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- GALAXIeS

based on the seminal works of White 1989;
White & Frenk 1991; Kauffmann et al. 1993,1999;
Springel et al. 2001,2005

Max-Planck-Institut

fiir Astrophysik

Analytical assumptions
about the evolution of the
baryonic component of the
Universe

-+
DM merger trees from N-
body simulations

https://Igalaxiespublicrelease.github.io/
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https://lgalaxiespublicrelease.github.io/

(-Galaxie <8 H

An extension L-Galaxies, focused on the
modeling of massive black holes

Izquierdo-Villalba,

SB et al. 2020

Small-scale physicsin a
cosmological volume

SB et al. 2014
Spinoso, SB et
al. 2023

Spin evolution

Izquierdo-
Villalba et
al.

2020,2022
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Multiple Iz.quierdo-
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_ _ Multiple channels
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dynamics L S g
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Villalba et
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Backbones of the model:
DM simulations

“Grafting”

Millennium

Boylan-Kolchin et al. 2009
Min halo ~10°M_

Springel et al. 2005
Min halo ~10"M_
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Backbones of the model:
DM simulations

“Grafting”
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Growth of MBHSs via TDEs: model

/)

( -GalaxiecBH

Provides galaxy and Calculation of time-dependent
BH properties across . TDE rates with Phaseflow
time and environment (Vasiliev 2017, Bortolas et al. 2022)

~

Polkas, SB et al. 2024
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Growth of MBHSs via TDES: volumetric rates
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Growth of MBHSs via TDEs
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Only IMBHs can grow a
non-negligible fraction of
their mass via TDEs
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Growth of MBHSs via TDEs
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Growth of MBHSs via TDEs

Significant growth via TDEs
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Constraints on MBH growth from PTA and JWST
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Constraints on MBH growth from PTA and JWST
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To reach higher amplitudes, boosted
growth is needed

— The number density of massive black
holes in the local universe needs to be
higher than currently estimated
|zquierdo-Villalba, Sesana, SB & Colpi 2022

(See also Sato-Polito et al. 2023)
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Constraints on MBH growth from PTA and JWST

Amplitude @ yr?
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Constraints on MBH growth from PTA and JWST
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SB, Izquierdo-Villalba et al. In prep
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Constraints on MBH growth from PTA and JWST

GW Frequency [yr']
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Constraints on MBH growth from PTA and JWST

GW Frequency [yr!]
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Constraints on MBH growth from PTA and JWST
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Constraints on MBH growth from PTA and JWST

GW Frequency [yr']
-

10718 ————m ———
- SuperEdd: A4,,-1=2.85 x 1071° -
— R Eddington-limited: A,,-1=1.88 x 1071° -
,QO : —— Eddington-HeavyMax: A,,-1=1.65 x 1071 :
~— i Eddington-HeavyMin: A,,-1=1.19 x 10-15 i
% D EPTA (Antoniadis et al. 2023)
4&3 NANOGrav (Agazie et al. 2023) 1
w0 O PPTA (Reardon et al. 2023)
e Eddin Limited S 10—14 [~ —
(LightyAdavy) z ; ]
ES B _
« SuperEddington g [ ]
(Light+Heavy) = i i
~
* Eddin O I l
(Only vy — low s
occufatio 10 109 103 10—
 Eddington-HeavyMax f (Observed) [Hz|
(Only Heavy - high
occupation)

SB, Izquierdo-Villalba et al. In prep

LISA AstroWG meeting @MPA Nov 2024



Constraints on MBH growth from PTA and JWST

GW Frequency [yr']
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(-GalaxiesBH

An extension of the semi-analytical
model L-Galaxies, focused on the

\ Spin evolution
Multiple _

seeding
models

modeling of massive black holes

8>

Multiple channels
of gas accretion

Binary/triplets

dynamics &'
e ¥ § €
Black holes and nuclear . Wandering
black holes

star clusters co-evolution

* A fraction of IMBH do grow via TDEs
* PTA+JWST can help constrain the first phases of MBH growth

Degeneracies breakable as more multi-messenger data are flowing in






12

11

10

AQE\ %:@mev oﬂwoﬁ

To BT S o
—. L] by © n.u! Juwuﬁ._..ws - R ]
al ? o & 0 o °?
] . L oS ﬂumok N T
—— o
Tan . L ] nw‘.ﬂ,.“wmhnnwh P B “ &
L)
. o. Fage W, at
] = ]
. moac o ] . .@n .
- LI L ol p P
. 0@ o o 7 ToWa Ty
™ L] . na l-foo.a.. = @ . .oﬂ o
L] L] Oy @
[ ] “ [ ] - % fm ﬂmhg e LT a n__..mvu
D o
- ¢, of ¢ 7 LAY, %
. a o » .
¢ -. e s @ AFe 2" fae .
® . . Be 3 e o-_ A
Ua o D-..,. [
-® sl o ] e eo
. . . o.u o M.,._u“_ Wn ﬂ” “ - %8, N =
- - o : - L. @ o
¢ ¢ ° e #8 - zgm.ﬂ_m o & e v e
. ® a o v o° o
[ ] o g ] 3 e g
L. om % oo B ') &ﬂyﬁu: o ® N ° L.
L - - o &gy & -
. -] 1 “_.__f__;U oo @ a -
o® ] $o a 3
[ ] L a ? ‘w. & e *, ...r.w
. * . - T I [ 15 g .o
L] *%5 © b o o g
a® . - “ q”v o R 1 [ »
o " e - T
& L “ a - h o a ©
. = o - .
L] ..O a ¢M s ° . L i o
. S - - ®
T S 2
L] N ¥
- - e "o
(UNTUUSTTTH) S8 TXRTRDH-T]

(poyyeIr) — UNTUUSTTT)) SOTXRTRH-]




—o— Habouzit et al. 2016 ~ ==O=TLight seeds
—— Dijkstra et al. 2014 == Heavy seeds

0.1 _

0.01 = OO000Q SuperkEdd OO0 Eddington-limited 3
FS N < \e E

T 103 o o ;
a ? ® Q - - ?
= 107 £% - o U
EI 10-5%_ O . é
10 . . &

0.1 <1 :

E o Eddington-HeavyMi

0.01F :

— S g E
C?O 10_35 - E
= ] :

= W0 ]
S 10-5;E O . E;
10_6 : O NN NS :

- il 515 i :

4 6 8101214161820222426 4 6 8 10121416 18 20 22 24 26
Z Z



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 9
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

