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Q] e== CAENSpA

Founded in 1979, CAEN S.p.A. (Costruzioni Appearecchiature Elettroniche Nuclr-
an important industrial sphoff of the INFN.

Core busines<Electronic Instrumentation for physics experiments (world leader)

most advanced electronic instrumentation for any particle or radiation detectors
Strong of an extremely close collaboration with the world major research
laboratories CAEN is proud to produce the best tools for: \

Sales network offices in Italy, Germany, USA, In
Distributors in more than 30 countries

High Energy Physics
Astrophysics
Neutrino Physics
Dark Matter Investigatio
Nuclear Physics =
Material Science
Medical Applications
Homeland Security
Industrial Applications
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Q2 =2 EducationaProject

CAENDrings the experience acquired in 40 years of ]
collaboration with the High Energy & Nuclear Physics
community into the educationallaboratoriesWorldwide

CAENenters the world of learning and training by
providingmodern physicsexperimentsfor Advanced.abs
basedon the latesttechnologiesandinstrumentation

Goalls

x  Inspire students and guide them towards the analysis and
comprehension of different physics phenomena with a series
experiments based osatate-of-the art technologies
instruments and methods
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x Target the experiment depending on the student educational
level With this approach, the experiments proposed can be
performed at high school level (grade 11,12) science classes

University of Insubria (IT) to undergraduate physics laboratory and PhD courses.
University of Aveiro (PT)
Ferrara University (IT)

r
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Q) == Educational Even

PhD schools
Outreach and Masterclass

University and°PhD:Laboratory cotrses

RESEARCH TOOLS
Tailored courses to meet trainee's needs

High school Liaboeratonycourses
Training courses for High School teachers
Coursesand schoolsalsoavailableon-site

Latin American alliance for s
Eﬁémus Honaus @ Capacity :vuildiNCl in Advanced physics \
LA-CoNGA physics
r
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N)edy SUETsA CAEN Educational Train

CAENDffers training coursesfor different types of experimentsused
in educationalaboratoriesby targetingthem dependingon:

C Students'educationalevel(from highschoolto PhD)
C Applicationgfrom pulseprocessinglectronicsto nuclearsafety)

¢ Expertusers

7 201@ ;.‘.’.i Ei[?[sjmus I“ﬂu.ndus
' A 9’%“@

Courses:
Nuclear Physics
Quantum Physics
Environmental Radioactivity

A
A
A
A Cosmic Rays
A
A
A
A

EEEEEEE

Emulation systems e

@ rrisma ; . A
PRISMA SCHOOL 2018 Nuclear Imaging L X S |
o P Ol s’ Detectors Characterization ' = E
T el Statistics ’ ‘

| e | | 3‘-‘ | A Digital Pulses Processing
: A FPGA Programming

(SCiCompiIer based) All courses, taught by expert instructors and academics, are balanced between software,
. theoretical lessons and practical lab-exercises to provide the maximum benefits:
A Electronic Products

A Discussion and constructive interaction with the other users and the expert staff
A Practical Handsn focused.on the concepts covered in class lesson
A Practical exercises on CAEN hardware and software tools

Reference materials are also provided!

.....
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N)edy SUETsA Educational Commun
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EXPERIMENTS COMMUNITY EXPERIMENTS KITS UPLOAD YOUR WORK

Caenestablisheghe groundworkfor an innovative scientificcommunity by
introducing a repository sectionon our cutting-edge Educational\Webpage

exclusivelyfor our valuedCAENustomers'scientificendeavors UNDER COTSTRUCTJ
- XItY2adu

CAEN EdulLab

Inspiring students towards the analysis and comprehension of different physics phenomena with a series of
experiments based on state-of-the art technologies, instruments and methods.

LEARN MORE v

. : . _ _ CAEN Experiments
x Introducinga groundbreakingscientificnetwork exclusivelydedicatedto | cicy chiers the world of leading and

1 1 training by providing modern physics . ° ”
Modern & NuclearPhysic€Educationon a globalscale B = = R
r | L

experiments for advanced labs based on
the lastest technologies and

x Opento studentsof all levelsand professionalsalike,providinga platform | instumentation.
for seamlessuploadingand sharingof experimentswithin our thriving | IEEEE
"EducationalCommunity

x Easilynavigateand discoverjobs/experimentsthrough intuitive tagsand

: ) : C ity E iment
filters, ensuringeffortlessexplorationand search ommunity Experiments

A new scientific community is born. CAEN
collected a series of experiments covering
several fields application developed by
teachers and students worldwide via CAEN
Educational tools

2R CAENEdulab CAENEduLab

<J

x Enjoy interactive features that foster seamlesscommunication and
collaborationamongmembersof our vibrantcommunity

x Comprehensivguidestailored specificallyfor each
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Awide rangeof experimentscoveringhuclearand Particle Physicdieldd

Fromthe radioactivedecayso iand* o the cosmicrays,from the light quantato
the advancedstatistics and from the nuclear imagingto the emulation of the
radioactive processes Moreover, a new product line is fully focused on

environmentalradiation(indoorandoutdoor). .
Particle Detector Characterization

Nuclear Physics and Radioactivityc  Silicon Photomultiplier (SiPM)

SP5660

ROCKYRAD

Particle Physics
C Photons

C 1+ {LISOGNRa&aO2LE C Photomultiplier Tube (PMT) C Cosmic Rays
I -Radiation L
g Nuclear Imaging PET Advanced Statistics based on Electrofiics:
C mEnvironmental Radioactivity (indoor) ~ Silicon Photomultiplier Cl - PulseProcessing

C nEnvironmental Radioactivity (outdoor) [Detectors

SP5620CH < - SP5600EMU
Cosmic Hunter s.2 Emulation Kit ‘ ! SP5600D
Edu Beta Kit

PhysicsExperiments&: Kits

SP5640
Gamma EDU

SP56050
Open FPGA Kit

C! - FPGA Programming &

......... SP5600E
........ Edu Photon Kit

SP5600C
Edu Gamma Kit

SP5700 SP5630EN
EasyPET Environmental kit
r
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Shent Guide

[XE] siPM characterization
oo

Nuclear iPlyygics ahBaRadioaatiyity

A lot of experiments on han

| Particle Rhysics |

Main Tagies:

o T T To Do I

Experiment task
Short description
Equipment list
Requirements
Quick guide
Experimental
results

T {LISOUNFaOZLlk

V Poisson and Gaussian Distributions

V Energy Resolution

V System Calibration: Linearity and Resolution
V A comparison of different scintillating crystals: Light Yield,
Decay Time and resolution

V! -Radiation Absorption

V Photonuclear crossection/Compton Scattering crosgction
i -Radiation

V Response of a Plastic Scintillating Tile

Vi {LISOGNRald2LR

Vi -radiation: Transmission through Matter

Photons
V Quantum Nature of Light
V Handson Photon Counting Statistics

Cosmic Rays

V Statistics

V Muons Detection

V Muons Spectrum

V Muons Vertical Flux on Horizontal Detector
V Zenith Dependence of Muons Flux

V Random Coincidence

V Detection Efficiency

V Cosmic Flux as a function of the altitude

V Cosmic Shower Detection

Vi -Radiation as a Method to Measure Paper Sheet Gramma A48k vironmental and Cosmic Radiation

and thin layer thickness
Nuclear Imaging PET

V Absorption Measurements
V Solar Act|V|tv Monitoring

V.aA0 aSladaNSBYySyiday !
V Positron Annihilation Detection

V Two-dimensional Reconstruction of Source

V Spatial Resolution

1+ Environmental Radioactivity (outdoor)

V Environmental monitoring in land field

(35 OPTRIAE Detectol haraetenzation’ ” o' "

Silicon Photomultiplier (SIPM)

V SiPM Characterization

V Dependence of the SiPM Properties on the bias voltage
V Temperature Effects on SiPM Properties

V Ground Coverage Effect on the Environmental Monitoring Photomultiplier Tube (PMT)

V Human Body Radioactivity

V Environmental detection as a function of the soil distance
V Radioactivity maps production

V Radiological evaluation of the building materials

V Geochemical and mineral exploration

O 9Y@PBANRYYSYGdlFt wlkRAZ2EFOGA
V Energy calibration of System based on LYSO crystal

V Background Measurements

V Fertilizer and photopeak identification

' Vldentifications Sample Test

V Soil sample identification
V Samples Comparison
VV Radon passive measurements
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V Measurement of Photomultiplier Plateau Curves

Advaneetistitititiis d asbsh@ilisdicon

Photomuitiplier Detieainks
VV An Educational Kit Based on a Modular SiPM System
& Sirfiple @rld Yobudt 7Bkkbd to study aftpulses in
Silicon Photomultipliers
V Background removal procedure based on the
{bLt FfI2NAGKY F2NJ ! bLNJI &

PulserPracessing@penERGA

VAnang S|gnal ach|S|t|0n and wavetorm Vis 'Ofmgg

V2 OSTF2NY RAIAGAT SNJ o %.

c.mattone@caen.it

Reproduction, transfer, distribution of part or all o the contents in this document in any form without prior written permission of CAEN'S.p AN IS proRioies

General Information
Introduction

Required Equipment
Getting Started
A Experimental Procedure

a % UR\EEU E§
Links related to this

topic
SR3S

A
A
A Physics Pills
A
A

RAY 3 GNRIISNXXX

8/27



Short Guide

[XE] siPM characterization
oo

Main Topies:
Experiment task
Short description
Equipment list
Requirements
Quick guide
Experimental
results

T T To T To I

A lot of experiments on han

Nuclear FlyyBics rahHaddadioadtyity

' Vldentifications Sample Test

T {LISOUNFaOZLlk

V Poisson and Gaussian Distributions
V Energy Resolution

V System Calibration: Linearity and Resolutic 4
V A comparison of different scintillating cryst:
Decay Time and resolution

V! -Radiation Absorption

V Photonuclear crossection/Compton Scattering crosgction

i -Radiation

V Response of a Plastic Scintillating Tile
Vi {LISOGNRald2LR

Vi -radiation: Transmission through Matter
Vi -Radiation as a Method to Measure Paper.4
and thin layer thickness

Nuclear Imaging PET

V.aA0 aSladiNBYSyiday
V Positron Annihilation Detection

V Two-dimensional Reconstruction of Source
V Spatial Resolution

1+ Environmental Radioactivity (outdoor)
V Environmental monitoring in land field

V Ground Coverage Effect on the Environn
V Human Body Radioactivity

V Environmental detection as a function of
V Radioactivity maps production

V Radiological evaluation of the building mi
V Geochemical and mineral exploration

IO 9Y@ANRBYYSYUlt wl E
V Energy calibration of System based on L
V Background Measurements

V Fertilizer and photopeak identification

V Soil sample identification

V Samples Comparison
VV Radon passive measurements
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SP5600

[sPse00k
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Photons
V Quantum Nature of Light
V Handson Photon Counting Statistics

Cosmic Rays
V Statistics
V Muons Detection
V Muons Spectrum
V Muons Vertical Flux on Horizontal Detector
V Zenith Dependence of Muons Flux
V Random Coincidence
V Detection Efficiency
V Cosmic Flux as a function of the altitude
V Cosmic Shower Detection
a9%Environmental and Cosmic Radiation

V Absorption Measurements

| Particle iRlyysics |
ok

S|I|con Photomultiplier (SIPM)
V SiPM Characterization

V Temperature Effects on SiPM Properties

g Photomultiplier Tube (PMT)
V' Measurement of Photomultiplier Plateau Cuaas

Advancatistitittis d xasbsh@iliS
Photomuitiplier Deieainks

el A XA Sirfiple &rid YoBudt ZnBkod to study aftp
SP5630E}

VV An Educational Kit Based on a Modular

Silicon Photomultipliers
V Background removal procedure based on
{bLt FfIA2NAGKY F2NJ

PulserProcessing)@penERPGA
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NJedu [SocT=A Experiments & Educational kiGamm:

Reconmaended
Spectrosco y

Al
JZN . M Equipment
Olo|lw || = 5 | & z
slg|g|5|3|8|E|clgle|gls
Section Subsection Experiment § § § 3 § - g & SP5600C SP5600AN
sl ol oG 0 N R I I R o Educational Gamma kiPremium Version kit
Det e eRadiatiog | N N | N N |N|[N]|N . .
| | - L Alternative @lhaiee
Poisson and Gaussiaf N N N N N
Distributions
Energy Resolution N N | N N [N[N]N
System Calibration: | N N | N N [N |[N
Linearity and Resoluti
Nuclear Physicy & S pect fAcosp@ionf yifferl N N N SP5630EN SP5630ENP
and Radioactivity scintillating crystals: L Environmental kit Environmental kit Plus
Yield, Decay Time an(
resolution
2-Radiation Absorptio N N N [N |N
Photonuclear cross | N N | N N [N [N
section/Compton —_—
Scattering crassction SP5600EMU SP5640
Emulation kit GammaEDU
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Q24 <=2 Educational Kits Descripti

SP60M d EducationaBetakit

SP60E& 6 EducationaPhotonkit SPB60C d EducationaGammait

SPB60ANO Educationakit
Premium Version

r’
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SP600 ¢ EducationalBetakit

SP5600 Power Supply
and Amplification Unit
Two channels
LYRSLISYRSYyG o6AFaAy3d O0YFE mMun =32

2 stage amplification [500 MHz bandwidth, tunable gain up to ~ 50 dB]
Fast leadingedgediscriminator(\N2V)

Coincidence logic

Active feedback control on,\ for Gain stabilization

(granularity: 0.°C)

USB 2.0 interface

W ACHEP 2023

o 3o Do Do o Do Ix
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Educational Kits Descripti

SP5600C¢ EducationalGammakit

SP5600AN ¢ Educationalkit
Premium Version

DT5720A Desktop
Digitizer

A Digital Pulse Processing for Charge Integration-OPP

M nAnGood!timing resolution with fast signals (rise time < 100

ns)
A 2 channels
A Standalone
A 250 Ms/s, 12 bits
A NLV input range
A Optical Link and USB 2.0 interfaces

c.mattone@caen.it 11/27
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SP600 ¢ EducationalBetakit

Educational Photon Kit Descript

SP5600C¢ EducationalGammakit

SP560CE ¢ EducationalPhoton kit

SP5601
LED Drive

- A LED color: violet,, = 420 nm)

A Peak current; 120 mA

A Luminous intensity: 9500 mcd

@20mA
A Width of pulse: 8ns
A 30 half-view angle

A Pulse generator: internal/external

A Optical fiber included

24 October 2023
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SP5650¢E Sensor
holder with SIPM

A HAMAMATSUMPPS S13360350CS

SP5600AN ¢ Educationalkit
Premium Version

O Effective photosensitive area : 1.3 x

1.3mn?
O Pixel pitch : 56 Y

O Number of pixels : 667

A Temperature sensor

c.mattone@caen.it
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Q24 <=2 Educational Beta Kit Descript

b"r-f;- - ol . .
y ©2 P SP5600 ¢ EducationaBetakit SP5600C ¢ EducationalGammakit
S -
SP560CE ¢ EducationalPhoton kit SP5600AN ¢ Educationalkkit

Premium Version

SP5608 Scintillating Tile

A Sensitive volume: 47 x 47 x 10 fhm

A Scintillator: polystyrene

A Directly coupled on HAMAMATSIPPS S13366050CS
O Effective photosensitive area : 6 x 6 fhm
O Pixel pitch : 56 Y
O Number of pixels : 14400

A nA20 Paper and Aluminum sheets

A Teflon tape

r’
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Q) €= Educational Beta Kit Descript

¢ Universelle des E
echnigues & Scient

SP5600C ¢ EducationalGammakit

SP560CE ¢ EducationalPhoton kit

SP5600AN ¢ Educationalkit
Premium Version

! Additional SP5608 Scintillating Tile | Suggested Application

TelescopeMechanicsallows the easy
constructionof a muonstelescope It
iscomposedof :

A Rotary axis with desk support

A Clamps with screws

A Angle brackets kit

A Double coincidence
A Zenith Dependence of
Muons Flux

24 October 2023 c.mattone@caen.it 14/27
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EducationalGamna Kit Descriptio

R {

s

b
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SP600 ¢ EducationalBetakit

SP5600C¢ EducationalGammakit

B \

SP560CE ¢ EducationalPhoton kit

SP5600AN ¢ Educationalkit
Premium Version

SP5607 l

O Effective photosensitive area : 6 x 6 fhm
O Pixel pitch : 56 Y
O Number of pixels : 14400

r

ﬁ ACHEP 2023
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SP5606 : |
Mini-Spectrometer Absorption Too ‘
A Mechanical structure for optimal SiPM to crystal : Spacers
coupling S A one 4mm thick, five 10 mm thick;
A Scintillating CrystalsCs) LYSO, BGO (6 x 6 x 153n ~ I3 Aluminum Absorbers
A One SiPM embedded HAMAMATSU A one 4mm thick, five 10 mm thick;
MPPS S13366050CS ’ PMMA Absorbers

c.mattone@caen.it

A one 4mm thick, five 10 mm thick.
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Educational Kitd HERA Softwal

C HelpandQuickStart Guidenline

C Three Access Levdis the software functionalities:
A Level 1- Hardware Management
A Level 2- Hardware Management + Experiments
A Level 3 Full Access (Analysis Tools)

SP5600C Educational
Gamma kit

SP5600AN Educational kit
Premium Version

SP5600D Educationa
Beta kit

=7
| i -
i e e G CAEN Educational |

T-oo_ mcun“wn~_ -

e [ Py

SP5600E Educationa
Photon kit

I Selection by Kit}j

=~

=

335/ ] =

- e WW-";‘"W" i I'lll - ;" IIL “I n_,

HERA Tl
@ L om om
ok o5 oo |

AnalysisTdobls
HandyEducationalRadiationApplication are implemented in the software itselft= QM‘ :
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Emulation Kit Descriptic

Emulation and Detection
Educational Software

ta
)

A Energyspectrumemulation

A Gammaradioactiveisotopesdatabaseaccess
A Continuougpre-amplifieremulation

A Signalanalysis PHAand Clpulseprocessing

SEB60CEMUC Emulationkit

DT4800 Micro Digital Detecto DT5770 Digital
Emulator Multichannel Analyzer

A Compact portable 16k Digital MCA (150MS/s)

A Suited for high resolution Gamma Spectroscopy

A Support continuous and pulsed reset preamplifie

A Software selectable coarse and fine gain

A DB9 connector for preamplifier power supply

A Different acquisition modes available: Cl and PHA for energy calculation
and signal inspector for an easy setup and signal monitoring

A MiniUSB and Ethernet communication interfaces

A Real Energy spectrum emulation
A Time distribution emulation (Poissonian)
A Noise emulation

A Continuous preamplifier emulation

A Nuclides database

A User Friendly Control SW with Graphical User Interface
A MiniUSB interface

W ACHEP 2023 24 October 2023 c.mattone@caen.it 17/27
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Q24 <=2 EasyPEKit Descriptio

ma SpectrOSCOPY

Nuclear Imag 2 =

EasyPET Result

T

Link toVideo

Parallax error is eliminated

Patent pending Aveiro University

SP701¢ EasyPEKit il
l {
SP5700 EasyPE| 1 1
DT5770 Digital
A Two detectors, each composed of a LYSO Multichannel Analyzer

scintillator crystal optically coupled to a SiP
A Printed Circuit Board (PCB) equipped with

electronics used for SiPMs supply voltage,

signal readout and coincidence detection
A Two stepper motors

A Compact portable 16k Digital MCA (150MS/s)

A Suited for high resolution Gamma Spectroscopy
A Support continuous and pulsed reset preamplifie
A Software selectable coarse and fine gain

A Microcontroller unit responsible for controlling A DB9 connector for preamplifier power supply
EasyPET parameters, driving the stepper A Different acquisition modes available: Cl and PHA for energy calculation
motors and communicating with the computer and signal inspector for an easy setup and signal monitoring

A Holders for radioactive source. A MiniUSB and Ethernet communication interfaces

-
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