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Parabolic confining potential



Parabolic confining potential
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Thomson’s atomic model
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Walter Kohn (1923-2016)



Kohn’s Theorem 1961
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Kohn’s Theorem 1961
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Kohn’s Theorem for circular parabolic quantum dots
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Kohn’s Theorem for circular parabolic quantum dots



Kohn’s Theorem for asymmetric parabolic quantum dots
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Ellipsoidal quantum dots
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Geometrical adiabatic approximation
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 Coordinate is fixed
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Full system Wave Function

Geometrical adiabatic approximation (GAA)
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1st step
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Essence of GAA method
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1st step

2nd step
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Letter from Saint Petersburg (08.12.2016)

Добрый день, Айк!

Привет из снежного Петербурга! Мы сейчас готовим статью, и мне хотелось бы сделать там ссылку на

применение параболического потенциала к расчету нижних уровней в квантовых точках. Не мог бы ты

прислать какую-нибудь подходящую вашу работу, на которую можно сослаться буквально после слов

"...parabolic quantum dot model[]"? Дело в том, что мы, кажется, обнаружили многочастичные эффекты

в спектрах поглощения Ge/Si квантовых точек в дальнем ИК диапазоне. При этом весьма

занятный факт состоит в том, что энергия перехода из основного в первые возбужденные

состояния многочастичного образования в параболическом потенциале не зависит от количества

частиц (!). Что-то подобное у нас получается в спектрах поглощения.

Спасибо!

Антон Софронов. 
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Important provisions
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1. QD contains few‐particle gas (particularly, gas of heavy holes),

2. The effective mass of particles is scalar,

3. The QD has specific geometry, which allows dividing the 

particle’s motion into “fast” and “slow”,

4. The incident perturbation on the system is long‐wavelength.

All conditions are satisfied!
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Few-electrons in prolate ellipsoidal quantum dot z
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One-dimensional pair interacting model
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The interparticle interaction in radial direction can be considered weak in comparison with the size
quantization taking into account the small thickness of the system in this direction, and therefore, we will
consider the interaction between particles in axial direction
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Single-particle radial eigenfunction
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One-dimensional Schrodinger equation 
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Marcos Moshinsky (1921-2009)



Moshinsky atom
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One-dimensional Moshinsky model
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One-dimensional Moshinsky model
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Energy spectrum and eigenfunction
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Interaction parameter was calculated by equating the Moshinsky model potential with the
Coulomb one and for discussed model.



Energy diagrams for N=2 and N=3
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Energy diagram for 2-particle and 3-particle systems



Transitions related to the generalized Kohn theorem

The motion of the center of mass doesn’t depend on the number of particles 
and interaction, and inter-level distance is not being changed !!!!
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Two-dimensional quantum lens



Two-dimensional quantum lens



Two-dimensional Moshinsky model 



Experiment



Experiment



Experiment



Johnson-Payne model



The operators, introduced above, allows to separate the motion of 
the centre mass from the relative motion!!
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For both Hamiltonians, the ground states (vacuum) are determined according to equation:
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Creation and annihilation operators
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Energy spectrum and wave function
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