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Introduction The Deep Impact spacecraft flew by
comet 103P/Hartley 2 on 4 November 2010 at a closest
approach distance of 694 km [1]. A coma of large parti-
cles surrounds the nucleus in images taken with the CCD
cameras of the Medium Resolution Instrument (MRI) and
High Resolution Instrument (HRIVIS) at a spacecraft-
comet ranges ∆ ≤ 104 km [1, 2]. The particles are point
sources, therefore they must be smaller than the FWHM
of an HRI deconvolved PSF (≈ 3 m at 700 km). Thou-
sands of particles can be identified in any single MRI im-
age taken within a spacecraft range of 800 km. We present
an analysis of Hartley 2’s large particles. We discuss their
size and spatial distributions, compare them to the diffuse
coma, and argue that they have icy compositions.

Size Distribution The flux distribution strongly favors
particles near Fλ,700 ∼ 10−12 W m−2 µm−1, where
Fλ,700 is the particle flux from a distance of 700 km.
We have identified particles as faint as Fλ,700 ≈ 10−13

W m−2 µm−1 in HRIVIS images near closest approach.
Identifying fainter particles seems to be beyond the
signal-to-noise limits of the data. The brightest particles
found in the MRI images are consistently near Fλ,700 =
5 × 10−11 W m−2 µm−1. Assuming an icy composition,
we estimate the particles range from 1–30 cm in radius
(or equivalent cross section). However, if the particles are
dark, and photometrically behave like nuclei, they may be
as large as 12–400 cm [2].

Spatial Distribution The large particles and the total
coma have different spatial distributions (Fig. 1). Specif-
ically, the coma is dominated by the jet activity, but the
large particles are not and instead have a distinct asym-
metry toward the anti-sunward and night-side directions.
We discuss four potential causes for the asymmetry: 1)
ejection history; 2) solar radiation pressure; 3) the rocket
effect from sublimating water ice; and, 4) hydrodynamic
flow. The ejection history of the particles depends on their
source locations and the rotation state of the nucleus, both
of which are loosely constrained. Ejection asymmetries
can play a role, but on their own they do not appear to
be able to account for the observed large particle distribu-
tion. Solar radiation pressure is weak, but can still be sig-
nificant, depending on the (unknown) particle density and
scattering behavior. Ice sublimation has a strong effect on
the particle dynamics, potentially stronger than solar grav-
ity [3]. Using the observed spatial distribution, and taking
independent constrains on the particle velocities [4, 5], we

4.0 km
mv5004001

2.0 km
mv5006001

0 2 4 6
Column density (bin−1 )

¯ (left)

¯ (right)

v

Figure 1: Spatial distribution of the brightest large par-
ticles (Fλ & 10−12 W m−2 µm−1) in two MRI im-
ages: CA-3.3 min (∆ = 2523 km), and CA+1.5 min
(∆ = 1294 km), where CA+0 occurs at closest approach.
The inner-coma has been masked and replaced with an
image of the comet (reverse grayscale) for context. The
spatial distribution of the total coma is shown as contours.
The projected velocity of the spacecraft (v) and the pro-
jected direction of the Sun (�) are marked with arrows.

show that the particles’ water production rates are compa-
rable to those computed for dirty-ice grains [6]. The wa-
ter and CO2 production rates of the nucleus and smaller
grains (exceeding 1027 molecules s−1 [1]) can produce a
significant hydrodynamic drag on the large particles. De-
tails on this latter effect depend on how much and where
water is produced in the coma, and the shape and strengths
of all gas jets [7, 8].
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