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The initial Keck observations of 
HD 80606 suggested an 
eccentricity for b of e=0.971 +/- 
0.017! This would have put 
periastron passage at a staggering 
2.5 stellar radii. 

Serendipitously, Doppler Planet 
Search time at Keck was 
scheduled for 5 successive nights 
in July 2004. HD 80606 was just 
visible at dusk (dec=+60, HA>5) 
during these nights. The best fit 
to the radial velocity data 
predicted that the periastron 
swing would occur on July 10th.
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The best fit to the data has an eccentricity of “only” 0.933.  A random observation has a less 
than 1 in 2000 chance of seeing radial velocity as high as 687 m/s (5th Keck velocity). 



HD 80606b has a P=111.4 day orbital period, a semi-major axis, a=.45 AU, 
e=0.934, Msin(i)=4 Mjup, and a periastron distance, a(1-e)~7 stellar radii.  A 
“lukewarm Jupiter” is being hauled in periodically for detailed inspection...



HD 80606 & HD 80607

~1000 AU Separation

In the Wu & Murray (2003) theory, the planet forms in a disk at ~5AU with a modest eccentricity 
of e~0.1 The disk is within 5 degrees of being perpendicular to the e~0.5 binary orbital plane.



The Kozai effect
If we neglect the mass of the planet, then 
the planet conserves 

hi ihi e

! = (1 ! e
2

p)
1/2 cos I

during its motion. (This Kozai integral is 
related to the Jacobi energy and the  
Tisserand relation in the circular restricted 
3-body problem.) 

Stability analysis shows that if the initial 
inclination of the planetary to binary 
orbit is greater than I=39.5 deg, then 
large oscillations in e and I occur over 
secular time scales.  



During high-e phase, the component of the 
planet’s angular momentum perpendicular 
to the binary plane is fairly well conserved:

hi e phase

Tidal Circularization

Tidal dissipation in the planet robs the orbit of 
energy, and hence decreases a when e is high. 
Conservation of J enforces a constant 
a(1-e) at each successive hi-e cycle.

J = (GM!ap)
1/2

Mp(1 ! e
2

p)
1/2



Keep HD 80606b in mind. I’ll come back to it.



Transiting planets are now responsible for ~50% of 
the detection rate.



primary transit

start (8µ photometric 
time series)

planet position at
one-hour intervals

24 µ
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direction of orbital
motion

end (3.6 µ
time series)

Spitzer has proved to be extremely 
useful for characterizing transiting 
exoplanets

HD 189733



Knutson et al. (2007)

8-microns
33 hour observation
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Interpretation of the result: Hottest and coldest spots are on the same 
side of the planet. First resolved “image” of an extrasolar planet.



We think this is a reasonable back-of-the-envelope description of 
what’s happening at the infrared photospheres of strongly irradiated 
planets:

X = fraction of incoming flux 
absorbed at or above the IR 

photosphere.

p = atmospheric pressure at 
the IR photosphere

k



Night SideDay Side



Our model, plotted in red, gives a reasonable fit
to the Knutson et al HD 189733 8-micron

if the 8-micron photosphere lies at 150 mbar, and 1/2 of the 
incident starlight has been absorbed at this pressure depth.



It would be interesting to test radiation-
hydrodynamical models on planets that are 

not in steady state. 

This would allow a clear distinction to be 
made between the effects of advection 

(wind) and the radiative time constant in 
the atmosphere.



Back to HD 80606b.



Orbit of Mercury
(for scale)

Planet shown at 
intervals of 24 h

Small dots spaced 
by 2.4 h

Irradiation
at Periastron
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Predicted light curves in Spitzer Bands



Nov. 21, 2007 -- The only Spitzer 
opportunity prior to cryogen 

exhaustion.



Secondary eclipse midpoint prediction from RVs

predicted central duration for 1 Rsun 
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- Secondary Transit 
observed! Consistent with a 

central eclipse.

- Model calibrated to 189733 
fits reasonably well. (Blue line).

Model (Earth view, 30h)
Tmin=750K, Tmax=1500K

Secondary eclipse midpoint prediction from RVs

predicted central duration for 1 Rsun 

- Heating from 800 to 1500K 
in only 6 hours.





View from Earth Direction



View from anti-Earth Direction



Synthetic “Missions” to HD 80606b

Tp-4d Tp-3d Tp-2d

Tp-1d Tp-0d Tp+1d
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Tp+5d Tp+6d Tp+7d





Transit opportunity: Valentines Day 2009







predictions for 2009
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The first Fossey et al. Photometry



Ingressia Egressia

Two virulent strains of transit fever



An Early Case of Transit Fever (MNRAS 1877)



A follow-up e-mail:

Arizona Photometry

Feb 12/13 Feb 13/14Feb 11/12
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Alemenara (Canary Islands, grad student)
Marchini, Corfini (Italy, amateurs)

Garcia-Melendo (Spain)

Fossey, Waldmann, Kipping (London)



Rossiter 1924 (Algol)

The Rossiter-McLaughlin Effect
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Ruled out by AZ 
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Collaborators

Konstantin Batygin,  Aaron Wolf

Jonathan Langton, Stefano Meschiari

Dan Kasen, Eugenio Rivera

Steve Vogt, Peter Bodenheimer

Paul Butler, Drake Deming



HD 114762

542727272634 55

Gliese 436b

Deuterium Burning Limit



red=[Fe/H]=-0.5 to violet=[Fe/H]=+0.5

point radii proportional to Msin(i)**0.4

4D correlation diagram



The wildly varying radii of the transiting planets indicate a large 
range of core masses, and varying non-stellar heat sources.
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Jupiter in the K-band



HAT-P-11b: A transiting hot Neptune

Bakos et al. 2009





PI: Knutson



HAT-P-2b



PI: Bakos





Sat. 4:45 am
transit begins

Sat. 7:45 am
transit ends

HD 149026
(to scale)

HD 149026 b
(to scale)

Line of sight
to the Earth

HD 149026 b completes one
orbit in 2.8763 days. If we start
tracking the planet at Noon
on Friday, we find that it has
returned to its starting 
position by 9:01 am on Monday
morning.

The diameter of the orbit is
only six times the diameter of
the star. The diameter of the 
star is 19.6 times the diameter
of the planet.

HD 149026b
A Year in a Weekend!

Orbital path
(to scale) Planet location 

at Noon,
Fri. July 01, 2005

Orbital direction shown
counterclockwise

Planet location
Sun. 5:00 am

Planet location 
at 9:01 am,
Mon. July 04, 2005

(All times UT)

Viewed from above

    View from Earth
(scale reduced by 1/2)



Amateur astronomer Ron 
Bissinger observed the transit 
from his backyard in 
Pleasanton California starting 
only hours after we 
announced the discovery
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Points are spaced 

e = 0.67
a = 0.15A.U.

i = 87.89!

Porb = 21.2d
Prot = 3.8d

M = 3.08MJ

R = 1.15RJ

L" = 2.6L#

Primary 

Secondar

HD 17156b











(The transit was confirmed on Oct. 1 by Dave Charbonneau)


