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 � � u U � u � N

8 , � 
 P & 5 j ` � t 	 Stokes H 5 I � V 
 f � � u U � ) � R ` � I � > � 
 f � >

x - R V O a ^ G > � StokesI O � ( ! * j • - � - � 2 � StokesI O � ) > V O t 	 � (

Y - R a ^ A : - [ � StokesV . > V O t 	 � + G | � : ! @ 6 � Solanki � 5

[17]
- 1990

v 11 b 10 : McMath 8 \ t o K � � NOAA No.6358 � - [ � - e � : : ! � 2 � i : !

} _ � � : ! : StokesI � V O � � > x V O 
 f u U @ C N � & } | � : ! @ 6 � 
 Y G

T : 0 [ D � � - � u U U h 8 , u | (magnetic canopy) U h � > � � f : � i u | [ ^ v

u W | i � 	 � �

2.1.1.5 � � � � w � v y 
 x

? : n & o K � n X V � � A - [ 8 , : X � O � � ( Y k � q � F J t 	 P & H 5 �

> 0 � J � � ' � + � 5

[22;23]
� f : 0 [ 4 O � • � d � � i W O • � ) � H 5 A 6 � � 4 O

� B � H 5 j 6 � � � | ) � H 5 Q � � 8 d t A - [ 8 , : X � Stokes O � � ( Y ? : / &

DELO z � Y

[8]
� m ) � | ) ? Q W [ • � O % • : A � 0 [ R ) Y � � � n = 2 � 4+(24 � n )=3

�

i � � � : ! � � + G n = 15 ; ? 4 [ � • � G ? 4 O �
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[16]
� t 	 } _ � e � 0 ! G

) < [ $ 6 � � ) I � Q � U � V � � E X � � � i 0 " > < o  T ^ t 	 H 5 
 � 9 ;

t 	 � 	 ! � r 3 Y � P� � � � � V 5 � 8 
 � � 0 � � P � � H 5 ; ? : ! B i � � e e

� � O Y . � - H 5 : 0 z 5 ? �  � � � � - o K O � � t 	 A h R G ? � � + 3 _ f :

0 [ t 	 � ) , � � � � c � : o K O � � [ c � : t 	 O � �

, 3 � H ( � , � 6 � ; " 7 . � d FeI 6302.51 � ; " V {

[22]

| � : ! @ 6 � � � i R � j NLTE � : ! � � 8 : ! i o K � n X V � � Stokes O

� : X � J � 8 , A - [ J � � ( Y � 8 k � q � 3 ] t 	 H z � A > 0 � J � � M R |

� @ 6 i : ! } _ � � * - H 5 : 0 z 5 ? �  � � > x < z + G | � : ! @ 6 
 � 0

[ " $ # � ` 5 u U � p � * O Y � Y B � > 2 A m 	 | � : ! @ 6 G � t 	 " $ # � `

5 u + � ' � + � 5

[22]
+ G | � : ! @ 6 � & } Stokes s � G T 
 � : � & • � } % >

- T u U � ) � B � n X � � = a1 + a2 � ea3 B
� � � � � j } % > - � B j u U � ) �

a1, a2 � a3 j @ _ X z ( H [ 4 O • � � @ _ j f ( � � � @ _ X z A ( ) � ( Y _ s " �

5

[23]
i 2006 v f G � ' � + � 5 � : ! @ 6 � + G d m � F � / x < � F � Stokes 8 \

t 2002|2004 v � o K z � � * 7 : 30 [ � + ( . � - � u U � � T � - 3 � � � � B

� n X � M R | � : ! @ 6 j � • � G ? 4 O � > x 
 � � U z j � - � 3 � � � T H [

4 O • � u U � � � B � n X � * 7 U z 4 _ � i H O • � � � � - u U T � - ^ ) 8 ,

, D ^ ) & | i * - z n X � 2 � - � 5 p u U 8 , 9 • u U T " D { , D " w / J �

B | i * : / n X � i � O • � � � k r � - u U � * � - ^ ) 8 , " D ^ ) � q > 2 q

• � � > V O ^ g f - z n X � 2 � - � 5 p U 8 , 9 • u U T " D { , D " w / J � B

( ) | i * : / n X �
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2.1.2 � 	 � � � y 
 v { � z x

2.1.2.1 HAO NLTE y 
 x

W F � F � � Lites � 5

[4]
- n R NLTE � E  � c � } � K O ' 5 @ _ � f : 0 [ G

T Y � 
 Y ? Q 1 � Z � z � * s R c � � 6 � � Sc = B0 + B1� 0 � c Z � z j E c � 6 �

� � f � Sl = B0 + B1� 0 �
2P

i =1
A i e� " i � 0

� � 
 P & 5 8 , ` 5 u U A � R ) 6 � � 
 f : }

� K O ' 5 @ _ � G T Y �

I (0; � ) = B0e0 + �B 1[r01 + � ]� 1e0 �
2X

i =1

A i e0 +
2X

i =1

A i (r0 + " i � )[( r0 + " i � )1 + � ]� 1e0 ; (8)

� � � � ? U r • � � r0 =
1
� 0

(� 0 j � c � ) ) � e0 = (1 ; 0; 0; 0)T
� 1 ? � C • � �

& } 9 v 3 ^ 6 � 
 Y G | � } � K O ' 5 @ _ � G T Y : ! : � \ R E  � � c � & }

- | � : ! @ 6 � C % � 
 Y 4 _ � < z � E  � c � t 	 b � � c • O i 0 " � > < � A t

	 o K � � 1 � � � t 	 � [ Stokes H 5 8 , ( Y t 	 4 8 A ( Zeeman G > � � c � + G 9

v 3 ^ : ! 6 � � 8 { o K � Stokes H 5 � O x � G T f ` 5 u U � � V � ( Y 
 Y � | � :

! @ 6 B G � : W F � F � StokesI } � 6 i 1978 v 12 b � � - o K � � + G E  � c MgI

b 5172.7�A � 5183.6�A " 5 � G T : E  � ` 5 u U � + 4 | j 
 Y i : ! s � � 0 [ ) , �

, 4 HAO NLTE ; " 7 . � d MgI b 5172.7�A � 5183.6�A ; " V {

[4]
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 P � 
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2.1.2.2 IAC NLTE y 
 x

? : " 
 NLTE } � K O ' 5 @ _ � Y � 
 � & Q � Stokes H 5 � Socas-Navarro[24]
G

G : 0 � } � @ 6 � | � @ 6 j - DELO [8]
@ 6 � 0 � R G � i DELO [8]

@ 6 � � p p � }

� K O ' 5 @ _ ? �

dI
d�

= I � 	 : (9)

� � � O x Z � z 	 = S
0

� K
0

I � K
0

j 
 � � 4 U r • � � S
0

j 
 � � 4 Z � z ` 5 �

DELO @ 6 ? Q O x Z � z 	 i f C R ) Y � (� k+1 , � k ) � B � c � 6 �

[8]
� > x Stokes H

5 i f C R ) Y � (� k+1 , � k ) � B � n X � 8 : ~ ? �

I (� k ) = � k + &k I (� k+1 ) : (10)

i - DELO [8]
@ 6 � R G � � O x Z � z 	 � � 3 m K

0

I i R ) Y � (� k+1 , � k ) � B 9 0 G

G c � 6 � � � f � � Z � z S
0

G G : { P c � � f �

i NLTE � � [ � 6 5 x j A c i • � � 3 � R ) si - 4 O ` 5 j � 4 � U r • � K |

i ; 2 � 2 � i � [ • � � & - � Y | i ; 2 � > x � l B � z � 8 : g ? �

R (x j ; si ) =
� I (s)

�x j (s0)� s0 =

sZ

s0

O(s; s
0
)

"
� j (s

0
)

�x j (si )
�

� K (s
0
)

�x j (si )
I (s

0
)

#

ds
0

: (11)

0 2 M R � * 7 � Merit � z � 
 z � | ) : : < [ � ? Q � < z 6 5 x j i si = s
0

|

i 2 $ � l U j � K i � [ • � � & � R V ; 2 � � � j f - R i s
0

� R V � ; 2 � 8 �

N � > x f (11) � 8 D � ?

R (x j ; si ) =
� I (s)

�x j (si )� si
= O(s; si )

�
� j (si )
�x j (si )

�
� K (si )
�x j (si )

I (si )
�

:

9 � � B G FDC(�xed departure coe�cients) i �

[25]
� � � 7 � NLTE � | 0 l B � z �

( Y 
 Y � | � NLTE : ! @ 6 B G � � - � [ 9 o K � � : ! : % • 0 % s  � c

Fe I 8497�A 8 , 4 % E  � c Ca II 8498�A � 8542�A � StokesI � V O � � | ) s g : 
 Y

: ! � 0 [ ) , � < + 5 � g �

, 5 IAC NLTE ; " 7 . � d Fe I 8497�A � Ca II 8498�A 	 8542�A � ; " V {

[24]
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2005 v � Socas-Navarro[26]
+ G } 8 \ t SPINOR(Spectro-Polarimeter for Infrared and

Optical Regions) � G G 4 % s  � c Fe I 8497�A � 8538�A � 8 , 4 % E  � c Ca II 8498�A �

8542�A - " $ # NOAA AR 0634 e � : o K � ( Y + G | � : ! @ 6 / " : P � - { s  �

E  ` 5 u U � B A U h � Q g : 0 [ f 	 N g � 1 � �� g : f : R ) � u F X � q g |

R ( 0 [ � - � �

2.2 PCA(Principal Component Analysis) J m I

PCA : ! 6 j M Rees � 5

[27]
i 2000 v 4 s � 0 � : ! @ 6 � D � � • � | j K . 0

[ z � � � | [ z � � • O • 5 d � 7 � 
 f � � c O � � - o K O � � : ! | j { z � �

� � x 0 8 Stokes O � �{ 2 c | 8 O � 9 R i o K O � � f / O E c � � 9 v 3 ^ 6 � :

! � | � : ! @ 6 � 8 � � � � � � n & • 5 � Stokes O � �{ 2 j - n � � E c � 9 v 3

^ ! � 6 � 0 � $ w �

2.2.1 PCA y 
 � �

? Q o K � � c � @ Y � z ? N � ! i � : � i [ @ Y � � � � � � � ` 5 ?

I = ( ! 1; ! 2; ! 3; � � � ; ! M )T ; (12)

� � H 9 T � : � � ` 5 I � ' � �

& } 0 [ � " � d � • � � � 8 
 � 0 [ t 	 � O � I model � - o K O � I obs � : ! |

j x � | ) 0 [ d � � c 
 o K O � � t 	 O � � B � 3 � � % 9 v � / �

d = jI model � I obs j : (13)

? Q 7 n 
 � d � O � � 0 [ z � � � I j = I model ;j = ( ! 1j ; � � � ; ! Mj ) � j = 1, 2, 3, � � � ,

N � ? < | N [ d � O � � � : � z � � % • : P & H 5 � O � q � � � 0 � ` � , � O �

bi � 9 ) � M � � - | z d � � � I model ;j e � c � � h � ( ) - o K � � � I obs . G , �

O � e � � h �

? : " 
 , � O � bi , , � � � i � E � X = ( I 1; � � � ; I N ) � C = XX T
� " f • � C

� , � ` 5 8 , , � � � | ) � , � ` 5 [ ? , � O � � C bi = � i bi � > x �A r jz � �

� � d � O � � j o K � � O � � & � 8 | ? I �
nP

i =1
ei bi �

| ) � 8 - z � bi � z g e � � � � - � � � � h � 8 + G c c 3 [ , � O � : g � /

n � M � - , � O� � ) M � 8 & } , � � � i � 	 " �

> x | � 8 � 0 [ W A � � � ` 5 I G � A � , � � � ` 5 G T � / PCA(Principal Com-

ponent Analysis) � E = ( e1; � � � ; en )T
� M R , � O � j 9 ) � M � � > x f (13) � @ R �

d = jE model � E obs j � z � � � � W [ , � � � ` 5 & � 8 � ; j 0 [ n A , � � � � B �

Z & ^ H � 0 � � | ) [ � ? d � Z & ^ (model manifold) � E model � : ! � J � | j { |

[ d � Z & ^ H � x 0 � � c � 9 R i E obs � < + 6 � g � | ) - � : n = 3 � � � �

� PCA 5 w B G � } � s � � : ! � | � 8 
 f �

dstokes =
X

k= I;Q;U;V

wk jE k; model � E k; obs j ; (14)
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� � � wk � : + � � , � � � ` 5 E k � A z � q � A ( � - R Stokes H 5 � W [ G 5 2

� � � * { � z � � � � x T E k; obs 9 R i � � � ? : / & { 4 [ z � � � x � � dstokes

9 v � 2 � � O P & ; < � | ) i W [ z � � � - d � " : + b � Z } P + b � � / c 9

� c dstokes 9 v . � + # � �

, 6 n = 3 Z � PCA ; " � V {

E a;b;c � ; e � � - � b 8

[27]

2.2.2 � • � 
 � �

0 2 � i PCA @ 6 � � K . z � � j + � � * � � < z 9 e � z � � A q % • � O � q

o K � � O � � l U 	 � � G T � o K O � G Y \ , � � � ` 5 Y � | z , � � � ` 5 � 4

G � o K O � � � 0 P & � V � / c z � � % • : � O � s � � � � . O � q c � G T � s

� O � A q G z � � � � 7 � 0 8 , � � � ` 5 : g � | � q j M R � � P & d � � ~ b �

n \ � � [ ^ ] K 4 � @ 6 � � 8 3 ] | 4 � � � � 4 V �

2.2.2.1 � � � | u

| � @ 6 � z � � K . i [ 9 � � & o K � & i H � < z | z o K M S : 0 [ � • � �

& � � � > < ( " $ # � x q � & � � � # � ) � l U | [ z � � L � • O � O � q � Stokes

O � � � � 0 � + G : ! @ 6 : ! f | z O � � � � � 
 f - B R Stokes O � � � � P & H

5 8 , ` 5 u U � ` � PCA s � f 7 � f | z O � � , � � � ` 5 � � , � � � ` 5 8 , f

B � d � P & H 5 k | i z � � � �

FATIMA(Fast Analysis Technique for the Inversion of Magnet ic Atmosphere) j W F � F

� (HAO) i | � . w [ 4 s � 0 � @ 6 � i z � � � � x , � � � ` 5 8 , f B � d � � c

� 9 R i o K O � �

( Y Socas-Navarro� 5

[28]
� | � : ! @ 6 G � ASP(Advanced Stokes Polarimeter) [

9 � o K � � + G HAO M-E : ! 
 f z � � � A ( Stokes O � � P & H 5 � z � � � % •

: 50 000 [ Stokes O � � d � � | z O � G < j { 4 [ A ( � # U o K 
 � � � 0 [ x q

# � 4 [ � - # � 0 [ " $ # � + G | [ z � � � ( Y ` � FATIMA @ 6 - : ^ � • � 0 [

� - e � : ! � 
 f : P � - � ` 5 u U � 9 � � HAO M-E : ! � U z e � : - / � M R
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FATIMA z � � � � O � , � � � ` 5 � h \ � Z & ^ A j 0 [ 1 � � � B � > x FATIMA

� u + f / O M-E : ! � U z S Q O • � 0 2 �{ : ! Y B H � • � - R ( 0 [ " $ # � G

( 0 � 7 � ( e � z � � : ! f � � M-E : ! P " $ # u + � * 12 h � 2 FATIMA @ 6 p
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2.2.2.2 � • � � ~ v 
 � �

< z Q � • � d � � W [ P & H 5 6 � > < �> � E W [ H 5 i 0 " � B Z o ) � � 9

0 � 8 K . 0 [ z � � � ? : / & � O � q � Stokes � � & + % • i z � � � � � * - W [
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O 10 [ 0 M H 5 � Milne-Eddington d � � < z W 8 W [ H 5 � J O 10 [ ) ) � | | � q �
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[ O � � z � � � 2 { | [ z � � � � x f T o K f L � O � . j 0 [ � F Y

� c ; � > x i K . z � � Y � ? : m 	 � • a Stokes H 5 � 6 � � t ] * 
 H d � � k z

P & H 5 j 2 � � � | U : � ! * X > j ? : F J d � � P & 5 � z g � k r | � : 6 � q
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 � P & H 5 � S Q � 0 2 ? : & a � 6 � x J �2 � - • � d � : D � �

PCA-Interpolation @ 6 | j K . i | [ X & H � 0 � @ 6

[29]
� ? : � W i z � � � �

x � x J � PCA- Interpolation @ 6 @ > : 0 [ � z H 5 N �> � � z � � G X \ N n
[ n

A � v . @ � � � 4 Y ? dj =N � dj jz � � � ! � � 4 Y ) � M R z � � � � � i � [ , �

� � � B � > A j 
 e G C � � > x � 0 v . @ � � > V O , � � � ` 5 � @ > 0 [ � • U

h 6 5 � | [ � • U h 6 5 L : � f k z v . @ � j E � � 8 , O n v . @ � � P & � V �

i W [ E � � v . @ � � � + G Taylor s � f �� P & H 5 a � ; j , � � � ` 5 E i ( W [

E � � v . @ � � � O � , � � � ` 5 ) � � z � � * | � o P i � 	 & � % • | [ v . @ �

� � O � � l U | � 8 G f B � o P X z � � , � � � ` 5 � � V �

Eydenberg � 5

[29]
� | � : ! @ 6 B G � ASP � [ 9 o K � � ( Y � M-E : ! � U z e

� : - / � i - x q # z � � : ! � � G PCA-Interpolation : ! f � u U � ) * / M-E @ 6 :

! � u U � ) v 0.01� 0.015 T � 2 G PCA-Interpolation @ 6 : ! � u � N 3 � j A � � � � 2

i " D z � � : ! � � M Q j u � N � j u U � ) � PCA-Interpolation : ! U z & O � � W �

2 i , D z � � : ! � � PCA-Interpolation : ! � u � N � 8 * / M-E : ! � u � N W 10�
�

3 � � ( u ! w c * W i w W � Stokes u � | � < #

0 { 1997 v 8 � � n R � & s  v b ) U h u U � Stokes s � z � � : ! @ 6 7 n � D

4 s � � �> � B G � [ 9 � o K z � � � 
 � : v b ) U h � u + �

Sanchez[30]
i 1997 v � f : IAC MISMAs(MIcro-Structured Magnetic Atmospheres) :

! @ 6 �{ 2 G � _ y • � ; o b ) U h � u U � V � t ] 8 ? • � j M E u � • � ) o T

• 5 � v u F r 8 \ � 0 � i ~ E 4 $ � � (LTE) % I [ � & R i • � ; o b ) U h � 0 
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Stokes Inversion Techniques of Sunspots' Magnetic Fileld

JIN Chun-lan, WANG Jing-xiu

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

Abstract: Reliable measurements of vector magnetic �eld 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 
ares, 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 �elds in sunspots. Because some energy levels of an atom will split in the magnetic

�eld (Zeeman e�ect), spectral lines corresponding to theseenergy levels will exhibit di�erent

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

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

spectral line sensitive to the Zeeman e�ect. In this paper wewill summarize the progress of

Stokes inversion techniques of sunspots' magnetic �elds, which have been made in recent 30 years.

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

the solar vector magnetic �eld's research, namely the spectrograph represented by the grating

spectrograph and the �lter represented by the birefringent �lter. 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 �eld; stokes polarimetry; stokes inversion technique


