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Centro Atómico Bariloche
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Part One:
the Pierre Auger Observatory
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Cosmic Rays

Before the Pierre Auger Observatory Era
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Cosmic Rays Spectrum

• Power law with index 2.7

• 12 orders of magnitude in energy

• 32 orders of magnitude in flux

• only few features
◦ Knee: 1 event/m2/sr/year
◦ Ankle: 1 event/km2/sr/year

UHECR

• At 1020 eV: 1 event/km2/sr/century

• First event: Volcano Ranch, 1962
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UHECR Astronomy

Magnetic fields

At low energies, CR are deflected by galactic and extra-galactic
magnetic fields.
UHECR (protons in particular) should point to the source

1018 eV 1019 eV 1020 eV
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GZK cut-off

At UHE, protons interact
with CMB photons by
photo production, and
nuclei with CMB and IR
photons through photo
dissociation

UHECR should lose energy
quickly on short distances
(< 100 Mpc)
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AGASA Spectrum (2002)
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AGASA

• 111 scintillator detectors, over
100 km2 for 11 years

• Exciting feature:
softer slope at UHE

• Even better:
post-GZK events
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UHECR Sources?

Bottom-Up

• Emax ' Z B L

Top-Down

• Super massive particle

• Topological Defect
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The Model Killer
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the Pierre Auger Observatory
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The Pierre Auger Observatory

In Malargüe (Argentina)

• 69.3o W, 35.3o S

• 1400 m a.s.l. (870 g cm−2)

Design

• UHECR study (E ≥ 1018 eV)

• Construction over in 2008

UHECR hybrid detection

• Ground detectors (SD): 1600 Water
Cherenkov Detectors covering 3000 km2 on
a 1500 m triangular grid

• Fluorescence detectors (FD): 24
fluorescence telescopes in 4 sites observing
over the SD area
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Ground detectors: WCD

• 10 m2 area rotationally molded
polyethylene tanks

• 12 m3 ultra pure water in a
diffusive bag

• Cherenkov light collected by three
9” PMTs

• 40 MHz FADC digitization

• Radio wireless communication

• GPS based timing

• Battery and solar panel powered
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Fluorescence telescopes

• 4 FD buildings

• 6 cameras per building

• UV filters

• 440 PMT per camera

• 180◦ × 30◦ field of view

• 10% duty cycle

• Observes longitudinal development

• Calorimetric energy measurement

• Composition measurement (Xmax)
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Hybrid events
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Hybrid reconstruction
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The new Era for UHECR
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UHE Exposure
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The new Era for UHECR

Bottom Up vs Top Down

Spectrum

Composition

Looking for the sources

High Energy Physics
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No photons, no neutrinos

• Top Down model interpretation of UHECR rejected

• Search for Cosmogenic Photons and Neutrinos started

• Search for multimessenger (Ex: Binary Neutron Star Merger)
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The new Era for UHECR

Bottom Up vs Top Down

Spectrum

Composition

Looking for the sources

High Energy Physics
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Energy Spectrum

• Strong suppression at 40 EeV (GZK? Source limit?)

• below 1 event per km.sr per milenium at 100 EeV
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The new Era for UHECR

Bottom Up vs Top Down

Spectrum

Composition

Looking for the sources

High Energy Physics
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Average Xmax measured by FD
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Composition measurements

• Lines from post-LHC models

• Composition trend changes around ankle

• UHECR heavy
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Combining spectrum and composition

• Galactic - extragalactic transition likely below ankle

• Ankle corresponding to end of extragalactic proton flux
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The new Era for UHECR

Bottom Up vs Top Down

Spectrum

Composition

Looking for the sources

High Energy Physics
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Correlation with close-by AGNs (2007)
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Evolution of correlation with close-by AGNs

28 of 63



Source catalogues comparison

Post-trial significance 3.9σ and 2.7σ respectively
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Large scale anisotropies
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Large scale anisotropies
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The new Era for UHECR

Bottom Up vs Top Down

Spectrum

Composition

Looking for the sources

High Energy Physics
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HEP with Auger
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Still lacking coherent view
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Other results from the Pierre Auger Observatory

• No excess from Galactic Center

• Point sources with neutral primary (neutrons, photons)

• Multi-messenger source search

• Radio detection of EAS (geosynchrotron - MHz, molecular
bremsstrahlung - GHz?)

• Atmospheric studies

• Solar physics

• TLE/Elves/Lightning physics

• Very active ”side physics” tasks

35 of 63



Take Home Message

• UHECR are accelerated in astrophysical sources

• Bottom-Up, no new physics

• Ankle likely end of extragalactic protons

• galactic-extragalactic transition likely at 1 EeV

• UHECR are extragalactic

• Strong suppression at UHE

• Muon deficit in models

It is called the disappointing model in the literature
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Take Home Message

• UHECR are accelerated in astrophysical sources

• Bottom-Up, no new physics

• Ankle likely end of extragalactic protons

• galactic-extragalactic transition likely at 1 EeV

• UHECR are extragalactic

• Strong suppression at UHE

• Muon deficit in models

It is called the disappointing model in the literature
we should call that the standard model
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The next Era for UHECR

Auger Prime
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What next?
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New detectors to get composition event by event
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Upgrade up and running

• More than 1000 detectors with SSD (Scintillator Surface Detector)

• More than 100 in operation (new electronics being finalized)
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Auger Open Data
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DIY! 10% at www.auger.org/opendata

DOI: 10.5281/zenodo.4487613
(https://doi.org/10.5281/zenodo.4487613)
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DIY! 10% at www.auger.org/opendata

• 6000+ km2.sr.year of exposure

• 20k+ events above 2.5 EeV, 3k+ hybrid events

• summary CSV files and JSON pseudo-raw data for each event

• website with event display, data description and analysis notebooks
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DIY! 10% at www.auger.org/opendata
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Part Two:
the ANDES

Deep Undergound Laboratory
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World map of underground laboratories - 2017
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The Agua Negra tunnel (Coquimbo - San Juan)

• Crossing the Andes is of strategic importance for the region to link
productive areas to the Asian market

• 2 tunnels, 12 m � each, 60 m one from another, ≈ 14 km

• Deepest point at ≈ 1750 m depth

• International tender started in January 2013, construction
20??-20??+8
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A scientific opportunity in the south?

• Opportunity for a big AND deep laboratory

• Located in the south
◦ opposite weather modulation (dark matter)
◦ complementary for supernovae neutrinos

• Geoneutrinos
(Low neutrino flux from nuclear power plants)

• Geoactive region

→ Underground geophysics laboratory

Manage it from an international consortium

• Opportunity to have not only international experiments but an
international laboratory

• The consortium would be the seed of a “CERN” focused on underground
science (high energies, geology, biology, technology...)
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Original scientific programme for ANDES

• Neutrino
◦ host a double beta decay

experiment
◦ build a large neutrino detector

as a flagship experiment

• similar to
KamLAND/Borexino?

• focused on low energies
• solar/supernovae/geo-

neutrinos

• Dark Matter
◦ modulation measurements
◦ 4th generation
◦ new technologies

• Geophysics
◦ Natural link of seismograph

networks
◦ “flat slab” study

• Biology

• Low radiation measurements

• Accelerator
◦ Nuclear astrophysics
◦ DAR neutrino beam?
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First proposal for the ANDES laboratory (2011)
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Conceptual design for ANDES (2015-2016)

• main hall:
(21×23×50) m3

• secondary hall:
(16×14×40) m3

• small halls (office, workshop,
clean room, ...):
total 340 m2

• ultra-low radiation pit:
�9 m, 9 m depth

• single experiment pit:
�30 m, 30 m depth
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Detailed engineering (2018-2019)

• Add GEO portion
(inspired by BFO,
Germany)

• Add BIO independent
laboratory

• Reorder small rooms

• Add Accelerator room

• Cost 73.2 MUSD
(including
multidisciplinarity
platforms)
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Current design for the ANDES laboratory

Approved for inclusion in tunel civil work by EBITAN
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International and institutional support

• Memorandum of Understanding signed during the
first ANDES workshop (includes the signaturs of
the director of Modane, the emeritus director of
Homestake, the spokespersons of SuperNEMO and
Edelweiss II).

• EBITAN (Entidad Binacional Túnel Agua Negra),
supported the ANDES laboratory in its Xth
meeting and agreed on including it in the Agua
Negra tunnel project in its XXXVth meeting

• Support and interest by latin american institutions:

◦ CONICET, Argentina◦ MinCyT, Argentina◦ Universidad de La Plata, Argentina◦ Universidad de San Juan, Argentina◦ ANDES Unit in CLAF◦ Universidad La Serena, Chile◦ Gobierno de la provincia de San Juan,
Argentina◦ CONICYT, Chile◦ Gobierno de la provincia de Elqui, Chile◦ Gobierno de la región de Coquimbo, Chile◦ CCHEN, Chile◦ MinRel, Chile

• Support and interest by representatives of latin american
scientists and institutions:

◦ Claudio Dib, representing groups from 4 Chilean
universities◦ Juan Carlos D’Olivo, High Energy Physics Network,
Mexico◦ Ronald Shellard, CBPF and SBF vice director, Brazil◦ Eduardo Charreau, ANCEFN president, Argentina◦ Francisco Tamarit, AFA president, Argentina

• Support from scientists and international experiments:

◦ Stephen Adler, Princeton◦ M. Miller, A. Garcia, University of Washington◦ Bob Svoboda, LNBE Spokesperson◦ Nigel Smith, SNOLAB Director◦ Kunio Inoue, KamLAND Spokesperson◦ Hiro Ejiri, Former RCNP Director◦ Yoichiro Suzuki, Kamioka Director, Super Kamiokande
Spokesperson◦ Takaaki Kajita, ICRR Director◦ P. Brink et al., DM modulation◦ D.A. Harris, K. McFarland, MINERvA Spokespersons◦ A.B. McDonald, Nobel Physics Laureate
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Manifested interest in contributing to ANDES

• interest for collaboration and instrument installation in
ANDES:

◦ Jennifer Thomas, SuperNEMO CB Chair◦ Daniel Santos, MIMAC Spokesperson◦ Kai Zuber, COBRA Spokesperson◦ J. Conrad, M. Shaevitz, DAEDALUS
Spokespersons◦ A. Galindo-Uribarri et al., ORNL

Interest in collaborating to the construction and operantion
of the ANDES laboratory by latin american groups:

• Argentina:

◦ IFLP, UNLP◦ Neutrones y Reactores, CAB◦ Part́ıculas y Campos, CAB◦ Bajas Temperaturas, CAB◦ Instituto Geof́ısico Sismológico Volponi, San Juan◦ ITeDA, CNEA-CAC◦ I&D - PNGRR, CNEA-CAC◦ F́ısica Experimental Altas Enerǵıas, UBA◦ Instituto de Matemática Aplicada, San Luis◦ Empresa SOLYDES

• Brasil:

◦ Rede Nacional de F́ısica de Altas Energias◦ ICE, UFRJ◦ IFRW, UNICAMP◦ ICRA, CBPF◦ Neutrino Physics group, UFABC◦ HEP, PUC Rio◦ Instituto de F́ısica, USP

• Chile:

◦ CCTVAL, UTFSM◦ Pontificia Universidad Católica de Chile◦ Universidad de Santiago de Chile◦ Dpto Ciencias de la Tierra, Universidad de
Concepción◦ ICFM, Universidad Austral

• Mexico:

◦ Instituto de Biotecnoloǵıa, UNAM◦ Instituto de Ciencias Nucleares, UNAM◦ Grupo Astropart́ıculas, UMSNH◦ FCFM, BUAP
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ANDES timeline

• Project started in July 2010

• First 3 ANDES workshops in Buenos Aires, Argentina, April 2011,
Rio de Janeiro, Brazil, June 2011, Valparáıso, Chile, January 2012

• approved by the Argentine MinCyT (CAGICyT) and EBITAN,
March 2012

• Fourth workshop in Mexico City, Mexico, January 2014

• ANDES Unit in CLAF created, January 2014

• Laboratory New Conceptual Design ready, January 2016

• Fifth ANDES workshop in Buenos Aires, Argentina, June 2017

• ANDES proposed for the TAN civil work by EBITAN, July 2017

• Sixth ANDES workshop in São Paulo, Brasil, August 2018

. Detailed engineering (0.5 M$) finished in May 2019

. Construction together with tunnel (20??+4-20??+10)
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http://lasf4ri.org/
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LASF4RI Stategic Document recommendations

59 of 63



“Los túneles se postergan y tienen sus tiempos de maduración y ejecución. La ciencia, que no se pregunta ”¿debo?”
sino ”¿puedo?”, no tiene tiempo

que perder. Avancemos con laboratorios, y que el resto venga por añadidura.”

“Tunnels are delayed and have their maturation and execution times.
Science, which does not ask ”should I?” but ”can I?”, has no time to
lose. Let us move forward with laboratories, and let the rest come in
addition.”

Rafael Bielsa, Argentine embassador in Chile, Oct 24 2020
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ANDES Conclusion

Underground Laboratory science is at the frontier.

There is a unique opportunity to build ANDES,
a world class deep underground laboratory,
one of a kind in the southern hemisphere,
operated by an international consortium

http://andeslab.org/
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International collaborations from the southern hemisphere

• Large astroparticle physics
projects run in South America

• the Pierre Auger Observatory
standardized UHECR

• much more to be done
(CTA, SGSO...)

• ANDES for the future
(10-15 years?)

• South America is closer to
Europe than it seems

(ignore COVID-19)

Especially Argentina
(and Bariloche for Zurich)
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Thank you!

Neutrino search
(Kay Quattrocchi, 2012)
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