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SMBHSs in the early Universe
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SMBHSs in the early Universe
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SMBHSs in the early Universe

Runaway stellar collisions in
oung and dense star clusters
(Portegies Zwart et al. 2004)

Models for the first Pop Il star I
clusters

(Katz et al. 2015, Sakurai et al. 2017) .
SIS 0]Rantala et al. (2024) k{e]s

IMBH formation in hierarchical SC
formation s
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We want to improve the
existing models for Pop IlI star

clusters
(Reinoso et al. 2018, Vergara et al. 2021,

Wan et al. 2022

Growing the First

Supermassive
Black Holes

Direct
Collapse

Observed
Quasars

Eddington-limited
Hyper-Eddington

Inefficient Growth

Smith, Bromm & Loeb 2017




Initial conditions

me take the output of a

cosmological zoom-in simulation
performed with the ENZO code
(AMR).

The simulation includes up to 18
refinement leves, resolving 0.01
pc scales of a 105 MSun (gas)
minihalo.

Simulation also included sink
particle creation, gas accretion,
sink mergers, and radiation
feedback.
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Numerical Model

ge model includes:
Time-varying Bkg. Potential
IMF

Star formation

Gas accretion by stars
Stellar collisions & Mass loss

\

Background

Potential

Evolve the system for a total of 2 Myr




Modelling the gas & Star Formation \
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Gas accretion & Stellar collisions

[G&S accretion onto stars}

Including an accretion
rate limit for MS stars

Mmax = 1074 Mg }II‘_]
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Reinoso et al. 2023
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The simulation set & Initial results

Model

El1_142_m4_S2
E2 142 m4 S2

E3 142 m4_S2
El_142_m3_S2
El1 238 m4 S2
El 142 _m4 S05

0.142

0.142
0.142
0.142
0.238
0.142

800929.6
1203113.3
400610.8
400610.8
400610.8

Mmax

7100
31500
47500

7100

7100

7100

Mmmo

I\’1.

440 + 21

756 + 215
2266 £ 1710
14434 + 3098
332+ 12

4704 + 21

5+ 1
19+6
42 + 12
30+7
3+1
41 +£3

70+5

226 + 103
876 + 741
5323 + 1310
0.0+0.0
1766 = 25
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The simulation set & Initial results

h‘lDdEl SE ATME I il‘I]‘nu_.\ / HI\’T MO
0 h’i o] h"’ 0]
El_142_m4_S2 2.0 4( ).8 7100 440 + 21 5+1 70+ 5

E2 142 m4 S2 2.0 800929.6 31500 756 + 215 19+ 6 226 + 103
E3 142 _m4_S2 1203113.3 47 500 2266 + 1710 42 + 12 876 + 741
El_142_m3_S2 2.C 400610.8 ' 7100 14434 + 3098 307 5323+ 1310
El_238_m4_S2 2.0 400610.8 7100 332 + 12 3+1 0.0+ 0.0

El_142_m4_S05 : 400610.8 7100 4704 +21 413 1766 + 25

These clusters

This is growth experienced
by gas accretion core-collapse
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Emergence of the MMOs

g?:r Formation i g?:r Formation i
Esr=0.1 ! Esr=02 !
L i k\ i A 80-150 MSun star
. R that forms early
Z %@j’”\ R i 5 (<50kyr) sinks to the
107 —— ] cluster core
— o PR The star gains ~200
| T ey Msun from gas
i i ! accretion
e I—— TR Stellar collisions start
i o1 03 i occurring close to the
k\ end of the simulation
: ; - (>1.25 Myr)
. Riii_ Stellar collisions
107 ; - i involve MS stars with
0 >80 MSun typically
1072+ i : Ce i
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A set of collisions from the simulations \

=

.

m; I m» d v b Type
Mol  [Ro]  [Ms] [AU] [kms™'] [AU]

286031 90.56 737.98 585.60 78.62  16.73 Binary
543.19 35.13 216.10 13537 13050  4.12 Hyperbolic
276.21 23.89 205.61 501.44 46.73  7.36 Hyperbolic
188.96 19.24 179.47 563.93 84.14 252 Hyperbolic
17398 18.36  11.89 720.51 3258  0.44 Hyperbolic
169.79 18.11  78.02 1346.44 52.02  1.20 Hyperbolic
14823 16.76  29.64 2371.13  126.80  0.83 86.93 Hyperbolic

7946 11.75  10.94 1167.97 19.98  4.06 220.12 Hyperbolic
37.50  7.65 7.68 1110.80 2730 032 173.65 Hyperbolic
18.60  5.13 1.88 800.18 16.16  1.66 201.31 Hyperbolic
o
We hope that this can serve for producing realistic ICs for stellar collisions of high-
mass stars during the formation of massive collision products. This would in turn
improve our understanding of mass loss and stellar evolution during these events.
Vi
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Summary

» Standard SF efficiency of 10% produces ~400 MSun BHs

* Higher SF efficiencies produce more massive BHs, approx.
2200 MSun for SF efficiency of 30%

e Continuous SF delays core-collapse in our models but when
core-collapse occurs the final mass is a factor ~10 higher -
Future models should improve the modelling of star formation

Reinoso, Latif, & Schleicher in prep.

14



L arge scale evolution of the clusters

Lagrangian radii evolution

€5¢=0.1,p0=0.142 My yr~! pc—3
g5¢=0.2,0p=0.142 M, yr~ pc~? .
. 03 . 0.142 MG -1 pc3 Rapid SF
g5 =0.3,p0=0. r~!pc—?

SF Po o YI - p £er=0.1
gse=02
ese=0.3

g5 =0.1,00=0.142 M, yr~! pc—> + Rapid SF
€s=0.1,p0=0238 M, yr ! pc?

End SF

Vrms, core Lkm/s]

Core collapse for
clusters with rapid

SE )
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