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A Schematic Outline of the Cosmic History
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Sources in EoR: Why should we care?

- first luminous sources in universe

- constrain: (contribution to reionization)
(fuel for SF & evol. state)
(early BH formation)
(hierarchical models, M-0)
(state of IGM)




of all z~6 SDSS QSOs are now detected in CO!!
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Figure 6: The spectrum and velocity-integrated image of J14254-3254.

Figure 5: The spectrum and velocity-integrated image of J1335+3533.




So will it be a piece of cake for ALMA to do this?

normalized “CO flux density

J1148 2=6.4 CO excitation
PSS2322 7=4.2

Cloverleaf z=2.6
F10214 z=2.3

SMM16359 z=2.5 APM0827 z=3.9
PSS1409 z=2.6

3 4 5 6 7 8 9 10 11 12
Rotational Quantum Number J, ..,
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CO Line SEDs
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CO Line SEDs

normalized “CO flux density
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z>7 Sources: ALMA CO discovery space
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...bad news for ISM studies in EoR!




To the Rescue: [CII]

[CII] (ionized carbon): major cooling line of the ISM
2P, ,,-?P,,, fine-structure line -- PDR / SF tracer

Rest frequency: 1900 GHz (158 microns)
-> z=0 observations from ground prohibitive

ISO observations:
[ClI] carries high fraction of L,

J1148+5251 (z=6.42) K&
Maiolino et al. 2005 (30m)

Ly = 4.4x10° L,
Lr=2x10"3L,

L[C”]/LFlR =0.02% ~1000  —500

Velocity Offset (km st

Low-metallicity dwarfs: ~1 %
Starforming galaxies: ~0.5 %
ULRIGS: ~0.05 %

Note: six times brighter
than brightest CO line!

Even though ‘worst case’,
still detectable in [CII]
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A kiloparsec-scale hyper-starburst in a quasar host
less than 1gigayear after the Big Bang

Fabian Walter', Dominik Riechers'?, Pierre Cox’, Roberto Neri’, Chris Carilli*, Frank Bertoldi®, Axel Weiss®
& Roberto Maiolino’

1.9THz line observed at 258 GHz
beamsize: 0.357, spatially resolved on 2kpc scales

LETTERS [Cll] resolved at z=6.4

! [C 1] emission

52° 51" 51.0”

Declination (J2000)

49.5"

11h 48 min 16.65s 1660s 1655

Right ascension (J2000)

Direct evidence for formation of stellar disk/bulge in host
galaxy < 1Gyr after big bang

SFRSD=1000 M_,, yr'! kpc

Velocity offset (km s-1)

Walter et al. 09
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Comparison to star formation rate
surface density in Orion?!
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Comparison to star formation rate
surface density in Orion??

SFRSD,,,,4=1000 M, yr' kpc?
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N PRESSURE-SUPPORTED STARBURST DISKS AND ACTIVE GALACTIC NUCLEUS FUELING
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ABSTRACT

We consider the structure of marginally Toomre-stable starburst disks under the assumption that radiation pres-
sure on dust grains provides the dominant vertical support against gravity. This assumption is particularly appro-
priate when the d optically thick to its own infrared radiation, as in the central regions of ULIRGs. We argue
lhat beuause the d .k radlales at its Eddington limit (for dust). the “Schmidt law”” for star form'mon changes in the

> ; R .

a characteristic flux, star formation rate per unit area, and dust effective temperature
10° M, yr~" kpe™2, and Tog ~ 90 K, respectively. We compare our model predictions with ol
and find good agreement We extend our model of starburst disks from many hundred parsec es to subparsec

density and « is the mean opacity of the disk. Our calculations further show that optically thick starburst disks have
a characteristic ﬂux star formation rate per unit area, and dust effective temperature of F ~ 103 L kpc=2, 2, ~
10° M, yr=' kpe=2, and T ~ 90 K, respectively. We compare our model predictions with observations of ULIRGs
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llkf S‘dl’nul’\l AaIsK P’" parsec scales can approacn ” x r, pernaps dLLUUanﬂ]:, 101 me nuciear UD\(.UI':‘HU" lﬂ‘\ume l)’pC
2 AGNs. We also argue that the disk of young stars in the Galactic center may be the remnant of such a compact
nuclear starburst.




Other atomic fine structure lines

Other lines in ISM: e.g., [OI], [Olll], [NIl] (mostly higher v than [CII])
-> key diagnostics of the starforming ISM
Rich discovery potential for ALMA!

[NNI] & [CN] in J1148+5251 (2=6.42) Search for [NIl] emission
in z=6.42 quasar J1148

unsuccessful
(Walter et al. 2009, ApJL)
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...similar to M82, MW

Velocity offset [km/s]

...at the limit of the capabilities of current facilities...




[ClI] will (almost) make our day at z>7
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Summary

= ELT, ALMA and JWST:
instrumental to characterize sources in EoR
Mgyn» Mgas» morphology

gas’

m Today’s workhorse diagnostic line of ISM (CO):
not excited for most objects!

= resolved [CII] observations of z=6.4 QSO:
star formation rates surface densities, dyn.

= [CIl] (and possibly other fine structure lines):
->the ALMA workhorse line for EoR studies




THE END




