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the 2017 IEEE Nuclear Science Symposium, in Atlanta, GA.

= This current presentation provides some background
Information on radiation detection, needed to understand
the notes on electronics.

= The presentation on electronics is available online with
additional tutorial information which has been added. A set
of notes with additional info is also available.

= Amptek recommends these notes as an introduction to
electronics for radiation detection and measurementand asa
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~ \What iIs radiation?

- Transmission of energy in the form of waves or particles
A Radio waves, light, magnetic forces, sound
A Anything that moves energy between objects

= \What is ionizing radiation?

- Particles or waves that carry enough energy to ionize, i.e. to remove
electrons from an atom

NON-IONIZING IONIZING
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Introduction i
# lonization is key Ty T .
- lonization is the key to its risks T~
A lonization causes chemical reactions = ol
A Reactions in cells interfere with metabolism ¥ -

A Reactions in DNA interfere with genetics

- lonization is the key to its use
A Medical, materials analysis, research

- lonization is the key to its detection
A Humans cannot directly detect ionization

A Radiation detection equipment measures ionization, directly or indirectly
AL2yATFGAR2Y T 9f SOGNRAO OKINEHS Aa LINI
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Introduction i

= \Why do we measure radiation?

Safety
A Is radiation above a threshold?
A Dose, dose rate in medicine, reactoes;

Medicine
A Imaging: Xays, SPECT, PET, CT
A Radiation therapy for cancer

- Industry
A Attenuation is used to measure thickness :
A Xray spectra used in material analysis: XRF, X
A Sterilization

Research
A Understand materials (batteries, biochemical)
A Understand nuclei, high energy particles
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=~ \What properties of radiation do we measure?

Presence of radiation
A Is there any present (above a threshold)?

Amount of radiation
A Fluxc Number per criper sec Fluenceg Number per cri
A Dosec Energy deposited per gram
A Radiation damage Dose x damage factor

Type of radiation
A Alpha particle, beta particleXJ 8 £ y Sdzi NPy S Yd2ys X

O9YSNHEZ GAYS 2F AYUSNIOUAZ2YZ LI
A Many other quantities could be of interest
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Introduction e

» Units

- Energy: eV
Alevis energy gained when one electron crosses potential of 1 volt
A 1 eV =1.6x1®joules
+SNE avyl fftH 5 NP tjpuled LISNOf A L) 68& |
A eV ~ energy of chemical reactions
A keV~ energy of ionization
A MeV ~ energy of nuclear transitions
A GeV ~ rest energy of protons and neutrons

- Flux: particles/critsec
A Note that we are counting individual quanta
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» Radiation safety

- Dose: Rad
A Dose is energy deposited per unit volume
A 1 Rad = 100 erg/gram = 0.01 joule/kilogram

- Health effects
A & w9 aRadsk damage factor
A 1 Gray = 10Rads 1 Sievert; 100 REM

- What matters?
A 0.05millirem ¢ dose from typical dental-¥ay
A 1.0millirem ¢ average daily dose from natural background
A 600milliremc average dose from CT or fluoroscopy
A 80 rem ¢ given slowlyg increases chance of cancer by 1%
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» Radiation Is a natural part of our environment
A Uranium, thorium in rock€°K in rocks

A Food containgK and‘4C
A Cosmic rays

27 mSv/year

seven-hour aeroplane flight = 0,05 mSv

cosmic radiation exposure

of domestic airline pilot =» 2 mSy/vear
al

-
Kﬁ/
- £
‘

chest x-ray o
- 0.04 mSv [
]

radionuclides = ; inhaled
inside the body b - : radisnuclides

=» 0.24 mSv/yea : = 0.01 mSv/year

» Radiation Is not exotic or foreign, it's just that we
cannot directly sense it. We need detectors.
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= Directly lonizing Particles

A Electrically charged
A As charged particle passes atoms, rips electrons away, leaving ionized atoms
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Primary
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A Continuously lose energy (slow down) like bullet fired Btigofoam
A Definite range (no particles go past some fixed depth)

A 4 Mean
dE/dX Transmitted range
Fraction

“Bragg curve”

> >
—

Penetration depth Penetrationdepth
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= Indirectly lonizing Particles

A Electrically neutral
A Pass through matter w/o interacting, then collide, producing charged secondai

©c oo oo o o0 0 00,0
iy S—Q_ O © Crargea.
Newral O O O O O

© o0 O O O O O

© o0 o000 00 0 O00O0

© o0 o000 00 0 O00O0

A Continuous loss of number of particles (intensity) but no change of energy
A Attenuated with depth but no definite range
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Attenuation: 20—% 20—% 20—% 20—%
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» Fast electrons

- Electrons with energy enough to ionize, e.g. >KeW
- Production

A Processes inside a nucleus: beta decay protheta particles(electrons)
A Accelerating voltage of kilovolts (or more)

v cathode anode

B / electrons

& — % %
60

[

Cobalt 60 Nickel 60\\ e

27 protons 28 protons I }
33 neutrons 32 neutrons -

kilovolts or more

- Directly interacting
A Lose energy continuously. My aecon
A Range is ~ mm/MeV in solids
A Beta particles stopped by24 mm Al, plastic
A Electrons have low mass, so scatter a lot

Bremsstrahlung X-ray

)~ Nuclear scattering

p-particle

Delta-ray

Beta-particle range

AMETEK 15

MATERIALS ANALYSIS DIVISION



Typesasirsaiaidon

» Heavy ions

- Production
A Processes inside a nucleus: alpha decay
A High energy accelerators produce protopgns etc

Alpha Decay of a Uranium-238 nucleus

4
Parent nucleus % 2He
;@:‘—{‘1 / emitted o particle
gl Y
| — Kw
. T e
decay Q. = proton
event sy | © neutron
238
gzu Rad®,
"~ Daughter nucleus
234
Th

a0

- Directly interacting
A Lose energy continuously but massive APt
Like cannonballs in lettuce
Lots of damage along a short track
A Range is ~ microns/MeV.
A Alpha particles ~10 microns, one sheet of paper
A Little scattering, high ionization density

Alpha
= HEX T ¥ particle
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= Stopping of charged particles

- lonization loss: BethBloch formula

dE> _A4p $Zr&q> 6N L& € admme v 0,
(o o) a8 & 7

<dx m cmé EA T I 4D 8 geaffm(l- p) 9

A dHdx is energy lost per length, the "stopping power"
A Increases with density of the absorber
A Increases ag,, 2

- Radiative loss
<E> =E(Nz(z -EL))
dX rad

A Important for electrons
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- Cerenkov radiation
A Occurs when particle exceeds speed of light in the medium
A Light a sonic boom but electromagnetic
A Gives the classic "blue glow"
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= Electromagnetic (Gammeaays and Xrays)

- Production
A Gammarays are produced inside a nucleus
A Xrays are produced outside a nucleus: electron transitions or voltage (kV and

alpha particles (He nuclei) cathode anode
heavy. unstable
cloment (¢.g. Uranium) /‘ X-r ays
spontancous
. R NS R —“ty >’>
\ . Eoey kicked-out ... electrons
pr electron " -\
@ beta pantick (electron) 1 |
@ neuron I
RN

kilovolts or more

- Indirectlyinteracting
A Exponentially attenuate beam. Some penetrate deeply
A Attenuation length microns (low energyrys) to centimeters of leadfays)

A A photon interacting with an atom produces a secondary electron, which
produces the ionization we measure
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= Stopping of Xrays and gammaays

- Photoelectric absorptions
A All of the energy of the photon is transferred to an electron

X 4-5
P rZ
photoelectric ET
N photon

Ejected Photoclectron @

- Compron scauering
A Only transfers a portion of the energy to the photon

v
| A
—

P E N — Eincident
- - photon o ~
0 akE .
\i-;\q\ ~ 1+ Emcu(j;nt @ -COS?)
\ C n’]e -

- Pair production
A Gammaray produces an electrepositron pair
A Only possible above 10X2V(2x electron rest mass)

o
B
@
incident photon (%)
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= Neutrons

- Production
A Only produced in nuclear processes g’“‘“"

U-235 /

= 2oo&v

oN

T

Rb-92

- Indirectlyinteracting
A Exponentially attenuate. Stopped by meters of material with hydrogen

A A neutron interaction is a nuclear reaction. |t produces a secondary alpha anc
gammaray, which produces the ionization we measure

At changes the original atom (transmutation) so can produces radioactive atomnr

‘ Lithium7
Neutron
‘_,' TS Gamma rays
Hefium 4

Boron 10 Boron 11 (Alphs
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» Bubble chamber

Proton with « delta ray »
(electrons)

Electron produces a photon,
which produces higher energy
electron-positron pair
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