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Self-consistent mean-field theory.

Formally exact.

Good description of weakly 
correlated, homogeneous systems.

Density-Functional Theory

A generic electronic system 

is fully described by a single 

scalar function, the electron 

density n(r).

In practice, the exchange-

correlation functional is 

modeled.

|Ɋ>

n(r)
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First-principles electronic band 
theory.

Quantum molecular dynamics.

Quantum chemistry.

Achievements of DFT

In 1998, Walter Kohn shared the Nobel Prize in Chemistry, 

ñfor his development of the density-functional theoryò.
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Magnetization in iron clusters Doped semiconductor nanowires

Transport through nanojunctions

Growth of organic crystals

Achievements of DFT
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Deficiencies of DFT

Exchange-correlation functional cannot be 
improved systematically.

Complex magnetic ordering is still a challenge.

Band gap is systematically underestimated.

It does not give excitation energies: no optical 
spectroscopy.
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Are there alternatives to DFT?

Yes! Many

Gives band gap greatly improved from DFT.

Many-body Greenôs function methods

Does not require phenomenological 
parameters.

Numerically expensive.

Exact. If you manage to sum up all Feynman 
diagrams.

Amenable to high-performance computing.
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Band gaps of semiconductors

Compiled by Aulbur, Jºnsson, Wilkins, Solid State Phys. 54, 1(2000)
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Bulk Si: Imaginary part of the dielectric function

Egap ũv
25ôŸũ

c
15 ũv

25ôŸXc
1

DFT 0.46 2.52 0.60

GWÀ 1.29 3.35 1.44

Exp.* 1.17 3.35 1.3

ÀHybertsen and Louie (1986).

*Lautenschlager et al. (1987).

üPhotoluminescence

üExciton dynamics

üPhotoemission spectroscopy

üTransport in doped materials
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Electron gas (Hedin)

Bulk semiconductors (Hybertsen, Louie)

Superlattices (Hybertsen, Schl¿tter)

Oxides (Gunnarson, Baldereschi)

Point defects (Surh, Chachan, Louie)

Alkali metals (Northrup, Hybertsen, Louie)

Atoms (Shirley, Martin)

Polymers (Zaider)

Nanotubes (Spataru, Ismail-Beigi, Louie)

Organic molecules (Tiago, Chelikowsky)

Nanocrystals, quantum dots (Tiago, Chelikowsky)

Biological systems, functionalized nanostructures, polarons, ñdressedò excitons, photocatalysis é

Many-body Greenôs functions: timeline

2009Noble Metal Clusters (Tiago,Idrobo, Ogut)




