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CWB % T T B X R R s NUE KRG, B an ik /R K-hirt (Wolf-Rayet, WR)
B HARE R AR XUR RGE. WR RS2 — 2K NGB, 5% 52000 2 5 2k Fi
SRR ST R BRRLELR BTN A RT D 5 A A K R s A Bk T SRR
IRF-rm B 5K E O, B R EMNIUE RS, WEWS kAR XS, 78 2 XL 1)
BT B TR AL WCR,  Herh (7 HURE T2 75 WCR 3RF3 Re R AR dE ™, sk ab ke
FAERSAHIE R R B R e o 23 . ik, WL RS 55 R 5 WCR [ T
&[5]0

Hai 6T CWB BT 72 i 4 T 420 B B, 75 ORI 43 S ATEE CWB {1 44
LA — /N RS MR R S T ok WCR BIJERAR ST . O 2] JE 305 HAR 5T i CWB
A RADBULA 0 WRS9, WR140, WR146 LA K WR147, Hrb 37 58 & H AL M i R
HWRI140 7o AR WR RUE CWB HITE B B AL 4Rk f CWB. 28 45 BT 7 i 8 2
o L 2 FE A IRR RPN, 5 3 BEAH WCR TR, 5 4 BRHANHE
FEH S WCR, 2 5 2ol LI ) CWB &4t WR140, WR146, WR147 LA K ATRER CWB &
4t WR105 MBI CWB S o B XA 7% 5 WL 7 Bk, B A2 miE 70 40U ) 5 435
JEEE.

2 IRIRR-HiM (WR) 2

WR B2 — Rk N IR 208 H SRS e R R E A, &5 HEE R KIR
IR FFNBL I FERF FOIE B i R I . WA R B KT 25 My MK B AE R (% T4 8 £ R %
BT RM4E R FEEER, EXFENBR—BN O Mal i B 5™ ) B3 (L5 ]2 B3R 71 (1
(29103 kmes™1) MRS P RIRZE (1076 My-a™t ~ 107° Mg-a™t), XUEEE 7R
BRI 2 AT ORI B AR 2SR A0, HE & He, C, N, O FHEITRHINZ KA
RFEHK, PR XA R B R SO — B WR 2. WR R AR B Rt i b g K
1) C, N TG K4k, £ WR HE 61 A 5 2 5810 58 19 S IR T e 13RI 2 K. 2R
B BEAR R, FESEITfE 2 W ER 0 T G 22 R R v 1 ¢, T R 3 268 i T 1t 5518 2 (1 F
WE R . WR R LU A/ A2 B A C LR WC EME & N T
B WN B, 85— WR BRI WAz 0 0 AR, —#A oy WN2-5 F
WC4-6 AHA WR &, WN7-9 1 WC7-9 Al A WR E; WN6 B REA o] g2 5 At a)
B WR E™ . #AKEN WR EHDGREERTE 1, Eh A EEF4%% WN, WC
TR IR Fe-Bi B (6%, L% Smith-uby = @A 6 (1984) " ™ 1 ¢ W B A #E R 4
(KHE4%) 5 Johnson-UBV =8 IE R % (4524k)™ .

—MkUt, WR BRI BGENE N R AL WiisiE M KT 60 M, BRI EEE
AR EFHBEZ0ES) He ke, fHE EAREREY, EAENREAZE (luminous blue
variable, LBV); #J4E N 25 My, ~ 60 My HIKREHEEEEFENBE LB RABE
5 (red supergiant, RSG), FfE RSG M B L& 04N LBV, LBV B BUiE 2 & XE
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AN EY, TR A AR K S B AR R R TR B K L AUASE S ALY WR . WR RN
E R 2 E WN—WC BRI, X —Fr BR824 500 G4, e fEaey b s e A
RS . H LBV M BUOERERA 8, 1EIEEerE il T A5 & R E L T Rk &
Bt, LBV WA AEIREE RSG MM B, 503 15 WR MMBETIOR Bk =,

SRR OB WR B L4 50% ~ 70% R TRERSG™, o LMEBIXUL RS
oeitizE), FIFFNHE=EshEdbEt WR ERRET . REMNESERERE, WC
TR RGN 13M, ~ 22M" . 1 WN TR f 5 B3 B AT LAIA B 20 M ~ 60M," o X
FHIERRE RS, HH A — R 2 SR IR s AR R, 522 S St
B, TN 5 R B AR A e A i WR R B R ™ s R SR 25 v A R U T R v
P RHEMLT Cyg X-3 [IRR F-hr XS RRUR RS o 6T 0UR [ R 2 4% K1 WR SR
RYE, SR ZAAIFAEVRA e, DI RUR 2 18] f A ELAR F T WR R AL RS2 R, XX
B2 AV 2 ()2 B R A e W R XUE RGEHE R R A AR KOS K 2 1H A,
8 U B RV 3 (1 T LK i WCR, 7 I X3 P 7 A 5 27 K AR AR B R 5

3 BENXARER WCR

— ki, EARRE OB AR R KGESE %, 2 NKTE OB BEK WR XX
RAGERGILM CWB £%. CWB RG4S s 3 T4 NP4 Sk R R Hude 5t
Mk WCR HIFEARERST. i TR R R AR KU SR 2, 2 KU Bk 74 R 7 2 198
AT AT B, FECER R ST AR B R S B S R - R, X RS
I 5 P gt B T AL B, S R B ) FRAG o S5 o L A WU I 2 1 BB ) o 2 £
PR X IR RN, CWB 2G5 HUAE ST ik B A A R T S0 Sk e 5 50 - | KT
RATRITE LR BRI R, HmEE AR 105 ~ 107 K, 1 B e 5T 0 8¢
TR X PR AE A AR AR AR IORRE,  BoR CWB R GARTE IR SR A JE g
B, 4 R B AR BT EIYE T WCOR. van der Hucht 2 A" 5 B4R H AR HVE 5 72 4 Tk
JoF U () RURERE [X, B ZEBRGR0UR KL (K 52 JE 3 43 2 MK WCR. 200 T 9 i i
S ETREF AL, 35 R R RS SR KB R, i 33X ey Hh s 76 R XA 38 1 Yt
SRR, IHOMARHE R T T S AR SE RF 2, WOR B8R, 2 XUER
G E SR, AR RUORE T B B £ DL R ST R WOR R, TH, JF

4, WCR [AEIGE FE— B T2 b ol 52 XU #e 59 78 a5 sk UYL 21,

Brutz 4, 32 B RRERE TS B 52, v WG BT DUE RISk B WR 2 12 K RS
LREC RN R AL, RV RV S RS TR B 2R A R B T — iR i E. Bl 2 DA
WRI113 ) C TIT 5696 A K S AF], &2 KRG % B 6 1 LR A B TR B 3SR 2R i
A AR AR 5 B0 (0 T TR 2R R, SC2R N R BRI SERRACER, I ] LU B 2 U 5 20
BN T ARG T, SRR ER A OUR S AT AR AL, R VR R
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Si, So M Co 0 ZBEHEN C SXUEELRITAM, S; M Sy FELL C HHFLH] AG JEE M. Rwr
Rl Rop 43 51257% WR EH1 OB L (94T FOGERF 12, WURTE B b WoIB £1 7 1 gedee, i
[X 358 1 P20 5 W 7E PP RS OR S5, S, So Rl C R 135 128 /N T SO0UEE 31 B T I BE B v
Hlrop™. BT WOR SoR Rz B4t Bk, B — e 2T UL R MR WCR
o1, [ WCR ZE7E K IR A I AR 10 He P B 2oRHLE], WCR X T LUE AR
ST, 1 E TR AR L AR R R PRt R T L 3R B s S A X e . — AT
FA T8 WOR XRS50 SUR R RS & L ™

MOBl)%OB

n= (1)

- MwrvFn
Horbr, SSUR R e AR U ZGE E 4 B Mk, Mop A V¥R, Vst WCR XI5
XU B R TWR, TOB Ay LA n RoRN:

1

TWR — WD 5
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ToB = /A D
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L, D RRVEEPE. fESRAEHEM n =1 FHH T, WCR HIIERURIELRF i, 78
B g 1ERT, BXIEMTE RN — AR GE7E R XS 15N 1) e L R B 30 Aok 5 e
FIZER. L WR147 6], WR147 (WNSHBO0) FR 4t H 15 B4R S E R L o0 i R 3580«
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Sk WNS 70 R iR S R 5250 £ 2 1 WCR X JE#R 8™ . WCOR 47 B 57 ME &
SR R F7 P — 5, Rt ey LA B RUR RGBS = 0.011

E3 WR-OBERGHEERRER"

OATTHE LI XS24 56 8 e BN 80T AR U B WCR OARAE™ o T B R 3 )
10° kmes™! (P RAEE, BRGNS S HRREIES & (> 107 K), XHELRRT
PN EE B AR ) RS AE. AR T8 WR 21, CWB B X G4 4m S %
KI15Z, WREILEE v BERTTDIERZ) 1024 Js™! o T RURSRL 5]l AT 07 17 1 A&
JAASE A P A Ak, B U T BT Rk 7 [ BB B AR A, X SR B i A A v LATRI
M) X G2 CWB RG0S ML v B (WC8+0), fEiZ RS+ Ml 2] X i 4 &
BEXUR SRR AR . 2ok E WR BERDGEE RN AL T O BEAEERT TN, WCR K
HA I X TR BRI R ) BV WR KU, XS ERAR S R i ek

— RN AR VLT e AN R R B SR AT BE B, (H HRT & rha] DU kL Y
LA RZ, IR R XAEX . /£ CWB H, B XU 5 FU2 XA AR X
SR FN,  ForR T B E (diffusive shock acceleration, DSA) A LLF= A A XS K T
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B8 WCR ] A7 AE HAR I L ] i B, {HJ2 — AN DSA s FHRHRRL T 3K 5 (1) i
AT . CWB RIESIN TR AR T B EEE L, SEHEERRRKRE, XEEHM
BRG] B EAN B S ek 7, BRI EX FH LRk T s B imEZ, Flin, X4
BT PR RN 0.01% ~ 1% i, SUBHHRAE 1025 ~ 1027 J-s~! HURE RS AT
LT, RWET R 105 AN ZEOR 0 s E B A R IE RS, A BN AR T
HRBER N 100 ~ 1032 Js~!, EFHLMERE (10° Js— ) b5 a8 K. HFit,
FUE RURIE A ks 1 1) 3 R X A 78 52 7 4 T A R

4 FHRTEER) CWB R4t

H AT E) 43 M ATREM CWB S Hih ik (W3 1), (ERALE — /N4y Bk il 3 2
JATE A SR (R . AT A 2R R TV W E] WCR, 18 B T 7278 R A kL T
DAL, D SR T A0 RO T I, 4 BT B IR — 7 T AT FE 4 TR T 3R A R R
KB, FLh, R TIE A A R REE ST LS TS CWB ARG IEH B, BT
I P b S R G v R AR, (EUR T R4 B AN AL, TEVE4 9 WCR, (Rl
B LR ACUIIR T4 CWB R4 EE N .

(1) T CWB &2/ E A T 2 KSR, B B2 R KSR R =T
CWB HEZHFFE" . T B AR, SRR SMIY, MEsREl, "R
JAEE 35 1 R AT AR BT LUNEORL T, ELR 50 DI AR O (R S BB, S 2 BLIA BRI 43
REPER TR, B E KRR R R R R-R B O ME R, WERRBA RN
2 bF.

(2) Hi AL RE R —E4 e 7 HE AR, 36 B EUR BB (4 B bR
VE R RN, ATREAEAE S SARIOME D). % T3 AR B (U R Gi i WR146, 4111
RS AR A SE, (R BT 100 a0 BHUE, BTN E BOR IBRE WUR RS040, AT ] BR
(WU BG4 T B R TR CWB I ™. W T RE B IE MAUR R4, B R AT Bk 2]
e WCR X (RS BRI IS0t T B Lk 7 3R I e A 2 LA~ AR JE g 4. R
B, T CWB R T EERKAN (AE%ID) MR EIUE ARG 57,

(3) 5T FLAE 5 F B T SR KGR SRR 1 WCOR ()5 i S 2L, PR ST IR B AR
AF, T A B SR B S A HUE A AL AT A, R —, SRR S 2 R
W, B TR AT, FbEAT AR, Rz T, R R A - e g
SEETIAREE, 7SR TN WCR AR b, B TR g i R R TR S, FRATTAR %S
GBI . BT SCE R G AR B 2 A, A AN, B4 A d- B B,
T DLZE BB 2 5 T (58 B ) A A O 0. DRI, S b e O 1 B A (R /M
A58 ST o A AR — 3, DR % A R 60 2 YRS B A WCR. 2 75 47
75, BLEARSESHR TR EH WCR X35,

(4) WCR {1 [F) 45 51 1 2 470 HOG 0T 038, RIS | - 1 e BRIE AR I o, A o
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*1 BHIFM CWB Bk

bR HoAth 42 5 & (J2000) R4 (J2000) EEES/pc MB RS
1 HD15558 BD+60 502 02h32mind2.54s +61°2721”.58 2300 1C1805
2 § OriA HD 36486 05h32min00.40s —00°17'56”.74 360, 473  OriOBlb
3 o OriAB HD 37468 05h38mind4.78s —02°36/00”.12 440 oOri
4 15Mon HD47839 06h40min58.66s +09°53'44”.72 950 Mon OB1
5 WRS HD62910 07h44min58.22s —31°54'29”.55 3470 -
6 WRI1L 7% Vel 08h09min31.95s —47°20'11”.71 350 Vel OB2
7 WR14 HD76536 08h54min59.17s —47°35'32”.68  2000(*) -
8 CD-474551  CPD-472963 08h57min54.62s —47°44'15”.73 1300 -
9 WR2la Th35-42 10h25min56.50s —57°48'43".5 3000 -
10 HD 93129A  CD-58 3527 10h43min57.40s ~59°32'52”.31  2000(*) Tr 14
11 HD 93250 CD-58 3537 10h44mind5.03s —59°33'54”.68 2350 Tr 16
12 n Car HD 93308 10h45min03.59s ~59°41'04”.26 2350 Tr 16
13 WR 39 MS9 11h06min18.70s —61°14'18".3 5700 -
14 WR 48 0 Mus 13h08min07.15s —65°18'21”.68 2400 CenOB1
15 HD 124314  CD —61 4297 14h15min01.61s —61°42/24”.38 1000 -
16 HD 150136  HR6187 16h41min20.42s —48°45'46".75 1320 AraOB1
17 HD 151804  CD -41 10957 16h51min33.72s ~41°13/49”.93 1630(x%)  ScoOB1
18 WR 78 HD151932 16h52min19.25s —41°51'16”.26 1600 ScoOB1
19 WR79a HD 152408 16h54min58.51s —41°09'03”.10 1600 ScoOB1
20 HD 152623  CD -40 10961 16h56min15.03s ~40°39'35”.81 1600 ScoOB1
21 WR 89 CD -38 11746 17h19min00.52s —38°48'51”.25 3300 HM1
22 WR 90 HD156385 17h19min29.90s ~45°38'23”.88 1640 -
23 WR 98 HD318016 17h37min13.75s —33°27'55”.98 1900 -
24 WR 98a IRAS 17380-3031  17h41min12.90s —30°32'29" 1900 -
25 WR 104 Ve2- 45 18h02min04.13s ~23°37'42".0 1600 SgrOB1
26 WR 105 Ve2-47 18h02min23.45s —23°3437".5 1580 SerOB1
27 9 Sgr HD 164794 18h03min52.45s —24°21'38”.63 1580 NGC6530
28 WR 113 HD 168206 18h19min07.36s —11°37'59”.17 1900 (xx) -
29 HD 167971  BD-12 4980 18h18min05.89s —12°14'33”.29 1700 NGC6604
30 HD 168112  BD-12 4988 18h18min40.87s ~12°06'23".37 1700 NGC6604
31 CENla Kleinmann’s Star a 18h20min29.90s —16°10'44".40 2100 NGC6618
32 CEN1b Kleinmann’s Star b 18h20min29.81s —~16°10'45".67 2100 NGC6618
33 WR 125 V378 Vul 19h28min15.62s +19°33'21”7.4 1990 -
34 HD 190603  BD-+31 3925 20h04min36.18s +32°13/06”.95 1500 -
35 WR 133 HD190918 20h05min57.32s +35°47'18".15 2140 NGC6871
36 WR 137 HD192641 20h14min31.77s +36°39'39”.60 1700 CygOB1
37 WR 140 HD193793 20h20min27.98s +43°51'16”.28 1810 -
38 CygOB2 #5 BD +40 4220 20h32min22.42s +41°18'18”.96 1700 CygOB2
39 CygOB2 #9  Schulte 9 20h33min10.74s +41°1508”.21 1700 CygOB2
40 CygOB2 #8A BD+40 4227 20h33min15.08s +41°18'50”.48 1700 CygOB2
41 CygOB2-335 MT91 771 20h34min29.60s +41°31'45”.54 1700 CygOB2
42 WR 146 HM 19-3 20h35mind7.08s +41°22/44”.6 1200 -
43 WR 147 AS 431 20h36min43.64s +40°21'07".6 650 -

Ve FFE o FORBURIRT DRFR L, T ex” FOREIRITGAIA DR3FIA
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BE AR AL AN ) B, A5 BAT RE 5 AR 0 41 0 e S Pl e SRUER ViR S I R AR TR A3
R EE DDA RS R I . AN B EAE L& C B, ORI
BeLARBHR S A E " AT WOR [R5 HR 5 o R Rt , ek R S 60 R R e Fr A0
F LA BB [FP R e E2 BT WCR IR 2RSSR S I AR, A DSy PR (1 2
i % EASE I A FAHR S A B B IR

(5) B AR A V5 B0 7] WO BREL AN B G s AT 52, ok B TRk 2 XA M A o
DO B RUR BT R B . T B K XUR R GEHEAT A FR ORI LN, AT e B2 R
WREFE R AR AL, W2 —FAT RE R I CWB BB T-Bt. o Be—J5 ikt T 7 3
A RGN, 53— T W e EAOBOE e i B, 5 BR HAn B, EREW]
Pee MBI HFRIR T B8 32 2 bR A BRI 2 50, 3 — T B AT ATV M R B,

5 MK CWB R4

WRIAT (74 W2 2 T8 COW I & YR RRIESE T CWB IR ™, i WR 140 HI[F]
SRR R B 300 T, 3 WOR B2 2 SR S IEE I . B
COESE, fECRIMMIWR EP R EZAERES ) WR BEAR—ANWERS, ELH
—NARIE (R R R AR, TR T WCR™ . FHEAZ A A CWB &%
5.1 WR147

TERE— AR I CWB, WR147 (WN8+B0) IUE %%, FE AR £ 650 pc, fx
B Williams 28 A 80 T 0UR 4276 2 XURERE i 2. WR147 B0 i Moran 28 A ff
FHOCE ) 2 R FEE B S TP FE S (Multi Element Remotely Linked Interferometer
Network, MERLIN) 5¢ . MERLIN ({80 % 7~, WR147 [¥ 5 B4R 55 47 75 15 A AS 7] 11 5%
gy PRT R KM RER S RO F WR BRI FRA BT, 5 4MEA — 555k s 5 5 o
T WR B4t 0.6” WALE b, WE 4. BHEEEL N 1992 £ MERLIN 7£ 5 GHz W15
B WR147 S g5, KEEE N 1997 4 UKIRT 7 2.2 um FIZ04ME%, 7 LLE B9 R
P 5 DX B A R RESS AR S, A bR B1950 K3kS% &, Moran 5 AN,
XATRESE T U AR TE AR, (HRTEBE G AT 6% RO B I 0 A R IAE: B A7
fE. ELF 1997 45, Williams 25 A F 9% [H 44 8545 (United Kingdom Infrared Telescope,
UKIRT) 7£ 2.2 pm K EREAT T &% &0 PR UR, A4 #E 7 WR14T B A2 7L — itk
B, XE-FB0ME, £ 2.2 um At WR B1K 3 mag. £EEA T AR 4R S X UL
60 mas I E L, S5HRIE WNS 2 BO 2 12 R Eh & LI i A B R A4, Z0 54
IESE T WRI147 /& —4 CWB R4, £ffh X Feims s 7 WR147 k3 WCR X
B X SekERT . dah, EEE KL (Very Large Array, VLA) fili%f WR147 R4
ML R, BT IR WCR. XIS LASN, WRI147 () WN % 53 2 J BBl 10 56 Fi 4 5 S o
IR (WE 5). B 5 A NHAN TR TR, HK/NA 0.107%0.097, J5 60 H
PA = —34°, +FhRic IR HE S5 K 0 o 3 A B IX — S5 M I i mT REVR T iR R I
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5.2 WR140

WR140 2 LB CWB #4i2—, /2 WCT B WR 5 04-5 B3 7 A I
BEAG, IR (1.81 + 0.08) kpe. H I FAEEANT — 26w B f O A R P08 | (36
e~ 0.88), MR 7.9 2" TEIF BT LAE B WRI140 [ FEAAGR T BB HUEAR L0 23
Ak, &6 AT, FERINL 0.65 ~ 0.85 Z [AJAERERST T 922 100 5, B IERERGT 32 X0UE
RO B A5 Ak R

30

25F

20F

15F

V& /mly
s

10 B LI

5 o, i.' "'.. .0. € ",

o o. . o. ° 4
L e C :& 2

0 0.2 0.4 06 08 10
AL

He B aREE, Se=MEmaaiiEsaRER 15 GHz, 5 GHz fll 1.6 GHz W BN A& S &,

6 WRI140 ZEZ RIS R BREELERAM L

oe'% E'.m. =

0

WR140 HINVFZHESH, Rl ZPIEEI Py &IEITC Tos WO e LU A fHH
B w, BRI 22 2 B R R L R P e . (R, BB i Kbl o AT
AE A (2 B E T A0 H ARIE S A U I E U AR A7 B AR . BT WR140 XUE
[ EEAA 2 ~ 30 AU (£ 1.8 kpe FIFEE FZ414 1.1 ~ 16.7 mas), & HUHI 622 B0 0
BORATCIE D R 250, PRI B A E A 0 R ) B IR 4 I & (very-long baseline
interferometry, VLBI) £ AR BN WR140 XUE S5 M ME—F B sk 7 m L H H-H
HRE %55, A E] WCR Ha5 XIRE) 704, WCR X <72 B XIS O BUEE
BT I, S B e m e, BEEXUEE3), WCR XIsE H s a4 . 0
R B WCR RS HXS Rl 55 U O A2 R~ 1l BRI GEE &, B4 FRATAT BLAL WCR
77 1) AR A HE- T UTE A A 5 BB AR S 55 3R

Dougherty 25 N\ I 35 [F ) 5 K- 3£ 28 9 M (Very Long Baseline Array, VLBA) 7E
1999—2000 41 21 ¥k 5 2004 —2008 FE[f] 14 IRAE 8.4 GHz BB WL INECE (i AR 7 v B
90.43 ~ 0.97), 133 7 WCR JRARBERLIEAH A AR R, Bl @ BoR 7 H =470 WCR
MBS, 7E 8.4 GHz BB FEEWIEMT /0 #Fth WCR X, MIMFEIWCR JE XIFIF 4517 B
R R B IEAR T 1A, X FRERE 22 WR140 FUE FOCHE. RS X O¢ T BUR IE L
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WEFR, O BIPERAEPUE AL 0.74 AL BERESE X AR EE 5 W, TEAHDL 0.93 &b I8 IE R J7
lo P F X SO UL S FEAT BB S, T LATHEEAS 2] WR140 FIEUEWA « = (120 £ 4)°, T
LA Q2 = (352 +2)°, HUBEKH o = (16.28 +£0.81) AU. FIF _FiR¥dE T Ak —20 k%
BT H WR140 2R R AR (1.85 £ 0.16) kpe.

20004E7TH21H

1999412 H22H

vE: VLBA F 8.4 GHz MR # WR140 * WCR BUELE = o ESUE A A8 L. Bori=AN o5
AN 1999 £ 1 A 4 H, AN 0.74; 1999 4E 12 A 22 H, #fi4 0.86; 2000 £ 7 A 21 H, #fHi~ 0.93.

E7 WRI40 ZtraE"”

B 7 IO U A X A7 B AR A DLW WCR, X387 S AR AP A 73 A4, I &
s FE G WL 0, 305 22 25 3 %A S SR A5 O AU 1) 3 2 i) T BOM il 2 XU LB S H
TR EE/EH. Thomas % AN f# ] CFHT (Canada-France-Hawaii Telescope) [ ESPaDOnS
(Echelle Spectro-polarimetric Device for the Observation of Stars) Y614, 7£ 2008 4F 6 H
% 2018 4F 6 H WIIMESLHAT /0 HEROGIE IR, FA1G T T WR140 XUR RGH RN, it
SO RO 1 8 3 R L B 1 PR A A B ™. R A1 145 & CHARA (Center for High
Angular Resolution Astronomy) £L 4082178 8 A B MM, LA K Monnier %5 A f 30 £
5, 6 WR140 R GURFEARF PG 76 b (A BT, TR OUR Mgk L. LR
N, PUEMH i=(119.07 £ 0.88)°, FAMASE w=(353.87 &+ 0.67)°, HE KM a=(13.55
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+ 0.21) AU, FIKMHRMIFEE d=(1.518 + 0.021) kpc. 5458 5 Gaia DR3 il 5 45 3
eI, W5 Dougherty 55 A& 25 R, 31X 78 49 1 B R FH 3l 28 1) 22 387 8 2080 )
& CWB RS HIEX — 4T Bl A7,

5.3 WR146

WR146 & CWB R4 1 X — AN A HF. WR146 BUE RGiHH— 8 WC6 B WR M
—I5 O8 M LM, FEEA 1.2509 kpe™, MURAIEE 1827156 AU, WRI146 /25 Hi i
Brimszit) WR B2 —", T ELH 5 e g S R o SR, R BORT LA AT 4 W
W, TR SR RS CWB R4z —" . Ak, WR146 i B HIFE7E 41
WXUR & (20 ~ 30)M o, FIEEESZ) 150 mas FFREATAE L, BUE IS8 I HAZ) 500 a; H2
Setia Gunawan 25 A" I FI 1 > ff Westerbork Synthesis Radio Telescope (WSRT) 4 H 2 17t
BEfE L B U IR 7R, FRS B AR AN 3.38 a 284k, Tl H &84 Ji it mp
ReN 3 afifio TH TR KRS, T WRI146 R4, RA5IEERA LA ERXE
B, BRI AT WR146 1 1 fi#.

M K2 iz 5% (Hubble Space Telescope, HST) 7E 3653 B SUR BEAT T e A& .
HST Wil 5 7x WR146 & — X m B AUR, RAEMLEEERA G, - HA M
LA Q BT . Q BRI Head s MU By O BUME R T AE, I ASE WR R IR S 28 5 0 5
WIDEILE R, WAEARLE UBV RGHZRHTE™ . WXUR SR MG E R, WRI146 1
WR ARG EREMERI TR C R RS A B H 2 PR I 2k, 0 WR 217
TESREN R MG, MRHE LR TE A v H R A ) 2900 kmes™1, 2N E/R—% H Al He J
RIRI L, HagAEEHr T 08 A,

VLA 5B EE 2R, WR146 &
G B AT DLy R, BUR TR EE A (152
+ 2) mas. MENFHEMEMNES
VLA LSBT A A S L, SN A

41°22'44.80"

TR E K L2 T ™ (European VLBI 8 44.70"}- NS Y
— (o]

Network, EVN) (LI E 78 WCR X 45 & ﬁ?—/ -

O, 61 O8 AUEE, M Eae &

BERIEARE S, Kbl DL i WCR 44.60"| - H

X 38 1 48 1) 20 B 0L B AR X iz 3 (O : o

8)° ET EE‘/EZEQ quéil%xm{m (E’E 9) \E% 23h35min47‘.095s 47.6855 [ 47.6755

[F] i) A7 AE AR S AR IR E D R i gy, FRZ:(J2000)

W AW 8 . FESERAST 22 GHz 7E: VLA 1 43 GHz (SE2k/8) 5 EVN 76 5 GHz

HEAIE B, S s s DAAE IR D R i A (KEEE) 4+ BIMTIFIH WR146 i 5 k2

E E%ﬁz%—ac 29 GHz E‘J%Eﬁ/&ﬁii 5. HST M2 XU AL E -+ 7 %R,

54 168 mas.

%Eémmmégﬁﬁﬁﬁigi[ﬂo 8 WR146 %5&5&&1%[“‘]
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XX iR 40 %

100f

10}

i /mly

i ’ 10 100
Hi#% /GHz

Vee L0 TR WR146 SUR B AARI 7 (327 MHz Wi Taylor % A" 1996 FMMEFL), 5200
RN O BEMHEX TR, 2 0BAFRKE BN WR R, 7RI 8o 2 KRS ok
R, RSt 7 B o, O AR A Sk 27

&9

0/1 0;5” 1N

i HST 7 V EBX WR105 5%
W, H kAT e WR105 (1 BE AL
i

10  WRI105 B9 HST R&f&

WR146 STEL LA DA

5.4 WRI105

WR105 tH 2 i f s B e i) WR B2 —, 2
CWB % %5 1] fiE 19 16 1% 4" . WR105 P B Hh Bk 4
1.82 kpe'™, WL %kHE R A WNOR 3R /R -
o VLA SFHAMM A, WRI105 fFA1EA T AR
SRS, 7E 3.6 cm WERHMEL—K WR 225
50%"". %t WR105 f%E 48 i k47 3 45 H0l & TR,
HiEBE o T —0.6 ~ —0.7 Z[8], {FSLAFLEREI
FEHEEST ™. #Ek De Becker 1 Raucq I
A REAFE CWBIGZNIRUE SR, M HST % WR105
FIWI A SR B, WR105 A6 7G5 R A7 4E— F 8%
G RA, FEE WRI105 £ 350 mas (LI 10). fiix
WU P UE S & WR105 BIFEE, A M Z (AR 7T gE
AR KA, AN CWB &5t

F 45, Chapman 25 N #5H, WR105 7275 A [ T — Mk R Fe-fr R 10 X BT 2848 4,
A X 8t (Newton X-ray Multi-mirror Mission, XMM) BRI E7~, WR105 4k
TETE— BRI X BT LR U8, IR 7E WR105 3% BRI WCOR [X 48 o ki 1 AT A% 32 80 A X BT 28

Ao
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6 2 4k

SOy 4

CWB Z %2 F i mfe i I EZERIE, X CWB REKIIRNB A BT 3A T H g R
TIEKIBLE]. FR CWB R HBEA =22 XK EEE (I WR £),
Ik CWB R Gt m AR T-RF 58 K0T A 2 i e S A BRI SR h e 2RXUE RGE AL, (H
& HET A WR140, WR146, WR147 S HHAIEIN N CWB, F —HtEL WR105 AUERHK
CWB fiikfk. LIRS CWB R4t WR140 F1 WR146 J9fi], S AL I8 BE AT DAL 2 XU 2 1)
) WCR X35, XUE F) 5 Fi A S 0 B350 U5 1 B2 XUHK) B ) S8C6R S AU . WCR R A JR] AP 4
Sfo WX WCR TR HEATINE , 7 LASRIGXUR FIAIE S BTk

NTHRBELZ K CWB £241, WAEVIHETEL KRR REE, FEMEHS R
PRI F B #45 Bbr A TA 5 E XSS WR BL O BUBUE R4, 11 HAUREE B A
BT, A 722 RSB O, LA AT & S AR E WCR,  #fIAUR RGN 2
TAFAEARINF BRGS0 B ] A B A A2 5 /742 WCR [X.

1 o R A ) ST L TP O IMAT & AR 7. CWB A B R B EF B, LHZ
I o 7y Pt WCR S5 AT . 385 3 26 = BONVRFAE BRI IR R Fo-hr i XU (1) e
FATRE SE RV FEE AT FE T e B LI HE BB 0, DASCH N -1 75 2 BL R A7) 5
HLEEL R (square kilometer array, SKA) S5 5 Rl R BUZ HIH RS NAE Aok
X% CWB XUE RGN R WGt — 0+ 5 AT CWB KN P8 -RIE K /2K
KA G 551 (Atacama Large Millimeter /submillimeter Array, ALMA) 7EZ KB
LK B = RN A B T2 T CWB RGN F &, JF H X CWB R4iH
JERRBR A BTHEAT W, Lt — D0 5 B R 5 3 5 R BR A BT e e T R TR (95K &R
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Wolf-Rayet Binaries and Their Wind-colliding Activities

WEN Shi-ming!23, ZHANG Bo?, SHEN Zhi-qiang’?, XU Shuang-jing?,
SUN Yan??, ZHANG Lei?3

(1. ShanghaiTech University, Shanghai 201210, China; 2. Shanghai Astronomical Observatory, Chinese
Academy of Sciences, Shanghai 200030, China; 3. University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: As high-mass stars in the end stage of evolution, Wolf-Rayet stars evolve with a
significant mass loss due to strong stellar wind. For a binary system formed by a Wolf-Rayet
star and a high-mass companion, stellar wind-colliding could result in a colliding-wind binary
(CWB) system. And the radiation in wind-colliding region (WCR) is mainly dominated by
nonthermal radio radiation. On the one hand, there are several radio sources identified as
Wolf-Rayet binaries, such as WR140, WR146 as well as WR147, have been studied widely
by radio interferometry technique, finding the stellar wind interactions among these systems.
On the other hand, Wolf-Rayet stars such as WR105 may be a candidate of CWB system.
Compared with general interstellar medium environment, the density of matter, flux density
and magnetic field in WCR are much higher, as a result, particles in this region could obtain
much more energy and produce nonthermal radiation, which provide us an extraordinary
chance to study how the particles get accelerated and radiated. Moreover, there is a close
connection between the activities of WCR and evolutions of binary systems, we can also
investigate the final evolution of massive stars by studying the WCR. However, only a
handful of results associated with CWB systems are published, and a special attention is
given to WR140 predominantly due to a complete physical model has been established on
it. In this context, we briefly introduce the research background of WR binary systems
and their stellar wind collision activities, especially the contributions of radio interferometer

observations on CWBs in recent years.

Key words: Wolf-Rayet binary; wind-colliding; nonthermal radio emission; VLBI observa-

tions
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