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Chapter 44 
Nuclear Structure  
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44.5  The Decay Processes  
• A radioactive nucleus spontaneously decays by one of 

three processes:  
•  alpha decay,  
•  beta decay,  
•  or gamma decay.  

3 



Alpha Decay  
•  A nucleus emitting an alpha particle (4

2He) loses two protons and two 
neutrons.  

•  Therefore, the atomic number Z decreases by 2, the mass number A 
decreases by 4, and the neutron number decreases by 2. The decay 
can be written  

 
•  where X is called the parent nucleus and Y the daughter nucleus.  
•  As a general rule in any decay expression such as this one,  

•  (1) the sum of the mass numbers A must be the same on both sides of the 
decay and  

•  (2) the sum of the atomic numbers Z must be the same on both sides of the 
decay.  

•  As examples, 238U and 226Ra are both alpha emitters and decay 
according to the schemes  
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Alpha Decay  
• When the nucleus of one element changes into the nucleus of 

another as happens in alpha decay, the process is called 
spontaneous decay.  

•  If we call MX the mass of the parent nucleus, MY the mass of the 
daughter nucleus, and Ma the mass of the alpha particle, we can 
define the disintegration energy Q of the system as  

•  The energy Q is in joules when the masses are in kilograms and 
c is the speed of light, 3.00 x 108 m/s. When the masses are 
expressed in atomic mass units u, however, Q can be calculated 
in MeV using the expression  
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•    
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Beta Decay  
•  When a radioactive nucleus undergoes beta 

decay, the daughter nucleus contains the same 
number of nucleons as the parent nucleus but 
the atomic number is changed by 1, which 
means that the number of protons changes. 

•  Because A does not change but Z does, we 
conclude that in beta decay, either a neutron 
changes to a proton, or a proton changes to a 
neutron.  

•  Let’s consider the energy of the system 
undergoing beta decay before and after the 
decay. As with alpha decay, energy of the 
isolated system must be conserved.  

•  Experimentally, it is found that beta particles 
from a single type of nucleus are emitted over a 
continuous range of energies, as opposed to 
alpha decay, in which the alpha particles are 
emitted with discrete energies.  
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• We can write the beta-decay processes 

• Examples: 

 
•  The neutrino,    , has the following properties:  

•  It has zero electric charge. 
•  Its mass is approximately zero. 
•  It has a spin of 1/2, which allows the law of conservation of angular 

momentum 
•  It interacts very weakly with matter and is therefore very difficult to detect.  

•  The symbol      represents the antineutrino, the antiparticle to 
the neutrino.  
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•  The number of protons has increased by one and the number of 
neutrons has decreased by one. We can write the fundamental 
process of e- decay in terms of a neutron changing into a proton 
as follows:  
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•   A process that competes with e- decay is electron capture, 
which occurs when a parent nucleus captures one of its own 
orbital electrons and emits a neutrino. The final product after 
decay is a nucleus whose charge is Z - 1:  

•  In most cases, it is a K-shell electron that is captured and the 
process is therefore referred to as K capture.  

• One example is the capture of an electron by 7Be:  
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•  Finally, we specify Q values for the beta-decay processes. 
•  The Q values for e- decay and electron capture are given by  

Q = (MX - MY)c2 

• where MX and MY are the masses of neutral atoms.  
•  The Q values for e+ decay are given by  

Q = (MX - MY - 2me)c2.  
•  The extra term -2mec2 in this expression is necessary because 

the atomic number of the parent decreases by one when the 
daughter is formed.  
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Gamma Decay  
•  A nucleus that undergoes radioactive decay is left in an excited energy 

state.  
•  The nucleus can then undergo a second decay to a lower-energy 

state, perhaps to the ground state, by emitting a high-energy photon:  

•  where X* indicates a nucleus in an excited state.  
•  Photons emitted in such a de-excitation process are called gamma 

rays.  
•  The energy of a photon emitted or absorbed by an atom equals the 

difference in energy between the two electronic states involved in the 
transition.  

•  Similarly, a gamma-ray photon has an energy hf that equals the energy 
difference ΔE between two nuclear energy levels.  

•  When a nucleus decays by emitting a gamma ray, the only change in 
the nucleus is that it ends up in a lower-energy state. There are no 
changes in Z, N, or A.  
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Gamma Decay  
• More common is for a nucleus to be in an excited state after it 

has undergone alpha or beta decay. The following sequence of 
events represents a typical situation in which gamma decay 
occurs:  

13 


