262

Proceedings of the DAE-BRNS Symp. on Nucl. Phys. 60 (2015)

Shears Band based on a large multi-qp configuration in
195
Tl
T. Roy1 ,∗ H. Pai2 , Md. A. Asgar1 , G.
Mukherjee1 , A. Dhal1 , and C. Bhattacharya1

1
Variable Energy Cyclotron Center, Kolkata - 700064, INDIA and
Institut für Kernphysik, Technische Universität Darmstadt, GERMANY

Introduction
The data available for shears band in
A∼190 region [1, 2] shows the following properties →
1. The bands exihibit ∆I=1 structure and
the level energies follow the pattern of EE0 ∼A0 (I − I0 )2 where E0 and I0 are the band
head energy and spin respectively.
2.
The bands consist of strong M1
transitions with only very weak or no E2
crossovers resulting in large B(M1)/B(E2) ratios, ≥20µN 2 /(eb)2 and B(M1)∼ 2-10µN 2 .
3. They are usually observed in near spherical nuclei, having very small oblate, prolate
or triaxial deformation.
4. The bandheads lie at high excitation energy (a few MeV), has a high spin (I∼10-15~)
and a high value of K, indicative of multiquasiparticle character involving high j orbitals.
5. The ratio of dynamic moment of inertia
J (2)i to the B(E2) is large, J(2) /B(E2) > 100
MeV−1 (eb)−2 .
Recently, shears bands built on multiquasiparticle states with up to 8 quasiparticleis (qp) have been obsrved in odd-odd
Tl and Bi isotopes [3, 4]. Recently we have
proposed a new and improved level scheme of
195
Tl based on the data taken in the recently
concluded INGA campaign at TIFR, Mumbai,
in which a new band structure was reported at
an excitation energy of about 4.2 MeV and a
spin of 16.5~ [5]. We have analysed this highly
excited band in the light of the above criteria
of shears bands and argue here that this band
might be a magnetic rotatonal band though

we do not have the lifetime measurement to
substatiate our argument with the measured
B(M1) values.

Results and Discussion
This newly observed band consists of predominently M1 γ transitions and two weak E2
cross-over transitions. The B(M1)/B(E2) ratio ≥ 17 µN 2 /(eb)2 and the dynamic moment
of inertia J(2) ∼ 42 ~2 M eV −1 are obtained
for this band. The aligned angular momenta
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FIG. 1: Plot of aligned angular momentum vs. ~ω
of the new band in 195 Tl.

are plotted for this band as a function of ~ω
in Fig.1. It shows that the initial alignment
of this band is about 7~, which is quite large
compared to the other bands in this nucleus
[5], indicating multi-qp configuration for this
band. Considering the spin, parity and excitation energy of this band, the available proton and neutron single particle levels and the
configuration of similar bands in the neighboring Pb isotopes [6], two possible configurations
could be assigned to this band; a 5-qp config−2
uration πs−1
1 h 9 i 13 ⊗ i 13 and a 7-qp config2
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the fact that for both protons and neutrons
high-Ω νi13/2 orbitals are available for slighly
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oblate deformation for this nucleus, the observed aligned angular momentum would not
be possible for the 5-qp configuration. Therefore, the 7-qp particle configuratiuon is assigned to this band.

the maximum angular momentum that can be
populated in the reaction used [5].
The effective interaction strength for the
proton particle and neutron hole blades is determined using the equation
V (I(θ)) = EI − Eb = (3/2)V2 cos2 θI

1200

(2)

where EI is the energy of the level with an-
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FIG. 2: E-E0 vs. (I-I0 ) curve for the new band
(−)
bandhead in 195 Tl.
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The level energies of this band relative to
the band head energy E-E0 are plotted as a
function of (I-I0 )2 , where I0 is the band head
spin, in Fig.2 and are fitted with a linear function. The Total Routhian Surface (TRS) calculations for the 7-qp configuration of this nucleus has been performed and it shows the
minimum of the TRS corresponds to deformation β2 ∼ 0.1 and γ ∼ −40◦ , indicating
small deformation which is compatible with
the low B(E2) value for the above configuration. Therefore, this band shows the characteristic behaviour of a shears band.
Following the semi-classical model of Macchiavelli et. al.,[2] the shears angle between
−
the proton (jπ = 21
2 ~) and neutron (jν =
+
13 ~) spin angular momentum is determined
using the semi-classical expression,

cosθ =

jπ .jν
| jν || jν |

= ((I(I+1)-jπ (jπ +1)−jν (jν +1))/2((jπ (jπ +
1)jν (jν + 1))1/2 (1)
where I is the total angular momentum,
the gradual alignment of this two blades can
give rise to the maximum angular momentum
47 −
at the band termination. In the present
2
−
case the angular momentum upto ( 41
2 ) have
been observed, which is perhaps limited by
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FIG. 3: The effective interaction between the angular momentum vectors, jπ and jν as a function
of shears angle θ obtained in a semiclassical formalism.

gular momentum I, θI is the corresponding
shears angle as given in Eq.(1), Eb is the bandhead energy, V2 is the strength of the interaction between the blades of the shears. So V2
can be calculated by using the experimentally
observed energy levels of the shears band. In
Fig. 3 V (I(θ)) is plotted as a function of θ
and V2 , for this 7-qp configuration, come out
to be 2086 keV. This corresponds to an effective interaction of 348 keV per particle hole
pair which is in good agreement with the same
observed in this mass region [3, 4].
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