
Looking for ultra-high-energy astroparticles in 
a radio haystack with GRAND

Simon Chiche



2

ντ
>30 km

A few

kms

GRAND: Giant radio array of 200 000 radio antennas over 200 000 km2

Geomagnetic effect:

Radio signal:

50-200 MHz

Inclined showers with mountains as targetscr, γ

The Giant Radio Array for Neutrino Detection

τ



2

ντ
>30 km

A few

kms

GRAND: Giant radio array of 200 000 radio antennas over 200 000 km2

Geomagnetic effect:

Radio signal:

50-200 MHz

Inclined showers with mountains as targetscr, γ

The Giant Radio Array for Neutrino Detection

τ
~400 m~400 m

~10 km

vertical 
shower

dense array 
needed



2

ντ
>30 km

A few

kms

GRAND: Giant radio array of 200 000 radio antennas over 200 000 km2

Geomagnetic effect:

Radio signal:

50-200 MHz

Inclined showers with mountains as targetscr, γ

The Giant Radio Array for Neutrino Detection

τ
~400 m~400 m

~10 km

vertical 
shower

dense array 
needed

2024 2028 203X



3

GRAND @ Auger

GRANDProto300

GRAND @ Nançay

4 antennas 

(Nançay, France)


Autumn 2022

10 antennas 

(Malargüe, Argentina)


March 2023

13 antennas

(Xinjiang, China)

February 2023

Dec 14th, 2022

GRAND@Auger: an international prototyping e!ort
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International agreement for the GRAND@Auger project 

amended 22/12/2022 

 

1. Parties (listed in alphabetical order) 
committing themselves to the agreement including the full names, the names of their organisations, and their addresses 

A. Fundación Ahuekna (AHUEKNA)  
Av. del Libertador 8250, C1429BNP Ciudada Autónoma de Buenos Aires, Argentina 

B. Institut d'Astrophysique de Paris (IAP) 
CNRS/INSU et Sorbonne Université, 98 bis boulevard Arago, 75014 Paris, France 

C. Karlsruher Institut für Technologie - Institut für Astroteilchenphysik (KIT)!
POB 3640, D-76021 Karlsruhe, Germany 

D. National Astronomical Observatories, Chinese Academy of Sciences (NAOC) 
20A Datun Road, Chaoyang District, Beijing 100101, China 

E. Radboud University (RU) 
Department of High-Energy Physics, P.O. Box 9010, 6500 GL Nijmegen, Netherlands 

 
 
2. Background/Purpose of the collaboration 

simple description 

2.1 The parties listed in Section 1, are committed to carry out a cooperative effort to develop the 
GRAND@Auger project, consisting in the deployment of a small array of 10 GRAND antennas on 
an area of several kilometer square within the Pierre Auger Observatory. The scientific purposes of 
deploying the small array would involve cross-calibration and trigger studies for radio-detection of 
very inclined air-showers, initiated by ultra-high energy cosmic rays. 

2.2 The purpose of this agreement is to define the the responsibilities of the parties and the general 
terms and conditions of the collaboration. 
 
2.3 The development of the GRAND@Auger project relies on the authorization of the Auger 
Collaboration for land access and use, and for the exploitation of the existing Auger framework and 
equipments.  
 
 
3. Tasks and responsibilities  
list the responsibilities for each party respectively 

3.1 Shipment of units to the site of the Pierre Auger Observatory 

NAOC will provide 10 DAQ boards in shield boxes, 10 LNA nuts and 10 sets of 5 antenna arms 
(5x10). NAOC will ship the items to Argentina and pay for the shipping cost. NAOC will not pay 
for the Argentinian custom taxes. 

AHUEKNA will pay for the Argentinian custom taxes at reception of the shipment.  
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RU/Nikhef phase I
RU/Nikhef phase II
RU/Nikhef 3d
KIT/BUW phase I
KIT/BUW phase II
KIT/BUW 3d
KIT/BUW low band

Deployment at the AERA (Auger) site

PRELIMINARY!

~4-7 events 
per day

A. Benoit-Lévy, 
M. Tueros, KK

GRANDProto13 in Xiao Dushan

Hard ware 
meeting--- 
What 
happened  last 
week？ 

DUN HUANG 
XIAO DU SHANG 
2023.03.01 

Center station - data acquisition 

Unit  

Yiren Chen, Bohao Duan, 
Pengxiong Ma, Pengfei 
Zhang, Yu tang, Shen Wang, 
Xiaoyuan Huang

Shen Wang and Bohao Duan  
taking data

• 13 antennas deployed in Xiao Dushan! 
by Xidian U. & Purple Mountain Observatory 

• Data being taken 
• Data being processed/analyzed by PMO, Xidian, 

Paris groups

Few nice transient pulses 
identified in the data - Plot by 
Pablo Correa

• Hainan & Dunhuang
• From 4th July to 10th July
• Six Sites in Dunhuang: 

better
• Four Sites in Hainan 

prefecture: strong FM 
noise

Site survey in 2022 

DunHuang

Hainan

Dunhuang Candidates

~120km

74km

• Xihu（Nature reserve ）
E: 93.805517; N: 40.013594

• South valley
E: 93.954130; N: 40.567251

• Yadan（ national park ）
E: 93.101448; N: 40.591506

• North valley
E: 94.240825; N: 40.919965

• Crater
E: 93.943667; N: 40.809585

• Xiao dushan
E: 94.052693; N: 40.956192

Altitude avg. 1100m

Xiao Dushan

Crater

Ya Dan

North Valley

South Valley

Xi Hu
Dun Huang

Modification from GP300 setup
• Strong FM background Î FM stop-band filters on 3 channels
• No Wifi allowed on site Î transfer through optical fiber

60dB 
Att.

Next steps
• Nançay: 

• 3-unit setup (triangle of ~100+ m base) mid October 2022
• To be completed by 4th unit sometime in 2023
• Charles @ Nançay on Oct 20-21 for commissioning (+ test of unit for Auger survey)

• NUTRIG: kick-off meeting @ Karlsruhe October 17
• Status & detailed discussion of work by Jelena, Lukas, Marion & Pablo [cannot

attend!]

50m

Initial tests

A French-Dutch collaboration to setup GRAND@Nancay

GP300 unit

GP300 antenna

Spectrum is as expected (+wiggles @ higher freqs)

GRAND@Nançay
Nançay Radiotelescope

14

Nançay Radio 
Observatory

GRAND antennas in the woods

Marion Guelfand installing cables

Charles Timmermans 
explaining data 

acquisition to GRAND 
team members

Pablo Correa & Olivier 
Martineau &  

a GRAND antenna

• 4 antennas deployed in Nançay! 
by LPNHE and Radboud University 

• Test bench for triggering and hardware 
• Currently working on lowering radiation of stations

With the support of ANR-DFG "NUTRIG" program

Prototyping phase

Test bench for triggering 
and hardware

Calibration by comparison 
with Auger data

• Seed of GRANDProto300

• Test of reconstruction 
methods
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A rich science case

4

Aim: Detect the first EeV neutrinos and beginning of EeV multi-messenger astronomy
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Ultra-high-energy neutrino sensitivity
Chapter 5. The Giant Radio Array for Neutrino Detection 90

PoS(ICRC2021)1181
The GRAND Project Kumiko Kotera
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Figure 1: Left: Differential and integrated neutrino sensitivity limits calculated from the 10, 000 anten-
nas simulation ("GRAND10k", pink area) and the extrapolation for the 20-times larger GRAND array
("GRAND200k", maroon line). The gray region represents the all-flavor cosmogenic neutrinos flux expecta-
tions derived from the results of the Pierre Auger Observatory [5]. Adapted from [1]. Right: GRAND point
source sensitivity limits [1]. Short-duration transients (short GRBs, GRB afterglows) are compared to the
GRAND200k instantaneous sensitivity at zenith angle � = 90� (solid black line). Long-duration transients
(e.g., TDE) are compared to declination-averaged sensitivity (gray-shaded band). The stacked fluence from
10 six-month-long blazar flares in the declination range 40� < |� | < 45� is compared to the GRAND200k
sensitivity for a fixed � = 45� (dashed black line). The GRAND limits assume that the 200k antennas are
deployed at a single location.

of tau leptons generated by �� interactions underground (DANTON [6]), a semi-analytical radio-
signal fast computation tool (Radio-Morphing [7, 8]), and an antenna response module (NEC4 [9]).
The final step is the detector trigger simulation. Our trigger condition requires � 5 units in one
9-antenna square cell to be triggered, and the peak-to-peak amplitude of the voltage signal at the
output of the antennas to be � 30[75]�V (twice the expected stationary background noise in the
50 � 200 MHz frequency range) in the aggressive [conservative] scenario.

This simulation chain was run over a 10, 000 km2 area, with 10, 000 antennas deployed along a
square grid of 1 km step size in a basin surrounded by high peaks of the TianShan mountain range
in China. The 10-year 90% C.L. GRAND sensitivity limit (Fig. 1, left) is scaled from the simulated
region to 200, 000 km2 (GRAND200k). The integrated limits correspond to the Feldman-Cousins
upper limit per decade in energy at 90% C.L., assuming a power-law neutrino spectrum � ��2

� ,
for no candidate events and null background. The 10-year GRAND integrated sensitivity limit is
� 10�10 GeV cm�2 s�1 sr�1 above 5 � 1017 eV [1].

For UHECR detection, GRAND will be fully efficient above 1018 eV and sensitive to cosmic
rays in a zenith-angle range of 65� � 85�. The geometrical aperture of the experiment will be
107, 000 km2 sr. However, when including events with shower cores outside the instrumented area
and when taking trigger conditions into account, UHECR air-shower simulations indicate that
GRAND would have a 4 � 5 times higher exposure. Figure 2 (left) presents an example of the

3

B Fundamental neutrino physics

FIG. 8. Neutrino fluence from transient sources. Short-
duration transients — a short-duration GRB (sGRB) and a
GRB afterglow — are compared to the GRAND200k instan-
taneous sensitivity at zenith angle �z = 90� (solid black
line). A long-duration transient — a TDE — is compared to
the GRAND200k declination-averaged sensitivity (gray-shaded
band). The stacked fluence from 10 six-month-long blazar flares
in the declination range 40� < |�| < 45� is compared to the
GRAND200k sensitivity for a fixed � = 45� (dashed black line).
See the main text for details. The sources were assumed to lie
at distances such to allow for a conservative rate of �1 event
per century, using population rates inferred from Ref. [65] for
short-duration GRBs and associated neutron-star mergers, Ref.
[45] for GRB afterglows, and Ref.[62] for TDEs. The sensitivity
is the Feldman-Cousins upper limit per decade in energy at 90%
C.L., assuming a power-law neutrino spectrum � E�2

� , for no
candidate events and null background.

statistics and su�cient energy resolution (see Section

IV E 3) would allow to infer their energy spectrum

and potentially identify sub-dominant features intro-

duced by new physics, including their energy depen-

dence [27, 74, 75, 84, 85].

• Angular distribution: When neutrinos travel in-

side the Earth, the neutrino-nucleon cross section im-

prints itself on the distribution of their arrival direc-

tions. This has allowed to measure the cross section

up to PeV energies in IceCube [86, 87]. EeV neutrinos

could extend the measurement. Further, we can look

for deviations due to enhanced neutrino-nucleon in-

teractions [88–90] and interactions with high-density

regions of dark matter [82, 91]. The sub-degree point-

ing accuracy of GRAND would precisely reconstruct

the distribution of arrival directions.

• Flavor composition: Flavor ratios — the propor-

tion of each neutrino flavor in the incoming flux — are

free from uncertainties on the flux normalization and

so could provide clean signals of new physics [27, 74,

85, 90, 92–116]. Possibilities include neutrino decay

[27, 73–75, 92, 93, 99, 101, 102, 117–125], Lorentz-

invariance violation (LIV) [66, 67, 93, 99, 126, 127],

coupling to a torsion field [128], active-sterile neutrino

mixing [114], pseudo-Dirac neutrinos [74, 101, 129],

renormalization-group running of mixing parameters

[130], and interaction with dark matter [83, 131] or

dark energy [132].

GRAND will be sensitive to ⌫� . Other EeV-neutrino

experiments — ARA, ARIANNA, ANITA — are sen-

sitive to neutrinos of all flavors, though they are un-

able to distinguish between them; however, see Refs.

[133, 134]. Comparing GRAND ⌫� data with all-

flavor data from other experiments could yield the

tau flavor ratio. Alternatively, this could be done

with GRAND data alone, by comparing showers ini-

tiated by neutrinos of all flavors interacting in the

atmosphere to showers initiated by ⌫� interacting un-

derground; see Section IV A2.

Ultimately, the ability of GRAND to probe fundamental

physics at the EeV scale will depend on the level of the

cosmogenic neutrino flux. If the flux is low, probing new

physics will be challenging. On the other hand, with a

flux high enough to yield tens of events, we could probe

fundamental physics in a completely novel regime.

C Ultra-high-energy gamma rays

Like cosmogenic neutrinos, cosmogenic UHE gamma rays

are a guaranteed by-product of photo-pion interactions

of UHECRs with the CMB. They can also be generated

through inverse-Compton scattering of CMB photons by

electrons or positrons produced by UHECRs scattering o�

the CMB. Like for neutrinos, higher fluxes are expected if

UHECRs are dominated by protons than if they are dom-

inated by heavy nuclei or have a mixed mass composition.

To date, UHE gamma rays have not been detected.

Figure 9 shows the current state of the art in searches

for UHE gamma rays and the preliminary sensitivity of

GRAND, in terms of the fraction of air showers initiated by

gamma rays; see Section IV E 2. The most stringent upper

limits to date come from Auger [136, 137]. With its present

sensitivity, Auger constrains the photon fraction to be 

0.1% of their total event rate, and thus rules out some of the

region of photon fluxes predicted in astrophysical scenarios

for a proton-dominated mass composition [136, 137, 139].

The Telescope Array (TA) provides complementary limits

in the same energy range in the Northern Hemisphere [138].

Auger will continue to lower the upper limits on the flux of

UHE gamma rays, or discover them, until 2025. By then,

Fig. 9 shows that Auger will have reached sensitivity to

even conservative predictions of the flux, assuming proton-

GR DN GRAND: Science and Design Page 11 of 45

Figure 5.2: (Left) Predicted cosmogenic neutrino fluxes from fit of CRPropa simulations (Alves
Batista et al. 2016), to Auger spectral and mass composition data (Pierre Auger Collabo-
ration 2014b), and comparison to several experimental upper-limits at the 90% confidence
level. (Right) Predicted neutrino fluxes from various transient sources. Short-duration sources
(short GRBs and GRB afterglows), are compared to GRAND instantaneous sensitivity at an
horizontal zenith angle ✓ = 90

� (black solid line). Long-duration transient sources, (TDEs,
blazars) are compared to GRAND declination-averaged sensitivity (grey shaded area). Figures
from Álvarez-Muñiz et al. 2020.

the unprecedented limit of 10
�10

GeV cm
�2

s
�1

sr
�1 above 5 ⇥ 10

17
eV. Hence, for standard

cosmogenic neutrino fluxes, GRAND could detect 1�18 events per year. This rate is expected
to be mainly dominated by the diffuse neutrino flux.

In the right-hand panel of Fig. 5.2, we also compare the GRAND point-source sensitivity
limit, with the expected all-flavor neutrino fluxes of various transient sources. We differentiate
between short-duration sources, such as short GRBs and GRB afterglows, that are compared
to GRAND instantaneous sensitivity at a zenith angle ✓ = 90

�; and long-duration tran-
sient sources, as tidal disruption events (TDE), which are compared to GRAND declination-
averaged sensitivity, to account for Earth rotation. Hence, it arises that GRBs and GRB
afterglows could be detectable as neutrino point sources if these events occur close enough to
the Earth, with a typical observation distance of ⇠ 40 Mpc. On the other hand, the identi-
fication of individual blazars, magnetars and TDEs is more challenging, since their neutrino
flux predictions stand below GRAND sensitivity. Yet, they could still possibly be identified
as neutrino point sources from stacking analysis.

5.3.2 Air shower reconstruction performances

Monte-Carlo simulations can also provide estimates of GRAND performances for air shower
reconstruction. The shower energy and arrival direction can be reconstructed following the
method described in Section 3.5.4, where an analytical model of the radio signal amplitude is
fit to ZHAireS simulations, to infer the air shower parameters (Decoene et al. 2021). From this
method, GRAND is expected to achieve a sub-degree angular resolution for the reconstruction
of air showers arrival direction. This is a significant advantage compared to in-ice experiments,
that will be crucial in identifying the first ultra-high energy neutrino point sources (Fang et al.
2012). Additionally, the method of Decoene et al. 2021 provides an energy resolution of 20%,

Cosmogenic neutrinos Neutrinos from transients

GRAND will be the most sensitive ultra-high-energy neutrino detector

(Alvarez-Muniz 2020) (Alvarez-Muniz 2020) 
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Angular resolution

PoS(ICRC2021)211

EAS Radio Reconstruction Valentin Decoene

Details regarding the optimisation and the treatment of calibration errors and systematics are not
considered here.

Three experimental scenarii are investigated to mimic the experimental uncertainties in [5]
but only the most conservative case is presented here. In this scenario, a random gaussian error
with a standard deviation of ft = 5 ns is added to the trigger times and the signal amplitudes are
randomised with a gaussian distribution of fA = 20%, corresponding to a conservative scenario for
the amplitude calibration.

The accuracy of the reconstruction of the arrival direction is measured in terms of angular
distance k between the true direction (qtrue, \true) and the reconstructed (qrec, \rec) through the
relation cos (k) = cos (\rec) cos (\true) + cos (qrec � qtrue) sin (\true) sin (\rec).

Layout and simulation set: Preliminary results are detailed in this section for the case of
GRANDProto 300, a ⇠ 300 km2 engineering array, planned in the staged approach of the GRAND
experiment [1]. It is designed for the detection of very inclined EAS (from 60° to 90°) initiated by
cosmic rays in the energy regime from 1016.5 � 1018 eV.

Fig. 3 left, displays the GP300-like layout with the real topography of one of the candidate
sites in Western China. The array is characterised by a hexagonal layout pattern of 215 antennas
with a 1 km spacing and an infill of 72 antennas with a 500 m step, allowing for the detection of
EAS at an energy lower than the usual values targeted by GRAND. The simulation set consists
in about 1500 simulated EAS, induced by Protons, Iron nuclei and Gamma rays with energies
ranging between 0.1 EeV and 3.98 EeV with logarithmic bins, and the arrival directions are set with
a random azimuth angle (q) (comprised between 0° to 360°) and a zenith angle (\) between 63°
and 88.2°, with logarithm bins in 1/cos (\). The shower core positions are randomly drawn over
an area larger than the array.

0.0 0.1 0.2
� (degree)

0

5

10

15

20

25 mean = 0.071 std = 0.048

Figure 3: Left: Layout of a GP300-like array taking into account the topography at one of the selected
site, see text. Middle: Distributions of the lateral error on the reconstructed position of the shower axis.
Right: Distributions of the angular distances k between the true directions and the reconstructed ones. For a
conservative noise scenario and the GP300-like layout. The mean angular resolution reaches down to ⇠ 40.

3.1 Reconstruction of the emission-point and arrival-direction

Fig. 3 middle, shows the histograms of the lateral error on the reconstruction of the emission
point, with respect to the shower axis position. The reconstructed lateral position presents on
average an error of about 90 m with a standard deviation of about 62 m, and does not depend on the
composition of the primary particle. A value to be compared to the tens of kilometers up to hundreds

6

GRAND will reach an angular resolution below 0.1º

Will be decisive to identify the first ultra-high-energy neutrino point sources

Chapter 2. UHECR legacy: building the future with UHE neutrinos and gamma-rays 42

Figure 2.8: Current and planned observatories for neutrino detection with their main charac-
teristics (from Guépin et al. 2022).

through the creation of a ⌧ particle from charged-current interaction in a dense medium and its
subsequent decay in the atmosphere (see Section 5 for details). Air showers induced by ultra-
high-energy tau-neutrinos are targeted by several current and planned experiments including
(GRAND, BEACON, Auger and PUEO, see Section 4).

In Fig. 2.8, we show the main current and planned neutrino experiments along with their
characteristics. Each experiment has its own specificities in terms of energy range, field of
view and angular resolution, related to their detection principle. Particularly, it can be seen
that in-air experiments benefit from a better angular resolution compared to detectors using
a denser interaction medium (as explained in Section 1.5.2). In the context of identifying
neutrino point sources to probe UHECR origin, this aspect is expected to play an important
role. Indeed, it was shown that angular resolution is a crucial parameter to correlate neutrino
observations to astrophysical point sources with high enough significance (Fang et al. 2016).

In Fig. 2.9, we show the sensitivity integrated over 10 years (unless otherwise noted) of
current and planned neutrino experiments to the all-flavor diffuse neutrino flux at the 90%
confidence level and compared with predictions of cosmogenic and astrophysical neutrino mod-
els. Currently, the best constraints on the neutrino fluxes are given by IceCube (Aartsen et al.
2018) and Auger (The Pierre Auger Collaboration. 2017) who reach an all-flavor sensitivity of
⇠ 3 ⇥ 10

�8
GeV cm

�2
s
�1

sr
�1 around EeV energies. This limit should be lowered by a large

number of experiments, allowing to reach enough sensitivity to detect the first ultra-high-
energy cosmogenic neutrinos. Above 10

17
eV, GRAND (Álvarez-Muñiz et al. 2020), BEACON

(Wissel et al. 2019) and IceCube-Gen2 (Aartsen et al. 2021) should even reach enough sensi-
tivity to detect the first astrophysical neutrinos at ultra-high-energies.

Finally, in the purpose of identifying neutrino point sources, detection of transient sources
will be essential (Guépin et al. 2022). In particular, time and spatial coincidence of neutrinos
observations with other messengers as gamma-rays and gravitational-waves should greatly im-
prove the significance of the associations with point sources. Towards this purpose, the diverse
envisioned designs of future experiments will be valuable, providing complementary field of
view, sensitivities, and angular resolution, enabling for alerts and follow-up observations.

The first observation of ultra-high-energy neutrinos would be a leap forward in our un-
derstanding of the high-energy Universe and the most powerful cosmic accelerators. Thanks
to theoretical and experimental efforts this could be achieved by the 2030s. One of the main
promising techniques to perform such observation is the radio-detection of air showers induced

Chapter 2. UHECR legacy: building the future with UHE neutrinos and gamma-rays 42

Figure 2.8: Current and planned observatories for neutrino detection with their main charac-
teristics (from Guépin et al. 2022).

through the creation of a ⌧ particle from charged-current interaction in a dense medium and its
subsequent decay in the atmosphere (see Section 5 for details). Air showers induced by ultra-
high-energy tau-neutrinos are targeted by several current and planned experiments including
(GRAND, BEACON, Auger and PUEO, see Section 4).

In Fig. 2.8, we show the main current and planned neutrino experiments along with their
characteristics. Each experiment has its own specificities in terms of energy range, field of
view and angular resolution, related to their detection principle. Particularly, it can be seen
that in-air experiments benefit from a better angular resolution compared to detectors using
a denser interaction medium (as explained in Section 1.5.2). In the context of identifying
neutrino point sources to probe UHECR origin, this aspect is expected to play an important
role. Indeed, it was shown that angular resolution is a crucial parameter to correlate neutrino
observations to astrophysical point sources with high enough significance (Fang et al. 2016).

In Fig. 2.9, we show the sensitivity integrated over 10 years (unless otherwise noted) of
current and planned neutrino experiments to the all-flavor diffuse neutrino flux at the 90%
confidence level and compared with predictions of cosmogenic and astrophysical neutrino mod-
els. Currently, the best constraints on the neutrino fluxes are given by IceCube (Aartsen et al.
2018) and Auger (The Pierre Auger Collaboration. 2017) who reach an all-flavor sensitivity of
⇠ 3 ⇥ 10

�8
GeV cm

�2
s
�1

sr
�1 around EeV energies. This limit should be lowered by a large

number of experiments, allowing to reach enough sensitivity to detect the first ultra-high-
energy cosmogenic neutrinos. Above 10

17
eV, GRAND (Álvarez-Muñiz et al. 2020), BEACON

(Wissel et al. 2019) and IceCube-Gen2 (Aartsen et al. 2021) should even reach enough sensi-
tivity to detect the first astrophysical neutrinos at ultra-high-energies.

Finally, in the purpose of identifying neutrino point sources, detection of transient sources
will be essential (Guépin et al. 2022). In particular, time and spatial coincidence of neutrinos
observations with other messengers as gamma-rays and gravitational-waves should greatly im-
prove the significance of the associations with point sources. Towards this purpose, the diverse
envisioned designs of future experiments will be valuable, providing complementary field of
view, sensitivities, and angular resolution, enabling for alerts and follow-up observations.

The first observation of ultra-high-energy neutrinos would be a leap forward in our un-
derstanding of the high-energy Universe and the most powerful cosmic accelerators. Thanks
to theoretical and experimental efforts this could be achieved by the 2030s. One of the main
promising techniques to perform such observation is the radio-detection of air showers induced

(Decoene 2021) (Guépin et al., 2022) 
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• Find the radio signal in the noise

GRAND and the challenges of radio-detection
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• Find the radio signal in the noise

GRAND and the challenges of radio-detection

GRAND: Radio detection of astroparticles 
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• Find the radio signal in the noise

GRAND and the challenges of radio-detection

GRAND: Radio detection of astroparticles 


Overwhelming 
noise from human 
emissions



Charge excess emission


• Accumulation of negative 
charges close to the shower 
core


• Radial polarisation


• ≈ 10% of the amplitude of the 
total emission for vertical air 
showers


Geomagnetic emission


• Induced current with 


• Polarisation along - 


• Main contribution to the 
radio signal


→
𝐁geo

𝒗 × 𝑩

8

Radio signal from extensive air-showers - CLASSICAL picture

Schröder (2017)

2 main sources for the radio emission

vertical air-showers: well known, mature and verified

Inclined air showers: still several challenges, trending topic

(Schlüter et al. 2022, Chiche et al. 2022) 
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Identification principle with radio signal polarization

: projection along the direction of the magnetic field 
 
For each antenna we can compute   

𝐸𝑏 =  𝑬𝒕𝒐𝒕 ∙ 𝒖𝑩

𝐸𝑏 /𝐸𝑡𝑜𝑡

99% of antennas have   <0.07 -> we can reject any signal with  > 0.07Eb /Etot Eb /Etot

Allow to reject 93% of noise induced events at the DAQ level!

(SC, el al. (2022), accepted in 
Astroparticle Physics)

9
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• Find the radio signal in the noise

GRAND and the challenges of radio-detection
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Simulating air shower radio signals: Radio Morphing
Idea: We can use one single Monte Carlo simulation as a reference shower to 
derive the electric field from any other shower

x2

before now

 
shower 1 ( , 𝜃1, 𝜑1)
ℰ1

 
shower 2 ( , 𝜃2, 𝜑2)
ℰ2

MC 
simulation

MC 
simulation

computation time: 𝑁  ×  𝑡M𝐶

MC 
simulation

Radio Morphing

computation time: 𝑡M𝐶 + (𝑁 − 1)𝑡RM

ℰ2 = 2 × ℰ1ℰ1Energy:

shower 2 ( )ℰ2, θ2, φ2shower 1 ( )ℰ1, θ1, φ1

shower 3 ( )ℰ3, θ3, φ3

. .
 .
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Radio Morphing results

Test of the Radio Morphing by comparison with Monte-Carlo simulations

Mean relative differences on the peak amplitude between 10% to 20%≈

Mean and RMS of relative differences with 
ZHAireS simulations on the peak amplitude 

Distribution of errors on the peak 
amplitude at the antenna level

91% of antennas with relative differences < 10%

(SC, Kotera, Martineau, Tueros, De Vries, 
proceeding ICRC (2022) ; Chiche et al. in prep.)
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ρ0
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ρ3

How do all these characteristics affect the radio emission?

decreasing ρ

• development at lower air density

• development over longer trajectories

• particles more deflected —> synchrotron like emission? 
• particles more deflected —> larger lateral shower extension —> coherence loss?

Enhanced effect of B!
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emissions

(Chiche et al., submitted to PRL)

(SC, Kotera, Martineau, Tueros, 
De Vries, proceeding ICRC 
(2022) ; Chiche et al. in prep.)

Next generation large-scale experiments 
require to run massive number of simulations

Monte-Carlo simulations are computationally 
demanding

We need a fast and efficient simulation tool!

We have to identify the radio signal among the noise!

(SC, Kotera, Martineau, Tueros, 
De Vries (2022), accepted in 
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Radio-Morphing a 
semi-analytical tool

synchrotron and 
coherence model 
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