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Milky Way ISM Overview

- ISM contfined to thin

gaseous disk.

» Thickness ~500 pc.

= Sun at 8.5 kpc from
center.

Milky Way from Cobe

http://messier.seds.org/more/mw cobe.html



Milky Way ISM Overview

- Mass of MW within 15
kpc of center:

- total: 10'' M _.

©

. stars: 5x 10" M..

- dark matter: 5 x 10" ? #,,_..‘._.._,w i

@.

» ISM: 7x10° M.

Milky Way from Cobe

http://messier.seds.org/more/mw cobe.html



Phases of the ISM

- Coronal gas (HIM)

= Filling factor > 0.5.
= Density ~ 0.001 cm™.
- T>10" K. _
- Heating from supernova = 2 b
explosions.

* Collisionally 10n1zed.

NGC 4631

http://imagine.gsfc.nasa.gov/docs/features/news/01aug01.html



Phases of the ISM

- Coronal gas (HIM)
= Cooling by:
= Adiabatic expansion.
= X-ray emission. &
- Observations: ke

* Line emission in X-
rays and O VL.

* Continuum
synchrotron emission
1n radio.

Chandra observations of NGC 4631

http://imagine.gsfc.nasa.gov/docs/features/news/01aug01.html



Tonized Gas

Ionized H II regions.
f~0.1.
- n,=0.02 cm”.
T~ 10,000 K.

Either diffuse ISM
(WIM) or bright H II
regions.

Photoionized; heating
from electrons.

http://monicks.net/2010/06/29/astronomy-picture-of-the-day-the-dark-tower-in-scorpius/



= Cooling by:

* [.ine emission
including fine
structure.

* Free-free emission.

« Observed:

* Optical line emission
(Balmer emission).

 Thermal radio
continuum.

Tonized Gas




Warm Neutral Gas

- Neutral hydrogen

« £=0.1
- n,=0.2 cm? o.Centauri
- T=5000K o

- Heating from electrons;
starlight.

nterstellar Cloud /‘

Altair ' " il'ﬂ'i:}'ﬂl'l

http://www.centauri-dreams.org/?p=681



Warm Neutral Gas

* Cooling by line

emiss1on.
- Observed through: o Centauri
o 21 cm Sirius
emission/absorption. /

» UV/optical

absorption lines. /4
o nterstellar Cloud

Altair . ir ocyon

http://www.centauri-dreams.org/?p=681



* Cold neutral medium

« T=100K
* nH=30cm">
« £=0.01

- Heating by photo-
electrons from dust.
Cooling by line
emission.

Observed through 21 cm
and UV/optical lines.




Diffuse H_ .

« £=0.001
- n, =100 cm™
« T=100K

Protected against
disassociation by H 1.

Cooling from fine
structure lines.

Observed through
absorption lines/ CO
emission.




Dense molecular clouds
- n,>10° cm”
« T=10K
« £=0.0001

Heating from
electrons/cosmic rays.

Self-gravitating.
Star formation.

Observed from CO
lines.

IR dust emission.




Summary

Interstellar matter
Table 1 shows a breakdown of the properties of the components of the ISM of the Milky Way.

Table 1: Components of the interstellar medium'=!

: Scale “ ; .
Fractional Temperature Density State of Primary observational

Volume H::i ;“ (K (atoms/em?)| hydrogen techniques

Component

Radio and infrared
80 10°—10° molecular molecular emission and
absorption lines

Molecular
clouds

St 1 —5%% i HI121 cm line absorption
Medium (CNM) = atomic P

Warm MNeutral el
Medium 10— 205 6000 — 10000 3 H I 21 cm line emission
atomic
(VI

Warm lonized L. Ha emission and pulsar
] ionized . :
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Hao emission and pulsar

H Il regions — ionized 3 :
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Hot lonized S0—7F0% | 1000 —3000 ‘IDE'— fﬂ?
Medium (HIk)
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ionized) ultraviolet

http://en.wikipedia.org/wiki/Interstellar medium




Start with Big Bang.

Evolve through stellar
nucleosynthesis.

Back to stars.
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Mass Cycle

Infall
~0.5 Mg/ yr

stellar winds
Star planetary nebulae

Formation novae
~1.3 Mg/yr supernovae

Total: ~0.5 M,/ yr

~0.2 M,/ yr @
AehioR el
gl'lacknhn es

Figure 1.1 Flow of baryons in the Milky Way. See Table 1.2 for the ISM mass budget,
and §42.4 for the value of the star formation rate in the Milky Way.




Energy Flow

Interstellar matter

—

i sl STARS 0 extragalactic
. self gravity, nuclear ]:ln_:r'ni:ng__,,.»'I background

s e phu tons Table 1: Components of the interstellar medium

Table 1 shows a breakdown of the properties of the components of the ISM of the Milky Way.

[

' Fractional Sc_ale Temperature| Density State of Primary observational
stellar ejecta Component Height 5 :
kinetic ener gy Velume ®<) (K) (atomsfem®)| hydrogen technigues
) |
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10—20 10°—10% | molecular | molecular emission and
absorption lines
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Figure 1.3 Flow of energy in the Milky Way.




Interstellar Radiation

Galactic synchrotron From (relativistic)
emission accelerated charged
particles.

Relativistic electrons 1in

the Galactic magnetic
field.

Enhancements near
SNR.




Synchrotron Radiation

PLATE 4. All-sky map of 408 MHz continuum emission (Haslam et al. 1982), synchrotron
radiation from highly relativistic electrons. In addition to bright emission along the Galactic
plane, there are conspicuous extensions above and below the plane, in particular the so-called
North polar spur, starting from the Galactic plane at £ = 15° and extending upward in a loop-like
geometry. Bright sources in the Galactic plane include: the Vela/Puppis SNR near (261°, —3°),
Sgr A at the Galactic Center; the Cygnus superbubble near (85°, 0), and Cas A at (112°, -2°).
The LMC and SMC are visible. Image produced by NASA SkyView. using data from Max-
Planck Institiit fiir Radioastronomie.




Interstellar Radiation

Galactic synchrotron Lorentz force:
emission F =¢[E + (1/c)(v x B)
Equations of motion:
d(ymv)/dt = (g/c) v x B.

F 1s perpendicular to B
SO |v| 1s a constant.

Helical motion.

* o= qB/ymc



Interstellar Radiation

Galactic synchrotron Lorentz force:
emission F=¢[E + (1/c)(vx B)
d(ymv)/dt = (g/c) v x B.
- P=4/3 o cfy°U,
6= 8mr,*/3
U, =B*/8n
B 1s the speed



Interstellar Radiation

Galactic synchrotron Radiation beamed about
emission velocity vector.
P(v) oc v
s=(p-1)/2

particle energy: p
Observations:
* 0.4 —-23 GHz
vu, = 3-107""! erg
cm’

Radiation polarized.



Interstellar Radiation

Galactic synchrotron Blackbody radiation.
emission T=2.755K

Cosmic microwave Isotropic, homgenous.
background

Some peculiar motion
due to Sun, Virgo etc.






Interstellar Radiation

Galactic synchrotron Bremsstahlung.
cmission Electron 1s inelastically

Cosmic microwave scattered with emission
background of a photon.

. » Continuum emission.
« Free-free emission.



Interstellar Radiation

Galactic synchrotron Bremsstahlung.
cmission Electron 1s inelastically

Cosmic microwave scattered with emission
background of a photon.

. » Continuum emission.
« Free-free emission.

L i b e f T
M =3 ( TR fRs g lsem)] B
3 \3 J m=c* \KT 4

— .'_I.-I'l'l' b4 |” ”.'.Ir” -rl--i,- ..rl" hu/k 7= 1 TE, ETE ( III :

where j 1s the free-free
emissivity (power per
unit frequency per unit
volume per steradian)



Interstellar Radiation

Galactic synchrotron
emission

Cosmic microwave
background

Radiated power oc
nn T"

« Free-free emission.



Interstellar Radiation

Galactic synchrotron ————
emission RTINS 9i s \ kT,

=h.444 % 10 ]|”_“-r|--l_- ..rl' f

Cosmic microwave Using Kirchoff's Law.
background y

KT e

. L T |. —_—— ] =T r} VoAl (R
o J my (kT 2he

if hv << kT

« Free-free emission.

= Absorption.




Interstellar Radiation

Galactic synchrotron Proportional to n n..
emission _
. Radio lines are Rydberg
Cosmic microwave lines.
background

Two photon emission.

« Free-free emission.

Recombination radiation



Recombination radiation

Interstellar Radiation

Galactic synchrotron Integrated light of all
emission stars.
Cosmic microwave UV sky dominated by B
background stars.
- Free-free emission. Visible sky by cool
stars.

Normally people use

Starlight MMP model.



Interstellar Radiation

Galactic synchrotron Scattered light from
emission. interstellar dust.

Cosmic microwave Thermal emission from
background. dust.

« Free-free emission. * Stochastic emission

L o from small grains.
Recombination radiation

Starlight.

Dust emission.



Summary

Table 12.1 Interstellar Radiation Field (ISRF) Components

|!-!|.-I'I
- y * :a.
( lH'I'I[H'II'H.‘Hl | &g cIm |

s

Radio synchrotron [Eq. (12.2)] Ll 10
CMB,T=2.725K 1.19 x 107
Dust emission 5.0 x 10713
Free-free free=bound, two-photon 1.5 x 10~1°
Starlight: Ty = 3000 K, W, = 7 x 10~'®

T2 — 4000 K, W2 = 1.65 x 1073

1y = TO00 K, Wy L » 1U

A < 2460 A UV (Eq. 12.7)
Starlight total 1.05 =% 10
Ho 8 x 107'°
Other A > 3648 A H lines = 1.1 x Ha: g x 1071
0.1 — 2keV X rays | % 10717

ISRF total 2 10 % 1012

14
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