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Abstract 
The Kepler mission has made an important 
observation, the first detection of the phase 
curve of a terrestrial planet (Kepler-10b, Rpl = 
1.42 REarth). This opens a new field in 
exoplanet science: the possibility to get 
information on the atmosphere and surface of 
rocky planets, objects of prime interest.   

In this presentation, we apply the Lava-ocean 
model that has been proposed for planets of the 
class of CoRoT-7b, i.e. rocky planets at a few 
stellar radii from their star, since Kepler-10b is a 
typical member of this family.  

The model predicts that the light from the planet 
has an important emission component in 
addition to the reflected one, even in the Kepler 
spectral band. Assuming an isotropical reflection 
of light by the planetary surface (Lambertian-like 
approximation), we find that a plausible Bond 
albedo of ∼ 50% can account for the observed 
phase amplitude, as opposed to a first attempt 
where an unusually high value was found. 

We propose a test of this interpretation: future 
observations of the planetary phases, in the 
near-IR, with instruments as JWST or Echo. The 
predicted spectral dependence of the secondary 
transit is clearly distinguishable from that of 
purely reflected light.  The measurements would 
permit the determination of the temperature 
distribution at the planetary surface, which could 
be compared to the predictions of the Lava-

ocean model, with significant details.  

1. Introduction 
The Kepler mission has recently discovered a 
new super-Earth, Kepler-10b [1]. It is a member 
of what looks like a new family, the CoRoT-7b-
like planets or Lava-ocean planets [2].  
Presently, this family contains three likely 
members, CoRoT-7b, Kepler-10b, and 55Cnc-e.  
They are rocky and very close to their parent 
star, e.g. at 3.4 stellar radii for the Kepler-10 
system, so that a significant part of the surface 
should be under the form of a lava ocean. 

 

2. Components of the light from 
Keper-10b 
2.1 Thermal emission 

The nightside of the planet is so cold (50 – 75 K) 
that it does not contributes at all to emission in 
the visible.  On the other hand, the dayside is 
heated to temperatures up to over 3000 K and 
emits in the spectral domain where Kepler is 
sensitive. The temperature distribution found 
by [2] is : 

Tpl(θ) = 3040 [cos(θ)]1/4   (K),    (1) 

The resulting emission near the secondary 
transit (full planetary phase) can be calculated 
knowing the surface emissivity ε.  With the 
parameters of the Kepler-10 system, the 
secondary transit depth is: 
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remis = 2.85 ε   (ppm) ,     (2) 

where ε is related to the Bond albedo, AB, as:  

ε = 1- AB.  

2.2 Reflected and total light 

Assuming a Lambertian-like surface, the 
reflection part of the secondary transit is: 

rrefl = 8.58 AB (ppm)     (3) 

so that its total depth of that transit is: 

rtot = 2.85 (1 – AB) + 8.58 AB (ppm) (4) 

Our fit of the Kepler data leads to rfit = 5.6 ± 2.0 
(ppm), implying an albedo of: AB = 0.48 ± 0.35 
that seems to be more common than that initially 
found, AB = 0.92 ± 0.26. 

 

3. Interpretation and possible tests 

 

 

 

 

Figure 1: Left: spectral composition of the 
reflected component (solid blue line), and the 
emission component (dashed red line) of the 
light from Kepler-10b near the secondary transit, 
in the Lava-ocean model (upper).  
Corresponding Kepler signals (lower).  Right: 
same quantities but in a broader spectral range 
(upper); expected components of the signal in 
different filters of the JWST NIRcam instrument 
(lower).   

In the Lava-ocean model, the dayside surface is 
made of refractory rocks, e.g. the (Al2O3)0.87, 
(CaO)0.13 mixture proposed by [2] that is molten 
over a large fraction of the surface (up to a 74° 
zenith angle [2]).   

The found Bond albedo requires a plausible 
physical interpretation.  It is significantly larger 
than what is expected from Fresnel reflection at 

the surface of a transparent dielectric (∼ 8% for 
normal reflection on liquid alumina-low pressure 
gas interface).  It could be back-scattering by 
floating small solid particles of non-absorbing 
refractory compounds, e.g. Al2O3, as it is the 
case for water oceans on Earth (colloidal 
suspensions).   

Discriminating tests of this interpretation of the 
Kepler observations can be foreseen in the 
future when high accuracy space instruments 
will be available, with a spectral response further 
in the IR, as NIRcam on JWST or Echo.  Fig.1 
(right) shows the photon density of emitted and 
reflected light in the near-IR, and the expected 
signals in some JWST spectral bands.  The 
Lava-ocean model predicts a signal variation 
with wavelength that is significantly different 
from that of purely reflected light (constant ratio 
to the stellar light, for a flat albedo).  We discuss 
the detailed comparison between what can be 
derived from the JWST observations, and the 
surface temperature distribution that is predicted 
by the Lava-ocean model. 
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