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A new in-beam study of Hg levels has been carried out by using the Gd( S, 4n) reaction
at a beaxn energy of 160 MeV. A new pair of signature-partner bands, with large signature splitting,
has been established in Hg. The bandhead of these signature-partner bands is assigned to be
the ground state of Hg with a configuration of 1/2 [521]. The measured ratios of directional
correlations (DCO ratios) revealed decay patterns for the proposed 9/2+ [624] bands in Hg difFerent
from those of Hg.

PACS number(s): 27.70.+q, 21.10.Hw, 23.20.—g

The ground states of the light even-even mercury
nuclei (A &188) [1] exhibit slight oblate deformation
(P =—0.15), but low-lying excited bands associated with
prolate deformation of P =0.25 quickly become yrast. On
the other hand, isotope shift experiments indicate that
the nuclear charge radii of the ground state of odd-A

xssHg are as large as that of xssHg [2]. Such a dras-
tic efFect implies a very strong driving force of the odd
particle toward a well-deformed shape as A decreases be-
low 187. The investigations of these odd-A nuclei can
provide important information on the one-quasiparticle
excitations to serve as a basis for constructing the mul-
tiquasiparticle states which are responsible for the exci-
tations in the neighboring even-even nuclei.

Rotational bands built on both oblate and prolate
structures have been established for Hg [3]. Recently
two pairs of rotational bands were identified for the
6rst time in 3Hg by using the &agment mass analyzer
(FMA) and a ten Compton-suppressed Ge detector ar-
ray at the target position at Argonne National Labora-
tory (ANL) [4]. Both xnass-p and p-p coincidence events
were collected. However, only 12 x 10 p-p coincidence
events were obtained. Some weak transitions could not
be placed in the level scheme even though they were as-
sociated with mass 183 &om the mass-gated p-ray spec-
trum. No angular distribution or correlation information
was obtained for spin and parity assignments. I'urther-
xnore, the 1/2 [521] ground-state band seen in xssHg was
not observed in Hg.
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Therefore, we carried out a p-p, p-X coincidence ex-
periment at the Florida State University (FSU) tandem-
linac facility. The ~ 3Hg nuclei were populated by
bombarding a self-supporting xssGd enriched target (2
mg/cm thick) with 160 MeV S beam. The coincident
p rays were measured with ten Compton-suppressed Ge
detectors in the Pittsburgh-FSU array and a low energy
photon spectrometer (LEPS). The Ge detectors were lo-
cated at three different angles (35', 90', and 145') with
respect to the beam direction. In addition, a group of
28 BGO detectors served as a multiplicity Mter. A total
of 80 x 106 coincidence events were collected and sorted
into a matrix, which was added together with the p-p co-
incidence matrix obtained Rom the experiment at ANL.
With the requirement of multiplicity & 2 in the BGO
multiplicity 6lter to suppress the low multiplicity events,
a second coincidence xnatrix (with 40 x 10s coincidence
events) also was built. This matrix was used primarily
in the later analysis to build the new level scheme as the
spectra &om this matrix have better peak-to-background
ratios than those from the matrix without a multiplicity
requirement. A third coincidence matrix also was built
between the x rays collected with the LEPS and the p
rays collected with the Ge detectors. In addition another
coincidence matrix was built to analyze the directional
correlation information (DCO ratio) for spin and parity
assignments. In this matrix the p rays collected by the
90 detectors were sorted onto one axis and those col-
lected by other detectors (located at 35' and 145 ) onto
another axis. The extracted DCO ratios of one group
of p rays in Hg were centered at 1.0 and that of an-
other group at 0.6. They were assumed to correspond
to stretched E2 and M1 transitions, respectively. The
measured p-ray intensities and DCO ratios are listed in
Table I.

Based on p-ray coincidence relationships, DCO ratios,
and p-ray intensities, a new level scheme has been estab-
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TABLE I. Hg p-ray energies, relative intensities (in percentage), DCO ratios, adopted mul-

tipolarities, spin assignments, and band labels.

E~ (keV) Rel. Int. b DCO Ratio Multip. Assignment

86.5
88.9
104.9
146.4
155.1
178.7
191.4
193.3
194.1
198.9
251.3
2?1.0
273.2
280.4
290.8
301.5
303.0
333.8
346.1
346.3
353.8
361.9
363.7
372.0
375.4
403.3
406.7
422.6
429.0
435.3
438.5
439.5
450.9
454.0
472.2
500.8
503.4
512.8
516.3
521.0
531.4
555.3
558.9
570.2
581.1
582.7
584.6
601.8
602.2
609.6
621.9
626.3
631.5
636.6
637.0
638.0
639.9

1.3(0.2)
3.8(0.6)
29(3)
5(1)
i.s(o.2)
1.0(0.1)
4(2)
i.2(o.2)
10(2)
13(2)
20(2)
is(i)
Weak
6.o(o.4)
11.4(0.5)
io(3)
7.8(0.8)
17(1)
Weak
13(1)
2o(2)
3.6(o.6)
4.s(o.4)
13.0(0.5)
10.8(0.5)
66(3)
10.7(0.7)
3(2)
100
io(s)
s.o(o.4)
9.1(0.5)
6.7(o.s)
47(2)
8.7(o.7)
7.o(o.s)
2.6(0.3)
s.s(o.s)
s.4(o.s)
29(2)
7.8(O.7)
5.6(0.5)
2.i(o.s)
s.o(o.4)
2.8(0.4)
2s(2)
3.5(0.6)
i.l(o.2)
2.3(O.4)
2.6(0.4)
0.7(0.2)
2(1)
1.7(0.8)
Weak
13(2)
1.0(0.3)
i(1)

i.i(o.s)
0.8(0.3)
0.8(0.4)
0.7(0.2)
0.7(0.3)
0.8(0.3)'
o.7(o.s)
0.8(0.2)'
1.0(0.1)
0.9(0.3)
o.4(o.l)

1.0(0.2)
0.8(0.2)
0.9(0.1)
0.6(0.2)
1.0(0.2)

i.o(o.s)
0.5(0.2)
0.4(0.2)
i.i(o.s)
0.9(0.2)
1.1(0.2)
1.0(0.2)
0.9(0.2)
0.6(0.2)
1.1(0.2)
1.0(0.4)
1.1(0.4)
0.8(0.2)
1.0(0.3)
0.9(0.2)
1.1(0.4)
1.1(0.3)
1.2(0.4)
0.8(0.4)
1.1(0.3)
1.2(0.3)
1.0(0.3)
0.8(0.3)
1.1(0.5)
1.0(0.4)
0.9(0.5)
1.0(0.4)
1.0(0.5)
1.3(0.9)
l.o(o.s)
0.8(0.4)

i.2(o.o)

1.1(0.5)

(Ml)
E2
Ml
Ml
Ml
Ml

Ml
E2
E2
E2
Ml
(Ml)
E2
E2
E2
Ml

(Ml)

Ml
Ml
E2
E2

E2
E2
Ml
E2

E2

E2

E2
E2
E2
E2
E2
E2

E2

E2
E2
E2
E2
E2
(&2)
(R2)
(E2)
(R2)
(&2)
(&2)
(R2)

3/2 m 1/2
S/2 ~ 1/2
( 9/2) ~ ( 7/2)
(»/2) ~ ( 9/2)
(13/2) m (11/2)
(15/2) + (13/2)
7/2 -+ 5/2
(17/2) -+ (iS/2)
7/2 -+ 3/2
o/2 -+ s/2
(»/2) ~ ( 7/2)
(19/2) -+ (17/2)
ll/2 ~ 9/2
ll/2 ~ 7/2
13/2 -+ 9/2
(»/2) ~ ( 9/2)
(23/2) —+ (21/2)
(15/2) + (11/2)
15/2 m 13/2
(19/2) + (15/2)
(»/2) ~ (»/2)
(27/2) —+ (25/2)
15/2 -+ 11/2
(17/2) -+ (13/2)
17/2 m 13/2
(21/2) ~ (17/2)
(»/2) (»/2)
(31/2) m (29/2)
(»/2) (»/2)
(23/2) ~ (19/2)
lo/2 -+ is/2
(21/2) m (17/2)
21/2 m 17/2
(25/2) ~ (21/2)
(23/2) -+ (19/2)
(25/2) m (21/2)
23/2 -+ 19/2
(27/2) m (23/2)
25/2 -+ 21/2
(29/2) -+ (25/2)
(27/2) ~ (23/2)
(29/2) —+ (25/2)
27/2 -+ 23/2
2O/2 -+ 2S/2
(31/2) -+ (27/2)
(33/2) ~ (2o/2)
(31/2) -+ (27/2)
31/2 ~ 27/2
(33/2) ~ (29/2)
33/2 -+ 2o/2
(ss/2) -+ 31/2
(37/2) + 33/2
(35/2) -+ (31/2)
(so/2) -+ (ss/2)
(37/2) -+ (33/2)
(37/2) —+ (33/2)
(41/2) ~ (37/2)

2
1
4 + 3
3m4
4 —+ 3
3m4
2 —+ 1
4m 3
2
1
3
5 —+6
2m 1
2
1
4
5 —+6
3
2m 1
5
5 —+ 7
5+6
2
4
1
6
3
5 —+6
6m?
5
2
4
1
6
3
4
2
5
1
6
3

2
1
5
6
3
2
4
1
2
1
3
2
6
4
l.
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TABLE 1. (Continued. )

E~ (keV)

641.3
668.8
683.1
692.9
723.1
729.0

Rel. Xnt.

1.1(0.3)
o.a(o.a)
8(3)
o.o(0.3)
4(1)
0.6(0.3)

DCO Ratio

1.0(0.7)

Multip.

(E2)
(E2)
(E2)
(E2)
(E2)
(E2)

Assignment

(35/2) m (31/2)
(39/2) + (35/2)
(41/2) -+ (37/2)
(39/2) m (35/2)
(45/2) -+ (41/2)
(43/2) -+ (39/2)

Band

The errors in the energies of these gamma rays are about 0.2 keV except for weak gamma rays
where the errors could be as large as 0.5 keV.

Gamma-ray relative intensities, without internal conversion correction, were extracted from the
gamma-gamma coincidence matrix with the requirement of multiplicity & 2 in the BGO multiplicity
filter, and the mass-183 gated gamma spectra. "Weak" means that the peaks are too weak to obtain
accurate fits.
'The 191.4-keV and 194.1-keV transitions cannot be well separated.

lished for Hg as shown in Fig. 1. The two pairs of
previously known bands (bands 3, 4 and 5, 6) [4] were
proposed to be built on the 7/2 [514] and 9/2+[624] or-
bitals based on the systematics of the Nilsson orbitals in
this mass region, and by comparison with Hg. One
additional high-spin state was observed in bands 3, 5,
and 6 in the present investigation. Bands 1 and 2 were
unknown before. Each one of them consists of stretched
E2 transitions and the two bands are connected by M1
interband transitions. Figure 2 shows the sum-gate spec-
tra of these two bands and their coincidence relationship
with mercury K x rays. The stronger transitions (198.9-
and 194.l-keV) in these two bands can be seen in the
mass-183 gated p-ray spectrum obtained in the previ-
ous experiment. Therefore, these bands are assigned to

8 Hg. The ground-state spin and parity of 3Hg have
been established to be 1/2 in an optical pumping ex-
periment [5]. The new bands are suggested to be built
on the 1/2 [521] ground-state configuration, the saxne

assignment, as xnade for the ground state in Hg [3].
From the optical pumping experiments, the ground

states of ' ' Hg have been found to be strongly
prolate deformed [2]. The moments of inertia of bands
1 and 2 are consistent with the expected prolate shape.
The large signature splitting as shown in Fig. 3, per-
sisting up to the highest spins observed, is also expected
for the 1/2 [521] orbital. These properties and the en-
ergies of the p rays in these two bands fit very well with
the systematics of the N = 103 isotones, such as Pt
[6] and Os [7]. The angular momentuxn alignment
is very gradual at lower rotational frequencies in these
bands, but suddenly increases as the rotational &equency
approaches 0.3 MeV (see Fig. 4). In sHg the unfa-
vored signature of this ground. -state configuration was
not found [3] presumably because of its weak population.

Bands 1 and 2 are observed up to a quite high spin
(39/2 ) considering that the strongest transitions in
these two bands have relative intensities of only about
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FIG. 1. The Hg level scheme.
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FIG. 2. Sum-gate spectra of bands 1 and 2. The gates
with energies marked by squares were used in the sum. All
energies are in keV.
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FIG. 3. Experimental Routhians of bands in Hg.

10% of the 429-keV transition, the strongest one in the
level scheme. The intensity of the 251.3-keV p ray, the
strongest transition in bands 3 and 4, is 20%. At higher
spins, p-ray intensities drop abruptly in all bands ob-
served. Thus the previously known bands could be ex-
tended to only one higher spin state. This is related to
the strong competition &om 6ssion at higher excitation
energy in the very neutron deficient Hg.

The spins and parities of the other band heads (bands
3—6) cannot be determined experimentally as the tran-
sitions linking those levels to the ground state are not
observed. Even though the in-band and interband tran-
sitions in these bands have DCO ratios consistent with

stretched E2 and Ml transitions, respectively, we have
to put the spin and parity assignments for all levels in
these bands in parentheses.

The weakly oblate deformed i&3y2+ isomeric state and
rotational band built on it were observed in several heav-
ier Hg isotopes including Hg. The 9/2+[624] prolate
structure also decays to this isomeric state. Such an
oblate isomeric state should exist in Hg but has not
been found experimentally. Bindra et al. [4] suggested
the 354-keV transition in Hg as the only observed band
member built on the i&3/2+ state. However, our new DCO
ratio data indicate that the 353.8-keV transition is an Ml
transition instead of an E2, and the 346.3-keV transition
is E2 rather than Ml as assumed previously [4]. There-
fore, the 346.3-keV transition is a band member in band
5, and the 353.8 keV is an interband transition between
band 5 and the isomeric state rather than a band mem-
ber of the suggested oblate configuration built on the iso-
meric state. The lowest transition associated with band
6 has an energy of 429 keV, and the one just above it has
a smaller energy, 403 keV, while the other transitions at
higher spins follow a pattern of energies of a rotational
band. This indicates that the 429-keV transition is not a
member of band 6, but is a transition to the oblate i]3/2
isomeric state.

The bands assigned 9/2+[624] configuration in Hg
and the N = 103 isotone Pt have the largest popula-
tion intensities. Likewise bands 5 and 6 are populated
with the largest intensities. Large signature splitting is
observed for these two bands as can be seen &om Fig.
3. This is not expected for high-K bands in a symmetri-
cally deformed potential. A possible explanation for the
strong signature splitting may come &om the hexade-
capole deformation or asymmetric deformation (p degree
of freedom). An alternative explanation may be the mix-

ing of the wave function of the 9/2+[624] with the oblate
structure of the same vi&3/2 subshell. The prolate-oblate
shape coexistence is observed in nearby even and odd-A
Hg isotopes. Our new findings &om DCO ratio measure-
ments do not alter our previous interpretations of the
con6gurations of bands 5, 6, and 7. However, they do in-
dicate a difFerence in the decay patterns of the proposed
9/2+[624] configuration in i Hg from that in is Hg. The
(15/2+) level of band 5 in Hg decays to the (13/2+)
isomeric state, while in Hg this band continues its de-
cay sequence down to the lowest level of this configura-
tion, the 9/2+ bandhead, thus indicating less interaction
with the oblate structure. If an oblate structure above
the (13/2+) isomeric state exists in issHg, it must be
more weakly populated than in Hg.

Bands 3 and 4 were proposed to be the 7/2 [514]
configuration [4], based primarily on the almost iden-
tical transition energies between these bands and the
7/2 [514] bands in Hg [3]. The E3(M1;I ~ I—
1)/B(E2; I i I —2) ratios have been derived for bands
3 and 4 from the experimental p-ray intensities under
the. assumption that the I ~ I —1 transitions are pure
Ml transitions (aiid therefore these values are upper
limits). The resulting experimental values vary from
0.18 to 0.09 pN/e b and are shown in Fig. 5. Also
shown are simple estimates obtained &om the strong
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coupling formula [8] for the 7/2 [514] and 5/2 [512]
bands. The intrinsic g~ factors were calculated from
the Woods-Saxon single particle wave functions by us-
ing g, = 0.70g,', to be g~ ——+0.29 and —0.42 for the
7/2 [514] and 5/2 [512] orbitals, respectively. Further-

10

C3

0--

SPIN I-I0 [hj

FIG. 5. The H(Ml)/R(E2) experimental ratios as a func-
tion of the spins of the initial states for bands 3 and 4 and
their AI = 1 interband transitions. The sohd and dashed
lines give the calculated ratios assuming a 7/2 [514] and a
5/2 [512] band assignment, respectively. The horizontal axis
is I —I0 where the I0 is the bandhead spin. See text for
detailed dlscusslon.

more, the simple estimate g~ = Z/A = 0.437 was used
for the core g factor, and Qo ——7.8 b was calculated
from the deformation (using P2

——0.26 from Ref. [4]).
As shown in Fig. 5, the B(Ml)/B(E2) ratios calcu-
lated for pure 7/2 [514] bands are much smaller than
the experimental values, while the calculated ratios for
the 5/2 [512] hands are much larger. Note that using a
smaller value for g~, say 0.30, would only increase the
difference between these simple estimates and the data,
because B(Ml) (gls —g~) . A strong Coriolis mix-
ing between these bands would be able to account for
the B(Ml)/B(E2) ratios, hut this would require that
the 5/2 [512] bands must lie close in energy to the as-
signed 7/2 [514] bands since the Coriolis matrix element
between these orbitals is rather weak. Experimentally,
nearly degenerate 5/2 [512] and 7/2 [514] bands have
been observed in both Pt [6] and Os [7], and strong
mixing between these bands was invoked to explain the
B(Ml)/B(E2) ratios of the 7/2 [514] bands in Os
[7]. Whether the strong Coriolis mixing suggested by
the B(Ml)/B(E2) ratios is also present in the 7/2 [514]
band in Hg is an interesting and open question.

In summary, a pair of new bands with strong signature
splitting have been established in Hg, and are assigned
as the 1/2 [521] ground-state configuration. The exper-
iinental B(Ml)/B(E2) ratios in the previously assigned
7/2 [514] bands suggest Coriolis mixing with unobserved
5/2 [512] bands. The 9/2+[624] bands decay directly to
a low-lying 13/2 state with unknown excitation en-
ergy which is associated with an oblate shape; no excited
melnbers of the oblate band has been found. Further
work is needed to confirm the spins and parities of the
bandheads.
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