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Outline

1- Catalog of Jovian emissions recorded outside the flyby period

2- Search for planet-satellites interactions during the flyby
(a) Using time series of power
(b) Using EXPRES simulations



Jupiter flyby

Second Yenus Swingby
June 24, 1999

|/ Earth Orbit

Saturn Arrival
July 1, 2004

Jupiter Orbit

Deep Space Saturn Orbit
Manoeuvre
December 1998

T— Launch

October 15, 1997 ‘ Jupiter Swingby
. December 30, 2000

Earth Swingby
August 18, 1999 Launch to 1st VYenus Swingby
1st Venus Swingby to 2nd Yenus Swingby

First Yenus Swingby 2nd Venus Swingby to Earth Swingby,
April 26, 1993 past Jupiter to Saturn

Few studies of Jupiter auroral radio emissions during the 2000-2001 flyby
- Beam width of HOM-DAM emissions
- Solar wind control of HOM-DAM
- Average spectrum over 3kHz-16MHz
- DAM beaming

:e.g.



1- Catalog of Jovian emissions outside the flyby

Detactions de Jupiter avec Cossinl/RPWS

999 ' 2000 ' 2001 ' 2002 ' 2003 2005 ' 2006 ' 2007 ' 2008 ' 2009 ' 2010 2012 ' 2013

| | | |
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Flyby period excluded
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Raw Power Spectral Density (V2/Hz) measured on Ex antenna

YS:; 5004 (daily-background subtracted) 2003 Bzayr
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1- Catalog of Jovian emissions outside the flyby

D ta tio -.>. de Jupiter gvec Cossinl/RPWS
L] L

1 2002 ' 2003 ' [P004 ' 2005 2006 | 2007 | 2008+ 2009 + 3010 +

' 2012 ' 2013 '

|

Earth  Jupiter :
fiyby,  flyy :
! |

radio activity : physical again as the S/C- =
planet distance —
decreases

l

R ) . |

Flyby period excluded
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I I !
[ IR I 2

-1000 0 1000
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6-month variation of Jupiter | Detections rise
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lo-controlled radio "sources

1- Catalog of Jovian emissions outside the

lo phase-CML diagram

Mainly lo-C —»

le phase (deg)

Mainly lo-D —>»

Caazini Longitude (deq)



1- Catalog of Jovian emissions outside the flyby

Continuous RPWS observations make it an excellent tracker of lo emissions :

=> (very) long-term monitoring of the lo-Jupiter interaction
=> short-term monitoring as well (< 1 rot.)

Example :
Raw Power Spectral Density (V2/Hz) measured on Ex antenna
Y;:; 5822 (daily—backgromlmd subtracted) 2gg§ \éz.;r
10000 o —

1000

<
lo-D
\
Frequency \

(kHz) 100

10

ol orooml oo vl

iy T i ll—l'l'l'll I TTITN

Hours of day 12

~N

dB(VZ/Hz)



Raw Power Spectral Density (V2/Hz) measured on Ex antenna

Year 2002 : 2002 Year
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Day 294 (daily backgrmlmd subtracted) 295 Day
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Raw Power Spectral Density (V2/Hz) measured on Ex antenna

Y;:; gggz l (daily-background subtracted) 2(3383 Be;r
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Raw Power Spectral Density (V</Hz) measured on Ex antenna

Year 2002 : 2002 Year
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Day 305 (daily-background subtracted) l 306 Day
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Raw Power Spectral Density (V</Hz) measured on Ex antenna

Year 2002 : 2002 Year
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Day 310 (daily-background subtracted) | 311 Day
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2- Search for planet-satellites interactions during the flyby

Detactions de Jupiter gvec Co
é001 2005 | 2006 , 2007 ' 2009 | 2010 2012 ! 2013

Earth  Jupiter :
fiyby,  flyy :
! |

Flyby period exclude
from the ¢atalog |

High sensitivity
+ continuous
observations



2- Search for planet-satellites interactions during the flyby

Method (a) : power time series

Fqu density (@ 1AU)

10000% M bt 2 Wl | Log W.m?*.Hz"
I it T
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300 20 340 360

- Time interval : 2000-2001
- Southern and Northern power time series (separated by circular polarization)
- Normalized to 1 AU



2- Search for planet-satellites interactions during the flyby

Method (a) : power time series

. . lo-A
Py Py
7)) o
® ®
e e
o o
o o
lo-B
0 100 200 300 0 100 200 300
CML (°) CML (°)
lo :
- f = [5-16MHZ]

- A, B, C and D components all seen
- intensity (instead of occurrence) plot => intensity reference



2- Search for planet-satellites interactions during the flyby

Method (a) : power time series

Ganymede Phase (")

0 R PG IO . i T
0 100 200 300 0 100 200 300
CML () CML ()
Ganymede :
- f = [5-16MHZ]

- Ganymede C emission ?



2- Search for planet-satellites interactions during the flyby

Method (a) : power time series

Europa Phase (°)
Europa Phase (°)

BT, - .o
0 100 200 300 0 100 200 300
CML (°) CML (°)
Europa :
- f = [1-16MHZ]

- Europa D emission ?



2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Frequency (MHz)

- CMI-based visibility modeling with the ExXPRES
code —

- updated magnetic field model : ISAaC (>VIPAL)
constrained by the locus of both lo and Ganymede UV
footprints

=> long-term simulations of lo, Europa & Ganymede

lo-controlled radio "sources

10

lo-B

lo-A

1 2 322 23 0 1 2 20 21 22 23
UT (hours)



2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Flux density @ 1AU (Log W.m*.Hz")
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2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Flux density @ 1AU (Log W.m*.Hz")
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2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Flux density @ 1AU (Log W.m*.Hz")
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2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Flux density @ 1AU (Log W.m*.Hz")
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2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Flux density @ 1AU (Log W.m*.Hz")
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2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Flux density @ 1AU (Log W.m?*.Hz")
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2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

Flux density @ 1AU (Log W.m?*.Hz")
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2- Search for planet-satellites interactions during the flyby

Method (b) : simulations of dynamic spectra

- Catalog of Europa and Ganymede detections

+ Cassini/RPWS : 2000-2003
177 candidates total : 105 Europa + 69 Ganymede + 3 Europa or Ganymede

+ Voyager/PRA : 1979
Voyager 1 => 15 candidates total : 10 Europa + 5 Ganymede
Voyager 2 => 24 candidates total : 12 Europa + 12 Ganymede
NB : One case where Europa was observed by both spacecraft

- Search for multi-point measurements (Nancay decameter array).

- Characterization of average properties in progress : ocurrence, spectrum, arc
shape, multiplicity, intensity, variability etc.



Conclusions

* Cassini/RPWS regularly tracked Jupiter emissions over 1999-2005 and >2013
=> unexpected support to Juno ?

* Qutside the flyby period : mainly lo
=> |o activity can be tracked on long (years) and short (half a revolution) timescales

* During the flyby :

(a) Satellite phase-CML diagrams of intensity :
=> all components of lo
=> possible detection of Europa and Ganymede

(b) Simulations of Europa and Ganymede induced emissions :
=> identification of Europa arcs !
=> identification of Ganymede arcs !
=> statistical study in progress.



