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How to find a planet in 15 minutes

2000 known planets, why one more?

1. There are some particularly interesting planets
I small planets, multi-planet systems, multi-star

systems, ...
I typically the most complicated to confirm

2. Benchmark systems:
I bright stars
I well-characterized stellar parameters

(e.g. asteroseismology)
I well-characterized planetary parameters
I dynamics: eccentricities, TTVs, obliquities
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Planetary transit (Spitzer 4.5µm)
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See also, e.g.:
Fressin et al. 2011
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Ballard et al. 2014
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Asteroseismology: global stellar

parameters
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Comparison with models gives stellar parameters, e.g.:

M? = 1.1214± 0.033 M�
R? = 1.352± 0.010 R�
age = 2.76 ± 0.54 Gyr
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Eccentricities

I With radial velocities, full orbits can be measured,
including eccentricity (large planets only)

I Transits do not give full orbits, but transit duration
can be used as a proxi for eccentricity, using
Kepler’s laws:
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Kepler’s law:

P2 = 4π2a3

G(M?+Mp)
⇒ M? ≈ 4π2a3

GP2

⇒ ρ? = M?

4/3πR3
?
≈ 3π

GP2

(
a
R?

)3

For a circular orbit: transit duration ∝ a
R?

⇒ derive ρ? from transit (Seager and Mallen-Ornélas 2003)

Inverted argument: stellar density is known:
⇒ find eccentricity from transit!
(e.g. Tingley et al. 2011, Dawson and Johnson 2012)

⇒ asteroseismology: ρ? = 0.693± 0.009 g cm−3
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Inverted argument: stellar density is known:
⇒ find eccentricity from transit!
(e.g. Tingley et al. 2011, Dawson and Johnson 2012)

⇒ asteroseismology: ρ? = 0.693± 0.009 g cm−3



Finding a planet

Planetary Candidate

Planetary validation

Asteroseismology

Stellar parameters

Planetary eccentricity

Stellar inclination

Conclusions

Eccentricities

Kepler’s law:

P2 = 4π2a3

G(M?+Mp)
⇒ M? ≈ 4π2a3

GP2

⇒ ρ? = M?

4/3πR3
?
≈ 3π

GP2

(
a
R?

)3

For a circular orbit: transit duration ∝ a
R?

⇒ derive ρ? from transit (Seager and Mallen-Ornélas 2003)
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Stellar obliquity

Hot Jupiters display a wide range
of obliquities, e.g.:
Winn et al 2010
Hébrard et al. 2011
Albrecht et al. 2012

Due to planetary migration?
Or primordial misalignment of star-disk?

⇒ Observe obliquity of multi-planet systems



Finding a planet

Planetary Candidate

Planetary validation

Asteroseismology

Stellar parameters

Planetary eccentricity

Stellar inclination

Conclusions

Stellar obliquity

Hot Jupiters display a wide range
of obliquities, e.g.:
Winn et al 2010
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Rotational Splitting

Courtesy by Andrea Miglio
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Multi-planet systems have low obliquity?

Stellar inclination from asteroseismology:

I Kepler-410A: [80◦ - 90◦]

I Kepler-50: [75◦ - 90◦] and Kepler-65: [65◦ − 90◦]
(Chaplin et al. 2013)

Sky-projected obliquity from spot-crossings:

I Kepler-30: 4± 10◦ (Sanchis-Ojeda et al. 2012)

Projected spin-orbit angle from Rossiter-McLaughlin
effect:

I KOI-94: −6 + 13− 11◦ (Hirano et al. 2012) and
−11± 11◦ (Albrecht et al. 2013)

I Kepler-25: 7± 8◦ (Albrecht et al. 2013)

But: Inclination Kepler-56: 47± 6◦ (Huber et al. 2013)
and 55 Cnc e (Bourrier and Hébrard 2014): λ = 72± 12◦
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Multi-planet systems have low obliquity?

Stellar inclination from asteroseismology:

I Kepler-410A: [80◦ - 90◦]

I Kepler-50: [75◦ - 90◦] and Kepler-65: [65◦ − 90◦]
(Chaplin et al. 2013)

Sky-projected obliquity from spot-crossings:

I Kepler-30: 4± 10◦ (Sanchis-Ojeda et al. 2012)

Projected spin-orbit angle from Rossiter-McLaughlin
effect:

I KOI-94: −6 + 13− 11◦ (Hirano et al. 2012) and
−11± 11◦ (Albrecht et al. 2013)

I Kepler-25: 7± 8◦ (Albrecht et al. 2013)

But: Inclination Kepler-56: 47± 6◦ (Huber et al. 2013)
and 55 Cnc e (Bourrier and Hébrard 2014): λ = 72± 12◦
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Conclusions
Find a really interesting planet...

I Candidate known for years, finally validated!

I Bright star (V = 9.4), small planet

I Multi-planet system: non-transiting planet(s) from
TTVs

and learn (almost) everything about it...

I Precise stellar parameters (asteroseismology)
⇒ precise planetary parameters

I Stellar density (asteroseismology)
⇒ planetary eccentricity

I Stellar inclination (asteroseismology)
⇒ obliquity

... in 15 minutes!
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Parameters

Stellar parameters Kepler-410A
Mass [M�] 1.214 ± 0.033
Radius R? [R�] 1.352 ± 0.010
log g [cgs] 4.261 ± 0.007

ρ [g cm−3] 0.693 ± 0.009
Age [Gyr] 2.76 ± 0.54
Luminosity [L�] 2.72 ± 0.18
Distance [pc] 132 ± 6.9

Inclination i? [◦] 82.5+7.5
−2.5

Rotation period∗, Prot [days] 5.25 ± 0.16

Planetary parameters Kepler-410A b
Period [days] 17.833648 ± 0.000054
Radius Rp [R⊕] 2.838 ± 0.054
Semi-major axis a [AU] 0.1226 ± 0.0047

Eccentricity e 0.17+0.07
−0.06

Inclination ip [◦] 87.72 +0.13
−0.15
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