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High-energy particles
Water-tight
reflective
liner

produce light as they
hit the purified water

in the tank.

The Pierre Auger
Observatory
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Shower observables
recorded at Auger
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Time structure

Detector signal (arb. units)
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Shower observables
recorded at Auger




Primary mass and
longitudinal shower profiles

Number of charged particles (x1 09)

Number of charged particles (x1 09)

Mean depth of shower profiles and
shower-to-shower fluctuations as
measure of composition
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IEW

extended field of v

HEAT+Coihueco telescopes

Coihueco: 2° - 30° FoV in elevation

30° - 60° FoV in elevation
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End to end cross-checks with MC simulations

Proton, Iron and 50:50 mixture,
generated (lines) VS reconstructed (markers)
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Generated and reconstructed MC data are compatible,
with residual bias in the lowest energy bin:

correction using half of the 50:50 mixture,

plus a symmetric systematic uncertainty accounted
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(X,..) systematics (g/cm?)

Xmax Systematic uncertainties & resolutions
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® Reconstruction bias (only left) and detector resolution (right)

® Offset in time between SD-FD, calibration and telescopes alighment
® Analysis
® Atmospheric uncertainty in the geometry reconstruction and fluorescence light yield
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Standard FD vs HEAT+Coihueco

Average of X

Std. deviation of X
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Compatible within expected uncorrelated systematic uncertainties (~ 7 g/lcm?)



Average shower maximum and RMS

Average of X

Std. Deviation of X
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Dip model (ankle due to pure proton flux)
seems to be ruled out

Pierre Auger Collaboration, to be presented at ICRCI5



Statistical moments of {In A)

Mean Variance
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Average shower maximum

Telescope array
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 EAS simulations are folded with detector
response (det. resolution and bias introduced)
 Maximized statistics
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Average shower maximum

Telescope array
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Average shower maximum
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p.d.f. [arb. units]
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Data available

Composition Fit (Xmax distribution) only up to
< 5x10"7eV
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Shower observables
recorded at Auger
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Time structure

Detector signal (arb. units)
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Muon Production Depth
distribution (MPD) in a nutshell

Inclined events to avoid S a0
EM contamination: o _ © I 0 = 59.06 +0.08
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Muon Production Depth
distribution (MPD) in a nutshell
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Muon Production Depth

Data set: 01/2004 - 12/2012
E > 10'"3 eV (more muons/event)

Zenith angles [55°,65°] (low EM contamination)

Distances from the core [1700 m, 4000 m]
481 events after quality cuts
Systematic uncertainties: 17 g/cm?

Resolution:

100 (80) g/cm? at 1073 eV for p (Fe)
50 g/cm? at 1020 eV

QGSJetll-04: data bracketed by predictions
EPOS-LHC: predictions above data
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{InA)

Comparison of {In A) from Xmax and Xmax

InA (FD) from Phys. Rev. D 90 (2014) 12
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QGSJetll-04: Compatible values within 1.5 G
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MC: p QGSJET 1I-03 o
19 eV 920

0° 1350 LS

Muons in highly
inclined events

pﬂ(data) = N19
- p(QGSJETII03, p, E = 10" eV, 6)

225°

Ngata | _
YONMEG ‘ 279
109 g (Ry) = a(E/10YeV)?
* Data set: 01/2004 - 12/2013 * 174 Augerhybrid events
cE>4x10'8eV
(100% SD trigger)
 Zenith angles [62°, 80°] o
(low EM contamination) 1
* |74 hybrid events after quality cuts
 Systematic uncertainty on Ry: | 1%

E/eV
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(Ry)/(E/107 V)
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Data at variance with simulations
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* (Ry higher than MC iron predictions

 Tension between the Xmax and muon measurements

* Older versions of QGSJet model are at odds with data
taking into account the large systematic uncertainty
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The average muon content and
the muon gain with energy

(InR,) (10 eV) o d(InR,)/dInE | | |
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Muon deficit from 30% to 80% at 10'° eV
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Deviations from a constant
proton (iron) composition
observed at the level of 2.2 (2.6) ¢



Muon number in hybrid events

with 6<60°
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Summar Ik
y AUGER, PRELIMINARY
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Auger is going to extend the composition measurements
up to highest energies by means of SD: AugerPrime
= Refined analysis procedures needed
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- - standard curvature fit
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The world's largest cosmic ray observatory

About 500 members from |6 countries

Argentina
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He fraction N fraction Fe fraction

fraction

Composition Fit (Xmax distribution)

Data available
only up to
< 5x10"9eV
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Pierre Auger Collaboration, Phys. Rev. D90 (2014) 122006
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Scaled flux E2°J(E) (m2s'srieVv'?)
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Unambiguously detected flux suppression
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Flux suppression due to GZK energy-loss!?

E [eV]
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Spectral information is not enough to decide upon
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Maximum-energy or GZK energy-loss!?

Hard injection spectrum!?

Emax=Z x 4 EeV

Allard et al. 2011

Protons injected from sources

Injection: Galactic composition with
enhanced heavy elements

(Sergio Petrera et al.)

Hooper-Taylor et al. 2012

.

Second
proto

T 1 |_|J_|_|_|J_||_14__

18 | 18.5 19 19.5 20 20.5
loglo(E/eV)

Injection: ~70% N or Si (almost no light elements)

Difference: Scaling with charge Z or mass number A
Both scenarios: Hard injection spectrum,y= -1 ... |.7,and heavy source composition
(Astrophysics: very exotic result!)

(Shaham & Prian, Phys. Rev. Lett. 1 10, 2013)




Flux suppression not universal?

E[eV]
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Using same fluorescence yield and invisible energy + 7% shift

Spectrum working group report, UHECR |4
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