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Increasing Interest in Outreach and Education in Physics

Recent trends show a significant increase in outreach and educational programs developed by universities and research institutions.
Focus on making physics and other scientific disciplines more accessible and engaging to a broader audience.

Goals of Outreach Initiatives

‘
« Stimulate Interest in Science: Create engaging content and hands-on activities to . __\-v

capture the curiosity of diverse audiences. Interactive Workshops ! i
Promote Understanding: Simplify complex concepts to enhance comprehension of Public Lectures and

fundamental principles of physics. .
_ o o Seminars
* Inspire Future Scientists: Encourage young students to pursue careers in science

through inspirational programs and role models. Collaborative Projects

Impact

« Increased Engagement: Higher participation rates in science fairs, workshops, and educational
programs.

« Enhanced Understanding: Improved comprehension of scientific concepts among participants.

» Future Scientists: Growing interest in STEM careers among young students.

@ CAEN
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Educational Project

CAEN brings the experience acquired in more than 45 years
of collaboration with the High Energy & Nuclear Physics
community into the educational laboratories Worldwide.

CAEN enters the world of learning and training by providing
modern physics experiments for Advanced Labs based on
the latest technologies and instrumentation.
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Inspire students and guide them towards the analysis and
comprehension of different physics phenomena with a series of
experiments based on state-of-the art technologies, instruments
and methods.

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 up to
undergraduate physics laboratory and PhD courses.
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D
Ph SChO8Il.?treach and Masterclass

University and PhD Laboratory courses

RESEARCH TOOLS
Tailored courses to meet trainee's needs
High school Laboratory courses J
Training courses for High School teachers_~&
Courses and schools also available on-site

@ CAEN
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CAEN Educational Training

CAEN offers training courses for different types of experiments used in educational
laboratories by targeting them depending on:

. Students' educational level (from high school to PhD)

=  Applications (from pulse processing electronics to nuclear safety)

=  Expertusers »  School on Waveform «
w Digitizer

20128 Y. Erasmus Mundus
£ULC T+
- sclear Physics

Co-funded by the
Erastus+ Programme
of the Eurcpean Union

2° School 0N ¢ uey iovenns

Waveform Digitizer o, *

Nuclear and Particle Boghter e
Physics Experiments

for Schools and
Universities } <

Courses: Q reoma
*  Nuclear Physics PRISMA SCHOOL 2018 - oL
*  Quantum Physics e " 8000 ‘
Mainz, 12 - 16 March 201 id mmEx® caen QI

3 - NTERNATIONAL MOBILITY - IMSci-Nu Master ||
PRISMA* SCHOOL 2022 |= 5 ay 202

Photon Detection and FPGAs in Particle Detectol

»  Environmental Radioactivity
«  Cosmic Rays

- Emulation systems s Rt - u S
*  Nuclear Imaging D B S i
. Detectors Characterization All courses, taught by expert instructors and academics, are balanced between
. Statistics software, theoretical lessons and practical lab exercises to provide the maximum
vk : T— benefits:

?I;%;alljfgéieaﬁr;?’izssmg » Discussion and constructive interaction with the other users and the expert
' staff

(Sci-Compiler based) » Practical Hands-on focused on the concepts covered in class lesson

. » Practical exercises on CAEN hardware and software tools
Electronic Products | o Reference materials are also provided!
Tools for Discovery
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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
CAEN enters the world of leading and .

training by providing modern physics - - _°
experiments for advanced labs based on —_— - -
the lastest technologies and "
instrumentation.
- -

Community 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

J

SN caenceduiab - caEn Edulab
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NEW Educational Website

Innovative Scientific Network

Caen introduces a global platform for Modern &
Nuclear Physics education, enabling seamless sharing
of experiments for students and professionals.

Interactive and User-Friendly Resources

The platform also features interactive tools that enhance
communication and collaboration among members, along
with comprehensive guides tailored specifically to each user’s

needs.
. ]
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CAEN Educational Products

A wide range of experiments covering Nuclear and Particle Physics fields!

From the radioactive decays (3 and y) to the cosmic rays, from the light quanta to
the advanced statistics and from the nuclear imaging to the emulation of the
radioactive processes. Moreover, a new product line is fully focused on
environmental radiation (indoor and outdoor) and on FPGA programming.

isti Particle Physics
Nuclear Physics and Radioactivity ~ ~dvanced statistics based on y

NN pect Silicon Photomultiplier Q  Photons

y Spectroscopy O Cosmic Rays

O B-Radiation Detectors

- Nuclear Imaging - PET Particle Detector Characterization I

QO I Environmental Radioactivity (indoor) - e Electronics:

O T Environmental Radioactivity (outdoor) O Silicon Photomultiplier (SiPM) O - Pulse Processing
a

GM detectors O Photomultiplier Tube (PMT) Q - FPGA Programming

SP5600EMU ‘
Emulation Kit | f SP5600D
Edu Beta Kit

SP5700
EasyPET

@ CAEN
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SP5630EN — L DRI SP5600E
Environmental kit : —— Edu Photon Kit
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Nuclear Physics and Radioactivity

y Spectroscopy

v'Detecting y-Radiation

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'y-Radiation Absorption

v'Photonuclear cross-section/Compton Scattering cross-section
B-Radiation

v Response of a Plastic Scintillating Tile

v'3 Spectroscopy

v'B-radiation: Transmission through Matter

v'B-Radiation as a Method to Measure Paper Sheet Grammage
and thin layer thickness

Nuclear Imaging - PET

v'Basic Measurements: y Spectroscopy and System Linearity
v'Positron Annihilation Detection

v Two-dimensional Reconstruction of Source

v'Spatial Resolution

y Environmental Radioactivity (outdoor)
*"Environmental monitoring in land field

v Ground Coverage Effect on the Environmental Monitoring
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

y Environmental Radioactivity (indoor)
v'Energy calibration of System based on LYSO crystal
v'Background Measurements

v'Fertilizer and photopeak identification
vIdentifications Sample Test

v'Soil sample identification

v'Samples Comparison

v'Radon passive measurements

@ CAEN
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GM Detectors

v'Statistics: Uncertainty as a function of live time

v Environmental Background

v'Lead Shielding Effect on Environmental Radioactive Background
v'Detecting lonizing-Radiation

v'Samples Comparison

Particle Physics

Photons
v'Quantum Nature of Light
v'Hands-on 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
v'Environmental and Cosmic Radiation
v'Absorption Measurements

v'Solar Activity Monitoring

Particle Detector Characterization |

Silicon Photomultiplier (SiPM)

v'SiPM Characterization

v'Dependence of the SiPM Properties on the bias voltage
v'Temperature Effects on SiPM Properties

Photomultiplier Tube (PMT)
v' Measurement of Photomultiplier Plateau Curves

Pulse Processing: Open FPGA

v'/Analog signal acquisition and waveform Visualizatior
v'Waveform digitizer with leading edge trigger...........

Advanced Statistics..

u SIPM Characterization

?i
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A lot of experiments on handy!

Short Guide

. J
Main Topics:

»  Experiment task
*  Short description
*  Equipment list

*  Requirements

*  Quick guide

»  Experimental
results

Detailed Guide

G uide Topics:
General Information

* Introduction

*  Physics Pills

*  Required Equipment

«  Getting Started

*  Experimental Procedure

*  Results

»  Links related to this topic
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Nuclear Physics and Radioactivity

y Spectroscopy SP5600
v'Detecting y-Radiation g

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'y-Radiation Absorption

v'Photonuclear cross-section/Compton Scattering cross-section
B-Radiation

v Response of a Plastic Scintillating Tile

v'3 Spectroscopy

v'B-radiation: Transmission through Matter
v'B-Radiation as a Method to Measure Paper Shes

and thin layer thickness
m

Nuclear Imaging - PET
-

v'Basic Measurements: y Spectroscopy and Syste
v'Positron Annihilation Detection

v Two-dimensional Reconstruction of Source
v'Spatial Resolution

y Environmental Radioactivity (outdoor)
*"Environmental monitoring in land field

v Ground Coverage Effect on the Environmental
v Human Body Radioactivity

v’ Environmental detection as a function of the s
v’ Radioactivity maps production

v’ Radiological evaluation of the building materic
v Geochemical and mineral exploration

y Environmental Radioactivity (indoor)
v'Energy calibration of System based on LYSO crystal

v'Background Measurements

v'Fertilizer and photopeak identification

vIdentifications Sample Test

v'Soil sample identification

v'Samples Comparison ﬁ

v'Radon passive measurements

@ CAEN
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GM Detectors

v'Statistics: Uncertainty as a function of live time
v Environmental Background

v'Lead Shielding Effect on Environmental Radioactl
v'Detecting lonizing-Radiation

v'Samples Comparison

“f‘f SP5660

-
®
s
-

Particle Physics

Photons
v'Quantum Nature of Light
v'Hands-on 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
v'Environmental and Cosmic Radiation
v'Absorption Measurements

v'Solar Activity Monitoring

Particle Detector Characterization

Silicon Photomultiplier (SiPM)
v'SiPM Characterization

v'Dependence of the SiPM Properties on the bias vo‘
v'Temperature Effects on SiPM Properties

Photomultiplier Tube (PMT)
v Measurement of Photomultiplier Plateau Curves

Pulse Processing: Open FPGA

v'Analog signal acquisition and waveform Visualizati
v'Waveform digitizer with leading edge (N .

Advanced Statistics..

SIPM Characterization
—a

-~
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Radiation is a natural part of our environment!

Radioactive sources:

Foodl Others {all man-

water made Sources) Radon

. . . . . . i il T, (natural
« Natural: NORM (Naturally Occurring Radioactive Material), soil, water, air | . M ™ .r-l:d.‘i._m_ |
and food contribute to our exposure to ionizing radiation A 3

« Cosmic rays
 Industrial: nuclear elements produced by industry
« Medicine: nuclear medicine o,

. COSmIc rays e
- ]
Mllltary Earth ganma radiation

|natural extemal oposure|

RadiOiSOtOpe types https://www.who.int/ionizing_radiation/env/en/
Natural radionuclides Cosmic rays Artificial radionuclides
(] D
[mean abundance]: Muons -> The intensity depends From bombs or Nuclear power
o 40K [2-2.5] % on the altitude and direction (N/S plants (ex. 13/Cs, actinides)
e 238235 [2-2.5] ppm vs E/W) Industrial ('33™Xe, 133Ba, 24TAm)
« 227h [8-12] ppm Radionuclides from cosmic rays and medical ("°F, ®’Ga)
« All has an half life T,,, > than the - 14C7Be3He radioistopes
age of the solar system ———
m CAEN l‘g;zy(s; gg\l/{aﬂl 703 - Published 1 November 1933
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During the creation of the Earth, most of the elements initially produced were radioactive and they have
been decayed to more stable forms.

The original radioactive elements still present on Earth are those that have a halftime comparable to
the Earth. They are responsible for environmental radioactivity and internal warming of the planet and
originate from elements very heavy without stable isotopes.

They mostly decay through the a and [5 channels

Isotopic Tipycal

5 Element Radioisotopes Half time

s | Adundance Adundance
100794 > e 4002602 2
L The Periodic Table of the Elements [
b 2  Slomic mass— 55 845 L otomic number [ olkoli metals [ metalloids 13 14 15 16 17 | . .
e T R D P e bttt IO — W e Potassium 40K 0.012% 1.3 x 109 anni 0.02 g/g [2%]
2 +5 other metals halogens i E :
ol ) o - E::::;:*ds B > el SRR a7 | Uranium 238 99.3% 4.5x10%anni | 2-3 pg/g [ppm]
Na Mg mem (AL IS REISERC]  dAr | |
%‘ 7 8 9 10 12 Auminium Siicon | Phosphona i} Solber Chiosine 3 hq:«

300983 19| 4 5493804 95 (55845 94 (5893319 97586934 9863546 906538 3069723

AMn_ iFe 4Co 4Ni Cu “Zn
T | [ [ ‘
iTc 4Ru #R
B (b e [de et (o Jia
:32,9(3‘55 _97377 56 174‘7665 7] 175-?y 72 \,?09(75 73 |§384 74 F"BAKV 75 |:??73 76 !97 W

Cs JBo | |Hf o W iRe {Os Ir

Caosim Bonum Wietivm nium Tonkolum Turgston

Thorium 232Th 100 % 14.1 x 10% anni 8-12 pg/g
[ppm]

1078682 47 [ 112441

2 24
e 79| 205 g0z ) |2, 82|meven g3 @ g4l@ion gslem 86| |
‘Av IHg 1T TPb [Bi. P YAt |Rn
o o | o L e | [ in o

e g7|me ggleem 103[261 104|2n 105(260 106[2e0 1077 108|248 109 110[@2 111z 112[ee0 Tn3esn 114l ns|@a 16| 117[@e 118

JF Re [l JRE.|Db sg_ [Bh |Hs |M: |Ds.[Rg_ |Cn_ [Uut [Uug. Uup [Ush [Uus Uso

Franciom Rodwm Lowrenciur o | Rutherdor dwm |Ouboium  |Seodgum | Bohdum | Hossium Copemicium
P [ w0 9 4

w
o
(o

1 ton of rock

6115036 62151964 43115725 441589253 65162500 64 [ 1649303 47| 167259 481689342 69| 17305¢ 70 ~2-3

o
Eu |Cd |Tb 1Py Ho Er |Im |Yb ~8-12gdiTh
« 93[6H 1 94153 1 &) - 98]E0 9980, ,100/25, 101129, 102 .

~ 20-25 kg di K

1Py #
::A:f:um A

aasess 57[1ione, 58] Lowre 59T 1,
la “ICe Pr 7

PP R
32,0320 ) [ 22)

S8

k ICE Es. Fm Md_No

Colformum | Einstoinium " Mondolonum
P4 30 Foi 1 b a5 e
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Cosmic Rays

High energy cosmic protons collide with atmospheric nuclei
and produce hadrons showers. The only decay that is
interesting due to long lifetime are pion channels.

n® channel decay produce e* but in atmosphere the did not
have a long rage. Otherwise mt* decay u* in and they have a
longer range

_ o on Cu | | The Cosmic rays at sea level are made by high energy muons (mean
g,é”m_ _ | energy 4 GeV), pions, proton and other soft component.
> Bethe-Bloch Radiative O The soft component is about 30% of total CR flux (according to PDG, 2017)
% 1 O The high energy protons fraction is 3.5% of total high energy muon flux
: O Energy spectrum flat above 1GeV, than from range 10-100 GeV flux goes
;10 Radiative E as E=27
'E. Minimum  effects ses ]
§4 "Nuclear ionization reach 1% L P
B[ losses i A f----1 | Muons {m, = 105.7 MeV/c?}
\ Without & —
e —— |+ Electromagnetically interaction (or weakly)
.| 'l ] | | By 1 ] | | | « Not stable -> T (u) = 2.2x10¢s
o1 . 0 w0, 0 w0, 1 0w Produced at ~15km altitude
[MeVic] [GeVie] [TeViec] * Mean energy @ground ~4GeV
Muon momentum « Mean high p energy flux at sea level (PDG)
® 1,7 0.82*10— Slcmz
CAEN >
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Educational Kits Suitable for Young Students Also!

Interesting educational program focused on the environment that surrounds us!

i o

-

W

@ CAEN
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NEW Educational kits suggested for the environmental radioactivity

experiments

Indoor solutions!

SP5630EN
Environmental kit

@ CAEN

Tools for Discovery

SP5630ENP
Environmental kit Plus

cks and minerals kit

SP5660
RockyRAD

SP5640
Gamma EDU

Outdoor solutions!

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited


https://www.caen.it/products/sp5630en/
https://www.caen.it/products/sp5630en-plus/
https://www.caen.it/products/gamma-edu/

Q

2024 Nuclear and Particle Physics Experiments for Schools and Universities

NEW SP5630 Environmental kit
Environmental gamma radiation measurements with SiPM based instrumentation!

$2570 - i-Spector Digital

—

The system is based on a SiPM area 18 x18 mm2Hamamatsu S14160-60520HS
All SIPMs of the area are connected in parallel to increase the active

area of the matrix.

Itintegrates a shaper, a peak stretcher and a peak ADC to implement a simple MCA (4K).

Scintillator Crystal: Csl 18 x 18 x 30 mm?3
Energy Range: 30 keV to 3 MeV
Energy Resolution (FWHM): <6 % @ 662 keV

Connectivity: Ethernet
Software: Web GUI

@ CAEN
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L
ey o | BASELINE GHARGE
_{L ADC | TRIGEER »> e | nrecmsroy P Spectum
Signal from SiPM >
LEMO OUT . o .

Samples

Empty Beaker & Fertilizer and Canisters of libration Crystal

Test Sample Rock Samples  Activated Carbon | (Lu1.8Y.2S5i05:Ce)

Web-based GUI for unit control and data
analysis

!
——TE e
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NEW SP5630ENP Environmental kit Plus
Gamma Radiation and Shielding Laboratory

The SP5630ENP Environmental kit Plus guide the users towards the development of
complementary measurement techniques based on counting and on the analysis of the spectrum.
The main goal is the study of the absorption of the gamma rays passing through matter
thicknesses and the related observations about the different crossed materials. It is a user-friendly
system for Advanced Labs based on the latest technologies and instrumentation.

$2570D i-Spector Digital BGO scintillating crystal
18x18mm? - Csl ASSEMBLY cE——
D

SP5630EN
Environmental kit Plus

Shielding Kit

Samples
L]

WwWN WY OUNY ! \ Web-based Software

— . G T
Empty Beaker & Fertilizer and Canisters of Calibration Crystal (T -

Test Sample Rock Samples | Activated Carbon | (Lu1.8Y.25i05:Ce) ==

@® CAEN — |
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vy Environmental Radioactivity

(indoor)

measurements

Equipment
) o
pd T
S18|g8|xl2ls|s|2|8|g|E]|s
Section Subsection Experiment © 3 © Q 8 B 3 N 0 = | =
LN A LN O e} O O
alales (2|3 |&G|G|2|8[&]|2]|&
“Blu v &|e G| & o
Energy calibration of * »*
System based on
LYSO crystal
Background * *
Measurements
Fertilizer and * *
Y photopeak
) Envi identification
Nuclear Physics nvironmenta
and | Radioactivity IdentificationTest * *
Radioactivity (indoor) Sample
Soil sample »* *
identification
Samples Comparison »* *
Radon passive * =

CAEN

Tools for Discovery

Recommended kits

ﬁ

SP5630EN
Environmental kit

SP5630ENP
Environmental kit Plus

Alternative Choice

N N NN

e ol Canisters of
Test | Activated Carbon

SP5640
GammaEDU

Samples
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Hands-on

SP5630EN - Environmental Kit

@ CAEN
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NEW Educational kits suggested for the environmental radioactivity

experiments

Indoor solutions!

SP5630EN
Environmental kit

@ CAEN

Tools for Discovery

SP5630ENP
Environmental kit Plus

cks and minerals kit

SP5660
RockyRAD

SP5640
Gamma EDU

Outdoor solutions!
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NEW GammaEDU - SP5640

Portable detection backpack for
environmental radioactivity!

« Nal(Tl) (0.3 liter) Scintillator Crystal coupled to a PMT
« Power Supply included

« l|dentification of Natural Radiation [238U, 232Th, 40K]

« Autonomy up to 6-8 hours

« Tablet included with GammaEDU Application

» Bluetooth and Wi-Fi Connectivity

* Geolocation and ability to view the map on Google Earth
D

Suitable for High School Students!

Tools for Discovery
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NEW GammaEDU - SP5640

Tablet 10" with GammaEDU Application

Digital MCA Unit - S2580 - GAMMASTREAM

+ High Voltage Power Supply (0 + +1500V/500 pA) - Charge Sensitive
Preamplifier - digital Multi-Channel Analyzer (12-bit and 62.5 MHz ADC)
for scintillation spectroscopy

» Coupled with Nal(Tl) with a 14-pin PMT

 Full stand-alone operation with embedded CPU, data storage (SSD)
unit, and power supply for up to 6/8 hours operation

« Wired and wireless connectivity via USB, Ethernet, Wifi and Bluetooth

« Acquisition modes: PHA, PHA with time stamp, Signal Inspector

General Properties

Density(g/cm?)

Melting point(K)
Wavelength of emission peak(nm)
Light output(Photons/Mev)
Decay time(ns)
Cleavage plane
Hygroscopic
Refractive index
Hardness(Mho)

3.67
924
415
40,000

264

(100)
Yes
1.85

2

|
|

It
If
|
|
|
|
|

® CAEN
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Nal(Tl) Scintillator

Thallium doped sodium iodide, Nal(Tl), is
the most widely used scintillation material,
it has the greatest light output and
convenient emission range

Dimension: 0.3 1

Tablet

Applications

* Environmental Gamma detection and spectroscopy
* Mapping of potential radon-prone areas

+ Environmental monitoring in land field

* Geochemical and mineral exploration

* Statistics
+ Customs protection and border control

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited
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NEW GammaEDU App

Measurement Results

Geolocation

Picture

40K, 214Bi, 298T| Isotopes CPS
40K, 2381, 232Th Abundances

Data

Displayed on Google Earth
.kmz file
Easy to share

Interface

Bluetooth connection

Maps development

Studies in the field of earth sciences

New software for creating maps
with color intensity associated
with local radioactive ‘
contribution! S s coodtin

® CAEN

Tools for Discovery

R T
GammaEDU &

Channels

Runname Viareggio_runl
Time [mm:ss] 05:00
Plot of land

Environment
Latitude
Longitude

43" 523" N
10°1549" E

Abundance
1.5201%
58209ppm
15204 ppm

‘ SHARE < NEW +
.:
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ROI Definition & Spectra Analysis

Definition of the of the energy spectra. These windows are used to define the photopeak regions required
to calculate the correspodant areas (integral of the ROI). =1
NOTE: In every ROI there are different contribution effects (photopeak, compton continuum, background continuum, etc...)! 1764 keV -
1000000 40K
Window Isotope Photopeak Energy (keV) ROI (keV) N\’\_\ /\ 214B;j
i 100000 208 I -wK
Potassio 40K 1460 1370-1570 t W
Uranio 214Bj 1765 1660-1860 § e
Torio T1 2614 2410-2810 10000 2
§' : ;AI]TTE\
c . b f . f . 1000400 900 1400 1900 2400 2900 :Efb"\!' SIEEE V o
ount rate: number of counts per unit of time Energy [keV] -
(cps] N;[conteggi]
- n;lcps| =

, ’ 2614 keV

Calibration: from counts to the abundancies
N(cps) = A-S S=A"1"N
S is the sensitivity coefficient of the detector

A=N-ST

Calibration site characterized by known abundancies (A) of U, Th and U.

@ CAEN
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vy Environmental Radioactivity

(outdoor)

Equ

pment

Section

Subsection

Experiment

SP5600C

SP5600D

SP5600E

SP5600AN

SP5600EMU
SP5700
SP5701

SP5620CH

SP5630EN

SP5640

Nuclear
Physics and
Radioactivity

Y
Environmenta

| Radioactivity
(outdoor)

Environmental
monitoring in land
field

»

y Environmental
Detection as a
function of the soil
distance

Radioactivity maps
production

Mapping of
potential radon-
prone areas

Geochemical and
mineral
exploration

@ CAEN
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Recommended kits

SP5640
GammaEDU
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Photomultiplier Tube (PMT)

‘Recommended kits

Equipment
m 5
o | = w z | =z
. . . slg|ls|3|g|8le|B|k
Section Subsection Experiment o [ © © = S| HI R Y| 3B SP5640
. 2\ a re) ©o o o re) )
= | & 7y a Dl v |la|a|w GammaEDU
(Va] 7 (Vp] wn
Particle Detector | Photomultiplier | Vedsurement of *
N Photomultiplier
Characterization Tube (PMT) Plateau Curves

Radioactive
., source

" —-

800
850

HV [v] 900
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Hands-on

SP5640 - GammaEDU

@ CAEN
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NEW Educational kits suggested for the environmental radioactivity

experiments

Indoor solutions!

SP5630EN
Environmental kit

@ CAEN

Tools for Discovery

SP5630ENP
Environmental kit Plus

cks and minerals kit

SP5660
RockyRAD

SP5640
Gamma EDU

Outdoor solutions!

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited


https://www.caen.it/products/sp5630en/
https://www.caen.it/products/sp5630en-plus/
https://www.caen.it/products/gamma-edu/

I'I:]f:;i'u 2024 Nuclear and Particle Physics Experiments for Schools and Universities

NEW

Rocks and minerals kit

@ CAEN

Tools for Discovery

RockyRAD

Portable geiger counter for nuclear
radiation

Geiger module

«  Geiger Module GM J305

« Display OLED 128x64 pixels 1.54"

« Measuring range: 10 nSv/h - 50 pSv/h

«  Sensitivity: 44 CPS/10 uSv/h (relative to °Co)
* Size:71*136* 43.8 mm?

«  Bluetooth connection

Battery-powered

* Rechargeable Li-lon battery, 3.7Vdc, 10Ah, 37Wh
+ Power Consumption ~ 0.05W
»  Power Supply: 5V (USB-Q)

Set of Rocks and Minerals
included

Each RockyRAD kit includes diverse rock samples for
immediate detection experiments.

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited
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NEW App B 8 % @, 70%a \\

i

Granite

Key Features

Start new measurement sessions

Capture photographic evidence linked to specific readings
Specify measurement intervals

Organize and review collected data effectively

Display information i 23

Total Counts '\ b Time 00:01:00
Counts Per Minute ~

Equivalent Dose Rate CPM 23

Dose [nS/h] 186

Interface &

Bluetooth connection

-

RockyRAD application requires Android™ mobile with Android™ release from 11.

@ CAEN
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GM Detector

Recommended kits

Equipment L
D !
vlao|lw]| Z2]Ss _ T | =z
. . ) 818| 8 5 w Slalg|ls|g|e
Section Subsection Experiment oclo|le|2|8|IHIHII] 3] 3S|8
N LN N O o o o (-9 Rocks and minerals ki
alal|la|[R|lwvw|a|la|@2|a|r]|@& 2 ey
wlun|l vl o n | »n
Statistics: * SP5660
Uncertainty as a RockyRAD
function of live time
Environmental »*
Background
Lead Shielding *
Nuclear GM Effect on -
Physics and Environmental
Radioactivity Detector Radioactive
Background x Math
Detecting lonizin, *
Radiatioi = Chemistry
Samples - o . -~ Environmental Science
. nysICS
Comparison { " . Earth Science

Computer Science

Biology
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RockyRAD_ References

CPM Estimated Dose Rate [nSv/h] Environment and Comments

Typical natural background radiation, corresponding to an
e a2 annual dose of 1-2.4-103 pSv.

Represents an increase of 103 pSv per year compared to the
A 2. typical background, aligning with the public exposure limit.

281 2282 The standard annual exposure limit for radiation workers in
the nuclear industry, equating to 2 -104 pSv.

Exposure at this level during high-altitude flights is generally
safe due to the limited duration of flights. The same dose rate

493 4000 near a ground-based source would necessitate caution and
protective measures, highlighting the importance of exposure
context.

6000 48720 Maximum detectable scale by the Rockyrad device.

[l Ynited Nations Scientific Committee on the Effects of Atomic Radiation. Sources and effects of ionizing radiation, united nations scientific committee on the effects of atomic radiation (UNSCEAR) 2008
report, volume |: Report to the general assembly, with scientific annexes A and B-sources. United Nations, 2010.

21|CRP, International Commission on Radiological Protection. "Dose limits". ICRPedia. ICRP. Retrieved 26 April 2022.

Bl pjrective 2013/59/Euratom - protection against ionising radiation". European Agency For Safety And Health At Work. European Agency For Safety And Health At Work. Retrieved 26 April 2024.

4 Shea, M.A.; Smart, D.F. (August 2001). Comment on Galactic Radiation Dose to Air Crews. 27th International Cosmic Ray Conference. Bibcode:2001ICRC...10.4071S.
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Hands-on

SP5660 - RockyRAD

@ CAEN
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NEW Educational kits dedicated to the Cosmic Rays detection

START STOP meser mec

SP5622B - Detection System Plus

= T

SP5620CH - Cosmic Hunter

@ CAEN
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NEW Cosmic Hunter - SP5620CH

A very simple cosmic Muon telescope!

The system consists of two scintillating tiles and a central board that counts the coincidences
between the detectors, displaying the count on a numeric display.

SP5621

Coincidence Unit
]

» The main unit houses a microcontroller based on the ESP32, the e-
book display, and some interface and coincidence circuits.

» The output of the electronics is LVDS, and the board is powered by
5V.

» The operational commands relate to the type of coincidence (double,
single, or even triple), the integration time, and the commands via
the START, STOP, and RESET buttons.

» Based on SiPM detectors and plastic

scintillating tiles.

« Up to 3 scintillating tiles management SP5622
: Detection System
* No fixed geometry —
« No Needs SW interface Each unit consists of:
 Plastic scintillator (15 x 15 x 1 cm?)
« SD card to download data « Front-end electronic board (transconductance

amplifier and a fast discriminator)
« SiPM (4 x 4 mm?2) mounted in the tile corner at 45°

@ CAEN
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SP5609

N EW Cosmic Hunter - SP5620CH Telescope Mechanics

» Rotary axis with desk support
+ Clamps with screws X
* Angle brackets kit =

» Based on SiPM detectors and plastic

scintillating tiles.

Up to 3 scintillating tiles management

No fixed geometry R " SP5622

« No Needs SW interface Detection System
« SD card to download data Each o e EanE e

+ Plastic scintillator (15 x 15 x 1 cm?)
* Front-end electronic board
CAEN + SiPM (4 x 4 mm2) mounted in the tile corner at 45°

Tools for Discovery
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NEW Cosmic Hunter - SP5620CH

|

» Based on SiPM detectors and plastic
scintillating tiles.
« Up to 3 scintillating tiles management

* No fixed geometry
* No Needs SW interface
« SD card to download data

« New Management Software

CAEN

Tools for Discovery

v

CSMHUNT-2019114164338

num coinc  date time sec  RecTime
T-B 1412019 165345 601 600
T-B 1412019 17:345 1201 600
g 14/12019 17:1344 1801 600
TB 1412019 17:23:44 2401 600
T-B 14/1/2019 17:33:44 3001 600

3 I
—
=]

TOP
6552
6838
6649
6621
6647

BOTTOM EXT COINC

8395
8652
8582
8481
8480

Cosmic HUNTER-

0 529
0 655
0 522
0 503
0 435

Cosmic
Hunter
Software

Tools for Discovery

Cosmic HUNTER -

Dashboard Tile Counts Charts Coincidences Charts Environment Data Chart Configuration

Data Persistence Configuration
OData Sa

Output File Path

C:\Users\pbarba\Documents\cosmichunter

Select Folder

Altitude Correction Configuration
Current Offset (m): 73,7

Change Altitude Correction

Date/Time Configuration

Computer: 17:20:57 20/10/2022

Device: 17:20:57 20/10/2022

Synchronize

Copyright 2022 - CA.EN. S.p.a.
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Cosmics

CAEN

Tools for Discovery

Cosmic Radiation

Equipment
K )
= T )
@] [=] ] Z - pd
s| ¢ || £ |=|8|s| & |2]|¢g
Section Subsection Experiment O © O ) 8 » » 8 & et
ey E e e ng o o E 0 o
Muons Detection * * *
Muons Vertical Flux on * * *
Horizontal Detector
Muons Spectrum * *
Zenith Dependence of #0 A #0 A * A
Muons Flux
Triple coincidence #0©
Cosmic Shower *
Detection
Particle Physics | Cosmic Rays [ Random Coincidence »
Detection Efficiency Y0)
+
Cosmic Fluxas a *
function of the altitude
Environmental and *

Absorption
Measurements

Solar Activity
Monitoring

Recommended kits

SP5600AN
Premium Version kit

SP5600D
Educational Beta kit

SP5620CH
Cosmic Hunter

Alternative Choice

SP5608
Scintillating Tile

SP5609
Telescope Mechanics

SP5622
Detection System

This symbol suggests the kit use for young students!
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Outreach & Balloon Experience

Commemorative balloon flight 25 January 2020

OUTREACH
COSMIC RAY ACTIVITIES

The INFN OCRA project involved many high school

students with experiments measuring cosmic rays in
Aosta (IT) and at high altitudes.

5-11 Mar 2023

INTEAHATIONAL

CHATEAU-D'OEX 3

www.festivaldeballons.ch
HONDA €BCV @
Avec le soutien des Commune: de Chiteau-d'Ex
Rossiniare, Rougemont et Saanen. de Pays-d'Enhaut Région et de & Loterie Romande
Prof. Hans Peter Back

Albert Einstein Center for Fundamental Physics, University of Bern

@ CAEN
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High School Student's Educational Experience

Jonas Hoecker Volée 2019-2021
Sans Coincidence | Coincidence

Mr. Fluckiger

S ——
= — |
e ! T '
—1 Ay |
z : \
Radiographie terrestre avec les rayons A
cosmiques !
Quel est le taux de rayons cosmiques en fonetion de Paltitude et de la I:I Détecteur Scintillateur
profondeur géologique ? Théorie et mesures. ~— Rayons Cesmiques Rad'[ubﬂ";:e Naturelle

FIGURE 18 — Schéma expliguant le principe de coincidence entre deux détectenrs i rayons
& Plan de I'Aiguille
S fﬁ\r

< Aguille du Midi (1% mesure)

i
e

T
. - - ey

3K O T N

Aguille du Midi (2" mesure)

8369 mots Rendu le 7 Janvier 2020 FIGURE 26 — Photos de priscs de mesure.
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Research Application

The Absurd
Search For
Dark Matter

»

@ CAEN
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Hands-on

SP5620CH - Cosmic Hunter

@ CAEN
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NEW Educational kits dedicated to the Cosmic Rays detection

START STOP meser mec

SP5622B - Detection System Plus

= T

SP5620CH - Cosmic Hunter

@ CAEN
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Coming SOON
Detection System Plus - SP5622B

Compact solution for Cosmic Rays Detection!

@ CAEN

Tools for Discovery

ool OO0 OO

Standalone

External Trigger system for laboratory
setups

Fully compatible with Cosmic Hunter

Based on SiPM detector and plastic e ——____/
scintillating tile TOSAEN

L. ection System Plus
Analog and Digital Outputs e sPse228

No Needs SW interface -
SD card to download data

START STOP Reser REC
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Thank youl!

@ CAEN
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LYSO (Lu1.8Y.2Si05:Ce) (Cerium-doped Lutetium Yttrium
Orthosilicate) Scintillating Crystal

Scintillator based on Lutetium (Lu) like LSO and LYSO (Lu1.8Y.2Si05:Ce) are usually used in
PET applications thanks to their high stopping power (high Z), high light yield and very short

decay time (very fast signals). Itis a non-hygroscopic scintillator.

\ ! \
J

-

Properties Value

Cleavage Planes None
Decay Constant (ns) 40
Density (g cm) 7.1
Emission Spectral Range (nm) 380-480
Melting Point (K) 2323
Peak Scintillation Wavelength 420
(nm)

Photons/MeV 32000
Radiation Length (cm) 1.15
Refractive Index at Peak 1.81
Emission

Solubility (9/100g H,0 @ 300K) Insoluble
Stability Good
Structure Cubic

2,6% of the natural Lu is 7¢Lu, a
radioisotope with a long half life decaying
via two different beta decays followed by
gamma emissions.

T1/2 “"3,6 X 1010y

176
s Lu 0.4%p

195 keV

998 keV

86.0% Y 1202 keV

401keV
|

597 keV

94.0%7Y | 307 keV

Y 290 keV

88.4 keV
13.3%7 "88 keV

m— () keV
176
»Hf

Samples

o0 00 o0 —

Empty Beaker & = Fertilizer and Canistersof | Calibration Cryst
B B B

-~ Potassium
Phosphate
fertilizer

CAEN

Tools for Discovery

Test Sample
One of the radioactive objects of common use, in past
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Canisters of Activated Carbon for Radon Passive

Measurements
« Diameter: 10 cm

+ Height: 3cm
« Content: 70 g of activated carbon

0.0
18

tempo di esposizione (g)

The activated carbons are enclosed in metal containers called "canisters".
Covered by a thin double-mesh metal mesh (diffusive barrier).
The diffusion barrier serves to eliminate the air flows inside the basket, which can
favor the re-emission of radon.
The method consists in carrying out gamma spectrometry
measurements on the baskets after the radon has been adsorbed
by them!

After 6-7 days, the loss due to decay prevails over the accumulation by adsorption.
Features:

% useful for short-term measurements: 2 - 7 days
% strong dependence of the response on humidity

Tools for Discovery

Samples (2)

4008

352keV Nal (TI)
{ 295keV f\
A ”
mkevf R

HpGe !;

352keV

295keV
609keV

242keV

Counts

............................

S$2570B i-Spector (Csl)

1600
1400 |,
1200 | i
1000 o,
800 ° s l
600 [os%
400 ¢ -f M,‘f
[ S,

200

vvvvvvvvvvvvvvvvvvvvvvvvvvvv

Gamma Energy lines:
« 295 keV and 352
keV from 2'4Pb

609 keV from 214Bi

0
0 100 200 300 400 500

Channels
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iI-Spector Digital [S2570B-S2570D]

. g _ * The systems are based on a SiPM area 18 x18 mm?
525/0B - P Hamamatsu S$S14160-60520HS

All SIPMs of the area are connected in parallel to increase the
active area of the matrix.

Silicon Photomultiplier (SiPM) are high density (up to
A\ § 104/mm?2 ) matrix of diodes with a common output, working
Almost equal except for their mechanics and for the \ . in Geiger-Muiller regime.
components distribution on the PCBs! Each cell is a pixel with a binary signal.

It can detect a single photon!

*  High Gain

* LowVoltage

*  High photon number resolving
power

«  Wide dynamic range

*  Good timing capability

» Lowcost

«  Withstanding to magnetic field

The high uniformity of pixel structure guarantees no avalanche
fluctuations

i Agilent Technologies WED JUN 05 193167 2013

MiPxsSpednmftenrt)
T T

Binary information Analog information

Z type (576 pixels)

| -ﬂ'ﬂk st
g

8
I
Wg“

Linear response if the average number of photoelectrons/pixel is less
than one

Numberoffred ps

Number of pixel determines the SiPM dynamic range

CAEN

Tools for Discovery
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iI-Spector Digital [S2570B-S2570D]

. g . _— « The systems are based on a SiPM area 18 x18 mm?
S2570B o . 4 “m: Hamamatsu S14160-60520HS

All SIPMs of the area are connected in parallel to increase

the active area of the matrix.
« They integrate a shaper, a peak stretcher and a peak

ADC to implement a simple MCA (4K).
52570D « Scintillator Crystal: Csl 18 x 18 x 30 mm?3
| * Energy Range: 30 keV to 3 MeV
Almost equal except for their mechanics and for ‘ y - Energy Resolution (FWHM): <6 % @ 662 keV

the components distribution on the PCBs! - Connectivity: Ethernet
' + Software: Web GUI

TECHNICAL SPECIFICATIONS

Supply Voltage 8-13V (12 V typ.)
Power consumption 3W max.
Preamplifier bandwidth >1GHz
Preamplifier gain x5

BASELINE
MEAN

VY

Shaping time 180 ns !\

Output signal -4...+4V,170 mA ; ADC P | TRIGGER
HV Power supply  20-80 V(10mA) - Signal from SiPM

HV accuracy 1T mV '

Thermal feedback accuracy 0.01°C- 1mV 0
MCA nr. of channels 4096

CHARGE
INTEGRATION = pectrn

—‘i'if

LEMO OUT

i-Spector Digital block
CAEN diagram

Tools for Discovery
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S2570D

Almost equal except for their mechanics and for the
components distribution on the PCBs!

TECHNICAL SPECIFICATIONS
Supply Voltage 8-13V (12 V typ.)
Power consumption 3W max.
Preamplifier bandwidth >1GHz
Preamplifier gain X5

Shaping time 180 ns

Output signal -4...+4V, 170 mA
HV Power supply 20-80 V (10mA)

HV accuracy 1 mV

Thermal feedback accuracy 0.01°C - 1TmV
MCA nr. of channels 4096

CAEN

Tools for Discovery
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iI-Spector Digital [S2570B-S2570D]

» The systems are based on a SiPM area 18 x18 mm?
Hamamatsu S$14160-60520HS

All SIPMs of the area are connected in parallel to increase the
active area of the matrix.
» They integrate a shaper, a peak stretcher and a peak ADC to

implement a simple MCA (4K).
+ Scintillator Crystal: Csl 18 x 18 x 30 mm3
* Energy Range: 30 keV to 3 MeV
» Energy Resolution (FWHM): <6 % @ 662 keV
« Connectivity: Ethernet
+ Software: Web GUI

Web-based GUI for unit
control and data analysis

i-Spector Digital can be easily controlled
through its dedicated web graphical user
interface, with no needs to install a
dedicated software. The user can
configure the module and visualize the
acquired spectrum.

Thanks to the internal circular memory
buffer, the last 1-hour recording can then
be downloaded by the web interface.
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_Qcaen
% “Spector L+’

g Digita)

0= et ©

0% oo S 52570D

2y

Almost equal except for their mechanics and for the
components distribution on the PCBs!

lg;l(T /)] in&rmg;ign:l

This scintillator offers a high light yield and
emits at a wavelength very suitable for silicon
photomultipliers (SiPMs). Typical applications
include arrays of this material used in security
imaging systems, such as baggage scanners.

BGO information:

Arelatively hard, high density, non-hydroscopic
crystal with good gamma ray absorption. Often
used for PET imaging and high energy physics
applications as Compton shields.

@ CAEN
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iI-Spector Digital [S2570B-S2570D]

» The systems are based on a SiPM area 18 x18 mm?
Hamamatsu S$14160-60520HS

All SIPMs of the area are connected in parallel to increase the
active area of the matrix.
» They integrate a shaper, a peak stretcher and a peak ADC to

implement a simple MCA (4K).
+ Scintillator Crystal: Csl 18 x 18 x 30 mm3
* Energy Range: 30 keV to 3 MeV
» Energy Resolution (FWHM): <6 % @ 662 keV
« Connectivity: Ethernet
+ Software: Web GUI

Properties Csl BGO
Cleavage Planes None None

| Decay Constant (ns) 1000 300

| Density (g cm-3) 451 7.13

| Emission Spectral Range (nm) 350-725 350-650
Gamma and X-ray absorption coefficients (cm™) 0.48 at 660keV -

10.00 at 100KeV

‘| Melting Point (K) 8H 1323
Peak Scintillation Wavelength (nm) 550 480
Photons/MeV 52000 8500

| Radiation Length (cm) 1.86 1.13

| Refractive Index at Peak Emission 1.78 2.15

| Solubility (9/100g H,0 @ 300K) 44.0 Insoluble

| Stability Slightly Hygroscopic Good
Structure BCC Cubic

'|_Thermal Conductivity (W-m--K") @ 300K 1.13 -

| Transmission Range (nm) 240-70000 470-7500
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Environmental Kit QuickStart

1. Unboxing and Assembling

2. Software Setup

3. Energy calibration of the system based on LYSO crystal (time base = 10’)

4. Calibration verification and tuning with Potassium Chloride sample (time run = 30’)

5. Background measurement (time run = 30)

6. Rock sample Spectrum (time run = 307)
7. Test sample radiation identification
8. Analysis of spectra and superposition

9. Passive Radon Measurements

@ CAEN
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Software Setup

Proprieta - Protocollo Internet versione 4 (TCP/IPv4) X

» IP address of the i-Spector for Ethernet connection is 192.168.50.2 Generale

Epnssibile ottenere ['assegnazione automatica delle impostazioni IP se la
rete supporta tale caratteristica. In caso contrario, Sara necessario
richiedere all'amministratore di rete le impostazioni IP corrette.

(C) Ottieni automaticamente un indirizzo IP

» Configure the Ethernet network of the PC from the “Network and g . ..o narmop.

U 192.168.50.1
Sharing Center” Subnet mask: | 255.255.255. 0 |
Gateway predefinito:

Ottieni indirizzo server DNS automaticamente

(®) Utilizza i seguenti indirizzi server DNS:

» Open a web browser (Microsoft Edge browser is suggested) and cerver DN orefent

Server DNS alternativo:

enter the web address 192.168.50.2. The homepage of the graphical

[_] Convalida impostazioni all'uscita Avanzate..,

|I] Annulla

web interface will open.

@ CAEN
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Software Setup - Parameters of the charge integration algorithm

n  Trhgger Threshold

| rigacer l

=

./
o e A
Pre Integration | | / Integration
i i &
III I‘---. ;
-

.. WA -

GATE

Fasi Tngogar

Inkiknt | Slsun Inhibibian

‘o et

Tools for Discovery

<
ZEEEHN@O0Q - - |

Trigger Threshold (LSB): threshold for the derivative trigger
Post Trigger Inhibit (ns): set the time after a trigger for which
any other trigger is inhibited

Pre-Integration (ns): set how much time before the trigger the
charge integration is started

Integration (us): set the charge integration gate

Gain: set the energy digital gain to be applied to the
spectrum

Pileup Inhibition (us): set the time after the integration gate
for which the acquisition of any other event acquisition is
inhibited

Pileup Penality (us): set the trigger inhibition gate to be
opened after a pile up

Baseline Inhibition (us): set the time after the integration gate
for which the baseline is not calculated

Baseline Length (samples): set the number of samples used to
calculate the baseline

Target Mode: set the acquisition mode as Free Running or
with a targe in Time (ms) or Counts

Target Value: set the target value in time or counts,
accordingly to the Target Mode
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1) How to use the i-Spector Digital

‘ Scintillator

CsI(Tl) Crystal

i

scintillator \

Energy deposition by an ionizing particle:

*  Generation of light

» Transmission of scintillation light

+ Detection

CsI(Tl) has a light output of 54 photons/keV and
average decay time of about 1ps for y-rays

=

photodetector

@ CAEN
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source/Sample cintiliator

E;-'/m =

S—

Experimental activity

iPM MCA )

Laptop

Silicon Photomultiplier (SiPM)

Silicon Photomultiplier
(SiPM)
is detector made of a matrixg
of silicon cells (diodes). Eacli ©
dinode is a pixel witha  |{#
binary signal.

It can detect a single
photon!

Photosensors detect and transform the light
produced by the scintillator into an electrical signal.
This signal is proportional to the energy released
inside the crystal by the interacting particle

Electronics & Analysis Software

The output pulses are proportional to the energies of
the incident radiation, the ADC is used combined to a
Multichannel Analyzer (MCA) to generate energy
distributions (spectra) of radioactive samples

o EREEE@®O® -

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited




rﬂ!.’d!-! 2024 Nuclear and Particle Physics Experiments for Schools and Universities

-~

Experimental activity
1) How to use the i-Spector Digital

2) Energy calibration of the system based on LYSO crystal (time base = 10’)

Lu 0.4% 3
3) Background measurement (time run = 30') 195 keV 008 Ly
99.6% B
. . - . : . . : : Enax596 ke W 0-4%Y | 401keV
4) Calibration verification and tuning with Potassium Chloride sample (time run = 30')
597 keV
. , 4.0% k
5) . Rock sample Spectrum (time run = 30’) LYSO Crystal ? G/TlmT o/
- 290 keV
o L 86.0%
6) - Test sample radiation identification 140 lemkwgg‘“ev
120 13.3%7Y lss keV
. . k
7) - Analysis of spectra and superposition o 100 176 £ OkeV
S 80 72

8) - Passive Radon Measurements 60
40

20

0
0 500 1000 1500 2000 2500 3000 3500 4000

Scintillator based on Lutetium (Lu) like LYSO (Lu1.8Y.25i05:Ce) has an high stopping
power (high Z), high light yield and very short decay time (very fast signals).

2,6% of the natural Lu is 76Lu, a radioisototope with a long half life decaying via two
CAEN different beta decays followed by gamma emissions.
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Experimental activity

1) How to use the i-Spector Digital
2) Energy calibration of the system based on LYSO crystal (time base = 10')
3) Background measurement (time run = 30’)

4) Calibration verification and tuning with Potassium Chloride sample (time run = 30')
5) . Rock sample Spectrum (time run = 30’)

6) - Test sample radiation identification

Background
18
7) - Analysis of spectra and superposition =
14 .
8) - Passive Radon Measurements -
£ 10 >
st
e
T T
S
e L S
0 500 1000 1500 2000 2500 3000 3500 4000
Channel
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Experimental activity

Background
20
15 -
9 K
= -
S10 -z, -
S =L
5 [S===s..
0 E= ezt iz e
0 1000 2000 3000 4000
Channel

4) Calibration verification and tuning with Potassium Chloride sample (time run = 30’)

Fertilizer

A

2000 2500 3000 3500 4000

0 500 1000 1500
Channel

YU R AY AT TFIEE

R T T

e ™
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Experimental activity

Fertilizer - Potassium Chloride For our hands on take a 30 min
spectra with the Potassium
Chloride sample

Background

18

16
Lead shielding to reduce

“or: environmental background Ferti I ize r

12 -
g 10 -
3 0.
L Fertilizer
W L : 70
N ) From 1 h measurement
2 - enes me ® semes s me memes - .
po— * o adll o ®® ws mecse see sl @ne s seee o o e 60 :
0 —-— - _se a.
0 500 1000 1500 2000 ZIOO 3000 3500 ~ £
Chanrgel ..
~ What is it?

Region Of
Interests
ROI

3500

3000

2000
Channel

1500

1000
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How to use the i-Spector Digital

Energy calibration of the system based on LYSO crystal (time base = 10’)

Background measurement (time run = 30’)

Experimental activity

U-238

Calibration verification and tuning with Polizas

Rock sample Spectrum (time run = 30°) | "*

Test sample radiation identification

Analysis of spectra and superposition

Passive Radon Measurements

59.98% 0.02%
Ph214 26,8 minuses 532 (1,1%)
2420/ (7 46%)
2952 (19.2%)
3519 (37.1%)
VRS9 (1.09%4)
2 2 aseanily
B2 14 19.7 minutes L3 (b 1%%]
- T6E.4 (4.89%)
Th-232 06,2 (1.23%)
: Fy 3 ey I 9341 (3.16%)
G056 mimses I8 (1.1%:) 11203 (15.0%
7273 (6 65%) | 1238.1 (5.92%)
B4 06% 35,04 13777 (4.02%)
T aser o 1408 0 (2 4855
Tiog 3.1 minstes 1774 (631%) ! Eﬁ § 51‘- 31 3‘5:%
510,77 (22.6%) I —
$83.2 (84.5%)
763.1 (i.Bi%)
E60.6 (12 4%)
Red Tuff
100
90
80
70
“ 60
S 5o
(o]
C a0
30
20
10
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Fxperimental activity

j Thorium
> Lantern Mantle

6) Test sample radiation identification

Uranium Glazed Potte

Rare earth
uranium oxide

&
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Experimental activity
1) How to use the i-Spector Digital

2) Energy calibration of the system based on LYSO crystal (time base = 10')

3) Background measurement (time run = 30') Superimposed spectra
100
4)  Calibration verification and tuning with P¢ » Background
: Potassium Chloride
: . Red Tuff
5) . Rock sample Spectrum (time run = 30’) % : -
7 g
6) - Test sample radiation identification o | JE
: b
7) Analysis of spectra and superposition | : *© .-
R PR
8) - Passive Radon Measurements 2:, &
30 $ -i. i
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Experimental activity
1) How to use the i-Spector Digital

2) Energy calibration of the system based on LYSO crystal (time base = 10’)

3) Background measurement (time run = 30')

4) Calibration verification and tuning with Potassium Chloride sample (time run = 30')

-

_ Canisters of Activated Carbon
5) . Rock sample Spectrum (time run = 30’)

Measurement of the adsorbed radon activity

6) - Test sample radiation identification o0

7)Analysis of spectra and superposition o

1200 °

8) Passive Radon Measurements (time run=60’) 1000 =
£ g0 | - 295
S ' 352
The amount of adsorbed radon by the canisters can be S0 1Ll 509
evaluated via the detection of the gamma rays emitted | 200 +.¢ yi%.‘;z.
by the 2'4Ph e dal 2'“Bi. |4 i
Among the many available gamma emissions, the 20 i"\—}"'
N atamaran o, —

following nuclei are used as they are formed in a short , 0
time from the decay of Radon: & 295 keV and 352 keV from 2'4Pb

s 609 keV from 2'4Bi
@ CAEN
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GammaEDU Description - Scintillator

N
Energy deposition by an ionizing particle: hES <
» Generation of light \
« Transmission of scintillation light
« Detection

o photodetector
scintillator \

To measure the energy
released

To measure the passage
time of radiation

Inorganic (crystalline structure)  Organic (plastics or liquid solutions)

Up to 40000 photons per MeV Up to 10000 photons per MeV
High Z Low Z
Large variety of Z and p p~1g/cm?3
Un-doped and doped Doped, choice of emission wavelength
ns to us decay times ns decay times
Expensive Relatively inexpensive
@ CAEN

Thallium doped sodium iodide, Nal(Tl), is
the most widely used scintillation material,
it has the greatest light output and
convenient emission range

General Properties

Density(g/cm?) 3.67

Melting point(K) 924

Wavelength of emission peak(nm) 415
Light output(Photons/Mev) 40,000

Decay time(ns) 264
Cleavage plane (100)

Hygroscopic Yes

Refractive index 1.85

Hardness(Mho) 2
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GammaEDU Description - Photodetector

Photodetector = From photons to electric current!

photocathode, collection optics and multiplier section. light produced by the scintillator
The overall electrical signal is collected at the anode. into an electrical signal
\ ‘ PMT
\ N4
| Focusing electrode | 4 ' . .
, - 7 Q The intensity of the output current
- Nal(Tl) ~

/ Photomultiplier

pr— Voltage pulse

LBV

pulse is proportional to the energy
of the incident photon!

&\

I Scintillation phOtOI"IS | Am_pliﬁcation ’l 06_1 07
\ electrons per initial electron
1y MeV High energy Primary electron | | Secondary electrons |
: gamma radiation
4.3 » 104 photons
Tools for Discovery
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GammaEDU Description - y stream

CAEN Gamma stream [S2580] is a compact and portable system for gamma ray
spectroscopy with scintillation detectors, which provides an active Multi-Channel
Analyzer (MCA) integrated in a 14-pin photo-multiplier tube (PMT) base.

Gamma stream fully integrates in a stand-alone device the high voltage to bias the
PMT, the preamplifier to shape the signal from detector, and the MCA for a complete
Pulse Height Analysis online.

Gamma stream makes easy the measurements with scintillation detectors Nal(TI)
[0.31] with no need of additional cables.

High Voltage Power Supply (0 + +1500V/500 pA)

Charge Sensitive Preamplifier

digital Multi-Channel Analyzer (12-bit and 62.5 MHz ADC) for
scintillation spectroscopy

Specialized for Nal(Tl), LaBr3(Ce), and CeBr3 with standard
14-pin and 10-8 stages PMTs

Full stand-alone operation with embedded CPU, data storage

(SSD) unit, and power supply for up to 6+8 hours operation The acquisition channel is proportional
Wired and wireless connectivity via USB, Ethernet, Wifi and to the energy of the incident photons!
Bluetooth

Acquisition modes: PHA, PHA with time stamp, Signal

®'CREN
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Energy Spectrum

The MultiChannel Analyzer MCA classifies input pulses base on their height saving them in a memory and are
associated to an ADC. The output of every channel can be visualized in a pulse amplitude spectra.

An Analog-to-Digital Converter (ADC) generates a digital signal proportional to the amplitude of an input pulse. Since
these output pulses are proportional to the energies of the incident radiation, the ADC can be used combined to a
MultiChannel Analyzer (MCA) to generate energy distributions (spectra) of radioactive samples.

12
Ex. Monochromatic photons beam ] (a)
""""""""""" < 104 ﬂ
40 .
K < 10
o~ ]
L e S 8- K spectrum
bc?’.-',\r‘];‘;‘;h i - .
L Q .
e e B 6 -
| 40 * —
Ar @ -
112 .
S Z 4
2] e ]
S 1460.86 keV 8 5
= £ 7
__________ N :
E 40Ar 0 I 1 I 1 I 1 1 1 | I 1 I 1 | 1 I I I I I I I I I 1 I 1
__stable 0 1 2 3
Energy (MeV)
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Energy Spectrum

The MultiChannel Analyzer MCA classifies input pulses base on their height saving them in a memory and are
associated to an ADC. The output of every channel can be visualized in a pulse amplitude spectra.

An Analog-to-Digital Converter (ADC) generates a digital signal proportional to the amplitude of an input pulse. Since
these output pulses are proportional to the energies of the incident radiation, the ADC can be used combined to a
MultiChannel Analyzer (MCA) to generate energy distributions (spectra) of radioactive samples.
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Typical Gamma Spectra

The photopeaks charatcterize the gamma spectrum. Each photopeak corresponds to the photons coming
into detector with an energy value equal to the emission ones. These photons release all their energy into

detector.
10000 -
Photopeak
1000 - (°K 1460 keV)
:lllllllll:
7 - :
b - ]
[ e = -
g 100 : _Photopeak Photopeak
7 - = (214R;
o : AN (298| 2614 keV)
10 - E
] Cosmic Radiation
Z I | ‘ | 1|
0 100 200 300 400 500 600 700 800 900 1000
Channels
@ CAEN
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Typical Gamma Spectra

The photopeaks charatcterize the gamma spectrum. Each photopeak corresponds to the photons coming
into detector with an energy value equal to the emission ones. These photons release all their ens -« in*

detector.
10000 -
To identify the presence of
radioactive materials, you need to
find peaks of a certain energy
4(I;’hotopeak => |t is mandatory to transform the
1000 - (K 1460 keV) spectra from Channel to Energy
:IIIIIIIII:
[%) - : It is a procedure providing a
c . - relation between channel
= . " Q
o ] : : _Photopeak Phot number and its correspondant
S 100 :  (214Bi 1764 keV) (208T|°2‘6’f:i energy
: It is done using well known
-""""E -REREELLEY energypeaks
10 - :
: Cosmic Radiation
1 R ERE]
0 100 200 300 400 500 600 700 800 900 1000
Channels
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Energy calibration

In the energy range of the environmental measurements the calibration in energy corresponds to a linear
transformation

=> Knowing the energy of 2 peaks it is possible to extract

_ _ _ Multichannel Calibration
the equation of the line from 2 points
E Energy = m - Channel + q
40K => Ey = 1460 keV 208T] js coming from the radioactive chain of %W ’
208T| => E;, = 2614 keV »  the232Th and is the highest energy gamma T e
from natural sources | |
Channel
A :(ETthhTh) Ch—ChK E—Ek ”
B = (E,,Chy, ) = RN
Chth—Chk Eth_Ek 8 | ﬂ"m,‘\ s
| ’ \‘1"'«‘”1)\«‘, i " WK
“ mw’*-w-,{w,/ \ " :
‘M‘N"i »“\w*‘ “”{’mﬂll : 2087
Ch — Chy E — 1460 keV | ! WW
Che, — Chy, (2614 — 1460)keV J W
il
Channel
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GammaEDU use

» Press the power button
» Verify that the status light is green
» Place the backpack at the point of interest
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VWERG -

GammaEDU ®

» Activate the tablet and
connect it via Bluetooth to
the instrument

» Connect the tabletto a
WIFI network

» Launch GammaEDU App

» Select «<New Acquisition»

n

OLD NEW
ACQUISITION ACQUISITION

GammaEDU use (2)

0=e

v’

GammaEDU

CAEN

Tools for Discovery
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GammaEDU use (3)

Set the measurement name

Take note of the
surrounding
environment

Take a measurement
situ picture

Set the acquisition time
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NN -
GammaEDU &

A,

Channete

Run name Viareggio_runl
Time [mm:ss] oo
Environment Plot of land

Latitude 43'SZF N

Longitude 10°15 49" €

GammaEDU use (4)

NUBSE -
GammakDU &

1l
Channels

Runname  Viareggio_runl
Time [mm:ss] 05:00
Plot of land

Environment
Latitude
Longitude

43°S23° N
10°1549° E

Cps
62201 15£01%
08201 58209 ppm
ngi 07201 u 15404 ppm
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Google Earth

- Google Earth Pro -

Date and time: 2022_05_02_17_25
| Environment: parck pineta

File Modifica Visualizza Strumenti Aggiungi Guida

¥ Ricerca | E (82 |2 &
. g —— Total activity ion and
\ || | B Total Activity K eU eTh
- Ba/kg % ppm ppm
525 +31 1,5+0,1 15+04 58+0,9
Ottieni indicazioni stradali Storia

¥ Luoghi }
v ¥/ | miei luoghi
» ¥/ ED Jour pancramico

4

<
0
&

uoghi temporanei

» [Y1=S 2022_05_02_17_03_Viar...
» [V S 2022 05.02_17_16_viar... B
» YIS 2022_05_02_17_31_viar...
» (YIS 2022_05_02_17_40_cae...
> [¥1SS 2022 08 30_11_28 cae...

_Ty[;cal abundancies
40K 0.02 g/g [2%]

238U 3 pg/g [ppm]
232Th

|
¥ Livelli ! z

~ 8|52 Database principale
I B Annunci
» Y| Confini ed etichette
Y & Luoghi
»-LI2 Foto
v P Strade

B/ Edifici 3D
Tempo metecrologico

ﬁ Galleria
8/ [J Altro
¥/ Rilievo
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Suggested Experiments

Radiological evaluation of the building
materials

NNOOOL [11
OO

o

nlI -

T ) <l ‘
' o () (®)
y Environmental detection as a function of Ground coverage Effect on the Soil water content evaluation with
the soil distance Environmental monitoring in field gamma ray spectroscopy

Environmental Monitoring

@ CAEN
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Additional Experiments

Measurement of Photomultiplier Plateau
Study of the 137Cs spectrum: the backscatter Curves
peak and X rays

Activity of the 5°Co

Detecting y-radiation

Poisson and Gaussian Distribution Energy Resolution

System Calibration: Linearity and Resolution

Photonuclear cross-section/Compton Scattering cross-section
@ CAEN
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Detection System SP5622

Each unit consists of:
« Plastic scintillator, Polystyrene-based (15 x 15 x 1 cm?)
+ Front-end electronic board (transconductance amplifier and a fast discriminator)

« SiPM ASD-NUV4S-P (4 x 4 mm?) mounted in the tile corner at 45°

Scintillator type UPS-9234
Density 1.06
Refractive index 1.60
Absorption coefficient [cm3] 0.01-0.003
Saoftening [K] 355-360
Hygrascopic ng
Emission peak [nm] 425
Light Output [% of anthracene] 60
H/C ratio 1.0
Rise time [ns] 0.9
Decay time [ns] 3.3
Feature
: : . Light attenuation length [cm] 400

Effective active area 2 x4 mm- Important Properties *  High light output

Number of cells 9340 P P . G fﬂ q tgra n5pal:en|:'|,r

Cell size A0 pm = 40 um e Short decay time

Cell fill-factor 60 %

Quenching resistance 800 k0

Cell capacitance 80 fF

Recharge time constant 70 ns

Photon Detection Efficiency 43 %

Breakdown voltage Typical: 26V Min: 24 V Max: 28 V

Recommended  Overvoltage Min:2V Max:oV

range

Dark Count Rate <S0kHZ/mmE@ 2 VOV <100 kHz/mmi @ 6 VOV

Gain 3.6x108

Geometrical, Electrical and Optical Typical Characteristics of ASD-NUV4S-P @ 20°C.
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Experimental activity

1) Statistics
The Poisson distribution of the cosmic rays can be
experimentally verified via the data analysis and the
treatment of their statistical uncertainty

Test Poisson distribution

5| %2/ ndf 2378/ 4
[ \ Prob 0.6666

L po 875 + 100.1
L p1 189.9+1.9

Entries

D_III]JLII[JIIJ]llllll.]l.llll.]llll.l.l

170 180 190 200 210 220 230
Detected counts per 600 sec

Poissonian distribution of cosmic rays [Fit: y = p0* (p1*/xI)*eP1].
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Muons Detection

@ CAEN

Tools for Discovery

The double tile coincidence has a
key role in the cosmic ray
detection. It shall be used to
reduce the random counts, select
the solid angle, and measure the
cosmic rate.

N P — | A

Rate [Hz]

2,0

10000 20000 30000 A0000

Experimental activity

SP5622

SP5622

e

\ SP5621 Tiles
Input

| | i
|
|
|
|
[
|
|
|
|
|

GO0 0000 0000

Counts Rate of the single tiles and their coincidence as a function of the time.
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3)

Muons Vertical Flux on Horizontal Detector

@ CAEN

Tools for Discovery

Experimental activity

The integral intensity of vertical muonsis: I,= 82 m=2s™'sr™! and their
flux for horizontal detectors is= 1 cm™min~" at energies higher than
1 GeV at sea level

First Configuration

H:t\.

: Tiles
. Input
Secaond Configuration
-
SP5622 -
&
ry Tiles
= 5P5621 Input

Considering the integration over the solid angle, the expected cosmic
rate due to the geometry system can be estimated and the detection
efficiency can be evaluated.
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Experimental activity

Coincidence Rate vs Time

t T
1 2
& i . iy : '
° ° o 1 . Iy
4) Random COI nCIdence Zoom without error bars * .
0,531 1 J
0,52
Z o5 E
= ‘;- 0,3 ® Coincidence Rate
& 0,525 -
= E Random Colncidence
052 % - & Real Coincidence Rate
521 g
2000 4000 0
Tirre :.l
a L] - - L] - - -
0 2000 4000 E000 8000 10000 12000

Time [s]

Trend of the Counts Rate and Random Rate as a function of the
time.

The plot on the left side is an enlargement of the main plot and
underlines the deviation between the measured coincidence rate
and the real one, obtained via the random rate subtraction.
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Experimental activity

Nac=€4*ec*Ng  and  Nppc = &4 *€5*Ec* Ny wull €5 = Napc / Nic

038
5) Detection Efficiency 2 05
é 04
0,2
0
qet e® Qe

Additional tools

* n.1 SP5622 - Detection System
 n.1 DT1081A - Four-Fold Programmable
Logic Unit and n.1 Cable Adapter
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Experimental activity

The experiment proves in a simple way the not terrestrial origin of the
cosmic radiation. For a better comprehension of the cosmic flux
behaviour as a function of the altitude, it is suggested to cover the
floor with lead bricks.

3,00 Cosmic Rate vs Altitude
2,50
2,00 ll.

6) Cosmic Flux as a function of the altitude 150

1,00 INTERNATIONAL
!

Count Rate [Hz]

0,50

0,00
0 5 10 15 20 25 CHATEAU-D'OEX §
Al t i t U d e |: M 5 |_} www.festivaldeballons.ch

HONDA € BCV ) @

h //www.ch -doex.ch/en/74237/festival-des-ballons-
homepage

Prof. Hans Peter Back
Albert Einstein Center for Fundamental Physics, University of Berfilkto-customer
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Experimental activity
1) Statistics

Flux Distribution

2) Muons Detection

3) Muons Vertical Flux on Horizontal Detector 8 oof E'f’" m;,-;{;'}%
4) Random Coincidence Ny

5) . Detection Efficiency

6)  Cosmic Flux as a function of the altitude M:

7) Zenith Dependence of Muons Flux A

8) - Cosmic Shower Detection n‘1:...|...|...|...|...|...|.. |

02 0 02 04 06 08 1 12 1.4
& (rad)

9) - Environmental and Cosmic Radiation _ :
Zenith angle dependence of the muons flux [Fit: y = p0*cos? (p1*x)].

10) Absorption Measurements

11) Solar Activity Monitoring Additi | tool
Adadaitional toois

SP5609 - Telescope Mechanics
@ CAEN
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8) Cosmic Shower Detection

@ CAEN
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Experimental activity

Observation of the cosmic ray showers,

namely

cascades generated by cosmic rays interacting in the

atmosphere.

T +
™+
e i
n:y ¥
H-
H+
v
a-
e+ e e+

Tiles
Input

s, P5G622  pmme :‘ﬂ-

Additional tools
SP5622 - Detection System
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Experimental activity

Cosmic Radiation

1500
——1m from Lawn

1400 —Lawn

Environmental Radiation

1300

1200
1100

9) Environmental and Cosmic Radiation

900

Counts

800
o} 1 2 3 4 5 6 7 B

# measurements

The students may get acquainted with the presence of natural radioactivity by
identifying environmental and cosmic contributions via simple comparison of
the counting measurements at different height.
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Experimental activity

The main goal of the

expe rimer%t is the Tiles
verification of the w nput
absorption of the mﬂ
cosmic rays passing —

through a matter 000

thickness and the

) O0a0g
related observations e
about the crossed w
material. I . o

The students may estimate the
absorption extent by comparing the
results of the measurements
performed underground or inside a
building or a cave, and outside,
without any matter  barrier.
Moreover, by  knowing the
thickness, some hypothesis about
. the average density of the material
can be expressed.

10) Absorption Measurements

Count Rate [Hz]
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Experimental activity

Cosmic Rate vs Time

” [ -‘ 3 | . ’,: ' ,‘i _l -‘ ' ' i
s 4F 18 R AT T
z iy PN L L T B ENE
' M, i Bl 22! 3 " ) ¥
) I | ¥ I L;.’ | Iy
11) Solar Activity Monitoring g, My Uy i, ey, Ve,

U5, 6.y “Is, g,
95 98 % g b
Time [dd/mm/yyyy hh:mm]

The typical cosmic rate night /day trend can be sometimes modified due to solar activity changes.
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Educational Kits Description

SP5600D — Educational Beta kit SP5600C — Educational Gamma kit
SP5600AN - Educational kit
Premium Version
SP5600 - Power Supply DT5720A - Desktop T ——
and Ampilification Unit Digitizer . o o
"o
« Two channels + Digital Pulse Processing for Charge Integration DPP-CI
« Independent biasing (max 120V, 100 pA) « Good timing resolution with fast signals (rise time < 100
« 2 stage amplification [S00 MHz bandwidth, tunable gain up to ~ 50 dB] ns)
» Fast leading-edge discriminator (+2V) » 2 channels
+ Coincidence logic + Stand-alone :
«  Active feedback control on V,;,s for Gain stabilization * 250 Ms/s, 12 bits
(granularity: 0.1 °C) « +1Vinput range
« USB2.0interface « Optical Link and USB 2.0 interfaces
@ CAEN
Tools for Discovery
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Educational Beta Kit Description

SP5600D — Educational Beta kit SP5600C — Educational Gamma kit

SP5600E - Educational Photon kit SP5600AN - Educational kit
Premium Version

SP5608 - Scintillating Tile

« Sensitive volume: 47 x 47 x 10 mm?3

Scintillator: polystyrene

Directly coupled on HAMAMATSU MPPS S13360- 6050CS
= Effective photosensitive area : 6 x 6 mm?
= Pixel pitch : 50 pm
s Number of pixels : 14400

n° 20 Paper and Aluminum sheets

Teflon tape

FEFTEFIIEE
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SP5600E - Educational Photon kit

Additional SP5608 - Scintillating Tile |

&

PN
TN
-
-
A

4“ ) -

N
N

SP5609-

Telescope Mechanics

@ CAEN

Tools for Discovery

Telescope Mechanics allows the
easy construction of a muons
telescope. It is composed of :

« Rotary axis with desk support

« Clamps with screws

« Angle brackets kit

Educational Beta Kit Description

SP5600C — Educational Gamma kit

SP5600AN - Educational kit
Premium Version

|

5
a*cos?(b'x)
7_,,,,—%»\7 - b=0.97633 + 0.04

Suggested Application

\/dfe=0.19201

4 (rad)

* Double coincidence
* Zenith Dependence of
Muons Flux
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-~

Educational Kits - HERA Software

d Help and QuickStart Guide online
O Three Access Levels to the software functionalities:

SP5600C Educational ' '
Gamma kit SPS600AN Educational kit = Level 1-Hardware Management .
SP5600D Premium Version = Level 2 - Hardware Management + Experiments
Educational Beta = Level 3 - Full Access (Analysis Tools)

SP5600E
Educational Photon
kit

HERA

SERRRRRRRERD

Analysis Tools |
are implemented in the software itself! | -
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