PHYSICAL REVIEW C, VOLUME 64, 064311

Stability of oblate shapes in the vicinity of N=2Z=34 58Se: Bands in ®*Se and ®’As
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The y-ray decay schemes §fSe and®’As have been considerably extended using4i@a(?S,20n)%°Se
and *%Ca(?s,ap)®’As reactions at 100 MeV antPCa(®Ar, «2pn)®°Se and*°Ca(®Ar,2ap)’As reactions at
145 MeV, with the aim of studying oblate bands arising from the strong coupling of a vaigpgearticle (or
hole) to the oblate deformed ground state band%de. A newT,=12+2 ns J"=9/2" isomeric bandhead
was identified in®’As. A transitional quadrupole moment @, = —2.7(6) eb was deduced for the band built
on the 9/2 isomer in ®°Se, corresponding to a rigid oblate deformation@f=—0.4(1), consistent with
theoretical predictions. However, it appears that the relevant oblate configuratiéf8eimand®’As are not
nearly so favored as they are i#Se, and are rapidly crossed by prolate configurations that form the high spin

yrast lines.
DOI: 10.1103/PhysRevC.64.064311 PACS nunier23.20.Gq, 23.20.Lv, 27.560e
I. INTRODUCTION Il. PREVIOUS WORK

The low-lying states in®®Se are well known. Indeed,

The observation of configurations associated with oblatestates in®°Se were initially reported independently by three
shapes in nuclei is relatively rare despite naive expectationgroups a decade ago. In the earliest of these papers in the
that would suggest roughly equal probabilities for the occurditerature, Wiosnaet al. reported excited states i#°Se [3].
rence of oblate and prolate shapes based on the frequency Difieir identification employed an array of 11 compton-
deformation-stabilizing down-sloping high-orbitals for  suppressed germanium detectors operated in conjunction
both shapeg1]. The reason for the suppression of oblatewith an eightfold neutron multiplicity filter. The principal
deformation is subtle and lies in the higher order effects botlieatures of their proposed level scheme included an isomeric
in liquid drop terms and residual interactions that all favor9/2" state on which was built a band consisting of t&®
prolate shapes. Consequently, very strong oblate-drivingfansitions and four competing mixelll 1/E2 transitions.
shell effects are needed to overcome this tendency. The spéhey were unable to extend tlgg,, band beyond the 1772
cial configurations leading to oblate shapes are worthy oftate _vvith the favailaple statis_tics and were, hence, unable to
detailed investigation. Even in the few cases where an oblat@xa@mine the high spin behavior of the band. In a contempo-

shape does occur, rotational bands associated with the obld@Y Measurement, Ramdaeeal. used a pair of Gé.i) de-

shape are quickly supplanted by competing prolate configut€ctors and six neutron detectors to stutfge [5]. They
gned transitions t8°Se on the basis of excitation func-

rations with larger moments of inertia, since an oblate spher2>S! " s Thoi work don
oid rotating about an axis perpendicular to the symmetry axi%!onS andn-y, n-y-y coincidences. Their work reported only
has the lowest moment of inertia of all possible shapes. ive transitions that they could place with confidence in the

Long standing predictions of a stable oblate minimum forIeveI scheme of®Se. Arrisonet al.independently confirmed

N=Z=34 were recently confirmed by the observation of anthe observations of both Wiosre al. and Ramdanet al,

bl d band f8Sel2]. Thi i : although their level scheme was less extensive than that of
oblate ground state ban e[2]. This configuration com- the former work[4]. They used charged particle as well as

petes successfully with a prolate rotational band as it is MOIBautron coincidences to establish whighays were in®Se
tightly bound by around 1 MeV so the crossing to energetivherehy making their assignment firmer than the other two
cally favored prolate shapes does not happed#lBf. The \yorks that relied only on neutron-multiplicity arguments and
ground state band exhibits no back bending in the range thalxpectations of the magnitude of the cross section. They also

it is observed; an observation fully consistent with an oblatgacked sufficient statistics to extend thg, band beyond the
assignment. This successful study &fSe was partly 17/2" |evel.

prompted by earlier studies §fSe where indications of ob- 57As has been less extensively investigated. Lahgl.
late shapes were fouri@,4]. In the present work, we come studied®’As “in-beam” and found a rotational band built on
full circle, and revisit %°Se as well as®’As, in a study of a postulated 9/2 state as well as some irregular states par-
oblate bands and their competition with higher moment-of-allel to this band6]. A B-decay study of’Se found decays
inertia prolate configurations at high spin. to the ground state and an excited stgt¢ However, the
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200 TABLE I. Energies, intensities relative to the 1358-keMray
67As Delayed and angular correlation ratid® of prompt y rays in °Se. Assign-
ments are made on the basis of angular correlation ratios, or where
2 unobtainable, intensity and systematisse texk
© E, (keV) l, R RESEN
57.22) 18521) 19/27)—17/%47)
i i . 117.34) 33(4) 23/27)521/%7)
g g S%keVoate 128.41) 31319 0.4912) 32 —1/2
300 - i 1 402.83) 342(25) 0.545) 13/2" —11/2"
2 408.33) 10(2) 17/2F —(15/2%)
3% g 411.42) 35823) 0.387) 17/27)— 15/27)
100 L g 448.12) 114(9) 19/27)—(15/27)
" 468.41) 155(21) 0.948) 19/27) 5 15/%)
0 : . | , 597.82) 452(18) 0.46(5) 21/27)—19/27)
0 400 8°‘|’Ener y \;200 1600 2000 676.11) 77052 0.878) 11/2F —9/2*"
oy (ke¥) 714.93) 190(20) 1.068) 23/47) > 19/4°)
FIG. 1. Top: Delayedy-ray spectrum for events where twp ~ 762.43) 42(5) (27/127)—(25/27)
particles and one proton were detected. Delayeadys in ®’As are 772.02) 95(6) 15/ )—=11/2
labeled. Those marked with an asterisk are contaminants ffam 772.91) 45834) 1.11(11) (15/27)—11/2+
Bottom: y-ray spectrum of prompt transitions i#*Se in coinci- 786.41) 12014) 0.8414) 7/2- —3/2”
dence with the delayed 535-key/ray. 807.712) 311(18) 0.8013) 15/X7) 511/2°
840.24) 112(16) (15/2")—13/2°
excited state populated in th@decay did not coincide with  876.31) 40(5) 712~ _5/2"
any of the states known from the in-beam study and it wag77.33) 47(6) 17/2F —(15/2%)
not possible to establish spins and parities for these statesggs. 713) 126(15) 0.81(13) 7/27 3/2"
997.23) 91(8) 25/27)—23/%7)
lll. EXPERIMENTAL DETAILS 1001.64) 221(20) (29/2)—(25/2")
1079.61) 142684) 1.038) 13/2F —9/2*
The present data offSe and®’As is extracted from two 1081 33) 125(7) (29/2°)—(25/2°)
complementary measurements. The first experiment was pripg, ¢3) 106(15) 7/2- 52"
marily intended to locate new nanosecond isomers inAhe 1445 y3) 31921) 1.087) (25/2°)—21/27)
~ 70 region. An36Ar beam accelerated to 145 MeV by the 1130.31) 446(14) 20/2" s 25/2+
ATLAS accelerator at Argonne National Laboratory was in-1155.13) 68(5) (33/27)—(29/2°)
cident on a thick*®Ca target.®*Se and®’As were produced ;¢ 52) 28(5) (9/2) 512
via the *%Ca®Ar, a2pn) and “°Ca®Ar,2ap) reactions, re- 1182'51) 69220) 0.9412) 25/2" 21/
spectively. The target consisted of 4Q0y/cn? of “°Ca cov- 1182.8 2 130(10) ' 15/4) - (15/2)
ered on the front and back with 10@g/cn? of gold to 204' 5 1439 15/2 152
prevent oxidation. Recoiling nuclei were stopped 1 mm1 42) 39 ( )= ( )
downstream of this target in a 15 mg/erthick gold foil. 1218.94) 96(6) (33/27)—(29/27)
g g g -
The second source of information ¢fSe and®’As made ~ 124133 36(7) 112" —(9/2)
use of a 100-MeV beam of?S incident on the samé’Ca  +242-3%) 22716) (15/2")—~11/2"
target as before, with the reactions of interest in this casd?47-33) 141917) 1.059) 17/ ZF_’13/2+7
being “°Ca?S,20n)%Se 4%Ca?s,ap)’As. However, the 1275.22) 25915) (11/27)—(7127)
gold stopper foil was removed and, hence, the recoiling nui324.24) 3%4) (37/27)—(33/2')
clei were not stopped. The resultingdecay was detected by 1358.41) =1000 1.043) 21/2" = 1712"
the Gammasphere array in this case consisting of 80 HPGE#09.33) 18(3) (41/27)—(37127)
detectors. The forward five rings of germanium detectorsi470.G2) 286(15) 1.115 33/2" —29/2"
were removed so that an array of 30 neutron detectors coult#84.64) 48(7) 112 —712"
be included. The Microball array of 95 Csl detectors wasl501.22) 795) (29/127)—(25/27)
used to provide charged particle detectj@h 1521.84) 48(6) 112 —7/2"
The 3Ar data set was searched for the presence of new553.65) 27910) 0.50(6) 15/27)13/2¢
isomers. Transitions of 319, 725, 697, and 69 keV, previously.578.43) 228(11) (25/27)—21/2F
associated with the decay 6fAs were observed in a delayed 1672.26) 45(5) (41/2)—(37/2%)
y-ray spectrum with the additional particle condition that1682.64) 146(8) (37/127)—33/2"
two alphas and one proton were detedteg of Fig. ). This  1761.74) 81(8) (27127)— 231247
observation implies that the previously known 1422-keV1988.G7) 13(4) (41/2")—(37/2%)

level in ®’As is isomeric. By correlating the delayedrays
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with the prompt 942-keV transition above the isomer, a half-second matrix contained ajf rays against those at angles
life of 12(2) ns was obtained for the isomeric state. around 35° and 145frings 2, 3, 15, and 16 of Gamma-
The known 1 us 9/2" isomer in®*Se was used to pro- spheré. Due to the much weaker population 6fAs, a
vide a sensitive tag of the band built on the isomer, by proslightly different technique was employed. The 90° axis of
ducing matrices of prompt-prompj rays in coincidence the second matrix was augmented with rays detected
with the delayed 535-keV 972-5/2" transition from the around 80° and 100%rings 7, 8, 10, and 11 of Gamma-
3%Ar data set. No further particle gating conditions were nec-spheré. This averaging procedure attenuated the angular cor-
essary, since the spectra proved relatively free of contamielations somewhat but made it possible to obtain angular
nants(bottom of Fig. 1. Indeed, of all the delayed transitions correlations for transitions if’As, which would not have
observed, the 535-keV transition was by far the longesbeen possible without augmenting the 90° axis.
lived. However, a gate on this delayed transition excludes the By gating ony rays lying below the transition of interest
possibility of seeing transitions that bypass the isomer sincen the all detector axis and projecting spectra from each of
by its very nature it demands those transitions that feed theéhe forward/backward angle and 90° matrices, the ratio of
isomeric level, thereby supplying a biased picture of thethe intensity of transitions of intered®, was obtained. This
y-ray flux. Accordingly, the largef?S data set was used to ratio was normalized and found to be in the range1).€or
obtain information on states that do not feed the"d&bmer.  known stretched quadrupole transitions in strongly populated
A matrix appropriate t0®°Se was generated from th&S  nuclei, such as®®As, whereas for a pure stretched dipole
data, with the additional constraint of the detection of eithertransition the ratio was determined to be @®0Under the
one proton and one neutron or two protons and one neutrowariant procedure applied tJAs, these ratios were closer to
This matrix contained around 80L0° y-y events. In a simi- 0.9 and 0.6, respectively. MixeM 1/E2 dipole transitions
lar fashion, a matrix appropriate tJAs was sorted with a could take on a wide range of valuesRfdependent on the
particle requirement of one particle and one proton. This sign and magnitude of the multipole mixing ratio. We note
matrix contained approximately #QL0° y-y events. In order that an unstretched dipole transitioh™(—J™) will have the
to obtain the best resolution far-ray spectra obtained from same angular correlation ratio the same as a stretched quad-
the 32S data set, information on the energies of charged parupole transition. The assignment of such a multipolarity
ticles and the angle at which they were detected was used toust accordingly be made in the context of other coinci-
refine the Doppler correction. dence and decay scheme information. In keeping with the
In order to determine the multipolarity of the observedusual pattern of decay following heavy ion fusion evapora-
transitions, an angular correlation technique was appliedion reactions and excepting isomeric decays, we consider
Two matrices were generated from tA& data for each of only the multipolarity possibilites:M1, E1, E2, and
9Se and®’As with particle gating appropriate to each caseM 1/E2 for prompty-ray transitions.
as described above. In the case®®e, the first matrix con- In the construction of thé°Se level scheme we assume
tainedy rays detected at all angles against those at 90°. Ththe assignment of low-lying levels and the 9/&Bomer as
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made in previous work. In particular, we note the assignmenlier by Wiosnaet al. [3]. However, we do not observe the
of a spin and parity of 1/2 to the ground state of°Se  second pair of dipole transitiorid48 and 798 keYthat they
following the careful work of Pohet al. in determining the indicated as crossing over the 1248-keV 17/213/2" tran-
multipolarity of the 40-keV transition that feeds the groundsition in their level schemg3]. Instead, we associate differ-
state[9]. The spectroscopic information diiSe obtained in  ent transitions with the extension of the previously known
the present work is tabulated in Table I. The energies ang9/2)-(11/2-(13/2) strongly coupled sequence, consisting of
intensities presented in the table are exclusively derived fronthe 840- and 408-ke\A| =1 transitions as well as a 1242-
the 325 data set. The level scheme obtained f8e is pre-  keV (15/2")—11/2" transition, which forms a near doublet
sented in Fig. 2. Spectroscopic information 9fAs is tabu-  with the 1247-keV transition in the signature partner band.
lated in Table Il and the level scheme is presented in Fig. 3This 1242-keV transition is very much weaker than its 1247-
keV counterpart. This doublet is clearly evident in a gate on
IV. DISCUSSION the 676-keV transitiortop of Fig. 4. These transitions ex-

By combining the coincidence information afforded by tending the strongly coupled sequence are too weak to obtain

the two separate data sets, it has been possible to enlarge f@gfailed angular correlation information. However, they do
69Se level scheme considerably and to extendgeband exhibit a similar degree of signature splitting to the previ-
up to a tentative spin of (4172. In addition, the yrast band OUSIY known(9/2)-(11/2-(13/2) sequence. We were unable
in 57As has been extended to a tentative spin of (38/2 to extend the supposed S|gnatgre partner t_)and beyond spin
The Se level scheme is rather complicated and thd15/2°), nor was there any evidence of this (15)2state
population is spread over several rotational bands as well 229 fed by any other structures. .
many irregular levels that are not readily categorized into, MiXing ratios may be used to infer the sign of the nuclear
rotational bands. The following discussion will be divided deformation anq In cases wh(_are the value of the effegive
into a section concerning the high spin properties of bands 2¢O, 9« —dr, is well established, the magnitude of the
and 2 and a separate discussion of the remainder of the lev@ti@drupole moment may also be inferred. Two groups have
scheme. The concluding section will discuss the new inforPréviously extracted a positive mixing ratio for the lowest
mation on®As.

(33/2%)
A. %9Se bands 1

%

Our conclusions concerning the structure of band 1 below 1081

spinJ™=17/2" are in broad agreement with those made ear-

29/2+
TABLE II. Energies, intensities relative to the 943-keWray

and angular correlation ratid® of vy rays in ®’As. Assignments are 67 !

-

made on the basis of angular correlation ratios, or where unobtain- oo

able, intensity and systematitsee text .

v

E, (keV) I, R NS e

68.31) 261(15) 3/2”—5/2" 212+
319.01) 36825 0.497) 9/2" = 7/12” P

426.41) 13210) 21/2° —(19/2%) ﬂ

638.31) 256(19) 0.9511) (19/2°)—(15/2%) &5 1 =
697.21) 67821) 0.657) 712~ —5/2" (152

704.02) 185(18) (15/2")—(13/2%) y | 1772+
725.41) 72525 0.546) 9/2" —7/2" .

773.91) 71931) 0.8710) 25/2" —21/2" TR iy | M
814.91) 78(6) (13/2")—13/2° L %

860.02) 225(14) (11/2")—9/2" L

898.713) 260(14) (13/2")—(11/2") vz
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1357.91) 50219) 0.8711) 21/2" —17/2¢ wziGs\_IJ .
1422 .43) 13215 9/2" —5/2” '

1603.23) 17412 (15/2")—(11/2%) FIG. 3. Partial level scheme féfAs. The width of the arrows is

proportional to the intensity of the transitions.
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FIG. 4. Top:y-ray spectrum gated on the 676-keV transition in
32 ; ; ; i
the ™S data set with a particle gating condition of 2 protons and lratio delta for the 676-ke\M 1/E2 transition in ®°Se. The initial

neutron. The inset shows an expanded region of the spectrum bgr .
- ignment parameteir/J for the fit was 0.54. The 1% and 0.1%
tween 1100 and 1400 keV. The 1242- and 1247-keV transmon%ogﬂdenceplimits are”indicated ° 0

clearly appear as a doublet. Bottomrray spectrum gated on the
774-keV transition in theé?S data set with the additional constraint
of the detection of lx particle and 1 proton in microball.

FIG. 5. x? per degree of freedom for various values of mixing

obtained ¢=3.3) [3]. Such a large value is difficult to ac-
commodate since the implied quadrupole momenQis
Al=1 transition[3,4] in band 1. This was taken to indicate ~—20 eb, in contrast to a value 0Q,~—2 eb for an
an oblate deformation for this band. Using the high statistic®bPlate shape of3,=—0.3 predicted by TRS calculations.
afforded by the present experiment, we have attempted tBven using the quenched single particle Schmidt neutron
extract more precise mixing ratios for tidd =1 transitions ~Magnetic moment ofj,=—0.2 for gg, particles does not
in band 1 and thus infer the magnitude of the deformationlead to a plausible quadrupole moment. Thus the large mix-
The 3%S data was sorted into spectra for each of the rings ofnd ratio solution seems rather unlikely. In contrast, a mixing
Gammasphere. The strong angular distributions of severdftio of 0.51), our lower value, would imply a quadrupole
E2 transitions in®*Se were fitted in order to obtain a value Moment, Qo=3.4(7) eb, more consistent with theoretical
for the Yamazaki alignment parameter,J of 0.54. Starting ~ €xpectations. The 403-keX|=113/2"—11/2" transition
from this alignment value, the multipole mixing ratiy and ~has only a third the intensity of the 676 keV and its angular
alignment were minimized and two solutions were found fordistribution was found to be approximately isotropic. A fit to
the mixing ratio with very similar goodness of fit? (see  the angular distribution implied a small positive value tor
Fig. 5). The first solution for the 676-keV transition is a delta ©f +0.1(1), again suggesting oblate deformation and a quad-
of +0.5(1) while the second solution corresponds to a largefupole moment,Qo=—1.4(1.4) eb. Unfortunately, there
value of +2.91), consistent with a value previously ex- Were insufficient statistics to further extend our mixing ratio
tracted by Wiosnat al. of +3.3(4) [3]. An attempt was also analysis to the 840- and 408-keM =1 transitions. Taken
made to fit the mixing ratio for this transition in tHéAr data ~ together the weighted average of the quadrupole moments
set. However, in this case both the observed intensity of théor the 13/2" and 11/2' levels isQo=—2.7(6) eb, consis-
transition was much lower and the nucleus was less strongl{gnt with a rigid oblate shape with,~ —0.4(1).
aligned due to the emission of an additiomaparticle com- A lifetime measurement would greatly assist in quantify-
pared to the reaction using tH&S beam. These factors made iNg the magnitude of the deformation. In fact, Skaeteal.
it difficult to fit the observed angular distribution although Were able to obtain a lifetime for the 403-keV transition, but
the poor fit obtained again pointed to a positive mixing ratio.not the 676-keV transition, using the doppler shift attenua-
Let us try to explore the implications of the two possible tion (DSA) technique[10]. However, the necessity of gating
values ofés for the 676-keV transition. The calculations using below rather than above the transition of interest introduced
a Woods-Saxon potential suggest a valugf-gg~—0.8 @ Iarge fegding un.certa_in_ty int.o their result. The lifetime t.hey
for the odd neutron on the assumption that it occupies th@btained implied, in a rigid axial rotor model, a deformation,

highK [404]3 orbital. This value is rather independent of | B2 of between 0.24 and 0.§30].

deformation as there are no nearby higherbitals with

which to mix. Given that the mixing ratio has a positive sign B. Band 2

andgg—gg is negative, the sign of the quadrupole moment A clear change in structure in the yrast cascade occurs
must also be negative, as expected for an oblate shape. Whiégound spinJ™=17/2" where the strongly coupled band,
Wiosnaet al. reached a similar conclusion, they did not pro- band 1, is crossed by a decoupled band, band 2, for which no
ceed to interpret the large mixing ratio solution which theysignature partner could be found despite a careful search.
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Two back bendings are observed in band 2; the first at aipole suggesting that it is ak1 transition and that the
rotational frequency of around 0.60 MeW/and a second 3.208-MeV state from which it decays, most likely has a
irregularity at a higher frequency of around 0.85 M&V/ spin/parity of 15/2. Moreover, this state decays strongly
These rotational irregularities immediately point to a changdoward the low-lying negative parity states giving further
in the nuclear shape between band 1 to band 2, since crankenfidence to this parity assignment. Clearly, linear polariza-
ing calculations assuming an oblate deformation ef tion measurements would be useful in confirming this as-
= —0.3 indicate that no alignment processes take place fasignment. Built on top of this 15/2 state we see a strongly
either protons or neutrons until very high rotational frequen-coupled sequenodand 3. Assuming an oblate deformation
cies (>1 MeV/h) are reached. In order to account for the and that thegq, neutron lies in a high< orbital and is
decoupled nature of band 2 and the observed back bending,dbupled to an underlying =3~ band in%%Se, we extract an

iS necessary to invoke a prolate deformation. Accordinglyalignment for this band of around 3 relative to band 1,
cranking calculations were carried out f6iSe using princi-  which is entirely consistent with octupole character. At a
pal axis cranking coddd 1] in order to explore the expected tentative spin of (25/2) band 3 is crossed by a decoupled
alignment properties of a band in the prolate minimum. Anband, band 4. The change in character between bands 3 and
axial prolate deformation of,= 0.3 was assumed and a pair- 4 is very similar to that between bands 1 and 2. Indeed, the
ing gap,A of 1.3 MeV was employed for both protons and structure of bands 3 and 4 could be interpreted as an octupole
neutrons. The alignment of the first pair g§,, protons is phonon coupled to the underlying configurations responsible
predicted to occur at a rotational frequency aroundfor bands 1 and 2.

0.55 MeV/#. In the case of the neutrons, the first crossing is A further level of interest is the 3.229-MeV state lying
blocked by the occupation of the lowest neutron orbit by theclose to the 15/2 3.208-MeV level. It has not been possible
odd neutron in®®Se. However, the second crossing is notto confirm the spin and parity of this state but given its decay
blocked and occurs around 0.90 MéV/The predicted path it seems likely that this would also have a spin/parity of
crossings are in good agreement with those observed expe(it5/27). One could speculate that this arises from the cou-
mentally. However, one should emphasize that in the absengaing of an octupole phonon to ti{anobservepl9/2" state in

of lifetime measurements, the deformation employed in théhe prolate band leading to a closely spaced doublet of
cranking calculations have been estimated. Moreover, the ef15/27) states.

fects of reduced pairing have not been explored and these

may prove more important for higher rotational frequencies. D. 57As

The initial alignment of band 2 is found to be around 4 By searching for delaye rays in the®®Ar data set, we

that is consistent with g/, neutron occupying a lowt orbit have found a new isomer if’As with a half-life, Ty,

in accordance with the expectation of prolate deformation.

The gain in alignment as a result of this first backbending is 12(2) ns at an excitation energy of 1422 keV. This state

around 7 %, which is consistent with the alignment of a pair was previously assigned a tentative spin/parity of (9/By

of ggj» protons. Due to the limited statistics, the band was no%azrlg ett ‘?l' [6]. G",’er:‘bth? Sysgzmat'ﬁ e}ppearalnce Of.ISOftTLe“C
observed right through the second back bend, preventing th states in neighboring ode-nuciel, we aiso assign the

extraction of an incremental alignment for this latter crossingState spin/parity of 9/2. L_J_smg the™S data, we were able to
process. observe a 68-keV transition that feeds the ground state. The

intensity of the 68-keVy ray is very close to that of the
1035-keV transition that feeds it. Given that the conversion
coefficient for such a transition would be3 for anE2 and

As well as extending thgg,, band, information has also ~0.1 for anM1 transition, we prefer aM 1 assignment for
been obtained on additional levels fiSe. One feature of this transition.E1 multipolarity may be ruled out on the
interest in®°Se is the suggested occurrence of octupole softgrounds that 9/2 is the lowest positive parity level that we
ness. Nazarewicet al. predict that®®Se is soft with respect expect to see. Fixing the multipolarity of the 68-keV transi-
to octupole deformatior{12]. In the neighboring oddx  tion in this way and making use of angular distribution in-
nucleus,%Ge, for which octupole softness is also predicted,formation for other transitions, allows us to assign the spins
it was originally claimed that there was a very strongly popu-and parities of the states below the isomer. In addition to
lated 15/2 state that was assigned the configuration of theclarifying the low spin levels, we have extended thg,
g2 Neutron coupled to an octupole phond8]. However, band in ®’As by two transitiongbottom of Fig. 4. In con-
later work, making use of both angular distribution and lin-trast to the lower part of thgy,, band in®°Se there does not
ear polarization measurements showed both that the 15/2appear to be a signature partner band that might be expected
assignment was incorrect and that the relevant 15fates  if the associated deformation were oblate. Indeed, the struc-
lay at much higher excitation energies more consistent witliure running parallel to the band proper is highly irregular. A
their systematic appearance in heavier édgermanium iso- back bending occurs in thgg, band at a rotational fre-
topes[14]. There was, therefore, no evidence for enhancedjuency of around 0.5 MeV{/ with an associated gain in
octupole correlations if°Ge. In the present work, a possible alignment of 5—@ that is consistent with the alignment of a
candidate for an octupole state §Se has been observed at pair of gg/, neutrons. As in the case fSe, the presence of
3.208 MeV. The 1554-ke\¥ ray that decays from this level a rotational alignment points strongly to a prolate shape. De-
has an angular correlation ratio consistent with that for a purspite the tempting interpretation of the structure®s in

C. Other structures
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prolate deformed, which brings the lou- low-J gg/, States
down in excitation energy, so the isomerism is often en-
hanced as the transitions may also be low in eneffgb
[18] and 8% [19] show particularly good cases of this isom-
erism, with isomers off,,=3.2=0.1 and 6.6 1.5 us cor-
responding tB(E1)’s of 2.6x10°8 and 1.2<10™ " Weiss-

@372 kopf units (Wu), respectively. The unusually large
(2127) H H :
774 53 o suppressions in these cases are attributed to parent and
2zt (927 | daughter states being very different in structure, and the de-
aoer % 710 cays do not correspond to simple single-nucleon changes of
_63!3_( 1358 lzdo 3 U520 orbit.
(525§ 9% L amn The T,,=12+2 ns isomer found iff’As also has very
704 172 inhibited E1 decays, of 3.£0.5 and 0.3:0.1x10"7 Wu.
asen  § | "\ B i ACEY 0 In this case, the high- g, State is the lowest positive parity
2 R A state, indicating an oblate shape, but its excitation energy of
v 132+ 13/2F 112+ 1.4 MeV indicates modest deformation. The presence of two
low-lying J7=7/2" states indicates more than one mode of
860 943 996 890

excitation is present near the groundstate, possibly due to
vibration coupling and coexisting shapes. However, they ap-
pear highly mixed and no clear collective band structures
built on top of these states were found.

s ¥

FIG. 6. Comparison of high-spin states built on the™9iQomer
in 87As (left) and ®’Ge (right).

9/2+

V. CONCLUSION
terms of the coupling of a protogg,, hole to the known
rotational bands in®®Se, there is little evidence for oblate
collective rotation in®’As. Instead of comparing t8°Se, it
might be more relevant to interpréfAs in terms of agg,
proton weakly coupled to the weakly deformé&Ge core
and to compare witl’Ge whose high-spin spin structure has
been interpreted in the past agg, heutron coupled to the
known states in®®Ge [15]. The high-spin structure of’As

In conclusion, we have extended the previously known
K=9/2" oblate band in®Se and find that it is rapidly
crossed by a prolate configuration that continues to high
spin. We could not observe any extension of the oblate band
beyond the crossing point. This could indicate a lowering of
the barrier between oblate and prolate states, which lies low-
est at fixed deformation |B,|~0.3), involving mixing

and %’Ge are compared in Fig. 6. Clearly as far as the 17/2 through triaxial shapes. The difficulty in studying the oblate

state the states are very similar. However, at a higher spirpiructure also reflects a difference in total binding energy of

- . 8 . . .
the comparison breaks down since the yrast high-spin statd@e configurations. If*Se, the oblate configuration isore
in 57As are of positive parity while they are of negative bound than its prolate counterpart by about 1 MeV and hence

parity in 9’Ge[15]. 57As appears to be more deformed than remgins rglatiyely pure at low spi2]. In ®°Se, the oblate
67Ge that exhibits a more vibrational pattern of St4fE&. A conflguratlo_n is abou§ 0.5 Me‘tés_sbound than the p'rolatel
comparison of®®As and ®%Ge reveals similar behavior. The states and is rapidly immersed in nearby states with which

prolate yrastggy, band in 695 extends to high spin, while to mix. In contrast there seems little evidence for oblate

. . . 67 .
irregular negative parity states form the high-spin yrast linecO/l€ctivity in **As that has one proton hole with respect to

in %Ge[16,17. the N=Z=234 core and this nucleus is more readily de-

In recent years several isomers ranging from tens of nang:cfiPed in terms of the weak coupling ofgg, proton to the

- - - %6Ge core.
seconds to microseconds have been discovered inAthe
=65-85 neutron deficient region, both from fragmentation
and fusion reactions. The underlying structural cause of the
isomerism is often the decay between structures based on the RW. and N.S.K. acknowledge support from the UK
Qg2 intruder orbital andfp-shell configurations. These iso- EPSRC. R.W., N.S.K., R.M.C., and C.E.S. acknowledge re-
mers have modest spin change—1 or 2 units of angulaceipt of a NATO grant. This work was supported by the U.S.
momentum—but the electromagnetic decays are retardefepartment of Energy Grant No. W-31-109-ENG38 and by
The neutron deficient nuclei in this region tend to be highlyNational Science Foundation Grant No. PHY95-14157.
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