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SHINING

« We aim to obtain a comprehensive view of the physical processes at
work in the interstellar medium of local galaxies ranging from objects
with moderately enhanced star formation to the most dense, energetic,
and obscured environments in ultraluminous infrared galaxies and
around AGN »
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The HII-PDR—molecular cloud connection
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Far-infrared fine structure lines:

e PDRlines: [C 1]158um, [O []145um, [O 1163um
e Hillines: [N l]122um, [O 11]88um, [N 1] 57um, [O 11152um

Sample:

9 local starbursts (M 82, NGC 253, M 83, ...)

18 Seyfert galaxies (NGC 1068, Cen A, Circinus, ...)

28 LIRGs and ULIRGs (NGC 4418, Arp 220, Mrk 231, ...)
5 high-z star forming galaxies (MIPS J142824.0, ...)

4 high-z AGNs (IRAS F10214, Cloverleaf, ...)
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Integrated properties
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The [CII] line deficit vs. SFR  Lgr

102 E
x = HIl galaxy
< - LINER
’§ . + Seyfert & QSO
< 107 41+ Low-mass galaxy
2 + Elliptical
= « Unclassified
S
1074} NGC 4418 @ E

10 10° 10 10" 10% 10%
Ler [ Lsun]

[ Gracia-Carpio et al. 2011, ApJ 728: L7 |
[ Brauher et al. 2008, ApJS 178: 280 ]
[ Malhotra et al. 2001, ApJ 561: 766 ]

Infrared Looking Glass: A Dusty View of Galaxy and AGN Evolution | Pasadena | 04/10/



SHINING: studying physical processes in the intersellar media of galaxies | Integrated properties
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The [CII] line deficit vs. SFE o< Lgjp/My,
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The [CII] line deficit vs. sSSFR o Lgr/Lk
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The [CI1] line deficit vs. sSSFR excess o Lgr/Lx X (1 + z

[C 1] (157.7pm) / FIR
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A general far-infrared line deficit
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A general far-infrared line deficit
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Two modes of star formation
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More evidence for different ISM properties
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Line emission vs. Lpr/My,

Lrir/Mu, =~ 1-100 Lo Mg ™
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Line emission vs. Lpr/My,

Leir/My, ~ 1100 Lo Mg Lrr/My, ~ 100-1000 Lo, M
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Cloudy models
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Cloudy models
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Cloudy models

log (ionization parameter)
s
&

[O 1] 63um
1o [« T FR T
i
-15 L 2 s, 1
-20 Low Lrr / My, range T 4
0.001

-25 4 1

-30 r 0.003 Toeo

-35 T & 1e-0% I 1e04 4

05 ol I 3e-05 00
10 15 20 25 30 35 40 10 15 20 25 30 35 40 1.0 15 20 25 30 35 40 10 15 20 25 30 35 40

log ny [cm ™3]

T, =36000K, Ay = 100 mag

king Glass: A Dusty View of Galaxy and AGN Evolution | Pasadena | 04/10/ 2l



SHINING: studying physical processes in the intersellar media of galaxies | Integrated properties

Cloudy models
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Cloudy models
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Spatially resolved properties
(work in progress)
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NGC 1068 line and continuum maps
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Spatially resolved information
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Line flux / FIR
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Spatially resolved information
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Spatially resolved information
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Cloudy models
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Spatially resolved information
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Spatially resolved information
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Spatially resolved information
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An unexpected Herschel contribution to galaxy evolution

Through the Infrared Looking Glass: A Dusty View of Galaxy and AGN Evolution | Pasadena | 04/10/2011



SHINING: studying physical processes in the intersellar media of galaxies | Molecular outflows

Three “dark” ingredients in galaxy evolution models

the Infrared Looking Glass: A Dusty View of Galaxy and AGN Evolution | Pasadena | 04/10/2011



SHINING: studying physical processes in the intersellar media of galaxies | Molecular outflows

Three “dark” ingredients in galaxy evolution models

e Dark matter

e Dark energy

[ Schaye et al. 2010, MNRAS 402: 1536 ]
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Three “dark” ingredients in galaxy evolution models

e Dark matter
e Dark energy

e Dark molecular outflows

[ Schaye et al. 2010, MNRAS 402: 1536 ]
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Three “dark” ingredients in galaxy evolution models
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Molecular outflows
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Molecular outflows
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Conclusions

® Lgr/My, is a good proxy for the relative brightness of the far-infrared fine
structure lines.

e We find line deficits in all the fine structure lines, regardless of their origin in the
ionized or neutral phase of the ISM.

e The Lrr/My, threshold is similar to the limit that separates between the two
modes of star formation recently found in galaxies.

e High ionization parameters can explain the line deficits in the [C Il], [O I] and
[N 11] lines. Further modeling is needed to explain the [N [ll] and [O Il1] lines.

e We find molecular outflows in most of the ULIRGs we have observed. In some
cases, these molecular outflows can expell the full molecular gas content of the
galaxy in a time scale of a few Myr.
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