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* Introduction
— Matter ?
— Interaction Radiation — Matter

» Detector Types
— lonisation Chamber
— Scintillation detectors

« Measurement of Radiation
* Dosimetry




Biology

If it Stinks, it is
Chemistry

If it makes a lot of noise, it IS-
Mechanics -

First Law
of Cartoon Physics :

If it does not_work, LIS . aRAVITY DOESN'T WORK
Physics UNTIL YOU LOOK DOWN.”
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« Radiation cannot be detected directly !

* The consequences of the interaction
between radiation and matter can be
detected -

— lonisation
— Excitation




Protons Electrons

Found in the nucleus found in clouds

of atom orbiting around

positive (+) charge nucleus

Mass Value ~ 1 negative (-) charge
Neutrons Mass value ~ 0

found in nucleus of

atom

neutral (no) charge
Mass value ~ 1

 Dimensions |
« Atom:60to 270 E2m
* Nucleus: 2 to 15 E'1> m (~ 20 000 times smaller than atOm)
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Type of

rodiofion ~ Source Range in fissue
210
Alpha o N
p 3.3 Me Range 0.037mm
14
Beta 0.154 MeV B i sttt .
maximum energy aximum range 0.29mm (typically less)
p _Z
HETI] — mtn
H;Ln%x, energy | Maximum range Bmm (typically less)
7 A i
gummo IlSEIIIEE Mey | Average distonce o colision |
33mm j
X -
Gomma ) 33 ey [ Average distance fo collision i
164mm

Source: Shapiro 1972 P



Interact&m of y-Radiation with Matter |

Incident photon, Eg Transmitted photon, A. TRANSMITTED
A UNAFFECTED
Er = Eo Mo interaction

photdelestron B. PHOTOELECTRIC
ABSORPTION
Collision with a tightly
5 \ characteristic X-ray bound inner-shell electron
‘I! L -= K transition
' C. RAYLEIGH
scattered photon SCATTERING

Elastic collision with a
bound outer-shell electron

D. COMPTON
SCATTERING
Inelastic collision with
weakly bound outer-shell
electron

g
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Gas-Filled Chamber
2 electrodes
Ionisation of the gas
(creation of charges)

Behaviour of the Chamber
depends on :

— Composition of the gas
— (Gas pressure

— Electric field across the
electrodes

— How the created charges
are collected

Incident

lonizing O
Radiation
o

Air or Other Fill Gas

" Incomi
g |
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I v
Bias Voltage \—’/Meter )
|
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Number of electrons collected

Ionisaton Chamber —
Y Electric Field
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S@ntillation Detector

Based on excitation of electrons

(Compton en photo-elektric effect) i '-,
© . . | Y

De-excitation of excited electron a1 L] L

provides a pulse of light a b

Pulse of light is amplified in a
photomultiplier tube to provide an
electric signal

Signal is proportional with the
energy of incoming photon, and
hence can be used for spectrometry |



anode

1]

NaI(Tl) Scintillator

i

i

Photon eGJz‘es scintillation material f /|
i

De-excitation of electron to lower energy and emission of a light /"// I
i

pluse i
: i
Licht pulse captured on photocathode and produces 1 or more ////,«
i

electrons i
u‘”‘(/’ //
Acceleration and multiplication of electrons by a series of ;f///,/
dynodes to create an electric pluse that is captured on the ////,//
| ,’,’}' j'{ / /J /

e

_ //’/,"f’,"f,"‘//\!m



« Detector Efficiency

« Not all emitted radiation is detected:
radiation needs to hit the detector

« Not every particle or photon wil interact
with the detector

« Energy Dependancy
« Energy compensated GM-tubes

H# detected events

£ 1o = ,
abs ™ u omitted events
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e Cosmic Radiation
e Other natural radiation sources
e Other nearby radioactive sources

U

e Detector Shielding -
o Evaluate & Take into account backgrounél
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Dose Rate in Belgium from Natural Radiation ||

@ TELERAD Station
Isodose 2009 [mSv/y]
<0.70

0.70-0.75
0.75-0.80
" o080-085

[ 0s5-090
[ 0.90-0.95
I o0.95-1.00
I 1o0-105
B 105-1.10
- =4 A8 0 15 30

60 90 120

Kilometers

From 60 to 130 nSv/h depending on the region
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Geometry between
source and detector

Nearby absorbing or
reflecting materials

R2-law

Self Absorption of
the source

Reflecting material
on the detector

detector
1000 cpm

detector
250 cpm

source

f— 10cm —Jm~
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Detecting Radiation %
I\?easuring Radiation

lonising radiation - Protection Dose quantities in Sl units

Effective dose

E
Whole body dose toall | |
tissue 1 =E
Quantity | | Absorbed dose Equivalentdose ;
Organ dose to tissue T, | i
Organ dose to tissue T, | i =F
Ony s, !
o )
Zbog, ,::’epﬂfrs Organ dose to tissue T | i
r“-faes n rad’bted.. T e e )
. 12T
Sl unit or (Gy) fadiationoreishti eve (5.) - bt ievert (Sv)
. ra adiation weighting sieve Vv issue weighting sieve AV
modifier gray (LY Factor - W, factor - W;
Derivation joule/kg Dimensionless factor joule/kg Dimensionless factor joule/kg
‘ Enerava by Biological effectof ‘l::il;::::; g:te;: :J; tissue type T having
Meaning irradiated sample of radiation type Rwith Partial irradiation T

matter - a physical
quantity.

weighting factor W;.

Multiple radiation types
require calculation foreach,
which are then summated.

Effective dose =summation of organ doses

to those partsirradiated
Complete (uniform)irradiation

If whole body irradiated uniformly, the
weightings W;summate to 1. Therefore,
Effective dose = Whole body Equivalent

dose

/‘/W
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Do% Rate Measurements
Be Carefull with the Units !!! C

mSv/h

BAHAHAE FOR SCALE




Sorge Examples & Demos
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o Questions ?
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