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What we knew in 1994

• Planets form in disks
– Planets orbit in same direction as stellar spin, and in

same direction as other planets.
• Giant planets have circular orbits
• Giant planets reside near where they formed,

beyond the “iceline”
• Giant planets have a ~10 MEarth core surrounded

by a gaseous envelope



What We Expected

Rocky planets
in close

Gas giants far away



High-Precision Radial Velocities

95% of known exoplanets have been
discovered or confirmed by Doppler measurements



Jupiter’s Doppler Signal
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What We Found

51 Pegasi

4.2 days! 0.45 Jupiter masses
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Ensemble



Mass ecc

Johnson 2009



1.5 ms^-1

10-3 pixel

Johnson, Butler et al. 2006



Low-mass planets

Howard, Johnson, Marcy et al. 2009



OGLE-2005-BLG-390b

MP = 5.5 Mearth
a = 2.6 AU

Beaulieu et al. 2008



Multiplanet Systems Are Common28% of apparently single-planet systems
turn out to have additional planets
Wright et al. 2009



Hot Jupiters

Hot Jupiters:
A Problem and an Opportunity



The Problem of Forming
Hot Jupiters

The “Ice Line”

in situ formation unlikely
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Figure courtesy of
Josh Winn



The HATNet Planet Search

Hungarian-made Automated Telescope

Doppler measurements
needed to confirm transiting
planets



WASP-10 Actual

Precision: 0.5 mmag precision
UH 2.2m + OPTIC

WASP-10
RP = 1.06 RJup

Johnson, Winn, Cabrera, Carter (2009)



Mass-Radius

Torres, Winn, Holman 2008



Weird interiors



Spectra from
Secondaries

Knutson et al. 2008



209458 Spectrum

Knutson et al. 2008
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V = 0 m/s



HAT-P-1

λ = 3.7o +/- 2.1o

Johnson, Winn, Narita et al. 2008HAT-P-1



WASP-14 Johnson, Winn, Albrecht et al. 2009

λ = 33.1o +/- 7.4o
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A trend!
WASP-14 Johnson, Winn, Albrecht et al. 2009



Planets are
hard to see

Person holding
a lit match

Star/planet
contrast:

105 to 109



Planets are hard to see

lighthouse
us



A Stars
M* > 2 MSun

Fomalhaut HR8799

Beta Pic



Correcting for Metallicity
Johnson & Aller 2009 (in prep)



The Planet-Metallicity Correlation

Fischer & Valenti (2005)



A Stars
M* > 2 MSun

Fomalhaut HR8799

Beta Pic



What we know now
• Planets are eccentric, orbit at all semimajor

axes, and have a wide range of masses
• Planets have a wide variety of internal

structures
• Some planets are misaligned
• Multiplanet systems are common
• Planets are more common around high-mass

and/or high-metallicity stars



Wright et al. 2008

The first Jupiter analog
Msini = 0.947 Mjup
4.2 AU
e = 0.044

HD154345b
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