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| ntroduction

o Question: How flowing plasma interacts with

@ TheMoon: ,

) Mercury :lntrinsicB,
) Venus ; , atmosphere
@ Mars ; , atmosphere
. Titan : , atmosphere

« Tool: Global Quasi-Neutral Hybrid model- ..

‘,..LA

o Concluding remarks
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New missions, New data

w1 BepiColombo
I‘ M essenger

Venus Express

Smart-1
Chandrayaan-1,...

Mars EXxpress

Cassini/Huygens
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Flowing plasma - solar system body interaction

Components
Space: Sour ce (photons, charged particles, E)

Sink (planetary ionsand neutrals)

Atmosphere: lons, ionosphere, ionospheric currents?
nterjor: '

plasmaflow

>H+,X+,e, uVv
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Global ssimulations

- Given E and B => not self-consistent

« Gasdynamic (GD) models [not self-consistent]
e 1-D, 2-D, 3-D single/ multifluid MHD models:
+ self-consistent
- assumes Maxwellian f(v), U(X") = U(Y")

+ self-consistent, finite gyro effects included =
- computationally expensive
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Quasi-Neutral Hybrid (QNH) model

e Quasineutrality: N, = 2N,

O +
- Hybrid: H*, 0%, O, etc. ions are partides, =~ AN 1)
Electrons form a massless fluid aVAYA S

e Self-consistent model

e Dynamics:
- lons are accelerated by the Lorentz force
- B propagated by the Faraday’ s law

An example
« Hierarchically refined cubic grid ofthegrid”
« lon splitting and joining:
splitting: >+
joining: B, +2 +2. 5 +
(note consaves E and p)
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QNH model family

‘ (Smart-1)
3 (BepiColomboj
“y (Venus Express) [EEEE.1 [ (1 ok B S

(Mars Express)
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QNH model family (cont.)

’ Fxoplanet (CoRoT, Kepler) e Niars fars Express) . Titam (CassiniHupgens)

The Moon

. The Moon ¢(Smart-1) " Venus (Venus Express) ) Merewry (Bepi Colombo) Falbiof 006
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No global B & no atmosphere: The M oon

intrinsic

. g "Ml TheMoon in the solar wind

The Moon """" :

QNH modsd info
- no atmosphere

- insulating obj ect
- absorbing obstacle
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Lunar wake: M agneticfield

- R I N=]
. Py T ks The Moon in the solar wind

The Moon

QNH modsd info:
- no atmosphere
- insulating obj ect
- absorbing obstacle | o
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intrinsic

Global B, & no atmosphere: M ercury

Bsw = [0, 0, 10] nT;
n,, = 76 cm -3 (~perihdion);
U, =430kms!

300 nT at themagne&tic equator, no tilt
Red: Mecurybound B lines
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Mercury l

QNH modsd info:
- both insulating and
conducting objectstested
- absorbing obstacle
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Particle flux of impacting H* ions

Parker M F Bsw = [32 10, 0] nT ngh Speed (sz 860 km/s, IMF
ok \Blue ) _. f | - '-._Blue
. ~Closed o i S N EE L Closed
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Note
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Blueline Current regurnstothesurface
Red line Current doesnat return tothesurface
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No global B & atmosphere (1): Venus

intrinsic

The Moon

N

Mercury

Venus 8
(-
Mars %
7
Titan
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Magneticfield lines
E—
Magnetic field lines
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Escaping planetary ions

n(H +) L ogl0 QNH modd info:

WG o atmosphere
[cm-°])

- Infinite conductivity
within the obstacle

- absorbing obstacle

- no magnetic anomalies

e Threeion species:
H* (from SW and H
corona)
O* (from O corona)
O," (from exopause)

« Upstream parameters:

WE'S n, =3cm?3
U, = [450,0,0]km/s
IMF = [cos(55°),

-sn(55°), 0lnT
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Magneticfield lines (I)

Magnetic field lines connected to
theline between the points
(-0.5,0,1) R,, and (-0.5,0, 3) R,,

WES

05 05

1 ] A -1 1.5 -2 25 -3 348 -4 )
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QNH model and data analysis (I1): M EX

O: Starting point of the field line tracing
= :Magneticfied line

Orbit of Mars Expresswhen it observed escaping planetary ions

WES
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Simulation of solar system plasma environments

The Moon

Mercury

Venus

No global B

intrinsic

¥ *100000
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Titan 1n asubsonic flow

[Bl [nT]

log(n) [cm3’

25
15 | ||

’ QNH modd info:

Titan - subsonic flow; an atmosphere; infinite conductivity within the obstacle; absorbing obstacle
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QNH model and data analysis (I1): Cassini

TRt Cassini's flyby of Tit

In :
s |
l““""fﬁ\ T ™ | | log(n) [Icm3]

////// //‘l\\\\ “‘ \\ s

To Saturn

-5
Y-coordinate (flight direction to right)
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Concluding remarks

The Moon ® The M OOn
« Mercury
e« Venus, Mars, Titan

o the undisturbed plasma flow (SW/ magnetosphere)
o the strength/ type of the intrinsic magnetic field

« the exosphere/ atmosphere/ ionosphere

 the electric properties of the object (conductivity)

e M ar cPFuppaecN yettin iHe S haRYePagrveerdq6 Reni C ol om bbb Kallio/FMI



