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ABSTRACT

We present the discovery of activity emanating from main-belt asteroid 2015 FW412, a finding
stemming from the Citizen Science project Active Asteroids, a NASA Partner program. We identified
a pronounced tail originating from 2015 FW412 and oriented in the anti-motion direction in archival
Blanco 4-m (Cerro Tololo Inter-American Observatory, Chile) Dark Energy Camera (DECam) images
from UT 2015 April 13, 18, 19, 21 and 22. Activity occurred near perihelion, consistent with the
main-belt comets (MBCs), an active asteroid subset known for sublimation-driven activity in the main
asteroid belt; thus 2015 FW412 is a candidate MBC. We did not detect activity on UT 2021 December
12 using the Inamori-Magellan Areal Camera and Spectrograph (IMACS) on the 6.5 m Baade telescope,
when 2015 FW412 was near aphelion.
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1. INTRODUCTION

Active asteroids are rare (→40) bodies that are found in orbits not normally associated with comets, yet they display
comet-like activity such as a tail or coma (Jewitt et al. 2015). A small subset (→15) of the known active asteroids, the
main-belt comets (MBCs), are found to orbit entirely within the main asteroid belt and display comet-like activity
indicative of volatile sublimation, such as recurrent activity near perihelion (Hsieh et al. 2015). These objects inform
us about, for example, the solar system volatile distribution and, consequently, the origins of terrestrial water.

2. METHODS

To find more members of this elusive population we created the Citizen Science project Active Asteroids1 (Chandler
et al. 2018, 2019, 2020, 2021, 2022; Chandler 2022), a NASA Partner. Volunteers examine images of known minor
planets we extract from publicly available Dark Energy Camera (DECam) data and classify these images as either
active or inactive. Volunteers classified images of 2015 FW412 as active, and subsequently we carried out an archival
investigation and new telescope observations to further study this object.
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3. RESULTS

Figure 1. 2015 FW412 (green dashed arrow) displays a tail (white arrows) in the anti-motion (→v) direction in these images
from the DECam on the Blanco 4 m telescope (Cerro Tololo Inter-American Observatory, Chile). Also indicated is the anti-solar
(-↑) direction. The FOV is about 126↑↑ ↓ 126↑↑. Left: 430 s VR-band, UT 2015 April 13 (Program 2015A-0351, PI Sheppard,
observers S. Sheppard, C. Trujillo). Right: 40 s VR-band, 2015 April 18 (Program 2013B-0536, PI Allen, observers L. Allen,
D. James).

We identified →20 archival images of 2015 FW412 (semi-major axis a = 2.76 au, eccentricity e = 0.16, inclination
i = 13.7→, perihelion distance q = 2.32 au, aphelion distance Q = 3.21 au, Tisserand parameter with respect to Jupiter
TJ = 3.280; retrieved UT 2023 January 25 from JPL Horizons; Giorgini et al. 1996) with clear indications of dust
emission activity in the form of a thin tail approximately aligned with the object’s orbit plane (Figure 1). Notably,
2015 FW412 is a MBC candidate with characteristics consistent with membership of this class, specifically activity
occurring near perihelion, and orbiting within the main asteroid belt.On UT 2015 April 13, when 2015 FW412 was at
a heliocentric distance rh = 2.40 au (inbound to perihelion), ω = 3.1→ phase angle, and ε = 320.1→ true anomaly, the
visible angular tail length as projected on the sky was → 44↑↑, corresponding to → 4.5↑ 103 km at 1.4 au from Earth.
We did not detect activity in four 200 s WB4800-7800 filter exposures we acquired with the Inamori-Magellan Areal
Camera and Spectrograph on the Magellan 6.5 m Baade telescope on UT 2021 December 12 (PI Trujillo, observer C.
Trujillo), when 2015 FW412 was at rh = 3.10 au, outbound towards aphelion.
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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 Éphémérides 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 2006).
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 2013B-0536; PI: L. Allen; NOIRLab Prop. ID 2015A-0051; PI: S. Sheppard). Magellan
observations made use of the Inamori-Magellan Areal Camera and Spectrograph (IMACS) instrument (Dressler et al.
2011); PI C. Trujillo.

Facilities: CTIO:4m (DECam), Magellan:Baade (IMACS)

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)

Research Notes of the AAS ©2023. Published by the American Astronomical Society



4

REFERENCES

Berthier, J., Vachier, F., Thuillot, W., et al. 2006, in

Astronomical Data Analysis Software and Systems XV

ASP Conference Series, Vol. 351 (Orem, UT:

Astronomical Society of the Pacific), 367

Chandler, C. O. 2022, PhD thesis, Northern Arizona

University, Flagsta!, Arizona, USA

Chandler, C. O., Curtis, A. M., Mommert, M., Sheppard,

S. S., & Trujillo, C. A. 2018, Publications of the

Astronomical Society of the Pacific, 130, 114502,

doi: 10.1088/1538-3873/aad03d

Chandler, C. O., Kueny, J., Gustafsson, A., et al. 2019, The

Astrophysical Journal Letters, 877, L12, doi: 10/gg3qw6

Chandler, C. O., Kueny, J. K., Trujillo, C. A., Trilling,

D. E., & Oldroyd, W. J. 2020, The Astrophysical Journal

Letters, 892, L38, doi: 10/gg36xz

Chandler, C. O., Oldroyd, W. J., & Trujillo, C. A. 2022,

The Astrophysical Journal, 937, L2,

doi: 10.3847/2041-8213/ac897a

Chandler, C. O., Trujillo, C. A., & Hsieh, H. H. 2021, The

Astrophysical Journal, 922, L8, doi: 10/gnmckw

Dressler, A., Bigelow, B., Hare, T., et al. 2011, Publications

of the Astronomical Society of the Pacific, 123, 288,

doi: 10.1086/658908

Giorgini, J. D., Yeomans, D. K., Chamberlin, A. B., et al.

1996, American Astronomical Society, 28, 25.04

Harris, C. R., Millman, K. J., van der Walt, S. J., et al.

2020, Nature, 585, 357, doi: 10.1038/s41586-020-2649-2

Hsieh, H. H., Denneau, L., Wainscoat, R. J., et al. 2015,

Icarus, 248, 289, doi: 10.1016/j.icarus.2014.10.031

Hunter, J. D. 2007, Computing in Science & Engineering, 9,

90, doi: 10.1109/MCSE.2007.55

Jewitt, D., Hsieh, H., & Agarwal, J. 2015, in Asteroids IV

(Tucson, Arizona: University of Arizona Press), 221–241

Joye, W. A. 2006, in Astronomical Data Analysis Software

and Systems XV ASP Conference Series, Vol. 351, 574–

Lang, D., Hogg, D. W., Mierle, K., Blanton, M., & Roweis,

S. 2010, Astronomical Journal, 139, 1782,

doi: 10.1088/0004-6256/139/5/1782

Reback, J., jbrockmendel, McKinney, W., et al. 2022,

Pandas-Dev/Pandas: Pandas 1.4.2, Zenodo,

doi: 10.5281/zenodo.6408044

Robitaille, T. P., Tollerud, E. J., Greenfield, P., et al. 2013,

Astronomy & Astrophysics, 558, A33, doi: 10/gfvntd

Virtanen, P., Gommers, R., Oliphant, T. E., et al. 2020,

Nature Methods, 17, 261, doi: 10.1038/s41592-019-0686-2

Research Notes of the AAS ©2023. Published by the American Astronomical Society

http://doi.org/10.1088/1538-3873/aad03d
http://doi.org/10/gg3qw6
http://doi.org/10/gg36xz
http://doi.org/10.3847/2041-8213/ac897a
http://doi.org/10/gnmckw
http://doi.org/10.1086/658908
http://doi.org/10.1038/s41586-020-2649-2
http://doi.org/10.1016/j.icarus.2014.10.031
http://doi.org/10.1109/MCSE.2007.55
http://doi.org/10.1088/0004-6256/139/5/1782
http://doi.org/10.5281/zenodo.6408044
http://doi.org/10/gfvntd
http://doi.org/10.1038/s41592-019-0686-2

	Introduction
	Methods
	Results

