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Decameter wavelength band

Source: F. Granato 
(ESA/Hubble)



First 
observations
Karl G. Jansky, 1932



Subsequent work
• UTR (Ukrainian T-shaped 

 Radio Array)

Source: ukrinform.com



Subsequent work
• UTR (Ukrainian T-shaped

 Radio Array)

• 8C (Eighth Cambridge

 Catalogue)

Source: Mullard Radio 
Astronomy Observatory, 
1995



What do we 
see?
•ECMI from Jupiter

Jupiter becomes dominates in 
the decameter band – overtaking 
even the sun. Similar emission is 
expected from brown dwarf-
exoplanet pairs.

Source: Philippe Zarka



What do we 
see?
•ECMI from Jupiter

•Spectral turnovers

Many sources are expected to 
turn over at low frequencies – 
decameter observations can help 
find and characterize them.

Source: John McKean (2016)



What do we 
see?
•ECMI from Jupiter

•Spectral turnovers

•Steep spectra in galaxy clusters

Galaxy clusters can host Mpc 
scale radio halos filled with 
electron plasma. Decameter 
astronomy gives us clues on how 
the electrons got accelerated to 
these energies.

Source: Luca Bruno (2021)



What do we 
see?
•ECMI from Jupiter

•Spectral turnovers

•Steep spectra in galaxy clusters

•Re-energised fossil plasma

Old AGN emission has been re-
energised, e.g. via adiabatic 
compression to form diffuse, 
complex structures, with very 
steep spectra.

Source: Van Weeren et al. (2011)

Source: de Gasperin et al. (2017)



Why are there no deep surveys?
• -

• Ionosphere changes heavily in time​ (~second)

• Ionosphere changes heavily in frequency (1/v)​

• Faraday rotation (1/v^2)​

• Corrections change severely throughout FoV
• Reflected RFI (during daytime)



... Decameter astronomy from space



Lowest frequencies 
with LOFAR

In principle 10-80 MHz

LoLSS: 42-66 MHz

Decameter band: 16-30 MHz

Test observation in 3C196 field

Van Weeren et al. (2012)



Ionosphere

Bandpass 
response

Clock drift

Direction 
independent 

calibration (full 
FoV)

Split up field in 
small regions

Direction 
dependent 

calibration + 
imaging



Direction dependent calibration
Previous work: calibrate whole image in one go

Direction dependent calibration:
• Calibrate whole image

• Chop up the image in small regions

• For each region:
• Subtract rest of the field

• Facetselfcal.py

• Need good model of the sky to subtract...



Ionosphere

Bandpass 
response

Clock drift

Direction 
independent 

calibration (full 
FoV)

Split up field in 
small regions

Direction 
dependent 

calibration + 
imaging



12-36 MHz image
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Abell 655!
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16-30 MHz image
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16-30 MHz image
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16-30 MHz image



LOFAR Decameter Sky Survey
• Full northern sky (Dec > 20°)

• 14-30 MHz

• Resolution: 45 arcsecond

• Depth: 15 mJy

• Progress:
• 90% observed

• 2 processed

Image credit: Erik Osinga





Future potential
• LOFAR 2.0

• Additional stations in NL?

• Data processing:
• Stokes V-maps for star-planet interaction

• Transient sources in overlapping coverage

• Science:
• Radio halos (galaxy clusters)

• Peaked-spectrum sources

• Re-energised fossil plasma

• Exoplanets (?)

• Ionosphere

•Other sources... (any suggestions?)



Conclusion
• LOFAR is capable of observing below 30 MHz

• Survey under way

• Paper submitted
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