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We present experimental and theoretical results showing efficient emergence of rogue 

wave-like extreme intensity spikes during the fiber-based induced-modulational instability 

process driven by a partially incoherent pump. In particular, we show that the rogue event 

probability can be easily controlled by adjusting the pump-signal detuning. 

 

          OCIS codes: 060.4370 (Nonlinear optics, fibers), 060.7140 (Ultrafast processes in fibers), 

060.2320 (Fiber optics amplifiers and oscillators),  190.4410 ( Nonlinear optics, parametric 

processes), 190.3100 (Instabilities and chaos). 
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Optical fiber systems are well-known to provide convenient platforms with which to investigate 

a large and diverse set of fascinating fundamental nonlinear phenomena [1]. Among the striking 

phenomena due to the interplay of the dispersive and Kerr effects is the modulational instability 

(MI) [2], entailing the exponential growth of a weak perturbation at the expense of a continuous 

or quasi-continuous pump wave. The amplified perturbation can be either quantum noise (i.e., 

spontaneous MI) or a frequency shifted signal wave (i.e., induced MI). In the frequency domain, 

MI is equivalent to a four-photon parametric mixing process where two pump photons are 

annihilated to create a Stokes (signal) – anti-Stokes (idler) photon pair. For both its fundamental 

and applied interests, MI has attracted a great attention more than twenty years ago. In view of 

its potential application to fiber-based communication systems, several MI-based devices were 

proposed such as wide-band optical parametric amplifiers, wavelength converters or high-

repetition rate lasers [1, 3-5]. 

 More recently, MI generated by a picosecond coherent pulse has been shown to be the 

key ingredient of the generation of optical rogue-waves in supercontinuum [6, 7] : by analogy 

with hydrodynamics and the Benjamin-Feir instability [8], Solli et al. have highlighted that MI 

could explain the emergence of such rare but intense optical events. These extreme statistics, 

which deviate significantly from Gaussian probability, can also appear in non-solitonic systems 

such as Raman amplifiers driven by a partially incoherent pump wave propagating in fibers with 

low group velocity dispersion [9]. In such a system, the initial intensity fluctuations of the pump 

are indeed exponentially amplified, resulting in the generation of intense spikes with temporal 

duration corresponding to the pump coherence time. 

 The question which we address here is concerned with the impact of a partially 

incoherent pump on the performances of parametric (MI) amplifiers. Indeed, since both Raman 
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and parametric amplifiers are based on a fast amplification process which follows the rapid 

optical field fluctuations inherent to an incoherent wave, one may naturally wonder whether 

optical rogue events can also occur in MI-based amplifier. In preliminary investigations, 

Sylvestre et al. have outlined that partially incoherent pumping, produced by fiber Raman lasers, 

could significantly deteriorate the quality of the amplified signals [10]. However, their analysis 

has been restricted to the frequency domain so that, to the best of our knowledge, the temporal 

profile and the associated statistical properties of an amplified signal have not been yet 

investigated in detail. In this Letter, we provide experimental evidence of rare optical events in a 

parametric amplifier in presence of a strong partially incoherent pump. We stress, both 

experimentally and numerically, the fundamental differences between MI with coherent and 

partially incoherent pumping schemes. On the other hand, we describe the temporal evolution 

experienced by a continuous signal and its variation as a function of the pump-signal frequency 

detuning. Finally, the use of a pulsed signal offers the possibility to carry out more precise 

measurements on the pulse statistics and clearly highlights the impact of the incoherent pumping. 

 

Our all-fibered experimental setup is sketched on Fig. 1(a) and relies exclusively on 

commercially available telecommunication-ready components. We have designed a simple 

home-made partially incoherent source by amplifying the spectrally sliced and polarized 

amplified spontaneous emission (ASE) of an erbium-doped fiber amplifier (EDFA). Spectral 

slicing of the ASE emerging from a first EDFA was achieved by means of an optical bandpass 

filter (OBPF) having a Gaussian profile with a spectral full-width at half-maximum (FWHM) of 

40 GHz (Fig. 1(b)). An additional OBPF is included in order to remove potential ASE generated 

by a second EDFA used to amplify the filtered ASE of the first EDFA. This system enabled us to 
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reach an optical signal to noise ratio higher than 50 dB for a maximum average power of 110 

mW (the output power is controlled using a variable optical attenuator (OA) ). The temporal 

properties of this incoherent pump have been analyzed through autocorrelation measurements 

(Fig. 1(c)). Experimental results are in good agreement with the assumption of stochastic 

fluctuations with a Gaussian probability distribution [9]. Characteristics time of the fluctuations 

has then estimated to be 9 ps, in agreement with the spectral measured bandwidth. 

 

The partially incoherent pump and a continuous signal with an average power of 140 µW were 

combined into a 500-m highly nonlinear fiber (HNLF) with a nonlinear coefficient γ of         

10 W-1.km-1 and a second order dispersion  β2  = - 6 x 10-4  ps2.m-1. We have first recorded the 

output spectra for various pump-signal detunings s pν νΩ = −  ranging from 0.1 to 1.8 THz (with 

νs and νp the central frequencies of the signal and pump, respectively). Results are summarized 

in Fig. 2(a1) and confirm the generation of an idler wave (up to Ω = 1.2 THz) as well as 

significant cascading of the process (between Ω = 0.4 and 0.8 THz). We have carefully 

compared these results with those obtained with a coherent pump delivered by an external cavity 

laser (Fig. 2(a2)). Major differences are then clearly outlined: visible idler is generated only up to 

0.8 THz and no cascading is observed. We can then conclude that the amplification bandwidth 

generated by a partially incoherent pump is broader than the one generated by a coherent pump. 

On the other hand, for similar average pumping powers, the resulting MI gain is higher with a 

partially incoherent pump. Both results are fully consistent with a previous analytical and 

experimental study carried out in spontaneous partially incoherent MI [11]. Let us also note that 

the resulting spectral bandwidth of the amplified signal is significantly increased in presence of 

incoherent pumping, due to the cross-phase modulation of the pump on the signal [12]. In order 
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to validate our experimental approach, we have simulated the longitudinal evolution of the 

envelope of the complex electric field ψ(z,T) through the standard nonlinear Schrödinger (NLS) 

equation [1] : 
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Numerical integration of this equation by the usual split-step Fourier method (Figs. 2(b)) exhibits 

an excellent quantitative agreement with the experimental results. 

 

We then got interested in the temporal evolution of the signal which is isolated from the pump 

and idler waves by means of an adequate OBPF (supergaussian shape, 1.25 THz spectral 

FWHM). Temporal measurements recorded by a photodiode connected to a GHz-oscilloscope 

(Figure 3(a)) highlight the emergence of intense spikes on the amplified signal for various pump-

signal detunings. Changing the pump-signal detuning significantly impacts the number and 

intensity of the spikes, higher detuning leading to less frequent spikes (Fig. 3(a3)). Experimental 

results are in agreement with numerical simulations, as shown by Fig. 3(b) in the particular case 

of the largest frequency detuning (corresponding to Fig. 3(a3)). Therefore, the control of the 

pump-signal detuning represents a convenient way to directly influence the emergence 

probability of the rogue structures. Moreover, we have checked that such spiky structures are 

only observed with the partially incoherent pump. In order to get further insights on the fine 

temporal structure of the spikes [9], we have recorded the autocorrelation of the amplified signal. 

Results plotted on Fig. 3(c) highlight a temporal width of 5 ps. This temporal duration is of the 

same order of magnitude that the pump fluctuations presented on Fig. 1(c). However, let us note 

that this duration is nearly a factor 2 below the pump coherence time, which can be explained by 

the exponential gain experienced by the localized structure of the signal. The experimental 
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amplified signal contrast is well below the initial contrast 1:2 of the pump, in agreement with the 

rogue nature of the amplified signal [9]. Such an evolution is well reproduced by numerical 

integration of the NLS equation. 

 

In order to carry out quantitative statistical measurements, we have then substituted the 

continuous signal by a picosecond signal delivered by a mode-locked fiber laser running at a 

repetition rate of 22 MHz. As the pump-signal detuning is fixed to 1 THz, most of the pulse train 

does not experience any amplification as illustrated on Fig. 4(a): only rare pulses are amplified 

and therefore deviate strongly from the average output power level. Related experimental 

statistics, as recorded on a 50-GHz sampling oscilloscope, are plotted on Fig. 4(b1) for various 

pump powers. As the partially incoherent wave power increases, the probability distributions 

become clearly asymmetric and deviate from a purely Gaussian shape with a tail developing 

towards higher peak-powers. This evolution is qualitatively well reproduced by an extensive set 

of numerical simulations (105 simulations) as shown in Fig. 4(b2). A quantitative difference may 

appear however due to the electronic noise of the detection system (photodiode and oscilloscope) 

which broadens the experimental distribution. We have not included this noise in our simulations 

but we have experimentally carefully checked that its influence does not depend on the pump 

power, contrary to the observed power-dependent wing broadening. 

 

In conclusion, we have shown that induced-MI (or parametric amplification) based on a partially 

incoherent pump can lead to the emergence of high signal peaks deviating significantly from the 

average dynamics. Similarly to Raman amplification, this behavior can be explained by the 

instantaneous exponential transfer of the fluctuations of the pump to the signal. The rogue event 

probability can be easily controlled by adjusting the pump-signal detuning. By providing a new 
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vision of the temporal evolution of a wave, this study may find potential applications in the 

design of parametric-based devices for optical communications. 
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Figure caption : 

 
 
 

Fig. 1 : (a) Experimental setup for induced incoherent MI. (b) Pump optical spectrum. (c) Pump 

autocorrelation. The experimental measurements (solid black line) are compared with the results 

calculated numerically assuming a Gaussian stochastic distribution with a coherence time of 9 ps 

(grey circles). 

 

 

Fig. 2 :  Evolution of the output spectrum as a function of pump-signal detuning. Experimental 

results (subplots a) are compared with numerical results (subplots b). The evolution based on a 

partially incoherent pump (subplots 1) is compared with that observed with a coherent pump 

(subplots 2). Intensities are normalized with respect to the initial signal power. 

 

 

Fig. 3 :  (a1-a3) Amplified signal for various pump-signal detunings Ω :  0.75 THz, 1 THz and 

1.25 THz (supblots a1, a2 and a3, respectively, corresponding to spectra A, B and C of 

Fig. 2(a1) ). Intensity is normalized with respect to the median value.  (b) Simulation of the 

amplified signal generated for a pump-signal detuning of 1.25 THz. (c) Experimental 

autocorrelation of the amplified signal (solid black line) compared with simulation results (grey 

line). 

 

 

Fig. 4 :  (a) Output pulsed signal in presence of a partially incoherent pump. The dashed line 

represents the signal power level without pump. (b) Probability distributions of the output peak-

power for pump powers of 10mW, 50mW and 100mW (light grey, dark grey and black 

histograms, respectively). Experimental results (b1) are normalized with respect to the median 

value and are compared with numerical results (b2).  
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