Bayesian data analysis of atomic spectra
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Synopsis

Bayesian statistical methods are widely used in different physics domains, such as cosmology and

particle physics, but rarely in atomic physics. Here, we present some applications that are commonly encountered
in the analysis of atomic spectra like the determination of the number of lines present in the spectrum or the most
adapted line profile. To solve these issues, we have developed a specific new analysis program named Nested_fit,

based on Bayesian statistical methods.

In some case of spectra analysis, the stan-
dard probability methods reach their limitations
for accurately study experimental data sets. The
major restrictions are encountered when prior
knowledge have to be included from past exper-
iments or strong boundaries (like the positive
value of a particle mass), or when probability
value has to be assigned to different models in-
stead of choosing one of them to fit a given exper-
imental data set. These issues often occur in sev-
eral fields of physics, including atomic and molec-
ular physics, while Bayesian statistical methods
are not so commonly used.

The Bayes’ theorem and their lemmas per-
mit to include prior knowledge in analysis of new
data and to assign probabilities to different mod-
els describing a given spectrum in a very straight-
forward way. Nested_fit code [1] is based on
these methods (more precisely on the nested sam-
pling algorithm [2]) and is presented here. For a
given data set and chosen model, the analysis
program provides (i) the Bayesian evidence for
the comparison of different hypotheses/models
and (ii) the parameter probability and correla-
tion distributions.

To give concrete illustrations, we consider a
series of examples: the study of the presence
or not of non-resolved satellite peaks in a high-
resolution X-ray spectra of pionic atoms [3] or in
a photoemission spectra of gold nanodots [4], and
the analysis of low-statistics spectra, in a high-
resolution X-ray spectrum of He-like uranium [5]
or in a photoemission spectra of carbon nanodots
[6]. In cases where the number of components
cannot be clearly identified like for the He-like
uranium spectrum (Fig. 1 inset), we show that
the main component can anyway be determined.
The probability distribution of a main line posi-
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tion can in fact be obtained by the distributions
from the single models weighted by the proba-
bility assigned to the different models. This par-
ticular example shows the potential of Bayesian
statistics compared to standard model selection
criteria, as the likelihood-ratio test and Akaike
information criterion, that can indicate the favor
of a model with respect to another, but cannot
handle critical cases where a clear favor is absent.
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Figure 1. Probability distribution of the main
peak position from the weighted average of differ-
ent model [1]. In the inset, the corresponding fits
are presented with the data.
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