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Detection of Gliese 436b
(Butler et al. 2004)

* Gliese 436 - Red Dwarf,
33 light-years from us.

* Planet found in 2004
Gliese 436b
— Orbital Period of 2.6441
days
1.2 times the mass of

Neptune (23 times the
mass of Earth) | S =526 m s

30 times closer to its star ’ 0.0 05
than Earth is to the Sun Orbital Phase

Significantly Eccentric Orbit
No transit found in 2004
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3 years later... A Transit!
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Radius of planet PHASE
found to be about o1
that of Neptune’s, or '
four times the s
Earth’s. o

0.99
t  EULER 1.2m

First planet found to  ossgt
transit an Red dwarf BID - 2454000 (days)

» % .
i h-ﬂ'h __lr"'-




Hmm... That's Odd...

 \We see a transit when we didn’'t see one
before.

* The planet just barely crosses the bottom
of the stellar disk.

* Given the high eccentricity of the orbit and
tiny distance from star, it should not have
been able to maintain its orbit for more
than 100 million years, but the star is at
least 6 billion years old.




Could there be another planet?
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« A second planet could
be changing the 12 . .
inclination of the o
transiting planet over

-
-

time.

Would have to be also
close-in and around
several Earth-masses.

« We can search for
these variations!
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(Ribas et al. 2008a)







APO 3.5m Observations
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NMSU 1-meter

Automatically captured a transit in 2005!
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Modeling

In total had 28 transit curves, (16 professional,
12 amateur), with baseline of 3.3 years.

Used the JKTEBOP code (Southworth 2008)
Well established for transiting planets.

Solved for the time of central transit, inclination,
and radius of the star and planet. (Able to then
also get width and depth.)

Did robust error analysis.




Parameter Variations
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What We Found

Increasing inclination, width, and depth of
transit with statistical significance.

The derived amount of inclination change of
~0.1 deg/yr can explain the lack of transit

detection in 2004 and the detection of transits
in 2005 through present.

Evidence for a perturbing second planet, with
a mass of less then 8 times that of Earth, also
very close to the star.

Would be first extrasolar planet detected via
orbital perturbations to another planet.




How to Confirm and Narrow
Planet Parameters

 Need more
observations over
several years to
confirm trend.

Need long baseline
to see timing
variations, which will
ultimately nail down
the parameters, but it
could be anything!
(Ribas 2008b)




Questions?
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