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Fig.1 Mid-infrared radiation of complex molecular clouds.
A three-color plot (Blue for 4.5 pm, Green for 8 um, Red for
24 pm) overlaid with Spitzr-IRAC and MIPSGAL data. The

range of values used in the data of the three bands is from
the smallest to the largest, and the proportion used is linear.

The white box represents the key areas of our subsequent
analysis. In addition, 4.5 um radiation includes both
extended radiation from star-forming regions and radiation

from background and foreground stars.
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Table 1 Basic information of sources
Source name l° b/° M /Mg
1 IRAS 19230+1506 50.28 —0.39 85
2 G050.3179-00.4186 50.31 —0.41 44
3 IRAS 1923241504 50.27 —0.44 50
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Table 2 Basic observation parameters of the

observed molecular line

Lines Frequency Tiys -~ HPBW dv
/GHz /K /" J(km-sTh)
2CO0  115.27 237 049 49 0.16
3CO 11020 143 054 51 0.17
C'®0  109.78 143 054 52 0.17
HCOT 8818 115 0.63 60 0.21
cs 97.98 120 0.64 55 0.18
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Fig.2 Integrated intensity plot of five molecular lines. The central position (0,0) is | = 50.28°; b = —0.45°. Speed integral range

10km-s~'< Vogr < 21 km-s™ !, Vigr is the radial velocity. Ab and Al are relative coordinates, and I is the integral intensity.

The name of each molecular line is given at the bottom of the panel. The contour lines are described in detail above. The three
white asterisks represent IRAS 1923041506, IRAS 1923241504 and G050.3179-00.4186.
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Fig.3 Velocity profiles of *>CO and '*CO molecular lines. The central position (0,0) is | = 50.28°; b = —0.45°. The velocity

range of Vigg is 10 to 21 km-s~'. The contour lines are based on the integral intensities of 12C0 and *CO.
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Fig.4 Molecular lines transition profiles of three sources. The molecular lines were obtained at the position of the C*®O

emission peak. The name of each source is given at the bottom of each panel. From top to bottom the lines are '2CO, *CO,
C*®0, HCO' and CS respectively.
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Table 3 Basic parameters of the molecular lines

TRAS 1923041506

TRAS 1923241504

G050.3179-00.4186

Lines Tb Vpeak AV Tb Vpeak AV Teb Vpeak AV
/K /Gmes™) /Gmes™) /K /(kmes™Y) /(kmes™!) /K /(kmesTt) /(kmesT)
200 176 16.3 4.4 9.0 14.8 3.8 7.9 13.5 4.1
BCco 3.7 16.2 3.7 3.7 14.7 2.8 3.3 13.4 2.6
c'*0 04 16.3 3.6 0.7 14.5 1.8 0.5 13.3 2.0
HCO'Y 1.3 16.3 4.1 0.3 14.4 3.1 - - -
cs 0.9 16.3 3.8 0.4 14.7 2.3 0.2 13.4 2.7
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Fig.5 Red/blue lobe outflow for IRAS 1923041506 of 2CO
molecular line. The black line is emission-peak position of
the C'®0, and the Tl,1, is magnified five times to facilitate
comparison with the *>CO molecular line. The blue line is
extracted from the peak of the blue lobe emission region.

The red line is extracted from the red lobe emission region.
The black vertical line represents the peak velocity of the
C'0. The shaded part of the figure indicates the velocity

range of the red/blue lobes.
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Table 4 Red/blue lobe velocity range of molecular outflow

IRAS 1923041506

IRAS 1923241504

G050.3179-00.4186

Lines Auvy Avy Auvy Avy Auvy Avy
Jkm-s™")  /(km-s7')  /(km-s7!)  /(kmes™)  /(km-s™')  /(kmesT!)
2Cco (11, 13.5) (19, 21) (11, 12.5)  (17.5, 19) (9, 11.5) (16.5, 19)
oo (12, 14) (18.5, 20) (11, 13) (16.5, 18)  (10.5, 12) (16, 17)
HCO™  (12.5,14) (18.5, 20.5) (- -) (- -) (- -) (- -)
CS (12.5,14)  (18.5, 20) -, -) (-, -) (-, -) (-, -)

21 Ah i B (0 0 I K T AR ROR BR > T =
o (R IE R R OIS 3100 Rtk FRATTRI A0 A B
WISE (Wide-field Infrared Survey Explorer)fEt
4.6 12122 pm B 8 K #dls, JF45 5C1807%)

Shttps://irsa.ipac.caltech.edu/Missions/iras.html.

62-7

T 2o B I BUE K AL E STRAS U R
Catalog2.13 >k T 1X 3N 1 A1 1) 3t o 0o B Bl Y.
7E E6-8H, FRATH 4 1 1 28 1 A 46 K B I 72
WISEM =t & b, 75 B F W 6 5Sbs o



63 & x

3

#

e 6

HELLCIBORT/RER L 1%, BICO% Tk 28 7 7l
TEIX3AN [X 355 HL 1) 48 99 de o (W) 07 B, B R 2
NIRASYE AL B, 48 J5 P AR ok 0 iy 1] op 2 5
AEAEAI A1 A O B B U, 4 W 4K 3 S 40 A R 2
HBEHCBOREHMEUEZES, WRESNZI
) AR FH S U % S R 20 A0 IR IR B . B
155 TIRAS 19230+1506. IRAS 19232415041
G050.3179-00.4186 1 4 [ 37t 38 F5 ¥ B, [F) B 45 1
T AR AL I AR 4y i R
3.3.1 IRAS 19230+1506

K6 (a)—(d)7r 7l 45 i TIRAS 19230-+15061]
1200, BCO. HCOTFICSS T4 iU A1 a3
SER). H A 2CO%) 11 £ W I R Y R 11
13.5km-s™t, 20 # & FE 0 Bl 41921 km st
BBCO% 1k 26 (1) W o B2 ¥ [ 912-14 k- s,
1 YRk 7 VG B 18.5-20 km - s~ . HCOTMICSAr T
T2 1 W PR B VO R 12,514 km - s, ZLHERSE
6 H18.5-20.5 km -s~'. MHCOTFICS%r T i £k
(LT /W 0 A R 25 T DUt 20 W O 5 A7 P AR
AN, JUVFESE - BIEES S, &R R
BRI PR AN — 2 R D 5 P ) B8 6 1) 25 T 43 o6
FERTEUAR, AT TG IE 5 HEIF A ) 3t B WU S5 4, —
2 R N4 T AN R I 5 ) AR B O AE A AR TR
lf), T A5 W 3 0 43 R 20 3 35 4 B2 B 7E — (2],
TR R BHCOT 43 73 287 B H (1) 90 19) Y
T FH LL T CS A 11 28 0 A1 m) a9 LR oK, L2
Pt 5 N 4E JE, 3006 TIRAS 192304150611 5,
HCO™ 7 1% 45 bb HAh3F 7 56 1& A 3R IR 1
AMFRARHE. W F AT LLE H, COr TR s
BRI B3 A B 5IRAS 19230+1506 1142 B A 1
7, ARRAE R ZETEE N, Fr AT 7 TAEIANIRAS
1923041506 Bt A& IX AN Al L A O BRI
3.3.2 IRAS 19232+1504

K7 (a)-(b)7r 5l 45 TIRAS 19232+15041]
RCOFBCOS F 15 22 19 UM A1 ) 3 45+, o
20057 28 1 0 e P YU N 11-12.5 km -s71,
ST 9 T VG 917.5-19 km - s, 13CO% T4
(10 R B Y R 1113 k- s, 40 MR Y
N16.5-18 km - s~ 1. AR AL AI 7 R PE Ab- AR T 1)
GEJ2. A E R I, 2CO4 T ik 4 m g AN IR

62-8

()3 3 LL B CO4r 7 e 28 1) K I HE 9 48 Ji2, X it
B2 COREIE BE A AH XS B i i A a9, 12 C OB
B PN B A SHECEE R A0 g 9L 1R () HC O FICS 43
Tk 28 R B R X AN IR AR Rl S5 A, R R AT
A J2 H T W0 23 B 18] AS A2 5 300 15 4R 15 e bl
BAK. MW 25 R LR H, CBO% Tk & iR
BE B A B 5IRAS 19232-+1504 1110 B A
% ABRAIERZEIEEAN, BT AATEE TAE A NIRAS
19232+ 15045t /21X /N FM AL T OO IR BT
3.3.3  (G050.3179-00.4186

K8 (a)-(b)4r Al 45 th T G050.3179-00.418611)
L2COMBCO% T ik 28 19 BB A 1) 3 &5 4. Jep
R2CO%) F i 26 1) 15 3% i Ya B OM9-11.5 km - s 71,
S 9 B T Y6 Bl oN16.5-19 km - s, 1BCO% T i
23 1WA I T Y L OM10.5-12 k- s, 40 MRS
JE 9 BBl 1617 km - s~ A A1 A 5 ) A I TR
J6-Z5 7 77 e A€ . TR RE AR X S R AR AR R BRI
FHCOTHICS o T 1 £ 1AM Im) i 45 44, JiR 1R mT g
A2 T IR 43 B 1) AS A2 5 B0 1S 2R 15 e b A
. MBI &5 BT DLE H, CBO% 1k 28 B iR
MR RO TAERSELL WM E, B
EWISEH; Bei@ i X Ik FE A E A, FrUHA N 4b )
W ABRBEAL T U A% 0.

3.4 SNENREVIIEMRRE D

T IX AN IR AR BE I, AT T 5
TIARSRANARIE S B2 8, R E
THEBEE Nigber U Mighes AR FE (S A
FRE A% 143 m a3 B AR X 3 B ) (Avione ) K
Liohes BN EPopes BNBEE obes B 15 B bt iope A
MU 6 BE (U Y6 ) Lnione). HR 48 1% 28 43 1 1
LAt F Uk B B S BUR SERS-TH. BT
L3N YR P P B S U I, TRAS 19230+
15061419t Hi 47 B 5 2 H035 ak Lb 55 40 9N R (1) 1,
Ut B Z U8 (0 N S sh R 2, ) Ah s A R
%, R R MR, XAR 4 TR B ok
(L H B B Miobe N LI FRTE J LA (K BRI (M =
2.0 x 10% kg); 35 Pope KZIN2.3 —26.1 M -km -
s™L DIHE Fione N2 N4.2—84.4x10% erg; 5l J15:1}
FRtione 2 N2.3—15.4x10* yr; LonZI N JLA% AT
Wl (Lo = 3.845 x 10% erg-s—1). Fikit5 FHEsh



63 & FAMREE: KB AR R R S AR I 3l ) A o 6 311

] YL AR S P B 2 8, 19 A W 5 20 JITLA &5 081 TEIH I 2 5. BCOsr Tl 28 11 51 45 3L 8 K T 53
FEASN B S H G a 2 . HR3FR oy F itk BT g R 0T R AR AN [

MIRAS 1923041506, IRAS 19232415044 SIS M E SRR E R AT AR
G050.3179-00.41863X 3™ Y 1) &b 17 i 40 38 2 H vh I3 F I EAL R AN ], B B ) DX 38AS [) i 3
ATLUE H, SR PR AR g RS EE .

Position /'
o
Position /'
o

10 12 14 16 18 20 22
-1
Visg/(km-s ™)

10 12 14 16 18 20 22
-1
Visg/(km-s™)

5

Position /'
o

Position /'
o

10 12 14 16 18 20 22
-1
Visg/(km-s ")

10 12 14 16 18 20 22
-1
Visg/(km-s™ )

(c) HCO* (d) Cs

K6 IRAS 19230+15065 FAMaiiniE K. B(a) 7 B2 CONFI A /WM INAR o s BE 18], 15 oW WISE= &, Hrhifta 4.6 pm. 4
N12 pm, AN22 pm. ZHHLEM30 (0 = 0.27 K -km - s~ ) FFUH A5 o N B KT b In. W Sbn i CT8OuREAH SUE AT B, H T A
SENIRASHINLE, S NIRASHEA R M. Kl (a) 4 B IERT I (a) 47 Bl 58 i Sk 7 1 B hr B - R T, 2SR RoRis i b LB R, 21 / T
3 PR S R B AT T Rk ) o k. ot T ERIFRA K ()8 AR EI(b) P COMEH L M80 (0 = 0.13 K- km - s~ M) FFUfL20 Ab K I
. Bl (c) hHCOT & M30 (0 = 0.14 K -km - s~ ) FFEE Lo K in. & (d)hCSIEfZM20 (o = 0.12 K-km -s~1) FFi4
LLO.50 g K.

Fig.6 The diagram of molecular outflow in IRAS 19230+1506. The left figure of panel (a) is the integrated intensity map of the
red/blue petals of the '*CO molecular line, and the background is the WISE three-color figure, where the blue is 4.6 um, the
green is 12 pm, and the red is 22 pm. The contours are drawn in steps of 5o starting at 3¢ (¢ = 0.27 K-km-s~'). The blue dot
marks the position where C*®O traces the dense core, the white pentagonal star is the position of the IRAS source, and the
green ellipse is the error ellipse of the IRAS source. The right figure of panel (a) shows the position-velocity figure along the
direction of the purple arrow in the left figure, the red line shows the center velocity of the source, and the speed range of the
red/blue petals is divided by dashed lines. The other subfigure representations are the same as in panel (a). The difference is
that the **CO contours of panel (b) start at 8¢ (¢ = 0.13 K-km -s™!) and increase in steps of 20. The HCO™ contours of panel
(c) start from 30 (0 = 0.14 K-km-s~') and increase in steps of 0. The CS contours of panel (d) start at 20 (0 =

0.12K-km-s™') and increase in steps of 0.50.
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Fig.7 The diagram of molecular outflow in IRAS 19232+41504. The panel (a) left is the integrated intensity map of the red/blue
petals of the '?CO molecular line, and the background is the WISE three-color figure, where the blue is 4.6 um, the green is
12 um, and the red is 22 pm. The contours are drawn in steps of 3¢ starting at 8¢ (¢ = 0.27 K-km-s™'). The blue dot marks
the position where C'®O traces the dense core, the white pentagonal star is the position of the IRAS source, and the green
ellipse is the error ellipse of the IRAS source. The panel (a) right shows the position-velocity figure along the direction of the
purple arrow in the left figure, the red line shows the center velocity of the source, and the speed range of the red/blue petals is
divided by dashed lines. The '*CO contours of panel (b) start at 50 (¢ = 0.13 K-km -s™') and increase in steps of o. The other

representations are the same as in panel (a).
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Fig.8 The diagram of molecular outflow in G050.3179-00.4186. The panel (a) left is the integrated intensity map of the
red/blue petals of the *>CO molecular line, and the background is the WISE three-color figure, where the blue is 4.6 um, the
green is 12 um, and the red is 22 pum. The contours are drawn in steps of o starting at 30 (0 = 0.27 K-km-s™"'). The blue dot
marks the position where C*®O traces the dense core, the white pentagonal star is the position of the G050.3179-00.4186. The
panel (a) right shows the position-velocity diagram along the direction of the purple arrow in the left figure, the red line shows
the center velocity of the source, and the speed range of the red/blue petals is divided by dashed lines. The "*CO contours of

panel (b) start at 50 (0 = 0.13 K-km-s™') and increase in steps of 0. The other representations are the same as in panel (a).
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# 5 IRAS 19230+15065 TN AIIIES B
Table 5 Physical parameters of molecular outflow in IRAS 1923041506
. Nlobe Mlobe <Avlobe> Llobe Hobe Elobe tlobe Lm(lobe)
Lines  Lobe
/(10*° em™?) /Mo /(km-s™')  /pc /(Mo -km-s7') /(10" erg) /(10"yr) /Lo
blue 2.3 2.7 3.2 0.7 8.6 30.4 11.2 2.2
12CO
red 3.3 3.6 3.1 0.5 11.2 35.3 8.3 3.5
blue 20.6 8.7 3.0 0.6 26.1 84.4 9.4 7.3
ISCO
red 15.3 9.5 2.7 0.5 25.7 68.4 8.3 6.7
blue 15.9 4.9 2.8 0.7 13.7 42.5 15.4 2.3
HCO™*
red 20.4 6.3 2.5 0.6 15.8 43.5 11.9 3.0
s blue 14.5 3.4 2.6 0.4 8.8 24.1 8.8 2.3
red 12.6 2.9 2.2 0.5 6.4 14.8 8.2 1.5
# 6 IRAS 19232415045 TR AR S B
Table 6 Physical parameters of molecular outflow in IRAS 1923241504
. Nlobe Mlobe <Avlobe> Llobe Plobe Elobe tlobe Lm(lobe)
Lines Lobe
/(10*em™) /Mo /(km-s™')  /pc /(Mo -km-s™') /(10" erg) /(10"yr) /Lo
blue 2.1 1.5 2.1 0.7 3.2 11.4 13.1 0.7
12CO
red 2.7 2.3 2.6 0.7 6.0 16.8 8.2 1.6
blue 13.4 6.4 2.0 0.6 12.8 24.3 13.2 1.5
ISCO
red 10.9 5.3 2.1 0.5 11.1 21.7 10.1 1.8
7 G050.3179-00.4186 3 FHNEREVIES
Table 7 Physical parameters of molecular outflow in G050.3179—-00.4186
. Niobe Miobe <Avlobe> Liobe Piobe Eiobe tiobe Lm(lobe)
Lines Lobe -
J10%® em™2) Mo [(km-sT')  fpe  [(Mo-km-s)) /(10 erg) /(10'yr) /Lo
blue 1.4 0.9 2.6 0.8 2.3 4.2 3.4 1.0
1200
red 1.3 0.7 2.7 0.7 1.9 2.6 2.3 0.9
blue 10.4 5.8 1.4 0.7 8.1 15.1 6.9 1.8
IBCO
red 9.8 3.6 1.6 0.6 5.8 11.5 5.8 1.6

FATE FRTHE H 2 CO 5B COM Ak A i
. BIfE. AR BB AR DL RAUROL 2
M E A )5 B X A o, @) s K
LA P COS5 P CO T AT FE R A S AR
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Fig.9 Physical parameter distribution diagram for the molecular outflow. The red and blue lobes are distinguished by color in
the drawing. The abscissa gives the names of the three sources and the ordinate gives the names and units of the parameters of

the physical quantities.
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Dynamic Properties of a Massive Star Formation Complex

ZHOU Yu-xin®? XU Ye** ESIMBEK Jarken®*° LIU De-jian® ZHOU Jian-jun®#5
HE Yu-xin>*®* WU Gang?*® LI Guang-hui®®

(1 School of Physical Science and Technology, Xinjiang University, Urumgqi 830046)
(2 Xingiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)
(8 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)

(4 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210023)
(5 Xingiang Key Laboratory of Radio Astrophysics, Urumgqi 830011)

AsstracT Stars are formed in molecular clouds. Molecular outflow is an important dynamic feature
of star formation and an important entry point for the study and understanding of star formation. Us-
ing the 13.7 m millimeter wave telescope of Delingha, Qinghai Observation Station of Purple Mountain
Observatory, we used five molecular line probes (including 2CO, ¥CO, C*®*O, HCOT J =1 — 0 and CS
J =2—1, J is the quantum number of angular momentum). A massive star formation complex containing
three sources IRAS 1923041506, IRAS 1923241504 and G050.3179-00.4186 were been mapped. Through
the analysis of the above molecular spectral line data combined with infrared band sky survey data, we
detected the molecular outflow activity for the first time in the three sources, and identified the central
driver of the molecular outflow. Finally, the physical parameters related to the outflow is calculated for
the three sources, and the relationship between these physical parameters is analyzed. The results show
that the properties of the outflow is closely related to the properties of the central driving source.

Key words stars: formation, ISM (interstellar medium): clouds, ISM: molecules, ISM: stars
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Fig. 10 Red/blue lobe diagram of molecular outflow in IRAS 19230+1506. The black line is emission-peak position of the C'®0O,
and the T, is magnified five times to facilitate comparison with the *2CO molecular line. The blue line is extracted from the

peak of the blue lobe emission region. The red line is extracted from the red lobe emission region. The black vertical line
represents the peak velocity of the C'®O. The shaded part of the figure indicates the velocity range of the red/blue lobes.
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Fig.11 Red/blue lobe diagram of molecular outflow in IRAS 192304-1504. The black line is emission-peak position of the C**0,
and the T, is magnified five times to facilitate comparison with the *2CO molecular line. The blue line is extracted from the
peak of the blue lobe emission region. The red line is extracted from the red lobe emission region. The black vertical line

represents the peak velocity of the C'®O. The shaded part of the figure indicates the velocity range of the red/blue lobes.
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Fig. 12 Red/blue lobe diagram of molecular outflow in G050.3179-00.4186. The black line is emission-peak position of the
C'80, and the T, is magnified five times to facilitate comparison with the *?CO molecular line. The blue line is extracted from

the peak of the blue lobe emission region. The red line is extracted from the red lobe emission region. The black vertical line

represents the peak velocity of the C*®¥0O. The shaded part of the figure indicates the velocity range of the red/blue lobes.
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Fig. 13 We divided the five kinds of molecular lines in the observation area into a spectral contour map according to each angle,

each line frame represents a corner, and the relative coordinate system is used to correspond to the above. Panels (a)—(e) are
2c0, ¥Co, C'®0, HCO™' and CS molecular lines respectively.
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