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As of early 2025, the GRAND Collaboration operates three prototype arrays: GRANDProto300
in China, GRAND @Nancay in France, and GRAND @ Auger in Argentina. The GRAND @ Auger
prototype was established through an agreement between the GRAND and Pierre Auger Collab-
orations, repurposing ten Auger Engineering Radio Array (AERA) stations as GRAND detection
units. This setup provides a unique opportunity for coincident air-shower detection, enabling di-
rect event-by-event comparison between GRAND @ Auger and the well-established Pierre Auger
detectors. Such comparisons allow for a detailed assessment of the detection principle and
reconstruction capabilities of GRAND. In this contribution, we present an overview of the com-
missioning and preliminary results of GRAND @ Auger, including the measurement of the Galactic
background noise and the detection of the first self-triggered candidate event in coincidence with
the Pierre Auger Observatory. Both results underscore the role of GRAND @ Auger in advancing
the GRAND project and refining the techniques required for large-scale radio detection of ultra-
high-energy particles.
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1. Introduction

The Giant Radio Array for Neutrino Detection (GRAND) [1, 2] is a proposed large-scale obser-
vatory designed to identify and study the sources of ultra-high-energy cosmic rays (UHECRs). A
central goal of GRAND is the detection and characterization of ultra-high-energy (UHE) neutrinos.
The proposed radio-antenna array will operate by detecting radio signals produced when UHE
cosmic rays, gamma rays, and neutrinos induce extensive air showers (EAS) in Earth’s atmosphere.
In addition, its design enables a broad range of studies in fundamental particle physics, cosmology,
and radio astronomy. GRAND is expected to make significant contributions to the detection of
neutrino emissions from transient astrophysical sources [3].

The GRAND Collaboration has deployed three prototype arrays: GRAND @Nangay in France [4],
GRANDProto300 in China [5], and GRAND@ Auger (G@A) in Argentina. These pave the way
for self-triggered radio-antenna arrays capable of detecting very inclined air showers through their
radio emission, a GRAND’s detection concept requirement. In this paper, we focus on the G@A

prototype.
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Figure 1: The layout of the G@ A prototype is shown
in red, with nearby AERA stations indicated in grey.
The lines represent local roads. The Central Radio

Figure 2: Image of one of the converted antennas at
the G@ A site. The 3-meter pole supports the antenna
and the nut containing the LNA. Midway up the pole,

Station, which houses the central data acquisition
computer, is highlighted in blue. The numbers in
black are the timestamps in nanoseconds, relative to
detection unit 49, for the coincident event that will
be presented in section 4.

2. The GRAND @ Auger prototype

the mesh communication antenna is installed. The
space below the solar panel houses the battery, charge
controller and front-end electronics. The entire setup
is enclosed by a plastic fence.

The G@ A prototype represents a joint effort between the GRAND and Pierre Auger Collabora-

tions to validate the GRAND detection concept for ultra-high-energy air showers using self-triggered
radio antennas. The G@ A prototype array is located at the Pierre Auger Observatory in Malargiie,
Argentina, as shown in Figure 1. Ten butterfly antenna stations from the Auger Engineering Radio



GRAND @Auger Joao R. T. de Mello Neto

200
Frequency (MHz)

Figure 3: Periodogram of six days of data from detection unit 59. Constant radio background signals
appear as vertical yellow lines, while noise-free regions are also visible. The white horizontal lines indicate
hibernation periods, during which the detection unit temporarily ceased data acquisition and later resumed
automatically when conditions permitted.

Array (AERA) [6] (located in the Auger’s Surface detector 750-m array) were repurposed into
GRAND detection units. An array layout consisting of two superimposed hexagons with a spacing
of approximately 250 m was selected. The resulting array covers an area of roughly 0.5 km?. Space
at the Pierre Auger Observatory’s Central Radio Station (CRS) was allocated to house the G@ A
Central DAQ computer. The dense layout configuration was chosen to enhance the probability of
detecting lower-energy and less inclined events.

A photo of a GRAND @ Auger detection unit is shown in Figure 2. Each GRAND detection
unit consists of a Horizon Antenna mounted on a 3-meter pole, measuring radio signals in three
polarizations: North-South (NS), East-West (EW), and Vertical (V). The mechanical structure
retains some of the AERA infrastructure, including the solar panels and communication antenna,
while integrating new GRAND-specific components. The Horizon Antenna is supported by a nut
at the top of the pole, which also houses the low noise amplifier (LNA). Midway along the pole, the
GPS and wireless communication modules are installed. At the base, a weather-sealed aluminum
box contains the front-end electronics board, a battery, and a charge controller, all enclosed within
Faraday cages to mitigate self-induced electromagnetic noise.

The electronic architecture includes a 500 MSPS ADC chip for digitization, combined with a
Xilinx SoC processor — containing the FPGA and the CPU chips— that performs flexible filtering
and triggering. The system implements a 30-200 MHz bandpass filter and applies periodic or
threshold-based triggers. Data acquisition is handled locally by the on-board processor, which
communicates with the central data acquisition system and sends the requested event information.
These events are transmitted via a wireless ™Ubiquiti Bullet-Rocket system to the central data
acquisition computer at the Central Radio Station. The central system constructs the triggered
events and writes them into disk, which are then transferred daily to the CCIN2P3 data center in
Lyon for analysis.

GRAND Collaboration teams, aided by Pierre Auger Observatory local staff, deployed the
G @A prototype array in two campaigns in March and August 2023, then followed by commissioning
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Figure 4: Average power spectral density evaluated at three polarizations over 8 hours of data from DU 83
in March 2024. The data used are from a special run of 16 us-long time series with a frequency resolution
of approximately 62.5 kHz. Some of the known sources of the power spectrum density peaks are indicated
below the PSD curves.

efforts. By March 2024, the ten G@A detection units were operational. Data taking was stable,
and hibernation settings triggered by either high temperature or low battery levels were functional.
An example periodogram from one detection unit, containing nearly 150 hours of continuously
recorded periodically triggered data, is shown in Figure 3. Further details on the GRAND @ Auger
analysis and first results can be found in [7].

3. Galactic Calibration Analysis

The GRAND Collaboration makes on-going modifications and updates to the hardware and
software of its prototype arrays detection units. The Galactic background analysis for the G@A
prototype is based on data collected from March to June 2024, a period of stable hardware configu-
ration. The dataset comprises measurements from the ten detection units, but careful selection and
filtering were necessary to ensure data quality.

The data selection addressed the following issues:

* Local Noise and Station-Specific Anomalies: In some stations the electronics sporadically
shows issues on gain and noise. After removal of these periods, five detection units (58, 59,
69, 144, 151) still exhibited anomalous behavior in several channels. These were excluded,
leaving five detection units (49, 60, 70, 83, 84) for the Galactic analysis.

* Single-Frequency Sources: Narrowband radio frequency interference (e.g., video carriers,
aviation communications, and satellite signals, as shown in Figure 4) was identified and
removed through targeted frequency cuts, ensuring a clean broadband dataset. The filtering
is done in two stages: online at the FPGA level using a programmable digital notch filter and
offline at the event analysis level.
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Figure 5: Data from detection unit 83 in blue, binned
in 20-minute LST intervals, each line corresponds to

an antenna polarization. The error bars indicate the
detected by a GRAND detection unit. A linear yncertainty on the mean. The red line represents the

model was fitted to the measured power: galactic simulation fitted to the data, with an additional
offset and amplification. Only the power above 100
Signal(LST) = Offset+GainxSimulation(LST), MHz is used.

with the gain and offset optimized for each frequency range and detection unit. The analysis focused
on three frequency bands: 30-200 MHz, 30-100 MHz, and 100-200 MHz. The comparison
revealed:

* Better agreement at higher frequencies (100200 MHz), where the gain calibration is under-
stood to approximately 10% precision for horizontal polarizations and up to 50% for vertical
channels.

* Weaker correlation at lower frequencies (30-100 MHz), which was also present in the full fre-
quency range analysis (30-200 MHz). This indicates limitations in the current understanding
of the system response.

The resulting data and simulation are shown in Figure 5, in which there is reasonable agreement
between both. The galactic center should be turned to Malargiie at around 16-18 hours in local
sidereal time (LST), then it is expected the galactic emission to have the peak amplitude. This
feature can be seen in both the data and simulation. These results confirm the first detection of the
Galactic background by the GRAND Collaboration at high frequencies using the G@ A prototype.
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Figure 6: A self-triggered online coincidence was observed between three G@ A detection units: 49, 144,
and 151. The left panel shows the NS polarization for the three units, while the right panel displays the EW
polarizations. A coincident signal is also present in the vertical polarization of unit 49; however, the vertical
channels in units 144 and 151 were not operational.

4. G@A’s First Candidate Cosmic Ray Event

The G@A prototype has identified its first candidate cosmic ray (CR) event in coincidence
with a Pierre Auger Observatory triggered CR event. The G@ A event occurred on September 16,
2024, at 20:06:08 UTC. It was detected as a self-triggered coincidence event across three detection
units (DUs): 49, 144, and 151. The G@A timestamps for the coincident event are shown in black
in Figure 1 and the raw voltage time-traces are shown in Figure 6

The G@A event, with three units in coincidence, had its arrival direction reconstructed using
an analytic Plane Wave Fit [10]. The reconstruction results are as follows:

¢ =143.4°, 0 =77.59° (Auger’s coordinates),

for ¢ the azimuth angle, measured with respect to the east, and 6 the zenith angle.

The corresponding Auger event was a TS Surface Detector (SD) event detected at the same
timestamp, with 22 stations in coincidence. The Auger SD arrival direction reconstruction using a
spherical wave fit yielded:

¢ =14291° £ 0.02°, 6 =280.36" +0.05°.

The energy estimate from the Auger SD lateral distribution function (LDF) fit was:

19
A time offset of approximately 105niclodéednt waY observed between the G@A and Auger
detections, with the G@ A event triggering slightly earlier. The spatial and temporal coincidence, as
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Figure 7: Coincidence event observed by the G@ A prototype and the Pierre Auger Observatory on September
16, 2024, at 20:06:08 UTC. The G@A event, detected by three self-triggered GRAND units, shows a
reconstructed arrival direction of 8 = 77.6°, ¢ = 143.4° (plane wave fit). The Auger event, detected by 22
surface stations, has a reconstructed arrival direction of 8 = 80.4° + 0.05°, ¢ = 142.9° + 0.02° (spherical
wave fit) and an estimated energy of 1.39 x 10! eV. The close match in time and direction strongly supports
a common cosmic ray origin.

shown in Figure 7, along with the directional agreement from the reconstructions, provides strong
evidence that this event is a cosmic ray detection by G@A. This is the first high-energy cosmic-ray
event observed in coincidence by GRAND and Auger. Itis also an important milestone for GRAND,
which demonstrates the self-trigger capabilities of G@A and its alignment with the independent
Auger reconstruction.

5. Conclusions

The G@A prototype has demonstrated stable data-taking. Self-triggered radio arrays like
G@A require a precise understanding of the local electromagnetic background to optimize trigger
settings and distinguish air-shower-like signals from real air-shower events. The detection of self-
triggered events suggests that the trigger configuration is functioning as expected and reasonably
well understood.

A detailed data cleaning procedure was implemented to identify and mitigate anthropogenic
noise sources such as television signals, beacon lines, and other localized radio interference. This
effort has allowed the extraction of high-quality data for further analysis.

Regarding the Galactic background, while the data set was not long enough to clearly dis-
tinguish a daily period in GMT from the expected LST periodicity without simulation support,
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comparisons between the measured data and the simulations produced with LFmap show a good
match, particularly at higher frequencies. In the 100200 MHz band, the data suggest that the
gain of the detector is understood to within approximately 10% for the horizontal polarizations and
about 50% for the vertical channel. The G@ A prototype has thus enabled the first detection of the
Galactic background by GRAND at high frequencies and provided a unique measurement of the
Galactic background at the Auger site in the 100-200 MHz frequency range.

Finally, the first candidate cosmic-ray event detected by G@A in coincidence with the Pierre
Auger Observatory marks a significant milestone. Although the expected coincidence rate requires
further investigation, the observed event, with an energy of 1.39 x 10! eV measured by Auger,
shows strong indications of being a genuine cosmic-ray event. This is the first autonomous radio
detection of a cosmic ray by GRAND. The detection demonstrates the potential of the GRAND
technique and highlights the importance of cross-calibration with established observatories like
Pierre Auger. These results pave the way for future studies and further advances in the development
of large-scale, self-triggered radio arrays for the detection of ultra-high-energy particles.
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