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Odd-even staggering in thepg9/2ng9/2 band in 72Br
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High-spin positive-parity states in72Br have been studied using the16O158Ni reaction. Thepg9/2ng9/2

decoupled band in72Br has been observed up to;10 MeV excitation energy and the expected odd-even
staggering has been delineated. A larger signature splitting is observed for this band in72Br than in the same
collective structures in the heavier74,76,78Br. No signature inversion at low spin is observed for this band in
72Br, in contrast to the heavier isotopes,74,76,78Br, in which signature inversion is observed below;10\. The
observations are in general agreement with theoretical models in this mass region which predict no signature
inversion for nuclei with less than 39 protons and neutrons.@S0556-2813~99!02811-3#

PACS number~s!: 23.20.Lv, 27.50.1e
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The mass region aroundA;70 is well known for its com-
plicated interplay between single-particle and collective
grees of freedom. Spherical structures coexist with more
formed shapes associated with the proton intruderg9/2

orbital. Indeed, prolate decoupledDI 52 bands built on the
g9/2 orbital have been observed in the odd-A Br isotopes@1#.
The odd-odd Br nuclei are of special interest since they
amongst the heaviest nuclei where proton and neutron e
tations in the same orbital (g9/2) are possible. In odd-odd
74Br @2#, 76Br @3,4#, and 78Br @5# decoupled bands built on
the pg9/2^ ng9/2 configuration have been previously esta
lished. However, in72Br only indirect evidence of the pres
ence of a decoupled band built on this configuration w
reported @6,7#, based on similarities of the lower leve
scheme to the corresponding ones in74,76,78Br. Thus, an ex-
tension of the level scheme of72Br to higher excitations is
important in order to search for evidence of this configu
tion in this isotope. Moreover, a study of72Br is of interest in
understanding the behavior ofN5Z12 nuclei.

A signature inversion occurs within thepg9/2^ ng9/2 band
in 74,76,78Br below spinI;10\. The same phenomenon ha
been observed in other odd-odd isotopes in this mass reg
specifically80Rb @8#, 82Y @9#, and 84Nb @10#. Cranked mean-
field and particle-rotor models have been used to inter
the occurrence of signature inversion~see Ref.@11#, and ref-
erences therein!. However, a comprehensive interpretation
the phenomenon is still lacking. Of special interest in t
study of 72Br is a model introduced by Bengtssonet al. @12#,
which predicts that signature inversion can occur in theA
;80 mass region in nuclei with proton or neutron numb
between 39 and 47. According to this model,72Br is not
eligible for signature inversion, while in the heavier odd-o
Br isotopes such an inversion has been established@2–5,11#.
Hence, an extension of the level scheme of72Br to higher
excitations provides an opportunity to verify this predictio

Excited states in72Br have been investigated using th
16O158Ni reaction at 59.5 MeV at ATLAS with the Gam
masphere array at the target position coupled to the fragm
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mass analyzer. Experimental details have been summar
in an earlier publication@13#. Preliminary results of the72Br
study have been previously reported@14#. g-g coincidences,
as well asg-recoil mass coincidences, have been record
Although measurements of the directional correlatio
~DCOs! of the transitions allow definitive multipolarity as
signments, only tentative spin and parity assignments h
been made because of uncertainties in the determination
the spins of the lower levels.

The level scheme of72Br deduced in the present work i
shown in Fig. 1. The low-spin members of the positive-par
yrast band in72Br have been previously established@6,7#.
The ground-state (3)1 assignment was based on the co
pling of both the proton and neutron in the low-V g9/2 orbit-
als, 3/21@431#. Thea50 partner of the positive-parity ban
was previously known up to (101) and thea511 partner
up to spin (151) @7#. Hence, no staggering could be deduc
from the known levels. In the present work the rotation
cascades have been extended up to (181) and (211), respec-
tively, and up to a maximum excitation energy of 9.8 Me
All of the transitions of the band above the (81) level are
shown in the mass-72 gated spectrum of Fig. 2. The pla
ments of all of the transitions labeled in Fig. 2 were co
firmed byg-g coincidences, without requiring aA572 mass
gate. The DCO ratios of the transitions of both signatu
partners up to spin (171) are consistent with stretched qua
rupole character. Although the uncertainties in the spin
signments for the lower levels render the higher spin ass
ments tentative, the similarities in the72Br cascades at highe
excitation with those in the heavier74,76,78Br isotopes sup-
port the present assignments.

The energy staggering between the levels in the odd-
even-spin branches of the decoupled band in72Br is dis-
played in Fig. 3. Staggering was also observed in the exp
mentally deducedB(M1)/B(E2) ratios for those levels for
which the cascadeM1 transitions were observed. Indee
while the B(M1)/B(E2) values for the (111) and (131)
levels are;10mN

2 /(e b)2, the value for the (101) state is
©1999 The American Physical Society02-1
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FIG. 1. Partial level scheme of72Br obtained in the presen
work. The transitions are given in keV units, with intensities re
tive to the 323.7-keV transition~with uncertainties in parentheses!.
The ground-state spin-parity is taken from Ref.@15#; other spin and
parity assignments are discussed in the text.
05730
only 0.03(1)mN
2 /(e b)2 and for the (121) level an upper limit

of ;0.12mN
2 /(e b)2 was estimated. The staggering in th

B(M1)/B(E2) ratios originates most likely from the corre
sponding staggering in theB(M1) values established from
lifetime measurements in74Br @11#.

Similar bands in74,76,78Br @2–5# have been interpreted a
based on thepg9/2^ ng9/2 configuration. The staggering es
tablished in74,76Br has been included in Fig. 3 for compar
son, while the staggering in78Br has been omitted for rea
sons of clarity. Based on the similarities, the sam
interpretation is suggested for72Br and, hence, the band i
proposed to be of positive parity. However, in74,76,78Br a

-

FIG. 2. Spectrum obtained from the sum of gates on the 103
270.4-, 289.6-, 323.7-, 353.7-, 379.4-, and 398.6-keV transition
an A572-gated matrix.

FIG. 3. Energy differences between the states withI and I 21
divided by twice the spin between signature partners of the posit
parity bands in74Br @2#, 76Br @3,4#, and 72Br ~present work!. Open
symbols correspond to thea50 partner; closed symbols to thea
511 one.
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decrease in the signature splitting and subsequent sign
inversion takes place between the signature partners o
band below spinI;10\. In contrast, in72Br the signature
splitting remains large, and no signature inversion is se
down to the lowest spins observed. The lowerV53/2 values
of the g9/2 orbitals for the valence protons and neutrons
72Br can account for the larger signature splitting observ
in this isotope, since the coupling is stronger for lowerV
orbitals. The fact that no signature inversion is observed
72Br is in accordance with the theoretical expectations
Ref. @12#, which predicted no signature inversion for nuc
with less than 39 protons and neutrons in this mass regi
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In summary, thepg9/2^ ng9/2 decoupled band in72Br has
been observed up to;10 MeV excitation energy. The ex
pected staggering between the signature partners of the
is also present. The energy staggering is larger in72Br than
in 74,76,78Br, due to the lower-V53/2, g9/2 orbitals involved
in 72Br. In contrast to the corresponding bands in74,76,78Br,
no signature inversion is observed in72Br at low frequency,
in accordance with theoretical predictions.

This work was supported in part by U.S. National Scien
Foundation and the Department of Energy—Nuclear Phy
Division under Contract Nos. W-31-109-ENG-38 and D
AC03-76SF00098.
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@2# J. Döring, J. W. Holcomb, T. D. Johnson, M. A. Riley, S. L
Tabor, P. C. Womble, and G. Winter, Phys. Rev. C47, 2560
~1993!.

@3# Q. Panet al., Nucl. Phys.A627, 334 ~1997!.
@4# D. F. Winchell, L. Wehner, J. X. Saladin, M. S. Kaplan,

Landulfo, and A. Aprahamian, Phys. Rev. C55, 111 ~1997!.
@5# E. Landulfoet al., Phys. Rev. C54, 626 ~1996!.
@6# G. Garcı´a Bermúdez, C. Baktash, A. J. Kreiner, and M. A.

Mariscotti, Phys. Rev. C25, 1396~1982!.
@7# S. Ulbig, F. Cristancho, J. Heese, K. P. Lieb, T. Osipowicz,
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