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X-Ray Studies

Credit: ESO/Calcada
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4. Birth of progenitors stars 3. Formation binary black holes 2. Merger 1. Detection of signal

J
¥ &° :
“a few” Myrs - “a few” Gyrs - 1.4 Gyrs

Time

GW detections still probe relatively local events for now, -

but the already probed stellar endpoints at very substantial redshifts.




(A)
Stellar Origin

(B)¢

Primordial

e.g. Carr & Hawking (1974), Carr
(1975, 1976), Garcia-Bellido et al. S
(1996), Khlopov (2010), Frampton et Yo
u are
al. (2010), Blais et al. (2002), ... . .
2010) 12002) “Cosmic time” here
(not to scale)
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This is not exotic

dM et al. Science 2012, Sd
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Initial distributions of
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Separations/Periods

Cosmic Starfomation history f(Z, z)

cf. Abt+78, Kobulnicky+Fryer07, Mason+09,
J Chini+12, Sana,SdM+12, Sana,deKoter,SdM+13, Kobulnicky+14,

L o b
Tk TAT
AVl MU i

Cosmos Dunstall+w/SdM15, Moe+16, Almeida+w/SdM17, ...



This is not Exotic ... ... but this is.
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Formation Channels




Birth Formation BHs Coalescence
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“Evolutionary “Dynamical

A B ~ i) Dynamical
formation in
massive star clusters

i) Classical
(Common Envelope)




“Evolutionary “Dynamical

i) Classical
(Common Envelope)

formation in
massive star clusters

vi) Triples ) Kozaii )

resonance with .
SMBH ( v) In gas disk of

L Active Galactic

~

vii) Stable non-
conservative
mass transfer

Nuclei

Bin See talks by Mandel, Rasio, Naoz, Shoemaker, Holz, ...




Chemically Homogeneous Channel

“Case M Evolution”,
“The Rotational Channel”,
“Tidally Induced Mixing Channel”

de Mink et al. (2008, 2009), Mandel & de Mink (2016), Song et al. 2016;
Marchant et al. (2016), de Mink & Mandel (2016), Marchant et al. (2017)
Marchant et al. (to be subm.)

Primary Collaborators:
llya Mandel (2016), Matteo Cantiello (2009) Marchant
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| Bepdrotators |
100 80 60 40 20 0
Maeder & Meyet 2000, Effective Temperature (kK)

Heger et al 2000, Yoon et al 2006,Hirschi 2007, Ekstroem et al 2012, Georgy et al. 2014, Kohler et al. 2015 Z=0.004
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Brott & de Mink et al. (2011)
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Standard Evolution Chemically Homogeneous

HY De Mink+08,’09




2b)
Homogenous

De Mink + 2009
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Do such tight binaries exist?

VFTS 352 - Orbit: 1.1 Day
A case for (partial)Chemically Homogeneous Evolution?

Almeida, Sana, de Mink et al. (2015) ":f:::i?:
Image ICredit:ESO/L. Calcada










Delay Time
Mandel & de Mink (2016)
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Masses

de Mink & Mandel (2016)
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Open Questions:
e What about Spins? - Open question, hard to predict
e Lower mass events? — Probably only massive

e What about side products? - ....
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Cf. Marchant et al. (2016)




How to Proceed from here
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Mathieu Runaway and Walkaway Stars

Renzo
Renzo et al. w/SdM 2018
“Small BH kicks” “Big BH kicks”
i i -6
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A Marchant et al. w/SdM (2017)
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Second Gap?
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Wrap up




This is not Exotic ...

.. but this is.
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