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% GRAND in a nutshell

G &" Giant Radio Array for Neutrino Detection

==

* Antenna optimized tor horizontal showers

. ng‘tie'aé/s‘ign, 3 perpendicular arms

—

* VVery low UHE neutrino fluxes &) very indirect EAS production mechanism

=>» Very rare events
=>» Very large effective area

Cosmic ray

Pascal Lautridou (2011)

Toward a second generation of stations:
fully based on mainstream technologies

Consumpt.<2.5 W (5V*0.5A)
WIFI/3G...

Processing

Storage > 16Go ?\{

Cost<200E XN
-.

] © + Trigger
+ GPS dating

Power source: 10W
(12V)

Surface 40*25cm
Cost <60E

ost objective < 800 E/station
Consumption <5 W

Mecanics < 10 kg, no civil
engineering

=> Very cheap detection system @) very large area: GRAND




* GRAND proposal

* Large effort for end-to-end simulation (2015-2018)
DANTON

RadioMorphing

on a 10’000 antennas hotspot (GRAND10k)

=>» Sensitivity in IceCube2015 range.

* Go for x20!! =» Network of 0(20} subarrays of 0(10000)
antennas with sparse density (1/km?2) at various favorable
locations around the world (« hotspots »)

» Sensitivity of full array good enough for GRAND to detect
cosmogenic neutrinos for standard hypothesis
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* Role of topography: up to x3 (see eg Decoene et al., arXiv:1903.10466) 8 . " % g " g
— @ — <5}
* Trigger threshold improvement could surely allow to increase effective area, A 04 2 A 0.4 5
ks B
BUT probably by factor of a few only (at least for E, > 10'7eV) 0 02:2 02:2
*  GRANDsims: 56 = 30: A, x 1.6; 56 = 26: A4 x 2.5 30 s s
* Bottom line: v-induced EAS are seldom!... And we already detect a significant fraction X 2 40 6 80 0.0 0 60 0.0
with standard trig (TBC). a (deg) @ (deg)

*  GRAND sims : factor ~2-3 between full efficient & 26 threshold

«  Pieroni PhD with similar results Figure 12: Left: Fraction of events intersecting the detection area as a function of distance

D and slope o for the simulation set with a primary neutrino energy of 10° GeV. Right:

=>» Discuss more at « effective area » session! Same for a primary neutrino energy of 10'° GeV.
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¥ GRAND performances

instantaneous FoV: 45% of sky
(for 10 random™ site locations between 40S and 60N)

201

151

ADF Reconstruction : Conservative

0.0

B mean = 0.183 median = 0.133 std = 0.157

Angular resolution: 0.1°

Decoene et al., arXiv:2112.07542
Guelfand PhD
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in GeV sr?\js-l 5r-1 infl?y% i:i fm ang. res.
4.2x10-8in30d 6 19 <2.8°
3.6X10-9(2030) 35 20 5°
1X10-8in 5 yr 30 35  2°X10°
8X10-%in b yr 50 >b50 2.9-3.8°
3X10-10in 5 yr 50 >50 ?
4X10-0in 5yr = 43 43 2°%10°
1.2X108in5yr 6 19.5 0.3°-1°

1X10-8in 5 yr 6 80 0.1°
4X10-10in 5 yr 45 100 0.1°
[15x10-8(2019)] 30 = 928 = <I°

? 27 62 1°

7X10-8in 5 yr 06 | 18=36 04°

1X10-1%in 5 yr 6 62 <1°
2X10710in 5 yr 30 >50 0.1°

adapted from Guépin et al. Nature Phys. Rev. 2022

A competitive proposal for
the detection of UHE neutrinos
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> A staged approach with self-standing pathfinders

‘Setup ‘Goals

‘Budget

GRANDProtos

2023

2028

2032 (?)

autonomous radio detection
of very inclined air-showers

Cosmic rays 10%6->-18 eV

* Galactic/extragalactic transition
e muon problem

e radio transients

e GRANDProto300: 300 antennas
over 200 km? in Gobi desert

e GRAND@Auger: 10 antennas for
cross-calibration

e GRAND@Nancgay: 4 antennas for
trigger testing & setup validation

2 M€

100 antennas produced
Funded by China

+ ANR-DFG NUTRIG

(France- Germany)
+ Radboud University

1st GRAND sub-array

ediscovery of EeV neutrinos for

optimistic fluxes
eradio transients (FRBs!)

e 2 detectors of 5-10k antennas
each in each hemisphere:
GRAND-North (China) and
GRAND-South (Argentina?)

13 M€ 1500€/unit




GRANDProto300 & other prototypes: experimental setup

Deployment of 13 antennas in Gansu (China), to be

) Deployed Feb 2023
completed by 70 more in 2024, and 200 more later

“. - ~ The HorizonAntenna:
' 3 butterfly arms + LNAs

Deployment of 10 antennas on the Auger site in

D 202
Malargiie, Argentina (cross-calibration) Sploved Aus 2022

WiFi antenna connected to bullet

Deployment of 4 antennas in Nangay radio Deployed Oct 2022
observatory (France) for trigger test

50-200MHz

analog filtering,
Electronics:
500MSPS sampling
FPGA+CPU

Bullet WiFi data
transfert



% GRAND @ Auger

10 GRAND detection units at location of AERA

antennas, using Auger infrastructure.

Run autonomously & offline comparison with

Auger data

Expected rate: ~1 EAS/day in coinc with Auger

Present status: commissioning

Average spectrum from GRAND@Auger August/2023
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¥ GRANDProto300 in XiaoDuShan | The Gobi desert
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¥ GRANDProto300 in XiaoDuShan

e 13 antennas deployed in Feb 2023 for design validation
(Xidian U. & Purple Mountain Observatory)

e Thermal regulation =» OK

e Control of radio self-emission = OK

e Reconstruction of coincident pulses = OK

e Trigger = in progress
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> R&D for GRAND10

* Working towards a cheap, robust & «

& frugal system:
* |ess mechanics
* less cables
* Cheaper SoC/FPGA
* less power consumption
* |ess data transfer

* To be tested on GP300 starting
2024-26

* Trigger as key parameter =
NUTRIG project (KIT & Paris):
working towards a pure, efficient
and scalable methods to trigger
over giant arrays, based on
specific signatures of signal &
background.

* First Level Trigger @ Detection Unit
* Second Level Trigger @ Central DAQ

@

Amplitude [LSB]

Antenna 110 Run 427 Event 2

<
128; Possible EAS

140

120

Time [us]

Antenna 114 Run 738 Event 27

S. Le Coz, ICRC2023

Test on independent datasets :
« 10* background 3D-traces
« 5266 air shower 3D-traces
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Test results

Air shower SNR
are spread in their
respective bin for
illustration only

Air shower test dataset

Air shower accuracy
66% for 3<SNR<4
>86% for SNR>4
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% The GRAND200k detector (design freezed in 20307?)

Electronics: going for ASICs?

* As basic/robust/cheap as possible
* 5W/unit =» xx solar pannel
* 500€/unit (including deployment)

* Apply industrial/validated/off-the-shelf
solutions

* Many unknowns to be worked out in
the next 5+ years

(but that is what we love © ) :

* Antenna design/power supply
* Trigger strategy?

e Comms?
* Information saved? sy
* Logistics? o (1)) Comms: gooing for SmartMesh?
* Political aspects? - (DustTechnologies)
» Design tailored to different sites/scie they can tansmit AN * 2-4GHz band.
cases? by %" receive. s 400By/s on the shelf, 4kBy/s
“ ....... & ______ h: _______ h ______ h ...... i 0 in R&D stage

h ------ a ------ t ------- n ------ -

)‘

. A5 ) This new node can join
Mechanics: § WAl h’ h because all nodes are
. . el routers.
going for utility poles? B ‘
o

L
.




¢4 (Personnal) conclusion

7 {’QA

e GRAND designed as a network of giant radio array
e Staged approach, now into prototype phase (2024 as moment of truth)
e Detection unit as simple (ie cheap) as possible t ) achieve very large detector area

. Dr|ver even the best radio detector can only detedt neutrino-induced EAS which
_exist, and those are ve eldom!

T

e

e BUT = = m%\ |

* Very happy to be proved wrong at thIS workshopl |
* GRAND can be a versatlle network presently |n |ts earl e of de5|gn
ie combmed with other techmcs / adapted to other d&lgns e



