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Fig. 3.— Time delays and magnification ratios as a function of the distance between the emitting region and the core. Left: Total
magnification defined as the sum of the image magnifications. Middle: Magnification ratios along the limiting jet projections (indicated
by arrows in Figure 2) Right: Time delays for emitting region located along the limiting jet projections.
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Fig. 4.— Fermi/LAT count map around PKS 1830-211. The
map contains photons in the energy range from 200 MeV to 300
GeV.

200 MeV and selected within a square region of 10�

radius centered on the coordinates of PKS 1830-211
(R.A.=278.41333, Dec=�21.07492). Figure 4 shows the
count map around PKS 1830-211. The source is clearly
well-separated from the Galactic plane and there are no
significant nearby sources.
To build the gamma-ray light curves, we use

a binned-maximum likelihood method1 (Mattox
et al. 1996). This method accounts for sources
in the region of interest (ROI), including pulsar
PSR J1809-2332. We model the background us-
ing a galactic di↵use emission model (gll iem v05), and
an isotropic component (iso clean v05) available at the
Fermi Science Support Center webpage. The fluxes are
derived from the post-launch instrument response func-
tions P7REP CLEAN V15.
The XML source model input to the binned maximum

analysis contains all the sources included in the Second
Fermi/LAT catalogue (Nolan et al. 2012) within an an-
nulus of 20� around the ROI. We first analyze the data
based on the XML source model with free parameters for
the sources within 7�; the parameters at larger radius

1 http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/
binned likelihood tutorial.html

are fixed to their 2FGL values. We use this XML source
model to produce the light curves.

2.2.2. Gamma-Ray Light Curves

Figure 5 shows the light curve for August 2008 through
February 2015 with 7 day binning. The energy spectrum
is well described by a power law with � = 2.54±0.01 and
an integral flux of F (0.2 � 300GeV) = (1.94 ± 0.02) ⇥
10�7 ph cm�2s�1. The highest energy event was 50 GeV,
detected in the time window 55389 MJD - 55395 MJD.
These energies, in principle, are accessible by the
H.E.S.S. II telescope. Thus detection of PKS 1830-
211 may be possible with H.E.S.S. II.
Figure 5 shows several active periods. We define active

periods as times when the gamma-ray emission exceeds
the average flux by least 2�. This approach yields four
active periods. The first series of very bright flares oc-
curs in the period 55420 MJD to 55620 MJD. The sec-
ond series of flares occurs in the period 56050 MJD to
56200 MJD. Next, a bright single flare occurs around
July 28, 2014. Recently, on January 8, 2015, another
flare occurred. Figure 6 shows the light curves of these
bright flares.

3. TIME DELAY MEASUREMENT

Gravitationally-induced time delays are fundamental
measurements in cosmology. In principle, they provide a
measurement of the Hubble constant independent of the
distance ladder (Refsdal 1964; Schechter et al. 1997; Treu
& Koopmans 2002; Kochanek 2002; Koopmans et al.
2003; Oguri 2007; Suyu et al. 2013; Sereno & Paraficz
2014).
Monitoring of gravitationally lensed sources at both ra-

dio and optical wavelength where the mirage images are
resolved provide a basis for a number of measured time
delays (Fassnacht et al. 2002; Eulaers & Magain 2011;
Rathna Kumar et al. 2013; Tewes et al. 2013; Eulaers
et al. 2013). Unevenly spaced data resulting from, for
example, weather and/or observing time allocation, are
a challenge for light-curve analysis. A number of tech-
niques have been specially developed to utilize these mul-
tiple light curves of mirage images with unevenly sampled
data (Edelson & Krolik 1988; Press et al. 1992; Rybicki
& Press 1992; Burud et al. 2001; Pelt et al. 1998; Pin-
dor 2005; Scargle 1982; Roberts et al. 1987; Geiger &
Schneider 1996; Gürkan et al. 2014; Hirv et al. 2011).
Fermi/LAT provides a very long, evenly sampled, light

curve with low photon noise. The observed light curve
of lensed blazars is a sum of the mirage images. The


