-

HELLENIC School
OPEN (L‘ET of Science

- & Technology

B, N UNIVERSITY

The microNet (uNet) project:
Status Report

L. Xiros, A. Tsirigotis, S. Nonis, A. Marantis, A. Leisos
Physics Laboratory, School of Science and Technology
Hellenic Open University

C




HELLENIC ‘:\ School

OPEN O u t | I n e (L‘ET of Science

S & Technology

B, N UNIVERSITY

Educational Cosmic Ray Telescopes
LCosmics Detector

The uNet Project
LNet Pilot Runs

LNet 15 Year of Operation




. : -
OPEN Educational Cosmic Ray Telescopes (&

UNIVERSITY

School
of Science
& Technology

A typical educational Cosmic Ray Telescope Reconstruction of the shower direction

Cables

~omputer
side school

W ~Scintillator Detector

Digitization Board on the
Local Station Computer

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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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 pCosmics detector.

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.

School
of Science
& Technology
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Each tile is a plastic scintillator with . . .

dimensions of 10 times 12 cm and includes | 1N€ Whole construction is easy to assemble and disassemble.
grooves so that where optical fibers are
attached in order to collect the scintillation
light : )' {
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A total of 36 optical fibers run through the
channels and their edges are coupled to a
Silicon Photomultiplier tube in order to convert

WHH (Hl lHH H]HH HJJ”””U he light collected into an electrical signal

The active area of the  { '
detector unit consists of i ‘
3 rows of plastic tiles
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o™ $9 In order to reduce light
i losses we wrap the tiles
with reflective paper
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* Portable (67x42x7 cm3, light (6 kg)
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Large Box
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The basic components of the detector are divided into 2 categories

The SiPM

Bel PM6650-EB
& -6x6mm ..
~ B -50um micro cell size j Hantek DSO3204A 1 Gsa/s acquisition rate
-14272 cells ]

-38% QE at 430nm LucidControl AO4 for the control of the o 250 M H Z Ana Iog

HV supply through UTP cable
/ -4 Channel Analo, tput USB Module
4

- O Bandwidth
AW > 4 input channels with
V amplification.
L2 7 It is operated through the
- 2 USB port of the PC
Full waveform digitization

HMA-0.2N2.5-5

& The data aquisistion system consists of a pC-based

Signal (MCX male to BNC female

digital oscilloscope

The detection unit is contained in the white box and
includes the scintillation tiles, optical fibers and Sipmt
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Int. Journal of Modern Physics A Vol. 35, No. 34n35, 2044022 (2020), https://doi.org/10.1142/S0217751X20440224

@
e @yt as well as the schools
The schools equipped with participating in distance
uCOSYT]ICS detectors ' education activities

{:’¢ m > \ > \ T : _*“
The 1st Greek school network of educatlonal cosmic ray telescopes
: Epa—

Remote operated experimental
setups of the HOU Physics Lab

while remote operated devices

deployed at the HOU campus are
available to schools for

educational activities by distance

]

nCosmics detectors at
high schools

In the framework of the uNet
project, 20 educational cosmic ray
telescopes have been installed at
high school laboratories in the area
of Peloponnese
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Utilization of the detection stations deployed at the HOU university campus
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of a detector unit

s
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Construction

Detector geometry studies

Operation of the Data Acquisition system and Data Analysis, online monitoring
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Summer Schools

MNet — Pilot runs

September 2020 - June 2021
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Each telescope uses 3 out of 4 stacks. From each For the remote users 16 detection units

stack the telescope uses 1 detector unit (same row) ' were arranged at the Physics Laboratory
as shown in this sketch.

Four stacks of detectors were placed at
the tips of a square of side ~5 meters. In
each stack there were 4 detectors one on
T top of the other. That way 16 different
9,10,12 telescopes were formed following 4
— different geometries
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14,15.16

-
i

13,1516

il For example, telescope 1 consisted of
e detectors 2,3 and 4 which is actually the
same with telescope 5 which consists of
detectors 6, 7 and 8
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Figure 7
The experimental setup for the determination of the telescope’s
resolution. The combination of the detection units for each

telescope is shown on the table.
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The signals of the 16 detection units
were acquired by 4 digital oscilloscopes
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60 schools are already participating
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Construction of a detection unit from students

Students working during the construction of the detection unit.
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Schools attending by distance operate the telescopes deployed at the HOU campus

Eight detection units were arranged as it is
shown in the figure, offering 56 different
HCosmics telescopes (3 out of 8
combinations).

The 56 telescopes are available for high
school students that participate to puNet as
remote users, by assigning one telescope for
each school.

Each combination has different geometry
offering the opportunity to study the effect of
the geometry to shower reconstruction rate
and angular resolution.

Detector Positions

-

The arrangement of 8 detection
units at the HOU campus

The 56 stations have different
geometrical layout
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The architecture of the Data Acquisition System of the detector array

8 Detectors

Signals splitters Coincidence unit Splitters

I | |
When 3 out of 8 I_I
The sianals from signals are within a )
the 89detectors small time window Trigger
A - |

(around 200 ns) a

trigger is formed
to form a and the 8 signals

coincidence are digitized by 3
logic 4-channel
oscilloscopes

the 4th channel of

the oscilloscope is Digital oscilloscopes
used for the trigger
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The pNet online web application

Physles Laboratory Home  Station Selection  Calibration  Online Monitoring  pNet Educational Platform  See also...

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

Hellenic Open University

UNet Online
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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
O +302610367537

&4 physicslab@eap.gr
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Station Selection

Phvysics Laborstory Home  Station Selectio Calibration  »¢Online Monitoringd pNet Educational Platform  See also...

Choose Station

: |No Station v
After select!ng the 'No Station
appropriate | Station 1
telescope we can Station2  ion
start either the characStation 3 -tion units,
) ] : " data, etc)
calibration Station5 g
procedure or the lCations.
Online monitorin Station 7
g
of the normal |Station 8
operation SAHGON
Station 10
|Station 11
|Station 12
|Station 13
'Station 14  Laboratory, Parodos Aristotelous 18, Hellenic Open University Campus, Building D, Postcode 26335, Patra, Greece
Station 15 Q +302610367537 & physicslab@eap.g
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Window of the web application during calibration

Station Selection Online:Manitoring pNet Educational Platform See also... Phrysics Laboratory Home Station Selection Online Monitoring pNet Educational Platform See also...

Calibration Calibration

Detector Response Syncrhonization Detector Response Syncrhonization

Detector Threshold 1 : \"
SR A 4 Detector Threshold 1 -mV Timing Threshold 1 -mV START
Detector Threshold 2 : mV
 EEEE—— Detector Threshold 2 mV Timing Threshold 2 EXy

Detector Threshold 3 : ' '
Detector Threshold 3 -mV Timing Threshold 3 § -mV ’ STOP

Mean Pulse 1 Mean Pulse 2 Mean Pulse 3

Entries
Mean
Std Dev
Constant

T

lean
igma

= |
1000 1200 1400 16 800 1000 1200 1400 1600 800 1000 1200 1400 1
ns ns

Pulse Height 1 e Ise Heigh! P ight
ulse Height Siais | Pulse Height 2 S ulse Height 3

Entries 50 g Emres | 44
1213 2 Moan 1335
8084 i Dav | 6.667

LB L L

L l 1 il 1 1 2 1
950 -40-30-20-10 0 10 20 30 40 50 -60 -40 -20 0 20 40
ns ns

ol e A - SRS L ,AA_.,._A,_A.‘A_,A.‘ FUr— -
50 0
mV mV
Selected Station: 4, Timing Calibration started CLEAR DATA
Selected Station: 4, Response Calibration started RECALCULATE MEAN PULSE RECALCULATE DISTRIBUTIONS

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

|
oo
o
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Station Selection  Calibration ~ Online Monitoring ~ pNet Educational Platform ~ Seealso... Physics Laboratory . Home  Station Selection  Calibration pNet Educational Platform  See also... | Physles Laboratory Home  StationSelection  Calibration pNet Educational Platform  See also...

Telescope Parameters Event Display Data Quality

Detector Threshold 1 va Ru n I nfo

Detector Threshold 2 va

Detector Threshold3  [¥lmv ||Operation started at: 00/00/00 00:00:00 3
5.0 LAY nning time: 0 days, 0 hours, 0 minutes £ ; |
50 0 Detection Rate: 0 per hour "
mV . , red at27/07/2022 140434
Reconstruction Rate: 0 per hour ; S N

=" | Total Number of events detected: 0
Mns Pulse peak voltages: (p1, p2, p3) = (16.70, 33.50, 26.50)
_ Total number of events reconstructed: 0
ns

va Reconstruction failure rate: 0%

Peak Voltage 2 Peak Voltage 3
- B Stags VY

Q1. 92, q3) = (59.20, 130.10, 97.23) pC
:33.87 deg
angle:11.62 deg

Azimuth angle

15.0 '}

15.0

Use Constant Fraction Timing

(x3,y3,23)=(5.40,5.25,0.00)

Select Reference Period HIDE REFERENCE DATA SHOW REFERENCE DATA

In this tab the online monitoring page is used to
The calculated direction of the reconstructed show histograms that presented the data quality of
shower is presented in terms of the zenith and the telescope. These histograms are also presented
azimuth angle and an animation of the shower on top of corresponding history histograms in order
is also presented to compare directly the acquired data with data from
previous periods of operation

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.
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LNet — Educational Platform

TnAsoxdmo pCosmic 3 = A W Leonidas Xiros -
1 EAAHNIKO
EPrAETHPIO ©YIIKHE EAN ANO!KTO
e ot : & ‘ MANENIETHMIO

Moodle HOU EMnwikd (el) »

€© KaAdg ‘HpOarse
Topmhé > MaSryora > Game2 Evepyorroinon emegepyaoi u
KaAdg ApBaTe ornVv sekmiSeuTIikg] mMAarTdPdpua Tou lMNMpoypaduuparog pNet Tou 3 © pyomoinon Epvw

Epyaornpiou duoikfig Tng Zonﬁq e:—:'rn(wv Emornuov kail TexvolAoyiag Tou

0 Merdaon o€ :

©a oag TpoTeivaue va EexKivioeTe ard Tnv evoTnrTa "EicaywyikeEg
NMAnpogopisg Mabnfnpu < OTIou Ba Bpelite OAseg TiIg arlapaliTtnTeg
TIANPpodopieg yia T SOMF KAl Ta XAapaKTnploTikad Tou padihuartog

1 :‘ " % A yre g lle \
_ ; 1 Kocun(:g Axtivegka 2, Kooplug Axriveg YynArig
ieg Ma EXTaIBEUTIK ..

EPYEING - ... 3, 0 aviyveutric yiCosmics

* The educational program is implemented using < e
Moodle as LMS where all the developed educational it | | ,
. . . R 1ysics Lagorstomy 8. Aviyveuon 5.Memme Kararagn Kahoot
materials and technological tools are in place showowimg | oBooann [ ayorsopic

% Karaioviapov {Hoviwv
Avigveurikijg Movadag ... TnAeokomriou pCosmics

Moodle platform includes Gamification methods, = ' pp—
assignments, forum, Videos, games, powerpoints,
tests etc in order to enhance students attendance

Epyaotipio pNet




oren ~ MNet — 15t year of operation (2022-2023) (2&[ o Sconce

UNIVERSITY & Technology

LNet — Educational Platform

. Visible groups | Al participants v
Moodle_HOU English {en) ~

( EKTrauBeuTiK TTAaTQOppa yia Mabnréc )

Home » Courses > EKTQIBEUTIKY) TTAQTQOPPA yia MaBnTéc

( EK1TC(I6£UTIKI'] "AGT(P(SPIJC( Yia MGBI]Tég ) Name Activities Modules Sections Bonusof day  Badges Total

@ Awva Mapia ZwBoikn 5870 6850 430 0 0 13150sc0
30 F'EA ZEPPQON(8) 9,753.13sco

TkdpaB Mahh Taphok 5852 6850 430 0 o 13132sc0

TEA NATKAAA(13) 9,451.54sco
lwdvwng Hudmouhog 13107sco

FEA EPMIONHE(T) 8,845.29sc0 . Q AvaoTacia Kapaki 13083sc0

w Durevi Adn 5 130355¢0
FEA MEACTIOY(14) 8,676.79sc0
dpeibepikn Kagrdvn 12981sco
TEA AITEIPAZ(22) 7,044145¢c0
Anprirpiog Kapapivag 12979sco
30 TEA APTOYZI(18 6,529.06 ) ;
° e = @ Tiéwvng Naoyakidng 129595c0

A

o Z(OKPATHZ MAMANAZTAZOMOYAOL 5 12844sca
i

3o FEA NATPON(10) 6,367.90sco

NikoAéta ©eoboaia MNapagkeuomolAou 12833sc0
FEA AYTOYPIOY(23) 5,108.655¢c0

Mavayiimg Mewpyac
FEA APXATTEAOY POACY(5) 5,899.40sco

Mapiog ABavaoiadng

1o FEA MYProOY(s) 5,666.40sco 0 Twpyog Navveag

The performance of the students is monitored through a series of activities that include also a kind of gaming collecting points and
badges.

12th International Conference on New Frontiers in Physics (ICNFP 2023), Colymbari, Crete, 10 July — 22 July 2023
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On April we had the 15t annual
meeting of the microNet Project

More than 500 students attended in
person and by distance

The students presented their results
covering all their activities. From the
construction of the detection units up
to the operation of the telescope.
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