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Outline

Introduction to gamma-ray line astronomy

Measurements that have been made in the past

Introduction to the MeV Gap and COSI

3 main science questions for a next-generation 
mission:

1. Type 1a SN
2. CCSN
3. Nova

General requirements for a future mission 
 (~sensitivity, observing profile, energy res.)
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Isotopes SAG aims to deliver 

a report this calendar year. 

More information and 

signup here:



A Unique Window in the Electromagnetic Spectrum
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Different Isotopes Probe Different Objects

Image Credit: Jennifer Johnson/SDSS
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Catching Element Formation in the Act*

56Ni is produced in large quantities in Type 1a SN which powers the 

~month-long lightcurve

● the nature of the explosion and its progenitor is unknown

● different 56Ni distributions give variations in the light curve

● detected in SN2014J (SN1a) 

and SN1987A (ccSN) 

*Timmes et al. 2019

Early-time gamma-ray emission 

indicates 56Ni on the surface, but 

result has low significance
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44Ti - Probing the Heart of Supernova

44Ti is a tracer of young supernova remnants

● produced in innermost layers of collapsing stars

● synthesis is sensitive to local conditions

● detected in Cas A and SN1987A (ccSN)

Measured redshift and spatial 

distribution indicate asymmetric 

explosion, confirming convection-

enhanced engine
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The MeV range remains underexplored
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The upcoming Compton Spectrometer and Imager

COSI is optimized for line sensitivity to 

enable all-sky images of nucleosynthesis lines
COSI is NASA’s next 

Small Explorer mission 

scheduled to launch 

in August 2027

COSI will be great, but 
it is only exposing the 

tip of the iceberg!
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Understanding the Nature of Thermonuclear Supernovae 

Why is it Important? 
Type 1a SN are foundational standard candles for dark energy cosmology

What is the problem? 

The standardization is empirical, not physical. Changes from progenitors or engine variation may 

cause systematic errors

How can gamma-rays help? 

● Temporal evolution of 56Ni can discriminate progenitors 

in individual events.

● Observations of 57Ni can differentiate between single-

degenerate and double-degenerate models as yield is 

set by neutron fraction
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Understanding the Core-Collapse Supernova Engine 

Why is it Important? 

CCSN are key for cosmic feedback, forge heavy elements, form compact objects, produce 

various transients, and probe hot, dense matter

What is the problem? 

Current models do not capture the nature of stellar convection or the structure progenitor 

properties.

How can gamma-rays help? 

● Larger sample of 44Ti and 56Ni measurements, with line 

profiling to determine velocity distribution, places strong 

constraints on SN engines and progenitors 
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Probing Novae

Why is it Important? 

Galactic transients enable study of accretion, nucleosynthesis, and reactive flows.

What is the problem? 

Observed elemental yields require mixing with surface, but how this occurs is not fully 

understood. It is unknown if the explosion causes a net gain or loss of mass, which is critical for 

understanding Type Ia SN progenitors

How can gamma-rays help? 

● Nuclear lines (7Be, 13N, 18F, 22Na, and 26Al) 

identify properties of the turbulent/reactive flows, 

and the nuclear reactions occurring
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Requirements to Understand the Origin of the Isotopes

Observations of gamma-ray decay lines are critical to understanding stellar 

explosions and their progenitors

Narrow-line sensitivities 10–30× better than COSI are required to build a sample 

with high SNR to sufficiently constrain models.

● Sensitivity of 1–3×10-7 ph/s/cm2 

● Line profiling requires ~1% energy resolution (detection does not)

There is no one-size-fits-all mission, and different approaches have different 

advantages!

Isotopes SAG
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