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fits of the folding model with no density depen-
dence. Using the obvious relation A.x~' =Zx~'
+ Nr„' and the value' r~("Ca) =3.386 fm one ob-
tains r„("Ca)-r~("Ca) =0.17+ 0.10 fm.

Table II compares the present results with pre-
vious ones, all of which were obtained using sim-
ple analytic functions for the nuclear-matter dis-
tribution. If the uncertainties obtained in the
present work are typical of the uncertainties that
should have been quoted for previous results,
then all seemingly conflicting results are in
agreement with each other.
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An unambiguous and model-independent separation of direct and compound elastic cross
section was performed by a simultaneous fluctuation analysis of the cross section and the
analyzing power for the reaction Si(p &,po) Si. The compound elastic cross section
was calculated by means of Hauser-Feshbach theory without any adjustable parameters.
Comparison of experiment with the calculation results in a compound-elastic enhance-
ment factor of 2.09+ 0.14 for this strong-absorption, many-channel case.

In this Letter we report definitive experimental
evidence for a factor-of-2 enhancement of the
compound elastic cross section (o ) over the
Hauser-Feshbach' cross section (o ) in a reac-
tion with many strongly absorbing channels. This
so-called compound-elastic enhancement factor
W«=o /a' has been the subject of consider-
able theoretical efforts. '"' In the many-channel,
strong-absorption limit most theorists now agree
that 8' should be two irrespective of the num-
ber of direct reaction channels. Previous at-
tempts to determine W experimentally have
been performed only with unpolarized protons
yielding a large model-dependent error. ' In the
best of these experiments Ernst, Barney, and
Kotajima' have confirmed the effect of channel
self-correlation (W & 1) but their values of W „
ranged from 1.6 to 3.5. Thus a clear statement
about the validity of the underlying compound-nu-
cleus theories was not possible. Since the en-
hancement factors derived from these theories

are widely used, "it is important to have a much
more critical test.

A model-independent separation of acE and 0
(DI indicating the direct part of the cross sec-
tion), necessary for an accurate determination
of W~, can be performed by measuring both the
differential cross section 0 and the analyzing
power A(8) either in an energy-averaged experi-
ment' or in an Ericson fluctuation experiment"
on a spin-0 target nucleus. We have used both
methods: First we have applied the method of
Henneck and Graw, "where a combination of the
normalized variances of 0 and &A yields the
relative direct contribution y& to the reaction
without any assumption about the effective num-
ber of spin channels N, qf. We then checked the
consistency of this method by describing the ex-
tracted o ' with the optical potential obtained by
fitting the artifically energy-averaged observ-
able (o'(8)A(8)) which contains no compound-nu-
cleus contribution. " A target nucleus "Si was
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chosen because in the energy region of interest
(E~ =9.8 MeV) all final levels of the competing
(p,p'), (p, n), and (p, a) compound-nucleus reac-
tions were known and therefore the Hauser-Fesh-
bach cross section 0 could be calculated explic-
itly without the introduction of free parameters.
Finally, W was calculated as the ratio o c/0 "F.

The experiment was performed with the polar-
ized proton beam of the Erlangen Lamb-shift
source and the 6-MV EN tandem accelerator.
The excitation functions from 8.5 to 10.7 MeV
were measured in 20-keV steps simultaneously
for all angles between 50' and 170' at 10' inter-
vals; the beam polarization (P =0.66) was con-
tinuously monitored with a 4He polarimeter be-
hind the Faraday cup. The solid angle of the de-
tectors was 0.2 msr and the energy resolution
due to the target and the beam was determined to
be 4.5 keV. A portion of the excitation function
was measured twice as a reliability test and the
deviations from the first measurement were at
all angles less than 5% in 0' and less than 3%%uo in
A. More experimental details and the excitation
functions of a and OA. may be found in Wangler"'
and a forthcoming paper. "

The relative direct part of the cross section,
/(&), was determined from a combination

of the normalized "polarized" and "unpolarized"
variance":

q(v, oW) =[a(v)+Z(oW)](o) ' =1 —Y~'

with R(x)=-(x ) —(x)'. This expression yields YD

alone, whereas the other well-known methods"
applied to the unpolarized fluctuating cross sec-
tion determine a combination of N, ~~ and F~. The
trend reduction for the cross-section excitation
functions was performed by dividing each point
by local sliding energy average, while for oA. the
sliding average was subtracted according to Ref.
11. Corrections for the effects of trend reduc-
tion, finite range of data, counting statistics, and

the experimental energy resolution were applied
for both the a and aA. excitation functions. " The
compound elastic cross section vc'(8) shown in
Fig. 1 was obtained from the X& values and the
artificially averaged differential cross section
(o (8)):

"(8)=(.(8))(1 —Y.(8)l. (2)

Data below 9 MeV were excluded from the pres-
ent analysis because of the occurrence of an in-
termediate structure. It should be mentioned
that the use of Y& values, obtained from the un-
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FIG. 1. Angular distribution of 0. with theoretical
curves due to the Hauser-Feshbach theory (curve a)
and due to a formalism suggested by Hofmann et al.
(curve b) .

polarized cross section alone (with the assump-
tion of jeff =2 and 1 for 8)ab~ 160' and L9rab = 170 p

respectively) results in a much more fluctuating
angular distribution of o (8) than the use of the
Y~ values from Eq. (1).

Finally the experimental oc (8) must be com-
pared with the theoretical o H'(8) to extract the
enhancement factor W . For this calculation
the optical potentials of the possible exit chan-
nels (p, n, a) were the only input parameters,
since all final levels were known. The calculated
compound elastic cross section turned out to be
most sensitive to the imaginary part of the pro-
ton optical potential. To reduce the ambiguities
due to the optical model, the proton potential was
fixed by a fit to (o'(8)A(8)). This potential also
describes o '(8), obtained by subtracting the pre-
viously determined v (8) from the energy-aver-
aged differential cross section (o (8)), thus giving
a further confirmation for the adopted extraction
method of o (8). Figure 2 shows the angular
distributions of 0 '(8) and (v(8)A(8)) at the mean
energy 9.84 MeV compared with optical-model
calculations. The da.shed and the dash-dotted
curve are calculations with the global-optical-
potential sets of Percy" and Rosen, " respective-
ly. Both calculations underestimate the polariza-
tion effect in the 80 and 160' region. The full
curve shows the best fit, where compared to the
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The experimental curve is best described by the
formalism of Hofmann et al. ,' which was devel-
oped for the general case, i.e., for both weak
and strong absorption. The compound-elastic
enhancement factor li' is given by (o,+, (&)/

o '(8)) with the average over all angles. From
this experiment we obtained W =2.09+ 0.14.
This result is consistent with the predictions of
different approaches for the many-channel,
strong-absorption limit.
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FIG. 2. Angular distributions of the direct elastic
observables o D~ = (o) —ocE and (oA) with optical-model
curves at the mean energy E& ——9.84 MeV.

Percy set only the imaginary part has been
changed (Wn =6.4 MeV, rJ =1.3V fm, aI =0.44 fm) ~

This potential was used for the calculation of the
proton transmission coefficients; the influence of
large variations of the neutron and of the n po-
tential on the calculated compound elastic cross
section was shown to be less than 5% and there-
fore potential sets from the literature"'" were
used. Figure 1 shows the angular distribution of
the compound elastic cross section with theoreti-
cal curves due to the original Hauser-Feshbach
theory' (curve a) and due to the formalism of
Hofmann et al.' (curve b). The solid lines are
calculated with the best-fit proton potential and
the shaded areas show the influence of changes
in the proton potential to such an extend that the
y' of the elastic scattering worsens by about 5(Fo.
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