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Exciting times!

Extragalactic Extragalactic
. origin origin
First 1020 eV
' confirmed confirmed (:I{
cosmic ray
Auger evidences large Auger evidences large
hteCted scale anisotl‘f > 8 scale anisotl‘y > 8
EeV EoV PeV neutrino
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First 1015 eV astronomy
neutrinos begins! \4
detected IC170922 in coincidence

ith TXS 0506+056
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new TDEs, magnetar flares, blazar flares, ’}/

FRBs, gamma—-ray bursts, superluminous

SNe...
Firs’ GW astronomy
gravitational begin! GW

kilonova associated
waves detected

with GW170817

And we still don’ t know the origin of UHECRs



Q%@E neutrinos: the unchartered territory!

=—10*
'> L
S 107 [
- - Cosmological v
E.“_' 1016 -
:m 1012 =
.__5,103 -
x a
e 10

®
s . |
[

Icebe

Solar v

Supernova burst (1987

/ Reactor anti-v

Background from old su

"I =
104 1

108 F Terrestrial anti-v
g1irect prooe

to the
origin of
HECRs !

10-12} \ Atmospheri

10°7°F v from AGN ?-
10—20 -

1 0—24 =

102}

10°° 107 1 10° 10° 10° 10" 10"
ueV. meV eV keV MeV  GeV TeV PeV
Neutrino e




Production of ultrahigh-energy neutrinos
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Target:
Baryons: |
Photons: source radi

tion, cosmic radiation| (CMB/CIB)

CR: deflection due to IGMF, GMF

Gamma: absorption

Nu: neutral, transparent, small cross section Real
direction

Apparent
direction
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%%3 What we can aim to do

with future observatori
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%ﬁn 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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% 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 ar:

vertical shower

Inclined showers

mountain targets

geomagnetic effect: (
radio signal >
few 100 MHz v

v
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%¥3 The GRAND Concept

200’ 000 radio antennas over 200" 000 km?
720 hotspots of 10’ 000 antennas

(ﬂ%ﬂ‘ﬁzzorable siiéﬁ)in China and worldwide

v/ Radio environment: radio quiet

v/ Physical environment:
mountains

Legend
v Access

Surveyed sites

v Installation and Maintenance
Vv Other issues (e g : polltlcal)

several excellent sites identified
("70 measurements sur 12 campaigns)



%GRAND End—to—-End simulation chain
https://github. com/grand—mother/
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%% Air—shower parameter
reconstruction

e Main issue: additional asymmetries for very inclined showers cannot be
ignored (different shower age, different atmospheric conditions, ***) North

_—

—=>Dedicated reconstruction methods necessary! EAS footprint <o S
"

T
: Elevation _
’ - -
T'! uddliie - I
. .. T r——— -..- - - : ’ i ('l
hii A’

D Decoene et al. submitted to Astrop. Phys

e Standard methods do not perform that bad, thanks to very large footprint &
topography... Encouraging!

—— Mean

Angular resolution i = s
e GRAND like toy—model array (slant array - ' o N . : | LDEy
Of fiXed SlOpG) DeCOene et al. Smeltted .' : e 19 showers
. . . 1.0 f °* @ 141 showers
e Hyperbolic fit Corstanje et al. 14 _ Ya ' ;
o0 18+
e GPS resolution & noise included £
>A 9 " 0.2° for Ah>400m i
0.4
.2 1
Xmax _
e applying LOFAR method Buitink et al. 14 0.0
yields N408/(31112 (provided E and Xcore 200 400 600 800 1000

kHOWH) Ah (m)



Q%% Simulated performances

GRAND Science & Design, GRAND Coll.

Science China, https://arxiv. org/abs/1810. 09994 ‘_T
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e GRAND full sensitivity (E>10'7 eV): “4x10-10 GeV cm2 s-! sr-l

e angular resolution: 0.1-0.3° for GP300 also achievable for Hotspotl
e Xnax resolution: < 40 g/cm?* achievable for E>101? eV with GP300 & further

stages



Q%%A rich science case

UHE neutrinos . .
neutrino physics

e UHE neutrino astronomy - .
* neutrino cross—section

e UHE neutrino cosmogenic flux
G7ZK 3 measurements

oV neutrinos e spectral, angular distortio
2

neutrino Neutrino ¢ flavor ratios
astronomy, physics

UHECR, hadronic physics

UHECRs
UHE gamma rays

e competitive with Auger at
GRANDProto300 stage
Epoch of Fast

reionization radio
bursts

radio—astronomy
in a novel way



Q%%staged approach with self-standing pathfinders

2021 2025 203X

autonomous radio detection (gt GRAND subarray
of very inclined air-—

ShOW?rS 61 — discovery of EeV
o COSIIC Tays L0727 eV neutrinos for optimistic
= B Galqc‘;m/extragalaotlc e
ég transition . . |
~ muon problem — radio transients (FRBs!)
— radio transients
e 300 HorizonAntennas over e 10° 000 radio antennas over
200 km? 10° 000 km?
e Particle detectors e in China
= (a la HAWC/Auger)
o eWestern China
N
1500€ /detection
unit
+©
o 1.3 M€
S fully funded (China) 13 M€ ,
2 mostly secured (China)




GRANDProto300 (GP300)
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%GRANDPIO‘EOSOO: a self-standing pathfinder

e Autonomous detection of very inclined cosmic rays E=1016-2-1018 eV

reconstructing spectrum, arrival direction & composition
—=> validation via comparison to known results
-=> test bench for further GRAND stages

e Proficient physics instrument if complemented by array of particle

detector
Galactic/extragalactic transition
hadronic physics (muon content in EAS) assuming TALE flux
UHE gamma-rays Abbasi et al. (2018
Giant Radio Pulses from Crab pulsar — 102
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The Galactic to extragalactic transition
%%% region

2 bumpy spectrum

? emerging and vanishing mass elements?

? most theory models fit because of systematic uncertainties
» experimental gap around 1017eV

2 a single setup covering 10165718 gy?

TALE Spectrum compared to some recent Measurements
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X

GRANDProto300 site example _
on the verge of Tibetan plateau, altitude 3000m hxff
:,5

no long—term plans for industry (very remote area, ancient dead petrol HUINEE g
industry) >
several astronomical observatories being installed . Jiin <

I \ ) Mnﬁgulia
Xinjiang

Structure
(oil ridge?)

Site 2b
(noisy)

e .
> fhanghal

Site 2c & 20
\(in between)

e
KM’
i‘ § d
N

0. Martineau (GRAND Core—team 2019)

Site 2n
(noisy)

e o AL > X%y
s v - .-;‘

.. Wire (fiber or power?) heading South-West
Yadan structures
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Q%%GRANDProtOBOO long—term monitoring: started this summer!

2019

C. Timmermans

Monthly GRAND Meeting Sept.
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e overall excellent electromagnetic
conditions

e noise rate dominated by self—-induced
noise

e in 24 hours: only 15 events triggered
by all 3 stations

e new tests within next months with low—
noise equipment

20



GRAND Workshop,
Dunhuang, April 2019

% GRAND Today "60 collaborators from 10

countries
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GRAND Workshop,
Dunhuang, April 2019

% GRAND Today "60 collaborators from 10

countries
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How to reach an exquisite accuracy on mass
composition?

»a single setup covering 1016-5718 gVy¢9

Yes, and combining radio + muon detectors
—> best for inclined showers (>60°)

—> add also standalone radio measurement of
Xmax

radlo ﬁﬁ5q9151%% @gguracgépendency on the primary nature

for trigger efficiency (ex : light primaries inducing muon-
poor showers)

I
o

—— muon/radio muon/electron =—— Xmax

tanks + radio (em. energy)
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