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Resonse to external electric field E

O Polarizability Pa = ) _ XusEs + D Xap, EsE
B By
Linear approximation
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dielectric tensor € D =¢c¢E
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The dielectric tensor

0 Free electrons: the Lindhard formula
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Interband contributions
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Optical constants

0 Complex dielectric tensor
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O Optical conductivity Re 0qa(w) = 1M €q(w)
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Infralband contributions =
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Sumrules

o (w’) w'dw' = N, 75 (W)
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Symmetry
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Magneto-opftics: example

O without magnetic field, spin-orbit coupling: cubic

Im exx 0 0
0 IM exx 0 KK
0 0 Im exx >

0 with magnetic field ||z, spin-orbit coupling: tetragonal

Im exx 0 0
0 Im exx 0
0 0 Im €zz

—-Im €xy 0 0

0 Im €xy 0
0 0 0
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B The Program ...



SCF cycle — converged potential

O X kgen — dense mesh
O X lapw] — Kohn-Sham states (higher E,._)
O X lapw?2 -Fermi — Fermi distribution

opfic package

[ X optic — momentum matrix elements
0 X joint — tfensor components
0 X kram — optical constants

— life time broadening
< scissors shift

B The Program Flow
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O Al.injoint

1 18 lower and upper band index
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1 number of columns to be considered
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kram

0 Al.inkram

0.1 broadening gamma

0.0 energy shift (scissors operator)
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optic
0 case.symmat
0 case.mommat

joint
[0 case.joint

kram

0 case.epsilon

0 case.sigmak

[0 case.refraction
0 case.absorp

0 case.eloss
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Convergence
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Sumrules
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Loss function
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Band structure
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Example: Au




Density of states
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Dielectric tensor |
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Theory versus experiment
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C. Ambrosch-Draxl and J. O. Sofo

Linear optical properties of solids within the full-potential linearized
augmented planewave method

Comp. Phys. Commun. 175, 1-14 (2006)




B ... and Beyond



Discrepancies

0 Ground state
xC functionals  Vie(r) =

0 Excited state

Interpretation in terms of ground state properties
Interpretation within one-particle picture

Response function
O Manybody treatment needed

dFEgzc (p(r))
dp(r)

O 2 routes
Time-dependent DFT (TDDFT)
Manybody perturbation theroy (MBPT)

Beyond the Ground State



MBPT TDDFT

L1 mixing of concepts 1 keeps spirit of DFT

0 4 point functions involved O 2 point functions

0 very demanding O less demanding

0 2 steps: GW & BSE 0 1 functional needed

In principle one step
In practice: GW needed

O linear-response regime 0 generally applicable
linear-response regime

strong laser fields etc.

G. Onida, L. Reining, and A. Rubio, Rev. Mod. Phys. 74, 601 (2002)
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