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ABSTRACT

Context. AGILE is an Italian Space Agency mission dedicated to observing the gamma-ray Universe. The AGILE’s very innovative instrumenta-
tion for the first time combines a gamma-ray imager (sensitive in the energy range 30 MeV-50 GeV), a hard X-ray imager (sensitive in the range
18-60 keV), a calorimeter (sensitive in the range 350 keV-100 MeV), and an anticoincidence system. AGILE was successfully launched on 2007
April 23 from the Indian base of Sriharikota and was inserted in an equatorial orbit with very low particle background.

Aims. AGILE provides crucial data for the study of active galactic nuclei, gamma-ray bursts, pulsars, unidentified gamma-ray sources, galactic
compact objects, supernova remnants, TeV sources, and fundamental physics by microsecond timing.

Methods. An optimal sky angular positioning (reaching 0.1 degrees in gamma-rays and 1-2 arcmin in hard X-rays) and very large fields of view
(2.5 srand 1 sr, respectively) are obtained by the use of Silicon detectors integrated in a very compact instrument.

Results. AGILE surveyed the gamma-ray sky and detected many Galactic and extragalactic sources during the first months of observations.
Particular emphasis is given to multifrequency observation programs of extragalactic and galactic objects.

Conclusions. AGILE is a successful high-energy gamma-ray mission that reached its nominal scientific performance. The AGILE Cycle-1 pointing

program started on 2007 December 1, and is open to the international community through a Guest Observer Program.

Key words. instrumentation: detectors — techniques: high angular resolution — techniques: image processing —

gamma rays: observations — X-rays: general

1. Introduction

Gamma-ray astrophysics above 100 MeV is an exciting field of
astronomical sciences that has received a strong impulse in re-
cent years. Detecting cosmic gamma-ray emission in the energy
range from a few tens of MeV to a few tens of GeV is only possi-
ble from space instrumentation, and in the past 20 years, several
space missions have confronted the challenge of detecting cos-
mic gamma-rays. Gamma-ray emission from cosmic sources at
these energies is intrinsically non-thermal, and provides a diag-
nostic of particle acceleration and radiation processes in extreme
conditions. Gamma-ray sources showing the most energetic phe-
nomena of our Universe include: Galactic compact objects and
related sources (e.g., black hole binaries, pulsars, SNRs, pulsar
wind nebulae, binary systems with accreting neutron stars, and
colliding wind binaries), Galactic molecular clouds shining in
gamma-rays because of their interaction with energetic cosmic

rays, extragalactic massive black holes residing in active galac-
tic nuclei (AGN), exploding massive stars producing gamma-ray
bursts (GRBs).

The history of gamma-ray astronomy is a topic beyond the
scope of this paper. We briefly summarize here the pioneering
efforts and experiments that were carried out over the years.
The first detection of cosmic energetic radiation of energy well
above the electron’s rest mass started in the late Sixties with the
detection of gamma-rays above 50 MeV by the OSO-3 satel-
lite (Kraushaar et al. 1972). The first gamma-ray telescope with
an angular resolution of a few degrees was launched in 1972
November by the Malindi site in Kenya as the second Small
Astronomy Satellite (SAS-2). A clear concentration of gamma-
ray emission from the Galactic plane was firmly established, to-
gether with a handful of pointlike gamma-ray sources (Fichtel
et al. 1975; Bignami et al. 1979). The European mission COS-B
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was launched on 1975 August 8 and after 7 years of observa-
tions several gamma-ray sources were studied and catalogued
(Mayer-Hasselwander et al. 1979; Swanenburg et al. 1981).

The Compton Gamma-Ray Observatory (CGRO) (active be-
tween 1991-2000) substantially increased our knowledge of the
gamma-ray Universe and provided a wealth of data on a wide
variety of sources, as well as unsolved puzzles. In particular,
CGRO hosted the Energetic Gamma-Ray Experiment Telescope
(EGRET) (operating in the energy range 30 MeV-30 GeV)
which carried out a complete sky survey that detected hundreds
of gamma-ray sources (Fichtel & Trombka 1997; Hartman et al.
1999; Thompson et al. 1993, 1995, 1996, 1998).

The EGRET scientific inheritance is the starting point for
any high-energy mission exploring the Universe above 100 MeV.
The current new generation of gamma-ray space missions has to
address some of the fundamental issues that were left open (or
unresolved) by EGRET. It is then important to make substantial
progress in the instrumentation and mission concepts to achieve
the following goals: (1) improving the gamma-ray angular res-
olution near 100 MeV by at least a factor of 2—-3 compared to
EGRET; (2) obtaining the largest possible field of view (FOV)
at 100 MeV reaching 2.5-3 sr, (3) drastically reducing the dead-
time for gamma-ray detection from the EGRET value of 100 ms,
(4) obtaining broadband spectral information possibly including
a simultaneous detection capability in the MeV and X-ray en-
ergy ranges; (5) carrying out a rapid quicklook analysis of the
gamma-ray data and a fast dissemination of results and alerts;
(6) stimulating efficient multifrequency programs. The AGILE
Mission is aimed at meeting all these goals with an unprece-
dented configuration for space gamma-ray astrophysics: a Small
Scientific Mission with optimized on-board and ground-segment
resources.

The space program AGILE (Astro-rivelatore Gamma a
Immagini LEggero) is a high-energy astrophysics mission sup-
ported by the Italian Space Agency (ASI) with scientific and
programmatic participation by INAF, INFN, CNR, ENEA and
several Italian universities (Tavani et al. 1998, 2000, 2002,
2008a; Barbiellini et al. 2000). The main industrial con-
tractors include Carlo Gavazzi Space (CGS), Thales-Alenia-
Space (formerly Laben), Rheinmetall Italia (formerly Oerlikon-
Contraves), Telespazio, Galileo Avionica, and Mipot.

The main scientific goal of the AGILE program is to provide
a powerful and cost-effective mission with excellent imaging ca-
pability simultaneously in the 30 MeV-50 GeV and 18-60 keV
energy ranges with a large field of view that is unprecedented in
high-energy astrophysics space missions.

AGILE was successfully launched by the Indian PSLV-
C8 rocket from the Sriharikota base on 2007 April 23 (see
Fig. 1). The launch and orbital insertion were nominal, and a
quasi-equatorial orbit was obtained with the smallest inclina-
tion (2.5 degrees) ever achieved by a high-energy space mission
(e.g., SAS-2 and Beppo-SAX had inclinations of ~4 degrees).
The satellite’s commissioning phase was carried out during the
period 2007 May-June. The scientific verification phase and the
in-orbit calibration (based on long pointings at the Vela and Crab
pulsars) were carried out during the period 2007 July-November.
The nominal scientific observation phase (AGILE Cycle-1, AO-
1) started on 2007 December 1. AGILE is the first gamma-ray
Mission successfully operating in space after the long temporal
hiatus of almost ten years since the end of EGRET operations.
It will operate in coexistence with the FERMI mission that was
launched on 2008 June 11 (Michelson et al. 2008).

The AGILE instrument design is very innovative and based
on solid-state Silicon detector technology and state-of-the-art
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Fig. 1. The launch of the AGILE satellite by the Indian PSLV-C8 rocket
from the Sriharikota ISRO base on 2007 April 23.

electronics and readout systems developed in Italian laboratories
(Barbiellini et al. 1995a,b; Bakaldin et al. 1997). The instrument
is light (~100 kg) and very compact (see Fig. 3). The total satel-
lite mass is about 350 kg (see Fig. 2).

AGILE is expected to substantially advance our knowledge
in several research areas including the study of AGN and mas-
sive black holes, GRB, the unidentified gamma-ray sources,
Galactic transient and steady compact objects, isolated and bi-
nary pulsars, pulsar wind nebulae (PWNae), supernova rem-
nants, TeV sources, and the Galactic center, while mapping the
overall gamma-ray emission from our Galaxy. Furthermore, the
fast AGILE electronic readout and data processing (resulting in
detector deadtimes less than ~200 us) allow a first systematic
search for sub-millisecond gamma-ray/hard X-ray transients that
are of interest for both Galactic compact objects (searching out-
burst durations comparable to the dynamical timescale of ~1 M
compact objects) and quantum gravity studies in extragalactic
sources.

The AGILE Science Program is aimed at providing a com-
plete sky coverage during its first year, while allowing a prompt
response to gamma-ray transients and alert to follow-up mul-
tiwavelength observations. AGILE provides important informa-
tion that is complementary to several high-energy space missions
(CHANDRA, INTEGRAL, RXTE, XMM-NEWTON, SWIFT,
SUSAXU, RHESSI, FERMI) and supports ground-based inves-
tigations in the radio, optical, and TeV bands. Part of the AGILE
Science Program is open for guest investigations on a compet-
itive basis. Quicklook data analysis and fast communication of
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Fig.2. The integrated AGILE satellite in its final configuration being
covered by the thermal blanket during the qualification tests in IABG
(Munich), July 2006. The total satellite mass is equal to 350 kg.

new transients has been implemented as an essential part of the
AGILE Science Program.

2. Mission concept

The AGILE program is motivated by very specific scientific
requirements and goals. The essential point, permeating the
whole mission from its conception, is to provide a very effective
gamma-ray space instrument with excellent detection and imag-
ing capabilities both in the gamma-ray and hard X-ray energy
ranges. The very stringent mission constraints (satellite and in-
strument volume, weight, cost, and optimized ground segment)
have determined a specific optimization strategy from the very
beginning of the mission’s development.

The AGILE mission challenge has been obtaining optimal
gamma-ray/hard X-ray detection capabilitity (together with ex-
cellent timing resolution in the energy band near 1 MeV) with a
very light (~100 kg) instrument.

The AGILE instrument has therefore been designed and
developed to obtain:

— excellent imaging capability in the energy range
100 MeV-50 GeV, improving the EGRET angular resolu-
tion by a factor of 2;

— a very large field-of-view for both the gamma-ray imager
(2.5 sr, i.e., ~5 times larger than that of EGRET) and the
hard X-ray imager (1 sr);

— excellent timing capability, with an overall photon abso-
lute time-tagging uncertainty of 2 us, coupled with very short
deadtimes for gamma-ray detections;

— agood sensitivity to pointlike gamma-ray and hard X-ray
sources. Depending on exposure and background, after a
1-year program the flux sensitivity threshold can reach val-
ues of (10-20) x 1078 photonscm™s~! at energies above
100 MeV. The hard X-ray imager sensitivity is between 15
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and 30 mCrab at 20 keV for a 1-day exposure over a 1 sr
field of view;

— good sensitivity to photons in the energy range
~30-100 MeV, with an effective area above 200 cm? at
30 MeV;

— a rapid response to gamma-ray transients and gamma-
ray bursts, obtained by a special quicklook analysis pro-
gram and coordinated ground-based and space observations;

— accurate localization (~2-3 arcmins) of GRBs and other
transient events obtained by the GRID-SA combination (for
typical hard X-ray transient fluxes above ~1 Crab); the ex-
pected GRB detection rate for AGILE is ~1-2 per month;

— long-timescale continuous monitoring (~2-3 weeks) of
gamma-ray and hard X-ray sources;

— satellite repointing within ~1 day after special alerts.

The simultaneous hard X-ray and gamma-ray observations rep-
resent a novel approach to the study of high-energy sources. In
the following, we address the main relevant features of the sci-
entific performance of AGILE.

3. Scientific objectives

AGILE fits into the discovery path followed by previous gamma-
ray missions (SAS-2, COS-B, and EGRET) and is complemen-
tary to FERMI. Nearly 270 gamma-ray sources above 30 MeV
were catalogued' by EGRET (with only 30% identified as AGNs
or isolated pulsars) (Hartman et al. 1999). We summarize here
AGILE’s main scientific objectives.

e Active galactic nuclei. For the first time, it is possible
to monitor tens of potential gamma-ray emitting AGNs during
each pointing. Several outstanding issues concerning the mech-
anism of AGN gamma-ray production and time evolution can
be addressed by AGILE including: (1) the study of transient
vs. low-level gamma-ray emission and duty cycles (Vercellone
et al. 2004); (2) the relationship between the gamma-ray vari-
ability and the radio-optical-X-ray-TeV emission; (3) the possi-
ble correlation between relativistic radio plasmoid ejections and
gamma-ray flares; (4) hard X-ray/gamma-ray correlations.

o Gamma-ray bursts. A few GRBs were detected by the
EGRET spark chamber (Schneid et al. 1996). This number ap-
peared to be limited by the EGRET FOV and sensitivity and
not by the intrinsic GRB emission mechanism. Owing to a
larger FOV, the GRB detection rate by the AGILE-GRID is ex-
pected to be higher than that of EGRET, i.e., ~2-5 events/year.
Furthermore, the short GRID deadtime (~500 times shorter than
that of EGRET) allows for a better study of the initial phase of
GRB pulses (for which EGRET response was in some cases in-
adequate). The hard X-ray imager (Super-AGILE) can localize
GRBs within a few arcminutes and can systematically study the
interplay between hard X-ray and gamma-ray emissions. Special
emphasis is given to the search for sub-millisecond GRB pulses
independently detectable by the Si-tracker, MCAL, and Super-
AGILE.

o Diffuse Galactic gamma-ray emission. The AGILE good
angular resolution and large average exposure further improves
our knowledge of cosmic ray origin, propagation, interaction,
and emission processes. A detailed gamma-ray imaging of indi-
vidual molecular cloud complexes is possible.

o Gamma-ray pulsars and PWNae. AGILE will contribute
to the study of gamma-ray pulsars (PSRs) in several ways: (1)
improving timing and lightcurves of known gamma-ray PSRs,

! See also the analysis of Casandjian & Grenier (2008).


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/200810527&pdf_id=2

998

(2) improving photon statistics for blind gamma-ray period
searches of pulsar candidates, (3) studying unpulsed gamma-
ray emission from plerions in supernova remnants and studying
pulsar wind/nebula interactions, e.g., as in the Galactic sources
recently discovered in the TeV range (Aharonian et al. 2006).
Particularly interesting for AGILE are the ~30 new young PSRs
discovered in the Galactic plane by the Parkes survey (Kramer
et al. 2003).

e The search for non-blazar gamma-ray variable sources
in the Galactic plane, currently a new class of unidentified
gamma-ray sources such as GRO J1838-04 (Tavani et al. 1997).

e Compact Galactic sources, micro-quasars, new
transients. A large number of gamma-ray sources near
the Galactic plane are unidentified, and sources such as
2CG 135+1/LS 1+61 303 can be monitored on timescales of
months. Cyg X-1 is also monitored, and gamma-ray emission
above 30 MeV will be intensively searched. Galactic X-ray
jet sources (such as Cyg X-3, GRS 1915+105, GRO J1655-40
and others) can produce detectable gamma-ray emission for
favorable jet geometries, and a TOO program is planned to
follow-up new discoveries of micro-quasars.

e Supernova remnants (SNRs). Several possible gamma-
ray source-SNR associations were proposed based on EGRET
data (Sturner & Dermer 1995; Esposito et al. 1996). However,
none were decisive. High-resolution imaging of SNRs in the
gamma-ray range can provide the missing information to decide
between leptonic and hadronic models of SNR emission above
100 MeV.

e Fundamental physics: quantum gravity. AGILE de-
tectors are suited for quantum gravity (QG) studies. The ex-
istence of sub-millisecond GRB pulses lasting hundreds of
microseconds (Bhat et al. 1992) opens the way to studying
QG delay propagation effects by AGILE detectors. Particularly
important is the AGILE mini-calorimeter trigger logic with
photon-by-photon independent readout for each of the 30 Csl
bars of short deadtime (~20 us) and absolute timing resolution
(~3 us). Energy-dependent time delays near ~100 us for ultra-
short GRB pulses in the energy range 0.3-3 MeV can be de-
tected. If these GRB ultra-short pulses originate at cosmologi-
cal distances, sensitivity to the Planck’s mass can be reached by
AGILE.

4. Main characteristics of the mission

In order to make substantial progress with respect to the pre-
vious generation of gamma-ray astrophysics missions and to
substantially contribute to the current and future observations,
the AGILE instrument is required to achieve an optimal perfor-
mance with the following characteristics.

4.1. Gamma-ray and X-ray angular resolution

The gamma-ray detection resolution is required to achieve an
effective PSF with 68% containment radius of 1°-2° at £ >
300 MeV allowing a gamma-ray source positioning with error
box radii in the range 6 20" depending on source spectrum, in-
tensity, and sky position. The hard X-ray imager operating in the
18-60 keV band has a spatial resolution of 3 arcmin (pixel size).
This translates into a pointing reconstruction of 1-2 arcmins for
relatively strong transients at the Crab flux level.
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4.2. Large FOVs of the gamma-ray and hard X-ray imagers

A crucial feature of the AGILE instrument is its very large field
of view for both the gamma-ray and hard X-ray detectors. The
gamma-ray FOV is required to be 2.5-3 sr, i.e., to cover about
1/5 of the entire sky. The hard X-ray imager is required to cover
aregion of about 1 sr. The combination of coaligned gamma-ray
and hard X-ray imagers with very large FOVs is unprecedented
and is the main novelty of the AGILE instrument configuration.

4.3. Fast reaction to strong high-energy transients

The existence of a large number of variable gamma-ray sources,
e.g., near the Galactic plane Tavani et al. (1997) requires a reli-
able program for quick response to transient gamma-ray emis-
sion. Quicklook Analysis of gamma-ray data is an important
task of the AGILE Mission. Prompt communication of bright
gamma-ray transients (above 107 phcm™2s~!, requiring typi-
cally 1-2 days to be detected with high confidence) is ensured
by a proper ground segment configuration. Alerts for shorter
timescale (seconds/minutes/hours) transients (GRBs, SGRs, and
other bursting events) are also possible. A primary responsibility
of the AGILE Team is to provide positioning of short-timescale
transient that is as accurate as possible and to alert the commu-
nity though dedicated channels.

4.4. A large exposure for Galactic and extragalactic sources

Owing to a larger effective area at large off-axis angles, the
AGILE average exposure above 100 MeV typically will be 4
times greater than that of EGRET after a 1-year sky survey. Deep
exposures for selected regions of the sky can be obtained with
repeated overlapping pointings. This can be particularly useful
to monitor simultaneously selected Galactic and extragalactic
sources. The typical AGILE 1-day exposure at 100 MeV for a
source in the central part of the FOV is ~10” cm?s~! that turns
out to be comparable with that of FERMI in the same energy and
time range.

4.5. High-precision timing

AGILE detectors have optimal timing capabilities. The on-board
navigation system makes possible an absolute time tagging pre-
cision of 2 us for individual photons. Depending on the event
characteristics, absolute time tagging can achieve values near
2 us for the Silicon-tracker, and 3—4 us for the mini-calorimeter
and Super-AGILE.

Also the instrumental AGILE deadtime is very small for
gamma-ray detection (typically less than 200 us). After tak-
ing the segmentation of the electronic readout of MCAL and
Super-AGILE detectors (30 MCAL elements and 16 Super-
AGILE elements) into account, the MCAL and SA effective
deadtimes are substantially less than for the individual units.
We reach ~2 us for MCAL, and 5 us for SA. Furthermore,
a special memory ensures that MCAL events detected during
the Si-tracker readout deadtime are automatically stored in the
GRID event. For these events, precise timing and detection in
the ~1-200 MeV range can be achieved with temporal resolu-
tion well below 100 us. This may be very relevant for AGILE
high-precision timing investigations.
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Fig. 3. The AGILE scientific instrument showing the hard X-ray imager,
the gamma-ray tracker, and calorimeter. The anticoincidence system
is partially displayed, and no lateral electronic boards and harness are
shown for simplicity. The AGILE instrument “core” is approximately a
cube of about 60 cm size and of weight approximately equal to 100 kg.

5. The scientific instrument

The AGILE scientific payload is made of three detectors com-
bined into one instrument with broad-band detection and imag-
ing capabilities. The payload is surrounded by an anticoinci-
dence system to screen out the charged particle background.
A sophisticated data handling system completes the instrument.
Figure 3 shows a schematic view of the instrument, and Table 1
summarizes the main instrument’s scientific performance. We
summarize here the main characteristics of the instrument: sev-
eral papers describe the individual detectors in detail (Perotti
et al. 2006; Barbiellini et al. 1995a; Prest et al. 2003; Feroci
et al. 2007; Labanti et al. 2006).

The Gamma-Ray Imaging Detector (GRID) is sensitive
in the energy range ~30 MeV-50 GeV, and consists of a silicon-
tungsten tracker, a Cesium lodide calorimeter, and an anticoin-
cidence system.

The GRID trigger logic and data acquisition system (based
on anticoincidence, tracker and mini-calorimeter information)
allows for an efficient background discrimination and inclined
photon acceptance (Tavani et al. 2008b; Argan et al. 2008b).
The GRID is designed to achieve an optimal angular resolution
(source location accuracy ~6’—12’ for intense sources), a very
large field-of-view (~2.5 sr), and a sensitivity comparable to that
of EGRET for sources within 10-20 degree from the main axis
direction (and substantially better for larger off-axis angles).

The hard X-ray Imager (Super-AGILE) is a unique fea-
ture of the AGILE instrument (for a complete description, see
Feroci et al. 2007). The imager is placed on top of the gamma-
ray detector and is sensitive in the 18-60 keV band.

A mini-calorimeter operating in the “burst mode” is the
third AGILE detector. It is part of the GRID, but also also capa-
ble of independently detecting GRBs and other transients in the
350 keV-100 MeV energy range with excellent timing capabili-
ties.

Figure 2 shows the integrated AGILE satellite and Fig. 3 a
schematic representation of the instrument. We briefly describe
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here the main detecting units of the AGILE instrument, more
detailed information will be presented elsewhere.

5.1. The anticoincidence system

The anticoincidence (AC) system is aimed at a very efficient
charged particle background rejection (Perotti et al. 2006). It
also allows a preliminary direction reconstruction for triggered
photon events through the DH logic. The AC system completely
surrounds all AGILE detectors (Super-AGILE, Si-tracker and
MCAL). Each lateral face is segmented in three plastic scintil-
lator layers (0.6 cm thick) connected to photomultipliers placed
at the bottom of the panels. A single plastic scintillator layer
(0.5 cm thick) constitutes the top-AC whose signal is read by
four light photomultipliers placed at the four corners of the struc-
ture frame. The segmentation of the AC System and the Silicon
tracker trigger logic contribute in an essential way to produce the
very large field of view of the AGILE-GRID.

5.2. The Silicon-tracker

The Silicon tracker (ST) is the AGILE gamma-ray imager based
on photon conversion into electron-positron pairs (Barbiellini
et al. 1995b; Prest et al. 2003). It consists of a total of 12 trays
with a repetition pattern of 1.9 cm (Fig. 4). The first 10 trays are
capable of converting gamma-rays by a Tungsten layer. Tracking
of charged particles is ensured by silicon microstrip detectors
that are configured to provide the two orthogonal coordinates
for each element (point) along the track. The individual sili-
con detector element is a tile of area 9.5 x 9.5 cm?, microstrip
pitch of 121 um, and 410 um thickness. Four silicon tiles are
bonded together to provide a ladder. Four ladders constitute a
ST plane. The AGILE ST readout system is capable of detect-
ing and storing the energy deposited in the silicon microstrips
by the penetrating particles. The readout signal is processed
for half of the microstrips by an alternating readout system
characterized by “readout” and “floating strips”. The analog sig-
nal produced in the readout strips is read and stored for further
processing. Each silicon ladder has a total of 384 readout chan-
nels (242 um readout pitch) and 3 TAALI chips are required to
process the analog signal from the readout strips independently.
Each Si-tracker layer is then made of 4 x 4 Si-tiles, for a total
geometric area of 38 x 38 cm?. The first 10 trays are equipped
with a Tungsten layer of 245 ym (0.07 Xy) positioned in the bot-
tom part of the tray. The two orthogonal coordinates of particle
hits in the ST are provided by two layers of Silicon detectors
properly configured for each tray that therefore has 2 x 1,536
readout microstrips. Since the ST trigger requires a signal from
at least three (contiguous) planes, two more trays are inserted at
the bottom of the tracker without the Tungsten layers. The total
readout channel number for the GRID tracker is then 36, 864.
The 1.9 cm distance between mid-planes has been optimized
through extensive Montecarlo simulations. The ST has an on-
axis total radiation length near 0.8 Xj. Special trigger logic al-
gorithms implemented on-board (Level-1 and Level-2) lead to a
substantial particle/albedo-photon background subtraction and a
preliminary on-board reconstruction of the photon incidence an-
gle. Both digital and analog information are crucial for this task.
Figure 5 shows a typical read-out configuration of a gamma-ray
event detected by the AGILE Silicon tracker. The positional res-
olution obtained by the ST is excellent, being below 40 um for a
wide range of particle incidence angles Barbiellini et al. (2002).
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Table 1. The AGILE cientific Performance.

M. Tavani et al.: The AGILE Mission

Gamma-ray imaging detector (GRID)

Energy range 30 MeV-50 GeV
Field of view ~2.5 st
Flux sensitivity (E > 100 MeV, 50 in 10° s) 3x 1077 (phem2s7!)
Angular resolution at 100 MeV (68% cont. radius) 3.5 degrees
Angular resolution at 400 MeV (68% cont. radius) 1.2 degrees
Source location accuracy (high Gal. lat., 90% C.L.) ~15 arcmin
Energy resolution (at 400 MeV) AEJE ~1
Absolute time resolution ~2 us
Deadtime ~100-200 us
Hard X-ray imaging detector (Super-AGILE)

Energy range 18-60 keV
Single (1-dim.) detector FOV (FW at zero sens.) 107° x 68°
Combined (2-dim.) detector FOV (FW at zero sens.) 68° x 68°
Sensitivity (18-60 keV, 50 in 1 day) ~ 15 mCrab
Angular resolution (pixel size) 6 arcmin
Source location accuracy (S/N ~ 10) ~1-2 arcmin
Energy resolution (FWHM) AE ~ 8keV
Absolute time resolution ~2 us
Mini-calorimeter

Energy range 0.35-50 MeV
Energy resolution ( at 1.3 MeV ) 13% FWHM
Absolute time resolution ~3 us
Deadtime (for each of the 30 CsI bars) ~20 us

Fig. 4. The assembled AGILE Silicon tracker developed in the Trieste
INFN laboratories and in the Mipot facility in Cormons (Italy) before
being integrated with the rest of the instrument (June 2005).

5.3. Super-AGILE

Super-AGILE (SA), the ultra-compact and light hard-X-ray im-
ager of AGILE (Feroci et al. 2007) is a coded-mask system
made of a silicon detector plane and a thin tungsten mask po-
sitioned 14 cm above it (Fig. 6). The detector plane is organized
in four independent, square silicon detectors (19 x 19 cm? each)
plus dedicated front-end electronics based on the XAA1.2 chips
suitable to the SA energy range Del Monte et al. (2007). The
total number of SA readout channels is 6,144. The detection
cabability of SA includes: (1) photon-by-photon transmission
and imaging of sources in the energy range 18-60 keV, with a
large field-of-view (FOV ~ 1 sr); (2) an angular resolution of
6 arcmin; (3) good sensitivity (~15 mCrab between 18-60 keV
for 50 ks integration, and <1 Crab for a few seconds integra-
tion). SA is aimed at the hard X-ray detection simultaneously
with gamma-ray detection of high-energy sources with excellent
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Fig. 5. Detection of a typical gamma-ray event by the AGILE tracker
in the Thales-Alenia Space laboratory in Milan during integration tests
(July 2005). The electron-positron hits in the Silicon microstrips pro-
duce typical “clusters” of read-out strips whose analog signals produce
a sequence of deposited energy “histograms”. This cluster positioning
capability is a unique feature of the AGILE gamma-ray imager.

timing capabilities (a few microseconds). The SA acquisition
logic produces essential GRB quantities on-board such as time,
coordinates, and preliminary flux estimates. The AGILE satel-
lite is equipped with an ORBCOMM transponder capable of
trasmitting the GRB on-board processed physical quantities to
the ground within 10-30 mn.
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Fig. 6. The Super-AGILE detector in the INAF-IASF-Rome laboratory
during metrology measurements (March 2005).

Fig.7. The MCAL detector consisting of two planes of Csl bars en-
closed in carbon fiber supporting structure is shown during the inte-
gration process with the signal readout diodes and FFE in the Thales-
Alenia Space laboratories in Milan (February, 2005).

5.4. The mini-calorimeter

The mini-calorimeter (MCAL) is made of 30 Caesium lodide
(CsI(T1)) bars arranged in two planes, for a total (on-axis) ra-
diation length of 1.5 X, (see Fig. 7). A detailed description of
the MCAL detector can be found in Labanti et al. (2006, 2008).
The signal from each Csl bar is collected by two photodiodes
placed at both ends. The MCAL aims are: (i) obtaining informa-
tion on the energy deposited in the Csl bars by particles produced
in the Silicon tracker (and therefore contributing to the determi-
nation of the total photon energy); (ii) detecting GRBs and other
impulsive events with spectral and intensity information in the
energy band ~0.35-100 MeV. An independent burst search al-
gorithm is implemented on board with a wide range of trigger
timescales for an MCAL independent GRB detection. Following
a GRB trigger, MCAL is indeed able to store photon-by-photon
information for a duration dynamically determined by the on-
board logic. The MCAL segmentation and the photon-particle
hit positioning along the bars allow one to obtain the general
configuration of “hits” across the calorimeter volume. This in-
formation is used by the on-board trigger logic for background
discrimination and by the ground processing to obtain a prelim-
inary determination of GRB direction.
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5.5. Data handling and power supply

The Data Handling (DH) and power supply systems complete
the instrument. The DH is optimized for fast on-board process-
ing of the GRID, MCAL and Super-AGILE data (Argan et al.
2004; Tavani et al. 2008b; Argan et al. 2008b). Given the rela-
tively large number of readable channels in the ST and Super-
AGILE (~40000), the instrument requires a very efficient on-
board data processing system. The GRID trigger logic for the
acquisition of gamma-ray photon data and background rejec-
tion is structured in two main levels: Level-1 and Level-2 trigger
stages. The Level-1 trigger is fast (<5 us) and requires a signal in
at least three out of four contiguous tracker planes, and a proper
combination of fired TAA1 chip number and AC signals. An in-
termediate Level-1.5 stage is also envisioned (lasting ~20 us),
with the acquisition of the event topology based on the identifi-
cation of fired TAAT1 chips. Both Level-1 and Level-1.5 have a
hardware-oriented veto logic providing a first cut of background
events. Level-2 data processing includes a GRID readout and
pre-processing, “cluster data acquisition” (analog and digital in-
formation). The Level-2 processing is asynchronous (estimated
duration ~ a few ms) with the actual GRID event processing.
The GRID deadtime turns out to be <200 us and is dominated
by the tracker readout.

The charged particle and albedo-photon background passing
the Level-1+1.5 trigger level of processing is measured in orbit
to be <100 events/sec for the equatorial orbit of AGILE. The
on-board Level-2 processing has the task of reducing this back-
ground by a factor between 3 and 5. Off-line ground processing
of the GRID data has the goal to reduce the particle and albedo-
photon background rate above 100 MeV to the expected rate of
~0.02 events/sec.

To maximize the GRID FOV and detection efficiency for
large-angle incident gamma-rays (and minimize the effects of
particle backsplash from the MCAL and of “Earth albedo” back-
ground photons), the data acquisition logic uses proper combina-
tions of top and lateral AC signals and a coarse on-line direction
reconstruction in the ST. For laterally incident events depositing
more than 200 MeV in the MCAL, the AC veto may be dis-
abled to allow the acquisition of gamma-ray photon events with
energies greater than 1 GeV.

A special set of memory buffers and burst search algo-
rithms are implemented to maximize data acquisition for tran-
sient gamma-ray events (e.g., GRBs) in the ST, Super-AGILE
and MCAL, respectively. The Super-AGILE event acquisition
envisions a first “filtering” based on AC-veto signals, and pulse-
height discrimination in the front-end electronics. The events are
then buffered and transmitted to the CPU for burst searching and
final data formatting. The four Si-detectors of Super-AGILE are
organized in sixteen independent readout units, resulting in a
~5 us global deadtime.

To maximize the detecting area and minimize the instru-
ment weight, the GRID and Super-AGILE front-end-electronics
are partly accommodated in special boards placed externally
on the tracker lateral sides. Electronic boxes and P/L. memory
(and buffer) units are positioned at the bottom of the instrument
within the spacecraft.

5.6. The AGILE instrument calibration
The AGILE scientific instrument was fully calibrated on the

ground during a set of calibration campaigns dedicated to the
three instrument detectors. We briefly summarize here the main
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calibration operations, postponing a detailed analysis of the cam-
paigns to forthcoming papers.

5.6.1. The gamma-ray imager calibration

The AGILE-GRID calibration was carried out at the INFN
National Laboratories in Frascati (LNF) during the period 2005
November 1-25.

A beam of gamma-ray photons in the energy range
20-700 MeV was produced by electron Bremsstrahlung in the
LNL Beam Test Facility. The produced Gamma-rays were time-
tagged by a dedicated system based on the measurement by sil-
icon strip detectors of the electrons’ trajectories in a bending
magnetic field. A total of 100 000 photon tagged events was ac-
cumulated for several incidence directions and instrument con-
figurations. Both the GRID spectral and PSF response were care-
fully studied and compared with results of extensive simulations
(Pucella et al. 2008; Longo et al. 2008). Furthermore, the lep-
tonic background was studied by using the direct electron and
positron beams interacting with the AGILE GRID for different
geometries. A sequence of runs was obtained for both direct in-
cidence on the instrument, as well as for events originating by
interactions with the spacecraft.

5.6.2. The hard X-ray imager calibration

The Super-AGILE imager was calibrated at different stages dur-
ing the instrument integration and testing. It was first calibrated
at the detection plane and stand-alone detector level in the clean
room of INAF-IASF Rome on 2005 April and August, respec-
tively. The SA effective area and intrinsic imaging properties
were investigated by means of a highly collimated X-ray tube
and point-like radioactive sources (see Donnarumma et al. 2006;
Evangelista et al. 2006, for details). A dedicated procedure was
developed (Donnarumma et al. 2008) to correct the SA images
for the beam divergence in order to derive imaging calibration
properties from measurements with radioactive sources at finite
distance (about 200 cm from the experiment).

Once integrated with the instrument and satellite, the SA im-
ager was then fully calibrated in 2007 January at the CGS fa-
cility in Tortona. A sequence of measurements were carried out
with radioactive sources positioned at different angles with re-
spect to the instrument axis. The imaging response was stud-
ied as a function of the source position in the field of view (in
more than 40 positions) and energy (at 22, 30 and 60 keV).
Radioactive sources were held at a 200 cm distance and their po-
sition were independently measured by Super-AGILE and by an
optical laser tracking system (in collaboration with the metrol-
ogy group of ENEA Frascati). The calibration campaign envis-
aged a total of more than 110 measurements and 340 ks livetime,
with more than 107 source photons collected. The data analysis
allowed us to calibrate the imaging and spectral response of SA.
Figure 8 shows a sample of the results achieved during the final
ground calibrations, confirming the expected 6 arcmin (FWHM)
point spread function (PSF) and the ~1-2 arcmin point source
location accuracy (see Feroci et al. 2007 and Evangelista et al.
2008, for more details). SA on-board imaging was also tested in
Tortona. A sequence of GRB simulating tests were carried out to
check the on-board trigger logic and parameter setting.
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Fig. 8. Calibration data of the Super-AGILE imaging detector obtained
with a 22 keV radioactive source placed at a 200 cm distance, after
correcting for beam divergence effects.

5.6.3. The calorimeter calibration

Several calibration sessions of MCAL were carried out after its
integration (Labanti et al. 2008). A first stand-alone calibration
session was performed at instrument level, prior to integration
into the AGILE payload, using a collimated ?*Na radioactive
source. By these measurements the bars physical parameters,
such as the light output and the light attenuation coefficients,
were obtained. After the instrument integration, MCAL was
tested at the DA®NE accelerator Beam Test Facility in Frascati
during the GRID calibration session. MCAL was then calibrated
after satellite integration at the CGS facility in Tortona, exposing
the instrument to an uncollimated >’ Na radioactive source placed
at different positions with respect to the satellite axis in order to
evaluate the MCAL efficiency and the overall contribution of the
spacecraft volumes to the detector response.

The MCAL response to impulsive events and GRBs was
studied by reproducing the conditions for GRB events of du-
rations between 16 ms and 2 s by means of a dedicated setup
mainly based on moving a radioactive source behind a collima-
tor; the speed of the source determining the duration and rise
time of the Burst (Fuschino et al. 2008). With this setup all time
windows of the burst search logic above 16 ms have been stim-
ulated and tested.

5.6.4. The anticoincidence system calibration

An excellent anticoincidence system is required for an efficient
background rejection of the AGILE instrument. The AC flight
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Fig. 9. The AGILE “Payload Unit” consisting of the integrated instru-
ment (here shown without the anticoincidence system during integra-
tion tests) and the upper part of the satellite (November 2006).

units (scintillator panels and photo-multiplier assemblies) have
been extensively calibrated in a dedicated run at the CERN PS
T9 beam line facility during the month of August 2004 (see
Perotti et al. 2006, for a detailed presentation). The particle de-
tection inefficiency of the top panel and lateral panels plus their
analog FEE was measured to be better than 6 x 10 and 4x 1073,
respectively. Adding the effect of the FEE discrimination system
somewhat increases the inefficiencies. The final result is that the
AGILE AC inefficiencies are measured to be below the required
value of 107* for all panels.

6. The AGILE satellite

The AGILE spacecraft is of the MITA class and has been de-
veloped by Carlo Gavazzi Space (CGS) as prime contractor
and by Rheinmetall Italia (formerly Oerlikon-Contraves). The
spacecraft has been customized for the AGILE program, and
represents a very good compromise between the mission
technical requirements and the stringent volume and weight con-
straints.

The overall configuration has an hexagonal shape (for vol-
ume optimization and heat dissipation requirements) and is di-
vided into two units: (1) the “Payload Unit” (see Fig. 9) hosting
the instrument, its electronics, the instrument DH computer unit,
the star sensors and electronics, the navigation unit and elec-
tronics; (2) a “service module” hosting all the other vital control
units and the satellite OBDH system. The instrument is mechan-
ically and electrically integrated with the upper unit.

The AGILE spacecraft provides all the required services for
the satellite operations and the AGILE instrument optimal func-
tioning. In particular, it provides the power supply, communica-
tion with the ground station, satellite attitude control and thermal
control capability. All these functionalities are managed by the
On Board Data Handling (OBDH) subsystem that also takes care
of the on-board monitoring and control activities.

To guarantee the required reliability for the whole mission
lifetime, all main spacecraft units have a full redundancy. The
redundancy management is mainly performed autonomously by
the OBDH software in order to provide the required autonomy to
recover from possible subsystem failures that can occur during
the mission.

The AGILE Mission
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Fig.10. The AGILE platform during the integration tests in Tortona
(Italy).

Fig. 11. A schematic view of the AGILE satellite configuration.

The satellite thermal control is of passive type and is im-
plemented by placing the most dissipating devices close to the
externally radiating surfaces. A set of heaters, controlled by ther-
mostats or by software are used on critical equipments (in par-
ticular the Li-Ion battery and sensitive parts of the instrument
such as the AC system and the MCAL) to keep the temperatures
within the required range.

6.1. Solar panels and power system

The satellite electrical power is provided by a fixed solar panel
of about 2 m? area, equipped with high-efficiency triple junc-
tion GaAs cells. The solar panel system is positioned along
the satellite body in order to minimize the secondary particle
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background for the instrument. To supply power during the
eclipse periods and during the attitude acquisition phase, the
power system includes a re-chargeable lithium-ion battery with a
capacity of 33 Ah. The battery-charging activity, the power con-
version, and distribution to the satellite subsystems is provided
by a power unit controlled by the OBDH through a dedicated
software.

The fixed solar panels configuration constrains the AGILE
pointing strategy. The Sun direction is required to be always
quasi-orthogonal (within 1-3 degrees) to the solar panel surface.
This implies that AGILE cannot point towards the Sun: most of
the sky is accessible by the large FOV AGILE gamma-ray im-
ager but the solar and anti-solar directions are excluded from
direct pointings.

6.2. Satellite attitude control

The AGILE satellite attitude control system (ACS) is designed
to achieve the scientific requirement of the satellite attitude re-
construction of ~1 arcmin. The AGILE ACS uses a set of sensors
and actuators controlled by a dedicated software running on the
OBDH computer to guarantee the required attitude pointing in
all the mission phases. After the launcher separation, the ACS
was able to acquire, within a few orbits, a Sun pointing attitude
to guarantee the necessary power generation from the solar ar-
ray. Once acquired, the Sun pointing attitude is maintained for
the whole mission using two different control algorithms: (1) a
“coarse” Sun pointing attitude that makes use of a reduced set
of sensors and actuators to maintain the orthogonality of solar
incidence on the solar panel for a free-wobbling of the satel-
lite pointing; and (2) a “fine” Sun pointing attitude, using the
whole on-board capability to ensure an overall satellite pointing,
accuracy better than 1 degree and the required attitude stabil-
ity better than 0.1 degrees/s. The ACS ensures the pointing of
the payload instrument towards a given direction always main-
taining the Sun-satellite direction orthogonal to the solar panel
surface. For AGILE, the near-orthogonality of the solar panel
surface and the Sun-satellite direction is enforced within a few
degrees of tolerance.

The AGILE satellite meets the 1-2 arcmin attitude recon-
struction requirement by using two back-to-back oriented Star
Sensors (S/S’s), which are then an essential part of the satel-
lite ACS. The star sensors (manufactured by Galileo Avionica)
are equipped with on-board sky charts and software able to de-
termine the satellite attitude. This information is used to ob-
tain on board the sky coordinates for the gamma-ray individual
events and for the Super-AGILE imaging system. To minimize
the grammage surrounding the gamma-ray instrument, the S/S’s
are positioned in a back-to-back configuration in the“PL Unit”
behind the solar panel and relatively far from the payload.

6.3. Satellite timing and orbital positioning

The AGILE satellite is equipped with a navigation transceiver
that ensures an on-board timing accuracy within 2 microseconds.
The navigation system information is first used on-board by the
instrument DH unit to time tag individual events of the various
detectors. This telemetry is also used by the ground segment to
improve the satellite orbital tracking.

M. Tavani et al.: The AGILE Mission
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Fig.12. The AGILE satellite during the qualification tests in IABG
(Munich) (June 2006).

6.4. Satellite communication and telemetry

Communication with the ground station is ensured by an S -band
transceiver that contacts the ASI ground station located in
Malindi (Kenya) about 14 times a day, for a total visibility
periods of about 160 mnperday. During the visibility periods
the S-band transmitter downloads the payload data, previously
stored in the OBDH mass memory, with a net data rate of
500 kbps. The S -band transceiver is also used to upload the con-
figuration telecommands necessary to the satellite operations.

The AGILE scientific instrument generates under normal
conditions a telemetry rate of ~50 kbits™'. The satellite down-
link rate for scientific telemetry is 512 kbits~!. This rate is ade-
quate for transmitting all the satellite and scientific data at every
passage over the ground station.

The AGILE satellite also provides a special communica-
tion link dedicated to the fast transmission to the scientific
community of basic information related to the on-board detec-
tion and processing of GRBs. This functionality is obtained
using an ORBCOMM transceiver controlled by the spacecraft
OBDH. The ORBCOMM transceiver is constantly connected
to the ORBCOMM constellation (composed of 36 satellites in
low Earth orbits) that is able to send a dedicated e-mail message
to selected users as soon as a GRB is detected, independently
from the baseline S -band ground station coverage. The AGILE
ORBCOMM message to the ground provides the timing, coor-
dinate reconstruction, and peak flux of the transient event.

7. The Satellite qualification campaign

The AGILE satellite carried out an extensive qualification cam-
paign during the period 2006 June-July, with additional testing
period during February-March, 2007. All AGILE satellite qual-
ification tests were carried out at the TABG facility in Munich
(Germany).

During the first campaign, an extended set of measurements
and tests were carried out, including satellite mass and inertial
measurements, acoustic tests, mechanical vibration tests, EMC
tests, thermal vacuum, and thermal balance tests.

All the qualification tests were defined and performed ac-
cording to an environmental test plan based on the launcher and
orbit characteristics. In particular, thermal vacuum cycles were
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Table 2. Summary of instrument functional and scientific tests.
Activity Facility Date
Payload AIV Thales Alenia Space Italia, Milano (Italy)  Dec. 2004—Oct. 2005
GRID Calibration Laboratory Nazionali Frascati (Italy) November 2005
Satellite AIV Carlo Gavazzi Space, Tortona (Italy) Dec. 2005-May 2006
Satellite Qualification IABG, Munchen (Germany) June-July 2006
Scientific Configuration finalization Carlo Gavazzi Space, Tortona (Italy) Aug.—Sept. 2006
Satellite refurbishment Carlo Gavazzi Space, Tortona (Italy) Oct.—Nov. 2006
Satellite AIV post-refurbishment Carlo Gavazzi Space, Tortona (Italy) December 2006
Super-A and MCAL-Burst calibrations Carlo Gavazzi Space, Tortona (Italy) January 2007
Sat. Qualification post-refurbishment IABG, Munich (Germany) Feb.-March 2007
Launch campaign ISRO Space Center, Sriharikota (India) April 2007
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Fig. 13. The AGILE satellite being moved into the thermal-vacuum test
chamber in JABG (Munich) (July 2006).

performed in the temperature ranges (20, + 40) for the opera-
tive state, and (—30, +50) for the non-operative state.

After all major individual tests, specific reduced functional
tests were performed for both spacecraft and instrument. At the
end of the qualification campaign, the test results were presented
and discussed at the AGILE Test Review Board meeting.

Independently of the qualification outcome, for program-
matic reasons the AGILE satellite was subject to an additional
reworking during the period 2006 September-November. A sig-
nificant reassembling of parts of the satellite was necessary to
implement the substitution of a few components. An additional
satellite qualification test phase was then carried out in February
2007 until the end of March. A complete satellite functional test
was performed to verify the nominal operation of spacecraft and
instrument subsystems including OBDH redundancy testing.

8. The pre-launch AGILE scientific performance

The scientific performance of the AGILE instrument has been
checked during all the payload and satellite integration and
testing phases. The tests carried out at the end of specific qual-
ification sessions confirmed the nominal behavior of the instru-
ment subsystems.

After having completed the satellite qualification tests, a se-
ries of additional final scientific measurements were performed,
and their results were presented at the Mission Review Board.
All detectors and subsystem functioning was judged to be nom-
inal and within the scientific requirements and specifications.
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Fig. 14. The AGILE Gamma-Ray Imaging Detector (GRID) effective
area as obtained by pre-launch simulations and instrument tests.
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Fig. 15. Simulated integrated flux sensitivity of the AGILE-GRID as a
function of energy for a 30-degree off-axis source in the Galactic plane.
The Crab spectrum is shown by the dotted line.

The pre-launch overall scientific performance of the AGILE
instrument detectors in terms of confirmed effective areas and
sensitivities is summarized in Figs. 14—17 for the GRID, Super-
AGILE, and MCAL detectors, respectively.
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Fig. 16. Simulated sensitivity of Super-AGILE detector (all four units)
expressed as (5 sigma) contour levels (in mCrab) over the field of view
in the energy range 20-55 keV. Calculation carried out for a Crab-like
spectrum, 50 ks exposure.

-
=]

-y

107

Peak flux in 100-1000 keV band {ph / s cm2)

2
10 Ep (keV) 10°

102

Fig.17. MCAL sensitivity expressed as 3-sigma threshold peak flux of
GRBs as a function of GRB peak energy at 30 deg off-axis. Three dif-
ferent GRB spectra are modeled according to the Band model (Band
et al. 1993). Continuous line: @ = -1, 8 = —2.5; dashed line @ = -0.5,
B = —2; dot-dashed line @ = -1, 8 = -3.

9. The AGILE ground segment: mission operation
center

The AGILE ground segment is an essential part of the Mission.
It is divided into four components under ASI supervision and
management:

— the ASI communication ground base in Malindi (Kenya);

— the Mission Operations Center (MOC), located at the
Telespazio facility in Fucino (Italy);

— the AGILE Data Center (ADC), located at the ASI Science
Data Center (ASDC) in Frascati (Italy).
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In this section, we describe the AGILE Ground Segment (AGS)
devoted to in-orbit operations. The AGILE Scientific Data
Center is described in Sect. 12.

The satellite operations are carried out by the Ground
Segment unit of Telespazio under the supervision of the ASI
Mission Director. The AGILE Ground Segment is the main sys-
tem in charge of satellite monitoring and control. The AGS is
also in charge of the instrument observation planning and execu-
tion upon specific requests by the AGILE Team. The AGS main
functions can be summarized as follows:

— satellite tracking and acquisition during the 14 passes per day
over the TT&C Malindi ground station;

— telecommand (TC) and telemetry (TM) management (TM
acquisition, processing, display, archiving; TC generation,
verification, and uplink);

— satellite orbit determination and propagation, satellite atti-
tude determination, support to satellite ACS on-board oper-
ations;

— satellite sub-systems and payload monitoring and control,
satellite modes of operations monitoring and control;

— mission planning generation and execution.

The instrument is continuously monitored and controlled with
the bus satellite sub-systems. Scientific data are received by the
Malindi ground station, transmitted to the Mission Operations
Center (MOC) ground station in Fucino and locally archived
there. Subsequently, typically within a few minutes, scientific
data are transmitted to the ASI Scientific Data Center in Frascati.
The AGILE Mission Operations Center is composed of the
following main sub-systems: (1) the Satellite Control Center
(SCQO), (2) the Flight Dynamics Center (FDC), (3) the Mission
Control Center (MCC), (4) the TT&C ground station and com-
munication network. Figure 18 shows a schematic summary of
the AGILE GS.

The AGILE Satellite Control Center (SCC), located in
Fucino, is in charge of all the satellite monitor and control func-
tions, both in nominal and in contingency situations. The main
SCC functions are the following: (1) satellite telemetry acquisi-
tion from TT&C ground station, TM processing, display, and
archiving; (2) handling of the satellite acquisition automatic
procedures; (3) satellite database handling, and maintenance;
(4) satellite sub-systems and payload health monitoring and
control through housekeeping data presented on alpha-numeric
and mimic displays; (5) real time or time-tagged telecommand
preparation, TC to be uplinked to the satellite; (6) co-ordination
with the TT&C ground station for data and voice exchange and
with reference to program track-mode antenna operations and
to satellite tracking data reception to be processed by FDC;
(7) communication network management.

The AGILE Flight Dynamics Center (FDC) carries out the
satellite orbit determination and prediction, obtains the satellite
attitude dynamics determination, and supports the satellite AGS
on-board operations. The main FDC tasks are: (a) satellite per-
formance monitoring; (b) attitude maneuver calculation for the
pre-defined satellite pointing at scientific targets; (c) star tracker
and navigation system receiver data handling. The AGILE FDC
generates standard products including: (1) the Orbital Files, nec-
essary for the satellite in-orbit operations and for the mission
planning activity; (2) the Attitude Files, containing the recon-
structed satellite attitude, necessary for the satellite in-orbit op-
erations and for scientific activities support; (3) files containing
the needed information to prepare the payload configuration ta-
bles to be uploaded (contact tables, SAA tables, occultation ta-
ble, Earth vector table, star trackers table); (4) files containing
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Fig. 18. A schematic view of the AGILE Ground Segment.

the information on parameters necessary to support the space-
craft activity; (5) the Orbital File for scientific purposes; (6) a
Sequence of the Events file; (7) Two Line Elements (TLE) to be
used for the TT&C ground antenna Program Track mode.

The AGILE orbit determination is based on navigation-
system telemetry data processing and, as a backup, on AMD
(Angular Measurement Data) measurements stored at TT&C
ground station with the antenna in auto-track mode.

The AGILE Mission Control Center (MCC), performs the
mission planning and the instrument data handling management.
In particular, the MCC is in charge of (1) the Payload scientific
raw data archiving (level O archiving) and delivery to ASDC;
(2) the Mission planning generation and preliminary check-out,
according to the scientific observation requests; (3) full support
for both the payload planning and the creation of command pro-
cedures to perform the AGILE flight operations.

The AGILE TT&C ground station, based at the AST Malindi
(Kenia) Broglio Space Center, is in charge of S -band (S TX 2025
—2120 MHz e RX 2200-2300 MHz) RF ground-to-space satellite
communication during all the AGILE mission phases. The main
TT&C ground station tasks are the following:

— ground-to-space RF §-band interface with the satellite dur-
ing all the mission phases;
during satellite visibility over the station, telemetry is re-
ceived from the satellite and telecommands (TCs) are up-
linked to the satellite;
real-time TM is extracted and sent to SCC, while off-line TM
is locally stored to be sent to SCC at the end of the satellite
pass;
TCs received from SCC are uplinked to the satellite for im-
mediate or time-tagged on-board execution;
during satellite visibility over the station, the satellite track-
ing is performed, in “program track” or “auto-track” modes
of operations;

— ground station equipment and configuration monitor and
control.

The AGILE Communication Network, mainly based on the
ASINET network provided by ASI, carries out the data and voice
communication between the AGILE GS subsystems during all
the mission phases. The AGILE Data Center located at ASDC is
the ASI official interface with the AGILE GS during the satellite
operations. It interacts with the MOC in submitting scientific re-
quests of observations and receives the AGILE payload raw data
from the AGS. In case of a GRB event it also receives notifica-
tion.

The equatorial orbit of the AGILE satellite leads to satel-
lite visibility every 90 minutes for a period of about 10 min-
utes. During each pass, the satellite receives telecommands from
the Ground Station and downloads housekeeping and scientific
telemetry. The MOC carries out the operational management
of the satellite and the ground segment, guaranteeing the pre-
defined observation plan provided by the AMB, and also guar-
anteeing the delivery of the scientific data to ASDC.

To guarantee the correct management of the in-orbit opera-
tions with respect to the mission safety requirements, the MOC
defines operational procedures and operational strategies allow-
ing command of the satellite operations for nominal and con-
tingency phases. The sequence of commands, prepared by the
Mission Control Center (MCC), are to be sent in a “time-tagged”
format, using the satellite on-board storage ability. In case of on-
board anomalies, the satellite is able to self-configure in a “safe”
state that guarantees its surviving for at least 72 h.

10. The launch campaign and orbital parameters

After completion of all Flight and Ground Segment qualifica-
tion tests, the AGILE satellite was transferred from Munich
(Germany) to the ISRO Sriharikota base near Chennai (India)
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Fig. 19. The AGILE satellite integrated with the fourth stage of the PSLV C-8 rocket in the ISRO Sriharikota launch base (April 15, 2007).

at the end of March 2007. The AGILE launch campaign in
Sriharikota started on April 1 and ended with a very successful
launch on 2007 April 23.

10.1. The launch campaign

A series of functional and reduced scientific tests were carried
out in the Sriharikota satellite integration facility during the pe-
riod 2007 April 2-9. A rehearsal of the complete test procedure
of the in-orbit commissioning of the satellite was performed.
These tests included the execution of all baseline satellite
in-orbit procedures. Spacecraft and instrument commandability
were extensively checked.

An example of the AGILE pre-launch measurements carried
out during the AGILE launch campaign is shown in Fig. 20. The
plot shows a sequence of spectral measurements obtained with
the AGILE MCAL for different environmental and testing con-
ditions. The data points marked in green were obtained during
the satellite-launcher pre-integration tests at the Sriharikota fa-
cility. The data marked in blue were obtained during the final
pre-launch tests with the satellite fully integrated with the PSLV-
C8 at a height of about 50 m above the ground. In this case, the
MCAL threshold was set near 600 keV. Note the difference of
the pre- and post-integration spectra that we interpret as caused
by different natural radioactive background conditions.

The AGILE satellite integration with the PSLV-C8 launcher
started on April 12 and was successfully completed on 2007
April 17. At the end of this integration phase and before the fi-
nal fairing assembly completion, a reduced set of functional and
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Fig. 20. Sequence of spectral measurements obtained with the AGILE
MCAL for different environmental and testing conditions. Black data
points: data obtained during the satellite integration at the CGS facility
in Tortona (Italy). Red data points: data obtained during the satellite
qualification at the IABG facility in Munich (Germany). Green data
points: data obtained during the satellite launcher pre-integration tests
at the Sriharikota facility. Blue data points: data obtained during the
final pre-launch tests with the satellite fully integrated with the PSLV-
C8 at a height of about 50 m above the ground.

scientific tests were performed. The integrated PSLV-C8 rocket
was transported to the launch pad on 2007 April 18: the launch
countdown started on 2007 April 20.
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Table 3. AGILE orbital parameters.

Orbital parameter

Semi-major axis 6,922.5 km
Average altitude 535 km
Eccentricity 0.002
Inclination angle ~ 2.47 degrees
Apogee altitude 553 km
Perigee altitude 524 km

On 2007 April 23 at 12:00 noon local time, the PSLV-C8
rocket was successfully launched with a nominal performance.
After about 20 mn, the fourth stage (with the AGILE satellite
still integrated) performed the inclination correction maneuver
and achieved the nominal orbit for the mission with the required
height and inclination. Satellite and fourth-stage separation oc-
curred immediately afterwards.

The first contact with the Malindi ground station occurred
nominally at the first satellite’s first pass over Kenya, about
75 mn after launch.

10.2. Orbital parameters

The AGILE orbit is quasi-equatorial, with an inclination of
2.5 degrees and average altitude of 535 km. A small inclination
low-earth orbit (LEO) is a clear plus for our mission because of
the reduced particle background (as immediately verified in or-
bit by all instrument detectors). Furthermore, a low-inclination
orbit optmizes the use of the ASI communication ground base
at Malindi (Kenya). Table 3 provides the final AGILE orbital
parameters. Depending on solar activity, the AGILE satellite
re-entry in the atmosphere is predicted to happen not earlier
than 2012.

11. Early operations in orbit

After the nominal launch and the correct satellite attitude stabi-
lization within approximately 2 days, the operations focused on
two different tasks: (1) the commissioning of both the satellite
platform and instrument; (2) in-orbit scientific calibration of the
instrument. We briefly describe here these two main activities,
postponing a detailed description to forthcoming publications.

11.1. The satellite in-orbit commissioning and instrument
checkout phase

The satellite platform was tested and functionally verified in all
its main capabilities during the last days of April. The checkout
sequence of tests ended with the satellite fine-pointing attitude
finalization that implies the nominal ~1 degree pointing accu-
racy and the 0.1 degree/sec stabilization. Attitude reconstruction,
both on-board and on the ground, was tested to be initially within
a few arcminutes accuracy. A sequence of early pointings was
carried out, typically lasting for a few days.

The instrument subsytem switch-on started in early May and
proceeded with nominal behavior of all detectors. A first check
of the instrument housekeeping telemetry indicated a nominal
particle background rate as predicted by extensive simulations
(Cocco et al. 2002; Longo et al. 2002). Figure 21 shows a typi-
cal background count rate on a lateral AC panel throughout the
equatorial orbit.

The GRID acquisition rate after a complete on-board pro-
cessing and Earth gamma-ray albedo rejection turned out to be
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Fig. 21. AGILE AC count rate throughout the whole orbit for one of the
12 lateral anticoincidence panels. The count rate peak occurs in coinci-
dence with the passage over the South Atlantic Anomaly.

ST

Fig. 22. The first gamma-ray event detected by AGILE in space (2007
May 10).

stable throughout the orbit with a modulation induced by the
Earth sweeping the GRID FOV (within 1-7 Hz). A detailed ac-
count of the GRID and overall on-board scientific telemetry will
be reported elsewhere (Argan et al. 2008a). The GRID subsys-
tem was extensively tested first, and the baseline trigger logic
photon acquisition started on May 10. Figure 22 shows the first
gamma-ray photon detected by the GRID and transmitted to the
ground as the first event of the first telemetry packet. The overall
particle background turned out to be within the expected rate,
both at the level of the anticoincidence rate, and especially at
the so called Level-1 and Level-2 event processing (Argan et al.
2008a).

The Super-AGILE detector was tested immediately after-
wards with a dedicated pointing of an extragalactic field. A de-
tailed scan and test of the individual SA strip thresholds was
carried out with an optimized parameter stabilization proce-
dure (Pacciani et al. 2008). Hard X-ray data were obtained
with a nominal performance and very low background. These
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Fig. 24. The lightcurve (128 msec time bin) of GRB 080319C (Pagani

et al. 2008; Marisaldi et al. 2008) detected by the AGILE mini-
calorimeter in the energy band 0.3-5 MeV.

operations ended successfully in mid-July 2007 (Feroci et al.
2008). Figure 23 shows an example of a typical 1-day pointing
in the Galactic plane with the detection of Cyg X-1, Cyg X-2,
Cyg X-3, and GRS 1915+105.

The MCAL detector optimization and configuration check-
out was performed in parallel with other instrument testing. A
satisfactory detector configuration was obtained at the end of
June 2007 (Marisaldi et al. 2008b). Figure 24 shows an exam-
ple of a typical GRB detected by the MCAL in the energy range
0.3-5 MeV.

11.2. In-orbit instrument calibration

An account of the AGILE pointings and in-orbit calibration de-
tails will be presented elsewhere. We briefly summarize here the
main outcomes of the early in-orbit calibration phase.
Preliminary gamma-ray data obtained for the Vela pulsar
in early June 2007 confirmed immediately the good quality
of the GRID background rejection and its imaging capability.
The scientific operations started in early July 2007 with a 2-
month observation of the Vela pulsar region. At the end of
August 2007 AGILE devoted about 1 week to a pointing of the
Galactic center region. Finally, AGILE carried out the gamma-
ray and hard X-ray calibration with the Crab pulsar during the
months of September and October 2007. Figure 25 shows a
1-day integration of the gamma-ray sky of the Galactic anticen-
ter region(containing the Crab, Geminga, as well as the Vela
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Fig. 25. The AGILE-GRID 1-day gamma-ray counts map for photons
above 100 MeV obtained on 2007 September 28. The unprecedently
large FOV includes for the first time in a single map all three of the
most important gamma-ray pulsars: Vela, Crab, and Geminga.

gamma-ray pulsars). This field was repeatedly observed with
I-day pointings with the Crab pulsar position at different an-
gles with respect to the instrument axis. The in-orbit calibration
phase was successfully completed at the end of October 2007
achieving a good performance for both the gamma-ray and hard
X-ray imagers.

We consider here the GRID effective area as obtained from
our calibration measurements of the Vela PSR. This pulsar was
repeatedly observed by AGILE at different off-axis angles dur-
ing the first year of operations. As an example of the GRID typ-
ical values of the gamma-ray effective area vs. photon energy
obtained within the field of view, we show in Fig. 26 the re-
sults between 70 MeV and ~1 GeV as checked with real data
and simulations obtained for the Vela PSR at an off-axis angle of
30 degrees. For the Vela PSR gamma-ray spectrum, we used the
EGRET measurements as reported in Thompson et al. (1998).
We notice good agreement between expectations and real in-
orbit performance of the GRID.

Super-AGILE calibration data in orbit were obtained
pointing at the Crab PSR for a variety of zenithal and roll an-
gles. Postponing a detailed description of the calibration cam-
paign to a dedicated paper, we can confirm the good agree-
ment between the achieved real sensitivity and the simulations
shown in Fig. 16. MCAL typically detects one GRB per week
Marisaldi et al. (2008c). Figure 27 shows the in-orbit perfor-
mance of MCAL as tested from the detection of selected GRBs.
The scientific performance of the AGILE instrument as tested in
orbit is therefore nominal for all subsystems and detectors.

The nominal science verification phase (SVP) observations
were interrupted for specific pointings that were carried out ei-
ther for planned multifrequency campaigns (for 3C 279 and
3C 273 in early July, 2007) or reacting to external alerts due to
relevant optical activity of blazars (3C 454.3 in mid-July 2007,
TXS 0716+714 at the end of October 2007, W Comae in June
2008). The AGILE Cycle-1 program of nominal scientific obser-
vations started on 2007 December 1.
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Fig.27. MCAL in-orbit detection of selected GRBs represented in a
diagram showing peak flux vs. GRB peak energy. 3-sigma thresh-
olds are shown for three different GRB spectra models (using symbols
as in Fig. 17). Solid triangles: GRBs detected by MCAL at incident
angle < 90°. Solid circles: GRBs detected by MCAL at incident an-
gle> 90°. Hollow triangle: GRB at incident angle < 90° but not de-
tected by MCAL (GRBs spectral parameters are derived from Konus-
Wind and Suzaku-WAM GCNs).

12. The AGILE data center

AGILE scientific data (about 300 Mbit/orbit) are telemetered
from the satellite to the ASI ground station in Malindi (Kenya)
at each satellite passage (approximately every 95 mn). A fast
ASINET connection between Malindi and the Satellite Control
Center at Fucino and then between Fucino and the ASI Science
Data Center (ASDC) in Frascati ensures the data transmission
every orbit.

Scientific data storage, quicklook analysis, and management
of the AGILE Guest Observer Program are carried out at the
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ASDC. After pre-processing, scientific data (level-1) are cor-
rected for satellite attitude data and processed by a dedicated
software. GRID background rejection and photon-list determi-
nation are the main outputs of this first stage of processing.
Level-2 data are produced for a full scientific analysis.

Gamma-ray data generated by the GRID are analyzed by a
dedicated special software producing: (1) sky-maps, (2) energy
spectra, (3) exposure, (4) point-source analysis products, and
(5) diffuse gamma-ray emission. This software is aimed to al-
low the user to perform a complete science analysis of specific
pointlike gamma-ray sources or candidates, as well as a timing
analysis. This software is also available for the guest observers.

Super-AGILE data are deconvolved and processed to pro-
duce 2-D sky images through a correlation of current and
archival data of hard X-ray sources. Super-AGILE dedicated
software produce lightcurves, spectra, and positioning of sources
detected in the hard X-ray (18-60 keV).

The AGILE data processing main tasks carried out at the
ADC can be summarized as follows:

— Quicklook Analysis (QLA) of all gamma-ray and hard
X-ray data, aimed at a fast scientific processing (within a
few hours/1 day depending on source intensity) of all AGILE
scientific data.

— web availability of QLA results to the international
community for alerts and rapid follow-up observa-
tions (http://agile.asdc.asi.it,http://agile.
iasf-roma.inaf.it);

— GRB positioning and alerts through the AGILE Fast
Link, capable of producing alerts within 10-30 mn after trig-
ger;

— standard science analysis of specific gamma-ray sources
open to the AGILE Guest Observer Program;

— web availability of the standard analysis results of the hard
X-ray monitoring program by Super-AGILE.

13. The AGILE scientific management

The Mission management is based on:

— the AGILE Mission Board (AMB);
— the AGILE Mission Directorate;
— the AGILE Users Committee;

13.1. The AGILE mission board

The AGILE Mission Board is the executive Board overseeing
all Mission operations and is entitled to make final decisions re-
garding all scientific and technical issues.

The AMB is composed by the Principal Investigator
(Tavani), the co-Principal-Investigator (Barbiellini), two ASI-
appointed scientists (Giommi & Colafrancesco), and by the
AGILE Mission Director (Salotti). The AMB approves the
satellite scheduling, decides on repointings and Mission-of-
Opportunity observations, and decides on issues regarding the
AGILE Guest Observer Program.

13.2. The AGILE mission directorate

The ASI appointed AGILE Mission Director (MD) oversees all
satellite operations and decides about all technnical issues re-
garding the optimal satellite operations, and pointings.
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13.3. The AGILE users committee

The AGILE Users Committee (AUC) is a 5-member group of
scientists not associated with the AGILE Team. The AUC ad-
vices the AGILE Mission Board on issues regarding the satellite
pointing strategy and data access to the astrophysical commu-
nity.

13.4. The AGILE pointing program

The AGILE Pointing Plan is determined according to the
Mission scientific program as proposed by the AGILE Team to
the AMB after the recommendations of the AUC. Solar panel
constraints determine the observability of a given sky region de-
pending on the season.

13.4.1. Baseline pointings

The Cycle-1 of AGILE scientific observations started on
December 1, 2007 and will last one year. The Cycle-1 is based
on a set of pre-established baseline pointings approved by the
AMB. A detailed pointing schedule of the AGILE Cycle-1 phase
can be found in http://asdc.asi.it.

13.4.2. Satellite repointings

AGILE can react to transient events of special relevance occur-
ring outside the current pointing FOV by properly re-pointing
the satellite (always satisfying the solar panel constraints). The
re-pointing has to be approved by the AGILE Mission Board
and MD, and a special procedure is implemented by the MOC to
re-orient the satellite within the shortest possible time. Typical
satellite maneuver timescales are approximately 1-2 orbits.

For important transients detected within the AGILE-GRID
and not in the Super-AGILE FOV, minor re-pointings (20-30 de-
grees) are envisioned to allow the coverage of the gamma-ray
transient also by the X-ray imager.

Drastic re-pointings requiring a major re-orientation of the
AGILE satellite are treated as target-of-opportunity (ToO) obser-
vations and are foreseen for events of major scientific relevance
detected by other observatories.

14. The AGILE guest observer program

AGILE is a Small Scientific Mission with a science program
open to the international scientific community. A fraction of the
AGILE gamma-ray data are available to the AGILE guest ob-
server program (GOP) that is open to the international commu-
nity on a competitive basis. The AGILE Cycle-1 GOP started in
2007 December and ended on 2008 November 30. The 1-year
Cycle-2 started on 2008 December 1. Details about the AGILE
scientific programme can be found in http://www.asdc.asi.
1t.

15. The AGILE multiwavelength program

The scientific impact of a high-energy mission such as AGILE
(broad-band energy coverage, very large fields of view) is greatly
increased if an efficient program is carried out for fast follow-
up and/or monitoring observations by ground-based and space
instruments. The AGILE Science Program overlaps with and
is complementary to those of many other high-energy space
Missions INTEGRAL, RXTE, XMM-NEWTON, CHANDRA,
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SWIFT, SUZAKU, RHESSI, FERMI) and ground-based instru-
mentation (radio telescopes, optical observatories, TeV observa-
tories). The AGILE Science Program potentially involves a large
astronomy and astrophysics community and emphasizes quick
reaction to transients and a rapid communication of crucial data.
Past experience has shown that, because of a lack of fast reaction
to gamma-ray transients (within a few hours/days for unidenti-
fied sources,)many gamma-ray sources could not be identified.
AGILE takes advantage of the combination of its gamma-ray and
hard X-ray imagers. Several working groups are operational on a
variety of scientific topics including blazars, GRBs, pulsars, and
Galactic compact objects. The AGILE Team, together with the
ASDC, is open to collaborations with multifrequency observing
groups.
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