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Start 2003: LOFAR prototype station

Proof-of-principle for digital, interferometric radio detection

Several configurations to test:

antenna types, triggers, polarization, é

Stop 2013 together with KASCADE

Data will become part of KASCADE Cosmic Ray Data Center:

https://kcdc.ikp.kit.edu/ PoS(ICRC2015)262

LOPES history

for main analysis

32 ICRC contributions:   2003: 1      2005: 8      2007: 7       2009: 5      2011: 4      2013: 5      2015: 2
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30 dipole antennas

40 ï80 MHz, east-west / north-south

Trigger by KASCADE

LOPES setup (map of 2009)
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Digital interferometry

Beamforming

Digitally shift all traces in time by 

distance to wavefront / c

Hyperbolic wavefront

Cross-correlation of all traces

possible due to 1 ns

relative timing accuracy
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After beamformig, cross-correlation for pulse identification

only air shower radio pulse is correlated in all antennas

Analyses based on two independent measurements: arrival times + amplitude

Digital radio interferometry

cross-correlation

total power
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Direction using different wavefronts

JCAP 09 (2014) 025
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Spread around 

linear correlation:

~ 25 g/cm²

Xmax via hyperbolic wavefront

Cone angle r~ distance to Xmax

Warning:r sensitive to details 

Ą see proceeding PoS(ICRC2015)317 
r

1°- 2°

JCAP 09 (2014) 025
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Interpretation of Xmax measurements

Average uncertainty on individual LOPES events: ~ 140 g/cm²


