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High-spin states il As have been studied via tH&Ge(«,p2n) reaction. Proton-gated excitation functions
extracted from measuregray yields at beam energies of 32, 36, and 40 MeV and an additipnatoinci-
dence measurement at 40 MeV have been used to assig-nayvdecay sequences féAs. In particular, a
positive-parity sequence up to spﬁﬁ and a high-lyingAl=1 sequence up t&l and of probably negative
parity have been found to decay into the kno§vh isomer at 475.5 keV. Nuclear-shape calculations show a
triaxial shape for the positive-parity states with moderate quadrupole deformation. The high-lying negative-
parity sequence is interpreted as a higthree-quasiparticle band similar to bands in adjacent ny86656-
281396)00206-3

PACS numbegws): 21.10.Re, 23.20.Lv, 25.55.Hp, 27.5@&

[. INTRODUCTION 3As), with a possible maximum around tiN=42 nucleus
"SAs. However, experimental studies extending the in-beam
The presence o} © isomers in the oddk As isotopes is data systematics to the neutron-rich isotopes have not yet
well known. Their excitation energies decrease from 142z2been performed, possibly due to the small cross sections ex-
keV in ®’As [1] to 304 keV in ®As [2,3], followed by a pected for producing these isotopes. The present work re-

slight increase to 475 keV if’As [2,4] and to 773 keV in ports the results of an in-beam study dfAs using

As [5]. Low-lying 3+ states are also known from @-particle beams to populate moderate and high-spin states.

B-decay work in most of the odd-mass As isotopes. The th;thermore, inaséeveral of thi=44 isotones, e.g."Br
occurrence of these low-lyin§™ — 3" doublet states in the E8]' ) Rb [9],hand bY [1]9]' hégh-l;gng three-qudast;paé":;:le
level spectra of ®’’As could be fairly well explained in the 3qp states have been found to be connected by Khst
framework of the Coriolis-coupling model with a pairing in- transitions[B(M1)~0.5 Weisskopf unitqW.u)] with al-

. 8
teraction at prolate deformatid®,7]. In these calculations most noE2 crossover tr‘.”‘ﬂs_'“f’”%xceﬂgfof 3;{1) These
the positive-parity states have been found to be highlyAI:.1 bands start at spu%. n Br, z in "Rb, and
2~ in 8Y and, hence, exhibit a higk- quantum number

mixed. For prolate deformation the decoupling of tKé 2
=3* band t(F))gether with the strong Coriolisﬁntegractions be-(K%%1 or £). Therefore, a second goal of the present study

bands based ioinating f was to search for a similar highk-band structure in the
tween ban 'S based on stqtes originating .ron’gm@proton N=44 nucleus’’As. A comprehensive compilation of the
subshell shifts the high-spin states down in energy,

, , gy, accounksy narimental data about 3gp structures in the mass 80 region
ing for the observed level structure satisfactorily. Further--a1 pe found in Ref(11].

more, 7 * states are expected iff""/As at about 750 keV g far, only low-spin statencluding thel* isomej are
above the;" isomer for a quadrupole deformation of known in 7As from previous investigations, in particular
B~0.10-0.15(see Fig. 5 in Ref[6]). However, in both  from (3Hed) [12,13 and (, 3He) [14] reaction studies and
nuclei these high-spin states have not yet been seen expefiom g~-decay investigationf2,4,15,16. The lifetime and
mentally. The observation of low-lying" stateg7]in some g factor of the first excited ~ state at 264.4 keV have also
of the odd-mass As isotopes has been taken as additiongben measurefd.7).

support for the Coriolis-coupling model, and a somewhat
higher prolate deformationd= +0.2) has been suggested,
leading to a calculated energy for th&" state of about 560
keV above thel  state. States in ‘As have been populated using the
As a consequence of these model considerations, high®Ge(a,p2n) "As reaction at 32, 36, and 40 MeV beam
spin bands feeding into the isomer are expected to occur iBnergy. Thea-particle beams were provided by the FN
the neutron-rich ”>"’As isotopes. However, experimental Tandem-superconducting LINAC facility at Florida State
data for such high-spin decay sequences are known only fadniversity. They were produced in a specially designed
the neutron-deficienf’ 73As isotopes which can easily be source where a small amount of Havas converted to
produced via heavy-ion reactions. From properties of thesele™ in a metastable state which is long enough lived
decay sequences and the energy of #ieisomer, a slight (~0.5 m3 to bring it to the high-voltage Tandem terminal.
increase in the quadrupole deformation can be deduced withfter stripping and further acceleration in the Tandem, the
increasing neutron numbéirom N=34in /AstoN=40in  He?" beam was postaccelerated by the superconducting
LINAC to achieve the final energies of 32, 36, or 40 MeV.
Two different in-beam experiments have been carried @ut:
“Permanent address: Department of Physics, Jilin Universitya charged particle~ray coincidence experiment for identifi-
Changchun, Jilin 130023, People’s Republic of China. cation of transitions associated witfAs and (i) a y-y

II. EXPERIMENTAL TECHNIQUES AND RESULTS
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FIG. 1. Charged particlAE-E matrix measured with a Si de- % 4001 o R @ . ® o
tector telescope placed at 45° during the irradiation of a tA@e O { = < $ o 3 . e
target with 40 MeVa particles. The number of counts is propor- © 200 3 3 ‘ §§ g; 0 3 ]
tional to the grayness which is plotted in a square-root scale to ' Mm
Lﬂ ,JU , 4

proton, deuteron, and triton events, respectively. 0 ——

4 5629 o 76 .
prompt coincidence experiment for establishing the level 800 alphagated @ (0,0) ""Ge |
scheme. In both experiments the target was a self-supporting . a & (0,0 2n) TGe
foil with a thickness of about 50@g/cm? enriched to 94.6% 600 — § .
in "®Ge. The strongest target contaminations wéréGe | °
with 1.7% and 2.3%, respectively. w004 of o o4 -

- g N o l\ g 0

A part - . ood T |2 58 °8 o]
. Particle-gated y-ray excitation functions L,,,M / N ! 5
To search for prompy rays depopulating excited states in 0 , : , : : :
"As, a charged-particley-ray coincidence experiment has 600 700 800 900 1000
been carried out at 32, 36, and 40 MeV beam energies. The ENERGY (keV)

charged particles were recorded with tiiE-E telescopes
placed at 45° in the forward direction at about 2 cm distance )
from the target. Each telescope consisted of two Si detectors, FG: 2, Gamma-ray spectra recorded during the bombardment
a 75um AE and a 1000um E counter. The sensitive de- of a thin "Ge target W'th 4(.) MeVe particles. The top spectrum
tector area was about 50 nirfor each telescope. Evaporated shows the totaly-ray projection of all twofold coincidence events

. including y-y and charged-particley-coincidences. In the middle
protons up to about 12 MeV and particles up to about 50 and bottom panels, the rays in prompt coincidence with protons

M_eV Were compl_etely stopped in_tHE count_ers. Protons and a particles, respectively, are displayed. The spectra from both
with higher energies gave smallérsignals again. A relevant g; telescopes have been added together.

particle AE-E matrix measured with one of the telescopes at

40 MeV beam energy is shown in Fig. 1. The evaporatedamplitude converter was started by the LEPS time signal and
protons andx particles are well separated. A small numberstopped by the delayed signal of the particle telescope being
of evaporated deuterons and tritons has been recorded fited. For energy and efficiency calibrations radioactive
well. sources of'*8Ba and'*Eu have been used.

During the experiment the rays were recorded with six Proton and a-particle-gated y-ray spectra have been
Compton-suppressed high-purity Ge detectors and a lowsorted off line. Examples are given in Fig. 2 from the data set
energy photon spectrometdrEPS. Four Ge detectors and measured at 40 MeV beam energy. At this energy, most of
the LEPS were placed at 90° and two Ge detectors were ithe y rays produced originate from the pure neutron evapo-
backward direction at 145° relative to the beam axis. The Geation channels, the strongest being tfi€e(e, 3n) "'Se re-
detectors and the LEPS were operated in prompt coincidenggction. The relative cross sections calculated PagZE2 a
with the two particle telescopes. Both types of prompt coin-modified version of a statistical model program for heavy-
cidence events, charged-particleand y-y events, were se- ion reactiong 18], for the («,3n) and the ¢,p2n) reactions
lected by the data acquisition system, digitized, and writterare 77% and 3%, respectively. The remaining 20% of the
on 8 mm tape for off-line analysis. In addition, time infor- reaction strength leads mainly to the even-evériSe, the
mation from LEPS events in coincidence with charged parodd-odd ®As, and to some Ge isotopes via the, &' xn)
ticles was also stored on tape. For this purpose, a time-taeactions. The expected production 6"s nuclei is quite
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weak but within the detection limits of the setup.

The y-ray spectrum(middle panel of Fig. 2in prompt 105;' PAC][:“,Zresults L I E
coincidence with protons at 40 MeV beam energy shows ok T N
several transitions, e.g., 572.9, 745.8, and 952.0 keV lines, JE se T ]
which we firmly assign to the odd-magéAs nucleus pro- 10°g Tse PG
duced via the &,p2n) reaction. For comparison the total 102F o /{/‘f{/_;: ,,,,, 4
coincidence spectrum(top panel in Fig. 2 and the s 7725 g 3
a-particle-gated spectrurtbottom panel of Fig. Rare also 10 3 7“02 - @ 3
shown. Some strong and well-known transitions have been 10° E | | ;
labeled. The identification of’As lines is also supported by @ 10F B results 3
the fact that most of the new rays do not show any prompt g " E o g e
coincidences with these well-known lines 1A7""%e. Fur- p 10F 77se o e ® 3
thermore, other assignment possibilities like a twofold pro- g 102; Se o ;
ton reaction channel, can be excluded since two-profon— &) S 8
coincidences at this relatively low beam energy were not o 1010 PAs e et T ]
observed. ° E TAs o2 ®) 3

It has been possible to distinguish between the > 10°} “Ge {/ i —
(a,pn) "®As and (,p2n) "As reactions from proton-gated - Transitions in 7/ As :
excitation functions of they rays involved. In particular, 10° 30 goooooe————- * 3
several low-energy transitions, e.g., 128, 153, and 184 keV, £ T ::::_:_:_:_:1
have been newly assigned to the odd-odd nuctéas [19]. - %2 &7 .
They form their own level scheme typical for an odd-odd 102; 151 f, -7 3
nucleus and do not show coincidence relationships with the F 3
transitions associated with’As, except for a 258 keV line - ©
which is a close-lying doublet. 10' 3 o 20

A few examples of relative excitation functions deduced
from experimentaly-ray intensities are shown in Figs(3 Beam Energy (MeV)
and 3c). They can be compared with relative excitation
functions calculated witlPACE2 as shown in panela). The FIG. 3. Relative excitation functions obtained for the bombard-

PACE2 results have been renormalized to obtain a constarment of a particles on a’°Ge target. The top pandk) shows
distribution for the 8Se yield. In the same way all experi- renormalized results ofAce2 calculations. The middle panéb)
mental intensities have been renormalized. The normalizedisplays experimental results for different reaction channels de-
tion factors have been obtained assuming a flat distributioduced from the measureghray intensities. In the case df'"As

for the 4" —2* 889 keV transition in”8Se. This line is not and "Ge, particle-gated-ray intensities have been used. For rela-
affected by the~ decay of®As and is almost a pure single tive n.qrme'llization the measured intensity of the-42* 889 keV .
line in the measured spectra. There is a fair agreement in tHE2"S!toN in "*Se has been set to 1000 and all other measured in-
slopes between the calculated and experimental excitatio nsities r.enormal'zed accprd'ngly} For the d'”?ge”t channels the
functions given in panel&) and (b). The obvious difference ollowing lines have been dlsplayea:Se, 849 keV;'°As, 184 keV;

) : . "As, 573 keV;“Ge, 597 keV. In the bottom panéd) the proton-
78 1 1 ’
in the total production yields betweefiSe and"Se can be .gated excitation functions for several new transitions’iAs are

a}ttrlbgteg to the fact Fhat not all of the qrrouglg—state transispown, Here the intensity of the 573 keV has been taken for nor-
tions in '’Se are considered, but only th&" — 2" 849 keV malization.
line.

In addition, some relative excitation functions of lines in of 7As. The same’®Ge target as in the charged-particle—

""As are shown in Fig. @). Here the 572.9 keV line has L .

been used for normalization. The different slopes of the ex_y-ray_comudence experiment was employed. For part of the
citation functions support the spin assignments discusseg;'r\::;ﬁence experiment, a stack of two such targets was used
later, in particular that the transitions in the new positive- '

- The emittedy rays were detected with the Pittsburgh-
parity sequence, e.g., 572.9, 952.0, and 1150.6 keV, depopu; . . - L
late levels with increasing spin. Fiorida State Universities detector arrf®2] consisting at

. , the time of eight high-purity Ge detectors of about 25% rela-
Furthermore,y rays produced via thea(a’xn)’*’Ge s ) .
reactions have clearly been identified as can be seen in t%i%’eeg;ﬂc'ﬁt?%/ ‘:’#r;o?lndﬁ? |2y b?r:nug‘éggrrpna?t?tgli&it ijlﬁ ,
bottom panel of Fig. 2. The low-lying levels of the even- a ompton shields. 1he utiplicity Tite

. : was not used since emphasis was placed on low-multiplicit
even "“"%Ge nuclei are well known fronB-decay studies P P plcity

. . . events. The Ge detectors were placed about 18 cm from the
[20,21]. The y-ray energies observed in our experiment % arget, four detectors at 90° and four detectors at a backward
in fair agreement with compiled data. Also, the calculated get, N . o

ngle of 145° relative to the direction of the beam.

and experimental excitation functions obtained for the 597 The data were stored on 8 mm tape and sorted off line

LA ) o
keVline in “Ge (see Fig. 3are in fair agreement. into a triangular matrix with a dispersion of 0.8 keV per
channel. This matrix contained aboutX % coincidence
events. Energy and efficiency calibrations were made using a
A standardy-y coincidence experiment has been per-%u source. The energy calibration of each detector was
formed at 40 MeV beam energy to establish the level schemehecked and readjusted using precise energies known from

B. Thin-target y-y coincidence experiment
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(n,y) reactions for transitions if’Se[23] and °Se[24]. well-known E2 andM1 transitions in’®"""%e. Wherever

For constructing thé’As level scheme, gates were set in possible from the counting statistics, gates were also set on
the triangular matrix on the peaks of interest with appropriateransitions in’’As to deduce DCO ratios. Since no stretched
background corrections, i.e., by subtracting a background?2 transitions were known prior to this work, individual
gate set near the line of interest. A few examples of gate®Rpco values extracted from different gating transitions are
coincidence spectra relevant for the new structures are givetompiled in Table I. HereAl =1 transitions have also been
in Figs. 4 and 5. Figure 4 shows the transitions in theused as gates in order to gather as much information as pos-
positive-parity sequence. A narrow gate has been set on thsible about transitions if’As. If the DCO ratio of the gating
573 keV transition, to avoid contaminations from the 569A| =1 transition is close to 0.5, DCO ratios of 1 and 2 will
and 574 keV transitions of 'Se. The results for thé’Se  be obtained for stretchedl =1 and 2 transitions, respec-
nucleus will be presented elsewhég®]. Figure 5 illustrates tively.
coincidences from the high-lying level structure via the A cross check of the DCO matrix has been performed for
160.3 keV decay path. The netd =1 transitions at 160.3, low-energyy transitions to verify that the detector efficien-
257.5, 360.9, and 492.0 keV can be seen clearly. It should beies in our setup have been taken properly into account and
mentioned that the high-lying 257.5 keV transition forms athat there is no significant energy dependence of the DCO
close-lying doublet with a ray newly assigned t6®As[19]  ratios. For this purpose, the rays involved in the decay of
produced in our measurement via the,fn) reaction. the 3" isomer of "’As, the 211.1 and 264.4 keV transitions,

For spin assignments using directional correlation of ori-have been analyzed with respect to DCO ratios, too. They
ented nuclei(DCO) ratios, the measured data were alsoshow DCO ratios close to unity in the 265 and 211 keV
sorted into a square matrix where the events from the 90gates, respectively, as expected since the original alignment
detectors were sorted against the events from the backwaisl completely attenuated due to the long isomeric half-life of
detectors. DCO ratios oy rays have been extracted from 114 us.
this matrix according to the equation On the basis of the experimental excitation functions,

available DCO ratios and observed decay pattern, spin, and
_I(at 145%ated bys at 90°) ) parities for the states if’As have been deduced. They are
PCO™ | (at 90°gated by at 1459’ compiled in Table | together with the transition energies and
intensities.

wherel , is the observed intensity of the transition of interest
and vy is the gating transition. When the gate is a stretched
E2 transition, the ratio is expected to be close to unity for a
Al =2 transition and close to 0.5 for a stretch&t=1 tran- The new level scheme extracted from the present mea-

sition. These predictions have been successfully verified fosurements is given in Fig. 6. As already pointed out, a decay

ll. LEVEL SCHEME OF 7""As

T T T T T T T T
Gate 160 keV -

' | FIG. 5. Portions of
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T T spectra generated by gating on the
160 and 746 keV transitions in the
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TABLE |. Energy, intensity, asymmetry ratios, and multipolarity for transitions assigné@mas well
as spin, parity, and energy of the initial state.

E, * (keV) " Roco® Roco® Roco® al? 1% Eieve(keV)
(573 keV) (258 keV) (264 keV)
or (746 ke\)

160.32) 5(1) 1.0314) (M1) 20) 2745.3
211.11) 1.01(3) M2 9+t 475.5
215.52) 14(1) M1E2f 2 f 2155
257.52) 10(2) 0.57%8) 1.0923) (M1) 2) 3002.8
264.41) 432) M1E2f 3 f 264.4
360.92) 7(2) 0.555) 0.9911) 0.9421) (M1) 20) 3363.7
367.642) ~2 1.61(26) (E1)f (o f 632.0
416.63) ~3 (E1)F 3O 632.0
492.02) 5(1) 0.527) (M1) 20 3855.7
515.52) 20(4) 1.039) (M1E2) B 1736.8
557.82) 8(2) E1f -1 1189.8
572.92) 1004)9 1.0810 " E2 L+ 1048.4
624.42) ~6 2512.9
625.13) ~2 889.5
667.04) ~2 (E2) o+ 1888.5
674.14) ~2 889.5
7091) ~2 1929.9
745.82) 36(3) 0.91(10) M1/E2 o+ 1221.3
794.92) 12(1) 2.2221) E2 2- 1059.3
840.12) 28(3) 0.366) M1/E2 L+ 1888.5
881.53) 5(2) 1929.9
952.42) 33(3) 0.948) E2 o+ 2000.4
1008.45) 5(3) (E1) 26) 2745.3
10651) ~2 2124
1150.63) 11(3) 1.1017) E2 Z+ 3151.0
1305.35) 4(2) 1.1621)" E2 o+ 4456.3
1363.85) 4(2) (E1) 83) 2585.0
1696.96) 6(3) 0.4412) (E1) L) 2745.3

8Uncertainty in the last digit is given in parentheses.

®Intensity determined from the proton-gateetay spectrum at 40 MeV. In case of doublets, the coincidence
relations have been taken into account.

‘DCO ratio determined from the gate given in parentheses.

dMultipolarity.

€Spin of the initial state.

fSpin and parity assignments to the isomer and some low-lying levels as well as the multipolarities of the
transitions observed in their decay have been adopted from Reds15,16.

9Normalization.

"Value deduced from the 952 keV gate.

'Value deduced from the sum of 573, 952, and 1151 keV gates.

sequence consisting of 572.9, 952.0, 1150.6, and 1305.3 keM 2 character can be exclude@dn assumedvi2 transition

vy rays has been found in our data set which is in prompprobability of 1 W.u. corresponds to a lifetime of about 40 ns

coincidence with evaporated protons. In addition, this sefor the 572.9 keV transitionlncreasing spin is evident from

guence does not show any coincidence relationships witthe experimental excitation functions, and positive parity is

known transitions in’®""%&e, also supported by similarities with decay sequences feeding
The new sequence has been placed on top oftheso-  the 3™ isomers in adjacent nuclei, e.d’*"*As [26,27 and

mer at 475.5 keV since the excitation functions point to “°Br [8]. Thus, states with? *, ¥+, 2% and2 " have been

rather high-spin states. Spin assignments are deduced froiaentified in "’As for the first time.

the measured DCO ratios which are close to 1.0 for all four Another sequence of rays at 257.5, 360.9, and 492.0

transitions, hence giving evidence for thd =2 nature of keV has been found to be in coincidence with the 572.9 keV

these transitions. ThE2 multipolarity of these transitions is transition via a linking 1696.9 ke\y ray. Thesey rays

obvious from their prompt coincidence relations; i.e., theestablish levels at 2745.3, 3002.8, 3363.7, and 3855.7 keV.

transitions are fast and not nanoseconds delayed so that &m independent decay path of the 2745.3 keV level via the
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o5+ 44563 values. Negative parity of the high-lying structure is tenta-
T tively proposed based on systematics.
77 A prompt coincidence gate set on the known low-lying
2120 38857 33AS44 264.4 keV transition in’’As revealed, in addition to some
' other vy rays, transitions of 794.9 and 1065 keV. The 794.9

keV line shows a DCO ratio of about 222) in the
Al=1 264.4 keV gate, suggesting a stretcheld=2 char-
acter. On the other hand, the 264.4 keV transition shows a
DCO ratio of 0.4%5) in the 794.9 keV gate compatible with
the known3 ~ — 3~ nature of this transition. These findings
extend the negative-parity states up to 2124 keV in excitation
gnergy with the level at 1059.3 keV having spin and parity of
5.
21 In the 8~ decay compilatiori4], a 794.33 keV transition
has been observed in coincidence with the 264.4 keV transi-
tion. For the initial level at 1058.74 keV, a spin &f had
been assigned based on the fogalue of 10.28. In addition,
the extracted proton transfer angular momenturi, ef1 for
a level observed at 1089 keV in the GHed) reaction[13]
and at 105%) keV in the @d, *He) reaction[14] was used to
back up this spin and parity assignment. However, the popu-
lation of the 1059.3 keV level in the present experiment does
not support such a low spin, and the energy difference of
about 7 keV compared to the reaction data suggests that
there are two different levels, at 1052 and 1059.3 keV. The
known logft value would also agree with a spin and parity
assignment of ~, as proposed from our in-beam data. Fur-
thermore, the assignment of positive parity to thstate at
632.0 keV based on a ldg = 7.699 value in thes™ decay
[4] looks unlikely for an allowed3 transition.
160.3, 1363.8, and 745.8 keV transitions supports the place-
ment of the high-lying level structure. At the same time, the
745.8 keV transition establishes the 1221.3 k8V state. IV. DISCUSSION
The ordering of the 745.8 and 1363.8 keV transitions is fixed
by the observation of a 515.5 key ray not seen in the
1363.8 keV coincidence gate. Therefore, the 515.5 keV line Previously, the observation of low-lying states bf,
establishes a level at 1736.8 keV. This level is fed by a *, and3 " and their theoretical understanding in the frame-
1008.4 keV transition, depopulating the 2745.3 keV state. work of the rotational model with strong Coriolis coupling

A search has been made to find transitions linking the newprovided early evidence for the occurrence of moderate
high-lying level structure to the lower-lying negative-parity prolate-deformed nuclei in this mass regi@7]. However,
states, as they were seen#Br or 8'Rb. However, no firm the model prediction of highly mixed states #f* and 3 *
connection could be found. originating from thegg, proton subshell with less than 1

It should be mentioned that in th@~ decay[4] of the ~ MeV excitation energy above tH" isomer has, so far, not
I+ ground state of ‘Ge to 7’As, a weak 745.75 keV transi- been verified in”’As. Now, the experimental excitation en-
tion has been observed feeding into Bieisomer. However, ergy of these states at 572.9 and 745.8 keV above the isomer
no spin and parity assignments had previously been proposguovides additional support for the assumption of a static
to the initial level at 1221.21 keV. Our assignmentl8=  quadrupole deformation in the As isotopes. The energy of
1+ to this level is compatible with th8~ decay data where the 3™ — 37 transition of 572.9 keV is still smaller than in
the weak decay to the 1221.21 keV levieb logft value  "*As (610 keV) and comparable with the corresponding tran-
given in Ref.[4]) is a second forbidden transition with no sition energy(589 ke\) in the isotone “Br. In all these
parity change. The 1221.3 and 1888.5 keV states appear tuclei the positive-parity bands have been associated with a
be signature partners to the main positive-parity sequenc@g, proton excitation. Thus, the same configuration is pro-
However, positive parity for the 1736.8 keV level is not asposed for the new band ifAs. The moments of inertia for
certain. the positive-parity band if’As and those of °Br are shown

The DCO ratios for the 257.5, 360.9, 492.0, and 1696.9n Fig. 7. The similarities are quite obvious. In both nuclei
keV transitions have been deduced from the 572.9 keV gateéhe dynamic moment of inertial’®, rises with increasing
resulting in values close to 0(See Table)l This points to  rotational frequencyiw. Unfortunately, the bands are not
Al=1 transitions. Also in th&| =1 258 keV gate, the DCO known to high enough spins to see the first upbend or back-
ratios deduced for the depopulating transitions are close tbend. Systematics predict some collectivity for these states in
1.0 suggesting\l =1 character for the lines at 160.3 and ’’As, as in "Br, which we cannot verify due to the lack of
745.8 keV. All these DCO values support the proposed spitifetime measurements.
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21/2%

1150.6

17/2%

1065

952.0

132% 3

h)

572.9

gt 475.5
ISOMER Ty = 116ps

FIG. 6. Level scheme of’As as deduced from the present ex-
periment. Spin and parity assignments for fieisomer and a few
low-lying levels have been taken from Refg,4,15,18.

A. Positive-parity states
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FIG. 7. KinematicJ®, and dynamic,J®, moments of inertia
for the positive-parity sequences built on t%é isomers in"’As 0.1
and "Br. A value ofK =3 has been taken for both bands.

B. Three-quasiparticle states 0.1 SRR

A LA LA LA LU AL M L S L

The high-lying level structure with tentatively assigned
negative parity in’’As shows intensé| =1 transitions and
energy spacings like the knowhl =1 3gp bands in’Br 03
and 8'Rb. A more detailed comparison of the level energies 00 01 02 03 04 05 06 0.
among thes&l =44 isotones is given in Fig. 8. With decreas- Bocos(y+30°)
ing proton number fronZ=37 in 8'Rb toZ=33 in "’As the
3qp levels are shifted up slightly in energy. Also, the level g 9. Total Routhian surfaces calculated in ti (y) plane
spacings increase slightly. Furthermore, the decay of th@sing the model of Ref30] for positive-parity states with signature
lowest states is somewhat different. Whereas®Rb and 4= +1 The odd proton is assumed to occupy theg, subshell.

"Br the decay happens to both positive- and negative-paritpanelsa) and(b) show the results for 0.30 and 0.50 MeV rotational
low-lying states, in’’As only the decay to the positive-parity frequency, respectively. Prolate- and oblate-deformed shapes rotat-
states by a few high-energy transitions has been found. Thieg collectively correspond to triaxiality parametess=0° and
similarities in energy spacings are remarkable, suggesting 60°, respectively.

similar internal highk structures withkK~% or 2. In "°Br

Meiuuiuuy

and 8Rb, a 3qp configuration was proposed where an un-
pairedgg, proton is coupled to a broken neutron pair; one
5 ] neutron is lifted to the intrudegy,, subshell and the other
3qgpBands one occupies the negative-parfty;», ps», and/orfs, sub-
. shells. The same 3qp configuration is now proposed for the
high-lying structure in”’As.
It should be mentioned that shell-model calculations have

S 4l i

é’, been performed recently for a similar high-lyidd =1 band

6 | in the N=48 nucleus®Rb, where the level energies and

i M1 transition probabilities could be reproduced fairly well

w . . . .

z 3 on the basis of a three-particle-hole excitation of the type

795122 V3grs ® Vg3 [28].

1320 \ C. Shape calculations for’’As
=¥ (BR)

77 79 81 The nuclear ground-state deformation s has been
2L As Br Rb J ; Y, : _
a3 T 35~ 44 a7 a4 calculated with a macroscopic-microscopic mof29] re
sulting in an electric quadrupole moment@$=1.0 b. As-
FIG. 8. Comparison of level energies for the high-lying Suming an axially deformed shape this would correspond to a
negative-parity states in tHé=44 isotones’’As, "Br, and ®'Rb.  deformation of8,=0.146 which is typical for the so-called
The experimental data have been taken froBr [8] and®'Rb[9].  transitional region close to the line of stability.
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The shape evolution of’As as a function of the rotational the "°Ge(a,p2n) reaction at 32, 36, and 40 MeV beam en-
frequency has been studied using the Hartree-Fockergy. The new positive-parity sequence on top of #e
Bogolyubov formalism [30]. Total Routhian surfaces isomer at 475.5 keV is described agg, proton excitation,
(TRS’s have been calculated fdfAs for different rotational while a high-lying decay sequence consisting of intense
frequencies and different single-particle configurations. AAI=1 transitions is interpreted, based on similarities in en-
few results are shown in Fig. 9 for positive-parity statesergy spacings with bands if"Br and ®'Rb, as a negative-
where the odd proton occupies thg, subshell, a situation parity 3gp band predominantly containing the
underlying the experimentally observed positive-parity Se-mgq,® vgg,® v(P12.Pas.f5m) configuration.
guence. The results show moderate quadrupole deformation
of about| 8,/ ~0.25 with a triaxiality ofy~+32° for a low
rotational frequency. With increasing frequency, the shape
changes to a smaller quadrupole deformation with a triaxial-
ity of y~—31°, i.e., to a shape with the ability of collective ACKNOWLEDGMENTS
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