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• +!%T�j�A�Lj'(
– P1?27B�

• +!%]8�(105���)J_df[nC[T�py��van�
c.f. 1. P1	LpanrvR]27BpKManwq}vs��� ~107�

c.f. 2. P1?rv	:jvs��V(~80pc)p50km/sg<an&D,Q: ~1.6W106�

• P1S	:�j�i�loc+�\m�)jSiO~�t�4j.�:
+�!%j8�py��v (Nakashima & Deguchi 2005)

– P1?�#�
• Sgr A*\mj�vs�� (1�100pc)if�)jSiO~�t�4j.�

(Imai et al. 2002; Deguchi et al. 2004; Fujii et al. 2004)

• AGB+�P1?U-�O�|x�u���j3�
– AGB+� ��k relaxation time scale (~2πRGal/Vrot) ��
– X+	:Y] ]df[n>�ik�
iglZnkb

• +�rv�+Qrvj$I\mXP1?j0�YpF*
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• ����5u'f��>t�sc
– mu���u)arv=s|9.sxu�$Hc~Lpc|exk}sc
– FPV~D!Ih4�l|utvbw{�cpcsc

• ����5� u�������
– %/knc��t��l|rv[zsc� W1E����

• N4#2tdi|[<
– MU� ?Z�uB�*Y (accumulation period)q0w|(<,SXMU�
For 22GHz H2O
Δs~3”.5 (1000km baseline)

– Image cube�&gg}scjrxb|��~1000�
7, 10,000�����(
– N4�:� horizon�horizon N4f-6`+�4*YN4f"K

�,SXTG`�;*7R!ty{j}��@hqgsc�

– VLBI �?J	� �8]35�����5\Ou�[(ocnc<3_�
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• �����, 20 kpc�"����?
– *+%+&)'(!�� ����$
#

– 2008�8��!����,
D=8.0+0.9

-0.7 kpc for IRAS 19134+2131(Imai, Sahai, & Morris 2007)

Galactic
rotation
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• �"!��P 1 Mpc .;+94
– IN@NAGCE7&�-���,��KMBH,>��
– ��'8! %�O���&�7��
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W51 North

��0<��6:23
7.2N8.3 kpc 7(4�-	=<

JDLF?CE�48 6kpc

(Imai et al. 2002)
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• nfqi\dg)w 100 Mpc EVASKx
– ��GInfqP�O5<ZipthomtcLGJ�YX
– 2�irtnfqw
#� =�U�
#H2Omtat+O9-

– `jot�6�/nfqw m]mtat (e.g. NGC 4258)
H2O Megamaser Cosmology Project Z�,

• nfqP�>�K0�D(SX
• i\de\s_P3.�NfD�ARMnfqP�>�D?A

• i\de\s_'�χ2D�FARMnfqP�>�D?A

Nf=3Npm-Nfp

Npm:�%8�ftc"u�&�7�k^gqv
Nfp :ipthomtc"
– �mtatbldgP�1P!A

• 	?0�K*�FYJCW@�13�Q��uRL[M��NGvLHX
• �bldgP�1T$:P;"LGJ!Bw ipthomtc"D2�O
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M33: D = 730 #135 #100 kpc
(Brunthaler et al. 2006) 

M33/19

M33/IC133
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• ATCA archived data (C901,C973) 
analyzed by Y. Katayama

• 13 fields
• 15 regions in total

– Annual parallax (~20 μas)
– Galactic rotation parallax

(70 km/s ⇨ ~300 μas/yr)
– Model fitting to internal motions

(10 km/s⇨ ~40 μas/yr)

http://www.noao.edu/image_gallery
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• 1612MHz OH%'�'���������

–  #&"'��$�!&������������

van Langevelde et al. (1990)
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• OH@B9B:7A�	&�3
��
(Sjouwerman et al. 2000)
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(Nakashima & Deguchi 2006)

• (%)��<�2H��<�4=�;B�'/�6A='/��=��= ">
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(Imai+2002; Deguchi+2004)

��0�.3(~40pc)� 
SiO'($(�179�

���� �����
�(Σ∝r-0.7)

Sgr A*	��VLA
%(&�� "15�
(Reid+2007)
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Sgr A*
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(Imai+2002; Deguchi+2004)
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'25-5� �(Yuzef-Zadeh et al. 2008)

HCN
3.6cm

• 1/.0,34�� %'
�	�+��

• 1/.0,34)' �
���+�
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• �������&
��'25-5�
– θ~70” in NRO 45m

– θ~150” in VERA 20m

25-5�(�!(<1Jy)
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• ;)/�Nae[e"�N100����NX_cZe"	
c.f. H2Oae[eN��O103���KP@aYae[eAL�WKBT

LH2O~0.1Lsun in W49N
• OHaYae[eO\]e`e\^;)K'	 (e.g. Arp220)

– �,FUI(~100K)
�Y\C�E
�
– :5�0"�MRTae[eC�6d��FUQHB
– 8 
�C(7-4$GQHB

• H2OaYae[eO*;)�!&V�S�EY\
�.f^eb\M�<

– ��FU%B�.>C20#�L�1 (edge-on)N��M
3+FUQHB

– Narrow line Seyfert (Seyfert II);)K'	FU%B
9 �C�DB*;)�!&(AGN)C��N?� Y\K
=FUJBT



NGC4258 H2O&( (��
• ����(Claussen+ 1984)

• �������(Nakai+ 1993)

• ��������$'%#��� (Hachick+ 1994; Greenhill+1995)

• BH��
��	
(Miyoshi+ 1995)

• �������
(Herrnstein+ 1999)

• !�"#��
(Herrnstein+ 1999)

• Cosmology Project
(Humphreys+ 2004)



NGC4258 H2O57.7&�

• ����&�#'� ����$*57.7��&�

• �
%��8����&1/100��9

• ��&�+(�$� (����&1/100��9

• ��'!,-"�* (warp)
• 57.7/412�	%���3076��)+*

Humphreys+2008



NGC4258 
H2O24.4&��

• ����031/
– �
��: ~8 km s-1 yr-1

����%031/�%��#�),+

– ������: ~0.0 km s-1 yr-1

–  �����: ~0.2 km s-1 yr-1
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Humphreys+2008



Megamaser 
Cosmology Project

(Braatz et al.)

• GBT��������
(σ~1mJy)

• GBT�
	������ �
� (σ~1km/s/yr)

• HAS (VLBA+phaseVLA
+GBT+Effersberg)�
�����

• 100Mpc�������� �
���



Megamaser Cosmology Project
(Braatz et al.)
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Are fundamental 
constants truly constant?
&��%9��H

��9����;�-��3>:4

OH9&�!�*-9, H
	����:�7> α��@�6
��"E'"9��CA@�6

⇨�2.
F#")�G1<9CA

+�~6.5Gyr8?5=Δα/α<6.7010-6
Kanekar et al. 

Phys. Rev. Lett.95 id 261301 (2005)


