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Overview

• Coulomb charges in a harmonic trap – crystal 
and fluid phases

• Density functional theory – hypernetted chain 
approximation (HNC) and beyond

• Fluid phase shell structure – similarities to 
spherical crystal                        
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simulation (100 particles,  1 % cooling / time step)



Fluid phase



Shell structure crystal phase – energetics
(e.g., Ludwig et al. PRE 2005 )

Shell structure fluid phase – thermodynamics 
(correlations)

Monte Carlo
Mean field theory - no correlations 

(e.g., Henning et al. PRE 2006)



Density Functional Theory

samefor confined density and bulk OCP



Exact representation for trap density in terms of 
OCP correlations

Trap density

OCP correlations

HNC approximation:  neglect both “bridge functions”



HNC shell structure



Adjusted HNC Approximation – bridges as 
fitting functions ( Ng, J. Chem. Phys. (1974) )



stronger coupling



Comparison of fluid and crystal shell structure
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Magic numbers

Ludwig, Kosse, and Bonitz, PRE 2005



Summary

• confinement + correlations + spherical symmetry 
= shell structure 

• qualitatively correct results from HNC

• quantitative results from AHNC

• shell populations, locations similar in fluid and 
crystal phases

• free energy for freezing transition?                          
(           14)  


