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Towards real-time identification of
cosmic rays with radio antennas 

A. Bonardi, et.al for the LOFAR Cosmic Ray KSP group



  

Requirements for LOFAR self-triggering
Facts

➢ CR signal is very short (10-100 ns) and very rare
by assuming an average event rate of ~1 event per hour at E > 1016 eV,
the time window ratio is about 10^11

➢ RFI can easily mimic CR radio signals
strong 43 MHz FM band, electric sparks from close-by electric fences

➢ LOFAR capability of downloading the time buffers is limited by the
data transmission bandwidth 

Therefore

1) RFI suppression to less than 1 fake trigger per hour is crucial

2) High CR selection efficiency is advisable, but not crucial

3) Trigger algorithm has to be as simple as possible



LBA Self-trigger algorithm
Trigger criterion:
 

1) for each antenna the two polarizations are evaluated independently

2) Majority of 23 antennas along one polarization over a given threshold, on
coincidence time window of 30 (LBA outer) or 20 (LBA inner) ns 

RFI rejection:

1) signal time length, defined as the time distribution of the antennas
majority,  must be shorter than 300 (LBA outer) or 75 (LBA inner) ns

2) the ratio of I(30 MHz < F < 45 MHz) and I(45 MHz < F < 70 MHz) must be
encompassed between 1 and 2

3) if two consecutive pulses are identified within 5 ms, both pulses are
rejected

4) elevation angle of the signal must be q > 30° (LBA inner only)



LBA Self-trigger: results
LBA outer
events considered: 4081 Energy: E > 3 · 10^15 eV
Total independent real time: 8.9 s Total real time: 118.7 s
Antenna threshold:  4 RMS
total number of stations triggered by CR signal = 899 
fraction of stations triggered by CR signal and rejected as RFI = 185 / 899 = 21%
Not-CR signal after RFI rejection in fair-weather condition = 0

LBA inner
events considered: 634 Energy: E > 3 · 10^15 eV
Total independent real time: 1.7 s Total real time: 21.6 s
Antenna threshold:  4 RMS
total number of stations triggered by CR signal = 246 
fraction of stations triggered by CR signal and rejected as RFI =  88 / 246 = 36%
Not-CR signal after RFI rejection in fair-weather condition = 0

Future plans
➔ Low threshold acquisitions are planned to be performed on one LOFAR test

station for increasing the statistics and getting a better estimation of RFI
rejection efficiency
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Summary

● Continuing activity in improving understanding of measurement systematics for analysis
of cosmic ray radio showers.

– LOFAR is leading experiment worldwide!

● Event rate so far suffering from bad LORA performance and limitation of data taking to
LOFAR observations.

– Particle trigger LORA fixed, should improve performance

– Dedicated observation mode in preparation (S. ter Veen)

● Studies in radio self-triggering continued

– test observations needed, may produce large data volume (~ 100 TB)

● TBB software integration still / again open issue

– Essential scripts still rely on availability of single people

– Expertise is leaving … action needed soon!
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