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The most extreme accelerators!
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Extreme collisions!

Space Atmosphere
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Area: 3000 km?

1600 + 60 Water-Cherenkov Detectors

24 + 3 Fluorescence Telescope
AERA: 153 Radio Antennas

Air shower detection:
» Particles at ground-level
« Radio Emission

* Fluorescence Emission
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What is going on with the collisions?
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What are these accelerators?

Pre-trial Li & Ma o(E A EeV) - Galactic coordinates - W = 24°

uger

—14 /,//_/___/_x___\_,
_2 " AN A
/r/ /l /
{ !
o M8 | 120/
\\ O W
\ \
__2 \-\ —————— T\ —————————————
_4 \_.\_\_\ ______________

" GLEAM: 72-231MHz

2o

th O

N
P10 km :_\r Lsr )

o o
-

Auger + TA, ICRC 2021 (Berlin)

. -
!
C—

PIERRE
AUGER

OBSERVATORY



Why the fuzzy picture? Charged particle astronomy

Céntaurus A
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Why the fuzzy picture? Charged particle astronomy

Céntaurus A
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Radio detection of Air showers: osition

lkm vVVvv

— YVYVVY

\ YyYVvVyVvVvVvYV©VVY
VOV VWOV V V V'V V¢

(Auger Engineering Radio Array \ 'v'm :Vvvvvv
\AALLAL AT
YYRVY VVVYY V¥
O S
> > > B> b
‘Mean of Xmax distribution’ L L
= EPOS-LHC Auger FD (+0.4:) L > >
——. Sibyll2.3d B AERA (+0..) Q(O"O(\’/‘ > » >
—- QGSJetll-04 -~
800 - Qesle 850
—  TOga Py B
B xS0,
- e ,[gA,m]ICHC2019 e
750 7 : w <X'Rr|:xc mbnud5[ 'Cl'ﬂ] -
< B
2 B
— 100 A n
?é -]
2{5 :’; . e g /.._...f.. .
A. Corstanjeetal, | ... -
Sibyll-2.3d
o) 600 - - Prelimi —é—QGSJetlI-M
' ;’éi:: =mmmmm——— , reiiminary - —: - EPOS-LHC
S el |~ - : : :

. - " - T v r Yt - - ’ r — 1 | | l 1 | | 1 l | | 1 1 I | | | 1
FIRes/Mis EPOS-LHC 1017 1 018 ots 07 175 18 185 19
Pierre Auger Obs.

Log(E/eV)
Yakutsk \ \ Energy [eV]
Tunka - QGSJetll-04
TALE B. Pont F. Canfora
LOFAR (2016) | :
LOFAR (2021) (ARENA 2022) (PhD Thesis 2021)

16.8 17.0 17.2 17.4 17.6 17.8 180 18.2
Ig E [ eV ] 9



Radio detection of Air showers: Inteferometry

Accurate reconstruction 200d =40.0km, t = —133.4Us

of air shower geometry:
Core, Direction & Shower 100
depth.
Lower energy threshold O
In dense antenna arrays

—-100
Needs accurate (< 1ns)
timing synchronisation

—200
between antennas ~500 —-100 O 100 200

Shower plane (m) Shower track (km)

HS & W. Carvalho et al,
EPJC 2021

1@



AugerPrime: Upgrade

Vertical 0° < 6 < 60°

Combination of Scintillators + WCD
to disentangle muonic and
electromagnetic component

Horizontal |00° <6 < 85°

WCD “only” muons
Radio “only”
electromagnetic

Status of deployment SSD:

» SSD placed on >75% of stations
» >20% fully equipped

 Finalise installation this year

* In 2023 only AugerPrime

Radio Antenna: n,

Scintillator:

Water Cherenkov
Detector: E, +y + n,

SSD (housing 10%
produced in Nijmegen)
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AugerPrime: Radio Detector

Digitisers developed by First events from

RadioLab @ Radboud Universi 10 Stations
adio trigger
evelopment

15 {st.:56
Schedule RD Deployment: g
-15
Phase 1 <L s
Antenna + Solar panels + Structure: June - November S o
-
Phase 2 = -15
. o 2 15 {st.:1744
Digitisers + Cables + Amplifiers: November - January = L
T o
Full Array Early 2023 -15 | | ] |
. 30 32 34 36 38 4.0 égk(\;{%!é'

time [us]



LOFAR 2.0

Scint Array Extension
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Further down the road

SKA-Low, a really dense array!
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Summary

Cosmic ray puzzle(s) still open

- Challenging interplay between composition & energy
- Air shower physics not fully understood

Accuracy

- Upgrade of Pierre Auger Observatory

- Upgrade of LOFAR

- Possibilities to “piggy back™ on other experiments
in the energy regime 107°-1018 eV

Scale-up
- GRAND
- G-COS




The Giant Radio Array for Neutrino Detection

» Large radio array(s) focussing on “horizontal” air showers
» Hunt for Ultra-High-Energy neutrinos
» Also pretty awesome cosmic-ray detector
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The Giant Radio Array for Neutrino Detection

» Station mechanical design
and electronics in Nijmegen

100 Stations ready for
deployment (China)*

» O stations setup in Nancay

Radio Observatory, France
(coming months)

4 channels, 500 MHz, 14bit, 12 Watt " delay due to COVID
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new faces

The Team

Katey Abha Anthony Moﬁaméd Rik Nicoletta

Pierre Auger Observatory:

Senior staff: Charles Timmermans, Sijbrand de Jong, Jorg Horandel, Heino Falcke, Cristina Galea, Harm
Schoorlemmer, Katey Muirey

Post-doc: Washington Carvahlo jr., Bjarni Pont, Ugo Giaccari

PhD student: Abha Khakuridikar, Anthony Bwembya, Mohamed Emam, Mart Pothast, Mohit Saharan,
Tomas Fodran

Bsc Student: Lotta Broekhoven

Visiting: Dave Nitz (MTU)

GRAND:

Senior staff: Charles Timmermans, Sijbrand de Jong, Cristina Galea, Harm Schoorlemmer
Msc Student: Eric Teunis de Boone, Inge Rens, Henk Brans

Bsc Student: Bram Rulijter

Techs: Peter Dolron, Roel Jordans, Daniel Szalas, Sjoerd Timmer, Nicoletta Cucu Laurenciu, Rik van den
Bosch, Thel Wijnen
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LOFAR: precision air shower measurements

« Dense antenna array = unique way to

) Slbyll23d ) probe the radio footprint
e e mmm——- - Cosmic-ray composition measurements
EPOS-LHC In the transition region
Pierre Auger Obs.
Yakutsk
Punse . QGSJetll-04 « Ongoing upgrades t.o prepare for LOFAR
LOFAR (2016) 2.0, next-gen experiments

LOFAR (2021)
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