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Origins of Cosmic rays and Neutrinos

GRAND Collab., Sci. China Phys. Mech. Astron. 2020 [arXiv:1810.09994] Alves Batista et al. (2019)
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Current Knowledge on UHECRs

E>57 EeV (The TA Collaboration, 2024)E>41 EeV (The PAO Collaboration, 2022)

Spectra

Anisotropies

Equatorial

Galactic

TA 700km2

TAX4

Current UHECR Observatories Composition

SNOWMASS review 2022, arXiv:2205.05845
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UHE neutrinos

Cosmogenic NeutrinosNeutrinos from Sources

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

M. Bustamante
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GRAND Concept

Radio emission

ντ

τ

UHECR

• Antenna Optimized for horizontal showers 
• Scalable, cheap, robust radio antennas 
       => ideal for giant arrays 
• 200,000 Radio antennas over 200,000   
        in several sub-arrays at worldwide sites 

km2
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GRAND Detection Unit

Front-End Board (FEB): 
30-230MHz analog filtering 
a high pass with cut off at 43MHz 
was added to kill the short wave 
500 MSPS sampling  

Nut and Low Noise Amplifier (LNA)

@ Purple Mountain 
Observatory Alves Batista et al., Comp. Phys. Com. 308, 109461 (2025)
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Radio Signals at Our Detectors
• Frequency range : ~50-200 MHz 

• Transient pulses, duration: <~ 100ns 

• Amplitude of detectable signals at unit level: 
    > 3-5 𝜎 above stationary Galactic background 

• Amplitude scales linearly with particle energy 

• Target detection energy threshold with 5 units:  eV 1016.5
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ITU-R P.372-12 by International Telecommunication Union

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

E = 1 EeV,
zenith = 70 deg

Angular distributions of the signal amplitude Footprint
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GRAND preliminary

Air-shower pulse added to GP13 noise

X Y Z

Pablo Correa
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A Staged Approach with Self-Standing Pathfinders

GRAND Challenges： 

• scalable, robust detection units 

• Autonomous triggering 

• Reconstruction of inclined events 

• Data volume and transfer 
        Huge data volume (10kBy/trigger) 
        GP300 (nominal) rate: 
        L1 trigger: 1 kHz 
        L2 trigger: 10 Hz
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Expected Performances

• Wide filed of view 

• Large effective area 

• Angular resolution ~0.1°  

• Excellent sensitivity   

Effective area of GRAND for UHE neutrinos

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

Angular resolution ~0.1°

Decoene et al., 2022
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Exposure for UHECRs
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Excellent Sensitivities for UHE neutrinos

Fluence sensitivity Diffuse sensitivity

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

GRAND Science Case
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Three Prototypes

GRAND@Auger 
Cross-calibration

GRAND@ Nançay 
Triggering test

GRANDProto300 
Concept Validation:  
autonomous triggering  
and inclined EAS reconstruction
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GRAND@ Nançay

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

• Hosted at the Nançay Radio Observatory, France 

• Antennas were shipped from China and the rest of the 
equipment was funded by the ANR-DFG grant between 
Paris (LPNHE and IAP) and Karlsruhe (KIT) 

• Setup: 4 DUs have been deployed 

• Test bench for triggering and hardware 
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GRAND@Auger

Power Spectrum Density

• 10 antennas deployed 
• Auger mechanical structure + infrastructure 
• Cross-calibration with Auger detectors 
•  Hardware tests, Firmware tests 
•  Online coincidence search at central DAQ (L3 triggering) 
•  1 event/day expected  
• 14 reconstructed events  
• Galactic calibration on-going

GRAND@Auger

GRAND Collab. arXiv:2408.16316

Village

Beatriz de Errico

GRAND@Auger

Reconstruction
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GRANDProto300

Layout of final GP300 array  
Sparse array (1km step) with denser infill 
(577 m) ~100 events/day

Location: Xiao Dushan, Gansu, China The deployment site has been officially approved in 2024 ! 
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GP300 Site

Ma Pengxiong
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Flat solid ground in mountainous area, Low radio background 
~1100m above sea level
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Animals
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Mongolian Gazelle (Procapra gutturosa)
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Ma Pengxiong
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Construction on GP300
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Work-life Balance @ GP300

Ma Pengxiong
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GP300 in the Commissioning Stage

GRAND Collab. arXiv:2409.02195

Triggered events Power Spectrum Density Reconstruction of Events

• A pathfinder for the GRAND experiment: 
autonomous triggering & inclined air showers 
reconstruction test 

• 48 antennas+43 FEB+ a new center station have 
been deployed 

• Hardware and firmware test 

• Offline trigger analysis

Ma Pengxiong

Beacon on the truck 
Test led by Pengfei Zhang

Ma Pengxiong

Preliminary
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GP300’s Next Stage Deployment

Photo by Ma Pengxiong

More antennas to be deployed 

Check Sei Kato’s talk tomorrow for more details on GP300 
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Software Pipeline: GRANDlib

https://github.com/grand-mother/grand       arXiv:2408.10926v2
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Summary

GRAND key features: 
• Modular design using relatively inexpensive antennas 
• One of the largest UHE neutrino observatories: excellent sensitivity, large FoV,  0.1 degree angular resolution 

• Rich Science case: UHE neutrinos; UHE Cosmic rays; UHE gamma rays；Radio Astronomy

Prototype Stage: 
• 3 Prototypes: GRAND@Nançay, GRAND@Auger, GRANDProto300 

• Official approval for 200-  GP300 site in Gansu, China  
• 48 antennas were deployed by the end of 2024 at GP300 
• Software pipeline GRANDlib (arXiv:2408.10926v2) 
• The search for cosmic ray air showers is ongoing

km2
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Ideal Timeline
2024                            2025

Kumiko Kotera
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GRAND Collaboration

GRAND Collaboration Meeting @ Purple Mountain Observatory,
Nanjing, China - May 2024

120 members, 45 institutions,14 countries
Argentina, Belgium, Brazil, China, Czech Republic, Denmark, France, Germany, Greece, Japan, Netherlands, 
Norway, Poland, USA

GRAND Workshop, 
Dunhuang, April, 
2019
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Stay Tuned! Thank you !
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