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Outline
1) IR lines: Statistical study on the local Seyfert galaxies sample
using Herschel+ Spitzer data

2) On the physics of a selected Compton-thick source using
ALMA+ Herschel

3) Extension to high-z using ALMA & SPICA




The FIR-mm spectral region:

1) Plenty of strong atomic and molecularlines
2) Tracing all phases of the ISM in galaxies
3) Essentially unaffected by dust extinction

Where do these lines come from?
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Active Galactic Nuclei: What’s their effect?

X-ray photons (more energetic) penetrate deep into the cloud 2>
creating X-ray Dominated Regions (XDR).

X-ray photons

X-ray photons: excite high-J CO lines

Excite lines with high poten
(i.e. NeV)
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12-micron Seyfert sample

~100 local 12 um Seyfert galaxies (Rush et al. 1993)
Perfect sample: *local: good quality data
* multi-band: data from X-ray to the sub-mm,
(both photometric and spectroscopic)

Study of the line ratios in order to separate Starburst/AGN

(Spinoglio et al. 2015)

[CN)157 em/ [O1]63 um

Surbunt's(

10 |- Conllnuouﬂ
- Age=20Myr

.zop-sox;

- - u'
E L
-3

T AR | LR AL | T

- s pure Seyfert 2
» HBLR
a Seyfert Lype |

: | T T | et szl .

o1 b =/ / o Starbursts (LWS) .
- Y/ W :

[O111]88 um / [OIV]26 um

0.1 1 10 100
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can reliably discriminate the

two emission regions, while the far-IR lineratio
of [CII ]157 um/ [0l ]63 um is onlyableto
mildly separate the two regimes.




12-micron Seyfert sample

(Gruppioni et al. 2016)

AGN proxies:

» Torus from SED-fitting decomposition
» X-ray luminosity

» high-excitationlines(i.e.[NeV]
and[OlV]

> Bolometric AGN luminosities
Derived from the different proxies
(taking into account the different
bolometric correction) agree.

Study and comparison of the different AGN proxies
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* An intriguing source: NGC7130
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1) Strong high-ionization potential lines

OIV [25.6um]—2> 54.9 eV
NeV [14.3um]—> 97 eV

=» requires a hard ionizing spectrum

12um SED id, 68

m T 'Y
=

f NGC7130°
F 2-0.0162

AL A A A AALLL A AL AL A ALl




1000
‘TE I Pereira-Santaella+13
2) CO-SLED: o
Almost flat up to J,,~12 g 1OOF E
o e O
(@) o o ° Y .
".9 10k ® o ]
5 .
%
S 1F ¢ E
o 5 10 15

NGC7130: Chandra + NuSTAR
—— T . . —
0.1 & -

3) X-ray spectra (using NuSTAR data)
=>» Compton thick source
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ALMA data from archive, PI: Lu
Band 9, CO(6-5)

NGC7130_C0768_cube_4800—5000_momentol.fits—raster
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> Necessary to understanding the physics

Spatial information from ALMA

+

Modellinglines with
photodissociation code (i.e. CLOUDY)

Physics of the ISM




Cloudy Modelling: Method

. Starburst99 spectrum

. AGN spectrum

emitted continuum
gas and grain temperature

OBSERVATIONAL CONSTRAINTS:

Star-formation 20 Mg/yr
AGN X-ray luminosity: 2 x10%? ergsect
Dimension CO(6-5) emission 500 pc
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Only PDR
Impossible to
recoverlJ,, §

shape
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CO SLED reproduced

cm

Parameters from cloudy’
using real data

(SFR, AGN luminosity,
dimension)

CO SLED [107"® erg

1000 E

100 E

PDR /XDR

10

I

T
XDR,logn=3.5, r=125pc f=5000 ]
- _ .PDR,logn=4.5, r=125pc f=80

,,,,, PDR,logn=2.5, r=500pc f=35 -

J upper

Pozzi et al. in preparation



Synergies ALMA/SPICA

Spectroscopy
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SPICA/ALMA-> Physics of galaxies/AGN

» SPICA will extent the local Universe explored by
Herschel in terms of mid/far IR lines at the peak of
SFR/accretion, z~2-3

& Fine structure lines: SMI/SAFARI (10-230 pm)
OIV[25.9 um] =2 0.4 < z < 4 [atleast]
(JWST/MIRI 5-27 um up toz ~0.2)

® (O lines @ z=2 J,,>= 40

» ALMA will spatially resolve the region emitting
the lines (i.e. CO) giving constraints to the modelinig



