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Crowd synchrony and quorum sensing arise when a
large number of dynamical elements communicate with
each other via a common information pool. Previous ev-
idence in different fields, including chemistry1, biology2,3

and civil engineering4, has shown that this type of cou-
pling leads to synchronization, when coupling is instan-
taneous and the number of coupled elements is large
enough. Here we consider a situation in which the trans-
mission of information between the system components
and the coupling pool is not instantaneous.

FIG. 1. The color coding shows the intensity for each star
laser as a function of time. In the vertical axis the lasers are
sorted by their solitary frequency with number 1 correspond-
ing to the most negative detuning. The black dashed line
shows the laser for which ω = 0. (a) for 10 lasers, (d) for 75
lasers. The right column shows the frequency of the lasers
(dots), in relation with the normailized cumulative Gaussian
distribution (solid line). The star-lasers are pumped above the
lasing threshold and the Hub laser is pumped below threshold.

We show numerically that a system of non-identical
semiconductor lasers (star-lasers) coupled to a common
hub laser with time delay can be synchronized with zero
lag5,6 (Fig. 1).

The transition to the synchronization occurs above a
certain critical numberMc of coupled lasers, provided the
pump current of the hub laser is smaller than the solitary
pump current threshold µth. The type of synchronization
transition can be controlled via the pump current, µ of
the star lasers (Fig. 2): a gradual (first-order-like) tran-
sition is observed for star lasers with µ > µth, and an
abrupt (second-order-like) transition arises for µ < µth.

A similar behavior has been exhibited by a chemical quo-
rum sensing system1.
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FIG. 2. Ratio between the averaged coherent intensity ⟨I⟩
and the number of star lasers M , as a function of M itself
and for different coupling strengths: From top to bottom κ =
30 ns−1, κ = 20 ns−1 and κ = 10 ns−1. (a) µ = 1.02, µH =
0.4. (c) µ = 0.7, µH = 0.4. Each point is averaged over 10 to
40 different initial conditions and detuning frequencies. The
arrows mark errorbars out of the axis limits.

The critical number of lasers increases linearly with the
width of frequency distribution, and depends on the cou-
pling strength via a power-law with negative exponent,
in agreement with the crowd synchronization transition
reported in the Millenium bridge4. On the other hand,
the coupling delay reduces the critical number of lasers
while it has no influence on it for large enough time de-
lays, even though the delay is evident through the lag
time with which the hub laser is synchronized with the
star lasers (which are synchronized isochronously to one
another).
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