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98 = S � � 53 ��6lTk�l8Pk�l8TGj3�L�jp�7�2k[ 3 >�M{	YbTA�0���x�-L CH3OH 0 SiO :&}fekfY�[�S�0[$>{	YbekfL [6]. CG�&pk[${	T��x�OqN2=T9S���o(�x���L)N{	J.k�l8$�OF℄TGj3GL'T_��U=�tk 13Gn%9{�6l����W) SiO J=2-1, C34S J=2-1 0 CH3OH JK = 2K − 1K xbT	/DfT�0�
2 6������1 13 Gn%9{�6l�6��U=T��n6 3.0 kpc. 2=79S (H2O G CH3OH) 0 UC H ii l6s (# 1), ����� Sun W [7] TRZ�^q�� AFGL 5142 0 AFGL 4029 T�0�!./T� Snell W [8] RZqT�!������ Harju W [9](=CbtL H 98) k SiO $���T	���� 1 x�=XmI:d'VCB$&(�[℄V
Table 1 Observed sample and the RMS levels of each line after channel smoothing

Source R.A. Dec. CH3OH(2-1) C34S (2-1) SiO (2-1)

(2000) (2000) RMS(K) RMS(K) RMS(K)

G123.07-6.31 00:36:47.51 +63:29:02.1 0.029 0.026 0.027

W3Main 02:25:39.45 +62:05:49.2 0.025 0.020 0.036

W3(OH) 02:27:04.69 +61:52:25.5 0.028 0.024 0.018

AFGL4029 03:01:32.30 +60:29:11.8 0.028 0.023 0.019

AFGL5142 05:30:45.60 +33:47:51.6 0.029 0.026 0.014

S231 05:39:12.91 +35:45:54.1 0.037 0.028 0.019

S235 05:40:53.32 +35:41:48.8 0.031 0.027 0.017

S252A 06:08:35.41 +20:39:03.0 0.030 0.024 0.012

S255 06:12:53.72 +17:59:22.0 0.034 0.022 0.013

IRAS20126+4104 20:14:25.80 +41:13:33.0 0.031 0.024 0.021

W75N 20:38:36.93 +42:37:37.5 0.033 0.034 0.017

BFS11-B 21:43:06.68 +66:07:04.1 0.027 0.026 0.027

Cep-A 22:56:18.14 +62:01:46.4 0.025 0.025 0.018�0�N 2010 R 4 Hr�T��/T�0
���n�<R4i'�0Y 13.7 mJC~�# 2 ,>)/2�0YbTV6��/ 500 MHz J�T�)� !�EVY' (FFTS), k CH3OH 0 C34S Ybr�)A�0�[$>Yb8N\�J�h�JTV6
aL[B 20-10 E FaT{gV6 96744.5490 MHz. 500 MHz J�T
FFTS �2 0.031 MHz TV6{ 6�k. CH3OH 0 C34S YbV6�T)f{ 6L
0.095 km · s−1. SiO Yb�0./T=i
���!VY' (AOS), 2 1 024�R�V6{ 6L 0.042 MHz, k. 0.144 km · s−1 T)f{ 6�JC~Tfjxf+6 9′′. ��p�./T�!�TV'7p�u��0SOT�(yy&G`�^T<bOf�T ∗

A .JC~T'�GnE 60′′, k.U=��T����{ Tb=fL 0.20 pc O 0.87 pc.JC~ZDTTa�0fj�&< 2 h kvK.t!��T�0�a3��0I��N



2 ℄ . �X�Ip';}�8n��Il5V�0Eh%� 99l`mI��k<�N��TK{^EL 20 m, [�	G,{�MFO��	T/Df�����./T� GILDAS T�d��kG,{Ybr�T�"ib�HbP5�%Yb./)	DHbP5�L):	YbTzQ��U=kYbr�)�RW���t CH3OH � C34S 0 SiO T)f{ 6{%L 0.378 km · s−1 � 0.380 km · s−1 0
0.576 km · s−1. # 1 {%,>)<>Yby&�RW�=FOTQ�!W�Q RMS.� 2 5�(Xm

Table 2 Observed lines

Line Species Transition Rest Frequency Tsyst

(MHz) (K)

1 CH3OH 2−1 - 1−1 E 96739.3630 130

2 CH3OH 20 - 10 A 96741.3770 130

3 CH3OH 20 - 10 E 96744.5490 130

4 CH3OH 21 - 11 E 96755.5070 130

C34S 2-1 96412.9610 130

SiO 2-1 v=0 86847.0100 210

3 G9>P
3.1 7WE 1 W�)/22700W70TYb�[�U=a*zQ�j�FO 3 L270�N 9 l8q� CH3OH � C34S 0 SiO 3 >YbA270� C34S 0 SiO T!Y℄�>K	"6{g2F℄T�b+9℄�[�M�)[rYb�Gj37+T�ÆYb�v CH3OH YbTb+9℄�fI?�L�,{�T CH3OH TYb��~t℄�)f�Tb+�0^�N� S 231 0 W75N q�16[rYb�ÆT�{	J.Tk�,{��tot�2=�ÆTGj3���Gj3Tk�,{�\"*�U=eWA/^2T	)`;�ÆYbT6E�0��_[r{	YbkGj3T70M!�U=kYbr�)	"P5�# 3 ,>)P5Tj#����eef (T ∗

A) �by)f (Vlsr) 0b��k 13 �qT 12 ��j�2"FaT[B���70O2G6
3σ Tz-�^q�W3 Main ℄�>z4-mT70�/2�q70O C34S ���-C� 3>Ybq706�	T�N[r�70OT�q�BFS 11-B �T CH3OH0 C34STYbb�z4TU�

SiO (2-1) xbqN 9 �q�70O�^q� S 255 � S 252A 0 S 235 �v70OT��2=Tefekf��{%i2 8σ � 6σ 0 4σ. [r�N H 98 T����q:2�70O� H 98 �0TYbT)f{ 6L 1.37 km · s−1, k[ 3 �TQ�!W{%L 0.04 K � 0.02 K 0 0.03 K, ek6���TQ�!W	7n�16[ 3 >{	Yb�7+T	)k�`;T�Æ�A��M�Gj3GL'T�Æ�-C���T	706�)���qG,{��6Gj3ij�CH3OH0
C34S Tb�L 3 km · s−1 �5�L� SiO YbTb�G6 5 km · s−1. 3 >Ybb�Tl
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F 1 14�2V[d	14BV|h+he�X&Q+ 0, S ∆V =0 km · s−1

Fig. 1 All spectra observed in this study. For each source, its rest velocity is plotted as ∆V =0 km · s−1%�M�) SiO ��7�	)T`;6s�G��Æ7Gj3Ls��tTl8�
3.2 u�g+��R+<}`0+# 4 {%,>) SiO � CH3OH � C34S 0 H2 Tz�f�z�fTW,�H6!Æ�0�,xbW8T\
�&\
 SiO TC}OfL 40 K, C34S TC}OfL 20 K. k6!Æ�T{	Yb��MTTz�f Nu TW,#F�L [2,10],

Nu =
8kπν2

hc3

1

Aul

∫

TMBdv. (1)^q Aul ��-"6�s��Z�� ν � J=u-l MTFaTV6� ∫

TMBdv �YbTK{ef�KNL K · km · s−1. �MTTz�f Nu 7�z�f�&T{)� Q(T ) "Z_��k6 =	{	�Q(T )t#�)#FL Q(T ) = KT/hB,^q B ���4�� SiO0 C34S T��4�{%L� B =21787 MHz 0 24103 MHz [11]. SiO z�fTW
eL
2.52×1014 cm−2. Klaassen W [2] �&k 23 Gn%9{�6l�� JCMT T SiO (8-7)�0�W,SO SiO z�fTW
eL ∼1014 cm−2, 7U=Tj#�f�#�
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Table 3 Gaussian parameters of the detected lines with their 1σ errors

Source Line CH3OH C34S SiO

Vlsr Width T
∗

A
Vlsr Width T

∗

A
Vlsr Width T

∗

A
(km · s−1) (km · s−1) (K) (km · s−1) (km · s−1) (K) (km · s−1) (km · s−1) (K)

IRAS 1 -3.48(0.37) 3.23(0.84) 0.08(0.04) -3.93(0.15) 3.14(0.31) 0.11(0.02) ... ... ...

-20126 2 -3.18(0.23) 3.21(0.56) 0.11(0.03)

W75N 1 9.22(0.04) 3.40(0.09) 0.79(0.04) 9.47(0.03) 3.11(0.07) 0.78(0.03) 11.20(0.22) 8.32(0.61) 0.16(0.02)

2 9.25(0.03) 3.59(0.07) 1.09(0.04)

3 9.16(0.38) 4.79(0.38) 0.34(0.04)

4 9.24(0.15) 3.16(0.37) 0.16(0.03)

BFS11 1 -10.30(0.23) 1.78(0.79) 0.09(0.07) -10.14(0.08) 1.07(0.20) 0.12(0.04) ... ... ...

-B 2 -10.19(0.12) 1.26(0.40) 0.13(0.07)

CEP-A 1 -10.27(0.38) 3.36(0.38) 0.25(0.04) -10.39(0.05) 3.53(0.14) 0.36(0.03) ... ... ...

2 -10.51(0.38) 4.97(0.38) 0.37(0.04)

3 -9.79(0.38) 4.28(0.38) 0.08(0.02)

G123.07 1 -17.40(0.38) 3.13(0.38) 0.88(0.13) -17.45(0.04) 2.36(0.10) 0.39(0.03) -16.67(0.16) 4.75(0.61) 0.22(0.05)

-6.31 2 -17.30(0.02) 3.06(0.05) 1.19(0.04)

3 -16.51(0.25) 7.12(0.59) 0.18(0.03)

4 -17.54(0.22) 2.74(0.61) 0.10(0.04)

W3 1 -46.49(0.05) 3.68(0.13) 0.56(0.04) -47.10(0.03) 4.27(0.07) 0.72(0.02) -46.70(0.19) 5.01(0.43) 0.17(0.03)

-(OH) 2 -46.56(0.04) 4.54(0.11) 0.78(0.03)

3 -46.34(0.09) 4.85(0.24) 0.31(0.03)

4 -46.78(0.17) 4.77(0.44) 0.17(0.03)

S255 1 7.18(0.04) 2.46(0.11) 0.58(0.05) 7.30(0.01) 2.09(0.03) 1.06(0.03) 7.86(0.14) 2.78(0.35) 0.11(0.03)

2 7.25(0.03) 2.32(0.06) 0.88(0.04)

3 7.33(0.08) 2.70(0.23) 0.29(0.04)

4 7.17(0.22) 2.54(0.60) 0.11(0.05)

S252A 1 8.98(0.08) 2.25(0.23) 0.25(0.05) 9.06(0.05) 2.34(0.12) 0.30(0.03) 9.25(0.26) 3.76(0.65) 0.07(0.02)

2 9.00(0.06) 2.87(0.16) 0.36(0.04)

3 9.24(0.37) 3.30(1.46) 0.08(0.05)

AFGL 1 -3.64(0.06) 3.32(0.17) 0.36(0.03) -3.34(0.06) 2.53(0.14) 0.24(0.03) -3.24(0.36) 8.32(1.03) 0.08(0.02)

-5142 2 -3.55(0.38) 2.89(0.38) 0.50(0.08)

3 -2.39(0.47) 7.30(1.03) 0.08(0.02)

4 -3.96(0.29) 1.55(0.43) 0.06(0.03)

S231 1 -16.76(0.05) 3.80(0.12) 0.80(0.05) -16.68(0.07) 3.08(0.17) 0.28(0.03) -16.82(0.12) 6.00(0.30) 0.29(0.03)

2 -16.69(0.05) 4.34(0.15) 1.07(0.08)

3 -15.95(0.45) 10.79(1.64) 0.20(0.05)

4 -16.24(0.40) 4.07(1.01) 0.10(0.04)

S235 1 -17.06(0.04) 2.32(0.09) 0.66(0.05) -16.91(0.02) 1.92(0.04) 0.82(0.03) -16.06(0.31) 3.38(0.69) 0.07(0.03)

2 -16.98(0.02) 2.36(0.07) 0.92(0.05)

3 -17.18(0.09) 2.46(0.28) 0.27(0.05)

4 -16.99(0.29) 1.77(0.52) 0.08(0.04)

AFGL 1 -37.83(0.03) 1.98(0.08) 0.51(0.04) -37.87(0.03) 1.80(0.07) 0.36(0.03) ... ... ...

-4029 2 -37.85(0.03) 1.99(0.06) 0.72(0.04)

3 -37.95(0.10) 1.98(0.23) 0.16(0.04)

W3 ... ... ... ... -39.56(0.14) 5.69(0.32) 0.12(0.01) -39.29(0.47) 5.55(1.17) 0.09(0.03)

-Main
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Table 4 Column density and abundance

Source NSiO NCH3OH NC34S NH2
X (SiO) X (CH3OH) X (C34S)

(×1014) (×1014) (×1014) (×1023) (×10−10) (×10−10) (×10−10)

IRAS20126+4104 ... ... 1.12 2.14 ... ... 5.23

W75N 4.34 3.82 8.15 8.21 5.29 4.65 9.93

BFS11−B ... ... 0.42 1.90 ... ... 2.20

CEP−A ... 1.78 4.28 8.42 ... 2.11 5.08

G123.07−6.31 3.44 2.99 3.08 2.06 16.71 14.51 14.95

W3(OH) 2.84 5.22 10.3 4.26 6.68 12.25 24.18

S255 1.01 2.07 7.40 3.30 3.06 6.27 22.42

S252A 0.83 0.62 2.37 4.56 1.82 1.36 5.20

AFGL5142 2.17 1.27 2.04 4.51 4.80 2.82 4.52

S231 5.75 4.07 2.89 3.71 15.50 10.97 7.79

S235 0.72 1.62 5.24 2.51 2.85 6.45 20.88

AFGL4029 ... 0.90 2.18 3.06 ... 2.95 7.12

W3MAIN 1.63 ... 2.34 4.61 3.54 ... 5.08

H2Tz�fT�,$�6 C18OTz�f [7],\
N(H2)/N(C18O) ∼7×107. CH3OHT��Of0z�fW,T#F�L [12],

ln

(

Nu

gu

)

= ln

[

N

Q(T )

]

−
Eu

kTrot
. (2)

(2)�q�T{)�oeL Q(T ) = 1.2327T 1.5
rot (���PurcellW [13]). E 2W�) CH3OHYbT��E�Eq�>W,SOTz�f0��Of��bPEq!�T Trot 0 N Teqq�k E MTFaP5Tj#��bR�k/270OTFaP5Tj#�W,/STz�f{)E 0.62×1014 cm−2 O 5.22×1014 cm−2, W
eL 2.44×1014 cm−2. ��Of{)E 5.2 K O 16.1 K, W
eL 8.7 K. U=W,Tj#7k 78 7[B9S�6sTx.��W,T^~e�"kT [13], 0^7�6 UCHII/HII �BijT	��Tj#e"k (�	�� Trot ∼9 K, N ∼2.0×1014 cm−2). 16U=��x��1�6

UCHII/HII ijT{	J.xN�-CU=Tj#��r"*�_) PurcellW [13] T�\�Q CH3OH x��N UCHII l�(�}f�	�\
RZqT/2{	YbX�eAT�^�2=Tek}f X ��)bKTWq62=z�fT�e�Q X = N1/N2. �/[uxu�U=SO) SiO � CH3OH 0
C34S ek6 H2 T:&}f�# 4 q{%,>)W,j#�"Æo�� C34S T:&}f�	�E 3 W�) SiO � CH3OH 0 C34S :&}fb^Te��Z�Eq!�)�nq9uP5j#0e�Z��7F℄ X (SiO) 0 X (CH3OH) b^2feTe���e�Z�L R = 0.77. to�X (SiO) 0 X (C34S) b^rV>:2{3e���^�C:OT� SiO �7+TL'�Æ� CH3OH :&}f7 SiO :&}f6^��
�)
CH3OH A���)�Æ�L'wbT`;�oew�v C34S ��yHTk�`;�Æ�2�ÆTl8�M7 SiO �("�T�
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F 2 CH3OH V�F	FsV�d2"�V�Qh Trot 2|Bh N �m E OUGbQ6Vl%	p	d�m14OUGbQ6Vl%
Fig. 2 The rotational diagram of CH3OH. The solid line and values for T rot and N correspond to a fit

through the E transition only. The dashed line represents a fit to all transitions
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F 3 SiO, CH3OH 2 C34S <(�hd`Vg����"wM lg-lg. Fs�d�m14��℄�or:vQ6Vl%
Fig. 3 Correlations among abundances of SiO, CH3OH and C34S in the lg-lg plots. The solid line

represents least-squares fit result to all data points, which is marked in the plot

4 �Gk 13 Gn%9{�6l��r�) SiO (2-1) � CH3OH (2-1) 0 C34S (2-1) 3 >xbT�0�&{%N 9, 12 0 13 .q70O� 9 2 SiO 70T��^q 3 �v70OT�g2=Tefekf��G,{270TYb27�Tb+�[�M�Gj3T"#℄� SiO (2-1) 0 C34S (2-1) Yb�K�6{�[�r"*#F[rYb�7+Tk�Gj3T�Æ��;�� SiO YbTb����[�r"*�) SiOYbM�Æ	)Gj3�Q�htLs��U=Ds_ SiO 0 CH3OH :&}fb^27+Te���e�Z�L R = 0.77.[�����Gn%9{�6lvKX�0LbÆC}TZ"*���[eL=\T	{ 6�0:�7n2℄eT/zY��o z4�u 13.7 m JC~q;��?�N�0&;q:�T�}�� J h k
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A Sensitive Survey of Dense Parts of Outflows toward
Massive Cores

SUN Yan1,2 XU Ye1 YANG Ji1

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

(2 Graduate School of the Chinese Academy of Sciences, Beijing 100049)

ABSTRACT A sample of 13 massive star-forming cores was observed in SiO (2-1), CH3OH (2-

1) and C34S (2-1) thermal lines. Nine of these cores were detected in all three lines. Among

the nine SiO detections, three were new detections and were relatively faint. Most of the lines

have wide wings, which might be interpreted as the evidence of ongoing energetic outflows

in the cores. The line widths of SiO are generally the broadest, which might further suggest

that SiO emissions are due to higher velocity outflow and are closer to the excited source.

We derive the rotational temperatures, column densities, and chemical relative abundances

of the cores. There is a strong correlation between SiO and CH3OH abundances, with cor-

relation coefficient R = 0.77, but no correlation is observed between SiO and C34S.

Key words stars: formation, radio continuum lines: ISM, ISM: abundances


