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% It the measured UHECR composition is not protons
it is NOT the end of the world at all!
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% Can we hope to detect very high-energy neutrino sources?

Neutrinos don't have a horizon: won't we be polluted by background neutrinos?
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G ' \ D The Giant Radio Ar ray

8 a=— for Neutrino Detection

http://grand.cnrs:



http://grand.cnrs.fr/
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(cheaper + avoid difficulties related to other detection techniques)

but hybrid detection could be implemented in subset arrays for richer data

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

2 in an ideal world, projects like the giant air-shower array (J. Horandel), 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...



%A staged approach with self-standing pathfinders
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to be deployed in 2020

Olivier's talk Friday morning
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allowing discovery of
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design
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detection unit
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% The GRAND Concept

v Radio environment: radio quiet
v Physical environment: mountains
v Access

v Installation and Maintenance

v Other issues (e.g., political)
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GRANDProto300 survey

% Radio environment measurements in China

— Ganst zone |

— Gansn zone 2

-

Transient measurements
50-200MHz:
e For threshold beyond 5 x noise level,
few transients left within ~20 seconds
 high trigger rates close to power line in zone 1

I{LL

-110

PSD (dBm/Hz)

~120

Frequency domain: very quiet beyond SOMHz

130

A1OSE
0 40 60 =0 100 120 140 160 180 : TREND site (Ulastai)
Frequency (MHz) I
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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

10° Eg—

10° £

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 GRANDProto300 1kHz [

10kHz £

- Include this constraint in DAQ design test bench <100 ADC

(100% livetime up to 1kHz transient rate)
- machine learning techniques (Fuhrer et al. arXiv:1809.01934)
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ADC units
[1 ADC = 0.0125 mV]




% GRAND Technical Challenges

Need for an experimenta
setup to test and optimize

How to collect data? techniques

o Optimised trigger (machine learning (?), see Fuhrer et al.
ARENA2018) to improve selection @ antenna level 2

« Optimised informations to be transmitted to central DAQ GRANDProto30(

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

transients demonstrated (TREND offline selection algorithm:1

event out 108 pass & final sample background contamination <
20%)

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

» Deep learning techniques

* How well can we reconstruct the primary particle /I 7+ _—
information =S ——————
« Simulations promising (similar performances as for standard A AL = <= = =-
showers) + deep learning technique e
«  How to deploy and run 200,000 units over 200,000km?? answers to be studie%%_
. How much will it cost? Who will pay for it? later stage |5



% Simulated performances e
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% A rich science case
neutrino physics

neutrino cross-section

measurements
v neutrinos spectral, angular distortions
. . e :
UHECR, hadronic physics s Neutrino  flavor ratios
astronomy physics

UHECRs
UHE gamma rays

competitive with Auger at

GRANDProto300 stage
Epoch of Fast

reionization radio

e ursts
radio
pulses

Early stages

radio-astronomy in a novel way
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It measured UHECR composition heavy ) ot renlly related
UHE neutrino astronomy completely possible ¢

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?

» astronomy possible only with a giant array

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

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

2 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

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

2 in an ideal world, projects like the giant air-shower array (J. Horandel), 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...
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