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Tunneling spectroscopy in a Quantum Dot

« Shell structure and exchange effects

Quantum Dot as a single Kondo impurity

« At Coulomb blockade the dot has spin “S*
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PLAN OF THE LECTURES

Lecture I : _ ) .
Perturbative Linear conductance in vertical Quan-

tum Dots
¢ Isolated dot as an artificial atom: addition energy and shell
structure

e Transition to higher spin states with magnetic field: maxi-
mum density droplet

e Perturbative linear conductance: Coulomb blockade and spin
blockade

e Weak coupling with the contacts: temperature corrections
e Coulomb charging: the case of a sigle level Anderson impu-

rity

Lecture II:
Non perturbative linear conductance: Kondo
effect in Quantum dots

e Mechanism and experimental findings

e Freezing the charge degree of freedom in tunneling: Schrieffer-
Wolff transformation and Kondo hamiltonian

e Poor man’s scaling and Kondo screening
e Kondo conductance
e Orbital Kondo and more exotic Kondo states

o Kondo with superconducting contacts: Josephson current
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Coulomb Oscillations : dot a molti elettroni
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First models:

Poisson and Thomas-Fermi to determine the conduction band.

Near the surface the conduction band edge is at 700meV.

the QD is a disk.

the lateral confinement potential is of parabolic shape.




GaAs Pillar
QD inside

Experimental conditions:
Linear transport

Magnetic field

Low temperature (100mK)

2 or 3 electrons in the dot.

| QD with a lateral gate

we stay here
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Without fabricating a lateral gate, non-linear tranport
experiment can be carried out.
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conductance peaks can be seen both for the ground state
N =1 -6 and first excited states of the N = 1,2 energy

spectrum.
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1 Vertical Dot with few electrons:
exact diagonalization

e Shell structure fixed by the confining potential

most of the times Hartree-Fock is satisfactory except for:

e Exchange and Correlation effects at special tunings:

i) Hund’s rule at even fillings

ii) Transition to higher spin states , in magnetic field B

everything can be monitored in the linear con-
ductance



Modelisation of the QD

2D parabolic quantum dot

The Hamiltonian is given by:

il h R
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where E; are the Darwin-Fock single particle energy levels:

1
Enm =m(B)(2n+ |m|+1) — —Q—mhwc

and V is the e-e Coulomb interaction.
Lanczos procedure to calculate the QD energy levels

Parameters : wg= 4meV, U= 3meV (see Kouwen et al)

(2)
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Modellmgthe conductance

Transition rates:

¢+ )_Zrnm (N +1,0 |chmo| N,0)|* 6 (e — (BN + - BY)) (3)

where I',, , is the particle overlaps for the dot-contact coupling. The composant of the angular
momentum in the z direction is conserved in the tunneling process due to the cylindrical
symmetry. The condictance is obtained assuming that the left and right couplings to the
contacts are proportional (I'y = A\I'g):
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Spin WS scleclion 2l

e From the N=2 triplet to the N=3 Quartet
N'=2 S;=1 S;=0 85, =~1
e TR N

¢ N N
N=g S22 S=: 5

This givespossibilities

e From the N=2 triplet to the N=3 doublet ZT - 3 D
N =2 S, =4 8,=0 8=~
+e” o
Y N\

N = 8
This gives@)ossibilities.

Possible drop in the conductance.




