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• Giant digital radio telescope distributed across Europe

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

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

•

(vue	
  d’ar*ste)
 

3 Gbits/s

Nançay

Décembre 2010 – l’ASTRONOMIE - 17

A. Six stations LOFAR regrou-
pées sur un tertre de 300 m
de diamètre au cœur du cœur
de LOFAR (©LOFAR Science

Consortium) – B et C. De la cos-
mologie aux exoplanètes, vues
d'artiste. (©NRAO et Nasa/Esa/A.

Schaller) – D. Les antennes
LOFAR, sous la neige, à
Nançay. (© Bertrand Flouret)

– E. Observation de Cygnus A
à 240 MHz, le 30 mai 2010. 
(© John Mc Kean/LOFAR/ASTRON)

– F. Antennes de LOFAR aux
Pays-Bas. (© Topfoto Assen)

LA NAISSANCE DU PROJET
Vers le milieu des années 1990, de nouvelles
méthodes ont été mises en œuvre à 74 MHz au VLA
(Very Large Array, Nouveau-Mexique) pour corriger
les perturbations de phase ionosphériques, ouvrant
des perspectives nouvelles en imagerie basses fré-
quences. Ces développements, les progrès dans le
domaine des récepteurs, et les puissances de calcul
disponibles en forte croissance (permettant d'envi-
sager une lutte logicielle contre les parasites) ont
fait germer l'idée d'un très grand réseau basses fré-
quences dans plusieurs pays, et notamment aux
USA et aux Pays-Bas, ainsi qu’en France. Les projets
américains et hollandais ont fusionné pour devenir

le projet LOFAR (LOw Frequency ARray - réseau
basses fréquences). En 2004, suite à l’obtention par
les radioastronomes hollandais de financements
nationaux et régionaux, académiques et industriels,
à la condition expresse de construire LOFAR en
Hollande, le consortium hollando-américain s’est
dissous, les américains relançant indépendamment
les projets LWA (Long Wavelength Array) aux fré-
quences inférieures à la bande FM, et MWA
(Murchison Widefield Array) aux fréquences plus éle-
vées. Devenu purement hollandais, LOFAR s’est
ouvert à partir de 2006-2007 à des partenariats
européens, et la communauté française s’y est acti-
vement engagée.
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NL	
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The LOw Frequency ARray
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Jupiter radio emissions
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Jupiter radio emissions
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Radiation belts’ synchrotron emission (λ = cm-dm-m)
• Belts radiating from ~1 to ~3 RJ

• Energetic particles (ions, e- of 100s keV → 10s MeV) trapped near the magnetic equator
• Anisotropic (beamed) and polarized emission (~20-25% linear, <1% circular)

3

VLA 5 GHz

[Santos-Costa et al., 2009]

Jupiter decimetric emission

N spin
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LF → low e- energies (100s keV) , HF → (10s MeV)

14 GHz / 2 cm
Cassini

5 GHz / 6 cm

ATCA

2.3 GHz / 13 cm

333 MHz / 90 cm 1.4 GHz / 20 cm

VLA

Jupiter decimetric emission
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LOFAR HBA / ~2 m
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Modeling

- Comparison with models (Salammbô 3D)

- 3D reconstruction of B field by tomography

- Topology of multipolar BJup at low latitudes close to the planet

[de Pater & Sault, 1998]
[Connerney et al., 1993 ; Santos-Costa, 2009]

Motivations for low frequency observations
Characteristics of the emission

- Resolved LF brightness distribution

- Polarization, extent to LF ? spectral variations ?

Dynamics

- Magnetospheric dynamics, time variability.

- Electron acceleration & transport processes:

pitch angle scattering, inward diffusion, effect of satellites, interaction with dust, losses ... 
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Phase calibrator SBs

Target SBs

1 « standard » LOFAR observation = 2 datasets:    Calibrator + Target sub-bands (SB)
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Cal
Target

Planetary data processing
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4C15.06
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• 4C15.05
  6.5 Jy @ 160 MHz

• Other sources
  ~1-5 Jy 
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Target SBs

Planetary data processing (cont’d)
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Target SBs

Imaging ? 

Planetary data processing (cont’d)
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Jupiter
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[Levin et al., 2001]  http://juno.wisc.edu/science_magnetosphere.html 

sim 1.4 GHz
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Target SBs

Planetary data processing (cont’d)
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Target SBs

Widefield
Imaging

Image plane

Source peeling

Fourier plane

Source detection
& selection

LOFAR
MSSS?

NED

Planetary data processing (cont’d)
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Widefield
Imaging

Image plane
Target SBs

Source peeling

Fourier plane

Source detection
& selection

LOFAR
MSSS?

Imaging

Data phase shift

-> Planetary motion

-> Planetary intrinsic motion
Non constant Ra/Dec

e.g. Jupiter belts wobbling

JPL/Horizons

Planetary data processing (cont’d)

NED
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Magne*c	
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Mean	
  direc*on
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  longitude

Planetary data processing (cont’d)
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Widefield
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Target SBs
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Fourier plane

Imaging
Source detection
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Data phase shift

-> Planetary motion

-> Planetary intrinsic motion
Non constant Ra/Dec

e.g. Jupiter belts wobbling

JPL/Horizons

Exploitable
Image cube

Self-Calibration loop

Phase
calibration 

New
Sky Model

Imaging

Planetary data processing (cont’d)
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18h-20h 20h-22h 22h-00h

00h-02h 02h-04h
distortion (low elevation)

2-hour & Frequency averaged images

Δf = 127-172 MHz,   Δt = 2h,   uv= 0-15 kλ corrected from motion & wobble,   
Beam = 17.8’’x15.5’’,  Pixel = 2", Jupiter disk = 49’’

Results
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Consistent with radial excursions measured at HF (e.g. ~ 0.25 Rj from 1.45 to 1.7 Rj ) 
[Dulk et al., 1997]

E & W peaks location on 2-hr time integrated images

1.13 – 1.70 Rj 1.22 – 1.54 Rj

Results
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E & W peaks location on 10-hr time integrated images

1.43 – 1.67 Rj

1.5 Rj

1.30 – 1.78 Rj

1.35 Rj

VLA  5 GHz
[Santos-Costa et al., 2009]
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(Girard et al., SF2A 2012, adapted from Kloosterman et al., 2008)
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(Girard et al., SF2A 2012, adapted from Kloosterman et al., 2008)
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Saturn thermal emission See Daniel Gautier’s talk tomorrow 

f=300 MHz
NH3+H2O

f=100 MHz
H2O

Contribution to the thermal emission

● LF probe deeply into Saturn atmosphere (~kbar)

(plot from M. Hofstadter)

● Measurement of the abondance of water

Repartition of materials

Pr
es

su
re
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can’t distinguish
at HF

Saturn thermal emission
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Saturn thermal emission
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● Observed (20h) and being processed...

Saturn thermal emission
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Calibrator - F=111 MHz - 10 SB - 12°x12°
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Calibrator - F=111 MHz - 10 SB - 12°x12°

NVSS J141050-114907  

NVSS J141134-112143  

PKS 1412-10

NVSS J142225-114422

NVSS J142343-102905

NVSS J141457-103105

NVSS J141603-124221

NVSS J142343-102905

NVSS J141437-122014

NVSS J141836-090406

NVSS J141208-114438

NVSS J140859-113028

NVSS J140759-123230

NVSS J141010-094615
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Saturn field - F=111 MHz - 10 SB - 12°x12°

PKS 1412-10

NVSS J142343-102905

On going...
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Saturn field - F=111 MHz - 10 SB - 12°x12°

PKS 1412-10

NVSS J142343-102905

On going...
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Saturn field - F=111 MHz - 10 SB - 12°x12°

PKS 1412-10

NVSS J142343-102905

On going...
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Other observations of Jupiter & Saturn

mercredi 19 février 2014



Other observations of Jupiter & Saturn
• Jupiter Decameter emission (LC0_002, Wucknitz et al.)
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Other observations of Jupiter & Saturn

• Saturn Electrostatic Discharges (LC1_005, J.-M. Grießmeier et al.)

UIOWA 20130412
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• Jupiter Decameter emission (LC0_002, Wucknitz et al.)

mercredi 19 février 2014



Other observations of exoplanetary systems

• Radio exoplanetary search and characterization (LC0_007&LC1_032, Zarka et al.)

Solar System

[Zarka, 2007]
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New facilities for standard data reduction

Nançay
- Storage (~200 Tb)

- Processing

- Software

shared (LOFAR, FR606-SS, NenuFAR...)

2 lce-like nodes

LOFAR software deployed
calibration, imaging, pipeline(s)...

Fully deployed in dec 2013

➢ Full use

- Storage

- Processing (PSL mesocenter)

- Software

shared space (LOFAR, NDA, UTR-2...)

Low level Job submission

LOFAR software deployed

(07/2013)

Proposals to get CPU time

Meudon
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• LOFAR (LBA & HBA) + WSRT (6 cm → 78 cm) 

• Observed in 2013:               LOFAR: 2x5h45               WSRT: 2x5h45

Observations from 2013
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LOFAR	
  commissioning	
  observa'on	
  	
  10-­‐11/11/2011

•	
  10	
  consecu'ves	
  hours	
  (~1	
  planetary	
  rota'on)

•	
  HBA	
  127-­‐172	
  MHz

•	
  29	
  NL	
  sta'ons

•	
  2	
  beams	
  :	
  Jupiter	
  &	
  flux	
  calibrator	
  4°	
  away

•	
  δt	
  =	
  0.3	
  ms	
  ,	
  δf	
  =	
  3	
  kHz

•	
  Full	
  Stokes	
  measurement	
  →	
  only	
  I	
  was	
  processed

•	
  data	
  size	
  ~450	
  GB

39
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166-172 MHz150-157 MHz 158-166 MHz

Δt =18h-20h

141-149 MHz127-133 MHz 133-141 MHz

uv=0.2~5kλ beam=50’’x30’’ color: 0,1-0,9 Jy/beam

Jupiter

NVSS	
  J020457+114145	
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•	
  Nearby	
  sources	
  around	
  Jupiter	
  in	
  data	
  before	
  source	
  substrac'on

41
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  density
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Jupiter avant peeling
Jupiter après peeling
MRC 0204+110

NVSS J020530+112338
MRC 0202+114
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Jupiter avant peeling
Jupiter après peeling
MRC 0204+110
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MRC 0202+114

120 130 140 150 160 170 180

1

2

3

4

5

0
120

1

5

2

4

3

0
130 140 150 160 170 180

Frequency	
  (MHz)
42

Max	
  uncertainty	
  ~30%

Integrated	
  flux	
  density
Fl
ux
	
  d
en

sit
y	
  
at
	
  4
.0
4	
  
	
  U
A	
  
(Jy

)

mercredi 19 février 2014



4C15.06

4C15.05

4C12.10

4C13.12

4C16.05

MRC0210+157

MRC0156+136

MRC0156+126MRC0206+136

TXS0201+170

MRC0157+168

TXS0209+144

R. A. (J2000)

De
cli

na
tio

n

13°

14°

15°

16°

17°

18°

02h15m 09m 06m 03m 01h54m12m 02h 57m

mercredi 19 février 2014



4C15.06

4C15.05

4C12.10

4C13.12

4C16.05

MRC0210+157

MRC0156+136

MRC0156+126MRC0206+136

TXS0201+170

MRC0157+168

TXS0209+144

R. A. (J2000)

De
cli

na
tio

n

13°

14°

15°

16°

17°

18°

02h15m 09m 06m 03m 01h54m12m 02h 57m

• Identification via NED
(Nasa Extragalactic 
Database)
http://ned.ipac.caltech.edu/ 

• 4C15.05
  6.5 Jy @ 160 MHz

• Other sources
  ~1-5 Jy 

• Image over
  10 SB
  uv=0.2-4 kλ, 
  2048 x 2048 pixels
  5°x5°
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• LOFAR (LBA & HBA) + WSRT (6 cm → 78 cm) 

• Observed in 2013:                   LOFAR: 2x5h45      

• Allocated time 11h50             WSRT: 2x5h45
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HBA
On going work...

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

4C21.16

Jupiter

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

4C21.16

Jupiter
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HBA
On going work...

● full study on-going...
     spectrum, resolved emission, comp. with WSRT, temporal variability...
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Saturn thermal emission
(LC0_005, Courtin et al.)

See Daniel Gautier’s talk
tomorrow 
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Simulated map of synchrotron emission (110-300 MHz)

Residual Synchrotron radiation ?Next step

(L. Lorenzato)
mercredi 19 février 2014



f=300 MHz

Opacity: NH3+H2O

f=100 MHz
Opacity: neutral + weakly ionized H2O

Saturn thermal emission
(LC0_005, Courtin et al.)

Contribution to the thermal emission

Pressure
(bar)

● Probe deeply into Saturn atmosphere

● Measure the abundance of water

Hoffstadter
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