
� 	 26 8�	 2 & 1�T���(�g Vol.26, � No.2 ��� 2008 � 6 [ PROGRESS IN ASTRONOMY Jun., 2008 ��i|7E�1000-8349(2008)02-0126-13

Zu6p>vML{0.- 1,2 �,1/ 1

(1. 
U?�X�U�2U" / \�2U"�H� 650011 � 2. 
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�+℄YÆ>{�DG+N�f>{�W��yb&\��o>{�Z"��>f>{	8Se7�+�fJ!���MJ*q�>/!df ���\~�	C J :�0.\W��J!����\~���*���d�PE�P145.4 ��� il8℄R�A
1 �?��(1#PI�I ��~E1;Ha~��Yabi,~*M/[ [1−3] ��~�4K'�k�)t~1;i�)
~�I ��)to%�w,Y AGB(�)5�v) ����~z�7I!�� [4] �3SPI�~~F{P�_ 20 000∼80 000 K �:��\��� lg g _
4.5∼6.5 cgs y��:�dR1�YI 0.15 T [5,6] �I ��~k�)tx )vo%~Q[�_hu9^��~1#NK )v~P����O~�� )vN���402Z4�� )v� (EHB, Extended/Extreme Horizontal Branch) [1−3] �I ��~`%$/.!�x 20 {� 40 �n�vrv|F�I ��~6-�9�M~J�1}lq��_ 11∼17 mag ~�P\��m}�*JI ��b!��� 1947 ��
Humason b Zwicky [7] ZD Palomar~ 18�i~EW-_=gd.�~ 800 %�~/;��/�'9/-A�\FI �� (�� )v�) �mN;e$/I ��~����� ^B[V�2007-06-29 � rF[V� 2007-10-25GKmU�U�)G?�|#$�tÆ (10433030 � 10521001)



� 2 & Mnq���J!���%0'f 127�yo�LI:�_=gd:=KFi�R�0iA��K�P\/- [8−10](I ��) �mS/-6Fi))~P$)p [11−15] �SP$�F4tS B ���F~5 Balmer _�o�?4'P$~�4�1#A��~)I 3 S� B �� OB �b O �� B � ��~P$6F4 B���F~5 Balmer _�o [13,14] �<e�~iA�6F5,��:~k,� O � ���F�i~Y_�o [14](F}A�x℄F&ozso [15]) �<e�~iA�6FY�wk,�
OB � ���KX�� ����~~P$�w4r\F5obYo [14] �0�LI^�.3X9/-~P$)pOuPI ���v0~VtPI� 3 SI ���~��YHa/-�q4 )v���~6F�,~*M�06F�:~F{P��_3R~� 2 j�Y~�  O � ��b B � ��_LI^F�k~�4��~~�[b)t0A�F��4�(g 1969��M~3X OAO-2D�EW-!j>R�dh_%AU [16](UV upturn�m~
20 {�%A/R�~�k!jy1)4O�M~!j��p�F~>R�d�h_%AU�%AU[I>R�d~�;{3��y1��o�EKI ��~F{P���\����G
b>R�d�%AU~qJG
q)�)�M~Pux%AUiA�*UKI ��~h_ [17−23] �
Brown�M (2000) [24] �f'Ixe>R�d (M32~a)�~I ���mII ��~%AU~�.*U+Bez�~u4�20{� 90�n�Ie���Q>R�d�#8h_~�%AUjx�M~+ae`�� )v�q��[	���"�	� [25,26] b4"�	� [21,22,27−31]�`	��PIvq�)txm5�Æ�r�EK�/[��p�m5��p�*M~kE)[��g��[1;)pvp~Ya�SVYaHa��[�� )v� (I ��) �t~m`	�_���%AU ” jx~4r0�xe�4C2~I��S��~�.9�[I ��~�.~�j�: (10 Ga 4^) �LI^�Fi�I ��K��d6 (YiI ��*
~1')[32,33] �mvM~PuxI ��iFA��[K��d6�Han �M [34,35] _ 2002 b
2003 �+aeI ��~���[	��=vD Monte Carlo 	�~%#$/eI ��_=gd~ukrbD���� 2007 �� Han �M [23] ZDI ��~���[	�[A���e>R�d�~�%AUjx�3R�_� 2 j I ��~LIE)�� 3 jb� 4 j)< I ��~q�b���[	��_� 5 j4a*�beE�
2 �K"���NK
2.1 �Yt5o=�wsaEKI ��_LIbVt^~)��b�.���4mS/-2���/�J�����~�/F KPD(Kitt Peak-Downes) �/� PG� Palomar-Green��/� EC(Edinburgh-

Cape) �/� HQ(Hamburg Quasar) �/� ESO(���%/R!) Ia �U��0h��/�
2MASS(Two Micron All Sky Survey) � SDSS(Sloan Digital Sky Survey) �eA� HST(Hubble

Space Telescope) 0y}e1E)I ��~P$ [36,37] �g�Y~�m}�/4�q �
KPD �/b PG �/�_ 20 {� 80 �n&���~~~�~Ie�k%AU~U�

KPD �/~�/��YI 1 000  %��y}~�.~ B ≃15.3 mag ~��m-3�mf�/y}eY 70 = ��b!��~LI���'�*J 20 = O � ��b 40 = B � �



� 128 �������0�S���'�f������� 26 8��� PG �/~�/��YI 10 714  %���m�� B ≃16.1 mag �7�/Fy} 1 715=9/-�'� B � ��i7-3~ 40% � O � ��i 13% � EC �/�.~o��/;~�/��/��YI 10 000  %��y}e B ��dK 18 mag ~9/-�'�*JeE)I ��� HQ �/*wK 20 {� 80 �n��.4��S�-I��4ry}ei�I ��~P$�mf�/y}~I ��~
UX 100 =� SPY _�� Ia �U���'0h�~4r�0y}e
��~I �� (�b 76 = B � ��b 58 = O � ��) � 2MASS b SDSS ~LI
4�0Fqv
b~I ���'�� 2MASS~
4�.DOE�6F��$�~I ����d6�
2.2 �OIS?

Downes(1986) [38] ZD KPD�/~
4}a O � ��~D���YI 10−7 pc−3 �B� ��~D���YI 10−6 pc−3 � Green �M (1986) [14] =ae PG �/�%AUU~
PG �:�?47�:�~
4��~I�v MB ≃18.0 mag r�} %�F 0.21; B � ���E PG �/~LI
4I�}x~ B � ��~D���L KPD�/}x~�V1��
2.3 �yng? – �QH`?\Yt5o=f}LI^�1#D3EI� j (LTE) Vtb(3EI� j (NLTE) Vt)^k�P$y}�~~F{P���\����Y,��k,G
�Vt^3SPI B � ��~E�bYI 0.5M⊙ ~HaYab�b�kK 0.02M⊙ ~*M (45z4Yk,) H[ [2,3] �O� ��~E�bYI 1M⊙ ~HaYab�bYI 0.1M⊙ ~*M (45z4Yk,) H[ [39] �?4)��~LI�V (Y~FD~�F-3�~I ��~ B��_ 13.0∼18.5 magy�)[15,40,41] �Y~3aeI ��~F{P� – �\���9 (�9 1) �g9 1 A4<a�

: 1 �J!����℄	��G|Q�t�TAo; Edelmann �O (2003)[40] ��W (B 
#��) �t�Z�Æo; Lisker �O (2005)[41] ��W (B
#��) �E�Z�Æo; Edelmann �O (2003)[40] ��W (OB 
#��) �OÆo; Stroeer �O (2007)[15] ��W (�[ O 
#��) �E�&Æo; Stroeer �O (2007)[15] ��W (5[ O 
#��) 
�po;L#���J
0.5M⊙ � ZAEHB(ik��Æ!+w)[4] ��spo; TAEHB(�~��Æ!+w)[4] ���po;[��
2_�>bgA5OL��
℄P
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 B � ��w_�bI 0.5M⊙ ~ ZAEHB(Zero Age Extreme Horizontal Branch �hj�� )v)[4] b TAEHB(Termination Age Extreme Horizontal Branch ��}�� )v)[4] y���� B � ��b�� )v�F�_~�A�� O � ��k�NK EHBAH~:P��Ie4��4Y,�~ O � ��~)B6G�Y~ O � ��)I`S�k,Y,�kK#+Y,�~ZI4Y O � ���zK#+Y,�~ZI�Y O � ���g9 1 A4<a�4Y O � �� (F 33 =�b�Y O � �� (F 13 =) ~)B�4��[�t~�Y O � ��~F{P�)B�Q�mA�b6�-3#zFJ�
2.4 �;WDA?
2.4.1 � B ()�'�
���Æ��LI [3,32,40,41] :��B � ��~:�k,Y,�b'F{P�F#%�~^d�

1) LIu4Y~ZD)��~
43a B � ��~k,Y,� lg[n(He)/n(H)] bF{P� Teff 9
(�9 2) �g9 2A4<a�B � ��k,Y,�bF{P�y�h_1�~Jd�F{P�Z:�k,Y,�Zk�q4~F{P�g�B � ��A4)I`S��i6F�~k,Y,�~ B � ���mSib
�F#�:~k,Y,�~ B � ���mSi�
� B� ��~�\���bP�4k,Y,�~Jd�SF{P�4k,Y,�~Jd�i�

: 2 � B �!��l-Z-� VS G|Q�E�TAo; Edelmann �O (2003) [40] ��W�t�&Æo; Lisker �O (2005) [41] ��W�wh��8o;>bgn~ B 
#���[.��_n��po;$,[.�
2_�>bg�
℄P
2) A�~Q<k,Y,��F{P�~d��d�A4D�q~P�L[	����t0h_i�X,��k�k,�<P�~,��>\�0e�b�n~Bs�>\w>*YP�v�EY����E~0e�\b*M�n~Bsw YP�g�Ema�v0e�b�n�YP�~BskK>\4Dr�YP�wgk��E�2x:�g�vk�:�Y,�d��7	�_|F[��prO'~Y,�W�KLI{ [42] �t~�SVF 10−14M⊙/a ~[��prh_�k�_ EHB ��,X 107 �o�k,Y,��wjx lg[n(He)/n(H)]= −3[42] �



� 130 �������0�S���'�f������� 26 8��[��prSVjx 10−13M⊙/a �k�_ EHB ��,X 107 �o�k,Y,��wjx
lg[n(He)/n(H)]= −2[43] �LI�h_k,Y,� lg[n(He)/n(H)]> −2 ~����[��prv.&1Ddk�l1%�� B � ��)trF[��p0��_':�A�F0e<�~�/�t~�0e<��/A7ww�P�~d� [44] �m�$|F}xLI~us�I ��k,Y,�~)Ujx0iA�b��~G
 (S�%) FJ�_��d6��EKX{A���%��d64T�%��d6~k,Y,�.: [45,34] �CF*M�eA4Qki�Sz�%~I ����d6�I ��:�[�0��#Sz�%~���Æb�g�w�k,Y,�d� [34] ��4CF*M�e{r0iA�wBsxI ��~k,Y,��

OB � ��~k,Y,�b B � ��~�IS��mX�^"��
2.4.2 � O ()�'�
���Æ

O � ��~k,Y,�b B � ��~F��4�9 3 =aeY~vD Stroeer �M
(2007)[15] ~
43a~ O � ��~k,Y,� lg[n(He)/n(H)] bF{P� Teff 9�g9�A<a�

1) k,Y,��K#+,�~ O � ���F{P�)B_ 35 000 K ≤ Teff ≤ 80 000 K~N��_m;F{P�$H���#F{P�~d�k,Y,�FGV^m:} (L B � ��S�) �
2) k,Y,�UX#+,�~ O � ��)B_F{P� Teff ≈ 42 000 K ~�%�EK0Y~~LI
4Fm�̂ �jx`�$okb~LI
4&1Dus�t~m}LI|s3,���O � ��~�[b)tb B� ��~�[b)tA�F�4y�

: 3 � O �!���l-Z-� VS G|Q� [15]E�TAo;5[ O 
#���t�&Æo;�[ O 
#����po;$,[.�
I_�>b�
℄P
2.5 �Yt5o_ojbI ����d6_3x~I ���iF�z~4[�S�Maxted �M (2001) [32] }x~�VYI 58%�Napiwotzki �M (2004) [33] �a~�VYI 39% �3�Y~� I ����d6~LI6G�
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2.5.1 ���+�� 2005 ��F 64 ;I ����d6~�%2I� [33,46−60] �Y~ra�~~�%)B9�S9 4 �y�g9�A4<a�kE)I ����~Sz�%�i��t~0F1}�%kK 10 /~I ����d6�LI���h_1}�b{A�Si�LI~���%��d6�9~��4Y~=a~m}��d6A��i�FI ����~zE)�?40)��LI}x~I ����d6~Sz�%)BRq [46,60] �Y~q���#-3�9/-~d���F��~T�%��d62!j�eA�LI!j1}I ����SzvA�F4G~>r [59] � e ≃0.02∼ 0.06 ��FLI:��3Xk�)txm5�Æ�r�[CF*M�=0��CF*M~;.A4��k�
I ���� (q�) ~�[ [34] �t~D���_��T�%I ����d6b��%k�bI ����d6�m��A�h_'�%x�[I ����d6 [39] �

: 4 �J!����e7�T{�&*C:
2.5.2 � )�'��'_3xSz�%~ 64 ;I ����d6��F 16 ;II �� + !��d6��~~Sz�%�4���)O~$/:� [61] �mSd6A�4I Ia�U��0h�~n�-�I ��~$�0A�I���z 5���I �� + ���d6~$/A4!�x
1984��Ferguson �M [62] )^e1}I ��~P$�!j�~6F��$��'P$�I
G8—K4.5 � Allard �M (1994)[63] |a�~~-3����~P$�gD G �x` M � (F�b{A) �Ulla b Thejll (1998)[64] =aI �� + ���d6����P$�I A —M �
1998 �� Jeffery b Pollacco[65] 3XIb Ca II X�o~%#=aCF M ����~ B � ����d6i�~-3~ 18% �&T 21 {�o�M~�I �� + ���d6�IJ�� 2001 �� Aznar Cuadrado �M [66] )^e 19 = B � ��~3eP$o�E�e��d6���$�~F{P�Y_ 4 000∼6 000 K y���bYI 0.8∼1.3M⊙ � Stark b Wade

(2003)[67] vD 2MASS 
4}aI �� + ���d6_�~~-3�4[YI 42% � 2004�� Reed b Stiening[68] vD 2MASS ��e6F��$� (A0—M2) ~ B � ����d6�!j sdB+MSd6i�~C1-3~ 53% ± 6%�i��m-3~ 20% ± 2%�Lisker�M
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(2005) [41] |a�~~-3�k�
 B� ��~T$�~����P$�$HYI K7—F7�^�kbLI:��_I ����d6��I �� + ���d6iF�b~4[�_eSd6��I ��~�\���A�w�k��3A4<a��LIx~$�P$�g M �x
A ���6|a�LI�0A�F�I ��d6~h_�S HE 0301-3039 [15] �79/-F7t~.v��b3eP$��iA�_1;� O � ��d6�g4^`�~kbLI|s�Y~A4<a�i�I ��_�Sz�%~��d6��$�k�~�b�z
(1M⊙ 1H) ~�� (*J!�������) �
2.6 �X�oe~=Yt5o�1f_7��<�!j B� ��~_ NGC 6752��Heber�M [69])^e NGC 6752�~ 9= )v�~k,G
�'�F 6=2PI~�K�. II~ B�z OB� ���')t�%K�� )v�VtbP$}x~�V:�m}�~�bYI 0.5M⊙ �4��LI:��7��< NGC 6397 �\F O � ��� Heber b Kudritzki [70] �a ROB 162~k,G
�F{P� Teff ≃ 51 000 K ��\��� lg g ≃ 4.5 cgs �LI:��iA��K�. II � 20 {� 90 �n4o�i�$/0:� [71−74] �7��<�\Fqv1E)I ���0)~LI|a� NGC 6752 � M80 � NGC 5986 �C"�� )v�~�)��d6 [75,76] �miA�b7��<~�\�)tqJ�SVY~�B�V�I ��~�[b)t��w(�Y~y?7��<�[b)t~�`�
3 �K"��℄�	
3.1 �<oTqI ��~q��[	��.*J`E)�
3.1.1 ���"'�( [25,26,77]7	�PII ��*UK�"�,�~�.�vq�)tx RGB o����kE)A��og1;q�vp~Yab1;,~�M�t~7	�.9�"�,��.~�j(Sk (j�UXN��j�YI 20 Ga) ��3�.9�.~"�,�0���mLLI�1 (<II ����Q>R�d�~%AUElik���>R�d�\F��~I ����>R�d{3^~4"�~)[78−80] ��4�m	�03{3�^2vD�
3.1.2 ���"'�( [21,22,27−31,81,82]7	��.PII ��~E"�,��:~�.)t}x~�vmS� (q�) )txm5���r�EK�/~4D��w�kE)*M�g�W#�� )v)t0�[II ���t~Ie}x7��<��� )v~sM�m	�.9�/ik [83](~tS{~ 3 01H) �=3.9�/[��pFF~7t$H�Ie}xI ���g����%AU�7	�v.9F�k~Yd,� ∆Y /∆Z > 2.5 [31] �m}
g~eV�0�r;�7	�.9~�."�,�L>R�d4�1��t~�0.9�.~�j�k (10 Ga) �
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3.2 �_oTqLI:��FY1'~ B� ��K��d6 [32,33] �'�F�) 70%~��%���m�����[b)tiA�~�� )v��[~�.=z�I ��~���[	�PII �� (q�z��) �.3XX=z�[�CF*M�e=z�V�~xa%[��n=zb�Y!��=e=z�g�Y~)< mX=z�
3.2.1 ����	�!�� [34]7=z?4$�~�4�A)I�1fCF*M�e=zb� fCF*M�e=z�

1) �1fCF*M�e=z_��d6��`w�b�k~� (��) _m5���_z'xa%�Fo,Y�\�r9~�V�~[��n�m�w�CF*M~�[��ovSz�%����'~>\�C2eCF*M~�e�r�CF*M�2� [84−86] �mg1;�)��d6�erSV��~Ya
H�7��d62[I1;F��$�~��%I ����d6 (S9 5 �y) �EK��`w�b�4�w�Ya
H~%x�4�7=zJA2)I`; S�

: 5 �DG+N�f>{�\J!��z8:
(1) ��`w�bSV�KY℄�b M0(� Z =0.02 � M0 ≃ 1.99M⊙ �� Z =0.004 �

M0≃ 1.80M⊙) �_�xj RGB Æ�r����_zxa%��o�[CF*M�vCF*M2�o [87,88] �Ya�
H��F3X7=z�[~I ���6FY 0.46M⊙ ~�bb
0.05∼40 d ~Sz�%�

(2) ��`w�bSV:KY℄�b��_Lxj RGB Æ�r2w
HYa�EK*M_h��frw4_ RGB rF�k~	6���4��_��h��fr,YX�\�[��no�R6=e�3X7=zA��[bb~i�Sz�%~��b (Y 0.33M⊙) I ����d6�
2) � fCF*M�e=zS�K�1fCF*M�e=z�t~$�~!����4K�1fCF*M�e=z~~�EK$�!��~'.�z��4�iR6&TCF*Mi�>*d6Sz�7���Sz����'��~�b�g�vCF*M�R62��?4���b�4�7=z0A)I`; S��1 S�[~I ���bYI 0.46M⊙ ��  S�[~I ���bYI 0.35M⊙ ���d6~�%)B$H�Q�
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3.2.2 �$��&�%*������3XV�~xa%[��n0A4�[I ����d6�S�KCF*M�e=z~)S�7=z0A)I`kS [34] �

1) �1fV�~xa%[��n=z�����__zxa% (��zh��fr) o�w3XV�~xa%[��nv'��2[� [89−91] ��p'*M [92] �SV�pkE)*Mo���Ya
H��{7��0w)t[I 1 ;\FI ��b���~��d6 (S9 6 �y) �?4���b�4�7=zA\F`; S [34] �

: 6 �W��yb&\��o>{�\J!��z8:
(1) U���b (��r) zK'Y℄�b�[��nJ_�) RGB Æ�r!k��{A�[I ����d6�m=z�[~I ��~�bYI 0.46M⊙ �
(2) U���b (��r) kK'Y℄�b�[��nJ_h��fr!k��{0A4�[I ����d6�m6Gg�[~I ��~�b_ 0.33M⊙ ∼1.1M⊙ y��EK`w�b^
~m�v}k�bI ��~�[ri��3X�1fxa%[��n=z�[~I ����d6~Sz�%Y_ 0.5∼2 000 dy��
2) � fV�~xa%[��n=zS�K�1fV�~xa%[��n=z��~$�I!���.r-um-~��d6�FV�~xa%[��n���_[��n;wr~�bL$�~�b45�I 1.1∼1.3�m7M#!��.F�:~�b�t~!��~�b^mI/|NW:�b (Y 1.44M⊙) ��43Xm=z�[~I ����d6~
4�b�

3.2.3 �#���'���� [93,94,34]7=z�[~~I ��q��t~'0h�d6~����4Y~ �'_��)tE)(t��Y!��=e�[qI ��~6G`_ 1984�b 1986�22(tX [93,94] �7	�PI���d6_3X 1∼2fCF*M�eX^o�A��[�)�Y!��d6 [93,95−98]�SV7d6~Sz�%_)��>\?0e�>*d6Sz��zx�b�z~!��_z�~xa%�SV�b�z~!��~�bkKl1=�k�b!���b~ 2/3 �[�
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H�7d6g�7II �� (S9 7 �y) �
: 7 �a>Z"��>f>{�\J!��z8:4^��e���[}�~�.�R�g��q ���[}�~�VLLI~�4����[}�(F� (|FX�
g) }aeI ��~�\����F{P��a�bbSz�%��~~{LLI{(S1e�ZD Monte Carlo	�~%#�Han �M (2003) [35] v=ae=gd�I ��~�[r (0.05/a)b*
 (6×106 ;)�D���YI 10−6 pc−3 �m;�V0LLI{4�1���eI ��~���[	�b�.e[	�v[A���e�Q>R�d~�%AUjx [23] �m���Q>R�d�iA�h_I
�b~I ����d6�

4 �,�dhF3R�. eg 20 {� 80 �n�$I ��~LI|sb�[Vt�LI^�?4P$)p�I ��A42)I 3 S� B ��OB �b O ��'�� B � ��~k,Y,��F{P�~d��d��_q4~F{P�g��~A4)I`S�1SY,�:~�ik�
�1SIY,��~�ib
�0�v|FVtA4Cs���7jx�i�I ��K��d6��~~$�A4~!������� 5�z~l1=I ���m}��d6~Sz�%���-1/Tx�q/�Vt^�I ��~�[	�F`�q��[	�b���[	��Ie���Q>R�d~�%AU ” jx�`q��[	�_HaI ��~�[9ur�3e1}"Fr;~
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The Progress of hot Subdwarf Studies

YU Sheng-hua1,2, HAN Zhan-wen1

(1. National Astronomical Observatories Yunnan Observatory, Chinese Academy of Sciences, Kunming

650011, China; 2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Hot subdwarfs are exotic objects. They are core-helium-burning stars with very

thin hydrogen-rich (or helium-rich) envelopes. Hot subdwarfs populate a very narrow area on

the blueward extension of the horizontal branch (HB), the so called extreme/extended horizontal

branch (EHB), in HR diagram. Their effective temperatures and logarithmic surface gravities are

typically 20 000 − 80 000 K and 4.5 − 6.5 cgs, respectively. In general, three subgroups can be

defined from photometric and spectroscopic classifications, i.e. subdwarf O (sdO), subdwarf OB

(sdOB), subdwarf B (sdB). They have special atmospheric helium abundances. Hot subdwarfs

radiate in ultraviolet (UV) and are believed to be responsible for the UV upturn of elliptical

galaxies.

Two scenarios for the formation of hot subdwarfs have been proposed, i.e. a single star model

and a binary model. In the single star model, a star loses most of its envelope at the tip of the

first giant branch and the remnant core is ignited to become a hot subdwarf. In the binary model,

there are mainly three channels for the formation of hot subdwarfs, i.e. the common-envelope

(CE) ejection channel for hot subdwarf binaries with short orbital periods; the stable Roche

lobe overflow (RLOF) channel for hot subdwarf binaries with long orbital periods; the double

helium white dwarf (WD) merger channel for single hot subdwarfs. Now, many hot subdwarfs

are found in binaries (∼2/3). The single star model is inconsistent with the latest observations of

hot subdwarfs and the UV upturn of elliptical galaxies, while the binary model can explain the

observations naturally.

Systematic investigation of the formation and evolution of hot subdwarfs can help us to

understand stellar evolution, the origin of the UV upturn of elliptical galaxies and the dynamical

evolution of globular clusters.
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