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Introduction
The discovery of the high spin superde-

formed (SD) bands in the 152Dy nucleus [1]
for the first time led to the observation of a
large number of SD bands in various mass re-
gions A ∼ 150, 190, 130, 80, 90, 60 and 40 [2–
4]. Each SD region has its own characteris-
tics. In A ∼ 190 mass region, SD states have
been observed at quite low spin so this re-
gion is of special interest. More than 85 bands
were explored in A ∼ 190 mass region. The
band-head and level spins in SD bands were
not determined experimentally for 193Pb(b7-
b9) because there is no linkage between the
SD states and the low lying normal deformed
(ND) states. Therefore, it motivates us to de-
termine the band-head and level spins, tran-
sition energies and a exceptional level scheme
for 193Pb(b9). Various models were presented
for the spin assignments in SD bands [5, 6].
The main objective of the present work is bi-
fold. The first is to estimate the unknown
band-head spin and to assign the unknown
level spins for SD bands in 193Pb(b7-b9) and
then calculate transition energies using Vari-
able Moment of Inertia (VMI) model. The
second is to propose the exclusive level scheme
which will be helpful for the physicist to inves-
tigate various properties of 193Pb(b9).

Formalism
In the model the rotational energy is given

as the sum of the potential energy term (JI −
J0)2 and rotational energy term [~2.I(I +
1)/JI ]. For I0 6= 0, the band head energies
for rotational bands of odd-odd nuclei can be
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defined as [7, 8]:

EI = E0 +
1

2JI
[I(I + 1)− I0(I0 + 1)]

+
1

2
C(JI − J0)2. (1)

Here, E0 is band head energy of rotational
band, J0 is the band head moment of inertia,
the variable JI is the moment of inertia of
the nucleus for each spin value and C is the
stiffness parameter. Modified VMI equation
for SDRB’s is expressed as:

Eγ(I −→ I − 2) =
1

2Jo
[I(I + 1)
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8CJ4
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)
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The Best-Fit Method (BFM) is used to de-
termine the parameters J0 and C by fitting
the experimentally known transition energies.
The root mean square deviations (rms) are
calculated for different I0 values for transition
energies. The rms value is least for band-head
spin value of a band. If I0 shifts away from the
accurate value by ±1, rapid shift in rms devi-
ation χ can be observed. The rms deviation is
defined as [7, 8]:

χ =

 1

n
Σ
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Eexpγ (Ii)

∣∣∣∣∣
2
 1

2
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Where n is the total number of transitions
involved in the fitting. Lowest spin I0 is esti-
mated and as I0 is known, all the level spin
values of the SD band can be determined.
The experimental transition energies, calcu-
lated transition energies and the estimated
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 193Pb(b9)

FIG. 1: The RMS deviation plots for spin assign-
ment in 193Pb(b9) SD band is given. I0 is the spin
value prescribed to the lowest level observed.
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FIG. 2: Comparison of experimental and theoret-
ical Level Scheme of 193Pb(b9).

band head spin I0 of 193Pb(b7-b9) SD bands
are given in the tabular form.

Results and Discussion
In this section the band head spin I0 and

level spins of 193Pb(b7-b9) SD bands are esti-
mated using VMI model. VMI model depends
on two parameters stiffness constant (C) and
band head moment of inertia (J0). Values
for these two parameters were obtained from
known experimental transition energies and
spin values using fitting procedures. The cal-
culated transition energies are in good agree-

TABLE I: SD bands in 193Pb(b7-b9) having
experimental and calculated transition energies
along with the estimated band head spin I0.

SD Band EγExp. EγVMI Estimated χ
(keV) (keV) I0 VMI

193Pb (b7) 261 261.66 11.5 0.009318
193Pb (b8) 282 281.68 11.5 0.008747
193Pb (b9) 213 211.69 7.5 0.027254

ment with the observed spectrum of experi-
mentally known transition energies. The re-
sults are presented in Table 1. The band
head spins are estimated successfully for the
bands 193Pb(b7-b9) where the experimental
band-head spins are not known and we have
compared these with other work [9] as well.
In Figure 1, we showed rms deviation plot to
estimate the band head spins for these three
bands. Then, we have predicted the level spins
on the basis of band-head spin and we are
able to propose an exclusive level scheme for
193Pb(b9) as shown in Figure 2 which is bene-
ficial for the future physicist. Overall, the cal-
culated results agree with experimental data
very significantly. This method provides con-
sistently good spin assignment of SD bands
which could help in designing future experi-
ments for these bands.
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