
 

Modulating the radiative transmission of the atmosphere 
with high-power laser filaments  

Jérôme Kasparian1, Elise Schubert1, Mary Matthews1, Denis Mongin1, Lorena de la Cruz1, Jean-Pierre 
Wolf1, Knut Michel2, Thomas Metzger2, J. G. Slowik3, A. S. H. Prevot3, U. Baltensperger3, 

C. Wender4, D. Duft4, T. Leisner4 
(1) Group of Applied Physics, University of Geneva, 22 ch. de Pinchat, 1211 Geneva 4, Switzerland – 

jerome.kasparian@unige.ch  
(2) Trumpf Scientific GmbH, Feringastrasse 10a, 85774 Unterfoehring, Germany 

(3) Paul Scherrer Institute, OFLA/111, 5232 Villigen, Switzerland 
(4) Institute of Meteorology and Climate Research, Karlsruhe Institute of Technology (KIT), 

76021 Karlsruhe, Germany 

Laser filament induced water condensation in the atmosphere is one of the most spectacular 
phenomenon associated with filamentation. Although observed both in controlled laboratory conditions 
and directly in the atmosphere1,2, the underlying processes leading to the nucleation of particles from 
the gas phase and its further growth by water accommodation remain partially unclear. By analyzing 
the composition of the nucleated particles in situ and in real time with a time-of-flight mass 
spectrometer3, we observed a dramatic increase of the hydrophilicity of organic aerosols, which usually 
occurs in nature only during ageing over long periods of time. For relative humidities larger than 90-
95% and warm temperatures, these nuclei would generate a local fog of droplets of several micrometers 
in diameter, altering significantly the atmospheric transmission. 

 

 

Figure 1. Growth of a stable particle. The 
particle has an initial diameter of 18 mm, 200 
mm away from the initial particle position. 
After a reillumination at t = 10 ms, it grows up 
to 40 mm, with a progressive change in 
structure. At t = 26 ms, it takes the form of a 
triple ice rod. Simultaneously, a smaller 
particle evaporates. 

Conversely, the transmission through cirrus clouds could be increased by filaments4,5. Filaments shined 
on individual, ice crystals representative of cissus shattered and evaporated the particles, which, in turn 
produced a large number of smaller particles. This modulation of the ice crystal size distribution by 
filaments would invert the radiative forcing of cirrus clouds, as they would transmit the IR emission 
from the Earth, but still reflect the visible solar radiation. 

Finally, transmission could be strongly enhanced in clouds by high average power (≥ 100 W) ultrashort 
lasers. A picosecond, kHz laser does not only shatters and evaporates cloud droplets, but also moves 
them away, by the laser filament-induced shockwaves. Such enhancement of radiative transmission 
through fogs and clouds is essential for laser-based earth-satellite communication programs.  
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