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INCOMPLETE MOMENTUM TRASSPER IS HEAVY-TO» gQSIOS AT 14 McV/u 
H. MOHGENSTEHK, ¥. BOHSE, K. GHA3ISCH, D. KOTO*, H. LEHH 
Eahn-Meitner-Institut fur Kernforschung Berlin 

Abstract: Evaporation residues have been studied for reactions induced by 
291 Mev 2 0 ' 2 2 H . ions on 1 2 » 1 3 C , 2 6kg. ^Al. *>'#<* and ^ i 
targets. The analysis of «any velocity spectra of individually 
resolved residue Basses shows clear evidence for fusion-like 
residues with incomplete momentua transfer. 

Already 20 years ago, studies of coapound nucleus formation with the recoil 
technique by Alexander ' showed evidence for "partial- momentum transfer" at 
10 KeV/u. The present investigation is the first atteapt to determine directly 
the average momentum transfer of soae lighter fusion systeas by aeasuring the 
average velocity of the resulting evaporation residues. The experiaent was per­
formed at the VICKSI facility of the Hahn-Meitner-Institut Berlin. The energy 
and the tiae-of-flight (flight path 134 cav overall time resolution about 
1CC psec) of the evaporation residues were measured to obtain mass-velocity 
distributions (see Figure 1). The discussion will focus on the velocity spec­
tra of the heaviest masses observed where the reaction products have the basic 
characteristics expected for evaporation residues and have little or no con­
tributions from other possible reaction processes. 

The evaporation residues resulting froa coapound nucleus formation and sub­
sequent light-particle emissions have velocity spectra and angular distributions 
which reflect the degree of linear-momentum transfer froa the projectile to the 
projectile-plus-target systea as well as the details of the kineaatics of the 
evaporation process. This can be seen in the predictions of Honte Carlo calcu­
lations, however, it can most easily be understood in terms of analytic expres­
sions derived using siaple arguments. In particular a simple relationship exists 
between the average recoil velocity of the evaporation residues in the laborato­
ry system and the velocity of the compound nucleus froa which it originated. 
This relationship is obtained " ' by assuming specific foras for the velocity 
and angular distributions (generally isotropic angular and Maxvellian velocity 
distributions) of the evaporation residues in the center-of-oass systea and 
then transforming into the laboratory systea. The derived velocity distribution 
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of the residues i - ' : 

d%/didV « N V2 exp(-(V-V ccos0) 2/2* 2) exp(-V^sin 2e/2* 2) ( l ) 

with the recoil velocity V and the angle Ô in the laboratory system, the com­

pound nucleus velocity V_ and the standard deviation 6". From equation (1) it 

can be seen that the observed velocity spectrum divided by v (i.e., the quan­

tity V~ d&/d2dV) should be a Gaussian centered at V^eosÔ and therefore pro­

vides information on the velocity of the compound system from which the resi­

due originated. The degree to which the experimental results are well described 

by £q(l) is shown in Figure 2. The shapes are well reproduced, but the observed 

velocity centroids show increasing deviations from the expected compound nucleus 

velocities (indicated in the figure by arrows) as the target mass increases. 

Also shown in Figure 2 are the velocity spectra predicted by the evaporation 

codes JULIAN and CASCADE (dashed curves). Their basic shape is in agreement with 

that of Eq(l) and the average velocity is equal to the compound nucleus velocity 

for 100$ momentum transfer; the variances 6 are smaller than observed. 

The observation of compound velocities vL which are smaller (and variances 

3 which are larger) than that expected for the projectile-plus-target compound 

nucleus is indicative of the presence of pre-equilibrium emission or incom­

plete fusion processes. If one tries to extract the evaporation residue cross 

section after complete fusion by fitting the velocity spectra (see Figure 5) 

with two or three Gaussians, one of which has a velocity centroid at 100% mo­

mentum transfer and a variance equal to calculated values (JULIAN,CASCADE), one 

obtains the given percentages for complete- and incomplete-fusion cross section 

for the given angle and residue mass* One may try to discuss these results in 

the framework of the "incomplete-fusion" picture of Wilczynski '. This implies 

that a light fragment of the projectile nucleus, (or a fragment of the target), 

is emitted during the reaction with a velocity near to the projectile (or tar­

get) velocity, respectively, while only the remainder of the projectile (target) 

fuses with its partner. In Figure 4 these velocities £ox neutron, proton and 

«-particle break-up of projectile and target with due consideration of separa­

tion energies and Coulomb forces are indicated by short lines. The velocity 

tendency of the lighter residue masses seems to indicate that increasingly lar­

ger fragments are emitted prior to fusion. 

In summary we '.lave investigated the feasibility jf using the recoil velo­

city spectra of evaporation residue maples to pre .u :• tt formation as to whether 

the residues ar« p ciuc«o in complete- or incomple : af,ion reactions by deter­

mining whether full momentum transfer has occured. Significant departures from 

full momentum transfer were observed. The results obtained iriicate that the 



recoil velocity spectra of evaporation residues can be an extremly valuable 

information especially when measured in coincidence with energetic forward-

emitted light particles for establishing the complete- and incomplete-fusion 

yields for light- and medium-weight systems at high bombarding energies. 
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Figure 1 : Typical mass-velocity diagram Figure 4: Plot of averaged velocities 

V_ extracted from fits of 

Eq(l) to the spectra. 
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Figure 2 (left) and 5 (right); 

Velocity spectra divided by 

v for some residue masses. 

The solid lines (left) are 

fit3 with Eq(l) and the 

dashed lines are the predic­

tions of evaporation calcu­

lations. The solid lines 

(right) are the sum of the 

dashed lines. See the text 

for further discussion. 


