
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
Improved self-absorption correction for extended x-ray absorption 
fine-structure measurements

Permalink
https://escholarship.org/uc/item/3bv1z1rw

Authors
Booth, C.H.
Bridges, F.

Publication Date
2003-06-04

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3bv1z1rw
https://escholarship.org
http://www.cdlib.org/


���������	��
���
��

���������������������! #"%$'&(�)�����+*�,!�.-0/1�2������/3*�,4��-5 6�2�
�87�*9��-:�+���;7."<��$8=;$�&(���2���+*�,4��-;>(-:�1"<�)*?�A@:/3*�@:���B�C�D$E�9@+�A���C��-.*?�

F�GIHJG(KML�LON#P3QSRUTAVXWMGIK.Y[Z\V?]O^%_#`
a<b3c�d#e�fhg!i%j1k?g[fhd#l?g4d#m:n�f\opf\m!fhq�l)r�s3i�tDu!d#l9g4dIvMd#uxw<d[jyd#z|{}i�~�fhq�l9i%j�s3i<�!q�uxi�~�q�u#z�r�v.d#u!w<d[jyd#z�r+b�i%j f �6q�u4l�f�i��6�����U��rJ��kU�.�

�[� cUz�m!fhg[mIn�d��Oi�u4~�eJd#l)~�r��Al�f�o�d#u#m!f\~�z�q	��b�i%j f �6q�u4l�f�i�rMk9i�l�~�i�b8u4�%�[r�b�i%j f �6q�u4l�f�i��<�<�<�[�)r��AkO�
������ !¡p¢�£D�M¤4��¥¦ p£�§�¨�©�¡ �)ª�
�«%«�¬<­

®8¯  !¡6©9¢O¡p¢ ¯U� ¤4�6°���±�²x³�¤!´) !µ¶³%©�·9©�¡ � ²	 x¤!¨)¸[ !¨)¤!¡|� ®�¹MºM»D¼)­ ¢��� 4�|¸6³%½¶½¶¡6¸[ !¡p¢¾µ¶©� !¿�¡IÀ9¨)³�¤!¡6²x¸[¡6©�¸6¡�Á�³U¢O¡���¤!¡
²x¨�²x¸6¡6´O !µ¶±�½¶¡M !³���©���´�´���¤!¡6©Â 2��Á�´�½¶µÃ !¨9¢)¡2¤!¡p¢O¨�¸[ !µ¶³%©|¢)¨)¡. !³: !¿�¡M²x¡[½¶¥ � ��±�²x³�¤!´) !µ¶³%©Ä³�¥3 !¿)¡.À�¨�³�¤!¡[²x¸6µ¶©�Å(´)¿�³� !³%©
±U°� !¿�¡.²!��Á�´�½¶¡�±?¡[¥\³�¤!¡�µÃ '¤!¡p��¸#¿)¡6²E�(¢O¡[ !¡6¸[ !³�¤pÆ�ÇD¤!¡[ÈOµ¶³�¨�²� x¤!¡p�� !Á�¡6©Â !²�¿���È%¡.ÁJ��¢)¡2 !¿�¡M²xµ¶Á�´)½yµÃ¥¦°)µ¶©)Å(��²x²x¨�Á�´ �
 !µy³�©Ä !¿9�� 2 !¿�¡�¡[É�¡[¸[ M³�¥1 !¿�¡ ®D¹�º.»D¼ ³�©� !¿�¡�¸6³�¤x¤!¡6¸[ !µ¶³%©� !¡#¤!ÁÊµ¶²2©�¡[Å%½¶µ¶Å%µ¶±�½¶¡ ª ��©9¢| !¿��� 2 !¿�¡}²!��Á�´�½¶¡6²���¤!¡+µ¶©
 !¿�¡� !¿�µ¶¸4ËÄ½¶µ¶Á�µÃ pÆ'Ì¾¡+´)¤!¡[²x¡6©Â M��©)¡p��¤!½Ã°�¡ ¯ ��¸[ � x¤!¡p�� !Á�¡6©Â 2 !¿9�� �¸p��©Í±?¡+��´)´�½¶µ¶¡p¢�¥\³�¤���©U°Ä²!��Á�´)½y¡} !¿)µy¸4ËU©�¡6²x²
³�¤�¸6³%©)¸6¡6©Â x¤4�� !µ¶³�© ª ��©9¢J¤!¡[ 4��µ¶©)²� !¿)¡ ®�¹MºM»D¼ ³%²x¸6µ¶½¶½y�� !µ¶³%©)²Mµ¶©Ä !¿�¡M¸6³�¤x¤!¡6¸# !µy³�©� !¡[¤!Á�Æ
Î)Ï�ÐDÑ+Ò�Ó<Ô.ÕOÖ!×�Ø#ÙAÚ%ÛpÜÃÛ4Ý%Ü Þ�ß

à TAV?^�Y�Z�V?^%RUá�â�Z�Y[â�ã�ä�_!N6RUTAâ�^�_�å2_4ã�â6PæRO_ÄRèç)^�Y[éêN#P�Z�Tæ_[RUäÄë
ì á�^Oå8N[P�^ ì P�LON#L9^�á�^�â�N#Y[Z�â ì RUY#NILUí2N[P�^Äî�ë	Y6R<é¾ROïA_#LOY ì N#Z�LOTðâ�L9^�í�ë
ñ�â�Z¦^�T)N%å�òEåDZ\_ ì Y[L ì LOY#N#Z�LOTAROá�N#L�N#P�^�T9ã�ä|ï�^�Y�LUí.óAã�LOY[^�_[â�^�TAâ�^
ì P�LON#L)TA_J^%_#â�R ì Z�T�]ôN[P�^�_[RUä ì á�^OGðH:LÂõ.^�çO^�Y%å�Z�Tö^�î�N[^�TAV�^�V÷î9ë
Y6R<éJRUïA_#LOY ì N#Z�LOT|ñAT�^�ë	_4N#Y[ãAâ�N#ã�Y[^M_ ì ^�âpN[Y#L�_#â�L ì éÍø�ù�ú�û�W'üAýpåUN[P�^
ä�^�ROTÄV?^ ì N#P�LOíAN[P�^+_4L)ã�Y6â�^�LUí8R�óAã�LOY[^�_[â�^�T�N ì PALUN#L)T�â6PARUT�])^�_
õ}Z¦N#PÄN#P�^�^�T�^�Y[]Oé�LOíAN#PA^}Z¦TAâ�Z�V�^�T�N ì P�LUN[LOTDå)þ�åOõ}P�Z\â6P�â6PARUT�])^�_
N#PA^ ì Y#L)ïARUïAZ¦á�ZyN!éÍN#PARUN}N#P�^�ó�ã�LOY[^�_[â�^�T)N ì P�LON#L)T�õ}Z�á�áDï�^ÿY#^%RUï?ë
_#LOY[ï�^%Vèï9é¾N#P�^Í_[RUä ì á�^OG���P�Z�_�_#^�á¦í�ëxRUïA_#LOY ì N#Z�LOT�â�RUã�_4^%_(R�Y[^�ë
V?ãAâ�N#Z�LOT�Z�T|N[P�^�ä�^�RO_#ã�Y[^�VÄù2ú(û:WEü|L)_[â�Z�á¦á\RÂN[Z¦L)TA_�å��.åUíhY[LOäXN[P�^
N#Y[ã�^���å�RUTAV|P�^�TAâ�^�T�^�^�V�_�N[L(ï3^}Z�TAâ�á�ãAV?^%V|Z�T�RUT9éÿ_#ã�ïA_#^���ã�^�T�N
RUT�RUá�é9_#Z\_�G
� Y[^�ç9Z¦L)ãA_ N#Y[^�RUN#ä�^�T�N[_	��

�����SN#L0â�L)Y#Y[^�â�N íhL)Y N#P�^ _#^�á¦í�ë

RUï�_4L)Y ì N[Z¦L)T�^��3^%âpN:ROâ�â�L)ã�T�N.íhL)Y�N#P�^Jâ6PAROT�]O^(Z�T¾V�^ ì N[P¾V�ã�^IN#L
N#PA^�RUï�_4L)Y ì N[Z¦L)T�^�V?])^:RUTAV�V�ã�^+N[L�N#P�^(_4ä�L9LUN[PÍV?^�â�Y#^%RO_#^}Z¦T�ò
N#P�RÂN�íhLOá�á¦LÂõ+_�å�íhLOY}Z�TA_4N[RUT�â�^Oå�R��:Z\âpN[LOY[^�^�T�íhL)Y#ä|ã�á�RAå?RUTAV�PAR<çO^
ï3^�^�Tô_#P�LÂõ}T�N#L�ï�^���ã�Z¦N#^�^��3^%âpN[Z¦ç)^�Z¦T¾â�^�Y4N6RUZ�T�á�Z¦ä�Z¦N[_�G���P�^%_4^
N#Y[^�RUN#ä�^�T�N6_�N!é ì Z�â�RUá�á¦é ä�R��O^�N!õMLêZ�ä ì L)Y4N6RUT�N�RO_[_#ã�ä ì N#Z�LOTA_�G
W�Z¦Y6_4N�å9N#PA^J_4LOë	â�RUá�á¦^%V��!N[P�Z\â��Íá¦Z�ä�ZyN���Z�_�ã�_4^%VÍN[LÄ^�á¦Z�ä�Z¦T�RÂN#^IN[P�^
V?^ ì ^�TAV?^�T�â�^ÿL)TôN#PA^|ROâ�N#ãAROá�_[RUä ì á�^�N[P�Z�â��9T�^%_#_�G���T�^|^�î�â�^ ì ë
N#Z�LOTæZ�_ÿN#PA^�õMLOY���LOí ��ROTDå2KMãAV?T�Z\â��öRUT�VöH+^%RUá\V!� "�� åEõ}PAZ�â6P
ä�R#�)^�_ÄRèT9ã�äÿï3^�Y�LOí+LUN#PA^�Y�RO_[_4ã�ä ì N[Z¦L)TA_ÿN#Lê^�_4N#Z�ä�RUN#^¾â�L)Y4ë
Y[^�âpN[Z¦L)T N[LæN[P�^SRUä ì á�ZyN[ãAV?^÷Y[^�V?ãAâ�N#Z�LOT í�ROâpN[LOY%å%$2`& åIRUTAV N#L
N#PA^('�^�ï9éO^�ë*)÷RUá�á�^�YDí�R)âpN[LOY6_�å�+ `�, _�åÂY[RUN#P�^�YDN#P�RUTÿâ�LOY[Y#^%âpN#Z�T�]}N[P�^
V�RUN[R�Z�TèR|ä�L?V?^�áyë	Z¦T�V?^ ì ^�TAV�^�T�N:õ�R<éOG�û _#^�â�LOTAV¾R)_#_#ã�ä ì N#Z�LOT
Z\_2N[PARÂN%å�Z�T�L)Y[V�^�YEN[L|ä�R#�)^}N#PA^(â�LOY[Y#^%âpN#Z�LOTÄí�R)âpN#L)Y.ROTARUá�é�N#Z\â�RUá å
RÂN'_4L)ä�^ ì LOZ�T)N'Z�T|_#LOá�ç�Z�T�]}íhL)Y�N[P�^�â�LOY[Y[^�âpN[Z¦L)TIí�ROâ�N#LOY%å%N#P�^.N#Y[ã�^
RUï�_4L)Y ì N[Z¦L)Tôâ�L9^.-Íâ�Z�^�T�N6_�íhLOY:N#P�^ÿROïA_#LOY[ï�Z¦TA]�_ ì ^�â�Z�^�_�RUTAV�N[P�^
õ}P�L)á¦^�_[RUä ì á�^�ROY#^ÄY[^ ì á\ROâ�^�Vèõ}Z¦N#PêN[P�^�Z�YJR<çO^�Y[RO]O^JçÂRUá�ã�^%_�/�Z¦T
LUN[P�^�Y�õ.L)Y[V�_�åUN[P�^+ä�L?V?ã�á\RÂN[Z¦T�]ÿ^.�1^�âpNMLUí0�èL)T�N#P�^:â�LOY[Y#^%âpN[Z¦L)T
í�ROâ�N#L)Y+Z�_}N[R#�)^�T¾RO_}ç)^�Y[é�_#ä�ROá¦á G.KM^�á¦LÂõ�å�õM^ ì Y[^�_#^�T�N+RÄN#Y[^�RUN4ë
ä�^�T�N�N#P�RÂN�å�õ}ZyN[PêL)T�á�éèLOT�^�R)_#_#ã�ä ì N#Z�LOT�N#P�RÂN�Z�_JT�^�ROY#á�éô^�î9ë
ROâ�N}íhLOY:ROá¦á�â�RO_#^�_+õ.^�PAR<ç)^IäÄ^%RO_#ã�Y[^�V8åAâ�LOY[Y#^%âpN6_MóAã�LOY[^�_[â�^�TAâ�^
ù2ú(û:WEü V�RUN[R÷V?Z�Y#^%âpN#á�é Z�T21�ëx_ ì ROâ�^�íhL)YÍRUT9éæâ�LOTAâ�^�T�N#Y6RÂN[Z¦L)T
LOY:N#P�Z\â��9T�^�_[_�G3��P�Z�_(â�L)Y#Y[^�â�N#Z�LOT¾Z\_�V?^�ä�LOTA_4N#Y6RÂN[^�V�íhLOY(RÍâ�L ì ë
ì ^�YMíhLOZ�á1N#PARUN}Z�_�RUï3LOã�N�L)T�^IRUïA_#LOY ì N#Z�LOT�ë á�^�T�]ON#P�N[P�Z�â��1å�ROTAV�Z\_
N#PA^�Y[^�íhLOY[^IT�LUN}Z�T�N#P�^IN[P�Z�â���á¦Z�ä�ZyN%G
W�Z�]OãAY#^4
ÿ_4PALÂõ+_+N[P�^ÿ])^�LOä�^�N#Y[é�ãA_#^�VèZ¦TðN#P�Z\_�â�RUá\â�ã�á\RÂN[Z¦L)TDG

��P�^�ó�ã�LOY[^�_[â�^�TAâ�^�é9Z�^�á\VèRÂN+N[P�^ ì LOZ�T�N:LUí2ROïA_4L)Y ì N#Z�LOT¾Z�_ ì Y[LUë
ì LOY#N#Z�LOTAROá�N[L�N[P�^Äî9ë Y6R<é¾Z¦T�N#^�TA_#ZyN!é65¾RUN(N[PARÂN ì LOZ�T�N�ROTAVôN[P�^

y z

φ

incident photon trajectory
flu

or
es

cin
g p

ho
ton

 tr
aje

cto
ry

point of absorption
and fluorescencesample

θ

d

x

»87:9 Æ<;�£ 9 ¡6³�Á�¡[ x¤x°Ä¨)²x¡p¢�µ¶©�¸p��½¶¸6¨)½y�� !µ¶©�Åÿ²x¡6½Ã¥ � ��±)²x³�¤!´O !µy³�©�¸[³�¤x¤!¡6¸ �
 !µy³�©�µ¶© ®D¹�º.»D¼ Æ

Æ

ó�ã�LOY[^�_[â�^�TAâ�^(^.-Íâ�Z�^�T�â�éOG=��PA^�Z¦T�N#^�TA_#ZyN!é>5�RÂN+R�V?^ ì N[P@?ÍZ\_
5�A25 &�B�C8DFE�GIHKJML

��PA^IóAã�LOY[^�_[â�^�T�N ì P�LUN[LOT�N#PA^�TèPAR)_�N#L�^%_#â�R ì ^OG���P�^�óAãALOY[^�_4ë
â�^�T�N�óAã?î�íhY#L)ä N#P�Z\_ ì LOZ�T�N+Z¦T�N#PA^J_#ROä ì á¦^IZ\_�N#P�^�T

5�N�A!5 &�B C<DFE�GOHPJ B C<DFE�GRQ
HKSUT
V ø�þÿýxò V ø�þÿý
W
õ}PA^�Y[^2ò V ø�þÿýDZ�_�N#PA^.RUï�_4L)Y ì N[Z¦L)T�V?ã�^2N[L+N[P�^.ROïA_4L)Y#ïAZ¦T�]+RUN#L)ä�åò2ø�þÿý�Z\_�N#PA^¾N#LUN6RUá:ROïA_#LOY ì N#Z�LOTDå T V ø�þÿý�Z\_�N[P�^¾óAã�L)Y#^%_#â�^�TAâ�^^�-Íâ�Z�^�TAâ�éOåUþ Z\_�N#P�^.Z¦TAâ�Z�V�^�T�N�ï3^�ROäX^�T�^�Y#])éOå<þ N Z�_�N[P�^�^�T�^�Y[]Oé
LOí�N#PA^�óAãALOY[^�_[â�Z�T�] ì PALUN#L)TDåURUT�VJõM^ , Y#^MRO_[_4ã�ä�Z�T�]+N[PARÂNERUá�á�N#P�^
ä�^%RO_#ã�Y#^%V�óAãALOY[^�_[â�^�T�â�^MZ�_Eâ�LOä�Z¦TA]�íhY[LOä N#P�^+V?^%_4Z�Y[^�V ì Y#L?â�^%_#_
ø�^�]�G F.ãYX>Z8åMRUT9éöLON#P�^�Y�â�LOã�T�N6_�â�RUTæï�^è_#ã�ï?N[Y[R)âpN[^�VöL���ýpG
��PAZ�_�^U�)ã�RÂN#Z�LOT�Z\_�LOT�á�é�N#Y[ã�^�RÂN+R ì ROY4N[Z�â�ã�á�ROY�?�RUTAV\[�å�_4L�õM^
ä|ãA_4N�Z�T�N#^�]OY6RÂN#^

] 5�N^A25 & T
V ò V B COE�D#_�J.`ID�Q
S�H ] ? L
H:^�Y[^�N#P�^:^�T�^�Y#])é|V?^ ì ^�TAV?^�T�â�^�_.RUY[^}Z¦ä ì á�Z\â�Z¦NMRUT�V|õM^ , çO^}ã�_4^%V
òRabAXò2ø�þÿý(ROTAVôò N AXò2ø�þ N ýpGc��P�^ÄçÂRUY[Z�ROï�á�^�_ [�RUT�V@?ôRUY[^
V�^ ì ^�TAV?^�T�N�ç9Z�Rd?M_#Z¦T efAg[2_#Z¦TihdAkj�G�F.PARUTA]OZ�T�]�çÂRUY[Z�ROï�á¦^%_�å
õM^ILOï?N6RUZ�T

] 5�N�Al5 & T
V ò V



_#Z¦T e B CIE0m _npo qMr ` m Qn�o q�s HPt ] j



"

5 N A 5 &�T V ò V



_4Z�T3e
���
& B COE8m

_npo q�r ` m Qnpo q�s HKt ] j

5�N	A�� 5 &�T V ò V
ò a��	� òIN�
 
�� B CIE m _npo qMr ` m Qn�o q�s H �
� W ø 
%ý

õ}P�^�Y#^ ������� ������ ��� GEù ��G(
+V?^%_#â�Y#Z�ï�^%_'N#PA^��������� <óAã�L)Y#^%_#â�^�TAâ�^OG"!	íN#PA^�^�î ì ^�Y#Z�ä�^�T�N#^�YIY#^U�)ãAZ¦Y[^�_�N#PA^�óAã�LOY[^�_[â�^�TAâ�^Ää�^�R)_4ã�Y[^�V�ï9é
R¾V?^�N[^�â�N#LOY%åDR�í�ROâ�N#LOYILOí$#%'& ø�õ}P�^�Y[^)(�Z\_(N#PA^�V�^�N#^%âpN[LOYJRUY[^�R
RUT�V	*ôZ�_ÿN#PA^�V?Z\_!N6RUTAâ�^ÍíhY[LOä N#PA^�_[RUä ì á�^ÍN#LðN#P�^¾V?^�N#^�â�N#L)Y6ý
äÿã�_!N+ï3^JZ�TAâ�á�ãAV?^%V8G.WALOY}N[P�^JY[^�_4N�LOí'N#P�Z\_+V?Z\_#â�ãA_[_4Z�LOTDå�_4ãAâ6PôR
í�ROâ�N#L)Y}õ.L)ã�á�V,+!ãA_4N+Y[RUN#Z�L�LOã?N%G!xT¾ù�ú�û�W'ü�ä�^�R)_4ãAY#^�äÄ^�T�N[_�å�õM^�õ�RUT�N

�fA ò V �.-ò V-ò V W

ï�ã?N+õ}P�RÂN+õM^IR)âpN[ãARUá�á¦é�â�RUá\â�ãAá�RUN#^I^�î ì ^�Y[Z¦ä�^�T�N6RUá�á¦éÍZ\_

�0/ t21 A 5�N3� -5�N-5 N W

õ}P�^�Y#^ -5�NJZ\_EN[P�^�_ ì á�Z¦T�^+íhã�TAâpN[Z¦L)T�ñ�N.N#L�N[P�^�V�RUN[RIN[Lÿ_#Z¦ä|ã�á�RUN#^
N#PA^@�4^�ä|ï�^%V�V?^%V�RUN#L)ä �|ïAR)â���])Y#L)ã�TAVÍóAã�LOY[^�_[â�^�TAâ�^�øhY[LOãA]OP�á�é
5�N�õ}ZyN[P�LOã�N:N#PA^|ù2ú(û:WEü�L)_[â�Z�á�á�RUN#Z�LOTA_6ýpG54:LÂõ ä�R#�)^�N#PA^JíhLOá¦ë
á�LÂõ}Z¦T�]�_#ã�ïA_4N#Z¦N#ã?N[Z¦L)TA_76

ò a A -ò a8� �9-ò V
ò V A øK� � 
<ý:-ò V

ò a �;-ò a A ò V �.-ò V L
��P�^%_4^I^���ãARUN#Z�LOTA_}ROTAV�ù��3Gi
�RUY[^�N[P�^�T ì á�ã�])]O^�V�Z�T)N[L �0/ t21 6


 � � / t<1 A ò V ø5-ò a8�=� òINOý�� 
>� B CIE m _npo qMr ` m Qn�o q�s H � �-ò V ø�òRa �=� ò N ý�� 
>� B CIE@?m _npo qMr ` m Qn�o q�s H � � L
'�Z¦ç9Z\V?Z¦TA]�ï�é6
 � �öROTAV�V�^�ñAT�Z�T�]BA � -ò a8�	� òIN�å�õM^(])^�NC6


 � � / t21
 � � A � 
�� B CIEEDD#_ `�F3DD�G.`�H�D�Q�H=Inpo q#r �JA
øKA � �	-ò V ý.��
�� B CMLCIn�o q�r � L

4:LÂõ2�N/ t<1 â�RUT�ï3^�õ}Y#Z¦N4N[^�T¾Z¦T�N[^�Y[ä�_�LOí�N[P�^JROâ�N#ãAROá0�O6
�N/ t21 A.P 
�� B CIE Z `�FQDD G HRIn�o q�r
�� B CMLCInpo q#r SMT AMøP� � 
%ýA � ��-ò VVU � 
 L ø "Oý

ûMNIN[P�Z�_ ì LOZ�T�NJZ¦T�N#PA^�â�RUá\â�ã�á\RÂN[Z¦L)TDå8N[P�^�Y#^�á�RUN#Z�LOTðï3^�N!õM^�^�Tf�
ROTAV4� / t21 Z\_}^�î�ROâ�N�GEH+LÂõM^�ç)^�Y%å9õ.^IT�^�^�V\�SZ¦T�N[^�Y[ä�_�LOí � / t21 åROTAVSù��3GO"ôZ�_IíhL)Y^� / t<1 Z¦TöN#^�Y[ä�_�LUíi�.GW!xT LOY6V?^�YIN[LèZ¦T9ç)^�Y#Nù �3G "?å?õM^(ä�R��O^�R�_4Z�ä ì á¦^JR ì�ì Y[L<î?Z¦ä�RÂN[Z¦L)TDG'û:_[_4ã�ä�Z�T�]ÄN#PARUN

�9-ò V ]
_#Z�T e�X3X 


õM^�â�ROT�_[R<é


�� B COE Z `"FYDD�G.H Inpo qMr8Z 
�� B C L7Inpo q�r ø 
�� �	-ò V ]_#Z¦T e ý L øK�)ý
��PAZ�_�R ì�ì Y[L<î9Z�ä�RÂN[Z¦L)Tð]O^�N[_IõMLOY6_4^Äõ}Z¦N#Pêá�ROY#])^�� ROTAV.-ò V G)!	NROá�_#LðP�RO_�Rðä�RUî9Z�äÿãAä íhLOY�ï�LON#Ple RUTAV ] å�ï3^�â�ROãA_#^�LOí+N#P�^
B C LCInpo qMr N[^�Y[ä¾G � á�ã�]O])Z¦T�]�Z�T�_#LOä�^}N!é ì Z\â�ROá�T9ã�ä|ï�^�Y[_�íhY[LOäCN#P�^
F.ã Xèë ^%V?]O^ÄLUí:[(K�R ` F.ã]\U�Y^ôø*e A 
7_a`#W�-ò a Ab_ L 
U�M"�W#ò�c A_ L 
C_edgf�W:-ò V A._ L 
êRUTAV!� Ah_ L fOýÄN[P�^�ä�RUî9Z�äÿãAä ^�Y#Y[LOY�Z�_Z " Ljiek RUN2R+N[P�Z�â��9T�^%_#_'LOí Z 
 L dUò8ä¾G'ü?ãAâ6PÄR�P�Z�]OPÄçÂRUá�ã�^�LUí �V�L�^%_8T�LON�ROâ�N#ãAROá¦á�é:L?â�â�ã�YDZ�TQ[(K+Fi�|G
!xT�V?^�^%V8åÂ_4ãAâ6P�R}PAZ¦])P���Z�_
ç)^�Y[éJY6RUY[^OG�!xTÍROT�é|â�RO_#^OåOç<ROY#Z�LOã�_�â�LOä|ï�Z¦T�RÂN#Z�LOT�_'LUí3N#P�^:ROï�LÂç)^
ì RUY6RUä�^�N[^�Y6_}â�RUTèâ�LOTA_ ì Z�Y#^IN[L ì Y[L?V?ãAâ�^�^�Y#Y[LOY6_}RUï3LÂçO^ 
 k å�_#LN[P�^.R ì�ì Y[L<î?Z¦ä�RÂN[Z¦L)T�_4P�L)ã�á\V�ï�^Mä�LOT�Z¦N#L)Y#^%VIõ}P�^�Tÿä�R��9Z¦T�]:N#P�^
â�LOY[Y#^%âpN[Z¦L)TA_�L)ã?N#á�Z�T�^�V�ï3^�á�LÂõ�G
) Z¦N#PöN[P�^�ROï�LÂç)^�R ìAì Y#L<î?Z�ä�RÂN#Z�LOT�å�ROTAVöV?^�ñAT�Z�T�]èN[P�^�íhL)áyë

á�LÂõ}Z�T�] ��ãAROT�N#Z¦N#Z�^�_76Wl
A -ò V ] A

_4Z�T e B C L7In�o q�rm A 
�� B CML7Inpo q#r W
ù �3GF"IZ\_2Y[^�V?ã�â�^�V�N#LÿR���ãAR)V?Y6RÂN#Z\â}^U�)ã�RÂN#Z�LOT�Z�T ��ROTAV�õM^�â�ROT
ñ�TARUá�á¦é�õ}Y#Z¦N#^IN[P�^Iíhã�á�á�â�L)Y#Y[^�â�N#Z�LOTÍíhL)Y#ä|ã�á\Rn6

�fA ��� m ø�A$�h-ò V øK�0/ t21 � 
%ý#ý � l � �po � m øKAq�h-ò V øP�0/ t<1 � 
<ý4ý � l � ` �	r A l m �N/ t<1"

l
W ø r ý

õ}P�^�Y#^�N[P�^:_#Z¦])T|LOí3N[P�^+_��)ã�RUY[^}Y#L9LUNEõ�RO_EV?^�N#^�Y#ä�Z�T�^�V�ï9éJN6R#��ë
Z�T�]�N#PA^�N#P�Z\â���L)Y}N#PAZ¦Tèá�Z�äÄZ¦N[_�G:!xT¾N#P�^�N[P�Z\â���á�Z¦ä�Z¦NÄø ]�sut ý�å
ù��3G r ]OZ�çO^%_
6

�fA �N/ t<1
�� DD�GZ � / t21 � DD�GZ W
õ}P�Z\â6P�Z\_(N#PA^Í_#ROäÄ^�R)_(â�RUá\â�ã�á\RÂN[^�V�Z¦T	v}^�í!G@� �#�2õ}ZyN[P�LOã?N�N[P�^
� / t<1 N[^�Y[ä Z¦T�N#PA^�V�^�T�L)äÄZ�TARUN#LOY%G3!xT�N#P�^ÄN#PAZ¦Têá¦Z�ä�ZyN%å�Z¦NJâ�RUT
ï3^J_4P�LÂõ}T�N#P�RÂN:ù��3G r Y[^�V?ãAâ�^�_MN[L �fA!� / t<1 åARO_�^�î ì ^%âpN#^%V8G

)ê^ ì ^�Y4íhL)Y#ä�^�V�ROT ^�î ì ^�Y[Z�äÄ^�T�N LOT0R â�L ì�ì ^�Y íhLOZ�áôN#L
V�^�ä�LOTA_4N#Y6RÂN[^�N#PA^�â�L)Y#Y[^�â�N#Z�LOTDG÷F.ãbXôë	^�V?])^ÍV�RÂN6RèõM^�Y[^�â�L)áyë
á�^�â�N#^%V�ï3LUN[P�Z�T�N#P�^IN[Y[ROTA_4ä�Z\_#_#Z�LOT�ä�L?V?^�RUT�V�Z�T�N#P�^IóAãALOY[^�_4ë
â�^�TAâ�^:ä�L?V?^:ã�_4Z�T�]|R��M"Âë ^�á¦^�äÄ^�T�N�FMRUT9ï3^�Y[Y[R�])^�Y[ä�RUT�Z�ã�ä V?^�ë
N[^�â�N#LOY�LOT|ï�^%RUäXá�Z¦TA^�
M
�ë "}RÂN�N#PA^}ü9N[RUT�íhLOY6Vÿü9é9TAâ6P�Y[LUN[Y#L)T,v+RÂë
V�Z�RUN#Z�LOTxw�RUï3LOY6RÂN[LOY[éôø�ü�üyv>w�ýpG<��P�^IN#Y6RUT�_4ä�Z\_#_#Z¦L)T�V�RUN[RÄõM^�Y[^
â6PA^�â��O^%V�íhLOY ì Z¦T�PALOá�^Í^.�1^�â�N[_�ø�íhLOãATAVêN#L�ï�^ÍTA^�]Oá�Z�]OZ�ï�á¦^<ý�RUT�V
N[P�^�óAãALOY[^�_[â�^�T�â�^�V�RÂN6R�õM^�Y[^Iâ�LOY[Y#^%âpN[^�V�íhLOY:V�^�ROV�N[Z¦ä�^OGi��P�^
_[RUä ì á�^�N[P�Z�â��9T�^%_#_ÿõMR)_J^%_!N[Z¦ä�RÂN[^�V÷N[Lèï3^ r G z¾ò8ä íhY[LOä N#P�^



�

»87:9 Æ 
 £���³�¤x¤!¡6¸# !µy³�©( !¡[¤!Á��������
	���Å�µ¶È<¡6©(±Â° ®�
 Æ � ¥\³�¤���¨�� � ¡6¢)Å%¡
��±)²x³�¤!´O !µy³�©ÿ¢��� 4�}¥�¤!³�ÁB� � Æ 
�� Á �  !¿�µ¶¸#Ë:¸6³�´�´?¡[¤�¥\³%µ¶½��� ���� ����� ��� Æ

»87:9 Æ ¬ £���³�¤x¤!¡6¸# !¡p¢ ®D¹�º.»D¼ ¢��� 4�+µ¶© � � ²x´9��¸6¡.¥�³�¤E !¿�¡�¸6³�´�´?¡[¤'¥�³%µ¶½
¢��� 4� ª ¸6³%Á�´���¤!¡p¢ô !³� x¤4��©�²xÁ�µ¶²x²xµ¶³%©÷¢)�� 4����©9¢ð¨�©)¸6³�¤x¤!¡6¸# !¡p¢èÀ�¨�³ �
¤!¡6²x¸6¡[©�¸6¡ÿ¢��� 4�OÆ � ³� !¡� !¿9�� : !¿)¡J¸6³�¤x¤!¡6¸# !¡p¢ô¢��� 4����¤!¡ÿ¢)µ"!�¸6¨)½Ã � !³
¢)µ¶²x¸6¡#¤!©�³%©Ä !³�´Ä³�¥8 !¿�¡M x¤4��©�²xÁ�µ¶²x²xµ¶³%©�¢)�� 4�OÆ

RUï�_4L)Y ì N[Z¦L)Tô_!N[^ ì RUN+N#P�^|^�V?])^Oå3RUTAVôõ�RO_+LOY[Z¦^�T)N[^�Vô_#ãAâ6P¾N#P�RÂNe@A r d L r$# _ L f ` G(��P�^�N[P�Z�â��9T�^%_#_�Z\_:ROï�L)ã?N "ef k LOí�N[P�^J^�_4N#Z¦ë
ä�RÂN[^�VÿN#P�Z\â���ë á�Z¦ä�Z¦N'N#P�Z\â��9T�^�_[_�G ��P�^}V�RUN[R�õ.^�Y#^MY#^%V?ãAâ�^�VÿN#L�1�ë
_ ì ROâ�^�ãA_4Z�T�]�N[P�^,v:ü9ú(û � ROTARUá�é?_4Z\_ ì Y[LO])Y[ROä v+ù�' à FMù � r �z��	å�õ}P�Z\â6PôZ�TAâ�L)Y ì LOY6RÂN[^�_.N#P�^%_4^|â�LOY[Y[^�âpN[Z¦L)TA_�G�W�Z¦])ã�Y#^�"�_#P�LÂõ+_
N#PA^Íâ�LOY[Y[^�âpN[Z¦L)TðíhL)YIN#P�^%_4^ÍVARÂN[RAG>��P�^�^�Y#Y[LOYIZ�T�N[P�^ÍR ìAì Y#L<î9ë
Z�ä�RUN#Z�LOTêZ¦TSù ��Gd��^�î?â�^�^%V�_ 
 k LOT�á�éèï3^�á�LÂõ Z 
&%û C Q Gd��P�^

â�LOY[Y#^%âpN[Z¦L)T�Z¦T|N#P�^.N#PAZ�â���á�Z¦ä�Z¦NEZ�_�äÿã�â6Pÿá\RUY[]O^�YMø�ROï�L)ã?N �:N#Z�ä�^�_
N[P�^�V?Z\_ ì á\R<éO^%Vðâ�LOY[Y#^%âpN#Z�LOT3ýpG�û:_�_#P�LÂõ}TðZ�TSW�Z�]AG ��åDN#P�^Íâ�LOY#ë
Y[^�â�N#^%V:ó�ã�LOY[^�_[â�^�TAâ�^EV�RUN[R�Z�T^1�ë	_ ì R)â�^ERUY[^EY#^�ä�RUY��<ROï�á�é:_4Z�ä�Z¦á\RUY
N[LÄN#P�^IN[Y[ROTA_4ä�Z\_#_#Z�LOT�VARÂN[RAå�V?^�_ ì Z¦N#^IN[P�^�á�ROY#])^�ä�RO]OT�Z¦N#ãAV�^(LOí
N[P�^Jâ�L)Y#Y[^�â�N#Z�LOTDG
û+á¦N#PALOã�])PÍLOT�á�é�RJâ�L ì�ì ^�Y�íhL)Z¦á�Z�_.Y[^ ì LOY#N#^�V�R)_�ROTÍ^�î�RUä ì á�^Oå

õM^ðP�R<çO^�_#ãAâ�â�^�_[_4íhã�á¦á�é R ìAì á¦Z�^�V N#P�Z\_¾â�L)Y#Y[^�â�N#Z�LOT N[LæRæõ}Z�V?^
Y6RUTA]O^ILUíEL<î?Z�V�^�_}RUT�V¾Z¦T�N#^�Y#ä�^�N[RUá�á�Z�â�_�å�Z�TAâ�á¦ãAV�Z¦T�]�_4Z�T�]Oá�^Jâ�Y[é?_!ë
N6RUá\_'RUTAVÿN#P�Z�TÄñAá�ä�_i� i �8
7_��	G ��PA^�ROï�Z�á¦Z¦N!éIN#L�â�L)Y#Y[^�â�N�íhL)Y'Z¦T�N#^�Y4ëä�^%V?Z�RUN#^ÄñAá�ä N[P�Z�â��9T�^%_#_#^�_(Z\_�å�Z¦T�í�ROâ�N�å�â�Y[ãAâ�Z\RUá'íhL)YI_4N#ã�V?é9Z¦T�]
ñ�á¦ä�_�N[P�Z¦TAT�^�Y�N[PARUT Z "�_Uò8ä N#P�Z\â��1G!xT _#ã�ä�ä�RUY[éOå÷õ.^�PAR<çO^ ì Y#LÂç9Z\V?^�V0ROT Z¦ä ì Y[LÂçO^%V�_4^�áyí�ë
ROïA_#LOY ì N#Z�LOTêâ�LOY[Y[^�âpN[Z¦L)TèíhL)YIù�ú�û�W'üêV�RUN[R�N#P�RÂNJL ì ^�Y6RÂN[^�_IRÂN
ROT9éè_#ROä ì á¦^|N#P�Z\â��9T�^�_[_(LOY�â�L)TAâ�^�T�N#Y6RÂN#Z�LOT�G���ã�YI^�î�RUä ì á�^|LOí
R ì ã�Y[^:â�L ì�ì ^�Y2íhL)Z¦á1V?^�ä�L)TA_!N[Y[RUN#^%_Eï�LON#P�N[P�^�R)â�â�ã�Y[R)â�éJLOí8N#P�^
â�LOY[Y#^%âpN[Z¦L)TIROTAVIN[PARÂN%å<íhLOY'â�LOT�â�^�T�N[Y[RUN#^�V�_[RUä ì á�^�_�å%N#P�^Mâ�L)Y#Y[^�â�ë
N[Z¦L)TÄâ�RUT|ï�^}_#ã�Y ì Y#Z\_4Z�T�])á¦éIá\RUY[]O^OG�'ôLOY[^�LÂç)^�Y%å�íhL)Y'õ.^�á¦á¦ë L)Y[V�^�Y[^�V
ä�RUN#^�Y[Z\RUá\_�å �öâ�ROT�P�R<çO^�R�_4ã�Y ì Y[Z�_#Z�T�]Oá�é�á�ROY#])^�^��3^%âpN%G
��P�Z\_'õ.L)Y �Iõ�RO_ ì ROY4N[Z�ROá¦á�éJ_4ã ì�ì L)Y4N[^�V|ï9é�N#P�^i'�Z¦Y[^�â�N#L)Y�åF�:í�ë

ñ3â�^JLOí2ü�â�Z�^�TAâ�^OåR� -�â�^JLUí2K�RO_#Z\âJù2T�^�Y#])é�ü?â�Z¦^�TAâ�^%_ÿø*�(K�ùMü�ýpå
F.PA^�ä�Z�â�RUá?ü?â�Z�^�T�â�^�_�å)((^�L�_#â�Z¦^�TAâ�^%_�RUT�VJKMZ¦L�_#â�Z¦^�TAâ�^%_R':Z�ç9Z�_#Z�LOTDå
à G�ü1G '�^ ì RUY#N#ä�^�T�N+LUíEù2TA^�Y[]Oéðø '%�(ùMýMã�TAV?^�Y�F.LOT�N#Y6ROâ�N�4:LAG
û:F:_M�Âë i z�ü?WN_e_e_ad�*AGDù2ú�û�WEü�VARÂN[RÄõM^�Y[^�â�LOá�á�^�âpN[^�V�RÂN�ü�ünv5w2åR�TARUN#Z�LOTAROá�ã�_4^�Y�í�R)â�Z�á¦Z¦N!éèL ì ^�Y[RUN#^�Vðï9é�ü�N[ROT?íhLOY6V à T�Z�çO^�Y6_#ZyN!é
L)T�ï3^�P�RUá¦í�LOí�N[P�^�'%�(ù,+��(K�ù.ü8G

� ® ½¶¡6¸[ x¤!³%©)µ¶¸���¢�¢U¤!¡6²x²6£.-0/21�323�4�/)5�6�1)6�798)3;:
< ;>=�§)Æ 9 ³%¨)½¶³%© ª �.Æ 9 ³%¨�½¶³�© �*9 µ¶©�¡[  ª@? Æ ��³�¤x !¡6² ª ��©9¢Ê§)Æ A�Æ
��¨)±?³%µ¶² ª §OÆ9ÇD¿Â°)²xµ 
 ¨�¡&BDC ª9��¬�� � ; �%�%
%­ Æ

< 
 =FE1Æ�G1��© ª §)Æ 7 Æ � ¨�¢)©)µy¸4Ë ª ��©9¢ ¼ Æ�A�Æ0HM¡p��½y¢ ª;? ¡6È?Æ ¼ ¸6µ�Æ 7 ©)²	 x¤!¨�Á�Æ
IKJ ª ; «%
 ;J� ; �%���%­ Æ

< ¬ = � ÆLG�¤0M³%Å�¡[¤ ª �(Æ º ¤!È%��©�µÃ !µ¶² ª&N Æ � ��±?¡[¤!²x¸4¿�Ë%¡ ª H:ÆLAÄµ¶¸#¿���¡6½¶µ¶² ª
O Æ 9 ¤!µ¶Á�Á ª ��©�¢ ® Æ;E?²x¸#¿)¡6¸4¿ ª ÇD¿U°O²6Æ ? ¡6È?Æ � B I ª%¬%
���¬ � ; ���<
�­ Æ

< � =LGMÆLA�Æ.H��6°Â¡6²|��©�¢÷§)Æ � Æ � ³p°)¸[¡ ª µ¶© k9q%j fQP¾k�~�i�~�d � cUz�m!fhg[m ª
¡p¢OµÃ !¡p¢�±U°�H�Æ ® ¿)¤!¡[©)¤!¡6µ¶¸4¿ ªO» Æ ¼ ¡6µÃ SR ª ��©�¢J��Æ�G3¨O¤!©O±)¨�½¶½1� º ¸p� �
¢O¡6Á�µ¶¸ ª�� ¡>TVU�³�¤!Ë ª ; �%�%
%­#ª È%³%½�Æ ¬�WUª ´�Æ ; W�¬ Æ

< � = 9 Æ 9 Æ � µ ªO» Æ � ¤!µy¢OÅ%¡6² ª ��©�¢��.Æ)H:Æ � ³Â³� !¿ ª Ç�¿Â°O²6Æ ? ¡6È?Æ �YX[Z�ª

�¬%¬<
 � ; ���<��­ Æ

< 
 = ¼ ¡6¡}¿Â x !´�£ \�\�½yµ¶²x¡%Æ ½¶±�½�Æ Å%³�È]\ ?M¼O¹Mº Ç�\UÆ
< W =F�.Æ�H�Æ � ³Â³� !¿ ª2» Æ � ¤!µy¢OÅ%¡6² ª §)Æ � ³p°O¸6¡ ª GMÆ.��½y��¡6²x³%© ª�� Æ�A�Æ
� ��µÃ¤!²x³%© ª�? Æ � µy��©�Å ª ��©9¢è�(Æ º Æ � ³�©�© ª ÇD¿U°O²6Æ ? ¡6È?Æ �^X B ª
�%���Â
 � ; ���%
%­ Æ

< � =�§)Æ2E1Æ ? ¡6© ª�9 Æ º Æ ? ³%²x¡ ª2? Æ ¼ Æ�ÌSµ¶½¶½yµy��Á�² ª �.Æ;H�Æ � ³Â³� !¿ ª ��Æ N Æ
¼ ¿O¨)¿ ª Ç1Æ 9 Æ º ½¶½¶¡6© ª §)Æ9§OÆ � ¨)¸#¿)¡[¤ ª ��©9¢ � Æ_A�Æ ® ¢O¡6½¶²	 !¡6µ¶© ª §OÆ
º ´�´�½�Æ�Ç�¿Â°O²6ÆK`[C ª_W�
 ; ¬ � ; �;�%�<­ Æ

< � = � Æ�A���©)©�¡6½¶½y� ªOº Æ ? ³%²x¡6©)¿9��¿)© ª �.Æ2H�Æ � ³Â³� !¿ ª)¼ Æ�A���¤!¸4¿�¡[²xµy©)µ ª
� Æ ¼ Æ.AÄ¨�© ª�¼ Æ � H�Æ�U'��©�Å ª�N Æ 7 ±)¤4��¿�µ¶Á ª U(Æ�G3³�Á�µy³�Ë%� ª ��©�¢
�.Æ ¼ Æ » �%¢O½¶¡[°�� 
�«%«�¬<­#ª ´O¤!¡6´)¤!µ¶©Â pÆ

< ; « =F�.ÆDH:Æ � ³Â³� !¿ ª�� Æ ¼ ¿�½Ã°OË ª[N Æ � ¡6©)Ë<³�È ª §)Æ 9 ÆDH.¨�±?¡[¤ ª ��©9¢ � Æ
® Æ9��¡ � ³%©)Å ª ²x¨�±)Á�µ¶ x !¡6¢AÆ




