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Regimes of BH Fueling

® Mass return from stellar evolution: low-L AGN

o M~ 1035(M«/108 Mo) Moyr!att~ 10%0yr

® |ndividual GMCs over ~107-8 yrs

e —M~0.0IMoyr'; L~ 10*ergs' — Seyferts

® Quasars: M~ [-10 Mo yr!

e =]08 Mg over quasar lifetime ~107 yr
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Figure 1. Form of the AGN luminosity function predicted by
the fuellir ii i i i

< tdyn Of galaxy as a whole
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Regimes of BH Fueling

® Cold Gas vs. Hot Gas!?
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® Hot Gas (e.g., clusters)
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® cooling limits M < Mepp in hot gas
° Important for observed central p in clusters

® M(horizon) vs. M(Rgondi)???
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® Cold Gas (e.g, gas-rich galaxies)

2 3
time (Gyr)

® + Momentum Transport!?

® Mf(horizon) vs. 2??

—_——
Thermal Instability Cold Gas No Thermal
Develops Accretes Residual Instability
Sharma, McCourt+ 2012 Cold Gas




Inward Bound: Cold Gas Inflow
from ~ kpc to = 0.0] pc
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® |t’s an ISM Problem: Viscous Disk Models have Q << | at = 0.01 pc

® Inflow vs. Star Formation: BH Fueling Requires tinflow < tstar ~ 10 torb
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Inward Bound: Cold Gas Inflow
from ~ kpc to = 0.0] pc

It's an ISM Problem: Viscous Disk Models have Q << | at = 0.01 pc

Inflow vs. Star Formation: BH Fueling Requires tinflow < tsar ~ 10 torb

Star Formation Plausibly Stirs up ISM, Maintaining Q ~ |

My

Linflow ™~ 3000 ;
C\51/3]\412/3112pC

t
® |ocal «-mom transport orb

(e.g., MRI, turbulence)
tinflow = 107 yrs for R = few pc

= Transport Must be “Global” (bars, spiral waves, large-scale B-field,

low «-mom gas, ...)




ataert 2010
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2pc

Simulation
of Major Merger
of Galaxies (SPH)

(gas, stars, star formation,
simplistic ISM model; BH
gravity, but no BH feedback)

Separate sim
of central ~ kpc
near final merger

of 2 galaxies

Separate sim to
central ~10s pc




Major Merger (high gas fraction): Inflow Rates
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Isolated Galaxy (low gas fraction): Inflow Rates
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Physics of Gas Inflow

Bars w/in Bars
(Shlosman et al. 1989)

Bars all the Way Down ...”




Physics of Gas Inflow

Bars w/in Bars
(Shlosman et al. 1989)

“It’s Bars all the Way Down ...”

More accurately ...

“It’s Non-axisymmetric
Features all the Way Down ...”




Surface Density

Large Diversity
in Observational
Appearance
at ~ 0.1-1 kpc
Depending on

- Time
- Gas Fraction
- Bulge Fraction
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Shlosman, Begelman, Frank 1990

Inward Bound
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Gas: Face On

Edge On

Stars: Face On

Edge On

Inside BH potential
dominant asymmetry
that drives gas inflow

is not bar-like (m=2)

Instead: eccentric/
lopsided disk (m=1),
in both stars & gas




The ‘Double’ Nucleus of M31: a Fossil
from the Era of BH Growth!?

M 31

The Andromeda Galaxy
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Ground View of Galaxy Ground View of Galaxy Core HST View of Galaxy Nucleus

Tremaine: Double nucleus due to eccentric stellar disk




Physics of Gas Inflow

Bars w/in Bars
(Shlosman et al. 1989)

More accurately ...

“It's Non-axisymmetric

Features all the Way Down ...”

o el ©
2 1 Finflow ~ —— tor
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M

cf. local & model: tinflow ~ torb &' (r/h)?
spiral waves in gas alone: tinflow ~ torb &' (r/h)




Analytically Bridging the Gap: From ~ kpc to <~ 0.| pc
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Analytically Bridging the Gap: From ~ kpc to <~ 0.| pc
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Critical Physics: More Realistic ISM

® o get the BH physics ‘right’ we need to get the ISM ‘right’

® Bulge & BH Growth: gas inflow vs. star formation

® BH Feedback: coupling of AGN winds & radiation to inhomogeneous vs. smooth ISM

Eg: Gas Inflow in Galaxies: Bulge Formation & BH Growth

Isothermal EOS:T ~ 100 K (no * feedback)- Z Artificially High Sound Speed
0.2 0.0 0.2 -0.2 0.0 0.2
X [kpc] _ x [kpc)

Both of these Sims (ours) are wrong; Need to both form and disrupt GMCs




Feedback associated with Star Formation

* Direct Momentum & Energy Input

bt Pphotons ~ Psne ~ P* winds ~ L/c| Esne ~ 10-2L~ 10 E* winds | Eionization

* Interaction with Ambient ISM
e Pcan T (work done) while E | (energy radiated away)

L i
R e > (1 4+ 7prR)

L
C

Photons : P ~ (1 — exp|—Tuv]) +

UV degraded into FIR FIR scattering/absorption

(very approx implementation; see HQM 201 I)
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Towards a More Realistic
Model of the ISM

Galaxy-Scale Galaxy Nucleus

0 Myr




Towards a More Realistic
Model of the ISM

Sl i Galaxy Nucleus

AGN Feedback 0 Myr
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Subgrid ISM Model w/ OOM Plausible
Treatment of Stellar Feedback

w/ Phil Hopkins & Norm Murray




Physics of Gas Inflow

“It's Non-axisymmetric
Features all the Way Down ...”
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cf. local & model: tinflow ~ torb &'(r/h)?
spiral waves in gas alone: tinfiow ~ torb &' (r/h)




