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Introduction

Present status:

Total 53 telescopes

47 inside high schools buildings

2 at CERN

4 inside INFN and Universities

49 sites selected for the upgrade

10 new telescopes in 2017

over a surface of 3 105 km2

covering 10° in latitude and longitude

Mostly organized 
in clusters 
for EAS detection

1 km 

• 53 EEE Telescopes 
(increasing…)

• More than 100 High 
Schools involved

• Clusters of Telescopes 
all over Italy (and CERN)

Extreme Energy Event Project
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Results – Studies on EAS

96 m
48 σ

 

520 m
9 σ 

1182 m
6 σ

Coincidences observed 
up to 1500 m for all 
telescopes pairs

Coincidence time is 
corrected according to 
the μ arrival directions.

This enhance S/B ratio.

Corsika simulation 
confirms the observed 
coincidence rate for all 
the telescope pairs.

Better efficiency 
corrections to be 
evaluated.

Acceptance taken into 
account

EAS Analysis: 
Coincidences between Telescopes 
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BOLO-01
BOLO-04 
8nov16 –
7feb17
[96 m]

LODI-01
LODI-02 
jan16 –
jun17
[167 m]

LAQU-01
LAQU-02 
feb15 –
may16
[204 m]

CAGL-01
CAGL-02 
feb17 –
jun17
[520 m]

FRAS-02
FRAS-03 
nov15 –
jun16
[627 m]

TORI-03
TORI-04 
oct15 –
jun17
[1075 m]

SAVO-01
SAVO-02 
nov14 –
jun17
[1182 m]



The Chain
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EAS Generation

• Proton, 106 GeV, 

• θ = 45 deg

• xz-projection

• red = electrons, positrons, 
gammas

• green = muons

• blue = hadrons
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CORSIKA (COsmic Ray SImulations for KAscade)
www.ikp.kit.edu/corsika

High-energy Hadronic Interactions:  
EPOS (reproduces heavy ion data from RHIC and LHC )
Low-energy Hadronic Interactions: FLUKA
Electromagnetic Interactions: EGS4



e3sim

github.com/centrofermi/e3sim
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• Python package
• Drives Corsika

Simulations:
• Hadronic 

Models
• PID Primary
• E, Theta, Phi
• Magnetic Field
• Energy Cuts

• Output: ROOT files
• Open source 

(availabe on github)



EAS Generation
Catalogue (to date): ~100000 showers 
(increasing). Hosted at CNAF (Bologna).
• 103 GeV < E < 107 GeV
• Theta [0, 70]
• Phi [0, 360]
• PID Primary: p

• EPOS – FLUKA – EGS4
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Nµ ⇠ A · E� , � 2 [0.78, 0.86]



Simulation setup
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TEL-1 TEL-2 TEL-3 TEL-4 TEL-5 TEL-6 TEL-7 TEL-8 TEL-9 TEL-10 TEL-11

200 m 200 m 200 m 200 m 200 m 200 m 200 m 200 m 200 m 200 m

2000 m

• CR Flux (20 days)
• E, q, f
• Core position (x, y)
• CPU: 16 cores, 120 hrs
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11 telescopes 200m spaced. Pair distances from 200m to 2000m.
Statistics for 200 m à 10 pairs à 200 days

x-axis
(north)

y-axis
(west)

z-axis

Φ

Θ

particle momentum

Figure 1: Coordinate system in CORSIKA.

zenith angle θ of a particle trajectory is measured between the particle momentum vector and
the negative Z-axis, and the azimuthal angle φ between the positive X-axis and the horizontal
component of the particle momentum vector (i.e. with respect to North) proceeding counter-
clockwise. This is shown in Fig. 1.
Attention: This definition disagrees from definitions of other air-shower simulation programs
and from the conventions of the Auger experiment!

86



MRPC simulation: 
geometry
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GEMC / GEANT4
framework to simulate the passage 

of particles through matter



Walls, Celings,
Buildings…

• EEE Telescopes are 
housed in High 
Schools.

• The location of 
each Lab is different 
(you may have 
Telescopes close to 
the roof of the 
school, or 
Telescopes in 
underground…).

• Effect of the walls.

• Asymmetric 
buildings.
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GEMC / GEANT 4
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DATI 
MISURATI SIMULAZIONI

DATI 
MISURATI SIMULAZIONI

DATI 
MISURATI SIMULAZIONI

ToF

Theta

Phi



Energy vs multi-track 
events in a single 

telescope

12

Track density 
has a strong 
dependenc
e on the 
energy of 
the primary 
cosmic ray.
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Preliminary Results

D = 200 m



Combining coincidences 
and multi-track
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Preliminary Results

D = 200 m
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Rate of Coincidences vs 
distance between 

telescopes
Preliminary Results


