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Discovery of Jupiter Family Comet 2011 UG104 Through AI-Enhanced Citizen Science
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ABSTRACT

We report the discovery of cometary activity from minor planet 2011 UG104, which we classify as a
Jupiter Family Comet (JFC). This discovery was aided by our Artificial Intelligence (AI) classification
system: TailNet. JFC’s, short-period comets with eccentric Jupiter-crossing orbits, originate from the
Kuiper belt and thus give us unique insight into the composition and distribution of volatiles in the
outer solar system, past and present. Our AI assistant TailNet first classified 2011 UG104 as active,
which was a!rmed by Citizen Scientists on our NASA Partner Program Active Asteroids. Through
further archival image searches our science team found evidence of activity on 2011 UG104 on three
separate observations from 2021 February to 2021 April (81.8→ < f < 95.0→).

Keywords: Asteroids (72), Comae (271), Comet tails (274), Convolutional neural networks (1938)

1. INTRODUCTION

Jupiter-family comets (JFCs) are minor planets that show comet-like traits (e.g. coma, tail). JFCs have a Tisserand
parameter relative to Jupiter in the range of 2 < TJ < 3, short orbital periods (< 20 years), and low inclinations
relative to the ecliptic (i < 30→) (Levison 1996). 2011 UG104 (TJ = 2.695, i = 29.58→), first discovered on 2012 April
7th1, falls under this category. JFCs originate from the Kuiper belt, having been redirected into the inner solar system
by the gravitational influence of Neptune (Lowry et al. 2008). Since JFCs originate from the outer solar system they
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1 http://www.aerith.net/comet/catalog/2011UG104/2020.html
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provide a unique opportunity to understand the composition and distribution of volatiles within the solar system
(Cheng et al. 2015).

2. METHODS

To assist in the search for active objects, we collaborate with volunteer Citizen Scientists via our NASA Partner
program, Active Asteroids2. We upload batches of archival Dark Energy Camera (DECam) images to the Citizen
Science website Zooniverse for volunteers to classify, seeking signs of activity (Chandler et al. 2024a). When a
volunteer identifies potential activity they classify it as active, and if a su!cient number of people report the object
is active, it is flagged for further investigation. We then confirm the object’s activity through follow-up observations
using ground-based telescopes and cross-referencing astronomical image archives for additional data.
The project has engaged over 10,000 volunteers who have completed more than 8.5 million classifications to date,

but this is only a fraction of the amount of data that still needs classification. So, to further aid in our screening
process of image data and enhance volunteer experience we employ the help of an Artificial Intelligence (AI) assitant:
TailNet, a Convolutional Neural Network (CNN) (Chandler et al. 2024b; Sedaghat et al. 2024).

3. RESULTS

TailNet first identified DECam images of 2011 UG104 (semi-major axis a = 3.992 au, eccentricity e = 0.407,
inclination i = 29.6→, perihelion distance q = 7.978 au, aphelion distance Q = 5.619 au) as potentially active. With
further investigation into archival DECam image data we uncovered three separate observations (Figure 1) in which the
object exhibits activity. In all images of activity the tail is broad and spans the anti-motion and anti-solar directions.

aa 2021-02-252021-02-25 bb 2021-03-292021-03-29 cc 2021-04-262021-04-26

Figure 1. 2011 UG104 (center in each image) is shown in these archival DECam images. The field of view is 63→→ → 63→→,
with north up and east left. The anti-motion (red arrow) and anti-solar (yellow arrow) directions are marked. (a) UT 2021
February 25, 90 s i-band (Prop. ID 2019A-0305, PI Drlica-Wagner, observers J. Carballo, D. James). A prominent tail is
pointed primarily in the anti-solar direction. (b) UT 2021 March 29, 150 s Y -band (Prop. ID 2021A-0149, PI Zenteno, observer
A. Zenteno). (c) UT 2021 April 26, 67 s Y -band (Prop. ID 2021A-0149, PI Zenteno, observer A. Zenteno).

Because 2011 UG104 has both a Tisserand parameter in respect to Jupiter of TJ = 2.695 and cometary activity, we
classify 2011 UG104 as a Jupiter-family comet. 2011 UG104 has just passed aphelion (f = 182.9→ on UT 2024 May 16)
and is inbound for its next perihelion passage on UT 2028 March 18.

2 https://activeasteroids.net/
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