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Physical realization of qubits
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Requirements for qubits

 Ability to scale the architecture to a large number of qubits.

* Initialization (set all qubits to 0) should be possible.

* Precise single and two-qubits quantum operations.

* Slow error rate (slow decoherence as compared to gate time).

* Reliable output of the final result.



Effective two-level systems
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Impurity spins
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‘Nuclear spin qubits: model

31p donor
qubrt — nuclear spin B.E.Kane, Nature 393 133 (1998)

qubit-qubit interaction — electron spin
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‘Electron spin qubits: model

31p donor
Qubit — electron spin

Qubit-qubit inteaction — electron spin
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R.Vrijen, et. al.,
Phys. Rev. A 62, 012306 (2000)
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‘Nuclear spin qubits: init
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‘Nuclear spin qubits: Rabi oscillations

Read/init. NMR+ESR Read/init.  ESR Read/init. ESR
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J. J. Pla, et. al., Nature 496, 334 (2013)



Nuclear spin qubits: Ramsey fringes
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J. J. Pla, et. al., Nature 496, 334 (2013)



Electron spin in N-V" centers

Energy level structure
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Semiconductor quantum dots

Interface

Gated QD fluctuation QDs Self-assembled
' - dots

Elzerman et al. D.Gammon, et al.,

Nature 430, 431(2004) PRL 76, 3005 (1996) NIST website —
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‘QDs: energy level structure
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Spacing between the energy levels can be controlled
using different materials or by design.



Few charge carriers
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Spin states
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Coupling with light: empty QDs
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Coupling with light: trions
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IPoIarizaiton effects

Photon hv=AE
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IPoIarizaiton effects
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Selection rules

H and V — orthogonal linear polarizations ~ =------ .

Different states can be coupled using polarization
and frequency selection.



Setup

Quantum dot is empty

AlGaAs InAs QD

Laser beam AlGaAs
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Charges in single QDs
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