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Abstract

In this work we present a characterization of the dust
environment of various Short Period Comets, with
the purpose to improve the knowledge on their phys-
ical properties. Among this comet family members,
we focused over 30P/Reinmuth 1, 78P/Gehrels 2,
123P/West-Hartley and P/2011 W2 (Rinner). We an-
alyze CCD imaging observations during the last three
years in Sierra Nevada Observatory (OSN), and per-
form a Monte Carlo dust tail analysis in order to re-
trieve the dust environment that best fits the obser-
vations. The dust parameters that we obtain are the
mass lost rate, ejection terminal velocities, size dis-
tributions, and ejection morphology. In addition, we
derive from the models the Afρ curves as a func-
tion of the heliocentric distance and compare them
with the ones provided by the astronomical associa-
tion Cometas-Obs during the passage of these objects
at dates close to perihelion. Three of the comets stud-
ied, 78P, 123P, and Rinner, can be accurately fitted
by an isotropic ejection model. However, for 30P, an
anisotropic ejection model is required, with active ar-
eas on the surface located between latitudes -30◦ to
+30◦. From our study we derive that 78P/Gehrels 2 is
the most active comet at perihelion, with a dust pro-
duction rate of Qd = 550 kg/s, larger than the average
of this comet family. The others three targets show a
moderate dust loss rate.

1. Introduction
In order to report an accurate characterization of
the dust environment of the analyzed comets, we
used all the available observations covering sev-
eral nights. Thus, for 30P/Reinmuth 1, we have
pre- and post-perihelion observations, for 78/Gehrels
2 and 123P/West-Hartley, the observations are pre-
perihelion on different nights, and for P/2011 W2
(Rinner) we have a set of post-perihelion images. We
used our Monte Carlo dust tail modeling procedure de-

veloped by [4] which was used successfully on previ-
ous studies as [5]. This model allowed us to derive
the essential dust parameters: mass lost rate, ejection
velocities, size distribution, and ejection morphology.
In addition, we benefited from Afρ data from ama-
teur observers (the Spanish astronomical association
Cometas-Obs) and we use it as an input to the model
to be constrained, in a similar way to [1] in the study
of the dust environment of comet 67P/Churyumov-
Gerasimenko.

2. Observations
The observations were taken by the 1.52 m telescope
of Sierra Nevada Observatory (OSN) in Granada,
Spain. We used a 1024×1024 pixel CCD camera with
a Johnson red filter. The pixel size in the sky was 0.46”
so the field of view was 7’.8×7’.8. To improve the
signal-to-noise ratio the comets were imaged several
times using integration times in the range 60-300 sec.
To complement the observations, we benefited from
Afρ data from observations carried out by astronomi-
cal association Cometas-Obs. TheAfρmeasurements
are presented as a function of the heliocentric distance
and are referred to an aperture of radius 104 km pro-
jected on the sky at each observation date. This is the
same aperture value used in the OSN observations, so
that we can compare directly both values.

3. Results
In order to model the images some assumptions are
needed: the particles are assumed to be spherical
grains of density ρd = 103 kg m−3 and having a glassy
carbon composition with refractive index at red wave-
lengths m = 1.88 + 0.71i. The corresponding value
of the geometric albedo is pv = 0.04, i.e., a Halley-
like type. The nucleus density is assumed at ρc = 600
kg m−3. We obtain for each target the size distribu-
tion of particles, dust production rate, and ejection ve-
locities as functions of the heliocentric distance, and
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we also determine the ejection morphology. The re-
sults obtained are in very good agreement with the
measured Afρ values (Fig. 1), with the observed im-
ages (Fig. 2), and also with the few previous studies
made by others authors such as [2] and [3]. One of the
comets, 30P, present anisotropic dust emission, having
some 50% of the activity concentrated on the region
from latitudes -30◦ to +30◦. Nevertheless, the rest of
the comets can be well represented as having isotropic
dust ejection. Also, it is remarkable the singular be-
havior of 78P. This comet present an early and low ac-
tivity, but around 2.5 AU the activity increases strongly
and shows little and erratic periods of either decreas-
ing or increasing activity as a function of the helio-
centric distance. These fluctuating periods are linked
to those on the Afρ curve approximately on the same
dates. The analysis of the comets activity denote that
the most active is 78P, which has a very strong emis-
sion at perihelion, with a maximum dust loss rate of
Qd = 550 kg/s, followed by 123P (Qd = 108 kg/s),
30P (Qd = 70.5 kg/s), and Rinner (Qd = 28 kg/s).
123P, 30P and Rinner present average loss rates in the
Jupiter family, while the activity of 78P is greater than
the average at similar heliocentric distances. To clar-
ify these results we present the comparison of theAfρ
curves derived from the models for each comet along
300 days around perihelion. It is noted that Afρ for
78P is quite larger than the rest of the comets, be-
ing comparable to that of 29P when near perihelion
[4], so one can wonder on the origin of the difference.
A unique answer is clearly not possible, since there
are many factors that can contribute to this discrep-
ancy. Thus, size of nuclei, compositional differences
giving distinct gas-to-dust ratio, or dynamical history
can possibly contribute to these differences. We are
currently seeking whether a different dynamical evo-
lution could contribute to this phenomenon, given that
the estimated nucleus sizes are similar among these
comets.
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Figure 1: Afρ curves. (a) 30P, (b) 78P, (c) 123P, and
(d) Rinner. Black lines correspond to Cometas-Obs
data, green triangles those obtained with OSN images,
the red lines with the model proposed. ρ = 104 km.
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Figure 2: Single examples of the model proposed for
each comet. The observation date of each image is
as follows: 30P/Reimuth 1 (2010-05-15), 78P/Gehrels
2 (2011-12-19), 123P/West-Hartley (2011-02-26), and
P/2011 W2 (Rinner) (2012-01-04). The observations
are in black isophotes, and the model proposed in red.
Vertical bars represent 10000 km. The imaged are pro-
jected to the (N,M) coordinate system.


