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There are concerted efforts worldwide to develop midwave (MWIR) and longwave infra-red 

(LWIR) high energy ultrashort laser pulses (USPs) targeting the important 3-5 µm and 8-12 µm 

atmospheric transmission windows. Significantly reduced scattering and mitigation against 

turbulence, enables longer-stand-off distances for free-space optical communications 

applications, thermal imaging and remote detection of chemical agents. Additionally, linear 

LWIR sources in the 8-12 µm transmission window are known to show enhanced propagation 

through fog and clouds relative to mid-IR and visible wavelengths. The potential usefulness of 

such sources for long range propagation is currently restricted by their short Rayleigh range and 

the consequent requirement for large aperture beam launch conditions. By packing energy into 

USPs, the hope is that the intrinsic nonlinearity of air constituents could counteract strong 

diffraction effects and create remote filaments sustained over long paths. Currently available 

mid-IR 80 fs pulsed sources at 3.9 µm are limited to about 25 mJ in energy which is around half 

the predicted required energy to sustain a high-power single filament over multiple tens of meter 

ranges1. In stark contrast individual 800 nm filaments persist only over a meter range. Current 

USP sources in the important 10µm window with sufficient energy to potentially create a 

filament in air are currently limited to CO2 gas lasers where recently 3 ps pulses with 45 J of 

energy (15 TW) have been reported2.  
                              

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Left Panel top: Showing the peak intensity in the simulation of a 100fs 10µm pulse over a distance of 100m. Three 
different humidity levels are simulated for each case.  Right Panel top: Corresponding spectra at the end of the propagation path. 
Initial pulse spectrum is shown in green. Left Panel bottom: Showing the peak intensity in the simulation of a 1 ps 10µm pulse 
over a distance of 100m. Right Panel bottom: Corresponding spectra at the end of the propagation path. 



An important recent prediction is that the fundamental physics of USP propagation is 

significantly changed at longer wavelengths. In particular, the well-known critical self-focusing 

(collapse singularity) which leads to extreme local intensities at 800nm while still evident, is no 

longer limited (regularized) via free electron plasma defocusing caused by tunneling or multi-

photon ionization or via intrinsic gas dispersion. Instead, it is predicted that an optical carrier 

shock wave develops early on, well before the collapse singularity is established and acts to limit 

the intensity growth by emitting recurrent bursts of dispersive waves that generate a broad 

featureless supercontinuum1. Ionization through tunneling now plays a relatively minor role and 

primarily acts to soften the extreme intensity spikes through additional weak plasma dispersion. 

Classical nonlinear envelope models fail here to capture the physics and the appropriate 

mathematical canonical description can now be expressed in terms of a full electromagnetic field 

modified Kadomtsev-Petviashili equation. The latter explicitly exhibits two singularities (1) the 

well-known 2D critical collapse and (2) an optical carrier shock wave where the shock velocity 

depends inversely on the local amplitude of the electric field. 

 

Figure 1 contrasts the propagation of a 100fs and a 1 ps 10µm pulse at different humidity levels 

in air. Optical carrier shocks tend to regularize the collapse by emitting recurrent bursts of 

dispersive waves. The letter generates a broad featureless supercontinuum. 

 

This talk will report on our recent simulations of 100 fs and 1 ps 10µm pulse propagation in air 

under different humidity levels where linear absorption and dispersion data are extracted from 

the HITRAN database. We will also briefly discuss the potential impact of many-body Coulomb 

mediated scattering of weakly ionized electrons on suppressing the effective nonlinear lensing.  
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