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Abstract

This paper reports on the first β-decay study of 74,75Cu isotopes using the technique of total absorption 
spectroscopy (TAS). The experiment was performed at the National Superconducting Cyclotron Labora-
tory at Michigan State University using the Summing NaI(Tl) (SuN) detector. The Cu isotopes are good 
candidates to probe the single-particle structure in the region because they have one proton outside the 
Z = 28 shell. Comparing the β-decay intensity distributions in the daughter Zn isotopes to the theoretical 
predictions provides a stringent test of the calculations. The nuclei in this region are also identified as play-
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ing an important role in the astrophysical r-process. The measured β-decay intensity distributions provide 
essential nuclear physics inputs required to better understand heavy element nucleosynthesis.
© 2021 Elsevier B.V. All rights reserved.
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1. Introduction

The isotopes between N = 40 and N = 50 shell closures present a rich landscape for un-
derstanding different aspects of nuclear structure. This region is marked by sudden structural 
changes which are mainly attributed to the role of the residual proton-neutron interaction. Just 
two neutrons above the apparent N = 40 gap in Z = 28 nuclei [1], 70Ni shows a sudden on-
set of collectivity [2,3]. Similar behavior is also observed in the Ge and Se chains [4–7]. This 
was explained as the consequence of a strong monopole interaction between the π f5/2-νg9/2 and 
π f7/2-νg9/2 single-particle orbitals [2,8–11]. An extensive migration of single-particle energy 
states is prevalent in the whole region having implications on the question of robustness of the 
Z = 28 shell gap while approaching 78Ni [12]. Therefore, a large effort has been devoted over 
the last decade to map this evolution. Information on the excited states in odd-mass Zn isotopes 
populated in the β decay of Cu nuclei having one proton in Z = 28 shell, is known up to A = 77
[13–16]. The experimental data proves that the ground state spin and parity for the odd-mass Cu 
nuclei remains 3/2− until A = 73 and then an inversion to 5/2− takes place at N = 46 as a result 
of the crossing of πf5/2 and p3/2 orbitals [17,18]. This transitional point calls for an exhaustive 
investigation of the decay of 75Cu and isotopes around.

So far, the β-decay properties of 74,75Cu were studied using high-resolution γ -spectroscopy 
methods [19,20,15]. The measurements done with high-resolution detectors often suffer from 
the so-called Pandemonium effect [21]. Due to the limitations in the efficiency of these detectors, 
low-intensity and/or high-energy γ rays are difficult to detect. As a consequence, the extracted 
β-decay intensities are artificially enhanced for low excitation energies. The total absorption 
spectroscopy (TAS) technique is widely accepted as a solution to minimize the Pandemonium 
effect by measuring the sum of γ -ray energies in a decay cascade rather than only the individual 
γ rays [22,23]. In this paper, we report on the first total absorption spectroscopy measurements 
on neutron-rich 74,75Cu. The extracted β-intensity distributions, Iβ are also converted to the 
corresponding Gamow-Teller transition strength distributions, B(GT).

Looking from an astrophysical point of view, the neutron-rich Cu isotopes play an impor-
tant role in the rapid neutron capture process (r-process) which is known to be responsible for 
creating more than half of the heavy elements [24,25]. The r-process is believed to progress 
through neutron captures and competing β decays. During the r-process flow, matter is known 
to accumulate around neutron-magic-numbers, and as a result form peaks in the final abundance 
distribution. Sensitivity studies have shown that nuclei around shell-closures have a larger impact 
on the abundance pattern [26]. The nuclei included in the present work are close to the N = 50
shell which results in the first r-process peak. These nuclei may have multiple nucleosynthetic 
origins [27] and it is therefore important to have a good handle of the nuclear physics input 
in the region if we can hope to disentangle the contributions from different astrophysical pro-
cesses. Despite the widely proclaimed importance and the need for nuclear-data input to study 
the r-process, the majority of the important neutron-rich r-process isotopes are not accessible 
2



F. Naqvi, S. Karampagia, A. Spyrou et al. Nuclear Physics A 1018 (2022) 122359
experimentally. Therefore, robust nuclear models are required to predict the nuclear properties 
in the region where no experimental data is present. To ensure the reliability of the models, a 
systematic testing in the region of measured experimental data is of paramount importance. The 
main nuclear quantities which are essential for the r-process models include masses, neutron-
capture rates, β-decay half-lives, and β-delayed neutron emission probabilities [26,28]. For any 
given isotope, the latter two quantities are obtained by integrating the β-decay strength function 
over different limits of excitation energy in the daughter nucleus. The β-decay strength function 
also finds its application in calculating the reactor decay heat and the structure studies of the 
nuclei decaying via β emission [29].

In recent β-decay measurements, a strong γ emission from the states 2 - 3 MeV above the 
neutron-separation energy in daughter nuclei has been observed [30–34]. In some cases, this 
competition between the γ decay and neutron emission from the neutron-unbound states is 
mainly attributed to the difference in wavefunctions of the daughter states and the states in its 
nearby isotope with one less neutron [33,34]. Structure effects are therefore critical in under-
standing the beta-delayed neutron emission process. In Ref. [33], the observed γ emission from 
states above the neutron separation energy in the decay of 70Co suggests that these states decay 
via a competition between γ emission and neutron emission. Therefore, the assumption typically 
made in theoretical calculations that neutron-unbound states predominantly decay via neutron 
emission may not always be valid. These considerations will affect the theoretically predicted Pn

value. For this reason, the experimental determination of the γ -emission spectrum using the TAS 
method in neutron-rich nuclei becomes all the way more important. Our measurement of the Iβ
in 74,75Cu isotopes gives a means to test the theoretical models in the region of rapid structural 
changes. The experimental results in this paper are compared to shell-model calculations using 
two different interactions, JUN45 [35] and jj44b [36]. In addition, the experimentally extracted 
Iβ and B(GT) are compared to the quasiparticle random phase approximation (QRPA) predic-
tions [37]. The QRPA model provides a global description of the β-decay properties all over the 
nuclear chart. In the case of the neighboring 70Co nucleus decaying into 70Ni [33], its limitation 
in reproducing the experimental Iβ values at high excitation energies emphasizes the need of 
testing it for surrounding nuclei, including 74,75Cu.

In the following section, a description of the experimental setup and technique is given. De-
tails on the analysis methods and experimental results are presented in Sec. 3. Section 4 provides 
discussion on the comparison of experimentally extracted Iβ and B(GT) with theoretical pre-
dictions using the JUN45 and jj44b shell-model interactions and the QRPA approach. Finally, 
conclusions are given in Sec. 4.

2. Experimental method

The 74,75Cu nuclei were produced in an experiment performed at the Coupled Cyclotron Fa-
cility of the National Superconducting Cyclotron Laboratory (NSCL), USA. Fragmentation of 
a primary beam of 86Kr at an energy 140 MeV/u on a 9Be target of 376 mg/cm2 thickness 
yielded the neutron-rich Cu isotopes along with other reaction products. Ions were separated by 
the A1900 fragment separator [38] and delivered to the SuN detector setup for β decays.

To identify isotopes in the secondary beam, time-of-flight and energy loss techniques were 
used. Time-of-flight between a scintillator detector kept at the dispersive focal plane of the A1900 
fragment separator and two silicon PIN detectors upstream of SuN determined the velocity and 
thus the A/Q ratio of the beam particles. For a complete identification, the Z of the fragments 
was provided by the energy loss measurement in the same two Si PIN detectors. The identifi-
3
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Fig. 1. Particle identification plot for the fragments produced in the experiment. 74,75Cu isotopes are marked in red. (For 
interpretation of the colors in the figure(s), the reader is referred to the web version of this article.)

cation plot for the Cu isotopes along with its neighboring nuclei produced in the experiment is 
shown in Fig. 1. For β-decay measurements, the relativistic ions were first slowed down in a ∼
2.5 mm thick Al degrader placed at the front of the Si PIN detectors and then implanted in a 
1 mm thick double-sided silicon detector (DSSD) surrounded by SuN [39]. Another Si surface 
barrier detector used as the veto detector, of 2 cm diameter and 0.5 mm thickness, was placed 
1.9 cm downstream of the DSSD to reject the light particles coming along with the beam. The 
thickness of the Al degrader was chosen to ensure that the implantation of most of the ions was 
in the middle of the DSSD.

The DSSD is segmented into 16 strips on the front and 16 strips on the back side to enable po-
sition determination. The width of each strip is 1.22 mm and the DSSD type is Micron-BB8(DS). 
Dual-gain preamplifiers enabled the detection of high-energy implantations (∼10 GeV) and low-
energy β decays (<5 MeV). The energy threshold for detecting electrons in DSSD was 200 keV. 
The coincidence window of SuN and DSSD was kept 2 µs to reduce the room background. To 
correlate an ion implantation to its β decay, the beam spot was defocused in order to cover the 
whole area of the DSSD which minimizes the probability of multiple implantations in the same 
pixel. For this purpose, the total rate on the DSSD was also kept less than 100 pps at all times 
during the experiment. The implantation rate for 74Cu and 75Cu was around 10 to 12 pps.

γ decays of the excited states following the β decay were registered in SuN detector. SuN is 
a summing detector made of 8 optically isolated NaI(Tl) crystals. It is cylindrical in shape with 
16 in. in diameter and 16 in. in length and has a 1.8 in. wide central bore hole along the beam 
axis. SuN is divided into two halves having 4 segments each and the individual segments are 
read by 3 photomultiplier tubes (PMTs). Such a compact geometry of the whole detector makes 
it an ideal tool to do γ -summing experiments. A plot with SuN’s full-energy peak efficiency for 
single and multiple γ rays in the present setup are shown in Fig. 2. Different curves represent 
the dependence of summing efficiency on the multiplicity of the γ rays. Ref. [39] provides a 
detailed description of SuN and the results from its commissioning experiment. It should be 
noted that the setup used in [39] was different from the one used in the present work. The present 
setup includes additional material in the SuN borehole (e.e. DSSD, veto detector, mounts) that 
reduce the overall efficiency of SuN. Results focused on the decay of 70Co produced in the same 
experiment were already presented in Refs. [33,40].

3. Analysis and results

All 24 PMTs of SuN were gain matched prior to the start of the experiment and then the seg-
ments were energy calibrated using standard 60Co, 137Cs, and 228Th sources. For gain matching 
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Fig. 2. SuN’s full-energy peak efficiency for detecting single and multiple γ rays in present setup. Different curves 
represent the dependence of summing efficiency on the multiplicity of the γ -ray cascade.

Fig. 3. Lifetime curve for the β-decay of 74Cu. Data was fit with a constant background and a two-component function 
for exponential decay of parent nucleus and growth and decay of daughter 74Zn isotope.

the 16 strips on each side of the high-gain preamplifier of the DSSD (for β decays), α sources 
of 228Th and 241Am were used. The first step after calibrating all the detectors is to properly 
correlate an implantation event with its β-decay electron. In the present analysis, three main 
conditions were implemented to obtain these “real” correlations. First, a spatial condition of a 
β-decay event happening in the same pixel as that of an implantation is required for a correlation. 
Second, if a pixel registers two implantations within 1 second of each other, that event is marked 
as a back-to-back implantation and is rejected. Finally, a β-decay event is considered valid only 
if it happens within 6 seconds after the implantation. The time limit of 6 seconds was chosen to 
maximize the counts of the Cu parents at the expense of increased random correlations due to 
everything else being implanted. This condition also reduces the contributions from the daugh-
ter and grand-daughter activities due to the longer half-lives of 95.6(12) s and 10.2(2) s for the 
74,75Zn isotopes, respectively [41,42]. To estimate the randomly correlated background counts, 
the same spectra were created by running the analysis backward in time.

The decay curves of 74Cu and 75Cu shown in Fig. 3 and Fig. 4 were fit using a linear back-
ground obtained from random correlations and a two-component curve consisting of an expo-
nential decay for parent activity and the growth and decay of the daughter contributions. The re-
5



F. Naqvi, S. Karampagia, A. Spyrou et al. Nuclear Physics A 1018 (2022) 122359
Fig. 4. Lifetime curve for the β-decay of 75Cu. Data was fit with a constant background and a two-component function 
for exponential decay of parent nucleus and growth and decay of daughter 75Zn isotope.

sulting T1/2 = 1.62(5) s for the 74Cu decay and T1/2 = 1.23(4) s for the 75Cu decay compare well 
with previous literature values of 1.63(5) s and 1.224(3) s, respectively from [43–46,20,47,15].

To obtain the β-decay intensities as a function of the excitation energy in the daughter nu-
cleus, three spectra were used; the total absorption spectroscopy spectrum, the spectrum of all 
individual SuN segments, and the hit-pattern of the segments. The TAS spectrum is obtained by 
adding the total energy deposited in SuN on an event-by-event basis. Since the energies of all the 
γ rays originating from a single cascade are added together to give rise to the TAS spectrum, it 
is sensitive to the levels populated in the decay. A sum-of-segments spectrum is constructed by 
adding the histograms for all the segments, and therefore it is sensitive to the individual γ rays 
in a cascade. The hit-pattern spectrum denotes the number of segments registering energy during 
an event. The centroid of the hit-pattern spectrum relates to the γ multiplicity of a cascade. The 
higher (lower) the centroid, the higher (lower) the γ multiplicity of the event. A study of the 
relationship between γ multiplicity and the hit pattern of SuN can be found in Ref. [39]. The 
TAS, sum-of-segments, and hit-pattern spectra corresponding only to the decay of 74,75Cu were 
obtained by subtracting the random correlations from the raw spectrum.

The GEANT4 package [48] was used to simulate the response function of current experimen-
tal setup. Both γ and electron penetration was considered for SuN’s response while for DSSD 
only electrons were simulated. The code with full detector geometry was tested by comparing 
with the experimental α spectra in the DSSD and γ spectra in SuN for 228Th and 60Co sources, 
respectively, and a good agreement was obtained. After establishing the SuN detector response 
function, each decay cascade from the known level scheme for the decay of 74,75Cu [41,42] was 
simulated. At first, a comparison between the experimental data and the simulation was made 
with the decay cascades and Iβ known in literature. For the decay of 75Cu, the NNDC simulation 
spectrum is drawn along with the experimental TAS spectrum in Fig. 5. The Qβ value of this 
decay is 8.09 MeV and the neutron separation energy, Sn, for 75Zn is 4.87 MeV [42]. In previous 
studies, two excited states above the Sn of 75Zn were observed to be populated in the β decay 
of 75Cu [15]. Therefore, the inclusion of excited levels up to 5.022 MeV [42] in the simulation 
gave a good agreement with the experimental data. The high-energy tail observed above 5 MeV 
is due to the detection of high-energy β-decay electrons in SuN.

For the decay of 74Cu, a large discrepancy was observed between the experimental data and 
the simulated spectra obtained from only the NNDC level scheme and Iβ (see Fig. 6). Such a 
mismatch points to the incomplete decay scheme. Though this decay has a large Qβ value of 9.7 
6
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Fig. 5. Comparison of the experimentally obtained TAS spectrum for 75Cu with the known level scheme and β-decay 
intensities from NNDC [42].

Fig. 6. Comparison of the experimentally obtained TAS spectrum for 74Cu with the known level scheme and β-decay 
intensities from NNDC [41]. The observed discrepancy is due to the incomplete level scheme and the Pandemonium 
effect.

MeV, the highest-energy level known to be populated in 74Zn is only at 5.63 MeV [41]. As the 
Sn for the daughter 74Zn is 8.3 MeV, a large number of high-energy levels which are expected to 
be populated are missing from the decay scheme due to the Pandemonium effect. The conclusion 
which can be drawn from such a comparison is that there is a need for adding levels above 5.63 
MeV in the β decay of 74Cu to get a complete description of the β-feeding intensities. Whereas 
in 75Cu, levels populated in the β decay appear to be accurately known.

To extract the Iβ of 75Cu, the experimental TAS, sum-of-segments and hit-pattern spectra cor-
responding to the different cascades were simultaneously fit to the experimental data to minimize 
a global χ2, which is defined as:

χ2
global =

∑
i

∑
j

(eij − ∑
k pksjk√

eij

)2
(1)

Here, the index i is for the three spectra included in the fit. eij and sjk are the number of counts 
in bin j of experimental and kth cascade of the simulated spectra, respectively. The quantity pk

is the probability of cascade k and is varied until a minimization is achieved. The starting values 
for pk are taken from NNDC. After the fitting routine is complete, the resulting pk denotes the 
product of the β-feeding intensity, Iβ , of the level depopulated by cascade k and the branching 
ratio, Bk , of that cascade, i.e., pk = IβBk . Since the sum of branching ratios of all the cascades 
7
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Fig. 7. TAS spectrum (a), sum-of-segments spectrum (b), and the hit-pattern (c) obtained in the decay of 75Cu following 
subtraction of random correlations. Shaded spectra are the experimental data and the fit after χ2 minimization of the 
simulated decay pattern is shown in the blue solid line. The Sn value for 75Zn is 4.87 MeV. The high-energy tail observed 
above 5 MeV is due to the electron energies getting summed up in SuN.

originating from a single state is unity, the sum of all pk for a given level gives the Iβ of that state. 
For more details about the minimization procedure, refer to Ref. [49]. Results obtained after the 
χ2 minimization for the decay of 75Cu are presented in Fig. 7.

A recent detailed high-resolution spectroscopy study of 74Cu β decay [19] extends the level 
scheme of daughter 75Cu to 5.72 MeV and adds a total of 29 new levels to the level scheme given 
in NNDC [41]. The results reported in Ref. [19] were incorporated in the present simulation. To 
account for the missing decays in 74Zn, 25 pseudo levels were first added in the decay scheme 
with energies ranging from 5.8 MeV to 8.2 MeV, every 100 keV and then the χ2 minimization 
was done. Above 5.8 MeV, a quasicontinuum was assumed to exist and each added level above 
that energy is a representative of all the levels lying in 100 keV energy interval. To simulate 
the γ decays from these 25 pseudo levels, a Monte-Carlo method based code called DICEBOX 
[50] was used. It is a statistical model code which produces random deexcitation paths for each 
excited state. As user inputs DICEBOX takes information such as energies, spin-parities and rel-
ative γ -ray intensities to simulate the decay of known discrete levels. For simulating the decay 
of pseudo states added in quasicontinuum, the program uses statistical properties of nuclear level 
density (NLD) and γ -ray strength functions (γ SFs) for E1, M1 and E2 transitions. The decay 
within quasicontinuum and the decay of the levels in quasicontinuum to a known discrete level 
are defined by the γ -ray strength function and the transitions between known levels are deter-
8
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Fig. 8. TAS spectrum (a), sum-of-segments spectrum (b), and the hit-pattern (c) obtained in the decay of 74Cu. Shaded 
spectra are the experimental data and the fit after χ2 minimization of the simulated decay pattern is shown in the blue 
solid line. The neutron-separation energy, Sn for the daughter 74Zn nucleus is 8.3 MeV, hence no levels are populated 
above that value in TAS spectrum.

mined by the relative γ -ray intensities. Decay paths for each excited state populated in the decay 
of 74Cu obtained using this procedure were then fed to GEANT4 to give TAS, sum-of-segments 
and multiplicity spectra. The improvement in the fit after adding pseudo levels to the NNDC 
level scheme of 74Zn is shown in Fig. 8 and the extracted β-feeding intensities are presented in 
Fig. 10(a). It should be noted that the first excited state in 74Zn is at 606 keV but the TAS spec-
trum (see Fig. 8(a)) contains a few counts in the low-energy region below 400 keV. By gating on 
this region and looking at the experimental lifetime data, it was concluded that the half-life of 
606 keV level and the counts below 400 keV is not the same. This observation indicates that the 
latter do not belong to the β decay or β-delayed neutron-emission of 74Cu. For comparison, raw 
spectrum, random correlation spectrum and real correlation spectrum obtained after subtracting 
the former two for the decay of 74Cu are presented in Fig. 9. As the random correlation spectrum 
and the raw spectrum have comparable number of counts in the low-energy region, the obtained 
real correlation spectrum has an uncertainty of 50 − 90% in the E< 400 keV range. Due to low 
statistics and high uncertainty, no further analysis could be done and no affirmation could be 
made on the origin of the low-energy background and, therefore, the region below 400 keV in 
TAS spectrum was excluded from the χ2 fit. Prior to this work, β-delayed neutrons from 74Cu 
were observed in Ref. [46] but no β-delayed neutron-emission probability, Pn, was extracted. 
However, in Ref. [51], this value is reported to be 0.075(16)%. In addition, the available theoret-
9



Fig. 9. Raw spectrum (solid line), random correlation spectrum (dashed line) and real correlation spectrum (dashed-dotted 
line) obtained after subtracting the former two for the decay of 74Cu.

ical prediction by Borzov et al. estimates this value to be small but greater than zero [52]. Due to 
a very small Pn value for the decay of 74Cu, no β-delayed neutron-emission components were 
fitted to the experimental spectra.

The ground state to ground state (gs-gs) transitions in both 74,75Cu decay are tentatively as-
signed as first forbidden decays. Considering the decay of 74Cu to 74Zn, the transition is from 
(2, 3) to 0+ and for 75Cu the gs-gs decay is a (5/2−) to 7/2+ transition. Since, both transitions 
are forbidden, their contribution to respective Iβ is expected to be small. Though the β particles 
deposit energy in SuN, due to the continuous character of the energy deposition, SuN is not sen-
sitive to small values of gs-gs transition. Hence, a reliable estimate of the gs-gs contribution is 
not possible in both the nuclei in present setup and therefore the corresponding feedings were 
not included in our fits.

The quoted errors in the experimental Iβ values for both nuclei shown in Fig. 10 are a convo-
lution of ∼10% uncertainty in the summing efficiency of SuN and the statistical uncertainty in 
the number of counts in experimental TAS spectrum. For 74Cu, the statistical uncertainty ranges 
from 4% to 15% for γ -ray energies up to 8 MeV, whereas for 75Cu, it varies between 3% to 13%
for the entire range of 5.02 MeV. There is no clear indication of the population of excited lev-
els in 74Zn through the β-delayed neutron emission branch of 75Cu. Therefore, for 75Cu decay 
an extra 3.5 % uncertainty was added to the final results to account for the β-delayed neutron 
emission probability suggested in Reeder et al. [47].

4. Discussion

The experimental Iβ values are converted to the corresponding B(GT) following the proce-
dure described in Ref. [23]. The comparison of experimental Iβ and the B(GT) with QRPA and 
shell-model approaches are shown in Fig. 10 and Fig. 11, respectively. The QRPA calculation is 
done using the folded-Yukawa QRPA model [37] and assumes identical shapes of the parent and 
daughter nuclei. A quenching factor of 0.55 was used for these calculations. Only the contribu-
tions from the allowed Gamow-Teller transitions are accounted for. Looking at the cumulative 
Iβ intensity plots, experimental data indicates a strong population of the states around 3 MeV in 
74Zn and at 1 MeV in 75Zn. This observation is supported by the QRPA prediction as well, how-
ever Iβ of states below 3 MeV in the decay of 74Cu and below 1 MeV in the decay of 75Cu are 
not reproduced by the theory. An overall good agreement was obtained between the experimental 
B(GT) values and QRPA calculations as presented in Fig. 11.
F. Naqvi, S. Karampagia, A. Spyrou et al. Nuclear Physics A 1018 (2022) 122359
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Fig. 10. The experimentally extracted cumulative β-decay intensity as a function of excitation energy in 74Zn following 
subtraction of random correlations (a) and 75Zn (b) populated in the β decay of 74Cu and 75Cu, respectively. The theo-
retical calculations done using JUN45 (red, dashed line) and jj44b (blue, dotted line) shell-model interactions and QRPA 
approach (magenta, dash-dotted) are plotted with the experimental data (black crosses). The shaded region corresponds 
to the uncertainty in the experimental values.

Fig. 11. The cumulative B(GT) as a function of excitation energy in 74Zn (a) and 75Zn (b) daughter nuclei. The theo-
retical calculations done using JUN45 (red, dashed line) and jj44b (blue, dotted line) shell-model interactions and QRPA 
approach (magenta, dash-dotted line) are plotted for comparison with the experimental data (black crosses). The shaded 
region corresponds to the uncertainty in the experimental values.
11
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The ground state and the β-decay properties of 74,75Cu, as well as the level scheme of their 
daughter nuclei were calculated using the NuShellX@MSU code [53]. Two different effective 
interaction Hamiltonians were used, jj44b [36] and JUN45 [35]. These Hamiltonians have been 
developed for the jj44 model space which is based upon a 56Ni core with the valence protons 
and neutrons occupying the 1f5/2, 2p1/2, 2p3/2 and 1g9/2 single particle orbitals. Both Hamilto-
nians predict the ground state spin and parity of 75Cu to be 5/2−, in agreement with experiment 
[18]. The experimental ground-state spin and parity of 74Cu is (2, 3) [20]. The jj44b Hamilto-
nian predicts a 3− ground state and the first two excited states, 6− and 2− at 0.136 MeV and 
0.169 MeV, respectively. The JUN45 Hamiltonian predicts a 5− ground state and the first two 
excited states, 3− and 2− very close in energy to the ground state at 0.008 MeV and 0.044 MeV, 
respectively. The experimental (2,3) is not inconsistent with these results given their close spac-
ing. The calculated β-decay half-life of 74Cu is 1.56 s for jj44b and 0.73 s for JUN45, while the 
experimentally obtained half-life in this work is 1.62(5) s. The half-life of 75Cu using the jj44b 
interaction is predicted at 0.52 s and using the JUN45 interaction at 0.3 s, while the experimental 
one is 1.23(4) s.

For the β-decay calculations the standard quenching factor, 0.6 was used, based on the pre-
vious calculations in sd and pf shells [54,55]. The cumulative β-decay feeding intensity of 
74,75Cu in their daughter nuclei, as a function of excitation energy, shows that both interactions 
give a lower intensity, than the one observed, for low-lying states. This might be because some 
of these states are fed by first-forbidden decays which can not be calculated in the present ap-
proach. For example, for 74Zn and for the jj44b interaction, the first allowed β-decay transition 
to a state in 74Zn is at 2.880 MeV, with 7 states below that energy, which can be populated by 
first-forbidden transitions. For the JUN45 interaction, the first allowed decay is at 3.171 MeV, 
with 10 states below that, which can be reached only through first-forbidden transitions. For 
75Zn, for the jj44b interaction, the energy of the first state with an allowed β-decay transition 
is at 0.215 MeV and there is 1 state, below that, which the ground state of 75Cu can populate 
by first-forbidden transitions. For the same nucleus and the JUN45 interaction, the first state 
with allowed β-decay transition is at 0.585 MeV, with only 2 states below, where we can have 
first-forbidden transitions.

The calculated cumulative B(GT) is much larger than experiment for high excitation ener-
gies. Between the two shell-model interactions the jj44b agrees better with the low excitation 
experimental data. In the decay of 74Cu, for both JUN45 and jj44b interactions, the first Gamow-
Teller strength, around 3 MeV, comes mostly from ν2p1/2 to π2p3/2, but also from ν2p3/2 to 
π2p3/2 transitions. The Gamow-Teller strength around 5 MeV is mainly due to ν2p1/2 to π2p3/2

transitions and a smaller contribution from ν1f5/2 to π1f5/2 transitions. The steep increase of 
the calculated cumulative B(GT) values above 5 MeV, which leads to an overestimation of the 
experimental data, is dominated by ν2p1/2 to π2p3/2 transitions.

For the 75Cu nucleus, the jj44b interaction, gives a Gamow-Teller strength around 1.3 MeV, 
which comes mainly from ν2p1/2 to π2p3/2 transitions, with considerable contributions from 
ν2p3/2 to π2p3/2 and ν2p3/2 to π2p1/2 orbitals. The Gamow-Teller strengths for the excited 
states between 3−4 MeV, are mainly attributed to ν2p1/2 to π2p3/2 transitions, while the ν2p3/2

to π2p3/2 transitions are responsible for the Gamow-Teller strengths around 4−5 MeV. The 
JUN45 Hamiltonian gives a very strong Gamow-Teller strength around 1.5 MeV, which comes 
mainly from the ν2p1/2 to π2p3/2 transitions, with smaller contribution from the ν2p3/2 to 
π2p3/2 transition. The Gamow-Teller strengths for the excited states between 2.5−3.5 MeV, 
are mainly attributed to ν2p1/2 to π2p3/2 transitions and less to ν2p3/2 to π2p3/2 transitions.
12
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5. Conclusions

In summary, the β-decay intensities and B(GT) values for 74,75Cu isotopes were extracted 
for the first time using the total absorption spectroscopy technique. The experiment was done 
using the SuN detector at the National Superconducting Cyclotron Laboratory. Extracting the Iβ
values in neutron-rich Cu isotopes are interesting in view of their vicinity with the 70Co nucleus, 
where considerable β-decay intensities were observed for states above the neutron-separation 
energy in the daughter nucleus [33]. In our investigation of the decay of 74,75Cu, however, no 
such observation was made in line with the interpretation of [33]. Experimental data clearly 
points toward the insufficiency of the known level schemes and Iβ values for both nuclei. For 
a theoretical comparison, the QRPA model, which is commonly used in astrophysical calcula-
tions, is shown to well reproduce the experimental Iβ and B(GT) values for the decay of both 
A = 74 and 75 Cu isotopes. However, the jj44b and JUN45 shell-model Hamiltonians overesti-
mate the experimental cumulative B(GT) values for high excitation energies, while the JUN45 
Hamiltonian overestimates the experimental results, already from lower excitation energies. In 
a previous study [49], where the β decay of 76Ga was studied using the same Hamiltonians, 
a quenching factor of 0.4 was applied to both Hamiltonians, based on the comparison of the 
experimental β-decay half-lives and the calculated ones. In our case, the consideration of this 
quenching factor improves the agreement with the data, however the discrepancy remains signif-
icant. The insufficiency of shell-model calculations to reproduce the experimental data could be 
due to the truncation of the model space. The calculated B(GT) values give strong contributions 
in the excited region, mainly due to ν2p1/2 to π2p3/2 transitions. Thus, a subject of future study 
can be whether one obtains a better comparison to experiment by raising the p1/2 single-particle 
energy.
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