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1 ����jl) (maser) viq�N#�5�l�_��E{#�9��Zl�"e)JCV�bf,��l*Oe)R�V℄�:rNl42�nl)#��*Of,J�EOq�7���� 22 GHz l�a�= (JKaKc = 616 − 523) b;-yY�Jh"��:h9Ul�=>u�Æ$|�^d�l (�V℄!� Tkin ≥ 400 K) �wl (n(H2) ≥ 107 cm−3) ��e) [1] �U�nl)�Nl�=buD�3A�l4i�b\ 20 `� 70 
b~#!aR3 M33J�=hnl)�N [7] zF� 30 
J�#k6h�z�l 1 000 -R3JD�_� 70 -)�=h����1\ 64 - [19,1,21,6] ��Q=}U�nl)�R�U3�lnl)�2�Jsl����Z2�"`[RVKh�lR3b5K�?=l�0�8bR%R3RNy&R3 (> NGC 3079 [8]) �5_b[l\�R3 (> IC 10 [9]) �#h!l 10 
J�2�h�R3Ol!aR3tK�^\?=
H�\ 1993 
 10 �h 1996 
 1 �� Braatzn: [10] g8
 354 -!ah�R3�W\a=�#�J 10 -R3R�=h\nl)�N�4$�:|t0;Fb
 Seyfert 2 R3RpyMO�N* (LINER) R3�#Bw_# Seyfert 1 R3 NGC

5506 [11] � NGC 2782 [12] � Seyfert 1.5 R3 NGC 4051 [13] � GC 4151 [12] zs FR �NyR3 3C 403 [14] Jt�=hnl)�N�e3[_mnl)Fb
 Seyfert 2 R3RpyMO�N*R3�4$8Lh�R3_;�2�_l%�R*l X N=1eVw��U�nl)l�=f�E�Yp�u�D���>x [15,16] ��lUE� 0 [17] �8u�xTqbih?�� r���2005-12-23 � �y���2006-06-14z|���F�6<`n�_XE� (10573005) �F� 973 _XE� (G19990754)



� 1 � 4�o�V�om*mg-�/ 37�=R(bz�l<H�du�x�*�.f(Q?=9^nl)�N*T2��GX�Æ$�NU��J��=���
:>�Z���
U�nl) (3\3rq�bh�R3O�>lnl)�vOl)) lq���� (O�N��q�) k�� (O�ek�Ge) F�
-dlh�R3O�8/gF�*Tb�h|l [18] ��=hl=�Xt/3J�!x
��
?=R( (�=�eo) bz�l�*RNl?���wl℄��℄k�=hlnl)�m�_�,� [12,19−21] �\ 2003 
h 2004 
� Braatz n: [12] S�'�lsE Green Bank��* (GBT) �
3Æu�J
 12 000 km/s (\v�� 0.04)l 145 -s�Uh�R3�W\a=�# 11 -�J�=hnl)�N [12] �\ 2002 
h 2005 
� Greenhilln: [20] R Kondratko n: [21] S� 70 m NASA Deep Space Network �= (�3#�_Sdl Tidbinbilla R/�l Robeldo) �a=\3Æu�J
 14 600 km/s(v\vJ
 0.05) l
1 150 -h�R3��=h 15 -nl)� [20,21] ��I
?=o*le+E\�t=z℄�=f_��*�
Kp�?=�T>� Henkel n: [19] K5\/\ 2 -o*� 1)	�el)
o*� B9^RNy�eR-=*l�a��i�C℄=0lA"��R3RpyMO�N*R3�k72� 100 pc M�z�li.Ny�:l<GR3 (xH℄(td=�G) �8LR36ofOnl)CVl�� (�73) �S��+ 100 m ljE Effelsberg ��*�# 14 -!T��l�J�=h 7 -��=f^h 50% � 2)	�\�l)
o*� IRASv�eYw� SV > 50 Jy lR3�8-0\
�_IY[RVK�>lnl)hz)�?=khlnl)�=f� 22%(# 45 -!T��lR3J�=h 10 -nl)) �

2005
�BarvainisR Antonucci [6]�I
u- Type� quasarso* (\v��� 0.3∼0.8)l?=��=hu-$l) (C�GI 103 L⊙) J0804+3607 �|b���=hlh�lnl)���\v� 0.66 �+z��=hl�EKq�u-mYw�Ztbh[l�|l/GXC�^h� 23 000 L⊙ �+>��=hlh[l� TXS2226-184 [22] q[! 4 '�8J�$[lnl)�l℄#R�=�7��W
�u:r\�JR�l1p��aI�ezsJn��olm*�X�3Oqlb|��6u-+ Ia UGNR3NlÆS℄=?=Y��I=Y|tl3M (\vlLm) 3}J6Em�8
�,��Yl*I��X��Æm=ÆS℄}U2�Oq|~ [6] �
2 �W�pn+�u�L20VKoHl7=Æx&�1l 64 -U�nl)�_F�� 4 J [1] �

1) [RVK�>l�> M 33 � IC 10 � NGC 2146 n�8Jl)Tq#!aR3[RVK*J)�:��Jh%)�:lU�nl)/b#!a['R3 M 33 l1U H �* IC

133J)�=hl��l)�N�XR(t�U3�l)�s�|

f,_IYl[RVK2�Oqi��d���I+�ugl)�ldGu�RbWu��f=z\3<zR3XxS�Bl3M [23] �3}R3lC�u�\Y�f,*R34l�V℄}UR3} M 31 �
M 33 ��U3lIYzs�*I!n�

2) O1p�>ll)��> NGC 4258 � Mrk 1419 � IC 2560 � NGC 3393 n�*�.fl VLBI ?=9^8Jl)�N�E^d<G[Yl9O�a��OJn3M#



� 38 ���������#�^���/������� 25 4�
pc M�����Tq�h�R3Ol�N��q�Iwl�a��ÆCV [18] �8Jl)�=2��E{9l�:��= K\ 3 g�Y�*ul\v�YRHv�Y
J�8#3Æu��Y 2 <��
8Jl)�
Y�leO�a1pI��ÆJ�l) [24,25] �
8Jl)l�=�S\q(#I��E*w�l��l℄#�fq(eO�

(td=b<Gl���x&#_� 20 -R3J�=h8N�=�:lnl)�N [21] �:#l)x&K�u-Oqllf,
H�

\33}U�R3lxS3M�=[Y�leO1pRR3JO_IYX�l℄#zs3}X�IY2�X�Oql|~�

3) �el)���O�e�Q,�a��i�k�eJlNaCa)�(��_�>
NGC 1068�Mrk 348 � NGC 1052 n� NGC 1068 bh%)�=h8N�i�lR3�|lnl)�=7� K 3 g1p�:�=�Y (3Æu��Y�*ul\vRHv�Y) �Æ$f�=hsrg�Y�8u�YF�
Ny�eV7� 0′′.3 *��)=�bNy�eRQ�Pwl�a��i�ÆCVl [26,27] �Mrk 348 R NGC 1052bd� 2 -	�el)
lxUTa�['R3 Mrk 348 J�=hlnl)�N|l&G�e�> [28] �Æ#��R3 NGC 1052 J�nl)=���/��Gl�eU�CV [29] �|tl�=7F	l)
�o K 3 g$"l-=�Y�ÆD�dul?=�Y (� 100 km/s) �Jsll)�f� TXS2226-184 [22] � NGC 2824 R F01063-8034 [16] n�8Ndu?�=�:b�b�e.�CVll)y=�l�f��u:?=f, [18] �

4) O�Ge�>l�> Circinus n�S� VLBI 
 Circinus R3?=��:�nl)�N7�9^	l)
�:�Æ$�u?��l�Ge�>�&�Ge\<zl1pJOiSh� 1 pc l�� [30] �Æ#A"��R3 Mrk 1210J�=hlnl)�)=�=�b�#C℄5��=hl_M��GeCVlNl5U�VKl [31] ��
_ 3Jnl)suJ7�|t�h�R3O�>�O�Nb|t��k��lq��Y���Z�	=�|tÆJ�Onl)�f5�Ik�J��AkH2lr��+>#
NGC 1068Jnl)�N| K\FbeOl;��	�Fb|l�e;��# Circinus R3�nl)�N7�9^l)�Nl�:�Æ$9^�_M�lO�Ge�>l�: [30] ��U3�nl)=�� 2 J�R}l)R[Rl) [32] �R}l)��
[RVK*lPwl�a���GFwl H �*�!?l\���9�aO� H-H ��R�Ge�w�>���6/GXC�� 10−4L⊙ �f5t�+�r�lTa�_�j2l�a� W49 J�=hlnl)C�/^h� 1L⊙ �Æ[Rl)��
�8ldl1RRG1Rl�a ����6/GXC�� 10−6L⊙ �h[l=z^h 10−4L⊙

[33,18] �U�nl)/GXC�\� 10−4L⊙ h 103L⊙ �UE^h 10 4L⊙ ��=h/GXC�_

10L⊙ lU�nl)��yTR3lh�R3O�>�J�5l) (�C�B7^hu�U�nl)C�l 106 ') �C�J
 10 L⊙ lnl)J��l)�Tq�_IY[RVK�>�et�x-h�R3O�>l�T> NGC 253 �NGC 4051 R NGC 5194�ÆC�GI 103L⊙ lJ�$l)���D�=h 2 -$l)��s�UJR� J0804+3607 [6] R
LINER R3 TXS2226–184 [21] �!
F�
U�nl)�*�.fl VLBI ?=f,� X N=l?=f,nxK�8u�lOq9v�7xTq�L8L�xhNl?=sf,�.'��



� 1 � 4�o�V�om*mg-�/ 39�
3 �Qpn+j�T5Q#���=hlU�nl)J�Onl)25_m��
�{[Æ$!sv[�:�bUFm=(Q=Y (VLBI) �EOBl?=�0�	����Yq��Fbh�R3O�N�$l)E�
MJOO*yB3M�lh�;*� [34] ��Z�Onl)l(Q=YK���f,h�R3Oh�;*��:�u�Klf� [5] �S�|=z=[=�leO1pl℄#�f,1plV~�==[Jn_IYX�l℄#s<z�IY�4�ZzvR�|�C�R1pf�hM
_o*8JR3U�Ul�V℄IY − u�vD>3 (M−σ) �=\33}R3lxS3M��xeOI�R��e)n [3,5,23] ����=h_� 20 -=�l	l)
 (��N��3Æu��Y�*ul\vRHv�Y 3 g�=gK) ��J 8 -x&)*�.f (dM�y) l(QwK�?=�?=�G�^\MJnX� 0.1∼1 pc l�al�:s�V℄�: [21] �h&xlf,[T�l)� NGC 4258 � Henkel n: [15] R Claussen n: [35] #&R3Rg8�=hnl)�N��:l)�u��!R33Æu��u���� 200 km/s(�
fZ��wla?<H�q��;�=h*u�Yll)�N) � 1984 
� VLBI l?=�G9^8L3Æu�l)!sk~/Gb[�8��/h~w℄l)�G#bIl-d�|tldGu�\ 455∼528 km/s 6�u,�h~,ll)�u�h_�81{=�℄#u-<G[Y (nl)�
I) [36] �\ 1984 
h 1986 

8L3Æu�l)*�.fl�=�=�:�|tlu�r
,�� 10 km/s �8u�u�<N=z�[YlGO�u�� [8,24,25,37] � 1992 
�S�?a��w�=h*ull)�N�Y (\v�Hv�Y) �|t�Z��=hl3Æu��N�Ylu�B� 1 000 km/s �+u�lR3nl)u�_k��*ul)�N=�bl)�8Jn_IYX�[Yl�G��u:�6\eOY�1p℄#l=0 [38] � 1993 
�*�.fl VLBA(UFm=Ny��*9) 
8L*ul)l?=9^�*u�YR3Æu��Yl)�NFb7l�G�\vRHv�Yl)�_#3Æu�l) 2 <�!s�8
u�x�*ul)u�� r−1/2 K<+ (r �l)h[YJOl3M)�\3r!T7�I[Yu�,=�\Æ=[\ NGC 4258℄#eO1p [39] ��
8Ll)�G�E�!R3JO
(J
 1 pc)�4$*u�[Y��Z<zR#�+J
 0.13 pc���lJn*�lIY^h� 3.6 × 107M⊙ ��w�EK_
z�?=hl�zX�^\� 40 '�"�Vr=[\#R3
NGC 4258 JO℄#_IYX� [39,40]

(�� 1) � � 1 �S4 NGC 4258 om*$#-ÆJ�9_}� [41]

4 X P?A?h.�
Onl)�5_m�s�Ulh�R3O�O*#C℄R\�5�beO}al�



� 40 ���������#�^���/������� 25 4�Æ X N=�
|lW�X�<N�6\u-f,8L}alh�R3OeOe)�E�Kl42�|5Onl)lO �YFb
h�R3O�eOyB3M��*w�l��e)b8L[lnl)VKlDy�nl)l�NC�/=�ReO��lw�zsOl X N=�N"��> [42] �"; [43] 
fZ�=hl 16 -5nl)��W\Æz�-�20x�l 9-�l X N= (2∼10 keV) l?=�G��:5nl)3=�℄#
2��E* X N=1eVw�lA"��R3J�!
Fw℄ X N=�"℄lbu�.�XMM-Newton R Chandra R�~�NR℄��x&?=\Yh�R3O��I�-	T|tl X N=��=zkh X N=1eVw��8�W
3Nr\�nl)lCVe)s*OoH�Z�Æzf,U�nl)�N"�ReO��lVw�>3�6\����IF	=z�z_lU�nl)?=�6��lCg�
4.1 X 	���$�p

Zhang n: [1] {A�-\��x�1lk6h�z�l 64 -U�nl)� ( B 51 -5l)R 13 -�l)) l X N=?=sf,'���4iTqm
 X N= R ASCA �
BeppoSAX � XMM-Newton R Chandra l?=^^�\ Chandra R XMM-Newton  R?=^^�kh�J 38 -�l1eVw��2�'�A�"; [1] Jl1 5 ��8 38 -�lÆz�G9^�S NGC 2273 R NGC 5194 �� 12 -�l)��b9��"l (v1eVw� NH< 1024 cm−2) ��1eVw� (
mM�) l�6A� (22.62 ±

0.37) cm−2 �Æn5l)95�
3}ale)�v3*��Vw�leO*��1eVw�l�A (
mM�) �
 24∼25�1eVw�l�6A� (23.77± 0.14) cm−2 �n5l)J
85% l�beO}al (NH > 1023 cm−2) �u�b9��℄l (NH > 1024 cm−2) �8u�G�A"��R31eVw�lÆz�Gm*uF [44,45] �
 11 -l)�l1eVw�lÆz�:��J 8 -b9��℄l [46] �v|tl1eVw�_
 1024 cm−2 �95�n5l)3%G
eO*w�l��e)�Æ�l)Tq�_IY[RVK�>�V
w��
�Jl��e)�
4.2 �Æ��tpv��$�p��_��/�inl)b�ZO q�CVl [47,48] �OiI�;�$Rll)�N�w℄��Vw��Cmw,F [49] �$Rl)�N"�<+
Vw�lC[��v LH2O ∝

N3 (H) [50] �#BA6ll)CVoH��f7&T�e�
Onl)h�R3O�>�|tlTq�Yq���fFb
O�N�FbOl X N=�N�&R|yq�CVlnl)C��>W�=z�Q X N=1eVw�Rnl)C�>�℄#u}l�>X [51] �5Æ�"; [1] Jkhl 38 -nl)�lÆz�G9^� 26 -n5l)�4q�9^Rl)C�RVw��<Sl�>X�#B 38 -l)� ( B 12 -�l)) lVw��w℄l)C�,�ÆIWl)a�e�>X��vD�_�1K8N�>Xl��fY7&T�=�lTq��bl)RO X N=�>�l�G�B�u�x��
 X N= R�.fl<H (� 1′′) ��ehl X N=�N7�Fb
O*�=�fgih�O*l�N (>[RVK*ki.vD��l�N) )7�\Æ�C1e��Vw�l3} (�	T X N=�kh) �du�x�nl)l�GtY$"Æ7\3�_;�[RVK�>l�l)�G{9�MyTR3lJO (O*) ��FbO*l X N=�NR8Jl)�>b7:[l�Ol)l�GRO X N



� 1 � 4�o�V�om*mg-�/ 41�=�l�Gt7b�0KMl�v℄b+�OBll)�tD�3Æu�l)�l)<N�
	O��o
l��Æ�O X N=��GKM�Æ	\v
R	Hv
l)�Gb�MO*l��Z�G�BUE^hx pc [27] �Z��v℄l)RO X N=�>�q��G�B�nl)�Nf=�ihS��Vw��l�z�tl�C� 1995
�Neufeld R Maloney [52]�i\O X N=�Nq�OQ���CVnl)l'��khl)C� X N=C�RJnX�IY�>� LH2O ∝ L0.766
41 M1.234

8 (8R� L41 1^ 2∼10 keV 1e'<l X N=C��
M8 = 108 M⊙ 1^JnX�IY) ��Z�#�lOQ���e)7�7lO X N=C�RJnX�IYÆ=�CV7"�lnl)�8t=�b�Cnl)�NC�R��1eVw�l�>Xl���
5 ���{
5.1 �
k�~U�nl)�/2�Z-�:�2�1:#�="��=?�=Ou�R�=gEn�x�
U�nl)lZ-l?=�f,��W
(t\�|tyCVl*Oe)��x�CVl*OoHn�>'��%�
R3 NGC 4945�NGC 1068R NGC 4258lnl)?=�:��Ld-��:℄#Z-:H [34] �HaschickR Bann [8] �Haschick n: [24] zs Bann R Haschick [53] \ 1984
h 1993 
�
 NGC 1068 � NGC 3079 � NGC 4258� IC 10 R IC 133 8 5 -n5l)��W\�=��6Z��,� 1 -���G�:8 5 -�ll)�="��=?R=Ou��9^R{9l-d�R3 NGC 4258ld-�=�:l"�XZ-d�3Æu��:�=l=Ou�℄#F��v��6�vuf�r
 7.5 km/s �� NGC 1068 R NGC 3079 l)�=t9^RJslu��v�\ 1993 
h 2002 
� Braatz n: [10,54] 
 NGC 2639 nd�l 13 -n5l)R3�W\�=�D#R3 NGC 2639 J�:\JsR3 NGC 4258 l3Æ�:�=u�lF��v��vuf��r
 6.6 km/s �Æ�zR3l)�=l=Ou�m*#L7-�#=?R=V�x�R3 NGC 1052 l?l)�= (� 100 km/s) ℄#{9l-d��=gEt&0r9^R7&}l-d��="��x�-dlZ0R_J��Æ��T>�� NGC 1386 ll)�="�# 8 
l�=Jm*#L7-�Æ�l Circinus �="�-d���x`r[?=9^7l�G�d��#�L� (> NGC 5506 R IC 2560)J?=h"l��h|lsG:H�"�+�E,�x'�Z0u��x-��nl)"�l-d�S\=�lR}IC�C��Tq��=�bO ��l-dk7l),�l-d��
n5l)2��E_lC��h�R3O)7=���Yq���Æ�Lh�R3Ol X N=�9^R{9l-d�8NO ��l-d=�'Knl)�Nl-d�
5.2 �Æ��tpvx�tp

Jaffen: [55] 
�=hl�U3� 25-�
�\��%!lnl)��W\�i�-��:C�Yw� 10−4L⊙ lnl)V
�\�C�Yw� 105L⊙ l[R%!�ÆC�Yw�
10−5L⊙ lnl)�R:#C� (�\�) Yw� 104L⊙ l[RQ��vnl)C�R�\�C�℄#!sl�>X� LH2O ≈ 10−9LFIR � Henkel n: [56] �:7�U�nl)�Æ$U�



� 42 ���������#�^���/������� 25 4�nl)�oof8u!s>3�eb�fZ�=hlU�nl)�D�x-�Æz�G1�f;l=Q��h!� Henkel n: [19] 
 53 -nl)��Wf,4ON�i\8u>3�#�\�o*J�=hlnl)�zsh�R3O�>lnl)��t_F!T8u>3�evD�_�>G8N�>X3[℄#��eobz�l�*Æg�=h3lnl)��>Gbz��*u-Yw�\(�\�o*Z��\�eY S100um 7<=��Fl 50∼100 Jy�h� 10 Jy �<z��=l^\�ÆD_� 25 '�\Æ��=h3lU�nl)��
6 ���u1��
ih?=R(l<H�U�nl)*T	2�h|���N�Jn�X�
|l�=b+�A�l�w℄?=R(l7	�. ( B��*zs�eobz�l�*��a3?l��wl℄�n) Æg__,�
U�nl)��=lK5f�T>�ÆgR:l SKA(the

Square Kilometer Array) ��
��exp_ (�K�exp� 106 m2) �|lbz�Æ+f�l��*�*EK 2 -Yw�v℄���l�=f (u�����>x) �W<v��z=��=hlnl)�m�tÆ�^h 105 ∼ 106 - [5] �
[RVK�>ll)lf,��W
�u:\�!aR3l[RVKe)�\3<zR3lxS3M�f,*R34l�V℄}Uzs M31�M33 R�U3lIYR�*I!�8n [2,57] �Æ
3lOnl)��3b
l)l*�.fl VLBI ?=sf,�u�x=z�u:\�Onl)lVKoH�du�x
�xh�R3Olm*�X ( BeOe)�1pl℄#sV~�Jn_IYX�l℄#sIY<z�yTR3xS3Ml3}n)t2�Oqlf,�A [5] ��u:
*\vnl)�=l�=sf,�f=z3}hp�lh�R3O�C℄�l[RVKR3l3MRC��1R|tl3MR\vl>3�\33}J6Em�\Æ�u:r�x��Yl℄#RXI�m=ÆS℄}Un [6,18] �m����
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Progress in the Study on Extragalactic H2O Masers
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Abstract �Extragalactic H2O masers have been observed for nearly 30 years and to date there

are about 70 sources detected, including 64 being reported (as of May 2006). The masers are

associated with either star formation or active galactic nuclei (AGNs). It can be classified as

related to star formation, nuclear accretion disks (disk-masers), interactions of nuclear jet with

ambient molecular clouds or amplification of the jet’s seed photons by suitably located foreground

clouds (jet-masers) and nuclear outflows.

The statistical analysis of extragalactic H2O masers shows that almost all the detected H2O

megamasers (LH2O > 10L⊙) are Seyfert 2 or LINERs. Most of them arise from heavily obscured

(NH > 1023 cm−2) AGN, even half from Compton-thick circumstance (NH > 1024 cm−2). And

kilomasers (LH2O < 10L⊙), mainly associated with star formation, are always Compton-thin,

i.e. their absorbing column densities are NH < 1024 cm−2. The positional deviation between

maser spots and nuclear X-ray source as well as a high degree of clumpiness in the circumnuclear

interstellar medium may be responsible for the weakness of the correlation between isotropic

maser luminosity and X-ray absorbing column density.

The masers associated with star formation have been used to pinpoint sites of massive star-

forming regions and to estimate the geometric distance of host galaxies by comparing radial

velocity and proper motion in groups of maser spots, and to determine the dynamical model

of Local Group. VLBI observation of AGN-related masers has become a very powerful tool to

investigate the most inner region of AGN. In addition, the H2O masers are detectable at high

redshift, potentially providing a new cosmological observable for testing the reality and properties

of dark energy and eventually the cosmology model.
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