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ABSTRACT
We have studied the excitation of target-like fragments pro-

duced in the reactions of 331.9 MeV 28Si + 181Ta The light charged
particles and intermediate mass fragments were detected in a small,
highly segmented Air phoswich detector system placed inside the spin
spectrometer, a 4?r Nal array which served as a neutron and 7-ray
detector. All target emissions indicate that excitation ceases to in-
crease with decreasing projectile-like fragment energy, as it should if
the primary reaction is binary. Non-equilibrium neutron, proton and
a-particle emission and projectile fragmentation conspire and limit the
conversion of kinetic energy into target excitation. This effect is more
pronounced for PLF away from the injection point and for the largest
kinetic energy losses.

1. INTRODUCTION

When the relative velocity of two heavy ions at contact exceeds approxi-

mately 3 cm/ns, complete fusion of the projectile and target begins to yield cross

section to other less than complete fusion mechanisms. 1 -4i These mechanisms are

often characterized by less than full momentum transfer, and imply the existence

of prompt emission of unfused nucleons, or an unfused projectile (or target) rem-

nant, or both. In each case, the incomplete momentum transfer results in both

lower velocity and excitation energy of the products relative to those from com-

plete fusion. The extent of momentum transfer manifested in fragment velocities

has been extensively studied by direct measurement of the recoil velocity of fusion-

like products and for fissile systems by the folding angle technique. While such

measurements have been very important in the study of incomplete fusion, they

cannot by themselves distinguish between mechanisms. More recently, neutron



multiplicity measurements have shown that target excitation provides informa-
tion similar to that of the velocity measurements.5! Again, these measurements by
themselves are insufficient to answer the question whether the reduction in mo-
mentum transfer is due to fast light particle emission, or to an unfocused part of
the projectile or both.

The purpose of the present work is to distinguish between these possibilities.
We have addressed these questions by means of a complete 4TT measurement of the
light charged particles, light intermediate: fragments, neutrons and 7-rays observed
simultaneously in coincidence with projectile-like fragments. We will show that for
an appropriate choice of the reaction system, it is possible to kinematically decom-
pose the energy spectra into those due to sequential emission from the target-like
fragment (TLF), the projectile-like fragment (PLF), and a fast forward component
(FC). We will show that the deficit in TLF excitation which is not associated with
a projectile remnant strongly depends on both the mass and the energy of the
residual projectile-like fragment.

2. EXPERIMENTAL METHODS

The experiments in this work were performed at the Holifield Heavy-Ion
Research facility. A 331.9 MeV (11.85 MeV/nucleon) 28Si was used to bombard
~ 500 ^g/cm" self supporting 181Ta targets. The proton , a-particle and Li and
some Be spectra were recorded in the "Dwarf Ball", a 47T light- -harged particle
spectrometer system. It consists of 72 fast-slow particle scintillator phoswiches
closeh packed in a 4?r arrangement. A detailed description of this apparatus has
been grven in Ref. 6. Each telescope of the Dwarf Ball covered 0.171 radians.
The Dwarf Ball was placed inside the spherical scattering chamber of the spin
spectrometer.'' The N .1 detectors of the spin spectrometer provided the 7-ray mul-
tiplicity, the total 7-ray energy and the neutron multiplicity. The response of the
spin spectrometer to monoenergetic neutrons was determined via the 7Li(p,n7)7Be
reaction7' and was further checked with the (20Ne,6n7) reaction. The event trigger-
ing efficiency H? varies between 0.55 and 0.40 for 2 to 16 MeV neutrons, while the
fold triggering efficiency ny(l-i-F), which includes the crystal-to-crystal scattering,
varies between 0.95 and 1.20 for neutron spectra7' with a Boltzmann distribution
with temperatures between 1 and 4 MeV, respectively.

The event triggers were provided by three Si (AE, E) telescopes consisting
of 45 ^m AE, and 1500 ̂ m E detectors with an active area of 200 mm2, subtending
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Figure 1. Kinetic energy spectra for all the isotopes of C, O, and Mg PLF recorded
by the triggering Si telescopes at 27.1° to the beam direction. The quasielastic
component is seen strong in the Mg spectrum, but it is absent in the C spectrum.

~10 mstr each. Two of these telescopes were located at 27.1° to the beam direction,
while a third one was placed at 102° to monitor the ct-particle spectra with good
energy resolution.

3. RESULTS AND DISCUSSION

Energy spectra of the PLF were recorded in the two forward Si telescopes
for all Z values ranging from Li to Si. Mass and Z resolution was obtained for all
elements from Li to Mg. The energy spectra for Z=14 down to 10 exhibited both
the quasielastic and the fully relaxed (deeply inelastic) component with the latter
increasing in strength as one moves away from the injection point. Selected PLF
kinetic energy spectra for all the C, O and Mg isotopes are shown in Fig. 1. The
coincident light particle spectra were obtained by placing 5 or 7 approximately
equal width gates on the PLF energy spectra during the analysis.



The excitation energy deposited in the TLF as a function of energy loss and
Z of the PLF was obtained from the neutron, proton and a-particle multiplicities
when these light particles are emitted in the backward direction from the slowly
moving target-like products. The neutron multiplicity from the TLF is best de-
termined from the total neutron multiplicities and the angular distributions of the
neutron events recorded in the spin spectrometer. The neutron-fold distributions
in coincidence with the Mg, O and C fragments are shown in Fig. 2(a)-(c), for
the indicated PLF energies. Several features are apparent in these data. First, we
note that in the Mg case, the neutron fold distributions shift continuously toward
higher multiplicities as the Mg kinetic decreases. This is in contrast with the O and
C cases where a saturation effect is apparent. As the observed kinetic energy is de-
creased and thus more energy is available for heating the system, the total neutron
multiplicities first increase and then remain constant, suggesting that additional
l:ln:tic energy less is not utilized to heat the reaction products. Another feature of
the neutron fold distributions is their large widths. Although a significant fraction
of the width is due to the instrumental response of the spin spectrometer7! from
the rather large crystal-to-crystal scattering of the neutrons, still the present data
indicate rather large widths of the neutron multiplicity distribution.

Z:ir.ziz~: vi:h »~ i — iccni vith Czrlcr.
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Figure 2. Total neutron fold distributions observed in the spin spectrometer in
coincidence (a) with Mg fragments having the indicated averapa kinetic energies,
(b) with 0 fragments having the indicated average kinetic energies, and (c) with
C fragments having the indicated energies.



The average total neutron multiplicities (Mn)toti were calculated from the
average neutron fold distributions corrected for instrumental response. The results
are summarized in >.n1imrp 2 of the Table I as a function of EPLF for Mg, O and
C fragments. The neutron multiplicities for the TLF can be obtained from the
(Ma)tot > by making use of the kinematic focusing of the neutrons due to the fast
moving PLF or the fast forward component from those emitted from the heavy
slowly moving TLF. An example of such an angular distribution is shown in Fig. 3
for neutrons observed in coincidence with 222 MeV Mg fragments. The distribu-
tion is plotted with respect to the angle of the Mg fragment, although a similar
plot is obtained relative to the beam direction. The resolution of such distribu-
tions into a target-like component and a forward component can be made with the
aid of a simulation that takes into account the appropriate kinematic parameters.
This is shown in Fig. 3 by the solid line. The forward neutron multiplicity con-
ic.Lr.5 both the PLF and any fast forward neutrons which cannot be resolved from
each other due to the large crystal-to-crystal scattering of the energetic neutrons.
The average neutron multiplicities for the target-like component, (Mn)xLF: v/ere
obtained from (Mn)tot, using the appropriate fractions for the TLF deduced from
the angular distributions. The results are given in column 3 of Table I.

Before discussing the relationship between neutron multiplicity and exci-
tation energy, we will discuss the charged particle multiplicities from the various
sources of emission. We note first that the total proton and a multiplicities for
all exit channels from this reaction are less than unity. In order to decompose the
ensemble of spectra from all the detectors of the Dwarf Ball, it is instructive to
distinguish two classes of events. First, we consider events that are not accom-
panied by a non-equilibrium particle. Then the PLF has a known direction and
velocity and the associated sequentially emitted light particle will be focussed kine-
matially in a known way. Assuming that the moving source (primary PLF) emits
the particle after leaving the interaction zone, we can approximate the spectra
with Boltzmann-like distributions in the source rest frame with a Coulomb bar-
rier, Vcouli moving v, ;th the source energy eg. Then the differential cross section
in the laboratory is written:
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Figure 3. An example of an angular distribution of neutrons observed in the spin
spectrometer in coincidence with 222 MeV Mg fragments. The angles are relative to
that of the Mg. Two components are clearly seen. The forward peaked component
arrives from both the sequential decay of the PLF and the fast non-equilibrium of
neutrons. The large crystal-to-crystal scattering prevents the resolution of these
two components. The smaller forward focusing due to the slowly moving TLF is
clearly seen.

where M is the multiplicity, EL is the observed light particle laboratory energy, the
center-of-mass energy ECM = ^ e l / 2 with v?el = v2 + vf,LF - 2vvPLF cos0, with
M = (mpLF • rn)/(mpLF + m), m and v are the mass and velocity of the light par-
ticle, mpLF and vP L F are the mass and speed of the detected PLF, 9 is the angle
between the secondary PLF and the light particle, and T is the temperature pa-
rameter for the sequential emission. We note that Eq. (l) includes the recoil
correction due to emission of the light particle, which in the case of an a-particle,
Is significant. The emission from the TLF is also well characterized in this case and
Eq. (1) still applies, but now the primary v'TLF is calculated from binary kinemat-
ics and vrel = vx + v2 with vj = v2 + v'|LF - 2w'TLF cos0',v; = vxmp/mTLp and
ECM = Mvrei/2 ^ before.

Next we consider the case where a non-equilibrium emission preceeds the
binary decay. In this case, the emission of the non-equilibrium particles must be
described by kinematics appropriate to the mechanism that produces them. We
have adopted a parameterization that assumes emission centered along the beam



Table I. Multiplicities of protons and neutrons emitted from the TLF in the re-
actions of 331.9 MeV 28Si + 181Ta leading to Mg, 0, and C PLF. Deduced TLF
excitation energies are also given

ELab
(MeV)

EMg

142

183

222

258

284

Eo

85

103

124

149

181

Ec

66

84

102

129

148

(Mn)tot

9.77 20

6.55 15

4.57 10

2.73 10

1.47 8

9.57 20

9.41 20

8.33 20

7.07 18

4.85 12

8.49 20

8.90 20

8.22 18

7.08 16

4.76H

(Mn>TLF

8.69 20

5.59 15

3.72 10

2.36 10

1.36 9

8.64 20

8.33 20

7.11 20

5.88 18

4.17 12

6.8 2

7.7 2

7.2 2

6.2 2

4.4 1

(ETLF)H

(MeV)

113 4

67 3

43 2

28 2

17 2

117 3

112 3

93 3

74 3

52 2

96 3

112 5

103 6

86 5

59 3

(M P) T L F

0.258 10

0.073 3

0.0185 8

0.0096 4

0.0070 5

0.256 10

0.242 10

0.176 8

0.094 5

0.035 2.

0.230 10

0.265 9

0.199 8

0.126 6

0.062 5

(ETLF)P

(MeV)

115 4

76 3

49 3

-

-

103 3

101 3

90 3

75 3

54 2

94 3

98 4

90 4

76 4

61 3

(ETLF)

(MeV)

114 3

72 3

46 2

28 2

17 1

110 5

107 5

92 3

75 3

53 2

95 3

105 6

96 5

814

60 2

direction from a moving source of energy £g> DU^ with a Coulomb barrier moving
much more slowly because of the heavy system at hand. In this case the differential

T3 section is:



with ECM = (EL - Vcoul) -.- es - 2 • ̂ (EL - VCoui)^s • cos0.

Now the emission of non-equilibrium particles alters the energy balance for
the decay of the remaining composite system. However, Eq. (1) is still applicable
for the PLF emission because v, VPLF> and 6 are still known from the measure-
ment. For the TLF the situation is different. Here we do not measure the TLF
and we must rely on energy and momentum conservation to obtain v'TLF. In view
of the large asymmetry of the entrance and exit channels in this reaction, we find
that VXLF ^ 0.5 cm/ns, which is typically less than 1590 of the PLF velocity. Con-
sequently, we can show that the error introduced by assuming binary kinematics
does not influence significantly the deduced TLF particle multiplicities.

Selected spectra of protons and a-particles are shown in Figs. 4(a) and 4(b).
These were recorded at the angles indicated in coincidence with 103 MeV O and
66 MeV C fragments. The solid lines are global fits to the backward hemisphere
using Eq. (l) for the TLF as discussed above.

As it was mentioned earlier, the proton spectra observed in coincidence with
the PLF clearly exhibit three components. Two of these are easily ascribed to the
sequential emission from the PLF and TLF as evidenced by the observed kinematic
focusing. The third component is peaked along the beam direction and does not
seem to have a marked in- and out-of-plane correlation. Using the procedure
described earlier, we have fitted the proton energy spectra with three components.
The two components describing the sequential emission were taken as a linear
combination of two terms given by Eq. (l) and the third forward component was
described by Eq. (2). The results of the fits with this decomposition are shown in
Fig. 5.

The full circles correspond to the proton emission from the TLF, and squares
give the emission from the PLF and the diamonds correspond to the forward com-
ponent. These average proton multiplicities are plotted as functions of the available
energy Eavaji = Eproj — EPLF without any Qgg term. We note that for the trigger-
ing fragments near the projectile such as Mg, the proton multiplicity from the TLF
increases rapidly with available energy in contrast to that from the PLF, which
is essentially constant and for the highest Eava;i appears to decrease somewhat.
On the other hand, the beam direction component also remains constant until the
highest available energy bin at which point it shows an increase. As the detected
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Figure 4. (a) Proton energy spectra recorded at the most backward ring of detectors
of the Dwarf Ball at the indicated angles observed in coincidence with 103 MeV
O fragments. The solid lines give the global fits to Eq. (1) with the parameters
v o = 0.45 cm/ns, T = 2.6 ± 0.1 MeV, and Mp = 0.24 ± 0.01. (b) Alpha-particle
spectra recorded in coincidence with 66 MeV C fragments at the indicated angles.
The solid lines are global fits to Eq. (l) with the parameters vc = 0.51 cm/ns, T
= 3.1 ± 0.1 MeV and Ma = 0.083 ± 0.003.

PLF moves further away from the projectile, a different behavior is observed. Now
the Mp values from the TLF first increase with Eavaii but then they level off (see
the oxygen data in Fig. 5) and for the events coincident with C they even show a
decrease. In contrast, the Mp from the PLF shows a continuing increase with Eava;i
which becomes even more pronounced as we move from the O to the C detected
fragments. A similar pattern is observed for the multiplicity of the beam direction
component, which shows a continuing increase with Eava;i that becomes stronger
in going from the O to the C detected fragments.
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Figure 5. Average proton multiplicities from the TLF (full circles), the PLF (open
squares), and the beam direction component (open diamonds) as functions of the
available energy Eavaii = Eproj - E P LF for Mg, O, and C detected fragments. The
multiplicities coincident with O and C are scaled down by factors of 10 and 100,
respectively.

We note here that the above results for the proton multiplicities are con-
sistent with the neutron multiplicities discussed earlier. The results presented
in Fig. 5 provide evidence for the energy sharing between the binary fragments
under the influence of faster mechanisms responsible for the emission of the beam-
direction particles.

We proceed next to convert the particle multiplicities to fragment excitation.
For this purpose, we need to know the primary Z and A of each fragment and the
average mass, charge and energy removed by the fast beam-direction component.
With the complete set of data acquired with the 4n measurement, this can be done
by decomposing the spectra from the various "exit channels"associated with lp,
2p, la , Ictlp, Ia2p, 2a, 2alp, etc. emission from all sources into their respective

10



components. We are in the process of doing this in detail. Here we will discuss
the excitation of the TLF which can I e deduced rather easily.

We first turn our attention to the events associated with the Mg fragments.
From first glance, the Mp results in Fig. 5 and the (Mn)xLF values in Table I
show that the TLF gains excitation rapidly with increasing Ea.va.il whereas the
PLF appears to have constant excitation which may decrease somewhat at the
highest Eavaii. At the same time, a small rather slowly increasing amount of energy
is attributed to the beam direction component (note that (MP)FC ~0.1). This
picture is corroborated by examining the probability per fragment for evaporation
of mass associated with charged particle emission for various values of
shown in Fig. 6.

Evap. Mass to Mg
0.9

2 4 6 8 10
Evaporated Mass

12

Figure 6. Probability distributions per detected Mg fragment of the evaporated
mass from all sources for four values of Eavan: 38 MeV (diamonds), 87 MeV
(squares), 142 MeV (open circles), and 197 MeV (full circles).

For the lowest available energy (near the quasielastic peak) practically only
one proton can be emitted. As the available energy is increased from 38 to 87
MeV, the lp probability increases somewhat, but a sudden jump in a emission
is seen. Further increases in Eavaii gives a smooth increase in proto'n and in a
multiplicity, but only at the highest Eavail some 2a emission is seen. These results

11



indicate that for the Mg detected fragments, the primary fragments do not change
in Z and A appreciably with increasing Eava.ii for the last three energy bins. In this
case, one can identify the primary TLF and use evaporation calculations for TLF
fragments at different excitations in order to relate the (Mn)xLFi and \MP)TLF

with excitation energy. This is shown in Fig. 7 where the neutron and proton
multiplicities are shown. These were calculated with the statistical model code
CASCADE8! using an initial spin value of 15 h. The (Z, A) values for the primary
TLF were obtained assuming the following partitions 25Mg + 184Re, l7O + 192Au
and 13C + 196T1 for the proton emission, and 25A1 + 1S4Hg, 18F + 191Pt, and the
average of 13C + 196T1 and 13N + 196Hg for the neutron emission.

Neutron Emission
10°

Proion Emission

l O - ' r

1 0 " 2 -

1C"3

I

;(b)

J
//// //!£2nu

;

-

t , i , i .

20 40 60 80 100 120 140 ISO
E" CMeV)

20 40 60 80 100 120 140 160
E* CMeV)

Figure 7. (a) Calculated average neutron multiplicities as a function of excitation
energy in the indicated TLF taken to be 25A1 + 184Hg for the Mg triggers, 18F
+ 191Pt for the O triggers, and 13C + 196T1 for the C triggers, (b) Calculated
average proton multiplicities as a function of excitation energy in the indicated
TLF taken to be 25Mg + 184Re, 17O + 192Au, and 13 + 106Tl for the Mg, O,
and C triggers, respectively. The vertical and horizontal lines indicate that similar
excitation energies are deduced either from the proton or neutron multiplicities.
The examples are for Eo = 66 and 129 MeV (see also Table I).

At first glance, the results shown in Table I for the Mg case imply a con-
tinuing increase in TLF excitation witli increasing Eavaji, whereas for the O and C
fragments, the observed saturation in Mp implies a limitation of excitation of the
TLF as the Eavan is increased.

12



There are three important processes or factors that can influence the above
mentioned conclusions. These are (1) fission or heavy fragment emission from the
TLF, (2) a drift in the average primary PLF charge and mass to heavier fragments
closer to the projectile as the energy of the detected PLF is decreased, and (3)
emission of fast non-equilibrium light charged particles and neutrons and projectile
fragmentation. Clearly, all these processes are present to some extent and it will
be ou: task to evaluate their relative importance both as a function of exit channel
Z and E avaii.

Considering the first factor, we note that intermediate fragment emission
from the TLF is very small. Fission, on the other hand, acquires significant cross
section (up to ~3O>:6) for the highest EaVail values in the case where C fragments
were the triggers. The effect of fission, however, is to increase somewhat the
neutron multiplicity and decrease the charged particle multiplicity by a small
amount, compared to light particle emission from the initial TLF. Although the
presence of fission alters the kinematics, a proper account of this would not alter
the present conclusions significantly.

Since the charged particle multiplicity (see Fig. 5) in coincidence with Mg
fragments is essentially constant we can assume that the primary PLF associated
with the Mg fragment does not change with Eava.;i. In Fig. 8, we show plots
of the fractions of (E*) T L F and (E*)TLF/Etotalj 2body as functions of Eavaii and
E£otal obody respectively. The sharp rise of the fraction of energy going into the
target excitation is quite apparent for the Mg triggers. If the same analysis is made
for the target excitation for the O and C triggers, a different picture appears. Here
a less rapid increase of the target excitation with increasing Eavaji is seen, which is
followed by a decrease in the case of C. Figure 8(b) shows the fraction of excitation
carried by the TLF if only binary decay is assumed. For the Mg PLF, a maximum
of ~71% is reached, while considerably lower fractions are found for all values of
•p*
"-•total, 2body

We now focus on the influence of the second factor on the target excitation.
A drift in the average primary PLF mass may occur as the observed PLF kinetic
energy is varied. At the onset, we can see that as the Eava;i is increased for a given
detected PLF, say C, the primary fragment may have higher Z and A and this will
cause the TLF to have correspondingly smaller Z and A. This effect will result in
a somewhat higher deduced excitation for a given (Mp) or (MQ) :see Fig. 7(b)],
but it will give somewhat lower target excitation for the same neutron multiplicity

13
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Figure 8. (a) Deduced TLF excitation as a function of Eava i l = Eprc,j - E P L F for
Mj, O and C PLF triggers. Note the different rate of conversion of available
energy into target excitation and the leveling off of O and decrease for C PLF.
(b) Calculated fraction of TLF excitation as a function of total available energy
assuming a binary division.

(Mn) [see Fig. 7(a)]. If carried out quantitatively, this procedure may improve the
agreement of excitation energies deduced for (Mn) and (Mp) data in Table 1, but
it cannot significantly alter our conclusions. To see this in more detail, we refer to
Figs. 5 and 6 for the Mg PLF. In this case we have already argued that the mass
of the PLF does not change significantly with EMg at least for the three highest
Eavaji bins.

Next, we examine in some detail the C fragment triggers. In Fig. 9, we show
the total evaporated mass of charged particles from all sources. It is seen that as
Ec decreases (Eavan increases) a drift to higher evaporated masses is observed. We
have looked at this further by examining the differential multiplicity of proton and
a emission in the detectors adjacent to the Si (A E, E) telescope for lp, 2p, 3p, l a ,
la lp , Ia2p, Ia3p, and 2a as a function of EQ- A definite and systematic drift was
easily identified in this case. We estimated, however, that this effect will not alter
significantly the saturation in target excitation observed. This leaves, therefore,
the third alternative as the cause of the limited conversion of kinetic energy to
target excitation, i.e. the emission of fast particles along the beam direction which

14
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Figure 9. Probability distributions per detected C fragment of the evaporated mass
from all emitted sources for four values of Eavaii: 182 MeV (diamonds), 214 MeV
(squares), 241 MeV (open circles), 270 MeV (full circles).

remove some of the available energy for channels far from the entry point and for
the large kinetic energy losses.

We have pursued this matter further in order to characterize the relative im-
portance of the beam direction particles and their influence on the energy balance
of the remaining TLF and PLF.

There are four types of particles that conspire to reduce the available energy
for excitation of the target and projectile-like fragments. These are fast neutrons,
protons, a-particles, and intermediate mass fragments. We have evidence indicat-
ing that the importance of such emissions is exit channel dependent, and that for
PLF far from the injection point, they depend on the available energy for exciting
the system.

We have already presented evidence for proton emission along the beam
direction (Fig. 5). Similar results are obtained from the analysis of angular dis-
tributions of a spectra. We find that for C detected fragments, the partitions in
which only l a or 2a, or la lp are emitted provide the largest forward peaked a
multiplicities. The observed neutron angular distribution also supports the emis-
sion of fast forward neutrons. In Fig. 10 we show the average multiplicity of
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Figure 10. Average forward neutron multiplicity observed in coincidence with C
fragments as a function of the detected C energy.

neutrons emitted in the forward direction as a function of the detected C energy.
Although we cannot experimentally distinguish between the fast and the forward
sequentially emitted neutrons from the PLF, we find that the increase in the for-
ward neutrons with decreasing PLF energy is strong only for C and not in O or
Mg (see Table I).

We have also obtained evidence from correlated coincidence measurements
that for the triggers such as C, and others fax from the injection point, there
is emission of Li and possibly other intermediate fragments. These are emitted
along the beam direction and they are not focused in the direction of the detected
PLF. Furthermore, the production of these intermediate fragments increases in
importance as the kinetic energy loss increases. This is associated with projectile
fragmentation which occurs at this bombardment energy and contributes in a
significant amount to the production of the lighter detected PLF with the lowest
observed kinetic energies.

Thus we conclude that forward emission of light particles from non-
equilibrium processes and of intermediate fragments from projectile fragmentation
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conspire to limit the excitation of the target like products for ejectiles far from the

projectile and for the largest values of the kinetic energy loss.

The above conclusions can be made quantitative if the primary (Z, A) distri-

butions from the PI F and TLF are determined for each detected PLF energy bin

in conjunction with average Mn, Mp, Ma , ML;, etc. and their respective energies

of the fast forward emitted particles. This can be done if the 4i\ nature of this

experiment is utilized. For example, referring to Fig. 3, we can resolve the proton

and a-particle spectra from each reaction type, (ie. only lp , 2p, 3p, l a , l a l p , etc.

emissions) into the TLF and PLF sequential components and the forward peaked

components. This information, in conjunction with the associated neutron multi-

plicity and the higher order correlations in the case of multiple particle emission.

will give the ensemble of nuclei that lead to the detected PLF and its TLF partner.

We are currently in the process of doing this.
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