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Outline

® Overview of the detector and the experiment

® Where we are
® some recent results
® the composition challenge
® Where we're going
® |arge-scale computational statistics

® hardware upgrade



The energy spectrum of cosmic rays
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Scientific questions

® \Where are they coming from?

® AGN correlation

® At what energies!?

® precise spectrum above 10'8 eV

® What is the nature of the primary particle?
® proton! iron? in between!

® Particle physics!?
® high energy and shower physics
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Scientific questions

Where are they coming from?

® At what energies?

®  precise spectrum above 0!8 eV

® What is the nature of the primary
particle?

® proton! iron? in between?
® Particle physics?

® high energy and shower physics
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Correlation with nearby AGN

Parameters defined a priori:
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Energy spectrum
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Nature of primary: proton? iron?

® Main FD observable: EM shower depth
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Cross section (proton-air) [mb]

Also particle physics
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Nature of primary: proton? iron?

® Main FD observable: electromagnetic shower depth
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Nature of primary: proton? iron?

® Main FD observable: electromagnetic shower depth
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Correlation with nearby AGN
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Nature of primary: proton? iron?
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Nature of primary: proton? iron
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Nature of primary: proton? iron?

® We need to identify the nature of the primary on an
event-by-event basis at the highest energies

® We have a fantastic surface detector observable:
|) irons produce 40% more muons than protons

2) the total signal above zenith angle of 45 degrees are
muon dominated

Do we!



Nature of primary: proton? iron?
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Muon deficit in simulations

® Hypotheses

® first interaction - high energy physics

® shower development - low energy physics
® calorimetric energy

® SD detector calibration

® probably a combination of all of above
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Muon deficit in simulations

® First interaction - high energy physics

® no way of direct measurement

® the only way of “measuring” anything is by controlling all
other sources of systematics: composition, energy, SD,
shower development
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Composition, shower development

® Analysis effort

® (Goal: detailed reconstruction of muon signal, lateral
distribution function, arrival time distribution

® Developing a comprehensive but computationally
“managable” generative model

® Full fit using numerical Bayesian methods

® Methodology exists but the scale is unprecedented (50K
showers, 300K surface detector signals)
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Adaptive Metropolis for mixture signals

Cosmic rays and the Pierre Auger observatory

The Auger tank signal
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Composition, shower development

® Hardware effort: detector upgrade

Station trigger update (accepting pure muon traces)
Electronics update (higher sampling rate)

Muon counters (over or underground)

Radio detection

“Black top” or “double bag” tanks
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