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Fig. 1. Sketches of optical linear networks: (a) the Reck structure; (b) the Clements structure.

(a) Reck Z5#4; (b) Clements 4514
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Fig. 2. Plots between the total variation distance of boson sampling output combination probabilities considering photon losses and
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resent standard deviations.
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Abstract

Boson sampling is a candidate for quantum protocols to truly realize the quantum computation advantage
and to be used in advanced fields where complex computations are needed, such as quantum chemistry.
However, this proposal is hard to achieve due to the existence of noise sources such as photon losses. In order to
quantificationally analyze the influences of photon losses in optical networks, boson sampling is classically
simulated based on the equivalent beam splitter mechanism, where the photon loss happening in optical units is
equivalent to the photon transmission into the environmental paths through a virtual beam splitter. In our
simulation, networks corresponding to random unitary matrices are made up, considering both the Reck
structure and the Clements structure. The photon loss probability in an optical unit is well controlled by
adjusting the parameters of the virtual beam splitter. Therefore, to simulate boson sampling with photon losses
in optical networks is actually to simulate ideal boson sampling with more modes. It is found that when the
photon loss probability is constant, boson sampling with Clements structures distinctly performs much better
than that with Reck structures. Furthermore, the photon loss probability is also set to follow the normal
distribution, which is thought to be closer to the situation in reality. It is found that when the mean value of
photon loss probability is constant, for both network structures, errors of outputs become more obvious with
the increase of standard deviation. It can be inferred that the increase of error rate can be explained by the
network depth and the conclusion is suitable for larger-scale boson sampling. Finally, the number of output
photons is taken into consideration, which is directly related to the classical computation complexity. It is found
that with the photon loss probability, the ratio of output combinations without photon losses decreases sharply,
implying that photon losses can obviously affect the quantum computation advantage of boson sampling. Our
results indicate that photon losses can result in serious errors for boson sampling, even with a stable network
structure such as that of Clements. This work is helpful for boson sampling experiments in reality and it is
desired to develop a better protocol, for example, a well-designed network or excellent optical units, to well

suppress photon losses.
Keywords: boson sampling, optical network, photon loss, quantum computing
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