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The Extreme Energy Events project
The EEE project is an experiment dedicated to the 
investigation of high energy cosmic rays

Large network of cosmic ray telescopes located on the 
Italian territory

Ø Supported by Centro Studi e Ricerche Enrico Fermi
(Roma) in collaboration with CERN, INFN and MIUR.

Goals: scientific and educational
• study an interesting physics case; 
• involve high school students and teachers
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Main scientific goals of the EEE project

• Study of Extensive Atmospheric Shower 
(EAS) 

• Variations of Muon Flux  caused by solar 
flares

• Search of Anisotropy at the sub-TeV scale
• Identification of Muon decay in Up-going

events
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Telescope location
• 47 telescopes in 

Italian high schools
• 2 at CERN
• 3 in INFN sites
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Each telescope is equipped with
a GPS card
àsynchronized with the network

The
network is able identify and study high
energy cosmic rate (>1011 eV).



The Telescopes

Corrado Cicalo’, Padova 29 Settembre 2016 5

Ø 3 MRPC planes, 160 x 80 cm2

Ø 6 Front End cards with 24 
channels each à readout and 
trigger

Ø GPS card: time-stamp of each  
collected event (see Corvaglia
presentation)

Ø VME-based DAQ
–1 Trigger card (six-fold 
coincidence of the 6 FE cards) 
–2 Multi-hit TDCs (128 + 64 ch) 

Ø Weather Station 



The Detectors: Multigap Resistive Plate Chambers

Requirements: 
• High efficiency
• Easy to assemble
• Easy to operate
• Long term operation
• Low cost
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Same design as the MRPC 
developed for the ALICE TOF 

Fishing line is used to create 
uniform small gaps (300 

microns) between glasses 



Detector characteristics
6 gas gap: 2 glass plates with their
external surfaces painted with
resistive paint; 5 floating glass
plates (spaced by 300 μm)
24 readout copper strips mounted
on both sides of the stack of glass
plates (i.e. cathode and anode
read-out strips)
Strip pitch of 3.2 cm
HV up to 20 kV (avalanche mode)
supplied by 2 DC/DC converters
Gas: C2H2F4(98%) and SF6(2%)
continuously fluxed (3l/h)
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Fishing line is used to create 
uniform small gaps (300 

microns) between glasses 



Detector assembly at CERN
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High school students and teachers actively participate to the 
construction, maintenance and data analysis of the telescopes.



Track reconstruction
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x coordinate: difference of signal arrival times 
at the strip ends measured by TDCs 
y coordinate: fired strip 

Each module provides a two-dimensional position information with efficiency close to 
100% 

x

y

From the three plane coordinates the 
track direction is reconstructed



Detector Efficiency
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These measurements are performed at school by  
students and teachers supervised by EEE staff.  



Spatial resolution
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Measured at school with cosmic rays

Expected value :
~3.2 cm / √12=0.9 cm 



Statistics collected so far
Pilot RUN: 

§ first simultaneous acquisition of many
telescopes (23)

§ 27 October – 14 November 2014
§ 1 billion muon tracks collected

RUN1: 
§ 35 active telescopes
§ Three months duration (Feb - Apr 2015)  
§ more than 5 billion muon tracks collected
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RUN 2 
§ October 2015 – May 2016
§ More than 40 active stations
§ Collected statistics:15•109 reconstructed tracks
§ Acquisition rate 20 –40 Hz in each station
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Telescope Monitor 



Data Quality Monitor
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Data transfer schools à CNAF
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Total collected statistics
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Observation of 
Extensive Atmospheric Showers

Telescopes distances range from few
hundred meters for clusters of 2, 3 and 4
telescopes in the same city, to more than
1000 km for the farthest stations. Muons
from the same EAS are detected by different
stations.
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Telescopes location
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Expected Coincidences (Montecarlo)

Corrado Cicalo’, Padova 29 Settembre 2016 19



Corrado Cicalo’, Padova 29 Settembre 2016 20

Raw time difference between CAGL-01 and CAGL-02. No cuts applied 



Data quality selection
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First: are the tracks well reconstructed?
Choose only “good tracks”  χ2<10. 



Second: cut on muon relative angle ϑrel
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Correction on shower direction

Corrado Cicalo – INFN	Cagliari 23

Δφschool

NORD NORD

ϑ

ϑ

zenith
zenith

φ

φ

MUON

MUON

ΔL*

The	correction	is:
Δt	=	cos(Δφschool	- φ)	ΔLschool sinϑ /	c

ΔL*	=	cos(Δφschool	- φ)		ΔLschool



Two telescope coincidences
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Two telescope coincidences

Corrado Cicalo’, Padova 29 Settembre 2016 25

Cagliari

SavonaTorino

Frascati



Coincidences per day statistics

Corrado Cicalo’, Padova 29 Settembre 2016 26

EEE	Site Telescope	
Distance	(m) Signal	(Evts) Days Events/Day

CERN 30 118735 56 2120

BOLO 96 16527,3 137 121

LAQU 204 6938,85 118 59

GROS 418 201,778 10 20

CAGL 520 3121,86 263 12

FRAS 627 1214,18 69 18

TORI 1076 966,912 138 7

SAVO 1182 1746,63 339 5



Preliminar acceptance evaluation for 
pair of telescopes
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Telescope #1 Telescope#2 acceptance (m4 sr)
Plane distance 

(cm)
Plane distance 
(cm)

CERN-01 88 CERN-02 88 0.88

BOLO-01 100 BOLO-02 120 0.62

LAQU-01 100 LAQU-02 100 0.73

GROS-01 110 GROS-02 110 0.62

CAGL-01 140 CAGL-02 140 0.43

FRAS-01 70 FRAS-02 88 1.02

TORI-01 100 TORI-02 100 0.73

SAVO-01 92 SAVO-02 87 0.86



Observed coincidences per day
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To be analized
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TORI-02 TORI-04 à 1165 m (57 days)
VIAR-01 VIAR-02 à 1344 m (159 days)
SAVO-01 SAVO-03 à 1367m (165 days)
TORI-02 TORI-03 à 1416 m (66 days)
SAVO-02 SAVO-03 à 1710 m (166 days)
CAGL-01 CAGL-03 à 2350 m (150 days)
CAGL-02 CAGL-03 à 2517 m (133 days)
CATA-01 CATA-02 à 3034 m (67 days)



Ongoing work: 
three telescope coincidences

– Small signal, but strong background reduction
– Need for high statistics, very good working 

stability, accurate selection 
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First Hints?



Outlook

• Next data taking: RUN3, starting on Oct 
14th. Duration foreseen; 9 months

• All the 52 telescopes active
• Same distance between telescope planes 
à50 cm

Corrado Cicalo’, Padova 29 Settembre 2016 31



Stay tuned 
eee.centrofermi.it
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THANKS
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