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Universe Timeline

Robertson et al. (2010




Universe Timeline

Robertson et al. (2010




Strategy

® Develop simple analytic model of galaxies/ISM

® Understand empirical scalings of molecular/
atomic/continuum emission




physical)

ANALYTIC MODEL
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Calibrate Feedback from LF
(1 + nwind)
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® Model describes LF evol.
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® Mass-loading consistent

with sims

(e.g. Oppenheimer+08)
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SFR & Mhaio (1+2)2
1+nw




Stellar to Halo Mass

From abundance matching
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Galaxy Radius
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K-S Relation
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Bl Inner disks
@ Innerdisks (median)
= SMC (12 pc)
B SMC (200 pc)
@ SMC (1 kpc)
e Rings (strong detection)
e Rings (weak detection)
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Gas Fraction
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Gas Fraction
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Gas— Dust

J1148 model B3
® Can’t produce dust

mass observed at high-z

® Dust budget crisis
(Rowlands et al. 2014)

® SN dust at high-z?
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FIR

Take advantage of observations
in the optically thin limit
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FIR

Take advantage of observations
in the optically thin limit
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Sample at High-z
® 17 QSOs & SMGs from literature
® both FIR (100-400 pm rest) and CII

® 7>4.3
® SFR=100s-1000s Msun/yr (lot of variation)
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How does this dust affect CO/CII?
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Molecular Clouds

cloud = Max(2g, 85 Msun pc?




Photo-dissociative regions




Photo-dissociative regions




Photo-dissociative regions
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Photo-dissociative regions
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Photo-dissociative regions
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Consistency with Lower-z CO
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Following up LBGs in CO

/7=0.17Z0 L.s00/(erg/s/Hz) ® |ow-Z kills
7=6 10% 102 10% you twice

e CMB
subtraction

e CO(1-0):

unobservable

o CO(6-5):
depends on
metallicity/
density peaks

Munoz & Furlanetto (2013)




Assume: optically thin
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Cll
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Possible Interpretations
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® Dust is depleted at a given
metallicity by > factor of 10
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® Radius relation is wrong or biased
® Dust/dissociation is anisotropic
® Hot component

® Standard PDR model doesn’t
apply in limit of extreme
extinction




Summary

® Analytic model of high-z ISM

® Describes how gas fractions relate to feedback
® Unlikely to observe z~6 LBGs in CO

® FIR+[CII] sets Z<0.3 for undetected LAEs

® [Cll] in QSOs/SMGs requires more dissociation
than can be explained with galaxy+PDR model

® new picture!?

® Probe feedback and dust enrichment at high-z



