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Table 1. Median pre-SN model properties, with upper and lower bounds

Property 15M 20M 25M 30M

Ṁ = 0 Ṁ = 0 Ṁ = 0 Ṁ = 0 Ṁ = 0 Ṁ = 0 Ṁ = 0 Ṁ = 0

Hecore [M ]a,b 2.822.82
2.79 2.772.78

2.72 4.674.70
4.59 4.574.59

4.52 6.887.28
6.80 6.566.67

6.52 9.449.89
9.15 8.678.78

8.62

Ccore [M ] 2.512.58
2.49 2.442.53

2.43 4.194.75
4.04 4.074.08

3.69 6.026.43
4.34 5.755.92

5.53 8.288.79
7.13 7.627.82

7.22

Ocore [M ] 1.411.43
1.35 1.401.42

1.32 1.542.47
1.43 1.572.05

1.41 2.343.04
1.74 1.812.47

1.76 2.383.18
2.14 2.393.06

2.26

Sicore [M ] 1.151.38
1.02 1.151.39

1.08 1.381.65
1.30 1.401.48

1.24 1.191.61
0.91 1.401.67

1.07 1.161.64
1.08 1.151.66

1.12

Yec,He
b 0.5050.505

0.505 0.5050.505
0.505 0.5050.505

0.505 0.5050.505
0.505 0.5050.505

0.505 0.5050.505
0.505 0.5050.505

0.505 0.5050.505
0.505

Yec,C 0.4990.500
0.499 0.4990.500

0.499 0.4990.500
0.499 0.4990.500

0.499 0.4990.500
0.499 0.4990.500

0.499 0.4990.500
0.499 0.4990.500

0.499

Yec,O 0.4990.500
0.498 0.4990.500

0.498 0.4990.500
0.498 0.4990.500

0.498 0.4980.500
0.498 0.4990.500

0.484 0.4980.500
0.498 0.4980.500

0.490

Yec,Si 0.4860.498
0.475 0.4860.498

0.475 0.4880.498
0.483 0.4890.498

0.483 0.4910.497
0.483 0.4900.499

0.482 0.4910.498
0.489 0.4900.497

0.488

Yec,Fe 0.4310.461
0.419 0.4320.461

0.414 0.4380.462
0.425 0.4380.462

0.416 0.4380.462
0.414 0.4380.462

0.423 0.4440.462
0.437 0.4420.462

0.428

τH [Myr]c 10.9510.96
10.93 10.9911.00

10.94 7.737.74
7.72 7.787.79

7.76 6.186.51
6.16 6.246.38

6.22 5.535.62
5.26 5.345.43

5.33

τHe [Myr] 1.691.71
1.48 1.741.75

1.51 1.111.72
1.05 1.101.29

1.08 0.811.19
0.77 0.820.89

0.81 0.650.73
0.63 0.690.74

0.68

τC [yr] 78.3782.62
75.65 81.8087.04

76.15 111.36115.61
25.90 125.42131.19

28.52 27.0628.42
14.81 23.3526.98

22.53 16.5622.45
7.97 19.8222.62

15.11

τO [yr] 3.835.05
3.28 4.085.36

3.51 1.442.76
0.16 1.283.12

0.26 0.140.29
0.08 0.310.93

0.01 0.130.19
0.02 0.140.16

0.10

τSi [days] 3.435.05
0.74 3.745.60

0.75 0.811.56
0.32 0.912.04

0.27 0.616.58
0.18 0.661.59

0.16 0.351.92
0.15 0.411.97

0.21

τFe [hr] 33.1657.11
11.21 36.3874.01

11.87 11.1135.22
3.66 11.6317.95

6.59 6.5725.25
4.04 9.5519.72

4.26 4.7424.33
3.23 4.7725.36

3.37

Heshell [M ]d,e 4.174.22
4.16 4.094.17

4.08 6.206.88
6.09 6.056.07

5.84 8.268.71
8.12 7.958.10

7.71 10.8711.30
9.66 9.9910.24

9.58

Cshell [M ] 2.512.58
2.49 2.442.54

2.43 4.194.75
4.04 4.074.09

3.61 6.036.44
5.84 5.765.88

5.54 8.268.73
7.09 7.577.82

7.16

Oshell [M ] 2.422.53
2.18 2.332.49

2.13 3.954.14
3.27 3.823.93

2.61 5.385.69
4.08 5.255.63

2.80 6.878.20
5.64 6.477.20

4.68

Sishell [M ] 1.591.70
0.00 1.611.65

1.24 1.802.97
1.56 1.812.11

0.00 1.902.67
1.53 1.882.22

1.62 2.272.58
1.73 2.303.14

1.50

Fecore [M ] 1.411.55
0.75 1.421.53

0.77 1.551.86
1.35 1.571.74

1.38 1.661.88
1.35 1.591.83

1.46 1.801.90
1.58 1.791.90

1.39

Henv [M ]d,f 6.967.21
6.94 5.656.14

5.59 8.418.55
7.58 6.747.18

6.50 9.769.96
9.17 6.097.22

4.69 10.4711.02
9.99 4.606.10

0.00

Mfinal [M ]d,g · · · 13.0213.37
12.94 · · · 17.2618.11

16.91 · · · 18.9521.17
17.01 · · · 20.2722.06

17.38

log10 (R/R )d 2.972.99
2.96 2.983.00

2.97 3.083.08
3.06 3.073.07

3.05 3.083.09
3.05 3.073.08

3.05 2.973.02
2.92 2.993.03

2.95

log10 (Teff/K)d 3.503.51
3.50 3.503.52

3.49 3.523.53
3.51 3.523.53

3.51 3.563.58
3.55 3.563.73

3.54 3.653.74
3.62 3.633.67

3.60

log10 (L/L )d 4.914.93
4.90 4.905.01

4.88 5.185.23
5.13 5.155.20

5.09 5.365.42
5.30 5.336.03

5.25 5.475.84
5.38 5.495.56

5.40

ξM=2.5
d,h 0.100.15

0.04 0.080.13
0.04 0.240.63

0.10 0.240.43
0.13 0.320.66

0.16 0.270.60
0.19 0.600.69

0.31 0.580.69
0.19

aCore mass values, see Figures 6, 9, 14, 17, 20 for definitions.
b Measured at the corresponding ignition of each fuel, except for Fe which is measured at core collapse.
cApproximate time to transition to the next major fuel source.
dMeasured at core collapse.
eOuter mass coordinate where the element is the most abundant.
fMass of H-rich envelope.
gTotal mass of star.
hCompactness parameter, with M = 2.5 M .
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The step function with mass resolution is due to 
layered convection/semiconvection penetrating (or not) 
the H-burning core or H-burning shell.  If it penetrates, 
fresh H fuel increases the He-core mass.



How do the properties of massive stars, evolved from the 
main-sequence, vary with respect to the composite 
experimental uncertainties in the reaction rates?

∑ 𝜹(reaction rates) = ?



STARLIB is the first (and only) tool offering a  
Monte Carlo / Bayesian reaction rate probability density  
due to experimental uncertainties.
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DeBoer et al  2017
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1,000 Monte Carlo 15 M⊙ 
MESA + STARLIB models 
varying ~500 rates 
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1,000 Monte Carlo 15 M⊙ 
MESA + STARLIB models 
varying ~500 rates 
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Petermann et al 2017
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some developing trends
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First 3D simulation of the final minutes of iron core growth,  
up to and including core-collapse. 

Couch et al 2015

A 21 isotope 15 M⊙ MESA model at shell  Si-burning  
was mapped into a 21 isotope 3D FLASH initial model.



The stronger turbulence from a non-spherical progenitor 
enhances the (diagnostic) explosion energy. 

Couch et al 2015
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comments and discussion


