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Fig. 14.— Time delay estimation for Flare 2. Left: Autocorrelation Function with confidence levels. Middle: Double Power Spectrum
method with confidence levels. Right: Maximum Peak Method, peak 1 corresponds to the flare at 56072 MJD, and peak 2 is a ratio
calculated relative to the flare at 56146 MJD. Solid and dotted lines indicate predicted magnification ratios along the jet indicated as the
arrows A and B in Figure 2.
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Fig. 15.— MPM applied to Flare 3 on July 28.

beyond the sensitivity of the ACF and the DPS for such
a short light curve with time bins of 4 days.
If Flare 3 originated from the core, we expect a time

delay in the range 20 to 30 days. Even with the short
light curve, we expect to detect the echo flare; in the
initial flare the flux increases by a factor of ⇠ 5 and the
echo flare should appear with a flux at least twice the
average. Absence of a detection in this range between 20
and 30 days makes it clear that Flare 3 does not originate
from the core region. For a time delay & 50 days, Flare
3 must originate at a projected distance from the core
& 1.5 kpc (see Figure 3).

4.4. Gamma-Ray Flare 4

The most recent gamma-ray activity of PKS 1830-211
(Figure 6) consists of two flares. For the temporal analy-
sis, we use a light curve with one-day binning consisting
of 90 days. The ACF, the DPS, and the MPM do not
show time delays consistent with origination in the core
(Figure 16). The DPS method indicates a time delay
at 11.8 ± 0.8 days with a significance of ⇠ 2�; however
this time delay is inconsistent with model based on radio
observations and is thus probably a false positive. The
time delay of ⇠ 11 days accidentally corresponds to the
time between the two flares. The first flare was brighter
than the average flux for about 4 days and peaked around
57032 MJD. The second one lasted for about 9 days and
appeared 2 days after the first one. These flares have
very di↵erent temporal evolution, thus, are not echoes of
one another.

Again, the lack of detection of the time delay in the
range between 20 and 30 days shows that Flare 4 does
not originate from the core region. The analysis method
is sensitive for time delays . 50 days and there are no
other detections. The data show that the time delay
must be greater than ⇠ 50 days and thus the radiation
must originate from a region located at projected dis-
tance from the core & 1.5 kpc (see Figure 3).

5. DISCUSSION

Lensing resolves the gamma-ray emission of PKS 1830-
211 during its flaring periods and limits the origin to the
core and to regions displaced by & 1.5 kpc along the jet.
Flares 1 and 2 originate from a region of ⇠100 pc around
the core. At the redshift of z = 2.507, where PKS 1830-
211 is located, a projected distance of 100 pc corresponds
to⇠ 0.02 arcsecond. Thus, this lens improves the angular
resolution at gamma-ray ⇠ 10000 times (Figure 17).
Resolving the high energy universe using cosmic lenses

relies on the ability to measure time delays and to model
the mass distribution of the lens. The localization to
100 pc in this gravitationally-lensed system corresponds
to an uncertainty in time delay measurement of 5 days.
The DPS method is an e↵ective approach for measur-
ing the time delay (Section 3.2.2 and Appendix A). This
method can extract time delays from gamma-ray light
curves with an accuracy down to 0.5 days. In principle,
this accuracy can provide a localization of the source to
⇠ 10 pc.
A limiting factor in any lensing analysis is the precise

model of the lens and alignment of the jet. We have
used a very conservative position of the core and the jet
alignment. In principle, more detailed analysis of all of
well-resolved radio images can yield better constraints,
but this analysis is beyond the scope of this paper.
For these complex sources, there are always puzzles.

The lack of detection of time delays following Flare 3
and Flare 4 could indicate some other physical source
for increased emission. The first possibility is microlens-
ing. Flare 3 and Flare 4 are unlikely to be microlens-
ing events because the typical time scale of a caustic
crossing microlensing event is of the order of months to
years (Wambsganss 2001); Flares 3 and 4 have a typical
duration of days and a time structure characteristic of
gamma-ray flares.
The size of the emitting region (the source size e↵ect)

might impact the magnification ratio for Flares 3 and 4.
A spatially larger emitting region results in a larger mag-


