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a b s t r a c t

We report some radio observations of three fully autonomous and self-triggered antennas installed at
the Pierre Auger Observatory, within its Surface Detector (SD). The antennas are the broadband active
dipoles used in the CODALEMA experiment and led to the detection of events in coincidence with Auger
data.

& 2008 Elsevier B.V. All rights reserved.

1. Introduction

The1,2 need to increase the statistics of the highest energy
cosmic rays encouraged to detect the Extensive Air Showers (EAS)
they produce while entering the atmosphere over wide areas. The
detection of the secondary particles reaching the ground and the
fluorescence light emitted by the atmospheric nitrogen excited by
the secondary charged particles of the shower are two ways to
reconstruct the characteristics of the primary cosmic ray. But it is
also possible to detect the radioelectric field emitted by the
shower [3–5]. This method can be potentially very interesting
because the associated radiodetector would have a 100% duty
cycle with a reduced cost as compared to a typical Surface
Detector (SD) or a fluorescence detector (FD) like those of the
Pierre Auger Observatory. Such radio detection systems are
already in operation in the CODALEMA (France) and LOPES
(Germany) experiments [1,2]. In addition to CODALEMA, we also
are working at the Pierre Auger Observatory to take benefit from
this large hybrid detector installed in Argentina [6]. We installed
among the Auger SD six of the dipolar antennas used in
CODALEMA to get two-polarization measurements on three
detection stations but contrarily with CODALEMA and LOPES,
with a completely autonomous setup. The main goal of the
prototype is to check the feasibility of an autonomous trigger for

the radio signal and to get coincidences with Auger at energies
around 1018 eV. We present here the results obtained with this
simple prototype during one year of data acquisition in Auger. This
prototype is no more maintained and will be replaced by an
upgraded detector.

2. Experimental setup

The RAuger experiment is constituted by three radio detectors
(A1, A2, A3) installed around Apolinario, one of the 1600 Auger’s
water Cherenkov tanks. The setup is shown in Fig. 1. Apolinario is
an additional tank with respect to the Auger array elementary
triangle, and is at the center of a standard triangle. Each detector
is fully autonomous in terms of power feeding, trigger and data
exchange. A central PC installed at the Central Laser Facility at the
center of the Auger SD, collects by WiFi the data from the three
stations which are finally sent to the Auger building in Malargüe,
Argentina. We detect the electric field with two dipolar active
antennas composed of two aluminium slats of 0.6m length and
0.1mwidth. The antennas are set parallel to the ground, 1m above
and oriented one in the North–South (NS) direction and the other
in the East–West (EW) direction. The antenna has good
performances in the 80 kHz–230MHz band and is coupled with
a low-noise amplifier with a constant gain in this wide frequency
domain. The performances of the system are given in Refs. [7,8].
The trigger requires the 50–70MHz filtered signal to be greater
than an adjustable threshold on one of the two channels (here the
EW signal) but both channels are recorded for each event. The
signal is digitized by an 8 bits ADC with a sampling rate of
500MS/s for a 5ms waveform. The local acquisition system is the
Auger Unified Board used in the Cherenkov tanks. It masters the
local data streams and sends the data to the Central PC by WiFi.
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France, LAOB, Université de Besanc-on/INSU-CNRS, Besanc-on, France, LPCE,
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The overall dead time is around 2.7 s due to the time transfer of
each event; the acquisition is frozen as long as an
acknowledgement has not been received from the Central PC.
RAuger is installed since November 2006 and is running in a quite
stable mode since July 2007. The analysis presented here is
performed on data taken between July 2007 and May 2008
corresponding to 318 days.

3. Trigger rate

The trigger rate depends on the considered station because the
effective thresholds are not actually the same: that of A3 was
too low, leading to many saturation periods, while that of A2
was too high, leading to a small number of events. The averaged
trigger number (weighted by the number of triggers during
each day of the sample) as a function of UTC time for the station
A1 presented in Fig. 2, corresponds to 384000 triggers
between January 2008 and May 2008. Although the spread is
important, we notice that the trigger rate is not uniform at all. The
trigger rate starts to increase at 15h UTC, reaches a maximum at
21h UTC and slowly decreases until 9 h UTC. The origin of this
variation is not fully understood at the moment but could be due

to a day–night effect (the ionospheric variation) or to
thunderstorms.

4. Coincidences with Auger

To identify cosmic ray events in coincidence, we are searching
for time coincidences between Auger events and our radio events
in a 1ms window. Unfortunately, due to station breakdowns and to
the high dead time (2.7 s), we still do not observe any three-fold
coincidence between the three radio stations and Auger but we
have some with one or two radio stations only.

The shower plane and the core are given by the Auger
reconstruction. The fortuitous events rate is very small, of the
order of 10!11 s!1, due to the small trigger rate of the antennas
(the saturation corresponds to 0.37 events/s) and the small
number of Auger events falling closer than 1km (axis distance)
from Apolinario (around 1.6 events/day). Integrated over a period
of 318 days, the expected number of random coincidences is of the
order of 10!4, so that the association of our coincidences with
actual Auger events is unambiguous.

The total number of coincidences with Auger is 29 in the
considered period with energies ranging from 0.2 to 8EeV. As an
example, Fig. 3 shows the full-band and filtered-band signals of
station A2 for a vertical shower at 0.5 EeV, with axis at 130m from
Apolinario, detected by four tanks on March 18, 2008, in both EW
and NS channels, respectively. The transient is clearly visible in
both bands and both polarizations.

Fig. 4 shows that the ground distribution of these events
follows well the Auger SD event density map around Apolinario.
This is not the case for the angular distributions. The azimuthal
distribution of the radio events is not uniform as compared to that
of the Auger SD events. It is found that 75.8% (22/29) of the radio
events are coming from the South as it is visible in Fig. 5. The poor
statistics and the lack of any monitoring of RAuger do not allow
any quantitative conclusion about this observation but indicate a
feature that should be verified in the future with the next
generation of radio detectors planned to be installed at the end of
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Fig. 1. Left: RAuger global setup; the radiodetectors A1, A2 and A3 are around
Apolinario and separated by 139m. Right: each radio station has two dipolar
antennas connected to the electronics box powered by two solar panels.

Fig. 2. Averaged weighted trigger rate (events per second, the weight is the
number of triggers during each day of the sample) as a function of UTC time for
station A1 with the associated 1s error bars. The horizontal line indicates the
saturation level. See text for details.
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2008. Note that the time distribution of the events between 0 and
24h UTC is flat in the limits of our statistics as compared to that of
the triggers (in Fig. 2).

5. Three-fold radio coincidences

Although we do not have any three-fold radio coincidence with
Auger, we have many of them among the radio stations only. It is
possible to reconstruct the arrival direction of the wave front in
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Fig. 3. The x axis is the time, corresponding to 5ms. From left to right: full band signals and filtered band signals. From top to bottom: EW and NS polarizations.

Fig. 4. Event ground density map around Apolinario, computed from the official
Auger event list and smoothed by a 50m width Gaussian. The color scale is in
number of eventsm!2 day!1. The Auger events with a radio counterpart are
indicated by the black crosses. Apolinario is the largest diamond at the center and
the three radio stations are the smallest diamonds around.

Fig. 5. Sky map in local coordinates of the radio events seen in coincidence with
Auger SD and smoothed by a 10" Gaussian beam. The zenith is at the center, North
at the top, East on the right. The 75.8% of the events are coming from the South
while the Auger SD events sky map is uniform in azimuth. The red dot towards the
north at y#58" is the location of the geomagnetic field in Malargüe. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)
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the same way as we do for cosmic rays. The 24h time distribution
of these three-fold events is very close to that of the trigger rate,
with large variations from one day to the other. The average
number by day of these events is not uniform and we observe
some bursts of about 1000 events on a single day. The sky
distribution is very different from that of Fig. 5. Events are mainly
coming from North and South and the zenithal distribution has a
strong maximum at y#65". These coincidences can be attributed
to anthropic signal (coming from the city of Malargüe at the South
of the experiment) and mainly thunderstorms. During some days,
it is possible to follow the displacement of such thunderstorms as
indicated by Fig. 6. In the period November 2007–May 2008, we
have a total of 12400 three-fold events, 95% of them are between

15h UTC and 5h UTC with a maximum at 20h UTC and 77% of
them occurred within $10 days around February 27, 2008.

6. Conclusion

The simple prototype constituted of three totally autonomous
radio stations at the center of the Pierre Auger SD led to the
detection of cosmic ray air showers in coincidence with Auger.
This prototype is triggered by a simple amplitude threshold
comparator working in the 50–70MHz band. It is not possible to
change the value of this threshold remotely, leading to high
variabilities of the trigger rate. Due to failures and saturation
periods, no three-fold coincidence with Auger were detected.
However it has been observed that the azimuthal distribution of
the events in coincidence is strongly asymmetric with a
maximum towards the South (it concerns 22 events for 29 in
total). This feature has to be confirmed in the future with the next
generation of radio stations planned to be installed late 2008.
Atmospherical phenomena were detected and it has been
observed that the zenithal distribution of these events is very
different from that of the cosmic ray events seen in coincidence
with Auger. This prototype is not maintained anymore in this
design and an upgraded radiodetector will be installed at the end
of 2008.
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Fig. 6. Sky map in local coordinates of the 424 three-fold radio events detected on
March 11, 2008. The color scale corresponds to the UTC time of each event. The
‘‘source’’ (thunderstorm) is moving from South to East between 17h UTC and 24h
UTC at zenith between 55" and 70".
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