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A typical educational Cosmic Ray Telescope

Digitization Board on the
Local Station Computer

GPS Scintillator Detector
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Bringing astroparticle physics into the classroom

ÅModern astroparticlephysics is rarely accessible 

experimentally at school level

ÅCosmic rays provide a natural connection between 

particle physics, astrophysics and experimental data

ÅGoal: hands-on activities with real detector signals
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A typical educational Cosmic Ray Telescope

Digitization Board on the
Local Station Computer

GPS Scintillator Detector
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Educational Cosmic Ray Telescopes

Reconstruction of the shower direction

3-4 plastic scintillator detectors

Local Coincidence,  Relative Timing  and Triangulation

Shower axis reconstruction with an accuracy of a few degrees.

A typical educational Cosmic Ray Telescope

Digitization Board on the
Local Station Computer

GPS Scintillator Detector
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˃ɿet

C˃osmicsdetectors at 
high schools

Remote operated experimental 
setups of the HOU Physics Lab

Utilization of the detection stations deployed at the HOU university campus 

Int. Journal of Modern Physics A Vol. 35, No. 34n35, 2044022 (2020), https://doi.org/10.1142/S0217751X20440224
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In the framework of the ˃Net 

project, 20 educational cosmic ray 

telescopes have been installed at 

high school laboratories in the area 

of Peloponnese

while remote operated devices 

deployed at the HOU campus are 

available to schools for 

educational activities by distance

The schools equipped with 

C˃osmicsdetectors 

as well as the schools 

participating in distance 

education activities

Constitute the ˃Net network

1st Greek school network of educational cosmic-ray detectors.

microNet (ɛNet) project

https://doi.org/10.1142/S0217751X20440224
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4 Years˃ Net

November2022 åJune2026

Schools in the Peloponnese 
equipped with ˃ /ƻǎƳƛŎǎdetectors

Schools from all over Greece participating 
through remote operation

Å2022-2026: 182 schools

ÅMore than 2200 students

Å290  Science Teachers

ÅIn person and remote 

participation modes

ɛNet at scale: four years of operation
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Educational pathway: from concepts to experimental practice

Conceptual preparation:
cosmic rays, air showers, muons

Detector familiarization:
construction, operation, calibration

Data analysis:
rates, arrival directions, air-shower 

reconstruction

Studentswork in schoolteams,guidedby their
teachers,experiencinga coherentexperimental
processrather than a setof isolatedactivities.

¢ƘŜ ˃bŜǘ ƭŜǎǎƻƴǎ ŀǊŜ ǎǘǊǳŎǘǳǊŜŘ ŀǎ ŀ 
year-long learning pathway, following 
the key stages of working with the 
˃/ƻǎƳƛŎǎtelescope.
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The gamified Moodle course

A Moodle course organizes 
the educational material

Learning modules

Short theory presentations and videos

Interactive activities, short quizzes, assignments
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The gamified Moodle course

Purpose: visibility of progress, low-risk feedback, sustained participation

άGamificationis the useof game
designelementsin non-game

contextsέ
(Deterdinget al., 2011).

Gamification elements:
points, avatars, badges, progress bars, locked sections, optional leaderboards
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PC-based data 
acquisition system

Station Local 

Computer

MDPI, Universe 2019, 5(1), https://doi.org/10.3390/universe5010023
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For the development of the 

corresponding Greek network 

of educational cosmic ray 

telescopes, the Physics 

Laboratory of HOU designed 

and developed a small, 

cheap and portable 

telescope called the 

ȊCosmicsdetector.

Its main feature is that it can 

be assembled by students 

and operated within the 

classroom or school 

laboratory.

It consists of 3 detection units 

(white boxes), a PC-base 

Digital Oscilloscope and a 

computer for controlling its 

operation.

The ɛCosmic detector

https://doi.org/10.3390/universe5010023
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Construction of a detection unit from students

Construction and light proof testing Video of the Construction and light proof testing

13

Students working during the construction of the detection unit.

Hands-on Detector Construction and Testing 
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Calibration: preparing the detectors for reliable data

Callibration

Three detection units are stacked for calibration

Mean pulse shape and pulse-height distribution

Histograms

Time differences between detector pairsOscilloscopeimageof the three signalsduringcalibration
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The ȊNet online web application

https://mnet -online.eap.gr/ 
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The operation of the stations 

is performed online using a 

web based application

Remote operation through the ɛNet web application

Å Remote users access 
HOU experimental 
setups online

Å Students select a 
telescope/station

Å They can start 
calibration or online 
monitoring

Å Remote access 
broadens 
participation beyond 
schools with local 
detectors
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Calibration

16

Window of the web application during calibration

Means pulseand the pulse height distribution of each detector unit Time differences of the pulses for the two pairs of detectors

Remote operation through the ɛNet web application
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Online Monitoring
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Each school monitors the detection rate and 
the reconstruction rate of air showers, the 
acquired pulses for each detected shower, 

along with some other characteristics i.e. timing 
of the pulses, peaks of the pulses etc. 

The calculated direction of the reconstructed 
shower is presented in terms of the zenith and 
azimuth angle and an animation of the shower 

is also presented

In thistab the online monitoring page is used to 
show histograms that presented the data quality of 
the telescope. These histograms are also presented 
on top of corresponding history histograms in order 

to compare directly the acquired data with data from 
previous periods of operation

Working with real air-shower data
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Student research activities

Muon telescope

56 stations with different geometrical layout

The two detectors in a telescope configuration with the 

necessary wiring mounted on the wooden base.

Eight detection units on the HOU campus enable 56 

different ɛCosmicstelescope configurations ð all 

possible 3-out-of-8 combinations.

Detector geometry studies

¢ƘŜ ǎǘǳŘŜƴǘǎΩ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ƳƻŘŜƭǎΦ
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Student research activities

Detector geometry, error propagation and Monte Carlo simulation

This year:

Å students studied how 
detector geometry affects 
air-shower flow and 
reconstruction error

Å They applied error-
propagation ideas

Å They used a ready-made 
Excel Monte Carlo 
simulation

Å Final student assignment 
based on simulated data 
and interpretation
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Educational outcomes: knowledge, skills and engagement

{ǘǳŘŜƴǘǎΩ tŜǊŎŜǇǘƛƻƴǎ ƻŦ ǘƘŜ ˃bŜǘ [ŜŀǊƴƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘ

{ǘǳŘŜƴǘǎ ǊŀǘŜŘ ǘƘŜ ˃bŜǘ ƭŜŀǊƴƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘ 
positively,withmean scores close to or above 4/5 in most 
categories.

Initial vs Final Knowledge Test Scores

tŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ˃bŜǘ 
was associated with a 
clear improvement in 
ǎǘǳŘŜƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 
of cosmic-ray physics 
and data analysis.
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Outreach and scientific communication

1stAnnual˃ bŜǘ ²ƻǊƪǎƘƻǇΣ !ǇǊƛƭ нлно 2nd Annual ˃Net Workshop, March 2024

Over 500 students 
participated through 
both in-person and 
remote activities.

Students presented their 
results, covering the full 

workflow of the programme, 
from telescope construction to 

operation.

3rd Annual ˃Net Workshop, March 2025
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Outreach and scientific communication

HOU / Physics 
Lab events

Conferences

wŜǎŜŀǊŎƘŜǊǎΩ bƛƎƘǘ

School activities / media

International Cosmic Day

Students communicate their work from the classroom to the scientific and public community.
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Future Upgrades: Scaling ɛNet Educationally and Scientifically

Towards a scalable, bilingual and multi-detector 
educational platform

Educational Platform:

ÅAI digital assistant

ÅEnglish educational 
material

ÅBeginner / advanced 
annual cycles

Experimental Infrastructure:

Å Remote muon telescopes

Å Radio antennas

Å Particle + muon + radio 
detection
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Remotely Operated Muon Telescopes

Manual direction adjustment

Muon detectors

(65x45 cm size ~ 6-10kgr)

Muon signal recorder

(USB oscilloscope)

Remote direction adjustment (through web interface)

Muon detectors

(25x15 cm size ~ 1kgr)

Azimuth rotors setup
Detectorôssupply

Arduino type

motor controller

Zenith

rotors

setup
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Radio Detection with GRAND-type Antennas

1

2

3

3 scintillation detectors 

splitter coincidence unit

trigger

oscilloscope

RF oscilloscope
HOU-LNA

(Low Noise Amplifier)
GRAND antenna

GRAND-type radio antenna
Å 2 Poles North-South
Å 2 Poles East-West
Å 1 Vertical Pole
Å Pole dimension 65x55cm
Å Detection of radio signals from cosmic-ray-

induced air showers
Å Coincidence with particle detectors
Å Introduction to modern radio-detection 

techniques
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Conclusions



Thank you !!!
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Contact

Physics Laboratory, Parodos Aristotelous18, 
Hellenic Open University Campus, Building 
D, Postcode 26335, Patra, Greece,
Tel:+302610367537,
email: physicslab@eap.gr

Tel:+302610367537

