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PHYSICAL REV

W D 103, 102006 (2021)
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Depth of shower maximum and mass composition of cosmic rays
from 50 PeV to 2 EeV measured with the LOFAR radio telescope
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Constraining models for the origin of ultra-high-energy PIERRE
AUGER

OBSERVATCRY

cosmic rays with a novel combined analysis of arrival
directions, spectrum, and composition data measured at
the Pierre Auger Observatory
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Figure 4. Modeled arrival directions pdf (eq. (2.17)), left for Centaurus A model with m = 0,
middle for Centaurus A model with m = 3.4 and right for SBG model with m = 3.4. The energy
bins log,y(Faet/eV) =19.3 (upper row), log,y(Eget/€V) =19.6 (middle row) and log;y(Fqet/e€V) =19.9
(lower row) are shown as examples. The catalog contribution and with that the level of anisotropy
rises with the energy, while the overall blurring decreases. Additionally, the contribution of individual
The stars indicate the
directions of the source candidates with the size scaling with the relative flux contribution before the

sources depends on the energy through their distances and flux weights.

observatory exposure is applied.
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PHYSICAL REVIEW LETTERS 132, 261001 (2024)

Properties of Cosmic Deuterons Measured by the Alpha Magnetic Spectrometer
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Upgrade of particle detector - LORA

We doubled the size of the triggering
array used at LOFAR.

Key improvements:
» Larger effective area = higher
energy events
* Better coverage = reduction in
detection biases
* More detectors = more advanced
triggering algorithms
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LOFAR 2.0

 LOFAR is getting an upgrade, 48 antennas per observation
primarily to serve e
astronomical observations -
but is also highly beneficial
for cosmic rays!

— Y —

i
— —
L

* Key improvements:

- continuous observations
for all antenna sets

LBA: 30-80 MHz

Log-spectral Power
(ADU)

= un-beamformed HBA
antennas - much wider
measurement range

n | o0 40 An
Frequency (MHz)

| HBA: 120-240 MHz

" |
|
T " I | ‘J
_lo 5
2 120 140 16C 200

ul

- increased network speed -
access to higher trigger

rate, low energy events Frequency (MH2)
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Upgrade of the Pierre Auger Observatory

radio antenna 30-80 MHz KV?X‘I St(:ien(iﬁ questions 9 erat hani f AUGER
né‘ - - What are the sources and acceleration mechanisms o
two Orthogo | pogarlzatlons ultra-high-energy cosmic rays (UHECRs)?

250 MHz sampling

Do we understand particle acceleration and physics at

energies well beyond the LHC (Large Hadron Collider)
scale?

What is the fraction of protons, photons, and neutrinos
in cosmic rays at the highest energies?

extend mass sensitivity to inclined showers 0 > 60°

NL signature contribution:

ERC Advanced Grant 3,5 M€
NWO subsidy 2,5 M€

~25% of Auger Upgrade

water-Cherenkov de

_ 120 MHZ SEm—— completed end of 2027
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Radio Detector of the Pierre Auger Observatory

extend mass sensitivity to inclined showers § > 60°

* increasing measurements of e/m
and gy components for inclined
showers by an order of magnitude

» close to ideal p-Fe separation
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Radio Detector of the Pierre Auger Observatory

extend mass sensitivity to inclined showers § > 60°

PIERRE
AUGER
OBSERVATCORY

next 10 years:
id er 24349, 15/12/24 05:32:15, time 215.5u s

- precise mass/type measurement of CRs

- isolate high-rigidity particles
—> charged-particle astronomy

- measure 1st UHE neutrino

- measure 1st UHE gamma ray




Interferometry at the Pierre Auger Observatory

Radboud Universiteit %

Basic idea: add the capabilities to perform Vs DIERRE
interferometry to the 3000 km2 array
This will enable for very horizontal air showers the Cosmic ray composition at the
determination of depth of shower maximum (Xmax) highest energies

Air shower physics (studying
energetic muons)

Communication

T :
ower (4x) Beacon Transmitter (3x4)

Deliverables: from this project

i i

Synchronisation system (~1ns) @
i ; ! ¢ o

Localisation survey ( <30cm) @

1.5 km
Detector Array
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The Square Kilometer Array - SKA
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The Square Kilometer Array - SKA

Fluance 50.350 MHz (Shower Plane)

Pierre Auger Observatory —> large detection area meaal L
LOFAR/SKA —> high antenna density 0000150
FOO00125 E
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precision measurement of air showers in transition region
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The Global Cosmic Ray Observatory - GCOS

preparlng for the next-generation observatory after 2035
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GCOS white paper y
arXiv:2502.05657
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GRAND: status and perspectives

Kumiko Kotera®?* for the GRAND Collaboration
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PS

PROCEEDINGS

OF SCIENCE

The Radio Neutrino Observatory in Greenland
(RNO-G): Overview and Status

Kaeli Hughes®* on behalf of the RNO-G Collaboration
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Southern Wide-view Gamma-ray Observatory SWG

And The Utility for Radio Beamformed Observations

Radio Particles
800 x >3500x

< >
< N>

~_ -

Xmax, Muons,

Energy, Energy,
Direction Direction measurements

Array In a nutshell:

Altitude: 4,8 km
Area: 1 km?2
Lattitude: -23 deg

Unprecedented
precision for air shower

Funded by European Research Council
\ the European Union Eslabiished by the Suropean Connvi .1.|-:IJ

Gamma-ray astronomy

Cosmic-ray composition
Air-shower physics
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