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Average transverse momenta have been carefully measured for a-particle pairs at laboratory angles of
21', 31', 47, and 67'. They exhibit small but distinct shifts for difFerent relative azimuthal angles Ay.
Detection on the same side of the beam (6(p=24') yields a smaller average tranverse momentum or ener-

gy than on the opposite side (kg=168'). For a-a pairs detected at =67' to the beam these small shifts

are analyzed with a recoil model to extract the average emitter mass for the first a particle from the

coincident pairs. The results are A =130+10to 115+10for reactions of ' ' Ag with Ar for 7A and

34A MeV, respectively. The particle pairs emitted at 21 are produced from more complex source mix-

tures. There is evidence from p-Li and a-Li pairs that Li fragments are emitted after protons or a parti-

cles in =—of the events. The overall pattern is consistent with incomplete fusion leading to the forma-

tion of a hot, essentially thermalized composite nucleus and its associated statistical decay.

PACS number(s): 25.70.—z

Heavy ion reactions at near-barrier energies (i.e.,( 102 MeV) are broadly classified as quasielastic, deeply
inelastic, or (essentially) complete fusion. The most peri-
pheral quasielastic collisions involve very little energy
dissipation in contrast to the more central fusion col-
lisions characterized by essentially complete energy dissi-

pation into a composite nucleus. As the incident energy
is increased above =10A MeV, the more central col-
lisions become dominated by incomplete fusion reactions,
which continue to involve large energy dissipation into a
composite nucleus but also a substantial loss of mass due

to the ejection on impact of a spray of nucleons, a parti-
cles, etc. (See, for example, Ref. [1].) For even higher en-

ergies one imagines that an explosive nuclear 6reball is

created in a dense collision region of projectile-target
overlap while remnants of the projectile and target may
escape as excited nuclei that are sometimes called specta-
tors [2].

Accelerators of intermediate energy heavy ions ( & 102
MeV) have been available for a relatively short time so

'Present address: Centre d'Etudes de Bruyeres-le-Chatel, B.P.
No. 12, 91680 Bruyeres-le-Chatel, France.

~Present address: Nuclear Physics Laboratory, GL-10, Uni-

versity of Washington, Seattle, WA 98195.

one does not yet have a clear picture of the evolution be-
tween these reaction classes. In this work we study the
reaction Ar+""Ag from the near-barrier energy
domain of 7A MeV to the near-Fermi-energy domain of
34A MeV. Substantial changes in the reaction charac-
teristics have been predicted for this wide span of in-

cident energies [2,3]. For 7A MeV one knows that the
central collisions are dominated by essentially complete
fusion followed by evaporation. However, the increase of
incident energy to 34A MeV could conceivably vaporize
the system into nucleons, a particles, etc. Hence we wish
to ask if composite nuclear systems can accept the highly
dissipative impacts without loss of their capability for
collective recoil and rotational motions. Our probe is the
coincident detection of ejectile pairs, which, in this study,
we examine carefully for the signs of collective recoil by
an emission source. Then we use the magnitude of this
recoil to characterize the mass of the source. In closely
related work with the same detection array [4] we have
used the magnitudes of azimuthal angular anisotropies to
characterize the rotational motions of the source [5].

Experimental data were obtained by the AMPHORA
multidetector array [4] with Ar beams of 7A, 172,
27A, and 34A MeV from the SARA facility at Grenoble.
Of the several targets used, we concentrate here on the
reactions with ""Ag. Results from this experiment have
been presented at various conferences and some have
been published already [5—7); more are still being ana-
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lyzed. AMPHORA consists of 140 CsI detectors ( =85%
of 4m ), 48 of which are located in a forward wall extend-

ing from =2 to 15, and 92 of which are arranged in

"crown rings" with cylindrical symmetry around the

beam axis. The isotopes of ' ' H and ' He are uniquely

identified along with groups for Z =3 (Li) and Z ) 3

(heavy fragments). In an earlier paper we presented re-

sults on polar angular distributions for inclusive particles
and azimuthal angular correlations for particle pairs [5].
Here we study the average transverse momenta of pairs
of particles [8], especially a-a pairs. We search for small

shifts in the average transverse momentum as a function

of relative azimuthal angle b,y between the particles;
such shifts can lead to a measure of the mass of the emis-

sion source for these particles.
Figure 1 shows the (polar) angular distributions for sin-

gle a particles and for a-a pairs (detected in the same

ring). These cross sections have been transformed into

the moving frame of the struck nucleus after incomplete

fusion. The average velocity of this moving system has

been measured for 7A and 173 MeV to correspond to
linear momentum transfers (LMT) of =100% and 85%,
respectively [9,10]. Systematic studies of similar reaction
systems [11]allow for LMT estimates of =80% and 70%
for E/A of 27 and 34 MeV. The major feature of these

angular distributions is the nearly isotropic emission in

the backward hemisphere for each bombarding energy.
It was already well known that composite nucleus forma-
tion and decay is the dominant source of particle emis-

sion for E/A of 7 and 17 MeV [9,12], but the apparent
continuation of the dominance of this mechanism to 343
MeV has come to us as a surprise [5].

From Fig. 1 we note that the isotropic region extends

forward to =90 (or ring 4 at 8&,b=67' in AMPHORA),
and that a strong forward peak dominates at =30' (or

ring 7 in AMPHORA at 8»b=21'). Hence we decided to

look in detail at the properties of particle pairs detected
over this angular region (i.e., rings 4—7 in AMPHORA,
each with 15 detectors subtending 24' in azimuthal an-

gle). The angular distributions in Fig. 1 suggest mainly

prethermalization emission at the small angles and post
thermalization emission at the large angle

(O„b=67', 8, =90').
The H-He multiplicity distributions are shown in Fig.

2 as triggered by n-a pairs detected in these four rings.
For each incident Ar energy, these multiplicity distribu-
tions follow the same pattern. If the a-cx trigger pair is

found at =67, then the H-He multiplicity distribution is

nearly Gaussian with a large mean value, which has been

shown to be typical of the central-collision group [6]. If
the a-a trigger pair is found at more forward angles (par-

ticularly 21'), then the average H-He multiplicity is

smaller and the distribution has a tail of low-multiplicity

events along with the peak at high multiplicity. Ap-

parently a mixture of reaction classes is contributing to
the a-a pairs at small angles and especially for 0&,b=21
[6]

Further evidence for this conclusion is provided in Fig.
3 where we show a-particle energy spectra detected at
two separate angles and triggered with three separate

gates on H-He multiplicity. The o. spectra from ring 4
(56' & 8 & 78') are Maxwellian and evaporationlike. They
have only a slight dependence on the multiplicity gate
used. By contrast the a spectra from ring 7
(15'& 8 &25') are more complex with strong dependence

on the multiplicity gate. These results seem to indicate
one dominant thermalized emitter group for the e-a
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FIG. 1. Angular distributions (arbitrary units) for inclusive a
particles and for a-a pairs in the emitter frame. The emitter-

frame velocity is taken from systematic studies (Refs. [9-11])of
linear momentum transfer (100%, 85%, 80go, and 70% for 7A,
173, 272, and 342 MeV, respectively).
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tions) triggered by an a-a pair at the indicated angle. No

e%ciency corrections have been made; a rough correction can

be made by multiplying each abscissa value by = l. 5 {Ref. [5]).
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FIG. 3. He energy distributions for detection in pairs at the

two indicated angles. The inset shows exclusive charged parti-

cle (CP) multiplicity distributions as observed in all of
AMPHORA in coincidence with a pairs detected in the indicat-

ed angular zones. The three He spectra in each box were gated

by the multiplicity conditions labeled All, High, or Low as del-

ineated in the inset.

To explore this collectivity of momentum sharing, we
search for a measure of the average mass of these short-
lived transient nuclear systems.

An obvious way to try to determine the efFective mass
of this emitter group is through its recoil kicks due to
particle ejection [8]. In the simplest scenario one can im-
agine that one a particle gives a recoil to the residual nu-
cleus, which then emits a second a particle. Figure 5

pairs at 8=67', but at least two emission sources or
mechanisms for the a-a pairs at 8=21 .

Figure 4 shows azimuthal angular correlations for a-a
pairs detected at the same two angles and triggered with

the same three gates on H-He multiplicity. The correla-
tions are almost Hat for 0=21'. Let us focus here on the
more interesting correlations for 0&,b=67' with gates on

high or all multiplicity; they have essentially the same

shapes with distinct anisotropies that favor Ay=0 and
180' but are almost symmetric about b,y= 90' [5]. This is

the behavior expected for a hot spinning nuclear source

[13]. In Ref. [6] we showed that the a-a pairs at 8=67'
come from a central-collision group characterized by en-

trance channel spins of zero to at least 150%. In Refs. [5]
and [13]we showed that the statistical model can account
for these distinct anisotropies at 67 if the maximum
emitter spin is = (100—130)A.

The statistical model framework used [5,12,13] is based
on the notion of extensive thermalization or collisional

energy mixing in a composite nuclear system. The mean
lifetime of such a composite system (excited to 3—5 MeV

per nucleon) could be very short indeed, e.g. , of order
10 s [12]; therefore, its capacity to act collectivity in

momentum and energy sharing is of great interest [2,3].
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FIG. 5. Schematic vector diagram for successive emission of
two a particles (subscripts 1 and 2) for two detector

con6gurations: (a} opposite side or b,y=168'; (b) same side or
Ay=24'. Subscripts and superscripts for each velocity V are a
for an a particle, ef for an emitter frame, R for the nuclear

recoil due to the first a emission.
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shows a vector diagram for the successive ejection of two
such a particles in two difFerent configurations: (a) on al-

most opposite sides so that they hit detectors with

b,p= 180' and (b) on almost the same side so that they hit

detectors with b.y=24'. In the opposite (same) side

configuration it is clear that the larger the recoil velocity

Vz, the larger (smaller) the sum of the transverse veloci-

ties of the two a particles. Although this schematic dia-

gram has been drawn for equal cx velocities in the emitter
frame ( V, and V 2), the point still holds for any other

choices. Therefore, the magnitude of the average trans-
verse momentum (or energy) shift between a-a pairs on

the same vs opposite sides can give a means to sense the
average recoil velocity and deduce the average emitter
mass. In other words, momentum conservation provides
the relationship between the average recoil mass

and the average change in transverse o, momentum
b, [(Pil )+(Pi2)]/2 for the opposite vs same side

configurations. The major assumption for this approach
is intrinsic right-left symmetry for particle emission in

the emitter frame; the azimuthal distributions in Fig. 4
support this assumption for 0=67 . It is this condition of
right-left emission symmetry that generates a nil effect,
on average, for all the other particles in the event cascade.
We have verified this expectation by Monte Carlo reac-
tion simulations, some of which are discussed below.

In Fig. 6 we show the observed shifts in transverse
momentum (b, ) for u-a pairs detected in crown rings cen-

tered at 21', 31,47', 67'. These shifts for 67' are only = 10
MeV/c or =2. 5%%uo in momentum and =5% in energy.
Nevertheless, they can be measured reliably if one gives

special attention to experimental details. The major
point is that each detector is used to the same extent in
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tions are the same as those in Fig. 4.

both the same and opposite side measurements; one can-

cels imperfections by averaging over the same detector
responses in the same experimental run.

Three separate multiplicity gates (high, low, and all)

have been applied as described above. Prior to any inter-

pretation let us note several trends for these 6 values: (a)

They decrease with decreasing angle and become almost
nil at 21' and 31' for beams of (17—34)A MeV. (b) The
high multiplicity and all multiplicity gates lead to almost

the same b, values. (c) The low multiplicity gate leads to
higher 6 values, especially for the higher energies, 27M

and 342 MeV. (d) For ring 4 (8=67') the b, values are
almost constant with changing incident energy.

Recall that Fig. 1 —4 and Refs. [5] and [6] all present
evidence for reaction class mixing for o.'s found at 21,
but also all present evidence for a conceptually simple
mechanism for e-particle ejection at 67 . This process is

evaporationlike emission from a group of composite nu-

clei formed by fusion (complete or incomplete) in central
collisions [5,6, 10,12]. The similar b values or recoil
effects (for a pairs at 67 ) seem to imply very similar

masses for the composite nuclei formed in all of these
Ar reactions of 7 to 342 MeV. In this paper our first

objective is to use these data at 67' to obtain the effective
emitter masses.

Naturally we make model calculations for comparison
to the data in order to seek quantitative estimates for
these masses. For this purpose we first show results from

a Monte Carlo program (KIN) written by making use of
some subroutines from the simulation code MENEK. A [13].
The logic of the program follows the usual steps for eva-

porative emission following fusion: (a) A projectile of
mass 3 fuses with a target of mass 3, and the compos-

ite nucleus moves along the beam direction with velocity

Vi (see Fig. 5). (b) An a particle is emitted with velocity

V, (selected from an appropriate distribution) from an

emitter of mass A, , (A, , ( A~+ A, ). (c) A second a-
particle is emitted with velocity V 2 from an emitter of
mass A,~z (A,~2 A,~, —4) moving with velocity V2.
Particle pairs are tested for geometrical and threshold ac-
ceptance, and then their characteristics are binned for
comparison to the experimental data.

Our goal in these calculations is to vary the first

emitter mass ( A, I ) until we get the best fit to the data.

Naturally, we wish to select the rest of the needed input
so as to make the simulation as realistic as possible. For
this purpose we use as much empirical information as

possible: (a) We take account of incomplete fusion by re-

ducing the effective projectile mass by the fractional
LMT value, while retaining the beam velocity of Ar. (b)
We parametrize the intrinsic transverse momentum spec-
trum of the two a particles (both the same) by seeking a
reasonable match to the observed spectra (averaged over
all b,y) using the functional form P(e ) ~ (E
—V) exp( —e/T) for the center-of-mass energy distribu-
tion. The simulated (program KIN) and observed spectra
for 0»b=67 are shown in Fig. 7. Note that an increase
in the incident Ar energy mainly increases the width of
the a-particle spectrum (at 67 ) rather than the magni-
tude of the average transverse momentum or energy.
(More discussion of the role of this spectral width is given
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We have made a large number of simulation calcula-

tions to determine the dependence of the average value of
5 on the assumed emitter mass A, &. It turns out that

the sensitivity to A, z and LMT are quite small for these

reactions. This important fact allows us to focus the

analysis on a determination of A, , Figure 8 shows cal-

culated points from these simulations compared to hor-

izontal bands that reAect the limits of the experimental

error bars for the quantity A. One can obtain limits on

the emitter masses from this analysis by reading off the

mass values from the line intersections on Fig. 8.
In Fig. 9 we plot these deduced (first a) emitter masses

versus " Ar beam energy. Also indicated are the average

masses of the initial composite nuclei estimated from the

fractional linear momentum transfer as discussed above.
In the framework of incomplete fusion the decrease in

emitter mass with beam energy has two aspects: (a) a de-

crease in LMT (or concomitant increase in total mass of
the forward peaked particle spray) and (b) an increase in

the average chain of evaporationlike particle emission

prior to the detected a-a pair. By taking mass differences

from Fig. 9 one can estimate the average evaporative
mass loss prior to the emission of any pair of a particles.
These average evaporative mass losses are 20+10, 20+10,
30+10, and 20+10 for E/A =7, 17, 27, and 34 MeV, re-

spectively. From calculations for evaporation after in-

complete fusion we estimate quite comparable average

evaporative mass losses before emission of randomly
selected a pairs. (This is illustrated in Fig. 11 below. )

Therefore, the notion of incomplete fusion and evapora-
tionlike emission can account for these results quite we11

over the whole energy span of (7—34)2 MeV.
In another view one could conceive of highly dissipa-

tive collisions in which projectilelike and targetlike frag-
ments maintain some sort of identity and emerge at small

laboratory angles, i.e., deeply inelastic collisions with

small scattering angle. Reexamination of Figs. 4 and 6
can give us some hints about emitters that are likely to be
such targetlike fragments. The use of the low multiplici-

ty gate emphasizes the role of such inelastic collisions

compared to the most highly dissipative collisions. In
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ing to the values taken for fractional linear momentum transfer,

LMT.
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Fig. 4 we see that the anisotropies (at 8&,b= 67') are larger

for the low multiplicity gate; this is expected for emitters
with higher angular momenta or lower temperatures. In

Fig. 6 we see that the 6 values are significantly larger for
the low multiplicity gate; this is expected for emitters

with smaller masses. These differences suggest that there

is a distribution of emitters, and that the set with lowest

multiplicity has lower excitation energy, smaller mass,
and higher spin. This set of emitters (low multiplicity

gate} is a relatively small part of the total analyzed; the
total group (all multiplicity gate} is very similar to the
emitter set at the other extreme (i.e., the high. multiplicity

gate).
There may, of course, be an admixture of impact pro-

cesses, some better described by the phrase incomplete
fusion (ICF) and some better described by the phrase

deeply inelastic reactions (DIR). It is evident that the
distinction between these classes could well be lost for the

heavy excited nucleus, if the average fractional LMT di-

minishes for ICF and if the transferred mass increases for
DIR. One normally thinks of deeply inelastic scattering
with ejection of an observable projectilelike fragment, but
a projectilelike fragment may well experience extensive

breakup and excitation in a violent impact. Such col-
lision violence could in the limit remove much of the dis-

tinguishability between DIR with its projectilelike frag-
ment and ICF with its forward peaked spray of particles.

We have tried to extend this analysis to n-a pairs
detected at smaller angles. The results (in a plot similar

to Fig. 8) for angles of 21 and 31 yield no acceptable in-

tersection between the data and the line from our calcula-
tions. There are a number of obvious problems. First,
our analysis considers that the emission is from a rather
heavy composite nuclear emitter that is moving relatively

slowly. Hence the calculated transverse momentum shift
from an a particle at L9=21 is very small for a wide span

of masses, and the quantity 6 loses its sensitivity. One
could try a separate analysis for small angles that is based
on e-particle emission from projectile fragments. Such
an analysis could be interesting but is beyond the scope of
this paper.

In Fig. 10 we show an extension of (or alternative to)
this analysis for a variety of particle pairs (p and a detect-
ed at 67' and Li detected at 47'). Here our approach and

our program are somewhat different from that discussed
above. We did not seek to make fits to data with simula-

tion calculations that employ different masses. Instead
we have adopted the values of the average emitter mass
as shown in Fig. 9, and in addition we have used the ob-

served particle spectra as input (rather than an analytic
generation function). Then we calculate relative energy
shifts for same side versus opposite side configurati, ons.
For each particle pair, results from three simulations are
shown: (a) the full line is for emission of each particle
first in 50% of the pairs, (b) dashed line is for emission of
the light particle first in 100% of the pairs, and (c) the
dotted line is for emission of the heavy particle first in

100% of the pairs. Recall that the central collision group
dominates production for all of these pairs, as shown by
the multiplicity distributions [6].

Figure 10 is rather complex because it has several ob-
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FIG. 10. Relative mean energy difference Ae/(e) for parti-

cles (p, a, and Li) detected in various pairs at =67' for p or a at
=47 for Li. Points give the experimental data and histograms

the simulated results. Emitter masses were taken from Fig. 9.
Histograms with solid lines are for 50% first emission of each

particle, those with dashed lines for 100%%uo first emission of the
lighter particle in the pair, and those with dotted lines for 100%
first emission of the heavier particle.

jectives. First let us focus on the results for only the cx-u

pairs and compare them to those previously described.
In these simulations we have adopted the average emitter
mass values deduced previously and shown in Fig. 9.
However, we have employed rather different program
logic in that we pick a-particle energies directly from the
observed spectra. This procedure gives, of course, a per-
fect fit to the data shown in Fig. 7. In spite of this altera-
tion the calculated and observed energy shifts for a-a
pairs in Fig. 10 remain essentially unchanged. Evidently
the average energy shifts are not sensitive to the details of
the spectral width, and depend mainly on the average
emitter mass. Again with this program we have made
tests for the dependence on input values of LMT used in
the simulations. For these tests the individual emitter
frame velocities (e.g., V;, V, in Fig. 5) were changed
substantially but the final laboratory velocities (e.g. , V", )

were, of course, identical. These tests (e.g. , for LMT of
60% and 80% for 342 MeV Ar) also resulted in negli-

gible changes in the calculated energy shifts ( (0.3%
change for a-a pairs); hence the inferred average emitter
mass is essentially independent of LMT.

A second objective of Fig. 10 is to test for a similar his-

tory in the formation of the other pairs of particles com-
pared to the formation of a-a pairs as discussed above.
Proton-proton pairs can be expected to experience very
small shifts because the proton mass and momentum kick
as so small. Indeed the experimental data for p-p pairs
do show little or no shift from same to opposite side
configurations. This comparison may seem trivial at first,
but it gives strength to the basic assumption of right-left
symmetry for the intrinsic particle emission. A reaction
with nonzero directed transverse momentum or Aow

would violate this symmetry constraint [14].
The p -a pairs seem to be generally, but not completely,

consistent with this picture of a recoiling composite nu-
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cleus. Average proton energies are shifted by =2—3%
due to recoil from the a particles, consistent with proton
emission prior to o. emission for about half to three-
quarters of the events. On the other hand, the energies of
a particles (p-a pairs) experience little or no shift from
the recoil due to proton emission. Interestingly, our pre-
diction of a significant shift for the a particles in p-a
pairs is not directly due to simple vector additions as
displayed in Fig. 5. The simulation reveals a much more
subtle effect related to the kinematic selectivity for coin-
cident pairs. At first we suspected that the absence of
this predicted shift in the experimental cz spectra might
be related to the presence of kinematic noise" or ran-
dom jitters in V& or Vz (see Fig. 5) that overwhelm the
small proton recoil kicks [7]. This effect has also been
studied via simulations for multibody emission scenarios,
but at present we cannot account for the very small shifts
observed for the a's from p-a pairs at 173, 273, and
342 MeV.

The a-Li as well as p-Li cases in Fig. 10 are of particu-
lar interest because Li fragments are candidates for the
proposed "instantaneous" multifragmentation process.
For the a-Li (p-Li) coincidences the a's (p's) are shifted
by 6—8 % (3—5 % ). These shifts are predicted for a or p
emission prior to Li emission in about 50% of the reac-
tions. Shifts in the Li energies are also roughly consistent
with the calculations for a-Li and Li-Li pairs, but are ap-
parently too small for p-Li pairs. Nevertheless the major
point is that the energy shifts for a particles (or protons)
in a-Li (p-Li) pairs do suggest a particle (or p) emission
prior to the Li fragments in =50% of the events. This
would seem to argue against any especially rapid mecha-
nism for Li ejection compared to that for the copiously
evaporated 'H and He particles. Recall that the simula-
tion calculations shown in Fig. 10 were made for only
two emission steps. The assumption has been made that
the emission of additional particles does not affect the
average shifts in momentum or energy. Results from
multibody emission calculations are also consistent with
this assumption as described below.

From the discussion above it seems that the overall
pattern of the data can be described by incomplete fusion
in association with statistical emission of protons, a par-
ticles and even Li fragments. Therefore, we have made
multistep statistical model calculations using the code
MQDcxAN [13].Results from such calculations are shown
in Fig. 11, which uses the same format as Fig. 10. The
major difference is that the MQDGAN calculation follows
a multistep emission cascade which generates the emitter
masses at each step. Therefore, the average emitter mass
is a natural result rather than an input quantity. The re-
sults of this multistep calculation (Fig. 11) account very
well for the energy shifts for a-a coincidences; this indi-
cates a consistency with the two-step calculations that led
to the masses shown in Fig. 9. In addition the calculated
results for p-p and p-a pairs are essentially the same (in
Figs. 10 and 11) for the two-step and multistep ap-
proaches. Data for the p-p pairs agree quite well with the
model. However, the observed energy shifts are again
smaller than those calculated for cz's in the p-a pairs.
Note that the energy shifts for Li-Li pairs are better de-
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Fig. 10. Here the calculated values are shown as crosses. They
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complete fusion (LMT values as for Fig. 1), followed by a Monte
Carlo statistical-model description of the deexcitation chains
{MoDGAN, Ref. [13]). The parameter "a" was chosen as A /10
MeV ' for (7—27) A MeV and A /15 MeV ') for 343 MeV;
this gave energy spectra which compare well to the data. Spin
zones were taken from Ref. [5].

scribed in Fig. 11 by the statistical-model emission chains
than they were in Fig. 10. There is a selection by this
model of higher values of the emitter mass ( A, , ) for
Li-Li pairs than for a-a pairs. In Fig. 10 the same values
of A,

&
were used for all pairs, and this led to larger cal-

culated Li energy shifts.
The statistical model calculations are quite interesting

for the Li-p and Li-a pairs. Results in Fig. 11 (in contrast
to Fig. 10) are completely acceptable for the Li-p pairs,
but for Li-a pairs there are almost identical deviations for
each incident Ar energy. The statistical model predicts
smaller (larger) Li (p and a) energy shifts, because Li
emission precedes both p and a emission in about —, of the
calculated pairs. The data agree with these predictions
for Li-p, but seem to indicate a lower preference for ini-
tial emission of Li in Li-a pairs. This result is interesting
and suggestive; it merits further study in future work.

The major conclusion from Figs. 10 and 11 is that
small but clear recoil shifts are observed for essentially all
particle pairs from these Ar+Ag reactions. The mag-
nitude of these shifts is generally consistent with sequen-
tial particle ejection from a group of composite nuclei
formed by incomplete fusion reactions. Some subtleties
remain in the smaller than expected shifts for a particles
in p-a pairs, and for both fragments in u-Li pairs.
Analysis and calculations have been initiated on a new set
of measurements that employ detectors with much small-
er angular acceptance.

The average effective masses that we infer for the
heavy excited composite nuclei vary from = 130 to 110
for Ar beams of 7A to 342 MeV. These values are con-
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sistent with incomplete fusion but could allow an admix-

ture of mechanisms with resemblance to both incomplete
fusion and deeply inelastic collisions. However, the dis-

tinction between these designations is essentially lost for
the lower fractional linear momentum transfers in ICF or
the large mass transfers in DIR that seem to characterize
these reactions of Ar+Ag at =30 MeV per nucleon.
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