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Abstract. A new asymmetric parabolic effective fusion barrier model for heavy ion fusion is de-
veloped.
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1. Introduction

One expects that coupling effects in the mechanism of heavy ion (HI) fusion may dramat-
ically change the shape of the barrier particularly in the regiarterior to the Coulomb
barrier positionRg such that there is a sharp fall of the potential in the interior region
which results in an asymmetric barrier. Based on the exact transmission coefficient across
an asymmetric parabolic barrier derived by Zafar Ahmed [1] and the ideas used earlier in
our effective fusion barrier transmission model [2] we develop a new asymmetric parabolic
effective fusion barrier model for heavy ion fusion. The expected change of shape of the
barrier is represented by a variable curvature parameterhereas the outer curvature

is kept unchanged.

2. Formulation
We explicitly use an asymmetric parabolic type barrier given by the potential
1 1
V@) = (Vi - gt ) o) + (V2 - guede? ) B(-a). )
f(z) is a step function such thétz) = 1,z > 0 andf(z) = 0,z < 0. V; andw;,i = 1,2
indicate the height and the curvature factors, respectivelyastdnds for the reduced
mass. The potential barrier can be used to simulate the Coulomb barrier for any partial

wave in the neighborhood éfg which is taken to be at the origin in this particular expres-
sion (1). In a fusion calculation we sBt = V5, = V3.
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By defininga; = (Vg — Eem)/fw;, i = 1,2 and an asymmetric parametes /w2 /w;
the transmission coeff|C|ent [1] at center of mass enérgy is given as

1
V1 + e2many/1 4 e2ros [77 (%) +1 (%)} + 1 [emar emaz 4 1]
(2)
wheref; = f(a1) andf; = f(az). The functionf(a) = |T' (1 +i%) /T (2 +i%)], can
be approximated by.pprox () = 1//7(1 +1/8), wherey \/ (1/16) + a2/4

In order to consider the Coulomb barriers generated by different partial avesieed
to replace the heightyg of the effective barrier by

T(Eem) =

b

B2 +1)
2u  RE

The quantitied’s, R and the outer regio(r > Rp) curvature factotw; can be ob-
tained using the following global formulae:

2
Re =ro( A2 + AY) 42726, vy = 222 (1 @
Rn R

Vé:VB-i-

and
ZhZse®h® (1 2
hwy)? = = — (- — =—
(hen) R, a Rpg)’
whereq = 0.63 fmandry = 1.07fm, A4;, Z;, j = 1,2 denote the mass number and proton

number of the two colliding nuclei, respectively. We control the inner regior. Rp)
curvature factows by varying the parameter= /ws/w .

Using the above specifications we adopt the expression (2) to calculate transmission
coefficientT; ( E..,) for differentl’s as a function of incident energy. This is then used to
obtain the results fart.,, o, (1) andD(E.) given by the formulae:

J%:kZ(Ql—l—l)Tl, UF—ZO'F,
=0

_ Xielop _ &*(Eop)
() = o and D(Eem) = ToZR

wherek = 1/ (211/5?) Eep.
3. Results and discussion

In figure 1(a) and (b) (upper panel) we show by solid curve the variatienzoénd(l),
respectively, with energy fd¥’ Ca+ 46-48:50Ti systems.E},;, indicates energy in the labo-
ratory frame. From these figures it is clear that fit to the experimental data is good. Values
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Figure 1. Upper panel shows the variation d)(cr and @) (I) with energy for
10Ca + 16:18:50Tj systems. Lower panel shows the variation/®fE., ) with Eem.

Solid curves represent the results of present calculation. The experimental data are

taken from ref. [4].

of Vi, Rp, hw; andn used in the calculation for these systems are listed in table 1. In the
lower panel of figure 1, we show the results id{E ., ) obtained by using point-difference
formula used in ref. [3] for thé’Ca+ 46:48:50Tj systems. The fit to the experimental data
in these cases is impressive. If one examibeshe D variation curve becomes broader
and shorter in height for larggras in the case of’Ca+ °Ti system (see table 1) where
more channels are involved.
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Table 1. Systems and-wave barrier radiusz, its heightVg,
curvature factohw; and the asymmetry parametgr

Rp VB hwi
System (fm) (MeV) (MeV)
40Cca+ 467Ti 10.32 57.65 4.02 1.4
0ca+ 487Ti 10.37 57.36 3.96 1.5
40Ca+ 50Tj 10.39 57.76 3.91 1.8
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