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Current Knowledge on UHECRs

Current UHECR Observatories Spectra Composition
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UHE neutrinos
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GRAND Concept
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GRAND

GRAND Detection Unit
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Radio Signals at Our Detectors
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D

A Staged Approach with Self-Standing Pathfinders ©

Prototyping 2 GRAND1Ok Northy/south " ICIUNCECCUNEN (GRAND Challenges:

2023 2028 203X

. - -
autonomous radio detection ~ 1st GRAND sub-arrays scalallle, robust detection units

of very inclined air-showers

cosmic rays 1016.5-18 gy - discovery of EeV neutrinos
. Galactic/extragalactic transition for optimistic fluxes

« muon problem o radio transients (FRBs!)
« radio transients

Goals

« GRAND@Nancay: 4 antennas .
for trigger testing « 10,000 radio antennas over

« GRAND@Auger: 10 antennas 10,000 km?
for cross-calibration

« GRANDProto300: 300
HorizonAntennas over 200 km?

Huge data volume (10kBy/trigger)
GP300 (nhominal) rate:

L1 trigger: 1 kHz

L2 trigger: 10 Hz

Setup

2 M€

100 antennas produced DU
funded by China 13 M€ 1500€ /unit SO00ME€ In total  s00¢
+ Radboud University to be divided between
+ ANR-DFG PRCI NUTRIG ticipatir tr
(France-Germany)

+ CNRS INSU (IAP, MITI)

Budget
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Expected Performances
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Excellent Sensitivities for UHE neutrinos

Fluence sensitivity Diffuse sensitivity
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GRAND Science Case

% A rich science case

UHE neutrinos

neutrino physics

neutrino cross-section
C7K 0, NEEHNGENERS

UHE neutrino astronomy
UHE neutrino cosmogenic flux

: Neulrinos spectral, angular distortions
eV :
neuinno Neutrno flavor ratios

. NN SN AN ymveirs
astronomy POYSICS

UHECR, hadronic physics

UHE
gamma

rays UHE gamma rays

competitive with Auger at

GRANDProto300 stage
Epoch of Fast

reionization radio

Giant bursts
radio
pulses

Early stoges
. « unphased integration of signals: an almost full-
radio-ast ronomy sk;,survay ofergadlo slgnalsg

ina novel Way . cap detect FRBs and Giant Radio pulses of the
Crab already at the GRANDProto300 stage

GRAND Collab., Sci. China Phys. Mech. Astron. 2020 [arXiv:1810.09994]
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Three Prototypes
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GRANDProto300

Goncent Validation:
autonomous triggering

and inclined EAS reconstruction
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GRAND@ Nancay

GRAND®Nancay — DU 100

GRAND preliminary

e Hosted at the Nancay Radio Observatory, France o
e Antennas were shipped from China and the rest of the I% 10-7
equipment was funded by the ANR-DFG grant between s ‘
Paris (LPNHE and IAP) and Karlsruhe (KIT) o 19 v, ' 7T )
e Setup: 4 DUs have been deployed % 109 ,ﬁ —— Chamel x|\
e Test bench for triggering and hardware 210 ) - EEZ;EZ \‘
0 50 100 150 200 250

Frequency [MHZz]

Joao Torres* de Mello Neto for the GRAND Collaboration
PoS(ICRC2023)1050, ICRC2023 proceeding
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GRAND@Auger
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Location: Kiao Dushan, Gansu, Ghina
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GP300 Site

Flat solid ground in mountainous area, Low radio hackground
~1100m ahove sea level Ma Pengxiong
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Animals
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Construction on GP300

OO HUAWEI P4D ProSE =
\ UILrs Wslor LEICA DR Ggmess 7
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GP300 in the Commissioning Stage

GP13/35 @ Apathfinder for the GRAND experiment:
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GP300'’s Next Stage Deployment
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Software Pipeline: GRANDIib

Shower generation Radio emission Signal processing in each detection unit

and evolution and propagation Open-circuit voltage Radio-frequency chain ~ Output voltage

Noise VAN | ow-noise Digitization
0

. Vout
Galactic Ompllfler (ADC) |
Anthropogenic

m t
UHE v,

cosmic ray, Antenna response + |OYOUt
Cable + Ampllflcotlon
connector [ (VGA) + filter

or photon f
Detection unit

Coordinate systems

Topography
Geomagnetic field

Data

management

Locol Remote

i . .
DANTON COREAS | or | ZHAIreS

v, = 7 Radio emission from air shower

https://github.com/grand-mother/grand arXiv:2408.10926v2
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Summary

GRAND key features:

® Modular design using relatively inexpensive antennas

® One of the largest UHE neutrino observatories: excellent sensitivity, large FoV, 0.1 degree angular resolution

® Rich Science case: UHE neutrinos; UHE Cosmic rays; UHE gamma rays; Radio Astronomy

Prototype Stage:

® 3 Prototypes: GRAND@Nancay, GRAND@Auger, GRANDProto300
Official approval for 200-km? GP300 site in Gansu, China

48 antennas were deployed by the end of 2024 at GP300

Software pipeline GRANDIib (arXiv:2408.10926v2)

The search for cosmic ray air showers is ongoing
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Ideal Timeline

Spring 2023 2024 2025 Early 2026 2030+
GRAND@Auger  Deployment Commissioning ?
Deployment s Deployr'hent Deployment

N 13 antennas Commgissmmng 30 antebnas full GP300

: . Data Challenge 1 Data Challengezl
e (RF Chain) . (reconstruction)
e . UHE Neutrino  : CR Galactic/extragalactic transition UHE

. Science Case ! FRBs Neutrinos

R&D GRAND10k Exploratory/Sims/Prctotyping

GRAND-BEACON
option
Steph Wissel

Kumiko Kotera
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GRAND Collaboration

/l GRAND Collaboration Meeting @ Purple Mountain Observatory,
/ ""--\\ ___N\anjing, China - May 2024
i—v____ N

Science case

Electronics prototyping

- — - Ilf\P .
s = - iz [ A f/ \ o / .
: e Nanjing U OSRAL, r\,ll F]C.‘ radboud U Fast Radio Bursts
Ay e o e : I NACQC
g s NEI . BMO = PMO
~ Particle detectors == PMO :-: - A Obs Paris/Nancay

Penn State U.

% Penn State U m———

E ; - - = - SR 4 > >
; - . .
¢ - Site
: " .
management
| / PMO
. . : £ NAQC
|S'llerv)wlal:nor'nss/data analysis — = } - L ) l “
IFLP I : WP (ol W
KIT | | S— ~ B v N
LPNKE Software o .
e \ Warsaw U. E X, Unit production
PMO IAP/LPNHE Antenna prototy NAOC

.-

pin
UF Rio de Janeiro LPC Clermont Nikhef/Radboud PMO
VU Brussels NUH : UF Rio Janciro Xidian U. Xidian U, " “I
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120 members, 45 institutions,14 countries

Argentina, Belgium, Brazil, China, Czech Republic, Denmark, France, Germany, Greece, Japan, Netherlands,
Norway, Poland, USA
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Stay Tuned! Thank you !
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