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1) UHE CR tracing: deflected by magnetic field. the GZK horizon
2) UHE Gamma rays: Interaction with the CMB. They cascade down to low energy.
3) UHE neutrinos: Universe transparent, beyond the GZK horizon, difficult for detection.
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UHE Neutrinos
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UHE Neutrinos
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Energy E [eV]
e p+¥Ycupg = P (orn)+nzm  Very efficient for Ep ~ 50 EeV
o P+Vap > A (1232)> p+a’(or n+x*) (P, +p,) >(M, + M)
°T—>V+.. E,~0 (1EeV) | COM energy is only 1 GeV
CR+CMB (CIB) = Guaranteed EeV neutrino flux
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G& Giant Radio Array for Neutrino Detection
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Radio Detection
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Radio Detection
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GRAND Concept

200k radio antennas array over 200'000 km2
vertical shower in several sub-arrays at favorable sites worldwide

Radio emission:

Undergoes little attenuation in the atmospher' o
Can be detected far from the shower :

v —
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| A “technique proven by AERA, LOFAR,
~Fyd N \CODALEM{kaa R RN EN S ® Huge area (radlo quiet) is required:

\© Scalable, cheap, robust, ideal for giant arrays 2*105 km"2 & the land of entire UK...
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o ©  Exellent angular resolution
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Science Case
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1) Radio astronomy (early stages)
o full-sky survey of radio signals
e FRBs and giant radio pulses from Crab with GP300

neutrinos
EeV
neutrino Neutrino

astronomy physics
2) UHECRs (intermediate stages)

o GP300: transition from galactic to extragalactic
e hadronic physics: muon discrepancy, UHECR mass
composition, p-air xsec

3) Neutrinos, gamma (advanced stages)

e Cosmogenic neutrino and gamma flux
e Neutrino astronomy at EeV

o Competitive with Auger at GP300 stage

reionization — ~ fadio
i Ciant _ bursts

4) Neutrino physics (advanced stages)
e nu Xsec at EeV
e new physics effect

radio

Early stages
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Expected Sensitivity for Neutrinos
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Timeline ng

2023 2028 203X

autonomous radio detection ~ 1st GRAND sub-arrays
of very inclined air-showers

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

. muon problem G& « radio transients (FRBs!)

« radio transients

Goals

Proto300

+- GRAND@Nangay: 4 antennas ]
for trigger testing « 10,000 radio antennas over

« GRAND@Auger: 10 antennas 10,000 km2
for cross-calibration

« GRANDProto300: 300
HorizonAntennas over 200 km?2

Setup

2 M€

100 antennas produced
funded by China 13 M€ 1500€ /unit

+ Radboud University
+ ANR-DFG PRCI NUTRIG
(France-Germany)

+ CNRS INSU (IAP, MITI) ‘
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Detector

For more on the prototype technology,
please check Sei Kato’s talk ©

Electronics:

50-200 MHz analog
filtering,

500 MS/s sampling
FPGA+CPU

Bullet WiFi data transfer
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Collect and transfer data

Operate the 2nd level
trigger
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Possible Background
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Prototypes
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Commissioning phase

Deployment on 3 sites and first
experimental data obtained!
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GRAND@Nancay

GRAND®@Nangay — DU 100

GRAND preliminary
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Joao Torres* de Mello Neto for the GRAND Collaboration 97
PoS(ICRC2023)1050, ICRC2023 proceeding
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* Hosted at the Nancay Radio Observatory,
France, 4 DUs have been deployed.

» Test bench for triggering and hardware

» Antennas were shipped from China and the
rest of the equipment was funded by the
ANR- DFG grant between Paris (LPNHE and
|AP) and Karlsruhe (KIT)
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GRAND@Auger

E17500(—
= . [ ]
& +  RU/Nikhef phase |
r * RU/MNIknhef phase Il
17000 }— RUNikhef 3d °
= + KIT/BUW phase |
: KIT/BUW phase II
L * KIT/BUW 3d
16500 — KIT/BUW low band
16000 — - 4 ®
F % e e w % o
15500 — o B whgh, a
: 2 I “ 2 M
C B w m ®w w v w v e i
15000'_ *o
s - L ] o s e L
C " e » » C
145000 Lo oo o Uy oo o by u o b oy be ool aey if
-28500 -28000 -27500 -27000 -26500 -26000 - -25000 -24500
vl ()

GRAND@Auger

10 antennas deployed

Auger mechanical structure +
infrastructure
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Hardware tests, Firmware tests
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GRANDProto300 (GP300)

Stations and Antennas
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Aims to validate the GRAND as a standalone radio detection array
* Realize the self-trigger techniques; test bench for further GRAND stages

 Algorithm for angular, energy and mass composition reconstruction;

Proto300

Cosmic- ray spectrum

Energy (eV)

* Detection of very inclined cosmic rays with energies from 30 PeV to 1 EeV;
» Study CRs in the galactic to extragalactic transition energy range.

A 300-antenna pathfinder stage of GRAND
* 200 km? area;
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GP300 Construction
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GP300 Science

o} 65 anten nhas have been . . . ‘ 0° Comparasion of simulation and Measurement results
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GP300 Animals
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Summary

GRAND key features:

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

Scalable design using radio antennas with autonomous triggering

Rich science case: radio astronomy; UHE cosmic rays; UHE neutrinos@EeV;
UHE gamma rays

Prototype Stage:
Three Prototypes: GRAND@Nancay, GRAND@Auger, GRANDProto300
65 antennas were deployed at GP300

Radio astronomy and cosmic rays with GP300
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