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ABSTRACT

We announce the discovery of activity, in the form of a distinct cometary tail, emerging from main-
belt asteroid 2015 VAigs. Activity was first identified by volunteers of the Citizen Science project
Active Asteroids (a NASA Partner). We uncovered one additional image from the same observing
run which also unambiguously shows 2015 VAgg with a tail oriented between the anti-solar and anti-
motion vectors that are often correlated with activity orientation on sky. Both publicly available
archival images were originally acquired UT 2015 October 11 with the Dark Energy Camera (DECam)
on the Blanco 4 m telescope at the Cerro Tololo Inter-American Observatory (Chile) as part of the Dark
Energy Camera Legacy Survey. Activity occurred near perihelion and, combined with its residence in
the main asteroid belt, 2015 VAog is a candidate main-belt comet, an active asteroid subset known
for volatile sublimation.

Keywords: Asteroid belt (70), Asteroids (72), Comae (271), Comet tails (274)

1. INTRODUCTION

Roughly 40 active asteroids have been discovered to date and, consequently, much about these objects remains
unknown. Known for their unexpected display of cometary activity (i.e., tails, comae) despite being on asteroidal
orbits (e.g., main-belt), active asteroids provide unique insights into dynamical, thermophysical, and astrochemical
processes (Jewitt et al. 2015). Some bodies exhibit activity caused by volatile sublimation, such as the Main-belt
comets (MBCs) found in the asteroid belt (Hsieh et al. 2015), and thus help us map the distribution of volatiles
in the solar system. MBCs are also rare, with fewer than 15 identified thus far. With so few active asteroids and
MBCs known, discovering additional active asteroids is crucial to gaining additional insights into these remarkable
populations.
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2. METHODS

Active Asteroids', a NASA Partner program, is an online Citizen Science project (hosted on the Zooniverse? platform)
that we created for the purpose of identifying more unusual active minor planets while engaging the public in the
search (Chandler 2022). Volunteers of the project look through images of small solar system bodies that we previously
extracted from Dark Energy Camera (DECam) publicly available archival image data (Chandler et al. 2018, 2019,
2020, 2021, 2022). We ask participants if they see activity or not, and we analyze their classification data to identify
candidate objects. As of UT 2023 February 6, approximately 7,000 volunteers have carried out over 2.5 million
classifications since the project launch in 2021 August, and our team has been consistently following up on promising
candidates.

3. RESULTS

Active Asteroids volunteers identified an image of 2015 VAjgg (semi-major axis a = 3.13 au, eccentricity e = 0.22,
inclination ¢ = 8.50°, perihelion distance ¢ = 2.45 au, aphelion distance Q = 3.81 au, Tisserand parameter with respect
to Jupiter Tj = 3.160; retrieved UT 2023 January 27 from JPL Horizons; Giorgini et al. 1996) as showing activity.
Our team carried out additional searches through archival image data and found one additional image of 2015 VA1gg
acquired during the same observing run as the image that prompted our study.

Figure 1. 2015 VA,os (dashed arrow) with a pronounced tail (white arrows) oriented between the anti-motion (—v) and anti-
solar (—@®) directions. These 114 s r-band (left) and 125 s g-band (right) DECam images were captured with the Blanco 4 m
telescope (Cerro Tololo Inter-American Observatory, Chile) on UT 2015 October 11 (Program 2014B-0404, PIs Schlegel and
Dey, observers D. James, A. Dey, A. Patej).

Figure 1 shows 2015 VAjps with a conspicuous tail approximately oriented between the anti-solar and anti-motion
vectors as projected on the plane of the sky. At the time (UT 2015 October 11), 2015 VA9g was at a heliocentric
distance r, = 2.44 au, outbound from its recent perihelion passage. 2015 VAyg qualifies as an MBC candidate because
(1) activity occurred near perihelion, and (2) 2015 VAps has an orbit bound to the main asteroid belt.

L http://activeasteroids.net

2 https://www.zooniverse.org
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Software & Services: World Coordinate System corrections facilitated by Astrometry.net (Lang et al. 2010).
This research has made use of NASA’s Astrophysics Data System, the Institut de Mécanique Céleste et de Calcul
des Ephémérides SkyBoT Virtual Observatory tool (Berthier et al. 2006), and data and/or services provided by the
International Astronomical Union’s Minor Planet Center, SAOImageDS9, developed by Smithsonian Astrophysical
Observatory (Joye 2000).

Facilities & Instrumentation: This project used data obtained with the Dark Energy Camera (DECam), which
was constructed by the Dark Energy Survey (DES) collaboration. This research uses services or data provided by the
Astro Data Archive at NSF’s NOIRLab. Based on observations at Cerro Tololo Inter-American Observatory, NSF’s
NOIRLab (NOIRLab Prop. ID 2014B-0404; PI: D. Schlegel). The Legacy Surveys consist of three individual and
complementary projects: the DECam Legacy Survey (DECaLS; Proposal ID #2014B-0404; PIs: David Schlegel and
Arjun Dey), the Beijing-Arizona Sky Survey (BASS; NOAO Prop. ID #2015A-0801; PIs: Zhou Xu and Xiaohui Fan),
and the Mayall z-band Legacy Survey (MzLS; Prop. ID #2016A-0453; PI: Arjun Dey).

Facilities: CTIO:4m (DECam)

Software: astropy (Robitaille et al. 2013), Matplotlib (Hunter 2007), NumPy (Harris et al. 2020), pandas (Reback
et al. 2022), SAOImageDS9 (Joye 2006), SciPy (Virtanen et al. 2020)
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