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High-spin states in the neutron-deficiefiis nucleus have been studied using in-begmay spectroscopic
techniques combined with mass identification. A new decay sequence of negative parity has been assigned to
"IAs and previously known sequences have been extended to higher spin and excitation. The new sequence has
been identified as originating from the protbs, extruder orbital, which approaches the Fermi surface at large
prolate deformations. Comparisons of experimeBg\11)/B(E2) ratios to theoretical expectations support
this interpretation[ S0556-28139)04005-4

PACS numbd(s): 23.20.Lv, 27.50+e

The nuclei in theA=70 mass region exhibit a compli- mentum and parity assignments for most of the transitions
cated interplay of single-particle and collective degrees obbserved. Approximately 6.3 milliog-y coincidence events
freedom, reflecting the influence of competing shell gaps irwere recorded in coincidence with a recoil. Mass 71 and 72
the Nilsson single-particle levels. As a result, different defor-were the strongest channels in this reaction. In addition to the
mations occur in the same nucleus, as first observed in thidp, “*As reaction channel,%Ge (2pa), "'Se (2n),
mass region inf?Se[1]. The same interplay is expected to be 7°Se (2p), and "?Br (pn) have also been identified in this
present in the isotoné'As. Indeed, recent experimental stud- data set. A preliminary report of this work was presented in
ies[2] of this isotope support the coexistence of triaxial col-Ref. [7].
lective and spherical single-particle states, and the conclu- The present study confirms the positive-parity part of the
sions are supported by theoretical calculations of the total'As level scheme as reported in RE2]. The partial level
Routhian surface(TRS) [2,3]. The calculations for the scheme of the negative-parity states’dhs obtained in the
negative-parity states predict shallow minima at prolate angresent work is shown in Fig. 1. The placement of the tran-
noncollective oblate deformations at low rotational frequen-sitions is based primarily on the coincidence relations be-
cies, which become more deformed as a function of fretween these transitions, their relative intensities, and excita-
quency and triaxial abovkw=0.5 MeV. At large deforma- tion energy sums. A summary of the experimental
tions, the prolate minima in the energy surfaces could allowinformation deduced for the transitions in Fig. 1 is given in
the protonf, extruder orbital to come sufficiently close to Table I. Typical values of DCO ratios for stretched dipole
the Fermi surface to be populated in a heavy-ion induceénd quadrupole transitions are, respectively, 0.5 and 1.0,
reaction. This orbital is also critical in the development of when gated on a stretched quadrupole transition and, respec-

deformed and superdeformed shape#in60 nuclei[4]. tively, 1.0 and 2.0, when gated on a stretched dipole transi-
High-spin states in'As have been investigated using the tion.
160+ 58Ni reaction at a beam energy of 59.5 MeV. TH® The previously known negative-parity bandi2] in Fig. 1

beam from the ATLAS accelerator at Argonne Nationalhas been extended up 1610 MeV in excitation energy and
Laboratory bombarded a self-supporting 48¢/cn? foil of the decay of this band towards the lower-lying negative par-
®8Ni. y rays at the target position were detected by the Gamity states has been confirmed. Previously establi§Bgtian-
masphere arrajp] which was coupled to the Fragment Mass sitions to the positive-parity band have been confirmed but
Analyzer[6] in order to separate evaporation residues fromare not displayed in Fig. 1. This separation of the negative-
other reaction products and from scattered beam. This wasnd positive-parity portions of the level scheme is appropri-
the first experiment with this setufy-y coincidence events, ate since, for the most part, the deexcitations of the negative-
as well asy-recoil mass coincidences, have been establishednd positive-parity states preserve the parity. The exceptions
A total y-y coincidence matrix, as well as sevenaly ma- are a few transitions in the signatuse= —1/2 partner of
trices gated on the mass of the recoils, were constructedhand 1 which also feed the positive-parity cascade, as dis-
Measurements of the directional correlations of the transiplayed in Fig. 5 of Ref[2] and as confirmed in the present
tions (DCO ratiog have provided the basis for angular mo- work. The DCO values for the members of negative-parity
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ments. Since band 2 only populates the lower-lying negative-llZG'0 286) 5359.4  4774.8

parity states and the positive- and negative-parity cascades >’ 1820 1.047) 53715 4234.0
are essentially decoupled, negative-parity has been assumég>6-9 8615 50741 3917.2
for band 2. This band is regular and attains the maximum of!186.4 ~ 8220) 0.9013) 2111.0 9246
its intensity (~20%) at spin 11/2. At higher excitations, 1301.4 1380 1.0313) 66729 5371.5

or Band 1 TABLE |. Energies, intensities, DCO ratios, and placements of
e transitions in”*As displayed in Fig. 1. DCO values marked with an
asterisk were obtained by gating om\a=1 dipole transition.
1570.0
Energy* Intensity Excitatiorf Assignment
sl —V—s3/2 (keV) (%o0) DCO E; (keV) E; (keV) ||7T — |;T
147.7 27740) 0.837)* 147.7 0.0 %‘ — g‘
o 3027 49100 10611)* 20622 17594 § > -
71AS B 312.7 124) 0.528) 2111.0 17984 %’ — g’
< 333.2 7915 1.026)* 2062.2 1729.0 g’ — %’
2° s 3548 14120 1189)* 2417.0 20622 U~ — 9~
5 e i Iy 369.6 306) 04012 32909 2921.2 iI7 > 157
g wo [ @) J 4035 14§25 1096)* 28205 2417.0 1" > 11~
'5 5418 10359 nse9  21/2 . 442.6 15425 0.906)* 3263.1 2820.5 %’7 — 1737
;g o . o e I 451.0 10920) 0.599) 2921.2 24703 157 w— 13~
3 oea O 4552 12930) 0.436) 43724 3017.2 217 > 197
. /2 4702 305) 13949 9246 97 = I°
/2 475.9 10215 0.939)* 3739.0 32631 i~ > 15
. . /2 483.6 1§3) 0.7010* 1729.0 12455 1~ — 5~
2t 3127 oneg | orse 494.2 8110) 0.949)* 4233.2 3739.0 1?9’ — %7
L 1 o 514.0 267) 1759.4 12455 %’ — g’
470’27'/2— 541.6 316) 1.0324)* 4774.8 4233.2 %’ — %’
\ T I 5526 ~ 3%) 0.757) 17984 12455 9 > 3
| ! [ | 5846 62 5359.4 47748 23~ — 21°
ot 5/2 2 2
626.4  8610) 0.484) 39172 3290.9 L7 > i7”
FIG. 1. Partial level scheme of'As obtained in the present 671.8 14930) 0.997) 2470.3 1798.4 13~ > 9~
work. Only the states with negative parity are displayed. The width 7161 3@10) 2111.0 1394.9 ﬁ* — é*
of the arrows is proportional to the intensity of the transitions. The 7gg 4 4@8) 1.6131)* 28205 2062.2 é— — g—
y-ray energies are in kev. 7770 339 9246 1477 1 > 5
2 2
band 1 support the spin-parity assignments up to the 33/2 8102 11®5 089100 29212  2111.0 175_ ~ %_
state. The 671.8-keV transition (13/2-9/27) could also be 8460 5810 32631 2417.0 %’7 ~ %7
regarded as part of the band and it has been included in the873-8 7810 17984 9246 ¢ — I
calculations below. However, the bulk of the intensity out of 820.6 47160) 1.028) 3290.9 24703 1" w— 13"
the 13/2 state is carried away by the 1075.4-keV transition 918.1 425 2.5854)* 3739.0 28205 i7" — 13~
towards the lower-lying 9/2 state at an excitation energy of 924.6 27050) 0.485) 924.6 00 I~ = 5
1394.9 keV. 943.4 217400 1.1Q7) 4234.0 3290.9 %" — %_
Band 2 in Fig. 1 is a new sequence of negative-parity 969.9 8010) 1.8033)* 4233.2 3263.1 19~ > 15~
levels observed at moderate excitations. The spectrumin Fig.996.0 35170) 0.8510) 3917.2 2921.2 ﬁ* — ﬁr
2 is a sum of gates on several band-2 transitions from a;g35.9 265) 4774.8 3739.0 H- > 17—
matrix gated oPA=71. The band consists of dipole transi- 19754 3980 1.036) 2470.3 13949 13~ +> o~
tions which compete favorably with quadrupole crossover,q- g 76200 1.4516)* 12455  147.7 5- o 5
transitions. The DCO values in Table | support these assign- FENIY
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the intensity drops gradually until the band disappears at spii394.9  31%0) 1.037)  1394.9 0.0 = 8T
23/2° andfiw~525 keV. 1442.0 6815 1.3718) 8114.9 6672.9 33~ ~— %‘

Due to its rotationlike properties, band 1 has been ana-1570.0 307) 9684.9 8114.9 31" — 337
lyzed extensively in the framework of the cranked shell 1581.5 144) 1729.0 1477 1~ — 3~
model in Ref.[2]. The extension of this band to higher ex- 17290 4815 2.0538* 1729.0 00 7 > &-
citations in the present work confirms the persistence ofj7599 <17 1759.4 00 7= v 5-
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these properties at high spins. The kinemafit and dy-
namicJ‘® moments of inertia for this band are shown in Fig. 8ncertainties on the-ray energies vary from 0.2 to 0.4 keV for
3. The onset of collectivity occurs at a rotational frequencythe strong transitions and from 0.8 to 1.0 keV for the weakest ones.
of ~0.32 MeV and persists up te-0.8 MeV, with both  Pintensities relative to the intensity of the 714.0-keV transifigh
moments of inertia gradually increasing. The small kink inderived from coincidence gates.

the dynamical moment of inertia at0.42 MeV could be a ‘Uncertainties on the excitation energies vary from 0.2 to 0.8 keV.
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e, for proton orbitals in”?As. The Nilsson parametets=0.0626

. . and u=0.614 were used.
FIG. 2. Spectrum obtained from the sum of coincidence gates

placed on the 147.7-, 333.2-, 354.8-, 403.5, 442.6-, 475.9-, and
494.2-keV transitions of band 2 in a matrix gated A 71. evant Nilsson model orbita[8] as a function of deformation
€, are shown in Fig. 4. The only available higherbital is
trace of a band crossing within the sequence. TRS calculdhe f7. extruder configuration, with asymptotic quantum
tions [2] for "*As suggest a deformed, prolate shapg ( Nnumbers 7/2[303], which approaches the Fermi surface at
~0.31y~5°) atZw~0.3-0.5 MeV, which evolves to a Z=33 only for large,e,>0.25, deformations. Although the
triaxial (e,~0.24,y~30°) shape for this negative-parity 5/2 [303] orbital is near the Fermi surface for oblate defor-
configuration at high frequencies. mations,gx~gg for this f5, orbital. Therefore, th&(M1)
In Fig. 3 the kinematic and dynamic moments of inertiavalue would be very small, in contrast to the observed, rela-
for band 2 are also displayed. Similar behavior to that oftively large,B(M1)/B(E2) ratios. .
band 1 is observed, suggesting similar, prolate deformations. The experimentaB(M1)/B(E2) ratios for band 2 are
However, band 2 is &1 =1 sequence witlB(M1)/B(E2)  shownin Fig. 5, together with theoretical expectations of this
ratios varying between 4 and &2/(eb)?. This observation ratio for af,,, K=7/2 proton orbital, withgs=0.65{"*
supports a highk, prolate character for this band. The rel- [9]. The B(E2) value for the 17/2 state of band 2 was
assumed to be between 58 and 83 W.u., in accordance with

; experimental limitg2] for the B(E2) value of 6815 W.u.
' for the 17/2 state of band 1. Since both negative-parity
25 (a) .
S0 . 20 N ]
D \ ® Band-2 exp.
= ./@/;W \ —— - K=7/2 theory
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02 04 06 0.8 FIG. 5. ExperimentaB(M1)/B(E2) ratios(circles for the lev-
Frequency (MeV) els of band 2 as a function of spin. The dashed curves represent the

range of values for these ratios expected for the [[3R3] proton
FIG. 3. KinematicJ®¥ and dynamic)® moments of inertiaas a extruder orbital with empiricaB(E2) values for band 12]. The
function of rotational frequencgin MeV) for bands 1(squaresand  solid curve is expected for mome@,=3.1 eb, as discussed in the
2 (circles in ™As. text.
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bands exhibit similar collectivity, this range of values shouldband 2. However, this is the first clear observation of a de-
be a good estimate of tig(E2) value for the 17/2 state of  formed rotational band built upon the high-7/2"[303] ex-
band 2. These theoretical predictions give values somewhétuder configuration.

larger than experimentally observed. This could, perhaps, be N summary, the negative-parity level scheme’ths has
attributed to a slightly larger prolate deformation in band 2P€en enriched and extended to higher excitations. The previ-
compared to that measured for band 1. Alternatively, the lac usly known hegative-parity triaxial banci IS extended up to
of signature splitting for band 2 suggests an axial shape, u -8 MeV rotational frequency. A newh| =1 band is ob-

he hiah b qf Thi d i erved with the properties expected for a rotational band
to the highest observed frequency. This could, In turn, Cory it on thef.,, 7/2 [303] proton extruder orbital. This is

respond to a larger transition quadrupole momeht, for e first observation of a deformed protéy, configuration
the same deformation. The experimerB4{M1)/B(E2) ra-  in the A=70 mass region.

tios in Fig. 5 can be reproduced with a momeQt The authors would like to thank Professor Larry Zamick
=3.1 eb, which corresponds to a#, value of 0.37, using for discussions of the theoretical expectations of the
Eq. (3) of Ref.[2]. B(M1)/B(E2) ratios. This work was supported in part by

Proton 7/2 states with modest spectroscopic factors havey.S. National Science Foundation and the Department of
been previously observed il $He) reactiong10,11 at ex-  Energy—Nuclear Physics Division under Contract Nos.
citation energies similar to the 7/X%tates at the beginning of W-31-109-ENG-38 and DE-AC03-76SF00098.
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