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Abstract: We have measured the mass, the atomic 
number and the kinetic energy of the fragments 
emitted between 6 ~ and 21 ~ in the 22 MeV/u 84Kr + 
197Au reaction. As in the case of a similar exper~ 
iment at 35 MeV/u we found products with a veloci- 
ty substantially smaller than the one of the pro~ 
jec t i l e .  

Heavy ion react ions in the bombarding energy range 
between ~ 20 and 50 MeV/u al low to inves t iga te  the 
t r a n s i t i o n  between the low energy domain dominated 
by the mean f i e l d ,  and the high energy one, domi- 
nated by the nucleon-nucleon i n te rac t i on .  Recent 
experiments performed wi th p ro jec t i l es  in t h i s  
energy region have already shown that  the bombar- 
ding energy is not the only important parameter, 
and that  the size of the p r o j e c t i l e  plays also an 
important role in the mechanisms which are obser- 
ved. This is the case fo r  l i n e a r  momentum t rans fe r  
experiments using a 44 MeV/u Ar beam [ i ]  or for  
react ions induced by 35 MeV/u Kr p ro jec t i l es  on a 
Au target  [ 2 ,3 ] .  In t h i s  las t  experiment i t  was 
shown the existence of events wi th an atomic num- 
ber d i s t r i b u t i o n  centered around 24 un i ts  and a 
FWHM of about 8 un i ts ,  which have a k ine t i c  energy 
(< 15-18 MeV/u) much smaller than the one of the 
inc ident  krypton p r o j e c t i l e  (35 MeV/u). Such a 
component is  qui te unexpected from an extrapola-  
t i on  of our knowledge on the low energy domain. I t  
could come from a cold f rac ture  of one of the two 
nuc le i ,  which would behave in t h i s  case l i ke  crys- 
t a l s ,  or from a d i ss ipa t i ve  in te rac t ion  between 
the pa r t i c i pan t  and the spectator zones associated 
to the p r o j e c t i l e ,  leading to a hot system which 
f i ss ions .  These unexpected events are qui te appar~ 
ent beyond the grazing angle but they also ex i s t  
forwards i t ,  although they represent there only a 
small f rac t ion  of the d i f f e r e n t i a l  cross section 
[3]. Since such a mechanism should also be depeno 
dent upon the bombarding energy of the project i le,  
i t  is interesting to investigate a lower bombar- 
ding energy. In order to answer this question we 
have bombarded a 300 ~g/cm 2 self-supporting Au 
target with the 22 MeV/u Kr beam accelerated at 
GANIL. The fragments emitted during the reaction 
have been detected between 6 ~ and 12 ~ using a time 
of f l i gh t  telescope made of the following parts : 
a carbon f o i l ,  associated with channel plates, 
located at 24 cm of the target gives a f i r s t  tim~ 
ing signal. A large area parallel plate detector 

located at 350 cm from the target gives a second 
timing signal allowing in this way the time of 
f l i gh t  of the part icle to be measured. This paral- 
le l  plate counter was located at the entrance of a 
large area position sensitive ionization chamber, 
similar to those developed at GSI [4], which pro 
vides us with a two-dimensional local izat ion of 
the fragment, and with a E~AE ident i f icat ion ( i t  
consists of 3 AE and one E). This detector was 
operated under a pressure of 150 torrs of CF4. The 
mass, the atomic number, the energy and the direc- 
t ion of the part icle can be measured with the 
above set-up. 
For the present system the grazing of the projec- 
t i l e  is 10 ~ . Consequently we cover a detection 
region wich is forwards but also backwards of f  the 
grazing angle. In Fig. 1 we show the velocity 
spectra of the products for di f ferent laboratory 
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Fig. 1 - Velocity spectra of the products for 
different laboratory angles AO = + 0.5". 
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angles. The incidents velocity of the Kr beam is 
6.5 cm/ns. Forwards the grazing angle we observe 
mainly products with a velocity close to the one 
of the beam. As we can see from Fig. 2, which 
shows the atomic number distr ibut ion for dif ferent 
detection angles (the mass distr ibut ions have a 
similar behaviour), these fast products correspond 
to +atomic numbers close to the one of the projec+ 
t i l e  and most of them can be associated with the 
fragmentation of the project i le.  However, even at 
forward angles we notice the existence of a t a i l  
extending at smaller velocit ies (Fig. 1) or lower 
atomic numbers (Fig. 2). As the detection angle 
goes backwards the grazing, the peak associated to 
fragmentation gradually disappears and is replaced 
by another one centered around 4 cm/ns, for the 
velocity spectrum, and around Z : 20~ for the 
atomic number spectrum. As far as the atomic num~ 
ber distr ibut ion is concerned the dist r ibut ion 
around the mean value turns out to be rather large 
(FWHM ~ 19 units at 12~ 
An interesting piece of information is displayed 
in Fig. 3 which shows the atomic number d ist r ibu- 
tions for dif ferent bins of kinetic energy (these 
results correspond to the whole measured angular 
range : (6-12~ We observe that as the inelast ic~ 
i t y  increases, the dist r ibut ion broadens and 
shi f ts towards smaller Z-values. This behaviour is 
quite dif ferent from the one observed at lower 
bombarding energies [5] where the atomic number 
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Fig. 2 - Atomic number distr ibut ions for d i f fe r -  
ent detection angles AB = • 0.5". 

d ist r ibut ion either does not d r i f t  or d r i f t s  in 
the opposite direction. This is l i ke ly  to indicate 
that we are already in a dif ferent regime of pro- 
cesses, similar to the case of re f . [1 ] .  One possi- 
b i l i t y  to understand the existence of such relaxed 
events would be to imagine that the reaction pro- 
ceeds l ike in a participant spectator picture. The 
participants, which correspond to the common part 
of the project i le and the target get highly exci~ 
ted. Due to a reminiscence of the mean f ie ld  we 
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Fig. 3 - Atomic number distr ibut ions for d i f fe r -  
ent bins of k inet ic energy AE = ~ 100 MeV. 

can imagine that they fuse with either project i le 
spectators, or the target ones. I f  the f i r s t  pos- 
s i b i l i t y  is achieved, we form an excited system 
which might sp l i t  in two parts and we would detect 
one of them. Such an hypothesis, which has already 
been formulated in re f . [3 ] ,  should of course be 
careful ly checked in the future by coincidence ex- 
periments. Compared with experiments using heavy 
projecti les l ike Kr, or heavier [6],  at lower bom- 
barding energies (< 10-15 MeV/u), i t  is hard, from 
Fig. 3, to understand our results as coming from a 
deep inelast ic process. However our observation 
might be connected to some extent to the three- 
body sp l i t t i ng  observed at GSI [7] which seems to 
already occur around and above ~ 12 MeV/u. 
We are grateful to the GANIL staff  for the very 
good Kr beam and to J.L. Cif fre for his e f f ic ient  
help. I t  is also a pleasure to acknowledge for the 
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