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It is well known that a Young’s double-slit interferometer will produce an interference
pattern in the measurement of mean intensity 〈I(r, t)〉, or mean number of photons 〈n(r, t)〉,
if the coherence length, lc, of the incident radiation is greater than the separation, d, between
the two slits (lc > d). However, even with this requirement seemingly met, any random
phase variations induced by changing index of refraction in the optical paths of the double-
slit interferometer may “blur” the expected interference pattern completely. This optical
turbulence plagues all interferometers, requiring the more sensitive ones to be contained
within a vacuum. If we introduce a second detector and measure the intensity fluctuation
correlation, 〈∆I(r1, t1)∆I(r2, t2)〉, we observe a new interference pattern. Mathematically,
this measurement is equivalent to the cross term of the following superposition:∑

m6=n

∣∣∣Em(r1, t1)En(r2, t2) + En(r1, t1)Em(r2, t2)
∣∣∣2, (1)

corresponding to when (1) the mth photon is detected at D1 and the nth photon is detected
at D2, or (2) the nth photon is detected at D1 and the mth photon is detected at D2. For a
double-slit interferometer, this interference is a result of the above superposition between two
different, but indistinguishable amplitudes (or paths) for a random pair of photons to produce
a joint photodetection event. Interestingly, even when lc � d, the above superposition
produces an interference pattern of 100% visibility. More importantly, this interference can
be turbulence-free.

We would like to report experimental evidence that, when scanning the two photodetectors
of the double-slit interferometer, D1 and/or D2, in the neighborhood of x1 ≈ x2 in the
observation plane, the interference pattern produced by this superposition is insensitive to
any random phase variations along the optical paths of the interferometer.
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FIG. 1: Demonstration of Turbulence-free Interference. (a) For a classic double-slit interferometer,
turbulence from heating elements was sufficient to “blur” the interference pattern completely. (b) Under the
same experimental conditions, two-photon interference remains 100% visible when scanning D1 and/or D2

in the neighborhood of x1 ≈ x2 (1-D scanning).


