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* Absorption

Response to a perturbation
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* Second-harmonic generation * Kerr effect

* Four-wave mixing
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Second harmonic generation
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First nonlinear term
ipole approximation
\4%“ SHG

Centrosymmetric material : X(Z) = (

First nonlinear term : X (3)

Non centrosymmetric material : X(Z) %+ ()
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Applications of second harmonic
generation (SHG)
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Surfaces

E
Different surfaces for the same material (e.g. Silicon)
FFFTF.

Si(001) 2x1 Si(001) 4x2

Surface = symmetry breaking
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How do we get the spectrum for SHG
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Independent Particles Approximation

All the electrons make independent transitions // \\\

—1e3
X (2w,m,w) = hzmzfafv Efdk

E -E —-2w-2in
_ pa (O ) pi, ()

+ f (k
E-E -w-in T () E -E -w-in

%Qﬁght

nml

A iy Pm®1PLBRLB]

DPG Spring Meeting - Berlin - March 2015



[.ocal field effects

Total perturbation

External perturbation

Macroscopic external field
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Local fields

Microscopic fluctuations of the electric field on the nanoscale

Local field effects:
Difference between the microscopic and macroscopic responses
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Macroscopic response and local field
_ effects in TDDFT

Linear and Second-order Response Function in the
framework of TDDFT

Time-Dependent Density Functional Theory
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Macroscopic response and local field
_ effects in TDDFT

Linear and Second-order Response Function in the
framework of TDDFT

Time-Dependent Density Functional Theory
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Second-order response
State-of-the-art

Bulk materials and interfaces

Independent particles - end of 1980’s

Local field and excitonic effects - TDDFT (2010) and Bethe-Salpeter

equation (2005)

Surfaces

Some calculations in independent particles - since 1994

Effect of nonlocal operators ( “scissors” but wrong formula) - since 2001

Effect of nonlocal operators (“scissors” and pseudo-potential) — [1] 2015

[1] S. Anderson, N. T-D, B. Mendoza and V. Véniard, PRB 91, 07530 (2015)
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Model of surface — Super-cells

Surfaces

- Periodic in 2 directions
- Aperiodic in one direction

Periodic [ Plane-waves

Semi-infinite material

Aperiodic [> Supercells (atoms + vacuum)

System with 2 surfaces (slab)
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Model of surface — Super-cell

Construction of super-cell System with 2
(atoms + vacuum) surfaces (slab)
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Surface second-order response in
Time—Dependent DFT
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S. Anderson, N. T-D, B. Mendoza and V. Véniard, PRB 91, 07530 (2015)
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Macroscopic response and local field
effects

Macroscopic surface response
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Including local field effects (LFE)

[
[1] N. T-D and V. Véniard, in preparation
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Some experimental results for
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Local field effects (LFE) on y(?)
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X1 [x107m?/V]

Local field effects (LFE) on y (s
Hydrogenated surface
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Local field effects (LFE) on y(2)S
Hydrogenated surface
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Local field effects (LFE) on y (s

Hydrogenated surface
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Conclusion

Formalism for including the local field effects on
surface second harmonic generation (SSHG)

Local field effects are important for describing SSHG

Possible explanation of the difference between the
clean and the hydrogenated surface signal

Further analysis of hydrogen and ad-atom effects
Inclusion of other many-body effects
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Thank you for your attention
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Model of surface — Super-cells

What we want

Real Space

( Surface

Loosing in-plane
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Best representation
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System with 2
surfaces (slab)
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