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Inclusive excitation functions have been measured with low detector thresholds and 
full angular coverage for IMF production (IMF: 3 5 Z 5 15) in the reaction of E/A = 
20-100 MeV 14N ions with natAg and lg7Au targets. The experiments were performed at 
the Michigan State University NSCL with beams of E/A = 20, 30, 40 and 50 MeV from 
the K500 cyclotron and E/A = 60, 80 and 100 Mev from the K1200 cyclotron. 

In an earlier report1 evidence was presented for at least three primary sources of IMFs: 
(1) statistical decay of equilibrated target-like residues, (2) nonequilibrium emission from 
a composite source and (3) projectile remnants produced in peripheral reactions. This 
interpretation is also supported by studies of IMFs in coincidence with angle-correlated 
fission fragments. 2 7 3  

Here we report the results of a three-source fit to the energy spectra performed for 
Z = 3- 15 fragment at all angles. All parameters were fit simultaneously. The equilibrium 
source was characterized by a mean velocity, VEQ; Coulomb barrier, BEQ; amplification 
parameter, p, and temperature, TEQ. The angular distribution function was assumed to 
follow w(0) = (1 + a cos4B). The nonequilibrium component was assumed to result from 
a moving source with velocity VNEQ emitting IMFs according to a Maxwellian energy 
spectrum described by a slope parameter, TNEQ, and a Coulomb barrier, BNEQ. A 
center-of-mass angular distribution function of the form w(B) cc exp(-be) was assumed. 
Finally, the projectile remnants that arise from peripheral interactions were parameterized 
according to the empirical model of Kiss, e t  ab4 

The fitting functions for Z = 3-15 fragments from both targets have been integrated 
over all energies and angles to yield elemental cross sections for equilibrium emission, 
oEQ (Z) ; nonequilibrium emission, oNEQ (Z), and emission from the total target-like source, 
oIMF(Z) = oEQ(Z) + oNEQ(Z), shown in Fig. 1. 

In addition to providing a systematic overview of IMF emission between E/A = 20 and 
100 MeV bombarding energy, two distinct features of the results in Fig. 1 should be noted. 
First, there is a significant increase in oIMF(Z) from the natAg target relative to l g 7 ~ u  
between E/A = 60 and 80 MeV. One possible explanation for the observed discontinuity 
may be the onset of multifragment decays at bombarding energies which approach the 
total nuclear binding energy. The total binding energy for the composite 14N + natAg 
system is exceeded at E/A E 80 MeV; for 14N + lg7Au, it is not reached until E/A 125 
MeV. 

A second important aspect of these data is the relative contribution of equilibrium 
and nonequilibrium IMF emission as a function of increasing projectile energy. Previously, 



Figure 1. Excitation functions for IMFs emitted in the 14N + natAg (left column) and 
14N + lg7Au (right column) reactions. Data are shown for fragments with even Z for the 
equilibrium source (upper frames), nonequilibrium source (middle frames) and the sum of 
these (bottom frame). Also shown are total IMF cross sections, O ~ M F ,  for each case and 
for the total reaction cross section, OR. 



data below E/A = 50 MeV 14N energy had indicated that nonequilibrium IMF emission 
increased rapidly with bombarding energy relative to equilibrium emission, suggesting that 
the former process might be dominant at higher energies. However, for E/A 2 60 MeV, the 
ratios of aEQ ( 2 )  /aN (Z) remain approximately const ant, with nonequilibrium emission 
favoring lower-Z fragments and equilibrium emission favoring those with higher Z. 

In order to examine the physics implications and self-consistency of the three-source 
fits described above, we present the systematic behavior of the velocity and temperature 
fit parameters as a function of bombarding energy in Fig. 2, averaged over Z = 3-15 
fragments. The ratio of the average source velocity, (vEQ), to that of the composite 
system formed in a complete fusion reaction, v c ~ ,  is plotted as a function of projectile 
energy in the top-frame of Fig. 2. As the beam energy increases, (vEQ)/vcN decreases 
systematically below the complete fusion expectation, consistent with the corresponding 
increase in the probability for incomplete fusion and pre-equilibrium light-charged-particle 
emission prior to IMF emission. The solid curves in the top panel of Fig. 2 show the most 
probable velocities expected for a limiting momentum transfer of PlI la  = 180 MeV/c. 

The second frame in Fig. 2 shows the average equilibrium temperatures, (TEQ), 
extracted from the fits as a function of projectile energy. Also shown is the energy- 
dependence of the average equilibrium temperature calculated for a simple Fermi gas with 
a = A110 MeVe1, assuming complete fusion (solid line). 

The ratio of the average nonequilibrium source velocity to that of the beam, 
(vNEQ)/vbeam, is shown in the third frame of Fig. 2 as a function of bombarding en- 
ergy. For both targets the results are similar and can be described by an approximately 
constant velocity for the average nonequilibrium source, (vNEg) R 0.06~ (solid line). The 
slope (or effective) temperature, TNEQ, results are shown in the bottom frame of Fig. 2. 
The values of TNEQ are also found to be essentially constant with bombarding energy. 
For the natAg target, all values are consistent with TNEQ R 18 MeV and for gold we find 
TNEQ R 20 MeV. 
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Figure 2. The dependence of temperature and velocity fit parameters, averaged over Z = 
3-15 on bombarding energy for the 14N + natAg system (left column) and I4N + Ig7Au 
system (right column). Solid line on plot of (vEQ)/vCN represents most probable linear 
momentum transfer systematics; solid line on plot of (TEQ) is the temperature for a fully 
equilibrated complete fusion residue; solid line on plot of (vrvEQ)/vbeam is for VNEQ = 
0.060c, and dashed line on (TNEQ) is the average value for all bombarding energies. 


