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GRAND Collaboration

GRAND Collaboration Meeting in Nanjing @ Purple 
Mountain Observatory, May 2024

16 Member & Associate Institutes represented at the Board

• Purple Mountain Observatory (PMO)

• Xidian University 

• National Astronomical Observatories (NAOC) 

• Nanjing University 

• China University of Geoscience University (Wuhan)

• Hellenic Open University (HOU) 

• Institut d'astrophysique de Paris (IAP) 

• Institute of Physics of the Czech Academy of Sciences (FZU) 

• Inter-University Institute for High Energy at Vrije Universiteit Brussel 
(IIHE-VUB) 

• Karlsruhe Institute of Technology (KIT) 

• Laboratoire de Physique Nucléaire et des Hautes Energies (LPNHE) 

• Laboratoire Univers et Particules de Montpellier (LUPM) 

• Radboud University 

• University of Warsaw 

• Pennsylvania State University (PSU) 

• San Francisco State University (SFSU) 

• Universidade Federal do Rio de Janeiro (UFRJ)

119 members 14 countries:  Argentina, Belgium, Brazil, China, Czech 
Republic, Denmark, France, Germany, Greece, Japan, Netherlands, 

Norway, Poland, USA

GP300 Talk Pengxiong Ma ICRC2025 PoS453
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◆Introduction to GRAND（The Giant Radio Array for Neutrino Detection）

⚫ Background : The motivation \ scientific targets  

⚫ Strategy and the Desired detection capability: Detection target \Angular resolution\Energy

⚫ Plan: Schedule of the project

◆GP13->65->300->10,000->200,000（From Path finder to Giant Array）

⚫ Hardware design \test\fabrication\installation\calibration ;

⚫ Firmware and soft development \ test \ and application;

⚫ Simulation pipe line and the related problem ;

⚫ Data process and some Preliminary observation results
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Background: Multi-Message detection
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◆ Radio

◆ Particles

◆ Gravitational wave

宇宙加速器是如何工作的

最高能量的物理规律
◆ Light

UHECR & Neutrino



宇宙线简介Background: Why neutrino?

n

g

cosmic
rays

UHECRs are charged particles➔ deviate from source 
during travel in space because of magnetic fields.
Neutrinos are neutral➔point back to their sources .
+ very weak interaction probablity: very distant 
sources can be seen!
➔ Very clean probe of the 

violent phenomena in the Universe

Neutrino is a very important tool for physics: 
2 Nobel Prizes in the last 20 years

Sources of UHECRs must also produce UHE 
neutrinos with energy ~1018eV. (UHECRs do as 
well, during their propagation in the Universe).
➔ Very tight link between UHE neutrinos and 

UHECRs
➔Neutrinos are key element to solve UHECR 

mystery.



Background:  Why  radio detection?

• Particle detector array
✓ All-weather work

◆ Only one profile of the cosmic ray shower is observed, and the 

energy resolution and composition identification ability are 

limited.

• Atmospheric fluorescent 

telescope
✓ Similar to calorimeter to measure cosmic ray atmospheric 

shower process, it has better energy resolution (~10%) and 

composition identification ability.

◆ Only ~10% duty cycle

• Radio detection array
✓ Low cost

✓ All-weather work

✓ Good energy resolution (~10%) and composition identification 

ability http://dx.doi.org/10.1016/j.ppnp.2016.12.002



大气簇射产生射电辐射Background:  Radio Detection of EAS （From UHECR or UHECN）
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大气簇射产生射电辐射Background: From CR to Neutrino,   and why “Giant array”

Low-cost Giant array



Background: Detection target of GRAND from CR to Neutrino

• UHE neutrino astronomy

• UHE neutrino cosmogenic flux

1
2

• unphased integration of signals: an almost full-sky 
survey of radio signals

• can detect FRBs and Giant Radio pulses of the Crab 
already at the GRANDProto300 stage

• 20 times the exposure of Auger!

• GRANDProto300: 
transition from Galactic/extragalactic

• hadronic physics: muon discrepancy, 
UHECR mass composition, p-air 
cross-section 

• competitive with Auger at 
GRANDProto300 stage

• neutrino cross-section 
measurements

• spectral, angular distortions

• flavor ratios

UHECR, hadronic physics

radio-astronomy 
in a novel way

neutrino physics

UHE gamma rays

UHE neutrinos



宇宙线简介

• UHECR

–Mass

–Energy

–Flux

–Polarization/direction

–Origin

–Acceleration mechanism

Target of GRAND

GRAND goal: reach10-10GeV/cm²/s/sr sensitivity
range  for diffuse neutrino fluxes)

End-to-end simulation 
➔baseline GRAND design = network of o(20) subarrays of o(10000) 
antennas with sparse density(1/km²) at various favorable locations 
around the world («hotspots»)
Alternatives being studied to reduce size for same performances

Sensitivity of full GRAND array allows to detect cosmogenic 
neutrinos for standard hypothesis AND hunt for transient 
sources.



宇宙线简介

• UHECR

–Mass

–Energy

–Flux

–Polarization/direction

–Origin

–Acceleration mechanism

Target of GRAND



Schedule

About 10M RMB hardware investment From China until now (NAOC PMO XIDIAN)



Necessary of Giant Self-triggered detection radio array
Xidian University
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https://www.auger.org/news/scientific-highlights/343-the-pierre-auger-observatory-open-data

AUGER and HiRes Telescope Array

• High-energy cosmic ray sources and 
acceleration mechanisms in Galactic and 
extragalactic.

• Correlation between high-energy cosmic 
rays and active galactic nuclei

• About GZK 
• Magnetic Fields and Interstellar Matter 

(ISM)

 Giant detection array.
➢ Low-cost
➢ Sparse array
➢ Full time operation
➢ Self-triggered

Question and Problem Comprehensive and 
Complete Event Data

Mass ，Energy，Incident angle

Design of Self-triggered 
detection system

 Units functions:
➢ Wide working frequency band
➢ High speed ADC and  data processing
➢ Long distance communication
➢ Autonomous Time Maintenance
➢ Self-power supply
➢ Self-triggered

Path finder ：Self-triggered  system
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◆Introduction to GRAND（The Giant Radio Array for Neutrino Detection）

⚫ Background : The motivation \ scientific targets  

⚫ Strategy and the Desired detection capability: Detection target \ spectrum\covering range\

⚫ Plan: Time table

◆GP13->65->300->10,000->200,000（From Path finder to Giant array）

⚫ Hardware design \test\fabrication\installation\calibration ;

⚫ Firmware and soft development \ test \ and application;

⚫ Simulation pipe line and the related problem ;

⚫ Data process and some Preliminary observation results



大气簇射产生射电辐射Background:  Radio Detection of EAS （From UHECR or UHECN）
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The GP65 system : Three-Level Architecture of GP65 Xidian University
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⚫ 3 Level structure of GP65

⚫ (Hardware  Firmware. software)

Units

Center 
station

PMO
data 

server

⚫ Antenna and RF Chain
⚫ FEB board
⚫ Solar and power supply 
⚫ Mechanical and thermal protection
⚫ GPS Time 
⚫ Wifi communication system

⚫ Wifi Rocket
⚫ DAQ system
⚫ Solar and power supply
⚫ Monitoring system and Living security
⚫ Microwave communication system

⚫ Internet access
⚫ Data data storage and management
⚫ Data access authorization and distribution



The GRAND Prototype [Dunhuang (China), Auger (Argentina), Nancay (France)] Xidian University

Deployment of 13 antennas in Gansu (China) 
2023, and 65 in 2025,  and 200 more later 

Deployment of 10 antennas on the Auger site 

in Malargüe, Argentina(cross-calibration)

Deployment of 4 antennas in Nançay radio 

observatory (France)for trigger test(LPNHE)

Updated 2025

2021（Xidian）



Detection units and RF Chain of GP65
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Xidian University



Noise suppress  and RFI rejection
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Xidian University



Engineering work:  Site survey : (NAOC /Xidian/ PMO/SAO) 2018-2022

Xidian University



Engineering work:  Design Fabrication and Test（2019-2023， Xidian）

Xidian University



Xidian University

Engineering work: Noise suppress and RFI Rejection（Xidian）
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• Test 2    Indoor  EMC chamber: test system

DAQ

Battery

Bullet

WIFI 
antenna

Rocket

Laptop

Charge 
controller

GPS Sensor



Test(Powerful contribution from PMO) Site survey\ Firm ware debug test\Software development 
test\Communication system test\Simulation work \Data manage\Reconstruction work



Engineering work: Construction of GP13 and Center station 

Xidian University

• Thanks to GP-13 working team

Lech Piotrowski,Pengfei Zhang, Frédéric Magnard, Olivier Martineau, Yi Zhang,
Pengxiong Ma, Shen Wang, Xing Xu, Bohao Duan,Yu tang 



Statues of  Xiaodushan（Dunhuang China） site
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Galactic noise simulation and test   
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Xidian University



EAS simulation improvement and system simulation tool development

Aurelien

30Xidian University

Washington

Xinxu

FuFu yang FuFu yang FuFu yang

Jia le wang

Preliminary

Preliminary



Trigger, layout based event number estimation and time calibration  

Aurelien

31Xidian University

Xin Xu Xing Xu

Xidian 
Xin Xu

Preliminary

Preliminary



Preliminary Study on Calibration：time, Gain, Pattern
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Xidian University

Preliminary Preliminary









Thank  you for your time and attation!

Questions and Comments please !
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