http://grand -observatory.orc

0 Array for
etection

T S S |

The Glant Ra
Neutrino D

o o S o

B -
o o

o " 5
AR oo



% The New Frontier of the cosmic landscape

107,
10|
107 |
106;

10°}

%lce(]ube

Mg
iaid

§

.~ FermiEGB KASCADE
s Fermi EGB (non — blazar) A Auger -
| % TA

Cosmogenic v
standard

Cosmogenic v pessimistie

Cosm‘ic 7y Std

UHECR sourcesill not know!
Challenges:

Charge + mixed composition
EAShysicX

UHE neutrinos as@owerfull
indirect probe?

10° 10’ 10° 1

E[GeV]




% The New Frontier of the cosmic landscape

07— ——
 — Fermi EGB KASCADE
10°° w== Fermi EGB (non — blazar) A Auger
L IceCube A TA
107’ %%mea
i ++
o) B T
1079 Cosmogcn?:z/
standard
10710}
Cosmogel
10-11 :
10° 10° 10° 10’ 10° 10"

E[GeV]

UHECR sourcesill not know!
Challenges:

Charge + mixed composition
EAShysicX

UHE neutrinos as@owerfull
indirect probe?




% The New Frontier of the cosmic landscape

07— ——
 — Fermi EGB KASCADE
10°° w== Fermi EGB (non — blazar) A Auger
L IceCube A TA
107’ %%mea
i ++
o) B T
1079 Cosmogcn?:z/
standard
10710}
Cosmogel
10-11 :
10° 10° 10° 10’ 10° 10"

E[GeV]

UHECR sourcesill not know!
Challenges:

Charge + mixed composition
EAShysicX

UHE neutrinos as@owerfull
indirect probe?




% The New Frontier of the cosmic landscape

107 e — g
F —+ Fermi EGB KASCADE
10-6 me= Fermi EGB (non — blazar) A Auger
. IceCube A TA
-7 %
107" ¢ Hi
: - o
108 JET {HTH 11
1079 Cosmogcn:]: v
standard
10'10
1 Cosmogepic v pessimistic
10°
Cosmogenic "
10* 10° 10° 10’ 10° 10

E[GeV]

UHECR sourcesill not know!
Challenges:

Charge + mixed composition
EAShysicX

UHE neutrinos as@owerfull
indirect probe?




Understanding

AGN/Blazars

flares, time-variabilities

<

\1/
\\ / -
Neutron star
Magnetars
mergers (AXP/SGR)
Gamma Ray
Bursts %
Black hdl'e_ ﬂ - . Superluminous
Tidal disruption Supernovae

mergers

events Slide by KKotera



Understanding

AGN/Blazars

flares, time-variabilities

IC170922 in

/

coincidence other possible

with TXS0506+056 coincidences

r ar
Magnetars

new [TDEs, magnetar flares, blazar flares, FRBs,

gamma-ray bursts, superluminous SNe...

GW astronomy begin!
First gravitational

kilonova associated with

GW170817

waves detected

Superluminous
Tidal disruption Supernovae

events Slide by KKotera




fle

Giant Radio Array for Neutrino Detection

Cosmic ray

pr
PN P
TARAAS] :
$41 ; 1 'Y
19T _
v’ =
—2 b — \!
I « Antenna optimized tor horizontal showers |

. W’c’ie*ﬁe/gign, 3 perpendicular arms



Giant Radio Array for Neutrino Detection

Ghg

fle

Cosmic ray

\“\ s s
/./' : \..‘ VT
) s S \\ \_\
| » Antenna optimized tor horizontal showers

. Bwtie*‘c/ie/s:ign, 3 perpendicular arms



o Giant Radio Array for Neutrino Detection

Cosmic ray




% Why radio?
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Air shower identification with TREN

A 50 antennaautonomousarraydeployedin XinJiang
(20092013 2018)
A Important background ratelespiteremotenessBUT
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bursts amplitude &polarizationpatterns)

On the 21CMATREND sit&)ctober2008
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Instantaneoud~oV 45% of sky
(for 10 random* site locations between 40S and 60N)
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% A staged approachith selfstanding pathfinders
B U GRAND200C
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% GRANDPro200In XiaoDushan

w13 antennas deployem Feb 2023 for design validation
(XidianU. & Purple Mountain Observatory
wThermal regulatior. OK
wControl of radio selemissionC OK
wTrigger / transient pulse detection OK
wData collection efficiency/ setup stabili§/ In progress
wAmplitude Calibratiol© To do
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% GRANDPro200In XiaoDushan

w13 antennas deployenh Feb 2023 for design validation
(XidianU. & Purple Mountain Observatory
wThermal regulatior. OK
wControl of radio selemissionC OK
wTrigger / transient pulse detection OK
wData collection efficiency/ setup stabili§/ In progress
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% GRANDPro800In XiadDushan

wTrigger, timing & reconstruction validation
wDone with beacon source
wTiming resolution ~5nallows for ~10m resolution on
source position
wNext steps:

wDeployment of 70 more uniten second half 2024

wFirst air showers early 20257
wThen plenty of physics!
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Detection rate, 5 antennas

5 GRANDPro&00in XiaoDushan oyt —

10?4 - i
- 1

wTrigger, timing & reconstruction validation PRELIMINARY
wDone with beacon source ]
wTiming resolution ~5nallows for ~10m resolution on
source position
wNext steps:
wDeployment of 70 more uniten second half 2024

wFirst air showers early 20237
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% GatEGal transition
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% Physics with GP3007?

ACompleting the GP300 radio detector with an (independant) particle detector array

?
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% Gamma ray astronom

AGP300: very clean separation of hadrogic/

primaries with ground array

ALater stages: large effective area may allow
to reach sensitivity comparable to (better

than?) Auger in the 20-10'8eV range.
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2% New trigger methods for autonomous radio arrays

AAt present (including GP300), only standard A TREND event
methods for triggering: 220
ALl @ unit level: (mostly) sigraVer-threshold 200
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#NUTRIG (*LPNHE + IAP + KIT) ANR+DFG ful
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*NUTRIG (*LPNHE + IAP + KIT) ANR+DFG ful

Machine Learning (CNN) classification
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% GRAND-BEACON: exploration of a hybrid concept

Interspersed
Antennas

Dense Phased

sketch by Andrew Zeolla
GRAND Analysis Forum Meeting - May 2024

« BEACON-type: phased stations
low energy threshold for triggering
« GRAND-type: interspersed antennas
autonomous trigger + also triggered externally by phased stations,
use offline interferometry (via reference beacon transmitter), for reconstruction + RFI rejection
« High gain antennas design for individual antennas, focused at the horizon, mostly low frequencies
(30-80 MH2z), for minimal energy threshold —> to be developed within general GRAND framework

« ~1000m elevation , K.Kotera GRAND collab meeting, Nanjing 2024
for aperture + sensitivity at low-energies ] S:;Wiessel ARENA workshop, Chicago 2024
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Interspersed

PRELINRIABY
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sketch by Andrew Zeolla

Assensitiviteas GRAND200kith <5000antennas? g - May 2024
(25x100phased+ antennas + ~ 10x10@utonomousunits)

« BEACON-type: phased stations
low energy threshold for triggering
« GRAND-type: interspersed antennas
autonomous trigger + also triggered externally by phased stations,
use offline interferometry (via reference beacon transmitter), for reconstruction + RFI rejection
« High gain antennas design for individual antennas, focused at the horizon, mostly low frequencies
(30-80 MH2z), for minimal energy threshold —> to be developed within general GRAND framework

« ~1000m elevation , K.Kotera GRAND collab meeting, Nanjing 2024
for aperture + sensitivity at low-energies ] S:;Wiessel ARENA workshop, Chicago 2024



