From e-ASTROGAM
to an All-Sky Gamma-Ray Imager

2

R %
. g (s . k 3y V. S Fay
8 “¥ - . ; - - L g X e I
AR . . : A A e A8 5 BN :
: 3 . - - -5 "o o s L A o sl ?
. : . ’ o y - , ; ¥
¥ . ~., D x A
|

Vincent Tatischeff
(CSNSM Orsay, France)

[
T Bl o

==Oc Q=

12" INTEGRAL Conference & 15t AHEAD Gamma-ray Workshop Geneva, Switzerland 11-15 Feb 2019




S| Multi-wavelength/messenger context

UHE Cosmic-rays

Neutrinos

Gravitational waves

Y-rays

X-rays

Ultraviolet, visible
& near infrared

Infrared

Radio waves

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
12t INTEGRAL Conf. & 15t AHEAD Workshop

V. Tatischeff

Advanced Virgo
Advanced LIGO

HESS
MAGIC
DAMPE
Fermi
AGILE
INTEGRAL
Swift
NuSTAR

XMM-Newton

Chandra
HST

VLT

ALMA

VLA

ILOFAR |

Auger / AugerPrime

LHAASO
KM3Net
IceCube-Gen2
IndiGO
KAGRA
LHAASO
CTA South
CTA North
[ ] [ ]
SVOM
Spektr-RG
Athena
XRISM
E-ELT
TMT
LSST |
Euclid
JWST
SKA

Geneva, Switzerland

11 - 15 Feb 2019



1. Sensitivity = 20 to 100 times better than i B2 T W

INTEGRAL and CGRO/COMPTEL in the | _ B L\“\;f\%,_»ix 25
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2. Gamma-ray polarization for transient and i | _ Fe Lo
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3. Improved angular resolution close to the
physical limits (e.g., about 10’ at 1 GeV)
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The European way to the extreme gamma-ray Universe
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4. Large field of view
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Pair event
Compton event -

Si Tracker

| Calorimeter Tracked Compton
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* Si Tracker — Double sided Si strip detectors (DSSDs) for J B
excellent spectral resolution and fine 3-D position resolution PICSIiT CsI(Tl) pixel
* 3D-imaging Calorimeter — Csl(Tl) scintillation crystals S .

readout by Si Drift Diodes for better energy resolution

* Anticoincidence detector to veto charged-particle induced

background = plastic scintillators readout by SiPMs Fermi/LA

—

TAC system
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5 e-ASTROGAM mission proposal

» Satellite platform — Thales Alenia Space PROTEUS
800 (SWOT) = spacecraft wet mass 2.7 tons

* Low-Earth equatorial orbit (inclination i < 2.5°,
eccentricity e < 0.01, altitude 550 - 600 km) for
optimal background environment

e Science Collaboration — more than 400

collaborators in 29 countries PI: A. De Angelis (INFN)
' : Co-Pl: VT (CNRS)
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e} Gamma -ray Space Science White Book

-

gamma-ray astrophysms |

‘A; sﬁace m}ssmn for MeV GeV

251 authors, published in Journal of High Energy °©
Astrophysics 19 (2018) 1

. The extreme extragalactic universe: AGN,

GRBs, link to new messengers; 15 papers

. Cosmic-ray interactions: cosmic-ray origin,

Fermi bubbles, CR impact on ISM; 7 papers

. Fundamental physics: dark matter searches,

Axion, primordial black holes, baryon
asymmetry; 15 papers

. Explosive nucleosynthesis and chemical

evolution of the Galaxy: supernovae, novae,
diffuse radioactivities, 511 keV; 5 papers

. Physics of compact objects: pulsars,

magnetars, pulsar wind nebulae, X- and
gamma-ray binaries; 9 papers

. Solar and Earth Science: Terrestrial gamma-

ray flashes, solar flares, Moon; 5 papers

. Miscellanea: unidentified gamma-ray sources,

gamma-SETI etc..; 5 papers

Wide interest from the scientific community
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e CallinJuly 2018 for a “Fast” Mission of
modest size to be launched in 2028 with the
ARIEL M4 Mission to an L2 orbit

* F-spacecraft wet mass < 850 — 900 kg
(depends on Ariane 62 performance)

* Payload mass < 80 kg (?); fast and reliable
payload development in 3 — 3.5 years; TRL 6
required by mission selection (Q1 2020)

* Launch in a stacked configuration with the
F-spacecraft structure used for holding ARIEL
=> highly non-standard platform

e L2 orbit (1.5 million km from Earth):
® High cosmic-ray background
© No occultation by Earth
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Ay ASTROGA

The MeV Gamma-Ray Companion to Multimessenger Astronomy
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e All-Sky Gamma-ray Monitor (0.1 MeV - 500 MeV) with
good localisation capabilities (e.g. 30 arcmin at 300 MeV) and
excellent sensitivity to polarisation in the MeV domain

 Gamma-ray Imager (80 kg) attached to a deployable boom N
=> continuous coverage of almost the whole sky =9 —
=> reduction of the instrument background (L2 orbit) ’
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* High-TRL payload (Tracker, Calorimeter and Anticoincidence
system based on e-ASTROGAM technology)

30 MeV pair even
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* Bright & intermediate flux transients (GRBs,
AGN, X-ray binaries, novae, Crab flares...)
at different timescales (seconds to weeks) -
crucial to identify the acceleration &
radiation processes

* Electromagnetic counterparts to
gravitational wave events — expected 0.2-6
NS-NS mergers per year with GW detection

* |dentification of high-energy neutrinos
sources (e.g. blazar TXS 0506+056)

‘ Timeline of GRB 170817A / GW170817 (Abbott et al. 2017)
500 ermi/GBN
Rt LIGO - Virgo | e

| counts/s (arb. scale)
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V.

vF, (erg/lcm?s)

Unprecedented gamma-ray polarimetry
=> GRB jet physical properties (B-field),
energy dissipation sites, radiation
mechanisms...

=> Test of Lorentz Invariance Violation

Broad-band spectroscopy with a single
instrument

Expected detection rate: ~ 100 GRBs per year
Spectral evolution of the short GRB 090510 °
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INTEGRAL/IBIS = GRB 140206A (Z =2.74)
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GRB 140206A with All-Sky-ASTROGAM
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* Thermonuclear SNe — Detection of the early y-ray ONe nova @ 1 kpc

emission before the maximum optical light is E e

fundamental to understand the nature of the
progenitor (standard candles for cosmology)

1076 -
* Novae — Sky monitoring is essential to detect (i) the

early e*-e annihilation emission (before optical max)
and (ii) the onset of particle acceleration in shocks

F(phot/cm?/s/keV)

* Core-collapse SNe — Determination of the ejected mass

511 keV .
ONe A
1.15M, ]

1275 keV]

of °®Ni is crucial to understand the explosion mechanism o

of %Ni outside the main ejecta
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; Adapted from Ackermann et al. (2015)
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e Origin of the EGB in the 1 - 100 MeV range? Constraint on dark matter contribution
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Conclusions

In the era of multi-wavelength and multi-messenger astronomy,
crucial need for a MeV / sub-GeV y-ray space imaging monitor

All-Sky-ASTROGAM proposed for ESA’s Fast mission and
selected for phase 2 (with five other proposals)

Selection for a study phase expected in summer 2019

All-Sky-ASTROGAM-is-innovative in many respects, but the
technology .isready and reliable
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Extra slides
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Angular resolution

* Angular resolution needs to be

improved close to the physical limits
(Doppler broadening, nuclear recoil)

Cygnus region in the 1 - 3 MeV energy band
with All-Sky-ASTROGAM PSF (extrapolation
of the 3FGL source spectra to low energies)
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