Mitigation of static imperfections in photonic quantum schemes by averaging
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The errors introduced in the fabrication of photonic interferometers, especially by the integrated photonics technologies, lower the fidelity of generated quantum states. We propose to reduce the effect of errors by using averaging. We show that it is theoretically possible to achieve a feasible fidelity of state generation by a tuning procedure using only the information about the fidelity and probability of the heralded state, even if particular errors of beamsplitter and phase shift fabrication are unknown.
The bleeding procedure (introduced in [1]) is a powerful tool for increasing the probability of quantum optical state generation in linear optical devices. The key advantage is that it does not require additional single photons. Instead, bleeding requires a device extension consisting of additional detectors, interferometers, and continuous feedforward of the detection results with fast switching. The heralding probability increases monotonically with the length of the bleeding scheme L if appropriate transmission coefficients are chosen at each interferometer. It is crucial that all the interferometers on each layer are identical.
An averaging layout, as the name suggests, to average the differences of the S matrices H(i). If the appropriate schemes before and after the matrices are chosen, one obtains an effective heralding interferometer H(eff). Also you can average more matrices without additional detectors.
The main idea of this paper shown in Figure 1a) is to synthesize these 2 schemes to obtain a higher fidelity F of the heralded state. Furthermore, we suggest that it is possible to fine-tune the transmission coefficients of the scheme to modify the bleeding and averaging procedure to obtain maximum fidelity. The realistic scenario would be that we have no information about the nuances of the errors of each matrix: H(i)-H. But we do have information about the heralding probability and the fidelity of the generated state at the output.
The simulation of this tuning procedure is done for the Bell state generation scheme. The final results of this simulation are shown in Figure 1b). A total of SL=1024 constant error matrices are arranged for different values of S, and then a fitting procedure is started. The error model is chosen as a normal distribution of beamsplitter transmission coefficients with σ2 dispersion. The resulting fidelity dependence is 1-F=6.98σ2/S.
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�Figure � SEQ "Figure" \* ARABIC �1�: a) The synthesis of bleeding and averaging in the case of the Bell generator, only one bleeding layer is shown. The detection pattern of each layer determines whether the photons continue to pass through the scheme or are switched to the output. An averaging scheme of S matrices. It can be shown that V interferometers can be chosen as identical simple schemes. b) Result of 800 adjustment procedures for Bell state generation with SL=1024 total error matrices. Markers show S, dashed lines are fit model 1-F=bσa









