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Why we care?

Dark Matter

Dark Energy

WHIM
Lya forest

Stars

Cold Gas

Mass budget of the Universe.

CcCGM Missing

ICM

Most of the Universe has an unkown mass

The ISM (cold Gas) is only 2 % of the Baryon mass



The Baryon cycle

Fig. 1. The baryon cycle
is due to gas flows
Dense MOI@CUIa r within a galaxy (bottom
left corner) and their
interplay with the
environment. The gas
accreted from the
intergalactic medium
fuels star formation.
Stellar evolution leads to
mass loss and SNe,
seeding the ISM with
dust, metals and
molecules, Starburst
winds and jets from AGN
provide feedback and
launch outflows (even
out of the galaxy).
Metal-enriched and
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Gas 3 eventually cool and
- . o aea, accretein the disk to

Sisactine form new starsand feed
> the central black hole,
starting the cycle again
(credit R. Diehl).

A complex interplay is therefore expected among these processes as a function of galaxy properties,
environment and cosmic time. Hence, understanding the evolution of the baryon cycle has become a
key question of current astrophysics.



Program
[. Introduction to the ISM and main constituents (ionized, atomic, and
molecular gas; dust; magnetic fields; cosmic rays; EM radiation)

[I. Level population and line formation.
Radiative transfer equation

[1I. Dust processes (extinction, emission, chemical models )
[V. State of the art of the research:

ISM in galaxy/AGN from the local up to the high-z Universe
Lessons from Dott. Roberto Decarli from the INAF [nstitute



[. The ISM and its main constituents
Composition
~99 % of the ISM
Composed by: 74% H, 24% He, 2% others

Gas Different phases, ionized, atomic, molecular

Dust ~ 1% of the ISM

Composition: by small grains of solid material, silicates
(namely sand, e.g. mostly olivine) and carbonaceous (graphite
or agglomerates of graphite) grains.

Average radius: 0.1 um

Despite the relatively small mass, dust has an immense
impact on the physical and chemical status of the ISM.




[. The ISM and its main constituents
Properties
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[I. Level population and line formation
(see also Radiative processes course)

The only way we have for studying the ISM is to interpret the information
coming from photons emitted or absorbed.

The goal is to provide the tools for understanding the formation of a line
spectrum and extracting the information it brings

Statistical equilibrium equation 1

] hv

At equilibrium, the rate of excitation of the level [ is
equal to the rate of de-excitation of the level u.

—Y., and vy, -excitation and de-excitation
collisional coefficients
NNconY i + nlBlu]v = N,NConYui + nuA ult nuBqu -n,, is the number density of the collisors
-B,,, B,/ and A, are the Einsteins coefficients;
-J, the intensity at frequency v,
-n;and n, are the number density of the level / and

u
Importance of LTE approssimation, critial density



[II. Dust processes (extinction, emission, chemical models)

a. The effects of dust N

N
o
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Dust extinction: Draine theory (microphysics: MieTheory)
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Dust emission: Radiative transfer equation
Sy = QBgp(v)(1-e7) ’

dM 100M ~ N
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b. Chemical models U (t — Tpp)®(m)dm — (%)\I}(t)

) : M,
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Milky Way Dense (Rv=5.0)
Milky Way Diffuse (Rv=3.1)
SMC Bar (Rv=2.7)

Starburst (attenuation law)
Milky Way CCM (Rv=2.1)
Milky Way CCM (Rv=4.0)
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[V. ISM in galaxy/AGN from local up to the high-z Universe

Golden age for ISM studies
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[V. ISM in galaxy/AGN from local up to the high-z Universe

Golden age for ISM studies
ALMA
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[V. ISM in galaxy/AGN from local up to the high-z Universe

Cosmic age (Gyr)
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[V. ISM in galaxy/AGN from local up to the high-z Universe

_ ASPECS 0<Z<5 (Decarli+19)
Heracles: Local Universe( Leroy+08)

,7 . . - Molecular gas in distant UDF galaxies
w ) Heracles: The H.E.R.A. CO-line extragalactic survey NO

vl“.cr panel shows molecular gas in context for one of our targets, with targets pproximately in order of stellar mass from top to bottom. From left to right pan 0
Molecular Gas Atomic Gas Kinematics 0ld Stars nt Star Formation
Peak COintensity Column from VLA 2 Here from Hi line Near infraféd intensity Com f (GALEX)
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[V. ISM in galaxy/AGN from local up to the high-z Universe

Data
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Key questions

“+ How gas is converted into stars?
(i.e. SKrelation X2, & Z )

+¢* SFRD obscured and not obscured

¢ Does the AGN impact on the ISM and
on the galaxy evolution?

¢ Which is the total content in baryon mass
as a function of z and how is in comparision
with cosmological models?

Palottini, Ferrara+2020






