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Non-paraxial Propagation of Optical Beams in Nonlinear Self-focusing Media

WEN Shuang-chun  FAN Dian-yuan
National Laboratory on High Power Laser and Physics Shanghai Institute of
Optics and Fine Mechanics The Chinese Academy of Sciences Shanghai 201800

Abstract A non-paraxial equation for nonlinear optical propagation in the scalar approximation is derived. As a first-order
correction it is shown that the nonparaxiality can be expressed with a fourth-order spatial dispersion and fifth-order non-
linearity. By using variational approach to the modified nonlinear equation the propagation properties of Gaussian beams
are obtained. It is found that the beam propagates stably with a focusing-defocusing cycle and the beam with a higher
power has a smaller cycle. It is also shown that the self-focusing process can be controlled by changing the chirp parame-
ters. The positive negative chirp reduces increases the initial self-focusing length and both chirps increase the focus-
ing-defocusing cycle.
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Fig.1 Variation of on-axis intensity with propagation
distance in the cases of paraxial and non-paraxial
propagation respectively

ny
100Fca> E a 0.005 b 0.015 ¢ 0.02

Fig.3 Normalized beam width as a function of propagation
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Fig.2 On-axis intensity as a function of propagation distance
in the case of non-paraxial propagation for three values of 7,
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Fig.4 On-axis intensity as a function of propagation distance
in the case of non-paraxial propagation for three
values of initial chirp
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