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Credits!

» Data processing:

> Modeling:

NB: data taking December 13

data processing December 14-17
modeling December 18
this talk December 19

HerCULES




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

> Sample:
>
>

> Observations:

> SPIRE/FTS full high-resolution scans: 200 to 670 um at R = 600, covering
CO 54 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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Who is HerCULES?
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David Naylor (Lethbridge)
Padelis Papadopoulos (Bonn)
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Dave Sanders (U Hawaii)
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Howard Smith (CfA)
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Aims of HerCULES

» develop use of the CO rotational ladder as a diagnostic
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» inventory of neutral gas cooling

> statistically robust approach
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PDRs vs. XDRs

HerCULES

Upper J level
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> Identical incident energy

densities give very
different CO spectra

> Need full coverage of CO
ladder in real galaxies

(Spaans &
Meijerink 2008)




Cooling budget in Mrk231

Line

[C1I] 158 um
[CT]

CO diffuse
CO dense

(p)od

» Consistent with dense PDRs
> Solution to the [C II] problem
>
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e 8 > Even in ALMA era, often
o limited spatial resolution
on very high z galaxies, but
many lines available

>
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HerCULES sample

|

Target log(L/Lo) IC 4687/4686 Stambeachr

Mrk 231 12.51 NGC 2623

IRAS F17207 —0014 12.39 NGC 34

IRAS 13120—5453 12.26 MCG+12—02—001
Arp 220 12.21 Mrk 331

Mrk 273 1214 IRAS 13242 —5713
[RAS F05189—2524 12.11 NGC 7771

Arp 299 11.88 Zw 049.057

NGC 6240 11.85 NGC 1068

[RAS F18293—3413 11.81 NGC 5135

Arp 193 11.67 IRAS F11506—3851
IC 1623 11.65 NGC 4418

NGC 1614 11.60 NGC 2146

NGC 7469 11.59 NGC 7552

NGC 3256 11.56 NGC 1365
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HerCULES SDP

> 1 target observed in SDP: Mrk231 (SPIRE/FTS only)
> 18 lines detected at good S/N

> FTS sensitivity better than expected by factor 2
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The bottom line

> CO lines in Mrk231 require PDR (low-] lines) + XDR
(high-J lines)
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Mrk231 CO excitation
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'2C0 flux density Mrk231
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Mrk231 PDR/XDR separation
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—— PDR: n=4.0, Fuv=100
- - - XDR:n=4.0, Fx=1.6
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Water lines

> All water lines are in emission

» Water lines IR-pumped, provides constraints on
the continuum as well as on emitting medium

> Best-fitting model:
> warm component: T=100 K, R=100 pc (56% of L)
> cool component: T=47 K, R=350 pc (22% of L)
> M(Hy) yarm = 0.1 M(Hy) 01
» emitting gas and dust mixed

(Gonzalez-Alfonso, yesterday)
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To be done

Go really deep with the FTS on a number of targets
Compare/coordinate with PACS

Follow-up H,O lines (and others?) with HIFI
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Conclusions

Water lines IR-pumped, helps constrain physical models
7 unidentified lines?
Stay tuned for more!
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