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Information & Physics

information processing
is a physical process

physical object
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Quantum Information

the fundamental laws of physics
is quantum mechanics

therefore the fundamental laws of

Daid Deutsch

» Quantum Information

can we make use of quantum mechanics to speed
up information processing?



Realization
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Realization

can we see quantum effects in
a solid-state environment
with billions of electrons/
nuclei?

make use of nano-lithography
quantum chip

macroscopic quantum
coherence



Energy Scales
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I Basic Concepts

open quantum systems
density matrix
. decoherence/dephasing
Lindblad equation
Ramsey oscillation
echo techniques



I Basic Concepts

x)— 1 LR L R, yy guantum gates

simple quantum algorithms
Deutsch-Josza algorithm
Grover search algorithm

state tomography

DiVincenzo criteria




II Superconducting
Electronics

perconau O
tunnel junctions

Josephson equations
SQUID




II Superconducting
Electronics

Coulomb blockade

. amplifying quantum signals




II Superconducting
Electronics

Circuit Elements

quantization of a — 00—
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II Superconducting

Electronics
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II Superconducting
Electronics
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II Superconducting
Electronics




II Superconducting
Electronics

Jaynes-Cummings hamiltonian
vacuum Rabi oscillations
dispersive regime



IIT Other Solid-State
Quantum Systems
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optically detected magnetic resonance (ODMR)
coupling to N nucleus / '3C nucleus



IIT Other Solid-State
Quantum Systems

Loss-DiVincenzo proposal




2 Quantum Physics

1935 | Einstein/Podolski/Rosen

e [ [z

1963 | Bell: inequalities

2000



Quantum Computing

1994 P. Shor Prime factorization

1995 P. Shor Quantum Error Correction

1996 L. Grover Search in unstructured database




