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Ways to form mass-gap BHs
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Massive star clusters with f . =1 can create mass-gap BHs
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Differences between the models with fb high ™ 1and 0
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Differences between the models with fb high ™ 1and 0
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Our aim is to disentangle the roles of Nhigh
and the state of high-mass stars being in a
binary.



Methods

e Initialise a model with fbh oh

e Extract all massive blnarles

=1.
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Methods

e [nitialise a model with fbh oh =1.
e [Extract all massive blnarles
e Randomly select a fraction of them and

break them into single stars.
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Methods

e [nitialise a model with f 1.

Extract all massive binanes.

e Randomly select a fraction of them and
break them into single stars.

e Spatially redistribute all objects in the

cluster.

Cluster models with identical individual stars
but different fraction of massive stars in

. . . 7 J ”
binaries, i.e., fb,15 .

We simulate the evolution using CMC
(Rodriguez et al. 2022).
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Methods: Simulations performed

f ..-0,0.25 0.5 0.75, 1 (10 realisations each).
b,15

f_ for lower-mass stars - 0.05.

Eccentricity distribution of binaries - thermal [Jeans 1919].

Orbital period distribution of binaries - dN/d log P oc P %% [Sana 2012].

Uniform mass ratio for binaries between 0.1 and 1 for lower-mass primaries and
between 0.6 and 1 for high-mass primaries.

Stellar IMF - KroupaO1 [Kroupa 2001].

Cluster profile - King [King 1966].

Virial radius, r, - 1 pc.

Metallicity, z = 0.002.

Number of objects - 8 x 10°.
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S0, do we need massive stars to be in a binary? YES.
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Number of massive BHs as well as mass of the most
massive BH depend on F°, .

Ngy per model
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The role of binaries: mass segregation
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The role of binaries: mass segregation
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Number of massive BHs as well as mass of the most
massive BH depend on F°, .

Ngy per model
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Ways to form mass-gap BHs
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BHs formed during a ~Hubble time.
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BHs formed during a ~Hubble time.
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BHs formed during a ~Hubble

A via core-collapse e all
[] via BH-BH merger
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BH formation demographics
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BH

80

-BH mergers’ properties
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BH-BH mergers’
properties
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Key Points

° f’b 15 affects high-mass BH formation via stellar collapse, both in the number of

high-mass BHs as well as the mass of the most massive BH.

e However, high-mass BH production over a GC lifetime is dominated by the

dynamical process of BH-BH mergers, which is not sensitive to f’b 15°

e The properties of BH-BH mergers depend on the initial f’b 15
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Ngy per model

Stellar collapse (< 35 Myr)

mass-gap L f, 15=0.75 [ f; ,5=0.25
= £ =1 =1 ©y=05 [ # =0

103_
102_
101-
100-

|

10_1' I

0.5 1.0 1.5 2.0

log(Mgn/M o)

+ BH-BH merger (~ 14 Gyr)

mass-gap L fy 15=0.75 [ f,,5=0.25
= £ s=1 =1 1 z=0.5

[ #lz=0

103-

102_

101 _

Ngy per model

100_

10—1_

0.5 1.0 1.5 2.0
log(Mgn/M o)



Backup Slides



103<

102_

101_

100_

=1
fv,15=0

0.0 0.2 0.4 0.6 0.8 1.0

fraction of time high-mass stars exist in a binary

34



Demographics of

collisions Iin the cluster
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BH-BH mergers’ properties
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BH-BH mergers’ properties

No. of BH-BH mergers per model
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Full cluster life

fb1s All High-mass High-mass BBH formation channel
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