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The double-image gravitationally lensed blazar B0218+357 displayed several intervals of en-
hanced activity at y-rays. Fermi-LAT observations based on the 2012 flaring interval led to the
measurement at > 100 MeV energies of a delay between the two lensed images of 11.46+0.16
days. The delay is about 1 day longer than previously measured at radio wavelengths. Renewed
flaring activity has been detected recently in 2014 when the source displayed an exceptionally
hard spectrum, significantly different from the 2012 interval, and a different behavior in the sec-
ond image. We present new Fermi-LAT variability and spectral studies of the system and discuss

them in the context of previous measurements.
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1. Introduction

B0218+357 is a blazar at z = 0.944 +0.002 [1] lensed by a galaxy at redshift z = 0.6847 [2].
In the radio band the system is characterized by two images separated by 335 milli-arcseconds,
with a brighter western image “A” leading the fainter eastern “B” image and an Einstein ring [3, 4].
A flux ratio (A/B) of ~3 or 4 was reported from high-frequency (~ 15GHz) radio observations.
These are the most representative intrinsic radio values because at these frequencies propagation
effects are minimal (i.e. they are absorption free) [S]. It is worth mentioning that optical and
infrared observations find the B image being brighter than the A image; this is likely attributed to a
combination of extinction of the A image and microlensing [6, 7].

Several different values were provided also for the delay between the two images using the
radio dataset. [8] and [9] inferred a delay of Az, = 10.540.2 and 10.1 4 0.8 days, respectively,
using different dataset. Subsequent timing analysis of the same radio lightcurve of [9] by [10]
revealed two other possible delay values, Af, = 9.91’3:8 or 11.8£2.3 days.

Although it has been studied in detail for long time, BO218+357 attracted renewed interest
since when it was detected for the first time in y-rays by the Fermi Large Area Telescope [LAT; 11].
Over the initial 4-years of LAT observations, B0218+357 displayed a y-ray flux of Fg~i0omev =
(2.440.9) x 1078 photons cm~2 s~! and a photon index of I' = 2.28 £ 0.03 [3FGL J0221.1+3556;
third Fermi-LAT Catalog, 3FGL, 12].

The Fermi-LAT has observed two major episode of y-ray flaring activity from this blazar.
While previously no significant change in the y-ray spectrum has been reported through the flaring
phase in late-2012, during the most recent enhanced state in July 2014 the source displayed an
exceptionally hard spectrum. The latter led to the detection of very high energy (VHE, E > 0.1
TeV) y-rays from B0218+357 by the MAGIC telescopes, establishing this source as the most distant
VHE emitter known to date [13, 14]. In the following we present the characterization of the major
Y-ray flaring phases displayed by this object.

2. Gamma-ray flares from B0218+357

2.1 Enhanced Phase during Late 2012

The first prominent outburst activity observed by Fermi-LAT was a long-lasting one charac-
terized by a series of strong subsequent flares that developed between 2012 June and subsided by
2013 March. The bulk of the y-ray emission persisted for about four months and provided a rich
dataset to study the lensing properties of the system. Applying an auto-correlation function (ACF)
to the evenly sampled 6-hr binned lightcurve focused on the 2012-2013 enhanced y-ray activity,
[15] found a single dominant correlation peak whose significance was evaluated to be 96. The
delay estimate inferred with this y-ray data was 11.46 £0.16 days (10), and represents the first
robust y-ray lensing delay measurement obtained with y-rays.The LAT delay measurement uncer-
tainty is competitive with the best previous radio measurement. Importantly, during this period
no indication for spectral variability was found by the previous studies. A single power-law fit to
the source spectrum over the 1-day binned lightcurve points showed an average y-ray photon index
I'=2.31£0.02, consistent with the value derived before the start of the flaring as well as consistent
with its 3FGL value.
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Figure 1: Fermi-LAT lightcurve computed in 1.6-hr orbit bins at energies £ > 100 MeV (upper panel) and
the corresponding photon indices (lower panel). Vertical lines indicate the intervals of the flare (solid blue)
and corresponding delayed emission (dashed red) and are offset by 11.5 days. Filled points represent > 26
detections while downward arrows are upper limits. Horizontal dashed lines indicate the 3FGL average
values.

2.2 Renewed activity in 2014

B0218+357 underwent a second flaring phase during 2014 July [16, 17]. The enhanced ac-
tivity in this occasion was restricted to less than 2 weeks. The bulk of the y-ray emission was
observed between 2014 July 13 and 27 (MJD 56851-56865) and remarkably characterized by a
distinctive hard spectrum. Based on a preliminary analysis, on 2014 July 13 and 14 (MJD 56851
and MJD 56852) the source was observed with respective daily averaged fluxes (£ > 100 MeV)
of (6.541.4) x 1077 photons cm™2 s~! with ' = 1.440.1 and (6.7 % 1.5) x 10~ photons cm 2
s~! with ' = 1.6 £0.1. Because the gamma-ray delay was previously measured, LAT Target of
Opportunity observations were triggered to trace the expected delayed emission, about 11 days
after. B0218+357 was detected again by the Fermi-LAT through 2014 July 24 to 26. Noteworthy,
emission at VHE was subsequently reported by the MAGIC telescopes in coincidence with the
expected delayed y-ray flare [13, 14]. In the following we present the preliminary analysis of the

2014 y-ray dataset.

3. Remarkably hard spectral phase during 2014

3.1 Fermi-LAT analysis

LAT data were extracted from a circular region of interest (ROI) of 15° radius centered at the
B0218+357 radio position, R.A. =35°.27279, Decl. = 35°.93715 [J2000; 18] and analyzed in
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the energy range 0.1 — 300 GeV using the standard Fermi Science Tools (version v9r34pl) in
combination with the P7REP_SOURCE_V15 LAT Instrument Response Functions. We applied
the gtmktime filter (#3) to the LAT data following the FSSC recommendations'. According
to this prescription, time intervals when the LAT boresight was rocked with respect to the local
zenith by more than 52° and events with zenith angle > 100° were excluded to limit the contam-
ination from Earth limb photons. The spectral model of the region included all sources located
within the ROI with the spectral shapes and the initial parameters for the modeling set to those re-
ported in the 3FGL [12] as well as the isotropic (iso_source_v05.txt) and Galactic diffuse
(gll_iem_vO05.fit) components.

Following the approach of [15] we computed the LAT lightcurve with 1.6-hr orbit binning
shown in Fig. 1 for the interval of interest. A long-term lightcurve was also produced to look for
other flaring activity but only the 2014 July flares were evident. When fitting the lightcurve bins,
B0218+357 was modeled with a single power-law with photon index fixed to the average found
throughout the studied interval (upper panel of Fig. 1). Subsequently, to characterize the photon
index variations and search for spectral changes, we also repeated the same analysis with the index
free to vary (bottom panel of Fig. 1). In the analysis, 95% confidence level upper limits were
computed when the significance of the detection was below 2. To assess the significance we used
the test statistic? (TS) as described in [19].

3.2 Light Curve

Our preliminary study of data between MJD 56850-56865 confirms the detection of B0218+357
in enhanced state. Figure 1 presents the 1.6-hr orbit lightcurve (>100 MeV) and the corresponding
photon index versus time variations during this time interval. A first flaring phase, corresponding to
the emission from image A, is well defined by a fast flux increase characterized by an exceptional
hard spectrum. This phase is identified by several consecutive detections with significance > 3¢
happening within ~ 1.5 days, as denoted in Figure 1 by the two continuous vertical lines between
MIJD 56851.608-56853. During this interval the photon index is found to be on average signif-
icantly smaller (below 2) with respect to the value of 2.3 reported in previous LAT studies [15],
displaying in several bins values close to 1.5. Noteworthy, the two highest energy photons position-
ally consistent with the source are a 95 GeV and a 54 GeV event, detected at ~MJD 56852, i.e. at
the time of the initial flare. Immediately after this short outburst the source returned to quiescence,
displaying only sporadic activity for the subsequent ~11 days.

Then, at the time of the expected delayed emission, the source is detected again as denoted by
a dense series of bins around MJD 56863. These detections happen ~11.5 days later. The series
of significant consecutive intervals are distinguished again by a small photon index (I < 2). Based
on the hard-spectrum signature we argue that this second flaring phase corresponds to the emission
from image B. The two red dashed vertical lines in Fig. 1, at MJD 56863.068-56864.46, denote
the < 2-day interval of flare A, shifted by 11.5 days, i.e. the previously measured y-ray delay.
Interestingly, it can be noted that the B-image flare appears to not perfectly match the pattern of

Thttp://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_Likelihood/Exposure.html
>The TS corresponds roughly to the square of the significance assuming one degree of freedom.
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flare A and is preceded by some additional flaring activity prior to the expected 11.5 day delayed
emission.

Formally, the ACF computed on the LAT lightcurve of 1-day binning between MJD 56849-
56865 indicates a peak around 11 days (not shown). Though its statistical significance has not yet
been estimated it is notable that the peak is broadly consistent with the previous y-ray delay of
11.46 +0.16 days.

We compared the flux measured during the first ~ 1.5-day flaring episode, beginning at MJD
56851.625, with the observation shifted by 11.5 days. We derive the resultant average flux ratio A/B
~ 4 which is close to what observed in the radio band (~ 3 or 4) but interestingly stands apart from
the previous y-ray estimate (~ 1). Note that [20] did not find evidence for the delayed emission
applying the approach of [21] to the 2014 July y-ray data and explained it as due to microlensing.

4. Summary

Previous analysis of LAT data for the 2012 flares of the gravitationally lensed blazar B0218+357
found a 7y-ray delay measurement of 11.46 +0.16 days and a flux ratio estimate between images
(A/B) consistent with ~1. From a preliminary analysis of LAT data for new flaring detected in
2014 July, we found that the latter flares are characterized by peculiar hard spectra, with photon
index I < 2. A series of significant detections with hard spectral signature is observed about 11.5
days after flare A. We identify this with the emission from the delayed image B. The average flux
ratio (A/B) observed over the 2014 flaring episode is ~ 4: while this factor is different with respect
to the previous y-ray measurement, it is closer to the radio observations (~3 or 4). Recently [20]
suggested that the variability of the y-ray magnification factor could be due to microlensing. A 95
GeV and a 54 GeV photon were detected by the LAT during the 2014 first flare (A image) but were
not observed during the second flare of image B. Nevertheless, the MAGIC collaboration reported
the significant (> 50) detection of B0218+357 about 11.5 days after flare A. This ensures that the
spectrum of the second image also extends up to ~ 0.1 TeV.
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