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Part  ( I )

Quantum Measurements



�

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

Wallraff et al,
Nature 431, 162 (2004).

Cavity QED 

circuit QED 



(1)   Measurement  Principles 



J-C model:

Dispersive regime:



Initial state



Einstein Bohr

Feynman “
”

Schrodinger’s cat (1935):
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Schrodinger 



(2)  Quadrature Measurement:  
Signal-to-Noise Ratio (SNR)



Short Summary:

(Strength) transmission measurement:  frequency
dependent transmission

Measurement using single-frequency
microwave photons:

1.   Qubit-cavity “entanglement” dynamics; 
cavity state

2.   Cavity-photon state measurement:
homodyne/heterodyne quadrature measurements



(Balanced)  Homodyne



Gambetta et al: PRA 77, 012112 (2008)



(Stochastic) extra unitary backaction

coherent –information gain rate 

Polaron transformation: Eliminate 
cavity-photon states



Understanding: \phi-dependent information-gain rate 



Signal-to-noise ratio:

where is the maximum measurement rate

SNR:

Korotkov & Averin:   PRB 64, 165310 (2001)
Jordan & Buttiker:     PRL 95, 220401 (2005)
Jiao, Li, Wang & Li:   PRB 79, 075320 (2009)

Compare:  qubit + QPC/SET measurements





Quantum Limited Measurements:

Reflection Measurements



Transmission Measurements 



(3)   Quadrature Measurement: 
a single microwave photon



Blais & Wallraff:  Nature Physics 7, 154-158 (2011)











Part  ( II )

Quantum Entanglement:
generation and control 



arXiv: 1004.4324







2-bit Bell state control





Dispersive Regime,

Effective Hamiltonian



Adiabatic Elimination
of Cavity Photon



CQED/ bad cavity:  cavity states “ ”



Homodyne-Mediated Feedback

Wiseman - Milburn
Feedback Equation

PRL (1993)



An alternative
derivation

(understanding)



Feedback Design:  Basic 
Consideration

Target States

Initial State

Measurement and Feedback

Project out



Preliminary  Result

Concurrence : 



Filtered-Current-Based Feedback: 
Improved Result



ENTANGLEMENT DEGRADATION IN           
THE ABSENCE OF FEEDBACK

Fidelity:



Discussion: Feedback Implementation
and other Bell States

Feedback implementation:

1)  Cavity driving induced:

2)  Qubit gating technique …

Other Bell States: 



Previous Studies



S. Schneider, and G.J. Milburn,
Phys. Rev. A 65, 042107 (2002).











arXiv: 1003.2734 About the single photon detection …
i.e., the jump-based feedback  ?



3-bit GHZ state control



Target state

Dipsersive shift:

Effective meas. operator:



Algorithm:  Deterministic generation of the pre-GHZ state



Efficiency Assessment:
(compare to a naïve restart scheme)

Reduce   single-bit rotations

and/or

Enhance   success probabilities

and/or

Avoid   “data clearing ”





Naïve Zeno Stabilization



Qubit relaxation:

(  coupling with environment,   entangling evolution )
“Jz=0” is equivalent to 

a “null-result” of environmental measurement

imbalance of “0” and “1” in |001> and |110>    
Strategy:  AFIZ (Alternate-flip-interrupted Zeno) scheme

(  Very efficient )

AFIZ Scheme



Complementary Strategy:

During the process of AFIZ stabilization, there
exists very small (but nonzero) probabilities 
being projected to :   |000>,  and  a mixture 

of |100> and |010>

The  J_z = - 4   and   J_z = - 2  output currents
will trigger the  “deterministic generation scheme”





Summary
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