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Abstract
The magnetic field at a comet is significantly influ-
enced by the solar wind on one side and the outgassing
rate on the other. There are no simple radial models
for the magnetic field, neither at a comet with low out-
gassing rates (∼ 1025 s−1) where ion gyroradius ef-
fects are non-negligable, nor at high outgassing rates
(∼ 1027 s−1) where plasma boundaries form. How-
ever, the long duration of the ESA Rosetta mission
has made it possible to track the evolution of the mag-
netic field while comet 67P/Churyumov-Gerasimenko
approaches the Sun. Herein we present a simple model
that seems to fit the data quite well, depending on in-
put parameters. The study also includes the influence
of the comet’s gas production rate and the solar wind
conditions, which both have complex effects on the
magnetic field, but are clearly recognizable. The evo-
lution of the magnetic field direction related to draping
is more complex than previously suggested. Classical
draping only exists at the comet for high outgassing
rates, for lower rates, the magnetic field roughly fol-
lows the Parker angle. It is shown that the interaction
of the solar wind with the comet can be roughly dev-
ided into three main classes.

1. Introduction
The Rosetta spacecraft was the first to explore the
plasma environment at a comet for an entire perihelion
passage, thus observing the growth and diminishment
of the environment. As the comet approaches the Sun,
the insolation leads to outgassing of mostly water of
the nucleus and ionization of a significant part of these
neutrals. Theser ions need to be incorporated in the
incoming solar wind which leads to the formation of
different plasma regions depending on the ion number
density. These regions include (but are not limited to)
the diamagnetic cavity, the bow shock the solar wind

cavity and possibly an ion collisionopause [3, 4, 2, 5].
All of these regions have different magnetic field sig-
natures that change with the outgassing rate. The long
term development of the magnetic field is studied us-
ing different techniques.

2. The magnetic field at comets
The pile-up of the magnetic field in the vicinity of
the comet was predicted and then observed by mul-
tiple spacecraft [1, 6]. This behaviour was also ob-
served at comet 67P and it is shown that the magnetic
field pile-up may be calculated using an MHD model.
However to correctly account for the high variability
of the magnetic field measured by Rosetta, the solar
wind input parameters need to be based on real solar
wind observations. Investigations of the global struc-
ture of the plasma environment are complicated by the
fact that the spacecraft is constantly changing position
and therefore the model is also used to disentangle the
effect of this from the solar wind influence.

It is also found that the variance of the magnetic
field significantly increases with the outgassing rate,
meaning that the magnetic field strength and variance
are largest shortly after the perihelion passage.

As the comet nucleus rotates, the outgassing profile
changes due to the different active regions on the sur-
face. This should then also be reflected in the different
magnetic field strength corresponding to the ion den-
sity variations. However, the magnetic field is not as
sensitive to the neutral density changes as the ion den-
sity and therefore, on short time scales, there is no ob-
servable correlation between the comet’s rotation and
the magnetic field. However for very long periods of
time the statistics are significantly improved and the
cometary rotation may be linked to enhancements in
different frequency bands of the magnetic field.

As the pile-up is significantly dependent on the in-
coming solar wind dynamic pressure, the magnetic
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Figure 1: An overview of the data examined in the
publication. The panels show a) Rosetta’s distance to
the comet (blue) and the comet’s distance to the Sun
(red), b) the outgassing rate, c) the magnetic field mag-
nitude using two different offset models, d) the mag-
netic field variance, e) magnetic field spectral density
and f) the magnetic field compared to a model.

field strength may also be related to the rotation period
of the Sun, as this in turn correlates with the appear-
ance of high speed solar wind time intervals.

On short-scales, the expected draping of the mag-
netic field is only observable close to the nucleus, fur-
ther away transient effects dominate the plasma envi-
ronment. But when examining longer intervals it be-
comes apparent that the draping structure is observable
for high (> 1027 s−1) gas production rates. In general
the structure of the plasma environment significantly
changes when the gas production rate increases, lead-
ing to the categorization of the interaction regimes into
three groups: the weak, the intermediate and high ac-
tivity case.

3. Summary and Conclusions
Here we show that the long duration of the Rosetta
mission not only may be used to observe the evolu-
tion of the plasma environment, but it also affords the
opportunity to use increased statistics to find tenuous
connections between magnetic field and other param-
eters.

We find that the pile-up at the comet can (on

timescales of more than a month) be described by a
simple MHD model, although short-time variations
are not covered well by this model. Classical draping
is found only for high gas production rates, for lower
rates, the magnetic field on average follows the solar
wind parker angle. We also show that the cometary ro-
tation period as well as the Sun rotation period influ-
ence the magnetic field strength in the comet’s plasma
environment.

Acknowledgements
The RPC-MAG data will be made available through
the PSA archive of ESA and the PDS archive of
NASA. Rosetta is a European Space Agency (ESA)
mission with contributions from its member states
and the National Aeronautics and Space Administra-
tion (NASA). The work on RPC-MAG was financially
supported by the German Ministerium für Wirtschaft
und Energie and the Deutsches Zentrum für Luft- und
Raumfahrt under contract 50QP 1401. We are in-
debted to the whole of the Rosetta Mission Team,
SGS, and RMOC for their outstanding efforts in mak-
ing this mission possible. We acknowledge the staff
of CDDP and IC for the use of AMDA and the RPC
Quicklook database (provided by a collaboration be-
tween the Centre de Données de la Physique des Plas-
mas, supported by CNRS, CNES, Observatoire de
Paris and Université Paul Sabatier, Toulouse and Im-
perial College London, supported by the UK Science
and Technology Facilities Council).

References
[1] Alfvén, H. 1957, Tellus, 9

[2] Behar, E., Lindkvist, J., Nilsson, H., et al. 2016,
Astronomy & Astrophysics, 596, A42

[3] Goetz, C., Koenders, C., Hansen, K. C., et al.
2016, Monthly Notices of the Royal Astronomi-
cal Society, 462, S459

[4] Goetz, C., Koenders, C., Richter, I., et al. 2016,
Astronomy & Astrophysics, 588, A24

[5] Mandt, K. E., Eriksson, A., Edberg, N. J. T., et al.
2016, Monthly Notices of the Royal Astronomical
Society, 462, S9

[6] Richter, I., Koenders, C., Glassmeier, K. H., Tsu-
rutani, B. T., & Goldstein, R. 2011, Planetary &
Space Science, 59, 691


