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Investigation of		70,72,74Ni	from	b decay of		70,72,74Co

Outline:
• Motivation	of	studies	and	description	of	setup
• 70Ni:		shape	coexistence

• Late	information
• 70Co	->	70Ni	decay
• 71Co	->	70Ni	
• 70Fe	->	70Co	->	70Ni	

• 72Ni:	seniority	isomer;	shape	coexistence
• Updated	knowledge
• 72Co->	72Ni
• 72Fe	->	72Co	->	72Ni

• 74Ni:	starting	analysis



MOTIVATION
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Ø Region around 78Ni experimentally accessible
Ø 78Ni with N/P ~ 1.79 

Ø Test of the magic nature of 78Ni      

p n

Ø Vanishing of 8+ seniority isomers
Ø Appearance of low-lying 0+

collective excitations 

G. Benzoni, NS2016, Knoxville



Ø MCSM calculations predict the coexistence of shapes at low excitation energies [Y. Tsunoda et al., PRC (2014)]

Ø Three 0+ excited states below 3 MeV have been identified in 68Ni. 
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MOTIVATION

G. Benzoni, NS2016, Knoxville



4

Ø 8+ SI observed in 70,76Ni [R. Gryzwacz, PRL (1998), C. Mazzocchi, PLB (2005)]
Ø No experimental evidence of 8+ SI in 72,74Ni  
Ø t1/2(72Ni,8+) < 20 ns or > 3-4 ms [M. Sawicka, PRC (2003)]
Ø Tentative 8+ @ 2590 keV [C.J. Chiara, PRC (2011)] 

QR RQ

Scarce statistics!

MOTIVATION

G. Benzoni, NS2016, Knoxville
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Ø The 6+ level with seniority n=4 lies at about 
the same energy than the n=2, 6+ state. 
This would open a fast decay path between 
states of different seniority
[H. Grawe, NPA (2002), A.F. Lisetskiy, PRC 
(2004), P. Van Isacker, IJMPE (2011)]

Ø Inversion of seniority n=2, n=4 previously 
observed only in the f7/2 shell
[I. Talmi, Simple Models of Complex Nuclei,
Harwood Academic publishers,1993]

PSQ calculations [P. Van Isacker, IJMPE (2011)]

SM calculations [A.F. Lisetskiy, PRC (2004)]

Theoretical hypothesisMOTIVATION

G. Benzoni, NS2016, Knoxville
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THE EXPERIMENT

238U + Be @ 345 AMeV, 10 pnA

Ø WAS3ABI

Ø EURICA

• 5 DSSSDs 60x40 strips
• 1 mm2 pitch, 1 mm thick
• Ion-b correlations (~ ms)

• 12 HPGe clusters
• 84 crystals
• Eg=11% at 662 keV

b-

Fission residue g
EURICA 

b-decay setup

BigRIPS: Particle ID

ION-b, b-g and b-g-g
Correlations

G. Benzoni, NS2016, Knoxville
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b-

Fission residue g
Ø 18 LaBr3(Ce) 

• 1.5”x 2”
• 5 mm lead shields
• Eff 1.5% @ 662 keV

Ø 2 BC-418 fast plastics

• 45x150 mm2

• 2 mm thick
• 3-5 mm from WAS3ABi
• Eff ~ 50%

Ø Half-lives of excited states within the ps-ns range
ü Measure b2 of 2+, 4+ states in even-even deformed nuclei
ü Inspect configuration mixing, seniority scheme in spherical nuclei
ü Search for b-delayed short-lived isomers

Fast-timing bg
correlations 

THE EXPERIMENT

G. Benzoni, NS2016, Knoxville



• 70Ni:		shape	coexistence

• 70Co	->	70Ni	decay
• 71Co	->	70Ni	
• 70Fe	->	70Co	->	70Ni	

Ø 1.4x105 70Co
Ø 1.6x106		71Co
Ø 1.8X105 70Fe

• 72Ni:	seniority	isomer;	shape	coexistence

• 72Co->	72Ni
• 72Fe	->	72Co	->	72Ni
• 73Co	->	72Ni

Ø 9x105 implantations	72Co
Ø 5x103 implantations	72Fe
Ø 3x105 implantations	73Co

• 74Ni:	seniority	isomer;	shape	coexistence

• 74Co->	74Ni Ø 2x104 implantations	74Co

1) Isomer spectroscopy in the ps-Ps range
2) E decay studies

Search for new transitions
Extend level schemes

PURPOSE OF THIS WORK

3) Investigating low-lying structure of Ni 
isotopes from different decay channels

6A.I. Morales, Padova, 01-04-2015

To	be	sorted	out!
g-g coincidences	are	on	the	way

G.	Benzoni,	NS2016,	Knoxville



• MNT	reaction	70Zn@440	MeV	on	208Pb	target	(ANL)
• Secondary	fragmentation	(NSCL)	
• b decay	at	NSCL

Yrast sequence	up	to	8+ ==>	ng9/2 charachter
Negative	parity	states	è excitation	of	neutrons	from	fp shell	to	g9/2
Non-yrast positive-parity	states	è deformed	states

MCSM			using			the			A3DA			interaction		in		the			full	
fpg9/2d5/2			model	space	for	both	protons	and	neutrons

70Ni:	0+2 ,	2+2 state	identified



70Ni

*	Gate	on	1259-keV	transition 10G.	Benzoni,	NS2016,	Knoxville

nf5/2-1	ng9/2+3

nf5/2-1	ng9/2+3

nf5/2-1	ng9/2+3

np1/2-1	ng9/2+3

ng9/2+2

ng9/2+2

ng9/2+2

(6-,7-)	

pf7/2-1	ng9/2+3

Prokop,	PRC	(2015)

Decay	from	high-spin	state

70Co:	2	b decaying	states:
(6-,7-)	104	ms
(3+)		474	ms

Ø IR	=	45%
Ø Pn ~ 6.1(8)%
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70Fe->70Co->70Ni	:	natural	selection	of	low-spin	states	

*	Previously	known	lines
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70Fe->70Co->70Ni	:	Shape-Selective	β	Decay	of	A	=	70	Isobars	

Spherical

Prolate def

½- state	in	65-67Co	already	
attributed	to	downsloping
[321]1/2	proton	orbit	
pointing	towards	prolate
deformations

Pauwels et	al.	PRC	78	(2008)	041307R

Low-spin	b decay	state	is	1+,2+



with an addback e�ciency of 11% at 662 keV.
More details on the geometry of the setup and analy-

sis procedure are published in Refs. [21, 35, 36, 37].
The low-lying level structure of the decay successors

was investigated through high-precision �-delayed �
spectroscopy. Correlation conditions consisted in defin-
ing the time interval and distance between implanted
ions and � electrons and establishing the coincidence
time between � electrons and � rays. Typical values
were 5 half-life periods, 3 mm, and 200 ns, respectively.

Figure 1 shows �-ray energy spectra measured in de-
layed coincidence with � electrons registered within 0-
320 ms (top) and 250-1500 ms (bottom) after the im-
plantation of 70Fe ions. These two time windows are
selected to enhance the � rays following the decays
70Fe!70Co and 70Co!70Ni, respectively. For 70Co,
only three � transitions at 156, 164, and 273 keV were
previously reported [39, 33]. In the present work, a to-
tal of 24 transitions have been assigned to 70Co, 19 of
which have been placed in the level scheme of Fig. 2
after analyzing their coincidence relations.

In the granddaughter nucleus 70Ni 17 transitions are
identified, of which about half are reported in Refs. [40,
28]. The level scheme of 70Ni is also shown in Fig.
2. The 4775- and 4823-keV transitions are shown as
dashed lines because their location in the level scheme
is based only on energy-matching constraints but not on
�-� coincidence relations as for the other transitions.

Apparent � feedings and calculated log f t values are
reported on the left of the level schemes. They must be
considered as upper and lower limits, respectively, due
to possible missed feeding from higher-lying states.

The selectivity of the � decay process helps isolating
the population of low-spin states in 70Co and, conse-
quently, in 70Ni. In particular, high spin isomeric states
in 70Co, as suggested by [39, 24], could not be e↵ec-
tively populated by this mechanism.

In 70Co, the strong population of the states at 274 and
1696 keV indicates the occurrence of allowed Gamow-
Teller transitions from the 0+ ground state of 70Fe.
Based on this, we tentatively assign them spin and par-
ity (1+). It is to note that the low-lying levels of 70Co
will have negative parity as a result of the coupling
of a single proton hole in the ⇡ f7/2 orbital to the un-
paired ⌫g9/2 neutron, if these orbitals are well isolated
from the adjacent sub-shells with the presence of siz-
able spherical shell gaps at Z = 20, 28 and N = 40,
50. Meanwhile, the first spherical 1+ state will arise
from the ⇡ f7/2 ⌦ ⌫ f5/2 multiplet. Its energy is expected
to be around 1 MeV based on the energy di↵erence be-
tween the (9/2+) ground state and the (5/2�) level in

Figure 2: Experimental and calculated level schemes of the decay
70Fe!70Co!70Ni. Arrow widths are proportional to transition in-
tensities. Transitions shown by dashed arrows are placed based only
on energy sums. Apparent � feedings (I�) and logft values (calcu-
lated assuming the lowest-lying level as the ground state) are shown.
MCSM states predicted to be nearly spherical are indicated in solid
red, prolate-deformed in dashed blue, and oblate-deformed in dotted-
dashed green. Q� values are taken from [38].

3

Decay	to	70Ni:
2+1 and	2+2 show	similar	populations,	even	if	
the	population	of	prolate 2+2 is	enhanced

High	energy	states	è populating	2+2 state
è proton-two	qp configurations	with	Jp=0+,1+,2+	A.I.Morales,	submitted
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Low-lying	excitations	in	70Ni

Ø Observation	of	a	0+ candidate

G.	Benzoni,	NS2016,	Knoxville

Sn 4264	keV
(5/2-,7/2-,9/2-)

nf5/2-1	ng9/2+3

ng9/2+2

ng9/2+2

ng9/2+2

np1/2-2	ng9/2+4

np1/2-1	ng9/2+3
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Low-lying	excitations	in	72Ni

G.	Benzoni,	NS2016,	Knoxville
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Low-lying excitations in 72Ni

[C.J. Chiara et al, PRC (2011)]

[M. Rajabali et al, PRC (2014)]

Scarce statistics! Scarce statistics!

G. Benzoni, NS2016, Knoxville



Obtained	both	from	72Co->72Ni	decay
And	72Fe->72Co->72Ni
Much	stronger	feeding	to	gs <40%
And	hindered	decays	to	2+ states
Non	observation	of	prolate 0+ state
MCSM	calculation	expect	reduction	
of	def.	already	starting	from72Ni

Existence	of	2	b-decaying	isomers72Co->72Ni

RDDS	measurement	on	1p	knock-out	at	NSCL
K.Kolos et	al.	PhysRevLett 116	(2016)	12250
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Ø Fast-timing	measurements	performed	to	investigate	the	seniority		configuration	of	72Ni		

454-keV	long-lived	transition!	454-keV	long-lived	transition!	454-keV	long-lived	transition!	

n=2
n=4

(2+)

(2+) (2+)

(2+)

Low-lying	excitations	in	72Ni

G.	Benzoni,	NS2016,	Knoxville

A.I.Morales to	be	submitted



Conclusions:

• Ni	isotopic	chain	is	a	lively	area	where	many	phenomena	are	found

• Strong	interest	worldwide	to	attack	this	region	with	many	different	reaction	mechanism
• Shape	coexistence	phenomena	described	in	terms	of	Type	II	Shell	Evolution

• EURICA	campaign	successfully	ended	in	June	2016		

1) Isomer spectroscopy in the ps-Ps range
2) E decay studies

Search for new transitions
Extend level schemes

PURPOSE OF THIS WORK

3) Investigating low-lying structure of Ni 
isotopes from different decay channels

6A.I. Morales, Padova, 01-04-2015
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Low-lying excitations in 72Ni

Ø 73Co ®72Ni  Ø 73Co ®72Ni  

G. Benzoni, NS2016, Knoxville
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Low-lying excitations in 72Ni

G. Benzoni, NS2016, Knoxville


