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Abstract
We had a unique opportunity to observe three close
approach Jupiter Family comets in the last two and a
half years, 41P/Tuttle-Giacobini-Kresàk (41P/TGK),
45P/Honda-Mrkos-Pajdus̆áková (45P/HMP), and
46P/Wirtanen. Investigating at the dust environment
of the inner coma of these comets, which can be
resolved due to their proximity, dust radial profiles
can suggest different environments. Our three comets
have appeared to have different dust environment in
the past. In our work, we present radial profiles of
46P/Wirtanen and compare them to the radial profiles
of the other two comets. In general, if we obtain
similar radial profile for two comets, we would expect
radar data probing large grains around the nucleus to
also be similar. Our radial profiles, when combined
with radar data obtained at Arecibo, suggest that even
if the radial profiles of 46P/Wirtanen and 41P/TGK
are similar, the respective dust environments might
still be different.

1. Introduction
Solar system formation models require the under-
standing of the formation and evolution of primor-
dial objects [3]. Comets are among the most pristine
remnants of the formation epoch of the Solar System,
but they only become observable after being perturbed
from their primordial state by solar heating-driven sub-
limation of gases and dust outflows, observable from
ground-based telescopes. A major goal of comet re-
mote sensing is to invert the observed gas and dust
distributions back to the nucleus and the primordial
conditions in which they formed. The quality of such
an inversion is dependent on our knowledge of the
processes driving production at and near the nucleus,
which is a region typically unresolvable, except for
the rare occasions when a comet has a close encounter
with Earth.

1.1 Observing Campaign

We had a unique opportunity to observe three closely
approaching Jupiter family comet in the past two
and a half years. We obtained both gas and dust
optical imaging data for 41P/TGK, 45P/HMP, and
46P/Wirtanen. These comets approached Earth to
within 0.08-0.14 au (two of which at 0.08 au), were
well placed for observational studies, and allowed high
spatial resolutions of the inner comae.

Table 1: Hours of data obtained as part of this
observing campaign.

Comet Perigee
Distance (au)

Hours
Observed

41P/TGK 0.14 101
45P/HMP 0.08 17

46P/Wirtanen 0.08 140.25

Table 1 shows the perigee distance of each comet
along with the hours of usable data we obtained for
each comet. It is clear that 45P/HMP has significantly
fewer observed hours, however, the data obtained are
still sufficient to create radial profiles.

1.2 Scope of the Project

From observational dust images of 41P/TGK,
45P/HMP, and 46P/Wirtanen, we are able to create
radial brightness profiles. Radial profiles measure
the amount of dust present in our field of view.
In a spherically symmetric expansion of uniform
grain-size distribution of dust, a radial profile would
have a slope of 1/ρ, where ρ is the projected distance
from the nucleus on the plane of the sky.
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Figure 1: Radial profile of comets 45P/HMP and
41P/TGK showing the much narrower slope of

45P/HMP possibly suggesting large grain
fragmentation [1]

2. Radial Profiles
Combined radial profiles were previously presented
at the DPS 2017 for 45P/HMP and 41P/TGK [1].
The slope of the radial profiles in logarithmic plots
are -0.482 for 45P/HMP, and -0.939 for 41P/TGK, as
shown in Figure 1. For 41P/TGK, the slope is close
to 1/ρ which suggests a spherically expanding dust
coma. However, the radial profile of 45P/HMP is
much shallower, which possibly suggests grain frag-
mentation.

Figure 2: Radial profile of comets 46P/Wirtanen
showing a slope close to 1/ρ

A radial profile was created for 46P/Wirtanen (Fig-
ure 2). The slope of the radial profile plot is -0.948

which is also very close to 1/ρ, similar to 41P/TGK,
which would also suggest a spherically expanding dust
coma.

However, when we compare this data with Radar
data of the coma skirt, we see that both 45P/HMP
[2] and 46P/Wirtanen have large coma skirts, however,
41P/TGK does not have a visible coma skirt (Howell,
E.S., personal communication). The large coma skirt
suggests that large dust grains (> 4cm) are present in
the dust coma. Large dust grains could be the source
for grain fragmentation. A yet to be understood prop-
erty is the fact that both 45P/HMP and 46P/Wirtanen
have such large grains, but only 45P/HMP has radial
profile slopes shallower than 1/ρ.

3. Summary and Conclusions
In conclusion, 46P/Wirtanen has radial profile slopes
which are close to 1/ρ, suggesting a spherically ex-
panding uniform grain-size distribution in the inner
coma. Additionally, the radial profiles of 41P/HMP
suggests that the inner coma dust environment is dif-
ferent from the other two comets in our study.
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