
greg laughlin
jonathan langton 
ucsc
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The success of the planet detection programs has enabled 
the comparative study of populations of planets, as well as 
the detailed investigation of individual systems of particular 
interest. 





HD 80606b has a P=112 day orbital period, a semi-major axis, a=.45 AU, 
e=0.937, 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...



The early Keck observations 
suggested an eccentricity of 
e=0.971 +/- 0.017! This would 
have put periastron passage at a 
remarkable 2.5 stellar radii. 

Serendipitously, California-
Carnegie Keck time 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” 0.9321. A random observation has a 
less than 1 in 2000 chance of seeing radial velocity as high as 687 m/s (5th Keck velocity). 



For a tidal quality factor Q~106 
(appropriate to giant planets)
strong tidal forces during the 
close approaches will bring the 
planet into pseudo-synchronization 
(Hut 1981) on a timescale of a 
few Myr. The spin frequency is 
thus ~82% of the instantaneous 
orbital frequency of the planet 
as it goes through periastron: 



HD 80606 is a good candidate 
star for amateur astronomers.

Transits?

Expected transit depth

Ron Bissinger



Transitsearch-AAVSO observers submitted 3596 photometric measurements 
during HD 80606’s JD 2453427. (Feb, 2005) transit opportunity. No hint of a 
transit was seen.  Additional campaigns must be done to fully rule out a 
transit.

expected central transit depth and duration



HD 80606 Campaign Poster



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 

Holman et al. 1997 model for the 

e=0.67 planet orbiting 16 Cyg B 

hi ihi e

Θ = (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.) 

Numerical integrations show 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.  



If we neglect the mass of the planet, then 
the component of the planet’s angular 
momentum perpendicular to the binary 
plane is 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



Computational “imaging” of extrasolar planets

1. Spitzer allows for observations of the infrared flux
coming from these planets. Corot and Kepler should
allow for optical reflection as a function of phase to
be observed.

2. There’s an intrinsic value to having the best possible
views of these planets.



HD 209458 b
ESA/NASA



ESA/NASA



Cho et al.  2003



No consensus yet on what the flow patterns should look like at the photosphere of 
HD 209458b. Cho et al. with a high-resolution 2D “shallow water” model predict 
cold polar vortices and an equatorial jet. Cooper & Showman (2005) use lower-
resolution full 3D model and predict a superrotating jet and a late afternoon 
“hotspot” at the photospheric level.

Our immediate goal is to get an understanding of why these simulations differ, and to 
do simulations for observationally testable scenarios.

Cho et al.

ASAS

ASAS

Fortney et al. 2006 (Cooper-Showman Model)



Burrows et al. 2003



Resulting optical color obtained 
in an integrating sphere (originally built 
to simulate the Martian lighting 
environment). [John Moore (Arizona)]

Spectrum of a hot Jupiter is 
a combination of reflected 
and thermal flux. Albedos 
are predicted (and found) 
to be very low.  A~0.15



Cooper & Showman (2006)

0.0025 bar

0.220 bar

20 bars

Iro et al. 2005

Appearance of the planet will depend 
on the radiative time constant 
appropriate to the photosphere.



∂v

∂t
+ v · ∇v = −g∇h − fk × v

Height, h of the fluid layer is proportional to temperature. 
Departures are from a forced equilibrium height profile 
across the planet, e.g. for synchronous rotation:

  

∂h

∂t
+ v · ∇h = −Kh∇ · v − (h − hE)/τd

Following Cho et al., we built a spectral-method code to model 
the dynamics using the so-called shallow water equations: 

hE = η cos φ cos λ K = R/cp

τd = radiative time constant for “Newtonian” cooling

η = day-night equilibrium temperature difference



P=3.52 d, R=1.3 Rjup, M=0.69 Mjup, 384x193 res, t=40 rotations
Evolution of a random velocity field on a planet with no forcing.

Conclusion -- Cho simulations are largely driven by initial
conditions. They use a radiative time constant of 10 days. Results
of Iro et al. 2005 suggest 8 hours at photosphere is more realistic.

∇× vEquatorial View Polar View



Dayside View

Based on the results of Iro et al. 2005, we assume a photospheric 
radiative time constant of 8 hours, and a day-night equilibrium 
temperature difference of 800K.  The system is allowed to evolve for 
250 rotational periods, and then plotted for 4 rotations.
Flow pattern is qualitatively similar to Cooper & Showman (2005) at
the assumed photospheric level of 220 mbar.

Nightside View

T T



North Pole View

Because of the radiative time constant used, our overall velocity flow 
pattern for HD 209458b is more similar to the Cooper Showman 
model, and predicts a significant day-night side variation.

Equatorial View

∇× v ∇× v



The size of HD 209458 b and several other 
known transiting planets is a real problem.





Equator view
Antistellar Pivot

The irradiation pattern for a planet in Cassini State 2 is totally 
different, and leads to a different hydrodynamic response in the 
atmosphere.

Irradiation Pattern

T I



Polar view

The irradiation pattern for a planet in Cassini State 2 is totally 
different, and leads to a different hydrodynamic response in the 
atosphere.

Irradiation Pattern

T I



View from Earth

Cassini State 1 Cassini State 2
(equatorial alignment)



Cooper Showman

CS 1

CS 2

Despite the large difference in the 
flow patterns on the surface for the 
CS1 and CS2 cases, the light curves 
are depressingly similar.  Our CS1, 
CS2 and Cooper-Showman all 
predict a flux minimum 60 deg east 
of the anti-stellar point

CS 1

CS 2



Harrington et al. 2006

Spitzer observes Upsilon Andromedae b



Our CS1, and CS2 and the 
Cooper-Showman models
do not fit the Ups And 24-
micron lightcurve. The 24-micron 
results suggest a large day-night 
side temperature difference and 
a short radiative time constant -- 
of order ~1 hour!

In contrast, however, Cowan et al. 2007 find no day/night side variations at 
3.6, 4.5 and 8 microns for HD 179949 and 51 Peg. 



Spitzer observations of HD 80606 b can potentially give us 
the radiative time constant in the planetary atmosphere.

For Q=300,000, the planet 
receives roughly equal tidal and 
stellar energy inputs. Teq~400K

Nov. 21, 2007 periastron 
is visible to Spitzer



-

Move to a 2D compressible hydro formulation

Assume that a parameterizable 
column density sigmac in the 
atmosphere responds to stellar 
heating.



Run model for 2 orbits, then animate +/- 50 hours surrounding periastron.

View from Earth (sigma = 20 gm/cm )2
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Predicted light curves in Spitzer Bands



24-micron flux as a function of  sin(i)



We’re currently writing a GO-4 proposal with Drake Deming of GSFC to 
observe the Nov. 21, 2007 periastron passage of HD80606b. Over the 
next year, we’ll be working to improve the hydrodynamical modeling 
prior to (hopefully) seeing observational data from Spitzer.


