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• Antenna optimized tor horizontal showers

• Bow-tie design, 3 perpendicular arms

• Frequency range: 50-200 MHz

• Inter-antenna spacing: 1 km

Radio emission Extensive air shower

3.5 m

10 km

(Modified after Sci.China 
Phys.Mech.Astron. 63 (2020) 1, 219501)
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Short Pulse 
(~100ns)

Radio detection of air showers

H. Schoorlemmer, PhD 
thesis U. Nijmegen, 2012
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GRAND Fundamental Parameters

• Layout: 10-20 arrays with a combined area of 200,000 km2 

• 24/7 near 4 π sky coverage
• Angular Resolution <0.05 degrees (ArXiv 2107.03206)

• XMAX resolution 20-40 g/cm2.               (ArXiv 2112.07542)

• Shower Energy resolution ~15%    (Sci.China Phys.Mech.Astron. 63 (2020) 1, 219501)

• Neutrino sensitivity 10-10 GeV cm-2 s-1 sr-1 after ~ 10 years of running
• Fully efficient for UHECR and gamma rays above 1010 GeV for zenith 

angles beyond 65o
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The Physics of GRAND
• GRAND is a multi-messenger experiment with the sensitivity to 

discover/detect neutrinos at the highest energies

GRAND 90% integrated 
diffuse neutrino limit 
after 10 years running 

Auger 90% integrated 
diffuse neutrino limit
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II. Ultra-high-energy messengers in GRAND

FIG. 10. Predicted neutrino flux from di↵erent classes of astro-
physical sources, compared to upper limits on UHE neutrinos
from IceCube [15] and Auger [14], and projected 3-year sen-
sitivity of GRAND10k and GRAND200k (Sections IVE3 and
IVE4). Several source classes can account for the observed
UHECR spectrum: galaxy clusters with central sources [60, 61],
fast-spinning newborn pulsars [62], active galactic nuclei [63],
and afterglows of gamma-ray bursts [64].

astronomy. Together with the detection of the di↵use cos-713

mogenic neutrino flux, it will answer the question of the ori-714

gin of UHECRs. Because of the unprecedented sensitivity715

of GRAND, it will be able to detect neutrinos from nearby716

individual sources. Below, we demonstrate the critical role717

of GRAND in distinguishing between di↵erent dominant718

source classes, detecting individual steady neutrino sources,719

and detecting neutrinos from transient sources.720

a. EeV neutrinos from di↵erent source classes721

722

Because di↵erent classes of astrophysical sources would723

produce UHE neutrinos on-site on di↵erent time scales and724

under di↵erent production conditions, the integrated neu-725

trino fluxes from di↵erent source classes may have di↵erent726

spectra. Thus, the di↵use neutrino spectrum contains im-727

portant information about the dominant source class.728

Figure 10 summarizes predictions of the fluxes of EeV729

neutrinos produced in astrophysical sources, including ac-730

tive galactic nuclei (AGN) [63, 65, 66]), luminous gamma-731

ray bursts (GRBs) [67–73]), galaxy clusters [60, 61, 74–732

76], and pulsars and magnetars [62, 77]. The interme-733

diate 10 000-antenna GRAND10k array could detect neu-734

trinos from newborn pulsars with 3 years of operation,735

and characterize their spectrum. The full 200 000-antenna736

GRAND200k array could achieve the same for all shown737

source models.738

GRAND

ARA IceCube

FIG. 11. Significance of detection of point sources of UHE neu-
trinos by experiments with various angular resolutions and num-
bers of detected events. The source density is assumed to be
ns = 10�7 Mpc�3 up to 2 Gpc. Each shaded box represents
uncertainties in the source spectrum and detector angular res-
olution. Exposure times are 15 years for IceCube, 3 years for
ARA, and 3 years for GRAND. Figure adapted from Ref. [80].

b. EeV neutrinos from point sources739

740

Figure 11 shows the required angular resolution and num-741

ber of events in order to resolve individual point sources742

[78]. The color coding represents the confidence level743

at which an isotropic background can be rejected, using744

the statistical method from Ref. [79], assuming that all745

of the sources have the same luminosity, and that the746

sources follow a uniform distribution with a number den-747

sity 10�7 Mpc�3 up to 2 Gpc. We assume full sky coverage;748

fewer events are required in the field of view in case of a749

smaller sky coverage. We contrast that to the angular res-750

olution and event rates to be reached by IceCube with 15751

years of operation, and ARA and GRAND with 3 years752

of operation, assuming that the integrated flux of point753

sources is comparable to 10�8 GeV cm�2 s�1 sr�1 with an754

E�2 spectrum around EeV [79]. The expected event rate755

of each detector is computed for the energy range 109–756

1010 GeV, with each color box representing uncertainties757

in the neutrino spectrum and the detector angular resolu-758

tion. Fig. 11 shows that GRAND could discover the first759

sources of UHE neutrinos at a significance of 3� or higher.760

c. Transient EeV neutrino astronomy761

762

One way to identify EeV neutrino sources would be to ob-763

serve a transient source, in coincidence with other messen-764

gers. GRAND opens this possibility with its excellent an-765

gular resolution and large sky coverage (see Section IVD).766

Figure 12 shows that the instantaneous field of view of767

GRAND is a band between zenith angles 85�  ✓z  95�,768
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• GRAND is a multi-messenger experiment with the sensitivity to 
discover/detect neutrinos at the highest energies
• GRAND will open the field of neutrino astronomy at the highest energies

The Physics of GRAND
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GRAND Collaboration, 
Sci.China Phys.Mech.Astron. 
63 (2020) 1, 219501
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• GRAND is a multi-messenger experiment with the sensitivity to discover/detect neutrinos at the 

highest energies

• GRAND will open the field of neutrino astronomy at the highest energies

• GRAND will measure fundamental properties of UHE interactions
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Figure 1: Tests of fundamental physics accessible with neutrinos of different energies.

How do flavors mix at high energies? Experiments with neutrinos of up to TeV energies
have confirmed that the different neutrino flavors, ne, nµ , and nt , mix and oscillate into each other
as they propagate [33]. Figure 3 shows that, if high-energy cosmic neutrinos en route to Earth
oscillate as expected, the predicted allowed region of the ratios of each flavor to the total flux is
small, even after accounting for uncertainties in the parameters that drive the oscillations and in the
neutrino production process [57]. However, at these energies and over cosmological propagation
baselines [58], mixing is untested; BSM effects could affect oscillations, vastly expanding the
allowed region of flavor ratios and making them sensitive probes of BSM [57, 59–68].

What are the fundamental symmetries of Nature? Beyond the TeV scale, the symmetries of
the SM may break or new ones may appear. The effects of breaking lepton-number conservation,
or CPT and Lorentz invariance [69], cornerstones of the SM, are expected to grow with neutrino
energy and affect multiple neutrino observables [70–81]. Currently, the strongest constraints in
neutrinos come from high-energy atmospheric neutrinos [82]; cosmic neutrinos could provide un-
precedented sensitivity [62,71,73,76,78,83–90]. Further, detection of ZeV neutrinos, well beyond
astrophysical expectations, would probe Grand Unified Theories [43, 91–94].

Are neutrinos stable? Neutrinos are essentially stable in the SM [95–97], but BSM physics
could introduce new channels for the heavier neutrinos to decay into the lighter ones [98–100],
with shorter lifetimes. During propagation over cosmological baselines, neutrino decay could leave
imprints on the energy spectrum and flavor composition [65, 101–104]. The associated sensitivity
outperforms existing limits obtained using neutrinos with shorter baselines [103]. Comparable
sensitivities are expected for similar BSM models, like pseudo-Dirac neutrinos [65, 105, 106].

What is dark matter? Cosmic neutrinos can probe the nature of dark matter. Dark matter
may decay or self-annihilate into neutrinos [107–110], leaving imprints on the neutrino energy
spectrum, e.g., line-like features. Searches for these features have yielded strong constraints on
dark matter in the Milky Way [111–113] and nearby galaxies [114]. High-energy cosmic neutrinos
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Figure 2: Neutrino-nucleon cross section. Be-
low 1 PeV, measurements [23, 24] are com-
pared to the SM uncertainty band [145] (see also
Ref. [34]) that encloses predictions [34, 145–
148]. The cross section may change due to
new physics — e.g., large extra dimensions [36]
(TeV-scale, in tension with LHC results), elec-
troweak sphalerons [42] (9-TeV barrier height)
— or non-perturbative effects — e.g., color glass
condensate [44] (model BGBKIII).

Figure 3: Flavor composition at Earth of high-
energy cosmic neutrinos, indicating the “theoret-
ically palatable" [57] regions accessible with the
Standard Model with massive neutrinos (nSM),
with new physics similar to neutrino decay, and
with new physics similar to Lorentz-invariance
violation. The neutrino mixing parameters are
generously varied within their uncertainties at
3s . The tilt of the tick marks indicates the ori-
entation along which to read the flavor content.

can probe superheavy dark matter with PeV masses [115–127] and light dark matter [117,126,128–
130]. Multi-messenger constraints are crucial to assess dark matter explanations of the observed
neutrino spectrum [10, 122, 129, 131, 132]. Further, anisotropies in the neutrino sky towards the
Galactic Center can reveal dark matter decaying [133] or interacting with neutrinos [134].

Are there hidden interactions with cosmic backgrounds? High-energy cosmic neutrinos
may interact with low-energy relic neutrino backgrounds via new interactions [65, 135–140], with
large-scale distributions of matter via new forces [141], or with dark backgrounds [142], including
dark energy [143, 144]. These interactions may mimic the existence of neutrino mass, affect the
neutrino flavor composition, and induce anisotropies in the high-energy neutrino sky.

Neutrino Observables: What Do We Use to Probe Fundamental Physics?
To probe fundamental physics, we look at four neutrino observables, individually or together [149].

Energy spectrum: The spectrum of neutrinos depends on their production processes, but BSM
effects could introduce identifiable features, e.g., peaks, troughs, and cut-offs. Present neutrino
telescopes reconstruct the energy E of detected events to within 0.1 in log10(E/GeV) [150]. For
TeV–PeV astrophysical neutrinos, the spectrum is predicted to be a featureless power law. IceCube
data are consistent with that, but also with a broken power law [151–156]. For EeV cosmogenic
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Astro2020, ArXiv 1903.04333

Astro2020, ArXiv 1903.04333
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GR DNA staged approach with self-standing 
pathfinders 
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300M€ in total

• 200,000 antennas over 200,000 km2

• 20 sub-arrays of 10k antennas
• on different continents

to be divided among participating 
countries

Go
al

s
2021 2028 203X

GRAND10k

Se
tu

p
Bu

dg
et 2 M€

100 antennas produced funded by 
China
+ ANR PRCI NUTRIG (France) 
+ Radboud University

•GRAND@Nançay: 4 antennas for 
trigger testing

• GRAND@Auger: 10 antennas for 
cross-calibration

• GRANDProto300: 300 antennas 
over 200 km2

cosmic rays 1016.5-18 eV
•Galactic/extragalactic transition
•gamma rays
•muon problem
•radio transients

autonomous radio detection
of very inclined air-showers

•10,000 radio antennas over 10,000 
km2 on each site

13 M€ 
host country

• discovery of EeV neutrinos
for optimistic fluxes
• radio transients (FRBs!)
• one in each hemisphere

1st EeV neutrino detection
and neutrino astronomy!

Two GRAND 10K arrays

500€/unit 1500€/unit

sensitive all-sky detector

GRAND200kPrototype stage
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Prototype setup in Argentina and China
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GRAND detector unit 

Cheap and easy local manufacturing
Easy to deploy, optimally accessible for tests 

30-230 MHz filtering 

500 MSPS FPGA+CPU 

Bullet wifi data transfer 

Sensor antenna, 3 polarizations 
Pole 3.5 m high 
Communication antenna

Inside box:  battery, electronics
Solar panel 
Optimized for horizontal showers

GPS antenna

First data of GP13 Peng-Xiong Ma

Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14

3

Sensor antenna, 3 
polarizations 
Pole 3.5 m high
Communication antenna
GPS antenna
Inside box: battery, electronics
Solar panel
Optimized for horizontal 
showers

Gansu, China Malargüe, Argentina
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Prototype Electronics
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• 30-230 MHz analog filter
• 500 MSPS ADC
• Powerful FPGA/CPU for flexible 

digital options in filtering and 
triggering

• Ethernet output allows for 
several options for (wireless) 
data transfer

• Data Transfer: 
• Ubiquity AIRMAX® system in 

China and Auger
• Data Transfer through fiber 

in Nançay 
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GP13: Prototype in the Northern Hemisphere
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GRANDProto300
★ 13 antennas (+1 reference antenna) 

deployed in Dunhuang, Gansu, China by 
Xidian U. & Purple Mountain Observatory 


★ exceptionally low levels of radio 
background noise across a wide 
frequency range, ranging from MHz to 
hundreds of MHz


First data of GP13 Peng-Xiong Ma

Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14
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First data of GP13 Peng-Xiong Ma

Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14
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GRANDProto300
★ 13 antennas (+1 reference antenna) 

deployed in Dunhuang, Gansu, China by 
Xidian U. & Purple Mountain Observatory 


★ exceptionally low levels of radio 
background noise across a wide 
frequency range, ranging from MHz to 
hundreds of MHz


First data of GP13 Peng-Xiong Ma

Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14
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First data of GP13 Peng-Xiong Ma

Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14
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★ 13 antennas (+1 reference antenna) 
deployed in Dunhuang, Gansu, China by 
Xidian U. & Purple Mountain Observatory
★ exceptionally low levels of radio 
background noise across a wide
frequency range, ranging from MHz to 
hundreds of MHz

GRAND Collaboration, ICRC2023
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GP13: First Data
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★ The current detection unit has 
demonstrated its robustness during 
extended operation in  remote 
wilderness areas: 

★ redesigned cooling system 

★ new low noise amplifiers  were 

updated to improve the impedance 
matching of the antenna to the 
electronic circuit.

★70 more antennas ready to be deployed 
once the current setup is  validated

First data of GP13 Peng-Xiong Ma

Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14
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Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14
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First data of GP13 Peng-Xiong Ma

Figure 1: The layout of GP13 at the Dunhuang site is shown in the top-left plot. The top-right and bottom-left
photographs display one detection unit from the back and side views, respectively. In the top-left plot, the
X and Y axes indicate the West-East and South-North directions, respectively. The color bar on this figure
stands for the DU heights with respect to DU 1033, 1269 m above sea level. The bottom-right plot shows the
central DAQ room.

[15]. The distances between the central DAQ and each detection unit of GP13 vary between 611 m
and 2366 m. The GRAND DAQ system incorporates several operational modes to accommodate
various scenarios. For the majority of GP13 data collection, a periodic mode with a 10-second
interval is employed, meaning that data is sampled every 10 seconds. Additionally, the gains of the
VGA in each detection channel are uniformly set to 20 dB.

2.2 Installation

The installation of GP13 antennas took place between the end of February and the beginning of
March 2023. A central data acquisition (DAQ) control room was established northwest of the GP13
array to conduct command transmission and data reception. Internet access from the central DAQ
room to the outside world is achieved with a network bridge at the roof pointing to a communication
tower tens of kilometers away from the central DAQ room with download and upload speeds of 14
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Background verified with spectrum 
analyzer

Status: Validating current setup
Next step: Deployment of 70 additional 
antennas

GRAND Collaboration, ArXiv 2307.13638

GRAND Collaboration, ICRC2023
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GRAND@Auger: Prototype in the Southern 
Hemisphere
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Re-use part of the AERA array in the 
Auger experiment
10 stations fully deployed in August 
2023
First data now being analyzed

Location of GRAND@Auger.    
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GRAND@Auger Data
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Example of a self-triggered radio event 

Averaged Frequency spectrum of a single station
Next steps: Commissioning of setup 
and calibrate the detector
Compare common events to well 
known Auger detector 
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GRAND@Nançay
NuTRIG Pablo Correa

Figure 3: Mean PSD observed by DU 100 of the GRAND@Nançay setup. The spectra of channels - , . ,
and / are shown in blue, magenta, and red, respectively. The various features of the PSD are discussed in
the text.

rate, we define a transient pulse as follows:

• At least on sample of a recorded time trace must exceed ±5f, with f the standard deviation
of the trace, in either of the three channels.

• If two 5f crossings occur in the same trace, but are more than 50 samples (100 ns) apart,
they correspond to two different pulses.

A typical time trace of a transient RFI pulse recorded at GRAND@Nançay is shown in Fig. 4. It
is worth noting that in this example, the pulse is wider than that expected for air-shower signals,
which have more short-lived peaked signatures. In our complete data-taking run, which suffers from
limited statistics, only a handful of RFI transients were recorded corresponding with a background
rate within the 0.1–1 kHz range.

4. Summary and Outlook

The goal of the NuTRIG project is to develop an autonomous online radio trigger for GRAND.
This work presented the principle and strategy of NuTRIG, which consists of the development of
a first-level trigger (FLT) at the detection-unit (DU) level, a second-level trigger (SLT) at the array
level, and a dedicated radio-emission model of very-inclined air showers. A detailed description was
given of the GRAND@Nançay prototype, which is dedicated to the NuTRIG project. In particular,
it will be used to test the trigger algorithms of the FLT in field conditions.

A brief analysis was performed to characterize the RFI noise at the GRAND@Nançay site. The
observed spectrum showed typical features of short waves, FM, aeronautic communications, digital
audio broadcasting, and local emitters. In addition, a handful of RFI transients were recorded,
although only a rough estimation could be made of the overall RFI-pulse rate. This RFI-pulse rate
is estimated to lie within the 0.1–1 kHz range.
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★Hosted at the  Nançay Radio 
Observatory, France


★Antennas shipped from China and the 
rest of the equipment was funded by a 
joint grant between Paris (LPNHE and 
IAP) and Karlsruhe (KIT). 


★Dedicated to the first level trigger 

★Setup:   4 DUs (3 deployed)

NuTRIG Pablo Correa

Figure 1: Schematic of the GRAND@Nançay prototype, which is dedicated to the development of NuTRIG.
The setup currently consists of three active DUs (labeled) with a fourth DU (indicated in red) planned to be
deployed over the Summer of 2023. The DAQ center contains a DC power supply as well as a computer for
data readout and storage. Data transfer and power supply to the four DUs is performed via optical fibers and
coax cables, respectively (solid blue lines). The inset on the right shows a more detailed illustration of a
single DU, where each of the three butterfly-antenna arms is connected to its corresponding channel on the
FEB. Note that the antenna arm oriented along the - axis is not shown for illustrative purposes.

DU events are transmitted to a computer in the central data-acquisition (DAQ) center via optical
fibers2. The DAQ computer not only allows us to store data, but also to configure various FEB
components, such as the ADC, VGA, and trigger logic. In addition, the central DAQ center also
hosts an adjustable DC-power supply, which powers the FEBs via coax cables. Note that the LNA
is powered via the FEB through the cable connected to the / channel.

2.3 Trigger-Implementation Strategy

The development of the FLT and SLT algorithms requires a detailed characterization of both
background RFI and expected air-shower signals at the DU level. For the description of the
background, we use experimental data taken at the GRAND-prototype sites (GRAND@Nançay in
particular), while air-shower signals are described using simulations. These simulations are cur-
rently based on the CoREAS and ZHAIRES frameworks, and also contain a complete description
of the antenna response and front-end electronics chain. As such, we simulate the ADC voltage
expected for air-shower pulses, which are superposed to recorded background data to obtain realistic
signal-plus-background voltage traces. Such traces are currently being used to investigate differ-
ent implementations of the FLT, such as machine-learning, template-fitting, and wavelet-analysis
techniques (see [6] for more details).

Whereas the SLT algorithm will be implemented at the DAQ level of a GRAND array,the FLT
algorithm will be encoded on the SoC of a FEB. To do so, a dedicated test bench has been ifhe
at the LPNHE in Paris. Using a custom-wave function generator, simulated air-shower pulses will
be fed to the FEB, such that candidate FLT algorithms can be tested under controlled laboratory
conditions. WILL LIKELY INCLUDE A PLOT OF A GENERATED PULSE AND HOW
WE RECOVER IT IN THE LAB. TO BE DONE WITH INTERN. Subsequently, four FEBs
with the updated FLT algorithms will be transported to GRAND@Nançay to be tested in the field.

2In GRANDProto300 and GRAND@Auger, the DU-DAQ communication is performed via a WiFi connection.
However, this is not possible for GRAND@Nançay, where we would otherwise pollute the other experiments at the
Nançay Radio Observatory.

4

Setup at the Nançay observatory in order to test equipment and new ideas in design, 
triggering and acquisition

GRAND Collaboration, ICRC2023



GR DN

Conclusion

8/24/23 Charles Timmermans - ISMD 2023 17

• GRAND is a distributed next generation multi-messenger 
experiment  with emphasis on neutrino (Astro) physics

• GRAND development proceeds in stages in both the 
Northern and the Southern Hemispheres

• First prototypes are taking data and first data looks very 
promising

• A test setup in Nançay enables swift testing of new 
designs and ideas

 


