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What’s the fundamental connection?

v

black hole < bulge < > galaxy €«<—> dark matter halo



Local black hole — bulge mass relation
Kormendy & Ho 2013
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Rotation curves of galaxies
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D3a 15504 z=2.38
Strongly baryon-dominated disk galaxies at the peak of
galaxy formation ten billion years ago'
Genzel etal. 2017

Q
X
0

o~
<

™

I I O B ; !
u - Genzel etal. 2020
ive disk
n average 2=0 MasSVe L | 1.0 | T |
| ® ® z~2SFGs
I @ z~15FGs
08 @ © z~1.7QGs
y @
© @
£ i o® o
P __ 06 z=0LTGs ® -
> $w I =
= a
=
5 —MW— 1
* 04l @ I @ 5 ® _
L . 4
@ °7® o
I ® & 4 o
. A — L “ 4
. . o o) o
thick disk 02 ®e¢ "® o i
— Vol Og~5 ] S _ @ o 1
z=0ETGs o &
O|||1|||||||[|||||||||| i 08— pa ]
- 0 8 0o cg" -
0 1 2 3 4 PO TR T S NN TR S 1 |O| ‘cf %Ouchm % R R T
9.5 10.0 105 11.0 1.5 12.0
R/R Iog(Mbar!MG}

1/2
Schreiber et al. 2020 ARA&A, 58, 661



ALPINE

ALPINE : A large ALMA program to study the gas and dustin 118 galaxies in the early universe
PI: Olivier Le Fevre coPlIs: JDS, M. Bethermin, A. Faisst, P. Capak, P. Cassata, D. Schaerer, L. Yan
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Spatial and kinematic filtering

Vies [kms™']
-200 -100 0 100 200
{
Tumlinson+ (2017)
Vios [km S_]] Vios res [km S_]]
-200 -10 0 100 200 40 20 0 20 40
[Obscrvaon} g[P005-10] | [DysmalPy] - 4 o :

_ —4— Mod. 1200
o 100 T
Disk model i E
fitting .j 0 =
] o}
—100;3

D

10 kpe

Data

Model

Residual



Rotation curves of z > 6 quasars
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Dark matter fraction Halo masses
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Baryon-to-halo ratioatz~6 NeutralUniverseMachine
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Conclusions 10
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