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experiments: A modern theoretical and
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1Centro Atémico Bariloche and Instituto Balseiro, Avenida Ezequiel Bustillo 9500, (R8402AGP)

San Carlos de Bariloche, Rio Negro, Argentina
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Experimental corrections in neutron scattering are a
longstanding issue that has been addressed in different
ways according to the resources available in each age.
Since computational resources are not a constraint at pres-
ent, the early approaches based on theoretical approxima-
tions have led to today’s computational methods based on
numerical simulations. At the base of all the corrections,
we must find a numerical method and a suitable model of
the neutron interaction with the system. With regard to
simulations, the demands posed by different experimental
techniques, should lead to the design of specific solutions
for each particular case, while models describing the in-
teraction should include a wide variety of systems. In the
Neutron Physics Department at Bariloche Atomic Center
(Argentina), both issues were addressed for more than
two decades. On the one hand, the development of mod-
els describing the interaction of neutrons with molecular
and solid systems, has helped to strengthen the methods
of analysis of various neutron techniques, and has fed
nuclear data libraries of extensive employment in the area
of Nuclear Engineering. On the other hand, the numerical
simulation methods developed were applied in the analy-
sis of very diverse experiments such as diffraction, in-
elastic neutron scattering, spectroscopy and electron-volt
spectroscopy, and were successfully applied in experi-
ments performed at Bariloche, as well as at ILL and ISIS.
Moreover, we have validated the role of the technique of
neutron transmission (to obtain the total cross section), as
a reference tool in the process of absolute normalization
of the experimental data, a rarely stated goal in the context
of modern neutron scattering techniques.

Introduction
The progress experienced by neutron scattering tech-
niques in recent decades in the experimental plane has
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reached a high degree of sophistication thanks to the in-
creased intensity of modern sources, and the improved
resolution and effectiveness of the instruments. However,
this significant progress has not been accompanied by
developments equivalently evolved in the aspect of data
treatment. Moreover, at present there are large volumes
of information, constantly produced in the most advanced
international neutron sources, that end up being not prop-
erly processed and are underused, and new experiments
are planned on subjects that have already been addressed.

Considering this situation, and given the long ex-
perience accumulated in the field of neutron scattering
techniques, in the Department of Neutron Physics at the
Bariloche Neutron Atomic Center (Argentina), for many
years we have addressed the problem of experimental cor-
rections, often in collaboration with international labora-
tories.

In this paper we show an overview of the work done
in different lines of work in stationary and pulsed sources,
some of them with experimental basis in the Bariloche
Neutron Physics Laboratory. We will focus on the data
treatment of diffraction, inelastic, and deep inelastic neu-
tron scattering.

Diffraction

Multiple scattering and attenuation effects in diffrac-
tion experiments are crucial when one wants to accurately
analyze the structure by neutron diffraction experiments.
Customary procedures developed for X-rays techniques
were imported by neutron users [1,2], even though the
working conditions of the former technique are clearly
different. In effect, the inelasticity is a dominant effect
(particularly in liquids) with neutrons, since their energy
is comparable to those of the vibrational excitations. A
modern approach to the problem must consider the mul-
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tiple scattering processes and the energy transferred to
the sample in the context of a numerical simulation to
describe the system. Copley was a pioneer in developing
a multiple scattering code [3], while Granada obtained a
reliable description of the inelastic effects with the Syn-
thetic Model [4], that provides a means to perform fast
calculations making it ideal to be included in a computer
code.

With these antecedents, the Bariloche neutron group
developed a Monte Carlo code that performs a detailed
description of the history of the neutron in the sample
taking into account its energy changes. We note that at
different neutron energies, the mean free paths are differ-
ent too, a fact often overlooked in current data treatment
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Figure 1. Effects of multiple scattering and attenuation in the diffractograms of D,O (left) and H,O (right). In both the measured spectrum is com-
pared with the corrected one.

procedures, and that was an area of expertise of the Bari-
loche neutron group for decades through the study and
measurement of total cross sections.

Figure 1 shows the effect of multiple scattering in the
diffractograms of H,O and D,O through the compari-
son of the measured spectra and those corrected by our
method [5]. The measurements were performed at dif-
fractometer D4 (ILL, Grenoble, France), with an incident
wavelength of 0.5 A [6]. The significance of the effects
is apparent and highlights the importance of appropriate
corrections. To illustrate a detail of the corrections, Fig-
ure 2 shows the calculated components of the observed
diffractogram, due to single and multiple scattering as
well as the container contribution. Also shown is the scat-
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Figure 2. Calculated components of the observed diffractogram: single, multiple scattering and the container contribution. Also shown is the scat-
tering of a point-like sample with the same scattering power of our sample.
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tering due to a point-like sample with the same scattering
power of our sample, free of multiple scattering effects.

Inelastic scattering

Even if inelastic scattering experiments are carefully
designed to minimize the effects of multiple scattering,
there can always be a portion of the diffraction pattern
that, because of its low signal, has important corrections
for this effect. This highlights the extreme importance of
the multiple scattering corrections for these experiments
in general.

The general ideas about these corrections were ap-
plied to data obtained from the spectrometer MARI
(ISIS, RAL, UK), for which we designed specific soft-
ware, described in references [7] and [8]. A typical spec-
trum in the Q- plane is shown in Figure 3, where the
experimental data for liquid para-hydrogen at a pressure
of 80 bars and a temperature of 16.5 K. Figure 4 shows
the details of the different components that contribute to
the observed spectum (at a constant Q-slice) as revealed
by our simulations.

The correction procedure is based upon an iterative
scheme that employs Monte Carlo simulations:

e Neutron histories are individually monitored.

e The choice of different energies and flight direc-
tions at each step in a neutron history is based
upon the experimental raw scattering laws deduced
from measurements carried out for the sample
and empty-container measurements in the first run
and in the corrected distributions in the subsequent
runs.
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Figure 3. Inelastic neutron scattering spectrum in the Q-o plane from
the spectrometer MARI (ISIS, RAL, United Kingdom), for liquid para-
hydrogen at a pressure of 80 bars and a temperature of 16.5 K.
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Figure 4. The different components that contribute to the observed in-
elastic spectum (at a constant Q-slice).

Typically, four iterations were needed to reach con-
vergence. We must emphasize the importance of the
accuracy of these corrections (shown in [8]), where the
detailed shape of the spectrum revealed subtle aspects of
the dynamics of hydrogen, which helped to decide in fa-
vor of a theory that describes this system.

Deep inelastic neutron scattering

This technique was developed to study the momen-
tum distribution of the atoms composing the condensed
matter. Being the main experimental facility that of
RAL (United Kingdom) (spectrometer VESUVI10), at
the Bariloche neutron laboratory it has been built one in
which various experimental tests can be performed [9].
In particular, the multiple scattering corrections proce-
dure developed by our group for this technique was sup-
ported by experiments performed in our laboratory [10].
At present, part of our research is also carried out in VE-
SUVIO.

A result that highlights this activity is the investiga-
tion of the neutron cross sections of hydrogen and deu-
terium in H,0-D,0O mixtures. The interest in this work
was to examine the anomalous behavior in the hydrogen
neutron cross section reported in the past in similar ex-
periments that raised a longstanding controversy [11]. In-
deed, some authors [12] have reported measured values
significantly lower than those tabulated for the cross sec-
tion of hydrogen employing this technique.

The result of our work led us to conclude that the
purported anomaly can be ascribed to inaccuracies in the
data processing method. Essential to this analysis was
the realization of multiple scattering corrections, pre-
sented in Figure 5, where measured neutron Compton
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Figure 5. Measured neutron Compton profile for the mixture H,0-D,0
with 40% deuterium. Results of the Monte Carlo simulations show-
ing the single, multiple, and container contributions, and also the total
scattering.

profile for the mixture H,0-D,0 with 40% deuterium is
shown. The results of the Monte Carlo simulations show
the single scattering contribution, the multiple scatter-
ing, the container contribution, and the total scattering.
The determined cross sections of different mixtures were
fully compatible with the commonly accepted tabulated
values of neutron cross sections of hydrogen, deuterium,
and oxygen.

The method of analysis developed highlighted the
need to carefully review the general methodology used
in neutron techniques to obtain an accurate normalization
to account for the cross sections on an absolute scale (in
barns). This premise was also employed in the analysis
of diffraction experiments as described above, and pres-
ently continues in development.
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