Transiting Planets as a Tool for
Studying Exoplanetary Atmospheres

Secondary Eclipse

See thermal radiation and
reflected light from planet
disappear and reappear

Transit Orbital Phase Variations

See cyclical variations in
brightness of planet
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Figurce 1: Synlhelic emission spectra of the hol Jupiter HD209458b logelher wilh various observalional
data points (Swain et al. 2009). The data are from various sources, and there are gaps in the spectral
coverage. Despite over a decade of study, the sparse data shown here represent the highest-quality ex-
oplanet spectrum obtained to date.



The infrared flux of HD 189333b
(Spitzer IR spacecraft)
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Phase curve observed
at 8 um with Spitzer

Knutson et al. (2007b)
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Orbital Phase

Observer’s View
of Planet
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ARPS-N Observes the Sun as a Star

X. Dumusque et al. 2017
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agnetic Cycle
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The Sun

Star

NASA/SDO



« Rossiter McLaughlin ::«

spot simulation sunspot vrad effect

time [d]

Crédit : X.Dumusque
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Periodogram Sun as a Star RVs
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We would Like a
Technique that could be
Applied to Other Stars
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Lines formed at different

depths, [ines induced by
different elements



ESPRESSO a spectrograph for the VLT (diameter 8.2m)

«Echelle SPectrograph for Rocky Exoplanets and Stable Spectroscopic Observations»

P.I. Francesco Pepe, Unige

* Ultrastable spectrograph for the VLT

* Consortium : CH, ltaly, Portugal, Spain
* First light :2017

* RV Precision: < 10 cm/s

e Goal : Detection and characterization of
very low mass planets




Scven temperate terrestrial plancts around the nearby ultracool dwarf star

TRAPPIST-1

Gillon et al. 2017 Nature (22 février)
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planetary system

Parameter

Value

Star

TRAPPIST-1 = 2MASS J23062928-0502285

Magnitudes'

V=188, R=16.6, I=14.0,J=11.4, K=10.3

Distance [pc]’

12.1:0.4

Mass M, [M]*

0.0802+0.0073

< —

Radius R, [RQ]'

0.117+0.0036

Density p. [pg]

+1.2

Luminosity L, [L_]"

0.000524+0.000034

—

Effective temperature T .#[K]

2559+50

Metallicity [Fe/H]" [dex]

+0.0420.08

Planets

b

C

d

e

f

h

Number of unique transits
observed

37

29

9

-

4

-
5

1

Period P [d]

1.51087081
+0.60x10°

2.4218233

+0.17x107

4.049610
+0.63x10™

6.099615
+0.11=10"

9.206690
+0.15<10™

12.35294
+0.12x10°

20415

Mid-transit time 7, - 2.450.000
[BJDpsl

7322.51736
+0.00010

7282.80728
+0.00019

767014165
+0.00035

7660.37859
+0.00038

7671.39767
+0.00023

7665.34937
+0.00021

7662.55463
+0.00056

Transit depth (R,/R )’ [%]

0.7266
+0.0088

0.687
+0.010

0.367
+0.017

0.519
+0.026

0.673
+0.023

0.782
+0.027

0.352
+0.0326

Transit impact parameter b [R,]

0.12615037%

0.161*5 4%

0.17=0.11

0.123955

0.382
+0.035

0421
+0.03]

04532

Transit duration ¥ [min)

36.40+0.17

42.37+0.22

49.13£0.65

57.21£0.71

62.60+0.60

68.40+0.66

2.7
7 6.7 :ZLO

Inclination i [°)

- +022
8().().)_0 27

89.67+0.17

89.75+£0.16

89.86019

89.680
+0.034

89.710
+0.025

89.801333

Eccentricity e (2-¢ upper lumt
from TTVs)

<0.081

<0.083

<0.070

<0.085

<0.063

<0.061

Semi-major axis a [10” au]

11.110.34

15.21+£0.47

21.44198%

28.17190%3

37.1=1.1

45.1=1 4

+27
()3 13

Scale parameter a/R ,

20.50*93%

28087922

crc+030
3().\)0_0.59

51.97°942

684:%8

83.2*9%

117432

Irradiation S, [Seam)

4.2540.33

22740.18

1.143
+(.088

0.662
+0.051

0.382
+(0.030

0.258
+0.020

0.131*3981

Equilibrium temperature [K]°

400.1
+7.7

3419
+6.6

288.0
=5.6

2513

+4 .9

219.0
+4.2

198.6

+3 8

16823

Radius R, [Reus)

1.086
+(0.035

1.056
+0.035

0.772
+0.030

0918
+0.039

1.045
+(0.038

1.127
+0.041

0.755
+0.034

Mass M, [Mg.w) (from TTVS)

0.85
£0.72

1.38
+0.61

041
£0.27

0.62
+0.58

0.68
+0.18

1.34
£0.88

Density p, [pras]

0.66
+0.56

1.17
+0.53

0.89
£0.60

0.80
+0.76

0.60
£0.17

0.94
£0.63




The planets of TRAPPIST-1 receive a comparable
amount of stellar energy (numbers on the vertical axis)
as the inner planets ol the solar system, The illustration

also shows the relative sizes of the planets. Credit:

Adapted from diagram by IoA/Amanda Smith
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- BBulk properties of Farth-like planets up to the H

Status super-Earths detection and characterization

Mass < 10 bf, or Trons=l R
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Msini from RV
its\yno Mp, or upper limit ®
onsits, Mp from TTV

ansits, Mp from RV e |’

0.1 1
Semi iﬁojor Axis [AU]

, I |
Transits and mass from RV ! Main target range for PLATO 2.0

Mass from TTVs characterization (transit + RV)




Reflectance and polarization of biopigments (left fig.)
(for example : chlorophyll (green curve), carotenoids(yellow)

A planet with 80% vegetation + 20 oceans (right fig.)
(with 100% of oceans : black curve)

(Berdyugina et al. 2016)
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Simulated O: transmission signal from an hypothetical
—arth-like planet transiting a M dwarf star

Snellen et al.2013
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WHERE ARE THEY?

FIGUREA4.

THE PROPOSED

HIGH-DEFINITION

SPACE TELESCOPE

(HDST) isto be equipped with an impressve 11.7-m-diameter primary mirror. In
comparison, NASA's James Webb Space Telescope (WST) —to be launched in 2018 —
sports a 6.5-m-diameter mirror, and the Hubble Space Telescope a meager 2 4-m-diameter
mirror. (Courtesy of NASA.)




E-ELT (ESO)
A 39-m telescope
2022

Cerro Armazones

Atacama desert
Chile







