Electron dynamics in highly excited quantum dots
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Model + questions

e Density oscillations

in time-dependent
HF-models

Single quantum dot e FIR-absorption,
linear regime

Magnetic field

e Strong excitation,
Several electrons &

nonlinear regime
Nonparabolic confinement




Nonparabolic confinement — no Kohn theorem

Vext (1) = v1(7) f1(r) + [v2(r) — v2(Ro) + v1(Ro) + A] fa(r)
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Time-dependent Hartree-Fock approximation

Linear response, (tdHF*)

¢t (r, 1) = E%'r exp [£i0 — i(w + in)]
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Real-time response, (tdHF)
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Cranck-Nicholson algorithm
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Initial rigid displacement e, — analyse dipole moment (e - r),




Absorption

Comparison in the
linear regime

e Symmetry-free tdHF
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— noncircular at B=1T
— circular at B=5T

6 electrons
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Motion of the
center-of-mass

in the tdHA

9000 time-steps
3 intervals of 12 ps
B=1T

Amplitude shrinks

Total energy is constant




— Energy must flow into internal modes

Internal Quadrupole and Monopole, (cm-frame)




CM dipole
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Time evolution
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Quantum dot expands —

Monopole oscillation

400

time (a.u.)

s around new configuration

(Breathing mode)




New configuration, shape

Y
Modified dipole absorption

Large fluctuations of

mean field

Y

Large variations in effective

single-particle energies

Two peak widths

Absorption (arb. units)
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Time window after expansion “Below-Kohn mode” vanishes




Conclusions

e Linear regime:
— Equivalence of tdHF and tdHF*

— FIR absorption is insensitive to internal structure of dot

e Nonlinear regime:

— Dot expansion
— Time-resolved energy flow between modes

— Modified dipole absorption

e Experiments?




