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SCIENTIFIC OBJECTIVES Kepler

A Search for Habitable Planets

Explore the diversity of extrasolar planetary systems &
determine the:

* Frequency of terrestrial and larger planets in or near the
habitable zone of a wide variety of stellar spectral types

* Distribution of sizes and semi-major axes of planets

o If there are additional members of each planetary
system using other techniques

¢ Distributions of semi-major axis, albedo, size, and
density of short-period giant planets

e Percentage and orbital distribution of planets orbiting
multiple star systems

e Association of discovery results with stellar

characteristics
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INSTRUMENT Kepler

A Search for Habitable Planets

KEPLER: A Wide FOV Photometer that Monitors 100,000 Stars for 3.5
years with Enough Precision to Find Earth-size Planets in the HZ

Use transit photometry to detect Earth-size 95 om Schimid

planets Corrector (Fused
* 0.95 meter aperture provides enough photons Silica) £
* Observe for several years to detect transit

pattern S Focal Plane

. . . Radiator
* Monitor a single FOV continuously to

avoid missing transits
e Use heliocentric orbit

Graphite Metering Y Focal Planc
Structure Electronics
Get statistically valid _
results by monitoring Lam Primary o Focal Plane w/ 42

Science CCD’s &
4 Fine Guidance
Sensors

100,000 stars

 Wide FOV telescope

« Large array of CCD
detectors

Focus
echanism (3)
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SPACECRAFT ENCLOSES Kep!é’r
I N ST RU M E N T A Searchfo: Habitable Planets

Single science instrument: Sunshade

Photometer: 0.95m aperture, 42 CCDs,
420-890nm, passive cooling,
focusable primary

FOV: 100 sq deg. centered &
fixed at 19h23m, 44° 30’ FPA Radiator

Spacecraft provides power,
guidance, telecommunications,
and fault protection.

Launch Vehicle: Delta 2925-10L

Launch date: Feb. 2009 NS olar Array
Operational life: 3.5 years with . B
expendables for 6 years Star Trackers

Avionics HGA
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Photometer Assembly Is Nearlng ’er
Completion ’
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Nearly all Spacecraft components
are in house at BATC

. nets

Kepler

Top deck Solar Array

Structure

......
LG ot
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Avionics & Solid State Recorder

HGA

S/C Bus,
Bottom
Deck,
Star LV Adapter
-Trackers Precision

~ External Clock e
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KEPLER IS IN AN Képlér
EARTH 'T RAI LI NG ORBIT A Search fo;HabitablePlanets
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KEPLER FIELD OF VIEW Kepler

A Search for Habitable Planets
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Kepler Input Catalog Kepler

earch for Habitable Planets

* Includes all known stars in Kepler FOV
— ~ 20 million stars (USNO-B)

* Photometry
— 2MASS JHK + SDSS griz + D51
— ~ 2 million stars down to K~14.5 mag

» Astrophysical characteristics
— Teff, log(g), [Fe/H], reddening; Mass, Radius
— Radial and rotational velocities

« Used to select optimum targets:
— Late F through M dwarfs for planet detection
— Expect ~ 170,000 through 16t mag
— ~ 1/3 will be younger than the Sun & too noisy

Dave Latham will provide a comprehensive discussion.
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KEPLER SHOULD DETECT THOUSANDS ](gp[é’r
O F T E RREST RIAL P LAN ETS A Searchfo;Habitable Planets

HZ for 4 years & 3 Transits, and Magnitude < 16 Outs de HZ fo 4 years & 3 Transits, and Magn itude < 16
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*Several hundred terrestrial planets are expected in the HZ if they are
common. A null result would mean Earths in the HZ are rare in our
galaxy.

Number of Detections
5]
o

Number of Detections

*Several thousand Earth-size planets should be detected outside the
HZ. The actual occurrence frequency will dramatically affect theories of
planet formation.

«Jon Jenkins will discuss the data analysis.
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VALIDATION OF DISCOVERIES Kepler

A Search for Habitable Planets

*SNR > 7 to rule out statistical fluctuations
*Three or more transits to confirm orbital characteristics
*Light curve depth, shape, and duration
"Image subtraction to identify signals from background stars
*Radial velocity
Medium resolution to rule out stellar companions
High resolution to measure mass of giant planets

"High spatial resolution to identify extremely close bkgd stars

*Color change during transit?
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OPERATIONS ORGANIZATION Kepler

A Search for Habitable Planets
Science Ops Center
- Ames
: : e Scientific direction
Flight Planning Center e Select target stars Observ-| Complementary
- Ball Aerospace * Manage Instrument ing Observing
e Manage MOC * Diff. ensemble photometry reques{| - SAO/UT/UC-B
® Ensure spacecraft * Stellar light curves e e
Ry o Transit search * Stellar classification
® Anomaly resolution for Flight SFg, ¢ Candidate planet list . Stellar * Elhm' fals? p,C)SltlveS
e Direct follow-up observing | data - low resolution
e Final planet determination [€———— o ITPeCtTOSCOtPY
— e Stellar properties
Mission Ops Center . Calibrated * Giant planet mass
- LASP e Larget list data Results| - high resolution
e Cmd/ control spacecraft ' spectroscopy
e DSN scheduling Data Management ¢,
. ACqUiée all da}tla Raw | Center - STScl
Engr. dat ' : :
: Aﬁ%irla?yi:;ogf; data 5, Calibrate data Education Public
* Archive data Outreach - LHS/SETI
- Difference images e Formal education
Cmd/da ® H5T follow-up * Informal education
Filtered Data e Public outreach
DSN

A

Ron Gilliland will discuss the Data Policy
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MISSION SCHEDULE

Kepler

A Search for Habitable Planets
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SCIENCE COMMUNITY Kepleér
PA RTI C I P ATI O N A Search fm: Habital;le }"lanets

Participating Scientist Program (PSP)

— The PSP funds investigators whose research program is directly
concerned with the detection, characterization, or understanding
of extrasolar planets. Such research programs complement
those developed by the Pl and Co-ls.

Guest Observer Program

— The GOP will function similar to facilities instrument such as
HST. Approximately 3% of the downlink bandwidth will be
available for astrophysical investigations by the GO.
Observations of up to 3000 stars at the 30 minute cadence can
be requested and/or 25 stars at a 1 minute cadence. Any type of
object in the Kepler FOV will be observed upon request by a
successful proposer.

Astrophysics Data Program

— This program funds investigators who wish to data mine the
Kepler observations.
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SUMMARY Kepler

A Search for Habitable Planets

« Kepler Input Catalog will be available for choosing
appropriate targets

A cadence of 1/minute is available for a maximum of 512
stars

« The number of short cadence asteroseismic targets will
decrease to 240 at the end of mission

« Targets can be changed quarterly (Possibly monthly)

« Atleast 100 long cadence targets will always be
available to the KASC. (More as resources permit.)

« Accurate values of stellar diameters are needed to
determine the size of transiting planets. Mass and age
are also important.

MOST & COROT are the pioneers. Kepler will continue the
discoveries.

Borucki — Page 18



