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Microscopic model for E0 transition matrix elements 



Microscopic model for E0 transition matrix elements 

Microscopic	model	for	E0	transi1on	matrix	elements.	
B.A.	Brown	et	al.,	PRC	95,	011301(R)	(2017).	
	
A	theore1cal	model	for	E0	matrix	elements	based	on	a	combina1on	of	configura1on	
interac1on	(CI)	results	in	a	spherical	basis	for	orbital	occupa1ons	and	radii,	together	
with	energy-density	func1onal	(EDF)	calcula1ons	for	the	monopole	core	
polariza1on.		
	
This	core	polariza1on	is	caused	by	the	change	in	the	nodal	structure	of	the	radial	
wave	func1ons	for	the	orbitals	that	par1cipate	in	the	valence	transi1on.	The	core	
polariza1on	is	not	propor1onal	to	the	valence	E0	matrix	element.	
	
This	method	is	a	generaliza1on	of	the	two-level	model	and	makes	connec1ons	to	
isomer	and	isotope	shiZs	via	a	common	EDF	approach.	



Microscopic model for E0 transition matrix elements 

Example	of	90Zr	
	

where	C	is	88Sr	core.	
	
Radial	densi1es	are	given	by	(q=p	for	proton,	q=n	for	neutron):	

Two	configura1ons	dominate:	

where	x	=	a/b		and	k	=	(n,l,j)	are	the	quantum	numbers	for	the	spherical	single-par1cle	
wave	func1ons,	ψqxk	(r)[Y(l)	(ř)	⊗	χ(s)](j).	The	O	are	the	orbital	occupa1ons.	

Simplest	model:	radial	wavefunc1ons	depend	only	on	k.	
EDF	model:	also	depend	on	a	and	b	–	different	self-consistent	poten1als	and	different	
radial	wavefunc1ons	in	the	core	



Microscopic model for E0 transition matrix elements 

Example	of	90Zr	
	 Matrix	element	of	

E0	operator:	

Two	states	that	mix,	here	
maximal	mixing…	



Microscopic model for E0 transition matrix elements 

Example	of	90Zr,	Experimental	<01+|r2|02+>ch	=	1.70(3)	fm2	

	
Harmonic	Oscillator	(HO),	
core	terms	all	cancel:	

Consider	finite	charge	and	rela1vis1c	contribu1ons:	5.32fm2	
where	increase	is	mainly	due	to	spin-orbit	contribu1on.	

where	C	is	88Sr	core.	



Microscopic model for E0 transition matrix elements 

Example	of	90Zr,	Experimental	<01+|r2|02+>ch	=	1.70(3)	fm2	

	
Harmonic	Oscillator	(HO),	
core	terms	all	cancel:	

Consider	finite	charge	and	rela1vis1c	contribu1ons:	5.32fm2	
where	increase	is	mainly	due	to	spin-orbit	contribu1on.	

E0	matrix	element	is	closely	connected	to	isomer	shiZ	between	1/2-	GS	and	9/2+	isomer.	
Example	of	89Y,	Experimental	δ<r2>ch	=	0.84(8)	fm2	

	

δ<r2>ch	=	5.31	fm2	

where	C	is	88Sr	core.	



Microscopic model for E0 transition matrix elements 

Example	of	90Zr,	Experimental	<01+|r2|02+>ch	=	1.70(3)	fm2	

	Replace	wavefunc1ons	with	
Skyrme	self-consistent	EDF:	

Example	of	89Y,	Experimental	δ<r2>ch	=	0.84(8)	fm2	

	



Microscopic model for E0 transition matrix elements 

Example	of	90Zr,	Experimental	<01+|r2|02+>ch	=	1.70(3)	fm2	

	Replace	wavefunc1ons	with	
Skyrme	self-consistent	EDF:	

Example	of	89Y,	Experimental	δ<r2>ch	=	0.84(8)	fm2	

	

<01+|r2|02+>	=	-4.00	+	4.10	+	0.61	=	0.71	fm2	

Change	in	
core	radius	

Diff.	in	valence	
point	proton	radii	

Spin-orbit	

δ<r2>	=	-3.99	+	4.20	+	0.61	=	0.82	fm2	

Change	in	
core	radius	

Diff.	in	valence	
point	proton	radii	

Spin-orbit	

Two-levels	+	inert	core	model	



Microscopic model for E0 transition matrix elements 

Example	of	90Zr,	Experimental	<01+|r2|02+>ch	=	1.70(3)	fm2	

	Replace	wavefunc1ons	with	
Skyrme	self-consistent	EDF:	

Example	of	89Y,	Experimental	δ<r2>ch	=	0.84(8)	fm2	

	

<01+|r2|02+>	=	-4.00	+	4.10	+	0.61	=	0.71	fm2	

Change	in	
core	radius	

Diff.	in	valence	
point	proton	radii	

Spin-orbit	

δ<r2>	=	-3.99	+	4.20	+	0.61	=	0.82	fm2	

Change	in	
core	radius	

Diff.	in	valence	
point	proton	radii	

Spin-orbit	

Two-levels	+	inert	core	model,	
next	replace	with	CI	occupa1ons	



Microscopic model for E0 transition matrix elements 

Proton	radial	transi1on	density	from	
difference	of	ini1al	and	final	states.	

	
Large	orbital-dependent	effect	of	core	
polariza1on	from	the	valence	nucleons.	



Microscopic model for E0 transition matrix elements 

Bener	agreement	from	adding	an	
arbitrary	small	amount	of	
0d5/2-1d5/2	and	0f7/2-1f7/2	to		

off-diagonal	transi1on	density.	

Form	factors	from	inelas1c	electron	scanering	on	26Mg	

Core	polariza1on	model	
equivalent	to	addi1on	of	giant	
monopole	transi1on	density	

H.	Blok	et	al.,	PLB	149,	441	(1984).	



Agreement	is	very	good	for	
large	range	of	A	and	different	
ac1ve	par1cles.	
	
Result	is	sensi1ve	to	Skyme	
parameters	and	may	provide	
new	constraints	for	them.	

0+-0+	
i-f	

Exp.	
New	Model	

Spin	
orbit	

s3	 skx	

Valence	
protons	

90Zr	 2-1	 1.70(3)	 0.57	 0.90	 0.53	

Valence	
neutrons	

206Pb	 2-1	 1.72(6)	 1.43	 0.66	 -0.04	
68Ni	 2-1	 1.41(3)	 0.74	 1.06	 0.43	

Valence	
protons	
and		

neutrons	

58Ni	 2-1	 0.054(14)	 1.80	 1.47	 0.33	
58Ni	 3-1	 5.5(10)	 2.62	 1.69	 -0.08	
32S	 3-1	 2.0(3)	 1.06	 0.74	 -0.04	

26Mg	 2-1	 3.5(12)	 1.11	 0.93	 0.16	
26Mg	 3-1	 3.8(10)	 1.79	 1.40	 0.00	

B.A.	Brown	et	al.,	PRC	95,	011301(R)	(2017).	
Skyme	parameter	sets	from	B.A.	Brown	et	al.,	PRC	92,	014305	(2015).	

ρ(E0) =
f M (E0) i

eR2
E0	Nuclear	matrix	element	

Microscopic model for E0 transition matrix elements 
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B.A.	Brown	et	al.,	PRC	95,	011301(R)	(2017).	
Skyme	parameter	sets	from	B.A.	Brown	et	al.,	PRC	92,	014305	(2015).	

Microscopic model for E0 transition matrix elements 

Second-order	correc1ons:	
	
•  Quadrupole	zero-point	mo1on	

	eg.	[2+v	⊗	2+coll]j=0+	admixtures	
	
•  Octupole	correla1ons	
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Super-e at ANU 
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Compton-Suppressed	HPGe	

2.5	orbits	 Inelas1c	proton	
scanering	on	

58,60,62Ni	targets	
1.4-1.6mg/cm2	

<9.2MeV	protons	

PhD	Thesis	of	Lee	Evins		
(TRIUMF/Univ.	of	Surrey)	



Super-e at ANU 
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SW
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N
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Momentum gate improves 
peak-to-background of e- spectrum 

Magnetic field operated in a sweeping 
mode with fixed beam integration at 

each step. 



170Lu as calibration source 
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Q	value	=	3459	(19)	keV.	
Half-life	is	2.012(21)	days.	
	
Rela1ve	intensi1es	and	ICC	known	to	good	
precision	from	several	studies.	
	
Produced	by	171Yb(p,2n)	at	18MeV.	
Alterna1vely	produced	by	ISOL.	



Super-e at ANU 
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(E2/M1) mixing ratio measurements 
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Internal conversion electron measurements 
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•  Mul1ple	peaks	fined	simultaneously	
•  K-L	energy	difference	fixed	
•  For	Pure	E2:	intensity	ra1o	of	K	and	L	fixed	
•  Higher	than	L	omined	(<1.5%)	
•  Reduced	chi-squared	below	=	1.2	



ICC measured 
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Handling of asymmetric uncertainties 

Monte	Carlo	method	used	
for	value	and	error	
determina1on.	
	
•  Treat	all	input	values	as	a	

normal	probability	
distribu1on	(μ,σ).	

•  Output	is	not	a	normal	
distribu1on.	

•  Uncertainty	obtained	
from	region	containing	
68%	with	y(x1)=y(x2).	

58Ni	



Identification of significant E0 strength in the 22-21 transitions of 58,60,62Ni 
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Wood	et	al.,	NPA	651,	323	
(1999).	

Identification of significant E0 strength in the 22-21 transitions of 58,60,62Ni 



Good reproduction for 0-0 but not for 2-2 transitions. 

Microscopic model for E0 transitions 

Second-order corrections may be needed – coupling valence nucleons 
to the 1p-1h giant quadrupole excitation. 
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TRIUMF-ISAC	
Isotope	Separator	and	ACcelerator	

1 RIB delivery to experiments 

SiC,	NiO,	Nb,	ZrC,	Ta,	UCx	Targets	
Surface,	FEBIAD,	IG-LIS	ion	sources	

500MeV	p+	at	100μA	on	ISOL	target	
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Yield Chart of Nuclides

Cyclotron	

ISAC	

ISAC	

ISAC-I Low-Energy <60keV  Ground state + decay, material science 
ISAC-I Medium E    <1.5MeV/u  Astrophysics 
ISAC-II SC LINAC  <10MeV/u  Nuclear reactions and structure 
 



ARIEL Project: 
§ 	new	electron	linac	driver	for	photo-fission	
§  new target stations and front end 
§ 	new	proton	beamline  

TRIUMF-ARIEL	
Advanced	Rare-IsotopE	Laboratory	

E-linac	and	electron	beamline	
Sept.	2014	

1 RIB è 3 simultaneous RIBs 

Cyclotron	

ISAC	

e-linac	

ISAC	
ARIEL	I	
ARIEL	II	



500MeV Protons on UCx 

Photo-fission of  UCx 

Rare-isotope	beams	
will	be	produced	by	
from	proton	and	

electron	driver	beams.	

ARIEL beams to ISAC experiments



ARIEL Completion to Science 
1999	 Low-energy	ISAC	beams	

10/2019	 ISAC-CANREB-ISAC	beams	

03/2022	 ARIEL	beam	to	β-NMR	

06/2022	 ARIEL	photo-fission	beams	to	
ISAC	

03/2023	 ARIEL	spalla1on	beams	to	ISAC	



Gamma-Ray and Electron Spectroscopy at ISAC 

TIGRESS	
Experiments	with	accelerated	RIBs	

GRIFFIN	
Precision	studies	with	stopped	RIBs	



Decay spectroscopy 

PACES	–	electron	spectrometer	GRIFFIN	
Precision	studies	with	stopped	RIBs	



In-beam spectroscopy with accelerated RIBs 

TIGRESS	
Experiments	with	accelerated	RIBs	

SPICE	–	in-beam	electron	spectrometer	



ISAC-II High Mass: 156,158,160Er Coulomb Excitation with TIGRESS 

A>29	beams	require	charge-breeding.	
•  Currently	use	ISAC	CSB	
•  CANREB	EBIS	from	2019	

S1750,	J.	Smallcombe	&	A.B.	Garnsworthy	
HPTa	target	with	TRILIS	and	CSB.	
Beams	delivered	to	TIGRESS,	Oct	2017:	
	
156Er23+:	1x108	total	pps,	25%	156Er,	~14hrs	
158Er23+:	1x108	total	pps,	50%	158Er,	~14hrs	
160Er23+:	1x108	total	pps,	50%	160Er,	~14hrs	
	
3.9MeVA	Coulex	on	58Ni	target	
	
Will	measure	quadrupole	moments	of	low-lying		
states	to	determine	the	shape	of	these	nuclei,	and	
inves1gate	coexistence	at	N=88,90.	
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The GRIFFIN Spectrometer for precision decay studies 

Fast, in-vacuum tape system 
Enhances decay of interest 

SCEPTAR: 10+10 plastic 
scintillators 

Detects beta decays and 
determines branching ratios 

Zero-Degree Fast scintillator 
Fast-timing signal for betas 

PACES: 5 Cooled Si(Li)s 
Detects Internal Conversion 
Electrons and alphas/protons 

HPGe: 16 Clovers 
Detect gamma rays and 

determines branching ratios, 
multipolarities and mixing ratios 

LaBr3: 8 LaBr3 
Fast-timing of photons to 
measure level lifetimes 

JπGS 

JπISOMER 

ISOBAR 

T1/2 

T1/2 Longer 
T1/2 Shorter 

E,Jπ   τ 
E,Jπ   τ 

γ γ e- 

α,p 

β 

β 

γ e- 

γ γ 
γ 

β 

n 

DESCANT Neutron array 
Detects neutrons to measure beta-
delayed neutron branching ratios 

β 

β 

GRIFFIN	reuses	the	full	
suite	of	ancillary	

detectors	developed	for	
the	8π	spectrometer	



A	close-packed	array	of	16	large-volume	HPGe	
Clover	detectors,	64	crystals	

GRIFFIN HPGe Clover Detectors 
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4096	crystal	pairs	at	52	unique	angles		
for	γ-γ	angular	correla1ons	



Gamma-Gamma Angular Correlation Analysis 

J.K.	Smith,	A.C.	MacLean	et	al.	In	preparaUon	
for	NIM	A	(2017).	
	
Development	of	γ-γ	angular	correla1on	
analysis	techniques	with	GRIFFIN.	
	
•  Finite	size	and	shape	of	crystals	means	

theore1cal	distribu1on	is	anenuated.	
•  Obtain	‘template’	from	high-sta1s1cs	

GEANT4	simula1on	
•  Fit	template	to	experimental	data.	

Ideally:	
•  Fit	experimental	data	
•  Plug	coefficients	into	simple	equa1ons	
•  Obtain	corrected	‘true’	coefficients	
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GRIFFIN Results: Spectroscopy of 50Sc and ab initio calculations of B(M3) strengths 

First	calcula1on	of	B(M3)	strengths	using	ab	iniUo	Valence-Space	In-
Medium	Similarity	Renormaliza1on	Group	method	and	effec1ve	operator.	

Gamma-gamma	angular	correla1ons	with	
GRIFFIN	confirm	M3	isomer	in	50Sc.	

γγ(θ):	1519-71	keV	
											(1+-3+-2+)	

A.B.	Garnsworthy,	M.	Bowry,	B.	Olaizola,	J.D.	Holt,	S.R.	Stroberg	et	al.,	Accepted	to	PRC	(Oct	2017).	
hnp://arxiv.org/abs/1710.06338	

M3	



Compton Polarimetry using GRIFFIN 

207Bi	Example:	 	Red=567keV	E2	
	 	 	Blue=1064keV	M4+E5,	𝛿1=+0.03		

Define	Polariza1on	plane	from	γ-γ	coincidence	
detec1on.	Then	examine	azimuthal	scanering	angle	to	
determine	electric	or	magne1c	nature	of	the	radia1on.			

Dan	Southall,	TRIUMF	research	student,	2016	



SCEPTAR - SCintillating Electron-Positron Tagging ARray 
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S1519,	July	2016	

•  Two	hemispheres	of	10	plas1c	scin1llators	

•  Detects	beta	par1cles	with	~80%	solid	angle	coverage	

•  Improves	peak-to-background	of	HPGe	spectra	



PACES - Pentagonal Array for Conversion Electron 
Spectroscopy Five	5mm	thick,	200mm2	Si(Li),	LN2-cooled	Si	diode	and	FET	

	
Solid	angle	coverage:	1.4%	each,	7%	total	
	
~2keV	resolu1on	for	electrons	 J.	Park	et	al.,	PRC	96,	014315	(2016).	

Alpha-tagging	



Gamma-Electron Angular correlations 

0	
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207Pb	

570keV	

1064keV	

300	Ge-Si(Li)	pairs	at	
18	unique	angles		
for	γ-e-	angular	
correla1ons	



LaBr3 Fast-Scintillator Array for Excited-State Lifetime 
Measurements 

•  Eight	LaBr3(Ce)	2”x2”	cylindrical	crystal	

•  Source-detector	distance=12.5	cm.	

•  GEANT4	simulated	efficiency	
1.4%@1.3MeV	

•  Hybrid	analogue	+	digital	electronics,	
excellent	1me	resolu1on	

•  Effort	led	by	Bruno	Olaizola	

T1/2	for	2+1	state	in	146Ba	
GRIFFIN:				840(20)	ps		
Literature:	860(30)ps	

Preliminary	

146Cs	β	decay:	GRIFFIN	+DESCANT	+LaBr3	
August	2016	



The GRIFFIN Spectrometer for precision decay studies at ISAC 

31,32Na,	33,34,35Mg:	
Island	of	inversion	

115,115mAg:	Equilibrium	of	115,115mCd		
during	the	s-process	

Technical	and	Overview	Publica1ons	
A.B.	Garnsworthy	et	al.,	NIM	A	853,	85	(2017).	
U.	Rizwan	et	al.,	NIM	A	820,	126	(2016).	
A.B.	Garnsworthy,	Acta	Phys.Pol.	B,	47,	713	(2016).	
C.E.	Svensson	and	A.B.	Garnsworthy,	Hyp.	Int.	225,	127	(2014).	

46,47K,	50Ca:	Single-par1cle	and	pair	states	near	
doubly-magic		48Ca	
A.B.	Garnsworthy	et	al.,	Accepted	to	PRC	(2017).	

128,129,130,131,132Cd,	129,130,131,132,	133In:		
Nuclear	structure	and	r-process	nucleosynthesis	
at	the	N=82	shell	closure	
R.	Dunlop	et	al.,	PRC	93,	062801(R)	(2016).	

22Mg,	62Ga:	Superallowed	
Fermi	beta	decays	
M.R.	Dunlop	et	al.,	
Accepted	to	PRC	(2017).	

145,146Cs:	β-delay	neutron	measurements	
with	DESCANT,	fast-1ming	with	LaBr3	

Calibra1ons	and	
development	with		

9Li,	26Na,	66Ga	beams	

228,230Fr:	Probing	Octupole	deforma1on	
and	collec1vity	in	Radium	isotopes.	

72Ga:	Triaxiality	and	shape	coexistence	

188-200Tl:	Development	of	
collec1vity	in	Hg	isotopes	

GRIFFIN	is	a	powerful	decay	
spectrometer	for	nuclear	
structure,	astrophysics	and	

fundamental	interac1on	studies.		
Commissioned	Fall	2014.	

2017	
2017	

2017	

2016	

2014,	2016	

2014,	2015	

2014	
2016	

2015,	2016	



GRIFFIN studies around doubly-magic 48Ca 

50Ca	-	50Sc,	Nov	2016,	1x106pps,	~2hrs	
“Spectroscopy	of	50Sc	and	the	first	calcula1on	of	B(M3)	
strengths	using	ab	iniUo	methods”,	A.B.	Garnsworthy,	
accepted	in	Phys.	Rev.	C	(Oct	2017).	

50Sc	-	50Ti,	Nov	2016,	1x106pps,	~8hrs	
“Search	for	par1cle-hole	excita1ons	across	the	N=28	shell	
closure”,	C.	Jones,	Masters	thesis	(2018).	

46K	–	46Ca,		Dec	2014,	4x105pps,	~40hrs	
“Detailed	spectroscopy	of	46Ca:	The	inves1ga1on	of	the	β	decay	of	46K	with	the	
GRIFFIN	γ-ray	spectrometer”,	J.L.	Pore,	PhD	thesis	(2017),	in	prepara1on	for	Phys.	Rev.	C	(2017).	

47K	–	47Ca,		Dec	2014,	1x105pps,	~90hrs	
“Detailed	decay	spectroscopy	of	47Ca”,	J.K.	Smith,	in	
prepara1on	for	Phys.	Rev.	C	(2017).	

Two	beam1me	periods	with	GRIFFIN	
•  1	publica1on	accepted,	3	in	prepara1on	
•  1	PhD	thesis,	1	Masters	thesis	



46K to 46Ca Beta-Decay  
46K	beam	of	4x105pps	for	~40hrs	
~200	gamma-ray	transi1ons	newly	placed.	
14	previously	unobserved	excited	states	(45	total	observed).	

•  States observed to within 815keV of the 7.7MeV Q value. 
•  Branching ratios observed down to 10-3. 
•  Weakest γ-ray observed has intensity of 0.0015% that of the 21

+ to 01
+ transition. 

•  PhD thesis of J. Pore, Simon Fraser University. 
•  In preparation for PRC. 



50Sc – 50Ti Search for p-n excitations across N=28 gap 
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Seniority	structures	for	the	N	=	28	isotones.	The	structure	reflects	the	dominance	of	the	1f7/2	orbital.	The	v	=	4	
states	are	confined	to	52Cr.	Note	the	order	of	the	v	=	2	and	v	=	4,	Jπ	=	4+		states	in	52Cr.	Probable	deformed	
structures	due	to	the	ν	2p-2h	configuraRon	are	observed	in	50Ti,	52Cr,	54Fe.	Selected	ν	1p-1h	states	and	the			
π	2p-2h	in	48Ca	are	shown.	The	verRcal	arrows	indicate	excitaRon	energies	above	which	other	states	are	
established.					
		
	



50Sc – 50Ti Search for p-n excitations across N=28 gap 

50Sc	-	50Ti,	Nov	2016		

1x106pps	(50Ca),	~8hrs	

T½=		102.5(5)	s	

Qβ=	6890(16)	keV	



50Sc – 50Ti Search for p-n excitations across N=28 gap 

Black:	Previously	reported	in	beta	decay	
Blue:	Newly	observed	in	beta	decay	
Red:	Search	for	



Hg isotopes from Tl decay 

Collected	188-202Tl	decay	

Heyde	&	Wood,	Rev.	Mod.	Phys.	83,	1467	(2011)	



Hg isotopes from Tl decay 

Collected	188-202Tl	decay	

Garcia-Ramos	&	Heyde,	Phys.	Rev.	C	89,	014306	(2014)	



Timing resolution for Co-60 of the full array. 
FWHM~350 ps, mainly for contributions of “bad” crystals 

Good crystals down to FWHM~280 ps 

FWHM~350	ps	

Hg isotopes from Tl decay 
B.Olaizola,	M.	Bowry	et	al.	TRIUMF	
Beam1me	April	2017	



τ~20(2)	ps	
Preliminary	

Collected	188-202Tl	decay	

Hg isotopes from Tl decay 

Detailed	1me-walk	correc1ons	need	to	be	
completed	before	results	obtained	for	other	
isotopes	

B.Olaizola,	M.	Bowry	et	al.	TRIUMF	
Beam1me	April	2017	



Even-mass Tl isomers 

R.A.	Diamond	and	F.S.	Stephens,	NPA	45,	632	(1963).	

198Tlm	



Electron spectroscopy of 198Tl isomeric decay 

γ-gate	on	282.8	keV	

PACES	electron	singles	

PACES	array	in	GRIFFIN	
Five	5mm	thick,	200mm2	Si(Li)	

B.Olaizola,	M.	Bowry	et	al.	
TRIUMF.	Beam1me	April	2017.	



Electron spectroscopy of 198Tl isomeric decay 

γ-gate	on	282.8	keV	

PACES	array	in	GRIFFIN	
Five	5mm	thick,	200mm2	Si(Li)	

B.Olaizola,	M.	Bowry	et	al.	TRIUMF	
Beam1me	April	2017	

260keV	Tl	 Energy(keV)	 M1	 M4	
Tot 0.581(9) 34.6(5)

K 174.47 0.476(7) 14.76(21)

L1 244.65 0.0725(11) 6.55(10)

L2 245.3 0.00738(11) 1.735(25)

L3 247.34 0.000575(8) 6.1(9)

L-tot 245.87 0.0805(12) 14.39(21)

K/L 5.91(12) 1.025(21)

M1 256.3 0.01674(24) 1.76(25)

M2 256.58 0.0019(3) 0.484(7)

M3 257.04 0.000151(22) 1.82(3)

M4 257.51 3.97(6)E-06 0.0399(6)

M5 257.61 2.83(4)E-06 0.034(5)

M-tot 256.68 0.0188(3) 4.14(6)

L/M 4.28(9) 3.47(7)

L1/L3	

M1/M3	



Structure of Ge isotopes 

ρ2=	9.18(2)x103	

444.2(8)ns	

6−3
+15 ps

>0.8psA	

25(11)ps	
1.8−0.5

+0.9 psB

• Data	from	ENSDF	unless	otherwise	noted.	

Q=-0.19(6)	Q=-0.19(2)	

Q=-0.13(6)	

A	Coulex	(16O,16O’γ),	R.Lecomte	et	al.,	PRC	22,	2420	(1980).	
B	DSAM	(n,n’γ),	S.W.	Yates,	private	communica1on	(2016).	



Ultra-high statistics beta-decay spectroscopy of 72Ga-72Ge 

T1/2=14	hours.	Data	collected	for	~12	half	lives.	
The	two	GRIFFIN	and	PACES	spectra	below	each	represent	10GB	out	of	a	total	of	8,000GB	=	0.125%!	

A.B.	Garnsworthy,	J.	Henderson,	J.	Smallcombe,	J.K.	Smith,	M.	Bowry,	et	al.,	Beam1me	Oct	2017	

Si(Li)	
HPGe	

High	Rate,	~3MBq,	~84μCi,	80MB/s	total	DAQ	rate	
16kHz	Si(Li),	24kHz	HPGe	per	channel	

Si(Li)	
HPGe	

Low	Rate,	~25kBq,	~0.7μCi,	~2MB/s	total	DAQ	rate	
0.5kHz	Si(Li),	0.2kHz	HPGe	per	channel	



Questions and observations 

•  Identify benchmark cases for theory (E0 strength): 
–  90Zr = Doubly magic 
–  206Pb, 68Ni = valence neutrons 
–  26Mg, 32S & 58Ni = valence protons and neutrons 
–  Something = away from closed shells 

•  Standard sources for Internal conversion electron 
efficiency 

•  Lack of systematic information on behavior of ρ2 
values. No bench-marking of ‘normal’ values. 



ICE calibration sources 

There	is	a	very	limited	number	of	ICE	
calibra1on	sources.	
	
OZen	in-beam	calibra1ons	are	done	using	
the	theore1cal	ICC	of	pure	E2	transi1ons.	



Potential long-lived ICE calibration sources 

170Lu			2days				171Yb(p,2n)	or	ISOL	



64 

Largest	node	changes	on	the	chart:		
	
N=60	(1g7/2-3s1/2)		98Sr	
N=104	(3p3/2-1i13/2)	186Pb	
	
Maybe	expect	the	largest	core-polariza1on	
effect	in	these	regions	(not	necessarily	the	
largest	E0	strength)	

0+	

0+	

90Zr	

1g9/2	and	2p1/2	
	
SM: 	4.71	
MM:	 	0.71	

Microscopic model for E0 transition matrix elements 


