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ABSTRACT

A simple estimate of the ratio of-fhe total

- quasi-elastic cross-section to the total reaction Cross

section of heavy ions is made and compared to the experimen -

‘tally deduced values for the system '°0 + 27AT. The slow
energy . dependence of the ratio is stressed.

December/1980




B A.clean and clear separation among the diffe-
~rent. contributions to the total reaction cross section of
"heavy.ions, associated with fusion, deep inelastic and quasi-
elastic eventé, is an important first step needed in confron-
- ting the data with the predictions of the different theories

';and_models'of these processes. Usually one extracts the
total nuclear reaction cross section, Ips from elastic scat-
'ter1ng data by use of the quarter-point recipe. Furthermore,
| through measurements of the cross-sections for the important

gquasi-elastic processes one could then estimate the total

quasi-elastic cross-section, GQE’ The difference, GR-GQE, is

”fwthen attributed to fusion and deep inelastic contributions.
~7 % In the present note we suggest that the ratio UOF/GR'may he

- considered as energy-independent, and present experimental

evidence that supports our contention.

_ Among the important features of heavy-ion-
induced reaction processes that distinguish them from light-
~ion reactions.is the existence of well-defined 2-windows for
the various contributions. This Tocalization in 2-space which
peaks:at an angular momentum close to the grazing value, Rg,

" is a result of several effects, the most important of which

are strong volume-absorption and short de-Broglie wave length
that characterizes the radial motion of the two nuclei. Al7
~surface processes, e.g. inelastic, transfer, break-up, etc.,
. share the above features, differing only in finer details re-
lated primarily to the form factors, which only define the
‘outer part of the Z-windows Since the peakings of the
"~ f-windows occur close to £ , it is therefore expected that the
_ahgle -integrated total quasi-elastic cross section cons-
titutes that part of the total reaction cross-section which
is sensitive mainly to the nuclear surface region. In 2%-space,
" the surface region may be characterized by a diffuseness, A,
and a "2-radius", A. It becomes clear therefore that the
quasi-elastic contribution to On should be proportional to
(2mAYA,  This is easily seen from the explicit form of 0E

S0 EO(E)(22+1)T£(E) (1)
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~where TR(E) are_the_transmission coefficients in the elastic

channe1 and QO(E)mmg(E). Since these coefficients drop

-rap{d]y_to_zerb at £&£g+2A we replace the upper limit by

R and approximate the TQ(E) in the interval 20§£5£0+A by

"unity,:we then have

1"'ch, is gwen_by(lrr

l' GQE o k: L(LO+A+1)2~(RO+1)2].
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Within the'same:approximation, the total reaction cross-section,

- )AZ. Therefore we obtain the approximate

' i éXpression‘for.UQE/cR,

" where higher-order. terms in —%F have been dropped.

" Although we do not expett equation (3) to be

very accurate, it does, however, indicate an important fact

. namely OQE/GR jg asymptotically independent on energy since both

A and A depend on energy only through thelr proportionality to

~the local wave number of relative motion*.

The above considerations can be most clearly

seen in figure 1 where we have plotted the ratio of the expe-

rimentaT]y deduced OQE to op vs the center-of-mass energy for

the system °0 + *7Al. We base our analysis on this not-so-

heavy system as the measured elastic data are true elastic and

“not ”contaminated“ by quasi-elastic processes that are diffi-

cult to resolve as 1is the case for heavier systems.

The values of GQE/UR were obtained from several

* e might mention that semiclassica]]y the ratio
A . . \
: ﬂﬁ—q:(1—EB/2E)/(1-EB/E) where Egp 18 the Coulomb barrier height
_and E, the center of mass energy.
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]’2’3) (see capt1on to f:gure 1). We have fitted the

‘"data points™ to the express1on QE =b .ﬁ with A and A'ex-
%R

tracted from elastic scattering data of 150 + 2741 at E=45.6

sources

‘ .MeV4) us1ng the Frahn-Rehm closed-form theoryS) The numer1ca1

value of b which best fits the data is 2.84. This is larger,

- by a factor 1.4, than the factor 2 appearing in equation (3).
. The over-all qualitative agreement, i.e., the constancy with

_ﬂ.respeqt'to E, of Eq. (3) with the data is quite good consider-
" ing the very'simb]e picture used to derive it., We should

_ stress that a more refined evaluation of GQE/G by FrahnS)
,g1ves a va]ue for b = 3,87.

. X “We interpret the above agreement of the formula
for UQE/UR (obta1ned above assuming small value of A/A) with

”the data as a man1festat1on of the localization, around g, in
L-space of the quasi-elastic processes. The ratio UQE/U

“at high energ1es is thus simply proportional to the geometrical
surface region. ' As Kauffmann has demonstrated ), simple re-

 1ations between the parameters A and A on the one hand and

the parameters of underlying optical potential on the other

N hand may be established through which OQE/G may be reexpressed

- as proport1ona] to a/R where a (R) is the diffuseness (radius)
“of the real part of the potent1a§ {assuming the validity of

surface transparency). These observat1ons suggest a simple

_ con51stency check on the ratio a/R which can be fixed by the

simultaneous measurements of 9QE and the elastic cross-section.

In conclusion, we suggest that the ‘above con-
- stancy of UQE/GR at high energies may provide a simple and
straightforward mean of estimating UR*OQE This should be of
_great value for studies involving deep inelastic processes.
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FIGURE CAPTION

 FIGURE 1

» : NE |
Ihe ratio —ng—- plotted vs w—me—— where': 
Eg is the energy. of the Coulomb barrier. The experimental

: :va1ues of IqE 23S ‘well. as of op were taken from Refs. 1), 2);

E -3) (special care was taken in separating the quas1-e1ast1c

contribution to gp» see Ref. 8). In the work of Ref. 1

| {(pe-79), gQE was found to be dominated by 1ne1ast1c contri-

butions and Op Was: constructed by summing the measured fu-"

- sion cross section, GFU, plus 9" The dashed line corres-
_‘ponds to the average value of OQE/ o and it equals to

| b ﬁ , with A and A extracted
from elastic scattering data, (see text) we obtain for b the

value 2.84,

11.3x1072, By comparing this to
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