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Vacuum high harmonic generation

“Shock regime”



  

Nonlinear vacuum wave equation
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Nonlinear wave equation solution

Solving Maxwell's Equations numerically (linear case)

Transformation to advection equation:

Pseudocharacteristic Method of Lines + CVODE ODE-Solver from SUNDIALS suite



  

Nonlinear wave equation solution

Plane-wave ansatz:



  

Photon scattering processes



  

Four-photon scattering



  

Six-photon scattering



  

Six-photon scattering



  

Six-photon scattering: HHG in vacuum

Conversion to
higher harmonics:
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Vacuum shocks



  

Vacuum shocks



  

Six-photon scattering: perpendicular pols.



  

Shock wave: perpendicular set-up



  

VHHG in shock regime: Summary

● There exists a “shock regime” of harmonic generation where multiple 
four- and six-photon scattering becomes more efficient at generating higher harmonics

● The polarisability of the “vacuum plasma” allows for high harmonic generation 
in a pump-probe set-up.

● For large enough shock parameter, the spectrum takes on a power-law rather than exponential 
behaviour and all orders of scattering are relevant.
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