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	 �f,�+b����<g����-h�.
�Q-��b�� �����#i�!"
 S106

FIR jk^lmnF�o/ Lbol�1080L� pL� 
01o/qr2s 5t�	 34)&���u��
9� >v/�w&w&�&x�<��w�P� �
�� 0���35y*�����z/)&��b
����+��3�6{| (H2O) l_}_�A�'
���� S106 FIR#~� 10 AU��_D�!
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�Q-� > 13

�)?��@�+�k^l
mnF��/�4�A�� ������B��@�

�3 2s 4�� 1� S106-SMM, =�� S106 FIR�A�� “Bip. HII” �������B����_m�.b�
�
�� %&CD�� B�
 S106-IRS4��������+��

�4 ��o�'��E�
�F%XGH��/ (Teff) �k^lmnF�o/ (Lbol) ��Hertzsprung�Russell>���
Q-��-��d��@��� 
OFi�I�J<&�3

� Teff�K/L��	�%��o�M�&N�E
�+�� �%� Teff�Owb�� Myers� Ladd� 1993)�P.����k^lmnF��/ (Tbol) �+�� ��
o�� Q¡���� SED��¢£R( p-¤ RS��
q �¥_��<=¦��A��/�§¨!��©)&
�� ��� SED�ª@�Q��K����T�Q���K��<��«[��

> 1 #~
�k^lmnF�o/��¬K��
CO����;��U (FCO�c/Lbol) �k^l
mnF��/(Tbol)�®�§Vp01¯��
�°W�350 pcq �#±i��3

�A�
�]^Fm��<� p²1.2�Q³X´ Bµ
¶q� ¦·�Y·�&¸& H2Ol_}_�
HZ���� FCO�c/Lbol �����[)�
��� Tbol3

��K��@�+�� 3
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,-� ������	!�� S106 FIR��.�
/�012�3��4!5+#��-	
�� &
�'�(��)�!��� �%� �� �6�
�7897:2�� (SED) *��;<�)�!
��� ��+�,��� =�	� �#�#��
�$%������>��� (i) �?���@2
7�����A���,��!� (ii) >����
�*�B�� C,+� DE !F "G*#��
(iii) SED !���� � 3$	��;<,#�
 %H��7)�
&'() �IJ K���LM���N5+
�OP!
Q�� J-� RS�7!T5	�U*
��,��� 3,�� &�'�(��V�+,
+,� � S106 FIR�-./ WM��2M� DM�

�01./FX >�� �%$��� 2./ (2�
M�/M�Y8) >�� Z33#��5� ��!QI�
-./�*45�6"7[,#��.\�]^_
*8�9��
:��� �`��N�� ��
�K� ; 2� S106 FIR, =#�-./�<*=�
a*+b�<I�>�?��+Q�� cdI� B

e�	
� S106-IRS4� HII@f�A �IU
�� gh�i5*B��<ICZ�� !D�
+Q�� �#,8E$�&'()FG2+,jN
HI�I��!� J8�K3k�*d�+Q��
�L�MN*O�lPQR*S<�� �
��
&'()* 3T	U7[�� 	m��Qn�
oQ�+,o�
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��E���
�V��6� ��!QI� �qW!�E!��S]
_�i5	
��,r� =�$%�>���sX
��t5+��-!��� cdI� Yuv�E*
ZO�Nw[	b��� ��+�bQI���
=�	� \x!�y(*]d�RS�7 �I�
T^	��L*5z�� {_�|�}�>`*�~
��a����� ���� bc!LM�� d
,�LM�72�*e��� !	b�$%��
�J	f�o� gh�i (i) �5�I�� )�*
� ����*�5��*jk#r$�� lQ
����5�IR��(m&�'2�2�$�L
M��*no�I� (iii) ��i+,���Kr$
�� �p����q�����I�� d,>`*
�� ���� �i (ii) �5�I� S106 FIR

	 {rI�} H2O'2�2 s2�� ��
��
tuv�7 45 m v� 3 mm w��p���*g
�� Tx� �S�mw� H2O'2�2�,r�
yh�z����{<��� =�	� �p|}u
�~��� ��� t��� �p���*�I�
U=�U=� {�+!	��%+� Jo�p*U
�<���J+}  �����!�JQ�� 45

mv�9��2�����3� Dr�F *��K
 �����CZ ]�!
QIW��5��
� ��	
� Dq¡ AF� 170����¢�>
`9), 10)���� 5���5��i*��>��
�?£%�8� =#! GF 9-2	
��

�5 ¤��
���
��K�V�I��-./>��8) �%Z3�W��5�
�6 ��� 0���T�� 104T�¥2]2 3#�2)�
�7 ¦��)�tuv§��m�p|
�8 ¨�©�LMª �I^�(«¬�Q����"GK��K��p*�<�� &�21�®¯�'°±�² 32 m

�mYuv� 1³2'´µ¶� VLA, ¥2���(«�\2�� 64 mv	 H2O'2�2����p*�<� 45 m

v� �(� SEST 15 mv� =�I·¸^��¹7º�R��(m�)� 10.4 mv	�&�'2�2�p ���
>`� 3T*����
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����
GF 9-2, �� L1082 C�����������
�� ��	
���������� �����
�	��
���������� ����� 
!"##$%� &'(�	)*+,
��-.
� /Lbol�0.3L�, Tbol�20 K; �0 111 �$%� GF

�� Globular Filement ���� �2*3���
�4�5�+6�7�$�� Schneider� Elme-

green&8%�9:;12)� 9�����$%� �
<�&� Lynds&8%+6�7�9:;&="
%�>?��� 1082��+6�7�5�@�A"
��%>� GF 9 BCDEFG����H���
�$%�I�� 200 pc�$%�9� GF 9BCDEF
G�4�5� �!�"�J#$K�$
%14), 15)� L%M��NO�&PQ�R'�
ST

"�� BCDEFG�(U)*� 2.5V103

cmW3 16)�$�� 8,XYA"��%� 3�5�&
P78��Z+�$%�
[\O� GF 9BCDEFG(]"^_6�`

�$%>� GF 9-2 (�aT�	%�b�,-�
./�$�� 0�%M��
12�]"^cd�
3��e>]f�,%� gh� Wiesemeyer
�+
6�7���NO�i�$Kj� kFl24&
$% H2CO&PQ��m@�5�6714)(8n
�� ISOo�(9��0�%M��p:j&PQ
��R'(q��15)� ��rs� ;#�t��>
%M�u�5�]#���vw�,� �5&
P7x��]#���� �"&<5� y"y"�
GF 9+6�7&3w%�J#==�>�:(?
z�T&� 45 m {(9��2@ 1.25 cm � NH3

(1,1) Q���&P7x�A|�BC�R'(
q��� Wiesemeyer
�R'>+6�7�D�
���(8E�&R'5��&<5� FGR5
&>H(I}5�����
�$%�

NH3 (1,1)Q��R'A"�~)*���&J
(K 2(a)&�	� ����(*���L%�&
8%>� 7�10��&P���>��A"���>
y�%� 3� NH3Q��R'A"��
���
�� �"
��F���&Pvw�
%���
��,� 99�>MN (H2) &P�
�#A"�
�%���O���&P7x���$%� ��(
P,���Q=�$%>� R'5���&P��
(��� ��F���x�� �8�&����>
��� R��� �~)*x�� $%��S& �x
�� *������(T��3,� NH3&P�
UV��W�(�#� UV��W���X�Q�
�Y�Z�([\�w%]��*� O���A3
8�Q���^(_f� �"
�
`)*(a
�������"�LTE�"��^"%�( ¡
��%� NH3�]��*� 8�11 K�
�,� �
"
�&P7x�� LTE�"� 0.2�3.3 M��S
T
"�17)�
K 2(a)(��¢*]���v���� ���
x�;£¤¥ /GF 9-3, 438� 81 (��!�T
�¦f%�� x��b 0.5 pcc*��§�BCD
EFG&¨��dn��%8�&]f%� gh�
K 2(b)�(d)&�5�� 13CO (1�0) j C18O (1�0)

Q��R'A"%� x��x����e�Z+�
���*�)*�
 ¡A"%©¤Fª@�x�
�(U�§�f«g>$%� !�� e�Z+��
�©¤Fª�"�x�� LTE�"�8,¢h	
%� ������ ¬ij�g&8�� GF 9

BCDEFG�&P7>&k&®����(¯l
5��%��$���° �e�n� �m�±²
³¤�´F&8%XY�no5�� =p�y"y
"���8�µq�©¤Fª�X��&P7�
&k�@¶(rs���18)��(t���%�
�"&���y
·��u¸>]
"���
�� GF 9 +6�7�vq0��J#¹c>BC
DEFG�&P7�&k¹c&8%���$��

�9 GF 9-2	��� star count �
ST
"�11)� �w	x&8%º��XY&� 440 pc�	%y»13)�$%�
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�!��"#�$��%$&'�(�� )*+
�,�-�.��/$���01��23� 45

6 2 GF 9 789:;<=>?@A� GF 9-2�BA��CD)*�E�F G�3 H&I�5.1 JKL (a)���
M 45 m N�	�� NH3 (1,1) OPQRS���789:;<=>?@A GF 9 �H1�T
UVW��� 
XYZ�[\]^�_`� 45 m N�abcdef Gghi� 80��L �j( kl�ml`no����
�p�qr� s�@t`�u(�vwPx��y�j( (b)�GF 9-2 ��z{�(�� 2�|}��
13CO (1�0) OP�i~��U6 G��eW�b]L �[\] (a) � 4NH3 �� ����s��TPQ�
���� (c)�[\] (b) � GF 9-2 ������6� H13CO�(1�0) OP�i~��U����TPQ
�������� (d)�C18O (1�0) �b��������Q� ���TP`[\] (c) �n� �H�
C18O �b�`������%�����E2���� (e)���M 45 m N��]�� OVRO �����
���b����$��2��� N2H

� (1�0) OP�i~� ¡¢ G��eW�b]L � 350 mm�£��
¤��� Gs��TPL ������Q� @t` 3 mm�£��¥¦�j( N2H

� OP�§$�`� ��
$��2��¨S�_��©�^�ª��¤01�«j$� [\] (a) ��TP`� ¨S� 6s �¬]
2 3s ®#Q«j� ��¯w�(°���TP` 3s �¬]2 3s H±Q«j (°��[\]�²ª��
`XYZ��^� G³L _`9¬]Qj$��¤�´(�abc�ghi��j( [\] (a) H&I (b)

�vµ� v¶·7¸¡<�5¹`[\] (e) �j$� 3 mm�£�x�ºb�¥¦ 
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� 6����� ! �� 20����� �"
#�$%�&���'(� )�*#��! +�
�%���",���-./0
1234
5��67�.�8! 34��9
8%:�;�<��.=2��>�?� @�! 

5���A#BC����! 98%:�;�D�
�.��@���EF� ",G�@�@�� 
2HI$I=)��67J,K$2� LMJ�=
GK! 1234N�OPQRSTU��V! PQ
WTXYZQR[�=2��\��!�"#8�
��10� ]^Y_`abcd$e f]`gRh ij
k! 2003%&lmnopT�qrSn��)�'
(OVRO) P^�>�?X`ns�t[uRvw
x��%:y�#%�! z(���)*{� 45

m F#�+�H| �}~�"#��	="#

�%:�
�,�)�-.����!�:�n���%�
/0�1A2H! D��:���34��5
6��7$=8���I"#��I7A=2� :
2�2�2H! 20���9:;�<�G,=2
/G���� �/�! OVROP^�>�?#)*
{ 45 mF��n���H�$I#�I#�,�
��,=A=�� �����=��>0?���
�YZQR[�:�6����@A�B��A
�� =>0?��n��Yn^�CL���D�
34E�F�
�GH�I�����#! YrR
�n� 1.8J�I� �K�}~G,���#��
L2����! 1.5J���/���CG=2�
BVG�>0?�[�QY#�/���! A��
>0?84�%�2�/! ��=�,Ky�5M
84�%�2�#M|,�� NOP�Q��kR
J"# 3�! #I#IYrR�n 1.1�SiT2

�10 >�U��
V�Yn^��
�)��#J���>�?�34�Y�`�n#��WA� �:8%�! ��>
�?8X~� $�>�¡4¢$k�98%:£Y��
5 (resolve out) �,�� DZ!  $�>�¡4¢� �
¤[�:\�bTgO4�¥]�X~G,�� "�$I�>�?8<��.=2$¦�[§n`�£Y�>�?^
_��¨34
5��<�J�:���! `�a�©b�.��@���EF��!�,��n���HJ,K$
2"#�=��

c 3 N2H
ª(1�0)�d�)��,:e��&�� GF 9-2�fg�1�
��«b�`h
�c f¬4ih�

(a)�)*{ 45 mF�)��:�� f®¯n°�±[§n`h! (b)�]`gR OVROP^�>�?�
$���! �$² (c)�=³��H�:�� f(b)�$² (c) �YZQR[�[§n`h �jJ� k1d
4¢�´\�� 3sSµ`/G 3s�.�j¶� cl�·¸¹k1dk�! Qk�=2ºkc 2��,G�
m»�
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��� ������ !�!"#$%&�'(
)�
��* 45 m +, OVRO-.�/�0�12
#34�35�� 3!�,��� 678 (a) 9:
; (b) &34��12#���� (c) �<�=
>�?��@&A)���BCDE>�� (b) �
FGHIE>J>K��L!9>E� (c) �<
�&34M�12#���� =>�?��N"�
��&HI�� OP (a) �<�� 45 m +�
Q2R� deconvolutionD)O,!:AEBC�
S)TU��������� � 3(c)���O,
!:AE� � VWX 100�V�!� 2Y!Z
)�V!"[28����\��S)���11�
GF 9-2���]" 200 pc�#IP^ 0.1 pcWX
0.001 pc �_2`2!Z)�$TU��`ab
-$cdef�$CD)O,!J�� g>hIP
^� %&��ijklWX'mn�(�o)�"
[28!*����N"�\�,�p�+�!J
D)O,!J��

5. ��������	
��
������

5.1 ��
OP��!�XP)35�,-DEq:�� .
/�-?DE>)�r)�0�UGJ>12#G
s1n�&� 234�OPX!tDE567J
89!,u��O,�9:�D)>� � 2(b)�
vda"[28� GF 9-2 �;<,n� 2�V
w=�>xy?N"����@A)G�����
zAD){B 13CO(1�0){B�� 102�3 cm|3�
!�N"����4n� GF 9-2 kl&;}!H
I� 678�~CD�! GF 9-3kl� �C! GF

9-1kl�E��O,&�S:�� � 2(b)�F�
a�2f� GF 9-2D�!9>E�GD)�&�

� 2(c)�vda"[28���� %���e�
H�ij�I�,G���o)&JWXKLK!
W�EMAE>�� O�:�Jo)�� 2(d)�
vda"[28�ND) C18O (1�0) {B�A
S�HE0P�� C18O (1�0)� 13CO (1�0):�
G 1Y=>O! (�103�4 cm|3) �N"����N
n� � 2(c)9:; (d)�;}!PW�� F>Q=
BO�&Z&RS� GF 9-2=O!�ijkl�
���O��$�� 45 m+!:�H13CO� (1�0)

{B�zA!:AE�XP)G��� O!�105�6

cm|3�N"&�����PE>��H13CO� �Q
=B& NH3��P:�G��2�!HI���
�TMT:�G 3.7U=>���!V�&CP
�)�� W�+��X��G 3.7U=>WX��
�� O�=O!kl� LTEYZ[ 3 M� ��
�� �X!�?��\(EO!�=>�L�HE
q:�� � 2(e)�vda"[28�ND) N2H

�

(1�0) {B����HE>)�S)>� H13CO�

kl�;<]�^Y��_&`��>�O,&Z
W��
O�:�J=O!�L���2��@�a�

��i&b�DGcd�i�eO!��� nJZ
�^Y��� ��3��� �f�DE>J>��6
&��� J JX^� OPX��i&`"�4g
Ju!¡hDE �cd�i!in�ji� k¢Z
&£A)�� ¤¥f¦!:AEk¢l&§m7!
n£DE>���6�op�SJ>WX����
�O�� qr�zA�¨>s.�©nO,!D
)� � 2(e)�tke�l� ª8«c¬�-.�
��� (CSO) 10.4 m +!u�P)� ®��2
#2ª�� SHARC II�\��P) 350 mmqr
�������Nn� (¯� OVRO-.�/�
0�\��P)ke6c�J 3 mmqr��°v
���� ±�;�²³(�°v�Nn� �ijk
lG§7!LK�wJ=´µ¶;E>�&�
�P,99:�x·n�=´µ 350 mm��¶

�11 ¸!gI^� -.�y�¹k�zv�{q4ZºEG� O��!�`ab-$cdefDW�XPJ>�
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����� 350 mm����� �	
�����
���������������������
� !"#$%� 1,000 AU�& '�
()	
�*���"+,-%�� .%-�����
/
0)�1�23-��
/��4� 5�6��7
89:��;������<�:=�� GF 9-2

�
()	�;��� 0.5 M�">?-%� @A
� 0�����B�������
5.2 ��������	��
�
C�D3E� GF 9-2�FGHI���)	�
*�JKL� M 4� GF 9-2 HI:CN����

(N) ��O���PQRS��� N2H
T (1�0) U

8V W:�Q���X)	8�YZ (�3) �[
�>?-%R� ����\ �]3^�_`Q�
C4� 5�ab<c�def� 1. .%��g�
� (r) �!�"def� 2���� �=hD�
r(r)irj2 B���!�kle'mHI�\ 3
-"n# r�600 AU $op������� 600

AUK4% �� &8�PQRq rset"'
����4� ab<c�u?�."�(v)�
��� .�wx��FGHI�yzY�LD�
*{+�|A1er8), 20), 21)"S},� Larson22),

Penston23), 5Q� Hunter24) :K�,-�yzY
" Shu25) :K�~��yzY26)��D-"S�
��m��� ��� M 43-���%�"n��M 4 GF 9-2 ����FGHI:CN� N2H

T �
����O�� ��5.2CK�M 2(e)����
.��8�q r|W � �!��2� �
&8��8� �+/QR��2k��2� �
 ���� 350 mm��� �M 2(e)� 6�"
�0�3->?R N2H

T e���1�2�
0�3���4 (H2) �F����:��Q
��� ��5.1���� �� 45 m�� �� 45

m �" OVRO����w�V W:K�w
x�P�� ���58K4% (r�0.06 pc)

�� 6 ¡� ��5.3��� m¢7�%R8
£� r�0.73 pc ��58�¤So¥:9¦�
� GF 9-1 �§: �M 2(a)CK� (b)���
�P�� 3;�¨58�A�':PQR�p
©p=�FU8 �M 2��� mª«�:¬¥
=��������

M 5 GF 9-2 HI�"n<]:CN��p©p=
�FU8��@2' �®5.3���� ¯'
°@s±²³��=> (CSO) 10.4 m ��¢
7�%R H12COT (3�2)�´¥?µ��@
2'�@A¶ 45 m��·B�%R� ���
¸q rU�¹�C§� VLSRºj2.5 km sj1

$o���&8��FGHI�»DE�
(Vsys) �P��
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�� �������4.4���	
�����
������ ����������������
������ ��! ����"�� ���#�
����� �$%�&'�($)��� ��*+

,-�./0123�	4���5
 600 AU

�6&7�%� r(r)8r92�:;<=>?"�@
($A�����! �$"BC���&D�)
��5.4��E�!

F 6 (a)�G���HI/J�5�KL($DD��*+,MN�)�O (infall) C�PQ��H� (b)�R
STU?VW���$AQX23?��� YZ5.2[\]! ^_`a��HI/J&�5�*+,bc�
�d"�e� �D/Jfg&.�d"���h@C$i� /J�5��cj&N�k)lm���m�n
�"KL($�! ��/J��OC�PQ�o�� pq Y1r? (a)�sq] &tk)u�C�PQ&v
��-o! /J�PQ��Ow��x`�"��e��yz��{|}q�o�� '�~�pq���C
�s�'�~&6�j�� R1, R2, B1 �-� B2 �����&C�! *+,-�'�~&6� R1 �-�
R2 &yzC�PQ��O�'�~������u����� ����<3�Aw�L���)'�($
�! '�~���)*+,�N�oj��� B1 �-� B2 &��PQ��O�'�~M6�eu���
�� QX23?��?��<3�AL���LC�! B1 ��o" B2 -�.5,&6�A�� B1 &��
PQ�m�� B2 ��$-�.G�! ��� *+,-�.��&yzC� R1 � R2 &���m�����
����! �A"k)� ����<3�APQ��$��������C�&`�� �?��<3�APQ
��������(��A�� ���& �¡q��� H12CO¢ ¡q�1r? (b)&�C-o�QX23
?K£��C! C�
�� �HI�¤�w� (Vsys) &`�)`¥�w�&¦�2�.D"� ���j�¦�
2"�?�j��$&�§)¨e� Vsys �6&©.ª���"«$�! ��&��H13CO¢ ¡q� Vsys �6
&¦�2�.D¬�PQ®QX23?��C! (b)&��AQX23?��¯�°���)��$A.
�! TU?QX23?� J±3�2 ²³&`C�VW����� H12CO¢ �¦�2´��µ¶·�)��"�
H12CO¢ � H13CO¢ �¸`´�� 12C/13C±89 ��¹A� &VW($A.����!

º 101» º 12¼ 735



5.3 ��������	
���
Larson�Penston�Hunter (LPH) ��12� ����
�����	
��������������
(t�0)�13� �����������		� �

��!�"�#$%�&'()*+#, -.�
��� Shu��/�����
����� t�0

�01#��		������2#�14, ����
�� 	�3�)�4�.5�6�7���8��
9#�15, �0� t:0) LPH��������'�
Shu���/����';<=, t>0�?�@	
��AB�C�';<5.#,
� 5� GF 9-2 ��
��D�E�F.�GH

IJ	�KL�	 MNOP�2Q29)� �	�I
�RS��TGL�� "	 CCSL��RS��
 GL��2#, RS��TG H12COU L��V
WPXYN)Z�� �K[)!"�#	� (Vsys)

����\]^
_O��`#	XYN�WPY

_O��a#	b.�$cdG, e�� RS�
� G CCSL��%f	 g00$bh �i j	
 MNOPkl_mnP)Z�, -	&o�p'
;�#	��� RS��TGL�	pA(Gq�
		��f)�#, f*	+,�r-��K[�
�	�J����!�" (infall) �#� 	s.
)/t��G#;�u�#	�v0�2#28), 29)

g� 6(a)h, �0�
�1w?	 S/N$��G��
�.�.���	wx�������23�y4
	 MNOP)��G#, b.@	 MNOP
	7�F.�5��� � 4�01# r�0.06 pc�

r(r)zr{2 )Z����|�� ��	}~1�0
G�A� 	C�s.�6��#-;��J�@
.�,
F�� *��7	����B�C�' (t>0)

	pA&'8� (t�0) �2#	�� ���	�
���95�)�15� GF 9-2 ��		�0$
�-�3�������	��	b.;2���
�	3K);?��G#�;����$G�16, r
-��K[��	wx��������"s.�
6��#;G%���� LPH�	&'(�2
#t�0�0G�v(r, t)�{3.28csgcs��	h;G%
	��24), �17;	:G;�<)Z��G#, -.
���� Shu�	&'( [t�0�0G� v(r, t)

�0] ;	f)�=@J�>�@.�G, ��
��� GF 9-2 ��
�1�y?
	����
������)������-;�wJ�@�
G19), 27),

��
	�K[���7�F.# MNOP)
@���A��#����� B�H;ACoDE
)�G���P���FG��#, �.�.	�
����$���@.� MNOP	fH)�
6(b)�Zb%, I��J� 29	KJ�L#��
�.�.�� 	�"	�	MjN) 0.5 km s{1

;O@��-�kl_mnP g� 4h ;����B
�C�P) 3�10{5 M� yr{1Q�;�RA��G
#,
5.4 GF 9-2��	��
b.��� GF 9-2 ���	ST�?.w?�

�12 Larson�Penston (LP) ��_mY O�����U	�����#��2#, LP�)_mY O�����!�V
��	� Hunter24) 	���2Q� LP�'�;A<5.#, McKee; Ostriker�$#p�	\ ¡Y27)��f¢
�� Larson�Penston�Hunter�;<£�G#,

�13 LPH���¤-�� t¥{0 gJ� 24h,
�14 ¦W��s.�6���G;G%§X�0G����2#, YZ¨s.�2#[s.;\]s.�6��#��[
�;<=c9JA�.�G�� 2eQ¤-<)^���A©_`��2ª%,

�15 J� 19	KJ�����������a[�	�b�c«��G#-;)K¬�� 	'���"s.	6�)
K��, -.����� d®
	J� 29	KJ��e®�f¯�#�RS�g¬)A;��"s.	6�)°@±
1�,

�16 ²³	7���´������9�J��
�	�r-�5��0G�� -	µ@�?h�#JiJ�v=���
G,

�17 ¶·¸¹lYk (�5.1) )º»���j���	�����G#-;)Z��G#,

kJ¼l 2008S 12¼736



����� GF 9-2 �����	 H2O
���
��������� (�2)� ���������
��	��106�9 cm�3�
���
��� �!
"�#���$% ��&'(�)�����
�*+% �,-. t/0&��*+	01�,��
LPH2+ Shu2 �3�&���4'(�)�
5	 r(r)6r�3/2 7 89:;<�������
=�>���&)����� �� �?&�
�% ���=�> �@ (rff)�	�89:;<�
 ABC���D��@�E�FGH�
�I� �JKLM�G���N,� O%
r/rff E��>&��� r(r)6r�2 ���*+
	P ���� ���=�>�@ G���
	% LPH2�	Q� �!�"RS���
# 4F$��� GF 9-2��&���% -�-�

	��� 600 AU%TU� r(r)6r�2  89:;
<��&H���*+�V�OWX (�5.2)� Y�
�Z4'� ABC��3/2����(�	)
*+W,�% ���=�@+ 600 AU[,&
	�-W��,�*+	\.���� * �@ 
,]/&012� 34���^-_�$% 56
 ,]/�13�*+�B�� �,-.% ��
10 K�"RX7^% '(� 56 (tprotostar) ,
]/+W� 5,00058���� U+`�+% GF

9-2��	9:;&<a=,>?�S���=@
0 (tff) ��� �2b1055A (tc�tff) &BC;
���(`% ��&'(�DEW��S�F5
�dX�eGf&��19)�
gBC;h���?W i����	���Y

ncr�10 cm�3&H��+% Y�U�jk�IlW
�J�&&H�BXmkn�S KL�&MW�
���op;&qI,Z% ����NOPrj
k	QK;&,�� *�W�% ������
�HXstUZuv:p;&RZ^HX���)
���w gSxy&��TUzV{|20)�Z}
Wh� 01;&	% * X0�4H�'(�DE

(tc0) +W% )���X��	:;�kn��+
~$��� tprotostar�5,0005+��-�-� �
1	% GF 9-2 ���)�� '(�	:;�k
n���&��+��Y4+Z�[R��XO�
�4���18�

6. ���� ����	 10
���

6.1 ���	���
-�-�	% �,WPr��S��k 0T\F
 �e��,���J��L��+4��AB%
�],�eGf&��'(� GF 9-2 ��=W
X� * '(��^����	�Pr���	P
r_&��`��a���S3% Pr�����
 ��"�b�"�����"��c��
R��� ��Md+,�� GF 9-2 Pr���
 	�������e�f�&2gWX+*�%
�?� 9:��	hi;,��JKLM 2�
+	jk�3% BC;��2 2�������
��lX�
6.2 �	 10
��	��
.	 GF 9-2�� ����	:;�kn��

m�+4��ABm��)�������no
pq���19)� q�+�Zr	# 2(e)� 3 mm

mst�  u+ N2H
¡ (1�0)¢v £�� u

3����*+&¤¥��X	3O� 5r&
	% �S&w��eGf '(� g¦xT\h 
^������+2y�B�� * 7^% m��
0§	z\ Pr��� 4�¨{©ª|}�S
«¬����:RZ^��@+�~�����
*�	�u®¯B&/W,������� ,°,
S$% ���}� ��[,	m�,�W�9�
+W������% +��±*X�|.�-�-
�	�H����SO� * U��+SR��,
S$% ���	²�WXPr���&�����
 b�"+��"��³;&#´WX&+®
U�� ²�;,�)��>&���m���E�

�18 � ��k 0T\	% >µ�¶�S�A�·¸�¹��� '(�+#RS��% ��;&��*+	º���
��
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1	� 2��3��� ./�0 ��4�'(�5
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�A�BBC�"��
?ghi�6j9Dklj9DmEn(ALMA)

��[!�P�� FGH�1VXo�pq2YI
�r�����W0�JK��s1�LM�NO
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"� QR�u�-&2v$��"�� �ST
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q�j�k�� ~l��yV�"� m��f��
��n�3�*�o�'(�� F� 10^q�5
�
��op'G����"Q5��� ���
q��%�����W����C� r�+,
?�,�"� ���s�Q� �C��+,�t
u'B����c*� +,?
v��9��0
wr(�+,�>=A����H���,��W
Y��������"c*��B��'(���

� �

 !�m>P�� �c*"QC�E3xyz
{�_��[!�P�|A¡}~�¢£ �  !
�1�!��(3�]¤����3C3� 
�4�_� ��A��_� �¥���_����
��/¦1P� )��+,�������&��
�S���P�����'��!"����§
�-� 2����5���Q�l�¨�C�"Q
C�E3�����_��Qr�3�1P�
 +,�)������� ����� Alwyn H.

Wootten, Mark J. Claussen, Kevin B. Marvel �

� �¡Z�¢£�5!3��'�(�1P� 1
3� ��� ./�0 ����¤�©�¥_'B3
Riccardo Cesaroni £�� 8^�D3�¦�ª�
� +,�G%!§PC�'�Q� ¨�/�X�
���1�3� U�©� ?>«¬�9|Aª� h
>�� ��"®¯N$«��[!�P�G�
°¬�+,�b�;g@±� �®�P�"(¦
-	1H_�� 4�_�¯°�zX�WY� ��
"±²���	c� 551'²�5!�5��'
B1H_'�3�

�19 $³�1C����/���	G��E"�� 5	1'�+,�	"B3�!"r������ &	
�³´�
�Yµ�	3¶X´µ>¶='�·"��� �[�'�·'¸¸¹º¹�P'��1E"�� 5
�3!���/��'��Q� ��� ./�0 �(�����/��º»|¼�»¦�¼¨P�B'(��

|A¡} 2008^ 12¡738



� � � �
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A. ��	
������H2O

��������������
1990� ��!"#$%�&'()�*+,-

�./�01)2!�3# H2O4565789
:;<!=>?@#A-9(BCDE FA%� G
@G@9
�� 45 mH-�II�J���K0
LMNOP VLA*�)Q� 173�R!�3# 32-

STUV!GD#WXYZ[\]^*_CDE A
@9`abc@Q)D��!�3#deQ0V�
f 0�R*��g� BhF@$%0]^0ij%
klmno(]^%pCDE aq�rls�gD
tu�9 vwx0y!z 2(g�{|}~� V�
f 0, I, II�R!�)Q� F@�@ 0.0�� 40��
4.0�� FgQ 0.0�-��c@DE 4565�o
� 100 AU����f�5�0J���U�0�
o-�,��d#��� L��f�5�0�{ 
0F@-9��g()A-lGBCDE A0A-
94565789��20�,�!0��U�0
�r�-�,��h)Q)#A-*�"d#E $
D� V�f I�R!�3#tu�0��(��9
��20wx!#CQ$R0�f���?@Qg
$)� 4565% !&'(�0�f�¡¢g(
)A-! £d#-s¤c@#9), 10)E

B. GF 9-2����H2O����
� !"#$��

GF 9-20 H2O4565(¥9�{|* )d
#¦o (Vsys) !§gQ� 8 km s¨1©ª«�5¬
�gD��0¦o®�Bc(#10)E F0�o9G
¯B 3°10¨10 L�!±²¯� H2O4565(¥*
³d��2-gQ9kl´µ4�ZUV�o�¶
)�R%p#E ��� 12CO (3�2)��� (1�0) ·
¸%0]^Bc9� �{�f 0¡¢*³d� *
cB(m¦o®�9�hBc(BCDE D¹g�
G@G@9 VsysBcG¯B! 3 km s¨1 ¯@Dº
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Exploring the Earliest Stage of Low-Mass

Star Formation

Ray S. FURUYA

Subaru Telescope, National Astronomical Observa-

tory of Japan, 650 North A’ohoku Place, Hilo,

HI 96720, U.S.A.

Abstract : We present a series of studies to shed

light on the earliest stage of low-mass star

formation process. Our intensive survey has

identified such a protostar GF 9-2 that shows the

H2O maser emission, a clear signpost of protostar

formation, but does not have well-developed

molecular outflow. These facts indicate that the

natal cloud core harboring the protostar still

retains some information of the initial conditions

for gravitational collapse as the core has not

being dispersed by the onset of outflow.

Combining single-dish radio telescope and

interferometric data, we have obtained

high-fidelity 3 dimensional images, yielding to

analyze the density and velocity structure of the

core from 0.1 pc down to 0.003 pc in size.

Furthermore, we found clear spectroscopic

evidence for the presence of infall toward the

central protostar. These results have a

reasonable consistency with the initial conditions

given in one of the extreme paradigms for core

collapse scenario�the runaway collapse solution

�debated over the four decades. We believe

that the core has been undergoing gravitational

collapse for �5,000 yrs since the protostar

formation and that the gravitationally unstable

state initiated the collapse 2*105 yrs (the

free-fall time) ago.

1hij 2008# 12i740


