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Radio emission by EAS

Emission processes:
● Cherenkov radiation of neg. charge 

excess (Ee > 21 MeV)

● Synchrotron radiation in geomag. 
Field (dominating)

● Coherent process: calorimetric 
(shower disk ~1-2 m)

History:
– Discovery: Jelley et al. (1965), 44 MHz
– Measurements ceased in 70ies
– Proposal of using new radio telescopes for EAS 

detection (Falcke & Gorham, Astropart. Phys. 2003)
– CODALEMA (talk by A. Belletoile)
– LOPES (LOFAR+KASCADE-Grande Collab.)
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Low Frequency Array (LOFAR)

Physics
● Period of re-ionization (z=5-15)
● Galaxy formation & evolution

      - Radio and starburst galaxies

      - Diffuse emsission from clusters
● Bursting and transient phenomena
● Cosmic Rays

Telescope
● Antennas: 10-90, 110-240 Mhz
● Stations: ~ 100, Tb network
● Diameter: ~400 km
● Resolution: 0.6 arcsec (240 Mhz)
● Digital beam forming (offline)

Röttgering et al., astro-ph/0309537
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KASCADE-Grande

KArlsruhe Shower Core and Array Detector

Array: 252 scintillator detectors (e/μ)  

Area: KASCADE: 200x200 m2

              KASCADE-Grande: 700x700 m2

Energy range: 1014.5 – 1017.5 eV
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LOPES at KASCADE-Grande
Motivation: 
    Investigation & calibration of
    EAS radio signal
Setup:

● Jan-Sep 2004: 10 antennas 
   (LOPES-10)
● now: 30 antennas

LOFAR Prototype Station

(Horneffer et al., astro-ph/0409641)
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LOPES hardware

 KASCADE

 6.7 sec. cyclic buffer
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Trigger and data selection

– KASCADE large event trigger (10 out of 16 array clusters)
– Readout of all antennas (820 μs time trace)
– Transfer to DAQ PC (storage on harddisk)
– Averages 2500 – 3000 events per full day

● ca. 3.5 GByte uncompressed data per day 
● ≅ ca. 1.2 TByte per year

– Offline correlation of KASCADE & LOPES
      (not integrated yet into the KASCADE DAQ)
– KASCADE provides starting points for LOPES air shower 

reconstruction
● core position of the air shower
● direction of the air shower
● size of the air shower
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Data processing

● Instrumental delay correction using TV-phases
● Filtering of narrow band interference
● Frequency dependent gain correction
● Correction of trigger & instrumental delay
● Beam forming in the direction of the air shower
● Optimizing radius of curvature
● Quantification of peak parameters

Time delay variations 
(units of 12.5 ns)
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Digital beamforming (i)

Raw signal Phase-shifted signal

Power  KASCADE
 detector noise



Ralph Engel, LOPES Collab., 17 March 2005

Digital beamforming (ii)

Plane wave Spherical wave

Radius of curvature:
● Better description of data
● Unreliable for large core 

distances
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Event selection

● KASCADE array processor did not fail
● Distance of the core to the array center < 91m
● Zenith angle < 40°
● Number of electrons > 5x106

● Guessed primary energy (Nμ)  Eprim > 1017 eV

  - 89 KASCADE events in first 6 months (Jan – Jul 2004)
  - 33 detected by LOPES

Study of correlation with shower parameters:
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Dependence on shower parameters (i)

Simultaneous dependence on several parameters expected
Bias due to undetected events
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Dependence on shower parameters (ii)

● KASCADE: truncated muon number good energy estimator
● Pulse height divided by truncated muon number
● New selection: muon number >4×105 and R<70 m

No dependence on 
zenith angle

Correlation with  mag. 
field angle
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Dependence on shower parameters (iii)

Pulse height re-
scaled with to 
compensate 
direction relative
to mag. field

~ Eprim

LOPES, preliminary

● First indications for good 
correlation with primary energy

● Radio signal detected for all 
events above ~1017.5 eV
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Summary & outlook

LOPES-10

LOPES-30

LOPES-10
● Many EAS detected in radio
● Pulse time duration ≤ 50 ns
● Emission coherent
● Curved wave front
● Pulse height well correlated with
      - geomag. angle
      - truncated muon number 

     (energy)

LOPES-30 
(Taking data since Sep 2004)

● Integration in KASCADE DAQ
● Antenna absolute calibration
● Analysis of lateral distribution
    ...
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LOPES Collaboration


