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Introduction

The control over the temporal shape of picosecond optical pulses is essential for many application fields, such as boosting the efficiency of all-optical telecommunication methods [START_REF] Parmigiani | Time domain add-drop multiplexing scheme enhanced using a saw-tooth pulse shaper[END_REF] or nonlinear light-matter interactions [START_REF] Fülöp | Shaping of picosecond pulses for pumping optical parametric amplification[END_REF]. As commonly used Fourier domain methods [START_REF] Weiner | Ultrafast optical pulse shaping: A tutorial review[END_REF] become ineffective for spectrally narrow picosecond pulses, recent focus shifted towards picosecond pulse shaping using on-chip approaches [START_REF] Liao | Arbitrary waveform generator and differentiator employing an integrated optical pulse shaper[END_REF]. Such platforms offer smaller footprints, better energy efficiencies and potential for mass fabrication. However, current implementations have two main disadvantages: Firstly, they lack on-the-fly reconfigurability due to a fixed a priori sample design, and secondly they do not feature efficient monitoring solutions for easy deployment and usage. The latter is indeed prerequisite for adaptive solutions, especially based on machine-learning algorithms that seem attractive to extend the functionality of such technologies [START_REF] Genty | Machine learning and applications in ultrafast photonics[END_REF]. In this work, we lay out a practical approach for such a machine-learning enhanced, on-chip platforms for temporal coherence synthesis [START_REF] Park | Transform-limited picosecond pulse shaping based on temporal coherence synthesization[END_REF]. The backbone of our method is a particle swarm algorithm in combination with an all-optical sampling technique and an electrically controllable interferometer cascade, which allows for straight-forward reconfigurability and autonomous operation.

Results and Discussion

Figure 1a shows the experimental implementation of our adaptive picosecond pulse shaping device. The source is a commercial fiber laser (Pritel FFL), which emits pulses with an FWHM (full width at half maximum) pulse duration of 22 ps, and a repetition rate of 10 MHz. The optical pulse shaper is based on a silicon-oxy-nitride platform which offers exceptional low optical losses [START_REF] Moss | New CMOS-compatible platforms based on silicon nitride and Hydex for nonlinear optics[END_REF], hence allowing for a concatenation of multiple Mach-Zehnder interferometers with bit-wise increasing and relatively long delays [START_REF] Wetzel | Customizing supercontinuum generation via on-chip adaptive temporal pulse-splitting[END_REF], as illustrated in Fig. 1a. Here, at each interferometer, the incoming pulse is split into two copies with ratios depending on the voltages applied to the heaters above the bidirectional couplers. While one copy experiences a variable delay (illustrated by the different colors in Fig. 1a), the other part travels for a short, fixed delay (approx. 1 ps). After propagation, the two copies are coherently recombined, resulting in an altered pulse shape, before entering the next interferometer with a different delay. To read out the cascade's output, we make use of an all-optical sampling scheme based on an AND gate, which utilizes four-wave mixing in a highly nonlinear fiber (OFS Fitel, zero dispersion wavelength of 1546 nm, 1 km length). The sampling source is a mode-locked fiber laser (Menlo FC1500-250-WG) which emits pulses with an FWHM pulse duration of 4.4 ps at a repetition rate of 250.27 MHz. Inside the highly nonlinear fiber, an idler photon is only generated when the broad pump (i.e., shaped pulse) and short seed (sampling laser) overlap. Afterwards, the sample pulse (idler), which is proportional to the shaped signal, can be measured at a kHz rate with lower electronic constraints. We implemented a software-based learning procedure that optimizes the on-chip interferometer settings towards a user-defined target waveform. Unlike most photonic implementations, our learning procedure is based on a particle swarm algorithm instead of commonly used genetic algorithms (GA) [START_REF] Genty | Machine learning and applications in ultrafast photonics[END_REF], which greatly accelerates the system convergence.

Exemplary results of our autonomous pulse shaping device are shown in Fig. 1b-c. We defined a cost function based on the so-called 'cosine similarity' to compare two vectors (here the target and measured waveform). The figure shows the result for a negative sawtooth with an FWHM of 33.3 ps (Fig. 1b) and for a flattop pulse of 53.6 ps (Fig. 1c). Despite some waveform modulations, which are intrinsic to the missing phase control of our system, our experiment demonstrates that the combination of an optimization algorithm with an efficient measurement technique can lead to a wide reconfigurability of the waveform. This finding is even more intriguing since our photonic chip is not specifically designed for this particular application. Moreover, supporting simulations indicate that the convergence of the PSO is increased by a factor of up to 6.5 compared to a genetic algorithm. 

Conclusion

In conclusion, we have demonstrated a novel approach for the realization of an autonomous pulse shaping device based on the unique combination of on-chip temporal coherence synthesis, all-optical sampling, and a smart optimization algorithm. We further compared the performance of the used PSO with a standard GA and found an increase in convergence speed and accuracy. Our findings offer a framework for future telecom-ready pulse shaping devices, and may inspire broader applications of the PSO in physical settings.
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 1 Fig. 1. a Concept for the autonomous pulseshaper based on the concatenation of on-chip interferometers with ascending delays (in color). PC = Personal Computer, Solid lines = optical paths, dashed lines = electrical paths; b Result for the shaping of a negative sawtooth pulse; c Result for a flattop pulse. Red = Target, Black = Experiment.