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Inter-spike correlations induced by dichotomous noise modulation in an excitable laser
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The behavior of certain natural and technological sys-
tems often takes the form of sequences of discrete events
(point processes), whose statistical properties can be con-
trolled both by the internal dynamics of the system and
by the environmental conditions to which the system is
subjected. Correlations in the time intervals between
subsequent events (named inter-spike intervals, ISIs, in
what follows) arise in certain circumstances and can be
functionally relevant. This is the case, for instance, of
sensory neurons, in which ISI correlations are known to
increase information transfer1 by reducing low-frequency
noise2. A natural question is then, what is the simplest
mechanism leading to ISI correlations?

In this contribution we show experimentally that en-
vironmental conditions alone can lead to correlations, by
examining the response of an excitable laser to a random
dichotomous modulation of its pump current. Our exper-
imental system consists in a diode laser subject to optical
feedback through an external mirror. Due to the action
of the delayed feedback, the laser exhibits (provided the
feedback strength is moderate and the pump current is
close to threshold) a spiking dynamics in the form of
uncorrelated trains of brief power dropouts that can be
interpreted as excitable pulses3 as shown in Fig. 1(a).
The spiking rate (ki) depends on the laser pump current.
In Fig. 1(b), we plot the autocorrelation function of the
ISI intervals. Note that, for this particular case, ISIs at
non-zero lags are completely uncorrelated, and thus we
can interpret this dynamical regime as a renewal point
process.

Figura 1. Dichotomous noise modulation induces ISI cor-
relations. Laser output [bottom traces in (a,c)] in response to
a given pump current [top traces in (a,c)]. The correspond-
ing autocorrelation functions of the ISI sequence are shown
in plots (b,d).

Next, we analyze the effect of environmental variations
on the ISI statistics of the laser emission. Dichotomous
noise leads to a varying firing rate (Fig. 1(c)) that results

in a pattern of ISI correlations (Fig. 1(d)) that match-
es the one obtained analytically from a discrete, M-state
kinetic model4,5. This agreement supports our interpre-
tation of the experimentally observed correlations as aris-
ing solely from the environmental driving, and not from
the (somewhat complicated) dynamics of the laser.

Figure 2 plots the first-order correlation coefficient ρ1

versus the ratio of the firing rates, k2/k1, correspond-
ing to the two pump current levels of the dichotomous
modulation. The experimental results exhibit, in qual-
itative agreement with the theoretical analysis, a local
maximum of the first-order correlation as the variable
firing-rate ratio decreases. The three data sets combine
measurements of two different lasers, different reference
levels of the pump current, and different feedback char-
acteristics. The fact that the system behaves in the same
qualitative way for these very varied conditions highlights
the reproducibility of the results.

Figura 2. First-order correlation coefficient ρ1 as function
of log(k2/k1), for three different values of k1: 6.5 MHz (grey
circles), 10 MHz (red squares), and 15 MHz (green squares).
The switching rate for the dichotomous modulation is in all
cases λ = 100 kHz.

These results shed light on the minimal requirements
to generate correlations in spike time series, showing in
particular, that no specific mechanisms intrinsic to the
spiking system are necessary.
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