Search for cosmic rays in
GRANDProto300
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Goal

RAN.

DProto300

. validate the technique of

autonomous radio detection,
for very inclined cosmic rays,
with energies of 1017-1018.5 eV

Stable run since Nov. 2024
July 2025: 65 Detection Units (DUs)
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Analysis pipeline

ZHAireS + CoREAS Simulations + GRANDIib  GRANDIib paper, 2408.10926
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CR search (cuts) Efield deconvol. } Reconstruction } Exposure } CR distribution
K. Zhang A. Ferriere, M. S. Kato
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2 types of noise: At <5s

. . Clustering 5
1. Transient noise (e.g. planes or transformer) A < 5
. . . . i7zati ey -eg < 0.25
2. Stationary background noise (e.g. galactic noise) Polarization V' B
Nb of DUs Npy > 35
Remove noise Zenith 0 € [60°,88"]

PWF error errpwp < 0.5°
Select signals SNR SNRy > 5

1. Systematic physical cuts

RMSX,y(SO — 80 MHZ) < 2mV
RMS RMSx (160 — 225 MHz) < 1 mV

3. Manual quality cuts RMSy (160 — 225 MHz) < 3mV

2. Systematic quality cuts




Clustering

Arrival Direction reconstruction:
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Polarization

Polarization estimator:

€y - €p

For polarized events,

eV ° eB e O

Chiche et al. 2022
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Manual cuts

Traces: low frequencies and short signal pulse

Footprint: DUs triggered in ellipse-shaped

configuration
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Normalized humber of antennas for cosmic ray candidates
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Reconstruction as a quality cut

3 orthogonal reconstruction methods
applied to cosmic-ray candidates

K. Zhang 28
PoS(ICRC2025)447

L. Gulzow |
PoS(ICRC2025)283 % 200 400 600 800 6

Electric field deconvolution +
Lateral Distribution Fit (LDF)

Candidate CR31: Run 4666 , Event O
El*‘= 0.46 EeV,0= 69.6°,¢= 41.8°,a= 88.5°, y?/ndf = 1.75,

LDF Fit to Station Data Ground Plane View

60 ] = Geomag. Fluence LDF

= Gaussian component

= = Sigmoid component
Egea

® 535 at each Station

52023 -==- 2x Cherenkov Radius
% Array Stations
® Stations with signal ()
. Y Radio Symmetry Centre

4000+

2000
Axis Distance r [m]

Energy Fluence of Model and Signal [eV/m?]

Candidate CR 31 - R4666EV0 - © = 69.8°, 0 =43.8° 3500 ”
5 YD LT KN ALK/ '
3501 } . npE :tD(; cguDU P RE LI Vi h N/
+ ; ‘ —— mean Cherenkov angle —4000 o i i i 320
300 - ; \\ ----- mean ADF model -bm‘ unosz‘;éi E
;}* _ i TN 300 ¢
250 /:' ‘\“+ z —4500 9 “ N \\\ w:u <
8 / # 0 \\\+ \\\ i 280 -
. . . . < / 1. \ i
Angular Distribution Function (ADF) 4 : 50001 xR N
> ‘) .+ +
o y \ _
S 150 . . \
> , —5500 4 s A 240 -
oo b [+ ¢ :
\ ) S~-- 220
M. Guelfand % PRELINMINAR —o i -
P OS(I CRC202 5) 278 , M, = —1000 0 1000 2000 _

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

w (deg) Easting [m]|

Graph Neural Network (GNN)

A. Ferriere
PoS(ICRC2025)253

Candldate CR31, erec = 69.50, ¢rec = 43.60, Eem,rec = 1.0 EeV

340
PRELIMINARY
~4000 - 320
X
. —4500 - 300
E 2
o 280 §
£ ~5000 0
S X 260 S
~5500
x 240
X X X X
~250 0 250 500 750 1000 1250 1500 1750

eastina (m)

10



726 Reconstructed events

- 3 reconstruction methods provide consistent CR energy

and arrival directions

- 26/41 well-reconstructed cosmic-ray candidates found

over the analyzed period

Well-reconstructed:

- > 5 DUs with reconstructed E field

- reconstructed energy < 1020 eV
- ADF-associated x2 < 25

6 cosmic-ray candidates (°
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Perspective

. Preliminary Cosmic-ray search conducted over 75 days of stable data taking with 36 antennas
- Simulations including RF chain and data match. We understand our environment & our setup.

. 26 Cosmic-Ray Candidates with energy ~2x1017-3x1018 eV have been detected in a preliminary
search in the GP300 data.

« Reconstruction methods are consistent with each other and with physical expectations (energy
and arrival direction). They provide additional reliability to the CR candidates.

- Need to optimize data taking, trigger, and CR identification pipeline. Then we will compute our
efficiency and deliver a spectrum

. Currently: 65 antennas taking data stably. GP300 to be completed in 2026. SCience

. Stay tuned for more cosmic ray events and science! Science News, 1,
Aug. 2025
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Backup slides

Galactic transit

Trigger algorithm
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