Ultra-high energy cosmic rays
with the Pierre Auger

Observatory
The quest for the highest energy frontier
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An Air Shower )
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A cosmic ray enters
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Its energy, composition, and
arrival direction are the inputs
to solve puzzle about their

origin
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Beam for particle physics
beyond LHC for free
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Electrons
Photons
Muons

protons

Ultra-High Energy interaction.
Cascade start-up
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2nd and 3rd generation. :
Leading baryons still carrying —
very high energy.
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The orignal information
information is being camouflaged
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Cutoff at E,/, =101%6 eV
.confirmed

Spectruma alone ismot
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y interaction models are right) |

Can watrust the model extrapolations beyond the LHC energies that far?
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'Pa"rticle Phy5|cs & Hadromc IVIodeIs

. EV|dence that model predlctlons \
need to be |mproved :
= Muens are sensitive to the

hadronic backbone of the a|r
"« shower

. UHECR +-air showe's data
chstram high energy models

R/(E/10" eV)

rogs section (proton-air)  [mb]
o5 -
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LIP is leadMhg a proposal foran = *iuen auger #pc rank Array*
Auger-upgrade to enhance the .° i
muon sensitivity and |mprove the ..
~ capabilities todo : A

Hadronic physics - . .
- beyondthe LHC  .B
» ‘Mass separation of
light and heavy

prlmarles
. Charged partlcle

Glass (soda-lime)

Gas (C;HFy)
Gas (C;H;Fy)
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Sky
Anisotropy -

* 1n'2008 a
- correlation of”
the arrival - ,
d|rect|on of the
| : highest’ energy
Auger ICRC13 preliminary \éit\iizzne]a:fg . CR With AGN was .

published

The degree of
correlation has

dropped to 30%
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. Neutrinos . =

Single flavour (90% CL) Cosmogenic v models
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i Conclusions ",

o Spectrum termmatlon observed: .
— GZK'cutoff (CMB) or Emax of the sources®

 Astrophysical acceleratlon prefered (vs Top- Down)

« Super GZK (weak) anisotropy '

— Sources Wlthln ~100 MpC Sphere (light composmon) v

8 ngh energy interaction models (above tHC) under stress.

(New physics?) : .
R\ EES com p05|t|on apparently heavy (extromely MGl
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The energy of an- '
UItra ngh Energy Cosmlc Ray

v E=3x10%eV =750 Youles detestedby Fly's Eye)
— Equivalent to the energy of a full speetl tennis ball

— But this energy is.carried by a 5" atomic nucleus!

electron beam
accelerating anodes

« Aelectron on an old TV cathode
(Catodic Ray Tube) is
. accelerated in 10,000 V

v E=10%eV . .
e need to mu|t|p|y by factor deflection coils

phosphorescent

o.get close to a UHECR screen
. recision Graphics
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released by a

Tzar Bomba

(Soviet) .

If the atoms of a human cell were £ S
accelerated to the energy of an UHECR, ™ p— £
Cpz XXIH-ENAA=RA=ZE 3 j |
|t WOUIGa PSO reaCh th|s energy — —— — Illustration From October 2
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Below: Constraint DM Simulations showing column
density up to the event horizon corresponding to each
energy. The closer, the more anisotropic.

)
\A ,b_,:""

S i E > 10%5 ¢V

E > 109> eV

Armengaud

Above: fraction of UHECR protons produced
within a sphere of radius D and reaching
Earth at different energies. (Interactions
CMB)

The higher the energy, the smaller the event
horizon
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Electrons and photons are the

most numerous particles in the

cascade.

Electrons are hugely affected
by bremstrahlung and multiple
scattering. Their trajectories
mimic a random walk.

Electrons
Photons
, Muons

protons

Muons are more scarce, but are
much less affected by bremstrahlung
and multiple scattering. They travel
practically in straight lines. They lose
energy by ionisation losses until they
decay.
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Collaboration : ~ 500 members & 19 countries

Argentina
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Croatia Romania
Vietnam®

= 4 .
Czech Republic *Associated g
France :
Germany !
Italy |
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United Kingdom

USA I
Pierre Auger
Observatory

Bolivia*

[ Full members
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2 ' wE “Water Cerenkov Detectors give signal
o ) ol el proportional te their track lengh in water .

Difficult to separate different particle types.
Some indirect methods
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.pixels
* 440 Photonis XP3062
wx Pixelf.ov.=1.5x1.5 deg
Collect FIuorescence.Iight emited by
tha,shower. Mainly the central region of
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" Photons and neutrinos:
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Figure 17: Compalation of 90 %L smgle-flavor wpper limits for diffuse neu-
trino flixes assuming 3 proportion of favors of 1:1:1 due 0 newtnino oscilla-
tions. Data are from loeCobe [175], Auger [176] and ANITA [177]. The shadad
area comesponds toexpected GF K nenirino fluxes compuied under different as-
sumptions of spurce evolution scenarios [ 166] with power-law energy spectra
of y = -2.0 and Fiy, = - 10°" V. The grey band depicts different transition
medels and spurce evolutions adapted from Bef. [178) (see text for details).
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Figurz 16: Integral photon fux limits at 95% CL. from AGASA [161],
Yakutsk [162]. Aunger [163, 16d] and TA [165] compared to flux peedici-
tons for (i K-photons [166], top-down scenarios of super-heavy dark matter
[SHDM} [167] and topological defect (T models, and Z-bursts [168].



