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(ZfeV!�f![�IÆ#G 100012)WQ��(YYd RR 0<>25�}K���℄P�x�(}BXsb�V�^j}y{	-w_}�4^*��J24aQ},%;vK��(Y2�}Yd RR 0<}>25�	J24aQK�>25�},%�|<n\4?}puE2J� |<#Æ�Y}?*n\jo��,�Gy}n\4?'�R'℄=	 ∆S aQ,%� Caby Ka,%sa0o$}G8,%3+>�J24aQ,%}�v�.>K�R�X|�}Yd RR 0<}>25�	m^<��A 3 \,%#:}�"�VW}^K�[v�Jjfy}�T	ei*2A 3 \,%}���w �^K�,%}R
RU:(	� $ Æ�YW~T�Yd RR 0<�r6��x�7X�>25�Z��* �P145.4 ��� CG�7-�A

1 ����_[��w�'|X��SnLj,l	[C8'�|3>��vAW�℄&,�[VlLD| ELS3> [1] ru��)�|N�2;�Ehr��| SZ 3> [2] �Cl℄J|�y�HS?�#t#f/� SZ 3>�X RR /;F&℄J�w�'|a/q�|� %p���&~vX RR /;U�u�O�� (1) 5kb` (W�*�2� 0.13 mag [3]) ��wx
'|
x6W� (2) wA;�"l�0Q4A|[��w�/T|:�� (3) `/D;m`T��w�℄JH��X RR /;&b�kq~�5�|2V
T;�{�y!j|<NI��W`P>, A5 x F8 K$/��~vH&2V
;Jh%R|O5�a�ht�~�&=14�'�1M|wA; (A� > 9× 109yr ) �[�X RR /;|n��}1D)7 1 �{�"p�|X RR /;`�Cl�Mr�3~�|/��Y`TD|M/"�DM/"&Æ k �Tr�PS"3$|?gf1v ab�c�d >�ab >b�L"3$� c>vnh7L"3$� d >v��L��7L|;"3$� d >"3$|;'�1� [4] � ab r c >|m1fudh`/n#|Ait1� ab >U�?�VD�� c >2�� 8�51�2006-03-21 � P"51�2006-04-28#'J.�f!o}eVÆ?nd.8 (60402041)



� 4 U ��U��K�Yd RR 0<>25�},% 309��l�V|F�Ai� d >|D
2&dh7LrL|`T)tm1�1v>)�UVhniF)�� [4,5] � � 1 �<2 RR �L�R�D+9O [6]aV /d �4�� /K lg g [Fe/H] W� /M⊙  N /R⊙ \�=� Mv/mag

0.2∼1.1 6100∼7400 2.5∼3.0 0.0∼−2.5 ≈0.7 ≈4∼6 0.6

Ivezic �� [7] i SDSS |XX7SXQ℄nFX RR /;~QV��)Jh℄JH��F~QVx&X RR /; [8] ��Ff&,h$1B�70,{�9" 45 kpc bj,nMlk� Ivezic �� [7] �s�Mlk& Sgr �;�%�w�n9���|q�� Vivas �� [3,9,10]dh QUEST |XX7S [34] �lgfH�lk|j,�iH0�5lkX|X RR /;&9BF& Sgr �;�%��|q��=14�|J
U�0Q℄i|�	�sÆ��5%svq�|X RR /;b��w�|o'X�PS7 1 |[�;�fJ�H)|,;�n�1� (V ≈ 18 ∼19 mag) �u�,|�3<N�WACI13`P|℄J:�1m��o�	I13`PtJ
X RR /;|=14�B|H�Is3�1��?)u�mf&|℄J [11] �^I13`P$o�,�j,WG 3 [J
X RR /;|=14�|+$�� ∆S `P+$� Caby J`+$r`/n#F7|+$��
3 [+$1I13`P+$|��&=JxQ��Qmf&|X RR /;|=14��i�*=I13P|65?u�g�H�l=lx\O|ik�~f� 3 [+$&J
�'Xu�Q�|X RR /;=14�|℄i.��u��)-18;�� 3 [+$|UV<��"9�!�j,|�S�
2 ∆S -&

∆S +$&�	�13`PJ
X RR /;=14�|n[zvJ�|+$�Preston[16]� 1959 Az�
z ∆S O7v�∆S = 10 [SpT (H) − SpT (K)], SpT (H) r SpT (K) X| Hr K 18Oe|�!5# Hδ �Hγ �Hβ �Ml�|N℄Mr Ca II K #|�Ml�� SpT&k'��Ml��`P>|�p�i�Ml�x`P>|g�Iidh`P>1z
5;z℄�`P>1z
5;|Qs�-�*�;��
Butler [17] )1ÆnF ab >X RR /;| [Fe/H] (ÆI13`Pzx) rz�`��|

∆S O7�"�H)K$j,l1m|#D[�� Kemper [18] � c >|X RR /;�Æz?|)1�gf"�j,z?|#D[��z��Jh Suntzeff �� [19] � ∆S +$Qkx|
5rQd*|�	� ∆S +$/zQ"qÆ� Suntzeff ��zx| [Fe/H] rz�`��|
∆S |
5[��

[Fe/H] = −0.158∆S(RRab) − 0.408, [Fe/H] = −0.155∆S(RRc) − 0.425,WX RRab � RRc 18O ab >r c >|X RR /;���IiO℄|&�B| c >,nM"`T<~�|/�1 ab >2�9bl&�1`|m[�;�s& c >,�}1D�1
ab >U�QI|~�r℄�"���9bn�=1QM� K #Q	�~f c >|
5[�?



� 310 �������Y���T�B�:������� 24 Y�� ab >Hx�,��#	 ∆S +$|hZXIiexu��M�S� (1) CaII K #BDP#1��x
�PP|{Sp:�J
�n�	y�PPJy�Ml� [17] ��i H8 #}}� CaII K #v}|0�x CaII K #}}� CaII H #r Hε #
u#|v}|0�K$�nL#�v�PP� (2) iy�Ml�zx`P>IiPS
5[�tg�� Preston [16] E	}T;|
5[��� Butler [17] E	�"�ji;l (Coma cluster) |O;
5[�g��H)dQ%Vv ∆S | Preston �ir Bulter �i��	[�i�n
|M| [19] � Suntzeff �� [19] 	|& Coma O;|`P>
5�1� Bulter �i� SpT (H) X| H PS Preston z\|
z&O (Hδ + Hγ + Hβ)/3 �s�t�)"� Hβ �a4��n
|/HD�Fu�,n�E	 (Hδ + Hγ)/2 t�v H M� (3) 
5[�E	|&z�`��| ∆S M�,nM"`T< ∆S M|/�&zm|���`/|��`5��`j�M?�'2�℄�?�5m�"�|-D	#{;m[℄��;��#z,��`| ∆S M�?�
��z�`��| ∆S M2)1�
�~ff	�
5�,��℄J����`bW&,�mBD| ∆S 7Sqv?f	��`�z�bBD|7SlIi~'{GF�'{|GF��[+$� 1) Butler [17] ℄JÆn5X RR /;|EM"`T<| ∆S �zxÆ'{GFj��j 1 F%�PS℄Jzx| ∆S r SpT (H) M?xjX|��{S�|�`'�n#N�xrd#'0|{S�&z���| ∆S M� 2) Suntzeff [19] E	O�?g|'{u?g|t℄|!$�UVt℄sM�7 2 F%��Æ℄J�g:umA'{��fu�	7 3 F�| SpT (H) tZ�'{�

k 1 ∆S N}(|HGk [17]

	�13`PJ
X RR /;|a4�^Æ ∆S +$o���WGz?|+$�H)�&�	 CaII K #�=14�K$|/H[�����(1)� 2 � ∆S V	>HA6�4\ [19])})u u_
0.00 ∼ 0.13 0

0.14 ∼ 0.25 0.25

0.26 ∼ 0.45 0.5

0.46 ∼ 0.89 1

0.90 ∼ 0.99 0�u�a4�#$�D+$Æ Freeman r Rodgers [22] � 1975 Az�Q℄� Layden [23,24] �HACÆ��rqÆ�D+$&-?ga4�|X RR /;,?g'{|�Ml�M W (H)ry�Ml� W (K) �,gn;j��u�uH)|�a4�#� Layden [24] |
5�j 2

(fF)�� [10]) F%�jX|�#7%�4�#�dh�75;℄Jzx'�| W (H) r
W (K) M�H)�,j 2 �Qfu?x'�|a4�M���| CaII K #r H |�!5#|J
+$�^-Qx| ∆S +$z?��&E	y�Ml��Iiex|&�,#	�[+$K^,L�J
nF5k;|�Ml�tAC
5�'{(t?=, 0.0∼0.8(tKo�~



� 4 U ��U��K�Yd RR 0<>25�},% 311�� 3 �HAU�0N SpT Y��S� [23])})u O^)} O^ SpT (H) SpT (H) HN
0.00 ∼ 0.09 0.05 9.20 1.38

0.10 ∼ 0.19 0.15 11.33 1.04

0.20 ∼ 0.29 0.24 13.31 1.33

0.30 ∼ 0.39 0.34 14.63 1.17

0.40 ∼ 0.49 0.44 15.72 0.69

0.50 ∼ 0.59 0.54 16.11 0.76

0.60 ∼ 0.69 0.65 16.09 0.82

0.70 ∼ 0.79 0.74 16.31 0.94

0.80 ∼ 0.89 0.83 16.12 0.89

0.90 ∼ 0.99 0.95 10.12 2.92v��b,��`x`��mBD'{��Æ�m[�;	,�!5#�	""�#i�#e|�!5#�s?FQ�Fuf�|7S?f	�
(2) J
z�`�� CaII K #|�Ml� W (K) �D+$& 1990 AÆ Clemen-

tini �� [25] Q℄|�H&dhz�`��|
W (K) � [Fe/H] |#D'[
5tJ
zJ|a4��i>��`�[+$� ∆S +$|ngS��&~v� 1) ,z2{'BD��PS Butler |
5 ∆S � SpT (H) |6� d[∆S]

d[SpT (H)]
≈ 0.8 ��=0,z��b

SpT (H) C SpT (K) |/�z?0��'[z	��gz	 (�?'[) �D6�|M&
1 � 2) �[+$r ∆S +$nf��&�	 k 2 ��Nm� W (K) s W (H) }�b5�k [24]z�`�b|7S��g&7SG{z�`��gfIi'{GF�

∆S +$j,|�S� (1) 
5|�S�
5|H�sZ�%	�
5|I13`P|a4�H��g�� Manduca |6g [26] l70v [Fe/H]< −2.5 �� ∆S �a4�-?&#D|
5[��~f?+)	��o��,|
5[�&dh�!|ji;lI13P|f&x
|�,Qmf&�
5[�&9'g��IiAnC|\O� (2) [Fe/H] 4�� [Ca/H] |M|�,	 ∆S J
 [Fe/H] �z℄i|#�Q& [Ca/H] r [Fe/H] K$U�#D[����
[Fe/H]< −0.1 ��n[�&W�| [27,28] ��� −0.1 <[Fe/H]< 0.3 �� [Ca/H] � [Fe/H] |[�2	Y�℄0#D|[� [29] �~v ∆S +$&	�13PJ
X RR /;=14�|z�>|+$�x7^vP�N�|[�X RR /;|=14�|\OWg&Æ ∆S +$zx|�i�u��M+-� (1) �	 ∆S +$J
|=14��X RR /;|[�;�ACGF�UVhnfF) McNamara [30,31] r Fernley �� [32] |S�� (2) [�{;a�+-|<�� Bono �



� 312 �������Y���T�B�:������� 24 Y�� [23] �	 ∆S +$z℄|=14�\OÆ�w�X1�P;rqj|A=1X RR /;�i} ��^ÆH)|a�OD� (3) �	X RR /;�v%p�t\O�w�|a�+-|Wg� Vivas �� [10] r Layden [23] � (4) dhJji;lXX RR /;|=14��t\Oji;l|=14�hn|iS�� Silbermann r Smith [35] � Lee [36] u� Carretta r Gratton [37] �
3 � Caby -&

Caby J`�i&, Strömgen 4 �J`�i|a�+\"nM7p CaI|r9�i�
Strömgen z���|J`�i&Æ uvby � 4 M7p�`IyW�� 4 M�`I|OD)7
4 �� Johnson[38] | UBV�i')�Strömgen�iU�=.5�!5$/|���Strömgen�i
zÆ�M�xz|F
�(1)�O7 (b−y)�H�~��[�(2) m1 = (v−b)−(b−y)�&�=14��[|O7� (3) c1 = (u− v)− (v− b) ���!5`$�[|O7�� Strömgen� 4 Strömgen E?,�/�;O [42]�K2 λeff/Å FWHM /Å

u 3500 300

v 4110 190

b 4670 180

y 5470 230

Ca 3945 90

�iQv*F|.5iF) Strömgen [39] r Craw-

ford [40] |�>�� Ca Ir9| Strömgen �iz\&Æ Anthony-Twarog �� [41] ��|�i&vÆ*= m1 O7�� [Fe/H]< −2 |M=1;/HD�/|w �~vM=1;|=1#,i|
ubvy 4 I�i|;R<Fm</z1	��M=1;| Ca II H r K #�|1`���| Ca Ii<F Ca II | H (3933 Å) r K(3968 Å) #� Ca�`I|&F7F)7 4[42] �7 5 �℄Æ�!�6J`	|	[ Ca I��?g;R|,��,j 3 X�℄Æ�	[�`I|,�n# [42] ���r9�| Strömgen (Caby) �i�� 5 �)� Ca /!K� Ca /�T	>��IS [42]

λ/Å Ca λ/Å Ca λ/Å Cax 8 x 8 x 8
3800 0.000 0.000 3900 0.090 0.150 4000 0.170 0.140

3810 0.000 0.000 3910 0.211 0.260 4010 0.119 0.070

3820 0.000 0.000 3920 0.341 0.330 4020 0.090 0.030

3830 0.000 0.000 3930 0.430 0.360 4030 0.063 0.020

3840 0.000 0.000 3940 0.472 0.380 4040 0.033 0.010

3850 0.000 0.000 3950 0.500 0.390 4050 0.010 0.000

3860 0.000 0.010 3960 0.515 0.400 4060 0.002 0.000

3870 0.004 0.010 3970 0.495 0.390 4070 0.000 0.000

3880 0.015 0.030 3980 0.418 0.350 4080 0.000 0.000

3890 0.039 0.070 3990 0.293 0.250 4090 0.000 0.000
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Anthony-Twarog �� [42] 
zÆ hk O7� hk = (Ca − b)− (b − y) � Twarog r
Anthony-Twarog [43] |℄J6g70 hkO7�=14�|/H�& m1 | 3 $�

Baird r Deane [45] z/- Caby �i�	xX RR /;|=14�|J
��~vX RR /;=14�'�1M�W`P>i A5 x F8 �m1 O7��J
X RR /;|=14�9?}+�
Twarog r Anthony-Twarog [44] |S�70 m1 O7���� F >|r"q1�
F >;|=14�/H�	Z���/�
Bairdr Deane [45,46] |\O2g`�70 k 3 Ca �aJ}-�o$ [42]

hk O7��X RR /;|=14�0Q/H�z?|+$l6% Jones [47] E	h�v�G��Æpdv 60 Å<F Ca II | K#|�`I (x7^D�`I��nIj/�+amS) �s~vWqu3�?� Ca I��tQ� Caby |J`+$zxÆ"9�� ∆S +$')� Caby �iJ
X RR /;=14�|+$��'{
[|���
Baird [49] , 1996A|\O70��#,`/n#|��`��mMBDD+$�|�3�j
4 7%|& 5 b?ga4�|;| hk/(b− y) j�jX?g�pq7?g|;�gnb;,jX|?g{S7%,?g'{�|℄J����#7%U��Je'ga4�|�;�ijXfu`℄gnb;,?g'{5��|,'g|�a4�#��9U�1m|/HD�

k 4 � 5 b5��h}<} hk/(b − y) k [49],��J
X�/�Qs 5 x 7 b5k;�ik b− y , 0.1∼ 0.7 K$� hk Q1 0.2∼1.4|j��5k;|QsfuFa Twarog r Anthony-Twarog [43] |5k;7�D;7QTÆ
1990b Caby 5k;�WX V r b− y O7�te�x� Olsen[50] | Strömgen ;7nR|5



� 314 �������Y���T�B�:������� 24 Y�k�i�m[|0`EFu�5k;�e��fE	u�#DV$��
b − y = K(b − y)i + K11X + C1 ,

hk = K2hKi + K22X + C2 ,

y = yi + K3(b − y)i + K33X + C3 ,WX��5 i 7%Fz|MurZ;�v5�� X vm[V
� K1 � K2 � K3 � K11 �
K22 � K33 � C1 � C2 � C3 &Iidh5k;℄J�uz℄|Q7��o}�|EF�
Johnson �i|g�|Wu�[� [49] � E(b− y)/E(B − V ) = 0.75, E(hk)/E(b− y) = −0.1 �PSu�V$Qfu-75;|rZ;�g�v5k;��|���)Qfu�	
5[��A℄75;| [Fe/H] M�WX [Fe/H] � hk O7|
5[��� [49] �

[Fe/H]hk = 8.11 hk0 − 3.37 ��v (b − y)0 = 0.15, (σrms = 0.110) �
[Fe/H]hk = 7.75 hk0 − 3.28 ��v (b − y)0 = 0.20, (σrms = 0.055) �
[Fe/H]hk = 7.45 hk0 − 3.36 ��v (b − y)0 = 0.25, (σrms = 0.035) �
[Fe/H]hk = 6.44 hk0 − 3.36 ��v (b − y)0 = 0.30, (σrms = 0.040) �
[Fe/H]hk = 5.06 hk0 − 3.13 ��v (b − y)0 = 0.35, (σrms = 0.074).WX� σrms 7%�
5[�$�u|5kGM�#	 Caby +$Iiex��� c >|X RR /;7^�&�1m|
5[��IiQm|f&t� c >|X RR /;ACQm|
5�g���iex Hε #|	��~v Hε #�, Ca II | H #|#}9C~�|�I�"m�s hk +$&n[0Qm|a4�J
$�~vH?Iia�`/|'{�S�,℄Jr7S|b}��1 ∆S +$&r�g�=JxQ�|;��[+$Q)	�mf&|XX�
Caby +$1v)uji;lXX RR /;|=14�|J
� Rey �� [51] r

Anthony-Twarogd �� [52,53] Q6�	 Caby +$~Æ'[|S��9zx1m|6g�
4 �b1p%H9&/, 1959A Preston [16] Q6Q℄X RR /;|`T�D;�=14�K$j,'[D�s&Æ�v�7SH�rf&7
!TÆ�['[D|
5S�� Simon [54] , 1988A-X RR /;|`/n#���m�79_�"�WX|1
 ϕ21 �a4��l1`|'[D��t Kovacs r Zsoldos [55] |S�Q*��1�ÆH)|'[D�x 1996 A
Jurcsik r Kovacs [56] dh�)nFIH�|X RR /;|a4�rH)|��mF7�"��['[D&&r|#D[�� Kovacs [57]2005 A|S�H0�[#D[���Qm|f&l&)	|�`/n#F7+$#	|UVhZ&�/�dh�`/n#AC��m�7�u�W�u|7l$v�A = A0+

n∑

i=1

Ai sin(iω(t−t0)+ϕi)�
z�ϕ31 = ϕ3−3ϕ1 �9�A℄ ϕ31 |M��	 ϕ31 r [Fe/H]|
5[��fA℄ [Fe/H]|M��� V;�|℄Jfu�	 Jurcsikr Kovacs [56] zx|#D
5[�� [Fe/H] = −0.038− 5.394P +1.345ϕ31 ���?"�`I
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5[�� [Fe/H] = −3.766− 5.350P + 1.044ϕ31 �s,#	�IexF	|�`�i� ROTSE �`�i [59] K$&9j,M|�A℄ [Fe/H]|M�fPS�� [56] QT|�MZAV$tZ��M�s���`�i2#	�� [58]QT|�MV$�#	`/n#F7$Iiex|�S� (1) u�|
5[�Q&C� ab >X RR/;��� c >x7^vP�&�"��z?|#D[�� (2) B|N��|S� [61∼64]�H�`/n#|F7r [Fe/H] K$|'[D&&V|�0C||�s&[��['[D|�}&V|9+x7^vP�&�)x [57] � (3) `/n#|J`H�ik�
5�4Db℄J�F
��9ik,N'{��1B�S Wu �� [58] |J���D1B,�/`w�7S�s,z�rzI	M7M�zw�|`/n#�u|7S�&f	|��o�iexF	J`�i�
5�i|M|�� Johnson �i| V ;�℄J|`/n#�fF	 Jurcsik r Kovacs [56] |
5[����?"�`I|�`
5fuF	 Wu �� [58]|
5� (4) �u`/n#���m�7|Qs�`/n#|:0)�lzm|[��hI�h��	�6gO�1m|�,��u|5kGMr'[�7�fu�v�7Qs|nMO5�UV5kiF)�� [57,58] � (5) � Kovacs [57] |Z���	��mF7$zx|a4�
5H�, 0.17 dex }��g����xn5?f�J4�|O0; (��D1U� Blazhko 3�|;) |f=�~f�[+$�)u�{xez|i�1����r�nb;|a4�J
1���[+$�IAnCEÆrQI�Æ`/n#J
=14�|+$z)u�)1h�|X RR /;�i�~f�f+$|m�7Wg���w�|o'�`.|�;�u�D�;��[� Wu �� [58] �
Clementini �� [65,66] � Gratton �� [67] r Maio �� [68] ��1m��	`/n#J
Æ�'u��w�D�;�XX RR /;|=14��
5 �s8�<ru�Qx| 3 [J
X RR /;=14�|+$fu*=I13`P+$|?u�,���	�fuPS75�|�Z�rdS75|?gACQs� 3 [+$|O�rj,|�Se9�7 6 �i7Xfu`℄� 3 [+$IiEA|�+&�

(1) '{�S&p� ∆S +$|i�S���-t|S��DAnCqÆ'{|GF+$�
(2) IiEA Caby +$|
5�W&,Qmf&rQIH�|
5f&|a�� c >X RR /;�1m|
5�
(3) `/n#F7$gfIiEA
5+$�ME c>X RR /;`/n#F7�=14�|'[D��	Q�|IH�J
|7Sf&�,Qm|f&h$�sQIH�|
5[��g��,} +-IiAnCMN`/n#F7ra4�'[D|�}9+�
(4) ��U� Blazhko3�|X RR /;�,J
+$|EAhZXI�AnC|\OrN �
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The Methods of Determining [Fe/H] for RR Lyrae Stars

WU Cao, HU Jing-yao, ZHAO Yong-heng

(National Astronomical Observatories , Chinese Academy of Sciences, Beijing 100012, China)

Abstract: The fact, that the absolute light of RR Lyrae star is affected by its metal abundance,

requires us to determine its metal abundance when it is used as accurate indicator for distance.

While in principle the most fundamental way to determine the abundance of RR Lyrae star is

via high dispersion spectroscopy, in practice this method is limited to the brightest stars in the

nearest distance to the Sun. This restriction has led over the years to the development of a large

number of techniques that measure in various ways such as ∆S method, Caby photometry and

Fourier parameters of light curve.

This paper primarily reviewed the above three methods, i.e. ∆S, Caby and Fourier param-

eters. The ∆S method is using the ∆S metallicitiy index, which is calculated from equivalent

width of lines Hδ, Hγ, Hβ and Ca II K in low resolution spectrum, to determine the abundance

of RR Lyrae stars. The photometric method, Caby, employs the correlation between hk index

and metal abundance to calculate metal abundance for RR Lyrae stars. Here hk index is defined

as hk = (Ca − b) − (b − y). The method of Fourier parameters is using the experiential relation

between the parameters of light curve of RR Lyrae star and metal abundance to determine its

metallicity. Although these three methods are all using the experiential relation between their

spectral indices and metal abundance, they have different accuracy and condition for usage. The

detailed discussion and comparison on these methods are also given in this paper to provide

reference for the observer to make a choice based on their advantages and disadvantages.
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