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Abstract: Photon-number-resolving (PNR) detectors are now commercially available; however, to utilize
the advanced quantum algorithms based on PNR, their characterization must be robust and reliable. In
this work, we have compared three tomographic algorithms and developed a robust tomography strategy.
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errors, reconstructing the unknown POVM is complex.
Here, we compare the performance of three
algorithms: least-squares (LS) error minimization,
maximum likelihood estimation (MLE), and Bayesian o .. |
inference for detector tomography, and develop a
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Fig. 1 Performance of different tomographic algorithms on
synthetic data.
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First, we verify that all algorithms perform well on E
synthetic data, including ideal and non-ideal detectors, oy
where a POVM can be significantly non-diagonal yet 2 o ©
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still known. For instance, Fig. 1 presents preliminary
results for an idealized PNR detector with an 80%
system detection efficiency and a maximum PNR of 5
photons. It shows the mean-squared errors (MSEs) of
POVMs reconstructed using various algorithms from 012345

synthetic data, plotted against the number of trials. The Output #

inset displays the true POVM. Fig. 2 Comparison of POVMs obtained from experimental

We proceed to the comparison of POVM data
reconstructions of a commercial detector, specifically a PNR camera pixel, with an unknown POVM. We
perform 10000 experimental trials and compute the output statistics for coherent-state inputs over a range of
photon fluxes, i.e., in the regime where synthetic data converges well. Fig. 2 shows POVMs obtained from the
same experimental data but with different tomographic algorithms. These POVMs are significantly distinct
from each other but describe the experimental data with similar estimated accuracy. To address the
inconsistency between the algorithms, we developed mitigation strategies to ensure robust detector tomography
and to verify results.

In this work, we confirm that although various detector tomography algorithms are expected to extract
POVMs effectively, results from commercial detectors can diverge significantly and require additional
mitigation strategies tailored to detector physics. Further, we explore a tomography verification algorithm using
optical states with super-Poissonian statistics.
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