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Fig. 1 (Color online) The total scattering measurement system
““OHGI” installed on the powder diffractometer at BL44B2
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Fig. 5 Intensity data collected with OHGI before and after
applying ReLiEf. Total correction times range from 2 min to
32 min.
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Fig. 6 ‘‘Apparent” relative statistical errors for OHGI as a func-
tion of X-ray intensity before and after applying the ReLiEf
correction (32 min in total). The curve based on the Poisson
distribution is also shown for comparison.
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Fig. 9 (Color online) Valence electron densities of urea obtained
by the OHGI x ReLiEf method (left), a conventional pow-
der method (center), and a single-crystal method (right)?.
Upper and lower densities are the static deformation density
and the residual density, respectively. Blue and red lines indi-
cate positive and negative values, respectively.
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Fig. 1 Real-space functions G (r) for Si and SiO, obtained through
the three approaches, the direct approach (Dir.), the
modification approach using a window function (Mod.),
and the inverse approach based on information theory
(Inv.). G(r) based on Dir. for (a) Si and (b) SiO,. G(r)
based on Mod. for (¢) Si and (d) SiO,. G(r) based on Inv.
for (e) Si and (f) SiO,.
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Fig. 12 (Color online) Reciprocal-space functions F(Q) (green)
for Si and SiO, obtained through the two approaches, the
modification approach using a window function (Mod.)
and the inverse approach based on information theory
(Inv.). For comparison, the function based on observa-
tions, Fyus (Q) (black), is also shown with the estimated and
propagated ‘‘apparent’’ statistical error (red). F(Q) based
on Mod. for (a) Siand (b) SiO,. F(Q) based on Inv. for
(c) Siand (d) SiO,.
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Fig. 13 (Color online) Results of PDF analysis for Si. (a) the direct

approach (Dir.), (b) the modification approach using a
window function (Mod.), and (c) the inverse approach
based on information theory (Inv.). R, U, and FWHM are
the R factor, the atomic displacement parameter, and the
full width at half maximum, respectively. Black dots and
red lines are G(r) based observations and calculations,
respectively. Blue lines indicate the differences between the
two.
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Development and applications of a data-driven
total scattering technique

Kenichi KATO RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan

Abstract A data-driven total scattering technique for measuring and analyzing X-ray Bragg and diffuse scat-
tering on an equal basis has been developed and applied using statistics for data measurement and
informatics for data analysis. Both approaches are based on Bayesian statistics. The framework
assumes a uniform distribution as the most uncertain prior probability one and infers a posterior
one using data. For data measurement, assuming that the response of an X-ray detector is
uniform, the detector has been corrected for non-uniformity by inferring the true response using
detected intensity data. For data analysis, a uniform atomic distribution has been replaced se-
quentially so that the distribution is consistent with total scattering data obtained in reciprocal
space within errors, which allows one to address incompleteness of data.
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