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Abstract

Whereas Callisto's surface has been mapped as early
as in 1980 by the two Voyager  missions,  Callisto's
tenuous atmosphere, actually an exosphere, was not
directly observed for almost another two decades. In
1999, during the Galileo mission, the Near-Infrared
Mapping Spectrometer finally conducted the first and
so far only directly measurement of a constituent in
Callisto's  exosphere:  A  layer  of  CO2 molecules
reaching up to 100 km above the surface [2]. During
the  same  mission,  an  ionospheric  layer  was
discovered above Callisto's sunlit trailing hemisphere
[5]. The photo-ionization of the observed neutral CO2

atmosphere  is  insufficient  to  produce  the  observed
electron densities, though. The existence of a neutral
exosphere  consisting  primarily  of  O2 was  thus
proposed, models of which agree well with O2 upper
limits  derived  from  Hubble  Space  Telescope
measurements [8].

The Neutral  Ion Mass Spectrometer  of  the Particle
Environment Package on board the planned JUpiter
ICy  moons  Explorer  mission  will  conduct  the
first-ever  direct  sampling  of  the  exospheres  of
Europa,  Ganymede,  and  Callisto.  We  present  here
density profiles of all primary constituents expected
to  be  present  in  Callisto's  exosphere,  and  mass
spectra as we expect them to be recorded by NIM.

1. JUICE - NIM

The JUpiter ICy moons Explorer mission (JUICE) of
ESA to the Jovian system is currently implemented.
The mission’s goal is to investigate in detail Jupiter
and  its  system,  with  focus  on  the  three  Galilean
moons  Europa,  Ganymede  and  Callisto.  Before
entering orbit around Ganymede, JUICE will conduct
several  flybys  of  the  other  two  Galilean  moons,
Europa and Ganymede. 

The Neutral  Ion Mass Spectrometer  (NIM),  one of
the  sensors  of  the  Particle  Environment  Package
(PEP), will conduct the first-ever direct sampling of
the exospheres  of Europa,  Ganymede,  and Callisto.
NIM is capable of detecting exospheric neutral  gas
and thermal plasma at the Galilean moons with very
high mass resolution and unprecedented  sensitivity.
The mass resolution is  M/∆M > 1100 in the  mass
range 1–1000 amu and NIM’s energy range is ≤ 5e V
for neutrals and <10 eV for ions. The detection level
for  neutral  gas  is  1·10−16 mbar  for  a  5-second
accumulation  time  [10],  which  corresponds  to  a
particle  density  of  about  1  cm−3.  With  such  a
detection  limit,  NIM  will  be  capable  of  recording
mass spectra during the satellites'  flybys starting at
105  km altitude,  which  means  that  during  a  single
flyby  NIM  will  record  more  than  10'000  mass
spectra, or, collect several hours of data.

2. Callisto's surface composition

The surface of Callisto consists of an icy and a rocky
constituent.  We  introduce  two  alternative  surface
compositions describing both the icy and the rocky
constituent  separately.  For  the  ice  component  we
implement  two  different  compositions  that  find
analogues in the initial gas phase conditions of the
solar  nebula:  One  composition  represents  the
oxidizing state and the other represents the reducing
states of the gas [3, 7]. For the non-ice component we
implement the compositions of typical CI as well as
L type chondrites [1, 6].

3. Callisto's exosphere composition
– Monte Carlo Simulation results

We present density profiles for all species present on
Callisto's icy and rocky surface, as computed by our
Monte-Carlo Model. The Monte-Carlo model used is
an updated version of the model first presented in [9].
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In  this  model,  the  trajectory  of  each  individual
particle is simulated from its point of origin until the
particle  reaches  an  abort  criterion.  As  source
processes  we  consider:  1)  surface  sublimation,  2)
sputtering,  and  3)  photon-stimulated  desorption.
Particles  are  lost  by  one  of  the  following  sink
mechanisms:  1)  escape,  2)  ionization,  3)
fragmentation, or 4) surface adsorption. We ran 105

trajectories for each species. The step sizes were 10
km  and  100  km  for  the  sublimated  and  sputtered
particles, respectively, and the upper boundary of the
calculation domain was set at 2 Hill radii.

Figure 1: Density profiles for the major constituents
present on the icy and rocky surfaces.

4. NIM Simulations

In addition to the simulated density profiles, we will
also  present  mass  spectra  as  we  expect  NIM  to
measure during the Callisto flybys. Our mass spectra
plots show that as far as 105 km above the surface,
NIM is capable of detecting a signal from the most
abundant  species  above  its  background  level.  The
closer  JUICE  approaches,  the  more  species,  and,
notably,  species  released  from  the  surface  through
different release processes will become noticeable to
NIM.  At  closest  approach,  an  individual  mass
spectrum recorded during a time interval of 5 seconds
will  exhibit  mass  peaks  for  almost  all  species
released thermally and most species released by ion
sputtering  from  the  icy  surfaces.  In  addition,  the

major species sputtered from the rocky surface will
be  detected.  Recording  for  longer  time  periods,  or
adding up of several individual spectra, should allow
NIM to  be  capable  of  detecting  almost  all  species
present on Callisto's surface.

4. Discussion and Conclusion

The density profiles of the sputtered species are quite
different from the profiles of the sublimated particles.
While  their  density  profiles  start  at  much  lower
values their density profiles fall off much shallower
with altitude. Since the JUICE flybys are as low as
200 km above Callisto’s surface, NIM is expected to
register  both  the  sublimated  as  well  as  sputtered
particle  populations.  With  the  NIM  exosphere
measurements we will be able to distinguish between
the oxidizing and the reducing case of the ice surface
composition,  mainly  by  observing  the  presence  or
absence of CO and CO2 and by determining the N2 to
NH3 ratio.  Our  calculations  show  that  NIM’s
sensitivity is high enough to allow the detection of
particles sputtered from the icy as well as the rocky
surfaces,  and  to  distinguish  between  different
composition models.

References

[1] Calvin, W. M., and R. N. Clark (1991), Icarus, 89.

[2] Carlson, R. W. (1999) Science, 283 (820).

[3] Johnson, T. V., et al. (2012), Astron. Astrophys., 757.

[4] Grasset, O., et al. (2013), Planet. Space Sci., 2013.

[5] Kliore, A. J., et al. (2002), J. Geophys. R., 107 (A11).

[6] Kuskov, O. L., and V. A. Kronrod (2001), Icarus, 151.

[7] Mousis, O., et al. (2012), The Astro. J. Letters, 751.

[8] Strobel, D. F., et al. (2002), The Astro. J., 581.

[9] Wurz, P., and H. Lammer (2003), Icarus, 164.

[10] Wurz, P. et al. (2012), Sol. Sys. Res. 46.


