Applications of Particle Detectors

Zastosowania detektorow
czastek w zyciu codziennym

W Stawomir Wronka, 24.05.2007r
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= Medycyna

= Przemyst

= Bezpieczenstwo
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The multiwire proportional chamber

» Opracowana w 1968, data poczatek
elektronicznemu odczytowi czastek

» Uzywana m.in. w badaniach biologicznych,
medycznych
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Wilhelm Conrad
Rontgen (1845-1923)

Promieniowanie X

Jedno z najwiekszych osiagniec¢
dla medycyny

Bertha Rontgen Zdjecie
From D. Robin 8 Nov, 1895 wspofczesne
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m Detektory w diagnostyce

« CT, SPECT, PET

s Produkcja izotopow
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Pierwszy tomograf zostat zbudowany w 1968r. przez
sir Godfreya Newbolda Hounsfielda, nagroda Nobla
w 1979 (wraz z Allanem Cormackiem).
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Detektory: scyntylatory
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SPECT scanner
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Historical Overview,
Examples & Applications
D. Robin

In 1896 Joseph John Thomson investigated the nature of the cathode
rays which were found to be charged and to have a precise charge-to-
mass ratio. This discovery of the first elementary particle, the electron,
S 49" marks the start of a new era, the electronic age.
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Cathode ray tube
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Positron Emission Tomography (PET)

_— \

Uzywane izotopy emitujace pozytony —
najczesciej FDG z '8F (T,,,= 110 min)

Gamma ray detectors
(Ex. BGO crystals)

W
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* |zotopy
Krotkozyciowe

* Produkcja
w szpitalu

» . Kompaktowe”
cyklotrony,
wigzka
protonow ~15MeV




Jak to dziata ?

Produkcja ¥F wiazka protonéw

Fluoro-Deoxy-D-Glucose (FDG)

FDG jest transportowane do komorek
Koncentracja jest proporcjonalna do metabolizmu glukozy

Nowotwor jako obiekt intensywnie przetwarzajacy glukoze objawia
sie w postaci ,hot spot”.
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The BGO calorimeter of the L3 experiment at
LEP (CERN 1989-2000)
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BGO crystals have been
developed for detectors
in particle physics

= 11000 BGO crystals
= Precise measurement of the energy deposited by the particles
= Almost 4 ® coverage
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| inne kombinacje: SPECT-PET,
NMR-PET itd
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1998 - GSI pilot project

200 patients treated
with carbon ions

PET on-beam
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Radiografia /radioskopia/
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® Thermal Neutrons B Fast Neutrons
(25 meV) (1,9 MeV)
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Radiografia X — akceleratory e- do ~15 MeV

Detektor —» matryca a:Si

metal pla by

xray converter
photodiode

glass substrate
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s acht, Germany
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Przykiad

obiekt

promienie X - 150 keV

promienie y-1.25 MeV

neutrony termiczne
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*Btony (swiattoczute)
‘Ekrany fluorescencyjne + kamery
*Plyty obrazujace (imaging plates)

*Proporcjonalne gazowe liczniki pozycjoczute

‘Uklady scalone a-Si
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= Ochrona granic

= \WWykrywanie przemytu materiatow radioaktywnych

= \Wykrywanie przemytu materiatow wybuchowych,
narkotykow, przemytu ludzi

= Kontrola osob na lotniskach
= Ochrona ,antyterrorystyczna”

= Wykrywanie min, materiatdbw wybuchowych

Terrorism
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Wykrywanie materiatow radioaktywnych
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Akcelerator

Detektory
scyntylacyjne
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Wykrywanie materiatow
niebezpiecznych
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Neutron Inspection
.TNA.@' Thermal Neutron Analysis
— "Room temperature” neutrons

completely absorbed by material

- Characteristic gamma ray identifies
element ®

neutron

‘zero energy’l

® FN A- Fast Neutron Analysis

— High energy (e.g. 14 MeV) neutrons
"bounce” off material
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Are ifie &
e I EI'I1EI'It (high energy, 14 MeV) f
e PFNA™ - pulsed Fast Neutron Analysis .’ﬁ'

— Nano-Second Pulsed FNA
— 3-d location of threat by time-of-flight
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The elemental sighals combine to give unigque material signatures
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lemental Imaging and Detection

Explosives in Automobile

* ACI produces 3-D elemental maps showing recognizable
features of automobile

* Combinations of elemental signatures are used to detect
explosives
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Kontrola oséb

= Nowe techniki - compton backscattering

500 gm Cocaine
. Simulant

750 gm Cocaine

! ¥ Omm Glock with
simulant —_ 8

plastic handle

Wrist Watch ——

Coin ~
" File

9mm Handgun Plastic Knife
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- Backscatter
Jak to dZIa*a ? Detector
Direction of scanner
translation

X-ray beam raster
scans in the
horizontal plane and
Photoelectric effect Pair production
dominant translates
t in the vertical
direction

Z of Absorber

Absorbs { Compfon effect

dominant

* Fe (26)

* A (13) )
scatters

| |
0.10 1.00

60 keV Energy (MeV)
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X-latarka

Digital Signal
5 Processing
~ Chip

Lobster-Eye
Xeray
Imaging
Sensor

Digital

¢ Image
- Processing

Board

Lead Shield
X-ray Tube
Compartment
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IEC Saurce

Detaclors

24.05.2007 dr Stawomir Wronka, IP]




neutron

source
.‘I. rﬂ-!r‘

gl — detector
ST IHISTAN o) de

neutron
tector

AR 0 TR i [*|

captured

|1 |‘I

thermal
FIVES ; QT neutron

ey
v S
MEFAMAELE

T

24.05.2007 dr Stawomir Wronka, IP]




—
o
—
]
4
S
©)
=
o=
g
o
=
3
wn
—
o)

24.05.2007




B Ir||1|r|1IHr1| ot
F'l-'prllleltlllrl nqht IILIT-JIH-JLIh-' fram

"Wow, this is the same madel we have in school.”




