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In this talk, we analyze a set of recent experimental observations on multi-photon interference
with first-order and second-order incoherent thermal light. This talk covers the following topics: (1)
How to build a thermal light two-photon interferometer to simulate the behavior of an entangled
biphoton state or qubit; (2) How to build a thermal light N -photon interferometer to simulate the
behavior of GHZ states; (3) How to construct a superposition among a large number of multi-particle
amplitudes and keep their relative phase relation in an ensemble average to simulate the behavior
of a multi-photon pure state.

In a Young’s double-slit interferometer, if the separation between slit-A and slit-B is greater than
the coherence length of the input radiation, there would be no first-order observable interference.

We say the radiation fields at slit-A and slit-B are first-order incoherent, G
(1)
AB = 〈E∗

AEB〉 = 0. For

thermal light, since G(2) = G
(1)
AAG

(1)
BB + |G(1)

AB |2, the second-order coherence function G(2) will be

a trivial constant, G(2) = G
(1)
AAG

(1)
BB = constant, in this case. We say the radiation fields at slit-A

and slit-B are also second-order incoherent. Under the condition of G
(1)
AB = 〈E∗

AEB〉 = 0, can we
observe interference from the joint photodetection between two or more photodetectors?
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Figure 1: The observed polarization correlation of orthogonally polarized incoherent thermal
radiations A and B as a function of θ1 − θ2 with arbitrary values of θ1 and θ2, where θ1 and
θ2 are the chosen angles of the polarization analyzers relative to the polarization direction
of EA. Indicating the behavior of a two-photon Bell state, or a qubit.

In a set of recent measurements on incoherent thermal light, we have observed second-order
interference from incoherent thermal light. Figure 1 reports an experimental result in a recent
experiment of Chen et al., which observed the polarization correlation from orthogonally polarized
incoherent thermal radiations A and B, indicating the behavior of a two-photon Bell state, or a
qubit

|Ψ〉 = 1√
2
[|X1〉|Y2〉 − |Y1〉|X2〉],

where X and Y define the orthogonal linear polarization of the radiation.
This talk will provide a simple quantum model to explain the observation and address an

interesting perhaps also useful problem: how to simulate the behavior of an entangled N -photon
pure state, or qubit, in an N -fold joint photon counting measurement of incoherent thermal light.
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