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High-spin states in '"Pt have been studied with the ' Yb(' 0,4n }'"Ptreaction at 90 MeV using a
multidetector array consisting of five Ge detectors and a multiplicity filter of six NaI counters. Ro-
tational bands built on the Nilsson configurations —+[624], — [503], and —' [521] have been

identified and interpreted within the framework of'the cranked shell model. Additional band struc-
tures built on levels at 3.131 and 3.294 MeV are observed which arise from more complex
configurations. Experimental values of B (M1;I~I —1 }/B(E2;I~E —2} ratios have been extract-
ed and compared to predictions of the semiclassical Donau and Frauendorf approach.

I. INTRODUCTION

The Pt-Hg nuclei at the upper limit of the rare-earth
region are known to exhibit shape coexistence phenome-
na. This behavior has been predicted and is well docu-
mented. ' The Hg nuclei ' have an oblate ground
state and low-lying prolate structures for 189) 2 ) 177.
However, the Pt nuclei have a more transitional charac-
ter starting with well-deformed prolate shapes for
182) 3 ) 176 to oblate shapes for the heavier isotopes
(A ) 192). One also expects these soft nuclei to be easily
deformed via a polarization effect arising from valence
nucleons or quasiparticles associated with band crossings.

The ' ' Pt nuclei are particularly interesting since
both a prolate ground state and an excited oblate struc-
ture have been reported in ' Au (Ref. 11) and ' Pt (Ref.
12). Extensive knowledge of low-spin levels in ' Pt is
provided from decay studies of Au isotopes, ' ' but few
studies have focused on high-spin states. ' ' As part of
a systematic study of the ' ' Pt isotopes, the structure
of high-spin states in ' Pt has been determined. The na-
ture of the different crossings is investigated by looking at
the B (M 1 )/B (E2) ratios and experimental Routhians.

II. EXPERIMENTAL DETAILS

The ' 0 beam from the McMaster tandem accelerator
was used to bombard an isotopically enriched target of

Yb (1 mg cm ) on a Pb foil backing to stop the recoil
nuclei. At a bombarding energy of 90 MeV the (' 0,4n)
reaction channel populates strongly ( —50% of the total
evaporation yield) high-spin states in ' Pt, bringing in
some 36fz of angular momentum. Deexcitation y rays
were detected by an array of five Ge detectors and six
NaI counters, the latter acting as a multiplicity filter.
Energy resolution and e%ciency of the germanium detec-
tors were 2.2 keV (1.173 MeV transition from Co) and

24%, respectively. Coincidences consisting of three Ge
detectors or two Ge detectors plus two NaI counters
firing were recorded event by event onto magnetic tape
for subsequent analysis. Some 100X 10 y-y coincidences
were collected and sorted into a 4096X4096 matrix from
which background was subtracted. The decay scheme
was constructed from gates set on about 250 transitions
appearing in the total spectrum. Some examples of the
coincidence spectra are shown in Fig. 1.

Angular distributions were measured simultaneously
by the five Ge detectors, which were placed at —10', 30',
45, 60', and 90' to the beam direction with the condition
that one Ge detector and two NaI counters fired. Detec-
tor efficiencies were determined with a standard ' Eu
source placed at the target location. Peak areas were ob-
tained with the peak fitting code SAMpo, and the angu-
lar distributions were analyzed with the computer code
THAD (theoretical angular distribution ) to extract the
experimental A~, A2, and A4 coeScients. For mixed
transitions the mixing ratio 5 was obtained following the
procedures of Rose and Brink. '

III. RESULTS AND DISCUSSION

A summary of the level energies, transition energies,
relative intensities, and angular distribution results is
presented in Table I, while the decay scheme is shown in
Fig. 2.

A previous study' had already established bands 1 and
2 up to the —", +, 1417.4 keV level while more recent decay
work' ' determined the low-lying structure of both
positive- and negative-parity levels. Bands 3 and 4 are
built on the known —', level at 310.4 keV. Our angular
distribution measurements of the 176.1 and 195.2 keV y
rays strongly support AI =1 character. A complete set
of crossover and cascade transitions forms this strongly
coupled band. These results are in agreement with the
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FiG. 1. Some typical examples of the y-y coincidence spectra observed in the ' 'Yb(' 0,4n )' Pt reaction. The labeled peaks be-

long to ' 'Pt and all energies are in keV. Note that no background correction was applied.

most recent assignments of Roussiere et al. Placement
of band 5, built on the —,

' level at 103 keV, relies on the
identification of the 250.9 keV E2 y ray reported in de-
cay work. Note that the 97.0 keV —,

' ~—,
' transition

has not been observed in this work but has been placed in

the level scheme for completeness. Two additional bands
(6 and 7) are based on the ( —", ) 3131.4 keV and ( —", )

3294.3 keV levels, respectively. The spin assignments are
based on the angular distributions of the transitions de-
caying to the yrast band, which are compatible with
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FIG. 2, The decay scheme of '"Pt obtained in this work. Strongly connected levels have been grouped together into bands 1 —7
and all energies are in keV. Spins in parentheses are considered probable but not definitely established.
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Transition
(keV)

Level
{keV)

TABLE I. Transitions in '"Pt.

1~ (%} A4/Ao Multipolarity'

94.9

117.2

157.4

161.1

162.9

176.1

195.2

197.6

202.5

207.4

211.2
212.1

213.6

217.1

219.0

222.3

223.4

233.9

238.1

243.4

250.9

253.4

253.7

265.6

265.7

272.5

276.4

278.3

301.4

302.0

310.4

315.6
318.5

330.5

343.2

354.4

366.2

366.7

371.3
379.7

380.0
391.2
392.8

94.9

212.1

530.6

373.2

3294.3

486.5

938.5

681.7
879.3

1417.4

1940.4

1090.5

212.1

3725.0

3511.4
2489.9

752.9

1313.9

2548.3

1552.0

2048.8

450.9

1805.4

3086.8

2314.4

3990.7

4263.2

1214.9

373.2

4564.6

3755.5

310.4
1733.0
530.6

2270.9

2833.1

4501.1

817.1

3453.5

681.7

752.9

3511.4
4146.7

879.3

938.5

11+
2
13+
2
17+
2
15+
2

(35 —
)2

9—
2
21+
2
11—
2
13—
2

25 +
2

29 +
2

(15 —
)2

13+
2

(39 —
)2

( —" )2

33+
2

19+
2
17—
2

(27 )2

(19 —
)2

(23 )2

(21 —
)2

37+
2

( —" )2

(41 —
)2

(43 —
)2

23 +
2

15+
2

( —" )2

41 +
2

7
2

27 +
2
17+
2
31+
2

35 +
2

(45 +)
2

(13 —
}2

39 +
2
11—
2
19+
2

(37 }2

(43 +}
2
13—
2
21+
2

9+
2

ll +
2

15+
2
13+
2

{33 )2

7
2

19 +
2
9—
2
11—
2

23 +
2

27+
2
13—
2
9+
2

( —" )2

{35—
}2

31+
2

17+
2

(15 —
)2

(25 —
)2

(17 —
)2

(21 —
)2

(—,'}
(19 —

)2

35+
2

(23 —
)2

(39 —
)2

(41 —
}2

21+
2
11+
2

(43 —
)2

39+
2

9 +
2

25+
2

13+
2
29+
2

33+
2

(43 +)
2

(—', )

37+
2
7
2

15 +
2

(—"
2

41 +
2
9—
2

17+
2

19.7(9}

18.3(7)

30.1{21)

5.4(2)

12.6(7)

3.4{4)

2.9(4)

10.0(4)

7.5(9)

10.5(9)

5.3(2)

4.7(3)

6.3{4)

22.1(6)

11.0{4)

4.3(2)

5.3(3)

13.7(5)

30.2(45)

4.0{2)

20.2{8)

14.0(17)

52.5(11)

13.3{9)

10.7(4)

2.7(4)

7.3{4)

4.0(1)

52.9{11)

3.8(4)

8.2(3)

82.1(19)

—0.68(7)
—0.70(6)
—0.77(6)

—0.01(5)

0.08(4)

0.10(8)

—0.71{6)
—0.67(8)
—0.64(6)
—0.37(6)
—0.59(6)
—0.64(7)

0.05(4)

0.05{6)
—0.06(4}

0.02(5)

0.10(4)

0.11(6)

0.20{6)
—0.44(5)
—0.35(5)
—0.46(8)
—0.81{3)

—0.03(5)

0.10(5)
—0.05(5)
—0.01(7)

0.12(2)

0.32(4) —0.12(6)

—0.50(7) —0.03(5)

—0.43(5) 0.12(5)

—0.79(6) 0.13(4)

—0.51(7)
—0.89(5)
—0.47(21)

0.33(2)
—0.67(11)
—0.61(6)

0.16(7)
—0.01(5)

0.10(19}
—0.11(2)

0.10(9)

0.15(5)

—0.30(8)

0.36(5)

0.32(2)

0.11(10)
—0.16(7)
—0.08(2)

0.43(5)

0.33(2)

—0.04(6)
—0.08(2)

0.36(27) —0.11(9)

0.30(7)

0.28(6}

0.30(7)

0.26(8)

0.17{3)

0.11(11)

E2

0.18(8)

0.33(8)

E2

0.19(8}

0.36(10)

E2

0.13{8}

0.15(3)

E2

0.27(8)

0.19(8)

0.10(8)

E2

E2

E2

E2
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Transition
(keV}

Level
(keV)

TABLE I. (Continued ).

iy (%) Multipolarity'

408.8

412.5

430.7

434.6

456.3

461.5
462.0

469.9

469.9

478.9

479.3

491.5
491.5
496.8

499.5

509.0

513.0
518.1

523.0
537.9

538.2

549.5

561.0
562.2

573.9

596.9

620.4

638.2

639.0

668.7

678.3

693.2

745.6

766.9

804.4

860.5

1090.5

4913.6
3725.0

1313.9

1273.4

1552.0

1214.9

2256.3

2726.2

1417.4

3990.7

2805.9

1805.4

2048.8

2548.3

2314.4

1786.4

1733.0

1940.4

2270.9

4263.2

2489.9

3287.2

2833.1

4564.6

3086.8

3453.5

3725.0

4902.2

3755.5

3511.4
4146.7

4501.1

4913.6

3294.3

3131.4

(15 —
)2

(47 +)
2

(39 —
)2

17—
2

(17 —
)2

(19 —
)2

23 +
2

(25 )2

(29 —
)2

25+
2

(41 —
)2

(29
2

(21 —
)2

(23 )2

( —" )2

( —" )2

(21 —
)2

27+
2

29 +
2

31+
2

(43 —
)2

33+
2

{33 )2

35+
2

(45 —
)2

37+
2
39+
2

(39 —
)2

(47 —
)2

41+
2

(37 +)
2

(4'+)
2

(4'+)
2

(47 +)
2

(35 —
)2

(33 )2

11—
2

(45 +)
2

(35 —
)2

13—
2

(13 —
}2

(15 —
)2

19 +
2

(21 —
)2

2
21 +
2

(37 )2

(25 —
)2

(17 —
)2

(19 —
)2

(23 )2

(21 —
)2

(17 —
)2

23 +
2

25 +
2
27+
2

(39 —
}2

29+
2

(29 —
)2

31+
2

(41 —
)2

33+
2
35+
2
37 +
2

(43 —
)2

37+
2

35+
2

39 +
2

41 +
2

(43 +)
2

33+
2

31+
2

2.9(9)

4.9(2)

9.0(3)

13.4(5)

57.1(20)

100(3)

40.2(12)

91.7(24)

42.9(14)

50.0(10)

19.5(6)

9.2(3)

30.2(9)

12.6(5)

1 1.8(4)

6.8(3)

4.5{5)

3.9(4)

2.2(4)

6.9(3)

7.o(3)

O.53(5)

0.32(5)

0.31(5)

0.32{5)

0.31(2)

0.36(3)

0.30(2)

0.31(5)

0.30(2)

0.26(4)

0.28(5)

0.24(3)

0.24(6)

0.14(4)
—0.25(5)

—O.41(6)
—0.29(6)

—0.06(6)

0.04(6)
—0.10(6)

—0.06(6)

—0.05(3)

—0.09(4)
—0.05(3)
—0.03{6)

—0.04(3)

—0.03(4)
—0.04(5)
—0.04(3)
—0.O4(6)

—0.02(4)

0.08(5)

0.22(5)

0.07(9)

E2

E2

E2

E2

E2

E2

E2

E2

E2

(E2)

E2

(E2)

(E2}
(E1)

(E1}
(E1)

'For mixed transitions the measured 6(E2/M1) is given, following the sign convention of Rose and
Brink (Ref. 21).
Composite line.

AI=1 transitions. The absence of any E2 transition be-
tween these two structures suggests that this structure
and the yrast band have opposite parity (see also subsec-
tion A for a discussion of the configuration assignment).

Bands 1 and 2, which are strongly coupled, have been

extended in this work up to the —", + state at 4913.6 keV.
In the decay work' a —', level at 180.8 keV and a —', lev-
el at 423.8 keV were strongly populated but were not ob-
served in this study. A similar result has been obtained
in ' Pt, where only the —,

' band could be identified.
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A. Band assignments
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FIG. 3. The experimental aligned angular momenta i [part
(a)] and Routhians e' [part (b)] vs rotational frequency, fico, for
bands in ' 'Pt. The letters denote quasiparticle configurations of
the following rotational signatures originating from the listed
single-particle states and Nilsson orbitals. A and B, o,'= —', and
a= ——,vi, 3/i, — [624]; E and F, a= —and a= ——,vf7/i

1 9+ l 1 7—

[503]; G, a= —', vp3/z, —' [521]; a, a= —', ni, 3/z, —'+ [660]; e,
a i flA9/p i [541]. A refe'rence due to the rotating core of
Io =21.5A MeV ' and Il = 1006 MeV has been subtracted.

A standard single-particle neutron level diagram shows
that for a prolate deformed nucleus (f3z=0. 25) the —,'+
[624] and —', + [633] orbitals will be important constituents
of the positive-parity levels. For the negative-parity
states the —', [503], —', [514], —', [512], and —,

' [521] or-
bitals lie close to the Fermi surface.

In the framework of the cranked shell model the rota-
tional characteristics of band structures can be deter-
mined by calculating the aligned angular momentum (i)
and energy in the rotating frame (the Routhian e') as a
function of the rotational frequency co in the usual
manner. Such a plot is shown in Fig. 3 for the observed
quasiparticle configurations in ' Pt, where the contribu-
tions from the rotating core have been subtracted as de-
scribed in the figure caption. For ease of reference the
quasiparticles have been labeled by letters as noted in the
figure.

Bands 1 and 2 in ' Pt can be identified as the two sig-
natures 3 (a=+ —,') and B (a= —

—,') of the —', + [624]
band structure originating from the vi, 3/2 shell-model
structure, as previously suggested. ' '' An initial align-
ment of =4. 5A at Ace=0. 2 MeV, and a small amount of
energy splitting between the two signatures are both con-
sistent with a K =—', orbital from the i»/2 subshell.

Bands 3 and 4 are interpreted as the two signatures E
(a= —

—,') and F (a=+ —,') of the —', [503] structure. In
this region there may be some mixing between the neu-
tron 0 =—,'Nilsson states having asymptotic quantum
numbers —', [514] and —,

' [503], and it is not clear that
either the above designations or shell-model labels "f7/2"
or "h9/2 are altogether valid. In terms of the rotational
characteristics, the observed low initial alignment and the
absence of any signature splitting are predicted for both
f7/3 and "h9/2 orbitals. Both the Woods-Saxon and

Nilsson potentials predict the —,'[514] configuration to
be the lower of the two at X= 107 (e.g. , Ref. 24). Howev-
er, from the decay of ' Au Roussiere et al. most re-
cently assigned —,'310.4 keV, —', 486.5 keV, and
681.9 keV levels as members of the —', [503] band, con-
tradicting previous' spin-parity and configuration as-
signments. The B (Ml)/B (E2) measurement presented
in Sec. III B confirms the f7/3 —,

' [503] nature of this
band.

As mentioned previously, band 5 is associated with the
structure built on an isomeric —,

' state at 103 keV estab-
lished in Ref. 15. There a —,

' [521] (vp3/2 shell-model
parentage) configuration was assigned to that band. This
work extends the favored signature (G, a= —,') to (—", ).
Although the o', = +—,',I=

—,
' and —', states are populated

in the previous decay study, ' the two partners are
separated by a large degree of signature splitting, and in
this work only the favored signature is observed. This
large eAect is consistent with a K =

—,
'

v@3/p configuration.
Bands 6 and 7 are clearly diferent from structures

1 —5, originating at high spin and displaying a strikingly
large amount of initial alignment (cf. Fig. 3). Only a
three-quasiparticle configuration involving high-j orbitals
could produce the observed i =13k. A very likely com-
bination is the vi, 3/2 (3 ~h 9/2 (3 ~i ]3/2 configuration, in
single-particle orbital notation v —',

+ [624]n —,
' [541]

Svr ,'+ [660]. Th—e vii3/3 band, as already discussed, is
yrast in this nucleus, while the two proton bands are
lowest in the nearby ' Au (Ref. 11) and 's7Au (Ref. 25)
nuclei.

The two-quasiproton analog of the proposed structure
has in fact been identified in the neighboring ' "Pt nu-
cleus, where a ~h9/2(3~i]3/2 band displays an initial
alignment of = 10k at an energy e'=0. 81 MeV above the
yrast band at a frequency of 0.20 MeV. Using the addi-
tivity properties of both i and e', the corresponding
three-quasiparticle vi »/z (3 ~h 9/2 ~i »/2 structure in

Pt should have i = 10%+4 54=14 5A and e'=0 81
MeV+( —0.60 MeV)=0. 21 MeV. This compares quite
well to the observed values of I = 13k and e'=0. 29 MeV.

Another possible candidate is the vi»/z~ f7/QS77f ]3/2
combination, which based on the ' Au Routhians"
should lie slightly higher in energy than the configuration
just discussed. However, it is clear that in ' Pt the
nh 9/z ~i, 3/2 configuration is preferred over the
vrf7/2ni i3/2 combination, because only the total signa-
ture a =1 component (odd spins) of the two-proton band
is observed. This can only arise from the ~h 9/2(a=+ —,

' highly favored) plus ~ii3/3 (a=+ —,
' again highly
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favored) coupling. The lowest signature of a
nf7/2~i ~3/2 band would be + =0 (even spins), since the
favored signature of the rrf7/2 band is o. = —

—,
' [cf. ' Au

(Ref. 11)].

B. B(M1)/S (E2) measurements

Additional evidence as to the quasiparticle makeup of
rotational bands can be gathered from measurements of
the B(M1;I~I—I)/B(E2;I~I —2) values T. hese ra-
tios have been obtained from experimental
Ir(XI=2)/Iz(BI =1) branching ratios (A) and Ml/E2
mixing ratios (5). For a theoretical description of the
B (Ml) and B(E2) matrix elements we turn to the semi-
classical formalism of Donau and Frauendorf. ' The
predictions of this model are very sensitive to the quasi-
particle configurations involved, primarily through the

gz —g~, K, and alignment values. Of course the g factors
themselves are extremely dependent on the quasiparticles
considered, especially when comparing neutron and pro-
ton excitations. Because of the opposite signs of the pro-
ton versus neutron g factors, a mixed m.(3v configuration
normally exhibits enhanced M1 transitions relative to a
structure involving only a single quasiparticle.

The experimental B (M 1)/B(E2) ratios and theoreti-
cal predictions for ' Pt are compared in Table II. Exper-
imental values are from this work with the exception of
the vp3/2 configurations in ' Pt and ' Os, for which
data are taken from the decay studies of Roussiere
et al. ' ' For the theoretical parameters, we have used

gz factors given by the Schmidt limits with g, =0.7g,
(free) as in Ref. 28 and g& =0.4. K values are taken from
the appropriate Nilsson configurations, i.e., K =—',
(Vi 13/2) 2 (+f7/2' +5 9/2) O'Ild

z (+p3/2 rr 9/2' Irf 7/2'
sri&3/2). The alignment values are taken from experiment
(see Fig. 3).

A complete set of measurements from the vi&3/2

[624] band in ' Pt has been presented in Ref. 29. As
shown by the averaged results listed in Table II, the low-
spin values are fairly well reproduced by the theory. At
high spin the large experimental increase can only be ex-
plained by the alignment of a pair of h9/2 protons (see
also the following).

For the remainder of the bands experimental
B (M 1 ) /B (E2) ratios are only available for isolated
spins. However, the overall agreement based on those
limited values is quite good. It appears that bands 3 and
4 are fairly accurately described as a vf 7/2 configuration
versus a vh 9/2 structure. The particular comparison
there is between orbitals having l +s (vf7/2 ) and l —s
(vh9/z) spin-orbit coupling, since the E and i values are
identical.

The experimental value for band 5 (and for the corre-
sponding band in ' Os) is very much smaller than any of
the other measurements. This is reAected in the theoreti-
cal va1ue, in which case the prominent reason is the low
K of —,

' for this vp»z —,
' [521] configuration. If an adjust-

ment in the —', —,
' M1 matrix element due to the large

signature splitting is taken into account, by including the

TABLE II. Experimental and theoretical '"Pt B (M 1)/B (E2) ratios.

Rotational
band(s)

1,2 (low spin)'

1,2 (high spin)

Experimental
B(M1) /B (E2)

0.25(1)

0.96(11)

Quasiparticle
configuration

Vl 13/2

Vl 13/2(3 (7TA9/2 )

(Vl 13/2 )

Theoretical
B (M1)/B (E2)

0.32

0.75
0.24

3,4' 0.51(6) 7/2
VA 9/2

0.76
0.031

5d 0.0021(6)d .

0.0017(9)'
VP 3/2 0.042

0.0012'

6,7g 1.12(8) Vl 13/2 7T/1 9/2 'TTl 13/2

Vl 13/2 7Th 7/2 (8) 7Tl 13/2

vf 7/z@(v4s/2 )'

VP3/2 ( Vl 13/2 )

vf 7/2(~h9/2)
VP3/2 (~~9/2 )

1.10
1.65
0.33
0.03
0.82
0.05

aAverage for I =———.—25 31
2 2

bAverage for ———.39 47
2 2 '

cI 11
2

'

I= 2, using radioactive decay data of Ref. 15.
'I = —,', '"Os data of Ref. 22.
Effect of signature splitting included.
gI =—

2
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(1 b—,e'/fin) multiplicative factor, the agreement be-
tween theory and experiment is improved.

Table II lists theoretical 8(Ml)/8(E2) values for a
number of possible three-quasiparticle configurations
having negative parity. In the first two cases the 8 (M 1 )

has been calculated in the so-called "strong-coupling"
limit, in which we have included terms depending on the
E quantum numbers for all three quasiparticles involved.
This is in contrast to the configurations involving a
rotation-aligned pair of quasiparticles, in which cases the
pair makes no contribution to the magnetic moment
component along the symmetry z axis. For bands 6 and 7

e proposed vi/3/27Tfl9/27Tl]3/2 coupling is clearly in
the best agreement with experiment. As indicated ear-
lier, only a neutron plus two proton combination is cap-
able of producing an M1 matrix element large enough to
match the data. A possible vf7/QS(7rh9/I ) configuration
would undoubtedly be connected with vf7/2 bands 3 and
4 rather than feed into bands 1 and 2, and would also
have an alignment of only =7.5A. The mixed
vi, 3/z7rf7/I7ri, 3/2 combination has a very high ratio
of transition matrix elements, although it would have
about the right amount of alignment. However, as dis-
cussed in the preceding section, by analogy with ' Pt
such a configuration is much less likely than an i&3/2 neu-
tron coupled to the mh9/2 ~i,3/2 combination.

C. Band crossings

Woods-Saxon cranked shell model calculations, de-
scribed in Ref. 29, predict possible band crossings due to
the rotational alignment either of i&3/2 neutrons or of
A 9/2 protons. In order of expected frequency at a defor-

IIlatloII of p2 =0.22 alld )/ = —9', they are the
"/18" (III' =0.26 MeV), vi, 3/I "BC,/ID" (IIlco=0.3 MeV),
and IrII9/2 "ef" (fico=0. 36 MeV) crossings. The labels C
and D refer to the second-1owest pair of vi/3/2 quaslparti-
cles, originating from the —,

'+ [633] orbital. As shown in
Fig. 3, the yrast bands I and 2 in ' Pt experience a gain
in alignment of =5% at a frequency of 0.24 MeV. Not-
withstanding the theoretical predictions, we believe that
the crossing in bands 1 and 2 is most likely caused by a
pair of h9/2 protons aligning at a surprisingly low fre-
quency. The arguments are as follows.

In ' Pt one observes a double crossing
(vi I3/I) (Irh9/I) with an overall gain in alignment of
=10k, at an almost degenerate frequency of Ace=0. 25
MeV. In the —', + [624] bands (3 and 8 configurations) of

Pt the first neutron AB crossing should be blocked,
leaving the proton crossing as the logical possibility.
However, in this mass region neutron and proton
configurations can inhuence the nuclear deformation in
difFerent ways. These shape polarizations in turn can in-
duce significant crossing frequency displacements, which
considerably weaken the standard blocking arguments.
To illustrate the softness in the y deformation, the total
Routhian surface (TRS) calculations for the ' Pt yrast
configuration at a rotational frequencies of 0.25 and 0.30
MeV have been reproduced in Fig. 4. At 0.25 MeV the
minimum occurs for y = —8' (slightly triaxial) due to the
E ]3/p quasineutron. At A~ =0.30 MeV the surface is now
distorted significantly towards positive y by the three-
quasiparticle configuration vi, 3/Q(7rh9/2) . In addition,
the (vi»/2) minimum can be seen at negative )/, caused
by the secondary vi, 3/2 BC,AD crossing.

The 8 (M 1 )/8 (E2) measurements make a more com-

y 30o 5~=0.25 MeV @=30 tlat =0.30 MeV

0
y' =-30 T=-30

P2 I

0.2
P2

0.3
P2I

0.2
P2

0.3

FIG. 4. Total Routhian surface (TRS) calculations for the '8 Pt yrast positive-parity configuration performed at the rotational fre-
quencies, A~, equal to 0.25 and 0.3 MeV.
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pelling argument. An observed rise in this ratio by a fac-
tor of 3 —4 after the upbend strongly suggests a proton
crossing, especially since an alternative neutron align-
ment would have an effect in just the opposite direction.

Bands 3 and 4 also show a crossing at Ace=0. 23 MeV.
At the limit of the data an alignment gain of =5.5A has
already occurred, with the end of the crossing not yet in
sight. Therefore it is possible that two nearly degenerate
crossings are occurring in these bands, similar to the
yrast case in ' Pt. Additional data are needed to extend
bands 3 and 4 to higher frequencies, though, before the
nature of this band crossing (or crossings) can be ascer-
tained.

Band 5, the vp»2 6 configuration, reveals a crossing at
an identical frequency with an overall gain in alignment
of =6k. In this case it appears that up to 0.28 MeV in
frequency only one alignment process has occurred. The
crossings in bands 3, 4, and 5 occur at slightly lower fre-
quencies than does the probable ~h9/2 crossing in bands
1 and 2. It is possible that the f7/~ and p3/2 bands ex-
perience the expected vi, 3/2 .4B alignment, which either
prevents or delays the competing vrh9/p ef alignment.
Such an effect is possible because the vi, 3/2 band crossing
should drive strongly towards negative y deformation, as
shown in Fig. 4, away from the region in y most favor-
able to a ~h9/2 crossing.

Bands 6 and 7 show no sign of alignment gain through
the band crossing frequency range. This is to be expect-
ed, since their Aea, Bea configuration blocks both the
neutron AB and proton ef crossings. A secondary viI3/2
BC, AD alignment is less likely here than in the yrast
A, B bands since the ea ~h 9/2 ~i i 3/2 combination should
drive the nucleus strongly towards positive y deforma-
tion, a trend similar to the ~h9/p driving tendency shown
in Fig. 4.

Normally one would expect bands 6 and 7 to display

the same moderate A, B signature splitting as the yrast
bands. However, the signature splitting for the
K =

—,
' vi, 3/2 orbital is even more sensitive to changes in y

deformation than the band crossing frequencies (cf. Ref.
31). In theory a swing to y ~10' as shown in Fig. 4
effectively eliminates any energy difference between the
two signatures, consistent with the data shown in Fig. 3.

IV. CONCLUSION

The structure of high-spin states in ' Pt has been
determined by the ' Yb(' 0,4n) reaction at 90 MeV us-
ing a multidetector array. Rotational bands based on the
—', + [624], —', [503], and —,

' [521] neutron orbitals have
been identified. An anomalously low proton crossing fre-
quency is implied for the yrast —,

'+ [624] bands. Addition-
al work is required tp explain the nature of the crossings
observed in the —,

' [503] and —,
' [521] bands. It has been

shown that the semiclassical formalism of Donau and
Frauendorf explains the observed one- and three-
quasiparticle configurations reasonably well. Although
many aspects of the observed rotational band characteris-
tics are well described by the cranked shell model, more
detailed calculations on the effects of alignments on the
shape of the y-soft nucleus ' Pt are clearly needed.
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