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in the FCLC layer and ne;o;p are the extraordinary, ordinary,
and confining plates’ refractive indices. To first order in the
reorientation angle, the permittivity tensor in the nonlinear
regime is written as ϵ ¼ ϵð0Þ þ δϵ with δϵ≡ ðn2

e − n2
oÞ ×

ðn0 ⊗ n⊥ þ n⊥ ⊗ n0Þ and n⊥ ¼ f0; ny; nzg. Based on the
formalism of Refs. [22,37], neglecting optical activity and
keeping only nonlinear terms of the lowest order, we then
find that the director and optical fields can be calculated
from the following system of differential equations:
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with α ≡ ðne=noÞ2 − 1, q ≡ 2π=p the spontaneous twist of
the cholesteric phase, K the Frank elastic constant (assu-
ming isotropic elasticity), k0 the wave vector in empty
space, and Dð0Þ a diffraction operator containing second
order derivatives in x and y:
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Note that in Eqs. (1)–(3), we neglected the y component



translationally invariant nonlinear response [17]. However,
we emphasize that translational invariance is not a require-
ment for spatial solitons; for example, periodic modulation
of the beam intensity are present in the breathing modes of
nematicons [17]. For this reason, we believe that the
nonlinear optical waves of this Letter can reasonably be
addressed as spatial solitons—since they exhibit self-
focusing of the transverse profile—or even better as
similaritons, a special case of spatial solitons in nonlinear
media with inhomogeneous gain, diffraction and nonlinear
response along the beam axis [38]. Note that bouncing
solitons similar to Fig. 3 should also be observable in
nematics since Fig. 4 shows that nz is nonzero even
when q ¼ 0.
To summarize, this Letter provides evidence that

chirality can play a major role in the nonlinear response
of birefringent materials. We focused on FCLC systems
and showed that self-focused nonlinear optical waves
can be obtained with a striking bouncing pattern between
the confining glass plates of the sample. Moreover, we
showed that chirality directly contributes to the self-
focusing effect, with an enhancement factor increasing
sharply near the threshold of destabilization of the
FCLC. Our results thus provide the basis for possible
designs of nonlinear photonic devices where chirality
actually helps to decrease the device’s nominal optical
power, e.g., for nonlinear flat lenses. Since FCLCs
support the existence of birefringent topological
solitons—topologically protected localized director-
field configurations [16]—our results also suggest novel
breeds of all-optical information systems based on
optical interaction between nonlinear waves and topo-
logical solitons.
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