
LA-UR-24-22229
Approved for public release; distribution is unlimited.

Title: Understanding Core-Collapse Supernovae

Author(s): Fryer, Christopher Lee

Intended for: on-line presentation - to be made public

Issued: 2024-03-07



Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National Nuclear Security
Administration of U.S. Department of Energy under contract 89233218CNA000001.  By approving this article, the publisher recognizes that the U.S. Government
retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government
purposes.  Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the U.S. Department of
Energy.  Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does
not endorse the viewpoint of a publication or guarantee its technical correctness.



Understanding Core-Collapse 
Supernovae

Chris Fryer





With Cosmic Explorer
Chris Fryer



The Herant et al. 1994 
solution:  Convection Critical
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Fryer & 
Warren 2002

Accretion shock
Ø Convective model current 

paradigm behind normal 
core-collapse supernovae:  
explains energies, 
progenitor masses, 
remnants?

Ø But a lot of questions 
remain:  

• what is the nature of 
convection?

• what are the progenitors 
(masses, red vs. blue)? 

• how prevalent are alternate 
explosion mechanisms?  

Grefenstette et al. 2014



NuSTAR
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Most of the evidence of 
asymmetric explosions 
was indirect:  
1) Lines in gamma-rays, 

IR
2) NS kicks
3) Remnants
4) ….

This all changed with 
NuSTAR observations of 
Cas A.



Example:  Remnant Mass Distributions
Coupling Stellar Models (also 
constrained by SN ejecta 
remnants, …), Supernova 
Engine and Explosion  
calculations with physical 
understanding.

Folding our knowledge of 
stellar evolution and 
supernovae with a knowledge 
of Binary Stars (e.g. stellar 
observations), physics of binary 
interactions (e.g. Luminous Red 
Novae, …).

Comparison to data requires 
understanding data 
systematics, analysis 
uncertainties, …

Fryer et al. 2022

Olejak et al. 2022 LIGO collaboration et al. 2021



The Future with Cosmic 
Explorer

How well we constrain the data depends on our 
understanding of the details.
• With its potential to significantly expand the database of 

compact remnant masses, CE has the potential to 
characterize the mass distribution of merging compact 
remnant systems.  Are there predictions for how accurately 
it will measure the individual mass components?

• Coupled with population synthesis models, we can 
constrain compact remnant formation which can then be 
tied to the details of the convective engine.  We need to 
fully understand the binary physics, especially for tight 
binaries, we are missing crucial physics – see Becerra et al. 
(2023).

• We also need to probe the SN engine physics to 
characterize better the dependence of remnant masses on 
the properties of the convection.  This requires more than 
running simulations (it is impossible to resolve this engine).  
We have to understand the physics.
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