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An experimental statistical study of intermittent self-pulsing in the second Stokes wave
generation of the N-doped random DFB fibre laser is presented. For the pump power
slightly above the second Stokes wave generation threshold, the mean time between
generation pikes as a function of the pump power is well approximated by the -3/2
power law that indicates the presence of on-off intermittency. With an increased pump
power, the power law changes to -4 which can be caused by the coupling of the first and
the second Stokes waves leading to the multistate intermittency.

Introduction

A range of physical and engineering systems exhibit an irregular complex dynamics
featuring alternation of quiet and burst time intervals called the intermittency. There are
known three types of the so-called classical Pomeau-Manneville intermittencies [1].
However, the intermittent dynamics most popular in laser science is the on-off
intermittency introduced by Fujisaka and Yamada in 1985 [2]. The on-off intermittency
can be understood as a conversion of the noise effect in a system close to an instability
threshold into an effective time-dependent fluctuations of an instability threshold which
result into the alternation of stable (instability off) and unstable (instability on) periods.
The on-off intermittency has been recently demonstrated in semiconductor, Erbium
doped and Raman lasers [3-6]. An important characteristic of the intermittency is the
statistical distribution of time spent in the off-state. In the on-off intermittency the
distribution of the mean time between generation pikes is well approximated by the -3/2
power law that can be explained by mapping of the dynamics (in the logarithmic scale)
onto a random walk on a half axis [7]. Deviation from this law can indicate the
presence of the other types of intermittent phenomena, for example the multistate
intermittency [8].

In this paper, we report to the best of our knowledge a first experimental statistical
characterization of on-off and multistate intermittencies during the generation of the
second Stokes wave in a nitrogen-doped (N-doped) random DFB fibre laser. Studying of
the phenomenon is both important for fundamental studies of optical wave turbulence
[9-12] and a design and practical implementation of stabilized multi-wavelength Raman
fiber lasers (RFLs) for telecommunication and sensing applications [13-15].

Experimental characterization of the noise induced intermittency

We study the intermittency in the random DFB fibre laser recently demonstrated in [13].
To obtain the cascaded generation, we use the setup similar to studied [14-15].
However, in our experiments we have used N-doped silica core fibre with Rayleigh
scattering coefficient several times higher as compared to the standard
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telecommunication fibres. The experimental set-up is shown in Fig. 1 in details. We
used ytterbium-doped fibre laser YLR-10-1064-LP (IPG Laser) with the maximum
power of 10 W and linearly polarized radiation at 1064 nm as a pump source. Under
appropriate pumping, the laser generates first (1120 nm) and second (1180 nm) Stokes
waves. Collimated output beam with the maximum diameter around 2 mm was focused
onto the entrance end of the fibre span with the help of microlens. Radiation from the
output end of the fibre span was collimated again to simplify the registration process.
Two Rugate notch filters and two prims have been used for the separation of Raman
Stokes components from the pump radiation and to prevent the shutdown of the laser
due to the backscattered light. Both facets of the fibre has been terminated by the angle
polished connectors to avoid 4% Fresnel reflection which is crucial for the random
distributed feedback operation.
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Fig. 1 Experimental set-up.

Results and discussion
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Fig. 2 Experimental time traces of the on-off intermittency in the second Stokes wave generation.
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Fig. 3 Internal structure of pulses in the second Stokes wave generation.

We have found the threshold pump power for the second Stokes wave generation to be
around Py=8.2 W. At this value the second Stokes wave appears as a series of
intermittent pulses (Fig.2). Note, that these pulsations are fundamentally different from
stochastic extreme pulses in RFLs [14-15]. As follows from Figs. 2 and 3, with
increased pump power, the pulses are generated more frequently and the time between
pulses decreases. In addition, spikes comprise high frequency components as shown in
Fig. 3.

We plot the distribution of the time between adjacent pulses and calculate from this
distribution the mean time between pulses <7;> as a function of the pump power P.
Note, we use a low pass filter along with the reference value of the output power to
eliminate contribution of the spikes caused by the measurement noise. The results are
shown in Fig.4. By fitting experimental results, we demonstrate the following scaling
law for (P—P,) =0 [3, 6, 8]:

<TL>~(P_B},)7’ (1)

There are two different intermittency regimes near the second Stokes wave generation
threshold with power laws y~ -3/2 and y ~ -4, Fig. 4.
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Fig. 4 The mean time between pulses in the second Stokes wave generation.

The -3/2 power law indicates the occurrence of the on-off intermittency when the
formerly stable invariant manifold losses stability, and the system dynamics extends to
additional dimensions in the phase space [3, 6]. When the dynamics on the manifold is
chaotic or noise-driven, and there are no other attractors outside the manifold, the on-off
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intermittency occurs above the bifurcation point [3, 6, 8]. In our case the system
dynamics extends to additional dimensions in the phase space with the appearance of
the second Stokes wave generation and so the on-off intermittency appears (Fig.2). We
think that the coupling between the first and the second cascades might lead to
appearance of the multistate where increased noise caused by Rayleigh scattering can
lead to increased rate of hopping between states. As a result, the power law is changed
from -3/2 to -4. Detailed study this type of the intermittency is beyond the scope of this
paper and will be published elsewhere.

Conclusions

We have presented experimental statistical characterisation of the on-off and multistate
intermittencies that occur in the generation of the second Stokes wave in N-doped
random DFB fibre laser. The mean time between generation intensity pikes is well
approximated by the -3/2 power law just above the generation threshold. Further
increase of the pump power results in the -4 power law. This can be caused by coupling
of the first and the second Stokes waves and the appearance of multistate. The presented
results might be important for the design of stabilized multi-wavelength RFLs for
telecommunication and sensing applications
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