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Few Electron Quantum Dots: Vertical
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Few Electron Quantum Dots: Lateral
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Rotation Symmetry and Angular Momentum

circular symmetry: 2D shell filling

= D=0.5:4m
<
S
- 10}
[ =
=
-
O [N=0 2 8
0 A LA
15 -1.0
Gate voltage (V)
eN=2 I _
_ ST /1 e D=05um (15 V| oo 1
E | © D=044ym Bam) [P0 |
3 | "
2 i | i# 69 ey - ]
: - " [ ] f I' =Oui: ——
ey aAs DBH 1
:g 3 " 'rlf L'-_ _|I .:&I‘I II <
i PAY \a -
g . ’J—’"-/ .g S - -g;\'t
. "“-‘Ea‘_l o tese, .
' (b) ]
0 1 L 'l
0 5 10 15 20
Electron number

Tarucha et al., PRL77, 3613 (1996)

Peak Position

circular symmetry broken

|N=2

Magnetic Field [T]
Ciorga et al., PRB61, R16315 (2000)




Quantum Harmonic Oscillator

harmonic oscillator Hamiltonian

2 2
D
H = 2%* | %m*wQ:cz - 5 %m*aﬂyz
Isotropic, circular symmetry:  w, = w, ‘

anisotropic, no rotation symmetry: w, # w, -

energy levels:
Epq = (p+3) ws + (g + 3) hw,

In magnetic field

ho— _—
e ‘75\/w§ + (wa +wp)® + kE\/wf + (wg — wp)?
je{l,2,.}and ke{j—1,7—-3,...,—j+ 1}

B. Schuh, J. Phys A: Math. Gen. 18, 803 (1985)



2D Periodic Table of Elements
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Excitation Spectra of Circular, Few Electron Dots
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Fock-Darwin States: Single Particle Levels
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Fock-Darwin Energies

1 1
E,.e= (2n +e] + Dn (4w§ + wi) —jgﬁwc

n=0,1,2,... radial

[=0,*1,*+2,... angular momentum




Magnetic Field Transitions
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“atomic physics” like experiments not accessible in real atoms!!



Two Electron States
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Zero to One Electron Transition
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Higher Transitions
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