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The angular resolution of direct-detection interferometric measurements using telescopic arrays can be en-
hanced by increasing the distance between telescopes, the baseline size. The observed interference patten con-
tains the correlation function information of the radiation from an astronomical object and allows the extrac-
tion of the amplitude and phase of the complex visibility function, often called the fringe parameter, mutual
intensity, or mutual coherence function. Increasing the baseline of the telescope array while maintaining sensi-
tivity can improve the resolution of the source intensity distribution [1]. However, one problem with the direct-
detection interferometric method is the loss of photons during transmission between the telescopes in an array.
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FIG. 1: Upper left panel: Monochromatic plane waves of light from

a distant source S1 pass through two slits separated by a distance

B. Constructive and destructive interference of the waves from the

slits result in a pattern of alternating bright and dark fringes on a

screen. Upper right panel: Similarly, two nearby sources S1 and

S2 produce two sets of overlapping intereference patterns on the

screen. Lower panel: In quantum-enhanced interferometry the pair

of telescopes TL, TR separated by a baseline distance of magnitude

B share an entangled state. Correlations between outcomes of local

measurements performed on the incoming single photon from the

target and the entangled photon supplied by the quantum network

yield the desired interferometric information.

Longer baselines lead to higher photon loss result-
ing in lower rates of successful interference detection
events, which in turn reduces the scheme sensitivity.

A novel approach to mitigate photon-loss prob-
lem using mode-entangled photons has been pro-
posed recently in [2]. The main idea was to predis-
tribute known and replaceable photons in a perfect
Bell-state between two telescopes, utilizing a quan-
tum network [3,4], and extract the visibility func-
tion from local measurements, therefore eliminating
the propagation loss of the collected photons. How-
ever, the technology required to reliably distribute
perfectly entangled quantum states such as high-
throughput repeaters, long-lifetime quantum memo-
ries, decoherence-free entanglement swapping mech-
anisms, high-fidelity quantum gates for purification,
distillation and error-correcting protocols is not ma-
ture enough to yield distributed states with fidelities
close to perfectly-entangled Bell-states.

In this work we consider quantum enhancement
of the direct-detection interferometric measurements
using realistic, imperfectly-entangled quantum states
as a resource. We propose to measure the complex
visibility function utilizing quantum X-states which
could feasibly be distributed across the nodes of a
quantum network with currently available technology.
The X-state form of the density matrix is general
enough to take into account decoherence and photon
loss in the predistribution process between a perfect
Bell-pair source and two telescope sites. We examine
the effects of amplitude-damping, dephasing and de-
polarization on the entanglement distribution process.
Further, we calculate the dependence of the measure-
ment rate and visibility on the resource state matrix
elements and find that the results of the visibility mea-
surements are determined by the concurrence and the
sum of diagonal density matrix elements (weight) of
the X-state in the mode-entangled subspace. We also show that the error in the visibility magnitude is inversely
proportional to the product of the concurrence and the square-root of the weight, while the error in the visibility
phase is inversely proportional to the square-root of the weight of the X-state.
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