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IMBHSs: what we do and don’t know
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IMBHSs: what we do and don’t know

Intermediate-mass
black holes

log (mass distribution)

Stellar Black Holes % Supermassive

101 102 103 104 105 106 107 108 109 1010 1011 black holes
log (Me/Moe)




\( a C 6 Manuel Arca Sedda
Unveiling IMBHs with ET, LGWA, and LISA

LGWA Workshop
Castel Gandolfo 08 -10-2023

IMBHSs: what we do and don’t know

Qw
€ eﬂ. LVK+21)

@lobular Clusters

(g vanderMarel+1o, Noyola+o,
Lanzoni+3, Lu+23eno\or€+43,
Kizitan+13, Perera+d?, Lin+g,
ﬂ\:ba+e+4‘1,T\enﬁo+.24,Haberlel‘«)

log (mass distribution)

Barack+18

*

Q

O

(o)

Z

3
e, | 2

g Il SoRA* J0100+2802
GW150

101 102 103 104 105 106
l0g (Me/Mo)

107 108 109 1010 1011

Dwark

€ eq Reineskvolonterids
Ch'\l'\nﬁar‘\am«f&)




\(a C € Manuel Arca Sedda LGWA Workshop
Unveiling IMBHs with ET, LGWA, and LISA Castel Gandolfo 08 -10-2023
IMBHs: what we do and don’t know
BH MBH SHBH BH H-BH -MBH SMBH
Qw1521 QW15 21 .
Arca Sedda in prep
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IMBHs: formation in dense star clusters
Multiple stellar collisions
Repeated BH mergers

Star-BH accretion
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see e.g. “The DRAGON-II simulations” paper series (rewarding, but computationally expensive)
Arca Sedda et al 2023a, 2024a,b
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IMBHSs: formation in dense star clusters
1x10°16 p——rrr . - - M—— 2
tou=2 Y15 M, , = (500 +30) M 5e=0 ol
z SNR :
1x10718 E |
ET LGWA LISA . 3
1x1019 E
0.1 4740 99 23 i
1x10720 E
0.3 1521 32 9 i
1x1021 E
0.5 808 18 6 i
1x1022 ;
1.0 389 9 4 i
1x1023 :
2.0 164 5 2 :
1X10-24 ezl N 4 ul ul ul 2 0
1e-05 1le-04 1e-03 1e-02 1le-01 1e+00 le+01 le+02

f [Hz]



\( a C C Manuel Arca Sedda
Unveiling IMBHs with ET, LGWA, and LISA

LGWA Workshop
Castel Gandolfo 08 -10-2023

DRAGON-II vs B-POP: beast and beauty
Arca Sedda et al 2023a, 2024a,b

Nbody simulations PROs:

- Accurate

- Impact of primordial binaries

- Impact of cluster evolution and structure

Nbody simulations CONs:
- High computational cost

- No reliable statistics within reasonable times

(~ 78 BBHs in 5 months, ~ 8 IMBHSs in 5 months)

SOLUTION:
- Population synthesis code encoding dynamics-+stellar evolution
(~10%in 0.5 hrs)

- Rapid exploration of the parameter space
(Metallicity, SFR, environment, BH natal spin, mass, kicks...)
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B-POFP: making isolated and dynamical BBH mergers has never been that easier
Arca Sedda and Benacquista 2019, Arca Sedda et al 2020,2023, Arca Sedda in prep, Paiella+in prep**
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B-POFP: making isolated and dynamical BBH mergers

has never been that easier
Arca Sedda and Benacquista 2019, Arca Sedda et al 2020,2023, Arca Sedda in prep, Paiella+in prep**
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B-POFP: The “dynamical” IMBH mass spectrum
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B-PoP + GLWFISH = perspectives for future GW detectors

B-POP, .,
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B-PoOP + GIWFISH - perspectives for future GW detectors
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B-PoOP + GIWFISH - perspectives for future GW detectors

: M, Zhor
- — LISA —- ET dnpyrr dV. dz
103 SSS . — — DECIGO LIGO I'vrr =€ f f T % a1 dMvBH
FSsa . M, mBHAZ dZ 1 +Z
-3 :: "
5 S~
10° D E\ S3~o Detector MIMBH’max z .- Rate
=~ CIG ~ -~ ( SUN (yr_l)
Z 10 LIGO 200 0.4-0.6 12
e~
107 ( LISA >10° 0.7-1.8 5-60 ]
: L ET ~ 2,000 >6 2-600 J
101
DECIGO >10° >6 >10°
10~
102 103 10° 107 106 Arca Sedda, Amaro-Seoane, Chen (2021)
Mg [Mg)




\( a C 6 Manuel Arca Sedda LGWA Workshop
Unveiling IMBHs with ET, LGWA, and LISA Castel Gandolfo 08 -10-2023

Summary

We have presented results from the B-POP code, which models BBH mergers from different channels across cosmic times

We find that the IMBH mass function critically depends on the nursery in which IMBHs form

If hierarchical mergers are the “dynamical” dominant process, IMBHs in the 10°*M suvrange should be quite rare

If IMBH seeds from stellar collisions play a role, IMBHs could fill the whole mass range (what mass spectrum? power-law?)

Future detectors like Einstein Telescope and LISA could, especially together, reveal the IMBH mass spectrum and bring new

insights on their formation channels and true nature



