ARL[PHT] EP= AT\O L\,

" ENAM9S

High-spin states in ' As, ’Se, and "?Br s

N. Fotiades,! J. A. Cizewski,"? C. J. Lister,2 C. N. Davids,?2 R. V. F. Janssens,@
D. Seweryniak,2 M. P. Carpenter,? T. L. Khoo,? T. Lauritsen,? D. Nisius,2 P

P. Reiter,? J. Uusitalo,? I. Wiedenhover,? A. O. Macchiavelli,® and R. W. McLeodé
——

! Department of Physics and Astronomy, Rutgers University, New Brunswick, NJ 08903
2 Physics Division, Argonne National Laboratory, Argonne, IL 60439
3 Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720
4 Thomas Jefferson National Laboratory, Newport News, VA

Abstract. The *¢0 + 5®Ni reaction was used to study yrast and non-yrast excitations
in 7 As, 72Se, and 7?Br. High-spin yrast and negative-parity non-yrast bands were
observed in 72Se. The f/, proton extruder orbital was identified in "*As. The odd-
even staggering in the 7gg/avge/2 decoupled band in 72Br is compared with similar
structures in heavier Br isotopes.

The nuclei in the A=x70 mass region exhibit a complicated interplay of single-
particle and collective degrees of freedom, with spherical structures coexisting with
more deformed shapes associated with the proton intruder gg/» orbital. Prolate,
oblate, and triaxial shapes, both of collective and non-collective character, are
predicted. Which shape is favored changes rapidly as a function of neutron and
proton number and angular momentum, often with several shapes coexisting in the
same nucleus. A highly sensitive vy-ray spectrometer and a relatively light, heavy-
ion beam could extend the knowledge of both yrast and non-yrast excitations in
this region of rapid shape changes and shape coexistence.

Excited states in ™As, "2Se, and "’Br have been investigated using the %0 +
58Ni reaction at 59.5 MeV at ATLAS with the Gammasphere array at the target
position coupled to the Fragment Mass Analyzer. This was the first experiment
with this particular configuration. Gamma-gamma coincidences, as well as gamma-
recoil mass coincidences, have been established. Measurements of the directional
correlations (DCO) of the transitions have allowed angular momentum assignments.

The yrast band in 7?Se has long been understood as evidence for shape coex-
istence [1,2]. The yrast states at low angular momentum are weakly collective
oblate states which evolve to a collective, prolate band for I>6k. The predicted [2]
positive-parity non-yrast states have to date not been observed. In the present work
the negative-parity bands have been extended to 17/. The kinematic moments of
inertia, J(), as function of rotational frequency, %w are displayed in Fig. 1 for
the positive-parity yrast band and two negative-parity bands. The negative-parity
band in "Se [3] is shown for comparison. The negative-parity band-1 in 72Se is built
on the 3~ state which has been identified as a collective excitation in heavier Se
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isotopes [3]. The negative-parity band-2 is probably a two-quasineutron excitation
involving go/, and fp-shell neutrons [3].
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Fig. 1: JU vs. fiw for yrast and negative-parity bands in "?Se and the
negative-parity band in Se.

The positive-parity yrast structure in “*As is based on the mgy/, configuration
which is low-lying for large prolate deformations. Total Routhian Surface (TRS)
calculations [4] predict this band to be y-soft at low rotational frequencies, be-
coming more rigid, but highly triaxial, at higher frequencies. In the present work
the negative-parity yrast band has been extended to (37/2)~ and a new negative-
parity AI=1 band identified, as shown in Fig. 2. This new negative-parity band
has the characteristics expected for the 7/27[303] extruder orbital from the = f7/,
shell, which is expected to be near the Fermi surface for the large, 8 >0.3, deforma-
tions which are known to characterize "' As. The experimental B(M1)/B(E2) ratios
for this band, which vary between 4 and 6 u2;/(eb)?, are in good agreement with
theoretical values of this ratio expected for the proton f7/, extruder orbital. This
is the first identification of this orbital in this mass region and further supports
arguments for large prolate deformations in "*As.
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Fig. 2: Partial level scheme of " As highlighting negative-parity excitations.

The low-spin members of the positive-parity yrast band in “?Br had been previ-
ously established [5,6]. The ground-state 3* assignment can be understood as the
coupling of both the proton and neutron in the low-Q go/, orbitals, 3/2%7[431]. In
the present work both signature partners are observed and extended to (18%), for
a=0, and (21%), for a=+1.

Signature inversion at low spin for the positive-parity bands in the heavier Br
isotopes has been observed and interpreted as a change in the sign of the triaxial
deformation as a function of rotational frequency [7-9]. In Fig. 3 the signature
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splittings, the energy differences of the states with I and I-1 divided by twice the
spin, for the positive-parity bands in 7>77Br are compared. In 7Br no signature
inversion at low rotational frequency is observed. This suggests that the v <0,
collective deformation persists to low frequency in "?Br, with low-Q go/; neutrons
and protons. This is in contrast to the heavier isotopes, with higher-{2 go/2 neutrons,
where non-collective shapes are important at the lowest frequencies [8,9].
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Fig. 3: Signature splitting for positive-parity bands in “»7#7°Br. Open symbols
are a=0; closed symbols are a=+1.

In summary, both yrast and non-yrast structures have been observed in several
A~72 nuclei up to high angular momenta. Large deformations, 8 >0.3, are neces-
sary to reproduce the observed band structures, as well as non-axial shapes, which
are more rigid in "2Br with N=37.

This work supported in part by U.S. National Science Foundation and Department
of Energy.

REFERENCES

(1] T. Mylaeus et al., J. Phys. G 15, L135 (1989).

[2] L. Chaturvedi et al., Phys. Rev. C 43, 2541 (1991), and references therein.
[3] T. Matsuzaki and H. Taketani, Nucl. Phys. A 390, 413 (1982).

[4] R. S. Zighelboim et al., Phys. Rev. C 50, 716 (1994).

[5] G. Garcia Bermudez et al., Phys. Rev. C 25, 1396 (1982).

[6] S. Ulbig et al., Z. Phys. A 329, 51 (1988).

[7] J. Déring et al., Phys. Rev. C 47, 2560 (1993).

[8] Q. Pan et al., Nucl. Phys. A 627, 334 (1997).

[9] D. F. Winchell et al., Phys. Rev. C 55, 111 (1997).




