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1 �P��:2tC%�#Ug�}"#gMs* kC�T,�m��ZX�(2?℄��N>�oqk�#(J^i�Njks"��#�bk=G:u.2�FV>l#�k7�n�xwV?��kpx�m�skN>�#g�%��[4�#g:#��#�}"#gl(nt-q�/C%�Nk"b�#Ug�b>B2 1010 b��3#na (�` 106M⊙ L�a) �M�$S+z#n��+zak�` Mv = −9 mag ��-#g"��F`h Mv < −10 mag[1] ��Mt�\�mn
kC�>l#��Æ	�F(8h0�}"#g��_�(81h4�#g�* 20 ,` 60 bbu��Km����#�:# #�m^kC�>l#���
9�C%�N#g —— B#g [2−5] �IK℄1_.�}"#g�W1_.�4�#g�sl(��NMz:�3[}"#g�
��3_�aX 3× 104M⊙ �/a"��` 107M⊙ 3Y��C	Q�IKkb>ny�C�ytZ�ob�/b"kB
V 108 b3Y�[4�#gkb>�s�~�M�W�Ita�3by#gLbyk�N�#g�B#gk+z�sa�t Mv ≃ −9 ∼ −15 mag �+p'_�oX A3 ' [6] �V�
t��VC5�B#�� Q>OM�2007-06-01 � \AOM� 2007-08-21BFXK�0a+
�5OwR�)��Z (10773020)
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�./�=GtxZG(8hk}"#g�M\IK�_/"b}"#gkv ZX�12�\�vVtD [7,8] ��	�}"#g:B#g/1%b>r	1`k�N#g�V�k/�|1%�N#gx+
V91`Mzk�3�:�Q�^�Ou�Kk J.�\z+9,�!�k7���#Ugk�3�:/C�(8
���X7�#gk(J:u.2=Gn�WV'��kJK�C� <�#gk�3�:�F+
t1�	Q�X�
�::Bz�:�IKk(8+
/��#gJa# <�_mW��3�g!�%�
a�3�#a��g�!U����3�#qa��3m#gkls�℄��_IV�3�BzM�z%�
a�3�#kBzM�z�����3�#kBzM�za�12�
X|�qM#g�L [9] �X9}"#g:B#g|1%�N#g [10−12] l�mC�4�#g [13−15] �FVm�#(J� [16,17] ^�x(8h9Ja#k�3�:�U\�h�m�(,�?1�`kC��#�b���3�:/C��fo)k(8
���<�#(J:=G(D$/�s0V=(kt1�VJ>k/�"�m##gQzaj�kZXUg —— #�g��B(8h9�%�3�:�Q [18−21] �
2 ��$%im�5Æ<�X}"#g�3�:k7���U�X�
�3�:�|/Mt�}"#g <�?℄�j�>NU�^1`�3�#k��ziu2(8(;�|Cr[4�#gk|�1` [9] �12�D'30q
� (HST) TX#gk(87��gX HST k��
�(B:��+_.�|�"�EV�fMzk�(��C	Q��3�:m}"#gk8�/S��D'g!�kra|��QppJ'jf f1���m��3��L�+��Z��:�Q��1S�9 [22] �#gk
%�36: (PDMF) 
VF
PA(* [23] 


ξ(m) = dN/dm = ξ0m
−α , (1)*�� ξ0 /.CG�:�P	: α / PDMF k�B�mC�7��V�6T9�=(k��PA(*�X�1`�3�sk�#�* (1) �k�B α �1`k:� [24] �12�
�G�Vk#g CMD 
��1#k�3�sV��2tCY~?�&�F6T* (1) |�
C�Bk6:(*�}"#g�
�3�:kC�(8+
/��#k(8+z6: (FV�36:) Mg!�k1`�1`�XD'g!�kra��36:k�B α �k'w�|<S��l5�℄�9�m#gk�!�^Vn��3#nak6#�-���#g M92 : M15 k�3�:kO�&6T9|^e� [11,25] ��C	Q�D'#gku.2=G�[a�3�#�#���3�#��_V
X#gk/l5�℄�IKk9�_n���G�kgkO.9��IV#g�U\�Fj��#gku.2=G%
fA�IKk,X PDMF ��jfkN [26] ��3�:k�C�(8��/�m#g�!�O8h9���	:Uz�X (U − B) :

(B−V );�E'#g�!k�'j�!�|m}"#g M15(NGC 7078)�EV�
 [27,28] �
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��_V1�_M
UX;#:
#
k�E2T(#g8�U�9a3k!#�L{/Mtm�!���o�3k�1#��|1�"MkV
?�_x[�3�:�QV% —— a�3�#�#gk�!�HS� 1994b�De Marchi: Paresce,T HST k(8(;�m M15 k�!��(V9a3k!��#�s�a5�/!'�# [29] �M15 /7�j/�k}"#g�C�|�#g'�NiQ#n
�NQ�et −4.7 kpc [30] �/ij!B.1La (e = 0.34) �GF� M15 [N>�k�E2T����#gl��#kF��':���QB?��M�IYvk"M���
X#g(JqkT)^i:\Dk^5u.2=G��C���3�:7�
Vs'JKk}"#g/ Palomar 5(Pal 5) �|/C�mtT-kj.}"#g�Iks"������s#na��3yet 5 × 103M⊙ �/C�o�!�zk��3#g�.
Vn%kiu/i (e = 0.46) ��'N>��!�f
�N!�`
18.6 kpc�U SDSS ka2?8+(;�
�̂ Pal 5�sVC�S�kF�u�8��sB2
10◦

[31,32] �F�uk�3��/Yvg�3k 1.2!�Pal 5 �Xk
%�3yt 5 000M⊙ ��Ik_)�3$\et 70 000M⊙
[33] ��X|?C�o�!�zkg <��1ma5�=G2M��!�z)�?o�\�1J�+S�k^5u.2=G�+z6:Q�[_)"MJV&I=-��u.2�3�:Q�1_m�-'��^ HST k1�1`�!��2? (et 2

′

.4× 2
′

.4) k!z (V < 27.5

mag) (8��'JV�
gk8�+
VV�3�: [34] ��C	Q�a2? SDSS (8(; (i∗ < 22.0mag) BJVo+V Pal 5 k�!�:F�uk+z6:V�<=L [32] �d/�D Kochn� [22] ,TpQq
�ka2?8+(; (T� B #net 24.5)��' Pal 5k+z6:Dg!��'G�̀ %I�
g^na�3k;#�S�p�g�!U��|�V.p<S9�#g_m�
�3�:�|� 2+S�t9V�pOR#g�3�:k(8�Q�8+(8(;1y��V-#�k�#��x"8�#G�Vk2?�sQ�-#a�^Yv ��RD}"#g/�_m�3�:k��e��/#n`C#g^1`g!��℄k+z6:�|	Qk 2/?�k (�7�{� [35—38] n) �
3 �D%im�5Æ<

1971b�van den Bergh [39] m�#� M82(NGC 3034)k7���VV9B#gk�d�'^��m 20 ,` 60 bbT Hodge [40] EmaGh^(8h9|�byka�3#g��D�|%#g1ym# #���xm��N>�m^kC���#��xVG�
�V%|��7h{� [6] �\Z1l%7�
R136 /xXaGh�k�U6#hjZ 30(��et 120+b) 8�kB#g�b>t

3∼ 5 Ma � 1985 b��K,T���r��[6�(V9 R136 �k�# [41] � 1996 b�
Brandl n��
 [42] � R136 ��#NzC�k8��D'�#�3kra�f��'G�st 1

′′

.2 ∼ 0
′′

.2(h
 1) �s�8�� Rc �
*\C [42] 

Rc =

√

3σ2
0

4πGρ0
, (2)



� 260 �������[�|�3�{�t������� 26 ��*�� σ0 /g�!�k2�BzM�z� ρ0 t�!�k�3Nz� G tO.�:��C	Q�#g�#�36:k�BDg!�kra�'w��71rR�<S�R136 _mS�k�3�:�Q�

d 1 R136 l9��\A$�4l&� [42]X9 R136 �l��K�aGh�sHC�by�N�#gk�3�:Bz+9n�k7��|/MtaGh//~k>l#���'et (50 ± 2)kpc [1] � HST �Ft�V!ntR�k(8(;�I3℄_�(Va�Gh^C��#g�!�~k
��#��IK�1�a�3kby#g�[N>�#gk|�V?ak1`�|	Qk 2#n��-��
2002 b de Grijs n� [43−45] �aGh�/byk1��#g NGC 1805 : NGC 1818(b>et 6400ob) z+97��s1+SIKk PDMF k�BDg!��'G�<S|1�#g_m�3�:� 2004 b� Gouliermis n� [46] k 2�'9HKksD�/~� Kerber :
Santiago [23] ����71�gkaGh^ 5 �by�#g (� 3 �t NGC 1831�NGC 1868: Hodge 14) z+97��|�#gkb>�st 6400 ob ∼18 Hb�s1+S�GV| 5�#g PDMF k�BxDg!� R kra�'w�^ R < Rc �!�^k α ≤ 1.8 �rah
R = 2 ∼ 3Rc(� Hodge 14 / R = 2 ∼ 4Rc) �℄^k α ≃ 2.35 �U\<SGV|�#gxS�_m�3�:�Q�

M82 //~ka�3# #���'t (3.6± 0.3) Mpc �m�#����V 20% k�#(JV
XB#g���m#�8�V 20 ��B#g�s� M82-F /�#��! 500 pc �s^/S6k+2�h#g�$\�#gb>k�st 40∼60 Ma [47] �UXG��+6��tO�|%B#gkT��$/z+~Bl(8�M82�B#gks'b>et 107a �IKtOFT)�36: (IMF) k'GV!9��7kPJ��X\����(Vs�
��#k
�'B#g <�1�__2�#\:�pO8gk�3�:�Q�d/� Sternberg [48]  Jh
�C�V�3�:k#g <� UV : IR/}k�Q�#�h+/}k� j��Mtv{k+���� *BB	#��D{��
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McCradyn� [47] ,T HST G�jk��(B(;��#g M82-Fk�/}+2�z+9���s1�

D'(8/}krA�#g�kQz�kf���x|��.�fS��mn|k/}�/Af|�h#g+��k�#kzzf��12|��#ÆxX�1��IK/C��n�3k�1#��C	Q�mnA/}+���� *=Gnqk�#�IKkT)�3�##g�1z�rZ�#k�3a�#ga�[(8/A��%�Jw' M82-F_m�3�:�Q
~Bl+���� *a�3k=GnqB#�IKk�!�z�#�n�3�1#k�!�z���D{q/�h+��k�� b�

4 �'Y�5Æ<m*LR�^�QkRD�F�V��X�N#g <��D/b"k}"#g�I/bykB#g��3�:+
tC�no)_mk(8
��M\|%
�k(JPÆOu�KeCk&��.z+9!�kOR:7��%X�3�:�Qkub��__m1�m�1`kPÆ
u.2�3�::_T�3�:�Gyu.2PÆ�/
t�:�QubX#g(JDk^5u.2=G�g^�#M�E
klJ�XM1XP^2M��X_Æ�"M [49,50] �^,X���m|�2M�g^ka�3�#JME$u_�(iuBzf��s1&E'g�!^F����3�#qMKju_�(iuBzra�.�#gls�℄����1�#g��#kkÆ�3t m ��s�WC%a�3�#k�3t mh �\I�%�#^F�#g�!G.�k%*t [50,51]

tseg ≈ m/mh × trl , (3)*�� trl /#gk��3P^%*�P^%* trl k5J/��2 trl |IAC}%
D�M�#
k�ElJ�(�#ku_� z+�h�.`haX��^G�=r�3k"M�
Spitzer tK�#�bu.2�3�:kT�%*t m1/m2 × trl �|* m1 : m2 /g^�#�3k/o�:/��� trl t1XP^%* [23,49] �|�%�*+S�f m2 ≫ m1 %�V
�3�:G.k%
/?|k�M\�V�&T^5u.2=G�Q t1��by (b>1B2 200ob) k#g (�=F#h#g) k�3�:
� [52] ��C	Q��3�:%*

tseg [ trl J�#��P^%* trl [�#k:NzJ�# [50] �GFP^kS�3�V
X#gk8��|�/�3�:�Qm}"#g8�/S��.D'g!�ra�'jf f1��k_M�C�#gku.2=G1yJM�3�:�Q(��3�#{�X�3m#gkls�℄��xJ(l��k�#zC4�kgkO.9��^#g�QIV��|*WV1�1`kQIPÆ
 (1) 2 ��#
�#C℄N~lJ�s1(s�C��#kiuBzaXfpkQIBz�IV#g�|C2MItg�� (2) C�<n�k
�lJ(C��#M1~Kj_3�/�IkiuBzJaXQIBz�IV#g�|�kz*kQI2MIt�����2M#g���k��g��C/��kC�T-�u.2�3�::g^�#k���|1



� 262 �������[�|�3�{�t������� 26 ����Qk0=2T(jn��3k�##n�G^g�IV�m|�u.2=Gk2M��D'��3�#1~k'#g�gk�36:'jf fkN [15,23,26] �X9�7#g^5ku.2=G�Ql� *l5kO.2TBJS�h#gku.2=G�|�/l5u.2�Q�l5u.2�QkuMW�F�tC�JK�kN>�F�.?k2T�FVf#g[fNf2M�kfSM2T��*|�l52T�g�!�℄k�# <.1���dJV��#k'#gkQIB [50] �C�}"#gk PDMF �#�C�kN��BntkNk#gk�+��pp#n��L{N!�#n���nHBq#n� [53] �d�36:k�B[#gv5z�
k%�q?1S��M�|�
�� ���
X#gkN!� [54] ��K�"|%%���uMX^5ku.2=G:l5kF��'�mN!�n�kp	�N>�O.?#nw�F��'k
���to)��xX
�'Nj�k#gQ���G��IKk��3Ja#�\l�(8+SIVsHC�MAmu2T��g^�#k�!�z�#giu/ikj!B:{mn�T-/m\�o�!�zk#g^�g^�#klJB��no�u.2�:k�s2M�#nH�� King n� [55] oE Jh�}"#g�3�:kMz[#g.4k!zV%�L{<[�!�zka�V%�[u.2�:1`k�C�PÆ/_T�3�:�|�PÆ�F/�#=G(DkC�s1
Mt_#g�>�kNzn���Qp(J��a�3�#k�_,�a�mg^�#(J�T��3�:
�kV
�FV1^e�
 (1) �3�:
�/_2_�#�
k�E2TV
k�MtD'Nzkr��_�#
�#i!k�_,�ra [56] � (2) _�#k�3fa���s��k�SBBfa�.U\pJg#k�3�: [57] �|1�MAks1/f�~#gk�!�f�G(Jna�3k�#�^�>#_T�3�:�0�7�+S��XC�byk�#g <�U�#=G"MG�tk#gk~'b>�
�XM*&1XP^2M>#_(8hk�3�:G.�k%
�dm|�#g��B(8h9S�k�3�:
� [16,17,44,51,58] �|�1_Tu.2�:PÆ t1� McMillan :
Vesperini [51] VVT�:	:

fseg = R/Rh (4) +�C�#g��3�:kMz�|* R : Rh �-t��gk��3��:g^a�3�#k��3���C�:�Va 2+S
�XC�T)��3�:k�b <�^5u.2=G1�_T <Sm|%�b�G(8hk�3�:kMz [56] �a�3�#a�m�#(J�k�!�(J�|CrE�t1�(8:(D7�G�' [59−63] �<SC�#gme#�%E_m�3�:��\�KppTmby#gk�!�℄^�#Vn�k�SB�2t\%T)�3�:k��(JPÆ [63] �/~� McMillan : Vesperini _2 N X:�Va�VV9C�#g(JPÆ�F�	�pOFm#g(Jkoqq}�>#�3�:ku.22M [51] �HK<T9 Bonnell n�k�#(JV' [64] 
C�)�#k(J/FC��k#�k(*V
k�	D|��#�l_2.=(Jnak�b —— #g�`%b��|�#�m(J�%^5�E_mS�k�3�:�L{#�* kP^%*��|�M�m'
.=�v�_V
�3�:��D[�|��/D(Jk#gJ_OIKv #�^�#k�:
��^�t\�_m�3�:kb
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XKj����z��k(8(;:!�k(D7�|1	QkMA�7GTV
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Mass Segregation of Compact Star Clusters and its Origins

ZHAO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: The phenomenon of mass segregation of a star cluster means a preferential concentra-

tion of high mass stars towards the cluster center and a preferential allocation of lower mass stars

towards the periphery of the cluster, which seems to occur in star systems with widely distinct

physical properties. As a kind of compact star systems, globular clusters are very old ones with

ages of older than 1010 years, which are different from another kind of young compact clusters,

super star clusters (SSC) or massive young clusters (MYC), with ages ranging from a few 106 to

108 years. It is interesting that mass segregation of member stars has been observed for these

two kinds of compact clusters.
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An important observational effect of mass segregation of a star cluster is expected that the

slope α of the PDMF(present day mass function) of the cluster is dependent on radial distance r

from the cluster center, in the sense α becoming steeper with r increasing. This radial variation

of the mass function reveals mass segregation for both old globular clusters and young SSC or

MYC. On the other hand, it is found that stars of different masses in a cluster show the pro-

nounced, systematic variations of the core radius, which is another observational effect of mass

segregation. Mass segregation mainly affects the innermost region of clusters, while dynamical

interaction with the Galaxy acts predominantly their outermost regions inducing stellar evapo-

ration and stripping.

Further evidence of mass segregation in a globular cluster comes from the detection of color

gradients whereby the color indices such as (U − B) or (B − V ) get bluer towards the cluster

center. A possible explanation for such color gradients is mass segregation of main sequence

(MS) stars, since stars near the MS turnoff, with higher and bluer color, are expected to be more

centrally concentrated than the fainter, redder, and lower mass stars. A core concentration of

blue stars is likely due to binary-single star interaction or the central lack of low mass MS stars.

Mass segregation cannot be observed directly via star counts for young compact clusters in

which individual stars are unresolved. However, a mass-segregated cluster should appear smaller

in the UV and IR, where the radiation is dominated by red supergiants, than in the optical,

where the radiation is dominated by intermediate mass MS stars. The negative correlation be-

tween cluster size and observed wavelength suggests that the massive red evolved stars are more

centrally concentrated than the intermediate mass MS stars. The other effect of mass segregation

for SSC is that core radii of stars with high mass stars and with lower mass ones are different in

the sense that core radii decrease with star’s mass becoming higher.

There are two possible and distinct origins for the effect of mass segregation: dynamical and

primordial. The dynamical mass segregation is caused by the dynamical evolution of the cluster

led by two-body relaxation, where the cluster member stars trend to reach the kinetic energy

equipartition due to stellar encounters, in the course of which the high mass stars decrease their

velocities, sinking towards the cluster center, and meanwhile the low mass ones speed up and

spread out to the periphery of the cluster.

It is indicated from numerical stimulation that dynamical evolution from initially unsegre-

gated systems cannot account for the degree of mass segregation observed in some young clusters.

Therefore, the obvious explanation is that these clusters were born mass segregated. Recent ob-

servational and theoretical studies do indeed suggest that high mass stars form preferentially in

the centers of star-forming regions, and the mechanism invoked to explain this primordial mass

segregation relies mainly on the higher accretion rate for stars in the centers of young clusters.

Key words: astrophysics; star cluster; globular cluster; super star cluster; mass segregation;

formation mechanism


