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Rotational bands in ""Rb: Spectroscopy near theZ =38 deformed shell gap
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The y decays of high spin states ifRb populated in the reactiofiCa(*°Ca,3p) "’Rb were studied with the
EUROGAM | y-ray spectrometer at Daresbury Laboratory, in conjunction with the recoil mass separator. The
data were used to extend or establish three positive parity and five negative parity baf&b.in_evel
lifetimes and sidefeeding times were then measured with the NORDB#rhy spectrometer, using the
Doppler shift attenuation method. A very detailed level scheme including many weakly populated states was
established and the bands were observed over large spin ranges. The deduced lifetimes demonstrate the high
collectivity of the excited states and are consistent with their having large prolate deformations. The structures
of the bands and their crossings are discussed in relation to the large shell gap at prolate deformation
B,~0.4.[S0556-28187)01104-7

PACS numbgs): 21.10.Re, 23.20.Lv, 25.70.Gh, 27.5&

I. INTRODUCTION ""/Rb bean{5]. Very recently we have reported on the prop-
erties of the positive parity, yrast, and yrare bands iRb
In recent years, nuclei near the strongly deformed6] and have again used the argument of suppressed static
N=2Z=38 shell gap at prolate deformatigh,~0.4 have pairing to interpret the unusual band crossing between the
been investigated in much detail. These studies have bedwo bands.
motivated by the interplay between pairing forces, nuclear The present work was motivated by the wish to extend the
shapes, and rotation on the one hand and the interactiotmnds towards higher spins, i.e., beyond the expected align-
between and amongg,, protons and neutrons on the other ments, to identify further bands based on the other Nilsson
hand. Studies of high spin states in the nuclelfRb  orbits and, finally, to determine more lifetimes, especially in
(Z=37, N=40) have been carried out by Listet al. [1] new bands. We emphasize th&Rb is among the most
and Lthmannet al. [2] using rather simple detector setups strongly deformed nucleiground statgin the Chart of Nu-
which were sufficient to identify the lowest lying bands of clides and many high spin phenomena at large deformation
both parities and to measure some lifetimes. These studiesn be readily studied in the strongly populated bands near
showed both bands to have large and rather similar deformahe ground state. Furthermore, th&b-+3p exit channel has
tions of | 3,] ~0.4 and near-rigid shapes as deduced from théhe largest part of the cross section of tla + “Ca
equality of the kinematical and dynamical moments of iner-fusion reaction at the applied beam energy of 128 MeV and
tia. A suppression of static pairing correlations, due to theherefore offers, by using modern largedetection arrays
pronounced shell gap in the Nilsson schem@at +0.4, is  [7], very favorable conditions to obtain a rather complete
thought to be responsible for this finding,4]. Large prolate high spin scheme. This paper is organized as follows: Sec-
deformation has also been derived for the 3ffound state tion Il contains some details of the two experiments and the
from resonance laser spectroscopy on a mass-separatddta reduction procedure. In Sec. Il the experimental results
are presented, which are discussed in Sec. 1V, in terms of the
cranked shell model and compared with rotational structures
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A. The EUROGAM |
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Guildford, GU2 5XH, United Kingdom. High spin states i 'Rb were populated via the reaction
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dova), Italy. was detected with the EUROGAM | arrd®,7] which was
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TABLE |. Summary of the matrices sorted féfRb from the EUROGAM | data.

Matrix Multiplicity Gate (keV) Number of events
CaCa vy 1.2x 10°
DCO YY 4.4x 10
77Rb1 (r=+) yyy 147, 160, 162, 185, 502, 743, 954 76107
77Rb2 (r=-) Yyy 223, 247, 368, 470, 576, 665, 845 x110°
77RDb3 yyy 239, 280, 323, 352, 434, 441, 495 5¢110°

coupled to the Daresbury recoil separaf8;10. EURO- recorded at 86° and 94°. The determined coincidence inten-
GAM | contained 45 Compton-suppressed Ge detectors atities Y yielded directional correlations of oriented states
72° (10 detectorg 86° (5), 94° (5), 108° (10), 134° (10), (DCO ratiog, here defined as

and 158°(5). The target consisted of 250g/cm? of °Ca,

enriched to 99.965%, which had been evaporated onto a 10 ._ Y(y, at158°% gated withy, at 86°,949
wglem? carbon foil and covered with a flash of gold to pre- DCO* ™ y(y, at 86°,94°; gated withy, at 1589’
vent oxidation. It was mounted with the carbon side facing ()]

the recoil separator. Radioactive source$BEu, 1*Ba, and

(for high y-ray energieb 88y were used for energy and ef- with the gate 6/2) set on arE2 transition. The DCO ratios
ficiency calibration of the Ge detectors. were not corrected for the detection efficiencies of the indi-

The recoil separator allowed the identification dfand  Vidual detectors because the relative efficiency of the five
Z of the recoiling nuclei, so recoij- coincidence events as detectors in the 158° ring was found to be equal to that of the
well as two- and higher-foldy coincidences were recorded. ten detectors at 86° and 94° within the 3% accuracy of the
With a relative cross section of E)%, "'Rb was the most efficiency calibration. The DCO ratios were evaluated to ob-

strongly populated nucleus in the reaction. However, thdain information about the multipole character of the transi-
high line density in the spectra, together with the consider-
able Doppler broadening resulting from the high velocity of
the recoiling nuclei, rendered gating in a conventional
matrix quite difficult. This was especially true for weak tran- 400000}
sitions and those at highey energies. In order to obtain
unambiguous informationyyy and higher-fold coincidence 000l
events were used to construct the level scheme. For this pur-
pose, three two-dimensionaly matrices were sorted by im-
posing the additional condition that the double event was in
coincidence with a characteristic thindtransition. The gat- 800F
ing conditions for the matrices are summarized in Table I: 600
One matrix(77RbJ was sorted for the positive parity states
in ”"Rb and one(77Rb2 for the negative parity states. A
third one(77Rb3 was sorted because of the observation of a 200
previously unknown sequence of transitions in the’’Rb
recoil-y spectrum at 239, 280, 323, 352, 434, 441, and 495 L
keV, which turned out to belong to an excited, weakly popu- .
lated band. To illustrate the quality of the data Fig. 1 shows
different types of spectra for this band: In the projection of
the conventionalyy matrix[displayed in Fig. (a)] the above
transitions are indistinguishable. In the recpilspectrum L»,J
[see Fig. 1d)], which contains’’Rb transitions only, they I
can be clearly identified10]. In the yyy matrix 77Rb3 3001
sorted on condition that one of the coincident transitions is of L
the above-mentioned energies, the labeled transitions are sig-  200r
nificantly enhancedlcf. Fig. 1(b)] so that gating in this ma-
trix resulted in clean spectra, as demonstrated in Fig. 1 |
The triplesy events allowed the identification of weakly hoasct” . ) s
populated states, to set gates on transitions on top of the ' 0 e "
bands in order to verify forking band structures and to con- !
struct the level scheme. FIG. 1. Coincidenty-ray spectra in’’Rb obtained under differ-
The geometry of the EUROGAM I setup also allowed theent gating conditions. The transitions of baN& are labeled by
assignment of spins from the angular correlations of ¥he their energies{a) total yy projection, (b) recoil-y projection, (c)
rays. For this purpose, a matrfoCO) was constructed in projection of theyyy matrix “77Rb3,” (d) gate on the 239 keV
which y events recorded at 158° were sorted against thoseansition in theyyy matrix “77Rb3.”
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TABLE II. Experimental sidefeeding times in the reaction chan- 5.0 I
nel °Ca(*°Ca,3p) "'Rb. This work ®
. } Lihmann et al. ©
E, (keV) K E, (keV) s (P9 s (P 2.0
6525 33/2 1519 0.071) — 1.0F |
5441 29/22+ 1112 0.1%3) & 3 ]
5006 29/2 1332 0.111) & o5
3674 25/2 1145 4 0.398)
024?)
2630 19/2 1040 30 0.2
02439 2l _
2529 21/2 953 0.6%6) ]
1576 1712 743 3.a5) 0.05 . e UIN
5639 29/2 1336 0.101) 1 2 4 6 8 10
4303 25/2 1169 3 E, [MeV]
014>
3134 21/2 1009 0.3%4) 0.56(10) FIG. 2. Correlation between the sidefeeding timg and the
2680 19/2 963 45 level energ\E, . The open circles indicate the values from the work
0 95( 25) of Luhmann[18].
2125 Lz 845 11810 0.9310 one neutron scintillator signal and one BaBignal were
&This work. written on tape. A®2Eu source was used to calibrate the
bReferencd 18]. v-ray detectors.

Two asymmetric matrices were sorted for the data analy-

tions. Some 60 DCO ratios were deduced. In some caseSs: The first matrix contained ajly coincidence events with

o gates were summed up in order to improve the countin at least oney ray registered at 143°, the second matrix re-
9 P P %uired at least one Ge signal at 37°. Furthermore, separate

statjstics. This procedure dO?S not significantly affect the re.épectra were generated for each reaction channel by selecting
sulting DCO ratio, as shown in a recent work by Kabadlysk||ight evaporated particles. In the case ORb, the registra-
et al.[11]. The expected values aRyco=1.0 for stretched o of three protons was demanded in coincidence with the
E2 transitions andRpco~0.5 for stretched pure dipole tran- ohservedy event. Contaminations from other reaction chan-
sitions [11]. Al=0 transitions also show values of pgis(e.g., from the 4 channel®Kr) could be removed by
Rpco~1. Thus, in order to distinguish between stretchedsyccessively subtracting the respective isotopic spectra from
E2 andAl =0 transitions, further criteria like parallel tran- each other. Such “clean” isotopic spectra were sorted for
sitions or yrast arguments have been taken into account. two different observation angles in order to obtain additional
information on they-ray multipolarity. As the angular cor-
relations are symmetric with respect to 90°, the events reg-
B. The experiment at NORDBALL istered in the Ge detectors at 37° and 143° were combined,

A Doppler-shift attenuatiofDSA) experiment was per- s Well as those at 79° and 101°. StretcletiandAl=0
formed at the Niels-Bohr Institute at Risasing the same {ransitions are exeecteg to show a larger intensity at 37
reaction and beam energy. This time the target consisted of 6{143 than at 79 /191 ' whereas stretchkdzl_trana—
thin °Ca layer(400 ug/cm?), evaporated onto a gold foil of tions show the opposite behaviour. Thus, the ratio
14 mg/cn? thickness and covered with a bismuth lay200 Y. (37°)+Y . (143°)
wglcm?) to prevent oxidation. This layered target structure rY:Yy(79°)+Yy(101°) ;
stopped all evaporation residues, but allowed the beam ions Y 4
and the evaporated light particleg, (@, n) to pass through. of the y-ray intensities in the clean particke-projections
The y radiation was detected by means of the NORDBALL sypplies further information on the multipolarity of the re-
array, which contained 19 Compton-suppressed Ge detectogpective transition: stretchdgR transitions and\1=0 tran-
in this experiment. They were positioned at 3# detec-  sitions resulted in a ratio ofy=1.1(1) as opposed to
tors), 79° (5), 101° (5), and 143°(5) with respect to the Al=1 transitions which have,=0.5(1). These values al-
beam direction. In the backward hemisphere an array of 3fbwed a cross check on the DCO ratios and yielded addi-
BaF, detectors was placed and served as a multiplicity filtertional information on weaker transitions, whose DCO ratios
Additionally, particle detectors were used in this particularcould not be evaluated in the EUROGAM | experiment.
experiment: evaporated neutrons were registered in seven Lifetimes were obtained by evaluating the Doppler-
BC503 scintillators[12] one of which was placed at 0°, a broadened line shapes in the 37° and 143° coincidence spec-
second one at 37°, and the remaining five at 63°. Protons artda. The observed line shapes were compared with calculated
a particles were detected in amsilicon ball[13] surround-  line shapes based on the Monte Carlo cod®PIDIF which
ing the target. All thetriples) events containing at least two simulates the time-dependent velocity distribution of the re-
coincident Ge signals and one Ba§ignal, or one Ge signal, coiling nuclei[14,15. In these simulations, reactions occur-

@



55 ROTATIONAL BANDS IN “"Rb: SPECTROSCOPY ... 1683
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ring at different depths in the target, the kinematics of thelated line shape to the experimental one. The average side-

particle evaporation process as well as the slowing down anfiteding timerge and the lifetimer of the studied state are

straggling of the recoiling nuclei were taken into account.correlated with differen? values obtained in the variation

The calculation of the velocity distribution was based on theof the two parameters:se and 7 were optimized by search-

electronic and the nuclear stopping power functions according for the minimaly? value. Oncer and 75z were known

ing to Lindhardet al. [16]. Furthermore, cascade feeding for a state, this method of analysis was also applied to the

from higher lying levels and continuum side feeding werestatds) below. A total of 11 sidefeeding times was deter-

taken into account. mined which are summarized in Table Il. As expected, a
Cristancho and Liej17] have performed Monte Carlo distinct decrease of the sidefeeding times occurs for increas-

simulations for the sidefeeding times in the=80 nuclei. ing excitation energyE,, starting from some picoseconds

While in a number of nuclei the experimental values werebelow 2 MeV down to less than 0.1 ps above 5 MeV exci-

reproduced quite accurately, discrepancies were observed iation energy. As shown in Fig. 2, the relation betwegp

the case of the reactiofCa(**Ca,3) "/Rb, where Llamann  and E, can be parametrized by

[18] had already determined a few sidefeeding times. The

experimental values differed from the calculated ones by one InTsd ps|=0.782) — 2.4(1)InE,[ keV]. 3

order of magnitude. Thus, we have tried to check the previ-

ous experimental sidefeeding times and to determine addiFhe previous experimental sidefeeding tinié8] are fairly

tional ones in the present study. For this purpose, excitedonsistent with this finding. The adopted, rather long side-

states with “simple” feeding scenarios were used, i.e., statefeeding times again exceed the theoretical values obtained

which — except for the sidefeeding — are populated by jusfrom the previous Monte Carlo simulation of the time evo-

one transition from a discrete state with a kno(effective  lution of the totaly-decay flux[17].

lifetime. In this case, apart from the intensity ratio, two free  The further evaluation of the DSA lifetimes iffRb was

parameters govern the decay function when fitting the calcubased on the above relation betwegp andE, . If possible,
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TABLE lll. Excitation energies, transition energies, DCO andratios, and spin assignments.

E, E, Yl Multi- " I7
(keV) (keV) at 64° RE,  Gaté ry polarity () (%)

BandP1

146.52) 146.52)  26.058)° 0.603) El 5/2¢ 3/2°

331.12) 184.52)  35.1(11°  0.791) A 1.105) E2 9/2" 5/2*

24.4£ E2M1 9/2" 712+

833.12) 502.02) 100.034  0.791) B 1.11(5) E2 13/2 9/2"

1575.63) 742.62) 89.1(27) 0.8711) C 1.034) E2 17/2 13/2"

2529.43) 953.42) 70.621) 0.992) B E2 21/2" 17/2¢

3674.q4) 1145.22)  52.7122) 1.042) B E2 25/2° 21/2¢

5005.84) 1331.712)  41.6198) 0.942) B E2 29/2° 25/2¢

6525.14) 1519.42) 26.1(8) 0.973) B E2 33/2° 29/2"

8316.34) 15631) 0.7(2) E2 371% 33/%

1791.32) 6.2(3) 1.056) B E2 37/ 33/2"

10209.75)  1892.83) 4.02) 0.9010) B E2 41 371%

2041(1) 1.41) E2 41/2% 37/2¢

12 2651) 20551) 0.6(1) (E2) (45/%) 412

244872) 0.41) (E2) (45/25) 41z

125581) 23491) 0.7(1) 41/2

75063) 25003) 1.43) 29/2%
Band P2

306.12) 159.95) 20.99)° 0.844) E2/M1¢ 712t 5/2*

162.05) 4.202)P° 0.603) El 712¢ 5/2”

803.92) 472.92) 11.14) 0.80(3) D E2M1¢  11/2 9/2*

497.23) 11.34) 0.843) D 0.954) E2 11/2" 712t

1590.G2) 757.02) 5.002) 0.478) E 0.633) E2/M1 15/2°F 13/2

786.12) 15.95) 0.845) E 0.965) E2 15/2 11/2°

2630.23) 1054.62) 3.74) E2/M1 19/2" 17/2¢

1040.22) 15.65) 0.965) D E2 19/2* 15/2"

3894.43) 220.83) 0.2(1) 0.644) E2M1 23/2 25/2¢

1264.042) 15.95) 0.955) A E2 23/2° 19/2"

1364.73) 3.32) E2M1 23/2" 21/2°

53451) 1451.35) 10.1(6) 0.776) E E2 2712 23/2¢

16691) 1.001) E2/M1 2712 25/2¢

69271) 1582.15) 5.6(4) 0.727) E E2 31/2° 27/2%

86212) 17001) 2.0(5) (E2) (35/2")  31/2
Band P3

1153.32) 350.47) 0.4(1) 0.478) E2M1 9/2; 11/2¢

822.33) 3.8(1) 0.805) G 1.019) Al=0 9/2; 9/2*

847.04) 0.8(2) E2/M1 9/2) 7/2*

10061) 0.31) E2 9/2; 5/2*

1882.22) 729.02) 4.9093) 0.935) G 1.288) E2 13/ 9125

938.52) 3.72) 0.584) H E1l 13/ 11/27

1049.G2) 7.809) 0.86(5) F 1.169) Al=0 13/2 13/2¢

1078.12) 4.4(5) 0.825) E2/M1 13/2 11/2"

2596.42) 714.12) 19.26) 0.992) G 1.095) E2 17/1% 13/%

879.43) 3.02) 0.524) G El 1712 15/2°

1006.96) 3.74) 0.364) D E2/M1 17/% 15/2"

1020.92) 4.6(3) 1.118) Al=0 17/1% 17/2¢

17621) 0.6(2) E2 1712 13/2"

3410.93) 814.52) 24.69) 0.963) F 0.944) E2 2112 1712

881.94) 1.2(4) Al=0 212 21/2°

18382) 1.1(1) E2 21/2 17/2"

4329.33) 918.42) 21.621) 0.953) F E2 25/2 21/%

1801(2) 1.0(1) E2 25/2 21/2¢
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TABLE lll. (Continued)

E, E, Y el Multi- I |7
(keV) (keV) at 64° R Gaté ry polarity ) (%)
5440.94) 1111.62) 14.066) 0.854) G E2 29/ 2512
1766.95) 1.302) E2 29/ 25/2°
6751.84) 1311.G2) 9.2(6) 0.925) G E2 33/% 29/
1745.84) 4.04) 0.81(17) C E2 33/ 29/2"
8167.95) 1416.13) 5.1(2) 1.0909) G E2 37/2 33/%
16431) 9.1(16) 0.944) © B E2 37/2 33/2"
98171) 16491) 7.709) 0.944) © B E2 41/2 37/2
115822) 17651) 5.6(2) 1.0314) C E2 45/2% 41/2"
135512) 19691) 1.4(1) (E2) (49/2) 45/2¢
157972) 22462) 0.91) (E2) (53/2")  (49/2Y)
183762) 25793) 0.21) (E2) (57/2°)  (53/2%)
BandN1
368.02) 223.22) 8.4(4) 0.571) H 0.352) E2M1 712 5/2°
368.22) 39.912 0.801) H 1.11(5) E2 ra 3/2”
943.712) 329.33) 2.01) <1 I 0.312) E2M1 112 9/2"
575.12) 45.914) 0.851) I 1.135) E2 112 712
611.95) 1.1(2) El 112 9/2*
1717.42) 773.42) 36.919) 1.032) H 1.125) E2 15/2 11/2
884.43) Dublett E1l 15/2° 13/2*
2680.42) 963.12) 31.016) 1.01(2) H E2 19/ 15/2
3823.14) 1142.92)  26.914) 1.042) H E2 23/2 19/2°
5176.15) 10551) 1.302) E2 2712 23/%
1352.55) 7.64) 1.046) H E2 2712 23/2
6642.16) 1465.95) 4.712) 1.1710) H E2 3U% 271%
15391) 1.5(1) E2 31% 2712
830011 16591) 2.21) 1.3521) H (E2) (35/%) 312
101031) 18032) 1.4(1) (E2) (39/%)  (35/%)
BandN2
3229.55) 1104.94) 4.62) 0.585) J E2/M1 19/2, 1712
4122.66) 893.47) 2.72) E2 23/% 19/,
5103.54) 980(1) 1.903) E2 2712 23/2%
1280.52) 13.97) 1.064) H E2 2712 23/
6299.15) 1123.42) 3.42) 0.895) H,I E2 31/2 2712
1195.62) 10.7(6) 1.155) H E2 31/2 2712
7634.66) 1335.54) 7.87) 0.966) H E2 35/2° 31/2
9145.610) 1511(1) 6.7(4) 1.006) H E2 39/2 35/2
108602) 17141) 2.6(1) 0.909) H,I E2 4312 39/2
128072) 19471) 1.2(1) (E2) (47/12) 43/2°
150133) 22062) 0.6(1) (E2) (51/2°)  (47/2)
17 4854) 24723) 0.2(1) (E2) (55/2°)  (51/2))
BandN3
144.82) 144.72)  39.859°  0.491) K 0.372) E2M1 5/2 3127
614.62) 246.712) 4.42) 0.392) K 0.312) E2M1 9/ 712
307.82) 1.91) 0.695) El 9/12 712"
470.02) 57.917) 0.821) K 1.144) E2 9/ 5/2°
1280.22) 336.62) 1.8(1) 0.354) H 0.262) E2M1 13/2 112
476.45) 1.1(1) 0.684) E1l 13/ 11/2"
665.42) 57.618) 0.891) J 1.105) E2 13/2 9/2"
2124.73) 407.63) 0.91) 0.476) E2M1 17/ 15/2°
534.75) 1.0(1) El 17/12 15/2*
844.52) 50.1(15) 1.002) K E2 1712 13/2°
3133.83) 1009.12)  40.621) 1.0603) K E2 21/2 17/12

1685
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TABLE Ill. (Continued).

E, E, Y Multi- | |7
(keV) (keV) at 64° RY, Gaté ry polarity ) )
4303.24) 1169.42) 27.614) 0.993) J E2 25/2 21/2°
5638.85) 1335.42) 21.812) 0.944) J E2 29/2 2512
71981) 15591 653  0.807) J (E2)  (33/3) 292
88942) 16941 392 09216  J E2 (37/2)  (33/2)
107743  18822) 1703 (E2)  (4UZ) (37/%)
88322 16341  2.33) (E2)  (37/%) (33/%)
103652) 15331  1.603) (E2)  (412) (37/%)
BandN4
7086.86) 1448.@4) 10.25) 0.996) K E2 33/2° 29/27
8519.58) 1432.75) 7.14) 0.847) J E2 3712 33/2°
100972)  15771) 543 0769  J (E2)  (412) 372
1187a2) 17731 273 09921 I E2 (45/27)  (41/2)
138843) 20182  14Q3) (E2)  (49/2) (45/2°)
BandN5
2149.14) 12052) E2/M1 11/2, 11/27
1316.15) 2.52) E1l 11/2, 13/2F
134641) 1.33) E2M1 11/2, 11/2°
1817.95)  0.81) E1 11/2 9/2*
2387.74) 238.62) 1.7(2) 0.4833) E2/M1 13/2, 11/2,
1107.55) 0.94) E2/M1 13/2, 13/2°
2667.74) 280.02) 2.003) 0.41(3) E2/M1 15/2, 13/2,
518(1) <1 E2 15, 112
1092.15)  0.5(1) E1 15 1772
2991.@4) 323.32) 2.32) 0.423) E2/M1 1712, 15/2,
603)  0.83) E2 17, 13/
8661)  0.62) Al=0 172 172
3342.74) 351.12) 2.4(3) 0.443) E2/M1 19/2 17/2,
675.45) 1.92) 1.0010) E2 19/2 15/2,
813.15) 0.21) E1l 19/2 21/2*
3775.85) 433.43) 240 0312 E2M1 2% 19/%
784.45) 1902 E2 212, 1712
16511  2.1(3) E2 212, 1712
4216.35) 440.62) 1.72) 0.333) E2/M1 2312 21/2
515.45) 0.91) E2M1 23/2 21/2,
87325  2.203) E2 232 19/%
4758.37) 5421) 0.6(2) (E2/IM1) (25/%) 23/%
982(1) 1.7(4) (E2)  (25/3) 2U%
10581) 1.1(1) (E2) (25/%) 21/2,
5317.38) 6061 1.0 (E2M1)  (27/%) (25/%)
1101(1) 2.2(5) (E2) (271%) 23/%
595q1) 11981  2.34) (E2)  (29/%) (25/%)
12442) 0502 (E2)  (29/) 25/
66151 12981  1.33) (E2)  (3U%) (27/%)
73582)  14021) 144 (E2)  (33/%) (29/%)
80792) 14642  0.82) (E2)  (35/3) (31%)
89543 15962 0502 (E2)  (37/%) (331%)
3700.96) 1021(1) 2.6(3) 0.394) H,I,L Al=1 21/2, 19/27
4711.25) 494.92) 1.4(3) <1 E2/M1 25/2, 23/
935.45  1.403) E2 2512, 212
5851.49)  5341)  0.7(1) (E2M1)  (29/%) (27/%)
11401)  0.82) (E2)  (29/2)  25/2
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TABLE lll. (Continued).

E, E, Yrel Multi- I |7
(keV) (keV) at 64° RE, Gaté ry polarity (h) ()
Band X
2390.35) 15571) 1.95) 13/2*

3353.49) 9631) 2.22)

17771 2.22) 17/2*
4417.29) 10631) 1.99)

18891) 0.84) 21/2
54781) 1061(1) 1.2(2)

18042) <05 25/2
5681(1) 12641) 0.92)

20072) <1 25/2"
68061) 11251) 0.6(1)
13281) 0.41)
82632) 14571) 1.02)
97932) 15302 0.4(1)
114753) 16822) 0.2(1)

@A, 502 keV;B, 743 keV;C, 953 keV;D, 786 keV;E, 1040 keV;F, 714 keV;G, 815 keV;H, 576 keV;
I, 773 keV;J, 845 keV;K, 665 keV;L, 368 keV.

bIntensities are underestimated due to the long lifetimes of the decaying state. See text for details.
°Energy calculated from level energy difference.

9Multipolarity taken from the angular distribution measuremenfli8] [ 5(E2/M 1)=0.40(10).

€A common DCO ratio was determined for the doublet 1643/1649 keV.

the two line shapes observed at forward (37°) and backwardsing these 500 different sets of parameters. Figure 4 dis-
(143°) angles were evaluated simultanously, thus minimizplays the resulting distribution of the determined lifetimes
ing the risk of systematic errors due to contaminating linesfor the example of the 3411 keV 21/2state. The distribu-

As an example, the line shape fits in the newly establishetions of the lifetime values were fitted by Gaussian distribu-
positive parity bandP3 (cf. Sec. Il are shown in Fig. 3.

This figure also illustrates the applied feeding pattern, which 18376 fezas)
becomes more and more complex the lower the studied state 2579

is situated in the level scheme. Thus, the influence of the

experimental errors of the various lifetimes becomes more L1y 6w
and more important. In order to study this influence we var- e

ied the sidefeeding times and state lifetimes of the populating 13551 v @oh

transitions within their statistical errors in a Monte Carlo
way (500 parameter setaind then performed line shape fits

3411 keV = 0.93(4) ps
20| ]
E
S 5]
Ll
=}
2 10f
g
Z
5.
08 09 10 11
7 [ps]

FIG. 5. Positive-parity band81, P2, andP3 in "'Rb with their

FIG. 4. Monte Carlo distribution of the level lifetimes of the main in-band and interband transitions. Note that the energy axis
3411 keV state obtained when statistically varying all the feedinghas been expanded for the states below 1 MeV. Spins are given in
lifetimes within their errors and in each case minimizipg units of /2.
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17485 _____(G%)
24]72
1
[
15013 s1-
2206 13888 49-
12807 47 2018
1947 11870 45

10724 - 5 - -G 65 car- T
1882 -—-5.3—(-—) 10097 41
[}

1577

Mi_(ﬂ'_) 8832y 37-) R )

169 &2 —!—8520 37 FIG. 6. Same as Fig. 5, but for

7198 33y 7087 S - the negative parity band®1-—
W N4. SeveralE1l transitions con-

necting the positive and negative
parity bands have not been in-
cluded, but are listed in Table III.

® & ®

tions, and their centers and FWHM were adopted as lifetimeyeighboring nuclei, the second baR8 was also seebelow
values and errors. The influence of the intensity errors of thene crossing point and, indeed, was established down to its
populating transitions was much weaker than that of thyresumed 9/2 bandhead. This is a consequence of the large
feeding times and was neglected in this procedure. cross section in the@exit channel and the high efficiency

lll. EXPERIMENTAL RESULTS s

The resultingy-ray energies and intensities, DCO and 1682

intensity ratios, level energies and deduced or proposed spin-
parity assignments ifi’Rb are summarized in Table lll, clas- o793
sified according to the main band structures found. All the 1530

definite spin assignments are based on the DCO ratios 804 31
Rpco Or intensity ratiosr, [see Egs(1) and (2)], while the 8263 4 w070 159_6&)
tentative spin assignments given in brackets follow from the 1457 Y
linear increase of the-ray transition energy with the spin, 1358 (33)

typical of near-rigid rotation. In"’Rb this approximation is,
indeed, a very good one, as will be discussed further in Sec.
V.

In the previous high spin studies ¢fRb by Listeret al.
[1] and by Lihmann etal. [2], one favored (signature
a=+1/2) and one unfavoreda(= —1/2) positive parity
band had been identified, extending ugEtp= 8.2 MeV and
probable spin 37/2. Furthermore, negative parity = 1/2
ground bands up t&, = 7.1 MeV and tentative spin 33/2
had been established. The positive parity high spin states
observed in the present work are summarized in Fig. 5. Not .
only has the favored bandl been extended up @5/2") G A
and the unfavored banB2 up to(35/2"), but a new band 433
P3 has been established, which has spins identical with 04 it
those of the favored barféll and extends up t, = 18 376 11 o
keV and|™=(57/2"). Band P3 becomes yrast around 7
MeV excitation energy and, therefore, could be followedtoa (%) PL,P2 ®) N1,N3
much higher spin value tha®l andP2. In contrast to most
high spin schemes measured in previous studies for this and FIG. 7. Same as Fig. 5, but for the barld5 andX.

11
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TABLE IV. Lifetimes and adopted sidefeeding times ifRb.

= I E y TSk a Teﬁb TDSAb 7| DSAC 7 RDDSC ™
(keV) (%) (keV) (ps) (ps) (ps) (ps) (ps) (ps)
P1

10209 41/2;r 1893 0.083) <0.18
8316 371% 1791 0.041) 0.112) 0.062) 0.062)
6525 33/2 1519 0.072)  0.141)  0.041) 0.041)
5006 29/7 1332 0.133) 0221 0.071)  0.194¢ 0.071)
3674 25/2 1145 0.289) 0.152) 0.094) 0.142)
2529 21/2 953 0.7026) 0.372) 0.326) 0.372)
1576 17/2 743 2.2398) 0.924) 1.1221) 1.2726) 0.936)
833 13/2 502 9.26) 9.2(6)
331 9/2" 185 99136) 991(36)
147 5/2 147 745 NS 7.45) ns
P2

5345 2712 1451 0.273) =<0.3¢F
3894 23/2 1264 0.247) 0.392) 0.102) 0.102)
2630 19/2 1040 0.6323) 0.193) 1.05)¢ 0.193)
1590 15/2 786 2.1895) 0.9055) 0.8835) 0.9055)
804 11/2 497 5.210 5.2(10)
307 712 160 56839) 56939)
P3

8168 3712 1416 0.136) <0.1¢
6752 33/2;r 1311 0.061) 0.273) 0.172) 0.172)
5441 29/2;r 1112 0.112) 0.292) 0.292)
4329 25/ 918 0.195) 0.54(3) 0.54(3)
3411 21/2} 815 0.3311) 0.934) 0.934)
N1/N2

6299 31/2 1196 0.305) =<0.35
5104 2712 1281 0.123) 0.21(2) 0.21(2)
3823 23/ 1143 0.2%9) 0.173) 0.173)
2680 19/2 963 0.6022) 0.3503) 0.21(8) 0.335)
1717 15/2 773 1.8@77) 0.653) 0.9720 0.6605)
944 112 576 4.24) 4.2(4)
368 ra 368 473) 42(3)
N3/N4

5639 29/2 1336 0.281) <0.24
4303 25/Z 1169 0.195) 0.161) 0.204)° 0.161)
3134 21/2 1009 0.4114) 0.263) 0.175) 0.243)
2125 17/2 845 1.0742) 0.454) 0.486) 0.463)
1280 13/2 665 3.117) 1.299) 2.0325 1.5837) 1.3923)
615 9/ 470 11.68) 11.68)
145 5/2 145 78239) 78239
8 rom Eq.(3).

®This work.

‘Referencd?2].

dAdopted value.

Effective lifetime.

1689
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B,

FIG. 8. Nilsson scheme near tih\e=Z=38 deformed shell gap.

of the Ge arrays used. Within all the bands strong stretched
E2 transitions typical of rotational-aligned structures are ob-
served. We would also like to emphasize tRdt andP3 are
mainly connected by stretch&tR transitions, at least above
spin 17/2". The bandsP2 andP1, on the other hand, are
preferentially connected bl =1 transitions.

Five rotational bands of negative parity have been seen in
the present work; they are displayed in Figs. 6 and 7. The
arguments concerning the spin assignments for the positive

|Q:] [eb]

| Qe[ [eb]

N1/N2 @ -
N3 O T

(b) 4

0.0

0.2 0.4 0.6 0.8 1.0
fw [MeV]

parity states are also valid for most of these states. The bands FIG. 9. Summary of the measured transitional quadrupole mo-
N1, N2, N3, andN4 shown in Fig. 6 appear to be of a Ments.

decoupled nature and feature long series of stretdi2d

transitions. Both bands fork inteand communicate with  established up t&, = 17 485 keV,| "= (55/2") andN4 up
bands of equal spindd2 andN1 around 3 MeV excitation to E, = 13 888 keV andl "=(49/27). These four bands
and spin 19/Z, and N3 and N4 around 6 MeV excita- carry the mainy-ray flux to the 145 keV 5/2 state and the
tion and spin 33/2. Again, the crossing bandsi2 and  3/2~ ground state.

N4 become yrast above the respective crossing points and, In contrast, the negative parity baitb, identified in this
therefore, were followed to somewhat higher energies anevork (see Fig. 7 has very different properties. It is very
spins than the ground bantisl andN3: N2 was tentatively weakly populated, has a strongly coupled structure with

T T T T T T T T T T T T T T T T
0F @ Plo | BF (9
L P2 = | r
= P3 o 6 ~~
5 301 b L -f/o 0\0
: I
= o {\0\0’0\0“0*0\0\0 1= 4f oo
Tﬁ 20 F -\ D—D—U—D;.DD—EI 4 L .
:\ " 2L /\':‘\D/D
= b e D/D/D | )
> 10 I !
L i . /
] 0F \l\- -
0 4 -2t
—t—t—tt——t ——tt
- 1 1
! @
- I 0r O s—a—x 08y
L 30t . T
g =l %‘%}
ul
o = 0 "o
5 20 F 18-2p o
SO 1 sl
10} . -
- B _4 B
ol 1 st
i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.4 0.8 1.2 0.0 0.4 0.8 1.2

hw [MeV] hw [MeV]

FIG. 10. Kinematical and dynamical moments
of inertia 7AY/%2 and 72 /#2, aligned single par-
ticle spinsi and Routhiang’ of the bandsP1-
P3.
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TABLE V. Reduced transition probabiliti€®(E2), transitional quadrupole momer® and deformation
parameters3, in "'Rb.

Ex (keV) I E, (keV) b B(E2) (e* fm?) |Q4 (eb) | B2

P1

10209 41/2;r 1893 0.742) > 226 > 0.80 > 0.11

8316 371% 1791 0.902) 350 33 0.184)
66({180) 1. 38( 20)

6525 33/2 1519 1.0 800 42 0.335)
250({500) 2. 70( 29)

5006 29/7 1332 1.0 450 23 0.352)
280({350) 2.86( 18)

3674 25/2 1145 1.0 500 24 0.363)
295((400) 2. 98( 19)

2529 21/2 953 1.0 2800150 2.958) 0.361)

1576 17/2 743 1.0 390000 3.5514) 0.421)

833 13/2 502 1.0 28000 3.1611) 0.391)

331 9/2 185 <1 < 3800 < 4.22 < 0.49

P2

5345 2712 1451 0.922) > 390 > 1.08 > 0.14

3894 23/2 1264 0.842) 600 33 0.31(4)
aod®  2s{3

2630 19/2 1040 0.882) 650 31 0.373)
295({450) 3. 05( 25)

1590 15/2 786 0.781) 2350150 2.8310) 0.341)

804 11/2 497 0.532) 800 44 0.395)
oo™ a2d®

P3

8168 3712 1416 0.365) > 270 > 0.88 > 0.12

6752 33/2 1311 0.703) 150 14 0.202)
85({ 100) 1. 59( 12)

5441 29/25r 1112 0.922) 15001150 2.1210 0.261)

4329 25/2;r 918 0.961) 2200150 2.599) 0.321)

3411 212 815 0.912) 2200150 2.629) 0.321)

N1/N2

6299 31/2 1196 0.762) > 720 > 1.46 > 0.19

5104 2712 1281 0.882) 1000100 1.7211) 0.221)

3823 23/2 1143 1.0 550 28 0.333)
2y 2745y

2680 19/2 963 1.0 550 26 0.373)
300({400 3. 07( 21)

1717 15/2 773 0.982) (450 20 0.452)
440({400) 3.86( 18)

944 11/ 576 0.941) 350 19 0.402)
290({300) 3.37( 17)

368 i 368 0.842) 250 21 0.452)
240({200) 4. 13( 19)

N3/N4

5639 29/2 1336 1.0 > 800 > 1.53 > 0.20

4303 25/Z 1169 1.0 23550 2.659) 0.321)

3134 21/2 1009 1.0 450 22 0.382)
325({350) 3.17( 18)
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TABLE V. (Continued).

E, (keV) I E, (keV) b B(E2) (2fm%)  |QJ (eb) |82l
2125 17/2 845 0.971) 4000300 3.61(14) 0.432)
1280 13/2 666 0.961) 4a5 4900) - 5(40) 0.46(4)
650, 7931
615 oz 470 0.911) 250 3.6215) 0.432)
({200)

Al=1 level ordering(see Fig. 1, and a rather high spin of sidefeeding times included have been taken from the param-

™ = 11/2" for its bandhead. In-band transitions as well asetrization mentioned in Sec. Il B, assuming that they only
a large number of interband transitionsRd, P2, N1, and depend on the excitation energy and not on spin or parity. In
N3 are indicated in Fig. 7. Due to the weak flux in this band,general, the DSA level lifetimes deduced in both studies are
no DCO ratios could be extracted, which led to only tentativein fair agreement and do not show systematic deviations
spin assignments for the states above 4.5 MeV excitafrom each other. Of course, the much higher counting statis-
tion energy. The spins of the lower members rely on theics accumulated in the present experiment and the more rig-
parallel stretched dipole-quadrupole branches, the definiterous treatment of errors have led to smaller lifetime errors
spin-parity assignments of the states fed by the out-of-bandnd to lifetime values for the higher lying members of the
transitions, and the very reguléfl + 1) pattern of the level various bands. We note the rather long sidefeeding times
energies. The assigned spin and parity of the 2149 keV band-r which, on average, are about twice as long as the level
head,|"™=11/2", is suggested by its decays to the 944 keVlifetimes. In agreement with an empirical rule previously
11/2-, 331 keV 9/2", and 804 keV 11/2 states. Another found to be valid inA=~80 andA~ 150 rotational nuclei, the
transition which provides unique spin-parity assignments irsidefeeding time of a state is of the same order as the effec-
this band is the 1651 keV 2172— 17/2~ transition. tive lifetime of its next discrete feeder state.

A series of seven transitions with energies regularly in-
creasing with spin along the bandX” (also shown in Fig.
7), connects the 2390 keV state with that at 11 475 keV. The IV. DISCUSSION
lowest four states of this structure feed the b&d in the
spin range 13/2 — 25/2* which suggests that they have
similar spin values and positive parity. As the lowest transi- The previous work on the ground and excited states of
tion (963 ke\} in this band collects only 2.2% intensity of '’Rb as well as the band structures of neighboring nuclei,
the 502 keV, 13/2 —9/2" transition, no DCO ratios could taken with the large transitional quadrupole moments in all
be measured. the bands(see Sec. IV B reinforces the evidence of the

Table IV summarizes the information on the level life- importance of thez=N=238 shell gap at the large prolate
times gained in the previoy®,18] and present work. The deformationg8,= +0.4. The most important conclusion from

A. Bandhead configurations

—tr r T 1 1 1 17 1 T T T T T T
0F (a) Nlo 7 r (9
F N2 = | 6 F e N
,T'.— ~ N3o )/’/l\-‘\.
> 30r N4 & 7 r Vol ~a
2 7 e, | 1= 47 I 1
S 20 —omom® v J
ES L DM ] 2k _ \::O/‘ﬁ<> .
Y
10 - 1 /ﬁj//:
I or \:\-(YEIMO/D T
0F B
et i , ,
40 | 4 I @ . FIG. 11. Same as Fig. 10, but for the negative
L 3 " 1 parity bandsN1-N4.
= 0F o-0B000s > 4
> 30 - w{\ﬂ\n\n
> ot |
=t 1zt ?{i\o _
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I ¥ T T T T T T I ' T T T I T T T T T T T T
40 4  so0f .
(a) N5 @= 712 e (b)
— | a=+1/2 = 25 i
T80 -
% i C‘*l:DQ. =20 o_ -
E ."D~I-E_.L. 18 .\s\ . .
o 20k 12 .1 ", | FIG. 12. Kinematical moment
=~ o " of inertia JY/%2 and aligned
5 | 1 10} \B\. 4 single-particle Routhiae’ for the
1ol . NS highK bandN5 in 7’Rb.
] 05 \B\ —
|
oF — 00 1
1 ). 1 1 1 L 1 1 1 L 1 1 1 1 . 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
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the previous studies is that this deformed shell gap is rathdsands of both paritiesR1/P2 and N1/N3) have, indeed,
stable against both variations of the particle number and robeen attributed to ther[431 3/2"] ® »?[422 5/2"] and
tation. This implies that the arguments put forward in our#[312 3/2 ] ® v»?[422 5/2°] configurations which are
recent studies ori®"®Rb and ’’Sr[19,20 can also be taken predicted to be lowest in enerd$]. The crossing positive
as the starting point for assigning Nilsson orbits to the manyarity bandP3 has recently been assignedrf431 3/2']
bands in "/Rb presented in Figs. 5-7. We would like to ® »?[301 3/2'] configuration[6]. By similar arguments,
emphasize that the situation is very different if either thethe crossing negative parity banN®2/N4 could arise by ei-
proton or neutron number starts deviating from 38 by moreher transferring the two neutrons into thg301 3/2 ] orbit
than two. In these nucléi.e., the light Se and Br nucl¢21]  or the two proton holes into the[310 1/2°] orbit. The
and the heavier Kr and Rb isotopestrong polarization ef- highK negative parity bantl5 is most likely built upon the
fects, coexistence of prolate and oblate states and complinixed proton-neutron aligned configuratiom[431 3/2"]
cated band crossing phenomena have been encountered. @ p[422 5/2°] ® »[301 3/2 ] (see below.

The Nilsson diagram near tHé=2Z=38 deformed shell
gap is shown in Fig. 8. It suggests that the structure of
{!Rbs, should be governed by ther[431 3/2'] and

7312 3/2'] proton (hole) orbits and they[422 5/2], The B(E2) values, moduli of the transitional quadrupole

v[303 5/2°] and »[301 3/2'] neutron (particl§ orbits.  moments|Q,| and deformation parametetss,|, derived
It is interesting to note that two positive and two negative

parity orbits with similarK values, among them the loi-

B. Quadrupole moments and moments of inertia

orbits of thegg,, proton and neutron spherical single-particle 5 ' ' ' * Pll ') '
) ) . - ) e -
orhit, play an important role. The signatu#e= + 1/2 ground _ (a) 3 Egg‘) o
T 40 | P1 (th.) —— |
> P3 (th.) —
T T T T T T T T T NE 30 k //\ i
i " Rb o ] £ .._QQB}'SO\OO.Q o
5 7 b e = 2 o009 g .
— 50| Rb = 1 o
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FIG. 14. Comparison of the values 8" and|Q,| in the 7 =

FIG. 13. Comparison of the dynamical moments of inertia, + bands with the results of the Nilsson-Strutinsky calculations by

J2142, for the positive parity yrast bands if?7""Rb. Donau[6,22].
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In the following, we will briefly discuss the frequency

ing ratios, are listed in Table V. Taking somewhat arbitrarily dependence of the kinematical and dynamical moments of

the four lowest transitions in each band and using

(axial symmetry,y = 0), we find the following deforma-
tions: |B,(P1)[=0.381), |B,(P2)|=0.352), |B(P3)|
=0.282), |B2(NL/N2)|=|B(N3/N4)|=0.422). These
values confirm the previous finding of large deformations in
all the bands, with those at negative parity being somewhat
larger than those at positive paritg]. A summary of all the
measured transitional quadrupole momeg plotted ver-
sus the rotational energyw is presented in Fig. 9, grouped
according to parity. In the yrast ban&@i/P2, |Q,/|=3.0eb
essentially stays constant up fi@m=0.7 MeV, while in the

inertia, JY/%2 and J®/42, of the aligned spin and of the

B single-particle Routhiarg’ (w). Again, we discuss the bands
Qi=3ZR5B2(1+0.168,)/ {5 4 p1-P3 (Fig. 10, N1-N4 (Fig. 11 andN5 (Fig. 12 sepa-

rately. As the various bands have been observed through
their crossing points, the variations of the moments of inertia
and the aligned spins can be determined accurately. We first
note that in all the bands the kinematical moment of inertia is
roughly constant with respect to rotational frequency and
Close to the rigid-rotor valueg,,/%i?=21 MeV *, evalu-
ated for the prolate deformatioB,= + 0.4 and the nuclear
radiusRy=1.2AY fm. Another general observation refers to
the relative change of the kinematical moments of inertia of
the crossing bandsP@, N2/N4) relative to those in the

yrare bandP3 the quadrupole moment is somewhat smallerdround bands R1/P2, N1/N3): The crossing band®3,

at low % w and drops faster for increasirigo. Harderet al.
[6] have, indeed, correlated this difference|@| between

N2, andN4 clearly have larged®) values. It is also inter-
esting to note that thé® values of the excited banda3,

P1/P2 and P3 to the smaller prolate deformation of the N2, N4, andN5 nearly overlap with each other at any given

v[301 3/2°] orbit relative to that of the[422 5/2'] orbit.
In the negative parity band§Q,| starts around 3.6 b and
steadily drops to about 2.@ b atZw=0.6 MeV.

Bo sin(y + 30°)

-0.10

-0.20
.0.30 .A“

-0.10 F

020 /
=7
.0.30 ‘ \ } .-.‘-{/%//7///{ 7

0.10

NN NN
5

\

0.00

AR
'
/)

"

AV

%

\\‘h\l,‘ ,
sy

0.50

A

0.40

0.30

0.20

Z,”io

L)
A///
=
S

0.10

\!

4

",
X7

N

(o")i ]
/
, ) ).))///

hw = 0.8 MeV hw = 1.2 MeV
0
TAN)
, i /)//L
W

\\g;--‘:\-%\i
e 2

0.00 =N

%
-

L/
7>

//’

7

7%

Y,

= s =

0.00 0.10 020 030 040 050 060 0.70 0.00 0.10 0.20 030 040 0.50 0.60 0.70

Ba cos(y + 30°)

rotational frequency and all of them show a slight tendency
to decrease for increasingw. In spite of the very smooth
behavior of the kinematical moments of inertia in all the

FIG. 15. Calculated total
Routhian surface for ther = +
band P1 [23]. Note the very
stable minimum at axially sym-
metric prolate deformation.
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fluctuations but, apart from these, average again at the rigid-

body value.

C. Cranked shell model calculations

The unusual crossing of the favored yrast and yraret
bandsP1/P3 in ""Rb was recently explained in our earlier
publication [6]. Without repeating the detailed reason-

FIG. 17. RatiosR;,=B(M1)/B(E2) for the bandsN1, N3,
N5 in "/Rb and "°Rb and the aligned proton-neutron band in
"*Rb.

Similar calculations have also been carried out by Sheikh
[24] for theP1 andN1 bands. The predicted deformations of
the positive and negative parity ground bands-afe37 and
+0.39 to be compared witB, = 0.381) andB, = 0.422).

ing given there, we present here the main results. This crosse energy difference of the two band heads is 120 keV.

ing is not a consequence of the commaerband mechan-
ism where two identical particles in higherbits align their
spins, but is associated with the two differef@qp)
configurations mentioned in Sec. IV A. With respect to the
N=Z=38 shell closure atB,=+0.4, these configura-
tions are w[431 3/2"]® v¥’[422 5/2"] in band P1 and
m[431 3/2"]@v?[301 3/2°] in band P3. This interpreta-
tion is supported by the neighboring oddisotopes "Rb
and ®Rb which have one neutron pair le¢siore than
""Rb and which, for this reason, do not show the same typ
of band crossing aB1/P3 in "’Rb. Figure 13 illustrates this,
showing the evolution of the dynamic moment of inertia,
J@)/1%2 along ther = + yrast state$1/P3 in these three
isotopes: While the pronounced “band crossing” occurs in
Rb athw ~ 0.7 MeV, J® stays nearly constant iffRb
and "°Rb, where they[522 5/2"] and »[301 3/2 ] orbits
are either both empty or both filled.

Nilsson-Strutinsky-type calculations, without any static
pairing correlations included, have been carried out b
Donau [6,22]. The resulting moments of inertid) and
quadrupole moment®),| are inserted in Fig. 14. The calcu-

D. The high-K band

In the discussion of Fig. 12, we have already pointed
out the near constancy of thEY values in this band and
have tentatively given its configuration, involving a
rotational-aligned [431 3/2"] proton and [422 5/2"]
neutron, besides 301 3/2 ] neutron. Few members of
bands with similar origin have been fouf@d5-27 in the
heavier oddA Rb isotopes’88Rb (see Fig. 16and have

Qlso been extensively studied fiY [28—30. The Nilsson-

Strutinsky calculations by SheiKR4] predict that the lowest
two K”=11/2" bandheads havi,=2.0 MeV (8, = 0.39
andE,=2.8 MeV (B,=0.35. Their configurations are either
w422 5/2" @ w[431 3/2"|® w[312 3/2°], i.e., a proton
excitation across the Z38 gap, or w[431 3/2

® 1[422 5/2°] ®v[312 3/2 ]. The very different nature of
this band N5 can also be seen in the ratio
R,=B(M1)/B(E2) of M1 and E2 decay strengths de-

Yduced from the experimentall = —1 andAl = —2 branch-

ing ratios. In Fig. 17, this ratidor its limit whenever only
one branch has been identifjed plotted as a function of the

lations reproduce the measured values rather well, in particus-pin for the negative parity bands Rb and °Rb and the

lar the near-constant) values and the slowly decreasing
qguadrupole moments. The calculations also account for th

alignedK™=4" proton-neutron band if®Rb we have re-
Eently identified 19]. The data clearly fall into three classes:

observations, concerning the relative magnitude of the masge |owk ground bands in”"Rb haveR,,<0.5, while the

and quadrupole moments, i.eJP(P1)<J®(P3) and
|Qi(P1)[>|Qi(P3)|.

Cranked shell model calculations with a deformed

Woods-Saxon potential and reduced pairing gap have begn

performed by Wys$23]. The resulting total Routhian sur-
faces for the positive parity ground baRd atziw = 0, 0.4,

highK bands in """Rb average aR;,>2. In spite of a

regular odd-even spin staggering of tRg, values in the

proton-neutron band in"®Rb, the average ratio there is
~1.

1

V. CONCLUSIONS

0.8, and 1.2 MeV are shown in Fig. 15. One notes the very

stable prolate minimum«=0°) at8, = 0.35 foriw = 0
MeV which develops tg3, = 0.25 abovehiw = 0.8 MeV.

The present detailed work on the band structures of
/Rb has increased the knowledge of this very deformed
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