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Outline

> Review of early SPIRE/FTS results
> CO as a probe of what?

> Tracing molecular gas mass
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BOOFreQUe;lggO[GHz] 1200 1400 Mrk23 1
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At z=0.042, one of the
closest QSOs (D;=192
Mpc)

With Lz;=4-10"?Ly, the
most luminous ULIRG
in the IRAS Revised
bright Galaxy Sample

—HF J=1-0

“Warm” infrared
colours

Star-forming disk (~500
pc radius) + absorbed
X-ray nucleus

Face-on molecular disk,

Wavenumber [em™!] MHZ ~ 510 M@
(Van der Werf et al., 2010)




CO excitation in Mrk231

2 PDRs + XDR 6.4:1:4.0
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H,O excitation in Mrk231

ortho—H,0 » Radiative

pumping

dominates
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(Gonzalez-Alfonso et al., 2010)
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NGC6240 — shocked gas

_ Stercewacht
T.eiden

LIRG, merger, 2
nuclei separated
by 1.8”

Molecular gas
concentrated
between the nuclei

Gas excitation
mostly by shocks/
dissipation of

16752756.5° mechanical energy
R.A.. [J2000.0]

Bright H, emission
confirms this

flux density (Jy)
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CO lines in NGC6240
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(Meijerink et al. 2013)
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CO ladders: excited or shocked?

» CO ladders of Mrk231 (X-ray
excited) and NGC6240
(shocked) are very similar
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CO ladders: general trends
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> Multiple excitation
components always

present in starburst
galaxies/LIRGs/ULIRGs
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(see also Lu et al. poster)

(see Greve et al. poster)
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NGC 253

> Nearby starburst, -

» 2.5 Mpc (1"=12pc)

> Starburst in inner 200 pc
> Lggr=2 x 109Lg 2
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NGC253: SPIRE/FTS
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PDR mPDR mPDR

CO ladder Emission PDR:mPDREmPDRI = 0.12 : 0.18 : 0.70

Three excitation
components required

>70% of CO emission

from high-excitation
component

Excitation mechanism?
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CO excitation in NGC253

Additional heating: (dissipation of turbulence) or
Bradford et al. (NGC253), Rangwala et al. (Arp220)

Chemistry (HCN/HNC) favours mechanical heating

Mechanical heating is the t heating mechanism for the warm gas in
NGC253
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Sources of mechanical
heating

» Supersonic turbulence is very
dissipative

> Mg, =10" Mg , Av=400 km/s,

dissipated over a crossing time in a
ULIRG:

L

mech
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Continuum-—nermalized spectra
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outflows: talks by Sturm, Fischer,
poster by Spoon, etc.




Water as a prObe #—l

» Radiative pumping of H,O lines:
derive local FIR flux

Combine with T: implies

=> Infrared-opaque (ty,,, =1) central
regions

from the strong IR
radiation field:

4

ra

& - Y Can be dominant pressure term and
Herschel image of (part of) the Rosetta Molecular C : 9 source Of 1OC211 turbulence
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> Converting CO flux
(luminosity) into H, column
density (mass):

-1

NG =Cl( n(H,) )(T)
1(CO) 200cm™ 6K

Frequency

-1

_M(Hz)_c( n(H,) )(T)

“= 1oy 200em>) 6k
(MW: o=4; ULIRGs: 0=0.8)

(Papadopoulos, Van der Werf,
[saak & Xilouris, 2012)
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X-tactors based on low CO lines only

Assumptions:
» One gas component
> Based on low-] CO lines only

Results:
>

But:

> Higher CO lines and density tracing
lines reveal a substantial dense gas
component
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(Papadopoulos, Van der Werf,
[saak & Xilouris, 2012)




Molecular gas ~ PDR mPDR mPOR
masses 1n :

- Emission PDR:mPDREmPDRIl = 0.12 : 0.18 : 0.70

NGC253

> Low-J] CO lines alone
miss a significant
amount of molecular gas

In ULIRGSs, most mass
may be in high-excitation
component, not seen in
low-] lines — to be
verified
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» Warning:

Flux (mJy)

» CO:

> Need to deal with CO-dark molecular gas: O S 100
[CII] — requires abundance and modelling eaneney

> Need multi-line data from 1-0 (2-1) to at least
9-8

> Need additional information to beat down
degeneracies (e.g., HCN)

> Use of °CO to get at CO optical depth is
problematic due to possibly redshift- 1640 1645 1650 1655 1660 166.5
dependent abundance ratio irequeticy. (GH2)

> Calibration based on CO, [CI], HCN and L, (Danielson, Swinbank et al.,
may be feasible but still needs much work astro-ph/1309.5952)

100.5

Flux (mJy)
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Can we use dust emission instead? -

a dust/gas ratio is always needed

dust

To derive M,,, from M

A CO molecule is always a CO molecule, but dust grains at low and high
redshift likely have different properties

Need also short-wavelength data to determine T, — but confusion at Herschel
resolution (see Swinbank talk)

Multiple temperature components difficult to disentangle
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Summary

The CO ladder probes the thermal state of the molecular gas, in particular cooling
of the warm molecular gas.

Prominent AGNs produce high-J CO lines, but so do shocks

Mechanical energy input and enhanced cosmic ray fluxes lead to chemical
differences which can be separated observationally.

There can be significant mass in warm CO, which is not traced by low-] CO lines.
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