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The level structure of odd-proton '" Au was studied using the "Yb{' F,4n) reaction. Gamma-
gamrna coincidence, angular distributions and y-y-time measurements were used to establish the
energies, spins, parities, and lifetimes for the states in the decay scheme of '"Au. Both prolate and
oblate structures have been established. The prolate bands are built on the ~h9/2 (o, =+ ~) and the

~i &3/2 (cx= ~) particle states. An oblate, strongly coupled band built on a 90+10 ns isomeric state is

reported for the first time. A second oblate structure built on the A»/~ proton-hole state was estab-
lished to much higher spin than before. The backbend present in the ~i »/2 band has been interpret-
ed as the alignment of a pair of h9/p protons.

I. INTRODUCTION II. EXPERIMENTAL METHODS

There is a well-known region of shape coexistence in
the Pt-Au-Hg nuclei. The low-lying 0, 2 states in the
Hg isotopes are thought to have an oblate shape while
the second 0+, 2+ states decrease rapidly in excitation
energy from ' Hg to ' Hg and have been described as
having prolate shapes. ' The opposite is true in the
light Pt isotopes. %'hereas the ground state properties of
heavy Pt isotopes (X =110—116) are similar to those of
the Hg nuclei, the lowest 0+ states in '" ' Pt are pro-
1ate with the excited states being oblate. The gold nuclei
have the same shape coexistence. ' The ~h„/2 system
remains fairly constant in energy, while the ~h9/2 and
~ii&3/p decrease very rapidly as one goes away from the
N =128 closed shell. The h»/z excitations are thought
to result from proton-hole states coupled to even-even Hg
cores while the h9/2 and l i3/2 excitations are proton par-
ticle states coupled to even-even Pt cores.

In ' Au, bands built on the trh9/2 tri&3/2, and trf7/2
states have been identified as prolate and the ~h»/z
structure as oblate. The oblate structures are expected
to be more prominent in X =108 '87Au which has '8 Pt
and ' Hg cores. Since these core nuclei are well stud-
ied, " the ' Au case should provide an excellent probe
of the shape driving e6'ects of the odd nucleon.

Previous to this study little was known about the nu-
clear structure of high-spin states in ' Au. Bands built
on the ~h&&/2, ~h»2, and ~i&3/2 Nilsson states were
found in this study. The ~h9/2 band has been extended
beyond the previous known members. ' The m. i&3/2 band
was seen for the first time. An irregular sequence of lev-
els based on the 7Th i i /2-hole state was seen much higher
in spin than before and a strongly coupled band built on
an isomeric state ( T&/2 =90+10 ns) was established
which decays to both the h9/2 and h»/z bands. In addi-
tion, two other isomers were found with T»2 of 25+3
and 50+5 ns.

Beams from the McMaster University FN Tandem Ac-
celerator were used to populate the high-spin states of

Au with the ' Yb(' F,4n) reaction. The isotopically
enriched ' Yb (98%) target was bombarded with the 95-
MeV ' F beam. The target was 2.0 mg/cm thick and
backed with 5.3 mg/cm of Pb.

A multiplicity filter consisting of two 12.7 cmX15.2
cm and four 7.6 cmX7. 6 cm NaI scintillation counters,
was used to enhance the.detection of high-spin transitions
and to discriminate against the nonreaction events. The
NaI detector faces were covered with Pb, Cd, and Cu
shields to reduce the intensity of the Pb x rays. In addi-
tion, the four 7.6 cmX7.6 cm NaI counters around the
beam tube were shielded from each other with Pb to
prevent scattering from one detector to another.

An array of five coaxial Ge detectors was mounted at
angles of roughly 90, 60, 45, 30 and —10' to the beam
direction at 9—10 cm distances from the target. The ac-
cepted events consisted of at least three Ge detectors
firing or at least two Ge and two NaI detectors firing.
The amplifier gains of the five Ge detectors were matched
so that coincidences in any two detectors could be con-
sidered. An additional planar Ge detector was placed at
—90 for detecting the low-energy y rays with good ener-

gy and time resolution in order to measure lifetimes in
the nanosecond range. A subsequent angular distribution
experiment used a similar Ge (coaxial) detector arrange-
ment.

The data were sorted oA line into a symmetric
1024X1024 channel coincidence matrix and the back-
ground was subtracted with the method of Palameta and
Waddington. ' The background under the discrete lines
which results mostly from continuum y rays and Comp-
ton distributions was successfully subtracted by this
means. After correcting the subtracted matrix for detec-
tor e%ciency, final gated y-y coincidence spectra were
obtained for analysis.
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III. RESULTS A. Decay scheme

Prior to this investigation, several of the high-spin
states in ' Au had been studied by various groups. '

The level scheme of ' Au constructed from the results of
the present experiment is shown in Fig. 1. All of the
gamma transitions in the level scheme above the —,

' state
were assigned from the analysis of individual y-y coin-
cidence spectra. Information concerning the gamma
transitions consisting of y-ray energies, intensities, angu-
lar distribution coeKcients, and multipole assignments is
summarized in Table I. A complete explanation of the
construction of the level scheme is too lengthy to de-
scribe. Instead, several gated spectra have been chosen
that show strong evidence for the placements of the y-ray
transitions and give an indication of the quality of the
data.

For Z =79 Au, the proton Fermi level lies above the
h ),~2 and below the h9/2 and i&3/2 proton shells. Three
families of states have been observed in ' Au and have
been interpreted as originating from the proton shells
mentioned above.

The spins and parities for the bandheads of bands 1

and 6 were

firmly

established as —', and —", by
Deleplanque et al. The bandhead of band 3 has been as-
signed as —", based on the results of our angular distribu-
tion measurements. This assignment is consistent with
that of Bourgeois et al. Similar —",

+ bands have also
been found in " ' Au isotopes. ' ' Spin assign-
ments for the rest of the bands were then based on the an-
gular distribution results. In the following discussion,
bands 1 and 2 are referred to as the two signatures
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TABLE I. Transitions in ' Au.

E~ (keV) J77 J7T
i f Multipolarity

89.0 31 — 27—
2 2

103.9

133.7

137.6

149.6

150

162.7

166.7

194.1

211.6
233.4

259.4

279.7

281.0
297.1

316.4

319.2

334.7

344.5

353.4

376.4

384.7

400.4

407.0
413.8

416.8

431.6

443.8

449.5

459.4

462. 1

463.6

464.5

470.9

470.9

491.6
491.8
500.0

507.0
508.8

510.6

516.0
525.5

544.5

9

3

17

14

19

= 100

23

43

29

93

8

33

11

27

10

19

64

20

14

71

55

48

16

—0.12(4)

—0.14(2)

—0.33(3)
—0.14(2)

0.38(4)

0.27(1)

0.07(4)
—0.14(2)
—0.12(2)
—0.03(1)

0.28(1)

0.39(3)

0.28(1)

0.19(6)
—0.15(2)
—0.81(2)

0.30(1)
—0.00(14)

0.26(1)

0.12(3)
—o.os(12)

o.3s(3)

0.25(1)

0.31(3)

0.32(2)

0.31(1)

—0.23(4)

—0.15(1)

0.22(6)
—1.10(7)

0.01(5)

—0.03(2)

0.09(4)

o.o2(2)

—0.08(5)
—0.09(1)
—0.08(5)

0.07(2)

0.09(2)

o.o9(1)
—0.10(2)
—0.12(3)
—0.09(1)
—0.06(8)

o.os(2)

0.19(2)

—0.10(2)
—O.43(7)
—0.07(1)
—O.o4(3)

0.45(15)
—0.16(4)
—0.11(1)
—0.16(3)

—0.10(2)

—0.15(1)

—0.05(5)

0.04(2)

0.05(7)

0.19(8)

11—
2

35 (+)
2

(—43 +
2

25 (+)
2

(27 )
35—
2

23 (+)
2
47—
2

13—
2
17+
2
39—
2
43—
2
33—
2

21 +
2
15—
2
17—
2
47—
2
37—
2
11—
2

(
27 —

)

25 +
2

21—
2
19—
2
43—
2
37+
2
15—
2
35—
2
15—
2
41—
2

21 +
2
33+
2
29+
2
25—
2

29(+)
2
29—
2

(
23—
2
31—
2

( ——+41+
2
37—
2
13—
2
19—
2

9—
2

33 (+)
2

39+)
2

23 (+)
2
25 (+)
2
33
2
21 (+)
2
43—
2
39+
2
9—
2

13 +
2

37
2
41—
2
31—
2
17+
2
11—
2
13—
2
43—
2
35—
2
9—
2

23
2

21 +
2

(47+)
2

17—
2
15—
2
41—
2
33+
2
11—
2
31—
2
13—
2
39—
2
19—
2

29 +
2

25 +
2
21—
2

25 (+)
2

27
2
19 —

)2
29—
2

37+)
2
33
2
11—
2
17—
2

M1/E2
M 1/E2

M1/E2

M1/E2
M1/E2

E2

M1/E2
M1/E2
M 1/E2

E2
E2

E2
M1

M 1/E2

E2

E2

M 1/E2
E2

E2

E2

M 1/E2

M 1/E2

M 1/E2
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E~ (keV)

553.1

565.2

566.8

577.4

587.2

599.5

609.4

617.6

624.9

632.9

637

638.1

642.9

668.4

688.3

692.2

696.0

699.1

704.7

709.8

731.5
736.4

743.2

744.6

754.1

760.3

766.4

777

788.1

790.6

819.6
840.3

881

895.1

14

13

64

5

16

10

5

10

18

8

16

7

11

39

19

5

17

51

28

14

A2

0.05(4)

—0.40(2)

0.30(1)

0.08(12)

0.36(6)

0.70(5}

0.13(9)
—0.15(9)
—0.25{6)

0.56(12)

0.27(4)

0.26(3)

0.48(7)

—0.18(30}
—0.94(11)

0.45(9)
—0.20(1)

0.31(1}
—0.41(8)

0.20(1)

0.60(3)

0.32(17}

0.34(8)

0.06(7)

0.37(8)

TABLE I. (Continued).

—0.02(5)

0.18(3)
—0.10(1)

0.03(15)
—0.22(7)

0.33(6)

0.49(12)
—0.33(11)
—0.04(7)
—0.09(14)

—0.07(5)

0.02(4)
—0.32(9)

0.59(42)

0.50{13)
—0.48(11)
—0.02(2)
—0.13(1)
—0.05(10)

—0.11(2)

—0.24(4)

—1.40(25)
—0.09(11)

—0.09(9)

—0.21(10)

(
27—
2

(
33
2
17+
2
29—
2

(
49—
2

(47+
2

45 +
2

(
55—
2

(
51+
2
13+
2
39—
2

(
23
2

33
2

(17—
2
51—
2

(49+
2

17 +
2

(
53—
2

27
2
37—
2

21 (+
2
19—
2

(
21—
2
41—
2
43—
2

33 (+
2
41—
2

39 (+
2

(
45—
2

(
53—
2

23
2

(
55+
2

39 (+
2

(
57—
2
43—
2

Jf
23 )2

29 —
}2

15—
2
25—
2

47 —
)2

43 +
)2

41 +
2

51 —
)2

49 +
)2

11—
2
35—
2

21 —
)2

29—
2

15 —
)2

47—
2

45 +).
2
17—
2

51 —
)2

25—
2

33
2
19—
2
15—
2

17 —
)2

37
2

39
2

29 (+)
2

37
2

35 (+)
2

41 —
)2

(4'-)
2

19—
2

51+)
2

35 (+)
2

53 —
)2

39—
2

Multipolarity

E2
(M 1/E2)

E2

E2
M1/E2

E2
(E2)

(M1/E2)
M1/E2

E1
E2

M1/E2

The relative intensities are accurate to within +5%%uo for the strong lines.

(u=+ —,') of the mh9&z state; band 3 as the favored signa-
ture (a=+ —,') of the ~i, 3&z state; bands 4 and 5 as the
90-ns isomer band, and 6 and 7 as bands built on the
7Th 1 &/P state.

B. The mh9/2 KE13/2 level systems

Evidence for the m.h9&2 band ( —,
' [541]) is best seen in

the gates shown in Fig. 2. The strong
233.4—334.7—413.8—491.6—S66.8-keV cascade exhausts
much of the y-ray intensity in ' Au. Intensity varia-

tions, clearly seen in the 233.4 and 566.8-keV gates, sug-
gest that there are other y-ray transitions that feed into
the ~h9/2 band at various levels. Some of these other
transitions decay from band 2 which is believed to be the
other signature (a = —

—,
' ) of the eh 9&2 band, and are seen

clearly in Fig. 3. In addition to the members of the mh9/2
band, the ~i]3/2 band members are also observed in these
coincidence gates.

The 259.4-keV y ray observed in the gates shown in
Fig. 3 is a member of the mi, 3&2 band ( —,'+[660]), together
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with the 316.4-, 400.4-, 470.9-, 443.8-, 510.6-, and the
599.5-keV transitions. The bandhead of this band had
previously been located by Bourgeois et al. and Wood
et al"

The measured angular distribution coefficients for the
y rays in the mh9/2 band are characteristic of stretched
E2 transitions. The E2 nature of the cascade of five tran-
sitions deexciting the —", level agrees with the results of
earlier angular distribution measurements by
Deleplanque et al. The side-feeding members of band 1

(i.e., 376.4-, S44.4-, and 699.1-keV lines) all have angular
distribution cocacients that are consistent with an
M 1 jE2 assignment (see Table I). The 624.9-keV transi-
tion connecting the vari/3/2 band to the vrh9/2 (a= —

—,')
band has been assigned as a dipole transition based on the
angular distribution measurements. The lack of transi-
tions, from the 1122.0-keV level to the 120.7-keV level in
the mh»2 band and from the 1381.4-keV level to the
354.1-keV level, supports the previous positive-parity as-
signment of the 1122.0-keV state. ' The angular distribu-
tion coefficients for members of the mi, 3/2 band resemble
those of stretched E2 transitions.

C. The 90 ns isomer band

Some of the gamma rays seen in Fig. 2 to be in coin-
cidence with the 233.4- and 566.7-keV lines were found to
be actually in delayed coincidence. Gating on some of
these lines allowed the isolation of a strongly coupled
band, with an isomeric bandhead (T, /z=90+10 ns) at
2669.8 keV, which decays primarily through a 508.8-keV
transition. This isomeric decaying transition has been
found to be of mixed Ml/'E2 character' which suggests
that the bandhead has J = —", . Evidence for this band
is best seen in the y-y coincidence gates shown in Fig. 4
where the members of the ah9/p band below the 2161.0-
keV level are seen to be in strong coincidence. The tran-
sitions that are higher up in the band are best seen in the
668.4-keV gate. All the gates in Fig. 4 display the
members belonging to the 90-ns isomer band and a few of
those belonging to the ~h9/2 and ~h»/2 bands. There-
fore, in addition to the 508.8-keV transition which decays
to the 2161.0-keV level of the ~h~/z band, a weak 89-keV
transition must also decay to the 2580.9-keV level of the
mh»/2 band. Although this y transition has not been ob-
served because of the presence of lead x rays, the total in-
tensity of the 89-keV transition (including electron con-
version) has been estimated from the coincidence data to
be 21 units [I (89)=2].

The 353.4-keV y ray, one of the strongest members of
this band, is also shown in Fig. 4 to provide evidence for
the placement of some of the in-band y-ray transitions.
The 353.4-keV y-ray transition is not in coincidence with
the 516.0- and 632.9-keV transitions, suggesting that the
353.4-keV y ray may be parallel to both of these. An
unusual feature of this band is that there are two —",

states, one at the 4506.7-keV level and the other at the
4657.2-keV level. Furthermore, no evidence of a —",

state was observed. It is possible that the —", —", de-
cay is energetically unfavorable (with respect to the ob-

served —", ~—", decay) due to the expected large energy
difference between the —", and —,

' states. This would
result in a very small energy difference for the —,

'
decay which would mean that such a transition would
have insufhcient intensity to be observed.

D. The mh» z2-level system

The construction of the ~h»/2 band was accomplished
in the same manner as the other bands. The 449.5-keV
y-ray transition exhausts much of the y-ray intensity. It
is the lowest-lying member of the ~h»/2 band, and this
agrees with the placement of Deleplanque et al.

The measured T&/2=50+5 ns for the —", state of the
eh &] /2 band agrees with previous measurements. ' '
Results from the isomer search experiment show that the
149.6-, 166.7-, 709.8-, 731.5-, and 449.5-keV transitions
are delayed. Th&s suggests that the level at 2431.7 keV is
isomeric, and the lifetime analysis yields a T, /2=25+2
ns. There is some doubt on the correct ordering of the
149.6- and 166.7-keV transitions, since the 149.6-keV y
ray is part of an unresolved doublet which makes it
diFicult to determine the relative positions of the 149.6-
and 166.7-keV lines. (It was not possible to determine
whether or not the 2282. 1-keV level is also isomeric. )

IV. DISCUSSION

There are several features in ' Au that are also ob-
served in ' " ' Au. ' ' Both signatures of the
~h~/z band and the e= —,

' signature of the mi&3/p band
have been assigned. Weak evidence of the vrf7/2 band is
present (see below). These prolate structures have come
down in energy from across the Z =82 closed shell. In
addition, features of the heavier odd-A ' ' " ' Au
(Refs. 19 and 20) isotopes were also seen in the ' Au-
level scheme. The wh»/2 oblate structure was estab-
lished up to spin —", . A very extensive irregular struc-
ture built on —", '+' and —",

'+' states was seen for the erst
time. A spin —", isomeric state was also observed and a
strongly coupled band built on it has been established.

A. Prolate bands

A comparison of the aligned angular momenta ' in the
prolate bands can be used to determine the quasiparticle
nature of both the bands and the aligning particles. In
Fig. S(a) the alignment, i, is plotted as a function of the
rotationa1 frequency, %co. An initial alignment of about
5 —6A' in the mi&3/2 band is consistent with that of an i)3/2
proton in a low-K orbital. The existence of this high ini-
tial alignment in band 3 presents further evidence that
this band cannot be an f7/2 band but the low-K ~i]3/p
—,'[660] band instead. The mi, 3/2 band is clearly seen to
backbend at a rotational frequency of Boo=0.23 MeV,
with an alignment gain of 6.5 A. The a= —

—,
' signature of

the ~h&/2 band shows a kink in the alignment curve
which is reminiscent of what was observed in ' Au (Ref.
8). In that nucleus, a similar perturbing behavior was at-
tributed to the interaction between the unfavored signa-
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ture of the mh9/2system and the favored rrf7/p (a= —
—,
'

)

band. The same description can be used to explain the
perturbed behavior of the a= —

—,
' signature of the ~h9/z

band in 's7Au, even though the rrf7/2 band ( —,
' [530])

was not observed directly. The favored signature of the
7Th 9/2 band is observed to continue smoothly through the
backbending region in the ~i, 3/2 band, and the start of an
upbend is seen to occur at around Ac@=0.38 MeV. In

20.0

16.0-
~ xh /

9/2 -1/2

12.0-

S.O-

0.0

0.0

-1.0-

0.00
I

0.1 0
I

0.20
I

0.30
I

0.40

Rotational Frequency (Me V)

FIG. 5. Plots of the (a) alignment, i, and (b) experimental Routhians vs the rotational frequency for the prolate [vari J3/2 and ~h9/2
(a=+

z )] system. The calculations were based on JO =21 MeV 'R and J, =90 MeV A' .
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Kolschbach et al. have suggested that the alignment is
a result of 1rh»/2 holes coupling to (vi, 3/2) Hg cores.

Similar features can be seen in the mh»/2 band in
Au, where there is a significant increase in alignment

during the transition from band 6 to bands 4 and 5. The
intensity of the 384.7-keV transition was too weak to al-
low a determination of whether or not the —", state is
isomeric as it is in ' ' " Au. Figure 6 shows a com-
parison of odd-odd ' ' Au 11 bands and the strongly
coupled band of ' Au. The data for ' ' Au are from
Janzen et al. and similar structures have been observed
in ' ' ' Au by Neskakis et al. They have interpret-
ed these bands as having a (1rh»/2 )(vi, 3/2 ) two-
quasiparticle configuration coupled to the slightly oblate
Hg cores. The three bands shown in Fig. 6 display very
similar structures which suggests that the —", isomeric
band found in ' Au can be explained in terms of the 11
(1rh&&/2) (vi &3/2) bands in the heavier odd-odd Au iso-
topes. The most likely configuration for the bandhead is
a —", (1rh

& & /2 ) ( vi]3/2 ) 10+. The corresponding
(vi&3/2) 10+ configuration has been located in '3 Hg
(Ref. 11) at an excitation energy of 2661 keV. This may
be compared with an energy difference of 2445 keV for
the —", and —", states. A consistent explanation of
bands 4, 5, and 6 arises by comparing alignments for the

band with that for the yrast band in ' Hg. Figure 7
shows this comparison where the lowest excitations of
the h»/2 (a=+—,') sequences are also included. The
alignment gain at the backbend in ' Hg is =11%and in

Au, it is =11%as well. It is clear that this entire decay
sequence in ' Au results from coupling an h»/2 hole

Au, the ~h9/2 band is crossed at Ac@=0.32 MeV with a
total alignment gain of Ai =5.7A. Larabee et al. inter-
preted this crossing as the alignment of i,3/2 neutrons
with the rotational axis.

In ' Pt, it is argued that the upbend (bi =9.7') ob-
served in the yrast band is a result of a four-quasiparticle
alignment, two h 9/z protons and two i &3/2 neutrons
occurring at roughly the same rotational frequency
(fico=0. 25 MeV). In ' Au, there is no evidence of a
(vi&3/2 ) alignment occurring at the above frequency,
suggesting that the first neutron-band crossing has shifted
towards higher rotational frequency. Since the h9/Q or-
bita1 is blocked in the ~h9/z band, the backbend seen in
the ~i, 3/2 band is a result of a pair of h9/p protons align-
ing their angular momentum with the rotational axis.
The upbend seen at a much higher frequency (A'co=0. 38
MeV) in the 1rh9/2 band may be due to the alignment of a
pair of i/3/2 neutrons, analogous to the upbend (Ace=0. 4
MeV) recently observed in the vrh9/2 band of the isotone
185Ir 23

B. Oblate bands

The 1rh»/2 band (labeled 6) is a result of the coupling
of an h»/2 proton-hole state to the ground-state band of
the slightly deformed oblate Hg core. The ~h»/z bands
found in the odd-3 ' ' ' " Au isotopes are all built
on isomeric states. The ~h»/2 sequences in ' ' " Au
display an alignment gain at spin —", . Gono et al. '

have interpreted the alignment in these bands as m.h»/2
holes coupled to a (1rh»/2 ) Hg core. However,
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FIG. 7. Plots of the alignment i vs the rotational frequency

for bands 4, 5, and 6 compared with the yrast sequence in ' 'Hg.
The calculations were based on JO=8 MeV 'fi and J& =40
Mey

FIG. 8. Woods-Saxon cranked shell-model Routhians for
neutrons for the %=108 nucleus ' Au. Pairing values result
from a self-consistent BCS calculation at co=0, with a reason-
able decrease as a function of rotational frequency. The param-
eters used were P2=0. 180, P&=0.000, and y= —60'. The fol-
lowing notation is used. Full lines .( ) are used for quasi-
particle trajectories with positive parity and signature a= —',
that is (+,+ —,'); short-dashed ( ———) lines for (+,—

—,');
dot-dashed ( —~ —~ —) lines for ( —,+ —,

' ); and long-dashed (—
———) lines for ( —,——').

which has an initial alignment of about four units to the
'8 Hg core.

The 89-keV E2 transition is very slow (approximately
0.5 Weisskopf units), presumably because the backbend is
so sharp that the R quantum number is good and has to
be changed by 10 or 12 units.

Total Routhian surface (TRS) calculations suggest
that the mh»&2 configuration in ' Au would have a de-
formation of P2-0. 18 and a y = —60 . This is consistent
with an h &&&2 hole coupled to the ' Hg core, which has
been interpreted as having a very similar deformation. "
The fact that both signatures are seen in the odd proton
nucleus allows conclusions to be made concerning the
gamma deformation by comparing the observed signature
splitting with that predicted by the cranked shell model
(CSM). The quasiparticle neutron spectrum represented
in Fig. 8 shows that a sharp backbend should occur at
Iso=0.21 MeV due to the alignment of a pair of vi, 3j2
quasiparticles. Experimentally, a Ai of 11% is found at a
crossing frequency of 0.25 MeV. Our TRS calculations
indicate that this i]3/2 alignment should drive the gamma
deformation from about —74 to —59'. This should con-
siderably reduce the signature splitting as seen in Fig. 9.
This is seen to be the case experimentally where Ae'
changes from 350 to 75 keV at Ace =0.22 MeV.

Figure 7 reveals that a second backbend in Hg is
also mirrored in ' Au. This backbend could result from
the alignment of a second pair of i/3/p neutrons or from a
pair of h9/2 protons. The cranked shell model favors the
former situation with the proton crossing not expected

0.20

0.15—

e 0.10—

0.05—

0.0 1

-120.0 -90.0 -60.0 -30.0
y {deg)

I

I

I

I

I

I

I

I

I

I
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I I

0.0 60.0

FIG. 9. Theoretical quasineutron Routhians e' (MeV) vs

gamma deformation for the ~h»/2 band in ' Au. Calculations
were performed with the parameters P, =0.180, P~=0.000 at
co=0.03co0=0.22 MeV/A'. Refer to the caption of Fig. 8 for an
explanation of the notation.

ed until Ace=0. 40 MeV. As expected, the alignment gain
at this CD crossing is less than for the AB crossing and
the interaction is larger. The increase in signature split-
ting after this second backbend indicates that the gamma
deformation has become more negative again.

The structure labeled 7 in Fig. 1 decays into the oblate
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n.h»&2 band via the 709.8-keV transition. In ' Au (Ref.
8) a strongly coupled band was found to decay into the
decoupled band. The difFerence between ' Au and ' Au
indicates that the oblate minimum is deeper in ' Au than
in ' Au. The sequence seen in ' Au is characteristic of
a system that is continually changing its configuration.
The —", '+' and —',"+' states observed in this band are simi-
lar to those in ' ' " ' Au. The —", + states found in

Au have been interpreted as the coupling of
an h&&/2 proton hole to the 5 states in the Hg iso-
topes. ' ' In ' " Au the —",

+ states were identified as
the coupling of an h»/~ proton hole to the 7 states in
the Hg cores. ' The —", '+', —',"+', and —',"+' levels ob-
served in ' Au in the present work have similar excita-
tion energies relative to the —", state as the 5, 6, and
7 levels in ' Hg have relative to the ground state. "
Thus it appears that these states are formed by coupling
the h»/2 hole to these oblate Hg core states.

V. CONCLUSION

The study of the odd-mass ' Au nucleus has provided
excellent results on a variety of types of nuclear struc-
ture. Shape coexistence was observed beginning at low-
excitation energies and surviving up to relatively high-
spin states. Decoupled prolate bands were found built on
the ~h9/2 and m'i&3/2 particle states which extend up to
spins —", and —",

+ respectively. These bands are con-
sistent with the same configurations found in ' Au. A

strongly coupled oblate structure built on a —", isomeric
state was observed for the first time. In addition, struc-
tures based on the h»/2 proton-hole state were seen to
much higher spin values than were previously known.
The irregular spacing of the excitation energy levels in
the ~h»/2 system is characteristic of oblate shaped nu-
clei.

The presence of prolate and oblate structures in ' Au
is in agreement with what is expected to occur in the Pt-
Au-Hg region. The mh»/2 system presents a good exam-
ple of the coupling of a proton h»/2 hole to the slightly
deformed oblate ground state of the even-even Hg core.
The —", isomer structure is comparable to the 11 states
in the heavier odd-odd Au isotopes, and the —", '+', —',"+',
and —',"+' levels correspond to the 5, 6, and 7 states
in the even-even Hg isotopes. On the other hand, the
h9/2 and i)3/2 bands show coupling of the respective pro-
tons to the prolate even-even Pt cores. Such systematic
comparisons have been proven to be necessary and help-
ful in determining band configurations and the validity of
the CSM in this region.
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