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Extra slide: Galactic background Data 
(from Cassini/RPWS)

- 6 hours of data 
- S/C rotating around itself 
- 4 frequencies: 

- 1.4 MHz,  
- 6.0 MHz, 
- 11 MHz, 
- 15 MHz 

- not in phase  
- strong variability !

hours of day

1 Mhz -

10 Mhz -



Solar System Radio Sources
• Solar Activity

• Magnetized planets (aurora)

• Magnetized planets (radiation belts)

• Lightings

• Human Technology

• Preliminary Requirements from past experience on space missions:  
- 3 dipoles needed on each platform.  
- full spectral matrix (auto and cross correlations on 3 antennas)  
- integration order of magnitude: ~10kHz x ~10 ms  
- time-frequency shape is needed with 100 kHz x 1 min resolution



Solar Activity



extracted from Solar Radio Monitoring service in Obs Paris 
(http://secchirh.obspm.fr)

Solar Activity

Single dipole measurement

http://secchirh.obspm.fr


Summary 
Solar Activity

Name solar type II bursts solar type III bursts

Source electron beams from active regions electrons accelerated in front of 
interplanetary shocks

Emission process ES to EM mode conversion
Time-frequency 

shape
Drifting feature 

LF temporal broadening
Drifting feature 

Frequency Range a few 10 kHz to 100 MHz 1 to 10 MHz
Duration a few minutes (HF) to few hours (LF) a few 10 minutes for each frequency

Recurrence correlated to solar cycle
Flux Density 109 to 1012 Jy ~1010 Jy

Source Size
a few degrees (HF) 

~40° (LF) 
[interplanetary medium scatering]

unkown

System 
Parameters

Time-Frequency sampling (required for event identification): ~10 kHz / ~1 sec 
Instantaneous imaging => new insight on inner solar system IP scattering 
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Planetary Aurora



Fine Structures

Mutel et al, 2003 [Earth] Ryabov et al, 2014 [Jupiter]

Planetary Aurora
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Planetary Aurora

Very sensitive instrument => 
we will always see Jupiter 
below 10 MHz !!

10 MHz

10 MHz



Planetary Aurora



Summary 
Planetary Aurora

Planet Jupiter Earth, Saturn, Uranus Neptune

Source
Io-Jupiter magnetic flux tube; 

magnetospheric dynamic; 
Solar Wind interaction.

magnetospheric dynamic; 
Solar Wind interaction.

Emission process Cyclotron Maser Instability
Time-frequency 

shape
Arc-shaped (anisotropic source, shape defined by source/observer geometry)  

Frequency Range a few 10 kHz to 45 MHz 1 kHz to 1 MHz

Duration a few millisecond for fine structure; a few minutes per bursts; 
a few hours per episode

Recurrence Io rotation period around Jupiter; 
Jupiter rotation period Planetary rotation period

Flux Density 105 Jy (average) to 107 Jy (peak) Earth =107 Jy; Saturn = 104 Jy; 
Uranus, Neptune = ~102 Jy

Source size point source

System 
Parameters

Time-Frequency sampling (required for event identification): ~10 kHz / ~10 ms 
Beam forming/imaging of Jupiter.  

First observation opportunity since Voyager for Uranus and Neptune



Girard et al. LOFAR-HBA

Temporal variation 
(flux + planetary rocking + movement in sky)

Planetary Radiation Belts



Summary 
Planetary Radiation Belts

Planet Jupiter Earth
Source Radiation Belt Radiation Belt (Van Allen Belt)

Emission process synchrotron emission
Time-frequency 

shape wide band continuum

Frequency Range <30 MHz to >1 GHz ?
Duration continuum

Recurrence planetary rotation

Flux Density a few Jy ?

Source size 7x2 R_Jupiter, rocking and moving in sky ?
System 

Parameters
Time-Frequency sampling (required for event identification): ~10 kHz / ~10 ms 

Beam forming/imaging of Jupiter



Planetary Lightnings
Earth



Konovaleko et al, 2013 [SED@UTR-2]

Fischer et al, 2011 [SED@Cassini]

Planetary Lightnings
Saturn



Planetary Lightnings



Summary 
Planetary Lightnings

Planet Earth Saturn
Source Atmospheric lightnings Atmospheric lightnings

Emission process Current pulse Current pulse

Time-frequency 
shape impulsion (wide band, short time) impulsion (wide band, short time)

Frequency Range up to 100 MHz 1 MHz to > 20 MHz 
Duration a few 10 µs ?

Recurrence — —

Flux Density 108 to 1010 Jy ~100 Jy

Source size point source point source



   CEA - Irfu  

Different kind of transient radio detection in the time domain

<<1ms 10s 10 m1m H Days Weeks M Y

Light curves
data mining

Imaging It(x,y)Time series V(t)
Dynamic spectroscopy V(f,t)

Variability timescale
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SELENE Mission (Japan) 
LRS: RF receiver 
data acquired in 2007
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RAE-2 occultation of Earth (1973) 

24h averages from Wind/WAVES 
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Human RFI
The near-Earth environment 
is dominated by the “radio-
smog”, which is a 
combination of natural radio 
emissions of the Earth’s 
magnetosphere (AKR) and 
atmosphere (lightnings), 
together with the man-made 
radio frequency interferences 
(RFI). The only quiet place 
near Ether is the far side of 
the Moon.

S/C induced RFI
All subsystem are producing 
RFI. EMC (electromagnetic 
cleanliness) is a key driver 
for system design ! 

Technology RFI



Lunar Surface effect

LRS/SELENE observations of AKR
Observations close to surface. 
Interference pattern ? 

?



Lunar Surface effect

LRS/SELENE observations of AKR
Observations close to surface. 
Interference pattern ? 

?

LRS/SELENE observations of AKR
theoretical interference pattern superimposed for reflexion on 
lunar surface.




