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email: hric@ta3.sk

Abstract. We can show that analysis of the (O-C) diagram is a powerful method of detecting
new bodies in binary systems. For this purpose we need very symmetric minima with precisely
determined shapes. In the case of good covering by observations with high time resolution, it is
possible to determine the times of such minima with sufficient accuracy. In the case of V471
Tau, the (O-C) diagram gave us residua which can be explained by the presence of a fourth
body with substellar mass in the system.
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1. Introduction and solution
V471 Tau is a binary pre-cataclysmic system of post-common envelope stage consisting

of a white dwarf and main sequence star with an orbital period of 0.521183439 days.
Existing eclipses in the system are characterized by a fast drop to the minimum as well
as by a fast increase in the brightness from the minimum. The change of brightness
caused by the eclipse of the white dwarf takes only 55 seconds and the particular eclipse
takes only 49 minutes.

Recently we analyzed the (O-C) diagram of this system and solved the long-term
problem of (O-C) diagram behaviour and model of the system (Kundra & Hric 2010,
Hric, Kundra & Dubovský 2011). We showed that this behaviour can be explained by
the presence of a third body in the system. In our case, it is a brown dwarf on an eccentric
orbit with a period of 33.2 years.

Moreover, we subtracted the influence of this body from the (O-C) diagram and con-
structed residua (bottom panel of Fig. 1). We can see that there is still some variability
in these residua and after detailed periodic analysis the resulting period is 9.3 years.
In our opinion, such behaviour can be explained by another body in the system. It is
worth to note that there is an alternative explanation using Applegate’s mechanism. If
the secondary star has a strong magnetic field with a quadruple shape, the changes of
the surface of the secondary component could produce variations in the (O-C) diagram.

The output from period analysis was used as an input parameter to model the fourth
body using the 3T code (Pribulla et al. 2005). The results are physical and orbital
parameters of the fourth body in the V471 Tau system listed in Table 1. The suspected
fourth body has planetary parameters and a mass in the interval from 6 to 15 MJupiter ,
and thus we can announce the presence of a giant extrasolar planet in this triple system.
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No. 2/0078/10.

121

https://doi.org/10.1017/S1743921311027128 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921311027128


122 L. Hric & E. Kundra

-0.002

-0.001

0.000

0.001

0.002

O
 -

 C
 (

d
ay

)

-0.0005

0.0000

0.0005

O
 -

 C
 r

es

-30000 -20000 -10000 0

E
Figure 1. (O-C) diagram of V471 Tau calculated according to ephemeris of close binary. Our
new observations are depicted by open circles and points represent all older minima. The bottom
plot shows the residua with respect to our model of the third body with variations caused by
the suspected fourth body in the system. The curve is the fit of the fourth body.

Table 1. Final physical and geometrical parameters of the fourth component of V471 Tau
system. P4 - orbital period of the fourth body, e4 - eccentricity of the fourth component, ω4 -
argument of periastron, Tper ia str on - time of periastron passage, a12 sin(i) - main axis orbital
projection of the close binary round the center of gravity to the orbital plane; T0 - time of
minimum of the close binary selected for zero epoch, P0 - period of close binary, f (M4 ) - mass
function of the fourth component.

Parameter Value Unit

P4 9.3 ± 0.18 year
e4 0.513 ± 0.027
ω4 330 ± 10 ◦

Tp e r i a s t r o n 2 454 923 ± 202 HJED
a1 2 sin(i) 0.017 ± 0.004 AU

T0 2 454 028.452551 HJED
± 4.1 × 10−5

P0 0.521183439 day
± 2.01 × 10−9

f (M 4 ) 5.99928 × 10−8 MS u n

± 1.9 × 10−9
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