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2. Active Asteroids

A Population of Comets
in the Main Asteroid Belt

Henry H. Hsieh* and David Jewitt

Comets are icy bodies that sublimate and become active when close to the Sun. They are
believed to originate in two cold reservoirs beyond the orbit of Neptune: the Kuiper Belt
(equilibrium temperatures of ~40 kelvin) and the Oort Cloud (~10 kelvin). We present optical data
showing the existence of a population of comets originating in a third reservoir: the main asteroid

belt. The main-belt comets are unlike the Kuiper Belt and Oort Cloud comets in that they likely
formed where they currently reside and may be collisionally activated. The existence of the main-
belt comets lends new support to the idea that main-belt objects could be a major source of

terrestrial water.

emperatures in the outer parts of the

I protoplanetary disk of the Sun, beyond

a critical distance known as the snow

line (1), were low enough for water to con-
dense as ice. The icy planetesimals that formed
beyond the snow line are the progenitors of
today’s comets—ice-rich bodies that sublimate
when close to the Sun, producing distinctive
unbound atmospheres (“‘comae™) and tails (2).
The active lifetimes [~10% years (3)] of comets
that pass inside Jupiter’s orbit are short rela-
tive to the age of the solar system (4.6 x 10°
years). This means that currently active comets
must have only recently arrived in the inner
solar system from cold reservoirs elsewhere,
otherwise they would have exhausted their vol-
atile material long ago. Two such originating
reservoirs are well established. The Kuiper Belt
(4) beyond Neptune (~30 to 50 AU from the
Sun) supplies the so-called Jupiter-family com-
ets (JFCs), whereas the much more distant
Oort Cloud (5) (~3000 to 50,000 AU) sup-

ice down to much smaller heliocentric dis-
tances (7), and it has long been suspected
that other populations (such as the Hilda

133P/Elst-Pizarro

or

P/2005 U1 (Read)

Hsie

h & Jewitt, Science 312,

asteroids at 4 AU and the jovian Trojans at 5
AU) might be ice-rich, dormant comets (8, 9).
However, the active comet population we
see today consists mainly of objects from
the Kuiper Belt and Oort Cloud that have
been scattered onto Jupiter-crossing orbits
by gravitational interactions with the giant
planets (3, /0). Even the dynamically peculiar
comet 2P/Encke is believed to have origi-
nated in the Kuiper Belt, albeit with an orbital
evolutionary history strongly influenced by
nongravitational forces induced by cometary
outgassing (11, 12).

Despite occupying a thoroughly asteroidal
orbit in the main belt between the orbits of
Mars and Jupiter, asteroid 7968 Elst-Pizarro
(also known as comet 133P/Elst-Pizarro) was
observed to eject dust like a comet when near
perihelion in both 1996 and 2002 (/3, /4).

Fig. 1. R-band (wave-
length 0.65 pum) images
of MBCs 133P/Elst-Pizarro
on 7 September 2002
(14), P/2005 U1 (Read)
on 10 November 2005,
and 118401 (1999 RE,)
on 27 December 2005
(all dates UT). All images
are composites (0.5 by
1.5" in size, with north
at the top and east to
the left) from data taken
at the University of
Hawaii 2.2-m telescope
on Mauna Kea, and rep-
resent 1.1 hours, 1.9
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a [AU] e i[°] T,
133P/Elst-Pizarro 3.16 0.16 1.4 3.18
176P/LINEAR 3.20 0.19 0.2 3.17
238P/2005 Ul (READ) 3.17 0.25 1.3 3.15




a [AU] e i[°] T,
133P/Elst-Pizarro 3.16 0.16 1.4 3.18
176P/LINEAR 3.20 0.19 0.2 3.17
238P/2005 Ul (READ) 3.17 0.25 1.3 3.15
259P/2008 R1 (Garradd) 2.73 0.34 15.9 3.22
P/2010 A2 2.29 0.12 53 3.58
324P/2010 R2 (La Sagra) 3.10 0.15 21.4 3.10
(596) Scheila 2.92 0.16 14.7 3.21
288P/2006 VW 139 3.05 0.20 3.2 3.20
331P/2012 F5 (Gibbs) 3.00 0.04 9.7 3.23
P/2012 T1 (PANSTARRS) 3.15 0.24 11.1 3.14
P/2013 R3 (Catakina-PANSTARRS) 3.03 0.27 0.9 3.18
311P/2013 P5 (PANSTARRS) 1.94 0.11 5.0 3.66
(62412) 2000 SY178 3.15 0.08 4.7 3.20
313P/Gibbs (P/2014 S4) 3.16 0.24 11.0 3.13
(493) Griseldis 3.12 0.18 15.2 3.14
P/2015 X6 (PANSTARRS) 2.75 0.17 4.6 3.32
P/2016 G1 (PANSTARRS) 2.58 0.21 11.0 3.37
P/2016 J1 (PANSTARRS) 3.17 0.23 14.3 3.11
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Comet-like Asteroid P/2010 A2 + January 29, 2010 Hubble Space Telescope » WFC3/UVIS PNEE Vv 15 (596) Scheila (596)

NASA, ESA, and D. Jewitt (UCLA)
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Comet-like Asteroid P/2010 A2 HST « WFC3/UVIS « F606W V
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Lauretta et al. (2019)

Watanabe et al. (2019)




Hirs AR 22 0D 3]

September 10, 2013

Active Astero
Hubble Space Telesc

NASA and ESA

http://wise-obs.tau.ac.il/~david/SpinEvolutionGate.htm
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YORP spin up
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Jewitt et al. 778, 1, L21 (2013)
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Rotational disruption of an asteroid
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Frequencies of Asteroids and Comets Outbursts

1. Comet Outbursts

* Ikeya-Murakami class: 1~2 /year
* Holmes class: 0.01 /year

2. Asteroid Impacts

* (Catastrophe : 1 /year
* Cratering : 0.1 /year

3. Centrifugal disintegration

* Asteroids >100-m: 10 /year

Ishiguro, Kuroda, Hanayama et al. AJ (2016)
**  Jewitt, Hsich & Agarwal, Asteroids IV221 (2015) 18



