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Abstract: We experimentally and theoretically investigate ififluence of pump depletion effects
on extreme statistics observed in fiber Raman diegdi We also report on the impact of the
dispersion of the fiber.

OCIScodes. (060.4370) Nonlinear optics, fibers; (060.232®efFioptics amplifiers.

1. Introduction

Following the recent description of rogue wave-lgtaictures emerging from optical supercontinuuersegated in
microstructured fibers [1], extreme statistics anlinear photonics has stimulated large interegthiéncommunity. It
has indeed been outlined that the ultrashort regli¢ons initiated by modulation instability exhilpeak powers
following a strongly non-Gaussian probability distition. However, observation of such non-Gausbi@mavior is
not confined to processes involving ultra-broadbaspkctral expansion : similar heavy tailed prolighbil
distributions have also been reported at teleconeation wavelengths in fiber amplifiers based omtipfy
incoherent pumping [2, 3]. In more detail, it h&eb shown that under negligible group velocity dispn between
the pump and the signal, the ultrafast fluctuatiohthe pump can be exponentially transferred ensignal, leading
to strong reshaping of the gain properties [4].

We focus here our attention on Raman amplifiersafy] we describe the influence of the dispersiopgrties
of the fiber as well as the impact of the initiggreal level. Experimental measurements highlight thoth temporal
and spectral properties are affected by theseracidhe recorded evolutions can be reproduced biytiral and
numerical modeling.

2. Experimental set-up

The experimental set-up we used is similar to the eported in [2] and is sketched in Fig. 1a. ifliteal partially
incoherent pump is delivered by a Raman laser @} an average power of 300 mW. The signal is a&icaaus
wave at 1550 nm with an average power of 0.2 m\We Raman amplifier under investigation is pumped ico-
propagating configuration and relies on the useoomfimercially available highly non-linear fibers NHF) with a
typical length of 500 m, a non-linear coefficignt 10 W*.km™ and a dispersiof, in the range of + 1 ps/nm/km.
At the output of the device, the signal is chandotel by means of a photodiode that reveals (Flp. the
spontaneous emergence of spikes with amplitudeeeliteg more that 100 times the average power. Auteledion
measurements provide additional information ontypécal temporal duration of those extreme picosecspikes.
Moreover, the contrast of the autocorrelation (ite ratio between the maximum of the autocormatind its
minimum) is an indirect indication of the relatigeplitude of the spikes. To complete the analybih® amplified
signal, we have also recorded the output opticattspm. Note that spectral filtering is this expatidpectrum is a
convenient way to isolate the rarest structures [7]

We first investigate the influence of the amplitudfethe initial continuous seed. Records made fitiai
powers ranging from 0.2 mW to 8 mW reveal the gjrisnpact of this factor: the autocorrelation isdmened when
increasing power and the contrast decreases (€1g. Regarding the spectral domain (Fig. 1c2),raoméng of the
output signal can be observed: due to the stroptgtien effects occurring for high initial powetbge cross-phase
modulation of the pump on the signal is weakened.

Thanks to several HNLFs, we have been able to explarious values of walk-oth between the pump and the
signal (Fig. 1d, values spanning from O ps to 7pb ftsappears from the autocorrelation measuremtras the
temporal width of the autocorrelation is not vepnsitive for d in the range 0-50 ps. Such a value has to be
compared to the characteristic width of the punygtfiations which is around 25 ps (blue curve, Eifl. Such
interesting behavior has recently been used in B8y higher values o, the central peak of the autocorrelation
broadens. The output spectrum is more sensitivereardasing walk-off values leads to a narrowinghef output
spectrum. Let us note that no major differencelieen noticed between using normally and anomal@petive
HNLFs, confirming that the dynamics involved in #mergence of the spike is not linked to solitdrébavior.
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Fig. 1. (a) Experimental set-up. (b) Oscilloscope trace of the signal after amplificati (c) Influence of

the initial signal average power : intensity aotoelation(cl) and optical spectrur(c2). Inset : results

from numerical simulations. (d) Influence of the walk-off paramete¥ : autocorrelation(d1l) and

spectrun(d2). Inset : numerical result of the evolution of theocorrelation width for various values®f
3. Theoretical modeling

In order to confirm the experimental temporal apécéral trends, we have modeled the evolution efdhtical
signal and pump fields in our Raman amplifiers bing a set of coupled non-linear Schrédinger equat[5] :

0 .

Hez Sy lyr2iy iy,

0 . 0
Pes T fusr 2iyluf wov o

We have carefully checked that second and thirérodispersions and self-phase modulation were natia to
explain the main features that have been experatigrdbserved. The partially incoherent nature e pump is
taken into account, the pump being modeled in peetsal domain by a Gaussian intensity field haxdargjochastic
phase [6, 8]. Based on this model, we have belentalbeproduce accurately the temporal and sgquioaerties of
the amplified signal (see for example insets of Eigand 1d). Analytical predictions of the proligypidistribution
function including depletion effects or walk-offfefts have been derived and have confirmed theiljeaied
nature of statistics. Increasing depletion and veditkboth tend to lower the heavily tailed natufale statistics.

4, Conclusion

In conclusion, we have experimentally and theoadlfichighlighted the influence of depletion effeets well as the
impact of the walk off between the pump and sigifiake temporal typical duration of the intense spkdéight can

therefore be tailored by adjusting theses two patars and it is possible to obtain structures tganlonger
duration than the initial fluctuations of the purdfl those points are crucial for a better underdtag and control
of the extreme structures that appear in fiber dim@ pumped by a partially coherent source ditlig
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