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HerCULES 1n a nutshell
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> HerCULES will uniformly and statistically measure the neutral
gas cooling lines 1n a

> Sample:

>
>

> Observations:
> SPIRE/FTS full high-resolution scans: 200 to 670 um 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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Aims of HerCULES

> develop use of the CO rotational ladder as a diagnostic

> 1nventory of neutral gas cooling

> statistically robust approach

> spectroscopically probe uncharted territory
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A local benchmark for high-z galaxies

260 flux density PSS J2322+1944 (2=4.1) 260 line SED MW (center)

Corr : (Weil3, Walter ef al.)
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Even in ALMA era, limited spatial resolution on high-z galaxies, but
many lines available
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PDRs vs. XDRs

Four differences:

X-rays penetrate much larger column densities than UV
photons

Dust heating much more efficient in PDRs than in XDRs
High 1onization levels in XDRs drive 1ion-molecule chemistry
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PDRs vs. XDRs: CO lines
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(Spaans & Meijerink 2008)
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» XDRs produce larger column
densities of warmer gas

> Identical incident energy
densities give very different
CO spectra

>

> Need good coverage of CO
ladder




HerCULES sample [ log(Ly/Lo)

Target log(Lp/Le) IC 4687/4686 11.55
Mrk 231 12.51 NGC 2623 11.54

IRAS F17207—0014 12.39 NGC 34 11.44
IRAS 13120—5453 12.26 MCG+12—02—001 11.44
Arp 220 12.21 Mrk 331 11.41
Mrk 273 12.14 IRAS 13242—5713 11.34

[RAS FO5189—2524 12.11 NGC 7771 11.34

Arp 299 11.88 Zw 049.057 11.27

NGC 6240 11.85 NGC 1068 11.27
[RAS F18293—3413 11.81 NGC 5135 I1.17
Arp 193 11.67 IRAS F11506—3851 I1.10
IC 1623 11.65 NGC 4418 11.08
NGC 1614 11.60 NGC 2146 11.07
NGC 7469 11.59 NGC 7552 11.03
NGC 3256 11.56 NGC 1365 11.00
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A&A Special Issue papers

Lerrer 1o THE Eprror Loenen talk

Black hole accretion and star formation as drivers of gas excitation
and chemistry in Mrk 231

PP. van der Warf'* . K.G. Isazk™® R \Ieuennl.' M. Spaans* A R\Lalr T. Fulton®, A.F. Loenen'. F. Walter® A

W Lﬁ L. Amms® T h,cher FP Isrzel’, AL Hams!?, S. Veilleux' c Henkel’, G. Savini!!, S. Lord'? H A
Sputh*? E Gonzalez-Alfonso'* D. N:nlor’ S Aalto’s. V ChmmandmL KM D.Lwa 5 .-‘L E' 51920 v Cr:*.o‘l

T. Greve®??_ R_ Giisten’, C. Kmmer3 J. Martin-Pintado®*, J. Mazzarella!?, PP. Papadopoulos>>, D B. Sanders, L.
Spimoglio®”, G. Stacey=®, C. Vizhakis', M.C. Wiedner’. and E. Xilouris°

(Ahisarions can be found qfter the references)

LeTTer T THE Enrmor Gonzalez-Alfonso poster

Herschel* observations of water vapour in Markarian 231

E. Gonzilez-Alfonso® . J. Fischer’, K. I:aak3 A Rykal?®, G. Savimi*, M. Spaan. P. van der Werf®, R_ \Iexjenr.ké.l:. P

Israel®, A F. Loenen’, c, Vi lahakis®, H A. Smith”, V. Chaxmanam's S. A.alto C. Henl.elm JA. Weiss'?, F. uarex“

T Greve'!, L. Spmozho S Veilleux " .1 Hamis*? . L. Amus'®. S Lord™, J. Mazzarella' E M. Xilouris**. D. B.

Sanders'%, K. M. Dasyra!’, M. C. '\Med.nerls C.Kramer® P.P. Papacopoulo": G.J. Stacey**, A.S_Evans™ and Y.
Gao™

(A fhiiarions can be found qfter the r¢ferences)
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CO excitiation

2 PDRs + XDR 6.4:1:4.0
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CO excitiation

3 PDRs 6.4:1:0.03
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High-J lines: PDR or XDR?

> High-J CO lines can also be produced by PDR with

n=10%°> cm— and G,=10°, containing

> G,=10° only out to 0.3 pc from OS5 star; then we must have half of the
molecular gas and dust 1n 0.7% of volume.

> With G,=10°, 50% of the dust mass would be at 170K.

» [OH*] and [H,0"] > 10~ in dense gas requires efficient and penetrative
source of ionization; PDR abundances factor 100—1000 lower
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Mrk231 PDR/XDR separation
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PDR vs. XDR chemistry
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H,O lines in Mrk231
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A d > Low lines: cool extended component

> Radiative pumping dominates

, 2010)

(Gonzalez-Alfonso et al.




PDR/XDR model

> PDR 1:
> n=103>, G,=102, R~500pc
> Large scale molecular gas
> = Low-J CO, low H,O lines

> PDR 2:
> n=10°, G;~103°
> Small, dense SF clumps
» =2 mid-J CO lines

> XDR:
> n=10*2, F,=28, R~150pc
> Circumnuclear XDR disk
» = High-J CO, OH", H,0",
HerCULES high H,O lines




HerCULES work 1n progress

> PDR/XDR separation across the HerCULES sample

» H, mass determination from CO lines at J > 1 (c¢f., ALMA)

> Cooling budget and the [CII] deficit

HerCULES




Future steps with Herschel

» H,0, H,O", OH" line profiles (HIFT)

> What if we integrate 20 hours 1n stead of 2?

> 13CO, H,0, OH, OH*, H,0", H;0", CH, HCN, HNC, HCO*, H,CI*, NH, NH,, NH;;
possibly HeH™
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Connection with high redshift

> H,0, OH", H,O" emission being followed up with IRAM/PdB

>

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

>

> Potential for deriving fg Mgy using XDR modeling
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