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A total absorption spectrometer, dedicated to the study of very short-lived atomic species, has been built and
installed at the CERN/ISOLDE mass separator. The ␤ decay of the neutron-deficient 74Kr nucleus has been
studied using this new device. The Gamow-Teller strength distribution has been observed over most of the QEC
window, and a total strength of 0.69共3兲 g2A / 4 has been measured for states with excitation energy below
3 MeV. Shape mixing in the 74Kr ground state is inferred from a comparison of the experimental strength
distribution with self-consistent, deformed, quasiparticle-random-phase-approximation calculations.
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I. INTRODUCTION

For many years, ␤-decay experiments have proved to be a
powerful tool to study nuclear systems. Today, they continue
to provide a wealth of information about fundamental aspects of the nuclear medium and the weak interaction. Such
experiments are often also the first to provide information
about the nuclear structure of new isotopes. The ␤ decay in
allowed processes is governed by a very simple and well
understood operator, namely,  ·  in the case of a GamowTeller decay and  for a Fermi decay. Thus, a good and
complete description of the ground state of the parent
nucleus and of the states populated in the daughter nucleus
should provide, in principle, a good value for the total
strength and of the strength distribution over the full Q␤
window. Hence, the measurements of these quantities offer a
good probe to test our theoretical models.
The N = Z, A ⯝ 75 region of the nuclear chart is of particular interest in terms of nuclear structure because of the wide
variety of nuclear shapes displayed in the region. Competing
prolate and oblate deformations are predicted due to several
different energy gaps in the shell model potential at Z , N
= 34– 40, the signature of such effects being rapid changes in
nuclear shape when adding or removing only a few nucleons
[1,2]. Furthermore, shape coexistence can occur when neutron and proton shell gaps drive the nucleus towards opposite
deformations [3,4]. A typical candidate for such behavior is
the neutron-deficient 74Kr isotope which has recently been
the subject of several in-beam investigations [5,6]. From
these studies, possible shape coexistence in this nucleus was
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inferred from the measurement of the electric-monopole (E0)
transition linking the 0+1 ground state to a second 0+2 isomeric
state.
The decay of 74Kr was last studied by Schmeing et al. [7].
They established the decay scheme up to 978 keV based on
high resolution ␥-␥ and ␤-␥ coincidence measurements. The
total ␤+ and electron capture feeding was determined from
the difference between the ␥ feeding and ␥ decay of each
observed level. Yet, no direct experimental evidence of deformation or shape coexistence for this nucleus, nor for other
nuclei in this mass region, has so far been obtained through
␤-decay measurements.
For nuclei close to the proton drip line, theoretical calculations predict that the Gamow-Teller strength will be concentrated at high excitation energy in the daughter nucleus
but will still be accessible through ␤-decay studies with approximately half of the total strength appearing within the
␤+-decay window [8,9]. Furthermore, the Gamow-Teller
strength distribution calculated as a function of the excitation
energy in the daughter nucleus depends sensitively on the
ground state deformation of the parent nucleus [9,10].
Although the Gamow-Teller strength distribution B共GT兲
carries fundamental information about nuclear structure, its
determination is not straightforward and meets difficulties on
the experimental side. When germanium detectors are used,
their limited high energy detection efficiency, combined with
the ␤-strength fragmentation at high excitation energy, leads
to systematic errors in both the total B共GT兲 and the B共GT兲
distribution. An alternative method is to use the total absorption technique to extract the complete strength distribution.
This method is based on measuring the total energy released
in the ␥ decay of each level populated in the ␤ decay of the
parent nucleus, and therefore is sensitive to the ␤ population
of the nuclear levels rather than to the individual ␥ rays. This
technique, which dates back to the work of Duke et al. [11],
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has been used recently at the Gesellschaft für Schwerionenforschung (GSI) online mass separator to study the decay of
isotopes in the region of the doubly magic nucleus 100Sn
[12–15], as well as in the spherical rare earth region [16].
These studies showed that if we are to obtain reliable information on the complete ␤ strength, and hence compare experiment and theory, we require measurements with the total
absorption spectrometry technique [16,17]. The advantage of
applying the total absorption technique to N ⬃ Z nuclei was
already mentioned in Ref. [18].
We have revisited the ␤ decay of neutron-deficient krypton and strontium isotopes using the total absorption spectrometry technique with the aim of determining the total GT
strength and the GT distribution over the whole QEC energy
window. Here we present the results obtained for the 74Kr
isotope 共QEC = 3140± 62 keV兲. The experiment was performed using a new total absorption spectrometer specifically designed for the study of very short-lived nuclei, and
presently installed at the CERN/ISOLDE mass separator.
Data were collected and the Gamow-Teller strength extracted
over most of the QEC window. A comparison of the experimental strength distribution with self-consistent deformed
Hartree-Fock (HF) plus quasiparticle-random-phaseapproximation (QRPA) calculations is presented.
The paper is organized as follows. Section II is devoted to
the experimental procedure used in the 74Kr experiment and
Sec. III to the extraction of the strength distribution from the
raw data. The results are presented in Sec. IV and the ground
state deformation of the neutron-deficient 74Kr isotope is discussed. Our findings are summarized and conclusions are
drawn in Sec. V.
II. EXPERIMENT

A new total absorption gamma spectrometer 共TAgS兲 [19]
has been designed by a Madrid-Strasbourg-Surrey-Valencia
collaboration to study very short-lived nuclei at the CERN/
ISOLDE mass separator. The spectrometer consists of a
large, cylindrical NaI共Tl兲 monocrystal (38 cm diameter,
38 cm length) with a 7.5 cm hole drilled perpendicular to the
symmetry axis. The detector, called Lucrecia and manufactured by Saint-Gobain Crystals and Detectors, is viewed by
eight 5 in. photomultiplier tubes, type Electron Tubes
9792B. The crystal is encased in a 13 mm thick aluminum
cylinder whose thickness is reduced to 11 mm inside the
radial hole in order to limit the ␥-ray absorption. Good light
reflection is provided by a 2 mm thick Al2O3 coating on the
inner side of the aluminum case. The crystal response stability is monitored by a light emitting diode (LED) triggered by
a pulse generator.
Excellent energy resolution is achieved. The resolution of
the NaI crystal was as good as 7.1% and 5.4% at 662 keV
and 1332 keV, respectively. Experimental total and photopeak efficiencies of 95共8兲% and 83共7兲%, respectively, were
measured at 662 keV with a calibrated 137Cs source. Finally,
these overall good detection efficiencies and energy resolutions, combined with a solid angle of 97% of 4, make the
new TAgS spectrometer one of the most powerful total absorption spectrometers.

Radioactive isotopes are implanted in a 55 m thick aluminized mylar tape that can be moved in order to limit the
buildup of daughter activity. The tape transport system [20],
functioning under vacuum, routinely operates at a speed of
1.3 m / s and possibly at a higher speed of up to 2.0 m / s. A
set of three collimators, placed 950 mm, 975 mm, and
992 mm upstream from the collection point, was used to
suppress the beam halo and to define a 6 ⫻ 8 mm2 beam spot
on the mylar tape. In these experimental conditions, a transmission of 30% was achieved for a 40Ar stable beam over the
36 m flight path that separates the high resolution separator
(HRS) separator from the end of the new RC3 beamline
where the spectrometer is installed. The beamline ends with
a telescopic aluminum tube (1.2 mm thick, 68 mm diameter)
sealed by a 80 m kapton window.
In order to disentangle the ␤+ and electron capture (EC)
components of the decay process, x and ␥ ray as well as
␤-particle detectors located close to the collection point are
used. A germanium telescope consisting of a 1 cm planar
detector backed by a 5 cm thick coaxial crystal is used to
detect low energy 共8 keV⬍ E␥ ⬍ 500 keV兲 ␥ rays as well as
more energetic ␥ rays. The telescope covers ⬃14% of the 4
solid angle. The energy resolution obtained with the planar
detector is 0.49 keV at 59.5 keV and 2.1 keV at 1332 keV
with the coaxial detector. In order to limit the x-ray absorption, the end cap of the telescope cryostat is made of a thin
共0.3 mm兲 beryllium window. A 2 mm thick plastic (NE102)
detector located in front of the germanium telescope and
covering 13% of 4 completes the setup and is used to detect the ␤ particles. This setup allows direct ␥-ray studies as
well as ␥ – ␥ and ␤ – ␥ coincidences to be performed. A schematic diagram of the experimental setup is presented in
Fig. 1.
To reduce the contribution of the background due to the
activity (neutrons and gammas) in the experimental hall, the
spectrometer and its ancillary detectors are placed inside an
11 ton shield made of a boron polyethylene 共10 cm兲, lead
共5.1 cm兲, copper 共1.5 cm兲, and aluminum 共2 cm兲 sandwich.
Shielding efficiencies of 1.0 and 0.9 were calculated for slow
共En ⬃ 1 eV兲 and fast 共En ⬃ 1 MeV兲 neutrons, respectively,
using the MCNPX 2.2.3 code [21]. All the experimental evidence seems consistent with this shielding efficiency estimate. The counting rate in the TAgS due to the ␥ background activity is reduced by a factor of 3.5 down to about
1.0 kHz with the shielding closed. The residual activity
mainly comes from the decay of 40K present inside the crystal. The temperature inside the closed shielding is regulated
to ±0.5 ° C with an industrial air conditioning system.
The experiment was carried out at the ISOLDE online
isotope separator at CERN [22]. The 74Kr ion beam was
produced by spallation of a thick 共43 g / cm2兲 Nb target induced by an intense 1.4 GeV proton beam delivered by the
CERN-PSB accelerator. A cooled transfer line connects the
target and the plasma ion source from which the ions are
extracted in their 1+ charge state and electrostatically accelerated to 60 keV. The cold transmission line strongly suppresses the contamination of noble gas beams by less volatile
isobars (e.g., directly produced bromine). The isobaric contamination was found to be negligible, corresponding to a
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B共GT兲 =

FIG. 1. Schematic diagram of the experimental setup. Heavy
ions 共HI兲 are implanted into an aluminized mylar tape in the center
of the NaI crystal. All sensitive detectors are placed inside a four
layer shielding that reduces the counting rate due to neutron and
␥-background activities. Collimators, placed upstream from the collection point, limit the beam spot size on the tape.

suppression factor of more than 104, in agreement with previous data collected at A = 72 and 73 in similar conditions
[18,23]. The spallation products were analyzed using the
HRS mass separator, and the average production yield for
74
Kr was 1.5⫻ 106 atoms/ C. The mass-separated 74Kr isotopes were collected in the center of the TAgS spectrometer.
A total of 190 measurement cycles, each with a duration
of 170 s, was devoted to the experiment on 74Kr, corresponding to a total counting time of 538 min. Due to the high
production yield, the target only received one of the 14 proton pulses produced per supercycle, and the ions were collected on the tape for 1.5 s at the beginning of each cycle. At
the end of the experiment, another 358 min were devoted to
the measurement of the 74Br daughter activity, and a total of
65 min was used to measure the room background.
Data were recorded in two separate modes (direct and
coincidence) using conventional electronics in NIM and
FERA-based CAMAC standards. Energy signals from the
TAgS photomultipliers (eight dynodes) as well as from the
plastic detector (two dynodes) and the germanium telescope
were recorded using peak-sensing converters. Timing signals
between the TAgS and the ancillary detectors were also recorded on tape in the coincidence mode only.
III. ANALYSIS

The quantity we are interested in is the Gamow-Teller
strength B共GT兲 as a function of the excitation energy in the
daughter nucleus

KI␤
,
f共QEC − Ex兲T1/2

共1兲

where I␤ is the ␤ branching to a level with Ex excitation
energy, f共QEC − Ex兲 is the integral of the Fermi function, T1/2
is the ␤-decay half-life in seconds, and K = 3833± 24 s
关24,25兴. Extracting the strength over the full energy range
simply relies on the accurate determination of the ␤
branchings to all the states to which the decay can proceed. Although a total absorption spectrometer is sensitive
to the ␤ population of the nuclear levels rather than to the
individual ␥ rays, the task is not trivial. The raw experimental spectra must be corrected for the effects of various
distortions, one of them being electronic pulse pileup.
This effect occurs when two pulses overlap and are interpreted by the analyzing system as corresponding to one
real event. Analytic solutions exist to calculate the pileup
contribution for quadratic or Gaussian pulse shapes. However, because such solutions remain approximate, we use
a numerical pulse pileup correction that requires a knowledge of the true pulse shape. Details of the correction
algorithm and method can be found in Ref. 关26兴. The calculated pileup contribution is then normalized to the experimental spectrum in the energy region beyond the QEC
value. Second and higher order pileup contributions are
negligible 共⬍0.25%兲 if one limits the counting rate to
10 kHz or below.
To obtain the ␤-decay strength distribution of the parent
nucleus from the raw spectra, free of distortion, one must
generally also consider and subtract the background and
daughter activity contributions. The corrected energy spectra,
d (counts/channel), can then be related to the level feeding
distribution f (⬅N I␤, N=total number of decays) using the
equation [27]
d = R共b兲 · f,

共2兲

where R共b兲 is the response function matrix of the spectrometer which depends on its characteristics. Each column j of
this matrix, called the level j response distribution, also depends on the quanta emitted in the decay, positron for ␤+
decay or x ray for EC decay and all the subsequent electromagnetic contributions 共␥-ray and/or conversion electron
cascades兲. If one considers that the response to a particle
with a given energy does not depend on the response to other
particles, then the matrix R can be constructed from the individual response distributions through successive convolutions of the adequate single quantum responses 关27兴. The
response function R depends also on the ␥-branching ratios b
in the daughter nucleus, and therefore its computation requires a knowledge of the level scheme in this nucleus. The
low energy part of the level scheme is obtained from highresolution spectroscopy with germanium detectors whereas
the unknown upper part is obtained from a decay model of
the nucleus. With these assumptions, the TAgS response
function was obtained by means of Monte Carlo simulations using the GEANT4 package [28]. The experimental
setup geometry was carefully modeled and the light production process in the NaI crystal was included as described in
Ref. [27]. Results were compared to experimental data ob-
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FIG. 2. X-ray spectrum obtained with the germanium planar
detector and showing the K␣ and K␤ transitions in 74Br. The expected positions of the K␣ and K␤ transitions in 74Se are also
shown. The shaded areas show the energy gates used for background subtraction.

tained for different radioactive calibration sources (22,24Na,
60
Co, and 88Y). The photon response matrix was then computed for radiations with energies ranging from 20 keV to
8 MeV. The ␤-response matrix was computed for particles
with energies ranging from (Q␤ = 20 keV to Q␤ = 2118 keV
(i.e., QEC = 3140 keV). Finally, in order to obtain the feeding
distribution f, Eq. (2) is inverted using the expectation maximization method [29].
By requiring coincidences of TAgS signals with the bromine x rays detected in the germanium planar detector, or
with positrons detected in the plastic scintillator, we distinguish between events corresponding to EC or ␤+ decay of
74
Kr, if one disregards the internal conversion process. However, in the case of ␤+ decay, we do not have the detailed
knowledge of the plastic detector (e.g., response function to
low energy ␤ particles) needed to compute the ␤ efficiencies
with high enough accuracy to obtain reliable feedings. Moreover, the strength at high excitation energy in 74Br is not seen
due to the 1022 keV energy fraction always missed in ␤+
decay and to the relatively high ␤ detection threshold 共Ecut
⬃ 300 keV兲 cutting off the contribution of low energy ␤ particles. In addition, the existence of a 4共−兲 isomeric state in
74
Br with a 41.5 min half-life [30] and an excitation energy
of 13.8 keV [31], complicates any subtraction of the daughter activity as the collection-measurement cycles used in the
krypton and bromine measurements are different. Therefore,
we have limited our analysis to the EC component of the
decay by requiring coincidences between the TAgS spectrometer and the x-ray detector.
IV. RESULTS

The x-ray spectrum from the germanium planar detector
is shown in Fig. 2. The EC component of the 74Kr decay was

FIG. 3. (a) Direct TAgS spectrum. (b) TAgS spectrum in coincidence with the Br K␣ and K␤ transitions in the planar detector. (c)
Final background subtracted TAgS spectrum corresponding to the
EC component of the 74Kr decay. Arrows indicate the 74Kr and 74Br
QEC values.

selected by putting gates on the K␣ and K␤ transitions in Br
located at 11.9 keV and 13.4 keV, as shown in the figure.
The resulting spectrum is displayed in Fig. 3(b) and can be
compared to the direct TAgS spectrum shown in Fig. 3(a).
The coincidence requirement between the TAgS spectrometer and the x-ray detector reduces the 74Br daughter
activity contribution. Nevertheless, undesired coincidences
with background signals underneath the x rays, mainly due
to the Compton effect or due to the penetration of the ␤
particles into the planar detector, are still possible and must
be taken into account. This can be done by subtracting the
TAgS contribution in coincidence with the background in the
planar detector (shaded areas in Fig. 2) from the spectrum
displayed in Fig. 3(b). The final background subtracted EC
spectrum is displayed in Fig. 3(c). The contents of the spectrum are combined in 20 keV bins in order to match properly
the binning of the calculated response function for further
analysis (see Sec. III). The very low statistics beyond the
QEC共 74Br兲 value 共6907± 15 keV兲 in Fig. 3(b) suggest that the
electronic pulse pileup contribution was negligible and therefore was not taken into account in the analysis.
The observed statistics in the final spectrum [Fig. 3(c)]
between the two QEC values (74Kr and 74Br) is only due to
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TABLE I. ␤-branching ratios and B共GT兲 values in units of g2A / 4 for the 74Br levels as determined in this
work and compared to previous values from Ref. [7].
Ex 共keV兲
0.0
9.9
72.6
89.7
132.6
179.1
212.9
239.4
306.6
390.1
534.5
609.1
613.0
701.3
831.9
970.1
978.0
978–3000
total

I␤ + IEC [7]

兵其

⬍ 10
9.6
0.7
1.3
33.6
1.1
43.4
0.3
0.9
3.0
0.3
3.6
0.4
1.0
0.5
–

兵 其
兵 其

I␤ + IEC
0.0
0.0
0.0
2.4(2)
0.0
0.020(2)
20(2)
5.8(5)
46(4)
0.06(1)
0.68(6)

B共GT兲 [7]

兵其

B共GT兲

⬍ 1.0⫻ 10−2
2.8共4兲 ⫻ 10−3

11.4(3)

11⫻ 10−2
8.8⫻ 10−4
1.8⫻ 10−3
4.9⫻ 10−2
1.7⫻ 10−3
7.8⫻ 10−2
7.0⫻ 10−5
2.6⫻ 10−3
1.0⫻ 10−2
1.0⫻ 10−3
1.6⫻ 10−2
2.5⫻ 10−3
8.3⫻ 10−3
4.2⫻ 10−3
–

4.9共3兲 ⫻ 10−1

100

1.9⫻ 10−1

6.9共3兲 ⫻ 10−1

3.7(3)
5.4(5)
1.1(1)
3.4(3)

100

fluctuations coming from the background subtraction. It is
estimated to account for only 3% of the initial number of
counts in this energy range before subtraction. Because the
decay of the 4共−兲 isomeric state in 74Br 共T1/2 = 41.5 min兲 is
not favored by our collection-measurement cycle (see Sec.
II), and according to the decay scheme of 74Br [7], one expects most of the daughter activity 共⬃80%兲 to be located
above 3 MeV, the EC spectrum is more than 99% free of
background contribution up to QEC 共 74Kr兲.
One should note that the x-ray–TAgS coincidence is not
exclusively EC as events corresponding to the ␤+ decay of
74
Kr can also be selected when the decay is followed by the
electron conversion of low energy transitions deexciting levels in 74Br. From the 74Br level scheme [7], and assuming
different multipolarities (M1 and E2) for the most intense
low energy transitions (62.8 and 89.7 keV), one can estimate
the intensity of the internal conversion process following either a EC or ␤+ decay. We found that it amounts to 1.3 and
4.8% of the total decay intensity, yielding an upper limit of
8% for the contribution of the ␤+ process to the x-ray-gated
TAgS spectrum [Fig. 3(c)]. This contamination, spread over
the whole QEC energy window, was not taken into account in
the analysis but was included as a systematic error in the
final B共GT兲 values.
To determine the ␤ feedings (see Sec. III), we have considered the level scheme of 74Br established by Schmeing
et al. [7] for energies up to 978 keV. We have also taken into
account the two 1013.8 and 1060.9 keV ␥ transitions that
were identified in Ref. [7] but not placed in the level scheme.
In the present work, it was considered that these two transitions were deexciting levels located at these energies. The

2.8共4兲 ⫻ 10−5
2.9共4兲 ⫻ 10−2
8.9共1兲 ⫻ 10−3
8.3共1兲 ⫻ 10−2
1.4共2兲 ⫻ 10−5
2.0共3兲 ⫻ 10−3
1.3共2兲 ⫻ 10−2
2.4共4兲 ⫻ 10−2
6.8共1兲 ⫻ 10−3
2.8共5兲 ⫻ 10−2

upper part of the level scheme 共Ex 艌 1 MeV兲 was derived
from the statistical nuclear model. The back-shifted Fermi
gas formula [32,33] was used to generate positive and negative parity states with spins J = 0, 1, and 2, yielding possible
E1, M1, E2, and M2 ␥ transitions in the daughter nucleus.
For each transition, the ␥ width was calculated using the
corrected Weisskopf formula [34]. Only allowed GT transitions to 1+ states in 74Br (⌬J = 1, and no parity change) were
considered for the ␤ decay. Based on results obtained for
neutron-deficient isotopes in the A = 75 mass region [35,36],
the density parameter a was initially chosen to be 10 MeV−1.
It was then increased to 11 MeV−1 to reproduce the data after
better use of the direct relationship given by Eq. (2). Higher
values for a do not significantly improve the results as, in
that case, the mean energy level spacing becomes smaller
than the 20 keV binning of the data. The back-shifted ground
state position ⌬ was fixed at −1.36 MeV [33].
The resulting ␤ feedings are presented in Table I for energies up to 978 keV. Despite the relatively poor energy
resolution of NaI crystals, the analysis method allows us to
extract the feedings with enough accuracy for a comparison
with the values originally obtained by Schmeing et al. [7].
Although both results are similar, discrepancies occur due to
the different methods. Our feedings are normalized to one
over the whole QEC window, not including the 74Br ground
state, whereas feedings from Ref. [7] are normalized over the
first 978 keV. Feedings to levels above 1 MeV, not listed in
the table, vary from 0.01 to 2% up to 3140 keV. Our experimental method does not allow us to determine the feeding to
the ground level of 74Br as no information is available in the
spectra. However, because this level has spin and parity 0− or
1−, such feeding would primarily come from a first-
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FIG. 5. Accumulated GT strength in 74Kr as a function of the
excitation energy of the daughter nucleus. The dotted and dashed
lines correspond to the oblate and prolate solutions of HF calculations using the SG2 interaction, respectively.

FIG. 4. Experimental Gamow-Teller strength distribution measured for 74Kr (filled circles) compared to self-consistent HF calculations [39,41] assuming for the 74Kr ground state (a) an oblate
共␤0 = −0.15兲 shape, and (b) a prolate 共␤0 = + 0.39兲 shape. The calculations were performed using the SG2 Skyrme interaction.

forbidden, Fermi or Gamow-Teller, transition which is not
very likely to occur. Therefore, this feeding has not been
taken into account and we have restricted our analysis to
allowed Gamow-Teller transitions.
From the ␤ feedings and using the Fermi functions f 0 in
Eq. (1), the B共GT兲 strength was calculated for each transition
connecting the ground state of 74Kr to levels in 74Br. Figure
4 presents the experimental B共GT兲 strength. Mostly due to
the uncertainty in the QEC value 共3140± 62 keV兲, we present
our results only up to 3 MeV. The total Gamow-Teller
strength to states within this energy window is measured to
be 0.69共3兲gA2 / 4 (see Table I). The error bars on Fig. 4 include the error in the QEC value that enters into the calculation of the f 0 Fermi function in Eq. (1). The uncertainty in
the 74Kr half-life in the B共GT兲 calculation, as well as the
errors on the feedings coming from the covariance matrices
obtained as a result of the analysis method [37] are also
taken into account. The resulting B共GT兲 values to levels with
excitation energies up to 978 keV are given in Table I and
compared to the values from Ref. [7].
The experimental results in Fig. 4 are compared to calculations based on a deformed HF mean field obtained with the
density-dependent SG2 Skyrme force including pairing correlations in the BCS approximation. A residual spin-isospin
force is introduced consistently and treated in the QRPA.
Details of the calculations can be found in Refs. [38,39]. The

calculated GT strength distributions presented in Fig. 4 have
been obtained for the two nuclear shapes, oblate 共␤0
= −0.15兲 and prolate 共␤0 = 0.39兲, that minimize the HF energy. The strengths are given in units of gA2 / 4 and are
scaled by a factor 0.6 to account for the quenching of the
strength [40] as deduced for this mass region from charge
exchange reactions and ␤-decay measurements. The theoretical results have been folded with Gaussian functions whose
widths are given by the experimental resolution of the spectrometer. The resulting strength was then accumulated in
40 keV bins, the same as for the data.
Figure 4 shows that neither of the two calculated GT
strength distributions, from pure oblate or prolate shape, can
reproduce the experimental B共GT兲 values over the full range
of excitation energy. While the oblate calculation [Fig. 4(a)]
reproduces the strength distribution below 2.0 MeV of excitation energy, the prolate calculation [Fig. 4(b)] agrees better
with the concentration found at higher energies. In that sense
the two pictures complement each other. The same conclusion is obtained from Fig. 5 where we show the experimental
accumulated GT strength compared to the results of the HF
calculations [39,41]. Again, the experimental data lie systematically in between the two calculations indicating a possible
shape mixing in the ground state of 74Kr. Results obtained
with other Skyrme forces like Sk3 are qualitatively similar
[38].
This result corroborates the most recent Hartree-FockBogoliubov calculations predicting a strong mixture of prolate and oblate shapes in the ground state of 74Kr [42]. It is
also consistent with the recent work by Becker et al. [6] that
concludes that there is 50:50 mixing between coexisting oblate and prolate shapes in this nucleus. Thus, the present
work brings an additional and independent experimental confirmation of the ground state shape mixing in 74Kr following
numerous in-beam experiments (see Refs. [5,6] and references therein).
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V. CONCLUSIONS
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from ␤-decay studies. Although this method is model dependent, it opens new possibilities for probing the nuclear structure of other nuclei provided that one undertakes the necessary theoretical developments to extract unambiguous results
from our strength distribution measurements in the case of
shape mixing.
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