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Why UHE neutrinos?
• «Cleanest probe» of the Universe (no deflection, no attenuation, hadronic…).
• Direct link to UHECRs (5% of proton primary energy goes into cosmogenic neutrinos)
• Stretches detection reach to EeV range
 excellent combination with KM3NeT to constrain models.
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• Detection principle:

– n-induced tau decays in atmosphere generate ~horizontal extensive air showers [Fargion 9906450]

• Very indirect process very unlikely  low flux  need a GIANT² detector.

• Earth opaque to neutrinos at these energies. The tau particle has to be produced less than ~100km from Earth
surface in order to emerge short underground travels  Earth-skimming trajectories.
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Radio detection
of very inclined showers
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Use mountains as 
projection screen for 

radio emission

50-200MHz radio emission of a 1017.5eV shower viewed from the side: 
 ~10s of km² detectable footprint @ ~100 km from decay point!!

Background level: 15µV/m

Cheap, light, robust and stable 
 Perfect for giant arrays!

A LOFAR antenna



The GRAND proposal

• Network of o(20) subarrays of 
o(10000) antennas with sparse
density (1/km²) at various
favorable locations around the 
world (« hotspots »)

10 000km² 
HotSpot1 

n CC interaction

t decay

Trigged antennas

En = 2 1019eV; q = 93°

A simulated neutrino event in a GRAND hotspot



GRAND science case

• GRAND10k (10’000 km²) in IceCube2015 range.
• Aiming at ~20 such subarrays deployed on areas with

favorable topography at different locations in the world 
GRAND200k (20x10 000 km²)

• Sensitivity of full array good enough for GRAND to detect
cosmogenic neutrinos for standard hypothesis

1h visibility
(for one subarray @ 

43°N)

24h visibility
(for one subarray@ 

43°N)

 ~ full sky coverage in 24h time window

Also: <0.5° angular resolution expected
thangs to topography & shower extension 
(in progress)

V. Decoene



GRAND & multimessenger, 
time-domain astronomy

• « Large » sky
coverage

• Passive detector (ie
no pointing)

• Hope for fast
(~online) 
reconstruction

Neutrino alerts
achiveable within
o(10)seconds?



The road to GRAND



GRANDProto300

• Radio-quiet site

• At the crosspoint of Gobi desert & Tibetan 
Plateau

• 300 antenna with 3 layouts

(1km-500m-150m steps)



GP300 
HorizonAntenna

50-200MHz

Firsty physicist

Receiving WiFi
antenna (coms)

DAQ room

August 2019: 
4 prototype antennas installed

GP300 DAQ
500MS/s ADC

FPGA
Quad-core CPUs

3.5m

3 GP300 units to be
deployed January
2019



GRANDProto300 goals

• Demonstrate
autonomous
radiodetection of air 
showers

• Physics of air 
showers*

• Physics of CRs at the 
Gal-Extragal
transition*

*: if radio array
complemented with
ground detector
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MoU in preparation between

IAP
KIT
Nanjing U. 
NAOC
Penn State U.
Radboud U. (Nijmegen)
U. Federal Rio 

astro-ph/1810.09994
and more @ www.grand.cnrs.fr

The GRAND 
collaboration



Take-away message

• GRAND is an ambitious project of a giant network 
of radio arrays around the world, covering a total 
of 200’000km²

• Sensitivity+FoV+angular sensitivity + energy
range 
a great complement to KM3Net/IceCube

and an interesting contributer to MM time-domain
HE astronomy
• Great experimental challenge and still a (very) 

long way to go… GRANDProto300 as a first stage.
• Dynamic & growing collaboration. Welcome
• Read more at http://grand.cnrs.fr/
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