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INTEGRAL 

http://integral.esa.int 

INTEGRAL, the International Gamma-Ray Astrophysics Laboratory 
Fine spectroscopy (E/dE=500) and fine imaging (angular resolution of 12' FWHM )  
Energy range 15 keV to 10 MeV  
plus simultaneous X-ray (3-35 keV) and optical (550 nm) monitoring capability  
Two main g-ray instruments: SPI (spectroscopy) and IBIS (imager)  
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INTEGRAL  

The central regions of our Galaxy, the Milky Way, as seen by INTEGRAL in gamma rays. With its superior ability 
to see faint details, INTEGRAL reveals the individual sources that comprised the foggy, soft gamma-ray 
background seen by previous observatories. The brightest 91 objects seen in this image were classified by 
INTEGRAL as individual sources, while the others appear too faint to be properly characterized at this stage.  



INTEGRAL  

Cygnus X-3 is one of the first discovered X-ray binaries and the only bright compact binary system known to host a Wolf-Rayet 
star as a companion. The intense stellar wind created by this companion is one of the reasons why Cygnus X-3 exhibits a very 
peculiar spectral behavior. Indeed, it shows a wider variety of states than the two canonical ones usually observed in other 
standard X-ray binaries. Despite the fact that the source is well known since many years, very little is known about its spectral 
behavior beyond 50 keV. This lack of knowledge is especially due to the source being very faint at these energies. Thanks to 
INTEGRAL, it is possible to explore more than 16 years of observations, and so to probe the sky region of Cygnus X-3 with the 
best sensitivity ever. As shown at the top of the figure, one can detect the source up to 200 keV. Moreover, one can create six X-
ray spectra from 3 to 200 keV, one for each observed spectral state of the source. 
 



INTEGRAL  

The SPI instrument onboard INTEGRAL has performed a search for 511 keV emission (resulting from positron-electron annihilation)  
all over the sky. The figure represents the results of this search: the all-sky map in galactic co-ordinates shows that 511 keV emission  
is - so far - only seen towards the center of our Galaxy. The SPI data are equally compatible with galactic bulge or halo distributions,  
the combination of a bulge and a disk component, or a combination of a number of point sources. Such distributions are expected  
if positrons originate either from low-mass X-ray binaries, novae, Type Ia supernovae, or possibly light dark matter.  



14 

Galactic Sources 

h;ps://mssl.ucl.ac.uk/www_astro/lecturenotes/hea/hea.html	
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Accretion Power 
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Accretion Power 
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Accretion Power 
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Accretion Power 
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Accretion Power 
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Accretion Power 
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Accretion Power 
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Accretion Power 
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Accretion Power 
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Accretion 
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Accretion 

Matter circulates around the compact 
object: 

matter 
inwards 

ang mom 
outwards 
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Disk structure 

Half of the accretion luminosity is 
released very close to the star. 

X-ray    UV    optical 

Hot, optically-thin 
inner region; emits 
bremsstrahlung 

Outer regions are cool, 
optically-thick and emit 
blackbody radiation 

bulge 
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Stellar Wind Accretion 

-6 
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Stellar Wind Accretion 

-6 
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The Compton Gamma Ray Observatory 

The Compton Gamma Ray Observatory (CGRO) is a sophisticated satellite observatory  
dedicated to observing the high-energy Universe. It is the second in NASA's program of  
orbiting "Great Observatories", following the Hubble Space Telescope.  
While Hubble's instruments operate at visible and ultraviolet wavelengths, Compton carries  
a collection of four instruments which together can detect an unprecedented broad range of  
high-energy radiation called gamma rays. These instruments are the Burst And Transient  
Source Experiment (BATSE), the Oriented Scintillation Spectrometer Experiment (OSSE),  
the Imaging Compton Telescope (COMPTEL), and the Energetic Gamma Ray Experiment  
Telescope (EGRET).  
 

http://cossc.gsfc.nasa.gov 
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The Compton Gamma Ray Observatory 
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CGRO performance 



The Compton Gamma Ray Observatory 

OSSE 
- 0.05-10 MeV  
-  e+e- annihilation, solar flares  



OSSE detector 

The Oriented Scintillation Spectrometer Experiment (OSSE) measured the distribution  
of the energy emitted from a number of gamma-ray sources, and as such studied  
nuclear lines in solar flares, radioactive decay of nuclei in supernova remnants,  
and matter-antimatter annihilation taking place near the center of our galaxy.  
OSSE consisted of four NaI scintillation crystals, and was sensitive to gamma rays  
with energies ranging from 50 keV to 10 Mev. Each of the detectors could be  
pointed individually. For most instances, observations of a gamma ray source  
were alternated with observations of nearby blank sky so as to be able  
to determine the background gamma ray emission. 
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Phoswich detectors 

Two scintillators with different decay times. Pulse analysis can 
distinguish. Back scintillator used as shield at low energy, as 
detector at high energies. 
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The Compton Gamma Ray Observatory 

Intensity of gamma-ray emission from positron-electron annihilation in the 
plane of our Galaxy near the Galactic center. The emission is at 511 keV, which is 
the rest-mass energy of the electron and positron. The map is of a model that fits 
the OSSE 511 keV observations. OSSE has discovered that the radiation is mostly 
contained in a region of about 10 degrees diameter centered on the center of the 
Galaxy. The line plot superimposed on the map represents an OSSE observation 
of the 511 keV emission line.  
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The Compton Gamma Ray Observatory 

                                                                         On June 4, 1991, the OSSE instrument observed a bright high-energy flare from 
an intensely active region of the sun. The energy spectrum of the flare shown in 
this slide indicates that solar flares accelerate particles to extremely high energies 
causing interactions which produce nuclear emission lines from excited atomic 
nuclei of Fe, Mg, Ne, Si, C, O, and N, along with emission lines from the 
formation of deuterium by neutron capture (labeled "n" in the slide) and electron-
positron annihilation (labeled "e+").  
 
 



Solar	
  Flares	
  lines	
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The Compton Gamma Ray Observatory 

COMPTEL 
- 0.05-30 MeV  
-  Radioactive elements map, pulsars, a few flaring 
black hole candidates, blazars, solar flares  
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Compton Imaging 
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Compton Imaging 
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Sensitivity 
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Compton Imaging 
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Compton Imaging 
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Compton Imaging 
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Compton Imaging 
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Compton Imaging 
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Compton Polarimetry 



Compton Polarimetry	
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Background 
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Background 
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Background 
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Background 
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Background 
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Background 
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Background 



The Compton Gamma Ray Observatory 

This COMPTEL image is taken at energy of 1.809 MeV, which corresponds to the gamma-ray line 
produced by the radioactive decay of the 26Al isotope. 26Al has a decay time of a million years, and is 
produced along with other elements in trace quantities at cosmic sites of nucleosynthesis. Therefore, 
the sky image in these gamma-rays integrates nucleosynthesis events over millions of years and shows 
the spatial distribution of these events. From the above image we learn that 26Al-producing events are 
predominantly Galactic sources. Several localized regions appear prominent (Inner Galaxy, Cygnus, Vela), 
suggesting that massive stars (via their Wolf-Rayet winds and core-collapse supernovae) are the true 
sources. The insert shows the spectral information captured by COMPTEL. The 26Al line at 1.809 MeV is 
clearly seen above the large instrumental background. COMPTEL is the first imaging instrument with a 
spatial resolution of roughly degrees, and thus made possible this all-sky survey of 26Al radioactivity. The 
Galaxy is transparent to gamma-rays, therefore this image has, for the first time, shown us the locations 
of nucleosynthesis and massive stars throughout the Galaxy.  
 
 



The Compton Gamma Ray Observatory 

The COMPTEL 1 to 30 MeV all-sky map in continuum gamma radiation represents the results of the first-
ever survey of the sky at these energies. The concentration of the emission along the Galactic plane is 
the most striking aspect of the map. The plane stands out clearly against the rest of the sky indicating that 
most of the measured gamma-ray fluxes come from regions or objects inside the Galaxy. The dominant 
Galactic continuum emission seems to come from interstellar space and is visible as diffuse Galactic 
radiation. Superimposed on the large-scale Galactic emission are point-like sources (like Crab, Vela, 
Cyg X-1), but many of the Galactic point sources remain unidentified at this time. A significant contribution 
of unresolved point sources to the apparently diffuse Galactic emission cannot be excluded. At medium and 
high Galactic latitudes, a few of the gamma-ray blazars, discovered by EGRET, are visible in the COMPTEL 
map as well. Examples are 3C 273, 3C 279, and PKS 0528+134. The radio galaxy Cen A is also visible at 
MeV gamma rays. Some of the extragalactic objects detected by COMPTEL are not visible in this map, 
because they flare up only occasionally: on average they are too weak to be visible in this time-averaged 
all-sky map.  
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Compton Astrophysics 
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Compton Astrophysics 
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Compton Astrophysics 
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Compton Astrophysics 
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Compton Astrophysics 
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Compton Imaging 
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MEGA 

http://www.gamma.mpe-garching.mpg.de/MEGA/mega.html 
 

MEGA is planned as a telescope for  
Medium Energy Gamma-Ray Astronomy  
in the energy range between 400 keV and 50 MeV.  
In this energy range MEGA exploits the two dominating  
interaction mechanisms for gamma rays:  
Compton scattering and Pair creation.  
MEGA has two detectors: A tracker, consisting of  
double-sided silicon strip detectors,  
and a calorimeter, consisting of highly segmented CsI(Tl)  
bars. In the tracker the Compton and Pair interactions take  
place and the direction and energy of the participating  
electrons and positrons is measured.  
In the calorimeters the Compton scattered gamma  
rays are stopped and thus their energy and  
direction is determined.  
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MEGA 

http://www.gamma.mpe-garching.mpg.de/MEGA/mega.html 



ACT project 

http://boggs.ssl.berkeley.edu/act/index.html 
https://arxiv.org/abs/astro-ph/0608532 

These science requirements are expected to translate to an instrument with effective area on the order of 1000-3000 cm2, a 
position resolution in the detectors of 1mm3, energy resolution of 1% (0.5-2.0 MeV) or better, and possibly recoil electron 
tracking capabilities for electron energies < 0.5 MeV. The concept study will look at a variety of possible detector technologies 
for implementing such a Compton telescope. Candidate detectors include, but are not limited to, CZT strip detectors, Si strip 
detectors, Ge strip detectors, liquid Xe, and gaseous Xe (or Ar) microwell detectors.  



ACT project 

The baseline instrument (pictured above) is built from thick Silicon(Li) detectors, and measures roughly 1 m x 1 m 
in frontal area.  The individual detectors are ~7 mm thick, and measure 10 x 10 cm in area using technology in 
crystal growth and lithium drifted silicon, or  Si(Li).  Detectors are assembled in tower structures, each containing 
a small 4x4 array of detectors and stacked 24 layers deep.  Readout electronics for the detectors are distributed 
along the four side walls of each tower.  



New	
  MeV	
  concepts	
  

h;p://asd.gsfc.nasa.gov/conferences/fgo2/	
  



An observatory for gamma rays  
In the MeV/GeV domain 
 
Lead proposer: A. De Angelis 
Co-lead proposer: V. Tatischeff 

h;p://eastrogam.iaps.inaf.it	
  
	
  

	
  
	
  



The MeV/GeV domain 

•  Worst covered part of the electromagnetic spectrum (only a few tens of steady 
sources detected so far between 0.2 and 30 MeV) 

•  Many objects have their peak emissivity in this range (GRBs, blazars, pulsars...) 
•  Binding energies of atomic nuclei fall in this range, which therefore is as important for 

HE astronomy as optical astronomy is for phenomena related to atomic physics 
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SPI	
  gamma-­‐ray	
  observaKons	
  of	
  
SN2014	
  J	
  



PKS 2149-306 (z = 2.345) 

Core	
  science	
  moKvaKons	
  for	
  a	
  γ-­‐ray	
  mission	
  in	
  the	
  MeV/GeV	
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1.   Processes	
  at	
  the	
  heart	
  of	
  the	
  extreme	
  Universe	
  
(AGNs,	
  GRBs,	
  microquasars):	
  prospects	
  for	
  the	
  
Astronomy	
  of	
  the	
  2030s	
  

2.   The	
  origin	
  and	
  impact	
  of	
  high-­‐energy	
  parHcles	
  on	
  
galaxy	
  evoluHon,	
  from	
  cosmic	
  rays	
  to	
  anHmaJer	
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84
7 3.   Nucleosynthesis	
  and	
  the	
  chemical	
  

enrichment	
  of	
  our	
  Galaxy	
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•  e-ASTROGAM will be a sensitive, wide-field γ-ray space observatory 
operating at the same time as facilities like SKA and CTA, as well as 
eLISA and neutrino detectors, to get a coherent picture of the 
transient sky and the sources of gravitational waves and high-energy 
neutrinos 

CTA Athena E-ELT JWST ALMA SKA 

eLISA - Gravitational waves Km3Net/IceCube-Gen2 - ν

e-ASTROGAM 

e-­‐ASTROGAM:	
  γ-­‐ray	
  astronomy	
  in	
  context	
  



e-­‐ASTROGAM	
  scienKfic	
  requirements	
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1.  Achieve	
  a	
  sensiKvity	
  be;er	
  than	
  that	
  of	
  INTEGRAL/CGRO/
COMPTEL	
  by	
  a	
  factor	
  of	
  20	
  -­‐	
  50	
  -	
  100	
  in	
  the	
  range	
  0.2	
  -	
  30	
  
MeV	
  

2.  Fully	
  exploit	
  gamma-­‐ray	
  polarizaKon	
  for	
  both	
  transient	
  
and	
  steady	
  sources	
  

3.  Improve	
  significantly	
  the	
  angular	
  resoluKon	
  (to	
  reach,	
  
e.g.,	
  ∼	
  10’	
  at	
  1	
  GeV)	
  

4.  Achieve	
  a	
  very	
  large	
  field	
  of	
  view	
  (∼	
  2.5	
  sr)	
  ⇒	
  efficient	
  
monitoring	
  of	
  the	
  γ-­‐ray	
  sky	
  

5.  Enable	
  sub-­‐millisecond	
  trigger	
  and	
  alert	
  capability	
  for	
  
transients	
  



•  Tracker - Double sided Si strip detectors (DSSDs) for excellent spectral 
resolution and fine 3-D position resolution (1m2, 500 µm thick, 0.3 Xo in total) 

•  Calorimeter - High-Z material for an efficient  absorption of the scattered 
photon ⇒ CsI(Tl) scintillation crystals readout by Si drift detectors or 
photomultipliers for best energy resolution. 8 cm (4.3 Xo) 

•  Anticoincidence detector to veto charged-particle induced background ⇒ 
plastic scintillators readout by Si photomultipliers 

θ

γ
Silicon 
tracker 

Scintillator 
calorimeter 

Plastic anti-
coincidence detector 

γ

e+ e- 

Pair event Compton event 

How	
  to	
  measure	
  gamma	
  rays	
  in	
  the	
  MeV-­‐GeV?	
  



DetecKon	
  of	
  (sub)MeV-­‐GeV	
  gamma-­‐rays	
  

•  Compton	
  regime	
  
–  Require	
  excellent	
  3D-­‐point	
  
resoluKon	
  and	
  energy	
  resoluKon	
  

–  Event	
  reconstrucKon	
  with	
  2	
  points	
  
and	
  2	
  energy	
  measurements!	
  

•  Pair	
  regime	
  
–  Tracking	
  resoluKon	
  is	
  most	
  
important	
  

–  Dominated	
  by	
  MulKple	
  Sca;ering	
  
effect	
  

–  Main	
  concern	
  is	
  detector	
  layer	
  
thickness	
  	
  

•  Difficult	
  to	
  be	
  truly	
  opKmal	
  in	
  
both	
  regimes	
  across	
  the	
  gap	
  with	
  
one	
  detector	
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Design of the calorimeter composed of 
14x14 modules of 64 crystals 

1 module of 
64 crystals 

Sandwich 
panel 

Fermi/LAT AC system 

CsI(Tl) pixel 
•  Calorimeter: 33  856 CsI(Tl) bars coupled at both ends to 

low-noise Silicon Drift Detectors 
•  ACD: segmented plastic scintillators coupled to SiPM by 

optical fibers 
•  Heritage: AGILE, Fermi/LAT, AMS-02, INTEGRAL, LHC/

ALICE… 

•  Tracker: 56 layers of 4 times 5×5 DSSDs (5 600 in total) of 
500 µm thickness and 240 µm pitch 

•  DSSDs bonded strip to strip to form 5×5 ladders 
•  Light and stiff mechanical structure 
•  Ultra low-noise front end electronics 

e-­‐ASTROGAM:	
  the	
  payload	
  



e-­‐ASTROGAM:	
  silicon	
  tracker	
  
•  4	
  towers,	
  56	
  layers	
  of	
  5×5	
  double	
  sided	
  Si	
  strip	
  

detectors	
  each	
  (5600	
  DSSDs)	
  	
  	
  
–  Each	
  DSSD	
  has	
  a	
  total	
  area	
  of	
  9.5×9.5	
  cm2,	
  

a	
  thickness	
  of	
  500	
  µm	
  and	
  pitch	
  of	
  240	
  µm	
  
(384	
  strips	
  per	
  side)	
  

–  The	
  DSSDs	
  are	
  wire	
  bonded	
  strip	
  to	
  strip	
  to	
  
form	
  5×5	
  2-­‐D	
  ladders	
  

•  Spacing	
  of	
  the	
  Si	
  layers:	
  10	
  mm	
  
–  Each	
  layer	
  held	
  by	
  a	
  very	
  light	
  mechanical	
  

•  two	
  frames	
  sandwiching	
  the	
  Si	
  
detectors	
  

•  DSSD	
  strips	
  connected	
  to	
  ASICs	
  	
  through	
  a	
  pitch	
  
adapter	
  	
  
–  26	
  880	
  IDeF-­‐X	
  ASICs	
  (32	
  channels	
  each)	
  

•  860160	
  electronic	
  channels	
  
•  12	
  IDeF-­‐X	
  ASICs	
  each	
  side	
  

–  The	
  analog	
  output	
  signals	
  of	
  IDeF-­‐X	
  will	
  be	
  
converted	
  to	
  digital	
  signals	
  with	
  the	
  OWB-­‐1	
  
ADC	
  

•  5	
  OWB-­‐1	
  ADCs	
  each	
  side	
  
•  Power	
  budget	
  =	
  688	
  W	
  (800	
  mW/channel)	
  



Sandwich panel 

e-­‐ASTROGAM:  calorimeter	
  

PICSiT	
  modular	
  detecHon	
  unit	
  

PICSiT	
  CsI(Tl)	
  pixel	
   AGILE	
  calorimeter	
   Fermi	
  cal.	
  module	
  	
  	
  

•  Pixelated	
  detector	
  made	
  of	
  33	
  856	
  CsI(Tl)	
  
scinKllator	
  bars	
  of	
  8	
  cm	
  length	
  and	
  5×5	
  
mm2	
  cross	
  secKon,	
  glued	
  at	
  both	
  ends	
  to	
  
low-­‐noise	
  Silicon	
  Drio	
  Detectors	
  (SDDs)	
  

•  Calorimeter	
  formed	
  by	
  the	
  assembly	
  of	
  
529	
  (23×23)	
  modules	
  

•  Heritage:	
  INTEGRAL/PICsIT,	
  AGILE,	
  
Fermi/LAT,	
  LHC/ALICE	
  

•  FEE	
  ASIC:	
  modified	
  version	
  of	
  the	
  
ultra	
  low-­‐noise	
  VEGA	
  ASIC	
  (INFN)	
  



Science with e-ASTROGAM 
 

See https://arxiv.org/abs/1611.02232 
(Exp. Astronomy)  
and https://arxiv.org/abs/1711.01265 
(JHEAP) 
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White	
  Book	
  published	
  in	
  arXiv/JHEAP	
  
Wide	
  interest	
  from	
  the	
  scienKfic	
  community	
  

A.	
  De	
  Angelis	
  et	
  al.	
  



•  e-ASTROGAM performance evaluated with 
MEGAlib (Zoglauer et al. 2006) and Bogemms 
(Bulgarelli et al. 2012) - both tools based on 
Geant4 - and a detailed numerical mass model of 
the gamma-ray instrument 

e-­‐ASTROGAM:	
  performance	
  assessment	
  



Cygnus region in the 1 - 3 MeV energy band 
with the e-ASTROGAM PSF (extrapolation 
of the 3FGL source spectra to low energies) 
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• Angular	
  resoluKon	
  improved	
  close	
  
to	
  the	
  physical	
  limits	
  	
  

Angular	
  resoluKon	
  



Energy	
  resoluKon	
  



•  Best	
  PSF	
  in	
  MeV-­‐GeV	
  
–  Resolve	
  sources	
  

•  Calorimetric	
  measurements	
  of	
  MeV	
  lines	
  with	
  high	
  
resoluKon:	
  
–  Positron	
  detecKon	
  (511	
  keV	
  line)	
  
–  Measurements	
  of	
  isotopic	
  contents,	
  with	
  highest	
  sensiKvity	
  
–  Hadronic	
  collisions	
  of	
  LECR	
  with	
  molecular	
  clouds	
  

•  Capability	
  of	
  measuring	
  polarizaKon	
  (marks	
  Compton	
  
interacKons	
  at	
  the	
  sources	
  and	
  magneKc	
  fields)	
  

•  SED	
  resoluKon	
  in	
  the	
  GeV	
  range:	
  allows	
  to	
  reconstruct	
  the	
  
“pion	
  bump”,	
  characterisKc	
  of	
  the	
  decay	
  πο -> γγ and	
  thus	
  
an	
  indicator	
  of	
  hadronic	
  processes	
  

Key	
  instrument	
  characterisKcs:	
  a	
  summary	
  



PKS 2149-306 (z = 2.345) •  Launch of ultra-relativistic jets in 
GRBs? Ejecta composition, energy 
dissipation site, radiation processes? 

•  Can short-duration GRBs be 
unequivocally associated to 
gravitational wave signals? 

•  How does the accretion disk/jet 
transition occur around 
supermassive black holes in AGN?  

•  Are BL Lac blazars sources of 
UHECRs and high-energy 
neutrinos? 

ü  With its wide field of view, unprecedented sensitivity over a large 
spectral band, and exceptional capacity for polarimetry, e-
ASTROGAM will give access to a variety of extreme transient 
phenomena 

e-­‐ASTROGAM	
  core	
  science	
  topic	
  #1	
  



MeV	
  blazars;	
  cosmology	
  at	
  z	
  up	
  to	
  4.5	
  



RelaKvisKc	
  jets;	
  flares	
  



Gamma-­‐ray	
  bursts;	
  the	
  new	
  Astronomy	
  
•  Threshold at 30 keV using the Calorimeter  
•  200 GRB/year detected  

–  Localized within 0.1-1 deg, and the information can be 
processed onboard  

–  42 GRBs/year with a detectable polarization fraction of 20%;  
•  Possible detection of electromagnetic counterparts of 

impulsive GW events   
–  MeV likely to be the threshold (Patricelli et al. 2016) 
–  Possible associations GRB/GW 

•  MeV good target also for the counterparts of neutrino 
bursts 



•  γ-­‐ray	
  polarizaKon	
  in	
  objects	
  emiUng	
  jets	
  
(GRBs,	
  Blazars,	
  X-­‐ray	
  binaries)	
  or	
  with	
  
strong	
  magneHc	
  field	
  (pulsars,	
  
magnetars)	
  ⇒	
  magneKzaKon	
  and	
  
content	
  (hadrons,	
  leptons,	
  PoynKng	
  flux)	
  
of	
  the	
  ouulows	
  +	
  radiaKon	
  processes	
  

•  γ-­‐ray	
  polarizaKon	
  from	
  cosmological	
  
sources	
  (GRBs,	
  Blazars)	
  ⇒	
  fundamental	
  
quesKons	
  of	
  physics	
  related	
  to	
  Lorentz	
  
Invariance	
  ViolaKon	
  (vacuum	
  
birefringence)	
  

ü  e-­‐ASTROGAM	
  will	
  measure	
  the	
  γ-­‐ray	
  
polarizaKon	
  of	
  ∼ 200	
  GRBs	
  per	
  year	
  
(promising	
  candidates	
  for	
  highly	
  γ-­‐ray	
  
polarized	
  sources)	
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Fermi/LAT   
E > 1.7 GeV 

INTEGRAL/SPI - 511 keV (Bouchet et al. 2010) 

INTEGRAL/SPI 
e-ASTROGAM FWHM 

•  Origin of the Fermi Bubbles and of the 511 keV emission from the Galaxy’s bulge? 
Are these linked to a past activity of the central supermassive black hole? What is 
causing the GeV excess emission from the center region?  

ü  With a sensitivity and an angular resolution in the MeV - GeV range 
significantly improved over previous missions, e-ASTROGAM will enable a 
detailed spectro-imaging of the various high-energy components 

e-­‐ASTROGAM	
  core	
  science	
  topic	
  #2	
  





Cosmic	
  rays	
  in	
  the	
  Inner	
  Galaxy;	
  acceleraKon	
  in	
  SNRs	
  



AnKma;er	
  and	
  Dark	
  Ma;er	
  
•  Unique sensitivity to the 511-keV line 
•  Sensitivity to many classical positron sources: can constrain the 

contribution from nearby pulsars in the positron excess seen by 
PAMELA/AMS-02  

•  The MeV region is the missing ingredient to determine the 
photon background from the Inner Galaxy: clarify if there is a 
photon excess (which might be due to DM, new particles) 

•  The MeV region is where the bulk of photons from WIMPs 
below 100 GeV is expected 

•  In some models, MeV dark matter 
–  Plus Axions, ALPs:  

•  Sensitivity to photons emitted by SNRs (Meyer et al. 2016) 
•  Sensitivity to photon/ALP oscillations (Roncadelli et al. 2011; Hooper et al. 

2009) 
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•  How do thermonuclear and core-collapse SNe explode? How are cosmic 
isotopes created in stars and distributed in the interstellar medium? 

missions, e-ASTROGAM 
should allow us to finally 
understand the progenitor 
system(s) and explosion 
mechanism(s) of Type Ia 
SNe (56Ni, 56Co), the 
dynamics of core collapse in 
massive star explosions 
(56Co, 57Co), and the history 
of recent SNe in the Milky 
Way (44Ti, 60Fe...) 

 

ü  With a remarkable improvement in γ-ray line sensitivity over previous  

(adapted from 
Diehl et al. 2015) 

e-­‐ASTROGAM	
  core	
  science	
  topic	
  #3	
  



•  e-­‐ASTROGAM	
  poinKngs	
  first	
  focused	
  on	
  core	
  science	
  topics.	
  However	
  a	
  very	
  large	
  
number	
  of	
  sources	
  will	
  be	
  detected	
  and	
  monitored.	
  	
  
–  Thousabds	
  of	
  sources	
  both	
  GalacKc	
  and	
  extragalacKc,	
  many	
  new	
  detecKons.	
  Therefore,	
  

a	
  very	
  large	
  community	
  of	
  astronomical	
  users	
  will	
  benefit	
  from	
  e-­‐ASTROGAM	
  data	
  
available	
  for	
  mulKfrequency	
  studies	
  through	
  GI	
  programme	
  managed	
  by	
  ESA.	
  

•  Phenomena	
  and	
  sources	
  
–  characterized	
  by	
  rapid	
  and	
  very	
  rapid	
  variability	
  Kmescales	
  (sub-­‐second,	
  second,	
  

minutes,	
  hours):	
  GRB,	
  AGN	
  flares,	
  …	
  
–  steady	
  
–  unexpected	
  

e-­‐ASTROGAM	
  Observatory	
  science	
  	
  



•  Over 3/4 of the sources from the 3rd Fermi-LAT Catalog (3FGL), 2415 
sources over 3033, have power-law spectra (Eγ > 100 MeV) steeper 
than Eγ

-2, implying that their peak energy output is below 100 MeV  
•  These includes more than 

1200 (candidate) blazars 
(mostly FSRQ), about 150 
pulsars, and nearly 900 
unassociated sources 

•  Most of these sources will 
be detected by        e-
ASTROGAM                 ⇒ 
large discovery space for 
new sources and source 
classes 

•  Observatory science 
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•  Diffuse	
  GalacKc	
  gamma-­‐ray	
  background	
  
•  Pulsars	
  and	
  millisecond	
  pulsars	
  both	
  isolated	
  and	
  in	
  binaries,	
  
whose	
  (pulsed	
  or	
  unpulsed)	
  emission	
  will	
  be	
  observable	
  in	
  a	
  
spectral	
  range	
  rich	
  in	
  informaKon	
  to	
  discriminate	
  between	
  
different	
  parKcle	
  acceleraKon	
  models	
  

•  PWNe,	
  for	
  which	
  e-­‐ASTROGAM	
  will	
  obtain	
  crucial	
  data	
  on	
  
parKcle	
  acceleraKon	
  and	
  propagaKon	
  

•  Magnetars	
  
•  GalacKc	
  compact	
  binaries,	
  including	
  NS	
  and	
  BHs	
  whose	
  
spectral	
  transiKons	
  and	
  outbursts	
  will	
  be	
  monitored	
  

•  Interstellar	
  shocks	
  
•  PropagaKon	
  over	
  cosmological	
  distances	
  (LIV,	
  ALPs,	
  …)	
  
•  Novae	
  
•  Solar	
  flares	
  and	
  terrestrial	
  gamma-­‐ray	
  flashes	
  

e-­‐ASTROGAM	
  Observatory	
  science	
  	
  



Solar	
  System	
  
Supermassive	
  Black	
  Holes	
  

Radio	
  Galaxies	
  Blazars	
  FSRQs	
  

BL	
  Lacs	
   Other/Unknown	
   Radio	
  Lobes	
  
Central	
  Engine	
  

Sgr	
  A*	
  

UnidenKfied	
  

Solar	
  Flares	
  

Terrestrial	
  γ-­‐Ray	
  Flashes	
   Gamma-­‐Ray	
  Source	
  Classes	
  
Gamma-­‐Ray	
  Bursts	
  

Short	
  

Long	
  

Milky	
  Way	
  

Superbubbles	
  

Molecular	
  
Clouds	
  

Star-­‐forming	
  
Regions	
  

Stellar	
  Objects	
  

Pulsars	
  

>2000 sources 
expected with    
e-ASTROGAM 

Magnetospheric	
  
emission	
  

Pulsar	
  Wind	
  
Nebulae	
  

Starburst	
  
Galaxies	
  

Binary	
  Systems	
  

Novae	
  

Interstellar	
  
Medium	
  

Supernovae	
  Core-­‐collapse	
  

Supernova	
  
Remnants	
  

Thermonuclear	
  
Globular	
  Clusters	
  

Satellite	
  
Galaxies	
  

Magnetars	
  

Black	
  Hole	
  
Binaries	
  

Neutron	
  Star	
  
binaries	
  

Colliding	
  Winds	
  Galaxy’s	
  Bulge	
  



•  Padova,	
  Feb	
  28	
  (start	
  at	
  13h30)/	
  Mar	
  1-­‐2	
  (end	
  on	
  Mar	
  2	
  at	
  14h)	
  
•  Setup	
  a	
  team	
  for	
  a	
  white	
  book	
  (possibly	
  w/	
  AMEGO)	
  
•  Contributed	
  talks	
  &	
  posters	
  on	
  mulKmessenger	
  astrophysics	
  welcome	
  
•  Google	
  “agenda	
  infn	
  e-­‐ASTROGAM	
  workshop”	
  

First	
  e-­‐ASTROGAM	
  Science	
  Workshop	
  



Second	
  e-­‐ASTROGAM	
  Science	
  Workshop	
  

https://agenda.infn.it/conferenceDisplay.py?confId=13913 





AMEGO	
  



AMEGO	
  



AMEGO	
  



h;ps://asd.gsfc.nasa.gov/amego/	
  



AMEGO	
  



AMEGO	
  



•  The almost unexplored MeV / GeV gamma-ray band is one 
of the richest energy domains of astrophysics 

•  eASTROGAM/AMEGO will fill the gap and they will be 
essential observatories to study the extreme transient sky 
in the era of astronomy’s new messengers  

•  ASTROGAM/AMEGO payloads are innovative in many 
respects, but the technology is ready 
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Summary	
  


