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The B-decay of the even-even nucleus 7°Kr with Z = N + 2, has been investigated at the Radioactive Ion
Beam Factory (RIBF) of the RIKEN Nishina Center using the BigRIPS fragment separator, the ZeroDegree
Spectrometer, the WAS3ABI implantation station and the EURICA HPGe cluster array. Fifteen y-rays
associated with the B-decay of 7°Kr into 7°Br have been identified for the first time, defining ten
populated states below Eexc = 3300 keV. The half-life of 7°Kr was derived with increased precision and
found to be t1/2 =45.19+0.14 ms. The B-delayed proton emission probability has also been determined
as gp = 0.545(23)%. An increase in the B-strength to the yrast 17 state in comparison with the heaviest
Z = N + 2 system studied so far (52Ge decay) is observed that may indicate increased np correlations
in the T =0 channel. The B-decay strength deduced from the results is interpreted in terms of the
proton-neutron quasiparticle random-phase approximation (pnQRPA) and also with a schematic model
that includes isoscalar and isovector pairing in addition to quadrupole deformation. The application of
this last model indicates an approximate realization of pseudo-SU(4) symmetry in this system.
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1. Introduction

The basic ingredients of nuclei, protons and neutrons, can be
considered as two states of the same particle, the nucleon. This
assumption, introduced by Heisenberg [1], later gained great rel-
evance in nuclear physics, since it led to the concept of isospin
symmetry by assigning an isospin T = 1/2 to a nucleon with
projection T, = —1/2 for a proton and T, = +1/2 for a neu-
tron.

Isospin symmetry is assumed to be only slightly broken. Depar-
ture from it, due to electromagnetic effects and possible isospin
violating components of the strong interaction, can provide infor-
mation about isospin mixing, isospin-symmetry breaking and the
presence of three-body nuclear forces.

This paper presents the first -decay study of the T, = —1 7OKr
nucleus into the N = Z daughter 79Br using state-of-the-art instru-
mentation. This decay represents the heaviest and most exotic case
of this kind studied so far and provides information to help clarify
long-standing as well as very recent questions related to isospin
symmetry, nuclear deformation and proton-neutron (pn) pairing.

One timely question that can be directly related to our B-decay
study was raised very recently by the work of Lenzi et al. [2]
in relation to the work of Wimmer et al. [3]. In Wimmer et al.
the B(E2;0f; — 27) reduced transition probability in "°Kr is ex-
tracted from an inelastic scattering study. Comparison of the de-
duced transition matrix element (M, (E2)) with those of 70Br and
70Se, the other members of the A = 70 isospin triplet, reveals a
30 deviation from the expected linear trend of Mp(E2) as a func-
tion of T;. This result is interpreted as the first violation of isospin
symmetry at the 3o level in E2 transition matrix elements. As a
possible explanation of the M, anomaly a shape change between
the 7°Kr and 7°Se mirror nuclei is proposed, in contradiction to
what nuclear models predict [3].

Lenzi et al. [2] provide an alternative explanation for the
anomaly. They perform state-of-the-art shell-model calculations for
the members of the A =70 triplet, and find only a small depar-
ture from the expected linear trend for M. They identify the 7OBr
matrix element as the source of the possible discrepancy, not the
value for 7Kr as suggested by Wimmer et al. They also argue that
a possible explanation for the anomalous value of M) in 70Br could
be the existence of a hitherto undetected 17 state lying below the
yrast 2% state. A B-decay study like the one presented here can be
instrumental in providing an answer to this possible explanation
of the M, anomaly due to its high sensitivity to identify 17 states
in 7Br.

The 7OKr decay is also of interest from the perspective of nu-
clear shapes and shape coexistence. Nuclei around A = 80 are

characterized by drastic shape changes, which depend on the oc-
cupancy of the proton and neutron orbitals in a region dominated
by prolate and oblate shell gaps and low level density. Wimmer et
al. [3] interpret the dramatic change found in the B(E2; O‘g*S — 2?)
value between 7°Se and 7°Kr as the result of a possible change of
shape between the mirror partners, indicating a larger deformation
in 7°Kr than in 7%Se.

It is therefore of interest to obtain additional information on
the deformation of the ground state of 7OKr. The determination of
the shape of the ground state of a nucleus is not an easy task, es-
pecially for exotic nuclei. But, in particular cases, the ground-state
shape of the parent nucleus can be inferred from a comparison
of the experimental 8-strength with theory. This is possible if the
theoretical calculations show different patterns depending on the
assumed shape of the parent state. The idea, originally proposed
in [4] and further studied in [5-7], has been applied successfully
in the A~ 70 and A ~ 190 regions [8-12]. The theoretical strength
distributions of the B-decay of 7OKr show slight differences de-
pending on the shape of the ground state [13]. Therefore, under
the assumption that most of the S-strength is seen experimentally,
it will provide us with additional information on the nuclear shape.
It should be noted that shape studies in this region are challeng-
ing theoretically as already discussed in [2,11] and do not always
provide a definite conclusion.

Another motivation of the present work is the search for possi-
ble signatures of proton-neutron (pn) pairing. The ground states of
many nuclei are very well described in terms of superfluid conden-
sates, in which pairs of nucleons are formed like Cooper pairs of
electrons in superconductors [14]. The original theory of nucleon-
pair correlations only included Cooper pairs of identical nucleons
and no pn pairs. Already in the 1960s, however, it was recognized
that this pairing theory is incomplete and that pn pairs should be
included. This generalization was performed in stages, first by in-
cluding pp, nn and pn pairs coupled to isospin T =1 and later
by adding pn pairs coupled to isospin T = 0. To date, only a nu-
clear superconducting phase associated with Cooper pairs of iden-
tical nucleons has been unambiguously observed. Whether there
also exists a deuteron-like condensate based on strongly correlated
isoscalar (T = 0) pn pairs remains an open question that still at-
tracts great interest (see [15] and references therein). One inherent
difficulty in these studies is that, to exploit the short-range char-
acter of the nuclear force and to form T = 0 correlated Cooper
pairs, nucleons must occupy orbits within the same valence shell,
so studies must be performed along the N = Z line.

Experimentally there are several possibilities to explore the ef-
fects of T =0 pn pairing [16], which range from rotational align-
ment [17] and changes in level densities in N = Z nuclei [18]
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to effects on binding energies, pairing vibrations and two-particle
transfers (for a recent review, see [19]). One further possibility,
discussed in [16,19], is related to the effect of pn pairing on S-
decay rates [20-23], which is addressed here through the study of
the B-decay of 7°Kr. The %2Ge decay [24] is the heaviest similar
system studied up to now and provides no evidence of enhanced
Gamow-Teller transitions. However, an enhancement of T =0 pn
correlations with increasing mass number A is still possible, as ar-
gued in [16,25], which justifies the study of heavier beta-decaying
systems near the N = Z line.

A good starting point for a discussion of T =0 and T =1 pair-
ing modes and their effect on B-decay is Wigner’s supermultiplet
scheme [26] since isoscalar and isovector pairing enter on an equal
footing in this model and its underlying SU(4) symmetry leads to
selection rules in Gamow-Teller (GT) B-decay. Along the N = Z
line, for the B-decay from an Z = N + 2 parent into an N =Z
daughter, SU(4) symmetry predicts superallowed transitions to the
yrast 11 state of an odd-odd nucleus and forbidden ones into an
even-even nucleus [23]. While, except in the lightest nuclei, SU(4)
symmetry is strongly broken mainly as a consequence of the spin-
orbit interaction, in certain mass regions a pseudo-SU(4) symmetry
might be appropriate because of a small pseudo spin-orbit split-
ting [27,28]. Specifically, in nuclei above *6Ni it may arise by treat-
ing the dominant 2pq,2, 2p3/2 and 1fs/; orbitals as a pseudo-sd
shell. It should be stressed that the GT operator is not a generator
of the pseudo-SU(4) algebra and therefore the usual SU(4) selec-
tion rules do not apply in a pseudo shell. As shown in Ref. [29], the
587n — 28Cu B-decay agrees qualitatively with the pseudo-SU(4)
predictions but a similar analysis for higher mass numbers has not
been carried out so far.

The B-decay of 7OKr is also of relevance for the astrophysical
rp-process [30]. This work contributes to the experimental deter-
mination of the decay properties of 7°Kr as part of a programme
aimed at providing reliable data on the B-decay of waiting points
and neighbouring nuclei involved in the rp-process [31-33]. The
main goal is to improve the quality of the nuclear physics in-
put in astrophysical network calculations and to validate theoret-
ical calculations applicable to the prediction of unknown nuclear
properties. Up to now, very little was known about the B-decay
of 79Kr: the half-life of the decay has been determined at CERN
ISOLDE from the time distribution of the emitted B-particles [34],
and no states populated in the g-decay were known prior to this
work.

2. Experimental approach

The experiment was performed at the RIKEN Nishina Center
(Wako-shi, Saitama, Japan). The 7OKr ions were produced by frag-
mentation of a 78Kr primary beam with Ipeqm ~ 40 pnA average
intensity and Epeqm = 345 MeV/nucleon energy impinging on a 5
mm thick °Be target. Identification of particles with the atomic
number (Z) and the mass-to-charge ratio (A/q) was achieved on
the basis of the AE-TOF-Bp method, in which the energy loss (AE),
time of flight (TOF), and magnetic rigidity (Bo) were measured us-
ing detectors along the path of the ions in the BigRips fragment
separator [35].

About 1.6 x 108 7OKr isotopes were produced, then implanted
into WAS3ABi [36], which consisted of a compact stack of three
double-sided silicon strip detectors (DSSSD). Each DSSSD had a
thickness of 1 mm with an active area segmented into 60 and
40 strips (corresponding to 2400 pixels with an active area of 1
x 1 mm? each) on each side in the horizontal and vertical di-
rections, respectively. The DSSSDs were also used to detect the
B-particles and the g-delayed protons. The full energy ranges for
the light particles in the X and Y strips were 4 MeV and 10 MeV.
The y-rays emitted following the S-decay of the implanted nu-
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clei were detected using the EURICA (Euroball-RIKEN Cluster Array)
spectrometer [37] which consisted of 84 HPGe crystals arranged in
twelve clusters at a nominal distance of 22 cm from the centre of
WAS3ABI. The efficiency of the y-ray array was determined using
calibrated °Co, 133Ba and '°2Eu sources [37]. The absolute y-peak
detection efficiency was about 8% at 1332 keV, the energy of the
y-ray from the 8°Co calibration source.

The event selection criteria employed in the analysis are dis-
cussed in detail in [38,39]. Implantation events in WAS3ABi were
correlated in time with decay events taking place in the same pixel
where the implantation event was observed. In the analysis of
the experimental data the maximum time difference between an
implantation and the corresponding detection of a S-particle was
fixed at 20 s and the B-delayed y -events were recorded up to 800
ns after the identified B-events.

The half-life of 7°Kr was determined in a previous experiment
with large uncertainty (4 15%) [34]. In the present work it was de-
rived using two methods. The half-life of 7OKr was first determined
from the time distribution of implantation-g (i-8) correlations fit-
ted with the Bateman-formula and a background term, extracted
from a linear fit to the backward-time distribution of i-8 cor-
relations. The Bateman-formula included the decays of 7°Kr and
70Br assuming a value of 78.42 + 0.51 ms [38] for the half-life
of 79Br. The B- and the B-delayed proton- events were distin-
guished by applying an energy cut at E.,; = 1400 keV on the high
gain WAS3ABI events; so particles with energies lower than Eyt
were identified as B-particles and the rest as involving protons.
A publication with more details on the data analysis of the pro-
ton branch is in preparation [40]. A value for the half-life of 7°Kr
was also extracted from the decay curves of the strong S-delayed
y-transitions listed in Table 1 (observed at E, =933, 1120, 1493,
1574, 1630, 2230, 2306, 2508 and 2563 keV). The time distribu-
tions of the implantation-8-y (i-B-y) coincidence events for these
transitions were summed and fitted with the sum of an expo-
nential function and a constant background. In both approaches,
the systematic uncertainties were investigated by varying the fit
parameters. Fig. 1 shows the time distribution of i-g (left) and
i-B-y (right) correlations, the green and blue lines correspond
to individual activities and the red ones to the background, re-
spectively. The resulting values for the half-life were found to be
t12 =45.194+0.14 ms (i-B) and t1, =44.9 £ 1.1 ms (i-B-y), re-
spectively. The half-life value obtained from i-8 correlations shows
about 50-fold improvement in precision, compared to the earlier
result, 40 + 6 ms [34].

The B-decay of 7OKr proceeds to states in 7°Br. As Qgp > O,
beta-delayed proton emission is also allowed leading to 69Se. The
proton-emission probability was found to be &, = 0.545(23)%,
determined from an exponential plus linear background fit to
the i-proton time distributions. Gamma-rays emitted in the de-
excitation of states populated in the B-decay were first identified
by comparing the half-life obtained from i-B-y correlations with
the value previously obtained from the i-8 correlations. From the
identified y-rays only one y-ray (E, ~ 933 keV) was known pre-
viously and assigned to the de-excitation of the 15 excited state
of 7°Br [41]. Fig. 2 shows the measured y-spectrum in coinci-
dence with 7°Kr implants. Altogether 15 y-transitions, listed in
Table 1 were identified for the first time. The level-scheme, shown
in Fig. 3, was deduced from y - y coincidence events. This was
done by first identifying gamma rays populating the first excited
state in 7°Br by gating on the E, = 933.4(2) keV y-line. Then,
direct transitions connecting the newly found excited states with
the ground state were sought. In the next step, a gate was set
on each of the newly found transitions to look for additional cas-
cades. Finally, intense y-rays in coincidence with the 511 keV
annihilation y-line and with half-lives in agreement with the t1/,
value derived from the i-8 correlations were placed in the level
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background, respectively.
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Fig. 2. Energy spectrum of the g-delayed y-rays from 7OKr. The peaks, definitely
assigned to the B-decay of 7°Kr are marked with black, bold labels and placed in
the level scheme. The energies of the three y-rays assigned to the decay of levels
in 7OBr with lower confidence are labeled between brackets.

scheme. The y-ray intensities were derived by taking into account
the known detection efficiencies and background subtracted peak
areas. During the analysis we also found indications of the exis-
tence of two more states, and three more transitions. They are
shown in Fig. 3 with their energies in parentheses and the lev-
els represented by dashed lines and the transitions by grey arrows,
respectively.

In order to assign spin and parities to the states identified, we
take into account that the B-decay of the J* =0T, T =1 ground
state of 7OKr populates the 07 isobaric analog state in 7°Br through
a super-allowed Fermi transition and 17 states through allowed
Gamow-Teller transitions. We have also assumed that the state
previously identified in 79Br in in-beam studies at 933 keV is a
2% state. This assumption is based on the DCO measurements of
[41,42] and the similar excitation energy of the 2% isobaric ana-
logue state at 944 keV in 79Se [41]. Then, spins and parities have
been assigned to the newly identified levels based on the intensity
of the apparent B-feeding and their gamma de-excitation pattern
to the levels with previously assigned spins and parities (the 0

ground state and the 27 state at 933 keV). It was not possible to
study the angular correlations of the gamma rays because of the
limited statistics.

Based on these criteria we have identified the 1120 and 2306
keV levels as firm 17 states, which show the largest apparent §-
feeding (among the excited states), the smallest logft values and
strong Y -transitions to the 0" ground state. States at 1493, 2230
keV which show smaller beta feeding and similar decay patterns
are conservatively assigned (17). Similarly, (1) is assigned to the
level at 3071 keV, which has a similar decay pattern to the 1120,
1493 and 2306 keV levels (only one y-transition to the ground
state) but a weaker apparent feeding. The state at 1344 keV is
identified as a possible 0T, since it does not show a strong ap-
parent S-feeding and it is only connected to the 2% state at 933
keV. This state (at 1344 keV) also receives y-feeding from the
2230 keV state previously identified tentatively as 17. The state
at 1573 keV is tentatively assigned as 1%, since it receives weak
apparent B-feeding, and decays to the 933 keV 2% state and the
0" ground state. Similarly (17) is assigned to the state at 2140
keV based on the y-transition decay pattern, which connects it
to the ground state and to the state previously assigned tenta-
tively as 0% at 1344 keV. This state also has a weak apparent
B-feeding. And finally (1) is also assigned to levels at 2508 and
2563 keV, which present relatively strong direct B-feeding and are
connected to the 933 keV 2T state and the 0% ground state. It
is worth noting that we do not see gamma transitions between
the assigned 17 and (17) states, which is an indication of the
correctness of the assignment based on the quasi-rule that states
that AT =0 M1 transitions in self-conjugate nuclei are expected
to be weaker by a factor of 100 than the average M1 transition
strength [43].

To derive the B(GT) values the absolute number of the -y co-
incidence events, corresponding to the decay of 7OKr, has to be
known. The total number of B-particles emitted in the B-decay
of 7Kr was determined by integrating the appropriate compo-
nent of the i-B correlations in the fit to the Bateman equation.
The resulting B(GT) strengths are listed in Table 1. It should be
noted, however, that these experimental B(GT) values represent an
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Table 1
Levels and y-transitions identified unambiguously in the f-decay of 7°Kr. Deduced S-feedings and log ft for levels, and intensities of corresponding y-transitions are also
provided.
Ejever [keV] Ip [%] log ft B(GT) [gi/47r] Ey [keV] Ef [keV] Iy [%]
0 73(3) 3.45(5) N/A — - —
933.5(2) 1.8(2) 4.84(7) 0.055(9) 933.4(2) 0 54(2)
1119.8(3) 7.8(4) 4.16(6) 0.26(3) 1119.8(3) 0 100
1344.4(3) < 0.08 (CL95) > 6.1 (CL95) < 0.003 (CL95) 411.0(4) 933.5 8.7(6)
1493.0(3) 2.5(1) 4.56(6) 0.11(1) 1493.0(3) 0 32(1)
1572.7(8) 0.47(4) 5.27(7) 0.020(3) 639(1) 933.5 3.6(4)
1573(1) 0 2.4(4)
2139.7(3) 0.85(7) 4.85(7) 0.054(8) 795.3(4) 1344.4 5.1(7)
2139.7(3) 0 5.9(4)
2230.3(2) 2.7(1) 4.33(7) 0.18(3) 885.9(4) 1344.4 4.6(3)
2230.3(2) 0 30(2)
2305.5(3) 5.2(3) 4.02(7) 0.36(5) 2305.5(3) 0 67(3)
2508.3(2) 2.5(1) 4.27(7) 0.21(3) 1574.9(3) 933.5 8.6(8)
2508.3(3) 0 24(1)
2562.8(2) 2.1(1) 4.33(7) 0.18(3) 1629.3(3) 9335 9.6(8)
2562.8(2) 0 18(1)
3071.0(3) 0.8(1) 4.59(9) 0.10(1) 3071.0(3) 0 11(1)

upper limit for the B(GT) transition probabilities, due to the pos-
sible population of states at higher excitation energy de-exciting
to the measured ones, with transition intensities below the ex-
perimental sensitivity of our setup. In this calculation the half-life
(t1/2 =45.1940.14 ms) obtained from implantation-g correlations
in the present work and the Qpc = 10325 £ 201 keV from ref-
erence [44] were used. A B(F)=2.23(24) value for the 0% — 0¥
transition was also determined, which within the experimental
uncertainties, is in nice agreement with the expected value of 2
[45,46]. This agreement shows the possible correctness of the Q
value and half-life used in the calculations and that the amount
of undetected beta feeding, arising from undetected gamma rays
is rather small. This is also an indication that the decay data pre-
sented in this work probably do not suffer from the Pandemonium
effect [47] and demonstrate the overall completeness of the de-
duced level scheme. That we are not missing too many levels is
also confirmed from the fact that the detected proton branch is
very small. Please note that the B-delayed proton detection ef-
ficiency is expected to be approximately 100% and that proton
emission from states at approximately 1 MeV above the S, in 70y
should be dominant.

In comparison to the observed B-decay of the lighter Z =
N + 2 nucleus, ®2Ge [24,48], the GT strength to the 1] level in
70Br shows an approximate four-fold increase while the total GT
strength increases by about a factor three. This might be an indi-
cation of increased np collectivity in the g decay with increasing
mass number as predicted in [16,25].

3. Results and discussion

We first compare the observed GT strength with the calcu-
lated strength from a model that considers the 2pq/2, 2p3,2 and
1fs5,, orbitals as a pseudo-sd shell. A schematic Hamiltonian in
this model space has the following form:

A =eshs — g0 ) 8(i —T))dro— g1y 8(Fi — 7)é71
i<j
— kY Q) Q).

ij

i<j
(1)
where the sums are over the nucleons in the nucleus. We choose

the d orbitals 2p3/2 and 1fs5,; at zero energy and put the § or-
bital 2p1,> at an energy €;. The coefficients go and g; determine
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Fig. 4. Distribution of GT strength in the 7°Kr — 7°Br decay. The experimental B(GT) distribution and its uncertainty are indicated in grey symbols. Please note that the
experimental accumulated strength includes the contribution of all excited levels placed in the level scheme. The theoretical B(GT) distribution in the left-hand panel is
calculated with the Hamiltonian (1) with €; = 0.500 MeV for zero (green line, k =0, go = 10, g1 = 21), prolate (blue line, ¥ = 0.015, go = 23, g1 = 34) or oblate (orange
line, k¥ = 0.030, go = 16, g1 = 26) quadrupole deformation, with x in MeV and g; in MeV fm3. The calculated GT strengths are quenched by g2 = (0.74)2, a typical value in
the pf shell [50]. The right-hand panel shows the results from prolate and oblate QRPA calculations (see text).

the strengths of the delta interaction in the isoscalar and isovector
channels, respectively, and « is the strength of the quadrupole in-
teraction in terms of an operator »_; Q4 (i) with a plus or minus
sign, corresponding to prolate or oblate deformation. The Hamil-
tonian (1) assumes degenerate 2p3/; and 1fs/; orbitals and as a
result the pseudo-orbital angular momentum L and the pseudo-
spin S are conserved quantum numbers for all parameter values. If
go = &1, it additionally has a pseudo-SU(4) symmetry.

The pseudo-LS Hamiltonian (1), although schematic, helps to
provide an intuitive understanding of how the B(GT) distribution
depends on the single-particle structure, the isoscalar and isovec-
tor strengths and the deformation [49]. This is illustrated in Fig. 4
(left), which shows the B(GT) distributions obtained assuming no,
prolate or oblate quadrupole deformation. There is only a weak
dependence of the GT strength on €;, which is kept fixed. The
strengths g; are chosen as to reproduce the energy differences
Ex(2]) — Ex(07) and Ex(1]7) — Ex(0]) in 7°Br. In the case of no de-
formation too much strength is calculated at low excitation energy.
The quadrupole interaction pushes this strength to higher ener-
gies but it is difficult to distinguish between the effects of prolate
and oblate deformation. It is seen in Fig. 4 that in all cases some
GT strength is concentrated in the 1T level. This finding can be
understood as follows. As shown in [29] and references therein,
matrix elements between eigenstates of a pseudo-LS Hamiltonian
calculated with the (quenched) GT operator %Zk o, (kK)TL1(k)
are identical to those between eigenstates of an LS Hamiltonian
calculated with a transformed operator of the form

1

A
q 421
v I; 3O T2 () + =5 [¥2(k) o (01 T (o) | -

(2)

The first piece of the transformed operator, %6%, induces the GT
strength to the 11+ level. Although SU(4) symmetry is broken be-
cause gop # g1, almost all AL =0 GT strength is concentrated in
the transition to 1?, as is the case in SU(4). Because of the factor
% in the transformed operator, the strength is close to one-ninth
of the SU(4) value, which in turn equals the Ikeda sum rule [51],
B(GT; 0f — 17) ~ 2¢°. This is a robust prediction of pseudo-SU(4)
symmetry, independent of the details of the calculation. This pre-
dicted feature agrees with the GT strength observed in A =58 and
A =70, but not in the intermediate systems, and one may there-

fore conjecture a return or a restoration of the pseudo-SU(4) sym-
metry as A increases. In contrast, the distribution of the AL =2
strength generated by the second piece of the transformed oper-
ator, @[Yz x 61T, is strongly influenced by the strengths of
the delta interaction and by the deformation.

The experimental results can also be interpreted within a the-
oretical formalism based on the pn quasiparticle random-phase
approximation (pnQRPA), previously used in the %2Ge case [24].
This is a beyond-mean-field calculation where the quasiparticle ba-
sis is obtained self-consistently from an axially deformed Hartree-
Fock (HF) mean field, which is generated with density-dependent
Skyrme interactions including pairing correlations between identi-
cal nucleons in the BCS approximation without explicit pn pairing.

The calculations reported in this work correspond to the force
SLy4, which is a well tested and successful interaction through-
out the whole nuclear chart. Constrained calculations are per-
formed to investigate the energy of the nucleus as a function
of the quadrupole deformation parameter 8. We obtain for 7OKr
two minima. The ground state appears for an oblate deformation
B2 = —0.22, whereas a second minimum is obtained with a pro-
late shape 8, =0.15 at about 1 MeV above the ground state. The
two minima are well separated by a spherical barrier of about 3
MeV [13].

Calculations of the energy distribution of the GT strength are
performed for these two shapes in the HF + BCS + pnQRPA frame-
work with residual spin-isospin interactions that include a proton-
neutron pairing force in the J” =17 coupling channel. Details
of the formalism can be found in Refs. [5-7,52] and predictions
for 7OKr have been published in Ref. [13]. The results shown in
Fig. 4(right) are scaled with the same quenching factor (g% =
(0.74)%) used in the calculations discussed previously. The figure
compares the cumulative GT strength data with the results from
the pnQRPA with the prolate and oblate shapes discussed above.
In both cases one can see that the GT strength is concentrated
around 1 MeV and between 2 and 2.5 MeV with magnitudes in
fair agreement with experiment. The main spherical shells involved
in the GT low-lying transitions are those in the vicinity of the
Fermi surface, namely, 2p3/2, 1fs/2, and 2p1/; in both protons and
neutrons. Transitions between the proton and neutron deformed
orbitals 1/27, 3/27, and 5/2~ are the building blocks of the GT
strength. The only exceptions are the transitions between 9/2% or-
bitals from the 1gg,, spherical shell that contribute significantly
around 1 MeV in the oblate case.
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The differences observed between the results from oblate and
prolate shapes are not large enough to favour one or the other
and are comparable with the spread of the results obtained when
other Skyrme forces different from SLy4 are used. On the one hand,
at low excitation energies (below 2.3 MeV) a slightly better agree-
ment can be noticed for an oblate shape in accordance with other
model calculations [53,54] that predict an oblate ground state with
B2 = —0.33 and B, = —0.28 respectively for 7°Kr. On the other
hand, above 2.3 MeV the accumulated strength seems to be in
slightly better agreement with the prolate deformation, but both
calculations predict similar total beta strength values. The sharp
increase in the accumulated strength at the lowest 17 state is also
better reproduced by the prolate solution.

The interpretation of Wimmer et al. [3] of the M, anomaly
favours the larger deformation case (oblate in this framework)
since larger collectivity in 7°Kr is required to explain the change in
the B(E2; 0j; — 27") between 7%Se and "°Kr. The difficulty of mak-
ing a final statement about the shape from the present comparison
with theory is not only a limitation of the pnQRPA calculations, it
is also a limitation in state-of-the-art shell-model calculations as
discussed in [2]. The calculations of Petrovici et al. [55] support
the interpretation of Wimmer et al. because it is the only model
that presently predicts a shape change between the isobars (the
wave function of the ground state of 7OKr and “°Br is dominated
by prolate components, while the oblate components are more im-
portant in 7%Se). This model also shows that shape mixing changes
with spin and excitation energy being specific for each nucleus of
the isovector triplet.

Even though the results from the pnQRPA model cannot de-
cide the sign of the deformation, the results presented show that
this formalism is able to describe the 8-decay of 7OKr in terrestrial
conditions, which is a necessary condition for the validation of the
code for astrophysical applications.

We emphasize that the overall agreement of the experimen-
tal results with the calculated strength within pnQRPA framework
that includes a residual pn pairing force but not at the mean-
field level, does not allow us to draw a clear cut conclusion about
the observed increase in the measured beta strength, when com-
pared with the case of 82Ge, and to infer that it is induced by
pn correlations in the T =0 channel. In the pnQRPA calculations
the inclusion of the residual force in the particle-particle channel
induces an enhancement of the strength and a shift to lower ener-
gies, but this effect is less important than that due to the force in
the particle-hole channel. We would stress that the experimental
result is clearly in line with what is expected in a heavier system
approaching A ~ 80 [16,25], where increased correlations in the
T =0 pn channel are predicted.

Returning to the question raised Lenzi et al. [2], we do not see
evidence of a 11 state below the 2% state at 934 keV in 7OBr
that could explain the anomalous behaviour of the M, matrix ele-
ments. We have estimated the T(M1)/T(E2) branching ratio based
on Ref. [2] and the 17 state should have been observed within the
sensitivity limit of the present experiment. So, the reason for the
anomaly observed in the M, matrix elements [3] should be further
explored.

In summary, we have presented the first detailed high-resolu-
tion study of the decay of the Z = N+2 7%Kr nucleus. In this study,
10 states and 15 y-rays in 7?Br have been identified clearly for the
first time, thanks to the high beam intensities provided by the Ra-
dioactive Ion Beam Factory (RIBF) of the RIKEN Nishina Center and
to the high sensitivity of the EURICA and WAS3ABi setups. No ev-
idence for an yrast 11 state below the ZT state that could explain
the M, anomaly according to Ref. [2] was found. The decay of 70Kr
has been interpreted in the framework of two models: a schematic
pseudo-LS model, which shows a restoration of pseudo-SU(4) sym-
metry based on the larger GT strength to the yrast 1t in 7°Br in
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this system compared to lighter ones, and a pnQRPA model that
provides a good description of the accumulated GT strength. Rel-
ative to the observed B-decay of the lighter Z = N + 2 nucleus,
62Ge [24,48], the GT strength to the 17 level in 7°Br shows an ap-
proximate four-fold increase while the total GT strength increases
by about a factor three. The results can also be of interest for as-
trophysical network calculations that simulate the rp-process.
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