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Pierre Auger Observatory

Low energy upgrade

SD: 1600 water-Cherenkov stations, SD (750 m): 61 water-Cherenkov stations,
1500 m separation, 3000 km? area 750 m separation, 23.5 km? area
FD: 24 fluorescence telescopes at 4 FD (HEAT): 3 fluorescence telescopes close
locations to Coihueco FD location
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SD water-Cherenkov stations
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FD telescopes

Standard-FD

FOV 0° to 30° elevation
Low energy limit: 10178 eV

FD telescopes

HEAT (in up position)

FOV 30° to 60° elevation
Energy range: 10172 eV —
1018.1 eV

Measurement of fluorescent
light (N deexcitation, 300-450
nm)

440 PMT pixel camera (1.5°
per pixel)

FD measurements
operational ~15% of the time
(clear nights, with low moon

fraction)

Pierre Auger Observatory




Hybrid detection

Pierre Auger Observatory
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Mass composition studies

E*F(E) [GeV"® m?2 s sr-1]

Mass composition studies

ldentifying energy spectrum features: Transition from galacitc to extra-galactic
sources, ankle, flux suppression (possibly GZK)

Uncovering origin of ultra-high-energy cosmic rays (UHECR): Acceleration to
collision center-of-mass energies above 40 TeV (equivalent to CR with energy 1018

eV)
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However, mass
composition can only be
inferred by comparison

of data to hadronic
interaction models!

Collision cross-sections
are extrapolated from
collider experiments



Observables

Mass composition studies

Signal [VEM]

Observables
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—e— candidates
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Observables:

Observed shower parameters that hold
information on the shower and the primary

dE/dX [PeV/(g/cmP)]

particle

Observables sensitive to mass

composition:

Depth of shower maximum (X,..)
Surface detector lateral distribution (LDF)

Risetime (0 ¢ )

Number of particles at ground

Muon production depth
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SD station risetime
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Shower profile, X
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Composition implications from FD

Composition implications from FD

st mmmes HeCo = Standard-FD
E
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(= 4+ § moments

Constant mass: (® ) =~60 g/cm?/decade

£ Composition becoming lighter until 101833 eV: (® ) = (79+1) g/cm?/decade
é Composition becoming heavier after 101833 eV: (&0 ) = (26+2) g/cm?/decade
-
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(I £ moments

Break in the masses: At the same energy as before

% Unphysical negative A (I &) values: Models are predicting larger @  fluctuations
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HeCo X |, distributions

Composition implications from FD
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Distributions are fitted with Gumbel functions for protons,
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Standard-FD X

-FD X . distributions
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tions from FD
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Composition implications from SD

Composition implications from SD

Delta method: Express risetimes from all stations of an event with a single value
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T Benchmark fit

Delta method

Composition implications from SD

Delta method — Benchmark fit

Using a fit for high-gain and low-gain measurements of risetime

Taking 6 O A-%bins for 750 m array and 9 O A-%bins for 1500 m array

Benchmark fitting function and zenith angle binning removes dependence of 3

on distance from shower axis and zenith angle
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(Yy moments

o

Composition implications from SD

(Y4 moments

Benchmark bin: Delta value is zero (as per definition)
Composition becoming lighter for 750 m array (lower energies)
Composition becoming heavier for 1500 m array (higher energies)
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(I £ moments

Trend in (I b) with energy similar, but with heavier composition over complete range

2 Inadequate description of muonic component by hadronic models
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max

Calibration with FD X

= Surviving 885 events from 1500 m array and 252 events from 750 m array fitted with:
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Composition implications

Composition implications
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Pierre Auger Observatory and Telescope Array

(Xmax) [g/‘:mz]

Pi

erre Auger Observatory and Telescope Array

Pierre Auger data and Telescope Array data can not be directly compared:

850 [
800 t
750 |
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650 |

Pierre Auger Observatory additionally corrects for acceptance, reconstruction and
resolution (detector effects)

For X,,., comparison, Pierre Auger Observatory mass composition is folded with
Telescope Array detector response, reconstruction and analysis
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Pierre Auger Observatory and Telescope Array

Pierre Auger Observatory and Telescope Array

Pierre Auger Observatory Telescope Array
Hybrid data: 1. December 2004 — 31. Hybrid data (MD): 27. May 2008 — 2.
December 2012) May 2013)
Number of events: 7365 Number of events: 438
Energy range: Above 10178 eV Energy range: Above 10182 eV
820
. % TAMD 2014 oreliminary
800 —
- { Auger2014 ® TAMD
G 780 — ,
- - WL
O - / LSS
- 55 . /%99997
N )
e - 297 T //// Q.Q? ////////////
© S f‘ ey 5 ///f:;/ //f/ S | /////55/2,;,//;;?
e B PRy e i //,. T
S TA0 = LGSl oA
~ ~ o e ) 'fz/.-" L
L S0 e L
B A A
- L
e
720 —
L e
7"[)[}_IIIII|IIIIIII|III|III|IIIIIII|III|III|

18.2 18.4 18.6 18.8 19 19.2 19.4 19.6 19.8 20

Ig(E/eV)



Conclusions

Conclusions

FD mass composition implications:

e Composition becoming lighter until ~1018-33 gV, after that again
becoming heavier.

SD mass composition implications:

* Heavier composition than that determined by FD

e Hadronic models do not describe measurements with muonic
component of the shower well

» Calibrated SD data agrees well with FD data

Pierre Auger Observatory and Telescope Array:

» After accounting for detector response, reconstruction and analysis
effects, the two results are comparable

Thank you for your attention!
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Searach for diffuse high energy photons

Search for diffuse high energy photons

Photons could form in GZK process:
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Searach for diffuse high energy neutrinos

Search for diffuse high energy neutrinos

Neutrinos (cosmogenic) could form in GZK process:
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GW170817 merger
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No neutrino events detected in either of
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More information at:

Search for High-energy neutrinos from
binary neutron star merger GW170817
with ANTARES, IceCube, and the Pierre
Auger Obervatory,
http://doi.org/10.3847/2041-8213/aa%aed
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