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spacecraft performance, placing the spacecraft into safe-mode in
the event of a significant anomaly.

K2 retains the Kepler point-and-stare observing approach,
minimizes operational changes, and utilizes the data processing
infrastructure with modifications limited to those required to ac-
commodate the larger pointing drift and pointing control arti-
facts. The quantity of the data delivered from each campaign
will be far less than any Kepler quarter, as K2 will be observing
only ∼10; 000 targets, not the 150,000 observed in the nominal
mission. Spacecraft communications will only slightly degrade
over the anticipated K2 lifetime (2–3 years) and will have no
effect on the science data quality discussed here. All spacecraft
operations are managed through parameter table updates, and
no flight software changes are required. Aside from the failed
reaction wheels and the loss of two CCD modules (No. 3 in
2010 January and No. 7 in 2013 January), the spacecraft has
shown little performance degradation and the remaining reac-
tion wheels show no signs of wear. Each K2 imaging science
campaign will cover ∼105 square degrees and be self-contained.

3. K2 KEY SCIENCE GOALS

The K2 mission was conceived to repurpose the Kepler
spacecraft within the limitations imposed by two-wheel opera-
tions, and was influenced by the large community response to a
2013 summer call for white papers.12 K2 is a multi-field, eclip-
tic-pointed mission that will allow observations of thousands of
targets covering the science areas of transiting exoplanets, clus-
ters of young and pre-main sequence stars, asteroseismology,
AGN variability, and supernovae.

In each year of operation, K2 will observe approximately
40,000 targets (∼10; 000 per field of view) spread over four
fields of view. K2 will collect data at 30-minute and 1-minute
cadences and will produce 80-ppm photometry for 12th mag-
nitude stars on 6-hr time scales (§ 5). K2 will observe in both
the northern and southern sky, in and out of the plane of the
Galaxy and, over two years, cover ten times more sky area than
the original Kepler mission.

The K2 mission will provide many opportunities for new dis-
coveries through its observation of targets and Galactic regions
not accessible to Kepler (e. g., Beichman et al. 2013). K2 is a
community-driven observatory with targets chosen from peer-
reviewed proposals; even the K2 fields will be chosen in coor-
dination with the community (§ 4). As such, we can not know
ahead of time the exact number or type of targets K2 will ob-
serve. No predetermined set or type of targets is part of the mis-
sion concept. The peer-review process will determine the actual
target mix for each K2 field of view and thus what science will
be possible from the observations made in each campaign.
Ecliptic fields which lie out of the Galactic plane are likely

to be dominated by extragalactic targets while those in dense
star forming regions will probably receive proposals aimed
mainly at young stars and clusters. Additional science results
are also expected through observations of unique sources such
as solar system objects, black-hole and x-ray binaries, young
massive stars, and numerous variable and pulsating stars. K2
will use its unique assets to make observations capable of an-
swering important questions in a number of science areas that
are briefly highlighted below.

3.1. K2 Observations of Transiting Exoplanets

Kepler discovered that planets are common with small ones
being plentiful (Howard et al., 2012). To move from discovery
to characterization, host stars and their planets are needed which
enable followup yielding detailed properties. The K2 photomet-
ric precision will be lower and the time per field shorter than the
Keplermission; however, K2 has the potential to become a pow-
erful exoplanet finder, easily exceeding the capabilities of
ground-based surveys by large margins in sensitivity, field-
of-view, and continuous time coverage. Figure 4, based on early
science results (§ 5), illustrates the ability of K2 to detect planets
as functions of stellar type and exoplanet radius.

3.1.1. Observations of Exoplanets Orbiting Low-Mass Stars

M dwarfs offer a unique opportunity to progress from plane-
tary discovery to characterization. The proximity of these host
stars and the large photometric transit depths allow a wide
variety of additional observations aimed at characterizing the
atmospheres and properties of such planets. For example, the
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FIG. 4.—K2 will detect small, short-period planets around cool dwarfs. Using
three transits as a metric for detecting short-period candidate exoplanets (based
on K2 photometric performance as described in § 5) the planet-detection thresh-
olds for various dwarf-star types are shown for a range of Kepler magnitudes
(Kp∼ R-band). For high signal-to-noise ratio events, two transits are sufficient to
support the detection of small Habitable Zone planets orbiting M dwarfs.

12The community-produced white papers are available at http://Keplerscience
.arc.nasa.gov/TwoWheelWhitePapers.shtml.
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exoplanet GJ1214b (Charbonneau et al., 2009), while not in the
Habitable Zone or rocky, was discovered orbiting a star rela-
tively close to the Sun and lead to many interesting and useful
follow-up studies.

The highlighted box in Figure 4 shows the K2 discovery
space for small rocky planets (<1:6 RE) orbiting M dwarfs.
Note that the rapid decrease in stellar radius beyond spectral
type M1V (T eff < 3600 K) allows K2 to detect small planets
even for the generally faint population of M stars.

The results from the Kepler mission point toward a high oc-
currence rate for small planets closely orbiting M dwarfs (e.g.,
Dressing & Charbonneau 2013; Gaidos 2013; Kopparapu
2013). Due to their low absolute luminosity, M dwarfs are a
local population and their distribution remains approximately
uniform across all K2 fields-of-view (Ridgway et al. 2014).
K2 can observe approximately 4000 M dwarfs brighter than
16th magnitude per field. From the Kepler estimated M dwarf
small-planet frequency, it is expected that K2 will discover ap-
proximately 100 Earths and Super-earths (0:8 ≤ RPlanet ≤ 2:0)
per year (∼4:5 fields), with a few in the Habitable Zone (defined
here as the empirical Habitable Zone; Dressing & Charbonneau
[2013]). The larger transit depths of M dwarf planets open the
door to a variety of ground- and space-based follow-up obser-
vations. The detection of such transits would permit detailed
follow-up studies as were done for GJ1214b, providing pre-
launch targets for JWST and the next generation of large-
aperture ground-based telescopes.

3.1.2. Observations of Exoplanets Orbiting Bright Stars

The main objective of the Keplermission was to measure the
occurrence rate of planets around Sun-like stars, particularly for
Earth-size planets. Kepler target stars were generally faint
(V ¼ 13 to 15) in order to build a large enough sample that
could be searched continuously for four years. The Kepler re-
sults, that exoplanets are common, is crucial for the design of
future instrumentation and missions that will make the next leap
in exoplanetary science—exoplanet characterization. To accom-
plish this, the nearest and brightest stars, harboring the most
readily studied planets and planetary systems, need to be
discovered.

Bright stars (V < 12) offer far more information than simply
telling us about the mere existence of a planet. A significant
open question in exoplanetary science concerns the interior
structure and composition of planets smaller than 2 RE, irre-
spective of orbital location. Most planets below 1:4 RE seem
to be rocky (Marcy et al. 2014), while planets larger than
2 RE appear to be volatile rich mini-Neptunes. However, the
densities are known for only a handful of planets between these
bounds.

Transits detected on bright stars by K2 will enable precise
Doppler spectroscopy, to provide planetary masses and densi-
ties, and spectroscopic characterization of planetary atmospheric
properties. Bright stars are also amenable to high-resolution

spectroscopy, high-resolution imaging, asteroseismology, inter-
ferometry, proper motion, and parallax measurements, all useful
to determine the host star properties

The number of bright dwarfs (V < 12) that K2 can observe
in each campaign fluctuates throughout the year from around
3000 to over 7000. Figure 5 shows the detectable planet sizes
that can be found in short-period orbits during a typical cam-
paign. It should be noted that about 40% of the planet candi-
dates found by Kepler have periods less than eight days and
about half of these have sizes less than 2 RE (Ciardi et al. 2013).
Assuming 50% of the targets are V < 12 stars, K2 will observe
approximately 20,000 bright stars in a given year and it should
find about 50 potentially rocky planet candidates based on Kep-
ler statistics. The ecliptic is already home to a number of bright
exoplanet host stars: 15 are bright (V ¼ 5–8) with short-period
RV planets and 23 are transiting systems.

3.2. K2 Observations of Open Clusters

MOST, CoRoT, and Kepler have all made contributions to
open-cluster science, but for limited samples and for distant,
faint, and crowded clusters. K2 campaigns (§ 4) are planned
to survey a rich area of the sky, containing the brightest and
best characterized clusters (see Table 1). Much is already known
about these clusters and associations, including cluster member-
ship and stellar properties.

In these clusters, K2 can survey a few thousand bright pre-
and early main sequence stars down to 0:15 M⊙). Assuming a
photometric precision of 80 ppm on transit timescales for a 12th
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FIG. 5.—K2 will discover exoplanets which probe the transition and rocky
regimes for G dwarfs (to 13th magnitude) and for cooler stars. Based on Kepler
statistics and the expected photometric performance (§ 5), K2 is expected to
detect ∼50 planet candidates per year with orbital periods <8 days and radii
<2 RE.
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magnitude star, K2 can comfortably detect planets down to
2:5 RE, the size of Super-Earths, in all the clusters listed in
Table 1. The incidence of short-period planets around field stars
(Fressin et al. 2013; Petigura et al. 2013) suggests that a few
transiting hot Jupiters and Neptunes will be found per cam-
paign, as well as several tens of Super-Earths and smaller plan-
ets assuming ∼1500 cluster members are observed (see § 3.1).
To date, only a handful of planets have been detected in open
clusters (Quinn et al. 2012; Meibom et al. 2013; Brucalassi et al.
2014). These discoveries indicate that the incidence of large
planets in clusters is similar to that around field stars. The
K2 mission has the ability to determine if small planets are
as common in open clusters as in the field. Planetary systems
discovered in the Hyades will be particularly valuable for fol-
low-up studies with JWST, being bright and only 46 pc from
the Sun.

The past decade has seen an increase in the number of rota-
tion-period measurements available for pre-main sequence and
early main sequence stars, but theoretical models still struggle to
reproduce all the available data (e.g., Gallet and Bouvier 2013).
Typical rotation periods for young cluster stars range from 1 to
20 days (Irwin & Bouvier 2009), and have large and distinct
modulation amplitudes, easily detectable and distinguished
from transit events. K2 observations of many cluster members
can provide an essentially complete rotation census in each tar-
geted cluster.

Detached, double-lined eclipsing binaries provide model in-
dependent determination of the masses, radii, effective temper-
atures, and luminosities of both stars from the light and radial
velocity curves of the system. CoRoT observations of the open
cluster NGC2264 (Gillen et al. 2014) and Kepler observations
of NGC 6811 (Janes et al., 2013) can be used to estimate that K2
will discover ∼10 new eclipsing binaries per cluster for which
the masses and radii of both components can be determined to
about 1%. The continuous sampling achievable by K2 also en-
hances the sensitivity to moderate period (i.e., 8–20 days)

eclipsing binaries, enabling their (spin) evolution to be studied
as a function of the mutual interaction between the two stars.

The use of asteroseismology can significantly advance our
understanding of stellar evolution, stellar-interior physics, and
stellar populations (Chaplin & Miglio 2013). Nowhere will this
be more powerful then when used to combine high-precision
photometric observations with strong prior information on
age, distance, and metallicity in clusters that span a wide range
in mass, chemical composition, and evolutionary state. K2 ob-
servations of bright stars within clusters, e.g., O-B stars (Aerts
et al. 2003, 2013; Degroote et al. 2010) or A and F pulsators
(Michaud & Richer 2013) can yield results on radiative levita-
tion and element depletion processes, and the onset of near-
surface convection, and allow comparisons of distance scales
for various cluster stars using the standard pulsating variables
such as RR Lyrae stars or Cepheids.

Studies of Galactic star populations with K2, both in clusters
and in the field, could measure radii, masses, distances, and ages
of thousands of giants providing a unique asteroseismic survey
spanning a wide range of vertical and radial structure in our Gal-
axy. These data would allow Galactic mass and age gradients to
be studied and characterized for a wide range of populations, out
to similar distances to those probed by red-giants in the Kepler
field. Detections in the Kepler and CoRoT fields are already
being utilized (e.g., Miglio et al. 2013; Stello et al. 2013), but
their fixed pointings carry obvious limitations that will be lifted
for K2 (Fig. 6). Combined with astrometric data from Gaia, K2
observations of field red giants would provide a valuable com-
munity dataset (Chaplin & Miglio 2013).

3.3. Observations of Star-Forming Regions

Understanding how giant planets form and accumulate their
gaseous envelopes is still an observational frontier. K2 cam-
paigns will study star-forming regions providing the opportu-
nity to test planet-formation theories by probing planetary
properties during formation or immediately thereafter. Standard

TABLE 1

K2 OPEN CLUSTERS

Cluster Age (Myr) Distance (pc)
K2 Campaign
(Proposed) Ref.

Taurus . . . . . . . . . 2 140 4 Rebull et al. (2012)
Upper Sco . . . . . 10 130 2 Pecaut et al. (2012)
M21 . . . . . . . . . . . 12 1200 9 Piskunon et al. (2011)
M18 . . . . . . . . . . . 32 1300 9 Santos-Silva & Gregorio-Hetem (2012)
M25 . . . . . . . . . . . 92 620 9 Piskunon et al. (2011)
M35 . . . . . . . . . . . 100 800 0 McNamara et al. 2012
M45 . . . . . . . . . . . 125 135 4 Bell et al. (2012)
NGC 1647 . . . . . 150 547 10 Piskunon et al. (2011)
NGC 6716 . . . . . 150 547 7 Piskunon et al. (2011)
Hyades . . . . . . . . 630 46 4 Schilbach & Roser (2012)
M44 . . . . . . . . . . . 630 160 5 Boudreault et al. (2012)
M67 . . . . . . . . . . . 4300 908 5 Dias et al. (2012)
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bright (V<12)  FGK dwarfs

M dwarfs

open clusters and star forming regions

extragalatic sources 
(AGN, supernovae) 
microlensing

Howell et  
al. (2014)
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• (initially) no light curves released (only images) 

• standard Kepler LC products released since 
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• light curves affected by severe systematics 

• many more active & variable stars than Kepler

example raw LC from “engineering test dataset” 
(Aigrain et al. 2015)
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• (initially) no light curves released (only images) 

• standard Kepler LC products released since 
campaign 3 

• light curves affected by severe systematics 

• many more active & variable stars than Kepler

example raw LC from “engineering test dataset” 
(Aigrain et al. 2015)

several K2 pipelines published 
• K2SFF (Vanderburg & Johnson 2014);  
• K2VARCAT (Armstrong et al. 2014, 2015);  
• K2PP (Lund et al. 2015); 
• PSF-based (Libralato et al. 2015); 
• List-driven photometry (Huang et al. 2015, Aigrain 

et al. 2015)  
+ many more in individual science papers



K 2  S Y S T E M AT I C S  C O R R E C T I O N

• K2SC is a detrending-only pipeline  

• start from (any) light curve 

• Key differences from other K2 detrending tools 

• model systematics and variability jointly - 
disentangle but preserve 

• use Gaussian process regression in modelling 
process - flexible, robust, principled

Aigrain, Parviainen & Pope (MNRAS in press) 



K 2  S Y S T E M AT I C S  C O R R E C T I O N  ( K 2 S C )

Campaign 4 target (Pleiades member) 



W H Y  VA R I A B I L I T Y  M AT T E R S  I N  S PA C E -
B A S E D  T R A N S I T  S U R V E Y S

• affects systematics correction 

• hinders transit detection 

• hinders confirmation by radial velocity (cf. talk by V. Rajpaul) 

• know thy star - know thy planet 

• asteroseismology: precise stellar parameters including densities, 
masses, radii, ages, inclination 

• rotation (gyrochronology?), activity, star-planet interaction? 

• open cluster membership → age, composition…



H O W  K 2 S C  W O R K S

• start from any K2 light curve - need times, fluxes, x & y positions 

• model flux as: f = f1(time) + f2(x,y) + white noise 

• f1 and f2 are smooth functions of unknown shape 

• Gaussian processes 

• f2  = systematics due to roll-angle variations 

• f1 = stellar variability (+ any other long term trends!) 

• if appropriate, f1 is treated as quasi-periodic
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S O M E  S U B T L E T I E S  -  O U T L I E R S
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object by object basis



P H O T O M E T R I C  P E R F O R M A N C E  
F O R  B R I G H T  D W A R F S
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Chabrier et al. (2004) - Evolution of irradiated planets

H O T  J U P I T E R   
E V O L U T I O N

probed so far

There are NO confirmed transiting 
planets orbiting stars <800 Myr old

Any detection = “cornerstone” system 
key target for next gen. observatories
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Y O U N G  T R A N S I T I N G  P L A N E T  C A N D I D AT E S  
( P R A E S E P E )

Neptune-sized companion to Praesepe late G-dwarf (12th mag)

Existing RV data confirms planetary nature of companion 
Mass measurement will require tens of RV observations to model activity-induced variations
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