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Quantum Dot devices

Artificial atoms



Kondo Effect in Quantum Dots



Universal Scaling
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Tunneling and co-tunneling
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Common sense:

• Kondo effect exists if the total number 
of electrons in a dot is odd
• Kondo effect is destroyed by external 
magnetic field
• Relaxation effects associated with the 
non-equilibrium conditions eliminate 
the Kondo peak



Parallel and Serial Dots:
from artificial atoms to molecules

Competition between Kondo and RKKY interactionsR.Lopez, R.Aguado, and G.Platero, PRL 2002



Kondo effect in an Artificial 
Quantum Dot Molecule

Zero-bias maximum



Exotic symmetries

SU(4) symmetry
J. Von Delft et al (2003)



Quantum Phase Transition in
a two-channel quantum dot

Electrons in large dot provide an 
additional channel for Kondo effect

Two-stage Kondo effect

L.Glazman et al (2003)



Singlet-triplet transition in
a magnetic field

L.Glazman et al (2001)



Single-wall carbon nanotubes

Transition is driven by Zeeman splitting



Parallel Double Quantum Dot

T-shape geometry



Symmetric and asymmetric double dots
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Hydrogen atom:
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Hidden symmetry in a Coulomb problem

Runge-Lenz vector
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Non-equilibrium Kondo effect in
Double Quantum Dot
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DC Voltage

AC Voltage

MNK, K.Kikoin and L.W.Molenkamp, PRB 68, 155323 (2003)



Basic inequalities

Validity of effective Hamiltonian

Absence of Kondo effect in equilibrium
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Condition of Kondo resonance in nonequilibrium

DC decoherence rate effects are irrelevant



Messages

• Kondo effect exists in quantum dots in both 
situations when the  total number of electrons 
is odd (usual) and even (exotic)
• Kondo effect may not be destroyed by an external 
magnetic field
• Kondo effect may not be destroyed by the 
relaxation effects associated with non-equilibrium 
conditions

Reason: explicit and hidden symmetries in complex quantum dots



From complex dots to quantum chains

• Haldane Gap
• Charge Density Waves
• Exciton propagation

K.Kikoin, Y.Avishai and MNK cond-mat/0309606



Random Matrices: Wigner-Dyson statistics
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Metallic QD: Universal Hamiltonian

Electron-electron interactions in isolated metallic grains
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Zero-bias anomaly in finite-size systems
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Mesoscopic Stoner Instability

Stoner Instability

MNK and Y.Gefen (in preparation)
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Transverse spin fluctuations are important

(2)SU

Y.Alhassid and T.Rupp (2003)
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Perspectives: Thermopower of quantum dot

R.Scheibner, H.Buhmann and L.W. Molenkamp (unpublished)

It is a capital mistake to theorise before one has data. Insensibly one begins to twist facts to suit 
theories, instead of theories to suit facts. (Sherlock Holmes in "A scandal in Bohemia" by Conan Doyle) 



Summary

• Complex quantum dots possess hidden symmetries 
responsible for several exotic transport properties of 
these nano-devices
• Magnetic correlations between electrons in a dot result 
in many interesting effects ( Stoner instability, Kondo effect,
Non-Fermi-Liquid behavior etc)
• Transport properties of quantum dots is an interesting 
object both for experimental and theoretical investigations


