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Nuclei around the N=40 “Island of Inversion” exhibit interesting structure features that have
been the focus of several experimental and theoretical studies. The present work presents the first
complete study of the β-decay feeding intensity distribution and Gamow-Teller distribution for
the β decay of 64Mn to 64Fe up to ∼10 MeV. The β-decay intensity function was extracted from
Total Absorption Spectroscopy measurements made at the National Superconducting Cyclotron
Laboratory with the Summing NaI(Tl) (SuN) detector. The experimental results are compared to
shell model calculations with and without the inclusion of the νg9/2 orbital. From this comparison

it is clear that the νg9/2 orbital is essential for the accurate description of the 64Fe β-decay strength
above ∼3 MeV, emphasizing once again the transitional nature of this nucleus into the N=40 Island
of Inversion.

I. INTRODUCTION

During the last two decades significant effort has been
devoted towards the understanding of the nuclear struc-
ture in exotic nuclei, i.e. nuclei with extreme neutron
to proton ratios. In particular, on the neutron-rich side
of the valley of stability, traditional closed shells have
been observed to break down in regions that are now
known as “Islands of Inversion” [1]. Around the “N=40
island of inversion” [2–4] isotopes of Fe and Cr were ob-
served to exhibit increased collectivity with increasing
number of neutrons towards N=40. This was attributed
to strong quadrupole correlations, which cause the spher-
ical configurations around the N=40 subshell closure to
compete energetically with the deformed “intruder” con-
figurations. This competition can even appear in the
ground states of the involved isotopes. In the present
work we focus on the study of 64Fe which is considered
at the transition of the Fe isotopic chain into the N=40
Island of Inversion.
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64Fe has been the target of many experimental and
theoretical studies. The β decay from 64Mn populated
low-spin discrete states in 64Fe up to 4 MeV [5, 6], since
64Mn has a ground state spin/parity of 1+ [7]. Higher
spins were populated in two experiments using the 64Ni +
238U reaction [8, 9] up to spin/parity of (10+) and extend-
ing also up to 4 MeV of excitation energy. In addition to
level-scheme information, 2+ state lifetimes and B(E2)
values were reported in a multinucleon transfer experi-
ment [10] and later confirmed in a Coulomb excitation
experiment [11]. Each of these experimental studies was
compared to theoretical calculations, typically within the
shell model. While in early studies the calculations were
limited in the νfp model space, e.g. [8], it was clear that
this was not enough to accurately describe 64Fe and other
nuclei in the region, except perhaps for the energy of the
first 2+ state [12]. During the last decade, large-scale
shell model calculations, which include the g9/2 and even
the d5/2 orbitals, have become possible, and those can
typically reproduce the experimental results with high
accuracy [2, 9–11]. Nevertheless, all previous studies fo-
cused on the properties of the discrete level scheme at
relatively low excitation energies. In the present work
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we present for the first time the full population of 64Fe
from the decay of 64Mn, all the way to excitation ener-
gies of ∼10 MeV. The experimental results are compared
with shell model calculations in the pf and pfg model
spaces, showing the importance of the inclusion of the
νg9/2 orbital in describing the β decay of 64Mn.

Experimentally, the study of 64Fe up to such high
excitation energies is only possible through the use of
the technique of total absorption spectroscopy (TAS)
[13]. The power of the TAS method is the fact that it
uses large-volume γ-ray calorimeters to collect the en-
ergy from all emitted γ rays in a γ-cascade. In this way,
it is possible to identify the excitation energy populated
during a β decay, without suffering from the “Pande-
monium effect” [14]. Through these measurements, the
β-decay intensity, Iβ , and β-decay strength, B(GT ), dis-
tributions can be extracted and compared to theoretical
calculations. Several TAS detectors have been developed
over the years, such as MTAS [15], SuN [16] and HEC-
TOR [17, 18] in the US, and DTAS [19] in Europe. These
devices have been used with diverse scientific goals, such
as nuclear astrophysics [20–23], nuclear structure [24, 25]
and reactor applications [26]. Here we use the Summing
NaI(Tl) (SuN) detector which was developed at Michigan
State University, to study the structure of 64Fe and ex-
plore further the region of rapid structure changes around
the N=40 Island of Inversion.

In addition to the nuclear structure impact, it is im-
portant to also note the astrophysical implications of the
present work. Astrophysical calculations, especially for
processes that extend far from stability, such as the r-
process [27] or processes in accreting neutron star crusts
[28], often use nuclear theory to provide β-decay proper-
ties. It is therefore critical to compare the predictions of
the theoretical calculations to experimental data, where
available. Often these comparisons are done using inte-
gral quantities, such as the β-decay half-life, T1/2, and
β-delayed neutron emission probability, Pn [29–31]. It is
beneficial, however, to compare these calculations to the
full β-decay distributions, Iβ and B(GT ), since these are
sensitive to nuclear structure effects that may be missed
otherwise. Some astrophysical applications, such as ac-
creting neutron star crust processes [28] or the r-process
in neutron star mergers [32, 33] rely on reliable data for
individual decay transition strengths.

Experimental details of beam production and deliv-
ery, the SuN detector, and active implantation target are
given in Sec. II. Section III details particle identifica-
tion, correlation of events, TAS analysis, and extraction
of Iβ and subsequent calculation of B(GT). Section IV
presents the experimental extracted Iβ and B(GT), com-
parisons with Shell Model calculations, and a discussion
of the Shell Model calculations. Finally, this work is sum-
marized in Sec. V.

II. EXPERIMENTAL DETAILS

A primary beam of 82Se at 140 MeV/u was created
at the National Superconducting Cyclotron Laboratory
(NSCL) at Michigan State University. The primary beam
impinged on a Be target, producing a cocktail secondary
beam containing 64Mn. The secondary beam was then
purified in the A1900 fragment separator [34, 35]. On
the way to the experimental end station, the secondary
beam passed through an upstream thin timing scintillator
and two Silicon PIN detectors to measure the differential
deposited energy ∆E and the time of flight for the iden-
tification of the implanted isotopes on an event-by-event
basis. At the experimental end station the secondary
beam was implanted in a 2 cm by 2cm, 1 mm thick, 16x16
Double-Sided Silicon-Strip Detector (DSSD). The DSSD
was positioned in the center of the SuN detector [16]. The
SuN detector is a 16 in. by 16 in. cylindrical 4π scintil-
lation detector with a 1.8 in. diameter borehole through
the center. The detector is separated into a top and
bottom half, each of which consists of four optically iso-
lated NaI(Tl) crystals each connected to three photomul-
tiplier tubes. SuN has an average resolution of 6.1(2)% in
each segment and an 85(2)% summing efficiency for the
662 keV photopeak of a 137Cs source [16]. Signals from
the DSSD were routed through a dual (high and low)
gain preamplifier. This allowed the DSSD to detect the
implantation of secondary beam particles (large low-gain
signal) and their subsequent β decays (high gain signal).
SuN detected the corresponding γ rays and β particles
with sufficient energy to enter the active volume. A Si
surface barrier detector behind the DSSD functioned as a
light-particle veto detector. More details about the setup
can be found in Refs. [20, 36].

III. ANALYSIS

A. Particle Identification

The A1900 fragment separator was optimized for ac-
ceptance of 61V [37] and produced a cocktail beam con-
sisting of 61V, 62Cr, 64Mn, and 65Fe, which all had similar
Bρ values. Ions implanted in the DSSD were identified
on an event-by-event basis from the relationship between
the energy deposited in PIN2 (Si, 1041 µm) and the time
of flight for an ion to travel from a thin plastic timing
detector at the image of the A1900 to the PIN2 detector
located approximately 40 cm upstream of the implanta-
tion site. A detailed study of the particle identification
can be found in Ref. [38], which included event-by-event
momentum corrections and confirmed that each particle
group corresponded to only a single isotope.
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B. Decay-Implant Correlation

Due to the presence of multiple isotopes in the beam,
it is essential to identify each ion event-by-event and cor-
relate its implantation with the corresponding β decay.
This is done by associating specific decay events (energy
deposited in SuN and a valid high gain energy signal in a
single pixel of the DSSD) in the data stream with specific
implantation events (no energy signal in SuN and a low-
gain energy signal above threshold in the same DSSD
pixel). The implantation event that is nearest in time
preceding a decay event and recorded in the same pixel
should be paired. Unfortunately, it is possible that the
nearest preceding implant to a particular decay is not
the decay parent but is actually a random correlation.
While it is impossible to exactly untangle such effects
on an event-by-event basis when there are multiple iso-
topes in the beam, the various spectra (see Sec. III D) can
be corrected for random misidentified events. The rate
and spectral shape of the correction to each individual
spectrum can be determined by looking for the nearest
following implant for each decay event. Because this vio-
lates causality it will never be the correct parent for the
decay but spectra from these pairs will have the same
properties as would spectra from incorrect correlations
done with the correct time ordering.

To analyze the full β-delayed γ decay of an isotope of
interest, decays are correlated in both directions and the
resulting random spectra (where the implant occurs after
the decay) are subtracted from the real spectra (where
the implant precedes the decay but where not every corre-
lation is correct). The random spectra are normalized so
that events with long time differences are of equal inten-
sity in both. In this analysis those were events with time
differences between decay and implant between nine and
ten seconds. To further minimize random events in the
real spectra, implantation events that registered within
one second of each other were rejected.

While this method works well for reducing the back-
ground in γ-ray measurements, it is not well suited to
the time spectra from which the parent half-life can be
determined. Because the method always pairs a decay
with the nearest implant there is a bias toward short
decay times that distorts the exponential shape of the
decay-time spectrum. Another slightly different method
of correlation, here called “unbiased correlation”, was im-
plemented for the half-life analysis. This method of cor-
relation involves correlating each β-decay event with all
the implantation events within the correlation time win-
dow on a pixel-by-pixel basis. As is the case with the bi-
ased correlation, the time period prior to the β-decay will
contain the correct implant for correlation (along with
random implants), while the time period following decay
will only contain random correlations. The unbiased cor-
relation method ensures that one of the correlated pairs
is the correct real correlation (implant before decay) and
it ensures that the random background is not time de-
pendent. While this does result in a large background,
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FIG. 1. (Color online) Distribution of the measured time be-
tween implant and decay after subtracting the random events.
Decay events were associated with implant events with the
unbiased correlation method (see text). The data were fit
with a function derived from the Bateman equations [40], to
properly account the build-up and decay of the child nucleus.
The fits results give a half-lives of 84.8(5) ms for 64Mn and
2.36(4) s for 64Fe.

it avoids distortion of the shape of the time spectrum,
making it ideal for half-life analysis. The unbiased corre-
lation method is not suitable for γ analysis because of the
much higher rate of incorrect correlation (lower signal to
noise ratio).

C. Half-Life Analysis

There are previous measurements of the half-life of the
ground state of 64Mn tabulated in the ENSDF database
provided by the National Nuclear Data Center (NNDC).
The evaluated value reported there is 90(4) ms [39]. Ad-
ditionally, the 64Fe child half-life is reported as 2.0(3) s
[39].

Here, a half-life was extracted based on the time be-
tween implant and subsequent β decay based on the un-
biased correlation method. Because the unbiased method
matches an observed β decay with the observed implant
events (within a 10 s window) both decays of the im-
planted 64Mn parent and the decays of the 64Fe child are
recorded. The time spectrum for random correlations
(decay before implant) was subtracted from the properly
ordered times before fitting. Random correlations were
scaled so as to eliminate any negative counts at long times
when subtracting them from the real correlations. The
resulting spectrum and fit are shown in Fig. 1 for the first
3 s. The fit function was based on Bateman parent-child
functions [40, 41]. The results of this fit (and the sta-
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tistical uncertainties from the fit) give a parent half-life
of 84.8(5) ms and a child half-life of 2.36(4) s, in good
agreement with the literature values.

D. γ Analysis

In this work, the Iβ is determined from three basic
spectra: the TAS spectrum itself, the sum-of-segments
spectrum, and the multiplicity spectrum (number of SuN
segments registering energy)[20, 21, 25, 36, 42–45]. Due
to the high efficiency of SuN, both intrinsic and geomet-
rical, most of the γ rays from a decay cascade can be
detected, which gives the TAS spectrum. This spectrum
provides insight into the populated level in the child nu-
cleus. Since SuN is made up of eight optically isolated
NaI(Tl) crystals, the energy of each γ ray in a cascade can
also be determined. This is the sum-of-segments spec-
trum, and it gives insight into the individual γ rays from
the de-excitation of a given level in the child nucleus.
In conjunction with the sum-of-segments spectrum, the
multiplicity spectrum provides information on how many
γ rays were emitted in a given decay path. These three
spectra can all be modeled with GEANT4 [46], which
takes into account physical complexities such as geomet-
rical effects, actual detection efficiency, energy resolution,
Compton scattering, multiple γ rays being detected in
the same segment, and higher energy β particles reach-
ing the scintillator, as well as the details of the decay
cascade from a particular excited state.

In order to reduce the impact from the child-nucleus
decay, a time gate rejecting events after one parent half-
life (84.4(5) ms) was applied. Calculations with the Bate-
man equations indicated that due to the much longer
child half-life (2.36(4) s) this reduces the child nucleus
contribution to a negligible level (∼1.7%).

To further increase the quality of data, γ events were
required to fall within a 640 ns time window after the
detection of a β particle.

E. Iβ(E) Extraction

The β-decay intensity function is found by simulating
the response of each SuN detector segment for all possi-
ble decay paths to create the three analysis spectra (TAS,
sum-of-segments, and multiplicity spectra). In this pro-
cess the same restrictions applied to experimental data
are imposed upon the simulated events. A global fit to
minimize χ2 is then performed by varying the contribu-
tion of each child level to the spectra. In order to create
these simulations, GEANT4 requires information about
each child level and the γ-ray branching ratios. Dis-
crete level input information (energy, branching ratios,
and Jπ) was extracted from NNDC. The discrete levels
of the child nucleus are only known up to a certain critical
energy, which was chosen as 3316.8 keV. This child level
energy was chosen because fits with the last β-allowed

level listed in RIPL3 and ENSDF (4226.8(5) keV [39]),
did not reproduce the data as well. Thus, between the
critical energy and the Q(β−) value (11.981(6) MeV [39]),
pseudo levels were created to represent the continuum
of levels. This process was performed with RAINIER
[47]. RAINIER takes input parameters such as the low-
lying discrete level scheme, nuclear level density param-
eters, spin dependence, etc. and simulates randomly de-
termined cascades. Input parameters for RAINIER were
taken from NNDC, while the nuclear level density was
described using the constant temperature model [48]. It
should be noted that small changes in these input pa-
rameters result in variations within the 10% systematic
uncertainty of the detector response [16]. The pseudo
level energy spacing was chosen based on the resolution
of SuN in the respective energy region.

64Fe has a neutron separation energy (Sn) of
7.405(7) MeV [39], which is well below the Q(β−) value.
Pseudo levels between Sn and Q(β−) were created to
account for the possibility of β-delayed neutron decay
(β−n). In order to simulate levels that underwent β−n
decay, RAINIER determined the energy level in the range
of the desired energy such that the level was allowed
based on spin and parity. Based on the observed γ-ray
energies and selection rules, it was assumed the β−n de-
cay only fed the ground state and the 356 keV state in
63Fe. GEANT4 modeled the interactions of the neutrons
with the detector apparatus.

One additional discrete level was simulated with
RAINIER at 2225 keV. This level was included to ac-
count for a peak in the TAS spectrum that was not ex-
plained by any listed levels or nuclei in the decay path.
The level energy was chosen by performing multiple fits
with varying level energies in the region of the unex-
plained peak. RAINIER determined the de-excitation
path based on the known level scheme below 2225 keV.
The veracity of this level was established by confirming
the presence of characteristic γ rays from the level scheme
in the sum-of-segments spectrum when gated on the un-
explained peak in the TAS spectrum.

The characteristic spectra for each of the possible de-
cay paths were created. In order to increase sensitivity
to certain energy regions, nine more spectra were cre-
ated with unique gates. Sum-of-segments and multiplic-
ity were each gated on four separate regions of TAS. Sum-
of-segments was also gated on a γ-ray multiplicity of one.
The 12 spectra for each child-level’s decay path were then
used as basis states in a least-squares fitting function in
which the coefficients for each basis state were varied to
minimize χ2. An initial fit was performed in order to de-
termine the relative intensities of states that underwent
β−n decay. Each β−n state was then fixed to the resul-
tant relative intensity and all β−n states were allowed to
vary together with the associated coefficient then relating
to Pn. The coefficients were then normalized to 100% to
give the Iβ values.
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FIG. 2. (Color Online) The best least-squares fits of the TAS,
Sum-of-Segments, and γ-ray multiplicity spectra for 64Mn.
The blue curve is the sum of the individual simulated spectra
for the various levels, scaled according to intensity, added to
the random correlation.

IV. RESULTS

A. Iβ(E)

The individual Iβ(E) values extracted from the fit-
ting process are presented in Table I. The Iβ(E) values
are summed to form the cumulative Iβ(E) distribution,
which is plotted in Fig. 3. In Fig. 3 one can see a strong
ground-state-to-ground-state transition strength. Even
while there is no γ ray emitted for decay to the child
ground state, the associated β particles are detected in
SuN with a shape extending to the maximum energy seen
in Fig. 2 allowing for an accurate determination of this
strength. As described above, the model space of simu-
lated decays contained pseudo levels to account for γ de-
cays from higher energies. The fit also included a second
set of pseudo levels with energies greater than the neu-
tron separation energy that either populated the ground
or first excited state in 63Fe. The contribution of these
levels could be extracted because the TAS and sum-of-
segments spectra showed γ rays from 63Fe and neutron
capture energy in SuN itself. It should be noted that

TABLE I. Iβ(E) for 64Mn. All intensity values below 5 ×
10−5% are omitted. Pseudo levels start with 3420 keV and
the levels at 5300 and 6500 keV are listed as zero because the
uncertainties are larger than the actual value. Levels start-
ing at 7.5 MeV decay only by neutron emission (β− delayed
neutrons). The level at 2225 keV has not been observed in
previous experiments, but was identified in this work.

Energy Intensity Err or Energy Intensity Error
(keV) (%) (±) (keV) (%) (±)

0.0 23.6 2.4 4620 0.57 0.13
764.4 9.2 0.9 4860 0.29 0.14
1443.6 8.6 0.9 5020 0.60 0.15
1763.12 0.75 0.11 5100 0.36 0.13
1853.1 0.53 0.11 5200 1.19 0.19
2116.6 5.0 0.5 5400 0.82 0.18
2225 5.1 0.5 5500 2.0 0.3
3093.3 4.9 0.5 5600 0.67 0.21
3306.7 5.6 0.6 5700 0.22 0.18
3316.9 4.0 0.4 5800 1.51 0.27
3420 1.11 0.19 5900 0.77 0.23
3500 2.52 0.29 6000 0.28 0.17
3580 0.79 0.15 6100 1.12 0.20
3660 0.15 0.08 6300 0.74 0.16
3740 2.34 0.28 6400 0.68 0.15
3820 1.21 0.20 6500 0.21 0.07
3900 2.01 0.26 6600 0.97 0.16
3980 0.24 0.08 6800 0.96 0.18
4140 2.5 0.3 6900 0.38 0.16
4220 1.90 0.27 7000 0.52 0.10
4300 0.78 0.17 7200 0.024 0.027
4460 0.96 0.18 ≥7500 (β−n) 1.37 0.14
4540 0.14 0.15

above Sn, starting with levels at 7.5 MeV, the fitting al-
gorithm only attributed strength to levels that decayed
via β−n emission. Even with little sensitivity to neu-
trons, the extracted Pn is consistent with the literature
value of 2.7(6)% [49, 50].

B. B(GT)

The Gammow-Teller distribution was calculated from
the Iβ(E) with the equation

B(GT ) =
Iβ(E)

f(Qβ − E)T1/2
×K

(gV
gA

)2

(1)

where f(Qβ −E) is the Fermi Integral, K is 6143.6(17) s
[51], and gA/gV is -1.270(3) [52]. The measured value for
T1/2 was used in Eq. 1. The cumulative B(GT) compared
to Shell Model calculations are shown in Fig. 4.

C. Theory

The beta decay properties of 64Mn were calculated
using the NuShellX@MSU code [53] with the effective
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FIG. 3. (Color Online) Experimentally determined Cumu-
lative Iβ(E) of 64Mn. Results shown are from β-delayed γ
decay and β-delayed neutron decay of 64Mn. Shell model
calculations with CA48HM1 and GXPF1A effective interac-
tion Hamiltonians are shown in the red dashed line and violet
dot-dashed line, respectively. The shaded region shows un-
certainties determined by least-squares fit.
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FIG. 4. (Color Online) B(GT) distribution calculated with
experimentally determined Iβ(E) of 64Mn. Shell model cal-
culations with CA48HM1 and GXPF1A effective interaction
Hamiltonians are shown in the red dashed line and violet dot-
dashed line, respectively. The green double-dot-dashed line
shows shell model calculations with CA48HM1 effective in-
teraction when the g9/2 orbit is not occupied. The shaded
region represents uncertainties propagated from least-squares
fit.

TABLE II. 64Mn low energy levels (in MeV).

Exp. spectrum GXPF1A CA48MH1
1+ 0.000 0+ 0.000 1+ 0.000

2(−) 0.040 2+ 0.040 2+ 0.050
4+ 0.175 5+ 0.248 3+ 0.243
2+ 0.186 1+ 0.273 4+ 0.331

TABLE III. 64Fe low energy levels (in MeV).

Exp spectrum GXPF1A CA48MH1
0+ 0.000 0+ 0.000 0+ 0.000
2+ 0.746 2+ 0.901 2+ 0.589
2+ 1.444 2+ 1.404 2+ 1.132

interaction Hamiltonians, GXPF1A [54, 55] in the PF
model space and CA48MH1 [56] in the CA48PN model
space. In the CA48PN model space the protons occupy

the single particle orbits π(0f
(6−t)
7/2 , 0ft5/2, 1pt3/2, 1pt1/2)

with t = 0− 2 and the neutrons occupy the single parti-

cle orbits ν(0f
(2−6)
5/2 , 1p

(2−4)
3/2 , 1p

(0−2)
1/2 , 0g

(0−4)
9/2 ), where the

same occupation numbers were used as in [57]. A quench-
ing factor of 0.77 was used for the Gamow-Teller rates
in the PF model space [58] and a 0.70 in the CA48PN
model space. The experimental half-life of the parent
state is 90(4) ms [39] (84.4(5) ms from this measure-
ment), and the half-lives calculated with the GXPF1A
and the CA48MH1 effective interactions are 25 ms and
62 ms, respectively. The shell model low energy spectra
of the parent nucleus, 64Mn, and the child nucleus, 64Fe,
are summarized in Tables II and III.

The experimental ground state β-decay of 64Mn feeds
mainly the ground state in 64Fe with an intensity of 20%
and the first two excited states with an intensity of 8%
each. The shell model β-decay intensity of 64Mn with the
CA48MH1 effective interaction is in agreement with the
experiment, although it predicts a higher ground state
feeding with an intensity of 43%, followed by the feeding
of the first two excited states with an intensity of 12% and
1.3%, respectively. The GXPF1A effective interaction
predicts that the β-decay branching to the first excited
state in 64Fe is the most strong, with an intensity of 32%,
while the branching to the ground state in 64Fe is 16%.
The experimental β-decay of 64Mn is dominated by a few
strong feedings towards the low energy region of 64Fe, fol-
lowed by a fragmented β-decay intensity above 3 MeV.
This behavior is better reproduced by the CA48MH1 ef-
fective interaction which produces feedings of strong in-
tensities below 3 MeV followed by a fragmented β-decay
intensity above 3 MeV. The GXPF1A effective interac-
tion predicts β-decay feedings with strong intensities up
to about 5 MeV before the β-decay intensity becomes
fragmented.

In Fig. 4, the B(GT) distribution predicted by the
CA48HM1 effective interaction is in excellent agreement
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with the experimental data, while the GXPF1A calcula-
tions overestimate the cumulative B(GT). For both ef-
fective interactions the distribution of the Gamow-Teller
strength is dominated by the spin-flip νf5/2 → πf7/2 de-

cay, as the last neutrons in 64Mn occupy the f5/2 or-
bit. The dominance of the spin-flip νf5/2 → πf7/2 de-
cay explains why the CA48MH1 cumulative Gamow-
Teller strength distribution is significantly lower to the
GXPF1A distribution. With the introduction of the g9/2
orbit with the CA48MH1 effective interaction, the νf5/2
occupancy of the first 1+ energy level of 64Mn drops from
5.02 in the GXPF1A effective interaction, to 3.19 in the
CA48MH1 effective interaction, as neutrons occupy the
g9/2 orbit. Fig. 4 also shows the B(GT) distribution
of the CA48HM1 effective interaction when the neutron
g9/2 orbit is not occupied. The latter B(GT) distribu-
tion follows closely the GXPF1A B(GT). The νg9/2 →
πg9/2 decay cannot be calculated with the CA48MH1 ef-
fective interaction, but it should not contribute to the
Gamow-Teller strength below the 7 MeV of energy. The
steep increase of the GXPF1A cumulative Gamow-Teller
strength above 8 MeV is mainly due to the contribution of
the spin-flip νp1/2 → πp3/2 decay with the νp3/2 → πp3/2

and νf7/2 → πf7/2 decays having a smaller contribution.
The increase of the CA48MH1 cumulative Gamow-Teller
strength above 7 MeV can be attributed to the νp1/2 →
πp3/2, νp3/2 → πp3/2 and νp3/2 → πp1/2 decays. The
contribution of each decay for each effective interaction
is seen in Figs. 5 and 6.

The inclusion of the g9/2 neutron intruder orbit with
the CA48MH1 effective interaction does not impact the
low-energy spectrum of 64Fe or the low energy β-decay
strength; indeed the GXPF1A and CA48MH1 effective
interactions predict similar low-energy β-decay strengths.
The role of the g9/2 neutron intruder orbit becomes im-
portant above 3 MeV, in agreement with previous stud-
ies, rendering the spectrum of 64Fe richer in energy lev-
els at higher energy compared to the GXPF1A spec-
trum. The ground state β-decay of 64Mn feeds these
high energy levels with small intensities giving the frag-
mented β-decay intensity observed in the experiment.
The CA48MH1 effective interaction, also, correctly pre-
dicts that the spin and parity of the ground state of 64Mn
is 1+, while the GXPF1A effective interaction predicts
that the 1+ is the third excited state, although it is still
very close in energy to the ground state.

V. CONCLUSIONS

The present work reported the first total absorption
measurement of the β-decay intensity and strength dis-
tributions for the decay of 64Mn into 64Fe. The exper-
imental results were compared to shell model calcula-
tions with two interactions. Shell model calculations with
the CA48HM1 Hamiltonian apportion too much strength
to the ground-state-to-ground-state transition, but oth-
erwise exhibit overall good agreement in shape. The
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FIG. 5. (Color Online) Shell model calculations of the B(GT)
distribution with CA48MH1 effective interaction against the
contribution of a single decay to the B(GT) distribution with
the same effective interaction.
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FIG. 6. (Color Online)Shell model calculations of the B(GT)
distribution with GXPF1A effective interaction against the
contribution of a single decay to the B(GT) distribution with
the same effective interaction.

GXPF1A calculations produce a similar ground-state-to-
ground-state transition strength, but otherwise ascribe
the majority of the strength to two levels at ∼1 MeV
and ∼4 MeV. Our results highlight the need to include
the νg9/2 orbital in the description of 64Fe, in agreement
with previous studies.
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lot, L. Fraile, E. Ganioğlu, W. Gelletly, D. Gorelov,
J. Hakala, A. Jokinen, D. Jordan, A. Kankainen, V. Kol-
hinen, J. Koponen, M. Lebois, L. Le Meur, T. Mar-
tinez, M. Monserrate, A. Montaner-Pizá, I. Moore,
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K. C. Goetz, D. W. Stracener, W. Bielewski, R. Goans,



9

J. H. Hamilton, J. W. Johnson, C. Jost, M. Madurga,
K. Miernik, D. Miller, S. W. Padgett, S. V. Paulauskas,
A. V. Ramayya, and E. F. Zganjar, Phys. Rev. Lett. 119,
052503 (2017).

[27] C. Horowitz et al., J. Phys. G 46, 083001 (2019).
[28] Z. Meisel, A. Deibel, L. Keek, P. Shternin, and J. Elfritz,

Journal of Physics G Nuclear Physics 45, 093001 (2018),
arXiv:1807.01150 [astro-ph.HE].
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