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Table 1 List of performance of PMO 13.7 m radio telescope and CO molecular transitions parameters

Lines Frequency/GHz ~ Tiys/K  nuw» HPBW/” dV/(km-s7')
12C0(1-0) 115.271 250-300 0.49 49 0.159
13C0(1-0) 110.201 150-200  0.54 51 0.166
C'®0(1-0) 109.782 150-200 0.54 52 0.166
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2http://www.iram.fr/IRAMFR/GILDAS
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Fig.1 The histograms of the physical parameters towards the IRDC clumps: (a) excitation temperature Teyx, (b) clumps mass
Meiump, (c) radius R, (d) optical depths of the **CO lines T1s¢, (e) optical depths of the C'®O line To1s,. These peak optical
depths are derived from the GILDAS built-in “Gaussion” fitting method. The clump mass and radius are from Urquhart et all2l,
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Table 2 Properties of outflow clumps

Visr/ Vo/ Vi/
Source name T 1 .
(km-s7) (km-s7) (km-s™)
AGALO031.946+00.076 92.5 (89, 93) (98, 102)
AGAL031.9714-00.061 95.0 (98, 100)
AGALO031.982+00.064 959 (89, 93) (100, 103)
AGAL032.007+00.062  95.1 (87, 91) (100, 103)

Note: In AGAL031.971+00.061 clump, we only detected the
red lobe outflow, and the blue lobe outflow could not get a
clear distribution of the outflow due to the strong interfer-

ence from the left radiation.
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(a) Analysis diagram of outflow of AGAL031.946+00.076. The blue contour represents the outflow blue petal, the red contour
represents the outflow red petal, and the step size of the contour is 50%, 70%, 90% and 95% of the peak value (4.7 K).
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(b) Analysis diagram of outflow of AGAL031.9714-00.061. The blue contour represents the outflow blue petal, the red contour
represents the outflow red petal, and the step size of the contour is 68%, 70%, 72% and 75% of the peak value (4.6 K).

2 AR RIS FIRR AR R T BT EIRAE B SN O A R A E R L, B, B, AOR0R13.7 mi B EIE G
M2 CO, P COLLRC O T 5Lk, HANR T NIRRT, BAARV AR, 15 R0 Fom SR NAL U (X 18], 20 C B RE 6 oy B L
PAMR IR X 0, Herpi R id T s ANEIE R . AT R EDS: SAMRRI A OL, Heh R EICT S ORI SR EE R

Fig.2 Analysis diagram of outflow for four sources with detected outflow. The left panels of each subgraph are: the molecular
spectral lines of *2CO, *CO and C'®0 of 13.7 m radio telescope in the center of outflow with black, blue and red lines. The
ordinate Ty,p is the beam temperature and the abscissa V' is the velocity. The blue shaded part is the velocity range of blue lobe
outflow, and the red shaded part is the velocity range of red lobe outflow, in which the spectral lines are smoothed by five

channels. The right panels of each subgraph are: distribution of outflow, the base map is the integral map of C*®O.

35-7



63 & KX ¥R 3 3]

—— C'80(1-0)
—— 13¢c0(1-0)
— 12C0(1-0)

-1 0 1
70 80 90 100 110 120 INT4

(c) Analysis diagram of outflow of AGAL031.982+4-00.064. The blue contour represents the outflow blue petal, the red contour
represents the outflow red petal, and the step size of the contour is 50%, 70%, 90% and 95% of the peak value (4.5 K).
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(d) Analysis diagram of outflow of AGAL032.007+00.062. The blue contour represents the outflow blue petal, the red contour
represents the outflow red petal, and the step size of the contour is 80%, 85%, 90% and 70%, 75%, 80% of the peak value (5.4 K)
for the blue petal and red petal respectively.
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Study on the Properties of Molecular (Gas Clumps in IRDCs

BERDIKHAN Dildal? ESIMBEK Jarken®*® XU Ye® LIU De-jian® ZHOU Jian-jun®%°
HE Yu-xin®*5% ZHU Chun-hua! LI Guang-hui®**5
(1 School of Physical Science and Technolohy, Xinjiang University, Urumgqi 830046)

(2 University of Chinese Academy of Sciences, Beijing 100049)

(8 Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)

(4 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Urumqi 830011)

(5 Xingiang Key Laboratory of Radio Astrophysics, Urumgqi 830011)
(6 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)

Agstract Using the observation data of *2CO(1-0), *CO(1-0) and C**O(1-0) lines, and combined with
the observation results of ATLASGAL (The APEX (Atacama Pathfinder Experiment) Telescope Large
Area Survey of the Galaxy) dust continuum survey, the physical properties and kinematic characteristics
of clumps have been studied in nine infrared dark clouds (IRDCs) in detail. Velocity range of infrared dark
clouds are given. It is showed that the Spitzer 8 um radiation background corresponding to the infrared
dark cloud is superimposed with the *CO(1-0) and C'¥O(1-0) integral intensity distribution map basically
consistent with the outline of the infrared dark cloud. Eight of the nine IRDCs present the filamentary
structure. Totally, with 51 identified dense clumps in these infrared dark clouds, most of these clumps with
large masses gather at the hub of infrared dark clouds. The obvious bimodal structure is shown in the mass
statistical histogram, which further confirms the picture of matter transport in a fibrous molecular cloud.
The typical excitation temperature distribution of CO in these clumps is between 10 K and 15 K. We find
three clumps with blue profiles and five clumps with red profiles. There are 17 in different evolution stages
associated with outflow candidates, so outflow should be common in clumps. The higher detection rate of
outflow in MSF (Massive Star-Forming) and YSO (Young Stellar Object) clumps may indicate that the
accretion in the process of star formation may increase with the evolution stage of star formation in the
clumps. All of these clumps are gravitationally bound and tend to collapse. All clumps meet the basic
physical conditions for the formation of massive stars. These early stage massive star-forming clumps at
different evolution stages are ideal targets to study the massive star formation.

Key words stars: formation, ISM: clouds, ISM: molecules, ISM: stars
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of MSXDCG28.37+0.07. Top: the
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integrated intensity map

sion, and the step size of the con-
tour is 656%, 75%, 85% of the peak
value (32.7 K). Middle: **CO in-
tegrated intensity map overlays
on Spitzer 8 um emission, and
the step size of the contour is
75%, 85%, 95% of the peak value
(55.6 K). Bottom: Average spec-
tral lines of C*®O (red) and **CO
(blue) of infrared dark cloud.
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(b) The integral intensity map-
s of MSXDCG28.53-0.25.
the C'®0 integrated intensity map

Top:

overlays on Spitzer 8 um emission,
and the step size of the contour
is 60%, 70%, 80%, 90% of the
peak value (26.3 K). Middle: **CO
integrated intensity map overlays
on Spitzer 8 um emission, and the
step size of the contour is 55%,
70%, 80%, 90% of the peak value
(62.4 K). Bottom: Average spectral
lines of C*®0 (red) and **CO (blue)

of infrared dark cloud.
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(c) The integral intensity maps
of MSXDCG30.774-0.22. Top: the
C'®0

overlays on Spitzer 8 pm emis-

integrated intensity map

sion, and the step size of the con-
tour is 50%, 70%, 80%, 95% of the
peak value (9.0 K). Middle: **CO
integrated intensity map overlays
on Spitzer 8 um emission, and
the step size of the contour is
75%, 85%, 90% of the peak value
(22.1 K). Bottom: Average spec-
tral lines of C**O (red) and **CO
(blue) of infrared dark cloud.
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Fig.5 The CO integral intensity maps of FUGIN project of 9 IRDCs (a)—(i). The “4” marks the centres of the clumps. The

beam size is showed in the bottom-left corner of each diagram.
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(d) The integral intensity maps of
MSXDCG30.97-0.14. Top: the C'¥0
integrated intensity map overlays on
Spitzer 8 pm emission, and the step
size of the contour is 50%, 70%, 80%,
90% of the peak value (14.3 K). Mid-
dle: '3CO integrated intensity map
overlays on Spitzer 8 um emission,
and the step size of the contour is
70%, 75%, 80%, 90% of the peak val-
ue (20.7 K). Bottom: Average spectral
lines of C**0 (red) and **CO (blue) of

infrared dark cloud.
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(e) The integral intensity maps of M-
SXDCG31.03+0.26. Top: the C'¥0O
integrated intensity map overlays on
Spitzer 8 pm emission, and the step
size of the contour is 50%, 60%, 70%,
80% of the peak value (14.1 K). Mid-
dle: CO integrated intensity map
overlays on Spitzer 8 pm emission,
and the step size of the contour is
75%, 80%, 90% of the peak value
(44.8 K). Bottom: Average spectral
lines of C'®0 (red) and *CO (blue)

of infrared dark cloud.
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(f) The integral intensity maps of MSXDC
G31.2340.05. Top: the C'®0 integrated inten-
sity map overlays on Spitzer 8 pm emission,
The speed ranges are 73-77 (green contour),
101-107 (pink contour), 105-113 (blue con-
tour), the step size of the contour are 60%,
70%, 80%, 90% (green contour), 60%, 70%,
80%, 90% (pink contour), 50%, 70%, 80%,
90% (blue contour) of peak 12.0, 18.2 and 25 K
respectively. Middle: '*CO integrated inten-
sity map overlays on Spitzer 8 pm emission,
the step size of the contour are 70%, 80%,
90% (green contour), 60%, 70%, 80%, 90%
(pink contour), 60%, 70%, 80%, 90% (blue
contour) of peak 35.7, 71.2 and 73.1 K respec-
tively. Bottom: Average spectral lines of C*¥0O
(red) and **CO (blue) of infrared dark cloud.
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(g) The integral intensity maps of M-
SXDC G31.9740.07. Top: the C'®*0O
integrated intensity map overlays on
Spitzer 8 pm emission, and the step
size of the contour is 70%, 80%, 90%
of the peak value (20.4 K). Middle:
BCO integrated intensity map over-
lays on Spitzer 8 pm emission, and
the step size of the contour is 40%,
60%, 70%, 80%, 90%, 95% of the
peak value (77.5 K). Bottom: Average
spectral lines of C*#0 (red) and **CO
(blue) of infrared dark cloud.
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(h) The integral intensity maps of

MSXDCG33.69-0.01. Top: the C'™O
integrated intensity map overlays on
Spitzer 8 pm emission, and the step size
of the contour is 60%, 70%, 80%, 90% of
the peak value (23.7 K). Middle: '*CO
integrated intensity map overlays on
Spitzer 8 pm emission, and the step size
of the contour is 45%, 65%, 75%, 85%,
95% of the peak value (31.2 K). Bottom:
Average spectral lines of C*®*O (red) and
13CO (blue) of infrared dark cloud.
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(i) The integral intensity maps of M-
SXDCG34.43+0.24. Top: the C'™O
integrated intensity map overlays on
Spitzer 8 pm emission, and the step
size of the contour is 70%, 80%, 90%
of the peak value (24.3 K). Middle:
BCO integrated intensity map over-
lays on Spitzer 8 pm emission, and
the step size of the contour is 40%,
50%, 70%, 80%, 90% of the peak val-
ue (83 K). Bottom: Average spectral
lines of C*®O (red) and *CO (blue)

of infrared dark cloud.
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Fig.6 '2CO, *CO, and C'®0 spectra of each clump (using the data from FUGIN sky survey). For each plot, the lines of 2C0,
13CO0, and C*®O are coloured black, blue, and red, respectively. Green parallel dashed lines show the 3¢ threshold of main-beam

efficiency corrected data. Blue lines show the fitted centre velocities of **CO, and green vertical dashed lines show the fitted

centre velocities of C'®0 for each clump. The source name and evolutionary stages are labelled at the top right.
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Table 3 Physical properties of ATLASGAL clumps

ATLASGAL source e b/° Assosiation  R/pc  1g(Mciump/Mo)
AGALO028.3414+00.142  28.341 0.142 YSO 0.21 2.18
AGALO028.344400.061 28.344  0.061  Protostellar  0.85 3.63
AGALO028.3544+-00.072 28.354  0.072 Quiescent 0.70 3.30
AGALO028.3544-00.102 28.354  0.102  Protostellar  0.55 2.97
AGAL028.361400.054 28.361  0.054  Protostellar  0.88 3.69
AGAL028.364+00.121  28.364 0.121 Quiescent 0.46 2.82
AGALO028.374+00.054  28.374 0.054 Quiescent 0.18 2.85
AGALO028.3844+-00.066 28.384  0.066 YSO 0.21 2.40
AGALO028.388+00.037 28.388  0.037 Quiescent 0.21 2.78
AGAL028.3984+00.081 28.398  0.081 MSF 1.18 3.52
AGALO028.418400.141 28.418 0.141 YSO 0.21 2.41
AGALO028.526-00.251  28.526 —0.251 Protostellar  0.48 3.07
AGAL028.536-00.279  28.536 —0.279  Quiescent 0.53 3.15
AGAL028.539-00.269  28.539 —0.269  Quiescent 0.18 3.24
AGAL028.541-00.237  28.541 —0.237 Protostellar  0.34 3.10
AGAL028.564-00.236  28.564 —0.236 nan 1.92
AGAL030.7564-00.206  30.756  0.206 YSO 1.38 3.40
AGALO030.783400.276  30.783  0.276  Protostellar  0.40 2.97
AGALO030.786+00.204 30.786  0.204 MSF 0.65 3.14
AGAL030.971-00.141  30.971 —0.141 MSF 1.60 3.61
AGALO031.2084-00.101  31.208 0.101 YSO 0.48 2.47
AGALO031.221400.021  31.221 0.021 YSO 0.25 2.77
AGALO031.2394-00.062 31.239  0.062  Protostellar  0.95 3.18
AGALO031.2544-00.057 31.254  0.057 Quiescent 0.25 2.91
AGALO031.2684-00.077 31.268  0.077  Protostellar  0.80 3.22
AGALO031.2814+00.062 31.281 0.062 MSF 1.55 3.65
AGALO031.288+-00.084 31.288 0.084 Quiescent 0.63 3.45

35-19



63 % KL ¥R 334

®3 &
Table 3 Continued
ATLASGAL source l/° b/° Assosiation  R/pc  lg(Maump/Mo)

AGALO031.9464+00.076  31.946 0.076 Quiescent 0.50 3.48
AGAL031.971400.061 31.971  0.061 YSO 0.75 3.36
AGALO031.9824+00.064 31.982  0.064 Quiescent 0.25 3.02
AGAL032.0074-00.062  32.007  0.062 YSO 1.16 3.67
AGAL032.0194+-00.064 32.019  0.064 YSO 1.03 3.65
AGAL032.0444-00.059 32.044  0.059 MSF 1.63 3.77
AGAL033.623-00.032  33.623 —0.032 Protostellar  1.32 3.66
AGAL033.633-00.022  33.633 —0.022 MSF 0.76 2.93
AGAL033.638-00.034  33.638 —0.034 YSO 0.79 3.36
AGALO033.651-00.026  33.651 —0.026 YSO 1.42 3.46
AGALO033.656-00.019  33.656 —0.019 YSO 0.31 2.67
AGAL033.659-00.029  33.659 —0.029 YSO 1.51 3.62
AGAL033.684-00.021  33.684 —0.021 YSO 1.07 3.71
AGAL033.698-00.009  33.698 —0.009  Quiescent 0.82 3.78
AGALO033.713-00.012  33.713 —0.012 Quiescent 0.44 3.62
AGAL033.723-00.017  33.723 —0.017  Quiescent 0.60 3.39
AGALO033.739-00.021  33.739 —0.021 Protostellar  1.92 3.72
AGALO033.744-00.007  33.744 —0.007 YSO 1.20 3.78
AGAL033.756-00.002  33.756 —0.002  Quiescent 0.31 3.39
AGALO034.326+00.181 34.326  0.181  Protostellar  0.07 1.84
AGALO034.376+00.236  34.376  0.236  Protostellar  0.07 2.30
AGALO034.3914+00.214  34.391 0.214 nan 0.39

AGAL034.4014+-00.226 34.401  0.226 MSF 0.30 2.72
AGAL034.411400.234 34.411  0.234 YSO 0.29 2.59
AGAL034.4214+00.236  34.421 0.236 nan 0.41

AGALO034.459+00.247 34.459  0.247  Protostellar ~ 0.48 2.53

Note: The name, coordinate, evolutionary phase, mass and radius of the clumps are from
Urquhart et al.?! In this paper, we continue to use the name, classification, mass and radius

of the clumps in this table.
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