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How did the system
become so tight?

How did the binary
stay bound?

How often does binary
evolution lead to GWs?

Are GW progenitors
unique systems?
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From binary star to gravitational waves

Zero-age main sequence
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Figure credit: Tauris et al. (2017)
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From binary star to gravitational waves

Zero-age main sequence
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Two stars out orbiting
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Common envelope -

evolution

Stellar winds & -
the evolution of
very massive stars

Pair-instability
supernovae

“Explodability”
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Figure credit: Tauris et al. (2017)
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Radius evolution of stripped stars
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Radius evolution of stripped stars
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Radius evolution of stripped stars

Solar metallicity
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Interaction more common at low metallicity

(cf. Yoon et al. 2017, Sravan et al. 2018)
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Supernova kicks and runaway stars

Most systems are disrupted after

a supernova (86%)

Mathieu Renzo C. He star + Main Sequence
(Renzo et al., Runaway stars =% understanding
incl. Gotberg GW progenitors
2019)
D. He star core-collapse :
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E1. Disrupted systems: E2. Bound systems:

Runaways & Walkaways

X-ray binaries & GW sources

(see Blaauw 1961, Hoogerwerf et al. 2001, Eldridge et al. 2011, Kochanek 2018,
and also Katz 1975, Cordes 1993, Janka 2012, 2013, 2017, Wongwathanarat et al. 2013)
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Chemically homogeneous evolution towards GWSs

Rotational mixing can cause stars to evolve completely into helium
(e.qg., Brott et al. 2011) H rich
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Figure credit: S.E. de Mink
(see also De Mink & Mandel 2016, Mandel & De Mink 2016, Marchant et al. 2016, Szecsi et al. 2015, Kubatova et al. 2019)
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Chemically homogeneous evolution towards GWSs

Rotational mixing can cause stars to evolve completely into helium

(e.g., Brott et al. 2011) H rich
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The uncertainties in binary evolution
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What fraction of binaries
are GW progenitors?
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(cf. Sana et al. 2012, Chini et al. 2012, Kobulnicky et al. 2014, Moe & DiStefano 2017,

de Mink et al. 2007, Hurley et al. 2000, 2002, Renzo et al. 2019)
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The paradox of the missing stripped stars

Theory: A third of all massive Observations: A dozen of stripped
stars strip massive stars found
(Sana et al. 2012) (Gies et al. 1998, Steiner & Oliveira 2005,

Groh et al. 2008, Peters et al. 2008/13,
Wang et al. 2017/18, Schootemeijer et al. 2018)

effectively e Star SpT Mstip  Mcomp confirmed

@smgle /{/,,»/ ¢ Persei B1.5Ve:shell 190 9.6 v
en\\/\eiepe +sdO

~29% stripping FY CMa Bos'g'(\)/le 1.3 12.5 v

/ 59 Cyg B1Ve+sdO 0.75 8 v
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(Only systems with massive MS companions, see also Shara et al. 2017)
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Stripped stars likely hidden by companions

Gotberg et al. (2017)
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Stripped stars likely hidden by companions

Gotberg et al. (2017) Magellan/Keck/VLT
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The treasure trove of stripped stars

Bethany
Ludwig -6
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(see also Pols & Marinus 1994 and Schneider et al
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How to identify the stripped stars?
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Summary

Stripped stars — the progenitors for all types of GW events

Expansion of stripped stars — more interaction — more GWs?

Runaway stars — better understanding of period evolution needed

Chemically homogeneous evolution — does rotational mixing lead to GW events?

GW progenitor evolution — all but the first step are unconstrained by observations



