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Overshooting during Core H burning

The acceleration imparted by the buoyancy force to convective elements
vanishes at the boundary of the formal convective core, but the velocity is not
zero there

The convective elements may penetrate (overshoot) into the formally stable

radiative zone
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- No theory based on first principles
- Convective overshoot is formulated with the aid of the Mixing-Length theory

I_ - parametrized in the models
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Overshooting during core H burning

— convective cores are larger than
predicted classically

— basic effects (on MS): stars are
bigger, more luminous, live longer

— theoretically (practically)
unconstrained — calibration

— eg. step overshooting
parametrization (o, X H,)
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Calibration of Overshooting during Core H burning

Main Sequence Width Drop in the v_,; VS 9.«
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Overshooting vs Galactic stars

Objects density (log)
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Overshooting vs Galactic stars (ll)
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Overshooting vs Galactic stars (lll)

Fixed overshooting
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Compare grids @y, = f(M) vs. @, = 0.335
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Overshooting during Core H burning

The effect of the overshooting is that
- the evolutionary track is more luminous and more extended to

lower effective temperatures
- the core H burning lifetime is significantly higher

The interplay of these effects and the variation of the
Mass Loss rate in the HR diagram may have dramatic
consequences on the final mass
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OB winds? (massive MS stars)
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log (L/L)

Inflated envelopes of massive MS stars?
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Post-MS overshooting?
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Overshooting around convective regions
during advanced burning?
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Semiconvection

Unstable (Schwarzschild) V.4 < Vi

Stable (Ledoux) V,y < Vi < Vag + %vu

Mass Fraction

The mixing efficiency in the
semiconvective zone
determines the timescales of
the redward evolution after
the MS phase
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No theory based on first Core H
principles can provide the : %32"2
mixing velocity in this zone
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Sensitive to overshooting, semi-convection,...
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... convective boundary treatment, shell overshooting ...
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... and other factors

» Rotational mixing (eg. shear diffusion Georgy et
al. 2013)

* Mesh resolution, time-step controls (eg. Farmer
et al. 2017)

Result notoriously
model-sensitive.
Need observational
constraints.
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Blue & Red supergiants in the HR diagram (SMC)
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Blue & Red supergiants in the HR diagram (SMC)
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post-MS models vs SMC supergiants
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Fast Mixing

Slow Mixing
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the redward evolution occurs on nuclear timescales

the star becomes RSG in an advanced stage of core He burnir
small RSG lifetime

small amount of mass lost
RSG configuration and SNIIP explosion favored

the redward evolution occurs on thermodynamic timescales
the star becomes RSG at the very beginning of core He burnit
large RSG lifetime

large amount of mass lost

blueward evolution WR formation and SNIIb/SNIb favored
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Binary perspective:
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Impact of metallicity

initial orbital period (days)
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CheB, slowly expanding 25 M _ donor
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initial orbital period (days)

BH-WR stage duration — tidal spin-up?
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0.64%

ellar evolution models for Z = 0.0001 to 0.03
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No luminous
red supergiants
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There are no observed red supergiants

above the luminosity Iog(LILG) = 5.6.
1D models can easily produce them.
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log (L/Lgyn)

log (L/Lgyn)

There are no observed red supergiants above the
luminosity log(LIL ) = 5.6.
1D models can easily produce them.
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There are no observed red supergiants above the
luminosity log(LIL ) = 5.6.
1D models can easily produce them.
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Models without the RSG
problem — mass loss
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Models without the RSG problem — reduced superadiabaticy,
eliminated density inversions (~ more efficient convection Iin
the outer envelope)

1 1 AN | | 1 | 1 ‘\ 0.00
Z=0.0034=0.22,
6.5 ) |no density inversions (MLT++) - 0.25
T T | \ . . —0.
- MIST \\‘\ &\“ \\\‘ \\\ \
6.5 120 M, Geneva | E .
0~ 6.0 L -0.50
o —mfe——— |
55 60 Mo, —a. -0.75
o) 32 M, / — 055
- 5.0+ - =
> — y -1.00
~ | 20 Mg | b= :
OOD 4 5 f_\/ 2 5 0 [ \\\
T 40} 12 M, . . -1.25
351 N - 45k ~1.50
Mg
3.0 -
5M; -1.75
2.5 LI I | | L 400 N
5.5 5.0 4.5 4.0 3.5 L \IRg, W 1§Re  30Re  JOORe 300RY, )00
log(Tefr) [K] 4.8 4.6 4.4 4.2 4.0 3.8 3.6 '
log (Tefr/ K)
Choi et al. (2016) — MLT++
43

Ekstrom et al. (2013) — Hp - H,



log(L/Ls)

o
o

6.5

6.0

o
w

4.5

4.0

No high-mass RSGs - stars M > 40 M_ never

develop outer convective envelopes?

|

| IR I I

*y | |
Z=0.0034=0.2Z, \
semiconvection a..=100.0 i

. 1Rc 3R  jO0ORc 30ORs

4.4 4.2 4.0 3.8 3.6
log (Terr/ K)

(Tefr:tn/1000) K

=
i

o
o

-
=}

w
co

W
o

3.4

Ter:th for convective envelopes

|
w
Ul
c

-13.54

5.0 5.5
log(L/Lg)



Common envelope donors

Critical mass ratio:
d>9_icaqg ~  Unstable MT, common envelope

Radiative envelopes:

c . I%&E—(Ge—et—al.—zeie) mis-used...

A.iica = 2 (Ge et al. 2015) for M>20 M
d...., ~ 8 (Pavlovskii et al. 2017)
d..... ~ 4-6 (Klencki et al, prelim; also Garcia in prep.)

Convective envelopes (30% in mass):
~ 1.5 - 2.2 (Pavlovskii et al. 2015)

qcritical
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Outer convective-envelope
- much lower binding

energy of the envelope
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mass coordinate (My)
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