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S1. Modeling the Raman and Kerr nonlinearity of diamond

We have used Raman-Kerr model for the nonlinear responses provided by Lumerical FDTD
Solutions [S1]. Taking into account the contributions of both Raman and Kerr nonlinearities, the
total polarization can be described by

P(t) = 20X VE(L) + eoxn E3(0) + 2B (1) [xSV(8) « E2(1), (s1)

where g, is the vacuum permittivity, E(t) is the electric field of light, ¥(¥ is the linear

susceptibility, )(I(é)rr = a)(é3) is the third-order susceptibility representing the Kerr nonlinearity, a

is a constant in the interval 0 < a < 1, )(((,3) is the total third-order nonlinear susceptibility,

)(,(23)(t) is the contribution of Raman process to the third-order susceptibility given in time
domain, and * denotes the convolution operator, respectively. The third-order susceptibility

)(E’) (Q) responsible for Raman process in frequency domain is
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where Qg = 27miic, ¥ is the Raman shift in the unit of m?, ¢ is the light velocity in vacuum, 6g =

2mAvic, AV is the linewidth of Raman gain in the unit of m?, Q = w;, — wg, w;, and wg are the

angular frequencies of pump and Stokes Raman waves. )(1(,\3)(1:) is the inverse Fourier transform
3

of )(lg )(w).

The imaginary part of the Raman susceptibility is related to the Raman gain gy through [S2]
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where n;, and ng are the refractive indices at pump and Stokes Raman wavelengths, y, is the

permeability of vacuum, respectively. From Egs. (S2) and (S3), we get (1—a))((()3)=



npnsOrgr/Howsfr. From the above equations, we have the following parameters necessary for
numerical modeling of Raman process:
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0.8851 and )((()3) = 2.8244 x 1072t m?v2 at A, = 800 nm, being w;, = 2mc/A;. Here the other
parameters for diamond are gg = 2.65 X 1071%° m/W (see main text), ¥ = 1332.5 cm™ [S3],
AV = 1.5 cm™ [S2], n;, = 2.3975, and ng = 2.3965 [S4], respectively. We have compiled plugin
codes of chi3ramankerr [S1] and added as a user-defined material model to Lumerical FDTD for
numerical modeling of Raman and Kerr responses of diamond.

By using the above equation and and y = 2.5 x 10721 m?V? (see main text), we obtain a =

S2. Nonlinear efficiencies of major spectral peaks generated by four-wave mixing (FWM) and
high-order stimulated Raman scattering (HSRS)

From the result shown in Fig. 3, we can calculate the efficiencies of spectral peaks, which are
presented in the following table. In the table, wo and wo - Ok are the central angular frequencies
of two incident pulses, and Qg represents the Raman shift.

Table 1. Nonlinear generation efficiencies of major spectral peaks. In the left column, both
contributions of HSRS and FWM are considered (HSRS + FWM), while in the right column only the
contribution of FWM (FWM only) is taken into account.

Efficiency (%)

Frequency A(nm) | HSRS+FWM FWM only
wo— 30k = 2(wo - k) — (wo + ) 1176.1 | 1.0813 x 10° | 3.5778 x 10°®
wo— 20k = 2(wo - Qr) — wo 1016.8 | 6.3624 x 102 | 1.3020 x 10
Wo + Qr = 2wo — (wo - Q) 722.9 6.5345 x 102 | 1.7887 x 1072
wo + 2Qx = 2wo — [(wo - Q&) - k] 659.4 | 3.1504 x 10* | 3.7599 x 10
Wo + 30k = 2(wo + 2r) — (wo - ) 606.2 | 1.1249 x 10° | 9.3816 x 107
3wo — 50k = 2(wo - QR) + [(wo - Qr) — 20%] 324.4 | 7.9107 x 10® | 5.6246 x 108
3wo—40r = 2(wo - Qr) + [(wo- Q) —Qr] | 310.8 | 1.1621x107 | 7.3750 x 10
3wo— 30Qr = 3(wo - Qr) 298.5 | 2.1038 x 10* | 1.3972 x 10*
3wo—20QR = Wo + 2(wo - QR) 287.1 1.0520 x 103 | 1.0181 x 10’3
Bwo— Qr =2wo + (wo - QR) 276.5 | 4.6146 x10* | 6.3731 x 10*
3wo 266.7 | 1.1622 x 10 | 2.4802 x 10°
3wo + Qr = 2wo + (wo + Q) 257.5 | 8.7501x 107 | 6.6303 x 10”7
3wo + 20 = 2wo + (Wo + 20R) 249.0 | 4.2088x10® | 1.6563 x 108

S3. Reflection spectra for different pump intensities
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Figure S1. Reflection spectra from the metasurface of silver nanoantenna array embedded with
diamond nanoparticles. The structural and material parameters are the same as in Fig. 3. Peak
intensity of the pump at 895.46 nm is I, = 33.18 GW/cm?. Peak intensities of the pump at 800
nm are I; = 1.33 GW/cm?, (a), 11.94 GW/cm? (b), and 33.18 GW/cm? (c), respectively.
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Figure S2. Reflection spectra from the metasurface of silver nanoantenna array embedded with
diamond nanoparticles. The structural and material parameters are the same as in Fig. 3. Peak
intensity of the pump at 800 nm is I; = 33.18 GW/cm?. Peak intensities of the pump at 895.46
nmare I, = 1.33 GW/cm? (a), 11.94 GW/cm? (b), and 33.18 GW/cm? (c), respectively.

S4. Reflection spectra for different pump wavelengths
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Figure S3. Reflection spectra for different wavelength 4, of the pump at wy — Aw. The values of
A, are 825 nm (a), 850 nm (b), 875 nm (c), 895.46 nm (d), 925 nm (e), and 950 nm (f), respectively.
The central wavelength of the other pump at w, is fixed to 800 nm. Other conditions are the same
asin Fig. 3. When A4, = 895.46 nmin (d), the frequency difference between the pumps is identical
to Raman shift.
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