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Agenda

» Astroparticle/Air-showers in a nutshell
——= LAGO: Latino American Giant Observatory
« Aerodosis: Cosmic Rays on aircarft
* MuTe: Muon Telescope for Colombian Volcanoes
« CosmoGeophysics @Pierre Auger Observatory
* PAS: Polo de Astronomia Social

¢« RACIMO: Red Ambiental Ciudadana de

X/‘Monitoreo (Citizen Science Environmental
Monitoring Network)
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Astroparticles

W
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The results of my observations are best
explained by the assumption that a
radiation of very great penetrating power

enters our atmosphere from above.
- Victor Hess

Physikalische Zeitschrift (1912)



Greisen-Zatsepin-Kuzmin limit
Universe becomes opaque above the
threshold for producing a t on CMB

p(100 EeV) +y(CMB) > p+n,n+

adapted from Lohse

"'A

————gn
7

Reprocessed p p < 10 EeV, do not point to the source

1 i ;
) 4 2 - >
10 100 E (EeV) K. Greisen, Phys. Rev. Lett. 16, 748 (1966)

G. T. Zatsepin,V. A. Kuzmin, JETP Lett. 4, 78 (1969)




Fermi acceleration

’) A Yior 37
“ LC 4 ol 29
OB [feory 3] iopuiics rayd Charged particles are accelerated by collisions
T ATV MR Ve 7 sl i with “magnetic clouds”
— to | . . -
W bl ualdls Magnetic cloud = a region of several light years
- < | Wit npladipedts dait diameter of particle density higher than average
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=s . . ..t v-ulit L o+, Headoncollision accelerates, tail collision
. A : . : decelerates
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blished in E. Fermi Phys Rev 75 (1949) 1169 Mechanism exists, but is not the most

effective
15 July 2013 A. Bettini. LSC; Padova University and INFN 41



SRLIEREE Ferml acceleration . -
| The ongmal model of Ferm1 1s today‘known first orde;Ferml mechanism ;

Axford in the Usa. It is élmﬂar but much more eﬂ'ecnve The accélerétmg obJect'ls the
. expanding magnetlc shock wave of a SN remnant (S h:




Diffusive Shock Acceleration(DSA)

(a) Shock Front
Upstream - . Downstream
e
= L
Ve
V é *0,.:/ »
S \

\\\\\\\L MHD waves 2

D vaves M Scholer
CRs are scattered

by MHD waves. u1/u2 +2

CRs excite dN/dE < Es S= 777 3 =2
the MHD waves. u/u, - 1

Axford 1977, Krymsky 1977, Blandford&Ostriker 1978, Bell 1978

Yutaka Ohira ( Aoyama Gakuin University )
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Gaisser, Thomas. "Challenges for cosmic-ray experiments." In EPJ p
Web of Conferences, vol. 145, p. 18003. EDP Sciences, 2017.




Production
Acceleration and decay (K. Kotera et al, ARAA49:119(2011)53)

Acceleration: Fermi 4+ diffusion

1AU 1pc 1 kpc 1 Mpc
1 ] 1 I

105

Neutron star

o First order: (SNR, 85 ~ 0,03):

AE/E ~ fs woj
o Power law like spectrum: ")
B(G)
dN
_ Ea _2 10° -
dEp X o <

Possible sources

e AGN

@ Magnetars e e e e o

ccres [N

@ Decay of supermassive particles X, mx > 104 eV

@ Acceleration E, x ZRB

IGM
shocks

@ All models predicts ny ~ n, > npycleons

@ Predicted fluxes are inconsistent with UHECR observations of mass
composition
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Energy spectrum and composition
A. Letessier-Selvon & T. Stanev, Rev. Mod. Phys. 83:3(2011)907
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Changes in the slope a are linked to J




Air Showers

All those... moments will be lost in time, like tears... in rain.

replicante Roy Batty
- R. Hauer
Blade Runner (1982)




Extended Air Showers (EAS)

EAS Particle cascade that originates with the interaction of a CR with the
atmosphere

@ X  Atmospheric depth (traversed mass)

@ Xy First interaction point

@ Ny Maximum number of particles in the shower: Ny, o< E,
@ Xyx Maximum depth: Xpx o< In(Ep)

EM T Hadronic

o Decay of 7% 70 — v~ o Decay of K= and @ Nuclear fragments
0 — yete~ K+ 5 pto, o p,n, ™=, K=*

@ Bethe-Heitler: G e Charmed mesons
BreTistrahlung: a+ U+Vu o cading particie
et L ety o Radiative processes effect
PaLrYprOdUCtiO": put _Ai_Y_, utete @ Concentrated in the
7<= ete” LAY axis shower

@ Dominates Npx — Xmx H —)0“1 t;lad o Ny N60’95

o Epni=(80%-90%)E, _° M XA E o Ny/Ne ~ 107210~
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Atmospheric showers Example, E, = 5 x 10 eV (500 TeV), § = 0°

hadronic )

muonic




Detection techniques at ground level

Transversal sampling

extensive air shower

shower front

ground array

@ Reconstruction of shower
parameters

o Excesses in the source direction
@ High energy threshold

Single particle technique

(SPT)

extensive air shower / /

ground array

@ No energy or direction reconstruction

.

@ Searches of excesses in the counting
rate

@ Low energy thresholds




The Latin American Giant Observatory (LAGO)
Project

A very long baseline “array” of water Cherenkov detectors (WCD)
AT,

wicw - The LAGO Collaboration
-

@ 80 members from 25 institutions at 10 LA

‘ ' countries

o Scientific goals:

"' - » Astroparticles up to the CR knee
‘u’ é » Study transient and long term Space
Weather phenomena trough Solar
modulation (SM) of Cosmic Rays (CR)
» Measurements of background radiation
at ground level

@ Sites at eight countries:
Argentina, Bolivia,
Colombia, Ecuador,

. = . @ Academic goals:
Guatemala, México, Pert & g

» Train latin-american students in HEP

Venezuela : :
_ . and Astroparticle techniques
® Two new detectors in Brazil » Build a Latin-American network of
will be incorporated by MJ Astroparticle researchers
v

operational




The Latin American astroparticle network

\ R _
N TN A operational [|*"

m coming soon

20°N

1 = Marambio (200 m) D, AR 10°NM
2 = Bariloche (850 m) ' : -

3 = Buenos Aires (10 m)
A L Fasmaniamns II:OP m)

How it works?

@ Non-centralized,
collaborative network
of institutions

10%%

o 3 working groups,

9-+2 members
coordination
. {1200 m)
committee, 1 Pl 900 m)
SC (1490 m)
@ Developments, (4550 m)

expertize and data are
shared across the
network




LAGO Programs

@ Acquire, produce, collect and
preserve LAGO data

LAGO-Extreme Universe
@ High energy astroparticles

@ Towards CR knees region L ACO-Univerciies

o Astrophysics and particle physics
LAGO-Space Weather in undergraduate courses
@ Cosmic ray solar modulation o Data analysis and statistic

@ Possible connections with physics

@ Muon decay
of the atmosphere

@ Detector physics and interaction

@ Background radiation at ground of radiation with matter

(and flight) level

y @ Construction and characterization
of particles detectors

WG2: Detectors
S. Dasso (ARG) L. Otiniano (PER) L. A. Ndnez (COL)




LAGO-Virtual: the Latin American astroparticle network

LAGO Data

o Two types of data: measured and L -
simulated N o

o Measured data: 4 quality levels: . @ /
raw data, preliminary, Data - S
Quality & High Quality E T —

o Massive data production: E o \,
raw (~ 1 TiByear ' det™'); B O e

sims (~ 3 TiByear 'site )

o LAGO is an EU FP7 LAGO & RedCLARA
CHAIN-REDS case study: first

@ Data repository located at UIS
(BGA, Colombia)

Data A ibility, Reproducibili e Data transfer from Sites to
Woae oo Dl Sopadienliy Repository using RedCLARA

and Trustworthiness) initiative (wh lable)
re ava
o Deploying LAGO-CORSIKA dhideletiie )
implementation on GRID

= = >
Asorey, H., et al. "The Latin American Giant Observatory: a successful collaboration in Latin America based on Cosmic Rays and computer
science domains." arXiv preprint arXiv:1605.09295 (2016).

data repository in LA
o LAGO data challenge: DART




Our detector: sWCD (Water Cherenkov Detector)
s as In smart

@ Autonomous, reliable, simple and
cheap detector

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

PMT

design)

e FPGA + Raspberry Pi: d 0
control, telemetry, ¢ t%&sutio
and on board data pre=c IS

(including machine learning
techniques)

@ Digitized signals by a 10-14 bits
FADC at 40-100 MHz (10-25 ns)

@ Temporal synchronization: GPS in
PPS mode

@ Station consumption: < 8W




Our new station: the smart LAGO-WCD
RACIMO: Red Ambiental Cludadana de MOnitoreo

Control and Acquistion Station — Environment (including WCD)

@ Sensors: Arduino-One&shield + environmental sensors (P, T, CO,, NO,, radiance,
illuminance, noise)

Control (SBC Raspberry Pi): data conformation, pre-processing and station control
Power: 15 W solar panel and batteries

GNSS: geo-localization and time synchronization

Comms: support standard protocols: WiFi, GPRS (2.5G-3G-3.5G), 4G-LTE




Data Generators

> CuratEd/pre/pgt\essed data

Curat draw\di’:':\

Digital Library

25



Curated raw data

- j— .—%
N
N\

Instrument conditions ational e-infrastr e
Authorship, process and protocols
whnership and accessibility

ardware Architect
Operating System
Application

SUCHy

iy

gl

o

Digital Library

Asorey, H. Et al “Data accessibility, reproducibility and trustworthiness with lago data
E [||E repository” Proceedings of "The 34th International Cosmic Ray Conference, PoS(ICRC2015)
g - 672, 2015 "



Permanent Identifiers for
data files

Data Accessibility:
CHAIN-REDS has helped LAGO
Jyto configure and tune-up the

" OAI-PMH of LAGOData
Repository

Now integrated in the CHAIN
REDS KB and SSE

AT N B e Y e P b ey S W0 Tt Mapcancres of Dpamm oof Dealon e verters wiw tremer TG b g P v
MG edtwd Sumny vy Sw s ome bty OIS Tha om ¢ =wrter w gt roore shamntes = $w memaposrteg S8

Data Accessibility, Reproducibility and Trustworthiness with LAGO [

Repositories H Asorey, LA Torres-Nino, D Cazar-Ramirez...

- PoS, 20
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Welcome Help Applications Job Status My Workspace Project Home

A

CORSIKA-LAGO

ﬂ Jobs Your job has been successfully submitted; you may get reference to it with
identifier:
i JobsMap DAT130500-0013-0050000-BER .input
L] Data ~ - Have a look on MyJobs area to get more information about all your submitted
jobs.
un a new aj ICi

L1 T

ation Press the Run a new application button to start another job submission

High Energy

Physics
ALEPH Analysis
CORSIKA-LAGO
Browse

NUCLEMD

\ Grant Agrement no. 306819-‘1
Powered By Liferay

Implemented with Catania SG Framework
Contacts: account | project | support This is a Service Provider of
Privacy Policy | Terms of Use | Instructions to Register and Sign in s 1s @ Service Provider of:

- ﬁiﬂDP “leduGAIN 39!99& ‘ﬁ_

- | “IE Rodriguez-Past | “ VI, et al. "A resilient methodology for accessing and exploiting data and scientific codes on
distributed environments." Computational Science and Engineering (CSE), 2015 IEEE 18th International

Conference on. IEEE, 2015.




New LAGO High Energy program

GRB light curve

@ New detectors at Sierra Negra: 4 segmented S " 1
40 m? WCD. Full operation in 2015. ‘]- ]

@ First SN WCD test and calibration . ) T4
(Aug/2014) : o |

@ Re-deploy detectors at Chacaltaya g | ,.M b ‘l‘
(Dec/2015) "l “l" LY L

@ Pico Espejo cableeway will-be-operative-in w*i it ccisund e .u
2017 (OCAM) I i

@ Re-analysis of the full data set
@ Building arrays at medium altitude sites - S —

(h > 3000m a.s.l) = A

o LAGO-GLORIA network: CR+Global E e T2
warming at high altitude sites I I N ,b ! va
e Signal time superposition analysis at i, e w“ — T

Chacaltaya for Galactic Center studies
@ Simulations of high energy showers (knee)




Chacaltaya S

Candidates

Altitude vs Surface
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Space Weather

Sun-Earth connection

@ Dynamic conditions in the Earth
outer space environment:

» Disruption of electrical power
grids

» Contribute to the corrosion of
long pipelines

» HF radio communications
and GPS interferences

» Operational anomalies and
damage or degradation of
critical electronics on
spacecraft, satellites and even
on board of commercial
airplanes




The LAGO Space Weather Program

via Solar modulation of low energy cosmic rays

Connections

Solar Activity

CR Flux > Modulated flux
Geomagnetic field . .

Modulated flux = > Primaries

: . Atmospheric conditions :
Primaries > Secondary particles
- Detector response .
Secondary particles »  Signals

Flux variation of signals at detector level < Solar Activity

Asorey, H. Et al “The LAGO space weather program: Directional geomagnetic effects, background
fluence calculations and multi-spectral data analysis” Proceedings of The 34th International Cosmic
Ray Conference, PoS(ICRC2015) 142, 2015



Rodriguez-Pascual, et al., 2015, October. A resilient methodology for accessing and exploiting
data and scientific codes on distributed environments. In Computational Science and

Engineering (CSE), 2015 IEEE 18th International Conference on (pp. 319-323). IEEE.

Simulations
Geomagnetic effects

Site characterization

B T L e T

Rigidez de Corte (Re) a 112.8 km sobre la ciudad de Bucaramanga
como Funcion del dngulo cenital y acimutal

ey a0

OIr
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Magnetic Rigidity , - _,

dt o

Rigidity Cutoff (Re) for Bucaramanga at 112 km AMSL
Function of Cenit and Azimuthal angle
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Asorey, H., Nufez, L. A., & Sudrez-Durdn, M. (2018). Preliminary results from the Latin American Giant Observatory
space weather simulation chain. Space Weather, 16, 461-475.



Coronal Mass Ejection

://sci.esa.int/solar-system/59399-tracking-a-solar-eruption-through-the-solar-system




51744-magnetic-reconnection-in-earth-s-magnetosphere

Geomagnetic reconnection




COSMIC ray intensity

'COSMIC rays /‘ .

-~

BEFORE DURING

http://sci.esa.int/solar-system/59399-track

-a-solar-eruption-through-the-solar-system/

Time



08/March /2012: Forbush event < single LAGO detector

104.00

LAGO-BRC: 1,8 m?> WCD detector ).
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Charge Histogram

10! | Automatic detection of hisogrum fesures @
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Forbush detection
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New Space Weather dedicated sites
The LIMA u counter & First LAGO sWCD in the Antarctic Peninsula

Coincidences: Muon counter 2015: LAGO at Antarctica

Amp
ADC

High
Voltage




The GUANE Array + The CONIDA Array

Towards Space Weather using small arrays of sWCD

Three 4 m? smart LAGO-WCD at the vertices of an equilateral triangle of

105 m side at Bucaramanga and Huancayo
Pl —

Arrays of WCD: towards detection of mid energy showers

Two detection modes:

@ Counting mode: acquires individual pulses that satisfies trigger condition:
amplitude, total charge or pulse shape

@ Shower mode: Signal correlation in three detectors — extensive air showers:
arrival direction and shower energy




Atmospheric reaction produces background radiation

Commercial Flights
11000 m a.s.l.
78000 particles/m? s

Chacaltaya
5300 m a.s.l. -
7100 particles/m?s

2990 ,J.lf"] elz2s /1 3

‘ D b “JJJAL -
i ﬁsop O‘jr?

e
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Sea Level
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The LAGO Space Weather Program

via Solar modulation of low energy cosmic rays and biological impact

Connections

Solar Activity
CR Flux > Modulated flux
G tic field L
Modulated flux i Primaries
L Atmospheric conditi :
Primaries O ™, Secondary particles
. Tissue Damage
Secondary particles > Damage

Flux variation at the airline route < Solar Activity

Pinilla, Sergio, Hernan Asorey, and Luis A. Nuiez. "Cosmic Rays Induced
Background Radiation on Board of Commercial Flights." Nuclear and Particle
Physics Proceedings 267 (2015): 418-420.



Radiation flux and comercial flights

Particle flux

%Fy = NeonCG . 1009 (9)
Nsin cG
" Ruta v | e | e u T w1 a% T p* | Otros | Total
'BOG-BUE 55.9 | 59.6 | 50.0 | 60.0 | 63.6 | 17.5 | 21.5 | 50.7 | 520
BUE-MAD | 57.0 | 60.6 | 60.1 | 61.2 | 64.7 | 188 | 228 | 60.6 | 53.1
| JNB-SYD | 933|043 | 04.1 058 | 9.7 | 79.9 | 825 | 94.9 | 919
I'NYC-TYO | 910 | 921 | 91.9 | 93.1 | 94.2 | 782 | 80.4 | 92.4 | 89.7
| SAO-JNB | 716 | 74.7 | 74.1 | 77.3 | 80.6 | 335 | 384 | 73.7 | 67.7
dN:”"‘i___N_BGA_ (10)
Neca

Ruta v e T e TutTu" T a% | p* | Otros | Total

BOG-BUE | 55.5 | 56.0 | 56.2 | 3.5 | 3.9 | 84.6 | 165.8 | 122.6 | 46.1
BUE-MAD | 56.6 | 57.0 | 57.3 | 3.6 | 4.0 | 90.7 | 175.9 | 1246 | 47.1
JNB-SYD 1933893903 |62 |65 | 3887 | 638.0 | 1956 | 82.2 |
NYC-TYO | 910 | 87.2 | 88.1 | 6.1 | 6.3 | 380.6 | 621.9 | 190.4 | 80.2
SAO-JNB | 713 [705 | 708 | 49 [ 53| 162.7 | 296.6 | 151.7 | 60.3 |

Particles and comercial flight




Energy Deposited

Cherenkov Energy

Energia Cherenkov depositada (mico)/em2)

Bioeffects and comercial flights

Energia de fotones Cherenkov depositada (nanol/cm2 min)
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Volcanoes Muongraphy
Tanaka et al., Nature Comms 5 (2014) and refs
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Volcanoes Muongraphy
Tanaka et al., Nature Comms 5 (2014) and refs

Volcanos Muongraphy

|
10° |

§ 8§ 3 88 & 8 8§

Muongraphy primer  m———

@ Muons: Very low stopping power:

( dEy, ) ~ 6MeV cm !

dxstd rock

o High energy atmospheric muons can
penetrate hundreds of meters of rock

@ From the known atmospheric muon flux
and measured directional flux across the
volcano — rock opacity

@ From rock opacity and volcano and
detector geometry — internal density
profile

o Internal density profile — deep volcanic
structures




Destances traveled for muons (m)

Lo in in e

d-azimuth

13 volcanoes analysed
Complies: Cerro Machin

Criterion 1: | Criterion 2: | Criterion 3:

Volcano

Azufral N Y N
Cerro Negro* Y Y N
Chiles” Y b & N
Cumbal N Y N
Dona Juana N Y N
Galeras X N Y
Machin X Y Y
Nevado del Huila N i N
Nevado del Ruiz N Y Y
Nevado Santa Isabel N Y Y
Nevado del Tolima N N Y
Puracé N X Y
Sotara N Y N

At the observational level, is the volcano base width less than
1,500 m?
* Are there tentative observation points where the surrounding
topography does not affect the target?
* Are the sites accessible and secure?
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MuTe (Muon Telescope)

(30x30) pixels camera for high precision muon detection

Altitud [m]
g £ ¥ ¥ 8 ¥ § ¥ %

100 100 1500 4000

Distancia (m]
59°- 64* 69-74* 19" =me 89*-90*
64°-69* 74%-79"* 84°.89*

Joint effort from UIS (Col), UT (Col), SGC(Col), CONIDA(Per) and UNAM(Mex)




: Proton collides with an |
" | atmosphere molecule.

Cosmic Ray Flux —Heliosphere Modulated Flux — Magnetosphere —
-+« — Primaries — Atmosphere Secondaries — Detector response — Signals



Observation points at Cerro Machin

Cerro Machin points P P, P, P,
Latitude ("N) 1492 4491 44 44
Longitude ("W) o381 THAS0 ThO2  TH.38S
Distance to center of the edifice (m) &3 %6 762 70 Simulated flux at observation points
Maximum observed depth (m) 218 228 200 190
Table 20 Feasible observation points at Cerro Machin voleano (1720°2308"N,  T3°20°15.39"W) X
omplving with the “thumb eriteria” described o section 5.2, The mudmum observed depth ar P! |09(®) [# em~? sr ! day l] (P, p=265 gr/cn]))
those points where the eterging muson fhux s less thao 107 muons per an® per day, correspoading e | I" ]lllk— | B =
1o xenith angles § = K2 &3

8-zenith

120 125 130 135 140 145

¢-azimuth
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Ray tracing'in muon trajectories



PMT
Photomultiplier Tube

Water
Cherenkov

Scintillators panels

30x30 bars:

Elevation 120cm x 4cm X 2cm
angle support

MuTe: The Muon Telescope




Proton collides with an
atmosphere molecule.

sy i > ToF measurement -> event discriminator
\N > Particle tracking -> differential flux —
S~ > Traverse distance X in the WCD

By
\\Z ;i \\

B v
o Muongraphy

. /v Particle energy
/ > Energy loss -dE/dx in the WCD
X

i 56
> Muon and electron classification

> Background flux variations
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MuTe parvel | 120cm x 120 ¢m) 30 x 30 strips

Daughter
boerd (x€0)

e
- -
.-
CONCTTILE W i

suply SPw

wires artronkcs SIPM signais
/
Arnnla anta.macinico
Centellador
8 :
- .
>
> , “\
- - Fibra -~ s \
- | SiPM
Acople mecanico
5V
|
= P OR-P1
— [ S1PMo T GPs | [To-P
—{ FPGa
1 SiPMsg|——» MAROC3 | | Cyclone Il [ SCB
HV Power [« T
* OR-P2
DC/DC|<€—12V

[ Panel 1

Panel 2
l x04 l whH4
— MAROC MAROC
T cEN OR_TRIG m»c.mf. OR_TRG
Trigger (e e Trigger
| GPs | Icps ]
Data | Dats
i : 4
ll I' ¥
l |
= 3 .
[ Router I
" -
I Server I

B .
A WO >11 o
Power Warer Cherenkov
Source Detector
» Sanesans Wweo
answ SIw
|
1
Metereological ssabion Cuthe
Doant
Terpwasy ROUTER
Frwntoe
ol W com
teard Omk
Ixw m§

58



Polystyreno
v ABS = 5.5cm Hueco
»
SIPM 7 X
continuo e X iy
(sin pixeles) 7 4 %
mu-
14.620 Fotones centelleo
ol 1.082.000 Fotones
" reemitidos por la
Fibra WLS
: o
Y e
| /
2 r\ — .- |
| .\ .
"% 192 al SIPM
. 20%de
deteccion

- 37 Fotoelectrones
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Geant4 Simulations
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Fhujo de seountariod particulas“m i
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Fapectrn de secwndarios prodiacidos por ene hoara de Nwjo a sivel del sibo on Bocaramsmzs (Y56 moonm
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Photo-electrons from vertical & non vertical muons
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Disefio y construccién de un hodoscopio portatil de 9 pixeles
para la caracterizacion de estructuras a partir del flujo de

rayos cosmicos

K Asceay(1], L A Nodexf2], K ) Forero-Qutidrrez]3], ), L Sarmanca Ceyl3] | Pefa-Rodrigecai2].

CIRG, Usiversidad Indestrial de Santander, Bucaramanga Colarndia
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The Pierre Auger Observatory

A theory is something nobody believes, except the person who made it.
An experiment is something everybody believes, except the person who made it.
- attributed to Albert Einstein




Fluxes of Cosmic Rays

N

% e 1) porthcie par m'—second)

The Pierre Auger Observatory

J. Abraham et al., NIM A523:1-2(2004)50 O
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Study of ultra High energy
cosmic rays (UHECR),
E, > 10 eV = 1EeV




The Pierre Auger Observatory

Concept

Hybrid detection

@ Surface detector (SD)

» Transversal development

» 1660 water Cherenkov
detectors

» Triangular grid of 750 and
1500 m

@ Fluorescence detector (FD)

» Longitudinal development
» 4 sites surrounding the SD
» 27 fluorescence telescopes




Surface detector: SD

1660 Water Cherenkov detector in a triangular grid of 1500 m in a 3000 km? area




e‘evatlon range |rom !IO to !!°, WI!ICI! ‘IES a!ove

The P ierre Auger O bservatory the field of view of the other FD telescopes.

Enhancements

FD Loma Amarilla
Lidar
IR Camera
Weather Station - GDAS
FD Coihueco & HEAT A Grid Peint
Lidgar, APF A N\, S LA
IR Camera P SR KK CER Y
Weather Staton / \ N\
."'fv l I" \\-" ™ \ ! /
SN eXireme Laser Faciity N\ |/ s = ! ¥_
fir] SN/ Auger Muon and Infill Ground Array (AMIGA) is a joint system of
pocer B Cengg;ﬁm:dmy X7 4 water-Cherenkov and buried scintillator detectors that spans an
o \ ww/h R FDL%:'-”* * areaof23.5 I;\ml(zsA electronics : SD & MD stations
y ) & IR Camera !
g A A 4 3 secsemsscsscsnsnsannce “ ]
Malargle « ::': Weather Staton o ': :
FD Los Leones | SO electronics | ((( i r—
Lidar, HAM, FRAM . 10km ] { o= t) —
T Camera ' ' (T35 Iowgpat s 1 I o
{Solar Power | /AMIGA @ surface
L |
................ b Sench W
\ tEthomul
“"AMIGA @ undesground |

| Control Boart FPGA  DISC

Auger Engineering Radio Array AERA consists of 153 antenna
tations at the Auger Infill array covering an area of = 17 km2




S —— :

hadronic component

Measurement v Theoretical calculation
J + EM shower energy
- — first principles
__-'5"‘: FY classical C
electrodynamics -
-l /‘
— "" ’
antenna and 7 ‘
detector response %
L X ,’/
| L\ =
A4 WA\
=1 A % Koy
=t A { -
(Y " [ atmosphere transparent
v ~_—  toradio waves
2-dim LDF model\

>

oancikdent measuramaent
with other datectons

7
[
radiation energy
per unit area

Need to be triggered by others detectors

Different types of polarization

Glaser, C., 2017. A novel method for the absolute energy calibration of large-scale cosmic-ray
detectors using radio emission of extensive air showers. arXiv preprint 1706.01451.

Huege, Tim. "Radio detection of cosmic ray air showers in the digital era." Physics Reports 620
(2016): 1-52. arXiv preprint 1601.07426




Neutrinos from WCD signal

1) Regular ptotm:shovV/cf

4) Down-going v,
interacting in the
mountains

Muons
Electrons & photons
Tau decay
narrow -\'ign'dl-“- broad Si}__'!lill.\ narrow sienals

Early region Late region




Auger: Scientific Results

Energies and rates of the cosmic-ray particles 5 O ye a r Old mys te ry h as bee n Solved
Grigorov
Ak
10° |- protons only MesnloJ B
< KASCADE =
' Tibet
o KASCADE-Grande ~—e—
lceTop73 .
all-particle HiRes1&2
—~ 102} TA2013
A electrons Auger2013 -+
- Model H4a
% CREAM all particle
o positrons >
BREAKTHROUGH R :
>
3 | A ¢
= \ Galactic 5
) | : -
g 10 | antiprotons
°
~N
w
Extra-Galactic
10®
Fixed target
HERA
RHIC TEVATROI‘:-HC
- l l .l | ) Ever snce the existence of cosmic rays with ndvidual energies of several Joules was
10° ' &
10° 10° 10 10° 10° 10'° 10'? estabished In the 1960s, speculation has raged as to whether cosmic particles of mean enargy

E (GeV/particle) of 2 Joules are created in our Milky Way or in distant extragalactic objects

The anisotropy indicates an extragalactic origin for these ultra-high energy particles.
Pierre Auger Collaboration, 2017. Observation of a large-scale anisotropy in the arrival directions of cosmic rays above 8x

1018 eV. Science, 357(6357), pp.1266-1270. ArXiv 1709.07321

Detection of GW170817: No associated neutrino
events in a time window within 500 seconds (and
up to 14 days after) around the detection. In

agreement with Antares and IceCube
Multi-messenger Observations of a Binary Neutron Star Merger

weitring cntelidate (ANTARES : ArXIV 171 005833
| = ANTARES o Ultrahigh-energy neutrino follow-up of gravitational wave events

ANTARES borime

=

M o 1 GW150914 and GW151226 with the Pierre Auger Observatory

/ I 1 Auger FoV' (dowe. geing)

=0 i u
ArXiv 1608.07378




Auger: Scientific Results

*) 33% more muons

e QII-04 p were detected than
o | © QII-04 Mixed . predicted by the
= = EPOS-LHC p. . “EPOS-LHC” model
Q 0O EPOS-LHC Mixed ? *) 61% more were
S | * _detected than
15 : = g § )
o z : o 3 . : H & predicted by the
[ - m 0 “QGSJet-11-04” model.
|
https:*/a rxiv.org/abs/1610.08509
1 12 1.4 1.6 1.8 2
seco

The Auger collaboration can extend its analysis outside the narrow energy range to look for
an energy dependence of the discrepancy, which would provide a clue to its origin. For a
complementary test, they could also analyze other observables that are sensitive to hadronic
interactions, such as the height at which muons are produced.

https://physics.aps.org/articles/v9/125



as of March 2016

Performance and Science Coordination

L. Perrone, T. Suomijarvi M. Unger, P. Ghia |
. . PIERRE
V. Verzr, I. Valifio AUGE R
G. Salina, B. Revenu, S. Maldera Spectrum: OBSERVATORY
Calibration Analysis: SD. Hybrid, inclined, Racio. (incl. acceptances)
SD, FD, Radio, ...
M. Mostafa, E. Moura Santos
Arrival directions:
point sources, large-scale, multiplets, magnetic field
effects, ...
J. Rautenberg, C. Berat :
Monitoring Analysis: J. Bellido, A. Yushkov
SD, FD, Radio, . Composition:
charged & neutral primaries mass estimators from FD, SD,
Radio
L. Cazon, T. Pierog
L. Valore, B. Keilhauer hA'r s.h.ower_ physics:
X S adronic interactions and shower phenomenology,
Atmospheric Conditions: Askaryan, new physics, LIV, ...
atmospheric monitoring, atm. data-bases
S. Petrera, S. Mollerach
Cosmic ray phenomenology:
P Assis. C. Di Giulio CR sources. CR propagation. magnetic fields. ...
i o
; We are here
IC:);:tfaratlon o b R. Mussa, H. Asorey
S:FDor:'arJi\ance. Cosmo-geophysics:
T PR atmospheric physics. solar-CRs. lightning. earthauakes...
I. Lhenry-Yvon, M. Roth, B. Dawson
Analysis foundations:
SD/FD/u-detector/Radio reconstruction, E-scale, event selection, detector simulation...




The Pierre Auger Observatory

CosmoGeophysics Task Force
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OCoCo: Observatorio Colombiano de Rayos Césmicos

E? dN/JE (m s "'sr"eV)

121 WCD on a triangular modular array

" Proton —+—
JACEE —»—

Search for space-tlm
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PAS: Polo de Astronomia Social

Main objectives

o To become a permanent link between Science and Society
o To build a world class centre in astrophysics and related sciences




1 . " n
Society” Dome R

@ Planetary @ 20" fully automated
@ Convention center optical telescope
e Data visualization | @ control and data
‘ acquisition of the
array

S — @ labs and offices

' “Science” Tunnel

@ “A unique bridge
between science and
society”

@ Qutreach activities

@ Interactive
visualization wall and
ceiling

v

Asorey, H., and L. A. Nufez. "The pas (polo de astronomia social) project." Revista Mexicana de
Astronomia y Astrofisica Conference Series. Vol. 44. 2014.



Citizen Science Environmental Project

T, P, NOx, CO,
“ Hum,
Irrad,SO

| . P, NOx,
CO, Hum,
Irrad,SO

, P, NOx,
CO, Hum,
Irrad,SO

05 E Goupo Hslley Red Ambiental Ciudadana de Monitoreo . ﬁ \‘;\R{‘ |

Bucaramanga Ciudad de cL_lf&adaan inteligentes

http://halley.uis.edu.co/tierra/




Our new station: the smart LAGO-WCD
RACIMO: Red Ambiental Cludadana de MOnitoreo

Control and Acquistion Station — Environment (including WCD)

@ Sensors: Arduino-One&shield + environmental sensors (P, T, CO,, NO,, radiance,
illuminance, noise)

Control (SBC Raspberry Pi): data conformation, pre-processing and station control
Power: 15 W solar panel and batteries

GNSS: geo-localization and time synchronization

Comms: support standard protocols: WiFi, GPRS (2.5G-3G-3.5G), 4G-LTE




[Cloudiness]— Nubosidad

Raspberry Pi @eather Stati@—

-

= e '{'
Rlonidablanca’y.

N

Photovoltaic [Raspberry Pi]<—[ Camera ]
system

[Arduino Uno]<_[ GPS ]

Sensors




" SAFECAST AR PROTOTYPES

https://blog.safecast.org/2016/01/safecast-air-prototypes/

Safecast v\rQJatstcu,scn T pudichy

O Festus OQuoen [ipkn  Martetphcs  Prcng

N o 1 T 35+ umeee|
Dnnhmmulm«m-hw? Satecont | Sefecast-Ar Omm M 43w 4 Prm 4
By Karen Foresn - J et 4
" < - LU s 11 e 3 Pramt § e o
'S Ccﬂnh"aumm&wlbm @
B By A il - 2 pesk - .
Back Orfira-Moicet 15 restint once 1o chminats g vibois |4 * Jon Grriub 1oday y
By Cadere Bkl -4 poy - 7 Loy Gt It hane 1 ae 20 2liie Sevelcoars Ao g pede ©
hor ard (v eA CIEk, Mt ST B, e bule idtteere
Mwnd“ﬁwmup 1) gt
By A% A6 - I peck m
Apmqudmwm. w1200 ugnd |!)
By Al 'Kl - 1 pedd ™
ltm:wouruvmuuvfw Pega dor wl wrou e letes o Sarecan 1 ar 2usiy ranirg priem
By Aadaw 2 oot - 20 en
D2 ooty PP BT 1 womns RI3:x xuav
He [Sofecant Avf Dipost for st Spoagiepmps com - | Logate 0 1 lopkc ——
By Cadirre S 1 pent
B s 0 nite dover? |3 2 = -
2 RN s ol wme 112 e Dt el Sk =g A el ghi
By s Pl - 5§ -
> A
Abagrmaly 1 igh PV vakaes aga i 1900 case) - Again sofmed By aacaam cleancg the sevsar (!
E?',Myd;u 1 pedd wt N e v e - N RES
R . T woe Cow w
Colorato beta ste 1)
By Loy Ao —_ v
3 ~
Tirestamp Weirdess (1)
» N 2o . 2 v *w
yls gutetoc- 7 ooee L
s L "N i Vou = i
Vnm:mumumw:wmsmmn natings agan 3 )
By Noern 'Ale 2 paats - M v -
Sorve recert P peats cxpliined jsassy 0K 2 TR it medtite s et Mot s St nad aiad oes
By Abero Al - F poet Ve =
LT )

Safecast Air

Doturentiion Ny Safecen's 4 Qualny Wosring dedice and platim

Sadecast |s an Intemasonal, volumser-caniered onganzation cevolsc o open clizen scienze for the envrcament
Sefecast mes ectahished by Sesn Bonrer, Pieter Franken and Jof Ho sharly atier the Fukushima Daichy nuckes
cisaster in Jepan lolloming he Tohaku earthauske on 11 March 2011 and manages a glodal open ciata netwerk for

FUTSee I o s

lorizing radistion monioring wt
X ’ T T . ol n3 L4 ¥
The Salecag! leam, wilh help of intemationa! Medcom, Tokyo Hackerspace and other vob.nigaers, has desigrnad .

varous devices# for radaton mappng. These inchude the bGegie and dGeige Nano kr moée sppicatons
(carbome and waking measuremants) 25 well s fxed stations calid Poirficast

oy Vang

rrus comySvenant St AV sere Ve

Al cats are collecied v the Salecas! AP > and are prasentng on the pudicly avalsble namctve Sslecas! Tin
Mip+

Cooreton Mrss

FIud O L SN A U D e S AT




Red Ambiental
Ciudadana de
Monitoreo

SESTRRY

bt AREA METROPOLITANA
giUUNICIPIO DE DE BUCARAMANGA

Alcaldia Municipal
de Floridablanca

Citizen science particle pollution monitoring network




Astroparticle Outreach

Particle Physics or Experimental Physics
courses at UIS (COL), Balseiro (ARG)
and UCV (VEN):
Electroweak theory + python + data
analysis techniques
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Digitales en Ambientes, Metodologias y Técnicas de Investigacion en la Universidad.”

Revista Brasileira de Ensino de Fisica, vol. 40, no 4, e5407 (2018)
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Astroparticle Outreach to the
Jungle: after 50 years of war? .;-P
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