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The Extreme Energy Events Project (EEE) represents a breakthrough in outreach activities in
Cosmic Ray Physics: high school students are protagonists of an experiment to measure Extensive
Air Showers at ground. They start their experience at CERN with the construction of the three
high performing Multigap Resistive Plate Chambers constituting the telescope that is then installed
inside their school; then they take care of the telescope operation and data analysis. Presently
60 telescopes are installed in Italy and, since 2014, coordinated data taking have been performed
during each school year providing a huge amount of candidate muon tracks. Every year hundreds
of students and teachers are involved in the activities directly correlated to EEE. The COVID-19
pandemic has strongly affected the experimental activities of the EEE Project. However in the
last two years the online activities were strengthened, with an intense programme of collaboration
meetings, masterclasses, and hugely successful topical seminars. Starting from the fall of 2021,
the improvement of epidemiological situation made it possible to start some of the EEE activities

in presence.
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1. Introduction

The Extreme Energy Events Project (EEE) [1] is a Museo Storico della Fisica e Centro Studi
e Ricerche Enrico Fermi (CREF) and Istituto Nazionale di Fisica Nucleare (INFN) experiment
with dual role: it is devoted to the detection and study of cosmic rays at ground and to encourage
scientific culture, through the direct involvement of Italian high school students in all the phases of
the experiment. Indeed, the EEE experiment is a network of 60 cosmic muon tracking detectors
(telescopes) installed in Italian high-school buildings and physics laboratories spanning an area of
more than 10° km?, from CERN to Sicily. Figure 1 shows the distribution of the telescopes on the
Italian territory: the red circles are the telescopes installed inside high schools, the orange are the
ones installed inside INFN units and at CERN; the blue circles show the schools participating in
the EEE Project without telescopes. Nowadays each year hundreds of students participate in the
EEE Project activities.

Figure 1: Distribution of EEE telescopes and schools participating in the EEE Project.

The EEE muon tracking telescope (figure 2 left) is composed of three large area (80 x 160 cm?)
Multigap Resistive Plate Chambers (MRPCs). The basic design of the EEE MRPC is shown in
figure 2 (right): it is a stack of resistive glass plates enclosing six gas gaps 300 pm thick (250
pm for the chambers built since 2015). The chambers are operated at about 20 kV and, till 2020,
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Figure 2: Left: one of the EEE telescopes, consisting of three MRPC chambers. Right: inner structure of a
MRPC.
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fluxed with a 98%-2% mixture of C;H,F4 and SFs. The EEE telescopes have high performance
[2] both in terms of spatial resolution (0ongirudinal ~ 1.5 €M, Oransverse ~ 1.0 cm) and of time
resolution, oy;me ~ 240 ps. For most of the chambers, the detection efficiency is better than 90%.
The telescopes are GPS synchronised for offline analysis on time correlated events. Data from each
station are sent to the Bologna INFN CNAF for the track reconstruction and storage.

2. Students’ involvement and outreach activities

The outreach programme of the EEE Project is focused on the direct involvement of Italian
high school students in the experiment: students and teachers participate in all the phases of the
experiment from the construction of the MRPC detectors to their installation, commissioning, and
operation. Nowadays EEE involves about 100 Italian high schools (60 of them host a detector).
The MRPCs are built at CERN by high-school teams, supervised by EEE researchers, as shown
in figure 3. This is the starting point of their path in experimental cosmic ray physics: they learn

Figure 3: Phases of MRPCs construction at CERN.

how to build a particle detector starting from common materials (i.e. glass, fishing line, copper
tape). Together with a better understanding of the working principle of the detectors during their
week at CERN they can taste the researchers’ work and life. After construction, the three MRPCs
(the telescope) are sent and installed inside the school with their help. Then they take care of the
commissioning of the telescope, the data acquisition operations, and the detector monitoring, see
figure 4 (left).

' Progetto Extreme Energy Events - La Scienza nelle Scuole '

EEE MONITOR - DQM

) Total n-umber of candida‘te tracks (X the database: 112905535371 )

Figure 4: Left: students monitoring the school telescope operations. Right: number of candidate muon
tracks as a function of time, during the EEE coordinated runs.
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Since 2014, coordinated data taking have been performed during each year and more than 100
billion of candidate muon tracks have been collected and used for many analyses, see for example
[3], [4], [5] and [6]. Every month the students participate in the Run Coordination Meetings devoted
to the network operation. During these meetings they can present updates on their ongoing analyses,
discuss tests and detector updates.

The Pandemic strongly affected the experimental operations and data taking has been interrupted,
see figure 4 (right). However, since March 2020, an intense programme of online collaboration
meetings, masterclasses and topical seminars were organized with enormous success. As shown in
table 1, the students were involved in many activities such as the International Cosmic Day [7], the
European Researchers Night [8] and many others on a local basis.

Event Participants Main Focus

Run Coordination 16/03/2022 Online Material Science

Meeting

;uer;gzgrdmatlon 16/02/2022 Online 350 | Physics with Arduino

Run Coordination . Detection of Hunga-Tonga volcanic
Meeting eelfifpeen i 380 eruption with the POLA detectors at
:":;z;rdmat'o“ 15/12/21 Online 220 | rEEEStarting

:iie:"g EEE RO 2t 17-19/11/21 In Person/Online 50/250 | Masterclass on gas mixtures
:::;mahonal (Cesite 10/11/21 Online 300 | PolarquEEEst Data Analysis
:Auerééz;rdmatlon 13/10/21 Online 350 | Program of activities for year 2020-2021
:;g:rean Bessarc ot 24/09/21 Online 100 | PolarquEEEst live form Svalbard

Run Coordination 26/05/21 Online 70 Physics and'physlcal technologies for
Meeting cultural heritage

Run Coordination 14f04/21 Online 00 Masterclass on Data Quality Monitor of
Meeting 4104 5% | gee

Run Coordination n P

Meeting 10/03/21 Online 500 | Women in Science

zluer;g:xg)rdmatlon 03/02/21 Online 475 | Quantum Mechanics

Table 1: Main events organised by the EEE Collaboration since the beginning of the Pandemic.

Every six months students and teachers were invited to collaboration meetings usually held at Ettore
Majorana Foundation and Centre For Scientific Culture in Erice (Sicily). The in-person meetings
are unique occasions during which students participate in masterclasses, measurement campaigns
and general lectures on cosmic ray physics. The students are again protagonists and usually they
present to the audience their experience, analysis and results. Two measurements have been carried
out in such meetings and the results have been published including the participating high-school
students and teachers in the author list [9] [10].

In November 2021 the EEE Collaboration, finally organised the first in-person meeting after COVID.
The meeting was focused on the Ecological Transition of the EEE Project that is going to use new
gases in the detectors to reduce the environmental impact of the experiment.

Another project, born inside the EEE Collaboration is the PolarquEEEst experiment. It is devoted
to the measurement of the cosmic ray flux up to the far North latitudes using telescopes made of
scintillators built by high school students at CERN. The project started in Summer 2018, with the
installation of the telescopes inside two high schools and on the "Nanuq" that circumnavigated the
Svalbard archipelago [11]. In 2019 the detectors were installed at Ny Alesund positioned a few
hundred meters from each other, operating as an observatory similarly to the EEE network.
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3. Conclusions

The EEE Project has a strong and innovative outreach programme based on the direct involve-
ment of young students in all the phases of a cosmic ray experiment. The experiment allows the
students to experience all the steps of the research, from the construction and commissioning of
a detector to the data analysis and results report. Every year hundreds of students are involved in
the experiment also thanks to a continuously enriched programme Due to the Pandemic the EEE
Collaboration has set up a strong online programme that kept the students engaged and now we are
ready to restart the experimental activities with the new challenge of the green transition of the EEE
telescopes, by operating them with an ecological gas mixture. The EEE Project has also established
collaborations with other outreach programmes such as the INFN Outreach Cosmic Ray Activities
[12] and with the International Particle Physics Outreach Group (IPPOG) [13].
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