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The MeV GapGamma-Ray Telescopes of the 2010s and 2020s

The MeV Gap – nuclear 
line emissions lie here

NuSTAR

Fermi

AstroSat

Integral



28 February 2025
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❖ NASA Small Explorer launching in August 2027

❖ Fills the MeV gap: 200 keV – 5 MeV range

❖ High-resolution spectroscopy: 0.2–1% FWHM

❖ Wide field of view: 100% daily sky coverage

❖ Ɣ-ray lines from nuclear decays act as 
fingerprints of radioactive isotopes

Compton Spectrometer and Imager
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❖ Reveal Galactic nucleosynthesis

❖ Gain insights into extreme 
environments with polarization

❖ Uncover the origin of Galactic positrons

❖ Probe the physics of multi-messenger 
events

COSI Science Goals

Now

COSI

6



60Fe

Exclusively produced by SNe

COSI will provide the very first 60Fe map

26Al/60Fe ratio will reveal unique 
information about SN rate, star-formation 
history, and ages of massive star clusters

● Traces the flow of freshly synthesized material in galaxies

● Not smooth: hot spots are consistent with spiral arms and active 
star-forming regions

● Spectral analyses reveal velocities higher than Galactic rotation ⇒ Winds 
from Wolf-Rayet stars / CCSNe activity

● COSI will further detect chimney-like outflows above and below the disk

26Al
t1/2 = 0.7 Myr

60Fe
t1/2 = 2.6 Myr

7Bouchet et al. 2015 Kretschmer et al. 2013

Tracing the last 1 Myr with 26Al and 60Fe

26Al

Not smooth: hot spots consistent with 
spiral arms and active star-formation

High >300 km/s favor WR/CCSN origins

COSI will resolve massive star clusters 

COSI



44Ti probes past millennia of SNRs

Point-like rather than diffuse emission

Expected >6 but only 2 detected 1, 2

Cas A 3 SN 1987A 4

NuSTAR spectral analysis have revealed 
strong asymmetries in explosion 5 6 7

COSI will uncover hidden SNRs and 
extend studies on SN asymmetries

Cas A Expected Spectrum
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44Ti
t1/2 = 85 years

The Case of Missing Galactic SNRs

Milisavljevic 2024 / JWST / Cassiopeia AGrefenstette et al. 2016 / Cassiopeia A                               .

High clumping 
in NW direction



INT/SPI: Large-scale, smooth emission, peaking at Galactic Bulge (~ 5 x 1043 e+/s) 1

Individual production sites are unknown

Theory: e+ from nuclear line decay

26Al: 0.4 x 1043 e+/s 44Ti: 0.3 x 1043 e+/s

COSI will resolve substructure and 
potentially identify point-like sources
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The Positron Connection

e+e–

26Al from massive stars and CCSNe

56Ni from type Ia SNe 44Ti from SNe

Novae Pulsars

Low-mass X-ray binaries Microquasars

Cosmic-rays Dark matter interactions

Table 1: Potential 511 keV progenitors
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Extended Science Portfolio

Gallego+ 2025

Siegert+ 2021

Negro+ 2022

Karwin+ 2023, 2024

Katayose+ 2021,
Caputo+ 2023

Roberts+ 2025



❖ COSIpy library will perform all 
high-level science analysis tasks

❖ Poisson likelihood-based forward 
folding analysis

❖ Beta versions released each year 
along with mock data
➢ 2025 public release on April 1
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COSI Data Analysis
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Traces young SNRs

Traces old SNRs

44Ti

26Al

In Summary, COSI will

60Fe

❖ Fill the MeV gap, probe nuclear line emissions, and map Milky Way nucleosynthesis
❖ Reveal ~1 Myr galactic SN activity and flow of material with 60Fe and 26Al
❖ Disentangle the individual contributors to 26Al and positron production
❖ Uncover hidden SNRs with 44Ti and constrain SN explosion mechanisms
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