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Energy Spectrum of Ultrahigh-Energy Cosmic Rays (UHECRS)

Auger 2019
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Energy Spectrum of Ultrahlgh Energy Cosmic Rays (UHECRS)

. Auger 2019 using LHC magnets:
10
A 107
>
[} -
—
“ 1076
Ok, NoW WAT THERE i
FOR A THOUSAND YEARS. -
S 0 i
o 107%
S
S -
X n
-\55 ; 10_20 L
/ = —
ANe L I

Cham&Whiteson “We have no idea”, Penguin, 2018 10_22

/

e
10—247
L1 \HH‘ Il L1 \HH‘ Il L1 \HH‘ Il L1 \HH‘ Il Serena Williams' 2nd serve

1017 1018 1019 1020

B, =TX102 eV Je Elev V/Sop = 450 TeV o




Detection of UHECRs: Air Showers
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Ut/ UHECR Observatories
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Telescope Array

UHECR Observatories

Pierre Auger Observatory

Communication
antenna

Solar panel

reflective
liner

Pure | Battery
water ﬁ;‘fc‘ed enclosure
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https://agenda.infn.it/event/24250/contributions/130310/attachments/79348/103053/vscherini_MMAuger.pdf
https://agenda.infn.it/event/24250/contributions/129891/attachments/79343/103105/NuTel2021_Talk.pdf

Telescope Array

UHECR Observatories

Pierre Auger Observatory
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(see talks by Viviana Scherini and Michael Schimp, Tuesday Parallel2)
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Longitudinal Shower Development (Fluorescence Telescopes)

Pierre Auger Observatory
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Mean and Standard Deviation of X,,.. Distributions
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Inferred Mass Composition
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Energy Spectrum
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Energy Spectrum

r Auger 2019
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GZK Flux Suppression? ¢ +1cus —n/p+7+/° or A4 ycms — (A—1) +p/n)
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Maximum Rigidity Model, Peters Cycle?
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. . . . Auger/TA Anisotropy Working Group UHECR18
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Arrival Directions — Catalogue-based Analysis

UHECR total energy loss lengths
T T T T

El; RN B
[ - . .

=107 . e
TPy e
= f )
glol;lee . virgocl.

k4 2 g EN —--— M83

s = T [%si - CenA
S

= T 109 56Fe N

S Eﬂ 10k L I I | | ~.. M3l

-E = 5 10 20 50 100 200 500

= £ E[EeV]

= ®

S -~

=

@

2MRS
Swift-BAT

Catalog | Ey ] faniso 18 | Posttrial
Starburst | 38EeV | 15%3°  11*5% | 295 | 450
yAGNs [ 39EeV | 14%5°  6*i% T8 | 3lo

Pierre Auger Coll, ApJ Lett. 853 (2018) L29 SwiftBat | 38EeV | 15%¢°  g*iy | 22 |3lo
MRS | 40EV | 1517 197109 | 220 | 370

TA compatible with both, starburst model and isotropy  coli, apJ Lett. 867 (2018) 27
L. Caccianiga for the Pierre Auger Coll. ICRC19, ApJ853 (2018) 2

12/24



Observation of a Dipolar Anisotropy of UHECRs (E> 8 EeV)

Pierre Auger Coll., Science 357 (2017) 1266

e amplitude: 6.5713%, significance: 5.2 o
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Observation of a Dipolar Anisotropy of UHECRs (E> 8 EeV)

Pierre Auger Coll., Science 357 (2017) 1266
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Charged Particle Astronomy?
average rigidity R = E/Z deflection in magnetic field
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Need Charge Sensitivity and Full-Sky Coverage For UHECR Observations

Under Construction: AugerPrime Under Construction: TAx4

arXiv:1604.03637

Launch 2029: POEMMA? EPJ2102019) 06001

Parallel03 at 17:30, PRD 101 (2020) 023012

15/24



Implications For Neutrino Studies
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https://agenda.infn.it/event/24250/contributions/130140/attachments/79285/102827/talk210223.pdf
https://agenda.infn.it/event/24250/contributions/130383/attachments/79279/102820/NeutrinoTelescopes_Nu_UHECR_GRBs_AnikaRudolph.pdf
https://agenda.infn.it/event/24250/contributions/129981/attachments/79288/102932/RAB-NuTel-21.pdf
https://agenda.infn.it/event/24250/contributions/127445/attachments/79335/103041/NuTel2021.pdf

Peters Cycle and Cosmogenic Neutrinos

source evolution: (1+ z)™
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=—1.6;a = +1.0;log(Rmax/V) = 18.7
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Photonuclear Interactions in Source Environment?

A+y—=(A—-1)+p/n
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Photonuclear Interactions in Source Environment?

particles at Earth: 1 < A < 2,3 -
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Multimessenger Studies of Source Properties
photon field temperature
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Proton Fraction at UHE?

energy fraction escaping source:
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Source Neutrinos from UHECR Constraints
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Source Neutrinos from UHECR Constraints
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additional degree of freedom: hadronic interactions with ambient gas

— unified models e.g. Kachelriess+17, Fang+2017, Muzio+21 (in prep.)
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Summary

e Golden Age of UHECR Research

high-precision flux measurement
unexpected mass composition
large scale anisotropy
hints for clustering at intermediate angular scales
soon equal-exposure sky coverage (TAx4) and charge sensitivity (AugerPrime)
next-generation large-exposure facilities? (POEMMA, GCOS...)
¢ Multi-Messenger Implications
e dawn of charged particle astronomy?
low flux of cosmogenic neutral secondaries
UHECR proton measurements and > 10'® eV v flux for source evolution
detection (or limits on) source-neutrinos is key to understand UHECR sources
1016 — 1017 eV v flux to constrain source properties



Advertisement www.auger.org/opendata

- Pierre Auger Observatory Opén Data

The Pierre Auger 2021 Open Data is the public release of 10% of the Pierre Auger Observatory data presented at the 36t International Cosmic Ray

This website hosts the datasets for download. An online event display is available to explore the released events, and example analysis codes are
provided. See below for a brief overview of the Pierre Auger Observatory and of the Auger Open Data.

e ©

Datasets Visualize

the complete released datasets an online look at the released example analysis codes in

and their complementary data pseudo raw data online python notebooks to run

on the datasets
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