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Caracterização de Júpiters quentes
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NSVS 14256825 - Segundo sistema descoberto do tipo
sdOB + dM eclipsante



VI Workshop da DAS

Caracterização de sistemas binários eclipsantes
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TWO POSSIBLE CIRCUMBINARY PLANETS IN THE ECLIPSING POST-COMMON
ENVELOPE SYSTEM NSVS 14256825∗
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ABSTRACT

We present an analysis of eclipse timings of the post-common envelope binary NSVS 14256825, which is composed
of an sdOB star and a dM star in a close orbit (Porb = 0.110374 days). High-speed photometry of this system was
performed between 2010 July and 2012 August. Ten new mid-eclipse times were analyzed together with all available
eclipse times in the literature. We revisited the (O − C) diagram using a linear ephemeris and verified a clear orbital
period variation. On the assumption that these orbital period variations are caused by light travel time effects,
the (O − C) diagram can be explained by the presence of two circumbinary bodies, even though this explanation
requires a longer baseline of observations to be fully tested. The orbital periods of the best solution would be
Pc ∼ 3.5 years and Pd ∼ 6.9 years. The corresponding projected semi-major axes would be ac sin ic ∼ 1.9 AU
and ad sin id ∼ 2.9 AU. The masses of the external bodies would be Mc ∼ 2.9 MJupiter and Md ∼ 8.1 MJupiter, if we
assume their orbits are coplanar with the close binary. Therefore NSVS 14256825 might be composed of a close
binary with two circumbinary planets, though the orbital period variations is still open to other interpretations.

Key words: binaries: close – binaries: eclipsing – planetary systems – stars: individual (NSVS 14256825) –
subdwarfs

Online-only material: color figures

1. INTRODUCTION

Planetary formation and evolution around binary systems
have become important topics since the discovery of the first
exoplanet around the binary pulsar PSR B1620-26 (Backer
et al. 1993). Theoretical studies have indicated that circumbinary
planets can be formed and survive for a long time (Moriwaki &
Nakagawa 2004; Quintana & Lissauer 2006). Characterization
of such planets in different evolutionary stages of the host binary
is crucial to constrain and test the formation and evolution
models.

The common envelope (CE) phase in binary systems is
dramatic for the planets survival. For a single star, Villaver &
Livio (2007) have pointed out that planets more massive than
two Jupiter masses around a main-sequence star of 1 M% survive
the planetary nebula stage down to orbital distances of 3 AU. The
CE phase in binary systems is more complex than the nebular
stage in single stars and its interaction with existing planets
is still an open topic. Besides, a second generation of planets
can be formed from a disk originated by the ejected envelope
(van Winckel et al. 2009; Perets 2011). The investigation of
circumbinary planets in post-CE phase systems is fundamental
to constrain observationally the minimum host binary–planet
separation and to distinguish between planetary formation
before and after the CE phase.

To date, circumbinary planets have been discovered in seven
eclipsing post-CE binaries. All those discoveries were made
using the eclipse timing variation technique. The main features
of these planets are summarized in Table 1, which also shows
the results for NSVS 14256825 presented in this paper.

NSVS 14256825 (hereafter referred to as NSVS 1425) is an
eclipsing post-CE binary and consists of an sdOB star plus a
dM star with an orbital period of 0.110374 days (Almeida et al.

∗ Based on observations carried out at the Observatório do Pico dos Dias
(OPD/LNA) in Brazil.

2012). It was discovered using the Northern Sky Variability
Survey (Woźniak et al. 2004). Kilkenny & Koen (2012) showed
that the orbital period in NSVS 1425 is increasing at a rate
of ∼1.1 × 10−10 s s−1. Beuermann et al. (2012a) presented
additional eclipse timings of NSVS 1425 and suggested from an
analysis of the (O − C) diagram the presence of a circumbinary
planet of ∼12 MJupiter.

In this study, we present 10 new mid-eclipse times of
NSVS 1425 obtained between 2010 July and 2012 August.
We combined these data with previous measurements from the
literature and performed a new orbital period variation analysis.
In Section 2, we describe our data as well as the reduction
procedure. The methodology used to obtain the eclipse times
and the procedure to examine the orbital period variation are
presented in Section 3. In Section 4, we discuss our results.

2. OBSERVATIONS AND DATA REDUCTION

The observations of NSVS 1425 are part of a program to
search for eclipse timing variations in compact binaries. This
project is being carried out using the facilities of the Obser-
vatório do Pico dos Dias/Brazil, which is operated by the Labo-
ratório Nacional de Astrofı́sica. Photometric observations were
performed using CCD cameras attached to the 0.6 m and 1.6 m
telescopes. Typically 100 bias frames and 30 dome flat-field
images were collected each night to correct systematic effects
from the CCD data. The photometric data are summarized in
Table 2.

The data reduction was performed using iraf1 tasks (Tody
1993) and consists of subtracting a master median bias image
from each program image, and dividing the result by a nor-
malized flat-field frame. Differential photometry was used to

1 IRAF is distributed by the National Optical Astronomy Observatory, which
is operated by the Association of Universities for Research in Astronomy, Inc.,
under cooperative agreement with the National Science Foundation.
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Table 4
Parameters for the Linear Plus Two-LTT Ephemeris of NSVS 1425

Linear Ephemeris

Parameter Value Unit

Pbin 0.1103741681(5) days
T0 2454274.20874(4) BJD(TDB)

τ1 term

Parameter Value Unit

P 6.86 ± 0.45 years
T 2456643 ± 110 BJD(TDB)
abin sin i 0.042 ± 0.006 AU
e 0.52 ± 0.08
ω 98 ± 9 deg
f (M) (1.6 ± 1.1) × 10−6 M#
M sin i 8.0 ± 1.5 MJupiter
a sin i 2.9 ± 0.7 AU

τ2 term

Parameter Value Unit

P 3.49 ± 0.38 years
T 2455515 ± 95 BJD(TDB)
abin sin i 0.0099 ± 0.0006 AU
e 0.00 ± 0.08
ω 11 ± 8 deg
f (M) (8.0 ± 4.0) × 10−8 M#
M sin i 2.9 ± 0.4 MJupiter
a sin i 1.9 ± 0.8 AU

χ2
red 1.85

used the following equation:

Tmin = T0 + E × Pbin +
n∑

n=1

τj , (3)

where

τj = zj

c
= Kj

[
1 − e2

j

1 + ej cos fj

sin(fj + ωj )

]

(4)

is the LTT effect. In the last equation, Kj = aj sin ij /c is the
time semi-amplitude, ej is the eccentricity, ωj is the argument
of periastron, and fj is the true anomaly. These parameters are
relative to the orbit of the inner binary center of mass around
the common center of mass consisting of the inner binary and
of the jth planet. The parameters aj, ij, and c in the semi-
amplitude equation are the semi-major axis, the inclination, and
the speed of light, respectively. Note that we do not consider
mutual interaction between external bodies in this analysis.

Initially we fitted Equation (3) to the data with only one
LTT effect. The resulting χ2

red dropped to 6.8, but the new
residuals showed evidence of another cyclic variation. Adding
one more LTT effect in Equation (3), the resulting χ2

red improves
to 1.85. The pikaia algorithm was used to search for the global
optimal solution, followed by an MCMC procedure to sample
the parameters of Equation (3) around the best solution. Figure 3
shows the resulting (O − C) diagram and Table 4 shows the best-
fit parameters with the associated ±68% uncertainties.

4. DISCUSSION AND CONCLUSION

We revisited the orbital period variation of the post-CE
binary NSVS 1425 adding the 10 new mid-eclipse times

Figure 3. Upper panel shows the (O − C) diagram of the eclipse times of
NSVS 1425 made with respect to the linear part of the ephemeris in Equation (3).
Our data are presented with filled squares and the solid line represents the best
fit including the two LTT effects. The second and third panels display separately
the two LTT effects (τ1 and τ2). The lower panel shows the residuals around the
combined fit.
(A color version of this figure is available in the online journal.)

obtained as described in previous sections. The complex orbital
period variation, illustrated by the (O − C) diagram, can be
mathematically described by the LTT effect of two circumbinary
objects. The amplitudes of the LTT effects are ∼20 s and
∼5 s. The associated orbital periods correspond to ∼6.9 and
∼3.5 years, respectively. This solution is a good description for
the orbital period variation, as shown by Figure 3. But it raises
some concerns, which are discussed below.

The time baseline of NSVS 1425 covers about 5.5 years.
One of the two LTT effects has a period of ∼7 years, larger
than the baseline making the obtained solution less robust.
Moreover, the early points have large error bars and hence
constrain the LTT effect less. In this regard, it is useful to
recall the case of HW Vir. It is a similar system, which also
presents a complex (O − C) diagram. Kilkenny et al. (2003),
based on a data set spread over almost 20 years, proposed the
presence of a brown dwarf around the central binary. A few
years later, a solution considering two objects was presented
by Lee et al. (2009). Recently, Horner et al. (2012) claimed a
still different solution, more stable dynamically. This illustrates
how new data can change an LTT effect solution. Therefore, the
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Wilson et al (2008); 0.97 M�; 1.22 MJup; 1.33 dias.

Fonte: http://www.popularmechanics.com/science/space/deep/4335269
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Fonte: http://www.nature.com/nature/journal/v439/n7075/figtab/439400aF2.html
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