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Introduction

The knowledge of nuclear level density
(NLD) provides information about the inter-
nal structure of any nucleus, which deter-
mines the manner in which the nucleus par-
ticipates in a physical process. This work is
a theoretical study of NLD of Thorium nu-
clei that exist on and off the line of stabil-
ity. There are no experimental as well as the-
oretical data available for isotopes other than
232Th. These evaluated data are useful in un-
derstanding the mechanism of nuclear reac-
tions taking place under extreme conditions
in nucleosynthesis. A statistical method us-
ing computational code TALYS 1.6 has been
used for the calculation of nuclear level den-
sities. In the present study the level density
of different isotopes of Thorium in the range
216 < A < 270, from neutron drip line to pro-
ton drip line is estimated. It also describes the
nuclear model calculation of (n,p) and (n,q)
reaction cross sections for 204=270Th,

Theory

NLD has been extensively studied, us-
ing both phenomenological [? ] as well as mi-
croscopic models. The most frequently used
empirical models are the Fermi Gas Model [?
| and the Gilbert-Cameron [? | model. Other
two phenomenological models are Back shifted
Fermi Gas Model [? | and Generalized Super-
fluid Model [? |. The Fermi gas level density
pr(Eyg, J) for a given spin J at excitation en-
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ergy F, is given by,
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The level density parameter a is energy
dependent and takes into account the damping
of shell effects at high excitation energy [? ].

a(E,) =a 1+5W1_%(_7U) 2)

The spin cut-off factor o2 is given by,

5

oh = Ra%\/ﬁ (3)
with R, = 0.01389. The spin-cut off parame-
ter o characterizes the width of the distribu-
tion of the z-component of the nuclear angular
momentum. It depends on the excitation en-
ergy.

Results and Discussion

The calculated level density parameter for
Thorium isotopes from different models are
plotted in figure 1. Spin cut off factor o is
calculated by using equation 3. The o val-
ues are computed from this for all nuclei at
neutron separation energy. These spin cutoff
factor o of all nuclei are calculated under dif-
ferent models and are plotted in figure 2.

Here we calculated the cross section of
Thorium isotopes for the reactions in which
neutron is a projectile and a charged parti-
cle is an ejectile. Three phenomenological and
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FIG. 1: Comparison of level density parameter a,
from different models for Thorium isotopes.
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FIG. 2: Comparison of spin cutoff factor o, from
different models for Thorium isotopes

one microscopic models are applied here also.
The experimental data on nuclear reaction are
not available for Thorium isotopes except for
232Th. The calculated cross section for this
nucleus from different level density models are
in good agreement with the experimental data
available in the EXFOR Data base. Figures
3 and 4 show the comparison between eval-
uated data from EXFOR Data Library and
calculated data from TALYS 1.6. The (n, a )
reaction cross sections calculated under differ-
ent level density models for 232Th are in good
agreement with the experimental data avail-
able for 232Th.

Conclusion

The level density parameter a and spin
cut-off factor o for the isotopes 2'6=270Th de-
crease towards neutron drip line and proton
drip line. In addition to this, the observed dip
in the level density parameter and spin cut-
off factor around mass number 230 can be at-
tributed to the observed deformation for these
nuclie in this mass region. Cross section for
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FIG. 3: Comparison of evaluated data and calcu-
lated data from TALYS 1.6 (n,p) reaction cross
section for 2**Th
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FIG. 4: Comparison of evaluated data and calcu-

lated data from TALYS 1.6 (n,a) reaction cross
section for 232Th.

(n,p) and (n,a) reaction for Thorium isotopes
are also calculated. In the case of (n,p) reac-
tion, the values obtained under different level
density models are comparable. The calcu-
lated and experimental values of cross section
for 232Th are also comparable. Hence we as-
sume that the values estimated for other iso-
topes are reasonable.
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