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WARPHBEH

RER

(1. PEREE EERXE, E#E 2000305 2. _EHiE RS, B 200233)

WE: WIRR RN IR Z W ERE, BEEN “gEBE I RRE, RIREM TR
HAMAL — MBI Z N BEE RS BB R BLAAGIN, AMTXNE RSO IRAN, 6
FEWA I Z R GEvH BT, BB IE TR RERTE BLE], LLRE 51 T BRI AL 58 R 55
MR 75 A T AR R A 2 B BT AU HE R

X B O AR W R HEERK

PESES: P156 CHRARIRES: A

o}

1 5]

ARBT RGN, BT 2R Y I R 25 B B2 ANE A7 AE AR N A2 2R A BRI 45 SR B A R
(ISM), IRFREFRYIR . R R B A5, Forp s B v b T [ s B s
RV REBERELN 1 cm ™ (0T WAL AT 100 ecm™?), 102 (845 H £k
HENA K 0.1 em™3, BEEZREBORCARAERE R, Rl 28 ZLAMEMMEOAR 1 H 2k
56, NATxE B & AR A RETTRA . Kb Z — 52 (bubble), BRELEFRH. T
BRI IRFREEL (superbubble).

FLIE 1974 4F Cox #1 Smith! O e, EFREr A 2@ EER KRG, HE HET
(SNR) HIIZAK . AL, JF 1 L 2 b BHESE A 1= G5 H AT X 23 D vk ] B AN [
RIP AR E S SRR i 5E R (HREE) AiZse R BB 2 . F/R (shell) tl 23 (418
QG W)rCE R R TR ARG, AR TR B 1A SRR R B e S TR AR A
JRE FEARAR T3 I 4, (HIR B H AT R4 109 ~ 10° K, AT B XA AR “HGf” (hot
bubble), B4E, Castor A P AN, KBTE PR KERZ R, FIFEATLIZERBRA B <k
RIS . FEMATRIBE T, BREAME o B SRR R . DURTEE PR
REEYRX A, By J= M2 A 2 KX .

H b, AR 20 A2 60 48, AMTEEE G ENER R T 2R R L

WisBHE: 2011-06-02; {EEIAH#: 2011-10-14

HEEIE: EFKBARRYES (10773020, 10778003, 10833055)



28 BETE: WIART AL 187

AARFAE, T B IE THI BRI 11 ~ 30° 72, SHALARARE M K45 T8 “dbSZ (North Polar
Spur)”, EIZATELEMKITEELA 10°, BH A fEREANHTELEM (Loop 1) H—34 B, 1
Loop I ML MA HAL R 116°1 . ZEFR BRI FTIE “fisifa gl (Cetus Are)”, BRI HER
F— NG Loop 1T [—3ER4Y, IR A EHAEL K 91°14°], 7F Berkhuijsen 2 A 411971
ERTAES, COBIRET 4 MR GN, S T RN R BTSN SH. L
br b, BT = YRR AL 7 M RER YT B RO, BEE BORIEAMINR S, T
Loop I IR A #R A Loop 1 ¥EY Loop I #HHY.

20 4D 80 AR, AMTHTMINRBIRH RIML T — M BRI Z N, FRZ A A H
AR -8, 2 J5, RARYHL 22 5O A5 A Hh YL 7E P (0 AR T AR T I SR B R H s
BRI, B 21 A, BEE W TAERRAN, SO0 E TR R IEA DARIA 17, HE
BN WG L B 18], %28 (R 20 AW T 2 B i IR IR 52, 31X — B 7
BT BTB “ALAMf” B¢ (AAh) AR MR 1823, B ATFIRIRA BRI 5z 1) B
TS5 5 R RBE 2 T8 (R AH B A (24260,

WA S AHFE, B ARG T 1
RS, PTALBIIRE A, RS S HoAh v A AR T A
HAER, DLRGXFER R AR RIS E 2 R
— MR, —NIOLA IR A 2R, X2
HFEE R RIANBRZR, 1R AW, TiE )
R ISM S AL 2 s, HAE 2 fs Y
H) RS AR E . AN, BT A ISM v
AT EREEARSEE 10 kms™, X—id
TR 4 < 10° ol B 1 R—ANEFRTE
P EPRH, HEHMEECSHI . mE—
AN BB E RE 5 5 — N R
() “IHWL” AHE . REHE, R4 BATHA AT ReIHA
W —ANEKIN, BRE IR ZA IS, TRERK K1 —/MNAWERE, THERED IR
SR P BN TT IR i b ), — e g R
SO “ % 0 (multiple bubble)” 87T 2 TR T
Ju
RS E SR 1 22 VR 2B (K S R Hh T i) 1281,

BRI R RANBBCNFE, FTXIURAHIE., HI %2 LML) T
WLHISE 7 T 45 AR ZE A 45

2 AHE LHE Loop T R HIAHEAEH

1984 4E, Innes Al Hartquist!® ZEFTA—L8 T 4E (L2830 fodemt b, iHg T KFH R T —
A “IHMEW” 2 NIRRT R . MRS Sk X G4k . SRS (EUV) A5 w0 = Hy 28 W 7%
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Bl HEHRIR I E G HER, 7404 < 10° a 57, K 10% J FIREEEN T AT R
BB, AT T —AN i, XEEae R ml gk B T 2 B h B AR 1 B XA 28K
B4, Morfill fl Hartquist!” B TAEFRHRRIR TX—Wal, AR RAELEJLE TEFIRIIR X
REBE AN FAF N K B BEKFHZT 100 pe AN HT 100 HiZed OB A, ENIFEAKK M B
(292 % 10° a) W HBLEBTE BBITERR K, TORFHZAEL 2 x 10° a B8 FL L8 A 4 3k A
g5k . AT R IR — B Clayton 4516 BY, JEE AN RTLLA 10* ~ 105 a ATEEKFHZ
20 pe LU I — UG BT R AR AR REAS # ISM. T R 320 A

Cox Fll Reynilds ! 7F 1987 F M — R LRR L EF, WG € T AHEMEWAE— N
IEN R X 278 SR S BV YR TR T AL A R IX Sz Py, ) A s it 1) 25 77 T A 0 A T
TEM e, BRI G MR, 25 AR B e ) 50 T R AARE, Y NPT ReAfE
TE MR B = R S A I M, ARSI S Loop I HHIR R (LA 2) 5.

1994 4F, Breitschwerdt F Schmutzler(!?!
I X SRS BRI T AR
ATy — A IHE W ISRE, FHESEN
4 x 105 a BT HKZ 10 PiE M > 30M,
e R4, I LefE B AL T — B LA
10* e P BUE B . A HL T B 242
Y 24 pe, BL 4 x 10 a FIF 7K, HATC 2
Wi, LK T7 ) i RIS 3] 300 pe Zif, &
i P R R R 240 R 5000 M, EILELE A H
EELLRTY 21 Siiipue W

1995 4, Egger M Aschenbach!™? @ i %
2 S Loop | FLX R e X TR ROSAT R ARG 2
HLZE BT R b SR SO SR A ORI B BT e RO B (X S BEh 0.1 ~ 0.4 keV
Eji;ﬁ;grﬂiﬁﬁ!%ﬂﬁ%ﬁ%%ﬂ%x IR 05 ~ 2.0 keV) UESE T AHIEE Loop 1 3

ZIAAFAEA AR . BT X PN G o A

MRS N TP i M, MO AR TR e e R THEAER . SN AN, £—
A (BN HLDEEZA 70 pe) WH SRR EMN Ny < 100 em—? BRRA T} & 5
Nu > 7 x 10%° cm™2, TX AT LA YA 10 B 8] B AH B4 F R ARE . | T PN S5 1 52 )2 [
fRERE, 7R AR SRS T Bi— B B I AR (BT EAERIX, 28 2), BX)
0.25 ke VI B X S SRS —AE I, IR LT % B BRI 2 78 Rl s, X e A
SR FTIESE o 7E FLERHi%, Yoshioka A1 Tkeuchil™ S g e BR A I 2 IRVl b 2 1) 48 Ak 2
FFREC AR EXF IR T IS, MR E R LR et BE, Sl 4 R4S B 1Y)
AT o

I, Sallmen %25 A 24 F|H FUSE(Far Ultraviolet Spectroscopic Explorer) T [zt 48
AR B R (EERPA 103.8 nm B O VI F&4T), XAl 5 Loop T 34 [a] AH B4 FH X
YET RIS, B TR B A J5 B0 5 3 X S R [R] o AT A B 3 b MR SRy O L 2 (R

Shadowed Sightline

Unshadowed
Sightline



2 8 BB R RF RGN 189

HBZEL) J7 ) ERUDGTFRR O VI RS 3REE R (2750 £ 550) cm ™2 - s7!set, AR
27518 _E A (10800 4 1200) em™2 - s~ 1 - sr— !, LUATH KL, MIMTIESE T 528 B REF
IAELE, FEHEAIA IS Loop I B A AR ELAEH .

PRI+ 2 AE, AT SEI A0 B8 AT P 7 THD0 A M RS VR . G54 . A B 1 SRR
Al T VR 2 TAE 049299, f3E Santos 2 A\ 1401 Fi| F ) 24 e WD 52 A #3155 Loop T &8
G ) S5 A R B, Reis S8 A Bl 22 3 BOU Y 98 M I8 T A HiY R Loop 1 RIX A&
R b 5 AR I K Ry A% . R0 A v KA 2 1) 8 AR R AR B AT 3Rk ok LR JLAS
Ji T :

(1) ZERFHFTAL AL & BRI ISM. h, — MR AR K (Local cavity) MK B
X, AR IX AR T R (29 106 K) . REUCEE (29 0.005 cm—3) B A4, RS
PR DLE IR X SR 2 30 BRI 3 o A b 2 s 0 S B o R R A i 300 R, EAN /D TAE
A8 6N 25 R I P A AN TR X 4

(2) 72 JEE ) S REEAEARIE T 4908 200 pe BCEREE, (HUTHR I 2R el 7 1) FSE i R
FEHXE K, A ANEE YN AT HEEEIZ 600 pclS), H 58T AR 200 224 (i #a B9, i
EHACARAR 7 1v (1 S A 8 BB LUV B AR AR T AR 22 0 5y — 7 T, AR A ) A b USRI B 5
Loy ) (A 17 = 310° J7REF) B FRRIRN G M B0, NI TSR A R R, AR
BMEA . W& RS E EIZESR, AREER B RA R .

(3) A<Hhyfd o] GER IR T RE K P BOE 4R OB £t Rk AN E W+ 14~20 Bk
JRE B T B R R, IR ) I A A N IR R 2 DATE R BT BT R 3 (8 4 K i A
Hhif 138390, T B — UGB BT B IR R FAF KA RAALE 5 x 10° a Z 77 BT,

(4) IEH, Fuchs % A 5839 {45 KFH L B 42 400 pe JEEWFTH B LA H O
= 25 () B B kL, W EATT AT A IE B B EAT O, B U A 459 S b v PR AR RS Y T
(10~15)x10° a, AT BHIHARARHES K45 RARRF, Q1 Breitschwerdt Fl de Avillez®7)
A HIL R A 14.510 7 Ma.

(5) AHbifl 5 Loop I ¥R MAHE 1E R SE A7 4E . Breitschwerdt 1 de Avillez®" fBEH] T
ETE, WBIERR AL 3x10° a J5 e AT AH B4R F A v BE TR AR, ASAME S M Loop 1 31
HABIARME, MESEL 1.2x107 a(BPEEA 1.5x107 a) JEXH M-S IFAHE .

3 HIRE

Bk Loop I IR RIA LI Ah, B 20 4 70 AR AR T Bk 2 FIHE T R
AR, 1996 R A ROSAT TLE WM B BHIESE T — AN FF I 8L 1) 3 B B W 45 1 — s
PP, B b = —40° F R ERKE, WEEIT. 1T FFE B4 4 54 155 pe Hl
410 pe, FHREZHAT T 29 BOMIER 5T 4243, Sths E TR RX—EWesm F2Emh
g1 #4461 R 4E, 21 em SR R KRR WR 149 ARBEKRILT — M EA N
WA H T, FEEZh 6.5 kpe, BUHLFI 28T 60 pelt™, 2001 4F, {53 2 48 1S
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EnMEARRT 2 4MNHI1 RE, ENREEDMNLAN 1.2 kpe 2.2 kpe, HLZERE S
5124 280 x 200 pcl 280 x 440 pcl®l, FEIX— R R I T HAh— Lyl 454, nRIE- A5
0 149,50) F1 e Je 6 [51,52) 4t

B T R0t & R RO A, A T RE— R R TR A M B AR T, i AE
R R P A RSB KRS, AMIFFHRRmES MR, 1979 4, Heiles® RE T
— HI1EMERER (B H T AR, A AT 2 R b SO0 BT < 308 A
HIRZE, MARHIE), HPhEHT 63 MeERE S, AR E D ONRELYR, H
X LSR WEshid g . MR/ SO H.OBE . &2, R RN RINEEE . R
&2, WKEE, UARBERXFHERCERTRGEE E S, T E > 3x10% J H57REX
FRAHESEE: X THS 17 MET KT R ERS B T KRS ERNZKSI R . RI57%)=
Kk FEREE EE, RRWREE 7 m LR EH KL, 5 5 HeilesP! KRR THE-MH7E
x, BT AN 2 A H 1 ZERERYESE 1996 5 Ehlerovafl Palous® & FF Heiles
M — R R P BT T — IS5, SRR AZEEREERENNERSGE
1E B A ARFENT, IX UG AR 2R N R4 ol B 1) 72 E Nz S 1EE TG, A S miE s

[T . ] 2002 4, McClure-Criffiths 2 A 6l 7
B9 4R 18 [ K K (Southern Galactic Plane Sur-
vey, SGPS) BRI EIT 19 MFHHI 5%
B, ENMAERERT 1°, MERERTEH
4 40~1 000 peo AT FH X L8357 K I AL A A
Heiles®354 JIREA, W8T H 1 522 KA 5>
A, 8RR 5T B2 ROBE A BE AR 0 BR A 19 K
MRS (0K 3), SSERTHI 57
JE 8 R B 1) 43 A R A A — 2 759, @A
St G BOX — IR R 2 H T 8 HAx m B AR O
oL | BETROR, REFERA/NT H &b, 5%
5 0 Ts 20 25 JE AT AFE=4E 77 1) B AR, B BAEATT R ROBE A
B3R H 1SRG RE (ks g 0 0 L SIORRRETIALK.
pe) BEAREE (BEAAR, BLRT kpe) MIFR T 2005 4E, Ehlerovafll Palousl®® i Leiden-
At Dwingeloo B H I K #EL LDS, KIL T 600 2
AMHI R MMATHEP A TREE —ZE P
276 N H I ZEMTBH/FER, &Gk ir 5 KILL T EEEE R
(1) FEASE R AEAR TR T AR ) 73 A KAR EIRNFE 8 D o exp[—(R/B)], XHE D K
HIRZEMEEZEE, RAROE. WIAEARKRK S ~ 3 kpe, 58RI REE# KK
EAZ, RUAFATHEERERRSEEES A RN —IEIE. 5 —J7 1, FEARhAH
7o 2 VBRI PR 2 /DT 500 pe, HEEEH O R KK z2q EHRBEZ A SERIER, W7E
R =12 ~ 14 kpcE B NE zm1 = 590 pc.

2000

1000,
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(2) FEFRE AT, TARARTTRERER AT 1x10° a, BACHDHTR KFEE T
5107 a0 X PLHIARRE 2 AR 72 R RN, U452 2 WAL RE B 5 M4 /e T B
H (ERAE) B, EATERAEGRNE

(3) RRLFEBIGH DA N(r) oc r=, WIEE o = 2.1 £ 0.4, ALLFEBPKIT
R R RS LN, Bl A B BAG-FHH L, 42/ T 50 pe 22 KBV 58 R N %2
— XU (wind-blown bubble), B & — YR 2B A IR, AR IKIERE L H
10 km-s™ ' BUE /NS KRB TR 42K T 100 pe, BEATRZZBHE T ABE OB
BB, BAGER KT 10 ks~ WL, 78/2 4125 B B 1A 158 R HF AR
5 -

(4) H1 522G E E 74% F 51 Chevalier A3 61 75

E =53 x 10" 12p3 200 (1)

K E LEFRERAL, n 5B RAN LT BORECER R, &4 r DRI N 34T,
MK IEE vexp BAT KRB R BN, Wid —E BT BB K B R A Bon(HAUEZE 10* ),
MFZZZEMEEE E < 0.1Esy, M RZEXRMMLEBEEL A r < 100 pe, BEAVR AT REZE—LL
K, A=A T ER K. Ad, 2 RRERENRERGR S, JREETHE
A R B FEAE AR B /NS 2 1 R A o B R AR

(5) —MNERN, 2 H I ZZE SRR EER) 518 R KW miR (8
) 2, A ERPRER 4 (Bi=4F) HAK T (filling factor), EATR THF AR
A RHEA BB EEE L. 8 EE, Ehlerovafll Palous® FEATEE K 4T FH
fop ~ 0.4, M=4EHAE TR fip ~ 0.05,

MAZIRHIZ, BETHHAMH I RERMFEARN R TREE 2 WERE, LREGRE
AP, T ERAAE R, EE&KIAEA (WFE 2007 4 Ehlerova 2 B HI 58 Z HE T
T RERAE =M, HRSHARASRKE, IS W http:/ /adsabs.harvard.edu/), A
REXT H 1 522 1% J7 T P B ABCE IR AR

Ehlerovafil Palousl® & 2 A i) —2 TAE F EW KA REMHMNT KKK H I F7JE. 2007
£, Daigle 1 Joncasl% F| ] N T M 4% (ANNs) #5278, 2 8 sh# RAEFAE N K T
7100 NMPNREE (<40 pe) 9 H 1 522 EIE R REMATEZLET 3 ER AT, HEi
R T — LRSI, WX B ek R AR A B A SR R EE K A8, B

L RAEH R 23% 575 1EEK .

B EIRKBERGEA 44k, I 250 H 1 52 BT THFST 6501, JEMBRT
EANNR H 1 RER S ETEmAh, B THMRA H 1 72 5l R 8 E s 8 7] fg
FAERIR R o

4 LA ARBRIE

BFRA R R BSR4 B Boulanger F1 Perault®®l () TAER B, ERrdik
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TESHI F2F VMK, B IEERERH L RE (RIEEE) b B bR iR i) % 5
W E RS . PRI, AT DAAE B Z0 A0 MR AR 2 Br A B i S A, T I X 4 A% R B ) A RR
HLHMAEL (L055) RIRH,
4.1 LTS

2L AN RS TR AT % B ISO(Infrared Space Observatory )67 F1 MSX (Midcourse
Space Experiment) 68=7 By 3 {20 AR M % kL. 2006 4E, Churchwell 28 A [16) )\ Galactic
Legacy Infrared Mid-Plane Survey Extraordinate(Spitzer FIRMAIH 2 —) HILL /MR %k}
(GLIMPSE I, M E 3.6~ 8.0 um), £ (|I| = 10° ~ 65°, b < 1°) KXW EIT 322 4
oA A MA KBRS (LT G 1REAR), B0 a4 i & =40 R0
TERER BRI, PR LR 1.5/5F )7 B, W KR X S ARk 220 P fE. 3
4, Churchwell % A 7 )\ GLIMPSE IT S BEEHE SR M 10° 35 [ 9 SRR B 269 A~
ZLAMM (LR RTAR G I FEAS), EC% B RA L 5/ P, MR X SRk 54 FHE. 5
MSX #HEE, Spitzer B2 A3 BRE 4R E 1749 10 5, RS R T4 100 £, DRI AT 4R 2 58
N BERE LS. Churchwell 8 N7E_ IR FEA T 45 T ANV i AR OE AR (1, 1)
TEE N AMA G IR (a1, ao) FIRLEEHD (b1, 02) W/DZ e\ P X2 7 FIVEEERF
WHERET, e T & F0HH:
(azba)*® '; (a1b1)"? . T= (agbg)o‘E’ . (albl)o.s ) (2)
PR A X 600 MEAE T TSR, DFImE 2R 7w, WA A —NMER, 2
I (A BIRIL S — DB BUNIIRGO) , IS5 R N AT A — AN BB E 2
(YSO), HMARTE IR I, HEEAH B A OB = g5 0, DUAE RN W R AR IR
R — e AL R, 555 A, PR R AL (IRE % —ZMR) FrgX
(RAHEWUERR) 73051

Churchwell 8\ 1617 72238 G 1 #1 G 1T BB RIGFERS, X RIIBEARBEAT T 2 T TH K
GRS, WIE R A, WA KN RO SRV EE B RE /A, A FESE RSk
%, JHR MU FES R

(1) 76 |Al| < 10° YERE N G IT BEA ISR 0 7 18] EXEFR 20 Ai » (B B0 PRl A BE S | Al 1Y
BRTER, Al =2° ] |All = 10° AR 1 5, WEREFEE G T HANX —EHRE
ATORFRE] Al = 13° V5. B TIEITREE R EERE |Al| KIBE RTINS KR Ah, X —2 k&
P A]RE OT OK R A O T B B SEBEE | Al BRI K. Benjamin £ A 112005
ER TR THAEX—ZBRAR AT RerE, Bl RS (Al ~ 30°, Ak G T HEAKERE
XoF G B AL B PR L G4 o

(2) G I FEAS L 00U 4R 26 40 A v LUAR 47 FH P A w3 0 o A SR 6 P 8 oo A i
H0.23° 4 0.04°, BE bR A 0.82° £ 0.01°, TIIE(EMR A —0.06° + 0.02°(Z WL 4).
ERAEATRE R BT HOMBEWEEAN O RAE A B BEM 51, SATHE RS R
20 ~ 32 pe, X5 |Al] < 50° BN YRR bR EAHT, 105 T e — LR il IR T 1A
FEL BT T R BB HL TTX (720, 58 B 43 BT 5o I FF) B iR 2 AR TETBELRR 1R R 72 ~ 114 pe, BATTAT RE

7=
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BB BENER R, NE EAREETREERNEREE, GT MG I HAEA
e 9 ) U6 R 2 49 Sk AR /N R AL 3 T L SRS T4 2R P T 2 A6 44 10 pe SR BAERE .
(3) GI MG II FEARHLI P A E
BAAIETMRE, FEZRRGIERDMH SO
B> U EER G I RKEZ. WHT
BMERLN &, SRR REEENR, & %
KETTTHE 30 ; MEH K PRRERIE ¢
A, BKHHEAR 15, 2z % G 11 5F/»
REEMERE AR, B G 1R T
WEBHEEELR G 1EAFHEE, EH P :
B G IREZ I/, PFIRREARDRMWEI /e O\ E
KX T AR 2 RE IR X A R BT iy ay i :

ELAI 29K 0.9%.

@) MEFORERT SHFIAE B4 AN IR L A A, B R L, AR
Br 2ty =T/r RERBLEHIH—AE = ST OT A, RN A g
FHH. G 1A G ITHREAT 5 5 WG TP A
M Z EAE AL T no = 0.25 ~ 0.30 KTEE W (3 G IS MKREEERE), HIEAEXNFRS
i, 0> no — B RISEOR MR R T (FT 2 WICHR [17) Z B 6), B0 BixT Al 24— 3541
SH 0 > no, TXEGH KR REBER Gy NEITZ 0.32 AHAF 3-71, Xtk, Churchwell
i A DTS KRR, 5.8 um A1 8.0 um BB AN LK Q PAH(ZH S HR) K
5, FAM A T RE LR R RUE A I SRR R K.

(5) G 11 G II FEAVLEEfR/L 2 e (AR M0 0.65 F10.70, ZRHAEE; Xt
e < 0.5 WL, Wi BB R0, H2Y e > 0.5 B G TSI G T B E et
FhZE WA, 31T S B A B e (T 23 LSRR [17) 2 I 9) E SR R AEAL b L IR I 4 B
RATREAR 4% T [ F TV AL B ISM AR AR IR A A0 A6 . B AR E oL A b R Ry
I b2 BB & BEARIRD; X 77 T R DR i A S i R T T A R . e o
— e B RKIRE, HESBURHEEER AR, 76 C 11 BEA T, H 53% K ps
(K1, 69% MIVH e > 0.5, Geit AT, Ttk I AR AR, 5 Y BE T 17, A
SR TETE T 5 3 RN R AR 1. X — 2518300, el
DRI ISMF R BE G5 M, JF R A TSML %% 32 Wl 40 T BELA8 A T /N FO K R B AR Ak a3,
TG T REA R REFE 0 H 75 A0 24 1o LU 91 0 B R PO Y, S 3 R 5 AR T TR S ISML 14
SR RARAEI ST . BRS04 R 3 Py S R AR S Bt 3l 4% 1) [

R4 Churchwell 25 A 1617 ez b /b 3543 55 HOTT AR T B 19 032 3h 24 BE BO 4R T 4%
B (CH B T U R AR, SRR R e TS R (B R A Y B )
(G T, A3 Bl T 0 B 00 8 P AR S ARG T 38 ity — 2 5 SR 4 T W 0 fy A 3
=Y.

VLA, R B P 4D M B LB S0 52 07 D4R 3 2 A8, BRI RE AT SR A

® All bubbles

Narrow component

1 centralb: -0.06 +/- 0.02 ]
A ! scaleheight: 0.23 +/- 0.04 ]
\ [ Broad component ]
:  centralb: -0.04+/-0.07 ]
¢ scaleheight: 0.82 +/- 0.13 ]

30~

206




194 RX®#HPE 30 %

AT, W Deharveng 25 A (79 518 T #84> Churchwell 2006 fEJEFEAS S HIT X% FR A K
fioh &% &4 K R BAE R R AIVE . Beaumont A1 Williams!26) F1) FH 2373 £& 5 21 48 1R X 3
SLIMBFFE T WX 4> T S 5B TG 54, Watson 25 A (77 gy oy 41 41 16 J) BB BR 58 3 43 b7
E 2 T it R AL, Petriella 25 A 291 358 T 403230 N65 1 IR SE, LR —L T
Yl19-21,78]

4.2 REZISPM

1984 4E, Low & A ™ BB S| T ¥k ISM 7Em 404 B % LT SRR G54, TRz
N RAING . G, B RERTE LI R IVETIE 2 o F140, 1987 4 Schwartz®0) H
IRAS ¥ 60 pm A1 100 wm S, KL THIERHTK 16 MBS, FHEH T e E
A ERLESH. 1996 4£, Marston®! FJF IRAS Skyflux EUEFERl (KA 12, 25, 60
H1100 pm), #£ van der Hucht %A 52 $24L() 156 ©~ WR 2B T 49 MHERZ > 20/
MR REIREE M, AT XA G IR AT et 2 R AT & O B & P it it 7= A= 1) UG o

IR TR RARR A X I AN NG, BT BIHIE b < 10°, X4 aHH
|b] < 5° AHUFEE A 584 FIMLIIFEAR, 2004 4F Kiss %A B3 R IRAS (3 24Nkt
SHERZHE B RIX, B (90° <1< 180°, b < 90°) Y& Fl A A] REFEAE IR G5 EAT T IR R
R, LRI 145 MELAIMR. Kiss A B3 BRIy R b0 AR TE AL bR . FRBLA A IR 2K
B CPAERRIALE M, DUKIREE AN KIS UL, EREX — AR T TS5
MIRUHE, WIRIRER A . KNG A . FRBE [ 58 B o0 A« FRAULA A 15 P B B o A 6 40
Fire

2007 4E, Konyves %A B9 41 Fid Kiss F AR TIET RIS RX, EHA3 MR UK
BT 317 AR, TR T REARZ RN 462 ) “HRITRTLANAER”, R eh BI04 E
ARER . BRI /NSNS A IR O B A, DA DA IR 328 £ 41 38 B G 2 IR AE () HoAth— 28 5
(SN 5)o AT REAM T B PRGN Gt i, IR R A A R

(1) F M4 ISM I fE %, FIETTARE 500 BAZE — e 2R BRI T 49 &
FUTER S5, T PR AV B4l RAE 2 73X — s e ) LA 2088 (WA Hh i@ &%) 177 1)
FHRBE BEW L. H T, PR B4 A N % ISMARRE Rt S Rk AR, 7E
AR AR RS H W B L ER TN S ok AG 2, HJG I B 35 B B AN S k>R B
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Bubbles in the Milky Way Galaxy

ZHAO Jun-liang'?

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2.
Shanghai Normal University, 200233 Shanghai, China)

Abstract: Bubbles are a ubiquitous feature of the interstellar medium (ISM) on a wide
range of mass and size scales, and the study of them gives information about the stellar
winds that produce them and the structure and physical properties of the ambient ISM. An
interstellar bubble is composed of an expending thin shell with cool matter of relatively high
density, which is the outer boundary of the bubble, and a cavity with very diffuse and hot
material bounded by the shell. Bubbles with large size are also referred to as superbubbles.

In 1980’s it was confirmed that our solar system is in an old bubble, which is referred
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to as the Local Bubble (LB). The LB was formed by injecting the energy of about 10%° J
into the ISM surrounding the Sun (1 — 1.5) x 107 a ago, and this energy injecting event
was caused by a burst of supernova activity that involved some 14-20 massive OB stars in
a nearby young association. The LB extends to about 200 pc in the Galactic plane and 600
pc perpendicular to it, but is inclined some 20° relative to the direction of the Galactic pole.

Bubble structure discovered by 21 cm radio observations is usually referred to as HI
shell. Since 1979 more and more HI shells have been found and collected in the literature,
where important parameters used to describe the morphological and physical features of HI
shell are listed, such as the LSR velocity, the angular size, the galactocentric and heliocentric
distances, mass, expansion velocity, the density of the ambient ISM, etc. It is shown from
statistical analyses that: (1) HI shells are concentrated towards the Galactic plane and their
radial distribution follows an exponential law with a scale length of about 3 kpc; (2) there
are no shells younger than 1 Ma and only a few shells with ages older than some 50 Ma; (3)
the size distribution of shells follows a power law with an index of —2.1; (4) there are many
low-energy shells, the majority of which are small with radii <100 pc. However, all of large
shells are not the most energetic structures.

Infrared observations can be used to probe the spatial distribution of the ISM com-
posed of dust and gas, including the various morphologies of bubbles, which are bright at
mid-infrared wavelengths. Among others, the observations and studies completed in 2006—
2007 are the most successful, from which some 600 infrared dust bubbles are found. Besides,
similar observations in far-infrared wavelengths are also made, from which more than 460
bubbles are discovered, and corresponding studies are completed. Based upon the pub-
lished data of these bubbles, statistical analyses are made and some interesting results and
conclusions are obtained.

Several possible physical processes have been used to explain the origin of bubbles:
(1) energy release from massive stars (winds and supernova explosions), which is the most
probable mechanism of bubble formation, especially at low galactic latitude; (2) high velocity
clouds with a large amount of energy infalling into the Galactic disc of constant density; (3)
supersonic turbulence, which may be important in the control of star formation and can also
govern the structure of the ISM above the Galactic plane; (4) Gamma-ray burst explosions,
which can deposit enough energy into the ambient ISM to create large-size shells. No matter
how bubbles are formed, a sequential and very important effect is that expanding shells can

eventually trigger bursts of star formation because of the onset of gravitational instability.

Key words: Galaxy; bubble; shell; star formation



