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Astroparticle physics

• Study of elementary particles of
extraterrestrial origin

It is a multidisciplinary field

• It connects Astrophysics, 
Particle Physics and Cosmology

• Technological challenge to build
experiments: Electronics, 
computing, atmospheric
physics, optics, 
communications, geology....



History

• 1896 H. Becquerel discovered
radioactivity

• 1913 V. Hess discovered that part of
the radiation had extraterrestrial 
origin

• 1920 R. Millikan called it Cosmic Rays



AMS
Alpha Magnetic
Spectrometer

Looks	for	dark
matter
evidence
through cosmic
rays
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Transition Radiation Detector 
(TRD)

Identify e+, e-

Silicon Tracker
Z, P or R=P/Z

Electromagnetic Calorimeter 
(ECAL)

E of e+, e-

Ring Imaging Cherenkov 
(RICH)

Z, E

Time of Flight 
(TOF)
Z, E

AMS:	A	TeV precision,	multipurpose,	magnetic	spectrometer

Magnet
�Z

Z and P, E or R are 

measured independently by Tracker, 

ECAL, TOF and RICH
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SNO+

Neutrino	hunters

Very	deep	(2km)

Ideal	conditions	for	
background	physics	





LATTES

Gamma	Ray
astronomy

Unexplored	
energy	region	



Strategies for primary discrimination
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Explore differences in shower development

1.1 The Physics of Air Showers

Fig. 1.3: Comparison of the shower development for a leptonic and a hadronic shower
(taken from [3]). While the electromagnetic shower (left side) shows only a
small lateral spread compared to its longitudinal extension, the hadronic shower
(right side) is quite a lot more extended and also more irregular in shape.

1.1.3 Cherenkov Emission

Cherenkov photons are emitted whenever a charged particle moves through a medium with
a velocity v greater than the local speed of light c0 = c/n (where n denotes the refractive
index of the medium). The charged particle polarizes the atoms along its path which
emit photons when returning to their equilibrium state. For velocities smaller than the
speed of light the electromagnetic radiation interferes destructively, while for v > c0 the
interference is additive (See Figure 1.4). This e↵ect is equivalent to the shock front of a
supersonic boom. All photons are emmited in a cone with an opening angle of:

#C = arccos
c0

v
= arccos

1
n�

with � =
v

c
.

Since the particles in air showers travel at highly relativistic velocities they emit Cherenkov
light which can be measured by ground-based telescopes. The requirement v > c0 leads to
a threshold energy, above which particles with mass m0 emit Cherenkov photons:

Eth =
m0c2

p
1� n�2

.

Since Eth / m0, most of the Cherenkov radiation is emitted by leightweight particles such
as electrons and positrons. Concerning the opening angle of the Cherenkov cone emitted
by a shower, one has to take into account that the refractive index of air varies with its
density ⇢, which is a function of the height above sea level z. The deviation ⌘ of the
refractive index from 1 (⌘ = n� 1) is proportional to the density:

⌘ / ⇢(z) ⇡ ⇢0 exp(�z/z⇢) (1.6)
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• Malargüe.	Mendoza	

• Latitude	35	S	– Longitude	69	W

• 1400m	a.s.l.		X=870	g	cm2

• Data	taking since 2004

• Installation completed in	2008

Fluorescence Detector (FD)	
4	building	with	6	telescopes	each
Telescope f.o.v.	30	x	30	deg
~10%	duty cycle
Provides High Accuracy

Surface Detector (SD)
1600	Cherenkov stations	spaced 1.5	km
Area of 3000	km2

100%	duty cycle
Provides Large Statistics

The Pierre	Auger
Observatory

+	Enhancements:	AMIGA,	HEAT,	Radio,	etc
31L.	Cazon	

AUGER
Ultra	High	
Energy	
Cosmic	
Rays





Energy
comparison

1.5 eV

10 000.0 eV

6 500 000 000 000.0 eV

UHECR.    300 000 000 000 000 000 000.0 eV
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1	per	
km2/century

~1000	per	
km2/year

~1000	per	
km2/year
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Muon
Tomography

LIP	already	produces	
the	technology	
needed

Many	applications

Nuclear	Smuggling

Civil	engeneer
applications
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Muon
Tomography

Image	of	large	
human	and	
geological	structures

Mining,	search	for	
cavities,	aquifers,	
magma	conduits.



Extensive air shower



The complexity of 
data

1. Individual	detectors	are	triggered
2. They	communicate	to	the	central	station
3. if	several	triggered	detectors	meet	a	

topological	criteria,	an	event	is	created
4. The	event	is	checked	to	be	physically	

consistent
5. A	last	quality	selection	is	performed.	



The complexity of 
noise



The Scientific 
method



Monte Carlo
simulations

• Some phenomena are made of collection of many single stochastic 
events.

• A new phenomenum emerges at a larger scale, and sometimes it is not 
possible to understand the large scale from the small scale 
constituents.

• For instance, the simulation of a full air ahower at 1E19 eV takes 1 year 
in a single CPU

1E10 particles, ~1E11 reactions, ~1TB
we use “thinning” algorithms to sample only the most relevant 

process (<1day <1GB per shower in a single santard CPU)



An	Air	Shower



An	Air	Shower

A	cosmic	ray	enters	
the	atmosphere



An	Air	Shower

A	cosmic	ray	enters	
the	atmosphere



Its	energy,	composition,	and	
arrival	direction	are	the	inputs	
to	solve	puzzle	about	their	
origin



Its	energy,	composition,	and	
arrival	direction	are	the	inputs	
to	solve	puzzle	about	their	
origin



Beam for	particle	physics	
beyond	LHC	for	free



Beam for	particle	physics	
beyond	LHC	for	free



Ultra-High	Energy	interaction.	
Cascade	start-up

Electrons
Photons
Muons
Neutrons
protons



2nd	and	3rd	generation.
Leading	baryons	still	carrying	
very	high	energy.

Electrons
Photons
Muons
Neutrons
protons



The	orignal	information	
information	is	being	camouflaged

Electrons
Photons
Muons
Neutrons
protons



Air	shower	
reaches	
ground

Electrons
Photons
Muons
Neutrons
protons



Beyond statistical uncertainty:
Systematic uncertainty

This uncertainty it is introduced by an inaccuracy (involving either the
observation or measurement process) inherent to the system, the theory, 
your detectors, or (unnknown) biasses when sampling.



Calibration
to remove bias



Physics Result
example



Extrapolation vs
interpolation

Whereas interpolation is safe, (by 
means of Machine Learning or 
conventional methods), 
extrapolation towards regions with 
no prior data must rely on actual 
understanding of the underlying 
phenomena. 



Watch out!

reddit.com/r/dataisbeautiful

Is	this	just	a	poor	simplistic	analysis	
or	is	it	some	scientific	true?



““ The greatest enemy of knowledge
is not ignorance, it is the illusion of
knowledge



Partnerships
opportunities



Education and training networks 
LIP/Industry

EU grants joint calls

Data analysis, data mining and
knowledge building at LIP

Simulations at LIP

Computing

Design of Data Acquisition

Quality control of physical
processes

Others

Joint projects
LIP-Industry



Conclusions

• Astroparticle physics is a highly multidisciplinary field, with 
complex data..

• The scientific method is the safest way to produce knowledge 
(in any field), and make excursions beyond the confort zone.

.
• There are direct applications of astroparticle physics

• Beyond that, physics is a paradigm for data Science to extract 
solid and unbiased knowledge on any kind of dataset.



Back up slides



Annihilation of Dark Matter produces additional e+

which are characterized by a sharp drop off at the mass of dark matter.
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TRD + Tracker

6 GeV

Selection	of	the	signal:
The p signal	is	well	separated	from	the	backgrounds.
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