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Summary: We have searched MOST satellite photom-
etry obtained in 2004, 2005 and 2007 of the solar-type
star HD 209458 for Trojan asteroid swarms dynamically
coupled with the system’s transiting “hot Jupiter” HD
209458b. Observations of the presence and nature of
asteroids around other stars would provide unique con-
straints on migration models of exoplanetary systems.
Our results set an upper limit on the optical depth of
Trojans in the HD 209458 system that can be used to
guide current and future searches of similar systems by
upcoming missions. Using cross-correlation methods on
artificial signals implanted in the data, we find that our
detection limit corresponds to a relative Trojan transit
depth of 1×10−4, equivalent to∼1 lunar mass of aster-
oids, assuming power-law Trojan size distributions simi-
lar to Jupiter’s Trojans in our Solar System. We confirm
with dynamical interpretations that some asteroids could
have migrated inward with the planet to its current orbit
at 0.045 AU, and that the Yarkovsky effect is ineffective
at eliminating objects of> 1 metre in size. However,
using numerical models of collisional evolution we find
that, due to high relative speeds in this confined Trojan
environment, collisions destroy the vast majority of the
asteroids in<10 Myr. Our modeling indicates that even
for a young (∼ 1 Myr) system, a photometric precision
of order 10−8 will likely be necessary to detect any sur-
viving “hot Trojan” swarms.

Background: Our target for this study was the HD
209458 system, which contains a hot Jupiter (desig-
nated HD 209458b). HD209458b has a circular orbit
of semi-major axisa = 0.045 AU and periodP =

3.52474859 ± 0.00000038 days [2]. The primary HD
209458 is a relatively-bright (V = 7.65) G0 star with
Teff = 6000 ± 50 K, luminosityL = 1.61L⊙ [4], mass
M = 1.10 ± 0.07M⊙, and radiusR = 1.13 ± 0.02R⊙

[2]. Although quite uncertain, Melo et al. [5] give an
estimate of 3 Gyr for the age of the system.

Observations: The MOST (Microvariability & Oscil-
lations of STars) microsatellite [6, 3] houses a 15-cm
Rumak-Maksutov telescope feeding a CCD photome-
ter through a single custom broadband filter covering
roughly the visible part of the spectrum (350− 700 nm).
MOST monitored the transiting exoplanet system HD
209458 nearly continuously for 13.5 days in August of
2004 (a trial run), 42.9 days in August to September of
2005, and 28.6 days in August to September of 2007.
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Figure 1: Panel a: The two data halves before cross-
correlation filtered using a normalized cutoff frequency
of 0.02. The horizontal line near 0.6 of the orbital phase
corresponds to the excised exoplanet transit. Panel b:
Cross-correlation of one half of the phased and filtered
photometry with the other half. The red, blue, and green
curves set the 92, the 95, and the 99% confidence limits,
respectively, using 1000 repetitions. A real signal should
have>1% of the bins centered around zero lag above the
99% confidence level; no such signal is present.

The exoplanet transits and other obvious outliers were
excised from the light curve before our analysis. As a
first step, we divided the data that were phased to the
orbital period of the exoplanet into six non-overlapping
bins, ensuring that the centres of two of those bins would
correspond to the expected centre phases of the two pos-
sible Trojan swarms. We calculated the mean relative
flux value of each of the six bins. This exercise, how-
ever, did not reveal a significant dip in the binned phase
diagram at either the L4 or L5 points.

Cross-Correlation Analysis: The time series data
were split into a first half and second half of our available
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time series. The two halves were phased and binned in
non-overlapping bins to ensure that there was only one
flux value for each phase value. The two data halves
were filtered with a low-pass digital Butterworth filter to
eliminate any excess ringing in the data that could poten-
tially hide Trojan signals. Then the two data halves were
cross-correlated with each other and the92, 95, and99%

confidence intervals were calculated. Figure 1a shows
the two filtered data halves, while Figure 1b shows the
cross-correlation.

Any real signal at constant phase with the planet’s or-
bit should have a strong auto-correlation at zero relative
cross-correlation lag. In addition, if the phases around
both L4 and L5 were to generate dimming, there should
also be (weaker) cross-correlation peaks centered close
to phase lags of+0.33 and−0.33 (we will illustrate this
with artificial signals below). No feature is present in
Figure 1 at a correlation lag of zero, nor are broad fea-
tures centered on +0.33 and -0.33 visible. The weak sig-
nal at phase lag of -0.1 is not significantly stronger than
what we expect due to random chance, and cannot be a
Trojan signal.

We repeated the cross-correlation analysis with ar-
tificial transits of known depth inserted into the MOST
photometry. The artificial transits were simple box func-
tions of widths±30◦ centred on the L4 and L5 points.
By varying the depth of the artificial transits and calcu-
lating the92, 95, and99% confidence intervals, we esti-
mated the effective Trojan detection limit of our data to
be≃ 10−4. An example is shown in Figure 2.

Dynamical Effects: We assessed the dynamical effects
on a hypothetical Trojan cloud in the HD 209458 system.
The main findings are as follows: (1) During the migra-
tion of the Trojan swarm (as it migrates with the planet
from∼ 5 AU to 0.045 AU), the libration amplitudes grow
by a factor of∼ 3.3, leaving∼ 10% of the Trojans sur-
viving migration. (2) The collisional evolution of the
cloud results in less than 100-m size objects in≪10 Myr
and reduces the cloud’s surface area 10,000-fold. Neither
increasing nor decreasing the initial mass of the cloud
changes the results significantly. After only a few Myr
the total cross section remaining in the Trojan swarm (in
bodies larger than tens of meters) has dropped to< 10−8

that of the star. This level of photometric precision is be-
yond the expected capabilities (2 × 10−5 for 12th mag-
nitude stars) of the Kepler mission ([1]). (3) Radiation
forces do not cause a semimajor axis drift of the remain-
ing small objects, only a shift in the location of their li-
bration centers. Further collisions between these small
objects could then cause a random walk in their libra-
tion amplitudes, eventually destabilizing the Trojans and
eliminating them on a time-scale of 2 Myr. (4) A nearly-
opaque cloud might result from the collisionally-ground
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Figure 2: Results from cross-correlation analysis of data
with synthetic Trojan transits. Panel a: The two data
halves with artificial Trojan transits of depth2 × 10−4.
Panel b: The cross-correlation of these two data halves
with the 92, 95, and 99% confidence intervals in red,
blue, and green, respectively. The correlation peaks are
clearly centered on the lags of -1/3 and +1/3.

asteroid population just before the radiation forces take
effect. Such a cloud would have a very strong photomet-
ric signature for a brief time-period (< 1 Myr) due to the
dense population of small particles. This would occur
during the collisional phase of the cloud evolution, and
since this is a fast process, this could only be observed in
a very young system (≪100 Myr).
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