R.
LLl
= W
o O
==
a
< Z
L] L
=
e
& O
S
I

Bertrand Bonfond - LPAP/ULg



- The satellite footprints



What is a satellite footprint?

o The Io footprint is
formed of

o several spots
o a trail

Gérard et al. , 2006



The Europa tail
B

00 The lo footprint is not the only footprint to have a tail

Polar emissions Kink region  plasma

injection

Grodent et al., 2006



The multiple spots of the Ganymede
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Bonfond et al., MOP meeting, Boston, 2011



Spots multiplicity evolution

6.4°

6.0°

5.0°

4.0°

3.0°

2.0°

1.0°

0.0°

-1.0°

-2.0°

-3.0°

-4.0°

-5.0°

-6.0°

6.4°

LEETTETTTTT ||||||||I|II|||||
Longitude (°)

Bonfond et al., 2008




Y (10 radi)

Galileo 10 Encounters

[E==1 Electron beams

Williams et al., 2003

YIR]

IR

Electron beam on Io

L3
0
3

0.02  -0.01 s‘%o
[ - .

[ (K

"
|

/m’]
0.01 0.02

lead angle I]
4 6

Paynting fu densty
In nertwen mb'i n rwgion

| — e

//

/

8
V. fimis

Poyring fux Y
— e ~ M Jccoleraton egon
2 q 6 8
lead angle 1)

A
002 001 000 001 002

Jacobsen et al,, 2010

S, (Wim’?]




System III spots brightness variations
S
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= Influence of the magnetic field:
= Transmission through the torus boundary

= Electron acceleration process

= Altitude of the mirror point

Surface magnetic field (Gauss)

Modelled emitted power (GW)
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Ganymede footprint brightness variations
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- The outer emissions



0 Heavy flux tubes
go out

Cowley and Bunce, 2001

The whole story

0 Emptied flux tubes go in

Phase space
density gradient
RSD1 > PSD2

Day363;13h20 =~
T

Mauk et al., 2002



Equatorial diffuse emissions

North 20/09/1997 South 20/09/1997
15:00 UT 13:30 UT

Radioti et al., 2009
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- The main oval



Dawn storms
—

Dawn Storms Projected

o o
units of HST DN

Gustin et al., 2006

Clarke et al., 1998



Dawn storms

Compressed
magnetosphere
0 No apparent solar
wind trigger for them
(d) 142 20:26:43 CML=199.8
Expanded
magnetosphere

Nichols et al., 2009



Dawn storms

Gustin et al., 2006
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Discontinuity
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Discontinuity

Radial distance X[R;]

— — T T o 60 e
I POLAR VIEW o° A 117 ] | EQUATORIAL VIEW 18:00 A 117 ]
L NORTH S 1 I Duek o 158
* 220 4ol Dust » 220 |
+ 244 | e + 244 |
& 20+ - .
{5 I ) .
1 e L "sanj
E % k H o WR H
Egoa 1% Oyidnight:‘ p "R i i Noon |
H .5' | 24:00 4 K ¢ 12:00
12 1 L
T -
2 -20r : =
40— RRRTTTE PR -
L Dawn
I L 6:00 J
St 1 M 1 ] Go- 1 1 1 | .‘I ]
-60 -40 -20 0 20 40 80
Radial distance X[R;]
T T T T T T v 60 LA AL A B B B
L CML CML |
POLAR VIEW 180° + 6 EQUATORIAL VIEW  18:00 + 61
[ SOUTH o 119 Dusk © 119 |
s x ok o x 290 |
A - A 337 ]
> 20} -
o . " E
2 ]
3 :: " 2?'“ "-_ B
4 [Midnight; MR Lt i Noon |
o 0 v - T +
24:00 : H E 12:00
- ] E ; ;
C] O
-~ e ; ; i
o ; ;
20k £ i
—-40 —
Dawn J
6:00 B
—60 1 1 1 PR | PREE | N
-60 -40 -20 4] 20 40 60

0 Maps to the
pre-noon sector

V.0 (MAR/)

Ny Pre————— e p———
i
100} &
=
o —
@
. o'
50! Q.
)
€ 9
>
& \
-100

Radioti et al., 2008; Khurana et al, 2004



Brightness variations
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Brightness variations
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Magnetic field models

North

Hemisphere

Surface magnetic field (Gauss)
|
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Hess et al., 2011




Local time variations
]

E. Composite of Mapping Results
and UV Auroral Observations

Vogt et al., 2011



Grodent et al., 2008



Main oval expansion
—

Spring 2005




Main oval expansion
—

+250GWhb according
to VIPAL
(Hess et al., 2011)

February 2007
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The usual case
]



unusual case



Comparison
—



Outer emissions







Injection blobs in the IR
—



The usual case
]
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An unusual case
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Internally driven changes

1
o Tvashtar:

o Quiet since 2001

o Some signs of activity in 2006

o Giant plume in late February 2007
o Masubi:

o active in March 2007

Latitude

360 330 300 270 240 210 180 150 120 90 60 30 0
W. Longitude



Distance from Jupiter [R,]

Sodium “Mendillosphere”
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Fig. 1. Daily variations in D, 4 D, brightness of sodium nebula on eastern side (left) and western side (right).



Intensity against background level

Intensity against background level
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itude @, = arcsin(L, %) is approximately proportional to the
1/8 power of M, so a factor of 2 variation of the latter would
produce a 1% variation of the former, which may be marginally

detectable at present.

Nichols and Cowley,

2003

M and the main oval
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M and the main oval
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- The polar emissions



Polar emissions

Polar dawn spots

main oval lo footprir:t\and its trail

= Duration: from 10 min to 1 hour

= Spatial dimensions: ~ 3000x1000 km

= Power: 1 Giga Watt

= Magnetically maps to the night and
predawn sectors

Radioti et al. 2008
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Quasi-periodic polar flares
=

Bonfond et al., 2011

Origin?
= Pulsed reconnections at the dayside magnetopause

= Related to the high energy electron beams



Polar auroral filaments

= Long-lived, quasi-sun-
aligned polar auroral
filaments

= Brightness of 100 kR
= Presumably map to the tail

region, implying a relation to
the tail dynamics.

Nichols et al., 2009



Radioti et al., in press
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