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• 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	Astronomía Social
• RACIMO:	Red	Ambiental Ciudadana de	
Monitoreo (Citizen	Science	Environmental	
Monitoring	Network)
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@Eastern	Colombia

UIS:
No	HEP	or	
Astroparticle
tradition
Still	low	impact
But	we	are	working

UIS	Faculty:
500	full	time
500	part	time	equivalent

Academic	programs:
43	undergraduate
113	graduate		

48	master	
10	PhD.	Venezuela

Brazil

Panamá

Ecuador

Perú
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*)	What	is	the	composition	in	the	knee	
region	and	how	does	it	connect	with	direct	
measurements	at	lower	energy?	
*)	What	is	the	cause	of	the	hardening	of	the	
spectrum	around	20	PeV?	
*)	Where	is	the	transition	from	Galactic	to	
extra-galactic	cosmic	rays	and	how	is	it	
related	to	composition	around	the	ankle?	
*)	What	is	responsible	for	the	apparent	end	
of	the	spectrum	around	100	EeV?	 ht
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Gaisser,	Thomas.	"Challenges	for	cosmic-ray	experiments."	In EPJ	
Web	of	Conferences,	vol.	145,	p.	18003.	EDP	Sciences,	2017.

Cosmic	Ray	Spectrum





Direct	measurments	

Indirect	measuremts

LHC	(14	TeV)Cosmic-ray	and	gamma-ray	experiments
https://www.mpi-hd.mpg.de/hfm/CosmicRay/CosmicRaySites.html#space









Incident	particle









operational







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).
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Data	
Accessibility,	

Reproducibility,	and	
Trustworthiness

Accessibility

Data	Generators
Curated	raw	data

Curated	pre/processed	data

Sensors Applications

Digital	Library
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Data	
Accessibility,	

Reproducibility,	and	
Trustworthiness

Reproducibility

Curated	raw	data Curated	pre/processed	data

Digital	Library

• Instrument	conditions
• Authorship,	process	and	protocols	
• Ownership	and	accessibility

Access	to	the	application	+	
computational	e-infrastruture
• Hardware	Architecture
• Operating	System
• Application	

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



Awareness	on	Standards:	
CHAIN-REDS	helped	LAGO	on	
the	adoption	of	standards	for	
data	infrastructures,	including:
• Metadata	organization
• Permanent	Identifiers	for	

data	files
Data	Accessibility:
CHAIN-REDS	has	helped	LAGO	
to	configure	and	tune-up	the	
OAI-PMH	of	LAGOData
Repository	
Now	integrated	in	the	CHAIN	
REDS	KB	and	SSE

Data	files:
• Calibration	Data
• Registered	Data
• Simulated	Data	
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Welcome Help Applications Job Status My Workspace Project Home

Contacts: account | project | support 
Privacy Policy | Terms of Use | Instructions to Register and Sign in

High Energy
Physics

ALEPH Analysis

CORSIKA­LAGO

Browse

NUCLEMD

Your job has been successfully submitted; you may get reference to it with
identifier:
DAT130500­0013­0050000­BER.input
Have a look on MyJobs area to get more information about all your submitted
jobs.

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

Grant Agrement no. 306819 

Powered By Liferay 
Implemented with Catania SG Framework 

This is a Service Provider of:

     

Jobs

JobsMap

Data

Help

CORSIKA­LAGO

  Go to      Hernán Asorey (Sign Out)

Rodriguez-Pascual,	M.,	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.
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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
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Asorey, H.,	Núñez, L.	A.,	&	Suárez-Durán, M.	(2018). Preliminary	results	from	the	Latin	American	Giant	Observatory	
space	weather	simulation	chain. Space	Weather, 16,	461–475.



Coronal	Mass	Ejection

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



Geomagnetic	reconnection	
http://sci.esa.int/cluster/51744-magnetic-reconnection-in-earth-s-magnetosphere/



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





Forbush detection
March	2012
Forbush detection
March	2012

The	LAGO	space	weather	program:	Directional	
geomagnetic	effects,	background	fluence	calculations	and	
multi-spectral	data	analysis H	Asorey,	S	Dasso,	LA	Núñez,	
Y	Pérez… - The	34th	International	Cosmic	Ray	Conference,	
vol …,	2015









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







Environmental	activism	to	empower	citizen	to	measured	and	curate	data

https://blog.safecast.org/bgeigie-nano/







13	volcanoes	analysed
Complies:	Cerro	Machín

• 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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Cerro	Machin	Volcano

Chichonal or	Chichón (Mx)	
The	most	deadly	

eruption	of	the	century	
(1982)	
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Observation	points	at	Cerro	Machín

Simulated	flux	at	observation	points



Particle/Muon	flux	at	Cerro	Machín
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Ray	tracing	in	muon	trajectories



MuTe:	The	Muon	Telescope	

900	pixels	4cm	x	4cm

30x30	bars:
120cm	x	4cm	x	2cm
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Wind	stress	response

Temperature	response



MuTe electronics

58

MAROC3 FPGA
Cyclone III SCB

SiPM0

SiPM59

GPS T°- P

HV Power

DC/DC 12V

OR-P1
5V

OR-P2
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~3382	Cherenkov	photons	generated	by	105 e- 20Mev

~70	Cherenkov	photons	impacting	PMT

~6	photo-electrons	detected	@PMT

Simulations	chain	for	the
efficiency	of	WCD



Total	particle	flux	/	Total	foto-electron	
simulation

Open	sky	particle	flux

Particle	flux	@detector



Photo-electrons	from	vertical	&	non	vertical	muons

VEM



Time	exposure	for	>	1000	events

63



Portable	Hodoscope with	local	electronics	











The HEAT	telescopes were designed to cover the
elevation range from 30◦ to 58◦,	which lies above
the field of	view of	the other FD	telescopes.	

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

Auger Muon	and	Infill Ground Array (AMIGA)	is a	joint system of	
water-Cherenkov and	buried scintillator detectors that spans an
area of	23.5	km2	



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

Different	types	of	polarization	
Need	to	be	triggered	by	others	detectors



Neutrinos	from	WCD	signal



Auger:	Scientific	Results

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	8×
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	
ArXiv 1710.05833
Ultrahigh-energy	neutrino	follow-up	of	gravitational	wave	events	
GW150914	and	GW151226	with	the	Pierre	Auger	Observatory
ArXiv 1608.07378



Auger:	Scientific	Results
*)	33%	more	muons	
were	detected	than	
predicted	by	the	
“EPOS-LHC”	model	
*)	61%	more	were	
detected	than	
predicted	by	the	
“QGSJet-II-04”	model.

https://arxiv.org/abs/1610.08509

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



We	are	here



Temperature	sensors

3	PMT		2	Battery	1		Electronics

Predition	of	environmental	temperature	
from	internal	temperature	sensors



Estimating	the	ionospheric	electron	
content	from	a	single	frequecy	GPS







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

Analisys
UVA1 UVA2

UVA3
UVAn

Photovoltaic
system Raspberry Pi

WiFi

Arduino Uno

Sensors

Camera

GPS



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



Citizen	science	particle	pollution	monitoring	network



Asorey,	H.,	L.	A.	Nunez,	and	C.	Sarmiento-Cano.	"Exposición	Temprana	de	Nativos	
Digitales	en	Ambientes,	Metodologías	y	Técnicas	de	Investigación	en	la	Universidad.”	
	Revista	Brasileira	de	Ensino	de	Física,	vol.	40,	no	4,	e5407	(2018)	

Astroparticle Outreach
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Astroparticle	Outreach	to	the	
Jungle:	after	50	years	of	war?





Gracias	


