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THz pulses can also induce or enhance the Kerr effect of
visible and infrared light in nonpolar liquids



is sandwiched between two distributed Bragg reflectors
(DBRs) that serve as mirrors36, as schematically shown
in Fig. 2a. Each DBR is constructed through the alter-
nation of air slots and LN pillars, with energy bands



the electro-optic effect (see “Materials and methods”),
therefore the probe beam gets a phase shift proportional to
the refractive index distribution. Then the probe beam
passes through a phase-contrast system to convert phase



Nonlinear refractive index reads:

n2 ¼ 3χ 3ð Þ

2n2
0ϵ0c

ð4Þ

here, χ 3ð Þ is the third-order nonlinear susceptibility, so the
TKE caused refractive index change is given by:

Δn ¼ 3χ 3ð Þ

4n0
Ej j2 ð5Þ

and resonant frequency ν is modulated by:

c
ν
¼ 2

M
n0 þ 3χ 3ð Þ

4n0
Ej j



χ 3ð Þ ¼ 2:09 ´ 10�14 m2 � V�2, which agrees well with the
experiment. For comparison, if the contribution of SPhPs
is excluded, the mere ionic nonlinearity can be calculated
by the classical anharmonic oscillator model for ions (see
Supplementary Note 2), the third-order nonlinear sus-
ceptibility at 0.63 THz is finally calculated to be χ 3ð Þ

ions ¼
4:38 ´ 10�22 m2 � V�2. Clearly, the SPhPs extremely
enhanced the Kerr nonlinearity.
Above all, we have demonstrated the TKE in a single-

mode microcavity, while for a multi-mode microcavity,
the cross-modulation between different modes also
exists, except for the self-modulation. We refer to this as
“hybrid modulation”, which includes both self-
modulation and cross-modulation. Therefore, a micro-
cavity with a 500 μm long cavity was fabricated, in which
the width of a slot in the DBRs is 100 μm and the dis-
tance between two slots is 200 μm, and Fig. 4a shows the
spectrum in it. There are two dominant modes in the
microcavity, with resonant frequencies of 0.32 THz and

0.38 THz, respectively. Using the same method, we can
acquire the correlation between the resonant frequencies
of the two modes and the pump energy (200–500 μJ),
respectively, as shown in Fig. 4b, c, and work out that the
cavity Q is around 40 at 0.32 THz for varied pump
powers, while around 44 at 0.38 THz.
For hybrid modulation, the modified standing wave

model is still applicable:

M1



of two modes. The refractive index changes for each mode
induced by the hybrid modulation are:

Δn



nonlinear polarization can be written as39:

PNL Ωð Þ ¼
Z ω0þΔω=2

ω0�Δω=2
ϵ0χ

2ð Þ Ω;Ω þ ω;�ωð ÞEp Ω þ ωð ÞEp
� ωð Þdω

ð12Þ

here, χ 2ð Þ represents the second-order nonlinear sus-
ceptibility of LN, and ϵ0 stands for the permittivity of
vacuum. ω0 and Δω are the central frequency and the
spectral width of the pump laser pulse, and Ω
represents the frequency of the generated THz waves.
Ep Ω þ ωð Þ and Ep

� ωð Þ stand for the electric field of the
pump laser corresponding to different frequencies. The
generated THz wave is a picosecond pulse with a
0.5 THz center frequency and a frequency range of
0.2–1.2 THz.
In the experiment, the cylindrical lens we used has a

focal length of 10 cm and a diameter of 2.4 cm. The the-
oretical limit of the excitation spot is calculated to be
about 6.7 μm wide, but wider in the experiment.

Detection of THz waves
The THz wave would cause a refractive index variation,

Δn x; zð Þ, when oscillating in the microcavity. As a result,
the probe beam would gather an integral phase shift
Δϕ x; zð Þ associated with the refractive index variation
after propagating through the sample. The dependence of
the phase shift on the THz electric field ETHz x; zð Þ can be
written as:

Δϕ x; zð Þ ¼ 2π
h
λp

Δn x; zð Þ ¼ 2π
h
λp

n3
e r33
2

ETHz x; zð Þ

ð13Þ
where h is the thickness of the sample and λp
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