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Abstract: In the frameworks of modern theoretical models of nuclear
Teéactions an analigis of the excitation functions and emission
spectra of the neutron threshold reactions at neutron energies up
to 20 MeV has been done, The results of the analisis indicate the
considerable difference between the alpha-particle transmission
coefficients for the excited and ground state nucleus.
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Introduction

The present work deals with the
analysis of excitation functions and
particle emission spectra in neutron re-
actions with an energy up to 20 MeV with
nuclei in the mass range 50<A <70 wi-
thin the framework of theoretical models
of nuclear reactions, The basic promi-
nence has been given to consideration of
the problem of the possible difference
of the charged particle absorption
cross-sections by nuclei in the ground
and excited state, wich has been under
discussion for a long time /1,2,5/.

In refs./2/ on the basis of exci-
tation function analysis of (n,p),
(n,d), (n,2n) reactions according to
the statistical theory it was conclu-
ded that for experimental date descrip-
tion the selection of varying level den-
sity parameters for the same residual
nuclei in neutron and proton channels
was required. A probable difference be-
tween the inverse reaction cross-section
and the absorption cross-section calcu-
lated by optical models was pointed to
as one of the possible reasons for this
mismatch,

In ref./3/ on the basis of ol-par-
ticle emission spectra analysis in the
(n,ol) reactions a conclusion was made
gbout the essentigl difference of absor-
ption cross-sections for excited and
cold nuclei. The present work applies
the results of recent investigations ob-
tained in nuclear level density descrip-
tions /5/ to look into this problem in
more detail, The results of this work
were reported at the 2nd Meeting of the
IAEA Coordinated Research Programme on
"Methods for the Calculation of Fast
Neutron Nuclear Data for Structural Ma-
terials™/7/.

Models used in the experimental
data anslysis,

The approach to particle emission

spectra and cross-~section analysis is
based on the reaction mechanism being
divided into three components: direct,
preequilibrium and equilibrium ones. The
reaction equilibrium component is calcu-
lated within Hauser-Feshbach formalism.
The preequilibrium part is calcu-
lates within the exciton model /12/ and
the direct component within the frame-
work of the couple channel method or
distorted wave Born approximation,
Contributions of the above mentio-
ned mechanisms vary depending on indivi-
dual properties of nuclei, interaction
energy and reaction type. For the reac-
tion (n,p) and (n,ol) on the nuclei, con-
sidered in this work, and in the energy
up to 20 MeV the main contribution to
the totel reaction cross-section is made
by the equilibrium component, whereas
the contributions of the preequilibrium
and direct mechanisms are insignificant.
For the (n,n') reaction on the same nu-
clei at the energy Enz>10 MeV the con-

tribution of the preequilibrium and di-
rect components is no longer insignifi-
cant and it should be teken into account
not only for the adequate description of
cross-sections and spectra in a neutron
channel, but also for the proper normali-
zation of cross-sections and spectra in
other reaction channels.

The main factors affecting the ab-
solute value and the emission spectrum
shape in different reaction channels are
residual nuclei level density and trans-
mission coefficients of particles in
exit channels,

The relations of Fermi-gas model
/4/ are most frequently used in the cal-
culations of level density. The model,
however, ignores a number of essential
properties in nuclear excited state
spectra such as the shell structure of
a single-particle spectrum, correlation
effects of superfluid nature and cohe-
rent collective effects., These effects
can be teken into account most consis-~
tently by the microscopic approach wi-
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thin the framework of the unified super-~
fluid model (USM) of nucleus /5/.

Ref./6/ puts forward a phenomenoclo-
gical version of USM taking into account
collective, superfluid and shell effects
in level density and quotes the systema-
tics of USM parameters for nuclei in the
mags range 40 <A <150 obtained from the
analysis of experimental data on neutron
regsonance density and on low-lying nu-
clear levels. The calculations of level
density on the basis of suggested appro-
ach agree with the results of the micro-~
scopic level density calculations.

The relations of both statistical
and preequilibrium models incorporate
inverse reaction cross-sections or cross
~sections of particle absorption by re-
gidual nuclei built-up in exit channels
of reactions, A significant factor is
that it is necessary to know the cross-
sections of particle absorption by exci-
ted nuclei., The dependence of absorption
cross-section on nuclear excitation
energy commonly being unknown, the opti-
cal model calculation results for a nu-
cleus-target in the ground state are
adopted as such data.

Calculation results.

Fig.1 shows the calculation results
of proton and ol-particle emission spec-

tra for 56Fe, 52Cr and 6ONi nuclei in
comparison with the S.M. Grimes /9/ ex-
rerimental data for 15 MeV incident neu-
tron energy. Solid curves correspond to
the calculations with the V.M. Bychkov
/10/ and L, McFadden and G.R. Satchler
/11/ parameters of optical potential for
protons and of-~particles, respectively.

For ol-particle emission spectra a
systematic effect ig observed: a displa-
cement of the theoretical curve to the
right with respect to the experiment in
the low &-particle energy range., This
displacement can be eliminated with none
of reasonable variations of level densi-
ty parameters either in USM or in the
back-shift Fermi-gas model.

It is important to note, that these
effects are not peculiar to our calcula-
tion codes., For example, the same dis-
placement of ol -particle emission spec-
tra was reported by M. Ivascu /8/ when

analisin% experimental data for 50’52Cr

and 54,5 Fe nuclei within the framework
of the theoretical model of nuclear re-~
actions.

Therefore, this effect can be inter-
preted as suggesting there is & need for
a modification of transmission coeffici-
ents in the alpha-channel, the modifica-
tion involving an effective reduction of
Coulomb barrier for alpha-particles.

This correction for alpha-particle
transmission coefficients was performed
by way of increasing the real potential
diffuseness parameter Qg by 20-25%. A
dashed line in fig,3 shows a cross-sec-
tion of alpha-particles absorption by

59Co nucleus obtained in this way. The
calculations of alpha-particle emission
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Fig.1 Proton and alpha-particle spectra

(for detailes, see text).

spectra corresponding to these modified
transmission coefficients are shown in
fig.1 by dashed lines., The experimental
data description improves considerably
in this caese, This very effect is demon-
strated by the calculation of (n,ol) ex-

citation function on 54
as an example (Fig.4).
As one can see in fig.3 the modifi-
ed eabsorption cross-section is displaced
in terms of energy to the left with res-
pect to the experimental data. Apparent-
ly it points to an considerable diffe-
rence in the absorption cross-section
for cold and excited nuclei., This effect
can be seen clearly on the alpha-parti-
cle emisgion spectra (Fig.1), due to the
(n,nol) reaction contribution being ne-
gligible with the neutron energy under

Fe nucleus taken
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Fig.2

consideration, In the case of proton
emisgion spectra the (n,np) reaction
contribution is no longer insignificant,
that is why analysis of the soft part of
the proton spectrum of the (n,p) reacti-
on is more intricate. However, in fig,1
the effect of transmission coefficient
differences for the excited and cold nu-
clei is also noticeable, The dashed line
shows the calculations with the trans-
mission coefficients obtained with the
real potential diffuseness Qg increase
by 20-25%.

It is noteworthy, that from the con-
dition of spectrum shape description it
follows, that the similar variation of
transmissgion coefficients is required on-
ly at the proton and ol-particle energi-
es below the corresponding Coulomb bar-
rier, The method of the corresponding
modification of transmission coeffici-
ents involves a smooth agreement of the
increased and initial diffuseness of the
real potentigl in the region of Coulomb
barrier, Figs.2 and 4 demonstrates the
effect of these variations of optical
transmigsion coefficients for protons

with the calculation of °ONi (n,p) reac-
tion cross-sections taken as an example.
An addition to these arguments a
similar conclusion about the difference
of the cross-section of o{-particle and
proton absorption by a nucleus in the
ground and excited states was made in the
work by McMehan and Alexander /15/ when
analising spectra in the reaction

12C . 122W.

The Roumanian group's results /18/
in the description of (n,p) reaction

" known from the neutron data.
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Fig.3

excitation functions on titanium isoto-
pes may serve as an indirect evidence
for the validity of the suggested expla-
nation of the observed differences in

the calculated spectra of charged parti-
cles emission from the experimental data,
In the report /18/ it was actually shown,
that different parameters of optical po-
tential are required for the description

of the 4°sc(p,n)*°Ti and 407i(n,p)*Csc
reaction cross-sections., It took a sig-
nificant increase of the imaginary part
of the potential for the second reaction
(i,e., proton absorption increase).

Hence, the question of a difference
of charged particle absorption cross-
sections for the excited and ground sta-
tes of the atomic nucleus may well be
posed with fair validity. This statement
ig useful for the solution of an old
problem of nuclear level density analy-
gis in various reactions, i.e., the level
density parameters obtained by the ana-
lysis of charged particles emission
spectra being different from the values
The diffi-
culty is removed with the help of trans-
mission coefficients modification per-
formed in this work.,

There seem to be sufficient data

.supporting such an assertion. However,

it should be noted, that the proton ab-
sorption cross-sections and particularly
those for alpha-particles have not been
investigated much experimentally. The
optical model parameters for the parti-
cles with energies below the Coulomb
barrier have not been investigated much
either, That is why % seems to be pre-

— 1223 —



1601

120}

80}

ol "Fe(n,.,() mcr 4] +

50 | -~

L. & -

0 5 10 15 E,, MeV

Fig.4 (n,p) and (n,o) reaction cross-
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experiment from /19/.

mature to make conclusions about the ab-
solute value of the effect and its theo-
retical interpretation, To solve this
problem it is essential to analyze a
wide range of nuclei and excitation
energies and probably & wider class of
reactions,
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