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Abstract : 

The influence of theLerbital angular momentum 4 on the mass distri

bution of fission fragments is studied, both on previously available 

data on heavy ion induced fission and in new specifically planned 

experiments : systems ''"Ar + 1 6 5Ho and 2 l fMg + 1 8 1 T a at bombarding 

energies ranging from 180 up to 391 MeV and leading to the same 

fissionning nucleus 2 ( 1 5At with different i. distributions. When 4 

•values corresponding to a vanished fission barrier are reached, tne 

mass distribution broadens. This suggest the existence of a specific 

process, "fast fission", at i-values intermediate between Z-values 

leading to compound nucleus formation and deep inelastic collisions, 

respectively. This process and its conditions of occurence are dis

cussed; of special interest are the correlated differences between the 

limitations to the fusion cross-section and the fission mass distribu

tions broadenings, respectively, for the Ar + Ho and Mg + Ta systems. 
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I - IMTRODUCTIOM 

Two types of dissipative reactions have been observed 

in heavy ion reactions : 

- The first one is compound nucleus (C.N.) formation 

«here the two incident ions merge into a single set of nucléons. This 

compound nucleus is formed with a certain amount of excitation energy 

and angular momentum. 

- The second one is the deep inelastic (Dl) process 

which usually involves larger partial waves than compound nucleus 

formation. Most of the DI products have a mass which is close to the II 

initial one but a considerable energy loss is observed in relative 

motion. 

The conditions of formation of a compound nucleus have 

been discussed for several years. When the compound nucleus is heavy, it 

de-excites essentially by fission and thus the measurement of the C.N. 

cross-section reduces to the measurement of the fusion-fission cross-

section. This reaction mechanism is characterized by a full momentum 

transfer, total mass equal to that of the C.N., symmetric mass distribu

tion and a 1/sin S angular distribution. For projectiles heavier than 

Cu, the fusion cross-section is very low and the largest part of the 

total reaction cross-section belongs to Deep Inelastic Collisions. 

For lighter projectiles, the fusion cross-section is large. The maximum 

i-wave contributing to the fusion cross section (generally called 

£ . ) can reach values as high as 130 (1). On the other hand, the 
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fission harrier of the C.N. decreases for increasing angular momentum 

values (2) and vanishes at a I value (called & B f_ 0) which may he lower 

than H ... crit 

In this paper, we vant to show that the fission events 

corresponding to i-values between * R f _ n and l .+ have a specific 

characteristic which can he due to a different process. We tentatively 

named it "fission without harrier" (7), hut "fast fission" (11) or 

"q.uasi-fission" (9) may be a better name. It must be immediately noted 

that the "fa3t fission" process is not necessarily limited to 1-values 

greater than * B f _ 0 > it might apply to lower 4-values (9), but so far 

we got expérimenta?, indications only for I > l_- A . ~n part II, we 

compare the liquid drop model predictions to the experimentally obser

ved fusion cross-sections, which does not allow to draw a definite 

eonelusion. In part III, we study the variation of the fission fragment 

mass distribution versus the orbital angular momentum, in published 

data. In part IV, we present some new results relative to both the 

range of fc-values leading to fusion (compound nucleus formation + fast 

fission process) and the FWHM of the corresponding fission mass 

distribution. These results can be explained in a coherent way by 

a "fast fission" process. Part V is a conclusion and a summary of 

the present situation. 



II - LIQUID DROP MODEL AND FUSION CROSS-SECTIONS 

The measured fusion cross section consists in two terms : 
the evaporation residues cross section o__ and the symmetric fragmen
tation (fission) component cross section cr_. One can calculate with the 
sharp cut-off approximation the value of the critical angular momentum 
corresponding to fusion, assuming that all i-wavec between 0 and S, .. 
contribute to the fusion cross-section. A rotating liquid drop of 
nuclear matter loses its stability towards fission, i.e. its fission 
barrier vanishes, for JU__- values ranging from a few units for light 
or very heavy C.N. up to 90 (11) or 95 (2) for nuclei having the highest 
fission barrier. Consequently, only fc-wave;. «mailer than &B.p_0 can 
lead to C.N. formation. 

When £-waves greater than £_., . contribute to fusion, 
they immediately undergo fission. If fusion were equivalent to C.N. 
formation, the value of I ., should be bounded by £_„_„. The expe-crit ox—u 
rimental observation that I . can be larger than £ B 1 ^ 0 calls for an 
explanation : 

1. It could mean that the values of £_,.._- which are 
predicted by the rotating liquid drop model are underestimated. 

2. This could be dua to the emission of fast light 
particles which are emitted prior to fusion. These particles removing 
some orbital angular momentum would allow for an enhancement of the 
fusion cross section. 



3. There is a contribution to the symmetric fragmentation 

component of a mechanism which is not fission of the compound nucleus 

but is a long life-time deep inelastic component. In such a case the 

mass asymmetry degree of freedom would be completely equilibrated. 

This would lead, for some systems, to a symmetric fragmentation com

ponent. Such a long life-time deep inelastic component has also been 

predicted theoretically (7-10). 

The first hypothesis is very hard to believe if we 

consider the big difference which can exist between £_ f and « - t for 

some systems. For example, for the Ar + Ho system at 3̂ 0 MeV bombar
ding energy, J, .. = 129 whereas t = 86 in ref. (2) and 82 in ref. 

crit Jsx so 

(21). However, just by inspecting the fusion cross section measurements, 

it is not possible to choose between the 2 other possibilities. 

Ill - WIDTH OF THE FISSIOH FRAGMEMT MASS DISTRIBUTION 

Another piece of information is contained in the 

evolution of the FWHM of the mass distribution of the symmetric 

fragmentation component. 

It has been shown that when I exceeds Lof-0, the 

FWHM increases (T). However, this conclusion was sustained by only 

one experimental point. We have then undertaken a comparison of 

various fission mass distributions measured in different laboratories 

(1,6,T,12-15). The data for which the fission fragments mass distribu

tion is clearly resolved from the deep inelastic components were 

selected. The results are plotted in fig. 1 and 2. In a few cases, 

the cross section was not available, and i. .. was calculated (15) 
crit 

using the critical distance concept. (For thoses cases, il . is 
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always smaller than the limiting value (18)). The agreement between 
calculated and experimentally obtained values was tested and was 
found to be always good, namely the error bars on (t . - 1 B f_ 0) 
in fig. 2 exceed the difference between calculated and experimental 

"crit v a l u e 3 > 

Fig. 1 is a contour diagramm of the reduced FWHM 
(i.e. the FWHM divided by the total mass of the fissionning 
nucleus) versus the I .. value and the temperature at the saddle point crit 
(average temperature for the I range leading to fusion, after subs-
tractingthe rotationnal energy at the saddle point). The levels are 
indicated by shaded areas due to the experimental uncertainties. Six 
levels are shown; their values are indicated at the top. It can be seen 
that the distance between successive bands reduces clearly for Jt .. 
values exceeding about 90, which suggests a different behaviour when 
l-values greater than 1 B«_ 0 are involved. 

This is more easily seen in fig. 2, where the same 
data are plotted versus the difference (t ., - I-,. „) for a selected 

crit .DI=U 
temperature range, namely 1.6-1.7 MeV. When the data were outside this 
range the value was corrected according to the variation of the FWHM 
versus temperature for a constant J, as seen in fig. 1. When normal 
fission dominates (&„,*+ < l~af=o^ ' t n e ^"^ increases slightly with 
i ... but the increase is stronger when the fission barrier vanishes, crit 
suggesting another process occurs. The evolution between the two 
areas in fig. 2 is continuous rather than discontinuous, since 
the percentage of "fast fission" gradually increases above ! B f = 0-
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This percentage is not zero even at 1 ., » L 
crit Bf =0 

since the sharp cut-off approximation is not realistic. 

A question relative to these conclusions is the 

possibility of a systematic variation of the reduced FWHM with the 

total mass (or the fissility parameter) of the system. In fig. 1, 

the mass was written along with each data point (but could not be repro

duced in this paper). Ho systematic effect on the reduced FWHM value 

could be found. 

IV - HEW EXPERIMENTS 

In order to undertake meaningful new experiments, 

we had to figure out which mechanism is responsible for the above 

results. 

When two nuclei collide, it is generally assumed 

now that during the first stage of the process, the potential which 

has to be considered is the sudden potential. For not two heavy systems 

(namely for a Z1Z2 product of the incident nuclei below 2700) and 

for zero orbital angular momentum this sudden potential exhibits a 

pocket. Bass first has suggested that this pocket plays a dominant 

role concerning the fusion process : fusion may occur only if the 

system is trapped into this pocket. Then the potential evolves from a 

sudden one to an adiabatic one. In such a picture, fusion will occur 

if the sudden potential exhibits a pocket. If the incident angular mo

mentum increases, t h i s p o c k e t vanishes ^ a w 6 expect that I . will 

be limited to the i. . value for which the pocket is too 
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shallow (let's say a few MeV) to trap the system» If !... is smaller 

than £„. .»e expect the system to evolve towards compound nucleus 

formation. But if JL.. exceeds i__ „ the system cannot reach a compound n m J5t=u 
nucleus configuration because such a stable configuration does not 

exist. In this case, the mass transfer between the two fragments 

tends to equilibrate their masses; when a (nearly) symmetric configu

ration is reached, the barrier against separation vanishes and fission 

occurs. This nechanisme could be the "fast fission" process we are 

dealing with. 

It could be observed essentially for the system which 

satisfy to the condition 

*lim » *Bf=0 ( 1 ) 

The FWHM of the observed mass distributions 

could "oe explained in the following way : in the case of true 

fission they would be decided very early (near the saddle point) 

whereas in the "fast fission" case, they would be decided at the 

closest distance of approach. Some models have described successfully 

our experimental data on this basis (10,11). 

We have investigated for which systems the condition 

(1) is satisfied. The contour diagramm in figure 3 shows this esti

mate. The axis are the initial masses (projectile and target). Inside 

a contour line the condition (l) is fulfilled j conversely it is not 

true outside : for light systems, I . < £ B f _ 0 and fusion means 

compound nucleus formation: for very heavy systems, i,. = 0 (no fusion) 
nm 



t,. has been calculated using the formalism of ref.16) and for a lim 
5 MeV depth limiting pocket (full curve) or for a 2 MeV limiting 
depth (dashed curve). We have assumed that the rolling stage was 
reached at the early stage of the reaction. Fast fission is expected 
to be observed in the dashed area. 

It is important to understand that this is not a model 
but a qualitative picture. But it is useful to note that 

i- experimentally, fast fission has been observed 
in the dashed aret-, (open points), but not outside (black points). 

ii- for a given total mass of a sy terns, fsst fission 
is expected to be observed only if the initial mass assymetry is not 
too strong. 

This conclusion led ui to study two systems of identical 
total mass and charge, one inside and the other outside the dashed 

kO 165 20 185 
area. Ar + Ho and He + Re, respectively, are such systems. 
But at the available bombarding anergies, i R.n = 0 could not to 
reached with Ne projectiles. Mg + Ta was then choosen instead, 
which is rather at the border of the dashed area. 

These experiments were made at the Orsay ALIC2 
accelerator. 

The FtfHM of the miss distribution and the cross section 
for the symmetric fragmentation component were measured "sing the 
experimental method described in --ef. (7). The energies and the 
laboratory angles where these measurements were performed are dis— 
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played in table 1. In all cas.es the separation between the symmetric 

component and the deep inelastic products was possible without any 

difficulty. A mass spectrum for 300 MeV Ar ions on Ho target was 

shown in ref. (T) (fig. 1). The peak centered around mass UO contains 

the elastic, quasi-elastic and deep inelastic products. The other 

one, centered around half the sum of the projectile and target mass, 

corresponds to the symmetric fragmentation component. Although this 

example corresponds to a high bombarding energy the separation between 

the two peaks can be done without any difficulty, and is no more 

difficult at 3^0 and 391 MeV. If the bombarding energy is lower, the 

separation becomes even better. We can get the FWHM of the symmetric 

fragmentation distribution without any ambiguity. Because the measured 

distribution corresponds to secondary products, it is necessary to 

correct it in order to obtain the FWHM of the primary symmetric frag

mentation distribution. This can be done by correcting for neutron 

evaporation : the number v of neutrons emitted by a fragment was 

taken to be proportionnai to the mass M of this fragment. The primary 

mass distribution is thus broader than the measured one by one to several 

units. Both the measured FWHM and the corrected value associated to 

the primary distribution are shown in table 1 for the different 

systems and bombarding energies. For a given system at a given 

bombarding energy, we can notice that, as expected, the FWHM remains 

almost constant as a function of the detection angle. 

From the mass distribution of the symmetric fragmenta

tion component we can also deduce the cross section corresponding to 

10 
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this process, assuming that the angular distribution of the products 

is 1/sin 8 (expressed as do/an). The result is indicated in table 1. 

The assumption of 1/sin 8 angular distribution for the symmetric 

fragmentation component has been observed in ref. (5) for the Ar + 

Au system. For the Ar + Ho system, investigated here, this has been 

checked at 391 MeV bombarding energy. In fig. 1* is plotted the 

angular distribution in the center of mass do/dft, as a function of the 

center of mass angle 8. The full curve corresponds to a 1/sin 8 angu

lar distribution and we see that it agrees quite well with the expe

rimental points. It is veil known that the differential fission cross 

section is lower than calculated with 1/sin 8 at small 8, beyond the 

range of our measurements ; furthermore, the evolution at small 8 may 

be different for the fast-fission component. This has, however, almost 

no effect on the integrated cross-section. 

As said above, the critical angular momentum for 

fusion is deduced (with the sharp cut-off approximation) from the 

fusion cross section. For this system, the evaporation residues cross 

section is small. Indeed, studying a similar system (1,0Ar + 1 6 l (Dy) it 

has been shown that c_ is a very small part of the total reaction 

cross section <j„ (20). The highest value of the ratio o,_/(jD is 0.05-

Consequently, for the Ar + Ho system, the symmetric 

fragmentation cross section can be identified with the fusion cross-

section. The critical angular momentum which can be deduced from it 

is shown in table 1 together with the value we calculate using the 

energy density potential of ref. 0 6 ) . At bombarding energies smaller 
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than 200 MeV in the laboratory system the relevant condition for 

fusion is that the system overcomes the barrier of the total 

interaction potential whereas at higher bombarding energies the 

critical distance (with a critical radius parameter equal to 1 fm) 

defines the Jl . value. We observe that, for the Ar + Ho system, 

the calculated and measured values are in rather good agreement. 

This is shown in the lower part of figure 5. We have 

plotted the experimental I . values versus the incident cm. energy 

The dashed area is the result of the above calculation (taking into 

account the accuracy of the theory). The experimental points agree quite 

well with the calculations. The arrows are the fc,. values discussed 
lim 

above : I corresponds to Bass model and potential (18); the 

t?jj.m
v is from the calculations used in figure 3. Only the highest energy-

point seems to be above 1 . , but that should be confirmed by a measurement 

at a higher energy. 

But let us look now at the Mg + Ta data, (table 1 and 

upper part of figure 5). The experimental i . value disagree with 

the results of the above calculation (dashed area). The fusion cross 

section seems really to be limited by the i.. values obtained from 

the Bass model. At the same time, the broadening of the fission mass 

distribution saturates, for the Mg + Ta system, in agreement with the 

proposed fast fission process between 4 B f _ Q and i,, . 

Let us now look at the evolution of the FWHM of the 

symmetric fragmentation component as a function of the excitation ener

gy. In fig. 6 are displayed the experimental results concerning the 

Ar + Ho system (including the measurements cf ref. (7)),the Mg + Ta 
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system, the He + Be system of ref. (T) and the He + Bi system of 

ref. (U) .We expect the PVHM to depend on two external parameters : 

the excitation energy and the angular momentum. Within the harmonic 

approximation the square o' the variance a of the distribution is 

given by : 

a* = | <2> 

where T is the temperature and C the stiffness coefficient. The FWHM 

is related to a by : 

FWHM = / 8 Log 2 a (3) 

The temperature T is related to the excitation energy and the stiffness 

coefficient will depend on the angular momentum. If we would assume 

the stiffness coefficient be independent of angular momentum, the 

FWHM would vary like -v E . Bote that the eiapirieal variation of 
1/2 the FWHM with Ts (obtained from the data in fig. 1) is in Ts , i.e. 

in agreement with the E variation. The shaded area in fig. 6 

shows such a variation which has been normalized to the experimental 

points corresponding to the lowest excitation energies. We observe 

that all the points corresponding to the He + Bi and Ne + Re system 

are in this area but those corresponding to the Ar + H o system are 

above and the Mg + Ta ones are intermediate. Furthermore, as far as the 

Ar + Ho system is concerned this difference increases with increasing 

energy. This pattern can be understood as follows : the He + Bi 

system is only associated to small values of angular momentum. Therefore 

the stiffness coefficient can be considered to be constant with a good 
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approximation. Consequently, the experimental points follow the E 

variation. This is also the case for the Ne + Re system for which the 

critical angular momentum is small. For the other systems the critical 

angular momentum can he large. The deviation from the E variation 

seems to indicate either that the stiffness coefficient is strongly 

t dependent (it decreases with increasing angular momentum), or that 

there is a contribution to the symmetric fragmentation component of 

another mechanism than the fission of the compound nucleus. The 

inspection of the potential energy, surface as a function of angular 

momentum can give an indication about the evolution of the stiffness 

with angular momentum. Faber (17) has considered such a problem and 

has observed that indeed the potential energy surface flattens with 

angular momentum. This flattening becomes especially important in 

the vicinity of Igf-r,- ̂ is has also been observed in ref. (10) 

using a different parametrisation of the potential energy surface. 

Our interpretation may be used : above * B f _ n
 t h e P W H M increases more 

rapidly due to t:ie contribution of fast, fission to the symmetric frag

mentation component. And theoretical calculations indicate that the 

corresponding FWHM is larger. 

If ve consider now the FWHM of the symmetric fragmenta

tion component associated to the Ar + Ho or Mg + Ta system at high 

excitation energy, we observe that they are different. This can be 

understood in terms of the different ^-values which are involved in 

these reactions. In fig. 7, we have plotted the FWHM as a function of 

the measured critical angular momentum. The variation for the Ar + Ho 
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system and the experimental points corresponding to the Mg + Ta 

system agree well together : although the excitation energy is large 

for the Mg + Ta system, the number of £-vaves involved is small. 

This figure explains the differences observed in fig.6 for the Ar + 

Ho and Mg +Ta at high excitation energy. Furthermore, it confirms 

the large dependence of the F'ifflM on the fc-ve.lues seen in figure 1. 

As said in part II,an alternative explanation for the 

broad mass distribution could be the emission of a-particles prior 

to fusion, which has two effects. First, it carries away part of the 

orbital angular momentum and the fusion nucleus stays below the 

£„. -limit. Second, it shifts the mass of the fissionning nucleus 

and thus that of the fission fragment mass distribution. The mixture 

of mass distributions issued from a range of fissionning masses 

would give a broad mass distribution. In figure 8, we show the broade

ning versus the number of emitted a-particles, assuming the partial 

FWHM is the same for each fissionning nucleus (it should be low?;- for 

non-compound nuclei, which have a lower excitation energy;. Even 

with this assumption, more than 6 a-particles on the average should 

be emitted in order to explain the data, more than half the projectile 

mass ! And the center of the fragment mass distribution should be 

shifted to lower masses, which is not experimentally observed. 

V - COHCLUSION 

Let us now summarize our results. We have observed for 

the Ar + Ho system that the critical angular momentum can be larger 
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than £_^_-. The critical angular momentum was defined, as usual, from 

the fusion cross section which is the sum of the evaporation residues 

cross section and the symmetric fragmentation cross section. Further

more, the FWHM of the symmetric fragmentation component increases 

much more than what we can expect from the statistical fluctuations of 

the mass asymmetry degree of freedom. This effect is very likely 

connected to a big change of the stiffness of the potential energy 

surface, along the mass asymmetry coordinate, as a function of angu

lar momentum. Such an increase is expected when calculating the po

tential energy surface along the fission mode(10-17). By inspecting 

the experimental results, it seems that the more important changes 

are observed when SL values greater than i__ „ are involved. A possible 

explanation could be the contribution to the symmetric fragmentation 

component from a mechanism which is not the fission of the compound 

nucleus, but rather a long life-time deep inelastic component (7-10). 

The lifetime of such a component, which can be called fast fission 

should be large compared to the time necessary for the mass asymmetry 

degree of freedom to relax to equilibrium. Recently, a dynamical cal

culation where the potential energy surface governing the process 

is allowed to change.from a sudden (in the entrance channel)to an 

adiabatic one (in the exit channel) has been done (10). In this 

calculation it turns out that the compound nucleus can be observed 

only for I values smaller than L . When the critical angular 
BI— 0 

momentum is larger than £ E f _ 0 , a long life time deep inelastic compo

nent is observed in between * B f _ 0 and i ... This component (fast 
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fission) is characterized by a symmetric mass distribution alike the 

one observed in compound nucleus fission. However, the associated 

FWHM is different. 

The Mg + Ta results presented here agree quite well 

with such a picture. In this case, the £ . value does not exceed 

strongly t„^_n as expected from the model,and the FWHM does not increase 

as such as in the Ar + Ho case. This clearly shows that the FWHM is 

very sensitive to angular momentum specially above £ B f _ 0 and suggests 

that most of the properties of the symmetric component depend on the 

relative values of JL . and £„. .. lim Bf=0 
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I 

TABLE CAPTION 

Table 1 : Results obtained for the fission mass distribution of 

205-207 A t > E L . i n ci d e nt energies in the laboratory j 

E : compound nucleus excitation energy [£ = 0) j 

8L : laboratory angles of detection j FWHM : symmetric 

fragmentation mass distribution, measured at each 6|_i 

and corrected for the effects of de-excitation through 

neutron emission ; Ts : temperature at the saddle-point. 
i 

Data fop Ar + Ho at 192 and 297 MeV and Ne + Re are from 

ref. 17). 

( 
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•L 

Systsro 

(IteVI 

E* 

(flaV) (dag) 

FUHM 
a.m.u. 
(measured) 

FWH1 

corrected 

Ts 

(IteV) 
°CF 
(I*) 

lcrlt 
measured 

*crit 
calculated 

SSAr • >t?HO 

180 

1flD 

58 40 

59 

32 l 3 

32 1 3 

33 t 3 1.25 100 * 15 26 27 

SSAr • >t?HO 

192 07.5 30 

BO 

34 i 3 

33 t 3 
34 i a 1.33 51 

SSAr • >t?HO 200 74.1 26 

40 

59 

37 ± 4 

36 ± 4 

37 i 4 

38 t 4 1.38 490 ± 75 61 62 

SSAr • >t?HO 

230 90.2 26 

40 

59 

44 ± 3 

45 £ 3 

45 t 3 

47 t 3 1.59 890 t 135 as 64 

SSAr • >t?HO 

243 108.7 20 

50 

60 

40 ± 3 

42 1 5 

49 i 3 

49 i 4 1.60 1160 ± 150 105 91 

SSAr • >t?HO 

280 138.5 26 

40 

59 

54 • 2 

55 i 2 

55 1 2 

59 ± 2 1.69 1320 i 200 120 109 

SSAr • >t?HO 

237 152.1 30 

60 

52 i 4 

57 ± 4 
56 t 4 2. 117 

SSAr • >t?HO 

315 166.5 26 

56 

54 t 3 

50 1 6 
57 ± 6 2.17 1095 ± 130 116 ?24 

SSAr • >t?HO 

340 186.0 30 

59 

55 i 4 

54 ± 4 
59 4 4 2.21 1260 1 190 129 133 

SSAr • >t?HO 

391 

227.0 

16 

26 

55 

60 * 5 

55 ± 3 

54 ± 0 

62 J B 2.46 1450 i 100 147 151 

U«e • MSTa 

270 197.9 26 

59 

44 ± 3 

45 i 3 
49 * 3 2.43 1360 i 160 102 99 

U«e • MSTa 335 245.5 26 

56 

42 ± 5 

45 1 5 
48 ± 5 2.72 1090 S 130 103 124 U«e • MSTa 

340 250.9 20 38 i 4 43 i 4 2.74 1140 J 130 105 125 

Ï8NS • nfSse 

124 76.2 40 23 i 3 30 i 3 1.5 47 

Ï8NS • nfSse 200 150.6 27 

40 

50 

6U 

3B i 3 

39 1 3 

39 i 3 

37 ± 3 

42 S 3 2.11 B2 

Table 1 



Figure 1 : Variation of the symmetric mass distribution reduced 

FWHM versus I .. and Ts. The reduced FWHM is the FWHM crit 
divided by the mass of the fissionning nucleus; its value 

(multiplied by 100) is written along each data point . 

This parameter allows one to compare different systems. 

* it is the maximum I wave contributing to fusion 

(compound nucleus formation + fast fission). Ts is the 

average temperature of the nucleus at the saddle-point. 

Doe to experimental uncertainties the location of the 

contour line are shown by shaded bands (labelled on top). 

The three upper level bands (.25, .30, .35) are adjacent. 

At constant i .. value, the reduced FWHM slowly and 

regularly increases with Ts. At constant Ts value, the 

reduced FWHM increases with I . , the increase being 

much steeper above I .. i< 90. These observations are not crit 
dependent on the precise parameters used to plot the 

figure : the same conclusions arr. reached when the compound 

nucleus temperature is used instead of the temperature at 

the saddle-point, or when the reduced FNHM is defined as 
o 

the ratio of the FWHM to Z /A of the fissionning nucleus. 
Same symboi3 and references as in figure 2. 
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I 

Figure 2 : Variation of the reduced FWHM versus (it .. - £_„ „). 
crit xil-u 

The error bars were given in the referenced papers; 

when absent, they have been estimated. Data from 

reference : 

6 : Xe + Fe; 

T : He + Re, Ar + Ho; 

12 : p + Bi, He + Pb, C + Pt; 

13 : He + Bi, 0 + W, 0 + Er; 

1U : He + Au; 

15 : Ar + Mo, Ar + Sb, Ar + Au, Ar + Th, Ar + U; 

this work : Ar + Ho, Mg + Ta. 
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Figure 3 : The shaded area indicates for which projectile + target 

systems fast fission for i > £ B f _ 0 should be observed. 

(depth of the potential pocket 5 KeV; to shov how the 

area is sensitive to this pocket, the result for a 2 MeV 

depth is also shovn). The open points are for experimental 

cases where a broadening of the mass distribution has been 

seea. The blauk points correspond to heavy systems vhere no 

symmetric component exists in the mass distribution (no 

fusion). For very asymmetric systems, only normal fission 

occurs. 
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Figure U : Angular distribution of f ission + fast f ission fragments. 

The 1/sin 9 calculated l ine i s nornalized at 90° c m . cm , 
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Figure 5 '• Experimental and calculated (with the critical distance 

concept) values of the fission cross section for the fusion 

system 2 0 5At formed by "^Ar + 1 6 5Ho and 2 1 >Mg + 1 8 1 T a 

respectively. Also shown are the limiting values of i, 

contributing to fusion, as calculated by Bass (18) and 

the limit obtained in fig. 3 for a pocket depth of 2 HeV. 
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Figure 6 : Fission fragment mass distribution vidth versus the fission-

ning nucleus excitation energy, for four systems leading 

to nearly identical compound nuclei ( 2 0 5At for Ar + Ho 

and Mg + Ta, z 0 6 A t for Ne + Re, 2 1 3 A t for He + Bi). 

i B f = Q'in fusion is reached for the system Ar + Ho at an 

excitation energy of 98 MeV. 



crif 

Figure T : Fission fragnent mass distribution width versus the aaxi-
mum angular momentum o? the fissionning nucleus •"•'At 
formed either by "°Ar + 1 5 5 H o or by 21*M6 + 1 8 1 T a . 
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Figure 8 : Broadening of the observed fission fragments mass distri

bution due to alpha-particle emission prior to fusion. 

' 33 ± 2 is the ?HHM for compound nucleus fission, 5 9 - 2 

the observed value. 
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