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Abstract: The emission of our Universe is well characterized at most wavelengths, but a gap
remains at MeV energies. This is an energy range where nuclear decays type Ia supernovae
(SNIa), emission from radio-loud and radio-quiet AGN and potentially dark matter
interaction can each contribute to the MeV background. An all-sky MeV mission will allow
us to measure the intensity and the angular fluctuations of the MeV background. This will
allow us to constrain models of SNIa formation, the evolution of radio-loud and radio-quiet
AGN, the growth of the most massive black holes and to constrain the cross-section for dark
matter interaction.
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1 Science Background
The origin of the MeV background, in the ∼0.2-100 MeV gap region, remains a long-standing
issue in astrophysics. The first measurements by the APOLLO 15/16 missions (18) displayed an
intriguing ‘MeV bump’ that was not later confirmed by HEAO-4 , SMM and COMPTEL
(8; 20; 21). These latter missions characterized the MeV background spectrum as a power-law
extension of the cosmic X-ray background (up to ∼3 MeV) (2). Up to this day there is no clear
understanding of which source population, or emission mechanism, may account for the intensity
of the MeV background. This is also due to the fact that the background itself remains also not
well measured. Indeed, in the MeV energy range the extragalactic background is measured by the
SMM and COMPTEL. Both instruments had several shortcomings with respect to performing an
accurate measurement of the MeV background. SMM stared at the Sun and thus was limited to
observations along the ecliptic plane, thus biasing the observations of the extragalactic diffuse
emission. COMPTEL on the other hand was background dominated below 4 MeV (mostly due to
activation) and its diffuse background measurement is affected by strong systematics (21).

2 Importance of gamma-ray observations
Dark matter annihilation (4), non-thermal emission from Seyfert galaxies (9), nuclear decays
from Type Ia supernovae (6; 16), and emission from blazars (3) and radio-galaxies (10; 15) are
among the candidates that were put forth to explain part or the totality of the MeV background.
Blazars, radio-galaxies, and type Ia supernovae have been detected at MeV energies and as such
their contribution to the MeV background is guaranteed. On the other hand the contribution from
a putative dark matter interaction or the non-thermal emission of Seyfert galaxies is less secure.
The latter is however worth of attention because by invoking the presence of non-thermal
electrons in AGN coronae, it makes radio-quiet AGN a population able to account for both the
X-ray and MeV backgrounds, justifying at the same time the power-law shape of the low-energy
part of the MeV background. Moreover, recent ALMA observations have revealed an existence of
non-thermal coronal synchrotron emission from nearby Seyferts (13). This secures that
non-thermal electrons also exist in AGN coronae together with the thermal population. On the
other hand, part of the < 3MeV background spectrum can be accounted for by the emission of
extremely powerful blazars, which are easily detected in the hard X-ray range and display very
hard power-law spectra (3). The most interesting aspect is that in order to connect the X-ray and
the γ-ray (i.e. GeV) background, the spectrum of the MeV background must harden at around
1-2 MeV and become softer at 40-60 MeV (see Fig. 1). This implies that either there are at least
two source classes contributing to the MeV background or that another source class that exhibits a
spectral bump needs to be considered. Star-forming galaxies, whose MeV to GeV emission is
powered by cosmic rays, may be this additional population (14).
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Figure 1: Spectrum of the high-energy background from X-ray to GeV γ-rays. Adapted from (1).

3 Expected results with an all-sky MeV mission

3.1 Intensity Measurement
An all-sky MeV mission will be able to perform a new, accurate, measurement of the MeV
background at > 300 keV and up to a few hundred MeV providing good overlap with the X-ray
and the γ-ray backgrounds. The measurement of the MeV background will require careful
modeling of the Galactic diffuse emission and of the instrumental background. The former can be
achieved using predictions of Galactic cosmic ray propagation models (17) tuned to fit the MeV
telescope data, while the latter will require detailed Monte Carlo simulations and an event
selection that minimizes non celestial signal. This new measurement may or may not confirm the
spectral hardening and the softening at 40-60 MeV thus shedding light on the origins of the MeV
background.

3.2 Angular Fluctuations
It is unlikely that the next generation MeV mission will be so sensitive to resolve enough (or a
large fraction of ) of the MeV background to unveil its origin. However, the angular fluctuations
of the MeV sky will be used as a complementary tool to probe its origins (5; 11). Fig. 2 shows the
Poisson term of the angular power spectra of Seyferts with non-thermal electrons in coronae (9)
and FSRQs (3). For reference, we also plot Seyferts with simple thermal cutoff spectra (19), but
note that those do not explain the MeV background. Since the contribution of the correlation term
is negligible in this energy region (given the flux sensitivity of future instruments), the angular
power spectrum is dominated by the Poisson term. As clearly seen in the Figure, the Poisson
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fluctuation measurement is a powerful tool to distinguish the origin of the MeV background. The
difference of the Cp

l of Seyferts and FSRQs is more than an order of magnitude. This is due
because Seyferts are fainter but more numerous than blazars. A new all-sky MeV mission will be
able to unveil the origin of the MeV background through the measurement of the anisotropy of
the sky.
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Figure 2: Expected Poisson term of the angular power spectrum of the cosmic MeV gamma-ray
background at 200 keV–10 MeV. Red and blue curve corresponds to Seyferts with non-thermal
electrons in coronae (9) and FSRQs (3), respectively, assuming the MeV background is explained
by them. For reference, we also plot the model of Seyferts with thermal cutoff (19) by dotted curve
which does not explain the MeV background radiation. Adapted from (11).

4 Summary
The emission of our Universe is well characterized at most wavelengths except at MeV energies.
This is an energy range where nuclear decays from SNIa, emission from radio-loud and
radio-quiet AGN and potentially dark matter interaction concur to create the MeV background.
An all-sky MeV mission will allow us to measure the intensity and the angular fluctuations of the
MeV background. Both will allow us to shed light on its origin. The MeV background provides
crucial information to probe formation models of powerful blazars, the non-thermal content of
AGN coronae, the rate of SNIa and dark matter interaction. Its characterization will open a new
window on the study of the evolution of our Universe and should be done within the coming
decade.
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