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The hero of this story is the 2,*level at 1868 in 7'Ni,,.
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The ANL-Gammasphere deep inelastic reaction data sets  *°Pt,"”’Au%Pb,>*U targets
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Data from knock-out reactions at NSCL with GRETINA.

A Mostly multiparticle knock out

beams
vV 1-neutron knock out

1-proton knock out







ion
sources

K500

K1200 production

arrangement provided a peak
efficiency of ~ 7% at 1 MeV, and ~
3% at 3 MeV. A resolution of 3.3 keV
at 1 MeV was achieved.
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Particle identification of cocktail beam delivered to the B
Counting System. Picture of SeGA and BCS set-up in the S2 vault.
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Characterization of the low-lying 0 and 2 states in ®*Ni via 8 decay of the low-spin **Co isomer
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Beta-decay data for 3-Mn 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.
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Few models with neutron valence spaces showed a 2,* level below 2 or
even 3 MeV, nor was such a state observed in Z = 42 °?Mo. In other
words, neither systematics nor neutron-valence-space models could
account for this state at 1868 ke'V.
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Spectroscopic study of the *-%-%Nj isotopes populated in *Ni + 233U collisions
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Low-spin states and the non-observation of a proposed 2202-keV, 0+ isomer in **Ni
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Then, more detailed studies 33018 e
- 4+ 31474 76|
were performed on 68Ni that

led to the rather firm ol m§847 4 I

. . . 1 N
1dentification of THREE 0O+ 814 5 A M4 | 25|L-8 0
levels our of the first four [ i;’?_‘i?’.-é!_?%] '
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™ . 65N . . . 20329

e low-spin level scheme of *°Ni was investigated with the Gammasphere array following reactions between
a °Zn beam and 2**U, 2%Pb, and '’ Au targets. Spin assignments for some states have been verified through
y-ray angular correlations, including the 0% assignment for the 2511-keV level. Two previously unknown states
at 3302 and 3405 keV have been identified. No evidence was found for a recently reported 216-ns, 0" isomer
at 2202 keV that was attributed to a proton two-particle, two-hole intruder configuration, despite experimental
conditions similar to those used in the measurement reporting its discovery.

FIG. 3. (Color online) Partial, low-spin level scheme of BNi
from the present study. The 168-keV isomeric transition proposed in
Ref. [21] was not observed in this work but is indicated for reference.



%8Ni was also produced in two-neutron knockout (2nKO) RAPID COMMUNICATIONS
reactions at the Coupled Cyclotron Facility of the National
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cocktail beam containing °Ni, ®*Co, and 7'Cu ions was E4
produced in the projectile fragmentation of a 140-MeV /u 82Se Configuration mixing and relative transition rates between low-spin states in ®Ni
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beams with typical intensities of 10° ions/s were delivered A. M. Rogers,> D. Seweryniak,? S. R. Stroberg,"* S. Suchyta,' S. Williams,! K. Wimmer,"!* and S. Zhu?

to the experimental area and impinged upon a 281-mg/cm*

Be reaction target located at the pivot point of the S800 x8 CalNe) moi,t_’chmdm plm-)dda,ymy,s feact doet

spectrograph [19] to induce knockout reactions at a midtarget ; eaction produc

energy of 75 MeV /u. Reaction products were identified on é ;%%gﬂsﬁ::émgmph

an event-by-event basis at the S800 focal plane [19]. The n .

high-resolution y-ray detection system GRETINA [20,21], LQ’ Reaction target GRETINA:

an array of 36-fold segmented HPGe detectors, surrounded el 4 ' 281 mg/cm? 'Be :

the S800 target position and was used to detect prompt y rays ~ 7 I )"* * 7 detector modules
emitted by the projectile-like reaction residues. The GRETINA K. Meletbahiol ol NIM A652, 668 2011 A ik " « 4 HPGe crystals per
quadruple-crystal detector modules were arranged in two ) Seer module

rings, with four detectors located at 58° and three at 90° with

respect to the beam axis. Signal decomposition [21] provided o * 6x6 segmentation of
sub-segment spatial resolution used for the event-by-event A1900 flzgll::e:ni separator ‘, each crystal

%o N/

Doppler reconstruction of the y rays emitted in flight by
the projectile-like reaction products. The photopeak efficiency
of the detector array was calibrated with standard sources
and corrected for the Lorentz boost of the y-ray distribution
emitted by the recoils moving at velocity 0.38c. Finally,
delayed y rays could also be identified within a 0.4- to 25-us

* Signal decomposition
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Identification of deformed intruder states in semi-magic Ni

C.J. Chiara,"»>" D. Weisshaar,” R. V. F. Janssens,” Y. Tsunoda,* T. Otsuka,>*> J. L. Harker,:> W. B. Walters,' F. Recchia,>®
M. Albers,>" M. Alcorta,>* V. M. Bader,>”-¥ T. Baugher,>”-! D. Bazin,*’ J. S. Berryman,’® P. F. Bertone,>! C. M. Campbell,®
M. P. Carpenter,” J. Chen,” H. L. Crawford,® H. M. David,>'° D. T. Doherty,>'# A. Gade,>” C. R. Hoffman,”> M. Honma,'!
F. G. Kondev,’ A. Korichi,>'> C. Langer,>'* N. Larson,>'* T. Lauritsen,” S. N. Liddick,>'* E. Lunderberg,>’
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S. Suchyta,>'* 1 Y. Utsuno, 3 S. J. Williams,® K. Wimmer,*!®# and S. Zhu?

Excited states in "’Ni were populated in multinucleon-
transfer reactions between a 440-MeV 7°Zn beam and a

~50-mg/cm? 2%®Pb target. The beam was provided by the
ATLAS facility at Argonne National Laboratory in ~0.3-
ns-wide beam pulses delivered to target every 412 ns. The
target, located at the center of the Gammasphere array of 100
Compton-suppressed high-purity Ge (HPGe) detectors [37],
was sufficiently thick to stop all reaction products. Additional

A complementary experiment employing secondary frag-
mentation reactions from a cocktail beam including predom-
inantly ”*Cu and "?Ni ions at the Coupled Cyclotron Facility
of the National Superconducting Cyclotron Laboratory was
also used to study excited states in '°Ni. Details of this
experiment are provided in Ref. [31]. The "°Ni reaction
products were identified on an event-by-event basis with the
focal-plane detection system of the S800 spectrograph [39].

The question was asked,  are
9

there new data for "'Ni from the

2nKO study?”
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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
1s the inclusion of the full pfg proton
valence space, not possible in the
previous shell-model calculations with
only pfg neutrons.

turns out to be the
key to a whole new interpretation of
the structure of "°Ni....even if it took 15
years to get to this point.
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It is now plausible that
the prolate minimum has
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We calculate potential-energy surfaces as functions of spheroidal (e,). hexadecapole (es), and axial-
asymmetry (y) shape coordinates for 7206 nuclei from A = 310 A = 290. We tabulate the deformations
and energies of all minima deeper than 0.2 MeV and of the saddles between all pairs of minima. The
tabulation is terminated at N = 160. Our study is based on the FRLDM macroscopic-microscopic model
defined in AToMIC DATA AND NUCLEAR DATA TABLES [P. Moller. | R. Nix, W.D. Myers, WJ. Swiatecki, At. Data
Nucl. Data Tables 59 (1995) 185]. energy:
even-even nuclei in i i i anecessary condition for shape
isomers occurs, p surface, We find that the vast
majority of nuclear shape isomers occur in the A = 80 region, the A = 100 region, and in a more extended
region centered around **Pb, A calculated region of shape isomers that has so far not been extensively
explored is the region of neutron-deficient actinides “north-east” of **Pb.

©2011 Elsevier Inc. Al rights reserved.
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Peter Moller’s model
finds shape
coexistence for
66.68N7i, but not for

70Ni
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Earlier, I had carefully noted that “few s
models showed a low-energy 2,* level,

but not NO models.

The energies are 10% high.
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JUNE 1988 TABLE IV. Observed states in ®®Ni and *’Ni with their assumed spin and parities. The normalizing
factor N is the ratio do /dQ.,,/do /dQpwea.
GSNi 67Ni
Excitation energy (MeV) Spin N Excitation energy (MeV) Spin N
gs. 0+ 0.4 gs. (37) 0.37
1.77+0.3 0+ 0.13 0.77+0.2 %* 2.93
3+ 2.35
2.20+0.4 2+ 0.21 1.14+0.03 %~ 0.20
0+ 0.1 -
2.70+0.04 2+ 0.5 1.974+0.04 3 1
0.2 -
3.28+0.05 4 1.43 3.68+0.05 % 1.1
3.45+0.05 . .
124005 The energies are 10% high.
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New low-energy 01 state and shape coexistence in "°Ni
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This paper comes from beta-decay experiments at NSCL in which a
candidate for the “plausible” low-energy prolate 0,* level in "°Ni has
been identified at 1566 keV.
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Decay of 7°Co isomers [short (high spin) and long (low spin)] to levels in 7°Ni
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FIG. 3. Simplified low-energy level scheme of "’Ni populated
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the predictions of the MCSM on the right [28]. The 1566-keV 70n 1
E0 transition is inferred from coincidence spectra (see text for N I
details) and is indicated by a dashed line. 28 42
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This is my favorite drawing for A =
66, that shows deformation being
maintained from %Fe to °*Ni. The
primary decay involves the GT
allowed decay of 2 sequential f;,
neutron decays that fill the last two
f,, proton holes, leaving the other

parts of the neutron configuration
logft (% Leuven, May 2011 unchanged. The line at 642 keV
4.5 34% 1 +_ - 981 and level at 33.13 keV come from
(6,7) 642 750 (80) us the DIS experiments at ATLAS
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Seniority, collectivity, and B(E2) enhancement in ’Ni
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Gamma rays assigned to 72Ni,, have been identified with Gammasphere in deep-inelastic reactions involving
a450-MeV 7°Ge beam and a **Pt target. Using a combination of spectra produced by double gates on the known
454-, 843-, and 1095-keV members of the ground-state cascade, a coincident line at 199 keV has been identified
and is tentatively assigned as the 87 — 6 transition. These y-ray coincidences have been observed only in
prompt events, indicating an 8* half-life below 20 ns and requiring a large B(E2) enhancement compared to that
expected from a seniority scheme. This value is consistent with models showing decay to a seniority v = 4, 67
level that is depressed by the same two-body interaction responsible for the rather low 1095-keV 2 energy, as
compared to the valence-symmetry counterpart 7Rus.
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The absence of the predicted 8*
isomer in 7?Ni 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.
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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*.

J. Phys. G: Nucl. Part. Phys. 41 (2014) 115104 M M Rajabali et al
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Here is a singles spectrum provided by Dirk Weisshaar with four
prominent gamma rays, only two of which were previous assigned to
levels in 7?Ni. These came from the same MSU GRETINA experiment
that yielded the °Ni data, and, in this case, via a 1-proton knock-out

reaction from 3Cu
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........... two more new gamma rays!!!!!
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It 1s now “plausible” that there is modest shape
.. .. coexistence in "?Ni..maybe a deep prolate minimum?
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Conclusions:

New levels in 7ONi, are identified that are consistent with a deep prolate minimum at
N =42. These include a 4,* to 2," sequence and a 0,*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 lowers the position of the
f5,, 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 {., proton orbital is key to the prolate minimum in
7ONi.



