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Introduction: After more than ten years in space, 

the Rosetta spacecraft arrived at its target, comet 
67P/Churyumov-Gerasimenko (CG) in early August 
2014. Although the comet was expected to be in a state 
of relatively low activity, its interaction with the solar 
wind has been found to cause plasma conditions dif-
ferent from unperturbed solar wind characteristics. 
Since arrival at the comet the five plasma sensors of 
the Rosetta Plasma Consortium (RPC) [1] have been 
investigating these cometary activity driven perturba-
tions.  

Prior to arrival at the comet, the possible first signs 
of cometary activity that were expected include distri-
butions of pick-up ions detected by the Ion and Elec-
tron Sensor (RPC-IES) [2] and the Ion Composition 
Analyzer (RPC-ICA) [3], ion cyclotron waves generat-
ed by the pick-up process and measured by the 
Fluxgate Magnetometer (RPC-MAG) [4], and electron 
density and temperature measurements, as well as elec-
tric-field and waves measurements in the range from 
DC up to 3.5 MHz obtained by the Langmuir probes 
(RPC-LAP) [5] and the Mutual Impedance Probe 
(RPC-MIP) [6]. RPC instruments have made not only 
these observations, but also several that were not ex-
pected prior to the Rosetta mission. 

Solar wind charge exchange: Figure 1 illustrates 
the ion and electron counts measured by RPC-IES at a 
distance of 10 km from CG.  This shows a clear signal 
of solar wind protons and alpha (He++) particles as well 
as demonstrating the interaction of the solar wind with 
the cometary coma. The ion signal seen at four times 
the solar wind proton energy has been consistently 
observed since arrival at CG and is produced by charge 
exchange of solar wind He++ in the coma, a process 
also observed at Halley by Giotto [7].  Furthermore, a 
signal at an energy slightly lower than the solar wind 
proton energy was observed in the RPC-IES electron 
energy spectra at a flux that was ~20% of the solar 
wind proton flux.  This is interpreted to be negative 
hydrogen ions produced as a result of double charge 
exchange between solar-wind protons and the coma.  

This was an unexpected observation and to our 
knowledge there have been no previous measurements 
of negative ions in the solar wind or negative hydrogen 
in a cometary coma. 

 

 
Figure 1: Charge exchange of the solar wind ob-
served by RPC-IES. 
 

Pick up ions:  Since arrival at CG, RPC-ICA and 
RPC-IES have regularly observed locally produced 
newborn water ions and ions accelerated up to ~1 keV 
as illustrated in Figure 2.  These ions are a signature of 
the neutral atmosphere through which the solar wind 
has passed prior to reaching Rosetta. 
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Figure 2: RPC-ICA observations of newborn water 
ions accelerated by a spacecraft potential of approx. 
–20 V as well as pick up ions accelerated to energies 
up to ~1 keV.  Also shown are solar wind protons, 
He++ and He+ resulting from charge exchange. 
 

Charged grains:  The RPC-IES electron sensor 
has observed high energy particles extending between 
a few hundred eV/q and 20 keV/q that are interpreted 
to be negatively charged nanograins [8] because they 
have energies much higher than can be attributed to 
either solar wind or cometary electrons.  
 

The “singing” comet:  The RPC-MAG observed 
the generation of low frequency waves (~ 50 mHz) 
within 100 km of CG at a level that was two orders of 
magnitude greater than the quiet solar wind spectrum 
measured in May 2014 (Figure 3).  Observllations 
showed broad band excitation in the 10-200 mHz band 
as well as time varying discrete monofrequent excita-
tions in the 50 mHz region which have been described 
as the “singing comet”.   

 

 
Figure 3: Reference wave spectrum measured by 
RPC-MAG of the quiet solar wind (top) compared 
with strong wave activitiy in the vicinity of CG (bot-
tom). 
 

Spatial variability of ion and electron density: 
RPC-MIP and RPC-LAP have monitored the local ion 
and electron density since arriving at CG and are eval-
uating the spatial and temporal variability of these den-
sities. Figures 4 & 5 provide preliminary estimates of 
density subject to further cross-calibration.  

 

  
Figure 4: Cometary ion density (in cm-3 with a fac-
tor up 5 uncertainty) measured by RPC-LAP with-
in the comet reference frame. 
 

 
Figure 5: Electron density (in cm-3 with a factor up 
5 uncertainty) measured by RPC-MIP within the 
comet reference frame. 
 

Clearly, the plasma density observed is determined 
over which position on the comet Rosetta is located, 
showing that the plasma at these close distances is de-
termined by the outgassing from the nucleus and not 
by the solar wind. Even a rather unactive comet at 3 
AU, hence does not show an asteroid-like solar wind 
dominated plasma environment at close distance.  

Conclusion: In summary, plasma observations by 
Rosetta at CG have been exciting, providing unex-
pected findings.  More is expected to come as CG ap-
proaches perihelion and the outgassing rate increases. 
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