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80 AEAR B VLI R B AT HLE, HEA R A HRIKAE LIS MTEE: HH 34 IRS jbik
HFFAE HH K& Ibash HR %A, W HH34 IRS g ff7A HH RE# R EEs AR
BB, RREEMNETHEETPOREERE KRG (Z20E 1b) . HH HKE
BFLEENFIS A2 S R AR R, XFXTFRULHE T HH 34 IRS #0088 I 8305 77 )
AR K HIRL, B CO KRBT pc NEXFEIMRAT 0.1 pc T4, BMBBAK
Hy RETZEESEBBURIR 1.5 pc HULAMR AR S BT 8 MW E] (dbih#E HH 85 #1 HH 33/40 4,
BIiU7E HH 86/87/88 4b) , #EEIL HH 34 IRS M NFB TAEME M7 20 A WM E] Hy K 4T,

A FEF] CCD 2048x2048 [ RFGHEMER 1° x 1° MR EHLY (FOV), ABMIEE
R=R BB EERGIRA T &4, XERGUNERFE HH RASLER FA R pc RER
EA HH #i, BT LHEHEH HH 34 4, B4ACISIEER pc BN HHE XRE&NHFL 5%
L1228 h ) HH 199 & HH 2004] | Barnard 5 # ) HH 36605 | L1448 J L1455 fHE LA
HH R thg% ¢, HH 111 RS89 @178 Reipurth 2 AWE 7| FF —# AU SRR R ERE B8
WA pc REER HH KAk, #lfn, Ogural® 32 5%k HH 401 | HH 402 1 HH 1/2 41/
BERREAAR 6 pc 9E HH K4k, T-Tauri RLEH) HH 355 2% 7| fiEameg A © M
BhATSMR IR VLM, #8577 HH 434-436 AJH%-R B IRAS 04325+2402(1" 2 #id K 04325)
KHBKERET 2.4 pc ME HH HH—F5.
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pc HEAKE HH REEKKE, vieo £ 100 km-s™" A BT IR, X BIFEE HH Rk
KIS BR 3 pe, vioo BUFMANME 1, BRMHBSNER RAT 103 2 FR R 10° ~ 10°
yr, HURTETANREIR HH RS 2 ERERSK—NBR, X—EHMG TR REE
1R RARE B AR AR LB AN CO BLIAL 1118 2 KIS () 7
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MK, A HH RAEEBORIR 0.1 pc KR AR S EEMBER, 5% HH XEERA
WA THEAEEDLASHEDNBERGMB:, K4S HE RGERS R RBMBRERLK, &
10°, WWEIWE TSNS EBANBEHERZLZRT 1, XEHRWH HH R4
W, X EIRR B R B 3l AL R B B R Bl A 4 B R b SR TR AR, B, K £ % HH
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2.3 S SR
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SURKHE HH R ELKMA T F, FERRREEE HH R4, SEal 8RR g f 77
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BEARHI RS, AMIRBERNBIBERNT A RRE, E0F—1E (B5 11 HH 366)
BA C AR, B —Uemif (i HH 502) T4 4E5nm BE th 28 C BT B
(BRAEEMITE) .

RANACLAESREERR BT8R mEEN S X ARG FEE a0 FRar LG, T
REEX 3 pc i) HH 34, ZWRERIHSAELL 50 ~ 100km - s~ BRI HEEZS, HHIRKHS)AE
AR5 30000 yr, TRBER 7 pe # HH 111 $t3 A 10° yr, ARSI mE IR aT LY
RUANR R, XSRS R R 8, X P LA 4 B YR AR B R E CO A,
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Wahiy HH 315 ¥k, HH 111 BRghit) HH 311/113, EXERES, RREEMEEEFTEN
R BE B3 I REAR ARG 1/2 ~ 1/10, HH 34 71 HH 111 RGeH 547 th BRI
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WU R B E B TR B A T A, BEIEE 1 HHMBEEET 17 ~ 10" 5F
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JE BB AT R B L (“BRAT) , AT BROM S B IR A M A B R B R A
BRIz, B “BRST FUBR 1 3R SR BT 5 b WA T U L R LA
X BEA ARAEF B R, RS DO RTERR T 0B (1A B 35 LA R AE A8 1) 3 g o R
EREGERMOR TN A AT TR TEE, BT B, JLAERRERS R
Ptk RS HIn B, BET R B SRR E AT R, SBARMMBSH. BERETR
SEE I, WMBEABATER, WSBME HH 34 f1 HH 111 DIR#PE HH47A, CFID
AU THENRE, WELK pc RE HE RESBERBEEERIMR S HEME. HH 111 RKig
i HH 113 #1 HH 311, HH 34 RK¥g# HH 33/40 #1 HH 86/87/88 B AR, H4RFY
RRABWBERES, EPHFEERNSEREEABRIRESERBESH. FEXER
EEANBFEETEER, €8 HE XK 10* ~ 10° yr M3h 2w iE, &R iEr e
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RESNAFPERFEZ HHE REEFMN TEESFREN RN L R4, XEHIRCELBRH
TENHBST=%, FHENFBEAMREARER, shEMER, IMRBRBHEZZER
F43E: HH 111 409734 HH 311 . Barnard 5 F3f) HH 366 RS RiLAK L4 HH Xk
&, T Tau Jbii Wi, Perseus [X L1448 Hrh itk # 4 HH R4k [ LI & HH 34 REHET
) HH Rk, XBRELATERES FD CO RFTMAEREMERIHEE X,

ME—NDFIRMUTEREE—NERF = (GMC) MFRH, BATRIMNEELE —
B HEEN GMC MEHE 2 F=ARMERNREAGE. #lin, HH 83 BifiZE—/MiITF L1641
BHEEZNZHPER, XMIMEHEREEBRES L1641 ZEE K HH 84 &b, HFEmLr T — 4 i,
ZHHAL T Orion OB BHHEIBE A 12,
2.6 f} £

£ 1 3HKE HH RAEFEHL FHAMBZMEEEREK, EXHENEXRE+REEE
PHERE (8 L1551 X), BIFRIBMHRK, HEFELMIIMRERSE PR LEES, BR
W& (TR XS FREL THERBNTSE, EXHAFER— pc REHRBERILT
AL MEECLBR, XHMEMERARNTTEEZR M E HE REESERBENFRIIBR, Xt
Perseus X H 8 mHIARBR, WE HH RESHBRESENERER ZZHERET 1 pc, XiF
Z XN HH RERATEE¥ES LS5 E HIMNREB A FHEER (NGC 1333, 2 LK 4019
L1448 1 L1455) ,

3 pc RE HH KRR EZEIEH

3.1 3 CO 5hiftHRBIRGERFY

AILFERTH CO SN HE REEBFRER M| £XRMER+H, HH Kb
HRFERENSME, RSN E TR ABRIEE OESE. BEENEZR
ARFERERRERBRAN CO 4-F/NR. EE—HR+S, — I HEBRAEN FEN
BEESFOMNR ERBIGERE, £LROBR D, (KT8 0 sh B AR & LB i
%, TSN, HH Kb, BARBBRRRBINARS, XSRS 48 B T 8834 A AL
TS —ERP, AR ENRBHFEBRNTE; 4 FUEERBEPHEIEH>~4E, RS
THMA B I CAKEH 97 BBy, EHERK X SRR R, BRI HH R4
BOAAISNA R R RIS R, RATEIE Hartigan 2 A ) BoEMHH AT M. HH 34, HH47 A1
HH 111 §yB R e sh B AGER 2 LIS 4 FSMR.  Eisloffel f1 Mundt!'®! 518 HH WY
ARBEAFEREBBRAR 0.5~ 10Mp -km s~ | 5 CO SMARK SR 1 ~ 20Mp km-s™!
JUFER—TERE. XHE K HH BERIKsh4-F 5 - AT RE R,

XEIR TS HE REBRE 5 HRUMG CO SN, BEXTWHTEHE TEE CO A,
X ELRBRME, B CO ALY B A 2 R BENT BB R /N T 3R 24 T I 2] 5 b A5 i
KiEH. B HH REZEDALISEY CO AMARFMEKE, XRAGE—ERRETH—5
M93cFF. HH 34 1 HH 111 B2 5NA LR P CO SMRAKE— N BER. X ELREFPRLH
L1551, Je% A qtapE L CO ShAMLE 1.5 £, T BS BEMAN HH 114/115 R, A1 CO
SMARTE B Y. SENERRTES SR XS (AF 0.1 ~ 0.3pc) AMHEH =4 CO Sik, T
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RRRES, SREHF=ENETERETH (BBREN) S8, SRS TEASHERT,
SIS EER AR B CO SRERR. B4R CO WM “F3” % HH 111 Z#%#0 CO M
R ELAMOIME T, {HiXd “Fi» aTRERBA YRR HEH £ MY R,

AR EPARER KSR, TURR HH RAAFR MR, 4—4h
REFEN, BRAFESBISHERMOBRETESEEE BB IEE R A T %1145,
FF 06 BB BB T BE L A Bl Ay RO BB AR, MM — BN, BHBZEEATE
FEZEBRRAR B Sk, BB R BB ALK AR T A SR e 2 R A R T PR AN B R b B B B LA
. X T RB KK E®BEBEAE, Rayleigh-Taylor 75 M AT B LR RUXRE I WE A itk 07
X —3ATBE7E Orion Nebula 1 BN/KL [XF Cep A fh EAHMMP) 1819
3.2 WMASF=E=LHNEAE

CO FE LTS F =BT BT ICM) KRB #8S. Blitz 1 Stark2)) 314
ICM M R30I (Av ~ 20km-s™1) | EFEFREHN (n < 10cm~%) H5EHF =4 TR
ESFER S TFSAEHARK. Williams 2 A U 4RH ICM A KBV (20~ JLE K)2lem HI
K 5t, Bertoldi #1 McKeel®2 I % Block 2 A 23] 45X F A R EE R M E (> 9000K) , X
HRORSEaEN C IMEBRETE, HiFEEH Ha K4,

W& pc REW HH SMRY#8ZE ICM A3, BATAH TERKMYBEERKBE T EMIEA
FIRAN BRI, LML 20RO, T8 BT B B 3844 7 U AT T2
KRS L EHEKEER) 74 Balmer 28 24 | Xy 8H BB/ FOKE, bTFe oS
TFHANBBH S Balmer 287K, XTEAKTF 20 kms~! {BET BBA ST RO, ¥
Pt 2um Hy R4, BRTRAJLARE (HH 34 R4 P, B5 b HH 3660°1) 347 T #£8 ICM
FIREEERR, EXTFARMOER—NEBIEENLS L. YEBIANTENSTERN
ML ERE, XE HH R4 R AR BT A USRI ICM 3B i,

3.3 HSFRERRMAKHEREHETEL

A pc RERISNEE ST BEDE A HH Rk, FEIMNRAERK T 30" EJLASE
I L E R BR AR I R B R BB N 5 2 P %8 H1 B AR L F SR RS . B UR B9
[FRRFIE R E R IR IE R I T A, AEH HH XA BIEET LA S b
HEREREKT 10" KB E RS, [H FRH 06 Bk 41 R B 8 R4 BR W & Y i 18 18
BAMFEZMBE AT TR, BEREMBEREEHERFREENENMEERLE: &8
R E) [E]RG (10 ~ 500yr) P& ZE/MEBEREERL (T 40km -s™1), BUEERT 10%yr §)
[EJ % PR R A KW BE ) B FE AR AL, (29 50 ~ 100km - s™* HEFE &) , SMAEBEAHR n 2
FRmE R EEAN 1/ f BaAm, HEBEAL AT LR L LR,

XTE HH XA AW VEAI R ERENRBB R I S MAREKE. HRIMEDB
REBRBHBKR, EHRIEAMEERENRRED R HARKE, IR RS K R
THBBEARRTERNFEEZRBER.

R R T M BEET BRI AR4E, MBASRERARMEINMEF BT 4L ERN T/FME.
R, WUR T AR B 5 AN R P R B R .

34 Lt ®EE
pc RESMNRETABEE A FHERTF. pc REAMASHARE, &8 E1EFKERERK
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XA EHI, BREAI USRS F= M 2RE, RE B A& (UV) #1 X JHER
HAUEERZ, HHTZHNEEREMSFEHOER 2520 irmataT U4 %% Hs
BB HCO* il NHs ZEEHHm 2728 | BRAEEFMEER P, £ UV ST EK
P F=h, BEMEEATEAEN HI1f CI P n®&rEENEERE.,

NFFEFABANHL, 5H, HATFEMY. BRFk CIRESFaEENABCE
BEXASEFE, EIHNXEY UV BHSBNAREERE THEMRE, {2 492 GHz
CIZMBR AU BWTE N 5 F= MLl MAFEX ST, XX EER VI & B o — g
BEESFREEEBEN, B UVEHTUELIFLEEFASFHEREAT. PCOH
WMME > FmREEEHE, B4Ry, TRY., BoRESPER, TR BESEAE
KEFPZERE, ZEAT UVEREASHNE. 53— BEERXAFEREN pc R
SMLIR BN ) IF 7E B BS B MUk S BELE RN 2 F = AR AR B RN HI M ¢ 1

% NGC 1333 # Orion A XK EEER KX SN ME HBEEFREXEFAT 5% .
BRfE7E L1448 AR MR, BRABRNAE 4 NEHNNERE, HHXBHFEFEENEE
R ES Bt =% ARRERTRN 1% .,

A BUR BUT B R A v ik B 9 K38 P 4 8 — SRS P 3 B 8), X AR B 18] e
FERMRL T M 8IS R I = R ME R T T B R BB . WL 2 ) HH K 4 i T A8 25 R T
B nerr 45 5E, KB n RRA L S ERBHP RS TAETHBEE, o~ 1 =3x10"ds0
cm, daoo & LA 300 pc AL ) HH RAKHMPES, r 28N TERMHMAEE, InE HE 4K
BB B B ) W AME vaow ~ 100km s~ | BRA BB LR Tohoon ~ L3/ (L3, Raow)
WE, XBH Laow B—PMRASMNRER KR THETEERERTEE L THEEBEN R T
KA, Rpow BAMNAKIEAER, LI, = mrivaew Fl Raow = Nt/Thow , XE Taow RIMRAEREK
B LA R B AL BT B4R, B, Tanoen & L3/ (nemruaow) = 10°L3, nid g 3,cvioh ()
X Ly, RERU 3 pe HBLT, nyo 10 DNITEEHEL, roa1pc BA 0.1 pc HBAL,  vi00
Bl 100km - s™' AL, BB AR EREEMN NGC 1333 IHEFERIEEBRX K 101 yr 3|
L1448 X H AN NE R KB LA T E, XEMETRE S FBMER ICM P iEshre£r
FEHN.

Z & pe SN A EHRER RBUER R E S 7544, BISMRARGREEEES LS
EoFRNBERELEMEEANS FRE. B—FE, Y9MREdNERREIK TR
BoFRROEEN, EURER— MRS TEERE, EABRBEOREEEENXHN
HMUZEAGEFETROBHERPRE. BRANEE (> 60km-s!) THBERNE, 248
HEFHBEHREFEARH]L, BREFNNEOEER H . YRR ESHRE SR
HFRESSH, PHBREE CI TSR —BHYKKNE, XBRTEESFLEER
CO MIRIERE. WK CO BRMHITERE HY , Hf mEBEFM H WHEEAEE.
B, EEBESABREAEN CI, HEFHMEEN H, HEMR.

AN ERERATESHEG GMC W LFE LRt LA E 4 58 i L Ry
FBUT 0 FAARK “fhgBier 29 e RIGEH7E 10° 8 107yr /5, 4 F N4
B CO MiZBIEEREN LE, BB ILEMELE, HFAEXEZLIEETRED>, CO
FEMOABAE (2 SHEEN) THESEG T AR EHBEER, SFEHT CO MER
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BRIE T AR5 Z AL AR TR BB R A,
3.5 RmMERMEERANEIEY

WP B4 F = REFERY, EERYMBSZROAR, 2R 57 28 i H,
ZERSHIR ST 0.1 ] 10 pe BLE, TRMIBBIR R 0, K34 MR TR A TR,
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Progress in Optical Studies on Parsec-scale Herbig-Haro Flows

Wang Min
(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

Abstract

Recent observations demonstrate that outflows traced by Herbig-Haro (HH) objects can
extend for parsecs from their driving sources, at least an order of magnitude larger than previous
work. Some well-known HH objects such as HH 34 and HH 111 are verified to be parsec-scale HH
flows. Up to now, dozens of giant HH flows have been reported in the Orion, Taurus, Cepheus
and Perseus molecular cloud complexes. It thus appears that it is common for HH flows to attain
parsec-scale dimensions. The ubiquity of parsec-scale HH flows profoundly alters our view of the
impact of young stars on their environment. They provide a fossil record of the outflow behavior
and mass loss rate from a young star over a significant fraction of the 10% year outflow phase,
and provide indirect clues to the accretion history of the forming star. Many parsec-scale HH
outflows with multiple internal working surfaces and S-shaped point symmetry about the central
sources show evidence for variability of ejection velocity and orientation of the source jets. Giant
HH flows with longer or comparable lengthes to associated CO outflows, imply that HH flows
power CO flows. Giant HH flows are capable of heating, ionizing, and dissociating cloud material
over parsec scale distances and may play a role in the chemical rejuvenation of clouds and the
generation of the turbulent motions observed in molecular clouds as well as the self-regulation of

star formation.

Key words stars: formation—ISM: Herbig-Haro objects—ISM: jets and outflows



