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6�7�8� 60 cm�9:� 2;< =VST-2> ?�
	45�0)123	����.@AB�C 
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H� �� �X8T�jk?� 0¤ ¥�1¦�
2�¢W8B�8T}�8 D60 cm�9:� 200

E 1 ��l c3�"� 60 cm §5��9:
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Very Small Telescope ��;�G�!%���#
H" 3�'
IJ� KL�MN3OP#
$%Q�RST&
UVWXYZ�G�ALMA (Atacama Large Milli-

meter/submillimeter Array) �['�\�E$%
&#' ALMA�������� ]� 0.01(�
H]P^)* 950 GHz��� ]_+,�-`�
��� 
.�&#' FE
-� ALMA�� FE&
�
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q0�sb���?�G�&#' FE&�
�
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)* 115 GHz, ), 2.6 mm� �G�&# H@/�
AB�C$%&#�� D|�B� 10, 11��E�'
F�h6
 %!E$%��*+�z{� 1.2 m

�� ������� 9���#' F� 12CO (J�
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I�$� ),� 2�� 1�#��� FE���
����J�/����#'
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)!
��)r� -�P%h6g5��I)r�
�i
� �*+�L���M�
L��&��'
M)�*+�� M7��� �N�� ���� O
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��� ������	 ( fRF) 
�������
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(
 DSB&'(�IP �! �?A� fLOT225

GHz, fIFT5 GHz �*� 230 GHz � 220 GHz �
������F�K�$L�1U��! ���"
fLO�D�:V��W�(7GH�G
 upper

sideband (USB), ���W
 lower sideband (LSB)
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`�
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{
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�	
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���� ���������������� ��
� !"#�$����%&�'()��*��
+',�%- ��	
�� �.��������
������/	0�1��23�$�� 
��
���� 42SB5 �$�67,#- �8� 9�:;
��<�/'3 2SB�$�1�=��/� >�
?�@AB��	C/1������#3��14)

DE!,#D� �����.�F��D���
3%G� H�IJ)��K 4�.�F���LM
N���5 �O��PD�Q;�,RS- TU�
���DV��%��WU��	3 2SB()
�15)�� X.�F���1��%�����W�
���#3%G� ()��Y� USB� LSB���
��������/	0�"�#3��D�2,
# 4Z 75- 9��	
�[\]^�	3_`D�
a#3bQ��c� d���DXe�'��f�
�/�g�� ���1�=�X������/'
3hi>� 4jk� !l5 �"�#$�23�
�� 1�=mJnIoYDp�q)K��3�

O� rc��%Dst;�,#- uv���� w
x��������y,�3&z�{|�^J}
)K��~#3������	0uvDd'��
3�2��%DE!,#- <;���;�J})
K�	���� �~��(���LM��Doc
�'����!,#- �%DC/� ��	
�u
vD��#��� uv�)�9�� 2*�w��
G3����3�Q�#-
��,��� +�D��#3��,-�\�.

/0\������ �-12� ALMA@���
����/� 100 GHz ����W� 2SB()�
�*��+'16), 17)� ������(���3�#
3���� ��W� 2SB()���'%uv��
/�� � �¡G/1Y:;�J})K��1�
#3���¢£�,�%18)- +��� ��1�=
�J¤��¥h���/� 	!�¦�� 200 GHz

���W� 2SB()��*��� 60 cm(��§
�3��4L�%��#-

4. 200 GHz ����� 2SB ���
	


230 GHz5¨��� {|�^©�uv�ª:R
�' 12CO� J«2¬1�J})K�DE!,#-
��D 60 cm (�������®BK�E3
���¯�°±%�8!�#D� ����¦�z

Z 7 60 cm(���&²³1�=´�6µ- 9�
�� ()��¶������$'/'%
D� &1�=´��� ��D7���3

·� 
���������D��<�� 	0
�1��23-

Z 8 200 GHz ��E3 COJ})K��¸¹¦
�z� 2SB()�� IF¦�z���º»-
fLO� 225 GHz ��/� f IF� 5 GHz 5¨
48·� 4�8 GHz �5 � !"#�� USB

� 12CO, LSB � 13CO � C18O D93���
CO�������	0uvDd'�E3-
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�� 2SB������	
��� ������
�	� ��� 12CO���������
 13CO 
C18O�!"#$%� &'� 10 GHz��( 220

GHz )*�+,-.�
/0�	� ���1 8

�'�. 23. LO�4�+,-0 IF�4�
+,-��56	
0 /�7�!"#$%�
89�: 2SB����;<�=>?@A?.B


/0.C� COD%EF>A�G���HI
.C
��	� /�'�C��� 2SBJK?�
��LMNOMHI0C��	�

2SBP#=�Q�R� 1 9�'�.C��
	� 2S� DSBP#=0 2SBTUV$0WX�

�� 2 cmY�Z,[\���0O(]A^K
_A$ `1 10a b7cde��	� �( P#=
.�f
ghZij� ��klmn,��o.
�
#pKA%Kq�rse�(���tf�L

1 11 �uv�wxL( 2SBP#=���+,-.y	
 (a) ���z{|} (b) =>?@A?~����
F�� :87������dL �����I����������wx.d�L(�
1������� (1) ��������� (2) ��.�f(��|}���|}	�.��	
��
(3) ���
�|}0���C|}0��.'�Mx�	
�����L(0 �¡¢��£L(�

1 9 ¤;¥¦� 2SBP#=Q��§�� ¨;¥
¦�'�. ©�� DSBP#=0 2SBT
UV$0�ª«¬®�cde�
�

1 10 e�¯�CZ,[\���0O( 2SBT
UV$�°±� 200 GHz ��Z,[�
 1 mm²0.5 mm0(f³´µef��
\��g¶·¸¹�º�0C
�
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�� ��������� �	
�������
�� �� 4 K� ��	���
����� 
�
���������� ��� !"�#���$
%� ����&'�� �'(� 4 mm, �(� 0.25

mm)��*��'���� ��)&�+,��
-�.)/01"2�345�6
�+,#78
$%���)&���8��9�:;<#��8�
=�7���>.�%?@A�� �B
>�C�
#D���E7(	� �
�F�%	-�.��
G&HIJJ)�K� LM4)�DN7O��+
,���� ���PK#� 2SB���� 2Q�
DSB���� RSTE#7B����U	�

�V�!(PAWX45�B�)(� �!���
2SB����Y"%B��##$��B)�Z$
%� �>.*�%[�#� �	
��:;<��
!&\�]�$%(� ��PK7������ 
RSTE��^+,�� ��*�7_`)'(�
$%B+,�%�
ab)#� TUTU(Y"�� 2SB�����
!�* 11#c�$%� d�efg (a) �� SSB

hij�++'E�)&�k,lmn��� o�
efg (b) ��pjq0j-./�� WUGUk
,r�0 �s�r�0� �tu#)4����%�
���� �pjq0j-./)�� 1v��pj
q0j2w�,x�3UHR��S��4�5y
8� 5(�&�z{���!#78$%� TUT
U�� �|# 100 K}v� ~|# 10 dB}1 �dB

�� ����)�K6��� 10 dB}17	�,
x�3UHR� 10� }v��B�)�4%� )
�K785�9�5�$��(� �U�:r�
0;��<=�� k,lmn��� SSBhij�
60.2�4.8 K, �pjq0j-./� 15.0�2.2 dB

)�K��!7k,l�Y"#=��$���

5. ��������	
���

>?TUTU�� Y"��k,l���9#�
B 60 cm�>.#%[�$��� %[#��8�
�@��� �60 cm��f�f�0���A��

B�
	����k,l$��A�@�fi� �
C�#9��D+����)���$��� '	
#C��k,l�� 2r�E_s��!7���
���F#GS�� 2�H�,xI��� ��-
�� �AOS: * 12� �JK�19)�L�����20)�
�+��0��U$�� PC9801RX
	 DOS/V

l#��� OS�MS-DOS
	 Linux#M��$
��� �$8 60 cm�>.�� 60 cm��.}�
�z)�{�N-� ¡�� $'#C���>.
)�5O$UMT4���%¢
W�5� 2005P 1£#QR�ST����2k

,#=�� WU
	 2¤£~#�� UV�W�{
y8� ¥�¥0 KLX�
	� 12CO (J¦2§1),

13CO (J¦2§1) � 2¨Y�Z`-��©�2�
�E_k,#=��$��� ��)&�s�

	� �pjq0j-./�:��]4�ª«(*
13�%� -./�� USB� 13.9 dB, LSB � 14.8

dB)78� :;<���!�¬%B))�#�
[\� SSBg®�¯i)�z°E]��!��
B�)(T
8$��� W�~� ,x�3UHR
�^ZB��#� ±;��g®�¯i�D+�%
[%B7{� ²N�_J�³5� 2005P´
	�
`µ)7s�(Y¶'U$���

* 12 2r�E_s����#� ��a1# 2

�H(Y"'U�n·��¸-��
(AOS) �F�� [\9b'U5��k,
l<
	� ��¹º���s�<�»cd
#¼9'U��
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� 13 ���� KL ����	
��� (a) 12CO (J�2�1), (b) 13CO (J�2�1) ����������� �
�������� USB, LSB !"�#�$%&'�(� )*+ ,-�./01��23(��456
7 8�9:�9;<=&>	?����@
73(� AB >C4�	�DEFGH 2SB I08�
J�4KL���M����N�(��45+ ����#�$%&�	OP4QR�STUA35E4
A673(�

� 14 ����V��� WXY 12CO (J�2�1) WZY 13CO (J�2�1) [\�	?]���^;_`�� ab�
cdefgh���
7ijA���� A, B k Mon-R2 AlmnAop&qrs?tu4��v��7
3(�

w 101 x w 1 y 25



� 14�� 2006������	
	����
����� (a) � 12CO (J�2�1), (b) � 13CO (J

�2�1) ����������� ��� � 15��
���������	
	� KL� !"#$
%&'(!)*+,-��� .�/01234
5��� 678��9:;)	��� 22:
<� =
�>� 200 GHz ����2:
<��� 11?�@�� 4?A��B�� CD
2�EF )�+�+��� 67�GH� 9�E��
+���IJ�K	�L�+�� M@�� 68
L�NOP2345QRS����T�� 140�
300 K��8BU� .�V�W 3� 1�Q
RX�YZ+�68�[��L�+��
67��� ��\T 2SB/01)�-,� ]^

��3_`a&)/0+���bU�+�
�18), 21)� 6�c��de��f+,�g�Bh
ij�)�-� k��G��'(l�m)���
�� no��pq,68��22)�

6. ��������	
���

6c+,�r)st� 60 cm �deuv

hi�Bw-)-xy�z{+,VL���
 |�� }~���!�b� �"���

�#�:�%� )C���$���� 66���
60 cm�de8���E��%���M7� CfA

��� 12CO (J�1�0) IJ9:;11)8&��
�'���68�� "���(�E�3 3

��)��*)+�68���,-���
��� 60 cm �de�E��%�� � pc3
�:&)���%B./� 0 (d�1 kpc) �
���1+,� ��2B�:�%��)C�+�
�� 66��� �./D3�����)47B
x��+� 67���B-5��B���� ��
���� Y¡:¢� ;%53�:&)6@
����88��� � Y�£��qp¤¥¦
)�6��68),§+,-���
M@��  0�b�¨�©ª���1��
�:�%�7�+��� 66�� �©ª��«
3a3 =¬3F23) ®i�8¯ =°X±JF
�� �33®²Y8³�cB´µ�b���
)�6���q�� 13CO (J�2�1) ��)¶
9���-� �38«3a´µ)�3��:·

� 15 	
	� KL� !"#$%&'(!� ª� 12CO (J�2�1)� ¸� 13CO (J�2�1) );+,-�� �
�9�·,�G�U� 6�c�¹%�4º�m»¼�xB-�IJ3_`a&�	@7��
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7. � � � �

60 cm ���� ���� 10�������
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New 60-cm Radio Survey Telescope with

the Sideband-Separating SIS Receiver for

the 200 GHz Band

Taku NAKAJIMA

Department of Physical Science, Graduate School

of Science, Osaka Prefecture University, 1�1
Gakuen-cho, Naka-ku, Sakai, Osaka 599�8531,

Japan

Abstract : We have upgraded the 60-cm radio

survey telescope located in Nobeyama, Japan.

We developed a new waveguide-type sideband-

separating SIS mixer for the telescope, which

enables the simultaneous detection of distinct

molecular emission lines both in the upper and

lower sidebands. Over the RF frequency range

of 205�240 GHz, the single-sideband receiver

noise temperatures of the new mixer are 40�100

K for the 4.0�8.0 GHz IF frequency band. The

image rejection ratios are greater than 10 dB

over the same range. For the dual IF signals

obtained by the receiver, we have developed two

sets of acousto-optical spectrometers and a

telescope control system. Using the new

telescope system, we successfully detected the
12CO (J+2,1) and 13CO (J+2,1) emission

lines simultaneously toward Orion KL in 2005

March. Using the waveguide type sideband-

separating SIS mixer for the 200 GHz band, we

have initiated the first simultaneous 12CO (J+
2,1) and 13CO (J+2,1) survey of the galactic

plane as well as large-scale mapping observations

of nearby molecular clouds.
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