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New technological improvements have made possible in recent times the
development of telescopes and post-focus instrumentation for solar
research capable of pushing the polarimetric accuracy of spectroscopic
observations to unprecedented limits. It is now possible to measure the
spectropolarimetric profiles of the lines of the Fraunhofer spectrum
with an astonishing precision of up to one part over 100000, with an
improvement of at least two orders of magnitude with respect to the
instrumentation that was available to the solar community only fifteen
years ago. The operation of these instruments has revealed a wealth of
new phenomena, particularly in the detection of puzzling signals of
linear polarization in the solar spectrum observed at small angular
distances from the limb. As a result, a new term has entered the jargon
of solar physycs. One speaks today of the "second solar spectrum" as the
spectrum of the sun observed in linear polarization at close distances
from the limb.

The interpreation of the second solar spectrum has shown to be
extremely difficult and, at the same time, it has raised a new challenge
to solar physicists. Through its interpretation it is indeed possible to
diagnose several important aspects of the physics of the higher layers
of the solar atmosphere, such as the degree of anisotropy of the
radiation field, and, probably the most important item, the presence and
quantitative measurement of weak magnetic fields that often appear as
tangled (or microturbulent) fields.

Although the fundamental physical processes seem to be well
understood, the interpretation of the second solar spectrum remains,
nowadays, rather fragmentary. The reason is that, as previously
observed, the problem is very complex, and all the simplyfiying
assumptions that have been developed, to reduce it to a tractable form
(last scattering approximation, flat spectrum approximation, two-level
atom, unpolarized lower level, etc.), cannot be applied with success to
whatever spectral line. As a consequence, most of the investigations
have been dedicated to the interpretation of particular lines or
multiplets of this spectrum, while not much attention has been paid to
the analysis of its general properties.

At the light of these arguments, it can be foreseen that a real
breakthrough in the comprehension of the second solar spectrum and in
its exploitation for investigating the complex magnetism of the sun
necessarily implies to consistently couple the basic ingredients of the
physics of the generation and transfer of polarized radiation into
sophisticated radiative transfer codes for polarized radiation based on
detailed models of the solar atmosphere.



The first part of the Thesis of M. Jifi Stepan is just dedicated to
the development of a computer code, called "Monopost", intended to
model, through sophsiticated techniques of numerical radiative transfer
(lambda-operator splitting, preconditioning methods, etc.), the Stokes
parameters profiles of spectral lines formed in the solar atmosphere.
The code is based on the more modern formalism developed for the
theoretical description of polarization phenomena (the formalism of the
density matrix) and is capable of taking into account all the various
physical processes typical of the magnetized solar atmosphere, such as
atomic polarization, optical pumping, the Zeeman, Paschen-Back and Hanle
effects, level-crossing interferences, depolarizing collisions, impact
polarization, etc. It can be foreseen that the systematic application
of this code to the interpretation of the Stokes parameters profiles of
spectral lines, observed on the sun with modern technologies, can bring
to a real improvement of our understanding of the physics of the solar
atmosphere with particular emphasis on solar magnetism.

The second part of the Thesis of M. Jiri Stepan is of a more
applicative nature, dealing with the study of the impact polarization of
the hydrogen H-alpha line in solar flares. Notwithstanding the
difficulty of the argument, some important results are obtained like, in
particular, the finding that electric return currents may be responsible
for the linear polarization that is claimed to be observed in hydrogen
Balmer lines during flares.

Throughout the whole thesis, M. Jin Stepan shows a good mastering of
the basic physical phenomena involved, of the (often complex) formalism
used to describe them, and of the mathematical tools employed. Also, the
thesis is very clear, and very accurate in its editorial form, which
contributes to make understandable, with litlle effort, the complicated
physical phenomena involved and the numerical methods developed for the
solution of the radiative transfer problem.

In concluding, considering that the quality of the work of the candidate
is up to the international standards typical of the astrophysical
research, and that the same work has brought original and important
contributions, mainly in the development of a numerical code for the
synthesis of Stokes profiles from realistic models of the solar
atmosphere, I consider that the thesis of M. Jiri Stepan deserves being
defended test diane d'etre soutenue).
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