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Conceptual diagram of the
small-angle scattering experiment

The conceptual experiment and theory is the same for X-rays and neutrons, the 
differences are the physics of the X-ray (electro-magnetic radiation) versus neutron 
(neutral particle) interactions with matter.  Measurement is of the coherent (in phase) 
scattering from the sample.  Incoherent scattering gives and constant background.



Fundamentals

� Neutrons have zero charge and negligible electric 
dipole and therefore interact with matter via nuclear 
forces

� Nuclear forces are very short range (a few fermis, 
where 1 fermi = 10-15 m) and the sizes of nuclei are 
typically 100,000 smaller than the distances between 
them.

� Neutrons can therefore travel long distances in 
material without being scattered or absorbed, i.e. they 
are and highly penetrating (to depths of 0.1-0.01  m). 

� Example:  attenuation of low energy neutrons by Al 
is ~1%/mm compared to >99%/mm for x-rays 



Neutrons are particles that have 
properties of plane waves

They have amplitude and phase



They can be scattered elastically or inelastically

Inelastic scattering 
changes both direction 
and magnitude of the 
neutron wave vector  

Elastic scattering 
changes direction 
but not the 
magnitude of the 
wave vector



It is the elastic, 
coherent scattering of 
neutrons that gives 
rise to small-angle 
scattering


