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Impacts de l’activité stellaire sur l’étude 
des exoplanètes

✤ Rayons planétaires

✤ Masses planétaires

✤ Atmosphère d’exoplanètes

M. Oshagh et al.: Impact of occultation of the stellar active region on the transmission spectroscopy

Fig. 5. The graph of the observed transmission spectrum of
GJ 3470b and the reconstructed transmission spectrum by
assuming the planet overlapping a stellar plage. The excess
in the estimate of the planet radius-ratio in the blue side of
spectrum can be reproduced by presuming a plage on the
surface of GJ 3470. See text for more details.

transmission spectroscopy measurements of a planet. We
carried out simulations considering transiting systems with
G or M stars, Jupiter- or Neptune-sized planets, and for
different values of a spot/plage’s filling factor in different
wavelength. Results indicated that there could be signif-
icant underestimation or overestimation of planet-to-star
radius ratio as a function of the wavelength. The maximum
overestimation of planet radius (10%) may occur for the
occultation of a plage by a planet transiting an M-dwarf
in the short wavelength regime. Application of our calcula-
tions to the systems of the stars HD 189733 and GJ 3470
indicated that the transmission spectroscopy measurements
of the planets of these stars, and especially the reported ex-
cess in their planet-to-star radius ratio in the bluer part of
the spectra, which were interpreted as the signature of blue
sky, can almost exactly be reproduced by assuming the oc-
cultation of a plage on the surface of these stars.

The results of our study strongly suggest that prior to
interpreting the values obtained for the radius of a transit-
ing planet in different wavelengths and attempting to set
constrains on the planet’s atmospheric models, it is cru-
cially important to rule out the possible contamination in
the measurements due to effects of stellar activities (both
occulted and non-occulted active regions). The best strat-
egy for doing so is to carry out several observations of a
transit in a given wavelength and use the variations of
transit depth as a function of time to assess the impact
of potential stellar spot/plage occultation. In case of a very
active star, which always harbors stellar spots or plages, all
transits could be affected by the occultation. In that case,
the alternative strategy would be to carry out simultane-
ous multiband photometric observations for several hours,
which can be corresponded to the half of the stellar rotation
period, before and after the transit. These observations will
allow to diagnose the presence of stellar spots/plages dur-
ing the transit and can also provide information about the
parameters of these regions such as their sizes and temper-
ature contrasts. Figure 6 shows an example of the distinct
behavior of an out-of-transit light curve in different wave-
lengths in the present of a stellar spot. The system depicted
here consists of a Jupiter-sized planet with Rp/R∗ = 0.15,

Fig. 6. Graphs of out-of-transit light curves for different
wavelengths in a system with a stellar spot.

orbiting in a 3-day orbit around an M-dwarf. The M-dwarf
has a rotation period of 9 days, and harbors a spot with
1% filling factor.

We note that the results presented here are based on
simple assumptions. For instance, we always assumed that
the transiting planet would occult the same plage at each
epoch. This could be true in the case of very active star,
such as HD 189733. Our simulations were done by assuming
circular spot and plage which might affect the determina-
tion of spot/plage’s filling factor. We also considered a con-
stant temperature contrast of 100 K between a plage and its
surrounding region on the star’s photosphere. However, this
value could be different for different stars. Larger or smaller
temperature contrasts will result in lower or higher values
for the filling factor. Finally, we assumed that the plage
occultation anomalies appear in the middle of transit light-
curve so that it would have the maximum impact on planet
radius estimations. However, if these anomalies appear in
other locations in the transit light-curve, different values
of the filling factor and/or plage-photosphere temperature
contrast will be required to account for the observed trans-
mission spectroscopic properties of the system.
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Différentes sources de variabilité stellaire
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Pour les vitesses radiales



Activité stellaire
=

principale limitation à 
l’étude des 

exoplanètes* !

Ça mérite qu’on s’y intéresse …

* ou au moins pour les 97% qu’on connait (hors micro-lentille gravitationnelle et imagerie directe)



La campagne C16 de la mission spatiale K2

Crédits: NASA

7 décembre 2017 - 25 février 2018



Les cibles

EPIC-6254:
G7V
Prot: 14 jours
Var: 1 mmag
V mag: 9.3

EPIC-2321:
K4V
Prot: 7.5 jours
Var: 10 mmag
V mag: 10.9

EPIC-5841:
K4V
Prot: 21 jours
Var: 10 mmag
V mag: 10.8

EPIC-9233:
M0V
Prot: 10 jours
Var: 7 mmag
V mag: 12.2

Courtesy: Théo Lopez



ESPaDOnS
CFHT (3.5m) / Mauna Kea Observatory 

Hawaii / USA
Spectropolarimetry

HARPS
ESO-3.6m / La Silla Observatory

Chile
Radial Velocity

K2
Kepler telescope / NASA

Space
Photometry

CARMENES
3.5m telescope / Calar Alto Observatory

Spain
Optical + NIR Radial Velocity

NARVAL
Telescope Bernard Lyot (2m) / Pic du Midi Observatory

France
Spectropolarimetry

SOPHIE
1.93m telescope / Haute-Provence Observatory

France
Radial Velocity

TRAPPIST-N 
Oukaïmeden Observatory

Morocco
griz photometry

The K2 stellar activity campaign
December, 7th 2017 to February, 22nd 2018

Supported by:

Une campagne multi-instruments, multi-technique



et multi-λ
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Planning prévu des observations

Overall project description

Taking advantage of the favourable configuration of the Kepler/K2 satellite during the C16 campaign, from early december 2017 to end february 2018, 
we perform for the first time a large observational campaign of 4 active stars. 
The aim is to understand the impact of stellar activity on the radial velocity data, in order to improve the methods used to correct for it. 

The campaign consist of simultaneous measurements in photometry (Kepler/K2, TRAPPIST-N), radial velocity (HARPS, CARMENES, SOPHIE) 
and spectropolarimetry (ESPaDOnS, NARVAL) of the 4 stars for almost 3 months. 

The combination of techniques, on timespan covering several stellar rotation periods, is the key to improve our understanding of stellar activity.
The characterization of the magnetic field of the stars, through spectropolarimetry, is of prime importance to achieve this goal. 

2017
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Instruments :

Dec

K2
ESPaDOnS
NARVAL
SOPHIE
HARPS
CARMENES
TRAPPIST-N

2018
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Instruments :

Jan

K2
ESPaDOnS
NARVAL
SOPHIE
HARPS
CARMENES
TRAPPIST-N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Instruments :

Feb

K2
ESPaDOnS
NARVAL
SOPHIE
HARPS
CARMENES
TRAPPIST-N



Observations effectuées
2017

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Instruments :

Dec

X X X X X X X X X X X X X X X X X X X X X X X X X K2
X X X X X ESPaDOnS

X NARVAL
X X X X X X X X X X SOPHIE

X X X X X X X X X X X X HARPS
CARMENES

X X X X X X X X X X X X X X X X X TRAPPIST-N

2018
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Instruments :

Jan

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X K2
X X X X X X X X X X X X ESPaDOnS

X X X X X NARVAL
X X X X X X X X X X X X SOPHIE

X X X X X X X X X X HARPS
X X X X X X X X X CARMENES
X X X X X X X X X X X X X TRAPPIST-N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Instruments :

Feb

X X X X X X X X X X X X X X X X X X X X X X X X X K2
X X X ESPaDOnS

NARVAL
X X X X SOPHIE

X X X X X X X HARPS
X CARMENES

X X X X X X TRAPPIST-N



Analyse et interprétation des données

• Déterminer des cartes de régions actives en combinant 
photométrie et spectro-polarimétrie

• Déterminer la température des régions actives
• Déterminer la fraction taches / plages
• Quantifier l’impact de l’activité stellaire visible vs NIR
• Tester les méthodes de correction de l’activité stellaire
• Quantifier les biais introduits par les différentes méthodes 

de correction
• etc…

Thèse de  
Théo Lopez
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Résultats entre 2019 et 2023



Pour aller encore plus loin

SPIRou

NEO-NARVAL

HARPS

SOPHIE-RED

Longueur d’onde (nm)

Photométrie  
spatiale

Spectropolarimétrie

Spectroscopie

TESS, CHEOPS, PLATO

NIRPS

SPIP

ESPRESSO



Conclusion & perspectives

Campagne multi-technique & multi-λ: clef pour mieux 
comprendre l’activité stellaire.

Objectif PLATO : comprendre en profondeur l’activité stellaire 
est une priorité pour la prochaine décennie

Avec SPIRou, NEO-NARVAL, SOPHIE-RED, & SPIP, la 
communauté PNPS est en position privilégiée pour l’étude de 
l’activité stellaire


