
Accepted Manuscript

Bayesian Coronal Seismology

Iñigo Arregui

PII: S0273-1177(17)30698-1
DOI: https://doi.org/10.1016/j.asr.2017.09.031
Reference: JASR 13425

To appear in: Advances in Space Research

Accepted Date: 21 September 2017

Please cite this article as: Arregui, I., Bayesian Coronal Seismology, Advances in Space Research (2017), doi:
https://doi.org/10.1016/j.asr.2017.09.031

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.asr.2017.09.031
https://doi.org/10.1016/j.asr.2017.09.031


  

Bayesian Coronal Seismology
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Abstract

In contrast to the situation in a laboratory, the study of the solar atmosphere has to be pursued without direct access
to the physical conditions of interest. Information is therefore incomplete and uncertain and inference methods need
to be employed to diagnose the physical conditions and processes. One of such methods, solar atmospheric seismology,
makes use of observed and theoretically predicted properties of waves to infer plasma and magnetic field properties. A
recent development in solar atmospheric seismology consists in the use of inversion and model comparison methods based
on Bayesian analysis. In this paper, the philosophy and methodology of Bayesian analysis are first explained. Then,
we provide an account of what has been achieved so far from the application of these techniques to solar atmospheric
seismology and a prospect of possible future extensions.
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1. Introduction

Solar atmospheric seismology aims to obtain informa-
tion about difficult to measure physical parameters in the
solar atmosphere by a combination of observed and the-
oretical properties of magnetohydrodynamic (MHD) waves
(Uchida, 1970; Rosenberg, 1970; Roberts et al., 1984; Nakari-
akov & Verwichte, 2005; De Moortel, 2005; Banerjee et
al., 2007; De Moortel & Nakariakov, 2012; Arregui, 2012).
The technique has been successful in the determination
of a number of parameters in coronal, prominence, and
chromospheric plasmas such as the magnetic field strength
(Nakariakov & Ofman, 2001), the radial density contrast
and the Alfvén travel time (Goossens et al., 2008), the
coronal density scale height (Andries et al., 2005a), or the
Alfvén speed (Verwichte et al., 2013).

Seismology diagnostic studies are based on the adop-
tion of a theoretical model to explain the observed oscil-
lations, the solution of the forward problem to obtain the
theoretically predicted wave properties as a function of the
model parameters, the comparison with the observed wave
properties, and the solution to the inverse problem to ex-
tract the magnetic and plasma parameters of interest. The
forward problem does not involve difficulties other than
those arising from the analytical/numerical solution of the
MHD wave equations. The inverse process of extracting in-
formation on the physical conditions from measured wave
properties is a more involved task. The solution to such
inverse problem might not exist or be unique. Measure-
ments of wave properties have always a certain degree of
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uncertainty associated to e.g., the existence of noise. Even
if there is a unique analytical relation between one ob-
servable and one model parameter, the presence of noise
can make the inversion completely useless. In other cases,
inferring parameters from observables may consist in the
solution of a mathematically ill-posed problem in which
the amount of unknowns outnumbers that of observables.
In summary, the solution to the inverse problem has to
be pursued under conditions in which direct access to the
physical conditions of interest is not possible and indirect
observational information is always incomplete and uncer-
tain. For these reasons, extracting information on physical
parameters by comparison of theoretical model predictions
with observed data has to be carried out in a probabilistic
framework. This means that our conclusions will at best
be probabilities, where probability refers to the quality
that enables us to quantify uncertainty in terms of degree
of belief.

Once the inversion problem is correctly solved, one
must realise that the resulting inference depends on the
underlying theoretical model that has been assumed. This
makes model comparison the next necessary task to be per-
formed in order to assess the plausibility of any obtained
inference. This requires to devise methods to perform a
comparison between alternative hypotheses that enable us
to present different theoretical models to the same data to
assess, in a quantitative manner, which model is favoured
by the data.

A recent development in solar atmospheric seismology
has been the adoption of the Bayesian approach to the in-
ference and model comparison problems. This comes from
the realisation that the Bayesian approach is the only cor-
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