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A few words on
ISM statistics




ISM power spectrum slope flatter than K41
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Non-stationarity of the interstellar density distribution
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Polaris Flare - Herschel 250 micron

88.5°

)
oo
*©
o
<]

Dec (J2000

87.5°F

87.0°F

X 102
I 12.00

| 175

11.50

10 11.25

| BX&
1

| 0.25

4h h h
RA (J2000)
Size (pc
100 107! (po) 1072
—— Fourier PS
10"} .
A Non-Gaussian wavelets
109 = Gaussian wavelets
Fits
=~ 10% CIB
@ ol
oy 10
=
< 105}
A
105-
104_
10°%
102 101 10°

k (arcmin™!)

88.5°

83.0°f

Dec (J2000)

87.5°

87.0°F

P(k) exponents

Original image : -2.58
Stationary (Gaussian) : -3.34
Non-stationary (Coherent) : -2.75

Robitaille et al. (2019)

Turbulence intermittency
High Mach number

HIl condensation process

Self-gravity




Interstellar
turbulence iIs
multiphase

and it is important for star formation




GALFA-HI ; Peek et al. (2011) ~

Region towards
(,b) = (157, -22.8)

40° x 20° in size.
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The condensation process is favored

linked to WNM pressure and Mach number

HD simulation of thermallv bi-stable turbulence process for star formation
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CNM formation in pressurized sub/transonic WNM
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thermal instability act as a regulation
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The condensation process is favored

CNM formation in pressurized sub/transonic WNM

when cooling time < dynamical time

linked to WNM pressure and Mach number

thermal instability act as a regulation
process for star formation

Miville-Deschénes+ (2017)
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Saury et al 2014



Mapping turbulence
with 21 cm data



Application on 21 cm observations of the North Ecliptic Pole field

Integrated emission of TB[x, vy, V] TB[v] for 16 adjacent lines of sight
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ROHSA : decomposition of emission on a Gaussian basis
Marchal et al. (2019)
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Application on 21 cm observations of the North Ecliptic Pole field

Integrated emission of TB[x, vy, V] TB[v] for 16 adjacent lines of sight
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Mapping each HI phases in the diffuse ISM

WNM LNM CNM

10 20 30 40 0 6 12 18 0 5 10 15

Nisi,wim / [10%% cm™?] Ny, oum / [10%7 cm ™) N, cam / [101 cm™?]
« Separate phases using ROHSA North Ecliptic Pole
e WNM ~ 64% 12x12 degrees
° 21 cm (GBT)
e LNM ~ 28%
e CNM ~ 8%

e Estimate depth and distance of WNM using 3D dust tomography

Marchal + (2019), Marchal & Miville-Deschénes (2021)



P(k) [arbitrary unit]

CNM shows more structure at small scales

Npi CNM
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Thermal and turbulent properties of the Warm Neutral Medium in the solar neighlborhood

e First map of WNM column density and velocity field
* \WNM is ~ 64% of the mass in this field

¢ Pressure ~ 4400 K cm-3

® Density ~ 0.7 cm-3

e [emperature ~ 6000 K

® Density contrast ~ 0.6

* Mach number ~ 0.9

¢ \/olume filling factor ~ 0.6

e Turbulence velocity dispersion at 1pc is 0.8 km/s, similar to
what Is observed in denser gas

¢ \/elocity power spectrum compatible with K41

v

Velocity centroid [km s™*)

Marchal & Miville-Deschénes (2021)



P(k) [arbitrary unit]

Thermal and turbulent properties of the Warm Neutral Medium in the solar neighlborhood

Centroid velocity WNM
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e First map of WNM column density and velocity field
* \WNM is ~ 64% of the mass in this field

¢ Pressure ~ 4400 K cm-3
® Density ~ 0.7 cm-3

e [emperature ~ 6000 K
® Density contrast ~ 0.6
e Mach number ~ 0.9
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e filling factor ~ 0.6
ence velocity dispersion at 1pc is 0.8 km/s, similar to

at Is observed In denser gas

oclty power spectrum compatible with K41



Effect of filling factor on statistical estimators

column density centrmd velomty
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* [he P(k) is flatter due to non-zero filling factor.

* [he exact correction depends on the morphology of the
voids, and If they are correlated to the density field or not.
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Large variability of the CNM fraction as a function of environment

North Celestial Pole Loop ~ 40 pcC
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Taank, AM et al, submitted
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ROHSA-GPU
DHIGLS data - CNM ~ 20%
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DHIGLS data - CNM ~ 7%



Spectral analysis of 21 cm emission
extracting the widths of features in Hl spectra

A 21 cm spectrum of the diffuse ISM
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IV. Fourier transform of 21cm data

Marchal et al in prep.

Densité de colonne
totale

HI4PI (16’)

Lower limit fraction de
gas froid
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IV. Fourier transform of 21cm data

Marchal et al in prep.

Densité de colonne
totale

HI4PI (16’)

Lower limit fraction de
gas froid
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Mapping interstellar
turbulence W|th dust

proof of c




J2000 Dec

Planck - 5 arcmin WISE - 15 arcsec MegaCam - 0.6 arcsec

Planck Radiance B WISE 12um MegaCam - g

* Resolution increased by a factor 500
* Slope =-2.9 (0.1
| * No sign of slope change down to 0.01
10°]- Miville-Deschénes et al. (2016)
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FiG. 1 Geometry of the illumination of point P by the galactic
plane, and the subsequent scattering of the incident flux toward the
observer.



Optical scaterred light as a tracer of column density ?

Dust emission - Herschel SPIRE 250 micron Scattered Light - CFHT MegaCam - g,
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Optical scaterred light as a tracer of column density

Scattered Light - CFHT MegaCam - g,r,i




LS field
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