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Various Effects 
of 

Radioactivity

Photoelectric effect
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The photoelectric effect is a phenomenon in

which electrons are emitted from matter after the

absorption of energy from electromagnetic

radiation such as x-rays or visible light.

The emitted electrons can be referred to as

photoelectrons in this context

Photoelectric effect

Electromagnetic spectrum
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Photoelectric effect takes place with

photons with energies of about a few eV.

If the photon has sufficiently high energy,

Compton scattering(~keV) or Pair

production(~MeV) may take place.

Photoelectric effect

Introduction

When a metallic surface is exposed to electromagnetic radiation above

a certain threshold frequency (typically visible light), the light is

absorbed and electrons are emitted.

The electron energy would be proportional to the intensity of the

radiation.

Light as composed of discrete quanta, now called photons.

The energy in each quantum of light was equal to the frequency

multiplied by a constant, later called Planck's constant.

Photoelectric effect
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Explanation

In the Photoelectric absorption process, a photon undergoes an

interaction with an absorber atom in which the original photon completely

disappears.

In its place, an energetic electron is ejected from one of the bound shells

of the atom.

The electron so emitted is called photoelectron.

The photoelectron appears with an energy given by Ee=hν-Eb

(Eb represents the binding energy of the photoelctron in the original shell)

Photoelectric effect

Explanation cont….

When photoelectron is emitted from the absorber atom a

vacancy is created.

This vacancy is quickly filled by the electron rearrangement &

the binding energy is liberated in form of X-ray or Auger

electron.

The Auger electron has extremely short range because of

their low energy.

Photoelectric effect
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Explanation cont….

The characteristic X ray may also travel some distance before

being reabsorbed through photoelectric absorption with less

tightly bound electron shells of absorber atom.

 Thus the effect of photoelectric effect is a liberation of

photoelectron which carries most of the gamma ray energy,

together with one or more low energy electrons corresponding

to absorption of the original binding energy of the

photoelectron.

Photoelectric effect

Explanation cont….

If nothing escapes from the detector then the sum of kinetic

energies of the electron that are created must be equal to the

original energy of the incident gamma ray photon.

 The total kinetic energy equals the incident gamma ray energy and

will remain same if mono energetic gamma ray are involved.

 Under these conditions the differential distribution of electron

kinetic energy for a series of photoelectric absorption events would

be a simple delta function.

Photoelectric effect
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Explanation cont….

The photons of a light beam have a characteristic energy determined by

the frequency of the light.

In the photoemission process, if an electron within some material absorbs

the energy of one photon and thus has more energy than the work function

(the electron binding energy) of the material, it is ejected.

If the photon energy is too low, the electron is unable to escape the

material.

Photoelectric effect
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Photoelectric effect

Explanation cont….

Increasing the intensity of the light beam increases the number

of photons in the light beam, and thus increases the number of

electrons emitted, but does not increase the energy that each

electron possesses.

Thus the energy of the emitted electrons does not depend on

the intensity of the incoming light, but only on the energy of the

individual photons.

Electrons can absorb energy from photons when irradiated

Photoelectric effect
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COMPTON EFFECT

COMPTON EFFECT
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Compton effect is an energy dependant two particle interaction.

 In Compton scattering the incoming gamma ray photon is

deflected through an angle θ with respect to its original direction.

 The photon transfers a portion of its energy to the electron

(assume to be initially at rest), which is then known as a recoil

electron or a Compton electron.

 All angles of scattering are possible.

COMPTON EFFECT

 The energy transfer to the electron can vary from zero to a large fraction of the

gamma ray energy.

 The compton process is most important for energy absorption for soft tissues in

the range from 100 keV and 10 MeV.

 The compton scattering probability is :

Almost independent of the atomic number Z.

Decreases as the photon energy increases.

Directly proportional to the number of electrons per gram which only

varies by 20% from the lightest to the heaviest elements (except for

hydrogen).

COMPTON EFFECT
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Energy equation :

Let hν be the energy of incident gamma ray

photon, m0 be the rest mass of the electron, hν’

be the energy of scattered gamma ray photon.

The energy of the scattered gamma ray photon

in terms of the incident photon & scattering

angle θ is

COMPTON EFFECT

 


cos11
'

2
0




cm
h

h
h

PAIR PRODUCTION EFFECT
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PAIR PRODUCTION EFFECT

 If the gamma ray energy exceeds twice the rest mass energy
of an electron (1.02 MeV), the process of pair production is
energetically possible.

 As a practical matter, the probability of this interaction
remains very low until the gamma ray energy approaches
several MeV and therefore pair production is predominantly
confined to the high energy gamma rays.

 In the interaction, the gamma ray photons disappears and is
replaced by an electron – positron pair.

 All the excess energy carried by the photon above the
1.02MeV required to create the pair goes into kinetic energy
shared by the positron and the electron.

PAIR PRODUCTION EFFECT

 Because the positron will subsequently annihilate after
slowing down in the absorbing medium, two annihilations
photons are normally produced as secondary products of
the interaction.

 Any additional energy that the gamma ray photon
possesses is dissipated in the form of kinetic energy
shared by the electron-positron.

 For a typical incident gamma ray photon the electron
positron pair travels a few mm before losing all their
kinetic energy to the absorbing medium.
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PAIR PRODUCTION EFFECT

 Energy distribution plot of the electron-positron pair created by
single incident gamma ray photon is as shown below.

dN/dE

E

2m0c2

hv

PAIR PRODUCTION EFFECT

 We see that kinetic energy of the electron-positron pair is a
simple delta function which is located 2m0c2 the energy of
incident gamma ray photon.

 Pair production process is a complicated process because of
the fact that the positron is not a stable particle.

 Once the kinetic energy of the positron becomes slow it will
annihilate or will combine with an electron in the absorber
medium.

 When this occurs the electron-positron disappear and will be
replaced by two annihilation photons of energy m0c2 each.
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 Auger Electron are generally liberated because of the electron rearrangement

 Processes like photoelectric absorption, electron capture etc. leaves a vacancy in

normally complete electron shell.

 This vacancy is quickly filled up by electron rearrangement and the binding energy is

liberated in the form of x-rays or alternatively this energy may be transferred to outer

electron.

 This outer electron may receive the energy, free itself and is ejected from the atom.

This electron is called Auger Electron and the process is referred to as Auger Effect.

The auger electron appears with the energy equal to the difference between the original

atomic excitation energy and the binding energy of the shell from which the electron was

liberated.

AUGER ELECTRON

Auger effect
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Stopping power

• The linear stopping power S for charged particles in a given in a given 
absorber is simply defined as the differential energy loss for that 
particle within the material divided by the corresponding differential 
path length:

dE
S

dx
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