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1. ISM: Overview



S 3k (ISME )

+ L. Spitzer Jr. “Physical Processes in the Interstellar Medium” (1978)
+ B. Draine “Physics of the Interstellar and Intergalactic Medium” (2011)

+ D) —XBAKDXXF6 "ERMELZERK” (2008) %HE

BruceT. Draine ‘ ' \ 6

YWILEY-VCH PH YS ICS OF THE i )= REKDENE
Physical Processes in the INTERSTELLAR

Interstellar Medium . 'NT’E R é:\DLACTIC EF&%E&:E%&

Lyman Spitzer, Jr.




#R ;] % “The Milky way”
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The Structure of Milky way
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Schematic model of the Milky Way Galaxy showing its main features:

nucleus, halo, and disk.
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KE=2vs. KBE=2

Mass Range

Mo E: 38
0.5- 1 700
1-2 274
2-4 108
4-8 42
8-16 17
16 - 32 6.5
32 - 64 2.5
64 - 128 1
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Warm lonized Medium (WIM)
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Wisconsin H-alpha Mapper (WHA f Haffner et al. (2003)
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Dark Nebula
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Atmospheric Transparency
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HI 21cm emission
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2-phase HI Medium

21cm emission &A@ channel map(d 41X E T®Osnapshot)

©Canadian Galactic Plane Survey

“Statistical Physics”
! Landau-Lifshitz

+RE. BEI—HTLEW, KEMIC

Cold Neutral Medium (CNM)  ; n~10/cc. T~ 100K
Warm Neutral Medium (WNM) ; n~0.1/cc. T~10000K
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Where are colder gases?

Milky Way@optical

FANBIEDBRONEBDICIEIERBDM I ELD
BERDFHANEFEZLTLDS

o

© Tokyo Gakugei Univ. Astro Laboratory



£ 12 R PR 13

AU DO LN SR L

Fbﬁb&ﬁ@
D » : S - “» |2
1245 & D EEY

HALF 2 B

[ ——— e © Tokyo Gakugei Univ. Astro Laboratory

0.0 5.0 100 Kkmis Taurus 13C0

Zr"a')L@nﬁtﬁ i

k ﬂﬁ? (BERE10pc)

KB (10K), B E (>100/cc) AR
(7 F=E) h\bgb§$$hé

O FIELR (BiR) [CL->TEA

Galactic Latitude (Degree)




Solar Abundances (3% tt)

Element | Abundance | Element | Abundance
H 1.00 Mg 3.4x10°°
He 0.085 Al 2.3x10°
C 2.5 x 104 Si 3.2x10°
N 6.0 x 10 S 1.4x10°
O 4.6 x 104 Ca 2.0x10
Na 1.5 x 10 Fe 2.8x10°

Asplund et al., ASP Conf Ser, 336, 25, 2005

BELbIZ35& X=0.738 (H), Y=0.25 (He), Z=0.012 (E

8 JT3R)
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H,: Dark Molecules
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+ rotational energy levels: Erot = EJ(J + 1)
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MRELY,

+ F 5 F :no-dipole moment, —cDT= Al = 2D BRLMEFSNT .
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Molecular Lines
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Galactic Latitude
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12CO(J=1-0), by Nanten telescope
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Solar circle COEH A DzA D%
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H, Bronfman et al. -

'l.' H, Clemens et al.
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+ scale height~0.1kpc (c.f. F#&H 4 X ~10kpc) ; very thin disk!
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IMF v.s. Core Mass Func.
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The Larson’s Law
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Impact of Supernovae

Q) B Z2BRREINESLIEERBENFEERELDLIC
EFEﬁ%ﬁ':"EH iR T Do
SRAIABDARNE DLW DEEFZITHH
A —4—FEiETRELAD

Hint) $RIAIRDERRETE~ 1M /yr
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Impact of Supernovae

B ERFEDAE: ~1{8/1005F
BB DA RGN DFRE: ~ 10°4F
> IR RNZRRPOEHFZ/NTILE:
1064F - 1005 = 10ME
NI IL—EH=-YDHAX: ~100pc
NTIVEEMNEDHDAEIR: 108 x (100pc)® = 10 pc?

REE

£R AT A HE{KRFE : (10kpc)? x 0.1kpc(BE A )~ 1010 pc3

SRAIDARIEDNRIZEBHFZ2ERDEETICILINTLS
E M50 "feedback” > BLIRERE)R?




Hot Ionlzed Gas (HIM)

ROSAT PSPC : e All-Sky Survey
I\”)I o - - s Galactic Ce l|ll]ll\

Zero Centered

) Counts S Arcmin SnOWden+95

+ ERITEIR(~10°K)., K E(~0.01/cc) DERES R, XERTST
+ (106K & 1K) ~ 100km/s ~ (SN remnantfE#ZiRkiEE); shockAnZEh
+ F RarciR & & [T (<150pcA) D SN bubble (Loop | bubble)



ISMEEFfEEED

Component Temperature (K) Density (cm ™) Fractional ionization
Molecular gas 10-20 >10? 21070

Cold neutral medium | 50-100 20-50 ~10~%

(CNM)

Warm neutral medium | 6000—-10000 0.2-0.5 ~0.1

(WNM)

Warm ionized medium | ~8000 0.2-0.5 1.0

(WIM)

Hot 1onized medium ~10° ~102 1.0

(HIM)

Adapted from Ferriére (2001); Caselli et al. (1998); Wolfire et al. (2003), and Jenkins (2013)
(£ :Klessen & Glover 16; T :Draine# F & X&kU))

Phase M(10° M)  fraction
Total H II (not including He) 112 23%
Total HI (not including He) 2.9 60%
Total H2 (not including He) 0.84 17%
Total HII, HI and Hs (not including He) 4.9
Total gas (including He) 6.7
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ISM cycle

Coronal Gas
radiative Supernova
cooling blast
HII
radiati\’ci photo-
recombination lonization

s H I Fast Winds
O
‘o’ H, formation photo-
> on dust dissociation
!

Diffuse H, |¢—]

Cool Winds,
Plan. Nebulae

cloud
collapse

Dense H,

star
formation

From slide by
Prof. Glassgold

Stars

ISM£-#H 8] TH Zmass, momentum, energy®exchangeh 3 5
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~ — 250 M
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LHL. EEDERRE: ~1 Mo /yr
HENERICERL TS ERERITIEEIZ/INELY,

"star formation is very slow”
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Energy Flow through ISM

STARS extragalactic
self gravity, nuclear burning background
photons

starlight stellar ejecta
photons kinetic energy

ISM

kinetic energy, thermal energy, chemical energy
magnetic energy, cosmic ray energy
self —gravity

E%gi?#gve Draine A # Z &Y

ISMIZEATABREEIREIZEL, ISMEBLTEIC
energyDflowM&HY . ZHMEAL TLVELY,



Radiation Flelds
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Thermal dust emission

TOERBEIZGHEFEERA XY, COBEfS B |- L AR A E AT R R kL
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10 Net ISM Spectrum
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Shell-like structure around the Orion’s head is seen @140um



field line

LronbRyBs BIRIINF—EBEFLEAR
(28> Tlorentz DIZEY DA OEE T HEZDIET

@408MHz

Haslam+82
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Energy intensity
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X
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- Yy
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ITR)Lx— §3/Z

Component u(eVcem™ Note
Cosmic microwave background (ITcump = 2.725 K) 0.265 a
Far-infrared radiation from dust 0.31 b
Starlight (hv < 13.6eV) 0.54 c
Thermal kinetic energy (3/2)nkT 0.49 d
Turbulent kinetic energy (1/2)pv? 022 e
Magnetic energy B /8w 0.89 L
Cosmic rays 1.39 g

a Fixsen & Mather (2002).

b Chapter 12.

c Chapter 12.

d For nT = 3800cm > K (see §17.7).

e Fornz=30cm ™3, v=1kms™ !, or (ng)=1cm ™3, (v?)/2=5.5kms™?

f For median Biot =~ 6.0 uG (Heiles & Crutcher 2005).

g For cosmic ray spectrum X3 in Fig. 13.5. (from Draine’s textbook)
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