PIERRE AUGER DBSERVATIR

The Pierre Auger Observatory

On the vast plain known as the Pampa Amarilla in western Argentina, the Pierre Auger Observatory is studying the highest-energy particles in
the Universe, which hit the Earth from all directions, so-called cosmic rays. Cosmic rays with low to moderate energies are well understood,
while those with extremely high energies remain highly mysterious. By detecting and studying these rare particles, the Pierre Auger Obser-
vatory is tackling the enigmas of their origin and existence.

Fluorescence Detector
27 fluorescence telescopes
(in 4 different places)

Surface Detector

1,660 surface detector stations
(1,500 m apart from each other)

Area: 3,000 km?
(30 times the size of Paris)
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The Pierre Auger Collaboration

Argenling

» ~ 500 scientists
* ~ 90 institutes
* 16 countries

- construction budget: US$ 54 million
* 60 published peer-reviewed papers
* > 7,000 citations
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Karl-Heinz Kampert (kampert@uni-wuppertal.de)
Spokesperson of the Pierre Auger Observatory.

Professor of physics and chair of astroparticle physics at the
Bergische Universitat Wuppertal, Germany.

Antonio Bueno (a.bueno@ugr.es)
Co-spokesperson of the Pierre Auger Observatory.
Professor of physics at the Universidad de Granada, Spain.

rays with energies above 10" eV to better understand the universe.

Founding Fathers of Auger

Jim W. Cronin

Spokesperson Emeritus of the Pierre Auger Observatory.
Professor Emeritus at the University of Chicago, USA.

Nobel Prize in Physics in 1980 together with Val L. Fitch, for their
discovery of the asymmetry in the behaviour of matter and antimatter.

Alan A. Watson

Spokesperson Emeritus of the Pierre Auger Observatory.
Professor Emeritus at University of Leeds, United Kingdom.
Fellow of the Royal Society since 2000.

More information at
www.auger.org
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Timeline

Jim W. Cronin and Alan A. Watson suggest building a giant
air shower array with much greater collecting power than had
ever been considered previously.

Production of a design report — reference design and cost
estimate — by the Design Group for the Auger Project hosted
by Fermilab, lllinois, USA. This becomes the basis for funding
proposals in 17 participating countries.

A meeting is held in Paris to form the collaboration. It chooses
site the site of Mendoza, Argentina in the Southern Hemi-
sphere. The Observatory is named after the French physicist
Pierre Victor Auger.

Signature of the International Agreement in Mendoza.

Beginning of the construction of the observatory.

The Engineering Array — a full-scale prototype of the first 32
SD stations and a single fluorescence telescope — is operat-
ed for 6 months. It is later integrated into the main setup and
used for more detailed design choices and calibration.

The Observatory becomes the largest detector in the world
for the detection of ultra-high energy cosmic rays.

First physics results are reported from more than 100 sur-
face detector stations.

Release of 1% of the data to the public for outreach purposes.
The data can be explored at the website of the Public Event
Display (www.auger.org/event-display).

AugerPrime

The upgrade will consist of enhanced surface detector sta-
tions (SSD), faster electronics, dedicated underground muon
detectors and optimized operations for the fluorescence tel-
escopes.

Ten more years of operation is planned to double the data set
and to particularly study:
» The origin of the flux suppression at ultra-high energy,

» The proton contribution at highest energies (E > 6:10°eV),
leading to a so-called “particle astronomy”

* New particle physics beyond the reach of the LHC

What is it made of?
How does it get to us?

Where does it come from?

How does the airshower of
billions of particles develop?

How does it get 100.000.000 times
the energy of a proton in the LHC?

Key gquestions addressed by the Observatory

How can we improve the detector?

Preliminary results indicate that the directions of origin of the
27 highest-energy events are correlated with the locations of
active galactic nuclei (AGNs).

Observation of the energy spectrum of cosmic rays confirmes
that the flux is strongly suppressed above 4:10'° eV as pre-
dicted by the GZK theory.

Best present limits are set on the detection of photons with
an energy of 10%eV.

Observations of the depth of the maximum of air-shower pro-
files above 108 eV give first hints on the composition of cos-
mic rays at ultra-high energy.

Solar physics with the Auger Observatory.

Measurement of the proton-proton cross section at a centre-
of-mass energy of 57 TeV, complementing results from the
LHC — always below 14 TeV.

Best present limits on the detection of neutrinos with an en-
ergy of 10" eV.

Observation of large-scale anisotropies: Arrival directions of
cosmic rays are not evenly distributed, giving hints on the
origin — whether galactic or extragalactic — of cosmic rays at
ultra-high energy.

Observations of a deficit in the number of muons in air show-
ers challenge predictions from hadronic interaction models.

AugerPrime - Celebrate 15 years of achievements
and signature ceremony of a new International Agreement
for the next ten years (www.auger.org/augerprime).

More information at
www.auger.org



Enhancements and further developments to the Observatory

AMIGA - Auger Muons and Infill for the Ground Array

« an infilled aera of 61 surface detector stations, deployed on a 750 m
triangular grid of 23.5 km?, each paired in the future with a 30 m?
plastic scintillator and buried 2.3 m underground

« first 7 stations with muon detectors have been deployed in an engi-
neering array called the Unitary Cell (UC), completed in Feb. 2015

+ measures the muon content of air showers

HEAT - High Elevation Auger Telescopes

down to 10"7eV

Funding agencies

Argentina

Comisién Nacional de Energia Atdmica

Agencia Nacional de Promocién Cientifica y Tecnolo-
gica (ANPCyT)

Consejo Nacional de Investigaciones Cientificas y
Técnicas (CONICET)

Gobierno de la Provincia de Mendoza

Municipalidad de Malargie

NDM Holdings and Valle Las Lefias, in gratitude for
their continuing cooperation over land access

Australia
The Australian Research Council

Brasil

Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq)

Financiadora de Estudos e Projetos (FINEP)
Fundagao de Amparo a Pesquisa do Estado de Rio de
Janeiro (FAPERJ)

Sé&o Paulo Research Foundation (FAPESP)

Ministério de Ciéncia e Tecnologia (MCT)

Czech Republic
Ministry of Education, Youth and Sports
Czech Science Foundation

France

Centre de Calcul IN2P3/CNRS

Centre National de la Recherche Scientifique (CNRS)
Conseil Régional lle-de-France

Département Physique Nucléaire et Corpusculaire (PNC-
IN2P3/CNRS)
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Département Sciences de I'Univers (SDU-INSU/CNRS)
Institut Lagrange de Paris (ILP) within the Investisse-
ments d'Avenir Programme

Germany

Bundesministerium fiir Bildung und Forschung (BMBF)
Deutsche Forschungsgemeinschaft (DFG)
Helmholtz-Gemeinschaft Deutscher Forschungszent-
ren (HGF)

Ministerium fiir Wissenschaft und Forschung, Nord-
rhein Westfalen

Ministerium fiir Wissenschaft, Forschung und Kunst,
Baden-Wirttemberg

Italy

Istituto Nazionale di Fisica Nucleare (INFN)

Istituto Nazionale di Astrofisica (INAF)

Ministero degli Affari Esteri e della Cooperazione
Internazionale (MAE)

Ministero dell'lstruzione dell'Universita e della Ricerca (MIUR)

Mexico
Consejo Nacional de Ciencia y Tecnologia (CONACYT)

Netherlands

Ministerie van Onderwijs, Cultuur en Wetenschap
Nederlandse Organisatie voor Wetenschappelijk
Onderzoek (NWO)

Stichting voor Fundamenteel Onderzoek der Materie (FOM)

Poland
National Science Centre
National Centre for Research and Development

» 3 FD telescopes with elevated field of view — being tilted by 29°

 designed to cover the elevation range from 30° to 58°, which lies
above the field of view of the standard FD telescopes

« extends the energy range of cosmic air-shower measurements

W  AERA - Auger Engineering Radio Array

» 153 radio detection stations spread on an aera of 17 km?

« radio-station array completed in April 2015

« detects the radio emission from cosmic-ray showers in the
frequency range of 30-80 MHz

* measures the cosmic-ray composition beyond 3.10' eV

Portugal

Portuguese national funds and FEDER funds within
Programa Operacional Factores de Competitividade
through Fundagéo para a Ciéncia e a Tecnologia
(COMPETE)

Romania

Minister of National Education and Scientific Research
Romanian Authority for Scientific Research and
Innovation ANCSI CNDI-UEFISCDI

Programme for research - Space Technology and
Advanced Research (STAR)

Slovenia
Slovenian Research Agency

Spain

Comunidad de Madrid

FEDER funds

Ministerio de Educacion y Ciencia
Xunta de Galicia

USA

Department of Energy
National Science Foundation
The Grainger Foundation

International

European Particle Physics Latin American Network
European Union 7" Framework Program
UNESCO

More information at
www.auger.org



Argentina
Centro Atémico Bariloche and Instituto Balseiro (CNEA-UNCu-
yo-CONICET) (Esteban Roulet, roulet@cab.cnea.gov.ar)

Centro de Investigaciones en Laseres y Aplicaciones, CITEDEF
and CONICET (Eduardo J Quel, equel@citedef.gob.ar)

Departamento de Fisica, FCEyN, Universidad de Buenos Aires
(Ricardo Piegaia, aia@df.uba.ar)

IFLP, Universidad Nacional de La Plata and CONICET
(Maria Teresa Dova, dova@fisica.unlp.edu.ar)

Instituto de Astronomia y Fisica del Espacio (IAFE, CONICET-
UBA) (Adrian Rovero, rovero@iafe.uba.ar)

Instituto de Fisica de Rosario (IFIR) - CONICET/U.N.R. and
Facultad de Ciencias Bioquimicas y Farmacéuticas U.N.R.
(Maria Isabel Micheletti, maria.i.micheletti@gmail.com)

Instituto de Tecnologias en Deteccion y Astroparticulas (CNEA,
CONICET, UNSAM), and Universidad Tecnoldgica Nacional -
Facultad Regional Mendoza (CONICET/CNEA)

(Beatriz Garcia, bgarcia@frm.utn.edu.ar)

Instituto de Tecnologias en Deteccion y Astroparticulas (CNEA,
CONICET, UNSAM) (Alberto Etchegoyen, alberto.etchegoyen@
iteda.cnea.gov.ar)

Universidad Tecnolégica Nacional - Facultad Regional Buenos
Aires (Alberto Etchegoyen, alberto.etchegoyen@iteda.cnea.gov.ar)

Facultad de Ciencias Bioquimicas y Farmacéuticas U.N.R.
(Maria Isabel Micheletti, maria.i.micheletti@gmail.com)

Australia
University of Adelaide
(Bruce R. Dawson, bruce.dawson@adelaide.edu.au)

Brazil
Centro Brasileiro de Pesquisas Fisicas (CBPF)
(Ronald C. Shellard, shellard@cbpf.br)

Universidade Federal do Rio de Janeiro (UFRJ), Instituto de
Fisica (Carla Bonifazi, bonifazi@if.ufrj.br)

Universidade Estadual de Campinas (UNICAMP)
(Carola Dobrigkeit, carola@ifi.unicamp.br)

Universidade de Sao Paulo (USP)
(Vitor de Souza, vitor.de.souza@gmail.com)

Colombia
Universidad Industrial de Santander
(Luis Nufez, Inunez@uis.edu.co)

Czech Republic
Charles University Prague, Institute of Particle and Nuclear
Physics (Dalibor Nosek, nosek@ipnp.troja.mff.cuni.cz)

Institute of Physics (FZU) of the Academy of Sciences of the
Czech Republic (Jan Ridky, ridky@fzu.cz)

Palacky University, RCPTM (Miroslav Hrabovsky, miroslav.
hrabovsky@upol.cz)

France
Institut de Physique Nucléaire d'Orsay (IPNO), Université Paris
11, CNRS-IN2P3 (Isabelle Lhenry-Yvon, lhenry@ipno.in2p3.fr)

Laboratoire de Physique Nucléaire et de Hautes Energies
(LPNHE), Universités Paris 6 et Paris 7, CNRS-IN2P3
(Antoine Letessier-Selvon, antoine.letessier-selvon@in2p3.fr)

Laboratoire de Physique Subatomique et de Cosmologie
(LPSC), Universite Grenoble-Alpes, CNRS/IN2P3
(Corinne Berat, berat@Ipsc.in2p3.fr)

SUBATECH, Ecole des Mines de Nantes, CNRS-IN2P3, Univer-
sité de Nantes (Benoit Revenu, revenu@in2p3.fr)

Germany
Bergische Universitat Wuppertal, Fachbereich C - Physik
(Karl Heinz Kampert, kampert@uni-wuppertal.de)

Karlsruhe Institute of Technology, Institut fiir Experimentelle
Kernphysik (IEKP) (Johannes Blimer, johannes.bluemer@kit.edu)
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INSTITUTIONAL REPRESENTATIVES

Karlsruhe Institute of Technology, Institut fiir Kernphysik (IKP)
(Ralph Engel, ralph.engel@kit.edu)

Karlsruhe Institute of Technology, Institut fiir Prozessdatenverar-
beitung und Elektronik (IPE) (Marc Weber, marc.weber@kit.edu)

RWTH Aachen University, ll. Physikalisches Institut A
(Thomas Hebbeker, hebbeker@physik.rwth-aachen.de)

Universitat Hamburg, Il. Institut fir Theoretische Physik
(Guenter Sigl, sigil@mail.desy.de)

Universitat Siegen, Fachbereich 7 Physik - Experimentelle
Teilchenphysik (Peter Buchholz, buchholz@hep.physik.uni-
siegen.de)

Italy
Universita di Milano and Sezione INFN
(Lino Miramonti, lino.miramonti@mi.infn.it)

Universita di Napoli “Federico II” and Sezione INFN
(Fausto Guarino, Fausto.Guarino@na.infn.it)

Universita di Roma Il “Tor Vergata” and Sezione INFN
(Valerio Verzi, Valerio.Verzi@romaz2.infn.it)

Universita di Catania and Sezione INFN
(Antonio Insolia, Antonio.Insolia@ct.infn.it)

Dipartimento di Matematica e Fisica “E. De Giorgi” dell'Univer-
sita del Salento and Sezione INFN, Lecce (Daniele Martello,
Daniele.Martello@le.infn.it)

Dipartimento di Scienze Fisiche e Chimiche dell'Universita
dell‘Aquila and INFN (Sergio Petrera, Sergio.Petrera@aquila.infn.it)

Gran Sasso Science Institute (INFN), L‘Aquila
(Sergio Petrera, Sergio.Petrera@aquila.infn.it)

INFN, Laboratori Nazionali del Gran Sasso, Assergi (L‘Aquila)
(Aurelio Grillo, aurelio.grillo@Ings.infn.it)

Istituto di Astrofisica Spaziale e Fisica Cosmica di Palermo
(INAF) (Antonio Insolia, Antonio.Insolia@ct.infn.it)

Osservatorio Astrofisico di Torino (INAF), Universita di Torino
and Sezione INFN (Antonella Castellina, castelli@to.infn.it)

Mexico
Benemérita Universidad Autonoma de Puebla (BUAP)
(Humberto Salazar, humberto.salazar.i@gmail.com)

Centro de Investigacion y de Estudios Avanzados del IPN (CIN-
VESTAV) (Arnulfo Zepeda, zepeda@fis.cinvestav.mx)

Unidad Profesional Interdisciplinaria en Ingenieria y Tecnologias
Avanzadas del Instituto Politecnico Nacional (UPIITA-IPN)
(Rodrigo Pelayo, rodrigo.pelayo@gmail.com)

Universidad Auténoma de Chiapas
(Karen S. Caballero-Mora, karen.scm@gmail.com)

Universidad Michoacana de San Nicolas de Hidalgo
(Luis Villasefior, lvillasen@gmail.com)

Universidad Nacional Autbnoma de México
(Juan Carlos D‘Olivo, dolivo@nucleares.unam.mx)

Netherlands
Institute for Mathematics, Astrophysics and Particle Physics
(IMAPP), Radboud Universiteit, Nijmegen (Sijbrand de Jong,
sijbrand@hef.ru.nl)

KVI - Center for Advanced Radiation Technology, University of
Groningen (Ad M. van den Berg, berg@kvi.nl)

Nationaal Instituut voor Kernfysica en Hoge Energie Fysica
(NIKHEF) (Charles Timmermans, c.timmermans@hef.ru.nl)

Stichting Astronomisch Onderzoek in Nederland (ASTRON),
Dwingeloo (Heino Falcke, H.Falcke@astro.ru.nl)

Poland
Institute of Nuclear Physics PAN
(Henryk Wilczynski, henryk.wilczynski@ifj.edu.pl)

University of Lodz
(Zbigniew Szadkowski, zszadkow@kfd2.phys.uni.lodz.pl)

Portugal

Laboratério de Instrumentagéo e Fisica Experimental de Parti-
culas - LIP and Instituto Superior Técnico - IST, Universidade de
Lisboa - UL (Mério Pimenta, pimenta@lip.pt)

Romania
“Horia Hulubei” National Institute for Physics and Nuclear
Engineering (lliana Brancus, iliana@nipne.ro)

Institute of Space Science
(Paula Gina Isar, isar@spacescience.ro)

University of Bucharest, Physics Department
(Octavian Sima, Octavian.Sima@partner.kit.edu)

University Politehnica of Bucharest
(Octavian Fratu, ofratu@elcom.pub.ro)

Slovenia

Experimental Particle Physics Department, J. Stefan Institute
(Andrej Filipcic, andrej filipcic@ijs.si)

Laboratory for Astroparticle Physics, University of Nova Gorica
(Samo Stani¢, samo.stanic@ung.si)

Spain
Universidad Complutense de Madrid
(Fernando Arqueros, arqueros@gae.ucm.es)

Universidad de Alcala de Henares
(Luis del Peral, luis.delperal@uah.es)

Universidad de Granada and C.A.F.P.E.
(Antonio Bueno, a.bueno@ugr.es)

Universidad de Santiago de Compostela
(Enrique Zas, zas@fpaxp1.usc.es)

USA
Case Western Reserve University
(Corbin Covault, covault@anduril.phys.cwru.edu)

Colorado School of Mines
(Lawrence Wiencke, Iwiencke@mines.edu)

Colorado State University
(John Harton, john.harton@colostate.edu)

Department of Physics and Astronomy, Lehman College,
City University of New York (Luis Anchordoqui, doqui@gravity.
phys.uwm.edu)

Fermi National Accelerator Laboratory
(Peter Mazur, mazur@fnal.gov)

Louisiana State University
(James Matthews, matthews@phys.Isu.edu)

Michigan Technological University
(Dave Nitz, dfnitz@mtu.edu)

New York University
(Glennys Farrar, gf25@nyu.edu)

Northeastern University
(John Swain, john.swain@cern.ch)

Ohio State University
(Jim Beatty, beatty@mps.ohio-state.edu)

Pennsylvania State University
(Miguel Mostafa, miguel@psu.edu)

University of Chicago
(Paolo Privitera, priviter@kicp.uchicago.edu)

University of Hawaii
(Peter Gorham, gorham@phys.hawaii.edu)

University of Nebraska
(Gregory Snow, gsnow@unlhep.unl.edu)

University of New Mexico
(John Matthews, johnm@phys.unm.edu)

Southern University
(James Matthews, matthews@phys.Isu.edu)
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