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formation channels

I. Classic “Common Envelope” Channel
(or other forms of highly non conservative mass transfer)

Tutukov & Yungelson 1973, 1993; Lipunov, Postnov & Prokhorov (1997), Bethe & Brown (1998),
Bloom, Sigurdsson & Pols (1999), De Donder & Vanbeveren (2004), Grishchuk et al. (2001),
Nelemans (2003), Voss & Tauris (2003), Pfahl, Podsiadlowski & Rappaport (2005), Dewi,
Podsiadlowski & Sena (2006), Kalogera et al. 2007; O’Shaughnessy et al. (2008), Mennekens &
Vanbeveren (2014), Dominik et al. (2015), de Mink & Belczynski (2015), Belczynski et al. 2016, ...

Il. “Chemically Homogeneous” Channel

(Other names: Case M, Rotational channel, Tidal mixing channel )

de Mink et al. (2008, 2009), Mandel & de Mink (2016), Song et al. 2016; Marchant et al. (2016),
de Mink & Mandel (2016), ...




Two Challenges
for all formation scenarios
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Formation BHs Coalescence
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Formation BHs
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1.“Separation Challenge”
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30 solar masses is rather massive ...
typical range inferred from X-ray binaries is 5-10 M

T ‘ GRO J0422
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Caveat:
X-ray binaries probe our local (metal rich) environment
Probably not representative

l 10 20 30 4‘0 5l0 6l0 76 10 20 3‘0 4‘0 5‘0 6‘0 7‘0 E
! l M (M..) M (M..) —t

Some are more massive... S 2023
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Coalescence
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The Initial conditions
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-Black Holes in the making: Tarantula Nebula
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1. Mass Challenge
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Astrophysical implications paper
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Vink et al. 2000, Mokiem et al. 2005
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Renzo et al. (in prep)
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Renzo et al. (in prep) 22222
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2. Separation Challenge
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1. Classic
Common Envelope Channel

Tutukov & Yungelson 1973, 1993; Lipunov, Postnov & Prokhorov (1997), Bethe & Brown (1998),
Bloom, Sigurdsson & Pols (1999), De Donder & Vanbeveren (2004), Grishchuk et al. (2001),
Nelemans (2003), Voss & Tauris (2003), Pfahl, Podsiadlowski & Rappaport (2005), Dewi,
Podsiadlowski & Sena (2006), Kalogera et al. 2007; O’Shaughnessy et al. (2008), Mennekens &
Vanbeveren (2014), Dominik et al. (2015), de Mink & Belczynski (2015), Belczynski et al. 2016, ...




Belczynski et al. 2016
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Belczynski et al. 2016
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2. Chemically Homogeneous
Channel

(Other names: Case M, Rotational channel, Tidal mixing channel )

de Mink et al. (2008, 2009), Mandel & de Mink (2016), Song et al. 2016; Marchant et al. (2016),
de Mink & Mandel (2016), ...
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... very rapidly rotating single stars ...
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Effect on the stellar structure

H rich
Slow rotator: ‘

Standard Evolution

Time

Maeder 87, Yoon & Langer 05

Mykonos 2010 Selma de Mink Argelander Institute Bonn



Effect on the stellar structure

H rich
Slow rotator: ‘

Standard Evolution

Time

Fast rotator: |< ™ < \

Chemically Homogeneous

Maeder 87, Yoon & Langer 05
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Surface composition

Yoon + 06

Helium (at stellar surface)
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What about binaries?

Standard Evolution
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What about binaries?

Standard Evolution Chemically Homogeneous
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Which stars evolve homogeneously?

Spherical
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For tidally locked binaries
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Proof of principle

; 51 505 5 495 49 485 48 475
Z=10 log T (K)
M,~M,~100M, De Mink et al. 2008, 2009
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Binary models

———— H-shell burning — - '
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Binary models

Start He-burning ———— . .
6.6

6.5

More recent work:
Larger grids with 2 different codes
Song+(2015) & Marchant+ (2016)
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s this really happening?




Almeida, Sana, de Mink et al. (2015)
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Do the Binary BHs merge?
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Simulated BBH progenitors
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Cosmic Star formation
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Merger rate per (Gpceyr)

Cosmic Merger Rate

De Mink & Mandel (2016)
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“Predicted” Total Masses

De Mink & Mandel (subm)
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“Predicted”Chirp Masses

De Mink & Mandel (subm)
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Detectable mergers per year

“Predicted” Mass Ratios
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Almeida, Sana, de Mink et al. (2015)

Animation credit: ESO: L. Calcada



Summary
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