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The quality of CAEN S.p.A. products is constantly monitored 
by the application of the UNI EN ISO 9001:2015 standard. 
CAEN S.p.A.

Authorised research 
laboratory of the 

MIUR

We are proud of the high quality of our products.

ISO 9001
ISO 9001:2015 approved quality system ensures all our internal processes. 

From R&D to the registration of the incoming purchase orders, through:
• Resource Planning
• Scheduling
• Production

Our quality system is responsible for the proper functioning of all our internal 
processes and is subject to regularly audits, carried out by the National 
Standards Authority.

From the initial product design and its development stages, till the delivery 
of the production batches, we follow documented procedures that cover 
every aspect of our business.
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CAEN draws upon over 45 
years of collaboration with 
the High Energy & Nuclear 
Physics community to enhance 

university educational laboratories. This includes 
providing advanced instrumentation developed 
for major experiments worldwide and leveraging 
teaching experience at esteemed institutions like 
the University of Insubria (Como, Italy), University 
of Ferrara (Italy), and Aveiro University (Portugal), 
as well as partnerships with prestigious academic 
programs such as the Erasmus Mundus in Nuclear 
Physics and LA CoNGA Physics.

showcasing a variety of experiments based on the 
latest technologies and instrumentations, CAEN 
also provides dedicated training sessions. These 

students and facilitate their understanding of 
diverse physics phenomena through state-of-the-art 
technologies, instruments, and methodologies.

In collaboration with:

University of Insubria, Italy
University of Aveiro, Portugal
Nuclear Instruments srl, Italy,

University of Ferrara, Italy
Erasmus Mundus 
LA CoNGA Physics
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  Products
Modular Pulse Processing 
Electronics 
Waveform Digitizers
Digital Spectroscopy  
Electronics for SiPM
Power Supplies
Digital Detector Emulators 
Educational Kits 

Tools for Discovery
CAEN Electronic Instrumentation

CAEN SpA is a worldwide leading company 
provider of a comprehensive range of high/low 
voltage power systems and data acquisition/front-
end modules compliant with IEEE standards for 
nuclear and particle physics.

Extensive research and development capabilities 
allowed CAEN SpA to play an important long-

collaborations with the most important Research 
Centres of the world, CAEN strives to deliver 
innovative products and services worldwide.

CAEN portfolio includes over a thousand 
products and solutions for nuclear measurements, 
whose quality is monitored throughout the entire 
production cycle and guaranteed by UNI EN ISO 
9001:2015 standard. Its products appeal to a wide 
range of customers including engineers, scientists 
and technical professionals who all trust them to 

research, CAEN instruments are now used in 
several advanced industrial applications.
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Choose Your Educational Kit! 

Section Subsection Experiment EXPERIENCE
CODE

SP5600C 
Educational 
Gamma Kit

SP5600D 
Educational 

Beta Kit

p. 110 p. 113

A. Particle 
Detector 

Characterization

Silicon 
Photomultiplier 

(SiPM)

SiPM Characterization SG6011A - -

Dependence of the SiPM Properties on the Bias Voltage SG6012A - -

SG6013A - -

Photomultiplier 
Tube (PMT)

Measurement of Photomultiplier Plateau Curves SG6020E - -

B. Nuclear 
Physics and 
Radioactivity

B.1 γ Spectroscopy

SG6111A • -

Poisson and Gaussian Distributions SG6112A • -

Energy Resolution SG6113A • -

System Calibration: Linearity and Resolution SG6114A • -

SG6115A • -

SG6116A • -

Photonuclear cross-section/Compton Scattering cross-section SG6117A • -

Study of the 137 SG6118B • -

Activity of the 60Co SG6119B • -

B.2 γ 
Environmental 
Radioactivity 

Indoor

Energy calibration of System based on LYSO crystal and 
Fertilizer sample

SG6140C - -

SG6141C - -

SG6142C - -

SG6143C - -

Samples Comparison SG6144C - -

SG6145C - -

Radon passive measurement SG6146C - -

B.3 γ 
Environmental 
Radioactivity 

Outdoor

SG6150E - -

SG6151E - -

Human Body Radioactivity SG6152E - -

Environmental detection as a function of the soil distance SG6153E - -

Radioactivity maps production SG6154E - -

Radiological evaluation of the building materials SG6155E - -

Mapping of potential radon-prone areas SG6156E - -

Soil water content evaluation with gamma ray spectroscopy SG6157E - -

Geochemical and mineral exploration SG6158E - -

column groups the related topics, while the Experiment column lists the experimental activities that can be performed 
for each topic using the modular system.
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SP5600E 
Educational 
Photon Kit

SP5600AN 
Educational 
Kit Premium 

Version

SP5640 
GammaEDU

SP5630EN 
Environmental 

Kit

SP5630ENP 
Environmental 

Kit Plus

SP5600EMU 
Emulation 

Kit

SP5620CH 
Cosmic 
Hunter

SP5700 
EasyPet

SP5701 
EasyPet Kit

SP5660
Portable 
geiger

SP5650
Open FPGA 

Kit

p. 111 p. 110 p. 113 p. 112 p. 112 p. 111 p. 113 p. 119 p. 119 p. 114 p. 112

• • - - - - - - - - -

• • - - - - - - - - -

• • - - - - - - - - -

- - • - - - - - - - -

- • • • • • - - - - -

- • • • • • - - - - -

- • • • • • - - - - -

- • • • • - - - - - -

- • - - • - - - - - -

- • • - • - - - - - -

- • - • • • - - - - -

- • • • • • - - - - -

- • • • • • - - - - -

- - - • • - - - - - -

- - • • • - - - - - -

- - - • • - - - - - -

- - - • • - - - - - -

- - - • • - - - - - -

- - - • • - - - - - -

- - - • • - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

- - • - - - - - - - -

EQUIPMENTS
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Section Subsection Experiment EXPERIENCE
CODE

SP5600C 
Educational 
Gamma Kit

SP5600D 
Educational 

Beta Kit

p. 110 p. 113

B. Nuclear 
Physics and 
Radioactivity
(CONTINUED)

B.4  Spectroscopy

SG6121A - •

SG6122A - •

SG6123A - •

SG6124A - •

SG6125A - •

B. Nuclear 
Physics and 
Radioactivity

B.5 Nuclear 
Imaging - PET

SG6131G - -

Positron Annihilation Detection SG6132G - -

SG6133G - -

Spatial Resolution SG6134G - -

B.6 GM Detector

Statistics: Uncertainty as a function of live time SG6160H - -

SG6161H - -

SG6162H - -

Detecting Ionizing-Radiation SG6163H - -

Samples Comparison SG6164H - -

Inverse Square Law: Gamma Rays SG6165H - -

Dose Equivalent as a Function of Altitude SG6166H - -

Statistics SG6210D - •

Muons Detection SG6211A - •

Muons Vertical Flux on Horizontal Detector SG6212A - •

Random Coincidence SG6213D - •

SG6214D - -

Cosmic Flux as a function of the altitude SG6215D - -

Zenith Dependence of Muons Flux SG6216D - •

Cosmic Shower Detection SG6217D - -

Environmental and Cosmic Radiation SG6218D - -

Absorption Measurements SG6219D - -

Solar Activity Monitoring SG6220D - -

C.2 Photons
Quantum Nature of Light SG6221A - -

Hands-on Photon Counting Statistics SG6222A - -

D. Pulse 
Processing

D.1 Open FPGA 
Experiments

SG6301F - -

Using the Onboard Oscilloscope in Sci-Compiler SG6302F - -

SG6303F - -

Choose Your Educational Kit! (continued) 
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EQUIPMENTS

SP5600E 
Educational 
Photon Kit

SP5600AN 
Educational 
Kit Premium 

Version

SP5640 
GammaEDU

SP5630EN 
Environmental 

Kit

SP5630ENP 
Environmental 

Kit Plus

SP5600EMU 
Emulation 

Kit

SP5620CH 
Cosmic 
Hunter

SP5700 
EasyPet

SP5701 
EasyPet Kit

SP5660
Portable 
geiger

SP5650
Open FPGA 

Kit

p. 111 p. 110 p. 113 p. 112 p. 112 p. 111 p. 113 p. 119 p. 119 p. 114 p. 112

- • - - - - - - - - -

- • - - - - - - - - -

- • - - - - - - - - -

- • - - - - - - - - -

- • - - - - - - - - -

- - - - - - - - • - -

- - - - - - - • • - -

- - - - - - - • • - -

- - - - - - - • • - -

- - - - - - - - - • -

- - - - - - - - - • -

- - - - - - - - - • -

- - - - - - - - - • -

- - - - - - - - - • -

- - - - - - - - - • -

- - - - - - - - - • -

- • - - - - • - - - -

- • - - - - • - - - -

- • - - - - • - - - -

- • - - - - • - - - -

- - - - - - • - - - -

- - - - - - • - - - -

- • - - - - • - - - -

- - - - - - • - - - -

- - - - - - • - - - -

- - - - - - • - - - -

- - - - - - • - - - -

• • - - - - - - - - -

• • - - - - - - - - -

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •
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Section Subsection Experiment EXPERIENCE
CODE

SP5600C 
Educational 
Gamma Kit

SP5600D 
Educational 

Beta Kit

p. 110 p. 113

D. Pulse 
Processing

(CONTINUED)

D.1 Open FPGA 
Experiments

Registers SG6304F - -

Acquiring and Plotting Waveforms SG6305F - -

SG6306F - -

SG6307F - -

SG6308F - -

SG6309F - -

SG6310F - -

SG6311F - -

SG6312F - -

SG6313F - -

Charge Integration SG6314F - -

SG6315F - -

SG6316F - -

Implementing a Pulse Shape Discriminator (PSD) Based on 
Amplitude vs. Area Ratio

SG6317F - -

Implementing a Pulse Shape Discriminator (PSD) Based on 
Ratio between areas

SG6318F - -

Multichannel Readout Using the Round Robin Arbiter SG6319F - -

Multichannel Design using Sub-Designs SG6320F - -

SG6321F - -

Memory-Mapped Components in a Sub-Design SG6322F - -

Choose Your Educational Kit! (continued) 
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EQUIPMENTS

SP5600E 
Educational 
Photon Kit

SP5600AN 
Educational 
Kit Premium 

Version

SP5640 
GammaEDU

SP5630EN 
Environmental 

Kit

SP5630ENP 
Environmental 

Kit Plus

SP5600EMU 
Emulation 

Kit

SP5620CH 
Cosmic 
Hunter

SP5700 
EasyPet

SP5701 
EasyPet Kit

SP5660
Portable 
geiger

SP5650
Open FPGA 

Kit

p. 111 p. 110 p. 113 p. 112 p. 112 p. 111 p. 113 p. 119 p. 119 p. 114 p. 112

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •

- - - - - - - - - - •
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CAEN EduLab Learning PlatformDiscover, Learn, and Innovate with
CAEN EduLab Learning Platform
Where science and technology meet your curiosity

Detailed Information on 
https://edu.caen.it

CAEN EduLab Learning Platform is the dedicated 

designed to support students, teachers, and 
enthusiasts in their STEM (Science, Technology, 
Engineering, and Mathematics) education. The 

resources, including tutorials, virtual labs, 
and interactive learning materials, all aimed at 
facilitating the teaching and learning of the most 
advanced technologies.

Key Sections of the Platform:
Lab Toolkit

A section dedicated to educational toolkits, 
providing practical guides and tools to conduct 

and safely.

Tutorials
Step-by-step video tutorials and guides that help 

technical applications, with a particular focus on 
CAEN products and solutions.

Courses
Structured learning paths that cover various levels 

progressively and in-depth.

Resources
A repository of educational materials, including 
handouts, articles, and technical manuals, 
accessible to enrich the learning process.

Support
A dedicated support service to answer questions 
and provide technical assistance, ensuring a 
smooth and uninterrupted learning experience.

Additionally, 

products. This collaborative approach not only 
enhances the platform’s content but also fosters 
a community of learners who can socialize and 
grow together through shared knowledge and 
experiences.

CAEN EduLab Learning Platform stands as 
a key resource for anyone looking to deepen 
their knowledge of cutting-edge sciences and 

resources for innovative and 
engaging learning.
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Navigating the Experiment Framework
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How to read this Handbook

Experiment name

Quick Guide

Experiment Reference ID
see next page below

Experimental result

Block diagram

Experiment task

Short description

Data plots

Experiment description
(web version) Experiment Overview & 

Kit Used

Additional requirements

88 CAEN Educational Handbook

Oscilloscope Screen

Experimental setup

Purpose of the experiment
This application demonstrates how to integrate and 
operate the Oscilloscope block in a Sci-Compiler FPGA 
design on the DT1260 board, to visualize analog and 
digital signals in real time.

Fundamentals
An oscilloscope captures and displays signal waveforms, 
enabling time-domain observation of amplitude versus 
time. Analog input signals (after ADC conversion) and 

internal digital signals inside the FPGA can be sampled 
and visualized through a memory-mapped interface. 
Triggering functions (edge detection, thresholds, pre/
post trigger) stabilize the display of periodic or transient 
signals. A block, called “Oscilloscope”, connects FPGA 
logic with external visualization tools for debugging and 
signal validation.

Requirements
No other tool is needed

SP5650 - OPEN FPGA KIT

Carrying out the experiment
Activate your Sci-Compiler license and set up the software 
installation. Plug the USB Dongle in your PC and launch Sci-
Compiler. Create a project for your DT1260 unit: press New 
Project.
Add the Oscilloscope block to the design and connect 
analog (A0) and digital (D0–D3) inputs.

Assign memory addresses automatically, build the project, 
and program the DT1260.
Feed a test signal (e.g. PWM) to an input, open 
Oscilloscope_0 from the Resource Explorer, and set trigger 
source, mode, and level.
Start acquisition and adjust trigger settings to stabilize the 
displayed waveform.

Results
The Oscilloscope block provides real-time observation of FPGA-generated signals without external equipment. By 
adjusting trigger parameters, students can stabilize periodic waveforms or capture transient events, improving signal 

SG6302F USING THE ONBOARD OSCILLOSCOPE IN SCI-COMPILER

EXPERIMENT PAGES
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for the corresponding experimental guide.
Since the same experiment can be performed 

the experiment code. Kit types listed in the same 
row share the same experimental guide and are 

Product Name

QR Code to Product Page
Included Software

Application

Short Description

Product Tagline

110 CAEN Educational Handbook

2D image reconstruction in real-time 
to explore Nuclear Imaging World!

EasyPET is a simple, user-friendly 
and portable didactic PET system 
developed for high-level education, to 
explore the physical and technological 
principles of the conventional human 
PET scanners, using the same basic 
detectors of state-of-the-art systems.

Advanced and compact 
solutions for Nuclear & Particle 
Physics experiments!

The CAEN Premium Educational 

platform developed by CAEN for 
teaching the fundamentals of 
Statistics & Nuclear, and Modern 
Physics.
The set-ups is based on Silicon 
Photomultipliers (SiPM) state-
of-the-art sensors of light with 
single-photon sensitivity and 
unprecedented photon counting 
capability.

Explore PET Imaging and Gamma 
Spectroscopy through real-time 
detection and reconstruction!

EasyPET Kit is a simple, user-
friendly and portable didactic PET 
system developed for high-level 
education, designed to explore 
the physical and technological 
principles of conventional human 
PET scanners while extending 
hands-on experiments to Gamma 
Spectroscopy through a compact 
portable Digital MCA.

SP5700
EASYPET

SP5600AN PREMIUM
EDUCATIONAL KITS

SP5701 
EASYPET KIT

Source

Linearity

distribution

MORE INFO MORE INFOCONTROL SOFTWARE CONTROL SOFTWARE CONTROL SOFTWAREMORE INFO
Easy PET 
Control 
Software

Easy PET 
Control 
Software

HERA
Handy Educational 

Application

of the guide code
Kit type Associated Code 

example
SP5600AN - P5600E - SP5600C - SP5600D A SG x x x x A

SP5600EMU B SG x x x x B

SP5630EN - SP5630ENP C SG x x x x C

SP5620CH D SG x x x x D

SP5640 E SG x x x x E

SP5650 SG x x x x F

SP5700 - SP5701 G SG x x x x G

SP5660 H SG x x x x H

PRODUCT PAGES
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A. Particle Detector 
Characterization  

A.1 Silicon Photomultipliers (SiPM)

Silicon Photomultipliers (SiPMs) have become one 
of the most important photodetectors in modern 

single photons, combined with high gain, excellent 

and low operating voltage, has made them the 
preferred choice for a wide range of applications in 

and industrial sensing.

in experimental applications, its operating principles 

understood. For this reason, the experiments 
presented in this section are dedicated to the 
characterization of SiPM devices through a series of 

Students will investigate the fundamental operating 
parameters of SiPMs, including gain, breakdown 
voltage, dark count rate, photon detection 

characterize solid-state photodetectors, acquiring 
practical skills in electronic measurements, data 

for the subsequent experimental sections of the 
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SIPM CHARACTERIZATION SG6011A

SP5600E - EDUCATIONAL PHOTON KIT Execution Time

SP5600
OutCh0

DT5720A
Ch0

USB 2.0

SP5601

SP5650C

Out

Purpose of the experiment
Characterization of a SiPM detector using an ultra-
fast pulsed LED. Estimation of the main features of the 

Fundamentals

(up to ~104/mm2) matrix of diodes connected in parallel 
on a common Si substrate. Each diode is an Avalanche 

regime connected in series with a quenching resistor, in 
order to achieve gain at level of ~106. As a consequence, 
these detectors are sensitive to single photons (even at 
room temperature) feature a dynamic range well above 100 

(PDE) up to 50%. SiPM measure the light intensity simply 

the sensor and occurring within the time window: spurious 

Counts), delayed avalanches associated to the release of 

the primary avalanche, travelling in Silicon and triggering 

impinging photons. Because of the high gain compared to 
the noise level, the traces are well separated, providing a 

Requirements
No other tools or instruments are needed.

Carrying out the experiment

housing the sensor under test and connected to the SP5600. 

the PC through the USB. Use the default software values 
or optimize the bias voltage and discriminator threshold. 

channels, therefore ADC channel conversion (ADCc.r.) factor 
can be calculated to perform the experiment and determine 
the main features of the SiPM.

Results

of the sensor. After the estimation of the ADC channel 
conversion factor (ADCc.r.) and the distance between 

ch), the SiPM gain can be 
calculated according to the following equation:

counts frequency, in absence of light, at 0.5 p.e. threshold 

p.e. threshold (DCR1.5) and the value at 0.5 p.e. threshold 
(DCR0.5

Catalogo Esperimenti Educational_09102026_DEF.indd   19 20/10/26   09:12
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Purpose of the experiment

Fundamentals

overvoltage

carrier to generate an avalanche by impact ionization, 

increases with the overvoltage till a saturation value 
is achieved. As a consequence, the Photon Detection 

Actually, spurious events are expected to grow super-

Referring to the photon number resolving capability of 
the SiPM, the bias can be set to optimize the resolution 
power, i.e. the maximum number of resolved photons.

Requirements
No other tools or instruments are needed.

SG6012A DEPENDENCE OF THE SIPM PROPERTIES ON THE BIAS 
VOLTAGE

Carrying out the experiment
Mount one of the sensors (SP5650C) on the SP5600 and 

digitizer. Optically couple the LED and the sensor via the 

on the tips. Set the internal trigger mode on the SP5601 and 

via USB the modules to the PC and power ON the devices. 

synchronize the signal integration and, for every voltage 
value, record the photon spectrum and measure directly the 

the After Pulse is also possible but it requires most advanced 
analysis techniques.

Results
As exemplary illustration, the trend of the gain vs. the bias voltage is shown, allowing as well the measurement of 

SP5600E - EDUCATIONAL PHOTON KITExecution Time

SP5600
OutCh0

DT5720A
Ch0

USB 2.0

SP5601

SP5650C

Out

SiPM gain versus bias voltage.
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TEMPERATURE EFFECTS ON SIPM PROPERTIES SG6013A

SP5600E - EDUCATIONAL PHOTON KIT Execution Time

SP5600
OutCh0

DT5720A
Ch0

USB 2.0

SP5601

SP5650C

Out

Purpose of the experiment

driven through the measurement of the dependence of 

Fundamentals

br does it. Gain 
br

rate of variation depends on the sensor, through the material 
properties. Noise depends on the thermal generation of 

well.

Requirements
A temperature controlled box/room is essential.

Carrying out the experiment
In a temperature controlled box, mount one of the sensors 
(SP5650C) on the SP5600 and connect the analog output 

the index matching grease on the tips. Set the internal 
trigger mode on the P5601 and connect its trigger output 

graphical user interface (GUI), properly synchronize the 
signal integration and, for every temperature & voltage value, 

Results
Figures show the dependence of the gain upon temperature at various voltages and the voltage dependence at various 

voltage with temperature, can be measured.

voltage values. temperature values.
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A. Particle Detector 
Characterization  

A.2 Photomultiplier Tube (PMT)

most important photon detection technologies in 

and industrial applications, including nuclear and 

radiation detection.

convert incident photons into electrical signals, which 

unique operating principle enables the detection of 

required.

essential to understand their operating principles 

presented in this section introduce students to the 

investigation of gain, operating voltage, signal response, 

practical experience in the characterization of 
vacuum photodetectors while developing skills in 
electronic measurements, data acquisition, signal 

knowledge provides the foundation for the subsequent 
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Example of plateau characteristics.

SP5640 - GAMMAEDU Execution Time

Purpose of the experiment

plateau curve.

Fundamentals

widely used Physics, in medical equipment, analytical 

response speed and sensitivity (low-light-level detection). 
Photomultiplier tubes are usually tested in combination with 
a 137

two characterization measurement methods in scintillation 
counting. One is the spectrum method which uses a pulse 

one, described in this experimental activity, is the counting 
method. Plateau characteristics are measured by setting 
a threshold value and counting all pulses with amplitudes 
greater than that value while changing the supply voltage 

that the count rate will not vary even if the supply voltage 

the photomultiplier in the plateau zone is then understood 
for a correct use of each particle detection apparatus that 
includes this instrument.

Requirements
137Cs source 

Carrying out the experiment

internal battery is charged, otherwise use the external 

2Analyzer software through 
Ethernet connection. Place the radioactive source close 

Results

variations in the power supply voltage.

MEASUREMENT OF PHOTOMULTIPLIER PLATEAU 
CURVES

SG6020E
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-
tal topics of nuclear physics and radiation detection. 
Gamma rays are high-energy photons emitted during 
the de-excitation of unstable atomic nuclei, often fol-

with matter provides valuable information about both 
the properties of the radiation itself and the character-
istics of the materials through which it passes.

the principles of gamma-ray spectroscopy through a 
series of hands-on laboratory activities. Students will 
investigate the mechanisms of gamma-ray interaction 
with matter, become familiar with the operation and 
calibration of radiation detectors, and learn how to ac-

provide a solid foundation for understanding both the 
physical principles of nuclear radiation and the tech-
niques employed in modern radiation measurements.
Gamma-ray spectroscopy is widely used in many 

physics, medical imaging, environmental monitoring, 
industrial inspection, archaeometry, and homeland 
security.

-

-
lation Kit, the Environmental and Environmental Plus 

Kit.

B. Nuclear Physics and 
Radioactivity  

B.1  Spectroscopy
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Purpose of the experiment
Gamma radioactivity detection by using a system 
composed of a scintillating crystal coupled to a photon 
detector.

Fundamentals
Gamma rays interact with matter by three processes: 

Production (whenever the energy exceeds the 1.022 MeV 
threshold corresponding to the e+ e-

section of each process depends on the energy of the 
gamma ray.

the incoming photon and an atomic electron. In the 

energy equal to the incoming gamma energy decreased by 
the binding energy.

with the atomic and molecular systems of the medium 
results in excited states whose decay, possibly mediated, 
leads to light in the visible or UV region, eventually detected 
by the light sensor. A wide range of scintillator products 

properties, the time characteristics of the scintillation light 

Requirements
Gamma Radioactive Source.

SP5600C - EDUCATIONAL GAMMA KIT

Carrying out the experiment

the SiPM in the SP5607, through a thin layer of index 
matching grease to maximize the light collection. In order 
to avoid saturation, the output of the SiPM is divided 
using the A315 splitter: one branch is connected to the 

for the integration signal by the on-board leading edge 
discriminator or simply counting the pulses induced by 
the detected gamma ray.

Results

radioactivity with a simple preliminary measurement, 
namely comparing the counting frequency as a 
function of the discriminator threshold with/without the 
source. Presuming the source, essentially in contact to 

may estimate for every threshold value the detection 

with a 137Cs source are shown. Moving away the source 
from the crystal, the law governing the variation of the 

Execution Time

SP5600
Out 0Ch0

DT5720A

A315

SP5606

Ch0
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SG6111A
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SP5600C - EDUCATIONAL GAMMA KIT

Purpose of the experiment
Study the statistical distribution of the counting rates of 
a gamma radioactive source. Comparison of the data to 
the Poisson distribution, turning into a Gaussian as the 
mean number of counts grows. 

Fundamentals

probability that n decays will occur over a given time 

1/2 of the 

(n) is well approximated by a Gaussian distribution:

Requirements
Gamma Radioactive Source.

Carrying out the experiment

the SiPM in the SP5607, through a thin layer of index 
matching grease to maximize the light collection. In 
order to avoid saturation, the output of the SiPM is 
divided using the A315 splitter: one branch is connected 

the trigger for the integration signal by the on-board 
leading edge discriminator or simply counting the pulses 

the counting experiment shall be performed.

Results
Changing the counting window and/or the activity of the source or the threshold, the number of counts changes, 

Execution Time

SP5600
Out 0Ch0

DT5720A

A315

SP5606

Ch0

Poissonian distribution. Gaussian distribution.
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SG6112A POISSON AND GAUSSIAN DISTRIBUTION
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Purpose of the experiment

ray in a detector discloses the essence of the interaction 
of high energy photons with matter and allows to learn 

Fundamentals

matter is dominated by Compton scattering and Photo-

information on the characteristics of the decaying 

noise, the detected photon statistics, the stochastic 

terms in the detector and the intrinsic resolution of 
137Cs 

with its decays detected by a CsI crystal coupled to a 
137Cs source is particularly 

is relevant to optimize the lower detection limit of the 
system; the latter is a standard to evaluate the energy 

the Compton spectrum characteristics allow to perform 
a rough measurement of the linearity with a single isotope.

Requirements
Gamma Radioactive Source.

SP5600C - EDUCATIONAL GAMMA KIT

Carrying out the experiment

in the SP5607, through a thin layer of index matching 
grease to maximize the light collection. In order to 
avoid saturation, the output of the SiPM is divided 
using the A315 splitter: one branch is connected to the 

for the integration signal by the on-board leading edge 

count rate. Once this is properly set and the radioactive 
source is properly positioned, the spectrum can be 
recorded.

Results

the system noise is clearly visible, as well as the low 

Execution Time

SP5600
Out 0Ch0

DT5720A

A315

SP5606

Ch0

“Educational Gamma Kit” .

FWHM
137Cs spectrum.

ENERGY RESOLUTION SG6113A
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SP5600C - EDUCATIONAL GAMMA KIT

Purpose of the experiment

radioactive sources is the main goal of the experiment. 

the system and to measure the energy resolution. 

Fundamentals

of merit of a spectrometric system. In the proposed 
experiment, based on a scintillating crystal coupled 
to a Silicon Photomultipliers, deviations in the linearity 
may be due to the sensor or the front-end electronics 

of the response curve using a series of isotopes up to 
the MeV energy by a 60Co source and to disentangle the 

and the results compared to what is expected by the 

photons, the system noise, the sensor stochastic 

position and the resolution for a single isotope.

Requirements
Gamma Radioactive Source.

Carrying out the experiment

in the SP5607, through a thin layer of index matching 
grease to maximize the light collection. In order to 
avoid saturation, the output of the SiPM is divided 
using the A315 splitter: one branch is connected to the 

for the integration signal by the on-board leading-edge 

count rate. Once this is set and the radioactive source 
is properly positioned, the spectrum can be recorded.

Results

widths is determining the energy resolution. At more advanced level, the interpretation of the results accounting for 
the system properties may be performed.

Execution Time

SP5600
Out 0Ch0

DT5720A

A315

SP5606

Ch0

“Educational Gamma Kit” .

Energy Calibration. Energy dependence of the system resolution.
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SG6114A SYSTEM CALIBRATION: LINEARITY AND RESOLUTION
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LYSO crystal
BGO crystal
CsI crystal

BGO LYSO(Ce) CsI(Tl)
Density (g/cm3) 7.13 7.4 4.51
Decay Time (ns) 300 40 1000

Light Yield (ph./MeV) 8200 27000 52000
Peak emission (nm) 480 420 560

Radiation length (cm) 1.13 1.14 1.85
2.15 1.82 1.78

Purpose of the experiment

scintillating crystals, namely the light yield and the 

the energy resolution.

Fundamentals
Scintillating materials exhibit various characteristics 
related to light yield and the characteristic time of 

LYSO(Ce) (Cerium-doped Lutetium Yttrium 

All of them have the same volume (6 x 6 x 15 mm³), are 
polished on all sides, and coated with a white epoxy on 
5 faces. One 6 x 6 mm² face is open to be coupled with 

of the crystals are summarized in the table alongside.

Requirements
Gamma Radioactive Source.

SP5600C - EDUCATIONAL GAMMA KIT

Carrying out the experiment

SP5607, through a thin layer of index matching grease to 
maximize the light collection. In order to avoid saturation, 
the output of the SiPM is divided using the A315 splitter: one 

generating the trigger for the integration signal by the on-

procedure shall be repeated for every crystal.

Results
137

crystals, optimizing the integration time as a function of the scintillation decay time.

charge vs integration time leads to the measurement of the time characteristics of the scintillator.

Execution Time

SP5600
Out 0Ch0

DT5720A

A315

SP5606

Ch0

“Educational Gamma Kit” .

137Cs energy spectra. Blue spectrum corresponds to the acquisition through LYSO Experimental results of Light Yield Ratio.

Light Yield Ratio
(from datasheet)

Peak Position 
Ratio

LYSO/CsI 0.52 ~0.51

LYSO/BGO 3.29 ~3.11

BGO/CsI 0.16 ~0.16

A COMPARISON OF DIFFERENT SCINTILLATING
CRYSTALS: LIGHT YIELD, DECAY TIME AND RESOLUTION

SG6115A
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SP5600C - EDUCATIONAL GAMMA KIT

Purpose of the experiment

Fundamentals

matter is described by the exponential law 

where I0

material properties (atomic number, density) and on the 
energy of the impinging photon. 

complementary measurement techniques based on 
counting and on the analysis of the spectrum, performing 

a water equivalent solid state organic material used in 
medical dosimetry).

Requirements
Gamma Radioactive Source.

Carrying out the experiment

in the SP5607, through a thin layer of index matching 
grease to maximize the light collection. In order to 
avoid saturation, the output of the SiPM is divided 
using the A315 splitter: one branch is connected to the 

for the integration signal by the on-board leading edge 

count rate. Once this is set the SP5609 absorption tool 

analysing the spectrum, measuring the events in the 

Results

energy.

Execution Time

SP5600
Out 0Ch0

DT5720A

A315

SP5606

Ch0

“Educational Gamma Kit” .

Linear dependence of logarithmic intensity of gamma rays as a function 
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Purpose of the experiment

of photons energy.

Fundamentals
Gamma rays interact with matter by three processes: 

Production (whenever tIn the energy range up to 2 MeV, 
gamma rays interact with matter by two processes:

KeV. In this process the photon energy is completely 
transferred to atomic electron bounded

between electrons and photons and relevant at 1 MeV 
energy level 

energy of the incident photons and the atomic number 
of the material with which they are interacting. From 

the fraction of events due to Compton scattering and 

event fractions is used to determine the ratio of the two 

size.

Requirements
Gamma Radioactive Source.

SP5600C - EDUCATIONAL GAMMA KIT

Carrying out the experiment
Spread the optical grease on the open face of the scintillating 
crystal, insert this crystal side in the SP5607 spectrometer. 
Connect the power cable to the SP5600 module and 
connect the other cable of the spectrometer to the splitter 
A315. Connect the two split outputs to SP5600 channel 0 

optimize the parameters to choose the discriminator cut-

spectrometer and insert the radioactive gamma source to 

supply, open the spectrometer, change the radioactive 
gamma source and repeat the measurement.

Results
By using several radioactive sources, the energy dependence of the ratio between the cross-sections of two 

energy compared to the Compton Scattering cross section for the used detector size.

Execution Time

SP5600
Out 0Ch0

DT5720A

A315

SP5606

Ch0

“Educational Gamma Kit” .

Spectra of radioactive sources used to estimate the ratio of 
Photonuclear and scattering Compton cross sections. contributions as a function of energy.
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SP5600EMU - EMULATION KIT

Purpose of the experiment
Study the characteristics of the 137Cs spectrum, with special 

of a gamma decay and have basic information about the 
experimental setup used in gamma spectroscopy. Estimate 

 line.

Fundamentals

it is caused by the interaction of photons with the electrons 
instrument that measure the gamma radiation. In a real 
detector setup, some photons can and will undergo one 
or potentially more Compton scattering processes (e.g. in 
the housing material of the radioactive source, in shielding 
material or material otherwise surrounding the experiment) 

following: gamma-ray sources emit photons isotropically, 
some photons will undergo a Compton scattering process 

with a scattering angle close to 180° and some of these 

result is an excess of counts in the Compton part of the 

the Compton edge energy.
137

to the decay mechanism of 137
excited state of Barium-137, which than passes to the ground 

energy. In some cases Barium-137 can transfer its energy to 

radiation of barium, which is the K

Requirements
No other tool is needed

Carrying out the experiment

Control Software Interface allows user to generate 
exponential decay signals with programmable rise time 
and fall time and it is possible to emulate signals from 
137
analyzed by the MCA.

Results

K
spectrum, it is possible to estimate the energy of 

predictions.

Execution Time

Plot of the 137

and the K  line are indicated with the red arrows.

SG6118B STUDY OF THE 137CS SPECTRUM: THE BACKSCATTER PEAK 
AND X RAYS
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Purpose of the experiment
Determine the activity of a 60Co source from its gamma 

visible in the spectrum of some radioactive sources.

Fundamentals
60Co spectrum presents two distinct gamma 

purpose of this experiment, we can assume that each 
of these gamma rays are isotropically distributed. In 

spectrum, at nearly 2.5 MeV. 

We can estimate the activity of the source by calculating 

60Co, 

evaluated as

Where A is the activity of the source and t is the 
acquisition time. 

activity of the 60Co source used to record the available 
spectrum.

Requirements
No other tool is needed.

Carrying out the experiment

Control Software Interface allows user to generate 
exponential decay signals with programmable rise 
time and fall time and it is possible to emulate signals 

recorded and analyzed by the MCA.

Results

that, after the spectrum 

is nearly at 2.5 MeV. 
From the formula given 
above, using the live time 
in seconds, the student 
can estimate de activity 
of 60Co directly in Bq. A 
calculation made for a 
spectrum acquired in 100 
seconds gives an activity 

Execution Time

60Co complete spectrum acquired by the MCA and plotted by the Emulation Software.

SP5600EMU - EMULATION KIT

ACTIVITY OF THE 60CO SG6119B
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B. Nuclear Physics and 
Radioactivity  

B.2  Environmental Radioactivity 
Indoor 

and studied using appropriate instrumentation.

Using the Environmental Kit and Environmental 
Kit Plus, students will investigate gamma radiation 

such as soil samples and camping lantern mantles, 
learning how to acquire, interpret, and compare 
radiation measurements.

to radiation detection techniques while helping 
students develop a deeper understanding of 

environmental monitoring, science, and education.
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Purpose of the experiment

the response of the system is the main goal of the 
experiment.

Fundamentals

trigger threshold, gate width, etc., used in the calibration 
should be used in the following measurements proposed 

radioactive sources with a wide range of energies, from 

detect gamma rays. 

Requirements
No other tool is needed..

SP5630EN - ENVIRONMENTAL KIT

Carrying out the experiment
Put the i-Spector digital into the base and place, one at a 
time, the radioactive sources to be used for the calibration, 

two/three points for calibration. Power on the i-Spector and 
connect the Ethernet cable. Wait until the temperature is 

power on). 

needed, then start the measurement of the energy spectrum. 

crystal sample and 30 minutes of acquisition with the Fertilizer. 
Acquisition time with laboratory radioactive sources can be 
reduced according to the source activity. Select the ROIs and 
use the calibration tool to calibrate the spectrum.

Results

with a Gaussian curve, 
the system linearity as 
a function of energy 

calibration function is 
used for the consecutive 
activities.

Experimental setup.

Linear dependency in the Energy Calibration.

Execution Time

ENERGY CALIBRATION OF SYSTEM BASED ON LYSO 
CRYSTAL AND FERTILIZER SAMPLE 

SG6140C
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SP5630EN - ENVIRONMENTAL KIT

Purpose of the experiment

subtracted from the energy spectra of the samples.

Fundamentals

are the gamma radiations that originate from naturally 
occurring radioactive isotopes dispersed in the environment 
and the materials that surround the detector, and the 

properly identify the radioactive source and its activity, the 

is obtained by removing the radioactive source and must 
be acquired in the same conditions of the desired spectra. 

reject as much as possible environmental radioactivity that 

Requirements

Carrying out the experiment

software settings must be applied as well, including the 

be done bin-by-bin in the energy spectrum.
Put the i-Spector digital into the base. No sample is 
required in this experiment. Power on the i-Spector and 
connect the Ethernet cable. Wait until the temperature 

from power on). 

width, if needed, then start the measurement of the 

spectra acquisition.

Results

Execution Time

of i-Spector digital.

SG6141C BACKGROUND MEASUREMENTS
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Purpose of the experiment
Record the energy spectrum of Fertilizer sample and 

for the spectrum calibration.

Fundamentals
Potassium is a natural element whose radioactive isotope 
40K is widely available on Earth, especially in food and in 

is in 40
the decay time of 40K into 40Ar, and measuring the ratio 

between the two elements, it is possible to give a precise 
estimate about the origin of that material. 
Another interesting application is the so-called Banana 
Equivalent Dose (BED), a “user-friendly” unit to measure 
radioactivity. Bananas naturally contains 40K and 1 BED 

to eating 50 bananas, an average daily dose of natural 

familiar with natural low-radioactive objects.

Requirements
No other tool is needed.

SP5630EN - ENVIRONMENTAL KIT

Carrying out the experiment
Put the i-Spector digital into the base and place the Fertilizer 
box into the place-holder. Power on the i-Spector and 
connect the Ethernet cable. Wait until the temperature is 

power on). 

needed, then start the measurement of the energy spectrum. 

Results

40
40

can be used together with the LYSO crystal for the energy calibration of the system (SG6140C).

Experimental setup.

Execution Time

40

FERTILIZER AND PHOTOPEAK IDENTIFICATION SG6142C
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Experimental setup.

SP5630EN - ENVIRONMENTAL KIT

Purpose of the experiment
Record the energy spectrum of the Soil sample and identify 

Fundamentals
Natural radioactivity has several sources that can be 

incident on the Earth’s atmosphere and releasing secondary 
radiation (cosmic contribution); and radioactive nuclides 
generated during the formation of the Earth and still present 
in the Earth’s crust (terrestrial contribution). 

radionuclides of the uranium and thorium decay chains 

together with radioactive potassium. In most circumstances, 
radon, a noble gas produced in the radioactive decay of 
uranium, is the most important contributor to radiation 
exposure.
Natural radionuclides, both terrestrial and cosmogenic, 

water) and inhalation giving the so-called internal exposure. 
External exposure is due to cosmic radiation and radiation 

building materials.

Requirements
No other tool is needed

Carrying out the experiment
Put the i-Spector digital into the base and place the Soil box 
into the place-holder. Power on the i-Spector and connect 
the Ethernet cable. Wait until the temperature is stable from 

needed, then start the measurement of the energy spectrum. 
More than 30 minutes of acquisition need with the Soil 
sample. 

settings and acquisition time must be the same. Lead 

Results

shown in the picture below.

Execution Time

238U and 232

SG6143C SOIL SAMPLE IDENTIFICATION
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Purpose of the experiment

together.

Fundamentals
Spectra comparison is a very common procedure in 
statistics and physics and consist of the superposition 

normalized to a common state. For example, radioactive 

contribution.

for example the Soil and Fertilizer samples to see how 
in the same amount of time the two samples emitted. In 
the case of comparison of radioactive samples with a big 

the total number of events.

coupled to a NaI scintillating crystal (0,3 L).

Requirements
No other tools or instruments are needed.

SP5630EN - ENVIRONMENTAL KIT

Carrying out the experiment
Put the i-Spector digital into the base and place the Soil 
box into the place-holder. Power on the i-Spector and 
connect the Ethernet cable. Wait until the temperature is 

from power on). 

width, if needed, then start the measurement of the 
energy spectrum. 

repeat the measurement by using Fertilizer sample. 

measurement only.

Results
Superimpose the Fertilizer and Soil spectra in the same 

while no contribution appears in the Fertilizer sample, and 
viceversa, the 40
the Fertilizer sample, with no contribution in other energy 
areas.

Experimental setup.

Execution Time

in the same experimental conditions.

SAMPLES COMPARISON SG6144C
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Purpose of the experiment

Fundamentals
Naturally occurring radiative material (NORM) is material 
found in the environment that contains radioactive 
elements of natural origin (uranium, thorium, and 
potassium). NORM is often found in its natural state in 

phosphate fertilizers, and tobacco products. Moreover, 
there are some of the materials and products sitting around 

your house could be emitting low levels of radiation. In 
the past, radioactive materials were employed by humans 

uranium oxides were used to create a bright red-orange 

uranium to color glasses a transparent yellow or yellow-

camping lanterns (white light due to thorium), etc.

the energy spectrum and try to recognize the source by 

Requirements
No other tools or instruments are needed.

Carrying out the experiment
Put the i-Spector digital into the base and place the 

i-Spector and connect the Ethernet cable. Wait until the 

half an hour from power on). 

width, if needed, then start the measurement of the 
energy spectrum. 

activity 

Results

SP5630EN - ENVIRONMENTAL KIT Execution Time

SG6145C TEST SAMPLE IDENTIFICATION

Experimental setup.
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Purpose of the experiment

care of the proper sample preparation and exposure, as 
well as of acquiring the spectrum to calculate the Radon 
concentration. 

Fundamentals
Radon is a naturally occurring radioactive gas produced by 

can be dangerous since it accumulates inside houses 
or buildings. Air pressure inside your home is usually 
lower than the pressure in the soil around the building 

building materials (such as granite and certain concrete 

exceeds 4 pCi/L (or 100 Bq/m3), which is the limit for a 
non-dangerous exposure to this element. 

Requirements
Oven.

Carrying out the experiment
Detailed instructions for this activity are reported in 

with the i-Spector. Before starting the acquisition, 

interface. Once done, expose the sample for about 5-6 
days, following the requirements of the closed house, 
and far away from wall, windows, etc., according to the 
Radon measurement procedure. Once ready, seal again 
the sample, wait at least three hours, and acquire the 

acquisition.

Experimental setup.

Results

subtraction, it is possible to select the region of 
interest (ROI) of the 214Pb and 214Bi decay products 

be used together with the calibration curves to 
calculate the Radon concentration. On request, 
Excel® spreadsheets examples can be provided to 
customers.

SP5630EN - ENVIRONMENTAL KIT Execution Time

RADON PASSIVE MEASUREMENT SG6146C

Radon spectrum: counts of the three ROI are summed and combined with 
3. Longer acquisition 

time will improve the measurement resolution.
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B. Nuclear Physics and 
Radioactivity  

B.3  Environmental Radioactivity 
Outdoor

environment. Minerals and materials originating 

us.

Potassium-40, Uranium-238, Uranium-235, and 

natural activation processes.

students to explore outdoor gamma environmental 

environments. Using the GammaEDU Backpack, 

natural radioactive sources, and become familiar with 
portable radiation detection techniques.

to environmental radiation monitoring and help 
students understand the presence and role of natural 
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Purpose of the experiment
Increase of the familiarity with environmental 

combine nuclear engineering and computer science for 
a better comprehension of basic physics concepts.

Fundamentals
Potassium is a natural element whose radioactive isotope 
40K is widely available on Earth, especially in food and in 
human bodies.Radioactivity is a physical phenomenon 
occurring when an unstable nucleus undergoes a 
transition from one energy state to another. In addition to 
the cosmogenic radionuclides, natural sources include 
the so-called primordial radionuclides existing since the 
Earth formed and that have not completely decayed due 

to their long half-life (~109
common isotopes in the Earth responsible for the so-called 
terrestrial radiation are Uranium (238 232
and Potassium (40K), together with their multiple daughter 
products. It is estimated that 80% of the average annual dose 

radiation. While 40K undergoes one single decay, 238U and 
232
decays. In the outside environment, especially in case of in-

interfere with the measurement, such as the presence of 
vegetation or buildings and the morphology of the area 

Requirements
No other tools or instruments are needed.

SP5640 - GAMMAEDU

Carrying out the experiment

the tablet and associate the two devices via Bluetooth.

otherwise use the external power system.

or other construction. Set the acquisition time to about 5 
minutes and see the results. If the statistic is not enough 
increasing the acquisition time. 
It is good practice to repeat the measurement in order to 
obtain the mean and standard deviation of the result.

Results

for the evaluation of natural radiation exposure from building materials [2013/59/Euratom Directive and by UNSCEAR 

Experimental setup.

Execution Time

ENVIRONMENTAL MONITORING IN FIELD SG6150E
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Experimental setup.

SP5640 - GAMMAEDU

Purpose of the experiment

understanding of environmental radioactivity phenomenon.

Fundamentals

a probe for exploring the natural radioactivity allows the 
users to be able to grasp quantitative insights of the spatial 

the daily environment. 

there are many variables that could interfere with the 
measurement, such as the presence of vegetation or 

of view of the spectrometer. In addition, soil humidity has an 

observe and understand how some type of ground coverage 
can be most or least abundant in natural radioactivity terms.

Requirements
No other tools or instruments are needed.

Carrying out the experiment

the tablet and associate the two devices via Bluetooth.

otherwise use the external power system.

or other construction. Set the acquisition time to about 5 
minutes and see the results. If the statistic is not enough 
increasing the acquisition time. Repeat the measurements 

Results

deviation of the 40K, 238U, and 232

Execution Time

coverage types (Data from University of Ferrara). 

SG6151E GROUND COVERAGE EFFECT ON THE ENVIRONMENTAL 
MONITORING
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Purpose of the experiment

the radioactivity of the human body.

Fundamentals
Potassium is essential to all living beings, including 
humans, where it’s found especially in the muscle tissue. 
It can be found in most soils, building materials, plants 
and animals and it is typically used in fertilizers.
In nature there are only three isotopes of potassium: 
39K (93.3% of weight abundance), 41K (6.7%) and 
40K (0.0117%). While 39K and 41K are stable, 40K is a 
radioactive isotope with a half-life of 1.28x109 years and 
it is one of the most common responsible for the so-
called terrestrial radiation.
Considering the relative abundance, only twelve of 
a hundred thousand potassium atoms are actually 

radioactive, i.e. approximately for 1 g of potassium, 31 

one banana of 150 g contains about 525 mg of potassium 
which corresponds to ~16 Bq activity, and similarly, an 

corresponds to ~ 4400 Bq.
40K decays 89.3% of the time to the ground state of 40Ca 

capture to an excited state of 40

quantify the activity concentration of 40K in sites of 
measurement and in the environmental samples. 

Requirements
No other tools or instruments are needed.

SP5640 - GAMMAEDU

Carrying out the experiment

use the external power system.

ground and be sure that your presence is far enough from 
the measure point not to be revealed (A). Set the acquisition 
time to about 5 minutes and see the results. If the statistic 
is not enough increasing the acquisition time. Repeat the 

together with just your presence or more (B).

Results
40

Execution Time

40

Experimental setup.

HUMAN BODY RADIOACTIVITY SG6152E
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SP5640 - GAMMAEDU

Purpose of the experiment

by the distance of the point of measurement.

Fundamentals

represents the inverse of the distance at which the number 
of photons is reduced by a factor 1/e, as can be inferred by 

0e –1

a gamma-ray detector expresses the relative contribution to 
the total signal that is produced within a given radial distance 

on the height of the detector: for instance, a spectrometer 
that was placed at ground level detect gammas coming from 

a radius of ~0.5 m. At a height of 0.5 m, 95% of the signal 
come from a radius of ~8 m and the maximum percentage 

cylinder of soil having a ~0.6 m radius centered at the 
detector vertical axis. When it’s carried on the shoulders of 
the operator (1.5 m of height) the signal reaches ~95% at 

comes from the concentric hollow cylinder with a radius of 
~1.2 m.

Requirements
No other tools or instruments are needed.

Carrying out the experiment

the tablet and associate the two devices via Bluetooth. 

otherwise use the external power system.

soil. Set the acquisition time to about 5 minutes and see 
the results. If the statistic is not enough increasing the 
acquisition time. 

from soil and pay attention to perform the measurements in 
the same conditions exactly. 

Results

Execution Time

SG6153E ENVIRONMENTAL DETECTION AS A FUNCTION OF THE 
SOIL DISTANCE

Experimental setup.
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Purpose of the experiment
Starting from outdoor spectroscopy measurements to 
create the map of the natural radioactivity expressed in 

Fundamentals

ionizing radiation from various natural sources (cosmic 
and terrestrial ones). Moreover, the exposure to natural 

use, power generation and associated fuel cycle facilities, 

radioisotope production waste management and from 
military ones. In this context, the radiological monitoring 
of the geographical areas became very important. All 
over the World, several institutions are missioned to 
develop collections of maps showing the levels of natural 

radon, cosmic radiation, terrestrial gamma radiation, and 

Requirements
No other tools or instruments are needed.

SP5640 - GAMMAEDU

Carrying out the experiment

the tablet and associate the two devices via Bluetooth. 

otherwise use the external power system.

spatial resolution of the desired information: it is important 
choosing the sampling points in order to cover the surveyed 

or other construction. Set the acquisition time to about 5 
minutes and see the results. If the statistic is not enough 
increasing the acquisition time. 

Results
40K, 238U, and 232

are visualized via Google Earth. From these data, a natural radioactivity map of the investigated area can be developed.

Execution Time

Maps of the measurement points (yellow triangles) reported in the Google Earth app and the example of the measurement result reporting total activity concentration 

RADIOACTIVITY MAPS PRODUCTION SG6154E

Experimental setup.

Catalogo Esperimenti Educational_09102026_DEF.indd   47 20/10/26   09:12



48 CAEN Educational Handbook

Purpose of the experiment

natural radioactivity content in several dwellings and/

construction materials and commonly used in building 
constructions.

Fundamentals

222Rn 
and 220Rn isotopes of radon gas, by-products of the 238U 
and 232

energy to leave the grain of the material where it has 
been generated and to reach the empty space in the 
porous materials (emanation process that depends on 
the material itself). Moreover, only a fraction of the radon 
atoms reaching the pore volume of the material mass 

can escape into the air and reaches the spaces where 

232 40K, 226Ra, 

associated to a given natural material used for building 

materials depends on the local geology of each region on 
Earth. One of the requirements of estimate the radiation 
hazards in closed spaces, aiming to better protect against 
natural ionizing radiations exposure, is the assessment 
of the radiation hazards arising from the use of natural 
building materials in the construction of dwellings, since 
the majority of people in the World spend most time in 
indoor environments. 

Requirements
No other tools or instruments are needed.

SP5640 - GAMMAEDU

Carrying out the experiment

the tablet and associate the two devices via Bluetooth. 

otherwise use the external power system.

time to about 5 minutes and see the results. If the statistic 
is not enough increasing the acquisition time. Repeat the 

Execution Time

Results

for the evaluation of natural radiation exposure from building materials [2013/59/Euratom Directive and by UNSCEAR 

SG6155E RADIOLOGICAL EVALUATION OF THE BUILDING 
MATERIALS 
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SP5640 - GAMMAEDU

Purpose of the experiment

the radioactive radon gas produced in uranium decays.

Fundamentals

exposure. Radon is widely distributed in our living and 

be determined in order to prevent human health. Radon 
concentration measurements, both in air and in gas from the 

and lithology of the area, allowing the development of more 

another essential aspect: it is an indicator of the earth crust 
dynamics. In recent decades, many attempts to connect it to 

from the deeper Earth crust layers. As a noble gas, the radon 

produced by radium alpha decay is relatively free to move. 

are function of temperature, pressure, mechanical stress, 
precipitation and chemical reactions. Only a fraction of the 

leaves the solid grains and enters the pore volume of the soil.
232 40K, 226Ra, and 

natural radioactivity content of building materials depends 
on the local geology of each region on Earth. One of the 
requirements of estimate the radiation hazards in closed 
spaces, aiming to better protect against natural ionizing 
radiations exposure, is the assessment of the radiation 
hazards arising from the use of natural building materials in 
the construction of dwellings, since the majority of people in 
the World spend most time in indoor environments. 

Requirements
No other tools or instruments are needed.

Carrying out the experiment

the tablet and associate the two devices via Bluetooth. 

otherwise use the external power system.

or other construction. Set the acquisition time to about 5 
minutes and see the results. If the statistic is not enough 
increasing the acquisition time. 
It is good practice to repeat the measurement to obtain the 
mean and standard deviation of the result.

Results

SG6156E
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Purpose of the experiment

gamma-ray measurements can provide information 
about the water content of the soil.

Fundamentals

wastage. A lot of researchers are focusing their attention 
on monitoring global irrigation due to global irrigation 
information is scarce due to the absence of a solid 
estimation technique. Recent studies show that proximal 
gamma-ray spectroscopy represents an innovative 

and satellite soil water content measurements. 
A gamma-ray station measures the 40K in the soil and 
monitors the moisture for the rational use of irrigation 
water. When it rains, the gamma signal is attenuated by 
the water and it drops down, while when the soil dries up, 
the gamma signal rises again.

Requirements
No other tools or instruments are needed.

SP5640 - GAMMAEDU

Carrying out the experiment

use the external power system.

manhole or other construction. Set the acquisition time to 
about 5 minutes and see the results. If the statistic is not 
enough to increase the acquisition time. 

weather conditions. Remember that it is good practice to 
repeat the measurement to obtain the mean and standard 
deviation of the result.

Results

the soil.

SG6157E SOIL WATER CONTENT EVALUATION WITH 
GAMMA RAY SPECTROSCOPY
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Execution Time SP5640 - GAMMAEDU

Purpose of the experiment
Large area survey to evaluate the radioactivity concentration 

Fundamentals
A geochemical exploration campaign aims at locating 
economic mineral deposits through the recognition of 
concentrations of chemical components, to be called 
as geochemical anomaly, in surface materials such as 

an enormous geodiversity have a considerable variety of 
stone materials that can be used both as building materials 

corresponds to considerable variability in the abundance of 

238
232 40K. Igneous plutonic 

natural radionuclides varying over a wide range of up to 2000 
40 238 232

Requirements
No other tools or instruments are needed.

Carrying out the experiment

use the external power system.

or other construction. Set the acquisition time to about 5 
minutes and see the results. If the statistic is not enough 
increasing the acquisition time. Repeat the measurements 
along the survey area.

Results

radioactivity concentration of 40K, 238U and 232

Activity concentration of 40K, 238U and 232  in situ measurements.

(*) Radiological characterization of granitoid outcrops and dimension stones of the Variscan 

Mantovani, F., Alvarez, C. R., and Casini, L., Environmental Earth Sciences, 71, 393-405, (2014).

GEOCHEMICAL AND MINERAL EXPLORATION SG6158E

Position of extractive districts in Sardinia where in situ measurements were performed.
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B.  Nuclear Physics and 
Radioactivity  

B.4  Spectroscopy 

ionization properties. Among them, beta radiation 

radiation.
- +) 

the recoiling nucleus, and a neutrino or antineutrino. 
As a consequence, beta particles are emitted with a 

distributions and understand the fundamental 

Premium Kit. 
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Purpose of the experiment

scintillator tile coupled to a Silicon Photo-multiplier.

Fundamentals
Particle detectors based on scintillating material coupled 
to a photosensor are in common use in nuclear and 
particle physics, medical, industrial and environmental 

scintillator tile of 5 x 5 x 1 cm3 volume, directly coupled 
to a 6 x 6 mm2

between the requests for some of applications (e.g. 

and the homogeneity of the response of the system.
Before addressing a variety of lab applications, the 
student is guided through the basics of the system. 

Requirements
Beta Radioactive Source.

SP5600D - EDUCATIONAL BETA KIT

Carrying out the experiment

to one channel of the SP5600. Connect the two channel 

and the digital output to “trigger IN“ of the digitizer. Use 
the GUI to optimize the system parameters (bias, gain, 

power supply, open the SP5608 top cover and position the 
beta source on the scintillating tile in the center. Close the 
support top, switch ON the power supply and measure the 
counting rate. Repeat the measurement moving the source 
in several positions over the tile and acquiring the signal/

Results
In response to the incoming beta particles, the system is designed to deliver a high signal. However, the student shall 

beta source counts, the signal to noise ratio and the quality of the recorded beta spectrum. Moreover, for the optimal 

Execution Time

SP5600

Out 0Ch0
DT5720A

Ch0
A315 Digital 

Out 0

USB 2.0

SP5608

Homogeneity of tile response to a beta source. Scintillating tile coupled to a sensor.

RESPONSE OF A PLASTIC SCINTILLATING TILE SG6121A
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SP5600D - EDUCATIONAL BETA KIT

Purpose of the experiment
After gamma spectrometry, the student is introduced to the 

scintillator tile.

Fundamentals

Electron capture (EC): 

is continuum up to a maximum energy depending on the 
isotope under study (and the neutrino mass).

Requirements
Beta Radioactive Source.

Carrying out the experiment

to one channel of the SP5600. Connect the two channel 

and the digital output to “trigger IN“ of the digitizer. Use 
the default software values or optimize the parameters to 
evaluate the contribution not coming from the beta source 
and choose the discrimination threshold in mV. After that, 

the beta source on the scintillating tile. close the support 
top, switch ON the power supply and acquire the beta 
spectrum. 

Results

interactions of radioactive decays. Observation of the 
beta spectrum is very important to understand the theory 
of beta decay. Historically, experimental beta-ray spectra 
introduced enormous problems in the interpretation of 
beta decay due to the ostensible violation of the energy 

the continuous beta-ray spectra solved not the problem 
conservation of energy, momentum and lepton number.

to determine the maximum energy available in the decay 
process and to verify that the most probable energy value 
Eavg can be expressed as:

avg 
can be estimated, each one corresponds to the total energy 

An example of 90
most complete analysis on beta spectrum, other application 
notes are recommended.

Execution Time

SP5600

Out 0Ch0
DT5720A

Ch0
A315 Digital 

Out 0

USB 2.0

SP5608

Experimental beta spectrum of 90Sr radioactive source.

SG6122A
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SP5600D - EDUCATIONAL BETA KIT Execution Time

Purpose of the experiment

two absorber materials: aluminium and paper sheets.

Fundamentals

in several ways depending on its initial energy: ionization 

due to collisions with absorber atoms; this phenomenon 

material density. Beta particles are less massive than alpha 
particles and only carry a charge of 1e; consequently, 
beta particles can appreciably penetrate many potential 
shielding materials although their penetrating capacity is 

radiation behaviours are essential for those attempting to 
shield locations from gamma radiation, either for sensitive 
experiments or for the safety of humans. 

in the same fashion as that of gamma rays, where the 

with lower energies are less penetrating hence they are 

initial decrease of the absorption curve is too rapid to be 

only in a particular region of the transmission curve: a 

Requirements
Beta Radioactive Source.

Carrying out the experiment

cables to one channel of the SP5600. Connect the two channel outputs to 

IN“ of the digitizer. Use the default software values or optimize the parameters 
to evaluate the contribution not coming from the beta source and choose the 

the SP5608 top and place the beta source on the plastic support and close 
the support top. Switch ON the power supply and measure the counting rate. 
Repeat the measurement by adding layers of the same absorber and later 
change the absorber type.

Results

it is very well described by

aluminium and in paper sheets can be determined.

SP5600

Out 0Ch0
DT5720A

Ch0
A315 Digital 

Out 0

USB 2.0

SP5608
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SG6123A
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SP5600D - EDUCATIONAL BETA KITExecution Time

Purpose of the experiment
Estimate of the instrument sensitivity in the measurement of 

Fundamentals
Beta attenuation represents a golden standard in the quality 
control of paper industry and in the measurement of thin layer 

used since the 50’s, is yet today a standard. 

Requirements
Beta Radioactive Source.

Carrying out the experiment
Insert the beta source support in the SP5608 and connect 

output to the channel 0 and the digital output to “trigger IN“ 
of the digitizer. Use the default software values or optimize 
the parameters to evaluate the contribution not coming from 
the beta source and choose the discrimination threshold in 

top and place the beta source on the plastic support and 
close the support top. Switch ON the power supply and 
measure the counting rate. Repeat the measurement by 
adding paper sheets.

Results

instrument sensibility and the time needed to obtain a certain percentage of sensibility through the attenuation 

distinguish one or two post-it in 250 ms and 25 seconds to reach sensibility 10%.

SP5600

Out 0Ch0
DT5720A

Ch0
A315 Digital 

Out 0

USB 2.0

SP5608

Counting frequency of the beta rays as a function of the number of crossed paper sheets.

SG6124A
GRAMMAGE AND THIN LAYER THICKNESS
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SP5600D - EDUCATIONAL BETA KIT Execution Time

Purpose of the experiment

scintillating tile.

Fundamentals
Scintillating materials are commonly used in high energy 
physics and medical applications because of their 
capability to convert high energy radiation into optical 
photons and they are usually coupled with a photosensor. 

is often mandatory to extract and detect the generated 

of light generated during the scintillation process is, in 

light reaches the photodetector. Extracting as much light 
as possible from the crystal becomes this crucial, given 
that both energy and time resolution depend strongly on 
the amount of detected light. Indeed, extracting more 
light enables a more accurate estimation of the energy 
absorption in the scintillator itself, and, moreover, if 
not covered by any material, the scintillator can let 
light escape through its lateral surfaces, thus losing a 

Requirements
Beta Radioactive Source.

Carrying out the experiment

to one channel of the SP5600. Connect the two channel 

digital output to “trigger IN“ of the digitizer. Use the default 
software values or optimize the parameters to evaluate the 
contribution not coming from the beta source and choose 

power supply, open the SP5608 top and place the beta 
source on the scintillating tile. Close the support top, switch 
ON the power supply and acquire the beta spectrum. Repeat 
the spectrum acquisition after having uniformly covered the 

for the optical coupling with the SiPM.

Results

of 90Sr spectrum.

SP5600

Out 0Ch0
DT5720A

Ch0
A315 Digital 

Out 0

USB 2.0

SP5608

90

sheet between scintillator and SiPM.
90Sr spectrum acquired just by using optical grease as coupling between 

scintillator and SiPM.

COATING EFFECT ON THE LIGHT COLLECTION SG6125A
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B. Nuclear Physics and 
Radioactivity  

B.5 Nuclear Imaging - PET

the most advanced medical imaging techniques, 

imaging through a hands-on approach. Using a 

explore the concepts of positron emission, gamma-

techniques.

(Portugal). Depending on the experiment, additional 

in advanced diagnostic applications.
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SP5701 - EASYPET KIT Execution Time

Purpose of the experiment
Gamma spectroscopy studies by using a gamma 
radioactive sources and by analysing the signals 
produced by the interaction of the gamma with one of 
the scintillating crystals of the system.

Fundamentals

Photomultipliers (SiPM) coupled to scintillating crystals. 

detector cells, each composed of a small scintillator crystal 
coupled to a silicon photomultiplier (SiPM), develop a signal 
when they detect a photon emitted by the source. In order to 
perform the gamma spectroscopy measurements using one 
of the two detector systems, it is important underline that 
the detector is characterized by a noise component, caused 
by spurious events occurring randomly and independently 

Rate (DCR), depends mainly on the sensor technology and 

to several MHz per mm2
the lowering of the temperature (about a factor 2 of DCR 
reduction every 8 °C). In addition, the operating voltage 
has an impact on the DCR since it’s connected to the 

the sensor and to the triggering probability of the charge 

Requirements
22Na Radioactive source (recommended: 1/2 inch disc, 

Carrying out the experiment

to the control unit. Connect to PC and power ON the system. 
Choose one detection system and connect its analog output 

output to trigger the MCA and choose the threshold in mV 
of the signal output. Place the radioactive source as close 
as possible to the detector chosen and acquire the energy 

measurements with several gamma radioactive source in 
order to study the linearity system.
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Energy Calibration.    Energy spectrum of 22Na source.

Results

system is linear, the output signals are directly proportional to the incident gamma energies.

AND SYSTEM LINEARITY
SG6131G
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SP5701 - EASYPET KITExecution Time

Mini USB

DT5770
MCA

Mini USB

Purpose of the experiment
Positron annihilation detection by using a couple of 
detectors composed of a LYSO scintillating crystal coupled 
to a Silicon Photomultiplier (SiPM).

Fundamentals

involved in biochemical or metabolic processes under 

organ or evaluating the presence of disease, revealed by the 

annihilating with atomic electrons, result in the isotropic 

detector modules that move together and execute two types 
of independent movements, around two rotation axes, so as 

detectors. A fast electronic readout system allows detecting 
coincident events resulting from the same decay process. 

Requirements
22Na Radioactive source (recommended: 1/2 inch disc, 

Carrying out the experiment

board and to control unit. Connect to PC and power ON 
the system. Connect the analog output of one detector to 

the coincidence output characterized by the occurring of the 
comparator output of each detector within a time window. 
Place the source holder between the two detectors and 
measure the DCR frequency as a function of the threshold. 
Place the 22Na radioactive source in the holder and repeat 
the measurement. Chose a threshold and acquire the 

Coincidence spectrum of 22Na radioactive source.Coincidence frequency, with and without 22Na source, as 
a function of the threshold.
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Results

of the acquisition conditions, the coincidence detection introduces the parameter of the time window width in 

the response of the system in coincidence mode to the radioactive source with respect to the random events, at 

the implementation of the coincidence detection ensures that, in the energy distribution, the Compton scattering 
occurring in one or even in both scintillating crystals comes from the same annihilation event.

SG6132G POSITRON ANNIHILATION DETECTION
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Purpose of the experiment
Understanding the technique of the nuclear imaging 
and the setup optimization of the parameters by 
performing two-dimensional image reconstruction of 
22Na radioactive source.

Fundamentals

modules move together and execute two types of 
independent movements, around two rotation axes, so 

of detectors. 

motor supports and performs a complete rotation of a 

axis of the top motor is thus always positioned within a 
circumference of radius equal to the distance between 

moves a U-shaped printed circuit board, where a pair 
of aligned and collinear detector modules is mounted, 

center, for each position of the bottom motor. In this 

top motor scan.

Requirements
22Na Radioactive source (recommended: 1/2 inch disc, 

Carrying out the experiment

to control unit. Connect to PC and power ON the system. 

two-dimensional reconstruction of the source image are 
three: the detectors operating voltage, the coincidence time 
window and the threshold. Place the source holder between 
the two detector modules and tune the parameters to 
estimate the DCR contribution.

Place the 22Na radioactive source in the holder and repeat 
the measurement tuning the parameters in order to obtain a 
good image reconstruction of the radioactive source. 

Results

time window of the system is mandatory to achieve a good image contrast. Fixing the bias voltage and the time window, 

should be set by choosing the best compromise.

Mini USB

22

RADIOACTIVE SOURCE
SG6133G
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SP5700 - EASYPETExecution Time

Carrying out the experiment

to control unit. Connect to PC and power ON the system. Set 
and optimize the parameters as bias voltage, threshold and 
coincidence time windows. In order to perform the spatial 
resolution measurement, the radioactive source is placed 
between the two detectors, on the line of response passing 

acquires the number of coincidence counts for successive 

is chosen in relation to the source activity to have enough 

the number of coincidence counts for each position as a 
function of the distance between the source and the line 

of response (the distance is calculated as the product of 
the source-scanning axis distance and the scanning angle 

radioactive source distribution convoluted with the system 
spatial resolution. 

Purpose of the experiment

composed of two detector modules..

Fundamentals

parameters involved and critical to good quality image 
formation are several: spatial resolution, sensitivity, noise, 
scattered radiations, and contrast.

tomographic system and its determination is mandatory for 

measure of the ability of the device to faithfully reproduce the 

distance between two points in an image that can be detected 
by a scanner.

resolution is represented by the width of the scintillating 

of the system is the so-called sampling error. It is associated 

and is a direct consequence of the rotation and scanning 
granularity. 

Requirements
22Na Radioactive source (recommended: 1/2 inch disc, 

Mini USB

Resolution Plot. 22

Results

SG6134G SPATIAL RESOLUTION
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B. Nuclear Physics and 
Radioactivity  
B.6 GM Detector

radiation.

of radiation detection and measurement.

to explore the operating principles of Geiger-Müller 

students will become familiar with radiation detection 
techniques and learn how ionizing radiation can be 
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Purpose of the experiment
Study of relationship between uncertainty analysis and 
the duration of data acquisition.

Fundamentals

assessment of uncertainties is paramount to ensure the 
reliability and precision of measurements.

inherently involves some degree of uncertainty. 
Uncertainty refers to the range within which the true 

and absolute uncertainty. Relative uncertainty, often 
expressed as a percentage, gauges the precision of 
a measurement in relation to the size of the measured 
quantity. It is calculated by dividing the absolute 
uncertainty by the measured value and multiplying by 

100. Absolute uncertainty is the quantitative measure 
of the range within which the true value of a measured 
quantity is expected to lie. It is typically expressed in the 

of absolute uncertainty involves considering various 
factors, including instrumental limitations and 
experimental procedures.
Live time, as a parameter in this experiment, represents 
the duration for which data is actively collected. By 
systematically varying the live time during measurements, 

statistical nature of measurements becomes apparent 
as we analyze how uncertainties change as a function 
of live time.

Requirements
No other tools or instruments are needed.

Carrying out the experiment

acquisition time.

initiate measurements and record data every minute 

produces a sound for each detection. 

Results

the statistical aspects of measurements but also sheds light on the dynamic relationship between uncertainty and the 
temporal dimension of data acquisition.

Relative uncertainty as a function of the live time. Experimental results.

SG6160H STATISTICS: UNCERTAINTY AS A FUNCTION
OF LIVE TIME 

Experimental setup.
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Carrying out the experiment

detector immediately starts measurements and records 

counts must be acquired in the absence of samples, 

detected particles are counted and displayed on the 

dataset is necessary for an accurate estimation of 

conduct an acquisition for at least 24 hours.

Purpose of the experiment

radioactivity.

Fundamentals

spectrum are the gamma radiations that originate from 
naturally occurring radioactive isotopes dispersed in the 
environment and the materials that surround the detector, 
and the radiations whose origin can be traced to cosmic 

window free. 

Requirements
No other tools or instruments are needed.

Results

radioactive contribution of the samples under investigation.

Experimental results.

ENVIRONMENTAL BACKGROUND SG6161H

Experimental setup.

CPM - Raw data. CPM - Moving average (1h) CPM Distribution
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Purpose of the experiment

detected by the GM detector.

Fundamentals
For precise spectral measurements, resolution in energy 

it is crucial to shield the detector with lead to minimize 

photoelectric absorption cross-section predominates 

(such as those at 1.46 MeV from 40K). Owing to its high 

Additionally, it can eliminate many components of cosmic 

interaction with the lead itself. It is often used in the form of 

210Pb, 
a product of the decay of 226Ra, with a half-life of 20.4 
years. While some types of Pb exhibit an activity of around 

below this value.

Requirements

Carrying out the experiment

GM detector will immediately initiate measurements and 

counts, essential for calibration, should be obtained in 

acquisition for a minimum of 2 hours.

subtraction. 

Experimental setup.

Results

minute (CPM) decrease from approximately 24 to around 15 when lead shielding is employed.

No shielding. CPM - Raw data in green and moving average (10 min) in red. Lead Shielding. CPM - Raw data in blue and moving average (10 min) in red.

SG6162H LEAD SHIELDING EFFECT ON ENVIRONMENTAL 
RADIOACTIVE BACKGROUND 
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Carrying out the experiment

GM detector will immediately initiate measurements and 

counts, essential for calibration, should be obtained in 

acquisition for a minimum of 2 hours. Upon completing 

the middle of the open window of the GM detector. Start 
the new acquisition maintaing the same acquisition time to 

Experimental setup.

Purpose of the experiment
Radioactivity detection by using a GM detector..

Fundamentals

ability to penetrate matter and impart energy to atomic 
structures. Ionizing particles in nuclear physics include 
alpha particles, beta particles, and gamma rays. Alpha 

them relatively massive and charged. Beta particles can be 
- +) and can interact with 

atomic electrons. Gamma rays are electromagnetic waves 
of extremely high energy and no mass.

detector hinges on the ionization generated by incoming 

chamber, typically containing a low-pressure inert gas, 
and a central wire electrode running along the chamber's 

casing (anode) and the central wire electrode (cathode), 

chamber. When ionizing radiation enters the detector, it 
interacts with the gas atoms, leading to the formation of ion 

the central wire, inducing additional ionization events 

and processed by the detector's electronics.

Requirements
No other tools or instruments are needed.

Results

minerals within the sample may naturally emit alpha, beta, or gamma particles, contributing to the overall ionization 
observed by the GM detector.

SG6163H
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Purpose of the experiment

Fundamentals

radioactive elements, and the concentration of these 

concentrations of radioactive elements such as uranium, 

levels of ionizing radiation due to the decay of these 

radioactive elements, resulting in comparatively lower 
radioactivity.

a role in applications such as radiological assessments, 
mineral exploration, and environmental monitoring. 
Additionally, it underscores the importance of considering 
the geological context when interpreting measurements 

Requirements
No other tools or instruments are needed.

Carrying out the experiment

measurements and record data every minute during 

with the GM tube window uncovered. It is advisable to 
conduct an acquisition for a minimum of 2 hours.

detector. Start the new acquisition, maintaining the same 

samples.

Experimental setup.

Results

samples. Furthermore, it not only serves as a practical application of radiation detection principles but also encourages 

SG6164H SAMPLES COMPARISON
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Experimental setup.

SP5660 - ROCKYRADExecution Time

Carrying out the experiment

measurements and record data every minute during 

with the GM tube window uncovered. 

open window of the GM detector, and start the acquisition.
Systematically increase the sample distance from the GM 
detector and record the corresponding CPM values. 
Repeat the measurements for multiple distances.

Graph of the net CPM as a function of the distance.

Purpose of the experiment

educational experiment is to provide students with a 
practical understanding of how the intensity of gamma 
radiation changes proportionally to the square of the 

Fundamentals

gamma radiation, asserts that the intensity of gamma rays 
is inversely proportional to the square of the distance from 
the radiation source.
In the context of gamma rays, which arise from nuclear 
transitions, their electromagnetic nature becomes 

various applications from medical imaging to industrial 

intensity diminishes rapidly as one moves away from 

0/r2, where I is the intensity of 
radiation at a distance r from the source and I0 is the initial 
intensity of radiation at the source.
In the context of this experiment, a GM (Geiger-Muller) 
counter is utilized to measure the intensity of gamma 
radiation at varying distances from the gamma ray source. 

electrical pulse when ionizing radiation interacts with its 

we can infer the intensity of the gamma radiation.

Requirements
No other tools or instruments are needed.

Results
Analyzing the collected data allows the students to 
determine whether the intensity of gamma radiation 
follows the expected Inverse Square Law relationship. 

in nuclear physics and reinforces fundamental concepts 
related to the behaviour of gamma radiation.

INVERSE SQUARE LAW: GAMMA RAYS SG6165H
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Purpose of the experiment

measurements allow the user to observe the increase in 
cosmic radiation exposure as the atmospheric shielding 
decreases.

Fundamentals
Cosmic radiation originates from high-energy particles 
arriving from outer space and from the Sun. When these 
primary particles interact with the Earth's atmosphere, 

neutrons, photons, electrons, muons, and other particles. 

of the protective atmospheric layer decreases, leading to 
higher dose equivalent rates. Commercial aircraft typically 

levels can be several times higher than those measured 

protection regulations.

Requirements

Carrying out the experiment
Before boarding, start the detector and record the 
ambient dose equivalent rate at ground level. Continue 

radiation measurements and altitude data are recorded 
at regular intervals. Measurements should cover the main 

the measured dose equivalent rate with the corresponding 
altitude values.

Experimental setup.

Results

of ambient dose equivalent rate on altitude by 
comparing measurements collected during the 

a gradual increase during ascent, reaching 
maximum values at cruising altitude, followed 
by a decrease during descent. Depending 

dose equivalent rates at cruise altitude may be 
several times higher than those measured at 

dependence of cosmic radiation exposure on 

such as Hamburg–Brussels. Equivalent rate (blue, nSv/h) and aircraft altitude (orange, m) as a function of time during a 

SG6166H DOSE EQUIVALENT AS A FUNCTION OF ALTITUDE
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C. Particle Physics  

C.1 Cosmic Rays

kaons, muons, neutrinos, electrons, and photons. 
Among these particles, muons represent one of 
the most accessible components for educational 
experiments, allowing students to investigate 

radiation.

students to the detection and characterization of 

students can explore cosmic radiation measurements, 
particle detection techniques, and the properties of 

For both experimental setups, a dedicated mechanical 
structure is also available to build a cosmic telescope, 
enabling measurements of the azimuthal variation of 
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Purpose of the experiment
Statistical properties of the cosmic rays.

Fundamentals

an average value determined by the type of phenomenon. 

the same (as in the case of particles that decay may derive 
from space or from a radioactive source).

is to understand which values can occur in a series 

of measurements as well as their probability, i.e. the 

with good approximation events comings from radioactive 

expresses the probability of a given number of events 

expressed as:

and n is the number of events.

Requirements
No other tools or instruments are needed.

Carrying out the experiment
Connect the cable connector from each SP5622 Detection 
System to the input located on the rear panel of of the SP5621 
module. Power on the SP5621 module and start acquisition 

the photosensor and converted into an electrical signal. 

the SP5621 display. Note that spurious electrical signals 

producing noise. Coincidence between two SP5622 will 
greatly reduce the number of spurious events. However, the 

scintillators coincidence via the related button on the front 

panel, then select the integration time of the measurement. 
Before starting acquisition choose the system geometry. Be 

Results

of their statistical uncertainty.

x (p1x/x!) xe-p1

SG6210D STATISTICS
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Carrying out the experiment
Open the SP5608 and remove the plastic scintillating tile. 
Close the SP5608 and connect its power cable and its 

output to the channel 0 and the digital output to “trigger IN“ 
of the digitizer. Use the default software values or optimize 
the parameters to evaluate the noise contribution of the 

a function of the discrimination threshold in mV. Because of 
the DCR, the system has to be made sensitive to the cosmic 

the optical grease on the SiPM and insert the scintillating 
tile. Close the support top, switch ON the power supply and 

counting rate scanning the values of the threshold.

Purpose of the experiment
Cosmic rays detection by using a system composed 
of a plastic scintillating tile directly coupled to a Silicon 
Photomultiplier detector.

Fundamentals

generated by the hadronic interaction of the primary 
cosmic rays with atmospheric nuclei, are the most cosmic 
rays at sea level. 
Cosmic muons are charged particles, produced 

mass (~ 200 times the electron mass), the absence 
of strong interactions and their long lifetime 

-6 s), allow muons to cross the atmosphere 
and reach the Earth's surface.

Requirements
No other tools or instruments are needed.

p

n

SP5600
Out 0Ch0

DT5720A
Ch0

Digital 
Out

l

USB 2.0

SP5608

5 10 15 20 25 30 35 40 45
10

−3

10
−2

10
−1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

Discrimination threshold [mV]

Co
un

tin
g 

Fr
eq

ue
nc

y [
Hz

]

DCR
Cosmics

Results

below the Hertz level and measure the cosmic rate.

MUONS DETECTION SG6211A

Catalogo Esperimenti Educational_09102026_DEF.indd   73 20/10/26   09:12



74 CAEN Educational Handbook

SP5600D - EDUCATIONAL BETA KIT Execution Time

Purpose of the experiment

the system by comparison between the expected rate 
and the measured one.

Fundamentals
Muons lose about 2 GeV to ionization before reaching the 

spectrum, energy loss in the atmosphere and decay of 

the muons are convoluted in their energy and angular 

-2min-1

literature2.

Requirements
No other tools or instruments are needed.

Carrying out the experiment
Open the SP5608 and remove the plastic scintillating tile. 
Close the SP5608 and connect its power cable and its 

output to the channel 0 and the digital output to “trigger IN“ 
of the digitizer. Use the default software values or optimize 
the operating voltage of the sensor to reach an higher 

function of the discriminator threshold. Because of the DCR, 

thresholds shall be set to reduce the random coincidence 

the SP5608 top, spread the optical grease on the SiPM and 
insert the scintillating tile. Close the support top, switch 

parameters. Measure the muons counting rate and estimate 

Results

and enhance the system sensitivity.
v cos2

and the integration over the solid angle, the expected 
cosmic rate due to the geometry system can be estimated 

2 K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014).
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SG6212A MUONS VERTICAL FLUX ON HORIZONTAL DETECTOR 
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Carrying out the experiment
Connect the cable connectors of the two SP5622 to the 
tile inputs located on the rear panel of the SP5621 module. 
Power on the SP5621 module and start the acquisition via 

number of counts for each scintillator may be viewed via the 
SP5621 display. Select the scintillators coincidence via the 
related button on the front panel, then select the integration 
time of the measurement.

Before starting acquisition choose the system geometry. Be 

Purpose of the experiment

from double tile coincidence.

Fundamentals

estimate the number of random coincidences. Random 
coincidences derive from simultaneous or nearly-
simultaneous pulses caused by accidental discharges 
(i.e. noise), and not by particles with a trajectory within the 
volume determined by the solid angle of the geometry. 

function of the surface of the tile itself and of the average 

proportional to the pulse duration. 
An evaluation of random coincidence contribution 

calculation:

A and RC are 
the event rate of each scintillating tile.

Requirements
No other tools or instruments are needed.

the deviation between the measured coincidence rate and the real one, obtained via the random rate subtraction.

Results

RANDOM COINCIDENCE SG6213D
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Purpose of the experiment

the system.

Fundamentals

is detected after crossing the sensitive volume of the 

incidence angle, the cross-section through which 
the particle interacts with the scintillator, and on its 

change depending upon the bias voltage applied and 

of detected particles (N0) and the number of particles 
incident upon the detector surface (N):

between additional detectors can be expressed as the 

assumed for the double and triple coincidences:
             and

positioned in the middle can be expressed as: 

Requirements

Coincidence and Scaler modules in one solution 

Carrying out the experiment
Connect the cable connectors of the three SP5622 to the 
tile inputs located on the rear panel of the SP5621 module. 
Power on the SP5621 module and start the acquisition via 

number of counts for each scintillator may be viewed via the 
SP5621 display. Select triple scintillator coincidence mode 
via the related button on the front panel, then select the 
integration time of the measurement. Arrange the geometry 
of the detectors as depicted in the diagram above. Be sure to 

of the central scintillating tile. Connect the signal outputs of 
the three scintillating tiles to an external apparatus in order 
to identify double and triple counts at the same time, which 
correspond to the same cosmic ray.

scintillating tiles change the detector positions and repeat 
the measurement.

Results

SG6214D DETECTION EFFICIENCY
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Carrying out the experiment
Connect the cable connectors of the two SP5622 to the 
tile inputs located on the rear panel of the SP5621 module. 
Power on the SP5621 module and start the acquisition via 

number of counts for each scintillator may be viewed via 
the SP5621 display. Select double scintillators coincidence 
mode via the related button on the front panel, and then 
select measurement integration time. Because the 

coincidence, all such events coming from a cosmic particle 
that crosses only one scintillating tile will automatically be 
discarded. 
Before starting acquisition choose the system geometry. 

Purpose of the experiment

using a hot-air balloon.

Fundamentals

most fascinating Physics discoveries of the 20th century. 

radiation in the atmosphere was observed in the early 

the Austrian-American physicist Victor Hess (Nobel Prize 
in 1936).

the secondary particles produced by the interaction of the 
primary ones with the external layers of the atmosphere 
itself. Muons and Pions are the most have the greatest 
penetrating capability and can reach the Earth's surface. 
For that reason they constitute the hard component of 

consists mainly of gamma, positrons, and electrons that 
are easily absorbed by the Earth's atmosphere. Initially, 

altitude endures a slight decrease due to the loss of the 
contribution of natural radioactivity from the terrestrial 

particles is then observed.

Requirements
No other tools or instruments are needed.

Results

the non-terrestrial origin of cosmic radiation. For better 

COSMIC FLUX AS A FUNCTION OF THE ALTITUDE SG6215D
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Purpose of the experiment

Fundamentals

cosmic muons can be expressed as follows:

Requirements

Carrying out the experiment

SP5622 on the vertical arm. Connect the cable connectors 
of the two SP5622 to the tile inputs located on the rear 
panel of the SP5621 module. Power on the SP5621 module 

produced are detected by the photosensor and converted 

scintillator may be viewed via the SP5621 display. Select 
double scintillators coincidence mode via the related 
button on the front panel, and then select measurement 

place only in the presence of the coincidence, all such 
events coming from a cosmic particle that crosses only one 
scintillating tile will automatically be discarded. Determine 

the structure to change the angle value and acquire new 
measurements.

Results

count rate was measured at four values of the zenith 
2

y = p0*cos2 (p1*x)

SG6216D ZENITH DEPENDENCE OF MUONS FLUX
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Carrying out the experiment
Connect the cable connectors of the three SP5622 to 
the tile inputs located on the rear panel of the SP5621 

apart from one another. Power on the SP5621 module 

produced are detected by the photosensor and converted 

scintillator may be viewed via the SP5621 display. Select 
triple scintillator coincidence mode via the related button 
on the front panel, then select the integration time of the 

place only in the presence of the coincidence, all those 
events coming from a cosmic particle that crosses only one 
scintillating tile will be automatically discarded. 

An extended geometry can be realized simply by using 
additional Cosmic Hunter. Additionally, it could be interesting 
to observe Air Showers as a function of the altitude.

Purpose of the experiment
Detection of the cosmic showers by using the coincidence 
of three scintillating tiles located adjacent to one another on 

Fundamentals
Cosmic ray showers are cascades generated by cosmic 

discovered by chance during the application of coincidence 
counters for the study of the cosmic rays. In some of these 
experiments coincident events were detected when the 
detectors were not assembled in telescopic structure, but 

formulated by Bruno Rossi in 1934 and is considered 

to deduce that the multiplicative processes made by the 
cosmic rays produced in the atmosphere are identical to 
those observed in dense materials such as lead. Several 
groups of scientists studied this phenomenon. In particular, 

studies of these showers and even managed to measure 
coincident events between detectors as far apart as 300 
meters! Auger and collaborators discovered the Extensive 

energy of the primary particles at the origin of these events 
is around 1016 eV.

Requirements
Additional SP5622 - Detection System is needed.

neutrinos, 2017, https://doi.org/10.1016/j.ppnp.2016.12.002).

Results
Observation of the cosmic shower 
phenomenon.

COSMIC SHOWER DETECTION SG6217D
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Purpose of the experiment

during the detection of the cosmic radiation.

Fundamentals
Natural radiation is composed of two components: 
Environmental (primarily derived from soil, but also 
water, air and food) and Cosmic radiation. Gamma rays 
coming from soil will have mean energy lower than 2 
MeV and will descend from the decay chains of three 
natural radioactive elements: Potassium [40
[232 238

probability that a soil-derived gamma interacts with 

potential could cause confusion or inaccuracies in 
cosmic rays counting measurement. However, the high 
threshold of the electronics and the low probability of 
this phenomenon, when compared to the cosmic ray 
high detection probability, should typically avoid this 
inconvenient situation. 

Requirements
No other tools or instruments are needed.

Carrying out the experiment
Connect the cable connectors of the two SP5622 to the 
tile inputs located on the rear panel of the SP5621 module. 
Power on the SP5621 module and start the acquisition via 

number of counts for each scintillator may be viewed via 
the SP5621 display. Select double scintillators coincidence 
mode via the related button on the front panel, and then 
select measurement integration time. 
Before beginning acquisition the geometry of the system 

environmental radiation detected by the Cosmic Hunter 
place the system over bare soil and record data. Once 
complete, place the detectors a few meters above bare soil 
and place an iron or lead shield between the soil and the 
tiles. Acquire the data again with identical tile geometry and 
compare the results.

Results
Students may become acquainted with the presence 
of natural radioactivity by identifying environmental 
and cosmic contributions via simple comparison of the 

Comparison between the count rates of the measurements acquired on soil and 

SG6218D ENVIRONMENTAL AND COSMIC RADIATION 
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Carrying out the experiment
Connect the cable connectors of the two SP5622 to the 
tile inputs located on the rear panel of the SP5621 module. 
Power on the SP5621 module and start the acquisition via 

number of counts for each scintillator may be viewed via 
the SP5621 display. Select double scintillators coincidence 
mode via the related button on the front panel, and then 
select measurement integration time. 
Before beginning acquisition the geometry of the tile must be 

of the experiment. Acquire data in a cave or solid structure. 

geometric orientation, outside of the structure or cave.

Purpose of the experiment

of the cosmic rays passing through solid matter and 
understand related observations about the material which 
has been traversed by the cosmic rays.

Fundamentals
Before reaching the ground cosmic muons lose energy by 
ionization and through processes such as bremsstrahlung, 
creation of pairs (e+ e-), and nuclear interactions. If a 
detector is located within a building or below the earth’s 

the average energy lost by a muon through matter is:

where the bb(E), bp(E) and bn are proportionally connected 
to the losses due to bremsstrahlung, to pairs creation, 

and to the nuclear interactions respectively. Interesting 
applications which explore the absorption of cosmic rays 
are represented by muon radiography and tomography. 
Muon radiography and tomography are based on the 
measurement of the absorption undergone by high energy 
muons when they cross solid objects. Good measurement 
techniques can provide precise maps of the average 

average energy loss is about 1.7 MeV g cm2, therefore in 

2 g cm

Requirements
No other tools are needed.

Results
Students can estimate absorption extent by 
comparing the results of the measurements 
performed underground or inside a cave 
to measurements performed outdoors and 
without any solid obstructions. Additionally, 

about the average density of the material can 
be determined.

ABSORPTION MEASUREMENTS SG6219D

An example of absorption measurement has been performed in the basement of a building. 
As shown in the plot, the counting rate in thebasement is reduced by 14%.
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SP5620CH - COSMIC HUNTER Execution Time

Purpose of the experiment

Fundamentals

Cosmic rays can be divided into two types: galactic 
cosmic rays and extragalactic cosmic rays (high-energy 
particles originating outside the solar system), and solar 
energetic particles (high-energy particles emitted by 

produced by the Sun is not constant due to changes in 

rays observed at the top of the Earth’s atmosphere. 
Multiple studies have shown that the sunspot cycle is 

maximum which lets fewer cosmic rays penetrate into 
the Earth’s atmosphere. Hence, cosmic rays are at a 
minimum when solar activity is at a maximum.
Requirements
No other tools or instruments are needed.

Carrying out the experiment
Connect the cable connectors of the two SP5622 to the 
tile inputs located on the rear panel of the SP5621 module. 
Power on the SP5621 module and start the acquisition via 

number of counts for each scintillator may be viewed via 
the SP5621 display. Select double scintillators coincidence 
mode via the related button on the front panel, and then select 
measurement integration time. Because the acquisition of 

all such events coming from a cosmic particle that crosses 
only one scintillating tile will automatically be discarded. 

as much data as possible, over the period of days or 

theoretical considerations about the night-day trend, the 
solar wind, etc.

Results

to an intriguing and critical analysis 
of acquired data. Collected data can 
be compared to data from several 
websites which are designed allow 
the user to monitor the solar activity 

between the trend of the cosmic rays 
detected by the system and the solar 
activity itself, the solar wind speed, 

SG6220D SOLAR ACTIVITY MONITORING 
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C. Particle Physics  

C.2 Photons

main families: fermions, which include matter and 
antimatter particles such as quarks, antiquarks, 
electrons, and positrons, and bosons, which act as 
carriers of the fundamental interactions between 
particles.

with the electromagnetic interaction. It is a 

emission, propagation, and detection of light.

students to the fundamental properties of photons 
and to the principles of light detection. Using the 
CAEN Educational Photon Kit, students can explore 
photon detection techniques and gain practical 

light signals.
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SP5600E - EDUCATIONAL PHOTON KIT Execution Time

Purpose of the experiment

of photons emitted in a few nanoseconds by an ultra-
fast LED and sensed by a state-of-the-art detector, a 
Silicon Photomultiplier (SiPM).

Fundamentals

was developed, starting from the wave nature of light 

which postulates light quanta existence.
A basic principle of quantum mechanics is complementarity: 

at the same time wave and particle, but they can never be 
observed simultaneously in the same experiment, not even 
if the uncertainty principle is successfully bypassed

Requirements
No other tools or instruments are needed.

Carrying out the experiment
Plug in the SP5650A into one channel of SP5600 and 

the protection cover of the SP5601 and SP5650A, spread the 

them. Use internal trigger mode on SP5601 and connect 

USB the modules to PC and power ON the devices. Use 
the default software values or optimize the parameters to 
acquire the light spectrum. 
In the spectrum of the SiPM response to a light pulse, 
every entry corresponds to the digitized released charge, 

Results

Spectrum of the photons emitted by a LED Driver and detected by a Silicon Photomultiplier.

SP5600
OutCh0

DT5720A
Ch0

USB 2.0

SP5601

SP5650C

Out

SG6221A QUANTUM NATURE OF LIGHT
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SP5600E - EDUCATIONAL PHOTON KITExecution Time

Carrying out the experiment
Plug in the SP5650A into one channel of SP5600 and 

the protection cover of the SP5601 and SP5650A, spread the 

them. Use internal trigger mode on SP5601 and connect 

USB the modules to PC and power ON the devices. Use 
the default software values or optimize the parameters to 
perform the experiment. 

Purpose of the experiment
Statistical properties of the light pulses emitted by a LED 
driver.

Fundamentals
Spontaneous emission of light results from random decays 
of excited atoms and it is expected to be Poissonian. SiPM 
can count the number of impacting photons, shot by shot, 

and statistics while playing with light quanta displaying 
the spectrum of the SiPM response to a high statistics of 

probability density function of the emitted number of photons 

a gaussian, so spectra recorded in response to photons 
impacting on the sensor can be seen as a superposition of 

may be written as: 

where yi is the number of events in the bin centred on xi and 
0. Since ymax

0
leads to N
in a simple way by the Full Width at Half Maximum (FWHM), 
obtained searching for the position of the bins with a content 
equals to ymax

Requirements
No other tools or instruments are needed.

Results

Independent (the mean photon number is nothing but the mean) and Poissonian hypothesis (mean value obtained by presuming 

Photoelectron spectrum probing a LED source measured with a Data from the light spectrum compared to a simple Poissonian.
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D. Pulse Processing  

D.1 Open FPGA Experiments

providing the high processing speed, parallel 

data acquisition, digital signal processing, and real-

to specialists with expertise in Hardware Description 

these languages provide complete control over the 

making FPGA programming inaccessible to most 

the fundamental concepts of digital logic, signal 
processing, and hardware implementation through a 

are encouraged to reason in terms of logical functions, 

concepts that underpin FPGA design.

are based on the SCI-Compiler development 
environment. SCI-Compiler adopts a graphical block-

to FPGA development, allowing students with little 

focus on understanding the logical structure of the 

of the most powerful technologies used in modern 
instrumentation.

Catalogo Esperimenti Educational_09102026_DEF.indd   86 20/10/26   09:12



87

Low-Level Counter Approach.

Integrated Pulse Generator (PWM) Approach.

Purpose of the experiment

the same visual result.

Fundamentals
Digital systems often use periodic signals to control 

simple way to visualize a square-wave signal generated 
by a digital circuit.

period, while the proportion of time the LED stays on 

or by using a built-in Pulse-Width Modulation (PWM) 
generator.

in digital electronics, such as timing control, signal 
generation, and logic synchronization, can be 
implemented and observed in practice.

Requirements
No other tool is needed.

SP5650 - OPEN FPGA KIT Execution Time

Carrying out the experiment
Activate your Sci-Compiler license and set up the software 
installation. Plug the USB Dongle in your PC and launch Sci-

Project.

Flip-Flop. Drive LED_0 with FF output; optionally drive 
LED_1 with the inverted signal.

LED_1.

frequency/duty by changing constants.

Results

LED BLINKING DEMO ON DT1260 WITH SG6301F
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Oscilloscope Screen.

Purpose of the experiment

digital signals in real time.

Fundamentals
An oscilloscope captures and displays signal waveforms, 
enabling time-domain observation of amplitude versus 
time. Analog input signals (after ADC conversion) and 

internal digital signals inside the FPGA can be sampled 
and visualized through a memory-mapped interface. 

post trigger) stabilize the display of periodic or transient 

logic with external visualization tools for debugging and 
signal validation.

Requirements
No other tool is needed.

SP5650 - OPEN FPGA KITExecution Time

Carrying out the experiment
Activate your Sci-Compiler license and set up the software 
installation. Plug the USB Dongle in your PC and launch Sci-

Project.

analog (A0) and digital (D0–D3) inputs.

Assign memory addresses automatically, build the project, 

Feed a test signal (e.g. PWM) to an input, open 
Oscilloscope_0 from the Resource Explorer, and set trigger 
source, mode, and level.
Start acquisition and adjust trigger settings to stabilize the 
displayed waveform.

Results

adjusting trigger parameters, students can stabilize periodic waveforms or capture transient events, improving signal 

SG6302F
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Counter with register schematic.

Purpose of the experiment
Demonstrate how to implement a threshold discriminator 
and count events exceeding that threshold using logic 

convert an analog or digital input into a binary “event” 
signal and record how many such events occur over 
time.

Fundamentals
A threshold discriminator outputs a logic high when 

mechanism enables digital detection of analog signal 
excursions. An event counter then increments each time 
a discriminator output transitions (i.e., detects a “hit”). 

and particle detection systems, where counting the 
number of threshold crossings (or pulses) is essential. 

digital sampling and avoids metastability.

Requirements
No other tool is needed.

SP5650 - OPEN FPGA KIT

Carrying out the experiment
Activate your Sci-Compiler license and set up the software 
installation. Plug the USB Dongle in your PC and launch Sci-

Project. 

input signal with the programmable threshold, a register to 
control the threshold value, a counter that increments when 
the signal crosses the threshold, a reset register to clear 
the counter when needed. After compiling the design and 

used to observe both the analog waveform and the digital 
discriminator output.

Results

and increments the event counter accordingly. By combining the Comparator, Edge Detector, Counter, and memory-

the incoming analog signal exceeds the selected level. By adjusting the threshold value, students can observe how the 

which is widely used in detector readout systems for radiation and particle physics experiments.

Execution Time

THRESHOLD DISCRIMINATOR WITH EVENT COUNTER SG6303F
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Expected output.

Purpose of the experiment

how to access memory-mapped registers in order to 
control the threshold discriminator and read the event 
counter implemented in the previous experiment.

Fundamentals

parameters and status information are often exposed 

read measurement results. In this experiment, a Python 

are controlled, where software running on a computer 

programmable hardware.

Requirements
Python environment.

SP5650 - OPEN FPGA KITExecution Time

Carrying out the experiment
A Python script is used to communicate with the FPGA 

By running the script while a signal is applied to the input, 
students can observe how the counter increases as events 
are detected.

Results

SG6304F USING PYTHON TO ACCESS THE THRESHOLD 
DISCRIMINATOR REGISTERS 
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Plot Windows.

Purpose of the experiment

Python application can be used to acquire and visualize 
waveforms in real time from an FPGA-based system.

Fundamentals
In many detector readout systems, it is important not 
only to detect events but also to observe and analyze the 

pulse can provide valuable information about the signal 
amplitude, timing characteristics, noise conditions, and 
overall system performance. In digital data acquisition 

samples represents the waveform in the time domain 
and can be processed or transmitted to a computer for 

visualization and analysis. Modern FPGA-based systems 

then be transferred to a PC through a communication 
interface and displayed using software tools.
In this experiment, waveform data generated by the 

plotted in real time using a graphical visualization library. 

by sample and better understand how the detector and 
the readout electronics behave during operation.

Requirements
Python environment and Matplotlib for plotting.

SP5650 - OPEN FPGA KIT

Experimental setup

Carrying out the experiment
A Python program is used to connect to the hardware 
and read waveform data generated by the FPGA 

visualization,

interface.
As signals are applied to the input, the acquired samples 
are continuously updated in the graphical display.

Results

how software tools can be used to visualize detector signals in digital readout systems.

Execution Time

ACQUIRING AND PLOTTING WAVEFORMS SG6305F
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Plot of the counts vs threshold.

E t d t t

Purpose of the experiment

scan to study how the number of detected events varies 
as a function of the discriminator threshold.

Fundamentals
In detector readout systems, the threshold level of a 
discriminator determines which signals are accepted 
as valid events. Signals with amplitudes above the 
threshold generate a trigger, while smaller signals are 
rejected as noise. By gradually changing the threshold 

and measuring the corresponding event rate, it is 
possible to characterize the signal distribution and 
understand the relationship between pulse amplitude 
and detection probability.

used to evaluate detector performance, noise levels, 
and signal amplitude distributions.

Requirements
Python environment and Matplotlib for plotting.

Carrying out the experiment
A Python script is used to automate the measurement 

register,

visualize how the event count depends on the threshold.

SP5650 - OPEN FPGA KIT

Experimental setup.

Results

can observe that increasing the threshold reduces the number of detected events, since only larger pulses exceed the 

discriminator setting.

Execution Time

SG6306F THRESHOLD SCAN WITH PYTHON 
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Design with hardware DWELL .

Purpose of the experiment

interval (dwell time) using FPGA logic. Students learn 
how to implement a timing-controlled acquisition that 

measurement period.

Fundamentals
In many measurement systems, event counting must be 

of the counting window. During this period, incoming 
events are accumulated by a counter. At the end of the 
interval, the counter value represents the number of 
detected events.
Implementing the dwell time directly in the FPGA 
ensures precise timing control, since the measurement 

by software timing.

Requirements
Python environment.

Carrying out the experiment

crosses the threshold,

results can then be read by the control software.

SP5650 - OPEN FPGA KIT

Results

control implemented in FPGA hardware enables accurate event rate measurements in digital data acquisition systems.

Execution Time

COUNTING
SG6307F
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Experimental Results.

Purpose of the experiment

electronics can be used to measure timing properties 

signals and the duration of pulses crossing a threshold.

Fundamentals
In many detector systems, timing information plays a 
crucial role in identifying events and reconstructing 

provide a simple estimate of signal strength. In digital 
readout systems, these quantities can be measured by 
detecting the leading and trailing edges of threshold 

Requirements
Python environment.

Carrying out the experiment
Activate your Sci-Compiler license and set up the 
software installation. Plug the USB Dongle in your PC 
and launch Sci-Compiler. Create a project for your 

Input signals are provided to the board using a pulse 

available to the control software.

SP5650 - OPEN FPGA KITExecution Time

Results

detector signals in digital readout systems.

SG6308F
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number of events measured within a given time interval.

Purpose of the experiment

program can read and display two histograms produced 

Students learn how software can be used to collect, 
visualize, and compare timing-related measurements 
from the same acquisition system.

Fundamentals
In digital readout systems, measured quantities such as 

each bin stores the number of events corresponding to a 

shows the time delay between a reference signal and 
the detected event. Plotting these two histograms 
helps users study both pulse timing and pulse-related 
amplitude information in a simple visual form. In this 

can be read from Python and plotted side by side.

Requirements
Python environment and Matplotlib for plotting.

Carrying out the experiment

the two spectrum components, resets their memories, 

time, the program reads both histograms from the FPGA 
memory and plots them in two side-by-side graphs: one 

the distribution of the measured values directly from 
software.

SP5650 - OPEN FPGA KIT

Results

the timing behaviour of the system and relate the two measurements to the characteristics of the input pulses.

Execution Time

READING AND PLOTTING TWO SPECTRA SG6309F
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Purpose of the experiment

event-by-event data can be recorded using a list data 

how to store and read structured event data including 

each detected signal.

Fundamentals
In many detector readout systems, measurements are 
not only accumulated into histograms but also recorded 

acquisition, stores the relevant parameters of each 
detected event in a sequential data structure.

about the signal duration above the discrimination 
threshold.

single detected event and contains the associated 

read by the control software for further analysis or 
visualization.

Requirements
Python environment.

Carrying out the experiment

During operation, each detected event generates a 

by a Python program for inspection and analysis.

Design Schematics.

SP5650 - OPEN FPGA KIT

Results

histogram-based measurements in digital data acquisition systems.

Execution Time

SG6310F
DATA BUFFER 
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Histograms.

Purpose of the experiment

data acquired in list mode can be read, decoded, and 
analyzed using a Python application.

Fundamentals
In digital data acquisition systems, measurements can 
be stored as list data, where each event is recorded 
sequentially together with its associated parameters. 

properties of detector signals.

Before the data can be analyzed, the raw event records 
must be decoded to extract the individual measurement 
values. Once decoded, these values can be processed 
or plotted to study their statistical distribution.
Using software tools such as Python, it is possible to 

structure, and generate plots that display the measured 
quantities.

Requirements
Python environment.

Carrying out the experiment

analysis,

processed directly from the acquisition system using a 

SP5650 - OPEN FPGA KIT Execution Time

Results

analyzing these plots, students can observe the timing characteristics of the detected signals and verify the measurements 

used to interpret list-mode acquisition data in digital detector readout systems.

PYTHON READOUT, DECODING, AND PLOTTING
OF TOF AND TOT

SG6311F
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Purpose of the experiment

algorithms used to detect signal events in digital readout 
systems.

Fundamentals
In detector readout electronics, a trigger is used to 

trigger algorithms can be implemented depending on 
the signal characteristics and noise conditions.

introduces a second threshold for returning below the 
trigger level, helping to avoid false triggers caused by 

the derivative of the signal, detecting rapid changes in 

rising edge of pulses and improving timing precision.

method enhances the signal-to-noise ratio and can 
provide more stable triggering for signals with varying 
amplitude. By implementing and comparing these 

Requirements
Python environment.

Carrying out the experiment
Activate your Sci-Compiler license and set up the 
software installation. Plug the USB Dongle in your PC 
and launch Sci-Compiler. Create a project for your 

implemented including three parallel trigger paths: 
Leading Edge discriminator with hysteresis, Derivative-

resulting trigger signals can be monitored and compared 
using the acquisition software.
By adjusting parameters such as threshold values and 

method responds to the same input signal.

SP5650 - OPEN FPGA KITExecution Time

Results

behaviour of the three trigger techniques when 

be observed in trigger timing, noise sensitivity, and 

and fast detection method, while the derivative trigger 

more robust performance in the presence of noise. 

in digital detector readout systems.

SG6312F LEADING EDGE WITH HYSTERESIS, DERIVATIVE, AND 
TRAPEZOIDAL TRIGGER COMPARISON 
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Oscilloscope Signals.

Purpose of the experiment

amplitude of detector pulses can be measured using 

Fundamentals
In many radiation and particle detection systems, the 
pulse amplitude is proportional to the energy deposited 
in the detector. Measuring the maximum value of the 
signal therefore provides important information about the 
detected event. A common technique to determine this 

monitors the incoming waveform and records the highest 

sample value reached during the pulse. Once the pulse 
ends, this maximum value is stored as the amplitude 
measurement for that event. In digital readout systems, 
the signal is sampled by an Analog-to-Digital Converter 

approach allows the system to measure pulse amplitudes 
in real time and store them for further analysis or histogram 
generation.

Requirements
Python environment.

Carrying out the experiment
Activate your Sci-Compiler license and set up the 
software installation. Plug the USB Dongle in your PC 
and launch Sci-Compiler. Create a project for your 

implemented including:

sample value during the pulse,

value
A signal generator is used to produce pulses with 

application.

SP5650 - OPEN FPGA KIT Execution Time

Results

the maximum amplitude of 
each input pulse. Students 

and recorded for each event, 
enabling digital amplitude 
measurements. By varying 
the input signal amplitude, the 
corresponding changes in the 

observed.

MEASURING SIGNAL AMPLITUDE VIA PEAK
DETECTION

SG6313F
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Energy Spectrum.

Purpose of the experiment

charge associated with a detector pulse can be measured 
using a digital integration algorithm implemented in 

can be computed to estimate the total charge generated 
by the detected signal.

Fundamentals
In many radiation and particle detection systems, the 
total charge collected from a pulse is proportional to the 
energy deposited in the detector. Instead of measuring 

charge is then estimated by summing the digital samples 
corresponding to the pulse over the selected integration 

Implementing the integration directly in the FPGA allows 
the system to compute the pulse charge in real time for 
each detected event.

Requirements
Python environment.

Carrying out the experiment
Activate your Sci-Compiler license and set up the 
software installation. Plug the USB Dongle in your PC 
and launch Sci-Compiler. Create a project for your 

implemented including:

A signal generator provides pulses with controlled 

waveform and performs the charge integration for 

accessed through the control software.

SP5650 - OPEN FPGA KITExecution Time

Results

charge of each detected pulse by 
summing the waveform samples 
within the integration window. 
Students learn how the pulse area 
can be used as a digital estimate of 
the signal charge.
By modifying the input signal 
amplitude or width, the corresponding 
changes in the measured charge 
values can be observed.

SG6314F CHARGE INTEGRATION 
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Purpose of the experiment

techniques used to perform energy measurements with 
detector signals. Students explore how a trapezoidal 

build an energy spectrum. 

Fundamentals
In many radiation detection systems, the energy 
deposited in a detector is estimated from the 
amplitude of the processed signal. Digital pulse 
processing techniques are commonly used to improve 

measurement accuracy and reduce noise. A widely 

signal amplitude can be measured reliably. Once the 
pulse amplitude is determined, the measurement can 
be accumulated into a Multi-Channel Analyzer (MCA) 
histogram. Each detected event increments the bin 
corresponding to the measured amplitude, gradually 
forming an energy spectrum.

Requirements
Python environment.

Carrying out the experiment
Activate your Sci-Compiler license and set up the 
software installation. Plug the USB Dongle in your PC 
and launch Sci-Compiler. Create a project for your 

implemented including:

values into a histogram.
During operation, incoming pulses are processed by 

spectrum can then be read and visualized through the 
control software.

Co-60 Spectrum.

SP5650 - OPEN FPGA KIT

Results

spectrum by accumulating the 
processed pulse amplitudes into the 
MCA histogram. Students can observe 
how repeated measurements produce 
a distribution of events across the 

accumulation enable spectroscopic 
measurements in FPGA-based detector 
readout systems. 

Execution Time

TRAPEZOIDAL FILTERING WITH A FULLY INTEGRATED
MCA IP CORE

SG6315F
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Purpose of the experiment

in detector readout electronics. Students explore how 

suitability for amplitude measurements.

Fundamentals
In radiation and particle detection systems, the 
signals produced by detectors often contain noise 
and long decay tails that can complicate amplitude 

combines a high-pass stage (CR) with two low-pass 

and then integrates it, producing a semi-Gaussian 
shaped pulse with improved signal-to-noise ratio and 

Pulse shaping helps to stabilize the signal amplitude and 

or spectroscopy.

Requirements
Python environment.

Carrying out the experiment
Activate your Sci-Compiler license and set up the 
software installation. Plug the USB Dongle in your PC 
and launch Sci-Compiler. Create a project for your 

is implemented including a CR–RC² digital shaping 

original waveform into a shaped pulse with smoother 

can observe and analyze the shaped waveform through 
the acquisition software.

Input signal (Blue), CR output signal (Green) and RC2 output signal (Cyan).

SP5650 - OPEN FPGA KIT

Results

digital pulse shaping techniques are used to improve signal quality and prepare detector signals for accurate 
amplitude and energy measurements.

Execution Time

SG6316F CR–RC² SHAPING AMPLIFIER 

Catalogo Esperimenti Educational_09102026_DEF.indd   102 20/10/26   09:13



103

Histogram with Amplitude Variation.

Purpose of the experiment

of pulse shape discrimination (PSD), a technique used 

shape.

Fundamentals

amplitudes are similar. By analysing the shape of the 

of events. One common PSD technique is based on the 

used as a parameter to separate event populations. In 
digital readout systems, both amplitude and charge can 

can then compute the amplitude-to-area ratio for each 

or generate PSD plots.

Requirements
Python environment.

SP5650 - OPEN FPGA KIT

Carrying out the experiment

measure pulse amplitude, a charge integration module to 

the amplitude-to-area ratio. For each detected event, the 
FPGA computes the amplitude and the integrated charge 
and then evaluates their ratio. After compiling the design 

the control software.

Results

Execution Time

IMPLEMENTING A PULSE SHAPE DISCRIMINATOR
(PSD) BASED ON AMPLITUDE VS. AREA RATIO 

SG6317F
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2D Histogram with 0.8us.

Purpose of the experiment

(PSD) technique based on the ratio between two 
integration areas of the same pulse. Students learn 

intervals of the signal.

Fundamentals

shapes, especially in the decay portion of the signal. 
Pulse shape discrimination techniques can be used to 

distinguish these events by analysing how the signal 
evolves over time. A common PSD method consists of 

charge collected in these two windows depends on the 

of events. In digital systems, this is implemented by 
computing two integrals of the waveform samples and 
calculating the ratio between the partial charge and the 
total charge.

Requirements
Python environment.

SP5650 - OPEN FPGA KIT

Carrying out the experiment

calculates the ratio between the two integrated 
charges. After compiling the design and programming 

each detected pulse, the FPGA computes the charge 
collected in the short and long integration windows and 

plotted using the control software.

Results

Execution Time

SG6318F IMPLEMENTING A PULSE SHAPE DISCRIMINATOR (PSD) 
BASED ON RATIO BETWEEN AREAS 
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Purpose of the experiment

data acquisition and shows how multiple input channels 
can be managed. Students learn how several channels 
can share the same processing and readout resources 

Fundamentals
In multichannel acquisition systems, several input 
channels may generate events simultaneously. Since 
the processing and readout resources are often 
shared, a method is required to decide which channel 
is processed at a given time. A common solution is the 

Round Robin arbiter, which cyclically scans all channels 
and assigns processing time to each one in sequence. 
If a channel has data ready, it is served; otherwise, the 

fair access to shared resources and prevents any single 
channel from monopolizing the system. Round Robin 
arbitration is widely used in digital electronics and data 
acquisition systems to manage multiple data streams 

Requirements
Python environment.

Design Schematics. 

SP5650 - OPEN FPGA KIT

Carrying out the experiment

input channels connected to a shared processing 
chain and readout interface. A Round Robin arbiter 
controls which channel is processed at each cycle. 
Input signals are applied to multiple channels, and the 
arbiter sequentially grants access to the processing and 

to the PC and monitored using the control software.

Results

system handles multiple channels and how the arbitration logic distributes processing time among them.

Execution Time

MULTICHANNEL READOUT USING THE ROUND
ROBIN ARBITER 

SG6319F
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Purpose of the experiment

design in FPGA development using sub-designs. 
Students learn how complex multichannel systems can 
be built by replicating and connecting smaller functional 

manage.

Fundamentals
In FPGA-based systems, complex designs are often 
created using a modular approach, where a functional 

systems, where the same processing chain must be 
applied to several input channels. Instead of designing 
each channel separately, a single channel architecture 
can be implemented and then replicated multiple times. 
Using sub-designs improves design organization, 

system to a larger number of channels.

Requirements
Python environment.

SP5650 - OPEN FPGA KIT

Carrying out the experiment

from a single-channel processing chain, which includes 

architecture is then converted into a sub-design and 
instantiated multiple times to create a multichannel 

and readout interfaces. Input signals are provided 
to the board using a pulse generator connected to 

independently for each channel, and the measured data 
are then made available to the control software.

Results

implements a multichannel 
acquisition architecture using 

Each channel processes its 
input signal independently 
while sharing common 
readout resources. 
experiment demonstrates 
how modular FPGA design 
techniques allow scalable 

of multichannel readout 
systems.

Execution Time

SG6320F
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Purpose of the experiment

instances in FPGA design. Students learn how a 

structures such as multichannel processing chains.

Fundamentals
In FPGA design, complex systems are often built using 
hierarchical and modular design techniques. Instead 
of creating large monolithic designs, smaller functional 

that operates independently but shares the same 

same processing operation must be applied to multiple 
signals, such as in multichannel readout systems. 

Requirements
Python environment.

SP5650 - OPEN FPGA KIT Execution Time

Carrying out the experiment
Activate your Sci-Compiler license and set up the 
software installation. Plug the USB dongle into your PC 
and launch Sci-Compiler. Create a new project for your 

within the main design. Each instance processes its own 

provided to the board using a pulse generator connected 

then made available to the control software. 

Results

acquisition applications.

SG6321F
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Purpose of the experiment

components can be used inside a sub-design to allow 
software control and monitoring of FPGA modules.

Fundamentals

and measured values are accessed through memory-

commonly used in complex systems where multiple 

independently. Students learn how registers and 

accessed from software.

Requirements
Python environment.

SP5650 - OPEN FPGA KIT

Carrying out the experiment

a sub-design containing memory-mapped components 

system bus so that they can be accessed from software. 
Input signals are provided to the board using a pulse 

values stored in the memory-mapped components can 
be written or read through the control software.

Results

Execution Time

SG6322F
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are performed using a range of instruments and 
modular kits selected to provide a comprehensive 

for educational purposes, while others are based on 

to become familiar with both dedicated teaching 

tools and professional technologies used in modern 

modular organization of the kits allows the same 
instruments to be used across multiple experiments 
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2D image reconstruction in real-time 

developed for high-level education, to 
explore the physical and technological 
principles of the conventional human 

detectors of state-of-the-art systems.

solutions for Nuclear & Particle 

platform developed by CAEN for 
teaching the fundamentals of 
Statistics & Nuclear, and Modern 
Physics.

Photomultipliers (SiPM) state-
of-the-art sensors of light with 
single-photon sensitivity and 
unprecedented photon counting 
capability.

detection and reconstruction!

portable educational system 
designed to introduce students 
to the fundamental principles of 

dedicated multichannel analyzer, 
allowing students to perform 

and gamma-ray spectroscopy 

provides a complete educational 
platform for studying nuclear 
physics applications, combining 
imaging techniques, radiation 
detection, and data analysis within 

SP5700
EASYPET

SP5600AN PREMIUM
EDUCATIONAL KIT

SP5701 
EASYPET KIT

Source

distribution

MORE INFO MORE INFOCONTROL SOFTWARE CONTROL SOFTWARE CONTROL SOFTWAREMORE INFO

Control 
Software

Control 
Software

HERA
Handy Educational 
Radiation 
Application
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(SP5600C) is a modular educational 
system designed to perform a wide 
range of gamma-ray spectroscopy 
experiments based on Silicon 
Photomultiplier (SiPM) technology. 

instrumentation required for gamma 
spectroscopy and represents a 
subset of the Premium Kit, focusing 

to gamma radiation detection 

modular architecture, it provides 

gamma-ray measurements while 
maintaining compatibility with 
the broader CAEN educational 
platform.

of Light to the SiPM 
Characterization!

Kit (SP5600E) is a modular 
educational system designed 
to introduce students to the 
fundamental principles of photon 
detection and the operation of 
Silicon Photomultipliers (SiPMs). 

instrumentation required to 
investigate the properties of 
light and SiPM technology, and 
represents a subset of the Premium 
Kit dedicated to photon-related 
experiments. Its modular design 

photon detection while maintaining 
full compatibility with the broader 
CAEN educational platform.

SP5600C 
EDUCATIONAL GAMMA KIT

SP5600E 
EDUCATIONAL PHOTON KIT

CONTROL SOFTWARE CONTROL SOFTWARE CONTROL SOFTWAREMORE INFO MORE INFO
Emulation Control 
Software

HERA
Handy Educational 
Radiation 
Application

HERA
Handy Educational 
Radiation 
Application

source!

a series of lab experiments without 
using a radioactive source and a 
detector, by simulating the signals 
produced by the interaction of 
particles with the detecting unit.

SP5600EMU
EMULATION KIT

(Poissonian)

and Charge Integration

MORE INFO
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Programming with SCI-Compiler 

perform a series of lab experiments 
without using a radioactive source 
and a detector, by simulating the 
signals produced by the interaction 
of particles with the detecting 
unit. Moreover, it is possible to 

order to perform the most suitable 

application.

surrounds us!

Environmental Radioactivity Field, 
CAEN designed a dedicated 

Photomultipliers (SiPM) matrix 
coupled to a CsI Scintillator.

(SP5630ENP) extends the 
Environmental Kit with advanced 
experiments on environmental 
gamma radioactivity, radiation 
interaction with matter, and detector 
characterization.
Students can study gamma-

combining counting techniques 

supports the characterization of 
scintillating materials, improving 
understanding of gamma detection 
and detector response.

for advanced laboratory activities 
in radiation detection and gamma 
spectroscopy.

SP5650
OPEN FPGA KIT

SP5630EN
ENVIRONMENTAL KIT

SP5630ENP
ENVIRONMENTAL KIT PLUS

radioactive source

radioacctive source

materials

MORE INFO MORE INFO MORE INFOCONTROL SOFTWARECONTROL SOFTWARE CONTROL SOFTWARE
i-Spector Digital Web 
Interface

SCI-Compiler
Open FPGA 
development tool

i-Spector Digital Web 
Interface
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measurements 

and portable educational detector 
designed to introduce students to the 
study of cosmic rays through hands-
on experiments.
Based on Silicon Photomultiplier 
(SiPM) technology, it consists of a 
coincidence detection unit coupled 
with up to three plastic scintillating 

it allows students to investigate 
cosmic-ray phenomena such as muon 

without the need for dedicated 

accessible for educational activities. 
A dedicated software application 
is also available for advanced 
data visualization, analysis, and 
experimental studies.

modular educational system 
designed to perform experiments 
on beta radiation and cosmic rays 
using Silicon Photomultiplier (SiPM) 
technology.

instrumentation required to 
investigate beta-particle detection, 
beta spectroscopy, and the 
measurement of cosmic radiation. It 
represents a subset of the Premium 
Kit, focusing on experiments related 
to charged-particle detection while 
maintaining full compatibility with 
the broader CAEN educational 
platform.

Just one tablet click to perform 

outdoor!

(SP5640) is a portable gamma 
radiation detection system 
designed to explore environmental 
radioactivity through measurements 

its scintillation crystal, the system 

analyze gamma radiation from 
environmental sources. Its portable 

for performing measurements in 

maps of environmental radioactivity, 
helping students investigate the 
spatial distribution of natural 

SP5620CH
COSMIC HUNTER

SP5600D 
EDUCATIONAL BETA KIT

SP5640
GAMMAEDU

MORE INFO MORE INFO MORE INFO CONTROL SOFTWARE
GammaEDU APP
GammaEDU 
Maps SW

CONTROL SOFTWARECONTROL SOFTWARE
HERA
Handy Educational 
Radiation 
Application

Cosmic 
Hunter Control 
Software
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Portable Geiger-Müller counter for 
nuclear radiation

Discover the fascinating world 

expand your horizon to detect the 
unseen radiation in our everyday 
surroundings.

Portable scintillating tile for 

SP5622B, is a user-friendly system 
for cosmic-ray detection. It can be 
used as a didactic instrument or 
as an external trigger system for 

not only university-level physics 
labs, but also for high school level 
physics programs.

of rocks and minerals!

enrich the experimental possibilities 

to compare geological materials 

origins, and to observe how these 

variations in detected radiation 
levels.

SP5660
ROCKYRAD

SP5622B
DETECTION SYSTEM PLUS

SPROCKS 
RockyBOX 

MORE INFO MORE INFOMORE INFOCONTROL SOFTWARE
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identical triggered pulse generators. 

(selectable via an on-board switch) 
with widths ranging from 50 ns to 
10 s. Output pulses are provided 
in both normal and negated forms. 

width adjustment is done via a 

adjustment is done either by a 15-

external voltage.

ECL) or manually via a front panel 

available on a front panel switch. 

male pin couples for ECL signals.

DT993
DESKTOP DUAL TIMER

MORE INFO

is an additional tool for an easy setup 
of components that need to be on 

two SP5622 - Detection Systems.

plastic scintillator, a photodetector, 
and a small front-end electronic 

pass through the unit deposit part of 
their energy inside the scintillators, 

produced in the scintillator is then 
collected and converted into an 
electrical signal via a photosensor 
unit

SP5609
TELESCOPE MECHANICS

SP5622
DETECTION SYSTEM

MORE INFO MORE INFO

Catalogo Esperimenti Educational_09102026_DEF.indd   115 20/10/26   09:13



116 CAEN Educational Handbook

Driver with pulse width at ns level, 
tunable intensity and frequency, 
that provides a low-cost tool for the 

pulse generation can be triggered 
by an internal oscillator or by an 
external pulser.

SP5601
LED DRIVER

MORE INFO

provided in the Educational Photon 
2 

Silicon Photo-Multipliers; moreover, 
a probe inside the holders senses 
temperature variations, thus 
allowing the user to compensate 

SP5650C is made of a mechanical 

connector and a PCB where the 
SiPM is soldered. Bias voltage for 
the SiPM and temperature probe 
output are provided through a 10 

SP5650C
SENSOR HOLDER WITH SIPM

MORE INFO

SP5606 is mini-spectrometer 

spectrometer is composed of a 
mechanical structure that houses 
a scintillating crystal, coupled to 

crystals are available: CsI, LYSO and 

with a bottom support to allows an 
easy connection to the SP5600 via 
the splitter A315, to avoid saturation 

SP5606
MINI-SPECTROMETER

MORE INFO
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on two output signals. All the 
connectors are LEMO female type. 

passive (no power supply is 
required); the amplitude on each 
output is one half of that on the 
input.

A315
SPLITTER

MORE INFO

to perform gamma attenuation 
measurements. It is a modular tool and 
its design allows an easy connection 
to the SP5606 bottom support.

embedded plastic scintillating tile, 

with a sensitive volume of 47 x 47 
x 10 mm3, is the ideal tool for tests 
with beta emitting isotopes and 

allows to use the SP5608 stand-
alone or to use two tile modules to 
build a cosmic telescope. A special 
source holder allows to perform 
beta attenuation measurements 

2mm distance from the scintillating 
tile. It is provided by a paper and 
aluminum sheets

SP5607
ABSORPTION TOOL

SP5608 
SCINTILLATING TILE

MORE INFO MORE INFO
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data acquisition, and support data visualization and 

applications, web interfaces, and mobile tools, 

instrumentation.
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HERA (Handy Educational Radiation 
Application) is the software platform 
developed to support the CAEN Premium, 
Educational Gamma, Educational Beta, 
and Educational Photon Kits. It provides 

experimental setups, acquiring data, and performing 
the laboratory activities described throughout this 

Designed for both beginners and experienced users, 
HERA combines a user-friendly graphical interface with 
integrated documentation and guided experimental 

Software interface is particularly indicated 

Interface enables the Emulator to generate 
an analog output: the user can set the analog 

output signal rate, the amplitude, the rise and fall time of 

GUI also allows to acquire the generated signal with an 

signal, trigger with a single threshold or with a trapezoidal 
mode, use the charge integration or the trapezoidal as 

up rejection.

 is controlled through a Graphic 
User Interface (GUI), developed in Visual 
Basic, which allows setting the acquisition 
parameters, performing the acquisition, 
visualizing the reconstructed image in 

real time during acquisition and recording the data for 

resolution measurements.

HERA Software

EMULATION Software

EASYPET Control Software

OS Compatibility

OS Compatibility

OS Compatibility
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and intuitive browser-based environment to control and 
monitor the detector without requiring any software 
installation.

parameters, monitor the system status, visualize energy 
spectra in real time, perform basic online analysis, and 
download acquired data.

With the GammaEDU Android application 
users can acquire and analyze in real time 

Google Earth and shared on Google Drive for producing 
a radioactivity map of the area.

i-Spector Digital Web Interface

Android App GammaEDU 

SCI-Compiler is Windows based software 

implementation for signal processing in 

is an automatic code generator that, starting from a 

code that implements the required function. Moreover, 
SCI-Compiler is able to generate C libraries and drivers 
to be used in Windows, Linux and macOS for software 
implementation. SCI-Compiler uses a prebuilt library set 

connect with each other.

SCI COMPILER OS Compatibility

OS Compatibility

Catalogo Esperimenti Educational_09102026_DEF.indd   120 20/10/26   09:13



121

GammaEDU Maps, developed in Java, 
is an advanced software tool tailored for 

educators and students who need to 
analyze and visualize collected environmental 

radioactivity data. Designed to seamlessly integrate with 
the GammaEDU app, GammaEDU Maps can process 

extraction, interpolation, and mapping.

Cosmic Hunter can be managed through a 
Graphic User Interface (GUI), developed in 
Java, which allows setting the acquisition 
parameters, performing the acquisition, 
visualizing the data in real time during 

interface to control the detector, record 
measurements, analyze data, and share 
results directly from an Android device.

GammaEDU Maps

Cosmic Hunter Control Software

RoockyRAD APP

OS Compatibility

OS Compatibility
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Countries 
where we are 
present

CAEN Worldwide presence SyS

CAENsn SAS

CAEN S.p.A

CAEN global presence

CAEN GmbH
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