








Kepler: NASA’s First Mission Capable of Finding Earth-Size Planets Press Kit

reflection coated devices. Each device has two outputs, resulting in a total of 84 data channels. The CCDs 
are mounted in pairs and have a single sapphire field-flattening lens over each pair. The optics spread 
the light of the stars over several pixels within an individual CCD to improve differential photometry thus 
making the system less sensitive to inter-pixel response variations and pointing jitter.

The focal plane is cooled to about minus 85 degrees Celsius (minus 121 degrees Fahrenheit) by heat 
pipes that carry the heat to an external radiator. Data from the CCDs are extracted every six seconds 
to limit saturation and added on board to form a 30-minute sum for each pixel. The array is supported 
midway between the Schmidt corrector and the primary mirror.

Local Detector Electronics
A local detector electronics box communicates with the 84 data channels and converts the CCD output 
analog signals into digital data. The electronics box is located directly behind the focal-plane array in the 
center of the photometer structure. It has more than 22,000 electronic components tightly packed into a 
volume measuring slightly more than one cubic foot. Careful thermal engineering was required in order to 
isolate the cold detectors from the heat of the detector electronics. The data are stored in the spacecraft’s 
solid-state recorder and transmitted to the ground approximately once a month.

Data Handling
Since the entire 95 megapixels of data cannot be stored continuously for 30 days, the science team has 
pre-selected the pixels of interest associated with each star of interest. This amounts to about 5 percent 
of the pixels. These data are then requantized, compressed and stored. The on-board photometer 
flight software gathers the science and ancillary pixel data and stores them in a 16 GigaByte solid-state 
recorder. Data are required to be stored and downlinked for science stars, p-mode stars, smear, black 
level, background and full field-of-view images.

Completed flight focal plane array with the 42 science CCDs and four fine 
guidance CCDs in the corners.
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Selecting the Kepler Star Field
The star field for the Kepler Mission was selected based on the following constraints:

The field must be continuously viewable throughout the mission.1.	

The field needs to be rich in stars similar to our sun because Kepler needs to observe more than 2.	
100,000 stars simultaneously.

The spacecraft and photometer, with its sunshade, must fit inside a standard Delta II launch vehicle.3.	

The size of the optics and the space available for the sunshield require the center of the star field to be 
more than 55-degrees above or below the path of the sun as the spacecraft orbits the sun each year 
trailing behind the Earth. 

This left two portions of the sky to view, one each in the northern and southern sky. The Cygnus-Lyra 
region in the northern sky was chosen for its rich field of stars somewhat richer than a southern field. 
Consistent with this decision, all of the ground-based telescopes that support the Kepler team’s follow-up 
observation work are located at northern latitudes.

Distances to the Kepler Stars
Kepler will be looking along the Orion spiral arm of our galaxy. The distance to most of the stars for which 
Earth-size planets can be detected by Kepler is from 600 to 3,000 light years. Less than 1% of the stars 
that Kepler will be looking at are closer than 600 light years. Stars farther than 3,000 light years are too 
faint for Kepler to observe the transits needed to detect Earth-size planets. 

The Kepler Field of View
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Education and Public Outreach
The Kepler Mission Education and Public Outreach (EPO) program capitalizes on the excitement of dis-
covering Earth-size planets in the habitable zone of other stars to stimulate student learning in math and 
science, as well as the public’s interest in their space program. The EPO program is led by educators at 
the Lawrence Hall of Science and the SETI Institute in partnership with NASA. The Kepler EPO program 
leverages existing collaborations, networks, relationships and experience to maximize the impact of EPO 
products and activities. The program addresses three areas: formal education, informal education and 
public outreach. 

Formal Education deals directly with school curriculum. Kepler has contributed to the development for 
Great Explorations in Math and Science Space Science Sequence, Full Option Science Sequence, and 
Hands On Universe. All three of these are nationally distributed curriculum. Kepler has provided many 
teacher workshops around the country and recently published a mission poster with activities in the 
journals Science Scope and Science Teacher, which reaches every member of the National Science 
Teachers Association in the country. In the area of informal education, Kepler has contributed to the 
development of the traveling exhibit “Alien Earths,” which has already appeared at many tech museums 
and planetariums throughout the country. Kepler is in the process of developing a planetarium program 
“Strange Earths” which is currently in national field testing. 

The Public Outreach area includes programs like “Name In Space,” “Uncle Al’s Star Wheel” (a 
planisphere), “Shadows and Silhouettes” as part of the “Night Sky Network” for amateur astronomers, 
StarDate programs and various other activities.
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Other Exoplanet Activities
Kepler is the trailblazer mission for the emerging field of exoplanet exploration. Kepler's results will 
significantly influence the direction of future exoplanet space missions. Kepler planetary candidates will  
be followed up by a suite of facilities, both ground-based and in space, to help scientists fully investigate 
the discovered planets as well as the properties of stars hosting Earth-size planets.

Ground-Based Facilities
A number of different ground-based facilities will be utilized for various purposes to rule out several 
situations that could lead to a false positive, such as a grazing eclipse by a large companion, or a transit 
due to a white dwarf companion or to confirm the planetary nature of Kepler exoplanet candidates. 
Moderate-precision Doppler shift measurements will be able to rule out transits due to large mass 
companions. The Keck observatory — a 10-meter telescope on Mauna Kea, Hawaii, and by far the most 
prolific facility for exoplanet hunting — will play a key role in Kepler's exoplanet inventory using higher 
precision measurements to obtain mass estimates for intermediate-sized Kepler exoplanet candidates. 
This work capitalizes on NASA's partnership with the Keck observatory. Equipped with the upgraded 
HIRES echelle spectrometer, Keck is optimized for measuring precise Doppler shifts as small as 1 m/s in 
the spectral lines of stars due to the gravitational pull of their planetary companions. During the Kepler 
Mission lifetime, numerous nights of Keck observing time will be set aside for follow-up on promising 
exoplanet candidates. At present, the highest Doppler shift precision is available with the High Accuracy 
Radial velocity Planet Searcher (HARPS) instrument at La Silla in the southern hemisphere. HARPS-North, 
which is under construction, will improve on this and play a key role in the follow-up observing for Kepler.

NASA/European Space Agency (ESA) Hubble Space Telescope (HST)
HST has made several complementary contributions in our understanding of extrasolar planets. Shortly 
after ground-based observations detected the first transiting planet, HD 209458b, HST used the Space 
Telescope Imaging Spectrograph (STIS) to observe the planet while transiting its host star to detect 
Sodium in its atmosphere. Similar observations have now been extended into the infrared using Near 
Infrared Camera Multi-Object Spectrograph with resulting detections of water, carbon dioxide and 
methane in the exoplanet atmospheres. With observations in the ultraviolet using STIS and Advance 
Camera for Surveys, detections have been made of extended atmospheres around a few planets, 
suggesting that the atmospheres of these planets, all of which are located close to their host stars, are 
being slowly evaporated. The Advanced Camera for Surveys recently captured the first visible-light 
images of a planet outside our solar system, a giant planet orbiting the relatively nearby star Fomalhaut. 
Currently, scientists are using the Fine Guidance Sensors as a high-speed photometer on a bright 
transiting system for which both stellar seismology and detailed transit observations are expected to 
provide information about both the host star and orbiting planet. HST remains a unique resource that has 
significantly advanced, and will continue to do so, the field of exoplanet research. HST may be expected 
to operate throughout the prime Kepler Mission and is expected to be used for several follow-up science 
applications of Kepler discoveries. 

NASA's Spitzer Space Telescope
The Spitzer Space Telescope is another complementary mission to Kepler. The Spitzer mission was 
designed to study comets, stars and galaxies in infrared light. It has also turned out to be a very powerful 
tool for characterizing exoplanets. The telescope is particularly adept at studying transiting hot, gas 
exoplanets. It can make unprecedented, precise measurements over time scales of hours, thanks to 
its Earth-trailing orbit — the same orbit as Kepler's, which provides a high degree of stability and long 
continuous viewing periods.
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Since 2005, Spitzer has made several ground-breaking discoveries, including: the first direct direction of 
light from exoplanets; the temperatures and constraints on the chemical composition of many exoplanets; 
the first two-dimensional "weather map" of an exoplanet; and the first observation in real-time of an 
exoplanet "heat-storm," in which a gas planet heats up to red-hot temperatures in a matter of hours 
before quickly cooling back down. So far, Spitzer has characterized more than 15 exoplanets.

Spitzer's contributions to exoplanet studies will continue when it runs out of coolant and enters its "warm 
mission" phase, expected to begin in spring 2009. During this phase, the mission will continue to observe 
exoplanets, and will confirm and characterize the atmospheres, compositions and orbital parameters of 
gas exoplanets found by Kepler. It will also help confirm the presence of Earth-size rocky planets identified 
by Kepler by ruling out other explanations for the data. 

NASA/ESA/Canadian Space Agency James Webb Space Telescope (JWST) 
The James Webb Space Telescope (JWST), scheduled for launch in 2013, will bring a qualitative 
advance in scientists' ability to probe planetary atmospheres. While HST has been able to detect a few 
atmospheric constituents around a handful of the most optimal cases, JWST will provide much greater 
sensitivity. JWST will be able to return atmospheric diagnostics not only for transiting planets the size 
of Jupiter, but will also have sufficient sensitivity to easily probe Uranus- Neptune-size planets during 
transit of their host stars, and in extremely favorable cases, could provide first results on super-Earth-
size planets. The broad wavelength coverage from 1 to 25 microns available with JWST will also vastly 
increase the number of atmospheric species that can be studied in planetary atmospheres. JWST will 
continue to expand on discoveries from both HST and Spitzer in recent years, and will initiate a new era 
of quantitative, comparative exoplanet studies. Launched following Kepler, and with much improved 
diagnostic capability, JWST will provide important follow-up observations of many Kepler discoveries.

The Convection Rotation and Planetary Transits Mission (CoRoT)
The CoRoT space mission launched December 27, 2006, by the Centre National d’Etudes Spatiales 
(CNES) the French space agency, is a mission led by CNES in association with French laboratories and 
with several international partners that will also search for extrasolar planets. 

The CoRoT mission is dual purpose. It uses a method called stellar seismology to probe the inner 
structure of the stars, and it looks for transits by extrasolar planets. 

Kepler and CoRoT are similar in their observation of transits in search of terrestrial planets, but there 
are significant differences in the design and operations of the two missions. The CoRoT spacecraft is 
equipped with a 27-cm diameter telescope while Kepler has a 95-cm aperture telescope. This difference 
gives Kepler 12 times the light-gathering power as CoRoT. CoRoT uses two CCDs for transit detection 
with a total field of view of four square degrees as compared to Kepler using 42 CCDs with approximately 
100 square degree field of view. 

CoRoT views a portion of the sky for five months, then turns to a new area. In two years, it will cover a 
total of about 20 square degrees. CoRoT is capable of finding planets close in to their stars. Kepler views 
a single portion of the sky, about five times larger than CoRoT views, for several years. This longer viewing 
period will enable Kepler to find Earth-size planets in the habitable zones around their stars.

CoRoT launched two years earlier than Kepler and will contribute significantly to scientists' understanding 
of terrestrial planets with short orbital periods.
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Science Team
Hundreds of people across the country are involved in the Kepler Mission. NASA’s Jet Propulsion 
Laboratory (JPL), Pasadena, Calif., managed the development of the project for NASA’s Ames Research 
Center (NASA Ames), Moffett Field, Calif., and is responsible for ensuring that Kepler’s flight system 
performs successfully on orbit. NASA Ames managed the development of the ground system and will 
conduct scientific analysis for the mission. Ball Aerospace and Technologies Corp. (BATC), developed 
Kepler’s flight system, including the spacecraft and the photometer, and is participating in mission 
operations. NASA Ames will manage flight operations after commissioning is completed. 

The Science Principal Investigator is William Borucki1 and the Deputy Principal Investigator is David 
Koch, both of NASA's Ames Research Center. Other members of Kepler’s science team include Co-
Investigators, a science working group and participating scientists. 

The Co-Investigators include Gibor Basri, University of California at Berkeley, Berkeley, Calif.; Natalie 
Batalha, San Jose State University, San Jose, Calif.; Timothy Brown, Las Cumbres Observatory 
Global Telescope (LCOGT), Goleta, Calif.; Doug Caldwell, SETI Institute, Mountain View, Calif; Jørgen 
Christensen-Dalsgaard, University of Aarhus, Denmark; William Cochran, McDonald Observatory, 
University of Texas at Austin; Edna DeVore, SETI Institute; Edward Dunham, Lowell Observatory, Flagstaff 
Ariz.; Nick Gautier, JPL, Pasadena, Calif.; John Geary, Smithsonian Astrophysical Observatory (SAO), 
Cambridge, Mass.; Ronald Gilliland, Space Telescope Science Institute (STScI), Baltimore, Md.; Alan 
Gould, Lawrence Hall of Science (LHS), Berkeley, Calif.; Jon Jenkins, SETI Institute; Yoji Kondo, NASA’s 
Goddard Space Flight Center, Greenbelt, Md.; David Latham, SAO; Jack Lissauer, NASA Ames; Geoff 
Marcy, University of California at Berkeley; David Monet, US Naval Observatory-Flagstaff Station (USNO), 
Flagstaff, Ariz. and Dimitar Sasselov, Harvard University, Cambridge, Mass.

The Science Working Group is comprised of Alan Boss, Carnegie Institution of Washington, Washington 
D.C.; John J. Caldwell, York University, Canada; Andrea Dupree, SAO; Steve Howell, National Optical 
Astronomy Observatory (NOAO), Tucson, Ariz.; Hans Kjeldsen, University of Aarhus, Denmark; Soren 
Meibom, SAO; David Morrison, NASA Ames and Jill Tarter, SETI Institute.

Participating Scientists are Derek Buzasi, Eureka Scientific, Oakland, Calif.; Matt Holman, Harvard-
Smithsonian Center for Astrophysics (CfA), Cambridge, Mass.; David Charbonneau, CfA; Sara Seager, 
Massachusetts Institute of Technology, Cambridge, Mass.; Laurance Doyle, SETI Institute; Jason Steffen, 
Fermi National Accelerator Laboratory, Batavia, Ill.; Eric Ford, University of Florida, Gainsville; William 
Welsh, San Diego State University, San Diego, Calif. and Jonathan Fortney, University of California at 
Santa Cruz, Santa Cruz, Calif. 

The team members collaborate on various tasks within the project. For example:

Scientists at SAO, USNO and LCOGT made the observations and interpreted the data used to build the •	
Kepler Input Catalog, 

Scientists at SAO, Harvard, University of California at Berkeley, University of Texas at Austin, NOAO, •	
Lowell Observatory and JPL will conduct the follow-up observing work to confirm discoveries, detect 
other planets in the systems and improve our understanding of the stellar properties, 

Educators at LHS and SETI Institute conduct the Education and Public Outreach program, •	

Scientists at the University of Aarhus lead the Kepler Asteroseismic Science Consortium that •	
determines stellar masses, sizes and ages from the Kepler data.

1William Borucki published the concept for detecting Earth-size planets by using photometry in a paper in 1984. W.J.Borucki and 
A.L., Summers, Icarus, 58, 121 (1984)
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Project Management
Kepler is a NASA Discovery mission. At NASA Headquarters, Ed Weiler is associate administrator for the 
Science Mission Directorate. Jon Morse is the director of the Astrophysics Division. Lia LaPiana is the 
Kepler program executive. Patricia Boyd is the Kepler program scientist.

NASA’s Marshall Space Flight Center, Huntsville, Ala., manages NASA's Discovery program. Dennon 
Clardy is Discovery program manager. Steve McClard is mission manager for the Kepler Mission. 

NASA's Ames Research Center was responsible for the ground system development and is responsible for 
mission operations and science data analysis. Roger Hunter will manage the Science Operations Phase.

Kepler mission development was managed by NASA’s Jet Propulsion Laboratory (JPL), Pasadena, Calif. 
James Fanson is the Kepler project manager. Peg Frerking is deputy project manager. JPL is a division of 
the California Institute of Technology in Pasadena.

Ball Aerospace & Technologies Corp., Boulder, Colo., developed the Kepler flight system and supports 
mission operations. John Troeltzsch is the Kepler program manager.
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