Planet detections with
the transit method

Carsten Dominik
University of Amsterdam
Radboud University Nijmegen




What are you going to do on
June 6 20127

Venus in front of the Sun in 2004
(again in 2012
and 2117)




The transit method




Transit Corot 7b
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Exo-planet transits
Periodicity

@ The transit is periodic with the orbit of the
planet.

@ Period from Keplers laws P M, a’

@ a = distance star planet in astronomical
Unitis (distance Sun Earth)

@ P = orbital period in years

® M+ = Stellar Mass in Solar mass units




Exo-planet transits
Duration of a transit

@ For a central transit

2= 13d*\/<]\2) — 13+/a ~*hours

® d* = diameter of the star in solar diameters




Exo-planet transits
Depth of the transit

@ Fractional change in flux from the star

Ftransit

|




Probability that we do see the fransit
-

- a

Simple estimate: P=a/x ~ d.«/(z @)

Wrong!




Better estimate

So this is 3.14 times larger than the simple estimate
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Corot exo-7b: Super-earth

@ Porb = 20
hours
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(Earth)

daM: 5 M
(Earth)

o

|
'HWWHW&N

||
|1|||

:' ' [Iillnllf“ |I||




NASA, photometry of >150,000 stars
Looking for Earth-like planets in transit
Kepler « 50umag in 6 hours; 30 minute cadence

First ~210 days went public this Sept.
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Pre-Kepler Transiting Planets - 2009

20¢

—r
Q

I

-
T
@®
LL
©)
-+
)
=
I
)
s
D
N
P

w—t

"4 10 40 100
Orbital Period in days




[elziPianet Candidates as of June 2010 NA
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[elz7 Planet Candidates as of Feb 2011 NA
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Sizes of Planet Candidates

1181 — Neptune-size
(+78%)

Super Earth-size — 680
(+136%)
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Earth-size — 207 Bids @ 203 — Jupiter-size
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(+42%)  Jupiter-size
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Ke
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/-@ P 2 Ten Near-Earth-Size Candidates in the
i/ i Habitable Zone (185-303 K)
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~ Common False Positives

- For expected rates see:

" Borucki etal. 2011b -~ -
..~ Morton & Johnson 2011

“Howard et al. 2011




Normalized Flux

Residuals
[x1000]

» KOI-126
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Carter et al. 2010
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. Orbital Period in days
Numbers of multiples:

271 doubles, 85 triples, 30 quads, 2 qunits & 1 w/ six!
Borucki et al. 2011b

Lissauer et al. 2011b




Ihe Kepler Orrery

credit: D. Fabrycky
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Kepler-11: 6 Transiting Planets




— Kepler-11 System _

Solar System

Lissauer+ 2011




Detrended flux
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Composition of Kepler-11 Planets

20% Hydrogen &
Helium, 80% Rock
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Kepler-16: A Transiting
Circumbinary Planet

Laurance R Doyle!, Joshua A. Carter’, Dansel C. Fabrycky’, b
Robernt W. Slawson', Steve B. Howell', Joshua N. Winn®,
Jerome A. Orosz®, Andre) Pr'sa’, Wilham F Welsh® Samuel N.
Quunn®, David Latham®, Guillermo Torres®, Lars A Buchhave®
¥ Geoffrey W. Marcy'', Jonathan J. Formey'’ An
Shporer'*™ Enc B. Ford", Jack J. Lissaver*, Dann
Ragozzme’, Michael Rucker'®, Natahe Batalha'* Jon M
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Middour'”, Jenmufer R Hall'’, Sean McCauliff'’, Machael N
Fanelld'®, Elisa V. Quuntana’, Matthew J Holman® Douglas A
Caldwell', Martin Sull'®, Robert P Stefanik® Wasren R
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Eccentricities, Inclinations & Multiplicity

Three key probes of planet formation:

» Eccentricity distribution (+ stellar densities) —
Transit duration distribution

Inclination distribution + Frequency of multiple
planet systems (+ Period distribution) —
Frequency of multiply transiting systems

Frequency of multiple planet systems +
Eccentricity Distribution (+ Period distribution) —
Distribution of TTV signatures

One complex inverse problem!
(Observables, Desired Distributions, Both)




Atmosphere:

The tricks of transmission spectroscopy:

:

log opac




The actual detection (with
the HST):

Charbonneau et al. (2002)

photoelectrons
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Secondary Transits
Planet TrES-1 Passing Behind Its Star

(IR emitted by planet

\J
IR reaches Earth IR block'ed by star




Visible Light Infrared Light

Extrasolar Planet Eclipse [artist's rendition] 356200509b




Transit lightcurve HD189733

Relative Flux

Relative Flux

Orbital Phase







rStar + Planet
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Combined Spectrum Eclipse Spectrum Planet Spectrum

Isolating a Planet’s Spectrum




HD 189733b
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@ Detection of H,0
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Water Signatures in Exoplanet HD189733b Spitzer Space Telescope * IRAC
NASA / JPL-Caltech / G. Tinetti (Institute d'Astrophysique de Paris) s5¢2007-12a




Warm spot: HD 189733b

@ Planet is in co-
rotation,
Substellar Point 90 Degrees East WaerS'l' SPO"'

should be
toward star.

Shifted
Antistellar Point 90 Degrees West because OF
winds




Map of surface
temperature HD 189733b
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Sun-Facing Longitude

(Grid Spacing: 30°)

Global Temperature Map for Exoplanet HD 189733b Spitzer Space Telescope * IRAC
NASA / JPL-Caltech / H. Knutson [Harvard-Smithsonian CfA) ssc2007-09a




