
Lecture III

ÅNuclear DFT

ÅHeavier nuclei
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Direct term (easy) Exchange term (hard)

Recall Hartree-Fock II

Putting it all together
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Philosophical issue: What are the relevant degrees of freedom?

Answer: It depends on the energy scale!

RHIC & CEBAF are our QCD machines.



Is there a Limit for Meson - Baryon Models?

Not really but é

é there might be a more economical QCD description.
quark-gluon  description sets  

in at scales below ~0.1 fm
Scaling behavior (d /dt s-11)  
for P T > 1.2 GeV/c  (see  )



What makes sense to do: 

-- Describe water via 1/r 

interactions between electrons?

-- Describe by incompressible

fluid flow? 

ÅNano-water (1/r)

ÅGlass (fluid)

Another way to look at degrees of freedom



A digression to something called Skyrme Hartree-Fock
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The ratio of Skyrme

forces (parameterizations)

to the number of nuclei

is about the same as the 

number of lawyers to 

citizens in the U.S. 

Can we be more systematic??
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Kohn-Sham and Density Functional Theory
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The density that minimizes

the ground-state energy 

satisfies the Euler equation
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Derivation in terms of

single particle wave 

functions. Here the kinetic

energy term is taken as exact



What is DFT accomplishing?

ÅInteracting potential replaced by non-interacting potential

ÅOrbitals are in a local potential (and there is no M*). 

ÅFind VKS from E/ by solving the self-consistent equations

ñSkyrme HFò is almost DFT, and is very close if M*=1

Challenge: Build DFT from 1) wave functions and densities

from ab initio studies, and 2) from an EFT based formalism



DFT: toward a universal energy density functional and beyond

Deformed Mass Table
ÅHFB mass formula: m~2MeV

ÅGood agreement for mass differencesNOT HF, but HF-B (self consistent pairing)

Challenges: 

ÅConnection to QCD via EFT?

ÅConnections to óab initioô approaches? 

ÅFoundation of óbeyond DFTô theory?

Å300 keV accuracy with one density functional?

ÅJustify excited state DFT

Focus of SciDAC 

UNEDF project


