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The IGM is enriched by winds

Tidal/ram pressure
stripping insignificant

IGM enrichment...

* constrains outflows

* traces large-scale

stfructure (even at z>6l)

* preserves fossil record
of early SF (abund.

ratios)
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Cons’rrolms on Winds

Oppenheimer & RD 2006

IGM too hot Oppenheimer & RD 2008
Oppenheimer & RD 2009a,b
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Redshift Evolution: z~6-2
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Physicals vs Observables

Temperature Metallicity Velocity
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Movie by B. Oppenheimer
http://luca.as.arizona.edu/~oppen/IGM/general.ntml




Redshift Evolution: z~2-0

8 log[n, (cm-3%)]
. 7 -8 -6 -4
Metals migrate =6 i l — |
back towards %,5 ~ = ==SS ST
o = 10 -
galaxies. Oldest I "
metals pushed T e T
into voids. A < °F
g 6 2 [
@ g T T %’ > 0 |
0.1F e T4 -6 - it
5o, F @ - C 1 &2
2 B \\‘ 3 _7 '_ 4 WA
= 0.01F S . ]
<3 : ~ 0 = - .
= N @ 7 —_— = -
$0.001 F NN ] ¥ 8¢ ]
g ? \ g 6 - N i
£0.0001 3 \\\ E‘) S =9 E_ ;
- 4 B -
10—5 hl PR T T S ST S NN SN ST ST S NN S B .\. ] 3 - 10 - 70‘;/0
-3 -2 -1 0 :

~
—h

log[z/zo]()ppenheimer+09



Metals at low-z: OVI

Turbulence In the IGM@
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Photo-ionised high
lons: OVI, NeVlI(!)

Even high ions can be
photo-ionised.
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Summary

IGM metals are a sensitive tracer of galactic outflows.
More mass in outflows than in stars (globally)!

IGM is enriched by normal galaxies, following cosmic SF.
From z~2-0 metals migrate back towards galaxies.

CIV, OVI, ... data are best matched by winds that

eject more material from small galaxies.
have modest speeds that do not overheat IGM.

Weakest absorbers mostly photo-ionised, even OVI & NeVI.

Unresolved theoretical issues:
Large fraction of E and/or p needs to go into winds: How?

Metal mixing: How and how much?
How do winds interact with ambient/infalling gase




Which Galaxies Enrich IGM?¢
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Enriching mass evolves upwards with time

At high-z, generally sub-L*




