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Weak Values

The result of a pre- and post-selected weak 
measurement



  

Weak Values

The result of a pre- and post-selected weak 
measurement

The weak value is likened to an eigenvalue – 
however, the weak value can lie outside of the 
normal eigenvalue range
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Weak Values?

The result of a pre- and post-selected weak 
measurement

The weak value is likened to an eigenvalue – 
however, the weak value can lie outside of the 
normal eigenvalue range

Had a rough start – problem of interpretation

Can have an amplification effect, and reduce 
technical noise [3-5]



  

Amplification

[3] O. Hosten, P. Kwiat, Science  319, 787 (2008).
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Measurement of Birefringence [1]

Couple photon polarization to position



  

Measurement of Birefringence [1]
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Measurement of Birefringence [1]

Couple photon polarization to position

Pre-select on 

Post-select on 

Between: small polarization-dependent shift 
of position, called the “measurement”

where



  
[1] N. W. M. Ritchie, J. G. Story, R. G. Hulet, Phys. Rev. Lett. 66, 1107 (1991).

Measurement of Birefringence [1]

Some data from [1]



  

Phase Measurement using 
Homodyne

A Sagnac interferometer



  

Homodyne

The signal output from the balance 
detector, when the interferometer is 
balanced is given by

                                         

The signal to noise ratio for a coherent 
laser source is simply

(normalized)



  

Phase Measurement using 
Split Detection [6]

A similar Sagnac

[6] D. J. Starling et al., Phys. Rev. A 82, 011802(R) (2010).

Split Detector



  

Beam Profile



  

Weak Value Phase Amplification

System states:
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System states:

Same weak value:



  

Weak Value Phase Amplification

System states:

Same weak value:

                     (deflection) 
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System states:

Same weak value:

                     (deflection) 

Amplification of phase by transverse kick k



  

Weak Value Phase Amplification

System states:

Same weak value:

                     (deflection) 

Amplification of phase by transverse kick k

SNR:



  

Results

Clear Inverse dependence on k

Similar sensitivities using both methods

Much less incident power on detector



  

Results

Clear Inverse dependence on k

Similar sensitivities using both methods

Much less incident power on detector

50 μrad



  

Conclusion

Split-detection with a coherent split-mode 
beam has nearly the same quantum limit for 
phase sensitivity as balanced homodyne

When detector saturation is the limiting factor, this 
technique allows for an improvement by a factor 
of 
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