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Sources in EoR: Why should we care?

- first luminous sources in universe

- constrain:   SFR (contribution to reionization)
                 Mgas  (fuel for SF & evol. state)

        MBH (early BH formation)
        Mdyn  (hierarchical models, M-σ)
        nHI (state of IGM)

ALMAALMA: molecular lines (CO), dust (L: molecular lines (CO), dust (LFIRFIR) and [CII]) and [CII]

✔✔

✔✔

✔✔



70% of all z~6 SDSS QSOs are now detected in CO!!
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So will it be a piece of cake for ALMA to do this?

Weiss et al., in prep.
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CO Line SEDs

CO excitation

Weiss et al., in prep.
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CO Line SEDs

z~1.5 BzK galaxies:
~MW excitation!!

Daddi et al., in prep.
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z>7 Sources: ALMA CO discovery space
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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[CII] (ionized carbon): major cooling line of the ISM
2P3/2-2P1/2 fine-structure line -- PDR / SF tracer

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

ISO observations:
[CII] carries high fraction of LFIR 

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

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

L[CII]/LFIR = 0.02%

Note: six times brighter
than brightest CO line!

Even though ‘worst case’,
still detectable in [CII] 

L[CII] = 4.4x109 Lsun

 LFIR = 2x1013 Lsun



[CII] resolved at z=6.4

1.9THz line observed at  258 GHz
beamsize: 0.35”, spatially resolved on 2kpc scales

Direct evidence for formation of stellar disk/bulge in host
galaxy < 1Gyr after big bang Bure rocks!
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SFRSD=1000 Msun yr-1 kpc-2  !!??

Comparison to star formation rate 
surface density in Orion?!

SFRSDJ1148=1000 Msun yr-1 kpc-2

A) SFRSDOrion = 10-6 x SFRSDJ1148
B)                    = 10-3 x SFRSDJ1148
C)           = 1     x SFRSDJ1148
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Other atomic fine structure lines

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

Search for [NII] emission
in z=6.42 quasar J1148
unsuccessful
           (Walter et al. 2009, ApJL)

Limit: L[NII]/LFIR=2x10-5

…similar to M82, MW

[CII]

[NII]

…at the limit of the capabilities of current facilities… 



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

[CII] line[CII] line

Need Band 5!

C
O

 N
O

T 
EX

C
IT

ED
C

O
 N

O
T 

EX
C

IT
ED

B
zK

B
zK

SM
G

SM
G

Q
SO

Q
SO



Summary

 ELT, ALMA and JWST: 
                               instrumental to characterize sources in EoR

    Mdyn, Mgas, morphology

 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.

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



THE ENDTHE END


