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Arecent invited paper (Tang et al., 2014) reports the experimental observation of the generation of stable
pulse trains in a ring fiber laser with repetition rates varying in the range between 3 GHz and 285 GHz.
Contrary to what is stated, the theory published in that invited paper does not support the claim that the
generation mechanism of the pulse train is the cavity induced modulation instability effect.

© 2015 Elsevier Inc. All rights reserved.

In a recent invited paper [ 1], Tang et al. describe a fiber ring laser
comprising an erbium doped fiber pumped by a 1480 nm, high
power Raman fiber laser, a span of standard single mode fiber, a
polarization controller (PC) and a polarization-independent
isolator. The average cavity dispersion is anomalous and equal to
about 3.3 ps/nm/km. By increasing the pump power above
200 mW, and by suitably adjusting the intracavity PC, the cw mode
of operation of the laser became unstable, and break-up of the cw
emission into a train of sub-picosecond pulses with repetition rates
continuously varying in the range between 3 GHz [see Fig. 3(a) of
Ref. [1]] and 32 GHz [see Fig. 4(a) of Ref. [1]], depending on the
PC waveplates orientation, was observed. On the other hand, for a
given PC configuration and by increasing the pump power up to
2 W, the repetition rate of the generated pulse train increased up
to about 285 GHz [see Fig. 5(a) of Ref. [1]]. Clearly, the particular
setting of the intracavity PC determines the net cavity birefringence
of the fiber laser. The cavity birefringence of their fiber laser was not
estimated nor measured by Tang et al.; however they have stated
on page 612 of Ref. [1] that the linear birefringence of the cavity
is somehow related to the cavity detuning, although this relation-
ship is never expressed in explicit form. In fact, in describing their
pulse train generation experiments, Tang et al. use the term “cavity
detuning” as being equivalent to “cavity birefringence”.

Based on the observation that the observed pulse repetition rate
depends on “cavity birefringence”, and on their hypothesis that
“cavity birefringence” is equivalent to “cavity detuning”, Tang
et al. claim that the explanation of their experiments is based on
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the cavity modulation instability effect which was described in
Refs. [2-4]. In fact, the “Theoretical description” section of Ref.
[1] repeats the analysis of the modulational instability that is
induced by cavity boundary conditions in a cw pumped, passive
nonlinear cavity that was presented in Ref. [2] (see also the original
Ref. [5] for the formally identical transverse instability).

However the laser cavity that was described in Ref. [2] is
fundamentally different from the fiber ring laser presented in Ref.
[1]. As a matter of fact, Ref. [2] describes a passive fiber ring cavity
pumped by an external cw laser beam. In that situation, the cw field
builds up in the cavity (of length L and with linear refractive index
n, possibly including an intensity dependent contribution) at the
same frequency of the external pump laser, say, @y, until a steady
intracavity power level is reached. Remarkably, the pump laser
frequency wq does not need to exactly match a particular resonance
or longitudinal mode of the passive fiber cavity, say, wg [2-4]. This
leads to a nonzero cavity detuning & =(wg — wo)tg between the
linear phase delay at the pump laser frequency wgtg = wonlL/c (equal
to Yo in the notation of Ref. [1], see Eq. (2)], and the linear phase
delay at a nearby cavity resonance frequency wg, namely
wrtr = 2 m7, with integer m. To the contrary, in a fiber ring laser
with no externally injected pump beam, such as the laser that is
discussed in Ref. [1], the cw field is necessarily locked at a given
cavity frequency wy, as it is well known from basic laser theory [6].

Therefore the linear phase delay /o in the case of the laser
described in Ref. [1] is a fixed quantity, and not a free parameter
that can be arbitrarily varied as in the examples provided in
Fig. 1 of Ref. [1]. Indeed, no control of the cavity phase detuning
is possible in the laser of Ref. [1], contrary to the claims by its
Authors.
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Coming back to the other claim by the Authors of Ref. [1],
namely that the cavity detuning of their laser can be controlled
by varying the cavity birefringence, it is well known that by
varying the net cavity birefringence one may shift the cavity reso-
nance, but it is not possible to drive the cw laser out of resonance.

As far as the possible explanation of the wide range of variation
of the observed modulational instability frequency as a function of
the cavity birefringence, we may suggest the modulational
polarization instability effect [7], which is known to have a gain
that extends all the way down to zero modulation frequencies
for sufficiently low net birefringence, and whenever the fast axis
of the fiber is pumped. Moreover, it is well known that
self-pulsations and mode-locking may occur in ring fiber lasers
via the mechanism of dissipative four-wave mixing [8],
independently of the presence (or lack thereof) of modulation
instability [9]. Therefore, for a proper interpretation of the
experimental results of Ref. [1], it might be suitable to develop a
vector theory of dissipative four-wave mixing, including the action
of cavity birefringence.
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