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In the quest for new exoplanets close, eclipsing binaries are promising 
candidates because many lie in the CoRoT and Kepler discovery space. In 
general we distinguish three dynamical types of motion for extra-solar planets in 
binary star systems (shown in Figure 1):
(i) S-Type: A planet orbits one of the two stars.
(ii) P-Type: A planet stays in an orbit around both stars.
(iii) T T A l t bit l t f th ilib i i t L L

The numerical simulations were carried out using the Lie integration method. 
Therefore we studied the three-body problem: two finite bodies, the primaries 
(m1 = Star 1, m2 = Star 2), revolve about their common centre of mass in either 
circular or elliptic orbits, and a third body m3= Trojan moves under their 
gravitational influence not confined to the orbital plane of the primaries.
We did our studies for low-mass stars or brown dwarfs, because of the stability 
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(iii) T-Type: A planet may orbit close to one of the equilibrium points L4 or L5. limit shown in the introduction:

Initial conditions:

For the integrations, we used a normalized system. This means
that the distance between the stars is set to 1.
m1 = 3, 2,1 Msun m2 = 0.01-0.1 

m3 = Jupiter, Saturn, Neptune, Super -Earth , Earth and Mars masses

e3= 0 , 0.05, 0.1, 0.15, 0.2 e2=0

Figure 1.
Schemata of P, S-type and 
T-Type configurations.

Eclipse timing variations (ETVs):

Our work is dedicated 
to the dynamics and the 
theory of observations 
of planets in T-Type 
configurations in 
binary star systems. 

4 Results4 Results
The stability study for the different models was necessary to identify stable 
configurations for the analysis of the ETV signals. We used a separation of the 
binar of a 1 AU hich corresponds to a period of appro imatel 3 da s for
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We calculated ETVs for the eclipsing or transiting star by subtracting the 
time of the eclipse of the unperturbed case (t1, start-star configuration) from 
the perturbed case (t2 star-star-planet configuration), resulting in the timing 
variation dt= t1-t2. Then we subtracted the rate of apsidal precession 
from the ETV  signals.

Trojan asteroids are minor planets librating in the vicinity of a planet, e.g. Jupiter. 
L4 and L5 are equilibrium points and can be regarded as realizations of the 
Lagrangian triangular solutions of the restricted three-body problem which are 
stable for μ < 0.0385. . . , where μ is defined as μ = m2/(m1 + m2), with m1 and m2

being the masses of the primary and secondary bodies, respectively.

y y

Initial conditions:

binary of a=1 AU which corresponds to a period of approximately 3 days for 
sun mass stars (1Msun) and 5 days for stars with 0.3 Msun.

m1 = 3 Msun m2 = 0.01

m3 = Jupiter-mass

P-Type:
a2=1 AU a3=2 AU

e3= 0.1 e2=0

S-Type:

a2=1 AU a3=0 2 AU

Figure 2. ETVs for the 3 different motion 
types of planets in binary stars. The x-axis 
shows the number of transits whereas the y-axis depicts the timing variation dt.

a2 1 AU a3 0.2 AU

e3= 0.1 e2=0

T-Type:

a2=a3=1 AU

e3= 0.1 e2=0

5 Conclusions5 Conclusions
Our goal was to show which kind of planets would be detectable in the ETV 
signal of a secondary star with current observational equipment. As a point of 
comparison, the maximum values of the detectable timing amplitudes for 
CoRoT (16sec for a 15.5 mag star) and Kepler (4 sec for a 14.5 mag star). 
When the amplitude of the ETV (see figure 2) is higher than these 
observational thresholds, we assume that a planet may be indirectly detectable 
via eclipse timing of a secondary star Examples detectable configurations are

Figure 3. ETVs for 3 different masses m3

of the planets in binary stars. The initial 
conditions are given above (bold -faced).
The x-axis shows the number of transits 
whereas the y-axis depicts the timing 
variation dt.

Figure 4. ETVs for 3 different masses m3

of the planets in binary stars. The initial 
conditions are given above (bold-faced).
The x-axis shows the number of transits 
whereas the y-axis depicts the timing 
variation dt.

via eclipse timing of a secondary star. Examples detectable configurations are 
shown in figures 2, 3 and 4. 
These figures show that Trojan planets around binary systems or binary-like 
systems may produce ETV signals, which are significant enough to detect 
possible planets in T-Type motion. 

We found out  that Trojan planets moving in the Lagrangian points L4 or L5

as shown in figure 1 (right graph). may not produce a detectable signal. We 
can conclude that the stability limits the region for detectable ETV signals. 

For example if the central star has a mass m1 = 1 Msun than the secondary star 
can only have masses up to m2 = 0.02 Msun which is equivalent to 20 Jupiter-
masses or a brown dwarf, because of the stability limit as shown in the 
introduction. In case of huge stars m1 = 3 Msun the secondary can be more 
massive (m2 = 0.06 Msun).
We can conclude that binary star systems with possible planets in T-Type
motion could have a configurations, where the secondary is more like a brown 
dwarf or a small star.


