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Alpha-particle emission from the deep-inelastic reaction 
1354 MeV *«Ho + **‘Ta
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The in-plane correlation between projectilelike fragm ents and a  partióles has been studied 
over a broad range of angles for the system 1354 MeV ’*^Ho +  '* 'Ta. These data unambiguous- 
ly indícate that the dom inant sources o f a  partióles are the fully accelerated fragments.

NU CLEAR REACTIONS '* 'T a ( '‘ ’H o,x), E  =  1354 MeV, m easured 9).

The study of light particles em itted in low energy 
( « 1 0  M eV /nucleon) heavy-ion reactions in coin- 
cidence with deep-inelastic or relaxed exit channels 
has been cpnducted in two steps. First, one has tried 
to identify the emission source of the light particles 
and then, áfter vertfication of the em itting sources, 
the em itted particles have been used as a probe of 
the tem perature and spin of the em itter. So far, 
these studies have not yielded a consensus on the 
dom inant source of light particles. For example, the 
reactions 96 MeV '*0+ 5*N i,' 280 MeV ““ Ar+^^N i,^ 
400 MeV ‘“ Ar + ” Nb,^ and 664 MeV ““Kr +  “ ‘Ag 
(Refs. 4 and 5) have indicated that the dom inant 
sources of a  particles are the fully accelerated 
fragments. On the other hand, studies o f 222, 274, 
and 340 MeV “®Ar +  " ‘’Sn, '^“Sm, ‘‘“Dy, ” ’A u/ - ’ 
and 480 MeV *‘Fe + " “'Ag (Ref. 8) have indicated 
that the bulk of the o-particle emission occurs prior 
to scission of the dinuclear system. In addition to 
evaporative com ponents, some studies have observed 
a fast forward com ponent not easily explained in 
term s of evaporation.* W ith this Com m unication we 
present evidence that the bulk of a-particle emission, 
from the 1354 MeV ‘‘^Ho +  '*'Ta system, occurs 
from  the fully accelerated fragments.

A natural Ta target (1.4 mg/cm^) was bombarded 
with 8.2 M eV /nucleon ’^^Ho ( —10 ena) from  the 
Lawrence Berkeley Laboratory SuperHILAC. A solid 
State detector (300 ^ m ) positioned at the grazing an- 
gle (29“) was used to detect the projectilelike frag- 
m ent and to define the reaction plañe. On the other 
side of the beam, five solid State Í^E-E telescopes (40 
^m , 5 mm) were used to detect the a  particles.
While both in- and out-of-plane angular distributions 
were obtained, only the in-plane data will be present- 
ed in this Communication.

Laboratory a-particle energy spectra are shown in 
Fig. 1 for angles between 30° and 115°. These spec­
tra were obtained by requiring a coincidence between 
an a  particle at the laboratory angles indicated in 
Fig. 1 and a heavy ion detected at -2 9 °  with an ener­
gy in the deep-inelastic región. A notable feature of

these spectra is the occurrence of two separate peaks 
at the most forward angle, suggesting the presence of 
two emission sources. The data at larger angles show 
essentially a single com ponent, which shifts towards 
lower energy as the in-plane angle increases.

In order to determ ine the emission sources, we 
have plotted in Fig. 2 (a) the experimentally extracted 
root-m ean-square velocity (v™®) of the a  particles. 
Also indicated on this figure are the velocity vectors 
for the detected projectilelike fragm ent (gated on 
the deep-inelastic events), the calculated velocity
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FIG. 1. Coincident laboratory a-particle energy spectra. 
Laboratory angles are indicated.
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FIG. 2. (a) Velocity diagratn for the **'Ta +  '^^Ho (1354 
MeV) System. The open drcles are the rm s velocities ex- 
tracted from  the coincident laboratory a-particle energy 
spectra. The solid circles indícate the rm s velocities o f the 
two separate peaks that appear in the m ost forward data.
The ful! large rings indicate the loci o f expected a-particle 
velocities (Ref. 7) from  the three different rest frames. For 
the targetlike fragm ent, the locus o f velocities for a 10% 
reduction in the expected average emission energy is indicat- 
ed by a partial ring. The detection threshold is shown as a 
dashed are. The letters P  and T  stand for projectilelike and 
targetlike, respectively. (b) The velocity diagrams for three 
d ifferent Q bins (all in the deep-inelastic región). The rm s 
a-particle velocities for each bin are indicated. The smallest 
energy loss bin is indicated by triangles and the largest ener­
gy loss data by squares. The three partial rings are drawn to 
guide the eye. They have the same radius and are centered 
on the three different recoil velocities.

o f the undetected fragm ent, and the velocity of the 
system center o f mass. As Fig. 2 (a) shows, the a- 
particle velocities are centered around the end o f the 
velocity vector o f the targetlike fragment. This 
agrees with the assum ption that the a  particles are 
em itted from  the fully accelerated targetlike frag­
m ent, rather than from  a system moving with the 
center o f mass velocity.

Further evidence for fragm ent emission can be ob- 
tained by determ ining the Q-value dependence of 
V™*. In Fig. 2(b) we have plotted the average vector 
diagram for three different 0-value bins (all in the 
deep-inelastic región) and the corresponding A 
systematic m otion o f the loci o f v™® valúes is seen 
that can only be explained by a source that has a Q- 
dependent velocity. This trend is explained by the 
change of the velocity of the targetlike fragm ent with 
Q valué, as shown in the figure.

Finally, utilizing two body kinematics the events 
were reconstructed and transform ed event by event 
into the rest fram e of the target recoil. In this frame 
the a-particle spectral shape is found to be indepen- 
dent o f angle with the exception o f the m ost forward 
angle. In addition, this spectral shape is reproduced 
quite well by an evaporation formalism that accounts 
for exit channel shape polarization and fluctuations.’ 
The importance of such deform ation effects can be 
readily appreciated by comparing the effective 
Coulomb barrier (Be)  observed in the present data, 
calculated from  («„) = B c + 2 T with observed en- 
trance channel Coulomb barriers in o-particle plus 
nucleus reactions.'® The form er effective barrier is 
approximately 25% lower than the latter valué.

As has been seen in previous studies o f a  particles 
em itted in heavy-ion reactions,^ a high energy con- 
tam inant to the major evaporative com ponent was 
observed at the m ost forward angle. U nfortunately, 
insufficient data were obtained at forward angles to 
determ ine the source of these a  particles.

In conclusión, by use of in-plane correlation tech- 
niques we have shown that for the system 1354 MeV 
*^*Ho +  '*'Ta, the dom inant sources of a  particles are 
the fully accelerated fragments.
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