
Trent Schindler

Trent Schindler

Overview of Exoplanet Atmospheres
and Detection Highlights

Sara Seager

MIT

Sagan Workshop 2009

T. Schindler



Overview

Introduction

Atmospheres 101

Detection Highlights

Prospects



6 planets
1 atmosphere

1609 20091999
2019

> 350 planets
> 10 atmospheres

11 planets
2 atmospheres

1809 2209 2409

Hot Jupiters
Super Earths

Earth Analogs

?

International Year of Astronomy



Based on data compiled by J. Schneider

Known Planets 1985



Based on data compiled by J. Schneider

Known Planets 1995



Based on data compiled by J. Schneider

Known Planets 1999



Based on data compiled by J. Schneider

Known Planets 2009
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Where do Atmospheres Originate?

http://abyss.uoregon.edu/~js/ast121/lectures/lec14.html



Atmosphere =
Sources vs. Sinks

• Sources
– Giant planet

• Gravitational capture of
solar nebula gases (expect
ratios in approx. solar
proportions)

– Terrestrial planet
• Outgassing during/after

accreting rocky
planetesmials

• Sinks
– Giant planet

• None. Retain all primordial
gases

– Terrestrial planets:
• Atmospheric escape
• Sequester in oceans
• Gas/surface interactions



Atmospheric Composition



Atmospheric Composition

• Jupiter’s atmosphere is “primordial”,
containing the gases it was born with

• Earth’s atmosphere has suffered loss of H
and He

Earth

Jupiter H2
He CH4

NH3

N2

O2 CH4

H2O
CO2

Ar



Atmosphere Composition

From K. Stanek



Planet-Star Flux Ratios

Seager 2003 Solar System at 10 pc



Planet-Star Flux Ratio at Earth

• Fp(ν) is the flux at
the planet surface

• Fp⊕ (ν) is the planet
flux at Earth
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Inverse square law



Thermal Emission Flux Ratio
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• Planet-to-star flux ratio
• Black body flux
• Take the ratio

• Approximation for long
wavelengths

• Final flux ratio
• Thermal emission is

typically at infrared
wavelengths



Scattered-Light Flux Ratio
• Planet-to-star flux

ratio
• Black body flux
• Scattered stellar flux

• Take the planet-to-
star flux ratio

• Scattered flux is
usually at visible-
wavelengths for
planets
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Transmission Flux Ratio
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Hot Jupiter Planet-
Star Flux Ratios

• Transit [Rp/R*]2 ~ 10-2

– Transit radius -> planet size

• Thermal Emission Tp/T*(Rp/R*)2 ~10-3

– Emitting atmosphere τ~2/3
– Temperature and ∇T
– Thermal phase curve

• Transmission Spectra atm/R*
2 ~10-4

– Upper atmosphere
– Exosphere (0.05-0.15)

• Reflection Ag[Rp/a]2~10-5

– Albedo
– Reflected light phase curve
– Polarization
– Scattering atmosphere

Enabled by a differential measurement 

Lynnette Cook

NASA/JPL-Caltech
R. Hurt (SSC)Seager et al. 2005
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1) Direct Imaging

Marois, Macintosh, Doyon et al. 2008



© National Geographic
used with permission



2) Transiting Exoplanets

Primary Eclipse
Measure size of planet
See star’s radiation
transmitted through the
planet atmosphere

Secondary Eclipse
See planet thermal radiation
disappear and reappear

Learn about atmospheric
circulation from thermal phase
curves



a

Zone where transit can
be seen from

Chauvin et al. 2004, 2005

Lynnette Cook

Spitzer

Knutson et al. 2007

Transiting Exoplanets



Slide courtesy Josh Winn



HD 189733 transmission

TrES 4

Knutson et al. 2008

Knutson et al. 2008
Madhusudhan and Seager, 2009

Courtesy F. Pont

Pont

Swain

Tinetti/Beaulieu

Stevenson et al., in
prep
Madhusudhan 2009

Charbonneau et al. 2008
Grillmain et al. 2008
Swain et al. 2009
Madhusudhan and
Seager, 2009

O’Donovan et al.,
in prep
Madhusudhan 2009

Harrington et al., in
prep
Madhusudhan 2009

TBD

TBD

TBD

TBD

Exoplanet
    AtmospheresTBD

Burrows et al. 2007



Table of Spitzer Data



Table of Spitzer Data



Identification of Atoms and
Molecules

H2O and CH4 in transmission from HST
Swain et al. (2008)

HD 189733b
Na, H2O, CH4 ,
CO2, Hazes

HD 209458b
Na, H2O
H Ly α



Thermal Inversion

Data from Knutson et al. 2008
Burrows et al. 2007



Tidally-Locked Hot Jupiter

NASA/ESA/G. Bacon
Spitzer Space Telescope



Hot Jupiter Thermal Phase Curves

Harrington et al. 2006

HD 189733

Ups And

Knutson et al. 2007



Predictions

Firs
t d
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Interpretation

Ideal d
ata

Hot Jupiter
Atmospheres
1998 - 2008
2005 - 2010
2009-????
2013 - (JWST)
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The M Star Opportunity

1

AU

Sun

K2

M6

Probability = 1/200
P = 365 days
Transit depth = 10-4

Probability = 1/140
P = 177 days
Transit depth = 1.25 x10-4

Probability = 1/50
P = 13 days
Transit depth = 0.001
Tidally-locked



John E. Kauffman used with permission http://jek2004.com/



JWST: 2013
Transit  Planet

Follow-up
26 m2 collecting area
0.7 - 25 microns
Secondary eclipse spectra
Transit transmission spectra

TESS

© Sara Seager



A Pale Blue Dot



Turnbull et al. 2007

Pearl and Christensen 1997

Earth’s Spectrum
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Where does your work
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• Introduction
– This is prime time for hot Jupiter atmosphere detections

• Atmospheres 101
– Mass and composition of super Earth atmospheres are not

known in advance
– Planet star flux ratios

• Detection Highlights
– Identification of atoms and molecules
– Thermal inversions
– Day/night thermal gradients

Summary


