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EPHEMERIS MATCHING REVEALS FALSE POSITIVE VALIDATED AND CANDIDATE PLANETS FROM
THE K2 MISSION

DRAKE A. LEHMANN'T

, ANDREW VANDERBURG>*

ABSTRACT

Data from the Kepler space telescope have led to the discovery of thousands of planet candidates.
Most of these candidates are likely to be real exoplanets, but a significant number of false positives still
contaminate the sample, especially in candidate lists from the K2 mission. Identifying and rejecting
the false positives lurking in the planet candidates sample is important for prioritizing follow-up
resources and measuring the most accurate population statistics. Here, we identify false positives in
the K2 planet candidate sample using a technique called “ephemeris matching,” in which we compare
the period and transit time of different signals. When signals from different stars show the same
period and time of transit, we can conclude that at least one of the two signals is contamination. We
identify 43 false positives among published K2 planet candidates (nearly 2% of the complete list), one
of which (K2-256 b) was previously validated as genuine exoplanet. This work increases the reliability
of the K2 planet sample and helps boost confidence in the surviving planet candidates.

Subject headings: planetary systems, planets and satellites: detection

1. INTRODUCTION

Six years after it exhausted its fuel reserves and ended
operations, the Kepler space telescope remains history’s
most prolific exoplanet detecting instrument. Most of
these discoveries came from the data collected during its
first four years of observations (2009-2013), when Kepler
pointed with extreme stability at a 110 square degree re-
gion of sky in the Northern constellations of Cygnus and
Lyra. During that time, Kepler observed over 200,000
stars and detected several thousands of planet candidates
(Thompson et al. 2018), most of which are believed to
be genuine exoplanets (e.g., Latham et al. 2011; Mor-
ton 2012; Morton et al. 2016). After the failure of two
of its four reaction wheels (gyroscope-like devices used
to keep the spacecraft pointed steadily) in 2013, Kepler
was unable to continue observations of its primary field.
NASA therefore transitioned to operating the K2 mis-
sion, in which Kepler observed new fields along the eclip-
tic plane with poorer pointing precision (Howell et al.
2014). Kepler continued operating in its K2 mode until
it exhausted its fuel reserves in 2018.

K2 experienced repeated pointing excursions of a few
arcseconds on timescales of ~6 hours which caused sig-
nificant systematic errors in the mission’s light curves.
As a result, the pipeline responsible for producing light
curves in Kepler’s original mission was unable to pro-
duce light curves for the first year and a half of the K2
mission, and the K2 mission team never conducted an
official transit search. Instead, a number of pipelines de-
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veloped by members of the community were the primary
source of light curves and planet candidates during the
K2 era. These efforts were highly successful, resulting
in the discovery of over 1000 planet candidates and over
500 confirmed planets (Akeson et al. 2013).

A consequence of the lack of an official K2 transit
search is that the K2 planet candidate catalog is highly
nonuniform. Different teams used different methods to
produce light curves, identify candidates, and vet the re-
sults to pick out false positive signals. Since many anal-
yses did not use all available tools developed during the
original Kepler mission to identify false positives, it is
likely that a number of false positives remain within the
list of K2 planet candidates.

In this work, we present a uniform search the list of
known planet candidates from the K2 mission to iden-
tify false positives using a technique known as ephemeris
matching (Coughlin et al. 2014). This method entails a
meticulous comparison of the periods and transit times
(epochs) of planet candidates observed in two distinct
and unrelated stars. If these values match, we can confi-
dently assert that at least one of the candidates is a false
positive due to contamination from the other.

A number of physical effects in in the Kepler detector
and optics the can cause different stars to show the same
transit signal. In particular, the main physical effects
causing ephemeris-matched signals are believed to be:

1. Direct PRF contamination: light from one star
which scatters to nearby pixels on the CCD mod-
ule, contaminating other stars in the vicinity.

2. Antipodal reflection: ghost images of extremely
bright stars can appear across the focal plane due
to light reflecting off of the telescope’s correcting
lenses, contaminating any stars directly across the
focal plane from the source.
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TABLE 1
FULL LIST OF PERIODIC TRANSIT/ECLIPSE SIGNALS IN K2

EPIC ID RA DEC Kepler Period to Duration Campaign Label
(deg) (deg) magnitude  (days) (BJD-2454833)  (hours)
201126503 175.9384 -5.873 17.275 1.19487 1977.376 1.793255 1 C
201146489 173.4322 -5.37874 13.216 21.42847 1989.586 6.004302 1 E
201155177 176.6657 -5.17191 14.632 6.686831 1981.678 2.891901 1 C
201158453 173.9807 -5.09388 14.69 7.077647 1980.479 5.152039 1 E
201160323 175.7146 -5.04876 18.238 22.27021 1978.497 4.283882 1 E
201161715 174.6153 -5.01563 14.652 10.4953 1986.425 18.44555 1 E
201173390 169.1629 -4.73515 12.964 16.99538 1983.43 12.44053 1 E
201182911 172.7104 -4.50761 15.516 0.996561 1978.09 2.30753 1 E
201184068 173.4971 -4.47994 14.135 0.794282 1977.576 2.608427 1 E
201197348 177.095 -4.16439 15.135 14.90997 1992.115 2.472511 1 C
NoTE. — The full table is available in the arXiv source. Label refers to the classification of the

signal (either C for “candidate” or E for “eclipsing binary.”)

3. Column anomaly: light from a star can contam-
inate other stars that happen to lie in the same
CCD column (likely as a result of charge transfer
inefficiency when reading out the detector or im-
perfectly corrected CCD readout smear).

4. CCD crosstalk: a physical effect where wires that
are bundled together can induce a ghost signal in
each other. Results in a “star” in the same pixel
location on each of the outputs. If there happens
to be a real star there, it is contaminated.

In this paper, we conduct ephemeris matching on the
K2 planet candidate catalog, using lists of candidates
obtained from both the NASA Exoplanet Archive (Ake-
son et al. 2013) and the list of planet candidates and
eclipsing binaries presented by Dattilo et al. (2019) for
their training set. We successfully identify 43 false posi-
tives among these planet candidates, alongside one false
positive-validated planet. Our paper is structured as fol-
lows: Section 2 provides an account of the observations
we used as inputs to our analysis. Section 3 details our
methodology and the analytical processes applied to our
data to perform ephemeris matching. Section 4 delves
into our findings in detail, and Section 5 discusses the
implications of our work and concludes.

2. OBSERVATIONS

All of the observations used in this paper come from
the K2 mission. K2 conducted observations in approxi-
mately 80-day observing “campaigns,” during which the
telescope was directed toward a different region of the sky
on the ecliptic plane. Each campaign typically involved
observations of around 30,000 celestial objects (mostly
stars, but also some galaxies, solar system objects, or
other astrophysical phenomena). After the completion of
each campaign, the data were transmitted back to Earth,
calibrated by the Kepler pipeline, and released to the
public. At this point, numerous teams downloaded the
data in various stages of calibration, ranging from raw
pixels (e.g., Yu et al. 2018), to calibrated pixels (e.g.,
Vanderburg et al. 2016; Luger et al. 2016), to extracted
light curves (e.g., Pope et al. 2016). These groups then
performed their own analysis, produced light curves, re-
moved systematic effects from the spacecraft’s unstable
pointing, searched for transits, triaged and vetted the
signals, and published their results.

Our ephemeris matching analysis requires two inputs:
the list of planet candidates to be searched for false pos-
itives, and a comprehensive list of all periodic eclipse
signals in the dataset (including planet candidates, but
also eclipsing binary stars). In this section, we describe
in more detail the source of these two inputs.

2.1. K2 Planet Candidates

We compile our list of published planet candidates to
search for false positives from two sources: the NASA
Exoplanet Archive, and the compiled list of labeled peri-
odic signals from Dattilo et al. (2019). Since the begin-
ning of the K2 mission, the NASA exoplanet archive has
compiled the planet candidates reported in catalog pa-
pers from members of the community (e.g., Adams et al.
2016; Barros et al. 2016; Crossfield et al. 2016; Osborn
et al. 2016; Pope et al. 2016; Vanderburg et al. 2016; Liv-
ingston et al. 2018; Petigura et al. 2018; Yu et al. 2018;
Kruse et al. 2019; Zink et al. 2021). We downloaded the
K2 planet candidate list on June 30, 2022.

In addition to the planet candidates from the NASA
Exoplanet Archive, we included the planet candidates
reported by Dattilo et al. (2019). Dattilo et al. (2019)
identified numerous planet candidates (including many
not included in the NASA Exoplanet Archive lists) and
used them to train a neural network classifier for iden-
tifying viable planet candidates from K2. We include
the objects labeled as candidates from their combined
training/testing/validation set in our list.

In total, we tested 2859 signals from Dattilo et al.
(2019) and 3517 signals from the NASA Exoplanet
Archive. Both of these lists include duplicates of the
same signal identified in different campaigns or by differ-
ent authors, so the total number of planet candidates is
somewhat lower than these totals.

2.2. Full List of Periodic Eclipse Signals

There is no compiled list of all periodic eclipse signals
(including both planet candidates and eclipsing binaries)
from the K2 mission. We therefore compiled our own list.
We base our list on the training/validation/test sets from
Dattilo et al. (2019), taking only the signals labeled as
either planet candidates or eclipsing binaries. However,
Dattilo et al. (2019) did not perform their analysis on
the full set of K2 observations, so we supplemented their
list to include some of the missing campaigns. In our
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analysis, we used all campaigns except for Campaign
0 (short campaign, few targets, few candidates), Cam-
paign 9 (primarily a microlensing campaign, very few
non-microlensing targets), and Campaign 19 (only one
week of good data; see Incha et al. 2023).

Between 2014 and 2019, one of us (AV) routinely pro-
cessed light curves from the K2 mission. Upon the com-
pletion of each campaign, the data were transmitted back
to Earth, calibrated by the Kepler pipeline, and released
to the public. Once the data were released, we down-
loaded and analyzed them following the process outlined
by Dattilo et al. (2019). In particular, starting with the
calibrated pixel files, we extracted light curves as de-
scribed Vanderburg & Johnson (2014) and Vanderburg
et al. (2016), searched for transits, performed triage on
the detected signals (a quick by-eye sorting of the sig-
nals to separate planet candidates and eclipsing binaries
from instrumental artifacts). These triaged light curves
formed the basis® for the dataset used by Dattilo et al.
(2019) to train and test their neural network, but they
did not use data from Campaigns 11, 17, and 18. We
therefore supplement the Dattilo et al. (2019) dataset
with our own lists of triaged eclipsing signals for these
campaigns. In total, we identified 12322 periodic eclips-
ing signals for use in ephemeris matching. Our compiled
list of eclipse-like signals is given in Table 1.

3. ANALYSIS

After collecting the lists of planet candidates and the
lists of periodic eclipsing signals in K2, we performed
ephemeris matching closely following the methodology of
Coughlin et al. (2014). We started by collecting the var-
ious information for each signal needed for the analysis.
In particular, our analysis required:

1. An identifier for each star (we used the Ecliptic
Plane Input Catalog, or EPIC; Huber et al. 2016).

2. Basic information about the star, including its right
ascension, declination, and Kepler-band magnitude
(also from the EPIC).

3. Information about the signal, including its period,
time of eclipse/transit, eclipse/transit duration,
and the campaign in which the signal was detected
(from either the Exoplanet Archive, Dattilo et al.
2019, or our own lists).

Given these inputs, we then used the K2FOV package
(Mullally et al. 2016) to determine where each target
fell on the Kepler detectors (that is, on which CCD row,
column, and module number the target was observed).

To identify signals with matching ephemerides, we per-
formed the following steps:

1. We started by splitting up the signals in both lists
by the campaign in which they were observed,
in order to perform our matching analysis on a
campaign-by-campaign basis. Generally, we ex-
pect that any contaminating signals will come from

5 We note that Dattilo et al. (2019) performed additional vetting
to remove additional false positive eclipsing signals from their list of
candidates; we do not do the same because we only care about the
presence of eclipses and periodicity for our analysis, not whether
any given signal is likely a planet or an eclipsing binary.

other stars in the same part of the sky. There-
fore, because K2 campaigns were spread all across
the sky, there should be relatively few examples of
ephemeris matches between stars observed in differ-
ent campaigns. Moreover, restricting our analysis
to one campaign significantly decreased the compu-
tational expense of identifying ephemeris matches
(since the number of possible matching pairs scales
with the number of candidates times the number
of all eclipse/transit signals).

2. We found signals with periods and times of
eclipse/transit so similar to one another that the
match is statistically unlikely to be the result of
random chance. We did this by closely following
Coughlin et al. (2014). We calculated the frac-
tional difference between the periods (AP) and
transit/eclipse times (AT') for every possible pair
of targets using the following equations:

P4 —Pp

AP N

(1)

Tu—Tp

AT
Py

(2)

Where P4 and Pp are the periods detected on a
pair of targets A and B, and T4 and Tp are the
transit/eclipse times of those same targets. Next,
we modify these fractional differences to find AP’
and AT

AP’ = |AP — int(AP)| (3)

AT’ = |AT — int(AT))| (4)

where the ‘int’ function rounds the fractional dif-
ferences to the nearest integer. This manipulation
guarantees that two objects with the nearly identi-
cal periods and epochs will have AP’ and AT’ both
equal to zero. The closeness to zero for these values
determines the similarity between their periods and
epochs. Again following Coughlin et al. (2014), we
quantify this similarity in terms of Gaussian stan-
dard deviations op and op:

op = V2 - erfcinv(AP') (5)
or = V2 - erfeinv(AT") (6)

where the ‘erfcinv’ function is the inverse com-
plementary error function. Like Coughlin et al.
(2014), we consider pairs of signals with op > 3
and o7 > 2 to have matching ephemerides®. We
show the op and o values for all pairs of objects
as grey dots in Figure 1.

6 We note that these cutoffs are equivalent to transit times
matching to within 5% of an orbital period, and a fractional period
difference of about 0.3%
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F1G. 1.— Significance values for all pairs of matched signals from the K2 mission (grey) and likely ephemeris matches (purple). The Y
axis shows o, the approximate probability of a chance match in transit time (given in terms of Gaussian standard deviations), while the X
axis shows op, the corresponding value for orbital period. A higher value of op indicates a closer resemblance in the periods of two planet
candidates, while a larger o value indicates a greater similarity in transit times. Using criteria described in Section 3, we determined
which of the grey points are likely true matches, and show these likely false positives in purple. We note that there are a number of highly
significant matches that failed at least one of the criteria described in Section 3; many of these cases are when the same star matched to
its own signal. A few of the highly significant matches are cases of likely contamination that were rejected as false positives based on the
criteria in Section 3. This is an indication that these criteria may be too strict, so future work could focus on modifying these criteria (that
were originally devised for Kepler data) to better identify false positives in K2 data.

3. Next, we remove cases where a star matches with each pair of targets. For each pair of targets with

itself (that is, target A and target B happen to be
the same star), since this is not a situation where
two stars share the same signal. We do this by
identifying cases where both target A and B have
the same EPIC ID and removing them from the
list.

. As noted by Coughlin et al. (2014), given the large
number of pairs of objects we are searching and
the uncertainties in measured periods and tran-
sit/eclipse times, it is possible for two unrelated
signals to match due to pure statistical chance. We
therefore identify which of the signals with high val-
ues of op and o are likely due to contamination
by calculating heuristic criteria found by Cough-
lin et al. (2014). These criteria roughly determine
which (if any) of the various physical processes that
cause ephemeris matches can cause each potential
match. First, we calculate d,,q:, which determines
whether direct PRF contamination can likely cause
an ephemeris match:

dmax(//) =50- \/106 . 10—0-4mpep +1 (7)

where My, is the Kepler-band magnitude of the
brighter star, and where the units of d,,., are in

op > 3 and op > 2 separated by a distance less
than d,,q., we considered the ephemeris match to
be likely caused by contamination, indicating that
at least one of the signals is likely a false positive.
We show these objects as purple dots in Figure 1.

. Next, we identified pairs of stars that could have

ephemeris matches due to column anomaly. Like
Coughlin et al. (2014), we checked if each pair of
stars was on the same CCD module and be situated
within 10 CCD columns of each other or 10 CCD
rows of each other. We consider pairs that satisfied
both this criterion and had op > 3 and o > 2 to
be likely matches. We illustrate these matches in
Figure 1 in purple as well.

. Finally, we identified pairs of stars that could

have ephemeris matches due to antipodal reflec-
tion. Again, following Coughlin et al. (2014), we
checked whether each pair of stars were located di-
rectly across the Kepler field of view from one an-
other by inverting the coordinates across Kepler’s
boresight position. If the two stars were within 50
arcseconds of each other’s antipode and also satis-
fied op > 3 and o > 2, we considered them to
be likely matches and showed them in Figure 1 in
purple as well.

arcseconds. Typically, direct PRF contamination After identifying signals with potentially matching
is possible for stars up to about 50”7 apart, but ephemerides, we inspected each pair of signals to deter-
this distance increases with star’s brightness. We mine whether the ephemeris match implied that either
then calculated the great-circle distance between of the two signals was a false positive planet candidate.
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Fic. 2.— Light curves of stars with matching ephemerides. In
each, grey points are individual Kepler long cadence measurements,
while colored points are averages in phase. Here, we identify a fam-
ily of 5 signals that all show the same period and transit/eclipse
time, indicating a common source. Visual inspection shows that be-
yond having precisely the same period and transit time, the shapes
and durations of the transit/eclipse signals are consistent. The
stars hosting these light curves are all located nearby in sky (see
Figure 3). We identify the light curve in the top panel (EPIC
249564865) as the likely source of all of the other signals, because
of its large depth and the star’s bright Kepler-band magnitude
(Kp =10.9). The light curves are colored based on the physical
process causing the contamination. EPIC 249564865 is the likely
source (shown with averaged points in teal). The stars with pur-
ple average points likely are contamination via direct PRF overlap.
EPIC 249564803, with its orange averaged points, is likely contam-
ination from column anomaly.

We created diagnostic plots (similar to Figure 2) with
the phase-folded light curves of the two signals to see
whether their shapes were morphologically similar, and
we inspected the Kepler pixel images and photometric
apertures of each light curve to determine which star was
the origin of the signal in cases of direct PRF overlap.
The full set of diagnostic plots are available for download
on Zenodo”. In many cases, we saw morphological simi-
larities between the planet candidate and matching sig-
nal, and in other cases, we saw no signal corresponding to
the planet candidate, indicating that the candidate may
have been an artifact of the particular photometric aper-
ture used for extraction and is therefore also a likely false

7 https://zenodo.org/records/10998726

positive. On the other hand, sometimes the matched sig-
nals had clearly different light curve shapes (implying the
ephemerides matched by random chance). In other cases,
the match was real, but the pixel level data implied that
the known planet candidate was the true source of the
signal. From this vetting process, we retained only sig-
nals that appeared likely to be matches and where our
analysis showed that an otherwise viable planet candi-
date was likely a false positive. We note that although
we performed this analysis manually, in the future it will
be useful to automate this check using metrics like the
transit duration and the ratio of ingress/egress time in
addition to the period and transit time for matching.

4. RESULTS

We applied the methodology outlined in the previous
section to all K2 campaigns and compiled a list of 43 false
positives among the published K2 planet candidates, in-
cluding one planet that had previously been statistically
validated.

4.1. Fualse Positive Planet Candidates

We list the 43 false positive planet candidates identified
as a result of our analysis in Table 2. In this table, we in-
clude a list of the false positive planet candidates (given
by the EPIC IDs, and labeled FP EPIC, where FP is
an abbreviation for “False Positive”) and the associated
matching eclipsing binary signal (labeled Match EPIC).
The table also lists in which K2 campaign the false pos-
itive planet candidate was first observed, and the publi-
cation reference for the planet candidate. The remaining
columns in the table contain information that we used to
identify the signal as a false positive, including the dis-
tance between the two sources, the periods and transit
times of both stars, and the CCD columns of both stars.
Most of the false positive appear to be caused by rela-
tively close-by contaminants, indicating they are likely
due to direct PRF overlap, but some of them are fur-
ther away and were observed in close-by CCD columns,
indicating column anomaly is likely their source.

Upon inspection of the false positive list, we noticed
that many of the false positives fall into “families,” which
are groups of signals all caused by the same parent con-
taminant. One particularly large family includes a num-
ber of different false positive signals in Campaign 5. We
show an image of the sky from the Palomar Observatory
Sky Survey in Figure 3 showing the relative locations
of the different matching signals, and we show the light
curves of each star identified in the family in Figure 2.
We note the various families of signals that we identified
in Table 2.

4.2. False Positive Validated Planet K2-256 b

Among the list of 43 false positive planet candidate
was one object considered to be a statistically validated
planet: K2-256 b, also known as EPIC 228968232.01.
K2-256 b was originally reported and statistically vali-
dated by Livingston et al. (2018) as part of a large sam-
ple 44 validated planets from K2 Campaign 10. Liv-
ingston et al. (2018) used the vespa software (Morton
2012, 2015) and other various statistical tests to iden-
tify and validate planet candidates. The planet was be-
lieved to be a super Earth with a radius of approximately
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F1G. 3.— An image of the sky from the Palomar Observatory Sky Survey containing stars that show false positive signals (from the same
family of false positives as shown in Figure 2). We identified the source of the family as the bright (Kepler band magnitude K, =10.9)
eclipsing binary EPIC 249564865. Several nearby stars (circled in purple) show false positive signals that we suspect are caused by direct
PRF overlap. There is one other false positive signal on the more distant star EPIC 249564803. Because this star happens to fall on the
same CCD column as the source (EPIC 249564865), this star is likely contaminated via column anomaly.
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F1G. 4.— Image of the sky surrounding K2-256 (EPIC 228968232)

and its contaminant, the bright (Kepler-band magnitude = 10.4)
eclipsing binary EPIC 228967671. The precisely matched orbital
period and transit/eclipse time between the two signals, combined
with the two stars’ close proximity of these stars is highly sug-
gestive that K2-256 b is a false positive, likely due to direct PRF
contamination.

2.63102° Re and a period of 5.5201170502%9 days, or-
biting a relatively faint star (Kepler magnitude of 14.7).

Livingston et al. (2018) reported that its host star has an

effective temperature of 5219f}§g K, and a stellar mass

and radius of 0.847503 Myand 0.78 + 0.02 R, respec-
tively.
Statistically validated planets like K2-256 b are con-

sidered overwhelmingly likely to be exoplanets. To be
validated, they usually have undergone rigorous vetting
in both the Kepler data and follow-up observations, and
statistical calculations must have found that any plau-
sible false positive scenarios are very unlikely (typically
with confidence of 99% or 99.9%). Nevertheless, statis-
tically validated planets have not necessarily been con-
firmed with follow-up observations that re-detect the
planet using another independent technique, so it is plau-
sible that some validated planets are in fact false posi-
tives. We therefore paid greater attention to K2-256 b
to determine whether it indeed is a rare false positive
among validated planets.

Initial tests indicated convincingly that K2-256 b is
very likely an ephemeris match false positive. Figure
4 shows another image of the sky from the Palmomar
Observatory Sky Survey which illustrates the close prox-
imity of the target to its presumed contaminant (EPIC
228967671). With a distance of only about 19.5 pixels
(or 78.1 arcseconds, see Table 2 on page 10) between the
two, we determined that direct PRF contamination from
EPIC 228967671 could plausibly create the signal on K2-
256. We also found that the duration and shape of the
transits/eclipses seen on K2-256 and EPIC 228967671
were consistent (see Figure 5). When plotting the light
curve of K2-256 in this test, we also noticed that the
depth of the transit of K2-256 b was considerably smaller
than what was reported by Livingston et al. (2018). We
therefore plotted light curves of K2-256 extracted from
photometric apertures with different sizes in Figure 6.
We found that larger apertures showed the transit signal
with a depth of approximately 0.1%, while smaller aper-
tures (including the default aperture chosen by our K2
pipeline) showed a much shallower signal (if any signal at
all). This is another independent sign that the signal of
K2-256 b is likely due to contamination — apertures with
a greater area capture a larger amount of scattered light.
Given these multiple, independent lines of reasoning, we
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conclude that the signal of K2-256 b is in fact originating
from the eclipsing binary EPIC 228967671, and is a false
positive validated planet.

5. DISCUSSION AND CONCLUSIONS

In this work, we have identified false positive planet
candidates from the K2 mission using the technique of
ephemeris matching. While this procedure was applied
regularly during the Kepler mission to identify false pos-
itive Kepler planet candidates, this was not necessarily
the case during the K2 mission, so there is value in us
performing this analysis on the published K2 candidates.

We performed the ephemeris matching procedure in a
manner very similar to that of Coughlin et al. (2014),
with a few minor modifications needed to adapt the
process to the K2 mission. After identifying potential
matches and vetting the results, we report a list of 43
false positive planet candidates, including one planet
that had previously been statistically validated: K2-256
b. While it is unusual for validated planets to be false
positives, it is not unheard of, especially in situations
where the false positive scenario is due to contamina-
tion from distant stars (e.g., Cabrera et al. 2017). That
is because codes that perform statistical validation like
vespa assume that sources of the signals they validate
must be relatively well localized to be near the target star
(in order to calculate the likelihood that a background
star could contribute the signal in question). The fact
that this assumption was broken in the case of K2-256
explains how this false positive signal could have been
statistically validated.

To help mitigate this issue in the future, we note
that more modern vetting algorithms such as TRICER-
ATOPS (Giacalone et al. 2021), MOLUSC (Wood et al.
2021), and RAVEN (Hadjigeorghiou & Armstrong 2024)
explicitly consider stars near the target as the hosts of
possible false positives. Integrating these methods along
with a systematic analysis of depth-aperture correlations,
which revealed K2-256 b as a false positive, could prevent
more false positives from being misidentified as planets.

The outcome of our work is that we have increased the
purity of the K2 planet candidate sample. As of 24 Jan-
uary 2024, the NASA exoplanet archive lists 1800 unique
K2 planet candidates; this paper identifies almost 2% of
these as false positives. This means that the surviving
candidates are more likely to be real planets as a result of
our analysis, enabling astronomers to perform follow-up
observations with higher confidence, and the surviving
candidates can be included in statistical analysis with
less fear of false positive contamination.

Although we have identified a significant number of
false positives among K2 planet candidates, it is plausi-
ble that considerably more remain in the K2 planet can-
didate lists. In order to identify all false positives using
ephemeris matching, we must know the orbital periods of
all eclipsing binary stars in the field of view. However,
Kepler could not accomplish this because it was only
able to download data from a small fraction of its field of
view for anaylsis on Earth. Many stars, including poten-
tial eclipsing binary contaminants, were simply ignored

due to downlink restrictions, and as a result, we cannot
use their orbital periods to identify any ephemeris match
false positives. However, since the end of the K2 mis-
sion, the Transiting Exoplanet Survey Satellite (TESS)
has observed much of the ecliptic plane. TESS does not
suffer the same downlink restrictions as did Kepler, so in
principle, it can identify all eclipsing binaries in the K2
fields of view. There may be great benefits to performing
an ephemeris match on binary stars detected by TESS to
identify false positives in the K2 planet candidate sam-
ples.

Note in manuscript: During the late stages of
manuscript preparation, we became aware of work by
Tarrants & Mendes (2023), who independently identified
K2-256 as a false positive based on an ephemeris match
with binary stars in Gaia data. This independent corrob-
oration strengthens our conclusion that this previously
validated planet is in fact a false positive.

We thank Jeff Coughlin, Steve Bryson, and Michelle
Kunimoto for wuseful conversations, and we thank
Melinda Soares-Furtado and Juliette Becker for helpful
comments on the manuscript. This research has made
use of NASA’s Astrophysics Data System, the NASA
Exoplanet Archive, which is operated by the Califor-
nia Institute of Technology, under contract with the
National Aeronautics and Space Administration under
the Exoplanet Exploration Program, and the SIMBAD
database, operated at CDS, Strasbourg, France. The
National Geographic Society—Palomar Observatory Sky
Atlas (POSS-I) was made by the California Institute of
Technology with grants from the National Geographic
Society. The Oschin Schmidt Telescope is operated by
the California Institute of Technology and Palomar Ob-
servatory.

This paper includes data collected by the Kepler
mission. Funding for the Kepler mission is provided by
the NASA Science Mission directorate. Some of the
data presented in this paper were obtained from the
Mikulski Archive for Space Telescopes (MAST). STScl is
operated by the Association of Universities for Research
in Astronomy, Inc., under NASA contract NAS5-26555.
Support for MAST for non-HST data is provided by the
NASA Office of Space Science via grant NNX13AC07G
and by other grants and contracts. This work has made
use of data from the European Space Agency (ESA)
mission Gaia (https://www.cosmos.esa.int/gaia),
processed by the Gaia Data Processing and Analysis
Consortium (DPAC, https://www.cosmos.esa.int/
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