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Introduction

Formalism

High spin phenomena of superdeformation
was proposed many years ago to explain the
fission isomers observed in the actinide nuclei. These nuclei are trapped in a metastable
minimum associated with a very elongated
ellipsoidal shape having axis ratio close to
2 : 1. These theoretical prediction were confirmed experimentally when the first discreteline superdeformed (SD) states were found in
the A ∼ 150 mass region of the 152 Dy nucleus [1]. These exotic nuclear shapes with
large deformation (β ∼ 0.5) are stabilized
through microscopic shell effects. The first
observation of SD bands in A ∼ 190 mass
region was reported in 191 Hg and nowadays,
more than 80 SD bands have been reported in
this mass region [2]. Superdeformation spectroscopy has provided us with much information regarding the behaviour of MoI in SD nuclei. Two types of MoI characterize nuclei in
SD states, viz. kinematic (=(1) ) and dynamic
MoI (=(2) ). Since =(1) depends upon the spin
proposition, =(2) is frequently studied in SD
states. A smooth rise of =(2) with increasing rotational frequency (~ω) is observed in
the A ∼ 190 mass region which is interpreted
as the alignment of both high-N quasiprotons
and quasineutrons and reduction in pairing.
An interesting feature of =(2) in the A ∼ 190
mass region is the observation of “flat bands”
in 192 T l where =(2) does not display a rise
with ~ω. Later, flat bands were found in oddA isotopes of P b which have nearly constant
dynamic MoI as the function of rotational frequency

An exponential dependence of MoI on pairing correlations was first proposed by the phenomenological studies of Draper [3]. Later Ma
and Rasmussen [4] carried out the cranking
model calculations of MoI for a range of values of the pairing parameter (∆). Ma and
Rasmussen [4] also concluded that the pairing
does not completely disappear even at the critical spin. A similar conclusion was made by
Sood and Jain [5] using single particle level
densities. The rotational energy expression
given by Sood and Jain [5] is
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Keeping = and ∆0 as free parameters and fixing critical spin Ic = 85~, the exponential
model was applied to the SD bands of the
A ∼ 190 mass region [7].

Results and Discussion
Using the intraband γ−transition energies [2], the fitting parameters of nine flat
SD bands of P b (193 P b(1, 2, 9), 195 P b(1, 2),
197
P b(1, 2, 3, 4)) are calculated. The systematic study of these bands using exponential
model reveal very significant results. For flat
bands 193 P b(1, 2, 9), the effective pairing parameter ∆0 is very negligible ≈ 0.1 − 0.2 (see
table I). Just as 193 P b isotope, the SD band
195
P b(1, 2) also does not show the rise in =(2)
with ~ω. For flat bands 195 P b(1, 2), the value
of ∆0 is in coincidence with the ∆0 obtained
for the flat bands of 193 P b, where ∆0 is almost
negligible. It is worth noting that for SD band
195
P b(2), ∆0 is zero. Similarly four flat bands
197
P b(1, 2, 3, 4) were also observed in 197 P b.
The ∆0 parameter obtained for flat bands in
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P b are in accordance with the ∆0 parameter of other odd-A isotopes (∆0 ∼ 0.1 − 0.2).
Apart from these nuclei of the A ∼ 190 mass
region, the flat bands are also available in
192
T l [6]. Motivated by the almost negligible
effective pairing parameter obtained for flat
bands of P b nucleus, we have also calculated
the pairing parameter of 192 T l(1, 2). The almost negligible values of ∆0 obtained for flat
bands 192 T l(1, 2) are in coincidence with the
values obtained for flat bands of the P b nucleus. The pairing parameter, ∆0 , is an effective pairing parameter which may include a
contribution from the Coriolis antipairing effect as well as from the higher order cranking
effect [7]. Since the static pairing correlation
is generally very different for different configurations (e.g. between even and odd nuclei) [8],
it was proposed that ∆0 parameter could be
analogous to the dynamic pairing correlation
because similar ∆0 parameter was obtained
for the identical SD bands of the A ∼ 190
mass region [9].
TABLE I: The parameters obtained using the exponential model for the 9 flat SD bands of odd-A
P b isotopes in A ∼ 190 mass region. Here 1, 2...
in the parenthesis represent band 1, band 2...,respectively. The band-head spins (I0 ) have been
taken from for Ref. [10]. The χ is the RMS deviation between the calculated and experimental
transition energies.
SD Band Eγexp I0
∆0
=
χ
(keV) (~)
(~2 MeV−1 ) ×10−3
193
P b(1) 277.0 11.5 0.186
111.3
1.9
193
P b(2) 190.2 7.5 0.056
98.9
3.9
193
P b(9) 212.9 8.5 0.198
112.6
3.2
195
P b(1) 141.8 5.5 0.097
108.2
0.8
195
P b(2) 162.2 6.5 0.000
98.2
2.4
197
P b(1) 142.6 5.5 0.114
108.7
0.8
197
P b(2) 123.0 4.5 0.051
101.7
3.9
197
P b(3) 200.1 8.5 0.109
109.1
4.1
197
P b(4) 221.8 9.5 0.128
111.0
1.7

Conclusion
A reliable phenomenological analysis of the
9 flat SD bands of odd-A isotopes of P b, 193 P b,
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P b, 197 P b, are made using the two parameter exponential model with pairing attenuation. The effective pairing parameter ∆0 obtained using exponential model for flat bands
reveals very astonishing results. For flat bands
the ∆0 parameter, which may be analogous
to the dynamic pairing parameter, obtained
is 2 − 3 times (for few bands, 7 − 9 times)
smaller than the SD bands for which =(2) rises
smoothly with increasing ~ω within the same
isotope. According to the Mottleson-Valatin
effect [11], the static pairing is quenched in
the SD bands and any remaining correlations
are speculated to be of dynamic character [8].
The observation of almost negligible pairing
parameter for the flat bands of the A ∼ 190
mass region shows that the static and dynamic
pairing correlations do not play a significant
role for flat bands in the evolution of =(2) with
increasing ~ω.
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