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ASTROGAM:	  a	  unified	  proposal	  from	  the	  enGre	  
gamma-‐ray	  community	  
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A single instrument for a complete coverage of the 
spaceborne gamma-ray domain  
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An	  instrument	  ingeniously	  combining	  two	  
well-‐mastered	  detecGon	  techniques	  

AC system 

Tracker 

Calorimeter 



•  Tracker	  -	  Double	  sided	  Si	  strip	  detectors	  (DSSDs)	  for	  fine	  3-‐D	  posi8on	  resolu8on	  (No	  high-‐Z)	  
•  Calorimeter -	  High-‐Z	  material	  for	  an	  efficient	  	  absorp8on	  of	  the	  scaFered	  photon	  ⇒	  CsI(Tl)	  
scin8lla8on	  crystals	  readout	  by	  Si	  DriJ	  Diodes	  for	  beFer	  energy	  resolu8on	  

•  AnGcoincidence	  detector	  to	  veto	  charged-‐par8cle	  induced	  background	  ⇒	  plas8c	  scin8llator	  

•  Heritage:	  AGILE,	  Fermi/LAT,	  AMS-‐02,	  INTEGRAL,	  LHC/ALICE…	  

 ASTROGAM Measurement	  principle	  

Tracker 

Calorimeter 

AC system 

Tracker 

Calorimeter 



  ASTROGAM 

Design of the calorimeter composed of 
14x14 modules of 64 crystals 

1 module of 
64 crystals 

Sandwich 
panel 

 ASTROGAM 
Detail	  of	  the	  detector-‐ASIC	  

bonding	  in	  the	  AGILE	  Si	  Tracker	  

10	  

Payload 

Fermi/LAT	  AC	  system	  

PICSiT	  CsI(Tl)	  pixel	   •  Calorimeter:	  12544	  CsI(Tl)	  bars	  coupled	  at	  both	  ends	  
to	  low-‐noise	  Silicon	  DriJ	  Detectors	  

•  ACD:	  segmented	  plas8c	  scin8llators	  coupled	  to	  SiPM	  
by	  op8cal	  fibers	  

•  Heritage:	  AGILE,	  Fermi/LAT,	  AMS-‐02,	  INTEGRAL,	  LHC/
ALICE…	  

•  Tracker:	  70	  layers	  of	  6×6	  DSSDs	  (=	  2520)	  of	  	  400	  µm	  
thickness	  and	  240	  µm	  pitch.	  NO	  HEAVY	  CONVERTER	  

•  DSSDs	  bonded	  strip	  to	  strip	  to	  form	  2-‐D	  ladders	  

•  Light	  and	  s8ff	  mechanical	  structure	  
•  Ultra	  low-‐noise	  front	  end	  electronics	  



  ASTROGAM  ASTROGAM Payload 
o  ESA	  guidelines	  for	  the	  M4	  Call	  interpreted	  at	  face	  value	  ⇒	  ASTROGAM	  

payload	  (single	  instrument)	  designed	  to	  be	  300	  kg	  

!

AC system 

Tracker 

Calorimeter 

Payload Data 
Handling Unit 

Power Supply Unit     + 
back-end electronics 



  ASTROGAM 

!

•  Orbit	  -	  Equatorial	  (inclina8on	  i	  <	  2.5°,	  
eccentricity	  e	  <	  0.01)	  low-‐Earth	  orbit	  
(al8tude	  in	  the	  range	  550	  -‐	  600	  km)	  	  

•  Launcher	  -	  standard	  VEGA	  	  
•  Satellite	  communicaGon	  -	  	  
ESA	  ground	  sta8on	  at	  Kourou	  	  
+	  ASI	  Malindi	  sta8on	  (Kenya)	  

•  Telemetry	  -	  via	  X-‐band	  (available	  downlink	  
of	  10	  Mbps),	  the	  average	  	  data	  acquisi8on	  
rate	  being	  of	  1.2	  Mbps	  

•  ObservaGon	  modes	  -	  (i)	  zenith-‐poin8ng	  
sky-‐scanning	  mode,	  (ii)	  nearly	  iner8al	  
poin8ng,	  and	  (iii)	  fast	  repoin8ng	  to	  avoid	  
the	  Earth	  in	  the	  field	  of	  view	  

•  In-‐orbit	  operaGon	  -	  3.5	  years	  dura8on	  +	  
provisions	  for	  a	  2+	  year	  extension	  (with	  1	  
month	  of	  in-‐flight	  calibra8on)	  

Background	  environment	  in	  an	  ELEO	  	  
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 ASTROGAM Mission profile!



 ASTROGAM Performance	  assessment	  	  
•  ASTROGAM	  performance	  evaluated	  with	  MEGAlib	  and	  

Bogemms	  (both	  based	  on	  Geant4)	  and	  a	  detailed	  mass	  
model	  of	  the	  instrument	  

•  Background	  environment	  in	  an	  equatorial	  (inclina8on	  i	  <	  
2.5°,	  eccentricity	  e	  <	  0.01)	  low-‐Earth	  orbit	  (al8tude	  550	  -‐	  
600	  km)	  now	  well-‐known	  thanks	  to	  the	  Beppo-‐SAX	  and	  
AGILE	  missions	  
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E = 0.511 MeV, θ = 30° E = 50 MeV, θ = 30° 



 ASTROGAM 

10
-1

1

10

10 -1 1 10 10 2 10 3 10 4

COMPTEL
ASTROGAM

Compton Pair

Fermi/LAT

Gamma-ray energy (MeV)

An
gu

la
r r

es
ol

ut
io

n 
(d

eg
re

e)

Simula8on	   of	   the	   Cygnus	   region	   in	  
the	   1	   ‒	   3	   MeV	   energy	   band	   using	  
the	   ASTROGAM	   PSF,	   from	   an	  
extrapolaGon	   of	   the	   3FGL	   source	  
spectra	  to	  low	  energies	  

Angular	  resolu8on	  
ASTROGAM	  imaging	  capability:	  
Cygnus	  region	  chosen	  as	  an	  illustra8ve	  example	  
since	  source	  popula8on	  and	  diffuse	  emission	  
from	  this	  region	  is	  well	  known	  contrary	  to	  the	  GC	  	  



 ASTROGAM Energy	  Resolu8on	  

Energy resolution up to 10 MeV  (becomes 20-30% above 30 MeV) 



 ASTROGAM 

Adapted from Takahashi et al. (2013) 
•  ASTRO-H/SGD: S(3σ) for 100 ks exposure of an isolated point source 
•  COMPTEL and EGRET: sensitivities accumulated during the whole duration of the CGRO mission (9 years) 
•  Fermi/LAT: 5σ sensitivity for a high Galactic latitude source and after 1 year observation in survey mode 
•  ASTROGAM - 3σ/5σ sensitivity for a 1-year effective exposure of a high Galactic latitude source 

ASTROGAM

Sensi8vity	  



 ASTROGAM Line	  Sensi8vity	  

Gamma-ray line sensitivity: 
ASTROGAM will gain a factor 10 - 30 in line 

sensitivity  compared to INTEGRAL/SPI 
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•  Focused on the mostly unexplored energy range  
(0.5 - 100 MeV).  Continuum & line detection. 

 
•  It combines, for the first time, Compton and pair 

production events with an extended energy 
range (0.3 MeV - 3 GeV), excellent PSF and 
optimal sensitivity (better than ~ 20 compared to 
COMPTEL), much improving AGILE and Fermi 
below 1 GeV. 

 
•  Access to completely new “science window’’ for 

Galactic, extragalactic & fundamental science.  

 ASTROGAM Scien8fic	  mo8va8on	  



 ASTROGAM Core	  science	  

•  Tracing the formation of heavy elements and 
propagation of cosmic rays to star forming regions  

•  Anti-matter in our Galaxy and beyond 

•  Galactic Center: central black hole, “Fermi bubbles”, 
dark matter studies 

•  Supermassive black holes, the extragalactic and 
cosmic gamma-ray backgrounds 

•  Jet formation, extreme accelerators, gamma-ray 
bursts 



  ASTROGAM 

Galactic Radioactivities!
26Al, 60Fe, 44Ti lines, star formation!

Inner Galaxy and Antimatter !
resolving the mystery of the GC, e+ sources !

Compact Sources!
binaries, µ-quasars, AGNs, polarization !!
!
!
Gamma-Ray Bursts !
localization, spectroscopy, polarization !  !

Cosmic gamma-ray background!
MeV background!
! !!
!

Science	  summary	  

Dark Matter & Fundamental Physics!
DM signatures, fundamental physics, linked with: 
Athena, GWs, TeV, neutrino astronomy ! !!
!



What’s	  special	  about	  the	  medium-‐energy	  
gamma-‐ray	  domain?	  	  
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•  Nuclear	  spectroscopy	  (independent	  of	  T°	  and	  ionizaGon	  state)	  

•  Thermal/non	  thermal	  transiGon	  (variety	  of	  cosmic	  accelerators)	  

•  Positron	  annihilaGon	  

•  Dark	  maaer	  

Predicted gamma-ray 
emission from the inner 
Galaxy due to nuclear 
interactions of CRs 
containing a low-energy 
component adjusted to 
reproduce the observed 
mean CR ionization rate 
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ASTROGAM!

Positron	  annihila8on	  

Despite the fact that electron-positron annihilation is the brightest gamma-ray 
line in the sky the source of the Galaxy’s bulge positrons remains a mystery! 



•  The	  511	  keV	  emission	  from	  the	  Galac8c	  center	  is	  s8ll	  a	  mystery	  aJer	  more	  
than 40	  yr	  of	  observa8ons	  (Johnson	  et	  al.	  1972)	  

•  The	  bulge	  emission	  can	  be	  explained	  by	  the	  injec8on	  of	  1058	  -‐	  1060	  
positrons	  in	  the	  Galac8c	  center	  some	  millions	  years	  ago	  	  

⇒ Supermassive	  black	  hole	  ac8vity?	  Related	  to	  the	  Fermi	  bubbles?	  	  

•  ASTROGAM	  will	  produce	  much	  beFer	  maps	  of	  the	  511	  keV	  radia8on	  

23	   ASTROGAM An8maFer	  in	  the	  Galac8c	  bulge	  

Fermi/LAT - E > 1.7 GeV INTEGRAL/SPI - 511 keV (Bouchet et al. 2010) 

INTEGRAL/SPI 
ASTROGAM FWHM 



•  Dark Matter explored in an unique way 
– Galactic Center 
– Dwarf spheroids 
 

•  DM mass range unachievable by other 
means, unique 

	  
	  

 ASTROGAM Dark	  MaFer	  studies	  



 ASTROGAM 

Left panel: differential γ-ray energy spectra per annihilation for a fixed annihilation channel 
(b–bbar) and for a few sample values of WIMP masses (Cesarini et al. 2004). For 
comparison the emissivity (arbitrarily rescaled) from the interaction of primaries with the 
interstellar medium is also shown. Right panel: differential energy spectra per annihilation 
for a few sample annihilation channels and a fixed WIMP mass (200 GeV). The solid lines 
are the total yields, while the dashed lines are components not due to π° decays. 

The bulk of the emission even for high WIMP masses is in the 
energy range 5 - 100 MeV. Decaying DM can also produce a 
detectable line in the ASTROGAM energy range that might be 
detectable out of the continuum 

Dark	  MaFer	  studies	  



High DM density at the Galactic center 

à WIMP annihilation radiation from the GC  
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Slide adapted from A. Morselli 

 ASTROGAM Dark	  MaFer	  in	  the	  Galac8c	  Center	  



Milky Way Dark Matter 
Density Profiles: 

A.Lapi, A.Paggi, A.Cavaliere, A.Lionetto, A.Morselli, V.Vitale. A&A  
510, A90 (2010)   [arXiv:0912.1766]	


All profiles are 
normalized to the local 
density 0.3 GeV cm−3 
at the Sun’s location 
r ≈ 8.5 kpc 

Slide adapted from A. Morselli 



The GeV excess from the GC 

Claims of evidence for dark matter in the Galactic Center in Fermi data (outside 
the Fermi Collaboration): i.e. Calore et al., JCAP 2015 and arXiv:1409.0042v1 
 



Possible explanations: 
•  signal from WIMP dark matter annihilation  
•  gamma-ray emission from a population of millisecond pulsars, 
•  emission from cosmic rays injected (burst-like events or 

continuously) at the GC 
 
Large uncertainties: very crowded region, extremely difficult 
subtraction of the Galactic diffuse emission and contribution of 
unresolved sources. 
 
ASTROGAM will provide: 
•  precise source identification above a few hundreds MeV  
•  a much improved analysis (factor of 10 in resolving power) of the 

diffuse gamma-ray background  
à It will be possible to distinguish between astrophysical 
sources and a signal that follows a Dark Matter halo distribution  

Gamma-ray excess from the GC? 



Possible explanations: 
•  signal from WIMP dark matter annihilation  
•  gamma-ray emission from a population of millisecond pulsars, 
•  emission from cosmic rays injected (burst-like events or 

continuously) at the GC 
 
Large uncertainties: very crowded region, extremely difficult 
subtraction of the Galactic diffuse emission and contribution of 
unresolved sources. 
 
ASTROGAM will provide: 
•  precise source identification above a few hundreds MeV  
•  a much improved analysis (factor of 10 in resolving power) of the 

diffuse gamma-ray background  
à It will be possible to distinguish between astrophysical 
sources and a signal that follows a Dark Matter halo distribution  

Gamma-ray excess from the GC? 

@ 1 GeV  (68% c.r.) 

Fermi 6-years: 400 MeV – 2 GeV 



The	  inner	  Galaxy	  seen	  by	  AGILE	  (E	  >	  100	  MeV)	  
(work	  in	  progress)	  



POINTING	  –	  binsize	  =	  0.05	  deg	  (Preliminary).	  
AGILE	  
100	  MeV	  –	  400	  MeV	  

AGILE	  
400	  MeV	  –	  1	  GeV	  



Galactic Center Region  
ASTROGAM simulated data 

Left: ASTROGAM simulated sky map of the GC using the 3FGL catalogue for a 1.5-year 
integration. Right: Fermi-LAT (pass 7) data for a 6-year exposure (Gomez-Vargas and Morselli) 



Galactic Center Region  
ASTROGAM simulated data 

Left: ASTROGAM simulated sky map of the GC using the 3FGL catalogue for a 1.5-year 
integration. Right: Fermi-LAT (pass 7) data for a 6-year exposure (Gomez-Vargas and Morselli) 



CTA GC Halo 500 h 
Statistical error only 

Fermi 

 
ASTROGAM 

range 

Together with  Fermi and CTA, ASTROGAM  will probe most of the 
space of WIMP models with thermal relic annihilation cross section  

See Morselli Talk on Thursday 



Seyfert galaxies 
(Gilli 2007) 

All blazars 
(Giommi &  

Padovani 2015) 

Star-forming galaxies 
(Lacki et al. 2014) 

Radio galaxies 
(Inoue 2011) 

Adapted from Ackermann et al. (2015) 
 ASTROGAM Extragalac8c	  gamma-‐ray	  background	  
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•  EGB	  now	  measured	  over	  9	  orders	  of	  magnitudes	  in	  energy	  
•  Largest	  uncertain8es	  in	  the	  1	  MeV	  -‐	  100	  MeV	  range	  
•  Origin	  of	  the	  EGB	  in	  the	  0.3	  -‐	  100	  MeV	  range??	  Dark	  maaer	  contribuGon?	  	  

ASTROGAM	  



 ASTROGAM Conclusions	  

	  

•  e-‐ASTROGAM	  will	  change	  our	  view	  of	  the	  nearby	  and	  
distant	  Universe!	  

•  Next	  chance:	  ESA	  M5	  

•  Open	  to	  discussion	  and	  collaboraGon	  
	  


