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Fig. A5.— Right: First Power Spectrum. Left: Second Power Spectrum. Results obtained after applying the full signal processing.

corresponding to the magnification ratio. Thus we can look for time periods (time bins) when the flux ratios (normalized
to brightest flares) are consistent with the magnification ratios predicted for a particular projection of the jet and lens
model.
The active periods may consist of a series of flares (Flare 1 and Flare 2), or they can consist of a single outburst

(Flare 3 and Flare 4). Analysis of light curves containing single flares is di�cult because of the low photon statistics
before and after the flare. Thus the light curve calculated for short time bins may consist primarily of upper limits. Such
light curves are useless for the Autocorrelation Function, or even for the Double Power Spectrum methods. However,
light curves containing single isolated flares can still reveal the echo flares and their time delays and magnification
ratios. We demonstrate the Maximum Peak Method applied to a single simulated flare in Section B.1.
Long active periods with good photon statistics allow construction of gamma-ray light curves where only a small

fraction of the bins have upper limits only. These light curves are perfectly suited for methods like the Autocorrelation
Function and the Double Power Spectrum. In this case, the Maxim Peak Method is a powerful consistency check if the
detected time delays are consistent with the parameters predicted by lens model. We demonstrate the performance of
this method on simulated superimposed series of flares in Section B.2.
The Maximum Peak Method is complementary to the Autocorrelation Function and the Double Power Spectrum in

the search for gravitationally-induced time delays in unresolved flaring light curves.

B.1. Single Flares

Flare 3 and Flare 4 are single isolated outbursts. We base our simulations on Flare 3.
Flares are observed when the emission significantly exceeds the level typical of the quiescent state. For single isolated

flares the emission before and after the flare is consistent with the average flux. Therefore, the average flux originates
from the site of quiescent emission. The temporal behavior of quiescent emission is accurately represented by pink
noise. We thus start our Monte Carlo simulations by producing light curve composed of pink noise. The flaring episode
with a flux increase by a factor of 5 is inconsistent with pink noise. We add a flare to the light curve with a time
structure and flux per each bin similar to Flare 3. Then we introduce an echo flare with a time delay of 48 days
and magnification ratio 4.5 (Figure B1, green points). The choice of these parameters relays on the results of the
Maximum Peak Method for Flare 3. We also simulate an echo flare with time delay of 23 days and magnification ratio
1.8 (Figure B1, red points). We simulate the echo flare at 23 days to demonstrate that if the flare would originate
from the region consistent with the core then the echo flare would be detectable.
Figure B3 shows the result of applying the Maximum Peak Method to the simulated light curve shown in Figure B1.

The method shows that the ratio we obtain between the flux of the flare peak and the flux in the bin corresponding
to echo flare agree with model predictions. The method rejects the majority of time delay ranges where there is no
consistent magnification ratio.
Note that the maximum distance of the emitting region along the jet which we can constraint depends on the ratio

between the observed flux of the flare and the flux relative to quiescent state. Flare 3 and the simulated flare exceed
the average flux by a factor of ⇠ 5. In this example, if the predicted magnification ratio is larger than ⇠5, we do not
expect to be able to detect the echo flare; the flux of the echo flare is then below the average of the quiescent state.
Thus, we can only test expected magnification ratios for Flare-3 in the range from 1 to 5.
For Flare-3 the magnification ratio ⇠ 5 corresponds to a region along the jet located at least 1.5 kpc from the core

(see Figure 3). Detection of a consistent magnification ratio f ⇠ 5 still does not provide clear evidence of echo flare
detection because the data are also consistent with a flare from a region at distances � 1.5 kpc from the core. In other
words, the observed magnification ratio sets a very interesting limit on the distance between the core and the origin
of the flare, but it does not pinpoint it location.

B.2. Superimposed Series of Flares

Here we investigate the performance of the Maximum Peak Method applied to a light curve which consists of a series
of superimposed flares. Flares 1 and 2 are examples. As an input time series we use the simulated light curve shown
in Figure A1.


