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essentially reflected light from the host star
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Motivation

◮ At optical wavelengths, an exoplanet’s signature is
essentially reflected light from the host star

◮ The planet’s optical spectrum is almost a copy of the
star’s spectrum

◮ The analysis of the planet’s reflected light might give us
an estimate of the planet’s atmospheric composition,
albedo, orbital velocity (and therefore mass)
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The problem

◮ Albedo is low, with typical values 0.05-0.4 (Cowan &
Agol 2011; Rowe et al. 2008; Evans et al. 2013)
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≈ 6.8× 10−5

◮ we require spectra with S/N over 105!!!



Detection of

reflected light from

Exoplanets

Motivation

Cross Correlation

Function

The Data

The Method

Results

Conclusions

The problem

◮ Albedo is low, with typical values 0.05-0.4 (Cowan &
Agol 2011; Rowe et al. 2008; Evans et al. 2013)

◮ Planets are small and have a low cross section

◮ Jupiter mass planet, 2 days orbit and albedo = 0.3:
Fluxreflected
Fluxincident

≈ 6.8× 10−5

◮ we require spectra with S/N over 105!!!

◮ In the case of the Earth, with an albedo of 0.29:
Fluxreflected
Fluxincident

≈ 5.3× 10−10



Detection of

reflected light from

Exoplanets

Motivation

Cross Correlation

Function

The Data

The Method

Results

Conclusions

The Cross Correlation Function

CROSSCORRELATIONFUNCTION
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◮ The CCF of a spectrum with a binary mask has been
used extensively for the determination of precise radial
velocities (e.g. with the HARPS spectrograph)
(Baranne et al. 1996)
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◮ The CCF of a spectrum with a binary mask has been
used extensively for the determination of precise radial
velocities (e.g. with the HARPS spectrograph)
(Baranne et al. 1996)

◮ It can be seen as an average spectral line of the original
spectrum
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◮ The CCF of a spectrum with a binary mask has been
used extensively for the determination of precise radial
velocities (e.g. with the HARPS spectrograph)
(Baranne et al. 1996)

◮ It can be seen as an average spectral line of the original
spectrum

◮ S/NCCF =
√
n S/Nspectrum
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The Cross Correlation Function

◮ The CCF of a spectrum with a binary mask has been
used extensively for the determination of precise radial
velocities (e.g. with the HARPS spectrograph)
(Baranne et al. 1996)

◮ It can be seen as an average spectral line of the original
spectrum

◮ S/NCCF =
√
n S/Nspectrum

◮ for a binary mask with 3600, the S/N increases 60
times!!!
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◮ We combined the CCFs of real HARPS spectra to
simulate 10 h of observations of multiple prototypical
planetary systems with short period orbits
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The Data

◮ We combined the CCFs of real HARPS spectra to
simulate 10 h of observations of multiple prototypical
planetary systems with short period orbits

◮ We wanted to test the possibility of detecting the
planet’s reflected light with next generation instruments
and observing facilities (ESPRESSO@VLT and
HIRES@E-ELT)
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The Detection Method

Simulated Planet +
Star CCFs
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Simulated Planet +
Star CCFs
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Simulated Planet +
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Each case corresponds to 10h of observations.
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◮ It is possible to detect a planets’s reflected light by
using the Cross Correlation Function
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◮ It is possible to detect a planets’s reflected light by
using the Cross Correlation Function

◮ The detection of 51 Peg b with VLT shows that it is
possible to detect the reflected light of a real object
with a current telescope
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Conclusions

◮ It is possible to detect a planets’s reflected light by
using the Cross Correlation Function

◮ The detection of 51 Peg b with VLT shows that it is
possible to detect the reflected light of a real object
with a current telescope

◮ Next generation observing facilities will permit the
collection of spectra with the required S/N, which
should allow for the detection the reflected light of
smaller planets at longer period orbits
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