The local whirlpool:

gas, stars, bubbles
& feedback
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@ real feedback: radiation, supersonic turbulence, pressure  vs. heating, ionization, chemistry
@ tracing feedback




Univ
EarthS

(Spitzer) 5 : iy | < N Chandra
' : gL U ‘ = XMM
‘ > B L Suzaku

A%
~J 7 INTEGRAL

.
3

, SMA arrays
T, CSO, APEX

VLA, = : i | o . | e Verital
! Jodrell, Effelsberg | — ' S I\/IAGI""

Parkes, Nancay... Milagro

% VLBA, Merlin

R = — —  —



the quiet
interstellar medium
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@ interstellar dust
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Lism(l, b, E,) = ne(l, Ee) nisrr (1, v) o1c(Ee, v, E ) dl

l.o.s.

+ l’le(l, Ee) ngas(l) Obrem(Eea Ev) dl
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@ cosmic rays

Fermi

@ dust
Planck
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= CRays in HI: N(HI) dust in HI
dNcr Tdust
dVv NH
= CRays in Hy: dust in H
N(H
Xco = (H2) X oo — N(Hz)
W (CO) W(CO)
“ CRays in dark neutral gas: dust in dark gas
O
: I, — aN(HI) — bW(CO) Taust — 2 N(HI) —b’"W(CO)
; = Galactic inverse Compton '
2 ISRF + CMB
! N
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8 © y-ray source
: IR sources
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dark gas
H2 gas

Grenier+ ‘05
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“ non-linear tracers!
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the active
interstellar medium:
thermodynamical &
dynamical feedback
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@ stellar feedback:

on cold to warm medium
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UV radiation => heating by

photoelectric effect

@ high-energy feedback:
on cold H2 medium

(no UV penetration):

cosmic rays => heating
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@ H;, gas: CO > H,O > O (chemical feedback) @ H* gas: recombination lines

@ Hl gas: C+, C, O, Si+ @ hot gas: free-free
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@ stellar feedback: radiation/ionization pressure,
winds, supernovae

@ turbulence: energy transfer from large scales
(supersonic) to thermal dissipation
global pressure = equilibrium
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= virial equilibrium

D o

o E + V.V dérivée Lagrangienne qui " suit" I' élément fluide
1 D’

82
5 th = 2E¢in macro + Epot _ff(pth o 2“0 )r dS "'ff_(B 7)B.dS +fff(3pth "‘%)dv

pth and ps work B tension internal energy
Ecin macro SiNce Ecin micro already in thermal energy

= spherical cloud, no B E. — §MkT or Eo.. — 11\/[02 E . — 3 GM?
cin 2 m cin 2 v pot 5 R

collapse if 2 E¢in < Egor =>
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cold HI (30 cm™, 80 K, p = 1.4) M = 6200 MO, R = 11 pc: no collapse
cold Hy (10° cm3, 15K, p=2.8) M=22MQO,R=0.4pc or
cold Hz (10° cm™3, 1 km/s, p = 2.8) M = 440 M®, R = 1.1 pc: collapse too easy (ps)
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@ the answer: filaments |
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2 & evidence for accretion:

-
< © striations and polarization
P4

8 © ex: Taurus:
! M =54 MO/pc,
M = 25-50 MO/pc/ Myr
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modeller: gravitation - e
-sculptor: light = ' il
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A supeisonic wibulence Gostel iormation=

@ parameters: Mach nb, size, gas density
@ impact of feedback

| |
Spirals (THINGS: Bigiel+08)
ol A  Spirals (Kennicutt+98)
M51 (Kennicutt+07)
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/N [ /
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the bubbling
interstellar medium
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LC= Local Cavity
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= 1200 x 750 l-yr, inclination = 17°
= dynamical age N U
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- 60 Myr [ |

= origin ?

(10 supernovae ?

1 y-ray burst ?

cloud impact ?)

J

supernova nest:

1 supernova
per 40 kyr
(3-4 times the

Galactic rate)

pbles: 1°Be 33 & 60 kyr
mer: YFe 5 Myr 90 I-yr
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o increase of 10-300 MeV GCRs

Interstellar Magnetic ‘_Q\
Stone+ 2013, Decker+2013 Fleld Lines =& (g o
K .
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© decrease of heliospheric particles \ B e
S Galactic Cosmic Rays —~ -;"' -
Krimigis+ 2013 -
geresls e PN Solar Wind Streamlines

“ plasma oscillations triggered by Voyager-1 T

a solar wind stream => measure of 127 au

the ambiant electron density:
n(e) = 0.04-0.08 cm™3 » n(e) solar wind

~ expected interstellar value
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Day of 2012
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