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K HI Z A HIT KRG ST 888, e T — P HESS BRI RS TEE. HE2X4
M FERE TEIPEE, MhR RS SMmEERS. EFENNSE B
A (1) IRXMEREENE — K2,  (2) R — MBI RIRAFTEIZ 3 A IER AN, R xXE
PRy — PR iZ 3 B R iz 3 e, (3) RIEWAEEIZS)., H AR —
REK FBOZ I IEE M BLRMRE, FIIMEALE (Perseus) , B FMAFH B A 85 K FH ol
B —2%B@E. Humphreys 5 # B4R 2 132°~138° K #Y Per OB1 il Cas OB6 £, 5%
WOC BB R 2R 2.2 kpe . R, HIALE F R F oM HI XA E M2 3 FERRY
K45 kpe, ENMERWEFSH T RV FE, BIE A IENE 8 #7152 3%
A O BIERDGEREB AR, S FEEBERRYAHEEE, HFHANATRIKE R
LK BRI RIS, G, GGT6 BT SR AR AR AT 2R T 4 R I AR A
A HAZES (8 30a) .

2 FMHZ=AMERGER

MEEEREAMEZENTIEE=ANE., ERN = A0 EH N A RKE,
HMEAFEAUY 1 mas 245, HILATAERE K REEE LS 100 pc, BARXHBEEH
TREHE I 2 K PH M KRR BE RS, A SREEAEAR I R 70 Bl N A RO RS = 2, LM
ERSFMANER, UL aEEE. BETEPR LR R m Wil e S ik i, R
ERERKIEL T W (very long baseline interferometry , Bl VLBI) $ A B 05 M H4E B 42 5 2]
W2 AR, HIVREEARE . FES BB UNEENERBL, GFEAFRE,
0 5 A L R BE DL R R . HATH T=AMEZF RN k& EBEUHERE
#J VLBA (Very Long Baseline Array) , ERUPNEY EVN (The European VLBI Network) Fl H 24§
VERA (VLBI for the Earth Rotation study and Astrometry) . iX$8{%£5 0 HEN HEE T R H
HIRE, BESLRT RIEE &M M =242 3h 38w T . K, EEW VLBA £33 10 248
Wiz1T, HREMERECLEFZRER, BAWRIET &GN &5,

VLBI = £ 40 22 ] 42 2 38 1o 0] B4R ) 2% N KA by 1 3 3R 44 9038 52 3 T 77 2B A A 3]
SIREWIIE X Lz s NTT GBI Z. F 8 VLBT HAE M A% B0 JF H 48 5 R iR
BIUR, TTANEUR S B AR EAR A MR, T 7E AR T 2R N Bk R T A & VLB B9 1R 4 i BF 55 %of
%, PREREAEHBUE (Y91 AU) H3E (>10° K) , EIACH VLBL W B H AR, HEE
X EBA 22 GHz KBk, 6.7 F1 12.2 GHz HIEERKPE L Iz 1.6 GHz 323 pk . B ARk
o T ARG B BRI, ATTRR & T VLB g9 I 0k B, I R 36 BLAE A 22 01
By H AR IE. KBKEEVE R BAR TR REAR B IR w0 BF R, (HOKIKEFMEH /AT 1a, B,
MEERERN, ST EER—&NY/DNT 3 A, XRFTFEEZ WM EE,
BERK R F AR, BoBrsh R 12 GHz i) I EERK R A F Al ad 10 2 6, I HX Rk %
WAL 2 mry 2 H R, HEMBIRMRD (<100), HEEER—FA 7T, RE 6.7 GHz
BBk PER T BB 2 (>1 000) , {HECHHBHRA, BBEBRAEmMRKR, Bl HEERE
PRUEET, nfa T B F B R 9 R G RE
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3 VLBI &g BRI g F A 2R

=AM, EPI AR TR N R X TR RIEMZZ), YaEH VLBI A2
FZEAR, &R —MAEAL S S e B R TR B U A A TR < TR AT R 4R S, 1%
FIACHEIR A B8 . ER RMAALAAL, RJEHREH N A B B ARTE R AT W E R . MO S %
REME 1 N ER 0 R BUE M S STEE, DL BRI 5 2 R &

3.1 HBuSZLIRFE]

VLBI MAi &% K EZBIRZE KR, Boe B inlEmE sl AER, BE3M
(switching angle) , XF—FrN UL, FAALSH MM T MR B8 AR, SRS
SEMAERR, —BABOL T, SHMEBEIES) AT AR, R s /h T 10 HREES)
B[E] (switching time) , BIE SEA HIRIEZ B 3SR AT ET [B] (a1 R, TRIAE, A0 248 8 e e )l 20
S, ARAFORI AT LLLAY b, T RS BRI TE 20 s 224, AN S IR £ VLBI
R U AL EREMNATRE, AL EREUMRAEE, HAJUF SRR — B
BT, a0 VLBA B4 EE M., KAETRALE 1 —PriRE2R i B AR A 8RR, m
ZrRER SRR S SN E, AT HARIE R AL EAS R, BRI B NE B TR A AL
SHEREE R BRI LA, SRR IESEATAR G222 W i, HA2 3h M A8 3l it (R 2 A
RPN, T B B R AR A AL S W ) 50
311 k&

KREBFEPHERIANBEEZ, 28N RETEMHMRZRIE, W2 HE VLBI 5
BEM R EERE RS, ML 60 km I RE W, S FRIETFHOAEFHRE, FHMELR
R, WHMEE., BAKEIKAEZWITHEALAET 1, BETHEERWALAERIERY
s, mAEMAER., MAEMBREZ L, B TFXMHES, RIKEEEBRKENIEE T
B, MEHEER. Sl s R A, S IE TR e AL R, X Fp
S 3B 5 LI A3 AR O BB SR &R

XA R IER, HETH) VLBA AHCAFBUSE# L TARE, BEHWHSHN: —2
WARE S0, BT REWRIA L KHOKFH B E, EFEFMHEE X
ZEZBMT - (FEHKEFENTATIER), SERLH IR REE
b, XD AIZRST, BRI TREAWRTA, ERTTH, THXXRESR
FRA2m WiER, REEBYTEHEAE 03 m, AW, B FKEIWHERELZL, B gw
XL IR 0 A 48 SE B I BE Bl SR Y. Sh AT BB 7E R 1 R & L 5| e PR A8 4k iy FEAILAH 2
RE., HRESWEMALHEAEXREN IS ERER,

BB E AT AR B ST 4, UASMERZ LI sh 4. B
FIFRM AL R EREM B E AR RS TR E S EF R, FERHLATER
TR 7 e, Wy P57 1 4 8 B - i (TEC) B2 ALIEE I 5x10" m™2 (FR) WU/
110" m~2 (& [H]) . 7€ 1.6 GHz , ¥y RV [4] A BE B 1 HRBAE I\ 8 m(F1 R) B 4L F] 1.6 m(K
(&) . Xt VLBI Y, it A F1 &4 RLRIFMBRAHER, FHik, BSEERRER
— AR EE A AR E R,
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HSHEEREMY EEEAEEN ERRRFH TEC A Y K5I, X5 B
TSR, e BT B S AR SR B 2 I i (MSTIDs) , ‘B 7K P38 B4 100~300 m-s—', J&
# 10~60 min, K 29K JLE km . LB G IRIE ATEC K25 10 m—2(H R TEC i 1%) .
Xf VLBI R 5, MSTIDs &S EAMRKMMAMIRZE. TAE, MHRBEALEE A HHS
HESHEENEREER.

F 125 VLBA ME88 RAMEM RS ER U RIS M &R, R rE H 7R
(1.6 GHz 1 6.7 GHz k%) BB E 80N B g e 5 K. (H2 R 2 %ok, @ 7En5 2
% R LR R SRAE R B R W TEC (B, S/X J7ik) , WAEHU/N B B AUV,
Bian, TERHE 1.4~1.7 GHz P {E 1R 3h 77 = A i LI SR VR RE A8 T BR R B B . Bah, —
S R R 4R A0 TR B R 2.3 GHz 1 8.4 GHz 7 X6F iR UL A9 100 3t 0 R A )k O S0 B, 308
5 P BUB OB 10 F T ok Pl B S A0

® 1 VLBA HXBRIMEHASFERNRTEEER

e B (Bk¥) HPERS /em HEZE /om
1 43.1 GHz (&AL &) 0.5
2 22.2 GHz ()
3 12.2 GHz (F )
4
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20
300

6.7 GHz (F RY)
1.6 GHz (%)
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3.1.2 423 A Ao E 0 A

B XAALSH F WA RSB S RO R S RSt E] . U L, &R sh A
R BS L Y 922 B ) B 408 AT BEORS Bl B 0 B 45 R . (EURE BEAE E A TR A B A 0 3 — A 3 T B0
WA AR — R Sy 3, TUHAER B B, RO AL HE IR AN 5t IR & 18 AN [F] 19 KT A
SR, H I, TEASCHARA A BRI TE RO IR A R IR Z B R A B R T A 7. (B
KTATTI, BPE/NESI A, XEREPRMBR, AT BT, LAEE) AR
] RE /N ELaEE G v B R T00 A

13 3y i ) 2R 7E 132 3l 491 18] R SOME A i AR AT AR AL e /N T2 A A 5, B 7E 22 3l i ] 5
MEBRERBLIUNT V20BN HR) . IRXAD R R, A8 AT0E WA BRI
Z A AL AT 2 W, B, AR OLIE R I, A T 5 i AR 3% 52 R AT RE A2
AR EAREAER. EIEEESRKT 5 GHz if, EEHXFRHRZE; W/AT 5 GHz
B, MEZHEEERE.

TEARAT I Bt LAROLZ 25 0 DD B 0 MO T R, ERH TS RAME . N
THEERZHABHMEAMMLSE, LIERKWENAZAREGENRER, XHENK
MR YA BRI SCE R, FHRESERZUEAR LRI m R (AR
T, FE/NT—RE IR N AT 10) . K TR E R S ASUE, BAETRA AL IR
224 IR FE LA BORZ A

B AR LS BOR REAG TS B AR AL B BRE BEAF T 1 mas . ZEAR B & BRS04
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FHRF BRI B A, 0 W 7 v I e e R 2 SO U M e 5 3k MR 6
4RSI S A1l B

TEfRDR T — RN R Z A PR I LUR, 2006 4F Xu 25 A 7 3R16 TR R,
A1 I R E B VLBA KME T FE T RRREEE KX W3OH IR, HEXR 2% .

FEMARE B B R B R R KRR, HJE IR 4 AL R B LA B AR TR 5 R HE TR Y A BE
B, TEEOR I, BeoR M RELE TXELURE B E & ol i E R RIER., 78 12 GHz,
VLBA 255 AR AR 3 Pl 1 3R 19 1R 22 — BB B 10 em . 20U K A 5% 2 M At PR o) T 00
KB, AT MO, AT T 240 FERAFE T A, Xt EsgERes (1
1 mas) B JL+AECE R AMT B, @il 0w R REEN G ERERR
$EIR, HAFEERIRZEW/NE] 0.2 cm . A T R E] W3OH XIS L (Y 1 M B IR, i 118 5%
M VLBA A HE TR K B8} B4 2P AT 430 S I, B8 W3OH i ABER 4 10, R
BXX VLBA MM ZZ MM C 2 2%, Hi&h T R 5005R 28 % A8 % B Hil A8 6L 275 1 AL &
WE, MASIRES BREMHETRN AEREEME. BT HEER VLA (Very
Large array) , 158 W3OH i AASHETR, MR E] T —45 W3OH JEE H A 0.5° 4
A BB SN R B RS AR ARE B OLE (RS BEAF T 50 mas) | 3 SR i A K Hh
P T VLBA MWDK BE. M\ 2003 4F 8 H & 2004 4F 8 A, F:xf W30OH #1f5 12.2 GHz H
FERKEEHEAT T 5 WO, KRG T EW=AMER (0.512+0.010) mas , B (1.95+0.04) kpc (40
B 1 FTR) , MRS T FAIE IR B 4. X AR BEK AT R AR I f ok BE 3R = T 100
%, SR T RXFEFAUEMBEREERGHLT U, BWEFET, Wit
N KRB A% B I SR R

T T T
1+ 1 &=
0.5 | 0.5
3 @
El £
E
R &
R —05 | ® -0.5 - ’
5N s -
L ¥
=1 - SRR
L . L . L + 1 . 1 1
2003.5 2004 2004.5 2003.5 2004 2004.5
E | Ff [

B 1 —AFKEBAX T =ANT SRR AL RE R A A2 e
W3O0H MENERFEZHKMAEERCLHER. EG8NEY, BT ER54E 0 53R A FH RIE J0230+621,
J0231+628 1 J0235+622 ., HIRRMEAH 5 MSHMUEG: —MEMRE, UAENMBIRHWENETHE.
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MA=AREWNER TSR ERR, FfEEs HIEFEFNRBATT, KX
FEEIZY 1 ke 5Tt 254G BAT (DL S BEED) LI B RE A6 7 AR AR T ORI B i =465
BE. BORTEAR I AR R G2 3hp R BER B 1 ke s™1 LI DX 3 52 9 2 (1) 3 JBE 2k b s 0%
REHaH R, ry MO 8 SR T R A5 IR B2 B, RS 0 T S R TR R B B T 2 R
DIRGR R oN MB REA7, MHREYE Ba, Bl ieE T R E s B, &
REEFHEREAESCRITAR, XuFAWSEREAFSHEERIL Y, YR, XEHE
AR B WL SR HIE 5

5 BeSSel %1

2009 4E 2 E ) « The Astrophysical Journal » 7E[F] —HB&FET 555 &5 3ces 10-14] | 4
T 7R T A1 VLBA MM ARAS 8 10 KB H B I i XA i = A 250 i BE B DL &
EMNM =423, XEERIERY 0.7~5.9 kpe , & &l EAF A E] 0.006 mas . FEJ5 Reid
SN DR Y E 2B FH 18 2 B IR R R R B SR ]
REARMABFEHIMEZEE L ENZNFER /D, THEENE, MOERATHEES—
NRGIZG), X PEZ I E LA/ 16 ke s 24, BAXRALKTE EE
TAEHNE —HXREEEE R XY =423, F, @l XFekzs), ilam
H TR AR T R A2 B (B 5t BRI R A EE B L BT 9 220 ke s B, 24 250 km- s,
ML AR R REE R, RARIELING 1.5, XS5 RETCHE N SR R4
MZIEH— P ERREBOFHSBANEFRHFARTN RZWZIESH. KREEEERKX
BHEELANKES TR Z 318 15 k- s71, XEIRE KRB ERTE X 7] /8
HFHHWZEHAELENKE S SFHRIZESHE MG, A, Schonrich 4 A 10 &
FroAr TIKE A YR, MM UAETS By, B2 ZINF B KHEZShZ8E R KR
%2, RIS T IS8, NFNSEE, RREERERXH 15k s~ R E
RR4G/N, RAELkn s7' T, AREEZHMELS TR —PREXNEEREE KX E
EHHTE S8 R H A 7 AR R 32 3.

ERERME, SRR EERR XA REHRIZE), W Sama FA T RHT
—A4 60 km- s~ EEROHIED), T Xu AW HERT A EERONFEEEZES; B
—F T, FANZEIFEEEAR LM EERR, FEREXEEERET 2, X
R 2R 1 45 K R 32 By B — M A R D e I R R TR 2.

BT e T B 2 B, Rygl % A3 EVN WL 6.7 GHz FEERK B 3 A2
KB T —HRFEEEERXN =AM, BB X AKE (>1000) HEAH
ETH AT =AM 2N R R AT 280 B iRl

BAE, M Reid SMSFHANE LG T VLBA “ER2HIR” X, XNTHBIE
& FR A BeSSeL Survey (Bar and Spiral Structure Legacy Survey , Bl “JIZ€/R” &), B
2345 #ad 5000 h #5 VLBA MWLM EFE], TEHGL 5~6 4F P, HF&EFERGE L 20% /Y VLBA
R0 st ) P SR T 5t 500 A 7K ik AT Y R KPR TR . TR, VRARHBEMI, M AIHiRG T
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VLA, Green Bank Telescope fil Effelsberg 100 m £ 5 fL 85 # 14 300 h By XM BFE], dnik Bk
BRI RITES B RSCE ERE IR, HHEE XS TR R, BURHRE, KR
VLB =432 S AR i s i s, b U6 AR B A RO L By 20 A, XX 15 BEAF ST I
Yy B TE B AR UM AL VR R B E Y.

6 H AR REMER IR

6.1 VERA

VERA & HAZER %1 TH TR REMM BN =423 — T i TFRI™
HHRG TAHMSZ MR E, VERA &I T R BN B AREME SFEM T, EREA
HEBR R SARALIKIE. VERA M 7E H A5 51 4 4~ VLBI GU4R, HIEL 2 300 km |
T AR MR ARAL, FI7ER —RZISE B 2%, VERA B 4 DR UET 2002 4E 3 A
AL, 2002 4E 11 AR, BHATAIE, B8 T HMRERHE. Tt A AEZ
TR L5 TS A . VERA S50 REMAE MR HIRE

(1) W48 9T 2 P9 500 7K Bk EALBERK R B9 = 22, 2l 4RI R M = 4R ER

(2) X BRI B AT, EERBRRI RN RE =243 Y,

(3) M Mira AF RAIER, B HEANEELR.

VERA it — A W E B TAEZ I KBRS THEE M X 5269 (Sharpless 269)
B ZEBE RS, m I TE S269 2 N E R 2 30% A EY K 191 . VERA Ml VLBA
BT BRAH BSR4 A EAN R — AR, — 5, B e TR eI 25 R B, AT
DIMHE HEL, s B—m, BANTHRZEERKBPES, BN TZHFRR. T
M /& VLBA 5 VERA ({838 3¢

(1) REKHR (10: 4) 5

(2) REHER (25: 20 m) ;

(3) B FHELL (8 600 : 2 300 km) ;

(4) L HEHR (0~4 000 : 0 m) ;

(5) MLmiestE (AR - TR

(6) VERA [ DA [R] B 8 %5 S AT AR,  VLBA MUIAR%T.

BV RUL, R RMMIE T VLBA ZHE T VERA , 3 H VLBA B—1E1T T Z4EH
R, FRER RS, T EIE EC S8 VERA fELIR{E 10 mas, A% 5 mas 45,
6.2 7K VLBI ¥

— NEIER IR =AM ZER W E AR VLBI Wil B (East Asia VLBI Network , Ef
EAVN) . EAVN @i FHA, S§EMFEE, 454 F 6 000 km JEE A 19 &4 HE
mHRAK., HESTWEMNEA/NERE, LEEEFESEAST. B, 2R LXRERE
% B B KAy VLBI B, WA R8O T LA BIREE 106 ~ 107 K, 2012 48, iRk
W R K2 HZ) 65 m S EmE, MRXANHETEIMA EAVN , BT LI 6.7
GHz HEEFK R 1000 A, an R ABAR G- H I bR e B 2408, MHHRMIART &R 3 kpe PLN
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W RMIZF 2, DL AR R e 25 i R IR A AL G, O X MK/ B Bz 3R
AN, LA 5% e T 12 46 2 TR B X k52 3.

A4, BWAFILH LBA (Long Baseline Array) IETEZIX M 6.7 GHz HIBERK AT
ML, FAKZSEIRFERERSAERER, LBA TERFIRHR I RS 7 H ¥ A B KA.
F—J7H, LBA FIES EAVN K28R G 1E R AR IR b 42 55 I 50k B
6.3 GAIA

BN AL R SR B GATA (Global Astrometric Interferometer for Astrophysics) 7 ¥ 7E 2012
I, TE S a BYRTTEIE, GATA BEXT 4RI 2R N 52 T 20 mag #Y K2 10 A2 RAR#EAT M,
WEEMNEEMAE, MEERULTENEN, bR RER. S ILA % &
Hiz gh2E M i b e i m AR A, B8 GATA TAEFE G2 By, RiEM LKW
J6TCHERF ™ B B WL AE g LA S A BE . AR, ARG VLBIWRIAHSLE &, ERI#k
PR AEAR KRR LA B ehcsts, S rla OR 00 ) L 22 445 SR R 08 7 R 4R 4 T A (A1 T 16 X 3%t ot
WM FE T ER. BHET VLBI R ZN EEE L3 GAIA WHEIRKE, X GAIA >
Ut, HAWR IS IR A s 25X Flors B, 38 03X T FiOAS ] 38 B ORI 45 SR B XoF 1, M EAR
REE LRSI EMEE, HE2HFEES AT E 2T GAIA WHERKE, 5—J7
M, GAIA M SE R AT LIS S Z iy, A VLBIMEERMA KX AN, Nty
T8 HRG 2H B AR I AR A5

Wit EARR 10 2 PN, VLBI IPEERG BRI E 1 000 G EHEERX W =AME,
GATA NPRAS B AT HH R 2, G2 B 25 5, i OR Rt 22 ) L IE AT 4R
W R BB M U LB =223, HEE R HER e s th MmO B g2 5n, — D2 fy
FRT R = YR R 5 A Bz g B SRR e B e AT T HI
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Probing the Spiral Structure and Kinematics of the Milky
Way with VLBI Techniques

XU Ye

(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210009, China)

Abstract: A large project is being carried out by several groups throughout the world. The goal
is to reinforce the foundations of models of the spiral structure of the Milky Way by measuring
distances directly to regions of star formation across the Milky Way using VLBI techniques. The
way is to determine trigonometric parallaxes to strong maser sources, which are associated with
regions of star formation and their attendant HII regions. With accurate distances, one should
be able to determine the locations of the spiral arms, and produce an extensive map of the 3-
dimensional structure of bright material associated with young stars that define spiral structure.
In addition to distances, the project also yields excellent measurements of secular proper motions,
with accuracies of 1 km- s~!. Combining radial velocity measurements with proper motions (and
distances) yields full 3-dimensional velocities, relative to the motion of the Sun. Thus, through
this project, one will also determine the full kinematics of star forming regions in the Milky
Way, which will accurately define the rotation curve of the Milky Way and, in turn, its enclosed
mass as a function of Galactocentric radius. Finally, one should be able to show how material
in spiral arms actually moves, to characterize the occasional large kinematic anomalies (such as
in the Perseus Arm), and hopefully to understand why these anomalies occur. At present, the
preliminary results indicate that our galaxy is more massive and spins much faster than previously
thought.

Key words: structure of the Milky Way; masers; kinematics



