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����-./�����R�2'����
�5�#S�T&'I�Q� 6�� ��UV�$
WQ8�-��X������62YZ�[ M
�M��\�-./��62YZ�[
]^����-./�_%Q8`a���&

'� bc&'d ./�Iefgghi 1()j k
D"lm7�� 105n*'�+,-&'�oQ�
�.IpZ6Q� /0q1�23)*4 PVr
nRT�5ef� �623 ,1qs� 0t0 67--
&'� 2.7u1019 cmv3����Q� 2�&'I
wx8c&'�-./�� 8�p� 14y*'s
9�:I;U23�78�ze�Q� /{"/
|}lm<~ 300 km�U�� =>��(?�
��UV6Q� MB6� 10v12qs*'�q1
7-$W2'I�Q� 8�6��@Q��6
K8Ac;U6pZ�
 10v14qs ,B-�C
���D��E 0 ���� 0t���QBfq
17-�-&'� 105 cmv3����Q� 3���

��FG��c&'�-./���6I82
3�� ,�Y&�HI�J6�78;BX0KL
M�2Z8Ac;U23��3*'��6Q�
����N�./@QBO�P;��8��
��Q�6K8�62YZ�[ ����N�.
/���Q���R�B8�62YZ�[
MB6� 105 cmv3 �IZ7--&'�� ��
UV�S�T�+,n-&' 2�3 cmv3 �U��

����&'cI������Q� ��pZ�
7-&'6�� �-��=�2����-�I
Z�6$W2�Q� �VUV�g;8�-./
�� �-���fB8�2V2 100)�*'��
KA�c&'W����2�Q� M2'� �-�
��
����IX^Y�7~�B��� ���
�AZ��[K<fAB��2���� \��]
96^I�?��'_2��_2��`a2� �
'��R��Q�
b�c���8�w������ ��J&'

dJ�;6Q� ����B�X�e�M2�f
g�� hi�2��jTQ8
�I6Q� MB
6�� �J��J;�k���ze�Q� ��
l��-./�IZ �m  ��'nRQ8�6Q�

����-./�o2'�¡�p�� M2'¢
Iq����I8rI���£�18��6K
8�6Q�
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sU�¤t8j��¥¡��Vu ,¦/l0 6
Q� ¦/l�v,�§�¨���8Cw�©17
-6� R�AB8ª«6*���Q8���� g
ghiM��KA� 0.001�1¬® *'678
�¯e�B'I�Q� ��x1�1V2��K�
�VUVc�¦/l�.
��-./�°$2'
g�� Q�w��-���3��2����W�
��
yc2'I8��z�B'I�Q� ��
��� R�B�'���U±T�
�²{2� r
I��Q8X^Y�³`2'2�I�Q� �Z
2'rI���´µm¶"�P;�&�¦/l�
-|·} K*'�~��� M�´µm¶"�¸
'�¢�^Y6¹��2�Q� 2�&'� ¦/
l�.
�����X� �-./�.
���
��¢�^Y6�8
º
»¼�7��Q� U±
T������²{Q8Ac)'�^Y��
(Ultra-luminous Infrared Galaxies; ULIRGs)5) �
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5. ����MIPS-J1428

2005� 9��E��q�)��>i���L:
��!8)� H$��X��YZ�[� (NDWFS

Bootes field)9)  3�
�^:! Spitzer�\]T
��^�-U.z���j� 24����^�-U
.��E_�	!�`�a������a�
MIPS J142824.0�352619 X��MIPS-J1428�b
��c 1Z ���=�b�de2"Yz�6-f
g8� 1.325 X,?6 88 �h��\Z �c�
L:� T-U.Y�� 1013.5L�, �2^( 3�1013

¡����,.MNOPQ�T-U.�,¢�

�����D_���!� �:�'!(�)�*
�,.�MNOPQ��ij �#��� X(2
£ 100 W �k¤ 2�1038¡"Z� ���!6B
 6��T-U.Y���£¢�
��E��
�	!�¥2���h$� MIPS-J1428�-U
.Y��6�K���¦��
g&6:�E�
�� I5J�§ YK/E:!l¨6©ª��
«QO X��)�¬Z� 1m�® +�nY2�
�K.�]1
�<D&���� �Eom2�
��� 6��\�6"���¯�+K����=
>?����� �5�Q°Q5J��E	
���
��$E���!� �±� ^�-U.5²�JO
 ³´KpE6�6µq2������¶�
6.2�12.7�����+·r¸)s/tu (PAH)

�4v�i
¹:��10)� �!� X.�	º�
Chandra +�wz�6E��)�¬�x?�
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5,500����/�� 34����56� 1,000�
7��89�
3	�	#�":;�	�2<�
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1  �=�>�?@-	 !"�A	#"
1�B� 1$C%�D4��E&
��	�2	
F�0#1 ��GF�56�H'I=2AJ
%� KF()�����#���
�� 
 �
!�E$L*+��.��M,�G���2N
�;�	����-#�O.P�Q	R� 
-�
S/2T9�U-N=	0V�56#1

2007�WX�
#1YE 1"2J�56#�Z
[\�]3E4^-�_5� 405"N`���
a�6�7) 
@
@b#H'��Z[\"

2;_7	56�K�8��9:;����2A
Nc�"J
�� d_e�<N`'f(gh�
�� ij=k �G�MIPS-J1428��Z[\>l
�O.?m@:��AB=� 2006����n�C
oO.�ph�f(E3
=_ q=D�'f(

gh���rstu(�\vwxhy�z�{

��	_@	_������|E}~hw�� �
F�ZG�H������_@_@�I1�B�
�#1 �F=�d_e�JK� 5�����E
L;�M2-�_�#=_
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N����2�O4�Pb��QR1�ST�
$Cq i�Uqk ".V1��2�G�� W�E
�;�?�#�"0V1�XY#1 ZD�2[
�=_\��N�����]^�	?4���

1E� 0��Z[\�(��(���=��_�
0`"�4����2�=
=�F (1) U��
N����#�O4�Pb��a�{�#?��
b�W�=�]3=
�� ��AJB�  ¡�
Pb��cd�e;�?�W��f��	�_
¢� 	£�gW¤E91�¥¦�%����3�
�§e=�?	Nn#1 (2) ¨�#�"©Eª
L;_@n#�!h«0iE	�?jk=�=

FZD��[¬� ����h«0i�lm�V
=�®�� 56En4o�I	�Z¯���!]

p 1 ®F=°q>lr« (NDWFS Bootes Field) 2 SpitzerH'Pb��s±-�_
 ��²³ IRAC�G�
MIPS-J1428�-C
 � 8�´µ(¶� i�p�·d�tuG�� ¶�� Spitzer Archive G�v�k

�1 ¸k56¹2d_e�C�/��G� X�E-Jº���	� (Compton thick) @n2	F»�i���
1E�
X�"wx1�$%�	���C/�EyX1�2	F@n#�¼zq	2AJ
1
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,
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7. MIPS-J1428��������
	
���

2006* 1L 20+*�,+�- ?./@ �0M1
N23%O45&6%PQ7�� �� �%8
�%*�%9R:�S��!��T�%;U� V

%W<�X�X�=�>�VEYZ� A[

�?�\]^��_�`�@A�a ���-
�� bc%MIPS-J1428� (dB�eY��
 ��  f CD-�g967�=�hEFi
G�HIJ%jKPQ
LkM&�N���E�
A%�l%mn�op�� �� A%;U�
O!�*�PQ�Rl� Vq&�r��3st
�-uSv�w�T!����%%� xUPQV
Wyf�XY�� ?�ZprC[(��@ B!
��ff!� � �� z�{|}2]
~���4� -�Vp(�?���%��PQ7�
��l���fVEYZ
 ��
\��+� �2:�]^z[��_���V

E�`��
 �� �abcde�ff�g�!
�%�� �[�(����h� (CO) ?� J�
2�1cij��k%l�� q�f�m
T���
� � !�%
�� ���_z[�]�|~
:�=�hE��Z
�(��%%� �!���
�!��� 15 mJy�5�np��k�2|� �� �

# 2 ��3/0�12���%W� ?O45&6o @� >p��p� 6¡% 10 m����¢���367�
���� £>¤��p�¥��q ��¦§1§� 45 m���"5� ��34���*���� 1*U

F�uqr¨�s� 1�2L% 2tUu�%dU�/0�12���©�ª«��C��� ��

�2

�3

�4

�5

v% 7w���p�/0�12����x¬�[ ��
��367����//0�12���� 2007*y��!� 20d�q��xU�G*��(z  �� b®�
ALMA�¯ ?®{@ s% |(}�fE� �°~��� �±²*�(D�³q[��H
��
�´.ZµV
�(��k (Doctor of Philosophy) 
��
��5&²
���=��4���K�V%x�´(Z
 Jy ?¶·�]¸2@ ��'��
�¹ �� 1 Jy�
10º26 W mº2 Hzº1�
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�����	�� ! �"#�$�	�
�� 
�%�������&"����� MIPS-J1428

�'���$�()*�+���	,�-#��
.����
�  /-01�� 2.��345��6
"7��$$ 8�����6�9:;��<=
>	������?��� �� 3!� �� @�6
��4�� 5A$ 6�BCD�E�F$G�2.
	��H0����? I� �!$J� CO J

K3�2 �	�L"M�����?���� ��4
I7 N4OMIP4�$����/�BQR$
#$%&4/� �?6STU	������?
�$�M�
'#VMIPS-J1428$��W�+� Colin Borys

XY�Z[TR\]^=_J`$CD�E�F�
CO JK5�4 �		L"���$��� a�(4�

bc$()�d���e*���� <=>�*+
�,	-� f. gh/�0i"4j1���
8A4 PASJk42l 8$�$ 12A 2534"
4��13) �24m5��6nW�7�6	o 8
m$9'pq4r��s ��H?���� a�
(4�7 �t7 �6�uDRvRwxyTU
46�����
z{$a�($G�|}$~:;����$<

/�M�
b/=� �BQR$ �>�� MIPS-J1428��

/�BQR�>�a�($�����/�BQR
�>$?4 30@�+���PA�M� </B

$QR$CD6�E����$FG (major mer-

ger) ���$IP6�BQR>	��M���
���H�I�M� QR$CD6J!$���
��#�$��K�LM��T��_4�Y�Y
� N(�� ��6O�P	o �����P
Q� ����48$RS����$�����
T�M� +�����[�vT a�	�7$�U�

� 3 ��! a�(���MIPS-J1428$�BQR�	 CO JK2�1 ��= � �H�b¡¢V��BQR$��=
 �W£ ���$� ¤¥4QR��$IP6�X	� ��"Y��60 E�F$]=¦�% ��S
��$Y�! 	Z§� ���¨� ¤¥$b¡¢V��B$�X�©ªA%�+� ��$S[;4�0\
S� �����Y��M� �«! a�(�L"��MIPS-J1428$b¡¢V��B JK2�1�	$R¬uU
_� ��8]$�BQR$^	Z§�  �	$_`a� 400 km/s�04®�7 ��M� �b$¯°
����"H" 200 km/sB
$_`a�+���	c���� MIPS-J14284�±��QR$^ ���
S[d��$N(�� ef! �g²M���Y��M� ¤	�)h����	$�%�

�6

�7

nW�7$ij�³´µ4¶·S�M (http://alma.mtk.nao.ac.jp/¸diono/press/index.html).
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X����- �0��D�.���4�EF�
7�M�
���/M����	
�5 !�(
jG� ULIRG Ck��lmJnJ����/�
���0�M-H�92�7816)9 %&I��
�0��4�FGHIJEF��Jo����
�MKL���5 �#�/�9 p#P�qL�
#�0���rM���	Q*stu�7�!
M(E
C�vw���=
�5 
!
��9 MIPS-J1428 �N26�O��P�

���/�X��# +Q 4 +Rx-- !�%&�(
�0�My�z�S��T�{��#�rM�
�|J}J�z~U�V�5�!M(���9 W
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 Q 3 �c�# CO�0���]!h(i'�
E������jk�*�l��9 !�(/0
�%&�%m�##i������� �7�M
5�e9 0�P%& M51 �	
�n����M
H�E(����9 ����0��/���/g
�(8o��prq��E��������
 
��p#P� MIPS-J1428 �vj�q��X�M
5�e9 X/M�7�r���O�����p�
s�9 �����C��#.��.	c5�$�
8��2�%&�����t#8�5�����
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8. ������

��9 ��) 7 �%&17)������Y9 !
� MIPS-J1428 ( 143 ��)M�
�(7�
8�Z!������) 1.3 +88 ,��- M�

Ru����8��# 1�J��9=��j�
��3 M�
!M���9 ����?e9 ��
) 1�2 ��v5��0����%&(O�� 3

����w���������# 
�0��[;�( x��y¡0¢ 3 £��

�z����){�¤C�����M¥@¦�
§¨J©ª«5�!M��X��� =��z�
���)�¤C(¬jA���®I�|/
����# ���9 !���)}(:;��
�¬jA���¯l°����)�¤C5
���~�.9 !�#i 1��)±� (redshift

desert)3 M��w������# �² MIPS-J

1428 �¬jA!�³lzH�(9��)�
¤C�X�]!�_M�E����3)9 ��)
�¤C( Spitzer *��kS��´��#�v
A!��µ�¶��·7�5 
1��)±�3 M¸e��!�Ru�Y¹�

%&ºM	c�
��rM���	%&���T
#»¼(�X�Mp#P(N?���5 ��(
�,���t��2�%&��	(���9 =�
¹(*���k���i�	82�����[�
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Abstract : We present a first detection of

molecular gas in a hyper-luminous infrared

galaxy MIPS-J1428 at z�1.3. We find that

MIPS-J1428 has an enormous amount of the

molecular gas (1.2�1011 M�) located under

warm and dense conditions, providing a new

evidence that the extremely high FIR luminosity

of MIPS-J1428 is powered by its starburst

activities and MIPS-J1428 is likely to be a

progenitor of a massive elliptical galaxy.

Atacama Large Millimeter/submillimeter Array

(ALMA) will allow us to investigate the detailed

properties of such a kind of massive young

galaxies in the near future.
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