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Excited levels inf®As were studied using th€Ca®?S, 30)%°As reaction at 95 and 105 MeV beam energy.
Gamma rays were detected with the EUROBALL spectrometer operated in conjunction with the Neutron Wall
and the charged-particle detector array EUCLIDES. New level sequences with positive and negative parity
were identified from B-yy and yyy coincidences. Spins were assigned to many of the levels on the basis of
directional correlations of oriented states measurements. The previously observed positive-parity band was
extended to spin 45/2and it was found to exhibit a crossing with another configuration identified up to spin
53/2". Three negative-parity bands were observed for the first time up to 6484&), 39/2°, and(41/2).

The previously known band was extended to sf@#8/2). No evidence for superdeformation was found,
despite very high counting statistics. Configurations were assigned to each of the observed bands through
comparisons to the cranked Nilsson-Strutinsky calculations.
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[. INTRODUCTION In this paper we present new comprehensive low- and
high-spin data for the nucleu$As. Prior to this work,
Low-spin structures in odd-As isotopes are known frompositive-parity states up to spid1/2") have been reported
several investigations employing-decay studies[1,2],  in Ref. [11]. High-spin negative-parity states up to spin
(°*He,d) and (p,n) reactions[3,4], or heavy-ion reactions 25/2" have been observed in the work of Mitagdial. [10]
[5-8]. Decoupled rotational bands built on tigg, orbital  and partially confirmed ifil1]. Thus, the present study was
have been firmly established and their systematic trends eximed at extending the positive-parity structure to higher
tensively discusse{8,5,7,4. The low-lying negative-parity spin and rigorously identifying the negative-parity states in
structures were found to consist of single-particle states an®As. Since a low-lying negative-parity band based on the
rotational bands whose properties are mainly determined by, , proton orbital has been identified fiAs [13], we ad-
the py2, P32, andfs, orbitals. dress the question whether such a band existSAa.
Although the experimental efforts were mostly concen-
trated on high-spin studies in the last decade, information || cypERIMENTAL DETAILS AND DATA ANALYSIS
about the structure of the odd-As isotopes at high excitation
energy is still rather scarce. Positive-parity states above spin High-spin states in%°As were populated via the
21/2" have been observed so far%h®®"As [9-12 whereas  “°Ca(*’S, 3p) reaction at 95 and 105 MeV beam energy de-
high-spin negative-parity bands are firmly identified only inlivered by the VIVITRON accelerator of the IReS Stras-
"As [12,13. The investigations revealed that the generalbourg. In the experiment at 105 MeV, the target consisted of
structures of these nuclei have some features in commom, 860ug/cn? self-supporting foil of ““Ca enriched to
but, with increasing neutron number, important difference$9.965%. In the second experiment, performed at 95 MeV
occur. For example, the yrast band$i?°As were found to  beam energy, a foil of 1 mg/chof “°Ca enriched to 99.9%
exhibit a sharp backbending &it»~0.52 MeV[9,11], while  evaporated onto a 15 mg/émgold backing was used.
in As no evidence for a band crossing was found up to th&samma rays were detected with the EUROBALL array
highest observed spin 0€29/2") corresponding tofw [14,15 consisting of 15 Clustef16] and 26 Clover[17]
~0.65 MeV[12]. Such differences in the structure of nuclei composite Ge detectors each surrounded by a bismuth ger-
are probably connected with the competing gaps in the Nilsmanate shield providing Compton suppression. Charged par-
son single-particle levels fdi=34, 36, and 38 at prolate or ticles were detected using ther4device EUCLIDES[18],
oblate deformations, leading to different nuclear shapes andomposed of 4QAE-E silicon telescopes with the five for-
different behaviors of the yrast line with increasing neutronward elements electrically segmented into four parts. The
number. evaporated neutrons were detected with the Neutron Wall
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FIG. 1. Low-lying positive-parity states i#?As obtained from the present work. The widths of the arrows are proportional tg-ttéag
intensities.

[19], consisting of 50 liquid scintillators covering the for- 129°, 133°, 137°, 141°, 146°, 149°, 156°, and 163°. For the

ward 1 section of EUROBALL. The events in the experi- present DCO analysis, the coincidence data were added up

ment at 105 MeV were collected when at least three Gdor the four most backward-angle ring$63°, 156°, 149°,

detectors and one eve(rieutron orvy) in the Neutron Wall and 1469, resulting in a quasiring at a weighted average

were registered in coincidence. The data from the experimerangle of 155° to the beam axis and the four rings near 90°

at 95 MeV were acquired if a minimum of two Ge detectors(72°, 81°, 99°, and 103°A 155° versus 90%-y matrix was

fired in coincidence with one event in the Neutron Wall.  created in coincidence with three protons for each experi-
Data were stored on tapes and sorted off line {eE,  ment. From these matrices, we extracted the DCO ratios de-

matrices ancE,-E,-E, cubes, with particle gates on three fined as[22]

protons in order to enhance tf8s reaction channel. For 2 1

energy and efficiency calibration§>Eu and®®Co sources expt _ |55:(9at€o:) (1)

were used. A comparison of the peak positions at different beo 132,(gatg s’

detector angles yielded an average velocity of the recoilin - -

nucleiv/c:g.67°>clj. With this valueg,] a Dopplgr correction of %vherel'gso(gaft%éo) denotes the efﬂmency-correctedoc0|nc|-

the y-ray energies was carried out on an event-by-event basgence intensity of th_e?’Z transition obser\!ed at_155 when

for the data from the self-supporting target experiment. adating on they, transition observed at 90°. In this geometry,

total number of & 10° yyy events were recorded in the if one gates on a stretched quadrupole transition, the theoret-

experiment at 105 MeV, whereas in the experiment per1ca| DCO ratios are~1 for stretched quadrupole transitions

formed at 95 MeV, theyyy cubes contained aboutaL0° and~0.5 for pure dipole trgpsitions. If, in contrast, gatgs are
events. The cubes and the matrices were analyzed using tRgL on a pure dipole transition, _the extracted DCO ratios are
GASPWARE [20] and RADWARE [21] software packages. ~2 f(_)r pure quadrupole transitions anel for pure dipole

An analysis of the directional correlations from oriented fransitions.
stateg DCO’s) was performed in order to assign spins to the
r}ewly observed staFes. Since the DCO _ratips are very sensi- IIl. EXPERIMENTAL RESULTS
tive to the observation angles of the coincidentays, spe-
cific groups of detectors have to be chosen for the analysis. The ground state spin 6f=5/2" in ®*As has been deter-
The geometry of the EUROBALL leads to the formation of mined in an atomic-beam nuclear magnetic resonance
13 rings positioned at angles of 72°, 81°, 99°, 107°, 123°(NMR) experiment23]. Low-lying positive-parity states up
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FIG. 2. Low-lying negative-parity states fiAs obtained from the present work. The widths of the arrows are proportional tg-téag
intensities.
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FIG. 3. High-spin states if°As obtained from the present analysis.

to an excitation energy of 5.2 MeV have been investigated inevels as compared to the previous w¢il,11. Examples
detail in the work of Hellmeisteet al. [7]. Within that work,  of doubly gated co-incidence spectra, revealing the newly
on the basis ofy-y coincidences, angular distributions, and observed transitions i#7As, are shown in Fig. 4. The respec-
excitation functions, a rotational aligneg,, proton band has tive spectra were extracted mainly from they cube be-
been established. Their proposed level scheme consistause of the better statistics compared to tpey3y cube.
mainly of the favored yrast structure observed up to spifThe low-lying non-yrast states were better populated in the
25/2". In the unfavored yrast band only the 11/#hd 15/2  experiment at 95 MeV, while in the analysis of the high-spin
states could be identifig]. The proposed protonic charac- states the 105 MeV data set has been used.

ter for thegg,, band was later confirmed by the measurement The results of the level determinationgenergies, inten-

of the magnetic momenfu=(4.64+0.59uy] of the 1™  sities, DCO ratios, multipolarities, and spin assignments are
=9/2", 1305.6-keV level24]. The recent works of Mitarai given in Table I.

et al. [10] and Bruceet al. [11] confirmed the existence of

the levels found by Hellmeister and co-work¢@§ and ex- A. Positive-parity states
tended the favored yrast structure up to spins 33#2d _
(41/2"), respectively. 1. Low-lying non-yrast states
The low-lying level scheme of°As deduced from our Prior to this work, no non-yrast states of positive parity

coincidence measurements is shown in Figs(ptsitive- were known in®%As. The double-gating procedure using
parity statey and 2 (negative-parity statg¢sThe high-spin  known transitions depopulating the unfavored yrast structure
states obtained from the present analysis are presented led to the identification of new states at 2808.0, 3507.1,
Fig. 3. The level structure contains many newly introduced3660.4, 3840.2, and 4148.2 k&See Fig. 1. Good statistics
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FIG. 4. Examples of doubly gated coincidence spectra fromytie cube.(a) presents a spectrum acquired from the experiment at 95
MeV using the gold-backef®Ca target andb), (c), and (d) contain spectra acquired from the experiment at 105 MeV using the self-
supporting target. Peaks labeled with their energies in keV are assigfigtisto

made it possible to extract the multipole order of the transithe yrast levels, thus confirming their placement in the level
tions depopulating these levels supporting the spin assigrscheme of°As.

ments of 13/2,15/2,17/27,17/2" and 17/2, respectively. The new state at 2169.0 keV was found to decay via the
The spectrum presented in Figatshows a double gate on 635.0-, 952.7-, and 1305.8-keV transitions. The DCO ratio
the 853.8-1103.8 keV transitions. All the 17/8tates enu- obtained by gating on the intense 863.2-keYay (Al=1) is
merated above have a decay branch to the 15tadte at consistent with aAl=1 character for the 1305.8-keV line,
3263.2 keV via the 397.2-, 577.0-, and 885.0-ke\fays.  suggesting ah=9/2 spin assignment for the level at 2169.0
The investigation of the doubly gated spectra using gates okeV (see Fig. 1 and Table.I This level is populated by the
intense transitions depopulating the favored yrast band re639.0-keV transition decaying from the positive-parity state
vealed a second decay path of the newly observed levels @t 2808.0 keV. No feeding from higher negative-parity levels

044304-4



HIGH-SPIN STATES AND BAND TERMINATIONS IN%%As PHYSICAL REVIEW C70, 044304(2004

TABLE |. Energies, relative intensities, and DCO ratiosyefay transitions assigned f8As. The inten-
sities are normalized to the 853.8-keV transition, set to be 100.

Erepel (KEV) E, (keV) 1,2 Roco Gate oL I 7
0.0 5/2

98.2 98.23) 7.813) 0.505)° 1097.6  M1/E2 3/ 5/2
863.2 765.04) 11.929) 1.8515)° 442.4 E2 712 3/
863.25) 69.1(29) 0.61(5)° 1097.6  M1/E2 s 5/2

1216.3 1118.B) 15.910) 1.3q12)° 799.2 E2 717 3/
1216.35) 6.914) 0.416)° 799.2 M1/E2 717 5/2

1305.6 89.82) 3.510) 0.466)° 1097.6 E1 9/2" 712
442 .45) 91.744) 0.655)° 1204.2 E1 9/2" 712

1305.64) 58.462) 1.057)° 1097.6 M2 9/2" 5/2

1470.3 1470.R) 18.916) 0.997)° 808.3 E2 9/2 5/2
1534.0 228.) 0.223) (E2) (5/2%) 9/2*
1435.84) 3.1(3) (E1) (5/2%) 3/

1987.5 1987.8) 0.191) 0.421)° 790.9 M1/E2 717 5/2
2159.4 853.6) 100 1.016)° 1097.6 E2 13/2 9/2*
2169.0 635.(B) 0.336) 2.A7)° 648.5 (E2) 9/24 (5/2%)
952.12) 0.203) (E1) 9/24 712

1305.83) 2.1(3) 2.53)° 863.2 (E1) 9/24 712

2199.7 1336.8) 4.12) 2.32)F° 863.2 E2 11/7 712
2210.7 905.13) 19.510) 0.194)° 756.9 M1/E2 11/2 9/2*
2311.2 323.B) 0.1894) 0.6413)° 808.3 M1/E2 9/ 712
1005.45) 1.51) 0.61(6)° 808.3 E1 9/ 9/2*

1094.94) 1.199) M1/E2 9/ 712

1448.Q4) 0.85) M1/E2 9/ 712

2311.23) 6.47) 1.099)° 808.3 E2 9/ 5/2

2627.6 316.@) 0.183) 0.5713)° 790.9 M1/E2 11/2 9/2
468.23) <0.1 0.13)° 790.9 El 11/2 13/2

640.12) 0.2(4) 1.32)° 790.9 E2 11/7 712

1322.Q5) 2.41) 0.676)° 790.9 E1l 11/ 9/2*

1411.31) 5.013) 0.9518)° 756.9 E2 11/Z 712

2777.1 1306.6) 11.412) 1.018)° 1470.3 E2 13/ 9/2
2808.0 597.8%) 3.67) 0.345)° 756.9 M1/E2 13/2 11/2
639.04) 1.21) 1.72)° 648.5 E2 13/2 9/2%

648.62) 2.1(2) M1 13/2 13/2

1502.44) 4.7(10) 2.13)° 648.5 E2 13/2 9/2*

3045.4 268.) 0.121) 0.699)° 1470.3 M1 13/ 13/2
334.41) 5.34) 0.51(5)° 799.2 M1/E2 13/ 11/2

379.43) 1.61) M1/E2 13/ 11/2

417.84) 0.41(3) 0.527)° 808.3 M1/E2 13/ 11/2

601.32) 0.91(6) 0.9q17)° 808.3 E2 13/ 9/2

734.24) 14.317) 1.1511)° 808.3 E2 13/ 9/2

886.02) 3.22) 1.141)° 808.3 E1 13/ 13/2

3257.0 449.00) <0.1 E2 17/2 13/2°
1097.62) 90.244) 0.956)° 1204.2 E2 17/2 13/2°

3263.2 455.5) 0.11(3) M1/E2 15/2" 13/2
1052.54) 1.554) 1.0421)° 756.9 E2 15/2" 11/2

1103.82) 1.95) 0.192)° 756.9 M1/E2 15/2" 13/2F

34185 373.14) 1.02) M1/E2 15/2 13/
641.43) 1.74) 0.6710)° 1470.3  M1/E2 15/2 13/2
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TABLE I. (Continued)

Eepel (keV) E, (keV) L2 Roco Gate ol 17 17
790.92) 7.6(14) 1.21)° 756.9 E2 15/2 11/2
1218.83) 2.1(4) 0.7710f° 756.9 E2 15/2 11/2
1259.12) 6.1(3) 0.496)° 756.9 E1/M2 15/2 13/2°
3507.1 699.13) <0.1 M1/E2 15/2 13/2°
1296.44) 0.324) 1.126)° 1305.6 E2 15/2 11/2F
1347.73) 0.243) 0.41(16)° 756.9 M1/E2 15/2 13/2F
3660.4 153.®) 0.161) M1/E2 17/2 15/2F
397.23) 0.171) 0.5713° 1052.5  M1/E2 17/2 15/2F
403.42) 2.712) M1 17/2 17/2F
852.43) 4.43) 1.245)° 853.8 E2 17/2 13/2F
1501.@3) 4.1(3) 1.7614° 853.8 E2 17/2 13/2F
3840.2 333.13) 1.96) 0.4923° 756.9 M1/E2 17/2 15/2F
577.q4) 3.512) 0.396)° 756.9 M1/E2 17/5 15/2F
583.24) <0.1 M1 17/2 17/2°
1032.22) 5.74) 1.31)° 853.8 E2 17/2 13/2F
1680.86) 1.96) 1.1527° 756.9 E2 17/2 13/2F
3844.6 426.013) 0.171) 0.7q13f° 790.9 M1/E2 17/2 15/2
587.63) 0.86(6) 1.2520)° 808.3 El 17/2 17/2
799.23) 12.1(12) 1.018)° 808.3 E2 17/2 13/2
1067.52) 8.998) 1.018)° 808.3 E2 17/2 13/2
3947.5 902.83) 1.005) M1/E2 15/2 13/2
1748.Q4) 3.1(4) 2.91(55)° 863.2 E2 15/2 11/2
1788.74) 2.6(3) 0.449)° 853.8 El 15/ 13/2F
4148.2 641.12) 0.252) 0.8Q14)° 756.9 M1/E2 17/2 15/2°
885.04) 0.142) 0.568)° 756.9 M1/E2 17/2 15/2F
891.22) <0.1 M1 17/2 17/2*
4306.1 465.64) <0.1 (M1/E2)  (19/2) 17/2°
645.13) 0.123) (M1/E2) (19/2) 17/2F
1042.93) 0.245) (E2) (19/2) 15/2F
4356.2 937.R) 5.43) 1.2312° 853.8 E2 19/ 15/2
1099.25) 5.6(6) El 19/ 17/2F
4461.2 1204.Q) 68.231) 1.167)° 1097.6 E2 21/2 17/2F
4488.7 340.8) 0.81) 0.423)° 756.9 El 19/ 17/2F
541.Q3) 0.223) 1.2325° 756.9 E2 19/ 15/2
644.14) <0.1 M1/E2 19/ 17/
648.52) 1.42) 0.556)° 756.9 E1l 19/ 17/2F
828.34) 0.81) 0.537)° 756.9 E1l 19/ 17/2F
1070.23) 1.61) 1.048)° 756.9 E2 19/2 15/2
1231.75) 0.122) 0.5311)° 756.9 E1l 19/2 17/2
4554.0 405.83) 2.1(5) El 19/2 17/2
606.33) 2.58) E2 19/2 15/2
709.41) 0.174) 0.337)° 799.2 M1/E2 19/2 17/2
893.63) 2.4(4) 0.3910)° 1097.6 El 19/ 17/2
1135.52) 2.912 1.43)° 790.9 E2 19/2 15/2
1297.@4) 1.44) 0.544)° 1097.6 El 19/2 17/2
4652.9 808.®@) 6.34) 0.938)° 1470.3 E2 21/ 17/
4713.3 565.(05) <0.1 17/2
4847.2 194.®) 0.112) 0.547)° 808.3 M1 21/ 21/
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TABLE I. (Continued)

Eepel (keV) E, (keV) L2 Roco Gate ol 17 17
1002.45) 2.32) 0.947)° 1470.3 E2 21/ 17/2
4929.4 468.01) 0.272) M1 21/2 21/2
1672.46) 1.21) 1.3914)° 1097.6 E2 21/2 17/2
5150.0 436.B) <0.1
5152.3 598.@) 3.17) 19/
5193.3 263.82) 0.51) E2 25/2 21/2
732.14) 57.627) 0.946)° 1097.6 E2 25/2 21/2
5245.6 398.@) 1.138) 0.51(8)° 808.3 M1/E2 23/2 21/
592.12) 2.802) 0.363)° 808.3 M1/E2 23/2 21/
691.64) 1.259) 0.92)° 799.2 E2 23/2 19/2
756.92) 1.351) 0.9413" 790.9 E2 23/2 19/2
5452.4 1096.%5) 3.42) 0.947)° 937.7 E2 19/ 15/2
5711.1 1249.@8) 17.48) 0.475)° 1097.6  M1/E2 23/2 21/2
5918.3 672.55) 0.292) 0.51(9)° 756.9 M1/E2 25/2 23/
1265.43) 4.003) 1.008)° 799.2 E2 25/2 21/
5941.0 1479.8)) 12.35) 0.846)° 1204.2 E2 25/2 21/2F
6089.2 843.@) 0.433) M1/E2 25/ 23/
1242.44) 1.6(1) 1.2214)° 799.2 E2 25/ 21/
6359.7 1166.66) 12.56) 1.0319)° 1097.6 E2 29/2 25/2
6369.4 1176.) 25.411) 1.0412)° 1097.6 E2 29/2 25/2
6571.5 1325.8% 1.1(1) 1.078)° 756.9 E2 2712 23/
6742.0 1289.@) 2.52) 1.2q13)° 937.7 E2 2712 23/
6847.3 477.8) 0.6217) 1.2q13)° 1176.1 E2 25/2 29/2
1136.25) 6.0(17) 0.477)° 1097.6  M1/E2 25/2 23/2
7446.5 1505.8) 5.607) 0.353)" 1204.4 E2 2712 25/2F
1735.45) 0.233) E2 2712 23/2
7448.3 1359.@) 1.098) E2 29/ 25/
1530.044) 2.802) 1.4911)° 1265.4 E2 29/ 25/
7519.5 1430.%) 0.736) 0.9310)° 799.2 E2 29/ 25/2
7614.5 1696.8) 1.86) 1.4310° 808.3 E2 29/2 25/2
7627.2 1686.8) 1.22) 1.23)° 1204.2 E2 29/2 25/2F
7689.9 842.@2) 1.84) 0.4513)° 1136.2  M1/E2 2712 25/2F
1320.52) 4.913 0.365)° 1176.1  M1/E2 2712 29/2F
7716.7 1347.8) 4.93) 1.22)° 1176.1 E2 33/2 29/2F
1357.12) 4.1(2) 1.3210)° 1166.4 E2 33/2 29/2F
7896.6 1527.@) 18.98) 1.158)° 1176.1 E2 33/2 29/2F
8142.8 1571.%) 0.645) 0.9910)° 756.9 E2 31/2 2712
8185.8 1443.8) 1.32) 1.068)° 937.7 E2 31/2 2712
8382.4 692.82) 0.122) 0.5Q11)° 13205 M1/E2 29/2 2712
1535.15) 0.31) 1.1613)° 1136.2 E2 29/2 25/2
8455.4 765.8) 0.92) (M1/E2) (29/2")  27/2
1608.13) 1.9955) (E2) (29/2%)  25/2°
2095.77) 6.1(17) 1.2711)° 1204.2 (M1) (29/2%)  29/2°
8641.5 1193.@) 2.92) 1.059)° 799.2 E2 33/ 29/
1027.@3) 1.1(3) E2 33/2 29/
9095.4 1575.84) 0.6(1) (E2) (33/2)  29/7
9393.0 1250.%5) 0.182) 1.2517° 756.9 E2 35/2 31/
9472.2 1755.47) 3.12) 0.9720)° 1166.4 E2 37/2 33/2
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TABLE I. (Continued)

Eepel (keV) E, (keV) L2 Roco Gate ol 17 17
9738.5 1552.B) 0.81) 0.908)" 937.7 E2 35/2 31/
9819.4 1922.@) 6.2(3) 1.41)° 1204.2 E2 3712 33/2
9985.7 1344.%5) 2.32) 1.038)° 1265.4 E2 3712 33/
10097.0 1641.@H 3.993) (E2) (29/2)  (25/2)
10795.8 1700.4%) 0.805) (E2) (37/2)  (33/2)
11180.3 1787.®) 0.162) 1.22)° 757.6 E2 39/2 35/2
11434.6 1696.(6) 0.41) 1.52)° 937.7 E2 39/2 35/2
11551.8 1566.5) 2.32) 1.1510)° 1265.4 E2 41/ 37/
11977.2 21578 2.91) 1.1514)° 1176.1 E2 41/2 37/2
12677.0 1881.@) 0.41) (E2) 41/2)  (37/12)
13325.0 1890.8) 0.21) (E2) (43/2) 39/
13545.8 1994.@) 0.5Q6) 0.9610)° 1193.2 E2 45/ 41/
13871.5 18943 2.1(3) (E2) (45/2°)  (41/2)
14567.0 2589.@) 1.84) (E2) (4512 4112
15765.0 1893.%) 1.64) (E2) (49/2°)  (45/2)
16005.6 2459.@) 0.32) (E2) (49/2)  45/2
18180.6 2415@) 1.236) (E2) (53/2%)  (49/2")

“Relative intensities derived from the-3yy matrix sorted from the self-supporting target experiment.
PDCO ratio deduced from thepdyy matrix sorted from the self-supporting target experiment.
°DCO ratio determined from thep3yy matrix sorted from the backed-target experiment.

has been observed. Therefore, a positive parity is tentativelgitions to the negative-parity states and the systematic fea-
proposed for the 2169.0-keV level, although negative paritytures discussed above in connection with Ithd9/2 state at
cannot be excluded. The coincidence data revealed the exi4488.7 keV suggest negative-parity assignments to both lev-
tence of a state at 1534.0 keV which decays mainly to thels.
first negative-parity excited level of 98.2 keV. A 5/8tate - _ )
close in energy with the yrast 973tate exists in the heavier 2. Positive-parity rotational structures
TLT3T5Ths isotopes, investigated by tiiéHe d) transfer re- Band 1 This band includes the previously known yrast
action in the work of Bettet al. [3]. Within that work, based levels below spin 21/2 and the new levels at 4306.1,
on measured deuteron angular distributions, spins and park711.1, 5941.0, 7446.5, and 7627.2 kéMg. 3). The low
ties 5/2 for the respective states have been assigned. Sughtensities of the 465.9-, 645.7-, and 1042.9-keV transitions
assignment is also in agreement with the theoretical predicdepopulating the state at 4306.1 keV prevent DCO measure-
tions [3]. Consequently, spin parit{s/2") is assigned to the ments and firm spin assignment for the newly observed level.
state at 1534.0 keV if’As. Likely spin values for this state would be 17/2 and 19/2 and
The DCO ratios of the 340.5-, 648.5-, and 828.3-keV tran-positive parity since only decay branches toward the
sitions populating the three 1772ewly observed states in- positive-parity states have been observed. A spin parity
dicate dipole character, which results in the assignmeit of 17/2" would further imply the existence of at least one popu-
=19/2 for the level at 4488.7 keV. A positive-parity assign-lating transition from the newly identified 197 Ztates, in
ment for this level would imply the existence of at least oneagreement with the systematics. Since no such transition
stretchedE2 transition to one of the 15/Xtates but there is  could be observed, a tentative spin of 1948 assigned to
no experimental evidence for such transitions. Similar decayhe level at 4306.1 keV. The DCO ratios of the 1479.8- and
sequences have been also observed in the (’fHt®Ge iso-  1686.2-keVy rays are both consistent with a stretcHg2!
topes [25-27. Polarization measurements for the 19/2character, supporting the 2572nd 29/2 spin assignments
—17/2" connecting transitions were always consistent withfor the levels at 5941.0 and 7627.2 keV, respectivalge
an electric character, leading to a negative-parity assignmeiTable I). The state of spin 23/2at 5711.1 keV found in Ref.
for the states of spin=19/2 [25-27. Such decays have [10] has been confirmed in the present work. In fact, the
already been observed iffAs, where three 19/2 levels  sequence consisting of levels at 5711.1, 5941.0, 7446.5, and
have been found, each of them populating at least one of thE627.2 keV exhibits the same degree of signature splitting as
17/2" levels [12]. Therefore, a negative-parity assignmentthe yrast sequence below spin 21/Zhis makes the newly
for the state at 4488.7 keV is proposed. observed sequence a candidate for the continuation of the
The coincidence data fGPAs show clear evidence for the ground-state band at higher spins.
existence of two othel"=19/2 states at 4554.0 and 4356.2 Band 2 Above spinl™=25/2" a forking into two almost
keV, respectively. The observation of several decaying trandegeneraté™=29/2" states occurs. The level at 6359.7 keV
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is yrast and is fed by a cascade consisting of 1357.1- anl306.8 keV decaying from the state at 2777.1 keV. Further-
1755.4-keV transitions depopulating the states at 7716.8 anuiore, the sequence consisting of the 1470.3-, 1306.8-, and
9472.2 keV, respectivelgFig. 3). The spinl™=29/2" of the  1067.5-keV quadrupole transitions was found to form a de-
6359.7-keV yrast state is fixed by the DCO ratio of thecay path parallel to the 2311.2-, 734.2-, and 799.2-keV tran-
1166.4-keVy ray, whereas the spilff=33/2" of the 7716.8-  sitions with the level at 3844.6 keV as a common |e\]].
keV yrast level is fixed by the DCO ratio of the 1347.4-keV Bruce and coworkers confirmed the decay pattern observed
v ray populating the second 29 8tate, at 6369.4 keV. Al- by Mitarai et al. [10] and assigned spins and parities to the
though band 2 is yrast in the 29%237/2") spin region, it involved stateg11].
carries little flux and the higher-spin configurations decay The two sequences have been well populated in both data
mainly to the second 29/ Xtate(band 3 in Fig. 3. sets used in the present analysis and the DCO ratios for the
Band 3 The results of the current investigations have con-connecting transitions could be extracted with good accu-
firmed the states up to spin 37/2eported in the work of racy. The ratios are all consistent with a quadrupole character
Bruceet al. [11]. A y ray of 2091 keV has been previously supporting the 13/2spin assignment for the states at 2777.1
observed[11] as feeding the 37/2level of this band. The and 3045.4 keV, 17/2for the state at 3844.7 keV, and 21/2
data from the present experiments do not show any coincifor the state at 4652.9 ketéee Fig. 2 and Table.lA third
dence relation which would support the placement of a 2091new, rather well populated sequence consisting of the levels
keV transition on top of the level at 9819.4 keV. Instead, thisat 1216.3, 2627.6, and 3418.5 keV has been observed on top
level was found to be populated by the 2157.8-kg\tay  of the 98.2-keV level. The DCO ratios of the 1118.1-,
whose DCO ratio is consistent with a stretctEgicharacter.  1411.3-, and 790.9-keV rays are compatible with Al=2
Band 3 has been extended up to a tentative spi@5f2"). character, supporting the 77211/2°, and 15/2 spin as-
Band 4 Around spin 41/2 band 3 is found from the signment for the respective levels. The negative-parity as-
present analysis to be crossed by the structure labeled &gnment to the levels at 2627.6 and 3418.5 keV is also sup-
band 4 in the level scheme of Fig. 3. The poor statistics an@orted by the observation of the weak cascade of dipole
the presence of the 1894-keV doublet prevent DCO measurgays between these levels and the firmly established
ments in this high-spin region; therefore the spins of thenegative-parity levels at 2311.1 and 3045.4 keV. The excita-
observed states are only tentatively assigned. Figgog 4 tion energy of 3418.5 keV and the existence of the decay
shows a 732.1-1894.3 keV doubly gated spectrum. The chdranch to the yrast 13/2state makes th&"=15/2" state a
sen double gate selects only the transitions in bands 3 and @andidate for the octupole state s, in agreement with
and constitutes a firm evidence for the placement of the sedhe systematic$26,27. The second candidate for the octu-

ond 1893.5-keV transition in the level scheme®¥s. pole state irf°As is the newly observed level at 3947.5 keV.
Other positive-parity bandsThe coincidence analysis . . .
supports the placement in the level schemé®& of two 2. Negative-parity rotational structures

other positive-parity structures. The states at 6847.3, 7689.9, Band 5 This band was identified for the first time in the
and 8382.4 keV form a spin sequence 2522/2°-29/2".  present analysis. The spin assignments were deduced from
The spin 27/2 assigned to the level at 7689.9 keV is basedthe measured DCO ratios which are close to 1.0 for all in-
on the DCO value of the 1320.5-keV transition which is band transitions, hence giving evidence for tie=2 nature
consistent with a dipole character. A quadrupole 1322-ke\of thesey rays. The band is yrast and shows an irregularity
transition has been reported in RE0], which is most likely  around spin 31/2(Fig. 3). The maximum spin observed in
the 1320.5-keV transition discussed above. The present dakand 5 is 39/2, which corresponds to an excitation energy
support its placement but not the spin. The second new s&f 11 180.3 keV.

quence consists of the 8455.4- and 10 097.0-keV states. The Band 6 This band is also new and is better populated than
DCO ratio of the 2095.7-keV transition is consistent with aband 5. The DCO ratios of the inband transitions are all
quadrupole character suggesting I&+33/2" spin assign- consistent with a stretched quadrupole character. Band 6 has
ment for the level at 8455.4 keV. The observation of thepeen observed up to an excitation energy of 13 325.0 keV
765.5- and 1608.1-keV transitions populating the firmly es-and a tentative spin of43/27). The coincidence spectrum
tablished 27/2 state at 7689.9 keV and the 25/8tate at  obtained by gating on the 937.7- and 1696.1-keV transitions

6847.3 keV, respectively, rules out the=33/2" spin value s shown in Fig. 4c). The transitions assigned to band 6 in
for the state at 8455.4 keV. Therefore, a spir29/2" has  %°As are marked in the figure. No interband transitions con-

been proposed for this state. necting this band with the other negative-parity structures
could be identified.
B. Negative-parity states Band 7 On top of the level at 3844.6 keV two parallel

bands develogbands 7 and 8 in Fig.)3Band 7 is yrast and
is well populated in the experiment at 105-MeV beam en-
The first negative-parity excited state lies at only 98.2ergy. The levels at 4652.9 and 5918.3 keV which have been
keV excitation energysee Fig. 2 From angular distribution previously reported10] are confirmed by the present analy-
measurements, a spiif=3/2" has been assigned to this sis. The duplication of th&"=29/2" levels around 7.5-MeV
level [28]. The two 9/2Z levels at 1470.3 and 2311.2 keV excitation energy may be connected with the irregularity in
have been reported by Mitarei al.in Ref.[10]. The state at rotational energy observed in this spin region in band 7. The
1470.3 keV was found to be fed by &2 transition of  +-ray spectrum in Fig. @) shows several transitions, e.g.,

1. Low-lying negative-parity states
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1530.0-, 1193.2-, and 1344.2-keV lines which were firmly 30—
assigned to band 7. The band has been extended up to an —o4l
excitation energy of 16 005.6 keV and a tentative spin of %

(49/2). =18 %——-

Band 8 This band was identified for the first time in the =12

present analysis. Based on DCO measurements, the spins = 6L /

could be firmly assigned only to the low members of the

| | | | |
band. However, band 8 does not show any irregularity in the 32'_ ' ! ' ! ]
spin region it is observed, appearing consistent with a rota- = or —e7lAs| A
tional cascade dE2 transitions. Band 8 was populated in the g 3o Hj:A 7]
present experiments up to a tentative spin(4f/2) and G 24 A4 TGe|
12 677.0 keV excitation energigee Fig. 3. & 13k ]
)
12~ L | L 1 L 1 L 1 L 1 L
V. DISCUSSION 03 04 o.shm([)].\cj[ev]o.7 0.8 09

A. Low-lying positive-parity states
ying p party FIG. 5. Kinematic(J!) and dynamioJ?) moments of inertia

~ The low-lying positive-parity states i?lgAS_ fit very well  for the band 1 iff°As and ground-state bandsitAs and®®Ge. For

in the systematics of the light odd-mass As isotopes. Generahe As nuclei, a value 0k=5/2 hasbeen used in the analysis.
trends like the small splitting between the lowest 114ad

13/2" states and between the 15/@nd 17/2 states or the  efiect 4 band crossing within the sequence. We made an

presence of the 9/*25_/2+ doubl_et at low excitation energies attempt to describe the states in band 1 by applying the rigid
have already been discussed in the fast]. _ triaxial rotor plus particle mode33,34 with variable mo-
The decoupled character of the yrast positive-parity bandg,en; of inertia[30]. The triaxial rotor is called “rigid” be-
suggests prolate deformations in the odd-mass As nucleg,se its shape is kept fixed throughout the calculatioa
Lifetime measurements ift°As, employing the Doppler  gaformation parametets and y are constant No single set
recoil-distance method led to a quadrupole deformatlon ob¢ (£5,7) could be found to reproduce the signature splitting
B=0.2 for the yrast 13/2state and the deformation was 44 the level order in band 1 simultaneously. According to
found to decrease with increasing spm). For the low mem- . caicyjations, the observed small splitting between the
bers of theyy/, bands in thé' " As isotopes, larger and rather 11/2* and 13/2 states and between the 15/and 17/2
stable deformationg,= 0.3 have been extracted in the work states can only be reproduced fprvalues in the interval

of Heitset al. [5]. from 20° to 25°, whereas in order to fit the splitting between

Several models have been proposed to describe the progse pigher.spin states we had to emplpyalues greater than
erties of the low-lying states in the odd-mass As nuclei. The3ne The calculations revealed an energy spectrum strongly
investigations within the particle-cof&,7,29 formalism in- dependent on the, parameter, while the variation of the
dicated that a deformed picture with the inclusion of theother model paramete(quadrup,)ole deformation or the VMI
Coriolis coupling provides the most adequate first-order rep: arametersdoes not have a strong influence on the fit. These
resentation _of o_dd-As isotopes. A better_ parametriza_tion fo esults suggest gsoft low-lying spectrum if°As, which is
the core taking into account thedeformation and a variable agreement with the expectations and the predictions of the

moment of iner_tia(VMI) has been proposed by Toki ar!d calculated total Routhian surfacégRS’s) for the As iso-
Faesslef30]. Within that approach, the small energy split- topes[11,12.

tings between the 13/2and 11/2 states and between the
17/2" and 15/2 states in"*"As are closely related to the
triaxiality of the core[31]. Recently, an Interacting Boson
Fermion Model(IBFM) treatment has been applied to the  The negative-parity states in the nuclei of the 70 mass
states below 1.5-MeV excitation energy ‘iths [32]. region are in general correlated with the single-particle exci-
In the present work we succeeded to extend the groundation of the particles lying in th@,,,, ps, andfs,, shell-
state band ifi°As above the crossing point and we found thatmodel orbitals. In°As, the states below 3-MeV excitation
with increasing spin, the splitting between the favored andenergy show a nonregular energy spacing, presumably being
the unfavored states slightly increases. Moreover, the interof single-particle character. Competing with these states, two
sities of theE2 transitions depopulating the favored bandmain configurations could be distinguished. The configura-
were found to decrease drastically above spin 217The tion consisting of states at 1987.5, 2627.6, and 3418.5 keV
kinematic(J'Y) and the dynami€¢J®) moments of inertia for may be considered the signature partner of the configuration
the favored band are plotted in Fig. 5. For comparison, theonsisting of states at 2311.2, 3045.4, and 3844.6 (s=¢
kinematic moments of inertia for the ground-state bands irFig. 2). This is justified by the occurrence of the weak
"As [12] and %8Ge [36] are also represented. Although the M1/E2 crossover transitions between the levels of the two
kinematic moment of inertia for the favored band%ths  configurations.
shows no clear evidence for a crossing, the peak around 0.53 Similar negative-parity structures have been identified
MeV in the dynamic moment of inertiéig. 5, bottom may  previously in’*As [12]. There, theE2 transitions in the band

B. Low-lying negative-parity states
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built on the second 9/2state were found to show a high 40— ; '
collectivity. Total Routhian calculations for the=—,a=
+1/2 states in"*As showed the presence of three shallow
minima for rotational frequencies below 0.4 Mg¥2]. The
minima were located neagr=0° andy=+60°. With increas-
ing rotational frequency one triaxial minimum was calcu-
lated to persist. In a recent work, Fotiadessal. [13] ex- . , |
tended the negative-parity band found in R&£] up to spin 40
(387/7) and observed a new sequence of negative-parity lev-
els developing at low excitation energies. The newly ob-
served structure has been interpreted as being part of a
strong-coupling-like band built on the 71303 proton or-

30+ -

My 2
I [ MeV]
N
>
[
|

0—0 %)
—a Ypg (Band 2) |

2476 (Band 3)|

1% [ /MeV]
<o

40
bital which approaches the Fermi surface fo¥33 at large 60 v "Ge ]
B,>0.3 prolate deformations. Th&,, band in "*As was 05 ' I ' Ts
found to be aA\l=1 sequence witB(M1)/B(E2) ratios vary- ho[MeV]

ing between 4 and @2/ (e?b?) and could be reproduced with
a quadrupole moment @3;=3.1 eb which corresponds to the

deformationB,=0.38[13]. b din th lvsis. Due to the limited Spi hich
A possible candidate for &, band in®®As could be the een used n e anaysis. ue fo the fimited spin range over whic
band 4 was observed, its dynamic moment of inertia has not been

structure containing the levels discussed above. However, the
. . Eépresented.
properties of this structure do not really resemble those of
the f,, band found in"*As. In ®°As, the M1/E2 crossover . _ _ _
e 8Ge [36]. Unfortunately, positive-parity excited configura-
transitions between the favored and the unfavored members=>€ L°91- Y: P -parity , g
of the presumedy,, band are very weak with respect to the ions in“="As are not known to high enough spin to see the

intrabandE2 transitions. The correspondirg(M1)/B(E2) first upbend or backbend, preventing aljg;ore d?;c)a_iled system-
ratios calculated with the experimental branching ratios ar&li¢ comparison. Similar behavior of tde” and J<' in both
>*As may indicate similar shapes in these nuclei at inter-

found t bet 0.04 and /(e?b?). Si them 1
oung 7o vary between an Z'U'ﬁ' (7). Since mediate spin. The sharp backbendings occurring in all nuclei

strengths are proportional to the differer(cg - and the ! .
gyromgagnetic F:atipc)) for collective rotation(ﬁﬁg 8).48 such around 0.53 Mev rota_tlonal frequency reflect the.change n
low values of theB(M1)/B(E2) ratios indicatengéR for structleres associated in Reﬁ9,11,3dﬂ E’)V'thhthe brne\glr(mg ofa

. . RN pair of gg;, Neutrons, as suggested by the gain-afz units
this sefquenc5:<7.2A tneatr cange[{latltntr}(gk %Rr)zlas egpected to of angular momentum obtained in each of the alignment pro-
occurfor a structure, but not for a and. cessessee Fig. 7. In ®8Ge, additional experimental evidence

As pointed out in the previous section, the two 15/2 for th h f the ali £ h
states at 3418.5 and 3947.5 késke Fig. 2 are candidates n?vreatlsSrgczu:;?:?orc 0? ;ﬁgtegr sct)atte (ce)fatlr:gntr)r;iréggc]ame rom the

for octupole states ifi°As. Such states are generated in the Above spin 29/2, two modes of rotation are present in

odd-A nuclei by coupling theggy,, particle to the 3 state in 6955, represented by bands 2 and 3 in the level scheme of
the even-even core. Both states show the systematic featurg§g ’3 Although band 3 is not yrast, it involves a larger

characteristic of the octupole states found in the neighboring, ; . o : .
. ; : 2 tensity of the intraband transitions, suggesting a higher col-

oddA nuc!el, namely, the direct feeding via2 transitions Iectivityythan in band 2. In Fig. 6 theggkinemgtic e?nd the

from the higher 19/2states and the decay Vi transitions dynamic moments of inertia for the excited bands in

into the respective 13/rast level. In®®Ge, the 3 state has
been observed at an excitation energy of 2649 K&&. By

FIG. 6. Kinematic(J) and dynamidJ@) moments of inertia
for the excited bands ii""%%As and%éGe. A value ofK=5/2 has

combining this energy with the excitation energy of the 20 ' ' ‘ ' ‘ ._.al

proton excitation if°As (1306 ke\j we obtain an energy of sk o g::jz; |
3955 keV, very close to the observed energy of 3947.5 keV 0-0% a5

of the second 15/2state in®°As. Similarly, two of the three | 77 "Ge
observed 19/2levels can be interpreted as coupling of the or i
o2 Proton to the 5 states at 3582 and 3649 keV {fGe

[35], even though the excitation energy of the 19¢fates in r 1
%As is by some 300 keV lower than expected. Analogous

discussions could be applied to the higher-spin states like or 1
21/2°(67) and 23/2(7°). e

7o [MeV]
C. High-spin positive-parity states
_ gn-sp _ P (Fl)) Y o FIG. 7. Alignmentsiy(iy=l—ins in 5%As and®Ge. A com-
Figure 6 shows the kinematid'”) and the dynami€J'”)  mon set of Harris parameters o8,=6 #2/MeV and J;
moments of inertia for the three excited positive-parity bands=3.57#4/MeV? taken from Ref[11] has been used for all nuclei.
2, 3, and 4 identified iff°As, the excited configuration re- The alignments in the As nuclei have been calculated considering

cently observed ifi’As [9], and the neutron-aligned band in K=5/2.

044304-11



STEFANESCUet al. PHYSICAL REVIEW C 70, 044304(2004)

30— . ——— 30 ; .
T o—¢ “Aq (Band 5)| | — s i ]
E 25__ a— A (Band 6) ’ E I
o as 20+ -
=0 . AS I
= r = sk 7
15 - L
P I AT N N R R | } | }
P e e e e M _ =
F 1 30 e s —
o3 N 2 N o
g 201 . z o0 == YAs (Band 7) | |
& 10F - = T ]
& oF 5 < r ]
-0k . -or ]
P R IR R MUY IR R ' . '
03 04 05 06 07 08 09 1 05 ! 1.5
ho [MeV] ho [MeV]
, . . N i io(J(2 i3 inerti
FIG. 8. Kinematic(J®) and dynamiqJ®) moments of inertia FIG. 9. Kinematic(JY) and dynamidJ?) moments of inertia

for the m=—, @=-1/2 bands 5 and 6 ifi%As. In the plots, the for the m=—, a=+1/2bands in®*"’As. The 17/2 state at 3844.6

19/2" states at 4488.7 and 4356.2 keV, respectively, have beek€V has been taken lowest state for both bands. s, the closed

taken as the lowest states. A valueko£5/2 hasbeen used in the ~ Circles are the band labeled as band 1 in Reg]. A value of K
analysis. =5/2 hasbeen used in the analysis.

89s, 87As, and®8Ge are plotted. The gradual down sloping rotational frequencies around 0.4 MeV predict a single pro-
of the kinematic moment of inertia of band 3PAs at the ~ 1ate y-soft minimum in the potential energy. Abovkw
highest spins is characteristic of a band moving toward ter=0-6 MeV this minimum was found to stabilize gt=30°
mination and losing collectivity. On the contrary? ex-
tracted for the neutron-aligned band ffGe increases
smoothly. TRS calculations féfGe in this spin region pre-
dicted two coexisting prolate minim&g,~0.2 and vy
~13°; y=-15°, one being expected to correspond to the The high-spin states observed iMs have been com-
band considered in the present work and the other one copared with the predictions of the cranked Nilsson-Strutinsky
responding to the proton-aligned bafg&9]. (CNS) approach[40]. Within this approach, the observed

The irregularity in the kinematic moment of inertia at bands are described in terms of configurations specified by
fw=1 MeV in ®°As (see Fig. § indicates a second change the occupation of the loyy-and the high valence orbitals
in the positive-parity yrast line. There, band 4 crosses banwith signaturee and approximate principal quantum number
3, the former becoming yrast and contributing to the totalN [40,41. The calculated configurations are traced in the
alignment with~67 units of angular momenturFig. 7). deformation spacée;, €;,y) as a function of spirl. Their
energies are usually expressed in term$ofE, ), i.e., the
excitation energies with a rigid rotor reference subtracted
[40]. In the present calculations, tie=80 parameters given

The kinematic and the dynamic moments of inertia for thein Ref. [42] have been used for the Nilsson potential. This
7=-,a=-1/2 bands 5 and 6 are plotted in Fig. 8. #b model neglects the pairing correlations, so the calculations
~0.67 MeV, band 5 undergoes a crossing, as suggested laye realistic only for states with spin above#l3n the A
the very irregular behavior of both? andJ®@. Although the ~ ~ 70 mass region, the CNS model has been rather successful
kinematic moment of inertia for band 6 shows a smoothin describing the properties of the high-spin state$®@e
increase with increasing rotational frequency, the weak peal36], "°Se[43], and"®'>"Br nuclei [44—-44.
around 0.76 MeV in the dynamic moment of inertia may In the following, the configurations calculated f&tAs
reflect a band crossing also for this structure. will be specified with respect to the doubly mag§bli,g core

The m=-,a=+1/2 yrast structure(band 3 exhibits a as having five active protons and eight active neutrons. Cal-
rather sharp backbending dtw~0.7 MeV (see Fig. 9 culations within the CNS approach for some neighboring
which may be associated with an alignmentggf, particles  nuclei have shown that the properties of the high-spin bands
in a near-prolate potential. The decreasdthwith increas-  are essentially determined by the number of particles lifted
ing rotational frequency and the smooth dro@ to values ~ from the ps,, P12 and fs, subshells in thegy, orbitals
lower thanJ® in band 7 suggests an unpaired regime of[36,43—-45. Thus, low-lying configurations ifi°As are ex-
rotation typical of terminating bands. On the contrary, bothpected to have one or tway,, protons and two or thregy,,
the kinematic and dynamic moments of inertia extracted fonmeutrons.
band 8 show a smooth increase with increasing rotational Those configurations of this type which appear to be rel-
frequency. This behavior is similar to that of the=-,a= evant when assigning theoretical counterparts to the experi-
+1/2 yrast band in"*As [12]. In "*As, TRS calculations for mental bands are summarized in Table Il. These configura-

E. Cranked Nilsson-Strutinsky calculations at high spin

D. High-spin negative-parity states
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TABLE II. The proton and neutron configurations and their contributions to the total configurations drawn in Figs. 10—14. The superscript
indicates the number of particles in the different subshells and the subscripts favored total spin contribution from these particles at
terminating states. The total configurations, having specified signature and (arity are labeled by the number a@f,, protons and
neutrons with typicaly deformation at intermediate spin as subscript. Furthermore, their terminating spin value is specified and underlined
if it coincides with the maximum spin value of that specific configuratigp,. The experimental bands assigned to the different configu-
rations are specified @2,B3,...,B8. Note the specific character of the second neutron configuration where an even nurfhgy;ef
particles couple to an odd-spin valgggnaturea=1) which means that there are two more neutrons of one signature compared with the
other signature, in this case four neutrons with+1/2 and two withe=-1/2. It is only in exceptional cases that such configurations come
close to yrast and, as discussed in the text, they are only one possible option when considering experimental counterparts in the present case

Protons
Neutrons (9o2)1.5(F512P3124 6 (9912)5(f512Pa12)3 545 (901)5(f512Pa2)3 5 5.5
(+,+1/2) (—,+1/2) (-,—1/2)
(99/2)§(f5/2p3/2)8,4,e [1,2],-30-,49/2" (B3) [2,2],-15°,49/2 (B7) [2,2],-15°,55/2 (B6)
[1,2], 50,4172 (B2) [2,2], 50-,41/2 [2,2], 50, 3972 (B5)
(=—1/2 (=, +1/2)
(GerD)3(fsi2P323 5 [2, 2, 47/2 [2, 2], 45/2
(—,+1/2) (+,+1/2)
(99r2)30.4 Fsr2Pa12)2 5 [1, 3], 53/2 (B8) [2, 3], 57/2" (B4)
(-, —1/2)
(991230 4 f512P31)5 5 [1, 3], 43/

tions are labeled ap,n] specifying the number of protons configuration was found to exhibit two minima in the poten-
(p) and the number of neutroris) in the gy, subshell. The tial energy surface, one at=50° and the other ay~ 30°,
maximum spins of these configurations are in the see Fig.11. The bancﬂ&,Z],/~50° and[1,2]y~30° are built on
=(25-30% range, as specified in Table Il. In the correspond-these minima. Th§2, 3] configuration lies somewhat higher
ing terminating states at oblate shape;60°, the deforma- at low spins but falls rapidly with increasing spin and is
tion is generally rather larges,~0.30. At these deforma- predicted to cross the configuratiph, 2], _5o- at spin 41/2.
tions, thefs;, and p3, (and py,») orbitals are generally split These calculated configurations are compared with those
apart rather strongly with thres,=1 orbitals with spin pro- of the experimental positive-parity bands 2, 3, and 4. Con-
jectionsm=Q=+5/2, £3/2, and +1/2coming lowest in

energy, as seen in a standard Nilsson diagram; see, e.g., Fig. L L B

. . 8 .
1 of Ref.[47]. It is therefore often energetically favorable for [%)2] CNS
the fgops3» valence particles to stay in these low-lying orbit- 6?1"** - - 7
als. For example, with siks;ops, particles, it is favorable for 43:: SIGeY s 22 4 A
them to couple td =0 or to|=4 with one particle lifted to TRl s

= i i i i 2+ AN -

the n,=2 orbitals instead of the maximum spin stdte6 N

; ; - ; g 22. & CoRr2 .
when two particles are excited to tlng=2 orbitals. Simi- OF, , ., ot 7 s

larly, with five f5,5ps/, particles having signature=+1/2, it '

E-0.027851(1+1) [MeV]

e~

is more favorable for them to couple te5/2 than the maxi- 1_+-—i=-=&\:*\\ Band8  Experiment |
mal spin statd =9/2. These facts are reflected in the proton - S R
and neutron configurations listed in Table II. 0r RS 7

Combining the proton and neutron configurations of Table I Band7 Ru
Il leads to total configurations which terminate at their maxi- ! i Tl ]
mal spin values as well as configurations which terminate at N TN I RN
lower spin. These different configurations often lead to co- 10 15 spif? " 25 30

existent minima in the potential energy surfaces wtde-

formations at intermediate spin in the range 15°-30° for_the FIG. 10. Calculatedtop) and experimentabottom energies of
former andy~50° for the latter. Thus, they are labeled with {he (7= + | a=+1/2) configurations relative to a standard rotor ref-
such an approximatg value in Table 1. erence. The calculated bands are labeled by the number gfthe

In the top panel of Fig. 10, théE-E,4) curves for the  protons and neutrons. The aligned states 60°) are indicated by
lowest calculatedr=+,a=+1/2 bands are shown. At low large open circles. The maximum spin for tfte, 2], 3. configu-
spin, a configuration with one proton and two neutrons in theation is predicted ay~ 53°, which can in principle be considered
Joy» Orbital ([1, 2]) is calculated to be lowest in energy. This a terminating state.
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FIG. 12. Same as Fig. 10 but for negative-parity bands with
signaturee=-1/2. The open square indicates a collective state of

FIG. 11. Potential-energy surface for ther=+, a=+1/2), ‘ ]
maximum spin |l max

[1,2] configuration at spin=29/2". The minima are located abt
~0.33,y=50° ande,~0.28,y=30°. The energy difference be-
tween neighboring equipotential lines is 0.4 MeV. superdeformed band obtained by promoting two protons
from thef,,, orbital into thegy,, orbital has been reported in
figurations[1, 2], _so- and[1,2],30- are good candidates for the neighboring even-even cofGe and interpreted within
bands 2 and 3, respectively. The experimental and the calcthe CNS approack36]. The experimental excitation energy
lated bands show about the same curvature in the energy the band is not known so the calculated configurations
graphs. The calculated terminating spins for [e2], _s,-  with two proton holes in thef,,, subshell were compared
and[1,2], 30 configurationgsee Table Il and Fig.)3sug-  with the superdeformed band §fGe assuming different spin
gest that these bands are observed up to two units of angulsalues and arbitrary excitation energig6]. The nucleus
momentum below their respective terminations. The crossin@gAs is only one proton away frorffGe, so, in principle, a
between the two experimental bands, observed around spfﬁ,z2 strongly deformed band is likely to occur, although it is
29/2" is not well described by the theory. However, the exactnot expected to become yrast until very high spin. We have
crossing point is sensitive to the detailed features of thearried out calculations for a few low-lying configurations of
single-particle energies used in the model. Moreover, in thighis kind and we found that they are predicted to lie 1-2
spin region pairing correlations could still be important soMeV higher in energy than the lowest pure valence space
the CNS calculations should be considered with some cawzonfigurations. On the other hand, they become yrast around
tion. | =304 when the spin is exhausted in the valence space con-
In the spin range 45/257/2, the[2,3] configuration is  figurations.
calculated to be the lowest in energy. This is in close agree- The lowest calculatedr=—,«=-1/2 configurations are
ment with the experimental situation where at spin 45/2 represented in the top panel of Fig. 12. Above spifi, ¥6ur
band 4 becomes yragFig. 10, bottom. Thus, the crossing configurations are predicted to lie close to the yrast line, all
between band 3 and band 4 may be interpreted as the cross-which being energetically favored at some spin. The cal-
ing between configurations with different numbersgaf,  culations indicate that th|l, 3] configuration competes with
particles([1,2] and[2,3], respectively and slightly different  three configurations df2,2] nature in the 31/2-43/2 spin
deformations. At the predicted crossing spn41/2', the range. Configurationg2,2], so- and[2,2], ;5. are built in
calculated shapes for thié, 2], _35- and[2,3] configurations  the two competing minima in the potential energy surface of
are £,=0.24, y=22° ande,=0.33,y=26°, respectively. In the same fixed configuration, which differ from the configu-
this region of rather high rotational frequencies, it is reasonfation simply labeled a$2,2] by the signature of théfp)
able to believe that at crossing, thg, particles in thg2, 3] particles(see Fig. 13 and Table)ll
configuration have their angular momentum almost fully ~The[1,3] and[2,2], s configurationgor some mixture
aligned with the axis of rotation. A gain in alignment-eb# of them) are both candidates for band 5, above spin 31/2
units is expected from the additiongj,, proton and neutron (Fig. 12, lower pangl The theoretical bangl,3] is calcu-
in the [2, 3] configuration with respect to tHé , 2], _s,-con-  lated to terminate at spin 4372whereas the termination for
figuration. This is in a very good agreement with the experithe band 2,2], 5. is reached at spin 3972
mental observation&ee Fig. 7. When drawn relative to a rigid rotor reference, the energy
In this spin region, the TRS calculations f&tAs per-  graph of them=—,a=-1/2 band 6 decreases smoothly with
formed in Ref.[11] predicted a strongly deformed minimum increasing spin as illustrated in the lower panel of Fig. 12.
(B,=~0.45 coexisting with a triaxial prolate minimurf3,  This behavior is similar to that of the calculated baii2ig]
~0.20,y~25°). The corresponding configuration has oneand[2,2],;s.. Since below spin 39/2[2,2], ;5. is lower
or two protons excited from th&, orbitals. Evidence for a in energy thar{2,2], the former is favored in the interpreta-
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FIG. 13. Potential-energy surface for the=-,a=-1/2), [2,2] FIG. 14. Same as Figs. 10 and 12 but for negative-parity bands

configuration at spinl=35/2". The minima are located a,  With signaturea=+1/2.
=~0.31,y=50° ande,=0.3, y=15°. The energy difference be-
tween neighboring equipotential lines is 0.4 MeV. their negative signature partners discussed above. From the
comparison of the theoreticdE—E,4y) curves with that of
tion of the experimental band 6. Furthermore, at spin 31/2 band 7(Fig. 14 it is clear that band 7 cannot be identified
the two minima corresponding to thé2,2], s and  with the band2,2], 50, because this configuration is pre-
[2,2],-15- configurations are predicted very close in energydicted to terminate below the maximum spin observed in
in agreement with the observed near-degeneracy of bandstand 7. The theoretical band is built in the noncollective
and 6. Due to the similar structures of these two configuraminimum of the potential energy surface displayed in Fig. 15
tions and the rather small potential-energy barrier betweeand may not have a counterpart in the observed spectrum.
them, it is expected that they will mix strongly. Such mixing The next lowest calculated configuration which might be
may be the cause for the irregularities observed in the dytaken into account in the interpretation of band 7 is[thé&]
namic moments of inertia of the two bands, as discussed inonfiguration. However, we prefer to associate band 7 with
the previous sectio(see also Fig. B This situation is similar  the configuratiorj2,2], ;5. because of the better agreement
to that recently found in the even-even neighboring nucleusn the slopes of the corresponding energy graphs above spin
0Se [43]. There, the potential-energy surface calculated foR9/2". The calculated termination for thhe, 2], -5 configu-
the m=—,@=-1/2 structures showed two minima that devel-ration at spin 49/2 coincides with the maximum spin ob-
oped from configurations with the same number of nucleonserved in band 7, this suggesting that this band has been
lifted from the fp shell to thegg,, orbital. The two observed observed to termination.
negative-parity bands were believed to belong to such differ- The correspondence between the slopes of the theoretical
ent minima, thus representing a coexistence of differenaind experimentalE-E,4) curves suggests that the configu-
nuclear shapes at high spi43].

For the last two states observed in band 6, our calcula-
tions predict a crossing of the, 2], 5. and[2,2] configu-
rations. The latter becomes lowest after the crossing but the
two configurations remain close in energy. In any case, the
question arises whether the high-spin part of &) con-
figuration should rather be considered when making configu-
ration assignments to the experimental band 6. In fact, the
relative energies and the crossings of the calculated bands
depend on the parametrization of the Nilsson potential. In
order to investigate this effect, we have also carried out cal-
culations using the set of single-particle parameters from
Ref. [47]. Employing this set of parameters, we found that
the configurations discussed above do not exhibit any cross-
ing, they only come very close in energy in the spin region of
interest. £ ,C08(y+30%)

The lowest calculatedr=—, = +1/2 configurations are
displayed in the top panel of Flg 14. The positive Signature FIG. 15. Potential-energy surface for tHer=—, a=+1/2),
of the theoretical bands is obtained by changing the signatung, 2] configuration at spin=33/2". The minima are located at,
of an(fp) neutron in thg1,3] configuration and the sighature ~0.31, y=50° ands,~0.29, y=15°. The energy difference be-
of an (fp) proton in all other configurations, with respect to tween neighboring equipotential lines is 0.4 MeV.

ezsin(y+30°)
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rations[1,3] and[2,2] may be considered when making as- erties are essentially determined by the number of the nucle-
signments for band 8. For this band, however, more experiens lifted from thefp shell to thegg,, orbital. The crossing of
mental information at higher spin than that observed in thehe positive-parity bands 3 and 4 was interpreted as being the
present work is needed in order to make a more firm assigrerossing of 7(gge/.)'1(gg;2)? (band 3 and (gg/2)?v(gg)n)?
ment. (band 4 configurations with slightly different deformations.
The theoretical bands are predicted to terminate at spins
49/2" and 57/2, respectively, in each case two units of

We have revised and extended the previously known levefngular momentum higher than the maximum Spin experi-
scheme of the nuclel€As, employing thé°Ca®2S, 3p) re- mentally obsgrved. Configurations af(gg/») v(gg,z)_ and _
action. Double and triple-ray coincidences and directional 7(Qor) ' 1(gor2)® Nature were proposed for the negative-parity
correlations have been measured. The present analysis bring@nds, the theory predicting that one band was observed to
a large amount of new information about the structure ofl€rmination and_ the_ other bands to spin values close to their
%9As at high spin. The previously observed positive-parity"®SPective terminations.
band has been extended up to s{#iB/2"). The continuation
of the ground state band has also been investigated up to spin
(29/2%). Three negative-parity bands have been observed for
the first time, and the negative-parity band identifiedif] The authors wish to thank Professor A. Gelberg for useful
has been extended up to sg#9/2"). It was found that, at discussions. A.J. acknowledges financial support from the
low spin, the negative-parity bands coexist with states ofSpanish Ministerio de Ciencias y Tecnologia within the pro-
single-particle character suggesting a competition of shapeggam “Ramon y Cajal.” The authors thank the crew of the
with different deformations. No experimental evidence for aVIVITRON accelerator for their efficient support during the
fz» proton-hole low-lying negative-parity band could be experiments. This work was supported by BMBF under Con-
found, which may indicate that in this energy regfSAs is  tracts No. 06 OK 958, No. 06 K167, and No. 06 GO 951, the
less deformed thaffAs. EUROVIV Contract No. HPRI-CT-1999-000783, Swedish

The high-spin bands were interpreted using the cranke&cience Research Council and European Community under
Nilsson-Strutinsky formalism. It was shown that their prop- TMR Contract No. ERBFMRX CT97-0123.

V. SUMMARY
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