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ABSTRACT 
 
We have observed the filamentation of optical pulses in carbon disulfide(CS2) using femtosecond time-resolved optical 
polarigraphy(FTOP)1. A pump-probe setup is used to capture the propagation of a 150 femtosecond laser pulse in CS2. 
The probe pulse propagates in a direction perpendicular to the pump. The high intensity of the pump pulse causes a 
transient index change in the material through the Kerr effect. The induced birefringence is proportional to the intensity 
of the pump and can be captured by monitoring the polarization of the probe. The probe pulse is imaged on a CCD 
camera to recover the intensity profile of the pump pulse. We have used this technique to observe the spatial evolution 
of the pulse as a function of power and propagation distance. Initially, the pulse propagation causes a coarse 
redistribution of the intensity. The beam then breaks up into stable light filaments which propagate for several 
millimeters, and finally the beam profile becomes unstable to small fluctuations in the input power. 
 
Keywords: femtosecond, polarigraphy, pulse propagation, filamentation, optical instability. 
 

1.   INTRODUCTION 
 
A light pulse propagating in a nonlinear Kerr medium will experience self focusing if its power is above a critical value 
which depends on the material properties. If the pulse power is much higher than the critical power then the optical 
beam will break up into filaments. Each filament is expected to carry approximately the critical power, defined as2: 
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Where λ is the wavelength of the light in vacuum, n0 is the refractive index of the material and n2 is a constant which 
gives the strength of the Kerr nonlinearity and has units of inverse intensity. The critical power for carbon disulfide with 
our experimental parameters is 190KW. Multiple filamentation is a very rich subject and has attracted a lot of interest3-6.  
 
We studied the pulse propagation as a function of power and propagation length using femtosecond time-resolved 
optical polarigraphy(FTOP)1. This method is a valuable tool for the observation of femtosecond pulse propagation7. A 
weak probe pulse is used to capture the nonlinear index change induced in the material by a strong pump pulse. The 
probe pulse propagates at an angle with respect to the pump. The pump pulse interacts with the material and induces a 
transient change in the index of refraction through the third order nonlinearity. The index change experienced by the 
probe is proportional to the intensity of the pulse. The magnitude of the index change depends also on the polarization 
vector of the probe because the third order susceptibility tensor(χ(3)) has different strengths for the response parallel and 
perpendicular to the pump polarization. This nonlinear induced birefringence can be captured by monitoring the 
polarization state of the probe pulse. The probe is polarized at an angle of 45 degrees with respect to the polarization 
vector of the pump pulse and imaged through a crossed polarizer after traversing the nonlinear material.  
 
If the Kerr response of the material is instantaneous, or much shorter than the duration of the pulse, the material will be 
birefringent only while the pump pulse is present. In this case the probe will capture an instantaneous intensity profile of 
the pump pulse. If the material response time is much longer than the duration of the pulses then probing the material 
after the pump pulse has gone through will reveal the trajectory of the pulse propagation. In the intermediate regime, the 
time resolution of the intensity profile will be limited by the response time of the material. In our case the response time 
is similar to the pulse duration, but there is a longer decay time of about 2 picoseconds. 
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2.   SETUP 
 
We launched 150 femtosecond pulses form a Ti:Sapphire laser amplifier system through a 10mm glass cell filled with 
carbon disulfide(CS2). Figure 1 shows a diagram of the experimental setup. A cylindrical lens was used to focus the 
beam into a line inside the medium and generate a single column of filaments. This allowed us to observe the 
filamentation process from the output of the glass cell and also from a transverse direction. The beam profile at the 
output of the cell was imaged on a CCD camera(End CCD). A side view of the optical beam profile inside the material 
was obtained using FTOP. The probe pulse propagates in a direction perpendicular to the pump and is polarized at 45 
degrees with respect to the polarization of the pump. After the probe traverses the nonlinear medium it goes through an 
analyzer (polarizer at -45 degrees) and is imaged on a CCD camera(Side CCD). The images from the end CCD capture 
the beam profile of the pump after traversing the nonlinear material. The images from the side capture the spatial 
evolution of the beam profile. A delay line in the probe beam is used to observe the pump pulse at different positions 
inside the material. 
 

 
Figure 1: Experimental Setup. The pump pulse is imaged at the output of the CS2 cell. A side view is captured using FTOP. 

 
 

3.   RESULTS 
  
We have observed three different phases in the filamentation process as a function of input pulse power. In the first 
phase the beam self focuses into a line with a coarse redistribution of the intensity(Fig. 2.a-c). A beam that is not 
collimated will self focus if the self focusing angle is greater than the diffraction angle. For P = 12Pcr(Fig .2.a), self 
focusing and diffraction just balance each other and the output beam size is approximately the same as the input. For 
higher power the beam self focuses into a thin line. The minimum width of the focused line is 16µm for P = 80Pcr. In 
the second phase (P > 100 Pcr) the beam breaks up into individual filaments which appear at the local maxima of the 
intensity distribution(Fig. 2.d-e). The filaments are seeded by small variations in the input beam and are not sensitive to 
small variations in the input energy. The pattern of filaments is repeatable from shot to shot as long as the beam profile 
is not changed and the power variation is only a few percent. The number of filaments is seen to increase with power. 
The filament size is 10µm FWHM and does not change when the energy is increased. The third phase, at P > 300Pcr, is 
characterized by the output beam profile becoming unrepeatable(Fig 2.f-h). As the power increases the filaments start to 
appear closer to each other, which allows them to interact more strongly. Part of the energy is scattered out of the 
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central maximum into side lobes. As the input power increases the fraction of energy in the central maximum decreases 
and filaments start to appear on the side lobes. In fact for P = 1200Pcr(Fig 2.h) there are more filaments on the side lobes 
than in the central maximum.  
 
The FTOP setup was used to obtain a side view of the filamentation process inside the CS2 cell as function of 
propagation distance. The transverse beam profile at different positions was obtained by changing the delay of the probe 
pulses. The full trajectory of the beam was reconstructed by adding multiple frames of the pulse at different positions. 
We have observed the propagation of pulses with P = 390Pcr and 1200Pcr. Figure 3 shows the propagation of the pulses 
for 5mm, starting just inside the glass cell. The pulse with higher power(Fig 3.b) breaks up into filaments earlier, at 
about 1.2mm into the material, while the lower power pulse(Fig 3.a) starts to break up 2.9mm into the material. The 
nonlinear phase change will be larger for higher intensity, thus the shorter self focusing distance. The lower power pulse 
initially breaks up into 14 filaments, while the higher power breaks up into 33 filaments.  
 
For P = 390Pcr the number of filaments increases with propagation distance. The spacing between filaments is initially 
large enough that each filament propagates without interacting with its neighbors. In the spaces between the filaments 
the light continues to self-focus, generating new filaments. For the higher power the number of filaments initially 
increases, but after propagating for about 4mm the number of filaments decreases. In this case the density of filaments is 
higher and the evolution is much more dynamic. As the pulse continues to propagate the number of filaments continues 
to decrease, until the output at 10mm where we see almost a continuous line at the center with only a few 
distinguishable filaments(Fig.2-h). For the lower power the beam profile also becomes unstable by the time it 
propagates to the output, although the side lobes are relatively weaker and some filaments survive(Fig. 2-f).  

 
Figure 2: Beam profile at the output of the CS2 cell. The power increases form left to righ: a) P = 12Pcr, b) 40Pcr, c) 80Pcr, d) 170Pcr, 
e) 250Pcr, f) 390Pcr, g) 530Pcr, h) 1200Pcr. The critical power is Pcr=190KW. 
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Figure 3: FTOP images of pulse filamentation. The pulse propagates from left to right. The power is 390Pcr in (a) and1200Pcr in (b). 
 
 

4.  CONCLUSION 
 
We have observed the propagation of high power femtosecond pulses in a Kerr medium as a function of input power 
and propagation distance. Initially the beam self focuses with a coarse redistribution of the intensity which generates 
some local maxima. The beam then breaks up into stable light filaments which propagate for several millimeters. 
Finally the number of filaments decreases, light is scattered out of the central maximum and the beam profile becomes 
unstable to small fluctuation in input energy. The effects of input power and propagation distance are coupled. The 
number of filaments changes with propagation distance, while the filamentation distance depends on input power.  
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