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§e¦1XÁ«=\OV1«L �¦1b_X.\�^³¶'¦1XL^�^Lª
XL¦1`¨b_§e¦1] b_XL¥;V1dw`¨¦� �bcV!X¹£!¦1b_XL\�^FZlÖ�W.\O©. �b#]_bc �ª´V1¥r¢4]_¦1X.\e �¦�d�ª
X.\e«�©L]#¦�\r¦1¤ ^.ª5XL¦1`�b_§e¦1]L¢Ld�V1«P\�¤h��b_]#]�«P\�§�VA�1\ed�\�^O«�ª�V1 �W.\edw¤2¬y¤�\e\ÄÎÄdwXL¦�«PV!]_^�b�¶![.d�\e\�`�¦1X³¶
"q¦� �W�bc\�©F¶J �W�b_¤³§�V!X.¥v\ed�\�XL§�\A±�¶(«�©. ³bc eèé¤:b_`a¢PV1d� �¦1X� F �V�¤� �d�\�¤�¤³ �WL¦� ³ �W.\'V!X�]cª��½¦�ªÀ �VrV1«L �¦1b#X
^.ª5XL¦1`�b_§e¦1]Lb#X.¥;V1d�`�¦� �bcV!X¨¦�«PV!©. Ëb_X� �dw¦1§e]_©L¤� �\ed�¤� �¦�dw]_bc£!W� �b#¤' �W.d�V!©L£!W�®�¯ °8V1«�¤�\edw�(¦� �bcV!X�¤eZ
[çb_XL¦1]_]cª1¶L¤wb_XL§�\¼¯�°S¥vV!]_]cVA�S¦a�Ë\�]_]êÌ�^L\e �\edw`�b_X.\�^q]_©L`�b_XLV!¤�bc �ªO¥v©�XL§� �bcV!XF¶Lbc Äb_¤�¢PV!¤�¤�bc«4]c\À �V
V1«L �¦1b_X�¤�V!`a\�b_XL¥;V1dw`¨¦� �bcV!X�V!X� �WL\Ë �WLd�\e\�Ì�^Lb_`a\�X�¤�bcV!XL¦1]
¤� �dw©L§� �©Ld�\�V1¥=b_X� �dw¦1§e]_©L¤� �\edh¤� �¦�d�¤eZ

[.V1dÀ �W.\�d�\�`�¦1b#XL^.\ed�V1¥h �W�b_¤�¢4¦�¢=\edJ¶��Ë\���b#]_]F¥vV
§e©L¤ÄV!XNV1«L �¦1b_XLb_XL£� �W.\�¦1`aV!©LX� ÄV1¥
b_X� �dw¦1§e]_©L¤� �\ed�]_©L`�b_XLV!¤�bc �ª�©L¤�b_XL£² �W.\�®�¯ °8¦1¤Ë¦Í �dw¦1§�\ed�Z'Ö�WLb_¤'¦1¤�¢P\�§�  ^�bcd�\�§� �]cªa§�V!`a¢�¦�dw\�¤
 �VY`aV5^.\�]_¤2V1¥Ëb#X� �dw¦1§e]#©L¤� �\ed²¤� �¦�dw]_b_£!W� e¶³¦1XL^Èb#¤Ä �WL\�¦�d�\�¦­��W.\ed�\� �W.\�£1d�\�¦� �\�¤� Í¢Ld�V1£1d�\�¤w¤
WL¦1¤�«P\e\�XY`�¦1^L\² �W�©L¤r¥v¦�d�Z
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LPF

16’

subclump A

subclump B

5

2

6

8

7

3
4

M87

1

9

M86

RCN1

HST 
FTV

HST 
Virgo A

NGC 1399

NGC 1365

Field 1

Field 2

Field 3

1°  = 300 kpc

[çbc£!©.dw\ÀÃ�Z ®·`¨¦�£1\�¤çV1¥4¢PV1d� �bcV!X�¤>V1¥4 �W.\½º2b_d�£1V�¬v �V1¢=±ç¦1XL^�[.V1dwX�¦(»ß¬v«PV1 � �V!`O±
£!¦1]_¦(»5ªÈ§e]_©L¤� �\ed�¤e¶³��bc �W´ �WL\�]cV
§e¦� �b_V!XL¤²V1¥½®·¯�°¸¦1X�^ÈV1 �W.\ed�b#X� �dw¦1§e]#©L¤� �\edÍ¤� �¦�d
^.\e �\�§� �b_V!XL¤ç`�¦�d�¿1\�^FZçÖrW.\ed�\Ë¦�d�\ËÉ5Ã�ìÄ®�¯ °ó§e¦1XL^�b_^L¦� �\�¤>¥;V!©LX�^¼b_X¼º2bcdw£1V2[çbc\�]_^�¤
Ã,Ì�í
¶:¦1X�^óÃ�É1í­§e¦1XL^Lb_^L¦� �\�¤²b#XN �WL\�[LV1dwXL¦(»´µL\�]_^L¤eZ²ºÀbcd�£1V.èé¤¼¤�©.«F§e]_©L`a¢4¤rÎ �
�Ï¦�d�\Í§�\�X� �\ed�\�^l¦� r �W.\² �W.\¼ �V1¢N¦1XL^­«PV1 � �V!`ÜV1¥ç �W.\²ºÀbcd�£1V�b#`�¦�£1\1Z
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®·X ¢Ldwb_X�§ebc¢�]c\1¶ ^L\e �\edw`�b_XLb#X.£È �W.\q¦1`aV!©�X� OV1¥Íb_X� �d�¦1§e]_©L¤� �\ed�]_©L`�b_XLV!¤�bc �ª�¥;dwV!`  �W.\NV1«.Ì
¤�\ed��1\�^¡X
©L`�«P\edw¤�V1¥Ä®�¯ ° b_¤a¤� �dw¦1bc£!W� �¥vV1d��Ë¦�d�^FZÁÖ�W.\eV1dwbc\�¤�V1¥À¤�b_`a¢�]_\�¤� �\�]#]_¦�d�¢=V1¢4©L]_¦(Ì
 �bcV!XL¤²¬v\1Z £.Zc¶ ;�\�X.Ú�b_XLb4� �½©.ÚeÚeV!XLbçÃ�ì1í$#!±�W�¦1¤�¤�W.VJ�ÄXO �W�¦� � �W.\À«=V!]_V!`a\e �dwb_§2]_©L`�b#X.V!¤�bc �ª�Ì
¤�¢P\�§ebcµ�§�¤� �\�]_]_¦�d²\e�1V!]#©. �bcV!XL¦�d�ª���©5»NV1¥ËX.V!X.Ì�¤� �¦�d�Ì�¥vV1dw`�b_X.£ß¤� �\�]#]_¦�d²¢PV1¢�©L]_¦� �bcV!X�¤Ä¤�WLV!©L]_^
«P\ 5 Å���ÃeÆ!143(3À¤� �¦�dw¤�Ì�ª
dN143�Ì�� 143� ¶FX.\�¦�dw]cªYb#XL^.\e¢P\�XL^.\�X� �V1¥'¢PV1¢�©L]_¦� �b_V!XY¦�£1\�V1dÀb#XLbc �b_¦1]
`�¦1¤�¤¨¥v©LX�§� �bcV!XFZÑ®�¥À �W.\l]_bc¥v\e �b_`a\ßV1¥² �W.\N¢�]_¦1X.\e �¦�d�ªóX.\e«4©L]_¦È¤� �¦�£1\´b_¤ 5 Å1ð���Æ1Æ1ÆÁª
d�¶
 �W.\�XÁ\e�1\ed�ªÝ¤� �\�]#]_¦�d�¤�ª
¤� �\�` ¤�WLV!©L]_^ÝW�¦��1\YÙ 5 ð�Æ��óÃeÆ!1���¯ °�Ì�� 143� Zl®�¥��Ë\ß¦1]_¤�VN¦1¤�Ì
¤�©L`a\­ �WL¦� ¨ �W.\ ��� ®�®�®��F� ð�Æ1Æ��È¯ °2Ø:[ ¥;V!]#]cVJ��¤� �WL\Y��\�]#]�¤� �©L^Lbc\�^Á¥vV1dw`ßÂ��Þ¬�� ±��
 "!$# %&!('&)+*-,�,/. �êÃ+0  "%$12)�3*-,�,/. 1 )54 �r¬S�½b_¦�dw^�©L]_]cVa\e ²¦1]�ZçÃ�ì1í1ì!±�¶³�Ë\�§e¦1XÈ^.\e �\ed�`�b_X.\� �W.\� �V1 �¦1]\�»
¢P\�§� �\�^¡X
©L`�«P\edaV1¥�®�¯ ° b_XÞ¦´d�\e£!bcV!XF¶Ë¦1XL^ó �W.\ed�\e¥vV1d�\1¶� �W.\Y]_©L`�b#X.V!¤�bc �ª1¶h¥;d�V!` V1«.Ì
¤�\ed���¦� �bcV!XL¤eZ'ëÀ©.\² �V¨V1«�¤�\ed���¦� �bcV!XL¦1]F§�V!XL¤� �dw¦1b_X� �¤e¶.��\�§e¦1]_bc«Ldw¦� �\ÀV!©.d�®·¯�°ôV1«�¤�\edw�(¦� �bcV!X�¤
©L¤�b_XL£¨ �W.\�Ð�©�¦1X� �bc �ªNÙ�6 # 7 ¶4 �W.\aX
©L`�«=\edÄV1¥�¯�°Ê©.¢l �V­Å
Z+ð�`�¦�£!XLb_ �©L^.\�¤Ä«=\�]_VJ�  �W.\�]_©5Ì
`�b_X.V!¤wbc �ª�¥v©�XL§� �bcV!XY§e©. �V��ç¶=¢=\ed2¤� �\�]_]_¦�d�«=V!]_V!`a\e �dwb_§Í]#©L`�b_X.V!¤wbc �ª1ZËÖrW.\�Ù 6 # 7 ¢�¦�dw¦1`a\e �\edb_¤�¦�¢L¢LdwV�».b_`�¦� �\�]cª�V!X.\�Ì� �\�X� �WqV1¥hÙ'¶�V1d2Ù 6 # 7 5ôð�Æ��¹ÃeÆ 1�8 ¯�°rÌ�� 143�®�X­¢Ldw¦1§� �b_§�\1¶� �W.\²¢Ld�V5§�\�¤�¤rb_¤�`�V1d�\Í§�V!`a¢�]_b#§e¦� �\�^FZ'ÖrW.\ed�\Í¦�dw\Í¤�\e�1\edw¦1]³\2�P\�§� �¤r �W�¦� 
`�©�¤� '«P\�¦1§e§�V!©LX� �\�^�¥;V1dË«P\e¥;V1d�\� �W.\�«P\�¤� '\�¤� �b_`�¦� �\�V1¥³b#X� �dw¦1§e]#©L¤� �\ed�]#©L`�b_X.V!¤wbc �ª�§e¦1X¨«P\
V1«L �¦1b_X.\�^³Zç[LV1d� �©LXL¦� �\�]cª1¶
\�¦1§wWOV1¥F �W.\�¤�\�\2�=\�§� �¤½¦1]_¤�V¼£!bc�1\�¤�©�¤'¦1X�V1¢L¢PV1d� �©�XLbc �ª� �V�]_\�¦�dwX
`aV1d�\²¦�«PV!©. � �W.\À¢Ld�V1¢P\ed� �b_\�¤�V1¥> �W.\Í©LXL^L\edw]cª5b_X.£¼b_X� �dw¦1§e]_©�¤� �\ed�¤� �\�]_]_¦�d�¢PV1¢�©L]#¦� �bcV!XFZ � \
X.VJ�S^Lb_¤�§e©L¤w¤½\�¦1§wWYV1¥ç �W.\�¤�\Í\2�=\�§� �¤�Z

9 � :½ævâ��<;wã���;w�Aæ=�9I=�>��?@���!�J�
®·X­¦�^Lb_¤� �¦1X� Ë£!¦1]_¦(»5ª1¶. �W.\eV1d�ªO¦1X�^OV1«4¤�\ed���¦� �bcV!XL¤�¤�W.VA�8 �WL¦� �¯ °ô¥vV!]_]cVA�Ï¦��Ë\�]_]êÌ�^L\eµ�X.\�^
��� ®�®�®��:]_©L`¨b_X.V!¤�bc �ª�¥y©LXL§� �bcV!X¹¬S�½b#¦�dw^L©L]_]_V.¶� �WLb#¤�§�V!X.¥;\edw\�XL§�\A±�ZËøÄVJ�Ë\e�1\ed�¶Pb_X­ �W.\²£!¦1]_¦(»5ª
§e]_©L¤� �\ed¼\�X��5bcd�V!XL`�\�X� Í®�¯ °Ó¦�d�\OX.V1 Í¥vV!©LXL^¹¦� Í �WL\¨¤�¦1`a\�^Lb_¤� �¦1XL§�\1Â¼ �W.\eªÈ¦�d�\O¤�¢�d�\�¦1^
V!©. ²¤�©.«�¤� �¦1X� �b_¦1]#]cªß¦1]cV!X.£­V!©.d²]_b_X.\�Ì�V1¥;Ì�¤�bc£!W� eZ²ÖrWLb_¤Ä^Lb_¤� �V1dw �¤Ä �WL\�V1«4¤�\ed��1\�^´]_©L`�b#X.V!¤�bc �ª
¥v©�XL§� �bcV!X¹¦1XL^�b_X� �d�V
^�©L§�\�¤Í¦Y¤�b_£!XLbcµ�§e¦1X� ¼©LXL§�\edw �¦1b_X� �ªÈb_XÈ �W.\¨^L\edwbc�1\�^Ý¦1`�V!©LX� �V1¥�b_X5Ì
 �dw¦1§e]_©L¤� �\ed�]_©L`�b_XLV!¤�bc �ª1ZÈ[.dwV!`�`aV
^L\�]_b_X.£Þ¬y[.\�]_^L`a\�b_\ed�¶/�½b_¦�dw^�©L]_]cV.¶ �¾U!¦1§�V1«
ªÑÃ�ì1ì1í!±�¶
��\²WL¦J�1\À¥;V!©LX�^¨ �WL¦� ½ �W.\²¦1`aV!©�X� ½V1¥:b_X� �dw¦1§e]_©�¤� �\ed�]_©L`�b_XLV!¤�bc �ª�¥vV!©LXL^O¥;V1d�¦�¢�¦�d� �b#§e©L]_¦�d
d�\e£!bcV!XÈ§e¦1XÝ�(¦�d�ªN«�ª´¦­¥y¦1§� �V1d¼V1¥Ë �W.d�\e\a«P\e ��Ë\e\�XÝ¦ß`aV5^.\�]ç��WL\ed�\a¦1]_]ç®·¯�° ]_b_\�¦� ¼ �W.\
¤�¦1`a\Í^Lb#¤� �¦1XL§�\1¶L¦1XL^ß¦�`aV5^.\�]P��W.\edw\2 �WL\eª�¦�d�\²^Lb#¤� �dwbc«�©L �\�^O©LX�bc¥;V1d�`�]cª�b_X­¦a¤�¢�WL\edwb_§e¦1]
§�V!X.µL£!©.d�¦� �bcV!XFZhÖrW.\ed�\e¥vV1d�\1¶� �V�^.\e �\edw`¨b_X.\r �W.\� �dw©.\�¦1`aV!©�X� �V1¥³b_X� �d�¦1§e]_©L¤� �\ed ¤� �¦�dw]_bc£!W� e¶
��\�`�©L¤� r¦1]_¤�V�]c\�¦�dwXY �W.\¼]_b_XL\�Ì�V1¥#Ì�¤�b_£!W� �^.\�XL¤wbc �ª�V1¥> �WL\Í®·¯�°¼Z

[.V1dw �©LXL¦� �\�]cª1¶4 �W.\¼]_b_XL\�Ì�V1¥#Ì�¤�b_£!W� r^.\�X�¤�bc �ª�V1¥ç®·¯�° b_¤�V1¥h§�V!XL¤�b_^L\edw¦�«�]c\Í¤�§eb_\�X� �bcµ4§²b_X5Ì
 �\ed�\�¤� eZh[çbc£!©.d�\½Å2¤�W.VJ�Ä¤: �W.\½^Lb_¤� �¦1XL§�\  �VÀ\�¦1§wW�®�¯ °¡V1«�¤�\ed��1\�^�µL\�]_^�b_XÍºÀbcd�£1VÀ§�V!`a¢�¦�dw\�^
 �V­ �WL¦� À¥;V!©LX�^q¥vd�V!`  �W.\�£!¦1]_¦(»5b_\�¤e¶F¦1¤�¤�©L`�b#X.£¨ �WL¦� À �W.\�«Ldwb_£!W� �\�¤� 2®�¯ °Ê§e¦1XL^�b_^L¦� �\�b_X
\�¦1§wW­µL\�]#^¨b_¤ËX.\�¦�dË �W.\2¯�°ÄØ>[Ý§e©. �V��l`�¦�£!XLbc �©L^L\1¶!"�A7&!&!(' .ÏÌ�î.Z î�í
Z ÖrWL\2`aV!¤� �V1«
�
b_V!©L¤
¥;\�¦� �©Ld�\²V1¥> �WL\2®�¯ ° ©.¢L¢P\ed½]_b_`�b_ �^Lb_¤� �¦1XL§�\�¤�b_¤½ �WL¦� � �W.\edw\Íb_¤½¦aX.V1 �b_§�\�¦�«�]c\²¤�ª5¤� �\�`�¦� �b#§
V��P¤�\e �b#X�^Lb#¤� �¦1XL§�\�¤�«P\e ��Ë\e\�XÞ®·¯�°ÜµL\�]_^�¤¼b_XÁ¤�©.«F§e]_©L`�¢�¤ÍÎ � � b_X�º2bcdw£1V.Z´Ö�WLb_¤�b_¤
`aV!¤� À]_bc¿1\�]cªY^�©.\¼ �V� �W.\�¤� �dw©L§� �©.dw\�V1¥' �WL\�ºÀbcd�£1V­§e]_©L¤� �\edJZ �2«�¤�\ed��(¦� �b_V!XL¤�«
ª�B ¦1¤�©L^�¦5¶
[L©.¿5©.£!bc �¦5¶ � �2¿(¦1`�©.dw¦¹¬�Ã�ì1ì0�1±¼¦1XL^´V1 �W.\ed�¤²µ�XL^´ �WL¦� ² �WL\�£!¦1]_¦(».bc\�¤²V1¥½¤�©.«F§e]_©L`a¢ �
WL¦��1\�¦a`a\�¦1XY^Lb_¤� �¦1XL§�\Í`aV5^L©L]_©L¤ 58ÆDC î¨`¨¦�£�`aV1d�\Í^Lb_¤� �¦1X� ½ �WL¦1Xß �WLV!¤�\²V1¥�¤w©.«F§e]_©L`a¢
Î¼¶4b_Xß¦�£1d�\e\�`a\�X� ���b_ �W­ �W.\¼©.¢L¢P\ed�]_b_`¨bc Ë^�b_¤� �¦1XL§�\�¤r¤wW.VJ��XqW.\ed�\1Z

ÖrWL\´XL\�»
 Y`aV!¤� ßV1«��5bcV!©L¤­¥v\�¦� �©.d�\¹b_¤­ �WL\Èd�\�]_¦� �bc�1\�]cªÑ¤�`�¦1]_]À^Lb#¤� �¦1XL§�\È �V¡¦1]_]ÀV1¥
 �W.\�µL\�]_^L¤Äb_XN¤w©.«F§e]_©L`a¢qÎ�ZPÖrW.\�`�\�^Lb_¦1Xl^Lb_¤� �¦1XL§�\�V1¥' �W.\�¤�\�µL\�]#^L¤Äb#¤Ä¦�¢L¢�d�V�».b_`�¦� �\�]cª
Ã�Å "q¢F§�¶>`�©L§wW�¤�`�¦1]_]c\ed¼ �WL¦1XÈ �W.\�`a\�¦1XÝ^Lb#¤� �¦1XL§�\a �VqºÀbcd�£1Vq¥;V!©LX�^´ �W.d�V!©.£!W�¯ °2Ø:[
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RCN1

FCJ 7 

M87 IPN

FCJ 6

FCJ 5

FCJ 4

FCJ 1 

FCJ 2

FCJ 3

IPN A

A

A

A

A

A

A

B

B

NGC 4649

NGC 4472

NGC 4406

NGC 4382

NGC 4374

NGC 4486

PNLF

Ellipticals

NGC 4639

NGC 4571

NGC 4536

NGC 4496

NGC 4321

NGC 4535

HST

Cepheids

[çbc£!©.dw\²Å
Z Î §�V!`a¢4¦�dwb_¤�V!X­V1¥ç^Lb_¤� �¦1X�§�\�¤½ �Va �W.\²º2b_d�£1Va§e]_©L¤� �\ed�¥vd�V!`Ó �W.d�\e\
¤�¦1`�¢�]c\�¤eZ�Î½ h«=V1 � �V!`ò¦�dw\½^�b_¤� �¦1XL§�\�¤ç �V²¤�¢�b_dw¦1]�£!¦1]#¦(»5bc\�¤ç©L¤wb_X.£ = >A@qV1«�¤�\ed��(¦(Ì
 �bcV!XYV1¥ �½\e¢�W.\�b_^ß¤� �¦�d�¤e¶4b_X­ �WL\¼`�b_^L^�]c\²¦�d�\¼^Lb_¤� �¦1XL§�\�¤� �V¨\�]#]_bc¢L �b_§e¦1]=£!¦1]_¦(».bc\�¤
©L¤wb_X.£ß �W.\�¯ °2Ø:[ô`a\e �WLV
^F¶ç¦1XL^Á¦� ¼ �V1¢Þ¦�d�\­^Lb_¤� �¦1XL§�\�¤¼ �VN �WL\¨®�¯ ° µL\�]_^L¤�Z
°ÄV1 �\Í �WL¦� � �W.\edw\Íb_¤�¦a§e]c\�¦�dr^Lb_¤� �¦1XL§�\²V��P¤�\e r«P\e ��Ë\e\�Xß®·¯�° b_Xß¤w©.«F§e]_©L`a¢�¤�Î
¦1XL^ �Ä¶=¦1XL^Y �WL\¼^Lb_¤� �¦1X�§�\�¤r �V�®�¯ ° b_XY¤w©.«F§e]_©L`a¢ßÎ ¦�d�\�¦� 2]c\�¦1¤� ÄÉ "Y¢F§²b_X
¥vd�V!X� �V1¥� �WL\Í`a\�¦1Xq^Lb#¤� �¦1XL§�\² �V� �W.\¼º2bcdw£1V�§e]_©L¤� �\ed�Z

V1«�¤�\ed���¦� �bcV!XL¤�V1¥Ä\�]_]_bc¢� �b_§e¦1]_¤¼¦1X�^ = >A@ V1«�¤�\ed��(¦� �b_V!XL¤�V1¥ �Ë\e¢4W.\�b_^L¤eZ¹Ö�W.\­d�\�¦1¤�V!XÞ¥vV1d
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