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STATEMENT OF PURPOSE AND MISSION OVERVIEW

This document contains the policies that serve as the basic agreement between the Kepler Project and the Science Mission Directorate at NASA on the scientific operation of the Kepler instrument during normal operations.  The primary goal of these policies is to maximize the scientific return from Kepler and the public understanding of this science, subject to cost constraints.  

During operations the Kepler Mission is led by the Kepler Project Manager.  Under the Project, the scientific investigation is directed and led by the Science Principal Investigator (SPI) William Borucki. The purpose of the Kepler Mission is to determine the frequency and characteristics of Earth-size planets in and near the habitable zone of Solar-like stars. An observing program to conduct asteroseismic observations to determine the size, mass, and age of stars is also accommodated.  The Project will also implement a Guest Observer Program to make astrophysics observations. All observations are limited to the single field-of-view (FOV) centered at RA = 19h 22m 40s and Dec = +44° 30’ 00”.  Kepler is Discovery Mission #10 that was redefined as a strategic mission by the NASA Headquarters Science Mission Directorate during the summer of 2007. 

The major goals of the Kepler Mission are: 1) determine the frequency of Earth-size and larger planets in and near the habitable zone (HZ), 2) determine the distribution of sizes and orbital semi-major axes of these planets, 3) estimate the frequency and orbital distribution of planets in multiple star systems, 4) determine the distribution of semi-major axis, albedo, size, mass and density of short-period giant planets, 5) identify additional members of each photometrically discovered planetary system using complementary techniques, and 6) determine the properties of those stars that harbor planetary systems.
The Kepler Mission has a single instrument; a wide field of view photometer with a photometric precision sufficient to detect Earth-size planets orbiting a G2 dwarf when a minimum of three transits are observed. The instrument has 42 CCDs with 95 million pixels generating data in 84 channels that simultaneously monitor a single ~100 square degree portion of the sky. The instrument response is such that 95% of the energy falls within a diameter of 5 pixels = 20 arc sec. Central pixels for stars brighter than 11th magnitude are usually saturated. Only those pixels covering the selected targets are recorded and sent to the ground for photometric analysis. The photometer is based on a modified Schmidt telescope design that includes field flattener lenses near the focal plane. The corrector has an aperture of 0.95 m with a 1.4 m diameter F/1 primary. Four fine-guidance CCDs at the corners of the focal plane provide 0.01”, 3σ pointing precision. The instrument band pass is from 420nm to 850nm. The photometer has neither selectable filters nor a shutter.

There are two types of science data: full frame images (FFI’s) which contain the full field of view of the photometer, and cadence data in which only pixels surrounding targets of interest are recorded onboard and sent to the ground. The vast majority of Kepler data during science operations is in the form of cadence data. In addition to science data, Kepler products include (database tables): the Kepler Input Catalog (KIC) the Kepler Target Catalog (KTC), the Kepler Results Catalog (KRC) and the Characteristics Table.

Data for most targets is recorded at a cadence rate of thirty minutes (hereafter, “long cadence”, LC) and sent to the DSN once every 31 days. Data are recorded for a subset of 512 targets at a faster cadence rate of one minute (hereafter, “short cadence”, SC), providing data sufficient to detect changes in transit timing due to the presence of multiple planets, and to conduct asteroseismic observations needed for measurements of the stars’ size, mass, and age. A total of 170,000 LC targets and 512 SC targets can be observed at any one time. The average size of the apertures must not exceed 32 and 85 pixels for LC and SC targets respectively, if all targets are used. 

POLICY 1

Kepler Science Operations Profile

For the purposes of these policies, Kepler Science operations can be divided into three phases: Commissioning; Science Operations, and Follow-up Observations and Analysis. 

Commissioning:  This phase will begin immediately after launch and will last 60 days. During this period, the highest priority will be to realize and characterize the capabilities of Kepler. Data taken during commissioning include numerous full frame images as well as data collected on over 50,000 stars to assess performance of the photometer.
Science Operations:  This phase will begin at the end of commissioning and will terminate upon verification that the spacecraft has been decommissioned, nominally 3.5 years after the end of commissioning. During nominal operations, the six mission goals are addressed. Most of the targets chosen by the Kepler Science team prior to the launch will be observed continuously for the entire Mission. As the spacecraft recedes from the Earth and the telemetry rate decreases, stars too noisy to show planetary transits will be removed from the target list until only about 100,000 of the quietest dwarfs remain. 

The scientific community will have an opportunity to access targets in the FOV through the Guest Observer (GO) Program. The GO Program will be allotted up to 3025 targets in the FOV for stellar, galactic, and extragalactic astrophysical investigations recommended through a peer review of submitted proposals to the GO Program performed by the Kepler Guest Observer Office on behalf of the Kepler Program Scientist. Final selection of Guest Observer programs and funding is made by the Astrophysics Division Director at NASA Headquarters.

Follow-Up Ground Observations and Analysis:  Follow-up ground observations will begin approximately one month after the start of science operations and will continue for nine months after the end of spacecraft operations. One year after the completion of Science Operations, all ground-based observations and analysis supported by the Kepler Mission will be completed. 

POLICY 2

Categories of Targets

Targets in the FOV will be allocated in three categories, planetary, asteroseismic and guest observer (GO):
Search for Earth-size Planets (  Observations of late-type dwarfs with a small number of early-type dwarfs for comparison:  Prior to launch, the SPI in collaboration with the Kepler Science team chooses approximately 150,000 target stars from the Kepler Input Catalog. Most of these will be late-type dwarfs that will be monitored to detect transit signals. Because targets must be observed continuously to avoid missing transits and because planets in the habitable zone have periods from months to years, most of these target stars will not be changed during the Mission except to remove those stars that are too variable to allow the presence of planets to be recognized. These will be replaced with other stars of lower priority. A portion of the 150,000 targets will be stars chosen to provide ancillary data. In particular, 1000 red giant targets will be chosen that have high SNR to provide references for the astrometry needed to compute parallaxes. An additional group of 1700 stars will be chosen as a HR-diagram comparison group that will include known eclipsing binaries, early type dwarfs, and cluster members.

Asteroseismology( Observations of main sequence and evolved stars: At any given time, approximately 1700 target stars will be observed. These stars (including up to 512
 short cadence targets at the beginning of the Mission) in the Kepler FOV will be chosen by the Kepler Asteroseismic Science Consortium (KASC). Both dwarfs and evolved stars will be observed. The latter group is needed to improve the general knowledge of stellar properties. The results for the dwarf stars are needed to interpret the transit data; especially to determine star/planet size, age of the planetary system, and to recognize misclassifications of stellar luminosity in the Kepler Input Catalog. As planets are discovered, an increasingly larger portion of the short cadence targets will be selected by the Kepler Science team so that the size, mass, and age can be measured for those stars found to have planets. By the end of the Mission, the KASC can choose only 140 short cadence targets at any given time independently of those chosen by the Kepler Science Team. However, the KASC is expected to change their selections of short cadence targets on a monthly or quarterly basis and are therefore likely to examine several thousand targets during the Mission. Early in the Mission before transiting planets are discovered, the KASC will select almost all of the 512 short cadence targets.

Guest Observers (GO) ( Observations of any type of object in the Kepler FOV: The Kepler Guest Observer program will solicit proposals via NASA Broad Agency Announcements such as the annual Research Opportunities in Space and Earth Science (ROSES). GO observations will commence at the beginning of the first quarterly roll following the end of commissioning. Kepler GO proposals will be peer-reviewed and will likely cover a large range of astrophysical topics, including not only stars but extragalactic and extended sources as well, so long as the object of interest is available in the FOV
. Up to 3025 targets will be reserved for the GO program (3000 long cadence targets and 25 short  cadence targets). Extended objects that require multiple apertures will be counted as multiple targets. The GO program is open to all proposers including Kepler team members.

POLICY 3

Allocation of Observing Time and targets

The Kepler Mission is designed to determine the frequency of Earth-size planets in and near the Habitable Zone of solar-like stars. To successfully accomplish this task requires 100% of the observing time, but allows for other targets to be observed simultaneously. Therefore Policy 3 defines the division of target resources among several categories: 1) Search for exoplanets, 2) Asteroseismology, and 3) Guest Observers. After accounting for the stars needed for the GO and asteroseismology programs, and for a group of stars needed for the interpretation of the results, the remaining targets, up to 95% of the total, will be dwarfs chosen specifically because they are exoplanet targets.

The Kepler search for exoplanets will start immediately after commissioning and conclude when the spacecraft is decommissioned. This effort has the highest priority for the Mission.  To observe three transits in order to confirm detections and eliminate false positives, long-period planets require significant, continuous observing time.   This category will be observed for the duration of the Mission. The Science PI in collaboration with the Science Team collectively decides which stars within the Kepler Input Catalog (KIC) will be observed. These targets are prioritized based on the results of an algorithm that determines the likelihood of showing detectable transits in the habitable zone. As discussed in Policy 2, several thousand stars will also be monitored to interpret the data from the transit stars. With the exception of those targets found to be too noisy to allow detection of planetary transits, the majority of these targets will not be changed during the lifetime of the Mission. The Kepler Science Team will make its final selection of the targets for the exoplanet search and for the asteroseismic observations prior to launch and immediately release the target selections to the science community through the Kepler Target Catalog (KTC). The Kepler Science Team has exclusive rights to all targets on the exoplanet list (as described in Policy 4) and all data indicating the presence of exoplanets.

Asteroseismic observations also start immediately after commissioning and finish at the time the spacecraft is decommissioned.   These observations occur in parallel with the search for exoplanets.  Because of their need for short cadence observations, asteroseismic observations are allotted the majority of short cadence targets available to the Science Team for the first season of the Mission. After the discovery of orbiting planets, many of these short-cadence resources will be assigned to observe high SNR transits to detect non-transiting planets via timing measurements. The asteroseismic program will also operate throughout the Mission and will be allotted approximately 1% of the long cadence targets and at least 140 short cadence targets. The long cadence targets can be changed on a quarterly basis and the short cadence targets on a monthly basis. Targets that appear simultaneously on both the exoplanet list and the asteroseismic list are not available to the GO program. 

The KASC target list contains 1500 targets for LC observations. Most of these targets will be observed continuously throughout the Mission. The KASC target list also contains 5000 SC targets for the KAI survey; each will be observed for one month during the survey. Of those approximately 1200 stars are not on the primary exoplanet list. After June 2010, KASC will select a list of about 500 targets which is the final SC target list. These will be used to fill the 140 SC KASC target slots. 

The GO program is allotted approximately 2% of the targets. Up to 3000 long cadence targets and 25 short cadence targets are reserved for the GO Program. The GO program will start coincident with the June 2009 quarterly roll and continue to the completion of the Science Operations. The distribution of the GO targets and the duration of the observations are to be consistent with the Kepler GO solicitation and the details specified in the respective GO proposals. Successful proposers have exclusive rights to the data from the GO targets for one year, during which these data are not available to the public nor to the Kepler Science team except for classes of shared targets (See below). This program is designed to complement the investigations of the Science Team and Participating Scientists by providing opportunities to conduct astrophysical observations in the Kepler FOV. The frequency of calls for the GO program will be at the discretion of the Program Scientist. The GO solicitation, compiled by the Kepler GO Office at the discretion of the Kepler Program Scientist, is the authoritative document regarding details and policy of the GO Program.  

To encourage the active participation of the GO Office personnel in the handling, calibration and use of Kepler data, a small portion of the targets available to the GO will be set aside for their use. In particular, a minimum of 50 Long Cadence targets will be available and up to 100 LC targets will be available if not otherwise awarded to the GO program. Up to three of the 25 Short Cadence GO targets will be available to GO Office personnel. The release and publication of scientific results by the GO Office personnel will be subject to the restrictions described in the Kepler Science Team Data and Publication Policy (KKPO-16001-005).

Data rights for targets requested by both KASC and the GO

During the first cycle of GO observations (i.e., from the June 2009 reorientation roll until a new GO Cycle starts), data from any targets on the GO observer list that are also KASC selected targets, will be available to both groups, as established in NASA ROSES-08 Amendment 18, the controlling document. At any time during the Mission, a KASC target that is not on the exoplanet list can be selected by a GO for observations and if approved, the GO and KASC will share the data, but only that part where both KASC and GO requests actually overlap in time. (GOs may have requested a different observing mode or observing length and those non-overlapping data will not be shared). GOs can not block any KASC observing for stars on the KASC list (LC:1500 and SC:5000 at Mission start, and LC:1500 and SC:500 after June 2010). KASC can not block approved GO targets. If KASC selects a target that is not on its original list, it can only become a KASC target if it is not a GO target. (In this case, a GO request can block selection of a given new KASC target.) KASC target lists will be made publicly available. If a GO requests a target already on the either the KASC or the exoplanet target list, the GO will be offered the opportunity to replace such targets with non-overlapping choices. 

Release of stars on the exoplanet and asteroseismology lists

The SPI may decide for each GO cycle to allow some or all of the exoplanet targets from the astrometry, cluster star and HR diagram comparison group stars to be made available for GO proposals. If this is done, then data rights (sharing, inability to block access by other groups) would follow the approach stated in the previous paragraph for KASC targets. 

POLICY 4

Distribution of Data, Data Rights, Exclusive Use Periods, and Access to Archival Data

All original and processed Kepler science data will be archived at the STScI in the Multi mission Archive at the Space Telescope Science Institute (MAST).  This includes FFI data, cadence data and Kepler catalogs. The archive is responsible for making publicly released data easily accessible to all researchers, whether or not these researchers are funded by a NASA Kepler Astrophysics Data Program.

Data rights and exclusive use policies for each type of science data are described below. These policies are in general consistent with the most open data release policies of ground-based radial velocity planet search activities.

Release of Full Frame Image Data

Full Frame Images (FFIs) are taken periodically during the mission to monitor changes in parameters used to calibrate the data (such as dark current).  From the perspective of searching for planets, FFIs are considered engineering data.  That means FFIs don’t have the same data validation concerns as the time series and pixel count data.

Hence, all Full Frame Images (FFIs), including those taken during commissioning, shall be made publicly available as soon as calibrated images are ingested in the archive, or one year from the quarter in which the data were received on the ground, whichever comes first.

Release of Cadence Data on Planetary Targets

The primary data product of Kepler will be time series measurements for more than 100,000 stars. With such a large monitoring program, a large number of false-positive exoplanet detections are inevitable
 (including stellar binary transit events, which under certain circumstances appear remarkably similar to a planet transit signal).  A validation program involving ground-based telescopic observations is critical for verifying that the behavior of the detected transits is fully consistent with that of a planet rather than an unrelated process that provides a similar signature. 

Exclusive use period for Kepler Exoplanet data  The Kepler science team will have exclusive access to the planetary transit data to perform follow-up ground-based observations prior to their release to the public as per the schedule shown in Figure 1. This exclusive use period allows the Kepler team time to properly calibrate the data and obtain follow-up observations for at least 3 transits by the time the data for 2 transits are publicly released. These steps preclude announcements of false positive events that would compromise the credibility of the Mission results.  Specifically, the policies on cadence data for planetary targets are:

a. 
As soon as the Kepler science team is convinced that there is incontrovertible evidence of a planetary companion, the discovery will be published in a refereed journal and/or made public at a scientific meeting.  Such announcements will be coordinated with NASA Headquarters.  The data that establishes the validity of the discovery will be placed in the public Kepler archive at MAST for all to examine.

b. 
All data for the initial orientation period (<= 1 quarter), including that collected during commissioning, shall be made publicly available within 1 year of the end of the quarter.

c. 
One year later, all data for the initial orientation period, plus all data for the second orientation period (a full quarter), shall be publicly released.
d. 
Every subsequent year, an additional half year of data shall be made publicly available, to make maximum use of these data without compromising the integrity of the planet search program.

e. 
All data, time series for individual stars, pixels, etc., shall be publicly released no later than 1 year after the last data transmission from the Kepler spacecraft.

Release of Cadence Data on Dropped Targets

 All data for stars that have been dropped from the planet search program shall be made public within 2 months of their being dropped.  This will allow stellar astronomers the maximum possible access to Kepler data consistent with maintaining the integrity of Kepler's primary goal of detecting planets.

Release of Kepler Catalogs

The Kepler Input Catalog (KIC), containing photometric information for potential targets within the expected Kepler field of view, including derived stellar properties, will be publicly available via the MAST archive no later than four months after launch in support of GO and ADP solicitations.

The Kepler Target Catalog (KTC), describing which stars within the KIC will be observed at 30- and 1-minute cadence as part of the Kepler Mission, will also be publicly available via the MAST archive no later than four months after launch.  The KTC archive will be updated regularly as the target stars change.

The Kepler Results Catalog (KRC) will contain information on validated detections, as well as false positives that have been eliminated as candidates.  Validated planet entries will include detailed information on their host stars.  Entries for false positives will include the results of the false positive elimination research.  The KRC will be publicly available through the MAST archive, updated as new results are confirmed.  Typically, these results will have been announced in a press release before the KRC update is sent to the MAST archive.

Publication of the Kepler Mission results by the science team is covered in the Kepler Science Team Data and Publications Policy (KKPO-16001). Distribution of data and publications for asteroseismic data will be handled as stipulated in the “Letter of Direction” from William Borucki to the Kepler Asteroseismic Investigation dated 02/16/2007. The exclusive use period for the asteroseismic data will the same as that for the GO data.
Metadata associated with GO programs such as target names, proposal IDs, date ranges of observations are generally considered to be in the public domain. 

Three months prior to the Cycle 2 GO solicitation deadline, a subset of Long Cadence time series will be made public in order to assist GO’s with preparation of proposals.

All evidence showing plausible indications of planetary companions orbiting target stars will be presented to the assembled Kepler Science Team to determine if the data are sufficient to support a claim of a planet detection or if more observations are required for validation. Access to the data pipeline and the photometric data will be controlled by the Science PI and Deputy SPI. 

Relation between the times the data are returned from the spacecraft and when they are released.


Figure1. Exclusive use period policy for Kepler Prime Mission data. Time of 0 on each timeline corresponds to the beginning of science operations on May 12, 2009. First quarter is thus a partial quarter. The second quarter shown on the “Data produced” line is the first full quarter of science operations. The final data release date of September 2013 assumes a 3.5 year mission lifetime. In the case of an extended mission, the data release dates for the additional years will be adjusted accordingly.

Guest Observer Program

The Guest Observer (GO) program will function in many respects like those in PI-led missions such as GALEX, and the data release policy of this program will be similar. It will receive approximately 2% of the downlink bandwidth and will be available for astrophysical investigations by the GO.  Such investigations will complement the extrasolar planet investigations conducted by the Science Team and Participating Scientists. Upon receipt of the quarterly-calibrated data and light curves from the Science Operations Center (SOC), the Data Management Center (DMC) will generate target specific data files for the GO investigators. The original and calibrated pixel data, as well as the calibrated light curve data files, obtained for the GO investigators will be available from the MAST archive. 

The exclusive use period for GO data 

Data from GO targets will become publicly accessible one year from the time of archive ingest, which happens upon receipt of the data at the DMC from the SOC, and GO notification by the DMC of data availability. In the event that a transiting planet is found in a GO target, the target will be reclassified as a planetary target and the exclusive use period adjusted accordingly. The Kepler team will be responsible for informing the GO of the discovered planet, and will lead the planetary follow-up investigation.

Keck Observations

NASA is devoting a significant portion of its allocation on the Keck Telescopes to support follow-up observing of planetary candidates from the Kepler Mission.   The majority of this observing time will utilize the High Resolution Echelle Spectrograph (HIRES) instrument, which produces precision radial velocity observations in the optical.  All data from HIRES are archived in the Keck Observatory Archive (KOA) and made public after a designated exclusive use period.  The default exclusive use period is 18 months, but exceptions are granted where warranted, such as the search for long-period planets. The exclusive use period for Keck observations supporting Kepler exoplanet discoveries will be covered by a separate agreement between the Keck TAC selecting official and Kepler project, consistent with Kepler’s exclusive use period.

Table 1 : List of Kepler Mission exoplanet target data release dates by quarter. The final data release date of November 2013 assumes a 3.5 year mission lifetime. In the case of an extended mission, the data release dates for the additional years will be adjusted accordingly. 
	Kepler Quarter
	Data download dates
	Date mission data public
	Mission data exclusive use (years)

	Q1
	6/18/09
	6/18/10
	1

	Q2
	9/18/09
	6/18/11
	1.75

	Q3
	12/18/09
	6/18/12
	2.5

	Q4
	3/22/10
	6/18/12
	2.25

	Q5
	6/24/10
	6/18/13
	3

	Q6
	9/23/10
	6/18/13
	2.75

	Q7
	12/22/10
	9/18/13
	2.75

	Q8
	3/28/11
	9/18/13
	2.5

	Q9
	6/27/11
	9/18/13
	2.25

	Q10
	9/29/11
	9/18/13
	2.0

	Q11
	12/29/11
	9/18/13
	1.75

	Q12
	4/2/12
	9/18/13
	1.5

	Q13
	6/28/12
	9/18/13
	1.25

	Q14
	9/30/12
	9/18/13
	1.0

	
	
	
	


POLICY 5

Funding of Data Analysis

The Kepler Project will provide funds to support the acquisition, calibration, analysis, and publication of Kepler Mission, follow-up data by the Science Team, and the Guest Observer Program.  Funding for the Participating Scientists is from that portion of the Kepler budget held at NASA that is separate from the funding sent to the Project for the Science Team and operations activities.  

Archival research is funded through the Astrophysics Data Program.  In accordance with current US law, funding can be provided to US investigators only.
Start of science operations (May, 2009)
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1If the GO program is operational when the target list for the first quarter is generated, and if the successful GO proposers choose 25 stars to be observed at short cadence, then this number will be reduced to 487. 


�The Mission is designed to observe only one FOV. Slewing to a different attitude would greatly compromise the ability of the Mission to accomplish its core objective of detecting Earth-size planets. Therefore observations involving pointing to a different attitude will not be accommodated. 





� To detect planet transits, data must be gathered for three or more years before being searched for transit patterns with periodicity comparable to one year (the periodicity of an Earth analog. Because of the large number of stars and large number of possible periods and phases (at least 107 per star) over 1012 statistical tests must be conducted. Even with the most optimistic assumption of Gaussian statistics, 6 sigma false positive events will occur and 5 sigma false positive events will be quite numerous. In addition to the false positives from statistical fluctuations in the data, astrophysical events such as eclipses of binary stars will mimic those from planetary companions. To maintain the credibility of the Mission results, a substantial amount of time is required by the Science Team to identify the false positive events before the data are released to the public.
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