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MX��Åã�
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ò��A, ò\��üÚ� �1=C��A��^Úm^� �1, ÿþ^z�¬é�^Úm^�

 �1áÂ��É, ¼�
XMCD&Ò. �¢�¦^ß��{ÿþ
Pt-FeÜ7Pt L2,3 >�XMCD,

¼�
XMCD&Ò. XMCD¢��{�ïá, �ïÄ^5á�cÙ´^5��á��>f(�Ú^(

�Jø
¢�Ä:.

'�c ÓÚË� X��^��Ú(XMCD) ^5á�  �1 � ò´¡ ¦Ú5K

1 Úó

ÓÚË�1äkprÝ!p�Ý!Å��N!

�m(�±9 �5�A:, 8cé �A5�|^

�é�. ÓÚË�1� �A5�ÓÚË�X��

áÂÌ�(Ü, �¢yX��^��Ú(XMCD)¢�

�{. XMCD´du^|¥^5á�é�^Úm^

�X��� �1�áÂØÓ
�)��Ú5y�.

XMCDÔny��±©üÚ)º. Äk, äk�Äþ

�� �X��1f (+~�m^1f, −~��^1

f, éAÚ^¥þ²1½ö�²1uX��DÂ��)

-u�f�U?>f. �âX��áÂ��ÄþÅ

ð�n, X��1f�Äþ�ÜD4��-uÑ�1

>f. 1>f@�´lg^–;�©���U?-u

(~XL2 áÂ>éA2P1/2, L3 áÂ>éA2P3/2): Ï

Lg^–;�ÍÜ, X��1f�Ü©�Äþ=C�

1>f�g^�Äþ. 1>f�g^�Äþ�X��

DÂ��²1, ÙÎÒd\�1Ú^¥þ���Ú�

U?�g^–;�ÍÜ (L2 áÂ>éA l−s, L3 áÂ>

éA l + s)û½; �-u� �z�1>fÓâ
¤

��þ¡���, XJ3ª��g^½ö;�Äþä

kØ²ï5, @oXMCDÌ�±�NäkØÓg^Ú

;�Äþ�ª���Ý��É. @31975c, Erskine

ÚStern[1]
9Thole�(1985c)[2] Òýó
 �X��

áÂÌ�±Jø���^Æ&E. 1987cSchütz�
[3]

3ÓÚË�C�þÄk¼�
Fe�K áÂ>XMCD

&Ò. 1990c, Chen�
[4, 5]

uL
Ni, CoÚFe�L2,3

>�(2p—3d�[)XMCD�ÿþ(J. 1992c, Thole

�<
[6, 7]
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�üÚì�1Æ��¬ü$\�1� �Ý. �k�

«�{´|^��¬Nû�Vò��A, |^X��

 �ò´ì��� �å ì, �±3é°�Uþ�

�S¼�p�� �Ý, Ó��±¯�UC� ��

�; å ì uå�"à, éå�(�vkK�, �±

�B��ï3?ÛüÚMX1å�þ; �@�|^ 

�ò´ì����uK. Hirano�<�ó�
[8]

.

�ó�¥, ·�3�®ÓÚË�¢�¿�1W1B-

XAFS¢�Õ, æ^7f�¬N��å ì, ¤õ/¢

y
XMCD¢��{. ¦+Ü�®ïk^uXMCD

�¢�Õ, �3MX��Åã´ISÄg, ù�¢�

C�AO·Üu5dLÞ7á�� (XPt, Au, Ir�)Ú

Dè��L>�ïÄ. ����A^, �ó�ÿþ


Pt-FeÃSÜ7¥Pt�L2,3 >�XMCD.

2 ¢��{

2.1 ¢�C�

XMCD¢�3#ï�1W1B1å�ÚXAFS¢

�Õþ?1, ;��>6�50—100mA, ;��Uþ

�2.2GeV, ã1�¢�C�«¿ã, ¦^Si(111)V¬

üÚì¼�üÚX1, ²L7f�� �ìòY²�

 �1=C�� �1, ÷1DÂ��3^z�¬

c���>l¿, P¹X��é�m� �1áÂÌ

(µ+ Úµ
−), Xúª (1), ²L8�z?n��~¼�

XMCD&Ò

XMCD = µ+
nor−µ−

nor . (1)

ã 1 XMCD¢�C�«¿ã

�
~�\�1�uÑÝ, ò1W1B1å�þå

à��^���¡º�å, ¦1�ØÏL��¡º�

�DÑ�¢�Õ, ¼�2—3mm°, 50—60mm��^

/1�, d1�=��à��ªe�ÓÚË�üÚ1

�. ��>Äo
d¿, ¦Ùé¡u^/1�¥%, ¼

�1mm×2mm�Y²� �1. Í1éO�, ò-1

�X���OÚO�, ÷-11´��� ò´ì,

ò´ì´L¡�(100)���p�þ<Eü¬7f�

¡. ¦-1�37f�¡¥%� �þ. � �å 

XÚd7f�ü¬!p°Ý�ÿ�¤±9Cu2θ :

þ��&ÿì�1>�4+�|¤, 7f�ü¬¡�

3θ-2θ =�þ. =��¶�Úü¬�(111)¬¡û�

¡�Y²¥45◦ ��, ¦\�� �1�σ (R�)©þ

Úπ (Y²)|©�Ì��; |^�{ü¬û�Vò�

�A, 3 lÙ.��∆θ ��)\�� �1σ (R

�)©þÚπ (Y²)|©� ��90◦ l
¼�� 

�1.

¢���XÚ^ labview?�, �¹3BXAFS5.0

^��S
[9]

. BXAFS5.0��)���@�~{­�

ÿþÚéSC-200(KOHZU)��=�����§S,

SC-200=�^u^��Ú¢�¥7f�¡�^�N

��õU.

�O!��
U.>^c, ^Y�36mm, *ê�

1780*, >
ÑÑ>6���0—7A, ����^|

�0.27T. ã2�>^|�>
ÑÑ>6Czã. d@

^c��ß�Ú���ªe�XMCDÿþ.

ã 2 >^c>^|�>
ÑÑ>6Czã

2.2 � �1�¼�

�â��¬N�û�ÄåÆnØ, ß�X���

�£þ (=� �Ý)�±d� lÙ.�û���

 l���, �� �1¥þR�©þEσ ÚY²©

þEπ �m�� £Φ�±π/2�, Ò�)
�m^�

 �1. ã3¥�� �1)¤«¿ã. ÙnØú

ª
[10]

�

Φ = −(r2
eRe[FhF

−

h ])(2πV 2)−1
×

[λ3tsin(2θB)](∆θ)−1 = At∆θ−1 . (2)

ã 3 � �1)¤ã(Ck7f� �¡�=�ì

�Y²¤45◦ ����, ¦Y²� �\�1©)

¤äk�Ì���Y²ÚR�©þ, � �¡=

�θB±∆θ �, \�� �1σ(R�)©þÚπ (Y

²)|©� ��±90◦ l
¼�� �1)
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ª¥Φ�� �1¥þEσ ÚEπ �m�� £, ∆θ �

 lÙ.����Ý, ��±�¦(′′)L«, t�k�þ

Ý, =X��²L7f��¢S´», A��¬N�'

�~þ, Ù¥re �²;>f�», V �¬�NÈ, λ�

X��Å�(Å), Fh �hkl��(�Ïf, θB �Ù.�

�(◦).

¢�¥¤^�7f�¡�þÝ��R��L¡

�(100), º��5mm×6mm×0.93mm. ã4¥�ÑO

��0.93mmþÝ�7f�¡éØÓUþX���á

ÂÇ, �±wÑ�XX��Uþ�Jp, 7f�¡á

ÂÇ²wü$. 3Pt�L3 > (11564eV)?áÂÇ�

40%, 3Mn�K > (6539eV)?áÂÇ�93%, áÂÇ

L�¬²wü$ßL�&ÒrÝ, ¤±3$U«I�

�áÂÇ�$�¬N.

ã 4 7f� �¡éX���áÂÇ

2.3 û�¬¡½ Ú∆θ/θ ×£

7f�(111)û�¡�θB ½ ´SC-200ü�=�

(½�, òUþN�Pt�L3 áÂ>éA�Uþ, ò�

�=�2θB :, =1>�4+&Þ=�2θB, ,�4�

�=��θB :3θB NC×£, ¼�~{­�, Xã5,

Ó��Ñ
E=7.112keV(Fe K >), θB=25.0404◦�~

{­�.

ã 5 Pt L3 > Ú Fe K > U þ e ÿ � � 7 f �

(111)û�¸�û�~{­�

�¼�n��� �1, òUþ�½3Pt L3 >

áÂ¸NC, µ
+ �µ

− ����� �, ëYUC �

�∆θ, ?1
XMCD&ÒrÝ�ÿþ. 3>^c^Y

S��Pt-FeÜ7�¬, lθB  �m©×£ØÓ�∆θ

eÿþXMCD&Ò, Xã6, �±*	�311.567keV

e, 28′′ ?XMCD&ÒrÝ��¸�, `²θB  l28′′

?� �ÝPc ��. �©¥é¼��XMCDÌ, ò�

 �ÝCq@�´100%, Ø2?1?�. ÏLnØú

ª��� ���14.7′′, ù«�O�X1uÑÝÚ¬

N��5��ÏE¤�. Ïd, 3¢SÿþXMCDÌ

�,  ��A±O���ë�, d¢��(½.

ã 6 ÿþPt L3 >�áÂ¸?XMCDrÝ� �

�∆θ �Cz

3 XMCDÿþ

ã 7 ´ ÿ þ � Pt37Fe63 Ã S Ü 7 Pt L3, L2 >

� XANES Ú XMCD Ì, æ ^ ß � � ª, 	 ^ | �

B=0.21T. Pt�L3 áÂ>Ñy
ér�XMCD&Ò,

8�z?n�, �érÝ��0.11, `²Pt-FeÜ7¥

PtduFe�p��^äk
^Ý
[11]

. Xã7¥�ã

¤«, 3UC	^|��¹e, L3, L2 >�XMCD&

Ò����=, `²�Ñ�XMCD&Ò(¢´du

Pt�^5¤�, ^|���UC��Pt^Ý�­#

��, ¦�é�^Úm^ �1�áÂ��. duÿ

þ�´Pt�L>, éA�f�2p�5d��[, Ïd,

�±@�Fe-PtÜ73�fºÝe�·Ü, E¤Pt�

5d^Ý3^|eJ`��. ã8´Ó�^�eÿþ�

�Pt26Fe74 Ü7¥Pt L2 ÚL3 >�XMCDÌ¥, éu

Pt26Fe74 ÃSÜ7, duFe, Pt¤©'~�Cz, ��

ÙXMCD&Ò�Pt37Fe63 ÃSÜ7�'k²wü$.

ã 7 Pt37Fe63 ÃSÜ7Pt L3 ÚL2 >�XMCD

ÚXANESÌ
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ã 8 Pt26Fe74 Ü7Pt L2 ÚL3 >�XMCDÌ

�âThole�<
[7, 8]

JÑ�¦Ú5K, XMCD;

�Úg^¦Úúª�

morb =−(2Q/3R)(10−n5d), (3)

mspin−7mT =−
(3.22P −2.22Q)(10−n5d)

R
, (4)

Ù ¥ morb Ú mspin © O � ; � Ú g ^ � Ä þ

(µB/atom), R�5dáÂ�¡ (cm2/atom), n5d �5d�

��>fê, P �L3 >XMCDÌ�È©, Q�L2,3 >

XMCDÌ�È©�Ú, mT �^ó4�, ¢�¥éJ¼

�, ¿�du5dU���é°z, �±�Ñ
[12]

. L1�

Ñ
�â¦Ú5K¼��;�Úg^�Äþ.

L 1 Pt-FeÃSÜ7¥Pt�g^Ú;��Äþ

sample morb(µB/atom) mspin(µB/atom)

Pt37Fe63 0.026 0.174

Pt26Fe74 0.01 0.052

4 XÚØ��?Ø

éXMCD¢��{�XÚØ�?1
ïÄ. 31

´þØ\� �ì, 3�¬þØ\	^|, XMCD×

£�ªeÿþPtÊ¡�L3 >áÂÌ, |^Ó��§

S, UþzCz�Ú, æ�üg, ?18�z?n�,

¼�C>áÂÌ, üÌ&Ò�~, ��µx1−µx2. Xã

9¥�ã¤«, 3ØÓ�üÚìUþ×£�ÝÚØÓ

� ��e, ©O¼�A, BÚCÌ. ·�uyÿ��

µx1−µx2 &Òäk�½�Ì/ÚrÝ, 8�z�Ù�

érÝ��0.008. éw,, ù«&ÒØ´du���

^5¤�.

ù« ��áÂÌ��Çk��'X, 3áÂ>

a�éÍ�/�, 3üg&ÒÖ�þ����O¬

�)é�� �, ã9¥�Ñ
C>áÂÌ��©Ì

(Difference)Úµx1−µx2 Ì�é', �±wÑüöké

r��'5. ù«µx1−µx2 Ìéw,Ø´duüÚì

Ú?XÚ�XÚØ�¤�, Ï�3üg&Ò�æ�L

§¥, üÚìÚ?>Å¿vk£Ä. �U��Ï´&

ÿì!>fÆXÚ�DÑÚXÚØ�, X>fÆDÑ,

>ØªÇC�ì�5 l�. ù«Ø�äk(½��

�Ú��. du�^Úm^&Ò�æ�3�mþØÓ

Ú, ü« �13²L7f��rÝÑk�É, E¤

���Ø�éCzéÍ�áÂ>�)���K�. ù

«Ø�éuMXCD&Ò�f�á�K���, 3?1

XMCDÿþ�, 7LAO5¿, \±?�.

ã 9 XMCDÿþXÚØ�©Û(æÌO�Å��

ëê©O�AÌüÚìUþ×£�Ý200,  ��

5′′, BÌüÚìUþ×£�Ý200,  ��0′′ ÚC

ÌüÚìUþ×£�Ý20,  ��0′′)

5 (Ø

3�®ÓÚË�C�þïá
MX��Åã�^

��Ú¢�C�, |^ü¬7f���� ò´¡,

¼�
 �5ûÐ�� �1. éPt-FeÜ7NX?

1
ÿþ, *	��éuXAFSÌrÝ�10%�m�

MCD&Ò, ¿�âXMCDÌ, |^¦Ú5K��


Pt-FeÜ7¥Pt�;�Úg^�Äþ. Ó�ïÄL²,

å ���áÂÇ!&ÿXÚ�XÚØ��Ñ¬K�

�XMCD&Òæ8. ù�¢��{�ïá�ISMX

��UþÅã^5á���*^5(��ïÄJø


k?�ïÄÃã.

�¢�´3�®ÓÚË�C�(BSRF)1W1B1

å�ÚXAFS¢�Õþ�¤�. Ïm, �UÌ!Ç

g�Ú�æwïÄ
��
�þ|±; _�#P

��Ï(½7f�û�¬¡, Ü�I[ÓÚË�

¢�¿�»P�Ú¥��pU¤\�ì¥%�â

èP����>^cJø
�å�Ï; 3dL«a

�. a�Prof.Maruyama(Hiroshima University)Jø

Pt-Fe�¬. a�F�KEK1fó��Dr.HiranoÚ

Prof.Sawada, ÓÚË�C�Spring8�Dr. Suzuki�

�Ï; a�¥FCore University�8�|±.
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Set-Up of Magnetic Circular Dichroism of Hard X-Rays Range at

Beijing Synchrotron Radiation Laboratory *

ZHOU Hai-Tao1,2 TAO Ye1;1) LIU Tao1;2) LI Gang1 ZHU Man-Kang2

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

2 (College of Material Science and Engineering, Beijing University of Technology, Beijing 100022, China)

Abstract Magnetic circular dichroism spectroscopy using hard X-rays was established at 1W1B beamline and XAFS

experimental station of Beijing Synchrotron Radiation Facility. The left and right circularly polarized X-rays were

obtained by converting the incident linearly polarized X-rays using a phase retarder made of diamond crystal working at

Laue geometry©XMCD spectra of disordered Pt-Fe alloys at Pt L2 and L3 edge were measured in transmission mode

and a dramatic XMCD signal was observed. The performance of this method was evaluated and demonstrated.

Key words synchrotron radiation, X-ray magnetic circular dichroism(XMCD), magnetic material, polarized X-rays,

phase retarder, sum rule
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