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Nuclear energy research at ISIS

• Engineering-focused characterisation technique

o Engineering diffraction & Imaging

o Probe materials and components non-destructively at different 
length scale

o High penetration on many nuclear energy materials (structural 
steels to tungsten to nuclear fuels)

• Sensitivity to light element such as hydrogen 

• Irradiation

• A very narrow overview, more things going on…



Neutron techniques and instruments

ENGIN-X: Engineering diffraction IMAT: Neutron imaging



Neutron techniques and instruments

ENGIN-X: Engineering diffraction
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Neutron techniques and instruments
Tomography

Radiography

Bragg edge

IMAT: Neutron imaging



Neutron techniques and instruments

NILE: Irradiation

Two compact neutron sources 
are operated as an instrument 
of ISIS.

Neutron production is based on 
Deuterium-Tritium and 
Deuterium-Deuterium fusion 
reaction.

Monoenergetic neutron fields 
are relevant for fusion 
technology.

14 MeV D-T Source

Nominal Yield 1010 n/sec

2.5 MeV D-D Source

Nominal Yield 109 n/sec
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Damage tolerance of polygranular graphite

Elastic lattice strain – total 
strain relationship of 
nuclear-grade graphite at 
high temperature

Neutron diffraction revealed 
higher tensile lattice strain 
sustained at high 
temperature

10.1016/j.carbon.2020.03.020

https://doi.org/10.1016/j.carbon.2020.03.020


Laser peening to enhance fatigue life of steam turbine

Laser peening applied to 
surface, introduce 
compressive strain to 
mitigate fatigue crack 
initiation and growth

Bragg edge imaging provide 
map of residual strain in 
complex geometry

Strain (µɛ)

Up to 100 µɛ strain resolution
Up to 100 µm resolution
Up to 28×28 mm FoV



Structural integrity of divertor monoblock assembly

https://doi.org/10.1016/j.fusengdes.2008.05.022

Neutron tomography 
penetrated through 
tungsten and revealed 
defects on the 
monoblock assembly
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Passive heat exchanger for spent fuel 
cooling system

Heat-pipe-based 
passive cooling 
system for nuclear 
fuel

Neutron radiography 
reveals working fluid 
dynamics inside 
copper tube

Up to 60 microns spatial 
resolution

Up to 200×200 mm FoV

Up to 1 fps time 
resolution (2D)

Heat 
source

Condenser



Applications: Role of NILE for nuclear fusion technology



Summary

• Neutron-based characterisation techniques offer unique capabilities for nuclear energy 
research

• Beyond characterisation: Irradiation, and many more
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