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Abstract. We discuss small anomalies in the multicolour photometric light
curves (LCs) of eclipsing binary stars which may indicate the presence of ad-
ditional satellites in the systems.

1. Introduction

When investigating detached eclipsing binaries we often find that the systems
are multiple. The periodic LIght Time Effect (LITE) in Eclipse Timing Varia-
tion (ETV) diagrams directly indicates the multiplicity of the system. Usually
however, one needs to observe the system for a long time before the LITE reveals
itself in an ETV diagram. In the short term, certain LC features may indicate
the presence of a third body. They are:

1. Colour indices during eclipses show anomalies;

2. LC solutions show a large amount of third light;

3. System models based on LCs show inconsistencies with theoretical predic-
tions.

Next we illustrate the above with examples.

2. Unusual colour index behavior in minima and extra light

V577 Oph was the first system in our observational program (Volkov & Volkova,
2009) that showed colour index anomalies in the minima, see Volkov (1990) and
Fig. 1. We continued our observations and found that extra red light in the
minima belongs to a third red companion orbiting the eclipsing star with a
period of 20 years (Volkov & Volkova, 2010), see Fig. 1.

RW CrA and DX Vel are other eclipsing binaries demonstrating the presence
of third light, not only indicated by colour index anomalies during eclipses, see
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Figure 1. Left panel: V577 Oph in a (B − V ), (V −R) diagram. The solid line is the

standard main sequence from Straižys (1992). The grey points represent observations

in the WBV R system for stars in the Kornilov et al. (1991) catalogue. The filled circle

marks the colour index of the combined light for V577 Oph. Open circles indicate

colour indices in the minima. The right panel shows the ETV diagram of V577 Oph

based on 20 years of observations, which strongly supports the idea of multiplicity

of the system. Solid circles – LITE in eclipse timings; open circles – LITE in δ Sct

pulsations of the main component.

Fig. 2 and Fig. 3, but also from their LC solutions. To fit the observations one
needs to include large amounts of third light – 20 and 40 percent, respectively.
Continuing the observations we found that these systems are multiple (Volkov
et al., 2017), see the ETV diagrams in Fig. 2 and Fig. 3.

3. Model discrepancies

EQ Boo is a well known visual double system. One of the components is an
eclipsing variable at a separation of 0.′′9, so we observe only the combined light
of the triple system. Our first solution of the LC has shown discrepancies in the
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Figure 2. Left panel: RW CrA in a (B − U)W , (V − B)W diagram. The solid line

is the normal colour index sequence from Walraven & Walraven (1977). The points

represent observations in the Walraven system from the Nitschelm & Mermilliod (1990)

catalogue. The open square marks the colour index of the combined light. Observed

indices of the primary (P) and secondary (S) components are designated by full circles.

We see that the combined light does not lie on the line connecting the individual

components, which indicates the presence of third light – (T). Right panel: the LITE

in minima timings of RW CrA.

ages of the components (Volkov et al., 2011), see Fig. 4. The visual component
should have a higher temperature and lower age than indicated by the LC
solution. So we surmise the existence of one more dim red star in the system
(Volkov et al., 2012). After decades of observations we found a small amplitude
LITE in the ETV diagram of the system with a period of 5.62 years, see the right
panel of Fig. 4, which we declare here for the first time. One should continue
the observations of the system in order to correct this value.
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Figure 3. Left upper panel: DX Vel observations in primary minimum. Left bottom

panels: the corresponding colour indices B − V and U −B. Right panel: the LITE in

minima timings of DX Vel.
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Figure 4. Left panel – the evolutionary tracks for stars with the same parameters as

the EQ Boo components. If we suppose that all of the third light belongs to a single

star we obtain a discrepancy in age with the primary component. Right panel – the

ETV diagram for EQ Boo. A possible solution with a fourth body is shown with the

red line.
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4. Conclusions

The suggested LC features and LC solutions which can be found during the early
stages of an eclipsing variable investigation may indicate the presence of invisible
satellites in the system. Additional systems from our observational program
such as V961 Cep (Volkov et al., 2010) and V491 Vul (a visual double similar
to EQ Boo) require significant amounts of third light in their LC solutions. We
expect that they will also be multiple star systems.
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