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Aharonov-Bohm	Effect

• Electron	wave	func0on	picks	up	phase,	even	though	 	,	from	the	
poten0al		 	generated	by	the	 	flux	through	loop	

• 	Interpreta0on:	Forces	are	an	incomplete	way	to	formulate	physics,	and	
poten0al	energies	must	be	used	instead.		

• The	poten0al	energy	directly	changes	the	phase	of	the	electron	wave	func0on,	
which	is	measurable.
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Gravita0onal	Aharonov-Bohm
• Upper	cloud	feels	extra	

gravita0onal	field	

• Induces	phase	shiP:	not	due	to				
____	gravita0onal	deflec0on	alone
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Phase	shiP	due	to	energy	stored	in	superposed	gravita0onal	fields:	

Evidence	for	Quantum	Gravity?			
Overstreet	et	al,	arXiv:2209.02214	

Overstreet	et	al,	Science	375,	226	(2022)	



Gravita0onal	Aharonov-Bohm

• Analysis	in	classical	reference	frame	

• Gravita0onal	field	energy	in	weak	Newtonian	limit	

	

• Phase	shiP		 		where		 	are	gravita0onal	
energies	for	two	arms	

• Phase	shiP	is	due	to	energy	stored	in	superposed	gravita0onal	
fields

EG = − 1
8πG ∫ |g |2 d4x : g = gAtom + gTungsten

Δϕ = ∫ (E1 − E2)dt E1,2

Overstreet	et	al,	Science	375,	226	(2022)	





Quantum	Reference	Frame
•Quantum	rela0vity	principle:	The	laws	of	physics	take	the	same	form	in	every	reference	frame,	
including	reference	frames	associated	with	quantum	par0cles	(quantum	reference	frames)		

• Does	a	reference	frame	need	to	be	classical?	Can	one	use	a	quantum	superposi0on	of	
reference	frames?	

• Reference	frame	A	is	in	a	superposi0on	of	posi0ons	as	observed	from	the	laboratory	C	(the	
superposi0on	is	illustrated	by	the	fuzziness	of	laboratory	A).	

• A	and	B	are	in	quantum	states	according	to	observer	in	reference	frame	C	

• What	are	the	states	of	B	and	C	as	defined	with	respect	to	the	reference	frame	of	A?	

Giacomini,	Castro-Ruiz	&	Brukner,	Nature	Comms	10,	494	(2019)





Gravita0onal	AB	Experiment	in	in	
Quantum	Reference	Frame

• Phase	shiP	 	is	
given	by	difference	of	
poten0al	energies	of	
two	quantum-
mechanical	paths	

• Or	by	superposi0on	of	
poten0al	energies	of	
two	loca0ons	of	metal	
collars

Δϕ

Gravita4onal	field	is	in	quantum	superposi4on	

So	is	en4re	Universe!

Overstreet	et	al.	arXiv:2209.02214	

Radical,	non-minimal	interpreta0on!



Gravita0onal	Entanglement	of			
Two	Mach-Zehnder	Interferometers

(So	far)		
Gedanken	Experiment	

to	probe	quantum	gravity

Marleio	&	Vedral,	arXiv:1707.06036	


