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Abstract. All-Sky-ASTROGAM is a γ-ray observatory operating in a broad energy range,
100 keV to a few hundred MeV, recently proposed as the “Fast” (F) mission of the European
Space Agency for a launch in 2028 to an L2 orbit. The scientific payload is composed of a
unique γ-ray imaging monitor for astrophysical transients, with very large field of view (almost
4π sr) and optimal sensitivity to detect bright and intermediate flux sources (gamma-ray bursts,
active galactic nuclei, X-ray binaries, supernovae and novae) at different timescales ranging
from seconds to months. The mission will operate in a maturing gravitational wave and multi-
messenger epoch, opening up new and exciting synergies.
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1. Introduction

In the era of multimessenger astronomy, re-
cently opened by the discovery of simultane-
ous gravitational wave-γ ray and neutrino-γ
ray signals, it is of paramount importance to
have a monitor capable of detecting energetic
transients in the energy range from 0.1 MeV to
a few hundred MeV, with good imaging capa-
bilities (see De Angelis et al. 2018).

In response to ESA’s Call for the F mis-
sion, to be launched in 2028 with the ARIEL
M4 Mission to an L2 orbit, we have proposed
All-Sky-ASTROGAM (hereafter ASA), a mis-

sion dedicated to fast detection, localization,
and γ-ray spectroscopy of flaring and merging
activity of stellar and compact objects in the
Universe, with excellent polarimetric capabili-
ties.

The instrument is a γ-ray imager covering
almost 4π sr attached to a deployable boom
(Fig. 1), capable of continuously observing ev-
ery single γ-ray source in the sky. It is based
on the ASTROGAM concept (see De Angelis
et al. 2017): a telescope made of thin silicon
tracking planes and a scintillation calorimeter
to image the Compton interaction and the pair
production by γ-rays.
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Fig. 1. The All-Sky-ASTROGAM satellite.

2. Scientific goals of the mission

ASA should make pioneering observations of
the most powerful sources in the Universe, elu-
cidating the nature of their outflows and their
effects on the surroundings.

2.1. The most powerful accelerators

Hard X-ray surveys (e.g., Ajello et al. 2009)
have been shown to be more effective in detect-
ing high redshift blazars than GeV γ-ray sur-
veys, despite the Fermi mission sensitivity, as
the spectral energy distribution (SED) of these
sources peak in the MeV region. ASA will
detect hundreds of MeV blazars, constraining
their SED peaks very tightly. These discoveries
will help our understanding of (i) the evolution
of the radio-quiet and radio-loud populations
of active galactic nuclei (AGN) with redshift;
(ii) the formation and growth of supermassive
black holes (BHs); (iii) the connection between
the jet and the central engine and (iv) the role
of the jet in the feedback occurring in the host
galaxies. ASA will substantially advance our
knowledge of MeV blazars up to redshift ∼ 3.5,
with strong implications for blazar physics and
cosmology. By detecting the MeV blazar pop-

ulation up to that redshift, the proposed mis-
sion has also the potential to resolve the extra-
galactic γ-ray background in a still very poorly
known energy domain (Fig. 2).

ASA will also be an instrument studying
gamma-ray bursts (GRBs) in one of the most
important energy regions. It will be able to
detect ∼ 100 GRBs per year and accurately
measure the polarization properties of several
tens of GRBs per year (Fig. 3). This polariza-
tion signal information, combined with spec-
troscopy over a wide energy band, will pro-
vide unambiguous answers regarding the ori-
gin of the GRBs’ highly relativistic jets and the
mechanisms of energy dissipation and high-
energy photon emission in these extreme as-
trophysical phenomena (see Tatischeff et al.
2018). In addition, γ-ray polarization measure-
ment from cosmological sources provides a
fundamental test of the vacuum birefringence
effect and address major questions related to
Lorentz Invariance Violation.

Studying the SED of high energy emitters
near compact objects is also crucial to study
the interplay between accretion processes and
jet emission, which can best be studied in the
MeV region, where disk Comptonization is ex-
pected to fade and other non-thermal compo-
nents can originate from jet particles. ASA
observations of Galactic X-ray binaries, in
particular of accreting BH systems such as
Cygnus X-1, Cygnus X-3, and V404 Cygni,
will determine the nature of the steady-state
emission due to Comptonization and the tran-
sitions to highly non-thermal radiation.

2.2. Multimessenger astronomy

The detected association between GW170817
and the GRB 170817A (Abbott et al. 2017)
supports the connection between binary neu-
tron star (NS) mergers and short GRBs. Joint
gravitational-wave (GW) and electromag-
netic (EM) observations are key to obtain a
more complete knowledge of these sources and
their environments, since they provide com-
plementary information. From one side, GW
signals provide information about the physics
of the source such as, e.g., the mass and the
distance; on the other hand, the identification
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Fig. 2. Compilation of measurements of the total extragalactic γ-ray intensity between 1 keV and 820 GeV
(Ackermann et al. 2015), with different components from current models; the contribution from MeV
blazars is largely unknown. The semi-transparent band indicates the energy region in which All-Sky-
ASTROGAM will dramatically improve on present knowledge.
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Fig. 3. Left panel – All-Sky-ASTROGAM polarization response in the 100–500 keV band to a GRB like
GRB 140206A (z = 2.739, see Götz et al. 2014) detected at 30◦ off-axis, assuming a polarization fraction
of 75%. Right panel – Cumulative number of GRBs to be detected by All-Sky-ASTROGAM as a function
of the MDP at the 99% confidence level.

of the possible EM counterpart pinpoints the
location of the burst, possibly identifying the
host galaxy and properly defining the astro-
physical context. The detection of the γ-ray
counterpart to GW with ASA will help to un-

derstand if also NS-BH systems are progeni-
tors of short GRBs and characterize the astro-
physical properties of the source. Current sim-
ulations predict that, after the incorporation of
KAGRA and INDIGO in the GW network, be-
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tween 0.2 and 6 NS-NS mergers per year will
be detected by ASA in coincidence with a GW
detection.

Neutrinos are unique probes to study high-
energy cosmic sources, since they are not de-
flected by magnetic fields (contrary to cos-
mic rays), and not absorbed by pair production
via γγ interactions. The detection of cosmic
neutrinos associated to EM flares from high-
energy sources (e.g. AGN or microquasars)
can be important for the rejection of back-
ground signals and for a better understand-
ing of the source physics (see Aartsen et al.
2018, for the detected association between the
neutrino IC170922A and the flaring blazar
TXS 0506+056), including the nature of the
neutrino emission process (pγ or γγ interac-
tions). ASA will play a decisive role in this
context thanks to its wide field-of-view, accu-
rate sky localization, and broad energy cover-
age.

2.3. Explosive nucleosynthesis

ASA has a very high probability to detect at
least one Type Ia supernova (SN) in two
years of nominal mission lifetime, thus allow-
ing a direct measurement of the total mass of
56Ni/56Co ejected by the explosion. This value
is fundamental to calibrate the Phillips (1993)
relation used in cosmology and the yield of
synthesized Fe. Furthermore, with its all-sky
coverage, ASA will be able to detect the early
γ-ray emission before the maximum optical
light, which is fundamental to understanding
the nature of the progenitor and the explo-
sion mechanism. Noteworthy, SNe Ia can make
a significant contribution to the diffuse γ-ray
background in the MeV range (Fig. 2; see
Ruiz-Lapuente et al. 2016).

Continuous monitoring of the γ-ray sky
will also be essential to detect the early
positron-electron annihilation emission ex-
pected before the optical maximum in classi-
cal novae, as well as the high-energy radia-
tion produced through particle acceleration, in
strong shocks between the ejecta and the sur-
rounding medium - in recurrent symbiotic no-
vae - and internal shocks in the ejecta itself
- in classical novae. By the early detection of

the high-energy γ-rays originated by neutral
pions decay and/or inverse Compton scattering
(Ackermann et al. 2014), ASA will give unique
insights on the particle acceleration and mass
ejection processes in novae.

The observation of the radioactive emis-
sion from the 44Ti/44Sc chain can shed light
on the clumping degree of remnants of core-
collapse SNe as a diagnostic of internal asym-
metries produced in the explosion. The sensi-
tivity of ASA will allow the detection of this
emission in most young Galactic SNRs and in
the remnant of SN1987A. The determination
of the amount of ejected 56Ni would also be
very important to understand the physics of the
explosion.

ASA’s continuous imaging of the whole
sky will provide a detailed mapping of the
positron annihilation radiation from the in-
ner Galaxy and the diffuse γ-ray emission from
the long-lived radioactivities 26Al and 60Fe.
Building precise maps of these Galactic emis-
sions will shed new light on nucleosynthesis in
massive stars, supernovae and novae, as well as
on the structure and dynamics of the Galaxy.

3. Mission configuration

3.1. Mission profile

The launch of the F mission to the Sun-Earth
second Lagrange point offers a unique oppor-
tunity to place on a quasi-periodic orbit around
L2 a sensitive γ-ray detector continuously ob-
serving every single γ-ray source in the sky
during 2 years, with very good localization ca-
pabilities (e.g. 40 arcmin at 300 MeV) and ex-
cellent sensitivity to polarization in the MeV
range. The γ-ray imager will be attached to a
six meters-long deployable boom, which will
be deployed when the spacecraft reaches its
operational orbit, to reduce the γ-ray shadow
cast by the satellite platform on the telescope
and decrease the instrument background in-
duced by cosmic-ray interactions with the plat-
form materials.

The main scientific observation mode will
be the survey mode, where the spacecraft
maintains a slow rotation around the boom
axis while keeping the fixed solar array pan-
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els (four panels of about 1 m2 each) properly
oriented toward the Sun. A pointing mode will
also be implemented as a fixed inertial point-
ing. The Attitude and Orbital Control Systems
requirements are not critical, with an Absolute
Pointing Error < 1 deg, a Relative Pointing
Error < 0.01 deg/s and an Absolute Knowledge
Error < 30 arcsec (to be reached after ground
processing), which are to be obtained using
standard class sensors and actuators.

The ASA spacecraft platform will be made
of a structure that mechanically supports the
ARIEL satellite during the launch and all the
spacecraft elements (boom, instrument, plat-
form subsystems). The preliminary overall
characteristics of the satellite are: 890 kg for
the spacecraft wet mass and 670 W for the re-
quired power in nominal science operation.

3.2. Scientific payload

The payload of the ASA satellite consists of a
single γ-ray imager operating over nearly four
orders of magnitude in energy (from 100 keV
to about 1 GeV) by the joint detection of pho-
tons in both the Compton (. 10 MeV) and pair
(& 10 MeV) energy ranges. The instrument is
made up of three detection systems (see De
Angelis et al. 2017): a silicon Tracker in which
the cosmic γ-rays undergo a Compton scatter-
ing or a pair conversion, a Calorimeter to ab-
sorb and measure the energy of the scattered γ-
rays and secondary particles, and an anticoinci-
dence (AC) system to veto the prompt-reaction
background induced by charged particles. The
Calorimeter is placed in the middle of the in-
strument to allow the detection of γ-rays from
almost any direction (see Fig. 4).

The Si Tracker comprises 450 double-
sided strip detectors (DSSDs) arranged in
2×25 layers of 3×3 DSSDs, the 9 detectors of
a layer being wire bonded strip to strip to form
a 2-D ladder. Each DSSD has a geometric area
of 9.5×9.5 cm2, a thickness of 500 µm, and a
strip pitch of 240 µm. The DSSD signals are
read out by 115,200 independent, ultra low-
noise and low-power electronics channels with
self-triggering capability.

The Calorimeter is a pixelated detec-
tor made of a high-Z scintillation material –

Fig. 4. Numerical mass model of the All-Sky-
ASTROGAM imager with a simulated pair event
produced by a 30-MeV photon.

Thallium activated Cesium Iodide – for effi-
cient absorption of Compton scattered γ-rays
and electron-positron pairs. It consists of an
array of 784 parallelepiped bars of CsI(Tl) of
5 cm length and 10×10 mm2 cross section,
read out by silicon drift detectors (SDDs). The
depth of interaction in each crystal is mea-
sured from the difference of recorded scintilla-
tion signals at both ends. The SDD boards with
the analog readout ASICs in contact of the col-
lecting anodes are connected via Kapton foils
to the ADC ASICs, which are distributed over
the sides of the Calorimeter.

The AC system is composed of segmented
panels of plastic scintillators covering the six
faces of the instrument. The scintillator thick-
ness is set to a minimum of 6 mm in order to
get enough light to detect more than 99.99%
of the passing through relativistic charged par-
ticles. The plastic tiles are coupled to sili-
con photomultipliers (SiPM) by optical fibers,
which gives the best efficiency of charged par-
ticle rejection.

The scientific payload is completed by
the Tracker, Calorimeter and AC back-end
electronics (BEE) modules, the Payload Data
Handling Unit (PDHU) and the Power Supply
Unit (PSU), which are hosted in the space-
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Fig. 5. Boom deployment mechanism.

craft platform. The PDHU is in charge of carry-
ing out the payload internal control, scientific
data processing, operative modes management,
on board time management, and telemetry and
telecommand management.

The payload is based on a very high tech-
nology readiness level (TRL) for all detec-
tors and associated electronics; it is the prod-
uct of decades of instrument development by
our groups and of successful space missions
(AGILE, Fermi, AMS).

3.3. Deployable boom

The proposed concept for the deployable boom
is based on an industry study performed
by SENER exploiting their experience for
the booms of the Solar Orbiter and JUICE
Magnetometers. The deployment mechanism
includes (Fig. 5): (i) four hold-down and re-
lease mechanisms (HDRMs), (ii) two hinge de-
ployment mechanisms, (iii) three booms in car-
bon fiber reinforced plastic, and (iv) a rotary
actuator with control electronics.

The deployment sequence consists of three
steps (see Fig. 5 for the identification of the
elements): (i) Hinge 2 is activated by the re-
lease of HDMRs 2, 3 and 4 to deploy Boom
3; (ii) Hinge 1 is activated by the release of
HDMR 1 to deploy Booms 2 and 3; (iii) The
Rotary Actuator deploys the complete assem-
bly. All elements used for the deployment have
high TRL due to previous flight experience.

4. Conclusions

Thanks to its continuous monitoring of the γ-
ray sky with unprecedented sensitivity in the

MeV range, ASA is expected to play a major
role in the development of time-domain astron-
omy and provide valuable information for the
localization and identification of gravitational-
wave and high-energy-neutrino sources.
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