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High-spin states have been populated in odd-odd ' ' Au via the heavy-ion ' " Yb(' F,4n)
reactions at 93—94 MeV. Rotational bands built on 11 oblate vi&(& xh»(& structures have been
observed in both nuclei, similar to those reported in ' ' Au. Two new strongly coupled bands in

Au are interpreted as prolate xh»ggq vi»gq and xi~3~q vi~3~~ configurations. Based on blocking
arguments a band crossing in the latter structure is attributed to the alignment of hggq protons.
Measured B(M1;I ~ I —1)/B(E2; I ~ I —2) ratios are compared to predictions of the Donau and
Frauendorf geometrical formalism extended to odd-odd cases.

PACS number(s): 21.10.Re,27.70.+q,25.70.—z

I. INTRODUCTION

At low to intermediate values of angular momentum
the two dominant nuclear structure features of the A
180 region are (i) the dynamic competition between pro-
late and oblate shapes, and (ii) the deformation-driving
effects and band crossing characteristics of infiuential
high-j quasiparticle orbitals under rotation. Both of
these features have been extensively studied for odd- and
even-A cases in the light Pt-Au-Hg region [1—10] These
include experimental investigations of high-spin states in
ls5Au [1] lsslr [4 5] ls7Au [6] ls4Pf [7] lssPt [8] ls5Pf
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[4,9], and Hg [10]. Nevertheless, a knowledge of the
odd-odd Au nuclei is critical if we wish to answer the re-
maining questions concerning, for example, the competi-
tion between vi&sl2 and s'hsl2 rotational band crossings.
This can be most clearly illustrated if it were possible to
isolate a band comprised of both quasiparticles thought to
be responsible for the band crossings observed in neigh-
boring nuclei. The prolate shsl2 viqslz configuration,
reported here in ~ssAu and recently in Ir [11], pro-
vides a striking example of this. It is significant that this
is the only configuration observed in the N = 105 —107
isotones not displaying any alignment gain below a rota-
tional frequency h~ = 0.3 MeV. Discussion of this double
blocking in other odd-odd nuclei in the region is given by
Kreiner et al [12,13]. .

In addition, an analysis of the p-ray branching ratios
can provide a very useful test of our understanding of
transition matrix elements, which are sensitive to the
nuclear shape, quasiparticle composition, and rotational
characteristics such as signature splitting. The present
work outlines an extension of the semiclassical formalism
of Donau and Frauendorf [14,15] to odd-odd cases.

There is already a significant amount of low- to
medium-spin data regarding odd-odd prolate structures
in the Ir and Re isotopic chains (e.g. , Kreiner et al
[11,16]). However, less is known about excited states of
the doubly odd Au nuclides. Oblate band structures in
the A = 190, 192, 194 isotopes of Au have been studied
via in-beam spectroscopy by Neskakis et al [17,18]. F.rom
resonance-ionization mass-spectrometry work Au is
known [3] to be the heaviest Z = 79 isotope which is
prolate in its ground state, with the A & 187 nuclides
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exhibiting small oblate deformations. Rotational bands
in the transitional ' Au nuclei can therefore be ex-
pected to reAect the competition between two distinct
nuclear shapes.

II. EXPERIMENTAL PROCEDURE

The present work is the result of a series of experiments
performed at the McMaster Tandem Accelerator Labora-
tory, which included p-p coincidence, p-ray angular dis-
tribution, and p-p-t measurements. Limited excitation
functions, using F beams of 92 to 97 MeV supplied
by the FN tandem accelerator, were also measured in
order to determine optimum bombarding energies. The
~ ~ ~ sYb(~ F,4n)~ s ~ Au reactions were used at beam
energies of 93 to 94 MeV for all of the following measure-
ments. Enriched 2-mg/cm2 Yb targets were backed with
approximately 8 mg/cm of ~osPb, which served to stop
the recoiling Au nuclei. Beam particles were stopped in
a 100-mg/cm Pb foil behind the target.

A. p-p coincidence measurements

For the standard coincidence experiments two arrays
of p-ray detectors were used. The first consisted of five

coaxial Ge detectors ranging in ef6ciency from 11% to
26'Fo (relative to a 7.6x7.6-cm NaI crystal at 1.33-MeV)
and in peak resolution from 1.9 to 2.5 keV FTHM for the
soCo 1.33-MeV 7 ray. The detectors, which had no sup-
pression for Compton-scattered y rays, were positioned
at angles of approximately +105', +40', and 0' with re-
spect to the beam axis at distances of 8 to 10 cm from
the target. Thin Cd-Cu absorbers were placed in front of
the crystals to reduce the count rate due to x rays. Thick
Pb shields were used over the other outer surfaces to re-
duce the probability of Ge-to-Ge p-ray scattering. Stan-
dard electronic techniques were used to measure two- or
higher-fold coincidences, with an overall resolving time
of approximately 100 ns. The detector gains were moni-
tored on-line for later correction.

Five large (12.7x15.2 cm) NaI detectors plus one
7.6x7.6 cm BGO detector made up a second array, which
served as a multiplicity filter. The filter elements were
placed between the Ge positions at distances similar to
those of the Ge units, and were well shielded from each
other by thick Pb and Cd absorbers, as well as on their
front surfaces by thin layers of Pb and Cd to minimize
the number of x rays detected.

An acceptable event consisted of a Ge-Ge twofold co-
incidence plus a multiplicity filter coincidence, or alter-
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FIG. 1. Total p-ray coincidence spectrum following background subtraction for the Yb + F reaction at 93 MeV, gated
by at least a twofold coincidence in the NaI multiplicity filter. Prominent peaks corresponding to transitions in Au are
marked by their energies in keV.
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natively a threefold Ge-Ge coincidence. Approximately
65x 10s (i Au) and 100x 10 ( Au) coincidences were

acquired in the two experiments. y-ray energy informa-
tion was written event by event onto magnetic tape and
sorted later into 1024-by-1024-channel matrices, at which
time the data were adjusted for individual detector gain
differences. Background was subtracted from the entire
matrix using the method of Palameta and Waddington
[19). Coincidence spectra were then extracted for many of
the peaks in the total projections. Figures 1 and 2 show
the total projections for the ~Au and Au matrices,
respectively, while Figs. 3 and 4 contain several gated
spectra from each nucleus. Due to the high intensities of
7 rays arising from competing 3n and 5n reaction chan-
nels, and the relatively low resolution dictated by the
1024-channel matrix limitation, the projection spectra
and some of the gated spectra contain significant num-

bers of contaminant peaks.
The y rays identified with ~Au and Au are listed

in Tables I and II. As a result of interfering peaks, in a
large number of cases the angular distribution measure-
ments (see below) were unable to accurately determine
p-ray intensities, and then I& values were evaluated us-

ing coincidence spectra. Corrections were made for the
relative efficiency of the Ge detector array, based upon
measured y-ray intensities from a Eu source.

B. 7-ray angular distributions

A separate experiment was performed in order to mea-
sure the angular distributions of the more intense transi-
tions. Five coaxial Ge detectors, having similar char-
acteristics to those described in the previous section,
were positioned at angles of 90', 60', 45', 30', and —10'
with respect to the beam axis, 10 cm from the target.
The multiplicity filter elements were positioned symmet-
rically about the beam axis, to reduce possible angular
correlation effects. y-ray spectra, gated by a filter co-
incidence, were acquired for each Ge detector. For the
'7sYb(isF, zn) reaction, intensities of the clean strong

233.4-keV z
-+

&
transition in is Au [6,20] were nor-

malized at each angle to a theoretical E2 angular dis-
tribution, based on a Gaussian population distribution
of the magnetic substates population characterized by
0/J = 0.25 [21]. Then that set of normalization factors,
adjusted at other energies for the measured differences
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FIG. 2. Total 7-ray coincidence spectrum following background subtraction for the " Yb + F reaction at 94 MeV, gated
by at least a twofold coincidence in the NaI multiplicity filter. Prominent peaks corresponding to transitions in ' Au are
marked by their energies in keV.
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between individual detector efBciencies, was used to cor-
rect the peak areas for Au p rays. At low energies
adjustments were also made for absorption at different
angles by the beam stop and detector absorbers. A simi-
lar procedure was followed in the i86Au an~lysis usjn
known E2 transition (322.9 keV, ~z ~ ~&~) in ~ssAu [1].

The resulting intensities were then 6tted to the usual
distribution

W(8) = Ap + AgQsPg(cos 8) + A4Q4P4(cos 8). (1)

The Qs and Q4 factors, which are angular attenuation
coe%cients obtained from the detector crystal geometry,
were determined to be 0.97 and 0.90, respectively, with
some small variations as a function of p-ray energy and
detector.
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FIG. 3. Selected Au background-subtracted coinci-
dence spectra, gated on the (a) 795-, (b) 314-, and (c) 888-keV
transitions. Peaks marked by solid squares in the top panel
are known contaminants in ' Au.

FIG. 4. Selected Au background-subtracted coinci-
dence spectra, gated on the (a) 199-, (b) 333-, (c) 366-, and

(d) 918-keV transitions.
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Illustrative angular distributions are shown in Fig. 5

( sAu) and Fig. 6 (1 sAu). Tables I and II contain the
extracted A2/As and A4/Ap coefficients for sAu and

Au, respectively. y-ray intensities are taken from the
Ap coeKcients unless otherwise indicated. For the large
majority of reliable cases the angular distribution terms
are consistent with either stretched L = 2 (b,I = 2)
or mixed L = 1, 2 multipolarity. Without information

such as abnormal hindrance factors to suggest otherwise,
those two options have been taken to indicate transitions
having E2 and Ml/E2 character, respectively. Espe-
cially for intraband deexcitations following (HI, zn) re-
actions, it is reasonable to infer a spin change I ~ I —1
for the latter type of transition. In a few cases it was
possible to extract Ml/E2 mixing ratios; the result-
ing values are small (~ b (( 0.35) and are thus unlikely

TABLE I. Energies, relative intensities, angular distribution coefficients and assignments of
7-ray transitions in Au.

a

(keV)
Band Relative

b
Ag /Ap A4/Ap Assignment

J7I' JKi f
Multipolarity

133.1
158.8

204
205.6
220.2
257.9
258.4
259.3
265.8
277.8
299.4
304.0
314.3
356.3
365.4
366.4
404.0
422.3
426.5
429.4
447.3
476.3
480.9
489.4
509.5
519.9
532.3
538.4
559.6
609.8
630.6
693.7
704.4
707.2
722.7
731.8
777.7
794.9

795
809.2
818.2
861.7
887.9

940

2
1
2
1
3
3
3
3
3
2
3
1
2
2
2
2
1

3~2
2
2
2
3
2
2
1
3
3

1~2
3
1
2
2
2
2
2
2
3
2
1

1 —+2
3
2

3 —+2
3

11.8+1.2
4.4+1.1

10.6+1.0
29.5+1.9

4+2'
3+1'

22.4+2.1
19+2'

3.6+0.5
27.1+1.7
11.7+1.1
55.2+2.2
76.8+2.3

19+3'
14+2'
6+2

7.3+1.1
3.3+0.7
4.7+0.7
= 100

16.0+1.52
5.9+0.9
12.7+1.8

5+2'
12.4+1.2
35.5+2.2
11.8+1.2
5.1+0.8
3.4+0.7
17.6+1.6

5+2'
4.4+0.9
18.3+1.7
39.7+2.4
29+3'

13.4+1.3
21+3'
2+1'

7.0+1.1
9.1+1.2
4.9+1.0
65.2+3.3

—0.30+0.03
—0.41+0.11

) -0.15+0.03

—0.15+0.03

0.01+0.14
0.04+0.12

0.03+0.14

0.06+0.14

0.02+0.02
0.22+0.02

—0.38+0.06
0.06+0.02

—0.06+0.04
-0.05+0.01
—0.02+0.01

j —0.07+0.07

—0.04+0.12
—0.07+0.12

0.20+0.18
0.00+0.12
0.06+0.14
0.01+0.11
0.03+0.12

0.07+0.18

—0.22+0.06
—0.36+0.11
—0.35+0.07

0.37+0.01
0.18+0.03
0.46+0.07
0.37+0.06

0.20+0.17
0.11+0.21
0.12+0.18

—0.07+0.11
0.01+0.14

—0.16+0.19
—0.10+0.14

—0.08+0.04
0.35+0.02
0.29+0.05

—0.02+0.13
0.37+0.17
0.33+0.02

0.03+0.14
—0.10+0.12

0.10+0.15
0.12+0.20
0.03+0.25

—0.01+0.13

0.76+0.13
0.50+0.03
0.40+0.02
0.41+0.06
0.34+0.07

) 0.40+0.03

0.30+0.09
0.29+0.04
0.20+0.11

—0.21+0.01

0.07+0.15
—0.04+0.14
—0.10+0.12

0.08+0.06
—0.04+0.15

—0.05+0.13

0.16+0.19
0.00+0.14
0.04+0.13
0.11+0.11

) —0.20+0.05 —0.10+0.15

13 ~ 12
19 ~ 18

(20 ~ 19 )
21 -+ 20
16+ ~ 15+
22+ ~ 21+
24+ 23+
18+ ~ 17+
17+ 15+
18 ~ 17
18+ -+ 17+
20 ~ 19
12 ~ 11
14 -+ 13
16 ~ 15
15 ~ 14
22 ~ 21
17+
19 ~ 18
17 ~ 16
13 —+ 11
19+ -+ 18+

14 ~ 12
21 -+ 19

(21+ 2O+)
20+ 18+
19 ~ 17
23+ ~ 22+
22 ~ 20
20 ~ 18
(21 )~ 19
19 ~ 17
18 ~ 16
15 ~ 13
16 ~ 14
22+ ~ 20+
17 —+ 15

(23 )~ 21
18 ~ 16
24+ ~ 22+

? ~20
15+ ~ 14

((26+)~ 24+)

M1+E2
M1+E2

Ml+E2

Ml+E2
E2

M1+E2
M1+E2
M1+E2
Ml+E2
M1+E2

E1
M 1+E2
M1+E2

E2
M1+E2

E2

M1+E2
E2
E2

Ml+E2
E2
E2

E2
E2
E2
E2

E2

E2
E2

Uncertainty of 0.2—0.5 keV, depending on p-ray intensity.
Normalized to that of the 447.3 keV 13 ~ 11 transition. When not given I~ ( 3.' Intensity determined from 7-p coincidence analysis.
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TABLE II. Energies, relative intensities, angular distribution coefficients and assignments of
p-ray transitions in Au.

(kev)

57
99

106.8
117.3
122.1
131.5
149.5
156.5
162.6
163,4
168.1
169.4
184.0
188.1
199.3
203.5
204.4
204.7
226.9
228.5
229.8
235.9
241.1
241.6

250
261.1
261.5
263.5
265.9
272.1
279.2
279.6
281.5
291.5
307.0
315.4
317.6
320.2
322.4
326.7
332.8
339.7
352.5
358.3
364.4
366.2
367.3
377.1
384.3
388.6
392.9
404.0
433.3
445.7
455.1
468.0

Band

(3- 2)
1
2

1
2
e
1

3
1~2

Relative
I

(49+10)'

121+7
44+10
101+5
15+3
73+4
34+3

75+8
45+5
82+5
189+7
34+3
60+3
55+4
48+7
56+5
51+4
31+2

50+5
80+3
26+4
33+3
36+3

20+3
29+4
24+3
35+7
15+3
16+3
20+3
41+2
98+4
17+4

179+14
65+5'
9+2
16+3
21+3
=100
32+3
21+3
29+4
11+2
144+4
59+7

91+3
8+2
107+4
57+3
111+4
53+3

23+2d
52+4

Ag /Ap A4/Ap

—0.43+0.07 —0.09+0.07

—0.44+0.06 0.06+0.06

—0.42+0.05
—0.23+0.09

}—0.28+0.02

—0.14+0.09
—0.64+0.03

0.02+0.08
0.52+0.04

—0.43+0.08
—0.53+0.06

0.11+0.05
0.09+0.10

0.04+0.03

0.06+0.06
0.17+0.03

—0.10+0.10
-0.06+0.05
—0.06+0.15

0.15+0.09

—0.59+0.06 0.04+0.08

—0.55+0.02 0.01+0.03

}—0.54+0.03 0.10+0.04

—0.53+0.04
0.40+0.02

0.08+0.06
0.02+0.04

0.47+0.07 —0.31+0.09

0.33+0.02
—0.26+0.06

—0.04+0.03
0.25+0.11

}0.09+0.03 —0.02+0.04

—0.23+0.03 0.02+0.04

0.26+0.03
0.35+0.10
0.27+0.05
0.31+0.05

—0.28+0.04
0.28+0.05

—0.08+0.04
0.05+0.07
0.08+0.05

—0.02+0.05
—0.11+0.04

0.01+0.07

}—0.26+0.03 —0.06+0.04

Assignment

J; ~Jy
(11 10 )
(lo+)-(9+)

8 ~7
ll + ~(10+)

9 ~8
e

12 + 11
13 12

11(+) 10(+)
11 ~ 10

13(+) 12+
10 ~9

e
(17+ ~ 15+)
14( ) 13(+)

13 -+ 12
(18+) (17+)
15 + 14
17(+) 16(+)

9 ~ 7

12 ~ 11
19(+) 18(+)
16(+) 15(+)

15 ~ 14
((22+)-(»+))
21(+) 20(+)
18(+) 17(+)
20(+) 19(+)
12~+& - (1O+)

e
17 -+ 16

22(+) 21(+)
14 ~ 13
10 ~8

23(+) 22(+)
12 ~ ll

13(+) 11(+)
19 ~ 18
18 ~ 17
16 ~ 15
11 —+9
15 ~ 14
17 -+ 16
16 ~ 15
18 ~ 17
14 ~ 13
14+ - 12+

e
(10+~9 )
20 ~ 19
12 ~ 10

15(+) 13(+)
13 ~ ll

16(+) 14(+)

e
17(+) - l5(+)

Multipolarity

Ml+E2

Ml+E2

Ml+E2
Ml+E2

Ml+E2
M 1+E2

(E2)
Ml+E2
Ml+E2

Ml+E2
E2

Ml+E2

Ml+E2
E2

Ml+E2
E2

E2
Ml+E2

Ml+E2
E2

El

E2
E2
E2
E2

Ml+E2
E2
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TABLE II. (Continued).

E„
(keV)

471.8
485.2
488.1
497.2
499.4
504.6
510.9
522.6
523.4
524.3
540.8
568.4
586.5
600.6
606.0
610.1
643.8
674.2
684.6
698.1
705.6
708.3
710.5

741
754.4

757
808.9
918.0

Band

3
2

1
1

1

4
3
2

1

1
2

1
e
2
e
2
3
2
3
3
2

3
2
4
2

e
4~3

Relative
I b

136+8
65+3
45+3'
50+3
42+3
20+3'
88+30
61+4
90+5'
36+3
37+3
50+3
17+2
29+3'
67+4
23+2
41+3
33+3'
40+3
50+5
79+3
33+3
41+3

39+3

31+3'
82+4

A2/Ap

0.32+0.03

—0.19+0.13

) 0.42+0.04

0.34+0.09

0.33+0.19
0.32+0.06

0.51+0.21

—0.31+0.05

Ag/Ap

—0.03+0.06

0.27+0.16

0.05+0.06

0.15+0.10

0.07+0.17
—0.11+0.07

—0.29+0.23

0.04+0.08

Assignment

J; ~Jf
13 —+ 11
14 -+ 12

18(+) 16(+)
19(+) 17(+)
20(+) 18(+)
(21+) (20+ )
(20+)-(»')

14 ~ 12
15 ~ 13

21(+)- 19(+)
22 + 20(

16 ~ 14
23(+) 21(+)

e
17 -+ 15

e
18 —+ 16
18 ~ 16
19 ~ 17
16 ~ 14
15 ~ 13
20 ~ 18
17 ~ 15

((21 ) 19 )
(22')-(20')
((22-)- 20-)

e
15+ —+ 14

Multipolarity

E2

(M 1+E2)

E2

E2

E2
E2

E2

E1

'Uncertainty of 0.2—0.5 keV, depending on p-ray intensity.
Normalized to that of the 332.8 keV 11 ~ 9 transition. When not given I~ ( 8.

'Based on intensity feeding 11 isomer.
Intensity determined from 7-y coincidence analysis.

'Not placed in level scheme.

to have a significant effect on further analysis such as
B(M1;I -+ I —I)/B(E2; I ~ I —2) ratios (see Sec. IV
C) and total intensity derivations. A few y rays exhibit
angular coefFicients consistent with pure I = 1 transi-
tions, taken to imply E1 character.

C. p-p lifetime measurements

Knowing that isomers in the nanosecond range have
been identified in the neighboring odd-A Au isotopes
[22—24], we performed an additional p p texperiment in--
paralle' with the angular distribution measurements. In
addition to the five Ge coaxial detectors already men-
tioned, a low-energy photon spectrometer (LEPS) was
placed at a backward angle 7 cm from the target. The
LEPS was a planar Ge detector with an active volume of
15 cm and a resolution of approximately 0.9 keV at 122
keV. Standard nanosecond timing techniques were used
to acquire coincidences between any Ge coaxial detector
and the LEPS as pi-pq-t events, gated by the multiplicity
filter. Since there were insufficient statistics to warrant

a complete analysis extracting time spectra correspond-
ing to narrow windows on both the Ge and the LEPS
y-ray energies, the data tapes were subsequently sorted
in the following two ways: (1) Narrow 7-ray energy gates
were set on peaks of interest in the coaxial Ge projection,
and time spectra projected out for an open LEPS gate
( 90—600 keV). (2) Conversely, narrow gates were set
on y-ray peaks in the LEPS projection, and time spec-
tra projected out for an open coaxial Ge gate. In both
cases background events were subtracted using gates set
nearby the peaks of interest.

The time spectra generated in such a generous manner
are naturally dominated by a large peak due to prompt
p-y events, vrith a width in this case of approximately
12 ns FWHM. However, by gating on sequences of p-
ray peaks above and below a level suspected of isomeric
behavior, using both methods as outlined above, one is
able to extract the lifetime of such a level.

Only one isomeric level in the 10 & r & 200 ns range
was found during the lifetime analysis, in Au. Fig-
ure 7 contains examples of time spectra gated by (a) p-
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ray peaks in the coaxial Ge projection corresponding to
transition placed in the band above the isomer, (b) p-ray
peaks in the LEPS projection for transitions placed in the
level scheme belotv the isomer, and (c),(d) p-ray peaks in
the coaxial Ge projection for transitions with no sup-
posed connection to the isomer. The case (a) spectrum
in Fig. 7 reveals a long-lived decay on the "positive" side
of the prompt time peak. Based on a number of such
spectra a half-life of T~~2 ——39 + 4 ns was extracted for
a proposed 11 state (see Sec. III B 3). The spectrum
corresponding to case (b) shows a decay with the same
lifetime, while the examples for cases (c) and (d) reveal
only prompt events above the level background.

III. LEVEL SCHEMES

The ~Au and Au level schemes are shown in Figs.
8 and 9, respectively. Spin and parity assignments are
discussed in Secs. III A and III B below, while the quasi-
particle structure and subsequent interpretation follow in
Sec. IV.

A. Au level scheme

Previous work established the ground-state spin of 1

[25] and the ground-state magnetic moment [26], as well
as low-spin levels populated by the decay of Hg [27].

I ' I ' I ' I ' I ' I

314.2 keV
12 ~11

I ' I ' I ' I ' I ' I

519.9 keV
21 ~20
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I t I t I s I t I t I
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FIG. 5. Selected Au p-ray angular distributions. Solid lines indicate fits to the data. The extracted A2/Ao and A4/Ao
coe%cients are listed in Table I.
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However, only preliminary in-beam results have been re-
ported elsewhere [28].

f. Band 8

The most intense p rays observed in the present work
belong to a level structure labeled band 2 in Fig. 8, which
displays a striking similarity to bands observed in the
neighboring odd-odd ~so rs2 rs4Au isotopes [17,18]. This
sequence of bands for ~Au is shown in Fig. 10. In
the ~ss ~s4Au cases the 11 bandhead lifetimes and de-
cays to low-spin levels have been established, while in

Au an 11 lifetime has been measured but the decay
path has not been discovered. Based on the systematic

progression of these bands as a function of neutron num-
ber, we have assigned spin and parity 11 to the ' sAu
bandhead. We have not been able to determine either a
lifetime or a subsequent decay scheme. Presumably the
lifetime is greater than the experimental limit of 400 ns,
consistent with the millisecond lifetimes measured in the
heavier odd-odd Au nuclei [18].The excitation energy of
the 11 isomer with respect to the ground state is not
known (neither is it in ~soAu) and for the purposes of
this discussion is set to 0 keV. An extrapolation from
the ~ss ~s4Au level schemes [17] indicates that the 11
state should lie approximately 400 keV above the ground
state.

Two other characteristics of band 2 fit the known sys-

1.6—
I ' I ' I ' I ' I ' I I ' I ' I ' I ' I ' I

1.4-

1.2—

1.0—

0.8—

0.6—

cn 1.4
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I I I I I I I ~ I I I
I I I I I I I I I

I a I s I a I ~ I s I
I I I I I I l

332.8 keV
11 9

10—

v 0.8—
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gg 0.6—
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1.2—
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I ' I ' I ' I ' I ' I
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cos (e)
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FIG. 6. Selected Au 7-ray angular distributions. Solid lines indicate fits to the data. The extracted A2/Ao and A4 jAs
coefficients are listed in Table II.
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tematic behavior of the odd-odd Au isotopes. First, the
LI = 2 energy spacings, and also the energy staggering
between the odd and even spin members, vary smoothly
from A = 194 to A = 186 (see Sec. IV A 4, as well as Fig.
10). Second, as shown in Fig. 10, the presence of bands
built on I = 15 states lying 800—900 keV above the 14
levels is a distinctive feature in these nuclei ~ Therefore,
although the spins and parities of the levels in SAu band
2 cannot be directly established, the evidence is clearly
in favor of the proposed 11 bandhead assignment.

The 480.9- and 861.7-keV p rays feed the 20 state
but no clear additional level structure could be associated
with them. The corresponding intensities are within the
quoted uncertainties of each other and the order of the
two transitions is not, clear.

B. Au Level Scheme

The low-spin levels of Au are known from de-
cay work [29] and an atomic-beam measurement of the
ground-state spin [25]. Thus the ground state is known
to have I = 3 [25], and the parity is assumed to be nega-
tive based on ground-state properties of adjacent odd-A
nuclei (see Sec. IVB). Some preliminary in-beam data
have been reported by Porquet [30], comprising the very
low-spin portion of band 2 and some transitions included
in band 3 of the present level scheme shown in Fig. 9. Al-
though no connection was observed between the two level
structures in that previous study, the data presented here
indicate that band 3 does feed into band 2. In addition,
two new level structures (1 and 4) have been placed in
the decay scheme as outlined below.

8. Band 3

The energy levels grouped into band 3 of Fig. 8 form a
more irregular structure based on a proposed 15+ state.
This assignment follows two arguments. Angular distri-
butions of the 887.9- and 422.3-keV p rays are both con-
sistent with pure dipole b,I = 1 (most likely El) transi-
tions. Second, as discussed in the preceding section, the
clear presence of 11 and 15+ bandheads is a distinctive
and systematic feature in these odd-odd Au nuclei.

y rays shown in level structure 3 can be grouped into
two subsets, based on their angular distributions. The
265.8-keV y ray falls into a group having b,I = 2 (as-
sumed to be E2) characteristics, consistent with the
887.9 and 422.3 keV transitions both being assigned as
dipole. The remaining p rays in clear concidence with
each other, placed above the 15+ level, are in the E2 cat-
egory as well, with the exception of the 299.4-keV tran-
sition. It falls into a second group, those having AI = 1

Ml/E2 characteristics. The transitions placed on the
right-hand side of band 3 in the level scheme are all in
that same category.

Therefore band 3 actually appears to be made up of
two structures, one of which is comprised of the 15+, 17+,
and possibly (16+) levels. The second structure resem-
bles the coupled band 1, but with a more pronounced
energy staggering between odd and even spin levels. In
each of the odd-odd Au isotopes, the signature splitting
in this structure changes completely between I = 17 and
18. This feature is not understood, although a possible
explanation is discussed in Sec. IV B3.

3. Band 1

This structure feeds into the 11 band at spins 16
and 17 . The E2 character of the 538.4- and 809.2-keV
transitions determines the spins and parities of the two
lowest levels in band 1 as shown. Due to impurities and
low intensities, clear angular distributions are only possi-
ble for the 158.8-, 304.0-, and 609.8-keV y rays. The spin
and parity of the 21 member assumes Ml/E2 b,I = 1

character for the 205.6 and 404.0 keV y rays, consistent
with a parallel 609.8-keV E2 transition.

1. Band 3

Band 3 in ~ssAu displays the same characteristic en-

ergy spacings as the 11 bands in odd-odd ~ss 's4Au (cf.
Fig. 10). Following the same arguments as in Sec. IIIA,
we have assigned the bandhead spin and parity 11 . The
isomer search (Sec. II C) resulted in a measured half-life
of Tg(g ——39+4 ns.

2. Band g

The angular distribution of the 918.0-keV y ray indi-
cates a dipole transition, suggesting decay from a 15+
state. Band 4 shows the same behavior as does band 3 in

Au, following the systematics of the heavier odd-odd
Au isotopes. A similar change in structure at spin 18 is
observed, although in this case only the beginning of a
band with pronounced odd-even staggering is detected.

3. Band 8

Marking a clear departure from the heavier odd-odd
Au nuclei, the yrast structure 2 displays a coupled level
scheme with smoothly increasing energy spacing and a
consistently small odd-even staggering. As seen in Fig.
4, the p-y spectrum gated by the Au 366.2-keV transi-
tion, placed above the ll isomer, clearly shows a num-
ber of transitions placed in band 2. The manner in which
the isomer feeds into the lower band could not be def-

initely established. However, based on LEPS spectra
gated on coaxial Ge peaks known to be above the iso-
meric level (an example of which is shown in Fig. 11),
a 57-keV transition is proposed as the most likely link
between the two band structures. The p-p spectra gated
on band 3 transitions show the absence of band 2 p rays
placed above the level assigned as 10 (see below) in Fig.
9. This is consistent with an abrupt drop in p-ray inten-

sity above that same level.
Since an E2 57-keV p ray is incompatible with the

measured 11 lifetime, and a AI = 0 transition is incon-
sistent with the observed lack of AI = 1 transitions to
lower-lying levels in band 2, we have assumed the ll
isomeric state decays to a 10 level in band 2. An al-

ternative would be to assign positive parity to this band,
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FIG. 11. Sum of LEPS p-ray spectra gated on the 315-,
472-, 157-, 366-, 706-, and 754-keV transitions in bands 3 and
4 of Au, subtracted for background. y rays assigned to

Au are marked by energy, while Au and Pb denote x-rays.
It is proposed that a 57-keV transition is the most likely link
between bands 2 and 3.

the composite A2 of —0.28 + 0.02, we can estimate a
162.6-keV A2 of —0.12 + 0.09. Although not exclusive of
a pure dipole assignment, this value is characteristic of
an Ml/E2 b,I = 1 transition. A spin of 10 for the inter-
mediate level between bands 1 and 2 is therefore favored,
while a positive-parity assignment can only be suggested.
As discussed in Secs. IVA 3 and IVA4, the most likely
configurations of low-lying Nilsson orbitals for this band
have positive parity. Note that the ordering of the 162.6-
and 384.3-keV transitions is unclear. Since the 384.3-
keV y ray has the larger intensity of the two, it has been
placed below the 162.6-keV transition.

Band 1 also decays down to I = 10 (and possibly I =
9) with no observed transitions feeding out. In addition,
there is considerably more intensity feeding the proposed

10& state than there is decaying from it. The missing
intensity may well be carried away by a number of low-

energy transitions which remain unobserved for reasons
similar to those discussed with respect to band 2. The
presence of two close-lying 10+ states would signify the
existence of another positive-parity sequence of states,
which due to mixing could lead to further fragmentation
of the y-ray intensity. As discussed in Sec. IV A, there is
good evidence for such a possibility occurring in Au.

making the 57-keV y ray an E1 transition. But as dis-
cussed in Sec. IV A, a comparison with neighboring nu-
clei favors negative parity. Band 2 is thus based on a
7 "bandhead, " with no clear transitions to the known
3 ground state, although it is possible that these two
states are members of the same rotational band. The
four LI = 1 transitions between the I = 7 and 3 lev-
els would have energies less than 100 keV, and are not
observed due to the presence of strong x-ray peaks, low
detector efficiency, and/or large internal conversion.

Angular distributions could not be extracted for the y
rays placed above the 16 level. However, the presence
of interlocking high- and low-energy transitions plus the
regular behavior of the energy levels are strong arguments
in support of the proposed spin and parity assignments.

g. Band 1

This structure becomes the yrast band above spin 14.
At lower spins it can be followed down to a proposed (9+)
state which, as in the case of band 2, is probably not the
true bandhead. A direct link between bands 1 and 2 was
not observed; the strongest connection, shown in Fig. 9,
is via the 162.6 + 384.3 keV pathway. The A2 and A4
values for the 384.3-keV line have rather small uncer-
tainties and are compatible with a pure I = 1 transition.
This leads us to prefer an El multipolarity for this tran-
sition, although we cannot exclude the possibility of an
unmixed Ml transition. The 162.6-keV p ray is part of
an unresolved doublet. The other member of that dou-
blet, the 163.4-keV 11 ~ 10 transition, probably has
an A2 of —0.55+ 0.10, by comparison with the angular
distribution coefficients of other Ml/E2 y rays in band
2. Based on the intensity distribution of the doublet and

~M~ Bi&~~U-~MxGMi-- =--

A. Prolate bands

g. Single-particle states

The ground-state angular momenta of the light gold
nuclei have been determined in atomic-beam magnetic-
resonance experiments. The ground-state nuclear spins
of 'ssAu and 's Au were measured by Ekstrom et al.
[25] to be I = 3 and 1, respectively. This spin value for

Au is the same as that of the ground states of heavier
odd-odd gold nuclei (A = 190 [31,32], A = 192 [33], and
A = 194 [33] and is logical in view of the ground spins of
the neighboring odd-A nuclei. As discussed by Porquet
et al. [29], is7Pt has a ground-state spin of I =

2 [34)

(Pals/2) and Au and ' Au have I =
~ [25] (s'ds/2).

The change in spin of the ground state of Au from
I = 1 to 3 is accompanied by a change in deformation, as
deduced from the resonance-ionization mass spectrome-
try performed by Wallmeroth et al [3]. Th.ey measured
a large change in the mean square charge radius between

Au and Au, an indication that the ground state of
the latter is rather prolate deformed (P 0.25 [3]) while
the heavier gold nuclei have small oblate deformations.
This sudden change agrees with the change in the ground-
state configurations of the adjacent odd-A nuclei. The
ground state of the odd-N Pt nuclei switches from I =

2
to 2 at A = 185, which is thought [29] to be the band-
head of the 2 [624] prolate Nilsson configuration (viis/2).
Also, the ground state of is5Au is I =

~ (rather than 2 as
for the heavier isotopes), which is interpreted [26] as the
lowest member of the prolate 2i [541] band (shs/2). The
information on low-lying configurations in odd-A nuclei
in this region is given in Table III. In the odd-A Au nu-
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TABLE III. Low-lying quasiparticle configurations observed in odd-A nuclei neighboring
Au. The notations (pro) and (obl) refer to known prolate or oblate configurations, respec-

tively.

Configuration

Ground state

(xh9/?)—', + (xi„/?)
(+hi, /?)

Ground State
vi13/q bandhead

v? [521] bandhead

v? [503] bandhead

v? [514] bandhead

Ground state
vi13/q bandhead

185
79 Au1o6

(Ref. [1])

? (pro)
8.9 keV (pro)

859.8 keV (pro)
220.0 keV (pro)

185
78 Pt107

(Refs. [9,38,39])

(pro)
0 keV (pro) ?[624]

103.2 keV

310.4 keV

449.9 keV

187
78 Pt1og

(Refs. [40,42—44])

(obl)
203.2 keV (obl)

187
79 Au1o8

{Refs. [6,23])

i? (ob1)
120.7 keV (pro)

1122.0 keV (pro)
224.6 keV (obl)

187
8Q Hg107

(Refs. [40,41])

(obl)
x 85 keV (obl)'
x+ 161 keV (pro)

189
8O Hg1O9

(Refs. [45,46])

(obl)
95.1 keV (obl)

189
7g Au11o

{Refs. [36,37])
?+ (obl)

326.5 keV (obl)
1383 keV (obl)
248.5 keV (obl)

From systematics [41] the oblate vii?/? bandhead is estimated to lie approximately 85 keV above
the ground state. The prolate vii?/? bandhead is known to be 161 keV higher [41].

clei, the mhs/2 excitation is falling rapidly for the lighter
nuclei, becoming the ground state for A = 185. As sug-
gested by Porquet et al. [29], a possible configuration for
the prolate ground state of Au is thus?rhs/? vii3/2.
The low-spin members of the ~&[541] band in issAu are
Coriolis mixed, which results in the ground state having
I = 32 rather than ~& (strong-coupling limit) or 2 (weak-

coupling limit). The ground-state spin of i Au (I = 3)
could likewise result from a complicated degree of mixing
in the?rhs/3 system and thus would not be a simple vec-

tor addition of the valence neutron spin (&) and proton

spin (z) [29,35].
As discussed in the preceding section, the yrast band

(band 2 in the level scheme of Fig. 8) observed in our
measurements on Au is assigned by analogy to those
known previously in the heavier odd-odd isotopes. This
band is based on an 11 level and results from the cou-
pling of the h~~g2 proton and i~3g2 neutron states. As
seen in Table III, the xh~q~2 structure is regularly around
200 keV above the ground state in the odd-A nuclei, while
the oblate vi &3g2 band lies low in energy in odd-N Hg nu-

clei for N & 107. No transitions can be proposed from
our experiments between the 11 bandhead and the 1
ground state in Au.

The same slightly oblate vl13/2 8 xh11/2 band is pr~
posed to be present and built on an 11 level in Au.
(These are hole configurations built on oblate Hg-like
cores rather than particle states built on prolate Pt-like
cores. Note that we write x (3 v configurations for pro-
late bands and v ?r for oblate. ) As shown in the level
scheme of Fig. 9, this band 3 is not yrast but decays to

the strongly coupled band 2 (which is yrast at low spins).
The ground state of Au is the prolate?rhs/? vii3/?
coupling [29], and it is logical that the lowest-lying band
seen here would be the same configuration (this will be
discussed further in the following section). However,
the transitions between the "bandhead" observed here

(I = 7) and the known ground state (I = 3) could not be
assigned. These are presumably four AI = 1 transitions
with energies below 80 keV. A comparison of this band
2 with the assigned xh9~2 (3 vi~3~2 band in the isotone
is4Ir [11]is shown in Fig. 12. The ground state of '34Ir is

known to be I = 5, and the connection of the yrast band
to it is observed [ll]. The ground-state spin is diferent
for these two isotones; the Coriolis mixing is presumably
not the same, a result of the variation in the proton Fermi
surface. Band 2 in Au is representative of a slightly
smaller deformation, but is otherwise very similar to the
assigned nhs/z vi, 3/? band of ' Ir (e.g. , in the degree
of signature splitting, which will be discussed in the fol-

lowing section).
It is not readily apparent from the data shown in Table

III what the quasiparticle composition of band 1 in Au

might be. It is necessary to consider additivity of one-

quasiparticle components in some detail before a proposal
can be made for this.

8. One-qeastparticle RoeChians

In order to deduce the quasiparticle composition of the
observed bands, one must consider not only the additivity
of bandhead spins from the odd-A to the studied odd-odd
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FIG. 12. Th mlate xh 8 pi, ~z gangs in ~s41r [1&] aud ' Au. The excitation energy of the 7 st t
unknown (see text).

nucleus but also the additivity at higher rotational fre-
quencies. This can best be accomplished by converting
the measured energies and spins to the rotating frame
of the nucleus, as outlined by Bengtsson and Frauendorf
[47]. The experimental Routhians (energies in the rotat-
ing frame) for prolate bands in nuclei adjacent to ~ssAu,
i.e. ~ssAu [1) ~s7Au [6] ~ssPt [4,9], and ~s7Hg [10] are
shown in Fig. 13 as a function of rotational frequency.
The reference parameters, go and gq, are chosen in a
way to be consistent with the calculated trends of defor-
mation and shape softness. For example, the deformation
should increase with decreasing N, which gives rise to an
increasing Jp. The Pq values are smoothly varied with
N to give constant alignments in two-quasiparticle bands
in ~~Pt (N = 106) and ~ssPt (108). At N = 107, the gg
value increases as go and deformation decrease. Only the
prolate bands are shown in Fig. 13, since the ground state
of Au is known to be prolate [3] and it is assumed (see
the following discussion) that the dominant bands seen
here (bands 1 and 2) are built on prolate shapes. To fa-

cilitate discussion of the Routhians at higher frequency,
we use letters as labels to denote quasiparticle configu-
rations as defined in Table IV. The Nilsson asymptotic
quantum numbers given for the bands are appropriate
only at low rotational frequency.

It seems obvious from Fig. 13 that the lowest-lying
bands in s Au should result from the coupling of
quasiproton orbitals e and f (shs~2) with quasineutron
orbitals A and B (vi/3/2).

8. Signature splitting

The energy splitting between the two signatures of a
strongly coupled band can be a sensitive indicator of the
quasiparticles involved. The application of this to bands
in odd-odd nuclei has been discussed earlier [12,48]. As
seen in the experimental Routhians of the odd-A neigh-
bors (Fig. 13), the lowest-lying neutron bands (A, B)
have a small signature splitting (b.e' = 3l keV for ~ssPt
at hu = 0.2 MeV), since the band is strongly coupled
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(I& =
2 initially). By comparison, the lowest proton

bands (e, f) have a much larger value (265 keV for 'ssAu
and 324 keV for is"Au at ~ = 0.2 MeV), since I~ = 2i.

Band 2 of Au is seen to have some amount of sig-
nature splitting by the fact that the AI = 1 transitions
are not smoothly increasing in energy (see level scheme
of Fig. 9). The degree of signature splitting can be mea-
sured quantitatively from the experimental Routhians for

Au shown in Fig. 14: De' = 21 keV at hu = 0.2 Me&
for band 2, and C 5 keV for band 1. It is clear that
the signature split, ting of band 2 reflects the A, 8 value
and thus that band 2 should be assigned as fA and fB,
&"g]g (3»&3]g.

The consistency of the value of Ae' for the A, I3 bands
is illustrated in Fig. 15. The recently-measured value for
is4Ir [11] is included and is seen to be totally consistent
with those measured for the N = 107 isotones. This
lends confidence to the assignment of band 2 in Au as
configurations fA and fB The A, B sig. nature splitting
is consistently larger at N = 105, and has a trend broadly
similar to that for N = 107.

The observed signature splitting of band 1 in Au is
very small (Fig. 14), much less than Ee'(A, B) It can-.
not be concluded from just this analysis as to whether
this reflects the null E, F or a', b' splitting (the former
is seen in Fig. 13, the latter is known to be small from
measurements on i~lr, [4]). An alternative is that band
1 in Au actually does have A, B as its neutron com-

Routhian
label

8

a

(+, +-,')
(+, --', )

(—+-,')
(- —-')

(—+-,')

(+, +-', )

(———,')
(—+-,')
(———,')
(+, +-,')
(+, --,')

¹ilsson config.
at 5~=0

-,'[624]

—,'[so3]

—,'[s21]

—,
' [66o]

~2 [541]

—,
' [s3o]

—', [4o2]

Dominant shell-
model state

V113/2

v f5(2

&jp3/2

7I Zy3/2

' The Routhiau configurations are defined by their parity (ir)
aud signature (n) quantum numbers. Band members have

spins equal to n plus an even integer. For odd-A nuclei, o. =
+z, for even-A, a = 0, 1.

TABLE IV. Definition of prolate quasiparticle configura-
tions and Routhian labels used in the text. Capital letters and
lower-case letters are used to distinguish neutron and proton
excitations, respectively.
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FIG. 14. (a) Experimental quasiparticle Routhians for
prolate bands 1 (positive parity) and 2 (negative parity) in

Au. The core reference parameters are shown. (b) Odd-
odd quasiparticle Routhians constructed by adding experi-
mental one-quasiparticle Routhians of neighboring odd-A nu-

clei (see Fig. 13).

The experimental one-quasiparticle Routhians (from
the adjacent odd-A nuclei) can be summed directly to
give an estimate of the expected Routhians for bands in
an odd-odd nucleus. This procedure is carried out here
for Au utilizing the odd-A Routhians shown in Fig.
13. The experimental Routhians for proton configura-
tions a, e, and f are averaged between ' Au and ' Au
to yield representative values for N = 107, while the
neutron A and B Routhians for Pt and 1s7Hg are av-
eraged to give Z = 79 values. Since the prolate neutron
configurations E, Ii, and G are not observed in rs7Hg

[10], the averaged values for these three are taken to be
higher than the averaged values for A and B by the same
amount as they are in rsspt. These averaged proton and
neutron Routhians are then summed to yield the odd-odd
Routhians shown in Fig. 14.

The measured and summed Routhians in Fig. 14 can
be compared directly. As expected, the lowest-energy
configuration in both cases is the irh9/2 airs/2, fA and
fB At hu =. 0.2 MeV, the next highest summed Routhi-
ans are eA and eB, gA and gB, fG, aA, and aB, and
fE and fF. (For clarity eB, gB, and gF are not in-
cluded in Fig. 14.) As discussed in Sec. III B4, positive
parity is the preferred assignment for band 1 in Au.
In this case, the lowest available summed configuration
is aA and aB, since fG has only one signature at that
energy. The observed signature splitting of band 1 is
very small (& 5 keV), whereas the summed aA and aB
Routhians have exactly the A, B splitting (19 keV at hu
= 0.2 MeV). However, the rrirs/2 quasiparticle (orbital
a) is expected to drive the nucleus strongly to positive
values of the nuclear asymmetry parameter y, which will
have the result of reducing the signature splitting in a
high-I& band (A, B; 29[624]). It is thus logical that band
1 have the aA, aB assignment (airs/g aliis/2). By com-
parison, there is less p driving due to the coupling with
s'/rg/g, since the proton Fermi surface lies within the h9/2
shell.

If band 1 actually has negative parity, the lowest en-
ergy possibilities are eA, eB or gA, gB. The latter should
retain the A, B splitting of the odd-N neighbors, since
the y orbital is not expected to have a profound effect
on the shape of the nucleus. And, the former should
have splitting similar to that of the other xh9~2 (3 vi/3/2
band, i.e., band 2. The marked difference in the signa-
ture splitting between bands 1 and 2 in the level scheme
makes these negative-parity scenarios for band 1 unlikely.

The conclusion is that the most likely con6guration
for band 1 is airs/2 airs/g (aA and aB), based upon
the adjacent odd-A nuclei. The 1s6Au isotone 1s4Ir has a
positive-parity band that has been assigned md5~2vi~3~~
by Kreiner et al [11]. Howev. er, a 5/2[402] sds/2 band
is observed neither in s Au [1] nor in is7Au [6], which
makes it unlikely to appear at low energy in Au.

The quasiparticle residual interaction is defined to be
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the energy of the experimental Routhian minus the en-
ergy of the summed Routhian [52]. At h~ = 0.2 MeV,
these values are +181keV for fA, +171 for fB, and —210
for aA. One finds generally negative values ( —300 keV)
for neutron-neutron residual interactions in the light Yb
nuclei [52], indicative of the measured Routhian lying
lower in energy than expected from a sum of single-
quasiparticle components. While it is difFicult to ascribe
a great deal of significance to the absolute size of these
residual-interaction values, the relative sizes of the in-
teraction between different bands should be meaningful.
Thus in ' sAu the 391-keV difference in this interaction
for the fA and aA configurations is pertinent. That, is,
fA (band 2) lies higher in energy than expected from the
sum, aA (band 1) lower. It is not clear why this should
happen. Garrett et al [53] .have discussed cases where
the residual interaction is anomalously positive due to
the poor overlap of the orbital wave functions of high-I~
versus low-K states. However, the proposed configura-
tions of bands 1 and 2 both involve a high-I~ orbital
(viislz. z [624]) coupled to a low-Ii (~hsl2 &[541.] and

7riisl&'. z [660]). It is not understood then why the resid-
ual interactions for bands 1 and 2 differ by 0.4 MeV.

5. Quasi particle alignments

The quasiparticle angular momentum aligned with the
axis of rotation, i, is calculated from the total angular

momentum of the level after a reference angular momen-
tum is subtracted to account for the rotational compo-
nent. These alignments are plotted as a function of ro-
tational frequency in Fig. 16 for Au and its neigh-
bors. One notes crossings in most of the bands due to
the alignment of additional quasiparticles, but first one
should consider the alignments before any crossings have
occurred.

Just as we discussed additivity of quasiparticle energies
in the previous section, the aligned angular momenta of
single-quasiparticle states approximately add to repro-
duce alignments in odd-odd bands. From Fig. 16, it
is clear that i is approximately 4h to 5h for the 7thg~q

band f in isa is Au and for the viisl2 bands A and B
in is5Pt and is

Hg (at ha = 0.2 MeV). Thus, the align-
ment of configuration fA (band 2) in is Au should be 8h
to 10h, if there were no residual interactions. The fact
that i of band 2 in Au is only 6.5h at this frequency is
another indication of the sizeable residual interaction in
this configuration (as also indicated by the discussion on
summed Routhians in the previous section). The compa-
rable band in the isotone Ir has an identical alignment
of 6.5h [11].

By comparison, band 1 in Au has a larger initial
aligned angular momentum, i 9h at h~ = 0.2 MeV.
This is logical, since the xi~3~~ band a in Au and Au
has i 7h, 2.5h to M larger than that of configuration f
It is thus reasonable that i(aA) be 2.5h to 3h larger than
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i(fA) in Au, as is observed. No other combination of
two quasiparticles near to the Fermi surface could yield
such a high degree of alignment.

8. Hand cmssings

As is seen in Fig. 16, band 2 in Au has no band
crossing, whereas band 1 has a clear alignment process
at hu = 0.23 MeV. A simple blocking argument sug-
gests that the alignment of h9/~ protons is responsible,
since a crossing is present in the si&s/2 viis/~ (aA, aB)
configuration, but is absent in n hs/q viis/~ (fA, fB)
The expected low-frequency viq3/2 crossing is blocked in
both.

A more systematic analysis yields the same conclusion
of a low-frequency xh9/~ crossing in the Au isotopes, as
discussed by Carpenter et al. [7]. Generally the align-
ment of h9/~ protons occurs at h~ & 0.4 MeV in this
region, according to cranked shell-model calculations [7].
However, in the special case characterized by positive p
deformation and reduced proton pairing, this xhg/q cross-
ing can come low in frequency. Both of these conditions
are satisfied in band a of is Au and aA of 'ssAu. The
m'i~3/2 orbital a strongly drives the nucleus to positive p
(cf. Ref. [7]), and in addition blocks a significant amount
of the proton pairing. Thus, it is reasonable that the
xhg/2 crossing can occur at hu & 0.3 MeV in these three
bands in Au nuclei.

By comparison, it is more diKcult to arrive at a clear
interpretation of the crossings at h~ = 0.25 MeV in Pt.
A measurement of Ml/E2 ratios in bands A and B of
is Pt [4] shows the matrix element ratios rising dramati-
cally as a result of the band crossing, which is indicative
of a proton rather than a neutron crossing affecting the
Ml transition rates. These data strongly indicate that a
low-frequency xhg/~ crossing is present also in Pt.

However, it is possible to advance arguments in favor
of a difFerent crossing scenario at 1V = 107, as discussed
in Ref. [7]. The alternative approach depends heavily
on the proposed shape-driving characteristics of orbitals
near the Fermi surface, within the cranked shell model.
The configurations of the single-quasiparticle states in

Pt are A and B (vi&s/z), E and & (vf7/2), and G
(vps/2). All are expected to drive the nucleus at least
slightly to negative y, which would keep the xhg/& cross-

ing at high frequency. The crossings in Pt would then
be AB (viis/q) in bands E, I", and G, and BC, AD in
bands A, B, by this line of reasoning [7]. Differences in 7
between these bands would allow the crossing frequen-
cies for AB and BC,AD to be similar, although the
B(M1)/B(E2) results would then be extremely diKcult
to interpret.

Nevertheless, regardless of the two possibilities for
Pt, it is logical to assign the crossing in band 1 of
Au to the xh9/~ alignment process. This and the cor-

responding crossing in the s'iis/2 band of is Au [6] are
two cases where the controversial x'h9/2 crossing can be
clearly identified. Discussion of this crossing in neighbor-
ing nuclei is also given in Ref. [12].

B. Oblate bands

TABLE V. Definition of oblate quasiparticle configura-
tions and Routhian labels used in the text. Capital letters
and lower-case letters are used to distinguish neutron and
proton excitations, respectively.

Routhian
label

B

D

(+,+-,')
(+ --,')
(+,+-,')
(+ --,')

Nilsson config.
at 5~=0

-', [64']

Dominant shell-
model state

~&13/2

VC13/2

&+3/2

G

H
-,'[5o3] v f5/2

—,'[5O1]

(+, --,')
(+,+-,') —,

' [43'] 1Cd3/2

See footnote to Table IV.

In order to facilitate the discussion of quasiparticle
properties in the oblate systems, we have labeled indi-
vidual Routhians closest to the Fermi surface by letter
designations, just as in the prolate discussion. The corre-
spondence between those labels, the parity and signature,
asymptotic Nilsson quantum numbers and shell-model
origins is outlined in Table V. Within the cranked shell
model only the parity and signature are valid labels under
rotation, strictly speaking. However, the high- j xh& &/&

and vi~3/q designations are fairly good approximations.
In the following subsections, two-quasiparticle states are
labeled according to v vr configurations, in order to dif-
ferentiate between oblate and prolate bands (the latter
were labeled s v in the previous subsections).

As already discussed, the most visible band structures
in the odd-odd 4Au isotopes are those built on iso-
meric 11 states, having a vi 3/2 7chyy/2 configuration.
Due to the large energy difference between the signatures
of the Ix =

& hii/2 orbital, the two lowest sequences will

have an o. = —
2 hii/2 proton coupled to each of the neu-

tron iis/2 signatures, i.e. , the Ae and Be combinations.
These bands have a number of distinguishing features,

including a pronounced energy staggering between levels
of odd and even spin, and a clear reversal of the sign of
that staggering at higher spins. There are also indica-
tions of the onset of a band crossing at the highest spins
observed. In addition, the 11 band in Au is crossed
by a highly aligned structure, with a small interaction.
A discussion of the B(M1)/B(E2) matrix element ratios
will be deferred until Sec. IV C.
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1. Signature inversion

Figure 17 illustrates the energy diR'erences between
consecutive spin levels, showing the clear odd-even stag-
gering for the 11 bands in the 1V = 107 —113 Au iso-
topes. A change in phase at intermediate spins can be
seen in all cases. That is, the I = 16, 18, and 20 mem-
bers are shifted to lower energy (relative to the odd-I
states), but at lower spins it is the odd-I states (11 and
13) that lie lower. Within the cranked shell model (CSM)
such a phase reversal is expressed as a change of sign in
the energy splitting between rotational signatures. This
signature inversion effect has been cited by Bengtsson
et al. [54] and Donau and May [55] as a strong indication
of stable triaxiality under the usual rotation about the
shortest symmetry axis. More recently, though, Ikeda
and Shimano [56] have interpreted the phenomenon as
due to y Puctuations around an axially symmetric equi-
librium deformation, using a reversed p dependence of
the moments of inertia.

Some of the most well-known examples of this behavior
are the odd-odd rare-earth nuclei having N 90. There
the inversion has been linked [54] to the competition be-
tween the p driving influences of I& =

z its~2 neutrons
and Is' =

z A, &&~2 protons, resulting in well-defined triax-
ial deformations. By comparing the experimental inver-
sion frequencies and signature splitting to Nilsson CSM
calculations, Bengtsson et al. [54] were able to extract s2
and 7 deformations in a number of odd-odd rare-earth
nuclei. The resulting y deformations fell into the range
5' to 25'.

In the odd-odd Au isotopes the same high-j orbitals
are involved but the details of the story are quite difI'er-

ent. For these oblate nuclei undergoing collective rota-
tion (y —60') the Fermi surface lies at the top of the
proton h~~~~ subshell, while it is near the middle of the
neutron i&3~2 shell. These placements correspond to K
values of approximately 2 for the protons and 2 for the
neutrons.

0.40—

0.35 — ~—

~ co; odd-odd Au

p m, evenHg

& e, oddHg

Under these conditions the valence high- j proton tends
to push the nuclear deformation toward p = —120', while
the neutron prefers an intermediate p deformation of p
—50' [55,57]. If the proton influence is strong enough
to drive the equilibrium deformation away from oblate
symmetry (p = —60') in the direction of —120', the
normally unfavored viq3g~ a = —

2 signature lies lower in1

energy than the o. = + &
signature over some finite range

of rotational frequency. As a result, at low frequency the
energetically favored signature of the odd-odd vi&~'&2

ah&&&2 configurations could have the anomalous value of

aT = cx„+a, = mod[ —
~~ + (—~~)) = 1.

Figure 18 shows the experimentally observed frequen-
cies below which the normally unfavored signature is low-
est in energy for these bands in Au. The signature
inversion frequencies are strongly dependent on neutron
number, unlike the vi~3~~ band-crossing frequencies for
the core Hg isotopes which are also shown. The theo-
retical Routhians for neutron and proton quasiparticles
in an oblate potential are shown in Fig. 19, including an
expanded view of the quasineutron Routhians using iden-
tical parameters except for y = —70' instead of —60'. As
Bengtsson et al [54] h.ave indicated, pure rotation about
a major but nonsyrnrnetry axis (here p = —60') cannot
produce a signature inversion. However, for p = —70'
the normally unfavored a = —

z component is lowest in

energy at frequencies below the first band crossing.
The theoretical inversion frequency can be extracted

from the Routhians in Fig. 19(a) if the weak-interaction
band crossing at h~ = 0.20 MeV is removed. The result-
ing value of 0.22 MeV is clearly less than the experimen-
tal frequency of 0.35 MeV for Au, and more in line
with the values extracted for the heavier isotopes (see
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FIG. 17. Energy staggering between odd and even spins
for oblate 11 bands in ' Au (present work) and ' Au

[i7].

FIG. 18. Signature inversion frequencies for oblate 11
bands in Au (present work and Ref. [17]; the value for

Au is the result of an extrapolation from higher frequen-
cies). Also shown for comparison are the measured band-
crossing frequencies for the viqsgq alignments (AB and BC)
in these oblate bands, taken from Refs. [10,58] (even-A Hg)
and Refs. [10,58,59] (odd-A Hg isotopes).
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Fig. 18). In principle a similar analysis to that accom-
plished in Ref. [54] could be performed over a range of
(P2, p) deformations, in order to match the experimental
inversion frequencies and signature split tings with theory.
However, such a procedure is more dificult in this region,
since the calculated effect is more sensitive to the defor-
mation parameters here than in the rare-earth nuclei, and
it is necessary to reliably remove the band crossings oc-
curring in the theory at low frequencies. It is not clear
that the standard cranked shell-model approach, based
on a stable triaxial deformation, is capable of quanti-
tatively explaining the experimental signature-inversion
characteristics. It would be interesting to see if the alter-
native picture of y vibrations coupled to a "y-reversed"
rotation [N] can account for the observed inversion effect
in these oblate gold nuclei.
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FIG. 19. Theoretical Routhians for (a) neutrons and (b)
protons, calculated using the Woods-Saxon cranked shell
model assuming oblate shapes. The parameters are as fol-
lows: P2 = 0.16, P4 ———0.03, p = —60', A"(ur = 0) = 0.992
MeV, and 4 (u = 0) = 0.683 MeV. The constant pairing
value is taken to be 85% of the BCS-calculated pairing at
her = 0. The letter designations are based on parity, rota-
tional signature, and energy order, and are listed in Table
IV. Band-crossing frequencies have been marked, correspond-
ing to the rotational alignment of the lowest i/3/Q (~+gg)
quasineutron, second-lowest i/3/g (uzi') quasineutron, and
lowest hqq/2 (u, /) quasiproton pairs. The inset in panel (a)
shows the theoretical neutron Routhians for 7 = —70', on an
expanded scale. The inversion of the A, B vsq3g2 signatures
can be seen at low frequency.

2. Band crossings

The quasiparticle alignments i are plotted in Fig. 20 as
a function of rotational frequency for the known oblate
bands in odd-odd Au. As in the prolate cases
it should be possible to compare the neighboring odd-A
oblate bands to the odd-odd Au structures. The vrhqq~~
bands in the odd-A Au isotopes are well known and have
an initial alignment of i(x) 4.2h [6]. The vi&s/2 bands
in odd-A Hg nuclei have also been well established and
reveal i(v) 6.2h [9]. The resultant sum i(v) + i(n)
10.4h agrees well with the observed initial alignment of
i(v7r) 10.lb for the vi, ~'/~n h»'/z bands in ' ' Au.

There are at least beginnings of band crossings ob-
served in each of the odd-odd Au nuclei exhibited in Fig.
20. The most complete crossing occurs in Au between
bands 1 and 2 (see Fig. 8). The angular distribution
measurements lead to the conclusion that the two struc-
tures are connected by stretched quadrupole transitions
and thus that a rotation alignment process occurs. The
dotted lines for the negative-parity states in ~~Au (Fig.
20) represent this band 1 and 2 relationship and indicate
a sharp backbend at h~ = 0.31 MeV. However, the con-
tinuation of the levels in band 2 of Au gives rise to
perhaps another crossing (denoted by solid lines in Fig.
20) at hu 0.35 MeV. There is the beginning of a cross-
ing in the negative-parity bands of the other Au isotopes
in Fig. 20. These may resemble more the "second" cross-
ing in ~Au, since the AI = 1 transitions are present
throughout (note that they are not observed in the band
1 to band 2 crossing in ~ssAu ). Of course, the primary
vins/q crossing (AB) is blocked in each of these bands.

Theoretical Routhians from the Woods-Saxon cranked
shell model are shown in Fig. 19. Compared to prolate
band crossings in this region, the oblate vi&3~~ alignments
occur at markedly lower frequencies, a direct consequence
of the smaller oblate moment of inertia and correspond-
ingly larger Coriolis force responsible for decoupling the
quasineutron pair. In addition, the interaction between
bands is predicted to be small, of the order of 40 keV for
the AB crossing. This gives rise to the extremely sharp
crossings with large gains in alignment which are well
known in neighboring nuclei [6,10,58]. The alignment of
h~~g2 quasiprotons is predicted to occur higher in fre-
quency than several neutron alignments; there is some
evidence for its occurrence at the highest spins observed
in the heavier Hg isotopes, I 28 [58].

The vi&3gq AB crossing is blocked in the vip~(g7rhyy]2
configuration, and the second vins/q crossing (BC,AD)
is predicted to occur slightly higher in frequency, with
a larger interaction and somewhat less of an alignment
gain than the AB crossing (Fig. 19). We propose that
the sharp crossing in ~ sAu (h~ = 0.31 MeV, Ai = 7.6h)
results from the secondary vi~3~2 alignment. By com-
parison, this BC crossing is observed in the oblate vi/3/2
bands of odd-A Hg isotopes at approximately 0.27 MeV,
with a typical gain in alignment of b,i 8.4h [10,59].
The y deformation of the odd-odd Au nuclei is expected
to be slightly more negative than p = —60' (see the pre-
vious discussion on signature inversion effects). Due to
the v~~3g2 p-driving infiuence, the odd-A Hg bands likely
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have a p deformation less negative than p = —60'. This
diH'erence would lead to a somewhat higher BC crossing
frequency in the odd-odd Au nuclei than in the odd-A
Hg isotopes.

Concerning the systematically occurring but only par-
tially observed crossing in the negative-parity bands of
odd-odd Au nuclei (Fig. 20), one possibility is that they
represent the next possible vi~3/2 alignments, i.e. , Ae ~
AeCD and Be ~ BeAD. The CD crossing is reported
at her = 0.35 MeV in even-even iss

Hg [10,58], with
a larger interaction strength than the initial AB align-
ment. It is possible that such a C' D, AD crossing may
be occurring in the vip'/2 Ã1lyy/g band of each odd-odd
Au isotope shown in Fig. 20.

8. Oblate 15+ bands

The presence of 15+ and 17+ states, decaying via high-
energy El transitions to the oblate ll bands, is a sys-
tematic feature of the odd-odd Au isotopes [17]. For
N = 111 —115 these states have been characterized as

vip'/p (3 7ckyy/g excitations coupled to known 5 and 7
states in the oblate Hg core nuclei. According to Neskakis
e$ al. [17], the result is a I iiz&& t3 7rIIII&z "vj" four-

quasiparticle configuration, where the last quasineutron
is taken to originate from the shell-model pi/2, p3/2 or

fs~z states. For Au (N = 107, 109) the latter two
configurations are the most likely, as listed in Table V,

and therefore the 15+ bands represent ABeE, ABeF, or
A BeQ, ABe H combinations. In ~ Hg the AE, AF
bands have an initial alignment iA~ 8.26. Adding this
to the known odd-odd Be alignment (iII, 10.6h) re-
sults in a total alignment of 18.8h, to be compared with
the experimental value of approximately 16.7h observed
in Au (Fig. 20).

The "bottoms" of these bands show the odd spins of
15+ and 17+ being favored, which have nT ——l. However,
at higher spins the bands seem to undergo somewhat of
a rearrangement and the even spins (aT = 0) become
favored, although the spin assignments are less conclu-
sive in these excited structures. It is not possible to put
forward a definitive explanation, but such a switch is con-
sistent with the band starting out with a p3/2 neutron as
the fourth quasiparticle (a = —

z lowest in energy), and
then changing to an fs~z quasiparticle (n = +z lowest)
at larger rotational frequency.

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

In this section, an analysis of the p-ray branching ratios
is given for both the prolate and oblate bands. The use of
B(Ml)/B(E2) ratios for bands involving a single quasi-
particle, or a single quasiparticle plus a pair of aligned
quasiparticles, has proven to be quite useful in charac-
terizing the specific orbitals involved (see, for example,
Refs. [4,12,60,61]). The extension of the theoretical mod-
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els to two- and four-quasiparticle bands has not received
as much attention (however, see Refs. [62—65)). Our ap-
proach here is derived from the semiclassical treatment
by Donau and Frauendorf [14,15].

Many two-quasiparticle configurations for which clear
AI = 1 transitions are observed involve one orbital which
has a modest energy sphtting between the two signatures,
combined with a second orbital which has a substantially
larger signature splitting. The energetically favorable
configuration in such a case involves both signatures of
the former orbital coupled to one signature of the latter
(the one lower in energy). Therefore we use an approach
where the quasiparticle which contributes both its signa-
tures is the "signature-active" participant, and the other

quasiparticle is the "signature-spectator" partner.
The consequences of this are twofold. First, the signa-

ture splitting of the two-quasiparticle band in an even-A
nucleus is expected to reflect the signature splitting of
the "signature-active" one-quasiparticle band in the adja-
cent odd-A nuclei, as already discussed. Second, because
we are working within a principal-axis cranking formal-
ism and signature is considered to be a good quantum
number, the M1 transition matrix element contains more
terms associated with the "signature-active" participant
than with the "signature-spectator" partner.

The standard geometric formalism for the B(M1) val-

ues [14,15] can be extended for the case of two quasipar-
ticles:

B(M1; I I —1) = ——[ (g —gR)(k( QI —It —i IC' 6 6e'/~)
8x I~

(g(2) g ) '(~)I& (g(s) g ) '(s)Ig]2 (2)

B(E2; I ~ I —2)

Qo cos (y + 30') 1 —
i

5» . (Zl'
32m 4 I —1 g

(e b)

For the Au bands built on prolate shapes, we rely on the

where superscript (1) denotes the "signature-active" par-
ticipant, which has both signatures involved, and super-
script (2) refers to the "signature spectator" partner,
which has only one signature taking part in the two-
quasiparticle coupling. The most significant change to
the original geometric model [14,15] is that we allow an
additional term proportional to the alignment of quasi-
particle (2). The superscript (3) refers to an additional
pair of quasiparticles that undergo an alignment due to
rotation.

The above expression also contains a term arising from
the signature splitting (b,e') that leads to a stagger-
ing of the B(M1) values, just as it does in the one-
quasiparticle case. The phase is defined [15]such that the
M1 matrix element is enhanced for the transition energy
E& h~ —Ae', and diminished for E& h~+Le', where
Ae' is the energy difference between the two signatures
in the rotating frame and is extracted from experiment.
This definition is directly related to the phase of the sig-
nature splitting, and as a result, for the two-quasiparticle
configurations under consideration the staggering of the
B(M1)/B(E2) ratios is expected to follow the energy
staggering. The present work provides a clear test of
that prediction, since the energy splitting in the prolate
bands is opposite in phase to that of the oblate bands.
Note that although Eq. (2) is exact only for axially sym-
metric nuclei, it is certainly a good approximation for y
near 0' (which is likely the case for all bands seen here).

The B(E2) matrix element is expressed in the well-
known "geometrical" manner:

measured B(E2) value [66] in the even-even 's4Pt to give
the "core" degree of E2 collectivity in this region. This
core B(E2) value is modified slightly for various quasi-
particle states according to the results of calculations of
the total Routhian surfaces (TRS) [7]. That is, we as-
sume that Qs is directly proportional to P2 and scale the
core value of Qo by the calculated P2 values. The TRS
results are P2 ——0.23 for the prolate core, 0.22 for the
prolate s hsl2 viisl2 configuration ( Au), 0.25 for the
prolate siisl2 viisl2 configuration ( Au), and 0.17
for the iss i~Au oblate bands. We also assume axial
symmetry for each of these cases.

The experimental B(M1)/B(E2) values are deter-
mined using the standard approach:

B(Ml; I -+ I —1)
B(E2; I ~ I —2)

Eq (I -+ I —2) 1 pN
E~s (I ~ I —1) A(1 + b2) e b

The branching ratios, A, are taken from the y-ray inten-
sities of Tables I and II. As discussed in Sec. II, estimates
of the E2/Ml mixing ratios b have been obtained only
for the most intense transitions. Average mixing ratios of
0.2 (shops viisls prolate), 0.2 (xiislz viislq prolate)
and 0.0 (viis&2 shii&2 oblate) have been used. Since

these values enter into Eq. (4) as 1/(1+ b ), their efFect
is not large.

f. Prolate negative-parity band in Aa

The experimental values of B(M1)/B(E2) for the pro-
late negative-parity band (sh9I2 viislq) in Au are
shown in Fig. 21(a). Above I = 12 the ratios average ap-
proximately 0.55 (p~/e b)2, with a consistent odd-even
staggering. Also shown in Fig. 21(a) are the theoretical
values obtained using the geometrical approach. It is not
understood why the experimental points below I = 12
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have a phase opposite to the theory. There is no ap-
preciable alignment gain observed for this band, since
both primary band crossings in this region are blocked.
Although the average calculated B(M1)/B(E2) is some-
what high, there is good agreement with the experimen-
tal ratios above I = 12. In particular, the phase and
magnitude of the staggering are reproduced.

8. Prolate positive-parity band in Ae

Experimental and theoretical B(M1)/B(E2) values
are shown in Fig. 21(b) for the prolate positive-parity
band in Au. A small but consistent odd-even stagger-
ing, with the same phase as in the other prolate band, can
be seen in the experimental data above I = 13. Again the
magnitude and phase of the staggering are reproduced by
the calculation, although on average the theoretical ra-
tios are somewhat higher than the experimental values.

A sharp crossing, due to the alignment, of h9~~ protons,
is observed in this band (see Fig. 16). There is essentially
na efFect on the B(Ml)/B(E2) ratios [Fig. 21(b)]. This
is consistent with a xh9~~ alignment, because the mod-
erate increase in the M1 matrix element due to a proton
crossing is opposed by (a) a slight decrease in B(Ml) as
a function of spin due to contributions from the other
quasiparticles, and (b) a slight increase in B(E2) due
ta the P~-driving influence of the IIs~2 protans. Alter-
natively, a decrease in the Ml rate caused by a neutron
crossing is reinforced by (a) and (b). Therefore, as shown

in Fig. 21(b), the rather constant nature of the experi-
mental B(M1)/B(E2) ratios is consistent with the inclu-
sion of a proton as opposed to a neutron crossing in the
calculation.

g. Oblate g f bands in f86, xssAe

As discussed earlier, the staggering of the energy lev-
els is a well-known feature in Au, and the unusual
signature splitting pattern has been interpreted in terms
of a slightly triaxial deformation [54,55]. The measured
oblate B(M1)/B(E2) values are shown in Figs. 21(c) and
21(d) for the oblate bands in ' Au. The odd-even
staggering is quite large in Au, as it is in the heav-
ier isotopes [17]. The averaged theoretical values are in

good agreement with the data, but it is not possible to
reproduce the magnitude of the experimental odd-even
staggering. Reliable B(Ml)/B(E2) values cauld not be
measured above the sharp crossing in the oblate band in
88Au

Nate that the law-spin phase of the B(M1)/B(E2)
staggering is identical to that of the energy staggering,
and is opposite to that in the prolate structures. This
is consistent with the description of the band as consist-
ing of two signature partners with the same configura-
tion. There does seem to be a decrease in the amount of
B(M1)/B(E2) oscillatian, although it occurs more grad-
ually than the quickly "damped" behavior seen in the
theory.
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The smoothness of the B(M1)/B(E2) ratios for the
oblate band in Au marks a sudden departure from
the pronounced staggering in the heavier isotopes. Since
the signature splittings in Au and ~Au are compa-
rable, the theoretical B(M1)/B(E2) staggering is also
similar in the two cases, clearly not in agreement with
the data. However, the averaged theoretical values agree
reasonably well with experiment, and for Au the over-

all agreement is somewhat improved over the calculations
of Toki et al. [67I for the heavier odd-odd Au isotopes.

In summary, on the one hand the calculations de-
scribed here reproduce the average B(M1)/B(E2) ratios
for the oblate configurations, but not the magnitude of
the observed staggering. On the other hand, for the pro-
late configurations the odd-even staggering is well rep-
resented by the theory, while the overall B(M1)/B(E2)
magnitude is slightly too high.

V. SUMMARY

The present work has investigated rotational band
structures in odd-odd Au and Au to spins of 24h
and 23h, respectively. As shown clearly in earlier studies
of Au ground-state properties, there is a marked oblate-
prolate change in shape between the two isotopes.

Two new strongly coupled prolate bands have been
observed in Au. Their appearance in 6Au but not
in Au is understandable in view of the ground-state
shape transition known to occur at N = 107. The yrast
band of Au, which shows no gain in alignment through

0.40 MeV, is interpreted as a z hs/z viis/2 config-
uration. Both primary band crossings thought to occur
in this region, those due to the viis/q AB and z'hs/q ef
alignments, are thus blocked. By comparison, the sec-
ond strongly coupled structure, assigned a xi&3~2 vi]3/2
configuration, exhibits a crossing at hu ~ 0.23 MeV, at-
tributed to the alignment of a pair of hs/2 quasiprotons.

Oblate viis/2 g zh»/~ structures, analogous to those

well known in the 'ss is4Au nuclei, have been estab-
lished. The iss i~Au energy staggering and signature
inversion characteristics of those bands follow the sys-
tematic behavior observed in the heavier isotopes. The

signature inversion effect can be qualitatively explained
in terms of deviations from the 7 = —60' oblate symme-
try axis, which in turn affect the signature splitting of the
vi~3g2 orbital. However, the magnitude of the inversion
and its variation over a range of neutron numbers is still
not understood.

In the 11 band of i~Au, a sharp alignment gain at~ = 0.31 MeV is most likely due to the vii3/2 BC cross-

ing. As well, all of the iss is4Au viis/2 zhii/z bands

reveal hints of a gain in alignment at h~ 0.35 MeV,
which could represent the onset of viis/q CD, AD align-
ments. It appears that a complete picture of the oblate
band crossings cannot be obtained without a more ex-
tensive knowledge of these structures.

Four-quasiparticle oblate band structures built on 15+
states have been populated in both nuclei. Their char-
acteristics fit very well-known systematic features in the
heavier odd-odd Au isotopes, previously interpreted as

vins/2 zhii/q vj" configurations (vj = vps/Q ol'

vfs/z).
Measured average values of the B(M1;I ~ I —1)/

B(E2;I -+ I —2) ratios for bands in 'ss issAu have
been interpreted by extending the geometrical formalism
of Donau and Frauendorf to odd-odd nuclei. However,
within that model the experimental absence of odd-even-
I staggering in the ratios for the Au oblate band is not
compatible with the observed energy staggering, since
in the theory the two features are inextricably linked.
B(M1)/B(E2) ratios for the issAu prolate bands have
also been interpreted within the extended geometrical
framework. In the ~i&3~& vi&3~~ case the experimen-
tal values vary little as a function of spin, a surprising
feature which, however, is shown to be consistent with a
suggested xhgf 2 crossing.
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