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- The Pierre Auger Observatory:
the physics case and the hybrid detector

- Recent results:
» Energy spectrum
» Arrival directions
» Mass composition
» Search for UHE photons
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The Pierre Auger Observatory
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The Fluorescence Detector (FD)
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The Surface Detector (SD)
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The hybrid concept
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The hybrid concept
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- observation of longitudinal profile
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| SD and FD combined in the hybrid mode
J‘ (i.e. FD + at least 1 SD)

= accurate energy and direction measurements

= complementary mass sensitive parameters

= calibration of the energy scale for SD events
'using golden hybrid data (FD + = 3 SD stations)
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Calibration of the SD energy scale

SD energy calibrated with the calorimetric one measured by FD (almost independent of the

hadronic interaction models) using the sub-sample of golden hybrid data
R. Pesce for the Pierre Auger Collaboration, ICRC 2011, arXiv:1107.4809
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Measurement of the energy spectrum
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Measurement of the energy spectrum

F. Salamida for the Pierre Auger Collaboration, ICRC 2011, arXiv:1107.4809
M.S. for the Pierre Auger Collaboration, to be published on EPJ Plus

loglO(E/eV)
18 18.5 19 19.5 20 20.5
C\l']_1 _I | | | | | | | | | | | | | | | | | | | | | | | | | | |
% COMBINED SPECTRUM
ﬁ'sa 1038
~ N - Hybrid: accurate energy
= B =2.63 £0.02 18
e =327 40,02 V2= 2 Ve o+ logio(E1p/eV) =19.63 +0.02 | measurement down to 108 eV
. i ‘
Y~ .
— - - SD huge statistics (E > 10'8° eV)
o) - logio(Eankie/€V) = 18.62 + 0.01
—
a8 e Auger
10°7 = 5 syst. FD energy scale 22%

C - power laws m fluorescence yield 14%

B o . m FD absolute calibration 9.5%

- —— power laws + smooth function ) ® invisible energy 4%

i m reconstruction 10%

Lo L L Lo L L NI N l L l = atmospheric effeCtS 8%
10'8 10" 102

EleV]
= Ankle: may indicate a change in the origin of UHECR (galactic to extragal. composition)
= Flux suppression above 10'9-° eV found with 20 o significance

Mariangela Settimo for the Pierre Auger Collaboration, SciNeGHE 2012, Lecce, 22.06.2012



Arrival direction and anisotropy

Search for anisotropy using nearby AGN
(Veron-Cetty Veron Catalog)

28/84 EVENTS (UP TO JUN 2011)
E > 55 EeV \
w=3.1° O
dmax = 75 Mpc

12 events inside a window of 13° close to CenA The Pierre Auger Collaboration, Astroparticle Physics 34 (2010) 314-326
K. H. Kampert for the Pierre Auger Collab., Highlight at ICRC 2011
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Mass composition

P. Facal for the Pierre Auger Collaboration, ICRC 2011, arXiv:1107.4804
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Search for UHE photons

UHE photons mainly produced as:

- secondaries of the photo-pion production (GZK effect) of nuclei
photon fraction at Earth~ 0.1 - 1%

- product in top-down models for UHECR acceleration

photon fraction at Earth = 10%

10 ,
| S. Lee, astro-ph 9604098 .‘;‘ 7
sl \ i
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Search for photons with SD

Different air shower development for photon primaries:
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Upper Limits with SD

Upper Limits to the photon flux and the photon fraction placed:

Photon Flux for E>E  [km™~sr-'yr]
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Search for photons with hybrid events

M.S. for the Pierre Auger Collaboration, ICRC 2011, arXiv: 1107.4805

= FD:

- Deeper development of the air showers

» Larger Xmax

= SD:

- Smaller detected signal at a given distance

0l Wi phot
- Fewer triggered stations 210°F i PTOTON
4 T - —«— proton
R, S o
Sy = E S; | —— » - Monte Carlo Simulations
, 1000 102 Energy = 10185 eV
! E
Si : station signal [VEM] :
R; : station distance to the shower axis [m] -
details on Sp: G. Ros et al., arXiv 1104.3399 [
1 o A il v i I s e L;L 111411 I -
=)  Smaller S; 500 1000 1500
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Search for photons with hybrid events

c,“g 1200 SD + FDI 18 <log, (E feV) <18.5 Fisher Analysis combining Xmax and Sp
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Fisher response M.S. for the Pierre Auger Collaboration, ICRC 2011, arXiv: 1107.4805
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Upper limits to photon flux
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M.S. for the Pierre Auger Collaboration, ICRC 2011, arXiv: 1107.4805
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Sensitivity to UHE photons

EXPECTED SENSITIVITY IN 2015 WITH TELESCOPE ARRAY
AND PIERRE AUGER OBSERVATORY
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Photon observation possible (in optimistic models)
M. Risse et al., Symposium UHECR 2012, CERN
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ENERGY SPECTRUM MEASUREMENT
- Ankle position (101892 gV) and flux suppression (1094 eV) measured with high accuracy

using SD and hybrid data

ARRIVAL DIRECTION
- anisotropy of the arrival direction of CR with E > 55 EeV measured with a p-value of 33%.

Directional search and large scale anisotropy studied.

MASSs COMPOSITION
- The <Xmax> and the RMS(Xmax) vs E indicates a change from light to heavier composition

for increasing E. Interpretation of results relies on hadronic models.

- Upper limits on photon fraction: 0.5% at 108 eV (Hybrid) and ~ 2% above 10'° eV (SD).
- photon limits are reaching the region of the most optimistic GZK predictions
- provide tighter constraints for models and allow reducing systematic uncertainties
ONn mass composition, energy spectrum and cross section measurements

Other results (p-Air cross section, test of hadronic interaction models, neutrino search) not shown
here!

Extension of the Auger analyses below 1078 eV with the HEAT and INFILL enhancements
Test of new detection techniques (radio, microwave) are in progress
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Search for neutrinos

Muonic component of the shower

-
7

1) Regular protolmy

2) Deep Down-going v shower Electromagnetic

component of the shower

—

4) Down-going v,
interacting in the
mountains

3) Up-going Earth-skiming v, shower

NEUTRINOS/HADRON DISCRIMINATION: "5 =
& T
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The Pierre Auger Collaboration, Astrophysical Journal Letters, in press, 2012
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Estimate of the p-Air cross section
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Test of hadronic interaction models
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A deficit of muons observed comparing data
and Monte Carlo:

- from golden hybrid events

- from inclined events
- independent of the primary particle (i.e. not
due to mass composition assumption)
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