Nonlinear spectral compression in optical fiber.
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Spectral broadening of a high power light wave in optical fiber due to four-wave mixing and/or self-phase modulation is a
well studied nonlinear effect that has a number of practical applications [1]. The spectral broadening may be achieved both in
anomalous and normal dispersion fiber. In this work, we have observed experimentally and confirmed through
comprehensive numerical modeling that the spectral width of a powerful wave produced by a Raman fiber laser can
experience spectral compression after propagation in a long enough normal dispersion fiber.
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Fig. 1 (a)Experimental setup. (b) Spectrum shape after signal propagation in 100-km LEAF/SMF fiber, P;=1.5 W.

The experimental set-up consisted of a CW pump source and two types of standard transmission fibers. A Raman fiber
laser (RFL), pumped by an Yb-doped fiber laser, generated a CW signal at ~1425 nm with an output power up to
2W. The RFL spectra shown on the Fig. 1b consisted of two peaks characteristic of the intracavity four-wave
mixing spectrum broadening in RFLs [3]. Then, the laser radiation at ~1425nm was launched into 100-km of
LEAF or SMF-28 fiber with a zero-dispersion wavelength around 1500 nm for LEAF and 1310 nm for SMF.
Thus, light propagates in the region of normal dispersion for LEAF and anomalous dispersion for SMF. The
measured optical spectrum at the end of LEAF fiber shows significant narrowing (Fig. 1b - LEAF), in sharp
contrast to the typical nonlinear spectral broadening in SMF (Fig. 1b - SMF) caused by four-wave mixing
observed and studied in a number of experimental and theoretical publications [1-6].

We performed numerical modeling both of signal generation in the Raman fiber laser and its further
propagation in telecom fibers. Evolution of the multimode partially coherent signal inside the laser cavity was
modelled by the set of the coupled modified nonlinear Schrodinger equations [7], while signal evolution in
LEAF and SMF fibers was computed using standard nonlinear Schrédinger equation [1]. The results of
numerical simulations shown in Fig. 1b fully confirm the experimentally observed spectral behavior of nonlinear
waves. We explain this unusual nonlinear spectral narrowing by an inverse four-wave-mixing leading to efficient
energy re-distribution from the tails to the center of the nonlinear wave. A basic theory of the inverse four-wave-
mixing will be presented at the conference.
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