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The excitation-energy distribution of projectilelike fragments formed in the E/ A4 =8.5 MeV
"Ge+'Ho reaction has been obtained by applying a statistical evaporation calculation to the
difference between primary fragment mass yields derived from kinematic coincidence measurements
and directly measured yields. A gradual transition from approximate equipartition of excitation en-
ergy for small energy losses to a division that favors the targetlike fragment for highly damped
events is observed, in agreement with previous measurements. For a given energy loss, heat parti-
tion is found to correlate with the direction of net nucleon transfer. The variances of the
excitation-energy distributions are shown to increase monotonically as a function of energy loss.
The average data are compared with predictions of the nucleon exchange transport model. The re-
sults suggest that energy-loss mechanisms in addition to nucleon exchange may be important in the
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early stages of the collision.

I. INTRODUCTION

One of the most distinctive features of damped heavy-
ion reactions is the rapid conversion of relative kinetic
energy into heat during the lifetime of the dinuclear com-
plex formed in the collision. For this reason, an experi-
mental understanding of the thermal history of these
short-lived systems as they evolve from nonequilibrated
initial states towards full statistical equilibrium is central
to any successful theoretical description of the process.
Of particular interest in this regard is the question of how
heat, or excitation energy, is partitioned between the
reacting partners. Damped collisions at energies near or
just above the barrier have been generally interpreted via
transport models that account for energy dissipation in
terms of nucleon exchange and/or particle-hole excita-
tion between the projectile-like (PLF) and target-like
(TLF) fragments.!”> In this context, statistical nucleon
transfer between the fragments is the vehicle for heating
of the system. For long interaction times the assumption
of local equilibrium in the interacting zone should pro-
vide a satisfactory description of the thermalization pro-
cess. However, in the early stages of the interaction,
quantal®~® and/or collective' ">°~!! mechanisms may
also come into play. These may subsequently exert an
important influence on the evolution of the system to-
ward equilibrium. Hence, measurement of the heat parti-
tion and associated fluctuations over a wide range of re-
action times provides an important constraint on the
theory of damped interactions.
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Of practical concern, the nature of heat partition be-
tween the fragments at scission is essential to interpreta-
tion of the large body of inclusive nuclidic yield data that
now exist for damped collisions. Direct comparison of
experimental data with model calculations for charge and
mass distributions is generally obscured by the decay of
the highly excited primary fragments. Thus, significant
corrections for light-particle evaporation must be applied
to the measured data. These require a knowledge of how
the heat/excitation energy is partitioned between the pri-
mary fragments, coupled with the application of a correc-
tion for statistical decay in order to translate the ob-
served data into the primary distributions.

During the past decade a number of experiments and
analyses have been performed which shed light on vari-
ous aspects of excitation-energy sharing in damped col-
lisions. Most of these studies have examined either a rel-
atively narrow range of energy-damping associated with
quasielastic events, or nearly symmetric target-projectile
systems where the potential energy surfaces do not pro-
duce strong static driving forces for nucleon exchange.
Several early experiments'?”!” suggested that full
thermal equilibration might be achieved very early in the
damping process, perhaps as low as E), =50 MeV.
Equilibrium is indicated by an excitation-energy division
ratio that corresponds to the mass ratio of the frag-
ments.!2 However, subsequent work'®~?? has indicated
that excitation energy is shared nearly equally between
the reaction partners in the early stages of damping, but
does not reach the full statistical equilibrium value, even
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at very large energy losses (E* =150 MeV). In addition,
some of these studies have indicated that the partition of
excitation energy is dependent on net nucleon ex-
change.20:21:23

In a recent paper’® we investigated the E/A4 =9.0
MeV 3Fe+!%Ho reaction in order to study the full
range of energy damping for an asymmetric target-
projectile combination. Both primary and secondary
mass distributions were determined. The results
confirmed that excitation energy is shared nearly equally
for partially damped events and that the excitation-
energy partition evolves gradually toward thermal equi-
librium, approaching the mass ratio value only for fully
damped events. These studies also permitted derivation
of systematic estimates of the widths of excitation-energy
distributions over a broad range of energy damping and
also suggested that excitation-energy division depended
on net nucleon transfer.

In this work we have studied the E/A4 =8.5 MeV
"Ge+ '*Ho reaction in order to study nucleon exchange
in a heavier projectile-target system and to address the
important question of the correlation between
excitation-energy flow and net mass transfer. Relative to
the *°Fe+!*Ho system, this system provides a greater
range of energy damping; broader mass and charge distri-
butions, which permit a more comprehensive investiga-
tion of the interrelationship between mass transfer and
energy dissipation; minimal shell effects?* in both target
and projectile, and improved mass resolution for the pri-
mary fragments. Details of the nucleon-exchange charac-
ter of the reaction are discussed in the preceding paper.?
Here we focus on the conversion of relative kinetic ener-
gy of motion into internal heat for this system.

II. EXPERIMENTAL PROCEDURES

The details of the kinematic coincidence technique are
contained in the companion paper? and in Ref. 23,
which also describes the techniques whereby primary and
post-evaporative mass distributions were determined.
Here we describe the procedures used to translate the
differences between the primary (A’) and post-
evaporative (A) masses, A4 =A'— A, into the excita-
tion energy of the projectile-like fragment. Assuming a
binary reaction mechanism (i.e., no preequilibrium parti-
cle emission), this then permits evaluation of the partition
of excitation energy between the respective fragments.

In Fig. 1 logarithmic cross-section contours of the
difference between primary and post-evaporative masses,
A A, are plotted as a function of energy loss for
projectile-like fragments. It is observed that the most
probable ridge of the A 4 contours increases systematical-
ly with increasing energy loss. For very large energy
losses, large mass loss and widths are observed, as expect-
ed for fission-like events. At low energy-loss values,
where A A is small, the kinematic coincidence technique
yields negative A A values for a fraction of the events due
to finite mass resolution and recoil effects; e.g., for elasti-
cally scattered events, half of the values of A 4 must be
less than zero due to finite mass resolution of the detec-
tion system. For this reason we restrict the energy-loss
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FIG. 1. Cross-section contours of evaporated mass,
AA=Ap r— Aprr, as a function of energy loss for projectile-
like fragments from the E/ A =8.5 MeV "*Ge+ *Ho reaction.
The data have been smoothed in this plot for evaluating the
average trends of the data. Contour lines are equally spaced on
a logarithmic scale.

range to E; . =40 MeV for the data presented in Sec. III,
where the number of evaporated nucleons becomes sta-
tistically meaningful. In addition, Fig. 1 shows a correla-
tion between E |, and A Apy g, visible as the diagonal dis-
tribution of the elastic-scattering cross section (along the
135° axis). This behavior is an artifact of the finite angu-
lar resolution of the TLF’s, which are amplified by the
large elastic-scattering cross section. These effects in-
clude intrinsic angular resolution in the multiwire pro-
portional counter (MWPC), finite beam spot size, and
scattering in the target and MWPC wire planes. These
effects are most severe for elastic TLF recoils because of
their low kinetic energies and unfavorable emission angle
from the target.

Figure 2 gives the dependence of the centroids of the
evaporative mass loss, (A Ap; ), as a function of pri-
mary fragment mass, A’, for three representative
energy-loss bins. To provide some perspective on the rel-
ative probabilities for different types of events, the size of
the experimental points is made proportional to the loga-
rithm of the relative yield. Two features should be noted
in Fig. 2. First, the most probable evaporative mass loss
becomes systematically larger for bins of increasing ener-
gy loss, as expected on the basis of the correspondingly
larger excitation energies of the primary fragments.
Second, for a given energy-loss bin, the evaporative mass
loss increases as a function of increasing primary frag-
ment mass.

To establish the correspondence between evaporated
mass, A 4, and excitation energy of the PLF, E § p, itera-
tive statistical-model calculations have been performed
with the PACE-II code.”® The program default values
have been used and no discrete energy levels have been
included. Input parameters were mass, charge, excitation
energy, and spin of the PLF prior to evaporation. Atom-
ic numbers from Z =15 to 45 were included in the pa-
rameter space, each with 20 isotopes. The isotopic mass
range was chosen in such a way that its centroid corre-
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FIG. 2. Average evaporated mass versus primary fragment
mass, Ap;p, for representative energy-loss bins. The size of the
points is proportional to logarithm of the cross section.

sponded to the most abundant primary mass for each ele-
ment. The initial total excitation energy for each nucleus
ranged from zero to 200 MeV; in the first 100 MeV, ener-
gy bins were split into 10-MeV segments and in the
second 100 MeV the step size was 50 MeV.

The spin of the PLF was estimated using the total ki-
netic energy loss to parametrize the sum of the angular
momenta of both fragments.” The range of angular mo-
menta extended from the grazing limit for E, =0,
! max = 3074, to the fusion limit taken at E, =240 MeV,
where I, =115%, as taken from Wilcke et al.?’ A linear
interpolation, dependent on E, was taken between
these limits. The same limits were used to calculate the
fraction of the total angular momentum transferred to
the PLF, i.e., zero transfer at the grazing limit and the
value for classical sticking at the fusion limit.?® The an-
gular momentum distribution used in the PACE-1I code
was

P(D=(20 +1)/(6lp p+1), (1)

where [ =lp p—1, lpg, and lp p+1. The calculated
values of PLF spin are found to be Lp;p=~6—-10% using
this procedure. These are in general agreement with
measured values.?>*® Previous studies?® have shown that
for Lp g <15-207% and Ap g > 40, the average number
of evaporated nucleons is nearly independent of PLF
spin. Thus, the results presented here are generally in-
sensitive to assumptions concerning the PLF spin distri-
butions.

The results of the evaporation calculations for the

projectile-like fragments were tabulated as two functions:

faalApr, Zopp, EpLp):= Aprr — Aprg) 2)

and
faz(Apir, Zorps Epip):=Zpr —{Zpg) 3)

where ( Ap; ) and (Zp ;) are the average calculated
mass and charge centroids of the PLF after evaporation,
respectively. Discontinuities caused by particle-emission
threshold effects were smoothed by interpolating between
the no evaporation limit at Eg; r =0 and the value of the
calculation at Ep; =20 MeV. An event-by-event itera-
tive analysis was then performed on the results of Egs. (2)
and (3) to extract information about the excitation ener-
gy, Epip, and primary charge, Zp g, for each event, us-
ing the measured values of Zp; r and A4p;p and the recon-
structed primary mass, 4 p;g. The steps in each iteration
were as follows. First, the primary (preevaporative)
charge was assumed to be Zp p(i —1)=Zp +0.3. The
excitation energy for each iteration, i, was found by solv-
ing the equation for E §;

fAA(AiJLF, Zi)LF(l'—l), E;LF(i))zA;’LF_APLF . (4)

This can be solved unambiguously assuming that f,, is a
monotonic function of Ep g for Ap g and Zp . Once
the value of Ep (i) is determined, it is then possible to
calculate the quantity AZp; (i), where

AZp p()=fnz(ApLp, Zppli —1), Eppp(i) . )
Convergence of the iteration was tested with a parameter,
E(l)=AzPLF(l)—[Zi)LF(I—1)_ZPLF] . (6)

If |e(i)] <0.1 charge units, the iteration was considered
complete; if not, a new value of Zp; (i) was compiled
from the function

and the iteration was continued. The constant 0.9 was in-
serted to speed up the convergence. A maximum of 15
iterations was allowed, but most events converged in
three steps or less. This procedure was applied only to
events with A4 pp — 4p_p greater than zero.

Figure 3 shows the relationship between the average
value of the evaporated mass, (A Ap ), as a function of
energy loss and the average excitation energy derived
from the event-by-event iterative procedure described in
the preceding paragraph. The average behavior for all
masses evolves as a nearly linear function of energy loss
over the entire range of energy loss. Also shown in Fig. 3
is the same plot for selected mass bins equidistant below
(A'=68-70) and above ( A'=78-80) the projectile mass
(A =74). As suggested by the results presented in Fig. 2,
this analysis indicates that nucleon transfer from target
to projectile leads to greater evaporative mass loss, and
therefore higher than average excitation energies, or
heating, of the PLF. Conversely, when the projectile
transfers mass to the target, the results imply greater
excitation-energy transfer and heating of the TLF. How-
ever, at least part of this dependence is due to experimen-
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FIG. 3. (Top) Average evaporated mass as a function of ener-
gy loss. Squares represent the average over all masses; circles
give results for primary masses, 4'=78-80, and diamonds are
for primary masses 4'=68-70. (Bottom) Average PLF excita-
tion energy derived from iterative statistical model fit to eva-
porated mass values, A 4, in top curve. Symbols refer to the
same mass bins as above.

tal correlations in the data.’!

further in the Appendix.

Representative excitation energy spectra are shown in
Fig. 4. Here we plot the distributions as a function of the
percentage of the total available excitation energy,
(E¥i e 7E % ,2) X 100, for several energy-loss bins from 50
to 200 MeV. The solid lines represent an analytical fit to
the data used to derive centroids and widths of the distri-
butions. A Gaussian fit was applied for E; , <100 MeV;
for higher values a double Gaussian was applied in order
to account for the skewed nature of the distribution.
Centroids and widths were derived from the combined
function. These data show the gradual decrease in the
centroid of the fraction of excitation energy in the PLF as
a function of increasing excitation energy. The widths
remain similar for all E| i bins. These results are dis-
cussed in greater detail in the following section.

It is noted that the distributions exhibit a finite proba-
bility at values of E§; g /E ;=0 and above 100%. This
effect is associated with the experimental resolution of the
system and the small values of AAp g for partially
damped events, which arise from recoil effects associated
with nucleon evaporation and the finite mass resolution
of the technique. For example, inspection of Fig. 3
(upper part) shows that for E, =40 MeV the mean
value of A A4 is of the order of one. At this energy loss the
primary mass resolution (FWHM) is approximately 1.2 u,

This subject is investigated
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FIG. 4. Excitation-energy distributions for representative
energy-loss bins (5 MeV about centroid) as indicated on
figure. Data are plotted in terms of percentage of PLF excita-
tion energy relative to total available excitation energy. Solid
lines represent fits to the data as described in the text.

whereas the secondary (measured) resolution is 0.6 u.
The primary mass resolution was determined by a Monte
Carlo simulation (see the Appendix). An upper limit for
the elastic peak was found to be § 4’ < 1.3 u for the ex-
perimental data, assuming gates of 8 =10 MeV, 64 =1
u, and 6Z=1 unit [all full width at half maximum
(FWHM)] on the secondary data for 4 =74 and Z =32.
The finite mass resolution leads to a small fraction of
events for which A 4 is negative. These systematic effects
have been simulated by a Monte Carlo calculation and
are included in the subsequent analysis and assignment of
errors. It is estimated that these unphysical values of
Eg g /E$,, contribute errors of the order of 5% or less
on the centroids of the distributions and 10% or less on
the variances. All experimental values are summarized in
Tables I, II, and III.

III. RESULTS AND DISCUSSION

Early investigations of fragment excitation-energy par-
tition suggested that temperature equilibration in damped
collisions might occur very rapidly, perhaps at energy
losses as low as 50 MeV.'>"!7 Simple Fermi gas argu-
ments (E*=aT?) lead to the result

Epp/Ef = Apip T%’LF /(Aqp T'ZI“LF + Apir TIZ’LF ), (8)

where E* is the excitation energy, T is the nuclear tem-
perature and the level density parameter, a, is the same
for both PLF and TLF. In the limit of equal fragment
temperatures at scission, this relationship predicts excita-
tion energy should divide according to the mass ratio
Apr /A, More recent studies have shown that at
low-energy losses, the PLF receives more than its share of
excitation energy up to energy losses well beyond 50
MeV."82 Ip our previous **Fe+ '*Ho studies,”® it was
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TABLE 1. Centroids and widths of excitation-energy distributions for the E/A4 =8.5 MeV
Ge+'*Ho reaction for data within +5 MeV of stated energy loss. For the full-width-at-half-
maximum value, I, the results for both the original data (Uncorr.) and the data corrected for experi-
mental resolution (Corr.) are given. All masses are included.

T(Epr) T(EpLe /E %
E\os (Efg) (MeV) (Epe/E%) (%)

(MeV) (MeV) Uncorr. Corr. (%) Uncorr. Corr.
40 18.5+0.14 35.5£0.9 24.2 52.31+0.4 76.5+2.8 55.6
50 22.1£0.20 40.7£1.7 30.7 49.1+0.4 70.7+2.7 50.4
60 25.9+0.57 42.0+3.5 31.5 47.2+0.6 65.3+4.6 454
70 29.610.44 46.612.7 36.3 43.9+0.5 64.5+£6.7 46.7
80 32.4+0.55 49.2+3.1 38.2 43.2+0.8 59.9+6.3 42.3
90 35.8+£0.86 51.3+4.2 39.1 42.2+0.8 58.5+7.4 42.2

100 40.610.87 54.5+4.7 41.1 42.1+0.9 56.0+5.8 40.3
110 44.5+0.88 60.5+5.0 46.5 42.5+1.5 55.0+8.2 40.2
120 47.6+1.1 61.8+7.3 452 41.8+1.5 53.2%8.1 38.8
130 51.4%1.9 67.0+9.7 48.9 41.8+1.6 53.0+£9.0 39.4
140 56.8+1.5 71.4£8.1 51.1 42.2+1.5 53.6+8.8 40.7
150 61.4£1.9 78.8+10.6 57.1 41.7£1.8 52.1+£9.7 39.1
160 66.5t1.7 85.9+8.5 62.3 42.5+1.8 54.01+9.6 41.8
170 71.3+£1.9 87.2%11.1 58.9 43.3t1.6 55.3+8.4 43.4
180 75.2+2.4 91.2+12.7 58.7 429+1.9 55.3+10.8 43.1
190 81.5+2.2 94.7+12.8 56.8 43.6x1.7 53.819.4 40.6

TABLE II. Values of the average relative excitation energy in the projectile-like fragment, ( Ef; ¢ /E &, ) (in percent), as a function
of energy-loss and primary fragment mass.

Epps (MeV)

A’ 40-60 60-80 80-100 100-150 150-200 200-250
54 25.4+1.0
55 253+1.4
56 24.7+2.0
57 24.4+3.0
58 29.4+2.6
59 31.442.9 27.8+1.5
60 31.442.7 31.140.95
61 24.5+1.3 30.7+2.2 27.5+0.99
62 25.140.96 28.042.0 29.1+0.81
63 27.6+1.0 28.7+1.6 3L1+1.4
64 32.0+0.64 32.840.99 32.8+1.0
65 23.7+1.9 27.9+0.64 32.0+1.3 33.5+2.0
66 27.9+1.0 30.140.48 33.9+1.2 34.0+1.4
67 24.7+1.3 30.7+0.53 35.340.89 35.6+1.1
68 3L1%1.1 26.2+1.9 29.6+0.62 33.1+0.72 34.0+1.5 33.741.2
69 21.6+1.6 30.7+1.0 30.5+0.57 34.740.52 35.240.99 36.4%1.3
70 34.9+0.56 34.040.41 34.740.39 36.4+0.53 36.240.92 35.6+1.2
71 29.3+0.79 33.640.47 35.610.38 36.740.51 37.340.86 35.2+1.3
72 38.0+0.89 35.840.35 36.840.35 38.340.54 37.740.98 35.140.92
73 37.240.46 39.740.34 39.140.35 39.8+0.57 38.3+1.1 36.3+1.1
74 47.6+0.30 44.6+0.29 42.4+0.32 42.140.58 40.1+1.3 35.41+0.99
75 53.8+0.46 48.840.30 46.140.66 43.5+0.62 39.8+1.1 35.0+1.0
76 57.4+0.32 52.240.44 48.8+1.0 45.3+0.75 412+1.0 37.5+1.0
77 63.2+1.1 56.340.83 52.0+1.4 47.740.72 432+1.1 37.0+1.1
78 65.3+1.2 58.5+0.72 55.242.4 50.0+0.65 43.4+1.6 40.0+1.2
79 69.6+1.9 63.9%+1.7 57.942.8 52.4%1.0 435+1.9 40.1+0.99
80 78.443.9 69.9+2.3 61.412.0 52.4+1.2 46.2+1.2 42.1£1.0
81 85.1+3.4 60.7+4.2 55.342.0 49.3+2.1 42.8+0.90
82 86.343.9 65.41+2.6 54.942.8 48.9+1.5 43.0£1.0
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TABLE III. Experimental full-width-at-half-maximum values (in MeV), [(Ep¢), and percentage of the width to the total avail-

*

able excitation energy, I'(E g /E %,), as a function of primary fragment mass for three representative energy-loss bins.

T(ESF) T(EpLr/E &
Eloss
A’ 40-60 6080 100-150 40-60 6080 100-150
61 39.0+16.6 38.7+10.9
62 33.6+6.9 37.01£6.7
63 45.3+8.1 42.8+9.2
64 38.2t6.5 41.0+4.8
65 48.1+7.0 41.7+4.2
66 46.61+6.5 41.31£3.6
67 50.3+4.1 46.8+3.3
68 26.413.8 31.9x3.4 48.314.7 61.419.2 57.0+9.8 48.114.7
69 32.3£2.8 33.4x2.9 48.21+4.0 74.5+6.8 56.51£6.6 43.8+3.3
70 27.0+1.4 30.7+5.4 43.1+3.4 62.7+3.5 50.3+2.5 42.6x3.5
71 32.1t1.4 34.71£2.0 46.61+4.8 75.0+4.0 57.3+£2.7 42.9+3.6
72 30.7x1.2 33.1£2.5 48.81+4.6 62.7+5.4 53.2+2.3 43.0+3.7
73 32.3+1.1 33.5+2.7 50.5£5.5 71.5+£2.3 52.7£2.2 45.8+4.2
74 28.9+1.1 33.2+4.3 49.2+6.7 61.9+2.0 48.9+2.2 43.1+4.3
75 28.0+1.6 33.81+4.8 48.816.1 58.0+3.2 48.0+2.3 44.0+4.6
76 32.5%2.2 34414.4 50.5+7.5 63.412.3 49.613.3 44.2+5.7
77 31.6+4.6 33.6x5.6 53.2+6.4 58.9+8.1 50.7£6.2 44.415.1
78 30.6+4.3 37.7x5.1 52.2+5.8 57.6+9.4 50.1%5.5 44.51+4.7
79 34.3+6.2 35.4+4.8 58.5+9.3 60.2+16.3 47.7+14.7 47.1+8.4
80 40.8+13.6 60.1+9.6 59.11£16.6 48.8+9.6
81 60.3+11.1 48.8+14.8
82 63.0+£12.0 51.9+22.0

demonstrated that energy equilibration is not a rapid pro-
cess, but evolves gradually from equipartition of the ener-
gy in the quasielastic region to near the equal tempera-
ture limit for fully damped events. These studies provid-
ed systematic determinations of the widths of excitation-
energy distributions over a broad range of energy loss
and also suggested that the fragment receiving a net num-
ber of nucleons acquires more excitation energy per nu-
cleon than its partner.

In this section we examine the dependence of the
excitation-energy distributions for the E/ 4 =8.5 MeV
"*Ge+1%Ho reaction on dissipated energy (E,.,) and net
nucleon exchange. These results are compared with the
predictions of models proposed to account for the experi-
mental observables.

A. Excitation-energy partition

The average excitation-energy partition derived from
the iterative statistical-model fits to the primary and
post-evaporative fragment mass differences is first exam-
ined as a function of energy loss, E,, . The centroids of
the PLF excitation-energy distributions (Fig. 3 and Table
I) show the expected increase in the internal excitation of
the PLF as more energy is dissipated into the system. A
more transparent representation of the partition of exci-
tation energy is shown in the lower frame of Fig. 5, where
the centroid of the ratio of PLF to total available excita-
tion energy, (Ep r/E®, ), weighted by cross section, is
plotted. Also indicated on this plot are the correspond-
ing ratios for equipartition of excitation energy and for

ALL MASSES INCLUDED

T T T T T T T

<E*ors/E'rora> (%)  <E*pip/Apr> (MeV/n)

50 100 150
ELoss (MeV)

FIG. 5. (Top) Average of excitation energy divided by pri-
mary mass as a function of energy loss. Data are averaged over
all masses. Solid line is the prediction of the nucleon exchange
transport model in both figures. (Bottom) Average percentage
of PLF excitation energy relative to total available excitation
energy as a function of energy loss. Dot-dashed line indicates
equipartition of excitation energy and dotted line is the equal

temperature limit for a simple Fermi gas model, 4p/ A4, = 77359—.
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thermal equilibrium in a simple Fermi gas model with
equal fragment level density parameters, i.e.,
ENp/ES,=App/ A, Here we assume Ap p=74
since { Apyr) decreases only slightly over this energy-
loss range.

The experimental ratios exceed the equal energy-
sharing ratio at energy-loss values below about 40 MeV
and then gradually decrease at the amount of dissipated
energy grows. For highly damped events, the average
excitation-energy division ratio saturates at a value of
about 0.41-0.44, which is considerably higher than the
Fermi gas equal temperature value of 0.31. However, as
will be discussed in the following, this result relates to the
average event, and does not preclude the possibility that
for some subset of events, the thermal equilibrium ratio
can be achieved. Also noted in the lower part of Fig. 5 is
a slight increase in (Ef§ r/E%,) at the largest E,
values. This behavior is due to the increasingly skewed
nature of the excitation-energy distributions at higher-
energy losses (see, for example, Figs. 1 and 4). For the
largest energy losses, the mass drift reverses direction and
evolves toward symmetry as full damping is ap-
proached.”® As will be shown in the following, the excita-
tion energy of the light partner at fixed energy loss in-
creases as a function of increasing fragment mass. Thus,
as heavier PLF’s (which include damped and/or fission
products) assume increasing relative weight in the mass
distribution, the average ratio of E§ z/Ef, also in-
creases.

The fundamental result of Fig. 5 is that thermal equili-
bration in damped collisions is not a sudden process, but
evolves gradually on a time scale similar to that for nu-
cleon exchange, energy damping and N/Z equilibra-
tion.” The solid line in the lower part of Fig. 5 and in
Fig. 6 gives excitation-energy division ratios based upon

ALL MASSES INCLUDED
150 T

|'lllT

125 \ o %pe 4 20y

A

%, s ™Ge + '%Ho

1.00 L
o %Fe + 85Ho

0.75

Rgq

0.50 |

I I T I I

0.25 I

PPN S N R R R
0 0.25 0.5 0.75 1

ELOSS/(Ec.m_VC)

FIG. 6. Ry, as defined by Eq. (9) as a function of energy loss
divided by available energy above the Coulomb barrier. Data
are from Ref. 19 (open diamonds), Ref. 23 (open squares) and
this work (solid diamonds). Solid line is the prediction of the
nucleon exchange transport model (Ref. 3) and dashed line is
based on the random neck-rupture model (Ref. 32).

the predictions of the nucleon exchange transport model®
for this system. Here it is assumed® that E§ r=aT?,
where T is the model prediction and a = 4 /10 MeV ™ L.
The model calculation assumes a priori that in the early
stages of the collision, the exchange of a pair of nucleons
leads to equal excitation of the reacting partners. There-
after, the subsequent thermalization of the system is
mediated by nucleon exchange. The model gives a quali-
tatively satisfactory description of the data except for
quasielastic events. Similar predictions are obtained with
the nucleon exchange transport model of Feldmeier® and
the diabatic dissipative dynamics model of Norenberg.'-?

A more direct comparison of the data and the nucleon
exchange transport model is provided in the upper frame
of Fig. 5, where the ratio of the PLF excitation energy to
primary mass, Ep;r/ App, is plotted versus E, . This
quantity, which should be proportional to the square of
the fragment temperature, exhibits nearly the same be-
havior as the model for energy losses below about 150
MeV.

In Fig. 6 we compare various data sets!>?* for mass-
asymmetric target-projectile systems that span a large
range in E, . To normalize these three different target-
projectile systems, we define a ratio, Req, given by

 (E¥p/E%)—Ap/(Ap+ Ar)
€q OS_AP/(AP+AT)

) )

where Ap and A are the mass numbers of the projectile
and target, respectively. The numerator is defined in
such a way that R, is one for equal excitation-energy
division and vanishes for a division given by Ap; g/ A4,.
The denominator serves to normalize the projectile-target
mass asymmetry for the various data sets that span a
large range of energy loss; specifically, *Fe+2%*U (Van-
denbosch et al., Ref. 19), *°Fe+!Ho (Benton et al.,
Ref. 23) and the present "*Ge+ '*Ho system. In Fig. 6
we plot values of R, for these three systems as a function
of the ratio of energy loss to available energy above the
Coulomb barrier. Within the limitations of the experi-
mental techniques and the normalization used to corre-
late the three systems, all these data sets appear to be
self-consistent with one another.

Also shown in Fig. 6 is the predicted behavior for the
R, parameter based on the nucleon exchange transport
model (solid line) and the random neck rupture model of
Brosa and Grossman (dashed line, calculated for the
%Fe+ Ho system).>? This model focuses on the final
phase of separation, where a large fraction of the excita-
tion energy may be stored as deformation energy in the
neck between the fragments. During random rupture of
the neck, the fragment that inherits the larger fraction of
the neck obtains both excess mass and a dispropor-
tionately large fraction of excitation energy from the
neck deformation energy. For the average quasielastic
process, where there is little mass flow, this leads to
equipartition of the energy. For fully damped events,
which experience considerable nucleon flow from projec-
tile to target, the TLF gains a larger share of the excita-
tion energy. Both models reproduce the rough trends of
the data.
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In Fig. 7 the excitation-energy division ratio is shown
for various primary mass bins. For large energy losses,
one observes that the excitation energy partition is rela-
tively independent of mass. However, with decreasing
energy loss a dependence on PLF mass becomes ap-
parent. Large transfers of mass from the PLF to TLF
(low mass bins) lead to large amounts of excitation energy
being transferred to the TLF and a relatively cold PLF;
this (E§ r/E%,) ratio is nearly constant, just greater
than the equal temperature value. For increasing mass
bins, it is found that the relative amount of excitation en-
ergy in the PLF increases; i.e., the excitation energy ap-
pears to follow the direction of net mass transfer. Thus,
if the PLF gains nucleons, it acquires more excitation en-
ergy than the average event; if the PLF loses nucleons,
the TLF acquires excess excitation energy, in agreement
with results from Refs. 20, 23, and 33.

This dependence of excitation-energy division on PLF
mass and energy loss is tabulated in Table III. In Fig. 8
the excitation-energy ratio for PLF’s is shown as a func-
tion of mass for six energy-loss bins ranging from partial-
ly damped events (E, ,=40-60 MeV) up to the fully
damped limit (E,,=200-250 MeV). Here one notes
that for the smallest amount of damping (E,,, =40-60
MeV), there appears to be a strong dependence of
excitation-energy partition on PLF mass. With increas-
ing damping this slope gradually flattens, until for com-
plete damping it corresponds approximately to the
equal-temperature value.

In all cases, the lightest observed fragments are found
to be consistent with equal fragment temperatures. De-
tailed Monte Carlo simulations of these data have been
carried out in order to examine instrumental correlations
which also introduce mass-dependent correlations in the
data (see the Appendix). These simulations indicate that
the experimental technique and resolution effects—
which are difficult to subtract from the data in a straight-
forward way—account for part of the observed effect.
The major contribution to this instrumental correlation is
associated with nucleon evaporation from the PLF
recoils and the finite angular resolution for TLF’s.

The dependence of Ep x/E¢, on the primary PLF
mass for a given amount of energy dissipation is not ad-
dressed by current model calculations.>>> These experi-
mental results combined with previous studies,!® 23 how-
ever, suggest that at least in the early stages of the reac-
tion, factors in addition to statistical nucleon exchange
associated with a one-body dissipation mechanism may
exert an influence on the partition of excitation energy
between the reacting partners.

Wilczyniski’ has pointed out that for asymmetric sys-
tems, the most peripheral interactions are dominated by
proton transfer from projectile to target or neutron
transfer in the reverse direction due to the corresponding
asymmetries in the neutron and proton binding energies.
This creates unequal neutron and proton fluxes which
make the exchange of two like nucleons relatively unim-
portant for short interaction times. Siemens et al.** have
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FIG. 7. Average of PLF excitation energy divided by total available excitation energy (in percent) as a function of energy loss for
selected primary mass bins, as indicated on figure. Other symbols are as in Figs. 2 and 5.
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pointed out that this situation creates a thermal
mismatch between the reacting partners, which must sub-
sequently affect the statistical evolution of the system at
smaller interaction distances and longer times. In addi-
tion, the possible contributions of other energy dissipa-
tion mechanisms such as the excitation of giant reso-
nances!! and charge exchange® cannot be overlooked.

Attempts to address the quantal aspects associated
with the early stages of damped collisions—which pro-
vide a basis for explaining the correlation between net nu-
cleon flow and excitation-energy partition—have been
addressed by Norenbergh? and Griffin. Norenberg and
co-workers? have considered the combined effects of
coherent coupling between collective and intrinsic de-
grees of freedom and the subsequent equilibration of the
system by residual two-body collisions. In this model, a
diabatic two-center shell model is used to account for
fragment excitation via particle-hole excitations. Griffin
and Broniowski® have employed a Schrddinger double-
shell model to show that Schrodinger dynamical flow,
driven by kinetic pressures, does not necessarily conform
to nucleon exchange models, especially in the early stages
of the interaction. Qualitative intercomparison of these
approaches is not possible at present, but their success in
accounting for the dependence of heat partition on net
nucleon exchange should provide an important test of
their applicability.

The feedback mechanism of Moretto and Lanza® and
Schmidt!® provides an attractive qualitative explanation
of the association between excitation energy flow and net
nucleon exchange. This model has the complementary
advantage of providing a mechanism for explaining the
deviation?® between the direction of nucleon flow as ob-
served in the experimental data and that predicted by the

nucleon exchange transport model. The basic premise of
the model is that the initial transfer of one or more nu-
cleons leads to a higher temperature for the acceptor nu-
cleus (see also Ref. 34). For example, nucleon exchange,
which leads to equal excitation of both partners
(Ep g=E71Lr), will lead to a higher temperature in the
light partner since E*/ Ap g > E1 g/ ArLp- This creates
a thermal driving force which competes with the static
and dynamical forces associated with the statistical ex-
change of nucleons. This temperature mismatch leads to
the subsequent transfer of nucleons in the opposite direc-
tion in order to raise the temperature of the cooler (TLF)
fragment. For asymmetric collisions between very heavy
ions such as those discussed here, Q-value considerations
favor the initial transfer of a neutron from target to pro-
jectile. This effect is experimentally observed in the nu-
clide distributions for low-energy losses.?>?>3% Thus, on
the average the projectile-like partner acquires a dispro-
portionate share of the initial excitation energy, leading
t0 Epyr/ ApLe > Etkp /A1 OF Tprp > Trpp-

In this context, the subsequent evolution toward
thermal equilibrium is more efficiently achieved by exci-
tation of the TLF via transfer of nucleons from projectile
to target, rather than by the exchange of nucleon pairs.
The importance of this effect may be coupled to the gra-
dient in the relevant potential energy surface, as pointed
out by Blocki;*® weak gradients serve to enhance thermal
feedback. At the same time, attainment of N /Z equili-
bration favors the transfer of protons from PLF to TLF.
This argument should be most relevant for short interac-
tion times where the net number of nucleon transfers
(A Ap; ) is large with respect to the total number of nu-
cleon exchanges, as deduced from experimental variances
of the mass distributions.”> As the interaction time in-
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FIG. 9. (Top) Full width at half maximum of excitation ener-
gy distribution as a function of energy loss. Data are averaged
over all PLF primary masses. Diamonds present raw data;
dashed line is the calculated resolution of the system, and circles
are resolution-corrected final data. For both figures, the dotted
line is the prediction for fragments in thermal equilibrium (Ref.
37). (Bottom) Percentage of PLF excitation-energy width to to-
tal available excitation energy as a function of energy loss.
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creases, the development of statistical exchange should
grow in importance, leading to eventual thermalization of
the system for which Tp g=Tpp oOr Efir
~(At g/ Apir)EpLr Thus, inclusion of the thermal
feedback effect provides a useful mechanism for interpret-
ing the observed correlation between net nucleon transfer
and excitation energy partition between the fragments, as
has been previously discussed in Ref. 23.

In concluding this section it should be remarked that
for the average event, where the net transfer of nucleons is
small, the excitation-energy partition is in general agree-
ment with the nucleon exchange-transport model.® It is
only in the wings of the primary mass distributions at
fixed energy loss—where the model does not make any
predictions—that the correlation between mass transfer
and excitation energy becomes most apparent.

B. Excitation-energy distribution widths

In addition to the average heat partition properties as-
sociated with net nucleon transfer and energy dissipation,
the width of the excitation distribution, I'(E*), is an
equally important reaction parameter. Here we define
I'(E*) as the full width at half maximum, as derived
from distributions such as those shown in Fig. 4. Due to
experimental resolution and uncertainties associated with
broadening effects from particle evaporation from the re-
action partners, absolute width information is subject to
greater error than for centroids of the distributions. For
this reason, resolution corrections were estimated via
Monte Carlo calculations and these have been subtracted
in quadrature from the experimentally derived width data
presented in Figs. 9 and 10 and Table III. The correc-
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FIG. 10. (Top) Full width at half maximum of excitation-energy distribution as a function of PLF primary mass for representative

energy-loss bins. All symbols are the same as Fig. 9. (Bottom) Percentage of PLF excitation-energy width to total excitation energy
as a function of PLF primary mass.
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tions include contributions from evaporation recoil
effects, PLF and TLF detector angular resolution, PLF
detector mass resolution and PLF kinetic energy resolu-
tion. The resolution calculations are indicated by a
dashed line in Figs. 9 and 10; diamonds refer to the ex-
perimental data and circles are the resolution-corrected
widths in these figures. These values are given in Table I
and Table III.

In Fig. 9 the dependence of the absolute width,
I'(Ep g ), on energy loss is shown in the upper frame and
the width of the excitation-energy distribution relative to
the total available excitation energy, [(Ep g/Ef,), is
shown in the lower frame. These values represent a su-
perposition of many individual widths for the measured
nuclide distribution and thus are greater than those
shown for individual masses (Fig. 10). The absolute
corrected widths increase monotonically as a function of
increasing total excitation energy of the system (or E ).
One observes that the widths are relatively broad; this
has important implications for any attempts to relate in-
clusive yield distributions to primary values, since it
significantly broadens the number of species that can be
derived from a given total excitation energy. The ratio of
the PLF width to the total excitation energy is found to
remain relatively constant as a function of increasing en-
ergy loss, except for events in the quasielastic region.
Both representations of the widths demonstrate that the
thermal fluctuations are large in these reactions. At
present no theoretical predictions from the nucleon-
exchange-transport models® > or the dissipative diabatic
dynamics model®? exist with which to compare these re-
sults. The absolute corrected widths are qualitatively
similar to those reported previously for the *°Fe+ %*Ho
system;>* however, our values at high E,  are about 25
percent lower due to larger resolution corrections deter-
mined in the current work. On the other hand, the
dependence of the fractional widths on E)  is nearly
identical for both systems.

In Fig. 10 and Table III values of ['(E§ ) and
T(Ep p/Ef,) are presented as a function of primary
fragment mass for several energy-loss bins. Within ex-
perimental uncertainties neither the absolute nor the
fractional corrected widths exhibit any appreciable
dependence on PLF mass number, although for the
100-150-MeV bin there appears to be a systematic in-
crease in the absolute width with increasing mass. Again,
these results are in agreement with the data of Ref. 23 for
the >Fe+ '*Ho system.

The dotted lines in Figs. 9 and 10 are derived from the
model of Morrissey and Moretto®’ for the excitation-
energy widths of a system with equal temperature at scis-
sion and the assumption of a Gaussian excitation-energy
distribution. The calculations assume a level density pa-
rameter a = A /8 MeV~!. This prediction reproduces
the qualitative trend, but underestimates the absolute
magnitude of the data by about a factor of 2. Since the
calculation assumes thermal equilibrium, the observed
disagreement is not surprising. Nonetheless, the compar-
ison is valuable in highlighting the larger fluctuations as-
sociated with nonequilibrated systems as they evolve to-
ward thermal equilibrium.

IV. CONCLUSIONS

Examination of the excitation-energy distributions for
the E/A =8.5 MeV "Ge+'®Ho reaction have rein-
forced and amplified the conclusions of previous investi-
gations of heat partition in damped collisions.!3~2
These studies, performed with improved PLF nuclide
resolution, provide heat partition data over nearly the full
range of energy damping for an asymmetric projectile-
target system with minimal shell effects.

The average behavior of the PLF excitation energy rel-
ative to the total available excitation energy decreases
from values slightly greater than for equipartition of en-
ergy at small energy losses to values that favor excess ex-
citation energy in the TLF for fully damped events (Fig.
5). General agreement is found with the average values
calculated with the nucleon exchange transport model.>
However, for partially damped events the excitation-
energy sharing favors the PLF, rather than equal sharing
as would be expected for the exchange of a pair of nu-
cleons. This behavior is consistent with more detailed
studies of this energy-loss region in other systems.?’

The data indicate a correlation between net nucleon
transfer and the heating of the acceptor nucleus (Figs. 7
and 8). That is, fragments which gain nucleons during
the projectile-target interaction time acquire a dispropor-
tionate share of the excitation energy. This correlation
appears to be most important for small values of energy
loss, or short interaction times. With increasing energy
damping, the dependence of the heat partition on net nu-
cleon transfer becomes gradually weaker until, for
fusion-fission like events, it approaches the thermal equi-
librium limit, Ef g/ App=E%, /A, These results
suggest that mechanisms other than the statistical ex-
change of nucleon pairs may play an important role in
thermalization of the dinuclear complex, particularly in
the early stages of the reaction.">®~!! The thermal feed-
back model,” ! which emphasizes the role of nucleon
transfer in the initial heating of the system, provides a
useful mechanism for examining the competition between
the drive toward thermal equilibrium and the static and
dynamic forces imposed by the statistical transport prop-
erties of the system. It remains an important test of
theoretical models of damped collisions to explain this
behavior satisfactorily.

The widths of the excitation-energy distributions are
found to be generally broad, even for relatively low-
energy losses, and increase systematically with increasing
total excitation energy (Figs. 9 and 10). The ratio of the
PLF width to the total available excitation energy, how-
ever, is rather insensitive to either the amount of energy
dissipated in the collision or the net mass transfer for a
specific energy loss. Comparison of the experimental
widths with predictions based on a dinuclear system in
thermal equilibrium®’ demonstrates that the experimental
values are significantly larger than calculated. This result
emphasizes the nonequilibrium nature of these systems.

The implications of these results for exotic nuclide syn-
thesis via damped collisions should also be noted. The
observed dependence of excitation energy on net nucleon
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transfer indicates that on the average fragments that have
gained a large number of nucleons will be highly excited,
and thus more susceptible to particle decay. For this
reason, neutron-excess isotopes of PLF’s with Z >Zp,0j
and TLF’s with Z >Z , —the primary objects of such
studies—will be affected most severely by depopulation
due to particle decay. One compensating factor, howev-
er, is that the widths of the excitation-energy distribu-
tions appear to be sufficiently broad that a finite probabil-
ity exists for forming exotic species in a relatively cold
state.

In summary, these results demonstrate that the heat
partition properties associated with the damped collisions
at near-barrier energies provide a new dimension for the
theoretical investigation of these processes. The impor-
tance of nucleon transfer in the conversion of relative en-
ergy of motion into internal heating of the system is sug-
gested by these data and indicates the need for incorpora-
tion of this additional degree of freedom into the full
transport model calculations.
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APPENDIX

Because the coincidence data described in this paper
involve (1) a large number of experimental parameters
and (2) the use of statistical models to obtain the final re-
sults, we have performed detailed Monte Carlo simula-
tions to investigate the sensitivity of the data on the tech-
nique and associated instrumental effects. Here the quan-
tity & represents the experimental FWHM value. The in-
put parameters for these simulations were: (1) the labora-
tory kinetic energy, mass, and charge of the "*Ge projec-
tile; (2) the mass and charge of the !*Ho target; (3) posi-
tion and angular acceptance of the PLF detector (26.5°,
A6=1.2°); (4) angular resolution of the PLF (§=0.1°)
and TLF detectors. The TLF resolution was based on
measured angular correlations for elastic TLF’s, with
gates set on elastic PLF’s with §=6 MeV and the values
listed in (5); this is a worst-case assumption because elas-
tic TLF’s are the most poorly resolved in our system due
to their low energies and unfavorable emission angle from
the target. (5) experimental mass (§=0.6 u) and charge
(6=0.6) resolution of the PLF detector telescope; (6) pa-
rameters a’, b’, and k of a two-dimensional Gaussian pa-
rameterization®® of the primary fragment cross-section
distribution in the N-Z plane for the projectile-like frag-
ments (to be found in Ref. 25); (7) the total kinetic energy

loss, E,,, and (8) a functional dependence of the
excitation-energy division ratio, Eg; r/E%,, on PLF pri-
mary mass and energy loss, where the PLF excitation en-
ergy and the total excitation energy E %, were given by

Ett)t:Eloss+Qgg(Ai’LF’Zi’LF) . (10)

In our calculation Q,, was approximated by the liquid-
drop model mass formula.>

In the first step the simulations generated the primary
mass and charge of the PLF from a two-dimensional
Gaussian distribution with parameters described in Refs.
38 and 40. The initial direction of the fragments was
determined by an assumed c.m. angular distribution
(do/dQ=1/sinf, ,, ). Other shapes of the angular dis-
tribution function were also examined; for our system
this effect was found to be rather unimportant because of
the small angular acceptance of the PLF detector. In the
next step, velocities of the two primary reaction products
in the c.m. system were calculated.

The post-evaporation PLF mass and charge were gen-
erated according to the prediction of the statistical code
PACE-II for a given E§ x and angular momentum win-
dow, as discussed in Refs. 10 and 23.

Evaporated mass from the TLF was approximated by
the formula

Adr p=A0App(Etp/Efip) - (1n

One can also use the approximation A A r=E} /12
with equal success. The light-particle evaporation recoil

effect was simulated by a Maxwellian distribution*' given
by

d*c /dQdvg =viexp(—v3 /2s?) , (12)
where
s?=AA;T,/(A]—AA;)%i =PLF,TLF . (13)

Here A/ and A A; correspond to the primary mass and
the evaporated mass for PLF and TLF, respectively; T;
was the corresponding temperature of the fragment and
the average neutron evaporation energy was taken to be
1.5T;.

The final velocity of a fragment was given by

V;=Vg+V.m +V,g, I =PLF,TLF . (14)

Here v, was the velocity of the composite system and
V; ..m. denoted the initial center-of-mass velocity of each
primary fragment. The v, p represented the recoil veloci-
ty.

To take into account the finite mass and charge resolu-
tion of the detected PLF, we randomized these quantities
to achieve the measured values. A similar randomization
procedure was applied to the PLF and TLF final direc-
tion.

Only those events were selected for which the PLF falls
into the acceptance window of the corresponding detec-
tor. For each accepted event the following quantities
were generated: (1) for the secondary PLF: Ap g, Zpyp,
Epi g, Op1p, dpLp, and (2) for the corresponding TLF:
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FIG. 13. Average ratio of PLF excitation energy to total available excitation energy in percent. Experimental data are given by
solid diamonds. Open diamonds represent Monte Carlo simulations described in the Appendix, assuming the average behavior of the
experimental data (dotted line). Open squares are Monte Carlo simulations assuming the average value of excitation-energy partition
predicted by the nucleon exchange transport model (Ref. 3), independent of mass (dashed line). Dotted-dashed line is based on the
analytical formula of Ref. 31, assuming independence of excitation energy division on fragment mass.
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OrLe TLE-

This set of physical parameters was identical to that
extracted from the experimental data.”® We subsequently
analyzed these simulated ‘“data” in the same way as the
measured ones. As a result, we obtained information
about the primary mass, charge, kinetic energy, and exci-
tation energy of the PLF. In addition to mean values of
these quantities, we obtained information about the cor-
responding widths due to the experimental technique.

Figs. 11 and 12 show that the simulations reproduce
the measured centroids and variances of the Z, N, and 4
distributions quite well. These calculations use the exper-
imentally determined excitation-energy division ratios
(summarized by the dotted lines in Fig. 13). Here the
solid line represents the experimental (post-evaporative)
data and the dashed lines the primary fragment cen-
troids. The squares and circles show the simulation re-
sults at representative energy-loss values for the post-
evaporative and primary centroids, respectively.

Figure 13 compares the data (solid points) for represen-
tative energy-loss bins from Fig. 8 with Monte Carlo
simulations involving two quite different assumptions
about the dependence of excitation-energy partition on
PLF mass. First, the open diamonds show results that
assume a mass-dependent value for Ep g /E %, as a func-
tion of primary mass for a given energy-loss bin. (The
average behavior of the experimental data used in the
simulation is given by the dotted line.) As a second as-
sumption (open squares) it is assumed that Ep g /E}, is
independent of fragment mass and given by the average
value of the experimental data (dashed line). Also shown
is the prediction (dot-dashed curve) of an analytic formu-
la derived by Toke et al.,’! which predicts the experi-
mental resolution contributions to the dependence of
excitation-energy division on primary mass. This formu-
la requires a knowledge of the primary mass distribution.
It is observed that the technique and instrumental effects
introduce a dependence of E p; g /E{,, on PLF mass. Sub-
traction of this effect from the data is not straightforward
and thus we choose to compare the experimental and
simulated results directly in Fig. 13. A more direct com-
parison is shown in Fig. 14, where the simulations are
compared with the data for the evaporated mass, A 4p g,
as a function of the primary fragment mass for the two
widely separated energy-loss bins. As before, the open di-
amonds represent simulations that assume the average
dependence of the energy loss on PLF primary mass, as
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FIG. 14. Average PLF evaporated mass as a function of pri-
mary fragment mass for two energy-loss bins, as indicated on
figure. Solid diamonds are experimental results of Fig. 2. Open
diamonds are Monte Carlo simulations assuming the experi-
mental excitation-energy division values. Open squares indicate
results which assume excitation-energy division is independent
of mass.

deduced from the data (dotted line in Fig. 13); the open
squares assume that for a given energy loss, excitation-
energy partition is independent of fragment mass. Here
the mass-independent assumption for the Ep;p/Ef, at
fixed E,. is clearly in disagreement with the data.

In summary, Monte Carlo simulations that include all
known resolution effects and physics parameters of the
method are found to reproduce these data satisfactorily.
Recoil effects due to light-particle evaporation and TLF
angular resolution are found to account for the major
sources of uncertainty. This introduces a dependence of
the excitation-energy partition at fixed E,  on fragment
mass. However, the magnitude of this effect is below that
observed experimentally.
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