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Outline
CCSN Mechanism


CCSN Theory 


CCSN Simulations

How massive stars die? 

Which massive stars explode?



CCSN Mechanism
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1. Stable core


2. Core-collapse phase


3. Bounce and shock formation


4. Stalled shock phase


5. Explosion or collapse to BH
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Delayed Neutrino Mechanism

~20 km

~200 km

Shock

PNS

Cooling Region:
𝑝 + 𝑒− →  𝑛 + 𝜈𝑒
𝑛 + 𝑒+ → 𝑝 + �̄�𝑒

Heating Region:
𝑛 + 𝜈𝑒 → 𝑝 + 𝑒−

𝑝 + �̄�𝑒 → 𝑛 + 𝑒+

MHD


RADIATION TRANSPORT


GENERAL RELATIVITY


NUCLEAR PHYSICS
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3D - ~10 million CPU hours



5

1D Analytic Explosion Condition
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Gogilashvili, Murphy, O’Connor (2023) Testing 1D FEC
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CCSN is NOT Spherical!
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∼ 30 %

Mabanta & Murphy (2019)

Convection and TD



∼ 30 %
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FEC+
(1 + β)L̃ντg − aκ̃ + bR̃r

r > c
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Phifty One Ergs Blows Up A Star (Phoebus)
• MHD 

• GR - ADM Formalism 

• Advanced radiation transport (e.g., 

Moments, Monte Carlo, long/short 

characteristics, etc) 

• GPUs - 10-100 times faster
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https://github.com/lanl/phoebus
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https://github.com/lanl/phoebus


GR Solver
ADM (3+1) Formalism

ds2 = (−α2 + a2(βr)2)dt2 + 2a2βrdtdr + a2dr2 + r2dΩ2

Spherical Symmetry

Maximal Slicing: Kμ
μ = 0

Equations:
∂rKr

r = 8πa2jr −
3
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Kr
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a
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γμν = gμν + nμnν

γμν

Kμν
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GR Solver
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• MHD 

• GR - ADM Formalism 

• Advanced radiation transport (e.g., 

Moments, Monte Carlo, long/short 

characteristics, etc) 

• GPUs - 10-100 times faster
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https://github.com/lanl/phoebus
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1D CCSN in Phoebus

https://github.com/lanl/phoebus
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Summary
• Analytic explosion condition 

• Fast multi-dimensional simulations with 

Phoebus 

• Need to simulate progenitors in 2D and 

3D and test the theory!

https://arxiv.org/pdf/2110.10173.pdf

https://arxiv.org/pdf/2302.04890.pdf

https://github.com/lanl/phoebus Email: mgogilashvili@fsu.edu
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