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HPYRMEEART S BN TERT SIS RS CER. TFREE WA 12
B A FARAERR T AR &5 Rk, o rh A R EAREE 21 em SR F I B AR S AN
DLA WS, 43158 i — S BRAE A 7~ B 43 1 SRR o 5K L8000 25 SRSty |, 3
WIAEE T —RIEERERA R+ — RTPRERER, »7SAeS5EERR, o
FAMMR PRI R RGBT ERSE, JE8¥% R Bt — 2 4t 74 5/
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BB SARL b BB FUS R 99%, RFHTFETYRNER RS2 —. BFUAE
BARKERAEACTRR] T B XREZEMIER, Wil 2R UA RN ae w15 2 2 R EE B
P S VA K B R T R A AL R AR R B R R A TC R AL SO A 5w KRB R, &
70.5% HIRENEITCE, 27.5% MRENEEE, HESRBITELN 2% . WP A%
PR BIANTFARGS BB T A AP Bk RSN R (HIIX) LA Tz ACKE
ETEMMAES, ZHEERTEHREZRED

HI X BIRECR EEH R TRESFAENER TR D REEFAREEERR
FERRG T, BBRPHEA K RELN 10 pe, EFHEARINE, —BHBEEE A
(warm ionized gas) #5¢. FIEARHER T EURI, BWHADTTERE1/3 KR TEU
BRI ASEBTEN TRRTAAE. HIK % BRI R P40 20 ~ 50 cm =" ", 4T
DRERATEREEAN . BERKKED, FRTRT I TaRRERFL10 ~ 20K, &

K BERE: 2011-11-21; {&EHH#R: 2012-01-09
ZHEWE: EEXBARRHE4S (11043003)
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FEAIN 102 ~ 10 em ™ . AT ZHHATE EEUAS T H BREE. HTEHEER
IR RUBE 43 A EEBT 289, /N ROBE_E U BEAS RN, £ ORI S 2 7 = B s
RERERIEE ST T = (giant molecular clouds). FERFERF, BMED T aHHEL N
104 ~ 10% My, BERZ)L+ pc”s

BTG TREMRTRES SRR HEE R, SRIEE . e nk
YRR, TR B R R, —BOAh, EEERTERSANES TS
L, TR FARENRE RS F oG & “ORE”7 . R FFEHR)E M E RN B (AGB
B B BB R R R SR B AR BEAT BB B I IR R, XA SO ks e A
TE R LA K R R AL IS 7

L EMIVER, X TERS S FAMMRFSERN LS Rk, JHE8 T &%
B RPSAEEGHAMB GT 45 R R IR BT T — 28 55 S A S A E R T R LA
BB REACHR TAE, 5 B AR S 45 SR A g — 25 TR

ARSOKAESS 2 M5 3 BRI UL 42K K T2 & rh 20 T U R 7 23 I i A
&, HA QTR R U AR IO 7RI SO0 BEmh 58 4 A IR T
BT I — RFV B HA TAE, BN REE BT — R RIE R T B AR R IR A,
PR R 2R RO B SR T3 TR R 7SR B a3 B AR AT AR 2R A 5 3 J R AR Sk B UL AR 2
TAEE— LR,

2 ERTA SR

AR HI XEE—BET 100 K, JLPARFCZERES, Bl HaEg &R 7 i
FEANE5H 21 e ZEARERAT BT R S 10 55 FEL R S SRR o S ZRU 00— 838 P TR 4088 1 v P W
W™ o 53— b U R A v LR B AR TS U, X BV R ARTE L2k
TR R, PHEE D SRR RIS e AR, SR AR TR TR 2k Ry
SR b o A SR A PR M B o T TR 3 1 A K R o P PR W
2.1 RABERPFPUHSAE 21 cm SR

FIH 21 em PSS RS, ATUABRIRT R TR R UAKMRABE R A,
TA] A1 b e ) 0 0 e B T LB B B 1953 4 Kerr Al Hidman X282 R 1 21 cm 5 0
W ZEIXZ G, WA HEE) 21 cm R TAEZHIRIT ", (AZEMRK —BUR 7] X £L58 R
WMARTEE, BAREAEEATE, BARMBRREBURAN ", ERBIE+HUE, HES
MBI R R, SEAITALE R T IEA 21 om IRA B HTRE, Holn HIPASS™ ™ (HI Parkes
All Sky Survey). HIJASS™ (HI Jodrell All-Sky Survey). WSRT"” (Westerbork Synthesis
Radio Telescope)- ALFALFA"® (Arecibo Legacy Fast ALFA Survey) %

1997-2002 4E, HIPASS MIE] 5 317 A HI KR, e 4 315 ANER BIEARAME R,
TEMFER b, Zwaan 22N " E 2005 SEAEE] T AR 0 40 1) M S0 B B B DL B 3 1 P
SREEE Qur = (3.5 4+ 0.4+ 0.4) x 107*h Qepico ALFALFA FJF Arecibo B8t 1T T
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255 a IR TAE, X2 < 0.06 121 30 000 A2 F M HEEUR 3T T I, 58] 7 XL
ERPPHAR SRR, R ERFS HI FFRELEAE 106 ~ 1010 M, ZH, Martin %
AP MIE 2010 4E M ALFALFA SUIIREA P A58 T B 408 20 0 hb i vp e S5 B B b
KFEHPEEEE Qm = (4.3 £0.3) x 107*hg Quice 1EANTFFRKRESE RP SR
I #h 78, GASS " (GALEX Arecibo SDSS Survey) M ALFALFA B ®RH i T 4B E
0.025 ~ 0.05 Z [AEEFRERT 1010 My MER, BT T B REEK HL QR T/E, Hiks
BT 41000 NMARERERTSHUHEARRE.
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B 1 (a) 2T HIPASS U458, Zwaan 2N "7 P/ = 0 hb HI J5 B R H A K% 2 RHORBE HI R R 0
[20]

A (b) 2T ALFALFA PR, Martin AN 7 e 2 = 0 4 HI JTE R H LR E REER
HI JFs i 43 An B o P rhis iR 22 i O 50808 R BELINE, R 1A 1 Schechter B4,

B—J7 T, T HIE RN RS A A 43 A, 2008 4F, THINGS™ (The HI Nearby
Galaxy Survey) X 34 ANUTARE FR 1) HL BT T EGIERI, 3405 T 25 (Al g i) HI 4340 20908
HET RE A% 19 X s B R Hp ELR ) HI T %8 E AR M A A 50 BE, NI e RSS2 R
/N RBE I FR AR B AR I 6 R AR AL T RS BRI 4R 7 .

2.2 SRR B

FI R O 4T sE s, HATh S 21 cm SRR B N 2 ~ 027 . ST ER
aB S, —FH DLA (Damped Lyman Alpha Systems, #:% B Nyp > 2x10%° cm—2)
B34 sub-DLA (A% 10 < Nygp < 2 x 1020 em—2) PSR SRUI o 1 L6 I I A — it
DL B 2R B AR g &K 2 (long gamma ray burst, HCUISCHR [24, 25])) 164 5OBTE
Fopde, Horb B WL 2R 2 1216 A (3K S o TUEE . SRJEHRAR A = 1 216(1 + 2apsory) A 7T
DURf 52 P AR BRI AT (DLA WU R A 2880 563k W LA 523k [26) A1 [27)) BB rh
LG € D R e S i AL E T A A D U 2 (20:: G A5 A o

5B DLA 38R TAE 252 T 1986 4R/ Lick Survey , FHHP 68 MEEMANERE, M
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FAIA T 15 A DLA Wik ™, 20 42 90 4EARJE, — & 51 36 KA 453 0 3 ff) DLA
W AT A 1 B KR 38 0, R 2 A SDSS % H 54k DLA Fil sub-DLA WA T4E, L
1 Prochaska 2§ A\ 3:F SDSS DR3"™ ##if1 DR5 " #4248 2% DLA Wik 10 THE, L&
Noterdaeme %5 A7E 2009 £ F SDSS DR7"” #8722 DLA 1 TAE, MA13E] T 1 426 4~rhik
Sk, A 937 A~ DLA Wik, HET2ET DLA #1 sub-DLA W EHRE e ih A — L
P B S50

(1) DLA S50 A B3 f (Nuar, X) FIREBFBE Ny 230800 ™ s g ™ (4
X R—AMREMEKE IR, HE X dX = (Ho/c) (1+ 2)° |edt/dz|dz "), 3FH
f (Nup, X) JUEAREL A (3 WLSCHR [39) I 1),

(2) LBKRT 2 0, S SRR Qu BB RRRTRAD ™, XA RN TH5
B RPAARREA DL B BT R s R R R,

(3) AWM AT HI 2% E S &R F 8RR RARKR (WICHR [41, 42] &), XX}
T DLA ik 25 EE R FHEE L& DLA WA A 3R 5 HE

DLA WA G2 B A2 a2E . —MW AN DLA Witk 2 S a2 R
sk ™ e RBERTIAE T BRI DLA WA AR R R b
MNEZ M h A, MREE FHEIERS " RF2 5w ERRSE™, X0k
ARSI — Lo TR 23k ™ ™. Bk, FIFI DLA WSOm0 B & b i o i
1% FEAE AR — S 1 ) 7L

3 RERPH AR R

3.1 EZRHSFREINM

BRH, » TRERSTHHEERZ NS T, H2HT Hy BXNRS T, BA BERE,
AEPED TRBKE, NI TEEERN D TR €0 TP T a0 T4 EFEE
REZ MR, CETRWE> T HEE 50 F, i —%4LHk (CO). & (NHs). SLEA
(HCN). ¥2% (OH). /K4 ¥ (Ho0) M LEE (CoH;0H) %5 CO 439 1 FH >R I %0 Hoy 53
T EEERE CO TS TZHIFEREMXT Hy 707 . CO 2 TR B SR
AR 5 K, PR AR 2% 5 4 7 1 I 1S SRR A i 0 1 R R R T O, 4k 3 CO
I3 FERIE PRSI, 23R K 2.6 mm 06T CO (1 — 0), BRILZAMNEA N — ek bt
HENFE TR RLIT CO (2 — 1), KNI 1.3 mm. BT 2.6 mm F 1.3 mm )5 HEHM,
ALK CO 43 A ™o 55— 7T, —REAK CO Ml Hy 4 TAES T2 H I il e — AN
. USR] CO WfE BJa, mlReHESE  Hy M BEM DA .

W2 CO B HRE Ioo 5, E83] Hy BRE, —MNEZERREMZ CO M H,

Ny, /cm—2

Ico/ (K -km-s™1)

X = , (1)
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B EXA X, WAEE S CO TR Hy SRR R, XM 2 i AR, HRE7EH
MRLEAEERN D FrHaidtAr, —8F iU r:

(1) BIEII 4> T2 P4 THELR, W58 25 R B 3hil B, BETT SR T =i E ™

(2) MM 5 F = P AR R R BRI TP RRBREFES T ERE
SHILANE I INAE 11~15 K, B ZKD . XK SR EE B S T S H,
O TR, AR5 HRAE T35 8 =5 B 8 1 I e A R A A7 AR WM BT I A 1 S R
W, DU E 2 T BRI, HEtmskE s T atsg ™,

(3) MBI EFREAE v ST RO — AR EFR v TR B 525 45 2 Br A R A s
A, SE DRI R P T2 RE Ky 6T, TSN TRmEE ",

BT ST = Hy EE AT HA 7, @il Erika R s B U EEEES T4
R, NG 456 CO RIS, v LA E X M{E. X IIEER (2 ~ 4) x 107,
I H SRR B IR % T ERE A WU 5 SR, AR — AN R X
KA Hy (He ik BRI R X (H). XEREILEE D CO MK Hy T X K &M
WS —E IR E.

BRMEZ D CO MRS TIES T 1985 4F, Verter'” 45 H T 21100 M AMNE &
[f) CO T WIMBIRR . X2 5, B% CO KMMBEMREIF "o Hrh FCRAO(Five
College Radio Astronomy Observatory)[ss] 1 COLD GASS™ HhE4. BHMWRIE, 4
S T 300 A AR RN CO Bisy. HF FCRAO 45 H, Keres T 2003 4“7 LK
Obreschkow Fl Rawlings T 2009 £ I BE T AR 0 A CO YR BLL K Hy TR R
(LB 2)0 H T MRERNEE CO AR HFHETHIS Ho 23 FHI5347, BIMA SONG™ (BIMA
survey of Nearby Galaxies) i CO (1 — 0) #EZMIMIFR] T 44 MEARFLE R CO 277;
2 J5 HERACLES" (HERA CO-Line Extragalactic Servey) JBid CO (2 — 1) #E£e Wl T
18 ANELA HI MfEEREE BRITARER, HILF R RE RN IS TR FSAH
i, BRI SEEERE . SRS AEERESEZ FXR.

SHFRABERT A FEMMM, HATEERAEEERERT CO KHLKIMN,
AR B A VO EAE 1 ~ 3 2 (8] (an 3Tk [65, 66] %), {H H Al & A 55 & 1 CO Mm%
R BIPFEA, T HRRBETEEERER.

o FERMMER T T CO 4 F24b, X T 5% B4y 34K (Dense molecular gas) [X
1, AR A — B A 4y TR R B SRARIN Hy, B HCN. HCO+. €S % "™, ix sy
X TARM S TEHE nyg, > 10° em 3 BIKIR ™ AR Gao A Solomon” 7E 2004 4EH
TAEHF T 65 ANERH HCN (1-0) MRERMERAIZERRR, RIWEEES TS
KB REAIEREBRER RHINER, RUXRZENEEIREL™ DREaBE
R BB TIESE. N TIER @B ERKE, OS/ER7RES T HON 8% HCOT B A
X7, Bk CS e R T B0 B B AR L A4 T 32, 2009 4F Bayet A FI A
CS 4 FRET MM T4 7 N ERP R EES TR BT EROYELSASENAR, G
N BRI HCN™ 0 CoH™ S0 7, SRR FAR AR R P s s B 4 T AR R T
EIEESY
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18(®,, /[ Mpc-?])
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65 70 75 80 85 90 95 100 105
1g(M,, /[« M])

&l 2t FCRAO WM& RATREIRLFR 0 4 Ho SR pRE Ho 2080 sk B SCHR [61], Jerp il T8
3 CO-Ho HeH R X = 2 x 10%°; SLOHE sk B 30K [62], HAMAK X 5ERK B EBE
FHG . P HIZ AU AT Schechter % B 5] H 3R [62].

B TIREESY T 240, XFRa® Hy 451, 30T LU A 2880 F Hp SR B4 1) 7 vk R
W, kR AE DLA Btk 536 Hy MR sk (LenSCiik (25, 32]). XM — B E K DLA
WKAAIE RO RBAL (2 > 2) HIEER R, FIEEHERD,
3.2 HFSREKEEEERE

HEMHREEREMNREELSREZ — — AN, BEEREZHTENARREERE
SRR BN, T B R Hy 50 F IR, ARSI AT E RN 7 7 il JR PR 4 45
MIARATAHIZE T ~ 50 K, NI TF P02 20w EmpRie g ™, FikiE 2R
RN ZS RS TRAEEEMK. BAEZATMRKK TN, &5 ILKW S EEEERERS
S FEAMFNR TAARK B AR, 3R FTIE M Kennicutt-Schmidt Law” ™«

ESFR X Egas . (2)

H4E Kennicutt 7E 1998 4EXT 97 MEARE R KIWNBI5 " 4%, R (2) hHEH— KA
n =14,

AR, BEERYT HL A Hy WIEE 13 2, 8RB 2 R CEF T RER
KR 5 4 TR R TSR %o 2002 4E Wong H1 Blitz"” RIS TA i XS
EAY, Sopr 5 Sn, MRRW Sy XS, ZFERJLES, BT THINGS™, BIMA
SONG™, HERACLES"™" S5 H 452 fr 2 R4t bR Hy 71 HI S4B R T — &5
TAE "™, 2008 4E, Bigiel A ™ 4047 T Hd IS NERKMEETBRE (K BT 4
24 pm AN 5 Yy, Sl Beas FIRRG, BHTEEPEER

Sspr & 002 (3)
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MNTTTSEAE R T B T 25 5 4 T T 25 B Aok, TR (3) B IE F A R BT
TAFEPIX—3H. 25 Schruba A ™ 4447 T 33 MEARIERE R (WK 3), RILEIE
FER A ESMER (Sy, < Sm). HEBREREE Ssrr KIH5S Sy, KIEL.
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Y /Mg pc?

Bl 3 IEAL 33 MR RIEE KK RS TR H R

545 F B IEIEREEBE Ssrr o Su, 55— AN 2 W) 82 5t
5, Wt s FREEEEBRAE SFEy, = Ssrr/Sn,, X — AR 8 i 47 S TH
FERT ] (molecular gas depletion time) 742 = Sy, /Sspr KHIE . 2011 4F Bigiel A g
4 7 HERACLES (¥ CO ## LA} GALEX [ 4Nl Spitzer FIZLAMN M, 3 BIAFE R
M5 FAREFERT ] KRB —DNH L —— 2924 2.35 Ga, XN I FAMIEEE RS E
SFEp, ~ 4.26 x 10~1%~1, 2012 4F Rahman 2 A\ ™ (#F R X T SFEy, fEARE & H
K HEHOX—EER T 2011 4F Saintonge 5N ™ /M T COLD GASS BEAE R H, WAER
S ERZNMEER SRR, RILH, N E R REH ALK, HUEAKN:

Ti2 = My, /SFR = (0.36 £ 0.07) lg ([M../Mo] — 10.70) + (9.03 = 0.99) . (4)

Saintonge % N1 45 R 5 Bigiel 55 A\ 45 F L2 7 2 B T P08 B R FE A & Y6 B A [F]
). Saintonge ZE NFEAMERFTREAN T 10.5 < 1g[M,. /My < 12.0, i Bigiel A
BAERMBEENT 89 < Ig[M,/My] < 11.0, — AN RKNBEMRERPMNEEERT
(M. <10"Mg)7y2 HiERRERMEAKAELERDHENE, X (4) REATHER.
ST EABKER, Genzel N ™" WETAH 1 3 3 2 [HMEEEERERHENE RPN
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CO KM ER5RBE LA KA BT BR KIS, I 5O 0 e R AL, KRR
B ATEAER AR O 2 I 0.5 Ga KB T 00 0 W 1.5 Ga, K2R RFHIK
PUSBANINEVEY ARV E AR I T

4 BRPRTREND TRAENRE

AEER AN AT M PR B R 4 TN R TSRS R, IR AT i) — e B
WAL T TAE. 58— N HEBR N BT 407504 - R 7R AR, 55—
K AR R P o T AR TR H AT A
4.1 ERNRP O FEEMEFSEELEE

ST RBERR TSR BN U SRR PR ER . — BB T, 7 T
LT, TR TFARMETESMNE .. SRR TFIREERRARRER, KA RN TE R
bR T TR B4 T AT REBR BRI 40 (FUV) B h IR Ttk ™, BANSEAEAL T P45
W& BRSPS T - R PAEEARE AR 2 e AR, — Rl Bl s g i
TR R = R B TR AR, 85 SR T LS 3T AR5k 43 1S A 1A B L
SERAHELARL, AR — 0 F B E R FIE BT B AR .

Elmegreen[swo] EH—RIXRTFEGS T ERNERER L, ZETEEFE. B
brisg. B RAMERIGER R, KMERN R o758 - R SAER ] fua ST
PAFR 7% H 98 (hydrostatic pressure) FSFIFRG A K, HRIBXT f.0 0 LRG58
K. Blitz #l Rosolowsky[gl’ T IXANGE R LK — RS CO IR, 41T FaRmsn

A A
Yu P\*“
Rmo = == ) 5
' Sl <P0> (5)

HAPHEH o =0.9240.07, Py=(3.540.6) x 10*kg, T F % (midplane) JiAAH 2% K50 P
ATLAEALE Oy -

m
P = §G2gas (Egas + fUE*) Y (6)

Hor Ygos M2, RS ERMAERIEE, f, REE TR EREESSEEEIRE
HIHE . XFEIER R 7 - TR S 1R DR SR 3 R AE T — .
Krumholz 5 A M 2008 ST AL T — RIIKIMENT AL, | TR S T = 57Uk
TR B AR AT ™ B — AN BRI S A BRSO
BRI Y, 15 B BR ) T SRR S S B R B R TR R T A A SRR
B op R xo BT FIRHE A R D RRIGR, JFE 22— DNH RN, 2
JRAE 2000 4 Y LA K 2010 4E 7 B R SCE R, SRR AT ERH S TR FAE
REVRHES, HRIEDT - R REMAH YRR . hIIRRINERER S
PR R R R B R R A A BRI AR AL, x EX T 2R KBEHE 1 24, JF A
5B FEEAEMBSRARKR. PoAERFEESERFERIBREZEMR, Ao
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T - BTABREGZ PO TR EIRBUS AR E UL e BF AR, HERUGA
XE:

My, _, _ _075s
MH2+HI - 1+ 0.25s ’

fH2 = (7)

Hr s Rk
s =In (1+0.6x+0.01x%) /0.67 . (8)

K (8) Py KB 1, T 7 = 0.066% comp Zans 5 URMTEZ BELL S 4 BELEMN. [l 4 3L
BRI Rp fy, SR R @B FER KA MZ, 7 BUE B Krumholz 55 A R AL 45
R frr, ABAEARAAAR I 25 B DX 30t 4 = B e (R ORI 2% DX 3 ) R B T
PRTEI % B « Krumholz 25 A\ TAETS I 5 T 5 HL ] (1 45 SR B 515 W00 (30 48 2 3R LA SR T R
LAV 2, 25 S TR R B e

1.0
0.8

0.6

fH2

0.2+

0.0l . Lo
1 10 100

Z(:()mp /MO. pc_2

1000

10000

& 4 Krumholz Fl Mckee 25 NKST 40 TR frr, 5AKTIHE Seomp MEBERMER ™. 1
o N ZE [ R R I R SRR 1o 72 M —2 31 1 B2 5, AHADINZR Y 4R EREZE R 0.5 dex.

ET ) TARARR % 18 T 2 b Ak 7> 7 AR PR HE AL R, 2011 4F Gnedin A1
Kravtsov' 3 THIA S FAGREERREN KR, WET —MEEE RN OB, EiF
ZE A HLL HILL Hy Ho L Hy B4y, H & T (FUV) BFie - B4k, 4
T - RPN RRE A EEE R, M BERN 5%, a7 A 5EE
FUV B H R T 2R AR . 45 R B Bk i 7K HIT. 20554 Hy MR
TR HT AR, HA sG] fun LRI TRE fu, HBIERR TR Sy 42
~ AR Daw - 2B FUV 523558 Uniw BIBREL B3R - SR Dyw € X =R
~ R SRR R, BT DUE BRI B AR P <R o R 5 KB <R R B A A
(2] Z6) oss FUV 5B GIREE Unw MIRE SCRTE 1000 A AL BREAMAE TS H R
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HIELB] Unw = T o/ Jawe AT HET fan A fu, KIS A

1 000A

_ o (9)
i, = 2n, /E,1m = (14 X0 /3h,4m1)

Hrh o, 2. X025 Duw BLE Unw HHKE) 34N S4, BAREEXBRNIE IR, 7TLLSH S
MR [99] FRIZE 3 F.
4.2 BESFEEFMEFSERSHERZFERR LR

baE LR R o FAREMR AR NEER Mg 2, D& R BN S154E - R
TR AR TAE . — L3 d TAEE JF U675 ISR 525 22 RO F R 1 B R TE R
FEAGEERY, F TR b TS SR o I 45 SR o TEIXZ 1T, — M) B 2R TE ORI AL PR A
Brh BRSNS TR — s, ARREX S0 FAEMIR S, Xk fid
SFRERRTFRAES 5RYEERE, MES ST - R TP BB AT DO X L
BB AT T8 BARTE A (A 5T

fe g b, WEREEANE R SRR BB — fROR) A S AE ) 2 B (hydrodynamic
simulation) KRBT, &8 8 fal B SR FIE B Z R ) SO AL AR o AN i 2R F 2k
R 7T 528 22 R E B R 7SR R 7SR UL E B R ol BRI S TR 5.
HXEAE R R — /N R AT ROT Bk RER RS T - R R
P2, B R R P X I E B 7 AR AR SR T A [ X 3 S AR i AL AR B T )5, 31X
FhAE RS VS AR R AR R AR 2 0 s ) N SR T T — BRI 1 A
Hotn Altay %A ™ 2011 4R S AAS 1 SR R R0 HI RS, RTS8 0 3
B e P R A P A R o 3B Duffy 25 N "™ 2012 4R IR 1 2R T AR, BFFUAL
T O TFRMAMRTFREEAERGERE, ST /N BATHERERE, HhaBho ik
()45 R e SIMMAHRF & AT T BB EE (resolution) X &SR E S 45 R = £ 1)
=410

H—J7H, I JUFERAE R R R B TR SRR TAE, EZR
M7 R e . AR — Lok B L& 83 DA BRI SoRMER A 550+ - JR+F
SAREAL . TEETE Y EERE X A] DURE S BRI AR Bl ) S AR AE R & TS5 8] 1) 1)
o IR B — IO I 2R 7E O AT Ay A 2 B 3BT )5 Ab 3 (post-processing)
T2 REACFIE R TE B FE AR 5 AW K o FRR PSR . 2009 4 Obreschkow 55 A
TAE R 2010 4 Power 28N " O TAEES B T X P AL B A, Hor Obreschkow
5 \ i TAERTE L-Galaxies S T BORINE Ak 2 A 07 18 B0 46t 45 SR b AT IO AR B, 7
L-Galaxies @A R FF Millennium Bl " & 354 (merger tree) 2 B T, il
MREEVRI A T L-Galaxies BITZ R T A HNEMNERMEERE . MR E. A ERE.
AEMEREE. BhRK. REEESER, S NEREWE TR MR, AR
JERRHEI (5) B4 F ST B AR TR AN B R A 40 SRR R 7SR A2 1) 70 A0 DL S
JFitiks IF B T ARG SO0 45 RAT A LIRS 0 46K HI A H, Fdt iR ™ LR F 4T
SRR T AU L BB T i AL AL RO 451 7 (LI 5), JLrh AR 7 A JE Ee o B

{ fHII = EHH/EH = (1 +ax3/4 + x2)_3/5
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Progress on the Study of Atomic and Molecular Gas in

Interstellar Medium

FU Jian'?
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nese Academy of Sciences, Shanghai 200030, China; 2. Maz-Planck-Institute for Astrophysics, Garching
bei Minchen D-85741, Germany)

Abstract: Molecular gas (mainly Hy molecule) and atomic gas (mainly HI atom) are very
important baryonic components in interstellar medium, and they play significant roles in
various kinds of physical processes in galaxies, including gas cooling and infall, star formation,
metal producing, supernova reheating and feedback. It is generally considered that stars form
in giant molecular clouds, and atomic gas is the reservoir of the molecular clouds.

In recent years, observations give more and more results on molecular and atomic gas
with the development of observational technology.

Atomic gas component in nearby galaxies at low redshift is observed through 21 cm radio
emission by neutral hydrogen atoms. 21 cm HI surveys provide a lot of information about
the neutral gas components in galaxies at low redshift. Some famous HI survey in recent
years are HIPASS, HIJASS, WSRT, ALFALFA, THINGS etc. For galaxies at redshift higher
than 0.2, people usually use DLA absorbers to observe the HI gas components indirectly.

Because of the symmetric structure, molecular hydrogen Hs components cannot be
directly observed, and the molecular gas is observed through carbon monoxide or some
other molecules as tracers. Some famous CO observations in recent years are FCRAO,
COLD GASS, BIMA SONG, HERACLES. Based on these observations, people get the Hs

properties for the local galaxies including the Hy mass functions at z = 0, the surface density
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profiles of molecular gas etc. Combining with the star formation rate observations of these
galaxies, some astronomers find that the star formation rate correlates with the molecular
components more tightly than total cold gas components.

With the advance of observational studies along this line, more and more galaxy forma-
tion models have include the molecular and neutral gas components. There are mainly two
aspects on the transition of these two components. One is on the transition between atomic
and molecular gas in ISM, and the other is the semi-analytic modeling of gas components
in the galaxy evolution models.

Elmergreen et al, Blitz & Rosolowsky and some other work suggest that the molecular
to neutral gas fraction is determined by the interstellar pressure. Krumholz, Mckee and
Tumlinson made a model of the molecular gas formation and photo-ionization in interstellar
gas, and they get the results that the molecular gas fraction can be approximately expressed
as a function of the local gas surface density and gas metallicity.

For the semi-analytic modeling of gas components in galaxies, Obreschkow & Rawlings
made the first attempts with the post-processing method based on the outputs of galaxy
formation models, and Power et al. also did the similar work. But such kind of approach is
not self-consistent, as their galaxy formation models do not contain the physical processes
related with the neutral and molecular gas components. More recently, Cook et al, Lagos et
al, and Fu et al. have included in their galaxy formation models with the transition of neutral
and molecular gas and the molecular gas related star formation rate according to the findings
in recent years. Their models are quite successful in predicting the observational resultsfor
local galaxies such as the H, and HI mass functions, the gas surface density profiles and
some gas to star scaling relations. Their models are able to make additional observations.

In the future, observations by new facilities such as SKA, ALMA, ASKAP, MeerKAT can
offer opportunities to get more information about the neutral and molecular gas, especially
the direct detection of HI and molecular gas components in galaxies at high redshift, which

can further help to study the cosmic evolution of cold gas and even galaxies.

Key words: interstellar medium; atomic gas; molecular gas; star formation; galaxy evolu-

tion



