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This document provides supplementary information to “Free space laser telecommunication through fogs
and clouds,” https://doi.org/10.1364/OPTICA.5.001338. Here we describe the experimental setup used to

analyze the droplet clearing process in clouds using ultrashort high intensity laser filaments. The cleared

channel created is used for transmitting high bit rate telecom data at 1.55 um. We also discuss the thermal

lensing effect due to the filaments, which is experimentally observed on the telecom laser beam.

Materials and Methods. The experimental setup, as depicted in
Figure S1, relies on propagating ultrashort laser pulses through an
artificial cloud, contained in a chamber of adjustable length and
created by a micrometric droplet generator in an open-ended tube.
The Ti:Sa laser system delivers 30 fs-long 800 nm laser pulses of
5 m] with an initial beam diameter of 1 cm, slightly focused in the
cloud chamber with a 1 m focal-length lens to form 20 cm-long
filaments. The repetition rate of the pulses can be tuned from 10 to
1000 Hz while maintaining a constant pulse energy.

The cloud properties are adjustable in the chamber through
several parameters, such as the length of the chamber (i.e. the length
of interaction with the laser), the incoming speed of the droplets
(wind), their initial concentration and the droplet size distribution.
The optical attenuation of the artificial cloud (up to 20 dB) allows to
reach optical densities of real cloud in the 100 m range thickness
(typical cloud conditions exhibit 10-100 dB/km attenuation). The
optical density of the cloud is continuously probed by an auxiliary
laser (CW, HeNe at 633 nm, not shown on Fig. S1) positioned
20 mm away from the filament region in the transverse direction.
This particle density remained stable, excluding any influence from
potential laser-induced condensation [1].

The data-carrier telecom laser is a low power, amplitude
modulated, distributed feedback laser diode at 1.55 pm which is
aligned to the filament in a counter-propagating configuration that
facilitates its detection and the tuning of its focusing independently
from the high-power laser. An optical system implemented on the
beam path aims at focusing the beam at the position of the filament
with an adjustable numerical aperture, allowing manipulating the
overlap with the filament region. As proof of principle, data
encoding is performed through a square amplitude modulation
applied to the laser diode at a frequency up to 1 GHz, which exhibits

the 0-to-1 and the 1-to-0 transitions. After the focusing optical
system, the telecom laser propagates through the filament region
located inside the cloud chamber. Collected with a lens, the
radiation is then spectrally filtered in order to reject the background
radiation and the high intensity laser light - rejection is above 40 dB
below 1.4 pm. The analysis of the transmitted signal is performed
using a 5 GHz InGaAs photodiode and a 3 GHz oscilloscope.
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Fig. S1. Sketch of the experimental setup. The 800 nm beam path is in
red; the counter-propagating 1550 nm beam in green. L1: focusing
optical system; L2: 1 m focal length optic; PD: 5 GHz bandwidth, InGaAs
photodiode; DM: dichroic mirror.

Defocusing effect of the telecom laser beam. Right after the
filament shockwave, we observe a transmission drop of about 10 to
15%. These initial losses induced by the filament are illustrated in
time on Figure S2, with and without cloud. The transmission gets
back to maximum within a typical half time of 130 ps, slightly
increased in the 1kHz case. Such time scale indicates that these
losses arise from the air refractive index gradient, associated with
the heat deposited by the filament. This phenomenon has been
previously described in the literature in the case of clean air [2-6]:
the gas-depleted region exhibits a lower refractive index at the
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center, which induces a defocusing effect on the data-carrier laser.
This defocusing vanishes when the air density gradient disappears
progressively, whereas the shockwave ejection of droplets remains
efficient on about 40 times larger time-scales, due to the longer
replenishment time. The fog-free average transmission is lower for
laser filaments at 1 kHz as compared with 100 Hz (see also Fig. S3).
It is consistent with the fact that successive pulses arrive before the
transmission has completely recovered.
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Fig. S2. Thermal defocusing effect induced by the filament on the
counter-propagating beam, without fog for the cw case. Inset:
transmission of the modulated laser (0.2 GHz) through fog (-12 dB
transmission), with and without laser filaments; a comparable
defocusing effect observed (arrows).

However, the transmission increase due to the fog clearing
overrides the data carrier laser defocusing by the thermal effects, so
that the overall effect of the filament is highly favorable to
transmitting information with filaments repetition rates above
200 Hz. Conversely, it induces higher losses than fog scattering at
repetition rates below 50 Hz. In this "blind window", no data should
be sent by the transmitter nor expected by the detector. Similarly,
when the repetition rate increases up to the point where the
temporal separation between the pulses is close to the duration of
the transient defocusing (i.e., above 5-10 kHz), one can expect that
the transmission may decrease again. Therefore, repetition rates in
the kHz range appear as an optimal condition.
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Fig. S3. Optical transmission of the data-carrier laser through the cloud
chamber as a function of the high intensity laser repetition rate,
displayed for several cloud optical attenuations (no fog corresponds to
0 dB attenuation without laser). The no-filament case corresponds to
0 Hz repetition rate.
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Fig. S4. Transmission of the 1 GHz amplitude modulated telecom laser
through fog (-14 dB transmission) as a function of time, with and
without laser filament (1 kHz) through fog. Detection of the square
modulated signal is limited by the 3 GHz oscilloscope bandwidth.

Visualization 1. Side view of the data-carrier laser beam (visible
cw 633 nm laser in this case) through fog with and without filament
(1 kHz) and the associated scattering. The camera settings are fixed
during the whole movie. The high intensity laser producing the
filament is turned on from t =5 s to t = 13 s. During this time
interval, the 1 kHz sound produced by the shockwave is audible.

Visualization 2. Front view of the data-carrier laser beam
(visible cw 633 nm laser in this case) transmitted through fog with
and without filament (1 kHz). The camera settings are fixed during
the whole movie. The high intensity laser producing the filament is
turned on from t = 2 s to t = 8 s. During this time interval, the 1 kHz
sound produced by the shockwave is audible.
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