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GRAND P

Extensive Air Showers
o Produced by UHE patrticles in the atmosphere
o Radio emission
» Produced by interaction with the geomagnetic field

= Undergoes little attenuation by the atmosphere
= Can be detected far from the showens 1! -
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Radio antennas: scalable, cheap, robust



GRAND International Collaboration

Fast Radio Bursts

Science case
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LZ%A staged approach with self-standing pathfinders

Setup Goals

Budget

GRANDProtos

2023

autonomous radio detection
of very inclined air-showers

Cosmic rays 1016518 gV

e Galactic/extragalactic transition
e muon problem

eradio transients

e GRANDProto300: 300 antennas
over 200 km? GP13@Dunhuang

e GRAND@Auger: 10 antennas for
cross-calibration

e GRAND@Nangay: 4 antennas for
trigger testing

2 M€

100 antennas produced
funded by China

+ ANR-DFG NUTRIG

(France- Germany)
+ Radboud University

2028

GRAND200k

2032 (?)

1st GRAND sub-array

ediscovery of EeV neutrinos for
optimistic fluxes

eradio transients (FRBs!)

e 2 detectors of 5-10k antennas
each in each hemisphere:
GRAND-North (China) and
GRAND-South (Argentina?)

13 ME 1500€/unit

From Olivier Martineau’s talk at Xidian U. in Oct. 2023
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neutrino

£

GRAND science case

UHE neutrinos

UHE neutrino astronomy ) :
neutrino cross-section

HE neutrin m ni X .
U eutrino cosmogenic flu = b e
neutrinos spectral, angular distortions

EeV _
neutrino Neutrino flavor ratios

astronomy physics

UHE
gamma

rays UHE gamma rays

competitive with Auger at

GRANDProto300 stage
Epoch of
reionization

. » unphased integration of signals: an almost full-
raqlo astronomy sky survey of radio signals
In a novel way Fcandect RS and Gian o pulesof e
Crab already at the GRANDProto300 stage

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



N;' UHE cosmic-ray spectrum
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Olivier Deligny for the Pierre Auger and Telescope Array E [eV]

Collaborations, ICRC2019

[0 To understand observational differences between TA and Auger,
confirmatory tests with more data are required
O GZK cut-off vs. the limits of particle acceleration



Cosmic-ray anisotropy s sdfiba.
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- 216 events (15-year TA SD data)

- Max local sig.: 4.80 at (144.0°, 40.5°) o’
0.38 - Post-trial prob.: P(Sy,c > 4.80) = 2'7X10,_3 - 2.80
L ‘1 .S
A. Aab et al. (Pierre Auger CO") Deficit - Li-Ma significance Excess
Science 357, 1266 (2017) Jihyun Kim’s talk @ ICRC2023

= >8 EeV CR anisotropy: an extragalactic origin
= >57 EeV hot spot: more data are needed to be confirmed

[0 GRAND can provide more precise anisotropy sky maps and confirm the hot spot
O GP300 can measure the anisotropy below EeV



&2  GRANDProto300 R ——

A 300-antenna pathfinder stage of GRAND

« 200 km? area

+ 100 antennas ready; 23 have been deployed: 10 in Argentina; 13 in Dunhuang
Aims to validate the GRAND as a standalone radio-detection array

* Realize the self-trigger techniques

- Algorithm for angular, energy and mass composition reconstruction

- Detection of very inclined cosmic rays with energies from 30 PeV to 1 EeV

- Study CRs in the Galactic-to-extragalactic transition energy range

—10%g - ,
PO assuming TALE flux
£ f S, Abbasi et al. (2018)
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Layout: 300 antennas, 200kn12,
1km step size with denser infill Thousands of events per day
Erance = 1016.5-1018V



&2 Hybrid detection I —

GRANDProto300 radio array complemented by particle detectors

hadronic : '
CU'Sm,'C ray : \

L

electromagnetic
component

Pragati Mitra’s talk -
@ICRC2023

To perform a direct separation of the two components at the detector level
and study the hadronic interaction



Site survey of GP300

To ensure the best performance of the GP300 detector, we need a site
with a very clean radio background. 10



Site of GP300

O Xiao Dushan (/N\J#L )
Alt. avg. 1100m

O ~120 km from Dunhuang (2
¥2), ~3 hours by car

O Low radio background

AR LTS
— ;T
-nDunHuang

FIFHEL 1. 000 kHz



Gﬁg Deployment of Gp
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Antenna

O High detection efficiency along the
horizon (HoRIZONANTENNA)

O Placed 3 m above the ground (to reduce

diffraction of radio waves off the ground)

AT
g ]
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[0 Bow tie design, flat response in
azimuthal angle and frequency

O Frequency range (50 MHz - 200 MHz)

Antenna designed in GRAND Collab., Sci. China Phys. Mech. Astron. 2020
[arXiv:1810.09994] 13



Radboud Unive:
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Electronic Board:

50-200MHz analog filtering

500 MSPS sampling FPGA+CPU
Bullet WiFi data transfer
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Plane wave fit
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5 DUs were triggered



O Hosted at the Nancay Radio
Observatory, France

O Antennas were shipped from
China and the rest of the
equipment was funded by a joint
grant between Paris (LPNHE and
IAP) and Karlsruhe (KIT).

O Setup: 4 DUs have been deployed.

O Test bench for triggering and
hardware

DAQ center

Joao R. T. de Mello Neto’s talk for the GRAND Collaboration
@|CRC2023



42 GRAND@Auger sl R

[0 Re-use part of the AERA array in [0 Goal: to perform an event-by-
the Auger experiment event comparison of the data with
O Antennas shipped from China and Auger
additional funding from Radboud U. O 10 stations have been fully
(Netherlands), IAP and LPNHE deployed by August 2023
(Paris), and Federal U. of Rio de O First data are now being analyzed
Janeiro

Plot by Beatriz de Errico

bll':h". | “"q‘ilt_r' ;

N
J GRAND preliminary

0 50 100 150 200 250

—
o

=z

(]

Amplitude [a.u.]
—
o

Amplitude [A.U.]

102 4

Jodo R. T. de Mello Neto for the GRAND Collaboration
PoS(ICRC2023)1050, ICRC2023 proceeding

Malargue, Argentina
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Summary BN -

GRANDProto300:
pathfinder for autonomous radio-detection of UHECRs

[J 300 detection units over 200 km2
» Validate the detection principle for very inclined air showers
[J Target energy range: 10165- 1018 eV
» Study transition between cosmic rays of Galactic and
extragalactic origin
» Study hadronic interaction by measuring electromagnetic

and muonic components separately

O GP13 (at Dunhuang) and GRAND @ Auger (10 Antennas) have
been already deployed. GP100 in 2024

18
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Thank you!

Extensive air shower




backup slides

20



cosmic ray

[Hadiu Detection of Air Showers ]

atmospheric
deflection of particles in molecule
peomagnetic field
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/&= GRAND for neutrinos

ADF Reconstruction : Conservative

I ocan = (0,183 median = (.133 std = (L15T

Angular resolution
Decoene et al., 2022
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angular resolution [deg]

extensible & modularizable
Searching for radio pulses in 50-200 MHz
Its effective area is 10 times of Auger

- GRAND full sensitivity to neutrinos (E>1017 eV) ~4 x 107 GeV cm™?s™" sr!

« Angular resolution ~0.1° for GP300 & GRAND Decoene et al., 2022
« Energy resolution < 10% on air-showers for GP300 & GRAND B. Lago & Rio GRAND team
» Xmax resolution < 40 g/cm?2 for E>1077 eV (comparable to other methods) ~ Decoene et al., 2022

22



GZK neutrinos ol R
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Gﬁﬁ GRAND@Nancay PR —

Hosted at the Nangay Radio . SRAND@Nancay — DU 100
Observatory, France .
Antennas shipped from China and the
rest of the equipment was funded by a
joint grant between Paris (LPNHE and
|AP) and Karlsruhe (KIT).

Dedicated to the first level trigger

—— Channel X
—— Channel Y
—— Channel Z

Mean PSD [V2 MHz ]
=

Setup: 4 DUs are deployed O T 5 0 10 a0 20
Frequency [MHz]

Joao Torres* de Mello Neto for the GRAND Collaboration
PoS(ICRC2023)1050, ICRC2023 proceeding



Performance of GP13 P —

Averaged Spectrum ChannelZ DU1031 start at 20231010-16:50:40 [UTC+8h)
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