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Lluvias atmosféricas extendidas: EM (y,€%): 85%

cada rayo césmico interactua con la . MU (’f): 10%
] . HD (p, n,m*, =%, K*...): 5%

atmosfera produciendo una cascada con

hasta >10%° (>10 000 000 000)

particulas secundarias

aun para una unica
cascada, es una tarea
computacional muy

- demandante

\.Estas cascadas son las
principal fuente de radiacion
natural
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LAGO is a giant network of
astroparticle detectors at
global scale, currently
operating in.11 countries
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Countries where LAGO is

operating i m /

. ActAive | .-{3,1.,/ .

. T . HE Gamma Sources and Space Weather and Climate
phenomena '

Hardware, software, expertise Intensive simulation program: calculate the total

and data are shared across the B .= exbected flux and the detector response at each

network of participating detection site

institutions




1 = Marambio (200 m)\‘s

2 = Machu Picchu (10 m) ™%
3 = Bariloche (850 m)

4 = Buenos Aires (10 m)

5= La Serena (28 m)

6 = Tucuman (430 m)

7 = Sao Paulo-UFABC (760 m)
8 = Campinas (685 m)

9 = La Paz (3630 m)

10 = Cota cota(bo) (3917 m)
11 = Chacaltaya (5240 m)

12 = Cusco (3400 m)

13 = Lima (150 m)

14 = Huancayo (3370 m)

15 = Campina Grande (550 m)

16 = Riobamba-EPOSCH (2750 m)
17 = Quito-EPN (2850 m)

18 = Quito-USFQ (2200 m)

19 = Pasto (2530 m)

20 = Bucaramanga (956 m)

21 = Pico Espejo-ULA (4700 m)

22 = Merida-ULA (1893 m)

23 = Caracas-UCV (900 m)

24 = Caracas-USB (900 m)

25 = Guatemala-USC (1490 m)
26 = Tacana (4060 m)

27 = Chiapas (522 m)

28 = Sierra Negra (4550 m)

The Latin American Giant Observatory (LAGO)

A Stable
= Deploying
; e Planned

[1] http:/lagoproject.net/

Geographical latitude

A Stable

= Deploying
20°N || ® Planned |
| ]
A |
|
1
(e R
]
A
Vs
A
-20°S 4
4
L]
A
-40°S
-60°S
| ]
A
-80°S ! L L I
0 P 4 6 10 12
Rc

Astroparticle physics to study the
extreme universe
Transient and long term space
weather phenomena trough Solar
modulation of Cosmic Rays
Measurement of background
radiation at ground level
Academic goals
o  HEP and astro-ph seedbed for
Ibero american students
©  Build an Ibero-American
network of astroparticle
researchers
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Our detector: sWCD (Water Cherenkov Detector)
s as in smart

@ Autonomous, reliable, simple and
cheap detector

@ Commercial tanks with
1,5m?2 — 10 m? of detection area
filled with purified water

LAGO Space Weather Station (planned)

VLF receiver for Space ?3’7

and reflective fabric)
Weather lonospheric

e PMT + Digitizer board (en 63
design) .
® FPGA + Raspberry Pi @tor o Digitized signals by a 10-14 bits
control, telemetry data aclisjtion FADC at 40-100 MHz (10-25 ns)

@ Temporal synchronization: GPS in
PPS mode

@ Station consumption: < 8W

. disturbances Lightning detector

—

Muon scintillator detector

data

Implementing cost-effective
instrumentation in order to have
a decentralized and sustainable

funding model.

Extensive Air Shower Photomultiplier

DAQ

Water Cherenkowx Detector
[ ]

15
Muon scintillator detector



LAGO Capabilities: Multi-spectral analysis

e Simultaneous measurements of secondaries at ground level

o Intensive simulation and data analysis frameworks

Connections

CR Flux Astrophysics transients> Modulated fux -+«

- -+ Modulated flux S i ﬁeld> Primaries - - -

-+ Primaries s o e Secondary particles - - -
.-+ Secondary particles i Signals

Flux variation of signals at detector level<Transients

H. Asorey et al., PoS ICRC2015 142, 2015
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Differential flux (counts m=2 s’} MeV'l)
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- for GR sources

- (Sarmiento-Cano et al ICRC
L 2021) :

Sl Automatic detection of histogram features < -

| + EPOCH Analysis.
E Data stacking looking

- Clharge Hisltograr'n —

Automafic integration of
charge histograms in different

__bands: electromagnetic (EM), muonic |
(MU), minishowers (HD)

10

100

DCpOSlth Energy (MCV) H. Asorey et al., PoS ICRC2015 142, 2015
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Earth magnetic field
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IGRF-13 Geomagnetic model (2020-24)

Total intensity flux for Jan’20
Multipole expansion up to =13

Solar wind effect, Tsyganenko model
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Flux [m™# st GeV]

Time-dependent local geomagnetic effects
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Extensive Air Showers (EAS): EM (y, e%): 85%
each cosmic ray interacts HD (p, n, o rou |((l:i):)-1g:2 o
with the atmosphere T 2

producing a cascade of up to
>10'% secondary particles

Tracking-the
development of all of

~ these particles, even
for a single cascade,
is a highly-demanding
computing task

""Integrated flux at ground: main source of
atmospheric radiation



Our framework: integrated ARTI, CORSIKA & GEANT4

&

MAGCOS uses
Files used by CORSIKA to produce
CORSIKA for a corrected flux
simulation setup
Perl language Root & C++

5

e Input e Steering files e Corsika ° MAGCOS

Bash interface Fortran & C++

B & all

» L . ) Output: Distribution of
Initial condiitions as Output: Binary files photoelectrons &

energy interval, and pre-analysis files. Charge histogram
zenith, azimuth and
geomacnetic field.

FAIR: los catalogos son encontrables, accesibles, interoperables y reusables
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100k vuelos/dia: mientras hablamos hay 7k aviones en el aire
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Airplane
78000 particles/m? s

—

Atmospheric
reaction to
CR is the
main source

of

background
radiation

(plus natural &=
radioactivity) gt

Buenos Aires (AR
750 particles/m?s




ACORDE: Application COde for the Radiation Dose Estimation

A tool designed to accurately calculate the radiation dose during commercial flights based on start-of-the-art codes

~ Daily profiles
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Atmospheric depth [g/cm?]

40 60 80
Height [m]

1. Segmentation of real flight 2.Onroute real-time EMF 3. On route GDAS atmospheric
paths from pub||c databases condition (IGRF13+TSY01 prOﬁleS

4.0n route integrated secondary 5. Dose calculation in Geant4 models of

particles flux at flight altitude (ARTI) the aircraft and a human phantomAsorey et al, JARI 2023



B ACORDE calculation example: 1B3270 MAD-HAM 6/Nov/2021

the worst case scenario is
considered for mixed altitude

400 T T segments
il 28
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From the real track gathered from public The cruise stage is automatically derived
databases, ACORDE segments the route from the analysis of the track altitude as a

and find the main waypoints function of time and its derivatives



Local GDAS atmospheric profiles at each waypoint

Mass overburden X(h) (g cm2)

Atmospheric profiles are gathered from GDAS database for each waypoint withina £1.5h time
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Secondary flux relative variation Gj (%)
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Barometric Pressure variation AP (hPa)
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6 ABREAST-WIDER SEAT
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§  Extended simulation campaign: 324 flights

1: Short (153), 2: Intermediate (58), 3: Long (113), 3t: Regular flights (76), 3*: W-E and E-W flights (37)

e 287 regular random IB flights 70 F ' ' ' = [ . :
100 -
e 37 West-East and East-West flights 60 |- I ] II
80
50 | b
operated by JL and CX . I ol
e ACORDE dose (E,) compared with = . | _%
3 30 — - &
CARI-7A standard calculation dose (EC) )y A .
g 20r M 19 i
e Absolute “ .
10 .
AE = (E,-E) obeenni é . 20 |
and relative differences 0L { , 40|
AE, =2 AE/ (E,+E 20 | , ! , ] ] ‘ . .
% ( . C) 1 2 3t3 3% o0 1 2 3f3 3%
were computed and averaged Flightegpe Flight type
e long flights: significant differences Type 3 (AE)=(30+22) uSv (AEy>= (44+£37)%

Type 31 (AE)=(22+21) uSv (AE,)=(41+44)%
Type 3* (AE)=(48+11) uSv (AE,)=(48+5)%



srs GeV))

o

dN/dE (of nuclei) [1/(m

10*

1.0

10

1078

o

10 12

10 16

50
107

10

102

S

GCR Heliosphere
Modulated

Flux \
" ) Flux
agnetosp V

From Astroparticle to Applications

. . Atmosphere . Detector .
Primaries Secondaries Signals or Doses
200 n_-:\ 3 MINE, 2600 m a.s.l., Es>80 GeV
2 3 5
ey ] 10 —
Hex 107, ] o
e s ] 4 < i
@, 10 A E
C x 1000005, T, i] E
%00, % ] - o
Ox107° oampge, o - o103 E
N - ‘O\"’ ® ] %‘ ]
e X 107 oagg, S e 3 L 5 1
M x 10-10 0, % * Q0. o L o 107 & E
0, N o, - $ 3 £ 3
o 1 00q e, ‘ g E 1
Six 10 Qn.o%o e . N o, E g 10 3 FEMALE
%9 ‘qu g “eq . E o E
Sx 10 H% e, o, Ty o B 7 ]
L O, e Iy & - 100 -
5 ° ° B ) E E
Arx 1071 ng, °~a,~° ‘b\\ a\.\!\’\f ] =2 3
Q o, ~ - ~ e 4
Cax107'® oung %o, s 2 f~ - x -1
oo, 5 ~ < 5 10 3
3 Qoa"o::"‘. \\\‘L » * : o §
Fex 107 h.o('or\oo o\.\“\ ,\§\' : 10_2 -
AMS © HEAO-3 b ‘.v\%q‘\ o 3. 7 5 B 3
° BESS o CRN g 3 >
© CAPRICE ¢ CREAM ey P 3 103 [ P )
o JACEE e TRACER ‘\l E | | . . 1 |
© HESS ; 3 s
ATIC o, 101 100 101 102
o RUNJOB 3 '
Sl SIEEGE G RIS SR G e Secondary particle momentum (TeV/c)

1.0 10.0 100. 103 104 105 106
Kinetic energy per particle (nucleus) [GeV]

ARTI + CORSIKA

ARTI ARTI + MEIGA (Geant4)
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Desarrollo de un “FAIRIficador” universal para “open radiation”
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LAGO en la nube B2FIND

o FAIR: los catalogos son

2 2 encontrables, accesibles,

3 e i s aE interoperables y reusables my

= iEsey (onyoaT

& | - contenedores docker con nuestros Sl
Un proveedor de servicios codigos se despliegan en el cluster virtual P ——

HPC asigna recursos cloud a desde docker HUB
la EOSC: * ] Los resultados se
n nodos, r GB/TB of RAM, d cluster virtual almacenan en un

almacenamiento
cloud accesible por
tokens

docker HUB

TB almacenamiento

e

Infrastructure
Manager

B2ZHANDLE

Servicio basado en web con plantillas para distribuir

recursos disponibles en clusteres virtuales. Instala el

sistema operativo, en nuestro caso, Ubuntu 22.04 +
gestor SLURM

Jsl

workload manager

se asignan PIDs (Identificadores
persistentes) a cada catdlogo de datos

AJ Rubio-Montero et al., IEEE WSC2021 21706697, 2021



@ Plataforma de gestion de grupos de investigacion

. o3
.g Jupyter
Q ‘ Ml Lab et
o V GitLab @ Mattermost

Ciencia abierta y reproducibilidad

G Lab?‘

Documentos, Codigos
Visibilidad WEB

complab®

Servicio de
computo

° Plataforma como servicio en la nube para
preservar la historia y facilitar la gestion de
pequenos/medianos grupos de
investigacion (10-30):

-
22
chatlLab?o

Servicio de
comunicacion

Datos de investigacion Q

4
Codigos informaticos zoom datalab®

;é Repositorio de
Entornos informaticos nstrumiab EHEs
Comunicacion Indl :: Reaia v "
Dataverse g?

Visibilidad web

C e D ' a RedCLARA e e o yeics
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®
geologia extrema




D
Pyroclastic flows normally travel to distances of 5 to 10 kilometres



;Como ver el interior de algo sin romperlo?



;Como ver el interior de algo sin romperlo?



Los muones atmosfericos pueden atravesar hasta 2000 m de roca




Muography : -

R. Calderdn-Ardila et al., Muographers 2021, submitted



e Start with an object with an unknown density profile

Muography, how to

@)
@)
@)

... measure the directional muon flux through this object
... and compare with the muon reference flux
— you get the directional opacity of this object [g/cm?]

e Additionally...

O ... obtain the external geometry of the object

o — and calculate the directional interaction distance [cm]
Finally, from...

o directional opacity

o directional interaction distances

elevation angle (mrad)

156

o(L)

T —
312 468 624

azimuth angle (mrad)

L

p(§)ds,
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Hydrogenatoms:."
in wetter soil absorb
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A Neutron’s life of deceleration

equilibrium /\

E d@/dE [cm /s, arb. scale]

1 meV 1eV 1 keV 1 MeV 1GeV
thermalized epithermal/fast neutrons, fastneutron  high-energy
neutrons water-sensitive domain creation by neutrons

(disclaimed) evaporation  (primary CR)



B} iPrimeros resultados obtenidos para Bucaramanga!

Flujo de neutrones BGA

0.0025
— Flujo Total

. 0.0020 +
5
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= 0.0015 -
lm Tota!
E 0.0010 A Entries: 1878047
°
=
* 0.0005 -

T
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Pixel delantero activado

Cara hacia el Volcan

Fibras
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m FAIRSFAIR

ooooooo g Fair Data Practices in Europ

New application: RadPhantom

Develop digital twin systems for calculating the effective dose in humans exposed to high doses of
environmental radiation. In the simulation of these digital twins, Monte Carlo simulation techniques are
applied for the implementation of a new MEIGA application in virtualized environments.

Large et al, 2020; Nufiez-Chongo et al., IEEE 2023
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