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Summary of Auger Results

e The energy spectrum exhibits the ankle and the existence of a GZK-like flux suppression.

e Atenergies above 60 EeV the arrival directions of cosmic rays become anisotropic. In addition, |
a correlation between the arrival directions and Active Galactic Nucler (AGN) listed in the ;
Veron-Cetty and Veron catalogue has been found. |

e There is no evidence for significant excess of cosmic ray arrival directions from the galactic
center, for clustering on different angular scales at the highest energies and for correlations with |
BL Lac objects. |

e We can infer the primary particle composition from the dependence of X, on energy (the
elongation rate), yielding a significant change from ’heavy' at 10'® eV to “light’ at > 10! eV. |

e The photon fraction is less than 2 percent above 10" eV with 95% confidence level; this limit |
restricts the so-called top-down, non-acceleration models for the origin of the most energetic
particles.

e The Auger Observatory is sensitive to neutrinos in the EeV range and has set the currently best

limit on the diffuse tau neutrino flux in this range as E2dN,._/dE, < 1.3 x 1077 GeV ecm ™2
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ENERGY MEASUREMENT

THE ABSOLUTE

~

38

25

1.5

SIGNAL IN THE SURFACE Dqgﬁ&WRS
\]
I

N
L

| 4t
' T
| —HhH
B ‘ il
i nE
‘ e i :
— i
n \ l \ l \ | RO,
18.5 19 19(§~~5’;"E "
CALORIMETRIGC\ ")
MEASUREMENT

ENERGY SCALE IS DETERMINED FROM DATA.

e et b it > Pt ARUINN NM-’—

.
ke 380 ).“”-. W~

-

N

180 =
- —A ] Mean  0.02 + 0.01
160 P . AR
= ' ' RvS { 0.17 = 0.01 ‘}
! \\ \' i o
140 — ' \ = b
' ENERGY
120 — ' ‘RESOLUTION
100 |-
80 — ’
60 — .
40— !
20|
0 1 \—F’—,[_l T R IR )
-1 {08 -06 -04 -02 0 02

R



CR ENERGY SPECTRUM
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LUHECR SPECTRUM
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FITTING THE
SPEGCTRUM

1036

.

|
2075
loglO(E/eV)

20.5
loglo(E/eV)

/




TAKE HOME MESSAGE
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Measurement of the cosmic ray energy spectrum above 2.5 x 1018 eV using the Pierre Auger Observatory
The Pierre Auger Collaboration, Phys. Rev. D 102, 062005 (2020)

LATEST RESULT
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Features of the energy spectrum of cosmic rays above 2.5 x 1018 eV using the Pierre Auger Observatory
The Pierre Auger Collaboration, Phys. Rev. Lett. 125, 121106 (2020)

LATEST RESULT
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ANISOTROPY

SEARCHING FOR “SOURCE(S)”



WHY LOOK @ AGN?

PARTIST’S IMPRESSION
OF AN AGN
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POINTS OF VIEW...

PDIFFERENT ANGLES
ON A GALAXY WITH
JETS.

PVIEWING DOWN THE JET
PVIEWING AT AN ANGLE

PVIEWING AT 90 DEGREES
FROM THE JET
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Pierre Auger Observatory

studying the universe’s highest energy particles




COORD. SYSTEM
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CORRELATION

* Nearby AGNs B,
Auger data above 3x1018 e\/ e
+ 27 events above 5.7 x 101‘%




“SMALLY” SCALES

/ Observed Excess Map - E > 60 EeV \
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“SMALLY” SCALES

/ Model Excess Map - Active galactic nuclei - E > 60 EeV \
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/ Observed Excess Map - E > 39 EeV \
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Indication of anisotropy in arrival directions of ultra-high-energy cosmic rays through comparison to the
flux pattern of extragalactic gamma-ray sources
The Pierre Auger Collaboration, The Astrophysical Journal Letters 853 (2018) L29

“SMALLY” SCALES
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LARGE SCALES

Normalized Rate

1.1

Declination T Vernal equinkx

1.08
1.06
1.04
1.02 Y f
1 ' — T X
0.98 P :
0.96
0.94
0.92 -
09,

qnic

I <.
Eolghic 300 240 1801 120 60
Right Ad8ehsrstiiaey]




LARGE SCALES

_ 9% 0.46

0.42

S WO

I+

0.38




LARGE SCALES

(Galactic coordinates
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Cosmic ray anisotropies in right ascension measured by the Pierre Auger Observatory

The Pierre Auger Collaboration, The Astrophysical Journal, Volume 891, 142 (2020)

LATEST RESULT
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TAKE HOME MESSAGE

P HAVE WE FOUND THE SOURCES OF
UHECRS?

PTHE RESULTS ARE CERTAINLY INTERESTING
IF NOT (YET!) STATISTICALLY COMPELLING.

»IF/ WHEN OUR CORRELATIONS ARE
STATISTICALLY COMPELLING, WE WILL HAVE
(ARGUABLY) THE FIRST EXPERIMENTAL
FEEDBACK ON MAGNETIC DEFLECTIONS OF
EXTRA-GALACTIC CRSs.

PWE WILL CONTINUE OUR ANALYSIS ON THE
EVER-INCREASING AUGER DATA SET.



COMPOSITION

ELONGATION RATE



LATEST RESULTS

COMPOSITION - INFERRING THE IDENTITY OF THE PRIMARY CR
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ROPERTIES

3D reconstruction
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(X__)[glem’]
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ELONGATION RATE
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ELONGATION RATE
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COMPOSITION
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Inferences on Mass Composition and Tests of Hadronic Interactions from 0.3 to 100 EeV using the water-
Cherenkov Detectors of the Pierre Auger Observatory
The Pierre Auger Collaboration, Phys. Rev. D 96 (2017) 122003

LATEST RESULT
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Probing the origin of ultra-high energy cosmic rays with neutrinos in the EeV energy range at the Pierre

Auger Observatory
The Pierre Auger Collaboration, JCAP 10 (2019) 022

LATEST RESULT
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THE BlIG PICTURE

» UHECR ARE PRODUCED BY NEAR-BY

EXTRAGALACTIC OBJECTS
» VERY LOW FLUXES OF PHOTONS AND NEUTRINOS
) STRONG FLUX SUPPRESSION (@ GZK ENERGIES

P “AGN?” CORRELATION AT “SMALL” ANGULAR

SCALE (CONSISTENT WITH CNO PRIMARIES?)
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ENHANCING AUGEOR
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AUGER UPGRADE

P4 M2 SCINTILLATORS
ON EACH STATION ==

» UPGRADED
ELECTRONICS

P NEwW SMALL PMT

»BURIED MUON
COUNTERS UNDER EACH
INFILL STATION

PINCREASE FD UPTIME
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slant depth [g/cm?]



HEAT STATUS




HEAT STATUS
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OTHER IDEAS

»ON-GOING
PROTOTYPES:

PRADIO DETECTION
PRADAR DETECTION

PLIGHTENING DETECTION

)...







SUMMARY

» INTRODUCTION TO CosMICc RAYS
» DETECTION TECHNIRQUES
P THE LATEST RESULTS IN UHECRS

» CURRENT UPGRADES & OuTLOOK



CosMic RAYS - MIGUEL MOSTAFA
LA-CoONGA PHYsIcs 2023
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