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R. Redus, Chief Scientist of Amptek, gave a presentation on 
ά9ƭŜŎǘǊƻƴƛŎǎ ŦƻǊ wŀŘƛŀǘƛƻƴ 5ŜǘŜŎǘƛƻƴέ ŀǘ ǘƘŜ ά{ƘƻǊǘ /ƻǳǊǎŜ ƻƴ 
wŀŘƛŀǘƛƻƴ 5ŜǘŜŎǘƛƻƴ ŀƴŘ aŜŀǎǳǊŜƳŜƴǘέΣ ǿƘƛŎƘ ǿŀǎ ǇŀǊǘ ƻŦ 
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 measurement and as a 
ǳǎŜŦǳƭ ƎǳƛŘŜ ǘƻ Ƴŀƴȅ ƻŦ !ƳǇǘŜƪΩǎ ŎǳǎǘƻƳŜǊǎΦ
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Outline

1. Ionizing Radiation
1. What is ionizing radiation?

2. What do we measure?

3. Why do we measure?

2. Types of ionizing particles
1. Fast electrons

2. Heavy ions

3. Gamma-rays and X-rays

4. Neutrons

3. Characteristics of Radiation Measurements

4. Radiation Detectors
1. Gas-filled

2. Semiconductors
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1.  Ionizing Radiation
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Introduction

What is radiation?
- Transmission of energy in the form of waves or particles
ÅRadio waves, light, magnetic forces, sound

ÅAnything 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
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Introduction

Ionization is key
- Ionization is the key to its risks
ÅIonization causes chemical reactions

ÅReactions in cells interfere with metabolism

ÅReactions in DNA interfere with genetics

- Ionization is the key to its use
ÅMedical, materials analysis, research

- Ionization is the key to its detection
ÅHumans cannot directly detect ionization 

ÅRadiation detection equipment measures ionization, directly or indirectly

ÅLƻƴƛȊŀǘƛƻƴ Ҧ 9ƭŜŎǘǊƛŎ ŎƘŀǊƎŜ ƛǎ ǇǊƻŘǳŎŜŘΦ  ²Ŝ ŘŜǘŜŎǘ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜ
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Introduction

Why do we measure radiation?
- Safety
ÅIs radiation above a threshold?

ÅDose, dose rate in medicine, reactors, etc

- Medicine
ÅImaging: X-rays, SPECT, PET, CT

ÅRadiation therapy for cancer

- Industry
ÅAttenuation is used to measure thickness

ÅX-ray spectra used in material analysis: XRF, XRD, 

ÅSterilization

- Research
ÅUnderstand materials (batteries, biochemical)

ÅUnderstand nuclei, high energy particles
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Introduction

What properties of radiation do we measure?
- Presence of radiation
ÅIs there any present (above a threshold)?

- Amount of radiation 
ÅFlux ςNumber per cm2 per sec FluenceςNumber per cm2

ÅDose ςEnergy deposited per gram

ÅRadiation damage ςDose x damage factor

- Type of radiation
ÅAlpha particle, beta particle, X-ǊŀȅΣ ƴŜǳǘǊƻƴΣ ƳǳƻƴΣ Χ

- 9ƴŜǊƎȅΣ ǘƛƳŜ ƻŦ ƛƴǘŜǊŀŎǘƛƻƴΣ ǇƻǎƛǘƛƻƴΣ Χ
ÅMany other quantities could be of interest

ÅhŦǘŜƴ ƳŜŀǎǳǊŜ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ όƻǊ ǎǇŜŎǘǊǳƳύ ƻŦ ŜƴŜǊƎȅΣ ǘƛƳŜΣ ǇƻǎƛǘƛƻƴΣ ΧΦ
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Introduction

Units
- Energy: eV
Å1 eV is energy gained when one electron crosses potential of 1 volt

Å1 eV = 1.6x10-19 joules  

±ŜǊȅ ǎƳŀƭƭΗ  5ǊƻǇ ǇŀǇŜǊŎƭƛǇ ōȅ мέΥ оȄмл-4 joules

ÅeV ~ energy of chemical reactions

ÅkeV~ energy of ionization

ÅMeV ~ energy of nuclear transitions

ÅGeV ~ rest energy of protons and neutrons

- Flux: particles/cm2-sec
ÅNote that we are counting individual quanta
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Introduction

Radiation safety 
- Dose: Rad 
ÅDose is energy deposited per unit volume

Å1 Rad = 100 erg/gram = 0.01 joule/kilogram

- Health effects
Åάw9aέ ƛǎ Radsx damage factor

Å1 Gray = 100 Rads 1 Sievert ς100 REM

- What matters?
Å0.05 milliremςdose from typical dental X-ray

Å1.0 milliremςaverage daily dose from natural background

Å600 milliremςaverage dose from CT or fluoroscopy

Å80 rem   ςgiven slowly ςincreases chance of cancer by 1%
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Introduction

Radiation is a natural part of our environment
ÅUranium, thorium in rocks, 40K in rocks

ÅFood contains 40K and 14C

ÅCosmic rays

Radiation is not exotic or foreign, it's just that we 
cannot directly sense it.  We need detectors.
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2.  Types of Ionizing Radiation 
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Types of radiation

Directly Ionizing Particles
ÅElectrically charged

ÅAs charged particle passes atoms, rips electrons away, leaving ionized atoms

ÅContinuously lose energy (slow down) like bullet fired into styrofoam

ÅDefinite range (no particles go past some fixed depth)
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Types of radiation

Indirectly Ionizing Particles
ÅElectrically neutral

ÅPass through matter w/o interacting, then collide, producing charged secondary

ÅContinuous loss of number of particles (intensity) but no change of energy

ÅAttenuated with depth but no definite range
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Types of radiation

Fast electrons
- Electrons with energy enough to ionize, e.g. > few keV

- Production
ÅProcesses inside a nucleus: beta decay produce beta particles (electrons)

ÅAccelerating voltage of kilovolts (or more)

- Directly interacting
ÅLose energy continuously.  

ÅRange is ~ mm/MeV in solids

ÅBeta particles stopped by 1-2 mm Al, plastic

ÅElectrons have low mass, so scatter a lot
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Types of radiation

Heavy ions
- Production
ÅProcesses inside a nucleus: alpha decay 

ÅHigh energy accelerators produce protons, pions, etc

- Directly interacting
ÅLose energy continuously but massive

Like cannonballs in lettuce

Lots of damage along a short track

ÅRange is ~ microns/MeV.  

ÅAlpha particles ~10 microns, one sheet of paper

ÅLittle scattering, high ionization density
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Types of radiation

Stopping of charged particles
- Ionization loss:  Bethe-Bloch formula

ÅdE/dx is energy lost per length, the "stopping power"

ÅIncreases with density of the absorber

ÅIncreases as qion
2

- Radiative loss

ÅImportant for electrons

- Cerenkov radiation
ÅOccurs when particle exceeds speed of light in the medium  

ÅLight a sonic boom but electromagnetic

ÅGives the classic "blue glow"
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Types of radiation

Electromagnetic (Gamma-rays and X-rays)
- Production
ÅGamma-rays are produced inside a nucleus

ÅX-rays are produced outside a nucleus: electron transitions or voltage (kV and up)

- Indirectlyinteracting
ÅExponentially attenuate beam.  Some penetrate deeply

ÅAttenuation length microns (low energy X-rays) to centimeters of lead (g-rays)

ÅA photon interacting with an atom produces a secondary electron, which  
produces the ionization we measure
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Types of radiation

Stopping of X-rays and gamma-rays
- Photoelectric absorptions
ÅAll of the energy of the photon is transferred to an electron

- Compton scattering
ÅOnly transfers a portion of the energy to the photon

- Pair production
ÅGamma-ray produces an electron-positron pair

ÅOnly possible above 1022 keV(2x electron rest mass)
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Types of radiation

Neutrons
- Production
ÅOnly produced in nuclear processes

- Indirectlyinteracting
ÅExponentially attenuate.  Stopped by meters of material with hydrogen

ÅA neutron interaction is a nuclear reaction.  It produces a secondary alpha and/or 
gamma-ray, which produces the ionization we measure

ÅIt changes the original atom (transmutation) so can produces radioactive atoms
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Types of radiation

Bubble chamber
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g-ray produces electron-positron pair 

Electron ejected

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


