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Cosmic rays interact with
the atmosphere
producing a cascade of
up to >10"? secondary
particles

LAGO measures with

v extreme detail the flux of
secondary particles at
ground level
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Stable

The Latin American Giant

Planned

Observatory

1 = Marambio (200 m) . N
2 = Machu Picchu (10 m) " a ¥
3 = Bariloche (850 m)

4 = Buenos Aires (10 m)
5 = VinaDelMar (347 "ﬂ
6 = La Serena (28 m)
7 = Tucuman (430 m)

8 = Asuncion-Paraguay (136 m)h~

9 = San Antonio de los Cobres (4
10 = Sao Paulo-UFABC (760 m)
11 = Atacama (5105 m)

12 = Campinas (640 m)

13 = La Paz (3630 m)

14 = Cota cota(bo) (3917 m)

15 = Chacaltaya (5240 m)

16 = Imata (4600 m)

17 = Lima (150 m)

18 = Campina Grande (550 m)
19 = Riobamba-EPOSCH (2750 m)
20 = Quito-EPN (2850 m)

21 = Quito-USFQ (2200 m)

22 = Bucaramanga (956 m)

23 = Pamplona (2342 m)

24 = Guatemala (1490 m)

25 = Chiapas (522 m)

26 = Sierra Negra (4550 m)

LAGO is an extended astroparticle observatory
at continental scale: from México to Antarctica

1-10 m3 water Cherenkov detectors (WCD)
deployed at very different altitudes and
geomagnetic coordinates

The time evolution of individual particles
signals registered at all the WCD are transferred
and stored in a central repository

Simulated signals produced by EAS are
calculated for any detector of any type, in any
site around the World under realistic
time-evolving conditions
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The Latin American Giant Observatory

Autonomous, reliable, simple,
cheap and smart (based on SBC
and COTS) WCD with a single
PMT (usually provided by LAGO in
most of the participating
countries)

New own designed electronic based
on SteamLab RedPitaya
H. Arnaldi et al, IEEE2020

SaaS (Sensors as a Service) Concept
H. Asorey et al, PoS(ICRC2015)



https://ieeexplore.ieee.org/document/9046374
https://pos.sissa.it/236/247/

LAGO Capabilities: Multi-spectral analysis

e Simultaneous measurements of secondaries at ground level

@ Intensive simulation and data analysis frameworks

Connections

CR Flux Astrophysics transients> Modulated g - -
.-+ Modulated flux S field> Primaries - - -
-+ - Primaries i ke Conditions> Secondary particles - - -
.-+ Secondary particles e ! Signals
v

Flux variation of signals at detector level<<Transients
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10! S . Automatic detection of histogram features <& -

Automatic integration of charge

histograms in different bands:
electromagnetic (EM), muonic (MU),
minishowers (HD)

11 |EPOCH Analysis
 Data stacking looking

" for sources
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CORONAL MASS EJECTIONS
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https://pos.sissa.it/395/1267/

LAGO SW Long term analysis for space climate

at low rigidity sites: LAGO observations
at the Antarctica Peninsula (N. Santos et

al, PoS(ICRC2021)304)
April 2019 December 2020

34— Oulu NM 1/ —— Oulu NM
—— Marambio WCD —— Marambio WCD

i)

Standarized count rate

01 06 11 16 71 26 01 06 11 16 21 26
Day Day



https://pos.sissa.it/395/304/

LAGO HE program

Imata, 4600 m a.s.|
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LAGO Capabilities for detecting high energy
component of GRBs and Gamma Sources
C. Sarmiento-Cano et al, PoS(ICRC2021)929

Small arrays of WCD at very
altitude sites (<4500 m asl)

high

FOV overlapped by design for
simultaneous measurements

75 GRBs in 2020
- [ ]

=1 Chimborazo
Imata
[ Atacama
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Conteo [ua]

LAGO Universities

(hybrid mode since 2012!). More than

400 participating students in total

Next edition Feb. 2022 @ Tucuman, Argentina

Ajuste exponencial para la diferencia de tiempo entre pulsos
para un detector Cherenkov de Agua (LAGO COLLABORATION)
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Experimental, astro-ph & hep-ph courses availables Muon
decay: electroweak theory, python, data analysis,
simulations, detector physics, statistics, ...

H. Asorey et al, Rev. Bras. Ensino Fis. 40 (4)

LAGO
WORKRSHOP

21-26 February 2022
Tucuman, Argentina

\ A\

w
Organiza: ™ m

LAGO SCHOOL
main topics @ Registration form:
https://forms.gle/CmsBIYMt6Xq7P9

* LAGO data
management and
sharing
Scientific
Programming Tith Oct 2021
Machine Learning: form
fundamentals, tools https://forms.gle/sRwrDEn1gcNyjxpS7
and applications Abstract submission deadline:
Space Weather 08th Nov 2021

* WCDs:
instrumentation and

Hybrid format meeting: both
electronics

in-person and virtual



https://doi.org/10.1590/1806-9126-RBEF-2018-0092

LAGO Universities

Thesis LAGO by Year
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LAGO Thesis 2 4
Title Author [Director] Thesis Type School Year 4 4 3
Escuela de Fisica, 2
Caracterizacion de perfiles atmosféricos para la cadena de Grisales- Undergradi Universidad Industrial de 2019
simulacion de la colaboracion LAGO Casadiegos, J. [] thesis Santander, Bucaramanga, i
Colombia 2 1 1 1
Escuela de Fisica,
Estimacién de la respuesta de un detector Cherenkov de aguaal .. Undergraduate  Universidad Industrial de
fondo de rayos césmicos en Bucaramanga(956 m s.n.m) Jaimes-Motm A:L] | irigsis Santander, Bucaramanga, 2015 0
Colombia
g § & &5 & & &5 2
Escue_la de lngeni(_er(a g 8 8 R 8 8 8 8
o g e it : l.m. ia s e Tolcomimcaciones . 2018
ﬂegg—e—m@mgy—l guane), | & flare thesis Universidad lndustria'l de i
deteccién y estudio de rayos césmicos en Bucaramanga YE.[] Santander, Bucaramanga,
Colombia

L AN Tharciec hu Tuna

26 thesis / 44 publications / 15 astroparticle schools in LA

efficiency: (scientific production / investment) tends to infinity
. Sidelnik for LAGO, LAS4RI forum, 2020



. INERGY Red Ry * *
LAGO Virtual @ ciara €

DART and FAIR protocols implemented in all the LAGO datasets. Data transfer Res In fra
and storage at central repositories. Supported by RedCLARA (LA) and EOSC EU-LAC
(EU). Routing throughout RedCLARA links had to be assured.

Data is transferred to the central a3
repository and is mirrored to seveltgflw7':';:”"‘
sites (+ each site has its own local data)



LAGO Virtual

Own designed hierarchical data analysis and virtualized docker-based tools
Measured: 2 TB/year-detector. 4 quality levels: L1: raw data, L2: preliminary, L3: Data Quality, L4: High Quality

Simulated: Up to 1 PB (estimated), EOSC-Synergy thematic service lead by CIEMAT: SO: raw data, S1: simulated and
modulated particles at ground, S2: simulated signals at detector level.

LAGO accumulated use of the EOSC/EGI cloud Infrastructure Data storage LAGO
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ARTI the LAGO simulation framework

Transient astrophysical phenomena

Flux of CR
\ ARTI Inputs Detector response

GEANT4 detector models

Site characteristics Si Is

time-evolving conditions:
MAGNETOCOSMICS (IGRF13&TSY), GDAS and CORSIKA

ARTl inputs —— S0: raw Corsika —— S1: secondaries —— S2: signals

do_sims do_showers do_signals



http://wiki.lagoproject.net/

EOSC = Syn ergy Main objectives:

European Open Science Cloud * Produce standardized
expanding the capacity and computational mechanisms and

0T : tools for
capabilities of EOSC by leveraging o  production of simulated data (ARTI)

the experience, effort and resources o curation and analysis (ANNA) of
of national publicly-funded digital measured and simulated data (ARTI)
infrastructures e Enable open data and open

science standards
o open data: Findable, Accessible,
Interoperable, Re-usable data

gsﬁgRGY e Enable data and resources
long-term sustainability




“Cloud-based ARTI at EOSC-Synergy

Partially funded by the EOSC-SYNERGY Horizon2020 RI pro;ect 857647.
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15 run: >10"" sim EAS in 150 kh-proc (now 500 kh-proc & 478)

LSC, 3 days, 28 m a.s.l.

IMA, 4 days, 4600 m a.s.l.
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Muography and Underground LABs:

One-year averaged flux of
high-energy secondary particles at
ground (p, > 800 GeV/c)

Reference muon flux for underground

laboratories and muography studies
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New detectors, integrated dose
and better shieldings
Detailed flux of of secondary

particles at detector level for all
LAGO sites and other locations

around the World.
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Next: Measured data analysis and storage

Measured ANNA: 80 TB/yr Calibrated

Signals '\ charge

hist
Modulated flux Corrected flux stograms
available in real time —,. @vailable in real
for SW forecast time for SW S?Z‘;:';ry
forecast P
Atmospheric j }‘
conditions PSA and long
Site characteristics t:.t.ctor term
"y modulation

time-evolving conditions:

LO L1 L2 L3







