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7  Third-order nonlinear effects (continued) 

7.5  Self-focusing 

7.6 Raman and Brillouin scattering 
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7.5 Self-focusing 
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transverse beam profile becomes instable 

intensity-dependent refractive index 

 

for Dn2>0: 

•phase velocity in center reduced  

•phase fronts bend due to the induced 

lens (”Kerr lens”) 

•self-focusing of the beam 

relevance: 

• Kerr-lens mode-locked laser oscillators 

• unwanted detrimental effect of ”hot spots” 
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simple physical consideration in 2D: 

 

 

 

 

 

Snell’s law   total internal reflection for  
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above this critical power, self-focusing exceeds diffraction. 

 

Note the quadratic scaling with wavelength!  

 

 

in 2D  (1 longitudinal, 1 transversal dimension): spatial solitons occur.  

 

in 3D  (2 transversal dimensions): 

catastrophic self-focusing occurs, that eventually is balanced by other 

nonlinear effects, e.g.,  

- saturation of the intensity-dependent refractive index 

- self-defocusing due to plasma formation by multi-photon ionization 

  (”filamentation”) 
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Photograph of a self-guided filament induced in air by a high-power 

infrared (800 nm) laser pulse    [from http://www.teramobile.org] 
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Remote detection of biological aerosols. The tube in the center of the 

picture is an open cloud chamber generating the bioaerosol simulant. 

The laser beam is arriving from the left. [from http://www.teramobile.org] 
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High-voltage lightning: (left) without laser guiding, (right) with laser guiding. 

[from http://www.teramobile.org] 
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i.e., small-angle approximation 
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7.6 Raman and Brillouin scattering 
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Stimulated Raman and Brillouin scattering is an important technique to 

investigate oscillations in molecules and solids 

 

They permit the oscillations’ identification and study, without them directly 

coupling to the optical radiation. 

 

stimulated Raman scattering occurring in glass fibers limits the applicable 

minimum pulse duration in optical communication systems 

 

Raman amplification can be used to realize broadband Raman amplifiers 

for optical communications.  

 

physical effect of Raman scattering:  

light propagating though a sample with polarization fluctuations can be 

scattered in arbitrary direction and shifted in frequency 

 

If the polarization fluctuations originate from oscillations of a molecules or 

optical or acoustic phonons in a solid, the process takes place via 

absorption or emission of a phonon, leading to an Anti-Stokes or Stokes 

shift of the photon 



15 

absorption or emission of a phonon, leading to an Anti-Stokes or Stokes 

shift of the photon 

10× field enhancement in nanostructures 

 surface-enhanced Raman scattering (SERS) 

              A. Campion and P. Kambhampati,  

              Chem. Soc. Rev. 27, 241 (1998) 

from www.semrock.com 
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E2 

we need Q 
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intensity modulation by beat terms 
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all other beat terms  

ignored here 

c(3) 

C. V. Raman  

(Nobel Prize 

 1930) 
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Raman gain is superposition of 

several Lorentzian lines 

 

silica glass clusters that make  

up resonances 

20 nm bandwidth 


