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Circuit Quantum Electrodynamics

elements

• the cavity: a superconducting 1D transmission line resonator• the cavity: a superconducting 1D transmission line resonator 
with large vacuum field E0 and long photon life time 1/κ

• the artificial atom: a Cooper pair box 

A. Blais et al., PRA 69, 062320 (2004)

with large dipole moment d and long coherence time 1/γ



Vacuum Field in 1D Cavity 
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Resonator Quality Factor and Photon Lifetime



Qubit/Photon Coupling in a Circuit

Circuit QED with One Photon

A. Wallraff, …, R. J. Schoelkopf, Nature (London) 431, 162 (2004)



Resonant Vacuum Rabi Mode Splitting …

first demonstration: A. Wallraff, … and R. J. Schoelkopf, Nature (London) 431, 162 (2004)

this data: J. Fink et al., Nature (London) 454, 315 (2008)

How to Measure Single Microwave Photons



Measurement Setup
cold stage

sample mount

microwave electronics 20 mK cryostat

Qubit Read Out
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Read Out Strategies

Saclay Yale (Quantronium) TU Delft NEC NIST UCSBSaclay, Yale (Quantronium) TU Delft, NEC NIST, UCSB

Yale (circuit QED)Yale (circuit QED)

now also: Chalmers, Delft, Yale (JBA)

Non-Resonant Interaction: Qubit Readout

A. Blais et al., PRA 69, 062320 (2004)



Non-Resonant Coupling for Qubit Readout

A. Blais, R.-S. Huang, A. Wallraff, S. M. Girvin, and R. J. Schoelkopf, PRA 69, 062320 (2004)

Measurement Technique



Dispersive Shift of Resonance Frequency

Realization of qubit spectroscopy
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CW Spectroscopy of Cooper Pair Box

gate charge, 2 ng
gate charge, 2 ng

D. I. Schuster et al., Phys. Rev. Lett. 94, 123062 (2005)

Line Shape

Abragam, Oxford University Press (1961)


