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Why a Catalog?

(ICRC 2005)
A discussion is given of the highest energy events so far 

recorded by the Pierre Auger Observatory. We present these 

to illustrate the quality of the information that they contain.
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After the conclusion of Phase I of operation,
with an integrated exposure of 122,000 km2 sr yr,

the Pierre Auger Collaboration is releasing a catalog to 
demonstrate the quality of the data that lie behind 

measurements of the energy spectrum, the distribution of 
arrival directions, 

and the mass of the highest-energy cosmic rays 
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• Details of 100 highest-energy cosmic rays, in the range 78 EeV to 166 EeV
included in the data set used in a discussion of the arrival directions of events 
above 32 EeV, without any interpretation.

• Further 9 very energetic events that have been used in the calibration 
procedure adopted to determine the energy of each primary.                        
Some hybrid events with energies close to 100 EeV, used in a recent study of 
mass composition are not included as different selection criteria were adopted.

• The events are identified with a catalog number (#N) and by a name, 
PAOddmmyy, that indicates the day, month and year of detection.

The Catalog

See Ugo’s talk tomorrow!
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The Catalog: paper

• Section 1: 
INTRODUCTION

• Section 2:
THE DETECTION OF HIGH-ENERGY COSMIC RAYS 
AND THE PIERRE AUGER OBSERVATORY

• Section 3:
RECONSTRUCTION OF SHOWER PARAMETERS

• Section 4:
THE EVENTS OF THE CATALOG

• 4 Vertical events
• 2 Inclined events
• 2 Hybrid events

• Section 4:
A SKY MAP OF THE 100 HIGHEST-ENERGY EVENTS
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Events recorded by the Surface-Detector

• Footprint on the ground and in a plane perpendicular to 
the arrival direction;

• Lateral distribution of the recorded signals as a function of 
the distance to the shower core;

• Time delays with respect to a fit that assumes a plane 
shower;

• Arrival time distributions of the signals recorded at each 
water-Cherenkov detector;
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Events recorded by the Surface-Detector

• Footprint on the ground and in a plane perpendicular to 
the arrival direction;

• Lateral distribution of the recorded signals as a function of 
the distance to the shower core;

• Time delays with respect to a fit that assumes a plane 
shower;

• Arrival time distributions of the signals recorded at each 
water-Cherenkov detector; Different procedures are used to reconstruct the energy

of vertical (θ < 60°) and inclined (θ > 60°) showers.
Asymmetry of the radial distribution of the muons 

in the shower increases with zenith angle, becoming 
particularly apparent above 70°.
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The most energetic event Event display developed by



The most energetic event
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Event display developed byThe most energetic event
#1 - PAO191110

2 saturated stations

Area           ~(13 x 6) km2
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Events recorded by the Surface-Detector

The lateral spread of the signals is
described by the modified

Nishimura-Kamata-Greisen (NKG)
lateral distribution function (LDF)

The energy resolution, obtained from the
spread of ESD values at a given EFD in the

calibration events, is ∼8 %
at the highest energies.

Directional uncertainties are < 1°.

Vertical events (θ < 60°)

𝑆𝐿𝐷𝐹(𝑟) = 𝑆(1000)
𝑟

𝑟opt

𝑟 + 𝑟𝑠
𝑟opt + 𝑟𝑠

𝛽
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The most energetic inclined event Event display developed by



The most energetic inclined event
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#17 - PAO150926

Event display developed by

Area      ~(35 x 6) km2



- Exposure of the Observatory enhanced by  30%.
- Sky coverage extended to regions that would otherwise be inaccessible.
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Events recorded by the Surface-Detector

Inclined events (θ > 60°)
The muon signal scales with energy as

ρμ(r) ∝ Eα with α in the range 0.90 to 0.95.
The expected density of muons at the ground is 
given by ρμ(r) = N19 ρμ,19(r, θ, φ), where N19 , is 

chosen by convention, as a measure of shower size 
using a reference shower model and comparing the 
signals to those expected from simulated showers 

of 10 EeV with the same arrival direction.
The energy resolution is estimated as 12%, at the 
highest energies, from a comparison of N19 with EFD.

More particles reach those 
stations , lie within  45° of a 

direction perpendicular to Bproj

(enhancing the signal) compared 
to stations that are at the same 
distance to the core but that lie 

along the direction of the 
magnetic field 

Triangular markers are stations which, seen from 
the position of the core, lie within 45 ° of a 

direction perpendicular to the direction of the 
magnetic field in the shower plane, Bproj.
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The most energetic hybrid event Event display developed by



The most energetic hybrid event

Mario Buscemi - UHECR 2022 14

Energy [EeV] Xmax [g cm-2 ]

#84 - PAO100815

The most energetic hybrid event Event display developed by



• Camera views from telescopes

• Reconstructed profiles of the energy 
deposition in the atmosphere

The Fluorescence Detectors:

• Provide a calorimetric measurements of the 
showers energy to set the energy scale of the SD 
sample

• Measure the longitudinal development of air
showers in the atmosphere and the shower 
maximum -> Key measurement for mass estimation
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Hybrid events

𝑓 𝑋 =
d𝐸

d𝑋
max

+ 1 +
𝑅

𝐿
𝑋 − 𝑋max

1/𝑅2

exp −
𝑋 − 𝑋max

𝑅𝐿

Modified Gaisser-Hillas function

#101 - PAO140131



Typical signal produced
in a vertical event

Saturated signal due to
the overflow of the finite

dynamic range of the
read-out 

electronics/PMT

Direct light reaching
one photomultiplier

at about 6 μs
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Some WCDs signals
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The Catalog: online event browser https://opendata.auger.org/catalog/

https://opendata.auger.org/catalog/
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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The Catalog: online event browser
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Conclusions

• 100 highest-energy cosmic rays,
in the range 78 EeV to 166 EeV

• Further 9 very energetic hybrid events

• Detection and reconstruction of shower parameters

• Footprint on the ground and in the shower plane, 
LDF, time delays w.r.t to a plane fit, WCDs signals,
FD camera traces, FD energy deposited profiles

The positions of the arrival directions of the 100 highest-energy cosmic rays 
detected at the Pierre Auger Observatory shown in equatorial coordinates
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Backup
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#1 - PAO191110
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#17 - PAO150926
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#84 - PAO100815


