
Polariza(on	of	exo(c	beams	



Outline	
•  ISOL	facilites	in	the	world	

•  1+	exo8c	beams:	instrumenta8on	

•  OLNP:	PolarEx	and	Nicole	

•  Laser	Polariza8on	?	

•  Polariza8on	for	EDM	searches	



1+	@	ISOLDE	



1+	@ALTO	



Typical	β-decay measurement	
BEDO	tape	sta(on	

BGO anti-
Compton shieldGe detector

plastic (β detection) collection point

plastic (β rejection)

beam axis

•  Up	to	5	Ge	detectors		

•  Compton	BGO	shielding	

•  Plas8c	veto	detector	

•  >	50	%	β efficiency	

Op8mal	configura8ons:	
	
-  4	clovers	(~	3.5	-	4%	eff.	@	1	MeV)	
-  1	planar	Ge	for	X	rays		
																							OR	
-	FAST	8ming	configura8on	(2	LaBr			+	
2	Ge)												

BEDO	setup	with	large	LaBr3	



β-delayed neutron spectroscopy	

6/27/14	 M. Madurga UTK	 6	

 High Resolution γ  
spectroscopy	

 	

 Unbound states: neutron + γ 

Sn	

Courtesy	of	M.	Madurga,	CERN	

High	Q-value	beta	decays	



β-delayed neutron detectors	

MONSTER	

VANDLE	@	CERN	

•  Dedicated	TOF	detectors	

•  Efficiency	10	%	

•  Energy	FWHM	80-100	keV	@	1	MeV	

•  2n	detec8on	challanging	



Recent	highlights:	core	decay	

Old	hypothesis	from	Hardy	that	high-energy	β	decay	is	featurless	is	refuted	



Polarizing	1+	beams	
What	does	it	mean	to	polarize	?	
	
•  Degeneracy	of	nuclear	spin	I	is	
				removed	by	magne8c	field	
	
•  One	magne8c	substate	has	to	be		
						preferen8ally	occupied	
	
	
Lower	energy		
Lower	temperature		
								
	
	 Laser	

transi8ons	
among	the	
substates	



What	physics	?	
β-delayed γ and neutron spectroscopy:  
spin assignments,  
g-factor measurements,  
neutron wave functions	



NICOLE	@	ISOLDE	



OLNO-LTNO	thechnique	

•  On-line	nuclear	
orienta8on	

Low-temperature	nuclear	orienta8on	(LNTO)	
On-line:	implanta8on	of	
radioac8ve	beams	produced	
by	an	ISOL	source	



POLAREX	@	ALTO	
Polarizing	with	temperature	

Lowest	temperature	possibile	to	shii	
the	Boltzmann	distribu8on	towards	
the	lowest	substate	

A	caveat:		8me	to	reach	thermal	equilibrium	not	small	(spin-lajce	relaxa8on	8me)	
	
A	non	negligible	requirement	for	an	exo8c	beam	(i.e.	T1/2>>	s	)	!	
	 Courtesy	of	C.	Gaulard	



POLAREX	@	ALTO	

Once	the	nucleus	is	orientes,	β-delayed γ (and neutron!) emission is anysotropic		

Courtesy	of	C.	Gaulard	



POLAREX	@	ALTO:	ingredients	
•  Low	temperature	(<	15	mK):	3He-4He	refrigerator	
•  Strong	B	field	(1.5	T):	supercondu8ng	magnet	in	a	cryostat	
•  Ferromagne8c	foil	to	host	exo8c	nuclei	(hyperfine	B	≈	10	T	–	100	T	)	

•  Detectors	for	gamma rays and neutrons 

•  NMR:	nuclear	magne8c	resonance:	radiofrequency	applied	

60Co	as	nuclear	
thermomether	

Courtesy	of	C.	Gaulard	



POLAREX	@	ALTO:	NRM	
Applica8on	of	a	radiofrequency	

By	destroying	the	alignment	we	can	get	the	nuclear	
magne8c	moment,	provide	we	know	the	magne8c	

field	and	the	temperature	precisely	

Courtesy	of	C.	Gaulard	



NICOLE	@	ISOLDE	
49Sc	experiment	



POLAREX	@	ALTO:	results	and	
perspec8ves	

Nuclear	thermomether	

POLAREX	now	installated	at	ALTO	

Courtesy	of	C.	Gaulard	



POLAREX	@	ALTO		

Courtesy	of	PolarEx	
collabora8on	
NIM	in	prepara8on	



LASER	Polariza8on	
LINO:	Laser-induced	nuclear	orienta8on	at	Orsay	

F=I+J	

Courtesy	of	S.	Franchoo	



LINO	@	ALTO:	decay	sta8on	

Courtesy	of	D.	Yordanov	



Polarizing	for	EDM:	
223Rn	@	TRIUMF	



Polarizing	for	EDM:		
225Ra	@	Argonne	

Op8cal	pumping	with	circularly-polarized	light	



Polarizing	for	EDM:	229Pa	
	

•  OLNO	seems	possible	in	a	PolarEx-like	setup	
1.  Degree	of	polariza8on	achievable	
2.  Mechanical	compa8bility	
3.  Imprecision	with	anisotropy	measurment		

•  Laser	ioniza8on:	informa8on	on	atomic	transi8ons	not	
sufficient	to	exclude,	but	likely	poor/impossible		

1.  Pa	is	heavy	which	is	bad	for	the	implanta8on	depth	if	done	at	
keV	energies)	

2.  Atomic/ionic	ground	state	spin	must	be	low	
3.  Atomic	transi8ons	need	to	be	quite	strong	(informa8on	missing)	
	

•  Scauering	on	a	polarized	element	(like	Rn):	chemical	
reac8vity	?		



But...	
Octupole	Enhancement	I	

I	
Ψ+ = (|+〉 + |-〉)/√2
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		 	 	223Rn 	223Ra 	225Ra 	223Fr 	225Ac	 	229Pa	 	199Hg 	129Xe	
t1/2	 	 	23.2	m	 		11.4	d	 		14.9	d	 		22	m	 		10.0	d	 		1.5	d		
I	 	 	 	7/2	 		3/2	 		1/2	 		3/2	 		3/2	 			5/2	 		1/2 	1/2	
Δeth	(keV) 		37		 		170	 		47	 		75	 		49	 		5		
ΔEexp	(keV)	 		--	 		50.2	 		55.2	 		160.5	 		40.1	 		0.22	
105	S	(efm3)	 	1000	 				400	 				300	 				500	 		900	 		12000	 		-1.4 	1.75	
1028	dA	(e	cm) 	2000	 		2700	 		2100	 		2800	 				 				 		-5.6	 	0.8	
	

β2	,	β3
 ∼0.1

Haxton	&	Henley;	Auerbach,	Flambaum	&	Spevak;	Hayes,	Friar	&	
Engel;	Dobaczewski	&	Engel	

	



Polarizing	for	EDM:	
neutrons	@	SNS	Oak-Ridge	


