Searching for Other Earths:

First Results from the Kepler Mission
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Kepler Mission:

A search for habitable planets. \
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y il What is Kepler?
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Kepler is a NASA spacecraft specifically
designed to survey our region of the
Milky Way galaxy to detect potentially
habitable Earth-size planets.

Kepler searches for transits of planets
across the disks of their parent stars.

The spacecraft is named for Johannes
Kepler, the German astronomer who
derived the laws of planetary motion.

Johannes Kepler
1571 -1630
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If we are viewing a
planetary system nearly
edge-on, then the planet
will pass between us and Q
the star once per orbit,
blocking part of the light
from the star. —

To see a transit, we must be near the planetary
orbital plane.

So, not all stars with planets will show transits!
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Three parameters describe the characteristics of a transit:
e the period of recurrence of the transit;

e the duration of the transit, and

e the fractional change in brightness of the star.
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Orbital Semi-major Transit Transit Geometric Inclination

Period Axis Duration Depth Probability

(years) (A.U.) (hours) (VA) (VA) (deg)
Mercury 0.241 0.39 8.1 0.0012 1.19 6.33
Venus 0.615 0.72 11.0 0.0076 0.65 2.16
Earth 1.000 1.00 13.0 0.0084 0.47 1.65
Mars 1.880 1.52 16.0 0.0024 0.31 1.71
Jupiter 11.86 5.20 29.6 1.01 0.089 0.39
Saturn 29.5 9.5 40.1 0.75 0.049 0.87
Uranus 84.0 19.2 57.0 0.135 0.024 1.09
Neptune 164.8 30.2 71.3 0.127 0.015 0.72

Finding Earths via transit photometry is very difficult!

But we have the technology to do it from space!
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The Challenge: Detect an Earth-transit

Transit Frequency: 1 year

Transit Duration: 13 hours

Transit Depth: 84 parts per million (ppm)
Geometric Prob.: 1in 200

Test the hypothesis that:

All sun-like stars have an Earth-like planet within 1 AU of
the star.

Sample a sufficient number of stars to obtain a statistically
significant null result. We need a sample of 100,000
stars!
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Kepler Mission Design Keplé’%

The Solution: Use a 38-inch Schmidt telescope
mounted on a satellite in an Earth-trailing orbit.
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The Solution: Look at a fixed region of the
Milky Way.

Milky Way Galaxy
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The Kepler focal plane
has 42 CCDs and 95
megapixels.

<——— 10 degrees
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Kepler was launched
from Cape Canaveral

on March 6, 2009 on
a Delta Il rocket.

For video of launch,
do a Google search on
“Kepler launch video”
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Kepler

McDonald Observatory is playing a major role in Kepler

e Mike Endl, Phillip MacQueen and | are members of the
Follow-up Observing Group (FOG) (with help from grad
students Erik Brugamyer and Paul Robertson).

e We use the McDonald 2.7m and HET to obtain spectra to
determine whether the transits seen by Kepler are due to real
planets, or are some sort of astrophysical false positive.

e We then make high precision radial velocity measurements to
determine the orbits of the planets, and thus their masses.

e Stardate is a partner in the Kepler public outreach effort.
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Results
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Planet Size
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Planet Temperature & Size
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e The quick discovery and confirmation of 5 new exoplanets
shows that the Kepler Mission is performing well.

e An additional 8 months of data are now available to search for
planets of longer orbital period.

e The emphasisin 2010 will be on the discovery of small planets.

e Kepler has made excellent progress toward its primary mission
goal of discovering habitable Earth size planets.

e McDonald Observatory is playing a major role in the Kepler
mission.
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