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The All-Sky Medium Energy Gamma-ray Observatory (AMEGO) will survey the entire sky every
three hours with its wide field of view and excellent continuum sensitivity between 200 keV and
10 GeV. This is a prime mission to study the long-term and short-term behavior of Active Galactic
Nuclei (AGN) in the MeV range. Studying AGN that have their peak power output in the MeV
band will allow us to determine the emission mechanisms underlying these extreme phenomena.
Furthermore, recent results from the Fermi Large Area Telescope have shown that MeV blazars
are some of the most luminous and most distant gamma-ray AGN. A mission like AMEGO will
provide the first ever census of AGN in the relatively unexplored MeV domain.
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1. AMEGO

The All-Sky Medium Energy Gamma-ray Observatory (AMEGO) is a mission in considera-
tion as a probe for the 2020 Astrophysics Decadal review. AMEGO will survey the entire sky every
three hours and see 80% of the sky every orbit with its wide field of view (∼ 2.5 sr) and excellent
continuum sensitivity between 200 keV and 10 GeV (see Figure 1). The AMEGO design uses well
understood, well tested technologies with significant space heritage.
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Figure 1: The simulated AMEGO 3σ continuum sensitivity with incoming gamma-rays at an incidence
angle of 37◦. We assumed a 3-year mission or an exposure of 3 years with a 20% efficiency (due to field of
view and SAA). Both the incidence angle and the efficiency were chosen to partially account for the orbit.
For more details on the other curves in the figure see [1].

AMEGO will detect medium energy gamma-rays via pair production from ∼ 10 MeV to 10
GeV and via Compton scattering from 200 keV to ∼ 10 MeV. An incoming photon will undergo
one of these interactions in a tracker composed of 60 layers of double sided silicon strip detec-
tors (DSSDs) coupled to an analogue readout. This tracker will record the energies and tracks of
electrons and positrons as they pass through it. A Cadmium Zinc Telluride (CZT) calorimeter is
placed under the tracker as well as half way up the sides to measure the location and energy of
Compton scattered photons. Finally a Cesium Iodide (CsI) calorimeter resides under the lower
CZT which extends the upper energy range by measuring the energies of the particles produced
via pair production and provides sensitivity to polarization and increased spectral capabilities. The
full instrument is surrounded by a plastic anti coincidence detector (ACD) to veto charged particle
backgrounds. For more details on the AMEGO mission see [2].

Over the past several decades the high energy (100 MeV to 100 GeV) sky has been surveyed
by the Fermi Gamma-ray Space Telescope and several instruments on the ground such as HESS,
VERITAS, MAGIC, HAWC and FACT have opened up new windows in the VHE sky (E > 100
GeV). These missions and experiments significantly advanced gamma-ray astronomy and discov-
ered many different types of objects. However, the medium energy gamma-ray sky has remained
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relatively unexplored (detailed measurements have been made by INTEGRAL up to 2 MeV and
the transient few keV - ∼ 30 MeV sky has been monitored by GBM while the last all-sky survey
was performed by COMPTEL [3]). The MeV sky is a difficult region due to the high backgrounds
and convergence of two types of detection methods (Compton and pair) but the rewards are too
great to ignore and the technology proven on Fermi-LAT can be used to build a successful mission.

Figure 2: The AMEGO mission will observe the MeV gamma-ray sky via continuum, spectroscopy, and
polarimetry. This triad of capabilities will allow us to study numerous different types of sources.

The AMEGO energy band covers transition between the thermal and non-thermal Universe.
It is the only part of the electromagnetic spectrum where it is possible to directly observe nuclear
processes (atomic nuclei de-excitations and excitations). It is also possible to observe gamma-ray
lines due to radioactive isotopes produced in supernovae[4]. Specifically, it covers the positron
annihilation line at 511 keV. Also, large populations of known sources exist with their peak power
output in the MeV range making it crucial to study for source energetics. The AMEGO mission
will initiate breakthroughs in our understanding of extreme environments.

• Astrophysical Jets: Understand the formation, evolution, and acceleration mechanisms.

• Compact Objects: Identify the physical processes in the extreme conditions.

• Dark Matter: Test models that predict signals in the MeV band.

• MeV Spectroscopy: Measure the properties of element formation in dynamic systems.

An array of objects (see Figure 2) including Pulsars and Magnetars, Gamma-ray Bursts and Mul-
timessenger Astrophysics [5], Dark Matter [6], and Active Galaxies [these proceedings] present
various versions of these phenomena. AGN are the most numerous objects in the gamma-ray sky
(58% of the Fermi-LAT catalog [7]). Many AGN seen in the LAT have their peak power output in
the MeV band making them prime targets for AMEGO (§2). Additionally, the MeV band is ideal
for studying radio galaxies (§3) and Starburst Galaxies (§4).

Beyond understanding the jets that power these systems, AGN are cosmological probes. High
redshift blazars trace massive black hole (BH) growth at very early times and low redshift radio
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lobes can be used to measure the Extragalactic Background Light. They also play a role in structure
formation and galaxy evolution. They might alter the rate of star formation [8, 9], play a role in the
heating of cluster gas [10] as well as heating galaxy-scale gas [11, 12]. Starburst galaxies and radio
loud AGN are also among the best candidates to explain the recently reported IceCube neutrino
flux [13].

To fully understand AGN multi wavelengths observations are crucial and must be observed
from radio to gamma-rays to be understood. They are also beamed so that it is difficult to see
objects that are off-axis (the corollary to this is that we receive a huge boost for those on axis
allowing us to observe MeV blazars to high redshifts). These beaming differences also produce
synchrotron spectra peaks ranging over 6 orders of magnitude in luminosity, and more than 4
orders of magnitude in peak frequency location.

2. MeV Blazars

MeV blazars are a powerful subclass of AGN that have their inverse Compton (IC) peak below
100 MeV (an example is shown in Figure 3). This population is not well understood and is very
important to understand AGN as a population and their place in the Universe. It is clear from
Fermi-LAT that there is a large population of these objects [14]. MeV blazars are among the most
powerful persistent objects in the Universe. Their jet power exceeds their accretion luminosity
hinting towards the importance of black hole spin. A massive BH powers these objects (≥ 109M�)
and they have extremely luminous accretion disks. Interestingly they are detected up to very high
redshift [15].

Figure 3: Left: SED of blazar PMN J0641+0320 (from [16]) with energy output peaking in the MeV energy
band, shows curves that represent different models for the location of the jet energy dissipation. Right: This
figure (from [17]) confirms the existence of an early peak (z ∼ 4) of black hole formation in jetted AGN, in
contrast to the main formation epoch of massive radio quiet quasars (z ∼ 2.5).

Despite being very bright, the number of detected MeV blazars is not large. Tens have been
detected by Swift/BAT [15] and a few have been discovered with NuSTAR via follow-up of LAT
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observations [18]. The limitations are the sensitivity of the BAT and the field of view of NuSTAR.
Most recent efforts have been based on the improved low-energy response of the LAT (Pass 8)
which resulted in the detection of five z > 3.1 blazars. These high z objects all have large BHs
(MBH > 108−9M�) and high Lorentz factors (13 -15). Every detection of a blazar implies 2Γ2

objects not pointed in our direction [19] [18] has found 2 new blazars between a redshift of 3 and 4
with a MBH greater than 109M� (only 5 of these systems where previously known) which implies
the existence of 675 more objects at the same redshift. The MeV blazar population is large and
an instrument like AMEGO should detect more than 100 of them up to and beyond a redshift of 5
[20]. The study of this source class will speak to SMBH growth, the disk-jet connection, radiative
processes, and the MeV background.

MeV blazars have evolved more strongly than any other source class (Figure 3). Their max-
imum density may have occurred early in the Universe despite their large mases. It is clear that
their radio loud phase may play a very important role in the growth of massive black holes. It is not
understood how a black hole can grow this rapidly. It could be mergers, super Eddington accretion
or a combination of both [21].

In MeV blazars a major fraction of the bolometric power radiates in hard X rays to gamma
rays (Figure 3). An accurate determination of the IC peak is crucial to estimate the jet power which
will yield a tighter constraint on the accretion-jet connection. The measurement of the IC peak
is a missing component that will be revealed by AMEGO. Additionally the hard X-ray to MeV
spectrum characterizes the seed photon field for the IC process. The source photons for the IC
emission (broad-line region or IR-torus) are different depending on the energy range. The question
of hadronic vs. leptonic emission could be answered in the MeV band. The models are very
different in this band (emission is usually modeled as IC or proton and/or muon synchrotron) and
polarization could be the determining factor.

3. Radio Galaxies

Similarly to MeV blazars, radio loud AGN are not well understood systems. Several funda-
mental open questions remain including understanding their particle content; determining their jet
speeds, lifetimes, and duty cycles; understanding the connection of the Jet to the black hole; under-
standing the large range in morphology, jet power, and differences in particle acceleration modes
between different systems; and understanding their total energetics.

For misaligned AGN their weak jets become soft in the Fermi-LAT band [22]. This is consis-
tent with velocity gradients in the jets and puts many of these AGN below the detection threshold
of the LAT and means that there are very few misaligned jets with well-measured Compton peaks.

Similarly only two systems with giant radio lobes have been measured in the gamma-ray; Cen
A [23] and Fornax A [24]. These objects span large distances and are produced by plasma slowing
down outside of the jet built up over the lifetime of the source. There is clear evidence that jets
disturb and transfer energy to the inter cluster medium (ICM) [25]. Lower limits on the energy
can be estimated from thermodynamic work needed to inflate cavities seen in X-rays [26]. Open
questions remain about their particle content, the total energetics (equipartition might not be valid)
and exactly how energy is transferred to the ICM. Resolving Fornax A with AMEGO would allow
a measurement of the CMB [24].
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4. Starburst Galaxies

At MeV energies the emission from starburst galaxies is diffused throughout the galaxy and
not concentrated at the center or produced via jet activity (although some starburst galaxies might
also harbor an AGN). This emission arises from cosmic ray interactions with gas and starlight. By
studying starbursts in the MeV band we can learn about cosmic ray propagation and interactions.

A starburst galaxy provides a unique laboratory to study the production and propagation of
cosmic rays. We have been doing this for over a century in our own galaxy but have been ham-
pered by being embedded within it. By looking outside of our galaxy we can use the broadband
spectrum from X-rays to TeV gamma-rays to determine the underlying distribution of the cosmic
rays. We have been looking at these object throughout the electromagnetic spectrum but the MeV
band has been missing and is critical for constraining models (Figure 4). Open questions remain
regarding cosmic ray acceleration and propagation throughout the galaxy and outside of it, and
the emission processes that result in the broadband non-thermal diffuse spectrum from X-rays to
gamma rays. Also at issue is whether cosmic rays play a role in star formation and their impact
on the galactic environment. Specifically, the study of starburst galaxies at MeV energies can shed
light on cosmic ray interactions and diffusion altering the nature of gas, gas heating and the regu-
lation of star formation, impacts on chemical abundances in the ISM, diffusion altering magnetic
fields, driving magnetic winds, effects on equipartition, and escape (via diffusion or advection via
magnetic winds). Each of these questions is interesting in its own right but overall the study of
cosmic rays in starburst galaxies via MeV observations is interesting because these objects are so
different from our own local environment and our own galaxy. They have higher gas densities,
stronger magnetic fields, and much higher star formation and supernova rates. This is a unique
opportunity to study the role cosmic rays play in shaping their environment.

Figure 4: Broadband spectra of NGC253 showing the lack of information in the MeV band. MeV observa-
tions will disentangle if the emission is Leptonic (left) or Hadronic (right). Figure from [27].

Aside from the diffuse emission in starburst galaxies, radioactive isotopes such as 26Al and
60Fe are produced and injected into the ISM by massive stars. These isotopes have lifetimes com-
parable to the lifetimes of OB associations and we expect to see line emission from these isotopes
in regions where massive stars have formed recently. It is also interesting to look for the 44Ti pro-
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duced in SN explosions, 511 keV from positron annihilation and other Type Ia supernova lines
such at 56Ni and its daughter isotope 56Co [4].

5. Summary

The study of AGN at MeV energies will enhance our understanding of these powerful objects.
A new instrument that is sensitive in the MeV energy range with an order of magnitude better
angular resolution than previous instruments is needed. AMEGO, which has a projected energy
and angular resolution that will increase sensitivity by a factor of 20-50 over previous instruments
and a new capability of measuring polarisation in the gamma-ray band, will allow us to explore
MeV blazars, starburst galaxies, radio galaxies and other AGN with a completely new perspective.
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