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Introduction
In recent years many theoretical studies [12
and references there in] based on the nuclear
mean field have predicted high rank symmetry
leading to tetrahedral shape in nuclei. With 48
symmetry elements, this shape corresponds to
the most symmetric shape in nuclei. Because of
this high level of symmetry the nucleon levels
possess unique properties, such as levels
composed of states with fourfold degeneracy.
All the other pointgroups symmetries lead to the
well known double Kramers degeneracies.
Strong tetrahedral symmetry effects are
predicted in nuclei to occur at nucleon numbers
around 16, 20, 32, 40, 56, 58, 70, 90, 94. Dudek
et al; had pointed out possible band structures in
156
Gd showing tentative evidence of tetrahedral
symmetry [1]. We report below on our
experiment to look for conclusive signatures of
this symmetry in 156Gd.

Experimental details and Analysis
We chose Coulomb excitation to populate the
band structures in 156Gd. 58Ni beam of 225
MeV was delivered by the
LNL tandem
accelerator at Legnaro. The energy of the beam
was chosen to be in the safe Coulomb regime.
*email: rps@iuac.ernet.in

The target thickness was about 1mg/cm2. An
annular double sided Si strip detector called
LuSiA [3] was used to detect the scattered nickel
ions at the back angles; the angular range
covered by LuSiA was about 138 to 170 degrees
relative to the beam direction. The gamma
transitions were measured in coincidence with
the scattered nickel ions using the gamma
detector array GaSp [4] at LNL. Particlegamma
and gammagamma matrices were formed after
proper gain matching and Doppler correction
event by event.
In figures 1a and 1b below, the projection from
particlegamma matrix is shown. Gamma
transitions from the ground state band (gsb) at
least up to I=18+ are easily identifiable. This is
higher in spin than reported in the previous
Coulex experiment [6]. Many of the interband
E1 linking transitions between gsb and the
members of the negative parity odd spin band
are also marked. This is the band to be
thoroughly investigated for tetrahedral symmetry
for which the missing E2's have been confirmed
below spin 9 [1]. In figure 2 a part of the gated
spectrum from gammagamma matrix with gate
on 380 KeV (8+ > 6+) transition of the gsb is
shown. Some of the linking transitions from the
negative parity band to the gsb with some
members of gsb are marked. They clearly show
that this band of interest is fed up to at least a
spin of 17 h. In multistep Coulomb excitation
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the feeding of these states could come only
through multiE2 excitations followed by a
single E3 excitation .
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The fact that the negative parity states are clearly
fed indicates that the octupole degrees of
freedom and a possible tetrahedral symmetry,
are clearly at work in this nucleus.
We have extracted the intensities and the
branching ratios B(E2)/B(E1) for the transitions
between the gsb and the possible tetrahedral
band. The
preliminary results for the
B(E2)/B(E1) are listed below:
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Fig. 1a, 1b : Total projection of the gamma
transitions in coincidence with scattered
particles. Ground state band transitions and the
interband E1 transitions are indicated with the
spinparities of the initial and final states.
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These values of B(E2)/B(E1) are about 50 to
100 times smaller than those from even spin
negative parity band [5,6,7]. This strongly points
to the possibility of tetrahedral character for the
odd spin negative parity band. The detailed
analysis ,however, is in progress which will
enable us to extract the quadrupole moment of
this band to further establish the character of this
band.

References

[1] J. Dudek et al; PRL 97, 072501 (2006).
[2] N. Schuncket al; Acta. Phys. Polon., B36,
(2005) 1071
[3] http://wwwnsg.nuclear.lu.se/lusia/
[4] D.Bazzacco Conf. Proc. Otawa 1992, Report
No. AECL 10613, Vol. II, p. 376

[5] J. Konijn et al; Nucl. Phy. A352, (1981) 191
Fig. 2: Gamma spectra gated on the ground state
band transition 380 KeV, clearly showing some
members of the ground state band and the inter
band E1 transitions of interest .
*email: rps@iuac.ernet.in

[6] M. Sugwara et al; Nucl.Phys. A557, (1193)
653c

[7] Q.T. Doan et al; Acta. Phys. Polon.,
B40(2009) 725

