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Fully controlled manipulation of simple quantum systems 
 
Motivations: 
 

 Fundamental understanding of quantum theory 
 Application to manipulation of quantum information 
 Control of decoherence 

 
Methods: 
 

 Trap microwave photons in a high Q superconducting cavity 
 Manipulate the trapped field with single Rydberg atoms 

 

Quantum Electrodynamics of simple systems 

Context of the experiment 

QUSCO-INCA 

Brief overview 

Cavity QED in the strong coupling regime 

Resonant interaction: observation of 
vacuum Rabi oscillation: 

One atom one mode 

- 1 atom 
- 1 mode 

- negligible 
damping 
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Ω0=47 kHz 
TRabi=20µs 

Coherent Rabi oscillation  
replaces irreversible damping 

by spontaneous emission 

|g,1〉 

|e,0〉 

|e,0〉 ⇐ Ω0 ⇒|g,1〉 Tcav, Tat  >> TRabi = 2π/Ω0 Cavity QED: other experiments 

Cold atoms in cavities: 
•  J. Kimble 
•  G. Rempe 
•  J. Reichel 
… 

Circuit QED 

CQED like systems: trapped ions 

•  J. Martinis  
•  R. Schölkopf 
  M. Dévoret 
•  D. Estève 
•  A. Walraff 
… 

Superconducting qubits coupled to  
a strip-line cavity 

•  D. Wineland 
•  R. Blatt 
•  C. Monroe 
… 

State manipulation by coupling the collective  
motion with the internal state of ions 

CQED in optics: 

Quantum dots in cavities: 
•  I. Robert 
•  JM Gerard 
•  Y. Yamamoto 
•  A. Imamoglu … 

Circular state 
preparation 

Dipole blockade on atom chip: 
Deterministic single atom source 

Quantum Zeno effect 

Schrödinger’s cat 
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•  CNot gate 
•  EPR Pair preparation 
•  GHZ triplet 

•  Two mode entanglement 
•  Resonant cat state preparation 
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Strong coupling regime 

Tcav ≈ 0.2 ms New cavity technology: 
 
 Tcav = 0.13 s 

Proposal:  
Quantum Non-Demolition measurement 
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Vacuum Rabi oscillation 

Atomic fountain: 
Long interaction time 

Two cavities: non-local cat state 
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Quantum feedback 

Quantum jumps of light 
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Full quantum state 
reconstruction 


