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Dispersion engineering in Brillouin fiber laser cavity for Kerr frequency comb formation

We conduct numerical and experimental investigations on Kerr comb generation in a nonlinear and nonreciprocal fiber cavity by leveraging both stimulated Brillouin backscattering and cascaded four-wave mixing. By engineering the net cavity dispersion to be either normal or anomalous, we enable the formation of diverse patterns and localized structures in the cavity field. The comb's properties depend crucially on the mismatch between the frequency spacing of the bichromatic pump and the free spectral range of the Brillouin laser cavity in both cases. Particularly, in the anomalous regime, adjusting this parameter yields coherent, stable frequency combs in the modulation instability regime. This allows control and expansion of the spectral bandwidth up to 2 THz in normal dispersion and to 6 THz under anomalous net dispersion. This versatile and easily reconfigurable method holds potential for applications in high-speed communications and microwave synthesis.

INTRODUCTION

Optical frequency combs (OFCs), comprising a series of equally spaced coherent lines in the frequency domain, have found widespread use in a wide panel of applications encompassing optical frequency metrology, spectrograph calibration, microwave generation, and beyond [1]. OFCs originate from various sources, including mode-locked lasers [2], electro-optic modulation [3,4], and passive nonlinear resonators [5]. The latter, using the formation of dissipative temporal cavity solitons in microresonators [6], generates smooth OFCs at high repetition rates, ideal for optical communications and LIDAR systems.

The pursuit of Kerr combs has not been confined to these traditional optical platforms. While early work on microresonators showed a competition between Kerr and Raman or Brillouin scattering [7], a novel approach has recently emerged, demonstrating the generation of soliton-based combs leveraging Brillouin lasing [8,9]. In this paradigm, the Brillouin gain in the cavity gives rise to counterpropagating Brillouin lasing [10] that serves as the coherent driving force behind Kerr comb generation. This paradigm has been extended to fiber cavity Brillouin lasers under bichromatic pumping, to trigger Kerr comb forma-24 tion at a high repetition rate while using a long cavity [11][12][13]. 25 Intriguingly, this dual-pumping configuration bestows an ad-26 ditional degree of freedom for manipulating cavity dynamics, 27 specifically the frequency mismatch between the comb repetition 28 rate and the cavity's free spectral range (FSR) [14,15], which had 29 not been investigated so far in these systems.
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In this letter, we investigate the intricate interplay between The first segment is amplified using an erbium-doped fiber am- whose line spacing matches that of the initial Kerr comb, with a 180 frequency offset [23]. These sub-combs can be still synchronized, 181 under appropriate detuning conditions, to form one globally 182 coherent comb [24], which is shown in fig. 3e. This optimal 183 Brillouin pumps spacing is commensurate with the cavity's FSR, and new specialty fiber materials with strong nonlinearity.

EXPERIMENTAL SETUP AND RESULTS
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  Brillouin scattering (SBS) and cascaded four-wave 32 mixing (FWM) in the nonlinear fiber cavity, to achieve coher-33 ent and stabilized frequency combs. We experimentally study 34 and numerically validate the impact of the frequency mismatch 35 parameter on the comb dynamics, and specifically its spectral 36 shape and bandwidth. In addition, we perform this analysis in 37 both normal and anomalous group velocity dispersion regimes, 38 since the net fiber cavity dispersion can be easily adjusted by 39 inserting a short fiber segment in the cavity. In each case, the 40 generation of switching waves or localized structures through 41 modulation instability (MI), from the initial bichromatic sinu-42 soidal modulation pattern, is investigated and characterized in 43 the spectral and temporal domains.
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  Fig. (a) Experimental setup for Kerr combs generation in a dual-frequency Brillouin fiber laser cavity (green rectangle) benefiting from the phase-locked stabilization loop diagram (purple rectangle). CW: Continuous wave, Polarization controller, IM: Intensity modulator, FC: Fiber coupler, EDFA: Erbium-doped fiber amplifier, OC: Optical circulator, SBS: Stimulated Brillouin scattering, FWM: Four wave mixing, OSA: Optical spectrum analyzer, PD: Photodiode, RFA: Radio frequency amplifier, ESA: Electrical spectrum analyzer, LO: Local oscillator, FPGA: Field-programmable gate array. (b) Principle of the offset sideband-locking for the Brillouin gain spectrum detuning scan.
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  fig.3b, provide good agreement with the experiment and help 173
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 3 scheme is the ability to easily change and reconfigure the disper-219
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