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Outline

> Multi-messenger astronomy at the highest energies
> The Pierre Auger Observatory
> Search for photons and neutrinos:

detection channels
data selection
exposure

diffuse limits

> Targeted studies photons and neutrinos
GC - TXS0506+056

— see next talk by M. Schimp about follow-up GW observations

> AugerPrime: upgrade of the Pierre Auger Observatory
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The multi-wavelenght panorama

radio/microwave infrared/optical X-rays gamma-rays neutrinos cosmic-rays
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Probing the origin of UHECRs
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Maximum rigidity
and/or propagation
scenario:
cosmogenic neutrinos
and photons —» GZK

Hadronic acceleration
in the sources

— probe properties
and evolution

New physics?
SHDM, LIV
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The Pierre Auger Observatory
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The Pierre Auger Observatory

Fluorescence Detector (FD)
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UHE Photon induced cascades
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Photons: HYB and SD data selection

Pierre Auger Collab., PoS ICRC2019 398

Hybrid selection: BDT response SD selection: PCA transformed
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Targeted searches

Pierre Auger Coll., ApJL 837: L25 (2017)
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UHE neutrinos: detection channels

Earth-skimming (ES): Downward Going (DG):
upward going T neutrinos CC deeply interacting v all flav. CC & NC
zenith angle 90° = 95° zenith DGL 60°+75° DGH 75°+90°
T can emerge from the Earth crust - \’
and decay close to the detector Sensitivity to ALL v | 22 5277
D. Fargion, Astrophys. J. 570, 909 (2002) flavours and ALL ES 90°-95°

. Fargion, Astro S. J. , H .
A. Letgssier-Selvgn?/AlP Conf. Proc. 566, 157 (2001) interaction channels

Muonic component of the shower

=

E-M component of the shower

o

Regular proton shower

DG v interacting

in the mountains Deep DG v shower

Upgoing ES v_shower
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UHE neutrinos: signature

neutrino signature:

young shower i.e. with large electromagnetic component
— inclined event with slow rising and broad signal

high energy muons
— thin flat front

............
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component ' |
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UHE neutrinos detectable as almost horizontal young showers
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UHE neutrinos: data selection

Pierre Auger Coll., JCAP 10 (2019) 022
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UHE neutrinos: exposure

Pierre Auger Coll., JCAP 10 (2019) 022
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90% of the events in the range 0.1 - 25 EeV
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UHE neutrinos: diffuse flux limits

Pierre Auger Coll., JCAP 10 (2019) 022
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UHE neutrinos: point |
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We have a source! TXS0506+056

ICECUBE: Science, Volume 361, Issue 6398, id. eaat1378 (2018)
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We have a source! TXS0506+056

ICECUBE: Science, Volume 361, Issue 6398, id. eaat1378 (2018)

side view
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Auger UHE window oL oot

DGH 75°-90°
ES 90°-95°

12 1 | 1 | 1 I 1 | 1 1 | 1 | 1 | | 1

Auger Earth-Skimming 90° < 6 < 95°
Auger Downward-going 75° < 6 < 90°
Auger Downward-going 60° <6 <75°

7 O wemay | TXS0506+056 declination = 5.7°
8- - — Non optimal sensitivity of the

£
Q
2
2
g [ i source in all channels
g (e -
2. 5+
8 4 mmm IceCube v, CC, 6=5.7°
g 10°+ Auger ES v, 6 € [90°, 95° ' '
o ger ES v,, 6 € [90°, 95°]
o 37 ES v, (average for § = 5.7°)
£, Auger DGH all flavours, 6 €[75°, 90°]
. 10714 DGH all flavours (average for 6 = 5.7°)
17 NE Auger DGL all flavours, 6 € [60°, 75°]
‘ DGL all flavours (average for 6 =5.7°)
0—90 80 70 —60 —§0 ~40 =30 —20 ~10 0 10 20 30 40 50 |60 70 80 9 = 10-2- ‘
Declination 6 (deg) @
Optimal observation position: source o o
in FOV of the Earth-skimming channel 2 10734 -
. . (6]
(right below the horizon) o 1
w 10—4_,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
— complementary to lceCube in |
107>+ f
the EeV range 1013 104 10 106 107 1018 1019 1020

E, (eV)

Viviana Scherini Feb 23 2021 21




Auger TXS flux limits

Reference flux for 1 event @ Auger Pierre Auger Coll., Ap. J., 902:105 (2020)
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v flux producing 1 event @ Auger

Pierre Auger Coll., Ap. J., 902:105 (2020)

IceCube: v-flux (measured, best-fit y=2.1)
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Y1032 e + index up to EeV
range
TXS 0506+056 (2014 Oct 19 - 2015 Feb 6)] = ™,
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Upgrading the Observatory: AugerPrime

more than 1000 SDD installed!

3.8 m2 (1 cm thick) scintillators

Scintillators are sensitive to
the electromagnetic content
of the shower

- upgraded and faster electronics

- extension of the dynamic range — improve on signal/bkg separation
- underground muon detectors — lower detection thresholds for
- radio antennas photon/neutrino searches
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Conclusions

Ongoing multi-messenger international effort to combine data
from different experiments in complementary energy ranges

The Pierre Auger Observatory is a key detector at UHE energy:
— Excellent sensitivity to photons and neutrinos in the EeV range

— stringent diffuse limits in the EeV range
— constraining exotic scenarios and testing cosmogenic flux
predictions indirect hint on primary CR mass composition

— Coverage of a large fraction of the sky with targeted searches

— Nno neutrino and photon steady sources found so far
— limits set on long transients TXS0506+056

see next talk by Michael Schimp
about transients including the follow-up searches of Ligo/Virgo mergers

— Pierre Auger Observatory upgrade will improve on sensitivity
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February 2021 release

http://www.auger.org/opendata

OBSERVATCORY
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