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FRAGMENT EMISSION IN REACTIONS OF 18.5 G E V 1 2 C IONS WITH COMPLEX NUCLEI 

N.T. PORILE* AND G.D. COLE** 
Department of Chemistry, Purdue University, W.Lafayette, IN 47907 USA 

24 52 The emission of fragments ranging from Na to Mn in reactions 
12 of 18.5 GeV C ions with Cu, Ag, Gd, Ta, Au, and U targets has been 

studied by means of activation techniques. The experiments involved 
determination of the fragment production cross sections and thick-target 
recoil properties. The latter were used to obtain mean fragment kinetic 
energies and values of B„, the forward velocity component of the struck 
nucleus (in units of c). The results are compared with similar data 
for incident protons of the same total kinetic energy. 

The data may be used to assess the importance of central collisions 
in fragment production. Such collisions lead to the near total destruction 
of both interacting nuclei and the resulting fragments are emitted 
by a system of intermediate rapidity. In such a process, the factoriza-2 tion hypothesis, which has been shown to be valid for target and pro-3 jectile fragmentation reactions, • should not be obeyed. We test for 
factorization by means of the relation 

o ( A Z , 1 2 C) / o R ( 1 2 C) 

o ( A Z , p) / o R (p) 

A 
which states that the ratio of the cross sections for producing fragment Z 

12 
in C reactions to that for producing the same fragment in proton 
reactions with the same target is unity, provided both cross sections 
are reduced by the values of the corresponding total reaction cross 
sections a R , and evaluated for the same total kinetic energy of the 
projectile. 

The remits of this comparison are displayed in Figure 1. It is 
seen that all the fragments from copper are consistent with factorization 
and therefore appear to be target fragmentation residues. On the other 



144 

hand, the fragments from the heavier targets do not obey factorization. 
For silver, this statement is only correct for the lighter fragments 
whereas it applies for all fragments from the heavier target elements. 

12 In all cases, the yield enhancement observed in C reactions is largest 
for the lightest fragments. Within the limits of error, all targets 
heavier than silver display a comparable enhancement. The results show 

12 that C ions are more effective than protons in transfering the high 
energies required to produce light fragments, although at 18.5 GeV 
the enhancement appears to saturate at gadolinium. Since central colli
sions should be possible at larger impact parameters for the heaviest 
target elements, this saturation effect is unexpected. The result may 
be an artifact related to the fact that the regime of limiting fragmen-

4 tation has not as yet been attained by 18.5 GeV. 

The recoil property measurements show that the velocities of the 
12 struck nuclei resulting from C bombardment are some 30 % higher than 

those produced in proton bombardment, while the fragment kinetic energies 
are independent of projectile identity. Within the context of the abrasion-
ablation model, it appears that factorization is obeyed in ablation 
but not in abrasion. This result is perhaps not surprising since the 
details of the projectile-nucleus interaction are more likely to depend 
on the identity of the projectile than is the breakup energy, which 
is primarily determined by the nuclear charge of the fragmenting nucleus. 

The magnitude of B„ ranges between 0.002 and 0.008, the highest 
values being obtained in the production of the lightest fragments 
studied. The values of B ( l are small, indicating that fragment emission 
occurs in low-momentum transfer processes. The fragment kinetic energies 
are only about 40 % of the values expected for a binary breakup of 
the target on the basis of a liquid drop model calculation. This result 
suggests that extensive mass dissipation occurs in interactions associated 
with fragment emission or, alternatively, that the observed products 
are formed in a multifragment breakup process. 
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Fig. 1: 

Test of factorization as a function 
product A for the listed targets in 

12 
reactions induced by 18.5 GeV C 
ions and protons. 


