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High-spin states in "°Kr were studied using the ®*Cu(*®0,p3n) reaction at 65 MeV at the Florida
State University Tandem-LINAC facility. Prompt -y coincidences were observed using the Pitt-

FSU detector array. Twelve new states were found, along with 19 new transitions.

The yrast

positive- and negative-parity bands were extended up to spins of (45/2%) and (31/27), respectively.
Spin assignments were made based on directional correlation of oriented nuclei ratios whenever
possible. A cranked-shell-model analysis shows some indication for a second band crossing in the
positive-parity band at 7w ~ 0.75 MeV. This crossing, probably due to an aligned gy, neutron
pair, occurs with a much larger band interaction than the first go/, proton crossing. An increase in
signature splitting above Aiw ~ 0.75 MeV and a return of large alternations in the B(M1)/B(E?2)
ratio is consistent with the theoretically predicted return to a nearly oblate shape.

PACS number(s): 23.20.Lv, 27.50.+e, 29.30.Kv

I. INTRODUCTION

Nuclei in the f-p-g shell exhibit a wide range of shapes
and are particularly sensitive to the polarizing influ-
ences of unpaired nucleons. A very dramatic change has
been observed, e.g., in the positive-parity yrast bands
of the N = 43 isotones "Kr [1,2], 8!Sr [3], and in the
N = 45 nuclei 8 Kr [4] and 83Sr [5]. Above a spin
of about %)‘z the large signature splitting vanishes and
M1 transitions become very strong. This has been inter-
preted as a shape transformation from a near-oblate to a
near-prolate shape caused by the alignment of a pair of
ge/2 protons. The same calculations [2] predict another
equally dramatic shape change, a return to a near-oblate
shape in "Kr at even higher spins. However, no experi-
mental information was available on the behavior of the
band at spins above %ﬁ.

Most of the present understanding of the structure of
"Kr has been accumulated since the early 1980s. The
first evidence for a decoupled rotational band in "?Kr
came from a 1°B induced fusion-evaporation reaction [6].
The band was placed atop a §+ level established ear-
lier from a B% decay study [7]. Several investigations
[1,2,8,9] were subsequently made using a-induced reac-
tions. These studies extended the level scheme up to lev-
els with spins and parities of 2~ and 221+ with additional
tentative levels at 4708 and 5523 keV, respectively. The
later work [1,2] revealed the rather unusual band cross-
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ing in the positive-parity band discussed above and also
a high-lying high-K band built on a (3 7) state at 2857
keV. The lifetimes of many of the states in the known
level scheme were measured using both a-induced [1,2]
and heavy-ion [10] reactions.

The present work was undertaken primarily to look for
evidence of a second possible band crossing and shape
change in the yrast band of "®Kr. Increased sensitivity
to explore higher in the level scheme was provided by a
modern Compton-suppressed Ge-detector array and by
the greater angular momentum available from a heavy-
ion induced reaction. Evidence for a second band cross-
ing in the nearby nucleus 83Sr has been presented in Ref.
[5], and during the course of this investigation, a prelimi-
nary report [11] on a similar structure in the nucleus ®Sr
became available. These studies have provided insights
into the shape changes driven by increasing numbers of
unpaired nucleons.

II. EXPERIMENTAL TECHNIQUES

High-spin states in "°Kr were studied via the fusion
evaporation reaction °Cu(*®0,p3n). The Florida State
University Tandem-LINAC facility was used to provide
the 65 MeV 20 beam which was produced from H;'%0
in the sputter ion source. The 0.6 mg/cm? thick self-
supporting copper target was enriched to 99% in 5°Cu.

The joint Pitt-FSU detector array [12] used in
this experiment consisted of nine Compton-suppressed
high-purity Ge detectors and a 28-element Bismuth-
Germanate (BGO) sum energy and multiplicity filter.
Three of the Ge detectors were located 90° relative to the
beam axis, two were positioned at 35°, and the remaining
four detectors were placed at 145°. Internal energy cali-
brations, which take into account Doppler shifting, were
made using strong « rays from 76Br, "®Kr, "°Rb, 8K,
and "°Kr. All of these nuclei were produced during the
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irradiation of ®®Cu with 80 at 65 MeV. The calibration
was performed by making a linear least-squares fit of the
energies to the channel numbers.

Approximately 1.8x10%® ~-v coincidences were col-
lected on magnetic tape and then sorted [13] into a 2500
channel triangular array with a dispersion of 0.8 keV per
channel. Coincidence spectra were obtained by gating
on the triangular array and subtracting a fraction of the
total projection as background. From these gates, the -
ray intensities and energies were obtained and were used
to deduce the level scheme.

The coincidence data were also sorted into a two-
dimensional square array. This array was constructed
by sorting the 90° detector information onto one axis
and either the 35° or the 145° detector information onto
the other axis. Gates from this array on known AI=2
transitions were used to determine multipolarities of the
~-ray transitions to assist in assigning spins by calculat-
ing directional correlation of oriented nuclei (DCO) ratios
whenever possible according to

I, ( at 35°,145° gated by vg at 90°) (1)
I,( at 90° gated by yg at 35°,145°)

Rpco =

The DCO ratios for stretched electric quadrupole (E2)
transitions are expected to have values close to 1, while
AI = 1 transitions can have values ranging from 0 to 2
depending on the multipole mixing ratio §. If the E2/M1
mixing ratio is small, then the DCO ratio is expected
[3] to be near 0.5. Similarly, for stretched E1 transi-
tions a DCO ratio of 0.5 is expected. As in all fusion-
evaporation experiments, the spin assignments are based
on the DCO ratios, the expectation that primarily yrast
and near-yrast states are populated, and the systematics
of rotational bands.

III. THE LEVEL SCHEME

The level scheme shown in Fig. 1 was deduced from
coincidence spectra generated by gating on the square
and triangular arrays. Level energies, relative intensi-
ties, branching ratios, spins, and DCO ratios are given
in Table I. In the present work, 19 new transitions were
identified which lead to 12 new excited states.

A. The positive-parity band

The favored signature (a = +%) positive-parity yrast

band was previously known up to the %+ level at 3146
keV [8,9] and has since been extended [2] up to the ten-
tative 5523 keV level. The present work has confirmed
this result and has extended the band up to the,(—42§+)
11 822 keV level. Figure 2 shows the sum of background-
corrected coincidence spectra gated on the 827, 1026, and
1144 keV transitions. The 1367, 1510, 1639, and 1782
keV transitions have been added to the yrast sequence.
The first three transitions are E2 in character based on
DCO ratios close to unity. Since no DCO ratio could
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be measured for the 1782 keV transition, the spin of the

11822 keV level is tentatively assigned (52§+) based on
systematics.
The a = —% signature-partner band was previously

known [2] up to the Zz'—7+ 4900 keV level. This band has
been confirmed in the present work and extended to the

9704 keV (%+) state. Spin and parity assignments were

made for the states up to the %+ state based on the
DCO ratios for the deexciting -y rays. The highest state
has been shown with a dashed line in the level scheme
because the weakness of the 1800 keV line makes exact
determination of its coincidence relations difficult.

The AI = 1 transition sequence was extended from
the 5524 keV level to the 377+ 8401 keV level with the

exception of the decay from the 3—25+ 7904 keV level. The
DCO ratios of the 624 and 641 keV transitions imply
AI = 1 decays and support our spin assignments. The
large DCO ratio of the 497 keV transition would imply
a large M1/E2 mixing ratio unlike those of the other
AI = 1 decays in the band. In addition, a new Al =1
transition was observed between the 3146 and 2980 keV

levels.

B. The yrast negative-parity band

The lowest o = ——% signature sequence was previously
known (2] up to the (£ 7) 4087 keV level. The present

work confirms and extends this band up to the (3 )
6446 keV level. Part of a relevant background-corrected
coincidence spectrum is shown in Fig. 3. DCO ratios
for the two new transitions can be found in Table I. Spin

assignments for the 22~

3™ and Z'" levels were provided
by DCO ratios close to unity, consistent with stretched
electric quadrupole transitions. The DCO ratio for the
1281 keV decay from the 6446 keV level was measured

to be somewhat larger than one, so a tentative value of
(3 7) was assigned to that level. 1

The signature-partner band (a = +3) was confirmed

up to the 4709 keV level, and the spin of the 4709 level
has been determined to be 2~ from the DCO ratio of
the 1053 keV transition. An additional 5994 keV level has
been found from our coincidences with a tentative —22—9—
assignment. Moreover, the previous tentatively assigned
[2] 587 keV AI =1 transition was confirmed, and a new

394 keV AI = 1 decay was added.

C. Other negative-parity bands

The ground-state band was previously known [2] up to

the 3383 keV (327) level. All of these levels have been
observed in the present work including the weak 965 — 967
keV coincidence pair. The previous tentatively assigned
spin of 122_ to the 2930 keV level has been confirmed
based on a DCO ratio of 0.99 for the 1014 keV + ray.
A new tentative 4063 keV level has been added to the
a = +1 sequence with an assignment of (7).
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Furthermore, weak coincidences of the 201 and 476 keV
~ rays with the 183 keV line have been observed confirm-
ing the lowest members of a known [2] negative-parity
band, but no new information could be added. There-

79Kr

fore, this band has been omitted from the level scheme
given in Fig. 1.

A high-lying decay sequence based on a (177 ") 2857 keV

level was reported in Ref. [2]. The sequence consists of
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FIG. 1. The level scheme for ’Kr as deduced from the present work.
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AI =1 transitions with no Al = 2 crossover transitions IV. DISCUSSION

and was confirmed in the present work. In addition to

the known transitions, weak v rays at 1081, 1230, and The behavior of the yrast positive-parity band is rather
1273 keV have been seen in various coincidence gates; regular at high spins, showing a more gradual change
however, they could not be placed unambiguously in this than that seen around the %4’ states. As can be seen
part of the level scheme. in Fig. 1, there is a gradual increase in the signature

TABLE 1. Energies, relative intensities, branching ratios, and DCO ratios for transitions in "?Kr.

Eiev(keV) E,(keV) IT I7 L B.R.(%) Rpco Eiev(keV) Eo(keV) I I L* B.R.(%) Rpco

129.4 129.4(4) 7/2% 1/2° 100 1094.6(2) 19/2% 15/2% 6(2) 38(9)

146.7 146.7(3) 5/2  1/2° 100 3062.0 1005.5(2) 19/2~ 15/2~ 29(2) 97(3) 1.07(7)

148.6 19.2> 9/2+  7/2% 100 1060.1(8) 19/2~ 17/2% 1 3(2)

182.7 182.7(2) 3/2~  1/2 47(4) 100 3146.4 166.6(3) 21/2% 19/2% 2(1) 3(1)

401.7 219.0(2) 5/2~ 3/27 23(2) 49(5) 0.86(13) 1144.2(2) 21/2% 17/2% 68(1) 97(1) 1.02(7)
401.8(2) 5/2~  1/27 24(4) 51(5) 0.82(8) 3214.2 283.9(3) 19/2~ 17/27 2(1) 11(4)

449.4 267.0(3) 7/2~  3/27 3(1) 4(1) 356.5(3) 19/2~ (17/27) 2(1) 8(4)

302.6(2) 7/2°  5/27 52(4) 69(3) 0.98(4) 570.9(4) 19/2~ 17/27 2(1) 9(4)
320.0(2) 7/2°  7/2%t 20(2) 27(2) 1.13(4) 1157.7(3) 19/2~ 15/2~ 15(2) 72(6) 1.07(5)

694.5 292.7(2) 7/27  5/27 12(2) 44(5) 0.86(9) 3382 967(1) (19/27) 15/2~ 2(1) 100
512.0(3) 7/2~  3/27 15(2) 56(5) 0.61(12) 3585.0 371.0(2) 21/2~ 19/2~ 8(2) 47(7) 0.52(2)

813.9 364.1(3) 9/2~ 7/27 4(1) 7(2) 654.9(4) 21/2 17/27 4(1) 24(5)

667.2(2) 9/2”  5/27 46(3) 82(2) 0.99(6) 941.8(5) 21/2~ 17/2 5(1) 29(6)
684.5(2) 9/2= 7/2t 6(1) 11(2) 3619.4 473.0(2) 21/2% 21/2% 5(1) 100

896.6 748.0(2) 11/2%t 9/2% 25(5) 83(9) 3655.3 1012.2(3) 21/2~ 17/2~ 26(4) 100
767.2(2) 11/2% 7/2%t  5(3) 17(9) 3846.4 227.1(3) 23/2% 21/2% 2(1) 6(3)

975.9 79.3(8) 13/2%t 11/2t 1 1(0.5) 700.0(2) 23/2% 21/2% 28(1) 80(3) 0.50(7)
827.3(2) 13/2% 9/2% 100° 99(0.5) 1.05(5) 867.1(4) 23/2% 19/2% 5(1) 14(3) 1.01(16)

1063.2 368.6(4) 9/2~  7/27 3(1) 14(4) 4063 1133(1) (21/27) 17/2~ 2(1) 100
613.5(7) 9/2~ 7/27 1 5(2) 4087.4 502.5(4) 23/2~ 21/27 2(1) 13(6)

661.5(2) 9/2~  5/2° 17(1) 81(4) 1.28(9) 1025.4(6) 23/2~ 19/2~ 13(3) 87(6) 1.06(11)

1171.0 356.8(3) 11/2~ 9/27 2(1) 4(2) 4132.7 547.7(4) 23/2~ 21/2~ 3(1) 100
721.6(2) 11/2~ 7/27 45(2) 96(2) 0.99(4) 4299.9 453.8(3) 25/2% 23/2% 13(2) 30(4) 0.55(9)

1450.2 386.9(4) 11/2~ 9/27 1 9(4) 1153.5(2) 25/2% 21/2% 30(2) 70(4) 1.05(8)
755.9(2) 11/2= 7/27 10(1) 91(4) 0.97(4) 4658.1 357.7(4) (25/2%) 25/2% 7(3) 64(13) 0.76(10)

1662.0 490.5(3) 13/2~ 11/2° 1 2(1) 811.9(5) (25/2%) 23/2% 2(1) 18(9) 0.67(26)
765.7(3) 13/2~ 11/2% 3(1) 7(2) 1512(1) (25/2%) 21/2% 2(1) 18(9)

848.1(2) 13/2~ 9/27 40(4) 91(2) 1.02(5) 4708.7 1053.4(3) 25/2~ 21/27 12(1) 100 1.02(13)

1885.1 909.2(2) 15/2% 13/2% 8(3) 53(14) 0.30(12) 4900.1 600.0(2) 27/2% 25/2% 17(2) 63(5) 0.51(4)
988.3(2) 15/2% 11/2% 7(3) 47(14) 1053.9(3) 27/2% 23/2% 10(2) 37(5) 0.98(6)

1915.6 464.9(6) 13/2~ 11/2- 1 7(3) 5164.7 1077.3(5) 27/2~ 23/2 9(1) 100 1.06(4)
744.2(6) 13/2~ 11/27 1 7(3) 5524.2 624.3(2) 29/2% 27/2% 15(2) 58(6) 0.52(9)
852.6(2) 13/2~ 9/2~ 13(2) 87(4) 1.16(10) 1224.0(3) 29/2% 25/2% 11(2) 42(6) 1.00(5)

2002.2 117.1(4) 17/2% 15/2% 1  1(0.5) 5994 1285(2) (29/27) 25/2~ 5(2) 100
1026.3(2) 17/2% 13/2% 95(1) 99.(0.5) 0.98(8) 6250.5 726.0(4) 31/2% 29/2% 6(1) 30(5)

2056.5 394.4(3) 15/2~ 13/2~ 1 2(1) 1350.7(5) 31/2% 27/2% 14(2) 70(5) 0.99(5)
885.5(2) 15/2~ 11/2~ 41(4) 84(4) 0.96(6) 6446.1 1281.4(8) (31/27) 27/2~ 6(1) 100 1.25(14)
1079.7(6) 15/2~ 13/2% 7(2) 14(4) 6891.1 640.6(2) 33/2% 31/2% 9(2) 53(8) 0.47(8)

2415  965(1) 15/2~ 11/2 5(2) 100 1366.6(5) 33/2F 29/2% 8(2) 47(8) 1.01(5)

2643.1 587.1(6) 17/2~ 15/2~ 2(1) 5(3) 7904  1013¢ 35/2% 33/2% <1 <20
758.3(3) 17/2~ 15/2% 2(1) 5(3) 1653(2) 35/2% 31/2% 4(1) >80 0.97(10)
981.1(2) 17/2~ 13/2~ 35(3) 90(3) 1.05(6) 8401.1 497.1(4) 37/2% 35/2% 2(1) 22(10) 1.51(42)

2857.4 800.7(6) (17/27) 15/2~ 2(1) 25(10) 1510.0(8) 37/2* 33/2* 7(2) 78(10) 0.97(6)
941.8(4) (17/27) 13/2= 6(1) 75(10) 9704 1800(4) (39/2%) 35/2% 2(1) 100

2929.8 1014.2(4) 17/2~ 13/2~ 17(3) 100 10040 1639(2) 41/2t 37/2t 4(1) 100 1.06(8)

2979.5 977.3(2) 19/2% 17/2%t 10(2) 62(9) 11822 1782(3) (45/2%) 41/2% 3(1) 100

®Intensities determined from triangular array. Weak lines with one intensity unit only have an uncertainty of about 60%.
PTaken from Ref. [7].

“Normalization.

9Not observed.
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FIG. 2. Background-corrected sum coincidence spectrum
gated on the 827, 1026, and 1144 keV transitions in the posi-
tive-parity band. The weak «y rays of the yrast negative-parity
sequence arise from the 1025 keV component of the 1026 keV
doublet. Note that the number of counts is plotted using a
square-root scale to enhance small peaks.

splitting after its near disappearance at the band crossing
around 3500 keV excitation energy.

These properties can be seen better in a cranked-shell-
model analysis. The entire yrast positive-parity decay
sequence has been treated as one continuous structure
in this analysis with an effective K value of g to facili-

tate comparison with nearby nuclei. The lower 32—1+ state

(3146 keV) has been used since it is connected to other

SO(X) T T T T T T T T
4 7218

8855 Gates 722 + 886 keV

COUNTS

0 T T T T
800 1000

T T T

1200 1400
ENERGY (keV)

FIG. 3. Part of a background-corrected sum coincidence
spectrum gated on the 722 and 886 keV transitions in the
negative-parity band.
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members of the band with strong E2 transitions, while
no quadrupole transitions have been observed linking the
upper 22—1+ level (3619 keV). For consistency, the analysis
employs the same reference rotor used in earlier analyses
[2,3] of N = 43 nuclei, Jo = 11A%/MeV and J; = 0.

The kinematic moments of inertia J) in the yrast
positive-parity band of "?Kr are compared with those in
the nearby N = 43 isotones 3'Sr [3,11] and 83Zr [14-17] in
Fig. 4. Overall, there is a considerable similarity between
the isotones. In the a = +% sequence, the J() values
tend to become more constant and to converge towards
the rigid body value [18] above the first band crossing at
hw ~ 0.55 MeV. This crossing has been interpreted as
due to a go/2 proton alignment, leading to a vgg /zﬂgg /2
3-quasiparticle (qp) configuration. The observed
1qp-3qp band crossing becomes somewhat sharper with
increasing mass (see Fig. 4).

The a = —1 sequence in "?Kr also shows a backbend at
- T T T T T T T T T
-y 30: A\‘\A A
> 27k 83 A~ -
E o Zr j
5 24._ wT=+ =
< 21 4}& Ao =+1/2|
1 -
= 18 Ao =-1/2|
= IS—P e ]
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% 24: Sr A.(:A‘AA ]
= 4 A 3
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=~ 18F /A -
z F Xk ]
= 15':- A___A _:
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C N ]
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FIG. 4. Kinematic moments of inertia J() as a function
of rotational frequency %w for the positive-parity bands in
837r [14-17], ®'Sr [3,11], and "®Kr. The dynamic moments
of inertia J(® are also shown for ?Kr. The a = —% curve

for 8'Sr is broken because the 2%

- state has not been located
experimentally.
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Fuw = 0.5 MeV. A similar behavior may be anticipated for

81Sr, but the missing ng"' state prevents a detailed com-

parison. There is a slight upturn in J() for the a = —%

curve in "?Kr at /iw ~ 0.8 MeV, but the last point is ten-
tative and the corresponding unfavored sequence is not
known so high in frequency in the other isotones. Al-
though the J(U) curve for the @ = +1 signature in "Kr
is fairly smooth at high spins, the dynamic moment of
inertia J(?) (shown at bottom of Fig. 4) reveals a weak
peak at hAw = 0.75 MeV. A small rise begins at a sim-
ilar frequency in the corresponding J() curve for 83Zr
and perhaps a rise is beginning at the last point known
for 81Sr. These features may indicate the population of
the predicted [2] 5qp near-oblate vg3 /27rg§ / configura-
tion, where a gg/2 neutron pair is aligned in addition to
the 3qp configuration. If so, the 3qp—5qp band interac-
tion strength is much larger than at the lower 1qp-3qp
crossing.

A band crossing at iw = 0.75 MeV with large interac-
tion strength could account for the rising alignment curve
for the a = +1 band in "?Kr shown in Fig. 5. Both this
and the previously established alignment at fAiw =~ 0.55

8 T T T _
-
6 * .
4k J
ot i
0
12f [ m=+ 1
A =+12
0F (A g=-112
st ]
6L 4
~
€ 4t -
o -t
2" -
&
0

8
6
4
2r
0 1
00 02 04 06 08 10

h o (MeV)

FIG. 5. Aligned angular momentum ? versus rotational fre-
quency fuw for the yrast positive-parity bands in 3'Kr [4],
"®Kr, and ""Kr [19,21,22]. Harris parameters Jo = 11 A2/MeV
and J; = 0 A*/MeV* were used for the reference rotor. The
positive-parity band of 8 Kr has been included even though
the E2 transitions in the region above the first band crossing
have not been experimentally observed.
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MeV appear to be sharper in the & = —1 band. The
same trends appear in the neighboring isotopes ""Kr [19]
and 3'Kr [4], although the o = —J bands are not known
in the second crossing region.

The experimental Routhian curves in Fig. 6 show
that the pattern of signature splittings is qualitatively
similar in the yrast positive-parity bands of "?Kr and
neighboring nuclei. The signature splitting is larger at
low frequencies, decreases to zero in the 1gp — 3qp band
crossing region, and increases again at higher frequencies.
This behavior is understood in the Woods-Saxon crank-
ing calculations [2,3] for the N = 43 isotones as a progres-
sion from a near-oblate shape for the vgg/, configuration
through a near-prolate shape for the vgo/,mg2 /2 config-
uration back to a near-oblate shape for the ugg /27rg§ /2

configuration. The present results on 7°Kr and the re-
cent data on #1:83Sr [5,11] provide some confirmation of
the predicted second shape transformation.

Signature splitting in the level energies is often cor-
related with signature splitting in the B(M1) transi-
tion strengths [20]. A strong alternation was seen [2]
in the B(M1) values for the yrast positive-parity band
in Kr for the low-spin states whose energies exhibit
large signature splitting. However, above the 1qp—3qp
band crossing in the region of vanishing signature split-
ting, the B(M1) values become large and almost con-
stant. Since the B(E2) values generally vary smoothly,
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FIG. 6. Routhians e’ versus rotational frequency fuw for
positive-parity states in ®3Zr [14-17], ®Sr [3,11], ®Kr, and
"TKr [19,21,22]. Harris parameters Jo = 11 A*/MeV and J;
= 0 /%/MeV* were used for the reference rotor. For the sake
of clarity the data points for ®'Sr, °Kr, and ""Kr have been
artificially shifted by —2.0, —4.0, and —6.0 MeV, respectively.
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the B(M1)/B(FE2) ratios also provide information on al-
ternations in the B(M1) strengths even when the life-
times are not known. Such a graph is shown in Fig. 7 for
the yrast positive-parity band in 7°Kr. This curve repro-
duces rather well the features previously reported for the
absolute B(M1) strengths. In addition, it shows a return

to large B(M1) alternations above the 2—27+ state in the
region where the signature splitting increases again.

The kinematic moments of inertia in the yrast
negative-parity band of ?Kr (Fig. 8, top) increase rapidly
with spin, but the three new points suggest a saturation
at the rigid-body value. The dynamic moments of inertia
(Fig. 8, bottom) show more clearly how the new points
trace the completion of the band crossing at hw =~ 0.5
MeV. Because this crossing occurs at the same frequency
as in the positive-parity band, it was also interpreted (2]
as a mgg/z alignment.

V. SUMMARY

High-spin states in 7°Kr were populated using the
85Cu(180,p3n) reaction and their v decays were observed
with the Pitt-FSU detector array. The yrast positive-
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FIG. 8. Kinematic J) and dynamic J® moments of in-
ertia as a function of rotational frequency fw for the yrast
negative-parity band in "°Kr.

parity band was extended up to the (3553+) state, and the

lowest negative-parity band up to the (%_) level. Spin
assignments were made using the measured DCO ratios.

Some indications were seen for a second band crossing
in the yrast band at Aw = 0.75 MeV, where similar evi-
dence has also been seen in the adjacent nuclei :83Sr and
837r. The second alignment, probably due to go/, neu-
trons, appears with a much larger band interaction than
the first gg/, proton alignment. The increasing signature
splitting above a frequency of 0.75 MeV / is consistent
with the theoretically predicted return to a near-oblate
shape. Large alternations in the B(M1)/B(E2) ratio
also return with the signature splittings in the level en-
ergies.

The new states in the K™ = %_ band confirm a band
crossing at fiw = 0.5 MeV, which is expected to result
from a gg/, proton alignment as in the positive-parity
band.
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