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The analysis of neutron-induced charged-particle reactions

is very important for developing nuclear reaction theories
and also for different applications (such as e.q. aotiva-
tion analysis). In connection with cluster formation in the
pre-equilibrium evaporation process, there are still a lot

of uncieared points, at present. In order to clear up these
obscurities, it is very important to analyse procesSes'
simultaneously in all concurrent reaction channels. If only

a part of the channels is used, then -- owing to the restric-
tion -- the errors in describing reaction mechanism might
induce hidden uncertainties in the model parameters applied. -
The roles of the concurrent channels will be discussed in
the present work by analysing 27Al(n,t)stg cross-section

data. : e

The available experimental data, from refs; (143]; can Be'
seen in flg. 1. The results of the first two papers were
obtained by using monoenergetic neutrons, whlle those of

ref. [3] were gained from an analysis of integral accumula—‘
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¢ experimental data from ref [ 1]

¢ experimental data from ref. [ 2]
—-— based on integral measurements [3]
——— calculated by level
densities from refs [45)
talcutated by new

level densities
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Fig 1

tion of tritium in different neutron fields. In addition to
the experimental results, cross-section calculations by the
statistical model were also presented in refs. [1-3]; the
agreement between theory and experiment is rather good in
the case of monoenergetic neutrons [2], but this is not so
for results frém the integral measurements [3]. It is weli

known, however, that the statistical model results are rather

] N .

sensitive for the choice of the level density and also for
the inverse reaction cross-section associated with the compound
nucleus decay channel to be analysed. Therefore, it is very

important to realize how unambigous' is the. agreement between



the:results for the (n,t) .excitation functiion .calculations
and ‘informations on the level densities pertinentwtOtthev

compound nucleus concurrent reaction channels.

As for the actual level densities, the experimental data - -
available “for light nuclei were analysed in such respect
[4,5]. For this purpose, the back-shifted Fermi-gas model

., was used by Vonach ‘and Hille[4], while the most simple
exponential parametrization for the energy dependence by
Beckerman (5]. Irrespective of the fact, what systematics
have been chosen for the level density parameters in the
formulae of refs.{4] and [5], the same (n,t) excitation
function has been obtained from the statistical model
(dashed line in fig. .l.). In the present calculations, the
same inverse reaction cross-sections are used as in ref.[2],
but another set of the level density paramaters (see below),
so the difference betﬁeen the results can be explained by

the new level densities.

Owing to the fact that -- after taking into account the
Coulomb-barrier effect -- the (n,t) reaction threshold is
very high (it is about 14 MeV), spectroscopical data [6]
can .be used for the low laying levels of the 25Mg residual
nucleus. In such a way, the uncertainties in the residual
nucleus level density.will appear only above 5wM§%wi9-§h¢A
triton channel, so; this kind of error will be seen in the.
(n,t) excitation function at energies hiéher than 18.MeV
only. This means that the disagreement between experimental
data and statistical theory -- as shown in fig 1. 4-"eah

be ascribed to the neutron channel It should be emphas1zed

that -=- in the increa51ng part of the exc1tation function -



all kinds of non-statistical processes in “tritium production -
have to‘'increase ~- and never decrease --. the data estimated

by using statistical calculations. - | : QP

In the analysis of level density systematics -- such as .
recommended in refs.[4] and [5] -~ it is easy to observe
that these are based essentially on experimental neutron and
proton resonance data. Such data have the.drawback that some -
of the resonances might have been omitted, further that the.
spin values of the resonances might have been identified with
great uncertainty. At the same time, there are such level
density data which have been obtained on the basis of an
analysis of neutron width fluctuation (see ref. [5]). It is
regular that these data are higher than data of resonance

origin,

In order to revise the level density parameters used in this

paper for calculating excitation functions, width fluctuation
data are used together with spectroscopical data for the low-
laying levels [6]. New level density parameters were obtained
by the back-shifted Fermi-gas model and also by a more con-

sistent approach based on the superfluid model of heated nu-

clei [(7]. It is to be noted that -- by using the same experi-
mental data -~ both models give nearly the same estimates of
the (nff) cross-sections in the ‘middle high energy region. -
So, thé use of the back-shifted Fermi-gas model is justified

in this way.

The solid line in fig. l. shows the present results obtained

from the statistical model using the above level densities.

This rgsult agrees well with the experimental data of ref.[2],



25t (0, ) 2N *
E, =15 MeV

—r' experimental data [8]
calculated in this paper
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but it is slightly lower than data of ref. [l]. Therefore, in

order to check the above level density parameters, the excita-

tion function and the spectrum of the 27Al(n,alpha)“Na reaction
have also been investigated [8]. The obtained alpha spectrum is
shown in fig. 2. The present calculations reproducerwellvthe
(n,alpha) excitation function, too, up to 18 MeV, and some
deviations tend to appear only above this value, which show
non-statistical processes in the alpha emission start to ‘contribute
here. Also, an analysis has been performed for thé inelastic
scattering of neutrons on aluminum. Such an analysis, however,

did not give any additional information on the level density



of the neutron channel. This is in connection with the fact
that direct processes of neutron scattering do contfibute
appreciably;at the hard part of the observed sbectrum, and

the uncertainty'chSuCh an analysis does not make it possible
to prefer a‘certéinlétatistical description of the évaporation
components in the neutron spectra.‘This seems to be a general
rule of the statistical reaction mechanisms if analysing level
densitites in the non-dominant reaction channels, if treating

e.g., (n,alpha) and (n,t) reactions.

To sum up the results of the analysis, the éonclusibn 5e drawn:
it is the s£atistical mechanism in the emission of_clﬁsters
which determines -- first of all -- the 27Al('n,alpha)_ and
27Al(n,t) cross-sectioﬁs at neutron energies of 18-20 MeV. For
a quantitatively correct description of the observea cross-sec-
tions, those level densities are essentially néeded which are
consistent with the wiath fluctuation analysis'for the decays

of highly excited nuclei [5]. These level densities. are
substantially higher than those ones recommended in systematics
for light nuclei [4,5]. For obtaining more accurate values of
thétinVefée reaction cross-sections, it is'vefy»impoftant‘to ‘
invéstigate the excifétion function near tﬁé reaction threshold.
In order - to be quite frank, it is to be mentioned here that the
235 27

U. thermal fission spectrum averaged . Al(n,t)‘cross—gectionA
-- as _measured byAHeinrich-and,Tanner:[IQ] == is.highe; (byAabout
50 %)vthantthat calculated by the use of the present excitation
;‘ﬁunctionﬁ(full.lineﬁ;n:fig. 1.). This integral ekpe;imenpa; .
value [10]-can be reproduced better (within 15 %) if using

the "purely empirical" excitation function [llJ,baged on . the

data-of both ref...[l].and ref. [2]. Of course, this "counter-



~argument” against the present excitation function is not too
strong, because the result of the integral measurement [10]

is rather inaccurate having an error of 30 %.

However it may be, to justify (or to query) the excitation

function calculated in this paper, it would be very important

27

to re-measure the whole Al(n,t)stg excitation function

( from~13 to 19~MeV) within the same experiment, and to eliminate

such a way possible discrepancies in data measured up till now.
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