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Iatroductio• 

The cluster structure of J1.11clei 8Jld. especiall7 the 
.ensteace o! alpha clustemhave bee• exte:asively studied b7 
mea.JlS of auclear reactio:as ud quasi.free scattering •. We h­
vestigate the possibilit7 to demo:astrate the cluster structure 
effects using elastic aad i:aelS;Stic scatteriag_ot alpha par­
ticles. !rhere are two V8.7S to study clusterillg effects ill. a 
scatteri.Dg e:xperi:m.eJ1.ti 
i) the stud7 of the backward scatter1-g which is supposed to

be domill.8.ted b7 the e:xchaltge term of the i.11.teractio�.
ii) the study of forward effects ia the elastic scatteri:ag

due to the alpha-alpha iateractio:as.
Ve decided to iavestigate the latter possibilit,' n,sking 

use of the well lcaoa ri. - ,J. resoJl8ll.ce at .40 !!eV (lab. s7Stera)
Should iateractiollS occur betweea the iacideat alpha aad the 
clusters ia the target :aucleus oae would expect to observe 8ll

aaomaly arou:ad 40 !!eV (it is supposed that the first step is
a pure ,J.. - rJ... iateraction., the remaiader o! the •ucleus bei.Jt.g
a spectator) ia the forward hemisphere. It should be poia.ted 
out that the data o:a 6Li.( o(, ol)6r.d. by Ben.as et al. l) ia the 
saae eaergr regioa iladicate departures from the optical·m.odel 
tit. We have chosea a 9Be target which is lcaow:a to have a 
sti-oag alpha-cluster structure. 



Experimental method 
The al.pha-particle beam was produced by the isochronous 

cyclotro� of the University of Louvai.zl, and focused oa a 
2.3 mgs/cm2 9Be target located in. the.center of al m diameter 

·scattering chamber. Four semiconductor detectors were placed,'
10° apart, around the target and connected to !our preampli­
fier-ampli!ier chains. Data were taken at 8 incident energies
(35,38,40,42,44,46,48 and 89 MeV) and they·were anal7Zed to­
gether with the 104 MeV data reported by Rauser et alo4)

The center of mass angles ranged from 35° to 177° (12° 

to 118° at 89, MeV).

Results end anal.:ysis
The ex:perimental_;-esi.µ.ts are shown i:n. Fig. l. !or the 
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·energy interval from 35
to 48 MeV. One observes in
the angular distributioDS
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. llo spectacular 111.odi­
fication is visible ill the
shape of the angular dis-
tributioA around 40 MeV.

The onl7 visible effect we have observed is a maximum at 
40 MeV i:a the integrated forward cross section (30°- 90°) 
which i� 10-20% higher than the slowly rising trend of the 
cross section ill that region. ID. the backward hemisphere all 
angular distributions have an. oscillatory pattern�hose
magnitude is about l-2 order of magnitude above tn. Ruth.
Various interpretations were attemr,i·ed: 
l. As was done for earlier analyses3) an optical model with
a Saxon-Wood form factor was tried in the forward angular =e­
gion. This was tried in . _the forward angular region. This was



-3-

tried in the forward ogula:r region.. !his was UJlSatisfactor,-. 
Por i.D.staace we need a:a. im.agiJl.arJ' poteatial-depth W of 
51 MeV to reproduce our e:x:perim.eatal 42 Me v. data. But, maless 
we asS1I111e u. t:mrealistic eaerg depelldace of W we are 'IDL­

able to reproduce evea qualitatiTel7 our results at 35 !leV. 
2. .l tra:asposi tio:a of the classi�al 'YolDIS e:s:perimeat ill
optics seems attractive for 9Be(o{,«.)9Be due to the well
k:D.oVD cl. +�+D. cluster structure. Il't. this extreme cluster
model the differential cross sectioJL factorizes·i:11. two.teras:
a factor represeJLti:Dg the IX. -II( iateractioa a:a.d a iater­
fereace term.

ii c a<-�> ""',(cef [1+ st-'1],,here 1• 2Jc1l sb.2 I
R beil:ag the fixed distaBCe betweea the alpha scatterers. 
Blair et ai.4) have· shoVD the :aeglected neutroll-alpha inter­
actioa contributes to the above expressio:11. with a slowl7 
var,iltg modulation. factor. 

In this framework: one thus expects to fi:Dd iJl the 
9Be( "-., x)9Be aDgUlar distributiou all the features o� the 
,1..- rJ.. scattering distributiou. This is eve:11. true for more 
elaborate cluster models. ne coafrontatio:n with a:,perim.e:at 
shows however a complete disagreem.eat (oscillatioBS out-of-

c-i 
phase).
3. As far as the backward oscillatio:as are coJLCer:aed, the ex­
citation ttm.ctiou at 120° as well as 11he iategrated backward
cross sectioJLS (140° to 180°) do not show 8'117 peculiar be­
haviour as was shov.u for other target :mclei (as l6o aad 12c).
We expect exchange proce�s�s occur there.
4. On. the other hand the ia.tegrated forward cross sectiou
(;o0- 90°) present a slowl7 in.creasing tre:ad to which is
superposed a m.a::i.mum at a�out 40 Me V. A.a a u.omal� is seea 
also for the secolld excited sta�e cross sectioa. !l?vo coa-
clusiou ma7 be draVJ1.: 
a) The relative importa:a.ce o� the cross sectioJLS for the
grou:ad state and 2'14 excited state shows couplillg is JI.Ot 
negligible. This implies a coupled chmm.e1 aaal.7&is has to
be dou. 
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b) Is the uomaly around 40 MeV due to the :i.Jlteraction o!
the projectile with alpha clusters iD. 9Be?

The onl.7 thing 

that can be ascertain­
ed is that the evi­

dence !or the anomaly 

cmmot be wiped out in 
the present stage of 
theoretical analysis. 
The studies5) o! al­

pha scattering on 
calcium. isotopes have 

shown the import8llce 

of an adequate radial dependence of the nuclear potential..· 

Ve tried the same approach in the 9Be case using a squared

................... _ 
Saxon-Woods radial 

dependence for both

real and imag:i.Dary 
parts: it gives a good 

. "' agreement between the­
ory and experiment. 

Th� fits in Figs. 

2a) and b) do show a 

slight improvement 
upon the regular Saxon.­
Woods shape but they 

still require a 10% increase of the potential depth at 40 MeV 
above the one expected fr·om a monotonic behaviour. The lillk 

betweea the observed anomaly and our initial assumption c8Illlot 

be £ully proved but cm:mot be a priori discarded. 
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