
 
Phonon dispersion data from polycrystalline nickel metal. Vertical axis is energy, horizontal is 

wavevector. Left is experimental data after Reduction. Middle is calculated intensity from a 

model of masses with optimized springs. Right is from an ab-initio calculation of Ni based on a 

modern electronic structure calculation (VASP), followed by a Monte-Carlo simulation to 

generate "experimental" data, followed by Reduction. 

Goal: Discovery across the frontier of science and engineering, connected to learning, innovation 

and service to society. 

Indicator (I1): Enable people who work at the forefront of discovery to make important and 

significant contributions to science and engineering knowledge. 
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Neutron scattering was used to discover quantized vibrations in solids called "phonons," and B. 

Brockhouse won the Nobel Prize in Physics for this discovery in 1994. Inelastic neutron 

scattering remains an excellent way to measure the energies and wavelengths of the different 

phonons in solids.  In recent years it has become possible to calculate phonons reliably using the 

quantum mechanics of the atoms in a crystal. In a prototype effort, we have used these ab-inito 

calculations to predict phonon scattering in a Monte-Carlo simulation of a neutron spectrometer. 

The results of these calculations were in the same format as real experimental data, and were 

analyzed by Reduction 1.1. In a second type of calculation, we have prototyped a standard 

calculation of vibrations of atoms on springs, optimizing the spring constants to fit the measured 

scattering. Successful results from the two methods are shown in the figure. Both methods are 

moving towards detailed design, allowing improvements in computational speed, flexibility for 

different crystal structures and greater ease of use.    

 

This work is notable because: 

It puts the theory of phonons and experimental measurements of them on the same computational 

footing, far simplifying comparisons.  

 

Other Indicators: 

T5: Support research that advances instrument technology and leads to the development of next-

generation research and education tools. 

 


