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How do we detect ionizing radiation?

Indirectly, by its effects as it traverses matter?

What are these effects?

*lonization and excitation of the atoms and molecules
*Heat
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Types of lonizing Radiation Detectors

*Film

=Gas or liguid filled ionization detectors Y 13003
=Scintillation crystal detectors prodoce
«Semiconductor crystal detectors electronic

signals

“Coumier” messure the number of partbels that interset

“Hpedramelen” ¢an counl hisl slio can M (be detribotien of drpoilied mergy
(the amplitude of rach palic b proportional t2 the smount of loniraiien charge deposhed
wikich is proporticnal to ihe emergy deposited in the detectsr by (e inleraction)
“Dudlmriery™ mesinre the LM eReryy deposiied for mahiple cvenrs
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Pulse and Current Modes of Operation

Pulse Mode (Nuc Med imaging systems and well-counters—these are
spectrometers): Electronle signal from each event Is processed
Ineclvichzalhy
Advantage: Energy Information from esch event and rate
(energy of event ls proportional to the amount of charge deposited)
Disadvantage: Pobse plle-up and system dead-tme

Current Mode (Nue Med dose callbrators and most all other Radlology
Imaging systems): Signals are summed together over a time perfod
forming & net signal.

Advantage: Can perform at higher Incoming radiation intensity
and measure dose rate deposiied in detector

Disadvantiage: Lose all interaction rate or energy Information of
Incoming rdistion
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Gas Filled Detectors

* Current meter or
High energy. integrating circuit
hoton anode + AN

electron-ion
pairs created Battery or

driftin power supply
strong
electric field
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Gas Filled Detectors
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Scintillation Detector

tillation light

*

Scintillation crystal

Photomultiplier Tube (PMT)

QMIPS
Molecular Imaging

Program at Stanford

ENERGY (keV)

Amplifier B Pulse height

Pre-amy Pomts
P discriminator

—

Counter or

Stanford Universit
School of Medicine
Department of Radiology

Semiconductor detectors
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*Photon enters and interacts via Compton
scatter or Photoelectric effect which ejects
afast electron from Cd or Te atom

*The recoil electron ionizes the material
creating electron-hole pairs

“The electron and holes drift in opposite
directions in a strong electric field.

*The motion of the charges induces a
negative pulse on the anode and a positive
pulse on the cathode
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Inorganic Scintillation Crystals

Peak

WEICHE ?5/’“‘3 Effective Z Decﬁvvs‘)m“e (Plﬁ‘f,?('r‘)lnwi"\(e‘vj
Nal(Tl) 3.67 51 38,000

Bi,(GeO,), 7.13 75 8,200
CsI(Tl) 451 54 39,

Lu,(Si0,)0:Ce  7.40 66
Gd,(Si0,)0:Ce  6.71 59

4.88
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Inorganic Scintillation Crystal Mechanism

Characteristic Electronic Band Structure of Crystals

Add Impurity to Create Lattice Sites With Modified Band Structure
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I Activator excited
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Photomultiplier Tube

Visible Light Photon
-HV

Photocathode
K,CsSb "Bialkali"
(converts photon to an
electron through
photo-electric effect)

Voltage
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Electron Focusing
ICS
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Scintillator-PMT Photocathode Spectral Match

Bialkali PMT
Photocathode
Absorption

Spectral ™~

SENY18% Nal(Tl)

(arbltr_afy Emission
units)

300 400 500 600 700

Wavelength (nm)
QMIPS Stanford Universit ﬂ}

Molecular Imaging School of Medicine
Program at Stanford Department of Radiology

Important Performance
Parameters of Radiation Detectors

*Encrgy Resolution
*Timing resolution
«Efficiency

*Count rate performance
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Spectrometers can measure pulse height “spectrum”

(a.k.a. “energy spectrum”)
ATTER Nal (T))-PMT WITH SCATTER Nal (TI)-PMT
*Co: COLLIMATED

"Tc COLLIMATED
“Energy resolution”
- i

<€—10.5 % FWHM

“Compton “Backscatter” “Photopeak” . . A a
scatter”  and lodine  Completey energy Pulse-height gating circuitry

Only partial ~ “Escape”  absorbed in crystal selects preferred events
e (not too narrow a window,

QMIPS Stanford University & }
Molecular Imaging School of Medicine

Program at Stanford Department of Radiology




Detection Efficiency (a.k.a. “sensitivity”)

Probability that emitted radiation will be detected:

Efficiency = (number detected) / (number emitted)
= (geometric efMiciency) x (Intrinsie efMiciency)
= (number reaching detector)/{number emitted) x
(number detected)/{number reaching detector)
\‘*/ Imirimgde efflciemcy—l-e
/ ‘ \ \ ‘ // ‘
— “Well Counter”
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Non-imaging detectors used in clinic

*Thyroid Probe (“Collimated™ scintillation detector)
*Well Counter (“Well-shaped™ scintillation detector)
*Dose Calibrator (“Well-shaped™ gas detector)

*Geiger Counter (“panel shaped™ gas detector)
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Radiopharmaceutical Properties

L abelsfunctional propertiesrather than anatomy

*Uses short-lived nuclear emissions (y and B) with appropriate
energy for low dose

*Non-toxic and uncontaminated

L ocalizein thetissue or organ of interest and not elsewhere
*Easy to make, low cost, non toxic

Example localization (uptake) mechanisms:

1. Activetransport for uptake by tissue or organ (e.g. thyroid)
2. Compartmental localization (e.g. blood pool)

3. Exchange or diffusion (e.g. bone)

4. Perfusion (e.g. liver)

4. Phagocytosis (e.g. liver)

5. Capillary blockade (e.g. lung)
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Example: Chemistry of Positron Emitters
Commonly used positron emitting tracers in medicine

Gl Ghutoss mistabaollim,
Hamokinnee activity
Ammaonia

Witer

Dopamine
Acyclovir

s Tyrosina
The radiechemicals are synthesized from the radloactive targets
Half-fives: ®C 20 min. BN 10min. ¥*O Zmin. *F 18hr
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Chemistry of Positron Emitters
8F-Fluorodeoxyglucose (FDG)

3-Ihaas- I Flaor e -Uhatom

=Clucoss snd FIMG compete for tremsport infn colly snd phesphorylation by hezakinase.
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