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From the DC meeting

JACCCRIERIG
How well does one need to characterize
planetary architecture to properly understand

exoplanet habitability?

Can we use the statistical properties of planetary
systems gleaned from a Galactic census to inform

the study of nearby planetary systems?



From the DC meeting
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Would it be possible or prudent to exclude some
nearby systems from a direct imaging target list

based on prior dynamical information that their

habitable zones are unstable? Alternatively, is it

advisable to prioritize a target list based on such
dynamical considerations?



What is
“architecture”?

Stellar and planetary masses
Orbital elements

“Minor exoplanets”
Exo-moons
Planet-planet interactions

e.g. mean motion resonances
Obliquities



Architecture helps...

Assess planetary habitability

- How do orbits change with time?
Determine stability

- Where should we NOT look?
Constrain origins scenarios

- Does that super-Earth have water?
Search for planets

- Fomalhaut b
-T*V



Jo. %38 Planetary
. Habitability

Perturbations from other planets change
orbits with time
obliquities with time
insolation with time
tidal effects (mainly for M stars)
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Yo 58 Planetary
. Habitability

Mutual inclinations -> fast, large obliquity
variations on terrestrial planets

v And c and d have relative inclination of 30°
(McArthur et al. 2010)

Moons can stabilize obliquities, but are they
detectable?
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Dynamical Stability

Detecting terrestrial planets is hard

Can we narrow our search by excluding some
habitable zone as unstable?

Several studies: Jones et al. (2001); Menou &
Tabachnik (2003); Sandor et al.
(2005); Kopparapu & Barnes (2010)



Dynamical Stability
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HD142b
HD1237b
HD1461b
WASP-1b
HIP2247b
HD2638b
HD3651b
HD4208b
HD4308b
HD4203b
HD4313b
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Dynamical Stability
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Dynamical Stability

But...

Mean motion resonances can stabilize

Earth-mass planets can masquerade as
eccentricity (Anglada-Escude et al. 2010)

Stability analyses should be used cautiously



Planet
Formation

Can the layout of a planetary system reveal its
history?

Large eccentricities => planet-planet scattering

Mean motion resonances => migration

Can we constrain composition?
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Detection

Fomalhaut b Planet

Kalas et al.
(2008)




Detection
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Detection

Transit Timing Variations

V Mag  Precision (approx)

Search Program Telescope Object Ref.
APOSTLE ARC 3.5m (Ground) WASP-2b 11.98 5 sec Becker et al. (in prep)
APOSTLE 7 TrES-3b 12.4 11 sec  Kundurthy et al. (in prep)
Kepler 0.95m (Space) Kepler-Tb 13(7) 12 sec  Latham (2010)
Kepler 7 Kepler-8b 13.9 25 sec  Jenkins et al (2010)
CoRoT 0.27m (Space) CoRoT-2b 12.57 12 sec  Alonso et al (2008)
CoRoT " CoRoT-7b 11.7 120 sec  Queloz et al (2009)
MOST 0.15m (Space) HD 189733 7.67 20-50 sec  Miller-Ricci et al (2008a)
MOST & HD 209458 7.65 40-70 sec  Miller-Ricci et al (2008b)
EPOXI 0.30m (Space) HAT-P-7 10.5 85 sec  Christiansen (2010)
Spitzer 0.85m (Space) HD 149026b 8.15 40 sec  Nutzman et al (2009)
HST 2.4m (Space) HD 209458b 7.65 10-40 sec  Agol & Steffen (2007)
VLT 8.2m (Ground) OGLE-TR-111b 16.9 25 sec  Diaz et al (2008)

Table courtesy
Praveen Kundurthy



Discussion



