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Electric	Dipole	Moments	(EDMs)	
•  QuanEfy	the	charge	separaEon	

•  Neutron	is	composed	of	
charged	parEcles,	so	classically	
an	EDM	could	be	expected	

From	Griffiths,	Introduc)on	to	Electrodynamics		

•  If	we	suppose	the	separaEon	of	charges	is	about	a	10th	of	the	
neutron	radius,	we	get	[1]	

					but	the	experimental	upper	limit	is	
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Discrete	Symmetries	in	Quantum	
Mechanics	

•  Discrete	symmetries	are	charge	(C),	parity	(P),	
and	Eme	(T)	

•  Discrete	symmetry	violaEon	of	general	
interest	
– There	are	known	amounts	of	CP	violaEon	in	weak	
interacEons	

•  CPT	theorem	says	violaEon	of	one	implies	
violaEon	of	other	two,	so	total	symmetry	is	
preserved	

3	



CP	ViolaEon	from	nEDM	
E&M	interacEon	Hamiltonian:	
Symmetry	transformaEons	of	terms	[2]:	
	
	
	
	
Conclusion:	nEDM		
violates	CP	symmetry	

www.quantumdiaries.org	
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Ma\er-anEma\er	asymmetry	

•  We	observe	more	ma\er	than	anEma\er	in	
the	universe	
– Unexpected	from	discrete	symmetries	
– Can	be	explained	with	CP	violaEon	(+non-
equilibrium	condiEons	and	baryon	number	
nonconservaEon)	

– K0-	and	B-meson	decays	do	not	provide	enough	CP	
violaEon	for	this	explanaEon	

•  Conclusion:	look	for	more	sources	of	CP	
violaEon	
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Possible	Sources	of	CP	ViolaEon	[3]	

θQCD		term	

quark	EDM	 quark	chromo-EDM	
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CalculaEon	of	dn	

•  Use	non-relaEvisEc	SU(6)	wavefuncEons	to	
relate	EDMs	du,d	or	chromo-EDMS	fu,d	to	find	
the	contribuEons	[4]	

•  EffecEve	field	theory	[4]	
•  QCD	sum	rules	[3]	
•  Lafce	QCD	[5]	
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Constraints	on	New	Physics	
•  Standard	model	calculaEon	gives	
•  Extensions	to	the	standard	

model	all	provide	new	(usually	
larger)	esEmates	for	dn.	

“SensiEvity	of	present	and	future	
EDM	measurements	to	the	mass	
parameters	of	an	exemplary	
supersymmetric	model	relevant	for	
discussion	of	the	electroweak	baryon	
genesis.”	[6]	
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Constraints	on	New	Physics	
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[7]	

•  Standard	model	calculaEon	gives	
•  Extensions	to	the	standard	

model	all	provide	new	(usually	
larger)	esEmates	for	dn.	



An	Aside	on	θQCD		
•  The	θQCD	term	is		
•  CalculaEng	nEDM	with	this	term	yields	[4]	

•  Combined	with	experimental	limit	gives	

•  Axionic	dark	ma\er	an	alternaEve	explanaEon	
for	the	tuning	of	this	term	
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Experimental	Approach	

•  Return	to	the	Hamiltonian	
•  Basic	approach	is	magneEc	resonance	
experiment	[8]	
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Neutron	Precession	Readout	[7]	
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•  When	magneEc	field	slightly	
off	resonance,	final	
polarizaEon	strongly	
dependent	on	accumulated	
phase	of	neutron.	
–  x’s	mark	data	taking	points	



First	A\empt	

•  Smith,	Purcell,	and	Ramsey	used	neutron	
beams	to	make	the	first	measurement	in	1957	
[8]:	

•  MoEonal	magneEc	field	effect	limited	the	
sensiEvity	
– Extra	magneEc	field	in	neutron	reference	frame	
that	mimics	EDM	signal	
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Ultracold	Neutron	Approach	

•  To	limit	moEonal	magneEc	field	contribuEon,	
the	next	generaEon	of	experiments	used	
ultracold	neutrons	(UCNs):	

•  Neutrons	at	this	temperature	are	effecEvely	
“bo\led,”	reflecEng	diffusely	off	of	hard	
container	walls.	
– Leads	to	an	isotropic	speed	distribuEon,	canceling	
moEonal	effects	on	average	
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Nonzero	Measurement!	

•  In	the	mid-80s,	two	UCN	experiments	
declared	nonzero	measurements	[9]	
–  InsEtut	Laue-Langevin	(ILL)	in	Grenoble,	France	
and	Petersburg	Nuclear	Physics	InsEtute	(PNPI)	in	
Gatchina,	Russia.	

– They	agreed	in	sign	and	magnitude.	

•  Case	closed!	
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“The	External	Magnetometer	
Problem”	[9]	

•  Stray	magneEc	fields	inside	the	storage	cell	
are	really	hard	to	control.	
– Leakage	currents,	etc.	
– Measuring	the	field	
				outside	not	precise	
				enough	
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Record	Holder	–	ILL	Experiment	
•  In	2006,	the	ILL	Grenoble	

experiment	published	the	
world’s	current	upper	limit	
on	the	nEDM	[10]:	

–  Data	taken	between	
1998	and	2002	

–  Analysis	revised	to	
account	for	more	
systemaEcs	in	2014	
[11];	yielded	similar	
results.	
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Mercury	Comagnetometer	
•  	Spin	polarized	199Hg	
subjected	to	rotaEng	
magneEc	field	at	
resonant	frequency.	

•  EDM	of	the	mercury	
atom	is	known	to	be	
small	

•  Gives	volume-	and	
Eme-averaged	
magneEc	field	during	
measurement	interval	
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Comagnetometer	results	[7]	
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MagneEc	field	strength	measured	by	
mercury	resonant	frequency	

Neutron	resonant	frequency	(uncorrected	
and	corrected)	
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Comagnetometer	results	[7]	



Current	and	Future	Efforts	

•  The	Paul-
Scherrer	InsEtut	
(PSI)	and	PNPI	
experiment	at	ILL	
have	produced	
results	recently	

•  Next	gen:	
superfluid	
helium	storage	
at	Oak	Ridge	
NaEonal	Lab	
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Superfluid	Helium	Approach	
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•  InelasEcally	
sca\ering	neutrons	
into	superfluid	
helium	improves	
density	significantly	

•  	4He	can	support	
larger	electric	fields	

•  	3He	serves	as	comagnetometer	and	readout	system	
•  Improve	sensiEvity	by	~100	



AlternaEve	Methods?	

•  Crystal	diffracEon	methods	[9]	
– Use	effecEve	electric	field	of	sca\erer	
– Difficult	to	know	angle	and	effecEve	field	well	
– R&D	Phase	

•  Cold	molecular	beams	[12]	
– Spin	precession	measurement	on	diatomic	
molecules	

– Similar	to	eEDM	measurement	techniques	
– Some	papers	have	been	wri\en	
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