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Fig. 16.— Time delay estimation for Flare 4. Left: ACF with confidence levels. Middle: DPS method with confidence levels. Right:

MPM, peak 1 corresponds to the bin centered at 57030 MJD, and the peak 2 is a ratio calculated relative to the time bin centered at
57038 MJD. Solid and dotted lines indicate the predicted magnification ratios along the jet shown as the arrows A and B in Figure 2.

nification ratio (see Figure 2 in Barnacka et al. 2014b).
However, the minimum variability time scale of ⇠ 1 day
observed in these flares constrains the emitting region to
. 0.01 pc or . 0.001% of the Einstein radius of the lens.
In other words, the size of the emitting region is small
enough to have a negligible e↵ect on the magnification
ratio.
The final issue is � � � absorption. Gamma-ray emis-

sion of lensed blazars passes through the lens where low
energy photons may absorb the gamma rays of one of the
images passing through the more luminous region of lens-
ing galaxy. The absorption may a↵ect gamma-ray pho-
tons with energies larger than a few GeV. Fermi/LAT
detects a majority of photons in the energy range >

100 MeV. In addition, Barnacka et al. (2014a) show that
the luminosity of a single galaxy is too low to cause sig-
nificant absorption of the gamma-ray flux. If all four
active periods originated from the same region, absorp-
tion would a↵ect all of them in the same way. However,
we detect time delays for half of the flaring periods, sug-
gesting that � � � absorption is irrelevant.
We have checked the position of the Sun rel-

ative to the PKS 1830-211. For flares 2,3, and
4, the Sun was located outside the Region of In-
terest (ROI). For flare 1, the smallest separation
between position of the Sun and PKS 1830-211
was ⇠ 2.5 deg in the period MJD 55558 - 55561,
which is marginal fraction of the Flare 1. Thus,
the Sun does not a↵ect our analysis.
A second gravitationally-lensed source, B2 0218+35,

shows behavior similar to PKS 1830-211. The bright
flaring periods result in time delays consistent with orig-
ination from the core. The time delay measured from
flaring period at gamma rays is 11.46 ± 0.16 days (Che-
ung et al. 2014). In the radio, Biggs et al. (1999) mea-
sured the time delay of 10.5± 0.2 days and Cohen et al.
(2000) obtained a time delay of 10.1±0.8 days. However,
the most recent gamma-ray flare of B2 0218+35 does not
show delayed counterparts suggesting that in this source,
flares also have multiple spatial origins.

6. CONCLUSIONS

Strong gravitational lensing is a powerful tool for re-
solving the high energy universe. As a prototypical ex-
ample of the power of lensing combined with long, uni-
formly sampled light curves in the gamma-ray regime, we
investigate the spatial origin of flares from PKS 1830-211
observed with Fermi/LAT. Despite the poor angular res-
olution of gamma-ray detectors, gamma-ray flares can be

Fig. 17.— Resolved positions of gamma-ray flares. The color
pallet and contours indicate the time delays in days. The long
arrows show the boundary of the jet alignment limited by well
resolved radio observations. Gray circle show the position of the
core from Sridhar (2013). Red circles are further constraints on the
position of the core using the lens model and the time delay and
magnification ratio measurements by Lovell et al. (1998). Ellipses
elucidate the spatial origin of the flares obtained through time delay
measurement for Flare 1 and Flare 2; they are consistent with the
core. The top ellipse shows the spatial origin of the time delay
measured by Barnacka et al. (2011) using the gamma-ray light
curve in the quiescent state. The short arrow indicates constraints
from Flares 3 and 4. The time delays & 50 days imply that the
emitting region must be located at projected distance of & 1.5 kpc
from the core.

the basis for spatial resolution of a source thanks to the
unique observational strategy of Fermi/LAT.
Analysis of four active periods in PKS 1830-211 shows

that the gamma-ray radiation during two flaring periods
originated from a region spatially coincident with the
radio core. The e↵ective spatial resolution we achieve is
⇠ 100 pc.
Two more recent flares apparently do not originate

from the core region because the time delay must be & 50
days. This delay and the lens properties derived from
observations at lower energies indicate that these flares
must originate at a distance & 1.5 kpc from the massive


