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NUCLEAR 
ASTROPHYSICS
All the elements we have on Earth were produced by nuclear processes in the stars, with 
different elements being formed in different stages of a star’s life. Nuclear astrophysics 
studies these processes and investigates the behaviour of the nuclei involved to get a 
better understanding of how the elements were made. Our researchers at Surrey look 
at nuclei taking part in all the various processes that occur in stellar reactions.

Carbon-Nitrogen-Oxygen Cycle
The CNO cycle happens in stars during the main part of 
their life and it converts hydrogen to helium. In this fusion 
process, carbon, nitrogen and oxygen are used as catalysts. 
This process is the dominant reaction in stars which have a 
greater mass than that of the sun.

Fusion
Nuclear fusion occurs in all stars, 
with main sequence stars converting 
hydrogen to helium via various pathways.

S-Process
The s-process is the slow neutron 
capture process and it occurs in most 
stars. In this process, a large nucleus 
captures free neutrons, increasing its 
mass. If this new isotope is stable it will 
remain. If it is unstable it will undergo 
beta decay. In the s-process, the rate of 
beta decay is greater than the rate of 
neutron capture.

Paddy Regan

Paddy studies radioactive atoms by using 
gamma radiation to look inside atomic 
nuclei and study their structures. Nuclei 
have a wide variety of different shapes and 
by looking at how these shapes change 
with proton and neutron number we can 
understand the fundamental forces that 
hold protons and neutrons together. Along 
with his research Paddy also teaches a 
number of undergraduate modules within 
the department. 

Image credits:  S Process: NASA/JPL-Caltech/Harvard-Smithsonian CfA R Process: NASA/JPL-Caltech/STScl/CXC/SAO CNO cycle: NASA/TRACE Fusion: NASA/SDO (AIA)
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R-Process
The r-process is the rapid neutron 
capture process and occurs when stars 
are undergoing a supernova explosion. 
Similar to the s-process, heavy nuclei 
capture more neutrons and some 
undergo beta decay. In the r-process, 
the rate of neutron capture is greater 
than the rate of beta decay.  This means 
many neutrons can be captured before 
beta decay occurs.
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