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    The questions related to the nonlinear propagation of incoherent optical waves in single mode optical fibers are of practical importance for the fiber propagation of light beams delivered by highly multimode lasers or intense ASE light sources. In many experiments, propagation in single mode optical fiber is very well described by the one-dimensional scalar nonlinear Schrödinger equation (1D-NLSE). Applying the wave turbulence theory (WTT) to the integrable 1D-NLSE, all collision terms in the kinetic equation vanish identically at any order [1]. Accordingly, the WTT predicts that the spectrum of an incoherent light wave propagating in a single-mode optical fiber does not evolve during the propagation. This conclusion is in contradiction with our experiments and numerical simulations made in the normal (defocusing) dispersion regime and reported in 2006 [2].

   In this work, we study theoretically, numerically and experimentally the nonlinear evolution of incoherent light

wave whose propagation is governed by the defocusing 1D scalar NLSE [3] :
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(1)
z represents the distance of propagation in the optical fiber while t measures the time in a reference frame moving with the incoherent wave (z,t). Starting from approach similar to the one presented in refs [4,5], we revisit the traditional WTT applied to 1D-NLSE by taking into account the nonresonant four waves interaction. A kinetic equation governing the evolution of the second-order moment of the field is obtained. Considering Gaussian-shaped initial conditions 
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), the kinetic equation reads :
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(2)

The collision term does not vanish, but relaxes rapidly to zero. A careful comparison between numerical integration of 1D-NLSE (1) and kinetic equation (2) will be presented. Moreover the significant changes in the field spectrum that are predicted from the theory (with hyper-gaussian initial spectrum 
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 ) are observed in experiments based on optical single-mode fibers (see Fig 1 and ref. [3]).
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Fig. 1 (a) Comparison between experiments (black lines) and numerical simulation of 1D-NLS Eq. (1) (red lines). (b) Comparison between numerical integration of kinetic equation with nonresonant terms (blue line) and numerical simulation of 1D-NLS Eq. (1) (red lines).
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