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Problems: High Non-Linearity and Clumpiness



Inhomogeneities:
fa = def %7&1 = M;é47'(r pv(r)




Possible overestimation of the
wind mass loss rate

Inhomogeneities:

fa Ll %7&1 = M;é47'(r pv(r)
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(Semi—)Empirical
parametric models.

Efficiency factor:
M(L, Tegt, Z,R, M, ...)
Y

n is a free parameter:
7 € [0, +00)
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http://mesa.sourceforge.net/
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Combination of algorithms iR
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MESA grid varying dM /dt iRy
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Grid of Z;, = 0.019, non-rotating stellar models: ™
o Initial mass:

Mgzams = {15, 20, 25, 30, 35} M;
« Efficiency:

n=1{1, 3 37 10
« Combinations of wind mass loss rates for “hot”
(Tege > 15 [KK]), “cool” (Tegr < 15 [kK]) and

Kudritzki et al. ’89; Vink et al. ’00, ’01;
Van Loon et al. ’05; Nieuwenhuijzen et al. *90;
De Jager et al. '88;

bl



Outline

i

Impact on:
e Final mass & appearance

ANTON PANNEKOEK
INSTITUTE



& Wind mass loss history (]

ANTON PANNEKOEK

—n=10
----11 =0.33
------ n =01
V-d]
— K-vL
— V-vL
i — V-NJ
: ; — K-NJ
1475 F ¥ — K-dJ
5 >
1470 EMzams = 15 Mo 3_?5
14.65 - ]
14.60 Lol

Renzo et al., arXiv:1703.09705
t [Myr] 10/23



mass loss history
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Renzo et al., arXiv:1703.09705
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Impact on the final

mass
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MESA
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Renzo et al., arXiv:1703.09705
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Impact on the final mass R
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Pre-explosion appearance
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Renzo et al., arXiv:1703.09705
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Impact on:

e Core structure
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& “Explodability” & Compactness iR

def MM AN NSTITUTE
Cm(t) = RaD /000w

e “Large” ¢, 5 = harder to explode = BH formation
e “Small” &, 5 = easier to explode = NS formation

(e.g., O’Connor & Ott '11,
Ugliano et al. 12,
Sukhbold & Woosley '14)

not to scale! R(M)
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Core @ O depletion
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Renzo et al., arXiv:1703.09705

Critical point: Ne core burning/C shell burning
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¢ 5 @ O depletion
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Computing Advanced Burning Stages R
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o InltlaIIy small effect = N,ones z 20000 INSTITUTE
« Complex nuclear burning = Njs, 2= 200

2
Se
1
+ (nYe>

approx21.net = Fe +2¢~ —% Cr+2v,

M ~ (5.83M;)Y?

Y,(r =0) = Y,(°°Cr) = 0.428

Largest array size in M\E S/A:
L~ (Niso + szones)2 ~ ((Niso + 5) . Nzones) . (3Niso + 9)
Lis a FORTRAN integer = max{memory} = 17Gb

19/23



Post O burning evolution
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Post O burning evolution iR

H 1 ANTON PANNEKOEK
Si shell burning — ANNEKOEK
¢ O 35 T T T T T T T T T T T
B
0 030 It
o
< n N LemtT e
e—SN
~30% Uncertainty in &5
SN
Mzawms [Mo] [ i 1D [ By My [Mo)] Ha Mg [Mo]  Mco [Mo]  Mpe [Mo]
15 to VN [ 0103 7 0.045 168 291 739
: KvL | 0132 1.78 0.051 1.79 3.07 1.50
o oss VL 0.227 173 0.084 1.84 6.38 151
: KdJ | 0.308 2.05 0.100 219 6.40 1.63
P PSRN 0.358 1.60 0.163 2.21 7.98 156
: KNJ | 0276 1.82 0.100 1.98 7.90 1.58
7)) :
< 0.10
0.05 I S R T
0 2 -4 -6 -8 -10

loglo((tpre—SN - t)/ [yr])

H Renzo et al., arXiv:1703.09705
Time 5025



Outline

i

Conclusions
e Take home points

ANTON PANNEKOEK
INSTITUTE

21/23



& Take home points fir
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Uncertainties in stellar winds:
« pre-SN mass = no My = M;(Mzams) map;
. cannot solve “RSG problem”;
« core structure = “explodability” & remnant.
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Uncertainties in stellar winds:
« pre-SN mass = no My = M;(Mzams) map;
. cannot solve “RSG problem”;
« core structure = “explodability” & remnant.

Thank you!
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& Resolution
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Wind Oservational Diagnostics R
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. P Cygni line profiles .Back
« Optical and near UV lines (e.g. Ha)

« Radio and IR continuum excess

« IR spectrum of molecules (e.g. CO)

« Maser lines (for low density winds)
Assumptions commonly needed:

- Velocity structure: v(r) ~ (1 — Ri)ﬁ with g ~ 1
« Chemical composition and ionization fraction

. Spherical symmetry: M = 47r?p0(r)

« Steadiness and (often) homogeneity

M derived from fit of (a few) spectral lines.
No theoretical guaranties coefficients are constant.
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P Cygnl Line Profiles R

v(r)

observer

absorbing gas
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¢ Blue shifted AbsorptlonlNSTlTUTE
Component

o Red shifted Emission
Component

o Broadening from scattering
into the line of sight
M = 47po(r)
Assuming:
Chemical composition
Velocity Structure
the fit of the line profile gives p

B Figure: 34 Cyg or P Cygni,
: first star to show the
eponymous profile.
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