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The excited states in 198Tl populated in the 197Au(α,3n) reaction at a
beam energy of 40 MeV were studied using two complementary experi-
ments aimed at γ-ray spectroscopy at iThemba LABS, and at electron-γ
spectroscopy at Orsay, respectively. The level scheme of 198Tl was extended
and a weak side band feeding into the yrast πh9/2⊗i13/2 band was observed.
The properties of these two bands are similar to these of the pairs of bands
in the A = 130 mass region initially interpreted as chiral doublets.

PACS numbers: 23.20.Lv, 27.80.+w, 29.30.Kv, 29.30.Dn

1. Introduction

The high-spin states in the Tl isotopes correspond to an excitation of
the odd proton into the K = 9/2h9/2 intruder orbital, which induces oblate
moderately deformed shape to these otherwise nearly spherical nuclei. Neu-
tron orbitals from low-K i13/2, and low-j p3/2, f5/2 shells lie close to the

Fermi surface. Second 2
+
2 states are known in the even–even Hg core nuclei,

and calculations with rigid triaxial rotor model indicated considerable non-
axiality of γ ∼ 35◦ [1]. Furthermore, calculations with triaxial rotor plus
particle model assuming β2 = 0.15 and γ = 37

◦ showed very good agreement
with experimental results for the low-spin states in the odd 199Tl nucleus [2].
The yrast band in the odd–odd 190−200Tl nuclei was associated with a con-
figuration of a high-K proton and a low-K neutron, i.e. πh9/2 ⊗νi13/2 [3–8].
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Considering also that the nuclear shape might be triaxial, these nuclei seem
to be good cases for a search for chiral symmetry partner bands.

Transitions with low energies are known to belong to the bottom of the
yrast bands in the odd–odd Tl nuclei, but it was noted that some of them
could have been missed out due to their large internal conversion coeffi-
cients [9]. A transition of 71 keV was referred to as part of the yrast band of
198Tl [9], but the original results have not been published. Furthermore, in
these odd–odd Tl nuclei it was never clear how many low-energy transitions
belong to the yrast band [9] and thus if a signature splitting or a signature
inversion is present. In order to perform a complete spectroscopy study of
198Tl we carried out two complementary experiments, one aimed at electron-
γ spectroscopy, and a second one aimed at standard γ-ray spectroscopy.

2. Experiments and data analysis

The same 197Au(α,3n)198Tl reaction at a beam energy of 40 MeV was
used in two complementary experiments aimed at studying excited states
in 198Tl. The first experiment was performed at Orsay, and its goal was
searching for low-energy transitions and measuring internal conversion coef-
ficients through electron-γ spectroscopy. We used the electron spectrometer
of Orsay [10], consisting of two magnetic lenses directing the internal conver-
sion electrons towards two Si(Li) detectors. The two lenses were positioned
at 90◦ and at 180◦ with respect to the beam direction, respectively. Due
to problems with the focusing of the beam through the 180◦ lens, only the
spectrometer at 90◦ was used. The magnetic field swept to focus electrons
with different energies to the Si(Li) detectors. Eight large Ge detectors were
positioned in the hemisphere opposite to the 90◦ lens. Seven BaF2 detectors
were also used as a filter. The target was a 0.2 mg/cm2 thin selfsupporting
foil of 197Au. Events were collected when two γ rays or an electron and a
γ ray were detected in coincidence with the beam burst and a BaF2 signal.
Data were collected for about 48 hours.

The data analysis involved a search for low-energy transitions in the
electron-γ and γ–γ matrices and measurements of the internal conversion
coefficients using (i) direct electron and γ-spectra, and (ii) spectra gated on
a γ ray.

The second experiment was performed at iThemba LABS, South Africa.
A thick, 13 mg/cm2, foil of 197Au was used and the γ rays were detected with
the AFRODITE array [11,12], consisting of 8 clover and 6 LEPS detectors.
The trigger condition required a coincidence of at least two clovers.

The γ coincidences were studied using a γ–γ matrix. The multipolarities
of the transitions were assigned based on DCO ratio and linear polarization
measurements.
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3. Results and discussion

Electron and γ spectra gated on the 391 keV γ ray, de-exciting the
8− bandhead level of the yrast band are plotted in Fig. 1. The new 72 keV
transition was identified through its L, M and N conversion lines and placed
at the bottom of the yrast band. Two new bands and several other transi-
tions were also added to the known level scheme of 198Tl. Links between the
new bands and the yrast band proved that no other low-energy transitions
belong to the yrast band confirming a signature inversion for this band.
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Fig. 1. Electron (top panel) and γ (bottom panel) spectra gated on the 391 keV

γ-ray, showing transitions from the yrast band, obtained in the electron-γ experi-

ment.

A partial level scheme showing the extended yrast band and a new band
is plotted in Fig. 2. The side band has the same spin and parity as the yrast
band, and relative excitation energy of about 500 keV with respect to the
yrast band. The configuration of the yrast band involves a high-K proton
and a low-K neutron, πh9/2 ⊗ νi13/2. It seems no other two-single particle
configuration can fit the spin and parity of the side band. The intense links
between the two bands also suggest similarities in their configurations.
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Fig. 2. Partial level scheme showing the pair of bands in 198Tl.

While the triaxial rigid rotor calculations indicated large non-axiality of the
neighbouring even–even 196Hg core with γ ∼ 35◦ [1], axially symmetric shape
is predicted by the total routhian surface calculations. Signature inversion is
observed in the yrast band, while no signature splitting is shown in the side
band. The properties of this pair of bands seem similar to the properties
of the two-quasiparticle bands in odd–odd nuclei in the 130 mass region,
which were initially interpreted as chiral doublet bands. More experimental
measurements and theoretical calculations are needed in order to reveal the
nature of this pair of bands.
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