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Quantum dots: from simple to complex
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Coupled Quantum Dots

1 1
0.5 Lo 15 20 pgm

Single QD Double parallel QD

L = %
B (11—

Triple serial QD Triangular QD



Quantum Dots with few electrons
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Quantum Dots with many electrons
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Spin blockade or Spin anti-blockade?



From Quantum Dots to Nano-Crystals

Material: Auin SI,N, substrate

d = 6nm



Self-assembled quantum dots
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Magnetic correlations in Quantum Dots

Kondo effect in Quantum Dots
Magnetic correlations between dots
Magnetic instability in isolated dot

Magnetism in quantum dot arrays

Quantum criticality in granular media

From Quantum dots to Quantum Spin Chains



Kondo Effect in Quantum Dots
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Large bias

Zero-bias (equilibrium) ?észgl,iizsLjilibrium) (out of equilibrium)
Ty eV < T, eV > Ty
2
Effects of decoherence I, ~eVv [, ~eV/in (eV [T, )

There i1s no strong coupling (Kondo) regime at low T in out of equilibrium



From Single Quantum Dot to Double Quantum Dot
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Experiment in carbon nanotubes
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S/T transition: Magnetic field induced Kondo effect
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Kondo effect due to dynamical symmetry of DQD
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Messages

Kondo tunneling in QD with few electrons is more rich effect
than Kondo scattering in metals

The effects of dynamical symmetries are directly observable in transport
experiments

The magnetic (RKKY) correlations between dots is a controllable
parameter



Quantum Dots as artificial atoms
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Metallic Quantum Dot: Universal Hamiltonian C?—“'
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What Is a zero-mode interaction?
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Zero-bias anomaly in zero-dimensional systems
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Spin Exchange. Master Equation (classical) Approach
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Hamiltonian

Charge and Spin Interactions

H = Z 804\'/24)0\“04,0 + Ho + Hg

H. =E (n—N)?

Commutative algebra

H, =-J(S)?
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Non-commutative algebra



Mesoscopic Stoner Instability
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Spectral Density
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Spin channel affects the charge transport

Kiselev, Gefen (2005)



Spin susceptibilities
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Response Functions

Electron Green’s Function
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Spin and Charge channels affect transport properties

Spin susceptibility T
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Only Spin channel matters
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Spin is conserved, Spin is conserved,
Charge 2e is transferred Charge 2e is transferred

Only Charge channel matters



Magnetic instability in a system of coupled dots
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From complex dots to quantum chains
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Haldane Gap in Spiral Staircase Model J.

Role of dynamical symmetries
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Two Fermi velocities in uncoupled railings

Two energy scales (gaps) in staircase model

Two stage renormalization in continuum limit
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Single gap regime A~ JJ_

One stage renormalization procedure

Hidden symmetries: Z,and Z,®Z,

MK et al (PRB 2005)




Open guestions and perspectives

From “half filling” to “quarter filling”

Two electrons per rung 80(4) One electron per rung SU (4)
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From “double dot” rung to “triple dot” rung

Spin liquid ?




Summary

e Complex guantum dots possess hidden symmetries
responsible for several exotic transport properties of

these nano-devices

e Magnetic correlations between electrons in a dot result

IN many interesting effects ( Stoner instability, Kondo effect,
Non-Fermi-Liquid behavior etc)

e Transport properties of quantum dots is an interesting
object both for experimental and theoretical investigations



