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Á� |^g1ï��ÓÚË�^X��õ��nÜ �ÿþC�, é�®ÓÚË�C� (BSRF)�

3W1B^X��1å�� �A5?1
XÚ�ïÄ. �Ñ
õ�� ���å c��ÿþ(J, ÿ

þUþ�206eV�, ²��º!1»�1å�1Æ���ÑÑ�� �Ý (å c)�0.585, ²õ��

 ���å �ÑÑ1�� �Ý��0.995.
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^Ú^^Ô��^X��^��Ú
[1]

Ú^��Ú
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Ìÿþ!^X��{.1�A
[3]

Ú���Aÿþ
[4]

!

 �1g^©E�1>f
[5]

Ú��>fu�Ìÿþ!

^X����^��ÿþ±9^X�� �ÿþâ

�. 3ù
ïÄ¥, \�1 ���ÿþ´4Ù­

��.

�´, 34b	Ú^X��Uã, ?ÛÔ��ò

�Ç (¢Ü)ªCu1, Ô�éu1�áÂr�, Ø�3

ß²Ô�, Ï
, 3Ù¦Uþ��S�±¦^� �

��3TU«��
 ��^. 3^X1U«, du

õ���Z\r�(�
[6]

, ISþÏ~ÀJõ���

�TU«� ���.

�©��
g1ï��Äuõ���ÓÚË�^

X��nÜ �ÿþC�, |^TC��V�ó��

ª (å ìÚu ìÑ´���ª�õ�� ���)

é�®ÓÚË�C� (BSRF)�3W1B^X��1å

�� �A5?1
XÚ�ïÄ, ©O�Ñ
¦^õ

�� ���å c��� �Ý, Ù(Jw«� 

�Ý��4�Uõ.

2 Ä�nØ�©Û�{

2.1  �1�uÿ (Malus½Æ)

éu\�1 �A5�u�, �Ìê½d(Malus)

½Æ. Malus½Æ´£ã �1²L ����^�

1rCz�¹�5Æ. ��uÿ1�1¶�u ì�

1¶Y��α�, lu ìÑÑ1�rÝ I1 ÷v±e

'X

I1 = I0 cos2α, (1)

Ù¥I0 �\�1rÝ.

^�±ÿþ�þrMalus½ÆU�¤Xe/ª

I(α) = (IMax−IMin)cos2α+IMin . (2)
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2.2 ÓÚË�1
� �A5

ÓÚË�´�«�C1��>f��±$Ä�÷

����uÑ�Å�ëY©Ù�>^Ë�,  �A5

´ÓÚË�¤Ak�A5��. ÓÚË�� �A5

�1
�Ôn5�k', ~X^c�^aArÝ, ±

Ï�Ý, þe (½ö�m)�mY��; ,	, Ñ�1�

 �A5�1��uÑ�, �Â ����'.

Xã1��Ý¤«, Θ´Y²*	�, ψ´R�*

	�. 3>f$Ä�;�²¡S, ψ=0, 3ù�²¡S

ÑÑ�´��� �1, �ψO��, � �Ýeü,

� �Ýþ,, ���´ý� �1. R�*	�ψ

lm��Ý��, � �Ý�p.

ã 1 >f3Y²;�S$Ä

ΘÚψ©O´Y²ÚR����*	�.

2.3 � �Ý�½Â

Ï~, lüÚìÑÑ�1, ÙÌ�>¥þ��3

ÓÚË�;���²¡S (Y²��). K\��ÓÚ

Ë�1�� �Ý½Â

Pi = (IH−IV)/(IH +IV), (3)

d? IH Ú IV ©O´Y²ÚR����>¥þ�rÝ.

Pi �3IV=0��+1ÚIH=0��−1�mCz.

�ÓÚË��>f;�¡´÷XY²¡��, K

¢�¥3Y²����&Ò�4��, R�����

4��. ¤± (3)ª� �Ý�O�úª��±�¤

PL =
Imax−Imin

Imax +Imin

, (4)

Ù¥ Imax ´3Y²�� (α = 0◦, 180◦)ÿþ� �1

rÝ, Imin ´R��� (α=±90◦)ÿþ� �1rÝ.

3 C�0�

3.1 3W1B1å�{0

�®�ÓÚË�C� (BSRF)3W1B1å�´�

^üÚà��^X��1å�
[7]

, d�®�K>f

éEÅ (BEPC)10«�3W1Û{ì (Wiggler)ÚÑ.

WigglerÑÑ�ÓÚË�13>f;�²¡´�5 

�, 
3 l;��²¡þ, dul��Ü©�)�

Ë�1kX��� �A5
�)�pZ�, �5¤

©�õuý� �¤©.

3W1B1å�Ì�1Æ���)¥¡º (SM), ²

¡º (PM)ÚC�å1» (VSPG)Xã2¤«. Ù¥c

�º��^´¢y1å��Y² =, ¦1å�kv


�Å�C��m; ¿¦1�3Y²��à���¬;

Ó�áÂpUË�, ±~$üÚ¤�9KÖ. üÚì

XÚd²¡ºÚC�å1»|¤, �^´�Ø��K

�, ¦1�3R���þà��Ñ�d¿, ¿�¦Ñ

�1���\�1��. 1<Ì�^5Ð¼"?1Ú

Ù¦���û�1, Ù8��´�
?�Ú~�,Ñ

1, ±JpüÚì�Ç. T1å��Uþ���50—

1600eV. �¬� �?1�º�2(V)mm×6(H)mm,

^X��nÜ �ÿþC�SC3Ñ�d¿�4.3m

� �þ.

ã 2 3W1B1å��1Æ«¿ã

AP1ÚAP2´1<; SM´¥¡º; PM´²¡º;

VSPG´C�å²¡1»; slit´Ñ�d¿.

3.2 ÓÚË�^X��nÜ �ÿþC�{0

ã3�Ñ
 �ÿþC��(�«¿ã, Ì��

)�@p°Ý�ÄO�XÚ (C)!I0 &ÿì (^±i

ÿ\�1r)!å ì (P, �)Ð\��θP �^=, å

 ì� �α�UCdnN7\�1¶^=¢y)!

�Ä~: (R)!�¬e (S)!u ì (A, �)u ì�

Ð\��θA ^=Ú� �β^=)!Ì&ÿì (D)!

êâ¼�XÚÚ��XÚ. Ù¥�¬\��Úå ì

� ��ö�´ÃÄN!, Ù{ö�æ^ý�Ú?>

Å��. C�nN�þiÏL�pý� (UHV)^6N

�µC��1å�ë�, �±�ynN7X\�1�

�1¶^=, nN�½3| ²�þ, | ²��±

¢yn�$Ä±|u1´�N!. 3TC�þ¢y


õ«ó��ª, Ì��)��å , ��u  (V�);

ß�å ß�u  (Vß); ��å , ß�u  (c�
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�ß); ß�å , ��u  (cß��)4«ó��ª.

TC��^uõ����Çÿþ (�)PÚSü�©

þ)! ���� �A5ÿþ (�)��!ß�Ú�

£), ±9ÓÚË�1å� �A5�ÿþ�.

ã 3  �C�(�«¿ã

1 nN; 2 å ì� �α; 3 O�²�; 4 I0 &ÿì;

5 å ì\��θP ; 6 �Ä~:θR; 7 �¬e; 8 u 

ì� �β; 9 u ì\��θA ; 10 MCP&ÿì\

��θD.

4  �A5ÿþ

4.1 õ�� ���OÙVdA��ÿþ

^X�U«æ^õ�� ���, éu���ª

���, duá�káÂ, P �1��Ç�u0�Ù

VdA�Ø�3, Ï
�S �1���Ç4�
P

 �1���Ç4�¤éA��Ý��OÙVdA

�. ÃØ´��å ì�´u ì, Ñ�¦ ���

U
�Ð�³�\�1¥�����©þ, 3,��

�����\�{�� �1. ùÒ�¦õ�� �

���\��7Ló�3OÙVdA�
[8]

.  ���

3¦^c, Äk�ÏLÿþ(½T���OÙVdA

�.

¦^ÓÚË�^X��nÜ �ÿþC�ÿþ

 ����OÙVdA�, Äk£ru ìA, &ÿ

ì�±0◦, ~:�Ä&ÿì=Ä, ù�å ì�1Æ

���&ÿìÕá�¤θÚ2θ'X, ã4�Ñ
ÿþ

C��«¿ã, å ì ���æ^Cr/C(N=100,

d=4.318nm)õ��, \�1Uþ206eV.

�å ì� �α=0◦, ÿþ���1rÝ (IS)´

�éu\�1¥�S©þ, α�u90◦ �, ��1rÝ

(IP)ÿþ�´�éu\�1¥P©þ. æ^2��×

£ (I-θ)��{©OÿþS1ÚP©þ���rÝ, =,

Uþ�206eV, å ì�Ð\��θP, &ÿì��Ý

(=~:=Ä��Ý)���'X2θP ?1�Ý×£,

ÿþ�� ���Ð\��Cz����rÝ­�.

ã5©O�Ñ
SÚP©þ���rÝÚ�1' IS/IP

­�. ÀJS©þ���rÝÚS�P©þ��rÝ�

�1' IS/IP ��4��¤éA��Ý�� ���

�ó��Ý, T�Ý¡�õ���OÙVdA�θPQB,

¢�ÿþ��T ����θPQB �45.2◦.

ã 4 �� ���ÿþå�ÑÑ1� �Ý�C�«¿ã

ã 5 OÙVdA��(½: ÏL���×£ (I-θ)

��{ÿþS, P©þ���rÝÚS�P©þ�

�rÝ��1'IS/IP 3θP �45.2◦ ���4�

4.2 1å�ÑÑ �A5�ÿþ

1å�ÑÑ1� �A5ÿþ´�âMalus½Æ

?1�. u ìÐ\���uOÙVdA�θPQB �,

^=u ì�� �, ?1�Ý×£, ¼��éu�

 �Cz�rÝ­�.

�g¢�æ^þ¡ÿþ�Cr/Cõ�� ���

��u ì, üÚì�Uþ206eV, u ì�uOÙ

VdA� θPQB, 45.2◦, &ÿì�Ð\��©O�u

2θPQB, =90.4◦, ,�^=u ì� �, ¼��éu

u ì� �rÝ­�.

4.3 å �ÑÑ1� �A5

duÃõÏ��K�, lüÚìÑ�1�� �

ÝÏ~ØU÷v¢��I�. �
¼�� �Ý�p

�ÑÑ1, Ï~æ^��{´31´¥O\å ì,

�g¢�¤^ ����ü���ªõ��, æ^V

��ªuÿ²Lå �Ñ�1� �A5, ÿþC�
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«¿ãXã6¤«. å Úu ¦^� ����5

UëêÄ�����éõ��, Ù¥å ì´33.1

!®²ÿþ�Cr/C(N=100; å ì, d=4.318nm)õ

��.

ã 6 å �ÑÑ1�� �Ýÿþ

V��ª (ü� ���Ñ´��ª): ü���©O

Õá71¶^=, Ó�MCP&ÿì&ÿ��1r.

5 (J�?Ø

ã7�Ñ�´u ìCr/Cõ�� (N=100; u 

ì, d=4.35nm)OÙVdA��ÿþ­�, =, Uþ

�206eV�, u ì�SÚP©þ���rÝ�³�

' IS/IP ­�. d­��±��ÙOÙVdA�θAQB

�43.2◦. ã8�Ñ�´��rÝ�� � (I-β)�­

�, =, θP ÚθA ©O�u�g�OÙVdA�45.2◦Ú

43.2◦, ¿�å ìÚ�Ä~:÷v���'X, Ó�

u ì�&ÿì�÷v�g����'X, ÿþu 

ì� �β (−180◦ 6β6+190◦)×£L§¥rÝCz

�­�. u ì� �β=0, ±180◦�¼�&Ò�4�

�, �éuS©þ�ÿþ, β=±90◦�éuP©þ.

ã 7 V��ªe, Uþ206eV�, Cr/C� ��

��ÿþ(J

æ^���×£ (I-θ)��{ÿþSÚP©þ���

ÇÚIS/IP �³�'­�, θA 343.2◦ �IS/IP ��

4�.

ã 8 � �×£ (I-β)ÿþ­�

�u ìÐ\��θA �43.2◦, u ì�� �βl

−180◦ �+180◦ ^=
¼�rÝ­�. � �Ý��

0.995.

d� �Ý�O� (4)ª��, �
O�� �

Ý, I�SÚP©þ���rÝ, =u ì� ��0◦

½ö±180◦ �¼�&Ò�4��, �éuS©þ�ÿ

þ, � ��±90◦�éuP©þ. K (4)ª�±�¤

PL =
IS−IP
IS +IP

. (5)

dã5�±��1å��å c���rÝ, �

 ��0◦ Ú90◦ ©OéA IS Ú IP, K3W1B1å�3

Uþ�206eV��� �Ý�0.585.

lã8��²Lå ìå ��Ñ�13ØÓ�

 �¤éA���1r. r IS Ú IP ©O�\ (5)ª,

O���²Lå ±�� �Ý��0.995.

dü�¢��ÿþ(J�±wÑ1å�ÑÑ13

� �Ý�0.585�, ²Lõ��å �, ÑÑ1��

 �Ý�0.995, `²²Lå �, ÑÑ1�� �A

5��
²w�Uõ.

6 (Ø

|^Äuõ�� ����ÿþC�éÓÚË�

^X��1å�� �A5?1
XÚ�ÿþ, ÿþ

Uþ�206eV�, ²��º!1»�1å�1Æ��

�ÑÑ�� �Ý (å c)�0.585, ²õ�� ��

�å �ÑÑ1�� �Ý��0.995. (JL²æ

^õ�� ����¤�ÿþC��±éÐ�ÿþ1

å��� �Ý, ¿�¦^õ�� ���å �¦

Ñ�1å�� �Ý��4�Uõ. ùéu� �Ý

�¦�p�¢�ké�Ã?, ��BSRFÿ°ïÄ+

�Jø
��­��ïÄÃã.
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Polarization Characteristic Measurements of the Synchrotron

Radiation Beamline Based on Multilayer *

SUN Li-Juan1 CUI Ming-Qi1;1) ZHU Jie1 ZHAO Yi-Dong1 ZHENG Lei1 MA Chen-Yan1

CHEN Kai1 ZHAO Jia1 ZHOU Ke-Jin1 WANG Zhan-Shan2 WANG Hong-Chang2

1 (Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

2 (Tongji University, Shanghai 200092, China)

Abstract Using the home-made synchrotron radiation soft X-ray polarimeter based on multilayer elements, the polar-

ization characteristics of the Beamline 3W1B have been measured at Beijing Synchrotron Radiation Facility (BSRF).

This paper compares the measuring results of using polarizer with the results without the polarizer at 206eV. The degree

of linear polarization without the polarizer is 0.585. However, the degree of linear polarization is up to 0.995 when the

beam is polarized by multilayer optical elements.

Key words synchrotron radiation, soft X-ray, polarimeter, multilayer polarized element, measurement of polarization

characteristic
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