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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
Sk ma of cosmic ravs to be answered questions:
y p y - What are the physics processes involved to produce
] ] 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:

I 0.38

o
N
N
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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 . Camo of particle physics?
Lon =2 L =-1
ongitude | = 233 Latitude b 3 When the energetic particles interact with the

matter from other ga| axies atmosphere of the Earth, hadronic interactions can be
studied:
* What is the proton interaction cross section at such

. energies?
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R=20EV

Deflection of cosmic rays in magnetic fields
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need to know rigidity (mass)
of incoming cosmic rays
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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 Detector of the Pierre Auger Observatory

extend mass sensitivity to inclined showers § > 60°

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

* close to ideal p-Fe separation

* iIncrease sky coverage and
overlap with TA

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

e clean measurement of e/m

PIERRE
shower component AUGER

—> independent energy scale
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Radio Detector of the Pierre Auger Observatory
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Low Noise Amplifier
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Radboud University § %

piEs How to find alignment with a known source
Oho and ch1 g N * reference antenna
and ch1 amplitudes —> channel ra |o = —— - e ——— :
- * m— | _ offset to source Iocatlon = antenna rotatlon “ TV transmitter/beacon
| ‘antenna pattern & source Iocatlon —> channel rat|o e e ———— ‘

e Get misalignment:

e + ratio from data —> angle of station

* Offset = angle of station - expected angle
(for this station: -5.0+-1.1 degrees, using 7d of data)

NEC antenna pattern Matching ratios
6=88.5
104 i} 0.4 - F— source-to-station angle
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c e o &
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10—2 . NEC antenna pattern

== C0S() antenna pattern
270° 180 200 2 20 240 260 % Dbest guess at source location
; - Mmean dir with ant. pattern - =
station angle [deg] — true dir p see Bjarni @10:05

angle offset [sigma]

Bjarni Pont — b.pont@science.ru.nl — Radio workshop Wuppertal —Mar 21, 2024 9 niversity, VU Brussel - ARENA, Chicago, June 2024 16




Drone data will probably help here...[TBC]
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AUGER o TV line data [TBD]
1S
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- » S S @)

11

e (Get misalignment:
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—§= Drone (6 =87.0,f=65.0)

* + ratio from data —> angle of §

Le

Radboud University § %"
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* Offset = angle of station - expbseorss

(for this station: -5.0+-1.1 degrees, using 7d of data)
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reference antenna
TV transmitter/beacon

RD antenna

see Bjarni @10:05
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RD calibration concept

thermal cycling (aging)
LNA & digitizer
R

end-to-end calibration in lab

simulation of antenna pattern
LNA & digitizer
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absolutely calibrated signals Galactic emission

see Tim @9:50

dataset:

In-situ calibration with
reference antenna

EventID: 73570233 / Time: 2023-08-26 03:27:18
Filename: sd_2023_08_26_00h45

Traces
C 1000
- p— 20
N i T
R RA0 860 RE0 ann 920 E. 15%:
> T
o -
)
wg the ,,muon
= o o
— 0 o 11
= E peak® for
-0 240 860 260 900 920 N -
radio
—_ 300 2 4 6 8 10 12 14 16 18 20 22
s Y 'S LST
. n m n
| atmospheric electric field
0NN 32C0 3400 38C0O 380N 4000
_ 20000
g 10k E 10000
2 3
= 0 vl gt o 0
:E —I_Ck EIOOOO
3000 320 3200 35C0 3800 4000 Sy 7 T e 1 =
______ CRS — L —— CLF

01/09/2022 01/11/2022 01/01/2023 01/03/2023 01/05/2023D01/07/2023 01/09/2023 01/11/2023 01/01/2024 01/03/2024 ’ R. Harandel = RadbOUd UnlverSIty, VU Brussel = ARENA, Chicago, June 2024 19
p— ate



f,.g measured

A measured cosmic ray
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Refractive displacement of the radio-emission footprint of inclined


https://iopscience.iop.org/article/10.1088/1475-7516/2023/01/008
https://link.springer.com/article/10.1140/epjc/s10052-020-8216-z

Hybrid measurements RD-WCD

RD EM energy [eV]
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RD expected physics contributions

integrated # of cosmic rays
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https://www.epj-conferences.org/articles/epjconf/abs/2023/09/epjconf_uhecr2023_06002/epjconf_uhecr2023_06002.html

¢ ARENA 2024 The Radio Detector of the

Pierre Auger Observatory

11.-14. Juni 2024
University of Chicago

' 7" International Symposium on Ultra-High-Energy Cosmic Rays

Stay tuned for new insights into
the origin of the highest-energy
articles in the Universe
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Malargiie, Argentina - November 17-21 2024

The symposium is the 7" edition of a series of meetings that bring together the
UHECR community, It covers the latest results from UHECR observations,
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

above 1 PeV. The agenda includes invited reviews, contributed talks, and reports
from inter-collaborative working groups, all in plenary sessions.
Paster contributions are also foreseen.

International Advisory Commitiee r P T ey Vi
: - o ocal Organizing Committes

EERe e e R. f-'.ngpl (rhair.), }." Rln:'ij . I. Allekotle, B. Andrada. F. Gollan,
S . A. Castellina, 1. De Mitri, T. Ebisuzaki, G. Golup, F. Sinches.

P. L. Ghia, F. L. Halzen, Y. [tow,
K.H. Kampen, P. Klimov, P. Lipari, J. o )
Matrhews, S. Ogio, 1. H. Park, E. Parizot, For more information:
F. Resconi, M, Rath, G. Rubtsov, D. Ryu, https://indico.ahuekna.org.ar/event/763/
H. Sagawa, P. Sokolsky, Y. Tsunesada. uhecr2024@auger.org.ar
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http://particle.astro.ru.nl
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