Second-Harmonic Generation
from
First Principles:

A Time-Dependent Density-Functional theory

Eleonora Luppil, ) _ _
— 1@NNES HUDener and Valerie Véniard

Thanks to: Lucia Reining, Angel Rubio and Fridhelm Bechsted

ETSF France

Laboratoire des Solides Irradiés,

Ecole Polytechnique, CEA-DSM, CNRS,
91128 Palaiseau, France




Second-Harmonic Generation SHG

nonlinear optical process

Spectroscopy New optical devices

Extreme sensitivity of SHG to Optimisation of nonlinear
the symmetry of the system optical materials
(no inversion symmetry)

Self-doubling crystals

Oxygéne

surfaces, interfaces
nanostructures:

carbon nanotubes ... Oxoborate family:
GdCOB, YCOB ...
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Second-Order Susceptibility X

We have developed a
First-Principle Theory based on TDDFT

exact and straightforward inclusion of the

many-body effects



How we calculate

within our formalism ?

A Time-Dependent Density-Functional theory ...



Scheme of the derivation of the X(z)

second-order microscopic polarisation

Second Step:

second-order
macroscopic polarisation and response function

Third Step:

second-order response function within TDDFT
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Second-order time-dependent ind
perturbation theory J

Polarization
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Second-Order Displacement Vector
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second order

response function
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Derivation of the X( )

Response Functions

Photons are described by transverse fields:
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current response function

*TDCFT: « Time-dependent current functional theory »

*Solved in the linear case for long wavelenght limit (g —0)

transverse components obtained from the longitudinal components

TDDFT (longitudinal)
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Macroscopic longitudinal
dielectric function

Cubic symmetry: zinc-blende



Calculation of the
response function prp

Dyson equation for the second-order response function
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Calculation of the response function prp

prp [1 X(l)f xc] {X(Z) + 2X(2) uch + Xt()l)gch(l)X(l) + X(()Z)fuxcfuxcx(l)x(l)}

¢ Independent Particles Approximation (IPA)
¢ Quasiparticle band structure: SO or GW

® Local fields

¢ Excitons



Comparison with the experience:

GaAs semiconductor

Experiment in an higher energy range
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Comparison with the experience:

IPA
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Comparison with the experience:

IPA
Local Fields
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Comparison with the experience:

IPA
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55 Similar behaviour of

the absorption spectra

40 (linear response)
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let’'s go back to linear ...

failure of f. for absorption in solids:

Reining et al, PRL 88, 66404 (2002)
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Comparison with the experience:

o T GaAs
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Conclusion:

<> We have developed a first-principles theory
i

n Time-Dependent Density Functional Theory
for the macroscopic second-order susceptibility.

1) the exact relations between microscopic and macroscopic
formulation of the second-order response function

2) a rigorous and straightforward inclusion of the many-body effects

<>We have studied SHG for GaAs

1) good comparison with experimental results



