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Nucleus-nucleus potential in the range —2 (S(2.5 fm

AUGUST 1992

S. Kailas and A. Navin
Nuclear Physics Division, Bhabha Atomic Research Centre, Bombay 400085, India

(Received 2 March 1992)

The nucleus-nucleus potentials ( VN) over a range of interaction distances ( —2 (S(2.5 fm) have been
obtained from the analyses of the fusion excitation function data spanning a large range of energies. A
three-parameter Fermi function adequately represents the observed variation of
Vz/R [R =R|Rz/(R, +R2), with R, and R& the radii of the interacting nuclei] with S in the above-
mentioned range.

PACS number(s): 25.70.—z, 25.70.Jj

A number of methods [1—5] have been employed for
the deduction of nucleus-nucleus potentials (VN) from
analyses of fusion excitation function data. Bass [2] has
followed a graphical method to obtain the potential from
fusion data. Gupta and Kailas [5] have proposed a
method similar to that of Bass [2] but using an empirical
expression for fusion excitation functions. The common
procedure of using the expression

o' F =mRs(1 —Vs/E)

D=1.44Z, Zz/E fm .

In the above expression m and b are adjustable parame-
ters used so that the best fit with the fusion excitation
function can be obtained. Starting from the above ex-
pression it is possible to obtain [5] analytical expressions
for the total potential (Vr) and the interaction distance R
as

Vr(R) =E— 2, R =3p 2pb —mz- ,
p'E —pz

("slope and intercept method") (Vs is the potential bar-
rier, Rs is the barrier radius) to get the potential yields
only one set of VN and R values over a given energy
range for the interacting system. However, following the
methods of Refs. [2] and [5] it is possible to deduce the
V~ values for a range of R values, over a given energy
range.

A large number of earlier work have reported deter-
mination of Vz mainly from analyses of fusion data avail-
able at lower energies. With the recent availability of
fusion data at higher energies, Gomez del Campo and
Satchler [4], Doukellis [6], and others have deduced V~
at smaller distances for a number of systems following
the "slope and intercept method. " The purpose of the
present work is not only to enhance the database with the
inclusion of more recent data for some other systems but
also to use the method of Ref. [5] to determine Vz at
several R values for each interacting system.

The procedure for the determination of the nucleus-
nucleus potential from fusion data has been discussed in
detail in Ref. [5] and hence will not be repeated here ex-
cept for pointing out some of the important steps in-
volved. The fusion cross section for the interacting nu-
clei (Z&, A

&
) and (Z2, A z) at the collision energy E (MeV;

c.m. system) is defined as [5]

o ~ = 10m.p(p D) mb, —

z = 1,44Z
& Z2 (3)

r; =1.28A —0.76+0.8A; ', R,. =r, (1—1/r; )

(4)

The variable S is defined in the usual manner as

The nuclear potential V~ may be obtained after subtract-
ing from VT the Coulomb potential. In the present work,
the Coulomb potential acting between the heavy ions has
been calculated using the expressions given in Ref. [7] for
sphere-sphere distribution of charges. The fusion excita-
tion functions for the systems ' C, ' 0, Ne, S+ Al,
' 0, ' F+ Ca, S+ Mg, Ne+ Mg, available up to
fairly high energies [8], have been considered for the
present analysis. Most of these systems have been ana-
lyzed earlier using the "slope and intercept method" to
get the potentials. As mentioned before, in the present
work, the procedure of Ref. [5] has been followed for all
systems to determine the potentials at different values of
R. The fusion cross section data for each system have
been fitted with the expression (2). Starting with the m
and b values deduced, the nucleus-nucleus potentials have
been obtained at several values of R using (3). The radii
R, and R2 of the interacting ions have been calculated
using the expressions [9]

where
S=R —(Rt+R2) . (5)

and

The mean radius R is expressed as

R =R,R~/(R, +R2) . (6)
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The Vz values obtained as discussed above for several
values of R have been transformed to a universal Vz/R
versus S plot. In Fig. 1 the Vz/R values are plotted as a
function of S. For each S, we have several V&/R values,
depending on the system concerned. The spread in the
VN/R values represent the uncertainty in the determina-
tion of this quantity. The values of

~
V~/R

~
range be-

tween 100 and 3 MeV as the S values are changed from
—2 to 2.5 fm. Gomez del Campo and Satchler [4] have
represented the variation of V~/R with S with a form

V~/R = —
Vo exp( —S/ao)
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with Vo-24 MeVfm ' and ao —1.4 fm. As the S range
over which the variation of potential being considered is
rather large, i.e., —2 to 2.5 fm, we have fitted the data of
V~/R versus S with the more appropriate form —Fermi
or Woods-Saxon—

V /R = —V {I+ exp[(S+S )/a ]] . (8)

The best-fit values of the parameters were Vo=113+16
MeV fm ', So=1.0+0.2 fm, and ap=0. 97+0.03 fm.

We have also used the expression (7) to fit the potential
data. The values of Vo and ao have been determined to
be 24.5 MeV fm ' and 1.21 fm, respectively. As can be
seen from Fig. 1 and also from fitting criteria, the three-
parameter form (8) gives a better representation of the
data than the two-parameter form (7). The value of y
per degree of freedom obtained using expression (8) was
about 1.5 and 2 times better than the one obtained using
expression (7) with the new parameters and that of Ref.
[4], respectively. For completeness we have also shown
in Fig. 1 the modified proximity potential calculated us-

ing Ref. [10].
Following the present method we have determined

Vz/R values for each system over the same S range.
Hence by combining these values we are able to deter-
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FIG. 1. Plot of V&/R versus S in the range from —2 to 2.5
fm. The continuous line is the prediction as per the three-
parameter form given by expression (8). The dashed lines are
calculations as per expression (7) (see text for details).

mine more precisely the Vx, /R values over the entire S
range. Further it may be pointed out that using the
present procedure we are able to deduce V~/R at S
values smaller than possible by the slope-intercept
method. For example, using the latter method for the
system S+ Al, only the V~/R values at S=0.6 is ob-
tained (region II of Ref. [6]). However, using the present
method we are able to get Vtv/R values up to S= —2 fm.

To conclude, we have determined nucleus-nucleus po-
tentials at several values of R (S) from analyses of recent
fusion data available up to high energies. A three-
parameter Fermi functional form, as discussed above,
gives a better reproduction of the observed variation of
V~/R with S than the simple two-parameter form sug-
gested in Ref. [4].
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