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> Dolan et al. 2016 — non-rotating models (FERERBIE FE LGN & HER

> Wheeler et al. 2017 &£ ##5:583X — rotating models (GREDBEEEZHBAT S
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Methods (Observational constraints)

Observational constraints: 9.0 :

> Same HR diagram constraints as Dolan
et al. 2016
log L/Lo = 5.1+0.22 and T, = 3500+200 K
o Surface abundances of carbon,
nitrogen, oxygen based on 3600K values x
from Lambert et al. 1984 (right) =
€. =8.291+0.15
ey =8.37+£0.25 [Also €y - €5 =-0.15 £ 0.05]
€, =8.52£0.25 80

i = log(Xi/ Xuds) + 12




Methods (initial parameters)

Initial rOtation, in line Table 2.1. Initial surface velocity
with typical massive stars Mass (Mg) v/vk v (kms!)
(Ekstrom 2012) 0.1 79.0
15 0.2 157.6
> vfv,=0.1,0.2,and 0.4 i .
° Non-rotating 0.1 81.0
1.f 0.2 161.2
Two overshoot parameters, 0.4 315.1
calibrated using local stellar 0.1 83.9
0.4 328.9

-f,, =0.01(M,) and 0.03 (L,)




Methods (other)

o Mixing length parameter (MLT) —a = 1.8

o Mass Loss Rate — Vink et al. 2001 (main sequence), de
Jager et al. 1988 (red giant)

o Metallicity — Solar Z=0.014 (Asplund 2009)

o Nuclear reaction rate from reaclib v1, (except
12C(a,y)t°0 which is 1.2 times Caughlan & Fowler 1988)

All models evolved from ZAMS to core carbon burning,
using HOSHI




R EMFOB (15M,, IEEE)

FRUNER 73 HVER I il R
15 M, non rotating % itk f- —‘j—

Surface CARBON relative abundance during evolution

T
15noL
15noM  =i=imimimimim

...........
-
,,,,,,
N,.
HS,
~
~.
S
e
-~

~,
~,

SERDMEEBHBDITS—/\—DEH

.......
............

| | | | l | | | . | 8.8
54 L —— Betelgeuse |
S 15noL 53 '§
: 53 8.6
52 | o E |
! kS
i 49 £ i
Q@ 5 3.58 3.56 3.54 3.52 8 -
S 48| | ]
4.6 _ E
4.4 | é |
42 L 1 L L L 1 . : l I l 7 8
p 4.4 42 : >8 >0

le+14

le+13
Time to collapse (s)

le+12

le+11



log L/L,

Relative abundance of carbon
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Results

o Lower mass limit of 12 solar masses =
Upper mass limit of 25 solar masses depending on initial rotation
°v/v, = 0.4 models are unviable across the board

°Time to collapse possibly zero in models less or equal to 17 solar
masses




Table 2. Summary of the fit to Betelgeuse for all models which were tested

Rotation 12 Mg 13 Mg 15 Mg 17 Mg 20 Mg 24 Mg 25 Mg 26 Mg
(v/vk) | La | Ma | La | Ma | La | Mg | Lo | Mo | La | Mo | La | Mo | La | Ma | La | Ma
no-rot X X X X X o o o o o X o X X - —

0.1 X X X X o o o o o — — X X X X
0.2 p2¢ X o X o o X o — — X ) b X
0.3 — — — — X X X o X X — — X X — —
04 - - — — X X X X X X — — X X — —

Notes — o represents a model which had a good fit for Betelgeuse on the red giant branch, x represents a model which did not,
and — represents models which were not calculated.




Table 3. Summary of the fit timings for all models marked with o in table 2 SR kbl i Sk
03 |- L, models 2M, —e— -
Mass (Mg) | Overshoot | v/vk | teotu (YT)  teors (YT)  tiotar (YT) g %g ——
12 La 0.2 | 5.90E+03 0 5.90E+03 0.25 - 1M, —e— -
13 La 0.2 | 1.25E+04 0 1.25E+04 5% © ]
01 | 9-81E+05 8.98E+05 1.00E-+05 y il i s
7 | 2.17E404 0 2.17E+04 < 015 | -
A N
9.99E+05 8.96E+05 1.03E+05 & 8| E
2.18E404 0 2.18E+04 Ziilf -9 : =
Ma no | 1.31E+404 0 1.31E+04 -:d.:ﬂ FEﬁ — 0.05 |- N
0.1 | 1.13E+04 5.96E+03 5.36E+03
t col,u —t col,l 5 o
of | 842E+05  6.57E+05  1.84E-+05 g o
1.04E+405 0 1.04E+405 100 10° 10* 10° 102
La 0.1 | 8.38E+05 0 8.38E-+05 Time to collapse (yr)
0.2" | 8.38E+05 6.14E+05 2.24E-+05
i 2.15E+04 1.71IE+04 4.41E+03 FamD L kb
= = ' : 03 {» M, models I5M, —o—
o 0.1 | 2.69E+04 1.87E+04 9.21E+03 F&6 17, —e—
0.2 | 9.29E+04 4.93E+04 4.36E-+04 DE 025 |- %451%8 —— |
0.3 | 8.60E+05 8.53E+05 6.88E+03 \ i ° —®
= no! | 8.66E+04 4.95E4+04 3.71E4+04 02 e o -
A
0.1 | 7.30E+05 9.70E+03 7.20E+05 § 015 L i
20 no | 3.47E+04 2.64E+04 8.21E+03
My 0.1 | 7.52E+04 1.85E+04 5.67E+04 0.1 [ % o o -
0.2 | 1.76E+05 1.43E+05 3.29E+04 0.05 - |
24 Ma no |8.10E+04 7.19E+04 9.07E+03 '
25 Ma 0.2 | 2.92E+05 2.29E+05 6.27E+04 0 l" — 1 -
1 3 1) 108 10° 10* 103 10°
% 'l:ﬁi D J: BE -F BE Time to collapse (yr)




implication of results (Initial Mass)

Acceptable range is larger than previous studies, 12 to 25 M

(Dolan's results 17-25 M, Joyce's results 16.5-19 M):
° Dolan et al.:

> only examined non-rotating models
> used f,, = 0 (we found models <15 Mg requires higher overshoot parameter)
o Surface abundances did not completely fit for their best fit model

° Joyce et al.:
° also only studied non-rotating models
° did not study Carbon burning and later stages
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