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Gamma-ray energy bands

Credit: J. McEnery 2018
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Medium-energy Gamma-ray Astrophysics

Credit: J. McEnery 2018
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Nuclear processes and the MeV band

 The MeV band is special!

 Nuclear processes (i.e. atomic nuclei de/excitation) only

accessible at observational energies of 0.05 to 16 MeV
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Gamma-ray Spectroscopy

Credit: J. McEnery 2018
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Nucleosynthesis
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Understanding the Origin of the 511-keV emission

Credit: A. Zoglauer 2019
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Open a new dimension: Polarization

Credit: A. Zoglauer 2019
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Detecting MeV Gamma-rays

 To fill the «MeV Gap» we need to consider:

o Compton scattering

o Pair production 
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COMPTEL on CGRO

Credit: W. Collmar 2019
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COMPton TELescope «COMPTEL»

Credit: W. Collmar 2019
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First COMPTEL Source Catalog
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Recent COMPTEL Re-analysis

 PRELIMINARY results by Collmar+2019

Work in progress: generation of a 

2. COMPTEL source catalog

(cur. ~45 sources)
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COMPTEL & its background



The MeV/GeV domain

• Currently: 

 Worst covered part of the electromagnetic spectrum 

(only a few tens of steady sources detected so far between 0.2 and 30 

MeV)
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An instrument that combines two detection techniques

AC system

Tracker

Calorimeter
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Detection of (sub)MeV-GeV gamma-rays



Proposed

future space detectors



An observatory for gamma rays
In the MeV/GeV domain

Detector paper: Exp. Astronomy 2017, 44, 25 arXiv:1611.02232

Science White Book: arXiv:1711.01265 (213 pages)

19
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e-ASTROGAM performance assessement

 Evaluated with MEGAlib and a detailed 

numerical mass model of the gamma-ray 

instrument
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e-ASTROGAM performance assessement

 Total Extragalactic Background

This lack of data reflectes into
uncertainties in the global
photon flux
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PKS 2149-306 (z = 2.345)

22

e-ASTROGAM Core science motivations

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 particles on galaxy evolution, from 

cosmic rays to antimatter 

3. Nucleosynthesis and the chemical enrichment of our Galaxy
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e-ASTROGAM Core Science Motivation
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e-ASTROGAM Scientific requirements
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e-ASTROGAM design concept

Credit: V. Tatischeff 2019
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e-ASTROGAM Tracker
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e-ASTROGAM Calorimeter
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e-ASTROGAM ACD
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e-ASTROGAM mission proposal

Credit: V. Tatischeff 2019
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e-ASTROGAM synergies
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e-ASTROGAM Science White Book

Credit: V. Tatischeff 2019
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ESA Call for a Fast (F) Mission
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All-Sky-ASTROGAM
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AS-ASTROGAM Monitoring the gamma-ray Universe
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AS-ASTROGAM & GRBs
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AS-ASTROGAM & Explosive Nucleosynthesis
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AMEGO Science
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AMEGO & GRBs
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AMEGO & sGRBs as GW Counterparts
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AMEGO & Multimessenger Astrophysics
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AMEGO & MeV Blazars
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AMEGO & Neutrino Counterparts
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AMEGO & the 511 keV line spectroscopy
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AMEGO

Credit: C. Kierans 2019

https//asd.gsfc.nasa.gov/amego
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AMEGO
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AMEGO Payload
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AMEGO Science Objectives
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AMEGO simulated performance via MEGAlib
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AMEGO current development
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AMEGO current efforts



Current & future

Balloon detectors
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Compton Spectrometer and Imager (COSI)
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COSI Overview

Credi: A. Zoglauer 2019
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COSI Overview: Operating principle

Credi: A. Zoglauer 2019
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The COSI Germanium detectors

Credi: A. Zoglauer 2019
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The COSI detector HEAD

Credi: A. Zoglauer 2019
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Credi: A. Zoglauer 2019
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Credi: A. Zoglauer 2019
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COSI flight path

Credi: A. Zoglauer 2019
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GRB 160503 – Polarization analysis

Credi: A. Zoglauer 2019
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511-keV Emission from the Galactic Center

Credi: A. Zoglauer 2019
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Spectral analysis pipeline & Crab

Credi: A. Zoglauer 2019
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COSI next steps

Credi: A. Zoglauer 2019
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Technology advances for COSI-X

Credi: A. Zoglauer 2019
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ASCOT

The Advanced Scintillator Compton Telescope

Developed by University of New Hampshire

Credit: P. Bloser 2019
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ASCOT Insturment overview

Credit: P. Bloser 2019
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ASCOT Balloon Flight

Credit: P. Bloser 2019
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ASCOT Balloon Flight

Credit: P. Bloser 2019
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Simulation of Potential Explorer Mission

Credit: P. Bloser 2019
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ASCOT – Lesson learned

Credit: P. Bloser 2019
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Credit: D. Bernard 2019
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GRAINE

Credit: D. Bernard 2019
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Credit: D. Bernard 2019
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Nanosatellites for Gamma-ray Astronomy

 Satellite classification by mass:

o Large >1000 kg

o Medium 500-1000 kg

o Small < 500 kg

 Nanosatellite: 1-10 kg

 Satellite classification by volume - Cubesat:

o ‘1U’ – 10 cm x 10 cm x 11.35 cm

o Provides standard platform

capability

o Up to 27U (30-40 kg)

 Also ‘PocketCube’:

o 5 cm x 5 cm x 5 cm

Credit: L. Hanlon
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Rationale for Nanosatellites

 Standard platform and components accelerates development 

of flight qualified technology via in-orbit demonstration

 Low mass/volume allows piggy-back launches, reducing costs

 ‘Flocks’ or ‘constellations’ of hundreds of nanosats provide both 

redundancy and novel operational concepts
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Science with/enabled by  Nanosatellites

 MinXSS Cubesats (Colorado) measure soft x-ray

solar spectrum from 0.4 keV-30 keV with resolution

of ~0.15 keV FWHM (e.g. Woods+ApJ, 2017)

 NASA’s InSight landing on Mars was
supported by CubeSats to relay the 

lander’s radio signals back to Earth and 

return imagery of the planet

 ESA plans to incorporate 2 CubeSats in 

its asteroid rendezvous mission, 

Hera, as landers and for 

deep space inter-satellite links
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Reference: 

https://asd.gsfc.nasa.gov/conferences/grb_nanosats/program.html

CubeSat Approach to Gamma-Ray Astronomy 
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Ionospheric Gamma-ray Observations Satellite

 3U nanosatellite

 Characterizatio of the aurora zones and the
South Atlantic Anomaly.

 Student program (Paris-Diderot University and 
CNES)

 2 payloads:

o A scintillator (CeBr3+plastics readout by SiPM) to
measure electrons and gamma-ray spectra and light
curves.

o A dual frequency GPS system to get the electron
density in the ionosphere.

 Currently preparing the Qualification Model for
environment tests late 2019;

 Launch: end of 2020.

Scintillator

payload

IGOSAT
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EIRSAT-1

 2U spacecraft which is compliant with 

ESA ‘Fly Your Satellite’ Design Specification

 Being implemented by a student team in 

Dublin

 Currently in Phase D 

 Delivery to ESA in mid-2020 

 Deployment from ISS is current baseline

 3 experiment payloads developed at UCD

o GMOD – a 𝛾-ray detector

o EMOD – to make LEO measurements of 
SolarBlack and SolarWhite thermal management 
coatings developed for Solar Orbiter

o WBC – a control scheme for flexible mechanical 
systems
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BurstCube Overview

Credit: J. Racusin 2019
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BurstCube Mission Concept
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BurstCube Localizations
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BurstCube Implementatin
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BurstCube Performance
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BurstCube Updates
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BurstCube Status
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Glowbug

Credit: M. Kerr 2019
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The Glowbug instrument

Credit: M. Kerr 2019
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The Glowbug detectors

Credit: M. Kerr 2019
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Glowbug instrument sensitivity

Credit: M. Kerr 2019
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HERMES
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HERMES
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HERMES Mission Concept
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HERMES Main Goals
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HERMES Main Goals
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HERMES Performances



E. Bissaldi                       Multimessenger data analysis in the era of CTA • Sexten • 28 June 2019                      99

HERMES Detector 
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HERMES Detector
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Space-based high-energy gamma-ray missions

Credit: Della Volpe 2018
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The SVOM Mission
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SVOM Payload

 Instruments with Wide FoV

Credit: B. Cordier 2019
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SVOM Payload

 Instruments with narrow FoV Credit: B. Cordier 2019
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SVOM Orbit and Pointing strategy

Credit: B. Cordier 2019
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SVOM as an Open Observatory

Credit: B. Cordier 2019
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THESEUS
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 THESEUS Core Science:

1. Probe the physical properties of the early Universe, by discovering 

and exploiting the population of high redshift GRBs

2. Provide an unprecedented deep monitoring of the soft X-ray 

transient Universe, providing a fundamental contribution to multi-

messenger and time domain astrophysics in the early 2030s (synergy 

with aLIGO/aVirgo, eLISA, ET, Km3NET and EM facilities e.g., LSST, E-

ELT, SKA, CTA, ATHENA)

 THESEUS Observatory Science:

1. Study of thousands of faint to bright X-ray sources by exploiting the 

unique simultaneous availability of broad band X-ray and NIR 

observations

2. Provide a flexible follow-up observatory for fast transient events with 

multi-wavelength ToO capabilities and guest-observer programmes.

109
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LEO (< 5°, ~600 km)

Rapid slewing bus

Prompt downlink 

THESEUS mission concept

 Soft X-ray Imager (SXI)

o 4 sensitive lobster-eye telescopes
o [0.3 - 5 keV] 
o FOV = ~1sr 
o Source location accuracy 0.5-1’

 X-Gamma rays Imaging Spectrometer
(XGIS)

o 3 coded-mask X-gamma ray cameras
• Bars of Silicon diodes coupled with 

CsI crystal scintillators
o [2 keV – 10 MeV] 
o FOV of ~2-4 sr, overlapping the SXI
o ~5’ source location accuracy

 InfraRed Telescope (IRT)

o 0.7m class IR telescope
o [0.7 – 1.8 μm] 
o 10’x10’ FOV
o imaging and moderate resolution

spectroscopy capabilities (-> redshift)
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Exploring the multi-messenger transient sky

 Locate and identify the 
electromagnetic counterparts to 
sources of gravitational radiation and 
neutrinos, which may be routinely 
detected in the late ‘20s / early ‘30s by 
next generation facilities like 
aLIGO/aVirgo, eLISA, ET, or Km3NET;

 Provide real-time triggers and accurate 
(~1 arcmin within a few seconds; ~1’’ 
within a few minutes) high-energy 
transients for follow-up with next-
generation optical-NIR (E-ELT, JWST if still 
operating), radio (SKA), X-rays 
(ATHENA), TeV (CTA) telescopes;  
synergy with LSST

 Provide a fundamental step forward in 
the comprehension of the physics of 
various classes of  transients and fill the 
present gap in the discovery space of 
new classes of transients events
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The Theseus Mission

 THESEUS, under study by ESA and a large European collaboration 

with strong interest by international partners (e.g., US)  will fully 

exploit GRBs as powerful and unique tools to investigate the early 

Universe and will provide us with unprecedented clues to GRB 

physics and sub-classes.

 THESEUS will also play a fundamental role for GW/multi-
messenger and time domain astrophysics at the end of next 

decade, also by providing a flexible follow-up observatory for 

fast transient events with multi-wavelength ToO capabilities and 

guest-observer programmes

 THESEUS  will enhance importantly the scientific return of next 

generation facilities in the multi messenger (aLIGO/aVirgo, LISA, 

ET, or Km3NET) and e.m. (e.g., LSST, E-ELT, SKA, CTA, ATHENA) 

domain

o http://www.isdc.unige.ch/theseus/
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Theseus Mission Timeline

 May 2018: THESEUS selected by ESA for M5 Phase 0/A study 

o Smooth CDF study, successful MDR -> Phase A 

o Efficient and positive interaction between ESA and  consortium 


