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Fig. A1.— Artificial light curves of red noise. The red points represent pure noise. The green light curve is the sum of two components:
the first component is the same as the red light curve, and the second component is the identical light curve shifted by 20 days and with
an a magnification ratio of 1.3. For visualization purposes, we have added error bars of 20% of the average flux.
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Fig. A2.— No Signal Processing. Right: The First Power Spectrum. Left: The Second Power Spectrum. The SPS is normalized by
the maximum values in the spectra. The red points represents the FPS and SPS calculated for the red noise light curve (Figure A1). The
green points show the results for the light curve with an artificially induced time delay of 20 days. The blue points in the SPS indicate the
result of the full signal processing procedure applied to green light curve that simulates the impact of gravitational lensing.
signal does not show a hint of the time delay detection when there is no signal processing applied. For comparison, in
blue, we show the DPS of the same light curve, but after the full signal processing described below.

A.1. The First Power Spectrum

A.1.1. Step 1: Removing the Mean and Windowing

The input time series in the First Power Spectrum is the light curve shown in Figure A1. We start the signal
processing by preparing the input. In the first step, we subtract the mean from the time series. This step eliminates
the large power in the first bin of the first power spectrum. In the next step, we apply a window function to the
input. Windowing is induced to balance the sharpness of the peak of a periodic signal with the spectral resolution. If
a time delay is present in the time domain, it will also manifest its presence in the frequency domain (the FPS) as a
periodic pattern with a period inversely proportional to the time delay (see equation (4)). Thus, we must preserve the
maximum resolution of the FPS; for this purpose, we use a rectangular window.

A.1.2. Step 2: Zero Padding

To avoid the large power at low frequencies caused by discontinuity at the beginning and the end of the time series,
we apply zero padding to the time series.

A.1.3. Step 3: Doubling the Points

Next, to avoid aliasing, we double the points. Doubling the points does not introduce additional signal, but, it shifts
the Nyquist frequency and therefore allows the power of the spectrum to go to zero when the frequency approaches
the Nyquist frequency. We apply the Fourier transform and calculate the power spectrum of the time series.
Figure A1 shows the results of these steps of signal processing. The time delay in the green light curve appears as

a broad peak around the true value of simulated time delay.

A.2. The Second Power Spectrum

The resulting FPS (see Figure A3, left) serves as an input for the SPS. We again process the input before applying
the Fourier transform.


