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(Abstract h

Information on the internal structure of solar system bsdign be inferred
from magnetic field observations. There were several flyldydupiter’s
moon Callisto by the Galileo spacecraft. Magnetic field ydrations as-
sociated with Callisto were observed. These field pertiobathave been
Interpreted as due to subsurface currents induced by teenattdipole field
of Jupiter[3].

However, previous work has not taken into account the efbéthe sur-
rounding magnetospheric plasma. The co-rotating plasmanipby Cal-
Isto will induce currents in the moon. We use a self consaistey/brid
nlasma model to study the interaction between Callisto Baacb-rotating
plasma in Jupiter’s magnetosphere. y
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The hybrid equations

In the hybrid approximation, ions are treated as partides, electrons as
a massless fluid. The trajectory of the ions Is computed fioenLibrentz
force, given the electric and the magnetic fields. The atetéld Is
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E=—(-J/ xB+JxB—-Vp)+nd, (1)
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wherep; Is the lon charge density; Is the ion current density. Is the
electron pressure, angis the resistivity. The current is computed from,
J = u;'V x B, wherep, = 4 - 107" is the magnetic constant.
Then Faraday’s law is used to advance the magnetic field i, tim
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Vacuum regions and internal resistivity
In regions of low ion charge density;, the hybrid method can have numer-
ical problems. We see from (1) that the electric field comjpamainvolves
a division byp;.
Here we modify (1) by setting/p; = 0 in vacuum regions and in the ob-
stacle interior. This leads to the solution of a magnetiftidibn equation in
those regions,
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A minimum charge density parametgy, decide what cells are vacuum. It
IS also possible to include arbitrary resistive obstades;e the resistivity
can be a function of position = n(r).
Further details on the hybrid model used here, the disatstiz, and the
handling of vacuum regions and internal resistivity candaenfl in [1].

Galileo observations
Here we focus on the C9 flyby. This flyby Is interesting sinas upstream
In the co-rotating plasma flow, and no significant ionosplvedis detected
by occultation observations during the flyby [2]. Withoutianosphere, the
observed magnetic field signatures must be due to curreteithe moon.
Fig. 1 show the geometry of the flyby and the ionosphere ohsiens.
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Figure 1: Geometry of the C9 Galileo Callisto flyby (left) damccultation observations of the ionospherg
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from [2] (right).
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Model setup
Since there Is uncertainty in the ion composition, we studyt¢ases. Each
with different mass per charg&/ /(.

Casel. M/ = 10.7. Gyroradius 610 km = 0.2R.
Case2. M/@) = 2. Gyroradius 115 km = 0.0R.

The ion number density; = 0.5 [cm™’]. The background magnetic field,
By, Is 35 nT approximately toward Jupiter (alopgxis). The plasma flow
velocity I1s 192 km/s along-axis. The ion temperature is 60 eV, and the
electron temperature 60 eV. The internal resistivity ofli€al is 10 [©2 m].
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Figure 2: Number density and magnetic field magnitude afiese®onds. Arrow indicates the C9 trajectj :
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Discussion
We can note that

e Larger global effects on the plasma density and magnetat rirgignitude
for largerM /() (Case 1). Possibly due to gyro radius effects and/or dif-
ferent plasma charge densities

e Case 1 fits the observation better, while the magnetic figl/dature Is
weaker for Case 2.
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The magnetic field along the flyby C9 The magnetic field along the flyby C9
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Figure 3. Comparison of magnetic field observations and Isitnms during the C9 flyby. The solid line
Indicates the time of closest approach.

Conclusions

e \We have studied Callisto’s plasma interactions using aidyplasma
model where the internal resistivity can be varied

e In particular we have focused on a comparison with the Ga(le flyby.
Since there was no observed ionosphere, the magnetic wrgaahould
be due to internal currents

e \We find that the interaction Is sensitive to the state that ssiae for
the surrounding magnetospheric plasma, especially theoamposition
(M /Q) and charge density

e Currents induced by the plasma flow can lead to significaradleffects
and need to be considered in addition to currents inducetdgxternal
dipole field of Jupiter

¢ The study of other flybys when there is a significant ionospinea topic
for future studies
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