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Summary: We provide an overview of different imaging techniques using neutrons for applications in the field 
of materials science. Traditional imaging with neutrons as well as more advanced techniques such as Bragg edge 
imaging, grating interferometry, and bimodal imaging with neutrons and x-rays will be covered. We will also 
show a selection of applications to demonstrate the presented techniques.  

 
1. INTRODUCTION 
 
Neutron imaging was initially a pure transmission imaging technique. This approach users to probe samples 
in a similar way as with x-rays using radiography or computed tomography. The difference lies in the beam-
matter interaction and in particular, the attenuation coefficients have different element response. Applications 
are found in a wide range of research areas like geology, paleontology, liquid flow in porous media in natural 
and human-made materials and energy research. The requirements from these experiments have driven the 
development towards increasing spatial and temporal resolution of the acquisition systems. For some 
experiments, the information provided by a single radiation type (modality) is insufficient to make definite 
conclusions about the outcome of the experiment. For such cases, it can be helpful to add a second, 
preferably complementary, modality to increase the information and fill in the gaps that are ambiguous to the 
observer [1]. Neutrons are furthermore well known for their diffraction properties which are exploited in 
different reciprocal space instrumentation techniques. The consequence of diffraction phenomena can also be 
observed using imaging techniques when the neutron spectrum is scanned [2] or by inserting gratings in the 
beam (neutron grating interferometry) [3] [4]. These techniques allow us to probe features in the material far 
smaller than the resolution of the imaging detector but still work with a large field of view. 

 
2. EXPERIMENTAL METHOD 

 
The basic information used in any neutron imaging experiment is radiography representing the neutrons that 
passed through the sample and were captured by the detector. In some experiment, this two-dimensional 
information is already sufficient. For other experiments, it is required to perform a computed tomography to 
obtain three-dimensional data or even four-dimensional with time as the fourth dimension if a process is 
studied. Today, the development of neutron imaging for macroscopic samples goes towards increasing the 
resolution in space and time. This a hard challenge as the neutron flux is relatively limited at most neutron 
sources (106-108 neutrons/cm2/s) which leads to a balanced choice between acquired neutron dose and 
improvement in resolution. It is now possible to acquire CT data with resolutions in the order of 5 microns 
[5] or to acquire a series of CTs with volume rates up 5-6 volumes/minute. At these rates, it is possible to 
follow the distribution of fluids within porous samples like soil or rock [6] [7]. 
New methods utilize diffraction to probe sample features far smaller than being possibly resolved in the 
traditional configuration. In these techniques, pixels are considered to be small gauge volumes of the sample 
allows measuring changes in crystal configurations using wavelength resolved imaging and Bragg's law. 
Traditionally, neutron sources produce a continuous beam of neutrons, this is, however, inefficient for 
wavelength resolved experiments. Therefore, new neutron sources often provide a pulsed neutron beam 
which allows using the time of flight technique for wavelength selection. This source type is of high 
importance for materials science applications. Talbot-Laue interferometers is also a method used with 
neutrons. With this technique it possible to quantitatively probe structures in the micron to sub-micron scale 
[8]. 

3. RESULTS 
 

Neutron imaging provides great variety in acquisition techniques that can help experimentalists to investigate 
their samples. The complementary attenuation behavior to x-rays makes it an ideal alternative method and for 
some applications, it is also beneficial to combine the two modalities.   
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Figure 1: Neutron imaging provides different techniques to probe samples with features at different length 
scale. Traditional imaging with radiography is used for larger features, while small features are probed using 
techniques based on diffraction and scattering. 


