(and HERON)

o T el s P —~
ST <l B . caaeaaedh Baeee ot o0 . 4

T S S

B -
o o

o " 5
AR oo



% Neutrinos: the nevirontier of the cosmicdandscape
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“* Thebirth of MM astronomy

A (Transient) multmessengerstronomyas apowerful tool
to understandviolent phenomenan the Universe

A GW170817
A TXS0506+056
A NGC1068

A X Tidal disruption

events

AUHE neutrinos: an attractive messenger

A Associated to hadronic processes

C Directly produced by/with UHECRs AGN/Blazars

A Neutral: point back to their sources

A Low x section: scan deep in Universe and sources
VHE/UHE measurement as an answer to low stats

flares, time-variabilities

~

N Wide instantaneous field of view
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Radio emission

Autonomousradio-detectionof neutrinoinducedair showers V =3

Pros: Cons: T

Ideal forgiantareas: cheapobus® £ A 3 K U ery ¥direct & inefficient process requiresGIGANTIC areas

- (Autonomous radiodetectionworks! 1003070 - Autonomousradio detectiondoesnot work sowell
Excellentangularresolution AERATO05.04986X - Background rejection?




% The GRAND Collaboration _
119 member 14 countrieSArgentina, Belgium, Brazil, China, Czech
Republic, Denmark, France, Germany, Greece, Japan, Netherlands, Norway, Poland, US/

— - O s - O

18 Member & Associate Institutes
represented at the Board

wChina University of Geoscience, Wuhan, China

wHellenic Open Universitysreece

winstitutd'astrophysiquale ParisFrance

winstitute of Physics of the Czech Academy of Sciences
Prague, Czech Republic

winter-University Institute for High Energy at Vrije
Universiteit Brussls, Belgium

wKarlsruhe Institute of Technologgermany

wLPNHE, Paris, France

wLaboratoireUniverset Particulesde Montpellier France

wNanjingUniversity China

wNational Astronomical Observatories, Beijing, China

wPennsylvani&tateUniversity StateCollege USA

wPurple Mountain Observatory, Nanjing, China

wRadboud UniversifyNijmegen, The Netherlands

wSan Francisco Statmiversity USA

wJniversity of WarsawPoland

wUniversidade Federal do Rio de Janeiro, Brasil

wUniversidade de Santiago de Compostella, Spain

wXidianUniversity - A (Chiha




* GRANIDaselingproposal

GRAND goateach101° GeVVcmds/sr sensitivity
range for diffuse neutrino fluxes

Endto-end simulation

C baselineGRAND design =etwork of 0(20)subarraysof
0(10000)antennaswith sparsedensity (1/km?) at various
favorable locationsaroundthe world («hotspots»)

Alternativesbeingstudiedto reducesize forsameperformances
C seeend ofthis talk

sources:« deep-and-narrow observationstrategy»
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% GRAND xpected performances

Limited efficientzenithrange (fewdegreesbelow horizon)
BUT fullazimuthsensitivity+ multiple locationsllowsfor

half-skyinstantaneoudield of view.

Diff. sens. lim.

4.2%10~%in 30 d
3.6x10-° (2030)
1X10-8in 5 yr
8x10-%in 5 yr
3x10-10in 5 yr
4%10-10in 5 yr
1.2X10-8in 5 yr
1X10-%in 5 yr
4%10-10in 5 yr
[1.5%10-8 (2019)]
?
7X10-8in 5 yr
1X10-10in 5 yr

iFoV

in Ge&V cm—2s-1sr-1 in sky %
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30
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dFoV

in sky %
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20
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1.5
1.0
Instantaneoud-oV. 45% of sky o,
(for 10 random* site locations between 40S and 60N) ¢ s
Verylong radio footprintsallow for excellent 0.0
60

angularresolution(0.1° on simulated
cosmicrays, TBC on neutrinos)

70

B[]
—— Infill: mean: 0.09° median: 0.07° std: 0.10°
—— No infill: mean: 0.09° median: 0.07° std: 0.18°

ang. res. 202l 2025 >2030
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% Probingneutrinopropertieswith GRAND?

Neutrino-nucleoncross section

Center-of-mass energy /s [GeV]
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% A staged approachith seltstanding pathfinders

2023 2028 203

Pure and efficient 1st GRAND suhrray
autonomousradio detection
of very inclined airshowers
Cosmic rays 18->18eV
wGalactic/extragalactic transition

oMuon puzzle
uRadio transients

wdiscovery ofEeVneutrinosfor
optimistic fluxes

wradio transients (FRBs!)

WGRANDProto30@00 antennas
over 200 km?2 o detectors of 510k antennas

wWGRAND@Auget0 antennas for each in each hemisphere:
crosscalibration GRANENorth (China) and

g— WGRAND@Nancagantennasor GRANEsouth (Argentina?)
© triggertesting
@ *Hybrid design possible

(phased/standalone)
H ace
100 antennas produced MO ace MPp A€ K dz
. Runded by China
-% + ANRDFONUTRIG
>

(France Germany
‘@ + Radboud University
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% GRANDProto300 & other prototypes<perimental setup

Deployment of 13letection units (DU
in Gansu (Chinap5 in 2025 and 28ater.
Led byPMO& XiDian

Amplifier
(LNA)

Communication [
antenna (Wi-Fi) G

Front-end-board
housing

GPS ante nna/

50-200MHz

analodfiltering,

Electronics
500MSPS sampling
FPGA+CPU
BulletWiFidata
transfert

Solar panel

Foundation box

10



¥ Prototypes: GRAND@Auger

North-South polarization

o . E +
Objective: coincident detection with Auger > 26 . -
C measure efficiency, purity, recopgrfs 241 § " s
22” Pierre Auger's £
Status:10 antennas deployedith Auger o T G ST R SR e
o ) 18 \ .\. . GRAND@Auger. 0 %*’%‘*—'—“
mechanical structure + infrastructure 165 . o position, -
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12f
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5 10°3
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J.de Mello Netto for the GRAND collab., Pos1024, ICRC2025 ° 50 100 150 200 250
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The Gobhdesert

Prototypes:GRANDProte00
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% GRANDProf90: status

65 DUs up and running

Clean environment, stable, homogenous & wathdeled response
Galactic transit observed

(Relative) timing resolution < 5ns

Commissioning now nearing end, soon starting CR search

1.0 : - - o 1.0 e
@® Data ' et @® Data
0.9 - _. Gt?l!actioﬂodel 09] —— Galatcticr?odel _
> >
fi 0.8 fi 0.8
3{ 0.7 1 % 0.7 1
2 N
% DU103, EW Channel| % U103, SN Channel |
At=120s At=120s
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P. Ma for the GRAND colla, P0S453, ICRC2025
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> GRANDProg00: first cosmigay candidates observed in 2025

Selection pipeline for cosmic rays applied over 12{®8/25 GP300 data ADF fit to DU voltage data
C 41 candidateJ. Lavoisier for the GRANBIlah PoS314, ICRC2025 -

CRO

K. Zhang, PoS447, ICRC2025
L.Gulzow PoS283, ICRC2025 .

M. Guelfand PoS278, ICRC2025 —
A.FerrierePoS253, ICRC2(25 | A
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5 GRANDProf00: first cosmigcay candidates

Energy spectrum for 26 candidates with
V ReconstructedEfieldfor 5+ DUs

V LDF error < F9eV

Cosmic-ray candidates 0° N V /A\DFC2 Indf < 25 (See P08278)

in GRANDProto300

Directions from graph
neural net

Direction of arrival consistent among 3 methods

Cosmic-ray Candidates in GP300

[ From Voltage
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o
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w
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L TOP i 180° Period: Dec. 2024-Mar. 2025 1017 1018 10

Energy (eV) 0. MartineauHuynh, PoS1114, ICRC20




5 Next steps

Comingmonths

V OptimizeDAQ), trigge& CRselectionproceduresto reachexpected
detectionrate ofseverallOsCRsday

C startPhysicsun @GP300

V Buildenergyspectrum arrivaldirection distribution, nature oprimary

C ValidateGRAND standalone EAS radietection principle

Coming3 years

V CompleteGP300

V Increasestat, refine trigger andanalysis

C CRphysicsat GalExtragalransition

V Extendanalysigo horizontalevents(g>85)

C Optimizeidentification & reconstructioriools for neutrinosearch

Coming 510 years

V Buildthe next-stage instrument for neutrinaletection
V Optimize& extendit

C Start neutrinoastronomy




The HERON proposal

Aiming at UHE astrophysical neutrino detection 'q
In the next 6 years with amybrid radio detector (BEACON+GRAND) / Q |
JaimeAlvarezMuiiz (Universidad de Santiago de Compostela, Espaia) HERON

KumikoKotera(CNRS, France)
OlivierMartineau SorbonneUniversité France
StephanieVissel(Pennsylvania State University, United States

BEACON

erc Grants

APPROVED




ﬂ EROI\aSynerglstlc DetectdqPart 1: trigger)

Latitude [deg]

Beamforming for triggei& reconstruction of
transient radio signals

y i o
—69.0 —68.5 —68.0 —67.5
Longitude [deg] A.Zeolletal 2504.13271

/7 171 7 7

/
Waveforms (30-80 MHz)

Aligned waveforms

Electric field [A.U.]

M\/\/\’\/W u Coherent sum
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&HERON: a Synergistic Detector (Part 2: reconstruction)

<>

2 5
N

Beamforming for trigger & reconstruction of
transient radio signals

TRIGGER

® Tau decay
® Xmax
Rec 1000
800 ’é\
15 standalonantennasper —821 S
stationC 360in total g 600 =
é N
>, — 041 I
[
400 ©2
_ 864 n
HERON simulation 501D
for a ~108eV neutrino
_8 o
K.Koteraet al.,P0S1078, ICRC2025 Neutrino_origin 0

30 32 34 .
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Neutrino fluxes& Instrument sensitivity

All-flavor (v + 7) E2®, [GeV cm™?]
S

3 Expected performances

HERON

Potentialfor neutrinodetectionduringthe ERC timdrame.

Evenmore sofor an extendedarray (200 phasedstations + 3000 standalorentenna® X

UHE neutrincastronomyin 20357

102 1 A
1 | Instantaneous
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IceCube

\

present limits
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¢ — == GRAND10k (10,000 standalone antennas)
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