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Identification of deformed intruder states in semi-magic       Ni   70,72 



Shape coexistence in  66,68,70,72Ni38,40,42,44

The identification of a deep deformed prolate minimum in 70Ni42

The hero of this story is the 22
+ level at 1868 in 70Ni42.
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The ANL-Gammasphere deep inelastic reaction data sets 198Pt,197Au,208Pb,238U targets 





beams
Mostly multiparticle knock out
1-neutron knock out

Data from knock-out reactions at NSCL with GRETINA.

1-proton knock out





MSU beta-
counting 
system



Beta-decay data for 58-68Mn nuclei, followed with a digital system 
from each Mn isobar to the stable or long-lived Ni nuclei.  The data 
were taken at CERN/ISOLDE using the Resonance Ionization Laser 
Ion Source and the ISOLDE Decay Station with Leuven digital 
electronics.  These data are from the Ph. D. theses of Dieter Pauwels 
and Deyan Radulov, as well as Madrid collaborators.



Nov 1999

Our hero has been 
standing here for 16 
years seeking an 
understanding.



Few models with neutron valence spaces showed a 22
+ level below 2 or 

even 3 MeV,  nor was such a state observed in Z = 42 92Mo.  In other 
words, neither systematics nor neutron-valence-space models could 
account for this state at 1868 keV.



June 1999 Higher spin state in 68Ni were 
studied then…and updated in 
2012.



Then, more detailed studies 
were performed on 68Ni that 
led to the rather firm 
identification of THREE 0+ 
levels our of the first four 
states, 0+ 0+ 2+ 0+. 0+ 1604
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In all of this renewed 
work, the exact position 
of the 02

+ level was 
identified at 1603.5 keV.
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ANL DIS

MSU 2nKO

The question was asked, “ are 
there new data for 70Ni from the 
2nKO study?”

Sawicka et al.
2003

Exp                calc



ANL DIS

MSU 2nKO

MSU 2nKO

ANL DIS



These new calculations from the Otsuka 
group in the form of Yusuke Tsunoda’s 
thesis exhibited a good fit for the existing 
2+ and 4+ levels AND a prediction of a 
low-energy 0+ level for which we have a 
possible candidate.  They are using a 
Monte-Carlo Shell Model code that 
includes both pfg neutrons and, much 
more important, pfg protons.  The key 
is the inclusion of the full pfg proton 
valence space, not possible in the 
previous shell-model calculations with 
only pfg neutrons.  The “ugly duckling” 
level at 1868 keV turns out to be the 
key to a whole new interpretation of 
the structure of 70Ni….even if it took 15 
years to get to this point.







Oblate    Spherical   Prolate It is now plausible that 
the prolate minimum has 
dropped by ~ 1 MeV in 
70Ni. 



Proton f5/2

Neutron g9/2



Peter Möller’s model 
finds shape 
coexistence for 
66,68Ni, but not for 
70Ni.



The energies are 10%  high.

Earlier, I had carefully noted that “few 
models showed a low-energy 22

+ level, 
but not NO models.

0+ 0+ 2+ 0+

The energies are 10%  high.



This paper comes from beta-decay experiments at NSCL in which a 
candidate for the “plausible” low-energy prolate 02

+ level in 70Ni has 
been identified at 1566 keV.

1643



Decay of 70Co isomers [short (high spin) and long (low spin)] to levels in 70Ni

1st 500 ms

2nd 500 ms



Now the set is complete for 
70Ni, a 0+ 2+ 4+ sequence in 
the second well.
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Oblate    Spherical   Prolate



This is my favorite drawing for A = 
66,  that shows deformation being 
maintained from 66Fe to 66Ni.  The 
primary decay involves the GT 
allowed decay of 2 sequential f5/2 
neutron decays that fill the last two 
f7/2 proton holes, leaving the other 
parts of the neutron configuration 
unchanged.  The line at 642 keV 
and level at 3313 keV come from 
the DIS experiments at ATLAS 
using Gammasphere in a triple 
coincidence mode following 2-
neutron transfer.
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The absence of the predicted 8+ 
isomer in 72Ni was “solved” by 
measuring the energy and showing 
it had a short lifetime.  The 
theoretical solution involved 
postulating seniority-four 6+ and 
4+ states with fast transitions.

This reaction 
involved the 
transfer of four 
protons from 
76Ge to 198Pt.



This has just been published and includes THREE new gamma rays, the peak at 1069 keV and the others at 
579 and 699 keV.  As the (3+) spin and parity for the 181-ms isomer is uncertain, the proposed (4+) 
assignment for the new level at 2164 keV might not be correct, it could also be 2+ or 0+.



Here is a singles spectrum provided by Dirk Weisshaar  with four 
prominent gamma rays, only two of which were previous assigned to 
levels in 72Ni.  These came from the same MSU GRETINA experiment 
that yielded the 70Ni data,  and, in this case, via a 1-proton knock-out 
reaction from 73Cu………..two more new gamma rays!!!!!
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It is now “plausible” that there is modest shape  
coexistence in 72Ni..maybe a deep prolate minimum?
Note that neither calculation shown places the 02

+ 
level below 3 MeV!!!!
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Conclusions:

New levels in 70Ni, are identified that are consistent with a deep prolate minimum at 
N = 42.  These include a 42

+ to 22
+  sequence and a  02

+ level that is placed in the 
prolate well.

One conclusion would seem to be that “something is missing” in that several 
models show a rather shallow minimum at N = 40 whereas, the data seem to 
suggest a deep prolate minimum either N = 42 or co-minima at N = 42 and N = 44.  
Perhaps the “missing something” is the full incorporation of the tensor interaction, 
that, in turn, better describes the proton components of these structures, largely 
isolated in a separate minimum.            

This is a 3-part effect, the presence of the g9/2 neutrons lowers the position of the 
f5/2 protons, that, in turn, lowers the energy of the downsloping K = 1/2± and K = 
3/2± Nilsson states for both protons and neutrons.  Stated another way, the 
monopole shift that lowers the f5/2 proton orbital is key to the prolate minimum in 
70Ni. 


