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Optical feedback, due to an external mirror in a semi-
conductor laser, induces instabilities in the laser power
output. When the laser works close to its solitary thresh-
old and it is subjected to a small or moderate feed-
back, sudden irregular power dropouts, followed by grad-
ual power recoveries, appear. These chaotic behaviour,
known as Low Frequency Fluctuations (LFF), may show
different statistics3–5, depending on the system’s param-
eters. For pump currents just above the laser’s thresh-
old the system may be in a transient regime, where the
dropouts are rare and it is predominantly in continuous
wave (cw) emission. Increasing slightly the pump cur-
rent, the system gets to a coexistence regime of cw and
LFF. For higher currents, the system shows a sustained
LFF regime, with very short periods of cw emission.
For a constant feedback rate and different pump cur-

rentes (20.50mA to 22.00mA), we have studied the tran-
sition, as the system passes from the transient to the
coexistence and to the LFF regimes. In figure 1 the time
series of the power output, for the different regimes stud-
ied, are shown. In order to characterize the transient
and the coexistence regimes, we have obtained long time
statistics of the bursts of LFFs and of the periods of sta-
ble emission.
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FIG. 1. Time series for the different pump currents studied:
Ia = 21.00mA, Ib = 21.25mA, Ic = 21.50mA, Id = 21.75mA,
Ie = 22.00mA. The threshold of the laser was 20.64mA, and
the feedback used reduced it 10%

The transient regime, (a in figure 1), is interpreted as
the system being near a fix point in the phase space. It
sporadically jumps from it due to noise, and it quickly
returns and remains stably there for a long period. When
increasing the pump current to around 21.25mA, the sys-
tem gets to the coexistence of bursts of LFF and cw emis-
sion (b-d of figure 1). The system spends longer times far

from the fix point, showing longer intervals of LFF’s, and
the rest of the time in the attractor, with cw emission. At
pump currents higher than 21.75 mA the system shows
a complete LFF regime (e in figure 1).
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FIG. 2. Probability Distribution Function for the continu-
ous wave intervals. The linear plot shown in the lin-log scale
can be described in terms of Kramers’ formula.

The probability distribution functions (PDF) we ob-
tain show an exponential decay behaviour for the cw in-
tervals (see figure 2). This can be explained in terms
of the Kramers’ formula. But the PDF of the bursts of
LFF show some structure that makes it different from
an exponential decay. In order to distinguish between
a chaotic or an stochastic origen of the jumps from the
bursts of LFF to the cw and vice-versa, we also follow
a complexity analysis of the time intervals in the coex-
istence regime. In this analysis we transform each time
series intervals into a symbolic series, so we can study
the probabilities of these symbols.
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