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Stable/unstable nuclear burning
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Microphysics: Nuclear reactions, radiative transport, conductive
transport, neutrino cooling, ...



Nuclear reaction network
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How to solve a network

Mass fractions:
∑

iXi = 1

Abundance: Yi = Xi/Ai

Accounting all rates.
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Implicit - not explicit!

Y (t+∆t)− Y (t)

∆t
= Ẏ (t+∆t) +O2(t)

The Numerics: Multi-D Newton-Raphson iterations.

f(x+∆x) = f(x) +
∂f(x)

∂x
∆x+O2(∆x)

This should be zero when we get the correct Y (t+∆t).

L(Y (t+∆t)) =
Y (t+∆t)− Y (t)
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− Ẏ (t+∆t)

Guess Y (t+∆t) and calculate the correction.
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1D Hydrodynamics

AGILE [Astrophys. J. Suppl. 141(2002)229]:

➛ Finite difference code

➛ Adaptive grid

➛ Conservative

➛ Implicit evolution

➛ Discretized in shift vectors
→ wide range in zone masses.

Solve G = 8πT
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Continuity, Momentum, Energy, Lapse function,
Gravitational Mass, Volume restraint, Grid equation



Solution

➡ Discretize on a grid
(7 variables on 103 zones = 721 independents)

➡ Rewrite differential equations as
721 difference equations

➡ Solve the system.
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Solar composition accretion

T9 = 0.1− 0.2, ρ ∼ 105g/cm2
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The beta-limited HCNO-cycle approximation
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The fuel surfaces
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Nuclear energy generation
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Mass fraction evolution
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Waiting points:
30S (T1/2 = 1.18s) and 34Ar (T1/2 = 0.844s)



(α, p)-process bottleneck

Burst trace at y = 7.46× 107g/cm2
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Observable effects
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Temperature evolution
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The importance of reaction rates

REACLIB95 (solid)
vs.

REACLIB95+pfSM
45V(p, γ), 46V(p, γ), 47V(p, γ) ,49Mn(p, γ)
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Conclusion & Outlook

➥ Important to consider dynamical burning effects

➥ Nuclear reaction rates determine:
Hydrogen fuel surface & Recurrence time

➥ Exhaust model capabilities (inner boundary, super-
bursts, supernova fallback, critical accretion rate)


