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Abstract

AGILE is an ASI space mission in collaboration with INAF, INFN and CIFS, dedicated to the observation of the gamma-

ray Universe in the 30 MeV – 50 GeV energy range, with simultaneous X-ray imaging capability in the 18–60 keV band.

The AGILE satellite was launched on April 23rd, 2007, and produced several important scientific results, among which

the unexpected discovery of strong flares from the Crab Nebula. This discovery won to the AGILE PI and the AGILE

Team the Bruno Rossi Prize for 2012 by the High Energy Astrophysics division of the American Astronomical Society.

Thanks to its sky monitoring capability and fast ground segment alert system, AGILE detected many Galactic and

extragalactic sources: among other results AGILE discovered gamma-ray emission from the microquasar Cygnus X-3,

detected many bright blazars, discovered several new gamma-ray pulsars, and discovered emission up to 100 MeV from

Terrestrial Gamma-Ray Flashes. We present an overview of the main AGILE Data Center activities and the AGILE

scientific highlights after 6 years of operations.

Keywords: Gamma-rays: observations - catalogs.

1 Introduction

AGILE (Astro-rivelatore Gamma a Immagini LEggero)
(Tavani et al., 2009a) is a gamma-ray astrophysics mis-
sion of the Italian Space Agency (ASI), with INAF,
INFN and CIFS participation which has been in orbit
since 23 April 2007.

The AGILE payload is composed of a pair-
production Gamma Ray Imager (GRID) sensitive in
the energy range 30 MeV-50 GeV (Barbiellini et al.,
2001; Prest et al., 2003), an X-ray Imager (Super-
AGILE) sensitive in the energy range 18-60 keV (Feroci
et al., 2007), and a Mini-Calorimeter (MCAL) sensitive
to gamma-rays and charged particles with energies be-
tween 300 keV and 100 MeV (Labanti et al., 2009).
The instrument, weighting only ∼ 100 kg, is the most
compact ever operational for high-energy astrophysics
(approximately a cube of about 60 cm size) with excel-
lent detection and imaging capability. AGILE is char-
acterized by a very large field of view (∼ 3 sr), a good
angular resolution, 0.1 - 0.2 degrees in gamma rays and
1-2 arcminutes in X rays, and a small dead time (100
µs), which make it a very good instrument to study per-
sistent and transient gamma-ray sources even on very
short timescales.

Recent calibration results of the AGILE-GRID us-
ing in-flight data and Monte Carlo simulations produc-
ing instrument response functions have been presented
in Chen et al. (2013).

2 The Ground Segment and the
AGILE Data Center

The AGILE Data Center (ADC) is part of the ASI Sci-
ence Data Center (ASDC), previously located in the
ESA establishment of ESRIN in Frascati, and recently
moved within the ASI Headquarters, Rome (Italy).
Satellite data are routinely collected every ∼ 96 min-
utes by the ASI ground station in Malindi (Kenya),
then quickly sent to the Satellite Operations Centre
in Telespazio, Fucino, and then transferred, prepro-
cessed, analyzed, and stored at the ADC. ADC is in
charge of all the scientific oriented activities related to
the analysis, archiving and distribution of AGILE data.
From July 2007 July to October 2009 (∼ 2.5 years)
AGILE was operated in “pointing observing mode”,
characterized by long observations called Observation
Blocks (OBs), typically of 2-4 weeks duration, follow-
ing a predefined baseline Pointing Plan, mostly concen-
trated along the Galactic plane. On November 4, 2009,
AGILE scientific operations were reconfigured follow-
ing a malfunction of the rotation wheel occurred in mid
October, 2009. The satellite is currently operating reg-
ularly in “spinning observing mode”, surveying a large
fraction (about 70%) of the sky each day.

Since December 21, 2012 due to ASI’s Malindi
ground station technical problems, the acquisition of
telemetry data from the AGILE satellite has been re-
duced.
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Figure 1: Whole sky AGILE intensity map (ph cm−2 s−1 sr−1) in Galactic coordinates and Aitoff projection,
for energies E > 100 MeV, accumulated during the first ∼ 6 years of observations up to December, 2012 (pointing
+ spinning observing modes).

Malindi downlink efficiency for AGILE-GRID data
is currently at a daily level of about 80%. All AGILE
payload functions are nominal, and the daily GRID sky-
monitoring activities are fully operational, despite the
telemetry gaps in the archive due to intermittent data
acquisition at the ground station.

The AGILE quicklook (QL) alert system is com-
posed of two independent automated analysis parts:
the QL Scientific pipeline running at ADC (Pittori et
al., 2013) and the AGILE-GRID Science Alert Sys-
tem (SAS) pipeline running at the INAF-IASF Bologna
(Bulgarelli et al., 2013). Data are automatically ana-
lyzed at every downlink and accumulated on different
timescales. Lightcurves of potential gamma-ray sources
are produced using blind search techniques and cross-
correlation with a reference list of known gamma-ray
emitters. As proper flux thresholds are exceeded, alerts
for transient gamma-ray sources are automatically gen-
erated and notified through e-mails, SMS messages, and
also through a dedicated application for smartphones
and tablets. These alerts are crosschecked, and a man-
ual analysis is performed for the most interesting can-
didate gamma-ray sources.

The daily monitoring activity of the AGILE QL
alerts resulted in the publication of 104 ATel and
40 GCN up to May, 2013, among which we mention
the first detection of gamma-ray emission from micro-
quasars above 100 MeV, from Cygnus X-3 and Cygnus
X-1 in the Cygnus region, the prompt alert of many
gamma-ray flares from blazars and galactic transients,

and the surprising discovery of gamma-ray flares from
the Crab Nebula. The 2012 Bruno Rossi international
Prize has been awarded to the PI, Marco Tavani, and
the AGILE team for this important and unexpected
discovery.

3 New AGILE Catalogs and ASDC
Interactive Web Tools

The AGILE First Catalog of high-confidence γ-ray
sources detected by AGILE during its first year of oper-
ations (Pittori et al., 2009) was recently updated using
data covering the whole period of pointed observations,
∼ 2.3 years, in Verrecchia et al. (2103) (“An updated
list of AGILE bright gamma-ray sources and their vari-
ability in pointing mode”). Refined analysis of complex
regions of the Galactic plane with improved event fil-
ter and calibrations yielded a new reference list, and
a multi-source maximum likelihood analysis was per-
formed over the timescale of the AGILE pointed Ob-
servation Blocks (OB) resulting in an updated list of 54
sources. Eight 1AGL sources, with significance above
4σ from the analysis over the entire observing period,
were not detectable on the OB timescale either due to
low OB exposures and/or to their positions within com-
plex galactic regions. The new AGILE-GRID vari-
ability catalog (Verrecchia et al., 2103) is also avail-
able from the ADC webpages as an interactive web ta-
ble1. In the on-line version, light curves from fluxes in
each OB are accessible within the ASDC Data Explorer,

1http://www.asdc.asi.it/agile1rcat/

158



AGILE Highlights after Six Years in Orbit

in the AGILE-GRID data products tab. The ASDC
Data Explorer is a multimission web tool which allows
the user to browse both internal multimission archive
catalogs (grouped by energy band) and external cata-
logs from other services (VIZIER, NED, SIMBAD etc.),
providing an easy way to explore and cross-correlate
large data sets from radio to TeV. Moreover by using
the ASDC SED builder tool (V3.0) it is possible to
build and handle spectral energy distributions (SEDs),
time resolved SEDs, and multi-frequency lightcurves.
Virtual Observatory (VO) tools like TOPCAT can also
be used to handle SED data in the time domain.

The AGILE reference list of bright gamma-ray
sources above 100 MeV over the first 2.3 years of ob-
servations thus includes at the moment 62 sources, as
compared to the 47 1AGL in the First Catalog. Work is
in progress to build new complete catalogs of AGILE-
GRID sources over the whole observing period (point-
ing+spinning).

The MCAL instrument of the AGILE satellite can
observe the high-energy part of gamma-ray bursts
(GRB) from 350 keV to 100 MeV with good timing ca-
pability, and the AGILE-MCAL GRB catalog, includ-
ing 85 GRB observed from April 2007 to October 2009,
was recently published in Galli et al. (2013). An on-
line version of the new AGILE-MCAL GRB cata-
log is available from the ADC web pages2. We adapted
the ASDC Data Explorer to provide the user with addi-
tional services dedicated to Gamma-ray Bursts through
a GRB Explorer tool. The interactive web table in
this case contains all the data for the published GRBs,
including spectral data for 21 bursts, plus some supple-
mentary information on other 7 events. Light Curves
and Energy Spectra (when available) can be accessed
from the GRB Explorer tool, in the AGILE MCAL
Data Products tab. It is also possible to browse Exter-
nal Services to look for GRB-related data products from
other missions, such as Swift-XRT light curve from Le-
icester repository, Swift-BAT product analysis, Fermi-
GBM Quicklook lightcurve, GCNs and Blog for the cho-
sen GRB.

4 AGILE Science Highlights

Fig. 1 shows the total gamma-ray intensity above 100
MeV as observed by AGILE up to December, 2012, dur-
ing the first ∼ 6 years of observations. We present here
a selection of the main AGILE science highlights and
some recent updates.

- AGILE has provided the first detection of a col-
liding wind binary (CWB) system above 100 MeV in
the η-Carinae region (Tavani et al., 2009b). AGILE
detected a gamma-ray source (1AGL J1043-5931, now
1AGLR J1044-5944) consistent with the position of the

CWB massive system η-Car during the time period
2007 July - 2009 January. A 2-day gamma-ray flar-
ing episode was also reported on 2008 Oct. 11-13, pos-
sibly related to a transient acceleration and radiation
episode of the strongly variable shock in the system. A
revised gamma-ray source list in the complex Carina re-
gion shown in Fig. 2 has been published in Verrecchia
et al. (2013).

Figure 2: AGILE intensity map of the Carina region
above 100 MeV over ∼ 2.3-year pointing mode obser-
vation period. New sources and revised (R) positions
for 1AGL sources are indicated in magenta, the 1AGL
error circles are indicated in black.

- The AGILE detection of gamma-ray emission from
the PWN Vela-X, described in a Science paper (Pelliz-
zoni et al., 2010), has been the first experimental con-
firmation of gamma-ray emission (E> 100 MeV) from a
pulsar wind nebula. This result constrains the particle
population responsible for the GeV emission and estab-
lishes a class of gamma-ray emitters that could account
for a fraction of the unidentified galactic gamma-ray
sources. Subsequently the NASA Fermi satellite has
confirmed the Vela-X gamma-ray detection, and has
also firmly identified other 4 pulsar wind nebulae plus
a large number of candidates.

- Gamma-ray flaring activity for a source position-
ally consistent with Cygnus X-1 microquasar was re-
ported twice by AGILE (Bulgarelli et al., 2010; Saba-
tini et al., 2010a and 2010b). AGILE extensive moni-
toring of Cygnus X-1 in the energy range 100 MeV - 3
GeV during the period 2007 July - 2009 October con-
firmed the existence of a spectral cutoff between 1-100
MeV during the typical hard X-ray spectral state of the
source. However, even in this state, Cygnus X-1 is capa-
ble of producing episodes of extreme particle accelera-
tion on 1-day timescales, and even shorter lived flares in
the TeV range as detected by MAGIC in 2006 (Albert
et al., 2007). Gamma-ray flares of Cygnus X-1 detected

2http://www.asdc.asi.it/mcalgrbcat/

159



Carlotta Pittori

by AGILE have been recently confirmed for the first
time by a reanalisis of Fermi-LAT data (Bodaghee et
al., 2012).

- AGILE detected for the first time several gamma-
ray flares from Cygnus X-3 microquasar and also a weak
persistent emission above 100 MeV from the source (Ta-
vani et al., 2009c). Gamma-ray flares occur either in
coincidence with low hard-X-ray fluxes or during tran-
sitions from low to high hard-X-ray fluxes, and usually
appear before major radio flares, following a clear repet-
itive pattern. This important AGILE finding has been
confirmed by Fermi-LAT, which also detected the or-
bital period (4.8 hours) of the binary system in gamma-
rays, securing unambigously the temporal signature of
the microquasar (Abdo et al., 2009). In the 9 days from
December 2 to December 11, 2009 AGILE and Fermi
were able to answer a long-lasting question: Cygnus X-
3 system is able to accelerate particles up to relativistic
energies and to emit gamma-rays above 100 MeV.

Figure 3: The Cygnus region in gamma-rays: AGILE intensity
map from 100 MeV to 10 GeV. Data taken in ∼ 2-year pointing
observing mode, from Nov. 2007 to Oct. 2009. Figure adapted
from G. Piano presentation, 9th AGILE Workshop, 2012.

- Understanding the origin of cosmic rays is one of
the most important issues of high-energy astrophysics,
and galactic Supernova Remnants (SNR) are considered
to be an ideal laboratory to study Cosmic-Ray acceler-
ation. Experimental data analysis below E = 200 MeV
is crucial to discriminate between theoretical models,
since in this energy range hadronic and leptonic emis-
sion spectra have a well distinct behavior due to a steep-
ening of the hadronic spectrum due to the neutral pion
emission, which is missing in the leptonic case. The AG-
ILE gamma-ray imager reaches its optimal sensitivity
just at the energies in the 50 MeV - a few GeV range at
which neutral pions produced by proton-proton interac-
tions radiate, and it was the first to discover a pattern of
gamma-ray emission from the supernova remnant W44
that, combined with the observed multifrequency prop-
erties of the source, can be unambiguously attributed to

accelerated protons interacting with nearby dense gas.
This important AGILE result was reported in (Giuliani
et al., 2011), and recently confirmed by new Fermi-LAT
data (Ackermann et al., 2013) Before AGILE and Fermi
observations a direct identification of sites in our Galaxy
where proton acceleration takes place was elusive.

Figure 4: The W44 Supernova Remnant spectral energy dis-
tribution in gamma-rays. Upper panel: the first direct evidence
of the pion bump from AGILE data below 200 MeV (Giuliani et
al., 2011). Lower panel: new Fermi-LAT data below 200 MeV
confirm the observed steepening due to the neutral pion emission
(Ackermann et al., 2013).

Preliminary results from a new detailed study of the
SNR Gamma-Cygni with AGILE have been presented
by G. Piano during the 11th AGILE Workshop3 (Piano
et al., paper in progress). From AGILE data analysis
there are hints of non-thermal emission possibly related
to shock-cloud interactions in the North-Western part
of the shell.

- The AGILE Minicalorimeter is also detecting Ter-
restrial Gamma-Ray Flashes (TGFs), intense and
brief pulses of gamma-rays originating in the Earth at-
mosphere, and associated with thunderstorm activity.
TGFs last a few thousandths of a second, and produce
gamma-ray flashes up to 100 MeV, on timescales as
low as < 5 ms (Marisaldi et al., 2010a). AGILE joins
other satellites in detecting TGFs, but its unique capa-

3http://www.asdc.asi.it/11thagilemeeting/program.php
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bility of detecting photons of the highest energies within
the shortest timescales makes it an ideal instrument to
study these impulsive phenomena. AGILE data have
shown for the first time that TGF cumulative spectrum
at high energy deviates from a power law with expo-
nential cutoff model and can be better fit with a broken
power law with significant counts above background up
to 100 MeV. The crucial AGILE contribution to TGF
science is thus the discovery that the TGF spectrum ex-
tends well above 40 MeV, and that the high energy tail
of the TGF spectrum is harder than expected. Com-
bined observations of high-energy photons detected by
the AGILE-GRID detector have also provided the first
direct localization of TGFs in gamma-rays, within a re-
gion clustered around the sub-satellite point (Fuschino
et al., 2011). Thanks to its very low inclination orbit
in the ±2.5 latitude band, AGILE provides the largest
TGF surface density across the Equator available up
to now. As statistics grows, AGILE data show that
the TGF sample is possibly composed by two distinct
populations: a low-energy population, consistent with
typical TGF characteristics, and a high-energy popula-
tion, with quite distinct features (Tavani et al., 2011;
Marisaldi et al., 2012).

- Crab Nebula variability: The surprising discov-
ery by AGILE of variable gamma-ray emission above
100 MeV from the Crab Nebula in Sept. 2010 (Ta-
vani et al., 2010; Tavani et al., 2011b), and the Fermi-
LAT confirmation (Buehler et al., 2010; Abdo et al.,
2011) started a new era of investigation of the Crab
system. The 2012 Bruno Rossi international Prize has
been awarded to the PI, Marco Tavani, and the AGILE
team for this important and unexpected discovery.

Astronomers have long believed the Crab to be an
almost ideal standard candle, a nearly constant source
(at a level of few percent) from optical to gamma-ray en-
ergies (Meyer et al., 2010), with possible long-term neb-
ular flux variations over a few-year timescale reported
in the hard X-ray range. On September 2010 AGILE
detected a rapid gamma-ray flare over a daily timescale,
see Fig.4, and thanks to its rapid alert system, made the
first public announcement on September 22, 2010. This
finding was confirmed the next day by the Fermi Ob-
servatory. AGILE had also previoulsy detected a giant
flare from the Crab in October, 2007 during the initial
Science Verification Period of the satellite, and in the
First AGILE Catalog paper (Pittori et al., 2009), it was
reported that anomalous episodic flux values observed
from the Crab in 2007 were under investigation. We
know now of five major gamma-ray flares from the Crab
Nebula detected by the AGILE-GRID and Fermi-LAT,
up to May 2013. Gamma-ray data provide evidence for
particle acceleration mechanisms in nebular shock re-
gions more efficient than previously expected from cur-
rent theoretical models. We estimate a recurrence rate

for strong gamma-ray flares of ∼ (1 − 2)/year.

Figure 5: The Crab Nebula flare in September 2010, as ob-
served by AGILE at energies above 100 MeV, (Tavani et al.,
2011b).

A recent study (Striani et al., 2013 ) of the flux and
spectral variability of the Crab Nebula above 100 MeV
on different timescales, ranging from days to weeks,
both in AGILE-GRID and in Fermi-LAT data, also
gives evidence for week-long and less intense episodes
of enhanced gamma-ray emission that we call “waves”
which can occur by themselves or in association with
shorter flares. Both the flaring and “wave” events
can be related to a population of accelerated elec-
trons consistent with a mono-chromatic or relativis-
tic Maxwellian distribution. Gamma-ray observations
challenge standard Magneto-hydrodynamics models of
nebular emission.

5 Conclusions

The study of cosmic gamma-rays in the energy range
from a few tens of MeV to a few tens of GeV is only pos-
sible from space due to atmospheric absorption. With
the successful launch of the new generation gamma-ray
space ASI telescope AGILE on April 2007, followed by
NASA Fermi on June 2008, gamma-ray astrophysics
entered a new era. AGILE is substantially improving
our knowledge on various known gamma-rays sources,
such as supernova remnants and black hole binaries,
pulsars and pulsar wind nebulae, blazars and Gamma
Ray Bursts. Moreover, AGILE has contributed to the
discovery and study of new galactic gamma-ray source
classes, and of galactic gamma-ray transients. The Mis-
sion is also giving a crucial contribution to the study of
the terrestrial gamma-ray flashes seen in the Earth at-
mosphere. Gamma-ray observations challenge standard
theoretical models of particle acceleration and dynam-
ics under extreme matter conditions.
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DISCUSSION

LUIGI PIRO: How can you distinguish between In-
verse Compton and π0 decay in the GeV range (question
to Manami Sasaki talk on SNRs, Tue 28 afternoon).

CARLOTTA PITTORI Comment: My comment
to Luigi Piro question is that, as I have shown in my
talk, at least in some cases as W44, in which middle
aged SNR interacts with Molecular Clouds, the new in-
frared Planck data are very much constraining, and the
overall multiwaveleght picture seem to largely favour π0

decay and hadronic models over the leptonic ones.
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