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Fig. A3.— Right: The First Power Spectrum. Left: The Second Power Spectrum. The input to the FPS are light curve in Figure A1
after applying Steps 1,2 and 3 of the FPS signal processing. The input to the DPS is the FPS without any signal processing. The colors
are the same as in Figure A2.

A.2.1. Step 1: Flattening and Mean Extraction

The observed light curve of blazars can be characterized by power law noise. This type of signal has large power at
low frequencies and thus the signal is not stationary (there is a trend in the data). To ”flatten” the signal, we take the
logarithm of the power spectrum (Bogert et al. 1963). Then we can remove the part of the spectrum at low frequencies
with large amplitude resulting from power law noise. Next, we remove the average from the series. Figure A4 (left)
shows the input and and the corresponding power spectrum is shown on the right. These steps successfully reduce the
high amplitudes at short (and spurious) time delays and sharpen the peak around the true time delay.
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Fig. A4.— Right: The First Power Spectrum. Left: The Second Power Spectrum. The spectra are calculated after applying signal
processing to the light curve, and then processing the FPS by flattening the spectrum and removing a mean (Section A.2.1).

A.2.2. Step 2: Windowing and Zero Padding

In the SPS, the signal of interest is characterized as a peak around the true value of the time delay. Thus, successful
processing should sharpen the peak. Here we use the Bingham window3, a combination of a rectangular and a Hanning
window.
Finally, we apply zero padding to the signal and calculate the final SPS (see Figure B3). Monte Carlo simulation

demonstrate the e↵ectiveness of the signal processing we have applied. Figure B3 displays the results for one possible
realization of the light curve. The DPS method is e�cient in detecting time delays independent of the character of
the signal (whether the light curve is white or red noise) and the method is also very resistant to producing spurious
detection of time delays even in very structured time series of red noise.

B. MAXIMUM PEAK METHOD - SIMULATIONS

The time series of gamma-ray light curves consist of short duration flares with variability time scales on the order
of hours to days. We can use this characteristic of the time series to identify the most prominent flares in the light
curves; we calculate the ratio between the flux during the flare and the flux in the successive bins. The resulting flux
ratio is a proxy for the magnification ratio.
The mirage image arriving first has a larger magnification than the echo images. Thus, the most luminous flares

can be associated with the first mirage image. The echo flares should appear with a flux diminished by a factor

3 http://www.vibrationdata.com/tutorials/Bingham compensation.pdf


