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Pierre Auger Observatory

the physics case

unveil the nature and origin of
Ultra-High Energy Cosmic Rays
after more than 100 years since
their discovery!

*  Energy spectrum
*  Arrival directions
¢ Composition

*  Hadronic physics
*  Multi-messenger

Observatory recently upgraded
— new data - Phase |l

Malargiie, Mendoza Argentina
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Pierre Auger Observatory
the hybrid concept

Malargiie, Mendoza Argentina

Surface Detector (SD)
Density of particles at the ground:
duty cycle ~ 100%

1600 stations @ 1.5 km, 3000 km?
61 stations @ 0.75 km, 25 km?

Fluorescence Detector (FD)
Longitudinal profile:
duty cycle ~ 15%

24 + 3 telescopes ~30°FoV @ 4 sites

Atmospheric monitoring devices

Laser facilities and weather stations Malarge f AP %
Los Leon:a_é_ }_-::--.- I
different detectors and many devices for atmospheric monitoring the most energetic multi-eye
— diverse data sources and formats event in the sample (E~6x10"eV)
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Pierre Auger Observatory
outreach program

since the beginning an extensive program
developed by the proactive outreach group

*  visitors center at Malargtie

* science fair

* Malargte parade

* local initiatives at schools

* art & science contests

¢ worldwide open science initiatives in synergy
with many international institutions

¢ communication and social networks

° open data

Large impact on local and world-wide students of
different ages and level
— engagement of the general public



https://www.auger.org/

Local initiatives
Visitors Center

Recently renewed headquarters

* models of the detectors

* interactive displays

¢ 3D vision and augmented reality

* guided, virtual and audio-video tours

00000 -+ Pierre Auger Observatory Historic Visitors Statistics
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~8000 visitors per year!



https://visitantes.auger.org.ar/
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Local initiatives

Science Fair 14y 15 de

Noviembre
de 2024

o \

Exhibition in Malarguie

each year involves hundreds of students from primary
and secondary schools in the Malarglie province and
beyond

* close co-operation between Auger staff and
teachers

* Auger collaborators act as reviewers of the
reports and judge the exhibition

* best realizations rewarded with prizes  ij 5 i

OBJETIVCS
DE DESARROLLOi -
SOSTENIBLE§ ™

- stimulate students to pursue
careers in science



Local initiatives
Malargue parade

Malargiie anniversary celebration B . DA “' g;;;’i.j’ﬁﬁ"

each year involves thousands of people coming
from all the Malargtie province

e full day of celebration in town

* Institutional and political message

*  Auger section with many enthusiastic
participants (both staff members and
collaborators)

Celebrating together Malarglie foundation
— strengthen ties to the local community
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Pierre Auger Observatory

° vouTuhe (@pierreaugerobservatory9832 -+ 148 subscribers - 15 videos

More about this channel ...more

Pierre Auger Observatory
communication
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Pierre Auger Observatory

AUGERINFOCUS

*  Flyers and brochures E
*  Auger official web page
*  OQOutreach page

*  Wikipedia P e}
*  Youtube & social networks

*  Press bulletin: Auger in focus

Artlcle  Talk

Deutsch

From Wikipedia, the

Naliano

The Pierre Auger |
designed to debect
at the spead of light
particles interact wi
particles |called an
energy parti huan

AUGERINFOCUS OBJETIVES

'SURFACE DETECTORS
The Pierre Auger Observatary receives.

an average of 10,000 visitors per year.
During each visit, a series of questions
arise that would require more detailed
explanations than those provided
during a tour. In this context, the
Observatory decided to select specific
topics that are repeated as part of the
public's questions. These texts can be
consulted by those interested in
learning more about the research and
developments of the Observatory, and
in particular by teachers, as they are
designed as  educational  and
dissemination material.

This is how Auger en Foco was born
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WHO WE ARE

To decode the enigma of ultra-high-energy
cosmic rays, the Pierre Auger Observatory,
where over 400 scientists, engineers,
technicians, and students from 18 countries
work, measures the particle cascades that
occur each time a cosmic ray collides with
malecules in the upper atmosphere. This
allows them to determine the energy,
direction of arrival, and nature of cosmic rays
of the highest observable energies. The
Observatory is located in the Southern
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Observatorio Pierre Auger Malargiie

3.6K followers 26 following
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of 1,660 detectors, spaced 1.5 km apart,
covering a total area of 3,000 square km.

The surface detector network s
complemented by a set of 27 highly sensitive
telescopes that, on clear nights around the
new moon, scan the atmosphere to observe
the faint ultraviolet light produced by cosmic

ray cascades as they pass through the air.

Information about the Pierre Auger
Observatry can be found on it’s websites:

www.auger.org
Www.auger.org.ar

In addition, an
online audio guide
allows you to take
a virtual tour
(Spanish,English)




World-wide initiatives
International cosmic day

Be a scientist for one day!
Organized by DESY and partner
institutions within IPPOG

involves thousands of students from
selected high-schools

* hands on different experiments
* analysis and discussion
*  printed booklet with results

Muon Flux [Hz]

~60 CountrIeS from 4 Contlnents 0 20 40 60 a0

9 Zenith angle [degrees]
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World-wide initiatives
International Masterclasses

Hands on particle physics!

Every year ~13000 high-school students
from 60 countries

Auger events held in February - April

* test edition in 2022

*  First edition 2023 with 3
Masterclasses events in 12
institutions (Europe/Africa)

* 2024 edition with 5 events in 16
institutions Europe/Africa /Asia/Latin
America

~ 550 students from around the world.. and we expect more!

International Particle
Physics Outreach Group




Pierre Auger Observatory Masterclasses
hands on cosmic ray data

The scientist busy agenda

PIERRE
AUGER

OBSERVATORY

Longitude:

Latitude;

Morning: introductory talks

Afternoon: experimental activity with data and
videoconference with Auger moderators for
comparing and discussing results

Equatorial

user friendly 3D display interface
manual event reconstruction: arrival direction +
energy event selection

Spectrum
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analysis with Python notebooks
* exposure corrected sky map of selected events
* energy spectrum of selected events
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The Open Data Portal
opendata.auger.org

Pierre Auger Observatory Open Data

&


https://opendata.auger.org/

The Open Data Portal https://opendata.auger.org
aim and structure Pierre Auger Observatory Opén DEE]

data should be accessible and reused
by the widest possible community

accord I n g to th e FAI R prl n CI p I eS d ata S h O u |d be Following the Auger Collaboration Open Data Policy, the Pierre Auger Open Data is the public release of 10% of the Pierre Auger Observatory

cosmic-ray data published in recent scientific papers and at International conferences. The release also includes 100% of weather and space-
FI n d ab I e AcceSSI b | e I nte ro pe rab I e Re usab I e weather data collected until 31 December 2020. This website hosts the datasets for download. Brief overviews of the Pierre Auger Observatory
and of the Auger Open Data are set out below. An online event display to explore the released cosmic-ray events and example analysis codes

are provided. An outreach section dedicated to the general public is also available.

All Auger Open Data have a DOI that you are required to cite in any applications or publications. These files are part of the main dataset whose

® detailed eXplanation Of detectors DOl is 10.5281/zenodo.4487612 and always points to the current version.
* close-to-raw data & high-level event info
*  portable file format (JSON and CSV) -
* 3D event visualization tools ® L

. Datasets Visualize Analyze Catalog Qutreach
*  Python code for data analysis

the an online xample of the apage
* Catalog of the 100 highest-energy events i s s
Simplified Outreach section — 2 o - oy
*  Helpdesk for contacting the collaboration - wa ’

https://arxiv.org/abs/2309.16294

- engage professional and citizen scientists
. . - TP About the Pi A Ob t
I n Wo r I d -WI d e ed u catl o n al & o Utreac h I n Itlatlves The F(I::rll-i Auge:aot)se:\it:;?oca:::?nearvast‘ hi:::;t‘l:?pgnrx the Province of Mendoza in Argentina. is the world's IargesL cosmic ray

13 observatory and measures the extensive air-showers produced by cosmic rays above ~1017 eV. The intensity of high eneray cosmic rays (those


https://opendata.auger.org/
https://arxiv.org/abs/2309.16294
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https://zenodo.org/doi/10.5281/zenodo.4487612
https://opendata.auger.org/

The Open Data Portal
content

100% of environmental and space-weather data

10" events detected from March 2005 to December 2020
atmospheric monitoring data of ~ 10 years

Weather stations data

temperature, humidity, pressure and wind speed at the
Pierre Auger Observatory site

— weather corrections
Scaler data

scaler mode particle counters for low energy cosmic ray
studies

- forbush decrease event

Atmospheric electricity

Observation of ELVES (light flashes during storms)
- 2-D animations in slow motion of the light fronts

- to be part of the environmental
15 and space-weather data network
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https://opendata.auger.org
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https://opendata.auger.org/
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The Open Data Portal
explore our data

Python notebooks

available for download or run online on Kaggle platform

* tutorial code to handle data
* plot basic variables

* learn simplified analyses

*  reproduce scientific results

understanding the main scientific
achievements and inspiring own analysis

S3s [VEM]

— various arXiv papers and a PRD article
using open data in 2023

https://opendata.auger.orqg

Motebook  Input Output Logs

Spectrum plots
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https://opendata.auger.org/
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Outreach @ the Pierre Auger Observatory
Outline

Local

Visitors center, exhibitions, guided and virtual tours, events in schools,
scientific fair, Malargtie parade

— continued effort to strengthen ties to the local community

World-wide
many initiatives dedicated to students of all degrees PIERRE
and to the general public AUGER

— expanded program for global engagement in science OBSERVATORY

Open Data Portal

diverse data shared with the scientific community following the FAIR than kS &
principles as part of the common effort in research

— new policy approved: increase fraction of released CR data to 30%! Stay tu I‘IEd !
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