B Pierre Auger Observatory

studying the universe's highest energy particles”
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What is the universe made of?
What are we made of?
What is matter?



Searching for answers
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Why should we care?

- We are made of stuff of our universe -

tific knowledge of
.o'ld$.0ur-|ioves.

Moreover - Cle
natural world T




The power of science

‘ . 1. Observation
" =1 2. Theory
> | 3. Test




At Fermilab we explore:
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Exploring the mysteries
of the universe

Higgs Boson
(nature of mass)




Victor Hess discovered
particles from space




Natural Radiation
is all around us
(rays and particles)
Electro-magnetic radiation
Infrared light
Visible light
Ultraviolet light
CEININEREVS




The highest energy cosmic rays -
mysterious messengers
from the cosmos

The most energetic particles observed
in nature!




Observing cosmic rays

Air showers Lo AT A

-Cosmic Rays smash L Lalddea .
into molecules in the o YN\
atmosphere making AT A T

many new particles S i e e D e
-Millions of particles a

o



Cosmus: , and Mark SubbaRao (U of Chicago / Adler Planetarium)



mailto:randy@oddjob.uchicago.edu
http://people.cs.uchicago.edu/~dinoj

How they work

MAGNETIC FIELD

SOURCE OF
ELECTRICITY

Moving charged particles are bent by
magnetic fields
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How they work

ACCELERATING

/ CAVITIES

A ring of magnets
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Particle accelerators




Just how energetic are these
particles from space?

Modern particle accelerators




Just how energetic are these
particles from space?
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1 Particle per m?
per second

(the spectrum)

1 Particle per m2
m per year

Each large
tic is x10

N4

1 Particle per Km?
per century

Flux (m?sr s eV)1

Energy (eV) "



Adventures in Cosmic Ray Physics
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More, bigger cosmic ray
detectors




Building the
Pierre Auger Observatory




The Auger Collaboration
90 Institutions, >450 Collaborators

<~ Argentina NEQEER S
- ) O Australia Poland
Bolivia® Portugal
- I I Brazil Slovenia
— Czech Republic  Spain
E — " France United Kingdom
Germany USA
o SNz = @ ltaly Vietnam®
- FA | ™ e | o — _
Al —— Mexico * associate
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A Model for International Science

True International Partnership
No country, region or institution dominates




The Observatory Site

Mendoza LE, san
Province, ‘
Argentina iong ot N |

(Near the city of
Malargute)




Raising funds
[afalla con el Premio Nobel Cronin, Menem y Decibe
Todos ponen para el observatorio

LOS ANDES

El gobierno nacional participard con diez millones de pesos del observatorio de rayos c6smicos
que se instalard en Mendoza. La Provincia aportard otros cinco. Hay 19 paises en el proyecto.
(Informacién en pdgina 2, 2a. seccién) -

Jim Cronin and Alan
Watson

toured the world
promoting the
project
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The Design

Surface detector array + Air fluorescence detectors
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Concept to Reality
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The Observatory Plan
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Surface Array
~ . 1600 detector stations

T * , : : . Asua  1.5km spacing
\ © & El Chacay i :. . LAY -oo.'.""f‘ ® ooo,_ 1 3000 km?2

_~ Fluorescence Detectors
4 Telescope enclosures
6 Telescopes per
l'."l" U B - - Vi enclosure

200954 i
Molino™ oo Tagm L1 Sl X gen 24 Telescopes total
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The Surface Array Detector
Station

: . GPS antenna
Communi ion
cations I &~

antenna —

5

Electronics Solar panels
enclosure :

Battery box

B 3 - nine inch
photomultiplier
| tubes _ it o Plastic tank with
. . ‘ i Y 12 tons of water

~¥
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Surface detectors on the pampa
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Fluorescence detector telescopes

440 pixel
4 camera

3.4 meter diameter
aaqmented mirror

aperture
stop, filter,
corrector
lens



Six telescopes viewing 302 by 30°




One of the fluorescence detector
enclosures
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Deploying the Ar
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Not everything went smoothly




Auger Observatory Campus




Inauguration
November 2008
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The Observatory and the Malargue

QBSERVATORIO DE RAYOS COSMICOS PIERRE AUGER
Matargie, Proviocia de MendaraArgonting
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Impact - the Auger Observatory

Spectrum

Sources

Composition

New directions for future research in particle astrophysics

67 Journal papers
267 PhDs earned, 100 more coming.

Model for international science.

But there is more to come!




RESHARCH

COSMIC RAYS

Observation of a large-scale anisotropy
in the arrival directions of cosmic
rays above 8 x 10* eV

The Fierre Amger Collaboration®t

Cosmic rays are atomic nuclel amiving from outer space that reach the highest enengies
abserved in nature. Cloees to their origin come from stodying the distnbution of ther

arrival directions. Using 3 = 10* cosmic rays with energies above 8 = 10" electron

volts, recorded with the Pierre Auger Observatory from a total expasure of 76,800 km®
ar year, we determined the exdstence of anisotropy in arrival directions. The anisotropy,

detected at rmrethm a 220 level of significance, can be described by a dipole with an

amplitude of 657} percent toward right ascension as = 100 £ 10 degrees and dedination
&, = — 2471 degrees That direction indicates an extragalactic origin for these ultrahigh-
energy particles,
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