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Mapping of fragmented ν f5/2 → π f7/2 transitions in the 73Co → 73Ni decay
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Excited states in 73,75Ni were investigated through the β decay of 73,75Co in an experiment performed at the
National Superconducting Cyclotron Laboratory (NSCL) at Michigan State University (MSU). The experimental
results extended the level scheme of 73Ni to 3.2-MeV excitation energy and provided the experimental informa-
tion on excited states in 75Ni. The β-delayed neutron branching ratio for 73Co was obtained. The experimental
results are discussed in comparison with shell-model calculations.
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I. INTRODUCTION

With the increased quality of the experimental data
available for neutron-rich unstable nuclei, a more in-depth
verification of nuclear models can be achieved. The improved
sensitivity of experiments provides either the ability to study
an expanded pool of isotopes or to investigate previously
unobserved weaker effects, which may sometimes confirm
or often revise previous claims. This is particularly impor-
tant near doubly magic nuclei, which are thought to form
the backbone of the nuclear structure models. Recently, the
double-magic nature of 78Ni [1,2] was confirmed as predicted
by multiple experimental observations on less exotic nuclei
[3,4]. Yet, recent experiments also show that there is a lot more
complexity in this region with claims of coexisting structures
[5,6].

There is a significant body of decay experiments investi-
gating β decays and isomer decays of cobalt isotopes. The
experimental data and theoretical predictions have evolved
significantly over the past two decades, from a relatively
straightforward picture based on the seniority scheme [7–10]
to a more sophisticated understanding where the collective
excitation has been called for to explain more recent experi-
mental data [11–14]. The early signature of the breaking of the
seniority scheme was the lack of observation of the predicted
seniority isomers in 72,74Ni [7,8]. The topic was addressed
later in a decay measurement with higher statistics [15]. These

experimental efforts were accompanied by the development of
nuclear structure models [16–18], which are able to interpret a
more complex reality emerging from experimental data. The
majority of the prior works focused on the interpretation of
excited states in nickel isotopes; however, recent TAS work
was able to make a more quantitative statement on β-decay
properties through the strength distribution for 69–71Co decays
[19].

In the decay of neutron-rich Co isotopes, significant β-
decay strength to low-excited levels is attributed to allowed
Gamow-Teller (GT) transitions ν f5/2 → π f7/2 (see Fig. 1).
The strong selectivity of this transition contains informa-
tion both on the parent and daughter nuclei. Mapping strong
GT transitions is of importance to describe the nuclear de-
cay properties. Here, we continue this analysis and use the
shell-model approach to interpret the experimental data. With
sufficient precision from future higher statistics experiments,
β-decay measurements can complement direct-reaction ones,
which sometimes populate different groups of states due to
their different selection rules. GT transitions were clearly
identified in the decays of even-A cobalt isotopes, and the
same interpretation was used to also explain the results for
odd-A isotopes. While the primary GT transitions in the de-
cays of 70,72,74Co isotopes were identified at the relatively high
excitation energy of about 3 MeV [15,20,21], it was proposed
that this transition can be found at much lower energies, about
1 MeV, for odd-A cobalt isotopes [22,23].
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FIG. 1. Schematic drawing for the Gamow-Teller (GT) transi-
tions in Co isotopes. The transitions from the neutron to the proton
proceed between their spin-orbit partners.

This work presents new experimental results for the β

decay of 73,75Co populating excited states of 73,75Ni. The level
scheme of 73Ni is updated with respect to prior work [23] and
we report here the first experimental information on an excited
state in 75Ni from β-decay spectroscopy. Experimental data
reveal dominant GT transitions ν f5/2 → π f7/2 in addition
to a small amount of strength in the higher energy region
in the decay of 73Co. We also provide a revised theoretical
interpretation, which can describe not only the level energies
but also transition probabilities. The calculations are extended
to more neutron-rich odd-mass nickel isotopes to guide future
studies.

This paper begins with a description of the experimental
setup in Sec. II, which is followed by the results in Sec. III
and a description of shell-model calculations in Sec. IV.

II. EXPERIMENTAL DETAILS

Excited states in 73,75Ni were populated by means of the
β decay of 73,75Co. The cobalt ions of interest were produced
via projectile fragmentation of an 82Se beam [24] at an en-
ergy of 140 MeV/u on a 9Be target. The experiment took
place at the National Superconducting Cyclotron Laboratory
(NSCL) at Michigan State University (MSU). The ions of
82Se impinged with an average current of 40 pnA on a 9Be
target. The reaction products of interest were separated by
the A1900 fragment separator [25] and transmitted to the
experimental end station. The fragments were identified on an
event-by-event basis by measuring energy loss (�E ) in a sili-
con detector placed in the beam line before the detection setup
and time of flight (TOF) between the intermediate dispersive
image of the A1900 and a Si-PIN detector [26].

The separated fragments of interest were implanted in
a germanium double-sided strip detector (GeDSSD) [27],
which is a circular disk, 9 cm in diameter and 1 cm thick, seg-

mented into 5-mm-wide strips. The detector was segmented,
16 strips on one side and 16 orthogonal strips on the other
side, for space-correlation purposes. The signals were fed
to dual-range preamplifiers in order to detect both the high-
energy deposition of the heavy ions and the low energy of
the β particles. Spatial correlations were allowed between an
implanted ion and electrons detected in the pixel itself or in
any adjacent pixel. The β-detection efficiency was found to
be 85(8)% by the known decay data, in good agreement with
simulations [27].

The GeDSSD was surrounded by eight clover germanium
detectors in close geometry for detection of γ rays in coin-
cidence with β particles. The γ -ray energy resolution of the
clover germanium detectors was estimated to be 2.5 keV at 1.3
MeV. Absolute γ -ray efficiencies were determined by using a
calibrated 154,155Eu source and aided by GEANT4 simulations
[28] that considered the geometry of clover detectors and
GeDSSD. The full-peak efficiency for γ rays was 2.5(1)%
at 1.3 MeV. All detector channels were read out by the NSCL
Digital Data Acquisition System (DDAS) [29].

The β-decay half-life was determined by fitting the corre-
lated time distribution for β-coincident γ rays. The analytical
solution of the Bateman equations [30] with constant back-
ground was used,

N (t ) = N1(0)

[
e−λ1t + λ1

λ2 − λ1
(e−λ1t − e−λ2t )

]
+ const,

(1)

where 1 and 2 identify the parent and daughter nuclei, respec-
tively. N (t ) is number of decay events as a function of time,
and λ is the decay constant.

III. RESULTS

A. β decay of 73Co

A total of 1.2×105 73Co ions was implanted in the
GeDSSD. For each identified and implanted ion, a correla-
tion was made in time and space between the implanted ion
and its subsequent β decay. The energy spectra of γ rays in
coincidence with β particles correlated with 73Co are shown
in Fig. 2. The observed transitions of 239, 284, 524, and 774
keV are consistent with previous work [23]. Peaks at 152, 768,
990, 1059, 1142, 1174, 1593, 1941, and 3000 keV were newly
assigned as transitions in 73Ni following β decay of 73Co. The
transitions at 454, 843, and 1095 keV correspond to the de-
excitation of excited states in 72Ni, which are populated in the
β-delayed neutron (βn) decay of 73Co [22]. A βn-emission
branching ratio of 6(3)% is found in this work. The value
was estimated on the basis of the efficiency-corrected intensity
of the de-excitation of the first-excited level at 1095 keV in
72Ni [20] and the observed the β intensity to 73Ni as shown
in Fig. 3. The other peaks in the spectra were assigned as
transitions in 73Ni by comparing the spectra of 72Ni in this
and in the prior data [20]. In our previous study, weak γ rays
at 158 and 194 keV were observed [23]; however, these lines
were not observed here despite statistics larger by about 8
times. The lack of observation of these two transitions might
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FIG. 2. (Top) β-gated γ -ray energy spectrum for the decay
of 73Co up to 3.6 MeV (correlation time 120 ms, background
subtracted). The 454-, 843-, and 1095-keV peaks correspond to
transitions in 72Ni populated in the βn channel. The 1460-keV
line labeled with BG corresponds to the known 40K natural back-
ground line. (Bottom) β-γ -γ coincidence spectra for the decay of
73Co →73Ni. From top to bottom, the spectra are gated on the 239-,
284-, 524-, and 774-keV transitions.

be attributed to the relatively high background in low-energy
region in this work or unknown contamination [23].

The proposed partial level scheme of 73Ni as obtained in
this work is shown in Fig. 3. It was constructed on the basis
of transition energies, relative intensities and coincidences,
when available. All the observed γ -ray energies and γ -γ
coincidences information are listed in Table I. The β-γ -γ
coincidence analysis revealed that the 152-, 990-, 1059- and
1593-keV transitions are in cascade with the 239-keV transi-

FIG. 3. The partial decay scheme of 73Co as obtained in this
work. The decay energy (Qβ ) value stems from Ref. [31]. See text
for details.

tion in addition to the previously known transitions at 284 and
774 keV.

The 1059-keV transition agrees with the energy difference
between the known levels at 239 and 1298 keV [23]. The
1593-keV transition was assigned to de-excite the new level
at 1832 keV based on its coincidence with the 239-keV tran-
sition. An excited state at 1666 keV is assigned on the basis
of the energy sum between the 152- and 990-keV transitions.
The energy difference between the levels at 1666 and 524 keV
agrees well with the observed transition at 1142 keV; however,
the coincidence between the 1142- and 239-keV lines was not
observed because of the limited statistics. A level positioned at
3239-keV excitation energy is supported by weak transitions
of 1174, 1941, and 3000 keV. These transition energies match
well the difference of level energies for previously known
low-lying levels. The 2066-keV level is also supported by the
energy sum of the 768- and 1174-keV lines and agrees with
the energy difference between the level of 3239 and 1298 keV.
However, the coincidences between γ -ray transitions were too
weak to confirm this, and only the information of transition
energy and relative intensities was used for this assignment.

A half-life of 43(1) ms was obtained as the weighted mean
value; see Table I, and its value is consistent with the pre-
vious works [2,22,23]. Energies of the assigned transitions,
relative intensities, and half-lives obtained in this study are
also summarized in Table I. The half-life values for each γ -ray
transition are compatible within 1σ with the previous work
with the exception of the 284-keV line, which agrees within
2σ . The log f t values were calculated using the β-feeding
intensity Iβ for each state, which was estimated using the
intensity of the γ -ray transition in the proposed partial level
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TABLE I. List of 73Ni levels observed in the β decay of 73Co. The energy Elevel, the tentative spin-parity assignments Jπ , the β feeding
Iβ , the calculated log f t values, the de-exciting γ -ray transition-energy Eγ , their relative intensities Iγ to the 239-keV transition, half-lives
obtained by gating on the corresponding βγ transition, and coincident γ rays for each transition are summarized. Note that the Iβ and log f t
values are considered as upper and lower limits, respectively. The error for the transition energy was estimated by quadratic sum of statistical
and systematic error.

Elevel (keV) Jπ Iβ (%) log f t Eγ (keV) Iγ T1/2 (ms) Coincident γ rays

239.0(2) (7/2+) 12 5.4 239.0(2) 100 45(1) 152, 284, 774, 990, 1059, 1593
523.6(3) (5/2+) 11 5.4 284.4(2) 68(1) 43(1) 239, 774, 990
676.0(5) (5/2+) 152.4(4) 7(4) 239

523.6(3) 21(1) 42(3) 774
1298.4(4) (5/2−) 44 4.7 774.3(2) 56(1) 41(2) 239, 284, 524
1665.7(4) (7/2−) 14 5.0 990.4(3) 10(2) 27(6) 239

1142.1(2) 9(1) 53(9)
1831.6(5) (5/2−, 7/2−, 9/2−) 5 5.5 1592.6(5) 7(1) 39(6) 239
2065.5(5) (5/2−, 7/2−, 9/2−) 5 5.6 767.6(3) 7(1) 46(7) 239
3239.3(5) (5/2−, 7/2−, 9/2−) 1173.7(5)

1941.1(5)
3000.3(5)

scheme (see Fig. 3). The decay energy value Qβ = 12.83(76)
MeV [31] was adopted for the calculation. Note that the log f t
values are considered as lower limits due to unobserved β

feedings to high-energy levels.
The ground-state spin parity of 73Co is assumed to be

(7/2−), which corresponds to a neutron hole in the ν f7/2

orbital. The ground-state spin parity of the daughter 73Ni
is (9/2+), due to the νg9/2 orbital coupled to an even-even
core. Hence, GT transitions can populate excited states with
(9/2−, 7/2−, 5/2−). The strong apparent β feeding of the
1298-keV level supports the Iπ = (5/2−) assignment, as al-
ready concluded previously [23]. The log f t value for the
transition to the 1298-keV level is consistent with our pre-
vious work [23] even though new transitions populating it
were identified in this work. This observation supports the
fact that this level is fed by an allowed GT transition. On the
other hand, the relatively-high β feeding to the level at 239
keV found in the previous work [23] was updated because
of the new transitions. The (5/2−) assignment for the 1298-
keV state is consistent with the systematics of 69Ni [10] and
71Ni [23] and our shell-model calculations, as described in
Sec. IV.

Multiple β-decaying states have been reported in even-
mass Co isotopes [9,13,15,20]. The occurrence of these
isomeric states is attributed to the large spin gap between
the ground state and lowest excited states. Around N = 40,
the isomeric β-decaying state in 69Co [10] was attributed
to proton cross-shell excitations from π f5/2 with the devel-
opment of deformation. Recent experimental and theoretical
work investigated excited states of 73Co by means of in-beam
γ -ray spectroscopy and shell-model calculations [32]. Their
shell-model calculations predicted an excited state with Iπ =
1/2− at 670 keV. If this would occur at much lower excitation
energy, it could be a β-decaying state in 73Co with the large
spin gap with the Iπ = 7/2− ground state. Since there was no
significant difference in γ -gated half-lives for the transitions
in this work (see Table I), multiple β-decaying states were not
assigned in the proposed decay scheme.

Among other transitions, tentative spin-parity assignments
were achieved by combining the apparent log f t values and the
γ -ray feeding pattern. The spin parities of the levels at 1832,
2066, and 3239 keV were assigned from (5/2−) to (9/2−)
by assuming allowed GT transitions. The 1666-keV level was
tentatively assigned as (7/2−), among the possible (5/2−),
(7/2−), and (9/2−), to reproduce the relative intensities be-
tween the 990- and 1142-keV transitions. Another possibility
predicted by our shell-model calculations, as described in
Sec. IV, is (1/2−) for the 676-keV level and (5/2−) for the
1666-keV level. In this configuration, we would need to as-
sume a hindered E1 transition for the 1142-keV transition and
E2 for the one at 990 keV in order to reproduce experimental
relative intensities.

B. β decay of 75Co

A total of 1.3×103 75Co ions was implanted in the ex-
perimental setup. The β-γ spectrum associated with the β

decay of 75Co is shown in Fig. 4. The timing gate for the
spectrum was selected up to 100 ms. The background shows
the spectrum with the delayed gate from 200 to 300 ms. Peaks
at 232 and 893 keV were observed in the present work. These
transitions were not considered as the product of βn decay of
75Co by comparing the γ -ray spectra with those of 73–74Ni.
The half-life gated on 232 keV was deduced to be 27(13) ms,
in agreement with the literature value of 26.5(12) ms [2].

The proposed partial level scheme of 75Ni is shown in
Fig. 5. The ground state of 75Co is assumed to be (7/2−),
which is attributed to a vacancy in the proton f7/2 orbital,
while the ground state of the daughter 75Ni is assigned to be
(9/2+) due to the neutron in the g9/2 orbital coupled to an
even-even core. We assigned the 232-keV transitions as the
de-excitation of the first excited state of 75Ni, and the spin
parity of the 232-keV level was tentatively assigned as (7/2+)
by systematics of less neutron-rich odd-mass Ni isotopes.

As for the decay of 75Co, a strong GT decay strength from
ν f5/2 to π f7/2 could also be expected as is seen in the decay of
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FIG. 4. (Top) β-gated γ -ray energy spectrum for the decay of
75Co. The black and red lines show the spectra up to 100-ms cor-
relation time and background (200–300 ms), respectively. (Bottom)
Time distribution of the β-decay events of 75Co correlated with the
232-keV transition.

other cobalt isotopes. The line at 893 keV could be assigned
to the transition from a possible 5/2− state in 75Ni; however,
we could not conclude whether these two transitions are in
parallel or cascade because of the limited statistics.

The upper limit for βn emission (Pn) of 75Co was reported
as 16% [33]. Possible transitions in 74Ni as the result of βn
decay were not observed in this work (see Fig. 4). This is
most likely due to limited statistics and detection efficiency
for the de-excitation of the first excited state of 74Ni at
1024 keV [8,15].

FIG. 5. The partial decay scheme of 75Co obtained in this work.
See text for details.

TABLE II. Single-particle energies used for the shell-model cal-
culations for the f pgpn interactions. Eπ and Eν represent proton
and neutron single-particle energies. The energy of the 0g9/2 was
increased by 1 MeV with respect to calculations in [11] necessary
to reproduce the 9/2+ g. s. spin of 73Ni.

Eπ (MeV) Eν (MeV)

0g7/2 6.00 8.90
0g9/2 0.00 3.40
1p1/2 −5.54 −1.14
0 f5/2 −1.68 2.62
1p3/2 −6.04 −2.68
0 f7/2 −4.96 −4.62

IV. SHELL-MODEL CALCULATIONS

A. Excited states in 73Ni

Shell-model calculations were performed in the configu-
ration space with 40Ca core with f pgpn interactions [11] to
interpret the obtained levels. The calculations and the same
truncation scheme were used originaly to explain the total
absorption spectroscopy data on 70Co [11]. This model uses
configuration space of 0 f7/2, 1p3/2, 0 f5/2, 1p1/2, 0g9/2, and
0g7/2 for protons and neutrons. The single-particle energies
are listed in Table II. The conventional quenching factor of
0.6 was used for these calculations. It is expected to provide
the realistic strength distribution because the configuration
space includes spin-orbit partners in both protons and neu-
trons. The results of these calculations were shown in Fig. 6.
The level scheme and B(GT) distribution agrees qualitatively
with the experimental data.

The ground state of 73Co is determined by the vacancy in
the Z = 28 closed shell and is expected to be 7/2−. The decay
of Co isotopes is driven by the transformation of ν f5/2 into
π f7/2 which will fill the vacancy (see Fig. 1). In the decay
of odd-even cobalt isotopes, we expect a population of 5/2−,
7/2−, and 9/2− states by allowed GT transitions. This interac-
tion generates two strong GT transitions to low-energy excited
5/2− states close to experimental values. The selectivity of the
GT operator will lead to a population pattern in which the GT
transition matrix elements will reflect the composition of the
wave function.

A closer inspection shows a nonvanishing strength to states
with higher excitation energy around 2 MeV, which were also
observed in the experimental data. To understand the origin
of the strength, we have performed shell-model calculations
for the B(GT) and relative splitting of the lowest 5/2− states
as a function of the relative energy difference between single-
particle energies (see Fig. 7). This figure shows variations
of energy splitting, B(GT), and relative occupancies between
the three states as a function of the single-particle energy of
the ν f5/2 relative to the other levels, which are fixed. One
observes a relatively weak energy sensitivity for the relative
splitting of the 5/2− levels but a strong variation of the B(GT).
The strong level crossing effect is observed for the second and
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FIG. 6. (Left) 73Ni levels from shell-model calculations using the f pgpn interactions with 40Ca core [11] and corresponding B(GT) strength
distribution from 73Co. Positive- and negative-parity states are colored in black and red, respectively. The B(GT) values are plotted without
any quenching factor. The experimental values correspond to B(GT) <0.13 and B(GT) <0.06 MeV−1 for the first and second excited states.
(Right) Three panels show occupancies for the neutron single-particle levels for three different spins.

third excited states. There is a clear dependence on the B(GT)
and occupancy of the f5/2 state in 73Ni. The 5/2− configu-
ration with a weaker B(GT) has stronger contribution of the
(νp−1

1/2 × 2+). It is interesting to note that these calculations
predict a rapid change of configuration without drastic change

of the relative energy splitting between the considered 5/2−
states. Note that the log f t values are lower limits in this work,
and therefore future experimental work for determining log f t
will be important to make more quantitative statements for the
decay strength.

FIG. 7. (Left) Excitation energies and calculated B(GT) strengths for 5/2−
1,2,3 states as a function of energy between single-particle f5/2

and p3/2. Each color corresponds to the 5/2−
1,2,3 states. Black line represents sums of B(GT) for the second and third 5/2− states. (Right)

Occupations for f5/2 and p1/2 orbitals for the 5/2−
1,2,3 states. Black line represents average occupations for second and third 5/2− states.
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FIG. 8. Calculated levels by the f pgpn interaction [11] with 40Ca core and j j44pna [34] interactions with 56Ni core. The positive- and
negative-parity states are in black and red.

While the above example shows apparent sensitivity of the
β decay to the properties of the daughter nucleus, it is impor-
tant to note that the GT operator is in fact probing both the
parent and daughter nuclei involved through the occupation
numbers. In the above example, the f5/2 component is probed
because the decay to the νp1/2, p3/2, and g9/2 components is
not energetically favored. β decay and the theoretical analysis
from shell-model calculations probe neutron-occupied states
and proton vacancies in the mother and the daughter. The
study of exotic nuclei located in the vicinity of closed shell
has the added value of providing a unique insight into such
properties. Experimental results and shell-model calculations
show several weak GT transitions to excited states in 73Ni
below 4 MeV. The transformation to the proton single-particle
states above Z = 28 results in a continuum of states.

B. Level structure of odd-mass nickel isotopes

The systematic comparison of calculated and experimen-
tal levels for odd-A nickel isotopes is shown in Figs. 8 and
9. The shell-model calculations were performed by f pgpn
interactions [11] with 40Ca core, as described in Sec. IV A,
and j j44pna interactions [34] with 56Ni core.

Looking first at the (5/2−
1 ) states in each isotope, which

are attributed to the dominant single-hole configuration
(π f5/2)−1. The excitation energies have a general agreement

with calculated results in the both interactions. For example,
the (5/2−

1 ) level in 73Ni at 1298 keV, as confirmed in this work

FIG. 9. Comparison of experimental levels for odd-A nickel iso-
topes. Levels for 69Ni stem from Ref. [10], while part of the levels
for 71,73Ni are obtained from Ref. [23]. The levels with (5/2−

1 ) and
(7/2+) are in red and blue, respectively.
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by the observation of the 1059-keV transition, agrees well
with the calculated 5/2−

1 level at 1150 keV predicted by the
f pgpn interactions. The largest β-decay strength to this level
also supports the population via the allowed GT transition
from the ground state of 73Co.

In 75Ni, the 5/2−
1 state was predicted above 1.5 MeV by

both interactions. Assuming the ground state to be (7/2−) in
75Co, a strong β-decay strength to it would be observed. One
possibility is a level at 1125-keV by summing 893- and 232-
keV transitions, which could be a candidate for the 5/2+

1 state.
In this study, γ -ray coincidences did not confirm this scenario
due to the limited statistics. Future studies with more statistics
will be needed for determining the position of the 5/2−

1 state.
A similar trend was also seen in the calculated 1/2− levels,

which is attributed to the single-hole configurations (νp1/2)−1.
The 1/2− state can be expected below 1 MeV in 73Ni from
the both calculations; however, it was not identified in this
work. In the calculation with the f pgpn interactions, the first
excited state is predicted as 1/2−. The transition from 1/2− to
the ground state (9/2−) could have a long half-life due to the
large spin gap. In the results with the j j44pna interactions,
there might be a possible observable of an M2 transition from
1/2− to 5/2+

1 with a μs-order isomeric state; however, the
transition was not observed in this work.

Turning to low-energy positive-parity states, the first
excited state in 75Ni at 232 keV obtained in the present work
agrees well with the shell-model calculations by the j j44pna
interactions while the states are predicted systematically
higher than the experimental levels in the case of the f pgpn
interactions.

The calculations show an interesting pattern for 5/2+
1 states

in the j j44pna interactions. The energy drops with increasing
neutron number until midshell at 73Ni and then rise in 75Ni.
The state can be regarded as a three-particle and three-hole ef-
fect, as explained in Ref. [35]. In general, quasivibrational and
quasirotational states coexsitence will occur due to coupling a
few-particle cluster to the vibrational field [35]. This results
in the lowering of the j − 1 state when the particles have
the same spin. The 7/2+ state lowers in this case. A similar
trend is also observed in the case of the f pgpn interactions;
however, the lowest energy of 5/2+

1 states is predicted in 75Ni.
The systematics of βn-branching ratios for Co isotopes is

shown in Fig. 10. The figure includes experimental branching
ratios from previous works [23,33] and predicted values from
finite-range droplet model (FRDM) calculations [36]. The
Pn value of 6(3)% for 73Co in this work agrees well with
Pn < 7.9% by Hosmer et al. [33]. More on the neutron-rich
side, the upper limit of the βn emission for 75Co was
estimated to be 16% [33], and Pn = 55% for 77Co is predicted
by the FRDM calculations [36]. The trend of increasing
neutron-emission probability is attributed to the large energy
window above the neutron separation energy (Sn). The
relatively small branching ratios for neutron emission in
the cobalt decays could be due to the strong allowed GT
transitions for their neutron-bound daughters.

On the basis of the results of shell-model calculations in
77Ni, the 5/2− state is not predicted below 4 MeV in the
f pgpn interactions. In this case, a strong β-delayed neutron
emission channel could occur in the decay of 77Co due to the

FIG. 10. Neutron emission probabilities (Pn) for the indicated
nuclei as a function of the difference between the β-decay Q value
and neutron separation energy Sn. The Qβ and Sn are taken from
Ref. [36]. The experimental upper limits were taken from Ref. [23]
and Ref. [33]. The green squares correspond to predicted Pn values
from FRDM calculations [36].

neutron separation energy of 77Ni (Sn = 3240(640) keV [37]).
Assuming the results by the j j44pna interactions, the 5/2−

1
state is predicted at 2.5 MeV, and the strong β-decay strength
without the neutron emission could be expected. In this case,
a high-energy M2 transition from the 5/2− state to the ground
state or a E2 transition to the 1/2− state might be observed.
Future measurements on the β decay of 77Co will be a key to
solve the different predictions.

V. SUMMARY

Excited states in 73,75Ni were investigated through the β

decay of 73,75Co at the National Superconducting Cyclotron
laboratory (NSCL). The level scheme of 73Ni was updated
up to excitation energies of 3.2 MeV, and the first excited
state in 75Ni was observed for the first time. We observed
strong GT feeding to low-lying excited states in addition to a
small β-decay strength to highly excited levels in the decay of
73Co. We performed shell-model calculations with the f pgpn
interaction assuming 40Ca core and the j j44pna interactions
assuming 56Ni core and discussed them in comparison with
the experimental results.
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