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9 Conclusions and outlook

We have investigated the feasibility of constructing a Radio Detector (RD) at 

the Pierre Auger Observatory. The addition of an RD may increase the amount of 

hybrid measurements at the observatory and thus improve the precision of the 

air-shower measurements.

A first-generation radio setup at the Pierre Auger Observatory made use of a 

scintillator-based coincidence-trigger system. This system triggered on 24 % of 

the air showers (as registered by the Auger SD). This trigger introduces a bias 

towards  zenith  angles  < 60°  and nearby  events  (distance  to  the shower  axis 

< ~650 m). No bias was found regarding the energy and the azimuth angle of 

scintillator-triggered air showers.

Of  the  air  showers  that  were  triggered  on,  we  found  that  20 %  of  the 

corresponding radio  traces  had a clear  signal.  The criterion required that  the 

power of the signal in al least one antenna is at least three times the power of the 

noise;  i.e.  the  signal-to-noise  ratio  (SNR) ≥ 5 dB.  For  ~5 %  of  the  triggered 

events,  the power of the signal  was at least 10 times the power of the noise 

(SNR ≥ 10 dB).

When using the first mentioned criterion (SNR ≥ 5 dB) to define “a clear signal 

in radio”, we found that:

■ More  than  40 %  of  the  air  showers  that  were  triggered  on  by  the 

scintillators, and whose shower axis is at a distance of less than 200 m 

from the antenna, show a clear signal in radio. Air showers that are further 

away show much less frequently a signal in radio.

■ There were 11 air showers with an energy E≥1.0EeV  and dist axis350m . 

All 11 air showers showed a clear signal in radio.

■ Of the air showers with E≥1.0EeV , 37 % was seen in radio, which is much 

higher than the 20 % which is seen when no cut is made on the energy.
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■ Inclined air showers (zenith angle > 60°) are more likely to show a clear 

signal in radio. This effect is not simply a consequence of the fact that 

inclined showers have a higher mean energy than non-inclined showers.

■ Air showers coming from a “southern direction” (i.e. the azimuth angle is 

between -180° (west) and 0° (east)) more often show a signal in radio than 

showers  arriving  from  a  “northern  direction”  (with  azimuth  angle  in 

between  0°  (east)  and  +180°  (west)).  The  ratios  are  25 %  and  13 % 

respectively. This effect can be explained by the direction of the Earth's 

magnetic field, and is therefore known as the v×B  effect.

The signal-to-noise ratio of radio signals from air showers was found to be 

approximately constant between 35 and 70 MHz. The lower limit is a result of the 

low-frequency limit of the antenna, while the upper limit is caused by the low-

pass filters. For air showers that show a signal in radio, the SNR is significantly 

above zero in the mentioned frequency band. Because the signal is coherent, an 

antenna that is sensitive in a wide frequency band should be preferred for the 

optimal detection of radio signals from air showers.

During thunderstorm conditions, the radio signals of air showers have a higher 

SNR.  The  radio  signals  of  showers  not  measured  during  thunderstorms  are 

usually  stronger  in  the  east-west  polarisation.  The  SNR  of  remote  events 

dist axis200 m   is  higher  at  low  frequencies  (~40 MHz);  and  lower  at  high 

frequencies (~65 MHz). For nearby events dist axis≤200m   the SNR is about equal 

at both frequencies.

The  successful  construction  of  a  Radio  Detector  at  the  Pierre  Auger 

Observatory will depend on the ability to efficiently trigger on air showers. Due to 

the size and cost of the scintillator-based trigger system of the first-generation 

radio setup, it is not practical to equip a large number of Radio Detector Stations 

(RDS) with this type of trigger system. Furthermore, these scintillators triggered 

on  24 % of  the air  showers  registered by the SD;  thus many events were not 

detected. Smaller scintillators have been installed in the MAXIMA stations.

A functional trigger based on the radio signal itself has not been demonstrated 

in  this  work.  However,  limited  success  on  self-triggering  is  reported  in 

[122, 123].
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The Auger  Engineering  Radio  Array  (AERA),  currently  under  construction  in 

Argentina,  will  have the option to directly use the trigger signal of nearby SD 

stations. Though this does not guarantee a clear signal in radio, it will provide an 

efficient trigger.

Since May 2010 the MAXIMA radio setup has been operating with relatively few 

technical problems. Using a scintillator trigger, radio traces of air showers are 

being collected. The set of events coincident between SD and MAXIMA is steadily 

growing.

With its 160 antennas on 20 km2, AERA is expected to measure many more 

cosmic-ray events above 1 EeV than its predecessors. Furthermore, each event 

will be measured with a larger amount of antennas, which will be very useful for 

the study of the emission mechanism of the radio signal from air showers.
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