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Many	Users	!
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The	UCN	Science	Program

“Reaching	for	the	Horizon”,	The	2015	Long	Range	Plan	for	Nuclear	Science
http://science.energy.gov/~/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf 6



The	Experiments
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Precision	Neutron	‐Decay:	UCNA
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M.P.	Mendenhall	et	al.,	PRC	87	(2013)	032501
B.	Plaster	et	al.,	PRC	86	(2012)	055501



Precision	Neutron	‐Decay:	UCNB,	Nab	(SNS)
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T.	Bhattacharya	et	al.,	PRD	85	(2012)	054512

S.	Profumo,	M.J.	Ramsey‐Musolf,	and	S.	Tulin,	
PRD	75	(2007)	075107



Precision	Neutron	‐Decay:	UCN
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10R.H.	Cyburt et	al.,	arXiv:1505.01076
K.	Nollett.	update	of	
arXiv:1312.5725



Precision	Neutron	‐Decay:	UCN

P.	Walstrom et	al,	NIM	A	599 (2009) 82
D.J.	Salvat et	al.,	PRC	89	(2014)	052501 11
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10B UCN Detector

Al Shutter AFP Spin Flipper
in 130G (370 kHz)

Trap Door

Polarized UCN 
from 6T PPM

The UCN Experiment is operational since 2013

UCN Spectrum Cleaner 
(Polyethylene sheet)

He Drift Tubes
not pictured)

“Fill‐Store‐Count” cycle
1. Fill polarized UCN into the trap
2. Clean the UCN spectrum
3. Store UCN
4. Count UCN

B/ZnS UCN 
detector

V-foil in-situ 
UCN 

detector

Detector R&D:
2013: External UCN detector
2014‐2015: V‐foil  in‐situ  UCN 
detector
2015‐2016: 10B/ZnS in‐situ UCN 
detector



Source	Upgrade	in	Progress
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LDRD	Project	#20140015DR:	“Probing	New	Sources	of	Time‐Reversal	
Violation	with	Neutron	EDM”,	T.	Ito	(PI)



Source	Upgrade	in	Progress	 Neutron	EDM
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Figures:
“Reaching	for	the	Horizon”,	The	2015	Long	Range	Plan	for	Nuclear	Science
http://science.energy.gov/~/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf 14



Source	Upgrade	in	Progress	 Neutron	EDM

New	EDM	
Experiment
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Other	Exciting	Opportunities
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V.	Nesvizhevsky et	al.,	Nature	415 (2002)	297
T.	Jenke et	al.,	Nature	Phys.	7 (2011)	468
A.	R.	Young	et	al. L.J.	Broussard	et	al. 16



UCN	Facility	“Wish	List”

Ability	to	run	24/7
(beam	currently	switched	from	pRAD)

Ability	to	run	with	
higher	beam	currents

Cryogenic	plant																						
(2	LHe liquefiers +																
3	compressors)	=														
very	loud	environment
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Summary

Broad	scope	of	research	using	UCN	addressing	fundamental	
problems	at	the	forefront	of	nuclear	physics	research

I	acknowledge	support	under	DOE	Award	Number	DE‐SC0014622

Large	and	active	community	of	users	

18



Extra	Slides







UCNB / Nab Collaborations





UCNS



Cold	vs.	Ultracold
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ultracold cold fast

MeV0.05–25	meV

1	– 300	KmK

<	350	neV

T	=	20	K

v2	exp(−v2)

Superfluid	4He

B.	Plaster

p2/2m

dispersion	
curve



4V.	Nesvizhevsky et	al.,	Nature	415,	297	(2002)

Gravity	and	Short‐Range	Interactions
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B.	Plaster



Gravity	and	Short‐Range	Interactions
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Spectroscopy

T.	Jenke et	al.,	Nature	Phys.	7,	468	(2011)

Epq =		Ep – Eq

New	Short‐Range	Interactions:

Weak	Equivalence	Principle:
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Chameleons,	Axions,	… Neutrons	q =	0
No	EM	

backgrounds	!

“Gravitational	Resonance	Spectroscopy”

Casimir,	van	der	Waals

UCN



pq
pq

E
ω

B.	Plaster



Gravity	and	Short‐Range	Interactions
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Dark	Energy	Chameleon	Fields

Gravity	as	a	practical	tool	…

T.	Jenke et	al.,	PRL	112,	151105	(2014);		K.	Tullney et	al.,	PRL	111,	100801	(2013);
A.N.	Ivanov	et	al.,	PRD	87,	105013	(2013);	T.	Jenke et	al.,	arXiv:1208.3875

Axion Dark	Matter

torsion	pendulum

KE.00006:		T.	Sakuta
KE.00007:		S.	Saiba
KE.00008:		E.	Dees
KE.00009:		M.	Kitaguchi

B.	Plaster



Neutron	‐Decay: Lifetime
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“V	– A”	Law

Parameters:

2	) =	gA /gV
Vud

What	if	there	are	
Scalar, Tensor	?

W.	Marciano	and	A.	Sirlin,	PRL	96,	032002	(2006);
W.	Marciano,	talk	at	Santa	Fe	Lifetime	Workshop	(2012)B.	Plaster



Lifetime:	Techniques
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A.	Serebrov et	al.,	Phys.	Lett.	B	605,	72	(2005);	J.S.	Nico et	al.,	PRC	71,	055502	(2005);	
A.	Yue	et	al.,	PRL	111,	222501	(2013)
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B.	Plaster



Lifetime:	BBN	and	Neff
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A.	Coc et	al.,	arXiv:1403.6694;
A.R.	Young	et	al.,	J.	Phys.	G	(in	press)B.	Plaster

Standard	Model:		Neff =	3.046

K.	Nollett,	talk	at	ACFI	Workshop	on	“Measuring	the	
Neutron	Lifetime”;		update	of	arXiv:1312.5725

 ~	8	s		 Neff ~	0.12
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Lifetime:	Beam

10
A.	Yue	et	al.,	PRL	111,	22	(2013);		J.S.	Nico et	al.,	PRC	71,	055502	(2005);	
F.	Wietfeldt talk	at	ACFI	Workshop	on	“Measuring	the	Neutron	Lifetime”

BL2	Experiment	NIST:		n ~	1	s

200	increase	in	proton	rate FE.00006:		K.	Mishima
FE.00007:		G.	Tanaka
FE.00008:		J.	Mulholland
FE.00011:		T.	Yamada
KE.00010:		R.	Sakakibara

BL3	Experiment	NIST:		n <	0.3	s

B.	Plaster



Lifetime:	UCN	Storage
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Material‐wall	UCN	storage	experiments

D.	Salvat et	al.,	PRC	89,	052501(R)	(2014)

Next‐generation:	(nearly)	eliminate	wall	
losses	!

UCN

ED.00008:		S.	Seestrom
FE.00004:		D.	Salvat
FE.00005:		A.	Holley
KE.00011:		R.	Pattie
KE.00012:		Z.	Wang
ME.00013:		N.	Callahan

B.	Plaster



Neutron	‐Decay: Angular	Correlations	
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Differential	distribution:
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B.	Plaster



Vud

13T.	Bhattacharya	et	al.,	PRD	85,	054512	(2012)

Vud (10–4)

10

20

30

Pion

experiment theory

Superallowed

nucleus	
dependent EW

What	is	needed?

Neutron



 EW

T	=	½	Mirror

EW

nucleus	
dependent

a/a,	A/A		<	0.1%

 <		0.3	s

B.	Plaster

PDG	 :

PDG	 :

4.1ν/χ 2 

9.1ν/χ 2 



Angular	Correlations: BSM	Physics

14T.	Bhattacharya	et	al.,	PRD	85,	054512	(2012);
S.	Gardner	and	B.	Plaster,	PRC	87,	065504	(2013)
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“a”,	“A”	to	0.03%		+		n to	…b,	b
(disentangled)

Neutrons	
vs.	LHC

BP,	S.K.L.	Sjue,	and	A.R.	Young,
in	preparation

FE.00010:		K.	Hickerson

Nab:		b	~	3	 10–3

pp e +	X

B.	Plaster



A0
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FE.00002:		M.	Brown
FE.00003:		A.	Saunders
ME.00006:		X.	Ding

UCNA	at	
LANL

DNP	Thesis	Prize:									
M.P.	Mendenhall

S/B:		124

2010:	0.94%

2011	– 2013

Statistics	~	0.45%
Systematics	<	0.5%

M.P.	Mendenhall	et	al.	PRC	87,	032501(R)	(2013);
BP	et	al.,	PRC	86,	055501	(2012)B.	Plaster



a0
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aCORN at	
NIST

Courtesy:		F.	Wietfeldt

2013:		~3%

moving	to	new	
guide	hall

2015:		~1%

B.	Plaster



The	Problem	of	the	Baryon	Asymmetry
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How	can	this	be	?

Fun	tidbit:
1975	Nobel	Peace	Prize!

 0

Baryon	Number	Violation

C	and	CP	Violation

Interactions	out	of	
Thermal	Equilibrium

B.	Plaster



B	Violation:	n‐n Oscillations
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Canonical	idea:		2	 2	matrix
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D.G.	Phillips	et	al.,	arXiv:1410.1100	[hep‐ex]	;	
S.	Gardner	and	E.	Jafari,	arXiv:1408.2264

ILL	(1994):		 >	8.6	 107 s European	Spallation	Source:

1011/s;			t	~	0.1	s

58Ni	guide	m~6	super	mirrors
Increase	in	flight	path
Gain	Factors	of	100–1000

But	…	also	new	idea	!
n	and	n	of	opposite	spins	in	an	external	
magnetic	field	have	same	energy	!

KE.00001:		S.	Gardner

B.	Plaster



CP	Violation:	Neutron	EDM
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Sensitivity	per	
measurement	cycle:

NTE
dn 

1~δ

ILL:

E	~	10	kV/cm
T	~	130	s
N	~	14000
density	~	0.7/cm3

Therefore,	for	~10–28 e‐cm:

E	~	5
T	~	4
N	~	25

Minimum:		Higher	
UCN	densities	!

ME.00001:		M.	Makela
ME.00002:		T.	Ito
ME.00003:		E.	Pierre
ME.00004:		J.	Martin

B.	Plaster

Stat:		1.6	 10–26 e‐cm



Worldwide	Effort:		~10	Experiments

20Table	from:		B.	Filippone et	al.,	SNS	nEDM Experiment	Position	Paper

Differences	in	experimental	techniques	:
Measure	  or		accumulated	phase		 =	t		?
Magnetic	field	monitoring	?		“Co‐magnetometer”	?
UCN	production	/	transport	?

LANL Solid	D2 Vacuum R&D ~30

B.	Plaster



SNS	nEDM Experiment
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Strong	interaction

UCN 3He

superfluid	4He
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3Hen +  p	+	T

ED.00006:		A.	Reid
ED.00007:		R.	Dipert
ME.00010:		C.	Swank
ME.00011:		N.	Nouri
ME.00012:		S.	Slutsky

R.	Golub and	S.K.	Lamoreaux,	Phys.	Rept.	237,	1	(1994)B.	Plaster



Hadronic Parity	Violation

22

Parity	Conserving

B.R.	Holstein,	J.	Phys.	G	36,	104003	(2009);	
J.S.	Nico and	W.M.	Snow,	Annu.	Rev.	Nucl.	Part.	Sci.	55,	27	(2005)	

Parity	Violating
Weak	Couplings

Wikipedia	!

DDH:		Quark	Model	+	SU(6)	
 “DDH	Reasonable	Range”

B.	Plaster



Hadronic Parity	Violation:	NPDGamma

23Courtesy:		C.	Crawford
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 fA 11.0DDH 

KE.00003:	D.	Blyth

NPDGamma
Sensitivity:

A ~	1	 10–8

J.	Wasem,	PRC	85,	022501(R)	(2012)
f =	(1.099	 0.505	 0.061)	 10–7

B.	Plaster



Hadronic Parity	Violation:	n‐3He

24

3Hen +  p +	T

Proton	Asymmetry	!

n pp


Single‐Wire	Spin	Asymmetries	!

KE.00005:	M.	McCrea

Courtesy:		C.	CrawfordB.	Plaster


