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Abstract
We report on the experimental quantification of coherence as a resource contained in a quantum measurement. In

particular, we investigate the ability of an optical weak-field homodyne detector to detect coherence. We design an
experimental set-up to reconstruct the POVMs of the detector. Then based on the quantum resource theory of coherence,
we evaluate its ability to detect coherence. After that, we discuss the effects of different intensities of the local oscillator
and mode overlap with the probe states on the coherence values.

Quantum coherence as a resource has been investigated in the past few years[1]. To use coherence to obtain quantum
advantages, it is necessary to have access to operations that can detect coherence in the sense that the presence of coher-
ences makes a difference in the measurement statistics. The ability of a quantum measurements to detect coherence has
never been theoretically studied in a quantitative manner until recently[2].

In this work, we experimentally evaluate the value of coherence contained in a specific quantum optical detector,
namely a weak-field-homodyne APD. In the first step, we reconstruct the POVMs of the detector with the method of
quantum detector tomography[3]. The experimental set-up is shown in Figure1(a). For better analysis, we choose five
different intensities of local oscillators(LO) and three interference visibilities for each LO. Secondly, we use the semidef-
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Figure 1: (a)Experiment Set-up for quantum detector tomography. (b) Evaluated diamond measure and nSID-measure for
different set of weak-field homodyne APDs with simulation(segment lines) and experiment (diamond).

inite and optimization programs to evaluate the diamond-measure and nSID-measure defined in [2] for these POVMs.
The results are shown in Figure.1(b). We find that these two measures are matched well for simulated and experimental
results. Besides, it shows that the deviation from the perfect mode overlap between the signals and the LO would decrease
the ability of this detector to detect coherence. When the interference visibility is not very high, the coherence does not
increase with intensities of LO.
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