
����������	�
����� ��� � � ��� ������������� � ������� ��� � � �������� �� � ��!��

" #�$�%'&�( )�*�+ #�,.-./�0�$�%�1 $2/3( 4�5�6 7�8 9�:<;>= )@?�4�= $�(�/3= 4�A 1 #�( ACB D E�F�D F�E�G B

HJI KML�NI OQPSRSI N2T�U@VQPXWQN�L Y Z<[MZ�\�] ^2_�` [Ma2b
cQd<egfXcQh c2iCjlknmom�pqsr�h j

t@u�v�wyxoz�{o| }�~�� u
������� � � � �.�.� � ��� � � � ��� ���� � � ��� � � � �>� �����   � � ��� � � ��¡ ��� � ����� ¢ £

¤ ¥ ¦�§3¨Q©.ª « ¬� ® ¯>°.±@²�¬@³ ´�¬µ¯3¶ · ¸ ¹>º.»�¸ ¼.½o¾@¸ »�¿�À Á�½ ¿
Â Ã Ä Å�Æ Ç È�É�È.Ê È�Ë�Æ Ì Ë Í Î�Ï�Ð Ñ�ÒÏ

Ó�Ô Õ�Ö�× Ø�Ù�Ú Û Ü�Ý�Þ ß Ý�Þ à�á â ãoä�å�æ�ç�è é æ�ê ë ì.í�î ï�ð ñ�ò�ó ô õ�ö ÷ ø ù ú û ü ú ý þÿ � �������	� 
 � ���� � �� � � � ��� ��� � � � �	� � �� �! " # $ %'&�( )+*�, - . / 0	1�2 3	4 5 6	7 8 9�:�; :�< =
>'? @	A�B�C D E F	G�H I+J�K L M N O P Q�R S T�U�V	S W X�Y�Z Y�[

\^] ] _	`�a b�c d�egfha c ikj'b'l b�m	a d	]n_	o
p'q q'rhs�t u'v�s�q s	wyx z p�q�{ |	u�}	~
��������� �����
���'�	��� ���n�y�
�����	� �'�	�g� ��� �y�h� ��� � � ��  � ¡�¢'� �



����������	�
����� ��� � � ��� ������������� � ������� ��� � � �������� �� � ��!��

" ����	$#�� ��
�� ��%'&'������	�� �(�)� *�+�, -�. /�01�2� �43�*�� �����)� *�� � ��� �65 7 8�9�7 9�8�: ;

<>=$=$?A@�B�C$DFEGB�HI=KJLH�@4CGBMJ�=NB4OPC(@�Q =NR
S�T U�V4WNX�T Y$UIW$Z\[�]G^ ](_�T Y$U

` aNb�c�c'd e2fgc4h b�i(j�k l�c4h f�i cnm oFiqpsrtl�iqd u�vwb�k kx>y'z {F|(}4~ y�|1� {F|qx>y2~�� {F�g�2�2�F�2~ } �
����������� � ��� ������� �

� �����1�2�F�����w��� ���4� ��� �M���)��� ���n \¡ ��¢g��£>�F���2�
���(�����\¡ �2¤2�F� ¤2��¥¦¡ �w¡ �2� ��� ������¡ �F�§ ¨�© ª ªq« ¬� ® ¯�°�± ² ³ ´�µ ¶4· ¸�¹�ºF» ¼F½ ¾�¾�½ ¿ ½ ÀqÁ�Á�Â�Ã

Ä Å1Æ Ç�È4É Ê�Ë1Ì ÍFËqÎ>Ï�É�Ð ÍFÑgÊ�Ì ÌqÐ Ò�Ð Ê�Ñ�Ò�ÓLÔ�Ê�Õ�Ê�Ñ�Ô�ÈMÍFÑÖt×�ØIÙ ÚgÛ'Ü�Ù Ý Þ�ß Û à á â�ã ä å�æ ç è�é ê�ë�ì í î�ï ð�ñ�ñ�ñ�ò

óMô$õ1öG÷6ø4öKù�ú$ûIüKõ1úGýþù�öGÿ ö���� û�ø4öNý�ÿ � ù��6ø
� �
	����� � ��� ����� ����� ��� � ��
��������� �� � �����

 !#" $�%�& '�(�%�'�(�$�) *+'�, (�& & " -�" , .
/ 0
1 !�-2(�$�3�'�!�, 4�)�" '5)�6�4�,7, 6 8�9�:�9�; <�= > ? @ @

A B�C D�E�FHG
IKJ5L�M D�NPOPQ�L�M L�R�SUT�M V�N�W F�C
B�D5W F�X�W Y L�M

Z [ L�M L�R�SUN�W L�C M Y Q�J�W�V�N�V5L�M M SUD�X�M S�N�L�\�B�M F5]HY X
T2F�X�W F�C [ ^ _ ` a ab c�d e e d f�g�h i7i j�c�d k�l�m�i n�m5o�h l�c�d e e l�p l�m�i

kqi l�h h n�psr�j�r�g�h n�i d j�m5k
b t u5v2u�w�x�y�z�x�z�w�{ |�}�~�t x ��w�xs� { w�|+�5�2���
�qx ��t�� ~�t |+��x { ~�w�u�}�{ ��~���u�v2��w���~�|�{ w5��x u



����������	�
����� ��� � � ��� ������������� � ������� ��� � � �������� �� � ��!��

" ����	$#�� ��
�� ��%'&'������	�� �(�)� *�+�, -�. /�01�2� �43�*�� �����)� *�� � ��� �65 7 8�9�7 9�8�: 8

;=< >@?BADCDEFG?HE ?HIKJL< MON�I'< PDQ�N�< ?=RSM

T�UOV=W'W2X'YBZ [1W�\'] ^�_4`4a b c�dOe'f g�h�i�j'j'j'kOl�m

n o

n p q

Bimodality: Implications

V-I =    0.95      1.15      [Fe/H] =  -1.5 -0.5
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At distance of Virgo 6 hrs with Keck 
υ Hß errors: +/- 0.15 – 0.3 Å
υ 2 – 4 Gyr at 12 Gyr
Model-dependent absolute ages 
Relative ages ~OK
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Forbes, Brodie & Larsen Forbes, Brodie & Larsen ApJLApJL (2001)(2001)

Number of metalof metal--rich GCs scales with the bulgerich GCs scales with the bulge

Numbers/Specific Frequency

• Metal-rich GCs in spirals are associated 
with the bulge not the disk

• The number of bulge GCs scales with bulge
luminosity (bulge SN ~1) 

• The total SN for field ellipticals is 1-3  (Harris 1991)

• The fraction of red GCs in ellipticals is about 0.5

• The bulge SN for field ellipticals is ~1  

• Spirals and field ellipticals have a similar number
of metal-rich GCs per unit starlight
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.Metal-rich GCs in spirals 
and ellipticals have the 
same origin —
they formed along with 
the bulge stars 
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Brodie & Huchra 1991; Forbes, Brodie & Grillmair 1997; 
Forbes, Larsen & Brodie 2001

Red GC relation has 
similar slope to galaxy 
color relation
Red GCs and galaxy 
stars formed in the same 
star formation event
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