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Abstract

Because of the gas drag effect, dust grains usually
accompany the outgassing process of cometary nu-
clei. The close-up imaging observations of comet
67P/Churyumov-Gerasimenko showed that the dust
coma was filled by numerous narrow jets emanating
from the nucleus surface. This means that they can
be used to trace the time variation of the gas sublima-
tion regions as the comet moved around the perihelion.
Making use of the comprehensive imaging data set
provided by the OSIRIS scientific camera, we show in
detail how the foot points of the dust jets and hence the
outgassing zone would move in consonance with the
sunlit belt. Furthermore, a number of source regions
characterized by frequent jet activity could be identi-
fied which might be the result of local topographical
variations or chemical heterogeneities.

1. Introduction

The detailed imaging observations of comet
67P/Churyumov-Gerasimenko showed that its solar
radiation driven outgassing behavior was controlled
by the its bi-lobate structure of the comertary nucleus
and the obliquity of 52° [1]. During the early part
of the inbound orbit, only the northern hemisphere
was illuminated. The subsolar point gradually shifted
from north to south until the equinox on May 10,
2015. Since then the southern hemisphere became
more and more active. Even though the time interval
of the southern surface heating is short in comparison
to the orbital period, the corresponding sublimation
process has major effect on the evolution of the
geomorphology of the comet itself. This means that
the time evolution of the dust coma structure as traced
by the total brightness and the fine structures could
provide important information to this key process.
During the monitoring phase of the Rosetta mission in

2014, the formation and source regions of collimated
dust jets from the Hapi region were documented
[51,[6],[7]. The OSIRIS observations afterwards until
the end of mission in September, 2016 provide a very
rich data set to examine the global phenomenon of jet
formation and the corresponding time evolution.

2. Method

The standard technique used to identify the narrow
dust jets and their footpoints has been applied to the
characterization of the jet source distribution in sev-
eral comets including comet 67P [6],[8]. After finding
a jet in an OSIRIS image, the 2D image plane can be
transferred to the 3D cometary rotating frame by us-
ing SPICE. The jet source should be in the plane per-
pendicular to the image plane containing the jet. If
the same jet was observed in two sequential images
taken at different viewing angles, the intersection of
the two perpendicular planes to the surface defined by
the SHAPS shape model [9] will give the 3D orienta-
tion of the jet and the location of its source region.

3. Result

Figure 1 shows a surface density map of the 1584 jet
sources produced by summing up all the data points
by assigning a facet to be active if it is within 200 m
of a jet foot point. What we see is that the northern
part is less active except for the Hapi region and that
a number of localized hot spots in the southern part
suggesting the higher frequency of dust jet formation.
In order to examine the dependence of gas sublimation
rate (Z) on the local time (LT) and solar zenith angle
(SZA), we have extracted numerically the LT and SZA
value of the facets with jet activity. Figure 2 illustrates
the LT and SZA distribution of the jet source regions.
It is clear that Z follows closely the trends of the local
time and solar zenith angle.
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Figure 1: The surface density distribution of the 1584
jet source locations identified in our image analysis
and ray-tracing calculation.

(a) (b)

450

200 400f

350

a
S

=300
Q@

5250 F
2F

Jet number
8

=1:
S200f
150

50 F
100

50

0.2 04 06 0.8
cos (SZA)

0 3 6 9 12 15 18 21
local time

Figure 2: (a) The local time distribution of the jet
sources, and (b) solar zenith angle distribution of the
jet sources in our study.

4. Conclusions

We have examined the time evolution of the spatial
distribution of the dust jet sources from September,
2014, to March, 2016. The observational results are
very much in agreement with the idea that the surface
sublimation process of comet 67P depended mainly on
the local time and, alternatively, the solar zenith an-
gle. It is reasonable to assume that the dust jet activity
tracked closely the gas emission. The surface of comet
67P appears to be devoid of intrinsically inactive re-
gions from this point of view. The shape, however, is
the main driver for dust jets, as once the gas is released,
the flow will be focused by the local topography. This
is the main reason why jets footprints tend to fall on
cliffs/pits/alcoves.
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