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Energy Spectrum of Ultra-High-Energy (UHE) Cosmic Rays

All particle CR energy spectrum (black)
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Neutral Particles As a Probe of the UHECR Origin ~_




Giant Radio Array for Neutrino Detection (GRAND)
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G R A N D S C I e n C e C a S e S Sensitivity to transient neutrino sources
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GRANDProto300: One of the GRAND Prototypes

Adapted from a slide of H. He in TMEX2025

GRANDProto3zo0

GRAND @ Auger

Cross-calibration w/ Auger

Cosmic-ray event search

Validation of radio autonomous triggering
Observation of inclined air showers

Cosmic-ray observation




G RAN D P I’O’[OSOO (G PSOO) Distance to central station (m)

-5000 0 5000 10000 15000
s . ! . . . . ® GP300
o ) [ ] ) L] I L] ) [ ] ) L] ‘ GP65
. 2000
. . . . . . - | Central station
L] L[] L] L[] L] [ ] —
41.001 e e e L] e . e E
° ° . . 0 S
L L] [ ] [ ] L] :
[ ] ° (] ° 19
— L L[] [ ] ° L] E
~ 40.98 1
8 ° ) L] ) L] ) L ] ) [ ] ) L[] _2000 E
© ©
A ° ° [ ° ° b
d., » ° ° ° ° ° :
E 40.967 E ) L[] ) [ ] ) L] ) L] ) L] ) L] _4000 8
E L] L] L] L ] e [ ] [ ] [ ] [ ] [ ] [ ] L] L] L] L] L] ° ° 2
— . . ° e © 6 o 0 0 0 0 o . . ° ° . . 8
40.941 L] L] L] L] e [ ] [ ] [ [ ] [ ) [ ] L] L] L] L] L] ° ° —-6000 %
L] L] [ ] L] [ ] [ ] [} [ [ ] o L] ° L] L] L] [ ] [ ]

[ ] [ ] [ L] [ ] [ ] [ ] L] L] ° L[] L] L] [ ] [ ] E
[ ] L] [ ] L] L] L[] L] E L] o o [ ] ° n

40.92 K/ . . . . . . . . . s ~8000

1 Ooom L[] L] L] E . L ] L] L[] [ ]
° -10000
- 40-90 93.90 93.95 94.00 94.05
_ A J Longitude (deg.)
XiaoDushan, China (~1,100m a.s.l.)

Longitude: 94° E . .
Latitude: 40.96° N Motivation:

v Validation of radio autonomous triggering
v' Observation of inclined air showers
v' Cosmic-ray observation @ 10165 eV <E < 1018 eV




Design of GP300
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Current Status: GP65 Site: Gobi desert DAQ room (& living quarters)

o

GP13 (Mar. 2023) -> GP45 (Sep. 2024) -> GP65 (Apr. 2025)  RFI suppression
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¥ Detector Calibration

65 DUs up and running

Clean environment, stable, homogenous & well-modeled response

Galactic transit observed

(Relative) timing resolution < 5ns from the calibration using a beacon
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Counts

CD events from 2025-03-04-00:00:00 to 2025-03-10-23:59:59

G

Coincidence Data

Transformer station

Multiplicities per CD Event

Preliminary

103

10!

~10Hz |- v
(-
I -
L 104 (@)
LY
[
o
Online CD F00 O .
| Prelimipary 1o L2503
10-3 100 103 5.0 75 10.0 12.5 15.0 17.5
1/Time Consec-event [Hz] Number of DU IDs per event Airplane

(Strongly related to the
amounts of clouds)

Most of events are from RFI, including airplane tracks and a nearby
transformer Station Adapted from a slide of P. Ma in ICRC2025

12

D

15 08"




5% GRANDProto300: First Cosmic-Ray Candidates e om asideoro. warinesuin icrcaoes

ADF fit to DU voltage data

Selection pipeline for cosmic rays applied over 12/24 — 03/25 GP300 data
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¥ First Search for Cosmic-Ray Candidates Side from O. Martineau in 0RC2025

Energy spectrum for 26 candidates with
v Reconstructed Efield for 5+ DUs
Cosmic-ray candidates 0° N ¥ LDF error < 102%eV
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Directions from graph
Cosmic-ray Candidates in GP300

neural net

Direction of arrival consistent among 3 methods

1 From Voltage
I From Efield
From GNN

N

o

90° 70°

(]

—_
m

Number of cosmic-rays candidates

180° Period: Dec. 2024-Mar. 2025 107 ' ' 108 ' 101
Energy (eV)




Slmulatlon Study of GP300
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> Next Steps for GP300

Coming months:
v' Optimize HW, DAQ & CR selection procedures
=» start Physics run @ GP300 with nominal rate of several 10s CRs/day
v" Build energy spectrum, arrival direction distribution, nature of primary
v' Extend analysis to horizontal events (0>85°)
=» Validate detection principle of GRAND
=» Do CR physics around the Galactic-Extragalactic transition
(10%6> eV < E< 108 eV)

In 1-3 years

v' Complete GP300

v Increase statistics, refine methods and analysis (horizontal events)
v' Test GRAND10k design with improved HW & trigger/DAQ

—
Later:

Deploy GRAND10k on 2 sites in 2 hemispheres and start neutrino search

Adapted from a slide of O. Martineau in ICRC2025



Summary

GRAND: Next-generation sensitive astrophysical UHE v detector (> 107 eV)
Rich science cases are also covered

GRANDProt0300: one of the GRAND prototypes

Motivation: Validation of autonomous radio triggering technique
Observation of inclined air showers
Cosmic-ray observation @ 10765 eV <E <1078 eV

ONGOING!: Data taking, calibration, CR event search, simulation study

GZK
neutrinos

Stay tuned for upcoming progress & results
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Thank you for your attention!




