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Cosmic star formation

Still missing the importance of gas accretion, exhaustion and outflows.

Madau & Dickinson 2014
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Gas diagnostics

Fine-structure cooling lines: 

collisionally-excited atoms de-excite through 
forbidden transitions, emitting photons in FIR

e.g. [C II]  158, [O I] 63 and 145 ˃m 

Powerful diagnostics of gas properties, e.g.:

Å ( [O I] 63 + [C II] 158) / FTIR

- probe of photoelectric heating
efficiency of FUV radiation field

Å [C II] 158 / [O I] 63
- sensitive to the gas density

Å [O I] 145 / [O I] 63
- probe temperatures Tgas ~ 300 K 

Physical gas properties derived via comparison with PDR models, 
e.g. Tielens& Hollenbach(1985), characterised by 

FUV radiation field strength Go

incident on slab of hydrogen density n [Kaufman et al. 1999, 2006]

PhotodissociationregionHII region

Tielenset al. 2005



Extragalactic observations

Parkinet al. 2013

Hughes et al. 2015

M 51

NGC 891

The HerschelVery Nearby Galaxies Survey

Gullberget al. 2015 and Aravenaet al. 2016

High-z gravitationally-lensed galaxies

Typically:

2 < log G0 < 3
3 < log n < 4 (These are just a few examples!)



Introducing VALES

Currently: 67 galaxies from 
HATLAS observed with ALMA 
Band 3 targeting CO(1-0).

Full details of reduction 
and analysis presented in 
Villanueva et al. (in prep.) 
ςǎŜŜ 9ŘƻΩǎ ǘŀƭƪ.

The Valparaíso ALMA Line Emission Survey  (P.I. E. Ibar)
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Introducing VALES

All galaxies have HATLAS/GAMA photometry sampling UV to FIR/submmSED:

SED fitting with MAGPHYS
(see Driver et al. in prep.)

The Valparaíso ALMA Line Emission Survey  (P.I. E. Ibar)

[ ALMA Band 6/7 CO(3-2) line and 850 ˃m + APEX CO(2-мύ Ҍ a¦{9 ƻǇǘƛŎŀƭ ǎǇŜŎǘǊƻǎŎƻǇȅΧϐ

26 galaxies have Herschel-PACS [CII] 158 ɛm spectroscopy 
(Ibar et al. 2015)+



[CII] - CO correlation
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Well-studied correlation 
found for wide range of 
galaxy types  up to z<6

(Crawford et al. 1985)

Mean L[CII] / LCO = 3500 
consistent with literature

(e.g. Swinbanket al. 2012)



Origin of line emission

Fixing L[CII] / LCO, consider solutions to 
ratio of source functions:

ÅEqual excitation temperatures?

- requires equal optical depths at   

Tex > 50 K for both lines

- contrary to most literature
(Graf et al. 2012, Ossenkopf et al. 2013)

ÅDifferent excitation temperatures?

- find Tex([CII]) > Tex(CO) for all  

optical depth scenarios

- fix Tex(CO) to temperature of dust  

thermalized in molecular cloudsé
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