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Abstract
Ejection and redistribution of matter are important
evolutionary processes on comets [1][2]. Large par-
ticles can be ejected from the surface of a comet, at
which point they can impact the surface or escape from
the system, after some time. This work presents the
use of orbit-averaged equations of motion for particles
in an asymmetric coma for predicting the impact loca-
tion or escape of material. This will be done assuming
the nucleus is spherical and that particles are ejected
normal to the surface in a body-fixed frame.

1. Introduction
The lofting and redistribution of material from the sur-
face of comets is a driver of the evolution of a comet
and thus must be studied to place the comets of today
in the context of the primordial Solar System. Current
models for the redistribution of dust on cometary nu-
clei [3] are case dependent and, while well suited for
specific cases, do not give general insights. This anal-
ysis will leverage orbit-averaged equations of motion
for the Keplerian orbital elements to predict the trajec-
tory of particles lofted at each location on the nucleus
varying the initial velocity and area to mass ratio of the
particles. This will result in distribution maps that pre-
dict particle escape, impact, or prolonged orbit. Pre-
dicted impact locations will also be tracked. This will
provide insights into the redistribution of particles and
the nature of objects that remain near the comet for
long periods of time, which is interesting not only sci-
entifically, but also for the operation of spacecraft at
comets.

2. Models
The coma will be modeled using the skewed coma
model [4] [5] which builds on a free-radial outflow
model by accounting for more gas being produced
in the sunward direction. First we define the comet

frame, a comet-centered frame whose first axis points
from the comet to the sun and whose third axis points
along the comet’s rotational pole, thus constraining the
comet’s obliquity to 0◦ or 180◦ for the rotational pole
to be perpendicular to the comet-sun line over an or-
bit. The second axis completes the right-handed triad.
The obliquity of a body is the angle between its orbital
and rotational angular momentum vectors. For real
comets this is not usually the case; however, for arbi-
trary obliquity the rotational pole can be constrained to
the x-z plane by taking only the component of the rota-
tional angular momentum vector perpendicular to the
comet-sun line for a reasonable approximation. The
azimuth angle, θ, is defined in the x-y plane relative to
the comet-sun line in the right handed sense and is re-
lated to the local solar time. The elevation angle, δ, is
defined to be positive in the +z direction.The skewed
coma model is defined as:

ρ(~r) =
ρ0,sym + ρ0,skew

1+cos(θ)
2 cos(δ)

r2
(1)

~Vflow(~r) = Vflow r̂ (2)

where ~r is the vector from the comet center of mass to
the spacecraft whose norm is r and whose direction is
r̂, ρ0,sym is the density of the symmetric component
of the coma at unit distance, and ρ0,skew is the den-
sity of the skewed component at unit distance along
the comet-sun line or, equivalently, above the sub-solar
point.

The drag force acting on large particles is modeled
using:

~Fdrag,sphere =
1
2
ρCdssphereV

2
relV̂rel (3)

~Vrel = ~Vflow − ~Vsphere (4)

where Cd is the drag coefficient of the sphere, ssphere
is the cross-sectional area of the sphere and ~Vsphere is
the velocity of the particle.
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For simplicity, other perturbations are neglected and
point-mass gravity is assumed. These assumptions
will be relaxed in future work.

Numerically integrating the equations of motion for
a large particle in orbit about an active comet to ob-
tain the osculating orbital elements yields consistent
results with the orbit-averaged differential equations
equations for the orbital elements, as shown in Figure
1.
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Figure 1: Time evolution of radius of periapse, numer-
ical average of osculating orbital elements compared
with integrating the orbit-averaged differential equa-
tions for the orbital elements.

This validation shows that integrating the orbit-
averaged orbital elements directly provides a good rep-
resentation of the true evolution of the orbital ele-
ments. The evolution of radius of periapse in Figure
1 shows that there are orbits for which the radius of
periapse will increase and decrease. This result is im-
portant as it implies that there are initial conditions
for which a particle lofted from the surface can raise
its periapse and enter orbit. It also demonstrates that
there are mechanisms for lowering the orbit of peri-
apse, which could result in the particle returning to the
surface. Under these dynamics, the growth or decay
of the radius of periapse is entirely determined by the
argument of periapse.

3. Expected Results
This research will provide a simple, general, model for
the motion of dust and large particles in the coma of
active comets. Information about which particles are
most likely to escape, remain in orbit, or land will be
gained. This will provide insights into the loss and re-

distribution of material on comets and give clues as to
the size of material likely to remain around a comet,
which is important for the safety of in situ spacecraft.
Additionally, this analysis will also provide the time a
particle remains in orbit. The longer a particle is in or-
bit the less likely it is to return volatiles to the surface,
whereas a particle in orbit for a short time could retain
its volatiles and redistribute them on the surface.
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