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Analysis of neutron amnd proton spectra from neutron induced

reactions.

Final report

I. Ribansky, Institute of Physice, EPRC, SAS, 342 23 Bratislava,

Czechoslovakia

I, Introduction

The exciton model of Griffin [1] developed and extended by
many authors [2-4] proved to be very succesful in analyses of
the nonequilibrium part of particle spectra emitted from nuclear
systemns at excitetion enerpies from 2 to ~ 100 MeV, A global
set of parameters was deduced [214, 5] which makes it possible
to ealculate needed and not yet measured data., The theoretical
Justificotion of the exciton model was given recently [6 - Q].

Though the exciton model is able to reproduce almost the
whole noneequilibrium portion of the particle s-ectra, there
is at least one class of data -(n,xn) spectra = for which the
exciton model gives too few high energy particles [10. lﬂ o
The sameapply to the other iype of preequilibrium models [12].
Ve have sugrested that the exciton model energy distribution
can be improved by aesuming the depth of the hole excitation
to be limited. Similar sugrestion has been made in [12, 19] .

I ammtempt to improve description of (n, xn) spectra we
have developed the modified exciton model (MEM) in which only
a‘limitted'number of target nucleons are involved in the pre-
e@uilibrium stage of a reaction. It turned out that MEM provd=-
des very good descrintion of (n, xn) data at excitation ener-
giles E = 20-35 MeV where the experimental angle-integrated

spectra are availeble.



11, Modified exciton model

Consider A ~ 60 nuclei., The shell model ( see e.g. [13])
predicts a gap d ~ 5 MeV between the last and the next lower
lying subshells for the ground states of those nuclei, Consider
(nucleon, nucleon) rcaction and the portion Osmax - d'f:max )
of the emitted spectrum, € max is the maximum enexrgy éf emitted
nucleons. We see that this portion can originate only from the
interaction of the projectile with the nucleons lying on the

last subshell,

The besic modification of the exciton model is represcnted
by the assumption fhat only the last subshell nucleons are invol-
ved in the preequilibrium stage of a reection.

In the closed forin formulation of the exciton model the
preequilibrium nucleoh energy distribution (taking into account
the distinquishibility betwen protons T and netrons ))is given

as
d 6 ) €y
¢ o =G D(n) (1)
d¢4 n'3>\+n + Ead(n)Swjdfd
An=+2 J=T,Y

where 6-R is the reaction cross section, n (=p+h) is the exciton
number, £ is the channel energy, \ , end w ere the intranucleon
transition rate and the emission rate resp. and D(n) is the
depletion factor - the last three quantities are discussed in
[2-4] . only the nucleon channels are considered in eq. (1) as
other channels are sufficiently weak for all reaction we have
used to test M°M, The coeficients a:l define the fraction of

nucleons of a given type in the n-exciton states,

The assumption that only last subshell nucleons are invol-

ved is incoroorated in the following ways



First, the eoefficients aJ are evaluated as
1
aj(n) = P NJ $} Pp = Nn’ +Ny (2)

where p is the number of excited particles and N, (N,) is the
number of excited protons (neutrons) . For example, for neutron

induced reactions and n = 3 we have

6;;!111 (;vy ny Any, + 2, (3)
Z 7 Iy >
byny + 5,y n, Oynyp +  Hy,ny ny 4+ 1Ny

where X = 6;"/5),, is the ratio of free NN cross sections und
n g ( n),‘ is the number of protons (neutrons) lying on the last
subshell of the target nucleus. Puttingn; =2, n, =1 eq.
(3) reduces to one discussed in [12],"
Next the quaentities >\+ and w are evaluated using the eirciton

state density for finite potential well EII [14]

(E) g = L RN 4)
“oh | pihl(n-1) 12 (1)(-) l - H] (E-1E, (4)
1=0

where g is the single particle state density and & is the Heavi-
side function., The EH was approximated by the energy spread of
the last subshell ( due to residual interactwon)[15]. In all our
calculations we have assumed Ey = 1 MeV and X = 2,5,

The quantity >\ + has been parametrized in a usual way [ 5]

2T -1,-
>\+én CE1A3u; (5)

where Q)+ is the accessible final state density for An=+2 process
and was gvaluated using eq, (4) . The factor C was treated as a
fit parameter of !EN.

The equilibrium portion of nucleon spectra was approxi-

mated by the evaporation process assuming state density of the form
f (1) =< v2 exp(l2{ayu)



where a is the level density parameter and J is the palring

correction,.

JII. Results

A number of experimental neutron [16] and proton [17]
spectra measured at ~ 14 !1eV incident neutron nenergy have
been used to test M1, As a resulte of this analysis the para-

meters C, a andd were extracted, They are collected in tab. 1.

Table 1.

Parameters resulting from the analysis of 14 MeV data

Target C A.(3) d Oa O,
nucleus 1 v [MeV?] 1025 [MeV™']  [MeV) [MeV)
ay 1 8 6400 1.9 6.8 2.1 2.2
“Fe 6 8 5000 15 6.7 0 3.0
“Fe 6 2 4500 1.3 7.2 0 3.0
*Ni 8 2 5540 1.7 7.2 0 35
*ONj 8 4 6000 1.7 7.5 0 3.5
“Cy I 2 7000 2.0 7.9 2.0 1.7
*Cu 1 4 7400 2.0 8.1 2.0 1.7
“Nb 1 2 6000 2.2 9.0 1.2 0.9

The numbers n; and ny were taken from [13] . However, for
5]‘V+n reaction the simultaneous fit of both neutron and proton
channels n; =1 gave much batter it than n y =3, This is probab-
le the demonsiration that the unpaired nucleon is preferential-
ly excited.

An_e‘mmple of the analysis of 14 leV spectra is shown in
figs, 1l=3 for Fe+n reaction, In fig. 1 the experimental neutron
spectrum is compared with our cslculations., The solid curve re-
presentes the weighted of neutron spectra for 54I\e and 561‘6 tar-
gets. The dotted curve represents the IEM contributions. The
dashed curve is the sum of preecqullibrium and equilibrium con-
tributions ecnleculated under the assumption Ey=20 eV, nx = 2,

n, e, X=1and exciton model porameters from ref, [4] . We
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Fig. 1 Comparison of our calculations with the experimental
TATqg (n,:m) Bpectra , [16] e The full linerepresents
the sum of the modified excdton model /dotted 1line /
and the evaporation contributions. The dashed line 1is

the same sum but calculated using the exciton model

3.4 .

see that our M'M describes the high energy neutron tail better
than the exciton model._For proton spectra thie difference is
not so visible, Ilexe the preequilibrium effects are less
pronounced as = due to Coulom barrier = the evaporation peak
is shiffed to higher enerszies. In either case MIM describes
the proton spectra slightly bectter than the exciton model
[3, 4] . Similar results were obtained for other reactions.

In fig. 4 and 5 the conparison of the experimental neutron
spectra measured at ~ 26 !V with our calculations are shown.

The s0lid curves renrcsent only the IEM contributions as the
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Fig. 2 The same as in fig, 1 but for 54Pe(n,xp') recaction
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Fige. 3 The same as in fig, 2 but for 56Fe(n.xp) rcaction
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Pig. 4 Comparison of our cialculations with the experémental
51y ana Pwy (n,x) neutron spectra [bars).The full

lines represent the !TI!1 contributions
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Pig. 5 Comparison of our cnlculaetions with the experirmental

56pe and 630y (n, =) neutron spectre (barsl. The full

lines represent the !MM contributions



displayed energy region 1s free from the evaporation contribu-
tions, They were calculated using parameters of tab. 1. Ve Bee
that the paculiar flat shope of the experimental spectra are
nicely reprocduced by‘MEM as vwell as its magnitude, As for as we
know no other preequilibriwn model can describe these -data as
closely as our LM,

ore details are gﬁven in ref, [18].
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