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THE BLACK HOLES LOVE STORY!
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NO BH produced by 

single Stellar

evolution IN 

PAIR INSTABILITY MASS GAP

From Spera & Mapelli 2017
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PPISNeor PISNe

observations

NO
Maybe the theory is wrong ?

PI MASS GAP mainuncertainties
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1) Metallicity........................(Spera & Mapelli 2017)      

2) ὅ (‌, ‎)ὕ 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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Ò~ª maybe µkíªkmissing something !

PI MASS GAP mainuncertainties
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Aim
The role of dynamical interactionson the formation 

of binary black hole mergers

OVERVIEW
PART 1: From BH dynamics to three-body interactions

PART 2: The case of GW190521

PART 3: BBH mergersin differentstellar environments

PART 4: HierararchicalMergers



aΦ 5ŀƭƭΩ!ƳƛŎƻ 6 MiapbpNovember 2022

PART 1
From BH dynamics to three-body interactions
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Three -Body interactions:
The outcomes
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HEGGIE ôs LAW (Heggie1975)

(Mapelli 2021) 

ÅHard binariestendto «harden», 

soft binariestendto «soften»

Hardening GW emission

ÅHard binarieshardenat a 

constantrate 
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What actually happens : 
Resonant interactions

Å GW inspirals
Å Mergers
Å Unstable Triples
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Å GW inspirals
Å Mergers
Å Unstable Triples

(from Samsing& Ilan2018) 

Three Body

ChaoticProblem
=

Nogeneral

Solution exists

N-Body

Codes

(seee.g. PortegiesZwart& Boekholt,

Ginat& Perets2022) 

What actually happens : 
Resonant interactions
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PART 2
The case of GW190521

PART 2: GW190521



HIGH TOTAL MASS

ONE PI-GAP COMPONENT

HIGH SPIN MAGNITUDES?

IN-PLANE SPIN COMPONENTS?

POSSIBLE ECCENTRIC MERGER?
(e.g. Gayathriet al. 2021; Romero-Shaw et al. 2020)
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ψͯυὓṩ

ρͯτςὓṩ

GW190521 : A GIANT AMONG GIANTS

Dynamicalformation in a dense 
stellar environment

φͯφὓṩ

… Ḑπȟπψ

… Ḑπȟφψ

ωωϷprobability of 
lying in the pair-
instability mass gap 

(PI, φπ ρςπὓṩ) 

Intermediate-Mass 
Black Hole!

From Abbott et al. 2020a, 2020b: 

PART 2: GW190521
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OUR QUEST:
Study the formation of GW190521 -like mergers

via 3Body Encounters

OUR TOOL:

direct N-body simulationswith 
the code  ARWV

(Mikkola& Aarseth1989 ;

Chassonneryet al.2019).

Å Post-Newtonianup to the 2.5 order

Å Relativistickick prescriptionfor 
mergerremnants

© G. Beccari
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PI -gap BHs

IMBHs

Ḑ19%

Ḑ57%

Ḑ24%

Initial ( t=0 yr ) Final ( t=ρπyr )

BBH Mergers :
The mass of the components

PART 2: GW190521



14aΦ 5ŀƭƭΩ!ƳƛŎƻ

BBH Mergers :
The mass of the components

Over all 7187 BBH Mergers :

~0,2% are 
second -generation BBHs
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PART 2: GW190521
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BBH Mergers :
The mass of the components

GW190521 90-75-50-25% credible regions from 
Abbott et al. 2020 (Í ψυ ὓṩȟά φφ ὓṩ 90% C.I.)

Å~11% of all the first -generation BBHs
(~97 % Í Í ȟ~2 % Í Í ȟ~1 % Í Í )

Å5 second generation BBHs

PART 2: GW190521
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BBH Mergers :
The spin parameters

ά ά

ʔ

1g BBHs
2g BBHs

(90-50% credible regions )

Mass ratio 
ή άȾά

ά ά

ὒ
ץ

ʔ

Å All the second -generation BBHs fall
inside the GW190521 posterior

Å Only ~0.9% of the first -generation BBHs
are inside the 90% credible interval of 
GW190521

GW190521 90-75-50-25% credible regions

(… πȟπψȟ
ȟ , … πȟφψȟ

ȟ 90% C.I. ) 
Abbott et al. 2020a 

PrecessionNo -Precession Ò

PART 2: GW190521
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BBH Mergers :
Mass and spin of the remnants

0,36 0,55 0,96

FlyBys and exch anges peak in 
different areas of the plot

(contours mark the 50% credible regions )

Å Different ╜◄▫◄□░ □▒
Å Different ▲ □▒/□░

PART 2: GW190521
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BBH Mergers :
Mass and spin of the remnants

90-50% credible regions
from Abbott et al. 2020 

(- ρτς ὓṩȟʔ πȟχςȟ
ȟ 90% C.I.)

GW190521

PART 2: GW190521




