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Abstract
We present light curves of the secondary eclipses of
one of the hottest known planets, WASP-18b, in three
near infrared bands (z, H and Ks). Near-infrared ob-
servations probe the planet’s spectral energy distribu-
tion at its peak, and are sensitive to the presence of
molecules in the planet’s atmosphere. Furthermore the
z band is highly sensitive to the presence of any inver-
sion layer. Combining these three bands with existing
Spitzer photometry allows us to put constrains on the
properties of the atmosphere of WASP-18b, which we
find (from preliminary results: the measured bright-
ness temperature is TB = 2941+260

−234 K in the Ks band)
to have a low albedo and inefficient heat redistribution,
consistent with previous models.

1. Introduction
Observations of hot Jupiters atmospheres indicate that
some planets have an inversion layer, while other plan-
ets don’t. The incident radiation could play an im-
portant role in this [1], [2], with the planets at high
levels of incident radiation exhibiting a thermal in-
version, while planets at lower levels do not, due
to fact that the compound responsible for the inver-
sion (e.g. TiO and VO [1]) is able to condense out.
However, several planet’s do not follow this scheme,
and a correlation between the presence of an inver-
sion and stellar activity has been found [3]. Another
reason for the presence or absence of thermal inver-
sions could be the composition of the atmosphere.
Some planets are thought to have a high C/O ratio
[4]. Near-infrared observations of secondary eclipses
allow us to probe the dayside emission from a hot
Jupiter at the peak of its spectral energy distribution,
hence providing information about the planet’s total
energy budget. Since this wavelength range is acces-
sible from the ground, the GROUnd-based Secondary
Eclipse (GROUSE) project has been started [5], tar-
geting a sample of hot Jupiters at near-infrared wave-

lengths. The project includes TrES-3b [6], HAT-P-1b
[7], WASP-33b [8] and WASP-18b. The latter is the
object of the present study.
WASP-18b orbits its host star (late F-type main se-
quence star) in less than one day, at a distance of less
than 4 stellar radii. The amount of radiation it receives
is extremely high, resulting in an expected equilibrium
temperature of about 3150 K, assuming low albedo
and inefficient day-night redistribution [9].

2. Results

Figure 1: Light curve of WASP-18 normalised with the refer-
ence star, and corrected for the systematics with overplotted the best
fit secondary eclipse model in red. The blue points show the data
binned by 150 points, with 1σ error bars.

We observed the secondary eclipse of WASP-18b
on October 10, 2010 with the Ks filter using the Son of
ISAAC (SOfI) instrument at the ESO New Technology
Telescope (NTT). We performed differential photom-
etry with custom-made IDL procedures.
After correcting the lightcurve of WASP-18b by that
of the reference star, the secondary eclipse is clear,
although some systematics are still present. In or-
der to account for these effects, we fit the secondary
eclipse simultaneously with the flux dependence on
the centroid of the object star on the CCD, the seeing
and the background, using the Markov Chain Monte
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Carlo (MCMC) method. We generated five sequences
of four million steps which were merged after remov-
ing the first 400,000 points to prevent the initial condi-
tions from affecting the results. We extracted the pos-
terior distribution of each fitting parameter from one
of the chains created. To estimate the errors on the
eclipse depth, we compared the errors obtained with
the MCMC and the prayer bead method, and take the
largest ones (which are from the latter method).
The best fit model of the Ks band photometry (see Fig.
1) gives an eclipse depth ∆F = 2.010+0.462

−0.390 × 10−3,
which corresponds to a planet brightness temperature
TB = 2941+260

−234 K. These values of temperature can
be explained by low albedo and inefficient heat redis-
tribution (the planet equilibrium temperature for zero
albedo and no redistribution is 3058 K, consistent with
the Ks band brightness temperature).
The analysis of z and H bands is still ongoing, but
preliminary results (∆F < 1 × 10−3 and ∆F '
1.5× 10−3 respectively) show consistency with black
body radiation for the planet.

References
[1] Fortney, J. J., Lodders, K., Marley, M.S., and Freedman,

R.S.: A Unified Theory for the Atmospheres of the Hot
and Very Hot Jupiters: Two Classes of Irradiated Atmo-
spheres, The Astrophysical Journal, 2008

[2] Burrows, A., Budaj, J., and Hubeny, I.:Theoretical Spec-
tra and Light Curves of Close-in Extrasolar Giant Planets
and Comparison with Data, The Astrophysical Journal,
2008

[3] Knutson, H. A., Howard, A. W., and Isaacson, H.:
A Correlation Between Stellar Activity and Hot Jupiter
Emission Spectra, The Astrophysical Journal , 2010

[4] Madhusudhan, N.: C/O Ratio as a Dimension for Char-
acterizing Exoplanetary Atmospheres, The Astrophysical
Journal , 2012

[5] de Mooij, E.J. W., de Kok, R. J., Nefs, S.V., Brogi,
M. and Snellen, I.A.G: The GROUnd-based Secondary
Eclipse project - GROUSE, IAU Symposium, 2011

[6] de Mooij, E. J. W. and Snellen, I. A. G.: Ground-based
K-band detection of thermal emission from the exoplanet
TrES-3b, Astronomy and Astrophysics, 2009

[7] de Mooij, E. J. W., de Kok, R. J., Nefs, S. V. and Snellen,
I. A. G.: The GROUSE project. II. Detection of the Ks-
band secondary eclipse of exoplanet HAT-P-1b, Astron-
omy and Astrophysics, 2011

[8] de Mooij, E. J. W., Brogi, M., de Kok, R. J. et. al. :
The GROUSE project. III. Ks-band observations of the
thermal emission from WASP-33b, Astronomy and As-
trophysics,2013

[9] Nymeyer, S., Harrington, J., Hardy, R. A. et al.: Spitzer
Secondary Eclipses of WASP-18b, The Astrophysical
Journal, Volume 742, 2011


