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Outline

e Few Electron Quantum Dots:

Artificial Atoms

— QD-Hydrogen: a 2D harmonic oscillator

— QD-Hetium: an illustrative example

e Correlations in Few-Particle Systems

e Chaos induced by Coulomb interaction?
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Artificial Atoms

artificial: ~r? natural: ~1/

| discrete r
f spectrum

J

number of electrons

"quantum dot element”

Coulomb kinetic
interaction \/ energy
confinement energy
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Hamiltonian

2D-electron
in perpendicular Zeeman- Coulomb-
magnetic field energy interaction
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Elektrostatisches Potential
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1-Particke Quantum Dot: QD-Hydrogen
“

N2
Hyg = (ﬁ + -EA) + %m*ﬂ&rz

symmetric gauge

2m*

TzQ+(aia+ + %) + hQ-(ata—- + ‘;‘)

effective confinement frequency

Qp = \/Qg+w§/4 We =

eB
m*c

anguwlar momentum
L, = h(a_ta.,. — ai’a_)

eigenstates [Ny N_):
right(+4) and left(-) circular polarized modes

s-states: Ny — N_ =0
p-states: Ny — N_ = +1
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1-Teilc ktrum

Quantendot-Wasserstoff




density, Np:= 0; Nm:= 1;
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current density, Np:= 1; Nm:= 0; ratw:= 1;
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orbit, Np:= 1; Nm:= 0; ratw:= 1;
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current density, Np:= 0; Nm:= 1; ratw:= 1;
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current density, Np:= 8; Nm:= 0; ratw:=1;
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current density, Np:= 0; Nm:= 8; ratw:= 1;
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orbit, Np:= 0; Nm:= 8; ratw:= 1;
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QD-Helium

o2

H = Ho(l) + Ho(2) +

€|ry — T2
couples motion of both particles

separation into center-of-mass and relative mo-
tion
R =%(7""1+1"'2) = fy — fa

-

=p1+p2 P=

g/

(F1 — 92)

N |

2
- - €

generalization for N particles:

My = H(RN.Py) + Hy-1(75, P;)

Huser & Merkt,
Maksym & Chakraborty, ...

= generalized Kohn's Theorem
for FIR spectroscopy



Interacting Spectrum
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Spin and Angular Momemsiyumn

(W(1,2)) = [®ca1(1,2))rei(1,2))x(S, Sz)

Li|¢) = BM|¢), M =n4 —n_

Pauli-Principle: Pjs|¢, cht) = —|¢, cht)

(F1P12|0, Xx) (—ﬂ@ X)
FAeLMe, %y (1)

- Modd —=x=x(1,S;) (Triplet)
M even — x =x(0,0) (Singlet)

generalization for N electrons:

Pugfm - eiLza,'jm/Tl'-;on

for suwitable relative coordinates

| magic angular momentum quantum nu-mbersl




total energy (meV)

Interacting Spectrum
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Spectrum of QD-Lithium

level scheme

total energy (meV)

(3 electrons)
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Magic Angular Momenta
L R

Spin-polarized states occur

QD-Helium 1,3,5,.
for QD-Lithium at L, =< 3,6,9,..
QD-Beryllium 2,6,10,.
140 v v v

120 p

8

ground state energy
3
#

result from Pauli-Principle and
minimum energy vibrational modes

Maksym
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groundstate energy (meV)
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density
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Pair-Correlation Function
m

why is the HF singlet energy that high?

Probability, for the electrons to be
a distance r apart from each other

g(r) o« (6(F— (71 —72))

. |<r|0'relorel>|2
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wave Functions

uncorrelated 4-electron-state:

1

HALLL._

strongly correlated 4-electron-state:

1

I

Figures from J. Palacios et al.,

Superfattices and Microstructures, 15, 91, (1994)

strongly correlated states:

many single-particle states participate



Level Statistics
e T

distribution of level spacing indicative of
chaos in quantum systems

generic probability
for finding 'nearest neighbor’ level spacing s:

e—3/(s) Poisson regular
P(s) x { se=s*/(8 GOE  chaotic, B=0
s2e=5°/(  GuUE chaotic, B # 0

consequence of reduced symmetries

phenomenological interpolation formula:
. 1
Brody function Po(s) s¥e—Bas™t

a =0 — Poisson
a=1—- GOE
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From Chaos to Regular behavior
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Summary

e Coulomb interaction
— fine structure
— magic numbers

— correlations

e Correlations

— strong in partially spin-polarized states

— weak in fully spin-polarized states

e Chaos by interaction
oscillator tocalization vs Coulomb repulsion

~30-
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