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HD 181068: A Red Giant in a
Triply Eclipsing Compact
Hierarchical Triple System
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Hierarchical triple systems comprise a close binary and a more distant component. They are important
for testing theories of star formation and of stellar evolution in the presence of nearby companions.
We obtained 218 days of Kepler photometry of HD 181068 (magnitude of 7.1), supplemented by
ground-based spectroscopy and interferometry, which show it to be a hierarchical triple with two types
of mutual eclipses. The primary is a red giant that is in a 45-day orbit with a pair of red dwarfs in a
close 0.9-day orbit. The red giant shows evidence for tidally induced oscillations that are driven by the
orbital motion of the close pair. HD 181068 is an ideal target for studies of dynamical evolution and
testing tidal friction theories in hierarchical triple systems.

observe continuously more than 10° stars,

with the ultimate goal of detecting a siz-

able sample of Earth-like planets around main-
sequence stars (7). We obtained 218 days of Kepler

The Kepler space mission is designed to

nesses, so that when the BC pair is in front of A,
their mutual eclipses do not change the total amount
of light coming from the system (in accordance
with the nearly equal depths of the two deep
minima). When the BC

ir is in front of A, the

over, almost all flares appear right after the
shallower minimum of the BC pair, suggesting
that this activity might be related to the close
pair.

We looked for optically resolved companion(s)
with a 1-m telescope [section 1.1 of (6)] but
found none. We also obtained 38 high-resolution
optical spectra to measure the orbital reflex mo-
tion of the A component (6) (fig. S1). The orbital
parameters for the wider system (Table 1) reveal
that star A revolves on a circular orbit, which has
an orbital period twice the separation of the two
consecutive flat-bottomed minima in the light
curve (6). Long-baseline interferometry using the
PAVO (Precision Astronomical Visible Observa-
tions) beam combiner (&) at the CHARA [Cen-
ter for High Angular Resolution Astronomy (9)]
Armay show that the angular diameter of HD
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* Mission Status & Summary

Mission Status

CHEOPS has been proposed as an S-class mission in response to the call for Proposals issued by ESA in March
2012.

On 19 October 2012 it was selected for study for the first S-class mission.
On 19 February 2014 CHEOPS was adopted by SPC.

Mission Summary:

. The following table summarizes the mission.
ations

Name CHEOPS, CHaracterizing ExOPlanet Satellite
Primary Goal Characterize transiting exoplanets on known bright and nearby host stars
Targets Known exoplanet host stars with a V-magnitude < 12.5 (goal: 13) anywhere on the sky

Wavelength  Visible range : 400 to 1100 nm

Telescope 33 cm reflective an-axis telescope

Orbit Sun-synchronous Low Earth Orbit, LTAN 6am, altitude 620-800 km
Lifetime 3.5 years

Type S-class mission

(last update Feb 2014)



Fig. 2: Initial mechanical concept for the telescope and the
lightweighted primary mirror

Telescope Structure 146 17.5
Optical Bench 2.5 3.0
Focal Plane Assembly 2.0 2.4
Lens Assembly 2.0 2.4
Readout Electronics 5.0 6.0
Electronics Box (PCM, DPM,

TCM) 56 6.7
Radiator 1.0 1.2
Outer Baffle Assembly 11.0 13.2

ol [ 461 553 |

Gyro Assembly 45 54
Star Tracker Assembl 1.1 1.3

Table 1: Current payload mass breakdown
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Figure 17 | Left panel— Transit of an Earth-size exoplanet plus a 0.4 xsmaller moon is simulated when the photometric
precision is set to ~20 ppm (the solid curve shows the underlying theoretical model). Right panel— Planet + moon
systems have been generated with random planet periods and moon sizes (black dots). The blue and green curves show
the 1- and 4.6-Gyr stability limits, respectively, of these systems (stable systems are on the right of the lines). The red
dots are those systems for which the moon could be detected assuming CHEOPS observes five planetary transits.

(Excerpt from the CHEOPS Red Book)
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ABSTRACT

Context. Solar System planets and moons can sometimes act as ”a poor man’s exo-Earth” or even exomoons when
their transit in front of the Sun can be observed in the reflected light from a bright third body. These special geometric
conditions can help testing the most sensitive instruments used in the quest for the smallest extrasolar bodies.

Aims. We compile a list of transits of Solar System planets that can be seen from various third bodies including the
outer planets and the brightest asteroids. Acting as a kind of a mirror, these third bodies allow the detection of changes
in solar irradiance and spectrum during the transit events. Observations of these events present a great opportunity
to test the real limits of the currently existing astronomical instrumentation, the capability of detecting Earth-sized
bodies around Sun-like stars and the transit distortions for objects that resemble the Earth-Moon system.

Methods. The NASA JPL Horizons ephemeris generator was used to calculate ephemerides of inner Solar System objects
observed from outer ones. Observers were placed at all planets and the brightest asteroids, and we searched for possible
transits of all planets orbiting inner orbits than the observer.

Results. We identified 3 major events between 2015-2020. One of them is a transit of the Earth-Moon system in 2015,
reflected by asteroid Massalia, thus offering the opportunity to detect our Moon as if it were the first exomoon detection.
In 2017, Vesta will reflect a transit of Venus. During the expected lifetime of the CHEOPS mission, a transit of Mars
will be observed from Uranus, thus photometry of Uranus in those days will be an ideal test of CHEOPS’s performance,
and the accuracy of planet models. All reflecting bodies will be near the opposition point, offering excellent conditions
for ground-based or near-Earth space observations.
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Bisector analysis of transit light curves:
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ABSTRACT

Context. Transit light curves of exoplanets can be distorted by various astrophysical phenomena, such as stellar rotation, extended
starspots, or even exomoons. The extent and time-variability of the light curve anomalies are good indicators of the physical causes.
Aims. In this paper we introduce a new method with which we are able to detect and characterize distortions of the transit light
curves. We apply this technique to selected Kepler planets and candidates to determine their transit anomalies and identify the origin
of light curve asymmetry in some cases. We also discuss briefly the detectability of such anomalies by the forthcoming CHEOPS
space telescope

Methods. We calculated the averaged line bisector of the transit light curves determining the bisector points with increasing flux
levels from the core to the top of the transit. To decide if the shape of the bisector is caused only by statistical uncertainties we
perform detailed bootstrap analysis in each case.

Results. We have analyzed 99 planet candidates from the second Kepler data release (Batalha et al. 2013), predominantly hot
Jupiters with a mean orbital period of 5.64 days. 15 of the studied systems have been found to show noticeable shape asymmetry.
The most remarkable cases include Kepler-13Ab, Kepler-63, HAT-P-7, KOI-75, KOI-319, KOI-368. For Kepler-63, we also found
time-variability in the bisector shape, with a period of 37.16 days. This may arise from evolution of a spot-crossing events, although
other possibilities cannot be excluded either.

Conclusions. The presented bisector analysis is a model-independent technique for a fast identification of anomalous transit light
curves. Detailed modelling can then be used to decipher the actual astrophysical phenomena.
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Fig. 1. The light curve and line bisector of Kepler-13Ab. In the left panel we show an individual transit and its line bisector. In the middle panel
we show a zoom to the profile to better display the asymmetry of an individual line bisector. In the right panel the averaged line bisector (thick
black line) of Kepler-13Ab and the bisectors (thin color lines) of the bootstrapped light curve.

Fig. 2. Schematic representation of the various cases of orbital orientation and stellar surface brightness distribution (top row) and the corre-
sponding line bisectors (bottom row).
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ABSTRACT

Context. Many attempts has already been made for detecting exomoons around transiting exoplanet but the first confirmed discovery
is still pending. The even more precise instruments, the new space telescopes and the newly developed techniques provide us new
opportunities and get even closer the first successful discovery.

Aims. In this paper we focus on the forthcoming CHaraterising ExOPlanet Satellite (CHEOPS), calculate the possibility of an
exomoon detection for different planet-moon configuration, explore the most efficient way for such a observation and last but not least
estimate the cost of observing time.

Methods. Our study based on calculating variations of the central time of the transit, especially computing PTVs (photocentric transit
timing variation, Szabé et al, 2006) in simulated CHEOPS data. We analyzed transit observation sets for different star-planet-moon
scenarios and performed bootstrapping analysis to determine their detection statistics.

Results. The simulations with CHEOPS-quality data showed that the detection limit is about Earth-sized moon with 80% probability
if the planet larger than the Neptune. For such a detection at least one period of the PTV and minimum 5-6 transit observation is
needed. We have also non-zero chance in the case of smaller moon, but the detection statistics worsens rapidly.

Conclusions. After the CoRoT and Kepler spacecraft CHEOPS will be the next generation space telescope that will observe exo-
planetary transits. Although its mirror’s diameter is 1/3 of the Kepler’s one it will have more precise CCD and larger sampling rate,
therefore the detection limit for an exomoon can be the same as or better, which make it competitive in searching for exomoons.

Key words. planetary systems — stars: binaries: eclipsing — techniques: photometric
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