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1. INTRODUCTION: 
In recent years, there has been an increasing interest 

in the study of heavy-ion collisions near and below the 
coulomb barrier1'2. This has been mainly due to the obser-
vation of enhancements by factors of about one to two orders 
of magnitude in sub-coulomb barrier fusion cross-sections 
between medium mass nuclei, as compared to predic; tiojs^ 
based on tunnelling through a one-dimensional barrier ' . 
It was also observed that the angular momentum (£) distribu-
tions in the compound nucleus (CN) were broader than those 
expected on the basis of one-dimensional barrier penetration 
model (1-d BPM). A number of experiments that followed the 
initial observation of the above phenomena established the 
global characteristics of the phenomenon of sub-Coulomb 
barrier fusion. An analysis^ of the results of these expe-
riments led to the realization that there is a need to go 
beyond the conventional 1-d BPM approach. Following this 
there were speculations regarding the role of other degrees 
of freedom such as inelastic excitation, transfer treactions y| * 
etc. It was shown that the nuclei are able to exploit 
these additional degrees of freedom during the early stages 
of the fusion process giving rise to the enhancements in 
cross-sections and broadening of 1-distribution. Though 
considerable amount of work both experimental and theoreti-
cal has been done during the past few years thare are many 
questions which remain unanswered. For example, are the 
cross-sections and angular momentum distributions related 
to each other or are they separate constraints to be satis-
fied by-the models. Secondly, out of the v&rious models 
which one describes the sub-barrier, fusion process correc-
tly. Does the model describe the various processes like 
elastic, inelastic, transfer etc. consistently? 

In view of these problems many experimental groups 
have performed experiments focussing on different aspects 
of the oroblem. It is not possible to discuss all of them 
here, instead we focus here onto some of the problems which 
have been investigated5"7 by our group recently, viz 
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(i) the determination of average angular momenta and its 
relationship with fusion excitation function and (ii) the 
question of distribution of barriers with the above motiva-
tions in mind we have measured fusion cross-sections and 
average angular momenta for the systems 28Si+ 68Zn[ for 
EQM= 50.7 to 70.7 MeV], 32s + 64Ni [ECM= 52.4 to 73.1 MeV], 
3'CI + 5 9Co [E = 55.4 to 70.6 MeV] and 4 5Sc + 5 1V 
[E = 58.3 to 71.1 MeV], all leading to the same compound 
nucleus 9 6Ru. 
2. EXPERIMENTAL METHOD AND DETERMINATION OF CROSS-SECTIONS: 

The experiments were performed at the 14UD. TIFR-BARC 
Pelletron accelerator facility, Bombay. Beams of 28Si, 32S, 
37ci and 45sc even used to bombard the targets (of known 
thicknesses) of 68zn, 64Ni, 59co and 51v respectively. The 
beam energy was varied and the measurements were performed 
from about 5 MeV below to around 10 MeV above the coulomb 
barrier. The evaporation residues (ERS) formed following 
fusion reaction, were identified by their characteristic 
y-rays from the on-line and off-line measurements. The 
y-rays yields of the pn, 2n, 2pn, p2n, 3n, 2p2n, p3n, 4n, 
an, apn, a2n and ap2n have been measured. The evaporation 
residue cross-sections were obtained from the measured y-ray 
yields. Eight of- the above mentioned channels exhaust 
75-85% of the total fusion cross-section in the region of 
interest for all the measured cases. A statistical model 
code, CASCADE®, used to estimate and correct for the chann-
els Which have not beem measured. Since the indicated 
channels constitute only 15-25% of the total fusion cross-
sections, the uncertainties due to the above procedure is 
small. A comparison of the relative ER yields with the pre-
dictions of CASCADE has been used to establish the reliabi-
lity of the values of the parameters used in the code. Fur-
ther details regarding the experimental method and the stat-
istical model calculations can be found in Refs. 5-7. 
3. DETERMINATION OF AVERAGE ANGULAR MOMENTUM: 

There are several previously known methods for determi-
ning various moments of 1-distribution in the cN, viz, y-ray 
multiplicity, isomer ratio, fission fragment angular distri-
bution etc. In a recent publication^ we have proposed a 
different method for determination of average angular mome-
ntum of the cN. The method is based on the fact that the 
relative cross-sections for different ER are dependent on 
the angular momentum distribution in the CN. Conversely, 
one can extract a value for the average angular momentum 
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at a given excitation energy by analyzing the measured part-
ial residue cross-sections. In our work the average angular 
momentum of the CH was deduced from a comparison of experi-
mentally measured and statistical model predictions for p2n 
and 2p2n + p3n channels. Apart from the experimental cross-
sections, two other factors serve as major ingrediant for 
this method (i) the 1-distribution in the CN (ii) the parti-
al ER cross-sections as predicted by statistical model code 
CASCADE, which in turn depends on the parameters of the code. 
A detailed investigation of the effect of 1-distribution and 
code parameters on the deduced average angular momentum was 
done^ in order to estimate the uncertainty in the values of 
average angular momenta deduced by the proposed method. It 
was seen that for the four systems under study the average 
angular momenta can be deduced within an uncertainty of 1-2 
in the excitation energy and angular momenta range of inter-
est. Details of the average angular momenta deduced and the 
proposed method can be found in Refs. 5 and 7. The applica-
bility of this method to the other mass regions have also 
been discussed in Ref. 7. 

4. RELATIONSHIP BETWEEN AVERAGE ANGULAR MOMENTUM AND FUSION 
EXCITATION FUNCTION: 
Recently there has been a lot of interest in the relati-

onship between average angular momentum and fusion cross-se-
ctions/ In some cases^ a model that is able to explain the 
fusion cross-section is not able to explain the observed 
mean square angular momentum. On the other hand, Balantekin 
and Reimer^® have pointed out a relationship between fusion 
excitation function and the moments of angular momentum dis-
tribution in fusion on the basis of some simple assumptions 
regarding the fusion process. In our work we have performed 
simultaneous measurement of cross-section and average angu-
lar momenta and hence an analysis^ was performed to check 
these assumptions. The average angular momentum was^deduced 
from the fusion excitation function for the four systems on 
the basis of the assumptions of Ref 10 and then compared 
with the measured average angular momenta. The average angu-
lar momentum values deduced from the two methods are found 
to agree^ within the experimental uncertainity establishing 
the validity of the assumptions (Ref 10) in the four cases 
studied. However, a similar analysis of a number of other 
systems is required before arriving at any definite conclu-
sion. 

DISTRIBUTION OF BARRIERS: 
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There are several theoretical attempts to understand 
the different features of sub-barrier fusion reactions. The 
relationship between different models is of interest and has 
been discussed in Ref. 11. The quantity of interest which 
i^ helpful in deciding the process of sub-barrier fusion is 
the nature of barrier distribution. Therefore, a direct ex-
traction of the barrier distribution, if possible, could be 
used to decide between models. 

The data on + ^^Ni was analysed^ in this light. Ho-
wever, it is seen that the data are not accurate enough to 
distinghish between different models like the coupled chann-
el model^ and the stelson model3"2. In a very recent public-
ation13 data for "^O+^^Sm system having less uncertainty 
have been analysed to deduce the barrier distribution for 
16o+154sm system. They infer that the deformed nature of 
•^Sm playing an important role in the enhancement of fusion 
cross-section in this case. 
6. SUMMARY AND CONCLUSIONS: g 

A method has been suggested for determinig average an-
gular momentum in the CN. It exploits the dependence of pa-
rtial ER cross-section on the 1-distribution of the CN. 
It is seen that the average angular momentum values can bt 
obtained to within an uncertainty of 1-2 -ft. - It was fou-
nd that for the four cases studied in our work, the assumpt-
ions of Ref 10 regarding the fusion process rire valid within 
the experimental uncertainities. The experimental fusion 
cross-section can be utilized to derive the barrier distrib-
ution provided the data are sufficiently accurate. Recently, 
there has been an effort towards the direction of understan-
ding the various reactions like elastic scattering, transfer 
reactions, fusion reactions etc. in a consistent manner. 
However such attempts have just begun and it will require a 
lot of effort before we arrive at a consistent picture rega-
rding the various reaction processes. 
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