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nEDM	@	SNS	Experiment	
•  Goal:	Measure	nEDM	to	level	of	2*10-28		e-cm		
•  MagneBc	requirement	(T2,	Geometric	Phase):	

•  Cryogenic	Experiment	
•  Produce	UCN	directly	in	superfluid	He-4	at	450	mK	

•  Metal	Exclusion		
•  He-3	co-magnetometer	-	spin-dependent	neutron	capture	on	
He-3	measures	neutron	precession	frequency	

•  Apply	RF	to	match	He-3	and	neutron	spins	->	measure	deviaBons	
from	0	

•  Eddy	current	heaBng	

∂Bx

∂x vol

/ B0 < 3•10
−6 / cm
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Magnet	Package	Cartoon	
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Magnet	Package	Cartoon	
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	Metal	
Exclusion	
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Prototype	Magnet	System	
Cryostat	holds	1/3-scale	
models	of	nEDM	@	SNS	
	
MagneBc	mapping	with	3-
axis	low-noise	
fluxgate		
magneto-	
meter	
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Magnet	
Vessel	(4K)		
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Superconducting	Shield	
•  0.8	mm	of	Lead		
•  HermeBc	as	possible		
•  DifficulBes	cooling	upper	endcap	

->	Solder	to	the	sides		



76	
cm		

B0	(4K)		
Cos(θ)	coil	
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•  Cu	Wire	
•  (NbTi	SC	for	
full	scale)	

•  Pb	Tape	on	
saddle/return	
coils	for	extra	
shielding	



Dressing	Coil	and	Flux	Return	
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G10	Frame	
	
Cos(θ)	Design	
	
Requires		
5	A,	1-3	kHz	
	

Metglas	2826	
4	layer	



Cryogenics	
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Maintained	SC	temps	for	
hours	with	~11	L/hr	
liquid	Helium	Liquid	Flow	(L/hr)	

Superconductor	Temperature	(K)	
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Target	=	1E-5/cm	
	

Achieved	=	5E-6/cm	(3E-7	G/cm)		
	

Target	fields	
achieved!		
ΔB0/B0	=	1E-5/cm	

Limited	by	straightness	
of	probe	arm	to	3	points	



Spin-Dressing	Coil	
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Target	=	9E-5/cm	
Achieved	=	5E-5/cm	

Target	9E-5/
cm	

Achieved	
5E-5/cm	

DC	uniformity	verified	



Spin	Dressing/Metglas	Heating			
Wire	HeaBng	
	
•  Copper	cladding	on	

typical	NbTi	SC	wire	heats	
inducBvely	with	RF		

Metglas	HeaBng	
	
•  Eddy	current	heaBng	

from	~1-3	kHz,	5.5	Amp	
spin	dressing	B	field	on	
Metglas.		

•  Requires	shielding	
•  AcBve	Shield	(Cos	

theta	coil)	
•  Passive	Shield.		
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Dressing	Coil	Heating	-	Copper	Wire	
T	
(K
)	

Seconds	elapsed		

Spin	Dressing	on	
for	1000s	and	
5.5	Amps	L	

B0	used	as	a	test	for	acBve	
shield.		
	
A	small	and	unsaBsfactory	
reducBon	in	RF	heaBng	is	
observed	(smaller	than	
expected).	
	
Design	Constraints	for	acBve	
shield	
	(~	1um	precision	over	1	m)	
require	us	to	look	for	
alternaBve	soluBons.		
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Dressing	Coil	Alternate	Materials	
• Wound	Coil		50/50	Pb/Sn	Solder.			
•  Good	type	1	superconducBng	properBes.		Tc=7.8	K,	
Bc=0.8	T	

•  Coated	with	Teflon.		(wireneBcs.com)	
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Dressing	Coil	Heating	–	Pb/Sn	Wire	
	Heating	of	Metglas	is	visible	due	to	rapid	T	increase	at	higher	frequencies.		
		

1	
Hz		

500	
Hz		

Accidental	
Pulse*	

1000	Hz		
3000	Hz		

Wire	
heaBng	is	
solved	
	
Metglas	
heaBng	is	
sBll	large	

*unplugged	
funcBon	generator	
from	power	
supply	while	
supply	was	acBve.	

HeaBng	with	15	amps	peak	to	peak	
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Advanced	Probe	design	is	nearly	
completed	
Probe	extends	allowing	entry	into	
the	warm	bore.		

Probe	locks	in	place,	allowing:	
RotaBon	
VerBcal	translaBon	
TranslaBon	of	the	probe	on	its	track.		

Probe	
movement	on	
track		

Verify	iniBal	measurements	and	prepare	for	full-scale	
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Future	Plans	for	Prototype	
•  Test	Metglas	heaBng	with	a	copper	shield.	
• Demonstrate	the	second	generaBon	probe	is	an	
adequate	design	for	the	full	scale	magnet.		
•  Verify	demonstrated	fields	with	the	second	generaBon	
probe.		
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Cryostat	(Al)	

Magnet	
Chamber	(G10)	

John’s		
Model	

Magnet	
Package	
(varied)	

Measurement	
region	(warm	
bore	or	CDS)	

NEUTRONS	

77	K	Shield	(Al)		

Overview 							
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Drawing	from	J.	Ramsey	

Full-scale	Magnet	Construction	

3m	



Field	Compensation	System	

21	80/20	Frame.	10-gauge	wire	(27	turns,	344	Amp-turns)	

8	m		
8	m		

3.65	m		



Full-scale	CIT	Test	Cryostat	
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•  Dedicated	test	lid		
•  Warm	bore	for	mapper	–	scan	cryostat	and	IMV	for	magneBsm	

Drawing	from	J.	Ramsey	



CIT	Test	
Cryostat	
All	aluminum	
Nearing	
compleBon	
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Keller	Technology	Corp.	

3m	
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Warm	Bore		
• All	G10	(almost)	
•  In	hand		
• Vacuum-tested	(at	
overpressure)	
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Magnet	Volume	Tests	
•  En.rely	G10/FRP	
•  4’x4’	test	indium	seal	on	
G10	plate		
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Indium	Seal	

4’	

4’	

2	plates,	2”	thick	each	

Belleville	
Washers	

Passes	He	Leak	
check		

Drawing	courtesy	
J.	Ramsey	

Image	from	Spencer	Composites,	Corp.	

12”	
Kapton	Seal	

Indium	Seal	

95”	



Magnet	Package	
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Coil	Design	
•  G10	Frame/Rings	
•  SC	Wire	(NbTi)	
•  Spring	loaded	with	PEEK	
Springs	

•  In	contact	with	vendors	
•  B0	and	Dressing	coil	similar	
(likely	different	wire)	
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Magnetic	Environment	at	CIT	
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From	A.	Brinson		

IniBal	
proposed	
tesBng	
locaBon	

Revised		
tesBng	
locaBon	



Magnetic	Environment	at	CIT	
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Revised		
tesBng	
locaBon	

It’s	the	SYNCHROTRON	lab!!	

Courtesy	Alan	Rice	

Floor	is	sEll	marked!	



Magnetic	Screening	
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•  Carefully	pass	materials	near	a	fluxgate	magnetometer.	Noise	~<	1	nanoTesla	
•  Re-measure	ater	contact	with	a	horseshoe	magnet	to	check	magneBzability	
•  Materials	on	or	inside	Cryovessel:	<	100	nanoTesla			



Future	Plans	
•  ConBnue	design	and	fab	of	magnet	package	components	
•  Aluminum	Cryostat/77	K	Shield	@	CIT	
•  Receive	and	inspect		
•  Vacuum	Test	
•  Evaluate	MagneBcally	

•  Prototype	G10/FRP	Magnet	Chambers:	vacuum	and	cryo	test	
at	NCSU	

•  Begin	construcBon	of	magnet	components	informed	by	1/3-
scale	prototype	studies	

•  Select	vendor	and	build	full-scale	Magnet	Chamber	
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Backup	Slide	
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External	
Magnetic	
Shielding	

•  Mu-Metal/Metglas	on	FRP	
form	

•  Mu-Metal	plates	wrapped	in	5	
offset	rows	

•  Mu-Metal	Sheets	on	order	

35	Drawing	
from	W.	Wei	
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 ||  (milliGauss) 

Magnetic	Environment	at	CIT	
From	A.	Brinson		



Full-Scale	Magnet	Package		
•  Circles	Picture	
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1/3-Scale	Magnetic	Mapper	
•  Linear	Travel	in	the	warm	bore	–	can	be	calibrated	
•  Smoother	moBon	
•  Less	out	of	tolerance		
•  Prepares	for	full-scale	
•  (Picture)	
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Non-Magnetic	Cryo	
Feedthroughs	

39	



G10	Indium	Seal	Test	

40	4’	

4’	

2	plates,	2”	thick	each	

Belleville	Washers	

Passes	He	Leak	check		



Inner	Magnet	Volume	
•  En.rely	G10/FRP	
•  Encouraged	by	4’x4’	Indium	
seal	on	G10	plate	(next	slide)	

•  2	compeBng	vendors		
•  Spencer:	G10,	experienced	
making	scienBfic	components	

•  Ershigs:	non-G10	FRP,	no	
cryogenic	experience	(but	
potenBal	for	substanBal	cost-
savings)	

•  Both	companies	fab	test	
volumes	for	cryo/vacuum	
tesBng	
•  Allows	tesBng	sealing	
technologies	(Kapton/Indium)	
with	these	materials	
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Indium	Seal	



½-Scale	Protoype	Publication	
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Spin	Dressing/Metglas	Heating	
Simulations	(COMSOL)	

Lead	Shield	

Metglas	
Shield	

A	wire	posiBon		

LocaBon	to	add	a	copper	
shield	(PLACE	HOLDER)	
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B0	shim	coils	

Gradient	and	
QuadraBc	B0(y)	single	
coil		

Gradient	and	
QuadraBc	B0(y)	

B0(x)	Shim		

y	

x,B
0	

z	

From	C.	Swank	
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Non-Magnetic		
Cryo	Feedthroughs	
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•  “Fuzz	Buxons”	(Custom	Interconnects,	LLC)	
•  Au-coated	BeCu,	tested	non-magneBc	
•  In-house	G10	Connector	plate,	cabling	

Drawings	
courtesy		
J.	Ramsey	

~1/4”	



77	K	Shield	for	Warm	Bore	
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LN	bath	(G10)	in	FabricaBon	at	Meyer	Tool	

Drawing	Courtesy	L.	Bartoszek	 DP-190	Grey	Epoxy	
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Drawing	
courtesy	J.	
Ramsey	

Image	from	Spencer	Composites,	Corp.	

12”	
Kapton	Seal	

Indium	Seal	

•  Fab	test	volumes	for	cryo/
vacuum/superfluid	leak	
tesBng	of	
•  Material	Integrity	
•  Indium	Seal	
•  Kapton	Seals	(not	for	IMV	

but	informs	CDS	design)	
•  2	compeBng	vendors	

•  Spencer:	G10,	
experienced	making	
scienBfic	components	

•  Ershigs:	non-G10	FRP,	no	
cryogenic	experience	(but	
potenBal	for	substanBal	
cost-savings)	

Magnet	Volume	Test	


