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Two in a million - The interplay between binaries and star clusters
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GW primary mass distribution

The LIGO Scientific Collaboration+ 2021a,b
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GW primary mass distribution

The LIGO Scientific Collaboration+ 2021a,b
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Young star clusters

Original: from primordial binaries | Exchanged: from dynamical encounters

NBODY6++GPU (Wang+ 2015) + MOBSE (Mapelli 2017, Giacobbo+ 2018, Giacobbo & Mapelli 2018)
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Star-star collisions in YSCs
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poster N.Zj Star-star collisions in GCs

o 0 Mass of the cluster
Benedetta Mestichelli’s master thesis '
Direct N-body code PeTar. o
Wang+ 2020 —— R.00e+04 M,
. — 2.20e+05 M,
-+ MOBSE: stellar and binary . e
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Star-star collisions in GCs
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Star-star collisions in GCs
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Hierarchical mergers
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Miller & Hamilton 2002; Fishbach+ 2017; Gerosa & Berti 2017; Gerosa & Fishbach 2021 from Gerosa & Berti 2017
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Hierarchical mergers
lgBH. .lgBH

\ / 1g BH .
redshift z;
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redshift z

Relativistic recoil on the
BH remnant up to ~

1000 km/s. 1g BH 1g BH
Campanelli+ 2007 . .

~ redshift Z

=~ =~ 2 BH

.lg BH

Effective in massive and i

long-lived star clusters O

(e.g., GCs, NSCs). (:)
ng+1g mergers

Miller & Hamilton 2002; Fishbach+ 2017; Gerosa & Berti 2017; Gerosa & Fishbach 2021
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Fastcluster

/ e . . .
FASTCLUSTERQ\ Population-synthesis code for BBHs in star clusters
Mapelli+ 2021, 2022
°.0- 10
¢ =
A P 2103 1
https://gitlab.com/micmap/fastcluster_open = ]
T |
y . _ = 102 Pair-instability mass gap
1) Initial BHs from population synthesis o :
catalogs (e.g., MOBSE, SEVN). _
Mapelli+ 2017, Giacobbo+ 2018, lorio+ 2023 10°
C —
2) BBH orbital evolution: 1072
Q
- dynamical pair-up and hardening, £ 104
«  GW emission,

 relativistic recoil. 1 2 3 4 5 6 7 8 9 10
Generation number
also cBHBd (Antonini+ 2019, 2020, 2023); Fragione+ 2020; B-POP (Arca Sedda+ 2021); Rapster (Kritos+ 2022a,b);
Fragione & Rasio 2023

S. Torniamenti 11



i Q‘ e
FASTCLUSTER

0

¢ )

https://gitlab.com/micmap/fastcluster_open

GC evolution
clusterBH (Antonini & Gieles 2020)

« Stellar mass loss.

* Relaxation.
Breen & Heggie 2013

« Tidal stripping.
Gieles+ 2011

Torniamenti+ in prep.
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Population-synthesis code for BBHs in star clusters
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ng+1g

ng+1g

No GC evolution

BH sampling
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Mapelli+ 2021, 2022

Antonini+ 2023

Torniamenti+ in prep.

13



']

©

101

[Gpe=3 yr=' M

1073

dR
a’m1

1075

ng+1g

ng+1g

No GC evolution

10!

"

©

0

[Gpc= yr™' M

1073+

dR
dml

-5 i
1071

| l
50 100

GC evolution

my [Mg]

BH sampling Mapelli+ 2021, 2022

S. Torniamenti

|

Antonini+ 2023

Stellar mass loss
+

Relaxation
+

Tidal stripping

Torniamenti+ in prep.

13



BH spins
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Summary

Star-star collisions
In dynamically-active YSCs: ~10% BBH mergers with m, in the pair-instability mass gap.

In GCs: repeated collisions less efficient due to long relaxation timescales.

GC dissolution strongly quenches hierarchical mergers after second generation.

Hierarchical mergers in GCs

Essential to explain the primary mass distribution above 60 M. At lower masses: dependence on
mass sampling assumptions.

Explain high-spin distribution? More information required.
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