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We investigate analytically, numerically and 
experimentally the spectral broadening of pulses that 
undergo the formation of dispersive shocks, addressing 
in particular pulses in the range of tens of ps generated 
via electro-optic modulation of a continuous-wave laser. 
We give an analytical estimate of the maximal spectral 
extension and show that super-Gaussian waveforms 
favor the generation of flat-topped spectra. We also 
show that the weak residual background of the 
modulator produces undesired spectral ripples. 
Spectral measurements confirm our estimates and 
agree well with numerical integration of the nonlinear 
Schrödinger equation.  © 2017 Optical Society of America 

OCIS codes: (190.4370) Nonlinear optics, fibers; (190.5530) Pulse 
propagation and temporal solitons. 
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Dispersive shock waves (DSWs) or undular bores are expanding nonlinear wave packets composed of adjacent rapid oscillations slowly  modulated in amplitude and frequency, which have been investigated in different physical contexts [1-4]. Coherent DSWs develop in homogeneous or disordered media exhibiting strong nonlinearity, weak dispersion and negligible dissipation. In such media the shock waves originates from a wave-breaking process or “gradient catastrophe” regularized by dispersive effects. In optical fibers such wave-breaking  have been observed long ago in the normal dispersive regime when self-phase modulation (SPM) dominates [5-7]. More recently such regime has conveyed a renewed interest, considerably extending the importance of fiber DSWs [8-15]. The main signature of DSWs is the appearance of temporal ondulations near the pulse edges that induce spectral sidelobes. The deleterious effect of these inherent temporal 

oscillations can be avoided in practice with the use of non-breaking parabolic pulses [16, 17]. However, DSWs can be judiciously exploited to generate smooth and coherent continuum spectra in normally dispersive nonlinear fibers [9]. A particularly interesting application of DSW-induced spectral broadening is the generation of flat-topped low noise frequency combs obtained by electro-optic (e-o) intensity modulation of a continuous-wave (cw) laser. The shape of the spectral envelope of such combs plays a crucial role in applications such as direct frequency comb spectroscopy [18, 19], radio-frequency photonics [20, 21] or telecommunications [22]. But because of the limited extinction ratio of high-bandwidth e-o modulators (typically 30 dB) the pulse train is superimposed on a residual continuous background. Even a weak background strongly enhances the extension and the contrast of the temporal oscillations inherent to the dispersive shock [14, 15, 23]. In this letter, we address the study of DSW-induced spectral broadening of 50-ps pulses. We evaluate the influence of the pulse shape and assess the impact of the residual background. We show that super-Gaussian pulses are best suited to generate smooth and flat-topped spectra. We propose an analytical estimate of the maximum spectral extension of the DSW, which mainly depends on the fiber parameters and input pulse peak power, but depends only slightly on the shape and duration of the input pulses. Experimental measurements carried out for different propagation distances or different input powers quantitatively confirm the analytical estimate of the pulse spectral extension and are in excellent agreement with numerical integration of the nonlinear Schrödinger equation (NLSE). The propagation of an envelope wave A in an optical fiber is governed by the NLSE which can be written in dimensional form as: 
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