PHYSICAL REVIEW C, VOLUME 60, 014314

Band crossings in the positive-parity high-spin states of°Rb and &Y
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Positive-parity high-spin states in the odd-proton nud®b and &Y have been populated via the
%8zn(*%0,p2n) reaction at 56 MeV and th&’Co(?®Si,2p) reaction at 99 MeV up to (37/2 and (33/2),
respectively. In both nuclei band crossings have been observed at a spin of 21/2 and interpreted as resulting
from the alignment of agg, neutron pair, as in other odd-proton nuclei with 46 neutrons. In the three-
quasiparticle high-spin excitations, the observed signature splitting and total Routhian surface calculations
indicate that the®®Rb nucleus exhibits a well-deformed near-oblate shape. No second alignment has been
observed in the yrast sequencé’®Rb up to a rotational frequency of 0.95 MeV, indicating thatZer 37 and
an oblate shape the breaking ofg, proton pair is energetically expensi&0556-28139)05307-§

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

I. INTRODUCTION description is less successful for the low-lying layp, pro-
ton excitations which may be influenced by weakly collec-
Yrast high-spin states in the transitional Rb=37) iso- tive excitations.
topes with mass numbers 81, 83, and 85 may provide valu- In general, the low-lying one-quasiproton states in lthe
able information about the interplay of collective and =46 isotones discussed above exhibit a weakly deformed
particle-hole excitations as well as about deformation drivingshape with |3,/~0.15-0.20. But the evolution of the
properties of the unpaired nucleons. #iRb [1,2], the one- nuclear shape at higher angular momenta and excitation en-
quasiparticlg1qp yrast sequence of positive parity contains ergies has not been systematically explored. While detailed
weakly collective E2 transitions[B(E2)~14 Weisskopf experimental results are available from multidetector in-
units (W.u.)] while the states above spin 21/2re connected beam experiments for the isotones above the spherical sub-
by fastM1 transitiond B(M1)~0.4—1.2W.u}. Level ener-  shell gap aZ=40, such a§’Nb and®Tc, only limited data
gies and electromagnetic transition probabilities have beeare known for the high-spin states in nuclei situated just
successfully described by spherical shell-model calculationselow the gap, such @Rb and®®Y.
On the other hand, the positive-parity yrast sequenééRi Previously, the low-lying 9/2 isomer in®Rb at 42.1 keV
[3,4] is comprised of collectiveE2 transitions[B(E2) [13,14 had been found to be populated by a decay sequence
~66 W.u] between states of up to (37/Rand the cranked of four transitions. They were observed in coincidence via
shell model has been used to interpret the collective highthe («,2n) and €Li,3n) reactions at 23 and 25 MeV beam
spin states. It was found that the irregularities in the mo-energy[13], respectively. Thus, levels up to a 3727.7 keV
ments of inertia can be well explained by the breakup of astate were established with spin and parity assignments given
go» Neutron pair around spin 2172 up to the (21/2) state at 2860.4 keY13], just around the
For the transitional nucleus between these limi#&Rb  expected band-crossing region. Further, lifetimes (f),6
with 46 neutrons, a fragile competition of collective and par-1.43), and 2.97) ps were measurefil5] for the 13/2,
ticle excitations at high spins is expected but not yet studiedl7/2", and 21/Z states, respectively, providing evidence for
In the heavielN= 46 nucleu$’Nb [5,6], a weakly collective a moderately deformed 1qp structure®iRb. A decrease in
[B(E2)~12W.u] 3gp sequence has been identified whichthe E2 strengths was found when approaching the 21/2
is built on a low-lying 21/2 state. Thagg,, neutron character state which may indicate a possible band-crossing scenario.
of the breaking nucleon pair has been recently verified by To complete theN=46 band-crossing systematics, more
magnetic-moment measuremef®s8|, and it is supported by information about the positive-parity high-spin states in the
the neutron character of the yrast &tates in the adjacent isotone®Y (Z=39) [16] was needed. Previously, states up
even-even nuclei*Sr[9,10] and Zr [7,11]. Further, foran to a spin of (29/2) were identified in this nucleus, just
even heavieN=46 isotone,®Tc [12], multiparticle-hole  through thegg, neutron band-crossing region. To explore
(spherical shell-modglexcitations have been suggested forthe onset of high-spin bands and collectivity in tNe=46
the description of level energies and branching ratios of tranauclei below thez=40 gap, and to investigate shape varia-
sitions between states above spin 21/Zhe shell-model tions, in-beam studies of the nucfRb and®®Y have been
initiated. A thin target coincidence experiment has been per-
formed using heavy-ion projectiles to study the behavior of
*Present address: Los Alamos National Laboratory, Los Alamosthe odd-proton nucleu§®Rb at high angular momentum,

NM 87545. while a thick target experiment previously performed for the
Present address: Physics Division, Argonne National Laboratorystudy of high-spin states iff'y [17] was analyzed with re-
Argonne, IL 60439. gard to®°Y.
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Il. EXPERIMENTAL PROCEDURE AND RESULTS (3772%) 8834
A. ¥Rb

High-spin states in8Rb were populated via the
%87n(*®0,p2n) reaction at 56 MeV beam energy. TH&O
beam was provided by the Florida State University Tandem-
Superconducting LINAC facility. The target consisted of a
thin Zn foil with a thickness of 0.6 mg/chand was enriched
to 99% in®®Zn. For the detection of the rays the Pitt-FSU (332%) y 6913
detector array18] was used consisting of eight high-purity T i) % 6669
Compton-suppressed Ge detectors at that time. Each detector 7
had a relative efficiency of about 25%. Two of the detectors !
were placed at a forward angle of 35°, two at 90°, and four
at a backward angle of 145°. Energy and efficiency calibra-
tions were performed with ¥2Eu source placed in the target (2929 56682 . /]
position. 202%y  y 53160

The events were stored on 8 mm tape and analyzed 27)%y (52189 T
offline. Two different matrices were generated, a triangular 'é 3
matrix with all detector pair combinations and a square ma- =T
trix where the forward and backward detector events were 252+ y y44362
sorted against the 90° detector events. During this sorting (pg;p+) 2718\ 4
process, the events from the forward and backward detectors 4164.2\%, 25/2* Y
were Doppler-shift corrected before storing them into the 23/2+
matrices. The triangular matrix contained about<1%® co-
incidence events and was used for the construction of the
level scheme.

The square matrix was used to determine directional cor-
relations of oriented nucldiDCO) ratios[19,2Q according
to the equation given in Reff21]. The interpretation of these
ratios is most straightforward whe2 transitions are used
as gating transitions. In this case, DCO ratios of about 0.5 152*
are expected for purdl=1 dipole transitions and 1.0 for 17RT
stretchedE2 transitions based on the geometry of the Pitt-

FSU detector setup. For mixesll =1 transitions, the ratio
may vary between 0.3 and 1.8 as a function of the dipole- 12t
quadrupole mixing and the amount of nuclear alignment. 132%

Based on the measured coincidence relationships the
known level scheme of°Rb has been extended up to a
(37/2") state at 8834 keV, as shown in Fig. 1. A key element 50— 92°
in constructing the level scheme is the placement of the 970
keV doublet. Both components are in coincidence with each FIG. 1. Level scheme of the positive-parity states®iRb as
other and with the lowest transitions in the sequence. A typideduced from the present measurement. Spin and parity assign-
cal band-crossing scenario has been identified around splRents for the lowest levels have been taken from Raf3,14.

21/2" where a new high-spin structure emerges. This new
band contains thA| =2 transitions at 1132.7, 1323.2, 1597, gates. Part of this spectrum is shown in Fig. 3.
and 1921 keV. Spin assignments, whenever possible, are based on the

Two background-corrected coincidence spectra are showmeasured DCO ratios deduced mainly from gates set on the
in Fig. 2. For each spectrum, the background correction wakw-lying E2 transitions at 752 and 1096 kg¥ee Table)l
performed by subtracting an individual background spectrunin extracting the DCO values, pairs of background-corrected
which was generated from the same matrix by setting amoincidence spectra were generated from the square matrix
equal width background gate close to the line of interest. Theinder identical gate setting conditions for the peak and back-
1096.0 keV transition is known from previous wdrk3] to  ground gates. The peak areas of the lines of interest were
be the 17/2—13/2" transition. The previously reported determined by a least-squares fitting procedure to a Gaussian
transition of the low-lying structure can be seen quite well.shape. The errors quoted include only statistical uncertain-
The 265 keV gate represents a transition involved in thdies. Corrections for different detector efficiencies have been
band-crossing region and was not observed in previous worlestimated to be small foy-ray energies above 100 keV be-
From both gates the transitions involved in the extension otause of the high degree of symmetry in the Pitt-FSU Ge
the band can be seen. The uppermost transition is extremetletector array and, thus, have been neglected. The deduced
weak and has been identified through adding up several cleddCO ratios verify theAl =2 nature of the new yrast transi-
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tions at 1132.7 and 1323.2 keV. For the higher placed tran-

TABLE I. Energies, relative intensities, and DCO ratios of tran- sitions at 1597 and 1921 keV no ratios could be deduced due
sitions assigned t&°Rb.

Eie? (keV) | 7 E,° (keV) I, Rbco
794.0 13/2 9/2* 751.91) 1005)° 1.046)
1037.7 11/2 9/2* 995.61) 20(4)

1890.0 17/2  13/2° 1096.q1)  63(4) 0.916)
1943.3 15/2  11/2 905.62) 5(2)

13/2°  1149.32) 13(2) 0.546)
2318.4  (17/2) 17/2°  4281) 2(2)

13/2°  1524.43) 6(1)
2860.2 212 17/2° 970.21) 50(5) 0.945)
3196.8 (19/2 (17/2") 8791) 2(2)

17/2°  1306.85) 4(1)
3330.7 212 21/2° 470.713) 2(2)

17/2" 1440.54) 8(1) 0.8714)
3727.6 2312 21/2° 397.02) 2(2)

21/2° 867.41) 182 0.616)
3992.9 25/2  23/2° 265.31) 4(1) 0.557)

21/2°  1132.72) 16(2) 0.979)
4164.2  (23/2) 21/2°  1303.95) ~1
4436.2 25/2  (23/2%) 271.84) ~1

23/2° 708.63) 8(1) 0.456)
4461.1 25/2  23/2F 733.53) 3(1) 0.4811)
4963.2 2712 25/2° 502.56) 2(1)

25/2" 970.33) 6(3) 0.945)°
5216.9  (27/2)  25/2° 780.73) 3(1)
5316.0 29/12  (2712%) 352.12) 2(2)

25/2°  1323.24) 7)) 1.12)
5668.2  (29/2) (27/2") 451.33) 2(2)

25/2° 12321) 2(2)
6669 (31/2)  29/2° 13531) <1

(27/12°) 170602) 2(2)
6913 (33/2) (31/2") 2441) <1

29/2° 159711) 4(2)
8834 (37/2) (33/2") 1921(2) ~1

3 nergy of the initial state.
bUncertainty is given in parentheses in units of the last digit.
“Normalization.
dvalue deduced for doublet.

to lack of statistics. The proposed spin assignments for their
levels are based on systematics. Further, the previously high-
est placed 867.4 keV transition has a clddr=1 nature, as
does the low-energy line at 265.3 keV. Thus, the spins within
the region of the first band crossing are certain and a consis-
tent picture emerges.

A weakly populated side structure has been found to feed
into the 21/2 and 23/2 yrast states. The coincidence rela-
tions are clear and for the 708.6 keV line a DCO ratio of
0.456) has been deduced which is typical foad=1 tran-
sition. It seems that this side structure is dominatedAlby
=1 M1 transitions.y-ray energies, relative intensities, and
DCO ratios of transitions assigned to the positive-parity
states in®*Rb are compiled in Table I.

B. 8%y

States in®®Y were populated via thé&°Co(%%Si,2p) reac-
tion at 99 MeV beam energy. The target consisted of a me-
tallic Co foil with a thickness of 10.6 mg/cny rays were
detected with the FSU array of five Compton-suppressed Ge
detectors of about 25% relative efficiency and a low-energy
photon spectrometefLEPS. Three Ge detectors and the
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FIG. 3. Sum of several coincidence spectra of transitions in the
positive-parity sequence &fRb.
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800 - T - T - T - T the yrast band. No DCO ratios for the new transitions could
1 es Gates added: _ be dgtermmed due to poor stapsncs. Thus aII.spms for the
3004742+852+4983+1241 keV new 8% levels should be considered as tentative. The new
600 988 transitions in®%Y are shown in the level scheme compilation
24 y § in Fig. 5.
£ 400- .
o«
8 | o g | I1l. DISCUSSION
200 - T 3 A. Systematics of positive-parity states irN =46 isotones
| ' There seems to be a great similarity between the excita-
tion energies of the yrast states in the odd-proton nuclei with
0 . T . | - ' T neutron numbeiN=486, i.e., the energy separations of the
800 1000 1200 1400 1600

positive-parity states if°Rb, &Y [16], 8Nb [5,6], and®Tc
ENERGY (keV) [12] show common features, much more pronounced than
among the chain of the odd-mass Rb isotopes. To illustrate
ﬁwis, a comparison of the positive-parity states among\the
=46 odd-mass isotones is given in Fig. 5. Since only limited

LEPS were placed at 90° and two Ge detectors at 145° relg&Xperimental results are known f84Br [22] this nucleus has
tive to the beam direction. A total of 610’ events were Not been included in the systematics. In all nuclei shown, a
collected on 8 mm tape and subsequently analyzed, mainl§fossing between the 1gp and 3qp decay sequences at spin
for the identification of high-spin states #Y [17]. States in  21/2" is observed. Previously, a loss B2 collectivity at

the much weakef®Y channel were identified through coin- this spin has been inferred from lifetime measurements in
cidences with known transitions of the positive-parity se-2°Rb [15], %Y [16], and ®’Nb [5] which supports the 1qp-
guence [16]. A sum spectrum of several background- 3gp band-crossing scenario. After the band crossingkEthe
corrected coincidence spectra is shown in Fig. 4. The knowistrength increases again to abetit0 and=12 W.u. for the
transitions of the yrast sequence, such as the 852, 983, a2®/2" —25/2" transitions in®%Y [16] and 8'Nb [5], respec-
1241 keV lines, can be seen clearly. In addition, we foundively, indicating similar collectivity in the 3gp bands. At the
new transitions with energies of 309, 932, and 1440 keVsame time there is a systematic trend to sm&Ritransition
The 309 and 932 keV lines link a previously reported level atenergies within these bands with increasing proton number.
4602 keV[16] to the yrast sequence. Thus a spin of 27i®  In the heaviesN=46 nucleus®Tc, states up to (4572

very likely for this state. The new 1440 keV transition tops have been observed and interpreted in the framework of the

FIG. 4. Sum spectra of several clean coincidence gates for th
positive-parity sequence ff?Y.
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FIG. 6. Total Routhian surface plots in th84,y) polar coordinate system for the positive-parity configuratien £ 1/2) in 8Rb. The
rotational frequencies are given in the inset. A collective prolat#ate shape is defined by=0° (y=—60°). The contour lines are
separated by 150 keV. The absolute minimum is given by a solid dot.

spherical shell modeM1 andE2 transition probabilities are the proton number. For low-spin states 8Br, a B,- and

not known. However, the interpretation of reduced collectiv-y-soft near-prolate §,~0.16) minimum, typical of the 1qp

ity in this nucleus is supported by the fair agreement of exexcitations, is predicted. This minimum is present in all iso-
perimental and calculated level energies above the *21/2tones considered but gets stiffer and moves quickly towards

state. a spherical shape with increasing proton number. After the
first gg;» Neutron crossing, a clear oblate-deformed shape

B. Evolution of the nuclear shape in®Rb emerges in®'Br which is very similar to the®*Rb shape

and other N =46 isotones shown in the middle panel of Fig. 6. fifY, an oblate mini-

“mum is also calculated after the first neutron crossing, but
The nucleus®Rb has been calculated to be almost spheritess pronounced. For th¥Nb and #Tc nuclei (above the

cal in its ground state, with a small quadrupole deformationz =40 subshell gap oblate-deformed minima occurBg
of 8,=0.071 when a finite-range droplet macroscopic modek0.2) weakly but fade away towards the spherical minimum
and a folded-Yukawa single-particle microscopic model arawith increasing rotational frequency.
used[23]. In the present work, the evolution of the nuclear
shape has been studied as a function of the rotational fre- C. Cranked shell-model analysis
guency for the positive-parity states using total Routhian sur-
face (TRS) calculations[24]. They have been performed ] )
with a Woods-Saxon potential for the single-particle motion 10 analyze the bands in thé=46 isotones, the cranked
and a short-range monopole paring force. Samples of thesi'ell model[25,26 has been applied where moments of in-
calculations are shown in Fig. 6 at different rotational fre-€rti@ can be deduced as a function of the rotational fre-

: - . —(+ + . quency. In this model a rotation around a principal axis is
gg;?ss ;;?ﬁ;h;ngosr}gg;ﬁ:sﬁ?/z ( At ,v erl;zlz)v\\llv ?rlggur:;s- assumed, and thus, the nucleus must exhibit at least a small

1. Kinematic moments of inertia

cies, the nucleu§®Rb is calculated to be weakly deformed H—————T T

and very y-soft, with a quadrupole deformation of about N =46 e B3Rrp

B>,=0.13 and a triaxiality parameter gf=+17°. At a ro- i a o®By ]

tational frequency of 0.486 MeVabout spin 23/2), a sec- o Ta 5¥7Nb
.. . ) Lo30F D/D 0T o8Te

ond minimum occurs which represents a well-deformed > { \D/ A o

near-oblate shape witg,=0.25 andy= —66°. This second = \A\A/A/ \A ]

minimum persists up to high rotational frequencies. The cal- = K O—o—0

culated alignments indicate that the neutrons contribute o 20 X./._.\.\ o —

most, i.e., the calculations support the alignment djqg - o

neutron pair irf*Rb which drives the nucleus from a weakly i . 1

deformed near-prolate shape to a medium deformed near- P

oblate shape. This situation reflects quite well the experimen- 0.2 0.4 0.6 0.8 1.0

tal findings(see Sec. IlIC2 ho (MeV)

Further, TRS shape calculations have also been performed
for the positive-parity yrast states in tiNe=46 odd-proton FIG. 7. Kinematic moments of inertia for the positive-parity

nuclei8!Br, Y, 8Nb, and®Tc. The resultgnot displayedl  yrast states itlN= 46 isotones. In the analysis a valuekot 5/2 has
show a strong variation of the nuclear shape as a function dfeen taken.
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guadrupole deformation which seems to be justified by the s T ' ' ' ]

TRS calculations presented before. The kinematic moments -|®37Rb . N =46

of inertia J) are shown in Fig. 7 for the yrast sequences L35y "y a N

with signaturea = +1/2 in 8Rb and otheN =46 isotones. 104 §Nb /-’ l ]

The first back bending i®Rb happens at a rotational fre- = . T ~ o/ 1

quency of about 0.50 MeV, slightly higher when compared ~ — " Ve ]

to 0.44 MeV in®Y and &Nb. The first crossing systematics - p -j//‘o//’ . . ®

indicate a common underlying structure, i.e., the first cross- - \\’ o«

ing in &Rb is based on the breaking ofga,, neutron pair, I \0\

very similar to the discussion i#PY [16] and the magnetic- - * g

moment results fof’Nb [7,8]. or ., 4 oy i
At higher frequencies, the moments of inertia Rb ol |

show an almost constant behavior. This indicates a collective A=ty

nature of the yrast states involved. On the other hand, in r oA IAeH

8/Nb and®°Tc a second upbend occurs at a frequency of 0.63 ak F.\ o A€ i

MeV, establishing a distinct difference to the lower mass | \Q’\lz\ |

isotones in theN=46 chain. The nature of this second up- < xo

bend is not well understood yet. It happens around spin ﬁ 2r \AA\ o 7

37/2" in 8Nb and®Tc, just above the spin range accessible SO kN .

in our &Rb study. A possible explanation is proposed on the sL 1

basis of shape changes and calculated crossing frequencies i o AL

(see Sec. llICB PR ® © ®

ni Nb Ao 2~ \ i
2. Alignment and signature splitting 03 . 0.14 : 0.I6 L 0.|8 ' To

The aligned angular momentuip has been extracted us-
ing the cranked shell-model approach. It is shown in Fig. 8 ho (MeV)
(top panel as a function of the rotational frequency for the
favored (a.: +1/2) p05|t|ve-p_ar|ty decay sequence_ss?ﬁ(b =+1/2) positive-parity sequences in sorie=46 isotones. Bot-
and other isotones. A CO”eCtlve. rotor with two Harris param-, . Energy in the rotating frame for the positive-parity states in
eters has been tak(_an as rotational _reference: The param.eﬁqfeb and®Nb. Solid (open symbols have been used for the fa-
values chosen are in the range typical for this mass regiofyreq (unfavored decay sequence. The signature splitting before
[3]. They have been fine tu_ned in such a way t_hat the allgnegAei) and after (\e}) the first crossing has been indicated. The
angular momenta for the high-spin 3qp extension offf®b  |nfavored sequences are divided into two curves because the first
decay sequence approaches an almost constant value. Thgo+ state inRb is uncertain and not known #Nb. In both
same reference has been used for the analysis of the decgyphs a rotor with the Harris parametekg=12.5%2/MeV and
sequences in the heavilr= 46 isotones, which also leads to J;=0.0%%MeV® has been used as reference. A valuekef5/2
a constant alignment for the three highest point§’Mb. has been used in the analysis.

As it can be seen from the moments of inertia, no second
alignment occurs if°Rb up to a rotational frequency of 0.95
MeV. In contrast, a strong upbend can be seefi’hb at
0.65 MeV. In 8Tc, a multistep upbend occurs in the fre-
quency range 0.5 to 0.6 MeV. The strong upbend§’hib
and®Tc lead to an alignment gain of abouf:6vhich might
be explained by the partigdecond alignment of ro- -
ton pgir since )t/he firPst alignment isgPauIi-bIoc?(geQéIZ% thesePartner sequences iRb are7$hown in Fig. &ottom pane)
odd-proton isotones. It is interesting to note that the secon@©nd With the values f?i Nb. For the unfavored ="
upbend occurs in the yrast sequence of nuclei with more tham 1/2) 1qp configuration if*Rb only one data point is avail-
40 protons, i.e., for nuclei above the spherical subshell gap @ble since the 7/2 state at 805.0 keY13] is not linked by
7Z=40. Assuming a parti@wz proton a”gnment’ the second anE2 transition to the 11[2 Sta..te a.n(-j thepa”ty of the 19/2
upbend reﬂects the Successive f||||ng Of m proton orbit_ IeVel at 3196.8 keV IS uncertain. W|th thIS ||m|ted |nf0rma'
als, because more than ogg, proton is required to explain tion, a signature splittingAe;=e’(a=—1/2)—e'(a=
this effect. +1/2) of about 640 keV has been estimated at a rotational

It was found in previous cranked shell-model calculationsfrequency of 440 keV, while for the 3gp band the signature
[3,27,29 that when the Fermi level is in the upper half of the splitting Ae; is reduced to about 360 keV at a frequency
intruder go,, neutron subshell the alignment of a pairgqf,  above 620 keV. The reductions #Rb and®’Nb are some-
neutrons drives the nucleus to an oblate shape and a signifithat similar but not as dramatic as in the odd-neutron nuclei
cant signature splitting remains in the 3gp band when com?®8Kr [28,29], where the signature splitting disappears com-
pared with the 1gp excitations. This is in contrast to thepletely after the alignment of gg/, proton pair, e.g., see Fig.

FIG. 8. Top: Aligned angular momentuim for the favored ¢

situation found for aligningye,, protons in the mass 80 re-
gion (the Fermi level is at the beginning of tigg,, subshell
where a prolate shape and a vanishing signature splitting are
predicted.

The energies in the rotating frame for the two signature
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FIG. 9. Firstge, neutron(full circle) and seconde, proton FIG. 10. Firstge, neutron(full circle) and secondyy, proton

(open trianglg crossing frequencies as a function of the proton (open trianglg crossing frequencies as a function of the proton

number. The values have been calculated with the cranked shellumber. The values have been calculated with the cranked shell

model for a prolate deformed shape wi=0.15 (full line) and  model for an oblate deformed shape with a constant deformation of

B,=0.20(dashed ling The hexadecapole deformatigy has been  g,=0.20(dashed lingand a variable quadrupole deformatigall

set to zero in the calculations. line). The following deformations #,) have been assume8Br
(0.25, &Rb (0.25, &Y (0.20, ®Nb (0.15, and®Tc (0.10. The

6 in Ref. [29]. Cranked shell-model calculations support hexadecapole deformatio8, has been set to zero. Experimental

qualitatively the observed splittings. For the 1qp structure, d@lues for the second crossings ifNb and **Tc are shown by

signature splitting of about 710 keV has been calculated at §ncircled plus signs.

similar frequency with a prolate shape ¢@,=0.15. A

change of the triaxiality parameter to positive values in-for an oblate deformed shape which is suggested by our TRS

creases the calculated splitting while for slightly negativecalculations and typical for the 3gp configuration. These cal-

values (y~—15°) a better agreement with the experimentalculations have been carried out with decreasing quadru-

value is obtained. For the 3qp structure, a splitting of 150y0le deformation when going towards the heavier isotones as

keV is predicted by our calculations at a frequency of 650predicted by our TRS calculations, afit) with a constant

keV when a perfect oblate shape wjf=0.25 is assumed. geformation of3,=0.20. The results are shown in Fig. 10.

A small reduction of the triaxiality parameter tp=—50° T first neutron crossing frequency decreases slightly with

improves the agreement with the experimental value. In SUMy, e45ing proton number and underestimates the experimen-

mary, the behavior ifi*Rb can clearly be related to the align- ;| e its. A reasonable estimate would be the average value

ment of agg, neutron pair which drives the nucleus to a extracted from the 1qgprolate and the 3qpoblate cases

near-oblate shape. which results for8Rb in (0.52+ 0.49)/2 MeV=0.505 MeV
_ ) ) in good agreement with the experimental value of 0.50 MeV.
3. Calculation of crossing frequencies In this approximation also the experimental trend of decreas-

Using the cranked shell model, crossing frequengies  ing crossing frequency with increasing proton number can be
have been calculated for the figg;, neutron and the second well reproduced.
Jos2 Proton crossings as a function of the proton number for The question remains about the second alignments seen in
different deformations. For the one-quasiproton excitationd’Nb and 8°Tc but not present if°Rb up to a rotational
in Rb and®Y an average quadrupole deformation of aboutfrequency of 0.95 MeV. Our conjecture is that the second
B>=0.15 can be deduced from the knovi2 transition g, proton crossing might be responsiltae firstg,, pro-
probabilities, and a near-prolate shape is suggested by ot®n crossing is Pauli-blocked in an odd-proton nucleus
TRS calculations. A somewhat higher deformation of abouflhus, cranked shell-model calculations have been carried out
B,=0.21 has been extracted for the 1gp excitation&’hb  for a near-oblate deformed shape and the results are shown in
[5]. Thus crossing frequencies have been calculated for sudrig. 10 along with the extracted experimental values. The
prolate deformed shapes and the results are shown in Fig.@aph demonstrates that the secagpg proton crossing fre-
for someN=46 isotones. For the case of constant deformagquency increases dramatically when going towards smaller
tion, the first neutron crossing frequency is almost constanproton numbers. This trend is almost independent on the spe-
but somewhat higher than the experimental values. An ineific amount of deformation and mainly reflects the reduced
crease in deformation from 0.15 to 0.20 shifts the first neu-occupation of th&g, proton orbitals. Hence, a very delayed
tron crossing frequency to higher values as displayed in Figsecond crossing if'Br, 8Rb, and®®Y is predicted in quali-
9. tative agreement with the experimental situation. But the cal-
The aligning neutrons, however, induce a shape changeulated frequencies are still somewhat too small to reproduce
from a near-prolate to a near-oblate shape, and thus, a strotige nonobservation of any second crossing®Rb, and
variation of the neutron crossing frequency is expectedslightly too high for the heavier isotones when compared
Therefore, the crossing frequency has also been calculatedth the experimental values.
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D. Side structure in ®Rb and Pauli blocking of the firstlg,, proton crossing indicate
that the band crossing at spin 21/t %Rb is related to the

- G . alignment of agy,, neutron pair. The properties of the yrast
into the 23/2° and 25/Z states. The strongest transitions in states above spin 2172n ®Rb can be attributed to a collec-

this weakly populated structure atd =1 transitions, such tiye 30p bandre,® (vgey)?
; H 9/2 9/2) -
as the 708.6 and 780.7 keV lines. These states may reflec The 3qp band if°Rb exhibits a reduced signature split-

she!ljmodel_influence. In the hef)wier nhUCIfiEE: [1_,2] the ting when compared to the lower-lying 1qp sequence which
pqsm(\j/e—fpfang yiast sequence a ovgk':we N kl1$ c?m- is in agreement with predictions by the cranked shell model
prised of fast\| =1 M1 transitions withMi 1 strengths of Up ¢ 5 hear-oplate deformed shape. No second alignment has

. 85 .
to 1.2 W.u. Statt_as up to Spin 2572.” Rb have been inter- been seen in the 3gp band, in contrast to the yrast sequences
preted as a seniority 3 configuration resulting from the COUHf the heavieiN =46 odd-proton nuclei’Nb and®®Tc. This

pling of a gy, neutron pair to the unpaireg, proton. For  papavior in®Rb can be related to the occurrence of a well-
higher positive-parity yrast statdsip to 33/2) the addi- joformed oblate shape and the fact thatZer37 more en-
tional breaking of agy, proton pair has been suggested, ooy i needed to break go;, proton pair. The situation
leading to a seniority 5 configuration. Hence, the comparisogeemS to be present also in the positive-parity statéSyof
indicates that in the transitional nuclet®®b spherical shell- 7=139) while a different picture unfolds for the yrast states
model states may be present but as nonyrast excitations, sz (Z=41) and®Tc (Z=43), i.e., above th&=40
Wh_ile the yrast sequence itself is formed by collective eXCi'sphericaI subshell gap. ' ’

tations.

A side structure has been identified §Rb which feeds
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