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What is an Exoplanet?

ur solar

* An exoplanet is a planet c
lanet)

system (Also called an e

~ * The first exoplanet was in the early

1990s

~* To date over 450 exoplat
discovered |



Why do we Care

* We are continually trying
following questions:

* |s the Earth and our so

mon Iin the
universe? -‘

* Are there other planets

o1

. Can we detect indicators of life?



How do we Detect_Lhem?

* Several ways:
* Doppler
+ Transits
* Directing Imaging
* Astrometry, Microlensi



~« As a planet orbits a stz

Doppler Shift Detections

* The light from a star Is shif
wavelength due to the ve

of the star
will oscillate

~* Larger planet = larger eft

* Close to star = easier to find



Transit Detections

If the planet's orbit is orients

pass in front of the host g

We can detect the slig
brightness

Larger planet =
larger signal

Closer to star =
more likely




Direct Imaging«

* In some cases we can d|r ograph an

exoplanet

~* Works well with large 1 their host

star



Fomalhaut b Planet
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Fomalhaut System
Hubble Space Telescope + ACS/HRC

NASA, ESA, and P. Kalas (University of California, Berkeley) STScl-PRC0B-39a



. } orbital rad

Neptune
H Earth

F— Jupiter




NGRS CIIEREIRRILG the Solar
System? &£

* We still don't know

~ + Selection bias has fave e planets,

often very close to the

~* There has been some ve
discoveries...
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» Massive planets up to 10
(MJ = 1.9 x 10% kg or a

~* Often closer to their stz
* Very Hot: 1000-2000 K

* High temperatures ca
scale heights




Atmosphere Types

* What do we expect atmo

to be like?
« Highly mass dependent

t must be large
t escape

Dominated by H a
so that these light ¢

H-rich atmospheres  range of
10-30 Earth masses ) hot could
have a mixture of H2'a , gases from
outgassing. May be dominated by H2, H20

and CH4 or CO.



Atmosphere Tys

Outgassed Atmospherg h not large or
cold enough to keep | to be CO2
dominated. 1

Hot Super Earths ture has

caused H, N, C, O ape. A thin
atmosphere may cd

No Atmosphere — Me he ‘_oon are
good examples of this



Studying Exoplanet Atmospheres

* How can we study the atmf

__ ere of a planet
that is light years away?4

* Eclipses are Key:

Secondary Eclipse

See planet thermal radiation
™. - disappear and reappear

Primary Eclipse

Measure size of planet Learn about atmospheric

See star's radiation circulation from thermal phase
transmitted through the curves

planet atmosphere



Discoveries so E

* About a dozen exoplanet
been observed so far.

* Only hot Jupiters have
~significant way

* Interpreting observatio
based on models

~* Largely based on two s
Hubble and Spitzer




Discoveries so Ear

* Large IR emission — config ‘atmospheres

are exceedingly hot.

~* Implies efficient absorf

* Albedos less than abo
(Earth = 0.37, Jupiter

~* Several species have be
Na, CH4, CO, CO2, H2
H20 mixing ratio ~ 10



Transmission spectrum of planet around HD 189733
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_ ¥ Binned model, water + methane
|+ Binned model, water + methane + ammonia
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Thermal emission of planet around HD 189733
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CO2 in the Atmoshere

nosphere of a
1ay be much
__ja iter studied)

* The abundance of CO2 i
Hot Jupiter was a surpris
larger than expected in

* COZ2 is in equilibrium
CO + H20 = CC

“+ But at high temperatures and with HZ
dominating the atmosphere CO is expected to
be much more abundant than CO2



~* Where OH is from phott

CO2 in the Atmosg

* |t is likely that in this case g
a significant role:

here
_'_mistry plays

¢ COZ2 is also produced |
CO + OH = CO2

H20+ hv - OH+H



Other Hydrocark oNns

" carbons in
2H2, C2H6

the atmospheres of Hot Ji
and NH3

- Photolysis of CO can ma

4 and C2H6
CO+hv—C+0O



CO+hv—-C+ 0,

C+H,+M—°"CH, +M,

Just In Case
you Care: 2°CH, = C,H, + 21,

C.H,+H+ M- C,H, + M,

CH4 Production
C,H,+H.,—C,H, +H,

C.H, +H+M~—C,H. + M,

C,H. + H— 2CH,,

CH;,+H+M—=CH, + M.




Other Discoverig

S

* Transmission spectra provi ence for haze
Small particles :

* Planets are likely tidally

Day/night tempe
relatively small (
(1000K)

Strong winds like

nces can be



Other Discoveri

* Inversions were not expec
molecules to efficiently he
atmosphere (O3 for exz

e Tentative evidence for
In some hot Jupiters

~* Possible absorbers coulc
photochemical hazes

eS
1 the lack of



Future Research

* Continue to push to dISCOV Earth-like JEREIE
or biosignatures

* What would Earth
look like with these
type of
observations

* This would be
VERY difficult to
observe




Future Research - Bio:

ignatures
» Biosignatures — gas whose

completely out of equilibri
 Eamples:

CH4 and O2 (bo
Large O2

- * Must avoid other possibf
(O2 due to sudden loss of oceans)

* Most of the work so far has focused on O2, O3,
N20O and CH4
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