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A Cosmic Rays and Elementary Particles

A Scientific Interestthe wide energy spectrum, the unknown origin of high energy cosmic
rays, the acceleration mechanisms, the composition of the primparticles, detection
techniquesetc
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Educational Cosmic Ray Telescop

Theideais that scintillator counterspositionedon the roofs of high schools
— canform a largesparsearray of detectorsacrossbig cities coveringan area

Cosmic Rays
Space paoton of manysquaremiles.

Earth's atmosphere

Global Positioning Cosmic Ray Detectors

Collision System Receiver (inside weatherproof enclosures)

Cables

Computer
inside school

a computer network. 4




Educational Cosmic Ray Telescop

A typical educational array consistsof between three and
four plastic scintillator detectors connected to
photomultiplier tubes and read out by custom built
electronics The detectorsare placeda few meters apart on
the roof of a school,collegeor universitybuildingalongwith

an antenna which uses the global positioning systemto =
providean absolutetime reference

Local Coincidence , Relatifaning and Triangulation

Shower axis reconstruction witlan accuracy of a few degrees.

Activities for Studentsaand Teachers|

A Classroom lessons for the history of Cosmic rays, the detection technlques Instrument.
statistical techniques, MC simulati@tc g I

A The Assembly of the station (polishing and cleaning of the scintillato
connectinghigh-voltage supply, gluing PMT, wrapping the scintillator)

A Calibration and testing of the PMT and the Scintillator counters

A Control and Monitoring of the array -

A Shower reconstruction and Data Analysis (local or combined data from several stéltlonsj

A Workshopdor presentation of the results, public lectures




Worldwide Educational Cosmic Ra
Telescopes

CANADA

ALTA VICTA TRIUMF

USA

WALTA CHICOSCROP SALTATECOSHARTICL.E
CLASASCROMUARKNET

UK

The Cosmic Ray Proje€@uarkNetCymry Detecting
Cosmic Rayspossible student projects
GERMANY

Skyview, Cosmic@WebTlheNetzwerkTeilchenwelt
network

FRANCE

| 2aY28;:02f Shb

NETHERLANDS

High School Project on Astrophysics Research with
CosmicgHISPARC

SWEDEN

SEASACosmiaay outreach irStockholm

POLAND
MAZECREDO
RUSSIA

Showers of Knowledge
SPAIN

Cazadoresle RayoSGamma
FINLAND

CallioLab

CZECH Republic
CZELTA

ITALY

Extreme Energy Events
Romania

ROCOSMICS

Slovakia

SKALTA

GREECE

HELYCON



http://maze.u.lodz.pl/ang/index.html
http://credo.science/
http://livni.jinr.ru/index.php?lang=en
http://www.cazadoresderayosgamma.com/
http://www.cazadoresderayosgamma.com/
http://www.cazadoresderayosgamma.com/
http://www.cazadoresderayosgamma.com/
http://www.cazadoresderayosgamma.com/
http://www.cazadoresderayosgamma.com/
https://calliolab.com/callio-lab/emma-experiment/
https://calliolab.com/callio-lab/emma-experiment/
https://calliolab.com/callio-lab/emma-experiment/
http://czelta.utef.cvut.cz/publicweb/?language=en
http://eee.centrofermi.it/
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http://neutrino.phys.washington.edu/~walta/
thesis.library.caltech.edu/4187/1/elina_brobeck_thesis.pdf
http://crop.unl.edu/
https://faculty.washington.edu/wilkes/salta/
http://www-hep.uta.edu/tecose.html
http://www.pas.rochester.edu/~pavone/particle-www/teachers/brochure/brochure.pdf
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https://arxiv.org/abs/hep-ex/0106002
https://quarknet.i2u2.org/home
https://www.kcl.ac.uk/nms/depts/physics/newsold/events/TheCosmicRayProject.aspx
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The HELYCON Detector Module
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AstroneuCollaboration

AUTH DEMOKRITOS; Univ..of AEGEAN and TEI PIRAEUS; -Univ. Of ATHENS

HOU and Univ. of PATRAS
ResearchTeam STzamarias A.Leisos A.Liolios ESavvidis |.Katsioulas D.Sampsonidis ChElefteriadis
ChPetridoy I|.Maznas G.Bourlis ATsirigotis G.Georgis N.Giokaris A.ManousakisKatsikakis
EP.Christopoulou A.Birbas |.Gkialas KZachariadoul.Manthos KPrekas G.Fanourakis CPapadopoylos
D.Lenis A.PapaoikonomouP.Razis
External Collaborators JVergados |.Giomataris JeanPierre Ernenwein ChNicolaoy Dr.JMoussa

SPnevmaticosEPierri KSiori G.Zisimopoulo

¢THALISHOU- Development and Applications of Novel Instrumentateord
Experimental Methods in Astroparticle Physics

High Energy ""' e : EASTelescopy
Neutrino b R S ' Operation &

Telescopy - S Reconstruction

Extensive Air B Al AL ' Low Energy
Shower ] A ————— | S Neutrino
Instrumentation ' G Detection

In 2014 3 autonomous stations where installed and are still operated at the University Can
in Patras(Greece) 9



The HOU Cosmic Ray Telescope

3 stations at the University Campus
And one more station deployed in the Physics Lab (3.5 km apart)

(Nram)
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HOU Cosmic Ray Telescope
Station Schematic

USB

uTP

Ethernet
RG58 (power)
RG58 (signal)
GND

220V

GPS
] IAntenna

Laptop

! -
Quarknet |+

—

Detector 1

y Physics lab

RF system

Detector 2

Detector 3

Eachstation consist®f

A 3 scintillator counters
(~30 m spacing

A RF antenngautonomous
station)

A DAQ and Slow Control
electronics
Power Supply, Monitoring
system




HOU Cosmic Ray Telescope
ControlBox andDAQ

Detectors data acquisition with the Quarknet card based on the Time over

Threshold technique - e b
esigned at Fermila

® 4 input channels

® ] 0x amplification of the input signals

= Performs time tagging of the crossings of the pulses with one adjustable
threshold (set through the acquisition software)

= Time resolution 1.25ns

= Adjustable trigger criteria (majorityptime window)
= NIM trigger out signal

= USB connection to hosting compute

= External GPS receiver provides the

absolute time of the event




HOU Cosmic Ray Telescope
New electronics

Designed by the collaboration,

The prototype developed at the Applied Electronicg
A Includes 2 input channels 3 thresholds for chanriEiP e PatrasUniv (Prof.A. Birbag

1, 1 threshold for channel 2
A Itis Based on the TMGPS ultréhigh

tagging ofthe pulsecrossings ofhe adjustable
thresholds

A The Time resolution is 0.1ns

A There is a USB connection to hosting computer,
and

A External GPS receiver for timing of #neents

arxXiv:1702.0106

13


https://arxiv.org/abs/1702.01066

HOU Cosmic Ray Telescope
Preparation before Deployment

(gain, singlgpe level and dark courntate)

Particledetectors calibration
(uniformity, timing and MIResponse)

High sampling
e

Testsof the Quarknetcards (DAQ cardls
(thresholds, timing accuracy, trigger logic

(Angularoffsets, charge collection, waveform shayes)

Oscilloscope,
AND logic in two
first channels

Small
Scintillators

High sampling
ate

r:
oscilloscope

Counter Calibration Station Calibration and testing
14



HOU Cosmic Ray Telescope S

8-10 pCh

12-14 pCh

Hellenic Open University Reconstruction and Simulation of Extended Air Showers ) E
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A Parameterizations using Geant4 full simulation
A Slewing correction

A Digitization DAQ functionality

A Signal processing : L
A Reconstruction Studies  [EIR A0 oJofeliLs st soons

emission



https://arxiv.org/abs/1702.00945

HOU Cosmic Ray Telescope

ToTparametrizations
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HOU Cosmic Ray Telescope
Single Station Performance
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HOU Cosmic Ray Telescope
Sations in Coincidence

Showers that trigger both Impact points of showers reconstructe
by both stations

‘Station 1

stationshaveenergy E>10'¢ eV

primary particle —w

shower front
{size: ~ 100 m)

delay
account

shower axis

The charge ratio of the most
energetic counters of the two
arrayscanbe usedto classifythe : e
showersandapplycorrections i

medign=2,9

eieeeomedian=3.9. TR

Shower reconstruction
A plane particle front (red)
A curvature correction(grey

i a8
3-D angle {deg)




HOU Cosmic Ray Telescope
RF Detection of Coincidence Even

Focus on events in coincidence from station 1 and station 2 particle detectors

rise time

Red: Cosmic events

in both antennas

Black: Background
events

arxXiv:1702.05794

Already deployed 3 more
antennas on Station 1 in
order to reconstruct EAS
FTNRY | yi oyl

L N
150 200 250
Risetime — Antenna 1

(1011
60 80 100 120 140 160 180 200 220 240
Risetime — Antenna 2

19



https://arxiv.org/abs/1702.05794

HOU Cosmic Ray Telescope
& Secondary Education

Getting high school students and teachers involved




HOU Cosmic Raglescope
Activities for High School students

A Visits of high school students to the HOU Telescope (University Campu
Patrag
A Lectures for the Cosmic rays and the detection techniques
A Hands on experimentation in:
A PMT calibration
A Scintillator Counter uniformity and responsertip
A Timing studies
A Coincidence studies
A DAQ performance
A Signal processing
A Operation and Monitoring of a station
A Analysis and shower reconstruction
A Offline data analysis and interpretation
A Correlation studies (dagight, atm pressure, easivest anisotropy, zenit
angle dependence)
A Geometries study Monte Carlo simulation
A Evaluation and Feedback




HOU Cosmic Ray Telescope
Educational Activity: PMCalibration

- 5GS/s high sampling rate oscilloscope

(Tektronix 5052B) with LAN connectivity

- Custom software for data acquisition
(LabVIEW and C++)

- PMT stays in darkness without supply

voltage for ~3h
- PMT powered with the typical voltage for |
~1h before measurements begin xaldrdia
' X \
CI|PATOG KALNR, |
taong ¥/

- | Discriminator

EE

e High sampling
Trigger vate

oscilloscope

»
\ S )
\ g
! ; N
| @y
L T S T S T Y B =
Churge (pCD) u *3
e cxprtment
Control and
monitor PC High Voltage Enter bounds for the fit (both O for unbounded fit)
power supply “Enter the lower bound” (<CR>=) 0.5
“Enter the upper bound” (<CR>=) 2
“Polya only fit or Gauss only fit or PolyasGauss or Double Gauss or no fit(p/g/d/dg/m)7" (<CH

Designed as Teleabarotary(telephysics.eap.gr)

Webcasts & Power Point Presentations, Software packages, Step by Step instructions
22




HOU Cosmic Ray Telescope
Educational Activity : Scintillator stuc

Mean charge 1.28537pCh with voriation 12,571 ‘{ T

Percentage (%)

o [NeipapaTikd Aedopéva Re!ftwe T'm'r:f

- Monte Carlo

Designed as Teleabarotary(telephysics.eap.gr)
Webcasts & Power Point Presentations, Softwar@&ckages Step by Step instructions

23



HOU Cosmic Ray Telescope

Educational Activity: DARerformance

Single photoelectron
wave form
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HOU Cosmic Ray Telescope
Educational Act|V|tyControI & I\/Ionltorlng

Temperature (C) Pressure (mbar)

MonitorCortrlSotings| Hardwa) [onitor [conrr

~High Woltage

On High Voltage 5
# Sot Default Value ) \ i
® Set Last Value 1 5[]0_ v

o Set Manually f’m\ T 1 )
05 emperaiure
Y 30 |
@ Gradual

rSet
# At Once

Fiead Stalus {'-;

Designed as Teleabarotary(telephysics.eap.gr)
Webcasts & Power Point Presentations, Step by Step instructions
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