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Introductiona

The cluster strfucture of muclei amd especially the
existemce of alpha clustershave beea extemsively studied by
.means of auclear reactioms amd quasifree scattering. We in-
vestigate the possibility to demomstrate the cluster strumcture
effects using elastic amd imelastic scatteriag of alpha par-
ticles. There are two ways to study clusterins.effects ir a
scattering experimeat:

i) the study of the backward scatterimg which is supposed to
be dominated by the exchamnge term of the imteraction.

ii) the study of forward effects im the elastic scatterimg
due to the alpha=alpha imteractioms.

We decided to imvestigate the latter possibility making
use of the well tmowa o - o( resomamce at 40 MeV (lab. system)
Ehould imteractioms occur betweem the imcideat alpha aand the
clusters im the target mucleus ome would expect to observe am
anomaly around 40 MeV (it is supposed that the first step is
a pure g{ - ol interaction ythe remaimder of the mucleus being
a spectator) im the forward hemisphere. It should be poiated
out that the data om SLi(d , &)L by Bermas et a1l.l) im the
same emergy regiom imndicate departures from the optical' model
fit. We have chosen a 9Be target which is kmowm to have a
stromg alpha=-cluster structure.



Experimental method

The alpha-particle beam was produced by the isochroaous
cyclotron of the University of ILouvain, and focused om a
2.3 mgs/cm2 9Be target located im the center of a 1 m diameter
‘scattering chamber. Pour semiconductor detectors were placed,’
10° apart, around the target and connected to four preampli-
fier-amplifier chains. Data were taken at 8 incident emnergies
(35,38,40,42,44 ,46,48 and 89 MeV) and they were analyzed to-
gether with the 104 MeV data reported by Hauser et aln4)

The center of mass angles ranged from 359 to 177° (12°
to 118° at 89 MeV).

Results and analysis
The experimental results are shown imn Fig. l. for the
) BeaaBe ‘energy interval from 35
- to 48 MeV. One observes in
the angular distributions
a gradual transition from
a distinct diffraction-
like pattern in the forward
direction to a more or less
smoothly decreasing behav-
iour at the higher ener-
. gies. No spectacular modi-
S PR fication is visible in the
Pig. 1. shape of the angular dis-
tribution around 40 MeV.
The only visible effect we have observed is a maximum at
40 MeV in the integrated forward cross section (30°- 90°)
vhich ig 10-20% higher than the slowly rising trend of the
cross section ir that region. In the backward hemisphere all
angular distributions have an oscillatory pattern Gyhose
magnitude is about 1-2 order of magnitude above %'ST Ruth.
Various interpretations were attem;y:ed:
1. As was done for earlier analysesa an optical model with
a Saxon-Wood form factor was tried in the forward angular re-
gion. This was tried in the forward angular region. This was




tried in the forward amgular region. This was umsatisfactory.
For instance we need an imagimary potemtial -depth W of

51 MeV to reproduce our experimemtal 42 MeV data. But, umless
we assume am unrealistic emergy depemdemnce of W we are un=-
able to reproduce evem qualitatively our results at 35 MeV.
2. A tramsposition of the classical Young experimemt ia
optics seems attractive for 9Be(ok,a()9Be due to the well
known o + X +n cluster structure. In this extreme cluster
model the differential cross section factorizes im two terms:
a factor represemting the P -A imteractiom ard am imter-
feremce term

ﬁ-g% (< -8pe) wl}fJ‘(O)F [11- Eii-‘.?. where §= 2kR ainag-

R being the fixed distamce between the alpha scatterers.
Blair et al.q') have shown the meglected neutrom-alpha inter-
action comtributes to the above expressiom with a slowly
varying modulation factor.

In this framework one thus expects to find inm the
9Be( oLy X )9Be angular distributions all the features of the
o - { scattering distributioms. This is even true for more
elaborate cluster models. The comfrontation with experiment
a(h;ows however a complete disagreemeat (oscillatioms out-of-
phase).
3. As far as the backward oscillations are comcermed, the ex-
citation functioms at 120° as well as the integrated backward
cross sectioms (140° to 180°) do not show any peculiar be-
haviour as was shown for other target muclei (as 164 and 120).
We expect exchange processes occur there.
4, On the other hard the integrated forward cross sectioms
(30%- 90°) present a slowly increasing tremd to which is
superposed a maximum at about 40 MeV. Aa "anomaly® is seeam
also for the secomnd excited state cross sectiom. Two com-
clusions may be drawn:
a) The relative importamce of the cross sectioms for the
ground state amnd an' excited state shows coupling is not
negligible. This implies a coupled chammel amalysis has to
be dome.



b) Is the anomaly around 40 MeV due to the imteraction of
the projectile with alpha clusters in 9Be?

The only thing
that can be ascertain-
ed is that the evi-
dence for the anomaly

v . cannot be wiped out in
' the present stage of
theoretical analysis.
The studiess) of al-
pha scattering on
calcium isotopes have
. shown the importance
of an adequate radial dependence of the nuclear potential.
We tried the same approach in the 9Be case using a squared
Saxon-Woods radial

o R i dependence for both
: ; real and imaginary

; . é parts: it gives a good
; agreement between the-
ory and experiment.

The fits in Figs.
2a) and b) do show a
slight improvement
upon the regular Saxon-

T3 : L ; Woods shape but they

still require a 10% increase of the potential depth at 40 MeV
above the one expected from a monotonic behaviour. The link
between the observed anomaly and our initial assumption cannot
be fully proved but cannot be a priori discarded.
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