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Multi-octave light source with tunable spectral profile: from supercontinuum to Raman comb spectral-structure

Today it is possible to dispose from a large set of laser sources with broad spectra. Among these light sources, we list supercontinuum sources, generated by combination of several nonlinear phenomena [1], frequency combs generated either by using micro-resonators via optical Kerr effect [2] or Raman combs, generated via Stimulated Raman Scattering (SRS) in gas-filled Hollow-Core Photonic Crystal Fibers (HC-PCF) [3]. Some of these sources can generate spectra with a bandwidth that can span over several octaves, as demonstrated with the near-to 6 octaves Raman comb reported in [3].

Here we report on a single platform based on the combination of a Raman-gas filled Inhibited Coupling guiding HC-PCF (IC HC-PCF) and ultra-short pulse (USP) laser pump with tunable pulsewidth to generate, for the time to our knowledge, several octave wide light source which spectral structure can be tuned, just by changing the pump pulse duration, from a comb to a supercontinuum. This spectral transformation relies on the difference in the time response dependence between Kerr effect and SRS. For example in Raman gas such hydrogen, Kerr effect dominates for sub-picosecond pump pulses because of the instantaneous response of the material electronic hyperpolarizability in the Kerr phenomenon. In parallel, when a Raman gas is pumped with a pulse whose duration is larger than the generation-time of the Stokes, which is ∝ 𝑇 2 √𝐺 ⁄ with T2 being the molecular relaxation time and G the Raman net gain, SRS dominates.

Fig. 1(a) shows the experimental setup. It is composed of a USP laser emitting up to 35 W average power at 1030 nm wavelength and 250 kHz repetition rate, and with tunable pulse-duration spanning from 250 fs to 10 ps. The laser beam is sent before the fiber to a set of polarizing optics for power and polarization control. The input beam polarization is circular in order to enhance the excitation of the rotational resonances of hydrogen at 17.6 THz, as a linear polarization only excites vibrational resonances of 125 THz. The beam is then coupled into a 3 meters length Kagome IC HC-PCF with 57 µm core diameter and a broadband low-loss guidance with a minimum of 10 dB/km at the pumping wavelength. The fiber is filled with 20 bars of molecular hydrogen gas. The fiber output beam is analyzed by a spectrometer (Stellarnet) and optical spectrum analyzers (Ando and Yokogawa) for spectral characterization from 180 nm to 3400 nm. Figs. 1(b-c) illustrate the output spectrum of the hydrogenfilled IC HC-PCF when excited with 15 W pump power for different pump pulse durations, from 250 fs to 10 ps. 

Fig. 1 (

 1 b) shows a photography of the diffracted beam profile spread across a screen, and Fig.1(c)shows the recorded spectra. Both figures clearly show the spectral-transformation of the ~3 octaves wide spectrum -ranging from ~370 nm in the UV to ~2500 nm in the IR -from a ro-vibrational Raman frequency comb for pump pulsewidths wider than 2 ps and into a supercontinuum for pulsewidths between 250 fs and 2 ps.

Fig. 1 :

 1 Fig. 1: (a) Experimental scheme, (b) Output beam scattered by an optical grating for different pump pulse durations, (c) Output spectrum, starting from supercontinuum (top) to Raman frequency comb (bottom) obtained using 8 W of average pumping power.
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