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Melting of shell effects in Lead isotopes
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Introduction

Semiclassical analysis of shell effects in the
density of energy levels at finite temperature
is presented by considering realistic nuclear
potentials. The oscillating part of level den-
sity is attributed to the properties of classi-
cal periodic orbits by “trace formulae”[1]. A
particularly nice manifestation of this connec-
tion is the occurrence of shell effects in the
level density. Shell effects in the level density
are modified dramatically with the inclusion
of spin-orbit interactions to harmonic oscilla-
tor potentials [4].

Here we derive an exact trace formula for
level density of spherically symmetric har-
monic oscillator potential including spin-orbit
interactions at finite temperatures (gr(FE))
and test it to determine the level density pa-
rameter a(7T) as a function of temperature in
206 pp, 207 ph and doubly magic 298 Pb nuclei:

o(r) = T er)
6

where ep is the chemical potential of the nu-
cleus. A commonly used expression for level
density p(E™) is given by Bethe’s formula [2] in
which the knowledge of so-called level density
parameter is necessary. Recent experimental
results [3] on the level density parameters of
Pb isotopes have rekindled our interest and
led us to the present investigation.

Hamiltonian H for three dimensional har-
monic oscillator potential including spin-orbit
interactions is given as:

H = HyI - hxC(r,p).6,
C(r,p) = VV(r) x p
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FIG. 1: g7(E)(hwy') vs. E(hwo) at four different
temperatures.

with

Hy = %f)z +% Z wir?
=Y,z

is the harmonic part of the Hamiltonian.
C(r,p) is an arbitrary vector function of co-
ordinate ¥ and momentum operators p, 6 =
(04,04,0,) are the Pauli spin matrices. x is
the spin-orbit interaction strength parameter
measured in units of (Awg)~!. The three os-
cillator frequencies are expressed in terms of
deformation parameters «, 3 as given below:

Wy =wy, wy=(1+aa)wy, w,=(1 + a)Puwy.

For a« # 0,8 = 1 the system has axial sym-
metry and for « = 0,8 = 1 the system has
spherical symmetry. Semiclassical trace for-
mula producing level density g(E) for spheri-
cally symmetric harmonic oscillator potentials
with spin-orbit interactions has been devel-
oped by Amann et al. [4]

Canonical single-particle partition function
at finite temperature Zp(f) can be obtained
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FIG. 2: Plot of level density parameter a(T) vs.
T for Pb isotopes.

after evaluating Laplace transform of the level
density using the following relation [5]:

78T

Ze(8) = L lo(B)] 5

where 3 is inversely proportional to temper-
ature T in quantum statistics and thermody-
namics but in present context it is just a math-
ematical variable which could even be com-
plex.

An explicit form of the single-particle level
density at non-zero temperature can be found
by taking an inverse Laplace Transform:

gr(E) = Lg" [Zr(B)].

We plot in Fig. (1) the level density vs. en-
ergy at four different temperatures and find
that the shell effects are smoothed out at
higher temperatures.

Once the level density at finite temperature
is known to us, we can determine the chemical
potential (er) by the following relation:

MZ:/ gr(E)dE.
0

Spin-orbit interaction with strength paramter
K is taken as 0.062 hwo_nl in the calculations in-
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volving neutron number and 0.065 hwo_pl while
considering protons number [6] where

a (N -z\
Al/3 < A

We plot the level density parameter a(T')
for 296 Pp, 207 Pp and 298 Pb nuclei respectively,

using the following relation:

hon p = MeV.

o(T) = 7r2(gT(e%)6+ gr(e7))

in Fig. (2).

We notice that the shell effects are very
dominant in low temperature regime (<
1MeV) and in T > 1MeV region the level
density parameter (~ A/10MeV 1) is al-
most independent of temperature. 2°8Pb is
a doubly magic nucleus with closed shells and
its level density parameter is much lower (~
A/29MeV 1) than other two isotopes at tem-
perature T' = 0.08MeV .

Acknowledgments

This work is supported by Council of Scien-
tific and Industrial Research, India. Discus-
sions with Anumeet Kaur are gratefully ac-
knowledged.

References

[1] M. Brack and S. R. Jain, Phys. Rev., 51,
3462, 1995.

[2] H.A. Bethe, Rev. Mod. Phys., 93, 5, 1937.

[3] P. C. Rout et al., Phys. Rev. Lett., 110,
062501, 2002.

[4] M. Pletyukhov et al., Phys. Rev. Lett., 89,
116601, 2002.

[5) M. Brack and R. Bhaduri, Semiclassi-
cal Physics-Frontier in Physics, Addison-
Wesley, 1997.

[6] P.Ring and P. Schuck, The Nuclear Many

Body Problem, Springer, 1980.

199

Awailable online at www.sympnp.org/proceedings



