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7.37: Entangled Photons Can Behave Like Fermions
As shown in the figure, photons from separate sources, a and b, arrive simultaneously at the first beam splitter of a Mach-Zehnder
interferometer (MZI).

Because the photons are indistinguishable they don't possess separate identities, and we are forced by quantum mechanical
principles to represent their collective state at the beam splitter (BS) by the following entangled wave function. The plus sign in this
superposition indicates that photons are bosons; their wave functions are symmetric with respect to the interchange of the photon
labels.

The following vector representations are used for the photon states, |a> representing presence in the upper arm of the MZI and |b>
presence in its lower arm.

Writing Ψ in tensor format yields,

There are four detector states after the exit channels of the MZI (|aa>, |ab>, |ba>, |bb>), which are shown below in tensor format.
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The matrix operator representing the beam splitter:

The following calculations show fermionic behavior for the photons. They never arrive at the same detector. (Kronecker is
Mathcad's command for tensor matrix multiplication.)
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