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probabilistic evolution

condensation collapse

gravity

turbulence
thermal instability

evaporation

— distribution of phases 7
— rate of mass transfer ?

— transfer / dissipation of mechanical energy ?
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kinematics of molecules
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1D static or steady-state models
(Cloudy, Meudon PDR, Kosma-tau, PD-Shock, TDR, ...)

strengths

e detailed microphysical processes
e out-of-equilibrium processes

e solutions to MHD equations

Interpretations

local physical conditions

observations — plausible
distribution

correlations limited to CNM
CH+ — dissipation in CNM
H>* — dissipation in CNM

no information on line profiles
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simulations of multiphase gas

RAMSES code (Teyssier 2002)

e periodic box size L

e mean density ny

e isotropic UV field Go

e spectral forcingat ~L /2

e homogeneous Bx

|
o 3D ideal MHD

e self-gravity

e heating / cooling ! '

e evolution of H+, H, and H»
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observational sample simulated sample

60°

45°
ve » Background source

30°

°
® 4 150
°
° ¢ ?:'$~.? ° [ 4 °
112w ® ° 0 120
4“ *%§s ...'v\.:.’go "; oh ° &.1. ‘; e® O
ve o Y o L ®° °® [ ] @
o v o o V00 o ° o.
o v L i
v © (] v ) [
v
° ° . 30
o v °

source distance (pc)

detections
non-detections

— same length distribution

— free parameter ¢ = 0.5

0.1 1 10
line of sight length (kpc)



Physics & methodology

Simulations of the multiphase ISM

Conclusions

grids of numerical simulations exploration of parameters
e used: ~ 600 >
e published : ~ 100 §
Po) o Q
) @/}é GE.)A ‘(b&\o
e comp. time : 2 744 318 hours s &@\
O/O 7
/}.

cluster Totoro

ERC MIST (E. Falgarone) o

\
Jillumination scale
compressive ratio,

100/
1

1
\
o

1
1

turbulent forcing




Physics & methodology
Simulations of the multiphase ISM

Conclusions

fiducial setup

phase & thermal pressure distributions
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Dissipation of mechanical energy
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Conclusions Signatures of mass exchanges (CH+, H2*)

The CH+ conundrum

only efficient formation pathway

Ct+Ho — CH++H  AE/Kk ~ 4640 K

|

need warm environments

v

need H> mainly formed in CNM

Neufeld et al. (2015)
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— mass of CH+ from unstable gas rich in Ho

—— distribution depends on evaporation of CNM,
l.e. mass transfer rate between phases
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Summary & Perspectives
Conclusions

e Observational samples —— global conditions

e A single simulation of turbulent multiphase ISM explains ~120 constraints

» mass fractions & pressure distribution
statistics of H-to-Haz transition
distribution of CH+ & line profiles

vyvyy

distribution of excited Ho

e extension to other chemical tracer

> N-d probability distributions > predictions for JWST & SKA
» generalization of the KS-test » faraday rotation measures
> continuum emission > magnetic field distribution



Chemical guidelines

Conclusions













multiphase neutral ISM
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galactic structure

exponential decrease of

- density

- molecular fraction

with

- galactocentric distance Rgal

- height above the plane z

local properties
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numerical simulations of turbulent ISM mass fractions
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Mystery of Carbon at high pressure

Dissipation of mechanical energy
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Signatures of mass exchanges (CH+, Hz*)
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