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GRAND

ARA IceCube
Fang, KK, Murase, Miller, 

Oikonomou 2016

YES if

Can we hope to detect very high-energy neutrino sources?

 good angular resolution (< fraction of degree) 
 number of detected events > 100s

 3

boxes for experiments assuming neutrino flux: 10-8 GeV cm-2 s-1

Neutrinos don't have a horizon: won't we be polluted by background neutrinos?

GRAND

POEMMA



Alves Batista et al. 2018

detect cosmogenic neutrinos

100s of events  
~0.3o angular resolution

detect EeV neutrino point sources

What we can aim to do
with future observatories
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Alves Batista et al. 2018

detect cosmogenic neutrinos

100s of events  
~0.3o angular resolution

detect EeV neutrino point sources

What we can aim to do
with future observatories

 4

cosmogenic: 
guaranteed 

direct from source: 
likely more abundant 

pessimistic scenarios  
of cosmogenic neutrinos = good! 

low background for source neutrinos
talk by Heinze Tuesday PM
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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?  
*5$1'ⱅ∘エ∟֤�

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.

Why now? ⃽Ↄℋ㣲䙳⧫֤�

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.

ɋ��⃰ ㉱⸓㣲⃃䲐⪽㧯何⸓֍忼伶⸓֎֑⹆↯快撒㉋∑⃗⒣ℑ⃐
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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.
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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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 goal of GRANDProto300: demonstrate autonomous radio detection of inclined air-showers

 if this works, in principle, radio alone could suffice to do EeV neutrino astronomy  
(cheaper + avoid difficulties related to other detection techniques) 
but hybrid detection could be implemented in subset arrays for richer data

 in an ideal world, projects like the giant air-shower array (J. Hörandel), GCOS (R. Engel) 
and GRAND should work together to try to solve issues related to building giant arrays. 
In ~2025: we should see where/how we can get funding and merge everything…

3/ What instrumental approach will be suited for what purpose,  
and what approaches should be supported by the community given the 
significant increase in cost per experiment?
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first GRAND subarray, 
sensitivity comparable 
to ARA/ARIANNA on 
similar time scale, 
allowing discovery of 
EeV neutrinos for 
optimistic fluxes

1500€ /
detection unit

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

ASIC 
Cost ~10M€ ➔ few 10€/board 
Consomption < 1W 
Reliability

Industrial scale allows to cut 
down costs: 500€/unit  
➔ 200M€ in total

first neutrino detection at 1018 eV  
and/or neutrino astronomy!

200,000 antennas over 200,000 km2, ~ 
20 hotspots of 10k antennas, possibly 
in different continents

GRANDProto300

GRANDProto35 GRAND200k
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GRAND10k

standalone 
radio array: test 
efficiency & 
background 
rejection
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160k€, fully 
funded by 
NAOC+IHEP, 
deployment 
ongoing @ Ulastai

35 radio antennas 
21 scintillators

1.3 M€  
to be deployed in 2020

standalone radio array 
of very inclined showers 
(θz>70°) from cosmic 
rays (>1016.5 eV)  

+ ground array to do 
UHECR astro/hadronic 
physics

• 300 HorizonAntennas 
over 300 km² 

• Fast DAQ (AERA+ 
GRANDproto35 analog 
stage) 

• Solar panels (day use) + 
WiFi data transfer 

• Ground array (a la 
HAWC/Auger)

A staged approach with self-standing pathfinders
Olivier's talk Friday morning
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200,000 radio antennas over 200,000 km2  
~20 hotspots of 10k antennas  

in favorable locations in China & around the world

200,000 km2

hotspot1  
10,000 km2  

used for simulations
GRANDProto300?
300 km2

✓ Radio environment: radio quiet 
✓ Physical environment: mountains 
✓ Access 
✓ Installation and Maintenance 
✓ Other issues (e.g., political)

The GRAND Concept

several excellent sites  
already identified 

(~50 measurements)

21
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• ~50 measurements in 50-200 MHz range (April 2017-August 2018) 
• 6 out of the 8 tested sites are very good candidates for 10k-antenna hotspots 
• deployment of several antennas next spring in Gansu Province 

• How to deal with the huge transient event rate ⬄ self-triggering?  
➔ Surveyed sites:  

stationary noise within factor 2 of (irreductible) Galactic radiation  
and <1kHz antenna transient rate in 30-80MHz 

➔ Include this constraint in DAQ design  
(100% livetime up to 1kHz transient rate) 

➔ machine learning techniques (Führer et al. arXiv:1809.01934)

Radio environment measurements in China
21

Transient measurements  
50-200MHz: 
• For threshold beyond 5 x noise level,  
few transients left within ~20 seconds 

• high trigger rates close to power line in zone 1 

Frequency domain: very quiet beyond 30MHz

 2 

frequency range. In order to 
overcome this problem, and to 
perform a measurement that closer 
resembles the power-measurement 
performed using the 
GRANDproto35 electronics, the 
Hilbert envelope of the measured 
trace is used. This envelope is 
shown on top of a recorded trace in 
the figure on the right. The vertical 
scale of this plot is in ADC units, 
that can be translated into mV 
through the relation that 1 ADC 
step corresponds to 100/8000=0.0125 mV. This data was taken in Ulastai, and this specific 
plot was obtained from a time-coincidence trigger of three antennas. Our measure for the 
number of transients is defined as how often a specific ADC-value is recorded in the Hilbert 
envelope of the randomly triggered 
events. This number is translated 
into Hz in order to make 
comparisons of runs of different 
durations possible. The result of this 
analysis is shown in the next figure. 
It shows that low trigger rates are 
already obtained at ADC-values far 
below 100, which correspond to less 
than 1 mV at the antenna output. 
From these plots it is clear that in 
Ulastai the threshold settings can be 
very low, which sets an excellent 
benchmark for comparisons to other sites. Finally, in order to compare the transient noise 
at different sites, the values of the ADC values at 10 kHz (black line) and 1 kHz (red line) are 
used for both horizontal channels. This provides a measure for the expected threshold 
settings when using a single station rate of maximal 1 kHz and a simple threshold trigger. It 
is our experience that a slightly more complex triggering scheme based upon pulse-width 
and pulse-trains is able to remove more than 90% of the man-made noise without 
significantly impacting on the trigger efficiency for air shower induced signals. Therefore, we 
also compare the noise levels for a 10 kHz single station rate. 
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GRAND Technical Challenges

• How to collect data? 
• Optimised trigger (machine learning (?), see Führer et al. 

ARENA2018) to improve selection @ antenna level 
• Optimised informations to be transmitted to central DAQ 

• How to identify air showers out of the ultra 
dominant background ? 
• Specific signatures of air shower radio signals vs background 

transients demonstrated (TREND offline selection algorithm:1 
event out 108 pass & final sample background contamination < 
20%) 

• Improved setup (GRANDproto35, being deployed) should lead 
to even better performances 

• Deep learning techniques 

• How well can we reconstruct the primary particle 
information  
• Simulations promising (similar performances as for standard 

showers) + deep learning technique

• How to deploy and run 200,000 units over 200,000km²? 
• How much will it cost? Who will pay for it? 

GR DN

Need for an experimental 
setup to test and optimize 

techniques

GRANDProto300

go for industrial approach! 
answers to be studied at 

later stage

�10



11

• Final result for a 3-
years all-flavor 
exposure on HS1 
(10000km²+1km step) 
in 50-200MHz, with 5+ 
antenna cluster above 
2sigma threshold

• Flux limit = 7.9 10-9 
GeV/cm²/s/sr

~4 10-10 GeV/cm²/s/sr   
when extrapolated to 
GRAND200k

HS1 limit

• Initial limit:
       for HS1: 7.2 10-9 GeV/cm²/s/sr (7500km²+800m step)
       For GRAND200k 2.2 10-10 GeV/cm²/s/sr (200’000km²+800m step)

=> Limits presented so far (Nijmegen) seems to be robust!

Simulated performances

<ψ>=	0.2°	
(Plane	wave	approx)	

PRELI
MINARY

➔ Astronomy!!!

Xmax resolution:  
< 40 g/cm² achievable for 
E>1019 eV  
with GP300 & further stages

GRAND full sensitivity (E>1017 eV) 
~4x10−10 GeV cm−2 s−1 sr−1 

exposure for Hotspot1  
10'000 km2

~0.1-0.3° angular resolution for GP300 
also achievable for Hotspot1

C. Guépin (IAP)V. Decoene (IAP) �11
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• 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 

A rich science case

• competitive with Auger at 
GRANDProto300 stage

• neutrino cross-section 
measurements 

• spectral, angular distortions 
• flavor ratiosUHECR, hadronic physics

radio-astronomy in a novel way

neutrino physics

UHE gamma rays



 astronomy possible only with a giant array

 beyond GRANDProto300, challenges are related to large arrays  
(e.g. communication, power supply): common to all other large-array projects  

 affordable giant array possible with radio detection of inclined air-showers

 goal of GRANDProto300: demonstrate autonomous radio detection of inclined air-showers

 if this works, in principle, radio alone could suffice to do EeV neutrino astronomy  
(cheaper + avoid difficulties related to other detection techniques) 
but hybrid detection could be implemented in subset arrays for richer data

 in an ideal world, projects like the giant air-shower array (J. Hörandel), GCOS (R. Engel) 
and GRAND should work together to try to solve issues related to building giant arrays. 
In ~2025: we should see where/how we can get funding and merge everything…

3/ What instrumental approach will be suited for what purpose,  
and what approaches should be supported by the community given the 
significant increase in cost per experiment?

!13

if measured UHECR composition heavy  
UHE neutrino astronomy completely possible

not really related


