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Closer look at two color scheme : broken 

symmetry and phase matching 

Both Eω,nω and E2ω,n2ω 

harmonics are phase matched. 

Residual current is 

efficiently generated 

No phase matching for both 

Eω,nω and E2ω,n2ω harmonics.  

Residual current is not 

generated at all 



THz radiation : model problem 
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THz radiation : waveform 
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THz radiation : spatial properties : experimental 

observations 

Lens 

focal 

length 

Notch 

in THz 

radiation 

pattern 

In experiment THz 

radiation pattern 

obtained with notch 

on the axis 



Back to nonlinear light propagation  

The most interesting features of THz radiation are 

expected to be explained by strongly nonlinear evo-

lution of fs pulse during breakdown of air. 

ASSUMPTIONS: 

 

   Paraxial approximation 

   ∂2/∂z2 = 0 in (1) 

 

   No Kerr effect in (1) 

   (short focal length) 

 

   Small ionization rate 

   N0 = const in (2) 



Optical breakdown with 

quasi-monochromatic pulse 

Focal lens length 40 cm. 
 

Distance range z ϵ (focal point - 2 cm .. focal point + 1 cm) 



Optical breakdown with 

quasi-monochromatic pulse 

plasma profile 
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Optical breakdown with 

quasi-monochromatic pulse: 

schematic representation 

ionization 

threshold 



Optical breakdown with 

bichromatic pulse : plasma channel 

plasma profile 

@max density 

@max flux 

density flux 



Bichromatic breakdown : refraction of components 



Bichromatic optical breakdown : closer look 

at THz source 



Bichromatic optical breakdown : closer look 

at THz source 



Bichromatic optical breakdown : varying 

second harmonic amplitude 

Source of residual current along the propagation distance  

For every F phase φ was tuned for optimal residual 

current generation. It was found that optimal phase is 

the same φ = 0.4 



Bichromatic optical breakdown : optimal phase 



Bichromatic optical breakdown : moving 

plasma front : THz radiation pattern 

Field integrated from plasma string to a far zone: 

   estimation 
! 



Some notes about numerical model 

split-step… 

Fourier: 

implicit Krank-

Nicholson scheme 

predictor-

corrector 

scheme 

NUMERICAL SCHEME IMPLEMENTATION 

All GPU design (CUDA) 

Inverse Laplassian operator 

is implemented in massive 

parallel 

way both by r and τ 

directions 

Implemented in GPU way each 

integration performed by 

portions in shared memory 

coalesced read/write 

12.000 steps on 512x1024 mesh are done in 5 minutes on below top 

GeForce gaming card GTX 770.  




