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Masses in the Stellar Graveyard
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THEBLACK HOLES LOVE STORY!

LIGO-Virgo-KAGRA Black Holes LIGO-Virgo-KAGRA Neutron Stars
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PPISNeor PISNe
observations

Pl MASS GARinuncertainties

1) Metallicity................... (Spera & Mapelli 2017)
2) o) ([ i )U rate ........ (Farmer et al. 2019)
3) H-envelope................. (Costa et al. 2020)
4) Dredge-Up episodes..(costa et al. 2020)
5) Rotation..................... (Mapelli et al. 2020)
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The role ofdynamical interactionson the formation
of binary black hole mergers

OVERVIEW
PART 1From BH dynamics tbree-body interactions

PART 2The case of GW190521
PART 3BBHmergersin different stellarenvironments

PART 4HierararchicaMergers
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PART 1

From BH dynamics tbreebody interactions
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(Quinlan & Shapiro 1990)

Encounter of

(Lee 1995, Fragione & Silk 2020)

BHSs
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(Miller &Lamburg2009)
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// interaction of BHs
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Speed-up
Exchange BBH Unstable Triple
events mergers = Systems

\\Three-Body Interactions

are e moest irecuent eyynamics] enceouniers
In @ stear cduster®

(Heggie 1975; Sigurdsson & Phinney 1993 ;Samsing et al. 2017)

SCs core
collapse Hierarchical
Mergers

Mechanism

“With quite largebinaryfraction
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Three -Body interactions: HARD BINARIES

=
The outcomes o c (Zo (O)

HEGGIE & LAW (Heggiel975)
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softbinariedendto softer»
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v = \/Gml ma (ma1 + ma 4 ms) Hardening GW emission

(Hut& Bahcalll983) (Mapelli 2021)
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Three -Body interactions:
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The outcomes

lonization
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What actually happens :
Resonant interactions

i 7 A GW inspirals

7 A Mergers
7 A Unstable Triples
4000 12N ' =

2000+

—2000

—4000

—6000

~7500 —=5000 —2500 0 2500 5000 7500
X [AU]

ad® 51ttt Q! YAC

PART 13Body Interactions




4000

2000+

—2000

—4000

—6000

What actually happens :
Resonant interactions

/ A GW inspirals
! A Mergers

A Unstable Triples

>

7500 —=5000 —2500 O 2500 5000 7500

X [AU]
ad® 5 ffQ YAQZ

impact parameter b

Nogeneral N Body
Solution exists Codes

(seee.qg.PortegieZwart& Boekholt
Ginat& Peret2022)

Endstates

1 2 3 4 5 6
binary phase f

(from Samsingk 1lan2018)

PART 13Body Interactions



PART 2

The case of GW190521
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GW190521 : A GIANT AMONG GIANTS \\\

From Abbott et al. 2020a, 2020b:
%+ HIGH TOTAL MASS

* ONE PGAP COMPONENT D ¢ w & probability of
# HIGH SPIN MAGNITUDES? netoblity roese gap

% IN-PLANE SPIN COMPONENTS? Bl @ 6 U )
# POSSIBLE ECCENTRIC MERGER?

(e.g.Gayathriet al. 2021; Romer8haw et al. 2020)

= Dynamicaformationin a dense

stellarenvironment :
IntermediateMass

Black Hole!
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Study the fonnation of GW190521 I|ke mergers :
R via BBody Encounters ', e

-~ -
-

.

OUR TOOL.:

PART 25W190521



FlyBys Exchanges Exchanges

a a a d a d
W —
[% £ %
- Q =
) 4 m
c Z
S &
= -
Bm LL o
v O <
> O o
(D)
D =
S S
(-
T O .
M un =
>
B% S
E I
(D) —
e @
= e

[
102

Primary BH [Mg]
YA C

ft Q!

ad 51

—

_
o~
o o
—



BBH Mergers

The mass of the components

:' Over all 7187 BBH Mergers:

X : - ~0,2% are
L x second -generation BBHs

:.0“.'0.' QS °g 8l .

Secondary BH [M;]

100 1
Primary BH [My]
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° mi-ms;

e mi-ms PRI BBH Mergers :
1024+ o mpmy e fotheats o The mass of the components

¥ 2"9-gen BBH
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GW190521 90-75-50-25% credible regions
(.. mmy?,. Ty 90%C.l) BBH Mergers :

The spin parameters

. Y
? v |
Xeff — 1_|_q , a

Abbott et al. 2020a

a
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_0.4- inside the GW190521 posterior

| 29 BBHs : :
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and exch anges peak in
different areas of the plot
(contours mark the 50% credible regions)
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GW190521

90-50% credible regions

from Abbott et al. 2020
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