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Welcome to
Pierre Auger Observatory

The biggest Observatory on Earth for the study of High Energy Cosmic Rays

400 collaborators; 40 staff members:
90 institution, 18 countries

R _S__ato_,: F. Gobbi, A. Travaini, J. Velazquez, A. Gor}__ze__’l_l___e__w__z G. A\_/il_a, B. Garcia




Astronomy Is the study of celestial objects.

It Is the study of almost all the properties of the
Universe from stars, planets and comets to the
largest cosmological structures.
and phenomena across the entire electromagnetic
spectrum and more.

It Is the study of everything that existed,
exists and will exist



Our knowledge about Cosmos
photons from all the ...



Electromagnetic Spectrum

Penetrates Earth's
Atmosphere?

Visible Ultraviolet X-ray Gamma ray

Radio Microwave Infrared
10_1{]

Radiation Type
Wavelength (m) 10

3
Approximate Scale
of Wavelength

Buildings

Humans Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

Temperature of

objects at which

this radiation is the
most intense

: 10,000 K 10,000,000 K

Astophysics multiwavelength




Brief History of Universe and Life

Time

— 0 < oocoofoooooy Big Bang!
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15 - Life appeared on Earth :
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— .4 S, Homo sapiens
""""" You were born!. M



There are more things than photons

* Particles interact each other.

*Particles arrive from the cosmos and
interact with the atmosphere and water.

* The interaction between particles and
matter produces light.



Short HIStory | 1909 - Theodore Wulf

It was assumed that some kind of
1785 — Charles Coulomb radiation may come from Earth.

Analyzed the discharge rate of

electroscopes. Wulf analyzed if it is modified with the

He could not find a satisfactory altitude: ithmeasurecll in. the Eifflel
explanation. Tower, without conclusive results.




Short History ||
_ “ v
.: “ . F/ m 1912 - Victor Franz Hess

AV v

On a balloon at 5000 m.asl,
discovered a "penetrating radiation”
coming from the space.

* He observed the
electroscopes
discharge.

1932 — Robert Millikan

*“Rayos Cosmicos”



Short History |l

1938 - Pierre Auger

*Geiger detectors installed on the Alps.

Discovered the "cosmic showers! cascades / - g
of secondary subatomic particles caused

by the collision of high-energy primary.

particles with air molecules.

Showers of energies ten million
times higher than any known before.

1938: It was concluded that they
were mostly protons (their flux depends
on the magnetic field)




What are Cosmic Rays?

* Nuclei with composition similar to those of solar system + p* +

gammas + neutrinos
Rayos Cosmicos

primaries
The products of the interaction and
decay reach the Earth's surface Nmow - e
N
* Energy range Mev — EeV ====> several sources
v
Low energies: Sun (10 => 100 MeV) aom

The rate at the surface 1/ seg cm?

High energy (up 10 EeV)
Galactic sources (supernovas).

Extragalactic origin.
The rate at the surface 1/ century km?

What the Pierre Auger
Observatory studies




Atmospheric extended Showers

At high energies, the
flux is so low that
direct detection is
almost impossible.

Indirect observations

from the shower of
secondary
particles
generated by the
iInteraction of CR
with the air

12




Pierre Auger Observatory

What the UHE-CR really are?

rface Detectors-DS
rescence Detectors-FD




Time Line for Pierre Auger Observatory |

1991 - Concept- Giant Array
Observatory, Dublin-ICRC

1995 - Feb-July Workshop
for final design

1995 - November: International
Collaboration creation
UNESCO, Paris

Alberto
Etchegoyen
Raul Colomb



Time Line for Pierre Auger Observatory I

1999 - March,15 - MoU Mendoza

1999 — March,18. Inauguration of Malargue site
2001 — May, 23. First Fluorescence event

2001 — July, 21. First Surface event

2001 — December, 9. First Hybrid event

2005 — August. First meeting about PAO results
2007 — November. First important paper

2008 — Full installation inauguration



One site: Malargue - Mendoza

“Pampa Amarilla”

Pure Air
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Tanks full of 12,000 liters
of ultra pure water
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Extreme Detector for

extreme physics
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27 Fluorescence
Detectors in 4 buildings
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15bits (2°15=32768) @ 10 MHz (100 ns)

22x20 — FOV: 30°x30°
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A Hybrid Observatory

Radiacion de Cherenkov

Antena
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HEAT High Elevation Atmospheric Telescopes




AERA
( Auger Engineering Radio Array)

Campo
Geomagnético

[\* Cascada de
particulas

L
I
Frente de onda ++ /ﬁ secundarias

Detects the signals created when the shower of electrones y sus
. . antiparticulas
secondary particles pass through the magnetic (positrones)

field of the Earth. _, Pulsos de radio
The e- e+ are deviated by the Earth's magnetic
field, which creates a faint radio signal between
30 to 80 MHz.

a) arrival direction and enegy is determined.

b) infomation about their nature is obtained. Antena AERAT Antena AERA Il

{antena marnposa)

Esquema de deteccion de pulsos de radio




AMIGA

(Auger Muon Infil for a
Ground Array)

74 scintillators underground
(238 modules at 2.5 m)

'Detectores da muones (Aum}

1 1“4-'1"‘, . l" ‘
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Our knowledge about Cosmos
particles...



A Multi-wavelength and
Multi-menssenger approach to the
knowledge of the Cosmos



Afterglow Light
Pattern
400,000 yrs.

Dark Energy

Accelerated Expansion

Dark Ages Development of
F.! Galaxies, Planets, etc.
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History of the Universe TELESCOPES

ACCELERATORS

KEY: W, Z bosons AN\, photon
q quark @) meson star

g gluon @.- baryon '-:

2 electron “ ion ‘ galaxy
Mnuon T tau black
N neutrino el , hole

Particle Data Group, LBNL, © 2000. Suppo




Tools to explore the Primitive Universe

Time Temp. Energy
TV
104 1o [ 107
10-35 = 1015
10-30 1025-— 1012
10 - 10°
10-20 1020 ©
~ 1PeV
1015
10-10 1015—- 1TeV ?
10° 1GeV Accelerators
1s 1077 1pev :
\4
10°s - 1KeV
11 3’3 105 -
106 - 1eV
109y = 103eV
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Extreme Energy Universe

EGRET All-Sky Map Above 100 MeV Pulsares

Radio | GRB
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Tools to explore the High-Energy Universe

Time Temp. Energy
(°K) | (GeV)
1030 =
102 -|-
H
1020 - Ultra High Energy
- Cosmic Rays
L A
1015~ :
F Accelerators
1010 — | [l -
L v
105 -




Astronomy of charged Particles

3D trajectories projected on X—Y plane

—leo_ggauss
-Cell size 1Mpe

B dir random




SuperkamiokaNDe

Construction 1996 -Recontruction 2006
1.000 m under.s.l, Mozum mine 50,000 tons of H,O
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Ka.%xka Observatory, ICRR
(Institute for Cosmic Ray Research),
The University of Tokyo
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50 m

IceCube
Laboratory

Data from every sensor Is

collected here and sent by

satellite to the lceCube data

warehouse at UW-Madison 1450 m

86 strings

DeepCore

Digital Optical
Module fDDM}

5,160 DOMs deployed
In the o

2450 m

2220'm Eiffel Tower

24 m

Opens a new window
) e on our universe
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Search for UHECR Anisotropies

Significant excesses in 12° around E >54 EeV events

The Pierre Auger Collaboratidf, Apd 804(2015)15



50 year-old mystery has been solved: dipole

a UHECR Flux Map at E > 8 EeV

The Pierre Auger Collaboration, Science 357(2017)1266, arXiv:1709.07321 [astro-ph.HE]
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More Results

Confirmation of existence of a
strong flux suppression at the
highest energies.lts origin is
not yet fully explained.
[(ICRC2019)450].
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Energy [eV]
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First indication that the pri- oo
mary composition of ult-
ra-high energy cosmic-rays is
getting heavier at higher ener-
gies.
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Pierre Auger Observatory

Open Data

February 2021 Release

lata.auger.org w7
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Auger Open Data Datasets Visualization

The Pierre Auger 2021 Open Data is the public release of 10% of the Pierre Auger Observatory data presented at the 36 International Cosmic
Ray Conference held in 2019 in Madison, USA, following the Auger collaboration open data policy.

ay is available to explore the released events, and example analy
ory and of the Auger Open Data.

s

Datasets Visualize

the complete released datasets an online look at the rele
and their comp




* Pierre Auger Observatory

Observatlons of the Unlverse of ngh
Energy can glve us totally unexpeoted
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Auger Prime -The Auger upgrade

Impression of the upgraded
surface detector stations
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Pierre Auger Observatory
Social Impact
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Pierre Auger Observatory

Open Data

February 2021 Release

lata.auger.org w7
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Auger Open Data Datasets Visualization

The Pierre Auger 2021 Open Data is the public release of 10% of the Pierre Auger Observatory data presented at the 36 International Cosmic
Ray Conference held in 2019 in Madison, USA, following the Auger collaboration open data policy.

ay is available to explore the released events, and example analy
ory and of the Auger Open Data.

s

Datasets Visualize

the complete released datasets an online look at the rele
and their comp
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