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6.15 m height
Dipo is and rotational axis are tilted o 4d 4.80 m diameter
by 9.6 degrees
2223 kg mass
lo is the main plasma source inside the — 925kg fuel
Jovian magnetosphere
— loreleases 1 ton of material each second
into the magnetosphere
— o Torus is formed 11 scientific experiments
— camera systems
plasma and energetic particles are — infrared spectrometer
concentrated in a plasma sheet in the — ultraviolet spectrometer
equatorial region of the planet. Particles — wave spectrometer
are sub-corotating with the planet [ETNE G EE
dust detector
centrifugal forces stretch the mass plasma monitor
loaded field lines

— 339 kg probe
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dN

= =const
dx dy dzdp,dp,dp,

first adiabatic invariant u: o

———=const with p, =mvsina
z is direction of particle motion

a: pitch angle
dz =v dt; dx dy =dA; dp,dp,dp, = p*dpdQ,

angle between the direction of the particle and the magnetic field

second adiabatic invariant J : particle flux [ dn

" , “dAdtdQ.v dp
J =2;[p”ds=const (or K :m) f, :#:const

third adiabatic invariant @, : radial diffusion:

@, =§Bds =constant of
L 1+Q-S often D, =D,L"
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Callisto 3, Nov-Dec 1996
DOY 9308 10 bOY 36,316

Galileo 1996 (orbit C3)

R=<40R; modulation of particle flux

for observer away from
magnetic equator or
Results: active sector
particle spectra are harder (small
spectral index) in the inner
magnetosphere E anomaly model
transition between inner and middle - active longitude sector
magnetosphere at 15-20 R,
R > 25 RJ plasma sheet with large
10-h intensity modulations
plasma sheet thickness is
asymmetric in local time

modulation of particle flux
for observer close to
magnetic equator
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' ) Inner Magnetosphere:
Galileo J_-997 (orbit G8) « trapped 'pancake’ distributions on
R=10-30 R, dipole-like field lines

Electrons Transition Region / Tail
304-527 keV 4 « Pitch angle scattering (violation of
and - adiabatic invariants) owing to tail-like
29-42 keV field line geometry
current sheet affects electrons with
pitch angle of 90° most and at smallest
radial distances leading to butterfly/bi-

Result: directional field aligned distributions

transition between trapped

and bi-directional pitch angle Scattering additional source for field-aligned

distributions at 10-20 R, of 90° electrons in the high-latitude

& particles ionosphere as a result of non-

adiabatic scattering of electrons
originally bouncing on dipolar field
onto tail field lines (favoured by strong
field convergence at high latitudes )

Sentman et al. 1975
Nishida 1976

Distance
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Neutral atmosphere must

i : height- AL PLANE MERIDIAN SURFACE
corotate with the planet height-integrated conductivity FQUATORIAL N

: neutral atmosphere velocity AG?EHE X-LINE

+ =-v : horizontal electric field
Electrical conductivity > : height-integrated current density

: flow velocity above ionosphere : [}
v " = = <

A " = - =
ionosphere coupling) : W = MAGNETIC
N , O-LINE

| is coupled by field-aligned currents to the current system in the
magnetosphere with current density j radial stress

Vo= - - balance
pdjd—\:H]DP:JXB

Vasyliunas, 1983
+ plasma flow rotational driven

Corotation of plasma « formation of a magnetic x-line due to internal processes
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Flow LT 05:00-07:00
flow is predominantly in
corotation direction

temporal stable in this p ” ", ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
averaged view ‘ o i « radial flow

= azimuthal flow
larger flows with radial i ' of X + north-south flow
outward components (100- ‘
200 km/s) at dawn

compared to smaller flows

with small radial inward

components at dusk (50 yector scaling
km/s) -100)

— rigid corotation

flows in the deep

magnetotail still in

corotation direction, Krupp et al., 2001 80

however substantially 0.2 V;igig < 0.8 Vyigig

subrotational distance [R ;]
>1.2v,

— - -~ H I . B




Flow LT 18:00-20:00
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LEMMS PA Anisotropies

& T
A lons 3666 keV'

Seminar 2, IMP

electrons

Distance R

Mauk et al., 1997

80

distance [R ;]
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CASSINI in the Jovian magnetosphere
2001.010 at 204 R,

« lons are convected nearly perpendicular to
the magnetic field direction

+ Electrons are bi-directional along the
magnetic field

Magnetic field
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Dispersive injection events

occur at all local times 9-27 RJ
eradial displacement of > 1 RJ
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phase space density f
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w?‘cs/‘ElﬁD P}J‘ajsse Space Densities
st gt / & Change in phase space

density of energetic
particles at constant p and
K values is nice indicator
for interchange events

associated with changes
in magnetic field and wave
emissions

L ,
U 35E [1,,).Loc Time

Distance R

January o, N Krupp

o
Dy = Doy, + Dy + P
@, =-EysineOr

r

o -WaBR’ 1
r

cor

B, : surface magnetic field at the equator

R:planet' sradius

r:distance of the particle from the center of the planet
E, :dawn -to —dusk electric field
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Orbit G2
J E| = GO9SR
Wu -J“ e IT«-,JLL JAMP; lon bursts in the distant tail [

- 1996, day 263-290
3 days

specral index ;

« field-aligned / radial
outward (inward)
« periodicity of 2.6+/-0.4 days

Protons.

2.5-3 day modulation of

energetic particle intensities, (Krupp et al., GRL, 1998)
radial anisotropies and \
spectral indices in the Jovian a0
magnetotail JSE, [R]

Woch et al. 1998 * 4-5 day modulations in plasma

(Vasyliunas et al.)

o “Dipolaization” Plasma Sheet Thinning and Aasmoid Formation

ore” field (B plasmo : -
= o
e : | Vil
LAV
g0 e ee a shee .
e o 0 [h ' ' ' CH
o o eque o e = apo el AAL B ) k_..vu
o o e |
0 on leve etic fie i . . , -
arice mensties atbackground AN M| MU
P 2 g = tentatively suggests that processes
BNElEs 3 . . . ” are internally driven
5
enario takes seve etary rotatio E T mass loading with characteristic,
o develop s ] WM"?( WW intrinsic time constant
1006880 22 120 o8 % oo &%

o, Loc. Time. JSE 7,1

Based on ~ 12,000 anisotropy
measurements (30-min averages,
binned and normalized with respect
to the average anisotropy)

large number of events with %
increased anisotropy/flow ;2&
(compared to the average

anistropy) and significant

directional deviation in the tail

events scatter around the
antisunward/sunward
direction (radial
inward/outward direction)

inward directed bursts
dominate closer to the planet,
outward directed bursts at
larger distances

Characteristic distributions
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Galileo: MP at 20; Cassini: MP at 20:35 UT
RJ, 16:25 R=205RJ, 19:20 LT

Gasginiday 10, 2001, CO - G4, E1, E6 FFT across M P
fria

W \ ;
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Mzm)m,‘,w \ g Y

FFT-analysis
““M\‘N\”\‘ o peaks at
; } 40 and 80 min.

Time on day 10 minutes
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Cassini

CASSINI MIMILEMMS CASSINI in the Jovian magnetosheath
Cassini 5 ESTIEST EANEST 2001.016-2001.032 dusk
140-400 RJ 6-160 BEsql

MeV-Electron enhancements related to
changes in the north-south component of
the magnetic field

I 1
16 “g1o" “ig22 gos Toos Cga
258,55 208,49 32765 363,36 39961 43683
2 XAl N
2ob sbfs 220 2650 a7 2bsa
Time, Distance (R.,, AU LT,

fghtremove
libsectors: (0-15], average: 1 spin, ps-file: cass_post jur
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- Electron upstream events at

energies between 15 and 884

N keV

10h-periodicity

nearly no signature in ions
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Bi-directional electron
distributions

Closed magnetic field
configuration out to 200 RJ

Global flow pattern
with dawn-dusk asymmetry
sub-corotational flow
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What are the source processes for Jupiter's aurora?
What is the solar wind influence on the Jovian magnetospheric dynamics?
What is triggering the substorm-like events in the Jovian magnetosphere’

Transport and Acceleration of the Jovian plasma?
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LEMMS Time Series
10 BSTI]

Cassini MIMI/LEMMS
Electrons 100 keV-3.2 MeV
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Configuration

Galileo and Cassini enhanced the understanding of the global
configuration of the Jovian magnetosphere dramatically

Between 15 and 20 RJ the particle configuration changes significantly
Analysis of first-order anisotropies in particle distributions reveal a
strong local time asymmetry between dawn and dusk at distances R=
25-40RJ

The global flow pattern is corotation dominated

Bi-directional electron pitch angle distributions indicate a possible

closed magnetic field configuration in the Jovian magnetosphere
from 25 RJ to the MP
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Dynamics

Variations of particle intensities and spectra on long and short-term
time scales = substorm-like processes, instabilities

boundary phenomena = reconnection, leakage, upstream events
The rotational driven particle flow is frequently disrupted by particle
flow bursts

They occur predominantly in the pre-midnight to pre-dawn sector of the
distant tail (beyond ~50 Rj)

The bursts are part of global processes with analogies to terrestrial
substorms

They are possibly initiated at an x-line located between 70 to 120 Rj
(inferred from the predominance of inward or outward bursts)

Unclear whether processes are internally or solar wind driven, however
we tentatively favor an internal process (mass loading of flux tubes
from internal sources rather than solar wind energy storage)
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