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: o�j<rYgp` � ��_}omqpe1gio�v2rYepom{<wIq�{:y q1{<~(`=<�`xlmlE)S�AwY{�<�w `Wdfe1gihkj<h:lmh:nWepo|n qprIgps:`atAq vAt UXWRY�[m\�^4Y
*zv2lmrI` 1 � _�p=pra?vBg�wxi?j�[ *zj:gp`a`xw 1 ��h:w2� `xhkg4lmo�`ag�~�omqpqpom{<wIq`*zgp`x� 1 omw epuY` K 3 � OZ� �:`�P A2rfd
lmom~co�e$s:`agiqprIq�q1{<lmom� h:wIj<l�`:��­ ��b2l|h:wY` 3�Õ omginal�`x� �Y{:epq��Y`xwY{:e1`�qirYgps:`atfqPepuIhke�hkgp`�nW{<w epo�j<rY{<rIq 3
Ù h:n4u*{:y epuY` qirYgps:`atfq qpuI{�<�w*uIh:q�h gih:wIj:`c{:y@A2rYdHl|om~�o�epq h:nWgi{<qpq�o�epq qp{<lmom� h:wYj<lm`Ln <"`
uIh�s:` j:`xwY`agih:lmlmt�qpuI{�<�w�epuY` ~�{<q1e�q1`xwIqio�epo�s:`0A2rfd�lmom~�o�e 3�Ø uY`/s:`agpepomnah:l2�Y{:e1e1`x�clmo|wY`"qiuY{�<�q
epuY`�qp{<lmom� h:wYj<l�` {:y�epuY`�<�uY{<l�` q1�At 3
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(a) (b)Chandra Deep Field−North XMM−Newton Lockman Hole

GOODS−N
HDF−N

: o�j<rIgp` � � *&h 1ZØ uY` � 3 K , q UXWZY�[m\�^4Y _�`a`ab : o�`xl|�R) × {:giepuR��epuY` �Y`a`ab$`xq1e�UXWZY�[m\L^�Y
{:v�q1`agpskhkepo�{<w e1{ �2hke1` 3DØ uIo|q om~chkj:`�u2h:q v$`a`xwFnW{<wIq1e1g4rInWe1`x�Fy gi{<~ K 3 � OZ� �:`�P *zgi`x� 1 �
��O�¢ �:`�P *zj:gp`a`xw 1 �fh:wI� ¢ O"
 �:`�P *zv2lmrY` 1 h:�IhkbIepo�s:`xl�t(qp~�{ {:epuY`x� om~�hkj:`xq 3~Ø uY`�e�<"{�~�{<q1e
b2gp{<~�omwY`xw e gp`x� �IoÄ5RrIq1`�b2hkepniuI`xq�hkgi`�j<h:lmh�dftHj:gp{<rYb2q ��nal|rIq1e1`agiq * - h:rI`ag `ae�h:l 3 ��KLK�� h 1�3
Ø uY` gp`aj<o�{<w2q�nW{�s:`agi`x��v t epuY` / _ : ) × * : `agij<rIq1{<wR�$_}omnp�fomwIq1{<w#G IFomlmlmo|h:~�q ��KLKLK 1 h:wI�
�¦ÖOÖ _ Ú ) × * � omh�s�h:l|omqpnW{ `ae-h:l 3 ��KLK�¢ 1 qprYgps:`atfqN<�o�epu ��� � hkgp`�{<rYeplmo|wY`x� h:wI�Vlmhkv$`xl�`x� 3
Ø uIomq¥>I`xlm� qprYvIe1`xwI�2q � ¢L¢ 
 hkg4na~�omw u *�� Ã�K � epuY` q1{<lmo|� h:wYj<lm`-{:y�epuY`}yzr2lml , { {<w 1 �Ih:wI�
� � 
�K q1{<rIginW`xq hkgi` �Y`ae1`xnWe1`x� 3.Q �2hkbIe1`x� yzgp{<~ Q l�`WdYh:wI�Y`ag `ae h:l 3 * ��KLK §�v 1�3 *zv 1OØ uY`
�L� K �fqF_�p=pra?vBg�wxi?j�[  3{Ani�A~�h:w / {<l�`V>I`xlm�P��epuI` �I`a`ab `xqpeF_�p.pHa�vzg!wxi?jL[ {:v2q1`agpskh )epom{<w e1{ �Ihke1` 3±Ø uIomq�om~�hkj:`�uIh:q�v$`a`xwVnW{<wIq1e1gir2nWe1`x� yzgp{<~ K 3 � OZ� �:`�P *zgp`x� 1 � ��O�¢ 3 � �:`�P
*zj:gi`a`xw 1 �2h:wI� ¢ 3 � O���K �:`�P *zv2lmrY` 1 om~�hkj:`xq 3cØ uIomq0>2`xlm� qprYvIe1`xwI�2q � � �L� Ã hkgina~�o|w u �Ih:wI�
� �L� K q1{<rYginW`xq�hkgp` �Y`ae1`xnWe1`x� 3�Q �2hkbIe1`x� yzgp{<~ / h:qpomwYj:`agz* ��KLK�¢ 1�3
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AGN

Type 1 AGN

RO
SAT UDS

Chandra Deep Fields

Chandra fluct.

Starburst and norm
al galaxies

AGN

Chandra fluct.

ASCA LSS

Chandra Deep Fields

ChaM
P

Starburst and norm
al galaxies

: o�j<rYgp`z§"�2*&h 1$× rI~�v$`ag�{:y\q1{<rYginW`xqa� �À* 	�� 1 ��vIgio�j<u e1`ag�epu2h:w hcj<o�s:`xw.A�rfd ���"�2yz{:g�epuI`
K 3 � OZ� �:`�P v�h:wI� 3cØ uI` v2lmh:np� nao�ginalm`xq hkgp` yzgp{<~ epuY`��Td0�R���  3{Ani�A~�h:w / {<lm`�q1eprI�Yt {:y
/ h:qpomwYj:`ag�`ae�h:l 3 * ���L��
 1 ��epuI` q1{<lmo|� v2lmh:ni� narYgps:` omq y gp{<~ epuY`�UXWZY�[m\�^4Y _�`a`ab : o�`xlm�2q
q1eprI�It�{:y - h:rY`ag3`ae�h:l 3 * ��KLK�¢ 1 �,h:w2� epuY`��Y{:e1e1`x��v2lmh:ni�V6�>�qpu(7�gp`aj<om{<w qpuY{�<�qRepuY`BUXWRY�[m\�^4Y
_-`a`ab : o�`xlm�R) × {:gpepu#A2rInWepr2hkepo�{<w�h:wIh:l�tfqpomq�gp`xqprIl�epq-{:y , o�t<h�8poxG � gio 
cepuIqF* ��KLK�� 1�3UØ uI`
�Ih:qpuI`x� narIgps:`xq�qpuY{�<Dw rI~ v$`ag�nW{<rIw,epq/yz{:g Q+�±× *zgp`x� 1 �f{<wIl�tceCtAb ` � Q+�±× *zv2lmrI` 1 �fh:w2�
q1ephkgpv�rYgiq1e�h:wI� wY{:gi~�h:l�j<h:lmh�dYo�`xql*zj:gp`a`xw 1 yzgp{<~ - h:rY`ag(`ae(h:l 3 * ��KLK�¢ 1 h:wI� / h:qpomwYj:`ag��
, o�t<h�81o�G Ú n4uI~�om�Ye.* ��KLK � 1�3 *zv 1 ��* 	�� 1 s:`agiqpr2q�� yz{:gcepuI` ��O"
 �:`�P v2h:w2� 3 Ø uI`
v2lmh:ni� nao�ginal�`xq-hkgp`�y gi{<~ epuY`C�2� U��  3hkgpj:` Ú �At Ú rYgps:`at q1eprI�It {:y�%�`x�Ih `ae}h:l 3 * ���L�L� 1 �
epuY` v2lmh:ni� e1giomh:wYj<lm`xq�hkgp` y gi{<~ epuI` Õ u2h , � q1eprI�ItH{:y�� om~ `ae�h:l 3 * ��KLK�¢ 1 ��epuI` q1{<l|om�
v2lmh:ni� narYgis:`�o|q�yzgp{<~ epuY`�UXWZY�[]\�^�Y�_-`a`ab : o�`xlm�2q-qpeprI�Yt {:y - h:rI`ag `ae}h:l 3 * ��KLK�¢ 1 ��h:w2�
epuY`��Y{:e1e1`x��v2lmh:ni�y6�>2qpu¸7cgp`aj<om{<wVqiuY{�<�q-epuY`HUXWZY�[]\�^�YV_-`a`ab : o�`xlm�R) × {:gpepu=A2rInWeprIhkepom{<w
h:wIh:l�tfqpomq�gp`xqprIlmepq {:y , o�t<h�8po�G � gio 
cepuIq`* ��KLK�� 1�3 Ø uY` �Ih:qpuY`x� narYgps:`xq�qpuY{�< wArI~ v$`ag
nW{<rIw epq
y {:g Q+�±× *zgp`x� 1 h:wI��q1ephkgpv�rYgiq1e�h:wI��wY{:gi~�h:lAj<h:lmh�dYo�`xq}*zj:gp`a`xw 1 yzgp{<~ - h:rI`ag>`ae
h:l 3
* ��KLK�¢ 1�3
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: o�j<rIgp` ¢ � ��)Sv2h:wI�(~�hkj<wIomeprI�Y`"s:`agiqprIq K 3 � OZ� �:`�P A�rfd yz{:g>`WdAe1g4hkj<h:lmh:nWepomn}MN)Sgihxt(q1{<rIginW`xq
o|w epuY` Õ _ : ) × *ze1giomh:wIj<l�`xq 1 h:wI� Õ _ : ) Ú *&q&�ArIhkgp`xq 1�3�Ú {<rYginW`xq}<�omepu gp`x�IqiuIo�yzepq/{:y K�O�K 3 �I�
K 3 � O�� � ��OZ� �<h:wI� ��OZÃ hkgp`�qpuY{�<�w h:q
sfo�{<l�`aea�kv2lmrI`:��j:gi`a`xwR�<h:wI� gp`x��q1tA~ v${<lmqa��gp`xq1b$`xnWepo�s:`xl�t
*&qptA~ v${<lYqpo �a`xq\h:lmqp{ omwInWgp`xh:q1`}<�o�epu�gp`x�IqpuIomy e 1�3~Ú ~�h:lmlAv2l|h:np���Y{:epq\omwI�2omnahke1` q1{<rYginW`xqx<�o�epuR)
{<rIe q1b$`xnWe1gp{<qpnW{:b2omn}gi`x�IqpuIo�yzepq 3�Ø uY` qpl|h:w,e1`x�R�I�I{:e1e1`x� lmomwI`xq"o|wI�Iomnahke1` nW{<wIq1eph:w e skh:lmrY`xq/{:y
lm{:jm*�� 	 � �	� 1 nYepuY`}gp`xq1b$`xnWepo�s:`}l�{:j|*�� 	 � �	� 1 s�h:lmrI`xq"hkgi`}l|hkv `xlm`x� 3�× {:e1` epuY`}vIgp{<h:� gih:wIj:`�{:y
{:b2epomnah:l�~chkj<wIo�eprI�Y`xq�hke�y&h:omw e MN)Sgihxt`A2rfdf`xq�h:wI� epuIhke/h l|hkgpj:`�yzgih:nWepo�{<w {:yRepuY`-{:bIepomnah:lmlmt
y&h:omw e}M+)Sg4hxt q1{<rYginW`xq�lmh:np� q1b$`xnWe1gp{<qpnW{:b�omn gp`x�IqiuIo�yzepq 3
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0.139

0.752

1.355 0.089

0.968

0.474

0.518

0.665

2.75p 0.905

0.474

0.475 0.476
0.557

0.321 3.479

0.96p

1.050
0.089

1.70p

0.454

0.960

AGN − XBONG

Norm. gal.

Starburst

Starburst

AGN − XBONG

AGN − XBONG

Norm. gal.

AGN − opt. faint

Starburst

AGN

AGN − FR I radio gal.

Norm. gal.
Off−nuc.

Norm. gal.

AGN − Ty 1, obs.

AGN − Ty 1, unobs.

AGN − opt. faint

AGN − opt. faint

AGN − opt. faint

AGN − opt. faint

3.064

2.28p

0.665

0.456
Starburst

AGN − Ty 2

1.216
AGN − Ty 1, unobs.

AGN − opt. faint
1.65p

AGN − XBONG
0.773

1.82p

AGN − opt. faint
1.69p

3.193
AGN − Ty 1, unobs.

0.438
Starburst

Starburst
0.414

1.53p

4.29p

1.309
AGN − XBONG

AGN − XBONG

(a) (b)

: o�j<rYgp`C�"� ��� �Lom~chkj:`xq}{:y�*&h 1 epuI` / _ : ) × b2gp{:b$`ag}h:w2��*zv 1 epuY` %-_ : bIgi{:b `ag�<�omepu
UXWZY�[]\�^�Ycq1{<rYginW`xq"nao�ginalm`x��n,epuY`�nao�ginal�`xq�hkgp`�~�rIniu lmhkgpj:`ag�epuIh:w�epuI` UXWZY�[]\�^�Ycq1{<rYginW`�b${�)
qpo�epom{<wIh:l2`agigp{:giq 3~Ø uI`}wArI~ v$`agiq�hkgi`}qp{<rYginW` gp`x�IqiuIo�yzepq�n,gp`x�2qpuIo�yzepq�yz{<lml�{�<�`x� vAt hr6�b¸7(hkgi`
b2uY{:e1{<~�`ae1giomn 3
- h:qpomn�qp{<rYginW`�e t b$`-omwYyz{:gi~�hkepo�{<w(yz{:g�~ch:w,t({:yRepuY`-q1{<rYginW`xq�omq�h:l|q1{�j<o�s:`xw 3
Ø uY` qpuY{�<�w / _ : ) × h:wI� %�_ : om~chkj:`xq�qprIvIe1`xwI� � � � §�hkgina~�o|w u h:wI� � �Z� ��hkgina~�o|w u �
gp`xq1b$`xnWepo�s:`xlmt 3
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: o�j<rIgp` Ã �x��`xq1e�)Syzgih:~(` K 3 � O"
 �:`�P l|rI~�omwY{<qio�eCt�s:`agiqpr2q�gi`x�IqpuIo�yze\yz{:g Õ _ : ) × *ze1giomh:wIj<l�`xq 1
h:w2� Õ _ : ) Ú *&q � rIhkgi`xq 1 `WdAe1g4hkj<h:lmh:nWepomn q1{<rIginW`xqV<�o�epuFq1b$`xnWe1gp{<qpnW{:b�omnVgp`x�IqpuIomy epq 3DØ uY`
�I{:e1e1`x� narYgis:` qpuY{�<�q epuY` � 3 K , q q1`xw2qpo�epo�sfo�eCt�lmom~co�e wY`xhkg�epuY` nW`xw e1`ag�{:y�epuY` Õ _ : ) ×B3
Ú {<rYginW`xq�<�o�epu �z¬ � � OZ��K � �z¬ ��K�OZ�L� � �F¬ �L��OZ� §Y�Ph:wI� � 	 � § hkgp`�qpuI{�<�w�h:q}sfo�{<l�`aea�
v�lmrY`:�"j:gp`a`xwR� h:wI� gp`x� q1tf~�v${<lmqx�"gi`xq1b$`xnWepo�s:`xl�t�*&q1tA~ v${<l�qpo �a`xqch:lmq1{*omwInWgp`xh:qp`½<�o�epu ��)
v�h:wI� ~chkj<wIo�eprI�Y` 1�3%× {:e1` epuY` q1tfq1e1`x~�hkepomn bIgi{:j:gp`xqpqpo�{<w*{:y ��)Sv2h:wI� ~�hkj<wIomeprI�Y`xq�n�epuY`
hkb2b2hkgp`xw e"lmh:ni��{:y�qp{<rYginW`xq�<�o�epu � � ��� � O §�h:wI� K 3 � O"
 �:`�P lmrI~�omwI{<qpo�eCt � ��K � # `agpj(q � j
o|q3�IrY`�e1{-q1b$`xnWe1gp{<qinW{:b2omn"omwInW{<~(b2lm`ae1`xwY`xqpq3hke�y&h:omw,e �L)Sv2h:w2��~�hkj<wIomeprI�Y`xq 3�Õ uIhkgih:nWe1`agio|q1epomn
K 3 � O"
 �:`�P l|rI~�omwY{<qio�epo�`xq�y {:g q1{<~�`2<�`xlmlE)S�AwY{�<�w l�{fnah:l Q+�±× hkgp` qpuY{�<�w h:l�{<wYj(epuY` l�`ayze�)
u2h:wI� h�dfo|qPyz{:g3nW{<~(b2hkgio|q1{<w b2rYgib {<qp`xq 3
Ø uY{<qp`\omw lmo�j<u eRj:gih�t}qirR5 `ag3y gp{<~ Õ {<~(bIe1{<w9)SepuIomnp�
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