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LIFETIMES OF HIGH-SPIN STATES IN ™Kr *
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High-spin states in 50 Kryo have been populated in the “°Ca(*°Ca,4p) ®Kr
fusion—evaporation reaction at a beam energy of 165 MeV, and studied using
the GAMMASPHERE and MICROBALL multi-detector arrays. The ground-
state band and two signature-split negative-parity bands of "Kr have been
extended to ~30h. Lifetime measurements using the Doppler-shift attenua-
tion method indicate that the transition quadrupole moment of these three
bands decrease as they approach their maximum-spin states.
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1. Introduction

The proton-rich nucleus 58Kryo is known to have a large deformation
near its ground state [1]. Theoretical calculations have predicted a highly-
deformed near-prolate shape for the ground state of this nucleus |2, 3].
The highly-deformed ground state was confirmed by lifetime measurements,
yielding a quadrupole deformation of |32|~0.33 [3] (considering an axial sym-
metric shape). The yrast negative-parity excited band observed in *Kr has
been previously assigned the two-quasiproton configuration based on the
7r[431]%Jr ® m[312]3" Nilsson orbitals [3]. Lifetimes of the low-spin states
in the ground-state band for “*Kr have been previously studied up to spin
I™=107 [3,4]. This paper reports on the high-spin states of “Kr and their
lifetimes.

2. Experiment

High-spin states in "Kr were populated via the 4°Ca(*°Ca,4p) ®Kr reac-
tion. A 165-MeV 4°Ca beam provided by the ATLAS accelerator at Argonne
National Laboratory was incident upon a 350 pg/cm? 4°Ca target, which
was sandwiched between two 150 pg/cm? Au layers to prevent oxidation.
Gamma rays were detected with 99 Compton-suppressed HPGe detectors of
the GAMMASPHERE array [5], in coincidence with charged particles detected
and identified with the 95-element CsI(T1) MICROBALL detector [6]. More
details about the experimental setup and analysis can be found in Ref. |7].

3. Results and discussion

Figure 1 (left) shows the decay scheme for the ground-state and the
favoured negative-parity bands for “Kr. In this work we focus on the life-
times, or equivalently on the transitional quadrupole moments )¢, of the
high-spin states of these bands. These lifetimes are of the order of tens
of femtoseconds. The centroid-shift Doppler attenuation method [8] was
used to measure the lifetimes of these very fast transitions. These states
decay while the recoil ions are slowing down inside the thin 4°Ca target.
The stopping powers were obtained using the SRIM-2003 code [9]. Life-
times are sensitive to the initial recoil velocity, which is determined from the
momenta of the emitted particles. The lifetime measurement could there-
fore be biased if the particle detection efficiency of MICROBALL presented
any angular dependence. The detection efficiency of MICROBALL for the
4-proton channel is nearly isotropic as can be seen in Fig. 1 (top inset)
and no bias is expected in the lifetime measurement. The Doppler shifts
were measured from the sum of single gates on the last three transitions at
the top of each band. Side feeding was only considered into the top three



Lifetimes of High-Spin States

in S Kr

27087_ (337)
25870 (327)
3341
54 Recoil velocity distribution
3285
23746_| (317) 52 “Kr
23159 (30%) 5.0
22585 | (307) ~ 48
x
2927 < e
L
3207 Y 44
2842 20818 | 20~ 42
+ 4.0
19952,428" 19743 | 28~
3.4
2558 -0.8 0.6 -0.4 -0.2 -0.0 0.2 04 06 08 1.0
V./c (%)
2793 2414 1826127
L 17329 |26~
17159,26 2247
2102 16014} 25~
2406 =
15227 |24~
14753 |24+ 1083 : : S S
3.0
1873 14031 |23~ a)
2058 13355 |22~
1772 ~ 26f
12698 | 22+ 3
8 |22 2 L
1697 12259 |21~ e
R 22t
1759 11658} 20~ "
1614 t ==l Band, (x=0)
10939 |20+ o-a | Band, (& = 1)
1596 10645 |19~ 1.8 e-eGround-state Band
1536 10062 } 18~ t ¢ S a— S a—
1523 r
9404 | 18* _ s 22
1538 912217 S L b)
1400 8524 | 16~ 2 18
8003 | 16* 1534 7 1 4:
1411 7588 }15~ = 7
1350 7114] 14 S L
S 10
6653 § 14+ 1361 Q L
1257 6227 413 S 06+
1302 5877 | 12— <Q L
1un w
5351 J12+ 02
o 1067 5056 |11~ . . P P
X 481g|40 10 14 18 22 26 30
979 1 ()
- 907 -
407 Qao+ oo SGT 4076 J 9
NN
1189 726 3201} 7
. arPe _ 8291 Y
2882 8 | _
76 N 25 4 2686 596 5
Sooade 1429 _
1021 | 2228 3952 l 2260 426 3
+
1862{31537 B IR Py S
826
1036 g - 1804 1835
425 SU o+
-2 .
325 o+

1341

Fig. 1. Decay scheme for the ground-state and the favoured negative-parity bands
for K (left). The top inset shows the initial “Kr velocity distribution in the v,—v,
plane. The lower inset (a) shows the measured transitional quadrupole moments
Q: for the ground-state and the favoured negative-parity bands. The lower inset
(b) shows the energies of the high-spin states relative to a standard rigid rotor [12],

with a moment of inertia of Im = 21h2MeV ™!, versus spin.
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states. A rotational band sequence, with four transitions, was considered.
The quadrupole moment of the side feeding bands was chosen to be the
same as in the band under consideration. The Q)¢ values of the ground-state
and the favoured negative-parity bands were found to decrease with spin
and were approximately modelled as Qy(I) = :Op + 8Q¢V/It°P — I, where
the “top” superscript indicates the highest experimental spin state for which
a centroid shift could be measured in a band and 0@ is the variation of
the Q¢ within the band, see Fig. 1 (lower inset (a) ). This decrease of the
Q¢ as a function of spin is well known in terminating bands and has been
previously observed in other mass regions, A ~ 110 [10], A ~ 60 [11]. Fig-
ure 1 (lower inset (b) ) shows the energies of the states for the three bands
relative to a rigid rotor and it can be observed, in all the cases, a smooth
increase in the energies of the highest spin states. This behaviour in the
state energies is also a signature of band termination [12]|. The differences
in the @y values for each band, see Fig. 1 (lower inset (a) ), are related to
the different single-particle configurations of the bands. To understand this
further, configuration-dependent cranked Nilsson-Strutinsky (CNS) calcula-
tion without pairing [13,14] have been performed. The theoretical bands are
labelled by [p, n], where p (n) represents the number of gg/5 proton (neutron)
orbitals occupied. It was found that the ground-state band has a [2,4]| con-
figuration, while the favoured negative-parity band has a [3,4] configuration,
see Ref. [7] for details.
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