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Abstract
We report that minor planet 2004 CV5q displayed cometary activity in the form of a short, diffuse
tail, first identified by volunteers of the Citizen Science program Active Asteroids, a NASA Partner
program hosted on the Zooniverse online platform. The activity is present in three images, from
UT 2020 February 15 and UT 2020 March 14, that were acquired with the Dark Energy Camera on
the Blanco 4m telescope at the Cerro-Tololo Inter-American Observatory in Chile. We find that
2004 CV5q is most likely an active quasi-Hilda object rather than an active asteroid, despite 2004

CV5g having a Tisserand parameter with respect to Jupiter of 3.06.
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1. Introduction

Minor planets that display comet-like activity, such as tails or comae, teach us about the solar
system's volatile distribution, including the origins of terrestrial water (Hsieh et al. 2015). Minor
planet populations aside from comets are known to exhibit activity, decreasing the distinction
between comet and asteroid (see Jewitt & Hsieh 2022). Several populations with active members
are known, such as active asteroids and active quasi-Hilda objects. While active asteroids are
typically found in the asteroid belt, active quasi-Hildas are minor planets on orbits similar to the
Hilda asteroids, but quasi-Hildas are not in stable 3:2 interior mean-motion-resonance with
Jupiter. Like Hildas and Jupiter Trojans, quasi-Hildas are often identified through dynamical
integration, an added challenge for distinguishing between populations. Aside from comets, active
small-body populations are rare, with fewer than 100 known among the 1.3 million minor planets

identified to date.
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2. Methods
To locate more of these elusive objects we created the Zooniverse-hosted Citizen Science
program Active Asteroids, 17 a NASA Partner (Chandler 2022). We show volunteers images of
minor planets we extracted from archival Dark Energy Camera (DECam) images and ask if they
see evidence of activity, such as a tail or coma. We investigate volunteer-highlighted activity
candidates by searching through astronomical image archives as well as conducting telescope

follow-up, when possible.

For dynamical classification, we make use of the Tisserand parameter with respect to Jupiter,

where a and a; are the semimajor axes of 2004 CV5q and Jupiter, e is orbital eccentricity, and i is
inclination. Bodies with T;<3 are nominally cometary (Levison 1996), though T;=3.08 is also used
(Jewitt et al. 2015). In practice, 3.05<T;<3.10 is an ambiguous parameter space (Hsieh &
Haghighipour 2016) that requires modeling to distinguish between, for example, Jupiter Family
Comets and Hilda asteroids. We make use of the REBOUND N-body integration package (Rein &
Liu 2012) for this purpose (Chandler et al. 2022; Oldroyd et al. 2023).

3. Results
Figure 1 shows 2004 CV5g with a diffuse tail on two different dates. On UT 2020 February 15 (one

image), 2004 CV5q was at a heliocentric distance of ry=1.68au and a true anomaly angle of f=
343°. On UT 2020 March 14 (two images) 2004 CV5q was at ry=1.66au and f=359°, essentially at
perihelion. For both dates, the tail orientation was in the anti-motion direction. In February the

anti-solar and anti-motion directions were coincident.
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Figure 1. 2004 CV5q (at center) with a short, diffuse tail in these 120s j-band DECam
exposures (Prop. ID 2020A-0399, Pl Zenteno, observer A. Diaz). Anti-motion (yellow
arrow) and anti-solar (red-bordered black arrow) directions are indicated. The FOV is 32''x
32", with north up and east left. (a) UT 2020 February 15 at 08:47:22. (b) UT 2020 March
14 at 06:40:53. (c) UT 2020 March 14 at 06:44:38.

2004 CV5q (@=3.113au, e = 0.438, i=1.413°, perihelion distance g=1.748au, aphelion distance Q=
4.478au;retrieved UT 2023 September 22 from JPL) has T;=3.061, typically indicating an
asteroidal orbit. However, 2004 CV;, experiences close encounters with Jupiter, most recently 1.1
au on UT 2022 May 28, and our dynamical integrations indicate 2004 CV5 is an active quasi-
Hilda. Along with 282P (Chandler et al. 2022), 2009 DQ11g (Oldroyd et al. 2023), and 2018 CZ4g
(Trujillo et al. 2023), 2004 CV5q represents the fourth active quasi-Hilda identified via the Active

Asteroids program.
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