Stellar Feedback and
Galaxy Formation




* 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)
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MCGAUGH ET AL 2010

BARYON FRACTION (COMPARED TO GOSMIC) IS LOW IN HALOS
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WE SEE OUTFLOWS, BOTH LOCALLY
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F1G.5.— Composite rest-frame far-UV spectra for two independent samples of z ~ 2.3 galaxies. The top panel is an average of the 89 spectra in the Ha

sample, with R = 800, after normalizing cach to the same relative intensity in the range 1300-1500 _A The bottom panel is a composite of 102 galaxy spectra
obtained with higher spectral resolution (R = 1330), shifted into the rest frame using equations|2)and 4] and scaled as the first sample before averaging.

AT Z=2 (STEIDEL ET AL 2010)
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AND AT VERY HIGH REDSHIFT, AS INTERVENING ABSORBERS
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Supernova driven
winas”?

* Outflows are seen in neutral (NaD), lightly ionized
gas (Mgll), 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
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Fic. 3.— Time sequence of images showing how the cloud evolves after the passage of a shock (actually, a blast wave, since a rarefaction follows the shock). In each
image, the direction of motion of the shock is approximately from left to right; it is perpendicular to the imaged shock, e.g., at times ¢ = 19 and 30 ns, and follows the
alignment of the Au grids in the images at times ¢ = 30 and 40 ns. In the first image (¢ = 5 ns) the shock is intersecting the cloud, and the left-hand side of the cloud 1s
compressed by a factor of 4, the strong shock limit for a polytropic gas with an adiabatic index = 5/3. The cloud undergoes a classical Kelvin-Helmholtz roll-up, as seen

att = 12 ns and later. Matenal is stripped away from the cloud; stripped matenial is clearly evident trailing the cloud at r > 19 ns and is shaped as a cone that extends all
the way to the shock (or extends outside the field of view at 1 = 40 ns). The rarefaction changes the direction of the surrounding flow at approximately ¢ = 40 ns, and by

t = 60 ns the reverse flow has caused the nght-hand side of the cloud to become fairly round. By ¢t = 100 ns the cloud has disappeared. The first four images were obtained
with area backlighters, the last four with point projection radiography.

EXPERIMENTS, SIMULATIONS, ANALYTIC THEORY ALL AGREE
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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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88 STAR FORMING COMPLEXES PRODUCE 75% IF THE FREE-FREE EMISSION
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THE BUBBLE HAS BREACHED THE GAS DISK, AT ~20KM/S
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SCALINGS

The shell self-gravity is
GM;,

~Mr?
2r2 s

Foen = -

The HII gas pressure:

30
- ~ Ll/2 -3/2
i \/am47rr3 '

For massive clusters, Q ~ L, so

FHII =47rr2PHu NLI/ZrU'Z ~ leZrl/Z

The radiation force is given by

L
Fa=(1 +Trad)z ~MMr?

Hot gas and CR forces scale as, at best
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THE BUBBLE HAS BREACHED THE GAS DISK, AT ~20KM/S
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Fic. 5.—STIS G140L spectra of the three bright star clusters (A, B, and
observed in NGC 3310. The spectra have been deredshifted. The solid i

INDIVIDUAL STAR CGLUSTERS DRIVE WINDS
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| aunching 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 (Ve/C) ~ 0.001Lbol NOt important
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z=2 Starburst galaxy
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CLUSTER DRIVEN (RADIATION PRESSURE ON DUST) OUTFLOWS
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| aunching 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 (Ve/C) ~ 0.001Lbol (nOt important in clusters)

Wednesday, August 25, 2010



QSO winds

* Broad absorption lines show that QSOs drive winds
% consistent with dMw/dt vwind = Lool/C (radiative driving, on lines)
* Lw~ Lool (Vwind/C) Gt ~ 0.1Lba Gt Gt~ 0.2 or a few percent of Lol
* 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 Lpoi/C

% This could lead to the Mgy - T relation
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QSO winds

* Broad absorption lines show that QSOs drive winds
% consistent with dMw/dt vwind = Lool/C (radiative driving, on lines)
% Lw~ Nlbol (Vwind/C) Gt ~ 0.1NLwa C¢ Gt~ 0.2; a few percent of Lool
% Wind luminosities of 10%* 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 Lvoi/C

% This could lead to the MgH - G relation

* It might be interesting for galaxy clusters---but probably not the main player
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8 J. DeBuhr et. al.

Figure 3. Gas density in the vicinity of the BH for the fiducial simulation at ¢t = 0.73 Gyr (left panel), just prior to the onset ¢
significant BH accretion after the first close passage of the two galaxies, and t = 1.71 Gyr (right panel), the peak of star formation an
BH accretion after the galaxies and BHs have coalesced. The times of these images are labeled with blue circles in Figure|l] In the le
panel, the image is for the less inclined galaxy and the companion galaxy is well outside the image. The images are 5.7 kpc on a side an
brighter color indicates a higher density. The dark region in the center of each image is within H,.. of the BH and is evacuated by B!
feedback. In the image just after first passage (left panel), the two bright white regions are gaseous/stellar clumps that fragmented b
Toomre instability during first passage and then spiraled into the nucleus, fueling star formation and BH accretion. At final coalescenc
(right panel), the nuclear gas densities are significantly higher (see also Fig. and most of the gas resides in a ~ 1 kpc diameter dis
driven into the nucleus by non-axisymmetric stellar torques during the merger. These images were made using SPLASH (Price |2007).
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QSO winds

* Broad absorption lines show that QSOs drive winds
% consistent with dMw/dt vwind = Lool/C (radiative driving, on lines)
% Lw~ Nlbol (Vwind/C) Gt ~ 0.1NLwa C¢ Gt~ 0.2; a few percent of Lool
% Wind luminosities of 10%* 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 Lvoi/C

% This could lead to the MgH - G 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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