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The problem of generating various quantum states of light is still an important topic in
quantum optics, owing to their numerous applications in quantum information processing,
quantum-enhanced metrology, and fundamental tests of quantum mechanics [1–12]. In
this communication we show an experimental scheme, containing only a beam splitter of
transmittance T and a homodyne detector capable of measuring the quadrature Xλ, it is
possible to prepare various superpositions of photon number states, albeit with limited
number of photons [13]. The inputs of the scheme are independently prepared squeezed
coherent states. The benefit of such input states is that they can be routinely generated
experimentally by standard techniques.

A prescribed photon number superposition can be prepared on condition that a given
measurement result Xλ = x of the homodyne detector is obtained and the appropriate
choice of the parameters αj, φj, rj, θj of the input states and the transmittance T of the
beam splitter.

The required parameters can be determined numerically using a genetic algorithm. The
objective is that the misfit between the target state and the output state should be minimal
while the probability of conditional generation should be maximal. We demonstrate that
the various superpositions of photon number states of small numbers, binomial and negative
binomial states can be approximately prepared in the proposed scheme at a high accuracy
and with large probability.

Introduction

Scheme for generating nonclassical states [13]:
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where T is the transmittance and φT = 0, φR =
π
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are the phase angles of beam splitter.

Homodyne detection:

|Xλ = x〉〈Xλ = x|dx,
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Experimental setup

Numerical method:
Genetic algorithm for finding optimal parameters leading to minimal misfit:

ε = 1− |〈ψout|Ψtarget〉|2,

where the quantity |〈ψout|Ψtarget〉|2 is the fidelity between the output and the target states.

Probability of the conditional generation, and the average misfit:
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where $̂3 = Tr4 (|out〉34 34〈out|), and δ is the measuring window.

Approximated nonclassical states:
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Amplitude squeezed state : |α0, u, δ〉AS = c
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Results:

state ε r1 θ1 α1 φ1 r2 θ2 α2 φ2 T x λ δ P εavg.

|0.4, 6〉B 6.51× 10−4 0.13 1.12 0.07 1.01 0.46 0.17 1.78 0.00 0.75 0.23 0.10 0.45 0.393 0.007

|0.6, 10〉B 4.86× 10−3 0.06 4.12 0.23 3.90 0.94 6.21 2.75 6.25 0.70 0.42 3.12 0.25 0.164 0.008

|0.5, 5, π
4 〉NB 3.36× 10−5 0.56 0.72 0.58 0.34 0.10 0.07 1.34 0.59 0.80 0.24 0.03 0.30 0.362 0.006

|0.65, 1, 0〉NB 7.83× 10−4 0.62 0.13 0.09 0.25 0.21 0.90 0.98 0.02 0.70 0.23 0.03 0.20 0.265 0.008

|1, 2, 1〉AS 1.22× 10−3 0.37 1.61 1.29 2.40 0.23 0.86 1.78 0.36 0.70 1.71 3.10 0.40 0.366 0.007

|
√

2, 2.5, 2〉AS 1.81× 10−3 0.65 0.64 1.50 2.19 0.33 0.60 1.54 0.39 0.80 0.75 2.73 0.20 0.222 0.005

|Ψ(0.6, 0.03)〉RS 6.69× 10−4 0.46 2.99 0.07 6.26 1.15 0.28 0.02 1.35 0.30 0.23 6.13 0.55 0.222 0.006

|Ψ(0.15, 0.1)〉RS 7.28× 10−3 0.89 3.31 0.89 3.44 0.03 5.52 0.09 1.63 0.75 0.00 3.19 0.30 0.122 0.009

Numerical results
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