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r.gﬁﬁf”'c Bringing astroparticle physics into the classroom (Zég |sissen

- A Modernastroparticlephysics is rarely accessible

experimentally at school level
A Cosmic rays provide a natural connection between
particle physics, astrophysics and experimental data

A Goal: handn activities with real detector signals . -~ . .~ -
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A typical educational Cosmic Ray Telesco Reconstruction of the shower direction
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3-4 plastic scintillator detectors

Local Coincidence, Relative Timing and Triangulation

Shower axis reconstruction with an accuracy of a few degrees.
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Int. Journal of Modern Physics A Vol. 35, No. 34n35, 2044022 (2028)//doi.org/10.1142/S0217751X2044022

School
of Science
& Technology

as well as the schools

The schools equipped wit ' participating in distance
>Cosmicsdetectors education activities

while remote operated devices

deployed at the HOU campus a
available to schools for

educational activities by distanc

In the framework of theNet
project, 20 educational cosmic ra .
telescopes have been installed -,jgs_ \ R

high school laboratorids the area T I — m— . . —
of Peloponnese Utilization of the detection stations deployed at the HOU university cam
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A 20222026: 182 schools
A More than 2200 students

A 290 Science Teachers

A In person and remote

participation modes
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¢tKS >bSi fSaazya
yearlong learning pathway, following
the key stages of working with the
>/ 2 & ¥lesOape.

Construction of a detector unit

Conceptual preparation:

cosmic rays, air showers, muons 44 .
29 R

%J olifting
) !
%

2
- ) . 4 |
Detector familiarization: OJ .

. B >
construction, operation, calibration ‘ |

Data Acquisition and Data Analysis

Studentswork in schoolteams,guidedby their
teachers,experiencinga coherentexperimental
procesgatherthan a setof isolatedactivities

Data analysis:

rates, arrival directions, aghower
reconstruction
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EAAHNIKO 1. Koopikég AKTiveg kat Eknaidsutika TnAeokonma
L EEcm

Moodle_HOU EMnvika (el) ~
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Short theory presentations and videos
© YwnAég Evépyeileg kat KOGPIKEG AKTIVEG

Physies Laboratory
H5P
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The gamified Moodle course
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' ZvoideyOévra Avnikeipeve  Avnikeipevo avrailayig

dGamificationsthe useof game
designelementsin nongame
contextE
(Deterdinget al., 2011).
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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

I Co s nietecwr.

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 PCbase
Digital Oscilloscope and a
computer for controlling its
operation.

MDPI, Universe 2019, 5(L)tps://doi.org/10.3390/universe501002



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

Sudents working during the construction of the detection unit.
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Thei Net online web application

Physics Laborstory * Home  Station Selection  Calibration  Online Monitoring ~ pNet Educational Platform  See also...

’ N A Remote users acces
HOU experimental
setups online

School Of Science & Technology https://mnet -online.eap.gr/

Students select a

Hellenic Open University
telescope/station

UNet Online
th@@glaw

B

They can start
calibration or online
monitoring

Remote access
broadens
participation beyond
schools with local
detectors

The operation of the stations
Is performed online using a
web based application

Physics Laboratory, Parodos Aristotelous 18, Hellenic Open University Campus, Building D, Postcode 26335, Patra, Greece
Q +302610367537 M physicslab@eap.gr
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Calibration

Detector Response

Detector Threshold 1
Detector Threshold 2

Detector Threshold 3

UNIVERSITY

Remot e

oper at |

on through

Calibration

Station Selection

Window of the web application during calibration

Online Monitoring

pNet Educational Platform

See also...

Home Station Selection

Calibration

Syncrhonization

Detector Threshold 1 -mV Timing Threshold 1 -mV
Detector Threshold 2 Efgjmv | Timing Threshold 2 Xy

Detector Threshold 3 -mV Timing Threshold 3 B -mV . aes
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Means pulseand the pulse height distribution of each detector unit Time differences of the pulses for the two pairs of detectors
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Online Monitoring

Home  Station Selection  Calibration ¢ pNetEducational Platform  See also... Physics Laborstory g Home  Station Selection  Calibration pNet Educational Platform  Seealso... | Phy Home  StationSelection  Calibration pNet Educational Platform  See also...

Event Display

Telescope Parameters

Parameters Run Info

Detector Threshold 1 va
Detector Threshold2  EXMmV | operation started at: 25/06/2026 10:53:11

Detector Threshold 3 EXJmV | o, i g time: 9 Days, 16 Hours, 56 Minutes, 51 Seconds
i g El-v Detection Rate: 8.57 per hour

Timing Threshold 2 5.0 V] —
Timing Threshold 3 50 [ Reconstruction Rate: 7.92 per hour

occured at:27/07/2022 140434
mes: (t1, 2, t3) = (209.65, 201.06, 198.53)

Timing Offset 1 XJns | Total Number of events detected: 1996
Timing Offset 2 EMiZins | |Total number of events reconstructed: 1844
Timing Offset 3 (s Reconstruction failure rate: 8%

MIP mean peak 1 17.850u\'}
MIP mean peak 2 127204
MIP mean peak 3 12,660\

.00,0.00)
X2,y2,22)=(480,-0.70,0.00)
X3,y3,23)=(5.40,5.25,0.00)

“Use Constant Fraction Timing

—— In thistab the online monitoring page is used to
The calculated direction of the reconstructed®  show histograms that presented the data quality ¢
shower is presented in terms of the zenith a the telescope. These histograms are also present

Each school monitors the detection rate ana
the reconstruction rate of air showers, the
acquired pulses for each detected shower,

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

azimuth angle and an animation of the show&E on top of corresponding history histograms in orde
is also presented to compare directly the acquired data with data fro
previous periods of operation
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Muon flux

Muon telescope
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The two detectors in a telescope configuration with t
necessary wiring mounted on the wooden base.

Detector geometry studies

Detector Positions ‘huﬂuéc 18-JuvSuaopdc Avixveutav:1,5,8 FraBpsg 04-Tuvbuaopdg Avyveutiv:1,2,6 Trabpog 56-YuvBuaopog Aviyveutwv:6,7,8
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) s ; .
Z
6 E
:
.
-25 -20 —iE —iﬂ -5 o 5 1’0
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Eight detection units on the HOU campus enable 56@l= ==+~ = === = "= =+ =% - v+ = s|l: % e v .

differente C o s neiescagpe configuratiorss all
possible 3out-o0f-8 combinations.

56 stations with different geometrical layout

HEP 2026 42nd Conference on Recent Developments in High Energy Physics and Cosmology, Athens, Gtéehdy 026 18
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This year:

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

A They applied error
propagation ideas

A They used a readyade
Excel Monte Carlo
simulation

Final student assignment
based on simulated data
and interpretation



mgitﬁ“'c Educational outcomes: knowledge, skills and engagement @T

UNIVERSITY

{U0dzZRSYGaQ t SNODSLIiA2ya 27

Questionnaire categories - overall means (2022-25)

4.17
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3.96
3.84

Gamification Perceived Moodle Moodle Website Program
Attitude Learning (Moodle) Usability Social Usability Learning Overall
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positively,withmean scores close to or above 4/5 in mos
categories.
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(0 KS > Initial vs Final Knowledge Test ScorasN2 y' Y S

Total score (0-10)

Initial vs Final knowledge test
scores (2024-25)

10

SYDBANRYYS

Initial

t F NI A OA LI
was associated with a
clear improvement in
a0dzRSyiGaQ «
of cosmieray physics
and data analysis.

Final

HEP 2026 42nd Conference on Recent Developments in High Energy Physics and Cosmology, Athens, Gidehdy&®026
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Over 500 students
participated through
both in-person and
remote activities.

Outreach and scientific communication

School
of Science

:

Students presented their
results, covering the full
workflow of theprogramme
from telescope construction t
operation.




HELLENIC

OPEN Outreach and scientific communication @ET

UNIVERSITY

L

o
unvoTy

Physics Laboratory

-
pFvelopmentss

Voo Cosmology:

Conferences

e 25 xopeg
350 Eupwrailkeg oAelg
& o€ 7 oAeLg otnv EANGSa

Adfva, Begoaiovixn, NATHa, HPAKAED,
Adpu

*=1 School of

School
of Science
& Technology

- | | { |
. JAGTEpIa ano .. GAAoV nAavtn

e -
¥ g : ! -_—
Modular Bol of Katoichaia  8° High School

: of Patras
w T Physics Laboratory/Hellenic
G = Open University, Greece

International Cosmic Day
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Towards a scalable, bilingual and muktitector
educational platform

Educational Platform Experimental Infrastructure ¢Q =
A Al digital assistant A Remote muon telescopes -
material
A Beginner / advanced A Particle + muon + radio =
|

annual cycles detection —
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Remotely

School

Operated Muon Telescopes of Science

UNIVERSITY

Manual direction adjustment

Muon detectors
(65x45 cm size ~ 6-10kgr)

Epyacnipog & |
 Avouy B2 @ |
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Azimuth rotors setup NIl % [
ERRE s Py o _\“ "’ ;\\ \ . |

& Technolog

Remote direction adjustment (through web interface)

Adjust zenith and azimuth values

Zenith
rotors
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3 scintillation detectors

GRANEtype radio antenna
A 2 Poles NortkSouth
A 2 Poles EadiVest
A 1 Vertical Pole
A Pole dimension 65x55cm
A Detection of radio signals from cosnrray-
induced air showers
A Coincidence with particle detectors
A Introduction to modern radiadetection

RF oscilloscopé rioU-LNA GRAND antenna techniques

(Low Noise Amplifier)
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CALIBRATION WAVEFORMS
PMT 1 ,_v_\J/\\,\'\/\W,MWM
PMT 2 M\/\\,W\/\N.\/\Nu\.._. R e

pNet brings real .

PMT 4 ~—~.‘\/\\'\/\./\V~\J/\vw.w.‘.w~.~

astroparticle physics intoschools * = =~ = ~
e Students engage with detectors, calibration, i 75:; B e ()

data analysis, and simulations

® Moodle and gamification support active
participation and learning

® Future upgrades will expand uNet towards
particle, muon, and radio detection

a
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Physics Laboratory

RnyaL:) L.JJJreL)ﬁy

Physies Laboratory

| Contact

- k- W Physics Laboratory, Parodasstotelousls,
= ’ “sg Hellenic Open University Campus, Buildi

' ;p:,,phys,cs,ab.eap_gr D, Postcode 26335, Patra, Greece,

email: physicslab@eap.gr


Tel:+302610367537

