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High-spin states i ®r were studied using thé®Ni(*Na,3) reaction at 70 MeV and th&Ni(?%Si,a4p)
reaction at 130 MeV. Prompy-y coincidences were measured using the Pitt-FSU detector array and the
GAMMASPHERE-MICROBALL array. Results from these experiments have led to 26 new excitation levels, some of
which have been grouped into 3 new bands. Spins were assigned based on directional correlations of oriented
nuclei. Two of the new negative-parity bands appear to form a signature-partner pair based on a two-
quasineutron structure, in contrast to the previously known two-quasiproton negative-parity bands. A forking
has been observed at the2dtate in the yrast band, which calculations suggest may result from an unpaired
crossing. The available evidence suggests oblate shapes in the yrast band coexist with prolate shapes in the
negative-parity band$S0556-28189)04602-9

PACS numbdps): 21.10.Re, 21.60.Ev, 23.20.Lv, 27.5@&

I. INTRODUCTION (spins up to 13) were established in Ref5] and extended
to higher spin values in Reff7,12]. Many works mentioned
The high-spin states of many even-even Kr isotopes havebove explained the first band crossing in the yrast band of
recently been of considerable theoretical and experimentai®r in terms of the alignment of a pair dafo, protons.
interest. This interest is due to their rich variety of shapesHowever, theg factor measuredl14] for the 8" state(and
with particular nuclei exhibiting shape coexistence. Quadrustates just above thisvas found to be less than the collective
pole deformations vary rapidly wittN, ranging from the value, indicating that the aligning nucleons at the lowest
highly deformed "*Kr(8,~0.37) [1-3] to the weakly de- band crossing argg, neutrons, instead.
formed 82Kr( 8,~0.15) [4]. Various models have been used A major purpose of the present experiments was to search
to study the ground-state deformation and the evolution ofor new negative-parity bands similar to those which have
shape, including the interacting boson moffg), the two-  been reported irf®Kr [15] and &Kr [16]. Only one pair of
guasiparticle-plus-rotor modgb], the cranked Hartree-Fock- negative-parity bands, believed to be predominately two-
Bogoliubov model with a Woods-Saxon potenti@8], and  quasiproton in nature, was previously knownfiKr. Since
the deformed configuration-mixing shell modé&l]. When somewhat analogous two-quasineutron bands had recently
these models are applied t8Kr, a large quadrupole defor- been found in’®Kr, the question arose whether such struc-
mation is calculated, in reasonable agreement with the exures could be found in®r. The higher spins accessible
perimental data, and near-oblate shapes compete with prolatéth the new detector arrays also lead to the possibility of
ones. observing effects of the microscopic structure underlying
In-beamy-ray spectroscopy of%Kr has been performed collective bands.
with several fusion-evaporation reactions induced by
4He,2C,'%0,'%0, and ?*Mg projectiles [5,7,10-13. A
positive-parity yrast band reaching up to spin*14t 6480
keV, a positive-parityy band and negative-parity yrast bands Two reactions were used to populate high-spin states in
8r. The first was the®®Ni(>*Na,3) reaction at 70 MeV.
The beam was provided by the Florida State University
*Permanent address: Department of Physics, Jilin UniversityTandem-LINAC facility. The®®Ni target was 19.44 mg/chm

Il. EXPERIMENTAL PROCEDURE

Changchun, Jilin 130023, People’s Republic of China. thick and isotopically enriched to 99.89%. Therays were
TPresent address: Los Alamos National Laboratory, Los Alamosgletected with the Pitt-FSU detector arifdy?] consisting of

NM 87545. 10 Compton-suppressed high-purity Ge detectors. A total of
*Present address: Physics Division, Argonne National Laboratoryapproximately 1.5 10° events was collected and sorfgd]

Argonne, IL 60439. into two triangular matrices with dispersions of 0.5 keV/
Spresent address: Department of Physics, Lund Universitychannel and 1.0 keV/channel with all possible detector pairs

S-22100 Lund, Sweden. and a square matrix with a dispersion of 0.8 keV/channel
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containing coincidences between the 35° and 145° detectors B. Positive-parity yrast band 3
on one axis and the 90° detectors on the other. Background-

sgbtracted gated spect_ra projeqted ”‘?T“ the tri.an.gular matrif%\tive 15160 keV (22) state[7]. The present work confirms

y|el_ded they-_ray energies and intensities. A. S'”?"ar ENeI9Y 1his structure and provides additional spin assignments in the
gating technique used on the square matrix yielded OIIreCt')and. Three new lines at 2040, 2098, and 2133 keV were
tional correlation of oriented nuclgDCO) ratios. observed in coincidence with the transitions in band 3, as

The second reaction waSNi(**Si,a4p) at 130 MeV. hown in Fig. 2. Their energy relations strongly suggest the
The beam was provided by the 88-in. cyclotron at Lawrenc . 9. 2 gy re gly SUgge
orking arrangement shown in Fig. 1. It was not possible to

g’g r#jol e:x J;‘,j‘it 'OVCZIS ;ggigﬁ% t(’::i]((:jk tr_1reh etfé?'\j:/'l AZE:EEEOI toverify the ordering of the 2040 and 2098 keV transitions

array [19] consisting of 57 high-efficiency Ge detectors at because of lack of statistics. Therefore, these transitions and

the time was used to collect prompt coincidence events. Th%he corresponding new level are shown with dashed lines.

95-elementmiCROBALL charged-particle detector arr@20]
provided channel selection and information to kinematically
reconstruct each event to substantially reduce Doppler broad- A new band was observed in both the FSU aadima-
ening. Approximately 5 10° triples and higher fold events spHeredata. It is built on a new () level at 2891 keV.
were recorded on tape for the-4p evaporation channel. This level depopulates mainly by a 1326 keMay to the 3
Several triangular matrices were constructed by gating oBtate at 1565 keV. The next band member, the)(8341
a-4p events and combinations ¢ftransitions in the various keV level, deexcites by four transitiori269, 276, 450, and
bands. 592 keV), where the 450 keV transition is weak in intensity
Spins were assigned based on DCO ratio measurementsnd near the very strong 455 keV ground state transition. The
The DCO ratios were determined from the FSU data accord276 keV transition is contaminated by lines froffRb [22],
ing to "Kr [23], and "®Sr[24], but a gate on the 873 keV transition
identifies it very clearly, as seen in Fig. 3. The 276 and 592
keV decays to known 5 stateq 25] suggest negative parity
for this band. Although the DCO ratios of the 276, 873, and
1004 keV lines provide spin assignments to three states in
this band, we have left all the spins and parities in parenthe-
ses due to the weakness of the lines and possible contamina-
where 6§ was 35° or 145°. The gatgs was set on one or tion of the 276 keV transition. This non-yrast band was ob-
more stretched electric quadrupol&2) transitions. The served up to a tentative (14 state. Although a 1087 keV
DCO ratios for stretche®?2 transitions as well as for pure line was previously associated with the decay of thesfate
dipole Al =0 transitions are expected to be approximately[25], the coincidence relations and relative intensities
unity, while stretched\| =1 transitions yield ratios of about strongly support a 1088 keV transition near the top of band
0.5 if the multipole mixing ratio is small21]. The DCO 6, as shown in Fig. 1.
ratios measured, along with level energies, spins, and relative Band 5 is built on the previously known state at 3704 keV
intensities are given in Table . [11,13, which decays by a 1726 keV transition to the yrast
band. A portion of they spectrum in coincidence with two
gates in this band is shown in Fig. 4. The DCO ratio of the
Ill. LEVEL SCHEME 1726 keV transitior{Table ) and an earlier angular distribu-
. tion measuremertl3] provide a spin assignment ofi7to
The present level scheme, shown in Fig. 1, was deducefis siate. Similarly, the DCO ratios of the 969 and 1679 keV
from coincidence spectra generated by gating on the triangiecay lines provide a spin assignment of 9 to the next state in
lar y-y matrices andy-gated triples matrices. Altogether, e pand. The parity of band 5 cannot be determined with
over 60 new trans_itions were identified, leading to 26 NeWeertainty from the observed decay branches. However, the
_exm_ted states._Arbltrary nl_meer_s are placed above the ban@gg and 509 keVv decays from band 6 to 5 suggest negative
in Fig. 1 to facilitate the discussion. parity for band 5. These decays and the excitation energy of
this band suggest also that it is the signature partner of band
6. The previously known 3072 keV (5 level has been
placed in this band because of a newly observed 632 keV
The positive-parity odd-spin sequence, band 2, waslecay to it. However, as in other nearby even-even nuclei,
known [7] up to the (9°) level at 4251 keV. In our work, there is evidence of mixing among the low-lying negative-
two higher transitions of 1188 and 1391 keV were identified parity levels and band assignments in this region may not be
leading to a tentative (I3 level. Band 1 is an even-spin completely unique.
sequence which was previously identifigd up to a tenta- Two new states at 4732 and 5838 keV were observed
tive (10") level. We could not confirm the last tentatively which decay by a cascade to a previously known ) fevel
placed 1088 keV (10)—(8") transition in our coincidence at 3771 keV. They appear to form another band of probably
data. Instead two transitions of 1087 and 1088 keV haveiegative parity—band 4. A previously known Sstate at
been placed in bands 4 and 6. One additional interband trar3065 keV has been placed below band 4 in the level scheme,
sition of 427 keV between band 2 and band 1 has been founalthough no connecting transition has been observed, be-
in our work. cause it is involved in the negative-parity decay scheme.

The yrast band of ®Kr was previously observed to a ten-

C. New negative-parity bands 4-6

R _ I (at 6 gated by ys at 909
PCO| (at 90° gated byyg at 6)’

@

A. Positive-parity bands 1 and 2
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TABLE |. Energies, initial and final spin states, relative intensities, and DCO ratios for observed transi-

tions in "éKr.
Ex(keV)? E,(keV) 17 (%) 17 (%) 1,0 Roco™®
Band 1
1147.8 692.08) 2+ 2+ 9.5(6) 1.018)
1147.83) 2+ ot 4.4(5) 1.004)
1872.6 724.8) 4* 2+ 7.003) 0.997)
753.2{7; 4+ 4+ 2.;55; 0.8724)
1417.47 4+ 2+ 1.233
27315 7581) 6" 6" 0.83) 0.7524)
858.97) 6" 4" 2.4(4) 1.01(20)
3770.7 1039.66) 8* 6" 0.93) 1.1(3)
Band 2
1564.7 417.1) 3* 2+ 3.97) 0.7122)
1109.82) 3 2+ 9.2(7) 0.6418)
2299.8 426.50)° 5+ 4" 3.54) 0.5921)
735.13) 5+ 3* 7.977) 1.1715)
1180.34) 5+ 4+ 2.35) 0.7221)
3202.7 902.90) 7t 5% 2.1(15) 1.047)
425;.7 ﬁz%{g,()j , 191+ ) ;* 8.;(1) 0.8215)
544 - * ~0.
(68334 (1391¢ (13%) (11%) ~0.2
Band 3
454.9 454.91) 2+ ot 106° 1.057)
1119.4 664.62) 4* 2+ 70(2) 1.027)
1977.6 858.0) 6" 4+ 42(2) 0.969)
41055 N8 1o o 50 PRI
5217.4 1112.5) 12* 10° ~6.0 1.41)"
6479.4 1262.@) 14* 12* 2.7(11) 1.048)
0568 preiy o 1o T4 oA
11312 17441) (20%) (18%) 1.37)
13157 18461) (22%) (20%) 0.93)
o am G & aF
(17293¢ (2098¢ (26") (24") ~03
(2133¢ (26%) (24%) ~0.5
Band 4
3065.0 (3716551)21d 553: g; (1)%(411; 0.89115)
1087.45) 5 6" 1.14)
3770.8 17653?'698(1 g:g (g;) ~(1).2(3)
4731.9 960.76) (97) (77) ~02
583¢! 11061)° (11°) (97) ~0.1
Band 5
e w8 - >0
3703.6 (482:7)(’ 7(:) 6 ~02
632.45)¢ 7() (57) ~0.2
1726.45) 7() 6" 0.82) 0.41)
4672.9 969.'21(6;;‘ 93 70) O';ES; 1.}‘((3;
1679.46 9~ 8+t 0.52 0.42
5776.1 1103.27)8 (117) 9™ 0.31)
6853 10771)¢ (137) (117) ~0.2
Band 6
2890.9 1017.72)¢ (47) 4+ ~0.5
1326.24)¢ (47) 3* 1.1(3)
3340.6 268.64) (67) (57) 1.4(4)
276.15)¢ (67) 5 6.4(23 0.4514)
min 3 @ o
4213.8 508.67) (87) 70) 0.52)
872.9(4): (87) (67) 2.4(7) 0.858)
5217.% 1003-352, (107) (87) 3.4(6) 0.8018)
6305 10891) (127) (107) 0.94)
(74574 (1152¢ (147) (127) ~0.4
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TABLE I. (Continued.

Ex(kev)a Ey(keV) | Iﬂ-(ﬁ) I?T(ﬁ) | yb RDCOb,C
2763.5 364.0)¢ 4- Band 7 3 102
1199.14) a- 3+ 02
1644.15) 4 o 1.1(7) 0.7423)
3219.1 455.8) 6 e _ 3-9(13) 1.1011)
470. - .
920.51(3 2 2 3.25) 0.4(1)
1241.76) 6 o+ 3.8(13) 0.524)
3917.4 629.68)" g - 2.1(8) 0.979)
698.32) g- . 0.X1)
7151) 8- 6+ 4.2(6) 1.067)
924.47) o ; 0.21) 0.4(1)
4807.4 890.(8) 10- o 0.612)
5854.0 1046.6) 12 o 4.88) 0.835)
7065.8 1211.9) (14°) e 2.23) 0.9515)
8468.2 1402.@7) (16°) e 0.622)
10066 15971) ¢ _ (147) 0.52)
) (18") (167) 0.502)
2398.7 1943.81) 3~ Band 8 .
2749.1 350.8) 5 3 3.405 0.41(12)
771.36) 5 et 0.72) 0.936)
1629.73) 5 po 1.24) 0.4(1)
3287.8 294.21)° 7- s 8.910) 0.5310)
538.92) 7- 8 0.93) 0.4911)
1310.12) 7- 2+ 4.36) 1.1012)
4028.1 740.@) 9 - 5.24) 0.5(2)
1034.76) 9 g+ 10.321) 0.899)
4965.2 937.14) 11 o 1.04) 0.51)
6086.4 1121.) 13 e 3.29) 0.965)
7391.8 1305.@) (157) e 2.49) 1.102)
8881.7 1489.0) (17) e 1003
10551 16661) 1o (15) 0.6(3)
12389 18381) ( —) (1T_) 0.32)
(21) (19°) 0.32)
2413.0 8489 Additional Statei
1265.14) Zﬁ 1.2922)
1293 54)° o 14425
2901.6 1781.64) i 0.5515)
2968.5 291.03) 1-8(4)
569.13)" . 0'2((‘2‘)
1403.87)¢ 3+ S2)
1820.96)° o+ 8'7(?
1849.36) 4+ o
2999.3 1851.%)¢ ot 84)
1879.56) e 1.1318)
3036.4 1917.45)¢ it 1.3620
3136.8 1158.66)¢ p 0.7517)
2017.46)° 4+ 1'3(;")
3160.4 1287.8)) 3~ o Q3
1595.85)° 3 3+ 82%
2012.56) 3- b 185
2041.16) 3- e !
3337.6 338.63)¢ ~0-3(3)
1773.15)¢ + e
2217.77)¢ o 8-6(2)
3439.¢ 690.75)" il 0.7(3)
1041.37)¢ 3 1-5(2)
3548.1 1248.15)° o+ 0-0(3)
1570.56)° ot 1'2%)
3607.9 614.%) g+ gt 03)
1630.48) g+ et 1.64) 1.1(3)
0.72)
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TABLE I. (Continued.
E,(keV)? E,(keV) I7(h) |7 (h) P Rpco™®
3724.8 823.04) 0.22)
1326.05) 3- 0.6(2)
1852.45) 4+ 1.6(4)
1969.66)° 2" 0.322)
3748.1 611.8)¢ ~0.2
1349.45) 3” 1.5(6)
3773.6 872.60)¢ 3 0.6(2)
1199.34)¢ 3 1.3522)
1374.95) 3" 3" 2.7(6)
1901.16) 3" 4+ 0.3512)
2208.87) 3" 3* 0.5318)
3791.7 653.97)¢ ~0.2
1814.16)¢ 6" 1.002)
3919.3 1520.76)° 3" 0.83)
3923.1 314.84) 8" 1.03)
1945.86)° 6" 0.93
4395.6 289.65) 10* 10" 0.52) 1.2(4)
1402.36) 10" 8+ 2.26)
8 nergy of the initial state.
®Determined from the’®Ni(**Na,3p) reaction.
°DCO ratios were determined from spectra gated on one or more streféh@@nsitions.
INew level assigned t8%Kr or new transition placed in the level scheme.
®Normalization.
'DCO ratio of the doublet.
(26%) 17293
(\8?,/
/
@) y 1157 p
g
@) y st BKr
. 36" 42 7
= (18) 10060
(187)_y 9568
18" y793 6 (16) y 8468
2 5 5 17 g
(L 8e 14+ 6479 4 (1) 6858 & 0e) y rose
! o
21 8
()¢ sae2 2+ Wset7 =
% 10+ 439% g 807
1 Al 2] L 10+ 4106
gt 3 3 8t 308\ &
3 7+ ¥ 3203 g+ - 04
6t g 2732 g %) ©
2 + =
4+ =g 1873 _5_,3 — VAR & 578
$ _2:%14@?%%\‘365; X5 e 2o
- > N 8 485
¥ o3

8

@)

12389

FIG. 1. The level scheme foffKr as deduced from the present work.



660

H. SUN et al. PRC 59
250 —— 77— 100 : . : . : .
3
= o 2
200 |- % - 80 - -
*
(s
<
w 150 F N . w 60 = |
- ) =
= S =
3 R: Ak : 2 .
100 [ « o 40 = -
50 [% E 20 4
O 1 n 1 1 1 n 1 O L 1 L 1 1 "‘leljlu‘ll‘l‘r
1700 1800 1900 2000 2100 2200 800 900 1000 1100 1200
Energy (keV) Energy (keV)

FIG. 2. A portion of the triples coincidence spectrum from the

FIG. 4. A portion of the spectrum in coincidence with either the

GAMMASPHERE experiment with combinations of gates on all pairs 969 or the 1726 keV lines in band 5 observed in tfsi(**Na,3)
of transitions in band 3 between the 455 and 1632 keV lines. Newlyeaction. New transitions assigned fr are indicated with aster-

reported lines are indicated with asterisks.

D. Negative-parity bands 7 and 8

isks.

have been confirmed in the present work. The present exci-

One pair of Signature_partner negative_parity bands Wagation energies of 3608 and 4396 keV are within 1 keV of the

known in “&r from prior work [7,12]. The odd-spin se-
guence, band 8, is built on the low-lying 3evel at 2399
keV and was identified up to a tentative (1state at 12389

previously reported values, except for a value about 9 keV
lower reported in Ref[10] for the 8" state. Two decay
branches have been observed from this state in the present

keV. The even-spin sequence, band 7, starts at the 2764 ke¥ork, in agreement with an earlier repi|. The 3608 keV

4~ level and was observed in prior wofK] through a 16

level was first assigned a spin-parity of Tn Ref.[13] and

level at 8469 keV. A transition of 1592 keV was seen in thelater (8") in Refs.[10,11. The present assignment of 8

GAMMASPHERE data, extending this sequence up to the (118

agrees with the latter one and is based on the DCO ratio of

state at 10 060 keV. Additional decay lines of 294, 364, andhe 614 keV transition and the existence of the 1630 keV
629 keV were seen from these bands. The measured DCE@gcay. o S . o
ratios permitted firm spin assignments to several additional The *Na+®*Ni reaction also populated®Rb strongly

states in the two bands.

E. Additional states

Additional yrare 8 and 10 states decaying into the
yrast band were previously reportgtD,11,13. These states

300 T T T T T T T T T
*
T g
fa\] <t =3
%,
=)
200 - =
2] &
=} el o %
= ~ ;4 [
Q £ ES
—
O v - -
© = 2 +
wy
100 | 5o B
S e
o -z
Wy — *
%N n O
I = = &
—
0 W 1 1 1 ..J'..'.'..”A b ‘!ml‘

200 400 600 800

Energy (keV)

1000 1200 1400

FIG. 3. A portion of they spectrum in coincidence with the 873
keV line in band 6 as observed in tR&Ni(?*Na,3) reaction. New
transitions assigned t&Kr in the present work are indicated with
asterisks.

[22]. Therefore some of the states observed’dir in the
FSU data were populated following th# decay of the 4
isomer andto a lesser extehthe 0" ground state of °Rb
[25-27. States for which new information was obtained are
listed in Table I, but not shown in Fig. 1. Since the initial
alignment is lost befor@ decay occurs, DCO ratios are not
meaningful fory transitions in the daughter nucleus.

The second 0 state at 1017 keV is shown on the level
scheme since its 562 keV decay transition was clearly seen in
the data. No connections could be reliably established with
any states in Fig. 1 above thg Jevel. Coincidences were
seen between the 562 keV line apdays of 738 and 2420
keV, confirming some previoug-decay result§25—27.

IV. DISCUSSION
A. Positive-parity bands

The kinematic moments of inerti#) in bands 1-3 are
compared in the lower part of Fig. 5. For the yrast band 3,
JM) generally increases over the observed spin range from
0% to 264. The irregularities at rotational frequenciés of
0.55 and 0.9 MeV have previously been associated g4th
pair alignments. There has been some difficulty in determin-
ing which alignment is associated witly,, protons and
which with go/, neutrons, in part because protons and neu-
trons in "8r occupy the same major shell. Hartree-Fock-
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77— 71— 17— can occur with small changes in particle numbers. The pro-
[ Ry T=_ ton and neutron alignments are nearly simultaneou¥m

- [7,12], where the predicted prolate shape appears to be con-
sistent with the observed data. On the other hand, only one
alignment has been observed ir up to Aw=0.9 MeV
[16]. HFB calculations predict an oblate shape which would
imply that the neutrons align first. However, there are no
g-factor measurements or other direct evidence to determine
the nature of the alignment if°%Kr. Earlier interpretations
favored a proton alignment. It appears likely that the shape
of the yrast band in the even-even Kr isotopes changes from
prolate in "®Kr to oblate in &Kr.

The other positive-parity bands are energetically unfa-
vored and more difficult to explore experimentally. Two
Al=1 decays between bands 2 and 1 and the relative posi-
tions of the states suggest that bands 1 and 2 may be signa-
ture partners. The moments of inertia of these two bands
follow that of the yrast band rather closely except for the last
point where two-quasiparticle configurations become impor-
tant. Reasonably good agreement was obtained between the
properties of these bands and théands predicted in inter-
acting neutron-proton boson model calculati¢sk

The 8" and 10" states at 3608 and 4396 keV look similar
to a pair of states of the same spin reported%r [16], and
no connecting=2 transition was observed. A two-level mix-
ing calculation was performed to infer the unperturbed ener-
gies of the corresponding yrast states’fikr [10] and ac-
ho MeV) count for irregularities in the band structures. The difference

of about 9 keV in the position of the*8state between Ref.

FIG. 5. Kinematic moments of inertid™® calculated for the [10] and the present work does change the conclusions of
bands in"®r. The following list gives the band numbers followed that study.

by the K value used in parenthesis: 1-K€2), 3(K=0), 5-8
(K=3).
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B. Configuration-dependent shell-correction calculations

Bogoliubov (HFB) cranking calculation$7] predict a well- To understand the forking seen at the top of band 3 and
deformed, buty-soft, shape with two energy minima for the further examine the shape of this band, calculations have
low-energy states of®Kr. It was first suggestefi7] that the  been performed within the configuration-dependent shell-
yrast band corresponds to the triaxial minimung,( correction approach with the cranked Nilsson potential using
~0.3, y~—15°). This accounts nicely for the first crossing parameters previously fitted t&~80 nuclei[28], as de-

as a proton alignment, but predicts the second, neutrorscribed in Refs[29—-31]. Pairing correlations have been ne-
alignment too low in frequency (0.6 MeVhw  glected, so the predicted energies can be considered realistic
<0.7 MeV). A subsequeng-factor measurement reported for spins above 10 or ¥5 The full Nilsson Hamiltonian has
[14] that the observed rotation impliegdactor significantly  been diagonalized in the calculations, even though the con-
less than the collective value for thé &tate or for states just figurations will be discussed below in terms of the main
above it. This was interpreted as a strong indication that theomponents of their wave functions.

first crossing is a neutron alignment and that the yrast band The calculated energies of the lowest positive-parity,
corresponds to the nearly oblate minimum in the HFB calcueven-spin configurations are shown in Fig. 6 after subtraction
lations. The configuration-dependent shell-correction calcuef the energies of a rigid rotor to magnify the deviations
lations discussed in Sec. IVB also predict an oblate shap&om rigid rotation. The measured energies of ban@t3ove

around spin 8, in confirmation of this interpretation. the region where pairing is most importaate shown in the
A neutrongg, crossing at the 8 state has been deduced same way in the figure for comparison. The theoretical
from recent deformed configuration mixinddCM) shell-  curves are labeled by their dominant configurations accord-

model calculationd9]. This differs from the HFB results ing to [pl,nl], wherepl(nl) is the number of protons
because the neutron crossing occurs at prolgte~(0.21),  (neutron$ in the gg, orbital.
rather than oblate, shape. The DCM calculations also predict The[2,4] configuration forms the lowest collective band
a protongg, crossing at the 14 state. One difference be- below spin 24. The shape of this curve is rather similar to
tween the DCM and HFB calculations is that the orbitals  the experimental data over the range<l@<24. The good
are grouped about a factor of two closer together in theagreement above spin 70s similar to what has been seen
DCM, giving rise to a much larger gap at particle number 40for 8!Sr[32] and gives additional confidence in other predic-
Comparisons with neighboring nuclei are not as helpful intions of the model. No real termination is seen for the calcu-
this mass region because of the rapid shape changes whitated [2,4] configuration because the proton holes migrate
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FIG. 6. Energies relative to a rigid rotor calculated within the

configuration-dependent shell-correction approach with a cranked FIG. 7. Evolution of predicted shape with spin for 3 configura-

Nilsson potential. The labeling of the theoretical curves is discussetions calculated in the configuration-dependent shell-correction ap-

in the text. The observed level energies in band 3 relative to the@roach. The shapes are shown on a polar graph with the magnitude

same rotor are shown with squares in the lower panel. The experdf quadrupole deformatioe, as the radial coordinate and the tri-

mental curve is graphed with the same dispersion but its absolutaxiality parametery as the angular one. Lines of constantare

position relative to the theoretical ones is arbitrary. drawn at 30° intervals. The starting and ending spins are indicated
for each sequence. Since a number of the low-spin points overlap,

down to thef;,, subshell. The result is a steady rise in energythe shapes at the crossing pointh24re shown with open symbols.

relative to the rigid rotor value above spin22A well-
deformed, oblate shape4{=0.29, y=—60°) is predicted main difference between the collective and noncollective
for this configuration up to spin %2 as shown in Fig. 7. As configurations in the calculations appears to be that both the
mentioned in the last section, this prediction of oblate shap@12 Proton and neutron holes couple to spin 0 in the latter
agrees well with the neutron alignment observed in thecase. By contrast, no pair ®=3 holes couples to spin 0
g-factor measurement. Above A2e, decreases and the among the collective configurations. One could also note that
shape becomes more triaxial. Because no true terminatiofie more collective bands are generally located “below” the
occurs,y does not reach-60°. vy=—230° line in Fig. 7, while the states with little or no

Although the more deformel®,5] configuration lies con- ~ collectivity lie near+60° with e,~0.20-0.25. Rather simi-
siderably higher at low spins, it falls rapidly with spin and is lar noncollective yrast states appeared in fi8r calcula-
predicted to cross thi,4] configuration at spin 24. Thisis  tions[32] and also await experimental observation.
exactly the point at which a forking is observed in band 3
and suggests that the observed forking may result from a C. Negative-parity bands
crossing of the calculatef?,4] and[3,5] bands. If so, the
agreement is remarkably good, although perhaps somewhm
less surprising in view of the good agreement observed eay;
lier in 81Sr[32]. In this interpretation, the last 26state seen
experimentally would correspond to tig,5] configuration
and the next state would be harder to observe because t
theoretical curve is starting to rise at28The predicted
deformation for this configuratiofsee Fig. 7 starts ate,
=0.33 and decreases steadily with spin whijleremains
about—40°.

The[2,6] configuration is predicted to be somewhat more

In contrast to those in the positive-parity bands, the mo-
ents of inertia in the two previously known negative-parity
ands 7 and 8 start at higher values and drop to reach a
remarkably constant value of 22 to 23/MeV (see Fig. 5.

Ithough they begin from very different values, the moments

inertia in the bands of both parities converge to similar
values (approximately the rigid-rotor valyeat the highest
rotational frequencies, most likely due to the decreasing in-
fluence of pairing[33]. The behavior of thed¥) values in
bands 7 and 8 is rather similar to that of the lowest negative-

e arity bands in”®Kr [15] except that no evidence is seen for
deformed €,=0.36), but would be more difficult to observe gn aﬁgnment in78Kr[up] to ﬁwp: 0.9 MeV. whereas a clear

since i_t alway_s lies ab_oye tHe,4] and[3,5] configurations. alignment was seen ifKr at i w~0.8 MeV.

Other interesting |_ored|ct|ons of the model which ha\{e notyet | 74767 the lowest negative-parity bands were associ-
been seen experimentally are the yrast noncollective states. i ) ! , 34
They are indicated mostly with large open circles in Fig. 6. Adted with the two-quasiproton configuration[431]3

very short terminating band consisting of only tHe ®®[312]57, based in large part on the absence of a lower
=20-24 states can be identified in the calculations. Thdrequency proton alignment expected for a two-quasineutron
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configuration3,7]. This analysis was confirmed nicely when o (MeV)

a higher-lying pair of negative-parity bands was found in
"®r, which do align at a much lower frequengy5]. They
are the two-quasineutron bands. Measurements faictors
in bands 7 and 8 of &r showed precession angles signifi- ] _ 1 _ .
cantly larger than in the yrast bafiti]. This was interpreted (.~ 2), dotted line; (-,3), dash-dotted line; £,—3), dashed
as strong evidence for the two-quasiproton nature of theste-
bands. The DCM calculation®] also predict a signature-
partner pair of negative-parity bands at about the energie
seen experimentally, although an inversion occurs at the bo
tom of the band with the 3 level above the 5 one. These
bands also involve a two-quasiproton configuration, in agre
ment with the HFB results.

The moments of inertia for new bands 5 and 6 differ

FIG. 9. Single quasiproton energies as a function of rotational
frequency for the indicated shapes. Parity and signatutex) of

the Routhians are indicated in the following way: ,(%), solid line;

o2 quasiprotons. The single quasiproton energies are shown
s a function of rotational frequency in Fig. 9 for both the
Hearly prolate shape of= + 15° and the nearly oblate shape
of y=—44°, The predicted proton alignment frequencies of
®hw=0.4 and 0.65 MeV, respectively, bracket the observed
value. Thus, a two-quasineutron configuration with a pre-

L ; ; dicted of 0.29 and ay value intermediate between the
significantly from those of bands 7 and 8 by increasing "aPiwo miﬁizma in Fig. 8 wo?jld be consistent with the observed

idly with frequency abové w>0.45 MeV. This behavior is bands 5 and 6. This is quite reasonable, giventisaftness
very similar to what was seen in the new negative-parity ¢ v« Trs '

bands in’%Kr and indicates at least the start of a quasiparti-
cle alignment at 0.45 Me¥Aw=<0.55 MeV. The analogy
with "®Kr suggests that bands 5 and 6 may have a two-
quasineutron configuration. Also, only one energy minimum  High-spin states in "®Kr were examined using the
appears in the total Routhian surfa@RS) shown in Fig. 19 58Nj(%°Na,3) reaction at 70 MeV and thé&Ni(%Si,«4p)
of Ref. [7] for the two-quasiproton Configuration of Signature reaction at 130 MeV. Prompg-y coincidences were mea-
=0, r=+1 (even sping and this was assigned to band 7. sured using the Pitt-FSU detector array and the
HFB calculations were examined for the lowest two- GaAMMASPHEREMICROBALL array. A number of new transi-
quasineutron configuration with signature-0 (even spins  tions and energy levels were found, and spin assignments
usually designated the AE configuratif84]. The resulting  were made using DCO ratios. Three new bands were identi-
TRS at a rotational frequency dfo=0.4 MeV, shown in  fied. On the basis of the observed alignment and HFB calcu-
Fig. 8, implies a substantial quadrupole deformationBef lations, two of them appear to be based on a two-
~0.3, but a wide range of possible values. Three energy quasineutron structure, complementing the previously known
minima occur at (3,,y) values of (0.31,+60°), (0.29, two-quasiproton band. This extends a pattern of parallel pro-
+15°), and (0.29,—44°), but configurations at intermedi- ton and neutron excitations that was first seerf{fr.
ate y values are hardly less favored. A shape at or near the An interesting forking behavior has been observed at the
noncollective value ofy=60° is very unlikely to correspond top of the yrast band. Configuration-dependent shell-
to the observed band. Because one of the quasineutrons gorrection calculations interpret this forking as an unpaired
this configuration lies in &g, orbital, Pauli blocking argu- crossing of the[2,4] ground band by the more deformed
ments imply that the lowest alignment should be among th¢3,5] structure at spin 24. Across the even Kr isotopes, the

V. SUMMARY
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shape of the yrast band appears to change from prolate fdwands. This would imply that prolate and oblate shapes co-
"47%r to oblate for®%Kr. Although earlier HFB calculations exist in "8Kr.

suggested a prolate shape f6Kr, an oblate shape is re-

quired to reproduce the first neutron crossing implied by ACKNOWLEDGMENTS

g-factor measurements. The configuration-dependent shell-

correction calculations, which account nicely for the ob- We are grateful to Dr. W. Nazarewicz for providing his
served forking at high spins, predict an oblate shape at low télartree-Fock-Bogoliubov cranking computer codes. This
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