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The surface detector: 1660 Water-Cherenkov Detectors
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on-time fraction

The fluorescence detector: 27 telescopes

4 sites with 6 telescopes + 3 H1gh Elevation
Telescopes

Loma Amarilla

Performance: 13% on-time
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The absolute energy scale

-The fluorescence telescopes provide a nearly calorimetric
measurement of the air shower
-Recent improvements 1n calibration and reconstruction shifted

the energy scale by 15.6 % and reduced the systematic error on 1t
from 22% to 14%

Fluorescence Yield: -8.2%
Calibration: +7.8%
Reconstruction of the

longitudinal profile:

Invisible energy: +4.4%

Measuring the point spread function with
light source on an octocopter
7



The Exposure and Energy Estimators
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The Auger Energy Spectrum
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The Auger Energy Spectrum
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Mass Composition:

Evolution of the first two moments of the Xmax
distributions
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Mass Composition: Muon production depth
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" muon traveled distance
to ground

From time delay we can
estimate location of emittance

on the shower axis
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Mass Composition: Muon production depth

Validation on MC
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Hadronic interaction models and number of muons

Pick from simulations the best
fit to the measured longitudinal
shower profile for different

primary particles.

Compare to observed
signal on the ground to
the expectation from the
measurements.

Ground signal is higher
than expectation!

20

15

dE/dX [PeVigicm?)
=

()

-

p—-

)

1 | | | | =l
Data ==

Energy: 8.8 £ 0.5 EeV
Zenith: 34.7 + 0.4°
Xmax: 697 £ 7 g/cm2

j 1 1 1 1

Qll-04 p
QllI-04 Fe ------

¥>/d.of. (p): 0.75 -
¥°/d.of. (Fe): 0.76

0
0 200 400 600 800 1000 1200
Depth [g/cm2]
T 1 }
Data = _
Qll-04p o
QIlI-04 Fe O
— 100 | E
= T F :
LL :
=,
“©
c
o0 10 F -
(7] E 1
| ] | |

500

1000 1500 2000
lateral distance [m]

14



Hadronic interaction models and number of muons

Fit the sitmulated ground signal using

R'u rescale the number of muons
hadronic origin

two rescaling factors:

from

R rescale the number of particles according
to the energy of the primary particle

Hadronic interaction models

underestimate the number of 18
16}
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muons 1n inclined events, and

time structure of the SD-PMT 04
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Equatorial dipole amplitude

Large scale anisotropy

Equatorial dipole amplitude
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Large scale anisotropy Preséribtion
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Conclusions

Energy scale understood to 15%

The Pierre Auger Observatory provides
the measurements to test high energy
hadronic interaction models

Large scale anisotropies start to look
interesting!!

And there is more: radio detection, extensions, neutrino
flux limits, neutron flux limits, joint efforts with the

lelescope array Auger ICRC 2013: arXiv:1307.5059
Auger + TA! arXiv:1310.0647
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Radio emission with the Auger Engineering Array

Polarization angle as a probe of the emission mechanism
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GHz radio detection of Air Showers

EASIER signal
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Hadronic interaction models and number of muons

Hybrid data 107V

Inclined showers
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SUMMARY

= AUGER PROVIDES A WEALTH OF HIGH QUALITY DATA

- WE OBSERVE A COHERENT BEHAVIOR OF OBSERVABLES

Antoine Letessier Selvon (CNRS/UPMC) - ] Auger highlights ICRC 2013 Rio de Janeiro
23




