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1 �6���VY'~1nW���d� �f1n���)m�1'~��mW/�-F%'~�{V+ 30∼200 d�6�mWV�Y'~�'~E*W 400∼1 500 d �/�-'~W>u[F%��℄
P	����VY'~��Q#B�i�yx��d�1nÆ`+VY'~1n
(Long Secondary Periods Variables) �VY'~L^H
>LF 1954 q��T{�� Payne-

Gaposhkin `}M��bl�V'~1nI>L���� �f1n`Lg)m�1'~�V'~K/'~�,�` 10 JC�Æ
,�`T��}r�>$T���`B��}r�#u`X{P. [1] � Payne-Gaposhkin�#�:��
3�H}M�VY'~1n�=>Lx�1n|5u`F3�B�{bDt?[��| MACHO (MAssive Compact Halo Objects)� OGLE (Optical Gravitational Lensing Experiment) II �B�`{Dt?[�VY'~1nVoAPl~n� (Asymptotic Giant Branch, AGB) n� 25%∼30%��l,�7�NS7V�� �g���2010-03-01 � �o���2010-05-14qtÆ}�	I>&Æ�4f90Zg (10778601) � 973 90Zg (2007CB815406)
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Observers)�MACHO� OGLE���M��2MASS (Two Micron All Sky Survey)� Spitzer/

SAGE (Surveying the Agents of Galaxy Evolution, Spitzer ��m%7Yf) �l�  M�&<:l����}}M�{7}M�j��j�)T4VY'~1n�+M�B3iJ�s 1999q�L`�
3�HT�g�7!
r�aZVY'~L^��N��!
rmw!Q�QZ�`&7
r���){-8���W�n�F%�6��Won�VY'~L^H
)++WF%	�� [2] ��{7Æx�?0�x!
r�BF,PKLg��^+H
)�g�WH
)�B�
r�on�j<�aZ�VY'~L^ [2] ��{7℄[v+�Q�gL�x!
r�,L"O�VY'~1n�u`.p��G�l,.p�7���Q#$[$$�VY'~1n��Q4Æx�n�u^��'�${)*�e;��iVY'~1n�y�<p!aZ
r��/Fs?��+MVY'~1n�*��_$VY'~1n/��ÆxH[�+sgk�aZ
r�t#/�� 2 qS,X \�e;VY'~1n�}MUL�� 3 q�iVY'~L^�p!aZ
r&<p
ru`�9��� 4 q�gÆx��wH[&<4/�}M�~��
2 X[)�3p�z�sL��Æx^
�	�VY'~1ny��Æx-�!�F���  ?1�}M�
2.1 [e!~V�`iZ��
2.1.1 *2&*f�}M��VY'~1n{,u`F3�B�{bDt?[���O�?1�ÆxÆ,F AAVSO � MACHO �OGLE &<:l
3�H=?G��}M� AAVSO =Q�1nÆxh/�lOF 1911q�	g+���u`;0 
 1 690&r1n}M�l|�=SB�}Mv�M�l|$k#6��� AAVSO l| �℄hILV�WÆxVY'~1n�1�y�:Æ�e�f��3�B��VY'~1n�M�l|{GM�QF AAVSO �MACHO �
OGLEW�}3�B��&<{bDt?[H[7)5%�tL^�

Yf�`{\7

�a���T}M�0{,� 1n�xf 1n� RR Lyrae 1n� Cepheids 1n�<V'~1n�����VY'~1nz$gFV'~1n�Ef�MACHOl|℄h0 8 a �y�� B � R ?1�M�}M�OGLE �}Ms 1992qb�� 2009q 5 YP��t0 V � I ?1�l|�T4 AAVSO �r�x)m

Yf&}M��M��Y;�M�B����5^+j����WA0b�ILBwV�"��+VY'~1n�Æx�t0:+Q`�l|�VY'~1n=>L&���	b�
3�H�{1� 1963 q� Houk N<=?�'Ut�}M�0��bl� 104 �VY'~1n�Æxf1n(W{{V��+X/� �f1n [3] � 1999 q� Kiss �3q�argL03�B�VY'~1n�1�Q�!:�=4�'~iw0M�M> [4] ��q�
3�HTN< MACHO l|�Bg{Dt?[�VY'~1noA AGB n� 25% [2] ��#� Percy � Bakos [5] }M*� �f1nI>LV 30%� �f1n8LgVY'~L^� OGLE }M�0s7� ~n��l|�B�8_�{



� 4 � t�����!�o�WZ(�2o��R 361�Dt?[�VY'~1noA AGB n� 30% [6] �
2.1.2 +/&* ~n�{GMW�2�F%1n��nF%�&ti\��u^�  ?14\�:+^i�N<  l|�&ÆxVY'~1nn'\��y�� 2MASSWl  �

Yf�+2+��5 ��n�t0���M�l|� Spitzer/SAGE l|�ZISM��k��  ?1�xf(NÆVY'~1n`  ?1�ÆxÆ&k����N<  &<���M�l|�&ÆxVY'~1n�'�{B�=Æ�>F  ?1�nE`�UU�F�O�?1�N<  n�M+�+
6Ss
��� 1 W{Dt?[� ~n�'�{B���W	g+�HVE��*�V'~1n`'�{B7

� 1 C��,1;G|Eu�\�W(�2o�(�|C� [6]�� A � B �3�9d|W�4q (a1 − a4 �9 AGB qÆ b1 − b3 �9 RGB q) Æ C �3�9D�h4q� Mira4qÆ D �3�9Y\*�4qÆ E �3�9��qq
 C � D �3O-8o
�3
� ��=\<�� C
′ � CO;�9"�h4q� Mira 4q
�3\<�� C

′

o � Co O;�9a��"�h4q� Mira 4qÆ C
′

c � Cc O;�9a��"�h4q� Mira 4qÆ Do � Dc O;�9a��a�tY\*�4q
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B �C � D }1T%zw�D K E }1T%$!�>F�+0:���B��.Ks �WJK� WI

1) �Æ��'�{BSRCP.���&  ?1'�{BQyHÆ��:W4F{�,8G<�1n�x!e8sJ_K�4FgF Mira 1n� C }1��'�{B` WI �7�QyN�` Ks � WJK 7�Æ����D}1n��?1�'�{BN�  ?1�QyÆ�x�L[r_ D }1nW��X"$O�1n�
D }11n��,8G�j��Æx� Wood �) [8] N< Spitzer/SAGE l|�S��VY'~L^� D }11nKN�VY'~L^� A � B }1� �f1niw  5I,X�>L` 8 µm 2 24 µm j D }11n�_K�5I�9N�VY'~L^� �f1nfN�8Lg5I�8^�  5I�S7VY'~1n�X{��,8G����,8G�uP�n'$O\��MEf�*BW��i�VY'~1n�  y�*��i�F�Æx�

2.1.3 *-)&>F�}}M�IV=Æ�m4X/�f6QLw�VY'~1n�}}Ml|,X:Æq+�Bj� 2002 q� Hinkle �)4��bl� 9 �VY'~1niw0 5 a ��}}M (Pq 4∼5 r) �>L�� 6 �VY'~1n℄[v+�1''~��1'~T��� {V+>
XP℄ [9] � 2004 q� Wood �)43�B�� 3 �VY'~1niw0 4 a ��}}M (u 15 m}M�) �}M�L0 Hinkle �`A�Æ*>LVY'~1n� Hα � Na D?`Q�����+'~y�>C1'�1''~��1'~T� [10] �4F2+X�� ~n� Hα ?`Q�S75�0% [11] ���M> Hα ?`Q��l?+�>L`�mVY'~~L�5�O℄h0�m�n8\� 50% � 2009q� Nicholls �)!^04{Dt?[��
58 ��r�VY'~1nb� 3 a �y��}}M�xr}Mu� 21 m}M��W	g+�VY'~1n�}}M�
H{��r�Nicholls�) [12] 
g�VY'~1n�℄[v+1''~��1'~T��℄[v+�{V;�ME` 3.5 km·s−1 bl�xK Hinkle � Wood�)�`A���hp� �*>LVY'~1n℄[v+7E�v+,FU����1�Q,℄[v+�QB#{V 0.20 mT1�`�mVY'~~L��n u�1'y�0�m�n u� 30% �7�� 2 qg0 Nicholls �)}M��℄[v+�Q�
2.2 [e!~V�`jV��
2.2.1 4.�3'�*%,1s�1�Q7	 (O� 3) �VY'~1n�)m�1'~����/�-'~+u[F%'~�{Vs>H�>�
�VY'~�X>��>

�VY'~�-F%'~�,�`
9∼11 �L�
,�0�}r9.�s�1{V7	�VY'~1n�&M+{{V�b{V)���#v)b`+ OSARGs

(OGLE Small Amplitude Red Giants) [13] �{{V�VY'~1n�1V+` R ?1�y
1 mag &7��tF{{V� Mira1n�9gF OSARGs �VY'~1n�{V�I#b�
0.2 mag �K'�{B�gFon� E }11n�{VT��hs�1�Q7	�{{V�V��1) ' WI -"ÆWI = I −R× (V − I) = I0 + AI −R× (V − I)0 −R×E(V − I) = I0 −R× (V − I)0,��D�H7�K.-~N�Æ�H7�K.-0
qFa�;X�+~�Æ AI - I �2�a�q�Æ R - I �2�Ba� AI M6J E(V − I) �-�
2qÆ/q$+� WI Ml<��4+8 �Æ
qFa��;XLUd [7] 
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� 2 |Eu�\�WZ(�2o�^\w,�R [12]'� \<�-"ÆK8.��3� 77.7428.65 �9eq�a?ÆDP7 I �MR � MB O;9T OGLE m}���
I �2q�� MACHO m}��� R � B �2q�
 v �9_℄x-
Y'~1nh0`�1V+7K OSARGs ��: ���3*T��Æ{b{V�LN�_K�&MdP�VY'~1ngF �f1n�Ef��1�QBW�f��J2IJ�Q���1V+�I/>Cf1�� 3 W2!�r�VY'~1n��1�Q���V+{{V�VY'~1n��1�Q��1V+y�Sl 1 mag ��<V+b{V�VY'~1n��1�Q��1V+bF 0.3 mag �x)�1n��1X�fÆ�1{V(B>Cf1��2V+{V>C1'�VY'~1n��1�Q�{V1'y 0.4 mag(I ?1) �VY'~1n�/'~�1V+��B>Cf1�Æ,V'~�1V+b�/'~�T�7#�xK�W>����℄u[F%	��{�
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� 3 |Eu�\�WZ(�2o��,�R� \<�-}�4|W4q (MACHO 77.8031.42) ��4�S��=\<�-d�4|W4q (MACHO 77.7547.45)��4�S��3\<�-|W?D4(�4q (OGLE 5:26:31.11–70:00:03.3) ��4�S

2.2.2 4*(0'�{B=�1'~��+�{B��+Wm�*�gs��&WB�?1�n���4(n���+��h`�:W��+0: W ���&�4(n��  n�2  ?1��+0:+G�.& K ?1�n�M+�+
6�'�{BSs[lzL���0+�n` K?1�U<�[l ~n8,ME�R��K ?1bnE`��{�M:?`�:WHb�Æ K ?1*mw�Mg`��`�r�1n�H
>LVY'~1n�'�{B�W�{ �
3�H Wood �� < MACHO l|Æx{Dt?[��V'~ 1nI�>Lxf1n(I	�Æ�'�{B [2] �`&�1'~�4l lgP +�O6��h`�:W��+0: WI +CO6�'�{B�7� Wood >L�V'~1n�'�{B`Lg 5 m*#�}1�=Sx 5 m}1M:b`+ A � B �
C � D � E }1��� C }1+ Mira 1n}1��=u[F%�3
}1� B }1+u[F%��℄2<℄}1� A }1+u[F%�sj℄}1�VY'~1n�V'~48F D}1�yVY'~1nDY D }1n�6 �m/�-F%'~j` B 2 A }17�gF�℄u[F%}1� E }1+on}1�{GM^P+��on�:l+Kon�VY'~�
D }1Ku[F%}1 A � B � C T%zw��+{'~iV�{7 OGLE II &< 2MASS l|�ZI�V'~1n�'�{BgL07m�*��*



� 4 � t�����!�o�WZ(�2o��R 365��L�P.-��=F�1'~�6$a+��+0:��e7�>F ~n�l,~{�'~�$#�m!�a}x,j��xq'~�By~�0�f=P�Æa}Byg��'~��mW.'~ (,.''~2zL'~�� 2>FL3y}M5��K'~�)�& E }1on+!� <_��H�M>g��'~��+zL�
'~�� �~&`{GM3N�gL�'�{B�(Wx=�� E }1�zL1�8`O�1�7[##% 0.3 m lgP

(P +'~) � Soszyński >L0xm9��#� < OGLE II � OGLE III �l|$kByV'~1n�'~�Æ�0X6$�'�{B [13] �=Æ>L� E }1� D }1T%$!�
E }1W D }1[F (='~1/�H[) ��m�� (O� 4) 2) �V'~1n�'�{B*��+0:����{��+0:B� (. WI , WJ , WK , WJK , K) �'�{B�=�P.�=ÆS�{7�}1�gL [2,6,13−20] �4F C � D }1� Soszyński >L�N< WI �+0:mS`��`�� Mira 1n<VY'~1n`'�{B�7�Mg��`�r�'~X/�`�r�'~XV [14] �

� 4 |Eu�\�W(�2o�(�|C� [13]

WI = I0 − 1.55(V − I)0 Æ A � B � C -w℄H'�3Æ D -Y\*��3Æ E -qq�3
 C
′′ � D

′ O;Y C �
D �
�3Æ C � D iHa�tÆ C

′′ � D
′ iHa�t


3 X[)�3p�S�
\VY'~1n`3�B�{bDt?[�|5u`����Q#�	WmU�f�{FVY'~1n��Q�7!aZ�.u[F%�Ju[F%�on
r�n0%�~��m�:�3% ~n�3%��� ~n�κ 5����"
�W�xf
r(/m!Q�aZV��2) e�M� 1 ��3W<�bT���8>BQ/Æ��+W�D#! �
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riwe;�=
g�u`�9��
3.1 u�{b>FVY'~1n�'�{BzwFu[F%}1� A �B � C }1�~&H
<�aZVY'~L^�
rWu[F%�4Fu[F%1n�Æx�nkG�F%H	[�H�zWM>�F%'~�B��F%'~�87B��F%
P�̀ u[F%�A��'~X/�48�u[F%
PzXj℄�TC�'~XV�F%
PX�℄�VY'~1n�/F%'~48Fu[F%��℄ (��:lW<℄) 
P�WB��UL�1VY'~�W>u[F%
P	���hM���mWu[F%�3
��W�x!K=#�7m}MULTL6�

(1) ` ~n�'�{B7� Mira 1n~`� C }1+3
F%}1�9VY'~,
Mira 1n�'~{ 4 '7�~&xm�{�'~B�mW3
F%	���

(2) �nu[F%I�kG9?[ ><�NÆ�n8OI�v[ wr�%#+K.�O��1��x`℄[v+7�8LW�℄[v+�Q�7Ev<�,FUv<+K [21,22] �9> Hinkle � Wood � Nicholls �)}M�℄[v+�	�(W7Ev<,FUv<��r�u[F%�AaZB0VY'~1n℄[v+�Q��}�
(3) u[F%1n�℄[v+�{V8��1V+��n�+�&<u[F%'~�L(��m�T{ [23] �� Nicholls �)Æx� 30 �VY'~1n(Bu`7k�T{y [12] �
(4) u[F%1n�M� u��} u�℄[v+ u��A��L8
TPB{��

Nicholls �)�Æx8_���sRA−>;8J#; (L = 4πR2σT 4
eff) yg���nM� u (Teff Ws5
lByg��) ��} u (Teff Ws�}��}M:QByÆ��) �K>℄[v+�Qyg��℄[v+ u (r| ∆R =

∫
vdt) T,��)v��3*T��#v��#{�7�����4F u�1'� u�ME�>M�l|Byg����>℄[v+Byg����TP�{�>M�l| (=5
l) xy�2+�>�}rByg��	2+�Kr|℄[v+�yg�2+��TP�{�.
VY'~W>u[F%	���hMx2!H�Byg�� u�2+8
TPB{�

(5) VY'~1n� u1'Vy��m�n u� 30% �̀ u[F%��F�xS	��e2+{V+�1'��`}M7#N�8^8_�e2+�X{�1'�
(6) VY'~1n�-F%'~/0�n u'~y1'91' [10] ��`�A7�F%'~ P≃R3/2M−1/2[24] �~{� u1'/SNF%'~>C1'�z%pmF%
P�&T%*#�=/�-F%�&BbVY'~F%�:W��x!���m`b{VF%���FI^#�1VY'~+u[F%'~�`{�1{V�1n��/%/�
P�L�T%3'�9LE7�℄u[F%�'~#/b�:W�xr_VY'~BWu[F%'~�
(7) �}}M8_��1�Q,℄[v+�QB#{V 0.2 (0.1∼0.3) mT1 [12] �94Fu[F%� �f1n��A7��1�Q8
B#F℄[v+�Q 0.5 mT1 [25,26] �

3.2 
u�{bC%u[F%BmaZVY'~L^�FW
3�HT3[0Ju[F%�jr�7!Ju[F%
P)<�aZVY'~L^�. g+ � g− 
P� p 
P� f 
P&<�f'~X��9/Æ��+��.F%
P��xf
Pu`9��N��!
PmRC7#Æ{%'~�VY'~T��{{V{%�
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(1) �℄ g+ 
P�$%+-^%��!�℄Ju[F%
P 3) ����ABy��℄

g+ 
P�'~�VY'~T���4F ~n�x!
P`48ORC�{V�b�Æ:(`4�=NN�`4��B()}M��~&�mu`F�n�U<O��W�4F48O?"� ~n9��U<O�o�m�n u� 0.5% �U<O�F%B�mNÆ�n u1' 20%∼30% ��℄ g+ 
P>FBmw` ~nU<ORCX{��n u1'9&G�l [10] ��W�.
`48O7mw�t�mX"�U<O�hM�℄ g+ 
P�9�z9,9a�UL7�` ~n��{{VF%��me8zW�k�n8O�x/%J"U<O�{{V� g+ 
PJ7�m��:w+SvRVY'~
r�=Æ�'~�'�{B�℄[v+1'�B�f�1�9�(SÆ�a���W�x!{{V�Ju[F%&<�:nSu`��my*{i�F�L�
(2) g− 
P�K g+ 
PT48��!Ju[F%
P�x!
PW%%�B7#��:(	�48�gL�z%�n�3%mN

P7#��`�A7Bu`'�{B [10] �
(3) p 
P�=B?
P���ABy�F%'~�/F ~n3
u[F%�'~�9VY'~,*�
PF�u[F%'~(V�~& p 
P`'~7BX� [10] � f 
P (=u[_� n = 0 ��!Ju[F%
P) �����9��
(4) �A7*Byg0�f�.
P�'~���KVY'~T���xf
P�:(`4�Bm)}M��h0&7���Ju[F%
P ��|*u`�fB+)~f��
P�2|�TmwaZVY'~L^��x*��
3�H�i�FÆx�

3.3 ��|�>F D }1nVY'~7��1�on��1:+Tt�~&j�)�g<on
r�aZVY'~L^� 1999q�Wood �gx��!on
r [2] ��m�[2 [�onB���F%� ~n+-n��K6 ��B�O��n��C���uPiw<�V8�=Æ-nv<�<�$*7x�B�O��n�x��m
rmw!Q�RCVY'~1n��1�Q�-n�u[F%RC'~y�b{V�1�-nK�n��
^%RCVY'~�1�VY'~��1V+0�
�W��nn'\��7:9B��VY'~1n�1�QFU��V,7E��V��xW>?7�nS<�u^��Tn (comet-like) 8^	���VY'~L^gL`�B1u[F%�#�r_F%	�-n<�8G�Æ-n��C���uPK�niw<�V8�NÆ`�n'*R#�m\�$O�x�
r�K=���
2004 q� Soszyński �)< OGLE II � OGLE III �l|Æx{bDt?[�� D }11n�>L�KgFon� E }1`'�{B7�$!�=Æ E }1W D }1[F��m���{{V�1� D }11n���u E }1n 4) ��1�Qu5Tt�x�S7 D }11n� E }11n�mW��m�Q�B��W�D}11n+F%� 1n�9 E }11n+��u1n� 2007 q� Soszyński [6]  < OGLE II �l|�Æ�g0{Dt?[ (1 600�) �bDt?[ (300 �) ����K�}� D }1n�>L`B��*�'�{B�7 E��3) bDB598$�EB59D8$���qlÆ g eRTO4_+oeR� g+ � g− eR
�� g+ eR�owbH598$�Æ:b59D8$� g+ eRTÆmnN� g− eRM g+ ��UDÆ�owbH59D8$� [27] 


4) ��v4q� #ZnqqÆ+�qU�LUnÆ'�.q�7&N=���� oA�+w)?Dv4:\n��v




� 368 ���������4���j�l������� 28 ��}1� D }1(T%$!�=Æ E W D ����x�W��
r~BmaZ��4F D K E}1�'�{B�nB)s�{ —— {Dt?[��'�{B�i<,bDt?[��i<{�9 C }1�i<#N�x!1'� D }1zwFu[F%}1Ælf.p�7���&<on
r�aZ�4Fon��
'~ P ≃ A3/2M−1/2(A +�
-V+) �4FF%1n�F%'~ P ≃ R3/2M−1/2 �1)m'�{BT%zw�f R/A 8+�mTl� Soszyński S�|�#��u[F%'~�8yP'����=5<�fr��ByÆ� R/A ≈ 0.4 [6] �aZ0`'�{B�7on}1zwFF%}1�L^�h0�f�1 ����7VY'~1n��1{V/>C1' (O� 3 H#�m!:) � Soszyński �)++xW>Fon�-n��,8Gd^� [14] �on
r��g�5�0
3�H�:{{1���5�0X7��-�
(1) VY'~1n�℄[v+�QKon��
^%B�� D }11n� E }11n�}�gL�qVY'~�on
r~��'�4F E }1��+on�;��-��℄[v+�Q�'~�on��1'~T��Æ�m�1'~�gL)m�+:{� (=oR`v) �94F D }11n�℄[v+�Q�'~�VY'~T����mVY'~k{�1R����m� D }1n�v+�QKon��
^%BX��
(2) VY'~1n�℄u[F%�'~B>C1'�xr_`onB���
-n uN�>C�{�1'��x��}}M�`ATS�℄[v+�Q�Æx8_VY'~1n� u1'jy 30% �
(3) E }1n�� 90% +��on���on�'�{BK{V�k`'B�T��+F�on��
'~XV��1{VXb�xW0+4F��on��1V+�C���eIa+Y
T{�=�1{V+C��eI0:�2rH [28] ��1V+X{r_C��XeI�9C���eIa+DK�
'~�{��
'~X{�)n��XU�C��eI�a+zX��~&T��+���on��
'~X{��1{VzXb�9 D }1n#N�x��y��xr_��on`<�5�7�*��B��
(4) `lf7� D � E }1nTP�{�|�B� E }1noA AGB n� 1% �9 D}1noA AGB n� 25%∼30% � E }1n�lfUUbF D }1n�lf�K= D }1n+on�hM`T��nB)s�� D � E }1`lf7B/�xM{��d�
(5) Wood `3�
g [10] �` Houk }M�n8��VY'~1n� 104 ��9�I1nA8�}M��V'~1n+ 6 700 ��hMLE7}M��VY'~1n�,!+

1.5% �K=VY'~1ngFonB��ÆKb�,�n��{��,V,�s9RCX{�ZAM<�hM�
S�v�'���
rByÆ���48$O��n�ZA�FI6+ 1 000 a �4F�n���,b�Bm�tFw�W%,�K-n$O�F=��~&ZA�F�I6=+on�=�I6 [29] �1�I1nA8�B�f1n�CbI6+
2×105 a �Æ~��VY'~on(r�7 1 000 a ��n�=�hM�A7�}M��VY'~1n�,!+� 1000/(2× 105)=0.5% ��W�LE7#}M�0 1.5% �VY'~1n�xr_ 1 000 a ��=I6�/�on
rBm�Æ�aZx���

(6) Nicholls �)Æx0 30 ���℄[v+�Q�VY'~1n�>L�TBX�on�
Jl�ME�}�`on)sF��
l-�UW8
` 0◦∼360◦ �L�℄ME�9
r
pg� 30�VY'~1n�l-�UW#;�ME` 200◦∼300◦ �L���℄[v+�



� 4 � t�����!�o�WZ(�2o��R 369��1�Qxyg��VY'~1n��n�,` 0.06∼0.12 M⊙ E*k�94Fb�,�-}n���n�,`
E*k�g<bF 1% ��UL7:T#�&}M� 25%∼30%�>��,-}n�'9^�VY'~1n�hp� � E }11n�℄[v+�{V+>H
XP℄�9VY'~1n�℄[v+�{V��>
XP℄�xmP.r_ D }1n� E }1n�RC5�WB����&7xfA|t$NÆon
rE�0o���W Soszyński#
g�VY'~1n��u`��oR`v��1�Q�Q [30] �x�>Lt$Dqon
r~�0�QC5� Soszyński'�N< MACHO � OGLE II �l|sg0{Dt?[� 1 200 ���K1�}�VY'~1n�N<_��H�p�VY'~F��1�Q�%#�h
'~F�p��Q (xm�aYLN�'�= pre-whiten) �Æ�LP�Q���ÆxLP�Q�>L��� 5% �Q8Lg��2�K�1��1'~�VY'~T��Æxf��2�K��1�Q� E }1��1�Q:+Tt�`'�{B�7���oR`v�VY'~1nME`�m D }17�=ÆK
E }1$!�`T1���xfVY'~1n��1:b�,N�'#�1�Q��1:b�$ 0.05∼0.10mT1�x� Wood �)
g��1�QB#℄[v+�QV 1/8 �T1P>$T� [31] �Æx!T1�#�&<on�nS�%?78�
r�aZ� Soszyński *
g�
1 000 a �on�=I6�A�mWB�$��<�V,C�&��C����&��nSiw�.
xf��oR�1�VY'~1n�C��N�eI�<�V8fW&nS�uPiw��hM Wood �)++��/�on�=I6�mWB^#��VY'~1nK�n�LV,�<�S>FnS9)m�onB��	�)��n�L���X�XU��
yl<SiJ�yl�
z0[0on�=�9��=Æyl�on�
�Æ�&aZ}M7J�J�℄[v+�Q�f��}M��VY'~1n+�m AGB n� 30% �9����oR`v�#�o 5% ��zWr�`�mVY'~���K2�u�1�Q�VY'~1no�m AGBn� 1%∼2% �x� E }1`�m AGB n�~o�,!���=Æ� Soszyński ++��s�� 1 200 �QW!(��`{Dt?[�B�m_s�s7���oR`v�VY'~1n�x���oR�1�VY'~1n�`�h0VY'~�#`L�K2���1��lf�oAVY'~1n� 5% �oR�1:bKVY'~�1:b`T17u`�
�L^�(��on
rmwaZ�xft$Dqon
r~�0�QC5�B��=N Soszyński ��AW�$���maZ���W D }1�� 5% �*��{7l�Q��aZ�
3.4 ℄pb�}}M�� Hα ?`Q�S7VY'~1n�_K�5�0%� Wood ++ [10] �xm5�0%���mW>nS0%RC��9xmnS0%��m�=F3% ~n�n> 5�:T%�VY'~1noA AGB n� 25%∼30% �Æ`{Dt?[�� 27% � AGBn`/�'� AGB ℄1zr�0on�= [32] �.
n0%�QF3% ~n�x!K=^#�hMzBj�a+JMx)m,�.p���ÆVY'~1nB�f��1�&<B�;�n0%�aZ��h!
nS0%WBmaZ℄[v+�Q��Æ	� D }1'�{B�5��B�i�>Fx!
r�/�0u�7���wy��m+b��$�
3.5 _�l$`#bmv��� 1℄u[F%� ~n���n8\u`�m~{��:�{7 ~n�3%��:'~y�gL�x!
rmwRCVY'~1n��1�Q� ~n*>�u[F%RC/'~



� 370 ���������4���j�l������� 28 ����1�9'~ygL��:NÆ ~n`L�mXV'~��1� ~n�3%'~=+VY'~�xm
rjr�+)
3�H+���4F ~n��3%'~��` 2 400∼10 000 d�L [10,33] �4X/�VY'~�<3%'~aZB0�4F{�1{V�VY'~1n9���m�:WB�mRCxM{��1e8��_v� ~n�3%'~��+�LBu`'�{B�A��3% ~n��:
ru`_K�"O�
3.6 	��`#bmv�

Wood j�g<��u�3% ~n
r�aZVY'~L^ [10] �K=��F% ~n�r�7�n�=� ~n>Cu19^++4℄���n���n� V+� /+M:48F�n u�H{��Hb��K=}Mv`��n�3%z\k�hM℄[v+�&++W3%v+`}Mv��n�,�l(Q7��:�x�� ~nmwRCKVY'~1n���℄[v+�Q�{3�B��VY'~1n Z Eri +!��W�� M4 III r �f1n�/'~+ 80 d �VY'~+ 794 d �1�W����n�>F+4℄y�3%'~8+℄[v+'~�)'�= 1 588 d, 1 588 d �3%'~~48�d
3%v++ 5 km· s−1 �xK
Olivier �)Byg�d
3%v+�:{� 3 km· s−1 [34] TPB{��A7� 1 588 d �3%'~�m`on�=���FIu`�xW0+4F�m`-}2-}z��3%�n�K=��,+ 1 M⊙ ���� uwr� 170 R⊙ I (T�FVY'~1n u{b) ��3%'~8+ 3 340 d �>Fx�3% ~nN�Fw�W%,�3%'~Bm_b�~& 1 588 d �3%'~��`on�=IImÆ��hp� �++��u1W>Fon�=	���>*��V 27% � AGB n`/�'� AGB ℄1z%r�0K6 �m�n��= [32] �xK}M7�VY'~1no AGB n� 25%∼30% �,!����Wx!
r����B���j�aI�+JM3%'~��+�L/I	Qy�'�{B�Æxm'�{BzwFu[F%}1��r� E }1on�{GM+��1n��,!�oA AGB n 0.5% �.
3%��� ~nr�0on�=℄1�hM�� E }1onT,��lfz�,0�A9�����u�3% ~nBm!Q�aZVY'~L^�
3.7 κ r�

κ5�W	�{GM1nF%��m-�5��Winters [35] � Höfner [36] �)�g�\�
κ 5�mwRC D }1n��1�Q [10] �x!5�W�!
nS|G�RC\��5���mN�n�O{�RC9?�=Sxm9?`ln'I{�Æx!9?I{��`>mF%'~�#IRC�r�xm'~y�9?I{�&RCVY'~1n��1��Wx!5�����B���j�aI�\��RC�9?I{W�!n'L^����℄[v+�QB8
bxm5��:W�_v�.
> κ5�	�VY'~�℄[v+�7E8
,FUK��}M��℄[v+7E,FU��hp� �x!5��m>C`j�+��nk�= L ≥ 104 L⊙ �9 D }1n��+����V 2 000 L⊙ ��7~k�x!5�Bm!Q�aZVY'~L^�
4 n (f��N�
rmw!Q�aZVY'~L^�̀ &7
r��Ju[F%�on
rt$=/E�o��x)!
r*��
3�HT�i�FÆx��~�k�
rm[�aZVY'~L^�
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��d�1nS�/Fs \�0aVY'~L^�A9���VY'~1n�Æx=By^f��y���i�FÆx��'o
Z�VY'~L^�U��� �ij)1�k)�g0JTE��R=y)O�Yx
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The Origin of Long Secondary Periods Red Variables

NIE Jun-dan, JIANG Bi-wei

(Department of Astronomy, Beijing Normal University, Beijing 100875, China)

Abstract: Among the variable red giant stars one sub-type called long secondary periods (LSPs)

star is unique. The light curves of these stars exhibit not only a short primary period but also a

long secondary period, which is approximately nine times longer than the short one. The short

primary period is caused by the first or second radial overtone, with a period of 30–200 d, while

the origin of the long secondary period is unclear. The long secondary period variables follow a

distinct period-luminosity relation which is parallel to the radial pulsation sequences A, B and C,

and overlap with the binary sequence–E. Moveover, the LSPs stars show infrared excess according

to the Spitzer/SAGE observation, which indicates the existence of mass ejection. However, the

property of the dust envelope is yet to be clarified. The spectroscopic observations show that

the LSPs stars have a radial variation with a full amplitude of 5 km· s−1, and with a period

comparable to the photometric long-period variations. The minimum light usually has about 0.2

phase lag in comparison with the mean rising velocity. The radial amplitude of LSPs stars is large,

amounting to 20%–30% of the mean stellar radius. Additionally, the stars show large variations

in the strength of the Hα absorption line, with a period equal to that of the light variations. The

absorption line indicates the presence of a chromosphere which covers up to 50% of the star at

some phases of the LSP. The origin of the LSPs star is a mystery up to now, although there are

many models, such as radial pulsation, non-radial pulsation, binary, magnetic activity, rotation

red giants with a large spot, rotation ellipsoidal red giants and κ mechanism. All these models

have problems to explain all the observational facts and new models are called for.

Key words: long secondary periods; pulsation; binary; late-type


