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(1)How it works -- in principle

 showers emit short, intense 
radio pulses
 Radiation due to geomagnetic 

emission process e.g. 
geosynchrotron

 Coherent emission at low 
frequencies, e.g. 20-100 MHz

Historically: fine analog 
artwork
 impressive but bound to fail

▶ use digital radio astronomy instead
 LOFAR, LOPES, CODALEMA
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The LOPES Collaboration

Relations to LOFAR

Novel technology

 100% duty cycle

 Effective RFI 
suppression

 Signal integrated over 
shower evolution, 
complementary to 
particle and optical 
detection

 High angular resolution 
possible

 extremely large 
arrays?
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(1)LOPES @ KASCADE-Grande

LOPES - A LOFAR▲ Prototype Station
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(1)How it works -- digitally

☚ raw

⇙ filter    align☟  power ➥
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(1)LOPES -- current work
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2007

Energy and composition sensitivity of geosynchrotron radio emission from EAS
Huege, T., Ulrich, R., Engel, R.
2007, Proceedings of the 30th ICRC, Merida, Mexico

REAS2: CORSIKA-based Monte Carlo simulations of geosynchrotron radio emission
Huege, T., Ulrich, R., Engel, R.
2007, Proceedings of the 30th ICRC, Merida, Mexico

The LOFAR Air Shower Front Evolution Library
Lafebre, S., Huege, T., Falcke, H., Kuijpers, J.
2007, Proceedings of the 30th ICRC, Merida, Mexico

Primary Particle Energy Calibration of the EAS Radio Pulse Height Slides
Horneffer, A. and the LOPES Collaboration
2007, Proceedings of the 30th ICRC, Merida, Mexico

Radio Detection Techniques for Cosmic Rays
Gemmeke, H. et al.
2007, 6th Rencontres du Vietnam, Hanoi, Vietnam

LOFAR as a cosmic ray detector
Lafebre, S., Falcke, H., Kuijpers, J.
2007, 6th Rencontres du Vietnam, Hanoi, Vietnam

2006

Geosynchrotron radio emission from CORSIKA-simulated air showers
Huege, T., Ulrich, R., Engel, R.
2006, ARENA 2006 Workshop, Newcastle, England

Radio detection of cosmic ray air showers with LOPES
Huege, T. et al.
2006, Cosmic Ray International Seminar, Catania, Italy

EAS Radio Detection with LOPES
Haungs, A. et al.
2006, Frontier Objects in Astrophysics and Particle Physics, Vulcano Workshop 2006, Italy

2005

Radio Detection of Cosmic Rays with LOPES
Grupen, C. et al.
2005, Brazilian National Meeting on Particles and Fields, São Lourenço, Brazil

Radio emission of highly inclined cosmic ray air showers measured with LOPES - possibility for neutrino
detection

ICRC contributions
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2007

Monte Carlo simulations of geosynchrotron radio emission from CORSIKA-simulated air showers
Huege, T., Ulrich, R. and Engel, R.
2007, Astroparticle Physics 27, 392-405

Amplified radio emission from cosmic ray air showers in thunderstorms
Buitink, S. et al. - LOPES collaboration
2007, Astronomy & Astrophysics 467, 385-394

Radio emission of highly inclined cosmic ray air showers measured with LOPES
Petrovic, J. et al. - LOPES collaboration
2007, Astronomy & Astrophysics 462, 389-395

2006

Progress in air shower radio measurements: Detection of distant events
Apel, W.D. et al. - LOPES collaboration
2006, Astroparticle Physics 26, 332-340

2005

Detection and imaging of atmospheric radio flashes from cosmic ray air showers
Falcke, H. et al. - LOPES collaboration
2005, Nature 435, 313-316

Radio emission from cosmic ray air showers: Simulation results and parametrization
Huege, T., Falcke, H.
2005, Astroparticle Physics 24, 116-136

Radio emission from cosmic ray air showers: Monte Carlo simulations
Huege, T., Falcke, H.
2005, Astronomy & Astrophysics 430, 779-798

2004

Prospects for radio detection of ultra-high energy cosmic rays and neutrinos
Falcke, H., Gorham, P., Protheroe, R.J.
2004, New Astronomy Reviews 48, 1487-1510

2003

Radio emission from cosmic ray air showers: Coherent geosynchrotron radiation
Huege, T., Falcke, H.

refereed publications
✓distant events

✓thunderstorm events

✓inclined showers

★calibration

★LOPES30
★polarisation

★self-trigger

★modelling
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(1)Distant events -- reconstructed with K-Grande

even a small radio array improves 
the Grande reconstruction 
accuracy (good angular resolution)

radio signal from showers 
are visible to distances 
>600m at 40-80 MHz
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(1)Thunderstorm events

thunderstorm

fair weather

atmospheric E-fields 
>100 kV/m close to 
thunderstorms

 strongly enhanced 
radio emission

normal fields with 
10-100 V/m have no 
effect
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(1)Inclined showers

•low attenuation
•footprint MC √
•em part absorbed: low pick-up from PMTs 

zenith angle 68°
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(1)LOPES30

array extended to 30 
antennas with longer 
baselines

better sensitivity

better angular resolution

per-event measurement of 
lateral profile

monitoring of environmental 
conditions
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(1)LOPES30

reduced noise far away 
from the core...
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(1)Calibrations: instruments

free field ~ok:
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(1)Calibrations: antenna gains
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(1)Calibrations: both polarisations

EW
NS

efficiency needs to be checked with both 
polarisations (60% previously)

north-south
polarised 
antenna

east-west
polarised 
antenna

◀data, fit
....theory
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(1)Calibrations: radio signal -- energy

this is using one polarisation only...; spread between radio calibration and KG-energy is 20%
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(1)Self-trigger
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(1)Modelling -- overview

historical studies,  Jelly 1965, Allan 1971++

electron-positron pairs gyrate in Earth’s B-field: radio pulses

 coherent emission at tens of MHz

1 - analytical calculations

2 - REAS1 MC with parametrised air shower model

3 - REAS2 MC with CORSIKA air showers
 example: shower profile & radio pulse
 more... 



(1) The Cooperation of Forschungszentrum Karlsruhe GmbH 
and Universität Karlsruhe (TH)|  Johannes Blümer  

(1)Modelling --  energy estimation with radio

275 m north (on ground) of core
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(1)Modelling -- lateral profiles, θ=60°
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(1)Modelling -- lateral profiles, θ=60°

E275

E725

ratio is mass sensitive
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(1)Modelling -- Xmax estimation with radio
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(1)Perspectives: promising AND a lot of work ahead

the (optimistic) LOFAR view...

actual transfer from 
LOPES and CODALEMA  
to Auger

▶ K.-H. Kampert, Friday
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