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Missing Baryons

Starburst Feedback

Star driven outflows (stellar feedback)

ISM turbulence (a bit on star formation)

QSO outflows (black hole feedback)

BAL/NAL outflows

Jets (won’t cover, since others have)

Wednesday, August 25, 2010



BARYON FRACTION (COMPARED TO COSMIC) IS LOW IN HALOS
SUGGESTS BARYONS ARE EJECTED FROM HALOS (COULD BE PREVENTED FROM ENTERING--HARD TO DO)

McGaugh et al 2010
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WE SEE OUTFLOWS, BOTH LOCALLY
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AND AT HIGH REDSHIFT (0.69 HERE)
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AT Z=2  (STEIDEL ET AL 2010)
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AND AT VERY HIGH REDSHIFT, AS INTERVENING ABSORBERS
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Outflows are seen in neutral (NaD), lightly ionized 
gas (MgII), and moderately ionized gas (CIV)

This gas is supposed to be driven by ram pressure 
from hot (107K) gas

But hot gas destroys clouds, without 
accelerating them substantially

Supernova driven 
winds?
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EXPERIMENTS, SIMULATIONS, ANALYTIC THEORY ALL AGREE
HANSEN ET AL APJ 622 379 (2007) 20-30 CLOUD CRUSHING TIMES TO DESTROY THE CLOUD
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Dust-driven winds
Clearly some other acceleration mechanism is needed

Outflows are seen to be dusty---suggesting radiative 
driving launches the gas

Massive star clusters serve to radiatively launch 
galaxy scale winds

See this process at work in the Milky Way

Low diffuse x-ray emission---hot gas not dynamically 
significant
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WMAP FREE-FREE MAP OF THE MILKY WAY
88 STAR FORMING COMPLEXES PRODUCE 75% IF THE FREE-FREE EMISSION
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LEFT: G298 A 50,000 SOLAR MASS CLUSTER IN THE MILKY WAY
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SCALINGS 

Wednesday, August 25, 2010



299.0 298.5 298.0 297.5
Galactic Longitude

-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

G
a
la

c
ti
c
 L

a
ti
tu

d
e

LEFT: G298 A 50,000 SOLAR MASS CLUSTER IN THE MILKY WAY
THE BUBBLE HAS BREACHED THE GAS DISK, AT ~20KM/S

Wednesday, August 25, 2010



INDIVIDUAL STAR CLUSTERS DRIVE WINDS
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Launching winds

Massive cluster can radiatively launch winds to 
several hundred kilometers per second, well before 
SN explode (and we have just seen that O star 
winds leak out without affecting dynamics)

At much larger distances, when the cloud crushing 
time is much longer, hot gas can “turn on the 
afterburners”, possibly more than doubling the 
momentum

Lw = Lbol (v∞/c) ~ 0.001Lbol not important
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CLUSTER DRIVEN (RADIATION PRESSURE ON DUST) OUTFLOWS
MURRAY, MENARD & THOMPSON   arXiv:1005.4419
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Launching winds

Massive cluster can radiatively launch winds to 
several hundred kilometers per second, well before 
SN explode (and we have just seen that O star 
winds leak out without affecting dynamics)

At much larger distances, when the cloud crushing 
time is much longer, hot gas can “turn on the 
afterburners”, possibly more than doubling the 
momentum

Lw = Lbol (v∞/c) ~ 0.001Lbol (not important in clusters)
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QSO winds

Broad absorption lines show that QSOs drive winds

consistent with dMw/dt  vwind = Lbol/c (radiative driving, on lines)

Lw~ Lbol (vwind/c) Cf ~ 0.1Lbol Cf       Cf ~ 0.2  or a few percent of Lbol

Wind luminosities of 1044 erg/s typical for QSO

Coupling this luminosity to the ISM is unlikely

But the momentum could clear out ~10-100pc around the hole---
as could direct Lbol/c

This could lead to the MBH - σ relation
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QSO winds

Broad absorption lines show that QSOs drive winds

consistent with dMw/dt  vwind = Lbol/c (radiative driving, on lines)

Lw~ ηLbol (vwind/c) Cf ~ 0.1ηLbol Cf       Cf ~ 0.2;  a few percent of Lbol

Wind luminosities of 1044 erg/s typical for QSO

Coupling this luminosity to the ISM is unlikely

But the momentum could clear out ~10-100pc around the hole---as could 
direct Lbol/c

This could lead to the MBH - σ relation

It might be interesting for galaxy clusters---but probably not the main player
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Conclusions
Stellar feedback probably limits the rate of star formation in 
galaxies

Stellar feedback probably removes baryons from galaxy (but 
not cluster) halos

Stellar feedback probably not important on the cluster scale

QSO feedback, in the form of winds, may limit the mass of 
black holes

It might be interesting in clusters, but jets are seen more often 
than broadline QSOs in cold core clusters, so jets seem like a 
better bet for feedback
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