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IDENTIFYING EXOPLANETS WITH DEEP LEARNING II: TWO NEW SUPER-EARTHS UNCOVERED BY A
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ABSTRACT
For years, scientists have used data from NASA’s Kepler Space Telescope to look for and discover thousands of
transiting exoplanets. In its extended K2 mission, Kepler observed stars in various regions of sky all across the ecliptic
plane, and therefore in different galactic environments. Astronomers want to learn how the population of exoplanets
are different in these different environments. However, this requires an automatic and unbiased way to identify the
exoplanets in these regions and rule out false positive signals that mimic transiting planet signals. We present a method
for classifying these exoplanet signals using deep learning, a class of machine learning algorithms that have become
popular in fields ranging from medical science to linguistics. We modified a neural network previously used to identify
exoplanets in the Kepler field to be able to identify exoplanets in different K2 campaigns, which range in galactic
environments. We train a convolutional neural network, called AstroNet-K2, to predict whether a given possible
exoplanet signal is really caused by an exoplanet or a false positive. AstroNet-K2 is highly successful at classifying
exoplanets and false positives, with accuracy of 98% on our test set. It is especially efficient at identifying and culling
false positives, but for now, still needs human supervision to create a complete and reliable planet candidate sample.
We use AstroNet-K2 to identify and validate two previously unknown exoplanets. Our method is a step towards
automatically identifying new exoplanets in K2 data and learning how exoplanet populations depend on their galactic
birthplace.
Subject headings: planetary systems, planets and satellites: detection
1. INTRODUCTION

In 2013, NASA’s Kepler Space Telescope suffered the
failure of the second of its four reaction wheels used to
orient and stabilize the spacecraft. Before the mechanical
failure, Kepler was pointed at a single field near Cygnus
in order to obtain multi-year photometry that would enable detection of long-period planets, but the failure rendered Kepler unable to point stably at its original field of
view. Though Kepler could no longer observe its original
field, a clever engineering solution was devised in which
Kepler observed different fields across the ecliptic plane,
with worsened pointing precision, for periods of about
80 days (Howell et al. 2014). This new observing mode,
called K2, enabled observations capable of detecting exoplanets, but the analysis of this data would be more
difficult than before; K2 data are marred by systematic
noise from the telescope’s now unstable pointing, and
the shorter observational baseline meant less data was
collected for each star. However, as data analysis tech1 Department of Astronomy, The University of Texas at
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niques were developed to remove the large systematic
errors from K2 data (e.g. Vanderburg & Johnson 2014),
K2 delivered on its promise of continuing to detect small
transiting exoplanets in fields across the ecliptic plane
(e.g. Crossfield et al. 2016; Mayo et al. 2018; Livingston
et al. 2018a,b).
The fact that, unlike the original Kepler mission, K2
observed fields across the ecliptic plane presents a powerful opportunity. Kepler revolutionized our knowledge
of the occurrence rates of small exoplanets (Burke et al.
2015; Dressing & Charbonneau 2015), but Kepler’s discoveries come from only one part of the sky. Because
K2 looked at different regions of the sky, it observed
stars and planets that formed in different galactic environments. We know that stars in different parts of
the sky and different birth environments have different
properties (West et al. 2008; Boeche et al. 2013), so it is
reasonable to expect that planets in these different environments might have different properties as well. By
observing fields across the ecliptic, K2 can study stars
both near the galactic plane, where many young stars can
be found, and the older stars a few scale heights away.
K2 also has observed (and discovered planets in) several
nearby open clusters and associations (Obermeier et al.
2016; Mann et al. 2016; Rizzuto et al. 2018; Livingston
et al. 2018c; Vanderburg et al. 2018). K2’s observational
breadth could enable determining occurrence rates for
planets around different stellar populations and in different galactic environments, a key to understanding how
and why planets form.
So far, however, K2 data have not yet yielded many
measurements of planet occurrence rates (with a few notable exceptions involving relatively small numbers of unusual host stars, van Sluijs & Van Eylen 2018; Demory
et al. 2016). One reason planet occurrence rates have not

