PIERRE
AUGER

OBSERVATORY

Recent measurements
on ultra-high energy cosmic ray
with the Pierre Auger Observatory

O. Blanch Bigas
Pierre Auger Collaboration
LPNHE, Paris



TALK OUTLINE

INTRODUCTION
HIGHLIGHTS OF RECENT MEASUREMENTS

NEUTRINO LIMIT



INTRODUCTION



Flux (m® sr 5 Gev)™

—2
10

—25
10

=
10

The SPECTRUM

/

i Ly, Fluxes of Cosmic Rays

= o

| %Q%

:_ 'ﬂ'ﬂx e {1 particle per m*—second)}

[ '»{:;L

ol ViR

= o

. O

= "o

C. T

B {3‘% Knee

= ,%S« (1 particle per m*—year)

- .S

— 'x_*f**

= 3.

- Ankle

:_ {1 particle per km—year)

_l ||||||I 11 |||||.|J 11 ||||||I ) 5], |||||.|J 11 |||||.|J 11 ||||||I 11 |||||.|J 11 ||||||I 11 ||||||I 1B | |||||.|J 11 ||||||I 11 ||||||I 1 |:.|1|||
167 10" 10" 14a’® 10717 1™ 1a’® 10" 167 1a'F 10'® 10°2°

10321
Enargy (v}



Flux (m® sr 5 Gev)™

—2
10

—25
10

=
10

The SPECTRUM

/

i Ly, Fluxes of Cosmic Rays

= iy

[ %Q%

:_ 'ﬂ'ﬂx e {1 particle per m*—second)}

e H's.;:;.h

ol o

[ O

= "o

L. o

B {3‘% Knee

= ,%S« (1 particle per m*—year)

- R

= 'x_*f**

= 3 N

- Ankle

:_ {1 particle per km®—yeal)

_l ||||||I 11 |||||.|J 11 ||||||I 11 |||||.|J 11 |||||.|J 11 ||||||I 11 |||||.|J 11 ||||||I 11 ||||||I 11 |||||.|J 11 ||||||I —— L1 |.|"1|||
167 16%2 40! «10?F 4o T e +a!® 10F 10 10'® 10" 102 407

Enargy (v}



The SPECTRUM
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Open questions at the end of the spectrum

Spectral shape
Composition :
p-Fe, vy, v

Sources of cosmic
rays

Production
mechanisms
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A huge (3000 km?) hybrid detector of Cosmic Rays above 10'*° eV

Malargtie (@ 1400 m a.s.l.
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HIGHLIGHTS OF RECENT MEASUREMENTS
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Correlation with nearby objects

Anisotropy at 99% CL above ~ 56 EeV (25% systematics)



Residuals from a standard spectrum
IIII|IIII|IIII|IIII|III

2 $ -
1 E+ -3.30 £ 0.06 E,
—— 1 L —
3 -t :
L ] + -2.62 +0.03 1
b, -
~ OF:----- ,l,...¢.¢.+.+ .............. —
= i 18.65 1955 ¢, A0

_1 ....|..,.|....|...*.+|¢Tlﬂ

18 185 19 195 20
log(E [eV])

One half of extrapolated flux at ~ 56 EeV (25% systematics)




articles)

shower size (

; ¢ I 5 5 % 1 5 & & 0 5 5 5 & & = & I =
200 400 600 800 1000 1200
slant depth (g/cm?)

Direct measurement of Longitudinal Profile (X,,,,) with FD



Elongation Rate
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PHOTON LIMIT
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We can get the electromagnetic contribution for the signal in the

SD from the FD and hence subtract the muonic contribution.
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TEST OF INTERACTION MODELS
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Real Air Showers seem to be richer in muons than those simulated



NEUTRINO LIMIT



SKIMMING NEUTRINOS

Allv flavours can interact in the atmosphere and produce an EAS,
but the earth-skimming mechanism can be used forvr :

T decay air sower

2
C.C. interaction

in Earth

incident v,

L. (v)~ 500 km Liecay (T) ~ 50 km L...~10km (at1EeV)
0>95, Earth opaque (¢), much larger (e), much smaller

Pierre Auger Observatory: 50 x 50 km?

This channel is expected to produce more identified neutrinos.

At source : very few vo = vevive=~1:2:0 , but ...
Oscillations with maximal mixing = vq:v,:v,=1:1:1 at Earth



Neutrino Characteristics

“Standard” CR

Neutrino
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For a very inclined shower
(above 70 deg), the presence of
electromagnetic component 1s a
clear signature of a neutrino or
emerging tau shower.



Neutrino Characteristics

“Standard” CR Neutrino
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Shower induced by emerging T : start close to the detector (young)
and is very inclined (90°< ¢ <95°)

Young Showers
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No candidate (Jan'04 - Aug'07), while ~80% identification efficiency




Atmosphere and detector

Acceptance for T showers

> Depends on tau energy and altitude

shower centre
> Growing detector

Acc (E.,dh)

Earth Monte Carlo
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Source Uncertainty 'E' 3
MC Simulations o
Interactions in Earth +5% £ i
Extensive Air Shower +20%, -5% 2.10'%L
QO -
Pierre Auger Observatory 2
Acceptance +2% S I
Topography +18% %1 0'5L
Theoretic knowledge S - B Theoretic knowledge
< - o
Tau Polarisation +17%, -10% i Bl All contributions
Cross Section +3, 9% 10"
Energy Losses +25%, -10% -
Total +132%, -45% L F L A R
17 18 19 20
Parton Distribution Function uncertainties at low x Log. ( Eintialvr [eV])
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Worst/Best combination of scenarios leads to
a factor ~3 difference for the flux limit
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The Pierre Auger Observatory has collected more UHE Cosmic Rays
than all previous experiments together in 1 effective year of
operation producing outstanding physics results.

The observed anisotropy of the highest energy events has finally
opened the door for Cosmic Ray astronomy.

The fact of being correlated with nearby sources, together with the
flux suppression at the same energy scale, 1s the first clear
experimental indication of the GZK effect, which was predicted
long time ago.

The high quality data provided by the Pierre Auger Observatory also
gives information about the composition of the Cosmic Rays
(proton, 1ron, photon, neutrinos) as well as the interactions at the
highest energies, much higher than those of the accelerators.
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