
7.19.1 https://chem.libretexts.org/@go/page/141609

7.19: Interaction Free Measurement - Seeing in the Dark
The illustration of the concept of interaction-free measurement requires the use of an interferometer. A simple illustration employs
a Mach-Zehnder interferometer (MZI) like the one shown here.

This equal-arm MZI consists of two 50-50 beam splitters (BS , BS ), two mirrors (M) and two detectors (D , D ). A source emits a
photon which interacts with BS  producing the following superposition. (By convention a 90 degree (i) phase shift is assigned to
reflection.

The transmitted and reflected branches are united at BS  by the mirrors, where they evolve into the following superpositions in the
basis of the detectors.

Substitution of Equations  and  into Equation  reveals that the output photon is always registered at . There
are two paths to each detector and constructive interference occurs at D  and destructive interference at .

Probability at D : 

The MZI provides a rudimentary method of determining whether an obstruction is present in its upper arm without actually
interacting with it. As we shall see, it is not an efficient method, but it does clearly illustrate the principle involved which then can
be used in a more elaborate and sophisticated interferometer to yield better results.

In the presence of the obstruction, Equation  becomes . This leads to the following result at the detectors.
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Quantum mechanics predicts that for a large number of experiments 50% of the photons will be absorbed by the obstruction, 25%
will be detected at D  and 25% will be detect at D . This later result is the signature of interaction-free measurement. Even if the
photon is not absorbed, the mere presence of the obstruction causes the probability of detection at D  to go from zero to 25%. The
photon's arrival at D  signals the presence of an obstruction in the upper arm of the MZI, and the obstruction is detected without an
interaction.

Of course, 25% is not great efficiency, so this is "a proof of principle" example. However, with a little ingenuity the probability of
interaction-free detection can be increased dramatically. To see how this can be accomplished read "Quantum Seeing in the Dark"
by Kwiat, Weinfurter and Zeilinger in the November 1996 issue of Scientific American.

However, it is possible to improve performance significantly by using a system of nested MZIs which is only slightly more
complicated than the simple MZI used earlier. To simplify analysis Feynman's "sum over histories" approach to quantum
mechanics will be used. The probability amplitudes for transmission and reflection at the beam splitters are required.

Placing an additional BS before the original MZI and another BS before D  and renaming it D , plus an additional mirror and new
detector D , yields a nested interferometer configuration that significantly increases the probability of interaction-free detection of
the obstruction.

To interact with the obstruction a photon must be transmitted at the first and second beam splitters. In this case there is only one
history and the probability of the interaction occurring is the square of its absolute magnitude.

The probabilities of detectors 1, 2 and 3 firing are calculated using the same methodology.

The probability D  registers a photon:
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The probability D  registers a photon:

With the modified interferometer detecting the presence of the obstruction without interacting with it increases from 25% to
56.25%.

This page titled 7.19: Interaction Free Measurement - Seeing in the Dark is shared under a CC BY 4.0 license and was authored, remixed, and/or
curated by Frank Rioux via source content that was edited to the style and standards of the LibreTexts platform.
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