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Neutrinos: the new frontier of the cosmiclandscape
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Alves-Batista et al., 1903.06714  

KM3-220213A

KM3Net, Nature 638 (2025)



The birth of MM astronomy

Å(Transient) multi-messengerastronomyas a powerful tool
to understandviolent phenomenain the Universe
ÅGW170817

ÅTXS0506+056

ÅNGC1068

ÅΧ

ṉ Excellent sensitivity
ṉ Sub-degree angular resolution
ṉ Wide instantaneous field of view

What will we need for UHE neutrino astronomy?

ÅUHE neutrinos: an attractive messenger
ÅAssociated to hadronic processes
Č Directly produced by/with UHECRs
ÅNeutral: point back to their sources
ÅLow x section: scan deep in Universe and sources
ÅVHE/UHE measurement as an answer to low stats



t±

Autonomousradio-detectionof neutrino-inducedair showers:

Pros: 
- Ideal for giantareas: cheap, robustΣ ƭƛƎƘǘΣ Χ
- (Autonomous) radio detection works!
- Excellent angularresolution

Cons: 
- Very indirect & inefficient process Č requiresGIGANTIC areas

- Autonomousradio detectiondoesnot worksowell
- Background rejection?

TREND, 1810.03070
AERA, 1905.04986, Χ

Guelfandet al., 2504.18257



The GRAND Collaboration
119 members& 14 countries:Argentina, Belgium, Brazil, China, Czech 

Republic, Denmark, France, Germany, Greece, Japan, Netherlands, Norway, Poland, USA
18 Member & Associate Institutes 
represented at the Board

ωChina University of Geoscience, Wuhan, China
ωHellenic Open University, Greece
ωInstitut d'astrophysiquede Paris, France
ωInstitute of Physics of the Czech Academy of Sciences, 

Prague, Czech Republic
ωInter-University Institute for High Energy at Vrije 

Universiteit Brussels, Belgium
ωKarlsruhe Institute of Technology, Germany
ωLPNHE, Paris, France
ωLaboratoireUniverset Particulesde Montpellier, France
ωNanjing University, China
ωNational Astronomical Observatories, Beijing, China
ωPennsylvaniaState University, State College, USA
ωPurple Mountain Observatory, Nanjing, China
ωRadboud University, Nijmegen, The Netherlands
ωSan Francisco State University, USA
ωUniversity of Warsaw, Poland
ωUniversidade Federal do Rio de Janeiro, Brasil
ωUniversidade de Santiago de Compostella, Spain
ωXidianUniversity, ·ƛΩ!ƴ, China
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Seminal GRAND workshop,
LPNHE, Feb 2015

GRAND collabmeeting,
Warsaw, June 2025



Sensitivityof full GRAND arrayallowsto detectcosmogenic
neutrinos for standard hypothesisAND hunt for transient 
sources:« deep-and-narrow observation strategy»

GRAND baselineproposal

K. Koteraet al., 2504.08973

GRAND goal: reach10-10 GeV/cm²/s/sr sensitivity
range for diffuse neutrino fluxes

End-to-end simulation (GRAND collab, 1810.09994)
Č baselineGRAND design = network of o(20) subarraysof 
o(10000) antennaswith sparsedensity (1/km²) at various
favorable locations aroundthe world («hotspots»)

Alternatives beingstudiedto reducesize for sameperformances
Čseeend of this talk



nCC interaction

tdecay

Triggedantennas

En= 2 1019 eV; q= 93°
Simulatedneutrino event

GRAND expected performances

Guépin, Kotera, Oikonomou, 2023

instantaneous FoV: 45% of sky
(for 10 random* site locations between 40S and 60N)

Limited efficient zenithrange (few degreesbelowhorizon) 
BUT full azimuthsensitivity+ multiple locations allowsfor 
half-sky instantaneousfield of view.

Very long radio footprintsallow for excellent 
angularresolution(0.1° on simulated

cosmic-rays, TBC on neutrinos)

Guelfandet al., 2504.18257
Gülzow, PoS283, ICRC2025



Probingneutrino propertieswith GRAND?
Neutrino-nucleon cross section

bŜǳǘǊƛƴƻ ŦƭŀǾƻǊ ŀǘ ¦I9 όΧ ŘƛŦŦƛŎǳƭǘ ƛƴ Dw!b5Κϝύ

J. Van Eden for the IceCubecollab, 
PoS1198, ICRC2025

J.M. Bustamante & A. Conolly, 1711.11043 

Lorentz Invariance Violation??
Dark matter ??

C. Arguelles et al., 1703.00451

* N. Lebas(LPNHE) & M. Bustamante (NBI)



оллaϵin total

ω200,000 antennas 
over 200,000 km2

ω20 sub-arrays of 10k antennas
ωon different continents

to be divided between 
participating countries

GRANDProtos GRAND200k
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100 antennas produced

Funded by China

+ ANR-DFG NUTRIG 

(France- Germany)
+ Radboud University 

ωGRANDProto300: 300 antennas 
over 200 km²

ωGRAND@Auger: 10 antennas for 
cross-calibration

ωGRAND@Nançay: 4 antennasfor 
trigger testing

Cosmic rays 1016.5-18eV
ωGalactic/extragalactic transition

ωMuon puzzle

ωRadio transients

Pure and efficient 

autonomous radio detection

of very inclined air-showers

ω2 detectors of 5-10k antennas 
each in each hemisphere: 
GRAND-North (China) and 
GRAND-South (Argentina?)

*Hybrid design possible 

(phased/standalone)

мо aϵ 

A staged approach with self-standing pathfinders
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ωdiscovery of EeVneutrinos for 
optimistic fluxes

ωradio transients (FRBs!)

Neutrino astronomy!

1st GRAND sub-array

рллϵκǳƴƛǘ мрллϵκǳƴƛǘ

sensitive all-sky detector



50-200MHz 
analogfiltering, 
Electronics:
500MSPS sampling
FPGA+CPU
Bullet WiFidata 
transfert

GRANDProto300 & other prototypes: experimental setup
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Deployment of 13 detection units (DUs) 
in Gansu (China), 65 in 2025  and 289 later. 

Led byPMO& XiDian

DeployedFeb 2023

Deployment of 10 DUson the Auger site in Malargüe, 
Argentina(cross-calibration). 

Led by Radboud U, Nijmegen.
DeployedAug 2023

Deployment of 4 DUsin Nançayradio observatory 
(France)for trigger test. LedbyLPNHE. Deployed Oct 2022

GRANDProto300

GRAND@Auger

GRAND@Nançay



Prototypes: GRAND@Auger

1
1

Status: 10 antennas deployedwith Auger 
mechanical structure + infrastructure

PRELIMINARY

PRELIMINARY

FM
AERA 
beacons

Plane / satellite
comms

TV 
carrier

Power Spectrum Density

Results:
ωGalactic transit observed in 100-200MHz band
ωEvent observed on 3 DUs in time + direction 

coincidence with 1.4x1019 eV Auger event

Objective: coincident detection with Auger
Č measure efficiency, purity, recons perfs

J. de Mello Netto for the GRAND collab., Pos1024, ICRC2025

Baseline in 100-200MHz



Prototypes: GRANDProto300 The Gobi desert

GP300: 300 DUs, 200km², 1km step size 
with denser infill 
Erange= 1016.5-1018eV
65 DUsdeployedand running

The GP300 Central Station
© Duan Bohao



Time calibration ςRoaming beacon 

GRANDProto300: status

65 DUs up and running
Clean environment, stable, homogenous & well-modeled response
Galactic transit observed
(Relative) timing resolution < 5ns
Commissioning now nearing end, soon starting CR search

P. Ma for the GRAND collab, PoS453, ICRC2025

65 DU spectra
on this plot! J

DU1014 DU1024

DU1019

DU1012

DU1089

sx, y ~ 1m
st < 5 ns

Galacticmodel Galacticmodel



GRANDProto300: first cosmic-ray candidates observed in 2025

Selection pipeline for cosmic rays applied over 12/24 ς03/25 GP300 data
Č41 candidates (J. Lavoisier for the GRAND collab, PoS314, ICRC2025)

3 independent methods for amplitude analysis:
Å Reconstructed Efieldfrom antenna response deconv. (K. Zhang, PoS447, ICRC2025) 

+ Lateral Distribution Function on Efield(L. Gülzow, PoS283, ICRC2025)
Å Angular Distribution Function on Voltage (M. Guelfand, PoS278, ICRC2025) 
Å Graph Neural Network on Voltage (A. FerrièrePoS253, ICRC2025)
Č ά/w-ƭƛƪŜέ ŀƳǇƭƛǘǳŘŜ ǇǊƻŦƛƭŜǎ ό/ƘŜǊŜƴƪƻǾ ŜƴƘŀƴŎŜƳŜƴǘύ 

CR18

CR0

Preliminary

Preliminary

Cosmic-Ray Candidate 31

O. Martineau-Huynh for the GRAND collab, PoS1114, ICRC2025



Energy spectrum for 26 candidates with
V Reconstructed Efieldfor 5+ DUs
V LDF error < 1020 eV
V ADF c2 /ndf < 25 (see PoS278)

GRANDProto300: first cosmic-ray candidates

Direction of arrival consistent among 3 methods

Preliminary

Disclaimer: GP300 now in commissioning phase. OnlyvalidatingHW, DAQ and reconstruction for now. 
Efficiencyand purity not knownyet for CR detectionprocess + calibrationto beoptimizedČ no physics(yet)!

O. Martineau-Huynh, PoS1114, ICRC2025



Next steps

Coming 5-10 years:
V Buildthe next-stage instrument for neutrino detection
V Optimize& extendit
Č Start neutrino astronomy

Comingmonths:
VOptimizeDAQ, trigger & CR selectionproceduresto reachexpected

detectionrate of several10s CRs/day
Č start Physicsrun @ GP300 
VBuildenergyspectrum, arrivaldirection distribution, nature of primary
ČValidateGRAND standalone EAS radio detectionprinciple

Coming3 years:
V Complete GP300
V Increasestat, refine trigger and analysis
Č CR physicsat Gal-Extragaltransition
V Extendanalysisto horizontal events(q>85°)
Č Optimizeidentification & reconstruction tools for neutrino search



Jaime Alvarez-Muñiz (Universidad de Santiago de Compostela, España)
KumikoKotera(CNRS, France)
Olivier Martineau (Sorbonne Université, France) 
Stephanie Wissel(Pennsylvania State University, United States)

The HERON proposal
Aiming at UHE astrophysical neutrino detection
in the next 6 years with an hybrid radio detector (BEACON+GRAND)

n

BEACON

GRAND



Beamforming for trigger & reconstruction of 
transient radio signals

On phased arrays:
for trigger along beams 
signal to noise ~­N (N = 24 antennas)
improved threshold & effective area x 20

HERON: a Synergistic Detector(Part 1: trigger)

10 m

24 phasedantennasper
stationČ 576in total

HERON site in San Juan Province

A.Zeollaet al, 2504.13271



HERON simulation
for a ~1018 eV neutrino

Neutrino origin
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On standalone antennas(offline): 
Č 3D-map of the air shower
- excellent background rejection  
- excellent direction reconstruction (s<0.4°)
Č Neutrino astronomy1

9

TRIGGER

Beamforming for trigger & reconstruction of 
transient radio signals

Falckeet al., Nature 2005
Schoorlemmeret al., 

2023, 2025 

On phased arrays:
for trigger along beams 
signal to noise ~­N   (N = 24 antennas) 
improved threshold & effective area x 20

A.Zeollaet al, 2504.13271

HERON: a Synergistic Detector (Part 2: reconstruction)

15 standalone antennasper 
station Č 360in total

K. Koteraet al., PoS1078, ICRC2025



Expected performances
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present limits

target & point
neutrino bursts

typical parameters 
for binary neutron 

star mergers

operation time

typical parameters for binary 
neutron star mergers

K. Koteraet al., PoS1078, ICRC2025, K. Koteraet al., 2504.08973

Potentialfor neutrino detectionduringthe ERC time-frame.
Evenmoresofor an extendedarray(200 phasedstations + 3000 standalone antennasύΧ 

UHE neutrino astronomyin 2035?




