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FIRE cosmological “zoom-in’’ simulations
Hopkins et al. 2018 (arXiv:1702.06148)

Mock galactic projection
seen at 10 kpc from the
center of MW-mass
galaxy (Wetzel+16)

1) Stars form from high density (n > 1000 ¢m-3), molecular, locally self-gravitating gas

2) Mass, momentum, energy, and metal feedback from supernovae, stellar winds and
radiation injected at the scale of star forming regions

3) Reproduce many galaxy properties without tuning parameters
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e Ideal framework to 1nvest1gate the evolut1on of SMBHs ina cosmologlcal COﬂteXt -‘; .




FIRE simulations with Black Hole Growth

Anglés-Alcazar+2017c, MNRAS 472, 1.109 (arXiv:1707.03832)

- QSO host halos M;. = 1027 - 10> M, at z=1
- ICs from Feldmann+17
- baryonic particle mass = 3x10* M,
- minimum gas adaptive softening = 1 pc

- star formation at n > 1000 cm3
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— BH accretion based on nuclear scale simulations

Gravitational torques from non-axisymmetric perturbations
in the stellar potential (Hopkins & Quataert 2010,2011)




My contribution to “ALMA day”

3D continuum radiative transfer with F=1gitzx] [iS

z=1.45

870-um observed-frame flux maps

Rachel Cochrane
University of Edinburgh




FIRE simulations with Black Hole Growth

Anglés-Alcazar+2017¢c, MNRAS 472, 1109 (arXiv:1707.03832)



Effects of stellar feedback on Black Hole Growth

9876 5 4 3
Z

Anglés-Alcazar+2017c, MNRAS 472, L109 (arX1v:1707.03832)



Effects of stellar feedback on Black Hole Growth

Anglés-Alcazar+2017c, MNRAS 472, 109 (arX1v:1707.03832)

— On-the-fly
- = Post-processing

TRANSITION FROM
(1) Irregular morphology, bursty star formation, highly dynamic conditions

(2)




Important implications!

- BH-galaxy scaling relations

- Growth of early QSOs

- AGN demographics

- Time variability

- Massive BH-BH mergers

- Threshold for AGN feedback

10
1OglO (Mbulge/M®)

Many aspects
explored in sims
with different
resolution/physics

Costa+2014
Dubois+2015
Bonoli+2016
Keller+2016
Biernacki+2017
Bower+2017
Fiacconi+2017
Habouzit+2017
Prieto+2017
Latif+2018



What about Black Hole Feedback?

Anglés-Alcazar+2017c (arXiv:1707.03832)

10
log 10 (Mbulge/M@)

Anglés-Alcazar+2013, 2015, 2017a. > Common gas supply for Star Formation and BH growth!






Cosmological hyper-refinement simulations

Anglés-Alcazar+ in prep.

Imposed mass resolution profile

BH radius of influence Iog(MBH/MO) =7
BH/gas softening
BH kernel
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IOglO(zgas/Mekpc_z)

Central 100 pc

Increasing
mass resolution
by factors of 2
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Cosmological hyper-refinement,simulations

Anglés-Alcazar+ in prep.

Feedback °
In
Realistic

Environments |+ .

imulating ' -
ultiscale L ! '

strophysics to

nderstand

alaxies -

zZ~ 2

— Gizmo meshless finite mass hydrodynamics M. ~ 10125 M
- FIRE star formation/stellar feedback VIR ©
— Dynamic hyper-refinement m, = 20 M, Ryr ~ 150 kpc

- Explicit gas inflow down to <0.1pc SFR ~300 M, /yr




Cosmological hyper-refinement simulations

Anglés-Alcazar+ in prep.

2 Mpc 20 kpc 200 pc 20 pc
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- Very well defined 1nitial conditions (the CMB!)

- No boundary issues, continuous inflow from larger scales = steady state
- Radial inflow/outflow/star formation from >10kpc to < Ipc

- Mechanisms responsible for angular momentum transport vs R?

- Nuclear vs galaxy-scale obscuration?

- Redshift evolution?
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-> Early black holes are under FIRE!
Nuclear star formation/stellar feedback critical
to many aspects of SMBHs

Anglés-Alcazar+2017c (arXiv:1707.03832)

- From the CGM down to the torus!

Hyper-refinement techniques predict explicit
inflow rates down to ~0.1 pc scales

- AGN winds in multi-phase ISM!

Impact from torus to CGM scales?




