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Dark matter halos at z > 6 through gas kinematics



black hole galaxybulge dark matter halo

What’s the fundamental connection?



Kormendy & Ho 2013

Local black hole – bulge mass relation



High-z JWST AGNs and quasars at z > 4

Li, JDS et al. 2025



High-z JWST AGNs and quasars at z > 4

Li, JDS et al. 2025



A black hole – dark matter connection?

Ferrarese 2022

Kormendy & Ho 2013



Rotation curves of galaxies

Genzel et al. 2020

Schreiber et al. 2020 ARA&A, 58, 661 



Genzel et al. 2020

Genzel et al. 2017

Schreiber et al. 2020 ARA&A, 58, 661 



ALPINE : A large ALMA program to study the gas and dust in 118 galaxies in the early universe

Faisst et al. 2020

PI: Olivier Le Fevre    coPIs: JDS, M. Bethermin, A. Faisst, P. Capak, P. Cassata, D. Schaerer, L. Yan

ALMA

Typical z ~ 5 galaxy spectrum



[CII] halos of distant galaxies (4 < z < 6)

Fujimoto, JDS et al. 2020

C+ image C+ velocity field



Qinyue Fei (KIAA), JDS, Fujimoto et al. 2025

[CII] halos of z > 6 quasars



Spatial and kinematic filtering

Disk model
fitting 

Data Model Residual



Rotation curves of z > 6 quasars

dark matter

baryons

Qinyue Fei (KIAA), JDS, Fujimoto et al. 2025



Milky Way-like

Rotation curves of z > 6 quasars

Qinyue Fei (KIAA), JDS, Fujimoto et al. 2025



Dark matter fraction Halo masses



Black hole – halo mass relation



Guo, H. et al. 2023

NeutralUniverseMachineBaryon-to-halo ratio at z ~ 6



Conclusions

• co-evolution of galaxies and their 
massive black holes up to z ~ 6 (JWST)

• dark matter is playing an important role 
in the early universe (ALMA)

Ding, JDS+ in prep
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