


Nowadaxs popﬁlar preequilibrium models for nuélear reactions
heve been iﬁitiated meinly by Griffin’s peper /1/. They esre justi-
fied for the excitation energies above approximately 15 MNeV /2/;
but they are shown to pfoduce good results in a rather wide en-
ergy interval, sterting with an incident energy of 5 MeV /34 and
going far to the GeV region /4/. Msny epproaches haeve been develo~
ped in the éourse of time, emphasizing different aspects of the
model considerations. It is rather interesting to traé@ the
origins of the so-called hot-spot model (thermodynamic deserip=-
tion of preequilibrium reactions) back to 1938, when Bethe sug-
gested & creation of "local heating" (now commonly called hot
spot) of the target nucleus, which evaporates perticles before
the equilibrium is reached /5/. pue to the bigh local tempersture
the emitted particles heve higher energies than those ecorresponding
to the oompound nucleus.Of speclal interest is Bethe?s note that
nthese 'too fast! perticles will be emitted preférably in the
backward direction® /5/. This seemed to be in contradicticn with
the experimentel data acquired: all till now obsgrved statistical
nuclesr resctions demonstirated dominance of the forward direction,
especially near the high-energy edge of the pa.rticle gpectrum,
and the theoretical models nicely fitted the mesgured anguler
distributions. That is why original Bethe's prediction of
angular distributions of preequilibrium perticles has been sup-

posed to be erroneous.



Let us have m look as to what are -the conditions lesding to
the forward emission in the early stage of the reaction, Firstly,
the momentum introduced to the composite system strongly . favours
the emission in the projectilé direction, secondly, a possible
fast rotation of the system before the particle emission (im~
portant mainly in tﬁe heevy ion reactions) oroadens the widtp
or the angular distribution and shifts the position of its ma-
ximum, lcaving the leading rele for the forward hemisphere. If
we are able to eliminste simultaneously the influence of both
Romentum and angular momentum on the Treaction, we can expect
fulfilling Bethe’s prediction. In order to eliminate the rote-
tion it is sufficicnt to consider only the centrel ccllisions
(the s~wave); uhfortunately, they are usually more than mesked
by higher partial waves, One of the possibilities how to isclste
the s-wave c;ntribution is the lowering of the incoming enérgy. '
Thasg condition‘coh;orms with the requirement of low introduced
momentum, but drestically worsens the conditions for applicabi-
lity of preequilibrium statistical modéls. lherein, one neéds a
relatifely high excitation €hergy as to justify the use ot the
level density concept, The minimum excitation energy requiréd
is estimated to be 10 - 15 MeV /2/, that should refer both to the
composite and residaal nuclei, Surprisingly, the model works
bice enough st composite nuclear excitation energy as low as
about 10 Me? /3’6/, that means still lower residusl energy arter
the particle emission,

S0, for the applicabillty of preequiiibrium~model image and
for obtaining the beckward enhanced particle emission, one should

try to fit the following cdnditions:

i/ The target should be with AZ40 /2/; the nuclei with magic

numbers sre not welcomed;




ii/ The incident partlcle snould be & nucleon with low encrgy

(to ensure s-wave and 11tt1e introduced momentum)

iii/ Tone binding energy of projectile (1n the composite mucleus)
must be higher than that of the ejectile (to have still

some reasonable energy in the residual nucleus);
jiv/ The emission of the, outgoing particle must be treated un-~

amblguously within the preeuu111br1um nodel, f.€., the eject-

ile must be a nucleon.
‘The conditions ii/ to 1v/ select the (n,p) reactions (the (p,n)
reactions have due to the Goulomb verrier vanishing cross sections
st low incident energies). For the choice of the nucleus, we looked
over the Tables of lsotopes 1/ snd reguired:
i/ A >40;
i1/ TNeither of the target, composite and residusl nuclei conteins
magic number of proiens or neutrons;
iii/ The neutron oinding energy in the composite nucleus is at
least 10 MeV end it exceeds that of préton by at least 4 NeV.
There are 3j such nuclei in the‘Tables, all of them correspond to
unstsble targets. Fortunately, 14{fetimes of two possible targeis
are long enocugh (> ¢ days) as Lo sllow some measurements: 48V
and 5600.

Let us now estimate the cross section and the forward/backward
asymmetry for the case of 48V (n,p) reaction at En=0.5 MeV. As alil
the calculations are done near the limits of applicability of the
preequilibrium models, they can serve only as guidenumbers and
cannot be expected to fit the experimental data (when measured).

We shell assume that the first interaction of the incoming
nucleon with the target nucleus gives rise to & localized hot spot
on the nuclear surface. This hot spot emits backward, its sngular

distrivution (in the extreme case) veing
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The state after the firét interaction which we treat as the hot
spot, can be interpreted in ‘terms of the exciton modei as a8 3-exci-
ton state. So we assume that the emission from the three—exclton
state is peaked backward according to eq. (1) All the emission
from more complex states is Supposed to be isotropic in the o. m,
system, Obviously, such a description is oversimplified. To bring
it closer to reslity, one must think of the mean free path., It is
Az s fm at our energies /8/. If we take as n reasonable approxima-
tion of the localized kot spot t fm (i.e., if the first interaction
of & projectile with the target does not occur within the first
1 fm, the decay is treated as ap 1sotropicone), the calculated
asymmeiry is decreased by & factor of 0.012, This will probaﬁly
be the lowep limit, as the miclear surface rlays a very important
role in nuclear reactions /9/. Therefore as the upper liwit we take
the "hindrance factop" as obtained from the localization of the
hot spot to dimensions less than the nuclear radius is. This BTO~
cedure yields a factor of C.14.
With these two factors we have calculated the spectra and
angulsr distributions under three different assumptions:
a8/ The 31ngle-part1c;e level dens1ty is g=A/13 MeV 1, no pairing
corrections are used;
b/ The reslistic single-particle level densities and classxcal
palrlng énergy corrections enter the calculations’
¢/ The reslistic single-perticle level densities epnd the Rosenzweig-
~corrected peiring /’O/are incorporated,
The proton spectra sre rather sensitive to the inverse cross sections
used. We followed the parametrization of Chatterjee and Gupts 1/

here. The absolute values of the (n,p) ¢ross sections are high



enough to be measurable (> 100 mb), that might-be eﬁcouraging at

our energies. The Table summarizes the results of our calculations

of asymmetry, defined as

AL G (S<180° ¢,) [ o6 (80, ¢r)
Ale,) * )
dep Al / de, 4R )

for both the values of localized hot spat probabilits.es and all
three variants of calculations, presented fof the peak of the
_specirum snd the high energy edge {% 1 ¥eV from the end—point).
We see that the effect grows with incressing iheycutcoming
energy (as was assumed by Bethe), its maénitude might meke it
available to measurements. Such an experiment would bé an inter—

esting test of Bethe’s prediction.

Teble
Backward-forward asymmetries at peak of the proton spectrum
and at its high energy edge, as obtained for the 4BV.(n,p)
resciion. Numbers before parentheses correspond to the hot
spot limited in size to the nuclear radius, and those within

parentheses to its iocslization to 1 fm.

Veriant of the
calculation a b c

Asymmetry

A (peak) 1.92 (1.01){ 1.59 (.04) | 1.67 (1.05)

A (high energy 1.38 (1.03)] 1.67 (1.05) }1.67 (1.05)
edge)
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