests	of	general	
relativity,	tests	of	wave	function	
collapse	.…	

• must	reach	high	technical	
readiness	level,	be	superior	to	
classical	technologies	

• start	with	atomic	clocks,	on	free-
flyer	or	ISS?	

• M-mission?



In	parallel:	ESA	Call	for		
M,	F-Class	Science	Missions



STE-QUEST	Proposal



Poten5al	Outcomes	from	this	
Workshop

• Establish	contacts	between	physicists,	geographers	and	climate	
experts	at	King’s	and	elsewhere	

• Iden5fy	possible	joint	ac5ons	at	King’s	and	with	external	
partners:	London,	UK,	interna5onal	

• Joint	master’s/doctoral	students?	

• Poten5al	diversifica5on	of	departmental	research	ac5vi5es?	

• Summary	report	to	King’s	hierarchy


