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The Extreme-Energy Events (EEE) Experiment is a cosmic ray observatory based on a network
of detecting stations distributed over the Italian territory and at CERN. A station of the network,
called “telescope”, consists of three superimposed Multi-gap Resistive Plate Chambers (MRPCs),
each one covering a surface of about 1.5 m?, used with the same technology as the time-of-flight
detector of the ALICE experiment at CERN-LHC. Data are collected and sent in real time to
the INFN-CNAF computer center for reconstruction and analysis. The large area covered by
the network, ranging from Southern Italy up to the CERN laboratories, was achieved with the
decision to install the detectors inside high schools, involving students and teachers in a modern
experiment within a unique program. This very coexistence of scientific activity and outreach
represents the uniqueness of the EEE Project. The outreach programme is articulated in several
initiatives, each encoding the different aspects of the research activity normally expected in a high-
energy physics experiment. Students are involved in detector construction at CERN, installation in
school, and in the commissioning of the station when data taking starts. Once the detector reaches
a steady working regime, students are requested to monitor on a daily basis the performance
of the telescope and report any failure. In parallel to the hardware-related operations, students
learn how to perform the analysis of EEE data under the supervision of their teachers and of the
EEE researchers, supporting the scientific output of the experiment. Every month students report
progress and issues in a dedicated online meeting open to all schools and to the EEE researchers.
Beside this monthly appointment, in the pre-COVID era an in-person meeting was taking place
twice per year, hosted by the Ettore Majorana Foundation and Centre for Scientific Culture in
Erice or by a school or institution involved in the project. During a three-day, students attend
masterclasses and take part in measurement campaigns, disseminating their results by submitting

contributions to important outreach-oriented journals (such as the Italian Giornale di Fisica).
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1. Introduction

The Extreme Energy Events (EEE) Projects [1] aims at the observation and reconstruction of
high-energy cosmic ray events through the detection of secondary showers on the earth surface.
It is a large array of particle detectors installed in Italian high-school buildings and laboratories,
and spans an area of more than 10> km?, from CERN to Sicily. It is based on a network of
Multigap Resistive Plate Chamber (MRPC) telescopes, inspired by the ones composing the time-
of-flight system of the ALICE detector at CERN. While being a scientific project, the main mission
of the EEE Project is educational, providing a full research experience to high-school students.
EEE Project is a collaboration between Centro Fermi [2] and the National Institute for Nuclear
Physics (INFN - Istituto Nazionale di Fisica Nucleare) [3]. The Collaboration is composed of
dozens of professional researchers and research associates, that operate the network organizing and
monitoring the data taking and performing data analysis. However, in addition to the scientific
staff, a major role is played by students from more than 100 Italian High Schools that take part in
almost all the aspects of the experiment scientific life. The excellent performance of the detectors
allowed the EEE Collaboration to perform relevant measurements in the field of cosmic-ray physics,
based on the detection of the secondary muon component. In particular, beyond the measurements
devoted to the observation of the Extensive Air Showers (EASs) [4, 5], studies have been devoted
to the search of possible anisotropies at the sub-TeV scale [6], to the analysis of solar phenomena
[7, 8], to the measurement of upward-going particles [9], as well as the search of long distance
correlations among detectors located from few to hundred kilometers apart [10, 11]. In addition,
different performance studies have been carried out [12, 13], and a dedicated simulation tool has
been developed [14].

2. The network

Detectors are distributed overall Italy (plus 2 stations located at CERN), spanning 10° in
latitude and 11° in longitude. Data from each station are synchronized through the GPS system
and sent to the INFN CNAF in Bologna for track reconstruction [15]. In those sites where more
than one telescope is installed in the same metropolitan area, tracks from different telescopes
are combined to identify showers of secondary cosmic rays, with a time synchronization realized
through a GPS-based system. Since March 2019 a collaboration with the Italian Istituto Nazionale
di Ricerca Metrologica (INRIM) [16] is active to develop a new synchronization strategy. A station
is equipped with three MRPCs, each having a sensitive area of about 80 x 160 cm?. The MRPCs
are a stack of glass plates, separated from each other with fishing line, enclosing six 300 um gaps
where the gas circulates, as shown in Fig.1. Chambers are powered by high voltage (around
20 kV), applied only to the external glasses, that are coated with resistive paint. In between the
external glasses, a proper gas mixture at atmospheric pressure provides the active medium. In the
last years, a campaign toward the identification of a new, ecological mixture - in compliance with
the new regulations by EU - has started [17]. The readout panel is split in 24 copper strips. The
anode and cathode strips collect the signals induced by the particles, providing position information
along one direction. The information along the other coordinate is obtained by measuring the time
delay between the signals arriving at the two ends of a strip.
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Figure 1: Inner structure of a MRPC.

Figure 2: High-school students at CERN taking part in the construction of a MRPC for a EEE station.

3. Outreach

The EEE Project represents a perfect environment to introduce students to scientific research.

In fact, students are involved in all the different aspects of the project: the detector construction
at CERN, where students spend a week and, under the supervision of EEE researchers, actively
participate in the detector assembly and test (see Fig.2), the commissioning of the station when it is

delivered to their school, the analysis of the collected data. In particular, students are responsible

for the monitoring activities, filling, on a daily basis, a check-list reporting the main information

on the data acquisition conditions, as weather parameters (pressure, temperature), acquisition rate,

high-voltage settings and currents in the chambers. Furthermore, on the local acquisition system

different observables are plotted for every run and checked by students to test the quality of the

collected data. In case of issues, students and professors refer to a local referent — an EEE researcher
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Figure 3: Left: the Cosmic Box used to carry out the measurement of the cosmic ray variation with altitude.
Right: working principle of a Cosmic Box.

— who provides instructions on possible actions to be taken. In order to keep the students up to
date on the network status and to provide them the possibility to discuss their activities, the EEE
Collaboration, on a monthly basis, organizes a Run Coordination Meeting with the schools where
students can present the status of their station and the ongoing data analyses, receiving inputs from
the scientific staff. Beyond the presentations by students, during the monthly meetings lectures on
cosmic rays and modern physics are organized, together with masterclasses dedicated to relevant
tools and topics for data analysis (ROOT, statistics etc). In addition to these meetings, twice per year
(in the pre-COVID era) conferences were organized with the EEE schools to discuss the status of
the experiment. These conferences, that usually last three days, are hosted by the Ettore Majorana
Foundation and Centre for Scientific Culture in Erice: students present their work, take part in
masterclasses and participate in measurement campaigns. As to the latter, one of these campaigns
was devoted to the measurement of the muon flux at different altitudes, which led to an educational
publication [18], while another, whose goal was to replicate the Eratostene experiment, produced
an estimation of the Earth radius [19]. For the first measurement, the so-called Cosmic Box, a
portable, scintillator-based detector built by EEE students, has been used (see Fig.3). In addition to
these initiatives, other projects involving students are active within the EEE Collaboration. Among
them, in the PolarQUEEESst experiment [20] - inspired by the old-fashioned scientific expeditions
- a boat sailed through the Svalbard archipelago, getting to a latitude of 82° 07°N, performing a
set of multidisciplinary experiments (PCBs, polychlorinated biphenyls, micro- and nano-plastics
(CNRISMAR), polar drones). The EEE Collaboration was responsible for the measurements of the
cosmic ray flux up to the far North latitudes, and, to this end, a portable cosmic ray detector, POLA,
was designed [21-23], with students actively participating in the detector construction.

4. Summary

The EEE Project, in its two-fold nature of a scientific experiment and an outreach initiative,
offers a unique environment for initiating students to scientific research, directly involving them in
all the different activities of the experiment, from the detector construction at CERN to the data
taking and analysis. Up to now, 200 MRPCs have been built and installed in Italian high-schools,
with the network still expanding and welcoming new schools.
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