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Mass loss rates
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Massive stars: radiative envelopes
= radiative damplng — dynamical t1d€ Zon 1975, aca, 41, 329

But: (shear-induced) turbulent viscosity may
dominate

Moreno, Koenigsberger, Toledano, 2005, A&A, 437, 641
Toledano, Moreno, Koenigsberger, Detmers, Langer 2007, A&A, 461, 1057

— closer to tides 1in convective envelopes zim 7. . 57,3
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Tidal spin-up of WR stars
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Mass stripping — SNe Ibc
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Merger: > 20%: where are they?
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Sana, de Mink, Koter, Langer, et al., 2012, Science, 337, 444

Glebbeek, Gaburov, Portegies Zwart, Pols, 2013, MNRAS, 434, 3497
Ohlmann et al., in prep.
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HD 148937 06.31?p: a smoking gun?

Leitherer, Chavarria-K., 1987, A&A, 175, 208
Langer, 2012, ARAA, 50, 107



Schneider, Podsiadlowski, Langer, Castro, Fossati, MNRAS, 2016 457, 2355
Petermann, Langer, Castro, Fossati, 2015, A&A, 584, A54
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B-field decay
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-field decay: mass dependent
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established for low-mass stars (CVs, ...)
not much known for massive stars ...

v/ theoretically, even low mass CE ejection difficult

Clayton, Podsiadlowski, Ivanova, Justham, arXiv170508457
Ohlmann, Ropke, Pakmor, Springel, 2016, ApJ, 816, L9

+/ massive stars: unclear core/envelope boundary
envelope binding could be large, but also very
Small (LB V) Kruckow, Tauris, Langer, Szecsi, Marchant, Podsiadlowski, 2016, A&A, 596, A58



EC ¢

CEE occurs 1n massive binaries!
v/ 15 NS-NS binaries, 7 with P, < 1.2d

Tauris, Kramer, Freire, Wex, Janka, Langer, Podsiadlowski, Bozzo, Chaty, Kruckow, van den Heuvel,
Antoniadis, Breton, Champion, ApJ, arXiv:1706.09438

\/ ultra—stripped SUPCINOVAC  tausis. Langer, Podsiadlowski, 2015, A&A, 451, 2123
\/ LMBHBS? Fragos, McClintock, 2015, ApJ, 800, 17
v/ However: no CEE in Galactic WR binaries!

Shara, Crawford, Vanbeveren, Moffat, Zurek, Crause, 2017, MNRAS, 464, 2066
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TAMS
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Very massive star models
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Inflation
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The Galactic sHRD

Objects density (log)
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v/ stellar models: the higher the mass, the larger the
uncertainty

v/ uncertainties in single star physics affects binary
evolution model: mixing and mass loss

y/ rejuvenation of mass gainers?

v/ spin-up of mass gainers!

\/ merger: B-field?

v/ B-field decay in massive stars

v/ CE-evolution occurs massive stars
v/ CE-evolution occurs in VMS?

v/ VMS: inflation & LBV mass loss
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