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Universal theory of third-order nonlinear polarization in
isotropic media

YANG Guoxia LI Haojie LU Bokun JIA Qianwen LIU Dahe SHI Jinwei GONG Wenping

( Applied Optics Beijing Area Major Laboratory, Key Laboratory of Multiscale Spin Physics of Ministry of Education, Department of Physics, Beijing
Normal University, Beijing, China)

Abstract Vector expression of third-order nonlinear polarization in isotropic media is derived, which is suitable
for multiple beams incidence with different frequencies. This expression is applied to elucidate multiple well-known
and distinct nonlinear optical phenomena, thereby validating its universality and accuracy. This offers a unified
description of third-order nonlinear optical effects in isotropic media. By extending its application to hexagonal
materials, this expression offers straightforward solutions to a variety of complex cases. This study is crucial for a
systematic understanding of third-order nonlinear optical effects in both isotropic media and hexagonal materials, with
the potential to enhance application of nonlinear optics in fields such as frequency conversion, polarization detection,
and quantum information.

Keywords nonlinear optics; third-order nonlinear polarization; isotropic media; third-harmonic; nonlinear

refractive index; degenerate four-wave mixing
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