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Abstract AGILE has been coordinating multi-wavelength campaigns on active galactic nuclei with several major observing facilities since its launch in
2007. This effort allowed us to investigate some remarkable sources both on
short and on long time-scales, deriving information on the physical mechanisms
responsible for the emission in different energy bands. A complete review of
the whole set of AGILE results on extra-galactic sources and their theoretical
interpretation is well beyond the scope of this paper, therefore I will present
an overview on an handful of outstanding objects and describe the most recent
observations.
Keywords gamma rays: observations · blazars · jetted sources

1 Introduction
Multi-wavelength studies of γ-ray active galactic nuclei (AGNs) date back to
the ’80s and ’90s, with both COS-B and CGRO-EGRET observatories, establishing blazars as a class of γ-ray emitters. For a few sources, it was possible
to study both the properties of the spectral energy distributions (SEDs) during different γ-ray states, and the search for correlated variability at different
bands (e.g., 3C 279 [1,2]).
The launches of the AGILE and Fermi γ-ray satellites allowed a tremendous improvement in the multi-wavelength monitoring of blazars in the γ-ray
energy band, thanks to their wide field of view, all-sky scanning pointing
model, and fast quick-look analysis pipelines.
The broad band spectral energy distribution (SED) of blazars displays two
broad “humps”, as shown in Figure 1.
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Fig. 1 Spectral energy distribution of the flat-spectrum radio quasar 3C 454.3 accumulated
during the 2010 November flare (in colors, data from [3]) compared with a SED accumulated
during a particularly low γ-ray state in Fall 2008 (in black, data from [4]).

Blazars emit across several decades of energy, from the radio to the TeV
energy band. Their spectral energy distributions (SEDs) are typically double
humped, as shown in Figure 1. The first peak occours in the infra-red/optical
band in the flat-spectrum radio quasars (FSRQs) and at UV/X-rays in the
high-energy peaked BL Lac (HBLs) sources, and it is commonly interpreted as
synchrotron radiation from high-energy electrons in a relativistic jet. The second SED component, which peaks at MeV–GeV (FSRQs) and at TeV (HBLs)
energies is commonly interpreted as inverse Compton (IC) scattering of soft
seed photons by relativistic electrons. A comprehensive review of the different
leptonic emission models in blazars is provided in [5]. Alternatively, hadronic
scenarios interpret the high-energy bump (or its high-energy part) as the byproduct of electromagnetic cascades initiated by high-energy protons or as
their synchrotron emission (see [6] for a recent review).
A mandatory ingredient in order to investigate SEDs of different blazars is
the set-up of almost simultaneous multi-wavelength observing campaigns. The
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data collected by minimising as much as possible the time delay between the
observations in different energy bands allow us to obtain tight constraints on
the physical mechanisms responsible for the emission at different wavelengths
and possibly the location of the γ-ray emission region. For this reason, fast
reaction to flare alerts are of paramount importance, as discussed in [7] for the
AGILE Alert System.
2 Old Friends
Among the so-called “old friends” we can certainly include three very famous
objects, 3C 454.3 (also dubbed as the uncut Crazy Diamond), MRK 421 (the
unprecedented source, because of a spectacular flare), and PKS 1830−211 (the
unexpected one, because of its lensed properties).
3C 454.3
It is a well known flat-spectrum radio quasar (z = 0.859) with a clear signature
of the accretion disc in low states and it is the first blazar detected in a flaring
state by AGILE in 2007; in the following years, it also became the most intense
γ-ray source detected by AGILE above 100 MeV. AGILE initiated several
multi-wavelength campaigns on 3C 454.3, which allowed us both to study the
different SEDs and to discuss innovative flaring models to account for different
flaring activity periods. A long-term observing campaign [4] was performed
between July 2007 and October 2009 during which we observed fast γ-ray
variability (tγvar ≤ 1 d) with almost no time-lag with respect to the the optical
one. Figure 2 shows the long-term multi-wavelength light-curves where we can
see how the radio band behave differently from the higher frequencies bands.
Thanks to this long time-scale multi-wavelength coverage, we were able to
find a slow, almost constant increase of the 15 GHz flux with no correlation
with other wavebands. This different behaviour of the light curves at different
wavelengths could be interpreted in terms of a changing of the jet geometry
between 2007 and 2008.
On the other hand, as shown in Figure 3, the γ-ray flare that occurred on
2010 November 20 [3] showed some peculiar behaviours, among which a γray orphan optical flare which may challenge the model of a uniform external
photon field responsible for the high-energy emission.
MRK 421
This source is a nearby (z = 0.031) high-synchrotron peaked BL Lac object,
and one of the most investigated AGN at all frequencies, from the radio
band up to several tens of TeV [8]. This extensive coverage allowed to investigate both leptonic and hadronic scenarios to fit the observed data. On
2008 June 10 Super-AGILE detected a strong flare (30 mCrab, 20–60 keV),
reaching 55 mCrab in a few days. The AGILE γ-ray imaging detector detected an average flux of about 40 × 10−8 ph cm−2 s−1 above 100 MeV and
immediately triggered a multi-wavelength campaign involving Swift, RXTE,
the GASP-WEBT and for the first time a joint collaboration between MAGIC
and VERITAS Cherenkov arrays, resulting in an extraordinary set of almost
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Fig. 2 3C 454.3 light curves at different energies, covering about 18 months of monitoring.
Figure from [4].

simultaneous data, covering a 12-decade spectral range [9]. We were able to
obtain SEDs for two different time-periods. The γ-ray emission detected by
AGILE during the second period and the TeV emission detected during first
one can be modelled on the characteristics of the corresponding synchrotron
peaks. We showed that the γ-ray flare can be interpreted within the framework of the synchrotron self-Compton model in terms of a rapid acceleration
of leptons in the jet.
PKS 1830−211
This is a high-redshift (z = 2.507) lensed FSRQ (lensing system at z = 0.886)
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Fig. 3 From top to bottom: AGILE (E > 100 MeV), Swift/XRT (2–10 keV), Swift/UVOT
(w1, m2, w2), and GASP-WEBT (R) light-curves obtained during the 2010 November flare.
Data from [3].

with a rather soft γ-ray spectrum (photon index Γ = 2.56). It is also classified
as a possible “MeV blazar”, since the inverse-Compton peak lies at energies
E ≤ 100 MeV. AGILE detected a prolonged γ-ray activity between 2010
October 8 and November 8, with a flux peak on October 14 [10]. The resulting
γ-ray photon index during the 4-day flaring period turned out to be Γ = 2.4 ±
0.3. This event immediately triggered a multi-wavelength campaign including
Swift and SMARTS. INTEGRAL data were used to investigate the steadystate phase. The observing campaign showed a lack of correlated variability
between the low (NIR–optical bands, X-rays) and high (γ-ray ) energy portions
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Fig. 4 Spectral energy distribution for the two AGILE flares. Orange symbols refer to the
AGILE data first flare and black symbols to the second. The blue lines represent the overall F2 SED fit (solid line) and each component, namely the synchrotron emission (dashed
line), the black-body approximation to the disc emission (dotted line), the synchrotron
self-Compton emission (SSC, dash-dotted line), the external Compton emission off the disc
(dash-triple-dot line), and the external Compton emission off the broad-line region (longdashed line). The light grey solid and dotted lines represent the torus and the external Compton emission off the torus photons, respectively. The red curve represents the e-ASTROGAM
sensitivity for an integration time of 6 days (comparable to the AGILE integration time for
the spectral analysis). Adapted from [11].

of the SEDs, disfavouring the one-zone leptonic model for this event. The
chromatic variation disfavours macro-lensing (since it does not depend on λ),
while the micro-lensing from stars in the lensing galaxy may cause the observed
γ-ray variability.

3 New Companions
During the recent years, AGILE detected several flares from different AGNs,
such as 4C+71.07, 3C 279, and PKS 2023−07.
4C+71.07
This source is a high-redshift (z = 2.172) γ-ray loud blazar whose optical
emission is dominated by a strong bump peaking at about 1014.9 Hz, which is
the signature of an accretion disc, whose luminosity (Ldisc ≈ 2 × 1047 erg s−1 )
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is comparable to the highest values observed in Type–1 QSO. AGILE detected
a flare in 2015 October–November, starting a multi-wavelength campaign [11].
Figure 4 shows the SED accumulated during two flares detected by AGILE between 2015-10-26 – 2015-11-01 (F1) and 2015-11-07 – 2015-11-13 (F2),
respectively. The observed flare F2 can be interpreted in the framework of the
one-zone leptonic model, with a dissipation region placed within the broadline region and a jet power of the order of Pjet ≈ 4 × 1047 erg s−1 . This class
of high-redshift FSRQs with a Compton-dominance reaching values up to 100
might be excellent targets for future γ-ray missions as e-ASTROGAM.

Flux

[x10-6 ph/cm2/s]

Flux
F(0.3-10 keV)

30

FERMI-LAT: 10ks (this work)

20

FERMI-LAT: 5.7ks (ApJ 824)

EVPA [deg]

P [%]

F [mJy]

30

[x10-11 erg/cm2/s] [x10-6 ph/cm2/s]

3C 279
It is one of the most studied blazars in the sky, with variability time-scale
as short as a few (3–5) minutes above 100 MeV which may challenge current
emission models. AGILE detected this source during the early operation phase
in July 2007 [12] and more recently in June 2015 [13]. Figure 5 shows that
during this last flare, the γ-ray flux rose by a factor of ≈ 4 in half a day, while
the optical counterpart only by a factor of ≈ 2 on a similar time-scale. This
behaviour challenges simple one-zone emission models, suggesting alternative
explanations such as the mirror-driven models [14].
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Fig. 5 Multi-wavelength light curves of 3C 279 in June 2015:γ-rays (E > 100 MeV) as observed by AGILE-GRID and Fermi-LAT, the Swift-XRT X-ray follow-up and simultaneous
GASP-WEBT photometric and polarimetric optical data. From [13].
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PKS 2023−07
It is a FSRQ at an intermediate distance (z = 1.388) and AGILE detected quite
a strong flare in April 2016 [15]. This object helped us in investigating one of
the most interesting open points in blazar astrophysics, the location of the
dissipation region where the γ-ray emission is produced. Because of the strong
photon field of the broad-line region, FSRQs can suffer strong absorption above
E = 25/(1 + z) GeV due to γ-γ interaction if the emitting region is close to
the super-massive black hole, causing a cut-off in the high-energy portion of
the spectrum. We found that, during the peak emission, the most energetic
photon had an energy of ≈ 40 GeV. This suggests a possible interpretation of
the broadband SED (see Figure 6) in terms of leptonic models for blazar jet,
provided that the γ-ray emission site is beyond the broad-line region, at about
7 pc far from the central black hole.

Fig. 6 Spectral energy distribution for the brightest flare of PKS 2023−07 in April 2016.
From [15].

4 Conclusions
This very short compilation of AGILE results on blazars (calling it a review
would be pretentious) would not be complete without reporting some recent
important results. The first one is the confirmation of the ≈ 2.2 yr periodicity
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observed in the γ-ray light-curve of the BL Lac object PG 1553+113 which
could be interpreted in the framework of a binary black-hole system [16].
The second interesting result deals with the possible identification of extragalactic counterparts of IceCube neutrino events. In [17] we discuss the AGILE
candidate of a γ-ray possible precursor to the IceCube-160731 neutrino event,
while in [18] we report on the AGILE confirmation of γ-ray activity from the
IceCube-170922A error region, expanding the AGILE investigation on electromagnetic counterparts of non-photons transients.
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