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UHECR sources still not know!
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EAS physicsΧ
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A LOFAR Low-Band Antenna

Why radio? 



A LOFAR Low-Band Antenna

Why radio? 

Becauseit ischeap!
Č perfect for giantdetectors



Air shower identification with TREND
Å50 antennaautonomousarraydeployedin XinJiang

(2009-2013_2018)
ÅImportant background rate despiteremotenessBUT 

distinct signatures for EAS & background (event
bursts, amplitude & polarizationpatterns)

Beijing

Urumqi

Ulastai

On the 21CMA-TREND site, October2008

D. Charrier et al., Astropart. Phys (2020)



TREND50 EAS candidates
(Run-wise) EAS simulations

564 EAS candidates selected out of ~109 events. Estimatefrom simulations: 
EAS purity = 80%. False positive prob. ~ 10-7 . EAS det eff ~3% (soft sel eff: 32%)
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The GRAND Collaboration 119 members

14 countries:Argentina, Belgium, Brazil, China, Czech Republic, Denmark, 

France, Germany, Greece, Japan, Netherlands, Norway, Poland, USA
Co-spokespersons: K. Kotera(IAP), Wu XiangPing(NAOC) & O. Martineau (LPNHE)

Nanjing Collaboration Meeting @ Purple Mountain Observatory, May 2024

16 Member & Associate Institutes 
represented at the Board

ωHellenic Open University (HOU)
ωInstitut d'astrophysique de Paris (IAP)
ωInstitute of Physics of the Czech Academy of 

Sciences (FZU)
ωInter-University Institute for High Energy at Vrije 

Universiteit Brussel (IIHE-VUB)
ωKarlsruhe Institute of Technology (KIT)
ωLaboratoire de Physique Nucléaire et des Hautes 

Energies (LPNHE)
ωLaboratoire Univers et Particules de Montpellier 

(LUPM)
ωRadboud University
ωUniversity of Warsaw

ωNanjing University
ωNational Astronomical Observatories, Chinese 

Academy of Sciences (NAOC)
ωPurple Mountain Observatory (PMO)
ωXidian University

ωPennsylvania State University (PSU)
ωSan Francisco State University (SFSU)

ωUniversidade Federal do Rio de Janeiro (UFRJ) 43



ÅHugeeffort for end-to-end simulation

DANTON Niess& Martineau-Huynh arXiv:1810.01978

RadioMorphingZilleset al. arXiv:1811.01750

on a 10000 antennashotspot (GRAND10k)

ČSensitivityin IceCube2015 range.

ÅGo for x20!! Č Network of o(20) subarraysof o(10000) 
antennaswith sparsedensity(1/km²) at variousfavorable 
locations aroundthe world («hotspots»)

ÅSensitivityof full arraygood enoughfor GRAND to detect
cosmogenicneutrinos for standard hypothesis

10 000km² 
HotSpot1 

GRAND proposal(2018)
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instantaneous FoV: 45% of sky
(for 10 random* site locations between 40S and 60N)

GRAND performances

F. Oikonomou
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GRAND is the most competitive proposal 
for the detection of UHE neutrinos



оллaϵin total

ω200,000 antennas 
over 200,000 km2

ω20 sub-arrays of 10k antennas
ωon different continents

to be divided between 
participating countries

GRANDProtos GRAND200k
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100 antennas produced

Funded by China

+ ANR-DFG NUTRIG 

(France- Germany)
+ Radboud University 

ωGRANDProto300: 300 antennas 
over 200 km²

ωGRAND@Auger: 10 antennas for 
cross-calibration

ωGRAND@Nançay: 4 antennasfor 
trigger testing

Cosmic rays 1016.5-18 eV
ωGalactic/extragalactic transition

ωmuon problem

ωradio transients

autonomous radio detection

of very inclinedair-showers

ω2 detectors of 5-10k antennas 
each in each hemisphere: 
GRAND-North (China) and 
GRAND-South (Argentina?)

мо aϵ 

A staged approach with self-standing pathfinders

56

ωdiscovery of EeVneutrinos for 
optimistic fluxes

ωradio transients (FRBs!)

Neutrino astronomy!

1st GRAND sub-array

рллϵκǳƴƛǘ мрллϵκǳƴƛǘ

sensitive all-sky detector



50-200MHz 
analogfiltering, 
Electronics:
500MSPS sampling
FPGA+CPU
Bullet WiFidata 
transfert

GRANDProto300 & other prototypes: experimental setup

57

The HorizonAntenna: 
3 butterfly arms + LNAs

WiFiantenna connected to bullet
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The HorizonAntenna: 
3 butterfly arms + LNAs

WiFiantenna connected to bullet

Deployment of 13 antennas in Gansu (China), to be 
completed by 70 more in 2024,  and 200 more later 

DeployedFeb 2023
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The HorizonAntenna: 
3 butterfly arms + LNAs

WiFiantenna connected to bullet

Deployment of 13 antennas in Gansu (China), to be 
completed by 70 more in 2024,  and 200 more later 

DeployedFeb 2023

Deployment of 10 antennas on the Auger site in 
Malargüe, Argentina(cross-calibration)

DeployedAug 2023

Deployment of 4 antennas in Nançayradio 
observatory (France)for trigger test(LPNHE)

Deployed Oct 2022



Prototypes: GRAND@Auger

6
1

Tiggered ADC traces of a time-coincident event with 5 
Detection Units (DUs)

ωCross-calibration with Auger detectors
1 coincident event/day expected
ω10 antennas deployed

Auger mechanical structure + infrastructure
ωHardware tests: set-up stability
ωFirmware tests, trigger / transient detection 

PRELIMINARY PRELIMINARY

FM

AERA 
beacons

Plane / satellite
comms

TV 
carrier

Power Spectrum Density

GRAND Coll. in prep. 
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GRANDProto300in Xiao Dushan The Gobi desert

GP300: 300 antennas, 200km², 1km step size 
with denser infill (TBC)
Erange= 1016.5-1018eV
Approvedby authorities
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GP300: 300 antennas, 200km², 1km step size 
with denser infill (TBC)
Erange= 1016.5-1018eV
Approvedby authorities

The DAQ room (and living quarters)



GRANDProto300in Xiao Dushan

ω13 antennas deployed in Feb 2023 for design validation
(XidianU. & Purple Mountain Observatory)
ωThermal regulation Č OK
ωControl of radio self-emission Č OK
ωTrigger / transient pulse detection Č OK
ωData collection efficiency/ setup stability Č In progress
ωAmplitude Calibration Č To do
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GRANDProto300in Xiao Dushan

ω13 antennas deployed in Feb 2023 for design validation
(XidianU. & Purple Mountain Observatory)
ωThermal regulation Č OK
ωControl of radio self-emission Č OK
ωTrigger / transient pulse detection Č OK
ωData collection efficiency/ setup stability Č In progress
ωAmplitude Calibration Č To do

Floorlevel

Floorlevel

SN arms

GP13 averagefrequencyspectrafor Feb2024

EW arms

Front End BoardTemperature
Example of a transiantpulse



GRANDProto300in Xiao Dushan
ωTrigger, timing  & reconstruction validation 
ωDone with beacon source 
ωTiming resolution ~5nsallows for ~10m resolution on 

source position
ωNext steps: 
ωDeployment of 70 more units in second half 2024
ωFirst air showers early 2025? J
ωThen plenty of physics!

DU1013

DU1071

DU1019

DU1031

DU1075

DU1085

DU1032

x

PRELIMINARY
PRELIMINARY
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source position
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ωFirst air showers early 2025? J
ωThen plenty of physics!

DU1013
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DU1019

DU1031
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DU1085

DU1032

x

Expectedcumulative nb of eventsfor 
83 antennas@ GP300

PRELIMINARY
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PRELIMINARY



Gal-EGal transition

Plots by R. Batista

Gal (how to reachEeV?)
OR
Egal (then what with heavy??)

GP300 excellent angularresolution
(~0.1°) & large statistics(100 of  
EAS/day) maybe decisive!

G. Giacinti, GRAND collab meeting, 
Nanjing, May 2024



Physics with GP300?

ÅCompleting the GP300 radio detector with an (independant)  particle detector array 
(after 2025)?
ÅSimulations assuming 300 tanks a laAUGER 

(B. Zhang, Penn State)

Č e>20% for E>1016eV & q<75°J

PRELIMINARY



Gamma ray astronomy
ÅGP300: very clean separation of hadronic/g

primaries with ground array

ÅLater stages: large effective area may allow 
to reach sensitivity comparable to (better 
than?) Auger in the 1017 -1018 eV range.

Č Probe for cosmogenicg

Č UHE gamma ray astronomy???

Alvarez-Munizet al., arXiv:1810.09994

Engel et al., Annual Rev of Nuclear and Part. Science 61, 467 (2011)



New trigger methods for autonomous radio arrays

ÅAt present (including GP300), only standard 
methods for triggering:
ÅL1 @ unit level: (mostly) signal-over-threshold

ÅL2 @ DAQ level: select causal coincs between L1s 
(GPS timetags)

ÅFull time trace collected

A TREND event
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NUTRIG (*LPNHE + IAP + KIT) ANR+DFG funded 
ÅL1 trigger (LPNHE lead)
ÅDevelopinginnovative methodsfor 
ÅSignal identification (ie fightingagainst

transient noise) Č improvepurity
ÅSignal extraction (ie fightingagainst

stationnarynoise) Č improvethreshold

ÅSpecificconstraints:
ÅOnline treatment (ie fasterthat data rate)
Å« Frugality»: low power & limited CPU
ÅNoise variability: large range of background 

pulses, not-so-stationnarybaseline
conditions

ÅL2 trigger (KIT lead): use EAS signatures

ÅData format (LPNHE + IAP + KIT): 
ÅOptimizebalance betweendata volume 

and qualityusingoffline (blind) analysis
basedon reducedinfo. J. Petereit, PhD KIT

S. Chiche et al., 
arXiv:2202.06846
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basedon reducedinfo. J. Petereit, PhD KIT

S. Chiche et al., 
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Machine Learning (CNN) classification 

S. Le Coz, ICRC2023
As sensitiviteas GRAND200k with <5000 antennas? 
(25x100 phased+  antennas + ~ 10x100 autonomousunits)

PRELIMINARY

K. Kotera, GRAND collab meeting, Nanjing 2024
S; Wiessel, ARENA workshop, Chicago 2024 


