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Feeding a QSO

QSO L~1046 erg/s  => dM/dt~2 solar masses/year

dM/dt = 2πr vrΣg ~ 2πr vcΣg (vr/vc) ⇒ Σg ~ 1-100 (1pc/r) g 
cm-2

MBH~109 Msun  σ~300km/s  rBH~50pc

Q=vccs/πGΣ    (cs⇒vT)

Q<1 for  r>0.1pc 
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Finding Milky Way 
Clusters With WMAP
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Star Cluster Masses
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Simple force balance for a ball of gas collapsing under its own gravity:

Fgrav ≈ GMM

r2
(1)

Frad =
τL

c
(2)

where

τ = κ
M

4πr2
(3)

L =
GMṀ

r
≈ GMM

r2v
(4)

Combining all these and solving for r

r ≈
� κ

4πc

�2/5
G1/5M3/5 (5)

Star Cluster Radii
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Stellar Feedback
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How Do Stars Affect (Feedback on) 
the ISM?

Supernovae

Stellar Winds  --- Don’t see associated x-ray emission

HII regions  ----  Irrelevant for starburst galaxies (cs << vT)

Radiation Pressure
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Feedback Continued!
The observational consequence of feedback is the suppression of 
star formation, and the ejection of gas

Turbulent velocities, associated with suppressed star formation, 
appear to be powered by expanding bubbles in the Milky Way

LTurb = πR2H ρvT2  vT/H = πR2ρvT3 ≈2x1039 erg s-1

Supernovae are ineffective in ULIRGs and SMG

Too late to disrupt GMCs

LSN < LTurb
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Star Formation vs. AGN 
To feed a Quasar, the accretion timescale must be comparable to 
the star formation timescale τacc≈τ* = Mg/(dM*/dt)

Nobody has figured out how to do this!

Bars within Bars (Shloshman & Begelman) is part of the story

Eccentric disks?

Break Kennicutt?

dΣ*/dt = 0.017 Σg /τdyn

FIR optically thick star formation? 

Wednesday, July 14, 2010



AGN Feedback!

Energy Feedback is popular, but it is hard to see how it can 
work during a starburst (when there is lots of gas around)

In addition, it predicts MBH∼σ5

Momentum feedback may work, but will not disrupt the host 
galaxy’s ISM

Instead, it will limit the maximum mass of the hole
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Conclusions!
We have a handle on the masses of GMCs, and on the 
resulting masses and radii of star clusters

Stellar feedback appears to arise from radiation pressure on 
dust (at least in the Milky Way)

This may lead to the slow rate of star formation given by 
Kennicutt

We still don’t know how to feed quasars

But we are making progress
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