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XY (HII) �ARZ[JKN1)* \	5 U (H2O)5
]V^_EX (SiO)5 �`a�b (CH3OH)5 cb
debfgh (H2CO) �,�����8ijk
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; 1 ����?@�����������������
�y�	 OH, H2O, H2CO ��d���������
��?@�����<#L�=+#K�	

������ H2CO 5�VG�Vt��8 OH 5 ¡c8 H2O 5 8

¢m�u!¢�� ARP 220 ARP 220 NGC4945, NGC4258

>���u!¢ OH 5£v8 (+¤
�¥�¦�9��� �u�
§�����

¨?���©ª (AGN)�
�(:39 AGNs

«%k (GHz) 4.829 1.667/1.665 22.235

�����^#�����
�k

3 ¬/. 100 ¬/. 75

9�	K­� (Mpc) 70�100 Mpc 50�1,000 Mpc 10�100 Mpc

¥� @A¥� 100�
� @A¥�� 100�104� @A¥�� 100�2*104�

�®��V��� OH 5£v8 (+¤
9�¯% 59�	(# 50�
100 km/s 
�8� 1�B?
#$��	

9�:% 59�	(# 10

km/s 
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?±��	 �&%��¢
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Pump _ �/q¦�9 q¦�9 AGN ?@�$%EF%

f;�G���
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µ���

10�100 pc ���V+��
ª�«¶�·0¸%/Z�
G

2�3 pc d°�¹����
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3. OH������

VW@$A2g�0!��J,� OH��
	��1��2�34�2� �5�� 1,667 MHz

� 1,665 MHz S562 18 cmT 2%�� 4.7 GHz

� 6.0 GHz 7
�34���\������V

W@A2
(�8�I)%I7��� OH��
	��g�$9�J,�
�� NGC253��q:
	
���VW2� 70��
;<2%��8)� 0
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W@$
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��5
f��
2� �
p��	���=���D��	� (kilomaser)

�r�0��%���p��	�g�
9�� 80

��
;<2� Arp220 (IC4553) ��q>A12
?�$.��'�VW�$2%��7)� |,w��
OH�p��	�
9��
��� GHI2�6
| 75VW$�p��	���\������ �
D��	��@,,�� @A OH��	�
A�
� 100	��B��� 0,I29�J,� OH�
p��	�
g�f���6| 4,000&'f�2
%�� 0
 OH�p��	�
�f��� VW@
$$%� OH��	���C��$��� pump

�;���$K�/�
2���������,
����
|
�-.���� �!
 OH�p��	��

%�z
>A1�f�VW�$%�0��+��
�� J�$��	�
f�� >A1
f�$�
a�
¡�%�0��  >A1��de�8>¢

L��

¡�.��$��� w£� OH/IR

U
 OH��	� (1,667/1,665 MHz) 
 pump

� >A1D¤$6���1J,���0��E
¥����� ¦F2� OH�p��	�
 pump

�;�����b����� VW�X§�Z2¨
©�ª9�U«¬$G�He�,�8>¢��D
¤J,� >A12%���1J,���� wx
$ VLBI2­®$¯_°±²J,� OH�p��
	�
8�I\kl��

Arp220 S³J´ Dµ75 Mpc, �)� Hµ75 km/

s/Mpc �¶K� w�L©T ��f�>A1VW2
%�� >A1)t
.�J2&'f�
 1012��
�qM��N$O/�� |
·�f��P./�
�e$� VWL¸
¹Q/'��R9/�>?�
º�>¢�ªSVW§ (AGN: Active Galactic

Nucleus) 
T#
»U����,���� Arp
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C)DE�
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NO��P3�.�QQ,� ��.����P
R�SL!C
TU)V�WC$

Mrk231 (DX172 Mpc))�Y� 1Z�[\]�
P^[_�`�a1b��ca�
CGHIDE
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(CO) 3h�i��j������56
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�	��Y`
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�	�t
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���lmwKP�xSy�"#& t�
)bK%!L3C�z�{C|�}"�"#
$
~����6�& 
�	�t��m��#	

P�xS���'�(���d#!�m& P�x
S�$�) 65 pc, ��� 70 pc �3
11)$ Mrk

231�)& '�(���Y`8d��%���6
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�	��J��&L!C
���6
$
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4. H2O������

�H��'�(��c��+") 1976,�&
Local Group �B
 M33 (DX800 kpc) 8d�
B �$ -��37��'�(�)M33��Y
.��)3K& DE��w/�8d�B �12)$
9� VLBI ����6�& '�(��0) HII�
.�1�L!�m& ����)DE������
O��'�(��2L! 103��L8��3
C13)$ ��& DE��)�4�
��. W49N �
B
DE�cF��'�(���� p��� 15
6��� �m�5C$ 1�m�
��7� �¡
�3 ¢8£�¤'�(��B
$�7¥�&7�+
"�9,� NGC4945 (DX3.2 Mpc) �C�:�
�¦;DE�a�'�(��+"56�14)$ ��
�'�(����) 10056����#& W49N

��'�(�����< 1003)§C$ ¨,�"
18 �M33��'�(��2© 1,0003ª�
�
K& 76�� ¢'M'�(�¤ �_«P^[
_�3
$ 7�B� 1986,��� NGC4258,

NGC3079, NGC1068 �C �+���[\]�
PDE�=@K 10056�������'M'�
(��+"56
$ 7���3�'�(����
��8	>?��C�$ �'M'�(�S¬�P
��@A�L!& '�(�­I�®I|�&�¯

q 1 Mrk231��Y`�lmwK OH'M'�
(��� � VLBI�°kL�±² pq)
H.-R.Kloeckner³B´&��µC¶ 25. u/·
t�S¸��)����& 1���)< 0.83

�����¹D	
$ �	���56�DE
��Y` pE�I�ºL�� �%.�lm�
n���'�(� pF»S¸���Gº� �
� L!C
���8
$
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*34$�$35�6�������*7���
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9�'4." VLA
:;�.<=�>�
?@A� �����BCDEF'(GH�IJ�
�� !K���L6M'(N$�!��O15)"
�'��������� AGN�P�Q*�R�
S�TU.8V�W�XY
�#@$��'4
." Z�
BC[�\]^�_
:;#@!W49

`a>�\]^P���bc!����*dGe
f$3� NGC4258� !?O�5�6����
�gh�i��j�
9��" W�k�A(��
l.�5�6������m���� �����
MnJo=*pq`��$�����r��s*
;tc!:;��	u��vw@$�." x�$
1992�� :;1�yz{�|!�������M
nJo=�}N	 1992��/�1�2��~�
����?4$�#@." u����pq`�:
;D� c
��(@! NGC4258 (M106, D�7.2

Mpc) �5����MnJo=�� BC�[�r
����$�h�?x 1,000����o=��3
��>����o�.�����r�^�	��
~ 45 m 0
���
}N#@." BC�[�r
��Z�c!����^�*��
��>���
�o�.����^�	����������$

�!W�'(� BC� � !Kr��6M�!
*5����	o��M�$�!��
���'
�#@. �� 3�16)" W�8V����� �h

8,000����o="@.����,c! 102
�25 m���'(�! VLBA (Very Long Base-

line Array) �?! VLBI� :;
¡�#@
.17)" VLBA	�8�.����¢*>��o�

� 2 (a) £¤BC NGC6240� 22.2 GHz 5��
��MnJo=* 3��w.4$�¥:;�
.¦§" #����¨©��ª«	¬�m­
���4$�®O��� 5��������
��	���" $�	 2001�2002���a¯
°�JM>�«J��± (MPIfR) 100-m 0

���
:;�.¦§
 !24)" (b) %%
��5�6���� �P�BC NGC3079�
�²³����s�Z& �#�´���G�
:;�.µ�`�" MPIfR 100-m�
� W.

Sherwood ¶�$�	 2004��:;�." ·
�r�¸� ¹�0
���JM��" MnJ
=��¹��º�X���»c!"
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����<��12	� $%F	^_� "`32
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bc4d	e!567�bc��f*��g��
]h�4dFB(- NGC4258�i��	� 86
�a9*
�_j��()H� :k�Klmno
. �18)- ��*,�� ��F	� \]p�_
!f;&^�-
.�� �������q<�=r	 NGC4258

�s>F	^_� ��?�@�t����ST�
K=r8(uv*���� VLBI�
FA&%�
^,�- @�t�����w/	 AGN�x�
B� yI� AGN!q48(z{� |}?~%&
�CDEFD!GH���d� ����A(.�
����I�*J�(��*�K. �- =,�
�����
@����!� M33^N�$�4w
/�@������L8(��� nuclear ��� @
�������bc�K�(- VLBI�=(L�
��aM�
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4258VW2������	8(�����"%
�� CD|}?~�P^(=)��	8(�� {
�~����=)^����	KB(- I�� N
��O��P�^�	!��� a�*y%^��
KB(- �� ��=PQ^uv	� nuclear@
������		"��N��� 1����_&
�IF�a. ^���)��FB(- � *�
?��
�����	�^�� nuclear@��
���RSFB(- ���H�� @����	x
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(��!�M�8( rV¡�2��>�
�H=)-

1995*\¢� NGC 4258VW2� nuclear@
����£j!W,��¡¤¥�¦W�
*X§
¨YF^. �- Z�K� �[©�� \]ª 45

m ¤F�^�^@����_«� 1996%& 2*

` 3 ¡a��
ST%&�
. (����Y¬
�~A!4���­®A!¯b��c°d�
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�%&²³%(´G� � Vrot
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�
�¶h�´�*P^,��G� ¡i·_'H
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*�
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� 75�
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5. H2CO������

4.8 GHz >"# 6 cm? �@ABCADEF
(H2CO) ����!<G&��23H$I�� 
J%K&��6����'
$I��
(L�#
��7�� JK� �� OH�M����� Arp

2207N��K)� �
��
(�
���#
�2(O$ P�QR*)���"
�#&ST!
�&� �	$ @ABCADEF����!<G&
� � OH�M����6��1&� �����
UVW.XY��$ OH�M�����+Z 1[
�	,\$
]^_`aXb�����&� Pump

�cdeB�$ 24(\*/f�K)��7�

��#��&� VLA�"
1&�$ Arp220�@
ABCADEF�-�gWhA.*i!�(G	
f�K)�/]Wjka��-;7l&3,�<
G$ �(� OH�����/m\nhAo�.;
6pqar.s7t0�1u�6�-���&�
@ABCADEF�M�������M����
��v78$ w2� �34�5f��7\X
x�y�Xsz{f*�K)67$I�+|�}
!�	$I��-���&�~�#&� �
��

!87���4�9��:)�7�;�<�=

!$ @ABCADEF�M����� OH�M
������-�>����&���7�
�

6. ����	
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�

24(\$ ?��������;"
�	@

�$ �A������BC��D��&-��E
F�G�����;HI��&���G���7

�	��Q,�~�#&� �
�$ 
]^J�
���=�6qar.s7JK�������f
K� ��L���MN� ���O���&� �
U��F�P5Q;HI�	-��GR�K�$
�E��-��G��R��S�T���&� 20

U�	6V$ Genzel(��^�a{W51�Q�
W$I��������O�2�S<;�	�$
����!���&$I���-�;���
	22)�  X�¡Y7¢£�
� -� D��&��
��-�; q�1&�$ ���Z�� L � L¤
Dq >���¥[¦
(*�7��$ q§1? �\�
#&�]^;%��_�1#¨$ D¤206©V>bª
��sA`J?/w>«�.ªJ`U?(kpc), >V¤
dl/dt, dq/dt �� � w? �¬�(#&6)� V �
������ab�2 �$ w� VLBI�3&
������O�2�
Gc�de�$ «�.ª
J���n��
G�=��&� ���R���
�!*\7#¨7&­N$ <
���O�2c�
f�\78$ 
G!®g�7&� ��� VLBI¯
h�°"
i±²� 10«�.ªJN�
GE�
;�=����&� VLBA;HI��³´� 
M33������; 5U�"
�������
�O�2;
G�	��Q$ a)�2 �! 106

bª`J�������!µ1�O�2c�23
4 30«�.ªJ`U��&�
G�#	23)� �
�c;	¶�jk1#¨$ M33���-� D�
Z� 730bªr��.�¬�&� �·5�38�
U��F�P5Q
(¬�	M33�-��c�
l 800bªr��.��&� m\no7pp��
R�¬�	M33¸�-��c�
78f�� 	

�$ ���R��������O�2c!«�
.ªJN;²¹&38*�� �
G�®g�7
&� fK�� �6����º�!"
�#��
7�� $qG¨M31 >CaFª�n� ?$ ��
�����
GR�6=Q»rI��7��
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Extragalactic Masers

Yoshiaki HAGIWARA
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181�8588, Japan

Abstract : The acronym ‘Maser’ has the defini-

tion ‘Microwave Amplification by Stimulated

Emission of Radiation.’ Astronomical masers

have been observed mostly in the prominent sites

of star-formation and evolved stars in the Milky

Way. Molecules such as hydroxyl (OH), metha-

nol (CH3OH), and water (H2O) are known to

emit intense maser emission in the interstellar

space, the site of many ultimate physical condi-

tions.

OH, H2O, and H2CO masers are observed in

distant extra-galactic sources, as well as in the

Milky Way. These extra-galactic masers are

observed very luminous and compact. Very

Long Baseline Interferometry (VLBI) with the

angular resolution of less than 0.001 arc second

is one of the most important tools for the study

of the angular structure, distribution, and

kinematics of these masers.

VLBI observations have proved that extra-

galactic masers are powerful tools for understand-

ing the activity and dynamics within central few

parsecs of active galaxies. In this short article,

the current status of studies of extra-galactic

masers is briefly reported.
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