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1 The state of the Universe
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2 Dark Energy
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TR � TKQPm �KRU POILO
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3 Science with Subaru
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4 Large scale structure with photo-z surveys
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TR � ZJHMKOPH �GbHcI
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5 Baryonic acoustic oscillations
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� RLM � � K]b � PlHOHe
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6 Galaxy formation and clustering
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7 Nearby cosmology
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8 Supernovae
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9 Modified gravity and more BAOs

� RLM � � LX p KKRJHOI

�� �-�	)- /*$+�!# 6�-)%(�
�0) �'()*+)- %$!)5!�6 ) $==)%)*$!�� �� !0) . �+)*() �( .(.$%%# � !)*5

9*)!)- $( -.) !� $ -$*8 ) )*/# 	)%- � !0) �*$6 )��*8 �� � ) )*$% ")%$!�+ �!#�
�.! �! �( $%(� 9�((�' %) !0$! !0) $==)%)*$!�� �( -.) !� $ � !*� (�= �)$8) � /
�� /*$+�!# �!()%� � %$*/) (=$%)( 5 � �!0)* ��*-( � $ 6�-�	=$!�� �� � ) )*$%
")%$!�+ �!# � %$*/) (=$%)( � �0)*) $*) !�� 8)# =0$%%) /)( ��* 6�-�	)- /*$+�!#
!0)�*�)( ' )��*) !0)# $*) )+) $99%�)- !� =�(6 �%�/# � � �*(!%# !0) !0)�*)!�=$%
=0$%%) /) � � � !)* $% =� (�(!) =# $ - *)/.%$*�!#� 2)=� -%# !0) =0$%%) /) ��
(�%$* (#(!)6 �'()*+$!�� ( � �0�=0 ��*=) 6�-�	)- /*$+�!# !� =%�()%# 6 �6 �=
� ) )*$% ")%$!�+ �!# � !0) (�%$* (#(!)6 � ��* !0�() 6 �-�	)- /*$+�!# !0)�*�)(
!0$! 9$(( !0)() !�� =0$%%) /)( � !0) !$(8 �( !� =�69.!) !0) %.6 � �(�!# -�(5
!$ =) $ - 9)*!.*'$!�� ( � $ - !0) .() =�(6�%�/�=$% �'()*+$!�� ( !� 9%$=)
�.*!0)* =� (!*$� !( � !0) !0)�*�)( � � ��*!. $!)%# !0)*) �( =.**) !%#  �
/.�-$ =) �*�6 �. -$6 ) !$% !0)�*# $( !� �0�=0 6�-�	)- /*$+�!# 6�-)% � ��
$ #� (0�.%- ') �$+�.*)- � �0�( %)$-( .( !� $ 6�*) /) )*$% �'
 )=!�+) 5 0��!� -)+)%�9 �'()*+$!�� $% !)(!( !0$! =�.%- 9*�+�-) $ (�/ $!.*) �� 6�-�	)-
/*$+�!# � /) )*$% � � �) �� $ (�/ $!.*) �� !0) '*)$8-�� �� � ) )*$% ")%$!�+ �!#
� =�(6�%�/�=$% (=$%)( � 2� =) �! �( 9�((�'%) !� =� (!*.=! $ �" -$*8 ) )*/#
6�-)% !� *)9*�-.=) $ # /�+) )�9$ (�� 0�(!�*#

H(z)
� �)  ))- !� %��8 $!

(!*.=!.*) ��*6 $!�� !� 	 - (.=0 (�/ $!.*)( �� 6�-�	)- /*$+�!#�

18



TR � �Ke]GPRL �KlKlLJL

�&'()*+$!�� $% !)(! � � 6�-�	)- /*$+�!# 6�-)%( � �!0 �.!.*) �6 $/� / (.*+)# �� /$%$� �)(�
7) =� (�-)* !0) )�!) ! !� �0�=0 �.!.*) �6 $/� / (.*+)#( �� /$%$� �)(

=$ -�(!� /.�(0 ' )!�)) -$*8 ) )*/# $ - 6�-�	)- /*$+�!# 6�-)%( ��* !0)
�*�/� � � !0) =�(6 �= $==)%)*$!�� � 7) 9$*$6 )!)*��) !0) =�(6 �= )�9$ (�� 
'# !0) !�� 9$*$6)!)*( �

w0

$ -
wa

� $ - !0) %� )$* /*�� !0 *$!) �� -) (�!#

.=!.$!�� ( '# � � -)* �(

γ
� � -)9 ) -) !%#� 7) 9)*��*6 !0) � �(0)* 6 $!*��

$ $%#(�( ��* $ �)$8 %) (� / (.*+)# (.=0 $( !0) � 5/�� / �#9)* 2.9*�6 )54$6
��24 � 9*�
 )=! �

TR � rJI]IGP FKR]XK

�� =%�(.*) !0)�*# ��*  � 5%� )$* )+�%.!�� �� 9��)* (9 )=!*.6 �

�0)  )�!5/) )*$!�� /$%$�# *)-(0��! (.*+)# � �%% $=0�)+) $ 0�/059*)=�(�� 
6)$(.*)6 ) ! � � =�(6 �= 6 $!!)* 9��)* (9 )=!*.6 $ - �! ��.%- 9*�+�-) $
+$%.$'%) � ��*6 $!�� � !0) ��*6 $!�� �� %$*/)5(=$%) (!*.=!.*) $ - !0) )� 5
9$ (�� 0�(!�*# � � !0) . �+)*() � � 9$*!�=.%$* � $=�.(!�= (�/ $!.*) �� !0)
9*�6 )+$% '$*#� 590�!� 
.�- �69*� !)- � !0) �'()*+)- /$%$�# 9��)* (9 )=5
!*.6 � 8 �� $( !0) '$*#� $=�.(!�= �(=�%%$!�� ( ���&(� � =$ ') .()- $(
!0) =�(6 �= (!$ -$*- *.%)* !� $==.*$!)%# 9*�' ) !0) )�9$ (�� 0�(!�*# �� !0)
. �+)*() $ - !� =%$*��# !0)  $!.*) �� -$*8 ) )*/#� ��* $ �)� 9 )*=) ! $=5
=.*$=# � !0) -)!)*6 � $!�� �� )�.$!�� �� (!$!) ��* -$*8 ) )*/#� 6�*)
9*)=�() !0)�*)!�=$% 9*)-�=!�� ( ��* 6 $!!)* 9 ��)* (9 )=!*.6 $*) *)�.�*)- � � 
!0�( !$%8 � � -�(=.(( !0) !0)�*)!�=$% �((.)( � !0)  � 5%� )$* 9��)* (9 )=!*.6
$ - 9*)() ! $  � 5%� )$* (!$!�(!�=$% 6 )!0�- !� 9*)-�=! !0) !�6 ) )+�%.!�� ��
6$!!)* 9��)* (9 )=!*.6 � �$()- � !0�( � 9*�(9 )=!( ��* $==.*$!) 9*)-�=!�� 
�� ��& (=$%)( $ - (�6 ) *)%$!)- 9*�'%)6 $*) $--*)(()- �
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TR � ZG]O ZKPJL

��0) �69$=! ��  � 5%� )$* )+�%.!�� �� =�(6 �%�/�=$% 6 $!!)* 9��)*5(9 )=!*.6 � !0)
6 )$(.*)6 ) ! � �  ).!*� � 6 $(()(�

� )�!5/) )*$!�� /$%$�# *)-(0��! (.*+)#( � �%% $=0�)+) $ $==.*$!) 6 )$5
(.*)6 ) ! � � =�(6 �%�/�=$% 6 $!!)* 9 ��)* (9 )=!*.6 � �!0 9*)=�(�� �� 9)*5
=) ! %)+)% � 9$*!�=.%$*%# ��=.(� / � !0) '$*#� $=�.(!�= �(=�%%$!�� ( ���&(� �
2� =) !0) =0$*$=!)*�(!�= (=$%) �� ��&( �( =�69$*$'%) !� !0) �*))5(!*)$6 � /
(=$%) �� 6$((�+)  ).!*� �( � �! � �%% �� )* $ )�=�!� / �99�*!. �!# ��* 9*)=�5
(�� -)!)*6 � $!�� ( ��  ).!*� � 6 $(()( � � )*) � �) -�(=.(( !0) 9*�(9 )=!( ��*
6 )$(.*� / !0)  ).!*� � 6 $(()( � � =%.-� / 9*�9)*%# !0)  � 5%� )$* /*$+�!$5
!�� $% )+�%.!�� � � 6$!!)* 9 ��)* (9 )=!*.6 ��* $ 6 ��)- -$*8 6$!!)* 6�-)%
� ).!*� �( 9%.( =�%- -$*8 6$!!)*� ��* !0) 	 *(! !�6 ) � �$()- � !0) 9 )*!.*5
'$!�� !0)�*#� !0) )� )=! � �  � 5%� )$*�!# �( �.$ !�	)- $ - !0) �69$=! � 
!0)  ).!*� � 6 $(( -)!)*6 � $!�� �( =%$*�	)- �

pR � � K]b rOW]bL

��0) -)!)=!$'�%�!# � � '$*#� �= $=�.(!�= �(=�%%$!�� ( � �.!.*) /$%$�# (.*+)#(�
7) $(()(( !0) -)!)=!$'�%�!# �� '$*#� �= $=�.(!�= �(=�%%$!�� ( ���& � � 

!0) 9 ��)* (9 )=!*.6 � � /$%$� �)( .(� / .%!*$ %$*/) +�%.6 ) � 5' �-# (�6.%$!�� (
�� !0) 0�)*$*=0�=$% =%.(!)*� / �� -$*8 6$!!)* $ - ()6 �5$ $%#!�=$% 6 �-)%%� /
�� /$%$�# ��*6 $!�� � � (!)95'#5(!)9 �%%.(!*$!�� �( /�+) �� !0) +$*��.(
)� )=!( � � %� )$* 
.=!.$!�� /*�� !0 � 9)=.%�$* 6�!�� ( �  � %� )$* $ - (=$%)
-)9 ) -) ! '�$(� �0�=0 (#(!)6 $!�=$%%# =0$ /) !0) ��*6 �� !0) /$%$�# 9��)*
(9 )=!*.6 � %$*/) (=$%)( �*�6 !0) (�6 9%) 9*)-�=!�� �� %� )$* 9 )*!.*'$!�� 
!0)�*#� � (� / $  )� 6)!0�- !� )�!*$=! !0) (=$%) �� !0) �(=�%%$!�� ( � �) 	 -
!0$! !0) ��& $99*�$=0 /�+)( $ . '�$()- )(!�6 $!) �� !0) (�. - 0�*��� 
(=$%) � 7) .() �.* *)(.%!( !� ��*)=$(! !0) $==.*$=# � �!0 �0�=0 ��*!0=�6 � /
(.*+)#( �3$ 52��""2 � 7 ��&2 � 23�4, � � �%% ' ) $'%) !� 6 )$(.*) !0)
(�. - 0�*��� (=$%) � $ - 0) =) !0) -$*8 ) )*/# )�.$!�� �� (!$!) 9$*$6 )!)* �
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TR � jKRX � � � Pbb

��0) ��''#5,' )*%# �)%)(=�9 ) � $*8 , )*/# ,�9 )*�6 ) ! ��,��,� ��

�,��,� � �%% �.!	! !0) �> 6 ��''#5,')*%# !)%)(=�9 ) � �!0 $  )� � �-)
	)%- $ - $ $**$# � � �;� � !)/*$%5	)%- (9 )=!*�/*$90( �� �"�2� !� (.*+)# $
	�> (� � -)/*)) $*)$ � !0)  �*!0 /$%$=!�= =$9 � ,$=0 	' )*5=�.9%)- (9 )=!*�5
/*$90 � �%% =�+)* 	�>5��>  6 � (�6.%!$ )�.(%# $! � � *)(�%.!�� � 9*�+�-� /
∼ 40, 000

(9 )=!*$ 9 )* )�9�(.*) � �0�( � (!*.6) ! � =$%%)- � �"�2 � � �%% �9 ) 
.9 %$*/) $*)$ (.*+)#( � � !0) )6 �((�� 5%� ) . �+)*() ��* !0) 	 *(! !�6 ) � $ -
� 9$*!�=.%$* � �%% ' ) .()- !� -)!)=!

∼ 1
6 �%%�� �#6 $ 5

α
)6 �!!� / ���, �

/$%$� �)( � �!0
1.9 < z < 3.8

� !0) (.*+)# $*)$ � �0) 	5� 6$9 �� !0)()
/$%$� �)( � 	 %%� / ? �� =.'�= �9= � � �%% ' ) .()- !� -)!)=! '$*#� $=�.(!�= �(=�%5
%$!�� ( $ - !� =� (!*$� !0) )�9$ (�� 0�(!�*# �� !0) � �+)*() $! !0�( )$*%#
)9 �=0 � �0) 6 )$(.*)6 ) ! � �%% 9*�+�-) $ . ��.) �99�*!. �!# !� =� (!*$� 
)+�%.!�� � � -$*8 ) )*/# $ - � �%% 9*�+�-) !0) 6�(! $==.*$!) =� (!*$� ! � 
!0) =.*+$!.*) � � !0) � �+)*() �
�0) 9*�!�!#9 ) � � !0) � �"�2 . �! (9 )=!*�/*$90 �( =.**) !%# � .() ��* $
9�%�! (.*+)# !� ' )!!)* 6 )$(.*) !0) 9*�9 )*!�)( �� ��, /$%$� �)( � (.99�*! ��
�,��,� � �0) �,��,� -$!$()! � �%% $%(� =� !$� 

∼ 2
6 �%%�� 

z < 0.5
(!$*5

��*6 � / /$%$� �)( � $ - 6$ # �!0)* �'
 )=!( ()%)=!)- (9 )=!*�(=�9�=$%%#� (.=0
$( 6 )!$% 9��* (!$*( � �,��,� �( )(!�6 $!)- !� =�(! �	;� � �� �0�=0 �:>�
0$( ' )) *$�()- � ��%%�� � / !0) (.==)((�.% 2=�) =) ")�.�*)6 ) !( ")+�)� � 
�. ) :>>? � $ - !0) 3*)%�6 � $*# -)(�/ *)+�)� � )$*%# :>>� � =� !*$=!( � �%%
' ) %)! ��* !0) �,� � �-) 	)%- .9/*$-) � )$*%# :>>� � 7) 9%$ !� -)9%�# !0)
.9/*$-) $ - � �"�2 � :> �> � $ - =�69%)!) �'()*+$!�� ( ��* �,��,� � 
:> �	 �
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10 Surveys at other wavelengths

pR � �LIG]K �L]OWHR

�,+�-) =) ��* $ 9�9.%$!�� � � 0�/05*)-(0��! (.'6 �%%�6 )!)* /$%$� �)( �*�6
� !)*�)*�6 )!*�= �6 $/� /�

7) 0$+) .()- !0) 2.'6 �%%�6 )!)* � **$# !� �6 $/) $ 
.� %�6 �!)- ($6 5
9%) � � ()+) (.'6 �%%�6 )!)* /$%$� �)( � ()%)=!)- '# !0) ���,4 =$6)*$ � !0)
�4�� $! � �� 66 � � !0) 4&2�&2 	)%- $!

890 µm � �!0
∼ 2 arcsec

*)(5
�%.!�� � � %% � � !0) (�.*=)( � !�� *$-���'*�/0! $ - 	+) *$-���-�6 � $*)
-)!)=!)- $( (� /%) 9�� !� (�.*=)( $! 0�/0 (�/ �	=$ =) �

> 6σ
� � � �!0 9�(�!�� (

$==.*$!) !�
∼ 0.2 arcsec

!0$! ) $'%) =�. !)*9$*! �-) !�	=$!�� $! �!0)*
�$+)%) /!0( �'()*+)- � �!0 (�6 �%$*%# 0�/0 $ /.%$* *)(�%.!�� � � ( =�69$*)-
!� !0) !�� *$-��5'*�/0! (�.*=)( � !0) ($69%) � $ - !0�() � 9*)+��.( (!.-5
�)( � !0) 	+) *$-��5-�6 (�.*=)( � !0) ($69%) ��� 0$+) (#(!)6 $!�=$%%# 0�/0)*
(.'6 �%%�6 )!)*5!�5*$-�� 
.� *$!��( � �:� 0$+) %��)* �"�4

3.6−8.0 µm

.�)( �

$ - �	� $*)  �! -)!)=!)- $!
24 µm

� �0)() 9*�9 )*!�)( � =�6'� )- � �!0 (��)
=� (!*$� !( $!

890 µm
�
θ ∼ 1.2 arcsec

� � (.//)(! !0$! !0) *$-���-�6 (.'5
6 �%%�6 )!)* /$%$� �)( *)9*)() ! $ 9 �9.%$!�� �� +)*# -.(!# (!$*'.*(!( � � �!0
90#(�=$% (=$%)( (�6 �%$* !� %� =$% .%!*$%.6 � �.( � �*$*)- /$%$� �)( � � �!0 $ 
$+)*$/) *)-(0��! 0�/0)* !0$ *$-���'*�/0! (�.*=)( �

TR � VHb[L QKO �KlcHO

�2.*+)#( � � 0�/05� /$%$� �)( $ - /$%$�# =%.(!)*( � �!0 � )*(=0)% $ - 24��� 5:�
� �%% 9*)() ! !0) =$() ��* (.*+)#� / 0�/05� /$%$� �)( $! %� / �$+)%) /!0 �

)(9 )=�$%%# � $ - $*�. - �+)*-) () *)/�� ( %�8) /$%$�# =%.(!)*( � 3*)() !)-
� �%% ' ) 9*)-�=!�� ( ��* (.=0 (.*+)#( � �!0 24��� 5: $ - � )*(=0)% � !� ' )
-� ) �+)* !0)  )�! !�� !� !0*)) #)$*( �
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TR � �GPbPc gHIJ

�� )=*#9!� / !0) � �+)*() � �!0 �.!.*) *$-�� (.*+)#(�
�0) �&��" *$-�� !)%)(=�9 ) � =.**) !%# . -)* =� (!*.=!�� � !0)

� )!0)*%$ -( $ - $=*�(( ,.*�9) � ��)*( /*)$! 9*�(9 )=!( ��* �69*�+� / �.*
. -)*(!$ -� / � � =�(6�%�/# $ - /$%$�# ��*6 $!�� � � � �%% (.66$*�() !0)
�+)*$%% =$9$'�%�!�)( � � �&��" � =� =) !*$!� / 9$*!�=.%$*%# � !0) �)� !*$5
/$%$=!�= (.*+)#( � 8)# (=�) =) 9*�
 )=! � � � �%% !0) �� =.( � � ) 9$*!�=.%$*
$(9 )=! � .(� / �&��" !� -)!)*6 � ) 0�� !0) *�%) �� *$-�� ��� �))-'$=8
)+�%+)( � �!0 =�(6 �= !�6 ) �

� RLM � ZJHQH � K\ bPOWI

��0) 2�.$*) � �%�6 )!*) � **$# �2�� ��
�0) 2�.$*) � �%�6 )!*) � **$# �2�� � �( $ 6 $=0� ) !0$! 0$( !0) 9 �!) !�$%

!� 6 $8) -)	 �!�+) (!.-�)( � � !0) %$*/)5(=$%) (!*.=!.*) �� !0) � �+)*() � $ -
0) =) (!*� /%# =� (!*$� !0) �-$*8 ()=!�* � �� !0) � �+)*() � �0�=0 �) %�+) �
� � �%% �� =.( '�!0 � �	 *(!5%�/0! � )�9 )*�6 ) !( � �!0 !0) 2�� $ - $ 9�((�' %)
!) 5#)$* (.*+)# 9*�/*$66) �
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11 Synergy of methods

TR � pKIKGPRL FKUKmK

��0)  � 5�$.((�$ (�/ $!.*)( � =�(6 �= (0)$* 	)%-(�
�0) =�(6 �= (0)$*� / )�)=!( � -�(!$ ! /$%$�# �6 $/)( �� )* $ . ��.)

�$# ��* 6 )$(.*� / !0) !�!$% 6 $!!)* -�(!*�'.!�� �� %$*/)5(=$%) (!*.=!.*)
�)�/0!)- '# $ /.%$* -�$6 )!)* -�(!$ =) =�6'� $!�� ( � ���)+)* � 6�(! ��
.()�.% =�(6 �%�/�=$% � ��*6 $!�� $*�() �*�6 !0) (6 $%% $ /.%$* (=$%)( �0)*)
6 $(( -�(!*�'.!�� �( � !0)  � 5%� )$* *)/�6 )( � �0)*)��*) !0)  � 5�$.((�$ 
)**�*( � -.=)- '# !0)  � 5%� )$* /*$+�!$!�� $% =%.(!)*� /  ))- !� ' ) 9*�9 )*%#
!$8) � !� $==�. ! ��* !0) 0�/059*)=�(�� =�(6 �= (0)$* 6 )$(.*)6 ) ! � � � �%%
-)(=*�' ) 0�� !0)  � 5� $.((�$ )**�*( � 
.) =) =�(6 �= (0)$* 6 )$(.*)6 ) !(
9$*!�=.%$*%# � �!0 $ �.!.*) (.*+)# � 6 � - $ - =�.%- %)$- !� -)/*$-$!�� � 
9$*$6)!)* =� (!*$� !( � �� !�6 ) �( $%%��)- � � � �%% $%(� -)(=*�' ) $ 9�((�' �%�!#
�� =�6'� � / =�(6 �= (0)$* $ - =%.(!)* =�. !( � '�!0 $+$�%$'%) �*�6 $ (� /%)
�6 $/� / (.*+)#� !� �69*�+) -$*8 ) )*/# =� (!*$� !( �

TR � �L [GHO �HbbHR

�4�69%)6 ) !$*�!# � � �.!.*) � $*8 , )*/# 9*�' )(�
7) -�(=.(( � $ �9$*$6 )!)* �*)) � �$(0�� !0) $'�%�!# �� �.!.*) (.*+)#(

!� =� (!*$� -$*8 ) )*/#� 7) 9$# 9$*!�=.%$* $!!) !�� 0�� -�� )*) ! !#9 )(
�� (.*+)#( � (.=0 $( �)$8 %) (� / � =%.(!)* =�. !( � (.9 )* �+$) $ - '$*#� 
$=�.(!�= �(=�%%$!�� 6)$(.*)6 ) !( � $*) () (�!�+) !� -�� )*) ! *)-(0��! *$ /)(
$ - 0�� =�69%)6 ) !$*# !0)# $*) � �0�( � �%% ' ) 6 $� %# -�(=.(()- � !0)
=� !)� ! � � !0) � $*8 , )*/# 2.*+)#� '.! �) � �%% $%(� (0�� *)(.%!( ��* �!0)*
9*�9�()- (.*+)#( �
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