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• Parent	nucleus	located	on	the		ZൌN൅1		line.
• All	൅ transitions	except	n and	3H	decays.

൅
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   002mirror 2/1 tfft VA FF 

• Mirror	decays	include	also	the	axial‐vector	interaction

)1( 22222222   FVGTAFV MCMCMC

• Corrected	Ft‐values

Same	inputs	ሺexp/theoሻ	
as		0൅→0൅ transitions

MF :	Fermi	matrix	element
MGT :	Gamow‐Teller	matrix	element
:	GT/F	mixing	ratio

Additional	term	
due	to	mixing

 Can	extract	the	vector	strength,	like	with	Fermi	transitions
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• 3	mirror	transitions	ሺincluding	neutron	decayሻ

• Indicates	a	CVC	breaking	in	nuclear mirror	decays

• Experimental	error	in	35Ar	decay	lead	to	wrong	conclusions


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NSF	proposal
ሺcirca	~1996ሻ

S.J.	Freedman
ሺ1944‐2012ሻ

• Produced	results	in	29P	and	35Ar	decays	ሺU.	Wisconsin,	PSIሻ
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• Survey	of	available	experimental	data	ሺhalf‐lives,	branching	
ratios,	QEC‐valuesሻ
• Provided	theoretical	corrections																					which	are	crucial	
for	the	determination	of	Ft values
• No	extraction	of	Vud !
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ud
O.	N‐C	and	N.	Severijns,	PRL102 ሺ2009ሻ	142302

• 

 VA fftt /1 2mirror
0  FF

F
t 0

• Test	of	CVC	in	mirror	transitions.

• Extract	Vud

)17(9719.0mirror udV
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N.	Severijns	and	O.N‐C,	Annu.	Rev.	Nucl.	Part.	Sci.	61 ሺ2011ሻ	23

• Dominated	by	the	uncertainty	on	GT/F	mixing	ratio,	
• Motivated	also	new	measurements	of	spectroscopic	
quantities	

X ≡ never	measured
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Parent Property Reference,	Groupሺsሻ/Lab	

11C QEC	 Gulyuz et	al.	PRL	116 ሺ2016ሻ	012501
17F t1/2 Grinyer et	al.	PRC	92 ሺ2015ሻ	045503

Brodeur et	al.	PRC	93 ሺ2016ሻ	025503
19Ne t1/2 TRIUMF;	TUNL@KVI;	GANIL
21Na t1/2 Grinyer et	al.	PRC	91 ሺ2015ሻ	032401ሺRሻ

t1/2 Finlay	et	al.	PRC	96 ሺ2017ሻ	025501
QEC Eibach et	al.	PRC	92 ሺ2015ሻ045502

25Al QEC	 Canete et	al.	EPJA	52 ሺ2016ሻ	124
t1/2 Long	et	al.	PRC	96 ሺ2017ሻ	015502

29P t1/2 CENBG@JYFL
QEC Eibach et	al.	PRC	92 ሺ2015ሻ045502

31S t1/2 Bacquias et	al.	EPJA	48 ሺ2012ሻ	155
QEC Kankainen et	al.	PRC	82 ሺ2010ሻ	052501ሺRሻ

33Cl t1/2 Grinyer et	al.	PRC	92 ሺ2015ሻ	045503
37K t1/2 Shidling et	al.	PRC	90 ሺ2014ሻ	032501ሺRሻ
39Ca t1/2 Blank	et	al.	EPJA	44 ሺ2010ሻ	363

• New	compilation	of	Ft values	under	way	ሾSeverijns	priv.	com.ሿ



Solvay	Workshop,		Brussels		Nov.	29	‐ Dec.	1,		2017 13

Michigan State University
National Science Foundation

19

TRIUMF:	Triambak	et	al.	PRL	109	ሺ2012ሻ	042301
GANIL‐1:	Ujic	et	al.	PRL	110	ሺ2013ሻ	032501
TUNL/KVI:	Broussard	et	al.	PRL	112	ሺ2014ሻ	212301
GANIL‐2:	Fontbonne	et	al.	arXiv:1709.09415

•Measurement	has	now	reached	a	precision	of	1.2ൈ10‐4
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T1/2
Tz 1
Tz 

C - NS 

T1/2: N.	Severijns et	al.,	PRC	78 ሺ2008ሻ	055501
Tz 1 and Tz :	J.	Hardy,	I.S.	Towner,	PRC	91 ሺ2015ሻ	025501

• Mirror	transitions	extend	the	range	of	nuclei	to	test	
theoretical	corrections.

•Corrections	for	Tz  are	
systematically	smaller	than	for	Tz .

•No	systematic	difference	observed	for	
mirror	transitions:

11C	is	twice	larger	than	10C
15O	is	twice	smaller	than	14O.
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• The	most	critical	parameter:	

• A and	B can	determine	
• can	determine	||
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Production
of	radioactive	nuclei

Separate,	slow	down
cool,	bunch

Trap	ions	and	
observe	their	decay

pv

pe

pR  pe  pv



e

RFQ	cooler
buncher

Paul	trap	
chamber

Deduce	 correlation	from	
TOF	spectrum	of	recoiling	
ions	relative	to	b.

D.	Rodriguez	et	al.	NIMA	565 ሺ2006ሻ	876
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recoil

RFQ	cooler
buncher

Paul	trap	
chamber

•Continuous	injection	of	bunches	into	the	Paul	trap.
•Measure	energy	and	position	of	 particles	ሺDSSSD	and	PVTሻ.
•Measure	TOF	and	position	of	recoil	ions	ሺover‐determined	kinematicsሻ.
•Continuous	extraction	and	monitoring	of	remaining	ions	for	each	filling.

•“Free	flight”	ion	recoil	spectrometer	enables	to	separate	charge	states.

Paul	trap	
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ee   03535 ClAr
•Theoretical	calculations	of	SO	
reproduce	results	accurately.

Amplitude in MCPPSS

C.	Couratin et	al.	PRA	88 ሺ2013ሻ	041403ሺRሻ

X.	Fabian	et	al.	submitted	to	PRA

ee   01919 FNe

•Determine	charge	state	distributions	
from	shake‐off	ሺSOሻ	following	 decay.

•Theoretical	calculations	
do	not	reproduce	results.

•Analysis	of	“a”	under	way				ሾFlechard	priv.	com.ሿ
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37

•TRINAT	detection	chamber B.B.	Fenker et	al.	arXiv:1706.00414

•Measure	the	degree	of	nuclear	polarization	by	
probing	the	atoms	with	a	pulsed	laser	and	
detecting	photo‐ions	with	MCP.

• 0.1%	precision	of	nuclear	polarization!!!	
)7(5706.0

)18(5707.0
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19Ne

21Na

29P

35Ar

37K

)14(9728.0mirror udV

Adapted	from	B.B.	Fenker,	PhD	Thesis,	Texas	A&M,	2016

• Ft	value	calculated	with	a	
weighted	mean	value	of	
deduced	from	
measurements	of	B and	A.	
Unique	case!

• Includes	also	new	value	
of	t1/2.

B.B.	Fenker et	al.	arXiv:1706.00414

ሺa	factor	of	6.7	less	precise	than	Fermi	transitionsሻ
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• Nuclear	mirror	transitions	have	open	a	new	window	for	the	
determination	of	Vud .

• This	extension	requires	a	solid	data	set	and	has	motivated	
numerous	experiments	in	spectroscopy	and	correlation	
measurements.

• The	uncertainties	of	GT/F	mixing	ratios	will	remain	ሺfor	a	whileሻ	
the	dominant	source	of	uncertainty.

• Precision	correlation	measurements	with	ion	and	atom	traps	
and	with	polarized	low	energy	beams	are	crucial	to	this	end.


