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ABSTRACT

Since 2014, NASA’s K2 mission has observed large portions of the ecliptic plane in search of transit-
ing planets and has detected hundreds of planet candidates. With observations planned until at least
early 2018, K2 will continue to identify more planet candidates. We present here 275 planet candi-
dates observed during Campaigns 0-10 of the K2 mission that are orbiting stars brighter than 13th
magnitude (in Kepler band) and for which we have obtained high-resolution spectra (R = 44,000).
These candidates are analyzed using the vespa package (Morton 2012, 2015b) in order to calculate
their false positive probabilities (FPP). We find that 149 candidates are validated with a FPP less
than 0.1%, 39 of which were previously only candidates and 56 of which were previously undetected.
The processes of data reduction, candidate identification, and statistical validation are described, and
the demographics of the candidates and newly validated planets are explored. We show tentative
evidence of a gap in the planet radius distribution of our candidate sample. Comparing our sample
to the Kepler candidate sample investigated by Fulton et al. (2017), we conclude that more planets
are required to quantitatively confirm the gap with K2 candidates or validated planets. This work, in
addition to increasing the population of validated K2 planets by nearly 50% and providing new targets
for follow-up observations, will also serve as a framework for validating candidates from upcoming K2

campaigns and the Transiting Exoplanet Survey Satellite (TESS), expected to launch in 2018.
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1. INTRODUCTION

The field of exoplanets is relatively young compared to
most other disciplines of astronomy: the announcement
of the first exoplanet orbiting a star similar to our own
was only in 199526 (Mayor & Queloz 1995). Since then,
the field has expanded rapidly, with several thousand
exoplanets having now been discovered. With many up-
coming extremely large telescopes, the number of known
exoplanets and our understanding of them will only in-
crease.

One of the most important moments in the history of
exoplanet science was the beginning of the Kepler mission
(Borucki et al. 2008). Launched in 2009, the Kepler space
telescope observed over 100,000 stars in a single patch of
sky for four years in order to look for transits. Kepler has
been an overwhelming success. According to the NASA
Exoplanet Archive®” (accessed 2018 February 14), it is
currently responsible for 2341 verified exoplanets, more
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26 The exoplanet, 51 Peg b, was not fully confirmed to be a
planet until the absolute mass was measured by Martins et al.
(2015). Also, a reported brown dwarf discovered in 1989 (Latham
et al. 1989) may in fact be an exoplanet, depending on its inclina-
tion.
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than every other exoplanet survey combined.

Unfortunately, in 2013 the second of four reaction
wheels on the Kepler spacecraft failed, preventing the
spacecraft from looking at its designated field and bring-
ing an end to the original mission. Fortunately, a fol-
low up mission, called K2, was developed that used the
spacecraft’s thrusters as a makeshift third reaction wheel
(Howell et al. 2014). Unlike the original Kepler mission,
the K2 mission must observe new fields roughly every
83 days?®. As a result, K2 observations are divided into
“campaigns” each corresponding to a field.

With every new campaign, K2 observes more bright
stars and finds more planets orbiting these stars, so there
are new bright targets available for follow-up (such as RV
measurements or transmission spectroscopy). K2 has led
to the discovery of numerous candidate and confirmed
planets (Vanderburg et al. 2015b; Crossfield et al. 2015;
Foreman-Mackey et al. 2015; Montet et al. 2015; Van-
derburg et al. 2016a; Schlieder et al. 2016; Sinukoff et al.
2016; Crossfield et al. 2016; Barros et al. 2016; Pope et al.
2016; Adams et al. 2016; Dressing et al. 2017b; Martinez
et al. 2017; Hirano et al. 2017), as well as the identifica-
tion of planets orbiting rare types of stars, including par-
ticularly bright nearby dwarf stars (Petigura et al. 2015;
Vanderburg et al. 2016b; Rodriguez et al. 2017b; Cross-
field et al. 2017; Christiansen et al. 2017; Rodriguez et al.
2017a; Niraula et al. 2017), young, pre-main-sequence
stars (Mann et al. 2016; David et al. 2016), and dis-
integrating planetary material transiting a white dwarf
(Vanderburg et al. 2015a).

Here, we take advantage of the large number of bright
stars observed by K2 and present the identification and
follow-up of a sample of 275 exoplanet candidates orbit-
ing stars (brighter than 13th magnitude) in the Kepler
bandpass identified from K2 Campaigns 0 through 10.
Since the beginning of the K2 mission, we have also ob-
tained spectra for all of our candidates as well as many
high-resolution imaging observations, in order to mea-
sure the candidate host stars’ parameters and identify
nearby stars (both types of follow-up aid in identification
and ruling out of false positive scenarios). We also at-
tempt to validate?® our candidates with vespa, a statis-
tical validation tool developed by Morton (2012, 2015b),

28 Roughly 75 of those days are devoted to science.

29 The difference between an exoplanet candidate and a val-
idated exoplanet is very important. During the original Kepler
mission, an exoplanet candidate was a transit signal that had
passed a battery of astrophysical false positive and instrumental
false alarm tests. In K2, however, the usage is looser; the term is
commonly used to refer to any exoplanet signal that a particular
team has identified as a possible planet. So long as the reasoning
is sound and the results are published, the signal is effectively a
candidate. A validated planet is a candidate that has been vet-
ted with follow-up observations and determined quantitatively to
be far more likely an exoplanet than a false positive (according to
some likelihood threshold). Validated planets, because confidence
in their planethood is higher than for a regular candidate, are far
more promising targets than planet candidates for follow-up obser-
vations, characterization, and eventual confirmation. We note that
validation is not the same thing as confirmation, which is ideally
attained through a reliable mass determination. In this work, we
are in general not attempting to “confirm” planets. Confirmation
is more rigorous than validation, in the same way that validation
is more rigorous than candidacy. Confirmation is usually accom-
plished via the RV method, the TTV method, or, less commonly,
methods such as a full photo-dynamical modeling solution (e.g.
Carter et al. 2011) or Doppler tomography (e.g. Zhou et al. 2016).

finding 149 to be validated with a false positive proba-
bility less than 0.1%. Of these newly validated exoplan-
ets, 39 were previously only exoplanet candidates and 56
have not been previously detected (see Table 2). This
work will increase the validated K2 planet sample from
212 (according to the Mikulski Archive for Space Tele-
scopes®’; accessed 2018 February 14) to 307, a nearly
50% increase. Similarly, this work increases the K2 can-
didate sample by ~20%.

In this paper we describe the identification and analysis
of our candidate sample, as well as our validation process
and the resulting validated planet sample. Section 2 dis-
cusses the process by which we use K2 data to identify
exoplanet candidates. Section 3 describes our ground-
based observations of the planet candidate host stars de-
tected by K2. Section 4 explains the analysis of the K2
light curves and the follow-up spectroscopy and high-
contrast imaging. Section 5 details how we use vespa to
calculate false positive probabilities for our planet candi-
dates. Section 6 presents the results of the our candidate
identification, vetting, follow-up observations, and anal-
ysis in detail for a single, instructive planet. Then the
results for the entire planet candidate sample are simi-
larly presented. In Section 7, we discuss the results of
our work, including confirmation of features in the exo-
planet population previously identified using data from
the original Kepler mission. Finally, we summarize and
conclude in Section 8.

2. PIXELS TO PLANETS

In this section, we first explain how K2 observations
are collected, then we describe the process by which sys-
tematic errors are removed from K2 data, and finally we
discuss analysis of the systematics-corrected K2 data in
order to identify planet candidates.

2.1. K2 Observations

Since 2014, the K2 mission has served as the successor
to the original Kepler mission. By observing fields along
the ecliptic plane and firing its thrusters approximately
once every six hours, the probe can maintain an unstable
equilibrium against solar radiation. However, the space-
craft can only point toward a given field for roughly 83
days before re-pointing (in order to keep sunlight on the
spacecraft’s panels and out of its telescope).

Due to on-board data storage constraints, not all data
collected by the CCD array can be retained and transmit-
ted to the ground. As a result, targets must be identified
within each campaign field prior to observation so that
non-target data can be discarded and a postage stamp
(a small group of pixels) around each target can be saved
and transmitted to the ground.

In the original Kepler mission, the primary objective
was to determine the frequency of Earth-like planets or-
biting Sun-like stars (Batalha et al. 2010b). Although
some planet search targets were selected during mission
adjustments and others were selected through a Guest
Observer program for secondary science objectives, most
targets were selected pre-launch for the primary objec-
tive. However, K2 operates in a very different manner.
For each K2 campaign, targets are exclusively selected

30 https://archive.stsci.edu/k2/published_planets/search.php
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through the Guest Observer (GO) program, which eval-
uates observing proposals submitted by the astronomical
community for any scientific objective, not just exoplanet
related objectives. Ideally, GO proposals have scientifi-
cally compelling goals that can be achieved through K2
observations and cannot easily be achieved with other
instruments or facilities.

In a typical K2 campaign, the number of targets ranges
between 10,000 and 40,000 with long cadence observa-
tions (=30 minute integration), and about 50 to 200 with
short cadence observations (~1 minute integration). Ex-
ceptions include CO, which served primarily as a proof-
of-concept campaign to show that the K2 mission was
viable, and C9, which focused on microlensing targets in
the Galactic Bulge. Both CO and C9 had fewer targets
than normal in both long cadence and short cadence.
It should also be noted that there are occasional over-
laps between campaign fields. Despite fewer new tar-
gets, overlaps provide a longer baseline of observations
for targets of interest in the overlapping region.

This paper focuses on Campaigns 0 through 10 (ex-
cluding Campaign 9). However, the process implemented
in this research can easily be extended and applied to ad-
ditional K2 campaigns.

2.2. K2 Data Reduction

Because of the loss of two reaction wheels, the Ke-
pler telescope is perpetually drifting off target and must
be regularly corrected by thruster fires, causing shifts in
the pixels that targets fall on. These shifts, coupled with
variable sensitivity between pixels on the telescope CCDs
and variable amounts of starlight falling inside photomet-
ric apertures, lead to systematic variations in the signal
from K2 targets, introducing noise into the photometric
measurements. Howell et al. (2014) estimated that raw
K2 precision is roughly a factor of 3-4 times worse than
Keplers original precision (depending on stellar magni-
tude). Fortunately, an understanding of the motion of
the Kepler spacecraft allows for modeling and correction
of the induced systematic noise. In particular, we rely on
the method of systematic correction described by Van-
derburg & Johnson (2014, hereafter referred to as VJ14),
as well as the updates to the method described in Van-
derburg et al. (2016a, hereafter referred to as V16). We
briefly describe here the method developed by VJ14.

First, 20 different aperture masks were chosen for each
target star, 10 circular masks of varying size and 10
masks shaped liked the Kepler pixel response function
for the target with varying sensitivity cutoffs. These
masks were used to perform simple aperture photometry
to produce 20 different “raw” light curves. Then the mo-
tion of the target star across the CCD was estimated by
calculating centroid position for each cadence®!. Next,
the recurrent path of the centroid across the CCD be-
tween thruster fires was identified. Data collected dur-
ing thruster fires were identified and removed. Then, for
each of the 20 raw light curves produced, low-frequency
variations (> 1.5 days) were removed with a basis spline
and the relationship between centroid position and flux

31 Although it is possible to produce light curves by decorre-
lating with centroid positions measured from each star, we used
the centroids measured from one hand-selected isolated, bright K2
target per campaign, which we found gives better results.

was fit with a piecewise function. Because the centroid
path would shift on timescales longer than 5-10 days, the
flux-centroid piecewise function was applied separately
to each 5-10 day light curve segment. This function was
then used to correct the raw data so that low-frequency
variations could be recalculated. This process was then
repeated iteratively until convergence. Finally, after all
20 raw light curves per star were processed in this way,
a “best” aperture was chosen to maximize photometric
precision. An example of a light curve before and after
the full data reduction procedure can be seen in Fig. 1 for
the planet host EPIC 212521166. We note that light from
any nearby companion stars could potentially enter the
best aperture mask, which may lead to a diluted transit
and an underestimated planet radius (Ciardi et al. 2015;
Hirsch et al. 2017). However, we expected this effect to
be small even when present and therefore do not correct
for it.

2.3. Identifying Threshold Crossing Fvents

Once the roll systematics were removed from the pho-
tometry according to the method described by VJ14, we
conducted a transit search of each K2 target using the
method of Vanderburg et al. (2016a). We give a short
description of the transit search process here.

First, low-frequency variations were removed via a ba-
sis spline and outliers were removed. Then a box-least-
squares (BLS) periodogram (Kovdcs et al. 2002) was
calculated over periods between 2.4 hours and half the
length of the campaign. All periodic decreases in bright-
ness with SNR > 9 were investigated. If putative tran-
sits lasted longer than 20% of their period, or were com-
posed of a single data point, or changed depth by over
50% when the lowest point was removed, the signal was
removed and the BLS periodogram recalculated. Any
detection passing these tests was deemed a “Threshold
Crossing Event” (TCE). We identified ~30,000 TCEs
across C0-C10 in this manner.

Each TCE was fit with the Mandel & Agol (2002) tran-
sit model to estimate transit parameters, then the TCE
was removed from the light curve, and the BLS peri-
odogram was recalculated. Once all TCEs had been iden-
tified, they subsequently underwent “triage”, in which
each candidate was inspected by eye in order to remove
obvious astrophysical false positives and instrumental
false alarms from subsequent analysis. TCEs identified
as neither type of false signal passed the triage phase and
moved on to a “vetting” phase.

2.4. Identifying K2 Candidates

During vetting, we subjected the surviving TCEs to a
battery of additional tests to identify astrophysical false
positives and instrumental false alarms. Some of these
tests were identical or similar to the tests conducted for
the Kepler mission, while others are specific to K2 data.
For each test we produced a diagnostic plot, examples of
which are shown in Figs. 2, 3, and 4. Here we describe
the tests we conducted in more detail:

1. The times of a TCE’s “in transit” points were com-
pared against the position of the Kepler spacecraft
at those times, as many instrumental false alarms
were composed of data points near the edges of
Kepler’s rolls where the K2 flat field is less well
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Figure 1. Example of the K2 systematics reduction process on the light curve of the planet host EPIC 212521166. The blue points show
the light curve before correcting for the systematics induced by the roll motion of the Kepler spacecraft, while the yellow points show the
same light curve after those systematics have been removed via the data reduction process summarized in Section 2.2 and documented
in Vanderburg & Johnson (2014) and Vanderburg et al. (2016a). The remaining downward dips in the corrected (yellow) light curve are
transits of a mini-Neptune sized exoplanet, validated in this work and already confirmed in Osborn et al. (2017).

constrained, and our analysis method can leave in
systematics. The plots we use to identify these false
alarms are shown in Figs. 2 and 3.

. We compared the signal of a TCE in light
curves produced using multiple different photomet-
ric apertures. This test is a powerful way to iden-
tify signals caused by instrumental systematics (as
these systematics present differently in different
photometric apertures), as well as identifying as-
trophysical false positives, such as when a candi-
date transit signal was due to contamination from
a nearby star. An example of these tests are shown
in Fig. 3. We note that although this test rules out
transits or eclipses originating from a nearby com-
panion, it does not rule out the possibility of light
contamination from a nearby companion, which
could dilute the observed transit and lead to an un-
derestimation of the planetary radius (Ciardi et al.
2015; Hirsch et al. 2017).

. Individual transits of a TCE were visually in-
spected, since instrumental false alarms were less
likely to have consistent, planet-like transit depths
or shapes (see Fig. 2). This metric is qualitatively
similar to the “transit patrol” metrics introduced in
the DR25 Kepler planet candidate catalog (in par-
ticular the Rubble, Marshall, Chases, and Zuma
tests, Thompson et al. 2017).

. Flux centroid motion, phase variations (possibly
caused by relativistic beaming, reflected light, or el-
lipsoidal effects), differences in depth between odd
and even numbered transits, and secondary eclipses
were all searched for as evidence of astrophysical
false positives. Similar tests have been used since
the beginning of the Kepler mission (Batalha et al.

2010a). Example diagnostic plots for identifying
phase variations, the difference between even and
odd numbered transits, and secondary eclipses near
phase 0.5 are shown in Fig. 2; flux-centroid shift
tests are shown in Fig. 3. We searched for sec-
ondary eclipses at arbitrary phases (not necessarily
near phase = 0.5) using the “model-shift unique-
ness” test designed by Coughlin et al. (2016). We
show diagnostic plots for the model-shift unique-
ness test in Fig. 4.

. We searched for astrophysical false positive scenar-

ios by “ephemeris matching”. Sometimes the pix-
els surrounding a target star can be contaminated
with a small amount of light from other nearby
stars. When those nearby stars are variable them-
selves (like eclipsing binaries), the variability from
the nearby stars can be introduced into the target’s
light curve (Coughlin et al. 2014). We identified
cases where this happened by searching for planet
candidates that have the same period (or integer
multiples of the same period) and time of transit
as eclipsing binaries observed by K2 using the same
criteria as Coughlin et al. (2014). We found no ex-
amples of matched ephemerides due to direct Pixel
Response Function (PRF) overlap that we had not
also identified in our tests with multiple photomet-
ric apertures, but we did find two instances where
candidate transit signals were caused by charge
transfer inefficiency along one of the columns of
the Kepler detector. We excluded a candidate
around EPIC 212435047 caused by contamination
from the eclipsing binary EPIC 212409377 located
along the same CCD column about 2000 arcsec-
onds away, and we excluded a candidate around
EPIC 202710713 contaminated by the eclipsing bi-
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nary EPIC 202685801 located along the same CCD
column at a distance of about 300 arcseconds.

6. We estimated the SNR of a TCE by taking the
difference between the mean baseline flux and the
in-transit flux and dividing by the quadrature sum
of the standard deviation of the flux in those two
regions. We defined the boundaries of the in-transit
region in two ways and calculated the SNR for both
choices. In one case we used every data point col-
lected between the second and third contact (mi-
nus a single long-cadence Kepler exposure on ei-
ther side). This estimate of SNR could sometimes
not be calculated if the transit was grazing. In the
other case we used the central 20% of data collected
from the first to fourth contact (which could be cal-
culated even if the transit was grazing). Following
standard practice from the Kepler mission, if both
of these values (or just the latter in the grazing
case) were below 7.10 the candidate was excluded
(7.1c is the minimum significance level for a signal
to qualify as a TCE in the Kepler Science Pipeline;
Jenkins et al. 2010). We only encountered two such
candidates: EPIC 220474074 and EPIC 201289302.

Although it is possible to automate diagnostic tests
of this type (see, for example, the Robovetter that was
designed for the main Kepler mission, Coughlin et al.
2016), we performed vetting tests 1-4 by eye.

Any TCE surviving all of these vetting stages was pro-
moted to “planet candidate” (~1,000 were promoted in
this way). All candidates orbiting sufficiently bright host
stars (see Section 3.1) were then subjected to our vali-
dation process. Parameters for the 275 candidates that
satisfied these requirements and were subjected to val-
idation are listed in Table 4. Their associated stellar
parameters are listed in Table 5.

3. SUPPORTING OBSERVATIONS

In this section, we describe follow-up observations
we conducted to better characterize the candidate host
stars. These observations are crucial for improving stel-
lar parameters (e.g. Dressing et al. 2017a; Martinez et al.
2017; Mann et al. 2017), which in turn can help differenti-
ate between a transiting planet and various false positive
scenarios (i.e. stellar binary configurations) that might
prefer different regions of stellar parameter space. We
first discuss high-resolution optical spectroscopy of the
planet candidate host stars from the Tillinghast Reflec-
tor Echelle Spectrograph (TRES), followed by speckle
imaging from the Differential Speckle Survey Instru-
ment (DSSI) and the NASA Exoplanet Star and Speckle
Imager (NESSI) at the WIYN telescope®?, the Gemini
South telescope, and the Gemini North telescope, then
lastly adaptive optics imaging from Keck Observatory,
Palomar Observatory, Gemini South Observatory, Gem-
ini North Observatory, and the Large Binocular Tele-
scope Observatory.

3.1. The Tillinghast Reflector Echelle Spectrograph

32 The WIYN Observatory is a joint facility of the University
of Wisconsin-Madison, Indiana University, the National Optical
Astronomy Observatory, and the University of Missouri.

All of the spectra used in this work were obtained
with TRES, a spectrograph with a resolving power of
R = 44,000 and one of two spectrographs for the 1.5 me-
ter Tillinghast telescope at the Whipple Observatory on
Mt. Hopkins in Arizona. We obtained at least one us-
able TRES spectrum of each of the planet candidate host
stars that we consider in this work and that we subject to
our validation process (see Section 4.2 for our definition
of “usable”). With a few exceptions, we only observed
candidates brighter than 13th magnitude in the Kepler
band with TRES because of the lengthy integration time
required to collect spectra of stars fainter than this and
the difficulty of subsequent follow-up observations (for
example, with precise radial velocities) at other facili-
ties. This limitation reduced the number of candidates
we considered for validation significantly, from ~1,000
to 275. In the future, observing these fainter candidates,
either with TRES or other spectrographs on larger tele-
scopes, could potentially more than double the number
of K2 planets for our analysis.

3.2. Speckle Observations

We observed many of our planet candidates with
speckle imaging from either the 3.5-m WIYN telescope,
the Gemini-South 8.1-m telescope, or the Gemini-North
8.1-m telescope. Together, the three telescopes collected
162 speckle images of 73 stars with DSSI (Horch et al.
2009). DSSI is a speckle imaging instrument that travels
between different telescopes. For each of the 73 targets,
we collected DSSI speckle images at narrow band filters
centered at 6920 A and 8800 A (at least one of each for
every target). These observations were made in Septem-
ber and October of 2015, as well as January, April, and
June of 2016.

Further, 160 speckle images were collected for a dis-
tinct sample of 70 stars at the WIYN telescope using
NESSI, which is essentially a newer version of the DSSI
instrument. For each of the 70 targets, we collected
NESSI speckle images at narrow band filters centered at
5620 A and 8320 A (at least one of each). These observa-
tions were made in October through November of 2016
and March through May of 2017. A list of the observed
stars can be found in Table 7.

3.3. Adaptive Optics Observations

In addition to speckle imaging, we also observed many
of our planet candidate host stars with adaptive optics
(AO) imaging.

We collected 47 AO images for 45 stars on the Keck
IT 10-m telescope in K filter with the Near Infra Red
Camera 2 (NIRC2); 5 of those stars were also imaged
using NIRC2 in J band. All of these observations were
made during April, July, August, and October of 2015
as well as January and February of 2016.

We collected 27 AO images for 27 stars on the Palomar
5.1-m Hale telescope in K filter with the Palomar High
Angular Resolution Observer (PHARO, Hayward et al.
2001); 6 of those stars were also imaged using PHARO
in J band. All of these observations were made dur-
ing February, May, and August of 2015 as well as June,
September, and October of 2016.

We collected 19 AO images for 18 stars on the Gemini-
North 8.1-m telescope in K band with the Near In-
fraRed Imager and spectrograph (NIRI, Hodapp et al.
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Figure 2. Diagnostic plots for EPIC 212521166.01. Left column, first (top) and second rows: K2 light curves without and with low
frequency variations removed, respectively. The low frequency variations alone are modeled in red in the first row, whereas the best-fit
transit model is in red in the second row. Vertical, brown, dotted lines denote the regions into which the light curve was separated to
correct roll systematics. Left column, third and fourth rows: phase-folded, low frequency corrected K2 light curves. In the third row,
the full light curve is shown (points more than one half period from the transit are gray), whereas in the fourth row, only the light curve
near transit is shown. The red line is the best-fit model and the blue points are binned data points. Middle column, first and second
rows: arclength of centroid position of star versus brightness, after and before roll systematics correction respectively. Red points denote
in-transit data. In the second row, small orange points denote the roll systematics correction made to the data. Middle column, third row:
separate plotting and modeling of odd (left panel) and even (right panel) transits, with orange and blue data points respectively. The black
line is the best-fit model, the horizontal red line denotes the modeled transit depth, and the vertical red line denotes the mid-transit time
(this is useful for detecting binary stars with primary and secondary eclipses). Middle column, fourth row: light curve data in and around
the expected secondary eclipse time (for zero eccentricity). Blue data points are binned data, the horizontal red line denotes a relative
flux = 1, and the two vertical red lines denote the expected beginning and end of the secondary eclipse. Right column: individual transits
(vertically shifted from one another) with the best-fit model in red and the vertical blue lines denoting the beginning and end of transit.

2003). These observations were made during October
and November of 2015 as well as June and October of
2016.

We collected a single AO image on the Large Binocular
Telescope in K filter with the L/M-band mid-InfraRed
Camera (LMIRCam, Leisenring et al. 2012). This obser-
vation was made in January of 2015.

There was some overlap between instruments; overall,
AO images were collected for a total of 80 systems. A
list of the observed stars can be found in Table 7.

4. DATA ANALYSIS

Once all of the photometry had been reduced and all of
the necessary follow-up observations had been collected,
the next step was to analyze the data, calculate relevant
parameters, and prepare the results for the validation
process. In this section, we explain the process of fitting
a model to our reduced light curves (to determine transit
parameters and create folded light curves), analyzing our

spectra (to calculate stellar parameters), and extracting
and reducing data from our high-contrast images (to cre-
ate contrast curves).

4.1. K2 light curves

4.1.1. Simultaneous Fitting of K2 Systematics and Transit
Parameters

In Sections 2.2, 2.3, and 2.4 we described the process
of correcting K2 photometry for instrumental systemat-
ics and exploring the reduced light curves for candidates.
Once those steps were complete, the planet candidates
needed to be more thoroughly characterized. In order to
assess transit and orbital parameters, we re-produced the
K2 light curves for these planet candidates, re-deriving
the systematics correction while simultaneously model-
ing the transits in the light curve. As in our original
systematics correction, the light curve was divided into
multiple sections and the systematics correction was ap-
plied to each section separately. A piecewise linear func-
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Figure 3. Diagnostic plots for EPIC 212521166.01. Left column, first (top), second, and third rows: images from the first Digital Sky
Survey, the second Digital Sky Survey, and K2 respectively, each with a scale bar near the top and an identical red polygon to show the
shape of the photometric aperture chosen for reduction. The K2 image is rotated into the same orientation as the two archival images
(north up). Middle column, top row: multiple panels of uncorrected brightness versus arclength, chronologically ordered and separated into
the divisions in which the roll systematics correction was calculated. In-transit data points are red, orange points denote the brightness
correction applied to remove systematics. Middle column, bottom row: variations in the centroid position of the K2 image. In-transit
points are red. The discrepancy (in standard deviations) between the mean centroid position in-transit and out-of-transit is shown on
the right side of the plot. Right column, first row: the K2 light curve near transit as calculated using three differently sized apertures:
“Small mask” (top panel), “Medium mask” (middle panel), and “Large mask” (bottom panel), each with the identical best-fit model in
red. Aperture-size dependent discrepancies in depth could suggest background contamination from another star. Right column, third row:
the K2 image overlaid with the three masks from the previous plot shown (in this figure, the large mask is fully outside the postage stamp

and is therefore not visible).

tion was fit with breaks roughly every 0.25 arcseconds
(varying slightly by target) to the arclength v. brightness
relationship described in section 2.2 (arclength is a one-
dimensional measure of position along the path an image
centroid traces out on the Kepler CCD camera). The
low-frequency variations in the light curve were modeled
with a cubic spline (with breakpoints every 0.75 days),
and the transits themselves were modeled with the Man-
del & Agol (2002) transit model. The fit was performed
using a Levenberg-Marquardt optimization (Markwardt
2009), and all of the parameters from the optimization
(besides the transit parameters) were used in order to
correct the systematics of the light curve (once again)
and remove the low-frequency variations (once again).
Since these parameters were determined in a simultane-
ous fit with the transits, the quality of the resulting light
curves reduction tended to be better than the original
light curves.

4.1.2. Final Estimation of Transit Parameters and
Uncertainties

After we produced the systematics-corrected, low-
frequency-extracted light curves, we analyzed them fur-
ther in order to estimate final transit parameter values
and their uncertainties. We based our model on the
BATMAN Python package (Kreidberg 2015), which we used
to calculate our synthetic transit light curves. We fit
the transit light curves of all planet candidates around
a given star simultaneously so that overlapping transits
could be modeled, assuming that each of the planets were
non-interacting and on circular orbits. For each planet
candidate, five parameters were included: the epoch (i.e.
time of first transit), the period, the inclination, the plan-
etary to stellar radius ratio (R,/R.), and the semi-major
axis normalized to the stellar radius (a/R.). Addition-
ally, two parameters for a quadratic limb-darkening law
were included (Kipping 2013), as well as a parameter to
allow the baseline to vary (in case there was an erro-
neous systematic offset from flux = 1 outside of transit),
and a noise parameter that assigned the same uncertain-
ties to each flux measurement (since flux error bars were
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Figure 4.

Model-shift uniqueness diagnostic plots for EPIC 212521166.01.

We cross-correlated the phase-folded light curve of each

planet candidate with the candidate’s best-fitting transit model. The two plots in the top row show the cross-correlation function as a
function of orbital phase with different scaling on the Y-axis. The tallest peak in the response is the primary transit, and the three vertical
lines show the phase of the highest significance putative secondary event (red) , the second highest significance putative secondary event
(orange), and the highest significance “upside-down” secondary event (blue). The bottom row of plots show the three segments of the
light curve surrounding the highest and second highest significance putative secondary eclipses, and the highest significance “upside-down”
event. Grey and purple data points are unbinned and binned observations respectively. Comparing the amplitudes of these three events
gives an indication of their significance. Here, the two most significant putative secondary eclipses have a similar amplitude to the most
significant upside-down event, indicating that they are all likely spurious. We find no significant secondary eclipse in the light curve of

EPIC 212521166.01.

not calculated in the K2 data reduction process). For
all of these planet and system parameters we assumed a
uniform prior, except for the R, /R, parameter for each
planet, which we gave a log-uniform prior.

For each candidate system, the transit parameters
in this model were estimated using emcee (Foreman-
Mackey et al. 2013), a Python package that runs simula-
tions using a Markov chain Monte Carlo (MCMC) algo-
rithm with an affine invariant ensemble sampler (Good-
man & Weare 2010). In each simulation, the parameter
space for a system with n candidates was sampled with
8 + 10n chains (equal to twice the number of model pa-
rameters). The MCMC process was ran for either 10,000
steps or until convergence, whichever came last. Con-
vergence was defined according to the scale-reduction
factor (Gelman & Rubin 1992), a diagnostic that com-
pares variance for individual chains against variance of
the whole ensemble. A simulation was considered con-
verged when the scale reduction factor was less than 1.1
for each parameter. The Gelman-Rubin scale-reduction
factor is properly defined for chains from distinct, non-
communicating MCMC processes; however, we found
that our simulations visually converged many times more
quickly than the Gelman-Rubin diagnostic, so we decided
the diagnostic would be sufficient for our purposes. An
example of a converged model fit against transit data can
be seen in Fig. 5.

Additionally, each simulation was checked after the
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Figure 5. Fit of our transit model to corrected and normalized
light curve data for EPIC 212521166.01. The yellow points are the
observed data, normalized and phase-folded to the orbital period
of the planet. The black line is our transit model with the median
parameter values determined from an MCMC process. The dark
blue and light blue regions are lo and 3¢ confidence intervals,
respectively.

minimum number of steps (10,000) and at the end of
the simulation for any chains in the ensemble that could
be easily categorized as “bad”, i.e. trapped in a mini-
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mum of parameter space with a poorer best fit than the
minimum of the ensemble majority. In detail, a chain
was classified as “bad” if both of the following applied:

1. The Kolmogorov-Smirnov statistic between the
chain with the highest likelihood step and the chain
in question was greater than 0.5.

2. 6,/6, < 1/(100n), where 6; is the local maxi-
mum likelihood (the maximum likelihood within
the chain in question), 6, is the global maximum
likelihood throughout the ensemble, and n is the to-
tal number of steps. This test is our own invention,
which is more likely to classify a chain as bad when
its maximum likelihood is further from the global
maximum likelihood. This test also accounts for
the length of the simulation, since the maximum
likelihood within each chain should be closer to the
global maximum likelihood for longer simulations.
We include a factor of 100 in the denominator to
make the test sufficiently conservative, such that
it only finds bad chains very rarely and only those
extremely unlikely to rejoin the ensemble in the
lifetime of the simulation.

If a chain was deemed bad after 10,000 steps, its posi-
tion in parameter space was updated to that of a good
chain from the previous step of the simulation. If a chain
was deemed bad at the end of the simulation, it was sim-
ply removed and not replaced. Both after 10,000 steps
and at the end of the simulation, bad chains only oc-
curred about 15% of the time, typically for only one or
two chains in the ensemble.

A representative sample of the converged posteriors for
each exoplanet system transit fit has been archived at
https://zenodo.org/record/1164791.

4.2. TRES Spectroscopy

We first visually inspected each of the spectra collected
with TRES for our candidate host stars. Our main goal
in visually inspecting the spectra was to identify cases in
which the spectra were composite or otherwise indicative
of multiple stars in the system. We looked at diagnos-
tic plots produced by the TRES pipeline, which showed
various echelle orders and a cross-correlation between a
synthetic template spectrum and a single spectral order
around 5280 A.

After identifying composite spectra and confirming
that the others were apparently single-lined, we prepared
the spectra before determining the host stars’ parame-
ters. In particular, we manually removed cosmic rays
from the spectra that might bias or otherwise affect the
spectroscopic parameters we measured. We focused on
three echelle orders in particular, orders 22, 23, and 24
(covering 5059-5158, 5135-5236, and 5214-5317 A respec-
tively), which are within the range we used to measure
spectroscopic parameters.

Once we finished visually inspecting each spectrum and
removing cosmic rays, we analyzed each TRES spectrum
using the Stellar Parameter Classification (SPC) tool,
developed by Buchhave et al. (2012). SPC determines
key stellar parameters through a comparison of the in-
put spectrum (between 5050 and 5360 A) to a library
grid of synthetic model spectra, developed by Kurucz

(1992). The library is 4-dimensional, varying in effec-
tive temperature Tog, surface gravity log g, metallicity
[m/H], and line broadening (a good proxy for projected
rotational velocity, or vsiné). [m/H] is estimated rather
than [Fe/H] because all metallic absorption features are
used to determine metallicity rather than just iron lines.
(SPC assumes all relative metal abundances are the same
as in the Sun, and [m/H] simply scales all solar abun-
dances by the same factor.) This library grid spans Teg
from 3500 K to 9750 K in 250 K increments, log ¢ from
0.0 t0 5.0 (cgs) in 0.5 increments, [m/H] from -2.5 to +0.5
in 0.5 dex increments, and line broadening from 0 km s—!
to 200 km s~! in progressively spaced increments (from
1 km s~% up to 20 km s—1). In total, the library contains
51,359 synthetic spectra. The stellar parameters derived
using SPC can be found in Table 5.

We also calibrated TRES against Duncan et al. (1991)
for the Sy stellar activity index, a measure of the
strength of emission in the cores of the H and K Ca
II spectral absorption features. Our calibration was only
performed over a range of 0.244 < B-V < 1.629, 0.055 <
Srx < 2.070, and vsini < 20 km s~!. Additionally, we
required a photon count of more than 250,000 in the R
and V continuum regions (3901.07410 Aand 4001.07+10

Arespectively). Within those ranges, we were able to
calculate Sy for 28 of our spectra collected for 4 stars.
Although there are relatively few K2 planet candidates
bright enough for this measurement on a 1 meter tele-
scope, it will be much more common with TESS. A note
has been made for the relevant stars in Table 5 and the
full results are listed in Table 3. There is also a detailed
description of the Sy x calibration process for TRES in
the Appendix.

In cases where we observed a candidate host star more
than once with TRES, we attempted to identify or rule
out large velocity variations indicating a stellar compan-
ion to the host star. (For this purpose we collected one
new TRES spectrum each for EPIC 220250254 and EPIC
210965800, but otherwise exclusively used the spectra
from which we derived stellar parameters.) We phased
the radial velocities to the photometric ephemeris and fit
a sinusoid to the velocities at the period and ephemeris of
each candidate (and assuming a circular orbit) in order
to estimate the companion mass and mass uncertainty.
If the companion mass was more than 30 lower than 13
Jupiter masses, we ruled out the eclipsing binary scenario
(see Section 5.1 and Table 6). If the semi-amplitude of
the companion mass was more than 1 km s~! we labeled
the system as a binary. Five systems were labeled bina-
ries in this manner (see Table 4). If neither of the above
cases was true, no action was taken.

Out of the 233 candidate host stars, 43 had more than
one TRES spectrum available. The stellar parameters
calculated for the spectra of such candidates were com-
bined via a weighted average based on the peak height
of the cross-correlation function. The scatter between
multiple spectra for the same candidate was not large
relative to the assumed systematic errors. For example,
Buchhave et al. (2012) set an internal error floor of 50 K
for effective temperature; we found an average standard
deviation of 40 K between spectra of the same candidate,
and the scatter was less 100 K for ~90% of candidates
with multiple spectra.
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There were some instances in which a TRES spectrum
was not considered good enough for stellar parameter
estimation with SPC. In particular, we did not use any
spectrum for which the SNR per resolution element was
< 20 or the cross-correlation function peak height of the
spectrum was < 0.8. Further, we also did not use any
spectra that yielded SPC results outside of certain trust-
worthy ranges. Specifically, we only used spectra that
yielded 4250 < Tug < 6500 and line broadening < 50
km s!. It should also be noted that all spectra used to
determine stellar parameters were collected with TRES
on or before 2017 June 10 (although some usable spectra
have since been collected, they were not retroactively in-
cluded in our stellar parameter analysis). No planet can-
didate underwent the validation process unless their host
star had at least one spectrum (collected with TRES)
that satisfied these criteria.

4.3. Contrast Curves

We quantified the constraints placed on the presence
of additional companions in our high-resolution (speckle
and adaptive optics) imaging by calculating “contrast
curves”. A contrast curve specifies at a given distance
from the target star how bright a companion star would
have to be in order to be detected.

Once speckle observations were collected, the data were
reduced according to method described in Furlan et al.
(2017), yielding a high-contrast image of a candidate.
Then local minima and maxima were analyzed relative
to the star’s peak brightness to determine Am (average
sensitivity) and its uncertainties within bins of radial dis-
tance from the target star. The contrast curves used in
this research were the 5¢ upper limit on Am as a func-
tion of radial distance. A more detailed description of
the data reduction process can be found in Howell et al.
(2011). An example of a contrast curve can be seen in
Fig. 6.

As for AO observations, the creation of corresponding
contrast curves was performed by injecting fake sources
into the images and varying their brightness in order to
determine the brightness threshold for the detection al-
gorithm being used. This process is described in greater
detail in Crossfield et al. (2016); Ziegler et al. (2017)

Note that these processes of creating a contrast curve
were the same regardless of wavelength. So in the in-
stances that multiple speckle or adaptive optics images
at different wavelengths were available, multiple contrast
curves were created that were all used in the validation
process for a given candidate.

5. FALSE POSITIVE PROBABILITY ANALYSIS
5.1. The Application of vespa to Planet Candidates

Our validation work relied primarily on a method
called Validation of Exoplanet Signals using a Proba-
bilistic Algorithm, or vespa, a public package (Morton
2015b) based on the work of Morton (2012). It operates
within a Bayesian framework and calculates the False
Positive Probability (FPP), the probability that a candi-
date is an astrophysical false positive rather than a true
positive (i.e. a planet).

Once photometry, spectroscopy, and any available
high-contrast imaging had been collected and reduced
for a candidate system, that system underwent our val-

idation procedure using vespa. For each candidate, the
following information was supplied:

1. A folded light curve containing the planetary tran-
sit and roughly one transit duration of baseline on
either side. Identical error bars were assigned to
all data points based on the noise parameter deter-
mined by our transit fitting procedure. This light
curve had the presence of other planets in the sys-
tem removed using the best-fit parameters deter-
mined by the fitting procedure.

2. A secondary threshold limit. We calculate this
limit by first cutting out all transits from all can-
didates in a system. Then, for a given candidate,
we phase-fold the data to the candidate’s period,
bin the baseline flux according to the transit du-
ration of the candidate, calculate the standard de-
viation between the bin averages, and multiply by
three. Effectively, we are asserting that a secondary
eclipse has not been detected at a 30 level or higher.

3. A contrast curve. When available, this lowered
the FPP by eliminating the possibility of bound
or background stars above a certain brightness at
a given projected distance, thus reducing the pa-
rameter space in which a false positive scenario
could exist. Note that vespa doesn’t require a con-
trast curve to operate, and in many cases a candi-
date host star had no contrast curve data available.
However, contrast curves were collected from AO
or speckle data and provided to vespa for 186 of
our 233 candidate host stars (see Table 7).

4. RA and Dec. The likelihood of a false positive sce-
nario is calculated by vespa based on the target
star’s location on the celestial sphere. For exam-
ple, near the Galactic plane a target star’s FPP
will increase significantly due to the crowded field.

5. Tet, log g, and [m/H] (collected from SPC). These
constraints help rule out false positive scenarios
that would otherwise be allowed given only stellar
magnitude information. Although vespa could op-
erate without these values, we did not apply vespa
to any candidate system for which stellar parame-
ters could not be estimated from a TRES spectrum.

6. Stellar magnitudes. The K2 Ecliptic Plane Input
Catalog (Huber et al. 2016) was queried to find
magnitude information on each target star in the
Kepler, J, H, and K band passes. The J, H, and
K band passes originated from the 2MASS catalog
(Cutri et al. 2003; Skrutskie et al. 2006). Mag-
nitude uncertainties were not required or provided
for the Kepler band pass, while uncertainties for the
J, H, and K band passes were added in quadrature
with 0.02 magnitudes of systematic uncertainty to
be conservative.

7. Parallaxes. Whenever parallaxes were available
from HIPPARCOS (Perryman et al. 1997) or GAIA
(Gaia Collaboration et al. 2016a,b) those were also
included.
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Figure 6. Contrast curve developed from a speckle image at 692 nm (6920 A) for candidate system EPIC 212521166. The contrast
curve is plotted as Am (average sensitivity to a companion in magnitude difference between the primary and secondary) versus angular
separation (in arcseconds). Plus signs and circles are maxima and minima respectively of the background sensitivity in the image. The
blue squares are the 50 sensitivity limit within adjacent angular separation annuli. The red line is the contrast curve itself, a spline fit to
the sensitivity limit (the blue squares).
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Given all this input, vespa makes a representative pop-
ulation for each false positive scenario (and the transiting
planet scenario). False positive scenarios considered by
vespa include a background (or foreground) eclipsing bi-
nary blended with the target star, a hierarchical eclipsing
binary system, or a single eclipsing binary system (as well
as each of those scenarios with twice the period). Then
vespa calculates a prior for each scenario by multiplying
together the probability that the scenario exists within
the photometric aperture, the geometric probability that
the scenario leads to an eclipse, and the fraction of in-
stances in which the eclipse is appropriate. Here “appro-
priate” means an instance’s eclipse takes place within the
photometric aperture, the secondary eclipse (if it exists)
is not deep enough to cross the detection threshold, the
instance’s primary star has wavelength-dependent mag-
nitudes within 0.1 magnitudes of those provided as in-
put, and the instance’s primary star has T.g and logg
that agree with the input values to within 3o.

Then the likelihood for each scenario is calculated us-
ing the folded light curve by fitting against a distribution
of transit durations, depths, and ingress/egress slopes
calculated from each scenario. Once priors and likeli-
hoods have been determined for each scenario, the last
step is simply to combine them for each scenario in or-
der to determine an overall posterior likelihood for every
scenario. If the posterior likelihood for the planet sce-
nario is exceedingly larger than all of the other scenarios
combined, then the candidate can be classified as a val-
idated planet. In our case, we required the sum of all
false positive scenario probabilities to be < 0.001.

The output from vespa includes simulation informa-
tion from the underlying light curve fitting process, as
well as figures and text files conveying likelihood in-
formation of various false positive scenarios and the
transiting planet scenario. Section 6.1 provides a con-
crete validation example with characteristic input and
output. Additionally, the full vespa input and out-
put for each exoplanet candidate has been archived at
https://zenodo.org/record/1164791.

As we noted in Section 4.2, for systems where we had
collected more than one good TRES spectrum, we phased
the RVs to search for or eliminate the possibility of an
eclipsing binary scenario. (Small RVs would not rule
out hierarchical or background eclipsing binary scenar-
ios since large RVs would be reduced by the third star
in the aperture.) In cases where the eclipsing binary sce-
nario could be eliminated, we reduced the probability of
the scenario (and the similar scenario analyzed by vespa
with double the period) to zero. We then divided the
probability of all the remaining scenarios investigated by
vespa by their sum so that the total probability was still
one. The values reported in Table 6 already have this
adjustment applied.

Systems with multiple planet candidates are more
likely to be hosting multiple planets than multiple false
positive signals. In fact, the likelihood of the planet
scenario for each individual candidate is consequently
boosted relative to false positive scenarios in multiplanet
candidate systems (Latham et al. 2011). To account for
this effect, we apply a “multiplicity boost” to the planet
scenario prior in such systems, deflating the FPP by the
multiplicity boost factor to account for the nature of
these systems. We choose a boost factor of 25 for double

candidate systems and a boost factor of 50 for systems
with 3+ candidates based on the values used by Lissauer
et al. (2012), Vanderburg et al. (2016b), and Sinukoff
et al. (2016). The FPP values reported in Table 4 already
have the appropriate multiplicity boost factor applied.

5.2. Criteria for Planet Validation

Following standard practice, we only validated planets
for which the following were true, since vespa assumes
we have checked for and ruled out each of them:

1. There is not a composite spectrum.

2. There is not a companion in the aperture. (This
was determined from archival imaging.)

3. There is not a companion in AO and/or
speckle images. (This was determined from
our AO and speckle images as well as
any images for our candidates uploaded to
https://exofop.ipac.caltech.edu/k2/ before 2017
August 9.)

4. There is no evidence of a secondary eclipse (at any
arbitrary phase).

5. There is not an ephemeris match (see Section 2.4).

If any of the above were false, the FPP was not re-
ported in Table 4 and the candidate was not validated
regardless of the FPP value vespa provided.

It is worth noting that recently there have been six
validated planets shown to be false positives by follow-up
observations and analysis (Cabrera et al. 2017; Shporer
et al. 2017). We briefly examine whether these instances
are a cause for concern in our own results.

In the case of Cabrera et al. (2017), they found that
two false positives exhibited increased transit depths for
larger aperture masks (suggesting a nearby star was re-
sponsible for the eclipses) while the third showed a sec-
ondary eclipse at phase = 0.62 when they used a differ-
ent data reduction process. The first two false positives
would have failed the variable-sized mask test we apply
via our diagnostic plots, while the secondary eclipse from
the third false positive would have been caught through
a combination of our data reduction process and the
“model-shift uniqueness” test we apply (Coughlin et al.
2016).

As for Shporer et al. (2017), the vespa fit to the avail-
able photometry for each false positive was very poor
and all three of the false positives were reported to be
very large “planets”. We addressed these concerns in two
ways. First, we decided to only use 2MASS photometry
in order to avoid systematic errors between photometric
bands. Second, we chose not to validate any planet can-
didates larger than 8 Rg, since a candidate of that size
or larger could actually be a small M dwarf. The only ex-
ception to this rule is if there are RV measurements that
can rule out the eclipsing binary scenario, in which case
we do report the FPP (and validate for FPP < 0.001)
regardless of planet size.

6. RESULTS

The results section is divided into two parts. In the
first part, the process of validation is described in detail
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Table 1

System and planetary parameters of EPIC 212521166

Parameter Unit This Paper Osborn et al. (2017)
Orbital parameters

Period P days 13.8639170:99022  13.86375 +2.6x10~%
Time of first transit® BJD-2454833  2386.8744075 00072 2442.32092 + 6.1x10%
Orbital eccentricity e - 0 (fixed) 0.079 £ 0.07
Inclination degrees 89.36t8:$g 89.351’8:;}1
Transit parameters

System scale a/R« - 32.345%‘2 30.8£1.0
Impact parameter b - 0.36t8:3§ 0.34":81;%
Transit duration 774 hours 3.181“3'81? 3.22 +0.03

13

Radius ratio Rp /R« -

0.033470:0018

4
—0.0007 0.0333 £ 6.6x10

Planet parameters

Planet radius Ry Rg 2.521518 2.592 & 0.098
Stellar parameters

Stellar mass M, Mg 0.724 £ 0.025 0.738 £0.018
Stellar radius R Ro 0.69216-:625 0.713 + 0.020
Effective temperature Tog K 4877 + 50 5010 £+ 50
Surface gravity log g g cm ™2 4.514+0.10 4.60 + 0.03
Metallicity [m/H]* dex —0.30 + 0.08 —0.34 +£0.03
Validation parameters

FPP - 8.44x10~7 -

20ur reported transit time and that reported by Osborn et al.
(2017) differ by 4 orbital periods.

bQur reported metallicity is [m/H] (derived from many metal ab-
sorption features) while the metallicity reported in Osborn et al.
(2017) is [Fe/H] (derived from iron absorption lines only).

for a single planet candidate, in order to explain precisely
how the photometry and follow-up observations are used.
In the second part, our validation process is more widely
applied to every selected candidate and the results for
each candidate are reported.

6.1. Validating a single planet: EPIC 212521166.01

In order to understand the process that was applied to
each of our candidates, it is instructive to look at valida-
tion for a single, concrete example. Here, we describe in
detail the validation process for a typical planet candi-
date system, EPIC 212521166 (K2-110). We chose this
system because 1) it was detected in our pipeline, and
2) Osborn et al. (2017) has already confirmed and char-
acterized the planet, which allows us to compare some
of the system parameters we calculated against their re-
sults.

EPIC 212521166 was observed by K2 during Campaign
6. After we produced a light curve from calibrated K2
pixel data and removed systematics (as described in Sec-
tion 2.2), we searched for transits in our processed light
curve (as described in Section 2.3). Our transit search
pipeline detected a single, high signal-to-noise threshold
crossing event with a period of 13.87 days and a depth
of about 0.1%. The signal passed triage (see Section 2.3)
and moved on to vetting (see Section 2.4). We confirmed
the signal was transit-like, and observed no significant
secondary eclipse, phase variations, differences in depth
between odd and even transits, aperture-size dependent

transit depths, or other indications of a false positive or
instrumental false alarm (see Figs. 2, 3, and 4). As a re-
sult, we promoted the EPIC 212521166 threshold cross-
ing event to a planet candidate.

Upon its identification as a planet candidate, we ob-
served EPIC 212521166 with the TRES spectrograph on
the Mt. Hopkins 1.5m Tillinghast reflector and with the
DSSI speckle imaging camera on the 3.5m WIYN tele-
scope at Kitt Peak National Observatory. Using the or-
bital and transit parameters determined with our tran-
sit model, the stellar parameters derived from SPC, a
folded light curve of the planetary transit, and two con-
trast curves in r-band and z-band collected via high-
contrast speckle imaging from DSSI on the WIYN tele-
scope (see Fig. 6), vespa was employed to determine the
FPP for EPIC 212521166.01. The FPP was found to be
8.44x1077, which was well below the cutoff threshold, so
the planet candidate was classified as validated. The key
output figure of vespa can be seen in Fig. 7.

Like us, Osborn et al. (2017) found EPIC 212521166
to be a metal-poor K-dwarf star hosting planet candi-
date with P = 13.9d and R, = 2.6 Rg. A comparison
of planetary and system parameters can be see in Table
1. Our analyses and theirs are in good agreement for all
parameters. Additionally, Osborn et al. (2017) took the
further step of obtaining precise radial velocity observa-
tions to confirm the existence of EPIC 212521166.01, so
we can be confident that in this case, vespa’s assessment
of a low false positive probability was well justified.
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ep212521166b

Priors Likelihoods

HEBs: 7.2e-17
HEEBs (Double Period): 1.5e-05
EBs: 5.0e-09
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]
]
[ EBs (Double Period): 1. 9e-03
—
—
(=]

-
Il HEBs (Double Period): 6.9e-06
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[ EBs [Double Period): 5.0e-05
—

—

(=]

BEBs: 0.0e+00
BEBs {Double Period): 0.0e+00
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BEBs: 0.0e+00
BEBs (Double Period): 0.0e+00
Planets: 1.5e+01

BB HEBs: 0.000
Il HEBs (Double Period): 0.000
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Figure 7. False Positive Probability analysis of EPIC 212521166.01. HEB, EB, and BEB refer to a hierarchical eclipsing binary, eclipsing
binary, and background eclipsing binary scenario respectively. Combining the prior likelihood of a false positive scenario (given sky position,
contrast curve data, and wavelength-dependent magnitudes), as well as the likelihood of the transit photometry under various scenarios,
the posterior distribution highly favors the planet scenario, with FPP = 8.44x10~7. (Note: the true FPP value is always reported in a
supplementary file, but for FPP < 1 in le6 the figure produced by vespa simply reports the FPP as < 1 in 1e6.)
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6.2. Full Validation Results

The process of wvalidation described for EPIC
212521166.01 in the previous section was similarly ap-
plied to the remaining candidates suitable for validation.
We identified 275 candidates in 233 systems that had
at least one usable TRES spectrum, and the FPP was
calculated for each of these candidates (see Table 4).

Occasionally vespa failed to return a FPP; in such
cases, the lowest data point in the light curve was re-
moved (to aid the initialization process for vespa’s trape-
zoidal transit fit) and vespa was reran. This approach
worked in most cases, but if it failed again the lowest two
data points were removed and vespa was reran. If that
too was unsuccessful then the FPP was not reported.
(Most of the time vespa only failed after these steps be-
cause of a Roche lobe overflow error.) 149 candidates in
111 systems had a FPP < 0.001 and were thus promoted
to validated planet status.

To date, the largest single release of K2 validation re-
sults has been Crossfield et al. (2016), with 197 candi-
dates and 104 validated planets in C0-C4. In comparison,
108 of our candidates are from C0-C4, 69 of which are
validated. The two samples share 53 candidates in com-
mon, 37 of which are validated and 9 of which remain
candidates in both analyses. (Additionally, 2 candidates
in common are only validated in this work while 5 are
only validated in Crossfield et al. 2016). That leaves 55
candidates in our C0-C4 sample (30 of which are vali-
dated) that were undetected by Crossfield et al. (2016),
as well as 146 candidates (62 of which are validated) in
the Crossfield et al. (2016) sample undetected in our own
C0-C4 sample. Only ~21% of the total candidates were
detected by both analyses, and only ~26% of the total
validated planets were validated by both analyses.

Table 2
Breakdown of Candidate Dispositions

Previous Updated Disposition
Disposition! VP PC All
VP 53 15 68
PC 39 55 94
FP 12 13 2
UK 56 55 111
All 149 126 275

L vP = Validated Planet, PC = Planet Candidate, FP = False

Positive, UK = Unknown

2 EPIC 210894022.01. See Section 6.2

3 EPIC 202900527.01. See Section 6.2

The sample overlap may seem surprisingly small, but
it makes more sense when the candidate selection and
validation processes are examined. For example, Cross-
field et al. (2016) only considered candidates with 1d <
P < 37d (19% of our C0O-C4 sample was outside that
range) and we only considered candidates with K, < 13
(48% of their sample was outside that range). If we only
consider C0-C4 candidates within those ranges (137 to-
tal), both teams find over half of each other’s samples,
and the overlap between samples rises to 39% (53 can-
didates). Similarly, for validated planets within those
ranges (77 total), both teams find more than two thirds

of each other’s samples, and the overlap between samples
rises to 57% (44 validated planets).

There are many further examples of differences that
created discrepancies between the two samples. We re-
quired that each planet candidate had at least one us-
able TRES spectrum (see Sections 3.1 and 4.2), even
though in early campaigns TRES spectra weren’t col-
lected for all bright candidates. This led to the exclu-
sion of many otherwise promising candidates that are
included in Crossfield et al. (2016). Further discrepan-
cies could have arisen from the temperature and planet
radius cuts applied to our validated planet sample, the
elimination of objects with companions closer than 4” in
the Crossfield et al. (2016) candidate sample, and a dif-
ference in significance thresholds for TCEs (we used 9o
while they used 120).

Table 2 compares the candidate dispositions found in
this work against their previous dispositions (accord-
ing to the NASA Exoplanet Archive®® and the Mikul-
ski Archive for Space Telescopes®! (both accessed 2018
February 14). We should note that 15 of our candi-
dates were not validated in this work even though they
have been previously validated elsewhere. However, all
of these candidates were either restricted from being vali-
dated by our conservative criteria for validation (see Sec-
tion 5.2), or had a FPP value close to our validation cut-
off of FPP = 0.001, or were validated using different or
additional observations as input to vespa. We also note
that our work classifies two targets previously labeled as
false positives: EPIC 202900527.01 (K2-51 b) and EPIC
210894022.01 (K2-111 b). Shporer et al. (2017) clearly
showed EPIC 202900527.01 to be a stellar binary. We
don’t claim otherwise by labeling it a candidate (since
we label all targets with FPP > 0.001 as candidates).
On the other hand, Crossfield et al. (2016) previously
identified EPIC 210894022.01 as a false positive, but a
subsequent, improved vespa run showed the target to in
fact be a planet (I. Crossfield, private communication).
Therefore we do claim this target to be validated.

Another case worth mentioning is the multiplanet sys-
tem EPIC 228725972, which hosts one validated planet
and one candidate ruled out by a companion in the aper-
ture and in a NESSI speckle image. The smallest aper-
ture mask we tested excluded the companion (located
approximately 12 arcseconds from the primary) but only
exhibited transits for one of the candidates, hence the
difference in flags for the two candidates.

In addition to the FPPs and other parameters derived
through the validation process described in previous sec-
tions, we also calculated the radii and masses of the
stars in our sample (having a stellar radius allowed us
to calculate absolute planetary radius). We calculated
these parameters by inputting stellar effective tempera-
ture, metallicity, and surface gravity into the isochrones
Python package (Morton 2015a). We also found that in-
putting 2MASS photometry into isochrones along with
the aforementioned stellar parameters had no notice-
able effect on the resulting stellar radius and mass val-
ues (or their uncertainties). Although isochrones have
been found to underestimate stellar radii before (Dress-
ing et al. 2017a; Martinez et al. 2017; Dressing et al.

33 https://exoplanetarchive.ipac.caltech.edu/
34 https://archive.stsci.edu/k2/published_planets/search.php
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2017b), this effect is confined to M dwarfs and late K
dwarfs, which are largely excluded from our host star
sample since we do not consider stars with effective tem-
peratures below 4250 K (see Section 4.2). The derived
stellar masses and radii are reported in Table 4. (Also
note that all stellar parameters for each system are re-
ported in Table 5).

7. DISCUSSION
7.1. Lessons Learned

There have been a few recent instances of false posi-
tive misclassification (Cabrera et al. 2017; Shporer et al.
2017), in which a target has been classified as a validated
planet but later shown to be a false positive through sub-
sequent analysis. Here, we discuss some of the pitfalls
of statistical validation, and share some lessons we have
learned and solutions we have implemented to prevent
false positive misclassification.

First, spectroscopy is key. Stellar parameters are cru-
cial to understanding the host star and correctly classify-
ing the candidates. For example, identifying the star as
highly evolved can prevent an orbiting brown dwarf or M
dwarf from being incorrectly labeled as a smaller planet
orbiting a main sequence star. One might attempt to
avoid this issue by estimating stellar surface gravity via
photometry alone, but that is notoriously difficult to do
and can lead to incorrectly estimated stellar parameters.
Collecting at least one spectrum from which to estimate
spectroscopic parameters (including surface gravity) can
avoid many issues like this. And collecting more spec-
tra may exclude (or reveal) large RV variations from an
eclipsing binary scenario.

Second, a search for secondary eclipses at all phases
should be performed to exclude highly eccentric binary
scenarios. The search method used here was the “model-
shift uniqueness” test designed by Coughlin et al. (2016).
This method compared off-transit portions of the light
curve against the transit portion of the best-fit transit
model (and the transit model inverted, to provide a vi-
sual comparison of detection significance). An even more
rigorous method would consider secondary eclipses of du-
ration and depth distinct from that of the transit.

Third, when validating exoplanets using vespa one
should be very careful about what broadband photom-
etry is used and what offsets and systematics there are.
Statistical validation work on data from the original Ke-
pler mission took advantage of high-quality and uniform
broadband photometry from the Kepler Input Catalog
(KIC, Brown et al. 2011). The analogous EPIC cata-
log for K2 is similarly vital to the analysis of the K2
star and planet sample. However, it is approximately
four times larger and was produced by collecting archival
photometric measurements; therefore, it is more hetero-
geneous and more prone to systematic errors and offsets
than the KIC. We have found that in some cases, these
systematic errors or offsets in photometry can result in
untrustworthy FPP estimates, in particular, extremely
low FPP measurements for known or likely false posi-
tives. For example, when we input to vespa all available
broadband photometry from the EPIC catalog for the
candidate EPIC 211418290.01, vespa yields a FPP less
than 107% because it is unable to find an acceptable fit
to a binary star model due to underestimated photomet-

ric uncertainties and therefore incorrectly rules that false
positive scenario out. However, inputting only 2MASS
photometry to vespa yields a better fit to the eclips-
ing binary scenario, and vespa therefore returns a much
higher FPP of about 0.6. Situations like this were not
uncommon, which is why we ultimately decided to use
only photometry from the all sky 2MASS survey. We
chose to use only the 2MASS survey because it provides
broadband photometry for all of our candidates and op-
erates in the infrared, reducing the effects of reddening.
Including photometry from additional surveys that are
calibrated differently and have distinct systematic un-
certainties would introduce non-uniformity that would
be difficult to quantify and could bias our results.

To be conservative, we also added 0.02 mags of sys-
tematic error in quadrature with the reported error for
each 2MASS band we used. This will continue to be im-
portant after the launch of TESS, which will observe tar-
gets selected from the TESS Input Catalog (TIC, Stassun
et al. 2017). The TIC will be very important for select-
ing candidates for observation and follow-up; however, it
is being assembled in a manner similar to the EPIC and
is approximately ten times larger, so it may have similar
or even greater photometric offsets.

Fourth, it is very important to make and remake a
candidate’s light curve with multiple apertures of vary-
ing sizes, in order to determine whether the transit signal
originates from the target star or a nearby background
star (and thus exclude background false positive scenar-
ios). This test caught many false positives in our own
analysis, and has been used successfully before in other
candidacy analyses (e.g. Dressing et al. 2017Db).

Fifth, transiting giant planets are nearly indistinguish-
able from eclipsing brown dwarfs or small M-dwarf stars,
since they have roughly equal radii. Great care should
be taken when interpreting the output of vespa for gi-
ant planets, and unless there is a clear way to distin-
guish between the two scenarios (via RV measurements,
secondary eclipse detection, composite spectra, etc.), at-
tempts to validate large planets can be difficult and prone
to error.

By considering each of the above lessons and incorpo-
rating them into future validation analyses, misclassifi-
cations of validated planets can be significantly reduced
and hopefully eliminated in all but the most perverse
scenarios.

We will now investigate some of the individual vali-
dated planets in our sample as well as the characteristics
of our sample as a whole.

7.2. A New Brightest Host Star in the K2 and Kepler
Planet Samples

One interesting target in our sample is EPIC
205904628 (HIP 110758, HD 212657), a F7 star observed
in Campaign 3. We detected and validated a 2.8 Rg
planet on a 10 day orbit. At a V magnitude of 8.24, EPIC
205904628 is now the brightest star at optical wave-
lengths in the entire Kepler and K2 samples to host a val-
idated planet. EPIC 205904628 is just slightly brighter
than Kepler-21 (V = 8.25), a star of similar spectral type
found during the original Kepler mission to host a single
short-period exoplanet (Lopez-Morales et al. 2016; How-
ell et al. 2012). TESS is expected to discover planets
around many stars this bright and brighter.
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We note that due to its brightness, we applied some
special care to this star. In particular, we re-reduced
the K2 light curve by extracting light curves from larger
photometric apertures than our standard pipeline uses.
We also incorporated information from 2MASS J-band
imaging to rule out additional stars in the photometric
aperture by calculating a contrast curve and inputting it
to vespa to provide deeper imaging constraints than our
speckle image.

7.3. Characteristics of the Sample

In addition to individual planets in our sample, it is
interesting to explore a few of the demographics of the
newly validated exoplanet population. Figs. 8-15 reveal
various aspects of the validated exoplanet sample and
the exoplanet candidate sample.

7.3.1. The Stellar Magnitude Distribution

Fig. 8 is a histogram of the distribution of brightnesses
for the host stars in our sample compared against bright-
ness for stars hosting known Kepler planets (downloaded
from https://exofop.ipac.caltech.edu/; accessed 2017 De-
cember 4). Most of the candidates in our population are
clustered near stellar magnitudes of K, = 12 to K, =
13, and the cutoff we imposed at K, = 13 is very evi-
dent. Also in Fig. 8 is the distribution of brightnesses
for host stars to known Kepler planets. That distribu-
tion peaks near K, = 15 and drops rapidly at brighter
magnitudes. It is more difficult to find planet candidates
around faint targets for K2 than for Kepler since the
baseline is shorter. Therefore K2 candidates tend to or-
bit very bright host stars relative to Kepler candidates,
making K2 candidates excellent targets for follow-up ob-
servations.

7.3.2. The Effective Temperature Distribution

Most of the validated planets and candidates we iden-
tified orbit host stars with effective temperatures in the
5000 — 6000 K range. However, out of 233 stars in our
sample 41 are cooler than 5000 K and 25 are hotter
than 6000 K. No stars in our sample are cooler than
4250 K or hotter than 6500 K. See Fig. 9 for a com-
parison against the Kepler sample (downloaded from
https://exofop.ipac.caltech.edu/; accessed 2017 Decem-
ber 4).

7.3.3. The Period Distribution

We also explored the period distribution of our candi-
date population. As can be seen in Fig. 10, the typical
validated planet or candidate has an orbital period of 20
days or less. This should come as no surprise, given the
~T75 day baseline of K2 observations per campaign field.
Of 275 candidates in our sample, only 46 have periods
over 20 days and only 10 have periods over 40 days.

7.3.4. The Multiplicity Distribution

Most of the candidates in our sample (validated or oth-
erwise) are the only candidate in their system to have
been detected. However, our sample does include 21 sys-
tems with two candidates (15 of those have only vali-
dated planets), 9 systems with three candidates (8 of
those have only validated planets), and 1 system with
four candidates (EPIC 212157262; all candidates in this
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Figure 8. Histograms of Kepler magnitude for host stars to vali-
dated planets (purple) and candidate planets (diagonal lines) from
C0-C10 of K2 that have been identified in this work, as well as a
comparison against host stars to confirmed Kepler planets (pink).
There is a fairly sharp cutoff in our sample near magnitude 13, since
validation was only conducted on stars for which we had a spectrum
and almost all of the spectra we used were for targets brighter than
13th magnitude. The typical Kepler host star is much fainter, with
the peak of the distribution near 15th magnitude, which makes K2
target stars much more suitable for follow-up observations than
Kepler stars. Also of note: the brightest star hosting a validated
planet in our sample is EPIC 205904628, a V = 8.2 star with a
2.8 Rg planet on a 10 day orbit. Validated in this work, EPIC
205904628 is now the brightest host star for a validated planet in
either the Kepler or K2 samples.

system are validated). The full multiplicity distribution
can be seen in Fig. 11.

7.3.5. The Planet Radius Distribution

One of the more interesting features of our sample was
the radius distribution. Fig. 12 demonstrates the full
planetary radius distribution of our sample for both val-
idated planets and candidates. As expected, there is a
sharp cutoff in planet radius for validated planets at R,
= 8 Rg (since we generally chose not to validate larger
planets).

In order to investigate the radius distribution of the
underlying planet population, we adopted and applied a
rough completeness correction to our planet sample. We
determined the completeness of our K2 planet detection
pipeline by performing injection/recovery tests. We in-
jected planet signals into K2 light curves over a range
of expected signal-to-noise ratios (analogous to the in-
jection/recovery tests performed by Christiansen et al.
2016, Petigura et al. 2013, and Dressing & Charbonneau
2015 on the Kepler pipeline). We then calculated for each
of our planet candidates the number of stars observed by
K2 around which we could have detected the planet, and
weighted the planet’s contribution to the histograms by
that factor and the geometric transit probability.

The uncorrected and corrected distributions for vali-
dated planets and candidates can be seen in Fig. 13, while
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Figure 9. Histograms of effective temperature for host stars to
validated planets (purple) and candidate planets (diagonal lines)
from CO-C10 of K2 that have been identified in this work, as well as
a comparison against host stars to confirmed Kepler planets (pink).
Apart from the cutoffs we impose at Teg = 4250 K and 6500 K,
our sample follows a similar effective temperature distribution as
the Kepler sample.
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Figure 10. Histogram of orbital period for the validated plan-
ets (purple) and candidates (diagonal lines) in C0-C10 of K2 that
have been identified in this work. The steep drop off in validated
planets and candidates around 20 days is due to the K2 strategy
of observing each field for only ~75 days.

a comparison of our corrected candidate sample to the
Fulton et al. (2017) sample and a log-uniform distribu-
tion can be seen in Fig. 14. Additionally, a completeness-
corrected contour plot of stellar incident flux versus plan-

[ Validated planet systems
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Figure 11. Histogram of multiplicity for the validated planet sys-
tems (purple) and planet candidate systems (diagonal lines) in CO-
C10 of K2 that have been identified in this work. (A validated
planet system is a system for which all candidates have been val-
idated.) Most validated planets and candidates have no detected
candidate companions in their system. The largest system in the
sample is EPIC 212157262, which hosts four validated planets.

etary radius for our candidate sample can be seen in
Fig. 15 (constructed in the same way as Fig. 10 from
Fulton et al. 2017).

By visual inspection of these figures alone, our cor-
rected candidate sample appears to exhibit a gap in the
radius frequency around 1.8 to 2.0 Rg, similar to the
gap in the Kepler planet sample explored by Fulton et al.
(2017). They argued that the underlying astrophysical
effect could be photoevaporation, whereby stellar inci-
dent flux strips a planet’s H/He atmosphere if the at-
mosphere is not thick enough, leaving a population of
stripped, rocky planets and an untouched population of
larger, gaseous mini-Neptunes (Owen & Wu 2013; Lopez
& Rice 2016; Owen & Wu 2017; Van Eylen et al. 2017).
As an alternative hypothesis, they also suggested that
gas accretion could be delayed during planet formation
until the protoplanetary disk is already gas poor, creat-
ing a population of small, rocky planets (Lee et al. 2014;
Lee & Chiang 2016).

We wanted to analyze in a more quantitative fash-
ion how the completeness-corrected radius distribution
of our K2 candidates compared to the completeness-
corrected Kepler candidates from Fulton et al. (2017);
we also decided to compare against a log-uniform distri-
bution to probe the significance of a possible bimodality
Fulton et al. (as 2017, does). We binned all three nor-
malized distributions in 0.1 Rg intervals from 1.2 — 2.5
Rg. We assigned error bars to our own sample and the
Fulton et al. (2017) sample via Poisson statistics (for
the number of candidates in each bin) and then scaled
the uncertainty according to the completeness-correction
scaling applied to each bin.

We then calculated X2, ,,..q Petween our sample and
that of Fulton et al. (2017) as well as our sample and
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Figure 13. Left: Histogram of planetary radius for the validated planets (purple) and candidates (diagonal lines) in C0-C10 of K2 that

have been identified in this work (between 0.7 — 12 Rg). Right: Same data as presented in the left panel, with a completeness-corrected
applied to estimate the underlying planet population. Error bars for each bin correspond to 1/4/n (where n is the number of objects in the

bin) scaled according to the completeness correction subsequently performed. Through visual inspection, the full candidate sample appears

to exhibit a frequency gap centered near 1.8 to 2.0 Rg.
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the log-uniform distribution, finding values of 2.21 and
2.34 respectively. Across all bin numbers from 5 to 20
for which there were more than two candidates in every
(equally sized and spaced) bin for all samples, the aver-
age xfeduced was 2.21 between our sample and the Ful-
ton et al. (2017) and 2.95 between our sample and the
log-uniform distribution. However, we note that a large
portion of the x2 4 ..q between our sample and that of
Fulton et al. (2017) is caused by only the smallest radius
bin. Still, the Fulton et al. (2017) sample did not pro-
vide a significant improvement in goodness of fit than a
simple log-uniform distribution. This suggests that the
visual gap in our candidate sample cannot be quantita-
tively confirmed unless future observations and planet
detections are made to increase the sample size.

7.3.6. Future Applications

The K2 mission has thus far conducted observations
through more than 15 campaigns, and it will continue
observations for future campaigns until it expends all of
its fuel. Given that the validation infrastructure built for
this research is directly applicable to future campaigns,
we will be able to identify and validate exoplanet candi-
dates from upcoming campaigns as quickly as the neces-
sary follow-up observations can be collected.

This research will also be useful even after the end of
the K2 mission. The upcoming TESS mission (Ricker
et al. 2015) is expected to yield more than 1500 total
exoplanet discoveries, but it is also estimated that TESS
will detect over 1000 false positive signals (Sullivan et al.
2015). Even so, one (out of three) of the level one baseline
science requirements for TESS is to measure the masses
of 50 planets with R, < 4 Rg. Therefore, there will
need to be an extensive follow-up program to the pri-
mary photometric observations conducted by the space-
craft, including careful statistical validation to aid in the
selection of follow-up targets. The work presented here
will be extremely useful in that follow-up program, since
only modest adjustments will allow for the validation of
planet candidate systems identified by TESS rather than
K2.

8. SUMMARY AND CONCLUSIONS

In this paper, we processed 208,423 targets from CO-
C10, removed instrumental systematics from the K2 pho-
tomtry, and searched for threshold crossing events. We
identified ~30,000 TCEs, which were subjected to triage
and vetting. Of those, ~1,000 targets systems passed
both and were upgraded to candidates. And of those, 275
candidates in 233 systems had at least one usable TRES
spectrum. For each candidate, we also collected and
analyzed follow-up observations including spectroscopy
and high-contrast imaging. We derived transit/orbital
parameters from the K2 photometry, stellar parameters
from the spectra, and contrast curves from the high-
contrast imaging. Then, using these results, we deter-
mined the false positive probability (FPP) of each planet
candidate using the vespa validation procedure (Morton
2012, 2015b), which calculates the likelihood of various
false positive scenarios as well as the true positive sce-
nario. These FPP values were then adjusted appropri-
ately for systems with radial velocity measurements and
for multiplanet systems (see Section 5.1). We reported

the resulting FPPs for our planet candidates (see Ta-
ble 4) and classified candidates with FPP < 0.001 as
validated planets.

149 of the 275 candidates had a FPP below the valida-
tion threshold of 0.001, while 126 remained candidates
(FPP > 0.001). According to the NASA Exoplanet
Archive®® and the Mikulski Archive for Space Tele-
scopes®® (both accessed 2018 February 14), of the 149
newly validated exoplanets, 56 have not been previously
detected, 39 have already been identified as candidates,
53 have already been validated, and 1 has previously
been classified as a false positive (EPIC 210894022.01;
see Section 6.2). As a result, this work will increase the
validated K2 planet sample by nearly 50% (and increase
the K2 candidate sample by ~20%. The full disposition
results can be found in Table 2.

Most of the newly validated exoplanets orbited host
stars with 12 < K, < 13 and 5000 K < T.g < 6000
K. Additionally, the majority of validated planets had
orbital periods < 20d and planetary radii between 1 — 4
Rg. Our complete candidate sample also shows signs of
a frequency gap in the radius distribution (see Fig 14),
similar to the gap found by Fulton et al. (2017). However,
further analysis with a larger planet sample is required
to confirm the radius gap for K2 planets.

This work has clear broader implications. The abil-
ity to validate planet candidates is vital to conducting
a successful follow-up and confirmation program. The
wide applicability of the validation infrastructure devel-
oped in this research is clear from the large number of
candidates subjected to our validation process. By con-
tinuing to apply the validation process described here,
future K2 campaigns and the upcoming TESS mission
will benefit from a valuable source of validated planets
and a useful validation pipeline able to process the large
and constant supply of identified planet candidates.
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lowing for the reproduction of a plot from another paper.
Special thanks to Ellen Price for crucial assistance, time,
and effort in setting up vespa. Finally, A.-W.M. wishes
to thank Prof. David Charbonneau and the classmates
of Astronomy 99 for their regular support and feedback.

AWM, AV, and E.J.G are supported by the NSF
Graduate Research Fellowship grant nos. DGE 1752814,
1144152, and 1339067, respectively. This work was per-
formed in part under contract with the California Insti-
tute of Technology (Caltech)/Jet Propulsion Laboratory
(JPL) funded by NASA through the Sagan Fellowship
Program executed by the NASA Exoplanet Science In-
stitute. A.V. and D.W.L. acknowledge partial support
from the TESS mission through a sub-award from the
Massachusetts Institute of Technology to the Smithso-
nian Astrophysical Observatory.

35 https://exoplanetarchive.ipac.caltech.edu/
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Figure 14. Left: Completeness-corrected comparison of the radius distribution between 1.2 —12.0 Rg for all candidate planets identified
in this work (thatched), the planet sample analyzed in Fulton et al. (2017, blue), and a normalized log-uniform distribution (dashed line).

Right: Comparison of the same distributions as the left panel, now focused on planet candidates with radii between 1.2 — 2.5 Rg. The

frequency gap identified by Fulton et al. (2017) can clearly be seen in their distribution. A similar gap tentatively appears in our sample

(near 1.8 to 2.0 Rg), although a log-uniform distribution provides a fit to our sample roughly as good as the Fulton et al. (2017) distribution.
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Figure 15. Left: Contour plot of incident stellar flux versus planetary radius.

and the typical uncertainty is plotted in the top left. The contours are completeness-corrected and roughly scaled to the same height as
those in Fig. 10 from Fulton et al. (2017). The contours show tentative visual evidence of a gap in the radius frequency near 1.6 to 1.8 Rg.

Right: Top panel of Fig. 10 from Fulton et al. (2017, taken with permission), with a similar gap near 1.6 to 1.8 Rg.
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Some observations in the paper made use of the
NN-EXPLORE Exoplanet and Stellar Speckle Imager
(NESSI). NESSI was funded by the NASA Exoplanet Ex-
ploration Program and the NASA Ames Research Cen-
ter. NESSI was built at the Ames Research Center by
Steve B. Howell, Nic Scott, Elliott P. Horch, and Em-
mett Quigley. The NESSI data were obtained at the
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tional Aeronautics and Space Administration, the Na-
tional Science Foundation, and the National Optical As-
tronomy Observatory.

This paper includes data collected by the Kepler/K2
mission. Funding for the Kepler mission is provided by
the NASA Science Mission directorate. Some of the data
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ski Archive for Space Telescopes (MAST). STScl is op-
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Support for MAST for non—-HST data is provided by the
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NASA grant NNX14AE11G. The authors are honored
to be permitted to conduct observations on Iolkam Duag
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people. Some of the data presented herein were obtained
at the WM Keck Observatory (which is operated as a
scientific partnership among Caltech, UC, and NASA).
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significant cultural role and reverence that the summit of
Mauna Kea has always had within the indigenous Hawai-
ian community. We are most fortunate to have the op-
portunity to conduct observations from this mountain.

Facilities: Kepler, FLWO:1.5m (TRES), WIYN (DSSI,
NESSI), Gemini:Gillett (DSSI, NIRI), Gemini:South
(DSSI), Keck:IT (NIRC2), Hale (PHARO), LBT (LMIR-
Cam), Gaia, HIPPARCOS, Exoplanet Archive, ADS,
MAST

APPENDIX

CALIBRATING TRES TO MEASURE THE MT. WILSON
Suak INDEX

Our work involved the analysis of many spectra col-
lected with the Tillinghast Reflector Echelle Spectro-
graph (TRES) on the 1.5-m Tillinghast telescope at the
Whipple Observatory on Mt. Hopkins. In addition to us-
ing TRES spectra to derive spectroscopic parameters and
measure radial velocities, we also used TRES to measure
the Mt. Wilson Syk activity indicator. Spk is a ratio
between the flux in the cores of the Calcium IT H and K
spectral features (at 3933.66 4+ 1.09 and 3968.47 + 1.09
A) and the flux in two nearby continuum regions (one
slightly redward of the Ca II lines called R and one
slightly blueward called V). Spx is commonly used as
a proxy for a star’s chromospheric activity (Isaacson &
Fischer 2010). Because Suk depends on ratios of fluxes
at different wavelengths, it is sensitively affected by a
spectrograph’s blaze function. The effect of the spectro-
graph’s blaze function must therefore be carefully cali-
brated and quantified in order to standardize measure-
ments of Sgk from different instruments. In this ap-

pendix, we describe how we calibrated the TRES spectro-
graph to place measurements of Syk on the Mt. Wilson
scale, and present our measurements of Syk for a hand-
ful of bright K2 planet candidate hosts for which we were
able to measure Syk reliably. These measurements are
listed in Table 3.

To calibrate TRES to measure Sgk on the Mt. Wilson
scale, we closely followed the procedure of Isaacson &
Fischer (2010). We based our calibration on a sample of
stars that were both observed by TRES (prior to 2016
June 1) and were included in the Duncan et al. (1991)
catalog of Mt. Wilson Sy measurements. Additionally,
the following cuts were applied to improve the sample
quality:

1. TRES spectra for the star in question were only
used if the photon count in the R continuum region
(4001.07 £ 10 A) was greater than 174,000. (The
cutoff is actually at 150,000 ADU, which is con-
verted using a gain of 1.16 for TRES.) This conser-
vative cutoff was imposed to remove spectra with
only low or moderate SNR from the calibration.

2. The star was not in a close binary or multiple sys-
tem. We only included widely separated (= 5”)
visual binaries in order to prevent flux from the
companion star(s) being blended with flux of the
intended target.

3. One rapidly rotating star (HD 30780, or ‘VB123’
in the TRES database) was removed from the cal-
ibration set as the H and K emission cores were
clearly broadened and smeared with other spectral
features (vsini ~ 180 km s~1).

After these cuts, our calibration sample included 118
stars with a total of 1204 individual TRES observations.
The calibration was done in the same way as Isaacson &
Fischer (2010), by determining values of Kcoeft, Veooft, M,
and b that minimize the differences between the Mt. Wil-
son survey’s measurement of Sy for each star (Duncan
et al. 1991) and Spxk calculated from the TRES spectra
using the following equation:

H + Keoet K
R+ ‘/cocf‘fv

where H and K are fluxes in the cores of the Ca II H and
K lines?”, R and V are continuum fluxes 3%, Koo is a
coefficient that scales the magnitude of K fluxes to match
the magnitude of H fluxes, Vioesr is a coefficient that
scales the magnitude of V fluxes to match the magnitude
of R fluxes, and m and b are free parameters.

Koot was calculated through a linear regression be-
tween H and K for our TRES spectra, so as to scale the
magnitude of K to match that of H. The same process
was performed for R and V in order to calculate Voefr.
This was done to mirror the approach taken by Isaacson

SHK,TRES = M X +b (A1)

37 The H and K fluxes were calculated by integrating the spec-
trum over triangular-shaped bandpasses centered at 3933.66 and
3968.47 A respectively, each with a FWHM of 1.09 A.

38 The R and V fluxes were calculated by integrating the spec-
trum over 20 A wide box-shaped bandpasses centered at 4001.07
A and 3901.07 A, respectively, following Duncan et al. (1991).
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& Fischer (2010) in their calibration of the Keck HIRES
instrument.

We estimated m and b by minimizing the differences
between Sy Mt wilson from the Mt. Wilson survey (Dun-
can et al. 1991) and Spyk Tres determined from TRES
spectra with Equation Al using a Markov chain Monte
Carlo (MCMC) algorithm with affine invariant ensemble
sampling (Foreman-Mackey et al. 2013). We calculated
the likelihood, £, using the following function:

B N2
In(£) = 70.52 ((SHK,TRES SHK, Mt Wilson ) S lno?

o2
(A2)
where o is a “jitter” term that absorbs uncertainties in
both measurements of Syk as well as uncertainties due
to factors including astrophysical variability in the Syk
index of a single star over time. We imposed uniform
priors on m and b, and imposed a Jeffreys prior on o.

It is important to note that for a given star, there
could be both multiple TRES spectra and multiple Mt.
Wilson Spk measurements. So if a star had more than
one TRES spectrum or Mt. Wilson Syx measurement
that star was simply represented as a grid of TRES and
Mt. Wilson measurements in the MCMC process. With
this in mind, the total number of data points in the fitting
process was 3108. This implicitly gives higher weight in
our calibration to stars with multiple observations, which
helps average out astrophysical variability in Syk.

Our MCMC process used 200 chains of 50,000 steps
each in order to explore parameter space and determine
best-fit parameters and uncertainties. The resulting en-
semble was well converged according to the Gelman-
Rubin statistic (Gelman & Rubin 1992), which in this
case was less than 1.04 for all parameters. The last 500
samples of the MCMC process are visualized in Figure
16 with a posterior corner plot (Foreman-Mackey 2016).
We found the following parameter values from our model
fit:

Koot = 0.876
Veoest = 0.775
m = 15.49619:9%8
b= —0.0031 =+ 0.0015
In(jitter) = —3.119 & 0.013

There was also significant covariance between m and
b (see Fig. 16), which we estimated to be Cov(m,b) =
—8.571 x 107°.

Statistical uncertainties, orandom, for Sy were calcu-
lated by propagating sample draws from four Poisson dis-
tributions representing R, V, H, and K through draws
from the m and b posterior distributions and the K oef
and Vioep values. We also included a systematic er-
ror term, Ogystematic; i our uncertainty estimates. We
estimated the systematic uncertainties for TRES Spk
measurements using 6 high signal-to-noise spectra of the
bright star Tau Ceti collected with TRES on the night
of 2013 October 24. We assumed that Sk for Tau Ceti
remained constant over the course of a single night, and
estimated a systematic error term based on the scatter

In(o)

In(o)

Figure 16. Corner plot for three parameters in our calibration of
the Tillinghast Reflector Echelle Spectrograph for Syk, an indica-
tor of stellar activity: a line slope (m) and a line y-intercept (b) in
our Syk equation, as well as a noise parameter (In (o)) to account
for error bars and stellar variability.

between individual Syx measurements. Our final er-
ror estimates, oiota; came from assuming the statistical
uncertainties and systematic uncertainties were indepen-
dent and could be added in quadrature as follows:

2 _ 2 2
Ototal — szstematic + Orandom (AS)

We note that our calibration for Syk is only valid
over specifics ranges in parameter values. Our calibra-
tion was performed over a range of 0.244 to 1.629 in B-
V and yielded Syk values ranging from 0.055 to 2.070.
Based on tests with simulated data and with real low
signal-to-noise data, we are cautious of Syk measure-
ments on spectra with fewer than 290,000 photon counts
(or 250,000 ADU) in the R and V continuum regions
combined. We also note that Sgx measurements can be
affected by rapid stellar rotation. We found by artifi-
cially broadening the lines of slowly rotating stars that
Suk measurements for stars with vsini above 20 km s—!
can be skewed compared to the values that would have
been measured if the stars were slowly rotating.

We tested our calibration by comparing Syk measure-
ments derived from TRES with a “test set” of Sy mea-
surements from literature (in particular, we focused on
stars observed by Isaacson & Fischer 2010). We con-
structed the test data set by identifying stars observed
by TRES with the following properties:

1. The stars were not included in our calibration set
(stars observed both by Duncan et al. 1991 and
TRES).

2. The TRES spectra for the star in question have
photon counts in the R continuum region greater
than 174,000 (or 150,000 ADU).

3. The star had at least one Sgx measurement from
Keck HIRES that had been reported in Isaacson &
Fischer (2010).
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After applying these cuts we were left with a test set of
121 stars, which had been observed a total of 4308 times
by TRES.

We show the results of our Syk calibration in Figure
17, which compares TRES Syk measurements from our
calibration set with measurements from the Mt. Wilson
survey, and in Figure 18, which compares TRES Suk
measurements from our test set with values from Isaacson
& Fischer (2010).
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be identified, but its presence in the calibration set did
not significantly change the calibration so it was left in
(removing the point maintained a fractional RMS scatter
of 10.9%.)

As for the test set, there is a 13.6% fractional RMS
scatter about the one-to-one line, slightly larger than for
the calibration set (which is to be expected). There does
appear to a slight systematic offset between TRES and
Keck HIRES such that Sgk values from Keck HIRES
tend to be smaller than those from TRES. However, this
is to be expected, since the same systematic underesti-
mation with Keck HIRES compared to Mt. Wilson can
be seen in Fig. 4 of Isaacson & Fischer (2010). There are
also a few obviously errant data points in this figure, cen-
tered around (1.5, 0.5). These data points correspond to
four TRES spectra of the star GJ 570B, a spectroscopic
binary. The test data set, because it was not used for
calibration, was not clipped of binary stars; thus, GJ
570B is a clear example of how calculating Syk for close
binaries can go wrong. However, the presence of those
four spectra has very little effect on the results; removing
them only reduced the fractional RMS scatter of the test
set to 13.5%.

Table 3
Stellar Sy Activity Index

Mt. Wilson (Duncan et al. 1991) Syk values

Figure 17. A comparison of our Sygk calibration for TRES
against the Duncan et al. (1991) catalog for our calibration data
set of 118 stars (with 1204 TRES spectra). Each red point denotes
a unique pair of observations from TRES and Mt. Wilson for a
given star. The fractional RMS scatter on the calibration set is
11.0%.
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Figure 18. A comparison of our Syk calibration for TRES
against the Isaacson & Fischer (2010) catalog for our test data
set of 121 stars (with 4308 TRES spectra). Each red point denotes
a unique pair of observations from TRES and Mt. Wilson for a
given star. The fractional RMS scatter on the calibration set is
13.6%.

For the calibration set, there is an 10.9% fractional
RMS scatter about the one-to-one line. The only no-
ticeable outlier appears to be at approximately (0.9,0.2),
corresponding to the single TRES spectrum (and Mt.
Wilson measurement) of HD 120477, a variable star ob-
served in July 2015 by TRES and observed no later than
1991 at Mt. Wilson. The reason for this outlier could not

EPIC Date Sux
201437844 2017-01-08  0.166670003]
201437844 2017-03-09 0.1698 + 0.0032
201437844 2017-03-09 0.1589 + 0.0031
201437844 2017-03-09 0.1712 =+ 0.0031
201437844 2017-03-09  0.1651100050
201437844  2017-03-09  0.1624 =+ 0.0030
201437844 2017-03-09  0.1633100050
201437844  2017-03-09 0.1614 =+ 0.0029
201437844 2017-03-09 0.1692 -+ 0.0029
201437844 2017-03-09  0.16220:0050
201437844 2017-03-09 0.1635 =+ 0.0028
201437844 2017-03-09  0.159315-0029
201437844 2017-03-09  0.161510:005
201437844 2017-03-09  0.168070 0055
201437844 2017-03-09 0.1646 =+ 0.0029
201437844 2017-03-09 0.1639 + 0.0028
201437844  2017-03-09 0.1651 + 0.0028
201437844  2017-03-09  0.1656 = 0.0029
201437844 2017-03-09 0.1693 = 0.0029
201437844 2017-03-09 0.1641 + 0.0029
201437844 2017-03-09 0.1680 =+ 0.0029
205904628 2015-07-24  0.1550%0:00%0
205904628 2015-09-06  0.145310:00%3
211424769 2015-12-09  0.3255700020
211424769 2016-01-01  0.314410:0030
211993818 2015-11-27  0.418970007°
211993818 2016-02-29  0.3851F0:00%
211993818 2016-03-02  0.311575:0051




NEwW CANDIDATES AND PLANETS TRANSITING BRIGHT STARS 25

REFERENCES

Adams, E. R., Jackson, B., & Endl, M. 2016, AJ, 152, 47

Barros, S. C. C., Demangeon, O., & Deleuil, M. 2016, A&A, 594,
A100

Batalha, N. M., Rowe, J. F., Gilliland, R. L., et al. 2010a, ApJ,
713, L103

Batalha, N. M., Borucki, W. J., Koch, D. G., et al. 2010b, ApJ,
713, L109

Borucki, W., Koch, D., Basri, G., et al. 2008, in IAU Symposium,
Vol. 249, Exoplanets: Detection, Formation and Dynamics, ed.
Y.-S. Sun, S. Ferraz-Mello, & J.-L. Zhou, 17-24

Brown, T. M., Latham, D. W., Everett, M. E., & Esquerdo, G. A.
2011, AJ, 142, 112

Buchhave, L. A., Latham, D. W., Johansen, A., et al. 2012,
Nature, 486, 375

Cabrera, J., Barros, S. C. C., Armstrong, D., et al. 2017, ArXiv
e-prints, arXiv:1707.08007

Carter, J. A., Fabrycky, D. C., Ragozzine, D., et al. 2011,
Science, 331, 562

Christiansen, J. L., Clarke, B. D., Burke, C. J., et al. 2016, ApJ,
828, 99

Christiansen, J. L., Vanderburg, A., Burt, J., et al. 2017, AJ, 154,
122

Ciardi, D. R., Beichman, C. A., Horch, E. P., & Howell, S. B.
2015, ApJ, 805, 16

Coughlin, J. L., Thompson, S. E., Bryson, S. T., et al. 2014, AJ,
147, 119

Coughlin, J. L., Mullally, F., Thompson, S. E., et al. 2016, ApJS,
224, 12

Crossfield, 1. J. M., Petigura, E., Schlieder, J. E., et al. 2015,
AplJ, 804, 10

Crossfield, I. J. M., Ciardi, D. R., Petigura, E. A., et al. 2016,
ApJS, 226, 7

Crossfield, I. J. M., Ciardi, D. R., Isaacson, H., et al. 2017, AJ,
153, 255

Cutri, R. M., Skrutskie, M. F., van Dyk, S., et al. 2003, VizieR
Online Data Catalog, 2246

David, T. J., Hillenbrand, L. A., Petigura, E. A., et al. 2016,
Nature, 534, 658

Dressing, C. D., & Charbonneau, D. 2015, ApJ, 807, 45

Dressing, C. D., Newton, E. R., Schlieder, J. E., et al. 2017a,
AplJ, 836, 167

Dressing, C. D., Vanderburg, A., Schlieder, J. E., et al. 2017b,
AlJ, 154, 207

Duncan, D. K., Vaughan, A. H., Wilson, O. C., et al. 1991, ApJS,
76, 383

Foreman-Mackey, D. 2016, The Journal of Open Source Software,
24, doi:10.21105/joss.00024

Foreman-Mackey, D., Hogg, D. W., Lang, D., & Goodman, J.
2013, PASP, 125, 306

Foreman-Mackey, D., Montet, B. T., Hogg, D. W., et al. 2015,
AplJ, 806, 215

Fulton, B. J., Petigura, E. A., Howard, A. W., et al. 2017, AJ,
154, 109

Furlan, E., Ciardi, D. R., Everett, M. E., et al. 2017, AJ, 153, 71

Gaia Collaboration, Brown, A. G. A., Vallenari, A., et al. 2016a,
A&A, 595, A2

Gaia Collaboration, Prusti, T., de Bruijne, J. H. J., et al. 2016b,
A&A, 595, Al

Gelman, A., & Rubin, D. B. 1992, Statistical Science, 7, 16

Goodman, J., & Weare, J. 2010, Commun. Appl. Math. Comput.
Sci., 5, 65

Hayward, T. L., Brandl, B., Pirger, B., et al. 2001, PASP, 113,
105

Hirano, T., Dai, F., Gandolfi, D., et al. 2017, ArXiv e-prints,
arXiv:1710.03239

Hirsch, L. A., Ciardi, D. R., Howard, A. W, et al. 2017, AJ, 153,
117

Hodapp, K.-W., Irwin, E. M., Yamada, H., et al. 2003, in
Proc. SPIE, Vol. 4841, Instrument Design and Performance for
Optical/Infrared Ground-based Telescopes, ed. M. Iye &
A. F. M. Moorwood, 869-880

Horch, E. P., Veillette, D. R., Baena Gallé, R., et al. 2009, AJ,
137, 5057

Howell, S. B., Everett, M. E., Sherry, W., Horch, E., & Ciardi,
D. R. 2011, AJ, 142, 19

Howell, S. B., Rowe, J. F., Bryson, S. T., et al. 2012, ApJ, 746,
123

Howell, S. B., Sobeck, C., Haas, M., et al. 2014, PASP, 126, 398

Huber, D., Bryson, S. T., Haas, M. R., et al. 2016, ApJS, 224, 2

Isaacson, H., & Fischer, D. 2010, ApJ, 725, 875

Jenkins, J. M., Caldwell, D. A., Chandrasekaran, H., et al. 2010,
AplJ, 713, L87

Kipping, D. M. 2013, MNRAS, 435, 2152

Koviécs, G., Zucker, S., & Mazeh, T. 2002, A&A, 391, 369

Kreidberg, L. 2015, PASP, 127, 1161

Kurucz, R. L. 1992, in TAU Symposium, Vol. 149, The Stellar
Populations of Galaxies, ed. B. Barbuy & A. Renzini, 225

Latham, D. W., Stefanik, R. P., Mazeh, T., Mayor, M., & Burki,
G. 1989, Nature, 339, 38

Latham, D. W., Rowe, J. F., Quinn, S. N., et al. 2011, ApJ, 732,
L24

Lee, E. J., & Chiang, E. 2016, ApJ, 817, 90

Lee, E. J., Chiang, E., & Ormel, C. W. 2014, ApJ, 797, 95

Leisenring, J. M., Skrutskie, M. F., Hinz, P. M., et al. 2012, in
Proc. SPIE, Vol. 8446, Ground-based and Airborne
Instrumentation for Astronomy IV, 84464F

Lissauer, J. J., Marcy, G. W., Rowe, J. F., et al. 2012, ApJ, 750,
112

Lopez, E. D., & Rice, K. 2016, ArXiv e-prints, arXiv:1610.09390

Loépez-Morales, M., Haywood, R. D., Coughlin, J. L., et al. 2016,
AlJ, 152, 204

Mandel, K., & Agol, E. 2002, ApJ, 580, L171

Mann, A. W., Newton, E. R., Rizzuto, A. C., et al. 2016, AJ, 152,
61

Mann, A. W., Gaidos, E., Vanderburg, A., et al. 2017, AJ, 153, 64

Markwardt, C. B. 2009, in Astronomical Society of the Pacific
Conference Series, Vol. 411, Astronomical Data Analysis
Software and Systems XVIII, ed. D. A. Bohlender, D. Durand,
& P. Dowler, 251

Martinez, A. O., Crossfield, I. J. M., Schlieder, J. E., et al. 2017,
AplJ, 837, 72

Martins, J. H. C., Santos, N. C., Figueira, P., et al. 2015, A&A,
576, A134

Mayor, M., & Queloz, D. 1995, Nature, 378, 355

Montet, B. T., Morton, T. D., Foreman-Mackey, D., et al. 2015,
AplJ, 809, 25

Morton, T. D. 2012, ApJ, 761, 6

—. 2015a, isochrones: Stellar model grid package, Astrophysics
Source Code Library, ascl:1503.010

—. 2015b, VESPA: False positive probabilities calculator,
Astrophysics Source Code Library, ascl:1503.011

Niraula, P., Redfield, S., Dai, F., et al. 2017, ArXiv e-prints,
arXiv:1709.01527

Osborn, H. P., Santerne, A., Barros, S. C. C., et al. 2017, A&A,
604, A19

Owen, J. E., & Wu, Y. 2013, ApJ, 775, 105

—. 2017, ApJ, 847, 29

Perryman, M. A. C., Lindegren, L., Kovalevsky, J., et al. 1997,
A&A, 323, L49

Petigura, E. A., Howard, A. W., & Marcy, G. W. 2013,
Proceedings of the National Academy of Science, 110, 19273

Petigura, E. A., Schlieder, J. E., Crossfield, I. J. M., et al. 2015,
ApJ, 811, 102

Petigura, E. A., Crossfield, I. J. M., Isaacson, H., et al. 2017,
ArXiv e-prints, arXiv:1711.06377

Pope, B. J. S., Parviainen, H., & Aigrain, S. 2016, MNRAS, 461,
3399

Ricker, G. R., Winn, J. N., Vanderspek, R., et al. 2015, Journal of
Astronomical Telescopes, Instruments, and Systems, 1, 014003

Rodriguez, J. E., Vanderburg, A., Eastman, J. D., et al. 2017a,
ArXiv e-prints, arXiv:1709.01957

Rodriguez, J. E., Zhou, G., Vanderburg, A., et al. 2017b, AJ, 153,
256

Schlieder, J. E., Crossfield, I. J. M., Petigura, E. A., et al. 2016,
AplJ, 818, 87

Shporer, A., Zhou, G., Vanderburg, A., et al. 2017, ArXiv
e-prints, arXiv:1708.08455

Sinukoff, E., Howard, A. W., Petigura, E. A., et al. 2016, ApJ,
827, 78

Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, AJ, 131,
1163



26 MAYO ET AL.

Stassun, K. G., Oelkers, R. J., Pepper, J., et al. 2017, ArXiv
e-prints, arXiv:1706.00495

Sullivan, P. W.,; Winn, J. N., Berta-Thompson, Z. K., et al. 2015,
AplJ, 809, 77

Thompson, S. E., Coughlin, J. L., Hoffman, K., et al. 2017, ArXiv
e-prints, arXiv:1710.06758

Van Eylen, V., Agentoft, C., Lundkvist, M. S., et al. 2017, ArXiv
e-prints, arXiv:1710.05398

Vanderburg, A., & Johnson, J. A. 2014, PASP, 126, 948

Vanderburg, A., Johnson, J. A., Rappaport, S., et al. 2015a,
Nature, 526, 546

Vanderburg, A., Montet, B. T., Johnson, J. A., et al. 2015b, ApJ,
800, 59

Vanderburg, A., Latham, D. W., Buchhave, L. A., et al. 2016a,
ApJS, 222, 14

Vanderburg, A., Bieryla, A., Duev, D. A., et al. 2016b, ApJ, 829,
L9

Zhou, G., Rodriguez, J. E., Collins, K. A., et al. 2016, AJ, 152,
136

Ziegler, C., Law, N. M., Morton, T., et al. 2017, AJ, 153, 66



W joueld $0 —200°'T >  ©00°GT wmmmmwfa.o mwmwmwmmm 0 mmmwuﬁ € mmmmwmwgmo.o wmmmwbm.am om%mw\m.mm mwmmmmwmgm,ou mwmmmmwgmw,wwou £0'P861L050T
joueld PO = 200'T > S00°ET QSR 0Y9T60 20016880 AN LA 20001 FLE0D b3015%68 05107 e o TetL e $200-0 6860208 20°'V86TL0S0T
joueld ¥0 —200'T >  S00°TT wmm“wﬂroa.o wmwuwﬁmmw 0 ww..mﬂri c w%muwﬂrm@mo.o mmumﬂrﬁ.% N.MMN.ON 91000°0 F ¥6166°8 mwmwwumﬂriow@.%om 10786120502
> oyepipue) - £81'21 Mmm”wﬁmmm.o mm“mwwm.o MWW..mMmm z mmmw”wﬁvmmo.o muwﬁ«.mw w.mww.m £1000°0 F PSI86'P w#ww“mwimn.ﬁwom 10'716620902
> eyepipue) - 9z4° 11 wmmuwwgoa mmw“wwpwmd Mm..muwom z mmwwuww%mo.o m..wj\ro.mw m“mﬂrm.bm %ww.ww%i.mm mwwwumwammw‘moom 10°9TT0SL70T
joueld $0 — 2001 >  TvTCl wmm”wﬂrbww.o mmw”wﬂrmﬁm 0 mﬁ.mﬂrmm T wwwwuwﬂrﬁg.o Mumuwm 18 w.mﬂrw.oﬁ mwwwm,wﬂrﬁmi.w mwww”mﬂmm:.mwom £0°9€5978€0T
joueld $0 —200°'T >  T¥TEl mmmumwnww.o mmw“wwwﬁm 0 mm..m%g z wwwmuwwonmo.o m“wwm.mw ooﬁ.mwo.«m o0 0 Lot60 bT wmww“mwoomm.ﬁom 20'9EV9Z8E0T
joueld $0 —200°'T >  T¥TCI Mmmuwwbww.o Mwwuwww; 0 mmumﬂroo z Mmmmuwﬂramo.o wumﬂrm.ww m..wﬂrm.m: memm.wwwmmmw 9 mwwwumwmmmw.m@om 10°9£7928808
joueld $0 —200°'T >  8¥9'TT mmmuwﬂrmmo.ﬂ mmw”wﬂrmmo T mm”mﬂrwa g mwwwuwﬂrﬁmwo.o %wuwﬁhw 88 mumwm.om wwwww”wﬂmommw.om mmmww“mﬂwmman,ﬁom 20°8601LLEOT.
joueld $0 —200°'T >  8PO'TT mmmuw.‘\.mmcg mmw“wwwmo T mm.mﬁﬁ L Mwwwuwwzmc.o mw}.wﬁbm 68 m“wﬁw.mw PSR RCIE LR wmmww“mwwwvm@mwcm 10°860TLLE0T
o'p'e  ejeprpue)d - £0e'g1 wmm“wﬂrgog Mmuwﬁmw T w..mjll.ﬁ Mwwmuwﬂrosﬁ.o Mmumﬂrmo 68 M..Mjlrm.ﬁ 12000°0 F 8£800°ET mmmwwumﬂr:nmb.ﬁom 10°L28006202
a oyepipue) - L09°21 mm..m%mm T mm“mwmm.m m“wwm.m wmmw”wﬁnmmo.o AL Wwwm.mﬁ mmwwm,w.ﬂﬁmﬁw.« mmww“mwowmm.mwom 10'66812820%
e oyeprpue) - z9e'CT wmmuwwﬂiq mﬁ.wwmm T oo%ﬂro‘oﬁ wmwwwmﬁo 8T Foros m..mﬂrm.ﬁ m%ww.wwpm@w.ﬁ S Tesvrg90e 10'6£8€L9Z0T
3 % eyeprpue) - 00g°€1 wmmuwﬂrobm.o e eee 0 Mm”mﬂrmm.m mmwwuwﬂrﬁmmo.o mumﬁﬂ.mw M.mﬂrm.ﬁ mwwwwﬂrgz.o 9200°0 F ZESE"OT6T 10°888160202
q M oreprpuey - ooo'tt  Fed 0 ot 220 F av'1 wM.mMS € mwwmuwwmms.o m“mwo.mw S ores m%mm.wwgimg mmww“mwwmt.mmmﬁ 10°289680202
Un TIPIPNED €0 - 9826 068'CT  220°0 FPS6'0  Gpo.0LPEET0 LG0T TLE 9700-0+9920°0 Ggrees O g 0Er 0 stLa 8 8700- 071020002 T0°2£0026T0Z
[, eund $0 —200°T >  166°CT mwmumwmmw.o Mwm”mwﬁom,o m..mwrmm.ﬁ mwmmumwgmo.o mmumwow.mm Mcmwro.mw $100°0 F 1696°LT mmm“mwwmva,wmg T0°TLESSRTOC
> % ogeprpuep - v9g TT mmmumwma.o mww“mwwmmd wm“mwg,m mmwmumwvmmc.o m“mwm.mw w“mwc.nw 8200°0 F 98TC €€ e vreT 086T T0°6VL828102
O jouerg vo—200T > 1gett 45007 00g0  [E00Tops0 w2 L0080 TosT0°0 ¢ o8 0% os 6£0000°0 F 61922¥" T £100°0 F $168°LL6T 20°'8FEETLIOT
nnm oyepipue) £0 — 200°2L eetr €509 0080 Mmm“mwwﬁ.o momowwu.o,w nowmnmwvo,o mumwm.mw o%omm\..ro.mﬁ 0 O ressove's Mmmmm“mwmﬁoww,mgﬁ 10°8VEETLIOE
o joueld $0 —200'T >  $96'TT w%%%ow £L0°T mm“mwomg mm“mwmw T mwmmumwoio.o m..murwsw m“mww.oﬁ Homm%%o,wow zLze” mmmm“mwwooﬁmmpm T0'€9VSTITOT a 991-231
> seuvid PO - 2001 > serer  ZE0.070860 010D 0161 $200-0.40020°0 g0 o yoer a0 0 fovese s 850004 1048 Z86T 10°€20€£T9T0z
m ayeprpue) 20 — 2691 8L9°TT mwmumwowm.o Wmm..mwmmm.o MWWHQ T memumwwms.o mm“mwn.vw mm%u.m.m nmmmmmumwﬂ £8TLL8°0 Mmmm“mwwmwo.om»m 10°90TE6210T
m jourlg $0 —200'T >  962°CT mmmumwwmm.o wmwwmwmom.o Wm.,mjlrﬁ g mmwmwmwowmo.o mm.,wurom.% m..mwrw.wm Nwmowwﬁ.ﬁwﬁwogm.i owmmwumwmtm.owﬁ T0°GE0LLSTOT
o i ewppued - seyEr 20070260 G80 .07 ess 0 08T 9700-0 + 16700 961688 R O o TeseTLLD O [ 69YrR 6,61  TO'ESEOVETOT
re euerg ¥0 —200°T >  QIP'IT mmm”wﬁmmw.o mww“wwwcmé mwumwmo z mwwwuwwmcmc.o m“wﬁc.mw w“mﬁn.hm 1100°0 F F1OT'¥1 2200°0 F 18SL°ECLT £0°82882ST0C P 991-2M
H jouea ¥0 —200°'T >  GIF'IT mmm“wuﬂmmw.o mwwuwﬁwow.o m..mjlrmm T Mwmmuwﬂlio.o muwﬂlsw M.wlm.ﬁ: wmwwmuwﬂrﬁmwm.w 8Y00°0 F 1£12°1622 20°828825102 > goT-zM
m joueld ¥0 —200°T >  STP'TT mmmuwﬁmmw.o mww“mwwom.o wﬁ.mwum T w%mnwwmio.o MHMMH.% m..mwm.m mmwww”w.ﬂmm«m@m wwww“mwpmmw.@»m 10°82882210¢ q g91-z31
_M jourerg $0 —200°'T >  908°CT mwmumwmmw.o mmm”mwwmwd Mmumwf T Mwmmwmwbﬁo.o wwuwww.mw mm.muw@s mmwmmmumwwmwom.m oo LogT BLGT £0°09€509T0T
2 woueia FO—200°T > 908'CT  oZ0.0TE68°0 92001 pEs 0 Pe-01e40 100-01+E¥L0°0 porLees Gproet O o re6v6T6 L 92000°0 F PEESRE 0861  C0O0SESOSTOT
D'w jouelg $0 —200°'T >  908°¢T mwmumwmmw.o wwm“mwwmm.o mwnmwmo,v wmmmmumwmwg.o mm“mwvo.% m“mww.mm vmmomo%%cw 29206 TT mmﬁo%co%ow PIGLZ 86T 10°0SES0STOT
joueld Y0 = 20071 > 0BT L0007 TSI 1601 08C 26-01SE'E  L5000.0 1 ASE100 ctleLs g 4678 TP00- 0. 1898 4T }900-0 0LEL ES6T 10°92809%102 a $91-231
qa m oyepipue) - 880°21 mwmuwﬁmmw.o wmw”wﬂrwmm,o mm..mjlruﬁ.ﬁ mwwwuwﬂrvms.o o%wwo.pm Mmumwo.z wmwwm,wﬂrmmgwd mew“mﬂmﬁm,mgﬂ 10°CLRTVFI0Z
< ouwg $0 —200°'T >  FET'6 mmm”wﬁm:g mﬁ.wwpm T ww“mwmm,w mewwuwwacmc.c Mm“wﬁwm.mm m“mﬁc.mm mmww.mwmhmcgm O evL0seLE 20 PPRLEVTOT
mm jouelg $0 —200°T >  $ET6 mwm“mw@:.ﬁ meumwpw T Wmumwnm z mmmmumwwms.o M.murm.ww mumwm.wﬁ omemumHmwmm.m $$00°0 F PEPS ESLT T0'FPRLEFTOT
£ eueig PO —200'T > 61wl (foioezs0  §10.07zes0 Srorire 0800-0 1462070 oyees awe PR TR 6T00°0 F PEVS 6VLE T0°PL8LIVIOT q €9T-231
ADn jourerg $0 —200°'T >  ©66°TT wmmumwﬁoq ar0teet mm.mw% z memwmwoio.o muwww.ww Mumww.wﬁ 8T00°0 F CPST 6T Mwmm“mwwommdmﬁ 10°97FE0VT0T
= euna YO - 200°T > T96'TT E0L07420°0 0200 F02L0  GL0T6rT 1200-0188T0°0 601888 95 19°E ¥I00°0 F 1297°6 750004 6806'08.8 T0°87006£102 q 291-231
Z  soueld $0 —200°'T >  018°¢T mmmumwomm.o wmm“wwmmm.o Mw“mwﬁm z mwwmuwwmwmo.o wwmwmv.% ﬂ.www.g mmww”wwmvgdm wwww“mwm»mq.wmmﬁ 10°282F8ET10T
DOmmeme D mewogmoee oo agnte gt gy gRov Bgmpeewn g o
2 . . £09% R g8t »9590-9% . s 0get” b bt . 1800°0H7 - .
5w $0 —200'T >  92T°GI mmm”mwomc T mm..m.‘l.om T om..mwwm z omwmmuwwmmzc 0 mmww 18 %wou.w 6 bmmwm,.w.wcmmm@ < mmm»cococow T0ZL'8L6T T0°2T£S6210T
vz aeueld PO - 2.6 BSE'EL 900071860 Tegrtee o1 i1o 260070 8120°0 0 B1EL8 gyysor 150001 CE8E 6 000 9LV 7eLT 10°7901£2102 a 191-231
joueld vo—over  osvar  ged0reseo 9500 vi600 frotsre o 6tE00 tCess PRI S T rLc0L e G O 18990'28LE  T0°L6TLETI0C q 091-231
jouelg vo—ogse  eou 1T G20 07ossro  SEX 0T oes0 JAS I L5 e 0 Lrra00 01168 oo T 0T00°0 F T12¥°TT L o arTeEaLT 107982922108 q 691-231
eyeprpue) €0 —201°z 96911 mmmmwﬁomm.o mmwmwﬂrgm.o wmmmﬂmw T mmwwmwﬂroio.o wmwuwm 68 o%mﬂro.wm wmwwmwﬂmog.g 0700°0 F 08179212 10928112102
ayeprpue) €0 — 2841 16801 mmmumwmf.ﬂ %..wwmm.ﬁ mm“mwoﬁ,m ﬂwm“wwnms.o m“wwa 88 m“mwm.mm mww”w.‘\.moﬁwﬁ mww“mwmmﬁ.mo»m 10°08999TT0Z
youelg $0 —200°'T >  8L9'TT wmmumwmwm.o wmmuwwm%.o mwumﬂrmo,m mwmmuwﬂr:mo.o Mmﬂrw 88 w.wﬂrw.i e o290 0t mwwwumﬂriwwsﬁm 10'789ZETTOT q 8¢T-23
joueld $0 —200°'T >  $09°21 mmmuwﬁowa.o mww”wﬂrwpm,o mﬁmjlrwo.ﬁ w%wuwﬂroio.o mmﬁwo.ﬁ mm.mﬂww T 620000°0 F L8289€°0 mew“mﬂmmmm,mﬁu 10°€8Z0€T10Z q Le1-23
> oyepipue) - seeTt  EE0707 680 m%uwwmwﬁc mm“mwa,m Mwwwuwwﬁm:.o m“wﬁw.ww ﬂ.m%m.i m%mw“wwpmwz.m O etsezeLe 10°6TSLETTOT
sjeprpue) £0 - 2221 €9E'I1  £T0°0 F OFLO wmw..wﬁ:b 0 Mm..mjllmg mwmmuwﬂr%s.o M.mﬂrwsw m.wﬂrw.ﬁ ﬁwwm”wﬂrgmom.m 1200°0 F 1291°06L2 T0°LESTTTIT0Z
joueld vo —2001 > zveer  S100Tepo0 8100 gre0 RN AP AT o308 Ry O revigTg 0 8200°0 F 60T 09T 10°L1901T10Z q 9¢1-231
sojoN  uwomrsodsiq dda dyy (Om) *w (Oy) *y (Dy) dy *u /dy (80p) 2 *y /v ®) a (sesvevz-ara) Or ordd owreN g3 MON

sI9joweIe 93epIpUR) joUR[J

v olqelL



joueld v0 — 2.8’ PELCI mmmmwﬁﬂmm.o wwwmwwnwm 0 wm”mwom.m mwwwmwﬁmmmo.o wmwﬁm.mw wmwwm.f 9£000°0 F 282¥L'8 S100°0 F 998€"LEET 10°00829601% q 8.1-23
® eyeprpue) - 11761 wmm..wurog.o wmw“wwmom 0 mm.mwmw,ﬁ wmww”wwmbﬁ.o mw“wﬂr@m.@m mm..mﬂri.: mmwwww”wwmmwwmo.« mewwumMoomomdmmm 10°8TELS601E
joueld $0 —200°'T >  00€'CT wmm”wﬂriw.o me..mjlrmm.o wM..mJIrNNA %wwuwﬂrﬁms.o muwﬁa.nw m“mﬂrw.oﬁ wwwwm,wﬂroimm.m mwwwumﬂﬂmom.wmmm 10°220¥6801¢
joueld ¥0 — 2611 vseer  Se00Trier 1800 pre Soiere 0 009100 SeieLs PE oot e reseT b o e080 LeeT 10°82€LS801¢ q L21-23
syeprpue) €0—2z9'1  ovort  GEXOTwosr0 85007 9c60 1o oe 0192200 e o leg6s RISIRT 7E€00°0 F 9889°T¥ 8200°0 F 8826 9€TT T0°TL08¥801¢
syeprpue) €0 — 2661 et 800 e00 800860 2.9 s 0t G000 180010 o orvastes 0T LwIT 81000°0 F LG8%8 6 £1000°0 F 82L69°1€4C  TO'0TLSLLOTE
joueld $0 —200°'T >  T08°CT mmmmwwnmb.o mmwmwwmmn 0 memem T %mwwmwwﬁmmc.o mmmﬁm.ww w”mwm.om O 0 oseLL's 9£00°0 F 6910°LEET T0°8048TL0TC
joueld ¥0 —200'T >  660°CT Mmm“wﬂrwg.o wwwuwﬁzm 0 ww..mjlrwmg w%muwﬂlws.o Muwﬂrm.mw M.Mjll.m £10000°0 F £22¥89°0 wmmww..mﬂrfww@.@mm T0°081L0L01Z
joueld v0 —28e'c  FL9CI mmmuwﬁmmm.o mmw“wwwmm 0 mw“mwmwg mwwwuwﬁmms.o wuwﬁﬁ.mw w“www.mﬁ Mwwww“w.ﬂﬁmmm.m wmww“mwmmmn.mmmm 10°T8€.9901¢ q 9.1-231
jouerd ¥0 —29z'¢  gg€9'0T wmm“wwmmog %M“wwmw T wm“mwwo z mwwm”wwmﬁo.o m..mﬂrmsw m..mﬂrﬁ.: m%m.wwommm.m mwwwumwwopm‘owmm 10°TI8E7901E q gL1-z
eyeprpue) €0 —260°C  08G'TT mmmuwﬂrommg mw..mjlrmw T Mw.mﬂrmo € Mwwwuwﬂrmms.o muwﬁo.mw m..mjll.mm mwwwwwﬂﬂmmm.»m e TevioEsTe 10°28062901¢
e syeprpue) - 186721 mwm”mwmooé wm“wwmﬁ z m.w%m.i m%w,.wwmmmo.o w“wwm.mw mm.mwno g wwwww”w.‘\.wmmi.i 1100°0 F 9807" T752 10°8896090T¢
jouelg $0 —200°'T >  $£0°CT Mmmumwwwo.o w%..wuwo.mw.o mﬁmﬂrmw z mwmmuwﬂlmmo.o mmumﬂrwm.ww M”wﬂrm.nm wmwmm.mwﬁm@m.i ﬂww“mﬂfmgmmm 1022985201 q pL1-23
joueld ¥0 —202°L 9012l wmmuwﬂrmmw.o wmw”wﬂrmvm,o wﬁ.mjlrs T mwwwuwﬂrmio.o mumﬁm.pw m.mwo.mﬁ mwwww,wﬂronwww.m mew“mﬂrzi,wmmu 10°2H8216012 q gL1-z3
eyeprpue) 20 — 26¥'8 ¢59°z1 wmmuwwgb.o wmw“wwpm@c wm”mwwc z %mwwuwwgmc.o m“wﬁc.mw o%w%c.vm mmwwuwwmommdﬁ mwww“mwﬁcgdmmm 10°8€6€T70TC
joueld ¥0 —200°'T >  88€'CT wmm“wﬂrmﬁm.o mmwuwﬁgw.o wmumﬂrmm z Mmmmuwﬂrwbmo.o mwumﬂrow.% oo.m.wﬂro.@w mmwm.wﬁm%w.wm wmww..mﬂrimm.mwwm £0°G96€0701C P 08-231
joueld $0 —200°'T >  88€°CI wmmuwﬁmﬁm.o mmw“mwgm.o mﬁ.mwmw T wmwwuwﬁmms.o mumﬁm.nw M.wwm.mﬁ Mwwwm,w.ﬂﬁmmow g wmww“mwowmw.mmmm 20°S96£0V0TC
joueld $0 —200°'T >  88€°CT wmm..wurfm.o mmw..wuwg@o mm..muw: z mem”wwommo.o w..wﬂro.mw ooﬁ.mwo.mm mwww”wwmmmodﬂ YR 4444 1098680701
joueld $0 —200°T >  TOR'TT mmmuwﬂrm@o; mmwuwﬂmmo.ﬁ mm..mjlrmH € mwwwuwﬂrmbmo.o tlloses W.WJIL.Z mwwww,wﬂmmmmm.S 0200°0 F GOV LETT 10°LE2T0¥01E
e syeprpue) - 6ev°Cl wwm”mwomn.o wmm“wwmmm.o oo.mmwo.w mmuwwz.o 2’6 F o'se wm.m.,,\.nw T Mwmmuwwommm.m 0T0°0 F L19°VEEE T0'TTSS9€0TE
jouelg $0 —200°'T >  968°TT Mmmumwmmw.o mm..wuwwwb.o mw.,mj\rom z m%muwﬂrmmmo.o m.,wﬂrm 88 M.mﬂrm.nm B 0 TRG6T 8 wa“mwmmowsmmm 10°¢FTE9€0TE
syeprpue) 10 — 226°1 PO 11 mmmuwﬁmﬁw.o mmw”wﬂrtn,o wm.mﬂwm.m mmwwuwﬂrvomo.o muwuwm 68 w.mmﬂo.mh 6100°0 F T86€°0¢ mmww“mﬂrwmom,mwﬁu 10°9109£590%
e eyeprpue) - LEVTT mmumwmm 1 mw“wwpv € ooomw%odm wwuwwwﬁc m“wﬁm v9 IR mwwwuwwﬁﬁiwﬁ mmww“mwﬁwmmdmﬁm 10°€1S6€790T
e ¥0 —200°'T > 996°TT mwm“mwwi 1 mumwww T Mmumwmw z wmmmumwvﬁo.o m.,wj\rw 88 W.wurwgm Mwwm.wﬁﬁmwm 81 mew..mwﬁﬁ.%ﬁm 20°88987€902
< ouelg v0—2007T > 99ger  LrO0TyirT L0 Ve Se019eT 2700-0 1 OFT0°0 G iyvas gy oot mmwwm,w+mm§w.n mmww..m.,rmmmw.omﬁm 10°88987€908
e oueld PO = 2.T'¢  OEF'TT  0F0°0 F L86°0  [1.0760°T E1-0496°2 £100-0+0820°0 961688 Ggrroz a0 Logog 6T £200- 0466667912 T0°66289290T
M geuerg $0 — 2001 >  GPL'TT mmmuwﬁmwo; %..mjlrmo.ﬁ mmumﬂmw.m mwwwuwﬂrmmmo.o Wﬁﬁw 88 w“mﬂrﬁ.f 82000°0 F 698672 9Lt arTE 10°€596¥2902
B m syeprpue) - 0L8°TT mwm”mwmww.o mwm“mwomw 0 ww.mwamg mmwmmumwmio.o mem L8 mew.mﬁ »Mmommm%\.fmommm.m oﬁmﬂooo%ow 1L¥6°9%1¢ 10°SE€T6T190T
2 sowerg Y0 - 20071 > 0LLTT GZ00REE0 800766470 Q0TE4T 35000 01 ASTEOD 501168 G oee Le000 0 easL6 T Fr00-0 4 LPPY ISIE T0°69LT81902
= oveprpuen 10— 292°6 699721 mmmuwﬁomo.ﬁ FANUnI co.cmﬂro,w mmuwﬂrmo,o mummuwo.un Piree 0£00000°0 F 0£2729%°0 mwmww“mﬂrwmmmm,wim 10°9LE691907
joueld $0 —200°T >  L68°CT mmmuwﬁﬂmb.o 120°0 F 2020 wﬁ.wwmw T Mwwmuwwmmmc.o M“wﬁb.ww M“wwo.mﬂ 0 6Lvg0'8 e O 6se6rIT 10°L206ST908
sjeprpue) €0 — 22z 6LE'TT mmm“wuﬂomm.o wwwuwﬁmom.o mw..mjllm 1 wmmmuwﬂroio.o mumﬂrm.ww muwﬂrm.f 2000°0 F 9£TOL'S ££00°0 F 6698071z T0°L86971902
joueld v0—200T > oeeror 5007 zos0 LS00 60070 o oset 00 01681070 o6 oey6se G000 L taLvoal O s ectT 10°986V7T90C
qa o3epIpuE) - oteror  (E00 sza0 10007 u800  £200 6ta0 2900797 960070 PR JaECR 18000°0 F 7ECSO'T £700°0 F 9676°97 1T 10726611908
eyeprpue) 10 — 216°6 z€0° 11 wmmmwﬁbmw.o wmwwwﬂrmmw.o mmmﬂm.m wmwmwﬂrmmo.o mmmﬁm.mw wmmﬂmﬂro.mm 0£000°0 F £08¥P"L O o6 zeTT 10°0£9%11902
joueld $0 —200°'T >  ©v0'CT Mmm”wwwww.o wwm“wwwwm.o wwnmwaw,ﬁ wwwwuwwwmmo.o Mm“wwg.mm w.mwo.ﬁ mmwww,m.‘\.omgﬁf 9100°0 F 8PVE'8e1E 20°20996090
joueld v0o—2001> groer  £eo0Tpeo0  §1007Tevor0 roieet e 0 teLz00 e o6 oal66T e 0 TastL90 B0 0 79989°6VTE  T0°G09960908
joueld v0—2007T > gogal 50O pes0 5501076080 orotLot B oLt00 L0688 R $100°0 F 691€ 1T ¥£00°0 F 6%62°6¥1C 20'$SHZ8090T q zL1-23
joueld $0 —200°'T >  80€'CT wmmmwﬁvmo.o mmwmwwmmmé Mﬁ.mwﬁm,m mwwwmwwwmmc.o mmmwﬁc@mm w,..mwm.iu 9T00°0 F 8929°63 g0 O segg09TE 10°7$7280908 ER AT
joueld v0—200T > grpar 550072680 mw..wﬁﬁg wwumﬂr%.m %mmuwﬂrmio.o wumﬂro.mw M..mjlrm.m ﬂwmuwﬂrmwmw.m 1200°0 F 1297 9F1C 1079670902 a 12123
joueld ¥0 — 291z 9L6°G1  620°0 F 0£0'T mw”wwmog Mm“mwmmg mmwwuwﬁﬁs.o M...wﬁo 98 m.m%w.o wwwwm,w.ﬂgmnm.m ¥200°0 F 1079°LF1E 10°€0877090C
jouelg $0 —200°'T >  09T°¢T mmm“wﬂrmmw.o wmw“wwmowd wm..mt\wmﬁﬁ mmww”wwoomo.o mw“mﬂrmw 68 o%..muwc.mw mmww.wwoﬂww&m AL 0 Teav0 g9t £0°70692090C
joueld $0 —200°'T > 0912l Mmmuwﬁwmw.o wmwuwﬂmow.o mmumﬂmw.ﬁ mmwwuwﬂrmws.o mumﬁﬁ.ow m.mﬂrm.b 000 O tLoLee T ¥100°0 F 298¢°0FTE 20°706920907
joueld $0 —200°'T >  09T'¢T Mmm”wwmmw.o wmm“wwmow.o MM“mMam,m mwwwuwwmmmo.o m“wwa.ww w.mww.wm 91000°0 F 8¥250°2 mmwww“mwmmmmmdﬁm 10706920902
> syeprpue) - 916'01 25007 0v6'0 mwmuwwmww.o wwumwooq mwmmuwﬂlio.o wuwﬂrw.ww m.mﬂrms mmwwmmuwwwoomom.m mewwumwim%.wim 10967110908
joueld $0 —200°'T > 90S°ZT €00 F ¥96°0 N%.,wﬂrmm.o wm..mjlrmw.ﬁ mwwwuwﬂrmms.o wumﬁo.mw m,.mﬁm.i mww O cosgs mew“mﬂrmmmﬁmmﬁu 20° 160800907 q 0L1-23
joueld 0 - 200°T > 909'ET  Z20°0 F ¥96°0 %w“wwwm,c mwumwcw,ﬁ mwwmuwwwfc.o m“mﬁb.ww w“mwo.om mwww.mwcoo#mﬁ mwww“mwmom@mmﬁm 10160800908 o 0LT-23
joueld ¥0 —200'T >  £20°CT wmmuwﬂowm.o wwwuwﬁmﬁm.o ww..mjllmg mwwmmuwﬂronﬁo.o m.,mﬂrwsw M.mﬂr@.ﬁ mmwmm.wﬂrowowm.@ mmwm..mﬂlmoo.mﬁm 10°268.00902 a 691-231
syeprpue) €0 —2L6'€  FO¥Cl mmmuwﬁmmw.o me”wwwmm.o wa..mwm:.m wwwwuwﬁammo.o wuwﬁo.aw o%w%o.ﬁm SO vege bt mmww“mwmmmm.wim 10°82ELS6S0C
jouelg ¥0—20T°L  <0T'gT mmm“wﬂrgm.o mmw“wwﬁwd ﬂ.mwﬁ,m m%w”wwmmmo.o m“wﬂrm.ww m.wwasm ¥100°0 F 0pes-er wmwwumwkwwsmﬂm 10°7¢808690T q 89T-231
eyeprpue) 10 —26%°6  01%'21 mmmuwﬁﬁw.o wwwuwﬂmmw.o oo.nmﬂro.m mmuwﬂroo.o muwﬁm.mw owmmﬂro.m D00 O TrosLy T wmwwwumﬂimﬁw.mﬁm 10 18T¥¥6502
joueld ¥0 — 279'8 022’8 o0 a0t B oest Sroese e o trTo 0 08 oes Sayver 0T00°0 F GLL6°6 O s9g6 0V IT 10°829%0650 q L91-231
sejoN  uontsodsiq ddd dp (Ow) *w (Oy) *y (Dy) dy *u /Yy (8op) 2 *y/v P) g (eesveve-ard) Or o1dd swreN g3 MON
-
™ ponuguoy — % SlqeL



fann)

N jouerg $0 —200°'T >  90T°¢T wmmmwﬁmmm.o wmwmmwmmm.o Mmmmwww.m mmwwmwﬁvmmo.o mmmﬁm.mw mmmwo.z ¥2000°0 F $E619°9 w%wmmwﬁwg.ommm 20'689¥68T1T > 681-2)
jouerd $0 —200°'T > 902Gl wmm“wwwmm.o mmw“wwmmwd mﬁmwﬁmg mwww”wwﬂﬁo.o w“mﬂrﬁ.ww m..mﬂra.i o 0e9LT'g m%w“mw@om‘omqm 10689766212 q 681-231
eyeprpue) €0 — 2%0°¢ e1z°01 wmmuwﬂrooo T meuwﬂi&.o MMHNMNH.N mwwwuwﬂrmomo.o mmmﬂl.mw w.wjlrmgm 02000°0 F 2992€°9 mwwwumﬂoomm.mmmm 10°LL¥LEETTE
> syeprpue) - 126°6 mwm”mwfm.o mmm“wwmmw.o N%..mwwm,o %wwwuwwmmoo.o o%w%o.wm M.wwn.w wwwwmm“wwﬁmmmmm.o O azee gseT T0°'8EEE0ETTE
joueld $0 —200°'T >  F0L°TI mmmumwgﬁa mm..wuw:g mmumﬂrmo,m wwmmuwﬂrimo.o w.,mﬂl.ww w.wﬂrm.ﬁ -0 L09L08°L 9200°0 F 0998'11€2 20°0L¥P91TIT o 88T-23
joueld $0 — 2001 >  $0L°CI wmmuwﬂrnoﬁ T mw”wﬂr:.ﬁ wﬁmﬂwa.ﬁ mmwww.,wﬂrgos.o quwm.mw m..mjll.ﬂ 920000 F 862721 mmww“mﬂrmmﬁm,momu 10°0L¥%91212 q 88123
joueld $0 —200°'T >  $98°¢T Mmmuwwgo.o mww“wwmmmé ww”mwwmg mwwwuwwmic.o oom.wﬁo.mw ww”mwwm,m O o T86ELL O mmww“mwmmmowomm ¥0'29TLETITIT q L81-23
joueld ¥0 —200°'T >  $98°CT Mmm“wﬂlum.o mwwuwﬁm@w.o Mwumﬂro»g wmmmuwﬂrvio.o m.,wnll.mw ER ) 92000°0 F 611482 mmww..mﬂrwm@b.womm £0°'292L81212 > 18123
joueld $0 — 2001 >  $98°C1 mmmuwﬁnmm.o mww“mwmmm.o anmwom.m wmwwuwﬁﬁmmo.o muwﬁo.aw : mwmw,mwmmoo,mﬁ a0 O eaLysose 20'29zLSTTIT o 18T-2)
joueld $0 —200°'T >  $98°CT mmm..w%%m.o mww“wwmmwd mm.mwmm,m wmwm”wwommo.o m..mﬂrmsw 3 wmwww”wwwomis 0200°0 F GREE'ETEE 10°292L81Z1E P L8T-231
> eyeprpue) - z06°T1 mmmuwﬂrwmw.o wauwﬂmmw.o oo%ﬂro.m mm..w:lroo.o mumﬁm.ow %mmﬂro.mﬁ mwwwwm.wﬂrmimom.m mmmwwumﬂbmmbm.momm T0°8618E1Z1C
ageprpue) €0 — 268 0L9°TT mwm”mwnmn.o mmm“wwmmm.o mm.mwom z mww“wwfmo.o mm“wwmm.mm o%w%o.mm e o610z mwww“mwwommgmmm 10°9612E1212
wn %eueld ¥0 — 2,16 TPRIT mmmumwoﬁq wwuwwmw.ﬁ w.wwo.i m%muwﬂrowwo.o wwumﬂrwm.nw H.mﬂrww 9 0900000°0 F 0979¢66°C Nmmmwwumwwwoﬁmm.wonm 10888011212
M ayeprpue) €0 —29z°z  €9L'T1 Wmmumwowp.o me”mwnmp,o mw.mwrmﬁ.m mmm”mwgmo.o meo.mw W.Mwm.ﬁ L1000°0 F 98082°€ mem“mwmwmﬁmomu 10°611210212
R oo . . . . . . . . . .
IR OO ¢ ORI 3 EONAIE 1 OO s EMARE  MN oo v O 1 oA
E orops LRt LA R §5%91 argoigr &t e85t L9550 0 . sed0 0t .
P ewppue - 812°L om%m%i T mw”mwwm v o,nw%mwo evT :mmuwwﬁm 0 Hm..m.*\.h €8 H%.HOH.WS ot wwmww&c%\..rmgmwm g wmmmm”mwuwmmo 91€Z  TO'STRE6EIIT
[CRLS) €0 —2.c°C  889°GT mmmumwwwm.o mﬁ.mwwog ww..mtllm z wmmm”mwmcmo.o mwumwmm.mm Ho..%leo.i Hmmmm”mwmmmm@m pmmmm“mwﬁoﬁfmm T0'8868L6112
5 evepipuen 10— 2vo'T  error 00y erIT ot Sorese 9£00-0 + 08E0°0 Gropeees Fopo6e 1O 6L167 61 50000-01 T6528°SE6T  T0'TOZEFOITE
o A syeprpuen - 88411 mmm”mwomo 1 mﬁ.wwwm.ﬁ wm..m%wwg mwwwuwwmmoo.o m“mwm.nw m.mwm.ﬁ: £100°0 F 61826 mmww“mwmoﬁm.oﬁmm T0°ZLVIV6ITE
hNu syepipue) €0 — 2.7 619°C1 mwmumwnmw.o me..mwoﬁ.o Mwumwmﬁ z bmem..MJ|Ewmo.o @mumwm.ww M.omwro.mm mmmmmumwaiw.i wmmmumwomww.fmm T0°LL6ET6TTE
= joueld $0 —200°T >  €61°CT mmmumwmﬁo T mwm.,ﬁoj\rﬁma,o m,m%wrﬁ € mommm”mwmommo.o 680 Taaes mc,.muro.mw mmmmmmwmwmvi,@ %mmw“mwwmvw,gmu 10°099906112 q 981-231
o9'e = oyepipue) - 9zT° 1T Tlos6eT EE 0-61 10'E 61001 08T'0 1270 F £e'ss g -0 egTovY 6T O 196ue6TEE  TOTLYORSITG
7, seuerg $0 —200°'T >  9€6°CT Mmm“wﬂlﬁ 0 wmwuwﬁww@.o mw..mjlrwws wwmmuwﬂlmf.o wwumﬂrmo.% M.mjll.om #10000°0 F 692281°¢ 0T000°0 F §709S°01EC  10°69SRISIIE
e M syeprpue) - vy el mwmuwﬁnﬁm 0 mmw“mwwom.o w..w%w.m wmwuwﬁawo,o mumﬁm.g wm.mwww Z 06000000 F 0LT90T'T mmmww“mwommﬁsomm T0'T6T008TTE
> (4 eyeprpued - €9z°g1 mmm..wurﬁw.o Mﬁ.wwoog mm..muw: z wwwm”wwmﬁo.o m“mﬂrﬁ.ww W.wﬂrw.ﬁ 200°0 F 854270 wmww..mﬁowo@ﬁ.mm 10°9690LL1T¢
n ereppUED €0 —2ge'e  629°CT wmm”wﬁomw.o mww..mjlrmwn.o oL 0eet %ww”wﬂrvms.o muwﬁo.mw ooo.mjlro.om mmwwwwﬂm&ﬁﬁm mmwwumﬂommm.mgm T0'VIEEILITT
> m o3epIpuE) - osver U0 0 sz oyt 86'0 F €8¢ o vat00 ERIAE e a6t o eese et 480z gTET T0'VLREVLITE
Z, ojepipue) €0 — 297’8 09T'gT 110 F 62T Geoliee FRI) T 0.0 t0g00 Oy 1908 9%los ST000°0 F 6LEEL'F £100°0 F 7260°1€T T0°TL99€L11C
M syeprpue) 0-20rv  ogtar 8007 zie0  BE00T 61800 00T 0Lt 900610 68 0 oe g Ol oee 0£0000°0 F 89T859'8 GT000°0 F VLTE6'TIEC  TO'L9TEELTIT
A e3epipuep €0 —oze'c  LovIT 2070786870 mwwmwwpmmé mwmmwt z wwwwmwwnmmc.o mwmwﬁmb.mm m,.mmwo.vi wmwwmwwmﬂwdm mwwwmmwwpmm&ﬁmm 1077228911
QO evepipuen €0 —29T°F  PIVGT  820°0 F 926°0 wmwuwﬁﬁm.o ww..mﬂrow z wwmmuwﬂrowmo.o Mmumﬂroo.% w“mmﬂro.ww mmwwuwﬁgi.mm «mmwmumﬂlwﬁ.wmmm 20'8STTIOTIZ
ANn joueld vo—ovz'L  BIvEl wM%%oW 9.6°0 wmm”mwim.o m%%\.ﬁm T Mwmm“mwmms.o mmuwwa.mw o%o.ﬁm\.,ro.nm awﬁwmm”mwmmg,oﬁ nwwmm“mwﬁmn.:mm 10°8CTIT9TIZ q g81-23
ow  oreprpue) - £eL0'sr 25007460 S0t SV 2-618Ee $e0-0 4810 b2.0p0css Siyeee 08000- 0 L8IVT LE 00 0 169680° LT85 TO'06LO09TTE
m Jouerg $0 —200°'T >  089°0T mwmumwmﬁw.o wwm..mj\rwob.o mw..mﬁwm 1 mwmmumwvws.o M%mmﬁg.mw mewwo.ww WWWMMMW«E%.S Nﬁmooomoow 800G°GTET 10°G0ZH6S11E q ¥81-2)
< euwig YO —200'T > yerzl  (E00TEre’0  G2o0ress0 0 or0°E 1201 €00 0-9610°%E SGoror'T 520000- 016926970 6500-0-4 PE09'L0ET £0°'799299T1Z q €8T-231
B seueig $0 —200°'T >  PELTI mmmumwmwm.o mmmuwwmpw.o MM.,mL\wwm z wwmmuwﬂr%mo.o mwumﬂrwm.mw oow.owﬂro.mw m%muwwmm%.mm wmwwumwmmﬁ.:mm 20°799T9STIE P €8T-53
m jouelg $0 — 2001 >  $9L°C1 Mmmumwmwa.o wwm”mwmpm,o anmwﬁm z owwmmumwgmo.o vmuwww.mm m“mwo.f Mmﬁmvmwwm#@mmﬁoﬁ mmwmm“mwmwﬁ,imu 10759298112 > e81-z)
< souelg PO = 200'T > 189°IT  GE007206'0 301 606°0 Ge0tTVE  02000.01LEFE0T0 OO  ss'eR g6 $1000-01 649928 39000- 0+ BLI66 PIET  10°68£5CSTTE
O syeprpuep €0 — 20v'z  G8L'TT mmm“wuﬂsﬁg WWHMMS.H mwumjlrom T wwmmuwﬂrvwoo.o w.,mﬂl.mw m.mﬂrw.w wwwm.wﬁwmi v O O Tvesasose T0°€8€T6VI1T
o'w iz oyepipuv) - 8€T°6 %wmuwwmoﬁ.ﬂ N%.,wwmﬁg co.mmuro 6T wmuwwmﬁo muwwﬁ.mw m.m.ﬁm.mﬁ Oy O fevaoLT'g 18000°0 F LES6V'TIEE  T0°6OLITVIIE
SRRSOl N O e
! 010+ 120+ 29 0+ 6100°0+ 0T+ az+ ¢ 52000+
jouelg ¥0 —299'c  gOT'TI mmm”wwmf 1 20 F 1e'1 wmnmwﬁo g %ww“wwvomo.o mmwm.ww w“mww.i mwwww,m.‘\.owmf.oﬂ mwww“mwoow@mﬁmm T0'799T6ETTE
jouerd ¥0 —2.6'9  TPLIT wmmumwgw.o Mmmuwwo?.o mﬁ.mwi z mwmmuwﬂlmmo.o m.ﬁﬂrm.ww m..mﬂrﬁ.i 0 vesoeLT wwwwwumwowmom.womm 10°09965€11C q z81-231
jouelg ¥0 — 296'6  L£9°CT wmmuwﬁwwo.ﬁ Mww”wﬂrmma,o mm..mjlrﬁ.m mmwwuwﬂrmwmo.o M%Hﬂ@.mm m.wﬁw.f £7000°0 F 9TH68°9 mmww“mﬂrwmmb,oﬁmu 10°2PECgeTIT q 181-23
e o3epIpuE) - 607°TT Mmmumﬁvmo 1 wm“wwmm,m w..w%c.w mmwmuwwommc.o M“wﬁm.mw w.m%».w Z100°0 F £507°8 o eec0 60ET T0°9T8TISETTE
joueld ¥0 —200'T >  €6€°CT mmmuwﬂoﬁ 0 mwwuwﬁﬁw@ 0 m.mjlr:u z mmmmuwﬂrvmmo.o m.,Tll.ww m.wﬂr@gm mewm..wﬂrm%ww.w 9700°0 F ¢96€°0T€C T0°LT96TETIZ q 081-231
ote o3epipue) - zes 11 mmuwﬁmo 4 m,w%w.m ooﬂ.mwo.mm mmwwuwﬁmomo.o muwﬁﬁ.vw w.www.o mmwwwm,w.ﬂﬁm?m.m Mwww“mwmwow.mmmm 10°829LVITTC
p‘a’e  ojeprpue) - LZARA oottt iieer O ep 10799 o0 Tor00 oqves 09t oag S Ltevo vT N Leviz6tee T0°L8T90TTTE
oq eyeprpue) - vieer 2¢O 0Teze0  FE00Teeg0  £0 0700t G€00°0 F 682170 L6708 TP0766°0T 06000000 F 0VE88¢E'€  0T000°0 F GSTEVTELE  T0°G6LE80TTE
joueld vo—2.6%  6s9er  ze00tvesro  E1070780s0 rotee 00 0 00g0 0 Sor8ss s a0z 02000°0 F 61ZL1°S 100 O eose eeee 10°66687011¢ q 6.1-231
sejoN  uontsodsiq ddd Ay (Om) *w (Oy) *y (Dy) dy *u /Yy (8op) 2 *y/v P) g (eesveve-ard) Or o1dd swreN g3 MON
ponuguoy — % SlqeL



syeprpue) 20 —200%  crral  geo0revero 5600 7Taseo EACR 016800 s ess ot ooz 00 o609 1T 0 o LcoLe 18TE T0°968LLELTT
jouerd v0— 2001 > g8El 1200 F €200 51097 wror0 800 901 o 0 tet00 P& ous atloot 21000°0 F 9TP6¥'T e 2002 0LpT T0°ZELTFOLIC
eyeprpue) €0 — 2921 £70°01 mmmmwﬂrmomg mwwwﬂrz T mwmmﬂrmu T mmwwwmwﬂrf:o.o mmwﬁﬁ.mw M..mjlrmgm O 0 ressa T oo avse LsvT 10°€£9GERLTE
> syeprpue) - 109°2T mwm”mwmnw.o mwm“wwowm.o mW.mMmm T m%w“wwimo.o mm“wwwv 68 o%w%o.mm ¥200°0 F 0608°9% 1€00°0 F €216°PL¥T £0°6E8T6TLIT
> syeprpue) - tooet 8007 Ri00 G100 ovo0 Jeois0z S 016200 R Ot ote R o gogg0 ot 8100°0 F G163 1L7T 20°6E8T6ILIT
> ayeprpue) - 109°21 mmmmwﬂrwbw.o mmwmwﬂrwvo,o wwmmﬂwo.ﬁ mwwwwﬂrfo 0 mmmﬁm.mw o%mﬂro.mm 08000°0 F 9Z6£6°L mwwwmmﬂrwim,ﬁvu 10°6£826TL1T
> e3eprpue) - z0g'TT mmmuwwgﬁﬁ mww“wwwmog mw.mwmm g mwww,wwmgc 0 m“wﬁm.ww M.mwm.i e oves 6T e rese LT T0°8€CV6VITE
o'e sjeprpue) - 67221 wmm“wﬂrwmmg mﬁ.wﬁmm T w.wﬂro.ﬁ mmm.wﬂrbmwo 0 WMUmMmm.mw ﬁ.mﬂrmm.m 0T0000°0 F TZ6ETE"E £1000°0 F OVPES ILYE  10°FIEROVOTE
joueld $0 —200°T >  166°CT wmmuwﬁﬂnm.o wmw..m%:m.o mﬁmwom.m m%w.wﬁmmmo.o Seluus m“mwa.: mwww”w.ﬂfmo*m m%wnmwmﬁmm.ﬁvm 10° 282207912 q z0z-z)
e3eprpue) 20 —200°¢  L68°CI mwm“wwomm.o mm..wuwk T oo.mﬂro@ e orst00 oom.wﬂrosw m.wﬂl.ﬁ m%wm.wwman.m e S ozto0LvE T0'T0TL8E9TE
p'q eyeprpue) - $88°T1 wmmuwﬂromog mwwuwﬂmoo.ﬁ mwumﬂrwm.m wmww.wﬂrﬁmo 0 Muwﬁw.mw oom.wﬂro.mm ﬁwwwwﬂrwmg,mﬁ 5200°0 F 619€°0472 10°8%L99191¢
q syeprpue) - £09°21 mmm”mwmmog mmm“wwtm.o MW.mwwo T m%w,wwnms 0 m“mwn.ww w“mwo.mm e eserer wmww“mwhmﬁm.gwm 10°2LTPIT91C
po‘e  ojeprpuep - 9zg°TT wmmumwﬂwwq wm..wuwmm T w.mmﬂrosw mwuwﬂrmm 0 wmumﬂri a8 Wwﬂrw.ﬁ 2£000°0 F 1687671 mmmwwumwwmowm.mgm 10°LEF0S09TE
joueld ¥0 — 2122 99611 wmmuwﬂroma.o wmw”wﬂrm»m,o ww”mﬂrm&.m wwww.wﬂrmwmo 0 mmuwﬁbm.mw o%wﬂo.@ w%w,wﬂmmﬁ,mm L0 LoesL 0svE 20°621800912 > 10z-23
joueld $0 —200°'T >  996'TT wmmuwwmmo.o me“www»mé ww”mwcw T Mwww,wwmic 0 %“wﬁw.vw w.w%n.v Mwwwwm.wwcmgmcg 6100°0 F 1786'89VE 10°62T80091¢ q 102-231
a sjeprpue) - 119°21 mmm“wﬂrmww.o meuwﬁﬁmw.o m.mﬂrﬁg w%muwﬂrwﬁo 0 m.,wfll.ww m.wﬂlgm m%muwﬁgﬁ.: wwww..mﬂr:wo.iwm T0°GTLPSRSTT
syeprpue) 10 — 28.°6 z€0°T1 Mmmuwﬁmnm.o ﬂ..wwwﬁ T oo.ww%o,m mmuwﬁmo,o m.mﬁn.nw w.wwwo.ﬁm oo teteg 1z ﬂw..mwmmm.m?m 10°19920¢G 12
qa o3epIpuE) - 269°21 wmm..wur:w.o me“wwwmﬁo x..mt\w@mg m%m”wwmﬁo 0 m.mﬂrw.ww w..mﬂrw.i 1100°0 F 21£9°9 mmwwumwmmmwhzm 20'LT6TLISTT
q syeprpue) - 269°21 wmmuwﬂr:w.o mmw..mjlrwob.o %..mjlrow.ﬁ Mwwwuwﬂrmms 0 mumulsw w“wﬂrﬁ.mﬁ O T TageT mmwwumﬂwo»w.mwwm 10°LZ61L1GTE
syeprpue) 20 — 2L%'T PL8TT Wmm”mwmmw.o m%..wwwmm.o ww..m%wo T mww”wwmms 0 w“wwﬁ.ww w“www.i 67000°0 F £0620°C FUR AT A2 10°8TSVSEVTE
syeprpue) 10— 2.7'c  ¥TOTT mmmumwmmoa mwmuwwmw@.o mm,mﬂlw T mwmmuwﬂrvio 0 w.,wﬂro.% $ S sse mwwmm.wwago.« S100°0 F ¥618°047C 10°0TTPECYIC
syeprpue) 10-200¢  vosar 55007 urs0 mmw”wﬂrﬁmn,o co.hﬂro,m mm”wﬂrvo,o muwﬁo.mw 0'€T F 0°€2 oo wﬂwma er O 0ev6 8T 10°950LI8ETE
° e3eprpue) - 1E0'GT 9E0°0 F 1160 mﬁ.wwmm,c mw”mwmﬁm m%m,w%vmmc.o m“wﬁm.ww w“mwo.mm mmwwwuwwmgﬁ.m ST00°0 F 895E°69¥¢ 10°€829¥2ETE
ERT v0— 2111 ¥PECl mmm“mwoww 0 wwmumwm@b.o Wﬁm@wmg mem.mwwms.o M.muro.ww wmwm.ﬁ bmmommm%urww@ww.m @Nmﬁooo%ow 60965867 10°606828212 a 00z-231
v 2 oyeprpuep - PTOTT br0fer't 2501 58T Siyeor o o ver00 G140 Ls I £9000-0.1 148¥E 81T C100-0 0928 00¥2 T0°682£08212
L eueld 70 =200 > 0e6'TT  $EO0V0000  (r0.07 4990 JLOTTR'E 1£00-0+0680°0 501088 bprrEe 100001057482 000001 CO0E6 68ET  T0'06L6LLTTE 2 66T-23
M jeuerg v0—200T > ogerr  SE00700s0 wmwuwﬂgo.o mw.mﬂrmm.ﬁ wmwwuwﬂrmmmo.o muwﬁm.bw N.mﬂl.oﬁ mewwm.wﬂrmmwmmm.m mmmwwumﬂbm»mb.mmmm 10°9696LL218 q 661-23
m syeprpue) 20 — 2€z'€E ILP°0T  920°0 F TL6°0 vmw“mwmﬁ T bowﬁwuw\..ro.m wﬁwmumwmo.o ow“wwm.nw WWm\.To.om Hmmwm”mwmmm.pm wmmmm“mwoﬂm.mmmm T0°€TETLLTTE
% seuwela PO - ovL'T  ZZO'TT 62070 F 98870 190078220 S0t elT £200-0 1 S8¥0°0 ¥9-04 07 68 roer e O sTer0 LT £2000-01 OLITO 888 10°8EEROLTTE a 861-231
= seuvia ¥0 —200°T > L.6°TT mmmuwﬁmba.o Mww”wﬂro&,o mﬁmﬂrom.m mwww.wﬂrmmmo 0 m,ﬁﬂwm.mw m.wwo.z 820000 F §628€°8 o oesT gseT L0°€EECELETT Q 261-831
> eyeprpue) - 62,01 mmmumwomo 1 mmw“www»mé m..m.,,\.ww T mwww,w%vic 0 m“wﬁm.mw o%mwc.mw meww.mwmmim.f 9200°0 F TP9T°88€T 20'€LVE0LTTT
> ajeprpueD - 6201 wmm“wwomo 1 mmwuwﬁwg.o wm.mjllw 1 memm.wﬁgfo 0 Mumﬂrm.ww m..wﬂl.f mmwwmuwﬂrwo%».@ £200°0 F 99CL 688T T0°€LPE0LTIT
joueld ¥0 — 26%'€  €61°CI mmmuwﬁmmo T wmw”wwovo.ﬁ mm.m%ﬁ.oﬁ mmww.w%a«ao.o mmuwﬁao.mm mmﬂm%um ot mmwwwwm,w.ﬂommmﬁmm.m 010000 F 20L82°G8€Z  10°60LL69T1T
jouelg $0 —200°'T >  €26°TT mwm..wurmﬁ T mmuwwwm T wm“mwom,m m%m,wwimo.o w“mﬂrm.ww o%wwc.mm mwwww..wuwmvmm 87 1200°0 F L068"76£C 10°2ZV 169218 q 961-231
joueld $0 —200°'T >  o0ge'al mmmuwﬁm@m 0 mwwuwﬂwom.o mmumﬂmm.m wwww.wﬂrgmo.o %Hmﬁm.mw w.,mmﬂro.wm wmwwwwﬂwmww.wm mmwwumﬂmmoo.ogm 20'7L8689T1T > GBT-ZM
joueld $0 —200°'T >  o0ge'cT mmm”wwmmm 0 mwm“wwoom.o wM..mem,m %ww,wwgmo.o w“wwo.mw w“wwﬁ.wm meww,m.‘\.wmmmw.ﬁ mwww“mwoowo.mmmm 10'7L8689Z1¢ q g61-231
joueld $0 —200°'T >  99T°CT mmmumwbwo 0 %Mmuwwﬁmw.o %.,muwom T mwmm.wﬂroio.o m.mwl.ww m.mﬂrm.om mwwmm.wwﬂwmg.m O o tsvvsses 10°60298921¢
joueld v0—200T > ovgrar  5u00TorrT mﬁwﬂrmm.ﬁ mm“mﬂww.m mmwwuwﬂrgmo.o muwﬁﬁ.mm o%wﬂrogm 0800 TvieLee £%00°0 F 0.00°01¥2 1000829212 q ¥61-23
e e3eprpue) - TPO'ET 920°0 F £60°T mww“wwcmmé oo%woﬁﬁ wmuwwvﬁc w“mﬁm.g mwm.mwgwg 0100000°0 F 0ZET8EE'0  §1000°0 F 0STV0'S8EE  10°168SVOTIE
sjeprpue) 10— 296'6  1LF'TT mmm..wﬂﬁmog mmuwﬁw@ T oo.mmﬂro.» wmuwﬂrvo 0 mumﬂrm.ww w“mmﬂro.@m mmwmmuwﬁﬁmww.? mwwm..mﬂrmwmw.%mm T0°61£6£9212
syeprpue) 20 — 2481 881°21 wmmuwﬁnmm.o me”wwmmm.o ww.m.ﬂwm z mewuwﬁmﬂmo 0 wuwﬁ«.aw o%wwo.m« mmmw,mwommm,mm mmww“mwpmvo.wovm 10°2L9L8ST1C
> eyeprpue) - 68911 mwm“wﬂrgo 1 mm..wuwmw T omwmuro‘w mm,.w:\rvo 0 M“mﬂrm.mw %ﬁmﬂrod mwwwm.wwmmmwbs S 0 [eess Leee 10°0£09822 1
joueld $0 — 2001 >  LVO'ET mmmuwﬁwmm 0 wwwuwﬂpmm.o wm..mﬂg.w wwww.wﬂrmwmo.o wmuwﬁf.mw m.mﬂrm.mm mwwwwwwﬂﬂmnw».j 1100°0 F 1652 T6£2 10°2L808621¢ q €61-23
> syeprpue) - PG TT Mmm”wwmvm 0 Mmm“wwomw.o m..mwtwg mwwwuwwmms.o w“wwo.mw Okeyorte meww”w.‘\.mn%o.i mmww“mwmﬁmm.wwmm 10°889LL92TC
syeprpue) €0 —260'%  9V0°'€T wmmumwmmm 0 mmmuwwwww.o mmumwwm,m m%muwﬂrmnmo.o M.,wﬂrw.% ooﬂj\rosw mwmm.mwnvmm.? mmwwumwm%wgwmm 10912299218
joueld ¥0 — 2121 z8v' Tl wmmuwﬁmbw 0 mww”wﬂrmmm,o m..mjllm.ﬁ xwwuwﬂrvio.o Wmuww.mw m,.mﬁw.z mmwww O ceeor'y mmww“mﬂrwugsmmu 1076952621z q Z61-23
> e3eprpue) - 990°€1 mmmuwﬁmnw 0 wmw“wwmvmé mﬁ.m%»mg w%muwwoic.o m“wﬁm.mw m%%w.ﬂm «mwwwuwwcmwimﬁ wwww..mwmmmmémmm 10°62L¥€9TTE
joueld ¥0 —200'T >  06G'TT Mmmuwﬂwﬁ 0 wmwuwﬁm%.o wﬁmﬂrmm.m %mmuwﬂrvmmo.o mwumﬂrwm.% %.mﬂrm.mm Mwwwm.wﬁam@w.? B ovpLsTo8sE  T0°99TTESEIE
joueld $0 —200°'T >  996°C1 wmmuwﬁﬁom 0 wmw”wwovm.o anmwwmg mmwwuwﬁmns.o MHMMH.% m.m%o.m mwwm,w.ﬂmmmmw.m 6200°0 F 0488°98€C 10°26G96¥21¢ q 161-231
jouelg $0 —200°'T >  g68°0T mmm“wﬂrmom 0 wmw“wwmﬁmd mwumwmog wwww”wwo:o.o w..wﬂro.mw o%mwc.wm mmww”wwoﬁmgm o 0 T9z69 g6eT 20°80208¥2 1T ° 06T-23
joueld $0 —200°'T >  @68°0T mmmuwﬁm:m 0 wmwuwﬂma.o wwumﬂwm.ﬁ wwww.wﬂroms.o mumﬁw.mw w“mﬂrm.i D 9886001 9200°0 F 6191°16€2 10°80208¥%21¢ q 061-23
joueld vo—200T > grrer 510070190 FI006se0 808t a0 0 L08z0°0 PR nwACE! Yeieoe 82000°0 F LOLSE L o0 O reL 06gE 10°6T209VZ T
sejoN  uontsodsiq ddd dp (Ow) *w (Oy) *y (Dy) dy *u /Yy (8op) 2 *y/v P) g (eesveve-ard) Or o1dd swreN g3 MON
™ ponuyguoy — P SIqeL



™ jou
eld
pie 5 $0 — 200°T >
yeprpue)d geg T wmo.o\m
- . 004817 .\
joueld B 6921 mmo.mH T wﬁo Tz .
e PO — 2001 > 620707 g00 L0807+ T Te0—
N areprpueD 186°TT 40004500 L8060~ 90670 97.0+99'¢ 5000°0=
a e - 8700+ €08’ 920" 070 1100°0+2020" -
yeprpue) B ¥TgTT g9t 0 e 0 TeoL 0 R .Ho+|c 8t §280:8% 0 S ves w.
Joue| z8%- 11040077 £80— L out wwoo,.o+mm5.o 120°0— rolos
< ¥0 — 200" ver $20l0Geo ge 0+88°¢ Ny rLo0 S tzo: $20°0+799°68 G5t E ZT000—
jouelg o 1>  gsvar mmm.wwr 60 wmwwwﬁoww.o me.Trm.f Som.wwr 200 o.opmuwo.g mmw.?rwm.g Lm%m”m.‘.msm,mﬁ 55000
— 200" . . 0— . X . o L 0
Jouerg o 00T > ggE'IT %mmo 0420670 mmw“mﬂrowm,o mm,otm z ﬁmm,wwmm«o 0 2 L os nm.mjrom.m om@oﬁo&&&.ﬁwmm@m.w« mﬁwwoo 0 Tesoevase —
—200°T > ‘0 F L90° S80 00— 1£00 05480 . 01— 0800000° N 00F¢c 67EL8T
joue[q gze T T €0°0— 704991 NHoo.o+ 0 9 T— L0+82 000°0+0TTE6IE"0 86000 0LL0°008% (4 qg
$0 — 200° 1T 9T0°0 F Gc 0+ET0T 60°0— ¢z 0—p 6-0+L88 A 9100 00'0— 10°688 zz-23
. . . 810" f 14 0°0 . 6 . . vEL
ojeprpued 20 T>  eppe 980007 w001 QIO ETOT Jraeaeet mwomm.uw roo 50628 m..mti: Sooc.ow 9044791 mmmw.mwgmmm 6722 T0'1£0% tee
~ o9 . . = . . T :
roneld 0 997e  8L6TTL grog+ ee oLvot mmo.ot:@.o 66000: 0+ 597 10°0 G gug S T4EET ﬁw&&&tom%.i 6500:0+F1447E4LE o 1822
— 200" . . : Z0— . 1 §e— - N Ly
soueld o 00T > 896TT mmm.mtg T 20707 g0 Te047eT &mmm.mtmwoo.o 0vi—g ERCRG): T9000:0+0987 ¥ mmmmu?%i.mﬁm 0 granee
— 200" 07 0+ T €T 0— O . 0-9+0'28 z T— — o~ . ‘TL6G
v uvd 0T >  896°1T mmm.m+$m 0 620" 0~ §C0 a0z w%m.wwmas 0 STo . u.wtﬂm mmmwoo..o+5vmm.« mmmc.?ﬁﬁo 28l TL8TT
K ore v0 = 2001 > £2070+496°0 mmw..?rwom.o 910 9200°0+ 741070 6:0+5%% 2L 0007048 S veLe 10°2L69TL88T
3o o rpenEo £0 eeeer Fe007 O 01906°0 mm..m+op.m 710070 LElees om.ﬁf.w.mm 000 g¢0270 1£00 0784070748 20°2ePT a ¥2z-e3
QTU oyeprpuen ze'9  oeeEl wmm.wwio T 5800 ere0 mﬁi.k: mmmm.wwﬁma 0 E2g-gs %.Mic.@m mmmw&@+mmwmm o1 Nmoo.ooﬂ 0290°0628 oze eLsee I
- . : 0— $100° . ) 6 - "0~ 66c0" v 1
— 28" 07,6 X 0— $100°0+° . )" 90— - = . 660L
o v 0 — 2 o (RN mmm,ww or w.wﬂ»,f ww.gwjrmm.m :mm.mwr oo m,mﬂrw.mw om.o.,rmo ¢ mHWWmm 0++6EETET mmmm.mwmmwm L9ge 10°¢C26 oee q zzz-2M
— 200" . . X - 87000+ ET80° : Z= : . . L
O e 0T > €261 950101290 " P00 heg- 0'11+07%0 8109.g+ECE0 0 0l g 0T+ o T oseraa0 62000+ 784 ELET Sacosvnee
2 e 0 — 200°T > 080 0 ezot 6800+ €6°0 10— 19000191700 muc+m 68 0VI— g1000 0760 Z100°0 F 8010 202879028
. & ey vo— 20 coerr  0E0T0— U0 gy wm..mjlm.w 4go00+ S1on om..mjro.mw 21000 0+ 66€°C 2200°0— 0°19¢% -
HEPIPHED otz gee 4R A 6T 9054 ¢ 09893915 1E0 0T 6s8 mm.mwmw,m E200- 0 EEET 0 wmwoo.iwmmm.%mm oae L9022
- pe0 04880 . 00— 81000 0+928610° 0 TI— ¥ o 0°0 . 7099
hNu Jourlg g68°T1 omm.mww (43 PIO— g o1 owomm.wH 610°0 0%, 061088 780000 0+0£2E99°C F 98%9°€85CT ] i144 q 128-2
4 v0 = 200°T > 20 01099°0 2% s vt ST°0— £2000-0460T10° g 1+588 Ty— 00000 0 1e €100°0 F 9118 10'7128¥902T A
E youeld o e gt 9¢0°0— £10°0 22070 mﬂ.ermm.ﬁ 63000°0— 0 ERARCIES m.I.w.f gL000°0+ 9z89°€1 2200°0— 18°09¢2 T00up
— 2 . . . -_ . e— -
mor 0 ogE  eoorel JEggreet 5004 800° R T 87 sos SSyeor 18000- - 5ELETTT 9z00:0+904€ 895% 108 o
— 200" Leotr 0 T 10— 7100°0+610° ‘et Te— - o . 8LIT
ANn B— o T> oorer %M%%Lw o't mm,wﬂrmm; mwumtlm,m £100:0+ 6100 w.w.ﬂo.mw Nm.pfro.m wmmmm.?ﬁg 9 mmmm.mwmwam 1282 co-erie 9022 4 022251
ooy . : T 100" . : - 00— . . 6
ot g EPIPREO £0 oLE  seLEt pmo,ow 669°0  £ro-04999°0 mm.ctwm.m me.mwwnmo o S igees m.m.,rﬁ.mm Mﬂooo 00eT00°E mmmm.mwnmg 9998 z0°ShL goee P 612-23
° — 290" 92004000 . 10— 1£00°04927%0° X = 00°0 6500 . 268
[ eaepipuED T ebsEl 220:0+%%0 ! 670°0- 1160 910+ 1800:0+97E0°0 0E - ogs 91 +0O! 100010 T cavsey 6200:0+FSTL €05 oeriE goee > 617531
- . . : = 2100 . : = . . . 6
m Jouerq vo ces ot mmm.mwmmm 0 A mm.?rﬁ.m Hﬁwm,wwﬁmmc 0 St 0 oot wﬂﬂ&&o%tw@nw.w %wao 0 aTLLv9sT Los goze R
oo : ) 0+ : . ot 4 .
o eueld v 00t > S76'8 mmm.m+m@w 0 690" 660 o oteee m%m.mwoomo o viog c oL m@&&&&@rmmﬁo VI mmoo.ooﬂ 1657 €962 109 gegaoee
0 — 206" 0~ 68 0 . G 0— 2 979 . 0+ 8 06— - 0T . '9€TE0
ANn tonetd v0 o ave's 8868~ 68°0 000426870 %..mtw.m €605 sroo o 5qoese %.wt.wm amwmwmuw+mm52.m Hmmmw.mwmwoo eoge 10°81FL “oee a 8T&-231
— 2gL’ 0200+ 068" . - 2200°0+ VS0’ T ot . S . . 870
g oo o S Lo ses0 Ig0+ese £900-0~ oo eitim SRR 410000-+4909¢ 8 Epge'h 14T TOSE Tt e asieow
0 . . : - 070180 . - . . . . B
N ST 1> eroTr 1Egi0+ee0t AR 110470 6200040100 L0 oo Sttt oSF0010+ 9907 O £on0igCCCETION 107999 roee q 915-8
< — 200" . . . 0— . . . TT— e . . T
A erepipuey 01> 889zl mmm.mtg T ST0~ . 90 zze m%mm,uwwto 0 78T oy 26000°0+08860°CT £200°0+5092°0L5¢8 ) Lvoze P
5 & oye 20 — 211°¢ o ez 0 «wm.,?rom 1 1C0— o 1810°0 7p+8 €8 01— $700°0 F 0SF8° 1700°0 F 62€2° 10°$SLOTVOZT (821
S evepipued Lot 9€0T0- V1010 96570 gero e 07000~ LETrge Fott? o0 0 oavs6e 01000 c0sgT 10°090L6
- . . : - 9700 0 STTO’ : = . : .
o 2ICPIPUED 10 v9z'21 mmm.wwﬁm 0 5E00ire0 wﬁmi.om,m 2106-0% Lo s il6us m.?&.ﬁ ommwmm,m+m$mmm.o maooo.ow “oL6 rose 20°98¢ oo
orr . . 0= . . T - : €
B ouvid T eTe Igorortelt 850°0— 91°0+%ET 5100:0+490°0 eI 918 €l 65000°0+59969°8 160000 +%+98L87 1992 88058
S} $0 — 291" 4 wmo.owmu ) 860 0+SIT'T 2287 Som.clmw ) 50+ 68 m,mw $100-0 T WMoo.o\ 10'98££8€0
= v0 S o €00 a0 ov:9+°1® 910010 +710"0 €1 768 St oz 6021°8 p7o0-g7o0S EOse 10w ee
= P 21E'% 109711 g10:9+e%% 0 61970 0 e ogorT 7200:9+°5¢0"0 A 0p0eE T ora6s6 9900°0+9200°99¢% 10 “09u808e a prz-g
€0 — 22%" €z0° Tzi6 00492180 0T 0— S$00" ~ 9250 2040768 oL 0— 1100°0 F ‘eRTIVE h
Joue| (s 128" 20'0+¢16°0 G20 0— Ot oplet H 0:0+9¢€0°0 z B IE- 1600004587V T79°9952 02z a
ANn 5 d ¥0 — 2001 > t Mmm,mﬂrbww.o mww“o."mmw.o bo.mH wwww.w‘ﬂmmﬁo.o M 0 F 99768 oAmmmJ,M mew“o\mho . 8200°0 F 0gCT" 10°60912€03T €12-24
yourld L1201 VE00— AP 01°0+%8°0 2000°0— €1 0-9g+0798 , 98000+ 9'€2 2200°0— €1'£99e . q zize
) v0 —200°T > 020704572’ 20018440 groy 07000+ 8800° 0:9+0°¢8 i 57000-0+¢ Se o veTL T02LTLTE0T i
roweld %0 c0g'eT  0€0 0+9¥4’0 0200 F 21270 mm.otvo; 2160-6~ 0 o8 s 9:047¢ €0 00°0+°0244 ¥ @aoooo o-7OTL 085 10°2T ¢
— 298" ‘0 F g26° . 10— 2200049210 T € 1— 000°0 900070 . L¥6T
= eumid g1 16Tt zeo 05007 zos: 01 0+%80 zz00:0+9910°0 €8 S 04E7 F 899699°0 0000 F svasyvase 10 vee
(ST ¥0 —200°T > 928 wwwo.o F 2¥6°0 7E0'0% 9870 €10 g1 mWoc,?&:o.o §1r L8 €T gzt 820000°0 F £620L8 5200°0~ 9¢ 18 0952 0°¢14262088
: 0— : s — : . ‘0 .
Z. orepipue PO —200'T > ogg et 8800 6ss0 560:0+5%0"0 R m%w.w&»éd Lg+798 m.u%wm.w 8E000°0 1 cogo-g 12000 F 0856°095C 10°967952022 o
: o} ‘TT 9€0°0— 260 0489 X 00°0— <o T+ 9€00°0— . 112-2
B €0 — 22" ae0 0186’ £0-0+894°0 ST 0— 9200012520 7 14088 0r— €£7000°0 0 K T0°7S20ST et
reprpuno SSGAE T e TR S S SO o L2050 € o gy cosc  osoce o ot
youelg o P mmm”mwwbmm.o €600 zog o mNMm.oLwoo,m mmmm“wwmmmo.o e s 0tlee Mmooo.o+mmc3.« mmmw..mrrﬁmmm,ﬁwmm e v202e
— 200" . . . 10— 1100 040410 ! 9 L— 100°0 . G200 0+ . ST¥T
; puera oo 1> 1967T 250:0+ 070 8800~ 6170 17045 §10grg 04100 el 1 6s 0g+85° o s A 08z 460878
d — 200 . . : - 1200°04+8080° : 6~ . . . . z
oo e IS i O st ov:0+5'F 1209:9+°0%0 0 Elires pyp0 e 4100:0+ 707 81T 900 Q+OVTO0LEE  L0GI08 20zz 48023
< - . . . - L . . . L= = . . T
oyeprpuen P mmm.mwgb o T00Tgor mwimo,m Nwﬂwmm,wwgs 0 00 e w.mtsm m@%@ﬁmﬁ@@m mmmm.mJ&Em gocz Lo'os zoze P
- . . : 0— $6000° . ; 8 £ 0 0161y 19T
— 2.8 . . X 0— . . = e = . T
syepipuen 29°T - mmm.o+m§ 0 8200~ Ly 0 866 ommmm.m%mfo 0 P <€ ot 48900 0 79869°02 »mwmo.frmwmw cocz 120ge q <oz-
e 10 — 2z¢" gy 0 L6 ye0-0+°48°0 1€°0— 480000+ 7EV60 g 1+7 88 Gg— J4LLER 00040 10°69L£2020 e
eyeprpuen B g0 SI007 ces eyt te e 8000:9+7E700°0 99:0~0g gg40°61 %ooo.o+wgmos p000:0+055¢E 045T  10°S ee
o B . . 0+ . . et ) + .
v oppurp 06821 2207045700 w:.mwm 0 De019%T £290:0+ 74000 SE8x, 68 gr.oleeer 100°0 F 12696 8E00'0-og0a-g00c 1 87261022
s . . : = 0 9g : ) .
soroN uon - ooL°eT 520:0+59%°0 et te0407E gsomg+ e KA Tyser 1£0000°0 F 509565 ¢ 8900°0 F 88£9'£92¢ 0'eroosTOZE A B0z
nrsodst 00— TG0 0+748°0 b - Pt €98 er 00— 8Z000" 10°€0 !
AD ada v90-0+7 18T 9.9+ Deito06 0$00°0+85¢0°0 cLET EXaR) §2000°0+L0Z8E 8T 0°0 F 08886°0L £041022 a
dy o) Y2046 ey €00 gq- ¢z 048968 Tt 21000° 9£000°0 ve 102618 £02°23
(Ym) *mw © 9 1+8'8 Sww.mrrmo 0 99—¢ 0'6z F 0°98 o«oooo F 86998°T Hnoo.oﬂ 8CLTR'C6FE 10 8e61e
0 . zo+8 748 8T°0— 00— 500°0— €2
) *u (B dy 800004929070 o,HLhH. 810 10z 990000+ 99TTF'8 mmmm..m.,rmgo.mwvm o 691681¢
"/ PIAUES portt 20000 F £9170°€ s G09R90% L
. 0— 10’
(3o0) 1 . 810000°0 F 9¥8TY1'E 6700 0880V 0LVT 0'Z6EV0ERTE
Y/ 92000°0 F 10°68L0L18
P a £v808°89¥C 10" 1z
(ge8vey 0°080TET8TL
z-ardg) Or
o1dd —
N 23 MdN

panuuo)
— v °lqEL



ddd ® puy o3 portej VASHA ;
pojroded jou st JJ ] © 010010y} ‘WoYsAs o) Ul AIeulq ® wiguod suorjerrea opnjrjdure Ay o8ier
pajrodar jou st JJ . ® 910Joray) ‘wmniydads ajisodwo)) b

MAYO ET AL.

poejrodal jou st Jd & o10je1eys ‘uoruedwod oeds/OV

pejrodar jou st JJ . ® 910Jeroy) ‘eanjiede ur uorueduwo)) q

‘parrodai jou st enfea JJ ® ‘9I0JaIsT ], ‘OlIeusds Areurq Juisdi[oe PUNOISLIO] 87} INO S[NI J0UURD SIUSTILINSBIUW AY PUR

Syg < dy ‘eseo siyy up ‘jeued e pue Iejs pezis-joue[d e UsOMI] YSINSUNSIP jouURd YISHA ‘@AIn0 jySI oYy ul suorjerrea eprosdife 1o asdie Arepuooes desp e SI o190y} sso[u()

> syeprpue) - LIV TT mmmmwﬁwﬁ.o mewwﬂrmmb,o mmwwwwﬂrvmmo.o meﬁo.pw MWMMN.: 11000°0 F 6L9€0°F 1100°0 F 6¥96°05LT T0°0ZLEET6TT
e3eprpue) €0 — 229°¢ eTgTT wwmuwwocﬁﬂ mmw“www»og mwwwuwwwic.o m“wﬁc.mw m.m%ﬁmm 2200°0 F 728 ol ¥900°0 F €S0L°TGLT 10°2TLIET65T
3 sjeprpue) - eeLTT mmm“wﬂmﬁog mwwuwﬁpwm.o Mwuwﬂrmm.o w.,mjll.wm mm.mjlrwwg 0T00000°0 F 0L79TSZ°0  TT000°0 F ET1Z9°6PLE  T0°06€6£062T
syeprpue) 20 — 2g8°'1 1ST°0T mmmuwﬁomm.o mmw”wwmg.o m%wuwﬁvfo.o mwuwﬁ«w.am o%w%o.om @100°0 F ¥OV 19T mmww“mwpwmm.wﬁm 10°9E8V0062C
eyeprpue) 10— 2¥g's  ¥TETl M%..wurﬁ,o.o m%..wuwmmmd mmm”wwvmad w..wﬂrﬁ.mw w“mwwc.@m mwwwwm.wwmwgmog m%wwumwﬁomodmpm T0°L7L2S682C
eyeprpue) €0 — 2891 c6g°TT wmmuwﬁog.o www..mjlruom.o Mwww”wﬂrbwmo.o muwﬁm.mw w.mwﬂro.z mwww,wﬂ»mnm.mﬁ mwwwumﬂbmow.mw»m 10° 168608822

joueld ¥0 —200°T > 199l mwm”mwﬁf.ﬂ wm“wwwﬁ.ﬁ m%m,.wwofo.o m“wﬂo.mw mmwﬁn mmwmmuwwvmomw.m mwww“mwomg.mm»m 10°SP870882T q 0£z-231

joueld $0 —200°'T >  ©¢6°0T mmmumwwmw.o wmmuwwmow.o mmmmuwﬂrwwmo.o M,mﬂrw.ww ooﬁ..wwro.mm o Tosze's m%wwumﬂmwm.mmg 20° 19710882 o 62z-23

joueld $0 —200°'T >  996°0T mmmuwﬁwmw.o wmw”wﬂraom,o %ww”wﬂrmio.o oc,ﬁ.wuwo.uw mm.mﬂf.m ¥10000°0 F 0¥2F8S°0 oo reseerLE 10° 167108822 q 622-231

joueld $0—200°'T >  99°2T e oerLo mmw“wwmmmé o esT00 bElaus e 0 Le869°T 2200°0 F 82610648 10°97L86.82C q 822-2

joueld ¥0 —200°'T >  ZIG'TT mmmmwﬂﬁmm.o Wwwuwﬁaw.o mwmwwﬂrio.o mmwﬂrw.ww o%..Mjlro.Hm mem..wﬁwﬁm@.mﬁ wmwm..mﬂrmwmm.%um 10°L6009L82% qa 122231
> syeprpue) - gt 9800 vs600 wm,wwwﬁ.m m%w.,wﬁamo.o mumﬁo.»w w..mww.m mwm,w.ﬂamz.a wwww“mwumfsmpm T0°T00VS.82C
3 o3epIpuE) - 180°TT wwm“wwﬂw.o w..wl\wo,wﬁ mwnwwwﬁo m..wﬂrﬁ.% wmuwwwm,m L100 886 et O orearseLe T0°9STLELSTE

joueld $0 —200°'T >  gvo'al mmmuwﬁoww.o wmw..mjlrwmw.o %ww”wﬂrmfo.o Wwﬂl.ow w,.mﬂrm.m 4€000°0 F 1T125°¢ ¥$00°0 F 1920 1GLT 10°6ST9EL8TE q 92z-3
ote syeprpue) - esper e 0T T0T 8o sot O S LtvtT0 S o voes 8o oeet 0 o retze9g 9 Z1000°0 F €0982°GGLE  10°GSTIELSTT

sejoN  uontsodsiq ddd dp (Ow) *w (Oy) *y *u /Yy (8op) 2 *y/v P) g (eesveve-ard) Or o1dd swreN g3 MON
A

panunuoy — F o[qelL



NEwW CANDIDATES AND PLANETS TRANSITING BRIGHT STARS

Table 5

Stellar Parameters

EPIC Tew [m/H] logg R. (Ro) M, (Mo) K,  Notes
201110617  4460.0 £50.0 —0.33+£0.08 4.68+0.1  0.61670012  0.64270072  12.947
201111557  4720.0 £50.0 —0.06+0.08  4.5+0.1 0.711790%  0.746 +0.023 11.363
201127519 5015.0 £50.0  0.244+0.08  4.67+0.1  0.789700%  0.857700>r  11.558
201130233  5456.04+50.0  0.13+0.08  4.55+0.1  0.876700s  0.94070030  12.604
201132684 5489.04+50.0  0.07+£0.08  446+0.1 08927007 0.93370020  11.678
201166680 6213.0+£50.0 0.1440.08  4.3240.1 1.2270-02 1.19210:0%%  10.897
201211526  5728.0+£50.0 —0.2+0.08  4.514+0.1  0.89170055 09367005  11.696
201225286  5419.04+50.0 —0.1+£0.08 457+0.1 08307003  0.88670027  11.729
201227197  5649.0 £50.0  0.074+0.08  4.614+0.1  0.9147003" 098370052  12.486
201231064 4972.0 £50.0 —0.03+£0.08 3.63+0.1 2571058 0.987 006 12.358
201295312 5722.04+50.0  0.04+0.08  4.0240.1 1.5610 75 1.0500 05 12.126
201299088 5154.0+£50.0 —0.26+£0.08 3.91+0.1 1.767040 0.848700%  11.751
201352100 5216.04+50.0  0.16 £0.08  4.740.1 0.81510:07%  0.889T000]  12.798
201384232 5617.04+53.0 —0.1240.08 4.67+0.1  0.863700s5  0.93070520  12.510
201390048  4885.04+50.0 —0.09+0.08 4.714+0.1 0.726+0.020 0.777 505  11.961
201403446 6114.0+50.0 —0.32+£0.08 4.1140.1 1.337018 1.015750%%  11.995
201427874  4937.04+50.0  0.14+£0.08  4.714+0.1 076270015 0.826700%  12.819
201437844  6321.04+50.0 —0.23+0.08 4.1940.1 1.27%0 0% L119790%% 9234 b
201441872 5450.0 £50.0 —0.13+£0.08 4.544+0.1  0.83470050  0.8857005)  12.088
201460826  5791.0+£50.0 —0.23+0.08 3.814+0.1 2.20705} 11817000 11.130
201505350  5391.04+50.0 —0.03+0.08  4.6+0.1 0.83470:056  0.895T0055  12.806
201528828  5185.0 £50.0 —0.05+0.08 4.46+0.1  0.8047003  0.8357005,  11.415
201546283  5368.0 £50.0  0.154+0.08  4.58+0.1  0.8557 005  0.92070055  12.428
201577035 5638.04+50.0 —0.034£0.08 4.53+0.1  0.90270055  0.958T0 050 12.296
201595106  5705.0+50.0 —0.014+0.08 4.484+0.1  0.932700%  0.9807002  11.678
201613023  5663.0+50.0 —0.11+0.08 4.3+0.1 1.017955 0.9367005s  12.137
201615463 5922.04+57.0  0.05+0.08 4.244+0.102  1.207515  1.0734+0.034 11.964
201713348  4944.0 £50.0 —0.03+£0.08  4.7+0.1 0.74670057  0.8001092%  11.531
201828749  5628.04+50.0 —0.184+0.08 4.57+0.1  0.858700% 091570020  11.564
201855371  4382.04+50.0 —0.354+0.08 4.71+0.1  0.6017001.  0.6257007  12.997
201920032 5548.04+50.0  0.13+0.08 442401 09347003  0.95440.027 12.890
202089657  6009.0 £53.0 —0.12+0.08 4.094+0.1 1474022  1.11670537  11.600
202091388  5586.04+50.0  0.15+0.08  4.5+0.1 0.92270:0%  0.97670 055 13.500
202675839 5807.04+50.0 0.4540.08  4.2540.1 1.237015 114175959 12.362
202821899  6081.04+50.0  0.464+0.08  3.8840.1 2.2210-28 1.53709% 12,577
202900527 5526.0+58.0 0.44+0.08  4.2940.1 1.4276:27 1.00473-0%8  12.303
203771098  5744.0 £50.0  0.444+0.08 441401  1.068T0020  1.09570058  11.648
203826436  5382.04+57.0 —0.07+0.08 4.66+0.1  0.81870052  0.8877002  12.241
204750116 5869.04+53.0  0.02+£0.08  4.53+0.1  0.987T0050  1.037T0050  11.526
205029914  5774.0 £50.0 —0.08 £0.08 4.37+0.1 0.9810:06 0.98370051  12.183
205071984  5415.04+50.0  0.03+0.08  4.734+0.1  0.8397002%  0.91670020  12.005
205904628  5908.0 +50.0 —0.45+0.08 3.88+0.1 1.831052 1.02%0 0o 8220 b
205944181  5257.0£50.0  0.034+0.08  4.4940.1  0.82570050  0.87270055  12.410
205950854  5554.0+50.0 —0.134+0.08 4.46+0.1  0.874700%  0.9077002  12.105
205957328  5317.04+50.0  0.04+£0.08  4.59+0.1  0.828T0057  0.89270 052 12.464
206007892  5548.04+50.0  0.26+£0.08  4.56+0.1 09197003  0.98670 03  12.023
206008091  5748.0 £ 50.0 —0.11+0.08 4.34+0.1 0.98T00F  0.964+0.032 12.506
206011496  5509.0+50.0  0.07+£0.08  4.49+0.1  0.8897005%  0.94070%2%  10.916
206026904 5134.0 £50.0  0.114+0.08  4.544+0.1  0.8037005;  0.858T0052  12.150
206044803  5761.0 +50.0  0.17+0.08  4.38+0.1 102707 1.030+£0.029 12.975
206049764  5250.0 £ 50.0 —0.09+£0.08 3.95+0.1 1.7219%2 0.8927005%  12.445
206082454  5569.0+50.0 —0.06+0.08 4.61+0.1  0.869T00s  0.9347005  12.308
206096602  4636.0 +50.0 —0.29+0.08  4.740.1 0.648T007  0.684T005  12.045
206114630 5277.04+50.0  0.12+£0.08  4.65+0.1  0.82570¢%  0.897 005,  11.032
206119924  4547.04+50.0  0.01+£0.08  4.64+0.1  0.687T001>  0.72770050  10.310
206144956  4799.04+50.0 —0.3440.08 4.55+0.1  0.669700%  0.7027002;  10.396
206146957 5744.04+50.0 —0.1440.08 4.57+0.1  0.9027003  0.9567005,  11.379
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MAYO ET AL.

Table 5 — Continued

EPIC Tosr [m/H] logg R. (Ro) M, (Mg) K,  Notes
206159027 4893.0+50.0 —0.21+0.08 4.74+0.1 0.7024+0.021  0.75179:92%  12.597
206169375  6060.0 £50.0 —0.08 £0.08 4.1940.1 1.2670:22 1.0961505% 12559
206181769 5131.0+£50.0  0.064+0.08  4.53+0.1  0.79970031  0.84870 %58  12.770
206192335  5459.0 £50.0 —0.15+£0.08 4.59+0.1  0.82670030  0.88370020  11.870
206245553  5844.0 £50.0  0.0940.08  4.3540.1 1.057043 1.0437005  11.745
206268299  5929.0 4+ 60.0 —0.21+0.08 4.2440.11 1091017 0.987£0.040 12.430
206348688 6022.0+51.0  0.3+£0.08 4.26 £0.1 1.247049 1.17475:0%%  12.566
206439513  6211.0£59.0 —0.25+£0.08 3.56+0.104 347154 1.627097  11.437
206535016  5199.0 £50.0 —0.17+£0.08 4.524+0.1  0.777700%  0.81570052  11.644
210363145 5070.04+50.0  0.1240.08  4.67+0.1  0.7847007  0.852700%,  11.896
210365511  4672.04+50.0 —0.1+£0.08  4.63+0.1  0.6927002  0.7307002;  12.439
210402237 5839.0+£51.0  0.2+£0.08 4.41+0.1 1.038700%  1.062700%  11.801
210403955 5377.0+£50.0 0.074+0.08  4.65+0.1  0.8417003. 09137002, 12.388
210423938  4760.0 £50.0 —0.14+0.08 4.694+0.1  0.6977002 074170528 12.655
210512842  5580.04+70.0 —0.25+0.08 4.52+0.12  0.84370055  0.882700%% 12,106  a
210558622  4500.0 4+ 50.0 —0.2440.08 4.62+0.1  0.6397007  0.66870057  12.034
210609658 5016.04+50.0  0.2+0.08  3.81+0.1 2.15702% 1.0097005s  12.587
210629082 6148.04+50.0 0.284+0.08  4.15+0.1 1.4576-22 1.256T00%%  11.580
210643811  5909.0+50.0  0.054+0.08  4.1140.1 1.427030 1.09510:057  10.632
210667381 5428.0450.0  0.15+0.08  4.63+0.1  0.86470035  0.9397005 12674
210707130  4441.0+50.0 —0.144+0.08 4.65+0.1  0.64773920  0.678T002  12.099
210718708  5129.0 £50.0 —0.35+£0.08 4.524+0.1  0.722700%  0.757100%%  12.801
210775710 5738.0450.0  0.07+0.08  4.440.1 0.987009 1.003%00%0  11.827
210848071 5703.04+50.0 —0.06+0.08 4.38+0.1 095670022 096470030  11.040
210857328  6063.0 £50.0  0.414+0.08  4.38+£0.1  1.214700%7 1.21115:922 12,584
210894022  5741.04+50.0 —0.36+0.08 4.36+0.1 0.9270 04 0.877T0 01 12.300
210957318  5574.04£50.0  0.134+0.08  4.534+0.1  0.90970055  0.97070057  13.171
210965800  5525.04+50.0  0.09+£0.08  4.55+0.1  0.887T00%s  0.95170055  12.134
211048999  5015.0450.0  0.03+0.08  4.63+0.1  0.768700%  0.82470022  12.659
211089792  5392.0+50.0 0.134+0.08  4.594+0.1  0.85870050  0.92370028  12.914
211106187 4883.0+98.0 —1.1+£0.092 2.2740.162 13.275°¢ 1.10751% 13.124  a
211147528  6254.0 £98.0  0.1540.092 3.19 +0.161 5479 2.027095  11.832  a
211319617  5263.0+50.0 —0.59+0.08 4.7+0.1 0.6817592,  0.73075925  12.393
211351816  4836.0 £ 50.0  0.27 & 0.08 3.5+0.1 2.951050 1.05475:0%2  12.409
211355342 5609.0+50.0  0.42+0.08  446+0.1 099970077 1.04470055  12.637
211359660 5159.0 +50.0 —0.014+0.08 4.59+0.1  0.79073937  0.847T0021  11.742
211391664  6095.0 +£50.0 —0.1+0.08 4.094+0.1 1514022  1.1567055  12.102
211401787  6114.0+50.0 —0.154+0.08 4.01+0.1 1.68170-27 1205000 9.709
211418290  5070.0 £59.0 —0.43+0.08 3.25+0.104  3.6970 37 0.91515:08%  11.504
211424769  6185.0+50.0 —0.12+£0.08 4.34+0.1 1127000 1.10210:031  9.438 b
211491383  6035.04+50.0 —0.07+0.08 4.16+0.1 1.31%078 110170028 11.785
211525389  5475.04+50.0  0.26+£0.08  4.51+0.1 09097005 096570855  11.687
211562654 5482.0 £ 50.0  0.09 & 0.08 4.6 4+0.1 0.873T0 055 0.9421002L 12,754
211594205  5252.04+50.0 —0.2240.08 4.63+0.1  0.76470035  0.81970025  10.680
211606790  5445.04+50.0  0.07+0.08  4.05+0.1 1.48%0 72 0.94715:0%5 12,673
211611158  5722.0 £50.0 —0.05+0.08 4.58+0.1  0.9147003%  0.976 +£0.028 12.414
211682544  5410.0 £50.0 —0.04+0.08 4.58+0.1  0.83770030  0.89870027  11.407
211733267 5319.04+50.0 —0.05+0.08 4.55+0.1  0.819700%0  0.87270530  12.150
211736671 5414.04+53.0 0.484+0.08  3.75+0.1 2.311038 1.2940.11  12.160
211743874  5985.0+50.0  0.084+0.08  4.1440.1 1.417915 1.12815:0%  12.486
211763214  5277.04+50.0 —0.2+0.08  4.544+0.1 07827003  0.82670050  12.529
211770696  5656.0 + 52.0 —0.28+0.08 4.23+0.1 1.06%0 17 0.872700a  12.253
211800191  5851.04+70.0 —0.3540.08 4.434+0.12  0.90670005 091770055 12443  a
211818569  4695.0+50.0 —0.1440.08 4.68+0.1  0.68670020  0.727700527  12.935
211886472 6398.0+61.0 0.174+0.08 4.03+0.112  1.747532 1.39700s  11.126
211906650 5784.0450.0  0.06 £0.08  4.45+0.1  0.981700%  1.0197055%  12.193
211913977  4942.0453.0  0.14+0.08  4.66+0.1 077070022 0.83370020  12.619
211941472  5739.04+£50.0 0.024+0.08  4.1140.1 1.387018 1.02015:0%%  11.788




NEwW CANDIDATES AND PLANETS TRANSITING BRIGHT STARS

Table 5 — Continued

EPIC Tosr [m/H] logg R. (Ro) M, (Mg) K,  Notes
211945201  6046.04+50.0  0.05+0.08  4.14+0.1 L4103 1.143%00%  10.115
211978988  5759.04+50.0 —0.03+0.08 4.3140.1 1.0410 08 0.98870 05  12.588
211993818 5265.0+£50.0 —0.04+0.08 3.2+0.1 4.2610:%5 L1198 7.218 b
212006318 5838.04+50.0  0.03+0.08  4.32+0.1 1.07%0 00 1.030T0 0o 12.909
212008766  5098.0 +50.0 —0.15+0.08  4.740.1 0.7487002¢  0.805T0 02 12.802
212012119  4822.0£50.0 —0.08£0.08 4.44+0.1  0.727700%%  0.76070058  11.753
212110888  5990.0 4+ 50.0 —0.01+0.08 4.1140.1 1.45%050 1120100530 11.441
212132195  4789.0 £50.0 —0.18+£0.08 4.714+0.1  0.6927052 073770423 11.670
212138198 5182.04+50.0 0.29+£0.08  4.55+0.1  0.83970055  0.898T0 0o  12.902
212157262  5477.0+£50.0 0.264+0.08  4.624+0.1  0.895700%  0.967T00%,  12.864
212164470  5982.04+50.0  0.164+0.08  4.36 4+ 0.1 L1086 110715958 12,704
212303338  5338.0£50.0 0.194+0.08 451401  0.86370¢% 091570055  9.957
212357477  5733.0450.0  0.04+0.08  4.514+0.1 09477005 1.00070 05 10.215
212394689  5503.04+50.0 —0.01+0.08 4.61+0.1 08627005  0.92870020  12.206
212460519  4396.0 £ 50.0 —0.444+0.08 4.73+0.1 05897091  0.610T0015  12.445
212480208 5631.0 £50.0 —0.19+£0.08 4.384+0.1  0.9127002%  0.90570 05 10.892
212496592 5176.0 £50.0  0.314+0.08  4.57+0.1  0.8407003¢ 090170528 12.966
212521166  4877.0+£50.0 —0.34+0.08  4.514+0.1  0.69270025  0.72470057  11.590
212534729  5378.04+50.0 —0.06+0.08 4.474+0.1  0.843700%  0.879700s  13.066
212555594  5252.04+50.0  0.05+£0.08  4494+0.1 082870032  0.87370037  12.482
212562715  5570.0+50.0  0.044+0.08  4.59+0.1  0.8887003% 09557002  13.046
212577658  5343.04+50.0  0.33+£0.08  4.514+0.1  0.89070055  0.94570057  11.541
212580872  5623.04+50.0 0.21+£0.08  446+0.1 095770075  0.9947005°  13.047
212586030 5084.0+50.0  0.36+0.08  3.95+0.1 1.82716-72 1.00715000  11.689
212587672  5928.04+50.0 —0.214+0.08 4.494+0.1 095370057 0.98770 055 12.188
212639319  5465.04+50.0  0.29+0.08  3.9840.1 1.641055 10511007 12.471
212645891  5759.0+£50.0  0.184+0.08  4.46+0.1  0.99070(72  1.03340.026 12.641
212672300 5979.0+52.0  0.1+£0.08 4.21+0.1 1.2870-1% 1.11075:92%  12.846
212686205 4621.04+50.0 —0.26+0.08 4.740.1 0.65170:0%  0.68770 055  12.256
212689874 5712.0+£50.0 —0.09+0.08 4.554+0.1  0.9067003 09637005  12.330
212691422 6045.0+50.0 0.014+0.08  4.08+0.1 1.54702% 116275072 11.923
212697709  5773.04+50.0  0.314£0.08  4434+0.1  1.040700%  1.068T005  12.193
212703473 5758.04+50.0 0.114+0.08  4.46+0.1  0.97873%%  1.0207002%  10.729
212735333  5675.04+50.0 —0.01+0.08 4.58+0.1 09107003  0.9757005 11977
212768333  5262.04+50.0 —0.16+0.08 4.63+£0.1 07787001 0.836+0.029 11.022
212772313 5675.04+50.0  0.034+0.08  4.25+0.1 1127515 0.97240.026  10.471
212779596  4681.04+50.0 —0.23+0.08 4.69+0.1  0.66770075  0.70670523  11.930
212803289  6033.0 £50.0 0.154+0.08  3.78+0.1 2.2810-52 1.427019 11.014
212828909 5233.0+£50.0 —0.0440.08 4.71+0.1 0.79270 055 0.86015053  12.244
213546283  5631.04+50.0 —0.15+0.08 4.29+0.1 0997015 0.911+0.035 12.031
213817056  4863.04+50.0  0.27+£0.08  4.384+0.1  0.78170035  0.81779527  12.964
214234110 5608.0 £50.0  0.374+0.08  4.464+0.1  0.9857007  1.03270020  11.624
214254518 4455.04+50.0 —0.284+0.08 4.68+0.1  0.62470012  0.65370057  11.874
215171927  4972.0+£50.0  0.024+0.08  4.524+0.1  0.7647003  0.81170058  12.692
215502661  5694.0 £50.0 —0.0+0.08  4.22+0.1 L16t0 0] 0.9781005  12.032
215854715  5310.0£50.0  0.01+£0.08  4.634+0.1  0.821700%  0.885700%  12.611
216008129  5507.04+50.0  0.13+£0.08  4.68+0.1  0.87870020  0.95670020  11.966
216050437 6391.0+£101.0 0.45+0.095 4.18+0.166  1.52F5% 1.38170070 12326 a
216114172  5742.04+56.0 0.19+40.08  4.540.1 097710056 1.02970055  12.603
216166748 5679.0 £50.0  0.354+0.08  4.4940.1  1.002700%  1.0507003Y  11.884
216387101  5529.04+50.0 —0.2240.08 3.9140.1 L7758 0.990%0038 12897
216405287 5491.0+£58.0  0.274+0.08 4.55+0.102 0.9117002% 09717005  12.997
216468514  6178.04+50.0  0.35+0.08  4.2440.1 1.33%015 1.258%00%  12.749
216494238  5767.04+50.0  0.44+0.08  447+0.1  1.064700%  1.1017002  12.302
217192839  4661.0 +£50.0 —0.33+£0.08 4.66+0.1  0.646700%  0.6787002  12.601
217855533  6244.0 4+ 50.0 —0.06+0.08 4.1140.1 1474078 1.203%5:0855  10.043
217941732 4528.0+50.0 —0.24+0.08 4.624+0.1  0.64470072  0.67540.021 12.283
217977895 5570.04+50.0  0.0+0.08  4.614+0.1  0.88270055  0.94870952%  12.745
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Table 5 — Continued

EPIC T,
& [m/H] logg R. (Ro) M, (Mg) K,  Notes
218131080 6235.0 £82.0 0.14+0.08 4.22+0
) ) ) ) .137 1.297024 +0.064
218170789  5250.0 £50.0  0.07£0.08  4.31+0.1 0.874181‘1)%1 é';éé;&%g 3.700 :
218304292 5779.0£51.0 —0.29+0.08 4.1340.1 1 23;85%9 0.918;8:8§$ o
218668602 5231.0 £50.0 0.21+0.08  4.68+0.1 0.é2518"5%7 0'89918:8%% o
218916923 5425.0 £50.0 0.23+£0.08  4.66+0.1 0.8721818%2 0'949185853 12'411
219388192 5689.0 £50.0 0.16 £0.08  4.43+0.1 0.970;8:853 1.004;8585% 356
220170303  5000.0 £50.0 —0.07+0.08 4.43+0.1 0.76318:8%8 0'7941858§§ o
220186645 5755.0 £50.0 0.07£0.08  4.23+0.1 1.155((’)%4 1'009185&%? }2'114
220192485 5220.0 £50.0 —0.1+0.08  4.54+0.1 0_793;81630 0.840;8:85; e
220207765 5318.0£50.0 0.26 £0.08  4.68+0.1 0.8521818gg 0'9271858%% 12170
220211923  5890.0 £50.0 —0.26+0.08 4.25+0.1 1.08;8%3 0'951185853 12'170
220216730 5043.0 £50.0 —0.14+0.08 4.46 +0.1 0 758181‘1352 780 0:030 e
20216730 504 ) ) 75810052 0.78970 058 12.826
2.0+50.0 0.11+0.08 4.41 +0.1 0.92819-092
22021801 } ) 92870092 0,942 4 0.028 12.971
8 5582.0+50.0 —0.114+0.08 4.62+0.1 0.8627093% (995 + 0.030 12.3
220241529  4720.0 +£50.0 —0.06+0.08 4.46+0.1 0.712 £%.0330 6 745+°~‘026 10'7(15
220245303 5121.0+£50.0 —0.03+0.08 4.69+0.1 0.77510:023 0'83718:8%3 1.
220250254 5396.0 £50.0  0.05+0.08  4.55+0.1 0.8521&8‘%% 0'9121858% 11'821
220256496 5221.0 £50.0  0.11 £ 0.08 46+0.1 0.816;8:855 0.882;8:8%8 o
920202715 4895.0 £ 50.0 —0.15+008 452401 072410025 gt
2202027154 ) ) 72470050 0.76270028  12.213
057.0 + 58.0 0.1+0.08 4.38+0.103 1.11510-098 1.12079931 129264
920317172 537404500 0094008 450+01 084770038 91370080 '
20317172 ) ) 84710050 09137002 12.107
4349.0 +50.0 —0.33+0.08 4.724+0.1 0.598F0-017 0.62270:920 19 588
220341183 5794.0 £50.0 0.25+0.08  4.25+0.1 1.201859714 1'07018:8%§ 12.
220376054 5768.0 £50.0 0.12+0.08  4.2740.1 1.12;8:%2 1.022;858% Toor
220383386  5366.0 £50.0 —0.01+0.08 4.54+0.1 0.83718‘%518 0'89018:858 Son
220397060 5333.0£51.0 0.05+0.08 4.240.101 0.991858‘%7 0'86918:852 18'945
220410754 5758.0 £50.0 —0.05+0.08 4.2240.1 1 16;8:98 0'993;8;838 o
920471666 5704.0 £50.0 0114008 4dl+01 09747008 1 0go+o058 5o
920481411 45910 £50.0 —018+0.08 450+01 06667005 06 05 12100
20481411 ) ) 66670522 0.699 4 0.023  12.100
5967.0 +50.0  0.04 + 0.08 4.17+0.1 1.3379-29 1.10379916 120
220503236 5757.0£50.0 0.25+0.08  4.45+0.1 1.0081815go 1'047;8;8§I s
220555384  4360.0 £50.0 —0.24+0.08 4.69+0.1 0.62218:8%8 065018585? 12308
220592745 5753.0£50.0 0.13+£0.08  4.23+0.1 1.19;859617 1.022%0’58%2 oo
220621788 5599.0 £50.0  0.06 £0.08  4.43+0.1 0.93018‘-54ég 0'96018:838 7
220643470  4621.0 £50.0 —0.78 +£0.08 2.17+0.1 13 7102‘-%44 0 97185%9 0.
220648214 5785.0 £50.0  0.01 £0.08  4.214+0.1 1 2'0+7°17167 1 61218?5%3 19360
920650430 57160 £50.0 0.13+£0.08  A57+01 00487008 1.031+0-084 12939
220674823  5590.0 £50.0 0.08 £0.08  4.54+0.1 0.90618:8?{ 0'96718:853 o
220679255 5966.0 £50.0  0.01 £0.08  4.33+0.1 1 08;3’9329 1.071l8-'8%§ o
220709978 5934.0 £50.0 —0.34+0.08 4.29+0.1 1:04183% 0'9501858% o
908721452 5859.0 £ 50.0 019+ 0.08 451401 10137005 A
22872115 ) ) 01370955 1.06740.026  11.325
5614.0 £ 50.0 —0.22+0.08 4.63+0.1 0.84019-038 +0.028
228725072 56 - ) ) 84015058 0.902+5-028  12.482
39.0 £ 50.0 0.04 +£0.08 3.54+0.1 2.8810-38 1.0010-11 11.524
228732031 5113.0£50.0 —0.15+0.08 4.5+0.1 0.76518%%3 0 é0318:8%8 '
228734889  5792.0 £50.0 0.0 +£0.08 452+0.1 0.956;81832 1.00818:8%9 v
298734900 5733.0+50.0  0.47+0.08  4.26+ 0.1 1o 088y 008 e
228735255 5637.0 £50.0 0.29+0.08  4.33+0.1 1.0518&2 1'017;8;832 1o
228736155 5397.0 £50.0 —0.08+0.08 4.62+0.1 0 8241818%4 8860038 2ot
228737155 4382 - ' Too® gange T
.0 +50.0 0.72+0.08 2.07+0.1 16.0+2:9 +0.090
228737155 } ) 0120 0.874T005%  11.081
5035.0 + 50.0  0.07 £+ 0.08 3.8+0.1 2.16+0-26 0.98410-072 11 651
228760097 5673.0£50.0 —0.14+0.08 4.58+0.1 0 891181‘2)94)1 9510038 '
2287600975 ) ) 89115021 095115028 11.512
764.0+£50.0 —0.13+0.08 4.67+0.1 0.69970-022 +0.025
228798746 } ) 69970-0%2 0.74270055  12.66
5231.0 £50.0 —0.03+0.08 4.59+0.1 0.8027F0-034 0.858F9925  10.95
228804845 6002.0 £50.0 0.21 £0.08  4.29+0.1 1.18;859‘%3 1.13118-'83? o
228809391 5611.0£50.0 0.06 £0.08  4.55+0.1 0.90718‘-8?16 0'970185853 12'551
228052747  4315.0 £50.0 —0.33+0.08 4.73+0.1 0.5931818%§ 0'61518:8%8 7o
220004835 5870.0 £50.0 —0.15+0.08 4.440.1 0 975;8;8§§ 0.9901858%Ei 13%11
229039390  5833. - 9870088 0130:038 '
3.04£50.0 —0.044+0.08 4.414+0.1 09877005  1.0137005)  12.735
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Table 5 — Continued

EPIC Tosr [m/H] logg R. (Ro) M, (Mg) K,  Notes

229131722  5928.04+50.0  0.23+0.08  4.4240.1  1.07879522
229133720 4933.04+50.0 —0.12+0.08 4.654+0.1  0.72875057

1.100%005%%  12.515
0.778 0050  11.477

# Stellar parameters for this star are derived from a single spectrum with a cross correlation function peak height < 0.9 (but

> 0.8). We have decided the resulting stellar parameters are trustworthy for this analysis, but provide a note for the reader’s
discretion.

b Sy k values have been determined for this star and can be found in Table 3.
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MAYO ET AL.

Table 7

High-resolution Imaging

EPIC Filter Instrument
201110617 562 NESSI
201110617 832 NESSI
201111557 562 NESSI
201111557 832 NESSI
201127519 562 NESSI
201127519 832 NESSI
201130233 562 NESSI
201130233 832 NESSI
201132684 562 NESSI
201132684 832 NESSI
201132684 562 NESSI
201132684 832 NESSI
201166680 562 NESSI
201166680 832 NESSI
201211526 562 NESSI
201211526 832 NESSI
201225286 562 NESSI
201225286 832 NESSI
201227197 562 NESSI
201227197 832 NESSI
201231064 562 NESSI
201231064 832 NESSI
201295312 K PHARO
201295312 K NIRC2
201299088 562 NESSI
201299088 832 NESSI
201352100 562 NESSI
201352100 832 NESSI
201384232 K NIRC2
201390048 562 NESSI
201390048 832 NESSI
201403446 K NIRC2
201427874 562 NESSI
201427874 832 NESSI
201437844 562 NESSI
201437844 832 NESSI
201505350 K PHARO
201505350 K NIRC2
201528828 562 NESSI
201528828 832 NESSI
201546283 K NIRC2
201577035 K PHARO
201577035 K NIRC2
201595106 562 NESSI
201595106 832 NESSI
201613023 K PHARO
201613023 K NIRC2
201615463 562 NESSI
201615463 832 NESSI
201713348 K PHARO
201713348 K NIRC2
201828749 J PHARO
201828749 K PHARO
201828749 J NIRC2
201828749 K NIRC2
201855371 K NIRC2
201920032 K NIRC2
202089657 K LMIRcam
202089657 K PHARO
202089657 692 DSSI
202089657 880 DSSI
202091388 692 DSSI
202091388 880 DSSI
202675839 K NIRC2
202900527 K NIRC2
203771098 K NIRC2
203826436 K NIRC2
205029914 K NIRC2
205071984 K NIRC2
205904628 J Unknown
205904628 692 DSSI
205904628 880 DSSI
205944181 K NIRC2
205944181 692 DSSI
205944181 880 DSSI




NEwW CANDIDATES AND PLANETS TRANSITING BRIGHT STARS

Table 7 — Continued

EPIC Filter Instrument

206011496 J NIRC2
206011496 K NIRC2
206026904 K NIRC2
206096602 K NIRC2
206144956 K NIRC2
206159027 K NIRI
206159027 K PHARO
206159027 K NIRC2
206181769 K NIRC2
206192335 K NIRI
206192335 K PHARO
206245553 K NIRC2
206268299 K NIRC2
206348688 K NIRC2
206439513 K NIRC2
210363145 K NIRI
210363145 692 DSSI
210363145 880 DSSI
210363145 692 DSSI
210363145 880 DSSI
210363145 692 DSSI
210363145 880 DSSI
210402237 K NIRI
210402237 692 DSSI
210402237 880 DSSI
210403955 K NIRI
210512842 692 DSSI
210512842 880 DSSI
210558622 K NIRC2
210558622 K NIRC2
210558622 692 DSSI
210558622 880 DSSI
210558622 692 DSSI
210558622 880 DSSI
210609658 K NIRI
210609658 692 DSSI
210609658 880 DSSI
210629082 692 DSSI
210629082 880 DSSI
210643811 692 DSSI
210643811 880 DSSI
210667381 692 DSSI
210667381 880 DSSI
210707130 K NIRC2
210707130 K NIRC2
210707130 692 DSSI
210707130 880 DSSI
210718708 K NIRI
210718708 692 DSSI
210718708 880 DSSI
210775710 692 DSSI
210775710 880 DSSI
210848071 692 DSSI
210848071 880 DSSI
210857328 692 DSSI
210857328 880 DSSI
210894022 K NIRI
210957318 K NIRI
210965800 692 DSSI
210965800 880 DSSI
211048999 692 DSSI
211048999 880 DSSI
211089792 K NIRI
211147528 K NIRC2
211147528 692 DSSI
211147528 880 DSSI
211147528 692 DSSI
211147528 880 DSSI
211319617 K NIRC2
211319617 692 DSSI
211319617 880 DSSI
211351816 K NIRC2
211351816 K PHARO
211355342 K NIRC2
211391664 K NIRC2
211401787 K PHARO
211525389 J NIRC2
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211525389 K NIRC2
211525389 692 DSSI
211525389 880 DSSI
211562654 K NIRC2
211594205 K PHARO
211736671 K NIRC2
211736671 692 DSSI
211736671 880 DSSI
211770696 K PHARO
211800191 K NIRC2
211818569 K PHARO
211886472 J NIRC2
211886472 K NIRC2
211886472 692 DSSI
211886472 880 DSSI
211945201 K NIRC2
211945201 692 DSSI
211945201 880 DSSI
212008766 K NIRC2
212110888 692 DSSI
212110888 880 DSSI
212138198 J NIRC2
212138198 K NIRC2
212138198 692 DSSI
212138198 880 DSSI
212157262 K NIRC2
212303338 692 DSSI
212303338 880 DSSI
212357477 692 DSSI
212357477 880 DSSI
212394689 K NIRC2
212394689 692 DSSI
212394689 880 DSSI
212460519 692 DSSI
212460519 880 DSSI
212480208 692 DSSI
212480208 880 DSSI
212496592 692 DSSI
212496592 880 DSSI
212521166 692 DSSI
212521166 880 DSSI
212534729 692 DSSI
212534729 880 DSSI
212555594 692 DSSI
212555594 880 DSSI
212562715 692 DSSI
212562715 880 DSSI
212577658 692 DSSI
212577658 880 DSSI
212580872 692 DSSI
212580872 880 DSSI
212580872 692 DSSI
212580872 880 DSSI
212586030 J PHARO
212586030 K PHARO
212586030 692 DSSI
212586030 880 DSSI
212587672 692 DSSI
212587672 880 DSSI
212639319 692 DSSI
212639319 880 DSSI
212645891 692 DSSI
212645891 880 DSSI
212672300 692 DSSI
212672300 880 DSSI
212686205 692 DSSI
212686205 880 DSSI
212689874 692 DSSI
212689874 880 DSSI
212689874 692 DSSI
212689874 880 DSSI
212691422 692 DSSI
212691422 880 DSSI
212697709 692 DSSI
212697709 880 DSSI
212697709 692 DSSI
212697709 880 DSSI
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212703473 J PHARO
212703473 K PHARO
212703473 692 DSSI
212703473 880 DSSI
212735333 K PHARO
212735333 692 DSSI
212735333 880 DSSI
212768333 692 DSSI
212768333 880 DSSI
212772313 692 DSSI
212772313 880 DSSI
212779596 692 DSSI
212779596 880 DSSI
212779596 692 DSSI
212779596 880 DSSI
212803289 692 DSSI
212803289 880 DSSI
212828909 692 DSSI
212828909 880 DSSI
213546283 K NIRI
213546283 692 DSSI
213546283 880 DSSI
214234110 692 DSSI
214234110 880 DSSI
215171927 692 DSSI
215171927 880 DSSI
215854715 692 DSSI
215854715 880 DSSI
216008129 692 DSSI
216008129 880 DSSI
216050437 K NIRI
216050437 692 DSSI
216050437 880 DSSI
216114172 692 DSSI
216114172 880 DSSI
216166748 692 DSSI
216166748 880 DSSI
216405287 692 DSSI
216405287 880 DSSI
216468514 K NIRI
216468514 K NIRI
216468514 692 DSSI
216468514 880 DSSI
216494238 K NIRI
216494238 692 DSSI
216494238 880 DSSI
217192839 K NIRI
217192839 692 DSSI
217192839 880 DSSI
217941732 692 DSSI
217941732 880 DSSI
217977895 692 DSSI
217977895 880 DSSI
218131080 K NIRI
218131080 692 DSSI
218131080 880 DSSI
218304292 692 DSSI
218304292 880 DSSI
218916923 K PHARO
218916923 692 DSSI
218916923 880 DSSI
219388192 K NIRI
219388192 692 DSSI
219388192 880 DSSI
220170303 562 NESSI
220170303 832 NESSI
220170303 562 NESSI
220170303 832 NESSI
220186645 562 NESSI
220186645 832 NESSI
220186645 562 NESSI
220186645 832 NESSI
220192485 562 NESSI
220192485 832 NESSI
220192485 562 NESSI
220192485 832 NESSI

220207765 562 NESSI
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220207765 832 NESSI
220211923 562 NESSI
220211923 832 NESSI
220216730 562 NESSI
220216730 832 NESSI
220218012 562 NESSI
220218012 832 NESSI
220225178 562 NESSI
220225178 832 NESSI
220241529 562 NESSI
220241529 832 NESSI
220245303 562 NESSI
220245303 832 NESSI
220250254 562 NESSI
220250254 832 NESSI
220256496 562 NESSI
220256496 832 NESSI
220292715 562 NESSI
220292715 832 NESSI
220292715 562 NESSI
220292715 832 NESSI
220292715 562 NESSI
220292715 832 NESSI
220294712 562 NESSI
220294712 832 NESSI
220294712 K PHARO
220317172 562 NESSI
220317172 832 NESSI
220321605 562 NESSI
220321605 832 NESSI
220321605 K PHARO
220341183 562 NESSI
220341183 832 NESSI
220376054 562 NESSI
220376054 832 NESSI
220397060 562 NESSI
220397060 832 NESSI
220397060 J PHARO
220397060 K PHARO
220410754 562 NESSI
220410754 832 NESSI
220471666 562 NESSI
220471666 832 NESSI
220481411 562 NESSI
220481411 832 NESSI
220481411 562 NESSI
220481411 832 NESSI
220481411 562 NESSI
220481411 832 NESSI
220481411 K PHARO
220487418 562 NESSI
220487418 832 NESSI
220487418 K PHARO
220503236 562 NESSI
220503236 832 NESSI
220555384 562 NESSI
220555384 832 NESSI
220555384 J PHARO
220555384 K PHARO
220555384 K NIRI
220592745 562 NESSI
220592745 832 NESSI
220621788 562 NESSI
220621788 832 NESSI
220643470 562 NESSI
220643470 832 NESSI
220643470 J PHARO
220643470 K PHARO
220648214 562 NESSI
220648214 832 NESSI
220650439 562 NESSI
220650439 832 NESSI
220650439 K PHARO
220674823 562 NESSI
220674823 832 NESSI
220679255 562 NESSI
220679255 832 NESSI
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220709978 562 NESSI
220709978 832 NESSI
220709978 K PHARO
228721452 562 NESSI
228721452 832 NESSI
228725972 562 NESSI
228725972 832 NESSI
228729473 562 NESSI
228729473 832 NESSI
228729473 562 NESSI
228729473 832 NESSI
228732031 562 NESSI
228732031 832 NESSI
228734889 562 NESSI
228734889 832 NESSI
228734900 562 NESSI
228734900 832 NESSI
228735255 562 NESSI
228735255 832 NESSI
228736155 562 NESSI
228736155 832 NESSI
228754001 562 NESSI
228754001 832 NESSI
228760097 562 NESSI
228760097 832 NESSI
228798746 562 NESSI
228798746 832 NESSI
228801451 562 NESSI
228801451 832 NESSI
228804845 562 NESSI
228804845 832 NESSI
228809391 562 NESSI
228809391 832 NESSI
228952747 562 NESSI
228952747 832 NESSI
229004835 562 NESSI
229004835 832 NESSI
229039390 562 NESSI
229039390 832 NESSI
229131722 562 NESSI
229131722 832 NESSI
229131722 562 NESSI
229131722 832 NESSI
229133720 562 NESSI

229133720 832 NESSI




