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We studied five eclipsing binary stars: AB Cas, AF Gem, AR Boo, BF Vir and CL Aur. For this purpose we
used the large sets of the moments of minima from the international BRNO database and the amateur observations
from the AAVSO database. Using the AAVSO observations we obtained the moments of minima for the AAVSO
observations (222 minima in total), which approximation by different methods was done by the software MAVKA. The
O-C diagram obtained from the combination of all moments of minima showed the sinusoidal-like oscillations with
the superposition of the parabolic trend. One of the possible reasons for such oscillations can be the presence of
the well-known light-time effect (LTE), which is caused by the third component with elliptical orbit. At the same
time, the parabolic trend can be explained as the mass transfer between the binary system components. For all
studied stars we also calculated the possible mass of the third component, its orbital elements and mass transfer
rate.
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introduction
The present study is concentrated on the investi-

gation of the cyclic O-C curves for the presence of the
light-time effect, which can be caused by the third
component in the stellar systems. For this study
we chose the five stellar systems AB Cas, AF Gem,
AR Boo, BF Vir and CL Aur, which have been ob-
served during the long period of time by the Brno
Regional Network of Observers, BRNO1. The usage
of the database of the American Association of Vari-
able Stars Observers (AAVSO)2 as a source of ad-
ditional minima timings allows us to create a larger
sample used for previous studies. The required gen-
eral parameters of investigated systems are shown in
the Table 1.

The mass transfer for the studied stars were ob-
tained by the numerical simulation in [17, 18, 20,
24, 25, 29], and the third components were studied
in [1, 17–19, 24, 25, 29]. Although all stellar sys-
tems presented in this work were studied previously,
our larger sample allowed us to increase the accu-
racy of third components’ masses and mass transfer
rates. We estimated the orbital elements of the third
component for each star, these parameters have been

calculated for AF Gem, AR Boo and BF Vir in the
first time.

o-c diagrams and the analysis
of previous works

The periods and initial epochs for all stellar sys-
tems were taken from the General Catalogue of Vari-
able Stars [20]. At the same time, the masses of the
binary systems were obtained from the previously
published articles of different authors. Since the er-
rors of binary system masses for AR Boo, BF Vir and
CL Aur have not been provided by other studies and
we assumed it as 7% of the mass of the corresponding
star.

Our algorithm of data processing consists of the
multiple steps. Firstly, we collected all available data
including primary and secondary minima using the
BRNO database. On the second stage, we download
the visual and CCD data from the AAVSO database,
separate the obtained observations into the groups
by the different minima and derive the moments of
minima times. Also we joined the data with those
one obtained from BRNO database and calculate the
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Table 1: The characteristics of our target stars.

Stellar system
Initial epoch

Period (days) M1,M� M2,M� Reference
(JD-2400000)

AB Cas 56541.878 1.366892 2.01±0.02 0.37±0.02 [16]

AF Gem 27162.3095 1.24350348 2.92±0.05 1.04±0.02 [32]

AR Boo 52500.3838 0.34487642 0.90±0.06 0.35±0.02 [16]

BF Vir 46070.684 0.64057 2.04±0.14 1.02±0.07 [20]

CL Aur 50097.2712 1.24437505 2.24±0.16 1.35±0.09 [19]

moments of minima. Then it were calculated the
O-C value for each minimum on the basis of the
ephemerides for each star, while the parameters of
the cyclic period changes and parabolic trend were
obtained by Levenberg-Marquardt algorithm. Fi-
nally, we estimated the period of cyclic variation
based on the assumption that the cyclic changes are
periodic, and we computed the parameters of the
physical processes responsible for these changes.

The detail description of the algorithm is pre-
sented in our previously work [7]. The O-C diagrams
and their approximations for each binary systems are
shown in Figures 1–5. The ±1σ and ±2σ confidence
intervals are shown, where σ is an unbiased estimate
or the r.m.s. deviation of the points from the fit.

methods and algorithms

Details of the algorithm for the O-C analysis and
the equations for its calculation were described in
previous works [24, 25]. The moments of minima
derived from the AAVSO observations allowed us to
increase the total number of points by 15% and hence
improve the accuracy of the obtained results.

analysis of the MAVKA
processing results

The software MAVKA has been widely used in this
work. Previous investigation and development of the
MAVKA algorithms were made in [2, 5, 6, 11, 12]. The
final version of the software contains nine methods
of approximation. Firstly, each minimum was pro-
cessed with all nine approximations, and then, we
chose the approximation with the best accuracy for
each minimum. Finally, the table with all moments
of minima taken from the AAVSO database was cre-
ated. Space limitation does not allow us to provide
the whole table with all extrema. However, general
description of the results is provided in Table 2.

discussion and conclusions
The results obtained in this work are not in good

agreement with the results of other authors. Gener-
ally, the disagreement is several times larger than the
error bars. Such large deviation can be explained by
the different orbital models and larger dataset that
we used for the current calculations.

Fig. 1: O-C curve of AB Cas. Presence of the mass trans-
fer was supposed in [15, 22, 23] and its rate was calculated
there. Existence of the third component was supposed
in [1, 15, 22, 23] and its mass computed. Orbital elements
of the third component’s orbits were computed in [1, 22].

Fig. 2: O-C curve of AF Gem. Existence of the third
and fourth components was supposed in [30] and their
masses were estimated.
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Fig. 3: O-C curve of AR Boo. Presence of the mass
transfer was supposed in [16]. Existence of the third
component was supposed in [19, 21]. Third component’s
mass was calculated only in [16]. Orbital elements have
not been estimated in any article.

Fig. 4: O-C curve of BF Vir. Mass transfer rate was cal-
culated in [18]. In addition, in this article the mass and
orbital elements of the third component were obtained.
In the other article [21] only mass of the third component
was obtained.

Fig. 5: O-C curve of CL Aur. Mass transfer rate has not
been calculated in any article before. In [29, 30], both
mass of the third component and its orbital elements
were calculated. In [17] just the third component’s mass
was estimated.

In our research we computed minimal possible
masses of the third components and parameters of
their orbits. The results and comparison with other
researches are shown on Fig. 6. The analysis of the
obtained masses shows that all the third components
are low-mass stars with the highly-eccentric orbits
(the average eccentricity is about 0.7). We compared
our results with other works [13] to infer the values
change due to the usage of different models. How-
ever, the detailed comparison is not possible, because
only one study [14] provides the error for the com-
puted masses. At the same time, our results have
been obtained from more extended data sample com-
pared and therefore it has better statistical accuracy.

The mass transfer rates also show a small differ-
ence from the results described in the literature. In
case of AB Cas the difference is about 35-50% com-
pared to the results in [15, 22, 23]. At the same time,
for AR Boo the situation is opposite and the com-
puted mass transfer rate is twice as large as those
presented in [16]. Such a large deviation can be due
to the different ephemerides used in our and other
studies.

The orbital elements for AB Cas (see Table 3)
are in good agreement with the elements calculated
in [1, 23] and the average deviation is about 25%.
The obtained values For BF Vir are consistent with
those one in [18], and moreover the part of them
are consistent within the errors range. In the case of
CL Aur the computed orbital elements lie within the
error ranges provided by [28, 29], however ω elements
differs almost for π/2 rad.

Table 2: General description of amount of the obtained
minima.

Stellar system BRNO minima Minima
(this work)

AB Cas 763 169
AF Gem 247 30
AR Boo 118 0
BF Vir 134 1
CL Aur 228 22
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Fig. 6: Computed masses of the third components (squares) in comparison with the previous results (dots).
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Table 3: Orbital elements, masses of the third components and mass transfer rates for all five studied stars

Value AB Cas AF Gem AR Boo BF Vir CL Aur

α, 10−12 days−1 306.7±2.4 53.7±5.7 903±22 37.8±6.4 175.6±4.5

β, 10−6 35.4±0.2 2.3±0.5 99.9±2.2 3.8±0.6 17.3±0.4

γ, days 1.023±0.005 0.029±0.009 2.740±0.049 0.274±0.015 0.424±0.010

a sin i, 106 km 176±7 232±18 740±100 850±170 374±6

e, 1 0.848±0.044 0.758±0.038 0.843±0.038 0.71±0.12 0.333±0.023

ω, rad 4.96±0.07 6.13±0.13 3.41±0.05 0.06±0.09 0.43±0.08

t0, JD-2400000 4800±300 52000±3300 4000±800 8800±800 33400±700

T, days 15260±80 30900±900 10080±140 17300±300 8110±70

Ṁ, 10−9 M�/year 24.8±1.7 17.0±1.9 365±46 29.3±6.7 117±24

M3,M� 0.19±0.01 0.21±0.02 0.91±0.19 1.12±0.30 0.86±0.07
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