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ABSTRACT

We present a database of well determined orbital parameters of exoplanets. This database com-
prises spectroscopic orbital elements measured for 411 planets orbiting 352 stars from radial velocity
and transit measurements as reported in the literature. We have also compiled fundamental tran-
sit parameters, stellar parameters, and the method used for the planets discovery. This Exoplanet
Orbit Database includes all planets with robust, well measured orbital parameters reported in peer-
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A Couple Definitions

« “planet” = giant planet (M sini > 0.3 M.

upr @ <3 AU)
+ “Massive star’ > M.>1.5M,,,



What we knew about
giant planets circa 2005

Jovian planets commonly reside within 1 AU
— But with a big increase in numbers beyond 3 AU
Jovian planets are often eccentric

— “No Circulars”

The overall occurrence rate within 3 AU
is about 7% (Cumming et al. 2008)

Strong planet-metallicity correlation

Power-law rise in occurrence toward lower
planet masses (How’e’al. 201%)

— Super-Jupiters exist, but rare




Distribution

40

30

20

10

exoplanets.org | 5/5/2011

8% - 62%

Msini > 0.3 M,

—

_l_,_J_

l I1 1 1 1 1 1 1 1 1 L 1 1 1 1 l

0.1 1
Semi-Major Axis [Astronomical Units (AU)]



Distribution

| | | exoplanets.oré | 5/5/2011
30 -
251 . .

Median ecc = 0.26
20 i -
15t N
10 s -
5
]
0 | | |
0.0 0.2 0.4 0.6 0.8

Orbital Eccentricity



% Stars with Planets

The Planet-Metallicity Correlation
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High(er)-mass Stars

Taking Advantage of
Stellar Evolution



Types of Evolved Stars

Luminosity

Dwarfs

/

Temperature

Reffert et al.
Hatzes et al.
Sato et al.
Niedzielski et al.
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Many Teams, Many Planets

Planet Detections Around >1.5 M., . Stars

sun

Campbell (1988, gamma Cep b)
Hatzes et al. (1993, 2007)

Perrier et al. (2003)

Sato et al. (2003,2007,2008a,b, 20010)
McCarthy et al. (2004)

Setiawan et al. (2005)

Reffert et al. (2006)

Lovis & Mayor (2007)

Robinson et al. (2007)

Niedzielski et al. (2007,2008,2009)
Dollinger et al. (2009)

Liu et al. (2009)

Snellen et al. (2009)

Anderson et al. (2010)



Planets Around
High(er)-mass Stars



Radial Velocity (m/s)

A. P. Hatzes et al.: A Planetary Companion to 8 Gem
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Sato et al. 2006
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Johnson et al. 2007
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Johnson, Clanton et al. 2011, in prep.
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Johnson, Clanton et al. 2011, in prep.
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Giant Planet Occurrence
VS.
Stellar Mass

£ (Fe, M) = A, 10AFe x MA:



Keck Observatory

400 Massive, Evolved Stars
900 Sun-like dwarfs




Occurrence vs. Mass and Metallicity

Goal: Measure giant planet occurrence simultaneously
as a function of Stellar Mass and Metallicity
Sample Criteria:

Planets with K>20 m/sand a <3 AU
Stars with > 7 observations over 3+ years

Red Dwarfs 142 5
Sun-like Stars 807 74
Massive, 246 36

Evolved Stars
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Johnson, Aller, Howard & Crepp (2010)
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Provided there is gas
left by this time!
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Higher Mass or [Fe/H] means oho.org
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Semimajor AXIs
VS.
Stellar Mass
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See also: Bowler et al. (2010) .
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Eccentricity
VS.
Stellar Mass



Eccentricity
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NextGen: What Stars Are the

Best Direct Imaging Targets?
Crepp & Johnson (2011)
M Dwarfs

— They make up 80% of nearby stars, and the
planet-star contrast is favorable

— But they don’t frequently have giant planets

« A Stars (unretired)
— High giant planet occurrence
— Only make up ~2% of nearby stars

— They are bright: poor contrast, but distant
stars are still decent targeis



Simulated Observing Programs
Crepp & Johnson (2011)

Populate the nearby Galaxy (out to ~100 pc)
— Use PDMF = Present-day Mass Function

Populate the stars with planets according to
Doppler results

— Occurrence rate vs mass and metallicity

— dN/dM, ~ M+

— dN/dlog(a) = flat or power law out to a,,.,

First assume Doppler-based rates hold at
large separations, then relax assumption

Simulate observations at various contrast levels
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Simulation Predictions

» A-stars will yield the highest planet-
detection efficiencies

» With a large enough sample of
age-+brightness-selected stars, we

may be able to distinguish formation
mechanisms

— Resembling RV-population (core accretion?)
— Unlike RV-pop (disk instability?)



Take-Away Points

Stellar Mass Matters

Occurrence is strongly correlated with

stellar metallicity and mass

— First measurement of stellar mass relationship
— Informs planet formation models

Planet properties change with stellar mass

— Paucity of gas giants around A stars within 1 AU
— Planets around A stars have lower eccentricities
A stars make the best direct-imaging targets
— Natural youth and planeticity are keys

— The first detections will be diagnostics of planet
formation mechanism (RV-like or not)
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