
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
Topology of the Adiabatic Potential Energy Surfaces for the Resonance States of the Water 
Anion

Permalink
https://escholarship.org/uc/item/77v4s15t

Authors
Haxton, Daniel J.
Rescigno, Thomas N.
McCurdy, C. William

Publication Date
2005-04-15
 
Peer reviewed

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

https://escholarship.org/uc/item/77v4s15t
https://escholarship.org
http://www.cdlib.org/


�����������	�	
��	������������������������������! "������#�! ��%$��	
�&('�$��)���*�%&+�)�	$+����
$��%&��� ��� ��*��&,���(�%&-�	������/.0����%$1�� 2���� 

35476�4�8:9<;,=?>A@CBEDGFIHJFLK�M24�NO47PRQJSUTWVYXZ@(>(B[HWF]\�9A@(^`_:4!a�4cbdTe_"f(gh^�i,jUFlk?FmDnF]o
p?q5rGs�tAu)v]w#ryx�vRz�{}|7~�ryw��I�yv�uy�e���%x��l�Aryu?�y�lv]��z�{#|�tA��� {�z<u)x���t<���:ryun��ry�Iry�e��|�tA��� {�z<u)x���t��W�%�����

�n� tA��unryx��nr���ryu?��ry�Iry���2tAv]�Lz<x�tA� � t��yz<uhtAvGz<uy�e�
|�z<w:s��,v]�lx, ¢¡C�y�Lryx��nrn�n�£��ryu?��ry�Iry�¤�}|�tA��� {�z<u)x���t¥�W�%�����
¦?q5rGs�tAu)v�w#ryx�vm�§z�{#¨"s�s����LrU©¢¡C�y�Lryx��nr�tAx�©ª|7~�ryw��I�yv]u)�e�
�%x��l�Aryu?�y�lv]�`z�{«|�tA��� {�z<uyx���t<�OqOtA�e�I�n��|�tA��� {�z<uyx���t¥��¬,A®,

¯ � tA��unryx��nr���ryu?��ry�Iry���2tAv]�Lz<x�tA� � t��yz<uhtAvGz<uy�e�
|7~�ryw��L�UtA�°¡C�y�Lryx��nrn�n����ryu?��ry�Iry�e�d|�tA��� {�z<u)x���t¥�W�%�����

±�²�³�´<µ·¶�¸�´
¹�º¼»#½(¾e¿G»)À·¿�ÁEÂeÃ°»)À�»nÄ�ÅeÆ¢Ç�È¼Ä�ÉIÂeÊ?»)ÇËÊ?¾eÄ�Ä�»)ÇG½(¾¤À¼Ì¼ÁÍÀ�Å�¿G¾«¿�º�»�Ã�¾¤À�Å�Î�ÃEÁEÏe»)Ì0Ð�ÑA»)Ì�Î�À·È¼ÊnÃE»)ÁÒ»)Ã�»)Ê?¿GÄ�¾¤À`Ç�ÊnÂ�¿G»nÄhÁEÀ�Å

Ä�»)ÇG¾¤À,ÂeÀ¼Ê?»)Ç�¾eÉ°Ó HnÔ Ä�»)Ã�»nÏ�ÂeÀ<¿�¿G¾d¿�º�»ËÌ¼ÁEÇ�ÇG¾AÊnÁÍÂ�¿�Á�Ïe»5»)Ã�»)Ê?¿GÄ�¾¤À«Â�¿G¿�ÂeÊhº¼Õ2»)À·¿O½,Ä�¾AÊ?»)Ç�Ç�Â�Ä�»�»?Ñ�ÂeÕ�ÁEÀ�»)Ì«È¼Ç�ÁEÀ�Å
Â�Ê?¾¤Õ×Ö,ÁEÀ¼Â�¿�ÁE¾¤À§¾eÉ�Ø<Ù�ÚYÛ,ÚIÜÝÚlÞ�Ç�ÊnÂ�¿G¿G»nÄhÁEÀ�ÅdÂeÀ¼ÌßÖ�¾¤È,À¼ÌZÎ�ÇG¿�Â�¿G»ËÊnÂeÃÍÊnÈ¼ÃEÂ�¿�Á�¾¤À¼Ç)à«¹�º�»)ÇG»�Ç�È�Ä�ÉÝÂeÊ?»)Ç£º¼ÂyÏe»�Â}Ä�ÁÍÊ�º
¿G¾e½(¾¤Ã�¾eÅeÆeá%Ê�º,Â�Ä�ÂeÊ?¿G»nÄ�Á�ân»)ÌãÖAÆ}¿�º�Ä�»n»5Õ�ÂeÁEÀdÉY»)Â�¿�È�Ä�»)Çnä�Â�Ê?¾¤À,ÁEÊnÂeÃ7ÁÍÀ<¿G»nÄ�Ç�»)Ê?¿�Á�¾¤À�Ö�»n¿]å7»n»)À�¿�º�» Hnæ D ÂeÀ¼Ì HUç H
è »)Ç�º·Ö,ÂeÊhº}Ä�»)ÇG¾¤À¼ÂeÀ,Ê?»�ÇG¿�Â�¿G»)ÇnéêÊhº¼Â�Ä�Åe»?Îm¿GÄ�ÂeÀ,ÇGÉY»nÄRÖ�»)º,Â)ÏZÁ�¾eÄ°ÁEÀ#¿�º�» Ô Óìë Hní°îÒï Óñð§ÂeÇGÆZÕ2½¼¿G¾e¿G»2¾eÉ!¿�º¼» H ç D
ÂeÀ¼Ì H æ D Ä�»)Ç�¾¤À¼ÂeÀ¼Ê?»)Çné%ÂeÀ¼Ì�ÂeÀdÁEÀ,º�»nÄ�»)À·¿RÌ�¾¤È�Ö,ÃE»?ÎmÏWÂeÃEÈ¼»)Ì¼À�»)Ç�ÇÒ¾eÉc¿�º�»�Ç�È�Ä�ÉÝÂeÊ?»�ÉI¾eÄR¿�º�» H ç H Ç�¿�Â�¿G»O¿�º�»�ò Hôó
Åe»n¾¤Õ2»n¿GÄ�Æeá�Â�Ä�ÁEÇ�ÁEÀ¼Å#ÉIÄ�¾¤ÕõÂdÖ¼Ä�ÂeÀ¼ÊhºZÎm½(¾¤ÁEÀ·¿�Ì¼»nÅe»)À�»nÄ�ÂeÊ?Æ§å	Á�¿�º«Â H ç H Ç�º¼Â�½(»�Ä�»)ÇG¾¤À¼ÂeÀ,Ê?»eà�öôÀ§¿G¾e¿�ÂeÃlá�»)Á�Å¤º·¿
ÁEÀ¼Ì,Á�ÏAÁÍÌ¼È¼ÂeÃ,Ç�»)ÂeÕ�Ç�¾eÉ*Ì�»nÅe»)À�»nÄ�ÂeÊ?Æ�ÂeÕ2¾¤À¼Å�¿�º�»)ÇG»ñÄ�»)ÇG¾¤À¼ÂeÀ¼Ê?»)Ç�Â�Ä�»RÃ�¾ZÊnÂ�¿G»)Ì�à

÷�ø�ùyú<ûJü�ýeþyÿ����������	�¤þ�

� ýWÿ�����������Jÿ<þ������������¤þ�

� ������������eø������������	�eþ�


�



��� �������
	����������	��

a�Q	ghQWTJQW@�=��ÍiOghQ���>Zgh=UQW^£T�9��YTWf��I9·=?VY>Z@(S*>�� =��(Q�TJgU>ZShS�SUQJTJ=UVI>Z@(S��m>Zg*^(VYSUSh> TJVÝ9·=UV��ZQ	9·=h=n9AT�� ��QJ@¼=%=!�(gU>Zf�X"�
=���Q��I>$#"QJSh=&%GQW@�QWgUX·i�gUQJSU>Z@(9A@(TWQ�' � B)(+*CVI@}Q,�IQJTJ=?gh>Z@-%.#Ò9·=UQWgÒTJ>"�/�YVIShVI>Z@(S�=��(9·=°VI@�TW>Zg0�ê>ZgU9·=?QJ^}9
�mf����21¼f�9A@3%
=?f � =?ghQ�9·=!��QJ@¼=!>��,=���Q	@¼f(T,�IQW9Ag���>A=UVI>Z@:>���=!�(Q�gUQWSh>Z@�9A@�=!Sh=?9·=?Q·4�M4��9<=7S�=?f(^ i��m>Zf(@(^£XZ>,> ^�9AXAgUQWQ,��QJ@�=
#ñVY=!��Q);-�êQJgUV/�ËQW@�=5�m>Zg�^(VIShSU>,TWVI9·=?V6�ZQR9·=U=?9AT����ËQW@�=	=��(gh>Zf(X"��=��(Q��I>$#�QWS�="ghQWSU>A@�9A@(TJQ:Sh=?9·=?Q
7 H98 D0: >;��=���Q
#"9·=?QJg"9A@�VI>Z@�=?><�(gh> ^(f�TWQ×8 ð B 9A@(^ËVY=�QJSh=n9;=��IVYS!�(QJ^�=��(9·=�=��(Q×9ASUSh> TJVÝ9·=UQW^Ë^�i,@�9��ËVITJS�9·gUQñVI@�=?ghVI@(ShVITW9��/�Íi
��>"�YiZ9·=?>"�ËVIT:9A@(^�=��¼f(SRT�9A@�@(>A=>=�Q£^�QWSUTJgUV�=êQJ^�Shf(TWTJQWSUS&�mf��/�Íi?=�i�>Z@(Q@%ô^(V/�ËQW@�SUVI>A@�9��A�Ë>,^(Q��YSW4
3�VIShSU>,TWVI9·=?V6�ZQR9·=U=?9AT����ËQW@�="=U>
#"9·=?QJg"VISCB¼@(>$#ñ@�=?>�9��YSU>D�(gU>,TWQJQW^�=���gU>Zf(X���=E#�>�>A=��(QJgF�ËQJ=?9ASh=?9�=��IQ

Q��YQWTy=?gU>A@(VIT×Sh=n9<=?QWS">��*=��(Q�8 H9G ð 9A@(VY>Z@C4IHÒ=Ò=��(Q:Q�1¼f(V/�YV/=(ghVIf�� XZQW>"�ËQJ=UghiË>��*=!�(QJ#"9·=?QJgK��>��IQWTJf��IQñ=���Q
=���gUQWQ�S�=n9·=UQWSñ>��%=��(Q�#"9·=?QJgR9A@(VI>A@L��9��ZQ��ZQJgh=?VYT�9��ê=?g?9·@(SUVÍ=?VI>A@}QW@(QJgUXZVYQWS°>���9����(gh>�;�V��#9<=?Q��ÍiNM 4POL7mH 8 D0: B
Q 4ROS7 H!T D!: B�9A@(^ � � 4PO·Q@UV7 H 8 H9: 4 G f(g
��f(g!��>ZSUQ��(QWghQ�VIS�=?>ã^�QWSUTJgUV�=êQ#=!�(Q��I9AgUXAQWg<�(VITy=?f(ghQ�=��(9·=W��9·S
Q��ËQWghXZQW^X�mgh>"�õ=��(Q�TJ>"�W=(VY@�9·=?VY>Z@�>;��>Af(g��(ghQ,�,VI>Zf�S2T�9��YTWf��I9·=?VY>Z@(SR>���=��(Q���>A=?QJ@�=?VÝ9;�7QJ@(QWghXAi§SUf�g0��9ATJQ
�m>Zg�=!�(Q H 8 D Sh=n9<=?Q�#ñVY=!�Y�(gUQ,�IV/�ËVI@(9AghidT�9;�ITWf �Ý9·=UVI>Z@(S:>���=��(QZ��>A=?QJ@¼=UVÝ9���QW@(QJgUXAi§Shf(g0��9·TWQWS£>��	=��(Q H�T D
9A@(^ H�8 H gUQJSU>Z@(9A@(TWQ£Sh=?9·=?QJSW4
a�QX��9��ZQX�m>Zf�@(^ª=���9<=�=��(QJSUQ[��>A=?QJ@¼=UVÝ9��RSUf�g0��9ATJQWSL��9��ZQ«9¢@¼f��
=êQJg}>���VI@�=?QJgUShQWTJ=UVI>Z@�SWB×9·=L�IQW9ASh=

>Z@(Q�>���#>�(VYT��\%�@�9��ËQ��YiABÒ9«TW>Z@(VYT�9��ñVY@¼=UQWghSUQWTy=?VY>Z@]=�QJ=E#�QWQW@ª=!�(Q�H T D 9A@(^ H 8 H ghQWSU>A@�9A@(TJQ�Sh=?9·=?QJS
%���9�i^��9��AQ�9Y��9+_h>ZgOQ,`êQWTJ=Ë>Z@0=!�(Q}^�i,@�9��ËVITJS�>��R^(VIShSU>,TWVI9·=?V6�ZQ�9<=U=n9·T�����QJ@�=�=?>Y#Ò9<=?QWgJ4^aG@(^�QWQW^�B
=���Q�TW9��ITJf��Ý9·=UVI>Z@�S
#"Qb#ñV/���K�(gUQJSUQJ@¼=��(QWghQ�S�=?gh>Z@(X"�Íi¥SUf(XAXZQWS�=�=!��9·=c�(gU>,^(f(Ty=?VY>Z@ >;� G ðed 8 H �mgh>"�
^(VYSUSU>,TWVI9·=?V6�ZQ29<=U=n9·T�����QJ@�=°=?>5=���Q2H 8 H Sh=?9·=?Q��5f�Sh=ñgUQJSUf��Í=4�mgU>"� @(>Z@(9A^(VÝ9;=�9·=?VYT:TJ>Zf����YVI@(X�=U>5=��(Q2H T D
Sh=?9·=?Q·B�SUVY@(TWQ2=��(9·=ñT���9A@(@�Q��%VISñ@(>A=R9·@�9·Shi3��� =?>A=UQ£>;�7=!�(Q�H 8 H 7f(·H T�g : SUf(g&��9ATWQ·4

h7>��Yi�9<=?>"�ËVIT�9A@�VI>Z@(SñTW9A@ã9��YSU>c�ê>ASUQ£VI@�=?QJgUQWS�=?VY@(X�1¼f(QJSh=UVI>Z@(S×gUQJX�9AgU^�VI@(X�=���QO=?>��ê>"�Y>ZXAi#>���=!�(QO^�VIS&%
SU>,TWVI9·=?VY>Z@[�IV���VÍ=?S�>��"=��(QJVIg��ê>·=?QW@�=UVÝ9���QW@�QWgUX·i�Shf(g0��9·TWQWSJB�9A@(^«=��(>ASUQ#TJ>Z@(TJQWgU@¢f(S
�(QJgUQ#9AS<#�Q����L4Li�>Zg
Qy;�9��c���YQABj�m>Zg"9D�ê>A=UQW@�=?VI9�� SUf(g&��9ATWQ×>��!8 H�G ð =?>�^�VISUSh> TJVÝ9·=UQ�=�>A=!�#=?>�8 H d G ð VI@�>Z@(Q:9AgUgU9A@(XZQ,��QJ@¼=
9A@(^�=?>ã8 ð\d G 8 VY@09A@�>A=��(QJg
�ËVIX"��=£@(>A=OVI@�VY=?VI9��/�Íiã9;���êQW9Ag�=?>ãgU9AVIShQ#9A@�iß=?>��ê>"�Y>ZXZVYT�9��k1¼f(QJSh=UVI>Z@C4
8×>$#�Q,�AQWgWB�^(VIShSU>,TWVÝ9<=?VI@�X�=!�(Q58 H �Ë>"�IQJTWf��YQ£VY@�>A@(Q�>���=��(>ZShQ
�YV/�ËVY=?SÒ9A@(^�^�VISUSh> TJVÝ9·=UVI@(X�=���Q G 8l�mgU9AX;%
�ËQW@�="VY@Ë=!�(QR>A=��(QJgC=�gUVI@�XZS�=��(QRShi,Sh=UQ�� =?>£Qy;�9ATy=��Yi�=!�(Q:SU9��ËQRXAQW>"�ËQJ=Ughi�>��ê=��(ghQWQRSUQ��(9Ag?9·=UQW^}9<=?>"�ËSWB
=(f�=>#ñVÍ=��}=��(Q2Q);,=?g?9�Q��YQWTy=?gU>A@d>A@ G ð VI@Lm�ghSh=ñT�9·SUQO9A@(^d8 ð VI@�=!�(Q�>A=��(QJgCn 9�T��IQW9Ag°V/�c��>ZSUShV/=(V��IVY=Gi
>Z@d9�SUVI@�X"�IQ���>A=UQW@�=?VI9��CSUf�g0��9ATJQA4
b�Qy=n9AS�=n9�=��YQ�Sh=?9·=?QJSI��9��AQ5m�@�VY=?Qo�YV��mQy=?V/�ËQWSJBe9A@(^�=���Q�9·SUSU>,TWVI9·=?QJ^�#ñVI^�=!�(Sp�m>Zg!� =��(Q�V/��9AXZVY@�9Ag�i��(9Agh=US

>��,=��(QJVIg*QJ@(QWghXZVIQJSW4�M4��QWgUQ@�m>ZgUQ�=���Q	>$�AQWg?9;�/�Z=?>��ê>"�Y>ZXAi×>���=!�(VIS*S�i,Sh=?Q,��>�� ��>A=UQW@�=?VI9��ZQW@�QWgUX·i�SUf(g&��9ATWQJSq�m>Zg
=���QD#"9·=?QJg�9A@(VY>Z@�VY@r�Z>"�6�ZQWS×VI@�=?QJgUShQWTJ=UVI>Z@�S:>���TJ>"�c���IQ);3%.�·9��If(QJ^�Shf(g0��9·TWQWSJ4JH×S�#�Q
#ñV/���*^(Q��Ë>Z@(S�=?g?9<=?QAB

(



=���VIS�ShVY=Uf�9·=?VY>Z@09;�/�I>$#ñS�=?>"��>"�Y>ZXZVITW9��cTJ>"��� �IVITW9·=?VY>Z@(S�SUf�T�� 9·S
=(gU9A@(T��-% �ê>ZVY@�=5^(QJXZQW@(QJg?9ATJVIQJSW=êQy=E#"QJQW@
TW>������YQy;D��>A=?QJ@¼=UVÝ9��,QW@�QWgUX·i5SUf�g0��9ATJQWSW4ca�QÒQJ@(^(Q�9��A>Zg �(QWghQ"=?>��(gh>$� VY^(Q°9:TJ>"�c�(gUQ,�(QW@(ShV��AQK� VYQ,# >���=���Q
=?>��ê>"�Y>ZXAi�>��"=!�(Q���>A=UQW@�=?VI9���QW@(QJgUXAi«Shf(g0��9ATJQWS£>��"=!�(Q�=��(ghQWQ#ghQWSh>Z@�9A@(TJQ#S�=n9·=UQWS£>��"=!�(Qc#"9·=UQWgO9A@(VI>A@
=��(9·=��mQW9·=?f(ghQ�VY@+Qy;-��QWghV/�ËQW@�=n9��R>"=(ShQWg&�A9<=?VI>A@(S#>���^(VIShSU>,TWVÝ9<=?V��AQ�9<=U=n9·T�����QJ@�=�Bñ9A@(^ =?>0Q); � �I>ZghQ�=���Q
��>A=?QJ@¼=UVÝ9���gU>"�YQ2>��7=!�(QWVYg°VI@�=?QJgUShQWTJ=UVI>Z@�SRVY@�=��(Q�^�i,@�9;��VYTWSñ>��!=��(Q�^(VYSUSU>,TWVI9·=?V6�ZQ�9·=h=n9AT�� ��QJ@¼=>��gU>,TWQWShSW4
3�VIShSU>,TWVI9·=?V6�ZQ×9·=U=?9AT����ËQW@�=ñ>��!Q��YQWTJ=UgU>Z@�SÒ=?>�#Ò9<=?QWg4�Ë>"�YQWTWf �IQWS5#Ò9·SRQ);�9���VY@(QW^}Q);-�êQJgUV/�ËQW@�=?9��/�Íi#9·S

Q�9·g!�YiË9·S ������� ' � *L4�� f�=(ShQ�1¼f(QW@�=RQy;-��QWghV/�ËQW@�=?S�'
	�� � (+*�9A@(^�TW9��ITJf��Ý9<=?VI>A@(S�' �� B �� � ��� *�VY@�=���Q:^(QJT�9A^(QJS
=��(9·=��m>��/�I>$#�QW^ V/�c�(gU>$�ZQJ^ =!�(Q�f(@�^(QWghSh=n9·@(^(VI@�X¢>���=!�(VISc����i,SUVYT�9����(gU>,TWQJSUS�9·@(^ªT���9AgU9ATJ=UQWghV��WQJ^+=���Q
=���gUQWQ�gUQWSh>Z@�9A@�TWQWS}=!��9·=}9·gUQ�ghQWS0�ê>Z@�SUV/= �IQ �m>ZgËT��YQ�9Ag0�Yi gUQJSU>"�6�ZQJ^ �êQW9�B¼S}VI@ =!�(QãTJgU>ZShS}SUQWTy=?VY>Z@(S��m>Zg
�(gh> ^(f�TWVI@�XË^�V�`êQWgUQJ@�=��mgU9AX"�ËQW@�=?SJ4
M!> f�@(^(QWghSh=?9A@(^ì=!�(Q¥VI^�QW@�=?VÍ=?VIQJS§>��Ë=��(Q0=!�(gUQJQ ghQWSU>A@�9A@(TJQWS«gUQWS0�ê>A@(SUV�=��IQS�m>Zg§^�VISUSh> TJVÝ9·=UV��AQ¥9·=0%

=n9·T�����QJ@�=#VY@ #"9·=?QJg�VÍ=�f(SUQ@�mf��°=?>«gUQJT�9����Ò=���9·=Ë=���QdXAgU>Zf(@�^+Sh=?9·=?QdTW>A@ m�XZf(gU9·=?VY>Z@`>��J#"9·=UQWgËVIS ��� H D
( � H D ��� HH ��� H D ��� H D VI@0VÍ=?SOQ�1¼f(V/�YV/=(ghVIf�� XAQW>"�ËQJ=UghiZBk#ñVÍ=��S=�>Z@(^¥^�VISh=?9A@(TJQWS�Q�1¼f�9;��=?> � 4 Q ����� 7 #>�(QWghQ
��������� O"( Q�� ��� ð D � � VYSR=!�(Q��">"�(gñg?9·^(VIf(S : 9·@(^ã9Z=ê>A@(^ã9A@�X"�IQ�>�� ��� 	(4RO��W4�M4�(QO=!�(gUQJQ�gUQJSU>Z@(9A@(TWQJS
9AghQ! !i�QJS!�j=�9AT���gUQWSh>Z@�9A@�TWQWS#"L=êQJT�9Af�SUQ�=��(Qyi�9·gUQ£9ASUSh> TJVÝ9·=UQW^b#ñVY=��dQ��YQWTy=?gU>A@(VITW9��/�Íi#Q);�TJVY=UQW^�S�=n9·=UQWS×>��
=���Q��Ë>"�IQJTWf��YQA47M4�(QJi�9AghQ×T���9·g?9ATy=?QWghV��JQW^N=�i�TW>A@ m�XZf(gU9·=?VY>Z@(S	VI@Z#>�(VIT��#9A@#Q,�IQJTJ=?gh>Z@#VYS	9·=U=?9AT��(QW^#VI@�9
	 � D � VYgh=Uf�9��*>Zg0=(VY=?9��ê=U>Ë=!�(Q�Sh=n9<=?QO9AgUVYSUVI@�XW�mgU>"� =!�(Q�Qy; TWVÍ=n9·=UVI>Z@�>���9A@dQ��YQWTJ=UgU>Z@?�mgU>�� =��(Q�>,TWTJf��(VIQJ^
��� D B ��� D >Ag ��� H =U>�=��(Q�S?9��ËQ$	 � D � VYgh=Uf�9��	>Zg!=(VÍ=n9��]4LaG@ _ Hôó XZQW>"�ËQJ=UgUVYQWS�=��(>ZShQ�gUQJSU>Z@(9A@(TWQJS���9��ZQ·B
gUQJS!��QWTy=?V��AQ��ÍiZB¼H 8 D B�H T D 9·@(^�H 8 H Shi3�c��Qy=?ghiA4�a �(QJ@Ë=!�(Q G 8ª^(VIS�=n9A@(TJQWS	9AghQÒf(@(Q,1,f(9��LB�=���Q4��>"�YQWTJf��IQ
=�Q��I>A@(XZS�=?>�=���Q#_&%���>ZVY@¼=�XAgU>Zf���B79·@(^«=!�(QË9����(gh>"�(ghVÝ9·=UQ�Shi3���ËQJ=UghiY�I9�=�Q��IS�9AgUQ H�T g g 7 H 8 D0: B � H�T g
7�H T D!: B�9A@(^ (�H T�g 7mH 8 H@: 4×a¢Q
#ñV��/�!SUQJQW�Ý9·=UQWgR=���9·=×=��(Q � H T�g 9·@(^[(#H T�g Sh=?9·=?QJS2f(@(^(QJgUXZ>�9#TJ>Z@(VYT�9��
VI@�=UQWgUShQWTy=?VI>A@ #ñVÍ=��`Q�9AT�� >A=���QWgWB	SU>ß=��(9·=ËSh=?ghVITy=��Yi¢S!��Q�9�B¼VY@(X§=��(Qyi`Q�9AT��\�#9�iS=�Qd9ASUSh> TJVÝ9·=UQW^ #ñVY=!�
QWVÍ=��(QJgÒ=��(Q H T D >Zg H98 H S�=n9·=UQWSR9·=4�·9AgUVY>Zf(S°XZQJ>"�ËQJ=?ghVIQJSW4
M4�(QJSUQñSh=?9·=?QJSo��9��ZQR9Jm�@(VÍ=?Q4�IV6�mQJ=UV/�ËQ5=�QWTW9Af(ShQñ=!�(QJi�9AgUQÒQ,�W=�QW^(^(QJ^�VY@5=��(Q°Q,�IQJTJ=?gh>Z@(VYTÒTW>Z@�=UVI@¼f(f��

>���Q ðYd 8 H9G 4)HÒ=:9Zm ;�QJ^�@¼f(T,�IQ�9·gRXAQW>"�ËQJ=Ughi�=!�(QJi�TJ>ZgUghQWS!��>Z@(^d=?>�=��(Q�QJ@(QWghXZVIQJS×>��7Q��YQWTy=?gU>A@�ShT�9·=&%
=?QJgUVY@(X5gUQJSU>Z@(9A@(TWQJS�#ñVÍ=���TJ>"�c���IQ);3%.�·9��If(QJ^�QW@�QWgUXAVIQWSJB('*),+.-0/21"( 4 G f(g°TW9��ITJf��Ý9<=?VI>A@(S�>;�!=!�(Q�@¼f(T,�IQ�9·g
^�i,@�9��ËVITJSO>;�Ò^(VYSUSU>,TWVI9·=?V6�ZQË9·=h=n9AT����ËQW@�=N' � *	=U>�=!�(VIS�Shi,S�=?Q�� ��9��ZQ#Q��c���I>eiZQJ^�=!�(Q$3*>,T�9���_">"�c���YQy;
h7>·=?QW@�=UVÝ9�� 743!_Kh : ' ( � � (�	;*2��>,^(Q��]B"#>�(VIT��#f(SUQJSÒTW>"�c���YQy;j% �·9��Yf(QW^��ê>A=UQW@�=?VI9�� QW@(QJgUXAiËShf(g0��9ATJQWSq_hf�Sh=°9·S
=���Q$�">AgU@-% G � �êQJ@��(QWV���QJg�=?ghQ�9·=!��QJ@¼=£>��C=�>Zf(@(^-%ôSh=?9·=?QË^�i,@�9��ËVITJS£f�SUQWS£gUQW9��6%.�·9��If(QJ^ß>Z@(QWSJ4�H �(ghVI@-%
TWV���9��°TJ>Z@(T��Yf(SUVY>Z@ >��:=!�(Q ��gUQWShQW@�=�S�=?f(^ i`VIS�=���9<=�9ßTW>"�c���YQJ=?Q�=UgUQW9·=��ËQW@�=�VI@(T,�If(^(VY@(Xß9����Ò=��(ghQWQd>��
=���Q:gUQJSU>Z@(9A@(TWQ2S�=n9·=UQWSC�5f(Sh=ÒVI@r�Z>"�6�ZQR=��(Q×^�i,@�9��ËVITWS�>Z@}9·=C�IQW9ASh=�=��(ghQWQ×TW>"�c���IQ);��ê>A=UQW@�=?VI9�� SUf(g&��9ATWQJS
TW>Af����IQJ^ =�i�=!�(Q£9����(gh>"�(ghVÝ9·=UQ2@(>Z@�9A^�VÝ9�=�9<=?VIT:TW>Zf�� �IVI@�XZSW4

�



M4�(Q£>Zf�=!�IVI@�Q£>;�c=��(VYS>��9���QWgRVIS×9AS��m>��/�I>$#ñSJ4KaG@ � QJTJ=UVI>Z@ a!aF#�Q
=(ghVIQ � i�SUf��c��9AgUV �WQ2=��(Q<��QWgh=UVI@(QJ@�=
Qy;-��QWghV/�ËQW@�=n9��	gUQJSUf��Í=?S£>Z@0^(VYSUSh> TJVÝ9·=UV��ZQË9·=h=n9AT�� ��QJ@¼=59A@(^¢=!�(Q#VY@r�ZQWghSUQN��gU>,TWQWShS�>��°9ASUSh> TJVÝ9·=UV��ZQË^(Q9%
=n9·T�����QJ@�=�4 aG@ � QWTy=?VI>A@Wa!a0aA#"Q"^(QWShTWgUV�=êQ	=��(Q5�mQ�9·=Uf(gUQJS�>���=!�(Q"H 8 D 7�H T�g g : gUQJSU>Z@(9A@(TWQF�ê>A=UQW@�=?VI9��¼QW@(QJgUXAi
SUf�g0��9ATJQ<n VY@ ��9·gh=?VYTWf��I9AgWB�VÍ=?S��(gU>��êQJg�9AS�i-�c��=U>A=?QJSW4JaG@ � QWTy=?VI>A@ a U5B #"Q�^(QWShTWgUV�=êQ£=��(QD�#9·@(V��m>"�Y^�>��
gUQJSU>Z@(9A@�="S�=n9·=UQWS	>��CH T�g 7mH T D 9A@(^ËH 8 H9:0: S�i3���ËQJ=Ughi�gUQ,�IQ@�A9·@¼=�=U>£=!�(Qñ^(VIShSU>,TWVÝ9<=?V��AQR9·=U=?9AT����ËQW@�=5�(gU>;%
TWQJSUSJ4�a�Q4#ñV/���(^(VIShTWf(ShS	=!�(Q4��9ATJ=�=!��9·=�=��(VYS �#9A@�V��m>"�Y^5VI@(T,�If(^�QWS�@(>A=	>Z@��Íi�=!�(Q×H T D 9·@(^�H 8 H i�QWS0�j=�9AT��
gUQJSU>Z@(9A@(TWQJSWB =(f�=°9��ISh>�95S!��9���Q2gUQJSU>Z@(9A@(TWQ�>��!H 8 H S�i-�c�ËQJ=?g�iZ4ca�Q2T�9·=?9��I>AX�=��(Q�9·Shi3��� =?>A=UQWS°>��%=���Q
i�QWS0�3=(9AT���ghQWSh>Z@�9A@(TJQWSJB 9·@(^5=��(QÒ=E#�>�VI@�=?QJgUQJSh=?VY@(XJ�mQW9·=?f(ghQWS�>�� =!�(VISI�#9A@�V��m>"�Y^��%9�TW>Z@�VIT�9;� VY@¼=UQWghSUQWTy=?VY>Z@
=�QJ=E#�QWQW@d=��(Q H!T D 9A@(^ H 8 H Sh=?9·=?QJSWB�9·@(^d95SUQ�9;� >��!^(QWXAQW@(QJg?9ATyiL=êQy=E#"QJQW@d=��(Q H 8 H S0��9���Q�9A@(^bi�QWS&%
�j=�9AT��}ghQWSU>A@�9A@(TJQWSW4�a�Q:TW>A@(T��Yf(^(Q�VY@ � QJTJ=?VY>Z@�U #ñVY=��#SU>"�ËQ:S0�êQJTWf��I9·=?VY>Z@(SÒ9;=ê>Zf =�=!�(Q�V/�c���YVIT�9<=?VI>A@(S
>��%=���Q�=?>"��>"�I>AXAi#>;�!=!�(QWShQ��ê>A=UQW@�=?VI9���Shf(g0��9·TWQWS4�m>Zg�=��(Q2VY@¼=UQWg0�(gUQy=n9·=UVI>Z@}>��%=!�(Q2Qy;-��QWgUV���QJ@�=n9��CghQWShf��Y=US
>Z@�^(VYSUSU>,TWVI9·=?V6�ZQ�9·=h=n9AT�� ��QJ@¼=ñ=U>Z#"9·=UQWgW4

����� �����l		��
��K����K���>�
	�����J��
^		� ����
�
2	W�����4��������4�����
�������K���

M4�(QñQy;-��QWghV/�ËQW@�=n9���Q,�,VI^(QJ@(TWQ>�m>Zgc=!�(Q4�(gU>,^(f(Ty=?So�m>Zg0��QJ^c=�i�Q,�IQJTJ=?gh>Z@Ë9·=U=?9AT����ËQW@�=�=?>�Q�9·T���>���=���Q
=���gUQWQ:gUQWSh>Z@�9A@�TWQWSÒi,VYQ��I^�S�VY@ �m>Zg!��9·=UVI>Z@Ë9�=�>Zf�=	=��(Q�9AShi3�c��=?>A=UQWS�>��%Q�9AT��}>;�C=��(QJVIgC�ê>A=UQW@�=?VI9�� SUf(g&��9ATWQJS
=(f�=£9;�ISU>�gU9AVIShQWS�1¼f(QWS�=?VY>Z@(S£9�=�>Zf�=2=���QWVIg×=?>"��>"�I>AXAiZ4 G =�SUQWg&�·9·=?VY>Z@(S2>���^(VIShSU>,TWVI9·=?V6�ZQ�9·=h=n9AT�� ��QJ@¼=�=U>
X�9AS %E���(9ASUQ�#"9·=?QJg×9·@(^�3 H�G S!��>+# =��(ghQWQ���Q�9�B¼SRVI@�=���Q£TJgU>ZShS×ShQWTy=?VI>A@CB(TW>AgUgUQJS!��>Z@(^(VY@(X�=?>�=��(Q2=!�(gUQJQ
gUQJSU>Z@(9A@�=�Sh=n9<=?QWSJB�@(Q�9·g�M�4RO B Q 4RO B�9A@(^ � � 4PO<Q,U547M4�(Q�XZgh>ZSUSD�mQ�9·=Uf(gUQJS�>��°=��(Q#Qy;-�êQJgUV���QJ@¼=?9��"ghQWShf��Y=US
9AghQ£=!��9·=ñ=��(Q<�(gh> ^(f�TJ=:9AgUgU9A@(XZQ,��QJ@¼=×8 ð d G 8 7 H�� : VYS��(gh> ^�f(TWQJ^ �mgU>�� =��(Q<m�gUS�=×=E#�>#ghQWSh>Z@�9A@(TJQ
Sh=?9·=?QJSWB�9A@(^#=!��9·=°8 H d G ð VISC�(gU>,^(f(TJQW^��mgh>"� 9��/�(=!�(gUQJQA4 aG@}9A^�^(VY=UVI>Z@CBZ=!�(Q�Q); ��QWghV/�ËQW@�=?S�>��!_"f(g�=?VYS
9A@(^0a¢9���BAQWgL' � (+*">Z@`3 H�G ^(Q,��>A@(Sh=Ug?9·=UQW^0=��(9·=�Qy; TJVY=?QJ^ G 3õVYS
�(gh> ^�f(TWQJ^ �mgh>"� =��(Q�=!�(VIgh^S��Q�9�B
VI@¥=!�(Q�9AgUgU9A@(XZQ,��QJ@�=�B�3 ð d G 3 7 H� : B"9��I>Z@�XX#ñVY=��`Sh>"��Q}XAgU>Zf(@�^ S�=n9·=UQ?�(gU>,^(f(Ty=?SWB"3 ð d G 3
7�H � : B,VI@�=!�(QñS?9��ËQR9AgUgU9A@(XZQ,��QJ@¼=W4cM4�(QJSUQ:Q);-�êQJgUV/�ËQW@�=US"9��YSU>�X�9��ZQRQ,�,VY^(QW@(TJQ��m>Zgc=!�(QR>"�êQJ@(VI@�X£>;��=���Q
=���gUQWQ9%E=�> ^ i}^(VIShSU>,TWVI9·=?VY>Z@�T���9A@�@(Q��!3 H9G ð 7�H T D!: +�! G ð[d 3 d 3ì9<= Q 4P( Q Q,U54
M4�(QJSUQñ>"=(ShQWg0�·9·=UVI>Z@�Sk�IQW9A^�f(S�=?>2Q); ��QWTy=�=���9·=�=��(QÒ=E#�>;%E=�>,^�i�9AS�i3����=U>A=?QJS�>�� =��(Q°ghQWSh>Z@�9A@�=�Sh=?9·=?QJS

VI@r�A>"���AQW^�VY@#^(VYSUSU>,TWVI9·=?V6�ZQ×9·=U=?9AT����ËQW@�="=U>
#"9·=?QJgC#ñV/����VI@(T,�If(^�QJ=�>A=�� G 8 7�H � : d 8 ð B�9A@�^ G 8 7�H  :
d 8 ð VI@ =!��9·=#9AgUgU9A@(XZQ,��QJ@�=}9A@(^+8 H d G ð VY@ =!�(Q�>A=!�(QWgJ4 a�Q�Q);-�êQJTJ=�=!��9·=Ë=��(Qd=��(ghQWQ@% =ê>,^�i
9AS�i-�c��=U>A=?Q G ð d 8 d 8 #ñV��/�k=�Qc�(gUQJSUQW@�=�>A@�=���Q�H T D SUf�g0��9ATJQA4Laô=OVIS�V/�c�ê>Agh=n9·@¼=2=U>�@(>·=?Q�=���9·=
#>�(V��IQ G 8 ð d 8 �(gU>,^(f(Ty=?VI>A@Y��9AS�=�QWQW@«>"=(ShQWg&�ZQW^�VI@§Sh>"��Q�Q);-�êQJgUV/�ËQW@�=USWB%VY=:VIS�=�Q��IVYQ,�AQW^§=?>?=�Q�9
gUQJSUf��Í=R>���^�VISUSh> TJVÝ9·=UV��AQ29·=U=?9AT����ËQW@�=ñ=?>Ë8 H@G T��Yf(Sh=UQWgUS
7]8 H9G�:#" ' ("O *]4

	



��;-�êQJgUV/�ËQW@�=US�>Z@£=��(QÒVY@r�ZQWghSUQK��gU>,TWQWShSc>�� 9·SUSU>,TWVI9·=?V6�ZQ	^(QJ=?9AT����ËQW@�=�' (�M�� � � * 9AgUQ"9��ISh>J��QWg�=?VI@�QW@�=�=U>
=���QJ1¼f(QWS�=?VY>Z@�>��C=!�(Q×=U>"��>"�I>ZX·i�>��C=!�(QJ��>A=?QJ@�=?VÝ9;��SUf(g&��9ATWQJSF�m>Zg�=��(QR=��(ghQWQ:ghQWSh>Z@�9A@(TJQWSK#�Q×=UgUQ�9<=F�(QJgUQ·B
9A@(^�VY@���9Agh=UVITJf��Ý9AgI��9��ZQñV/�c���YVIT�9<=?VI>A@(S%TW>Z@(TJQWgh@(VI@(X2=!�(QWVYg�9AShi3�c��=?>·=?QWSJ4cM4�(QJSUQRQy;-�êQJgUV���QJ@¼=US�^(Q��Ë>Z@-%
Sh=Ug?9·=UQË9?�I9AgUXAQ5g?9·=UQ�>��Ò9·f�=?>,^(QJ=?9AT����ËQW@�=��m>Zg�=���Qc��gU>,TWQWShSUQJS G 8 ð d 8 + ! 8 H9G d Q ð 9A@(^ G ð
d 8 H + ! 8 H9G d Q ð 9·=Ò=!�(QWg0�#9���TW>��/�IVYSUVY>Z@�QJ@(QWghXZVIQJSWB�9·@(^L��>AgUQW>$�AQWgWB =���9·=�=��(Q2Q,�IQJTJ=?gh>Z@�^(Qy=n9AT���QWS
1¼f(VIT�Bj�Íi�>Z@(TWQñ=���Q�9A@(VY>Z@Z=êQJTW>"�ËQWS�f(@j=ê>Af(@(^C4�M4�(QJSUQ�m�@(^(VY@(XZS	VI@(^(VYT�9·=UQ°=���9·=�=!�(QWShQ��mg?9·X"��QJ@�=?S5�#9�i
TW>AgUgUQ,�Ý9·=UQ�=?>d9�ghQWSU>A@�9A@�=£Sh=n9<=?Q�>���8 H@G ð #>�(VYT��[��9AS�9L�Ý9AghXZQ
#ñVY^�=��ß9A@�^�9·@�9<=U=?gU9ATJ=UV��AQW�ê>·=?QW@�=UVÝ9��
QW@�QWgUX·i�Shf(g0��9ATJQAB*9·@(^ãVISR=��(QJgUQ@�m>ZgUQW��gU>"=�9;=��Yid@(>A=:>Z@(QO>���=��(QWi QJS!�j=�9AT��ßghQWSU>A@�9A@(TJQWS2SUf�XZXZQWS�=?QJ^Y=¼i
=���Q<��Q�9;B,SRSUQJQW@dVI@�^(VYSUSU>,TWVI9·=?V6�ZQ�9·=h=n9AT�� ��QJ@¼=×9A@�^?#ñVÍ=��?#>�(VIT��d>Zf(g°S�=?f(^ i?�(QWghQ<=�QWXAVI@(SJ4
M4�(Q�>�;,i,XZQW@�9A@(VY>Z@CB G ð B ��9·SÒH9h S�i3���ËQJ=UghiZB(9A@(^�=���Q�XZgU>Af(@(^}Sh=?9·=?Q:>��78 H ��9ASRD  �� S�i3���ËQJ=UghiZB

SU>�=��(QJgUQ�9·gUQ�=��(ghQWQ�S0��9·=?VI9���TW>"�c��>Z@(QW@�=US�>��Ò=!�(Q#Q,�IQJTJ=?gh>Z@(VYTËS�=n9·=UQ#>��ÒSUQ��(9Ag?9·=UQW^ G ð d 8 H 4�M4�(Q
Qy; VYSh=?QJ@(TWQ2>;�%9D�ZQJghi�=(gU>Z9A^�S!�(9��êQ:gUQWSh>Z@�9A@�TWQ�S�=n9·=UQ:VI@#9ASUSh> TJVÝ9·=UV��AQ:^(Qy=n9AT����ËQW@�=Ò=!��9·="TW>ZghgUQ��I9·=?QJS�=U>
>Z@(Q:>��*=��(Q×=��(ghQWQ�S0��9·=?VI9���TW>"�c�ê>A@(QW@�=?S">�� G ð d 8 H #�>Zf��I^}Shf(XZXZQJSh=Ò=!��9·=°>A@��Yi�=���Q:=E#">�ghQ���9AVI@�VI@(X
TW>�����>Z@(QJ@¼=US�T�9A@ TW>ZghgUQ��I9·=?QN#ñVÍ=��`=��(Qbi�QWS0�j=�9AT��ªghQWSU>A@�9A@(TJQWSW4 � VI@�TWQ}=��(QJgUQ�9AgUQ}=!�(gUQJQ i�QWS0�j=�9AT��
gUQJSU>Z@(9A@(TWQJSWB°=���VIS��ËQ�9·@(SË=!��9·=Ë=��(Q�9AShi3�c��=?>·=?QWS#>���=���>ZSUQd=��(ghQWQXi�QJS!�j=�9AT��-ghQWSU>A@�9A@(TJQX�ê>·=?QW@�=UVÝ9��
SUf�g0��9ATJQWS��5f(Sh=RVY@(T��Yf(^(Q�9�T���9A@(@�Q���=êQJSUVY^(QWS G ð d 8 H 4

���,��� � ��� H ç D�� H æ g g�� 
 � �4���

��� ���
	����	�����������������	�� �!�

G f(g��(ghQ,�,VI>Zf�S£TJ>Z@ m�XAf(g?9·=UVI>Z@ßVY@¼=UQWgU9ATJ=UVI>Z@§S�=?f(^�iß>;��=!�(QZ�ê>A=UQW@�=?VI9��cQJ@(QWghXAi§SUf�g0��9ATJQË>;�"=���Q�H 8 D
7 H!T g g : Sh=?9·=?QN' � *7VI@�^(VITW9·=?QJ^�=��(9·=28 ð d G 8 7 H�� : 9A@(^ã8 H d G ð 9AghQO=���Q5TW>ZghgUQJTJ=29·Shi3��� =?>A=UQWSJ�m>Zg
=���VISRSh=n9<=?QA4°M4��VIS��ê>A=UQW@�=?VI9��*QW@�QWgUX·i�Shf(g0��9·TWQ59·@(^�=!�(QOShf�=(ShQ�1¼f(QW@�=�S�=?f(^�id>���=��(Q<1¼f�9A@�=?f��õ@¼f(T,�IQ�9·g
^�i,@�9��ËVITJSÒ>Z@�=!�(Q2H 8 D SUf�g0��9ATJQc' ( *2#"QJgUQ2TJ>Z@(SUVYSh=UQW@�=>#ñVY=��#Qy;-�êQJgUV���QJ@¼=?9���>�=(SUQJg0�·9·=?VY>Z@(S°>��*=!�(Q�=?>·=n9��
TWgh>ZSUS£SUQJTJ=UVI>Z@�9A@(^ß=��(Q�^(QJXZgUQJQ�>;�C�,V/=�g?9·=UVI>Z@�9;��Qy; TJVY=n9<=?VI>A@«>;��=!�(Q G 8 7mH � : �mg?9AX���QJ@¼=W4�HJ�YSU>(B*=���Q
�(gh> ^(f�TJ=?VY>Z@ >�� G ð d 8 H B	=��(>Af(X"� =!��9·=ËT���9A@�@(Q��RVISZ�(ghQWSUQJ@�=}9ASË9A@ 9AShi3�c��=?>·=?Qd>��:=!�(Q�SUf(g&��9ATWQ·B
#"9AS<�AQWg�i�S0�#9;�/�cVY@�TJ>"���(9AgUVYSU>Z@§=?>�=���Q#8 ð d G 8 T���9A@(@�Q��	^(f(Q�=?>�=��(Q�S!�(9��êQË>���=��(Qc�ê>·=?QW@�=UVÝ9��
QW@�QWgUX·i�Shf(g0��9ATJQA4×M4��9·=�ghQWShf��Y=×VIS×TW>Z@(ShVIS�=?QW@�=�#ñVÍ=��d=��(QOQy;-�êQJgUV���QJ@¼=?9��!>"=(SUQJg0�·9·=UVI>Z@d=���9·=J�5f(T��X�YQWShS
G ð VISC�(gU>,^(f(TJQW^�=!�(gU>Zf�X"�#=���VIS"ghQWSh>Z@�9A@(TJQ�=���9·@}8 ð 4 �,VI@(TJQ:=��(Q×H 8 D Sh=?9·=?Q×VIS	=��(Q��Y>$#"QJSh=>i�QWS0�j=�9AT��
gUQJSU>Z@(9A@(TWQ�9A@(^¥^(>,QWSO@(>A=�9;���êQW9AgO=U>ãVI@�=UQWg?9·TJ=<#ñVY=��09A@�i¢>A=!�(QWgOSh=?9·=?Q·BcQy; TWQ,��=��m>Zg£=��(Q H�T D S�=n9·=UQ
9·=��IVY@(Q�9Ag�84% G %�8õXZQJ>"��Qy=?g�iZBF#�Qã9AghQ�^�gUV��AQW@+=U>�TJ>Z@(T,�If(^(Qd=���9<=�8 ðed G 8 9·@(^-8 H d G ð 9AghQ

O



=���Q}TW>ZghgUQWTy=Ë9AShi3�c��=?>·=?QWSW�m>Ag�=��(VYS5Sh=?9·=?Q·B�VL4[QA4ÍBc=��(Q}>"=�SUQWg&�ZQJ^ �(gh> ^(f�TJ=?SW�mgh>"� =��(Q H 8 D ghQWSh>Z@�9A@(TJQ
TW>AgUgUQJS!��>Z@(^¥=?>§^�V�`êQWgUQJ@�=Ë9AShi3�c��=?>A=UQWS�>��ñ=!�(Q�S?9;��Q�9A^�VÝ9�=�9<=?VITËQ��YQWTy=?gU>A@(VIT�QJVIXZQJ@(Sh=?9·=?Q·4¢8R>$#"Q@�ZQWgJB
=��(9·=ñTW>Z@�T��If�SUVI>A@dgU9AVIShQWSR9A@(>·=��(QJg�1¼f(QJSh=UVI>Z@C4

�
� �������!� �� 	���������!������� � ��� ��� 	
	

� V��ZQJ@�=!��9·=	=��(Q×H 8 D 7�H T�g g : Sh=?9·=?Q×TW>ZghgUQ,�Ý9·=UQWSC#ñVÍ=��#8 H d G ð VY@#>Z@(Q:9AShi3�c��=?>·=?Q�9·@(^�8 ð d G 8
7 H�� : VI@}=���Q£>·=��(QJgWB(=���QWgUQ�VYS×9·@�9;����9AghQW@�=���9Ag?9·^(>�;�4 G 8 7 H�� : TW>ZghgUQ��I9·=?QJS4#ñVY=�� G 7 j� : d 8OB 9·@(^
8 H TW>AgUgUQ,�Ý9·=UQWS4#ñVY=!�d8 d 8O4�M4�¼f(Sñ=��(Q2=E#�>��(9·=��(S
� : 8 H@G ð 7mH 8 D0: + ! 8 ðYd G 8 + ! 8 ðYd 8 d G 7�j � :
( : 8 H@G ð 7mH 8 D0: + ! 8 H d G ð + ! 8 d 8 d G ð B
V/���If(S�=?gU9·=?QJ^�VY@Li�VIX�4 � B �YQ�9A^Ë=?>W�(ghQWTJVISUQ,�Yi�=���Q�S?9��ËQ:XAQW>"�ËQJ=Ughic=(f�="^(V�`êQWghQW@�=Km�@�9;�êS�=n9·=UQWSW4ca ��VIT��}VIS
=���Q£TJ>ZgUghQWTy=R=!�(gUQJQ@% =ê>,^�iL=(ghQ�9�B¼f���T���9A@(@�Q����
M4�(QL��9ATy=�=���9·=�=!�(QWShQ ��9<=��(SZ��9��ZQ�=n9;BAQW@`=���QdS�i,Sh=?Q,� 9A^(VÝ9;=�9·=?VYT�9����YiY�mgh>"� >Z@�QdQJVIXZQJ@(Sh=?9·=?Qd9·=

=���Q#VI@�VY=?VI9���XAQW>"�ËQJ=Ughiß=?>d=E#">ã^�V�`êQWgUQJ@�=�QJVIXZQJ@(Sh=?9·=?QJS59·=£=��(Q�S?9��ËQZm�@�9��	XZQW>���Qy=?ghi[�ËQ�9·@(SO=!��9·=�9
TW>A@(VITW9��êVY@�=?QWghSUQJTJ=?VY>Z@#>;�!9A^(VÝ9;=�9·=?VYTñSUf(g&��9ATWQJSK�5f(S�=K=�Q�TWgh>ZSUShQW^L=�i�=!�(Q:T,�I>ZShQW^N�Y> >���=��(9·="=!�(QJic�m>Zg!�d4
a�Q
��9��ZQ���QWg&�m>Zg!�ËQW^�TW>Z@-m�XZf(gU9·=?VY>Z@-%GVY@�=?QWgU9ATJ=UVI>Z@^7L_Fa : T�9��YTWf��I9·=?VY>Z@(S°=?>#VI@r�ZQJSh=?VYX�9·=UQO=���VISJ1¼f(QJSh=UVI>Z@CB
=���Q�^(QJ=?9AV/�YS">��p#>��VIT��}T�9;�ITWf �Ý9·=UVI>Z@(S�9AghQ�^(QWShTWghV/=�QW^�VI@NH�����QW@(^(VE;NHO4�M4�(>ZShQ2T�9��YTWf��I9·=?VY>Z@(S5�#9�B·Q:f(ShQ
>��o�mf����7_FaRVY@§9A@§9<=?>"�ËVIT�>Zg0=(VY=?9���=�9ASUVYS×=!��9·=:i,VYQ��I^�S×=���Q5TW>ZghgUQJTJ=2QJ@(QWghXZQJ=UVIT5>Zgh^(QWghVI@(X�>���=���Q�Sh=?9·=?QJS
>��R=��(Qd@(QJf�=?gU9��ñ9A@(^ 9A@(VY>Z@ �mg?9AX"�ËQW@�=US�9·@(^ =!�¼f(S�QJ@�9�=��YQWS�f(S�=?>Y�m>"���I>$# =��(QdgUQJSU>Z@�9·@(TWQdSUf(g&��9ATWQJS
=?>d=��(QJVIg�9AShi3�c��=?>A=UQWSJ4Xi�gU>"� =!�(>ZShQ#T�9;�ITWf �Ý9·=UVI>Z@(S�#�QN��9��ZQ��m>Zf(@(^¢=!��9·=O=��(Q�TW>Z@(VYT�9���VY@¼=UQWghSUQWTy=?VY>Z@
=��(9·=�gUQJSU>"�6�ZQWS�=���Qc�(9Ag?9A^�>e;§>���=!�(Q�=E#">d^(V6`�QJgUQW@�=�=���gUQWQ9%E=�> ^ iY=(gUQW9�B¼f��¢S�=n9·=UQWS��IVYQWS2Q@`�QJTJ=?V6�ZQ,�Yiß9·=
9A@§VY@ m�@(VÍ=?Q�ShQ���9·g?9·=UVI>Z@§>���=!�(Q�9·=?>���VYT�9A@�^«^�VÝ9·=U>"��VYT��mg?9AX"�ËQW@�=USWB*9A@�^«TJ>ZgUghQWS0�ê>Z@�^(S�=?>�9�T���9·gUXZQ9%
=?gU9A@(S&�mQWgñgUQW9ATJ=UVI>Z@?=�QJ=E#�QWQW@�=��(Q��mg?9·X"��QJ@�=?SW4
a �(V��IQ#=!�(Q�@�>A=?VY>Z@¥>��29§TJ>Z@(VITW9��°VI@�=UQWgUShQWTy=?VI>A@+9·=�VY@ m�@(VÍ=?Q}ShQ���9AgU9·=?VY>Z@`>��:=!�(QL�mg?9AX���QJ@¼=USZ�#9�i

SUQJQ�� S�=?g?9·@(XZQAB�VÍ=>��QW9A@(Sñ>Z@��Íi#=!��9·=°=���Q£Q);�9ATJ=��ê>AVI@�=ñ>��7^(QWXZQJ@(QWgU9ATJi�>;��=���Q�=E#�>ËSh=n9<=?QWSRVIS°ghQ�9AT���QW^
>Z@��ÍiY#>�(QW@0=!�(Q��mgU9AX"�ËQW@�=?SO^(>�@�>A=5VY@¼=UQWgU9ATJ=W4�M4�(VYS
=�Q���9��,VI>AgOTJ>ZgUghQWS!��>Z@(^�S�=?>�9�T���9AghXZQ@%L=?g?9·@(S0�mQJg
gUQW9ATJ=UVI>Z@`=��(9·=c�#9�i =�Q�f(@�^(QWghSh=?>,>,^ =�i`gUQ@�mQWgUghVI@(Xß=?>«=��(Qd^�9AS0�(QW^ �IVI@�QWS�VI@\i�VYX(45( 4+M4��VISZm�XZf(ghQ
S!��>+#ñS�=!�(Q5QJ@(QWghXZVIQJS29·=�VY@ m�@(VÍ=?QOSUQ��(9Ag?9·=UVI>Z@�>�� �(gU>,^(f(Ty=2Sh=?9·=?QJSJ#ñVY=!�ã^(>Zf =��IQy=2S!�(VY@ãShi3�c��Qy=?g�i �m>Zg
QWVÍ=��(QJgÒT���9AghXZQ�9Aghg?9A@(XAQ��ËQW@�=�B G 8 ð d 8 9A@(^ G 8 d 8 ð 4�M4�(Q���>A=UQW@�=?VI9���QJ@(QWghXAi�>��%=!�(Q29A^(VI9�=�9·=UVIT
�(gh> ^(f�TJ=�S�=n9·=UQ G 8 7 H�� : d 8 ð 7 �m>Zg�VY@ m�@(VÍ=?Q�SUQ��(9Ag?9·=UVI>Z@^=êQy=E#"QJQW@¥=��(Q�9A@(VI>A@¥9A@(^¢=!�(Q�^(VI9·=?>�� :
9AS×9Z�mf�@(TJ=UVI>Z@d>�� G 8 =�>Z@(^b�IQW@�XA=��dTWgh>ZSUShQWS:ShQ,�AQWg?9;��Sh=?9·=?QJS×>;��=���QO>"� �ê>ZShVY=UQ2T���9AgUXAQ59Aghg?9A@(XAQ��ËQW@�=�4

M



1

?2
−

−OH (X) + H−
2H O     B2

H  + O
è ö���à���ä�¹�º�» H ç D ÇG¿�Â�¿G»�Õ�Â)ÆRÖ�»�¿�Â��e»)À:ÉYÄ�¾¤Õ ¿�º¼»7»��AÈ¼ÁEÃEÁEÖ¼Ä�ÁEÈ¼Õ¢Åe»n¾¤Õ2»n¿GÄ�ÆR¾eÉ¼¿�º�»cÀ�»)È�¿GÄhÂeÃ<¿G¾"¿�º�»�¿�º�Ä�»n»?ÎmÖ(¾AÌ¼Æ
Ö¼Ä�»)Â��ZÈ�½}Ä�»nÅ¤ÁE¾¤À�ÏAÁEÂ�»)Á�¿�º¼»nÄ°¿�å�¾�ÎmÖ�¾ZÌ�Æ#Ö¼Ä�»)Â��ZÈ�½�Ê�º,ÂeÀ¼À�»)Ãlá�Ä�ÂeÁÍÇ�ÁEÀ�Å�¿�º�»��AÈ�»)ÇG¿�Á�¾¤À�¾eÉ�å	º¼ÁEÊhº�ÁEÇÒ¿�º�»2½¼Ä�¾e½(»nÄ
¿�º�Ä�»n»?ÎmÖ(¾ZÌ�ÆOÂeÇ�ÆAÕ2½,¿G¾e¿G»eà

M4�(QJgUQË9AgUQ�ShVÍ;ãSh=n9<=?QWS�>�� G 8 ð #>�(VYT���TJ>ZgUghQ��Ý9<=?Q�=U> G ð 7�H � : d 8OB*^(f�Q5=?>}=��(Q�^�>Zf�=��YQ�S!�(VY@�9·@(^
=?ghV/���YQ×S0��9·=UVÝ9��ê^(QWXZQJ@(QWgU9ATJi#>��*=��(9·=4�(gh> ^(f�TJ=°S�=n9·=UQA4�M4�(Q�m�ghSh=ñ>��*=!�(QWShQ2TW>ZghgUQ,�Ý9·=UQWS"=U> G 8 ð 7
	 D  :
d 8-9·@(^�VYSc@(>A=�VY@r�Z>"�6�ZQW^c�(QJgUQA4�M4��QRShQWTJ>Z@(^�9A@(^�=��(VYgU^�>���=��(QJSUQ·B3#>�(VYT��Ë9AgUQñ^(QJXZQW@(QJg?9·=UQAB,9AghQ G 8 ð
7�j � : d 8 9A@�^�9AghQñ=!�(Q�m(gUSh=	=?>£VI@�=UQWgUShQWTy="=���Q G 8 d 8 ð TWf(g&�ZQ29AS G 8 ^�VISUSh> TJVÝ9·=UQWSJ4cN×>·=?Qñ=���9·=	=���Q
G 8 ð 7mj  : S�=n9·=UQ:VYS�f(@j=�>Zf(@(^�9·="S0�#9;�/� G %�81SUQ��(9Ag?9·=UVI>Z@X7�VY@j#"9Agh^#>��*VÍ=?S	TWgh>ZSUShVI@(X
#ñVÍ=��Ë=��(Q×@(QWf�=Ug?9��

�



2 3 4 5
r
2
 ( a

0 
)

-75.9

-75.8

-75.7

-75.6
E

ne
rg

y 
(h

ar
tr

ee
s)

OH
-  (X 

1 Σ)  + H (∞) 

O (
3
P) + 

 H + H
-

O
 -
 (

2
P) + 

 H + H

OH -
 ( 3

Σ)  + H (∞) 
OH-

 (
1Π)  + H (∞) 

OH (
2 Π)  + H

-  (∞) 

OH
-
 (

3Π)  + H (∞) 

���������
	�������������������������! "���#�%$����'&(��)�&�*%+,*��'&-���/.�����.��'01���3254�+,�5$��6*��5+���&�)7�#��89�'4�+'.:�����;���=<(>?�A@#B���CD>;E
+�&�F:GIH�*���*��6��)�@#J-K6�A@ML!N N��O&%*%+,*���PQ+�&;2M��GIHSR�*��'038/FT)AR����U��!2#+���2#RV��+,*%������&(���1+��1+,*���G6��2����%8V��*%+���8V+�&%��&#PW+�&
+X)AR���2M*%�����3��)Y<!Z[>D89����01���'��$�*%41� @ �]\
*%+,*��'&^��)_<�>;E`Ca>-PW+���01��)Y<(>bCc>^EUPQ+,*^����dV����*��I&��#HS+,�5+,*%�����
+,�%�eG6+,�%f��'0hgY��*%4i0V+�&%4��'0i�������'&_+���0h��+,89�'���'0X���h*%4��^dV$�R��%���j "���#�5$����'&!+,*!dV����*��-&��#HV+,�5+,*%�����h��)U� Klk�m#npo/q
�Ar k�m#n,s �ut�v��_+,�%����+,89�'���'0h+�&()w�������xgY&#	j+��������h&�*%+,*��'&'PW&�������0h8V��+�25fi�������'&'yV$��%��R��V0h&�*%+,*��I���'R�*��5+��Q> @ <ePzgY��0��
$��%�#FX���������

{I|?}:~��
�9�9���l�#���M�X���z~l�:�,�x�"�9�z�����:�9�9���;�9��~l���w�I��~��:�l������{I|�� @#� ����| E��X� �z�T{I| E ���'���e�5�#�/���
�7�^�������/ Q�'¡�~������:�9�
�9���6��¢V Q�p�l�M�/�M�I�;�w���£���:�z¤�}
�9~M�/���7�:�`¥u{I|¦� @ ����§7¨:© K ���M���/�^�w���:�z�#�/�7�9���«ª�~l�:¬¦�M�z�
}:~l�:�9�9��5�#�/���T���:�z¤�}:�z~M�/���7�:���
ª-{I| E ��¢` 9~l�:¬h�/�M�7�
���/ª;�£®¯��°7�����M~l�:��w�����£���9�3�
�����7���:�9�9�w�9}£¨
©
�:~l�9�w�M�
° �
± �h�M�9���/���:¬i�7�£�
�9�²�9�A���M�:¬i�7�1ª�~M�/}:¬h�����M�1�
~l�³�9~��
�9}:���1��°w�:����~1�
�9�²�w������~��
�����;���9�³��~l�:���l�7�9}
�

�7�µ´��w} �Y¶ �������:¬h�£�,�:�:�w�9��� �¸· �¹ ��
~5�M�w���9°7�
~��_�M�9�w�h�����9���V�w�:~h�V�����9~��h�7�º�M�9�«��~l�:���l�7�9}`�
ª����9�»| E
�¼{I|½� @ �����
�9�¸|¾�¼{I| E ���#���'�(�;�9�7�#�µ�7���M�9�£ 9��¢V���7���
°7°�¢º~���°7���/�
���h�:�9�«ª��:~h�z�9�9��~l�l�M�
�9�9�w�9}
�M�z���
�l¢V¬i z�M�
�����I�
ª_���9� @'¿ K � @#À-N N �e���9~5ª[�
��� �]· ��´��7} �Á¶ �Á�;�z��~��X~l���l�9°w���I�
ª�Â · �,�/°7���z°A�/���7�:�9�^�:�³�M�z�
�
�9�w�:�³�l¢V�5�M��¬Ã�/���1�l�� ��
~��/�M�w�:���
ª-Ä�Å=Æ q �
~l�h�/°7���1 z°7�
�l�M�����U�w�6�,�/�`���X�������`�����/�I���9����~��
�����w�9}«�
ª

Ç



Sh=?9·=?QJS">���>"����>ZSUVÍ=?QñT���9AghXZQ�9·gUg?9·@(XZQ��ËQW@�=�9·=���� ð�� � ��� =�QWTW>���QJS"9A@#9��Z>ZVY^(QW^�TWgU>ASUSUVY@(X59<=Cm�@�VY=?Q
9·=U>"�Z%ô^(VÝ9<=?>"�õSUQ,��9AgU9·=?VY>Z@C4ZHÒ=�=��(VYSO9��A>ZVI^(QJ^�TJgU>ZShSUVY@(X(B%=��(Q�H 8 D gUQJSU>Z@�9·@(TWQËS0#ñVÍ=?T��(QJS<�mgh>"� =�QWVI@�X
�(ghQW^(>"�ËVI@(9A@�=��Yi#8 ðYd G 8 7�H � : 9A@(^�T���9A@�XZQWSRT���9AgU9ATJ=UQWgñ=?>�=��(Q G 8 ð 7mj � : d 8 S�=n9·=UQA4 aG@�>·=��(QJg
#�>ZgU^(SJBZ=��(Q°@�QWX�9·=UV��AQÒT���9AghXZQÒVIS ��>$�ZQJ^W�mgU>"��=���Q°8 =?>�=!�(Q G 8\�mgU9AX"�ËQW@�=�9AS7=��(Q°S�i S�=?Q,� VISI=(gU>Zf�X"��=
9A^(VI9�=�9·=UVITW9��/�Íi�=U>+#"9Agh^(S×=!�(gUQJQ@%E=�>,^�ib=(gUQW9�B¼f��C4
7 � V���V��Ý9AgÒTJ>Z@(ShVI^(QJg?9·=UVI>Z@(S×9���� �Yi}=?>Ë=��(Q£TWgh>ZSUShVI@(X#>��
=���QO8 ð[d G 8 7mH � : 9A@�^�8 d G 8 ð 7GD � : TWf(g&�ZQJSWB #>�(VIT��d> TJTWf(ghSR9·=��Ý9AghXZQWg G 8/^(VYSh=n9·@(TWQJSW4 :
M4�(VYSdVYS�9 T��(9AgUXZQ9%ô=Ug?9A@(S&�mQWgdgUQW9ATJ=UVI>Z@ SUVÍ=?f�9·=UVI>Z@ =�f�=�VÍ=�VIS}XZQJ>"�ËQJ=?ghVITW9��/�Íi+^(V6`�QJgUQJ@¼=?�mgh>"� =���Q

9A@�9;�I>ZXZ>Af(S�=Gi3�êQË>��ÒTJgU>ZShSUVY@(X�VY@«=!�(Q�VI>Z@3%�9·=U>"� TW9ASUQ·4NaG@«=!�(QËVI>Z@-%G9·=?>�� TW9ASUQc#"QËSUQJQË=!�(Q#9��A>ZVI^(QJ^
TWgh>ZSUShVI@(X�9�����Q�9·g:9ASR9��mf(@(Ty=?VI>A@�>��7=��(Q£VI@�=UQWg?9<=?>"�ËVIT�^�VISh=?9A@(TJQAB VL4[QA4ÍB�9ASR9Z�mf(@�TJ=?VY>Z@d>���=!�(QO^�VISh=?9A@(TJQ
9ATJgU>ZShS�#>�(VIT��§=���Q�T���9AgUXAQËVYS�=�QWVI@�X�=?g?9·@(S0�mQJgUgUQJ^C4
aG@§=!�(VIS�TW9ASUQ�=!�(Q�9��Z>ZVY^(QW^§TJgU>ZShSUVI@�Xd>,TWTJf(gUS�9<=£9
m�; QW^�^(VIS�=n9A@(TJQD=�QJ=E#�QWQJ@ã=��(Q<�mg?9AX���QJ@¼=USR9AS:9Z�mf(@(Ty=?VI>A@�>���=��(Q£VI@�=?QJgU@�9;�!^�QWXZghQWQ�>;� �mgUQJQW^(>���>;��=���Q
^(VI9·=?>"�ËVITZ�mg?9·X"��QJ@�=�4¢M4��QdXAQW>"�ËQJ=Ughi¥9<=W#>�(VIT��`=���Q}VI@�=?QJgUSUQJTJ=UVI>Z@`>,TWTWf�gUSb7��

�
�
	 ( � Q���� VI@0=���Q

T�9;�ITWf �Ý9·=UVI>Z@(SOVI@ i�VYX(4o( : TW>ZghgUQWS0�ê>A@(^(S�=?>«9§TW>Z@�VIT�9;�"VI@�=UQWgUShQWTy=?VI>A@  U9<=�VI@ m(@(VY=Gi "Y=�QWT�9·f(SUQ�=��(Q�8 ð
�mg?9·X"��QJ@�=�VIS�9<=�VI@ m(@(VY=UQ#SUQ,��9AgU9·=?VY>Z@S�mgU>"� =���Q}^(VÝ9·=U>"�d4 G �RTJ>Zf(gUShQ}SUf(T�� 9ãTW>A@(VITW9��"VY@¼=UQWghSUQWTy=?VY>Z@
T�9·@(@(>A=�=�Q£TJVIghT��IQJ^�9A@(^dSU>Ë@(> �"QWghghi?���(9ASUQ�Q,`êQWTy=?SRTW>Zf �I^?=êQ�>"=�SUQWg&�ZQJ^ �mgU>"� VY=W4

HÒ=5m�@(VY=UQR8>% G 81SUQ,��9Ag?9<=?VI>A@(SWB�=���Q�9ATJTWQWShSUV�=(V/�YVY=GiZB¼9·@(^��(gh>"=�9�= �YiË9��YSU>�=��(Q>#ñVI^�=!�CB¼>��C=!�(Q:9��A>ZVI^(QJ^
TWgh>ZSUShVI@(X�VYSc@(>�^(>Zf�= =�Qy;�9AXZXZQJg?9·=UQW^�VI@�=!�(QWShQRTW9��ITJf��Ý9<=?VI>A@(SWB;=êQJT�9Af(ShQ°=��(Qyi�^(>2@(>A=�i,VYQ��I^�9·@�9·TWTWf�g?9·=UQ
=�>Z@(^«QW@(QJgUXAiY�m>Zg2=!�(Q G 8£4%N×>Z@�QJ=���Q��IQJSUSJB7=���QJißSUf�XZXZQWS�=O=!�(Qc�(gU>ZS0�êQJTJ=O>���@(>Z@�9A^�VÝ9�=�9<=?VIT�TJ>Zf����YVI@(X
=?>�=!�(Q G 8 ð 7�j � : d 8 Sh=?9·=?Q��mgU>�� �(VYX"�L� V�=(g?9<=?VI>A@�9���Sh=n9<=?QWSR>�� G 8 7�H � : d 8 ð �(gh> ^(f�TWQW^�9AS°=���Q
H 8 D 7 H�T g g : ghQWSU>A@�9A@(TJQ�^(VIShSU>,TWVI9·=?QJSW4 � f(T��`@(>Z@�9·^(VÝ9�=(9·=?VYTËTJ>Zf����YVI@(X?#�>Zf��I^^�IQ�9·^¢=?>�9�=?>ãShQ��YQWTJ=UV��AQ
9Af�=U> ^�QJ=n9·T�����QJ@�=<�mgh>"� �(VYX"� G 8 7�H � : �,V�=(g?9·=UVI>Z@(9���S�=n9·=UQWSW4�a�QËS0�(>Zf��Y^�@�>A=?Q�=��(9·=�>Zf(g��(ghQ,�,VI>Zf�S
Sh=Uf(^�ie' � BF( *]B5#>�(VYT��`^(VI^`@(>A=Ë9·TWTW>Af(@�=c�m>Ag5=��(VYS�Q,`êQWTJ=WB�^�VI^`VI@S��9ATy=Z�(gUQJ^(VITy=c�(VIX"��QWg5^(VYSUSh> TJVÝ9·=UV��ZQ
9·=h=n9AT����ËQW@�=�TJgU>ZShS&%ôSUQWTy=?VY>Z@(S �m>ZgI�(gU>,^(f(Ty=?VY>Z@5>����,V�=(g?9·=UVI>Z@(9��/�Íi2Qy; TWVÍ=?QJ^ G 8`=���9·@���9AS =�QWQJ@�>"=(ShQWg0�AQW^
VI@�Q); ��QWghV/�ËQW@�=�4

aG@1SUf��c��9AghiAB�#�Q�f�@(^(QWghSh=?9A@(^1=���9·=�=!�(Q§H 8 D 7�H T�g g : Sh=?9·=?Q§TJ>ZgUghQ��I9·=?QJSN#ñVY=��-=!�(Q§=��(ghQWQ@% =ê>,^�i
T���9A@�@(Q�� G ð d 8 d 8£B"9·@(^-@(>A= G d 8 ð d 8OB5=êQJT�9Af(ShQ§VY=���9AS}9·@-9��Z>ZVY^(QW^-TJgU>ZShSUVI@�X^#ñVY=!�
9A@(>·=��(QJg�=�>Zf(@�^dS�=n9·=UQ£9AS°=��(Q G 8 =ê>Z@�^dVYS°Sh=UgUQJ=UT��(QW^ã9A@(^�=��(Q�Q��YQWTy=?gU>A@W_hf ���(S4�mgh>"� 8 ð =U> G 8£4

��N� Hnæ g ���
��� � 	�� � 		� 
 ���4� ��


a�Q£@�>+# =?f(gh@d=U>�=��(Q�^(QJSUTWghV/��=UVI>Z@�>��!=���Q£@¼f��ËQWgh>Zf(SñVI@�=UQWgUQJSh=UVI@(X��mQ�9<=?f(ghQWSR>��7=!�(Q H�T g ��9A@(V6�m>"�I^
>���gUQJSU>Z@�9·@¼=OSh=?9·=?QJSOghQ��YQ,�·9A@�=2=?>�=��(Q�^(VYSUSh> TJVÝ9·=UV��ZQ�9<=U=n9·T�����QJ@�=D��gU>,TWQWShSW4�M4�(VIS���9A@(V6�m>"�I^ãVY@(T��Yf(^(QJS

�



@(>A=£>Z@ �Yi�=!�(Q H�T D 9A@(^ H 8 H i QJS!�j=�9AT���gUQJSU>Z@�9·@(TWQJSWB =�f�=O9��ISh>(B%9AS�#"QZ#ñV/���c^(Q,��>Z@�Sh=?gU9·=?Q·B!9dS0��9���Q
gUQJSU>Z@(9A@(TWQ£>��7H 8 H Shi3���ËQJ=UghiA4
a�QJm�@(^�=E#�>��#9·VI@��mQW9·=?f�gUQWS">��*=��(VYSK��9A@(V��m>��I^C4Ii�VIghSh=WB,=!�(QWghQ�VIS"95TW>Z@(VYT�9���VI@�=UQWgUShQWTy=?VI>A@N=êQy=E#"QJQW@

=���QdH T D 9·@(^ H 8 H S�=n9·=UQWSJBC#>�(VYT��+TWQJgh=?9AVI@��Íi^� �Ý9�i,S�9[��9Ag�=�VI@¥=���Qd@¼f(T,�IQW9Ag�^�i,@�9��ËVITWSË9AShSU>,TWVI9·=?QJ^
#ñVY=!�¥^(VIShSU>,TWVI9·=?V6�ZQ�9<=U=n9·T�����QJ@�=�� VI9�=��(Q}H 8 H i QJS!�j=�9AT�� gUQJSU>Z@(9A@(TWQ·4 � QJTW>Z@�^CB	=!�(Q�H 8 H i�QWS0�j=�9AT��
gUQJSU>Z@(9A@(TWQËVI@�=UQWg?9·TJ=?S�#ñVY=!�§=��(QËH 8 H S!��9;�êQËgUQJSU>Z@�9·@(TWQËVI@«SUf(T��¢9?#"9�i§=���9<=£=!�(QWShQË=E#�>dSh=n9<=?QWSO9AghQ
9ATy=?f�9����Yiã=E#�>ãTJ>"����>Z@(QJ@�=?S�>;�ñ9�^(>Zf =��IQ9% �·9��If�QW^«gUQWSh>Z@�9A@�=�SUf(g&��9ATWQ�VY@0_ Hôó XZQJ>"��Qy=?ghVIQWSJ4}M4�(QWghQ�VIS
9X=(gU9A@(T��-% �ê>ZVY@�=�^(QWXAQW@(QJg?9ATyi =êQy=E#"QJQW@`=��(QJSUQ}=E#�>«S�=n9·=UQWSW#>�(VYT��`VIS�ghQWS0�ê>Z@�SUV/= �IQ��m>ZgO=��(VYS5^(>Zf�= �IQ@%
�·9��If�QW^(@(QJSUSJ4
M4�(Q}TJ>"�W=(VY@�9·=?VY>Z@0>��ñ=!�(Q}TW>Z@�VIT�9;�ÒVI@�=?QJgUShQWTJ=UVI>Z@`9·@(^¥=��(Q�H 8 H ShQ�9�� >;�×^�QWXZQJ@(QWgU9ATJi #ñV��/�5�IQ�9·^

=?>#9�TJ>"��� �IVITW9·=?QJ^�X"�I>"=(9��C=?>"��>"�Y>ZXAiZB�>A@(TWQ5_ Hôó S�i3���ËQJ=Ughi�VIS�=(gh>"BAQJ@§9A@(^d=��(QJSUQ�=!�(gUQJQ�gUQJSU>Z@(9A@(TWQJS
=�QWTW>���Q��ËQ��
=êQJgUSÒ>��*=!�(Q�SU9���Q T�g VYgUgUQJ^(f(TJV/=��YQ:gUQ,�(gUQJSUQJ@¼=?9·=?VY>Z@C4 i�>Zg	=��(VYSÒgUQW9ASU>Z@�B(VY=�VISÒ^�V��ËTWf��Í="=U>
�(gh>+�,VY^(Q	9RTJ>"��� �IQJ=UQ�gUQ,�(gUQJSUQW@�=?9·=?VY>Z@�>�� =��(Q�=U>"�ê>��I>ZXAi:>��,=��(Q�=��(ghQWQ5��Q,�W=�QWgUS%>��,=���Q�H T�g ��9A@(V6�m>"�I^:>��
Sh=?9·=?QJSW4cM4��QWgUQ@�m>ZgUQK#�QF#ñV��/�¼gUQJSh=?ghVITy=�>Zf(g7^(VIShTWf(ShSUVI>A@��(QWghQ"=?>29·@�9A@�9��Íi ShVIS!>���=���QÒTW>Z@�VIT�9;� VY@¼=UQWghSUQWTy=?VY>Z@
=�QJ=E#�QWQW@�=��(Qci�QWS0�3=(9AT��¢ghQWSU>A@�9A@(TJQWSWB%=���QË^�QJ=?QJg!�ËVI@�9<=?VI>A@§>���=!�(Q�=E#"> %E=�> ^�iX=(gUQW9�B¼f���T��(9A@(@(Q,�IS£>��
=���Q�i�QWS!�j=�9·T���ghQWSU>A@�9A@(TJQWS£9A@(^ß9#^�QWSUTJgUV���=?VY>Z@§>���=���Q�SUVI@�X"�IQ9% �·9��If�QW^ H!T D 9A@(^§^(>Af�=��IQ9% �·9��Yf(QW^ H 8 H
SUf�g0��9ATJQWSRVI@�_ Hôó XZQJ>"��Qy=?ghVIQWSJ4

��� � 	������ ���	�
� ���
� � ��� ����	�� 	� H?æ D ����� Hnç H ��� ��� � �

M4�(Q�^�>"��VY@�9A@�=	TW>Z@-m�XZf(gU9·=?VY>Z@(S">;�*=��(Q H 8 D B H!T D 9A@(^ H 8 H Sh=?9·=?QJS°9·=�=��(Q×Q�1¼f(V/�YV/=(ghVIf�� XAQW>"�ËQJ=Ughi
>��×=��(Qd@(QWf =?g?9;�×9·gUQ '[8 H@G * ��� ð DD 	 � H D B�'[8 H9G * ��� ð DD 	 � H D BÒ9A@(^ '[8 H9G * �� ð DH 	 � H D B"gUQJS!��QWTy=?V��AQ��ÍiZ4ªM4�(Q ��� D
>Zg0=(VY=?9��ñVISN�(ghV/��9AgUV��Yi¢@(>Z@j=ê>A@(^(VI@�X0VI@ªT��(9Ag?9ATy=?QJgWB�=êQJVI@(X0TJ>"�c�(gUVYSUQW^ ��>ZS�=��Íi >;�2=��(Qã>�;,i,XZQW@ (����
>Zg0=(VY=?9��L4 7ma�Q§^(Q,m(@(Q§=��(Q �ß9<; VIS�9·S�=��(Q�_ Hôó 9¤;�VYSWB:9A@(^-=��(Q�;19<; VIS�9ASL��QWg0�êQJ@(^(VITJf��Ý9·g#=?>¥=���Q
�Ë>"�IQJTWf��I9Ago���Ý9·@(QA4 : M4�(Q �� H >Zg!=�VY=n9;�)��9AS�9O@(>,^(Q×9��I>Z@�X£=!�(Qñ; �����Ý9A@�Q×9·@(^#VYSC=�>Z@(^(VY@(X<=êQy=E#"QJQW@�=���Q
>�;,i XAQW@`9A@(^�Q�9AT��^�¼i,^(gh>ZXZQJ@CB�9A@(^09A@�=?V/=�>Z@(^�VI@(X?=�QJ=E#�QWQW@0=!�(Q���i,^(gh>ZXZQW@�SW4dM4�(Q ��� D >Ag!=(VÍ=n9��o��9·S
=�>Z@(^(VY@(X�T��(9Ag?9ATy=?QJg59��Ë>Z@(X�9��/�c=!�(Q�9·=?>"�ËSW4?i7VI@�9����YiABC=��(Q 	 � D >Zg0=(VY=?9���VISO9A@�=?V�=ê>A@(^(VI@�X�9;�I>Z@(X�=���Q
G %�8 =�>Z@(^(SR9A@�^ =�>Z@(^(VY@(X�=�QJ=E#�QWQW@�=��(Q���i,^(gU>ZXAQW@(SJ4

H¥a09;�IS!�O^(VÝ9·XZg?9��dBeS!��>+#ñ@�VY@
i7VIX(4 � B·>�� �(_Ki�>Zg0=(VY=?9��ZQJ@(QWghXZVIQJS�>���XZgU>Zf�@(^-%GS�=n9·=UQ�@�QWf�=Ug?9��r#"9·=?QJg�VIS
f(ShQ,�mf�� VI@�f�@(^(QWghSh=?9A@(^(VY@(X£=!�(Q>=êQ,��9��,VI>Zg�>���=���QRghQWSh>Z@�9A@(TJQ���>A=UQW@�=?VI9��(SUf�g0��9ATJQWSW4 i7VÍ; VI@(X�� D 9·@(^�� H 9·=
� 4 Q � ��� B,=��(Q�QJ@(QWghXAi�>;�*=��(Q ��� H >Zg!=(VÍ=n9���VI@�TWgUQW9ASUQJS°9AS"=!�(Q284% G %�8 =ê>A@(^}9A@(X��IQ:VYS"^(QJTWghQ�9AShQW^CB�>$#ñVI@�X
=?>dVY=US£9A@�=?V/=�>Z@(^�VI@(Xd8>%G8 T��(9Ag?9ATy=?QJgWBc9·@(^«=!�(QËQW@(QJgUXAi«>���=��(Q ��� D >Zg0=(VY=?9��c^(QJTWghQ�9AShQWSW4�M4�(QJgUQ@�m>ZgUQ·B

���



-1.6

-1.4

-1.2

-1

-0.8

-0.6

-0.4

 20  40  60  80  100  120  140  160  180

E
ne

rg
y 

(h
ar

tr
ee

s)

θ

2a1

3a1

1b2

1b1

è ö���à��Aä���ÂeÃÍÇ�º�Ì¼ÁEÂ�ÅeÄhÂeÕ ¾eÉ��¼ò è ¾eÄ�Ö,ÁE¿�ÂeÃ*»)À�»nÄ�Å¤Á�»)ÇR¾eÉcÅeÄ�¾¤È¼À¼Ì}ÇG¿�Â�¿G»5Ó HnÔ Â�¿�� D	� � H
� �������� � áCÂeÇRÂ
ÉÝÈ¼À¼Ê?¿�Á�¾¤À5¾eÉC¿�º�»°Ö(¾¤À¼Ì�ÂeÀ�Å¤ÃE»���à

SUVY@(TWQ	=��(Q"H T D ghQWSh>Z@�9A@(TJQ°Sh=?9·=?Q�VIS!T���9Ag?9·TJ=?QJgUV �WQW^�=�i�9��(>��IQ	VI@O=!�(Q ��� D >Ag!=(VÍ=n9��]B<VÍ=?S7QW@(QJgUXAi£VI@�TWgUQW9ASUQJS
9AS°=���Q<=�>Z@(^d9A@�X"�IQ2VYS°^(QWTJgUQ�9·SUQW^�B�9A@�^�=!��9·=R>��!=��(Q�H 8 H ghQWSU>A@�9A@(TJQO^(QJTWghQ�9AShQWSW4

H:SO9�ghQWShf��Y=WB7=���Q#gUQW9�� ��9Ag�=?S�>;�Ò=��(QËQW@�QWgUXAVIQWSO>��Ò=!�(QWShQ#gUQJSU>Z@(9A@(TWQJS
#ñV/����TWgh>ZSUSJ4 �"QJT�9Af�SUQ�=!�(QJi
��9��ZQ�^(V6`�QJgUQJ@¼=�TJ>Zf����YVI@(XAS:=?>�=!�(Q�TW>Z@�=UVI@¼f(f��dB�=���QWVIg2V��#9·XZVI@�9·ghi?��9Ag�=?S�@�QWQW^«@(>A=�=�Q5Q,1,f(9���VI@«_ Hôó
Shi3�c��Qy=?g�iZB�9A@�^¢=��(QJgUQ@�m>ZgUQ#=!�(Q�TJgU>ZShSUVI@�Xã>��Ò=!�(Q�gUQW9��5��9Agh=US5^(>,QWSO@(>A=5Q);�9ATJ=!�Yi�TW>ZghgUQWS0�ê>A@(^0=?>�9A@
9ATJf�=n9��*^�QWXZQJ@(QWgU9ATJid>��7=��(QJSUQ£Sh=n9<=?QWSJ4 G f(gñT�9;�ITWf �Ý9·=UVI>Z@(SF���Ý9ATJQ2=��(Q£TWgh>ZSUShVI@(XË>���=!�(Q�gUQW9��p��9Ag�=?S×9·=×9
=�>Z@(^§9A@�X"�IQ�>���9;���(gU>�; V/��9·=UQ��Yi � � � #>�(QJ@ã=��(Q G 8l=�>Z@(^ã^�VISh=?9A@(TJQ�VIS � 4 Q ����� 4>aG@Yi7VIX 	�#"QOS!�(>$#
=���Q ��>A=?QJ@�=?VÝ9;�ÒTWf(g&�ZQJS�>"=�=?9AVI@(QJ^ �mgh>"� �m>Zf�g&%GTJ>Z@ m�XAf(g?9·=UVI>Z@ bã_ ��_KiìT�9;�ITWf �Ý9·=UVI>Z@(S�>Z@+QW9AT��+S�=n9·=UQ
=��(9·=ñVI@(T,�If(^�QW^}=��(Q2=!�(gUQJQ£Q); TWVY=?9·=?VY>Z@(S 	 � H D ! ( � HH B)O � H D B ( � H D B #>�(VYT���9AghQ�=��(Q�^(>���VY@�9A@�=°TW>AgUgUQ,�Ý9·=UVI@(X
TW>A@ m�XZf(gU9·=?VY>Z@(S°9<=Ò=��(Q2Q,1¼f(V/�YV/=(ghVIf�� XZQJ>"�ËQJ=?g�i#>;�!=!�(Q2@(QJf�=?gU9��L4kaG@}=!�(VISFm(XZf(gUQ�#�Q2SUQJQ2=��(Q�TJgU>ZShSUVY@(X
>��Ò=!�(Q#ghQ�9��5��9Ag�=?SO>��Ò=���Q�H T D 9A@(^0H 8 H QW@(QJgUXZVYQWS59·@(^¥9��YSU>�=��(Q � ^(QJXZQW@(QJg?9ATyi¥9·=�8>% G %�8 �IVI@�Q�9Ag
XZQJ>"��Qy=?g�i =�QJ=E#�QWQJ@1=!�(QãH T�g g 7mH 8 D0: 9A@�^ � H T�g 7�H T D!: Sh=?9·=?QJSWB>#>�(VIT��]#ñV��/���IQW9A^+=?>0PRQJ@(@(QWg %GM!Q����IQWg
TW>Af����IVY@(X�=�QJ=E#�QWQW@�=��(Q,��4

� �



0 90 180 270 360
 θ

HOH 

-75.8

-75.6

-75.4

-75.2

E
ne

rg
y 

(h
ar

tr
ee

s)

2
B

2

2
A

12
B

1

θ
eq

θ
eq

Renner-Teller

≅ conical 
 intersection

è ö���à���ä���»)ÂeÃ%½,Â�Ä�¿�Ç°¾eÉcÄ�»)ÇG¾¤À,ÂeÀ¼Ê?»�»)À�»nÄ�Å¤ÁE»)Ç°ÉY¾eÄ Ô Ó Ö(¾¤À¼Ì}Ì,ÁEÇG¿�ÂeÀ¼Ê?» � ��à��� � � ÁEÀdò Hôó Åe»n¾¤Õ2»n¿GÄ�Æ}ÉIÄ�¾¤Õ
¿�º�»ñÉI¾¤È�ÄGÎ�Ê?¾¤À¼Ð¼Å¤È�Ä�Â�¿�Á�¾¤À���ò �¼ò è ÊnÂeÃÍÊnÈ¼ÃEÂ�¿�Á�¾¤À�Ì�»)Ç�Ê?Ä�Á�Ö(»)Ì�ÁEÀ5¿G»?ÑZ¿nà

3�VIS�=?>Zg�=?VY@(X�=!�(Q���>��IQWTJf��IQ�9�#Ò9�iX�mgh>"� 9N��>ZVI@�=2VY@«_ Hôó XZQJ>"�ËQJ=?g�i #>�(QJgUQ�=���Q�gUQ�9;�k��9Ag�=?S2>���=���Q
QW@�QWgUXAVIQWS2TJgU>ZShSWB%VY=�VIS���>ZSUShV/=��YQAB �m>Zg�9�gU9A@(XZQ�>�� G 8 =�>Z@(^§^(VYSh=?9A@(TWQJSWB*=?>Lm�@�^�9L��>ZVI@�=�#>��QWgUQ �yz<vl~
=���Q«ghQ�9���9·@(^ V��#9·XZVI@�9·ghi ��9Ag�=?Sd9AgUQßQ,1,f(9��LBR=��(QJgUQ�=�ie�I>,T�9<=?VI@�X¥9A@ 9ATJ=Uf�9��2^(QJXZQW@(QJg?9ATyi =êQy=E#"QJQW@
gUQJSU>Z@(9A@(TWQ�Sh=n9<=?QWSJ4�i�>Zgñ=��(QOH T D 9A@�^ãH 8 H ghQWSU>A@�9A@(TJQWS�=���VIS:VYS×VY@(^(QJQW^ã=���Q�T�9·SUQ�9A@�^�=��(QOgUQJSUf��Í=?VI@�X
TW>A@(VITW9���VY@¼=UQWghSUQWTy=?VY>Z@ßVIS29A@(9��I>ZXA>Zf(S×=U>�=��(Q�>A@(Q�=êQy=E#"QJQW@ß=��(Qc(�D T D 9A@(^ � D 8 H Sh=?9·=?QJS�>��	@(QWf�=Ug?9��
8 H@G #>�(VIT��b��9AS4=�QWQJ@�^�VISUTJf(SUShQW^�Q��IShQ,#>�(QJgUQ�' � ( **VI@}=!�(Q�TW>Z@�=?Q);,=×>;� ����>A=?>,^(VIShSU>,TWVI9·=?VY>Z@C4c8R>$#"Q@�ZQWgJB
VI@ª=!�(QY�(ghQWSUQJ@�=�TW9ASUQY#�Q �(9$�AQ«9`TJ>Z@(VYT�9��×VI@�=?QJgUSUQJTJ=UVI>Z@1>��£gUQJSU>Z@(9A@�=�S�=n9·=UQWSJB�@(>A=L=�>Zf(@�^ S�=n9·=UQWSJ4
_">Z@(VYT�9��êVI@�=?QJgUShQWTJ=UVI>Z@�S°>�����Qy=n9AS�=n9�= �IQ�S�=n9·=UQWS4��9��ZQ�=�QWQJ@d^�VISUTJf(SUShQW^dVI@#=!�(Q��IVÍ=?QJg?9·=Uf(gUQW' ��� � � O *]B(9·@(^
��9��ZQO9A@�9;�Yi¼=?VYT�9��2�(gU>"��QWg�=?VYQWSÒ=��(9·=×9AgUQ2^(V6`�QJgUQJ@¼=>�mgh>"� =���QWVIg4=�>Zf(@�^-%GS�=n9·=UQ2TW>Zf(@�=UQWg!�(9Agh=USW4
M!>5f(@(^(QJgUS�=n9A@(^�=!�(Q:TW9ASUQ:>��!9OTJ>Z@(VITW9���VI@�=?QJgUSUQJTJ=UVI>Z@N=�QJ=E#�QWQJ@�gUQWSh>Z@�9A@�TWQWSJB(TW>A@(SUVY^(QWg	=��(Q�ShV/�c���IV %

m�QJ^«TW9ASUQ�>;�	9#=E#">;%ô^(V/�ËQW@�SUVI>A@�9��!Q��IQJTJ=UgU>Z@(VYT58RV/�/=�QWg�=:S0��9ATJQW#ñVY=���� @¼f(T,�IQW9Ag�^(QJXZgUQJQWS2>�� �mgUQJQW^(>���B

� (



TW>��/�IQJTJ=UV��ZQ,�Yi�^(QW@�>A=?QJ^��� B #>�(>ZShQOQ,�IQWTy=?gh>Z@(VIT�8×9��ËV/�Y=U>Z@(VI9A@���9�iN=�Q£Q);-�(gUQJSUSUQJ^

�^7��� : �
����

DGD 7��� : �
D�H 7	�� :�

D�H 7��� : �
HGH 7	�� :


�
7 � :

i�>Zg�9N=�>Zf(@�^§Sh=n9<=?Q5S�i S�=?Q,� =��(Q
�#9·=UgUVE;dQ��IQ,��QJ@�=?S29�=�>$�ZQ���9�i =�Q�=?9�BAQJ@ß=U>L=êQ�gUQ�9;��@¼f��W=�QWghSWBCVY@
#>�(VYT���TW9ASUQ�=��(Q�Q,1,f(9·=?VY>Z@

3�Qy=+7��S7	�� : + '�&7	�� :���: � � 7.( :
#ñV/���(i,VIQ��Y^�^�QWXZQJ@(QWgU9·=?Q�QJVIXZQJ@r�A9;�If(QJS ' D 9A@(^$' H >Z@��Yi�V6��=!�(Q×=E#�>5VI@�^(Q���QW@(^�QW@�=<7�ghQ�9�� % �·9��Yf(QW^ : Q,1¼f�9��6%
VY=UVIQJSWB

�
DGD �

�
HGH 7 � 9 :�

D�H � � 7 � = :
9AghQ£SU9·=?VYS0m�QJ^C4 a ��=!�(Q£9A^(VÝ9;=�9·=?VYT:S�=n9·=UQWS�=êQ,�I>Z@(X�=U>�=!�(Q�S?9��ËQ�Shi3�c��Qy=?ghi#gUQ,�(gUQJSUQW@�=?9·=?VY>Z@CB�=��(QJ@�@�QWV6%
=���QWg	>���=!�(QWShQ:TW>A@(^(VY=UVI>Z@�S�9AgUQRS?9·=UVIS&m�QW^ t:s�u)�Lz<u)� B,9A@(^�9OShQ�9�� >���VI@�=?QJgUShQWTJ=UVI>Z@c#ñV/������9��ZQ×^(V/�ËQW@(ShVI>Z@
N>% ( B #>�(VYT���VYSñ9ËTJ>Z@(VYT�9��CVY@�=?QWghSUQJTJ=?VY>Z@C4
a �(QJgUQ�9·Sc=��(QÒQJ@(QWghXZVIQJSc>�� =�>Zf(@(^�Q,�IQWTy=?gh>Z@(VIT�Sh=?9·=?QJS�T�9A@�XZQJ@(QWgU9��/�Íi<=êQÒ>�=�=n9AVY@(QW^59ASc=��(Q"QWVIXAQW@r�·9��6%

f(QJS	>;�C9�ghQ�9��(S�i3���ËQJ=UgUVIT4��9·=UgUVÍ;êB·gUQWSh>Z@�9A@�TWQRQW@(QJgUXZVYQWSo��9ei
=êQK�m>Af(@(^Ë9AS�QWVYXZQW@r�·9��If�QWS�>��ê92TW>"�c���YQy;
Shi3�c��Qy=?ghVIT��#9·=UgUVE;�47M4�(QWghQ29AghQ:SUQ@�ZQJg?9�� #Ò9�i,S"=?>�SUQWQ×=���9·=	=���VIS"VYS	=!�(Q:TW9ASUQ·B =(f =K��QWg!�(9��(S"=!�(QJ�Ë>ZSh=
^(VYgUQWTy=�VIS�=U>ßTW>Z@(ShVI^(QJg5=��(QL��>ZVY@¼=5S!��QWTJ=UgUf�� >��×=!�(Q�8:9;��V��Y=?>A@(VÝ9A@«f(@(^�QWg�TW>"�c���YQy;¢SUT�9;�IVI@�X§>��RVY=?S
TW>,>Zgh^(VI@�9<=?QWSN' � M�B � � *C#>�(VIT�� ��9��(S�>Z@�=?>�=!�(QN��>"�IQJS5>��°=���Q�gUQJSU>"�6�ZQW@�=W4«M4��Q}gU>,>A=?SO>��R9ãTW>"�c���YQy;
Shi3�c��Qy=?ghVIT���9·=?ghVÍ;�� B

� �
�� T 8
8 �


�
7 	 :

#ñV/���A=�Q�^(QWXZQJ@(QWgU9·=?Q£V��%=!�(Q2=E#">ËVI@(^�Q���QW@(^(QJ@�=:TJ>Z@(Sh=Ug?9AVY@�=?S

PRQ"7!7 T + � : H d 	 8 H : � � 7.O :
aE� 7!7 T + � : H d 	 8 H : � � 7fM :

9AghQ�S?9<=?VIS&m�QW^�BC9A@(^�SU>��m>ZgRgUQJSU>Z@(9A@(TWQJSJ#�Q
#ñV/���!VY@�XZQJ@(QWgU9��!Qy;-�êQJTJ=�=!��9·=:^(QWXZQJ@(QWgU9ATWVYQWS�>,TWTJf(g�9;�I>Z@(X
SUQW9��ËS°>��!^(V/�ËQW@(ShVI>Z@ � + (,B+_hf(S�=R9AS°VI@�=!�(Q�=ê>Af(@(^}Sh=?9·=?Q2TW9ASUQ��m>Zg"Sh=n9<=?QWS°>;�!=!�(Q2S?9;��Q�S�i3���ËQJ=UghiZ4
� QW9���S2>;��VY@�=?QWghSUQJTJ=?VY>Z@ß>���=��(Q�ghQ�9�� ��9Agh=US2>���=��(Q�QJVIXZQJ@r�A9;�If(QJS2>���� #ñV/����>,TWTJf(g�#>�(QWghQ � 1 457 M : VIS
S?9<=?VIS&m�QW^�9A@(^�=���Q£VY@(Q�1¼f�9;�IVY=Gi

7 T + � : H d 	 8 H�� � 7 � :
���



�(>"�Y^(SW4 i�>Zg#ShQ�9��ËS}>��£VI@�=UQWgUShQWTy=?VI>A@->���=��(Q§V��#9AXAVI@�9Ag�i ��9Ag�=?SJB×=���VIS�VY@(Q�1¼f�9��YVY=Gi VIS#gUQ,�AQWghSUQW^�4 aG@
XZQJ@(QWgU9��LBcShf(T��¥SUQW9��ËS
#ñV/���	>,TWTJf(g59;�I>Z@(XS7 ��>ZSUShV/=��ÍißTWf(g&�,V/�IVY@(Q�9·g : �IVI@�Q�ShQWX"�ËQW@�=?SD#>�(VIT��0=UQWg!�ËVI@(9·=?Q
9·=:^(QWXZQJ@(QWgU9·=?Q
�ê>ZVY@�=?SW4�aG@ã>Zf�g:T�9;�ITWf �Ý9·=UVI>Z@(S4#�QW��9��ZQD�m>Zf(@(^ãTW9ASUQJS�#ñVY=!� =�>A=��ã>A@(Q59A@�^�=E#">}Shf(T��
��>ZVI@�=?S°>;��^(QJXZQW@�QWg?9·TJi�9A@(^L#�QOXZV6�ZQ2S0�êQJTWV�m(TD�Ë> ^�Q��ISC�m>ZgÒ=��(>ASUQ�SUVÍ=?f�9·=UVI>Z@�S4=êQ,�I>$#�4

aô=�VYS:V�����>Zgh=?9A@�=ñ=?>�@(>·=?QO=!��9·=×=��(Q5Q); VISh=UQW@(TJQ�>���XZQJ>"��Qy=?ghVIQWSR>�� �(VYX"�ãS�i-�c�ËQJ=?g�iZBêVI@ #>��VIT��ã=���Q
=E#�>2Sh=n9<=?QWS =êQ,�I>Z@(XR=?>×^(V�`êQWghQW@�=�VIghgUQJ^(f(TWV�=��IQ�ghQ��(ghQWSUQJ@�=n9·=UVI>Z@(S�9·@(^�=���QWgUQ@�m>ZgUQ 8 � � BAS�=?V/���j�IQ�9��AQWS�=E#�>
TW>A@(^(VY=UVI>Z@�S!=U>�=êQ"S?9·=UVIS0m(QW^�VI@ � 1¼SJ4)7.O : 9A@(^b7 M : 4!M4�(QJgUQ,�m>AgUQABr#>�(QJgUQW9AScVI@
=ê>Zf�@(^-%GS�=n9·=UQ"=���QW>Zg�iO=!�(QWghQ
VIS�9�T��Ý9·SUS�>��	TJ>Z@(VITW9���VY@�=?QWghSUQJTJ=?VY>Z@(SJ#>��VIT��[�IVYQ�QW@�=UVIgUQ,�Yib#ñVY=!�(VI@ãShf(T�� �(VIX"�3%GShi3�c��Qy=?g�i�XAQW>"�ËQJ=UgUVIQJSWB
=���QWgUQc#ñV/���o=êQË@(>�Shf(T��¥T��I9ASUS£>��°ShQ�9��ËS£>��°^(QJXZQW@(QJg?9ATyi¢>;�4��Qy=n9AS�=n9�= �IQ�Sh=?9·=?QJSW4?aG@(Sh=UQ�9A^�B #"Q��#9�i
m�@(^d=��(Q£9ATy=?f�9;�*^(QWXZQJ@(QWgU9ATWVYQWS×S!�IVYX"��=��Íi#>�`êSUQy=��mgh>"� =!�(QWShQ
�(VYX"�(QJg&%GS�i3���ËQJ=Ughi�XAQW>"�ËQJ=UgUVIQJSW4�M4��9·=×VIS
VI@�^(QWQJ^Ë=!�(QñT�9AShQ×VY@Ë>Af(g�T�9��YTWf��I9·=?VY>Z@(Sc>���=���Q×TJ>Z@(VITW9��(VY@¼=UQWghSUQWTy=?VY>Z@�>;�ê=!�(Q×Shf(g0��9·TWQWS�=��(9·=	TW>ZghgUQWS0�ê>A@(^
VI@�_ Hôó XAQW>"�ËQJ=Ughi#=U>Ë=!�(Q�H T D 9A@(^dH 8 H gUQJSU>Z@(9A@(TWQJSW4

i�QWf(QJg!=�9·T��(QWg ryv"tA��� ' � 	�*CQy;�9��ËVI@(QJ^�=��(Q�Q,`êQWTy=R>��!S0#ñVY=UT��(VI@�XË>A@�=!�(Q2TW>Af����IVY@(X�>��!=��(Q2ghQWSh>Z@�9A@(TJQ
Sh=?9·=?QJS7=U>×=���Q�TJ>Z@�=?VI@¼f(f � �m>Ag7Sh>"��Q	SUV���� �IQ ��>,^(Q,�r�(gU>"= �IQ��ËSWB·9A@(^O=��(QyiD��9A^(Q�ShQ,�ZQJg?9�� >"=(ShQWg0�·9·=UVI>Z@�S
=��(9·=	9AgUQ°ghQ � QJTJ=UQW^#VY@�=��(Q°ghQWSUf �Y=?S�>��ê>Zf(g�TW9��ITJf��Ý9<=?VI>A@(SW4%M4�(QJSUQ×9Af�=���>ZgUS�>"=(ShQWg&�ZQW^Ë=���9<=�=��(QñQ,`êQWTy=	>��
S0#ñVÍ=?T��(VY@(XË>Z@�=!�(QOTJ>Z@�=?VY@,f�f�� TW>Zf ���IVY@(X�>A@�9�TW>Z@�VIT�9;�!VY@�=?QWghSUQJTJ=?VY>Z@dVIS°=?>ËS!���YVY=ñ=���QOShVI@(X"�YQ2SUQW9��õ>��
^(QJXZQW@(QJg?9ATyi�VY@�=?>�=E#">(4ñM4�(QOQWShSUQW@�=UVÝ9��!gUQJSUf��Í=�B)m�gUS�=�^(Q,��>A@(Sh=Ug?9·=UQW^ =�i���Sh=Ug?9A^�9 ryv°tA��� ' ��� *]B�VISñ=���9·=
=���QËghQ�9��o�(9Agh=�>��	=���QËghQWSh>Z@�9A@(TJQ�QJ@(QWghXZVIQJS�=êQ,��9��ZQWS�9AS�VI@[i�VYX(4pO ��=!�(QWghQ�VIS�9L�IVY@(Q�SUQJX"��QJ@�=�9;�I>Z@(X
#>�(VYT��d=!�(Q�gUQ�9;�p��9Agh=ñ>;�7=!�(Q�gUQWSh>Z@�9A@�TWQ£QW@(QJgUXZVYQWSR9AgUQ2=!�(Q�S?9��ËQA4

aG@Li�VYXZf(ghQ�O�9AghQJ���Y>A=U=UQW^#=!�(Q�ghQ�9��2��9Agh=USÒ>��*=!�(Q�QW@�QWgUXAVIQWS">��*=��(Q×gUQJSU>Z@�9·@(TWQJSR>�=�=n9AVY@(QW^��mgU>"� =���Q
 0�ËVI@(V��#9;�"��>,^(Q,��":>;�Ai�QJf(QWg0=�9AT��(QJg ryv�tA��� ' � 	�*]B�#>�(VYT��Ë9AgUQÒSh>"�If =?VI>A@(S '� >���=!�(QÒQWVYXZQW@r�·9��Yf(QÒQ�1¼f�9<=?VI>A@

3�Qy=
��
� + - / D + '� �

� + � + -0/ H + '�

�
� � 7 Q :

M4�(VYSN��>,^(Q,����9�BAQJS}9^�(ghQW^(VYTJ=UVI>Z@+9�=ê>Af�=#=!�(Q�=?gU9+_hQWTy=?>ZghVIQJS#>��2=!�(QãgUQJSU>Z@(9A@(TWQY��>"�YQWS�'��VY@+=���Q
TW>������YQy; ' ���Ý9·@(Qß9ASN�mf(@(Ty=?VY>Z@(S�>��£=���QY��9Ag?9;��Qy=?QWghS � 9·@(^��ê4lHJ�Y>Z@(X`9¥T��Y>ZSUQJ^e�(9·=��1VI@ª=!�(VIS
��9AgU9��ËQJ=?QJg�S!��9ATJQR=!��9·=�QW@(TJVIghT��IQJS�>Z@(QR>���=!�(Q�=�g?9A@(T����ê>AVI@�=?S�S!��>+#ñ@#VI@ci�VIX�4rM�B�=��(QRgUQJSU>Z@(9A@(TWQ��ê>��IQWS
VI@�=UQWgUT��(9A@(XZQ���>ZSUVÍ=?VY>Z@(SW4IaG@?i�VIX�4 MO=!�(Q2T��Y>ZSUQJ^L��9·=!���mgU>"� H =U> �+=?>Ë_+=?>�3/9·@(^L=�9AT�BË=?>WH =?9�BAQJS
=���QOS�i S�=?Q,� 9Agh>Zf(@(^d>Z@(Q£>��7=��(Q<=(g?9·@(T��X��>ZVI@�=ñ^(QJXZQW@(QJg?9ATJVIQJS:>��7=��(Q<��>,^(Q,�L4	M4�(Q
=�Q���9��,VI>AgR>;��=���Q
gUQJSU>Z@(9A@(TWQ�QW@(QJgUXZVYQWS:VY@d=!�(Q�TJ>"�c���IQ);b���Ý9A@�QOVYS:9��YSU>ËS!�(>$#ñ@§VY@Xi�VYX(4)M�4 � >ZVI@(XZ�mgU>�� �ê>ZVY@�= � =?>}_:B
=���QRghQ�9�� ��9Agh=US�>��ê=!�(QñgUQJSU>Z@�9·@(TWQRQW@(QJgUXZVYQWS	9��Z>ZVY^�>Z@(QR9A@(>A=!�(QWgJB,9A@(^�=��(Q4#ñVY^�=��(S�TJgU>ZShSW4 � >ZVI@(X��mgh>"�
��>ZVI@�=ñ3/=?>ZH�B(=!�(Q2gUQW9��p��9Ag�=?S°TJgU>ZShSWB)#>�(V/�YQ:=���Q£V��#9·XZVI@�9·ghiZ��9Ag�=?SR9��Z>ZVY^�>Z@(Q£9A@(>A=!�(QWgJ4�M4�(Q�gUQJSUf��Í=

� 	



x
y

ER

è ö���à��Aä��%ÂeÃÍÈ�»ñ¾eÉC¿�º�»ñÄ�»)ÂeÃ�½,Â�Ä�¿�¾eÉC¿�º�»R»)À�»nÄ�ÅeÆ5¾eÉC¿�å�¾OÁEÀ·¿G»nÄ�ÂeÊ?¿�ÁEÀ�Å£Ä�»)ÇG¾¤À¼ÂeÀ¼Ê?»)Ç)á,ÉIÄ�¾¤Õ��GÕ�ÁÍÀ¼ÁEÕ�ÂeÃ(Õ2¾ZÌ�»)Ã��
¾eÉCÄ�»nÉLà	� � ��
mà

VISO=���9·=WB"9 �l=?QWgD�m>"�/�Y>+#ñVY@(X�=!�(VIS5T,�I>ZShQW^ �I>,>"�¥VY@ ��9Ag?9;��Qy=?QWg�S!��9ATJQAB	=��(Q}ghQWSU>A@�9A@(TJQWSc��9��ZQ�T���9A@(XAQW^
���I9ATWQJSW4
M4�(VYS<=�Q��(9$�,VY>Zg�VIS£9dghQ � QJTJ=UVI>Z@�>���=!�(Qc=(g?9A@�T��-%E��>ZVI@�=£^(QJXZQW@(QJg?9ATyi«VI@ � 1 4C7 Q : #>��VIT��^�(9ASD=�QWQJ@

TWVYgUTJf���@(9$�,VYX�9·=?QJ^X=�i�=!�(VIS���9·=���4�aô=���9AS29·@§VI@�=?QJgUQWShVI@(X���9Ag?9;�/�IQ,�%VI@�=!�(Q�=���QW>Zg�iã>��� 0��VI^(^(QJ@§TWgh>ZSUS %
VI@�XZS "l' �"Q ��	 � *]B�VI@
#>��VIT��5=���Q°9A@�9��Íi¼=?VIT	TW>A@¼=UVI@¼f�9·=UVI>Z@�>�� =ê>Af(@(^-%ôSh=n9<=?QK��>A=?QJ@�=?VÝ9;� QJ@(QWghXAi�TJf(g0�AQWS�VI@�=U>
gUQJXZVI>A@(SO>;�°TW>"�c���YQy;j% �·9��Yf(QW^«XZQW>���Qy=?gUVYQWS£>��l=?QJ@¢i,VIQ,�I^(S£SUV���V��Ý9Ag�=�g?9A@(T�� ��>ZVY@¼=USW4?aG@�=!�(VIS<#Ò9�i«VY=OVIS
SUQJQW@d=���9·=°=!�(Q��·9AgUVY>Zf(SK=�>Zf(@(^dSh=?9·=?Q���>A=UQW@�=?VI9��CQW@�QWgUX·i�TWf(g&�ZQWS×9AghQ�9ATJ=Uf�9��/�Íi#^�V�`êQWgUQJ@�=�=�g?9A@(T���QWSR>��
=���QOSU9���Q<�5f��Í=?V6�A9;�If(QJ^N�mf(@(TJ=UVI>Z@dVI@�=���Q�TW>������YQy;�TJ> >AgU^(VY@�9·=?Q����I9A@(Q·4"M4�(QD��9AVIghVI@(X�>��7=��(Q<=(gU9A@(T��
��>ZVI@�=?S"VI@�ghQWSU>A@�9A@�=>�ê>·=?QW@�=UVÝ9��êQW@(QJgUXAi#SUf(g&��9ATWQJSK#>�(VIT��L#�QWgUQ2>�=(SUQJg0�ZQJ^�VY@#=��(Q2TJ>"�c���IQ);#S�i3���ËQJ=UgUVIT
��9·=?ghVÍ;
��>,^(Q��YSc>��êPñQ,��4 ' � 	�*]B¼9A@(^Z#>�(VIT���#�Q��(9$�AQ4�m>Zf(@(^�VI@�TW9��ITJf��Ý9·=UVI>Z@�S�>Z@�=���Q H!T D� H 8 H TJ>Z@(VYT�9��
VI@�=UQWgUShQWTy=?VI>A@CB(VIS"SUV/�ËV/�I9Ag�=?>5=���Q���9AVIghVI@(X�>��q�(VI^(^�QW@�TWgh>ZSUShVI@(XZSK#ñVÍ=��?�ËVIgUgh>Zg&%ôV/��9AXZQ4��9·VIgUSÒ9ATWgh>ZSUS°=���Q
gUQW9��cTJ> >Zgh^(VI@(9·=?Q�9<; QJSW4�M4�(QWShQ�ShV/�ËV/�I9AgUVÍ=?VIQJSR9AgUQ�@(>·=OShf(g!��gUVIShVI@(X�B*SUVI@�TWQ5=���Q�9·@�9��Yi¼=UVIT5TJ>Z@�=?VI@¼f�9<=?VI>A@
>���9ËghQ�9��*S�i3���ËQJ=UgUVIT�=�>Zf(@�^-%GS�=n9·=UQO8×9��ËV/�Y=U>Z@(VI9A@#VY@¼=U>�=��(Q�TW>������YQy;�TJ> >AgU^(VY@�9·=?QJ���Ý9A@�QO9;�ISU>�i,VIQ,�I^(S

� O



Y

C

X

B

AD
Im

[E
]

Re[E]

A

A

B

B

D

D
C

C

è ö���à��Aä���½¼½(»nÄ)ä��CÂ�¿�º«ÁEÀã¿�º�»�ë��	��
 î ½,ÃEÂeÀ�»�ÉI¾eÄ�¿�º�»�»)ÁEÅe»)À<Ï�ÂeÃEÈ�»�¿GÄhÂ�ô»)Ê?¿G¾eÄ�ÆßÁÍÀã¿�º�»ËÃ�¾Jå7»nÄ�½ ÂeÀ�»)Ãlà��"»?Î
Åe»)À�»nÄ�ÂeÊnÁE»)Çñ¾eÉ�Õ2¾ZÌ�»)Ã*¾eÉ ��»nÉLà � � ��
7Â�Ä�»£À�¾e¿G»)Ì�å�Á�¿�º���� ÇnéC¿�º�»£ÇG»)ÂeÕ ¾eÉcÁÍÀ<¿G»nÄ�Ç�»)Ê?¿�Á�¾¤À}¾eÉc¿�º�»�Ä�»)ÂeÃ!½,Â�Ä�¿�Ç°¾eÉ
¿�º�»�Ä�»)ÇG¾¤À¼ÂeÀ,Ê?»£»)À�»nÄ�Å¤ÁE»)Ç:ÁÍÇRÌ�»)À�¾e¿G»)Ì�ÖAÆdÂ�Ç�¾¤ÃEÁEÌ�ÃEÁÍÀ�»eá�ÂeÀ,Ìd¿�º�»�ÇG»)ÂeÕ ¾eÉ�ÁEÀ·¿G»nÄ�ÇG»)Ê?¿�Á�¾¤À�¾eÉ�¿�º�»5ÁEÕ�Â�Å¤ÁEÀ,Â�Ä�Æ
½,Â�Ä�¿�ÇcÁEÇ�Ì�»)À�¾e¿G»)Ì�ÖAÆ�Â�Ì¼ÂeÇ�º�»)Ì�ÃEÁEÀ�»eà�� ¾Jå7»nÄyä%¹�Ä�Â�G»)Ê?¿G¾eÄ�Æ�ÁEÀ£¿�º¼»"Ê?¾¤Õ2½ Ã�»?Ñ£½,ÃEÂeÀ¼»	¾eÉ »)Á�Åe»)À·Ï�ÂeÃEÈ�»)Ç�� D ëÝÇG¾¤ÃEÁEÌ
ÃEÁEÀ¼» î ÂeÀ¼Ì�� H ëÝÌ¼ÂeÇ�º�»)Ì�ÃÍÁEÀ�» î ÂeÇ"½,Â�Ä�ÂeÕ�»n¿G»nÄ�Ç��}ÂeÀ¼Ì�
�Â�Ä�»:ÏWÂ�ÄhÁ�»)ÌËÂeÊnÊ?¾eÄ�Ì,ÁEÀ�Å£¿G¾5È�½¼½(»nÄ�½ ÂeÀ�»)Ã�ÉIÄ�¾¤Õ�½�¾¤ÁÍÀ<¿
����� � ò � � ��� à

� M



 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 0.416  0.418  0.42  0.422  0.424  0.426  0.428

Im
[E

]

Re[E]

2B2

2A1

71o

74o

71o

74o

 0.416

 0.418

 0.42

 0.422

 0.424

 0.426

 0.428

 71  72  73  74

R
e[

E
]

θ

2A1

2B2

 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 71  72  73  74

Im
[E

]

θ

2A1

2B2

 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 0.416  0.418  0.42  0.422  0.424  0.426  0.428

Im
[E

]

Re[E]

71o

74o

71o

74o

 0.416

 0.418

 0.42

 0.422

 0.424

 0.426

 0.428

 71  72  73  74

R
e[

E
]

θ

 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 71  72  73  74

Im
[E

]

θ

 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 0.416  0.418  0.42  0.422  0.424  0.426  0.428

Im
[E

]

Re[E]

71o

74o

71o

74o

 0.416

 0.418

 0.42

 0.422

 0.424

 0.426

 0.428

 71  72  73  74

R
e[

E
]

θ

 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 71  72  73  74
Im

[E
]

θ

 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 0.416  0.418  0.42  0.422  0.424  0.426  0.428

Im
[E

]

Re[E]

71o

74o

71o

74o

 0.416

 0.418

 0.42

 0.422

 0.424

 0.426

 0.428

 71  72  73  74

R
e[

E
]

θ

 0.0014

 0.0016

 0.0018

 0.002

 0.0022

 0.0024

 71  72  73  74

Im
[E

]

θ

���������/	��Y�'+���+���03��G6+,$����V+,�%F�HV+,�%*%&(��) @ L K +���0 @ J @ � mI@ L N +��V03� @ L N �Y�'���#�5$����'&#PW���34�+,�%*��5�#�'&#P�+�&�+
)AR���2M*%�����X��)U89����0i+���$����^r�PS+,*��7*���HT�%�xgµ*���89��*�*���G �%�xgO��� Kjk � @ k m��	�:meo/q y
� K k m��	�,n���s P� @ k m��	�:m#n��
o
q y�� K�k¯m��	�,n �,t
P
� @ k¯m��	�:m ��t o
q y�� K�k¯m��	�,n t
P
� @ k¯m��	�:m t o/q �

�X���:¬i 9°w���1�5¢V¬h¬i����~��7�I¬h�/��~���� �
� �]ª��:�9�9���9~��
�9�#�� ��:�7���I�������,�V�7�
~����w¬h�w°A�
~��M�1�����/�I���z�z�7�9���M���³��¢ ���9��¬i�S�z��°� z~��:�9°w��¬ �
�Q���
�

�7�T�:�9~(���:¬h z�z�M��� @�À K�� @#¿ @ ~������:�9�
�9���6���9��~l}:�7��� �j� �9�w�(�Q�����,�V�7�:~(�w�(¬h�
�9�wª����l�����=�
���������/°7�w�M�/�M���:�
�#���
�z}:�T�w�`�M�z�h�9�� Q���9�9���9���1�
ªO�M�9�h~����l�:���
�z���T���9��~l}:�7���]�:�`�:�9�h�V�z��°7���
~����V�:~��9�w���/���T�
�p�
�9�/�M�9��~

Ä��



VIS<�·9AgUVYQW^C4ãM4��Q�SUVYXZ@�9·=Uf(gUQ�>;�°=��(QN=�g?9A@(T�� ��>ZVY@¼=�VIS�9�=?gU9A@(SUVÍ=?VY>Z@ �mgh>"� =��(Q�TW9ASUQN#>��QWgUQ�=��(Q�ghQ�9��
��9Ag�=?S×>��c=���QOghQWSU>A@�9A@(TJQ5QW@(QJgUXAidTJgU>ZShSJ#>�(V/�YQ2=��(QOV/��9AXZVI@(9Aghi���9Agh=US:9��A>ZVI^§9·SR=!�(Q�ghQWSU>A@�9A@(TJQW�ê>��IQWS
9�����gU>�9AT��dQ�9·T���>A=!�(QWgJB(=?>�9�T�9AShQ�#>��QWgUQ�=���Q£ghQ�9��p�(9Agh=US×9��A>ZVI^L#>�(V��IQ�=���Q£V��#9·XZVI@�9·ghic��9Ag�=?SñTWgh>ZSUSJ4
M4��9·=£=?gU9A@(ShVY=?VY>Z@«T�9A@S=�QËSUQWQJ@¥VI@ß=��(Q���9A@(Q,�ISO>��>i�VYX(4 � Bq#>�(VIT��0S0�(>$#ñS�=���Q#TW>������YQy;«QJ@(QWghXZVIQJS

>���=���Q � H T�g g 9A@(^e(¢H T�g g gUQJSU>Z@�9·@(TWQJS^7m>"=�=?9AVI@(QJ^]�mgU>"� TJ>"��� �IQy;��2>"�(@]�·9AghVÝ9·=UVI>Z@�9;�RShT�9·=h=?QJgUVI@�X
T�9;�ITWf �Ý9·=UVI>Z@(Sñ^(QJSUTJgUV/=�QW^§VY@ H����êQJ@(^(VE; � : ���I>·=U=?QJ^§9AS:9��mf(@(Ty=?VI>A@(S:>���@¼f(T,�IQW9Ag:XZQJ>"�ËQJ=?g�iZ4 �	9·T��§>��
=���QW�m>Zf(g:gh>$#ñS2>���=���9·=Jm�XZf(ghQ5S!�(>$#ì=��(Q5ghQWShf��Y=US2>��o�·9Aghi,VI@�X�=��(QW=�>Z@(^ß9·@(X"�IQD�m>Zg:^(V6`�QJgUQJ@¼=J�A9;�If(QJS
>���>Z@�Q G 8 =ê>A@(^§^(VIS�=n9A@�TWQAB�� D BA#>�(V��IQ£=��(Q5>·=��(QJg�VIS�m�; QW^[=�i�=���Q5gUQ,�Ý9·=UVI>Z@S7 � D d � H@: 1"( � ��� Q ����� 4
M4�(Q2=?>���gh>+# S!��>+#ñSñ=���Q��·9AghVÝ9·=UVI>Z@#>�����VY@d_ Hôó Shi3�c��Qy=?ghi}9A@(^?#"Q�SUQJQ£=!�(Q2gUQW9��p��9Ag�=?Sñ>��!=��(Q H�T D
9A@(^}H 8 H �ê>·=?QW@�=UVÝ9��YS�TJgU>ZShSñ9AgU>Zf�@(^�� � � (£^(QWXZghQWQJSK#>�(V/�YQ×=���Q�V/��9AXZVY@�9AghiW��9Agh=US"TJgU>ZShSñ9·=°9�^�V�`êQWgUQJ@�=
XZQJ>"��Qy=?g�iZB�9Agh>Zf(@(^�� � � � ^�QWXZghQWQWSJ4�M4�¼f(SJB�9·= � D � � H � ��� Q � ��� B vm~�ryu?r£�I��x�zË©,rL ,ryx�ryuUt,�y���yryv��"rnryx
vl~�r H T D tAx�© H 8 H �yvôtAvGrn��{�z<uOtAx�� � 4
M!>
m�@(^�=!�(Q29ATy=?f�9�� =(gU9A@(T��L��>ZVI@�=Ò^�QWXZQJ@(QWgU9ATJiAB #"Q���f(Sh=F=(gUQW9�B}_ Hôó Shi3�c��Qy=?g�iZ4�M4�(Q2@(Q);,=°gU>$#

VI@Ni�VIX(4 � B 9·= � D � ���RQ���� 	(B�� H � ��� Q ��� M B S0�(>$#ñSÒ=���9·=�=��(Q:TW>Z@(@�QWTJ=UV��,VY=Gi�>��*=Ug?9+_hQJTJ=?>AgUVIQJS"VY@#=��(Q�m�gUS�=
gU>$# VIS4��9AVI@�=?9AVI@(QJ^CB 9A@(^L#"Q�ShQWQ£95SUf(XAXZQWS�=?VI>A@d>;�!=!�(Q2V/��9AXZVY@�9Ag�i��(9Agh=USñ9$�A>ZVI^�VI@(X5QW9AT��d>A=��(QJg°@(Q�9·g
=���Q�9A@(X��IQ4#>�(QWghQ:=���Q×ghQ�9�� ��9Ag�=?S	TWgU>ASUSW4����#=?>£=��(VYSC��>ZVY@¼=�=!�(Q:S�=n9·=UQWSÒ9·gUQ���>ZS�=Ò9;��=��ÍiZ�Ý9�=�Q��YQW^  0H D %
�IV�BAQ "�9A@(^  � H % �IV�BAQ "�B�@(>A=  �f�����QWg "d9A@�^  &�I>$#"QJgW4 "�8×>$#�Q,�ZQJgWBq=�i�=���Q�=!�(VIgh^§gU>$#�B%9·=�� D � ���RQ�� � O B
� H � ��� Q � (�O Bê=!�(Q�TW>Z@�@(QWTy=?V��,VÍ=GiX��9AS2T��(9A@(XZQJ^¢9A@�^«@�>+#�=���Q�gUQ�9;�k��9Ag�=?S2>���=���Q�gUQWSh>Z@�9A@�TWQ�QW@(QJgUXAi
9��Z>ZVY^¥>Z@(Q}9·@(>A=���QWg�9AS���VIS
�·9AghVIQW^�B�9AS5VISO=��(Q�TW9ASUQN�m>Ag�=��(Q���>,^(Q��C�(gU>�=��IQ,� 9��Y>Z@(X ��9·=�� �°_ VY@
i�VYX(4�M�4
M4�(QJgUQ,�m>AgUQAB�9·=RSh>"��Q���>ZVI@�=>=�QJ=E#�QWQJ@ã=��(Q�XZQJ>"��Qy=?ghVIQWSñ>��!=���QOShQWTW>A@(^§9A@(^�=���VIgU^�gh>+#�B�9A@�9ATy=?f�9��

^(QJXZQW@(QJg?9ATyi£>��(=���Q�ghQWSU>A@�9A@�=cS�=n9·=UQWS�#Ò9ASI��9AShSUQW^�4kH m�=�>�� =��(Q51¼f�9A@�=?VÍ=Gi�	 ' D + ' H 	 H Q,�·9��Yf�9·=UQW^O9·= � O
��>ZVI@�=?S×@(Q�9·g:=��(QJSUQ�XZQJ>"�ËQJ=?ghVIQJSR=U>�9�1¼f�9A^(gU9·=?VYTD�m>Zg0�õi,VYQ��I^�QW^ 7 � D B�� H B
� : � 7 � 4 Q��"Q������ B � 4 Q � � ����� B
� ( 4 ����� � : �m>Zg�=!�(QL�I>,T�9<=?VI>A@¢>��R=��(Q}TJ>Z@(VYT�9���VI@�=?QJgUSUQJTJ=UVI>Z@ 9·= � D d � H � � 4 Mr( ��� 4^H �ËVIghgU>Zg %GV��#9AXAQ
^(QJXZQW@(QJg?9·=UQOShQ�9��dB(>��7TW>Af(gUShQAB ��9AShSUQWSñ=���gU>Zf(X�� � D � ���RQ � � � B � H � ��� Q��"Q�� 4

�"QJT�9Af(ShQ}=��(QJSUQ}=E#">[�ËVIghgU>Zg %GV/��9AXZQ�ShQ�9��ËS�9AgUQ}Sh>ßT��I>ASUQ �^�5f(T��`T,�I>ZShQWg5=��(9A@¥=��(Q}^(Q ��gU>ZX"�YVIQ
#"9$�AQ��YQW@(XA=!�S�m>Zg�=��(Q���>$�,VI@(X�@¼f(T��YQWV �Y#�Q�^(>ã@(>·=�Q); ��QWTy=5=��(9·=�=!�(Q�=E#�>;%GShQ�9�� Sh=UgUf(Ty=?f(ghQ�>��Ò=!�(VIS
TW>A@(VITW9���VY@¼=UQWghSUQWTy=?VY>Z@�>��A�ËQJ=?9ASh=?9�=��YQÒSh=?9·=?QJSk#ñV/�/�-��9��ZQR9A@�i�V������YVITW9·=?VY>Z@(Sp�m>Zg�=!�(Q°@¼f(T��YQ�9Ag�^�i,@�9;��VYTWSW4
aG@£>A=��(QJgp#">Zgh^(SWB #"Q�Q); ��QWTy=7=!��9·=�#�Q5��9�i�=?ghQ�9·=%=!�(VIS*TJ>Z@(VITW9��ZVY@¼=UQWghSUQWTy=?VY>Z@Of�SUVI@�Xñ=!�(Q�Sh=?9A@(^�9Agh^�9·gUg?9�i
>��q=�>Zf(@(^-%ôSh=?9·=?Q�=UQWT��(@(V�1¼f(QWSJB 9����(gh>e; V��#9·=UVI@(XO=��(Q�TJ>Z@(VYT�9��CVY@�=?QWghSUQJTJ=?VY>Z@�9ASñ95ShVI@(X"�YQ:ShQ�9��dB #ñVY=!�(>Zf�=
TW>����(gh>"�ËVISUVY@(X�=!�(Q�SUf�=(ShQ�1¼f(QJ@¼=:^(QWShTWghV/��=UVI>Z@d>��!=��(Q�@¼f(T��YQ�9Ag°^ i @(9���VYTWSñ@(QW9Ag°=��(Q�VI@�=UQWgUShQWTy=?VI>A@C4

�$Q



�
� H æ D���� H æ g � ��� �����

H:S"Qy;-���Ý9·VI@(QJ^�9�=ê>$�AQAB(S�=n9Ag�=?VI@�X
�mgU>"� =���Q2Q�1¼f(V/�YV/=(ghVIf�� XAQW>"�ËQJ=Ughi�>��%@(QWf =?g?9;�A#Ò9<=?QWgJB�=���Q�QW@(QJgUXAi
>��c=!�(Q�H T D 9A@(VY>Z@�^�QWTWghQ�9AShQWS�9ASR=��(Q�8>% G %G8l=�>Z@(^ã9A@(X"�YQ£VY@(TWghQ�9AShQWSJ4�HÒ=��YVI@(QW9AgR8>% G %G8�XZQJ>"�ËQJ=?g�iZB
=���Q2H T D 7 � H T�g : S�=n9·=UQ�9A@(^�H 8 D 7mH T�g g : Sh=?9·=?Q�9AghQ:=���Q�=E#">�^(QJXZQW@(QJg?9·=UQ�TW>"�c�ê>A@(QW@�=?S°>;��95H � Sh=n9<=?QA4
M4�¼f(SWBêV���VY=RVIS4m�ghSh=�=�gU>Zf(X��¼=R=?>��IVY@(Q�9Agñ84% G %�8/XZQJ>"�ËQJ=?g�id9A@(^d=��(QJ@ã^(VIShSU>,TWVI9·=?QJ^CB�=��(Q H T D 7 � H T g g :
Sh=?9·=?QËTW>AgUgUQ,�Ý9·=UQWS�#ñVY=!�08 ð d G 8 7 H � : Bc9AS£^(>,QWSO=!�(Q H�T g g Sh=?9·=?Q·4LaG@¢=?f(gh@CB�V6�"=!�(Q G 8 �mg?9AX���QJ@¼=
VISO=��(QJ@ ^(VYSUSh> TJVÝ9·=UQW^CB�=���Q}S?9��ËQ}T���9AghXZQ@%L=?g?9·@(S0�mQJgc=�Q��(9$�,VY>Zg�9AS�^(Q,��>Z@�Sh=?gU9·=?QJ^`VI@ � QJTJ=?VY>Z@ a!a0a<�m>Zg
=���Q H�T g g S�=n9·=UQN#ñV/�/�	>,TWTWf�gW40M4�(QJgUQ@�m>ZgUQ·BC=�i¢=!�(VIS��ËQWT��(9A@(VIS0� =!�(Q H�T D S�=n9·=UQdTW9A@`TW>ZghgUQ,�Ý9·=UQ�#ñVY=!�
=���Q£=!�(gUQJQ@%E=�>,^�i?=(gUQW9�B¼f��ãT���9·@(@(Q�� G ð[d 8 d 8£B�VY@�9·XZgUQJQ��ËQW@�=�#ñVÍ=���=��(Q£gUQJSUf��Í=?SR>��	_"f(g�=?VYS×9·@(^
a¢9��/B·QWg<' � ( * #>�(>Z�m>Zf(@�^dQ@�,VI^(QJ@(TWQ�>��!=��(VYSÒ=��(ghQWQ9%E=�> ^�i#T���9A@(@�Q��p�mgU>"� ^(VIShSU>,TWVI9·=?V6�ZQ29·=h=n9AT�� ��QJ@¼=ñ=U>
=���Q H!T D S�=n9·=UQA4
M4�(Q�H T D Sh=?9·=?Qc��9ei§9��ISh>b=�Q�^(VIShSU>,TWVI9·=?QJ^«^�VIgUQJTJ=!�Yiã=U>�=!�(Q�=��(ghQWQ@% =ê>,^�iY=�gUQ�9;B,f �¢gUQJXZVI>A@[#>��V/�IQ

��9AVI@�=n9·VI@(VY@(Xã_ Hôó XZQW>���Qy=?ghiA4§a¢QN�(9$�AQ?�êQJg0�m>Zg0��QJ^0SUTW9·=U=UQWgUVY@(X§T�9;�ITWf �Ý9·=UVI>Z@(SO9��Y>Z@(XãShQ,�ZQJg?9��°Shf(T��
��9·=!�(SWB2#>�(VIT��§^(Q,��>A@(Sh=Ug?9·=UQ�=���9<=:=���Q H T D S�=n9·=UQ5^(>,QWS�VY@(^(QWQJ^§TW>ZghgUQ,�Ý9·=UQO=?> G ð d 8 d 8ì9AS:=���Q
Sh=?9·=?QËVIS�=(gh>Zf(X"��=£^(VYgUQWTy=��Íiã=?>�=��(VYS£9AgUgU9A@(XZQ,��QJ@¼=W4}b�>AgUQW>$�AQWgWB7=��(>ZShQ�TW9��ITJf��Ý9<=?VI>A@(S�S!��>+# =!��9·=�=���Q
TW>AgUgUQJTJ=�9AShi3�c��=?>A=UQ�VY@�=���Q G d 8 H =E#�>;% =ê>,^�ib=(gUQW9�B¼f��§9Aghg?9A@�XZQ��ËQW@�=�VYS G ð[d 8 H 7 ��� � ����� : �m>Zg
=���Q2H T D gUQJSU>Z@�9·@(TWQ·4�M4�¼f(S4#�Q�m(@(^d=!��9·=°=!�(Q2H T D i�QWS0�3=(9AT���ghQWSh>Z@�9A@(TJQO^�> QJS x�z<v TW>ZghgUQ,�Ý9·=UQ:=?>�=���Q
�I>$#�QWS�=×H T D S�=n9·=UQ�>��7=!�(Q£9A@(VY>Z@}VI@}=��(9·=×9AgUgU9A@(XZQ,��QJ@¼=WB #>�(VYT���VYS G ðYd 8 H 7 ��� H� : 4
a�QD�(gh>$� VY^(Q�Q@�,VI^(QJ@(TWQ
�m>Ag×>Zf�g:9AShSUVYXZ@��ËQW@�=:>;�c=��(Q G ð d 8 H 7 ��� � ����� : 9AShi3�c��=?>·=?Q�VY@Xi�VYX(4 Q 4

M4�(VYSqm�XAf(gUQ	S!�(>$#ñS!=��(Q	gUQW9��j��9Agh=7>�� =��(Q	QW@(QJgUXAi£>�� =��(Q	gUQJSU>Z@(9A@�=�S�=n9·=UQÒ9AS%^(Qy=?QWg0��VY@(QW^D=�iOShT�9·=h=?QJgUVI@�X
T�9;�ITWf �Ý9·=UVI>Z@(S2#>�(QWghQ�VÍ=%VIS%f(@j=ê>Af(@(^CBA9A@(^<=¼i�S�=?ghf(TJ=Uf(gUQ	T�9��YTWf��I9·=?VY>Z@(SA#>��QWgUQ	VY=%VYS�=ê>Zf�@(^C4�M4��Q	^�QJ=n9·V/�IS
>��ê=��(QJSUQ:TW9��ITJf��Ý9<=?VI>A@(S�9AgUQñVY@(T��Yf(^(QW^ËVI@cHJ� �êQJ@(^(VÍ;,���3�m>Zg�=!�(Q���gUQWShQW@�=F#�Q�#ñV��/�(@�>A=?QR>Z@��Íi5=���9<=	=!�(QJi
9AghQW�êQJg0�m>Zg0��QJ^ #ñVY=!�§9��mf����c_FañghQ��(ghQWSUQJ@�=n9·=UVI>Z@ß>���=!�(Q�=n9·gUXZQy=�Sh=?9·=?QJS2VI@§9·@§9·=?>���VYTO>Zg0=(VY=?9���=�9AShVISW4
aG@ i�VYX(4 Q #"Q§^�VISUSh> TJVÝ9·=UQ�=!�(QãgUQJSU>Z@(9A@(TWQX�mgh>"� 90XZQW>���Qy=?ghi 7 � D � � H � ( � � ��� B � � ��� 	 � O � :
S!�YVIX"��=!�Yi�Sh=UgUQy=?T��(QJ^[�mgh>"� =��(Q�Q�1¼f(V/�YV/=(ghVIf�� XZQW>"�ËQJ=Ughid>���=!�(Q�@(QJf�=?gU9��LB2=�i�VY@(TWghQ�9AShVI@(XË=��(Q5^�VISh=?9A@(TJQ
=�QJ=E#�QWQW@ª=!�(Q�>�;,i,XZQW@-@¼f(T,�IQJf(S}9A@(^ =��(Q�8 H TJQW@�=?QJg�>�����9AShS#9A@�^]BAQJQ��(VY@(X¢=���Q�8 H VI@�=?QJgU@¼f(T,�IQ�9·g
^(VYSh=n9·@(TWQ}TJ>Z@(Sh=?9A@�=Ë9·= � 4 � M ��� 4¢M4��VISW=�>Z@(^ �IQJ@(XA=!�¥VIS�_hf(S�=Z=(VIX§QJ@(>Zf(X��`=U>Y=(VI@�^0=��(Q G ð d 8 H
7 ��� � ����� : S�=n9·=UQ59AS���QWgñ=��(Q£TWf(ghgUQJ@¼=×=?ghQ�9·=!��QJ@¼=W4>ho�I>A=h=?QW^�VI@�=��(VYS4m�XZf(ghQ�VIS°=!�(Q�QJ@(QWghXAid>���=!�(Q H�T D
i�QWS0�3=(9AT���ghQWSh>Z@�9A@(TJQ4#>�(QWghQ�=�>Zf(@�^�9·@(^�f(@j=ê>Zf�@(^CB,9A@(^�=���Q4�I>$#"QJSh= H�T D S�=n9·=UQ°>�� =��(Qñ9·@(VI>Z@�B�#>�(QWghQ
=�>Zf(@(^C4CH:SRVISñT��YQ�9Ag4�mgh>"� =���VIS4m�XZf(ghQAB =��(Q�H T D i�QWS0�3=(9AT��ãgUQJSU>Z@(9A@(TWQOTW>ZghgUQ,�Ý9·=UQWSñ@(>A=ñ=?> G ð d 8 H
7 ��� H� : B-=(f�=Ò=U> G ð d 8 H 7 ��� � ����� : 4�a�Q���9��ZQ��m>Af(@(^�=���Q�S?9��ËQ:TJ>ZgUghQ��I9·=?VY>Z@�9��Y>Z@(XO^(V�`êQWghQW@�=4��9·=!�(SWB

���



-0.1

 0

 0.1

 0.2

 0.3

 0.4

 1.5  2  2.5  3  3.5  4

R
e[

E
re

s]

R (a0)

O- + H2 (σg
2)

O- + H2 (σg σu)

è ö���à Aä ��»)ÂeÃ�½,Â�Ä�¿2¾eÉ"»)À�»nÄ�ÅeÆã¾eÉ�¿�º¼» H?æ D è »)Ç�º<Ö,ÂeÊhºßÄ�»)Ç�¾¤À¼ÂeÀ¼Ê?»eácå	º�»nÄ�»�Ö(¾¤È¼À,Ì0ë���� î ÂeÀ¼ÌßÈ,À<Ö(¾¤È¼À¼Ì
ë���� î áêÂeÀ¼Ì}ÃE¾yå�»)ÇG¿ H æ D Ç�¿�Â�¿G»�¾eÉ7¿�º¼»�ÂeÀ¼Á�¾¤À�á å�º�»nÄ�»�Ö(¾¤È¼À¼Ì�á�ÂeÇRÂ5ÉÝÈ¼À¼Ê?¿�ÁE¾¤À�¾eÉ�¿�º�»£Ì,ÁEÇG¿�ÂeÀ¼Ê?»�� Ö(»n¿�å�»n»)À
¿�º�»ñ¾yÑAÆAÅe»)ÀËÀAÈ¼ÊnÃ�»)È,Ç�ÂeÀ¼Ì�¿�º�»RÓ H Ê?»)À·¿G»nÄ	¾eÉ*Õ�ÂeÇ�Çná¼ÁÍÀËò Hôó Åe»n¾¤Õ2»n¿GÄ�ÁE»)Çná,å	ÁE¿�º5Ä � � � �Aà � � � � à

VI@�T��If�^(VI@(X�=���Q
��9·=!� �mgh>"� =��(QOQ�1¼f(V/�YV/=(ghVIf�� XZQW>���Qy=?ghid>���=��(QO@(QWf�=Ug?9��%=?>Ë=��(QOS!1¼f(QJQ �WQJ^�XAQW>"�ËQJ=Ughi
9·= � D � � H � ���RQ �,��� B � � 	jO � 7 � � � � ��� 	 � : =U>}^(VIShSU>,TWVI9·=?VY>Z@C4£M4�,f�S£VÍ=�9�����Q�9·gUS�=��(9·=2=��(Q�H T D
i�QWS0�3=(9AT���ghQWSU>A@�9A@(TJQOTJ>ZgUghQ��Ý9<=?QWSñX"�Y>"=�9����Yi�=U>Ë=!�(VISñ9AS�i3����=U>A=?Q·4
M4�(VYSWm�@(^(VY@(XßVIS�gUQW9ASUShf(gUVY@(XßVI@ �IVYX"��=�>��R=��(Q}Q);-�êQJgUV/�ËQW@�=USË>A@+9AShSU>,TWVI9·=?V6�ZQ�^(Qy=n9AT�� ��QJ@¼=W4`M4�(Q

Qy;-��QWghV/�ËQW@�=?S�>A@§9ASUSh> TJVÝ9·=UV��AQ�^(Qy=n9AT����ËQW@�=�>�� G ð d 8 H ' (�M,Bp( Q B ��� B � � *�9A@(^ G 8 ð d 8 ' ( � B ( � *
VI@�^(VITW9·=?QÒ=!��9·=�=���QWSUQ>�mg?9·X"��QJ@�=?S�TW>ZghgUQ,�Ý9·=UQK#ñVY=��Ë9A@�9·=h=?g?9·TJ=?V6�ZQñSh=?9·=?Q4#>�(VYT����(9AS	9��AQWghiZ�I9AgUXAQK#ñVI^�=!�
9·=>�(VYX"���Íi�^(VYSh=?>Agh=?QJ^�XZQW>"�ËQJ=UgUVYQWS°>��7@(QWf =?g?9;�%8 H9G ��9W#ñVI^ =��b�5f(T��b�Ý9AghXZQWg"=!��9A@?#"Q�#�>Zf��I^�Q); ��QWTy=
�m>Zg�=���Q×H T D i�QWS0�3=(9AT��}gUQJSU>Z@�9·@(TWQ·4�M4�(VIS	Sh=?9·=?Q·B3#ñVÍ=��#TJ>Z@ m�XAf(g?9·=UVI>Z@ ' 8 H9G * 	 � DD B3�(9ASC=�QWQJ@#=?QJg!�ËQW^#9
S!�(9��êQ2ghQWSh>Z@�9A@(TJQ�'
	 � B�	j( *]B�9��Í=��(>Af(X"��VÍ=°VISÒShf(gUQ,�Yi#Qy;,=?ghQ��ËQ��Yi�=(gU>Z9A^�9·=Ò=!�(Q2Q�1¼f(V��IV/=�gUVIf � XAQW>"�ËQJ=Ughi
>���=!�(Q�@(QJf�=?gU9��L4�aô=2VYS×T,�IQ�9·g��mgU>�� >Zf(g:ShT�9·=h=?QJgUVI@�X�T�9��YTWf��I9·=?VY>Z@(S°=��(9·=:=!�(VIS×H T D  hS0��9���Q�ghQWSU>A@�9A@(TJQ "
VIS�^(VYSh=UVI@(Ty=��mgU>"� =!�(Q�H T D i�QJS!�j=�9AT��0ghQWSh>Z@�9A@(TJQ�ghQ��YQ,�·9A@�=O=U>�^�VISUSh> TJVÝ9·=UV��AQ�9·=U=?9AT����ËQW@�=�B79A@(^«=���9·=
=���QWSUQ}=E#�>ßSh=n9<=?QWS�ghQ��(ghQWShQW@�=#ShQ���9·g?9·=UQL�ê>"�YQWS5>;�R=!�(Q �j% �#9<=?gUVE;ê4«M4��Q}H T D  hS0��9���Q}gUQWSh>Z@�9A@�TWQ "«VIS

( �



rHHR
-0.3

-0.2

-0.1

 0

 0.1

 0.2

 0.3

 0.4

 0.5
 1

 2

 3

 4

 2  3

R

rHH

������� � 	 �_�'+���HV+,�%*%&j��)Á�'���#�5$����'&j��) @ J @ &%*%+,*��'&Y���h @�� $��#��GI�#*��5���'&'PS���X4�+,�5*��%�#�'&_+,89�x.��-*%4��;$��%��R��V0X&�*%+,*��
�'���#�%$�F�PW+�&(+])AR���2M*%�����h��)">YZ[>²89����0i0V��&�*%+���2M� �����¯+���0T*%4��e0V��&�*%+���2M�e89�#*[g��#�'�3*%4��e> @ 2M�'��*��#����)"G�+�&%&
+���0�*%4��(���
F
$��'�i�
R�2#���'R�&'P����U� ��&��#*#	U*���H�.:���#g ����2#��R�0�����$-+I�������O+,*_r k �
	 v ���W�#)7*_��G6+,$�����&j+�����$����'0]gY��*%4
*%4��;HV�5���/*��'0]+�:�'&#yS�5��$�4/*_��G6+,$��;��&_��*%&j&�*��#�%�#��$��5+,HV4V��2�HV+,�%*%���#�_)w����	
�¯.
���#g!����$��

¬i�:�l�;°w���
��°w¢h�7~l~���°w���/�
�����M�X���9�6�9�7�l���V���A���M�w�
�6�/���M�
�#�9¬i�����^ 9~��V������� �

��� @MJ @���� @#LYN�������� ��!

� �9�6���S ���~l�7¬i�����M�^�
ª ÂO�9~l���7�^�
�9� � �/°��
��~�¥�Ä ¶ §��7�9�z�7�,���M���1�����/�-{I|�� @ � �^� | E ��� � � � ��°w���x�M~��
�9��¡
�,�/°7°w¢����S�����M���1{6|��S�w�! z~��V�9�9�����Tª�~��
¬?�M�9�^�M�9�w~��i~����l�:���
�z���� ��,��� �#" �w�9���^�M�9�^�
���9��~Y���O��~l���l�:���
�9���
�l�M�/�M�����YÄ @#À^N �
�9� @#À-N N � ���:~�~l��°A���M���;�w�������9�X���O�£���:¬i ��:�9�������p�
ª!}:~l�:�9�9���l�M�/�M�T{I|¾� @ ���6�¦| E
�l�M�/�M�;�w�i�����/�!�
~�~��
�9}:��¬h�����,�:�M�z� ¶ @ À N �l�M�/�M�;�w�Y°w��ª �j�������:~�~l��°7�/�M���M�p| E �c{I| � @ � � � � �9�w�O�
�5¢V¬h S¡
�M�/�M�e���
�1�
°w���p�Q�-���S Q���������1ª��:~_�M�9�w�O~������:�9�
�9���e�Q���,�
�9�l���M�9�pÄ%$ @ " Â(´�:~l�9�w�M�
°��������
¬h���O�M�9�-���w}:¬T�
���:�9�9�w�9}X¬h�
°7�����9°A�/~(�:~��z�w�#�/°��:�£{I| � � �6���,�:�6���:�S¤�~�¬i���=�M�9�w�;�
�l¢V¬i z�M�/�M�6�7�1��°7���x�M~l�:�£�l�,�/�l�M��~��7�z}
�,�/°7���z°A�/���7�:�9�O�9���w�9}X�M�9�6���
¬h 9°w���'&6�
�9�=¬h�x�M�9�V� �

� �X�9��� ���9~����M�3���9�X�Q�����,�V�7�:~I�
ªY�M�z� @ ¿ @ ~����l�:���
�z���X�;�w���9�7��Â @�( }:���
¬h�x�M~��w��� � � �w���9�7� ���9�7�
���S�(�
ªÁ���9�e ��
�������M�7�
°W���9~5ª[�
���^�M�9� @#¿ @ �5�#�/���e�7�Y�9�w�l�M�w�9���Yª�~��
¬?�M�9� @MÀ K �5�#�/��� � � �e���,�
�eª��:�9�9�h�M���/�
�M�z� @'¿ @ �l�M�/�M�^���
�!�p�l����¬i�7�z}:°w¢X�w���:°7�/�M�����9~M�
�z�#�S¡� ��:�7���Y�9��}:���9��~M�
�x¢h�;���M�h� @#¿ @ ���9�
 Q�-~������:���/�9��� �
� �9�w�3�9~M�/�9�#�¸ Q�
�7���T°w�,�
�z�h�M��
�¸�7�9�z��~������1�9�:�9�z°7�x¡ �/�
°7�9���9�9�����T�/ªI�M�9� @M¿ @ ���9~5ª[�
��� �;���M�9�w�¸Â @��

¶ Ä



XZQJ>"��Qy=?ghVIQWSJ4
M4�(Q�H 8 H S0��9���Q"gUQJSU>Z@(9A@(TWQ·B�#ñVY=!��TJ>Z@ m�XZf�g?9·=UVI>Z@N'[8 H9G * ( � H D B;��9ASI=êQJQW@5>"=�SUQWg&�ZQJ^�VI@�Q);-�êQJgUV/�ËQW@�=US

9A@(^�T�9��YTWf��I9·=?VY>Z@(Sñ>Z@�=!�(QW�(gh> TJQWSUS:>���Q��YQWTJ=UgU>Z@3%GV/�c��9ATy=>� V�=(g?9<=?VI>A@�9��%Qy; TWVÍ=n9·=UVI>Z@�>��k#"9·=?QJg ' 	 � � 	 � *L4
M4�(VYS"gUQJSU>Z@(9A@(TWQ2VYS5�m>Af(@(^�@(QW9Ag � Q,U/VY@(TWVY^(QW@�=�QW@(QJgUXAi#9A@(^�VYS"ShQ,�ZQJg?9���Q,U #ñVY^(Q�9<="=���Q:Q�1¼f(V��IV�=(gUVYf��
XZQJ>"��Qy=?g�i�>���=!�(Q�@(QJf�=?gU9�� � VÍ=×VYSR=U> >Z#ñVI^�Q<�m>Zg°=!�(Q
�(ghQWShQW@�=�=���QW>ZghQJ=?VYT�9��*VY@r�ZQWS�=?VYX�9·=?VY>Z@�=?>��Y> TW9·=?Q£9·=
=��(9·=�XZQW>���Qy=?ghiA4c8R>+#�Q,�AQWgJB3#�Q>��9��ZQ>�I>,T�9·=UQW^5=E#�>�gUQWSh>Z@�9A@�TWQ4�mQ�9·=Uf(gUQJS�VI@�H 8 H S�i-�c�ËQJ=?g�i�9·=�TJQWg�=n9AVY@
^(VYSh=?>Agh=?QJ^§XZQW>���Qy=?gUVYQWSJBC9A@(^Y#�Q���9��ZQ�@(>L� �Ý9Af(ShV/=��YQ�TW9A@(^(VY^�9·=?Q
=êQJSUVI^�QWS�=���Q5H 8 H S!�(9��êQ�ghQWSh>Z@�9A@(TJQ
=?>Z=�Q�gUQWS0�ê>A@(SUV�=��IQ��m>ZgÒ=!�(Q�SUQJTW>Z@(^b�mQ�9·=Uf(gUQ·4
a�QC��9��AQF��QWg0�m>Ag!�ËQW^�ShT�9·=h=?QJgUVI@�X:T�9;�ITWf �Ý9·=UVI>Z@(S*VY@ H 8 H Shi3�c��Qy=?g�i�#ñVY=���VI@�_ Hôó XAQW>"�ËQJ=UgUVIQJSW4!M4�(QWShQ

T�9;�ITWf �Ý9·=UVI>Z@(S�9·gUQñ^(QWShTWghV/=�QW^�VY@�H����êQJ@(^(VE;,�+9A@(^#9AgUQñQ);(9·TJ=��ÍiË9A@�9��I9AXZ>Zf�S�=U>£=!�(QRT�9��YTWf��I9·=?VY>Z@(S�f(ShQW^
=?>�^(Qy=?QJg!�ËVI@(Q�=!�(Q£9AShi3�c��=?>A=UQWSR>��!=��(Q�H T D S�=n9·=UQ ��=��(Qyi}^(Q@m�@(Q�=��(Q2=n9·gUXZQy=ñSh=n9<=?QWS×9A@(^ � � %GQ��YQWTy=?gU>A@
TW>A@ m�XZf(gU9·=?VY>Z@(S2ghQWS!��>Z@(ShV/=��YQW�m>Zg�=���QËghQWSh>Z@�9A@(TJQc�mQW9·=?f�gUQWS�=�iY�mf�����_Fa:VY@«9A@«9·=?>"�ËVIT�>Zg!=(VÍ=n9��I=�9AShVISW4
a�QD��9��AQ
��QWg0�m>Ag!�ËQW^�9A@�9��I9AXZ>Zf(S×_FaÒS�=?ghf(TJ=Uf(gUQOT�9��YTWf��I9·=?VY>Z@(S°VI@�=���QOghQWXZVY>Z@(S4#>�(QWghQO=!�(QOghQWSh>Z@�9A@(TJQ
=�QWTW>���QJS�=�>Zf(@�^C4
M4�(QJSUQ�T�9;�ITWf �Ý9·=UVI>Z@(SR^(Q,��>Z@�Sh=?gU9·=?QO=��(Q�VY@��(QWghQW@�=2^(>Af�=��IQD�A9;�If(QJ^(@(QWShS2>���=��(VYSJ��>A=?QJ@�=?VÝ9;��SUf�g0��9ATJQ

9A@(^+VI@(^(VYT�9·=UQd=!��9·=�=��(Q H 8 H i�QWS!�j=�9·T�� ghQWSh>Z@�9A@(TJQãT�9·@-TW>ZghgUQ��I9·=?Qd=?>�QWVY=!�(QWg�>��2=E#�>0=��(ghQWQ@% =ê>,^�i
=(ghQ�9�B¼f��§T���9·@(@(Q��YSW4 �¼=n9Ag�=?VI@�X��mgU>��õ=!�(Q5Q,1,f�V/�IV�=(gUVYf�� XZQJ>"�ËQJ=?g�id>���@(QJf�=?gU9��c8 H9G 7 � D � � H � ���RQ �
��� B � � ��� 	 � O � : B�V���=��(QD=ê>Z@�^§9A@(X"�YQ�VYS�m�ghSh=�^�QWTWghQ�9AShQW^§=?>$	jO � BêTW>ZghgUQWS0�ê>A@(^(VI@�X#=?> � � � � ��� 	 ��� B
9A@(^«=��(QJ@�=!�(Q#8 H �mgU9AX"�ËQW@�=£VIS�^(VIShSU>,TWVI9·=?QJ^ �mgh>"� =��(QË>�;,i XAQW@CBq#"Q�>"=�=n9·VI@§=��(Qc=�>Zf(@(^«=E#">;% =ê>,^�i
9AS�i-�c��=U>A=?Q G ð d 8 H 4�M4�(Q£8 H �mgU9AX"�ËQW@�=>�#9�i�=��(QJ@ =�Q2^(VIShSU>,TWVÝ9<=?QW^}=U>��(gh> ^�f(TWQ G ð d 8 d 8O4

aG@�TW>A@¼=Ug?9AS�=�B¼V���=!�(Q4=�>Z@(^�9A@(X��IQÒVYS BAQ,��=	TW>Z@�Sh=n9·@¼=	9<= ��� 	(4RO � 9A@�^�=!�(Q4��i,^(gU>ZXAQW@(S	9AghQÒ^(VIShSU>,TWVI9·=?QJ^
Shi3�c��Qy=?ghVIT�9;�/�YiAB�=��(Q�H 8 H i�QJS!�j=�9AT���ghQWSU>A@�9A@(TJQ"^(>,QWS7@(>A=7TW>ZghgUQ��I9·=?Q�=?> G ðcd 8 d 8O4+aô=�S�=n9�i,Sk�(VYX"�(QWg
VI@�QJ@(QWghXAi�9A@(^�9�����Q�9·gUS°=?>�TW>AgUgUQ,�Ý9·=UQ�#ñVY=!�d=!�(Q�Sh=n9<=?Q G 7 D � : d 8 d 8 ð 4
M4�(QJSUQ�gUQJSUf��Í=�9AgUQ����I>A=h=?QJ^¥VI@¢=!�(Q}Sh=UQWgUQJ>ZXZgU9�� VY@ i�VIX(4 � B�VY@^#>�(VIT��¥=!�(QL�I>,T�9·=UVI>Z@�>��ñ=��(Q H 8 H

gUQJSU>Z@(9A@(TWQ×VI@�_ Hôó XZQW>"�ËQJ=UgUVYQWS	VIS ���I>·=U=?QJ^#9·SÒ9��mf(@(TJ=UVI>Z@�>���=!�(Q�84%�8 =ê>A@(^#^(VYSh=?9A@(TWQ·B�� � �ñB�9A@�^�=���Q
^(VYSh=n9·@(TWQ<=êQy=E#"QJQW@�=!�(Q£8 H TWQW@�=UQWg:>;� ��9ASUSR9A@�^�=���Q£>�;,i,XZQW@�@,f�T��IQJf(SWB �54�M4�(QO^�>Zf�=��YQ@% �·9��Yf(QW^�@(QWShS
>��£=��(QßH 8 H S�=n9·=UQ«VYS}T��YQ�9AgN�mgh>"� =���VISNm�XZf�gUQA4 M4�(QßXZQJ>"�ËQJ=?ghVIQJS � � � � ( �RQ M B�� � ��� M � 9·@(^
� � � � ( � Q M�B � � ( � � � Bp#>�(VYT��¢9AghQË=!�(Q�m�gUS�=O=E#�>ã9·@(^ �I9ASh=2=E#�> ��>ZVY@¼=US�>Z@«=!�(Qc��9·=���Bq�(9$�AQ�=E#�>
gUQJSU>Z@(9A@(TWQ��I>,T�9<=?VI>A@(S ���Y>A=U=UQW^C47M4�(QRQy;�9ATJ=5��9<=���VI@�=���Q:_ Hôó ���Ý9A@�Q°VIS�S!��>+#ñ@�9·=�f�� �êQJg	ghVIX"��=W4 � >ZVI@(X
T��Y> T�Br#ñVYSUQAB!=��(Q�H 8 H i�QJS!�j=�9AT��¥ghQWSU>A@�9A@(TJQ�=�QWTW>���QJS
=�>Zf(@(^¢9AS G ð d 8 H =�QJ=E#�QWQJ@ � � � � ��� 	 � B
� � ( � O � 9A@(^ � � � � ��� 	 � B � � ��� � � B�9A@(^�S�=n9�i,S�SU>2f(@�=UV/��� � � � ( �RQ M�B � � ( � O � B�9·=I#>�(VIT�����>ZVY@¼=
VY=k��9ASo=�QWTW>���Q"=!�(Q H 8 H S!�(9��êQ°ghQWSh>Z@�9A@(TJQA4oH��ISU>����Y>A=U=UQW^�VYS�=��(Q4�YVI@(Q � � � � �WB"#>��VIT��Ë9����(gh>�;�V��#9<=?QWS

("(



=���Q<�Y> TW9·=?VY>Z@�>��!=���Q H�T D � H 8 H TW>A@(VITW9��CVI@�=UQWgUShQWTy=?VI>A@C4
M4�(Qñ=��(ghQWQ9%E=�> ^�iË9·Shi3��� =?>A=UQ G 7ôD � : d 8 d 8 ð VYS	TJ>Z@(ShVISh=UQW@�=F#ñVÍ=��Ë=��(Qñ=E#"> %E=�> ^�iË9·Shi3��� =?>A=UQ

G 8 7mH  : d 8 ð BA=(f�=:@(>A=:8 H d G ð 4Ji >��/�I>$#ñVY@(X�=��(Q�8 H d G ð 9AS�i-�c��=U>A=?QOVI@�=?>Ë=��(Q£=��(ghQWQ@% =ê>,^�i
=(ghQ�9�B¼f���gUQWXAVI>Z@CB�#�Q£>"=�=n9·VI@d8 d 8 d G ð 4CaG@�SU>Ë^(>ZVI@�X(B #�Q
��9��ZQ��m>"���I>$#"QJ^}=��(Q£XZgU>Af(@(^dSh=n9<=?Q£>��
=���Q:Shi,S�=?Q��dB 9A@(^#=!�(QWghQ,�m>ZghQR=!�(QWghQ:T�9·@N=êQR@(>OT���9AgUXAQ@%ô=Ug?9A@�S0�mQWg�TWgh>ZSUShVI@(XO>���=!�(Q×=Gi3��Q:^(Q,��>Z@�Sh=?gU9·=?QJ^
9�=�>$�ZQX�m>Zg�=!�(Q G 8 7�H � : d 8 ð 9AShi3�c��=?>A=UQ§>���=��(Q§H 8 D 9·@(^1H T D Sh=?9·=?QJS}=?>`9ATJTW>Zf(@�=?�m>Zg#=!�(VIS
VI@�TW>Z@(ShVIS�=?QW@�TJiZ4�M4�(QJgUQ@�m>ZgUQ·B =!�(Q�H 8 H SUf(g&��9ATWQ�VIS°VY@��(QJgUQW@�=!�Yi}^(>Af�=��IQ9% �·9��Yf(QW^C4

aô=�VYS×f�SUQ,�mf ��=?>���9��ZQ�9#ShV/�c���IQ���9·=��(Q,�#9<=?VITW9��p�Ë> ^(Q,�q�m>AgR=!�(VIS�=êQ,��9�� VY>ZgW4:N×>Z@�Q�>���=!�(QW�Ë> ^(Q,�IS
>��:PRQ@�mSW4�' ��� � � O+*>�(gh> ^(f�TWQd9A@`VISh>"�Ý9·=UQW^¥^(QJXZQW@�QWg?9·TJiZ4 aG@ TW>Z@�=?gU9ASh=WB�=!�(QL�m>"�/�Y>+#ñVY@(XY( � (§TW>"�c���YQy;
Shi3�c��Qy=?ghVIT2QWVYXZQW@r�·9��Yf(Q2Q�1¼f�9·=UVI>Z@�B

3�QJ=
��
� + ( -ËQy;-�q7 + � : + '  �

� + � + - + ' 

�
� � 7 � :

�(gh> ^(f�TWQWS"9OShVI@(X"�YQ���>ZVY@¼=	>��CVI@�=?QJgUSUQJTJ=UVI>Z@#9·=�7 ��� � : � 7 �
�
��� (�M"Mr( : 4�M4�(Q×gUQW9��2�(9Agh=US�>���=��(Q×QWVIXAQW@r�·9��6%

f(QJS '  >����o1 4 7 � : 9AgUQK� �I>A=h=?QW^�VY@Zi�VIXAf(gUQ ��� 47a ��QW@�=��(QK��>ZVY@¼=c>���^(QWXZQJ@(QWgU9ATJi5VIScTJVIgUTJf��Ë@�9�� VYX�9·=UQW^CB
=���Q�=E#�>ËgUQWSh>Z@�9A@�TWQWS×Qy; T���9A@�XZQOVY^(QW@�=UVY=?VYQWSJB _hf(Sh=×9AS°VY@bi�VIX(4 M�4
M4�(Q�^�V�`êQWgUQJ@(TWQ�=êQy=E#"QJQW@¥=��(Q���>,^(Q��	VI@ �o1�4K7 � : 9A@(^0=!�(Q#>Z@�Q�VI@ �o1 447 Q : VYS£=!��9·=�VY@(Sh=UQ�9A^¢>��

��9��,VI@(XXm ;�QJ^ #ñVY^�=���SW�m>Zg�=���Q}@(>Z@(VY@¼=UQWgU9ATJ=UVI@(X§ghQWSU>A@�9A@(TJQWSWB / D 9·@(^ / H B��o1 4>7 � : ��9AS�>Z@�QN#ñVI^�=!�
m�; QW^ 74/ H � � : #>�(V/�YQ�=���Q�>A=��(QJg��·9AgUVYQWSJ#ñVÍ=��§iZ4DH �·9AgUVYQJ=Giã>;�C=�Q��(9$�,VY>ZgUS2TW9A@[=êQ�ShQWQW@«VI@§Shf(T���9
�Ë> ^(Q,�c^(Q,�êQJ@(^(VI@�X�>Z@ß=���Q���9·g?9��ËQJ=UgUV��W9·=?VY>Z@ã>�� / D 9A@�^ / H B%VI@�T��If�^(VI@(X}>A@(QAB%=E#">�>Zg�=���gUQWQc��>ZVI@�=?S
>��7^(QWXAQW@(QJg?9ATyi =�QJ=E#�QWQJ@�=!�(Q�gUQWSh>Z@�9A@�TWQ£QWVIXAQW@r�·9��If(QJSW45h�gUQJSUf���9�=��ÍiZB 9�����>��7=��(>ZShQ�=êQ,��9�� VY>ZgUS>�ËVIX"��=
=�QD�m>Zf(@�^§VI@�ghQ�9��!Shi,S�=?Q��ËSWB%9;�Y=���>Zf(X"�d=��¼f(SJ��9Ag×VI@�8 H@G ð #�QW��9��ZQ
�m>Af(@(^§>Z@��Íi}=��(QO=E#">�=Gi3��QWSJ#�Q
��9��ZQ£^(VYSUTWf�SUSUQJ^ �(QJgUQ·B �(9$�,VY@(X�QWVY=!�(QWg°>A@(Q�>ZgÒ=E#">�=(g?9·@(T�� ��>ZVY@¼=ñ^�QWXZQJ@(QWgU9ATWVYQWSW4

N� ��	��L� �  
���	��

a�Qc�(9$�AQ���QWg&�m>Zg!�ËQW^«T�9��YTWf��I9·=?VY>Z@(S�#>�(VYT��^��9��AQ#^(Qy=?QWg0��VY@(QW^ß=���Q�=(f �/B§>���=��(QZ�mQ�9·=Uf(gUQJSO>;�"=���Q
9A^(VI9�=�9·=UVIT5Shf(g0��9·TWQWS��m>Zg�=!�(Q�gUQWSh>Z@�9A@�=£Sh=?9·=?QJSO>;�Ò8 H9G ð ghQ��IQ@�·9A@�=2=?>}=��(Q�^(VYSUSh> TJVÝ9·=UV��ZQ�9<=U=n9·T�����QJ@�=
�(gh> TJQWSUSJ4#M!>�Shf��c�#9AghV��JQ�SU>"�ËQ�>��"=!�(Q�m�@(^(VY@(XZS�#"Q���9��ZQc�(gUQJSUQJ@¼=UQW^CBI#"Qc�IVYSh=2=���Q�9·Shi3��� =?>A=UQWS£>��
=���Q£ghQWSh>Z@�9A@�=RSh=?9·=?QJS×>���8 H@G ð VI@�M79�=��YQ�an4
a�QW��9��ZQ5=U>�=n9�B·Q�9ATWTJ>Zf(@�=�>���=!�(QW��9ATJ=×=���9<=�=��(Q�TW>"�W=�VI@�9·=UVI>Z@�>���=��(Q�H T D � H 8 H TW>Z@(VYT�9��!VI@�=UQWg&%

SUQJTJ=UVI>Z@c=êQy=E#"QJQW@?i�QWS0�j=�9AT���ghQWSU>A@�9A@(TJQWSÒ9·@(^Ë=!�(QRSUQ�9;� >��C^(QJXZQW@�QWg?9·TJic=êQy=E#"QJQW@�=!�(Q H�8 H i�QWS0�j=�9AT��

( �



x
y

ER

è ö���à � �Zä �	»)ÂeÃ�½,Â�Ä�¿R¾eÉ	»)À�»nÄ�Å¤Á�»)Ç×¾eÉ�Ä�»)ÇG¾¤À,ÂeÀ¼Ê?»)Ç�ÁEÀ�¿�º�»5Ç�ÁEÀ¼Å¤Ã�»?Î�ÁEÀ·¿G»nÄ�ÇG»)Ê?¿�Á�¾¤À�Õ2¾AÌ¼»)Ã!¾eÉ�� �,à�ë�� î à � Ä�Ä�¾Jå
ÁEÀ¼Ì,ÁEÊnÂ�¿G»)Ç�ÇG»)ÂeÕ�¾eÉ*Ì�»nÅe»)À¼»nÄ�ÂeÊ?Æ�Ê?¾¤À<¿�ÁEÀAÈ�»)Ç�ÁEÀ5¿�º¼Â�¿	Ì¼ÁEÄ�»)Ê?¿�Á�¾¤À�à

¹ � � ��� öhä � ÇGÆZÕ2½¼¿G¾e¿G»)Ç°¾eÉ�Ä�»)ÇG¾¤À,ÂeÀ<¿ñÇG¿�Â�¿G»)Ç)à�¹�º�»2ÇGÆZÕ�Õ2»n¿GÄ�Æ�¾eÉ7¿�º�»�Ç�¿�Â�¿G»)ÇRÁEÀ�ò Hôó Åe»n¾¤Õ�»n¿GÄ�Æ}ÁEÇÒÀ�¾e¿G»)Ì
ÉI¾eÄ�¿�º�»RÂ�½¼½ ÃEÁEÊnÂ�Ö,Ã�»ÒÂeÇGÆZÕ2½¼¿G¾e¿G»)Çnà

Ô Î!Ó H Ô Ó Î7Ó Ô Î7Ó Î7Ó/ëI¿�º�Ä�»n»?ÎmÖ(¾AÌ¼Æ î
H æ g g Ô ð«ë�� H��×î�ï Ó H ë�� ��� H� î ë ç D î Ô Ó ë�� H?í°î�ï ÓRð Ô ð«ë�� H��×î�ï Ó ï Ó ë ç D î
� H æ g Ô ð«ë�� H � î�ï Ó H ë�� ��� H� î ë ç H î Ô Ó ë�� H?í°î�ï ÓRð Ô ð«ë�� H��×î�ï Ó ï Ó ë æ D î

	�
� Ô ë D�� î	ï Ó ðH ë ç H î 	�
���� Ô ð ë�� H �×î�ï Ó ï Ó ë ç H î
� Hnæ g Ô ð ë�� H �×î�ï Ó H ë ��� � ��� � î ë æ D î Ô Ó ë H�� î�ï Ó ð Ô ë D�� î�ï Ó ð ï Ó ë ç H î

9A@(^�H 8 H S!�(9��êQ�gUQWSh>Z@�9A@�TWQ5TW9A@Y�IQW9A^�=U>�QWVÍ=��(QJg:>���=E#�>#=?>��ê>"�Y>ZXZVYT�9��*TW9ASUQJSWB =�QWTW9Af(SUQ59��/�*=���gUQWQ�SUf(g %
��9ATJQWS×9AgUQ�TW>A@(@(QWTy=?QJ^C4ÒM4�(Q£H T D � H 8 H TJ>Z@(VYT�9��CVY@�=?QWghSUQJTJ=?VY>Z@b�(gU>,^(f(TJQWS�9. 0�Y>$#"QJgRTJ>Z@(Q "�9A@(^  hf�� �êQJg
TW>A@(Q "Ë=���9·=4#�Q
�(9$�AQOTW9��/�YQW^}=���Q � H�T g 9A@�^Y( H�T g Sh=?9·=?QJSWB�gUQJS!��QWTJ=UV��AQ��YiA4"M4�(Q£SUQW9�� >���^(QWXZQJ@(QWgU9ATJi
=�QJ=E#�QWQW@�=���Q�H 8 H i�QWS0�3=(9AT���9·@(^}H 8 H S0��9���Q2gUQWSh>Z@�9A@�TWQWSñTJ>Zf��I^#> TJTWf(gÒ>A@}QWVY=!�(QWgJB(9A@�^�=��(Q��(ghQWShQW@�=
T�9;�ITWf �Ý9·=UVI>Z@(S:VI@(^(VYT�9·=UQ5=���9<=OVÍ=�VIS��Ë>ZSh=��YV/BAQ,�Yi�>Z@«=!�(Qc�I>$#"QJg�>��"=!�(Q�=E#">�SUf(g&��9ATWQJSWB�V]4 Q·4YB*=!�(Q � H T�g

( 	



Sh=?9·=?Q 7mSUQWQËVI@�SUQJ=�>;�Ki�VYX(4 � : 4 � >�VY=£9�� �êQW9AgUS2=��(9·=2=��(Q � H�T g S�=n9·=UQËVYS�=��(Q�>Z@�Q�=!��9·=�VYS2VI@��(QJgUQJ@¼=!�Yi
^(>Zf =��IQ9% �·9��If�QW^dVI@�=��(QJSUQ�TW9��ITJf��Ý9<=?VI>A@(SW4Ci�>Zg°=��(VYSRghQ�9ASh>Z@�VY@�M79�=��YQDa�=��(QJgUQO9AgUQ�=E#">�QW@�=?ghVIQJS��m>Zg°=���Q
� H T�g Sh=?9·=?Q�VY@}Q�9AT���TW>"�Yf���@�4
a�Q°@(>A=?QÒ=!�(QW@�=!��9·=�=���QWgUQ°VYScSU>���Q°f(@�TWQWg�=n9AVY@�=Gi�VI@�ShQ,�ZQJg?9���>;��=!�(QñQW@�=?ghVIQJS�VI@5=���VIS�=?9�=��IQ·4 H �Ë>ZgUQ

9ATJTWf(gU9·=?Q�T�9;�ITWf �Ý9·=UVI>Z@�TW>Zf��Y^[���Ý9ATJQ�SUQW9�� >��	^(QJXZQW@(QJg?9ATyiß>���=��(Q�H 8 H S0��9���Q � i�QWS0�j=�9AT��¢ghQWSh>Z@�9A@(TJQ
Sh=?9·=?QJSÒ>Z@#=!�(Q�(�H T�g Sh=n9<=?Q�7mf�����QWgÒTJ>Z@(Q : 4 � QJTW>Z@(^ �YiZB3#"QJ��9��ZQ�@(>·=Ò^(Qy=?QWg0��VY@(QW^�=?>D#>��VIT���ghQWSU>A@�9A@�=
Sh=?9·=?Q2>;��82ðH =��(Q��(VYX"�(QJg&%GQJ@(QWghXAi�H 8 H ghQWSh>Z@�9A@(TJQ�TW>ZghgUQ��I9·=?QJSWB @(>Zg4��9��ZQ�#�Q�Qy;�9��ËVI@(QJ^�=��(Q G 8 d 8
9AS�i-�c��=U>A=?Q£>��c=!�(Q H 8 H S!��9;�êQOgUQWSh>Z@�9A@�TWQA4×N×>A@(QJ=!�(Q��YQWSUSJB2#�Q5T�9·@ ��9�BAQOSUQ,�AQWgU9���TJ>"���ËQW@�=US:9�=�>Zf�=
�(>$#¥=���Q�ghQWSUf �Y=?S7>��(=!�(VIS%Sh=Uf(^�iD=êQW9Ag!>Z@O=!�(QC1¼f(QJSh=UVI>Z@5>;�(=��(Q	^�i,@�9��ËVITJS7>;��^(VIShSU>,TWVI9·=?V6�ZQ	9·=U=?9AT����ËQW@�=�B
9A@(^b�(>$# =!�(QJiN�#9�iL=�Q�gUQ��I9·=?QJ^}=?>�=��(Q��(ghQWShQW@�=��Íid9$�·9AV��Ý9�= �IQ:Q);-�êQJgUV/�ËQW@�=?9��CgUQJSUf��Í=?SJ4

i�VYgUSh=WB VÍ=°VIS">"=(SUQJg0�AQW^�=!��9·= G ð d 8 H VISK=�i���9Ag"=���Q2^(>"�ËVI@�9A@�=F�(gU>,^(f(Ty=ñ>��!^(VIShSU>,TWVÝ9<=?V��AQ29·=h=n9AT��-%
�ËQW@�=ñ=?>�=��(Q
(5H T�g 7�H 8 H�: S�=n9·=UQA4"8×>$#"Q@�ZQJgWBê=!�(VIS°T��(9A@(@(Q,�7VYSR@�>A=��(gUQJSUQW@�=�9ASR9A@�9·Shi3��� =?>A=UQ£>;��=���Q
(dH T�g Shf(g0��9·TWQA4dM4�(QJgUQ,�m>AgUQAB7=��(QJSUQ���gU>,^(f(TJ=US
�5f�Sh=5ghQWShf��Y=<�mgU>"� @�>Z@�9A^(VI9�=�9·=UVIT�TJ>Zf����YVI@(Xb=êQy=E#"QJQW@
=���Q�( H�T g SUf(g&��9ATWQË9A@�^ß=!�(Q � H�T g SUf�g0��9ATJQAB%VL4[QA4W=�i§^ i @(9���VYTWSJ�m>��/�I>$#ñVY@(X#=���Q H 8 H SUf(g&��9ATWQ�VI@�_ Hôó
XZQJ>"��Qy=?ghVIQWSJ4cM4�(VYS°VIS"=!�(Q2TW>Z@�SUQ�1¼f(QJ@(TWQO>��%=��(Q2H 8 H � H T D TJ>Z@(VITW9���VY@�=?QWghSUQJTJ=?VY>Z@�=��(9·=ñ> TJTWf(ghS°S!�YVIX"��=��Íi
>�`«>���� Hôó S�i-�c�ËQJ=?g�iZ4 ��i?�m>"�/�Y>$#ñVI@(X�=���Q H 8 H S�=n9·=UQ�^(>$#ñ@���V/�/�!9��Y>Z@(X�VY=?SRXZgU9A^(VIQJ@�=��mgh>"� =��(QOQ�1¼f(V6%
�IV�=(gUVYf�� XZQJ>"�ËQJ=?g�i�>;��=��(Q5@�QWf�=Ug?9��!=?>�S0�#9����IQJg�=�>Z@(^§9·@(X"�IQJSWB�=��(Q � H T g Shf(g0��9ATJQ5VIS×Q�9AShV/�Íi�ghQ�9AT���QW^
7�ShQWQ?i�VYX(42	 : 4ßM4�(Q}@¼f(T,�IQ�9·g�^�i,@�9��ËVITWS
�IQ�9·^(VI@(Xd=?>ã=!�(QWShQb��gU>,^(f(TJ=USW�mgU>"� =���Q?(�H T�g Shf(g0��9·TWQ�9AghQ
=���QWgUQ@�m>ZgUQ
�IV/B·Q��Íi}=?>��m>"���I>$# =!�(VIS×^(VIghQWTJ=WB�S�i-�c�ËQJ=?ghVIT£^(VIShSU>,TWVI9·=?VY>Z@ ��9<=��C4 � >�=��(Q
�êQW9�B�VI@ã^(VYSUSh> TJVÝ9 %
=?V6�ZQ�9·=U=?9AT����ËQW@�=�XZQJ@(QWgU9��/�Íi�VI^(QJ@�=?V�m(QW^§9AS:9AS:=!�(Q H 8 H i QJS!�j=�9AT��ßghQWSU>A@�9A@(TJQABCShQWQ��ËS:=U>�=�Q59�=��YQO=U>
�(gh> ^(f�TWQ G ð >Z@ �YiN=�QWTW9Af(ShQO>��!=���VIS°TW>A@(VITW9��CVI@�=UQWgUShQWTy=?VI>A@C4

� QJTW>Z@(^�B G ðYd 8 H ��9·S4=êQJQW@d>"=(SUQJg0�AQW^�9ASñ9W�(gU>,^(f(Ty=ñ>��!^(VIShSU>,TWVI9·=?V6�ZQ29·=h=n9AT�� ��QJ@¼=4�,VI9O=��(Q2H T D
7 � H T g : ghQWSh>Z@�9A@(TJQ�4c8×>$#�Q,�AQWgWB,=��(QF��>ZS�=�^(VYgUQWTy= ��9·=!�5=?>�=���QWSUQ>�(gh> ^�f(TJ=US�XZ> QJScf�����V/�/� VI@5QJ@(QWghXAiW�m>Zg
=���VIScS�=n9·=UQA4cM4�(QJgUQ@�m>ZgUQ·B¼=E#�>£>A=��(QJgk��9·=!�(S	9AgUQF�IV/B·Q��ÍiO=U>�=êQ°VY@j�A>"���AQW^C4kh�gh> ^�f(TJ=UVI>Z@�>�� G ð d 8 H �mgh>"�
=���QRH T D 7 � H T�g : ghQWSU>A@�9A@(TJQ×TW9A@�=�Qñ^(f(Q°=?>£PñQW@(@�QWg&%ôM7Q,�/�YQWg�TW>Zf ���IVY@(X�=?>2=���Q×H T�g g Sh=?9·=?QR9AS�VI@�^(VITW9·=?QJ^
VI@ i7VIX(4 	(4^aô=�TW9A@ 9��ISh>Y=êQ}^(f�Q�=U>§@¼f(T��YQ�9Ag�^�i,@�9��ËVITJS5VI@r�A>"���,VI@�XY=(gUQW9�B¼VI@(X�_ Hôó S�i3���ËQJ=Ughi¥9·@(^
=?gU9��ZQWghSUVY@(X�9AgU>Af(@(^�=���Q2H T D � H 8 H TJ>Z@(VYT�9��êVI@�=?QJgUSUQJTJ=UVI>Z@CB VI@�#>��VIT���T�9AShQ�=��(Q G ð d 8 H 9·Shi3��� =?>A=UQ
>��	=��(Q�H 8 H S�=n9·=UQW#">Af��I^[=�Q�gUQ�9·T��(QW^C4 �">·=��ß>���=��(QJSUQZ�ËQWT���9A@�VIS!�ËS�#�>Zf��I^[�(gh>"=�9�= �YiãVY@r�Z>"�6�ZQ5=���Q
#"9·=?QJg5�Ë>"�YQWTWf �IQFm�ghSh=�S�=?g?9·VIX"��=?QJ@(VI@�X�=U>��IVY@(Q�9Ag47 � � �$Q�� � : 8>% G %�8ªXZQJ>"��Qy=?g�iZB¼9A@(^�=!�(QW@ËTW>Z@�=UVI@¼f(VI@�X
=�QJiZ>A@(^ �$Q�� � =?>�gUQW9AT���=!�(Q G ðXd 8 H #�Q����C>��7QWVÍ=��(QJgR>;�7=!�(Q�H T�g g >Zg � H T�g S�=n9·=UQWSJ4
M4�(QÒTJ>Z@(T,�If(ShVI>Z@(S�9·=q#>�(VIT��W#�QK��9��ZQñ9·gUgUV6�ZQJ^5VI@£=��(VYS ��9���QWgJBZgUQ,�Ý9·=UVI@(Xñ=?>×=��(Q�TW>ZghgUQWTy=�9AS�i-�c��=U>A=?QJS

>��ñ=���QWSUQ�S�=n9·=UQWSWB	^(VYTJ=n9<=?QN��9A@�i¢ghQ�1¼f(VYgUQ��ËQW@�=USË>;�:9·@¥>"��=?V��#9;��>Zg0=(VY=?9��5=�9ASUVYS�9A@(^`TW>A@ m�XZf(gU9·=?VY>Z@-%

("O



VI@�=UQWg?9·TJ=?VY>Z@§T�9;�ITWf �Ý9·=UVI>Z@C4DaG@¢9·^(^(VY=UVI>Z@�B�=��(Q�^�>Zf�=��YQ@% �·9��Yf(QW^ H 8 H Shf(g0��9ATJQZ�(gU>$�,VI^(QJS£9A@�VY@�=?QWghQWS�=?VI@�X
^(VI9�=�9·=UV���9<=?VI>A@ �(gh>"=��YQ��dB2#>�(VYT�� ��f(Sh=�=�Q�=UgUQ�9<=?QW^«9��Y>Z@(Xc#ñVY=��ã=!�(QW�Ë>ZgUQ�Sh=n9·@(^�9Agh^§^(VÝ9�=(9·=?V ��9·=UVI>Z@
>�� =���QRH T D� H 8 H TW>Z@(VYT�9���VI@�=?QJgUSUQJTJ=UVI>Z@C47M4�(QñgUQJSUf��Í=?S�>�� �Ý9AghXZQWg %GShT�9��YQ"T�9;�ITWf �Ý9·=UVI>Z@(SI�(gU>$�,VI^�VI@(X�1¼f�9A@3%
=?VÍ=n9·=UV��AQ���>A=?QJ@�=?VÝ9;�	QJ@(QWghXAi�SUf(g&��9ATWQJS
�m>Zg�=��(QJSUQ�ghQWSU>A@�9A@(TJQWSWB�Shf(VY=?9�=��YQc�m>ZgO^�i,@�9��ËVITJSOTW9��ITJf��Ý9·=UVI>Z@�SWB
#ñV/���A=�Q�gUQ���>Zg�=?QW^dVI@d9�SUf =(SUQ,1,f�QW@�=��(f�= �IVITW9·=?VY>Z@C4
a�Q�T��Y>ZSUQ =�i+@(>·=?VI@�X�=��(9·=#=!�(VIS�Sh=?f�^�i]��9·S#VI@�^(VITW9·=?QJ^+=���9<=}9 �mf �/�ñ=��(QJ>ZgUQy=?VITW9��ñ=?gUQW9·=��ËQW@�=#>��

=���Q �(gh>"=��YQ�� >��:^(VIShSU>,TWVÝ9<=?V��AQd9·=U=?9AT����ËQW@�=�=?> #"9·=UQWgWB"VI@(TJ>Zg!��>Zg?9<=?VI@�Xß9��/�°>��×=��(Q?�mQ�9<=?f(ghQWS#>;�:=���Q
Q��YQWTy=?gU>A@(VIT×Sh=n9<=?QWS"^(QWShTWgUV�=êQJ^}VI@#=!�(VISC��9���QWgJB ��9eic=�QJ�(gh>"�(V�=(VY=UV��ZQ,�Yi�TJ>"��� �IVITW9·=?QJ^C4 aG@�9;�/�LBZ=!�(QWghQ29AghQ
QWVYX"��=�^�VISh=UVI@(Ty=�ShQ�9��ËS!>���^(QJXZQW@(QJg?9ATyi
#>�(VYT��
#�QF��9��ZQ"VI^(QJ@¼=UV�m�QJ^59��Ë>Z@(Xñ=���QWSUQ"gUQWSh>Z@�9A@�=�Sh=n9<=?QWS �7=E#�>
�ËVIgUgh>Zg&%ôV/��9AXZQ×SUQ�9;��SRQ�9AT�� �m>Zg°=��(QOT���9AgUXAQ£=Ug?9A@(S&�mQWg %E=�Q���9��,VI>ZgR>��c=!�(Q G 8 7�H � : d 8 ð 9·Shi3��� =?>A=UQ
>��°=!�(Q�H T�g g 9A@(^ � H T�g S�=n9·=UQWS �	=!�(Q�^(QJXZQW@(QJg?9ATyi0>��°=!�(Q�H T�g g 9A@�^ � H T�g Sh=n9<=?QWS59·=W�YVI@(QW9Ag�84% G %�8
XZQJ>"��Qy=?g�i �	=��(Q}H T D � H 8 H TW>Z@�VIT�9;�"VI@�=UQWgUShQWTy=?VI>A@CBo#>�(VIT�� 9ATy=?f�9����Yi«TW>����(ghVIShQWS�=E#�> �ËVIghgU>Zg %GV��#9AXAQ
SUQW9��ËS2>��"^�QWXZQJ@(QWgU9ATJißS0�IVIX��¼=!�Yi�^(VIS0���Ý9·TWQW^ã=U>�QWVY=!�(QWg2ShVI^(Q�>;��=!�(Q�_ Hôó ���I9A@(Q �!9A@�^«=!�(Q�H 8 H S!��9;�êQ9%
i�QWS0�3=(9AT���^(QJXZQW@�QWg?9·TJiZ4

� � � �K�c���������p���4� �
� � 
 		� 		� �D	����� 
 � �4���l��� � �� ���4����	�� 


M4�(QËgUQJSUf��Í=?SUSOS!�(>$#ñ@¥VY@^i�VYX(4�(d9AgUQ�=��(QËgUQJSUf��Í=�>;�K�mf��/�	_Fa:T�9��YTWf��I9·=?VY>Z@(S2VI@�9A@�>Zgh=!�(>ZXZ>Z@(9��IV �WQW^
9·=U>"��VYT�>Ag!=(VÍ=n9��j=�9AShVISJ47a�QFm�gUS�=�>"=�=?9AVI@(QJ^�9A@�9<=?>"�ËVIT	>Zg!=�VY=n9;�,S0��9ATJQK�mgU>"��T�9��YTWf��I9·=?VY>Z@(S%>Z@5=!�(QÒVI>A@(VIT
8 ð 9·@(^ G ð �mg?9AX���QJ@¼=USW4 G @ G ð BI#"QL��QWg&�m>Zg!�ËQW^¥9�Sh=n9<=?Q@%G9��ZQWgU9AXZQJ^ ��_Ki >Z@¢=���Q#=��(ghQWQ�S0��9·=UVÝ9��
TW>�����>Z@(QJ@¼=US%>���=!�(Q G ð 7 H � : Sh=?9·=?Q·B·VY@�>ZgU^(QJg!=U>ñ>"=�=n9·VI@£9RS�i3���ËQJ=UgUVIT�9<=?>"�ËVITc>Ag!=(VÍ=n9��"=(9ASUVYSW4 G @�=���Q
��i,^(gUVY^(QOS�=n9·=UQAB)#�QD��QWg&�m>Zg!�ËQW^�9c��f��Y=UVITW>A@ m�XZf(gU9·=?VY>Z@}SUQ,��� %ôTW>Z@(ShVIS�=?QW@�=>m�Q,�I^^7Lbã_ �(_Ki : T�9;�ITWf �Ý9·=UVI>Z@
^(Q@m�@(QW^ =¼iL�mf �/�%_FaF#ñVÍ=���=E#">ËSR>Zg!=(VÍ=n9��YSW45i�>ZgÒ=���QWSUQ£T�9;�ITWf �Ý9·=UVI>Z@(SK#�Q£f(SUQJ^�=���QD�(ghV/�ËVY=UV��ZQJ=�9ASUVYSñ>��
� V/�(Qy=Ò9��]4 ' � M;*ê9Af(X"�ËQW@�=UQW^c=¼iË^(V6`�f�SUQñ>Zg!=�VY=n9;�ISk#ñVY=!� � 9Af(ShSUVI9A@�Q);-�ê>Z@�QW@�=?SÒ>;� � 4 �"Q 9A@(^ � 4 ������� 7�� : B
9A@(^ � 4R(�9A@(^ � 4 � O?7 � : >Z@�=���Q<��i,^(gh>ZXZQW@�SW4	M4�(QWShQOTW9��ITJf��Ý9·=UVI>Z@�S"i,VIQ��Y^(QW^ � SJB (·SWB ( ����B (;���·B 9·@(^X( �	�
>Zg0=(VY=?9��IS�>A@ß=!�(Q G ð B����If(S � SO9·@(^S(<S£>Ag!=(VÍ=n9��YS:>Z@«Q�9AT��«>��	=E#">�8�
[SW4�M4�(QJSUQËTW>"�c�(gUVYSUQ � >Zg0=(VY=?9��IS
9A@(^N#�Q���9��ZQ � � Q��YQWTJ=UgU>Z@�S°VI@#=!�(QJ�mf����2�(gh>"=��YQ�� �m>ZgÒ9O=U>A=n9;��>��qM � 	 Q TW>A@ m�XZf(gU9·=?VY>Z@(S�VI@�=���QJ�mf��/��_Fa
T�9;�ITWf �Ý9·=UVI>Z@�>A@d=!�(Q£9A@(VI>A@}Sh=n9<=?QWSJ4
M4�(VYS �mf �/� _Fa�=UgUQW9·=��ËQW@�=�VIS�^(QJSUVIXA@(QW^Ë=?>£gUQ���gU>,^(f(TWQR=��(QñTJ>ZgUghQWTJ=�>Zgh^(QWghVI@(X£>���=��(QRgUQ,�IQ,�·9A@�=	Sh=?9·=?QJS

9A@(^-=U>¥Q��c���I>ei =��(Q§S0�#9����IQJSh=�>Ag!=(VÍ=n9���=�9ASUVYSN��>ZSUShV/=��YQA4�M4�(QßTW>ZghgUQWTy=�>ZgU^�QWgUVY@(X¥VIS#@(QWTJQWSUSU9Aghi1Sh>
=��(9·=�TWgh>ZSUShVI@(XZS�>��	^(VI9�=�9·=UVIT5S�=n9·=UQWS£9AghQ�@(QWVÍ=��(QJgO9·gh=?V6m�TWVI9��/�Íi�TWghQ�9·=UQW^«@(>Zg2>"�ËVY=h=?QW^�B*9A@(^§=���QËS0�#9;�/�
>Zg0=(VY=?9��2=(9ASUVYSÒVIS�f(SUQ@�mf��CVI@#SUV/�c���YV��li,VI@(X�=���Q�S!��QWTy=?gUf � #>�(QW@}=!�(Q�gUQ,�IQ@�A9·@¼=°9A@(VI>A@(VITRS!��QWTJVIQWS4=�QWTJ>"�ËQ

(�M



f(@j=�>Zf(@(^C4�M4�(Qc�mf��/�	_Fa�=UgUQW9·=��ËQW@�=Of(SUVY@(Xd=!�(QWShQ�>Zg0=(VY=?9��IS2XZV6�ZQJS�9dS!��9��/��8 ð Q��YQWTy=?gU>A@09 �Ë@(VÍ=Giß>��
9�=�>Zf�= � 4 � Q@U 9·@(^+9·@ Q,�IQJTJ=?gh>Z@ 9 �Ë@(VY=GiS�m>Ag G ð >���( 4 � Q,U�4cM4�(QWShQ ��9�iS=�QdTJ>"�c��9AgUQJ^ #ñVÍ=��¥=���Q
Qy;-��QWghV/�ËQW@�=n9��)�·9��Yf(QWS	>�� � 4 � O�	�9A@�^ � 4 	rMr(·Q@U5B¼gUQJS!��QWTy=?V��AQ��ÍiZ4�M4�(Q G 8 =�>Z@(^�QW@(QJgUXAiË>"=�=?9AVI@�QW^��mgh>"�
9N�mf��/��_Fa:T�9;�ITWf �Ý9·=UVI>Z@X#ñVÍ=��(VY@ã=��(VYS2>Zg!=(VÍ=n9���S!��9ATJQ�>A@ß=!��9·=£^(VI9·=?>"�ËVIT<�mg?9AX���QJ@¼=�VYS�9����(gh>�;�V��#9<=?Q��Íi
� 4R(·Q,U�B�TW>Z@�SUVI^�QWg?9;=��Yi��I>$#"QJg°=���9A@�=���Q£Q);-�êQJgUV/�ËQW@�=?9��A�·9��If�Q2>�� 	�4 	ZQ@U54
M4�(QÒ^(9·=n9RVI@�i�VYX(4 (:9AghQ�=!�(QÒQW@�QWgUXAVIQWS7>��ê_Fa%gU>,>A=?S��mgU>���TW9��ITJf��Ý9<=?VI>A@(S7>A@�=��(Q�Sh=?9·=?QJSc>���=���QÒ9A@(VY>Z@CB

9A@(^�SUf��c��QJ^�QJ@(QWghXZVIQJS��mgU>�� T�9��YTWf��I9·=?VY>Z@(S°>Z@d=��(Q�9·=?>"�õ9·@(^ã^(VI9·=?>"� �mg?9AX"�ËQW@�=USW4ñM4�(Q�QJ@(QWghXAi�>��
@(QJf�=?gU9���8 H@G B¼9��ISh><�mgh>"� 9��mf��/��_FacVY@Ë=!�(QRS?9��ËQ�=(9ASUVYSWB¼VIS	VI@(T,�If(^�QW^C4oi�f���� _FacVYS�ShV��WQ9%GTJ>Z@(SUVYSh=UQW@�=Ò9·@(^
=���QWgUQ@�m>ZgUQ2=!�(VIS°VÍ=ñVIS4�ËQ�9A@(VY@(X��mf���=?>ËTW>"�c��9AghQ�=��(QJSUQ£T�9��YTWf��I9·=?VY>Z@(SJ4

� � � �K�c����� � �p���4� �
� � 
 		� 
A���4�J� �K�
��� � ��� �5�� � �4����	�� 


M4�(Q�ShT�9·=h=?QJgUVI@�X�T�9;�ITWf �Ý9·=UVI>Z@(S	^(QJSUTWghV/=�QW^�VY@#=���VIS5��9���QWgF#�QWghQ29��/� ��QWg&�m>Zg!�ËQW^�f�SUVI@�XO=���Q�TW>"�c���YQy;
�2>"�(@��·9AghVÝ9·=UVI>Z@(9����ËQJ=���> ^C4�M4�(VISC��Qy=��(>,^N��9�BAQJS"f(ShQ�>��!9£=UgUVI9��)#Ò9��ZQ��mf�@(TJ=UVI>Z@Ë=���9·="VIS�Qy;-��9A@(^�QW^
VI@�=?QWg0��S:>��	S!1¼f�9AghQ@%GVY@�=?QWXAg?9�=��YQ?7L_Ò9·gh=?QJSUVI9A@ � 9Af(SUShVÝ9A@ : 9A@(^§TJ>Z@�=?VI@¼f(f � =�9AShVISJ�mf�@(TJ=UVI>Z@(S×=���9·=�VI@-%
TW>Ag!��>Zg?9·=UQ×=!�(Q2TW>ZghgUQJTJ=ñ9AS�i3����=U>A=?VYTJ=�>Zf(@(^(9Aghi�TW>Z@�^(VY=UVI>Z@(SJ4�3�QJ=?9AV/�YQW^�^(QWShTWgUV���=?VY>Z@(SÒ>;�*=��(Q��ËQJ=!�(>,^
��9��ZQ<=�QWQW@dXZV6�ZQW@dQ��YSUQ@#>�(QWghQN7mSUQWQ·B)�m>Zg°VI@(S�=n9A@�TWQAB�ghQ,�mSJ4q'
	 Q B 	 � * : 4

i�>Zg°9�=n9AghXZQJ=4#ñVÍ=�� � Q��YQWTJ=UgU>Z@�SWB(=���Q�=UgUVI9��A#"9$�AQ,�mf(@�TJ=?VY>Z@ �(9ASÒ=��(Q��m>Zg0�
�������	�
 �� 	�� ��� 	 7�� D � � � ��� :�� �����	�� 	�
 7���� � D0:��

d ���! 	 
�#" � 7�� D � � � ��� � D!: �
74� � :

M4�(QNm�ghSh=�Shf�� VY@ �o1�4474� � : VIS5>$�ZQJg5=n9AghXZQJ=5Sh=n9<=?QWS�Q);-���IVYTWVY=!�Yi«VI@�T��If�^(QW^0VY@`9ãT��Y>ZSUQ9%GTW>Af����IVY@(X�Q);j%
��9A@�SUVI>A@CB2#>�(VYT��Y�#9�ib=�Q�QW@�QWgUXAQJ=?VYT�9����Yi�>"��QW@§>Ag:T��Y>ZSUQJ^CBC9·@(^X�m>Zg>#>�(VIT�� � 	 7$� D � � � ��� : ^(QJ@(>A=UQWS�=���Q
TW>AgUgUQJS!��>Z@(^(VY@(X�Q,�IQJTJ=?gh>Z@(VYTËS�=n9·=UQ#>���=��(QË=n9AghXZQJ=D�Ë>"�IQJTWf��YQA4#M4��Q�9A@�=?VYShi3�c��Qy=?gUV �WQJg£VYS�^(QW@(>·=?QW^^=¼i

� B�9A@(^�=��(Q�ShT�9·=h=?QWghVI@(X�>Zg0=(VY=?9�� 7mT���9A@(@(Q,�%QWVIXAQW@ �mf(@�TJ=?VY>Z@ : 9·SUSU>,TWVI9·=?QJ^b#ñVÍ=���T���9A@�@(Q��2/¢VYS

� �����	�� 	�
 7�� : � � &% 	�� 	�
 '  7$� :
d � ( � ) '+* ( � ) 7-, 	 � :/. ( � ( 
 . )0� )1
 . 	�� 	�

d32 	�� 	 
( � ( 
 � )0� ) 
54 �����( � ) 7-, 	 � :6�07 ( � ) 798� : 1 �

74�4( :

�m>ZgcVY@(TW>���VY@(X�=�>Zf(@(^�9·ghi�TJ>Z@(^(VÍ=?VI>A@(ScVI@�T��(9A@(@(Q,� / � 4IaG@ � 1 4�7 �4( : '  ^�QW@(>A=UQWS�9 � 9·f(SUShVÝ9A@Z�Ë>"�IQJTWf-%
�Ý9·g�>Zg!=(VÍ=n9��]B�9A@(^:* ( � ) 7-, 	 � : 9A@(^ 4 �����( � ) 7-, 	 � : ^(QW@�>A=?QRTW>Z@�=UVI@¼f(f�� �mf(@�TJ=?VY>Z@(So#>�(VYT���9AghQ×ghQWXZf��I9Ag�9·=�=���Q

( �



>ZghVIXZVY@O9·@(^D#>�(>ASUQÒ9·Shi3��� =?>A=UVITo�m>Zg!�ËS%TW>ZghgUQJS!��>Z@(^�=U>�PñVIT�9<=U=?V % �"QJSUShQ��¼9A@(^O>Zf�=UXZ>ZVI@�X:PñVITW9·=U=UV6%�8×9A@�B·Q��
�mf(@(Ty=?VY>Z@(SWB�ghQWS0�êQJTJ=?V6�ZQ,�Yi � * ( � ) 7-, 	 � : + !����� �

( 7-, 	 � : 1�� , 	 74� � :
4 �����( � ) 7-, 	 � : + !�����	�

�����( 7 , 	 � : 1�� , 	 � 74� 	 :
a1VY=!��Q�9AT��d>���=!�(QWShQ�TW>Z@�=?VY@¼f(f�� �mf(@(Ty=?VY>Z@(S°VISñ9·SUSU>,TWVI9·=?QJ^�9�T���9·@(@(Q����Ë>"�ËQW@�=?f��dB�, 	 �, H	 1"( � ' + ' 	 � 74�4O :
M4�(Q	SUQJTW>Z@(^OSUf���VY@ �o1 4-74� � : VYS%>+�AQWg!S!1¼f�9AghQ@%ôVI@�=?QJXZg?9�= �IQ�7 � d � : %GQ,�IQJTJ=?gh>Z@�=?QWg0��SC7mTW>Z@ m(XZf(g?9<=?VI>A@

Sh=?9·=?Q<�mf(@(Ty=?VI>A@(S : TW>Z@�Sh=?ghf(TJ=UQW^ �mgh>"� � 9Af(SUShVÝ9A@ ��>��IQWTJf��Ý9·g°>Zg!=(VÍ=n9��YSñ9A@(^ãVY@(TW>Ag!��>Zg?9·=UQWSñTW>AgUgUQ,�Ý9·=UVI>Z@
Q,`êQWTy=?S�@(>A=�^(QWShTWgUV�=êQJ^ =�i�=��(Q�T,�I>ZShQ@%GTJ>Zf����YVI@(X#Qy;-��9A@(ShVI>Z@ß>���=!�(QWm�gUS�=�SUf��d4Wi�>Zg:TW>Z@r�ZQJ@(VIQJ@(TWQ�#�Q
gUQ@�mQWgñ=?>�=��(Q�7 � d � : %ôQ��YQWTJ=UgU>Z@dTW>A@ m�XZf(gU9·=?VY>Z@(SJB

" � B�VI@�=���QOShQWTW>A@(^�Shf���9AS°=��(Q  �
�%GS0��9ATWQ "#9·@(^�=U>
=���Q�7 � d � : %GQ��YQWTy=?gU>A@dTJ>Z@ m�XAf(g?9·=UVI>Z@�SRQ);-���IVYTWVY=!�Yi�VI@r�Z>����,VI@(X5=?9AgUXAQJ=RSh=?9·=?QJS×9·Sñ=!�(Q  !h %GS0��9ATWQ "#>��!=���Q
T�9;�ITWf �Ý9·=UVI>Z@C4

i�>Zg:=!�(Q�T�9��YTWf��I9·=?VY>Z@(S��(ghQWShQW@�=?QJ^0VI@ i�VYX(4 � Bp#�Q�f�SUQW^ß=���QËSU9��ËQ � 9Af(ShSUVI9A@[=�9ASUVYS£9AS�^(QWShTWgUV�=êQJ^
VI@?H����êQJ@(^(VE;?H�4��RSUVI@�X�=!�(VIS4��gUV/�ËVY=UV��AQJ=�9AShVISJB�#"Q���QWg0�m>Ag!�ËQW^ �(_Ki`T�9��YTWf��I9·=?VY>Z@(S">A@�XZgh>Zf(@(^�S�=n9·=UQ
@(QJf�=?gU9��p#Ò9·=UQWgR9A@(^�>Z@�=��(Q H 8 D gUQJSU>Z@�9·@(TWQOSh=n9<=?Q£9·=ñ=��(Q£XZQJ>"��Qy=?g�i � D � � H � ��� Q � B � � � � �W4Fi�>Zg
=���QR@�QWf�=Ug?9���8 H�G T�9��YTWf��I9·=?VY>Z@CB #"Qñ=��(QJ@#>"= =n9AVY@(QW^Ë9�TW>ZghgUQ��I9·=?VY@(X2>Zg0=(VY=?9���>�� 8 H Shi3���ËQJ=UghiW�,VI9£9O_Fa
T�9;�ITWf �Ý9·=UVI>Z@}VY@(T��Yf(^(VI@�X5=��(Q��(_Ki`gUQ@�mQWgUQJ@(TWQOTW>Z@-m�XZf(gU9·=?VY>Z@d9AS4#"Q,�/�%9AS×9��/�ê^(>Zf�= �IQ�Qy; TWVÍ=n9·=UVI>Z@�S>�mgh>"�
=���Q ��� D 9A@(^ ��� H >Zg!=(VÍ=n9��YSW47M4�(Q�^(QJ@(SUVÍ=Gi���9·=?ghVÍ;�TJ>ZgUghQWS0�ê>Z@�^(VI@(XO=?>�=!�(Q:XZgh>Zf(@(^#Sh=n9<=?Q�_Fa�gh> >A=5#"9AS
^(VI9AXZ>Z@�9;�IV��JQW^#=U>�>"=�=n9·VI@}=��(Q�TJ>ZgUghQ��Ý9<=?VI@�X � H >Zg0=(VY=?9��L4

i�>Zg#=!�(QßH 8 D gUQWSh>Z@�9A@�TWQ«T�9��YTWf��I9·=?VY>Z@CB4#"Qß>"= =n9AVY@(QW^ 	 � D B�O � D B�( � H B�9·@(^ ( � D >Zg0=(VY=?9��IS�� VI9`9
_Fa�TW9��ITJf��Ý9·=UVI>Z@§VY@ #>��VIT���=!�(QËXZg?9A@�^���9AghQW@�=�TJ>ZgUQËTW>A@ m�XZf(gU9·=?VY>Z@CB ��� H D ( � H D ��� HH ��� H D ��� DD Bq#"9ASD�(Q��Y^
TW>A@(Sh=?9A@�=�Bc9·@(^09?�mf��/�	_Fa�#"9AS<�êQJg0�m>Zg0��QJ^ #ñVY=!�«=!�(Q#ghQ���9AVI@�VI@(X�=E#�>ãQ��YQWTy=?gU>A@(SOVY@«=!�(Q#ghQ���9AVI@�VI@(X
>Zg0=(VY=?9��CS!�(9ATWQ·4CH×X�9AVI@�B�=��(Q�^(QJ@(SUVÍ=Gi?�#9<=?gUVE;�>;�7=!�(VISR_FaÒTW9��ITJf��Ý9<=?VI>A@�#Ò9·S×^(VI9AXZ>Z@(9��IV �WQW^�=?>c�(gU>,^(f(TJQ
@�9·=Uf(g?9;�C>Zg!=�VY=n9;�ISW4
M4�(Q«SUVE;1>Zg!=�VY=n9;�IS��mgh>"� =��(Qß@(QJf�=?gU9���T�9��YTWf��I9·=?VY>Z@ � m��ZQ �(_Ki 9·@(^ >A@(Q�TJ>ZgUghQ��I9·=?VY@(X �]#�QWghQ

TW>��W=(VI@�QW^S#ñVY=!�0=��(QN�m>Af(g5gUQJSU>Z@(9A@(TWQ}>Ag!=(VÍ=n9��YSD�mgU>�� =!�(Q}gUQJSU>Z@�9·@(TWQ�T�9;�ITWf �Ý9·=UVI>Z@C4�M4�(Q}gUQJSUf��Í=?VI@�X
SUQy=L#Ò9·S}gUQ@%ô>Zgh=!�(>ZXZ>A@�9��IV �WQJ^ª9·=#Q�9AT��1XZQJ>"��Qy=?g�iZ4/a¢Q �m>Zf(@(^ª=!�(Q§T�9��YTWf��I9·=?VY>Z@ >���=��(QãghQWSh>Z@�9A@(TJQ
=?gU9+_hQWTy=?>ZghVIQJS2S!�(>$#ñ@«VI@Yi�VYX(4 � =U>L=êQ�Q);,=?gUQ,��Q,�Yi�SUQW@�SUVY=UV��AQ5=?>N�·9AgUVI9·=?VY>Z@(S×VI@ã=���Q�=�9ASUVYS�SUQy=��%=��(VYS�VIS
#>��i}=��(Q�>Zg0=(VY=?9��ISC#"QJgUQ£>Z@��Yi#T�9��YTWf��I9·=?QJ^}>Z@(TJQA4
M4�(VYgh=?QJQW@1Sh=?9·=?QJS � 	 #�QWgUQßQ); � �IVITJVY=!�Yi VI@(T,�If(^(QJ^1VI@-=��(Q h %GS0��9ATJQ ��>Zg�=?VI>A@->��O=!�(Q �2>"�(@1=?gUVI9��

�mf(@(Ty=?VY>Z@�VY@ �o1 4o74� � : 4RM4�(QWShQ5Sh=?9·=?QJSJ#�QWgUQ�^(Q,m�@�QW^ß9ASR=��(Q5gh> >·=?SR>���9#TJ>"��� �IQJ=UQ�9·TJ=?V6�ZQOS!��9ATJQ�_Fa
( Q



#ñVY=!�(VI@�=!�(Q2S!�(9ATWQ£>��%=��(Q�ShVÍ;}@�QWf�=Ug?9��C>Ag!=(VÍ=n9��YSWB-#ñVÍ=���=!�(Q ��� D 9·@(^ ( � D >Zg0=(VY=?9��IS�TW>Z@�Sh=?gU9AVI@�QW^}=?>Z=�Q
^(>Zf =��Yi�>,TWTJf��(VIQJ^�9A@�^�9����(SUVY@(X"�IQR9A@�^#^(>Zf =��IQRQy; TWVÍ=n9·=UVI>Z@�S	VY@�=?>�=��(QR>A=���QWg �m>Zf(g	gUQWSh>Z@�9A@�TWQ:>Ag!=(VÍ=n9��YSW4

� V���V��Ý9Ag0�YiZBe=!�(Q 
J%ôS!��9·TWQ°=?QJg!�ËS " � #�QWghQ×TJ>"�c�(gUVYSUQW^Ë>���9��/� TW>Z@-m�XZf(gU9·=?VY>Z@(S�=���9<=�TW>Zf��Y^Z=êQñXZQJ@(QWg %
9·=UQW^<=¼i£^(>Af�=��Yi�> TJTWf���i,VI@(Xñ=���Q ��� D 9A@(^W( � D >Zg0=(VY=?9��ISJB<9A@(^<�êQJg0�m>Zg0��VY@(XK�mf��/��_FaA#ñVY=!�£=!�(Q�ghQ���9AVI@�VI@(X
SUQ@�ZQJ@¢Q��YQWTy=?gU>A@(S2VI@�=!�(Q�S!�(9ATWQ�>���=���Q�gUQ���9AVY@(VI@(Xc�m>Zf(g�@�QWf�=Ug?9��c>Ag!=(VÍ=n9��YSWB2#ñVÍ=��§ShVI@(X"�YQ�9A@(^ß^(>Af�=��IQ
Qy; TJVY=n9<=?VI>A@(S×VY@�=?>#=!�(Q�S0��9ATWQ�>���=��(Q<�m>Zf(g×gUQWSh>Z@�9A@�TWQ5>Zg0=(VY=?9��ISJ4ñM4�(VIS��(gUQJSUTWghV/��=UVI>Z@ �m>ZgR=!�(Q 
�%GS0��9ATJQ
9��Z>ZVY^(S>�(gU>�=��IQ,��SK#ñVÍ=���gUQJTW>ZghgUQ��I9·=?VY>Z@}>��!=��(Q2=?9AgUXZQy=ñSh=?9·=?QJSW' 	 � *]4
M4�(Q×Qy;-��9A@(ShVI>Z@}>;�C=��(Q×TW>Z@�=UVI@¼f(f�� �mf(@(Ty=?VI>A@(S � � ���	�� 	�
 VY@ �o1 4p7 �4( : VY@(T��Yf(^(QJ^ 7 ( � ) 
[S"S!�(9A@(@(VY@(X�=���Q

g?9·@(XZQ � � � =U> 	�B�#ñVY=��d9�����S�i-�c�ËQJ=?g�ir%�9����I>$#"QJ^L�A9;�If(QJS°>���� VI@(T,�If(^�QW^?�m>Zg°Q�9AT���=n9·gUXZQy=ñSh=n9<=?QA4
H/T�9·gUQ,�mf � m(=R>����r%E��9·=?ghVÍ;#Q��IQ,��QJ@�=?S4#Ò9·S���QWg&�m>Zg!�ËQW^}=?>�>"= =n9AVY@�=!�(Q�gUQW9��*9A@(^dV/��9AXZVY@�9Ag�i��(9Agh=US

>��×=��(Q�QW@�QWgUXAVIQWSË>��R=��(Qd@(QW9Ag!�Íi¥^(QWXAQW@(QJg?9·=UQ � H T�g 9A@�^ (ãH T�g gUQJSU>Z@(9A@(TWQJS��mgh>"� TW>������YQy; ��>��(@
T�9;�ITWf �Ý9·=UVI>Z@(S�=?>>�(gh> ^(f�TWQc=���Q�^�9·=n94���Y>A=U=UQW^2VY@�i�VIX(4 � 4qHÒ= ��� QJ@(QWghXZVIQJS*@(Q�9·gC=��(Q�gUQJSU>Z@(9A@(TWQ ��>ZSUVÍ=?VY>Z@CB
=���Q
�·9��If(QJS:>���=E#�> �j% �#9·=UgUVE;�Q��YQ��ËQW@�=?SJBC>Z@(Q T D %E�YV/B·Q�9A@�^�=��(Q�>A=��(QJg 8 D % �IV�BAQAB #�QWgUQ�SUf��c��QJ^CBC9·@(^
=��(9·=°SUf � #"9ASFm(=Ò=U>�9 �"gUQJVY=&%ôa1VIXA@(QWg �m>Zg!� #ñVY=!�}9W=�9AT�B¼XZgh>Zf(@(^�TJ>Z@�=?gUV�=(f�=UVI>Z@�XAV��ZQJ@L=�i}9W1¼f�9Ag�=?VIT
��>"�Yi,@(>"�ËVÝ9;��VI@�=���Q�QW@�QWgUX·iZ44H m(=:f�SUVI@�X#9c1,f(9Agh=UVIT<=�9AT�B¼XZgU>Af(@(^ #"9ASR@(QWTJQWSUSU9Aghi�=?>�9��/�Y>$# =!�(QO=E#�>
>$�ZQJg!�Ý9;���(VI@�XËghQWSh>Z@�9A@(TJQD��gU>�m)�YQWSÒ=U>�=�Q2gUQJSU>"�6�ZQW^�4

i�>Zg"=!�(Q��mf��/�C_Fa"SUTW9·=U=UQWghVI@(X�T�9;�ITWf �Ý9·=UVI>Z@(S">��!SUf�=(ShQWTy=?VI>A@(S�a U � 9A@�^ba Uß_:B #�Q�f(SUQJ^�=!�(Q2S!��9��/�YQWg
^(>Zf =��IQ �JQJ=n9 ���Yf(S?�ê>"�I9AgUV ��9·=UVI>Z@+9A@(^ ^(V�`êf(ShQ«>Ag!=(VÍ=n9��×SUQJ=�>���3�f(@(@(VY@(Xe' O � B�O � *LBJ=(f�=}=���Q�SU9���Q
�(ghQWSUTJgUV���=?VY>Z@ �m>Zg:=!�(Q5>Zg0=(VY=?9��q=�9ASUVYS29A@(^ã=?9AgUXAQJ=�S�=n9·=UQWS�9AS:^(QWShTWgUV�=êQJ^Y�m>Zg×=!�(QW�mf��/��_FañT�9��YTWf��I9·=?VY>Z@(S
VI@ HJ� �êQJ@(^(VÍ; HOB�Qy; TJQ���=W#�Q#TJ>Z@(S�=?g?9·VI@(QJ^�=���Q#>�;,i XAQW@ � SO>Zg!=�VY=n9;�c=?> =�QË^(>Zf�=��Íiß> TJTWf���VIQW^�4}M4�(Q

�%GS0��9ATWQ°=UQWg!�ËSo#"QJgUQR^(QWShTWghV/=�QW^c=¼i��mf �/� _Faq#ñVY=���VI@�=��(QR9·=U>"�ËVITÒ>Zg0=(VY=?9�� =(9ASUVYSWBr#ñVY=!��=!�(Q ��� D >Zg0=(VY=?9��
9��6#Ò9�i,S�^(>Zf�= �Yi0>,TWTJf��(VYQW^C4�M4�(QWShQ�TW9��ITJf��Ý9·=UVI>Z@�SD#�QWgUQ ( � %GSh=?9·=?Q#T��I>ASUQ}TW>Af����IVY@(XãTW9��ITJf��Ý9·=UVI>Z@�SL7.( �
=n9·gUXZQy=�S�=n9·=UQWS	VI@(T,�If(^�QW^�VI@�=���QR=UgUVÝ9;� #Ò9��AQ,�mf(@(Ty=?VY>Z@CB � 1 4274� � :!: B 9·@(^�VY@(T��Yf(^(QJ^ 7 ( � ) 
[S	S!��9A@�@(VI@(X � � �
=?>�O 4

�
�����L	�� � �F� � ���F����


a�>Zg!B\�êQJg0�m>Zg0��QJ^ 9<=d=!�(Q �×@(V6�ZQJgUSUVÍ=Gi->��5_Ò9��IV6�m>ZgU@�VÝ9 3%9�#ñgUQJ@(TWQ �"QWg0BAQ,�IQJi N×9·=?VY>Z@�9�� 3%9�=ê>Ag?9 %
=?>Aghi #Ò9AS�f�@(^(QWgO=��(Q}9·f(S!�(VYTWQJS�>��°=��(Q � �03�Q���9·gh=��ËQW@�=�>�����@(QWghXAi0f(@�^(QWgË_">Z@�=Ug?9ATy=�3 � %EHR_ ��� %
� M��-i ��������Q 9A@(^Y#"9AS2SUf�� �ê>Zg�=?QJ^ =�i�=!�(Q �O4 �ê4%3 G � G �ËTJQ�>��&�"9ASUVYT ��@(QWghXAi.� TJVIQW@�TWQWSJB!3�V��,VIShVI>Z@

( �



>��c_F�(Q��ËVITW9�� � TJVIQJ@(TWQJSW4

� � 
 �:à���à�Ó�ÂWÑZ¿G¾¤À�á��Cà��(º,ÂeÀ�Å�á<ò"à �+à �ËÊyò�È�Ä�Ì�ÆeáeÂeÀ¼Ì�¹°à��Rà ��»)Ç�ÊnÁ�Å¤À�¾�á �!º·ÆZÇnà �	»nÏ à ���
	 á � � ��� � �£ë�� � � � î à
� � 
 �:à���à·Ó"ÂWÑZ¿G¾¤À�á��à��(º¼ÂeÀ¼Å�áAÓ×à Î �:à �Ë»nÆe»nÄ)á�¹°à��×à ��»)Ç�ÊnÁ�Å¤À¼¾�áAÂeÀ¼Ì5ò"à �+à �ËÊyòcÈ¼Ä�Ì�Æeá �7º<ÆZÇnà ��»nÏ�à ���
	 á
� � ��� � �}ë�� � � � î à

� � 
 �+à�×à � ¾eâ)Á�»nÄyá �!º·ÆAÇnà ��»nÏ�à
� � á � � ����ë � � � � î à
� � 
£öUà ��à � È¼Êhº�»)Ã � À¼Á �e¾JÏWÂZá��(º�à � �ZÇG½(»nÄ�ÁEÕ�àAÁ�¹ê»n¾eÄ)à è Á�âeà���(á � � � ��ë � ��� � î à
� � 
 �:à���à �ZÊhº·È¼ÃE¿Gâeá
��à òcº¼»)Õ�à �!º·ÆAÇ)à��� á � �� �Ëë � � � � î à
� � 
 �Rà�Rà òc¾¤Õ2½¼¿G¾¤À�ÂeÀ¼Ì��%à �:à ò�º�Ä�ÁEÇG¿G¾e½ º�¾eÄ�¾¤È�á �!º·ÆZÇnà ��»nÏ�à � ��� á � � �#ë � � ��� î à
��� 
5ò"à �	à �Ë»)Ã�¿G¾¤À�á
�¼à òcº�»)Õ�à �7º<ÆZÇnà
����á � ��� Ëë � ��� � î à
�  
 �!à �ZÂeÀ¼Êhº�»ñÂeÀ¼Ì �:à���à �ZÊhº·È¼ÃE¿Gâeá
��à òcº¼»)Õ�à �!º·ÆAÇ)à
����á ��� �Ëë � ��� � î à
� � 
 ��à¼¹êÄ�Â��Õ�Â�Ä	ÂeÀ¼Ì �ñà¼öUà¼Ó�ÂeÃÍÃlá��à �7º<ÆZÇnà � à�� á ��� � �ë � ��� � î à
� � � 
 �dà
�¤È,À�Åe»)À�á��à �*¾eÅe¿ná�ÂeÀ¼Ì �:à �A¿�Â�»)Õ�Õ£Ã�»nÄ)á òcº�»)Õ�à �!º·ÆAÇnà��� á � �Ëë � ��� � î à
� � � 
 �:à ��à � »)ÃEÁ��Ê�á ��à �êÂeÀ¼Ì¼ÂeÈ�á¼ÂeÀ,Ì��ñà�öUà,Ó"ÂeÃEÃlá��à �7º<ÆZÇnà � à � � á ��� ��ë � � �� î à
� � � 
 �dà �:à�ò�È�Ä�¿�ÁEÇ�ÂeÀ¼Ì5öUà�ò"à ��ÂeÃ �e»nÄ)á
��à(òcº�»)Õ�à �A¾ZÊ�à è Â�Ä�ÂeÌ,Â)Æ�¹êÄ�ÂeÀ¼Çnà�
��á �  � ��ë � � � � î à
� � � 
5ò"à �Rà�òcÃEÂyÆAÌ¼¾¤À�á �:à � à �A»nÅ¤ÂeÃlá,ÂeÀ,Ì�ÓRà ��à¼¹êÂyÆAÃE¾eÄ)á��à�ò�º�»)Õ�à �!º·ÆZÇ�����á ��� � �Ëë � ��� � î à
� � � 
 ��à �Ò¾¤È�Ä�Ç�ÂeÈ¼Ì á ��à ��Á�â)È¼À�á�ÂeÀ¼Ì è à è Á �AÈ�»n¿ôÎ è ÂyÆ¤Â�Ä�Ì�á���à òcº�»)Õ�à �!º·ÆAÇ � �(á � � � ��ë � ��� � î à
� � � 
 ��à �Ò¾¤È�Ä�Ç�ÂeÈ¼Ì á ��à ��Á�â)È¼À�á�ÂeÀ¼Ì è à è Á �AÈ�»n¿ôÎ è ÂyÆ¤Â�Ä�Ì�á���à òcº�»)Õ�à �!º·ÆAÇ � ��á � ��� �#ë � ���� î à
� � � 
O¹°à���à �°ÁEÃlá¼¹°à��Rà �	»)Ç�ÊnÁ�Å¤À�¾�á�ò"à �+à ��ÊyòcÈ�Ä�Ì¼Æeá ÂeÀ¼Ì � à�ÓRà � »)À�Å¤ÇGÐ,»)ÃEÌ�á¼ö�ö�öhá �7º<ÆZÇnà �	»nÏ à � � 	 á � � � �

ë � � � � î à
� ��� 
 �dà � à �:à è ÃEÈ�»)À¼Ì�Æ�ÂeÀ¼Ì5öUà�ò"à ��ÂeÃ �e»nÄ)á���à òcº¼»)Õ�à �A¾ZÊ�à è Â�Ä�ÂeÌ¼ÂyÆ�¹�Ä�ÂeÀ,Çnà 	 � á � � � �Ëë � � ��� î à
� �  
 �!à � à �Ë¾eÄ�Å¤ÂeÀ�á���à �7º<ÆZÇnà � ä � ¿nà �Ë¾¤Ãlà Ô ½,¿nà �!º·ÆAÇnà�� � á�� � � �Ëë � � �  î à
� � � 
��¼à �:à �"¾eÄ�Ð,À �e»)Ãlá �%à � à �Ë¾eÄ�Å¤ÂeÀ�á,ÂeÀ¼Ì���à¼¹ê»)À¼À<ÆZÇG¾¤À�á�¼à �!º·ÆZÇnà � �
��á � � ��ë�� � � � î à
� � � 
 �:à,¹°à � Á�Ä�¿�å	ÁEÇ�¿�Ã�»ñÂeÀ¼Ì � à,Ó	»nÄ�ân»)À<Ö(»nÄ�Å�á
�¼à �!º·ÆAÇ)à � � á � ��ë � ��� � î à
� ��� 
 �!à �ÒÈ�Ö(»ÒÂeÀ,Ì � à Ó	»nÄ�ân»)À·Ö(»nÄ�Å�á �7º<ÆZÇnà ��»nÏ�à �! �" á � � ��ë � ��� � î à
� � � 
��¼à�Rà � Â�Ä�Ì,Ç�Ã�»nÆ5ÂeÀ¼Ì#��à �dà ��ÂeÌ�»)º¼Ä�ÂZá
��à(òcº�»)Õ�à �!º·ÆZÇnà��$� á�� � ����ë � �  � î à
� � � 
O¹°à è à Ô � �ËÂeÃEÃE»nÆ�ÂeÀ¼ÌËÓRà �(à¼¹êÂyÆAÃ�¾eÄyá �!º·ÆAÇ)à ��»nÏ�à � � � á � �%�Ëë � � �  î à
� � � 
O¹°à è à Ô � �ËÂeÃEÃE»nÆeá �!º·ÆAÇ)à ��»nÏ�à � � " á � ��ë � � � � î à
� ��� 
5ò"à �	à&ñÃ�¾e¿�Ç	ÂeÀ¼Ì��ñà��×à�ò�¾¤Õ�½¼¿G¾¤À�á��à ò�º�»)Õ�à �!º·ÆZÇnà �	 á � � � �#ë � ���� î à
� � � 
��¼à �%à ��ÂeÈ�»nÄ	ÂeÀ¼Ì �:à
��à ��Ê�ºAÈ¼Ã�¿Gâeá �7º<ÆZÇnà ��»nÏ�à � � á � � ��ë � ��� � î à

���



� ��� 
 è à�ò"à è »)º¼ÇG»)À�ÉI»)ÃEÌ�á ò"à�¼à,Ó�¾yåcÂ�Ä�Ì�á,ÂeÀ¼Ì ��à ��à è »nÄ�Å¤È¼ÇG¾¤À á
��à òcº¼»)Õ�à �!º·ÆAÇ)à
����á��  � �Oë � ����� î à
� �  
 �dà �ËÊ è Â�Ä�ÃEÂeÀ¼Ì�á �×à �!à � ÃEÖ¼Ä�Á�¿G¿G¾¤À�á è à ò"à è »)º¼Ç�»)À�ÉY»)ÃÍÌ�á ��à ��à è »nÄ�Å¤È¼ÇG¾¤À�á¼ÂeÀ,Ì � à �!à �ZÊ�º¼Õ�»)Ã�¿G» �e¾e½¼ÉLá��à

òcº¼»)Õ�à �!º·ÆAÇ)à
� 	 á � � � ��ë � ����� î à
� � � 
5ò"à�¼à,Ó�¾yåcÂ�Ä�Ì�á è à�ò"à è »)º¼ÇG»)À�ÉI»)ÃEÌ�á¼ÂeÀ¼Ì ��à ��Ê è Â�Ä�ÃÍÂeÀ¼Ì�á
�¼à òcº�»)Õ�à �7º<ÆZÇnà �" á � �  �Ëë � ��� � î à
� � � 
��¼à�ò�¾¤Õ2»nÄ	ÂeÀ,Ì �:à
��à �ZÊ�ºAÈ¼Ã�¿Gâeá�¼à �!º·ÆAÇnà � ��á � � � ��ë � ��� � î à
� ��� 
��¼à�ò�¾¤Õ2»nÄ	ÂeÀ,Ì �:à
��à �ZÊ�ºAÈ¼Ã�¿Gâeá �7º<ÆZÇnà ��»nÏ�à � � " á ��� � ��ë � ��� � î à
� � � 
 �Rà¼ÏWÂeÀËÓ�Â�Ä�Ä�»nÏe»)Ã�¿	ÂeÀ¼Ì �dà�ò"à�Ï�ÂeÀ�Ó�»)Õ2»nÄ�¿ná
�¼à�òcº�»)Õ�à �7º<ÆZÇnà � �  á ��������ë�� � � � î à
� � � 
OÓ×à �!Ç�¿GÄ�ÂeÌ¼ÂZá �!à ��à ò�»)Ì�»nÄ�Ö ÂeÈ¼Õ�á�ÂeÀ¼Ì �+à �"¾¤Õ�Ê �e»eá���à ò�º�»)Õ�à �!º·ÆZÇnà
����á � � ��ë � � �� î à
� � � 
 ��à è »)È�»nÄ�Ö,ÂeÊhº�»nÄ)á ¹ñà �A¾¤Õ�Õ2»nÄ�ÉI»)ÃEÌ�á�ÂeÀ¼Ì��%à ��à ò�»)Ì¼»nÄ�Ö,ÂeÈ¼Õ�á�¼à òcº�»)Õ�à �7º<ÆZÇnà �  �" á � � � ��ë�� � � � î à
� ��� 
 ��à è »)È�»nÄ�Ö,ÂeÊhº�»nÄ"ÂeÀ,Ì �%à ��à òc»)Ì�»nÄ�Ö,ÂeÈ¼Õ�á��¼à òcº�»)Õ�à �7º<ÆZÇnà �  � á ��ë�� � � � î à
� � � 
 �	à � ÂeÃEÇ�Ã�»nÏ5ÂeÀ¼Ì ��à ��à ò�¾¤Õ×Ö(»)Çná�ò�¾¤Õ£Õ×È¼À à ��Â�¿�º�à �!º·ÆAÇnà  
 á �  �#ë � ��� � î à
� ��� 
 �+à ��»)ÁÍÀ¼º¼Â�Ä�Ì�¿ná � À¼À�à �	»nÏ à �7º<ÆZÇnà òcº¼»)Õ�à�� á � � �Ëë � �  � î à
� �  
��¼à �:à �"¾¤ÃEÃlá�¹°à è à �"»n¾eÄ�Åe»eá ÂeÀ¼Ì �+à,Ó×à �ËÁÍÃEÃ�»nÄ)á���à ò�º�»)Õ�à �!º·ÆZÇnà
��� á � � � ��ë � ����� î à
� � � 
 Ô Ï¤Êhº¼ÁEÀ¼À,Á �e¾yÏ�á �!º·ÆAÇ)à ��»nÏ�à � �  á �  ���Ëë � � � � î à
� � � 
��¼à,ÓRà ��ÂeÊ?» ��ÂeÀ¼Ì �(à � à Ô Ï¤Ê�º¼ÁEÀ,À¼Á �e¾yÏ�á �!º·ÆZÇnà ��»nÏ�à � � " á � � Ëë � � � � î à
� � � 
 �:à �A»)À�Å�ÂeÀ¼Ì è à �êÁEÀ¼Ì¼ÃE»nÄ)á$�¼à �!º·ÆAÇ)à � 	 á ��� � ��ë � ��� � î à
� � � 
 � à
�¤ÂeÁÍÀ�ÂeÀ¼Ì��:à �:à,¹	º�¾¤Õ2½,ÇG¾¤À á��¼à �!º·ÆAÇ)à � � � á � � ����ë � �  � î à
� � � 
 &2à �	¾¤º�Ä)á
�¼à �!º·ÆAÇ)à � � " á � ������ë � ����� î à
� � � 
O¹°à��"ÁEÇ�º,ÁEÕ×È¼Ä�Â�ÂeÀ¼Ì � à,ö]¿�Á ��Â)åcÂZá��¼à �!º·ÆAÇ)à �� ��á � � ���Ëë � � ��� î à
� � � 
 � à � à � à �7Ã Î ��»)ÁEÀ á �dà
�¼à � ÄhÈ¼À�Åe»nÄ)á¼ÂeÀ¼Ì � à �Rà��»nå7»)ÃEÃmá��à �!º·ÆZÇnà � �� á � � � �Ëë�� � � � î à
� � � 
 Ô à �Ë¾eÄ�»)Á�ÄhÂZá �:à �:à,¹�º¼¾¤Õ2½,ÇG¾¤À�á�ÂeÀ¼Ì � à ��à ��Ê ��ÂeÈ¼Å¤º¼ÃEÁEÀ�á��¼à �!º·ÆAÇnà � �� á �������Ëë�� � � � î à
� ��� 
 �dà � ÃEÃEÂeÀ�ÂeÀ¼Ì Ô à ��¾eÄ�»)ÁEÄ�ÂZá
��à �7º<ÆZÇnà � ä � ¿nà ��¾¤Ãlà �7º<ÆZÇnà
���(á ������ë�� � � � î à
� �  
O¹°à �Rà ��»)Ç�ÊnÁ�Å¤À�¾�á"ò"à � à ��ÊyòcÈ�Ä�Ì�Æeá � à �	à Ô Ä�»)Ãlá�ÂeÀ¼Ì � àcÓ×à�� »)À¼Å¤ÇGÐ¼»)ÃEÌ«ö�ö�öUá!ÁEÀ��*Þ����	�ZÜmØ¤ÜÝÚÝÞ�Û�Ø�


�� Ü��AÞ������?Þ�����
 �� Ü��GÞ�Û�� � Þ�
 �� � 
  �*Þ�
!
 Ú"�UÚÝÞeÛ#�há·»)Ì¼Á�¿G»)Ì�ÖAÆ��+à ��à¤Ó"È�¾°ÂeÀ¼Ì è à � à �ÒÁÍÂeÀ<¿�È�ÄhÊ?¾£ë �!Ã�»)ÀAÈ¼Õ�á
��»nå � ¾eÄ ��á � � ��� î à

� � � 
O¹°à �×à �	»)Ç�ÊnÁ�Å¤À�¾�á � à*Ó×à ��»)À�Å¤ÇGÐ¼»)ÃÍÌdö�ö�öhá�ÂeÀ¼Ìßò"à �+à �ËÊyò�È�Ä�Ì�Æeá%ÁEÀ � Þ$�  �UÛ%�&
 �� Ü��GÞ�Û¼Ú �(' Ü��)� � Ü�� � 
*��  Þ��)+Wá »)Ì¼Á�¿G»)Ì�ÖAÆ �×à �ñà � Â�Ä �e¾¤À·Ædë �}¾eÄ�ÃEÌ �ZÊnÁ�»)À·¿�Á�Ð,Ê�á �ZÁEÀ¼Å¤Â�½�¾eÄ�»eá � � ��� î á�Ïe¾¤Ãlà ��á¼½,½ à � � �-, �  Aà

� � � 
��¼à,¹°à¼Ó×à �"È,À¼À¼ÁEÀ�Å�á��¼à òcº�»)Õ�à �7º<ÆZÇnà����á �  � ��ë � ��� � î à
� ��� 
��¼à¼¹°à¼ÓRà �ÒÈ¼À,À¼ÁEÀ�Å�ÂeÀ¼Ì ��à��à¼Ó"Â)Æeá,ÁÍÀ �. Ü��ZÞ��/�×Þ0�1�&
 �� Ü��GÞ�Û¼Ú �2' Ü��)� � Ü�� �  *��  Þ��-+/354WÞ�
6� � 87 á,»)Ì¼Á�¿G»)Ì

ÖAÆ�Ó×à è à ��à�ö�ö�ö"ë �7Ã�»)À·È,Õ�á��	»nå � ¾eÄ � á � ����� î à

� �




