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Abstract 

Total fusion cross sections a have been measured for 0+ 0 at 

bombarding energies 27 - 66 MeV using the E-AE or the time-of-flight 

techniques. The fusion excitation function shows oscillations in 

agreement with the resonances produced in the total reaction cross 

section by a surface-transparent potential. The results are compared 

to those obtained via the y-ray technique and the importance of direct 

decay to ground states is discussed. Mass and total angular distri

butions are well reproduced by statistical model calculations which 

take angular momentum into account explicitly. Barrier and critical 

parameters are extracted from the average energy behavior of o . No 

evidence for shell effects as predicted by Glas and Mosel is found on 

the measured fusion cross sections. 

NUCLEAR REACTIONS: Complete fusion, 0+ 0, E, , =27-66 MeV; 
lao 

measured fusion excitation function; statistical model analysis; 

extracted barrier and critical parameters. 



1. Introduction 

The study of heavy ion fusion cross sections has attracted con

siderable interest in the last years . Essentially, such data allow the 

extraction of information about the nucleus-nucleus potential. At low 

incident energies, close to the Coulomb barrier, the parameters R^ and 

2,3) 
ed . At higher energies, the fusion data fix one value of the 

4) V (assuming that fusion takes place whenever the colliding nuclei 

the lp-shell is of particular interest . Large qualitative differ

ences have been recently observed in the fusion data between systems 

which differ only by a few mass units. The most striking one is the 

12 12 
tion of fusion between "ct-nuclei" such as O C, whereas neighboring 

14 12 9 10 
systems such as N+ C show the expected smooth behavior. 

section. All investigated systems in the Ip-shell have a nearly 

common value of a^X ~1000 mb, with the exception of the N+ C 

system which has the value o -1150 mb . This larger value is 

close to the value of 1200 rib which seems to be characteristic of 

systems involving one of the colliding nuclei in the sd-shell 

16 16 
In addition to the above considerations, the 0+ 0 as a doubly 

closed-shell system presents other interesting features, For such a 

strongly bound system, Glas and Mosel have predicted a shell effect on 

4,12) 
compared to neighboring systems . A comparison witn other systems 



in this mass region can provide information ont he role played by indi

vidual nucleons in the fusion process. 

In this work we measured the 0+ 0 total fusion cross section oF 

in the energy range E. =27-66 MeV. The evaporation residues have been 

directly detected using the AE-E or the time of flight technique. 

An excitation function of the fusion cross section for the 

0+ 0 system has been recently published by Kolata et al. By the 

completion of this work a similar study by Cheng et al. became 

available. Both studies were carried out using the y-ray technique. 

Their results will be compared to those obtained in the present study 

and the different measuring techniques will be discussed. 

Section II describes the experimental method and shows the 

results. Section III presents the analysis and the discussion of the 

•results, following the above-mentioned points. Evaporation calcula

tions which take into account angular momentum are presented. A 

Summary is given in Section IV. 

2. Experimental procedure and results 

The 0+ -Q fusion excitation function has been measured in the 

energy range E. - 27-5? MeV in steps of 1 MeV and from 57 to 66 MeV 

in steps of 1.5 MeV. The measurements were carried out at the 

Weiimann Institute of Science using the 0 beams of the tandem EN 

Peiletron accelerator {for E =45-66 MeV). The experimental arrange

ment was similar to the one described in ref.14. Evaporation residues 

were detected using the J.E-E technique, the J.E being an ionization 
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chamber of the type described by Fowler and Jared15 , The telescope 

was operated at pressures of 15 - 25 Torr using a gas mixture of 

90% Argon - 10% methane. Self-supporting NiO targets were used. The 

2 
targets were prepared by oxidation of a 60 pg/cm Ni foil of natural 

isotopic composition. Additional measurements from 45 - 66 MeV in 

steps of 3 MeV were performed with the O beam of the tandem MP 

accelerator of the Max-Planck-Institut fur Kerhphysik at Heidelberg. 

In these runs the evaporation residues were detected with the time of 

flight (TOF) technique and the targets consisted of self-supporting 

SiO_ with a thickness of 50 ug/cm . 

At low incident energies (E < 36 MeV) the kinetic energy of the 

evaporation residues is close or below the Bragg maximum and the 

different elements cannot be resolved with the AE-E technique. But 

the total yield of evaporation residues was clearly and unambiguously 

identified. Figure 1 shows a two-dimensional display of (E-AE) vs. AE 

taken at E =45 MeV and at 8*15°. The different elements are quite well 

separated at this energy, and only a small fraction of the yield merges 

into the common Bragg curve. At higher energies this fraction becomes 

even smaller and the separation is better. Particles which were 

stopped in the AE counter or which did not reach the E counter due to 

multiple scattering in the entrance window and in the gas were also 

recorded and are displayed in the lowest (E-AE) channel in Fig.l. 

These events were also considered evaporation residues when located 

below the whole group of fusion yield. This addition wa. generally 

small and amounted to less than 3* of th* total fusion events. 

Figure 2 shows a two-dimensional display of energy vs. mass 

measured at E » 60 MeV with the TOF technique. The fusion products 
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from 0+ O were clearly separated from those of 0+ Si and the 

different masses could be resolved in the group of evaporation residues 

The vicinity of the target holder was cooled to dry ice tempera

ture to minimize carbon build-up. Since a small amount of carbon 

build-up was still noticeable, the targets were changed after several 

hours of bombardment (typically 6-8 huurs) so that the relative amount 

of carbon was below =4%. 

At incident energies of E * 54 MeV the O and Ni fuse with an 

appreciable cross section. Due to their very low kinetic energy the 

fusion products interfere with those of O 0 and it was necessary 

to correct the Of 0 fusion yield by subtracting the Ni contribution. 

This contribution was obtained from separate measurements of the 

(60 ug/cm ) and using the elastic scattering peak of 0 on Ni in the 

monitor counters (see below) for normalization. The relative magnitude 

of the correction increased with increasing bombarding energy and 

decreasing angle. It was generally small <<\*10%) and reached a maximum 

value of 25% at 66 MeV. The uncertainty of this correction was esti

mated to be less than 10%, thusproducing amaximum error of 2.5% in aF. 

In the 0* 0 system there is soar.-:* difficulty in separating the 

evaporation residues from direct reaction^products. In Pigs.l and 2 

it is seen that the yield of A * 17-19 or Z * 9 is very low and the 

problem remains mainly in the case of Ne where the a-transfer and 

the 3a evaporation yields cannot be separated. The population of theg.s. 

and the two first excited states in Ne (which appear as sharp lines in the 

20 * 
Ne spectrum) was attributed to the direct process. All other events of 



Z>10 or A>20 were considered as evaporation residues and defined the 

20 
fusion yield. It should be pointed out that the Ne represents a very 

small fraction of the fusion cross section. It increases with bombard

ing energy and reaches a value of only 10% at 66 MeV. 

Two monitor detectors were placed symmetrically with respect to 

the beam direction at angles of £15 . The fusion yield N was norma

lized relatively to the sum of 0+ 0 elastic scattering yield in the 

two counters. This procedure minimizes the effect of possible shifts 

of the beam direction during the measurements and is very essential 

for an accurate determination of the cross sections. The absolute 

differential fusion cross section is then given by 

an F( dflj . N+a++N_a_ v fela + + 

where N <N_) is the elastic scattering yield in the right (left) 

monitor and a (a_) is the solid angle ratio between the telescope 

and the right (left) monitor. The elastic scattering cross section 

I HOI w a s Measured from 17 to 66 MeV in an independent measurement 
*• ̂  ela 

using the same geometry. The target consisted of SiO with a thin Au 

layer. In these measurements the telescope was set at 15° and the 

yields in the telescope and the monitors served to determine the ratios 

a+ and a_. The scattering of o on flu obeys the Rutherford scattering 

law in this energy range and the amount of O relative to Au in the 

target was obtained assuming pure Mott scattering in the energy range 

17-20 MeV. In order to avoid any possible interference with the 
28 

inelastic scattering on Si, the measurements were repeated with 



8 

a WO. target at several energies above 40 MeV. Very good agreement 

was obtained between the two target measurements. The results of th..-

elastic scattering excitation function are shown in Fig.3. 

Complete angular distributions of the fusion cross section consisting 

of 8-lOpoints in the angular range 8=4°-30°were measuredat 3MeV inter

vals from27 to66 MeV. The fusionyield coaldnot bemeasured atangles below 

4 due to the high counting rate of the elastic scattering. Figure 4 

shows total angular distributions taken at 32 and 42 MeV with the 

AE-E elescope and at 57 MeV with the TOF technique. The differential 

cross sections are forward peaked,falling approximately by a factor of 

100 between 4 and 30°. It is seen that the shape of the angular 

distribution changes very little with incident energy. We took advan

tage of this well-known fact and for the intermediate energies only 

3 to 5 angles were measured. The statistical accuracy of the fusion 

yield was .fitter than 3rt for the angles which contribute most to the 

cross sections, i.e. 4 -15 . 

Figure 5 displays the angular distributions of residual masses 

measured at 45 and 54 MeV with the TOF technique. The lines through 

the experimental points have been drawn to guide the eye. The shape 

of the angular distributions is governed mainly by the kinematics of the 

evaporation process. As more particles are evaporated "by the compound nuc

leus, mere lateral momentum is transferred to the residual nucleus and 

the angular distribution extends towards larger angles. The energy 

spectra are also determined to a large extent by kinematic consider

ations. These well-known features will not be further discussed in 

this work. 

Hie fusion cross section at a given energy was obtained by inte-



gration of the angular distribution. The extrapolation into the angu-

dti , - 2 

5Q " « + be 

This form assures a zero slope of the differential cross section 

cross section was =13% in agreement with statistical model calculations 

(see section 3.2). At bombarding energies where only a few angles 

were measured, the fusion cross section was deduced assuming the same 

shape of the angular distribution as for the closest energy for which 

a complete angular range was measured. 

The results of the 0-*- 0 fusion excitation function are presen

ted in Fig.6 as a function of ths center-of-mass energy. An error of 

5% has been assigned to each experimental point. This represents an 

upper limit of the total accuracy calculated from the individual fac

tors discussed above (statistical accuracy, Ni correction, normaliza

tion procedure). The error of 5* is also consistent with the spread 

of experimental values for the same points measured in different runs 

and with different experimental methods. 

3, Analysis and discussion 

3.1 Total fusion excitation function 

The total fusion cross section shows oscillations as a function 

of incident energy with an almost regular spacing of about 3-4 MeV in 

the centor-of-mass system (see Tig.6). The structure becomes more 

pronounced with increasing energy and a particularly strong dip is 

observed at E ^ - 28 MeV. A siallar structure has been recently 



observed in other measurements of the 0+ 0 fusion cross section 

using the f-ray technique * . A comparison of the experimental 

results is presented in section 3.3. The solid and dashed lines in 

Fig.6 represent the total reaction cross section calculated with an 

17) 
optical model code using the parameters of Gobbi et al. and of 

Maher et al, , respectively. These two sets of parameters are 

characterised by a weak absorption at the nuclear surface (reflecting 

the availability of only very few direct channels) and were obtained 

from an exttnsive study of the O*- 0 elastic scattering. The shape 

resonances produced in the reaction cross section by these surface-

transparent potentials are in agreement both in location and width with 

the observed structure in a_. This was first pointed out by Kolata 

et al. » The magnitude of the structure in o_ is not well reproduced 

mentioned that better agreement can bs obtained by <̂ ax±ng small r ^ q e s 

in the geometry of the imaginary potential. However, we chose not to 

v 
The important feature is the deterrence of the same resonant structure 

in the fusion and the total reaction cross sections. This gives strong 

support to the description *" of the <H 0 interaction by a 

surface-transparent potential. 

The reaction cross sections calculated with the Gobbi and the 

Maher potentials ace in good agreement at low incident energies (see 

Fig.6). At high energies the Maher potential gives higher values of 

more direct channels become available* op decreases with respect to 
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Figure Z shows a comparison of the elastic scattering excitation 

function measured at 15° with optical model calculations using the 

GoUai potential (solid line) and the Maher potential <dashed line). 

Good agreement is obtained with both sets up to E„„ = 25 MeV. At 
CM 

higher energies there are serious deviations particularly with the 

Gobhi potential. 

3.2 Evaporation calculations 

Angular distributions and relative production of residual nuclei 

20) were calculated using the code JULIAN developed by Hillman and Eyal 

The code includes evaporation of n, p, a and y and taxes explicitly 

into account the angular momentum of the compound nucleus and of the 

emitted particles. The code was modified so that the m-state population 

is followed in the decay chain, thus enabling the calculation of the 

angular distribution of the light particles without a s~wave approxima

tion. The initial spin distribution o of the compound nucleus was 

calculated as in ref.14. The procedure is briefly outlined here. Oj 

is given by 

Oj - n*2(2J+l)Ta 

Tne coefficients TT were calculated using the relation T * 

[1+expit-i )/&]' . The £<-diffuseness A was obtained by fitting a 

similar function to the transmission coefficients calculated with an 

optical model code using the Gobbi potential17 . The value of lc was 

determined by satisfying the condition that to equals the experimen

tal fusion cross section. This procedure removes the highest partial 

waves which presumably do not contribute to the fusion process. For 

more details on the input parameters for the code see ref.14. 
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The level densities were generated using the method of Hillman ->nd 

21) 22) 
Grover (HG) and the expression of Gilbert and Cameron (GC). For the 

last one. the spherical nuclei value was taken for the level density 

22) 

parameter "a" . Discrete low-lying levels and their spins were taken 

from the experimental data compiled in ref.23). 

Calculated angular distributions are presented in Fig.7 with 

experimental data at 32, 42 and 54 MeV. The solid and dashed lines 

were obtained using the HG and GC Level densities, respectively. 

Reasonably good agreement is observed. In general the cfflculations 

with the HG level density overestimate the cross section at small 

angles and undercsttnate it at large angles. The opposite trend occurs 

with the GC levfe, density. Mot* that this feature is nearly independent 

of the bombarding energy. It is interesting to point out that calcula

tions performed under the as;-.'caption that the light particles are emit* 

ted isotropically in the center-of-mass system gave similar results. 

As expected, the yield is slightly decreased at forward angles and 

correspondingly increased at larger angles. 

Figure 8 compares the mass distributions measured at 45 and 

54 MeV using the TOP technique with the evaporation calculations. 

Experimentally, the most abundant products are A-24 and A»27. They 

are obtained by emission of 2a and ap respectively, since in the 

average the compound nucleus evaporates two or three particlas. They 

account for sore than 50% of the fusion cross section at both energies 

in agreement with the calculations. The decay products involving a-

particle emission are slightly overestimated (underestimated) by the 

calculations using the GC (HG) lev«l density. This it reflected in 

the fatal *nqul*r distribution by the overestimation (underestimation) 

of the cross asction at large angles. 



13 

As it appears from Figs.7 and 8, the main features of the data 

are well described by the evaporation model. Since the different 

steps in the decay process are treated exactly, it seems that the 

observed small discrepancies can be mainly attributed to the level 

density which is the least known factor entering the calculations. 

{Other factors such as the optical potentials parameters for light 

particles have only a very small effect on the results). Figures ? 

and 8 illustrate the sensitivity of the results on the level density. 

The parametersdefining the GC level density have an appreciable 

influence on the calculations as shown in ref.24. Note also that 

possible contributions of non-statistical effects cannot a priori be 

ruled out particularly at high energies. However, a3 mentioned above, 

the data do not show systematic deviations from the statistical calcu

lations as a function oif bombarding energy. 

3.3 Comparison with other experiments 

Excitation functions of the 0+ 0 fusion cross section have 

recently ceen measured by Kolata et al. <Eiah~ ',5"61 MeV* a n d b v 

Cheng et al. ' IE. ,= 18-60 MeV) using the Y~ray technique. Figure 

9 compares the results of the present work with those obtained in 

refs.7 and 13, Such a comparison is interesting since it might give 

information about the importance of direct population of ground 

states and high energy y transitions to ground states {from levels 

above 4 MeV in ref.13 and above 6 MeV in ref.7) which are not taken 

into account with the Y-ray technique. This missing cross section can 

be particularly important at low energies as pointed out in refs. 14 

and 25 for the 0+ Ail system. First we note that the cross sections 

reported in the two v*ray works differ one from the other by almost 



100 mb. The cross sections of ref.7 are higher at lower energies and 

lower at high energies than those of ref.13 On the average both 

cross sections are lower than those reported here. The deviations are 

of the order of 20-30% at low energies and smaller (5-10M at high 

energies. In order to investigate whether these discrepancies can be 

accounted for by the missing cross section in the Y-ray studies, the 

ground state population was calculated using the statistical model. The 

results are given in Table 1. The clearly indicate that the ground state 

population is an important mode of decay and cannot be neglected. The 

calculated unobserved flux in the y-t&y worK is comparable in magni

tude to fchs deviations shown in Fig.9 although it decreases too slowly 

with increasing incident energy. Table 1 also shows that the missing 

cross section is distributed over different residual nuclei. The 

contribution of high y-ray transitions to ground states is relatively 

small (about 5%) for E > 4 MeV and practically negligible (1-2*) for 

£ > 6 MeV. 

It is interesting to note that in spite of the missing cross 

section, the structure observed in ref.7 is in good agreement with 

the present work. The location, width and magnitude of the resonances 

stant or even decreasing cros3 section. The structure observed in 

the work of the.Stanford group is also in good agreement but only up 

Weidinger et al. at E » 60 MeV using the TOF technique. They 

report a cross section of 1000 - 150 mb in agreement with the value 

of 965 t 50 mb in the present work. 



3.4 Average energy dependence of <?p 

The solid line has Deen drawn r.hrough the experimental points to guide 

the eye. The barrier and critical parameters were obtained using the 

phenomenological model of Glas and Mosel . In this model a parabolic 

barrier approximation is used with 2-indepondent curvature tto>. The 

fusion cross section is given by 

F 2 E c H l+exp{27r[ECM-VB-(ECM.Vc)R2/^]/ha,} 

The dashed line in Fig.10 is a 3-parameter fit (R-, V and ft ) 

to a . The value of V could not be accurately fitted due to the 

pronounced structure of the fusion cross section at high energies. V 

was therefore kept equal to zeroas suggested bythe average behavior of the 

high energy data (in this energy region the fusion cross section is 

2 4) 

given by a = TTR ^ 1 - V ^ E ) ). The parameter hu characterizing the 

behavior of the fusion cross section at very low energy, near and 

below the Coulomb barrier, was also kept constant hw = 3 MeV. Changing 

this parameter by .1 or 2 MeV produced only minor changes in the other 

parameters. The parameters used in the fit are listed in Table 2. 

The average behavior of the fusion excitation function shows the 

familiar picture of two straight lines connected by a smooth bend. 

should be mentioned that for other systems in this mass region the bend 

14 12 
occurs at energies E_,»18-20 MeV, e.g. forthe system N+ C itoccurs at 

18.5MeV9, and for 0+12C at 20 MeV . The parameters obtained in 



ref.13 are also listed in Table 2. It is seen that the V values are 

in good agreement whereas the r values differ by ^14%. This is due 

to the discrepancies in the absolute cross sections as discussed in 

the previous section. The critical parameters could not be obtained 

in ref.13 due to the lack of high energy data beyond the apparent bend 

at 27 MeV. 

For the sake of comparison the parameters obtained from the 

neighboring systems 0+ C, N+ C and 0+ C are also listed in 

Table 2. The parameters from these systems are very similar to those 

obtained from 0+ 0. In particular there is no clear manifestation 

of shell effects in the fusion cross section, at least not in the way 

4 12) 
predicted by Glas and Mosel , i.e. through a lower r value as 

compared to neighboring non-closed shell systems. The critical 

radius and also the barrier radius for the 0+ 0 system do not show 

deviations with respect to the average values obtained from the other 

systems. 

Also the experimental value of the 0+ 0 fusion cross section 

in the bend region, o p , is comparable to the average value 

^p** * 9 0 0" 1 0 0 0 **>) obtained in the fusion of lp-shell nuclei. 

a value of o^** "950 mb is obtained for the 0+ 0 system. The 

15 12 

N+ C system remains an exceptional case among the Ip-shell nuclei 

with its anomalously high value of o *1200 mb . 

From the above discussion we conclude that the average trend 

{i.e. neglecting the oscillations), of the fusion of 0 + 0 behaves 

similarly to other systems in this mass region. The effective poten

tial required to reproduce these data follows the systematics 



of neighboring systems. The same conclusion is drawn from an analysis 

of the <H 0 fusion data using the BPSS model ' . The dot-dashed 

line in Fig.6 is a calculation of the fusion cross section following 

ref.27. These calculationsuse an effective nucleus-nucleus potential 

derived from a fit to fusion cross sections of a large set of different 

colliding systems (including also high-mass systems). It is seen that 

the empirical potential reproduces the average trend of the 0+- 0 

fusion data, although it tends to overestimate the cross section at 

high energies. 

Figure 11 shows experimental partial fusion cross sections to

gether with the theoretical predictions of the code JULIAN. For M 

and Mg the calculations show oscillations which are in agreement with 

those observed in the total fusion cross section (see Fig.6). Although 

the experimental errors are larger than for o (since part of the 

yield is below the Bragg maximum and the statistics are poorer) a 

similar oscillatory pattern is apparent in the data. The experimental 

partial fusion cross section for Si and P could not be extracted from 

the AE-E data. For these elements only the calculations are presented 

showing a smooth behavior of the partial fusion cross section in agree

ment with the results of Kolata et al. . The residual elements A& 

and Ha are mainlv Droduced bv the decav of hiah spin states 

in the compound nucleus. This if. demonstrated in the lower part of 

Fig.12 which shows the relative population of residual nuclei as a 

function of the spin J of ^P compound nucleus at an incident energy 

of 63 MeV. The upper part of the figure gives the initial spin dis

tribution of the compound nucleus. The higher spin states decay 
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mainly into A£ (i.e. ap emission) and Mg (2a), i.e. through a-

particle emission which can remove a large amount of angular momentum. 

In the 0+ C system it was also shown that oscillations in a are 

associated with channels involving a-particle emission . The chan

nels involving the decay of three particles such as Si (2pn), Mg 

23 20 
(2pa), Na (p2o) and Ne (3a) come mainly from low spin values of the compound nucleus. It seems, therefore, that the oscillations in o 

24 27 
are mainly present in the residual nuclei Mg and At and are assoc 

iated with the high partial waves (as- expected for shape resonances)« 

Summary 

Evaporation residues produced in the fusion of 0+ O have been 

time of flight technqiues. The total fusion excitation function shows 

oscillations with an almost regular spacing of 3-4 MeV in the CM system. 

These oscillations agree in location and width but not in amplitude 

with the resonances produced in the total reaction cross section by 

rface ti 

,17.18) 

surface transparent potentials which fit the 0+ 0 elastic scatter

ing 

The mass and angular distributions are well reproduced by statis

tical evaporation calculations .which take angular momentum into account 

• 20) 
explicitly . These calculations together with the measured partial 

fusion 2ross sections for production of Mg and Ai. indicate that the 

oscillations in o_ are mainly produced by the peripheral partial waves 

populating the compound nucleus. 

Our results were compared with those obtained in other experiments 



using the y-ray technique ' - The agreement is generally good for 

the absolute cross section, the y-ray values being systematically lower 

than ours. Evaporation calculations indicate that these discrepancies 

can be accounted for by direct decay into ground states which are not 

taken into account in the y-ray measurements. 

The average energy behavior of the fusion excitation function has 

been analyzed in the framework of the Glas and Mosel and the Bass 

models. Both analyses indicate that the fusion of 0+ 0 follows the 

macroscopic systematics of neighboring systems with the exception of 

N+ C. In particular no evidence of shell effects (through a reduc-

12) 
tion of the critical distance R as predicted by Glas and Mosel ) is 

We are pleased to acknowledge Dr. Z. Fraenkel and, Dr, R.G. 

Stokstad for a careful reading of the manuscript, and Dr. R. Bass for 

calculating o according to his model. 
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Table^ Captions 

Table 1. Relative ground state populations {via particle decay or 

y-transitions from levels above 4 MeVJ o /c (%) for 

different incident energies. 

Table 2. Barrier and critical parameters deduced from the fusion 

cross section of various neighboring systems. The radius 

parameter r is obtained from fi - r M.^ 3 + A./3). 
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Figure Captions 

Fig. 1: (E-AE) vs AE spectrum for O* 0 taken at E . = 15 MeV 

and 9 =15 . The yield intensity is indicated in the 

figure. The high energy part of the 0 line is not presented. 

16 16 
Fig. 2: A typical E vs. M display for 0+ 0 taken at E = 60 MeV 

Fig. 3: Excitation function of 0 + 0 elastic scattering measured 

the size cf the points. The solid and dashed lines are 

optical model calculations using the Gobbi potential 

Ec« 
, l 8 > 

MeV} respectively. 

Fig. 4: Total angular distributions of evaporation residues from the 

fusion of 0+ 0. The lines have been drawn through the 

points to guide the eye. 

Fig. 5: Angular distributions of the dominant residual masses, from 

fc. - - 16m- 0 at 45 and 54 MeV. the fusion of v* 

Fig. 6: Total fusion cross section o (points) of 0+ 0 as a 

function of the center of mass energy. The solid and dashed 

lines represent the total reaction cross section extracted 

from optical model calculations using the Gobbi potential 

and Che Maher potential respectively. The dot-dashed line 

is a calculation of a based on tha Bass model* 



Fig. 7: Experimental fusion angular distributions at incident 

energies of 32, 42 and 54 MeV. The solid and dashed lines 

are statistical model calculations using the Hillman-Grover 

Fig* 8: Experimental (dashed boxes) mass distributions from the 

fusion of 0+- O at 45 and 54 MeV, compared to statistical 

model calculations using the KG (solid line) and GC (dashed 

line) level densities. 

Fig. 9: Fusion cross sections measured in the present work (points). 

The solid line has been drawn smoothly through the experi

mental points. The dashed and the dot-dashed lines are 

smooth curves drawn through the data of ref. 13 and of 

ref. 7, respectively. 

Fig. 10: Total fusion cross section vs. V B Q . . The solid line is a 

smooth curve drawn through the experimental points. The 

Fig.11; Partial fusion excitation functions for different elements. 

The solid lines are statistical model calculations based on 

the code JULIAN using the GC level densities. 

Fig.12: upper part: calculated spin population of the compound 

population of residual nuclei as a function of the spin J of 

the compound nucleus. 
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