IGM chemical abundances at z > 4
and their
evolution toward z ~ 2.5
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» Indirect indicators
M-Z
Metal-poor stars
Dwarf galaxy counts

» IGM is metal-rich near z
~ 2-3 galaxies
[C/H] ~ -1.5 within 200 kpc

Galaxy outflows . \ ST
» Boundary constraint * . P




Indirect indicators
M-Z
Metal-poor stars
Dwarf galaxy counts

IGM is metal-rich near z
~ 2-3 galaxies
[C/H] ~ -1.5 within 200 kpc
Galaxy outtlows
Boundary constraint

Kawata & Rauch




Why focus on abundance evolution?
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Z ~ 4 - 4.51s a “sweet spot”
for C IV abundance determinations
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3)

4)

Select sample based on H I
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Yields cumulative distribution
function of [C/H] at z ~ 4.3




Careful treatment of foregrounds essential at z > 4
(much harder than z ~ 2-3)

B340
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Careful treatment of foregrounds essential at z > 4
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C1v at z ~ 4.3 very similar to z ~ 2.5;
H 1 is much stronger
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C1v atz ~ 4.3 very similar to z ~ 2.5;
H 1is much stronger

I g [ 7
v CWite CW
1
S a0 £ 4.5 o 80 1 ‘ 4.5
i
L z 2.5 2 ‘,h ________ z 2.5
hb E-C hb B0 ‘I
be | L o
3 | £ "
-, E )
O ugt Ny, - S 4o ‘L
E T E -
o | - 3 l‘-.
e ‘ .
20| - De—Redshifted Quasar Spectra e
g -|'|||'|'||||'|'||||'|'||||\I'I'III.III'I'Illl'I'IIII\l'IIIIII'I'II T T T L. _L____'_1..
M — = |
v | 7 6.5 == =]
1.5 12.0 12.5 j *\9\ 15.0 155 16.0 165  17.0
N
[ \Wﬁh b e, -
. S TN AL Y R
il . ‘

0.9 010 01 0.12 013 014 015 0.16
Wavelength/(1+2z) (Microns)

7/11/2008

R. Simcoe , 2008 IAP Colloque



So, CIV / H I substantially smaller at z ~ 4.5
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Convert N / Ny to [C/H]
Part: HI/ H
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Convert N / Ny to [C/H]
PartII: CIV / C
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Most conservative (but unrealistic) estimate:
Same spectral shape as z = 2.5

O

.z =43CWN
e,z =25C W
Hoardt /Madou QG

(identical to z=2.5)
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More realistic estimate:
Use HM QSO/Galaxy for z = 2.5, z=4.3

O

.z =43CWN
e,z =25C W
Hoardt/Modou QG UVB
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Most realistic estimate?
HM QSO+Galaxies, X-rays softened

.z =43CWN
e,z =25C W
Hoardt /Madou QG

(x—ray softened)
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Evolution of ionization-corrected [C/H]
in the Lyman alpha forest
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Implies that 60-80% of metals at z~2.5
left galaxies in the last ~Gyr
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Implies that 60-80% of metals at z~2.5
left galaxies in the last ~Gyr
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Implies that 60-80% of metals at z~2.5
left galaxies in the last ~Gyr
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Abundances are end state of feedback
z ~ 4.3 1s a good place to look

Good evidence that [C/H] is lower at z ~ 4.3
Smaller by 0.5-0.75 dex
Linear factor of 3-5

Heavy elements seen at z ~2 largely deposited
“recently”



