
Session: Laser filamentation based Weather Modulation at PQE-2017 

 

Water condensation and precipitation induced by laser filamentation and 

ionization 
 

 

Ruxin Li1, Jingjing Ju1, Tiejun Wang1, Haiyi Sun1, Jiansheng Liu1, See Leang Chin2 and Zhizhan Xu1 

1 State Key Laboratory of High Field Laser Physics, Shanghai Institute of Optics and Fine Mechanics, 

Chinese Academy of Sciences, No. 390, Qinghe Road, Jiading District, Shanghai 201800, China 

2 Center for Optics, Photonics and Laser (COPL), Laval University, Quebec City, Quebec G1V 0A6, Canada 

 

 

When intense femtosecond laser pulses propagate in air, self-guided filaments will be generated through 

a dynamic balance between the focusing Kerr nonlinearity and the defocusing effect of plasma formation. 

Femtosecond laser pulses have been chosen as a driving source in the water condensation process in the 

atmosphere. Femtosecond laser-induced water condensation and precipitation have been observed. The 

intense femtosecond laser pulses can ionize or dissociate air molecules and generated a great amount of 

compounds with the assistance of photo-oxidation reactions. These compounds or their by-products 

would be an important source of cloud condensation nuclei.  

Recently we have investigated the water condensation in a cloud chamber induced by picosecond (ps) 

laser pulses at ~350 ps (800 nm/1–1000 Hz) with a maximum peak power of ~25MW. The peak power 

was much lower than the critical power for self-focusing in air (3–10 GW depending on the pulse 

duration). Sparks, airflow and snow formation were observed under different laser energies or repetition 

rates. It was found that weaker ps laser pulses can also induce water condensation by exploding and 

breaking down ice crystals and/or water droplets into tiny particles although there was no formation of 

laser filament. These tiny particles would grow until precipitation in a super-saturation zone due to 

laser-induced airflow in a cold region with a large temperature gradient. 

The interaction of laser filament and high voltage electric field was investigated. Laser based lightning 

control holds a promising way to solve the problem of lightning strikes. A direct observation of laser 

guided corona discharge was reported. Laser filament guided streamer and leader types of corona 

discharges were observed. An enhanced ionization took place in the leader (filament) through the 

interaction with the high voltage discharging field. The fluorescence lifetime of laser filament guided 

corona discharge was measured to be several microseconds, which is 3 orders of magnitude longer than 

the fluorescence lifetime of laser filaments. More recently we have demonstrated for the first time the 

condensation and snowfall induced by corona discharge inside a cloud chamber.  
 


