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The IIHE-Auger group

Belgium is a full member of the Auger Collaboration since 2018

» Energy spectrum of cosmic rays

» Anisotropy of arrival directions and primary
composition

» Calibration and performance of the surface
detectors

» Search for ultra-high energy photons
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The Pierre Auger Observatory

Surface detector (SD)

- 1500 m array
1600 stations
- 750 m array
61 stations

- 433 m array
19 stations

Extensions:

- Radio antennas (AERA)
- Atmospheric monitoring
facilities (CLF, XLF, Lidar)
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Underground muon detectors
>24 stations spaced by 750 m

Fluorescence detector (FD)
24 telescopes across 4 sites
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The Pierre Auger Observatory
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Phys. Rev. Lett. 125 121106 (2020)
Phys. Rev. D102 062005 (2020)

Highlight analysis: energy spectrum Eur. Phys. J. C 81:966 (2021)
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» Five different measurements with a common energy Presence of the second
scale ]
knee and a new feature:
» |IHE contributed to two SD spectra (in filled red) the instep

» Very good agreement between the measurements



ICRC21 321 (2021)

Highlight analysis: composition distribution over the sky

Difference between mean X5, on and off the Galactic plane? On-plane: |b| < 30°
Off-plane: otherwise
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» Source directions? (extra)-Galactic magnetic fields?

» Still a hint (3.30 after accounting for systematics). Need more data and/or
sensitivity for confirmation



Highlight analysis: joint analysis between Auger & TA
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» Large-scale anisotropy with full-sky
coverage (coll. with Peter Tinyakov)

» Cross-calibration of energy scales
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» Better resolution of the dipole direction
including TA

» Direction opposite to Galactic Center
— evidence of extragalactic origin



The Pierre Auger Upgrade - AugerPrime () evservatoopiencasger

Aiming at_ a better separation between em and Surface scintillation detectors (SSD)
muonic air-shower components 3.8 m2 plastic scintillators

» Improved mass compaosition sensitivity
» Particle physics with air-showers
» Ultra-high energy proton astronomy

Underground muon

detectors (UMD)
30 m2 plastic
scintillators

+ improved SD electronics, radio antennas, etc



The Pierre Auger Upgrade - AugerPrime

Aiming at a better separation between em and
muonic air-shower components
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Calibration of surface detectors

3 160 ||
£ - |\|”|||
3 140 b i) » Reference signal for SD calibration: Vertical-
© 120 I“" "‘\|_ Equivalent Muon (VEM)
u } i
1007 I l H
= “|| J ..5.}\”'. 1}‘11‘1';\-.,!”' | » Charge histograms of background data are
80R em iy i il h”'“l il w..m.-l‘;h i acquired every minute in each station.
: il di VT
60} L . :
| H ""*“u'-l-}w » Electromagnetic and muonic components are
40 \. ..\.\‘,‘J.u}“"‘”ﬂ . visible.
20} L i N
T Y T B [ B T I N T W R S | \ k|
% 500 1000 1500 2000 2500 3000
[FADC]
'g [
Y 14: N — UB
§ 12t 7 M 2.02 %
— ean: 2.02 % . . .
© ol » We are developing a new algorithm to find the
- - — uuB muon peak.
8- izi::‘ M 1.71 %
n ptetelele ean: 1. % . . . . .
oF K » Slightly better resolution in the muonic peak with
L 5o9essts 7’ .
- N the upgraded electronics (UUB)
— '00‘:‘:0‘:00‘::’:’.‘.’0“
E 5§‘:§§§:§§§:‘§§§‘:‘:§§3§§§:‘:§:’:§:ﬂ
- \\=°3:=:3::‘.’.’.1’:‘:33’12:3:3:2:’:3:‘:‘:1s
. S
ob \\\\=:=:=:3:333*3.3.3.33323:3:3'?3:2:3:3*3'3:3*3.3:333:A % A
0 05 1 15 2 25 3 3.5 4 45 5

Relative uncertainty [%] 10



Long-term performance of surface detectors
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Negligible difference in SD energy
» Modeling this feature with simulations by estimator even in worst case scenario
changing the liner reflectivity within the tank.

» Goal: reducing the systematic uncertainties in SD mass composition estimators
by introducing this time-dependent detector behavior in simulations
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Search for ultra-high energy photons in 20-300 PeV energy range

» Most energetic photons detected by the LHAASO

(China) up to 1.4 PeV across 12 sources.
ICRC21 373 (2021)
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» 1-100 PeV only explored by northern observatories ®  Auger Hybrid (This Work) UL at 95% C.L.
(e.g. KASCADE-Grande)
[ J Auger HECO + SD 750 m (2019) U.L. at 95% C.L.
| | Telescope Array (2019) at 95% C.L.

» The Auger Coll. imposed upper limits above 200
PeV, still above theoretical limits

HAWC J1825-134 alike source
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» Background from charged cosmic rays
(specially protons)
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Fluorescence detector control room

» FD telescopes require the presence of
researchers for their operation.

» We have installed a remote control room
In Brussels with the help from IT, Patrick De
Harenne and Michael Korntheuer

» In June and July, we took care of the
telescopes during loooong nights (5 to 8
hours).

S

N -

https://lwww.iihe.ac.be/news/remote-shifts-of-the-pierre-auger-observatory-can-now-be-done-in-brussels
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Astroparticle Physics Masterclass

» Fully online, directed to high-school students

» Cosmic rays included in plenary talks by Nick
and Juanan

» Two activities using lceCube and Pierre Auger
surface detectors
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Other activities

» Trip to Profondeville, a bit south of Namur. Forest,
countryside and the Meuse river.

» Challenging colleagues with bowling session >:-D

» Organization and participation in 11t CosPa:
Astrophysics and Astroparticle Physics in Belgium

https://indico.iihe.ac.be/event/1533/
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Backup

17



The Pierre Auger Observatory

Radio antenna array *es o|e
1 (153 antennas, |7 km?)

Underground muon
detectors (24+)

Pierre Auger Observatory
Province Mendoza,Argentina

High elevation telescopes (3) |

Central
=< Campus...

More than 400 members, o
98 institutes, 17 countries

Sub-array of 750 m
(63 stations, 23.4 km?)
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4 fluorescence detectors
(24 telescopes up to 30°)
Water-Cherenkov
0 detectors and
1665 surface detectors: Fluorescence
water-Cherenkov tanks telescopes
(grid of 1.5 km, 3000 km?2)
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Hybrid detection of air-showers
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Highlight analysis: large-scale anisotropy

E > 8 EeV, amplitude 7.3%, 6.60

1.08

!

1.06

Auger-only analysis

1.04

1.02

Normalized rates

_I|III|III|III|III|III|III|III|III|II

0.96 —e— DataE>8 EeV
0.94 } —— Rayleigh analysis
0.92

30 300 250 200 150 100 50
Right Ascension [degrees]

[+4]
S107
g .
© 4
2 d(E) = dy x (E/10 EeV)? -
=3 -
0.375 Flux [km=2 sr= yr1] 0.440 0 dip = 0.050 £ 0.007
. B =0.98 +0.15
102—
5 50

10
Energy [EeV]



Outlook: Neural networks with AugerPrime

E‘ Muon component
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