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STARBURST-DRIVEN
GALACTIC WINDS

INTRODUCTION
e The physics of starburst-driven winds

e Observational Consequences

DEMOGRAPHICS
e At Low Redshift

e At High Redshift

OUTFLOW RATES
e X-ray Constraints

e Optical Line Emission

e Absorption-Line Constraints

LONG-TERM FATE
e Radiative Cooling

e How Far Do Winds Travel?

e Mass and Phase Dependence

PHYSICS OF STARBURST-DRIVEN
WINDS

DYNAMICAL EVOLUTION

¢ Kinetic energy '_supplied by supernovae and
stellar winds (F ~ 1072 Ly, ~ 107! L;,,)

e Supernova rate per unit volume high: 2 to 4
orders-of-magnitude higher in starbursts
than than in normal galaxies

e Porosity of starburst ISM high
Radiative losses small
Supernovae KE is efficiently thermalized

e Expect that young outflows will resemble
classic stellar wind-blown bubbles

e Hot gas will expand most rapidly along
direction of steepest pressure gradient

e Superbubble propagates out of disk,
accelerates, fragments, and vents hot gas
into the halo (“blow-out”)

e Result: Weakly-collimated bipolar wind
propagating through halo
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BASIC PROPERTIES

o A= Mg/ M., “mass-loading”
¢ = E,.../E.,. heating efficiency

e Temperature of hot gas:
T = 04E/M)(pmy/k) ~ 10° ¢/A K

e Metallicity of hot gas:
Zﬁ ~ :‘\ 1 (\ o l]Zru.w‘ur]/»‘\

ZolZre ~ 8+ (A= 1)Z0iaml/[024 (A = 1) Z5c iom)

e Wind ram pressure:
i)|’f“§ \f!.’i“'ﬂfu
¥ /- (R W My - . 2
P/k 6 x 10" pss 7y
e P'r‘mn/ P rad-

~ 3(A ¢ _::'.’/! J,-’!'/;(__)n )

(4 /Oy ) K oom

e During superbubble phase:

Vahett = DAGIE /12 p)1 % ~ a few hundred km/s

e Post-blow-out velocity of hot wind:
Vhot -\,iff;y.:‘).'\f ~ 3000 (e /A )12 K/ s
e Clouds in wind accelerated to:

Uterm ~ D00 |Pas /(Sw /A7) rype Nog )72 ki /s

e Note different kinematics of wind and
clouds!

OBSERVATIONAL CONSEQUENCES

A MULTIPHASE FLOW

e The X-ray emission traces the interaction of
the wind fluid with ambient disk/halo gas

e Close morphological association between
X-rays and Ha emission

e Typical a/Fe ratio ~ 3 x solar

e X-rays from wind shock?
lphed v;,q ~ 600 to 800 kin/s

e Consistent with significant mass-loading:
hmphed A of-order 10

¢ Optical line emission from shocked and/or
photoionized entrained ISM

e Blueshifted interstellar absorption-lines
from entrained/accelerated gas spanning
wide range in ionization state

e Correlation between outflowing cool gas and
dust: the outflows are highly dusty

e Nonthermal radio emission from cosmic ray
electrons and B-field advected in the hot
wind fluid
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