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PRE-EQUILIBRIUM EMISSION AND NUCLEAR LEVEL DENSITIES IN
: *
NEUTRON INDUCED REACTIONS ON Fe, Cr and Ni ISOTOPES ),

M.Tvajeu, M.Avaigeanu, I.Ivascu and V.Avrigeanu
Tnstitute fon Physics and Nuclear Engineening, Bucharest, Romania

Abs tnacet

The experimentally well known (n,p), (n,a) and (p,Zn) reaction
excitétion functions, from threshold to 20 MeV incident energy, and neutfon,
proton and alpha-particle emission spectra at 14.8 MeV from Fe, Cr and Ni
isotopes are calculated in the frame of a generalized Geometry-Dependent-
Hybrid pre-equilibrium emission model, including angular momentum and
parity conservatioﬁ and alpha-particle emission, and the Hauser-Feshbach
statistical model. Use of a consistent statistical model parameter set enables
the validation of the pre-equilibrium emission model. Moreover, an enhanced
pre-equilibrium emission from higher spin composite system states, associated
with higher incident orbital momenta, has been evidenced. Higher orbital
momenta involved also in the emergent channels of this process are suggested
by calculations of the résidual nuclei level populations., Finally, the unitary
account of the (n, p) and (n, 2n) reaction excitation functions for Fe, Cr
and Ni isotopes has allowed the proper establishment of the limits of the
transition excitation range between the two different nuclear level density

models used at medium and higher excitation energies, respectively.

1, INTRODUCTTION

In the frame of the IAEA Coordinated Research Programme

on "Methods for the Calculation of Fast Neutron Nuclear Data for
Structural Materials" (1986-1988) the IPNE aroup have planned the
completion of the (n, p), (n, n'p), (n, a), (n, n'a), (n, 2n) and
(n,3n) reaction cross section calculations for all stable isotopes
of Fe, Cr and Ni elements, in the energy ranae from threshold to

20 MeV, in the frame of the pre-equilibrium emission Geometry-Depen-
dent Hybrid (GDH) model [1] and the Hauser-Feshbach-Moldeauer sta-
tistical model [2,3]. The unitary account of a so abundant experi-

*) Work presented at the an Meeting of the IAEA Coordinated Research
Programme on 'Methods for the Calculation of Fast Neutron Nuclear Data for

Structural Materials', |AEA Vienna, February 15-17, 1988.



mental data base has been thought as a proper validation of the
nuclear models emp]oyed '

In the first year (1986) the accomplished objectives were:
(a) the development of the GDH model through the inclusion of the
angular momentum ahd‘parfty (41, (b) the establishment of nuclear
level density models and parameters as more accurate and realistic
as possible [5], and (c) the analysis of the gamma-ray strength
functions used for the gamma-ray transmission coefficient calcu-
lations [6]. The second year (1987) of the project has been devoted
to the appropriate validation of the improved pre-equilibrium emis-
sion model and the previously analysed statistical model parameters
through the calculation and comparison with the experimental data
of some well experimentally known particle‘emission spectra and
reaction excitation functions of interest.

The unified description of the pre-equilibrium and equili-
brium processes'is being fully achieved by the more rigorous quan-
tum-approaches of the pre-equilibrium emission. However, the
numerous approximations yet under investigation make these theories
less suitable for applied purposes. On the other hand, to consis-
tently involve a semi-classical pre-equilibrium model into a Hauser-
Feshbach model calculation, the anaular momentum and parity conser-
vation has to be considered also in the first stage of the reaction.
This aspect has been taken into account within the GDH model [4]1, in
the frame of the computer code STAPRE-H [7]. To validate the proposed

approach, the experimentally well known neutron, proton and alpha

particle emission spectra from 54’56Fe targets are calculated and

discussed in the present work. The statistical model parameters
have been mainly determined or validated by means of various
independent types of experimental data.

In the first instance the alpha-particlie emission has been
analysed, although not described by the GDH model, to assure the
accounting of the all available experimental data. To this extent
the alpha-particle pre-equilibrium emission has been calculated in
the frame of the exciton model, whose free parameter has been
derived fitting the particle emission data. However, the resulted
importance of the pre-equilibrium alpha-particle emission for an
accurate cross section calculation determined the accounting of
also this process in the frame of a generalized GDH model. The
hypothesis of the Milano group [8-10] on the preformed alpha-par-
ticle existence in the nucleus has been followed in this respect.



The last main goal of this work consists in the establish-
ment of the 1limits of the transition excitation range between
the two different nuclear level density models used at medium and
higher excitation energies, respectively. These limits are the only
free statistical model parameters which are obtained from the
analysis of the experimental cross section data. While the agreement
of the calculated and experimental data in the low energy part of
the (n,p) and (n,a) excitation functions is.validating the other
statistical model paraméters, the same agreement at incident ener-
gies above 10 MeV have been obtained by the appropriate choice
of the transition excitation range1iﬁitsfbr'Umnuc1ear level density
models. This goal has been properly attained through an unitary -
account of a whole body of related data, respectively the experi-
mentally well known (n,p) and (n,2n) reaction excitation functions
for Fe, Cr and Ni-isotopes.

Finally, the accomplishment of these objectives is
validating both the pre-equilibrium emission model employed and the
calculation methods to be used in extensive calculations of struc-
tural material fast neutron data.

2. THE GENERALIZED GDH MODEL INCLUDING ANC—ULAR MOMENTUM AND
PARITY CONSERVATION AND a-PARTICLE EMISSION

Following both the inclusion 6ffthe J" - conservation
and the energy dependent sing]e-partic]k Tevel density accounting
[4]1, the differential emission spectrum of a particle x within the
channel energy € to € + de looks like:

do (E) . o} (éahausEsI')
e ] g ITyIL ] rp, o 1.
de J,m L ngt I, pA(p,h,E,J)
|
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where £ and U are the excitation energies of the n-excitons composite system

and residual nuclei, respectively, and TJ and Tg. are the trans-

mission coefficients for the incident and emergent channels charac-
terized by the coupling scheme: ‘

- - - - -

3=(1+1)+z=(;'+1;(_)+2' (2)



The spin dependence of the particle-hole level density-on(p,h,E,J)
has been described by means of the simplified representation of

Fu [11]. Moreover, the one-fermion type exciton-state densities
previously employed [4] have been transformed into two-fermion-like
densities using the renormalization procedure of Akkermans and
Gruppelaar [12]. The energy dependence of the single-particle level
density g has been given by the energy dependent nuclear 1eVe1
density pakameter a (E) used in the Hauser-Feshbach model calcu-
lations at higher excitation energies [4] through the usual
relation

g = a

L
T|'2

The intra-nuclear transition rates A €) have been calculated -

, n+2,x( . A
employing the same imaginary optical model potentials as in the
statistical model calcuiations. The last factor of (1), Diﬂ; is the
depletion factor that reduces the population of each exciton state
according to the amount of particle emission from simpler exciton
states. '

The specific problems connected with the accounting of the
pre-equilibrium emission of a]pha-partic]és in the frame of the
hybrid model were pointed out by Chevarier et al. [13] when simul-
taneously analysed the neutron, proton and alpha-particle spectra
induced by 25.6 MeV 3He incident on A = 60 mass target nuclei. As
well as the Milano group assumed in the frame of the exciton model
analyses of nucleon induced reactions [8-10], the emission of
alpha-particles has been considered a pre-equilibrium process of
an alpha-particle existing preformed in the nucleus. Actually,
one has to take into account a probability that four correlated
nucleons exist in a alpha-particle-1ike configuration which is
excited during the nuclear process. Therefore it is assumed that
this preformed alpha-particle can be treated as an exciton having
the single-particle state density g/4 and being emitted from
n-exciton states, starting with n = 3. Following the same hypotheses,
the following expression has been derived from (1) for the alpha-
particle emission in a generalized GDH model:

dg (E) (PKa_ p (pahausesl')
RIS S S F D TR N G i P1. .- 1.
de LU E R I g CRRR
9 p,h (1-9) p,h pn(pa »E54)
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The coefficients K“’h'and K\”h defining the n-exciton state den-
sities in the case of the excitation of an alpha-particle with
the probability ¢  and ofherwise of a nucleon v [8] héve‘been
taken as given by Gadioli et al. [9]. The probability o has been
established by means of the comparison of the experimenté] and
calculated alpha-particlie spectra. Similarly to the nucleon
emission treatment, the intra-npc]ear transition ratgs An+2,§(€)
have been evaluated starting from the mean free path of alpha-par-
ticles in nuclear matter and using the optical model potential
parameters involved in the ca]cu]atidn of the transmission coef-

- J
f1cTents Tl.’u(e).

3. Fe ISOTOPES

3.1, NUCLEAR MODEL PARAMETERS

The prediction capability of the fast neutron cross section
calculations is closely related to the use of as few.as possible
free parameters. The GDH model has no its own such parameter. Howe-
ver, some of its characteristic elements are connected with the
statistical model parameters. A consistent set of input parameters
had to be determined or validated usino in the lowest dearee the
analysed reaction cross section data.

" The nuclear Level densitieshave been described by means of
the empirical back-shifted Fermi gas (BSFG) model [14], at medium
excitation energies, and of the realistic analytical formula of
Schmidt et al. [15] at the higher excitation energies. The BSFG
parameters redeterminated [5] by a least-squares fit of recent
experimental total numbers of the low-eneraqy discrete levels and
s-wave neutron resonance spacings have been used. In [5] givihg
also the discrete level numbers and the corresponding upper exci-
tation energies considered in the Hauser-Feshbach calculations,
aré discussed more widely both the need to choose a more realistic
level density representation at higher excitations and the
Schmidt et al. [15] formula. This one, employina microscopic
suggested parameters, although does not take into account the col-
lective effects in the nuclear level density is in a rather aood
agreement with the phenomenological formula of Ignatyuk et al.
[161. While the use of any of these formulas, characterized by'én
energy dependent level density parameter a(E), is able to solve the
noticed ambiguities in the application of the statistical model at
quite higher excitations as involved in heavy ion induced reac-
tions [17], in the calculations specifically to fast neutron



induced reactions is also important the trahSEtidn range between
the BSFG model and the higher energy redalistic formula. The pre-
vious analysis [5] has Sugqested the excitation eneray range from
neutron binding energy to about 25 MeV, where a linear interpola-
tion between the spin dependent level densities as well as
between the a values given by the two different models at the
transition range limits has diven the related quantities.
Furthefmore, these 1imits have been checked in the frame of the
present (n,p) and (n,2n)'reaction excitation function calicula-
tions.

Neutron transmission coefficients were derived from the
spherical optical model potential (OMP) parameters of Arthur and
Young [18], obtained by means of a simultaneous fit of the
(a) So
(b) total neutron cross sections from 20 to 40 MeV and (c) elastic

a nd S1 strength functions and potential scattering radii,

scattering angular distributions from 6.0 to 14 MeV, and confirmed
[19] through the analysis of the elastic and inelastic scattering
angular distributions from 6.0 to 14 MeV, for 54’56Fe target

nuclei.

Proton trnansmission coefficients given by the OMPs of
Arthur and Young [18] and Kailas et al. [20] (giobal set) have

56Mn and 54

been used for Mn nuclei, respectively. The first set
was derived from the global OMP parameter set of Perey [21] to
better fit low energy data as well as (p, n) and (p, 2n) reac-

tions on 56

Fe for incident energies from 10 to 40 MeV. Kailas

et al., looking for the consistency of the low and hiah energies
optical model predictions, analyzed (p, n) reaction excitation
functions of nuclei from 455c to 8

= 5 MeV and finally derived a global set of OMP parameters in

the proton energy range between 4 and 180 MeV, for medium weight

OSe at incident energies below

nuclei.

Alpha-panticle thansmission coefficients have been calcu-
lated using the OMPs derived by Arthur and Young [18], adiusted
to better fit the low energy (o, n) data, and McFadden and
Satchler [22], for 53Cr and 51Cr nuclei, respectively. Both are
giving related reaction cross sections, the latter one being
conclusively proved [23] as preferably against the OMP of
Huizenga and Igo [24].

Gamma-hray transmission coefgficients have been derived
from the gamma-ray strength functions in the usual way. For the



electric dipole radiation dominant transition the niant dipole ’
rbsonance model with modified [25] eneray-dependent Breit-wigner
line shapes [26] has been used.

A fraction 1}
the alpha-particles has been used to reduce more the compound
huc]eus formation cross section when the accounting of this .
process has been performed in the frame of the exciton model. Its
éonsideration compensates the shortcomina of the GDH model con-
cerning the alpha-particle emission. For the evaluation of this
fraction the exciton model, initially included in the code STAPRE,.
has been employed. The options g = A/13 and pairing accounting |
for particle-hole state densities, and the ¢ = 0.2 value for the

a - cluster preformation factor were used. The free parameter K

_a e e bn we L i Ce
g =9pg/og for the pre equilibrium emission of

of the internal transition matrix element has been derived ana-
lyzing the proton emission spectra at En =~ 14.8 MSV and the (nyp)
reaction excitation functions. A value of 180 MeV™ has given a
better agreement between the calculated and experimental data,
in rather good. agreement with 160 Mev® [181.

The -atomic masses and Q-values were taken from [27]and
energy bin-sizes of 0.3 and 0.4 MeV were used for lower and
higher incident energies than En R 15 MeV, respectively.

3.2, RESULTS OF CALCULATIONS.

The goals of this part of work have been (a) the feasi-
bility test of the modified GDH model based calculations to
reproduce a large body of correlated data and. (b) the analysis
of the physics revealed by the angular momentum inclusion in
the pre-equilibrium emission account., Therefore, the numerous
types of data existing for the fast neutron induced reactions on
54Fe (Figs. 1-4) and 56Fe (Figs. 5-7) isotopes have been chosen
for the validation of both the statisticaf~mode1 parameters
employed and the GDH model predictions.

The: (n,p) reaction excitation functions (Fias., 1-5) have
proved the adequacy of the low-eneray proton transmission coef-
ficients by means of the agreement between the experimental and
calculated data on their first few MeV-s. When necessary the
width fluctuation correction [3] was used, with the fluctuation
parameter y = 2. At this point the 54Fe(n,p)54Mn data determined
the accounting of the proton OMP of Kailas et al. [20], the para-
meter set of Arthur and Young [13] leading to calculated cross
sections within =25% higher than the experimental ones. Above
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this energy range the nucliear level densities of the dominant
neutron and proton channels start to play their important role.
MoreoVer, the higher -energy parts (En R 12 MeV) are enlightening
the correctness of the transition excitation range limits between
the models involved in the level density description.

The last aspect is also common to the (n, Zn) reaction
excitation functions (Figs. 3-6). Their yet increasing tfend at
En = 20 MeV is particularly sensitive to the variation of the
transition higher 1imit [9]. Based on the analysis of these four
excitation functions as well as other similar data for Cr, Ni and
Ti isotopes [28], the excitation transition range =3 - =30 MeV has
been established. On the other hand, the aareement of the calcu-
lated (n, 2n) reaction cross sections with the experimental ones
nearly the reaction threshold substantiated both the low-energy
neutron transmission coefficients and the y - ray competition
accounting. ‘

.. 54
54Fe(n,a)5'0n reaction excitation funciion has been

The
calculated (Fig. 2) in order to confirm the statistical model para-
meters for all channels. Because of the pre-equilibrium emission

~Character of the most energetic alpha particles, proved by the
angular distribution study [29], the alpha particle pre-equilibrium
emission has been analysed within both the exciton model (cfm.
Sect. 2) and the generalized GDH model. In the first case the
corresponding cross section G%E has given the fraction f%E of the

absorption cross section, further used in the establishing of

12
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Fig. 4. Comparison of experimental [29] proton (a) and alpha-

particle (b) emission spectra from 14.8 MeY neutron
induced reactions on 54Fe with calculated. values by
means of the pre-equilibrium emission ceneralized
GDH model, includine angular momentum and parity
conservation, and Hauser-Feshbach statistical model
( ).

GOH (protons) or exciton (alphas) emission (....),

The various contributions shown are from:

first particle equilibrium emission (---), second
particle emission (-.-). The anomalous low enerogy end
of the (n, 2p) spectrum follows the separation eneragy
- Sy . .
Mn. Between the calculated and experimental aloha

difference S 1.4 MeV in the compound nucleus

54

particle spectra there is a shift because the calcula-
tions are in the center-of-mass system while the data
are in the laboratory system (see also [50]).

the compound nucleus formation cross section. At the same time,
following the GDH and Hauser-Feshbach calculation, the statistical
(n,a) reaction cross section has been increased by ogE. The
assumption of the whole alpha-particle pre-equilibrium emission
contribution to the (n, a) channel has been based on the asso-
ciated high Ea engrgies observed experimentally (around 12 MeV

13
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[19]1). Irrespective of this contribution, the statistical emission
is well describing the experimental data up to E = 10 MeV ,
(Fig. 2a). An important factor in achieving th1s was the use of
the McFadden and Satchler OMP [22], increasing the (n, a) reac-
tion cross sections by =30% with reference to other parameter set
[18].The agreement between calculations and experiment. at higher
energies is also shown by the analysis of the alpha particle
emission spectra (Figs. 4b, 7c),from which the probability value
¢ = 0.3 has been derived in the generalized GDH model.However,
the decreasing validity of the above method using the fraction
ng with the incident energy increasing is proved by the results
of the generalized GDH model (Fig. 2b).

The study of the neutron and proton emission spectra
(Figs. 4, 7) thus follows the validation of the nuclear level
densities and the particle and vy - ray transmission coefficients.
Consequently, the spectra resulting from the convolution of con-
tributions from more channels may help in substantiated the pre-
equilibrium emission model too. While the low enerqgy end of these
spectra is pointing out the correct accounting of the second
particle émissfon, the middle part mainly corresponds to the
first particle statistical emission and the higher energy'part
is related to the pre-equilibrium emission (separate contributions
are depicted in Figs. 4,7). It is worthy of note that even the
low energy or middle parts may be affected by the pre-equilibrium
proc ess, through the alteration of the high excitation first
residual nucleus population (in the other channel) or of the
first compound nucleus initial population (statistically de-ex-
citating in the sahe channel). Therefore, the rather good agree-
ment of the calculated spectra with the experimental data not
only in the secondary high energy range, where the pre-equili-
brium emission is the dominant process, but at all energies is
validating the GDH model used.

Inclusion of the angular momentum and parity conservation
in the GDH model allows for the proper comparison of the
pre-equilibrium and statistical processes. The study of the emission
choss-section distrnibution along the composite system angular mo-
mentum (e.g. Fig. 8) shows the pre-equilibrium component more or
less localized at the high J-values end. As the ground state spin
for the both 54,56
equilibrium emission originates from high £, -value induced

inc
processes. Involving of the higher anqular momenta is strengthening

Fe target nuclei is zero, results that the pre-

-15
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energies £* resulting from neutron induced reactions at
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the representation of the pre-equilibrium stage through predominant
surface reactions, as suggested Shi Xiangjun et al. [30]. The more
pronounced result for the proton emission from 57Fe compound nucleus
(Fig. 8b) arise due to the increase of the pre-equilibrium contri-
bution to the (n, p) reaction cross section with the increasing

of the asymmetry parameter (N-Z)/A. This aspect, largerly discus-
sed elsewhere [9], is exemplified whithin the present calculations

17
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in Fig. 9: the decreasing of the proton pre-equilibrium fraction
fSE = GEE/GR with the asymmetry incredsing (Fia. 9a) is excegded
by the statistical emission decreasing (Fig. 9 b-c) (the latter
trend being mainly establishing the known "isotope effect" [31]).
From both Figures 8 and 9 comes out that the enhanced pre-equili-
brium emission from higher spin composite system states is also
more pronounced with excitation energy increasing.

The calculation of the nesidual nucledi Level populations
through the two different mechanisms completes the present analysis.
The yrast diagrams of these populations (Fig. 10) evidence maxima
of the population cross sections following the pre-equilibrium
emission appearing at smaller residual level spin values, relative
to the similar maxima for the statistical process. Therefore, the
pre-equilibrium emission is characterized by higher orbital momenta
in the emergent channels, too. This aspect can be related to
the experimentally observed hard particle emission spectra.

4, Cr ISOTOPES

4,1, NUCLEAR MODEL PARAMETERS

The consistent set of statistical model input parameters
used in the cross section calculations for Cr isotopes has been
established similarly to that employed for Fe isotopes. A special
comment requires the OMP parameters used for calculation of the
neutron and proton transmission coefficients.

"Recent studies of fast neutron scatterinag on Cr are those
of Guenther et al. [61] and Korzh et al. [62). In the former an OMP
has been derived based on total and elastic and inelastic scattering
data in the neutron energy range from 1. to 45 MeV. In the latter
the global OMP parameter set of Pasechnik et al. [63] has been used
for neutron eneraies up to 9 MeV. However, both OMPs are predicting
total cross sections higher than the experimental data for En 1.5
MeV. An alternative OMP has appeared to be that of Engelbrecht
and Fiedeldey [64] which is an extension of parameter set obtained
by Moldauer [65] in an extensive analysis of s-wave strenath func-
tions, total cross sections for energies En S 1 Mev and scattering
data, in the A = 40 - 150 mass reaion. Nevertheless also these OMP
'predictions are overestimating the total cross sectiohs on Cr below
En = 1.5 MeV. Finally,these data have been rathter well renroduced
taking the constant real and imaginary depths of the Enaelbrecht-
Fiedeldey OMP V0 = 44 and wo = 10 MeV as well as the real depth
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radius R - (_1.'1j6.A +0.45) fm. The modified potential depths
have approaéhed the "asymptotic" v;lues (Vd = 43, wo = 8)vob§§ined
for the same OMP by Smith et al. [66] through the fit of elastic
scattering data around E, = 1 MeV on Vanadium. ' '

1/3

Conclusively, the neutron transmission coefficients were
calculated using the modified Engelbrecht-Fiedeldey OMP for
En < 1.0 MeV and the OMP of Guenther et al. [61] at the higher ener-
gies. In doing so has been used the observation of a close relation
between the compound nucleus cross sections given by [61] and the
well known Studsvik global OMP f67]'up to around 14 MeV. '

' The proton transmission coefficients were calculated using
the BARC [20) global OMP above =4 - 5 MeV and the BARC [20] OMP
‘with a variable imaginafy depth W, at Tower enefgies. The ¥p value
has been chosen to allow the agreement between calculations and the
experimental data for the low energy end of the (n, p) reaction
excitation functions and sometimes also for the (n, n'p) peak of the
proton spectra. Under such circumstances quite larae Ho value of
6 Me V has resulted. o :

Concerning the pre-equilibrium emission of the alpha-parti-
cles, it has been described only by means of the generalized GDH
model.

4.2, RESULTS AND DISCUSSIONS

The Targe data base existing also for Cr isotopes has been
analysed with view to the goals mentioned. The proton and alpha-par-
ticle emission spectra (Fiags. 11, 12) have proved the accuracy of
the generalized GDH model, as well as the correctness of the charged-
particle transmission coefficients and the level densities at the
medium excitation energy. On the other hand, the systematically under-
estimated high-energy end of the spectra emphasized the need to
take into account the transfer direct interactions for a complete
understanding of the fast neutron reaction mechanisms.

The analysis of the high enercy part of the available (n,p)
and (n, 2n) reaction excitation functions (Fias, 13-15) has contri-
buted, together with the previously Fe data discussed and the Ni
isotope investigation [28], to the establishing of the transition
energy range limits for the mixed level density models enployed.
However, in the case of the Cr isotopes the (n, 2n) reaction excita-
tion functions, most useful for this analysis, are less enlightening.
The calculated SOCr (n,2n)49Cr reaction excitation function shows a
change of its slope due to the aaps in the low-level structure of
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the 49V nucleus and is not too much affected by the variations of

the transition limits. On the other hand, the calculated

52Cr(n, 2n)51Cr reaction excitation function is overestimating the
higher energy data. Possible reasons might be an improper known
compound nucleus cross section or the effect of direct interactions
not taken into account. Nevertheless, also these data seem to
support the transition range =10 - =35 MeV given by the Fe and Ni
data analyses.

CONCLUSI ONS

The generalized GDH pre-equilibrium emission model, along
with the Hauser-Feshbach statistical model, is able to reliably
account for a large body of related experimental data, without
use of any free parameter. The significance of this aspect is
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pointed out by the rather extended range of the values taken by
the free parameter K of the exciton pre-eauilibrium model in
various studies [32]. '

The inclusion of the angular momentum and parity conser-
vation in the GDH model has allowed the consistent coﬁnection'of
this model with the Hauser-Feshbach statistical model. Moreover,
it allows the study of the pre-equilibrium emission nrocess with
reference to the populated states. Thus, an enhanced pre-equili-
brium emission from the higher spin_composite system states has
been evidencea. The effect is more pronounced for higher asym-
metry parameter values and higher excitation energies. Conclusi-
vely, this emission is associated with the higher incoming orbital
momenta and, therefore, with predominant surface reactions. From
the calculation of the residual nuclei level populations results
that higher orbital momenta are &lsc involved in the emergent
channels of this process. This remark is well correlated with
the hard experimental pre-equilibrium emission spectra.

While the analysis of the charged-particle spectra have
validated the generalized GDH mode1, comparisons of the experimental
and calculated (n, p) and (n, 2n) reaction excitation functions
allow the establishment of the transition energy rance limits cha-
racterizing the use of a semi-empirical level density model at
medium excitation energies and of a realistic one at higher exci-
tations. Following analyses of Fe, Cr and Ni data the transition
range =10 ~ =35 MeV is obtained.
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