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 Electron confined by a potential – “Artificial Atom”.

 Quantum dots (QD) as qubits :

 Electronic spin 

 Double quantum dot (DQD) : coupling 2 QD – “Artificial Molecule”

 2 electrons

 Possible entanglement

 Crucial for universal quantum computers
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Double Quantum Dots (DQD)



Our Model – DQD in a Ge Nanowire (Ge NW)

 Confining potential :
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State Configuration

Basis States
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Model Hamiltonian
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Energy Levels

 When           , depends on detuning
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Energy Levels

 big (comparing to other energies)
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Splitting width minimalization

 At the anticrossing : 
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Spin-Orbit Coupling
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Effective Hamiltonian near the anticrossing

 Basis :  
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Anti-crossing width
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Results

 Splitting width :
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Further Results & Possible uses

 Probability of the S-T spin flip (Rabi oscillations)

 Intensity of the current through NW
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 Spin-flip used in a CNOT double qubit gate

 S-O coupling is a source of decoherence
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Thank you !
Questions ?
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Quantum Computing

 Digital bits : 0 or 1

 Quantum bits (Qubits) : Superposition of     and 
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Number of bits Classical bits Qubits

1 0 or 1

2 00, 01, 10 or 11

N 1 of 2N N-uplets All of the 2N      ‘s



Molecular Orbit Approximation

 Harmonic approximation :

 Hund-Mulliken approach :
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State Configuration Orbital Part Spin Part

Total Wave Functions
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Hamiltonian Matrix

 Basis : 
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Mixing angle
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Rabi Oscillation

 Basis :  
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g-factor

 Depends on orientation of     :
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Rabi Oscillation
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Results

 Intensity:
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Two-level system

 Basis :  
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