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Exciting times!

Extragalactic

First 1020 eV .
: origin confirmed CR

CoBlTie ety Auger evidences large

detected scale anisotropy > 8 EeV

First 1015 eV PeV neutrino

neutrinos astronomy begins! V
IC170922 in coincidence
detected with TXS 0506+056

B 0 0 B

new TDEs, magnetar flares, blazar flares, FRBs,
gamma-ray bursts, superluminous SNe...

® O
First GW astronomy
gravitational begin! C/,(/\)
waves detected kilonova associated with
GW170817

And we still don't know the origin of UHECRs 2



A UHECR journey

Source?
- particle injection?
- acceleration? shocks? Cosmic backgrounds
reconnection?... interactions on CMB, UV/opt/
IR photons

cosmogenic neutrino and
Outflow gamma-ray production

- structure?
- B?

- size? Intergalactic magnetic fields

magnetic deflection
temporal & angular spread/shifts

Backgrounds

- radiative? baryonic?

- evolution, density?

- magnetic field: deflections?

associated neutrino and
gamma-ray production

Observables

UHECR neutrinos multi-wavelength photons GW

- mass - flavors - spectral features - spectrum

- spectrum - spectrum time variabilities - arrival

- anisotropy - anisotropy angular spread directions
- time variabilities source distribution - time




Current multi-messenger data: useful to understand UHECRs?

Cosmic backgrounds
interactions on CMB, UV/opt/
IR photons

cosmogenic neutrino and
gamma-ray production

Secondaries take up 5-10% of parent cosmic-ray energy

Ey ~ 5% Ecr/A Ey ~ 10% Ecr/A

Backgrounds
- radiative? baryonic?

- evolution, density?
’ 18
- magnetic field: deflections? Ecr> 1018 eV

associated neutrino and
gamma-ray production Eyv> 1016 eV

IceCube neutrinos do not directly probe UHECRs

Actually, none of the current multi-messenger data
(except UHECR data) can directly probe UHECRs
... but they help :-)




%UHE neutrinos: the unchartered territory! Q
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%%I'he guaranteed cosmogenic neutrinos

Alves Batista, de Almeida, Lago, KK, submitted
GRAND Science & Design, 2018
KK, Allard, Olinto 2010
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All-flavor (v+ ) E2®, [GeV cm~2 57! sr—1]

What we can aim to do

with future observatories
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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?

ns =107 Mpc~ uniform
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% It the measured UHECR composition is not protons
it is NOT the end of the world at all!

2 sources emitting observable UHECRs and UHE neutrinos
are likely not the same!

2 a source will be opaque to UHECR protons to produce abundant UHE neutrinos

2 observable UHE (>1017 eV) neutrino sources are sources of UHECRs

2 but they are likely NOT observable sources of UHECRS!

if measured UHECR composition heavy 1> ot really related
UHE neutrino astronomy completely possible ¢

UHECRSs escape
less abundant UHE neutrinos

) optically thin source
' environment

UHECRSs interact

. . abundant UHE neutrinos?
optically thick source

environment
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% The GRAND Concept radio detection: a mature and autonomous technique

AERA, LOFAR, CODALEMA/EXTASIS, Tunka-Rex, TREND

radio antennas cheap and robust: ideal for giant arrays

vertical shower
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% The GRAND Concept radio detection: a mature and autonomous technique

AERA, LOFAR, CODALEMA/EXTASIS, Tunka-Rex, TREND

radio antennas cheap and robust: ideal for giant arrays
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% The GRAND Concept

v Radio environment: radio quiet
v Physical environment: mountains
v Access
v Installation and Maintenance

%g v Other issues (e.g., political)
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% Deployment in hotspots

Nerthing [m]

HNotwng d

topology

0
Sasiog o

Hotspot with favorable topology
= enhanced detection rate!

Target sensitivity: ¢, = 1.5x10-11 GeV/cm?®/sr/s
Driver: go for hotspots! Then 200’000km? may be
enough to reach target sensitivity

Giant simulation area (1’000’000 antennas over
17000’000 km?? Full Earth?) to identify hotspots.







ADAQ > V(1)

Hopodkaihg
ASTER-GDEM2 (NASA)
T decays with using TURTLE
TAUOLA. C
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Forward
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Niess & Martineau arXiv:1810.019/8




%7 GRAND End-to-Er

Not GRAND speclfic!
— universal method

The Radio

xf-m'
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Preparing the reference shower:
simulated electric field traces for antennas pasitions
arranged in slarskape patterns in fliced distances to

1 IE

at d=sired antenna paositior.
EolX bl —= Eq{x.t)

SRS

Zilles et al. submitted
arXiv:1811.01750
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~ Amplitude, pulse shape
and polarisation
can be reproduced!

Comparison to microscopic simulation
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%7 GRAND End-to-End simulation chain

]

HorizonAntenna proposal
D. Charrier (Subatech Nantes) fo 2/

 Active bow-tie antenna
(a la CODALEMA)

e Dimension optimized for
the 50-200 MHz
frequency range

» Antenna height: 4.5 m

« optimized for ~horizontal waves
* 3 arms: full polarization measurement
» Detailed (stationnary) noise level estimate: 15uV rms

{DAQ

—> V(t)

D. Rosales
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% GRAND Technical Challenges

Need for an experimenta
setup to test and optimize

e How to collect data? techniques

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

« Optimised informations to be transmitted to central DAQ GRANDProto30(

« 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 : W

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
information

« Simulations promising (similar performances as for standard
showers) + deep learning technique

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




%A staged approach with self-standing pathfinders

QRAN DProto300 >

2018 2020 2025 203X

standalone standalone radio array first GRAND subarray,
radio array: test of very inclined showers sensitivity comparable
efficiency & (0,>70°) from cosmic to ARA/ARIANNA on
background rays (>10165¢V) similar time scale,
rejection allowing discovery of

+ ground array to do EeV neutrinos for

" O
= UHECR astro/hadronic optimistic fluxes
o physics
Q)
35 radio antennas « 300 HorizonAntennas -
21 scintillators over 300 km?2 DAQ with discrete
elements, but mature
o Fast DAQ (AERA+ design
GRANDproto35 analog for trigger, data
o stage) transfer, consumption
- « Solar panels + WiFi data
k] transfer
2 « Ground array (a la
HAWC/Auger)
)
@
+ 1500€ /
o 160kE, fully detection unit
. funded by 1.3 M€
7] NAOC+IHEP, -
%p deployment to be deployed in 2020
3 ongoing @ Ulastai
(a8 ]



% GRANDProto300: a self-standing pathfinder

« Autonomous detection of very inclined cosmic rays E=10165-1018 eV
reconstructing spectrum, arrival direction & composition

=> validation via comparison to known results
-> test bench for further GRAND stages

« Beautiful physics instrument if complemented by array of particle detector
Galactic/extragalactic transition
hadronic physics (muon content in EAS)
UHE gamma-rays
Giant Radio Pulses from Crab pulsar
Fast Radio Bursts
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FIG. 34. Simulated 1-year UHECR exposure for the GRAND-
Proto300 array, assuming the layout in Fig. 32. The aggressive
and conservative thresholds correspond to a minimum peak-to-
peak amplitude of 30 and 75 ©V, respectively, simultaneously
measured in at least five units; see Section IV E 1. Event rates
are, respectively, 1.2 - 10° and 2.5 - 10° events per year.



% GRANDProto300: a self-standing pathfinder Layout: 300 antennas, 200km?,

Tkm step size with denser infield
=> Erange = 10165-1018eV

Site: 9 sites surveyed in China, P = Gamea s
/7 with excellent electromagnetic sol .
conditions
-I:_; 100
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WO =306 % 100 190 140 160 190
Freguency (MIz)
~ HorizonAntenna, successfully
tested in the field (August, EREh e
December 2018) AP AR
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%‘W Electronics:
50-200MHz analog

~filtering,
' ~ 500MSPS sampling S00MSPS

o FPGA+CPU Quad ADC
P 2x 15GS/s serial output
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J 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

’,\7108
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Frequency (MHz) LG!E
10’
~50 measurements in 50-200 MHz range (April 2017-August 2018) 0
10/12 tested sites are very good candidates for 10k-antenna hotspots :
deployment of several antennas next spring in Gansu Province
10°
How to deal with the huge transient event rate < self-triggering? 1OKH
y 4
-> Surveyed sites:
stationary noise within factor 2 of (irreductible) Galactic radiation
and <1kHz antenna transient rate in 30-80MHz GRANDProto300 1kHz E

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

- machine learning techniques (Fuhrer et al. arXiv:1809.01934)

E TREND site (Ulastai)

0 200 400 600 800

ADC units
[1 ADC = 0.0125 mV]
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¢ GRAND Today
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NSFC
France China Particle Natural Science  France China Particle Chinese Academy o
Physics Laboratory  Foundation of China  Physics Laboratory Science

Jaime Alvarez-Muiiiz!, Rafael Alves Batista?3, Aswathi Balagopal V.4, Julien Bolmont®, Mauricio Bustamante®7:8:1

Washington Carvalho Jr.?, Didier Charrier'?, Ismaél Cognard!!'2, Valentin Decoene®?, Peter B. Denton®,
Sijbrand De Jong'#13, Krijn D. De Vries'®, Ralph Engel'”, Ke Fang!'®1920 Chad Finley?':?2, Stefano Gabici??
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~50 collaborators from 10 countries

France (15), China (7), USA (6), Netherlands (2), Germany (2),
Copenhagen (2), S,oa/n (2), Brazil (2), Belg/um Argentina, Sweden
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Giant Radio Array for Neutrino Detection

https://arxiv.org/abs/1810.09994

Science and Design
White Paper

GRAND Workshop, = Y | ‘
~ IAP, August2078 ! oot o

electronics: Nikhef/Radboud U.

antenna design: Subatech (design),

Electronics University of XiAn (production)

simulations: |IAP, VUB ;
particle detectors: Penn State U.

computing resources: KIT | ' http /grand-c’%r/ B
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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

27



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?

2 astronomy possible only with a giant array

7 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

28



join us and bring your ideas!

http://grand.cnrs.fr/
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