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Why UHE neutrinos? 
• «Cleanest probe» of the Universe (no deflection, no attenuation, hadronic…). 
• Direct link to UHECRs  (5% of primary energy) 

5%/A 



 



A. Karle, ARENA2018 
arxiv:1507.08991 



• Detection principle: 

– n-induced tau decays in atmosphere generate ~horizontal extensive air 
showers [Fargion astro-ph/99066450] 

– Issues:  

• VERY seldom events  giant detector 

• Earth-skimming trajectories (ln <~1000km) 

 

t± 

Radio-detection 



Radio emission by air showers 
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De Vries et al., 
astro-ph/1304.1321 

• Charge excess  Askaryan effect 

• Geomagnetic effect (dominant) 



Frequency bandwidth 

Short waves 

TREND  
@ Ulastai 

Simulated  
galactic bckgd 
 
Measured 
bckgd noise 

Emission coherent for l>>d~3mf<<100MHz.  
Exception: high frequencies along Cerenkov ring. 
Below 30MHz: short waves 

Vertical shower 

T. Huege, astro-ph/1601.07426 
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   Core position 

 

J. Alvarez-Muniz et al, astro-ph/1502.02117 



Radio detection 

Dipole antenna 

Current in antenna due to Efield 
generates voltage at load output  

GRANDproto antenna |E| 
EE-W 

EN-S 

EVert 

leff = f (q,j,n) 
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VEW 

𝑽 = 𝑬 × 𝒍𝒆𝒇𝒇 

 



Why radio? Because it is cheap! 

Basic  cheap 



Why radio?  
Because it is perfect for horizontal air showers! 

El
ev

at
io

n
 (

km
) 

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!! 

Background level: 15µV/m 
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The GRAND project 

astro-ph/1810.09994 



GRAND neutrino sensitivity  
computation 

• End-to-end custom simulation 

B- RadioMorphing: semi-analytical computation of the 
air-shower-induced Efield transient signal.  
A. Zilles et al., astro-ph/1811.01750 

A-  DANTON: nt decay  
backward MC over realistic topography.  

V. Niess and OMH, astro-ph/1810.01978 . 
 



10 000km²  
HotSpot1  

GRAND neutrino sensitivity  
computation 

• End-to-end custom simulation 

Antenna gain (NEC4) 

D- Layout: 10’000 antennas with 1km step square 
grid on area with favorable topography (TianShan 
mountains, China). 
Trigger:  Peak-peak voltage > 2snoise (agressive) or 
5snoise  (conservative) & cluster of 5 neighbouring 
antennas. 

n CC interaction 

t decay 

Trigged antennas 

En = 2 1019eV; q = 93° 

C- Antenna response: 
HORIZONANTENNA, h=5m, f = 50-200MHz, optimized for very inclined 

trajectories. Response simulated in NEC4. 



Up-going Down-going 

Simulation results 

5° window 

Exposure increase by factor ~4 thanks to topography. 



GRAND science case: neutrinos 

p + 𝛾𝐶𝑀𝐵 → Δ+ → 𝑛 + 𝜋+ →  𝝊  

• GRAND10k (10’000 km²) competitive 
with ARA-ARIANNA.  

• Cosmogenic neutrinos guaranteed flux  
 

 
• Prediction based on experimental results 

(AUGER) + source evolution hypothesis. 
• Aiming at ~20 subarrays such as 

HotSpot 1 deployed in areas with 
favorable topography at different 
locations in the world  

 GRAND200k (20 x 10 000 km²) 
• Sensitivity of full array good enough for 

GRAND to detect cosmogenic neutrinos 
for standard hypothesis (up to 
tens/year) 

• Also in range to detect neutrinos directly 
emitted  from sources 

Batista et al., 
astro-ph/1806.10879 



GRAND science case:  
transient events & multi-messanger analysis 

1h FoV 
(1 site) 

1-day FoV 
(1 site) 

+ GRAND expected angular resolution: Dy~0.1° 
NS merger GW170817 



p  
E=1019eV 

q=83° 

GRAND science case:  
UHECRs and gammas 

• UHECRs: cut-off & transGZK 

– 200 000km² detection area, 60<q<90°  

       exposure = 15xAUGER 

– Full sky coverage 

– Xmax resolution ~40g/cm² (see later) 

• Gamma rays 

– 100% seperation between UHECRs and gammas 
if we reach 20g/cm² Xmax resolution 

– Cosmogenic gammas: 
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p + 𝛾𝐶𝑀𝐵 → Δ+ → 𝑝 + 𝜋0 →  𝛾  



GRAND science case:  
neutrino physics 

Ground interaction 
Atmosphere interaction 

For nt primaries only: 
atmosphere/ground rate~1/20 
 Estimated overal ratio > 1/10   

• Measurement of n-p cross section 
• Flavor study by comparison with other experients 

or if atmospheric events (all flavors) detected in 
addition to ground (nt) (?) 

• Search of physics beyond SM:  
– effect on spectrum or arrival directions                         (??) 

• Glashow resonance (???) 
𝛼 𝜅𝑛𝐸𝑛 𝐿  

Bustamante & Conolly, 
astro-ph/1711.11043 



 

S. Wiessel, BEACON project  
ARENA2018 



GRAND science case: DM (???) 

 

+ many others (FRBs, EoR, HE atmospheric events…) 



GRAND: still a long way to go 

• How to deal with the HUGE transient event rate [estimated 1kHz/antenna]?  
• How to identify air showers out of the ultra dominant background ? 
     [<100 neutrinos/year vs >1Hz background] 
• How to detect radio signals propagating along the horizon ? 
      [diffraction + attenuation on ground] 
• How to reconstruct the primary particle information [Very inclined events]? 
• How to collect data [1kHz/antenna & tens of kms to DAQ center]? 
• How to deploy and run 200’000 units over 200’000km² [Logistics, reliability]? 
• How much will it cost? Who will pay for it?  

 A huge experimental, technical, logist & financial challenge 
 

WE DON’T KNOW (yet) the answers!!! 
But we have several very robust leads  

 
 Time + R&D needed (GRAND not completed before 203x) 



Challenge 1: 
autonomous radio detection  

TREND site, October 2008 

The TREND experiment  

(2009-2013-2018, 21CMA site) 

• A very remote & quiet site.  

Short waves 

TREND  
@ Ulastai 

Simulated  
galactic 
bckgd 
 
Measured 
bckgd noise 

Beijing 

Urumqi 

Ulastai 



Challenge 1: 
autonomous radio detection  

The TREND experiment  

(2009-2013-2018, 21CMA site) 

• A very remote & quiet site.  

• Still: radio coinc rate = tens of Hz while EAS rate: 
~20/day 

 



The TREND experiment  

(2009-2013-2018, 21CMA site) 

• A very remote & quiet site.  

• Still: radio coinc rate = tens of Hz while EAS rate: 
~20/day 

• BUT distinct EAS & background signatures allow 
for excellent discrimination 

Challenge 1: 
autonomous radio detection  

Possible air shower signal 

Certain background signal TREND data 
Simulated EAS 

astro-ph/1810.03070 

Also ARIANNA!  
(astro-ph/1612.04473) 



TREND limitations 

• «You get what you pay for»: 

system reliability questionnable 
– Sudden drops in gain 

– Aging (antennas, amplifiers,  

optical system, computers…) 

 

 

 

 

 

 

 

   

 

  - Significant maintenance effort required 

  - Determination of efficiency & absolute calibration (very) chalenging:       

                                       loooong analysis! 

  - Reduced detection efficiency: 3% only 

                                       (=10%[hardware] x 30%[selction cuts]) 
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November 11, 2018 November 11, 2018 

GRANDProto35 
• Goal: air shower radio detection with high 

efficiency & high purity 
• Methods 

– 3D polarization measurement 
– Fast DAQ  

• Cross-check with ground array 
• Presently in commissioning phase, but site access 

issues! 
• Just a first step!!! More in GP300. 

CODALEMA, astro-ph/1710.02487 

Experimental polarisation 
Simulated EAS 

DAQ pulse tests 
Timetrace length = 3.6µs 
Timetrace length = 1.8µs 



Challenge 2:  
EAS reconstruction from radio data 

• Simulations now converge to good description 
of experimental data. 

Buitink et al., astro-ph/1408.7001 



Radio reconstruction performance 

• Xmax from radio lateral profile, 
<DXmax> ~ ±15g/cm² sys 

Buitink et al., Nature 

• Energy reconstruction using 
SD core position: DE/E<20% 
(AUGER-AERA) 
 Aab et al.,  

astro-ph/1508.04267 



Reconstruction in 
GRAND 

Using CR+neutrino  simulations 
• Angular resolution : 

• <Dy><0.5° for plane wave hypothesis 
thanks to height difference. 

• ~0.1° expected with hyperbolic treatment 
• Shower maximum: at present <Dxmax>~40g/cm² 
• Work in progress 

V. Decoene 

p  
E=1019eV 
q=83° 
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A. Corstanje et al., 
astro-ph/1404.3907 
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Distance to shower axis (m) 

C. Guépin 
A. Zilles 



QingHai (China), December 3rd, 2018 

GRANDProto300 

Layout: 300 antennas, 200km², 
1km step size with denser infield  
 Erange = 1016.5-1018eV 

HorizonAntenna, succesfully 
tested in the field (August 
2018) 

Site: 9 sites surveyed in China,  
7 with excellent electromagnetic 
conditions 

Electronics: 
• 50-200MHz analog 

filtering 
• 500 MSPS sampling 

FPGA+CPU 
• WiFi data transfert 
• 3 prototype board in 

prod. 



GRANDProto300 goals 

• Autonomous proof-of-principle of autonmous 
radio-detection of air showers. Trigger, 
selection and reconstruction of very inclined 
CRs in 1016.5-1018eV.  

     validation thru 
comparison of primary 
properties -spectrum, 
direction of arrival & 
composition- to known 
results. 
 

• Testbench for further GRAND stages: advanced 
methods for trigger+background rejection  
(Machine Learning, etc) and data collection. 
Power consumption optimization. 
 

Preliminary 

GRAND pathfinder, but also a standalone, independent project.  
Targeted run period: 2020-2025. 

N. Renaud-Tinacci 



GRAND trigger 

• 2 levels for GP300 
– Selection on pulse shape (100% 

DAQ live time up to 1kHz) 
– Search for antenna coincidences 
    (128kB/s Wifi transfer allows for 
10Hz+4µs traces) 
 Will provide a better insight on 
typicall background conditions 

• Further stages:  
– Reduce data volume? 
– Better event selection? 
– Select appropriate data transfer 

technology 
 

Possible air shower signal 

Certain background signal 

TREND 

TREND 



 



 



GRANDProto300 hybrid array 

• GRANDProto300 will be complemented by an independant, autonomous ground array with 
large acceptance to inclined showers. 

• Independant detection of electromagnetic & muon components on a shower-to-shower basis  

     unbiased measurements of E (≈Eelm), Xmax, Xmax
µ and Nµ. 

elm 
muons 



GRANDProto300 physics program 

• Great tool to study air shower physics 
in the 1016.5-1018 eV energy range. 

 

• Insight on the 
Galactic-extragalactic 
transition (large 
stat+full sky coverage 
+ excellent primary 
determination) 

z 

H. Dembinski, UHECR18 
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Take-home message 
• GRAND is an ambitious project for a giant array of 200’000 

radio antennas deployed at several locations in the world. 
• Very rich science case centered on UHE cosmic particles. 
• Huge experimental challenge  staged approach over 10-

15 years. 
• Next step: 300 antennas for the autonomous radio-

detection of inclined showers. Exciting science case if 
complemented by ground array. 

• We need more people to carry out GRAND’s large task list 
• Want to know more/keep in touch? 

– Suscribe to our info list GRAND-ALL-L@IN2P3.FR 
– Check our website: www.grand.cnrs.fr 
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