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Abstract. This paper presents the results of our mathematical experiment
with light curves of variable stars with large apsidal motion. We have treated
our photometric data for different positions of longitude of periastron with our
reconstruction algorithms.
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1. Introduction and methods

The mathematical basis of computer tomography (CT) has penetrated many
scientific disciplines since the times of J. K. A. Radon, G. Hounsfield and A.
MacLeod Cormack. Astronomy is no exception. For many years we have had at
our disposal the results of Marsh (2001), Richards et al. (2014) and co-workers.
All these authors dealt with applications of reconstruction algorithms in some
very interesting branches of astronomy. We began working in this branch of sci-
ence only recently when we studied the changes in the primary minimum of the
β Lyrae system, in a similar way to the study of light curves of accretion discs in
eclipsing cataclysmic variables (Horne & Stiening, 1985). At this point we would
like to emphasize that our scientific effort is to study the minima of β Lyrae in
a fully independent way from that discussed by other authors. However, their
results fully support our work even though we have only published our results
in their full complexity just recently (Bahýl et al., 2019). These first results en-
couraged us to continue the study of full light curves of selected variables with
the CT method.

Plenty of books and papers on the subject of tomographic reconstruction of
the internal structures of very different objects have been written. However, in
our opinion, the world’s best book in this field is that by Kak & Slaney (1988).
In accordance with the formalism given in this book we have realized our own
software with the C++ Builder.
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Of course, there is not enough space in this paper to present the formalism
used in our work in full detail. However, we would like to stress that we have
not worked with a so called “black box” downloaded from the internet! We have
written our own software based on relevant mathematical fundamentals.

2. Data results and conclusions

There are many types of variable stars, but in our experience, not all of them are
suitable for tomographic reconstruction of their light curves. We have selected
Algol-type variables with very large apsidal motion. A prototype of such systems
is RU Monocerotis, mainly because it has been well observed from the beginning
of the last century and its apsidal motion is very large (Martynov, 1966).

The basic task in CT is to get so called projections of the tomographed
object, and subsequently, to obtain a reconstruction of the internal structure
of the object. In accordance with the general approach, we have accepted the
light curves of the selected system at different longitudes of periastron as the
projections.

At this point we would like to mention that we have at our disposal many
observational data listed on the Czech Astronomical Society web page
http://var2.astro.cz.
All relevant data which we have used are referenced on that site.

We have decided to work with 18 projections in the process of back-projecting
and internal structure reconstruction. In the process of modelling the given light
curve with the BM3 software system we have determined in the longitudes of
periastron. An example of our set of light curves for the RU Mon-type system
MU Cas is shown in Fig. 1. When we put these data as input into the tomo-

Figure 1. Left: the set of the MU Cas light curves for different longitudes of peri-

astron. Right: tomographic reconstruction of the set of light curves of the MU Cas

system.
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graphic reconstruction software, we obtain the result in the right-hand panel.
There are two semicircles. The half circle which corresponds to the secondary
minima is larger and begins at the right-hand end of the smaller half circle which
corresponds to the primary minima. The lines radiating from the semicircles are
so called ghosts which appear because we only use eighteen projections. These
ghosts can be easily suppressed computationally.

We have also reconstructed the system V456 Ophiuchi. This system has zero
eccentricity, and as expected, in accordance with the theory, both half circles
establish a single full circle.

Since its inception CT has found its way into almost all branches of human
activity, including astronomy. We have successfully used Doppler tomography
in astronomy. We feel that our effort demonstrates that we have the possibility
of applying computer tomography to the analysis of light curves of at least
some special kinds of variable stars. Or better still, we hope that CT light curve
analyses can yield new insights into the problems of changes of the positions of
light curve secondary minima.

Lastly we would like to emphasize that we are very familiar with the Wilson–
Devinney, Phoebe and MP3 methodologies to determine close binary system
parameters. With our work we are not trying to change, improve or replace
these methods. Simply, our goal is to take a very small additional step and
apply the CT method to obtain system parameters. In this we feel we have been
successful.
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