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Prompt and delayed y spectroscopy of neutron-rich **Kr and observation of a new isomer
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Prompt and delayed y-ray spectroscopy of the neutron-rich **Kr was performed, as part of the fission
campaign at the ALTO facility of the IPN Orsay, using the fast-neutron-induced fission reaction >*U(n, f)
in combination with the v-Ball array, a novel hybrid y spectrometer for energy and lifetime measurements.
Several new yrast and nonyrast transitions were observed for the first time, extending the previously known
level scheme. Additionally, we report on the observation of a new short-lived isomer at 3444 keV with
a half-life of 32(3) ns. The analysis of the Nilsson orbitals obtained from Gogny cranked Hartree-Fock-
Bogoliubov calculations suggests a (97) spin and an oblate deformation for this isomer corresponding to a
two-quasineutron state, indicating an isomeric structure very similar to that of the neighboring isotones *°Sr and
”Se.
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I. INTRODUCTION

The study of nuclear properties far away from the valley
of stability to investigate their dependence on the number of
neutrons and protons is crucial to our understanding of the
atomic nucleus and the nuclear forces. One important feature
is the evolution of nuclear shape along the isotopic chains,
which is determined by the interplay between the macro-
scopic and microscopic properties. In some mass regions, this
interaction between collective and single-particle degrees of
freedom can lead to a very sudden growth of collectivity.
One way of interpreting this drastic behavior is within the
context of the coexistence of two distinct configurations at low
excitation energies, one spherical and one deformed, where
the latter suddenly becomes energetically more favorable [1].
Experimentally, this usually manifests itself in even-even nu-
clei in a sudden drop of the E (2;“) energy and the gradual
lowering of an excited O state [2,3], which constitutes the
bandhead of the competing configuration. The region of A ~
100 exhibits one of the most abrupt shape transitions of
this type. Experimentally, it was established that the isotopic
chains of Sr, Zr, and Mo exhibit a very sudden onset of
deformation going from N = 58 to N = 60 [4-9]. Mass mea-
surements of krypton Z = 36 and rubidium Z = 37 isotopes
were performed [10], labeling Z = 37 as the boundary of this
region of deformation. Additionally, recent y spectroscopy
identified ’Rb as the lower cornerstone of this phenomenon
[11]. In agreement with this, earlier experimental results had
established a rather gradual development of collectivity in
krypton isotopes with a slow decrease in E(2;) up to N = 60
[12,13] and no evidence for low-lying intruder states. How-
ever, more recent studies revealed a slightly different behavior
for N > 60 [14,15]. In *°Kr, an unexpectedly low value of
the ratio E(47)/E(2]) was determined experimentally [14].
In *%1%0Kr, a significant drop of E(2]") was observed, and for
%Kr a low-lying (07, 27) state was identified [15]. The dis-
covery of a low-lying (05, 2) state in %8Kr, as evidence for a
coexisting deformed configuration, also encourages the search
for excited bands in the Kr isotopes with N < 60 to further
investigate the presence of deformed coexisting configura-
tions in this region. To examine this development of shape
coexistence in Kr isotopes, different theoretical approaches
have been used [13,16]. Most recently, Gogny-DIM calcu-
lations were performed by Nomura et al. [17] for the even
krypton isotopes. For 382K, this reveals a defined y softness
that develops into a y-soft oblate minimum for **Kr. For the
isotopes with N > 58, the energy surfaces show a pronounced
prolate-oblate shape coexistence further cementing the exper-
imental results. Hence, the changes between 94Kr and %°Kr
are crucial for the understanding of the shape evolution in the
krypton isotopes specifically and in this region generally.

In this paper, we report on the observation of a new 32(3)-
ns isomer at 3444 keV in **Kr together with several new yrast
and nonyrast y transitions extending the previously known
level scheme. Prior to this work, the only published y transi-
tions in **Kr were 665.5, 853.2, and 1001.3 keV, measured via
Coulomb excitation at the REX-ISOLDE facility by Albers
et al. [12] and following spontaneous fission of 2**Cm with
the EUROGAM 2 array by Rzaca-Urban et al. [18]. On the

basis of angular correlation analysis, a spin and parity of 2%
and of 47 were assigned to the levels at 665.5 and 1518.7
keV, respectively, with the remaining transition of 1001.3 keV
populating the 4™ level [18].

II. EXPERIMENT

The measurement, presented in this paper, was performed
in 2018 as part of the v-Ball campaign at the ALTO facility at
the IPN Orsay in France, using the 28y (n, f) fast-neutron-
induced fission reaction [19,20]. Here, **Kr was populated
much more strongly with a yield of 0.8% as opposed to
0.04% for fission of >**Cm [21]. The directional fast-neutron
beam was produced with the neutron source LICORNE [22],
which uses the p("Li, "Be)n reaction in inverse kinematics.
The "Li beam was provided by the 15-MV Tandem Van de
Graaff accelerator in a pulsed mode with a 2-ns pulse width
and a repetition period of 400 ns. The "Li beam entered the
hydrogen gas cell of LICORNE through a 2.8-pum tantalum
foil. During the experiment a 16-MeV ’Li beam was used
together with a 3.5-cm H; gas cell with a pressure of 1.2 atm
to maximize the neutron flux. The neutrons then impinged on
an 81-g 23U sample with a composition of 99.8% 33U and
0.2% 33U produced by JRC-Karlsruhe. The fissile material
was arranged in five thin disks over a distance of 8 cm to
allow low-energy y rays to escape from the target. No Doppler
correction was required as the fission fragments were stopped
in the material. Therefore, the energy resolution of the de-
tectors only depended on their intrinsic resolution giving the
spectrometer an excellent resolving power. The 23U sample
was placed at a distance of 4 cm to LICORNE to maximize the
fission rate. 238U has a fission threshold of ~1.2 MeV and in
comparison to 2°U a very small fission cross section of 0.5 b
at this energy [23]. During the experiment an average primary
"Li beam flux of 2 x 10'/s was achieved, which translated
into a secondary neutron beam of 2 x 10°/s and a rate of 10*
fission events/s. Additionally, a neutron detector was placed
behind the setup to measure the neutron energy (1.7 MeV)
via time-of-flight, but was not relevant to this analysis.

The 238U sample was situated at the center of the v-Ball
array, a novel hybrid high-purity germanium (HPGe)-LaBr; y
spectrometer that was designed to combine the excellent
energy and timing resolution of the two detector types, re-
spectively [20]. A schematic view of the LICORNE chamber
and the detector setup can be seen in Fig. 1. During the
fission campaign, the array consisted of 24 HPGe Clover
detectors, 10 coaxial phase I HPGe detectors, all with bismuth
germanium oxide Compton shielding, and 20 LaBrj3 detectors
without Compton shielding. The phase I detectors were placed
in a ring at a backward angle of 133.5°, and the Clover
detectors were placed in two rings around 90°. The LaBr3
detectors were mounted in two rings around 40°. Because of
the presence of the directional neutron beam, no y detector
was placed at extreme forward angles (<20°) in order to
avoid neutron-induced damages to the detectors. Calibration
measurements were performed using '>>Eu and ®°Co standard
y sources. The combined resolution of all HPGe channels
was 2.35 keV at 1 MeV, with resolutions of single detectors
ranging from 1.7 keV for Clover detectors to 2.9 keV for
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FIG. 1. Schematic drawing of the v-Ball array, coupled to the
LICORNE fast-neutron source. The p("Li, "Be)n reaction produced
a focused fast-neutron beam that induced fission in the 2**U mate-
rial. The y rays stemming from the excited fission products were
measured with the v-Ball array, consisting of 10 phase I HPGe,
24 Clover HPGe, and 20 LaBr; detectors. The solid angle coverage
was approximately 70%.

phase I detectors. A photopeak efficiency of 6.7% at 1.3 MeV
for the HPGe detectors was simulated with GEANT4 before
the campaign [20]. The measured values were in excellent
agreement for energies above 344 keV. For lower energies the
efficiency was slightly lower than expected due to absorption
in the aluminum gas cell of LICORNE [20]. The measurement
was performed in a triggerless mode and the FASTER data
acquisition system was used for processing [24]. In total,
approximately 216 h of data were taken. In the following, only
results from the analysis of the HPGe detectors are presented.

III. DATA ANALYSIS AND RESULTS

The 400-ns pulsed beam makes it possible to investigate
prompt and delayed y transitions separately and in coinci-
dence. For the HPGe detectors, the prompt peak in the timing
distribution has a full width at half maximum of ~23 ns,
which includes the intrinsic time resolution of the detectors,
the beam pulse width, and the time-of-flight differences of the
neutrons over the target length. For y rays emitted outside
of the prompt time region, the energy spectra can be cleaned
significantly by setting a timing condition of T > 35 ns after
the beam pulse, with the higher limit set dependent on the
half-life range being investigated. A timing gate of 7 < 35 ns
after beam pulse was used to specifically look for prompt y
rays. Additionally, the background could be reduced signif-
icantly by optimizing multiplicity conditions for the number
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FIG. 2. (a) Background-subtracted energy spectrum coincident
to the gate on the 853.8-keV 4 to 2 transition in the prompt
time window. The efficiency-corrected intensities normalized to the
strongest transition at 665.5 keV (green) are shown next to the peaks.
Only events where at least three different HPGe detector hits were
recorded are considered. (b) The energy spectrum after a second gate
on 1001.8 keV is applied.

of detected y rays in the full and in the delayed time windows.
In this case, events were built with the total y multiplicity of
>5 and <17 with a minimum of two HPGe detectors fired
to select fission and to suppress low-multiplicity events such
as inelastic scattering. An additional constraint on the delayed
multiplicity was used after the number of delayed transitions
was determined.

The prompt background-subtracted energy spectrum pro-
duced by a gate on the 4] to 2] 853.8-keV transition is
presented in Fig. 2(a). The previously published transitions,
665.5 and 1001.3 keV, are the strongest peaks in the spec-
trum along with several lines from the fission partner isotopes
142-144B5 Three additional lines at 834.9, 852.9, and 1267.1
keV are present. With an additional gate on the 1001.8-keV
transition [Fig. 2(b)], the peak at 1267.1 keV disappears,
which suggests a parallel branch. This will be explored further
in the analysis of the delayed time window. The other two
peaks remain visible, as can be seen in Fig. 2(b), which proves
them to be in coincidence with the 1001.8-keV and 47 to 2}
transitions. The peak at 852.9 keV is very close in energy
to that of the 4] to 2] transition of 853.8 keV. However,
because this transition is visible when gating on the 4; to 2
transition, in any double-gate combination of yrast states, it is
assumed that such a transition at 852.9 keV exists. Due to their
coincidence relation to the previously established yrast states,
we place the 834.9- and 852.9-keV transitions above the three
previously known transitions (see Fig. 5). The ordering and
tentative spin assignment as (8%) and (10%) is clarified by the
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FIG. 3. Background-subtracted energy spectrum coincident with
the gate on the 4] to 2] 853.8-keV transition in the delayed 35—
180 ns time window. The efficiency-corrected intensities normalized
to the strongest transition at 665.5 keV (green/gray) are shown next
to the peaks.

analysis of delayed y transitions in the subsequent discussion.
Additionally, three transitions, 665.5, 551.2, and 695.3 keV,
were observed in coincidence with each other. Even though
665.5 keV matches the known 2/ to 0] transition energy,
for fission data a second gate on a known transition would
normally be necessary to reliably assign these transitions to
9Kr. However, in **Kr a transition of approximately 550 keV
was observed in coincidence with the 665.5-keV transition
[25] in the data taken during the 2015 SEASTAR campaign
at RIKEN [26]. Therefore, the transitions 551.2 and 695.3
keV are placed in the level scheme as seen in Fig. 5. They
are not seen in coincidence with any other prompt or delayed
transition.

For the analysis of the delayed y rays, besides the total
multiplicity of >5 and <17, the additional constraint on the
delayed multiplicity was set with respect to the expected num-
ber of delayed transitions in the different isotopes. In Fig. 3,
the background-subtracted energy spectrum gated on the 4,
to 2/ transition in a time window of 35180 ns after a beam
pulse with a delayed multiplicity of >2 and <6 can be seen.
The delayed time window was optimized after the half-life of
the new isomer had been determined. Next to three coincident
peaks at 665.6, 1001.8, and 1267.1 keV previously visible in
the gated prompt spectrum, three additional peaks at 186.8,
470.7, and 736.0 keV show up.

By looking at different delayed double gates, one can
observe two parallel decay paths on top of the 4;“ to 2]“
transition. When comparing the spectra generated by gating
on the 4 to 2] transition and the 1001.8-keV transition and
the 4] to 2] transition and 1267.1-keV transition, as seen
in Figs. 4(a) and 4(b) respectively, only the 2] to 0 665.5-
keV transition remains as coincident to both double gates. If
we look at the efficiency-corrected intensities, we find that
Igs38 ~ I1o01.8 + l1267.1 and Iygs 8 ~ I470.7 + I736. When double
gating on the 186.8-keV and 2 to 0] transitions, with the
exception of 834.9 keV all other delayed transitions appear in
coincidence [see Fig. 4(c)]. With this information, the level
scheme was expanded as shown in Fig. 5. Concerning the
834.9-keV line, visible both in the prompt energy spectra and
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FIG. 4. Double-gated energy spectra in the delayed 35-180 ns
time window. (a) Gated on the 853.8- and 1001.8-keV transitions.
(b) Gated on the 853.8- and 1267.1-keV transitions. (c) Gated on the
186.8- and 665.5-keV transitions.

the double-gated delayed spectrum in Fig. 4(a), we assume
that a nonobserved 88-keV transition connects the isomeric
3444-keV level with the (8%) level at 3356 keV. With our
setup, a transition of this energy is very unlikely to be ob-
served due to the low efficiency at that energy. The high Z
and the thickness of the target material attenuate low-energy
y rays strongly.

To determine the half-life of the 3444-keV isomer, the data
were sorted into a yyT-cube to obtain the timing distribu-
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FIG. 5. Level scheme constructed for **Kr. Energies are given

in keV. The widths of the transitions arrows correspond to their

efficiency-corrected intensities. New transitions and levels are shown

in red (gray). Transitions denoted by an asterisk are only observed in
the prompt time window.
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FIG. 6. Time spectrum and fitted decay curve used to determine
the half-life of the 3444-keV isomer. For this spectrum, only events
that have a delayed multiplicity of >2 and <6 in the delayed time
region (beyond the dashed line) were considered. The decay curve
is fitted with an exponential decay function (thick red/gray curve)
together with a time-dependent background (black curve). To maxi-
mize statistics the time distributions of different y-ray coincidences
below the isomer were added up to one decay curve (thin blue/gray
curve).

tion of the intensities of the delayed coincidences of **Kr.
As test cases, the isotopes '**Te and *>Sr with well-known
isomers with half-lives of 164.1(9) and 21.9(5) ns [27,28],
respectively, were used for every step to verify the analysis
method. For these cases, we obtained half-lives of 166(6) and
21.0(5) ns, in excellent agreement with the literature values.

Fig. 6, the time distribution used for the determination
of the isomer half-life is shown. The timing spectra for the
665.5/853.8, 665.5/1001.8, 665.5/470.7, 853.8/470.7, and
853.8/1001.8 keV prompt coincidences of transitions, which
are situated below the 3444-keV isomer, were added up to
maximize statistics. The other combinations of transitions
below the isomer were not used here due to low statistics.
The second, smaller peak in the time distribution at 75 ns is
a result of the artificial boundary introduced by defining and
limiting the delayed multiplicity. The half-life was obtained
by simultaneously fitting the time-dependent summed back-
ground spectrum of the coincidences (see black histogram
in Fig. 6) together with the nonsubtracted time spectrum of
the five coincidence pairs [see thin blue (gray) histogram in
Fig. 6] using the maximum likelihood method in the same
manner as in Ref. [29]. By varying the energy ranges of the
background, the systematic uncertainty could be estimated.
Together, this yields a half-life of 30(5) ns.

Figure 7 shows the background-subtracted energy spec-
trum in the prompt time window produced by double gating
on the delayed transition pairs 665.5/853.8, 665.5/1001.8,
665.5/1267.1, 665.5/470.7, 853.8/470.7, 853.8/1001.8, and
853.8/1267.1 keV below the 3444-keV isomer in the delayed
time window 35-180 ns and adding up the coincident prompt
spectra. The strongest peaks in the resulting spectrum are the
lowest transitions in the partner fission isotopes '>~144Ba (as
also seen in Fig. 2), 511 keV, and two new transitions at 756.6

16— Ba isotopes
14
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Counts / 2 keV
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il l.;iuWMm T b
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FIG. 7. Background-subtracted prompt energy spectrum gener-
ated by double gating on coincidences of delayed y transitions below
the 3444-keV isomer in the 35-180 ns time window.

and 1245.5 keV. Accordingly, these two transitions can be
placed on top of the isomer in the level scheme. Because they
are not seen in coincidence to each other, we place them in
parallel to each other, as seen in Fig. 5. Because these new
transitions are feeding the isomeric state, the time difference
between them and the delayed transitions depopulating the
isomer can be used for a second determination of the isomeric
half-life. In Fig. 8, the prompt-delayed yy AT -spectrum for
the isomer is shown. To maximize statistics, the time dif-
ferences between both prompt transitions, 756.6 and 1245.5
keV, feeding the isomer, and the transitions 665.5, 853.8,
1001.8, and 1267.1 keV, below the isomer, were added up.
As above, the half-life was obtained by simultaneous fitting
of the time-dependent summed background spectrum and the
nonsubtracted AT spectrum of the prompt-delayed pairs. This
yields a half-life of 33(4) ns in accordance with the half-life
obtained from Fig. 6. Due to the independence of the two
results, we can take the weighted average, which results in
Ti» = 32(3) ns. The measurement of this short-lived iso-

- T, = 33(3) ns

mlOZE—

c E

~NF

5

5 10

o 1

(@)

L L1 L1 L1 v by b b by 1y
-100 50 0 50 100 150 200 250 300
Time [ns]

FIG. 8. Prompt-delayed AT spectrum of prompt transitions pop-
ulating and delayed transitions depopulating the 3444-keV isomer.
The decay curve is fitted with an exponential decay function (thick
red curve) together with a time-dependent background (thick black
curve). To gain statistics, several prompt-delayed transition combi-
nations were added up to one decay curve (thin blue/gray).
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mer demonstrates the capabilities of the v-Ball array in this
half-life range, complementary to in-flight facilities where this
time range is not always accessible.

IV. DISCUSSION

The new level scheme of **Kr is shown in Fig. 5. The
excitation energies are indicated next to each level. The widths
of the arrows are proportional to the efficiency-corrected in-
tensities obtained for the transitions. The two new transitions
834.9 and 852.9 keV, observed in the prompt time window
(see Fig. 2) to be coincident with the previously published
yrast transitions [18], were assigned to be feeding the (67)
and (8)) states. The ordering was deduced from the prompt
coincidence analysis (see Fig. 2) and the delayed coincidence
analysis (see Fig 4). The 834.9-keV transition is also observed
in the delayed time window and therefore has to be below the
isomeric state at 3444 keV. The state at 4209 keV, depopulated
by the 852.9-keV transition in the prompt time window, needs
to have a spin of Jypp9 > 8, with the most likely candidate
being (107). The level at 2786 keV decays to the 4] level
at 1519 keV, while a transition to the 6f level at 2521 keV
was not observed. Thus, the most probable spin-parity assign-
ments, producing the lowest possible multipole radiation, for
the 2786-keV state are (5,61). The higher level at 3257 keV,
right below the isomeric state, decays to the 6f level at 2521
keV and to the (5,6) level at 2786 keV, not to the 4, or 2
level, which suggests a spin of J3;57 > 6. On top of the level,
there is the 186.8 keV transition which also depopulates the
isomer. Calculating the reduced transition strength based on a
single-branch with the TRANSNUCULAR code [30], a transition
multipolarity of >3 can be excluded. For a single branch
E?2 transition with this energy, this yields 2.8(3) W.u. while
for E1, M1, and M2 transitions the results are either much
too low or much too high to be reasonably compatible with
physical expectations. The most likely E2 character of this
transition suggests 97/~ and 7%/~ states as the most proba-
ble assignments for the 3444-keV isomer and the 3257-keV
state, respectively. In fact, in the neighboring isotone *°Sr,
there is a well-known 40-ns isomeric 9~ state depopulated via
E?2 and E1 transitions [32,33]. This has been well described
by shell-model calculations suggesting a dominant neutron
(872, h1/2)o- configuration [33]. This resembles the situation

r:\\\!l\\

|‘\\! T

FIG. 9. Partial Nilsson diagram for neutrons. The Fermi surface
for N = 58 is denoted with black dots. Adapted from Delaroche et al.
[31], obtained with Gogny CHFB calculations.

observed in our **Kr level scheme supporting the tentative
spin assignments of (97), (77), and (8") for the corresponding
states. Additionally in *®Sr, there is a prompt cascade, 10* —
8t — 67, bypassing the isomer [32,34] in further support of
our tentative spin assignment for the 4209-keV state to be a
(10™"). Furthermore, very recently in the lower N = 58 isotone
92Se, a long-lived 15.7-us isomeric state at 3072 keV was
measured with the HPGe-spectrometer EURICA [35]. The
isomer has been observed to decay only via a 67-keV E2 tran-
sition with a transition strength of around 1 W.u. The authors
also assigned this as a tentative (97) state decaying into to a
(77) state, assuming single-particle character and identifying
the two states as oblate two-quasiparticle neutron configura-
tions 77 = 11/27[505] ® 3/27[402] and 9~ = 11/27[505]
® 7/27[404] [35]. The Nilsson orbitals were determined with
Gogny cranked Hartree-Fock-Bogoliubov (CHFB) calcula-
tions [31].

In Fig. 9, we can see the corresponding Nilsson diagram
for neutrons near the Fermi level of **Kr, which is very
similar to the one for “’Se. At an oblate deformation of
B ~ —0.22, the same two-quasiparticle states exist as in **Se
(see red area in Fig. 9). Thus, the decay from (97) to (77)
in ®*Kr can be interpreted as a transition of a neutron from
the 7/27[404] to the 3/27[402] level. The orbitals involved
are labeled in Fig. 9. From the microscopic point of view,
the Nilsson 9~ two-quasiparticle configuration corresponds
to the shell-model (g7/2, hi1/2)9- one. However, while inter-
acting shell-model calculations are in the spherical basis and
deformation parameters can only be calculated in a framework
of shape invariants, the Nilsson model allows for an estimation
of the deformation parameter § based on the observation
of unique single-particle configurations. In **Kr, the oblate
deformation of the isomeric state, as deduced from the as-
sumed Nilsson configurations in Fig. 9, is nearly the same
as the one of the ground state (8 ~ —0.26) as predicted by
the same calculations [31]. To estimate the reduced transition
strengths for the isomeric decay branches, we assume pure E 1
and E2 decay branches similar to *°Sr. The branching ratio
of Iyg ~ %Ilg@g is derived by analyzing the intensities of the
470.7-, 736.0-, and 834.9-keV transitions in Fig. 4. Due to
the low statistics, intensity uncertainties of 50% were assumed
and propagated in the calculation. Thus, when considering a
two-branch decay of the isomer with an 88-keV E'1 transition
and a 186.8-keV E2 transition, reduced transition strengths
of B(E1) = 4% x 107 W.u. and B(E2) = 1.870 W.u. are
obtained.

To discuss aspects of the nuclear structure in the N = 58
isotones under the assumption that the tentative spin and
parity assignments are correct, partial level schemes of **Se,
¥Kr, and *®Sr are shown in Fig. 10. While in **Kr and *°Sr
the excitation energies and relative position of the 9~ and
7~ levels are relatively constant, both the excitation energies
and their separation slightly decrease in °’Se. In all three
isotopes, the reduced E?2 transition strengths of about 1 W.u.
show a single-particle character for the isomeric decay. In
%Kr and *°Sr, a competing E1 branch is observed. This is
not the case in *>Se, most probably due to the higher relative
position of the 8" state as suggested by the up-sloping trend
of the corresponding states in *°Sr and **Kr (see Fig. 10).
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FIG. 10. Comparison of partial level schemes of **Se, **Kr, and
%Sr. Data are from this work and Refs. [18,33,35,36].

In Wu et al. [34], relative B(E2) values for the internal
decay of some states in “°Sr were derived based on the
corresponding branching ratios and normalized to one of the
transitions strengths. The relative B(E2) values from the yrast
6" to the two 4% states in *°Sr indicated a mixing of the
4?2 states [34], while in **Se the calculated relative B(E2)
values suggest no mixing of the two 4* states based on the
branching ratio observed by Lizarazo et al. [35]. Similarly,
we obtained relative E1 transition strengths for the 7= — 6T,2

transitions in **Kr and °°Sr. In **Kr, the B(E1;7~ — 6T)
is 26(1)% of the B(E1;7~ — 67), while in *®Sr, it is only
5(1)%. This implies a much greater mixing between the two

6" states in **Kr compared to *°Sr. In *>Se, only one (67) state
was observed, though from the relatively constant excitation
energies of the 67 states in 94Kr and %°Sr, one would expect a
similar structure.

V. CONCLUSIONS

In conclusion, this work presents the first observation of
an isomeric state in **Kr, measured using the novel hybrid
spectrometer v-Ball with its unique combination of a pulsed
beam and fast-neutron-induced fission of 2. Reduced E1
and E2 transition strengths for the isomer decay branches
were extracted. The isomer is interpreted as being built
on a two-quasiparticle neutron state consistent with Gogny
CHEFB calculations, presenting an isomeric spin structure very
similar to that in the neighboring isotones °*Se and *°Sr.
Additionally, the level scheme was expanded significantly,
allowing us to discuss nuclear structure by looking into the
level systematics of N = 58 isotones and mixing of states by
comparing relative transition strengths.
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