
bombarded by CRs escaping the SNR7;10;30, and time-varying release of CRs of a given energy
over the course of the SNR’s evolution10;29;30. SNR reverse shocks can also accelerate particles
leading to time evolution in the spectra and morphologies of their nonthermal emission30. Com-
bining MeV observations with those at GeV and TeV energies from current and next-generation
observatories such asCTAwill allow us to more signi�cantly constrain DSA theories.

Further insight into SNR CR populations requires elemental abundance measurementsat the
source(i.e., without propagation effects), a unique purview of MeVγ-ray astronomy as elements
can be identi�ed through nuclear de-excitation lines that appear in the MeV band. As such, MeV
spectral line measurements will be crucial in assessing the role of re-acceleration in older SNRs
and in providing much needed information about the environments of younger SNRs. Continuum
measurements at MeV energies in young SNRs will also be needed to identify the �pion bump� and
verify that they do indeed accelerate fresh CRs. MeV measurements of bremsstrahlung emission in
SNRs will determine their electron energy densities, that when combined with radio measurements
from instruments such asLOFARor SKAof synchrotron emission, will determine their magnetic
�eld strengths, a crucial input for the DSA process12. Additional tests of the DSA process will
be enabled by MeV astronomy as observations of SNRs will allow for population studies that will
determine the evolution of the high-energy spectrum and morphology with SNR age. This will also
provide a means for assessing the impact(s) of the circumremnant medium and the reverse shock,
particularly when combined with multiwavelength observations in radio, X-rays, and GeV and
TeV γ-rays. MeV astronomy will also provide an excellent synergy with next-generation neutrino
observatories (e.g., IceCube-Gen 2) as hadronic interactions occurring within in SNRs and nearby
molecular clouds produce neutrinos as well asγ-rays.

Protostellar Jets and Superbubbles
MeV astronomy will also pave the way for searching for CR acceleration in the earlier life stages
of massive stars, as well as in death. Shocks formed at the surface of an accreting massive protostar
or at the interface between protostellar jets and the ambient medium may also provide the condi-
tions necessary for accelerating CRs17;26 that in turn drive complex chemistry by ionizing dense
molecular gas where ultraviolet radiation cannot penetrate17;19. Interactions of accelerated CRs
within the molecular cloud will produce copious amounts of MeVγ-rays that will provide insight
into star formation processes and the nature of the protostar environment26. Other exquisite test
beds for CR physics (motivated by GCR composition measurements25) are available in the form of
superbubbles5, such as the Cygnus X superbubble, that have been blown out by multiple powerful
winds from young massive stars and/or OB associations and multiple supernovae. The ensemble
of shocks resulting from winds and supernovae can be relatively ef�cient in accelerating or re-
accelerating CRs over extended periods of time (∼ 10 Myr). The turbulent medium resulting from
vigorous star formation activity in superbubbles also provides a unique opportunity to study CR
propagation through highly turbulent media and to study their impact on the superbubble environ-
ment. MeV spectral measurements will be needed to extend theγ-ray spectrum of Cygnus cocoon
measured by theFermi-LAT 14 to lower energies, allowing for distinction between emission from
CR nuclei and CR electrons and providing measurements of their respective energy densities12.
Similarly, it has been suggested that theFermi Bubbles may be the result of CRs accelerated in
the combined wind from SN explosions of massive stars (the Starburst Scenario)27. MeV spectral
measurements of theFermi Bubbles in the MeV band, particularly at energies below the �pion
bump�, will determine whether theγ-ray continuum can be explained by Inverse Compton emis-
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