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Jupiter

•  Giant magnetized gaseous planet in fast rotation (P ~ 10h)

•  « System III »  coordinate system (1965) -  PJupiter = 9 h 55 m 29 s
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Thermal emission (λ ~ cm)
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Synchrotron emission from radiation belts (λ = cm-dm-m)
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The various radio emissions at Jupiter
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•  Relativistic electrons (100s keV → 100s MeV) trapped near the magnetic equator
•  Optically thin medium → Max of emission on both planet sides

•  Anisotropic (beamed) and polarized emissions (~20-25% linearly, <1% circularly)

•  Brightness distribution → interaction between e- and inner satellites/dust ring…

Properties of the radiation belt radio emission
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Past observations
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LOFAR
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Cassini
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•  Giant digital & multi-purpose radio telescope distributed across Europe

•  Radio interferometer composed of ∼48 phased arrays (stations)

•  Working bands:  LBA 30-80 MHz & HBA 120-240 MHz

•  Improved angular (arcsec), temporal (µs), spectral (kHz) resolutions

•  High sensitivity (~mJy)   1 Jy = 10-26 W.m-2.Hz-1

LOFAR LOw Frequency ARray

NL Station
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Observing	  strategy	  with	  LOFAR	  

•	  10	  consecu:ves	  hours	  (~1	  rota:on)	  

•	  HBA	  	  F	  =	  127-‐172	  MHz	  

•	  29	  NL	  sta:ons	  

•	  2	  //	  beams	  :	  Jupiter	  &	  phase	  calibrator	  4°	  away	  

•	  δt	  =	  0.3	  ms	  ,	  δf	  =	  3	  kHz	  

•	  Full	  Stokes	  measurement	  

LOFAR	  NL	  

Jupiter	  

phase	  calibrator	  

DE	  =	  3.29°	  



- Proper motion of the planet on the sky

- Intrinsic motion of the radiations belts around the planet 

Data processing

Planetary imaging = « classical » radio imaging + specificities

LOFAR = wide Field of  View instrument 
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1.4 GHz simulation

[Levin et al., 2001]



Magnetic 
equator

Mean direction

= Observer longitude



Projected	  direc:on	  on	  the	  sky	  Magne:c	  plane	  	   M.	  dipole	  



VLA 1.4 GHz

- Proper motion of the planet on the sky

- Intrinsic motion of the radiations belts around the planet 

à Phase center correction in the Fourier domain

à Rotation correction in the Fourier domain

☝
only on
 Jupiter 

à Prior: wide-field imaging and source substraction (peeling)

Planetary imaging = « classical » radio imaging + specificities

Data processing
LOFAR = wide Field of  View instrument 
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Data processing

VLA 1.4 GHz

- Proper motion of the planet on the sky

- Intrinsic motion of the radiations belts around the planet 

à Phase center correction in the visibility plane

à Rotation correction in the visibility plane

à Prior: wide-field imaging and source substraction (peeling)

•  after corrections à image data cubes

☝
only on
 Jupiter 

Planetary imaging = « classical » radio imaging + specificities

LOFAR = wide Field of  View instrument 
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00h-02h 02h-04h

Resolved intensity maps

Clean beam ~ 18’’x16’’  
Pixel = 2’’x2’’

•  Integration over 127-172 MHz, Δt = 2h,

•  After the geometric corrections on the visibility plane

→ corrections are OK



Clean beam = 18’’x16’’  
Pixel = 1’’x1’’
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Resolved intensity maps
•  Integration over 127-172 MHz, Δt = 7h



Clean beam = 18’’x16’’  
Pixel = 1’’x1’’
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4 Contours VLA 1,4 GHz  (e- de 1-10 MeV) [Santos-Costa, 2009]

Resolved intensity maps
•  Integration over 127-172 MHz, Δt = 7h



 L = 1 to ~4 RJup (lower e- E & lower |B|)
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Few magnetic lines (L=1.5, 2, 2.5, 3, 3.5, 4, 5, 6)

Resolved intensity maps
•  Integration over 127-172 MHz, Δt = 7h



LF	  morphological	  proper:es	  of	  the	  belts	  

à	  geometrical	  effect	  
Peak	  posi:on	  
with	  :me	   radial excursions measured at HF 

~0.25 Rj  from 1.45 to 1.7 Rj 

[Dulk	  et	  al.,	  1997]	  

«Hot	  spot»	  
tracking	  

àmax	  ~230°±25°	  
àidem	  @	  HF	  

[Girard	  et	  al.,	  in	  prep.]	  

[Conway	  &	  Stannard,	  1972]	  
[de	  Pater,	  1983]	  
[Leblanc,	  1997]	  

East	  peak	  

Peak	  posi:on	  	  
with	  frequency	  

àEast-‐West	  asym.	  
àsim	  to	  VLA	  at	  5	  GHz	  

West	  peak	  

[Santos-‐Costa	  et	  al.,	  2009]	  
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•	  Nearby	  sources	  around	  Jupiter	  in	  data	  before	  source	  substrac:on	  

MRC	  0202+114	  

NVSS	  J020530+112338	  

Jupiter	  

MRC	  0204+110	  

Integrated	  flux	  density	  
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• Feb 19-20th, 2013                                                  

LBA HBA

WSRT LOFAR

•  Broad frequency coverage: 6 m ↔ 6 cm
Integrated flux density



HBA
On going work...

F=149MHz - 15 SB - 57 stat (HBA DUAL) - 2h

4C21.16

Jupiter

LBA
F=55 MHz - 10 SB - 37 stat - 2h

4C21.16

Jupiter

● full study on-going...
     spectrum, resolved emission, comp. with WSRT, temporal variability...
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Conclusions (so far)

•  Larger extent of the belts at LF
•  Basic morphological properties
•  Potential (temporal) variation of the spectrum

•  First resolved images < 200 MHz

Prospects
•  Full (instantaneous) spectrum
•  Short and long-term variability
•  Polarization
•  Comparison with Salammbô (ONERA) [de Pater & Sault, 1998]

•  3D Reconstruction (by tomography)

à  Topology of the inner magnetic field

[Connerney et al., 1993 ; Santos-Costa, 2009]

•  LOFAR, flexible planetary imager

à  Distribution, transport/source/loss processes of (low energy) e-

France-‐Berkeley	  Fund	  proposal	  submi5ed	  in	  January	  for	  this	  study	  
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Saturn thermal emission

[Priv. com. Hofstadter, Courtin]

Contribution to 
the thermal 

emission

• Probe deeply into Saturn atmosphere
• Measuring the abundance of water
• Expected flux density: 2-10 mJy

F=300 MHz
Opacity: NH3+H2O

F=100 MHz
Opacity: H2O (~neutral)

What about Saturn with LOFAR?



➔ Detection challenge from the ground

Saturn radiation belts emission

DE = 0°

DE = 26°
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• Lower magnetic field (/10 Bjup) & e- energy (<10 MeV)
• e- losses due to interaction with the rings / satellites
• Expected flux density: 0.15-0.45 mJy

[Lorenzato, 2012, Sicard, 2004, Santos-Costa, 2001]

DE = 26°

DE = 0°

Extreme Earth/Saturn 
configurations
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2-‐EGU	  



38	  



39	  



40	  



41	  



42	  



43	  

Spin axis 

~49’’ (Nov 2011) 

La^tude	  system	  
Jupiter	  

Jovigraphic latitude (DE) 

Magnetic latitude (ΦM) 

ΦM	  =	  DE	  +	  f(CMLEarth)	  

α≈10° 

N 
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Earth	  

λIII North pole= 201.7° 

f(CMLEarth)	  =	  α	  cos	  (	  CMLTerre	  –	  λIII	  North	  pole)	  
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Dynamic equator 

Axe de rotation 

~49’’ (Nov 2011) 

λIII 

Longitude du méridien central (CML) 

Longitude 

Jupiter	  

Magnetic equator 

System III (1965) 

α≈10° 
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[Berge, 1966] 

Beaming 

Émission maximale quand l’observateur passe à l’équateur magnétique 
Magnetic Latitude = DE + 9.6° cos(CML-λIII,NP) 
DE = jovicentric latitude of Earth = 3.29° in Nov. 2011 
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