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The measured fusion-evaporation residue excitation functions for the systems 2S+?’Al and
YF4+%Ca, were parametrized in terms of a fusion barrier radius and a critical distance. The ex-
tracted radii, from this parametrization, agree with systematics. The extracted values for the
nucleus-nucleus potential agree with the potentials that are based on the liquid drop model.

The measured fusion excitation functions, for lighter
heavy ion systems, show three different regimes.! At low
energies above the barrier, the fusion cross section o f fol-
lows the total reaction cross section. This region (I) is
dominated by the interaction barrier. In region II the
barrier penetrability is one and the two ions have to reach
a smaller distance in order to fuse. This region has been
described by the critical distance models.>™> At still
higher energies o , shows a rather sudden drop with ener-
gy. This region (III) is characterized by a maximum an-
gular momentum above which the incident waves do not
fuse.

Several theoretical calculations® have been per-
formed in order to fit the measured o versus E —1 The
results of these calculations depend critically on the form
of the nuclear potential which is used.

According to the simplest model,*!! the data in region
I can be described by a straight line of the form

—11

5 V(Rg,L =0)
os=mRg l——E———— , (1)
where
Vin=Vc(r)+Vy(r) (2)

is the interaction potential, which is the sum of the
Coulomb and nuclear potentials. Rz and V(Rp) are the
fusion radius and fusion barrier height, respectively. By
fitting a large class of data, Ry was found to be

Rp=rz(A)*+4)73) with rp=1.4 fm . A3)

A, and A4, are the mass numbers of the target and the
projectile.

In region II, according to the critical distance models, *
a similar relationship between o ; and E ~! exists:

V(Re,L =0)
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c.m.

R is the critical distance expressed in terms of a univer-
sal critical parameter 7., suggested by Galin et al.:?

Re=rc(41”+417),
r¢=1.0£0.07 fm .

(5)

V(Rc) is the value of the interaction potential at Rc.
Whereas the description of region I in terms of Eq. (1)
has not been disputed, the validity of Eq. (4) and the
physical origin of a critical distance have been ques-
tioned. %10

Region III can be described by a line of the form

2
of=—%z—L,f,E‘l . (6)

Here the fusion-evaporation cross section is limited either
by the maximum angular momentum L,,, in the entrance
channel that leads to fusion, or by the maximum angular
momentum L,, beyond which the compound nucleus
fissions.

Figure 1 shows the measured fusion-evaporation exci-
tation function for the system 32S+2’Al. The data for
E,,=67-132.5 MeV were taken from Ref. 11, for
E,,=142-227 MeV from Refs. 12 and 13, and for
E,,,=320-393 MeV from Refs. 14 and 15. Figure 2
shows the 'F+%Ca fusion-evaporation residue excita-
tion function measured in Ref. 14. Both fusion reactions
lead to the same compound nucleus *Cu. We see that
both systems exhibit the three regions that were men-
tioned above. Each region looks well defined, and in ad-
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FIG. 1. The measured fusion-evaporation residue excitation
function for the system 328+2’Al. The lines are the result of
least-squares fits through the data points. The symbols (I), (II),
and (III) denote the regions (I), (II), and (III) discussed in the
text.
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FIG. 2. Same as in Fig. 1, but for the system *F+*Ca.

dition the data within each region follow a straight line.
Thus the observed variation of o Vs E~!, for the sys-
tems 32S+27Al and "YF+%Ca, seems to obey the linear
relationships expressed by Egs. (1), (4), and (6).

The lines shown in Figs. 1 and 2 are the result of least-
squares fits through the data points. The parameters ex-
tracted from those fits, for regions I and II, give Rg,
V(Rg), R¢c, and V(R;) according to Egs. (1) and (4).
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FIG. 3. The nuclear potential as a function of the distance
for the system 32S+2’Al. The letters K, N, W, P, B, and S, stand
for the Krappe-Nix-Sierk potential, the Ngo potential, the
Wilczynski potential, the modified proximity potential, the Bass
potential, and the single-folding potential, respectively. The
data points are from Table I.
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Table I lists them in columns 3 and 6 together with the
corresponding correlation coefficient », which is listed in
the last column. We see that the correlation coefficient is
particularly high for all lines except the one for the
YF 4+ %Ca system in region II, where it is relatively low
because of poor statistics. Columns 4 and 5 of Table I list
the radius parameters extracted from the data and from
systematics, respectively. We see that the fusion radius
parameters agree with the value 1.4 fm of Eq. (3), and the
critical radius parameters agree with the value 1.0+0.07
fm of Eq. (5).

From Eq. (2) we see that the nuclear part of the poten-
tial can be obtained by subtracting from the extracted
value of the interaction potential (column 6 of Table I),
the value of the Coulomb potential. For the Coulomb
potential we used the potential suggested in Ref. 16. The
values for the nuclear potential, derived in this manner,
are listed in column 7 of Table I.

Figures 2 and 3 show the nuclear potential as a func-
tion of the distance, calculated by several potential mod-
els, together with the values for the nuclear potential and
separation distance of Table I. We observe a good agree-
ment between the values of the nuclear potential extract-
ed from the measured excitation functions and the
modified proximity potential,!”® the Wilczynski poten-
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FIG. 4. Same as in Fig. 3, but for the system 'F4*Ca.



TABLE 1. Fusion parameters extracted from the least-squares fits discussed in the text.

BRIEF REPORTS

R ro ro® V(R) Vn(R)
Heavy ion system Region (fm) (fm) (fm) (MeV) (MeV) r
328 +27A1 1 8.5+0.2 1.38+0.03 14 29.7+2.0 —44+20 —-0.99
II 6.9+0.3 1.11+0.05 1.0+0.07 19.3+4.0 —23.0+40 —-0.97
YF4+%Ca 1 8.4+0.2 1.38+0.03 1.4 24.31+2.0 —5.0+20 -0.99
11 5.5+0.3 0.91+0.05 1.0+0.07 —14.0+9.0 —52.0+9.0 0.82
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?From systematics.

tial, '® the Ngo potential, '® and the Bass potential.?® The
agreement with the Krappe-Nix-Sierk potential®! is not
good for r=35.5 fm. It should be noted that, for all of the
above potential models, the potential strength was calcu-
lated on the basis of some form of a liquid drop model,
but the potential shape was obtained using a different
method in each one of them. In Figs. 3 and 4 we present
also the single-folding potential of Gross and Kali-
nowski.?? The data points do not agree with the single-
folding potential even at distances close to the fusion bar-
rier (r ~8.5 fm) where the validity of Eq. (1) is well estab-
lished.

In region III the slope of the straight line corresponds
to L, =44 for both systems. From the rotating liquid
drop model®* we get the angular momentum at which the
fission barrier becomes equal to the proton barrier in the
compound nucleus *Cu, L =45#4. This means that in re-

gion III the fusion-evaporation cross section is limited by
the fission stability of the compound nucleus. A more de-
tailed discussion about region III may be found in Ref.
13.

In conclusion, the observed 2S+2’Al and ""F+*Ca
excitation functions can be described in a simple way by
three straight lines. The lines in regions I and II are
determined by the form of the nucleus-nucleus potential
at the fusion barrier radius and the critical distance ra-
dius, respectively. The radii extracted from the data
agree with systematics and the values extracted for the
nucleus-nucleus potential agree with the potentials whose
strength was calculated from the liquid drop model. The
results of the present analysis support the validity of the
critical distance model and demonstrate the use of fusion
reactions as a tool in probing the nucleus-nucleus poten-
tial at small distances.
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