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Pierre Auger Observatory

studying the universe’s highest energy particles

Ultraligh Energy Cosmic Rays
with the Péerre Auger Observatory
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260404 Astroparticle Physics
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Key questions In astroparticle physics:

* ORIGINS CRs (HADRONS+LEPTONS):
SNRs, BHs, NSs, DARK MATTER, DARK ENERGY

* UNIVERSAL ACCELERATION PROCESS?

* TeV GAMMA RAYS FROM ELECTRONS OR PROTONS?
* ORIGIN e* PLASMA?

* ORIGIN OF MAGNETIC FIELD?

« ENERGY PARTITIONING
* IS THERE A HIGH ENERGY CR CUT-OFF?

* QUEST FOR HIGHEST ENERGY CRs AND SOURCES

LOFAR + ANTARES

Asiroparticle Physics

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos
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Theodor Wulf & Victor Hess **
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Particles from the cosmos

« The outer layers of the atmosphere are
continuously bombarded by cosmic
particles

* The flux spectrum shows a rather
featureless behavior with a few kinks

« Particles at the highest energy are very
rare (< 1 km=2 yr') and their origin is a
profound question in astrophysics

* Origin of the high(est) energy cosmic
rays = BIQ QUESTION !

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 10
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Energy content

« The energy density of cosmic rays is ~1 eV/cm?®= 102 erg cm3
« Thus for cosmic rays: pg = 10> erg cm™

Again let’ s compare with some other astrophysical energies:

CMB density: ~1 eV cm3
visible light density: ~1 eV cm3
Galactic magnetic field density: B%/(81) ~1 eV cm™3

COSMIC RAYS HAVE AN APPRECIABLE ENERGY CONTENT

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 15
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Cosmic rays are particles!
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« These charged particles obey the laws of Nature:
F=q[E+vVvxB]

« Magnetic confinement Larmor radius: (R, B = p/q)

R, =100 kpc [E / (102 eV q) ][ uG / B]

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 18
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Particles & Fields

« Charged particles in the cosmos are bent; therefore their point of
origin might be difficult to identify (amount of bending depends on
momentum and charge: p/q)

PARTICLE ASTRONOMY depends on detailed knowledge of B

« Charged particles can be trapped in magnetic fields or they can
bounce from “magnetic clouds” (Fermi)

« The trapping can only happen up to certain energies (or more
precise: up to a certain ratio of momentum and charge: p/q)

ACCELERATION OF CHARGED PARTICLES

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 19
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Blazar 3C454.3

Crab Pulsar & SNR

EGRET (part of CGRO) gamma-ray sky map > 100 MeV
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Cosmic accelerators

« SN1572
— Chandra X-ray image
— blue: electrons
— red / green: gas

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 22
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Accelerators

CERN

T ATLAS
Pomt 1
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Paths through the Galaxy
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The sources

« (Galactic cosmic rays are contained in the
Galaxy by its magnetic field from which they
may escape eventually

« Using arguments based on energy content,
...... up to 1017 eV, most likely supernovas
are the sources

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos
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Mass in the local Universe
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Extra-Galactic
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magnetic field
in voids?

K. Kotera and A.V. Olinto
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Extragalactic fields

K. Dolag et al

Protons with energy of 4x10'° eV
Isotropic source distribution on a
00 02 o4 o's o's 1o memeess  Sphere with radius 110 Mpc
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Summarizing

The flux of cosmic rays with E > 10'° eV is very small: 1 km=2 yr' sr

Cosmic rays up to 107 eV are most likely produced in our Galaxy
from and accelerated by Supernova Remnants

At energies E > 1020 eV cosmic rays are not fully randomized in the
arrival direction by magnetic fields

If we want to find the sources at the highest energies, there might be
a chance if we know

— arrival direction, energy, and composition (mass or charge)

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 30
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A footprint of 3,000 km?

1660 Surface detectors

Pulse height self-calibrating
100% duty cycle

Acceptance easy to calculate
Energy scale model dependent

Only final stage of the shower is
detected

Partly sensitive to composition

27 Air-fluorescence detectors

Dedicated calibration procedures
=~10% duty cycle (dark nights)
Acceptance depends on energy

Precise and absolute energy
determination

Full shower tracking
Sensitive to composition

AMvdB Jan65: Magnetic Fields and the Cosmos 35
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Hyvbrid detection of air showers
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Can we trace back?
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Cosmicraysand AGN's ™

—_—
0.1 lightyears

o I

Relativistic Jet \

Supermassive Black Hole

Accretion Disk

Opagque Torus
{Inner Regions)
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Cosmicraysand AGN's ™
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Correlation signal is still significant
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Multiplets (assuming protons) “
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What does this mean?

« Strong correlation between identified source locations and arrival
directions is hint for small deflection

— light nuclei (low charge)?
— low magnetic field? can we use CRs to determine B??
« Cutoff at the highest energies can be explained by
— sources run out of steam: maximum Hillas value reached?

— particles are protons which loose energy on their way to Earth
through interactions with 2.7 K CMB photons?

« Actually we don’ t know (yet); all experiments agree on the cutoff,
but limited results on the charge/mass at high energies (E > 10126
eV)

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 47
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Airshower
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pp cross section @ TeV energy
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Era of Super-hybrid

Victor F. Hess Nobel Lecture 1936:

To make further progress, particularly in the field
of cosmic rays it will be necessary to apply all
our resources and apparatus simultaneously
and side-by-side

optical _ - et hpapcle
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Road to understanding

L Virgo ' "coma
1001 ,AA _|
— - oM W, h'i
- intergalactic processes " [ A . AN
P - i o s ~/ |
g p 'IC'_E .dlli:?u‘uf;://:?\‘\ /-’\_L\_\c_\_t = _,fn'\llw'\ I.'f '\__x N\~ _,-"/ A _/\.\'I_
i g e f Y

0 20 40 80 80 100

d [h‘p[:]

. Sou rCeS 110:_| T T T T 1717 T T T T TT1T T T \/l \‘l')" ] /
B ATLAS A
_100f  -m-CMs g
£ gf. “¥UAS /{‘-'ff.‘.;‘,/l"'
= E  -&cOFETIO0 A
2 80; &= This work /"‘("N 7
& Jofb 54
c E Plaaitt
g F ---- QGSJet01
£ 50 e CJGSJ:tII.S
E 5o S o — = Sibyli2.1
H 1 : L e At LR Epos1.99
 interactions in the atmosphere b e
E oje
30 Lol L L
10° 10* 10°

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos 53



rijksuniversiteit ‘
groningen

\J Kernfysisch Versneller Instituut

Jan Bedankt!

' }" Nil"nl ' ' ’
,_i | ',‘U,I.IH'”‘

25-08-2011 AMvdB Jan65: Magnetic Fields and the Cosmos

54

PIERRE
AUGER

OBSERVATORY



rijksuniversiteit ( ﬂ
groningen \‘

Kernfysisch Versneller Instituut

—_— — = —

& T h a n kS Pierre Auger observatory PIERRE

studying the universe's highest energy particles  RETVSIY
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