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“Classical” Friedel oscillations

/-Friedel oscillations (1D): Electron density modulation \

In vicinity of a hard-wall potential.
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Friedel oscillations at finite barrier




Friedel oscillations at finite barrier

/- Finite barrier, transmission 7' =

\ oscillation period \
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let’s be more specific:

Insulator

linear dispersion:
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appropriate gating




Friedel oscillations in non-equilibrium

i) (i) (il
1) The full constant average density

i) A constant shift proportional to + V/2 on the
L/R side (> Landauer dipole)

i) A space dependent oscillating part




Friedel oscillations in non-equilibrium
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\ ... In the absence of interactions!
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e-e Interactions

ﬁ—low to include e-e interactions? \

1. perturbatively: weak interaction expansion,
treat system exactly in tunnelling amplitude

I “dual” calculations

2. non-perturbatively: Tomonaga-Luttinger liquid (TLL)
weak tunnelling between two
half-infinite interacting systems

A /




weak interaction expansion

spectrum of density oscillations:

comes from interaction

with the Landauer dipole
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with oscillating part of the density

log-singularities at p = i2]fL/R

—> beating pattern of density

comes from interaction

oscillation in real space
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FO in a Tomonaga-Luttinger liquid

half-infinite system (one open boundary)
Egger, Grabert PRL 95
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........

non-eq. FO in TLL model

............

Fourier transform of F(x):
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Real Space Imaging of

1D Standing Waves: *é
* boundary = open Z&
end of NT L
* beating pattern due
to underlying lattice ’
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Summary

/We have discussed the density profile of FO in a 1D wire with\
different Fermi wave vectors on either side of an imbedded impurity.

. without e-e interactions: oscillations with local value of 7/kp

e interacting system: additional peak in the spectral function

— Deating pattern in density oscillations in real space.
Interaction effect!

We have shown this for two different situations

1. using exact scattering states, treating interactions perturbatively
2. considering a weak link between two TLL
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