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What Constitutes a Quantum Measurement?
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Quantum Imaging by Interaction-Free Measurement
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 Interaction-Free Measurements and Entangled Photons
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If detector D2 clicks, will the spot size
on the detector array measured in
coincidence  become smaller?

•  Does it lead to the collapse of the wavefunction of its entangled partner?

•  Does an interaction-free measurement constitute a “real” measurement?

•  More precisely, does the entire two-photon wavefunction collapse?
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Ghost (Coincidence) Imaging

 • Obvious applicability to remote sensing!
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(imaging under adverse situations, bio, two-color, etc.)

Padgett Group



BBO

355 nm

ICCDDelay 
line

A
PD

Filter

Filter

BS

BS

BS

Object

Interaction-Free Ghost Imaging

Experimental Setup

Filter



Experimental Results
Interaction-free ghost image of a straight wire

•  Note that the interaction-free ghost image is about ten times 
    narrower than full spot size on the ICCD camera

•  This result shows that interaction-free measurements
   lead to wavefunction collapse, just like standard measurements.



Was this experiment even worth doing?

We could instead have simply answered the question 
theoretically (of whether interaction-free measurements 
lead to wavefunction collapse).
My response:  Physics is an experimental science.  
Theoretical models are developed to explain the results 
of experiment, and not vice versa.  

In their mathematical treatment of interaction-free measure-
ments, Elitzur and Vaidman state: “Assuming that detectors 
cause the collapse of the quantum state . . .” (Emphasis mine.)

     Foundations of Physics 23, 987 (1993).



Is interaction-free imaging useful?

Interaction-free imaging allows us to see what something
looks like in the dark!

Could be extremely useful for biophysics.  What does the 
retina look like when light does not hit it?  



Summary

•  Laboratory results show that an “interaction-free” measurement 
    of one member of an entangled two-photon state leads to the 
    collapse of the entire two-photon state.

• As such, it is possible to combine ghost imaging with interaction-
   free imaging to produce interaction-free ghost imaging.

     • Interaction-free ghost imaging holds promise for “imaging 
   in the dark,” with important implications for biophotonics and 
   surveillance for national security.  

•  Work is ongoing to achieve greater transverse spatial resolution.

     



Quantum Imaging Overview
Ghost Imaging (Shih) Imaging with Undetected Photons (Zeilinger)
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Speaking of Imaging: Why We Shouldn’t Trust Google




