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The simple model to calculate the fused silica reflectivity modulation in strong 

field 

The reflectivity modulation fused silica in strong field can be expressed by the equation 1 

& 2 in the main text. Fig. 2 in the main text shows that the reflectivity oscillates as the time delay 

between the pump and probe pulses. To capture major characteristics of the reflectivity oscillation, 

we simplify it as 𝑅!(𝜔) = 𝑅!" (𝜔)sin(𝜔#𝑡 + 𝜃) + 𝐵(𝜔), where the amplitude 𝑅!" (𝜔) and offset 

𝐵(𝜔) are functions of frequency. We define that the reflectivity is enhanced if the offset 𝐵(𝜔) is 

greater than the intrinsic reflectivity. On the one hand, the temporal oscillation of reflectivity is 

due to the material polarization induced by the pump pulse. For a certain frequency 𝜔$,  the electric 

fields of pump and probe pulses in the time domain can be expressed as  

𝐸%&'% = 𝐴$𝑒()!*,                                                      (1a) 

𝐸%#+ = 𝐴,𝑒()!(*./0*) ,                                               (1b) 

where 𝐴$ and 𝐴, are the electric field amplitudes of the pump and probe pulses, respectively. 𝐴 =

𝐴$/𝐴, = 10 in the experiment. Δ𝑡 is the time delay step, 𝑁Δ𝑡 denotes the Nth delay step. After 

Fourier transformation, we can write Eq. (1a&b) in the spectral domain as 

𝐸5%&'% = 𝐴$𝛿(𝜔 − 𝜔$),                                               (2a) 

𝐸5%#+ = 𝐴,𝛿(𝜔 − 𝜔$)𝑒()/0*,                                        (2b) 

 	3
4"#$"

	34"%&
= 𝐴𝑒5()/0*.                                                 (3) 

Eq. (3) explains that the reflectivity oscillation frequency 𝜔#  is equal to the optical 

frequency 𝜔 . On the other hand, the offset 𝐵(𝜔) can be explained by the generation of new 

resonances associated with discrete virtual states induced by the strong electric field of the pump. 

By incorporating the temporal polarization coupling and the spectral resonance, the electric field 

of the probe pulse can be expressed as  

∇𝐸5%#+ = −𝜔6𝜇$:𝜀$𝐸5%#+ + 𝑃5%&'% + 𝑃5%#+=	 
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																																																			= −𝜔6𝜇$𝜀$𝐸5%#+ ?1 + 𝜒$𝜒,𝐴
	34"#$"

	34"%&
+ 𝜒,A                            

= −𝜔6𝜇$𝜀$𝜀7̃𝐸5%#+,                                                                        (4a) 

where 

𝜀7̃ = 1 + 𝜒$𝜒,𝐴𝑒5()/0* + 𝜒,,                                                        (4b) 

𝑃5%&'% and 𝑃5%#+ are the material polarization caused by the polarization coupling and probe pulse, 

respectively. 1 represents the vacuum response to the pulse. 𝜒$  is the coupling coefficient of 

material polarization induced by the pump pulse. 𝜒, is the susceptibility in the presence of the 

pump pulse. 𝑅'(𝜔) can be calculated based on Eqs. (1), (4b), and (4c). In order to compare the 

simulation result with the measurement, 𝑅! is calculated in the simulation as 

𝑅!(𝜔) = 𝑅'(𝜔) ×
8'())

9:;<8'())=
,                                                       (5) 

where 𝑅( 	(𝜔) is the reflectivity measured in the experiment without the pump pulse excitation. 

The pulse spectrum, 𝐼(𝜔), can be reasonably approximated by 8'())
9:;<8'())=

	 because the variation of 

the intrinsic relative permittivity is negligible in the frequency range of interest.  

 
Fig. S1.  (a) The calculated fused silica reflectivity modulation and its normalization is shown in 

(b) without considering the scattering. 
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Fig. S1 shows the simulation results attained from the simulation with the following 

parameters:  𝜒, = 1.47, 𝜒$ = 0.0197, which are optimized to reproduce the offset and amplitude 

of the measured reflectivity at 496 nm, at which frequency the measured reflectivity is highest. 

The calculated susceptibility is slightly higher than the intrinsic value of fused silica due to the 

optical “softening” caused by the strong pump pulse1. 

Although Fig. S1 shows that the relative permittivity 𝜀7̃  is modified temporally and 

spectrally, which seems to explain the reflectivity distribution in Fig. 2b in the main text, it cannot 

produce the following features: i) disproportionate reflectivity enhancement at different frequency 

especially near 𝜆 = 550	nm); ii) the directional distortion in the spectral domain; iii) the rapid 

asymmetric oscillation in the time domain.  

Such features can be obtained when a scattering term is introduced into the constant that 

represents the vacuum response in Eq. (4b): 

𝜀7̃ = √1 − 𝑏6 + 𝑏e>6?@/B + 𝜒$𝜒,𝐴𝑒5()/0* + 𝜒,,																																(6) 

where 𝛬 is the characteristic length of scattering, which may be introduced mid-to-high spatial 

frequency errors generated by computer-controlled sub-aperture polishing technologies2. b denotes 

the portion of light that is scattered. 

The simulated spectrogram is shown in fig. 3a, b calculated based on Eq. (6), captures all 

the measured spectrogram features in Fig. 2a,b in the main text with excellent agreement. The 

simulation parameters (𝜒, = 1.28, 𝜒$ = 0.0227, 𝛬 = 1970	𝑛𝑚 , b=1/4) are also optimized by 

reproducing the offset and amplitude of the measured reflectivity at 496 nm.  
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