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Formation channels of binary black holes:

Common 
envelope 

phase

Stable 
mass 

transfer
Chemically 

homogeneous 
evolution

Isolated binary evolution

e.g.
den Heuvel (1976), Tutukov & 
Yungelson (1993), Kalogera et 

al. (2007), Postnov & Yungelson 
(2014), Belczynski et al. (2016), 

Mapelli et al. (2017)

e.g. van den Heuvel et al. 
(2017), Pavlovskii et al. (2017), 

Inayoshi et al. (2017)e.g. Maeder (1987), de Mink
et al. (2009), Mandel & de Mink 
(2016), Marchant et al. (2016)

Pop - III

e.g. Sigurdsson & Hernquist 
(1993), Zwart & McMillan 
(2000), Miller & Lauburg 
(2009), Rodriguez et al. 

(2015), Antonini et al. (2016), 
Mapelli (2016), Askar et al. 

(2017)

Dynamical formation

Globular / open / 
nuclear star 

clusters

AGN-disks
e.g. Inayoshi et al. (2017)

 e.g. Antonini & Perets 
(2012),

Tagawa et al. (2020)

Credit for slides: R. Sarwar
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spectra for GW progenitors (with PoWR code): O and WO (!) stars



3000 4000 5000 6000 7000 8000 9000
Wavelength (Å)

1.0

1.5

2.0

2.5

3.0

3.5

4.0

No
rm

al
ize

d 
flu

x

He
II 

+ 
(H

)

He
II 

+ 
(H

)

He
II 

+ 
(H

)

He
II

He
II

He
II

He
II

He
II

He
II

He
IIO

VI

O
VI

C
IV He

II

He
II 

+ 
C

IV

O
VI

He
II

C
IV

N
IV

 +
 (O

V) C
IV

He
II 

+ 
(H

)

C
IV

C
IV

N
V

N
IV

Yc = 0.8 (e-pMS)
Yc = 0.5 (m-pMS)
Yc = 0.1 (l-pMS)

 1

 1.5

 2

 2.5

 3

 3.5

 4

 1000  1200  1400  1600  1800  2000

N
o
rm

a
liz

e
d
 f
lu

x

Wavelength (A)

WN2
WO2-1
WO1

optical

UV
Szécsi+25 (A&A)



3000 4000 5000 6000 7000 8000 9000
Wavelength (Å)

1.0

1.5

2.0

2.5

3.0

3.5

4.0

No
rm

al
ize

d 
flu

x

He
II 

+ 
(H

)

He
II 

+ 
(H

)

He
II 

+ 
(H

)

He
II

He
II

He
II

He
II

He
II

He
II

He
IIO

VI

O
VI

C
IV He

II

He
II 

+ 
C

IV

O
VI

He
II

C
IV

N
IV

 +
 (O

V) C
IV

He
II 

+ 
(H

)

C
IV

C
IV

N
V

N
IV

Yc = 0.8 (e-pMS)
Yc = 0.5 (m-pMS)
Yc = 0.1 (l-pMS)

WN2
WO2-1
WO1

optical

3000Å 9000Å

Available measurements:

name of dwarf galaxy:

I Zwicky 18
Izotov+97 (MMTO 6.5m) 3700Å–6800Å

Kehrig+15 (PMAS 3.5m, integrated field) 4440Å–5200Å

Thuan+05 (MMTO 6.5m) 3200Å–5200Å

Szécsi+25 (A&A)
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Conclusions...

• Available literature cannot exclude our models

• Proving them though?

• sign-post: WO bump around O-VI-3818 (wideness: ∼24Å)
• with Keck/KCWI ?

• in those individual spaxels where He-II-4686 and C-IV-5808
are also found in emission (wide bumps)

• far-reaching impact: proving the existence
of a theorized channel to GWs
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