
Giant Radio Array for Neutrino Detection

GRAND AT A GLANCE 乃↎

Objectives 䦱㫊�

By the 2030s, in its complete configuration, GRAND 
will reach a sensitivity that will ensure the detection 
of neutrinos with energy above 1017 eV.  Thanks to its 
sub-degree angular resolution, it will launch neutrino 
astronomy!  Already by 2025, GRAND will be able to 
make the first discovery of these neutrinos. GRAND 
will be the largest experiment for the detection of 
ultra-high-energy cosmic rays and photons. Moreover, 
GRAND will uniquely explore fundamental neutrino 
physics, the astrophysics of fast radio bursts, and the 
epoch of reionization.

How does GRAND work?  
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The strategy of GRAND is to detect air showers above 
1017 eV that are induced by the interaction of high-
energy particles in the atmosphere or underground, 
through its associated coherent radio-emission in the 
30-200 MHz range.
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With the first detection of very high-energy neutrinos 
and gravitational waves, we stand today at the thres-
hold of a multi-messenger era. Many high-precision 
high-energy astroparticle experiments are projected 
to be built (CTA, IceCube-Gen2, LISA...). GRAND com-
pletes the picture at the highest energy front.
Radio-detection of astroparticles is experiencing a 
renaissance, with drastic technological, theoretical and 
numerical advances. 
Now is the time to develop the radio technique further 
and join the exciting momentum of high-energy Astro-
physics!

NEUTRINOS!�⃰㉱⸓ֆ
•  Neutrinos are elementary particles that interact 

weakly with matter.  This characteristics makes them 
challenging to detect and study. 

•  At the same time, neutrinos can serve as unique 
messengers of the extreme Universe, as they allow us to 
see farther in the early Universe and deeper in objects. 

•  Neutrinos are undeflected by magnetic fields and are 
clear hadronic acceleration signatures. They are the 
essential ingredient for high-energy astronomy.
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eV (electronvolt): energy unit equal to ~10-19 Joules.  
The proton rest mass energy is equivalent to ~9x108 eV. 
Cosmic rays: charged particles (mostly protons and 
heavier nuclei) that constantly bombard the Earth.  
A small fraction of them (ultra-high-energy cosmic rays) 
are detected with colossal energies >1018 eV,  at a rate  
of 2 per month with the 3000 km2 Auger Observatory.  
Their origin is still a mystery.
Cosmogenic neutrinos: neutrinos produced during the 
propagation of their parent ultra-high-energy cosmic rays 
in the intergalactic medium, via interactions with cosmic 
radiation. Their existence is guaranteed as ultra-high-
energy cosmic rays are observed.
Air-showers: cascades of particles produced in the 
atmosphere by a primary energetic particle. The electrons 
and positrons in the cascade interact with the magnetic 
field of the Earth to produce a radio emission.

䟸⸓⇒䔼֟叀撒☘∐֑�䟸⸓⇒䔼丌⅑兩�����䏩勶Ϗ快⸓䥇樜㸥
快撒㣲�ↂ䟸⸓⇒䔼Ϗ

⹊⹜⻇冂֟㨨咭⹊⹜䥇ラ䟸何⸓֍⃾屄⃽快⸓❏㦷撐䥇㫻⸓֎
Ϗ⹆↯⃰㉋⻒䥇⃃掫Ⓣラ䨃恈涛叀撒֑抁⓳�ↂↂ䟸⸓⇒䔼Ϗ

⹊⹜⃰㉱⸓֟恈涛叀⹊⹜⻇冂䟴㽶⯙㣢侾⇣㝰⓳⧳䛆䥇把䳎⃰
⃑⹊⹜厏㤲打⻇䥇␌⸓⚔⻇⚐ㅗⅪ䟢䥇⃰㉱⸓Ϗ

ㅂㆹ⯪㻗今⻇֟⃾何⸓⧫⯪㻗⃰Ⅺ䟢⯪撒㷤兪⚍涛棹䥇⪽㧯
何⸓兪北֑␹⃰䥇䟸⸓❏㸦䟸⸓⧫⧳䛆䥇䮄⧽⃰Ⅺ䟢䥇䟸䮄
打⻇Ϗ

The Giant Radio Array for Neutrino Detection project aims at detecting ultra-
high-energy cosmic particles (neutrinos, cosmic rays, and gamma rays) with a radio 
antenna array deployed over a total area of 200 000 km2 in mountainous regions, 
in several favorable locations around the world.

GOALS
•  Standalone radio detection of  

air-showers 

•  Good background  noise 
rejection

SETUP
•   35 radio antennas
•  21 scintillators

BUDGET & STAGE 
•  160k€, fully funded by 

NAOC+IHEP, deployment 2018  
@ Ulastai

GOALS

•  Probing the transition between 
Galactic to extra-galactic  
cosmic rays at energy  
~1018 eV, with detailed 
composition measurements

•  Standalone radio detection  
of inclined showers (zenith 
angle >65°) induced by high 
energy cosmic rays (>1018 eV)

GOALS

•  First GRAND sub-array, 
sensitivity comparable to ARA/
ARIANNA on similar time scale, 
allowing potential 1st discovery of 
cosmogenic neutrinos

•  Efficient communication and power 
supply over 10 000 km2

GOALS

•   First neutrino detection at 1018 eV even with 
pessimistic fluxes and/or neutrino astronomy

•  Selection of optimal sites (mountainous, 
accessible, radio-quiet) worldwide for deployment 
of 10 000 km2 hotspots

SETUP  
200 000 antennas over 200 000 km2

~20 x 10 000 km2 hotspots worldwide

BUDGET & STAGE
Industrial scale allows to cut costs down:  
500€ per unit 
£ 100M€ in total

SETUP
•  Data acquisition system with 

discrete elements, but mature 
design for trigger, data transfer, 
consumption

•  Mostly likely in China

BUDGET & STAGE
•  1500€ per detection unit

GRAND 10K

GRAND 
PROTO35

GRAND 
PROTO300

SETUP
•  300 Horizon Antennas over 

300 km2

•  Fast data acquisition system
•  Solar panels (24h/24) + WiFi 

data transfer
•  Array of surface muon 

detectors

BUDGET & STAGE
•  1.3 M€ funded by Chinese 

Institutes deployment in 2020

GRAND 200K

GR DN

2018 2020 2025 2035
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GRAND Workshop

August 21-24 2018 
Institut d'Astrophysique de Paris
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Giant Radio Array for Neutrino Detection
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Practical Information

• Front door open between 9am-3:30pm 

• Outside of these hours, wait for someone to come by… 

• or call organizers if stuck: 
Kumiko +33 6 777 99 395 
Anne +33 6 02 32 51 72 
Olivier +33 6 37 44 67 45
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• Plenary sessions: seminar room (basement) 

• Parallel sessions:  
2 basement rooms (seminar + council rooms)

Practical Information
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• Welcome Cocktail: Wednesday 6pm, IAP hallway 

• Dinner: Thursday 7:30pm  
Café Daguerre, 4 av. du Général Leclerc

Social events
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• Wed. PM 
Status of White Paper (Mauricio) 
Simulation & reconstruction (Olivier) 

• Thu. AM 
Strategy, site, funding (Xiang-Ping) 
Internal policies (Kumiko + Peter) 

• Thu. PM 
GP35 and GP300: experimental aspects (Charles) 

• Fri. AM 
GP300: Science Case (Miguel)  
GRAND Science Case (Kumiko) 

• Fri. PM 
Wrap-up and perspectives

Schedule


