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« Quantum computation: concept + requirements to realizations
« Superconducting qubits: basic principles
* Coherence and fluctuations

* Read-out: Quantum measurement

* Quantum-coherent phenomena in sc-qubits



Requirements to realizations of quantum computers
(D.DiVincenzo 1997)

» 2-level quantum systems — qubits
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- w/ well-defined physical parameters (Hamiltonian, ...)
- no leakage to higher states (3-rd, 4-th, ...)

- scalability (N qubits)



Requirements to realizations of quantum computers
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» 2-level quantum systems — N qubits

» controlled dynamics
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Requirements to realizations of quantum computers
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» 2-level quantum systems — N qubits
» controlled dynamics

* 1-qubit gates .
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Requirements to realizations of quantum computers
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controlled controlled controlled

» 2-level quantum systems — N qubits
» controlled dynamics

* 1-qubit gates

» 2-qubit gates

W e initialization - cooling or read-out

. 104
W - coherence: To > Top
Kg’  read-out: guantum measurement



Electron spins in semiconductors Loss & DiVincenzo, 1998
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Josephson quantum bits

 coherence of superconducting state

combine;

» advanced control techniques for
single-charge and SQUID systems

Quantronium

no excitations at low T (Saclay)

quantum degree of freedom: charge or phase (magn. flux)

e macroscopic quantum physics
(unlike in ion traps, NMR, optical resonators)

» artificial atoms:
flexibility in fabrication
» scalability (many qubits)

» easy to integrate in el. structures



Single-electron effects
junctions w/ small area 10nm x 10nm
typical capacitance C=10"F

typical energies E. =e?/2C =1K
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Charging effects in a single-electron box
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Charging effects in a single-Cooper-pair box
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Coherent charge dynamics Ec = 62/(202) > F |

charging energy + Josephson energy

eigen
energies

2-level
system = qubit
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Bouchiat et al., Saclay 1997




Pulse-induced current (pA)

Experiment: coherent oscillations
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2 qubits:

coherent oscillations

Reservoir 2 Reservoir 1

Coupling
island

Pulse gate

Yu.Pashkin et al., 2002



2 qubits: coherent oscillations
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Yu.Pashkin et al., 2002
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Interaction via an LC-circuit
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Phase dynamics, SQUIDs Ec =e2/(2C) < E|

- classical evolution, RCSJ model N 1.4
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Superconducting flux qubits
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Coherent oscillations: Delft (2002)
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Chiorescu et al. (Delft) 2002

Quantum measurement: magnetic qubit + dc-SQUID

100 -

80 -

80

40

switching probability (%)

aE

L L " .
R L] L]
] L]

F=8.512 GHz
A=-3 dBm

o '

- - N

1: LI -i L LB Rl ] e R R
N- number of averaged events
- » L L I N:1
« NMN=10
= i MN=10000
I
I (AR ST MRCCRTEVEUMELLRLD 0 F M BRDIMEN W ¢ il N
20 30 40 50 g0 70 8o

RF pulse length (ns)

strong threshold measurement





