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N edu| CAEN expertise

CAEN S.p.A. is an industrial spin-off of the Italian Institute of Nuclear Physics founded in 1979

Core business: Electronic Instrumentation for High-energy physics
- High Voltage and Digital Pulse Processing

« HQin Italy
« 3directsales offices in U.S., Germany, India
« 30+ distributors worldwide

« 160+ specialized employees
« 5000+ customers

High Energy Physics
Astrophysics

Neutrino Physics

Dark Matter Investigation
Nuclear Physics

Material Science

Medical Applications
Homeland Security
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N edy Educational Project

Modern physics experiments for Advanced Labs
based on the latest technologies and methods

>

(/) L=

80+ 14 50+
Activities Edu kits Institutions

** Guide students towards the comprehension of different
physics phenomena with experiments based on state-of-
the art technologies, instruments and methods

/7

** Target the experiment depending on the student
educational level. From high school level (grade 11,12) up
to undergraduate physics laboratory and PhD courses.
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Nuclear Physics and Radioactivity
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N Jedy Radioactivity

Commonly the concept of Radioactivity is always associated with a cangerous feelin

Radioactive Waste

Nuclear Wars
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lm Environmental Radioactivity

Radiation is a natural part of our environment!

F e Dthers {all man-

Radioactive sources: welee  made sources) Riadon
- - - : . . Medical @ 1% (natural
« Natural: NORM (Naturally Occurring Radioactive Material), soil, water, air and food exposure e a

ENDIOELNE]

L 4%

contribute to our exposure to ionizing radiation

* Industrial: nuclear elements produced by industry

*  Medical: nuclear medicine o,

COSMmIc rays 1504

Earth gamma radiation
inatural externa exposure|

Radioisotope types https://www.who.int/ionizing_radiation/env/en/
Natural radionuclides [mean abundance]: i  Cosmic rays i Artificial radionuclides
o 4K [2-2.5] % i Muons -> The intensity depends on the i o Frombombs or Nuclear power plants (ex.
o 282%Y [2-2.5] ppm {  altitude and direction (N/S vs E/W) 137Cs, actinides)
o ®*Th  [8-12]ppm . Radionuclides from cosmic rays .o Industrial (*"Xe, **Ba, 2#'Am) and
o Allhasan halflife T,, > than the age of the | 14C 7Be *He medical ('°F, ¢’Ga) radioistopes

solar system

Energy Distribution in Cosmic Rays
W. G. Pollard
Phys. Rev. 44, 703 — Published 1 November 1933
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Natural gamma emitters

During the creation of the Earth, most of the elements initially produced were radioactive and they have been decayed to

more stable forms.

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

stable isotopes.
They mostly decay through the o and [ channels

Element

Radioisotopes

Isotopic
Adundance

Half time

Tipycal
Adundance

Potassium

40K

0.012%

1.3x 10%years | 0.02 g/g [2%]

growp | 18
i The Periodic Table of the Elements [F
20 2m nns
o [f € rerioaic lapie o € clemenis
pericd 1 .8 8L He
P 9 e Q0 935 55,845 ) 4 1 omic number [Dolkali metols [ metalloids 131415 16 17 [
S| 01217, 4 (—T7625 183 —; T electronegativity [ alkaline metals [ nonmetals HOSLLES f?' Nl e hsce 43*‘9.”‘“8‘ 19:798403 ?‘ 27z 0
2 Ll Be 13 [Jother metals [ halogens B & AN i o i F Ne
Ghiom | Bonli m chemical symbol —t +3 [ transition metals [[] noble gases Boron x [ Noogen  3f Ojgen Fluorine Neon
wa wa " o W W e w2 W e
S i L i Y 7 6] - ;
B, 12 rame—tIron i oiomnsiy W bon : [z e, 4 SRR =17 22 15
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8 9 10 riww |

Uranium

233|J
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54.93804 55.845 58.93319 58.6934 63.546 65.38 69.723 7264 7492
225 sae 2627 [wom, 28w 29[ 30[wrm, 31 |7, 30 e 338
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S e
102, 10¢

Copper Zine Gollium Germonium
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2 11244 114818 118710 121.7¢ 127, 1 4
g0, 48] 1o, 49 e, 5o i 8oy s2

1Cd [In |Sn
Sibve! Codmivm Inds .u.w g Tin

Thorium

232Th

100 %

14.1 x 10° years 8-12 uglg

[Ppm]

196.9¢ 200.59 2 7. 208.9¢ 1
S 79 | 0w 80| 812012, , 822007001 83 [E0 2w O4 [EERISSI EX NN 80

IHg 7L |Pb Bi, 1Po. At |Rn

ez g7|me ggla 103|251 104 ase 106|060 CZ s 112[80 113|e 114|@8 115|@m 116]  117|@a 118
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0
F 1357 Lane, s8] yemis 59 e 60[(m  61]umw, G2 63 ], 4] zav 65] s G867y, 68 e 69 o 70
. ’ i ' 1Eu. 1Gd 1Tb Dy |Ho |Er |Tm 1Yb
: S vl T ;
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1 ton of rock

~2-3 g di

~8-12 g di Th
~ 20-25 kg di K
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M Not all nuclei are stable...

Most of the matter nuclei are stable even when they undergo chemical reactions

Some nuclei, however, are unstable (radionuclides): they transform spontaneously and reach stability by emitting radiation.

This process is called racioactive decay!

Nuclear decay is a random event... like popcorn popping!
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N Jedy Elements and Activity

A
y4 X X =Elementsymbol Z=Atomic Number (number of protons) N =Neutronic number (number of neutrons)

A =Mass Number (Z+ N)

Isotopes e\ e\ o\
Elements with the same atomic number and different mass number ® oy o
Ex: Hydrogen isotopes

Ny,=1
i 'H ’H °H
1 1 1

- 0.75
= .
= The activity is defined as the number of decay per second. The
=] . . oy .
5 o5 international system unit is the Bequerel [Bq]
(1 : : .
& It is an exponential law:
S
=

N(t) = N, e ™

0.25

Where:

* Aisthe decay constant of the nuclide

0 10 20 30 40 50 e Mean time of the element: t=1/A
Time (seconds) *  Halflife:t;,=1lg2% 0,71
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N Jedy Radioactive decays

The radioactive decay is a physics phenomena happening when an instable nucleus reaches a new state of
equilibrium emitting particle or radiation

* Inthe aand B decays, the nucleus is transformed
into a different type emitting alpha or beta particles

a 6.68 1027 K +2 3He
° : 235U > a + *35Th
B 0.9 103%Kg -1 Electron (e)
54T — + %4iPa
Y 0 0 Electromagnetic radiation (photon)

* Inthe ydecay, the nuclide emits photonsto goto a
lower energy and more stable state. The photon

energy corresponds to the excess of energy between
O & — the two states )
X" - X+vy
B o -
VAVAVAV/\VARRERI/AVAVAVARRERVAVAVAUA
Y SRR AR AR o |
Usually, the gamma decay is generated after an alpha or a
beta decay which generate excited states. The ¢
~1 mm >10cm o tgoss tq a Tc?(re stable state emitting photons and
Paper of Aluminum of Lead without changing state

- - 12
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N Jedy Radioactive decays

The radioactive decay is a physics phenomena happening when an instable nucleus reaches a new state of
equilibrium emitting particle or radiation

* Inthe aand B decays, the nucleus is transformed
into a different type emitting alpha or beta particles

a 6.68 1027 K +2 4He
° 2 238U — a + Z34Th

B 0.9 103%Kg -1 Electron (e)
4 > §+ 3P

* Inthe , the nuclide emits photonsto goto a
lower energy and more stable state. The photon

Y 0 0 Electromagnetic radiation (photon)

energy corresponds to the excess of e~~~ retween
the two states re
A & — (i to es d
. rs
B jUUUU‘ f\fm; VAVAVAUA Naturalr m mltte
Y AR AR AR v rimarity 5
Usually, p « uecay is generated after an alpha or a
beta decay which generate excited states. The
~1 mm >10.cm . goss tq a more stable state emitting photons and
Paper of Aluminum of Lead without changing state
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Potassium 40

. Potassium is essential for living. In the human body, most of the potassium is stored in the muscles. Potassium is also present
Baskt! in the soil, building materials, plants, animals and it is used in fertilizers.
In nature exists 3 potassium isotopes:

Isotope
H HR)) Halflive
s K | w0 | wK branching ratio % I - oo | Aa
K . %‘@‘P\n : ‘%:?%
Electron Capture B decay
1.277 Gyr ,
n°protons | 19 19 19 oo . -
2 ole
) _.—',‘\Q'.\q'
n° neutrons 20 21 ‘i‘) 19 40*‘ gg,":})
Ar EACS “Ar decays emitting a gamma of 1460 keV (10%)
Abundance | o . 001 6.73 L1.12ps | Measurement % -> 1% = 313 Bq/kg
%) . . . o
D |
2! 1460 keV b
i Stable | 1.310°y | stable < 21 (a)
i | * v é‘é 8—5 K spectrum
- 40 A 40 G
r Ca g o
Consideringgfhundred stable stable U
thousand potassium atoms, 5,
only 12 are actually =
radioactive! T T 2 3
Energy (MeV)
. : - 14
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Uranium 238

The 238U is the most common isotopes of the uranium element with a relative abundance of 99% and an half life of about 4,5 billions of
years. The decay chain of an element down to its foundamental state is also called radioactive series.

238

234

230

226

222

218

214

210

206

i 1
ilsotopef Q B decay

| Halflive {®25509
&
e
4

a decay

Italy avg. = 77 Bg/m3

222Rn

3.824d

210 Tl

1.30m

206 TI

420m

81

=

86

238 U
4.468 Gyr,
4210 ———
— 2197,
234 17T m e 234
Thzs [#pg™ ~U
24.10d 670 h 2&?1 245.5 Kyr
4858
230Th

75.38 Kyr

A0
1236y
" Ra
| 1.6Kyr |
8810

Radon can be emanated from rocks,
soils and building materials of natural
origin and is present in the air

Usual gamma emitters used to detect the
Uranium series

1 All the decay products found in the chain have a
shorter average life in comparison to the
generating elements of the series.

) The secular equilibrium is the situation when the
quantity of an isotope remains constant having the
same production and decay rate. This equilibrium
is usually broken when one of the sons is a gas
that goes away.

14 transformations are needed for the U
to be transformed into the stable 2%5Ph

Only a fraction of the nuclei of this serie emits gamma radiation!
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N edu| Thorium 232

232Th has 142 neutrons, is the most stabel isotopes of the thorium family (10'° years) and represents almost all thorium existing in nature.

. 232
o It decays slowly with alpha decay on 'Ra. The 232 sotope | @y docay 140169
thorium serie finishes with a stable element: the Half-life P2 4083
208Ph, This serie contains the following elements:  ,.q % »Rg g “Ackizz.Th
: : : : ¢ 5.75yr 6.15h 1.913 yr
astatine, bismuth, lead, polonium, radium and radon a decay 0
, , , : : 224 “Ra
o The quantity of thorium in the Earth is 3 or 4 times o L 385
. O
larger than uranium. It can be extracted from I
monazite sands or as a sub-product of rare Earth 220 55'33”
elements extraction o
s e
5 v S
D a3 L] 6907
£ 3.5 -
\§3:_ Thszzzcrtlr:nm £ 212Pb 574, 212 B| 225?' 212P0
8,50 10.64 h 60.55m [*** 1 0.209 s
? 2o 600 g gobh |
&1 2081 0y PO Commonly gamma emitters used
-‘g 13 2 3.05-3n i staETeb 4— for gamma measurements
L9573
Eo'z | I = AN PIERY o 81 ‘ 83 84 86 88 89 90
0 1 2 3
Energy (MeV) 2614 keV

Y
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Instrumentation and
measurements
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lm GammaEDU Description - Scintillator

N
- o : > Thallium doped sodium iodide, Nal(Tl), is
Energy deposition by an ionizing particle: N P T ( ).
C G " ¢ light \ the most widely used scintillation material,
enera. |or1 ortig S e it has the greatest light output and
* Transmission of scintillation light 4 convenient emission range
e Detection scintillator \ photodetector
What are scintillators used for?
To measure the energy
released Na|('|'|)
To measure the passage
time of radiation General Properties
Density(g/cm?) 3.67
. . . . . . . Melting point(K) 924
Inorganic (crystalline structure)  Organic (plastics or liquid solutions) Wavelength of emission peak(nm) 415
Up to 40000 photons per MeV Up to 10000 photons per MeV Light output(Photons/Mev) 40,000
HighZ Low Z Decay time(ns) 264
Large variety of Z and p p~1g/cm?3 Cleavage plane (100)
Un-doped and doped Doped, choice of emission wavelength Hygroscopic Yes
ns to us decay times ns decay times Refractive index 1.85
Expensive Relatively inexpensive Hardness(Mho) 2
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M GammaEDU Description - Photodetector

Photodetector -» From photons to electric current!

“hotomultiplier Tubes (PIIT) are composed of a Q PMT collects and transforms the
photocathode, collection optics and multiplier section. light produced by the scintillator
The overall electrical signal is collected at the anode. \ ‘ PMT into an electrical signal

\ W4
I Focusing electrode | 4 "/ 3
Nal(TI) o~y
i N Photomultiplier .

j N\ Voltage pulse

L The intensity of the output
current pulse is proportional to

the energy of the incident
H ‘A\/¥' photon!

N\

[ scintillation photons | Amplification 106-107 electrons
\ per initial electron
1 Y fdev ga:\irig ?:;iragt\i’on | Primary electron I ISecondary electrons |
4.3 « 104 photons
- 4 19
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M GammaEDU Description — y stream

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

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

Gamma stream makes easy the measurements with scintillation detectors Nal(Tl) [0.3[] with no
need of additional cables.

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

Charge Sensitive Preamplifier

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

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

Full stand-alone operation with embedded CPU, data storage (SSD) unit, The acquisition channel is proportional to the
and power supply for up to 6+8 hours operation

Wired and wireless connectivity via USB, Ethernet, Wifi and Bluetooth
Acquisition modes: PHA, PHA with time stamp, Signal Inspector

energy of the incident photons!
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lm Energy Spectrum

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

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

Photopeak (the full energy is

Ex. Monochromatic photons beam ,
released in the detector)

40 K incident hoton oy ﬂz\s | N inciden phoron YV
11.277 Gyr [ L COmpton Continuum: it is due to "’A
oo %‘ & photons interacting with Compton CHBK D
- ot (/ ’&;/, ] \ effect. The energy is not fully released "
0 Ar AT e in the detector

_____________________

146086 keV

Compton
Channels/Energ
: : 21
CAEN m Electronic Instrumentation n _ - N
or all o the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited

Y
40Ar

stable




Energy Spectrum

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

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

Ex. Monochromatic photons beam

40K

to DR
ey

_____________________

S 1460.86 keV
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1

-
o

Intensity (cps/chan/% K)

2

A (o)) co
WEEE EEEEE AR EREEE NEEEE RN

N

o

(a)

K spectrum

o

Energy (MeV)
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N Jedy Energy Spectrum

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

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

45 12 -
B 43 o ] (a)
€35 < 10 5 ﬂ
b Th Spectrum 2 ]
Q. “ -~ ]
€ 33 U spectrum S 8- K spectrum
© ] te ]
.52.5-: *(:)‘ i
1) 2_5 4 6 -
@15 L

o Rem - ]
2 3 £ 4
w 1-:-: c ]
8 : 2 2 —

0 4 ]

0 I 1 I I I I I I 1 I I I I I I 1 1 I I 1 I L 1 L] 1 I L]
0 1 2 3 I I

o
-
[\
w

Energy (MeV) Energy (MeV)
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Qza Typical Gamma Spectra

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

10000 -
Photopeak
1000 - (49K 1460 keV)
8/
= : :
8 100 - : : Photopeak Photopeak
(208T1 2614 keV)
10 -
Cosmic Radiation
1 _l
0 100 200 300 400 500 600 700 800 900 1000
Channels
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Typical Gamma Spectra

The photopeaks charatcterize the gamma spectrum Each photopeak corresponds to the photons coming into

10000

1000

100

Counts

10

J

|

0

Photopeak
(“OK 1460 keV)

Energy Calibration

Photopeak Photo
. pe 3
(214B| 1764 keV) (205T] 2614

Cosmic Radiation

100 200 300 400 500 600 700 800 900 1000
Channels
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lm Energy calibration

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

=> Knowing the energy of 2 peaks it is possible to Multichannel Calibration
extract the equation of the line from 2 points

§ Energy=m«Channel+q .
WK => E, = 1460 keV 208T] js coming from the radioactive chain of gzm
208T| => E;, = 2614 keV ———| the %2Th and is the highest energy gamma | “ ue
from natural sources
Channel
8= (Bx,Chy, ) Chip — Chy  Een — Ey ; | il «K
| Wyt \wﬂw‘«m\\wﬁ e 2087
Ch — Chg E — 1460 keV | W
Chy, — Ch, (2614 — 1460)keV | Al
Channel
26
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N ledy ROI Definition

Definition of the of the energy spectra. These windows are used to define the photopeak regions
required to calculate the correspodant areas (integral of the ROI).
NOTE: In every ROl there are different contribution effects (photopeak, compton continuum, background continuum, etc...)!

Window Isotope Photopeak Energy (keV) ROl (keV)
Potassio WK 1460 1370-1570
Uranio 214B;j 1765 1660-1860
Torio 2087 2614 2410-2810
o zzaU 14.o;rcr:r AWK
f;!i 1764 keV ( 4.47 Gyr o 1000000
h?:l-.: i %WE’/?:EH 212 Pb ﬂ_ 212 B| % 212P0
y ,‘f’r) "’,“ ke ‘,f :“f\r' P oY -/2727%6 _7___5119211;,-;;::59;?.5.?-~-*" 0299 s 214Bi »08
e e P GBS o Py 4 100000 TI
g' Fn ﬁ 215P ﬁzﬁgl’%’mpa 3.053m | Stable ; E
v o dme) EEe el >
“Ar “Ca TPy Q
stable | stable | 420m Fl stable 261 4 keV U 10000
Count rate: number of counts per unit of time
N;[conteggi] 1000
nl [CpS = 400 900 1400 1900 2400 2900
T [S] Energy [keV]
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Spectral Analysis
S ————————————————————————————————————————————————————————————————————————"

Calibration: from counts to the abundancies

N(cps) = A-S S=A"N

S is the sensitivity coefficient of the
detector

A=N-S

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

) ) 28
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Hands-on
the funny part ©
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GammaEDU Backpack

Google <
Earth

Software

= Google Earth Pro

Eile Modifica Visualizza _Strumenti Aggiungi Guida

¥ Ricerca

(e
e =
vl I I

[ssest | tsso1 || is=0a | sssos

Ottieni indicazioni stradali Storia

¥ Luoahi
[+ 0 S et lwoghi
» ¥ € Tour panoramice

[+ 719 Luoghi temporanei
.05,

v Livelli

[~ S Database principele
S Annunci
» ' Confini ed etichette
48 Luoghi
» 02 Foto
YIP Srade
> (@0 edifici 30
» Tempo meteorologica
> I3 Gallesa
» @) Amo
¢ Rilievo
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GammaEDU use

» Press the power button
» Verify that the status light is green

» Place the backpack at the point of interest

31
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GammaEDU use (2)

VHERG -

GammaEDU &

» Activate the tablet and
connect it via Bluetooth to

the instrument Q

» Connect the tablet to a
WIFI network HRINTRERY

» Launch GammaEDU App

» Select «New Acquisition» m CAEN

Tools for Discovery

Il
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GammaEDU use (3)

Set the measurement name

MISBAG *

GammaEDU

Take note of the
surrounding
environment

Take a measurement
situ picture

Set the acquisition time

%‘\ Y )
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GammaEDU use (4)

NUBRG - MNABSE -
GammaEDU & sV GammaEDU &

Channels

Run name Viareggio_runl
Time [mm:ss] 00:11

Plot of land
43°SZI' N
10°1549" €

Runname  Viareggio_runl
Time [mm:ss] 05:00
Environment  Plotof land
Latitude 43°523° N
Longitude 10°1549° €

Environment
Latitude

Isotope
15201%

“g
bl 58209 ppm
negj 07201 U 15404 ppm

| T —TTE—
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Google Earth

= Google Earth Pro -
Date and time: 2022_05_02_17_25
Environment: parck pineta

File Modifica Visualizza Strumenti Aggiungi Guida

¥ Ricerca l l [
‘ Total activity ion and
1 [ B 5 Total Activity K U eTh
I Bglkg % ppm ppm
525+ 31 15+0,1 15+04 58+09

¥ Luoghi ‘
v ¥ = | miei luoghi
» |¥|ED Jour pancramice

v ¥/ &3 Luoghi temporanei
| 3L 2022_05_02_17_03_Viar...
b v 2022_05_02_17_16_viar... ¥

2022_05_02_17_31_viar...
2022_05_02_17_40_cae...
2022 _08_30_11_28 cae...

L

Typical abundancies
K 0.02 g/g [2%]

28U 3 pglg [ppm]

Ba) (+[v]c" 232Th 10 pg/g [ppm]

¥ Livelli |
~ B/ Database principale
B Annunci
» ¥ ¥ Confini ed etichette
Y & Luoghi
4 = Foto
v P Strade

» By Edifici 30

» %% Tempo meteorologico
»

>

}% Galleria
8/ [ Altro
¥ Rilieve

alt 226 m

CAEN, Viareggio
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Gamma spectroscopy
In situ

o distribution of natural or
artificial radioisotopes

o study possible radiological
contamination

| Totad Activiy

o studies in the field of earth , e
sciences ‘

R Lt R ) _ R GoogleEarth
CAEN w Electronic Instrument 450,07 J N/ 1133556.35°E elev  0'm' [ ak  804]nm ’ \, \ N 1133556.35°E elev  On . 804 ' m L



N)edu Is this building radioactive?

*The main contributor on the overall natural indoor radioactivity is 222/220-Rn - U-238, Th-232

*Emissions can be measured through photopeaks:
*K-40 - 1460 keV
*TI-208 (from Th-232) - 2614 keV
*Bi-214 (from U-238) - 609 keV, 1764 keV

*Compare indoor radiation to typical environmental background or soil values.

Student Tasks:

* 3l Measure background vs wall/floor material spectra (5 minutes acquisition)

« @ Identify peaks > Assign isotopes.

* [%. Estimate activity by comparing counts to a reference sample (e.g., earth’s crust)

Isotopic Abundances
#8eU [ppm] ?2Th [ppm] K [%]
Reference Values Range |12 =2.5]] [8;12]] [205:2:5]]
Tuff Dwelling (4° floor) 10+1 3T 41 6.9+0.2
Modern Building (1° floor) 2.8+0.6 8.8+1.1 1.6+0.1
Country House (0° floor) 6.8+0.9 17.64+1.6 3.4+0.2
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NJedu How does height matter?

*Soil emissions are attenuated by distance and air - lower intensity as you move away.

«Attenuation in air (for extended sources like soil) >1(d) = 1(0) - e #d
]/ (0) is the count rate at the surface
u is the linear attenuation coefficient (gamma energy and medium)

*The height of the detector affects the lateral horizon —i.e., how far around the detector the signal originates. In practice,
you observe an initial steep drop, then a flattening due to wide angular coverage of the detector and scattering.

Student Tasks: n
* 4l Acquire spectra at several heights: 0 cm, 0.5 m, 1.5 m 1.5m ‘ 95% signal @ 20m radius
* -/ Plot count rate vs distance. ST
* #! Fit the data '
* Ground & :
7 *1,3m .’: ."’.

5 > 0.5m =

*

*
4

Abundance (%K [%] - 22Th, 228U[ppm])

40K 232Th 238U
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Thanks for your attention!

Yuri Venturini on behalf of CAEN SpA
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N ed| Educational kit suggested for the environmental radioactivity experiments

SP5630ENP » -
Environmental kit Plus

SP5630EN
Environmental kit

N

- . - —~— . : ; -
, ke % . = .
- ., , - -

CAEN m Electronic Instrumentation
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https://www.caen.it/products/sp5630en-plus/
https://www.caen.it/products/gamma-edu/

...About GammaEDU

e Rlalaie L RadiolAB

IRSOIL& WATER
2023
Spring School

Calabria, ltaly
April 2023

Portable detection backpack for
environmental radioactivity!

I.C.

Do:,,L-?re-nzo RadiolAB Project
ilani .
Viareggio, Italy SI:;,%'ZLt;ly

May 2023

TR

High School
Students

Tuscany, Italy
May 2022
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vy Environmental Radioactivity (outdoor)

Equipment

Section Subsection Experiment

SP5600C
SP5600D
SP5600E
SP5600AN
SP5600EM
SP5700
SP5701
SP5620CH
SP5630EN
SP5640

*

Environmental
monitoring in land
field

y Environmental *
Detection as a
function of the soil
Y distance

Nuclear Physics Environmental | Radioactivity maps * [

and Radioactivity Radioactivity production

Mapping of potential * |
(OUtdoor) radon-prone areas

Radiological * | *
evaluation of the
building materials

Geochemical and * »*
mineral exploration

: : 42
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M Suggested Experiments

i

goj o

[} 4 >
8T8
O LI
" B

£ 7%

N—
Radiological evaluation of the building Geochemical and mineral exploration Radioactivity maps production
materials

2 I. lllllll _lll:ll lI!J!! [
| ||||| lIl T gees
t

v SIEN Wt
i MW,.\W W, Wi 8 s
y Environmental detection as a function of Ground coverage Effect on the Soil water content evaluation with

the soil distance Environmental monitoring in field i L.
Environmental Monitoring gamma ray spectroscopy
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Additional Experiments

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

Activity of the °Co X rays

Poisson and Gaussian Distribution Energy Resolution

System Calibration: Linearity and Resolution

Photonuclear cross-section/Compton Scattering cross-section

. . 44
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Photoelectric effect
[y + atom—ion + €]

Photoelektron @

Gam O/v‘fﬁ'.\ e &
Stani ) @ » e E=h-E
"\\. —8 /. \. —8 ,,/.

* Photon interacts ONLY with atomic electrons, No
with a free electron

» Most probable electron from the outer electronic
shells

* In the interaction, creation of an electron-ion
couple. The hole is immediately filled with free
electron capture or reorganization of the
electronic structure => Following emission of x-
rays or Auger electrons

« Typical effect of the low energy region in the ~
keV region

CAEN m Electronic Instrumentation

Gamma interaction with matter

Compton effect
[y+e—y+e

Electron

X-ray Photon

ANNNNNNAN
VVVVVVVV

Scattered
Photon

hv

Photon interacts atomic electrons of the absorber
material

The interacted photon is scattered with a certain
angle (q) and the energy transferred allows the
electron emission from the atom

All the emission angles are allowed, but the
scattered angle is energy dependent => Klein-
Nishima Formula

Typical interaction of radioisotope energy,
hundreds of keV region

c.mattone@caen.it

| Annihilation
Threshold effect => The pair production is possible

only if the energy of the photon is larger than twice
the energy at rest of the electron

It is possible only in the Coulombian field of the
nucleus

The photon disappear for appearing a couple made
of electron and positron

The energy in above the threshold energy goes
into kinetic energy of the couple

The positron is annihilated rapidly with the
following emission of 2 photons

Typical interaction in the several MeV region

. ) 45
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SPARES
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RockyRAD Educational Kit

From geology to daily life, RockyRAD bridges the gap: discover the fascinating world
of rock radioactivity and then expand your horizon to detect the unseen radiation in
our everyday surroundings.

Portable Geiger Counter for
nuclear radioactivity radiation!

Each RockyRAD kit is enhanced with a set of rock
samples from different origins, allowing students
SP5660 — RockyRAD to immediately begin their detection experiments. that the tota! radioactivity

You measure s the sum of
the radiation from the
environment and the

V" Detector: Geiger-Mdller Tube , _ ST et

Math

v" Display Information: Total Counts, Counts Per Minute,
Equivalent Dose Rate g Chemistry

Environmeantal Sciance

Place the rock on wop of

Gra nite RockyRAD. and ramember

v" WIi-Fi for data download Physics

L "y Earth Science
v T

Bluetooth connection _
Computer Science

v Rechargeable Battery (USB-C)

Biology Android App under development!

: : . : 47
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M Educational kit suggested for the environmental radioactivity experiments

SP5630EN SP5630ENP SP5640
Environmental kit Environmental kit Plus Gamma EDU

$2570D i-Spector Digital

18x18mm? - Cs| ASSEMBLY
$2570B i-Spector Digital

$2580 GAMMASTREAM
18x18mm2 - ASSEMBLY BGO scintillating i Digital MCA Tube Base
(Csl 18x18x30mm3) crystal Nal(T]) [0.31
scintillation
Shielding detectors
Samples : Kit E—
samples GammaEDU
VN N O v (o) o
Fertiizer and | ¢
EroySeskers | | fertizerand | Canstrl - CltatonCysial & & “ v =)

{ Emply Beaker& | | Fertilzerand | Canistersof cmmm;
 “TestSample | | RockSamples | ActvatedCarbon | (ul 250508

Tablet 10"

CAEN m Electronic Instrumentation
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SP5630EN - Environmental kit Description

Ca

Environmental gamma radiation measurements
with SIPM based instrumentation!

SP5630EN - Environmental kit

S0 Sl

 The system is based on a SiPM area 18 %18 mm?

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

* |tintegrates a shaper, a peak stretcher and a peak ADC to

mplement a simple MCA (4K) ’ B Bl e

» Scintillator Crystal: Csl 18 x 18 x 30 mm?
* Connectivity: Ethernet
« Software: Web GUI

CAEN 0 Electronic Instrumentation i s Follow us on in|caen.it
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Samples

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

 FookSanpis 1 e
Test Sample Samples =

Scintillator based on Lutetium (Lu) like LSO and LYSO (Lu1.8Y.2Si05:Ce) are usually used in PET
applications thanks to their high stopping power (high Z), high light yield and very short decay time
(very fast signals). It is @ non-hygroscopic scintillator.

' i | 2,6% of the natural Lu is "°Lu, a radioisotope
\ with a long half life decaying via two different
beta decays followed by gamma emissions.
; - T, ,~3,6% 100y f - Potassium
- Phosphate
Properties Value f |
Cleavage Planes None ertilizer
Decay Constant (ns) 40 998 keV ——
Density (g cm) 7.1
Emission Spectral Range (nm) 380-480
Melting Point (K) 2323 507 keV
Peak Scintillation Wavelength 420 04.0% TR ¢ Test Sam ple
(nm) TR ne of the radioactive objects of common use, in al
T—YRY 53000 | 200 keV One of the radioactive objects of common use, in past especially.
Radiation Length (cm) 1.15 86.0% Y [202 ey
Refractive Index at Peak 1.81 ’ y ‘ 884 keV
Emission 13.3%Y "88 keV
Solubility (g/100g H,O @ 300K) Insoluble 0keV
Stability Good ‘;g Hf
Structure Cubic
. . : _ 50
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M Samples(2)

Canisters of Activated Carbon for Radon Passive Measurements
« Diameter: 10 cm ‘ . " " Q . rome. |
* Height: 3cm
» Content: 70 g of activated carbon

‘j I 352!;5/ T ‘ B ';:s S I
I s | Nal(TI) B _— HpGe |
] ' A ||
tempo di esposizione (g) \ [ ] 205keV
( /\242;:\:7; l} !I “1 GO:kev | ] 609keV
The activated carbons are enclosed in metal containers called "canisters". PR AAVATE ' l

)| A
Covered by a thin double-mesh metal mesh (diffusive barrier). \\NJ Nz
The diffusion barrier serves to eliminate the air flows inside the basket, which can favor the re- e mes | me s s e mes | s o wes  wso
emission of radon.

----------

The method consists in carrying out gamma spectrometry measurements $2570B i-Spector (Csl
on the baskets after the radon has been adsorbed by them! -Spector (Csl) _
o Gamma Enerqgy lines:
After 6-7 days, the loss due to decay prevails over the accumulation by adsorption. 100 | ! *  295keV and 352
Rt ll keV from 214Pb
Features: S wo it l 609 keV from 214Bi
++ useful for short-term measurements: 2 - 7 days Nt WV\,&\ A
++ strong dependence of the response on humidity e mwm  m wm aw wmew
Channels
: : 1
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I-Spector Digital [S2570B-S2570D]

- 7 - : * The systems are based on a SiPM area 18 x18 mm?
525708 il ) /T = Hamamatsu S14160-60520HS
All SIPMs of the area are connected in parallel to increase the
active area of the matrix.

eoaen

% 1K A
& FSeector Y
Digital

g gital

s QD%
O Na®
- © SM Silicon Photomultiplier (SiPM) are high density (up to
10%/mm? ) matrix of diodes with a common output, working in
Geiger-Muller regime.
Each cell is a pixel with a binary signal.
It can detect a single photon!
*  High Gain
*  Low Voltage
*  High photon number resolving power
»  Wide dynamic range
»  Good timing capability
*  Lowcost
»  Withstanding to magnetic field

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

|
v
4
|
\

v typical Signf Analog information

Z type (576 pixels)
Jé i

Statistics

g
.

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

Number of pixel determines the SiPM dynamic range

Number of red pols

. . . _ 52
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I-Spector Digital [S2570B-S2570D]

* The systems are based on a SiPM area 18 x18 mm?
Hamamatsu $14160-60520HS
All SIPMs of the area are connected in parallel to increase the
active area of the matrix.

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

« Scintillator Crystal: Csl 18 x 18 x 30 mm?

* Energy Range: 30 keV to 3 MeV

* Energy Resolution (FWHM): <6 % @ 662 keV

 Connectivity: Ethernet

« Software: Web GUI

S2570B

= O

% f‘ua@ Sy

2y

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

TECHNICAL SPECIFICATIONS

Supply Voltage 8-13V (12 V typ.)

Power consumption 3W max.

Preamplifier bandwidth >1GHz

Preamplifier gain X5

Shaping time 180 ns L ADC P | TRIGGER [-—» BA;&:I S > |N%ﬁifon = Spectrum
Output signal -4 ... +4V 170 mA Signal from SiPM

HV Power supply 20-80 V (10mA) 0 r

HV accuracy 1mV

Thermal feedback accuracy 0.01°C - 1mV LEMO QUT

MCA . of channels 0% i-Spector Digital block diagram

. . . _ 53
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S2570B

5 @ CAEN
{ % T¥ [ 3
2 or

e

R ]
QS Tew S
OB ([1a®

2y

S2570D

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

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

Shaping time 180 ns

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

HV accuracy 1mV

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

CAEN m Electronic Instrumentation

Web-based GUI for unit
control and data analysis

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

Thanks to the internal circular memory
buffer, the last 1-hour recording can then
be downloaded by the web interface.

I-Spector Digital [S2570B-S2570D]

* The systems are based on a SiPM area 18 x18 mm?
Hamamatsu $14160-60520HS
All SIPMs of the area are connected in parallel to increase the
active area of the matrix.

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

« Scintillator Crystal: Csl 18 x 18 x 30 mm?

* Energy Range: 30 keV to 3 MeV

* Energy Resolution (FWHM): <6 % @ 662 keV

 Connectivity: Ethernet

« Software: Web GUI

Follow us on i_nIcaeN 34

on permission of CAEN S.p.A. is prohibited


https://www.linkedin.com/company/caen-spa/

S2570B

)i or €%
Digital
Q
<= X0

&5

%% 1e® /7 §2570D

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

\Csl(Tl) information

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

BGO information:

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

CAEN m Electronic Instrumentation

I-Spector Digital [S2570B-S2570D]

The systems are based on a SiPM area 18 x18 mm?
Hamamatsu S14160-60520HS

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

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

Scintillator Crystal: Csl 18 x 18 x 30 mm3

Energy Range: 30 keV to 3 MeV

Energy Resolution (FWHM): <6 % @ 662 keV

Connectivity: Ethernet

Software: Web GUI

Properties Csl BGO
Cleavage Planes None None
Decay Constant (ns) 1000 300
Density (g cm) 451 7.13
Emission Spectral Range (nm) 350-725 350-650
Gamma and X-ray absorption coefficients (cm') 0.48 at 660keV -

10.00 at 100KeV
Melting Point (K) 894 1323
Peak Scintillation Wavelength (nm) 550 480
Photons/MeV 52000 8500
Radiation Length (cm) 1.86 1.13
Refractive Index at Peak Emission 1.78 2.15
Solubility (g/100g H,0 @ 300K) 44.0 Insoluble
Stability Slightly Hygroscopic Good
Structure BCC Cubic
Thermal Conductivity (W-m~'-K1) @ 300K 1.13 -
Transmission Range (nm) 240-70000 470-7500

) 55
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o
Hands-On...

=B I

Source/Sample i-Spector Digital

CAEN m Electronic Instrumentation | | educational @caen.it
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N edu Environmental Kit QuickStart

1. Unboxing and Assembling

2. Software Setup

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

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

5. Background measurement (time run = 30’)

6. Rock sample Spectrum (time run = 30’)
7. Test sample radiation identification

8. Analysis of spectra and superposition

9. Passive Radon Measurements

57
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M Software Setup

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

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

E possibile ottenere I'assegnazione automatica delle impostazioni IP se la
rete supporta tale caratteristica. In caso contrario, sara necessario
richiedere all'amministratore di rete le impostazioni IP corrette.

(O) Ottieni automaticamente un indirizzo IP

> Configure the Ethernet network of the PC from the “Network and Sharing ~ © s F oo g™

Indirizzo IP:

Subnet mask: | 255.255.255. 0 |

Center”

Gateway predefinito: [

Ottieni indirizzo server DNS automaticaments

(®) Utilizza i sequenti indirizzi server DNS:

Server DNS preferito: [

» Open a web browser (Microsoft Edge browser is suggested) and enter the Server DS altemativo: |

web address 192.168.50.2. The homepage of the graphical web interface will o moestezoniluscre e
[ ] ama
open.
CAEN m Electronic Instrumentation c.mattone@caen.it Follow us on in|caen.it *
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Q2 Software Setup - Parameters of the charge integration algorithm

M e Trigger Threshold (LSB): threshold for the derivative trigger

[N e Post Trigger Inhibit (ns): set the time after a trigger for which any other

trigger is inhibited

Trigger Threshold e Pre-Integration (ns): set how much time before the trigger the charge

- A integration is started

Trigger —| | e Integration (us): set the charge integration gate

pre integration | | / Integration o (Gain: set the energy digital gain to be applied to the spectrum

\ W/ / e Pileup Inhibition (us): set the time after the integration gate for which

the acquisition of any other event acquisition is inhibited

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

Post Trigger ] pile up

e — | L_eewwwin | o Baseline Inhibition (us): set the time after the integration gate for which

the baseline is not calculated

~ e PBaseline Length (samples): set the number of samples used to
calculate the baseline

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

e Jarget Value: set the target value in time or counts, accordingly to the
Target Mode

GATE
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1) How to use the i-Spector Digital

Experimental activity

2) Energy calibration of the system based on LYSO

Source/Sample  geintillator

: : SiPM
3) Background measurement (time run = 30) =
| Scintillator ‘ | Silicon Photomultiplier (SiPM) | Electronics & Analysis Software ‘
i " The output pulses are proportional to the energies of
Silicon Photomultiplier
Csl(Tl) Crystal (SiPM) P = the incident radiation, the ADC is used combined to
[ is detector made of a /o . 10 a Multichannel Analyzer (MCA) to generate energy

\ matrix of silicon cells distributions (spectra) of radioactive samples

(diodes). Each dinode is a e
e photodetector  pixel with a binary signal.
seintiliator \« |t can detect a single
Energy deposition by an ionizing particle: photon!
*  Generation of light Photosensors detect and transform the light
* Transmission of scintillation light produced by the scintillator into an electrical
* Detection signal. This signal is proportional to the energy — -
CsI(Tl) has a light output of 54 photons/keVand  released inside the crystal by the interacting |
average decay time of about 1ps for y-rays particle =

(o9:Y | m Electronic Instrumentation c.mattone@caen.it Follow us on in|caen.it
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N edu Experimental activity

1) How to use the i-Spector Digital TS Lu

e S
2) Energy calibration of the system based on LYSO crystal (time base = 10°) o f;; 0407 | 401Kev
. X 597 keV
3) Background measurement (time run = 30) LYSO Crystal 04.0% Y | 307 keV
160 ! 290 keV
4) Calibration verification and tuning with Potassiu 36074 ¥ o —_JN
100 13.3%Y 1788 keV
] 0 keV
5)  Rock sample Spectrum (time run = 30") g SoHF
6) Test sample radiation identification 20
7). Analysis of spectra and superposition Scintillator based on Lutefium (Lu) like LYSO (Lut.8Y.2Si05:Ce) has an high
. stopping power (high Z), high light yield and very short decay time (very fast
8) Passive Radon Measurements signals).

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

1) How to use the i-Spector Digital

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

3) Background measurement (time run = 30’)

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

5) Rock sample Spectrum (time run = 30) Background

6) Test sample radiation identification y

=
o

7)  Analysis of spectra and superposition

Counts

8) Passive Radon Measurements —

o N B~ O

0

500 1000 1500 2000 2500 3000 3500 4000
Channel
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N edu Experimental activity
S ——

1) How to use the i-Spector Digital Background
2) Energy calibration of the system based on LYSO crystal (time base = 10’) : 10 é_
3) Background measurement (time run = 30") 0o 1000 Cic;c::: w0 4o

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

Fertilizer

5) Rock sample Spectrum (time run = 30) "
Region Of
6) Test sample radiation identification Interests
ROI
7)  Analysis of spectra and superposition
8) Passive Radon Measurements k
nenidanifmning.o.nnn.sun.ntt00

Channel

63

CAEN 0 Electronic Instrumentation c.mattone@caen.it Follow us on in|caen.it

ion of CAEN S.p.A. is prohibited


https://www.linkedin.com/company/caen-spa/

N edu| Experimental activity

Fertilizer - Potassium Chloride For our hands on take a 30
Back . min spectra with the
y ackeronn Potassium Chloride sample
16 ’
“ o Lead shielding to reduce ‘11
12 : environmental background FertLLLZCY
210 -
3 g s
= Fertilizer
i —te R : From 1 h measurement
A —1 itk o0 j
0 500 1000 1500 2000 ZIOO 3000 3500 40060 - ‘
o What is it?
Region Of
Interests

ROI

1500 2000 ] 3500 4000

Channel
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N edu Experimental activity
S ——

. . U-238
1) How to use the i-Spector Digital pose e o
Ph214 26 8 minutes 53200.1%)
24207 46%%)
. ' . , 2952 {IE‘ 2: ¥
2) Energy calibration of the system based on LYSO crystal (time base = 10') e
Anf 2 secasly _
Billd 19.7 minutes BLY_3 (4 1':_.]
: o Th-232 506.2 (1. 2390
3) Background measurement (time run = 30) , oo OO 541 G.16%)
| Bi2i2 60,6 mimses 389(1.1%) I 1120.3 (15.0%0
373 (66584 | 1238.1 (5.92%)
ibrati ificati ina wi Portz o 1408.0 (2 4590
4)  Calibration verification and tuning with Potg|®2? S N . 1509.2 (2 19%)
N ' ;ll.'.l:."'-' I:}.:l'.ﬁ'!i] 1764.5 (15.9%a)
5832 (84.5%)
5) Rock sample Spectrum (time run=30") |__ 5606 (12.4%)
o . o . Q© Red Tuff
6) Test sample radiation identification 100 i
90 ”&Q‘O : -
. Lo 80 e ges
7)  Analysis of spectra and superposition o S
w 60 b‘%\ '.b.
, £ 5 g o L Eae
8) Passive Radon Measurements S 4 . e =
30
20
10 °
0
0 500 1000 1500 2000 2500 3000 3500 4000
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N edu Experimental activity
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How to use the i-Spector Digital

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

Background measurement (time run = 30’)
Calibration verification and tuning with Potassium Chloride sample (time run = 30°)

Rock sample Spectrum (time run = 30’)

Test sample radiation identification Uranium Glazed Pottery

Analysis of spectra and superposition Rare earth
uranium oxide

Decades-Old
Lenses

Passive Radon Measurements
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N edu Experimental activity
S ——

1) How to use the i-Spector Digital

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

100

3) Background measurement (time run = 30’)

90 «  Background
: : L , , , Potassium Chloride
4)  Calibration verification and tuning with Potf ~ ® : Red Tuff

w8
f
5) Rock sample Spectrum (time run = 30’) 60 i{-‘
N
6) Test sample radiation identification . ;:

30

7) Analysis of spectra and superposition

20

10

8) Passive Radon Measurements
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Experimental activity

How to use the i-Spector Digital
Measurement of the adsorbed radon activity

1600

Energy calibration of the system based o

1400

keV

Background measurement (time run =30  “*: . -
1000 609

Calibration verification and tuning with Pl 3 * ¢ = wanisters oL Aclated Larbon
600 -, 7% |

Rock sample Spectrum (time run = 30’ 4°° : ‘“‘{&‘
200 ? 1

Test sample radiation identification "o w0 a0 0 a0 so 00 g0 a0 s0 1000

Channels

Analysis of spectra and superposition The amount of adsorbed radon by the canisters can be evaluated via the

_ , ., detection of the gamma rays emitted by the ?4Ph e dal 214Bi.
Passive Radon Measurements (time run=60) Ao the many available gamma emissions, the following nuclei are used as
they are formed in a short time from the decay of Radon:

% 295 keV and 352 keV from 24Pb
» 609 keV from 214B;
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Q@ About SiPM

= SiPMis a High density (up to 104/mm2 ) matrix of diodes with a
common output, working in Geiger-Mller regime

= Common bias is applied to all cells (few % over breakdown
voltage)

= Each cell has its own quenching resistor (from 100kQto several
MQ)

= When a cell is fired an avalanche starts with a multiplicative
factor of about 10°-10°

= The output is a fast signal (t.~ ns; t.,, ~ 50 ns) sum of signals
produced by individual cells

=  SiPM works as an analog photon detector

A~ C (Vpreakdown = Vbias) J = SiPM may be seen as a collection of binary
cells, fired when a photon in absorbed

= “counting” cells provides an information about
the intensity of the incoming light

A=IA

CAEN m Electronic Instrumentation | "
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Q@ About SiPM

The high uniformity of pixel structure guarantees no avalanche fluctuations

Linear response if the average number

of photoelectrons/pixel is less thanone "~ Exce"ent
Number of pixel determines the SiPM P Resolution
dynamic range

10 100
Number of photoelectrons
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Q@ About SiPM

The Dark Counts (DCR) measure the rate at which
a Geiger avalanche is randomly initiated by thermal
emission.

Degcrease DCR:..
* lowering temperature
* lowering active volume — decrease V.

— small area

Frequency [MHz]
»H
o

o
w o

N
N 3]
_lIITIIIITIIITIIIIIIIIIIIIIIll]lllllllll]llll]I

-
(2]

0.5

DCR @ fixed threshold (0.5 phe-)

|

I?IIII|lllIlIIII|llI(lI1I|

76.5 77 77.5 78 78.5 79I
Bias [V]

— —
E ....... 3':‘ 777777777777777
= »>0.5ph 2
5 g
o
- 8
g107= =5
[ - VIR
>1.5ph ;
10

T

T

0
L S T S

>2.5ph o

T kel

-
Hfl

e l " b a1 I ot ba e l - b s e = l 4 et perd e l - ot sy e l =
50 100 150 200 250 300
Threshold [mV]

An avalanche generation can fire another cell by a photon; measuring the DCR for
- different thresholds is possible to define and evaluate the Optical Cross Talk (OCT) as:

Decrease OCT:

low gain/V;,
big pixel size
trench for optical isolation

CAEN m Electronic Instrumentation

_ DCR(1.5ph)
“ " DCR(0.5 ph)
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Q@ About SiPM

After Pulse: It is a delayed avalanches triggered by the release of a charge carrier that has been produced in the
original avalanche and has been trapped on an impurity

After Pulses e Limiting the photon counting resolution

e The release of the trapped carriers is
characterizated by a typical decay time
~200 ns

( single cell

| . SRR Degrease.AP:
The pulse amplitude depends on the pixel recovery state VI J ow
025 W \ ‘\\ ° bi
E(AL) = 1 — eap(—At/m) ol + small pixel

-1.0E-08 1.0E-08 3.0E-08 5.0E-08 7.0E-08
Time (s)
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M Quanto sono radioattive le rocce?
S ————

_Granite (intrusive igneous rock)

Tuff (magmatic rock)
~1800 Bq/kg

~1000 Bg/kg

Marble (limestone rock) .« . Gypsum (sedimentary rock) {
~100 Bqrkg L ~100 Ba/kg
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CAEN
Electromagnetic Radiation Spectrum Quantum H{ﬁnew (V)
102 100 102 104 108 108 10"™ qQ"

Wavelength (Metres) | | 'r i . | 'r I

108 108 104 102 10° 10 104 104 10% 107 10 10" 10 10
| i | | | | L
|

| | | | l 1
I | | | | ] | | | |

| : 3
& 5 fe Microwave
B Long  Medium £ Ovens
O Wave  Waye 5 = Fibre Optics ¥ Rays
E 5 O Human E!-Ddg.'H_l‘Hj Gamma Rays
o . Microwaves '
Radio Waves Radar Cosmic Rays
| I | I I I ] | | | | |

I -
10° 10° 104 108 104 10 1011 -~
Frequency (Hz)

10 10%° 10%# 10 10

T5x10-"MT
MNon-lonising Radiation

The human eye can see light radiation
from ~370 nm and ~700 nm
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energie dei decadimenti radioattivi

Comunemente viene usato il Joule (J) come unita di misura per misurare l'energia. Durante i processi di
decadimento I’energia rilasciata @ trasportata dalle particelle e tipicamente dell’ordine di grandezza di 10-13).

E’ comodo introdurre una unita di energia chiamata elettro-volt (eV) definita come
I’energia guadagnata da un elettrone che attraversa una differenza di potenziale 1V.

1eV=1.6x101°Cx1V=1.6x107"1° Joule

ossia, anche ﬁﬁ o
\l
1 Joule = 0.6 x 101° eV [ @
oute X © (| 1von @/

Nei processi nucleari le energie in gioco, dell’ordine di 1013 J, sono dunque dell’'ordine di

1 MeV (mega elettro-volt) = 10® eV e
= U U = U
n 2 nsfer, distribution of part or all o the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited
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Cosa significa che due misure sono compatibili?

Per confrontare due misure della stessa grandezza (in questo caso le
abbondanze di U, Th e K) occorre confrontare gli intervalli di confidenza. Le
due misure si dicono compatibili se i rispettivi intervalli di incertezza hanno

intersezione non nulla.

1.3 1.5 1.7

aK[%], = 1.5%£0.2 e aK[%], =1.8£0.2 akK[%], = 1.2 +0.2 e aK[%], = 1.7 £ 0.2

°0 Non compatibili = 22 N

CAEN m Electronic Instrument y o . R _—
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Luminescenza: Materiali luminescenti assorbono energia e la riemettono
sotto forma di luce visibile.

Fluorescenza: 'emissione avviene subito dopo 'assorbimento (102 s).
Fosforescenza: I'emissione e ritardata (lo stato eccitato € metastabile). In

guesto caso il tempo fra I'assorbimento e la riemissione puo durare dai
us alle ore (dipende dal materiale).

A
Luce

In prima approssimazione I'evoluzione

temporale del processo di riemissione

puo essere descritto da una semplice
Componente veloce Iegge esponenZiale:

totale

_t
Componente lenta N="L.¢ %d

= » Tempo

Dove N e il numero di fotoni emessi al tempo t, t, il tempo di decadimento
ed N, il numero totale di fotoni emessi.

Il tempo di assorblmento dell’ energla (eccitazione degll atomi e delle
empo di riemissione. 78
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Scintillatori Inorganici

Il meccanismo di scintillazione negli scintillatori inorganici & caratteristico della struttura
a bande elettroniche che si trovano nei cristalli.

Quando una particella entra in un cristallo
possono accadere 2 processi:

Conduction band i. si eccita un elettrone dalla banda
- di valenza in quella di conduzione,
— Activator creando cosi un elettrone ed una
e lacuna liberi. (ionizzazione)
excited states

Ban Sentillation ii.  sicreaun eccitone spostando un
4ap ! photon elettrone dalla banda di valenza in
Achivator guella degli eccitoni (posta

appena al di sotto della banda di
conduzione). In questo caso
elettrone e lacuna rimangono
\Valence hand legati, ma possono muoversi
liberamente (in coppia) nel
cristallo.(eccitazione)

qround state

Se il cristallo contiene delle impurita (sono necessarie), si possono creare localmente dei livelli
elettronici nella banda delle energie proibite. Gli atomi di impurita sono chiamati centri attivatori.

Se una lacuna libera od una lacuna di un eccitone incontra uno di questi centri attivatori, puo
ionizzare uno di questi atomi d| impurita. Se ora arriva un altro elettrone, questo cade neI buco
e luce ( se tale modo di diseccitazione e

' . 79
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Scintillatori Organici

Gli scintillatori organici sono dei composti di idrocarburi. In questi composti la luce di
scintillazione deriva da transizioni degli elettroni di valenza liberi delle molecole.

Molecular states

L’eccitazione verso stati di energia singlet states
superiore a S, & seguita da una e
rapidissima transizione (nell’ordine 10 s
del ps) non radiativa verso S,. Da

degradazione interna

questo livello le molecole si >, triplet states
o non- T
fondamentale S, o uno degli stati . radiative :

vibrazionali emettendo luce di
fluorescenza.

\ T
1
fluorescence phosohorescence
S %

f
|
diseccitano verso lo stato |
|
|
|
|
|
|
|
|
|
|
|

] _ ence phosphorescence 80
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Caratteristiche generali deqli scintiliatori

Cristalli alcalino-alogeno: Nal, Csl, BGO,BaF,

Buona linearita, lenti tempi di risposta

Spettroscopia gamma

Scintillatori organici: antracene, stilbene
Buona velocita, bassa resa in luce

Spettroscopia beta e per neutroni veloci
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I

=l Scintillatore

A cosa servono gli scintillatori?
Cristallo

tillant * A misurare I'energia ceduta
SCIN; diie . . . . . . .
e - A misurare il tempo di passaggio delle radiazioni

CsI(TI

Lo Ioduro di Cesio drogato al Tallio, CSI(TI), &
un materiale scintillatore che ha un'alta uscita
in luce ed é relativamente lento. Il tempo di
decadimento del cristallo, di circa 1100 ns.

Densita 451 g/cm3
Indice di rifrazione per | max 1.788

Punto di ebollizione 620 °C

Uscita in luce 95%
Costante di decadimento 1100 ns

| del max di emissione 580 nm

o rivelazione g, particelle

82
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edu

Dai fotoni

rrente elettri

lonization track

|

Photocatode

Focusing electrode

Dynode

La luce viene convertita in segnale elettrico mediante
I'impiego di un fotomoltiplicatore

Nal(Tl)
/ / Photomultiplier
\
—TF
J;l \ Lintensita dell'impulso di

Voltage pulse

corrente in uscita e

proporzionale all’energia

\

Scintillation photons

W produce 4.3 * 10* fotoni
High energy

del fotone incidente

Amplificazione 108-107 elettroni
per elettrone iniziale

Primary electron

Secondary electrons

gamma radiation

canali

CAEN @ Electr¢ ¢ Instrumentation

Il canale di acquisizione € proporzionale all’energia
dei fotoni incidenti
83
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