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Atmospheric Structure
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HD209458b: 12 years of transits

% First transit: R, /R, )2 ~ 1072

|~ 1.6%
1.27+0.02 Ry,

[E Charbonneau et al. 2000]
[® Henry et al. 2000]

Updated from Winn et al. (2008)
7

jeudi 26 juillet 2012



HD209458b: 12 years of transits

% First transit: R, /R, )2 ~ 1072

|~ 1.6%
1.27+0.02 Ry,

[E Charbonneau et al. 2000]
[® Henry et al. 2000]

Updated from Winn et al. (2008)
7

jeudi 26 juillet 2012



HD209458b: 12 years of transits

% First transit: R, /R, )2 ~ 1072

|~ 1.6%

1.2710.02 Rjup
% First atmosphere: (atm /R, )* ~10*

[E Charbonneau et al. 2000]
[® Henry et al. 2000]

| Nal 0.0232 + 0.0057 %

[E Charbonneau et al. 2002]
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HD209458b: 12 years of transits

% First transit: R, /R, )2 ~ 1072

|~ 1.6%

1.2710.02 Rjup
% First atmosphere: (atm /R, )* ~10*

[E Charbonneau et al. 2000]
[® Henry et al. 2000]
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| Nal 0.0232 + 0.0057 %

[E Charbonneau et al. 2002]

% Exosphere ‘
occultation

H ~15 +4% et

[E Vidal-Madjar et al. 2003]

% First direct lights: T,/T.R,/R,)*~ 1073

Ts (24 ym)~ 1130 + 150 K

[E Deming et al. 2005]

Updated from Winn et al. (2008)
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HD209458b: 12 years of transits
% First transit: (R_ /R, )’ ql}
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HD209458b: 12 years of transits
% First transit: (R_ /R, )’ ql}
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Probing Transiting Exoplanet Atmospheres

Reflected: 22 — A,
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Probing Transiting Exoplanet Atmospheres

2
Reflected: p = A, (Rp )

'k

Emitted:

<,

Transit .
| YHR, Hot-Jupiters
Transmitted: AD ~ 22 - Albedo, Temperature
* - Thermal profile
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il = - Dynamics
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Transmission Spectroscopy

AF/F= (F,,-F,)/F,, Transitdepth

AF/F=(R, /R.)?

b =alR_ cosi

contacts 1 II

\F/F

Meransit
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Transmission Spectroscopy

AF/F= (F,,-F,)/F,, Transitdepth

AF/F= (R, /R. )? R,=R +z,,

b =alR_ cosi
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Transmission Spectroscopy

AF/F= (F,,-F,)/F,, Transitdepth
A1:/1:= (Rp /R* )2 Rp = Rc T Zatm

R ~1% ~0.01 %
Jup

b=alR, cosi R, ~0.01% ~107

contacts 1

Meransit
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Transmission Spectroscopy

AF/F= (F,,-F,)/F,, Transitdepth
AFF=(R ) /R.)? R,()=R_+ 2,0}

R ~1% ~0.01 %
Jup

b=alR, cosi R, ~0.01% ~107

contacts

Miransit
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Transmission Spectroscopy

AF/F= (F,,-F,)/F,, Transitdepth

AF/F=(R, /R.)? R, (1) =R + 2, (2)

AP F Z =S R l R]up ~1 % ~0.01 0/0
/ (4) P( ) R, ~0.01% ~10°

b =alR_ cosi

contacts
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Transmission Spectroscopy
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Transmission Spectroscopy
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Transmission Spectroscopy

A

Lecavelier et al. (2008)
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Transmission Spectroscopy

Lecavelier et al. (2008)
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Transmission Spectroscopy

Lecavelier et al. (2008)
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Transmission Spectroscopy

v Scale Height
T(A 2) = a(A)n(2)\/27 Rptanet H H(z) = kT(z)/ug

Lecavelier et al. (2008)
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Transmission Spectroscopy

v Scale Height
(A, 2) = o(A)n(2)\/ 27 Rylanet H H(z) = kT(z)/ug

Hydrostatic equilibrium:
n(z) = ne=oyexp(—z/H)

Lecavelier et al. (2008)
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Transmission Spectroscopy

v Scale Height

r(\2) ~ o(Nn() /I Rytancd H(z) = kT(2)/ug

Hydrostatic equilibrium:

n(z) = n=0)exp(—2/H)
What do we measure?

Lecavelier et al. (2008)
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Transmission Spectroscopy

v Scale Height

T()\T Z) = 0()‘)71(2) \/QWRplufrz.(th H(Z) - kT(Z)/lug

Hydrostatic equilibrium:

n(2) = Nz=0yexp(—2/H)
What do we measure?

a st: 2
z(A) = H In Cat L \/ aki,
Teqltd H

Lecavelier et al. (2008)
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Transmission Spectroscopy

v Scale Height
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Transmission Spectroscopy

v Scale Height

r(02) ~ o(n(2) /T Fptaner H(z) = kT(z)/ug

Hydrostatic equilibrium:

n(2) = Nz=0yexp(—2/H)
What do we measure?

2(A) = H In (Eabspz_og o \/QWRP) => ARp = H Aln(o)

Teqlhg /s

To remember:

Lecavelier et al. (2008) IAQ%W(A):>];( r T I, n)
pl —
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Transiting Exoplanets
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® Emission Measurements
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e Iransmission Measurements
(XEUV -> |R)
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Hot-Jupiters Survey

Transmission Spectroscopy

Space-based Surveys:
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Hot-Jupiters Survey

Transmission Spectroscopy

Space-based Surveys:

HST-WFC3 |3 Hot-Jupiters
(Pl: D. Deming)

o

HST-STIS |3 Hot-Jupiters
(Pl: D. Sing)

Ground-based Surveys:

Planet Radius ( Rg)

0.0l NIR: Magellan (PI:JM Désert / J. Bean)
>eMi- o ptical: Gemini (Pl: M Désert)
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e Iransmission Measurements
(XEUV -> |R)
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M-dwarfs Opportunity
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GJ-1214b

GJ-1214b
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Transmission Spectroscopy of GJ1214b

Désert et al. (201 1)
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GJ1214b: Distinguishing H-rich/H-poor atmospheres

Désert et al. (201 1)
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GJ1214b: Distinguishing H-rich/H-poor atmospheres

Désert et al. (201 1)
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Transmission Spectroscopy of GJ1214b

Désert et al. (201 1)
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Transmission Spectroscopy of GJ1214b

Désert et al. (201 1)

o
N
N

0.122

0.120

0.118

Bean et al. (20

0.116

Planet—to—star radius ratio [Rp/R#]

“tae,
...........
..........

Wavelength [microns]

10

jeudi 26 juillet 2012



Transmission Spectroscopy of GJ1214b

Désert et al. (201 1)
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Transmission Spectroscopy of GJ1214b

Désert et al. (201 1)
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Transmission Spectroscopy of GJ1214b

Désert et al. (201 1)
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Hot-Jupiters Survey with HST/WFC3

Sukrit Ranjan (CfA)

Uncorrected WASP-4b Transit

2.28)(107_ ............................. :
!ﬂ' D e

2.26x10' £, o é » g

~ ; 8 g !
\9/ 7'_ g © _'
= 224x10 1 3 g .
= j : 3 .
2.22x10" - : ; -
2.20x10’ [ R ISR N VO S

000 005 010 015 020 025 030
Sample Time Relative to First Observation (Days)

jeudi 26 juillet 2012



Hot-Jupiters Survey with HST/WFC3
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Ground-Based

Observations of
Exoplanet Atmospheres

with the MOS Technique

e Optical: Gemini (Pl:JM Désert)

® NIR: Magellan (PI:JM Désert / J. Bean)
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Ground-Based Observations

Redfield et al. (2008) Croll et al. (2010)
Transit HD189733b Eclipse TrES-2b
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The Multi-Object Spectroscopy Technique

Bean et al. (2010)

Transits GJ1214b
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Transmission Spectroscopy of GJ1214b
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Transmission Spectroscopy of GJ1214b
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Multi-Object Spectroscopy 'm_
(GJ1214b, Magellan/MMIRS) T

Bean, Désert et al. (2011)

6.9 Arcmin

Slit-mask
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Multi-Object Spectroscopy |
(GJ1214b, Magellan/MMIRS)

Bean, Désert et al. (2011)
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Multi-Object Spectroscopy |
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Multi-Object Spectroscopy |
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Multi-Object Spectroscopy |
(GJ1214b, Magellan/MMIRS)
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Multi-Object Spectroscopy

(GJ1214b, Magellan/MMIRS)

Bean, Désert et al. (2011)

Control systematics
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(GJ1214b, Magellan/MMIRS)

Bean, Désert et al. (2011)

Control systematics
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Multi-Object Spectroscopy

(GJ1214b, Magellan/MMIRS)

Relative flux
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Multi-Object Spectroscopy

(GJ1214b, Magellan/MMIRS)

Bean, Désert et al. (2011)
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Multi-Object Spectroscopy
(GJ1214b, Magellan/MMIRS)
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Multi-Object Spectroscopy |
(GJ1214b, Magellan/MMIRS)
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Multi-Object Spectroscopy |
(GJ1214b, Magellan/MMIRS)
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Immediate Goals:
Comparative exoplanetology of Hot-Giants:

Surveys of H|s on Magellan (NIR) and Gemini (Visible)
with MOS technique

Ultimate Goals:
Low-Mass Planets Around Low-Mass-Stars

Main Challenges:
Understanding and Controlling Instrumental and

Astrophysical Systematics.
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lIl) New Frontiers in Observations
of Exoplanet Atmospheres




New Frontiers




New Frontiers

Comparative
exoplanetology
of hot-Jupiters
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New Frontiers

Super=-Earths
Comparative around low
exoplanetology | mass stars

of hot-Jupiters
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New Frontiers

Super=-Earths
Comparative around low
exoplanetology . mass stars

of hot-Jupiters

Kepler
Transiting
planets
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New Frontiers

Super=-Earths
Comparative around low
exoplanetology . mass stars
of hot-Jupiters
Kepler Transiting
Transiting planets in front

planets of bright stars
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Atmospheric Studies in
the Era of Kepler
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Atmospheric Studies
INn the Era of Kepler

® Hot Jupiters (Reflected light, Phase-curves, etc...)

® Combining IR+VIs. (Désert et al. 2011c,d, Fortney et al. 2011)

®* Hot Super-Earth (e.g. Batalha et al. 2010: Kepler-10b)

e (Gas giants at larger orbital distances than HJs
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Finding transiting planets

around bright stars

® MEarth

® KELT (KELT 2Ab :Beatty et al. 2012)
o e.g. TERMS, MASCARA
e MOST

® ExoplanetSat (S. Seager)
e TESS/PLATO
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Finding transiting planets
around bright stars

® MEarth

® KELT (KELT 2Ab :Beatty et al. 2012)
o e.g. TERMS, MASCARA
e MOST

® ExoplanetSat (S. Seager)
e TESS/PLATO

Difficult to apply the MOS technique!
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The End
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