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The Low Frequency Array (LOFAR) 
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~ 3 Mpc

Clarke et al. 2016, in prep.
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Cosmic Rays in the radio spectrum 

• Radio can probe the cosmic-ray 
spectrum between the ‘knee’ (~1016 eV) 
and the ‘ankle’ (~1019 eV). 

• Advantages:
• ~100 % duty cycle
• commensal observing
• possibly better precision?
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Radio Papers at ICRC  
- the radio “renaissance”

Largely due to digital low frequency 
arrays (CODALEMA, LOPES, LOFAR) 
and improved simulations (CoREAS, 

ZHAireS) for model fitting
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Cosmic Rays with LOFAR 

• LOFAR Superterp provides dense sampling of air shower pulse 
• Leads to high precision in power penetration depth and hence 

precise measurements of the original cosmic ray

Buitink et al. 2016, Nature
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T H E  N E X T  G E N E R A T I O N  R A D I O  T E L E S C O P EThe Square Kilometre Array (SKA) 
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TERABYTE = 1012 BYTES

ZETTABYTE = 1021 BYTES

An “Extreme Data” project     
- IBM



EPOCH OF REIONIZATION 

• HOW THE FIRST STARS & GALAXIES FORMED 
• WHEN THE FIRST STARS & GALAXIES FORMED 
• REVEALED BY REDSHIFTED HYDROGEN



GRAVITATIONAL WAVES

• RIPPLES IN SPACE-TIME 
• USE A NETWORK OF PULSARS TO DETECT THEM 
• CAUSED BY INTER-ACTING SUPER-MASSIVE BLACK HOLES



COSMIC MAGNETISM
• DETERMINE THE ORIGIN OF COSMIC MAGNETIC FIELDS. 
• USE RADIATION FROM THE EARLY UNIVERSE THAT HAS PASSED 
 THROUGH MAGNETIC FIELDS. 
• LOOK FOR ROTATION OF THE PLANE OF POLARISATION. 



CRADLE OF LIFE

• LOOK FOR EMISSION FROM ORGANIC MOLECULES. 
• IDENTIFY “EARTH-LIKE” PLANETS. 
• ARE WE ALONE?
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Cosmic Rays with SKA(?) 

adapted from frank.schroeder@kit.edu

SKA High Energy Cosmic Particles (HECP) Focus Group

100 x more air shower 
events than LOFAR 

~10,000 air shower events 
per year > 1017 eV 

Is the low-mass population 
dominated by protons 
(extra-galactic) or He 

nuclei (Galactic)?

mailto:frank.schroeder@kit.edu
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Cosmic Rays with SKA(?) 

• LOFAR results suggest an excess of low mass CRs around 
1017.5 eV 

• Requires detectors to trigger SKA-LOW

arXiv1608.08869
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Cosmic Rays with SKA(?) 

arXiv1601.02980; arXiv1608.02408 

• Searches for nano-second 
Askaryan pulses when HEPs 
interact with the moon 

• SKA will be world leading in 
precision for air showers at 1017 eV 
and for lunar aperture at 1020 eV
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Conclusions 

• Now is an exciting time for radio astronomy; 
• The technical advances that are being made in radio astronomy are 

advantageous for astroparticle physics; 
• Community collaboration is key to maximising the science from these facilities 


