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Abstract. The aim of the Kepler Pixel Project is to discover new pulsating
and other types of variable stars in the individual pixels of the original Kepler
mission. In the framework of the project, 1272 eclipsing binary candidates
were identified in the background pixels. After eliminating false positives and
those stars that are already present in the Kepler Eclipsing Binary Catalog, we
were left with 776 new eclipsing binaries. This is a substantial and significant
addition to the 2922 eclipsing binaries present in the catalog. We present the
methods we applied, examine the 4-year (Q1-Q17) light curves of selected newly
found variable stars. The applied methods are automatic, therefore they can
be used in the future to explore the vast amounts of data produced by other
space missions (e.g. TESS, later PLATO).
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1. Introduction

During its original mission, the Kepler space telescope measured the brightness
of more than 160000 stars, producing a quasi-continuous 4-year-long run of ob-
servational data with unprecedented photometric precision. Targets investigated
so far are mainly those listed in the Kepler Input Catalog (Brown et al., 2011),
but more findings indicate that even the background pixels of Kepler’s data
hold interesting new information waiting to be mined.

2. The Kepler Pixel Project

The Kepler Pixel Project (Szabd, 2018) sets the aim of discovering new pulsating
and other type of variable stars in the original Kepler field. Since Q4 was a
relatively quiescent observing period, we decided to start our search using this
dataset.

We extracted each individual pixel of the long-cadence (30 min) files, which
resulted in more than 6 million light curves. All pixels were examined, regard-
less of whether or not they belong to the main target. The initial goal was to
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look for faint background RR Lyrae stars, so we specified the filtering criteria
accordingly. Our potential candidate list includes pixels that show periods be-
tween 0.25 and 1 day and have Fourier spectra with at least two harmonics of
the main frequency with decreasing amplitude.

3. Results

The aforementioned criteria yielded ~12500 candidate pixels. However, one pixel
does not equal one candidate; in the majority of cases a couple of pixels are avail-
able for each candidate. Despite our specific criteria, ~90% of our candidates
are eclipsing binary stars. We successfully identified 1272 target pixel files con-
taining an eclipsing binary candidate, in most cases located in the background.

Since the goal was to find new variable stars in the field, those candidates
that are already listed in the Kepler Eclipsing Binary Catalog (Prsa et al.,
2011; Abdul-Masih et al., 2016) were excluded. This cross-match left us with
777 new candidates. One of our candidate’s light curve was in fact the result of
contamination by a bright nearby star, consequently it was removed from our
candidate list as well. The final list of potentially new eclipsing binaries in the
original Kepler-field has 776 candidates, which consist of 2778 individual pixels
in total. In Fig. 1 and Fig. 2, typical candidate light curves are shown.
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Figure 1. The Q4 light curve of the candidate found in the background of the main
target KIC 2140360. The pixels containing the candidate are marked with white edges.
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Figure 2. A 10-day-long zoom-in of the Fig. 1 Q4 lighcurve.
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After identifying the Q4 candidates, their data from all the other quarters
weer extracted. There were cases when the targets could not be measured in
a particular quarter. For example, it is unfortunately quite common that the
background pixels containing the candidate are located near the edge of the
target pixel file, so in some quarters the candidates might be outside the image.

In the majority of the cases, however, the 4-year nearly continuous light
curve was successfully created by stitching together the data of all 17 quarters.
The 4-year light curves were stitched for each individual pixels automatically,
then the pixels belonging to one candidate were summed.
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Figure 3. The Q1-Q17 light curve of the candidate found in the background of KIC
2140360. The different trends are quite apparent from quarter to quarter. The red line
indicates the trend fitted with the Wétan code.
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Figure 4. The folded light curve of a candidate with period 0.975 day, after de-trend-
ing.

Individual pixels almost always show long-term trends. Sometimes even
adding up all candidate pixels doesn’t remove the trends, only reduces them.
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Moreover, trends change from quarter to quarter, therefore it is crucial to re-
move them in order to avoid uneven light curves. To remove these trends, we
used the Wétan (Hippke et al., 2019) Python code. Figure 3 shows the stitched
light curve for the candidate in the background of KIC 2140360, the folded
light curve is seen in Fig. 4. The project is still ongoing, the first results will be
published in more detail in a separate paper.

4. Summary

In the Kepler Pixel Project, by investigating each individual pixel of the original
Kepler mission Q4 quarter images, we managed to find 1272 eclipsing binary
candidates, and 776 of them turned out to be new (i.e., not in the Kepler
Eclipsing Binary Catalog) candidates. We obtained the data from the other
quarters as well, thus creating 4-year-long light curves. Kepler’s unprecedented
photometric precision enables us to investigate the discovered systems in more
detail. The algorithms developed for the project can be used for exploring other
space mission data (e.g. TESS, later PLATO).
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