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Observing the ultra-high-energy Universe
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Observing the ultra-high-energy Universe

The existence of such particles imposes immediate, yet
sky map of cosmic rays to be answered questions:
- What are the physics processes involved to produce
. i these particles?
Anisotropy detected at >5.2 sigma - Are they decay or annihilation products of Dark Matter?

dipole amplitude 6.5% 3*104 CRs If they are accelerated in violent astrophysical
*4 018 environments:

E>8"10 0-?6\, * How is Nature being able to accelerate particles to such

energies?

- What are the sources of the particles? Do we

understand the physics of the sources?

- Is the origin of those particles connected to the

recently observed mergers of compact objects — the

gravitational wave sources?

The highly-relativistic particles also provide the unique
possibility to study (particle) physics at it extremes:
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* Is Lorentz invariance (still) valid under such
conditions? How do these particles interact?
- Are their interactions described by the Standard Model

DA P . . amo of particle physics?
Lon =2 L =-1
ongitude | = 233", Latitude b 3 When the energetic particles interact with the
matter from other g alaxies atmosphere of the Earth, hadronic interactions can be
studied:
* What is the proton interaction cross section at such
. energies?
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Constraining cosmic-ray sources
at sources at Earth
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Constraining cosmic-ray sources
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Deflection of cosmic rays in magnetic fields
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Upgraded Surface Detector of Auger Observatory
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Upgraded Surface Detector of Auger Observatory
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Upgraded Surface Detector of Auger Observatory
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Radio Emission in Air Showers cosmie ™! &

@Malnly: Charge SeparatiOn in atmospheric nucleus@
geomagnetic field - o —
T eflection of particles
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Cy, 4 /// |
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Radio Emission in Air Showers

footprint of shower on the ground

2> Mainly: Charge separation in
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Radio Detector of the Pierre Auger Observatory

extend mass sensitivity to inclined showers § > 60°

* iIncreasing measurements of e/m
and y components for inclined
showers by an order of magnitude

» close to ideal p-Fe separation

* increase sky coverage and
overlap with TA

 RD/WCD has different systematic
effects as compared to SSD/WCD

e clean measurement of e/m R%EGME“ER

OBSERVATORY

shower component
—> Independent energy scale
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Radio Detector of the Pierre Auger Observatory

extend mass sensitivity to inclined showers ¢ > 60°~ 7%

* iIncreasing measurements of e/m
and y components for inclined
showers by an order of magnitude

» close to ideal p-Fe separation

* increase sky coverage and
overlap with TA

 RD/WCD has different systematic
effects as compared to SSD/WCD

e clean measurement of e/m
shower component
—> Independent energy scale
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Antenna assembly
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Transport to position
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RD calibration concept

thermal cycling (aging) end-to-end calibration in lab »
LNA & digitizer LNA & digitizer
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Hybrid measurements RD-WCD

2000 Erp em = (9.72%1.0) EeV AUGER
S | ESD = (1036i119) EeV
— 1750 o 78
- /\¢ Orp =(75.15+0.14)
S 1500 t  data S ot o
() \ 3 }.L,a‘. g 76 )
— 1250- | - S,
S 2 IZ& 2
c 1000 v (o)
m - o - 04:7 ® 74 c
3 750 o T .<:t
5 500 0 i st 25
c 250 y i |
O 10 o | 70
O 0 "
[ 0 500 1000 1500 2000 R
: " .
g Distance to shower axis [m] WCD energy [eV]
= measurement of e/m energy by RD
O ournal of €osmology and Astroparticle Physics
o .
O) Signal model and event reconstruction —> full end-to-end verification of complete chain
for the radio detection of inclined air
showers

F. Schliiter*®* and T. Huege®* Jorg R. Horandel - Radboud University, VU Brussel - Vulcano workshop 2024 22


https://iopscience.iop.org/article/10.1088/1475-7516/2023/01/008

RD expected physics contributions

integrated # of cosmic rays

F. Schliiter, PhD thesis (2022)
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https://publikationen.bibliothek.kit.edu/1000149113
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highest-energy cosmic rays
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I'he symposium is the 7" edition of a series of meetings that bring together the
UHECR community. It covers the latest results from UHECR Ob'\Eﬂdelonb
theoretical developments, and future plans in the field. The symposium will

focus on the highest energy cosmic rays as well as on cosmic rays with energies
aboye | PeV, The agenda includes invited reviews, contributed talks, and reports
from inter-collaborative working groups, all in plenary sessions.
Poster contributions are also foreseen.
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For more information:
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uhecr2024(@auger.org.ar
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