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* History

* Previous experiments
* AGASA vs. HiRes contradiction

* Physics background
* GZK cutoff
» Magnetic fields

* Pierre Auger Observatory

* New results
» Spectrum
« Composition
* Photon limit, neutrino limit
« Hadronic models
* Anisotropy
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What else is part of
the astroparticle physics?

* similar technique (as for CR) — different energy range:
imaging atmospheric Cherenkov telescopes
(most energetic gamma-rays)

» detectors in ice, water, salt, etc.:
high energy neutrinos

e dark matter detection

* detectors of gravitational waves
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“Astrophysics in the 215t century will mainly
concentrate on two fundamental problems.
The first problem is something
we would like to see, but we don‘t see.
This something is dark matter.

And the second problem is something
we don‘t want to see,
but we unfortunately observe.

In this second case | mean

ultra-high energy cosmic rays.”

David N. Schramm
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time=-266us

A

452 Fe primary
H.Drescher, Universitat Frankfurt

H.-J. Drescher, Frankfurt University

* Primary particle interacts
with atmosphere

* Number of secondary
particles is created

» Secondaries interact again,
and again, ...

* Typical shower 10%° eV:
1010 particles at ground

* Animation color code:

blue: electrons/positrons
cyan: photons

red: neutrons
gray: mesons

(109 thinning)



How to detect UHECRSs?
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The array of
ground
detectors is

recording and FEEeEs

sampling
fraction of
secondary
particles.

Primary particle coming from space
(proton or light nucleus) hits the
atmosphere of the Earth

* The number of secondary
particles is proportional to energy
of primary particle

 Relative time of detection of
individual secondary particles
carries information about incident
direction of primary particle

* Types of detectors: ground
arrays and fluorescence
telescopes

88 Shower of secondary

¥ particles originates

during collissions with
molecules in the atmosphere.




Detectors of cosmic rays
with ultra-high energies
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7 different detectors were in operation during 40 years of measurements and
achieved detection of approximately ~ 200 particles with energies over 4.101° eV
and only ~ 20 particles with energies over 100 eV.

AGASA

Surface detectors:

* VVolcano Ranch, USA (1959 — 1963)
* SUGAR, Australia (1968 — 1979)

» Haverah Park, UK (1968 — 1987)

* Yakutsk, Russia (1970 — today)

* AGASA, Japan (1990 — 2004)

Fluorescence detectors:

« Fly’s Eye, USA (1981 — 1992)
- HiRes, USA (1998 — 2006)
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Is there really GZK-cutoff? Where are the sources?
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Protons, iron nuclei or mix?
We (once again) don‘t know.
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H Sites of origin of UHECRSs
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Distance (Mpc)

Sources of particles with E > 1020 eV have to be
within “GZK-sphere” (100 Mpc)




Influence of magnetic fields —

- ul I Gl 11wV

PIERRE

Kpe BE— SE— w22 « Above 10'° eV - not curved
25

trajectories ? - “Cosmic ray

a0l astronomy” ?

| | + Not so sure...

 Extragalactic magnetic
fields could be very
important, especially if
UHECRSs are mainly iron
nuclei.

n

 And what about Galactic

10} magnetic field?

T on, ..., Faraday rotation
| sl > field strength ~ uG
] Particle trajectories in the Galaxy: e surgly splral _

5. Iron nuclei, 4 x 1012 eV D 3X higher intensity than

regurarj, puroraal and toroidal components
exist







The Pierre Auger Observatory
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More than 250 PhD scientists from more than 60 institutions
from 15 (+2) countries.
Participating countries:

Argentina, Australia, Bolivia’, Brazil, Czech Republic, France, Germany, Italy,
Mexico, Netherlands, Poland, Portugal, Slovenia, Spain, United Kingdom, USA and

Vietnam’
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The construction of the southern site in Argentina is (almost) completed.

Northern
hemisphere Southern hemisphere:
(planned): Malargue,
Lamar, Mendoza province,
Colorado, USA Argentina

See www.augernorth.org for details

Lifetime of the observatory:




The Pierre Auger Observatory =
DIERRE hybrid detector of cosmic rays
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Scheme of hybrid detector function

» The array of surface
Cherenkovov
detectors will be
accompanied with
system of
fluorescence
telescopes, which will
observe faint
UV/visible light during
clear nights. This
fluorescence light
origins as by-product
during the interactions
of shower particles

with the atmosphere.




Ground detectors -
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PIERRE of the Pierre Auger Observatory
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Ground detectors:
Covered surface: 3000 km?
Number of detectors: 1600
Type of detector: Detector of Cherenkov
radiation, each consisting of 12 000 litres of
ultrapure water and equipped with 3
photomultipliers.

Spacing between detectors: 1.5 km.
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Fluorescence detectors —
B of the Prre Auger Observatory
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Fluorescence telescopes:
Number of telescopes: 24
Mirrors: 3.6 m x 3.6 m with field
of view 30° x 30°, each telescope
is equipped with 440
photomultipliers.
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Example Surface Array Event
(O~ 48°, ~ 70 EeV)
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Auger Observatory results




A e VoV . :
AUJer

PIERRE
AUGER

ICIYy vpccll

Uulll

OBSERVATORY

* No spectrum from SD only!

 Relation between particle
density parameter S(1000) and
FD energy using selected hybrid
events

* Aperture from SD

« Combining advantages of FD
technique (calorimetric
measurement of energy) and of
SD technique (well defined
aperture; 100 % duty cycle)
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photons | < 2% above 10 EeV |
max /

g protons

Fe

Also tau-neutrino limit
‘ Energy per nucleon is crucial \

Energy
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Vertical hybrid events

Inclined hybrid

=, MelfE e oa,
H - ¥ x

=1 "W .r'r .
-

400 600 800 1000 1200 1400 1600

200

DG [g/cm?]



PIERRE
AUGER

OBSERVATORY

2.0

Exposure map

-2.0

Significance

[o]

Anisotropy searches (around Galactic center)

AGASA excess is not confirmed

Searches considering a systematic energy shift between AGASA and
Auger show no excess




This slide was intentionally left blank.




“Discovery of the year?”

O

AGASA-like situation before the start of operation
of the Pierre Auger Observatory



“Discovery of the year !”

Particles with highest energies do not arrive isotropically.

|s observed distribution in agreement with distribution of any type of
known astrophysical objects?
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Blue — visible part of the sky
Red stars — active galactic nuclei (AGNs) with distance < 75 Mpc
— in agreement with our expectations (GZK cutoff)
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So, what are active galactic nuclei?

- galaxies with supermassive black holes in their centers; black hole
mass in order of 107 - 108 solar masses; enough matter nearby to be
swallowed



Obscuring
Torus ——

Narrow Line
Hegion

Broad Line

Accretion

Disk

Seyfert galaxies are
most common in our
selection.




However, we have to be careful...

Red circles — (again) AGNs closer than 75 Mpc
Black dots — all galaxies closer than 75 Mpc (HyperLEDA catalogue)

Distribution of ordinary galaxies (and matter in general) and of AGNs is very similar!

So, our first guess that the particles with the highest energies come from AGNs is not
correct — we need more data from both South and North ...
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Supernova Remnant G0.9+0.1

HESS J1745-290 (The Galactic Centre)

Emission along the Galactic Plane

Mystery Source HESS J1745-303
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Francois Montanek




74% Dark Energy




Galaxy Cluster C| 0024+17 (ZwCl 0024+1652) HST+« ACSWFC

- L

- i ’ : & : .
MASA, ESA, and M.J. Jee {(Johns Hopkins University) STScl-PRCOT-17b




Dark Matier Ring in Cl 0024+17 (ZwCl 0024+1652) HST+ACS/WFC
. —

NASA, ESA, and M.J. Jee (Johns Hopkins University) ST3cl-PRCOT-17b



Dark matter search strategies

1. Direcl detection >

2. Indirect detection >

< 3. Production al the Large Hadron Collider
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Cbrazek 2 — Infarferometry projeldu LIZO budou dosahovat wésl ciffivosti zasluhou Fabryho-
Ferotowych rezonsndnich dutin. Paprsky se budou v obou ramenech mnohondsobné odraZet mezi
voiné zavédenymitélesy T,a T,resp. T,a T, Teprve poté se slod’ a dopadnou na fotodetektor






