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Abstract. High-spin states have been studied in “?Kr and "?Br using the “°Ca + °Ca and *°Ar + °Ca
reactions at 164 and 145 MeV, respectively. The properties and configurations of the high-spin bands
observed have been interpreted using unpaired cranked Nilsson-Strutinsky (CNS), and for "2Kr, paired
cranked relativistic Hartree-Bogoliubov (CRHB) calculations. In “?Kr a new band has been identified that
has the properties expected for the doubly aligned S-band configuration. In "?Br the previously known
bands have been extended to higher spin. This has lead to a re-interpretation of the configurations.

PACS. 21.10.Re Collective levels — 23.20.Lv ~ transitions and level energies — 27.50.4¢ 59 < A < 89

1 Introduction and experimental details

The structure of “?Kr has received much attention in re-
cent years (see [1-4]). A major puzzle has been the fact
that experimentally the crossing of the ground-state vac-
uum configuration with the 7(gg )2 ® v(gg )? configuration
appeared to be delayed much more than expected by var-
ious theoretical models. Moreover, the properties of the
recently observed [2] high-spin band did not conform to
the expectations of the models. In the present work a new
band has been identified which has the expected proper-
ties for the missing doubly aligned S-band configuration.

The high-spin spectroscopy of “?Br has been investi-
gated previously [5] and configuration assignments made
to the positive- and negative-parity structures observed.
In the present work all the structures have been extended
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to higher spin. The new results suggest that there is a need
to re-evaluate the previously assigned configurations.

The data discussed in this paper were obtained from
two experiments performed with the GAMMASPHERE
array. The 36Ar 4+ 40Ca reaction at 145 MeV was per-
formed at the ATLAS facility at the Argonne National
Laboratory. This experiment used the MICROBALL ar-
ray and the Washington University neutron shell. The
second experiment, using the 4°Ca + 4°Ca reaction at a
beam energy of 164 MeV, was performed at the Lawrence
Berkeley National Laboratory. In the latter case only the
MICROBALL ancillary detector was used. Thin 4°Ca tar-
gets (~ 400-500 pg/cm?) were used in all the experiments.
These had ~ 100-500 pg/cm? flashes of Au on the front
and back to prevent oxidation. For the data analysis of
2Kr an E,-E,-E., cube was sorted by demanding 2« par-
ticles in coincidence with the ~y-rays, whilst for "?Br the
coincidence requirement was 1 to 3 protons and a neutron.
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Fig. 1. J® moment of inertia versus rotational frequency for
bands in "?Kr. Data for the new band are represented by the
squares. The solid line represents the CRHB calculations.

2 Results and discussion

A new band with y-ray energies of 1588, 1023, 1469, 1947,
2464, (2837) keV has been found in 7?Kr. This struc-
ture feeds in to the known 14" state and appears to
be lower in energy than, and in parallel with, the pre-
viously reported high-spin structure [2,3]. Assuming the
above transitions are F2 in nature then the properties
of the band are consistent with those expected from un-
paired CNS [6] and paired CRHB [7] calculations for the
71'(9%)2 ®V(g%)2 configuration. Figure 1 compares data for

"2Kr with the results of CRHB calculations using an NL3
force and the Lipkin-Nogami method for particle number
projection. The solid line in the figure shows the evolu-
tion of the ground-state configuration with rotational fre-
quency. Clearly, the agreement between the new band and
the calculations is very good. The jump in J) values at
hw ~ 0.5 MeV results from the simultaneous alignment of
pairs of g9 protons and neutrons.

Previous work in "?Br [5] identified two positive- and
two negative-parity signature partner bands. The positive-
parity bands were tentatively identified with the [1,3]
configuration, (where [p,n] is the number of gg protons,

neutrons in the configuration) whilst the negative-parity
bands were associated with the [2,3] configuration. In the
present work the (7, «) = (—,0),(—,1) bands have been
extended by 3 transitions of 2083, 2520, 3065 keV and
1965, 2443, 2999 keV, respectively. The positive-parity
a = 1 band has been extended by 6 transitions with en-
ergies of 1945, 2031, 2093, 2297, 2576 and 2985 keV and
the a = 0 band by two transitions of 1838 and 1979 keV.

The positive- and negative-parity bands are compared
with unpaired CNS calculations in fig. 2. From this com-
parison we believe that the previous assignment of a [1,3]
configuration to the positive-parity bands is incorrect. The
calculations suggest that it has a [3,3] configuration. The
change in slope in the calculations at spin ~ 217 in the
«a = 1 band corresponds to a change in v deformation from
~ —15° to ~ 15°. The data also appear to show similar
behaviour, suggesting that the predicted shape change is
observed experimentally.

For the negative-parity bands in the medium-spin
range the [2,3] configuration was found to nicely repro-
duce the experimentally observed signature inversion [5].
However, beyond spin 187 the calculations do not agree
with the data (see fig. 2). We have performed additional
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Fig. 2. Experimental (upper) and theoretical (lower) level en-
ergies for bands in "?Br relative to a rotational liquid-drop
reference energy.

CNS calculations to try to understand the experimentally
observed signature splitting for these bands. A possible
structure is the [3,4]* configuration, see fig. 2. The ad-
ditional 93 particles drive the nucleus to a large defor-
mation, thus making it favourable to have holes in the
upsloping fz orbitals. The resulting [3,4]* configuration

at €5 ~ 0.4 has a broken ®°Ni core with two-proton and
one-neutron hole in the fz orbital. It is this latter feature
that is responsible for the zero-signature splitting.

In the current calculations the [3,4]* configuration re-
sides well above the [2,3] configuration and one would not
expect any mixing between the two. However, if the po-
sition of the 93 orbital in the CNS calculations were too

high (there is evidence from other nuclei in this mass re-
gion that this is the case, [6,8]), then the energy of the
[3,4]* configuration will be lowered relative to the [2,3]
configuration. This could allow the two configurations to
mix, with the higher-spin region being dominated by the
[3,4]* configuration. An interesting consequence of this is
that one would expect the negative-parity bands to be-
come more deformed at high spin. Note, however, that
none of the configurations discussed so far can explain the
magnitude and sign of the splitting above 25%. The nature
of this remains to be investigated.
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