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Elastic scattering angular distributions of the weakly bo8Rd projectile from?°%Pb have been measured
for 11 beam energies ranging from 38 to 75 MeV. Analysis was carried out with the optical model, employing
a double folded microscopic real potential with four differ@Be density functions. The surface strengths of
the interaction potentials were consistent and all exhibited a threshold anomaly. However, the renormalization
factor required to obtain an optimum fit to the data varied significantly depending upon #BecHensity
function was used, cautioning that conclusions about the effect of breakup should not be based solely upon the
value of this factor. Fusion cross sections predicted from these potentials were extracted using a barrier
penetration model. Comparison with recently published experimental data suggests that the flux removed from
complete fusion by breakup is balanced by the flux redirected into the partial fusion channel.
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I. INTRODUCTION more appropriate when examining the variation of elastic
scattering over a range of bombarding energies, since the

Interest in the effect of breakup on the reactions of Weaklysame potential should be appropriate for all energies,

bound nuclei has been revived recently due to the increasing The calculation of the double folding model potential in-

Eft?it ?;éﬁdﬁsgﬁvﬁn%?r?mz -I—sTr%Sne bceoahmﬁnar?oe%%e%treeiliﬁ §bives an integration over the nucleon density distributions
; . 9 by 9 ping Pin the two nuclei using an effective nucleon-nucleon interac-
channel, which will modify the flux to the other channels. It tion V(ry-1,):
1 '2)-

will be important to understand the nature of such couplings
using presently available stable beams before studying radio-

active isotopes, whose more exotic structures may compli- V(r) :fP(rl)V(rl_rz)P(rz)drldrz- (1)
cate the couplings further.

In particular, we already know from studies of reactions
with the most weakly bound stable nucléij, ‘Li, and °Be,
that a number of problems occur. The normally successf
double folding model fails for these nuclgi], 6Li does not
display the usual threshold anomaly at energies near th
Coulomb barrieff2,3], and, contrary to expectations, tPe
fusion cross section at low energies does not appear to diff
from that of the much more diffus€Be nucleug4].

The nuclear density distributions may be taken from ex-

erimental measuremeng®r example, electron scattering

r from theoretical calculationdor example, shell model or
Hartree-Fock wave functiopsAn effective interaction is
&sed, rather than the bare nucleon—experimental detall
nucleon interaction, since the nuclei are embedded in nuclear
§hatter and so certain scatterings will be blocked. A number
of prescriptions exist for obtaining the effective interaction
strating from the nucleon-nucleon interaction, one of the
most popular being the M3Y interactigb], including recent

The conventional approach to describe the elastic scatteextensions of this such as the BDM3Y1 interaction which

ing between two nuclei is in terms of the optical model,incorporates density dependent effg@ls In a seminal work
using a complex potential. Often the potential is param-on the double folding model, Satchler and Ldi¢ showed
etrized in terms of some standard form, for example, dhat, with a few specific exceptions, the potentials could de-
Woods-Saxon shape, with the values of the parameters aderibe elastic scattering for a wide range of heavy ion colli-
justed to give the best fit to the elastic scattering angulasions, over a broad energy range.

distribution. An alternative approach is to use the double The exceptions identified by Satchler and Love were sys-
folding model, in which the real part of the potential is cal- tems involving the nuclefLi, ‘Li, and °Be the most weakly
culated by summing the individual interactions between albound of the stable isotopes. In these cases, the double fold-
the nucleons in the two nuclei. As well as putting the de-ing potential cannot reproduce the elastic scattering data un-
scription on a more microscopic basis, this approach is alstess the potential is considerably weakened, typically by a

A. Failure of the double folding model for weakly bound nuclei
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factor of ~0.6. This finding has been confirmed in a largethat °Be may not exhibit a threshold anomaly as its dissocia-
number of measurements on many different target nucleiion threshold is closer to that ¢Li. Signorini et al. [15]
[2,7.8. It was suggestegil] that this failure arises because measured elastic scattering for tPe+29Bi system at five
breakup effects are important for these projectiles—theyenergies around the barrier energy and report an unusual be-
have the lowest breakup threshold energy of the stable nlravior in the optical potential. Although the real potential
clei. This conjecture has been confirmed theoretically, in parstrength appears to show a peak at the barrier, the imaginary
ticular, by the coupled discretized continuum channelpotential strength is steeply rising in this region—at odds
(CDCO) calculations of Sakuragit al.[7,8] for °Li. In these  with other systems and inconsistent with a dispersion rela-
calculations the coupling to breakup is included and the elagionship between real and imaginary parts of the complex
tic scattering is then reproduced without the need to renorpotential. However, Signorirét al. caution that no conclu-
malize the potential. However, as yet these have been nsions should be drawn as there are not enough data points.
experimental measurements of the breakup yield to check thEhe present study aims to provide a more comprehensive
calculations. data set extending to lower and higher energies.

One problem which Satchler and Love experienced in car-
rying out their double folding calculations fdBe was the
lack of a suitable density for this nucleus, leading to some
uncertainty in the calculated potential and hence in the abso-
lute value of the renormalization required to fit the elastic The question of whether coupling to breakup channels
scattering. We now have available more reali$Be wave  Wwill enhance or hinder fusion is a topic of current interest. A
functions from which the densities can be derived: shellparticular interest iffBe fusion arises from recent studies on
model[1], cluster mode[9], and antisymmetrized molecular °Be+?°®Pb fusion[16], and the neighborin§Be +2°Bi sys-
dynamics calculationglL0] all having been reported recently. tem[4,17]. The former measurement showed that there is a
In view of this it is important to see whether the normaliza-discrepancy in the complete fusion yield, which is only 70%
tion is different for thesg¢hopefully) more realistic densities. of that expected. However, this missing flux seems to appear

in the partial fusion channelsy+2°%Pb) and the authors sug-
gest[14] that this is explained by the breakup of the projec-
B. The threshold anomaly in weakly bound systems tile, followed by the capturé¢fusion) of one of the fragments.

Keeley et al. [2] have recently investigated the elastic The presence of a strong partial fusion yield pe_zrsists_down to
scattering of®Li+ 2°%Pb at a range of energies from below the Iowe;t energies, below the Coulom_b barrlgr. It is of in-
the barrier to well above the Coulomb barrier. The aim oft€rest to investigate whether the potential obtained from the
that investigation was to see whether the renormalizatio@nSlysis of the elastic scattering data can explain the mea-
persisted to lower energies and, in particular, to see wheth&ured fusion plus partial fusion yields, given that the breakup
these systems display a “threshold anomaly.” This refers t§hould affect both the elastic and the fusion channels.
the rapid increase in the strength of the real part of the opti- Knowledge of the influence of breakup on fusion is also
cal potential as the scattering energy decreases towards t@ﬁedel‘lj to understand the relative fusion yieldS®é and
barrier energy. First observed in the scattering 60 Be. “'Be is a Borromean nucleus, consisting ofie core .
+208pp[11], it has subsequently been observed in many otheY"_'th .two. valence neutrons. This more diffuse 'nuclea}r density
systemg12,13 and is considered a normal feature of heavydlstr_lbutlon would be_ expected to enhance its fusion cross
ion scattering. The rise of the real potential is understood irF€ction. Although this has been observed to be the case
terms of a dispersion relation between the real and imaginargP0ve the Coulomb barrier, below it the cross sections are
parts of the potential and is due to the rapid decrease in thefmilar to
strength of the imaginary potential as reaction channels be-
come energetically closed as the barrier is approached. Il. EXPERIMENTAL DETAILS

The measurements of Keelet al. showed that for the
SLi projectile the depth of the real potential remained un- Experience has shown that it is only possible to extract
changedat a renormalization of-0.6 for the double folding unambiguous information on the potential if high quality
potentia) for energies down to the barrier. By contrast, for (<2% uncertainty elastic scattering data are obtained over a
the 7Li projectile a threshold anomaly is observed, with thevery wide angular range at each bombarding energy. This
depth of the real potential increasing as the barrier energy iequires considerable attention to detail in the experiment.
approached, where a renormalization factoNef1.5 is ob- The experiment was performed, using the 14UD Tandem
served. Keeleyet al. showed in a later papdd 4], using a Van de Graaff accelerator at the Australian National Univer-
CDCC method, that it was the lower breakup threshold ofsity, Canberra. ThéBe beam was operated at energies of
SLi that gave rise to a dominant breakup channel. As this38.0-52.0 MeV in steps of 2.0 MeV and 60.0, 68.0, and
channel did not close at the Coulomb barrier there was littler5.0 MeV. The beam was tightly collimated to produce a
change to the imaginary polarization potential, hence no obbeam spot of K2 mn? at the target, which comprised
served threshold anomaly. This conclusion has been sug-80 ug cm2 2°PhCl, on a 15ug cni? natural carbon back-
ported in a separate study fLi using a CDCC methoi3].  ing.

Based on a comparison of the breakup thresholdBef To detect the scattered particles, three silicon position sen-
compared to that ofLi and “Li, Keeley [14] has suggested sitive detectoPSD) AE-E telescopes were employed. The

C. Suppression or enhancement of fusion for weakly bound
nuclei

9Be [4], which is not well understood.
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passingAE detectors were 6@&m thick, and the stopping E 1.0] we L E 38V 10 E = 40 MeV
detectors were 50@m thick. Each detector had a sensitive 0 8] 06
area of 10<50 mn¥, and was position sensitive along the o 6l ,
longer dimension. The telescopes were mounted on separa ' 9.2
60 100 140 180 60 100 140 180

horizontally rotatable arms. For angular definition, masks
were placed over the telescopes. These had ten vertical slo
cut into them to create ten position birsl® wide.

In the offine analysis, AE-E spectrum was created for
each telescope, and a two-dimensional window used to selec
%Be particles, which were clearly identifiable at all angles

E = 42 MeV

o o o &
(=R - I S ]
o o ©
[«

60 100 140 180 60 100 140 180

=]
and beam energies. This ensured that no contribution fror E 1.2 E = 46 Mev 1.2 E = 48 MeV
positive Q-value transfer channels was included. Gates were§ ©-8] 0.8
then applied to the peaks in the position spectra which cor-™, ©-4] 0.4 A\‘
responded to each of the separate slots in the mask, to enab,,” °-°3 = 0.0
100 140 20 60 100 140

separate energy spectra to be generated for each angle. F°
nally, the counts in the elastic peaks were summed to deter 1.2 E = 50 MeV
mine the elastic yield. 0.8
Other particle types were visible in theE-E spectra. 0
0

Analysis of these data is presented in another pap&r

o s N
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o s 0 N
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To provide an absolute normalization for the scattering
yield, two monitor detectors were used. These were silicon  1.2] E =68 MoV 1.2 E = 70 MeV
surface barrier detectors, positioned at +15° to the beam ant 0.8 0.8
in the plane of the PSD telescopes. For determination of the 0.4 0.4
0.01 0.0

absolute cross sections, the ratio of the solid angles of the
monitors to each slit on each telescope had to be determinec
This was achieved by performing a calibration run at a beam 0..n. (degrees)

energy of 36.0 MeV. The telescopes were placed at the o ] _
smallest angles possibl&25°), where at this beam energy it FIG. 1. The measured angular distributions with optical model

is safe to assume that the elastic scattering cross section T

Rutherford. The ratio of the solid angles of the monitors andering[21]. The others used theoretical wave functions; shell

each position bin in each detector was then determined frorgodel[22], a full antisymmetrized cluster modg], and an
the ratio of the number of observed elastic events in each. antisymmetrized molecular dynami¢&MD) model[10].

The dead t|me aSSOCiated W|th the e|eCtI’0niCS and data The f|tt|ng procedure was repeated using each double

acquisition system was determined for each run. This Wagy|ding potential. In each procedure, searches were initially
achieved by injecting electronic pulses into the preamplifierg.onducted with all parameters of the potentials free. These
at a rate proportional to the beam intensity. The ratio ofyarameters were the renormalization of the double folding
pulser signals presented to those recorded was used to CQjptential Ng and the three parameters which described the
rect the elastic counts. This correction was never more thangoods-Saxon imaginary potentighe depthW, the radius
few percent. Ry, and the diffusenessy,). The absolute normalization,
The elastic scattering data, presented as the ratio of thQORM, of the data was fixed in each search, and incremen-
measured differential cross sections to those for Rutherforga”y altered in repeated searches to find the optimum nor-
scattering, are shown in Fig. 1, identified by their beam enmgjization. This allowed a check on the experimental nor-
ergy [28]. malization of the data, although this had little effect on the
optimum potential parameters. The deviation of NORM from
[ll. OPTICAL MODEL ANALYSES 1.0 reflects the experimental uncertainties.
For the main analysis, once the normalization had been
fixed, the highest energy data set was analyzed first, as it
The results were fitted using the codeoprTiMo4 [19],  displays the most pronounced Coulomb-nuclear interference
using a microscopic potential for the real part of the interacin the angular distributioigisee Fig. 1. The parameters from
tion potential, and a Woods-Saxon form for the imaginarythis data set were used as the initial search parameters of the
part. The microscopic double folded potential was calculatedhext energy down and successively to the lowest energy. This
using the codeorPoT [19] in which the 2°%Pb density was method was employed because the quality of the fit to the
derived from a Hartree-Fock calculation. The calculation waslata within these peaks is particularly sensitive to the param-
repeated using four density functions for tPe nucleus, eters used, thus these peaks help constrain the parameters
each giving a different microscopic potential. The effectiverequired to achieve an optimum fit. To avoid the ambiguities
interaction used was the Reid form of the M3Y interactionusually associated with analyses of this kind, the average
[20]. radius parameter of the imaginary potential from the initial
One density function used a harmonic oscillator shapesearches was used as a fixed parameter for all data sets in a
parametrized to fit th€Be radius measured by electron scat-repeated search. This had little effect in the quality of fit to

20 40 60 80 20 40 60

A. The fitting methodology
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TABLE |. Best fit parameters for optical model fits &tBe TABLE 1. As Table | using a®Be density from an AMD
+208pp elastic scattering using®8e density based upon harmonic model.R, fixed at 1.354 fm.
oscillator wave functionsky fixed at 1.37 fm.

Eae(MeV)  Ng  W(MeV) aw(fm) NORM 3

Eis(MeV)  Ng  W(MeV) anp(fm) NORM 3

75 1.293 7.41 0.744 0.974 11.0
75 0.893 6.96 0.701 0.972 7.0 68 1.264 7.00 0.754 0.991 178
68 0.872 6.60 0.713 0.988 133 60 1.279 8.72 0.728 0.999 17.6
60 1.006 8.78 0.650 0.990 144 52 1.963 7.67 0.743 1.060  36.8
52 1.401 8.08 0.668 1051 367 50 1.550 12.57 0.630 1.042  19.1
50 1.000 11.11 0.621 1.045 18.9 48 1.653 14.21 0.537 0.965 7.2
48 1.085 11.74 0.530 0.965 7.4 16 1.880 16.39 0.500 1.018 5.4
46 1.223 12.93 0.500 1.020 5.3 44 2.225 22.36 0.434 0.972 1.8
44 1.439 15.91 0.434 0.971 1.7 42 2714 43.30 0.392 0.973 4.7
42 1.736 27.93 0.396 0.970 4.7 40 1.982 18.23 0.507 0.999 45
40 1.286 13.77 0.509 0.999 4.5 38 1.703 3.24 0.835 1.035 6.5

38 1.154 2.98 0.812 1.034 6.5

which they all cross. Figure 2 shows the variation with beam
the data. Typical best fits to angular distributions are showrenergy of the strength of the real and imaginary potentials in
in Fig. 1, and the optimum fit parameters are tabulated ithe surface regioriR=12.3 fm) derived from the analysis
Tables I-1V. Searches on the 52.0 MeV data set consistentlyith each of the four radial densities. All show the same
yielded poor fits, withy? values many times that of the other energy variation and increase from 0.7 to around 1.2 MeV as
data sets. For this reason this data set was removed from thlege Coulomb barrier is approached. The error bars on the
analysis. points represent the change in potential which produces a
change in the? value by 15%.

Inspection of Fig. 2 shows that th#8e+2%%Pb system
appears to show a threshold anomaly. Of the two other very
The threshold anomaly is usually investigated by lookingweakly bound stable nucléiLi and “Li, Li does not exhibit

at the strength of the potential in the surface region since it i& threshold anomaly2], and this has been attributed to its

in that region that the reactions which give rise to it throughslightly lower dissociation threshold with respect’td [14]

the dispersion relation are concentratadgeneral, a disper- (6Li —a+d at 1.47 MeV compared to’Li—a+t at

sion relation linking real and imaginary potentials will exist 2.47 MeV. Kelley and RusekL2] carried out CDCC calcu-

at all radi). We have chosen a value &=12.3 fm to ex- lations which appear to support this view, since by artificially

plore this aspect, since this is the region where the elastibwering the’Li breakup threshold they see a large increase

scattering data are most sensitive to the strength of the pan the polarization potential at the barrier energy, hence re-

tential. This was determined in the usual wayby perform-  ducing the real potential at the surfaéBe(— a+a+n) has a

ing repeated searches on the data with Woods-Saxon rebteakupQ value of 1.57 MeV and so might be expected to

potentials of different diffuseness and finding the point atbehave like®Li. Observing a threshold anomaly may then
come as a surprise, an indication that the cause of the thresh-

B. Energy dependence of the potentials

TABLE Il. As Table | using a®Be density based upon shell . .
model wave functions. The 38 MeV data set was unable to be sat- TABLE IV. As Table | using a’Be density from a cluster model.
isfactorily fitted with this double folding calculatiorR, fixed at ~ Rw fixed at 1.341 fm.

1.356 fm.

Eae(MeV)  Ng  W(MeV) aw(fm) NORM 3

E_as(MeV) N~ W(MeV) ap(fm) NORM X3

75 0.945 7.95 0.739 0.969 51
75 0.745 7.34 0.706 0.965 51 68 0.921 7.63 0.757 0.989 12.2
68 0.727 7.00 0.726 0.983 115 60 1.220 11.22 0.633 0.980 11.3
60 0.905 9.63 0.628 0.978 115 52 1.533 10.21 0.671 1.044 35.3
52 1.189 9.30 0.636 1.037 36.6 50 1.051 13.15 0.656 1.045 19.6
50 0.867 10.98 0.613 1.007 20.6 48 1.150 14.40 0.561 0.963 7.9
48 0.874 11.62 0.557 0.962 8.2 46 1.294 16.02 0.529 1.019 5.3
46 0.990 12.51 0.522 1.014 5.4 44 1.530 20.67 0.459 0.968 1.7
44 1.154 14.76 0.458 0.965 1.7 42 1.812 37.19 0.413 0.966 4.6
42 1.349 24.17 0.415 0.964 4.6 40 1.410 16.67 0.531 0.997 4.6
40 1.108 13.02 0.520 0.994 4.6 38 1.324 3.50 0.818 1.030 6.5
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20 ‘ ‘ ‘ reflects the ambiguity in th&Be density. While the influence
of breakup upon reactions 8Be is not in dispute, this result
is significant as it shows that with a “poorly” defined density
i (here the models disagree by 20% in the surface regimm
§ 3 . ] physical conclusion may be made about the influence of cou-
08 | £ | pling to the breakup channel on the elastic scattering solely
% : based on the observation that a renormalization is needed.
04 ‘ ‘ ‘ This should be left to coupled chann@C) calculations.
300 400 500 600 700 800 This is important for work involving diffuse nuclei near the
drip line and work on exotic beams in which the structure is
: also less well known.
10 o . * . 1 From these comments, it follows that we cannot make a
+} ' ! . critical comparison between ti¥8e models used in the cal-
0s | : « Hermonic Oscilter | culations. The double folding calculation is most sensitive to
. * Shellmode the surface region density, and so this technique alone is not
 Cluster model enough to make a critical comparison between the models,
03 00 500 500 700 500 and the structural assumptions that they use. Again, CC cal-
E,,, (MeV) culations would be more suited as they would explicity in-
clude reactions which are sensitive to other radial regions.
FIG. 2. Strength of the potentials at 12.3 fm. The results from
all four analyses are shown. The fusion barrier is experimentally
measured to be at 38.3 MeV.

1.6 -

V (MeV)
o
L]

W (MeV)

D. Effect of the °Be quadrupole moment

One interesting issue about this system that has been

old anomaly is more complicated than just the value of the@ised in the literaturgl5,29 is the significance of the quad-
dissociation threshold. It is interesting to note that all fourfupole moment on the elastic scattering cross section. The
analyses indicate a “bump” in the imaginary potential at’Be nucleus is highly deformed, giving it one of the largest
around 40 MeV. This is reminiscent of a similar effect ob- known quadrupole moments. It has been hypothesj2&fi
served in’Li+ 2°%Pb scattering23]. Using coupled channels that it is this characteristic of the nucleus which causes any
calculations, Keeley and RusdR4] later ascribed this to deviation of the elastic scattering cross section to that pre-
coupling to the2%8Ph (7Li, ®Li) 2°%Pb transfer channel. It dicted by the double folding model rather than an enhanced
would be interesting to explore theoretically whether thebreakup reaction channel.

bump in the present data could also be ascribed to the open- The significance of the quadrupole moment in this system
ing of reaction channels. was tested using the quadrupole density from°Be cluster

model. A coupled channel calculation was carried out using

the codeFRESCO[26], in which reorientation couplings are
C. Dependence on théBe density included for the®Be ground state. The transition potential is
Ehe double folded potential between the quadrupole density
and the target nucleus. No other partitions are included in the
calculation, and the monopole-target potentials are those de-
ived in this experiment. This calculation was first tested by
removing the coupling to see if the code could reproduce the
perimental angular distributions. This was the case, and
en the coupling was included, the changes to the angular
gistribution were too small to have any effect on the potential
parameters extracted from the optical model fit.

Perhaps the most significant result from this experimen
comes from the optical model analyses using differi8g
radial density functions in the double folding calculation.
The magnitude of the potential in the surface region and th
deduced fusion cross sectiogsee latey are nearly identical
across the analyses. This is as would be expected, as e
optical model analysis is sensitive to the surface region o
the potential. This is the region of interaction and so we mus
get the potential in this region right. Since tABe wave
functions from the different models produce differéiite
densities near the surface, the double folding potentials have  IV. FUSION CROSS SECTION CALCULATIONS
different surface magnitudes and so have to be renormalized
by different factord\g to get the strength of the potential in
the surface region corre¢as given in column 2 of Tables
[-1V). The dependence of the required scaling facig®on

The fusion cross section for a system may be estimated
from the optical potential using a one-dimensional barrier
penetration approach. In this method, the energy dependent

the model used to determine the density’Bé results from real p_otential extracted from the optical model fitting proce-
the differences between the predictions of the models. ~ dure is used to generate the total potengaiclear + Cou-

In the past, double folding model analyses have mainlﬂomb + centrifugal for each partial wave. The fusion cross

been carried out on nuclei near closed shells. In these Caseséa'ctlonzls.the sum of the partial wave transmission coeffi-
the densities are either well known from measurement of €NtS[27]:

accurate model wave functions exist. Hence it has usually o
been the case that the double folding potential is successful or(E) = 322 2+ DT(E). (2)
in fitting the data. The variations dfz observed in this study k"0
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even if breakup occurs, the only difference being that it ap-

pears in the partial fusion channel. While such questions can
be addressed theoretically in the context of coupled reaction
channel calculations, at present no experimental method is
available to distinguish such subtleties in the reaction.

10

10°
V. SUMMARY

The elastic scattering cross sections for = +2%%Ph

. system have been measured at 11 energies ranging from 38
to 75 MeV. The results have been fitted within an optical
model framework employing a microscopic real potential
and a phenomenological imaginary part. The surface strength
. of the real part increased significantly as the Coulomb barrier
energy was approached; a threshold anomaly. The deforma-
tion of the °Be nucleus has been shown not to influence the
elastic scattering analysis to any significant degree.

Comparison of fusion cross sections deduced from the

FIG. 3. Calculated fusion cross sections deduced from the opti€lastic potential and experimentally observed cross sections
cal model potentia|s using the shell model den@pen squares demonstrates that breakup inhibits the Complete fusion chan-
The filled data points are measured cross sections for completd€l. There appears to be a rough balance between the flux
fusion (squaresand complete + partial fusioftircles [14]. removed from complete fusion and that fed into incomplete

fusion.

The calculation of the transmission coefficietitwas per- Finally, it has been shown that the renormalization factor
formed using the WKB subroutine iFRESCO[26]. The cal-  Ngrequired to achieve an optimum fit to experimental elastic
culation was repeated using the optical potentials obtainedcattering cross section cannot by itself be used to infer the
using all four °Be density functions. The results are very effect of breakup, as it has been practiced in the past. The
close and are plotted in Fig. 3, for the shell model densityvalue depends on the accuracy of the density used in the
along with recent experimental data of the complete and parmevaluation of the double folded potential. In situations where
tial fusion cross sectionfl6]. Our results are in agreement the nuclear density function is not precisely known no physi-
with the sum of the complete and partial fusion cross seceal conclusions may be made from the renormalization factor
tions. Dasgupt&t al. [16] observed that in this system there alone. It remains to be seen whether the approach is sensitive
was a significant amount of partial fusion, but showed that a&nough for this process to be used as a test of the validity of
CC calculation predicted the amount of fusion to be approxiwave functions for these weakly bound systems.
mately equal to the sum of partial and complete fusion. The
prediction of the fusion using the optical potential is in
agreement with both the previous CC calculation and the
measured sum of the complete and partial fusion cross sec- R.J.W. would like to thank the EPSRC for financial assis-
tions. We interpret this to imply that although breakup maytance during the period this work was carried out. We would
remove flux from the entrancgelastio channel, which also like to thank Dr. N. M. Clarke for providing copies of
would otherwise have led to fusion, the two seem to be balHiOPTIM andDbFPOT and Professor |. J. Thompson for calcu-
anced. We cannot, however, say that if the projectile aptating the point nucleon density frof21]. We would also
proaches on a trajectory which in the absence of breakulke to thank the authors of Reff22,9,1Q for providing us
would lead to fusion, and that it is still committed to this with tabulated versions of their density functions.
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