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Outline

• MeV observations from space

• Proposed new instruments: 
– e-ASTROGAM
– AMEGO
– Science objectives

• COSI

• Nano-scale proposals

• Other technologies

• Conclusion
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A poorly covered regime

• Worst covered part of the electromagnetic spectrum is 0.1-100 MeV

• Many objects have peak emissivity in this range (GRBs, blazars, pulsars...)

• The MeV range is the domain of nuclear gamma-ray lines (supernovae, 
nucleosynthesis and Galactic chemical evolution). MeV astronomy is for 
nuclear physics what optical astronomy is for atomic physics.
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Why is it so?

• Compton regime 

– Require excellent 3D-point resolution 
and energy resolution

– Energy and direction recon (TKR and 
CAL) tightly entwined

• Pair-production regime
– Tracking resolution very important (be 

wary of multiple scattering)

– Energy and direction recon (TKR and 
CAL) loosely entwined

– Main concern is detector thickness 
(r.l.)

• Difficult to be truly optimal in both regimes 
across the gap with one detector 

(A. Moiseev)
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Plans for a MeV-GeV observatory

PICSiT modular detecton 
unit

CsI(Tl) pixel

Fermi/LAT AC system

Fermi SSD tracker

Tracker (FERMI, AGILE, PAMELA…)
Double sided Si microstrip detectors
No conversion foils: lots of Si!
Analog readout (pulse height)

Calorimeter (FERMI, AGILE, INTEGRAL…)
Finely segmented: good position resolution
Bottom-thick for the pair regime

ACD (FERMI, AGILE…)
Not much backsplash at 
these energies



Rando R. - TeVPA 2018 6

e-ASTROGAM

Tracker: 4 towers, 56 layers
5600 DSSD detectors, 500um thick, 240 um 
strip pitch
Readout: IdeF-X ASICs + ADC (13 bit)
Total 668 W

Calorimeter: 33,856 CsI(Tl) bars in 529 modules
5x5x80 mm3 bars, SiPM readout
4.3 radiation lengths, ~300 kg of scintillator
Readout based on VEGA ASIC

http://eastrogam.iaps.inaf.it

http://eastrogam.iaps.inaf.it/
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AMEGO

https://asd.gsfc.nasa.gov/amego

Tracker: 60 layers
DSSD detectors, 500um thick, 500 um strip pitch
Readout: IdeF-X ASICs + ADC (13 bit)

CsI bottom Calorimeter: 
15*15*38 mm3 bars in 6 layers
SiPm readout

CZT bottom&side Calorimeter: 
6*6*20 mm3 bars, virtual Frisch-grid setup
Sub-mm spatial resolution, <1% energy resolution (at 
662 keV) even with low-quality crystals

Developing prototypes of all subsystems
Test beam of all subsystems in late 2018 / 2019
Balloon flight in 2019

See S. Griffin:
“Status of the AMEGO Subsystem Development”

https://asd.gsfc.nasa.gov/amego
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Science

Credit: AMEGO
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IceCube/KM3NeT

LIGO/Virgo, KAGRA, INDIGO, European Pulsar Timing Array, 
Einstein Telescope,  Cosmic Explorer, LISA

CTA Athena E-ELT/LSST JWST ALMA SKAe-ASTROGAM/AMEGO

X- & g-ray binaries, 
microquasars

X- & g-ray binaries, 
microquasars

Supernova remnants 
& PeVatrons

Supernova remnants 
& PeVatrons

Pulsars, magnetars 
(polarizaton)

Pulsars, magnetars 
(polarizaton)

High-redshif blazars, 
high-accreton AGN

High-redshif blazars, 
high-accreton AGN

GRBs, merger events 
& other transients 

(polarizaton)

GRBs, merger events 
& other transients 

(polarizaton)

Supernovae, 
(kilo)novae, 

nucleosynthesis 

Supernovae, 
(kilo)novae, 

nucleosynthesis 

Cosmic rays & the interstellar 
medium (tracing gas & 
cosmic-ray feedback)

Cosmic rays & the interstellar 
medium (tracing gas & 
cosmic-ray feedback)

Credit: eAstrogam
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Science white book

e-ASTROGAM:
htps://arxiv.org/abs/1711717.0171652
114 authors
1794 pages

AMEGO:
Coming soon

https://arxiv.org/abs/1711.01265
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Observatory

Thousands of sources will be detected, from NSs to BHs, from CRs in gas clouds to SNRs in 
an energy range never fully explored  before, with a vital link to simultaneous GeV emission on 
board, and all the rest with the "global Observatory” putting together all other facilities .

Extrapolate from 4FGL 
in 17 efectve year:

• > 17000 (candidate) blazars 
• > 1700 pulsars
• Several 1700’s unidentfed 

+ resolved SNRs

+ GRBs (later)

+ a few novae, ~170 supernovae

+ new MeV sources? 

+ new MeV source classes? 

AMEGO 3σ 
sensitivity
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Angular resolution

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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Galactic center

• Understand the CR feedback on star formaton, ISM structures, galactc winds, & B-

feld growth

• Reveal the GeV (pressure) and sub-GeV (heat, ionizaton) CR’s in the Galactc ISM, & 

difusion propertes in diferent environments

• Trace the number of nucleons in all phases of the ISM
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GRBs

• 440 long GRB/year (determined using 
method of Lien et al 10174)

–  179.1/year with z>6

– All with localizaton

• Polarizaton! 

– 10% MDP for brightest 17% of AMEGO  
GRBs

• ~80 short GRB/year (by scaling short/long 
rato from GBM)

– Important implicatons for gravitatonal 
wave counterpart searches

Instrument (current) Energy range GRB/year localizaton

Fermi-GBM 8 keV – 40 MeV 140 (trig) 52-1752 deg

Swif-BAT 1752 keV – 17520 keV 90 arcmin

Fermi-LAT 520 MeV – 300 GeV 170 ~<0.52 deg

Insight-HMXT 100 keV – 52 MeV 52-1752 deg

INTEGRAL-IBIS 1752 keV – 170 MeV 1-52 arcmin

Instrument (proposed) Energy range GRB/year localizaton

AMEGO* 100 keV – 170 GeV 5200 0.52-1 deg

TAP/TAO 170 keV – 17 MeV 140 52-1752 deg

SVOM-eclairs 4 keV – 1710 keV 80 arcmin
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Multimessenger GW17108171

1) Short GRBs association with 
Gravitational Waves from NS-BH 
mergers? 
2) AGN sources of VHE neutrinos 
and thus of UHECR?

e-ASTROGAM/AMEGO:
● wide FoV, prompt detection, 

localization
● detection of (~1 – 20) NS-NS 

mergers/year with GW after 
KAGRA + INDIGO

● Emission lines

IceCube-170922A (TXS 0506 +056)
+
e-ASTROGAM sensitivity (7 days)
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Compton Spectrometer and Imager (COSI)

● Balloon-borne compact Compton telescope
● Germanium detectors @ 83 K
● 0.2 – 5 MeV, energy resolution 2.7 keV @ 662 keV
● Successful flight (46 days) in 2016, next planned for 2019
● Several sources (Crab, Cen A, Cyg X-1, …)
● Long GRB 160530A
● Upper limit on polarization: <46% at 90% c.l.

● See also https://arxiv.org/pdf/1705.02652.pdf

GRB 160530A

https://arxiv.org/pdf/1705.02652.pdf
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Nano instruments

Small (few liters, few kg), cheap, large FOV, constellations
Very high sky coverage
Optimal for GRBs! Several proposals, a few that I know that reach 1 MeV:

Several more, and many more in the x-ray range
Dedicated workshop in a few weeks:
https://asd.gsfc.nasa.gov/conferences/grb_nanosats

Burstcube
HERMESGECAMGammaMEV

https://asd.gsfc.nasa.gov/conferences/grb_nanosats
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Other technologies

● HARPO (gas TPC) 
– Polarimetry in the MeV regime demonstrated in test beam

● AdEPT (gas TPC)

 see poster by D. Bernard

 see talk by A. Timokhin
● GRAINE (emulsion, balloon flight)

CMOS pixel detector, see talk by H. Yoneda
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Conclusion

MeV astrophysics: 

✔ Strong scientific case

✔ Lively community

Stay tuned for news
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Spares
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Sensitivity AMEGO
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Sensitivity e-ASTROGAM
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Eres e-ASTROGAM
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polarization

• γ-ray polarizaton in objects emitng jets 
(GRBs, Blazars, X-ray binaries) or with 
strong magnetc feld (pulsars, 
magnetars)  magnetzaton and content 
(hadrons, leptons, Poyntng fux) of the 
outlows + radiaton processes

• γ-ray polarizaton from cosmological 
sources (GRBs, Blazars)  fundamental 
questons of physics related to Lorentz 
Invariance Violaton (vacuum 
birefringence)

 e-ASTROGAM will measure the у-ray 
polarizaton of ~ 200 GRBs per year 
(promising candidates for highly g-ray 
polarized sources)

DE = 0.2 - 1 MeV

P = (75.0 ± 7.2)%

GRB 140206A with e-ASTROGAM

INTEGRAL/IBIS - GRB 140206A (z = 2.74)

Qoff-axis = 30°
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P > 48% (68% c. l.)
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Chemical evolution

• Understand the CRay feedback on star formaton, ISM structures, galactc winds, & 

B-feld growth

• Reveal the GeV (pressure) and sub-GeV (heat, ionizaton) CRays in the Galactc ISM, 

& difusion propertes in diferent environments

• Gauge non-linear gas tracers (dust propertes per gas nucleon & CO-to-H1 rato) in 

diferent environments using CRays
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