ISM N & fn

1. Basic Physics

1.1 A[ERRASIISM B B J s W 7 =X -

Coronal gas (HIM) >1055 ~0.004 UV, X,
syn. radio
Hil gas 4 A Optical,
(HIl region+WIM) H* 10 03—10 O thermal radio
Warm HlI
i H ~5000 0.6 0.4 HI 21cm,
B optical, UV
00 T
H ~1 01 absorption line
(CNM) 00 30 0.0
Diffuse H2 Ho 50 100 10-3 (sub)mm, IR,
optical
Dense H: Ha 10—50 103—106 10-4 absorption line
A} ﬁ“ y,
1.2 fif i A

R BE R SRR A i PR A HAE R, AR RS T R B R TR
TREBRE, WM.

HHR L see Lec2 Page6-16

1.3 et oA



LTER R —HEE T, AFEEEHM4AF ABoltzmann Distribution:

J_ ﬂ o~ E-EJKT _ ﬂ o~ hualkT
e 8k 8k

LTERS A+B<->CJsz . () 73450 %5 BE H i & oA e 13-

nrTe(C) f(C)
nure(A)nure(B)  f(A)f(B)

WAL DUR T s 5 T2 A i

nere(X ™) h? 3, grge” Era/kT

nLTE(e—)nLTE(X+"+1) N (27rmekT)3/2 2 Z]- gr+17je_Er+1~j/kT

H I3 BILTE R, AW H 25 B2 #4447 Saha Equation:

nure(e”)nure(X ) 2Q2mmekT)*? grya o= ®r/KT

NLTE (X+T) h3 gr,1

TELTERS, FEZR. B EMTHiAEE-F, TP FIEA A

1.4 JfFHA 5 g

see Lec2 Page34

1.5 g N



—_

Parity must change
AL=0,%x1
AJ=0,%1,butJ =0 — 0isforbidden

Only one single-electron wave function n/ changes, with Al = £ 1

aop @ N

AS = 0: Spin does not change

WRL-5: FVFERIT s iR 1-42PB 2 ERT s - HUEM— SR - ZEaiRiT

1.6 B
Wl 5 R E A TS BREN. TR

R 3y -
2- level system case [ - u
(dL) _ (@) — nyBoyu
. \ dt L—u dt l—u
) pontaneous Stimulated populate level u  depopulate level £
Absorption Emission Emission
level u A \ : '
1 Ir\\f\v’“\/\./\’ ]
: ; : u—1
Ity 1 1A 1 Bu[u\'
: . “ 1N~ dn, dn,,
' ' P it =z = Ny (Aue + Bueuy)
: : : t u—£ t u—£
AN, ] ]
level | : \ A 7

N

Net rate of change for level u

J

dt

HAEinstein AB Z % e 0 N LA

dn, _ (dna o (dn,
S \dt /), dt

= ’neBeu’uy - Ny (Aué + Buéuu)

—

C3
Bu=———Au
“ grhs
3
Gu gu C
Byp="By="———A
lu 90 ul 9 87ThI/3 ul

Sl fE e AR A R B 2R, W] LU U E see more on Lec3 Pagel7



SE XGRS TRAREE L, GE AR AR ——X M)
SRR ST A THZ GBREBURE S50 N ——X )
RIS TS see Lec3 Page24

Ty ~ Ty(0)e ™™ + T (1 — %)

exc(

1.8 MAHI 21cm % 5t 22 ge sniE 4
HI 21cm % 528 Jo 475 TSH SR T [ 175 AR 21 e 10 A A BRE

see more on Lec3 Page30

2. HIM
P :

Hot(T>10"6K), low-density, large filling factor, probed in X-ray & UV, highly
ionized(strong line emission)

Stellar corona, SNR, Super bubbles, Fast stellar winds, Diffuse galatic hot gas, Galaxy
clusters

2.1 Ll . Shock



TP :

3 u v 2
Ty ~ —uv? = 2890 K 2
2™ T <1.273mH> <1Okms_1)

2
—1.38x 107K H ) ( b )
<O.609mH 1000 kms ™

Shock3kjF: stellar winds, SNe & SNR, fast outflows/jets from compact objects

2.2 BHIMLH . Radiation

SRV FIAILH -
T llTIl|l]\ T T TTTTIT T llllllll l;llllllll T T TTTTT
=
n
glo-zz :
T}
~
=
=
c
£
<
10733 : _ E
| CIE Radiative Cooling, Z-7, free-free
1 1 lllllll 1 1 lllllll 1 1 lllllll l:l IglmISISIlollnllll-
10 105 108 107 * 108 10°
T(K)

T B T

HABEEIYUH . daPfigik. $UE S see more on Lec4 Pagell

2.3 YAl . Corona model



Bk Yepi, (RE5p, Fwird®E /4, Boltzmannsy4i+Sahasy R kT

0.1
0.01
1073
10
103
10-¢

FellfT, 1
Mg S 3

Ar 1
Fe K .

Photons cm™2 s~ keV-!
P
<

Ca

LRALL BRRRLLL Rt SRRl Rl B R R Lo all RaLlL FREML Rl

0.5 1 2 5 10
Energy (keV)

K ti4h: ELE (Free-free, Free-bound, Two photon emission) +%& 54k

i. Yitt fiFree-free emission= S0 M FiB+H5450 PRI 4k, 2T>10" 7K HIM E A HINL
il :

e, T) ~ 6.8 X 10‘3ST‘1/2e"’”’kTZ anenlgff(v, T,Z) erg s~' cm™ Hz™!
i

THIH, 77 Efree-free absorption, see more on Lec4 Page29

ii. RRC(Free-bound emission) A—/~fEfEsharpe edgeftiE4:it:, edge & A XYE LB REI

oy

H:

dP ( E — 1)
—_— X eXp(——
dE DT

HAMMLHI AL HE . Excitation-autoionization, Fluorescence line

see more on Lec4 Page6



2.4 AR EPAT (CIE) S3ErES P
CIE: ZMOEEUHE, WESEABEIPE (UG MR — A REZ )

see Lec4 Pagel2

2.5 HIMYp3EM: 52 Wy

> Temperature

> free-free continuum, radiative recombination continuum (RRC), charge
of ions in CIE, line width ...

> Density of hydrogen

> free-free emission ...
> Density of ions

> emission line strength, RRC
> lonization age

> jonization timescale in NEI plasma

2.6 SNR
& NP
SNRAE S B Eradio-gammaj Bt , A r= L ik ASRISM (HIM. dust. CRs)

IR R R



| Type |
: no hydrogen

5 Thermonuclear 1
supernovae / |

Type la

silicon

yp
Type Ib Type IIP ype L
no Si, He present nghtcurvew plateau Imear ightcurve

Core Collapse Supernovae

Type Il
hydrogen

Minkowski 1940s’

AR SNe & Hi A F EL <) . HorhIa SNej”4: K& Fe, CC SNef 4 K&O

EALEAE: A HIZAK--RE RSP IE-

SNR evolution: four phases:

1. Ejecta-dominated phase / free expanding phase

M

ejecta > MISM

2. Energy-conservation phase / Sedov-Taylor phase
10

radiation energy loss is negligible

3. Pressure-driven phase / snow-plough phase

Radius (pc)

radiation energy loss becomes important

shock wave evolution is governed by momentum
conservation

4. Merging phase

expanding velocity ~ sound speed/Alfven velocity

HpfbYESedov-TaylortkZs FUSNR, AE#S ] LIt 5t = 0.4

SNR 22 ()] 5 £ ¢ BE 1 g see Lec5 Page 14

3. Ionised Gas

IR Bl -- & IR

T T

T T
Blast wave ' Sedo ! 'Merging]
| I
v=const. | E=const X \r=const.
T-10°K T-10°K T-10°K
10° v-10“km s™ v-200kms' v-10kms’
" Velodity T o
v
o<12/5
i "\ //
E N
E //(\
) v 110
10°F \
| —410?
107
A simplified solution
Radius Micelotta et al. 2018
1
10? I ! | T-- 310
10 102 10 10°

Time since explosion (years)

R

(1-5 W) AxdojaA



H-alpha%:>kj5i: HII Regions, SNR, Outflows, Planetary nebulae, External galaxies, Star
forming regions, High velocity cloud

3.1 HII Regions
R pELE B B A B R B A, A R BB ST TR R B Bk

7EStromgren’ sphereil FAME & = BB R (REDLFo4ER)

lonising photon production rate = Recombination rate

3

[Recombination coefficient]

# ionising photon / sec|

\Volume of the sphere|  |Densities of proton and electrons|

JE#4ZsStromgren’ sphere see Lec7

3.286%

EERPIPFE X :
Optically thin to ionising radiation
Case A priely 9
w —
n=1 e:
Optically thick to radiation just above |1 = 13.60 eV
Case B

The recombinations directly to n = 1 do not reduce the ionisation of the gas.
Only recombinations to n 2 2 act to reduce the ionisation

) =) Z one(T) = aa(T) —|azs(T)
n=2 {=0 /



3.3 Ionised gas#¥ 4 52
IS B TR b, B & A& ST B HEE 5 il 48 & 5 A 22 AH R

Moo (C) Zl<u[1 + <n7>ul]Aul
crit,u El<u kul(c)

TSN T IR I 7 TR R Tl 778 I Tl e e 7

- BEER : PR —ICR AR RER A BT AR L (Rl A A I I SR B, S U 2R T
HEEMAEEZT)

-BRREINE: MFE TR AEAHLT . A [ I A B A BRAE 2 s L
-RERME: KR AHE GL, DUANIDRAZH GEM T8 BREN)

see more on Lec8

3.4 R E &%
IMABLE: eBRE (ES) . ABOEHMM. CRs. MHDELZY. Wik

spectrum of
UV photons

[The heating rate per unit volume:|

/ o Uu
(= 00C) [ oo =

density of
kinetic energy of
[absorption cross section| the photoelectron

(gamma) the species

WAL RS, BAEREENCR AR (ER) « ZE. EL8HE

famula see Lec8 Page21



POPHSEORA =1, MFUH T, 1%e/mFEAHIX AT 4

4. Atomic Gas

ZARESHIGE LA : s S ELHIL:23%, HI:60%, H2: 17%

MEHEFR . HI-21cm line, Dust-emission & extinction, Grammar Rays, Lyman-
alpha absorption & emission, FIR [OI]-63um line, Ca II, Na I absorption lines

4.1 21cmi% 2% N (HI)

see Lec8 Page36
T3 (v) = Tuge ™ + Tipin(1 —€™™) Trs — T
rv)=In | St |
T3 (v) = T4 (v)
Ton(v) T9% (v)Trs — TS (v)T.
2 Tspin (v) A (’U) RS A (U) sky

" (Trs — Toiy) — [T (v) — TSE(v)]

TX“(U) i Tl{SeiTu il Tspin(l i ein)

When optically thin: 1 (v) <~ 0.1| | ;‘U“) ~27 .k - (T3(0) - Tay (o)

TS (v) — Ty (v) " 108 cm—2
K

=1.813

kms™!

dN(HI) 321 k
dv  3\2 hcAy, Tepin(v)7(v)
Topin (v)7(v) 5 10'® cm—2
kms™!

|When optically thin: 1 (v) >~ 0.1]

=1.813

4.2 WNM&CNM P Jz #hoasd #

PARDY

X (e AR, BT DIARYE HAR B YE R o
WNM: T~5000-10000K, 7 ~ 0.1 — 0.6cm %, 5F.60%, 437 T-ig

CNM: T~50-100K,n ~ 0.1 — 0.6¢cm 3, [51440%, [R:kLEM 507



IR - SRR, X-ray. CRs

BHPUH . CII. OLREI%. E44. Lydsk

I - Heating of atomic gas |photoabsorption cross section]

]number density of photons\

(oat) || (Bpe (E)))

Tpe 1.4x10-26 "8

3x10~3cm~—3

|kinetic energy of escaping photoelectrons\

[n(8—13.6eV)]

nu S 10—21 cm2’ 0.1 /Te

\

\ photoelectric yield per absorption

|kinetic energy of electrons captured|

/Constant~4.6 x 10-10 erg for ~ 50 MeV/| o

Heating of diffuse clouds

Heating rate (erg

CR,e CCR ~— Electron density | i 0n y

Cosmic Ray ionisation rate ~ 10-16 s-1 e

FGH model: F3#¢Atomic gasfET-pA FAYFaE S, & RS ARP=nkTi# & 5% P,

P=const, 47 E7EP-nE LR F)

P/k (cm=K)

104 |-

3 P » N (cm3)

ek BT Ee A, T, SRR RFSE, B BB BB
HT I AT LU S R R A5 1 S5 ) i A B s P e A RS

HI TG AR #1E . WNM ST B 1] ]



4.3 F|FHHI-21cm linefafF 52
A UHRIRZR : WM RGN BRENT%. RERZN . FHEES

5. Molecular Gas

SRS . H2, He(JR+7%), CO, HCN, HCO+, NH3, Dust/Ice

5.1 73 TS5BS S

i. e i Formation: /Mik3 A Three body reaction, X & 4 ¥rgrain surface

|tota| density of hydrogen in any form (H, H+, H-, H2,...)|

(%), ~[Fob®

/ density of H atoms

|The stickiness: effective “rate coefficient” |

ii. #8¢Dissociate: YeEE i

Cdiss,f = Z Cf—hlpdiss,u J

(U

Hrp FFH O FfE & S Lyman band ~ 13.6eV F1 Werner band ~ 4.5eV.
iii. TERRRE S 25 AR R =T s 8

FHILL T LI B R 2 T8 e B ) 22



~1.8x 105 M) Ny D107
- 30cm—3 /\ 3x10~17 cm3 s—1 Cdiss

iv. % [EH2 Self-shielding:

X ER AN R CNM A H R 7 B30 cm”-3, H2751 (5 FUARAK

XtorTz . A 7T HLyman-Werner bands SRR UVIE T, RS 714
SR R AR el DLE ol B UVYEF R A ER AT

eI B4 3 e RS BB

Cdiss ~ gdiss,()IfshieldlEliss6_71000 ]

'Dissociation'rat? / self-shielding Dust extinction
without any shielding factor at 1000 A

HJR 7R A il BT f ionisation 8T, JNJH2 32w 5

5.2 o SRR
16 2 J& FlMolecular gas4yA4fi :

KJFEE A | HII Regions | Ionisation Front | Dissociation Front | 435 {&

Hrhlonisation front% 4= HII --> HI4%45 , Dissociation Front % A4:HI --> H24£ 45

5.3 XIS BRiE

LGS S AN -



projection of the electron orbital angular momentum .
Ah onto the internuclear axis /0 = 3, 11, A, o= O, 1,2, ]

o
{Electronic state: X, A,B, .., a, b, ... |

/ Homonuclear diatomic Inversion axes
( \ ( h (7 a molecule perpendicular to
inter-nuclear
— axis and passing
N through the
— ) symmetry plane
AN J )
Plane passing through
the center of inversion
7 and perpendicular to
/2: h . . . R the inter-nuclear axis
‘ projection of the electron spin angular momentum onto i\ )/
L the internuclear axis )

‘/ u: (“ungerade” German for odd): if antisymmetric under reflection through the center of mass)
g: (“gerade” German for even): if symmetric under reflection through the tenter of mass )

J

( . . * - - -
+ : If symmetric under reflection through (all) planes containing the nuclei
o If antisymmetric under reflection through a plane containing the nuclei. J

see examples on Lec10 Page22
ii. REZLERAE
FREREMEAER AN R, RigitE. iR
Etot = Erot + Eyip + Eelect (1)

Electronic linesfi#fLyman&Werner Lines(Far-UV), B DIRIFEEIMH2H: 283, {HZ R Tk
W4k, RMEATEXNband i) & 28 ;

(1 + {ny))A1o

~17x103 cm™3
k1o

Nerit =

Vibrational lineskg H Wi R 1] i i i&iasl, & A fEnear-IR )% By ;
Rotational lines3g B Wi/ R AE 6 iER: . & A Emiddle-IRJEE:, E,pr = g—;J (J+1)
Electronic lines: FUV, limited by absorption

Vibrational lines: NIR, very hot conditions

Rotational lines: MIR, warm conditions

FILH2Z TovE N TR 2 F= (10-50K) , HEEHTES T2 miRmas GEF
SR INHY)



5.4 COZrf--IMEH2 B2 1) J5 ¥k

i. CO moleculef4: i :

(1) BxH2. HefMmmEERD T (2) 45868, ~5R8:  B) WAEER, 55
Wik: (4) BATFaURTEELMTE. k&

ii. CO AJ = 1/ 4HAE -

Rotational transitions of 12CO
Transition Frequency

J=1-0 115.27
J=2-1
J=3-2
J=4-3
J=5-4
J=6-5
J=7-6

HAR PR BAR AL = o (] + 1)

J=5-4F5 WA J=6-5,7-6 7 BERAFUMFA

iii. COfa]pr 2

HAKAEEPE T K OB EARAE . % DiEinstein A%

iv. COfERE /N2

He S

MRS 7 ST BRI B RET R, XD MRS & 3CO, kiR E512C0

JUPHR, W Tr o< 7,(BCO); 3HFEMEHFEIZCO, 1 E#RETex, RABPCOT
R VR



KR RN E XK, TR P COR I ERES S TN, . FiBoltzmannsy i
YR 2| Nior . 15 R OL 3 Ll J £ fr A1 CO2y 1 _L/H2-COLLfil#h JR 2/ H2 9 1 |

T = {J(Ter) — J(Tip)[1 — exp(-7,)] |

First, obtain 7..('?CO)  with  T.(*CO) = f(Tx(*CO) - T,,)

Second, assume T, (13CO) = T_, (**CO)
Third, obtain 7,('3CO)  with T =flJ(T,) — J,(T,p]=("°CO)

Forth, obtain N,,(°CO) with [ nr=""2"" ey (1) 1],

. . H NO QI'O Eu
Fifth, obtain Ny (°CO) With Ntut:ﬁe"p (ka)

Last, obtain N(H,) with N, (1*CO)/A(13CO)
A(13CO) is '’CO/H, abundance ratio

see caveats on Lec10 Page39

5.5 Hy et
PR 95 TR T S i S R

il +< n, > 1A,
Moo =
erit z"l;éukul(c)

X TFEZE (L) ftFER L A% 0

Rl 2 5 e R A I R B e FR . nihick = pthin /r



*n << N¢it , collision is not efficient, Tex < Tkin
*n << Ngrit , €Missivity scales with n
°n << ngit , Forbidden lines > recombination lines

°n >> ngit , collision is dominant, Tex ~ Tkin

*n >> negit , emissivity does not change with n
*n >> neit , Forbidden lines < recombination lines + high-nc;it lines

i. H2J5i &

XYiEAE R COFNLELST . ANPEAE. FALRLFIRME, HEgH12COoMFH2,
Al DL B F Xco factor (AR BEARD) -

The CO-to-H2 Conversion Factor
For the J=1-0 transition|

Integrated
Column density intensity of CO
of H2 line

B BT A

The CO-to-Hz Conversion Factor
For the J=1-0 transition|

2ol =Acolco ™

Integrated
Surface density intensi.ty of CO
of molecular gas mass line

B (PP CRMARESE. R TRAURIIS T2, AN
SR

PR 48 X co e, check on Lecl1 Page 17
77 A E H T S solor neighborhood B8 U 43 F 25 AT I F/NREERFF L
i, Hom

RO TR T SH2R AR . HRES I 55 BE S 70T = BRIRZS



OH, SiO, H20
1010 }= maser emission CO 23um | —
high J
CO 46 um ovenone_ bgnd
H20, OH, CH, NH3 mid J St
light hybrides ro-vibration
108~ far-IR emission (rotation —
™
£
o
.‘? S ) <
2 6 X GS‘
g 10°F w o cO" =
© o \—\C ) emission (1.2 cm)
® W15 non metastable \ 3
8 2 v
g emission (1.2 cm) AR e
c metastable . H -vibration
4 d (¢ 2 (ro-vi i
10 cO a3 150" emission, 1 -2 pym
o

H2 (mid J rot.)

emission
H2 (low J rotation) 3-10 ym
102 “““‘: 2050 emission / absorption -
5\ 17 pm, 28 ym
| N | N | :
10 100 1000

6, originally from Genzel (1991) temperature (K)

{5an13CO J=1-0l 5% LA, WT DURBZAH2AERBE ;. CS J=2-1G % B v . T LIURERH2 15
A e A%

iii. H2{R

Kftllonised gasfiR BERE . FHRBARMIGFEEE . ARIGEHRAERRIE, LR

5.6 N5 1A

AL CRSIAET:, fi it Gas-Grainfiffis (UVILFICIEAEEUS AP H£4%)

BHIPLE: 4T %54 (CO lines, CI fine-structure line, H20)

6. Dust

DustZH jif; :



M8 AR IR S R R (RERRER . A 5%) . K/ ~0.01-0.5um

Hundreds of 0.01

um particles
Precometary grain

6.1 A2 EBRIEG
W X

My ) = My, + A

ENFI F B R R IDL SRR FA = 1.086T ¢

LB R E S AE A THOEFITC ML RIS DL T RIEHE . R 21T e £k

AVERAGE EXTINCTION

E(A-VVE(BV) —

1t




g AR £

6.2 IRARH
LA

RIRAEST AT Loy B4R s) - Modified Black Body+PAH (23455 k2% 4)

Dust emission

Emission at 3 — 30um:

T T T T 7T I] 1 ‘I T T L L T T T T L
L Observed Emission from Interstellar Dust -

6.3 IR ALY

-mid- <+ L IRTS

near mld_ _IR,_ _ _ D \ IR
non-equilibrium heating of tiny o
grains (sizes of 5 - 50A) to T 10-25 | ' —
temperature of a few 100 - 1000 K - C

7

- |

n

2 COBE DIRBE

o \

~ -26 / © -

zle COBE FIRAS 0

< 12 @

= LM 50um t]
Emission at 60 — 1000um: < I | 1]
Far-R, 212 | 14z || | 65%
warm > 0.01 ym (100A) grains in Total power/H = §.1x10-% erg s~!/H ':\'
thermal equilibrium with the 10-27 i 1 .
ambient radiation field (Tq =10 - 3 5 10 20 3( (50 100 200300 500 1000

Draine 2003 ARA&A

RO AL NI FLAE I8 i o RIS A r O RT3 % 3 ) P AT S R T ) P e, L

77 1) 5 AR 2 7 T AN o

EXx = 2ma /X, HoaEbAL RS, ARG BRI



< S Only single scattering
v g 2 Only spheres
5 = S e
> @ 0 - S
S5 5 z <> = >
T T T Pd T T
1cm | ] Q\\ — Hail
X
ev -
1mmbL Gzo‘(\ *//1000 -+~ J Raindrops
100umf -7 e(\“q' 4 Drizzle
“ ) R
2 ‘ o .
© ‘;\\0
S 10 um - .-~ - Cloud droplets
o = o
S /,Qj' e’(\(‘g o Dust,
£ Tweme _,—’* & A 1 % Smoke,
a F o) S "L—/ Haze
£ e
0.1 um - 02 ® E
& ,‘I?Q e‘-\(& Aitken Nuclei
onmp e‘-)(:b i
| . O
. ~ON
Q\\Q
1nmf e ¢ .
P Air Molecules
1 1 1

. 1 I
0.1 um 1um M0um 100um  1mm 1cm 10cm
Wavelength

i. Reyleightiitt: #Ut AL EH T, 0o A
ii. Miefl : fRMERAE . KRBT YIRS, S

iii. GeometricHi gt : AAETFERYM L, B S +3r it

P ATCFERA A1 SR EILR B HFER

7. Astrochemistry

7.1 PDR

PDRs: PUE(EIMX, EEFUVET (6~13.6eV) , XISMALZAjHAS Je B S, i THI-H2
O 0 X

FUVG7 3k A\PDRIGFEE AR . HEURIITELR. & RAITREE . SRS AR LA



0.01 0.1 1 10 100
Av (mag)

7.2 CR

CR: BPif, ARO0% T 9%Hel 1%EILER, (LI MZHBEN, HILT
HEE WO, H AR

Energies and rates of the cosmic-ray particles

T ] 1 1 ]
Gr;\gorov ——
keno
10° I protons only MSU & 7
o KASCADE =
"oy Tibet
Yo KASCADE:Grande —e—
e, . . ceTop73 + &

) o.‘. all-particle Hi?zs;&g, &y
~ 10?1 * PSS,
o electrons ¢ . Auger2013 &

" A . Model H4a
- o ’.‘ CREAM all particle
Q‘g positrons ¢
4 \
10" % 7
1]
g 10 | antiprotons §
©
o
w
108 |- T
Fixed target
HERA
RHIC TEVATRON
l l l LHC
10-1() 1 1 1 l 1 1

10° 10? 10" 108 108 10'° 10'2
E (GeV /particle)

HApRAE R CRSEZISME ZN T, HAT DLt R IHEAL AR b7 S

SkJE: SNe, outflows, SWs, AGNs



JEMLE] : SNefile (Lst, PudEs) -->WHgE (2nd, Z12KE0)

CRIGHESRJLP R —AEfE, (B Y oes B BTk T

7.3 ISMAr 73 S b 2R 7Y

Molecular Astrophysics — reaction types in the ISM
Name Type Example

Radiative association  X*+Y — XY* + hv H* + He — HeH* + hv

Formation of molecules Associative detachment X- +Y — XY + e- H+H-H,+e
Grain surface (gr) X +Y:gr— XY +gr H,formation on grains
Photodissociation XY +hv — X +Y H,+hv—>H+H
i iati Vv —
CO+hv—-C+0
Destruction of molecules Dissociative . X
recombination XY*+e—>X+Y HCO*+e —»CO+H

Collisional dissociaton XY +M —X+Y+M H,+H—->H+H+H

lon-molecule Xt +YZ > XY*+Z C*+0OH - CO*+H
Charge exchange Charge-transfer X*+YZ—X+YZ* C*+CH—C+CH*
reactions

Neutral-neutral X+YZ->XY+Z H+CO—-O0OH+C

The formation of H2, CO, H20 on grains, see Lec12

8. From Kinematics to Dynamics

1 RS TR
SOICHUBITERON (AURE) Esyh: Hiifistidiozshs| i iDopplerksif

i)
HARE
DIRRE
HEEE

BREA
R AR
BF-5T
R
i i

FMREE (pe) bgrh: Jighe. At BEERREE. KR BEimii ] i rDopplersits
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E’ressure confining on the surface of the cIoudsJ

Total kinetic energy and thermal energy of the cloud Ts = / r-I1-4dS
S

= ./V(%pv

The 2nd derivative of moment of Inertia of cloud
I= [ pr*dv
1 P
magnetic in cloud interior and magnetic tension at cloud surfac ]
L

J

B = L/ BZdV+/r-TM.dS B-pressure tensor on surface W= _/Vpr. V‘PdV
8m Jv S /S r-Ty-dS gravitational energy of the cloud

GRS (B 7P A EIEH1ER) « 2T+W=0
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If it only has the kinetic energy: 2 T = 3nkT,;,, where n = M/m, m is the Hz weight

3 GM?
Its gravitational energy: W = — TR
. I 3 GM? 3M .
Under virial Equilibrium: 27 = W; 3nkT,;, = — ‘R =(—)
/T 47[/)
5kT 3
The Jeans mass: M, = ( )2( )12
‘ Gm dmp

FBIFE HIm RS, WIRT = mvz/zﬁ/]7

9. Star Formation

9.1 IE B I G : Free-fallisfhr 5HKE AR
i. B H T %M rR:

. n? 3 (r)3 1/2_(311 1 )1/2
ff = Gpo 4mr3 | \2 ~\32Gp,

ii. HKHf 5 :

7_HK

H>HK, &R 45 (Hayashi) ; HK>ff, W4addf4gs, i85 EFF (Henyey)
-HHgEfE AL -
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9.2 HEE IR : /N REEA

See more on Lecl4

9.3 “MER IR : KEER

See more on Lecl5
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- A H B3RS current mass function, {REE R EER, Z0% 2 F B J12eE
(PR 3 2 A (B AL AR TR )

XfStarburst /2 Z {# fitop-heavy IMF, 78 /2 & (i fiibottom-heavy IMF

-HAb T % o = CMFHERIME

9.5 Jilj & SFR
HFIMF R s al DU T 515 B il & SFR -

IMF and radiation obtained from massive stars/ processes

Table 1 Star-formation-rate calibrations Time Iimitedlmass Iimited'
Band Age range (Myr)? L, units log C,? M, | M, (K98)© Reference(s)
FUV 0-10-100 ergs st (L) 43.35 0.63 Hao etal. (2011),
Murphy et al. (2011)
NUV 0-10-200 ergss~! (vL,) 43.17 0.64 Hao etal. (2011),
Murphy et al. (2011)
Ha 0-3-10 ergs s71 41.27 0.68 Hao etal. (2011),
Murphy et al. 2011)
TIR 0-5-100¢ ergs s~ (3-1100 pm) 43.41 0.86 Hao et al. 2011),
Murphy et al. (2011)
24 um 0-5-1004 ergss~! (vL,) 42.69 Rieke et al. (2009)
70 um 0-5-1004 ergss~! (vL,) 43.23 Calzett et al. (2010b)
1.4 GHz 0-100 ergss~! Hz™! 28.20 Murphy et al. (2011)
2-10 keV 0-100 ergs s~ 39.77 0.86 Ranalli et al. (2003)

|Counting of Young Stellar Objects (YSO)| (M,) = N(YSOS){(M )/ texcess-

Kennicutt & Evans 2012 ARA&A t the duration of an IR excess

excess?

-KS-law: log SFRIH %% B 1F b log gasii 5 B

-SFE% X : Star formation efficiency



Milky Way science definition Galaxy science definition

- e )

M
)1

y = gas to stars ( M, gas
Mg, SFR

k The gas fraction to form stars. J & How quickly the gas form stars? j

-Feedback: 3k HSW, SNe, #ESE, [EEUVETE

-SFH%E X : Star formation history, Bi—/~ 2 Z ISFREE I ] 25 (k.

10. Galactic Chemical Evolution

10.1 &JEITEE M
i FHAHE: PUERAEERER (HHe,Li)

i FH LR >R PR E RO RH A, UREFETERNER, e —LFEALR
(Li,Be,B)

iii. [H 24 : pp-chain, CNO cycle, Triple-alpha processZ: (C-->U)

WXL R T 2 11 AGB stellar winds, SNe 2 75 20 FE it

10.2 2 A&kt
A5 SEREMPRUS L MOZE 3k =4l b, 77 DI B B R A bAR 2



Stellar mass

Birth Rate Function

#ilfiDeath Rate Function, Birth Rate Function

W TTR . HAEMHFIHe b & T %

-kt R MEEPEAREREITEFERIITER



	ISM 内容梳理
	1. Basic Physics
	1.1 不同状态的ISM及其性质、观测方式：
	1.2 碰撞激发
	1.3 统计分布
	1.4 原子组态与光谱项
	1.5 选择定则
	1.6 激发机制
	1.7 辐射转移
	1.8 从HI 21cm发射线能知道什么？

	2. HIM
	2.1 加热机制：Shock
	2.2 冷却机制：Radiation
	2.3 光谱模型：Corona model
	2.4 碰撞电离平衡（CIE）与非电离平衡
	2.5 HIM物理性质诊断
	2.6 SNR

	3. Ionised Gas
	3.1 HII Regions
	3.2 复合率
	3.3 Ionised gas物理性质诊断
	3.4 加热与冷却

	4. Atomic Gas
	4.1 21cm谱线测N(HI)
	4.2 WNM&CNM以及热过程
	4.3 利用HI-21cm line的研究

	5. Molecular Gas
	5.1 分子结构形成与摧毁
	5.2 分子气体分布
	5.3 分子光谱项与跃迁
	5.4 CO分子-测量H2质量的方法
	5.5 H_2气体探针
	5.6 加热与冷却

	6. Dust
	6.1 尘埃观测影响：星际消光
	6.2 尘埃辐射
	6.3 尘埃散射

	7. Astrochemistry
	7.1 PDR
	7.2 CR
	7.3 ISM中的分子反应类型

	8. From Kinematics to Dynamics
	8.1 谱线致宽机制
	8.2 从谱线提取运动学信息
	8.3 从运动学信息中提取动力学信息

	9. Star Formation
	9.1 恒星形成开始：Free-fall时标与HK时标
	9.2 恒星形成过程：中小质量恒星
	9.3 *恒星形成过程：大质量恒星
	9.4 IMF: 恒星初始质量函数
	9.5 测量SFR

	10. Galactic Chemical Evolution
	10.1 金属元素合成
	10.2 星系化学演化



