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Basic Modes of Radioactive Decay 

1. What is radiation? 

Radiation is a form of energy that is released as electromagnetic waves or particles, moves 

through space, and may be able to penetrate or interact with different materials. 

Radiation-caused changes in materials depend on the origin, type of radiation, and the deposited 

energy. 

1.1 Classification of radiations 

Radiation is classified into ionizing and nonionizing radiation. Ionizing radiation is divided into 

direct ionizing and indirect ionizing (as shown in Figure 1 ). 

 

Figure 1. Scheme represent the classification of radiations. 

 

https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F1
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1.1.1 Ionizing radiation 

Ionization radiation refers to the capability of ionizing material either directly or indirectly 

because of their higher energy such as X-rays, γ-rays, energetic neutrons, electrons, protons, 

and heavier particles (as shown in Figure 2 ). 

 If the energy of electromagnetic waves is high, the frequency will be high with short 

wavelength such as those of gamma rays or heavy particles (beta and alpha). 

 Enough high energy to pull electron from orbit. 

 

Figure 2. The schematic representation of the different regions of the electromagnetic spectrum. 

1.1.2 Non-ionizing radiation 

     Non-ionizing radiation refers to the inability of ionizing materials because of their lower 

energy, Such as ultraviolet radiation, visible light, infrared photons, microwaves and radio 

waves (as shown in Figure 2 ). 

 If the energy of electromagnetic waves is low, the frequency will be low with long 

wavelength such as those of radio waves and microwaves. 

 Not enough energy to pull electron from orbit, but the electron can exit. 

1.2 Classification of ionizing radiation 

Ionizing radiation is classified into two types: 

1. Directly ionizing radiation 

o This consists of charged particles, such as electrons, protons, α particles, and 

heavy ions. 

https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F2
https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F2
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1. Energy can be deposited by directly ionizing radiation in the medium 

through direct coulomb interaction between the directly ionizing charged 

particles and orbital electrons of atoms. 

2. Indirectly ionizing radiation 

o This consists of neutral particles, photons (X-ray and γ-rays), and neutrons. 

1. Energy can be deposited by indirectly ionizing radiation (photons or 

neutrons) in the medium through two steps: 

1. First step: a charged molecule is transmitted in the medium (photons 

discharge electrons or positrons; neutrons discharge protons or 

heavier particles). 

2. The second step: the produced charged particles store vitality to the 

medium through direct Coulomb interaction with the orbital electrons 

of the atoms. 

1.2.1 Ionizing radiation takes a few forms 

Alpha, beta, neutron particles, gamma rays and X-rays are each caused by unstable atoms, 

either through the overabundance of vitality or mass (or both of them). 

To reach a steady state, they must discharge that additional vitality or mass within the frame of 

radiation. 

Alpha particles (α particle): positive charged particles (+2), which are released in the 

radioactive decay of some nuclei. An alpha is a particle which is emitted from the nucleus of an 

atom, which consists of (+2) protons and (2) neutrons with mass number (4) (Helium atom). It 

is strong ionizing with low penetration power and short range. 

Beta particles (β+ or β-): They are particles with electric charge ((+) or (−)) emitted from the 

nucleus during radioactive decay. They take the form of either an electron or a positron (a 

particle with the size and mass of an electron, but with a positive charge). 

 Electrons or positrons have small mass and variable energy. Electrons are formed when a 

neutron transforms into a proton and an electron. 

Gamma rays: are different from alpha or beta rays, because they do not contain any particles, 

as they are used in electromagnetic radiation. Instead, they consist of a photon of energy, which 

is released from an unstable nucleus of an atom. 

Isomeric transition: It occurs when the excited atomic nucleus changes from a higher to a 

lower state of the energy by emitting gamma ray. 
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Internal conversion electron: This process occurs when the gamma rays are not released 

sometimes, so they provide their exceed energy to the electron in the atomic orbit; this process 

usually happens to the nearest nucleus (as shown in Figure 3 ). 

 

Figure 3. Emission of an auger electron as an alternative to X-ray emission. No X-ray is 

emitted. 

X-rays: They are similar to gamma radiation; the only one primary difference is that they 

originate from the electron shell. This is generally caused by energy changes in an electron, 

such as moving from a higher energy level to a lower one. This causes the excess energy to be 

released. X-rays are called characteristic X-ray. It (X-ray) has longer wavelength and possess 

(usually) lower energy than gamma radiation, as well. The emission of high-energy waves came 

from the electron of an atom (as shown in Figure 4 ). 

 

https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F3
https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F4
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Figure 4. How the emission of the characteristics of X-ray occurs when the orbital 

electrons move from an outer shell so as to fill in the inner shell vacancy. 

A neutron particle is an uncharged element particle with a mass that is slightly greater than 

that of the proton, and it is found in the nucleus. It is usually released because of spontaneous or 

induced nuclear fission. 

 

Radioactive decay (Nuclear decay)  

Introduction      

       It is a process occurring when the unstable nucleus transforms into a more stable one by 

releasing particles or photons. In addition, it results in the conversion of mass into energy 

      The result is that the nucleus changes into the nucleus of one or more other elements. These 

daughter nuclei have a lower mass and are more stable (lower in energy) than the parent 

nucleus. Nuclear decay is also called radioactive decay, and it occurs in a series of sequential 

reactions until a stable nucleus is reached. 

Nuclear reactions release much more energy—orders of magnitude more—than exothermic 

chemical reactions. 

Nuclear radiation has applications in energy production, weapons development, cancer 

treatment, and imaging science. The first two applications are often politically fraught. 

The neutron-to-proton ratio :   or   or 
n N

n p
p Z

 
 
 

: 

determines whether or not an atom is stable. Elements with a ratio close to or equal to one are 

considered stable. Regardless of the neutron-proton ratio, all elements with an atomic number 

greater than 83 are unstable and therefore radioactive. 

https://brilliant.org/wiki/spontaneous-chemical-reactions/
https://brilliant.org/wiki/spontaneous-chemical-reactions/
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Figure 2. For proton numbers (Z) up to 20, N = Z could be a straight line. For all nuclei with 

Z > 20, stable nuclei have less protons than neutrons; the line bends upwards. Unsteady nuclei 

over the soundness bend are called neutron-rich 

    The black line in the picture above shows the stability band, where the ratio is equal to 1:1. 

As the Z number increases, the graph curves upward. As A increases, a larger number of 

neutrons are required to overcome the strong electrostatic repulsion between the protons. These 

atoms do not have a stable 
n

p
 ratio. To overcome this instability, the nucleus of the atom emits 

energy. The emissions are called radioactivity  

Q-value 

      In nuclear and particle physics the energetics of nuclear reactions is determined by the Q-

value of that reaction. The Q-value of the reaction is defined as the difference between the 

sum of the rest masses of the initial reactants and the sum of the masses of the final 

products, in energy units (usually in MeV). 

https://www.nuclear-power.net/nuclear-power/nuclear-reactions/q-value-energetics-nuclear-reactions/
https://www.nuclear-power.net/nuclear-power/nuclear-reactions/q-value-energetics-nuclear-reactions/
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Consider a typical reaction, in which the projectile a and the target A gives place to two 

products, B and b. This can also be expressed in the notation that we used so far, a + A → B + 

b, or even in a more compact notation, A(a,b)B. 

The Q-value of this reaction is given by: 

  2(a A b BQ M M M M c     

Types of Nuclear Decay 

In natural radioactive decay, three common emissions occur.  

 

 

 

1. Alpha decay  

    Produces a helium-4 nucleus, which is also known as an alpha particle. The 

daughter nucleus therefore contains two fewer protons and two fewer neutrons than 

the parent. This type of emission is commonly observed in nuclei where the atomic 

mass with A>150 or greater [ because of the binding energy of the alpha particle is so 

large (28.3 MeV)], so the nuclides are unstable against alpha decay. The main 

equation of alpha decay with example can follow as: 

( 4) 4( 2)A AZ Z He Q

     

241 237 4

95 93 2Am He Q    

Important Features of Alpha Decay: 



Dr. Akram M. Ali  Radioactive Decay  

8 
 

-  Generally, energy of decay Q  increases with increasing Z, but in any case, the energy 

of the emitted 

  -particle is less than the Coulomb barrier for the  -nucleus interaction. 

  2

parent daughterQ M M M c     

 For e-e nuclei, decay leads to ground state of daughter. For odd A nuclei, decay is not to 

the ground state but a low-lying excited state 

• Decay alpha particles are monoenergetic with kinetic energy 

daghuter

daghuter

M
T Q

M M
 



 
    

with typical range of alpha energy is      4 <   T < 8      

MeV. 

 For example: 

 

238 234 4

91 90        

47.307      40.612    2.4249 (mass excess in MeV)

     = 47.307 - 40.612 - 2.4249

     =4.27 MeV

The kinetic energy of alpha particle is:

parent daughter

daghuter

U Th He

Q M M M

M
T Q

M

 

 



 

  




234
4.720 4.198 MeV

4 234daghuterM

   
        

 

Solved Examples for You 

Find the Q value and kinetic energy of the emitted alpha particle in  
226

88Ra   and   
220

86Rn 

Where, 

m (
226

88Ra) = 226.02540u 
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m (
220

86Rn) = 220.01137u 

m (
222

86Rn) = 222.01750u 

m (
216

84Po) = 216.00189u 

Answer: 

(a) After emitting an alpha particle (helium nucleus), the mass number of 
226

88Ra reduces to 222 

(226 – 4) and the atomic number reduces to 86 (88 – 2). Therefore, we have 

226
88Ra → 

222
86Rn + 

4
2He 

 

Now, Q value of the emitted alpha particle is, 

Q = (mx – my – mHe) c
2
 

= {m (
226

88Ra) – m (
222

86Rn) – m (
4

2He)} c
2
 

Therefore, 

Q-value = [226.02540u – 222.01750u – 4.002603u] c
2
 = 0.005297uc

2
 

We know that, 1u = 931.5 MeV/c
2
. Hence, 

Q = 0.005297 x 931.5 ~ 4.94 MeV 

and, the Kinetic Energy of the alpha particle, 

          T= {(Mass number after decay) / (Mass number before decay)} x Q 

          T= (222/226) x 4.94 = 4.85 MeV. 

(b) After emitting an alpha particle, the mass number of 
220

86Rn reduces to 216 (220 – 4) and 

the atomic number reduces to 84 (86 – 2).Therefore, we have 

220
86Rn → 

216
84Po + 

4
2He 
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Now, Q value of the emitted alpha particle is, 

Q =  (mx – my – mHe) c
2
   = {m (

220
86Rn) – m (

216
84Po) – m (

4
2He)} c

2
 

We know that, 

m (
220

86Rn) = 220.01137u 

m (
216

84Po) = 216.00189u 

m (
4

2He) = 4.002603u 

Therefore, 

Q-value = [220.01137u – 216.00189u – 4.002603u] c
2
 = 0.006877uc

2
 

We know that, 1u = 931.5 MeV/c
2
. Hence, 

Q = 0.006877 x 931.5 ~ 6.41 MeV 

And, the Kinetic Energy of the alpha particle, 

    T= {(Mass number after decay) / (Mass number before decay)} x Q 

    T= (216/220) x 6.41 = 6.29 MeV. 
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2. Beta decay:   

      Another common decay process is beta particle emission, or beta decay. It is simply a high 

energy electron that is emitted from the nucleus. Occurs when a nucleus has either too many 

protons or neutrons. One of the neutron or proton transformed to the other. 

What causes beta decay? 

It cannot be the strong nuclear force because this has no effect on electrons and the beta particle 

is an electron. Neither, can it be the electromagnetic force. in order to explain it, we need to 

identify a new force called the weak force. the weak force is very short range and it is not at all 

strong. its effects are felt by all fundamental particles - quarks and leptons. 

The energy released in β
−
decay is shared between β

−
particle and neutrino (υ). This sharing of 

energy is more or less random from one decay to the next. As shown in Figure 3 , the plot 

displays the distribution of β
−
 particle energy. It is also noticed that beta particles are not 

monoenergetic for a particular radionuclide, but they are released at varying energy levels over 

a continuous range (spectrum). The average energy of beta emission can be estimated as one-

third of the maximum energy of emission: Eavg = 1/3Emax (as shown in Figure3 ). 

 

Figure 6. The distribution or spectrum for β− particle. 

A.  neutron within a nucleus transforms into a proton, an electron and an electron 

antineutrino:  

+e +o

en p    

Beta decay occurs in the nuclei where there is an imbalance of neutrons to protons. 

Typically, if a light nucleus has too many neutrons to be stable, a neutron will spontaneously 

change into a proton, and an electron and an uncharged massless particle called an 

antineutrino u are ejected to restore the nucleus to a more stable state.  

https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F6
https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F6


Dr. Akram M. Ali  Radioactive Decay  

12 
 

( 1)A AZ Z Q            (for beta minus- electron) 

Example :                
131 131

53 54I Xe       

                                    
 

 

B. A proton transmutates into a neutron, a positron and a neutrino. Positron emission can 

be thought of as the opposite of beta decay. A proton is split to make a neutron and a 

positron. (A positron has the same mass as an electron, but the opposite charge.) The 

positron is then ejected from the nucleus.  

+e +o

ep n    

( 1)A AZ Z Q       (for beta positive- Positron) 

 

is commonly observed in nuclei that have a large number of neutrons. A neutron is split into 

a proton and a high-energy electron (called the beta particle), the latter of which is ejected 

from the nucleus. The other released particle  is a mysterious particle called an 

antineutrino, which has no charge and barely any mass.  

What are Neutrinos? Particle was named a neutrino that discovered because momentum and 

charge didn't seem to be conserved in nuclear reactions  

• neutrinos have some mass, maybe about one ten-millionth the mass of an electron 

javascript:void(0)
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 • . Wolfgang Pauli suggested the existence of a neutrino and in 1956 the existence of neutrinos 

was finally verified experimentally. Pauli suggested the energy was being split randomly 

between two particles - the electron and an unknown light particle that was escaping detection. 

Enrico Fermi suggested the name "neutrino". 

 • Two types of this particle: neutrino and antineutrino. 

 • Both types are identical except for opposite spins. 

 

- There are 3 known types of neutrinos; Electron neutrinos, muon neutrinos, and tau 

neutrinos. 

- And like all fundamental particles, each neutrino type has an "antiparticle" associated 

with it.  

- Antiparticles have the same mass as their associated particle but are of opposite charge 

(which for an antineutrino is zero since the negative of zero charge is still zero).  

- The particular neutrino associated with the beta decay shown above is an electron 

antineutrino.  

 

C. Electron capture occurs when an electron in the inner shell combines with a proton to 

form a neutron. Once there is an opening in the inner shell, a second electron will move 

down to a lower energy state, leading to emission of an X-ray. 

( 1)A AZ e Z Q             (for electron capture) 

                           
Electron capture is not like any other decay (alpha or beta). All other decays shoot 

something out of the nucleus. In electron capture, something ENTERS the nucleus.  

• An electron from the closest energy level falls into the nucleus, which causes a proton 

to become a neutron.  

• A neutrino is emitted from the nucleus.  

• Another electron falls into the empty energy level and so on causing a cascade of 

electrons falling. The atomic number goes DOWN by one and mass number remains 

unchanged 

H.w: 1. Try to solve the beta minus decay: 
6 19 8 137

2 8 3 55, ,   and He O Li Cs  
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         2. Try to solve these beta positive decay: 
27 15 60 155

14 8 29 66, ,  and Si O Cu Dy  

Nuclear Accounting 

When writing nuclear equations, there are some general rules that will help you: 

 The sum of the mass numbers (top numbers) on the reactant side equal the sum of the 

mass numbers on the product side. 

 The atomic numbers (bottom numbers) on the two sides of the reaction will also be 

equal. 

In the alpha decay of U238 both atomic and mass numbers are conserved: 

(
238 234 4

92 90 2U Th He  )   ……….. (1) 

 mass number: 238=4+234 

 atomic number: 92=2+90 

Confirm that this equation is correctly balanced by adding up the reactants' and products' 

atomic and mass numbers. Also, note that because this was an alpha reaction, one of the 

products is the alpha particle, 
4

2 He . 

Note that both the mass numbers and the atomic numbers add up properly for the beta decay of 

Thorium-234 
234 234 0

90 91 1 ( )Th Pa e  

    ……………….(2) 

 mass number: 234=0+234 

         atomic number: 90=−1+91 

The mass numbers of the original nucleus and the new nucleus are the same because a neutron 

has been lost, but a proton has been gained and so the sum of protons plus neutrons remains the 

same. The atomic number in the process has been increased by one since the new nucleus has 

one more proton than the original nucleus. In this beta decay, a thorium-234 nucleus has one 

more proton than the original nucleus. In this beta decay, a thorium-234 nucleus has become a 

protactinium-234 nucleus. Protactinium-234 is also a beta emitter and produces uranium-234. 

234 234 0

91 92 1 ( )Pa U e  

     ……………(3) 
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Once again, the atomic number increases by one and the mass number remains the same; 

confirm that the equation is correctly balanced. 

What about Balancing Charge?  

Both alpha and beta particles are charged, but nuclear reactions in Equations .1 and 3. and most 

of the other nuclear reaction above are not balanced with respect to charge.  

So it is fine to ignore charge in balancing nuclear reactions and concentration on balancing 

mass and atomic numbers only. 

Example 1  

Complete the following nuclear reaction by filling in the missing particle. 

210 4

86 2.........Rn He   ……………(4) 

Solution 

This reaction is an alpha decay. We can solve this problem one of two ways: 

Solution 1: When an atom gives off an alpha particle, its atomic number drops by 2 and its mass 

number drops by 4 leaving
206

84 Po  )polonium), because this is the element with 84 protons on 

the periodic table 

Solution 2: Remember that the mass numbers on each side must total up to the same amount. 

The same is true of the atomic numbers. 

 Mass numbers: 210=4+? 

 Atomic numbers: 86=2+? 

We are left with 
206

84 Po  

Example  2 Write each of the following nuclear reactions: 

a) Carbon-14, used in carbon dating, decays by beta emission. 

b) Uranium-238 decays by alpha emission. 

Solution 

https://chem.libretexts.org/Courses/can/intro/17%3A_Radioactivity_and_Nuclear_Chemistry/17.03%3A_Types_of_Radioactivity%3A_Alpha%2C_Beta%2C_and_Gamma_Decay#mjx-eqn-alpha1
https://chem.libretexts.org/Courses/can/intro/17%3A_Radioactivity_and_Nuclear_Chemistry/17.03%3A_Types_of_Radioactivity%3A_Alpha%2C_Beta%2C_and_Gamma_Decay#mjx-eqn-beta2
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a) Beta particles have the symbol  
. Emitting a beta particle causes the atomic number to 

increase by 1 and the mass number to not change. We get atomic numbers and symbols for 

elements using our periodic table. We are left with the following reaction: 

14 14 0

6 7 1C N e   

b) Alpha particles have the symbol He24 

. Emitting an alpha particle causes the atomic number to decrease by 2 and the mass number to 

decrease by 4. We are left with: 

238 234 4

92 90 2U Th He   

 

3. Gamma Decay: 

     Type of radioactivity in which some unstable atomic nuclei scatter excess energy by a 

spontaneous electromagnetic process (emits a high energy photon, that is, extremely 

short-wavelength electromagnetic radiation). 

      In gamma decay, a nucleus changes from a higher energy state to a lower energy state 

through the emission of electromagnetic radiation (photons). The number of protons (and 

neutrons) in the nucleus does not change in this process, so the parent and daughter 

atoms are the same chemical element. In the gamma decay of a nucleus, the emitted 

photon and recoiling nucleus each have a well-defined energy after the decay. The 

characteristic energy is divided between only two particles. 

 

     A gamma ray is a form of electromagnetic radiation, which is the radiant energy 

released by certain electromagnetic processes, and is expressed in waves. Gamma rays 

are a product of gamma decay: how the nucleus gets rid of excess energy. In gamma 

decay the nucleus emits a high-energy photon (electromagnetic radiation), gamma rays, 

but the number of protons and neutrons stays the same.  

 

javascript:windowOpener('../../glossary/photon.html',%20'glossary');
javascript:windowOpener('../../glossary/parent.html',%20'glossary');
javascript:windowOpener('../../glossary/daughter.html',%20'glossary');
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How Emission Occurs 

       A high energy nucleus does not have to release all of its energy in a single photon. The 

nucleus will emit several gamma rays over some period of time until it reaches its ground state.  

Conservation of energy and angular momentum play a role in which emission takes place. 

 The large difference in angular momentum must be accounted in the emitted photon by 

conservation of momentum. It is unlikely for a photon to have such a large angular momentum, 

so the excited nucleus will remain in this meta-stable state for a much longer time than the 

average gamma decay, which is about 10
-12

 seconds.  

      The emitted gamma ray must also obey conservation of energy. Specifically, the emitted 

photon must always have energy E   where 

2 2

i f nucleusE M c M c k     

iM  and fM  are the initial the final rest mass of the nucleus respectively, nucleusk  is 

the kinetic energy of the recoil of the nucleus (which results from conservation of linear 

momentum), and c is the speed of light. 

 Additionally, energy and angular momentum at this scale are quantized, i.e. they are 

integer multiples of some fundamental values. Thus, we can see why it is unlikely for a 

photon to be emitted in such an event - it is difficult to satisfy both conservation of 

energy and angular momentum simultaneously.  

After Emission, the nucleus is in its ground state, it will either be stable or undergo 

radioactive decay, depending on its mass and parent nucleus.  

4. Spontaneous fission  

occurs when a nucleus breaks completely, creating two separate pieces with different 

atomic numbers and atomic masses. An element must be very massive and have a 

high neutron-to-proton ratio in order to undergo spontaneous fission. Fission emits a 

large amount of energy. 
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3. Attenuation 

Attenuation is the reduction in the intensity of gamma ray or X-ray beam, as it traverses matter 

either by the absorption of photons or by deflection (scattering) of photons from the beam. 

Attenuation results from the interaction between penetrating radiation and matter, as it is not a 

simple process. These interactions include the photoelectric effect, scattering, and pair 

production [8]. 

3.1 HVL 

Half-value layer (HVL): It is defined as the thickness of material required to reduce intensity 

of gamma ray or X-ray beam to one-half of its initial value (as shown in Figure 4 ). 

 

Figure 4. Monoenergetic photons under narrow-beam geometry conditions. The probability of 

attenuation remains the same for each additional HVL thickness placed in the beam. 

3.2 Mean free path 

The range of a single photon in matter that cannot be predicted. The distance traveled some 

time recently interaction can be calculated from direct attenuation coefficient or the HVL of the 

beam. 

Mean free path (MFP) of photon beam is: 

https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#B8
https://www.intechopen.com/books/use-of-gamma-radiation-techniques-in-peaceful-applications/basic-modes-of-radioactive-decay#F11
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1 1
1.44

0.693
MFP HVL

HVL


   E8 

3.3 Linear attenuation coefficient 

The linear attenuation coefficient (μ) can be characterized as the division of a beam of X-rays 

or gamma rays that’s retained or scattered per unit thickness of the absorber. 

This esteem accounts for the volume of number of atoms in a cubic cm of material and the 

probability of a photon of being scattered or absorbed from the nucleus or an electron of one of 

these atoms. 

Linear attenuation coefficient is the sum of individual linear attenuation coefficients for each 

type of interaction: 

coherent photo Compton pair         

In diagnostic energy range, m decreases with increasing energy except at absorption edges (e.g., 

K-edge). 

3.3.1 Linear attenuation coefficient 

 The process of fraction of photons removed from a monoenergetic beam of X-ray or 

gamma ray per unit thickness of material is called linear attenuation coefficient (μ), and it 

is typically expressed in cm
−1

. 

 The number of photons removed from the beam traversing a very small thickness μx: 

n N x   

where n = the number removed from beam; N = the number of photons incident on the 

material; X = the thickness of material. 

 For a given thickness of material, the probability of interaction depends on the number of 

atoms which the X-rays or gamma rays encounter per unit distance. 

 The density (μ) of material affects this number. 

 -Linear attenuation coefficient is proportional to the density of the material: 

 vapourwater ice water    
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3.3.2 Mass attenuation coefficient 

 For a given thickness, the probability of interaction relies on the number of atoms per 

volume. 

 Dependency can be overcome by normalizing linear attenuation coefficient for thickness 

of material:   ( )
   ( )

  ( )

linear attenuation coefficient
mass attenuation coefficient

density of material


 


 

1. Mass attenuation coefficient ordinarily can be seen in cm
2
/g units. 

2. Mass attenuation coefficient is autonomous of density. 

1. In radiology, we usually differentiate between regions of an image that correspond to 

irradiation of adjacent volumes of tissue. 

2. In density, the mass contained within a given volume plays an important role. 

(- )

N=N e
x

o

 


 

The photon interactions are dependent on the atomic properties of a material rather than its 

density; the attenuation coefficients for isolated processes are often given as mass attenuation 

coefficients (divided by ρ). 

3.3.2.1 Attenuation from coherent scattering 

Coherent scattering is vital for low kilo voltage photons as it increases with atomic number. 

3.3.2.2 Attenuation from photoelectric effect 

The mass photoelectric attenuation coefficient is commensurate to the cube of the atomic 

number (Z
3
) and inversely proportional to the cube of the beam energy (E

3
). 

3.3.2.3 Attenuation from incoherent scattering 

The mass incoherent scattering attenuation coefficient is comparative to most values of Z, but it 

diminishes gradually with the expanding of beam energy. It is most dependent on the electron 

density. 

3.3.2.4 Attenuation from pair production 

Pair production happens only with higher beam energies (over 1.02 MeV). The mass 

attenuation coefficient for pair production is linearly related to the atomic number. 
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Increasing beam energy also raises the attenuation from pair production in a logarithmic style. 

The attenuation of gamma radiation can be achieved using a wide range of materials. 

Understanding the basic principles involved in the physical interactions of gamma radiation 

with matter that lead to gamma attenuation can help in the choice of shielding for a given 

application. Utilizing this understanding and considering the physical, chemical, and fiscal 

constraints of a project will lead to better application of resources to develop the most 

appropriate type of shielding. 

 


