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(�y��_�y="I�(l 100012)po�.�'��vV���L6P%S6Zb��'Z�'#%$p3��1#%`s�=- �m5�r6oD~`	�.�����.�����	;?��℄��NSY.jvV��1{r2 SWH? (Zeeman yC) �d.C}{r2��dH?℄�U\�PB)~����H6�?yh�.�.vV�L6"+k'~~�t�0 Stokes I6 I 	 Q 	 U 	 V �pL \`��QG"+^Lj 30 w �'�.t�;"�A79-	*Æ�℄}�)Z/.t�;"�LtÆ��9℄ua6vV�L6f	;E��0P�O V F� �Q'���'vV� Stokes I6� Stokes t�;"6xrMYQ�P182.2+2 ��� egA`Z�A

1 �A�� uUjLYg�&YÆ&"$�0[!*H5�g��8�"�j�,��l4�q5nC}_TuU;G[A�G�u�0juU;G�9�*�P&}_�:>�\�P&�s�%I4jTuUOn��-�����-�����(uUUh�B�nX.j[A�G�����>x-Æ&"$9`,��y*{uU>s�Æ&uU�K5g�!*\$RÆ&s�� Zeeman xB��b?��Æ&uU�m/K5!*bRs ��ZRÆ&E ��0!O��+G�K�uUm/)OQ�MR:\�Æ��Æ��2�uUQÆA�>x+G�� Zeeman xBKuU�|��6jEX�n��MR:\���%-��GC&,HjMuU����>xg�nR:\uU�
^!*j�0oK�:\UhT{s &Q20�u/�/O�02�iK5Æ&s 8,E �uUY�MRuU�)8,�G��J��oK��0zs�z�>VOa^��G>_r�2�uUj[`5�&}K5�>�>Aq�`5uU�D2�uUK5��Æ�)	R�0�%-�Hz�<���Y�C5� Doppler s�8,�q�E4}_���� aN_^�2006-11-17 � lS_^�2007-05-08TWi[�y=11��'a,&nj (40674081 
 10603008 
 10573025 
 10703007) �y=��'j���{'anj (2006CB806303) ���_q~8� (KJCX 2-YW-T04)



� 306 ������� �G���f�t������� 25 ��g�-uU�K5!*j&}}�s (Stokes H5 I �Q �U � V ) �oK�[_��g��WG7J�oK7�J�K�Æ&:^�^�vb)�uUUh�02�-uU98���><�W�)*vÆ&P&�<Y� g�,F!*Ty8 Zeeman xB?&i�Æ&uUs��	uU|iY�&Q� Stokes H5�8i0"���d�8,Ur(�?"[&}"Y Stokes Hz'5�_2$�t℄D�℄K Stokes Hz'5�_�4s_8,�_Y���� 1852 v� Stokes [1] "<:8
�b2b�08H5�>G|8H5�_ys�}�(��>x� Stokes Hz'5�_.�8[?}�KO'5�_� 1956 v� Unno [2] t℄�0� Stokes Hz'5�_�>i?"uU
e��?~Ur�UrXzT1�UrXz�/TR)Mn�Z�zjs�R)���z�2�iVHusxB���[f:�X Zeeman BG>�&Q Stokes O���j Unno �_��?Q��AÆ	&�t℄����uU:_fÆNg�mYUh�uU
e|0?QT[9��fQS\��z�i�-#U)�usxB-��DlÆa^�>x� 1969 v Beckers [3] - Unno �;::Re�i�_�H:usxB�Dl�?:a	&�:F&Q Stokes O�� Beckers i Stokes '5�_�H:uU`5�Doppler �58,�UrXz�|zP&H5�sR�6�����Lites �5 [4] 8,
Jefferies �5 [5] .- Stokes KO'5�_::Y��0
�_y�g�nR Stokes '5�_OB�/On��Y�/GTY��fY�zÆY�|B�Y&O�a^����m/�GTYÆ*-KO'5�_:e0D�?Q�MR|z?QT[9}QO��>xGTYix;<Hji�Y��LY�8&}�/O�h��f`5uU� Stokes H5�B�nX� 1956v Unno [2] 9l� Stokes KO'5�_�GTY�x2 Lites �5 [4] i 1988 v�:E~E4$�� (Non-LTE) %I[�GTY��fY���AoGTYl)D�a:�02LY{�()�8"���f^H5�B�nX�x2�fY/GTY:�?QJ�>x�fY/GTYa)/�D0�^��fYie0D?Q[�8�GTY�zÆY�g�/OOx��fYj Moe [6] �f��fY�zÆY���j�fCR)�B�!���0!{RO�f0��e�M�G�Oz�JpH!���:^�RVzÆYÆ*uU8,4/�H5�-E�V�.|jÆ*0"���d��XH�zÆYO Runge-Kutta �6 [7] � Digonal

Element Lambda Operator(DELO) �zÆY [8] �&}Y Stokes Hz'5�_"&Q� Stokes O��+G9v3^6�&Q� StokesO�TmUR���oKO�e�t	��0[9;t	�&QO��LP&QO��P&H5;?RVoKO�Y���H5�|0�6[?:!�{ 1977v�b�+G:!fÆ&`5uU�5w7n):���\|�2�:!5w7nBG�AqG7�vb)uUh��
2001 v� Socas-Navarro [9] -:!5we�:0[D��℄K�����:;ob)uUh�:!�AqG7�vb)uUh�:!8,�-uU�:!�=f:�i4s��}:!�6�|)LYt℄℄K�-`5uU�:!5w�>-�-uU� Stokes s�:!5we�:0[D��3y�=�:0z:!�6:!�Uz�MR:!X&�A(�LYG<{4[�^e�_y�/E�9v3^:!6� PCA(Principal Component Analysis) :!
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 `t#����.vV� Stokes t�;"6x 307�6��z�-xq#���#� Stokess�:!5w�D��℄K:B�!*��6�hz�-s�:!�Ks��8\t`5uU�K5e�:0[D��/O�0��f: Stokess�:!g�|i�J�8,B��s8�9�D�℄K:LY[0D�;�
2 �/wW� Stokes u�<#8
2.1 �LhktjHDJmI|�:!�6!*ji}�KO'5�_Y�&iH�+GE��9v3^6&}0[!�}_� Stokes oKs��9;t	��|�9;t	�-B�P&H5;?�\oKO�Y���H5�9i�Arj&R~E4$�� (LTE)�s �:!�j&RE~E4$�� (NLTE)�E �:!&):Æ��\|�[^LY|{4[�^e�℄K�
2.1.1 �}���yv{�zx
2.1.1.1 AHH yx

AHH :!6jM Auer [10] �5�f�0�:!�6�|�:!�6-�\RuU��::0X=�?Q� 1) ��G Milne-Eddingtond�e�_y�/?"i�[����)�Z�z�8s�?s�R)���z��
P&H5i��\#A�s�R)6�� 2) `5uUi��\#jXz� 3) �N5-TPxB� 4) �NusxB�i|0X=�?Q[�}�KO'5�_'�?
µ

dI

dτ
= (1 + η0M )(I − S), (1)��� I=(I �Q � U � V )T � τ j1�s�R)� µ = cos θ � θ jKOo?`5�=9�

z ��B�:N� η0 j��) (�UrT1�Ur�/J) � M j Mueller Ur���
S = Sν(τ )(1, 0, 0, 0)T jZ�z��NusxB��8� Mueller Ur���

M =













M0 M1 M2 M3

M1 M0 0 0

M2 0 M0 0

M3 0 0 M0













.

Mueller Ur����W0m&3!RuU�)�u�N�p�-R7;�0[q1a��
Mueller Ur��&�8:g?

M =
∑

m,m′

ζm′

m R2αβ[m−m
′

]RT
2αΦm′

m .��� m � m
′ jq1�u5-z� R2α � β j Auer [11] �"<���� R2α T�K=9Xfn� β ju�N��z� ζm

′

m jq1 m − m
′ �Ba���)� Φm′

m jUr�� [11] �?Q η0 jA65� Sν(τ) = B0 + B1τ ��8�f (1) �Y?
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I = B0 + µB1

1 + η0M0

D
,

Q = −µB1
1 + η0M1

D
,

U = −µB1
1 + η0M2

D
,

V = −µB1
1 + η0M3

D
.

(2)�� D = (1 + η0M0)
2 − η2

0(M2
1 + M2

2 + M2
3 ) �i:!}_��&}-��R Dλ(Dλ = Ic − Iλ) e�:!�tg:Z�z�Xzm

B0(VO[95�:uU) �-oK���R Dλ i� D0 :v0��tg:Z�z�0Sm B1 �MR?QVOusxB�>x AHH :!�6�8{oK� Stokes H5 Q � U ��uU�CN�>x�9��0MH5? ∆λD � η0 � B � γ ����∆λD j Doppler �)� B juU�)� γ ju�N (uU�pTpp�p�:N) �
2.1.1.2 M-E yx

AHH:!6|iÆ��.a�t℄�-R�U|i���[�:!}_BPOusxB�usxBA-/"uU�CNÆ�*�2�-U��/".Æ�*��z�G Doppler s��t	[9oK�� Stokes O�jAj��9���)O� I ��0%�:�5�4/���V��(Y.%�:�5�COs��V�>x Skumanich � Lites [12] - AHH :!6e�:Re�4s:0�/O4G�:!�6�|��6�8-`5uUe�a�Æ�	&�k7�j0�/On��:!�6�MR AHH �6nX!uuU>��4/�>��>x�Lites �5 [12] i Mueller ���>>:7sXz α =
Γ

4π∆λD
��7sXz;?0[0MH5n&�i�-,D�oK��&Xv�,D2COs�Dl�>x�it	}_�H:}�O� Q � U � V �t	�<zH I O��t	�2��>0[0MH5 f � f �:COs�Dl�?:a��Qg`5uU��V� Lites �5 [12] ?:dTn& Stokes O��-[�%:-[��8?��C� λ0 ;?0[0M65n&%�a>0��(YH:usxB�Dl��>:u�CN ϕ �MR�GG���d�j Milne-Eddington d��lx�6+[? M-E :!�6�f/O AHH :!6�M-E :!6O:a0�0MH5� λ0 �∆λD � α � η0 � B1 � f �

B � γ �ϕ �0��+GE�9v3^!�6�{ Stokes }�H5 Q �U � V %{ StokesH5 I � Q � U � V �:!fP&H5�?:� AHH :!Uz:0[-/�|)G<G|4��6-[9�oKz�e�:!�+ 1 j0[:!�),�|�:!�6�8Ox�f`5uUi��\#��
Æ�j0�/On��:!�6��-RoK�nXV��:X� StokesO�J�8, Q�U O��A-[J��M-E :!>Aq_ffB�t	�Lites �5 [13,14] +G|�:!�6- Stokes II}�6� Advanced

Stokes Polarimeter(ASP)oK�z�e�:n&��:�-s �`5uUUh�>-uUUh;:kY�GT�
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, 1 �H=H AHH ;"7� M-E ;"7.pL{�f	;"�V{ [12]�e�; AHH =$9�X|�℄e�; M-E =$9/��J8 Q 
 U 
 V =$�X|��e�;qN}�
2.1.1.3 SIR yx|j0�}�:!�6�|�:!�6�8�0O���E)�`5uU8,pp�)�(Y�8"fA�R)6��;o/$�)8,�o/$�)�|��6j Ruiz�5 [15]ilB�z�&iH�+G Levenberg-Marquardt �6 [16] �f���&}+GE�9v3^6�-oKz��:!q Merit �z9v�

χ2 =
1

m

4
∑

k=1

M
∑

i=1

[

Iobs
k (λi) − Isyn

k (λi)
]2

. (3)��� i �:�Y�z� k = 1, 2, 3, 4G<�: I � Q � U � V �[ Stokes H5�Æ obs ��Æ syn �G<�:oKO��t	O�� m �:0M)z� χ2 j��d��P&H5��z�?< a G�:��d��P&H5�lU a O n× p + r [G5��� n �:���G�O� p j�R)6��P&5� r jA�R)6��P&5�lB�zjG�GT}�KO'5�_0S;2��z�/f0[P&5 x(τ) �0S;2m δx(τ) - Stokes H5���
δI(λ) =

∞
∫

0

R(λ, τ)δx(τ)dτ, (4)

R j0[`5���G5G<-B 4 [ Stokes H5�lB�z�|)?Q�O0[P&5|
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δIk(λi) = ∆ lg(τ)ln10

n
∑

j=1

cjτjRk(λi, τj)δxj , (5)�� cj j)GXz�i�;2���- Merit �z�0S�?
δχ2 =

2

ν

4
∑

k=1

M
∑

i=1

[Iobs
k (λi) − Isyn

k (λi)]δI
syn
k (λi) =

2

ν
∆lg(τ)ln 10

4
∑

k=1

M
∑

i=1

[

Iobs
k (λi) − Isyn

k (λi)
]

n
∑

j=1

cjτjRk(λi, τj)δxj . (6)-f0[P&5 x(τ) �lB�z0!�:~fGG: Landolfi � Degl
′

Innocenti ��fY [98] �
R(τ) = −O(0, τ)

{[

∂

∂x
K(τ)

]

(I − S)(τ) − K(τ)

[

∂

∂x
S(τ)

]}

.

, 2 �H SIR ;"7.�d FeI 6302.51 �;"V{ [15]�e;hqN�� Stokes P��℄e�;u
P�
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 `t#����.vV� Stokes t�;"6x 311��� K jUr���S jZ�z`5�E δχ2 = 0 ��8"f&Q Stokes O��P&H5�02�`�n%2��+G Levenberg -Marquardt �6 [16] �8"fa��Y�
▽χ2(a) + Aδa = 0 , (7)�� A j�D�&J�� (χ2 - a �3S
z) �i:!}_��`���*4iq�Ox Lande >-��o: 6 %�e�:!�+

2 sg:��0%� Fe I 6302.51Å�:!Uz�|�:!�6�8fE)�̀ 5uU8,pp�)i��\#A(3�R)��V�8,i�[��\#�o/$�)��
�;o/$�)��
��8Ox�:!ioK�nXV��A-[8,:XO��02�MR���G?Æ0�Oz�|�:!77^Bt	Hz�>0�J��
2.1.1.4 Zurich yxi�-uU:!}_��0!�oOx Lande>- geff O��u`��02MR Zeeman>�AT Lande >-On��T λ2 \�/�>x Solanki �5 [17] i:!}_��o:0%�2�u`� Fe I 15648Å(geff = 3) �|�:!�6GG: DELO 5w [8] �90+G
Levenberg-Marquardt�6 [16] �:! Stokes O��|�:!�6G<GG: 6 [A(���d�� HSRASP j0[xqÆ&d��G�_y"D�2�#U8,�-o�EuU#U [18] � OS2 j0[ 2-component �,Dd��G�_y�\R"D2E4[#U�0zO� [19] �DF d�j Ding � Fang [20] K.�0["Dd��G�dt�EG�"D#U8,,D4[#� MSPOTL2 d�j[R DF d��,Dd� OS2 �B�0�d��G�dt,D�O9�#U [21] � MSPOTE � MSPOTM G<G�dt,D��#8,9)[R,D���,D9��B�,D# [21] �

Zurich :!6:!f�E)j�R)6���`5uU�u#d>-�;o/$�)
ξmic 8,�o/$�) ξmax �P&5jA�R)6���|�:!�6��uU�u�N8,�
P&5j`�t	 Stokes H5 I � V f��uU�)�R`� I �>�f�>x-RVOa^G>� Stokes I O� (!*j�-�-�2� Stokes I O�) >VOt	�(Y-Ra^A:-[� Stokes V .>VOt	�+G|�:!�6�Solanki �5 [17] - 1990v 11 b 10 : McMath 8\toK�� NOAA No.6358 �-[�-e�::!�2�i:!}_��:!: Stokes I � V O��>xVOfuU�CN�&}|�:!�6�
YGT:0[D��-�uUUh8,u| (magnetic canopy) Uh�>��f:�iu|[^vuW|i�	��
2.1.1.5 ����w�vyx?:n&oK�nXV��A-[8,:X�O��(Yk�q�FJt	P&H5�>0�J��'�+�5 [22,23] �f:0[4O���d��iWO��)�H5A6��4O�B�H5j6���|)�H5Q��8dtA-[8,:X� StokesO��(Y?:/&
DELOzÆY [8] �m)�|)?QW[��O%�:A�0[R)Y��τn = 2−4+(24−n)/3 �i���:!��+G n = 15 ;?4[���G?4O�



� 312 ������� �G���f�t������� 25 ��i9v3^6�t	��GG: Levenberg-Marquardt�6 [16] �t	}_�eÆ0!G)<[$6��) I � Q � U � V ��EX���i0"><o T^t	H5�9;t	�	!�r3Y�P���Æ�V5�8��0��P��H5;?:!Bi��eeÆ�OY.Æ-H5:0z5?� ����-oKO��t	AhRG?��+ 3 _f:0[t	�),�����:oKO��[�:t	O��

, 3 �H(�,�6�;"7.�d FeI 6302.51 �;"V{ [22]|�:!�6���iR�j NLTE �:!��8:!ioK�nXV�� Stokes O�:X�J�8,A-[J��(Y�8k�q�3℄t	Hz�A>0�J��MR|��6i:!}_�Æ*-H5:0z5?� ��>x<z+G|�:!�6�0["$#�`5uU�pÆ*OY�YB�>2Am	|�:!�6G�t	"$#�`5u+�'�+�5 [22] +G|�:!�6�&} Stokes s�GT�:Æ&��}%>-TuU�)�B�nX� β = a1 + a2 × ea3B ���� β j}%>-� B juU�)�
a1, a2 � a3 j�_Xz (H[4O����_jf(����_XzA()�(Y_s"�5 [23] i 2006 vfG�'�+�5�:!�6�+Gdm�F� / x<�F� Stokes 8\t 2002—2004 v�oKz��*7: 30 [�+(.�-�uU��T�-3����B�nX�MR|�:!�6j���G?4O�>x��Uzj�-�3���TH[4O��uU���B�nX�*7Uz4_�iHO�����-uUT�-^)8,,D^)&|i*-znX�2�-�5puU8,9�uUT"D – ,D"w/J�B|i*:/nX�i�O����kr�-uU�*�-^)8,"D^)�q>2q���>VO^gf-znX�2�-�5pU8,9�uUT"D – ,D"w/J�B()|i*:/nX�
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2.1.2 �	���yv{�zx
2.1.2.1 HAO NLTE yxWF�F�� Lites �5 [4] -nR NLTE �E ��}�KO'5�_�f:0[GTY�
Y?Q1�Z�z�*sR��6�� Sc = B0 + B1τ0 �Z�zjE�6���f� Sl = B0 + B1τ0 −

2
∑

i=1

Aie
−εiτ0 ��
P&58,`5uUA�R)6��f:}�KO'5�_�GTY�

I(0, µ) = B0e0 + µB1[r01 + Φ]−1e0 −

2
∑

i=1

Aie0 +

2
∑

i=1

Ai(r0 + εiµ)[(r0 + εiµ)1 + Φ]−1e0 , (8)��� Φ ?Ur��� r0 =
1

η0
(η0 j��)) � e0 = (1, 0, 0, 0)T � 1 ?�C���&}9v3^6�
YG|�}�KO'5�_�GTY:!:�\RE ���&}-|�:!�6�C%�
Y4_�<z�E ��t	b���Oi0"�><�At	oK��1���t	�[ Stokes H58,(Yt	48A( Zeeman G>���+G9v3^:!6��8{oK� StokesH5�Ox�GTf`5uU��V�(Y
Y�|�:!�6BG�:WF�F� Stokes I }�6i 1978v 12b��-oK��+GE �MgI

b 5172.7Å� 5183.6Å"5�GT:E �`5uU�+ 4 |j
Yi:!s��0[),�

, 4 HAO NLTE ;"7.�d MgI b 5172.7Å� 5183.6Å;"V{ [4]℄e�;qNP���e�;u
P�X℄-�IFI�;�l-E�P��\FI�;�l#E�P�	e'Jyr%�2��+w2��	eu
�?=� ∆λ = ± 0.13 Å
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2.1.2.2 IAC NLTE yx?:" NLTE }�KO'5�_�Y��&Q� Stokes H5� Socas-Navarro [24] GG:0�}��6�|��6j- DELO [8] �6�0�RG�i DELO [8] �6��pp�}�KO'5�_?�

dI

dτ
= I − Ψ . (9)���OxZ�z Ψ = S

′

− K
′

I � K
′ j��4Ur��� S

′ j��4Z�z`5�
DELO �6?QOxZ�z Ψ ifCR)Y� (τk+1, τk) �B��6� [8] �>x StokesH5ifCR)Y� (τk+1, τk) �B�nX�8:~?�

I(τk) = ξk + ςkI(τk+1) . (10)i- DELO [8] �6�RG��OxZ�z Ψ ��3m K
′

I iR)Y� (τk+1, τk) �B90GG�6���f��Z�z S
′ GG:{P��f�i NLTE ��[�65 xj Ai���3�R) si -4O`5 j �4�Ur�� K |i;2�2�i�[���&-�Y|i;2�>x�lB�z�8:g?�

R(xj , si) =
δI(s)

δxj(s
′)∆s′

=

s
∫

s0

O(s, s
′

)

[

δj(s
′

)

δxj(si)
−

δK(s
′

)

δxj(si)
I(s

′

)

]

ds
′

. (11)02MRÆ*7� Merit �z�
z�|)::<[�?Q�<z65 xj i si = s
′ |i2$�lU j � K i�[���&�RV;2���jf-Ri s

′ �RV�;2�8�N�>xf (11) �8D�?
R(xj , si) =

δI(s)

δxj(si)∆si
= O(s, si)

[

δj(si)

δxj(si)
−

δK(si)

δxj(si)
I(si)

]

.9��BG FDC(fixed departure coefficients) i� [25] ���7� NLTE �|0lB�z�(Y
Y�|� NLTE :!�6BG��-�[9oK��:!:%�0%s �
Fe I 8497Å8,4%E � Ca II 8498Å� 8542Å� Stokes I � V O��|)sg:
Y:!�0[),�<+ 5 �g�

, 5 IAC NLTE ;"7.�d Fe I 8497Å � Ca II 8498Å 	 8542Å�;"V{ [24]℄e;hqNP���e;hu
P�
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2005 v� Socas-Navarro [26] +G}8\t SPINOR(Spectro-Polarimeter for Infrared and

Optical Regions) �GG4%s � Fe I 8497Å� 8538Å �8,4%E � Ca II 8498Å�
8542Å-"$# NOAA AR 0634 e�:oK�(Y+G|�:!�6/":P�-{s �E `5uU�BAUh�Qg:0[f	Ng�1���g:f:R)�uFX�qg|R(0[�-��
2.2 PCA(Principal Component Analysis) JmI

PCA :!6jM Rees �5 [27] i 2000 v4s�0�:!�6�D����|jK.0[z���|[z���O�5d�7�f��O��-oKO��:!|j{z����x08 Stokes O��{2|8O�9RioKO��f/OE��9v3^6�:!�|�:!�6�8����Æ�n&�5� Stokes O��{2j-n��E�9v3^!�6�0�$w�
2.2.1 PCA y��?QoK����Y�z? N � ωi �:� i [�Y�������`5?

I = (ω1, ω2, ω3, · · · , ωM )T , (12)��H9 T �:��`5 I �'��&}0[�"�d�����8�0[t	�O� Imodel �-oKO� Iobs �:!|jx�|)0[d��oKO��t	O��B�3��%9v�/�
d = |Imodel − Iobs| . (13)?Q7n�d�O��0[z��� Ij = Imodel,j = (ω1j , · · · , ωMj) � j = 1, 2, 3, · · ·,

N �?<| N [d�O���:�z��%�:P&H5�O�q�Æ�0�`�,�O�
bi �9)�M��-|zd��� Imodel,j e���h�()-oK��� Iobs .G,�O�e��h�?:",�O� bi ,,�Æ ρi �E� X = (I1, · · · , IN ) � C = XXT �"f�� C�,�`58,,�Æ�|)�,�`5[?,�O�� Cbi = ρibi �>x�Arjz����d�O��joK��O��&�8|? I ≈

n
∑

i=1

eibi �|)�8-z� bi �zge����-����h�8+G3[,�O�:g�/
n ≪ M �-,�O��)M�8&},�Æ ρi �	"�>x|�8�0[WA���`5 I G�A�,���`5GT�/ PCA(Principal Com-

ponent Analysis) � E = (e1, · · · , en)T �MR,�O�j9)�M��>xf (13) ��R�
d = |Emodel − Eobs| �z����W[,���`5&�8�;j0[ n A,����B�Z&^H�0��|)[�?d�Z&^ (model manifold) � Emodel �:!�J�|j{|[d�Z&^H�x0���9Ri Eobs �<+ 6 �g�|)-�: n = 3 ����� PCA 5wBG�}�s��:!�|�8f�

dstokes =
∑

k=I,Q,U,V

wk|Ek,model − Ek,obs| , (14)



� 316 ������� �G���f�t������� 25 �����wk �:+��,���`5 Ek �Az�q�A(�-R StokesH5�W[G52��Æ*{�z����xT Ek,obs 9Ri���?:/&{ 4 [z���x�� dstokes9v�2��OP&;<�|)iW[z���- d �":+b�Z}P+b��/9� dstokes 9v.�+#��

, 6 n = 3 Z� PCA ;"�V{
Ea,b,c �;e��-�b8 [27]

2.2.2 ���
��02�i PCA �6��K.z��j+��*��<z9e�z��Aq%��O�qoK��O��lU	��GT�oKO�GY\,���`5Y�|z,���`5�4G�oKO���0P&�V�/z��%�:�O�s����.O�q�GT�s�O�AqGz����7�08,���`5:g�|�qjMR��P&d��~b�n\��[^℄K4��6��83℄|4����4V�
2.2.2.1 ��Æ|u|��6�z��K.i[9�Æ&oK�&iH�<z|zoKMS:0[Æ��Æ&���>< ("$#�xqÆ&���#�) �lU|[z��L��O�O�q� StokesO����0�+G:!�6:!f|zO�����f-BR Stokes O����P&H58,`5uU�`� PCA s�f7�f|zO��,���`5��,���`58,fB�d�P&H5k|iz����

FATIMA(Fast Analysis Technique for the Inversion of Magnetic Atmosphere) jWF�F� (HAO) i|�.w[4s�0��6�iz����x,���`58,fB�d���9RioKO��(Y Socas-Navarro �5 [28] �|�:!�6G� ASP(Advanced Stokes Polarimeter) [9�oK��+G HAO M-E :!fz���A( Stokes O��P&H5�z���%�: 50 000 [ Stokes O��d��|zO�G<j{ 4 [A(�#UoK���0[xq#�4[�-#�0["$#�+G|[z���(Y`� FATIMA �6-:^���0[�-e�:!�f:P�-�`5uU�9�� HAO M-E :!�Uze�:-/�MR
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FATIMA z����O�,���`5�h\�Z&^Aj0[1���B�>x FATIMA�u+f/O M-E :!�UzSQO��02�{:!YBH���-R(0["$#�G(0�7�(e�z��:!f�� M-E :!P"$#u+Æ* 12 h �2 FATIMA �6p�Æ 5 min ����W::!�)�
2.2.2.2 ����~v
��<zQ���d��W[P&H56�><�>�EW[H5i0"�BZo)Æ�90�8K.0[z���?:/&�O�q� Stokes ��&+%�iz����Æ*-W[H5)0[O��6�><�>xpKz���}_j0[OT�}_�H0[D���O 10 [0MH5� Milne-Eddington d��<zW8W[H5�JO 10 [))�||�q�
��J 1010 [O��z���2{|[z����xfToKfL�O�.j0[ÆFY�;�>xiK.z��Y�?:m	��a Stokes H5�6��t℄*Hd��kzP&H5j2Æ��|U:�!*X>j?:FJd��P&5�zg�kr|�:6�q�
�P&H5�SQ�02?:&a�6�xJ�2�-��d�:D��

PCA-Interpolation �6|jK.i|[X&H�0��6 [29] �?:�Wiz����x�xJ� PCA- Interpolation �6�>:0[�zH5 N �>��z��GX\ Nn [ nA�v.����4Y? dj/N �dj jz���!��4Y)�MRz�����i�[,����B�>Aj
eGC��>x�0v.���>VO,���`5��>0[��Uh65�|[��Uh65L:�fkzv.��jE��8,Onv.���P&�V�iW[E��v.����+G Taylor s�f��P&H5 a �;j,���`5 Ei(W[E��v.����O�,���`5)��z��*|�oPi�	&�%�|[v.����O��lU|�8GfB�oPXz��,���`5��V�
Eydenberg�5 [29] �|�:!�6BG� ASP �[9oK��(Y� M-E:!�Uze�:-/�i-xq#z��:!��G PCA-Interpolation:!f�uU�)*/ M-E�6:!�uU�)v 0.01∼0.015 T �2G PCA-Interpolation�6:!�u�N3�jA�Æ��2i"Dz��:!��MQju�N�juU�)� PCA-Interpolation :!Uz&O��W�2i,Dz��:!�� PCA-Interpolation:!�u�N�8*/ M-E :!�u�NW 10◦ �

3 ��(u!w*WiwW� Stokes u�|�<#0{ 1997v8��nRÆ&s vb)UhuU� Stokess�z��:!�67n�D4s���>�BG�[9�oKz����:vb)Uh�u+�
Sanchez [30] i 1997 v�f: IAC MISMAs(MIcro-Structured Magnetic Atmospheres) :!�6�{2G�_y��;ob)Uh�uU�V�t℄8?��jMEu���)oT�5�vuFr8\�0�i~E4$�� (LTE) %I[�&Ri��;ob)Uh�0
�}�KO'5�_�&}-��d��0X=?Q�f:|�:!�6�
IAC flux-tube �6jG���Æ&s vb)uUh�0�:!�6 [31] �?:hn0[	&�P&d��-��::�5�uF�$/�b�%I� Bellot �5 [32] ?:�y�
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IAC flux-tub :!�6:!�Uz^g�uFr�|iÆ�*��)�)�{2
�is O����O�|iÆ�*�p[F$�2iWO��>A|iÆa^�f$�|z-R:!
Stokes O��A-[�jÆ�*��

Zurich Flux-tube :!6j Frutiger � Solanki [33] i 1998 v�f���
Y�f:4�A(uFrd��:!�6�0�d�$�R Bellot �5 [31] �f�d��uFro|iÆa^�p[F$�D0�d�H:4�A(�A�G7�uFrg(|iR0[�G7Wo�i|�d�)H:�5u��>x�G7Wo0[uFr�P�F$&}D0[uFr�f:f$+�t�&}-"$#�� Stokes O��t	�
Y4_|4�d�&�8Æ��t	oKO��
4 �,IMu���:^vh
�wWM7g��8srN�6?�:�s��8\t8,~yOKs?�:�Ks�8\tjGRÆ&`5uU�y�4�!*s�6�iÆ&P&��yH�|4�6&OÆY�*_2�&�*Æ�*�;G�W�6&O�04�K�TA��srN�6OÆ��s�><��f:ÆW�s�G7J����bRis�6�ZJH�0As��<zGsrN�6�3As��Æ*-P"$#e�D_�>x-P"$#s��K5Aj(Y��f/Os���8\t2��Ks��8\t�8i(0YB�0[�pU��Eo��>Aq�Æ&s���b?��+GKs�8\te��uUK5.j$uUK5�0�Ox��6�|��6K.iAUi��&iH� Jefferies�5 [34] �f�	 Zeeman >� νB ÆvY Voigt�z H(α, ν ± νB) �8 Taylor s�?

H(α, ν ± νB) ≃ H(α, ν) ± νBH
′

(α, ν) +
ν2

B

2
H

′′

(α, ν) + · · · . (15)���ν = (ν0−ν)/∆νD �ν0 j��J�ν j�5�J�∆νD j Dopplers��νB =
∆νB

∆νD
�

∆νB juUs�� α = Γ/(4π∆νD) � Γ j7s�)�<zif (15) �&iHh?Q�
µ

∂

∂τ
[ln(νB cos γ)] ≪ 1 + η0H(α, ν) ,

µ
∂

∂τ
ln

[

(

νB sin γ

2

)2
∂

δν
lnH

′

(α, ν)

]

≪ 1 + ηH(α, ν) .|�8{�f Stokes H5�uU`5�B�nX�
|νB| cos γ = −V (ν)

/

[

dI(ν)

dν

]

,

(

νB sinγ

2

)2

= ±
H

′

(α, ν)

H ′′(α, ν)

[

(Q2 + U2)1/2 dI

dν

]

.
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 `t#����.vV� Stokes t�;"6x 319�(Y Jefferies�5C%:|�AUi��G><�`�C%Uz�f� |νB| ≤ 0.5 f�uU&j	&��L�i=�8fa	&�Uz�02MRLYioK"$#Y�GG�0!ju`��>xf��-uU>A&S6
∆νB ≪ ∆νD �-REG�-2���Y�uU9��~ 3 000 G �i|��U|i���[�usxBjÆ�*��+G��=/"�uU�CN|iÆ��Q<�>x&RAUi��Ks�8\t�uUK5|i0"�~b��2�MR�j-�0�Y�%{3[�Y�e�K5�VOs�G7J�>xfuU��Æ�OQ�<z{ HAO NLTE :!6 [4] �o����+GKs��uU8\t-E e�`5uUK53�A�q�t℄�-E ��:!*"�����b���%� Doppler �)�(Y6�s�G7J.O0"�b���z�?:"fE �`5uU��JÆ*-48E Stokes O�e�:!�
5 Stokes u�<#B8}k�K�:.v:kr�0 Stokess�:!�67n)f	�\e��:!�69|i�0J��t℄�/9��:!�6.j{z����V�2�i�"�d� (��%�:-Æ&���:�0X=�?Q) �A�:!0MH5�>x:!Uz��Æ�iÆ�_)H)	R�GG�z��d���z�-E�9v3^:!62��Æ*x�0[9v�5�G9;t	O��uU�);?Uz��-R(0�2��77^B*t	Hz�>0�J��:!�6-d��3!�^0jE5AS;��>?LYAq&	�K.�d��8m/�_yÆ&���>xG0[+�D��d�:!f���H5jEXA�Æ��02MRLYAq-Æ&���uUe��R�K5�>xLYQÆ*+G:!�6�\$R��d�h_oKO��<zLY�:!�6�;j0�{oKO��0
���V��f����YQ�8-oK:f�/�Yn�1x�i7�?"�X��oKT0
&9�3!0X=�?Q�2��kr:!Uzif�;<H3!��d���>A3!R��d��f0[�<�P&H5��Ofn�P&65&j(Y+t	��>x-:!�6��Qj0��Oz����Q�D2� Stokes 8\tA,�4GT4s8, Solar-B �\e4O_:!�6�4s��:W8 [35−39] �MRÆ&��EXA
e��*|z8\t�BG7J8,YBG7J�A,�W�LYL�a>�Æ�oKz��(Y�*&Q
^�A,4G8,:!5w�eD�Æ&P&�<Yi:!}_�	&HP&H5�6�8,H5�B�nX�:!UzToKL	`�`��MRA(���\RA(�3�R)�O*A(�uU`V��>x�?:�0O���P&H5�Æ&P&�<�G	&�0%u`�e�:!�):^#�\x�
6 �i��d<.:���zBq

2006 v�_s"�5 [23] fG'�+�5�:!�6�+Gdm�F� / x<�F�
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Stokess�8\t 2002—2004v�oKz��*7GT: 30[�+(.�-�uU��T�-3����B�nX�5o��5 [40] in&oKz�Y�-FJz��mU8,R��^px)�Dl��^.::0"�&Q;�&RLYi Stokes s�:!�^�&Q&i�b��;!*{8[4[�^>s�

1) <zÆ&"$#�uU}%iU�|j ▽ × B 6= 0 �M Ampere "I J =
1

µ0
▽ ×B�
�"$#5�|i�FGC�02g�i_O&R ZeemanxB�uUK5����U (Tppr��uUG5) ��CN|i* 180◦ 7;��/�CN ϕ � ϕ + 180◦ 
?�qÆ�Aq/"�puU��CN�	0.|Aq/"p5uU�~[Uh�{2Aqf"$#��FGC�GR�CN 180◦ A/"�j+G Zeeman xBe�uUK5�mO.a�M6{K5�tg��q\$^�P&d�>8/"�g�XH�O8[3��6� Krall �6 [41] �1���6 [42] �3	�6 [43] ��D.i6 [44] ��xu�6 [45] �9vq56 [46] ��

1990 v�N�g��xi [47] �f:0�~O��uU+</"�U�CN��6�{uU9&,���f4�)�N=9X� z ��poK{� (x, y) �^?s ^�`�uU`5��� ▽ · B = 0 �0f�
∂Bz

∂z

(

∂Bx

∂x
+

∂By

∂y

)

≤ 0 , (16){2LYe0D��
∂Bz

∂z

(

1

Bx

∂B2
x

∂x
+

1

By

∂B2
y

∂y

)

≤ 0 . (17)?O~OÆ&���`5uU+<�p-W0[oK�� Bz ?7
�>2�`�f (17) z" Bx � By 4�)Æ�{?�/�|[�6M7��?"�X&Hj4G��g�LYq+e0D4G'�+�5�:!�6 [22,23] �i:!}_�>>� Fe I 6301.5Å�8"f4O���`5uU�{2Y	 180◦ A/"J��f�-`5uU�~[Uh�GT�-"$#��FGC8,�FR)�J��
2) MR�^8\tv���CO8,px)�Dl�krg��:!�6-oKz�::0"�n&��9M64-tg�^���Dl�>xLY[0D�;L<3* Solar-B|[�B8\t�WG7JoKz�s��GTf�-,D8,"DmYUh�`5uU��FGC8,�FR)�J��BXdf�
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Stokes Inversion Techniques of Sunspots’ Magnetic Fileld

JIN Chun-lan, WANG Jing-xiu

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

Abstract: Reliable measurements of vector magnetic field in the solar atmosphere will help us

with a better understanding of many active phenomena in association with solar active regions,

such as the trigger mechanism and energy release of flares, the structure and dynamics of sunspots,

the formation of prominences and so on. At present, the high resolution observations have mostly

been made on various small-scale magnetic structures with regard to the rather large-scale and

strong fields in sunspots. Because some energy levels of an atom will split in the magnetic

field (Zeeman effect), spectral lines corresponding to these energy levels will exhibit different

components with various characters of polarization. At present, the measurements of sunspots’

magnetic field are carried out by the observations of Stokes parameters I, Q, U and V in a

spectral line sensitive to the Zeeman effect. In this paper we will summarize the progress of

Stokes inversion techniques of sunspots’ magnetic fields, which have been made in recent 30 years.

Furthermore, we will present a brief comparison between the two kinds of optical instruments for

the solar vector magnetic field’s research, namely the spectrograph represented by the grating

spectrograph and the filter represented by the birefringent filter. The review is aimed at future

studies on sunspot Stokes polarimetry based on the high resolution observations from spaceborne,

e.g., Solar-B polarimeter, and ground-based observations.

Key words: astrophysics; sun-magnetic field; stokes polarimetry; stokes inversion technique


