Lecture llI
ANuclear DFT
AHeavier nuclei



Recall Hartree-Fock Il

Putting it all together
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Exchange term (hard)
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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.
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o use low-energy variables for low-energy processes
o short-distance structure can be replaced by something simpler
without distorting low-energy observables



Is there a Limit for Meson - Baryon Models?
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Scaling behavior (d c/dt o 519 = quark-gluon description sets

for P > 1.2 GeV/c (see f) In at scales below ~0.1 fm



Another way to look at degrees of freedom

What makes sense to do:

-- Describe water via 1/r
Interactions between electrons?

-- Describe by incompressible
fluid flow?

ANano-water (1/r)
AGlass (fluid)




A digression to something called Skyrme Hartred-ock
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Can we be more systematic??



Kohn-Sham and Density Functional Theory
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What is DFT accomplishing?
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Alnteracting potential replaced by noninteracting potential
AOrbitals are in a local potential (and there is no M*).
AFind V. from 8E/8p by solving the selfconsistent equations

ASkyrme HFO I s al most DFT, a
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
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AHFB mass formulaAm~2MeV

NOT HF, but HF-B (self consistent pairing) AGood agreement for mass differences
Challenges:

AConnection to QCD via EFT?

AConnections to O6ab initiod approach
AFoundation of 6beyond DFT6 theor FﬂCUSOfSC'DAC

A300 keV accuracy with one density functional? UNEDF project
Adustify excited state DFT



