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Abctract. Spectra of inelastic scattered neutrons and fission neutrons were Measured
with neutron time of flight spectrometer. The solid tritium target was used as a
neutron source. The energy distribution of neutrons on the sample was calculated with
Monte-Carlo code, taking into account interaction income protons inside target arid
reaction kinematics. The detector efficiency was determined with Cf source. The
•ultiple scattering and absorption corrections were calculated with codes packet
BRAND. Our results confin ENDF/B-6 data library.
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INTRODUCTION

The requirement for Measuring differential
cross-section of inelastic neutron scattering on
fissile eleients nuclei in the MeV-energy range
primarily resulted froi the needs of atomic power
engineering. These deaands can hardly be
considered satisfactory. In a number of cases the
difference between latest experiments tl] and the
evaluation data amounts to 30-50X. In new
estimates for 2asU l£l the inelastic scattering
cross-section increased -1.5 times as compared
with ENDF/B-5 library that requires an additional
substantiation. There are discrepancies between
evaluations C2] and ENDF/B-6 in l-£ Mev1 energy
range.

An investigation of inelastic fissile
scattering cross-section entails a number of
methodical problems. A high density of low states
allow nc reliable measurements of scattering
cross-section on individual levels and distinguish
of contribution of elastic scattering. In
addition, the neutrons spectra measured are
restricted at low energy by the energy 200-500 keV
due to detection threshold. These features hinder
the measurements of total inelastic cross-section
and the comparison of experimental data. These
problems were basically settled in CH where the
"pseudo-elastic" scattering cross-section was
measured for a number of fissile nuclei. In this
study a conclusion was made that for ** Th,23 U,

U, u total inelastic scattering cross-
sections are known with reasonable accuracy and
are in good agreement with ENDF/B-5 evaluation,
and subsequent refinement is requisite for energy
distribution of scattering neutrons on these
nuclei.

The above feature have specified the
objective of this study: the investigation of
inelastic neutron scattering for the refinement of
total inelastic scattering cross-section and
scattered neutron spectra, for the implementation
of the problem set out a particular attention was
paid to decreasing the detection threshold to
raising the measurement accuracy in the region of
low scattered neutron energies, simulation of
experiment, taking into account of unmonoenergetic
neutrons.

EXPERIMENTAL TECHNIQUE

The neutron spectra were measured by
time-of-f1lght method on the EE-1 accelerator
spectrometer at the IPP'E. The spectrometer
specifications are: pulse width - -1 ns,
repetition rate - £ MHi, path length - -Z m, mean
current on the target 4-6 pfi. The T(p,n) reaction
in a solid tritiue.-scandium target was used as a

li'0°. Each

neutron source. Ref. [33 describes the neutron
spectrometer in more detail. The specification
featuring this study are only included below.

Disc-shaped samples 10 am in thickness and
46.3 mm in diameter fabricated of metallic
" B U , * " u were arranged at a distance 3.5 cm from
the target. The normal to the sample surface was
in "source-sample-detector" plane and turned at the
angle -30° against the incident protons direction.
The percentage of sample amounted to: '39.5% for
" V and 69.6% " S U and 10.4% " 8 U for " S U
sample. The sample was packed in ftl-cont.siner with
a wall thickness 0.3 mm.

The neutron detector was a plastic
scintillator 80 mm in diameter and iiO mm in
thickness. The detector face was coated with lead
absorber £ mm in thickness to reduce the
background of inherent gamma-quanta. The detector
efficiency (threshold -60 keV) was measured with
respect to Cf fission neutron spectrum. The

Cf source was attached in sample location.
The neutron flux on the sample was measured

by scattering on a carbon sample ( 51 mi diameter,
15 mm thickness) and with respect to2 5U fission.
In latter case lonization fission chamber,
installed between source and sample was used.
spectra were measured at the angle °
measurement consisted of 10-lc runs with duration
about one hour. For each initial neutron energy as
many as two measurements were performed on
investigated sample. In addition the measurements
were made of:
- neutron spectra with an Al-container,
- neutron spectra with C-sample,
- source neutron spectra at the angle 0°.

DATA PROCESSING AND DISCUSSIONS

At the first stage of processing the monitor
time-of-flight spectra were applied for
accelerator performance quality verification in
each run (time resolution, energy stability). The
spectra of "good" runs were summed jp. The
non-correlated background was subtracted from
overall spectra.The detector spectrum was measured
as two-dimension array (time*amplitude, 51£*3£>
therefore the zero-effect time interval w<ss known
for each amplitude group. Contents of channels in
this time intervals was reduced to zero after
background subtraction.This procedure resulted in
the improvement measurement accuracy in low energy
range for neutron spectrum.

The resulting time spectrum was normalized to
the "long" counter with the background spectrum
measured with Al-container subtracted froii it. The
time spectrum was transformed into an energy



scale,normalized to obtain absolute cross-section.
Corrections was made for detector efficiency and
contribution of M 8 U scattering for Z > S U samples.
In addition the "non-monoenergetic" neutron
background obtained from the "direct flux"
•easureients Mas subtracted. In this case only
elastic scattering was assumed, that is valid due
to low value of this background 3-5*.

Corrections for different sample sire and its
position Mere calculated using MC code.

The correction for neutron multiple
scattering and attenuation in the saiple Mere
calculated in Monte-Carlo method using the BRAND
code system C43. The differential cross-section of
carbon scattering was taken froi 153. The neutron
flux determined froi the fission chaiber was
systematically -3.5% less then carbon scattering
one. Taking into account the accuracy of flux
determination in chaiber case being lower (<5S>,
the normalization on carbon scattering was
subsequently applied. However, the employment of
two methods enable us to more realistically
estimate the accuracy of data absolutization.

Fig. 1,£ show the spectra of secondary
neutrons ( scattering and fission ) together with
calculation results. It should be emphasized that
the calculation presents not only a neutron
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Figure 1. Spectra of scattered neutrons and U
fission neutrons. Histograms stand for the
calculation results without attenuation and MS
(dashed line) and taking into account these
processes (solid line).

interaction in the sample, but simulates the
experiment completely: from a source to a
detector. The calculations was made in time scale
and was transferred into energy scale applying the
codes for experimental spectra processing.

The neutron data from NEDAM [8] library only
are currently accessible for the BRAND code
system. As can be observed in fig. 1,£ this set of
neutron data does not describe the experiment. The
correction for multiple scattering and absorption
gained from these calculation can in some case
essentially distort the experimental results, that
is why the neutron spectra were not corrected for
this effects. The correction was introduced solely
for the integral cross-section where the impact of
scattering neutron spectra shape was less
significant. A preliminary procedure for including
ENDF/B-6 library into calculation is presently
underway-

Table 1 show integral
inelastic scattering. Column
initial energy of neutron on
r. m.s. deviations, column
boundaries, column k integral cross-sections
including part of fission neutrons corrected for
the effect of multiple scattering and attenuation.
Column 5 show the cross-section with fission
neutron contribution subtracted, multiplies by An.
Column 6,7 state inelastic scattering cross-
section on low energy levels (ENDF/B-6) falling
out integration area and total inelastic cross-
section. The fission neutron spectrum is assumed
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Figure £. Same neutron spectra for "U.



T , fission
distribution.

to be Maxwell distribution with the "temperature"
neutron have isotropic angular
Fission cross-section are taken from

£5], fission neutron spectra teiperature - from
systematic in £63.

Fig. 3 shows the total cross-sect ion of
inelastic scattering by the data of this and other
studies together with evaluated cross sections
frot various libraries.

For *"*U a «et of levels excluding from
experimental cross-section is more unambiguous. As
a rule it is the first one or two levels.The
cross-sections for this levels from evaluation [93
and ENDF/B-6 agree. The total inelastic
cross-section of our study and Ref.£13 are in
reasonable agreement, confirm ENDF/B-6 evaluation
and *rt systematically higher evaluation [9].

In U case situation is more difficult. We
don't know exactly the set of levels. However, by
virtue of the scattering cross-sections at
individual levels being small, it does not results
essential error. The data of this study within the
limits of errors agree with the data of Ref.CD
and ENDF/B-6 estimation. The ENDF/B-5 estimations
etc. covers the experimental points with the
scattering cross-section on low-lying levels not
added. In the l-£ MeV energy range our data and
those of Ref. [13 do not confirm the cross-section
course put forward in Ref. ££3.
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3. U and """U inelastic neutron
scattering cross-sections.

We are planning to analyze fission neutron
spectra shapes on the base of our data for
checking fission neutrons subtraction and
calculate multiple scattering correction with
ENDF/B-6 library. However, we can made some
conclusions now. As can be observed from fig.3 the
further investigations of the inelastic scattering
cross-section is required for U in tlie energy
range <1 MeV with the aim for solving a
contradiction between the evaluated cross-sections
and data of R e f m .

The main components of the errors in this
experiment mrt: the accuracy of integral
cross-section including statistical accuracy and
detector efficiency determination 2-5X, the
normalization accuracy £.5%, the accuracy of
calculation for multiple scattering corrections
2-3%. The uncertainties of initial neutron energy
was 5-10 ktV.
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