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Mazzotta Epifani,45 F. Marzari,23 G. Naletto,25,38 N. Oklay,3 P. Palumbo,8,15 J.

Wm. Parker,39 H. Rickman,28,40 R. Rodrigo,4,41 J. Rodr̀ıguez,37 E. Schindhelm,39

X. Shi,3 R. Sordini,8 A. J. Steffl,39 S. A. Stern,39 N. Thomas,5 C. Tubiana,3 H. A.

Weaver,42 P. Weissman,43 V. V. Zakharov,7,44 and M. G. G. T. Taylor20

1Max-Planck Institut für Kernphysik, Saupfercheckweg 1, 69127 Heidelberg, Germany; 2Laboratory for Atmospheric and Space Physics,

University of Colorado, 1234 Innovation Dr, Boulder, CO, 80303, USA; 3Max-Planck Institut für Sonnensystemforschung, Justus-
von-Liebig-Weg, 3 37077 Goettingen, Germany; 4European Space Agency (ESA), Camino Bajo del Castillo, s/n, 28692 Villanueva

de la Canada, Madrid, Spain; 5Physikalisches Institut, University of Bern, Sidlerstr. 5, CH-3012 Bern, Switzerland; 6Space Research

Institute, Austrian Academy of Sciences, Schmiedlstraße 6, 8042 Graz, Austria; 7LESIA-Observatoire de Paris, CNRS, UPMC, Uni-
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ABSTRACT

On 19 Feb. 2016 nine Rosetta instruments serendipitously observed an outburst of gas
and dust from the nucleus of comet 67P/Churyumov-Gerasimenko. Among these in-
struments were cameras and spectrometers ranging from UV over visible to microwave
wavelengths, in-situ gas, dust and plasma instruments, and one dust collector. At 9:40
a dust cloud developed at the edge of an image in the shadowed region of the nu-
cleus. Over the next two hours the instruments recorded a signature of the outburst
that significantly exceeded the background. The enhancement ranged from 50% of the
neutral gas density at Rosetta to factors >100 of the brightness of the coma near
the nucleus. Dust related phenomena (dust counts or brightness due to illuminated
dust) showed the strongest enhancements (factors >10). However, even the electron
density at Rosetta increased by a factor 3 and consequently the spacecraft potential
changed from ∼ −16V to −20V during the outburst. A clear sequence of events was
observed at the distance of Rosetta (34 km from the nucleus): within 15 minutes the
Star Tracker camera detected fast particles (∼ 25 ms−1) while 100 µm radius particles
were detected by the GIADA dust instrument ∼ 1 hour later at a speed of 6 ms−1.
The slowest were individual mm to cm sized grains observed by the OSIRIS cameras.
Although the outburst originated just outside the FOV of the instruments, the source
region and the magnitude of the outburst could be determined.

Key words: comets: individual: 67P/Churyumov-Gerasimenko – comets: general –

1 INTRODUCTION

In August 2014 the Rosetta spacecraft arrived at comet
67P/Churyumov-Gerasimenko (67P). Since then, the space-
craft has been accompanying the comet on its journey
around the Sun (Glassmeier et al. 2007). During that time
Rosetta used all its instruments to closely study the nucleus
and its activity. In August 2015 Rosetta and 67P passed
through perihelion at a distance of 1.25 AU from the sun,
and a firework display of cometary outbursts was observed
Vincent et al. (2016). Six months later on 19 Feb. 2016 nine
Rosetta instruments serendipitously observed an outburst of
gas and dust from the nucleus of 67P. This paper is the first
report of this most extensively studied cometary outburst.

The observations were carried out during the Rosetta
mission extended phase, very close to the end of the intensive
summer that the southern hemisphere of the comet experi-
enced between May 2015 and March 2016. A large number
of observations were under way in order to obtain final mea-
surements to characterise the Southern hemisphere before
it re-entered polar night, and to observe the return of the
northern hemisphere from its shorter polar night. Ground
based observations were most favourable during early 2016
because the comet was still relatively active (as exemplified
by the event discussed in this paper) and was visible in the
night sky as observed from Earth. During 2015 the space-
craft had been flying at greater distances from the comet
than originally foreseen, in order to avoid the navigational
interference caused by the appearance of dust particles in
the star tracker cameras. Therefore, at perihelion the space-
craft was at a distance of around 400 km from the comet, as
a result of the high dust fluxes produced at this time. The
period discussed in this paper was particularly focused on
achieving the lowest possible altitudes by orbiting in the ter-
minator plane. As such, it was the first time the spacecraft

⋆ E-mail: eberhard.gruen@mpi-hd.mpg.de

had been within 50 km of the comet since April 2015. These
lower altitudes were designed to examine surface changes
due to perihelion passage and the seasonal effects of the
approach of equinox. In addition, an overall target for the
mission had been to investigate ‘active’ areas and ‘jets’ from
their origin at the surface of the comet to in-situ at the
spacecraft. However, such observations had been difficult to
target specifically. Such a serendipitous event with the in-
strument coverage of 19 February 2016 was therefore most
welcome. Earlier plans to perform an Activity Campaign by
flying through a dust jet with all instruments monitoring
the gas and dust environment and the source region on the
nucleus underneath had been abandoned because of the star
tracker interferences.

By 19 February 2016 the heliocentric distance had in-
creased to almost twice the perihelion distance to 2.4 AU.
Rosetta flew hyperbolic arcs between 42 and 32 km with a
speed relative to the comet centre of 0.174 m s−1 (Fig. 1).
At 10:00 on 19 Feb. the distance of Rosetta from the centre
of the comet was 34.5 km, the angular size of the nucleus
was about 8◦, and the solar phase angle was 63◦. Rosetta
was above the southern hemisphere of 67P on the morning
side at local time 07:51:37 (referring to the illumination by
the sun). The sub-S/C latitude was −30

◦ and the longitude
was 301

◦ in the Cheops Reference Frame.

Science operations on 19 Feb. called for (1) dust mon-
itoring by the OSIRIS imaging system followed by (2) a
global coma scan by the microwave instrument MIRO with
the Alice UV spectrograph and OSIRIS co-riding. OSIRIS
dust monitoring required off-limb pointing for the Narrow
Angle Camera NAC and the Wide-Angle Camera WAC
(Fig. 1), covering in duration at least a full nucleus rota-
tion of about 12 hours. The fourth remote-sensing instru-
ment VIRTIS, an infrared imaging spectrometer, was mon-
itoring the illuminated nucleus whenever allowed by the
dust-monitoring pointings of OSIRIS and MIRO. All in-
situ instruments monitored, in parallel, dust (GIADA), gas

c© 2016 The Authors
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Figure 20. Terrain maps of 67P. Outburst positions are marked by X (19 Feb. 2016 outburst) and by numbers (cf. Vincent et al. (2016)).

Top: radius map showing the elevated head region in the centre and the body at the left (West) and right (East) fringes. Lower left:

enlarged radius map showing the outburst position (x). The contour lines are separated by 50 m. Gray shading represent illuminated
areas at 9:40 (dark gray), 9:50 (middle gray), and 10:00 (light gray). Lower right: topographic map in which the gray shading represents

the local slope, accounting for gravity and centrifugal force (white=flat, black=vertical wall).

was already partly devolatilized before, as shown by ther-
mal evolution models (Mousis et al. 2015). Part of it could
even be reprocessed water ice. In this case the outburst was
not the ‘jet’ revealing fresh material from the interior, but
just a surface effect. It may look completely different from
the gas composition perspective than the outbursts last sum-
mer, where all volatiles except water peaked.

A further interesting feature of this outburst is that the
gas production decreased much faster than expected from
direct solar illumination. This may suggest that building up
of a dust mantle quenched the gas emission. This outburst
will trigger many further studies in the near future.
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