
Decay Spectroscopy of the Proton Rich thallium Isotopes 176,177Tl

M. A. Al-Aqeel1,2, R.D. Page,1 J. Sarén,4 J. Uusitalo,4 D.T. Joss,1 B. Andel,3 S. Antalic,3 H.
Badran,4 A. Briscoe,1 T. Calverley,1,4 D. Cox,4 U. Forsberg,4,6,7 T. Grahn,4 P.T. Greenlees,4

L.J. Harkness-Brennan,1 J. Hilton,1,4 R. Julin,4 S. Juutinen,4 J. Konki,4 M. Labiche,5 M.
Lewis,1 M. Leino,4 J. Ojala,4 J. Pakarinen,4 P. Papadakis,4 J. Partanen,4 P. Rahkila,4 P.

Ruotsalainen,4 M. Sandzelius,4 C. Scholey,4 and S. Stolze4.

1 Department of Physics,Oliver Lodge Laboratory,
University of Liverpool, Oxford Street, Liverpool L69 7ZE, United Kingdom.

2 Department of Physics, Faculty of Science,
Imam Mohammad Ibn Saud Islamic University, Riyadh, 11623, Saudi Arabia.

3 Department of Nuclear Physics and Biophysics,
Comenius University, 84248 Bratislava, Slovakia.

4Department of Physics, Faculty of Mathematics and Science,
University of Jyvaskyla, P.O. Box 35, FI-40014, Jyvaskyla, Finland.

5STFC Daresbury Laboratory, Sci-Tech Daresbury, Warrington WA4 4AD, United Kingdom.
6Department of Nuclear Physics, Faculty of Science,

Lund University, 22100 Lund, Sweeden.
7Department of Physics, Faculty of Science,

University of York, Heslington, York, YO10 5DD, United Kingdom.

Contact e-mail: M.alaqeel2@liverpool.ac.uk

Measurements of proton-decay properties provide an important source of spectroscopic in-
formation at the limits of known nuclei. Spherical proton emitters are important for testing
models of proton emission. The most nearly spherical cases are expected to be the Ta nuclei
closest to N = 82 and the proton-emitting isotopes 176,177Tl that lie just one proton below
the Z = 82 shell closure. These nuclei are the focus of this study which was performed at
the Accelerator Laboratory of the University of Jyväskylä. The 176,177Tl nuclei were produced
in fusion-evaporation reactions induced by a beam of 78Kr ions bombarding a 102Pd target at
energies of 397 MeV and 376 MeV. The fusion products were separated in flight using the newly
commissioned recoil mass separator MARA and implanted into a double-sided silicon strip de-
tector. The proton and alpha decays of the ground and isomeric states of 177Tl were remeasured
and found to be consistent with previous studies [1, 2]. In addition, proton emission from the
ground state of 176Tl was confirmed [1]. The previously unobserved α decay from this state was
identified through correlations with α decays of 172Au. The decays of the isomeric state in 176Tl
were also observed for the first time.
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