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Experimental Setup 

• 1 - Ti: Sapphire laser complex: wavelength 800 nm, pulse repetition rate 10 Hz, energy up to 30 
mJ, pulse duration 50 fs, beam diameter 2.5 cm at e-2; 2.7 - flat mirror, 3.4 - rotary plates, 5 - 
energy meter, 6 - autocorrelator, 8 - spherical mirror with a radius of curvature of 200 cm ”; 9 - 
“Ocean optics” Maya-2000Pro spectrometer; 10 - optical fiber; 11 - a drop; 12,13 - neutral light 
filters; 14 - Andor Clara CCD camera, 1392 * 1040 pixels, 16 bit / pixel.  
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The distribution of the amplitude of the scattering signal as a function of the 

angle relative to the drop (the drop diameter d = 1.6 mm) a pulse energy of 

0.16 mJ 

• Figure shows the dependence of the amplitude of the scattering signal on the angle of 
spectrum registration for E = 0.16 mJ. From the graphs it is estimated that 90% of the 
energy passes through the drop in the forward direction, and 10% in the backward 
direction. The amplitude of the scattering signal in the range of 50-160⁰ is negligible 
compared to the amplitude of the scattering signal forward and backward. 

0 20 40 60 80 100 120 140 160 180 200

0,0

0,2

0,4

0,6

0,8

1,0

1,2

In
te

n
si

ty
, 

re
la

ti
v

e 
u

n
it

, 
o



The distribution of the amplitude of the scattering signal as a function of the 

angle relative to the drop (the drop diameter d = 1.6 mm) a pulse 

energy of 0.16 mJ . 
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With an increase in energy to 0.4 mJ, the ratio presented above changes as 85% to 15% . 

In this case, the maximum scattering angle increases from 50⁰ to 60⁰ in the forward 

direction, and from 20⁰ to 40⁰ in the backward  



Photograph of a drop exposed to femtosecond laser pulses for E = 

3mJ, recorded on a CCD camera (exposure time 0.1 sec, 

radiation follows from left to right) 

• For the case when filamentation was observed in air after a drop, interference rings 
were observed inside the drop. The images also show the glow inside the drop, both 
in the shadow and in the illuminated part of the drop. In this case, the formation of 
small vapor bubbles with an average diameter of 50 μm is visible, which indicates the 
occurrence of a first-order phase transition, i.e., a boiling phase of a liquid. 
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To facilitate the calculation of the problem, we can proceed to the problem with radial symmetry, which cannot be done directly, since 

there is a distinguished direction of the polarization vector of the initial radiation. However, if on average we do not have a dedicated 

direction, for example, we can assume that the experiments are carried out quite several times with random values of the parallelization 

direction. Then moving on to the description of the second or more points i.e. fields of energy density w and brain vector Poiting  
  then from Maxwell's uranium we can get: 

we pass to the cylindrical coordinate system. In a cylindrical coordinate system, the Maxwell system of equations for fields 

decomposes into two independent systems of three equations each of which has the form:  

If the solution of the system of equations for averaged fields (excluding absorption) is presented in the form: 

 , then it turns into identity. 

This allows us to consider the maxwell uranium recorded in the radial coordinate system as an auxiliary system of equations that allow to find a solution to the 

equations for averaged fields w and  

. We will implement accounting for cubic nonlinearity and multiphoton absorption by introducing the following relationship: 

Numerical simulation 



Distribution of the normalized and initial value of the energy density of the 

electromagnetic field (its log type function (1 + 100 * w)) in the linear mode of 

interaction at various points in time: a) - at the moment of localization of the 

field inside the droplet and in the presence of a droplet - b) 

• From a comparison of the graphs for the linear  and nonlinear self-interaction modes, it 
can be seen that cubic nonlinearity leads to some insignificant increase in 
backscattering. 
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Distributions of the electromagnetic field energy density normalized to the initial peak 

value (its functions are of the form log (1 + 100 * w)) in the regime of interaction with 

cubic refractive nonlinearity at different time instants: a) - at the moment of localization of 

the field inside the droplet and upon exiting the droplet - b) 

•In this case, forward scattering becomes more inhomogeneous and a petal (ring) structure 

forms, which is caused by the development of radial instability against the background of 

spherical aberrations. At the same time, the axial part becomes more localized and highly 

intense, which was also the expected effect. 
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Distributions of the electromagnetic field energy density normalized to the initial peak value 

(its functions are of the form log (1 + 100 * w)) in the mode of interaction with dissipative 

nonlinearity due to multi-ton absorption at different time instants: a) - at the moment of 

localization of the field inside the droplet and when leaving the droplet - b) 
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 Spherical aberrations developed due to nonlinear self-action determine the 

formation of the wide-angle part of the scattering indicatrix, which is in qualitative 

agreement with experimental results. Moreover, the formation of ring structures 

observed in the experiment can also be partially due to the effects of the nonlinear 

development of spherical aberrations. However, with the manifestation of higher-

order nonlinear effects, the role of this aberration effect in the formation of the ring 

structure requires a separate study. 



Conclusion 

 

 

 

In the experiment obtained the dependence of the amplitude of the scattering 

signal on the angle of spectrum registration for different energies. The 

appearance of interference rings in the drop is shown. The formation of small 

vapor bubbles with an average diameter of 50 μm associated with the passage 

of the boiling phase in a liquid is shown. 

As a result of numerical simulation, calculations for linear and nonlinear modes 

of self-interaction are obtained. Due to nonlinear self-action, spherical 

aberrations determine the formation of the wide-angle part of the scattering 

indicatrix, which is in qualitative agreement with the experimental results. 


