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High-K structure in 77As
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High-spin states in77As have been studied via the76Ge(a,p2n) reaction. Proton-gated excitation function
extracted from measuredg-ray yields at beam energies of 32, 36, and 40 MeV and an additionalg-g coinci-
dence measurement at 40 MeV have been used to assign newg-ray decay sequences to77As. In particular, a
positive-parity sequence up to spin252 and a high-lyingDI51 sequence up to212 and of probably negative
parity have been found to decay into the known9

2
1 isomer at 475.5 keV. Nuclear-shape calculations show

triaxial shape for the positive-parity states with moderate quadrupole deformation. The high-lying neg
parity sequence is interpreted as a high-K three-quasiparticle band similar to bands in adjacent nuclei.@S0556-
2813~96!00206-3#

PACS number~s!: 21.10.Re, 23.20.Lv, 25.55.Hp, 27.50.1e
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I. INTRODUCTION

The presence of92
1 isomers in the odd-A As isotopes is

well known. Their excitation energies decrease from 14
keV in 67As @1# to 304 keV in 75As @2,3#, followed by a
slight increase to 475 keV in77As @2,4# and to 773 keV in
79As @5#. Low-lying 5

2
1 states are also known from

b-decay work in most of the odd-mass As isotopes. T
occurrence of these low-lying92

12 5
2

1 doublet states in the
level spectra of75,77As could be fairly well explained in the
framework of the Coriolis-coupling model with a pairing in
teraction at prolate deformation@6,7#. In these calculations
the positive-parity states have been found to be hig
mixed. For prolate deformation the decoupling of theKp

5 1
2

1 band together with the strong Coriolis interactions b
tween bands based on states originating from theg9/2 proton
subshell shifts the high-spin states down in energy, acco
ing for the observed level structure satisfactorily. Furth
more, 132

1 states are expected in75,77As at about 750 keV
above the 9

2
1 isomer for a quadrupole deformation o

b'0.10–0.15~see Fig. 5 in Ref.@6#!. However, in both
nuclei these high-spin states have not yet been seen ex
mentally. The observation of low-lying12

1 states@7# in some
of the odd-mass As isotopes has been taken as addit
support for the Coriolis-coupling model, and a somew
higher prolate deformation (b510.2) has been suggeste
leading to a calculated energy for the132

1 state of about 560
keV above the92

1 state.
As a consequence of these model considerations, h

spin bands feeding into the isomer are expected to occu
the neutron-rich 75,77As isotopes. However, experiment
data for such high-spin decay sequences are known only
the neutron-deficient67273As isotopes which can easily b
produced via heavy-ion reactions. From properties of th
decay sequences and the energy of the9

2
1 isomer, a slight

increase in the quadrupole deformation can be deduced
increasing neutron number~from N534 in 67As toN540 in

*Permanent address: Department of Physics, Jilin Univers
Changchun, Jilin 130023, People’s Republic of China.
53/96/53~6!/2674~8!/$10.00
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73As!, with a possible maximum around theN542 nucleus
75As. However, experimental studies extending the in-be
data systematics to the neutron-rich isotopes have not
been performed, possibly due to the small cross sections
pected for producing these isotopes. The present work
ports the results of an in-beam study of77As using
a-particle beams to populate moderate and high-spin sta

Furthermore, in several of theN544 isotones, e.g.,79Br
@8#, 81Rb @9#, and 83Y @10#, high-lying three-quasiparticle
~3qp! states have been found to be connected by fastM1
transitions@B(M1)'0.5 Weisskopf units~W.u.!# with al-
most noE2 crossover transitions~except for 83Y!. These
DI51 bands start at spin132

2 in 79Br, 13
2

2 in 81Rb, and
17
2

2 in 83Y and, hence, exhibit a high-K quantum number
(K' 11

2 or
13
2 !. Therefore, a second goal of the present stu

was to search for a similar high-K band structure in the
N544 nucleus77As. A comprehensive compilation of th
experimental data about 3qp structures in the mass 80 re
can be found in Ref.@11#.

So far, only low-spin states~including the9
2

1 isomer! are
known in 77As from previous investigations, in particula
from (3He,d) @12,13# and (d, 3He! @14# reaction studies and
from b2-decay investigations@2,4,15,16#. The lifetime and
g factor of the first excited52

2 state at 264.4 keV have als
been measured@17#.

II. EXPERIMENTAL TECHNIQUES AND RESULTS

States in 77As have been populated using th
76Ge(a,p2n) 77As reaction at 32, 36, and 40 MeV bea
energy. Thea-particle beams were provided by the F
Tandem-superconducting LINAC facility at Florida Sta
University. They were produced in a specially design
source where a small amount of He1 was converted to
He2 in a metastable state which is long enough liv
('0.5 ms! to bring it to the high-voltage Tandem termina
After stripping and further acceleration in the Tandem, t
He21 beam was postaccelerated by the superconduc
LINAC to achieve the final energies of 32, 36, or 40 Me
Two different in-beam experiments have been carried out~i!
a charged particle-g-ray coincidence experiment for identifi
cation of transitions associated with77As and ~ii ! a g-g

ity,
2674 © 1996 The American Physical Society
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53 2675HIGH-K STRUCTURE IN77As
prompt coincidence experiment for establishing the le
scheme. In both experiments the target was a self-suppo
foil with a thickness of about 500mg/cm2 enriched to 94.6%
in 76Ge. The strongest target contaminations were72,74Ge
with 1.7% and 2.3%, respectively.

A. Particle-gated g-ray excitation functions

To search for promptg rays depopulating excited states
77As, a charged-particle–g-ray coincidence experiment ha
been carried out at 32, 36, and 40 MeV beam energies.
charged particles were recorded with twoDE-E telescopes
placed at 45° in the forward direction at about 2 cm dista
from the target. Each telescope consisted of two Si detec
a 75mm DE and a 1000mm E counter. The sensitive de
tector area was about 50 mm2 for each telescope. Evaporate
protons up to about 12 MeV anda particles up to about 50
MeV were completely stopped in theE counters. Protons
with higher energies gave smallerE signals again. A relevan
particleDE-E matrix measured with one of the telescopes
40 MeV beam energy is shown in Fig. 1. The evapora
protons anda particles are well separated. A small numb
of evaporated deuterons and tritons has been recorde
well.

During the experiment theg rays were recorded with si
Compton-suppressed high-purity Ge detectors and a
energy photon spectrometer~LEPS!. Four Ge detectors an
the LEPS were placed at 90° and two Ge detectors wer
backward direction at 145° relative to the beam axis. The
detectors and the LEPS were operated in prompt coincid
with the two particle telescopes. Both types of prompt co
cidence events, charged-particle–g andg-g events, were se
lected by the data acquisition system, digitized, and wri
on 8 mm tape for off-line analysis. In addition, time info
mation from LEPS events in coincidence with charged p
ticles was also stored on tape. For this purpose, a time

FIG. 1. Charged particleDE-E matrix measured with a Si de
tector telescope placed at 45° during the irradiation of a thin76Ge
target with 40 MeVa particles. The number of counts is propo
tional to the grayness which is plotted in a square-root scal
enhance the weak reaction channels. The symbolsp,d, andt mark
proton, deuteron, and triton events, respectively.
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amplitude converter was started by the LEPS time signal an
stopped by the delayed signal of the particle telescope bein
fired. For energy and efficiency calibrations radioactive
sources of133Ba and152Eu have been used.

Proton anda-particle-gatedg-ray spectra have been
sorted off line. Examples are given in Fig. 2 from the data se
measured at 40 MeV beam energy. At this energy, most o
the g rays produced originate from the pure neutron evapo
ration channels, the strongest being the76Ge(a,3n) 77Se re-
action. The relative cross sections calculated byPACE2, a
modified version of a statistical model program for heavy
ion reactions@18#, for the (a,3n) and the (a,p2n) reactions
are 77% and 3%, respectively. The remaining 20% of th
reaction strength leads mainly to the even-even76,78Se, the
odd-odd 78As, and to some Ge isotopes via the (a,a8xn)
reactions. The expected production of77As nuclei is quite

-

r-
e to

FIG. 2. Gamma-ray spectra recorded during the bombardme
of a thin 76Ge target with 40 MeVa particles. The top spectrum
shows the totalg-ray projection of all twofold coincidence events
including g-g and charged-particle–g coincidences. In the middle
and bottom panels, theg rays in prompt coincidence with protons
anda particles, respectively, are displayed. The spectra from bot
Si telescopes have been added together.
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2676 53J. DÖRING et al.
weak but within the detection limits of the setup.
The g-ray spectrum~middle panel of Fig. 2! in prompt

coincidence with protons at 40 MeV beam energy sho
several transitions, e.g., 572.9, 745.8, and 952.0 keV lin
which we firmly assign to the odd-mass77As nucleus pro-
duced via the (a,p2n) reaction. For comparison the tota
coincidence spectrum~top panel in Fig. 2! and the
a-particle-gated spectrum~bottom panel of Fig. 2! are also
shown. Some strong and well-known transitions have be
labeled. The identification of77As lines is also supported by
the fact that most of the newg rays do not show any prompt
coincidences with these well-known lines in76,77,78Se. Fur-
thermore, other assignment possibilities like a twofold pr
ton reaction channel, can be excluded since two-protong
coincidences at this relatively low beam energy were n
observed.

It has been possible to distinguish between t
(a,pn) 78As and (a,p2n) 77As reactions from proton-gated
excitation functions of theg rays involved. In particular,
several low-energy transitions, e.g., 128, 153, and 184 ke
have been newly assigned to the odd-odd nucleus78As @19#.
They form their own level scheme typical for an odd-od
nucleus and do not show coincidence relationships with
transitions associated with77As, except for a 258 keV line
which is a close-lying doublet.

A few examples of relative excitation functions deduce
from experimentalg-ray intensities are shown in Figs. 3~b!
and 3~c!. They can be compared with relative excitatio
functions calculated withPACE2 as shown in panel~a!. The
PACE2 results have been renormalized to obtain a const
distribution for the78Se yield. In the same way all experi
mental intensities have been renormalized. The normali
tion factors have been obtained assuming a flat distribut
for the 41→21 889 keV transition in78Se. This line is not
affected by theb2 decay of78As and is almost a pure single
line in the measured spectra. There is a fair agreement in
slopes between the calculated and experimental excita
functions given in panels~a! and~b!. The obvious difference
in the total production yields between77Se and78Se can be
attributed to the fact that not all of the ground-state tran
tions in 77Se are considered, but only the132

1→ 9
2

1 849 keV
line.

In addition, some relative excitation functions of lines i
77As are shown in Fig. 3~c!. Here the 572.9 keV line has
been used for normalization. The different slopes of the e
citation functions support the spin assignments discus
later, in particular that the transitions in the new positiv
parity sequence, e.g., 572.9, 952.0, and 1150.6 keV, depo
late levels with increasing spin.

Furthermore,g rays produced via the (a,a8xn)74,76Ge
reactions have clearly been identified as can be seen in
bottom panel of Fig. 2. The low-lying levels of the even
even 74,76Ge nuclei are well known fromb-decay studies
@20,21#. Theg-ray energies observed in our experiment a
in fair agreement with compiled data. Also, the calculate
and experimental excitation functions obtained for the 5
keV line in 74Ge ~see Fig. 3! are in fair agreement.

B. Thin-target g-g coincidence experiment

A standardg-g coincidence experiment has been pe
formed at 40 MeV beam energy to establish the level sche
s
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of 77As. The same76Ge target as in the charged-particle–
g-ray coincidence experiment was employed. For part of t
coincidence experiment, a stack of two such targets was u
as well.

The emittedg rays were detected with the Pittsburgh
Florida State Universities detector array@22# consisting at
the time of eight high-purity Ge detectors of about 25% rel
tive efficiency surrounded by bismuth-germanate Bi4Ge3O12
~BGO! anti-Compton shields. The BGO multiplicity filter
was not used since emphasis was placed on low-multiplic
events. The Ge detectors were placed about 18 cm from
target, four detectors at 90° and four detectors at a backw
angle of 145° relative to the direction of the beam.

The data were stored on 8 mm tape and sorted off li
into a triangular matrix with a dispersion of 0.8 keV pe
channel. This matrix contained about 153106 coincidence
events. Energy and efficiency calibrations were made usin
152Eu source. The energy calibration of each detector w
checked and readjusted using precise energies known fr

FIG. 3. Relative excitation functions obtained for the bombar
ment of a particles on a76Ge target. The top panel~a! shows
renormalized results ofPACE2 calculations. The middle panel~b!
displays experimental results for different reaction channels d
duced from the measuredg-ray intensities. In the case of77,78As
and 74Ge, particle-gatedg-ray intensities have been used. For rela
tive normalization the measured intensity of the 41→21 889 keV
transition in 78Se has been set to 1000 and all other measured
tensities renormalized accordingly. For the different channels t
following lines have been displayed:77Se, 849 keV;78As, 184 keV;
77As, 573 keV;74Ge, 597 keV. In the bottom panel~c! the proton-
gated excitation functions for several new transitions in77As are
shown. Here the intensity of the 573 keV has been taken for n
malization.
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FIG. 4. Portions of
background-corrected coincidenc
spectra generated by gating on th
573 and 1151 keV transitions in
the total prompt triangular matrix.
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(n,g) reactions for transitions in77Se @23# and 76Se @24#.
For constructing the77As level scheme, gates were set i

the triangular matrix on the peaks of interest with appropria
background corrections, i.e., by subtracting a backgrou
gate set near the line of interest. A few examples of ga
coincidence spectra relevant for the new structures are gi
in Figs. 4 and 5. Figure 4 shows the transitions in th
positive-parity sequence. A narrow gate has been set on
573 keV transition, to avoid contaminations from the 56
and 574 keV transitions of77Se. The results for the77Se
nucleus will be presented elsewhere@25#. Figure 5 illustrates
coincidences from the high-lying level structure via th
160.3 keV decay path. The newDI51 transitions at 160.3,
257.5, 360.9, and 492.0 keV can be seen clearly. It should
mentioned that the high-lying 257.5 keV transition forms
close-lying doublet with ag ray newly assigned to78As @19#
produced in our measurement via the (a,pn) reaction.

For spin assignments using directional correlation of o
ented nuclei~DCO! ratios, the measured data were als
sorted into a square matrix where the events from the 9
detectors were sorted against the events from the backw
detectors. DCO ratios ofg rays have been extracted from
this matrix according to the equation

RDCO5
I g~at 145°gated bygG at 90°!

I g~at 90°gated bygG at 145°!
, ~1!

whereI g is the observed intensity of the transition of intere
andgG is the gating transition. When the gate is a stretch
E2 transition, the ratio is expected to be close to unity for
DI52 transition and close to 0.5 for a stretchedDI51 tran-
sition. These predictions have been successfully verified
n
te
nd
ed
ven
e
the
9

e

be
a

ri-
o
0°
ard

st
ed
a

for

well-known E2 andM1 transitions in76,77,78Se. Wherever
possible from the counting statistics, gates were also set
transitions in77As to deduce DCO ratios. Since no stretche
E2 transitions were known prior to this work, individua
RDCO values extracted from different gating transitions a
compiled in Table I. Here,DI51 transitions have also been
used as gates in order to gather as much information as p
sible about transitions in77As. If the DCO ratio of the gating
DI51 transition is close to 0.5, DCO ratios of 1 and 2 wi
be obtained for stretchedDI51 and 2 transitions, respec
tively.

A cross check of the DCO matrix has been performed f
low-energyg transitions to verify that the detector efficien
cies in our setup have been taken properly into account a
that there is no significant energy dependence of the DC
ratios. For this purpose, theg rays involved in the decay of
the 9

2
1 isomer of 77As, the 211.1 and 264.4 keV transitions

have been analyzed with respect to DCO ratios, too. Th
show DCO ratios close to unity in the 265 and 211 ke
gates, respectively, as expected since the original alignm
is completely attenuated due to the long isomeric half-life
114ms.

On the basis of the experimental excitation function
available DCO ratios and observed decay pattern, spin, a
parities for the states in77As have been deduced. They ar
compiled in Table I together with the transition energies a
intensities.

III. LEVEL SCHEME OF 77As

The new level scheme extracted from the present m
surements is given in Fig. 6. As already pointed out, a dec
e

FIG. 5. Portions of
background-corrected coincidence
spectra generated by gating on th
160 and 746 keV transitions in the
total prompt triangular matrix.
Peaks labeled with the letterx
have not been assigned.
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TABLE I. Energy, intensity, asymmetry ratios, and multipolarity for transitions assigned to77As as well
as spin, parity, and energy of the initial state.

Eg
a ~keV! I g

b RDCO
c RDCO

c RDCO
c sL d Ip

e Elevel ~keV!

~573 keV! ~258 keV! ~264 keV!
or ~746 keV!

160.3~2! 5~1! 1.03~14! (M1) 15
2
(2) 2745.3

211.1~1! 1.01~3! M2 f 9
2

1 f 475.5
215.5~2! 14~1! M1/E2 f 3

2
2 f 215.5

257.5~2! 10~2! 0.57~8! 1.09~23! (M1) 17
2
(2) 3002.8

264.4~1! 43~2! M1/E2 f 5
2

2 f 264.4
360.9~2! 7~2! 0.55~5! 0.98~11! 0.94~21! (M1) 19

2
(2) 3363.7

367.6~2! '2 1.61~26! (E1) f 5
2
(1) f 632.0

416.6~3! '3 (E1) f 5
2
(1) f 632.0

492.0~2! 5~1! 0.52~7! (M1) 21
2
(2) 3855.7

515.5~2! 20~4! 1.03~9! (M1/E2) 13
2
(1) 1736.8

557.8~2! 8~2! E1 f 7
2

2 f 1189.8
572.9~2! 100~4! g 1.08~10! h E2 13

2
1 1048.4

624.4~2! '6 2512.9
625.1~3! '2 889.5
667.0~4! '2 (E2) 15

2
1 1888.5

674.1~4! '2 889.5
709~1! '2 1929.9
745.8~2! 36~3! 0.91~10! M1/E2 11

2
1 1221.3

794.9~2! 12~1! 2.22~21! E2 9
2

2 1059.3
840.1~2! 28~3! 0.36~6! M1/E2 15

2
1 1888.5

881.5~3! 5~2! 1929.9
952.0~2! 33~3! 0.94~8! E2 17

2
1 2000.4

1008.4~5! 5~3! (E1) 15
2
(2) 2745.3

1065~1! '2 2124
1150.6~3! 11~3! 1.10~17! E2 21

2
1 3151.0

1305.3~5! 4~2! 1.16~21! i E2 25
2

1 4456.3
1363.8~5! 4~2! (E1) 13

2
(2) 2585.0

1696.9~6! 6~3! 0.44~12! (E1) 15
2
(2) 2745.3

aUncertainty in the last digit is given in parentheses.
bIntensity determined from the proton-gatedg-ray spectrum at 40 MeV. In case of doublets, the coincidenc
relations have been taken into account.
cDCO ratio determined from the gate given in parentheses.
dMultipolarity.
eSpin of the initial state.
fSpin and parity assignments to the isomer and some low-lying levels as well as the multipolarities o
transitions observed in their decay have been adopted from Refs.@2,4,15,16#.
gNormalization.
hValue deduced from the 952 keV gate.
iValue deduced from the sum of 573, 952, and 1151 keV gates.
t
r

s
g

V

V.
e

sequence consisting of 572.9, 952.0, 1150.6, and 1305.3 k
g rays has been found in our data set which is in prom
coincidence with evaporated protons. In addition, this s
quence does not show any coincidence relationships w
known transitions in76,77,78Se.

The new sequence has been placed on top of the9
2

1 iso-
mer at 475.5 keV since the excitation functions point
rather high-spin states. Spin assignments are deduced f
the measured DCO ratios which are close to 1.0 for all fo
transitions, hence giving evidence for theDI52 nature of
these transitions. TheE2 multipolarity of these transitions is
obvious from their prompt coincidence relations; i.e., th
transitions are fast and not nanoseconds delayed so tha
eV
pt
e-
ith

o
om
ur

e
t an

M2 character can be excluded.~An assumedM2 transition
probability of 1 W.u. corresponds to a lifetime of about 40 ns
for the 572.9 keV transition.! Increasing spin is evident from
the experimental excitation functions, and positive parity i
also supported by similarities with decay sequences feedin
the 9

2
1 isomers in adjacent nuclei, e.g.,71,73As @26,27# and

79Br @8#. Thus, states with132
1, 17

2
1, 21

2
1, and25

2
1 have been

identified in 77As for the first time.
Another sequence ofg rays at 257.5, 360.9, and 492.0

keV has been found to be in coincidence with the 572.9 ke
transition via a linking 1696.9 keVg ray. Theseg rays
establish levels at 2745.3, 3002.8, 3363.7, and 3855.7 ke
An independent decay path of the 2745.3 keV level via th
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53 2679HIGH-K STRUCTURE IN77As
160.3, 1363.8, and 745.8 keV transitions supports the pla
ment of the high-lying level structure. At the same time, t
745.8 keV transition establishes the 1221.3 keV11

2
1 state.

The ordering of the 745.8 and 1363.8 keV transitions is fix
by the observation of a 515.5 keVg ray not seen in the
1363.8 keV coincidence gate. Therefore, the 515.5 keV l
establishes a level at 1736.8 keV. This level is fed by
1008.4 keV transition, depopulating the 2745.3 keV state

A search has been made to find transitions linking the n
high-lying level structure to the lower-lying negative-pari
states, as they were seen in79Br or 81Rb. However, no firm
connection could be found.

It should be mentioned that in theb2 decay@4# of the
7
2

1 ground state of77Ge to 77As, a weak 745.75 keV transi
tion has been observed feeding into the9

2
1 isomer. However,

no spin and parity assignments had previously been propo
to the initial level at 1221.21 keV. Our assignment ofIp5
11
2

1 to this level is compatible with theb2 decay data where
the weak decay to the 1221.21 keV level~no log f t value
given in Ref.@4#! is a second forbidden transition with n
parity change. The 1221.3 and 1888.5 keV states appea
be signature partners to the main positive-parity seque
However, positive parity for the 1736.8 keV level is not
certain.

The DCO ratios for the 257.5, 360.9, 492.0, and 169
keV transitions have been deduced from the 572.9 keV g
resulting in values close to 0.5~see Table I!. This points to
DI51 transitions. Also in theDI51 258 keV gate, the DCO
ratios deduced for the depopulating transitions are close
1.0 suggestingDI51 character for the lines at 160.3 an
745.8 keV. All these DCO values support the proposed s

FIG. 6. Level scheme of77As as deduced from the present e
periment. Spin and parity assignments for the9

2
1 isomer and a few

low-lying levels have been taken from Refs.@2,4,15,16#.
ce-
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values. Negative parity of the high-lying structure is ten
tively proposed based on systematics.

A prompt coincidence gate set on the known low-lyi
264.4 keV transition in77As revealed, in addition to som
otherg rays, transitions of 794.9 and 1065 keV. The 79
keV line shows a DCO ratio of about 2.22~21! in the
DI51 264.4 keV gate, suggesting a stretchedDI52 char-
acter. On the other hand, the 264.4 keV transition show
DCO ratio of 0.45~5! in the 794.9 keV gate compatible wit
the known5

2
2 → 3

2
2 nature of this transition. These finding

extend the negative-parity states up to 2124 keV in excita
energy with the level at 1059.3 keV having spin and parity
9
2

2.
In theb2 decay compilation@4#, a 794.33 keV transition

has been observed in coincidence with the 264.4 keV tra
tion. For the initial level at 1058.74 keV, a spin of32

2 had
been assigned based on the logf t value of 10.28. In addition
the extracted proton transfer angular momentum ofl p51 for
a level observed at 1052~5! keV in the (3He,d) reaction@13#
and at 1052~6! keV in the (d, 3He! reaction@14# was used to
back up this spin and parity assignment. However, the po
lation of the 1059.3 keV level in the present experiment d
not support such a low spin, and the energy difference
about 7 keV compared to the reaction data suggests
there are two different levels, at 1052 and 1059.3 keV. T
known log f t value would also agree with a spin and par
assignment of92

2, as proposed from our in-beam data. F
thermore, the assignment of positive parity to the5

2 state at
632.0 keV based on a logf t 5 7.699 value in theb2 decay
@4# looks unlikely for an allowedb transition.

IV. DISCUSSION

A. Positive-parity states

Previously, the observation of low-lying states of12
1,

5
2

1, and 9
2

1 and their theoretical understanding in the fram
work of the rotational model with strong Coriolis couplin
provided early evidence for the occurrence of moder
prolate-deformed nuclei in this mass region@6,7#. However,
the model prediction of highly mixed states of11

2
1 and 13

2
1

originating from theg9/2 proton subshell with less than
MeV excitation energy above the92

1 isomer has, so far, no
been verified in77As. Now, the experimental excitation en
ergy of these states at 572.9 and 745.8 keV above the iso
provides additional support for the assumption of a st
quadrupole deformation in the As isotopes. The energy
the 13

2
1 → 9

2
1 transition of 572.9 keV is still smaller than i

73As ~610 keV! and comparable with the corresponding tra
sition energy~589 keV! in the isotone79Br. In all these
nuclei the positive-parity bands have been associated w
g9/2 proton excitation. Thus, the same configuration is p
posed for the new band in77As. The moments of inertia fo
the positive-parity band in77As and those of79Br are shown
in Fig. 7. The similarities are quite obvious. In both nuc
the dynamic moment of inertia,J(2), rises with increasing
rotational frequency\v. Unfortunately, the bands are no
known to high enough spins to see the first upbend or ba
bend. Systematics predict some collectivity for these state
77As, as in 79Br, which we cannot verify due to the lack o
lifetime measurements.

-



e

un-
ne
r

the

ve

d
ll
pe

to a

e

al
otat-

2680 53J. DÖRING et al.
B. Three-quasiparticle states

The high-lying level structure with tentatively assigne
negative parity in77As shows intenseDI51 transitions and
energy spacings like the knownDI51 3qp bands in79Br
and 81Rb. A more detailed comparison of the level energi
among theseN544 isotones is given in Fig. 8. With decreas
ing proton number fromZ537 in 81Rb toZ533 in 77As the
3qp levels are shifted up slightly in energy. Also, the lev
spacings increase slightly. Furthermore, the decay of
lowest states is somewhat different. Whereas in81Rb and
79Br the decay happens to both positive- and negative-pa
low-lying states, in77As only the decay to the positive-parity
states by a few high-energy transitions has been found. T
similarities in energy spacings are remarkable, suggest
similar internal high-K structures withK' 11

2 or
13
2 . In

79Br

FIG. 7. Kinematic,J(1), and dynamic,J(2), moments of inertia
for the positive-parity sequences built on the92

1 isomers in77As
and 79Br. A value ofK5

5
2 has been taken for both bands.

FIG. 8. Comparison of level energies for the high-lyin
negative-parity states in theN544 isotones77As, 79Br, and 81Rb.
The experimental data have been taken from79Br @8# and 81Rb @9#.
d

s
-

el
the

rity

he
ing

and 81Rb, a 3qp configuration was proposed where an
pairedg9/2 proton is coupled to a broken neutron pair; o
neutron is lifted to the intruderg9/2 subshell and the othe
one occupies the negative-parityp1/2, p3/2, and/or f 5/2 sub-
shells. The same 3qp configuration is now proposed for
high-lying structure in77As.

It should be mentioned that shell-model calculations ha
been performed recently for a similar high-lyingDI51 band
in the N548 nucleus85Rb, where the level energies an
M1 transition probabilities could be reproduced fairly we
on the basis of a three-particle-hole excitation of the ty
pg9/2

1
^ ng9/2

21
^ n f 5/2

21 @28#.

C. Shape calculations for77As

The nuclear ground-state deformation of77As has been
calculated with a macroscopic-microscopic model@29# re-
sulting in an electric quadrupole moment ofQ251.0 b. As-
suming an axially deformed shape this would correspond
deformation ofb250.146 which is typical for the so-called
transitional region close to the line of stability.

g

FIG. 9. Total Routhian surfaces calculated in the (b2 ,g) plane
using the model of Ref.@30# for positive-parity states with signatur
a51

1
2. The odd proton is assumed to occupy theg9/2 subshell.

Panels~a! and~b! show the results for 0.30 and 0.50 MeV rotation
frequency, respectively. Prolate- and oblate-deformed shapes r
ing collectively correspond to triaxiality parametersg50° and
260°, respectively.



-

se
n-

e

e
ed
.
-
.S.

53 2681HIGH-K STRUCTURE IN77As
The shape evolution of77As as a function of the rotational
frequency has been studied using the Hartree-Foc
Bogolyubov formalism @30#. Total Routhian surfaces
~TRS’s! have been calculated for77As for different rotational
frequencies and different single-particle configurations.
few results are shown in Fig. 9 for positive-parity state
where the odd proton occupies theg9/2 subshell, a situation
underlying the experimentally observed positive-parity s
quence. The results show moderate quadrupole deformat
of aboutub2u'0.25 with a triaxiality ofg'132° for a low
rotational frequency. With increasing frequency, the sha
changes to a smaller quadrupole deformation with a triaxia
ity of g'231°, i.e., to a shape with the ability of collective
rotation.

V. SUMMARY

In summary, high-spin states in77As built on the9
2

1 iso-
mer have firmly been identified up to252

1 and 21
2
(2) using

charged-particle–g and g-g coincidence measurements via
k-

A
s

e-
ion

pe
l-

the 76Ge(a,p2n) reaction at 32, 36, and 40 MeV beam en
ergy. The new positive-parity sequence on top of the9

2
1

isomer at 475.5 keV is described as ag9/2 proton excitation,
while a high-lying decay sequence consisting of inten
DI51 transitions is interpreted, based on similarities in e
ergy spacings with bands in79Br and 81Rb, as a negative-
parity 3qp band predominantly containing th
pg9/2^ ng9/2^ n(p1/2,p3/2, f 5/2) configuration.
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