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Evidence for M] Transitions between Superdeformed States in ' Hg
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Two-way decay has been observed between superdeformed bands in ' Hg. It is proposed the decays
have M 1 multipolarity and connect signature partner bands. Candidates for the two-way gamma decays
connecting superdeformed bands are observed for the first time.

PACS numbers: 21.10.Re, 23.20.Lv, 27.80.+w

Superdeformed states are associated with extremely
large quadrupole deformations, typically Pq= 0.6 in the
mass 150 region [1,2] and P2 = 0.47 in the mass 190 re-

gion [3,4]. The large quadrupole deformations enhance
stretched E2 transition rates. Indeed both the mass 150
region and the mass 190 region have 8(E2) values [2-5]
for superdeformed states which are 3 orders of magnitude
larger than the corresponding single particle (Weisskopf)
units. However, superdeformed bands around mass 190
extend to low frequencies (@co—0.15 MeV) and spins

(lf —8) [6], much lower than for mass 150 nuclei. The
large electron conversion coe%cients associated with low

energy M 1 decays enhance the total M1 transition proba-
bility and the E2 transition probabilities decrease with
decreasing transition energy [T(E2) rx:Er ]. Thus it is

more likely for Ml decays to compete with stretched E2
decays, resulting in cross talk between superdeformed
states.

The first evidence for transitions between superde-
formed bands was in ' Hg [7]. Four superdeformed
bands were observed and they were assigned as [512] 2

a= —
2 (band 1), [624] —', tt= ~ —,

' (bands 2 and 3), and

jist2 (band 4). Bands 1 and 3 (a = —
2 ) have identical

transition energies at low spin. A fifth band was proposed
(the "missing" [512] 2 a =+

2 band) to have identical
transition energies to band 2 (a =+

2 ) and this will be
referred to as band 2'. Band 2' would then be the signa-
ture partner to band l. In order to clarify the ' Hg su-
perdeformed band assignments and to help prepare the
way for the following discussion, a partial level scheme
for bands 1, 2, 2', and 3 is shown in Fig. 1. In Ref. [7] it
was suggested that the decay proceeded from band 1 to
band 3. The intensity of the cross talk was estimated to
be of the order of 30% and it was proposed that the de-
cays are E l.

In this paper we report on the first observation of two-
way cross talk between superdeformed bands in ' Hg. It
is proposed that the cross talk is comprised of M 1 transi-
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FIG. l. Schematic partial level scheme for the proposed sig-
nature partner bands in ' 'Hg. Following Ref. [7] we assume
that there are two pairs of strongly coupled bands based on the
two configurations [512] —, and [624] —, . The two pairs of bands
are "identical" up to the spins shown. Note that bands 2 and 2'

are not resolved and the single rotational sequence observed ex-
perimentally is assumed to be two bands. Also shown are Ml
decays which may be expected to connect the signature partner
bands. The Ml energies are calculated in the limit that the
bands are strongly coupled. The spin assignments were derived
from a fitting procedure and taken from Ref. [6].

tions between superdeformed signature partner bands. In
addition, candidates for the Ml y decays are presented
for the first time.

Excited states in ' Hg were populated by the reaction
Yb( Ne, 5n)' Hg at a beam energy of 116 MeV.

The gamma decay was detected using the high-energy-
resolution array (HERA) Ge detector array at the
Lawrence Berkeley Laboratory 88 in. cyclotron. The
data were sorted into an E~-E~ correlation matrix with
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the condition that at least two suppressed Ge detectors
were in coincidence with a total y-ray fold of 14 and
higher. Approximately 680 million events were contained
in this matrix of which —60% belonged to ' Hg.

Figure 2(a) shows a y-ray spectrum in coincidence
with the 353 and 391 keV transitions in bands 1 and 3.
[It is not possible to say whether the decay is from band
1, band 3, or both since the y rays from these bands are
identical (to within 0.5 keV) below 430 keV. ] In addition
to these bands, low lying transitions (254, 295, and 334
keV) in band 2 are seen to be in coincidence with the gat-
ing transitions. It is estimated that approximately 25% of
the intensity from band I and/or band 3 goes over to
band 2 (at spin I = —", ).

A spectrum of superdeformed y rays in coincidence
with the 451 keV y ray in band 2 is shown in Fig. 2(b).
Other members of band 2 can be clearly seen. However,
this spectrum also contains transitions with energies of
233, 274, 314, and possibly 353 keV. These transition en-
ergies correspond to known y rays in the superdeformed
bands 1 and 3. The intensity of the cross talk is of the or-
der of 30% relative to the inband decay (at spin I——", ).
Furthermore, a spectrum [Fig. 2(c)] gated by the 274
keV y ray in bands 1 and 3 not only contains all transi-
tions from bands 1 and 3 but also contains all transitions
from band 2 starting from the 334 keV y ray and is indi-
cated in Fig. 2(c) by an asterisk. Note that the spectrum
contains no evidence for a 254 or 294 keV superdeformed
transition (band 2). This is consistent with bands I and
2' and/or bands 3 and 2 being strongly coupled signature
partner bands (Fig. I ). These observations [Figs.
2(a)-2(c)] suggest that not only is there evidence for de-
cays from the a = ——,

' to the a =+
& structure (as ob-

served by Cullen et al [7]), but als.o from the a =+ z to
the e= —

& structure. This is the first time that two-way
cross talk has been reported between superdeformed
bands.

Two-way cross talk, as observed in these data, implies
little or no energy splitting between the connecting bands.
Since it is proposed [7] that both positive and negative
parity superdeformed bands exist, it is possible the decay
may be either E1 or Ml. Collective low energy E1 tran-
sitions between rotational bands of alternating parity may
occur [8-10] in the presence of stable octupole deforma-
tions. However, ' Hg is not expected [7] to exhibit
stable octupole deformations. It is therefore suggested
that in this case (' Hg) two-way cross talk would most
likely indicate the presence of M1 decays.

Calculations [11] specific to ' Hg have shown that
M1 cross talk of the order of 25% is not unreasonable
for the proposed configurations (namely [512] —', and
[624] & ). The possibility that the one-way cross talk ob-
served [7] in ' Hg was more likely to be Ml than El
was first mentioned in Ref. [12].

Assuming bands I and 2' and/or bands 3 and 2 are
strongly coupled [7], it is possible to predict the transition
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FIG. 2. (a) Spectrum of superdeformed transitions in coin-
cidence with the 353 and 391 keV y rays in bands 1 and 3.
Transitions in bands 1 and 3 are labeled by energy and band as-
signment. Below 392 keV bands 1 and 3 are identical; at higher
energies the bands diverge and are easily resolved. The y rays
marked with "e" correspond to known transitions in band 2.
The inset is a section of the same spectrum expanded. (b)
Spectrum of superdeformed transitions in coincidence with the
451 keV y ray in band 2. Transitions in band 2 are labeled by
energy. The y rays marked with "" correspond to known tran-
sitions in bands 1 and 3. The inset is a section of the same spec-
trum expanded. (c) Same as (a), except the gating transition is

now the 274 keV y ray in bands 1 and 3. Transitions in bands 1

and 3 are labeled by energy and band assignment. The y rays
marked with "" correspond to transitions in band 2. The
lowest y ray in band 2 ("e") is at 334 keV and the highest is at
661 keV.
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FIG. 3. Spectrum in coincidence with the 391 keV transition
in bands 1 and 3. Superdeformed (SD) transitions in bands 1

and 3 are labeled by energy and band assignment. The 192 keV
SD peak is a doublet with the '&' —'&' 193 keV transition.
Other peaks labeled by energy (142, 152, 161, and 182 keV)
correspond to where one would expect to see M1 y rays decay-
ing between the two pairs of strongly coupled superdeformed
signature partner bands (assumed to be based on the [512] —',

and [624] —, orbitals). For completeness we also show, in brack-
ets, those energies where one may expect to observe the remain-
ing Ml gamma-ray transitions (111, 122, 132, and 172 keV).
The upper portion of the figure shows the total projection spec-
trum. The positions of the proposed M1 decays are indicated
by a dashed line. See text for more information.

energies expected for Ml decays between the signature
partner bands. For superdeformed states in the spin in-
terval '2' —'2' the M1 energies range from 111 to 192
keV and are separated by approximately 10 keV (Fig. 1).
The lower portion of Fig. 3 shows a gate on the 391 keV
transition in bands 1 and 3, while the upper portion is a
section of the total projection spectrum, used to generate
the background spectrum. The known superdeformed y
rays from bands 1 and/or 3 are indicated. In addition, at
low frequencies there is evidence for a series of weak y
rays within 1 keV of the energies one calculates for Ml
transitions. The dashed lines correspond to the energies
where one may expect to observe M1 transitions. The
peaks at 142 and 152 keV and to a lesser degree at 182
keV occur in a region where the background (total pro-
jection spectrum, upper part of Fig. 3) is relatively "ffat"
and as such these peaks are rather insensitive to the back-
ground subtraction. The gamma ray at 161 keV falls
within a region of the spectrum which corresponds to a
peak in the total projection and, as a result, is sensitive to
background subtraction. For completeness we have also
indicated, in brackets, the energies where one would ex-
pect to find other Ml gamma rays (see Fig. 1). The 132
and 172 keV transitions also correspond to regions in the
total projection spectrum where large peaks occur and

once more we may expect to observe large fluctuations in

the final spectrum following background subtraction. For
M1 transitions and energies as low as 111 and 122 keV,
electron conversion is expected to dominate over gamma
decay.

It is clear that the energies of the gamma rays shown in

Fig. 3 are, within errors, exactly those one would expect
for Ml decays (Fig. 1). However, the gamma rays are
very weak and, as discussed above, several of the peaks
are sensitive to the background subtraction. Other super-
deformed transitions in bands 1 (and/or 3) and 2 (and/or
2') are generally more contaminated than the 391 keV
gate (Fig. 3); nevertheless, the low energy gamma rays
seen in Fig. 3 show up consistently in these other gates.
Moreover, a spectrum in coincidence with gamma rays at
142 and 152 keV includes peaks consistent with known
inband superdeformed transitions in bands 1 (and/or 3)
and 2. Since the gamma rays are weak it was not possi-
ble to obtain the multipolarity of the transitions from an
angular correlation (directional correlation with oriented
nuclei technique) measurement. Finally, one would ex-
pect the ratio of the measured y-ray intensity to the total
M 1 decay intensity to be approximately —,

' (due to ce
decay) whereas the ratio of y rays to total El decay in-

tensity would be closer to 1 (very little ce decay). The
individual intensities for the 142 and 152 keV Ml gam-
ma rays are 14(6)% and 15(6)% of the full superde-
formed inband intensity respectively or —

2 of the total
cross talk intensity and hence are more consistent with
Ml decay. We therefore suggest that the series of low

energy transitions (Fig. 3) corresponds to the M 1 decays
between signature partner superdeformed bands (as indi-
cated in Fig. 1).

If it is assumed that ' Hg has the same quadrupole
moment as ' Hg (20 eb) [5], then from the measured
branching ratios [(Al= 1)/(6/=2)] one estimates the
B(M1) strength to be of the order of 0.5p~ (for the
[512] —', and the [624] —', levels, Ref. [11] calculates
8(M1) values of 0.5 and 1.0 pjv, respectively). Further-
more, from the measured branching ratios it is also possi-
ble to calculate the expected Ka x-ray yield due to ce
decays. For M1 transitions in the energy range 111 to
181 keV, one obtains a Ka x-ray yield of approximately
0.8 ~ 0.2 per cascade (for E 1 decays this value drops to
0.2~0.06). In Ref. [13] a Ka x-ray yield of 1.6~0.4
was measured for band 1 in ' Hg. It is clear that any
significant difference between our calculated value (0.8),
based on the measured branching ratios, and the mea-
sured value (1.6) could easily be due to Ml decays be-
tween superdeformed transitions which we do not ob-
serve.

Because of the very small intensity of the superde-
formed bands (1%-2% of the ' Hg channel [7]), it was
not possible to decompose the cross talk into contribu-
tions from either pair of assumed signature partner bands
([512] —', or [624] 2 ). Neither was it possible to rule out
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the hypothesis that one-way F. 1 cross talk may also
proceed from band l ([512] 2 a = —

2 ) to band 2
([624] 2 a =+

2 ) as proposed by Cullen et al. [7].
In summary, the data presented here confirm the ex-

istence of cross talk between superdeformed bands. Un-
like previous experiments the decay is observed both
ways, indicating the presence of Ml transitions. Further-
more, a series of low energy y-ray transitions has been
identified and it is suggested that these correspond to the
M1 decays between superdeformed bands.
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