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Figure 2. Angular distributions for (a) hydrogen isotopes and (b) helium isotopes pro- 
duced in the 156-MeV p + 2 7 ~ 1  reaction. 
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K. Kwiatkowski, D.E. Fields, J. zhangt L.W. Woo, and V.E. Viola 
Indiana Uniuersit y Cyclotron Facility, Bloomington, Indiana 4 74 08 

Isotopic yields of Z- and A-identified intermediate-mass fragments (IMF: 3 5 Z 5 15) 
have been examined in order to investigate non-equilibrium mechanisms responsible for 
the formation of these ejectiles in intermediate-energy collisions. From previous studies1 it 
is known that IMF yields at forward angles are dominated by non-equilibrium processes, 
as deduced from strongly forward-peaked angular distributions and kinetic energy spectra 
much more energetic than predicted for emission from an equilibrated compound nucleus. 
The elemental yields follow a power-law dependence, a (Z) oc Z-r, where 7 is typically 2-5. 



These fragments have been attributed to a wide range of mechanisms, ranging from a hot, 
localized source to dampedldeep inelastic processes. Here we compare data from bom- 
bardments of silver and gold targets with 480 MeV protons (Korteling et a1.2), 200 MeV 
4 ~ e  ions (Zhang et al.3) and E/A=20-50 MeV 14N ions (Fields et al.4). The general 
trends of these data are summarized by the results for carbon fragments. 

In Fig. 1 the yield ratios of carbon isotopes relative to 12c observed at forward angles 
are plotted for both Ag and Au targets. For the p and a projectiles all spectra are 
Maxwellian in shape and peaked near the Coulomb energy. In contrast, the fragment 
spectra from the 14N bombardments exhibit two distinct components at small angles, one 
similar in character to the Maxwellian spectra observed in light-ion-induced reactions and 
the second peaked near the E/A of the beam. Based on the spectral shapes, the 14N data 
have been decomposed into two components, defined here as Maxwellian for the Coulomb- 
peaked component and projectile fragmentation for the beam velocity component. 

For both Ag and Au targets the isotopic yield ratios of the Maxwellian component 
exhibit a strong similarity for all three projectile types and energies. This result suggests 
that the mechanism of IMF formation is relatively insensitive to projectile type for this 
component. (However, it should be noted that the differential cross sections increase 
directly with projectile mass, indicating the possible importance of angular momentum5). 
Comparison of the isotopic ratios for the Ag and Au targets demonstrates a clear preference 
for neutron-excess products from the higher N/Z Au target. From this result it is inferred 
that the composition of these non-equilibrium ejectiles is closely associated with that of the 
composite target-projectile system. This behavior is inconsistent with an interpretation of 
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Figure 2. (Top): Histogram of differ- 
ential cross section for carbon fragments 
observed at 20° for the E/A = 50 MeV 
14N + Ag reaction.* 
(Bottom): Isotopic ratios for carbon frag- 
ments as a function of IMF kinetic energy 
for this system. 
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the Maxwellian component in terms of dampedldeep inelastic proces~es,~ where the yield 
distributions should be coupled to the properties of the projectile. 

Whereas neutron excess isotopes are clearly favored in the Maxwellian component, 
the projectile fragmentation component shows a preference for neutron-deficient species. 
It is also noted that the "c/'~c ratio for 14N-induced reactions is significantly higher 
at E/A=50 MeV than at E/A=20 MeV. In addition, there is only a weak dependence on 
target mass for the high-energy component. This is consistent with a formation mechanism 
in which the most energetic IMFs are associated with peripheral processes; e.g. transfer, 
projectile fragment ation and damped/deep-inelastic reactions. 

In Fig. 2 the isotopic ratios as a function of IMF kinetic energy are plotted for the 
E/A=50 MeV 14N + Ag reaction. Also shown are the corresponding cross sections for each 
IMF energy bin. These data illustrate the evolution of the isotope yields with increasing 
fragment energy. Near the Coulomb energy, neutron-rich isotopes dominate. This trend 
systematically reverses with increasing energy, resulting in primarily N=Z or neutron- 
deficient isotopes for fragments near the beam velocity. The neutron-rich character of 
the Maxwellian component suggests formation in a relatively low state of excitation for 
these (primarily) non-equilibrium products. For the more energetic fragments particle 
decay leading to IMFs with N/Z 5 1 may be much more important. This result is again 
consistent with a picture in which peripheral processes produce the high energy component 
of the spectra, while intermediate impact parameters (for which the projectile identity is 
essentially lost) lead to the Maxwellian component. 



1. W.G. Lynch, Ann. Rev. Nucl. Sci. 37, 493 (1987). 
2. R.E.L. Green et al., Phys. Rev. C 29, 1806 (1984). 
3. J. Zhang et al., Indiana University Report INC-40007-55, p. 34 (1988). 
4. D.E. Fields et al., Phys. Lett. B 220, 356 (1989) and unpublished data. 
5. K. Kwiatkowkski et al., Phys. Lett. B 171, 41 (1986). 
6. R. Borderie et al., Phys. Lett. B 205, 26 (1986). 


