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  HerCULES will uniformly and statistically measure the neutral 
gas cooling lines in a flux-limited sample of (U)LIRGs. 

  Sample:  
  all IRAS RBGS ULIRGs with S60 > 12.19 Jy (6 sources) 
  all IRAS RBGS LIRGs with S60 > 16.8 Jy (23 sources) 

  Observations: 
  SPIRE/FTS full high-resolution scans: 200 to 670 µm at R ≈ 600, covering       CO 5—

4 to 13—12 and [CI] (+ other lines?) 
  PACS line scans of [CII] and both [OI] lines 
  All targets observed to same (expected) S/N 
  Extended sources observed at several positions 
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  develop use of the CO rotational ladder as a diagnostic 

  inventory of neutral gas cooling 

  statistically robust approach 

  low-z benchmark for ALMA observations 

  spectroscopically probe uncharted territory 
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  Even in ALMA era, limited spatial resolution on high-z galaxies, but 
many lines available 

  HerCULES will provide an empirical framework for interpreting these 
data. 

(Weiß, Walter et al.) 
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Four differences: 

  X-rays penetrate much larger column densities than UV 
photons 

  Gas heating efficiency in XDRs is ≈10—50%, compared to 
<1% in PDRs  

  Dust heating much more efficient in PDRs than in XDRs 
  High ionization levels in XDRs drive ion-molecule chemistry 
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  XDRs produce larger column 
densities of warmer gas 

  Identical incident energy 
densities give very different 
CO spectra 

  Very high J CO lines are 
excellent XDR tracers 

  Need good coverage of CO 
ladder 

(Spaans & Meijerink 2008) 
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Loenen talk 

González-Alfonso poster 
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2 PDRs + XDR   6.4:1:4.0 

n=104.2, FX=28* 

n=103.5, G0=102.0 
n=105.0, G0=103.5 

* 28 erg cm-2 s-1  G0=104.2 



12 

3 PDRs   6.4:1:0.03 

n=106.5, G0=105.0 

n=103.5, G0=102.0 
n=105.0, G0=103.5 
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  High-J CO lines can also be produced by PDR with 
    n=106.5 cm—3 and G0=105, containing half the molecular gas mass. 

  Does this work? 
  G0=105 only out to 0.3 pc from O5 star; then we must have half of the 

molecular gas and dust in 0.7% of volume. 
  With G0=105, 50% of the dust mass would be at 170K. 
  [OH+] and [H2O+] > 10—9 in dense gas requires efficient and penetrative 

source of ionization; PDR abundances factor 100—1000 lower 

 XDR strongly favoured 
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Tup = 503 K 

     XDR 
dominates 
from J=10 
upwards! 
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PDR XDR 
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  Low lines: cool extended component 
  High lines: warm compact component 
  Radiative pumping dominates 
                                 (González-Alfonso et al., 2010) 
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160 pc 

560 pc 
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  Comprehensive analysis of Mrk231 data (Meijerink et al., in 
prep.) 

  PDR/XDR separation across the HerCULES sample 

  H2 mass determination from CO lines at J > 1 (cf., ALMA) 

  Cooling budget and the [CII] deficit 

  … 



19 

  Higher-J CO lines (PACS) 

  H2O, H2O+, OH+ line profiles (HIFI) 

  What if we integrate 20 hours in stead of 2? 
  13CO, H2O, OH, OH+, H2O+, H3O+, CH, HCN, HNC, HCO+, H2Cl+, NH, NH2, NH3; 

possibly HeH+ 
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  H2O, OH+, H2O+ emission being followed up with IRAM/PdB 

  Multi-line approach will be crucial interpreting CO 

  High-J CO lines are diagnostics for high-z black hole formation 
(e.g., Spaans & Meijerink 2008, Schleicher et al., 2010) 

  ALMA high-frequency bands crucial for z ~ 2 range 

  Potential for deriving fEddMBH using XDR modeling 


