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æ ��� %&ç�D� "-, ß ¼Y¹8Ð � Â0Õ	Ï�Á)Á�¸2Hb¼$HrÐ�Ç�»µÂdÀY¼$Ã#Ð�ÀYH�Î�Ï)»ÄÂ$Ï�Á)Ï�ÐrÇ�»ÄÂ(À$¼$Ï�Å ÎµH�ÀYH�Ð�ÀYÇ8¼PÀ$HrÁ)H�Â$Ð�Ç�ÅUH�Â�»µHr¹8¼	ÀYÍµH

¸UHr¹8ºuÖ%ÅµÏ�ÅUHI¹8»µÎ´¹8»´¹G¼$¼Y¹G»µ½�Hrº~Hr»�ÀuÇO�	Ç�Ã#ÀYH�¼�ÀY¼$¹8Ð � Ï)»µ½�Î#H�ÀYH�Ð�À$Ç�¼$Â Ê¯ß ÍµH�Â$HÄºI¹@¾¯ÐrÇ8»µÂ$Ï�Â(ÀuÇ	�0¹
Ð�¾�Á)Ï�»µÎµ¼(Ï)Ð`¹GÁUÐ�Hr»�ÀY¼$¹8Á�Ð&Í�¹8ºK¸UH�¼	¹8»µÎ�¿ �vÇ8¼�H�2#¹8º~ÅµÁ)HG¿#Ç	�lÅµÁ)¹8»µH�Â�Ç	�lÂ(ÀY¼$¹`Õ�ÖfÀYÃ#¸UH�Ç�¼jÎµ¼$ÏD��À(Ö%Ð&Íµ¹8º�¸2Hr¼
ÎµH�À$HrÐ�ÀYÇ�¼(ÂuÏ)»¯À$ÍµH��vÇ�¼dÕ�¹G¼$Î´¹8»µÎ¯ÀYÍµH+HB2�ÀYHr»#ÎµHrÎ´¸�¹8Ð � Õj¹8¼$Î´¼(Hr½�Ï�Ç�»µÂr¿�Õ	Ï�ÀYÍ£ÍµÏ�ÀK¼$HrÂ(Ç�Á)ÃxÀYÏ)Ç8»µÂKÇ	�
¹8¸2Ç�Ã#À5È =87�è º Ê

6�Á�HrÐ�ÀY¼$Ç8»áÏ�ÎµHr»�À$Ï 0 Ðr¹GÀYÏ�Ç�»§»µH`¹G¼Ié 6Iê È DGE#< =GF Õ	Ï�Á)Á-¸UHã¹8Ð&ÍµÏ�H�Ó8HrÎáÃµÂ$Ï�»µ½Ñ¹®Ð�Ç�º�¸µÏ�»�¹GÀ$Ï)Ç�»§Ç	�
ÀYÍµH~Ð`¹GÁ)Ç�¼(Ï)º~H�ÀY¼(Ï)Ð�Ï�» �vÇ�¼(º ¹GÀ$Ï)Ç�»®¹G»µÎ¯À$ÍµH Î�¹�À&¹ �v¼(Ç�ºë¹1ÀY¼Y¹GÐ � Î#H�ÀYH�Ð�À$Ç�¼LÕ	ÍµÏ�Ð&ÍìÍ�¹8ÂbÂ$ÃxàIÐ�Ï)H�»WÀ
¼$H�Â$Ç�Á�Ã#ÀYÏ�Ç�»ìÀYÇ®ÎµH�ÀYHr¼(ºIÏ�»µH+ÀYÍ#HãÐ&Íµ¹8¼$½�HÄÇ	�0Å�¹8¼dÀYÏ�ÐrÁ)H�ÂKÕ	Ï�À$Í´ºIÇ�º~Hr»�ÀY¹�ÃµÅáÀ$ÇÑí 6 ¹8»#Î´Õ	Ï�Á)Á-¸UH
ÅUÇ8Â$Ï�À$Ï)Ç�»#HrÎîÏ)» �v¼$Ç8»WÀ:Ç	�UÀYÍµHP¸�¹8Ð � Õj¹8¼$Î ÅµÁ)Ãµ½5Ðr¹8Á)Ç�¼(Ï)º~H�À$Hr¼ Ê T Ç@Õ�Ö �+Ð&Íµ¹8¼$ºÙ¹8»#Î ¸2H`¹8Ã#À%¾îÅ#ÍW¾�Â(Ï)ÐrÂ
¼$H���Ã#Ï)¼$H�Â0À$ÍµHL¼(HrÐ�Ç�»µÂ(À$¼$ÃµÐ�ÀYÏ�Ç�»�Ç	��À$¼Y¹8Ð � ÂPÕ	Ï�ÀYÍ ºIÇ8ºIH�»WÀY¹~ÇO��¹��vH�Õ 9 H(âï¹GÀ0Â$Ðr¹GÀ$À$Hr¼(Ï)»µ½ ¹8»µ½�Á�HrÂ
ÃµÅIÀ$Ç È DGE�FrÊ I À-Í�¹8Âj¸2HrH�» Ó�H�¼$Ï 0 HrÎ Õ	Ï�ÀYÍIÂ$Ï)ºKÃµÁ]¹GÀ$Ï)Ç�»uÂdÀYÃµÎ#Ï)HrÂ;	�È � ; � ÀYÍ�¹�À-À$ÍµH�¼(HJ�WÃµÏ)¼(HrÎ1¹G»µ½�ÃµÁ)¹8¼
¹8ÐrÐ�HrÅ#ÀY¹8»µÐ�H5¹8»µÎ+º~Ç�º~Hr»�ÀYÃµºð¼$H�Â$Ç�Á�Ã#ÀYÏ�Ç�» Ðr¹8»+¸2H�Åµ¼(Ç�Ó�Ï�ÎµHrÎ1ÃµÂ(Ï)»µ½ ? Ö%Ï�»µÐ&Í+Â$Ï�Á)Ï�ÐrÇ�»IÂ(ÀY¼(Ï)Å+Î#H�ÀYH�Ð�Ö
ÀYÇ�¼(Â0Õ	Ï�ÀYÍ�ÍµÏ�À�¼(HrÂ$Ç8Á)Ã#À$Ï)Ç�»µÂPÇ	�:¹8¸2Ç�Ã#À�ñ 7�è º Ê�ß ÍµH�Â$HuÎµH�ÀYH�Ð�ÀYÇ8¼$Â�Õ	Ï)Á�Áq¸UHu¹G¼$¼Y¹G»µ½�HrÎÔÏ)» = Ö%ÅµÁ)¹8»µH
ºIÇ�ÎµÃµÁ�HrÂ�¿UÕ	ÍµÏ�Ð&Í¯¹G¼$Huº~Ç�Ãµ»�ÀYH�Î®¹8¼$Ç�Ã#»µÎ�ÀYÍµH�¸2H`¹GºòÅµÏ�ÅUHu¹G»µÎ�ÐrÇ@Ó�H�¼�ÀYÍµH �vÃµÁ�Á¶¼$¹8»µ½�H�ÇO�-Å2Ç�Á)¹8¼
¹8»µÎ¯¹8órÏ�º�Ã#À$Í�¹8Á�¹8»µ½8Á)HrÂ ÊIß Í#H ¸�¹8Ð � Õj¹8¼$Î¯ÀY¼Y¹GÐ � Hr¼L¼$H�Â$Å2Ç�»µÂ$HîÕj¹8ÂKÂ(Ï)º�ÃµÁ)¹GÀYH�Î®Ï)»®Â$Ç�º~H~ÎµH�ÀY¹8Ï)Á�¿
¹8»µÎ�¼(HrÂ(Ç�Á)Ã#À$Ï)Ç�»#Â�Ç	��¹G¸UÇ�ÃxÀ�È =�ô H$â �vÇ�¼0À$ÍµH�õ B�ö ÷Ôø ºI¹8Â$Â0¼$HrÐ�Ç�»µÂdÀY¼$Ã#Ð�ÀYÏ�Ç�»®¹8»µÎÔÇ8ù:¹8¸2Ç�Ã#À
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5m 0 -5m

15°

150°

177°

165°

5°

4m

2m

-2m

-4m

THERA DETECTOR, low x

�
	������M ¢ S��-Z`c(\���w�V$c$\ | _1^%eP[)o�Vîg�hjilk�m×wGV&[�V���[v^`XP\)_1[)o�V0}N^`st{��Ñ�(^`_�p | ��XfZ@[]\�^`_xn�g2o�V�V&}NVd��[]X%^`_�c
VY_�[�V&X�e$X%^`az}NV�e$[)��[)o�VjTxXf^�[v^`_�c�e(X%^`azX$\ | oG[vn0m�Xf^`��_xwî[)o�Vby(V�Z`a�{�Tx\ TWV$��a5^�w`��}�V$c5^fe��`{�\)_x�Yo~c(\)}=\��d^`_
c$[]X$\ TÔwGV&[�V���[v^`X(c�Z`X�V:T�^rc$\)[]\�^`_#VdwÄ© w�Z`X���{ | X�VdVY_�`nug�X%Z�����\)_ | \�c0�d^`a-Tx}�VYabVY_x[�V�wIy&��Tx}NZ`_xZ@X�Z`_#wî�&\)X({
�&��}NZ`X�[]XfZ����0�Yo�Z`abydVYX(cP©v}>\ | oG[]{ | X�VdV&_@`n�i�}�V���[]Xf^@a�Z | _#V�[]\]��©NTx\�_��d0Z`_xw	o8Z�w@Xf^`_�\]��©�X%Vdw$��(Z`}�^@X(\)abV&[]X$�
VY_�c$��X%VYc¶o�VYX$a5V�[]\]�&�¨Z��(�&��XfZ�[�V�X�V��(^`_�cY[]X(�W��[]\�^`_~^fe�[)o�V�pq_#Z`}={�c$[vZ�[�V�VY_#V&X | �Pw�V�T�^`c(\][]\]^`_WcYn�m´o8^`a5^ | VY{
_x^`�8cd�jcY^@}NV&_x^`\�w�Z`}µp¶VY}Nw1^`�@VYX��¶a�}�VY_ | [)oÄ\�c�TxX%^`��\]w�Vdw y&� [)o�VL}NZ`X | V&{fw`\�Z`abV&[�V&XbhP¬+�d^@\�}�Z`_xw1[)o�V
c(a5Z`})}NV&X��#i��U�+�d^`\)}l© y&}=��Vf`n�g2o�VPX%V�[]��X(_+��^��@VP\)Xf^@_IcY[]X(�W��[]�8X�VL©v}>\ | oG[]{�yY}>�WVf�\�c�\)_�c$[]X$��a5V&_�[�V�w-e&^`X
cdo8^@s�VYX�[vZ`\�}t�dZ�[v�Yo�\)_ | Z`_#w�a���^@_ãw�V&[�Vd��[]\�^`_xnug2o�V�e&^��&�8c(\)_ | a5Z | _#V&[)c�© y&Xf^`st_��Z`X�V-Tx}NZ��$V�w�_#VdZ`X
[)o�V�Tx}>� | �dZ`}N^`X$\�abV&[�V&Xdc�©va5Z | VY_�[vZ$@n

5m 0 -5m

4m

2m

-2m

-4m

THERA DETECTOR, high Q²

10°
170°

�
	������Mï·8S �jZrc(\��ïw�V$c$\ | _ ^%e�[)o�V
g�hjilk:m wGV&[�V���[v^`X§\)_ [)o�V´o�\ | oG{�� 4
�(^`_�p | ��XfZ@[]\�^`_xn g2o�\�c�w�V&[�Vd��[v^`X \�c
c$\�a�\)}�Z@Xî\�_ì\][)cIy�Zrc$\]� }NZ`��^`��[0[v^! l\ | {
��X�V#"��5st\][)o¯[)o�VÄydZ����rslZ`X%wÑw�V�[�V���[v^@X
T�Z`X$[+Z`_xwÒ[)o�V$�#i��U�×�d^`\)}5X�VYa5^`�@V�w
Z@_xwÉ[)o�V§\)Xf^@_�cY[]X(�W��[]��X�Vìc(o8^`XY[�VY_#Vdw
�(^`X$X%VYcvT�^`_#w`\�_ | }>�@n k�VYa5^`�`Z`}K^%eÑ[)o�V
}NZ`X | V&%Wc(a5Z`})}�Z@_ | }�VK[]XfZ����@V&XdcLZ@_xw+[)o�V
e&^`X$slZ`X%w'%µy�Z�����slZ@XfwÌTx}=� | �dZ`}N^`X$\�abV&{
[�V&Xdc�TWVYX$a�\][)c [)o�V0eY^����8c(\)_ | a5Z | _#V�[)c
[v^KydV¶Tx}�Z��(V�wba��W�YoL_µV�Z`X�VYX�[v^5[)o�V�\)_W{
[�V&XfZ���[]\�^`_£T�^`\)_�[�[)o8Z`_Ý\)_Ý[)o�V }�^`st{)�
Txo8Zrc&V�n
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7#<>= � H(âÉùvÇ�¼�ÀYÍµH0õ����ãõ B º ¹8Â(Â�ÎµÏ��UHr¼(Hr»µÐ�HPÕ-Hr¼(H�Ç�¸#ÀY¹8Ï)»#HrÎ Ê�ß Í#H0ÀYÏ�»�¾�ÀY¼$¹8»µÂ(Ó8Hr¼(Â$H�Â(Ï)órHPÇ8ùUÀYÍµH
Ï)»�ÀYH�¼Y¹8Ð�ÀYÏ�Ç�»�Â$Å2Ç8À~Üv¼$Ç�Ãµ½8ÍµÁ�¾�ñ 7�è º ÎµÏ]¹8º~H�À$Hr¼YÞ0Ï)Â�ÇGù-½8¼$H`¹�Àb¹8Î#ÓG¹8»�À&¹8½8H�ùvÇ�¼�º~Ç�ºIH�»�ÀYÃµº ºIHr¹�Ö
Â$Ãµ¼(Hrº~Hr»�À�¹G»µÎÔÏ�» Å�¹G¼(ÀYÏ�ÐrÃµÁ)¹8¼�ùvÇ�¼�À&¹G½�½�Ï)»#½~Í#H`¹`ÓW¾WÖ U ¹`Ó�Ç�Ã#¼�ÎµHrÐr¹`¾xÂ�¸W¾Ä¼(HrÐ�Ç�»µÂ(À$¼$ÃµÐ�ÀYÏ�»µ½+Ï)º~Å�¹8Ð�À
Å�¹8¼$¹8ºIH�ÀYH�¼$Â	¹8»µÎãÂ$H�ÐrÇ�»#Î�¹8¼(¾1Ó8Hr¼dÀYÏ)Ð�HrÂ Ê

� ÃµÇ�»+Ð&Íµ¹8º�¸2Hr¼$Â:Ç�Ã#À$Â$Ï�ÎµHPÀ$ÍµH�Ðr¹8Á)Ç8¼$Ï)º~H�À$Hr¼�¹G¼$HP¼$H��WÃµÏ�¼$H�Î+Ï)»îÀYÍµH	ùvÃµÁ�Á!¹8ÐrÐ�HrÅ#ÀY¹8»µÐrH�¼Y¹8»µ½8H0Ç8ù
ÀYÍµH5ÎµH�ÀYH�Ð�ÀYÇ8¼r¿�Åµ¼(H�ùvHr¼(Hr»�ÀYÏ)¹8Á)Á�¾1¹8Á�Â$Çu¸�¹GÐ
	WÕj¹8¼(ÎµÂ�¹GÀ	Â(º ¹GÁ)Át¹8»#½�Á)H�Â�ùvÇ�¼�ÍµH`¹`ÓW¾�Ö U ¹`Ó8Ç�Ãµ¼PÅµÍ�¾xÂ(Ï)Ð�Â Ê
æ��������� Ç8ùPHrÁ�HrÐ�ÀY¼$Ç8»µÂî¹8»µÎ´ÅµÍµÇGÀYÇ�»µÂuÏ�»ìÀYÍµH1H�Á)H�Ð�ÀY¼(Ç�»§¸2H`¹8ºÛÎµÏ)¼(HrÐ�À$Ï)Ç�»§Ï�Â�»µH�ÐrHrÂ(ÂY¹8¼d¾§ùvÇ�¼

Á)Ãµº~Ï)»#Ç�Â$Ï�À%¾5ºIHr¹8Â$Ãµ¼(Hrº~Hr»�ÀYÂ�¿�ÐrÇ�»�À$¼$Ç�ÁµÇGùU¼$¹8ÎµÏ)¹GÀYÏ�Ó�HjÐ�Ç�¼$¼(HrÐ�ÀYÏ)Ç8»µÂ�¹8»µÎuùvÇ�¼�Ï)ÎµH�»�ÀYÏ�ù�¾�Ï�»µ½�ÅµÍµÇGÀYÇ�Åµ¼(ÇGÖ
ÎµÃµÐ�ÀYÏ)Ç8» H�Ó�Hr»�À$Âr¿¨Ï�» Åµ¹8¼(À$Ï)ÐrÃ#Á]¹8¼�Ï�»ÄÀ$ÍµHbÐrÇ�»�ÀYHB2�À�Ç8ù¶H�2xÐrÁ�ÃµÂ$Ï�Ó�HKº~H`¹GÂ$Ãµ¼(Hrº~Hr»�ÀYÂ Ê�ß ÍµHbÎµH�À$HrÐ�À$Ï)Ç�»
Ç8ù�Å#¼$Ç8À$Ç�»µÂ-¹8»µÎ »#HrÃ#À$¼$Ç�»µÂ-Ï)»îÀYÍµH0Åµ¼$ÇGÀYÇ�»~¸UHr¹8ºÙÎµÏ)¼(HrÐ�ÀYÏ)Ç8»~Ï�Â-»#HrHrÎ#HrÎ�¿xÇ�¼j¹�À-Á�H`¹8ÂdÀjÂ(ÃµÅµÅ2Ç�¼(À$Ï�Ó8H8¿
ùvÇ�¼�Ï�»�Ó�HrÂdÀYÏ�½�¹GÀYÏ�Ç�»µÂ0Ç8ù:ÎµÏ��U¼Y¹8Ð�ÀYÏ�Ó�HK¼(H`¹8Ð�ÀYÏ�Ç�»�Ð&Í�¹8»#»µHrÁ�Â Ê I À5¹8ÅµÅ2H`¹8¼(Â�ùvH`¹GÂ$Ï)¸#Á)HLÀ$Ç1Ï)»µÐ�Á)ÃµÎ#HLÀYÍ#HrÂ$H
ÎµÏ��UHr¼(Hr»�À�À&¹G½�½�Ï)»#½�ÎµH�À$HrÐ�ÀYÇ�¼(Â0Ï�»+ÀYÍµH5Ï)»�À$Hr¼Y¹GÐ�ÀYÏ�Ç�»1¼$H�½�Ï)Ç8»��#ÍµÇ@Õ-H�Ó8Hr¼r¿2»µÇîH��UÇ�¼dÀ�Í�¹8Â	¸2HrHr»ãºI¹8ÎµH
ÀYÇîÎµH�Â$Ï)½8»ãÀ$ÍµHrº ¹�À�ÀYÍµÏ�Â�Â(À&¹G½�H Ê

I À�Ï)Â0ÐrÇ�»µÐ�Á)ÃµÎ#HrÎ�ÀYÍ�¹�À�Á)Ç@Õ�Ö��®ÅµÍ�¾xÂ(Ï)Ð�ÂL¹�À ß 4 6���.K¿¨Õ	Í#Ï)Á)HL¼$H�Åµ¼$H�Â$Hr»�À$Ï)»µ½+À$ÍµHuÐ&Í�¹8Á�Á)Hr»#½�HKÇ8ù
ºIHr¹8Â$Ã#¼$Ï)»#½¯ÀYÍ#H�Â$Ðr¹GÀ$À$Hr¼$H�ÎÆHrÁ)H�Ð�À$¼$Ç�» Â(ÇìÐrÁ�Ç�Â$HÔÀ$Ç£ÀYÍ#H�¸UHr¹8ºuÖ%ÅµÏ�ÅUHG¿�Ð`¹8» ¸2HÔÂdÀYÃµÎ#Ï)HrÎÝÕ	Ï�ÀYÍÆ¹
ÎµH�À$HrÐ�ÀYÇ�¼�ÎµH�Â$Ï�½�»�ùvÇ�Á)Á�Ç@Õ	Ï)»µ½îÀYÍµH�¹8¸UÇ@Ó8HuÐrÇ�»µÂ(Ï)ÎµH�¼Y¹GÀ$Ï)Ç�»#Âr¿t¹8Â�Â$ÍµÇ@Õ	»®Ï)» Ë Ï�½ Ê G Ê5ß ÍµHuÎµH�Â$Ï)½8»�Ï)Â
Â$Ã#à~Ð�Ï)Hr»�À$Á�¾ìº~Ç�ÎµÃµÁ]¹G¼bÀ$Ç®¹8Á)Á�Ç�ÕzùvÇ8¼u¹�ÎµH�À$HrÐ�ÀYÇ�¼u¼(HrÐrÇ8» 0 ½�Ãµ¼$¹GÀYÏ�Ç�»§Â$Ã#Ï�À&¹G¸µÁ)H ùvÇ8¼KÀYÍµH ß 4 6��Q.
ÍµÏ)½8ÍxÖ�� 4 ÅµÍ�¹8Â(H ÜvÂ$H�H Ë Ï�½ Ê�= Þ Ê
ß ÍµH�ÐrÇ�»#Â(ÀY¼(ÃµÐ�À$Ï)Ç�»îÇ8ù!À$ÍµH ß 4 6���.ÆÎµH�À$HrÐ�À$Ç�¼�Ð`¹G»u¸UH�¸�¹GÂ$HrÎîÇ�»�À$ÍµH�Á]¹G¼$½�H-H�2xÅUH�¼$Ï�Hr»µÐ�H	Õ	Ï�ÀYÍ

ÀYÍµH5Ð�Ç�Á)Á�Ï)ÎµH�¼jÎµH�ÀYHrÐ�ÀYÇ�¼(Â�¹�ÀQ4 6��Q.�¹8»#Î Ï�Â�»µÇ8À	H�2xÅ2HrÐ�ÀYHrÎ ÀYÇîH�2xÐrH�HrÎÔÀ$ÍµHrÏ�¼�ÐrÇ�ÂdÀ Ê

���� !#"%$�&('*)+$-,/.0&(1�243*5

687:9;7�< =;>�?A@CBEDGFIHKJLHNMO@A>�?PMOQRQS@UTVBWBS?PD�XYH(Z
[ HrH�Å1Ï)»µH�Á]¹8ÂdÀYÏ)Ð0Â$Ðr¹GÀ$À$Hr¼$Ï�»µ½uÇ8ùl»WÃµÐrÁ�HrÏUÏ)Â�¹�Ð�Á]¹8Â(Â$Ï)Ðr¹8ÁUÕj¹`¾+Ç8ùlÂdÀYÃµÎ#¾�Ï�»µ½�ÀYÍµH�Â(Å�¹8Ð�H�ÖfÀ$Ï)º~H�ÅµÏ�Ð�À$Ãµ¼$H
Ç8ù�ÂdÀY¼$Ç8»µ½ÔÏ�»WÀ$Hr¼$¹8Ð�À$Ï)Ç�»µÂ�¿�ÜvÂ$HrH]\�È_^ EW` ùvÇ�¼L¹ ¼$H�ÐrH�»WÀK¼$H�ÓxÏ�H�Õ0Þ Ê :xÇãù�¹8¼ [ I :ÑÎ�¹GÀY¹ Ç�»¯»WÃµÐrÁ�HrÏ-¹8¼$H
Ç�»µÁ�¾1¹`ÓG¹8Ï)Á)¹8¸µÁ)HPùvÇ�¼a�cb 7x<>7�7 ^#¿µÂ$H�HLH Ê ½ Ê!Ë Ï)½ Ê ÈIÜ�¼$H�Åµ¼$Ç�ÎµÃµÐ�HrÎãùv¼$Ç�ºd\�È�^ EW` Þ Ê
ß ÍµHuÅµ¼$Ï�ºIHbº~Ç8ÀYÏ�Ó�HLùvÇ8¼�ÃµÂ(Ï)»µ½+»WÃµÐ�Á)Hr¹8¼�¸2H`¹8º~Â�¹GÀ ß 4 6��Q. Ï)Â0À$ÇÄ¹8Î#ÓG¹8»µÐ�H�º�ÃµÐ&Í�Î#HrHrÅ2Hr¼

Ï)»�ÀYÇ¯ÀYÍµH�¼(Hr½�Ï�Ç�»ÝÇ8ù5ÍµÏ�½�ÍÝÅ�¹G¼(ÀYÇ8» ÎµHr»µÂ(Ï�À$Ï)HrÂIÀYÍ�¹8» Ï�À Õ-Ç�ÃµÁ�Î ¸UH�Å2Ç�Â(Â$Ï)¸#Á)H�Ï�»ÒÀYÍµH�H�Á)H�Ð�ÀY¼(Ç�» <
Åµ¼$ÇGÀYÇ�»IºIÇ�ÎµH ÊPe ¹8Â$H�Î1Ç�»IÀ$ÍµH�Î#HrÅ2Hr»µÎµH�»µÐrH�ÇGùtÓ8¹G¼$Ï)Ç8ÃµÂ-Ç8¸µÂ$H�¼(ÓG¹8¸µÁ�HrÂjÇ8» ÀYÍµH0»WÃµÐrÁ�HrÇ�»+»WÃµºK¸UH�¼r¿
f ¿�ºIHr¹8Â$Ãµ¼(Hrº~Hr»�ÀYÂ�¹GÀ ß 4P6��Q.ðÕjÇ�Ã#Á)Î£Å#¼$Ç@Ó�Ï)ÎµHIÎµHrÐ�Ï)Â$Ï�Ó�H~ÀYHrÂdÀYÂu¹G»µÎ§¹ »WÃµºK¸UH�¼KÇ8ù�ÓG¹8Á�Ã�¹8¸µÁ�H
Ðr¼(Ç�Â$Â1Ð&ÍµH�Ð
	WÂ Ç8ù�ÓG¹8¼(Ï)Ç�Ã#Â Ï)Î#H`¹8Â1¹G¸UÇ�ÃxÀ+ÀYÍµHhg*i [ ÂdÀ&¹GÀ$H�Ï)»ÝÀ$ÍµH�ÍµÏ�½�ÍxÖ%Î#Hr»µÂ(Ï�À%¾ Á)Ï)º~Ï�À Ü�ùvÇ�¼1¹
Â$Ãµº~ºI¹8¼(¾£Â$HrHj\NÈ GµÈ < È GS^ ` Þ Ê 6P�UHrÐ�ÀYÂîÀYÇ®¸UHÄÏ�»WÓ8HrÂdÀYÏ)½�¹GÀYH�ÎáÕ-Ç�ÃµÁ�ÎáÏ�»µÐrÁ�ÃµÎµH+À$ÍµHÄÂY¹GÀ$Ãµ¼Y¹GÀ$Ï)Ç�»´Ç8ù
½�Á)Ã#Ç�»®¹8»µÎh�WÃ�¹8¼k	�ÎµH�»µÂ$Ï�ÀYÏ)H�Âl\�ÈJG Gµ¿¶ÈJG =m` ÜvÎµÏ)Â(ÐrÃµÂ(Â$H�Î¯Ï�» :xHrÐ�À Ê ñ Ê ñ Ê È�Þ0Ç�¼�¹+Á)¹8¼$½8H�¼$H�ÎµÃµÐ�À$Ï)Ç�»®Ç8ù
ÀYÍµH-»WÃµÐrÁ�H`¹8¼�½�Á)ÃµÇ8»KÎµH�»µÂ$Ï�À%¾�\NÈ G ?W` ¿WnWol¿�¹8Â�ÐrÇ�º~Å�¹8¼(HrÎKÀ$Ç�ÀYÍµH-Ï)»µÐ�Ç�ÍµH�¼$Hr»�À�Â(Ãµºpn�o ê f n�qÑÇGù�ÀYÍµH
Ï)»µÎ#Ï�Ó�Ï)ÎµÃµ¹8Áq»�Ã#ÐrÁ)H�Ç�»®ÎµHr»#Â$Ï�À$Ï)H�Âr¿Un�q Ü )sr � * �����tvuYwx�syGuzy
{|� *�} wx���� Þ Ê I »#ÎµHrH�Î�¿�ÀYÍµHuÂ(º ¹GÁ)Á�Ö���½�Á�ÃµÇ�»
ÎµHr»#Â$Ï�À$Ï)H�Â0Å2Hr¼	Ãµ»µÏ�À0¹8¼$Hr¹ ¹GÀPÐrH�»�ÀY¼Y¹GÁ�Ï�ºIÅ�¹GÐ�À	Å�¹8¼$¹8º~H�ÀYH�¼$Â	Ï)»ã»WÃµÐrÁ�HrÏ-Ü�Ï Ê H Ê ¹GÀ0Â$ºI¹8Á)Á¨À$¼Y¹8»#Â(Ó�H�¼$Â(H
ÎµÏ)ÂdÀ&¹8»#ÐrHrÂ�ùv¼(Ç�º�À$ÍµH	ÐrH�»WÀ$¼$H	Ç8ù2ÀYÍµH�»WÃµÐ�Á)H�ÃµÂ&Þ�¹8¼(H�Hr»µÍ�¹G»µÐrH�Î+¹8Â�Ð�Ç�ºIÅµ¹8¼$H�ÎîÀ$Ç�ÀYÍµH	»WÃµÐ�Á)HrÇ8»~Ðr¹8Â$H
¸�¾�¹Iù�¹GÐ�ÀYÇ8¼uÜ~nWoU� øA� 4o Þ��µÜ�n�qz� ø�� 4q Þ8� f0�Y� A n�oU� f n�q�¿UÕ	ÍµÏ�Ð&Í�Ï)Â�¹8Â�Á]¹G¼$½�HL¹8Â ? ùvÇ8¼ f ê ñ 787 Ï�ù
n�o�� f n�q Ï�Â�¹8Â(Â$Ãµº~HrÎ Ê ß ÍµH Ãµ»µÏ�ÀY¹8¼$Ï�À%¾®ÐrÇ�»#Â(ÀY¼$¹8Ï)»�À+Ü�Â(HrH+H�� Ê ñ Ê ñ Ê È~ùvÇ�¼L¹ »WÃµÐrÁ�HrÇ�»ìÀY¹8¼$½8H�À�Þ�¿
¼$H���Ã#Ï)¼$Ï�»µ½�ÀYÍµ¹GÀ�ÀYÍµH�À$Ç8À&¹GÁ�Ï)»µH�Á]¹8ÂdÀYÏ�Ð�Ðr¼(Ç�Â$Â	Â(HrÐ�À$Ï)Ç�»ÄÇ8ùlÀYÍ#H�Ï)»�ÀYH�¼Y¹8Ð�ÀYÏ)Ç8»1Ç8ù�¹�Â(º ¹GÁ)Á¨Î#Ï)Å2Ç�Á)H�Õ	Ï�ÀYÍ
ÀYÍµH1»WÃµÐ�Á)H�ÃµÂIÐr¹8»µ»µÇGÀîH�2xÐrH�HrÎ øK� 4o Ü u�{ r��J) ��� çh�G}J*��N) � C ��u Þ�¿�Ï)º~ÅµÁ)Ï�HrÂLÀ$ÍµHÄÅµ¼$H�Â$H�»µÐrHãÇ8ùPÁ]¹8¼(½�H
Â$Ð�¼$HrH�»µÏ)»#½�H��UHrÐ�ÀYÂu¹8»#Îì»µÇ�»µÁ�Ï)»µHr¹8¼5Î#¾�»�¹8º~Ï)Ð�ÂKÏ)»£Ú f Â(Ð`¹GÀ(ÀYHr¼(Ï)»µ½Ô¹GÀ ß 4 6��Q. Ê I »ìÅµ¹8¼(À$Ï)ÐrÃ#Á]¹8¼�¿



� � � ��� �r���U�Y��� �¶��'��@�	� 
 ^

Ï�ÀLÏ)º~ÅµÁ)Ï�HrÂ5ÀYÍ�¹�À�Ï)»¯ÀYÍµH+Ï�»�ÀYHr¼$¹8Ð�À$Ï)Ç�»¯Ç8ùPÂ$ºI¹8Á)Á�Ð�Ç�Á)Ç�Ã#¼dÖ%Ç�Ð�À$H�ÀLÎµÏ)Å2Ç�Á�HrÂLÕ	Ï�ÀYÍì»WÃµÐ�Á)H�Ï�¹GÀKÐrHr»�À$¼Y¹8Á
Ï)º~Å�¹8Ð�ÀLÅµ¹8¼Y¹8º~H�À$Hr¼(ÂLÀYÍ#H ½�Á�ÃµÇ�»ÑÎµHr»µÂ(Ï�À%¾¯ÅUH�¼L»WÃµÐ�Á)H�Ç�»ÆÜ�Ï Ê H Ê À$ÍµH ¼$¹GÀYÏ�Ç ÇGù�ÀYÍµHI½�Á)Ã#Ç�»¯Î#Hr»µÂ(Ï�À%¾
¹`Ó�Hr¼$¹8½�H�Î1Ç�Ó8Hr¼	¹KÂ(º ¹GÁ)Á!¼Y¹8»#½�H�Ç8ùtÐ�Hr»�ÀY¼$¹8Á�Ï�ºIÅ�¹GÐ�À-Å�¹8¼Y¹GºIH�ÀYHr¼(Â�¹8»#Î+ÀYÍµH�»WÃµºK¸UH�¼jÇ8ùq»WÃµÐ�Á)HrÇ8»µÂr¿
f��� ¿�Ï)»+À$ÍµH5ÐrÇ�¼(¼$HrÂ(ÅUÇ8»µÎµÏ)»#½I»WÃµÐ�Á)H`¹G¼	Ó8Ç�Á)Ã#ºIH`Þ-Ð`¹8»#»µÇ8ÀPH��xÐrH�HrÎR\NÈ ? ¿¨È 
WDm`

� nWo¶Ü~���
� 4 Þ
f���

������ ������������� ^ f! �Y� A � 4 Ü 9 Hdâ 4 Þ o	" 4 B%B� 7#<$# � 4 Ü 9 H$â 4 Þ < Ü ñ Ê%
µÊ È�Þ
& Ç8À$H�ÀYÍ�¹�À�ÀYÍµÏ�Â�¼Y¹GÀ$Ï)Ç�Õ-Ç�ÃµÁ)Îî¸2H�H��WÃ�¹8ÁµÀ$Ç � n�qìÏ�ù2À$ÍµH�»WÃµÐrÁ�HrÇ�»('�H�Á)ÎµÂ�Õ-Ç�ÃµÁ)Î~¹8Î#Î~Ï�»µÐrÇ8ÍµHr¼(Hr»�ÀYÁ�¾ Ê
ß ÍµH	ÃµÅµÅ2Hr¼�¸2Ç�Ãµ»µÎ~Ï)»uH�� Ê ñ Ê%
µÊ È�Ð`¹8»~¸2HPÐ�Ç�º~Å�¹8¼$H�ÎîH Ê ½ Ê Õ	Ï�À$Í%� n�q0Ü~� ê È 7  �A � � 4 ê 
-9 H(â 4 Þ*) #
Ï)»+À$ÍµH�ÐrÃµ¼(¼$H�»WÀPÅ�¹G¼(ÀYÇ8»ãÎ#Ï)Â(À$¼$Ï�¸µÃ#ÀYÏ�Ç�»+'µÀ$Â Ê-, »µH�ÐrÇ8»µÐrÁ�ÃµÎµHrÂ�À$Í�¹GÀ	Â(À$¼$Ç�»#½~º~Ç�ÎµÏ.'�Ðr¹GÀYÏ�Ç�»µÂ:Ç8ùlÀYÍµH
½�Á)Ã#Ç�»/'�H�Á)Î�Ï)»�Í#H`¹`ÓW¾�»WÃµÐrÁ�HrÏ	Ü�¹8Â�ÐrÇ8ºIÅ�¹G¼$HrÎ�À$Ç+ÀYÍµHuÏ�»µÐrÇ8ÍµHr¼(Hr»�À5Â$ÃµºòÇ8ù�ÀYÍµHu»WÃµÐ�Á)H�Ç�»0'�HrÁ�ÎµÂ&Þ
¹8ÅµÅ2H`¹8¼�À$ÇI¸2H�Ãµ»�¹`Ó8Ç�Ï)Î�¹G¸µÁ)H5Ï)»Ä¹uÕ	Ï)Î#H~Ü~���
� 4 Þj¼Y¹8»#½�H�ÀYÇî¸UH5Ð�Ç�Ó8Hr¼(HrÎ�¸�¾ ß21�3 �24 Ê4ÝÂ$Ï�½�»µÏ.'µÐ`¹8»�À�Å�¹G¼(À�Ç8ù�À$ÍµHrÂ(H	ºIÇ�ÎµÏ.'µÐ`¹GÀ$Ï)Ç�»µÂl¼$H��WÃµÏ)¼(HrÎ�ÀYÇ�Â$¹GÀYÏ�Â(ù�¾bÀYÍµH�Ã#»µÏ�ÀY¹8¼$Ï�À%¾LÐ�Ç�»µÂdÀY¼Y¹GÏ)»�ÀYÂ
Ï)Â�À$ÍµH5Á)H`¹GÎµÏ)»µ½�ÖfÀ%Õ	Ï)ÂdÀ�¼(HrÎµÃµÐ�ÀYÏ�Ç�» ÇGùlÀ$ÍµH5½�Á)Ã#Ç�»ã¹8»µÎc�WÃ�¹8¼�	 Å�¹8¼(À$Ç�»ãÎµHr»µÂ(Ï�À$Ï)HrÂbÜvÂ$Í�¹GÎµÇ@Õ	Ï)»µ½WÞj¼(H�Ö
Á]¹GÀ$HrÎ+À$Ç�ÀYÍµH5Á)Hr¹8ÎµÏ�»µ½GÖfÀ%Õ	Ï�Â(ÀjÎµÏ��U¼Y¹8Ð�ÀYÏ�Ç�»+Ç�¸µÂ(Hr¼dÓ�HrÎ ¹GÀ 1�3 �24 \NÈ 
�?W`�Ê�ß ÍµH�¼$H�Â(ÀPÂ$Í#Ç�ÃµÁ)ÎÄ¸2H�ÎµÃµH
ÀYÇÄ»µÇ�»#Á)Ï)»#H`¹8¼�HG�¨H�Ð�ÀYÂ ÊIß Í#H 	WÏ)»#HrºI¹GÀYÏ�Ð�¼Y¹8»#½�HuÕ	ÍµHr¼(HI»µÇ8»µÁ)Ï�»µH`¹8¼�H��UHrÐ�À$ÂK¹G¼$HîH��xÅ2HrÐ�À$HrÎ£À$ÇÄ¸UH
Á]¹8¼(½�HbÏ)ÂPÏ)Á)Á�ÃµÂ(À$¼Y¹GÀ$HrÎãÏ)» Ë Ï)½ Ê ñuùvÇ�¼�Â(Ð`¹GÀ(ÀYH�¼$Ï)»#½ Ç8ù�Â(º ¹8Á�Á�ÖfÂ$Ï)ó�H�ÐrÇ�Á�Ç�Ãµ¼�ÖfÀY¼(Ï)ÅµÁ�H�ÀP¹8»#Î�ÐrÇ�Á�Ç�Ãµ¼�Ö%Ç�Ð�ÀYH�À
ÎµÏ)Å2Ç�Á�HrÂ:Ç���»WÃµÐ�Á)HrÏ�¿xÀY¹�	WÏ)»µ½LÏ)»�ÀYÇu¹GÐrÐrÇ8Ãµ»�À�ÀYÍµH�Á�H`¹8Î#Ï)»µ½GÖ À%Õ	Ï)ÂdÀjÂ(Í�¹8ÎµÇ@Õ	Ï)»#½ Ê�Ë Ç�¼jÐ�Hr»�ÀY¼$¹8Á�Ï)º~Å�¹8Ð�À
Å�¹8¼$¹8ºIH�ÀYH�¼$Â¶À$ÍµH	Á)Ï)º~Ï�À$Âl¹8¼$H�º�Ã#Ð&Í~ÂdÀY¼(Ç�»µ½�H�¼65bÀYÍµH�Á�Ï)º~Ï�ÀlùvÇ�¼¶ÀYÍ#H�Ï)»µÐ�Á)ÃµÂ(Ï�Ó�HjÂ$Ð`¹�À$ÀYH�¼$Ï�»µ½�Ç��Ä¹�»WÃxÖ
ÐrÁ�HrÃµÂlÕ	Ï�ÀYÍ�¹�½�Ï�Ó8Hr» f ÐrÇ�¼(¼$HrÂ(ÅUÇ8»µÎµÂ¶À$Ç�ÀYÍµHjÁ)Ï)º~Ï�Àl¹�À¶Ð�Hr»�ÀY¼$¹8ÁµÏ)º~Å�¹8Ð�ÀlÅ�¹8¼Y¹GºIH�ÀYHr¼(Â¶ùvÇ�¼�¹�»WÃµÐrÁ�HrÃµÂ
Õ	Ï�À$Í f87 � f ��^ <9# ¿tÂ$Ç1À$Í�¹GÀ�ÀYÍ#H~Ï�»µÐrÁ�ÃµÂ$Ï�Ó�HuÐ�Ãµ¼(Ó8HrÂ5ùvÇ�¼ f ê 
�7 ¹8¼(H�ÀYÍµHîÂY¹GºIHî¹8Â�À$ÍµHuÐrÃµ¼dÓ�H�Â
ùvÇ�¼�ÐrH�»WÀ$¼Y¹8Á2Â$Ðr¹GÀ$À$Hr¼(Ï)»µ½LÇ��ÄÐ`¹8¼(¸UÇ8»�ÜvÀ$ÍµHPÂ$Ãµ¸#À$¼Y¹8Ð�ÀYÏ�Ç�» Ç8ùUÀYÍµHPÐrÇ8»WÀ$¼$Ï�¸µÃ#ÀYÏ�Ç�»îùv¼$Ç�ºzÂ(Ð`¹GÀ(ÀYHr¼(Ï)»µ½K¹GÀ
ÅUH�¼$Ï�ÅµÍµHr¼$¹8Á�Ï�ºIÅ�¹GÐ�À�Åµ¹8¼Y¹8º~H�À$Hr¼(Â�Ð`¹8»ã¸UH�Å2Hr¼dùvÇ�¼$º~HrÎ1¸�¾1ÂdÀYÃµÎx¾xÏ�»µ½~Ðr¼$Ç8Â$Â	Â$H�Ð�ÀYÏ�Ç�»µÂ�ùvÇ�¼	¹uÂ(Hr¼$Ï�HrÂ
Ç8ù�»WÃµÐ�Á)H�Ï ¿WH Ê ½ Ê ùvÇ�¼ f � f � 
 � <`<`< \�È 
 È ` Þ Ê¶ß Í#H�Ï)»�À$Hr¼Y¹GÐ�ÀYÏ�Ç�»îÂ(À$¼$Hr»#½8ÀYÍIÏ)»îÀYÍµÏ�Â:Î#Ç�º ¹GÏ)»uºI¹@¾�¼$H`¹GÐ&Í
ÓG¹8Á)ÃµH�Â�ÐrÁ�Ç�Â$H�À$Ç5À$ÍµH�¸µÁ)¹8Ð
	�¸2ÇxÎ#¾KÁ)Ï�ºIÏ�À�¹8»#Î~Ðr¹8»î¸UH	ÂdÀYÃµÎµÏ�HrÎ~¹GÀ ß21�3 �24ÆÏ)»î¹�Õ	Ï)Î#Ha�+¼Y¹G»µ½�H	¹8Â
¹�ùvÃµ»µÐ�À$Ï)Ç�»ÄÇ8ùlÀYÍ#HbÅµ¹8¼(À$Ç�»ÄÎµHr»µÂ(Ï�À%¾¯ÜvÏ Ê H Ê À$ÍµH5»�Ã#º�¸UH�¼	Ç8ù¶»WÃµÐ�Á)H�Ç�»µÂP¹GÀ	ÀYÍµH5Ï�ºIÅ�¹GÐ�À�Å�¹G¼Y¹8º~H�À$Hr¼

●  

■  

He
C
Ca

F2
A

F2
d

x

�
	������M/:`Sã�-;Ñ¦Øw�Z�[vZ=<�¬ "?>A@�eY^`X [)o�V
c$[]X$�W��[]��X�V�e$��_x��[]\�^`_ÔXfZ�[]\]^CBED48F BEG4 T�V&X_W�W�&}�V�^@_~e&^`XIH�h0VY� � 4 ¦ÉZ`_xwJH B ¦tZbe&^`X
� 4LK ±NMPO�²�V8³ 4 nãg�h-i�k�m�sl^`��}�w1Vd�@{
[�VY_#wÆ[)o�VYc&VìabVdZrc(��X�VYabVY_�[)cÒy&� [)o�X%V(V
^`X%w�VYX(c�^fePa�Z | _W\][]�Ww�V�[v^��CQR:&±  TS n




N
 � �������	��
����������������������������� ����"#�$���&�(')�#*+"#�-, .0/ È ����3

Q (GeV)

x un

10
-5

10
-4

2 2.5 3 3.5 4 4.5 5
Q (GeV)

x un
10

-4

10
-3

10
-2

2 2.5 3 3.5 4 4.5 5

�
	������M1O8S �¨_W\][vZ`X(\][]�Ñy�^`��_xw�Z`X(\vV$c+\)_´[)o�V��)����� � 4�� {�Tx}NZ`_#V�e&^`X�©�Z$�[)o�V \)_#V&}�ZrcY[]\]��� � © �d^`}N^`��X
[]X(\RTx}�V&[>! @_W�W�&}�VY�8cPZ`_xwI© yf�[)o�V"� ��#�©��(^`}�^@�8XP^���[�V&[>! @_W�W�&}�VY�8cP�&X%^rc(cjc�V���[]\]^`_Wc¨e&^`X�_W�W�&}�VY\¨st\)[)o%$ ¡
:�OG� ¢ ±8� :&±@±KZ@_xw�O`±@±Wn�g2o�V-��_W\)[vZ@X(\][]��yd^`��_xw�Z`X$\vV$c2e&^`X:[)o�V-\)_#V&}�ZrcY[]\]�&� �' �Z`_xw(� ��#) @_W�W�&}�V�^@_~�&X%^rcdc
c&Vd��[]\�^`_�c�Z`X�V0\)_xw`\��dZ@[�VdwuZrc�yY}NZ�����c&^`}>\]wK}>\�_µV$cYn

Ç8ù�ÀYÍ#H�Åµ¼$Ç8¸UH`Þ�¿UÕ	Í#Ï)Ð&Í�Ï)Â0Ï)º~ÅUÇ8Â$Â$Ï�¸µÁ)H�ùvÇ�¼PÀYÍµHKÐ`¹8Â(H�Ç8ù:Ú+*®Â$Ðr¹GÀ$À$Hr¼(Ï)»µ½ Ê�, »®¹ »WÃµº�¸2Hr¼�Ç8ù�º~Ç�ÎxÖ
HrÁ�Â*\�È 
 ;#¿¨È 
�EW` ÀYÍ#H�Â$Í�¹8Î#Ç�Õ	Ï�»µ½îÏ)»+À$ÍµH5Á)H`¹GÎµÏ)»µ½LÀ%Õ	Ï)Â(À	Ï�Â	¹8Â$Â(Ãµº~HrÎÄÀYÇu¸2H�Â$ºI¹8Á)Á�¿x¼(HrÂ$Ã#Á�ÀYÏ�»µ½uÏ)»ã¹
º�ÃµÐ&ÍbÁ]¹8¼(½�Hr¼¨¼Y¹8»µ½8H�Ç8ùtÜ����
� 4 ÞUÕ	ÍµHr¼(H:»#Ç�»µÁ)Ï�»µH`¹G¼�H��UHrÐ�ÀYÂlÂ$ÍµÇ�Ã#Á)Î5ÎµÇ�º~Ï)»�¹�ÀYH	ÜvÂ$HrH�ÅµÁ�Ç8ÀYÂtÏ�» \�È 
 ñ ` Þ Ê, »#HbÐr¹8»ÄÂ$H�Hbùv¼(Ç�º À$ÍµHI'�½�Ãµ¼(H�ÀYÍ�¹GÀ�À$ÍµH�º~H`¹8Â(Ãµ¼$H�ºIH�»WÀPÇ8ù�ÐrH�»�ÀY¼Y¹GÁtÂ$Ð`¹�À$ÀYH�¼$Ï�»µ½uùvÇ�¼ f ê 
�7
ÜvÕ	ÍµÏ�Ð&Í�¼$H��WÃµÏ)¼(HrÂ�Î�¹�À&¹Iùv¼(Ç�º ¹ Â$H�À�Ç8ù�Ï�Â$Ç�Â(Ð`¹8Á)¹8¼P»�Ã#ÐrÁ)H�ÏlÕ	Ï�ÀYÍ f � 
�7 ùvÇ�¼PÀYÍµHLÂ$Ãµ¸xÀY¼Y¹GÐ�ÀYÏ�Ç�»�Ç8ù
ÀYÍµHPÅ2Hr¼$Ï�ÅµÍµH�¼Y¹8Á!Å�¹8¼dÀ�Þ¶Õ-Ç�ÃµÁ)Î ¹8ÐrÐ�HrÂ(Â�Á)Ï�ºIÏ�ÀYÂ�Ð�Ç�¼$¼(HrÂ$Å2Ç�»µÎ#Ï)»µ½bÀYÇbÏ)»µÐ�Á)ÃµÂ(Ï�Ó�HPÂ$Ðr¹GÀ$À$Hr¼(Ï)»µ½bÇ��ã»WÃµÐrÁ�HrÏ
Õ	Ï�À$Í f / ñ 7�7 ¹8»µÎ¯ÍµHr»#ÐrH H ��ÀYHr»#Î£ÀYÍµH � 4 Ãµ»µÏ�À&¹8¼(Ï�À%¾�¸2Ç�Ãµ»#Î�¹8¼(¾®¸�¾Ñ¹ ¹GÀbÁ)H`¹GÂ(ÀL¹ãù�¹8Ð�ÀYÇ�¼5Ç8ù
À%ÕjÇ+¹GÀ ��ÓG¹8Á�ÃµHrÂ0Ç8ù / È 7T H Ê0ß ÍµÏ�Â�½�¹GÏ)» Õ-Ç�ÃµÁ�Î�¹8Á�Á)Ç@Õ�À$ÍµH�Ç�¸µÂ(Hr¼dÓ8¹�ÀYÏ)Ç8»ÔÇ8ù�»#Ç�»µÁ)Ï�»µH`¹G¼0HG�¨H�Ð�ÀYÂ
Ï)»ã¹%� 4 ¼Y¹G»µ½�H�Õ	ÍµÏ)Ð&ÍãÏ)Â�Ï�»µÎµÏ�Â$ÅµÃ#ÀY¹8¸µÁ�¾ Å2Hr¼dÀYÃµ¼(¸�¹GÀYÏ�Ó�HG¿!¹GÀPÁ)H`¹GÂ(À�ùvÇ�¼	Ú+*ãÂ$Ðr¹GÀ$À$Hr¼(Ï)»µ½ Ê

, À Õ	Ï)Á�Á�¸UHãÅ2Ç�Â$Â(Ï)¸µÁ�HãÀ$Ç£¼$H�Ó�Hr¹8Á0Ã#»�¹8º�¸µÏ�½�ÃµÇ�Ã#Â$Á�¾£ÀYÍµH »µH�Õ ÍµÏ�½�ÍxÖfÎµHr»µÂ(Ï�À%¾á¼$H�½�Ï)º~HÄÇ8ù [ ,.-
¹GÀuÂ(º ¹8Á�Á�Ö��§Ú f Ð�Ç�Á)Á�Ï)Â$Ï�Ç�»µÂ5Ó�Ï]¹ÔÂdÀYÃµÎµÏ�HrÂuÇ8ùP¹�»WÃµºK¸UH�¼�Ç8ùPÏ)»µÐ�Á)ÃµÂ(Ï�Ó8H Ç�¸µÂ(Hr¼dÓ8¹G¸µÁ)H�Âî¹8»µÎìÀYÍ#H f Ö
ÎµHrÅ2Hr»#ÎµHr»µÐ�HÄÇ8ù�ÀYÍ#H+Åµ¼$Ç8ÅUH�¼(ÀYÏ�HrÂLÇ8ù�ÀYÍµH '�»�¹8Á-Â(À&¹�ÀYHrÂ Ê/- H�Ó�Hr¼$¹8Á�½�Ç8Á)ÎxÖfÅµÁ]¹GÀ$HrÎÑÇ�¸µÂ(Hr¼(ÓG¹8¸#Á)HrÂ�¹8¼$H
Á)Ï�Â(ÀYH�ÎìÏ)»ìÀ$ÍµH+ùvÇ�Á�Á)Ç@Õ	Ï)»µ½ Ê®Ë Ç8¼KÏ)Á�Á)ÃµÂdÀY¼$¹GÀYÏ�Ç�»�¿¶H �xÅUH�Ð�À&¹�ÀYÏ)Ç8»µÂu¸�¹8Â(HrÎ´Ç�»§ÀYÍµH1¸#Á]¹8Ð
	Ñ¸UÇ�Î#¾£Á)Ï)º~Ï�À
Â$Ð�Hr»�¹8¼(Ï)Ç�\NÈ ? ¿tÈ 
WD ¿�È #87 ¿¨È # È ` ¹G¼$H�ÐrÇ8»µÂ$Ï�ÎµHr¼(HrÎ§Ü�Õ	ÍµÏ)Ð&ÍãÏ)Â�¼$¹GÀYÍ#Hr¼	ÐrÁ�Ç�Â$H�Á�¾+¼(HrÁ)¹GÀYH�ÎÄÀ$ÇuÀYÍµH5ÂY¹�ÀYÃxÖ
¼Y¹GÀ$Ï)Ç�»IÂ$Ð�Hr»�¹8¼(Ï)Ç \NÈ 
N
 ¿2È 
 # ¿¨È 
 ;x¿UÈ 
�E ¿UÈ # ñx¿2È # ^ ` Þ�¿�ÀYÍµÇ�Ã#½�Í1»µÇ�»µÁ�Ï)»µHr¹8¼:H��UHrÐ�À$Â�ÐrÇ�Ã#Á)Î+À&¹GºIHPÀYÍµH
Ï)»µÐ�¼$Hr¹8Â$H5Ç8ùlÀYÍµH5Ï�»WÀ$Hr¼$¹8Ð�À$Ï)Ç�»1ÂdÀY¼$H�»µ½8À$ÍÔ¸2H�ùvÇ�¼(H�ÀYÍµÏ�ÂPÁ�Ï)º~Ï�À-Ï)Â�¼(H`¹8Ð&ÍµH�Î Ê
0214365�7�8!9;:�<>=�?�82<A@B:DCD?�5�<E8
, »¯À$ÍµH ¸µÁ)¹8Ð
	�¸2ÇxÎ#¾®Á�Ï)º~Ï�Àr¿¨ÀYÍµHI¼$H�Á]¹GÀ$Ï)Ç�»GF o

4IH ñ øK� 4o � 4 Á)»�ÜdÈ �m�UÞ�ÍµÇ�Á�ÎµÂ5ùvÇ�¼ � 4 � � 4JKJ � Ü��UÞ�¿Õ	ÍµHr¼(H � 4JKJ � Ü~�UÞ ÎµH�»µÇ8ÀYH�Â1ÀYÍµH®ºI¹ �xÏ)ºI¹8ÁPÓG¹8Á�ÃµH�Ç8ù � 4 ùvÇ�¼IÕ	ÍµÏ)Ð&ÍÆÀYÍµH�À$Ç8À&¹GÁ�Ï)»µH�Á]¹8ÂdÀYÏ�ÐÔÐr¼(Ç�Â$ÂÂ$H�Ð�ÀYÏ�Ç�»ÝÇ8ù�ÀYÍµH�Ï�»�ÀYHr¼$¹8Ð�À$Ï)Ç�» Ç8ù5¹£Â(º ¹GÁ)Á	ÐrÇ�Á�Ç�Ãµ¼~ÎµÏ)Å2Ç�Á�HãÇGù�ÀY¼Y¹G»µÂ(Ó8Hr¼$Â(H�Â$Ï�órH H È �W�ëÕ	Ï�ÀYÍ ¹
ÍµH`¹`ÓW¾Ä»WÃµÐrÁ�HrÃµÂ	Ï�Â�H��WÃ�¹8ÁtÀYÇuÀ$ÍµH5¸µÁ]¹8Ð
	I¸UÇ�Î#¾1Á�Ï)º~Ï�Àr¿ øK� 4o Ê�ß Í#HLÂ(Ð`¹8Á�H0� 4JKJ � Ü~�UÞjÏ)»#Ðr¼$Hr¹8Â$H�ÂPÕ	Ï�ÀYÍ



� � � ��� ��� ��� � � � � '����	� 
 #

f Ê�ß Í#H0º~H`¹8Â(Ãµ¼$H�ºIH�»�ÀjÇ8ùUÀYÍµH	Â(Ð`¹8Á�Ï)»µ½�Ó�Ï)Ç�Á)¹GÀYÏ�Ç�»uÇ8ù F o4 Ü~��� � 4 Þ�Åµ¼(Ç�Ó�Ï�ÎµHrÂ:ÎµÏ)¼(HrÐ�Àj¹GÐrÐrH�Â$Â:ÀYÇ5ÀYÍµHÎ#¾�»�¹8º~Ï)Ð�Â0Ç8ù¶ÀYÍµHLÏ)»�ÀYH�¼Y¹8Ð�ÀYÏ)Ç8»ÔÇ8ù�À$ÍµHKÂ(º ¹GÁ)ÁtÎµÏ�ÅUÇ�Á�HrÂ�Õ	Ï�À$ÍÔ»WÃµÐ�Á)HrÏ¶¹8»µÎ ÍµHr»µÐ�HK¾�Ï)H�Á)ÎµÂPÎµH�ÀY¹8Ï)Á�HrÎ
Ï)»#ùvÇ8¼$ºI¹GÀYÏ�Ç�»§¹8¸2Ç�Ã#ÀîÀYÍ#Hã¼(HrÁ�H�ÓG¹8»µÐ�H Ç8ù0ÀYÍµHã¸µÁ)¹8Ð
	ì¸2ÇxÎ#¾ìÁ)Ï)º~Ï�ÀLùvÇ�¼���� f Â(Ð`¹GÀ(ÀYH�¼$Ï)»#½ Ê [ Ï�¼$H�Ð�À
ÀYH�Â(ÀYÂ�ÇGù-À$ÍµH�Ç�»µÂ(H�ÀbÇ8ù�ÀYÍ#Hu¸µÁ]¹8Ð
	ã¸2ÇxÎ#¾Ô¼$H�½�Ï)º~HKÏ�»�ÀYÍµHu½�Á�ÃµÇ�»�Ð&Íµ¹8»µ»µH�Á�º ¹`¾ ¸UHuÅ2Ç�Â$Â(Ï)¸µÁ�HKÓ�Ï]¹
ºIHr¹8Â$Ã#¼$Hrº~Hr»�À$ÂPÇGù
	���Ü�Ú f Þ�¹8»#ÎÄÀ$ÍµH5Â(À$ÃµÎ#¾ÄÇ8ù�ÎµÏ�(H�À	Åµ¼$Ç�ÎµÃµÐ�ÀYÏ�Ç�»ÄÏ)»���� f Â$Ð`¹�À$ÀYH�¼$Ï�»µ½ Ê

4�»µÇ8À$ÍµHr¼uÂ(Ï)½�»µ¹8Á-ùvÇ�¼�¹8ÅµÅµ¼(Ç�¹8Ð&ÍµÏ�»µ½�ÀYÍµH ¸µÁ]¹8Ð
	¯¸UÇ�Î#¾¯Á)Ï�ºIÏ�ÀbÕ-Ç�ÃµÁ�Î§¸UHÄ¹G» f ÎµHrÅ2Hr»µÎ#Hr»µÐ�H
Ç8ùjÀ$ÍµHIÀ$¼Y¹8»#Â(Ó�H�¼$Â(H+ºIÇ8ºIH�»WÀ$Ãµº Ü *���Þ5Â(ÅUH�Ð�À$¼$ÃµºëÇ8ù�À$ÍµH~Å�¹8¼(À$Ç�»µÂ��KÀYÍµHI¹`Ó�H�¼Y¹8½�H *���¼(Ï)Â(HrÂLÕ	Ï�ÀYÍ
� 4J+J � Ü~�UÞ�¿�� *���� / � JKJ � \NÈ 
 ;#¿:È 
�Em` ¿�¼(HrÂ(ÃµÁ�À$Ï)»µ½�Ï�»§¹8» f Î#HrÅ2Hr»µÎµH�»µÐrHÄÇ8ù	À$ÍµH+Á)Hr¹8ÎµÏ�»µ½ÔÍ�¹GÎµ¼$Ç�»Â$Å2HrÐ�ÀY¼$Ã#º Ï)»´ÀYÍµHÄÐrÃ#¼$¼$H�»�À ùv¼Y¹G½�ºIH�»�À&¹GÀ$Ï)Ç�»§¼(Hr½�Ï�Ç�»á¹GÀîÓ8¹GÁ)ÃµH�Â~ÇGù Ë H�¾�»µºI¹8» � ÐrÁ�Ç�Â$H1À$Ç¯Ç�»#H��
ÀYÍµH1ºKÃµÁ�À$Ï)ÅµÁ�Ï)ÐrÏ�À%¾�Õ	Ï)Á�Á-Î#HrÐr¼(H`¹8Â(H1Õ	Ï�ÀYÍ f \NÈ # È ` ¹8»µÎìÀ$ÍµHÄ¹`Ó�H�¼Y¹8½�H�* 4� ¹�À#��� / È1Â(ÍµÇ�ÃµÁ�Î§¸UH
Åµ¼$Ç8ÅUÇ�¼dÀYÏ�Ç�»�¹8Á�À$Ç � 4J+J � Ê - Ã#Ð&ÍÆ¹£½�¼$Ç8Â$ÂIÓ�Ï�Ç�Á]¹GÀ$Ï)Ç�»áÇ8ù�À$ÍµH g0i [ ù�¹8Ð�ÀYÇ�¼(Ï)ÂY¹�ÀYÏ)Ç8»áÀ$ÍµHrÇ�¼(Hrº ùvÇ�¼
Á)Hr¹8ÎµÏ)»#½ãÍµ¹8Îµ¼$Ç8»£Åµ¼(ÇxÎµÃ#Ð�ÀYÏ�Ç�»ÑÏ)» [ ,.- Õ	Ï�Á)Á�Åµ¼(Ç�Ó�Ï�ÎµHIÇ8»µHIÇGùjÀYÍ#HIº~ÇxÎ#HrÁ�Ï)»#ÎµHrÅ2Hr»µÎ#Hr»�À�Â(Ï)½�»�¹GÁ)Â
ùvÇ�¼�ÀYÍ#HbÇ8»µÂ$H�À0ÇGù�À$ÍµH5¸µÁ]¹8Ð
	 ¸UÇ�Î#¾1¼(Hr½�Ï�ºIH Ê
��9���@ C�3�� 9;:�<>=�?�82<A@B:DCD?�5�<E8
Ë Ç�¼uH��xÅ2Hr¼$Ï�ºIH�»�À&¹8Á�Ï�»WÓ8HrÂdÀYÏ)½�¹GÀYÏ�Ç�»µÂr¿�ÀYÍ#¼$HrHÄÐ�Á]¹8Â(Â$HrÂ~Ç8ù�ÎµÏ��U¼Y¹8Ð�ÀYÏ�Ó�H1HrÁ�HrÐ�ÀY¼$Ç8»T5�»WÃµÐrÁ�HrÃµÂ~Ï)»�À$Hr¼Y¹GÐ�Ö
ÀYÏ�Ç�»µÂ1Í�¹`Ó�H®ÀYÇ´¸2H®ÐrÇ�»µÂ(Ï)ÎµH�¼$H�Î�� � � !#"����Gu:�%$ r&� �sy
y } �G�:��u:� } � Õ	Ï�À$ÍÉº~HrÂ(Ç�»ÉÅµ¼$Ç�ÎµÃµÐ�ÀYÏ)Ç8»ÉÏ�» ÀYÍµH
»WÃµÐrÁ�HrÃµÂ�ùv¼$¹8½�º~Hr»�À&¹GÀ$Ï)Ç�»£¼$Hr½8Ï)Ç�»�¿ ��'��)( r ��" � " r � ç t*'�+ Åµ¼$Ç�ÎµÃµÐ�Ï)»µ½�»WÃµÐ�Á)Hr¹8¼Kùv¼Y¹G½�ºIH�»�ÀYÂÄÜvºIÇ�ÂdÀYÁ�¾
»µHrÃxÀY¼$Ç8»µÂ�¹8»µÎ Åµ¼$Ç8À$Ç�»µÂYÞ-Ï)»~ÀYÍµH�ùvÇ8¼(Õj¹8¼$Î+Î#Ï)¼$H�Ð�À$Ï)Ç�»�¿�¹8»#Î � } { r " r � uVy�����uYu r " ���� ¿�Õ	ÍµH�¼$H�À$ÍµH�»WÃxÖ
ÐrÁ�HrÃµÂPÂ(ÀY¹@¾�ÂPÏ)»�À&¹GÐ�À Ê:ß ÍµHLÂ$HrÅµ¹8¼Y¹GÀ$Ï)Ç�»ÄÇ8ù�ÀYÍµH�Â$HbÀYÍµ¼(HrHbÐrÁ]¹GÂ$Â$H�ÂPùv¼(Ç�ºÌ»µÇ8»xÖ%ÎµÏ �¨¼$¹8Ð�À$Ï�Ó8H�¼$H`¹GÐ�ÀYÏ�Ç�»µÂ
Ï)Â�Ó�H�¼(¾¯Â$Ï�ºIÏ�Á]¹8¼�À$Ç À$ÍµHIÂ(HrÁ�HrÐ�À$Ï)Ç�»¯Ç8ù�Î#Ï��U¼Y¹8Ð�ÀYÏ�Ó8HIH�Ó�H�»WÀ$Â�Ï)»ÑÀYÍµHIÚ+*ìÐr¹8Â$H ÊÄß ÍµH Ð�Ç�»�ÀY¼$Ï�¸µÃ#À$Ï)Ç�»
Ç8ù�ÎµÏ��U¼Y¹8Ð�ÀYÏ�Ó�H�ÎµÏ�Â$Â(ÇxÐ�Ï]¹GÀ$Ï)Ç�» À$ÇuÀYÍµH5Ç@Ó�H�¼Y¹8Á�Á�ÎµÏ��U¼Y¹GÐ�ÀYÏ�Ó�H�Ð�¼$Ç�Â(ÂPÂ(HrÐ�ÀYÏ)Ç8»ãÏ�Â�Â$Ï�½�»µÏ.'µÐ`¹8»�ÀYÁ�¾ Â(º ¹GÁ)Á)H�¼
ÀYÍ�¹G»ÔÏ)»ÄÀYÍ#H�Ú+*�Ðr¹8Â$H Ê	ß ÍµHKH �#Å2Hr¼(Ï)º~Hr»�À&¹GÁlÂ(Ï)½�»µ¹GÀYÃµ¼(HrÂPùvÇ�¼�ÀYÍµÏ�Â0¼(H`¹8Ð�ÀYÏ)Ç8» Ð�Á]¹8Â(Â�¹8¼(HLÂ(Ï)º~Ï)Á]¹G¼jÀYÇ
Ú+*ãÂ$Ð`¹�À$ÀYH�¼$Ï�»µ½uÂ$Ï�»µÐrH�À$ÍµH�Hr»µH�¼$½8¾-,�Ç@Õ×Ï�» ÀYÍµH�ùvÇ8¼(Õj¹8¼$ÎÄÎµÏ�¼$HrÐ�ÀYÏ�Ç�»+Ï)ÂjH��xÅUH�Ð�À$HrÎ À$ÇuÍ�¹`Ó�Hb¹8Á�ºIÇ�ÂdÀ
ÀYÍµHîÂ$¹8ºIH�À$Ç�Å2Ç�Á)Ç�½G¾ Ê i�¹8Á�Ç�¼$Ï�ºIH�ÀY¼(Ï)ÐKÐ�Ç@Ó�Hr¼$¹8½�H~ÎµÇ@Õ	»¯À$Ç é/. È F Ï)»�ÀYÍµHuùvÇ�¼dÕ�¹G¼$Î®¼$H�½�Ï)Ç�» ÜvÂ$HrH
- HrÐ�À Ê ñ Ê ^ Ê ñ�Þ�Õ	Ï)Á�Á2¹8Á)Á�Ç�Õ ÀYÍµH�ÎµH�À$HrÐ�À$Ï)Ç�» Ç8ùtº~Ç�Â(ÀjÎµÏ)Â(Â$Ç�ÐrÏ]¹�ÀYÏ�Ó8H0¼(H`¹8Ð�ÀYÏ�Ç�»µÂ Ê & ÃµÐ�Á)H`¹G¼j¸µ¼(H`¹�	�Ö%Ã#Å1Ï)Â
H��xÅ2HrÐ�À$HrÎ+À$ÇKÐrÇ8»µÂ(À$Ï�ÀYÃxÀYH�¹G¸UÇ�ÃxÀ�È 710 Ç8ù�ÀYÍ#H�ÐrÇ8ÍµHr¼(Hr»�À�ÎµÏ �¨¼$¹8Ð�À$Ï)Ç�»îùvÇ�¼-¹bÕ	Ï)Î#H0¼$¹8»µ½�H0Ç8ùtº~ÇxÎµH�Á
Å�¹8¼$¹8ºIH�ÀYH�¼$Â ÊLË Ç�¼(Õj¹8¼(ÎÑÎ#H�ÀYH�Ð�À$Ç�¼$Â�Â(Ï)º~Ï)Á]¹G¼PÀ$Ç+ÀYÍµH�ùvÇ�¼dÕ�¹G¼$Î�»µH�Ã#ÀY¼(Ç�»®Ð`¹8Á�Ç�¼$Ï�ºIH�ÀYHr¼(ÂuÜ Ë & i�Þ�Ç8ù
ÀYÍµH 1 3 �24ØÐ�Ç�Á)Á�Ï)ÎµH�¼�H��xÅ2Hr¼(Ï)º~Hr»�ÀYÂ�Õ	Ï)Á�Áµ¸UHP»µH�HrÎµH�Î ÀYÇbÎµÏ)ÂdÀYÏ�»µ½�ÃµÏ�Â$ÍuÀYÍµH�Â$HPÀ%ÕjÇLÅµ¼$Ç�ÐrH�Â$Â$H�Â0\NÈ 
 ñ `�Ê
2G�U�)(3'SyG�%$ r54 276 � � !#"k���Gu:� } � Åµ¼(Ç�Ó�Ï�ÎµHrÂ-¹bÎ#Ï)¼$H�Ð�À�ÀYH�Â(ÀjÇ8ù�ÍµÇ@Õ Ð�Á)Ç�Â(H�ÀYÍµHPÏ)»�ÀYH�¼Y¹8Ð�ÀYÏ�Ç�»IÏ�Â�ÀYÇ5ÀYÍµH

¸µÁ]¹GÐ
	Ô¸2ÇxÎ#¾�Á)Ï)º~Ï�Àr¿2Õ	Í#Hr¼$HîÀYÍ#H~Å#¼$Ç�¸�¹G¸µÏ)Á�Ï�À%¾ãÇ8ù-ÐrÇ�ÍµH�¼$H�»WÀLÎµÏ �¨¼$¹8Ð�À$Ï)Ç�»�Ï�Â�ÐrÁ)Ç8Â$H�ÀYÇ #8780 Ç8ù:ÀYÍµH
ÀYÇ8ÀY¹8Á#Ð�¼$Ç�Â(Â�Â$HrÐ�ÀYÏ�Ç�»�\�È #G7 ¿µÈ # 
 5!È #8?m` Ê�ß ÍµH�ÂY¹8º~H�Ï)Â�À$¼$ÃµH�ùvÇ8¼�Å�¹8¼dÀYÏ]¹GÁ#Ðr¼(Ç�Â$Â�Â(HrÐ�À$Ï)Ç�»#Â�Â$ÃµÐ&Í ¹8Â�ùvÇ�¼
Ð&Í�¹8¼(ºïÅµ¼$Ç�ÎµÃµÐ�ÀYÏ�Ç�»uÇ�¼�ÎµÏ9(H�À�Åµ¼(ÇxÎµÃ#Ð�ÀYÏ�Ç�»îÏ)»:� f Â$Ðr¹GÀ$À$Hr¼(Ï)»µ½ Ê � Ç�¼$H�Ç@Ó�Hr¼�¿xÂ(Ï)»µÐ�H�ÀYÍµH�Ï�»WÀ$Hr¼$¹8Ð�À$Ï)Ç�»
Ï)Â-Â(ÀY¼(Ç�»µ½�H�¼�Ï)» À$ÍµH�½�Á�ÃµÇ�»+Ð&Í�¹G»µ»µHrÁ�¿#ÀYÍ#H�ÎµÏ��U¼Y¹GÐ�ÀYÏ�Ó�H�Ð�¼$Ç�Â(Â�Â$H�Ð�ÀYÏ�Ç�»1Â$Í#Ç�ÃµÁ)Î1¸2H�Ð�Á)Ç�Â(H�ÀYÇ #8710 Ç8ù
ÀYÍµH~ÐrÇ8¼$¼$H�Â$Å2Ç�»µÎµÏ�»µ½ À$Ç8À&¹GÁ:Ð�¼$Ç�Â(ÂKÂ(HrÐ�À$Ï)Ç�»¯Ï)»£¹ÄÕ	Ï�ÎµHr¼+Ü~���
� 4 Þ�¼Y¹8»µ½8H]\NÈ 
�?W`�Ê1ß ÍµHIÎµÏ��UHr¼(Hr»�ÀYÏ)¹8Á
Ðr¼(Ç�Â$Â�Â(HrÐ�À$Ï)Ç�»ÄÇ8ùqÎ#Ï��U¼Y¹8Ð�ÀYÏ�Ó8H�Åµ¼(ÇxÎµÃ#Ð�ÀYÏ�Ç�»1Ç8ùlÂ(ÀY¹GÀYH�Â�Õ	Ï�À$Í1º ¹8Â(Â#; 4< � � 4JKJ � Ï)Â�¹8Á)Â(ÇuÅµ¼$H�ÎµÏ)Ð�ÀYHrÎÏ)»L¹Pº~Ç�ÎµHrÁ�Ö%Ï)»#ÎµHrÅ2Hr»µÎ#Hr»�ÀqÕ�¹`¾�¿GÂ$H�H \NÈ # È `�Ê 40»µÇ8À$ÍµHr¼lÂ$Ï�½�»�¹GÀ$Ãµ¼$H:Ç8ù#À$ÍµH:¸µÁ]¹8Ð
	�¸2Ç�Î#¾�Á)Ï�ºIÏ�À�Ï�ÂqÀ$Í�¹GÀ
ùvÇ�¼=; 4< � � 4JKJ � À$ÍµH�Åµ¼(ÇxÎµÃ#Ð�ÀYÏ�Ç�»�Ç8ù2ÍµÏ�½�ÍxÖ *��>(H�À$Â�Ï)Â�Â(ÀY¼(Ç�»µ½�Á�¾KH�»µÍ�¹8»#ÐrHrÎ?�#�YÜ *�@ ���� Þ 4 � ê ^1; 4< ��ñ 7#Ê
ACBE�)(3'SyG�%$ r#4 276 � � !#"k���Gu:� } � ¿WÀ$ÍµHPÅµ¼$Ç�ÎµÃµÐ�ÀYÏ)Ç8»IÇ8ù¨Ó�HrÐ�ÀYÇ�¼-ºIH�Â$Ç�»#ÂjÏ)»îÀYÍ#H0Åµ¼(ÇxÐ�HrÂ(ÂD����E f ö

F E f ¿jÅµ¼(Ç�Ó�Ï�ÎµHrÂ~¹®ÐrÁ)Hr¹8»áH��xÅUH�¼$Ï�ºIH�»WÀY¹8Á�Â$Ï�½�»�¹GÀ$Ãµ¼$HÄÏ�ùPÀ$ÍµH F Î#HrÐ`¹`¾áÅµ¼(ÇxÎµÃ#Ð�ÀYÂI¹8¼(HãÏ�»§ÀYÍµH
ÎµH�À$HrÐ�ÀYÇ�¼K¹8ÐrÐ�HrÅ#ÀY¹8»µÐrH ÊÄß ÍµÏ)Â5Õ	Ï)Á�Á�¸UHîÀYÍµH~Ð`¹GÂ$HIùvÇ8¼bÁ�Ï)½�Í�À5Ó�H�Ð�À$Ç�¼Kº~HrÂ(Ç�»µÂbÏ�ù�H�Ï�À$ÍµHr¼+�HGLÇ�¼JI K�I
ÜvÀ$ÍµH�Âk��Ãµ¹8¼$H�Ç8ù¨ÀYÍµH�º~Ç�º~Hr»�ÀYÃ#ºÙÀ$¼Y¹8»#Â(ùvHr¼j¹GÀjÀ$ÍµH�»WÃµÐ�Á)HrÇ8» Ó�H�¼(ÀYH �µÞ�¹8¼$H0Â$Ã#à~ÐrÏ�Hr»�ÀYÁ�¾ Í#Ï)½�Í�¿x¹8»µÎ
ùvÇ�¼ML��>NØ¹8»µÎPOïºRQrÂ(Ç�»µÂ�Ç@Ó�Qr¼�ÀYÍSQLùvÃµÁ�ÁV	WÏ�»�QrºI¹GÀYÏ�ÐL¼$¹8»µ½1Q Ê�ß Í�QKÂTQrÅµ¹8¼Y¹GÀ$Ï)Ç�» Ç8ù�ÐrÇ8Í�Qr¼UQr»�À5¹8»µÎ
Ï)»µÐ�Ç�Í�Q�¼TQr»�ÀVQ�Ó�Qr»�ÀYÂ-Õ	Ï)Á)Áx¼TQ���Ã#Ï)¼TQ�À$Í�Q	ÂY¹8ºRQ#Q��xÅWQ�¼$Ï�º-Q�»WÀY¹8ÁµÀXQ�Ð&Íµ»µÏ���ÃSQrÂ�¹GÂ�ùvÇ8¼�Ï)»µÐ�Á)ÃµÂ(Ï�Ó1Q	ÂdÀYÃµÎµÏYQrÂ




�� � �������	��
������� � � � ����� � � � � �����	� �T� � ��
 ���� ��� ��� È �����

¹8»µÎ Ð`¹8» Ï)»�¹GÎµÎµÏ�À$Ï)Ç�»ÄºI¹�	�QbÃµÂUQKÇ8ù�À$Í�Q5Ó1Qr¼d¾ÔÂdÀXQ�QrÅ�ÎµÏ �¨¼$¹8Ð�À$Ï�Ó�QLÅ Q`¹�	�Q �xÅWQ�Ð�ÀXQ�Î�ùvÇ�¼PÐrÇ�Í�Q�¼TQ�»WÀ
Åµ¼$Ç�Ð�Q�Â$ÂUQrÂ Ê 3 �xÐrÁ�ÃµÂ$Ï�Ó1Q [ ,.- ÎµÏ �¨¼$¹8Ð�À$Ï)Ç�»5¾�Ï QrÁ�ÎµÂ�¹0ÎµÏ�¼TQrÐ�À�¹8»#Â(Õ Qr¼�À$Ç0À$Í�Q-ùvÃµ»#Î�¹8ºRQr»�À&¹8Á��WÃ�QrÂdÀYÏ�Ç�»��4�¼UQKÍ�Qr¹@ÓW¾ »WÃµÐrÁYQrÏqÀY¼Y¹G»µÂ$Å�¹G¼TQr»�À�ùvÇ8¼0ÍµÏ�½�ÍxÖ Qr»�Q�¼$½8¾ÄÂ(º ¹8Á�ÁtÇ�¸ UQ�Ð�ÀYÂ�Á)Ïs	>QRL �>NÆÇ�¼ OzºRQrÂ(Ç�»µÂ�� , »
ÀYÍ�QÄ¼UQr½�Ï�Ç�»´Ç8ùL� ������ ñx¿ Q�Ó�Ï)ÎSQr»µÐ�QãùvÇ�¼uÐ�Ç�Á)Ç8Ãµ¼�ÀY¼$¹8»µÂ$Åµ¹8¼TQ�»µÐ�¾§Õj¹8Â~Ç�¸#À&¹GÏ)»�Q�Î \NÈ #�� ` ¸�¾§ÀYÍ�Q
Ç�¸µÂUQr¼(ÓG¹GÀ$Ï)Ç�»§À$Í�¹GÀuÀYÍSQãÐ�Ç�Í�Q�¼TQr»�À L��>N Åµ¼$Ç�ÎµÃµÐ�ÀYÏ)Ç8»´¹8ºIÅ#Á)Ï�À$ÃµÎ�Q+Ï�ÂuÅµ¼$Ç8ÅUÇ�¼dÀYÏ�Ç�»�¹8Á:ÀYÇ f FVo�Ü%K(Þ�¿
Õ	Í�Qr¼UQ F(o�Ü�K(Þ0Ï�Â�ÀYÍ�QK»�Ã#ÐrÁ Qr¹8¼�ùvÇ�¼(º ù�¹8Ð�ÀYÇ�¼ Ê5ß ÍµÏ)Â�Ð�Ç�Á)Ç�Ã#¼0ÀY¼$¹8»µÂ(Å�¹8¼TQ�»µÐ�¾�¼TQr½8Ï)ºRQKÐrÇ8¼$¼TQ�Â$Å2Ç�»µÎµÂ
ÀYÇ5ÀYÍ�QPÅµ¼(Ç�Å�¹8½�¹�ÀYÏ)Ç8»~ÇGùt¹LÂ(º ¹GÁ)ÁµÎµÏ�ÅUÇ8Á Q�ÀYÍ#¼$Ç�Ãµ½8Í+¹�ÀYÍµÏ�Ð
	�À&¹8¼(½1Q�À�Õ	Ï�À$Í~Ó�Qr¼d¾ Â(º ¹8Á�Á�¹8¸µÂ(Ç�¼$ÅxÀYÏ)Ç8» Ê4�À�Â(º ¹8Á�ÁK� . ����� È8¿¨¹4�WÃ�¹GÁ)Ï�ÀY¹GÀYÏ�Ó1Q�Á�¾1»�Q�Õ ÅµÍ�Q�»µÇ�ºRQr»µÇ�» 5ÄÐrÇ�Á�Ç�Ãµ¼PÇ�Å�¹8Ð�Ï�À%¾+5ãÏ�Â�Q �#Å QrÐ�ÀXQ�Î���¹
Â(À$¼$Ç�»µ½�¹8¸µÂ$Ç8¼$Å#À$Ï)Ç�»ìÇGù�ÀYÍ�Q+Â(º ¹GÁ)Á�ÎµÏ)Å2Ç�ÁYQrÂbÅµ¼$Ç�Åµ¹8½�¹GÀ$Ï)»µ½ãÀYÍµ¼(Ç�Ãµ½�Í£À$Í�Q+»WÃµÐ�Á QrÏ Ê , »£À$Í�Q+¸µÁ)¹8Ð
	
¸UÇ�Î#¾uÁ�Ï)º~Ï�ÀlÀYÍ�QPÏ)»#Ðr¼TQr¹8ÂTQ	Ç8ù2ÀYÍSQ0Ð�¼$Ç�Â(Â-ÂUQrÐ�À$Ï)Ç�»îÕ	Ï�À$Í f Õ	Ï�Á)Áµ¸ Q	¼TQ�ÎµÃµÐ�Q�Î ÀYÇ f G � � ¹8Â�ÐrÇ8ºIÅ�¹G¼TQrÎ
ÀYÇ f H � � Ï)»+À$Í�Q5ÐrÇ�Á�Ç�Ãµ¼jÀ$¼Y¹8»#Â$Å�¹8¼UQr»µÐ�¾1Á)Ï�ºIÏ�À Ê g0i [ ¹8Á�Â$ÇuÅµ¼UQrÎµÏ�Ð�À$Â	À$Í�Q5¹8¸µÂ(Ç�Á)ÃxÀXQ�Ðr¼(Ç�Â$Â	ÂUQrÐ�À$Ï)Ç�»
ùvÇ�¼�ÀYÍSQ�Ó1QrÐ�ÀYÇ�¼:ºRQrÂ$Ç8»~Å#¼$Ç�ÎµÃµÐ�À$Ï)Ç�»îÏ�»�ÀYÍ�Q	¸µÁ)¹8Ð
	K¸2ÇxÎx¾uÁ)Ï�ºIÏ�À Êtß Í�Q ß21 3 �24 	�Ï�»�QrºI¹GÀ$Ï)Ð�¼$¹8»µ½1Q
ÕjÇ8ÃµÁ)Î´¹8Á�Á)Ç@ÕzùvÇ�¼�ÂdÀYÃµÎx¾xÏ�»µ½�ÀYÍ�Q1Ï�»�ÀXQr¼(ÅµÁ]¹`¾¯Ç8ù0ÐrÇ�Á�Ç�Ãµ¼LÀ$¼Y¹8»#Â$Å�¹8¼UQr»µÐ�¾´¹8»µÎ´Ð�Ç�Á)Ç�Ã#¼�Ç�Å�¹8Ð�Ï�À%¾¯Ï)»
¹IÕ	Ï)ÎSQÄÜ~���
� G Þ0¼$¹8»µ½1Qu¹G»µÎ�ÎµÏ)ÂdÀYÏ�»µ½�ÃµÏ�Â$ÍµÏ�»µ½I¸ Q�À%Õ Q�Q�»ÑÓG¹8¼(Ï)Ç�Ã#Â�º~ÇxÎ�Q�Á)Â0Ç8ù�Â$Í�¹GÎµÇ@Õ	Ï)»µ½+ùvÇ�¼0ÀYÍ�Q
Ï)»�ÀXQ�¼Y¹8Ð�ÀYÏ�Ç�»§Ç8ùPÂ$ºI¹8Á)Á-ÎµÏ)Å2Ç�ÁYQrÂ Ê , » Åµ¹8¼(À$Ï)ÐrÃ#Á]¹8¼�¿¶ÀYÍ�QJQ�Ïs	8Ç8»�¹8Á�º~ÇxÎSQrÁ0\NÈ 
N
�` Á Qr¹8ÎµÂ�ÀYÇÑ¹�º�ÃµÐ&Í
Â$ºI¹8Á)ÁYQr¼PÐrÇ�Á�Ç�Ãµ¼�Ç8Å�¹8ÐrÏ�À%¾ QG�?Q�Ð�À�À$Í�¹8»�ÀYÍSQuÁ Q`¹GÎµÏ)»µ½�ÖfÀ%Õ	Ï)ÂdÀ�º~Ç�Î�QrÁ�Â�Ç8ù�½�Á�ÃµÇ�»�Â$Íµ¹8ÎµÇ@Õ	Ï)»µ½1¸µ¹8ÂTQ�Î
Ç�»1ÀYÍ�Q5ÎµÇ8ºIÏ�»�¹8»µÐ�Q�Ç8ù¶½8Á)ÃµÇ�»#Â�Ï)»1ÀYÍ�Q5ÎµÏ �¨¼$¹8Ð�À$Ï�Ó�Q�Â(ÀY¼(ÃµÐ�À$Ãµ¼TQ5ùvÃµ»µÐ�ÀYÏ�Ç�»µÂ*\NÈ 
��W`�Ê

� Q`¹8Â(Ãµ¼TQ�º-Q�»�ÀYÂ�Õ	Ï�ÀYÍÔÎSQrÃ#ÀTQr¼$Ç8»�¸WQr¹8º~Â�Ü�Õ	ÍµÏ)Ð&Í Åµ¼$Ç�¸µ¹8¸µÁ�¾ÄÐr¹8»Ô¸ QbÅUÇ�Á)¹8¼$Ï�ÂTQ�ÎãÕ	Ï�ÀYÍµÇ�ÃxÀ0Ï�»xÖ
Â(ÀY¹8Á)Á)¹GÀYÏ�Ç�»�Ç8ù - Ï)¸ Qr¼(Ï]¹8»�Â(»�¹�	>QrÂKÃ#Â$Ï)»#½ ¹Ä»µÇ@Ó1Q�Á�ÀXQrÐ&Í#»µÏs�WÃ�Q~Â$Ãµ½8½1QrÂdÀXQrÎ¯¸�¾ 4 Ê4- 	W¼$Ï�»µÂ�	�¾�\NÈ #"!W` Þ
ÕjÇ8ÃµÁ)Î§¹GÁ)Á)Ç@ÕïÀ$Í�Q Ï�»�Ó1QrÂdÀYÏ�½�¹GÀYÏ�Ç�»£ÇGù	Á)Ç@Õ�Ö �´ÅµÍ�¾�Â$Ï�ÐrÂuÏ�»£¼TQr¹8Ð�À$Ï)Ç�»£Ð&Í�¹8»µ»�Q�Á)ÂKÕ	Í#Ï)Ð&Í§Ð`¹G»µ»µÇ8ÀK¸WQ
Ï)»µÎ#ÃµÐ�Q�Î£¸�¾$#�Ç�ºRQr¼(Ç�» Q �xÐ&Í�¹8»µ½1Q�Ü�ä=»µÇ�»xÖ Ó8¹GÐrÃµÃµº Ð&Íµ¹8»µ»�Q�Á)Ârå>Þb¸�¾®Ð�Ç�º�¸µÏ�»µÏ)»µ½ÄÏ�»µÐrÁ�ÃµÂ$Ï�Ó1Qîº-Qr¹�Ö
Â$Ãµ¼UQrºRQr»�ÀYÂÔ¹8»µÎÆÀXQ�Ð&Íµ»µÏs�WÃ�Q�ÂÔÇ8ùK»�QrÃxÀY¼$Ç8»ØÀ&¹G½�½�Ï)»#½ \NÈ 
 È ` Ê � Q`¹GÂ$Ãµ¼UQrºRQr»�ÀYÂ�ÇGù�»µÇ�»�ÖfÓG¹8ÐrÃ#Ãµº
Q��xÐ&Í�¹8»#½1Q Õ-Ç�ÃµÁ�Î ¸ QÄ½�Ï�Ó�Qr»á¸W¾§À$Í�QãÂ(ÀY¼(ÃµÐ�À$Ãµ¼TQÄùvÃµ»µÐ�ÀYÏ�Ç�» Î#Ï��WQr¼TQ�»µÐ�Q�Â F ¥G � F&%G Ç�¼ n

¥
� � n'%� Ê3 Á QrÐ�ÀY¼(Ç�»T5�Î�Q�Ã#ÀXQ�¼$Ç�»1Â(Ð`¹GÀ(ÀXQ�¼$Ï)»#½�ÕjÇ�Ã#Á)Î1¹8Á�Â$Çu¹GÁ)Á)Ç@ÕÆ¹G»1Ï)»�ÀXQ�¼TQrÂdÀYÏ�»µ½KÀXQ�Â(À	Ç8ùtÀ$Í�Q)(�Ç8À$À(ùv¼$ÏYQrÎ Â(Ãµº

¼$ÃµÁYQ8¿+* �, Ü�F
¥
G � F %G Þ.-����m� ê È ��^#E ñ���^/* �, Ü 0 � -WÞ.-��q¿µÏ)»ã¹u»�Q�Õ 	�Ï�»�QrºI¹GÀ$Ï)Ð�¼$¹8»µ½1Q Ê

ß Ç5Â$Ã#ºIºI¹8¼$Ï�ÂTQG¿8ÀYÍ�Q�Ã#ÂTQ	Ç8ù2»WÃµÐrÁYQ`¹8¼�¸ Q`¹8º~Â¶Õ-Ç�ÃµÁ�Î~Ï�»µÐr¼UQ`¹8ÂUQ�Ï)»î¹�ºI¹ (Ç�¼�Õj¹`¾�ÀYÍSQ ß21 3 �84
ÅUÇGÀXQr»�À$Ï]¹8Á�ùvÇ�¼�À$Í�Q:Â(ÀYÃ#Î#¾bÇ8ùµ»µÇ8»µÁ)Ï�»�Q`¹8¼Vg0i [ ÅµÍ�Qr»#Ç�º-Q�»�¹ Ê - Q�Ó�Qr¼$¹8ÁxºRQ`¹GÂ$Ãµ¼UQrºRQr»�ÀYÂ�¿�QrÂ(ÅWQ�ÐrÏ)¹8Á)Á�¾
Ï)»�À$Í�QîÎµÏ��U¼Y¹8Ð�ÀYÏ�Ó1Q�Ð&Í�¹G»µ»�QrÁ�Âr¿qÕ	Ï)Á�Á¶Î�Q�ÀXQr¼(ºIÏ�»�Q�Ï�»¯¹G»ÑÃ#»�¹8º�¸µÏ�½�ÃµÇ�Ã#Â�Õ�¹`¾�Õ	Í�Q�ÀYÍ�Q�¼�ÀYÍ�Qî¸µÁ)¹8Ð
	
¸UÇ�Î#¾£¼TQr½8Ï)ºRQ+Ï)Âu¼UQ`¹8Ð&Í�Q�ÎÝ¹8»#Î Q �xÅµÁ)Ç�¼UQÄÏ)»§Î�Q�À&¹8Ï�Á�¹�»�Q�Õ g*i [ Â(ÀY¹GÀXQÄÇ8ù0ºI¹GÀ$ÀTQr¼�Åµ¼(ÇxÎ#ÃµÐ�Q�Î
¹GÀIÂ$ºI¹8Á)Á � Ê � Ç8Â(ÀIÇ8ù�ÀYÍSQrÂTQ º-Qr¹8Â$Ã#¼TQrºRQr»�À$ÂIÕ	Ï)Á�Á�¼TQ���Ã#Ï)¼TQã¼Y¹�ÀYÍ�Q�¼Iº~ÇxÎSQrÂ(ÀIÁ)Ã#ºIÏ�»µÇ�Â$Ï�ÀYÏYQrÂ�Ç8ù
È�5!È � Å#¸  � Å Qr¼	»WÃµÐ�Á QrÃ#Â \NÈ 
 È `�Ê�, ÀPÕ-Ç�ÃµÁ�Î ¸ Q5ÅUÇ8Â$Â$Ï�¸µÁ Q�À$ÇRQ �xÅµÁ)Ç�¼UQ�ÀYÍ�Qb»µÇ�»µÁ�Ï)»�Qr¹8¼�¼UQr½�Ï�º-Q�Ï�»Ô¹�HG-¼Y¹8»#½1Q�Q ��ÀXQr»#Î�QrÎ1¸�¾I¹GÀ-Á Q`¹GÂ(Àj¹5ù�¹8Ð�ÀYÇ�¼:Ç8ùtñ5Õ	Ï�À$Í ¼UQrÂ$Å QrÐ�ÀjÀ$ÇKÚ+*1Â(Ð`¹GÀ(ÀXQ�¼$Ï)»#½L¸�¾~ÅWQ�¼(ùvÇ�¼(ºIÏ�»µ½
º-Qr¹8Â$Ã#¼TQrºRQr»�À$ÂPÇ8»Ô¹uÂTQ�¼$ÏYQrÂ	Ç8ù�»�Ã#ÐrÁ Q�ÏtÕ	Ï�ÀYÍ f � 
 � ¿SQ Ê ½ Ê f ê ñ?� 
 �`È � � 
 � Ê
687:9;7:6 1+?VTx>32�4PFPBSFaHKJ52PDGFPBSFaH QS@UTAB�B�?xD�XYH(Z
4�À�¹KÁ�Ï)»�Qr¹8¼�ÐrÇ�Á�Á)Ï�Î�Qr¼�¿�Á)¹8ÂTQ�¼-Á�Ï)½�Í�À-Ð`¹8» ¸WQ ijÇ�ºIÅxÀYÇ�»xÖf¸�¹8Ð
	WÂ$Ðr¹GÀ$ÀTQr¼UQrÎÄÇ��ÄÀYÍ�Q�ÍµÏ)½�Í�Ö*Qr»SQr¼$½G¾-Q�Á Q�Ð�Ö
ÀY¼(Ç�»1¸WQr¹8ºã¿#Ç��WQr¼(Ï)»µ½KÀ$Í�Q�Ãµ»µÏ��WÃ�Q�Ç�ÅµÅ2Ç�¼dÀYÃµ»µÏ�À%¾h\NÈ #"6 5!È � È ` ÀYÇu¼(Ãµ» ß21 3 �24 ¹8Â	¹�¼TQr¹8Á�ÖfÅµÍµÇ8À$Ç�»
»WÃµÐrÁYQrÇ�»ÑÐrÇ�Á�Á)Ï�Î�Qr¼ Ê 4�ÂbÍ�¹8Â5¸ Q�Qr»¯Â(À$ÃµÎµÏ Q�Î¯Ï�»®Î�Q�ÀY¹8Ï)Á�Ï�»�\�È #76 ¿�È � ñ ` ¿�ÀYÍSQIÁ�ÃµºIÏ�»µÇ�Â(Ï�À%¾ÄùvÇ�¼b¹/�E*
º ¹GÐ&ÍµÏ)»�Q5Î�Q�ÅWQ�»µÎµÂ0Ç�»ãÀ$Í�QbÎµÏ)ÂdÀ&¹8»µÐ�Q98I¸ Q�À%Õ Q�Qr»�À$Í�Q5ÐrÇ�»�Ó�Qr¼$Â(Ï)Ç�»Ô¼TQr½8Ï)Ç�»ã¹8»µÎãÀYÍ�Q5Ï�»WÀTQr¼$¹8Ð�À$Ï)Ç�»
ÅUÇ8Ï)»�À0¹8»µÎ�¹GÁ)Â$Ç~Ç�»ãÀYÍ�QbÁ]¹8ÂUQr¼0¹8»µÎ QrÁ Q�Ð�À$¼$Ç�» ¸WQr¹8º Í�QrÁ�Ï)Ð�Ï�ÀYÏYQrÂ Ê 4�» Ï)»µÐ�¼TQr¹8ÂTQLÇ8ù:8 ¼UQrÎµÃ#Ð�QrÂ0ÀYÍ�Q
Á)Ãµº~Ï)»#Ç�Â$Ï�À%¾¯¸#Ã#À~¹8Á)Â(Ç�¼TQ�ÎµÃµÐ�Q�ÂuÀYÍ�QJQr»SQr¼$½G¾§Â$Åµ¼UQ`¹8Î´Ç8ùPÀYÍSQ1ÅµÍµÇ8À$Ç�»´¸WQr¹8º Ê 4ÌÐ`¹G¼TQ�ùvÃ#Á�Ç�Å#ÀYÏ�Ö
ºIÏ�ÂY¹GÀ$Ï)Ç�»1ÇGù�ÀYÍ�QbÇ�Å Qr¼$¹GÀYÏ�Ç�» Åµ¹8¼Y¹8ºRQ�ÀTQr¼(Â0Â(ÃµÐ&Í�¹8ÂPÀYÍ�QbÅµÍµÇ8À$Ç�»�¹G»µÎ Q�Á QrÐ�ÀY¼(Ç�»Ô¸ Q`¹8º ÍSQrÁ)Ï�ÐrÏ�ÀYÏ Q�Â
¹8»µÎ�ÀYÍSQuÐrÇ�Á�Á)Ï)Â(Ï)Ç�»Ô¹8»µ½�ÁYQ�¸ Q�À%Õ Q�Qr»ÑÀYÍ�QuÅ#ÍµÇ8ÀYÇ8»¯¹G»µÎ®Åµ¼$Ç8À$Ç�»�¸ Q`¹8º~Â�Ï)Â�¼UQ��WÃµÏ�¼TQrÎ Ê�ß Í�Qu¸�¹8Â(Ï)Ð



� � � ��� ��� ��� � � � � 
 ���	� 
'�

0

5

10

-6 -4 -2 0

log(xg)

dσ
ep

 (
γp

) 
→

 c
X
/d

lo
g(

x g)
  (

µb
/0

.1
)

THERA γp
200∗920 GeV2

THERA ep
250∗920 GeV2

0

100

200

-6 -4 -2 0

log(xg)

dσ
ep

 (
γp

) 
→

 b
X
/d

lo
g(

x g)
  (

nb
/0

.1
)

THERA γp
200∗920 GeV2

THERA ep
250∗920 GeV2

��� ���

�
	���������
	��������xw���x��������)o��w�� ��� ���!�"�"#`}¶�$ %�'&(&�&)��*�"�"���+���î©�#$I�Yo�#� -,.#��xw�©fy Iy((#`���]�/�! %�`{
w`�W�)�"�0���1�����324�5�46�78#��#w�9%7:&Y�(#;�0�<� ��5� | #=�?>A@�BDC:mPn

Â$Ð&Í�Q�º-Q~ùvÇ�¼bÐrÇ�»�Ó1Q�¼(À$Ï)»µ½ÔÀ$Í�Q ß23"-FE 4 QrÁ Q�Ð�À$¼$Ç�»ì¸ Q`¹Gº Ï)»�ÀYÇÔ¹ ÍµÏ�½�ÍxÖ*Q�»�Qr¼(½8¾®ÅµÍµÇGÀYÇ�»¯¸WQr¹8ºëÏ)Â
Î�QrÂ(Ðr¼(Ï)¸ QrÎÄÏ)»Ä¹8Å#ÅWQ�»µÎµÏ � , ¿ æ�{ rHG { } u } �JI } (%( � ��r " ��u5æ�AV6LKNM ¿µÇ8ùqÀYÍµÏ�Â ß QrÐ&Íµ»µÏ�Ð`¹8Á [ QrÂ$Ï�½�»c�#Q�Ö
ÅUÇ8¼(À Ê (5Ï�Ó1Qr»IÀYÍ�Q0º�ÃµÐ&Í+Á)¹8¼$½1Q�¼-¸ Q`¹GºðÂ(Ï)ó�Q�Ç8ù�À$Í�Q�Å#¼$Ç8À$Ç�»µÂr¿�ÀYÍ�Q0Ï)»�ÀXQ�¼Y¹8Ð�ÀYÏ�Ç�» Ç8ù¨ÀYÍ�Q0Á]¹8ÂUQr¼-Õ	Ï�ÀYÍ
ÀYÍ�Q#Q�Á QrÐ�ÀY¼(Ç�»î¸WQr¹8ºïÐ`¹G»~Íµ¹8ÅµÅ Qr»~ÂTQ�Ó�Qr¼$¹8Á!º-Q�ÀXQr¼(Â:¹@Õj¹`¾�ùv¼$Ç8º ÀYÍ�Q�Å#ÍµÇ8ÀYÇ8»T5�Åµ¼(Ç8ÀYÇ�»îÏ�»WÀTQr¼$¹8Ð�À$Ï)Ç�»
ÅUÇ8Ï)»�À�¹G»µÎ£ÀYÍWÃµÂKÇ�Ã#ÀYÂ(Ï)Î�QIÇ8ù�À$Í�Q+Î�Q�ÀXQrÐ�ÀYÇ�¼ Ê #�ÍµÇ8À$Ç�»T5�Å#¼$Ç8À$Ç�»ìÁ)Ã#ºIÏ�»µÇ�Â$Ï�ÀYÏYQrÂ�Ç8ù�Ç8¼$Î�Q�¼#^ � 0 Ç8ù
ÀYÍ�QMQ�Á QrÐ�ÀY¼(Ç�»T5�Åµ¼(Ç8ÀYÇ8»ãÁ�Ãµº~Ï)»µÇ�Â(Ï�À$Ï QrÂ-Ð`¹8»Ä¸ Qb¹8Ð&ÍµÏ Q�Ó1Q�Î Ê

ijÇ�ºIÅxÀYÇ�» ¸�¹8Ð
	WÂ$Ðr¹GÀ$ÀTQr¼$Ï�»µ½I¾�ÏYQrÁ)Î#Â�¹î¸WQr¹8º Ç8ù�Å#ÍµÇ8ÀYÇ8»µÂPÕ	Ï�ÀYÍÔ¹8¸UÇ8Ã#À ! � 0 Ç8ù�ÀYÍ�QHQrÁYQrÐ�À$¼$Ç�»
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Í�Q`¹`ÓW¾ ,�¹@Ó8Ç�Ãµ¼�Å#¼$Ç�ÎµÃµÐ�À$Ï)Ç�»IÇ�¼jÅ#ÍµÇ8ÀYÇ8»+Â(À$¼$ÃµÐ�ÀYÃµ¼UQ8¿#Õ	Ï�ÀYÍ+º�Ã#Ð&Í�Qr»µÍ�¹G»µÐ�Q�ÎãÂUQr»µÂ(Ï�À$Ï�Ó�Ï�À%¾ Ê�ß ÍµÏ)ÂjÏ)Â
Ï)Á�Á)ÃµÂdÀY¼Y¹�ÀXQrÎuÏ�» Ë Ï)½ Ê ^�Õ	ÍµÏ�Ð&Í+ÐrÇ�º~Å�¹8¼UQrÂ�ÀYÍSQ0ÎµÏ �?Q�¼TQ�»WÀ$Ï]¹8Á�Ð�¼$Ç�Â(Â-ÂUQrÐ�ÀYÏ)Ç8»µÂ-ÇGù�Ð&Í�¹8¼(ºð¹8»µÎ~¸WQr¹8Ã#À%¾
Åµ¼$Ç�ÎµÃµÐ�ÀYÏ�Ç�»£Ï�» �A*§Â$Ðr¹GÀ$ÀTQr¼(Ï)»µ½�¹G»µÎ£Ï�»§Ú+*§Â$Ðr¹GÀ$ÀTQr¼(Ï)»µ½Ô¹8ÂLùvÃµ»#Ð�ÀYÏ�Ç�»µÂLÇ8ù�ÀYÍSQ+½�Á)Ã#Ç�»¯ùv¼$¹8Ð�À$Ï)Ç�»�¹GÁ
ºIÇ8º-Q�»WÀ$Ãµº Ï)»�ÀYÍSQ�Åµ¼$ÇGÀYÇ�»�¿�� 2 Êbß Í�QîÐr¼(Ç�Â$Â�ÂUQrÐ�ÀYÏ)Ç8»Ñ½�¹8Ï)»�¹�À�Á)Ç@Õ-� 2 Ï�Â�Â(À$¼$Ï�	�Ï�»µ½ Ê 4zÂ$Ï�ºIÏ�Á]¹8¼
Ç�¸µÂUQr¼(ÓG¹GÀ$Ï)Ç�»®ÍµÇ8Á)ÎµÂ�ùvÇ�¼�ÀYÍSQ~Î#Ï��WQr¼TQ�»�ÀYÏ]¹GÁ�Ðr¼(Ç�Â$ÂbÂTQ�Ð�ÀYÏ�Ç�»®Õ	Ï�ÀYÍÑ¼TQ�Â$Å QrÐ�ÀLÀ$ÇãÀ$Í�QîÅµÍµÇ8À$Ç�» Q�»�Qr¼(½8¾
ùv¼Y¹8Ð�ÀYÏ�Ç�»�¿��AO J�PQ Ü�ÂUQ�Q Q�� Ê ñ Ê ñ Ê ñ8Þ�¿WÐ`¹8¼(¼$ÏYQrÎî¸�¾uÀYÍ�QPÅµ¼$Ç�ÎµÃµÐ�QrÎIÎµÏ�UQ�À-Âd¾�Â(ÀXQ�ºÙÏ)»îÐ&Í�¹8¼(ºÙ¹8»µÎ~¸WQr¹8Ã#À%¾
Q�Ó�Qr»�ÀYÂ�¹8Â	Ï)Â�Â$Í#Ç�Õ	» Ï)» Ë Ï�½ Ê 
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ß Í�QLºI¹8Ï�»1ÅµÍ�¾xÂ(Ï)Ð�Â0½�Ç�¹8Á)Â�ÇGù�¹ ß21 3 �24PÖf¸�¹8ÂTQ�Î �A* ÐrÇ�Á�Á)Ï)ÎSQr¼ \NÈ � � ¿�È � ^ ` ¹8¼TQ>�
R ¹uº-Qr¹8Â$Ã#¼TQrºRQr»�ÀPÇ8ùlÀYÍ�Q�À$Ç8À&¹8ÁW�E* Ðr¼(Ç�Â$Â	ÂUQrÐ�À$Ï)Ç�» ¹GÀ�À$Í�Q ß Q$â�Â(Ð`¹8ÁYQ��
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¾1Qr¹8¼�ùvÇ�¼VU U�¿XW W�¿SK K�Åµ¼(ÇxÎ#ÃµÐ�À$Ï)Ç�»!Þ �
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R ÂTQr¹8¼$Ð&ÍãùvÇ�¼5Q��xÐ�Ï�ÀXQ�Î��WÃ�¹G¼�	WÂ�Ü 0C�P¹G»µÎ - �&ÞjÕ	Ï�ÀYÍÄº ¹GÂ$ÂTQ�Â	ÃµÅãÀ$ÇÄÈ ß Q$â �
R ÂTQr¹8¼$Ð&ÍbùvÇ�¼�ùvÇ�Ãµ¼dÀYÍxÖ ù�¹8º~Ï)Á�¾8�WÃ�¹G¼�	WÂr¿��~¿�Åµ¼$Ç�ÎµÃµÐ�QrÎbÓxÏ)¹	¹8»µÇ�ºI¹8Á)Ç8ÃµÂ?�[U��î¿�� 0�� Ü:� ê K H ��0 H Þ�¿� � - H Ç�¼5� -'- H Ð�Ç�ÃµÅµÁ�Ï)»µ½8Â Ê
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ß Í�Q®ÅµÍµÇ8À$Ç�»ÉÅUÇ�Á)¹8¼$Ï�ÂY¹GÀ$Ï)Ç�»áÕ	Ï)Á�Á�Åµ¼(Ç�Ó�Ï�Î�Q®Ï)º~ÅUÇ�¼dÀ&¹8»�À+¹8ÎµÎµÏ�ÀYÏ)Ç8»�¹8Á�Ï�»#ùvÇ�¼(º ¹GÀ$Ï)Ç�» Ï)»É¹8Á�Á0ÀYÍSQrÂTQ
º-Qr¹8Â$Ã#¼TQrºRQr»�À$Â Ê(, »Ô¹8ÎµÎµÏ�ÀYÏ)Ç8»�¿�¹R�A* ÐrÇ�Á�Á)Ï�Î�Qr¼jÕ	Ï�ÀYÍÔ¹~Á�Ç�»µ½�Ï�ÀYÃµÎµÏ�»�¹8Á�Á�¾~ÅUÇ8Á]¹8¼(Ï)ÂTQ�ÎÄÅµ¼$Ç8À$Ç�»ã¸WQr¹8º
Õ	Ï)Á�Á¨¸ QL¹uÅ2Ç@ÕDQ�¼(ùvÃµÁtÀYÇ�Ç�Á¨ùvÇ8¼�Ï)»�Ó1Q�Â(ÀYÏ�½�¹GÀ$Ï)»µ½�À$Í�Q5Â$ÅµÏ�»ãÂdÀY¼(ÃµÐ�À$Ãµ¼TQbÇ8ùlÀYÍ�Q5Åµ¼(Ç8ÀYÇ�» Ê

, ù�Å�¹8¼(À$Ï)Ð�ÃµÁ]¹8¼5Ï�»WÀTQr¼UQrÂ(ÀKÏ)Â5ÀYÍ�QIÅµÍµÇ8À$Ç�»T5�»WÃµÐ�Á Q�ÃµÂ1Ü%� f Þ5Ð�Ç�Á)Á�Ï)Î�Q�¼5Ç�Å#ÀYÏ�Ç�»ÑÇ8ù ß21 3 �24 ÜvÂTQ�Q
- QrÐ�À Ê ñ Ê%
µÊ È+¹8»µÎ \NÈ � � ¿�È � ^ ` Þ�Õ	ÍµÏ)Ð&Í¨¿¶¸ QrÂ$Ï�Î�QrÂL¹8Á�Á�ÀYÍ�Q~Ï)»�Ó1Q�Â(À$Ï)½�¹GÀ$Ï)Ç�»#ÂbºRQr»�À$Ï)Ç�»�Q�Î£¹G¸UÇ@Ó1Q~ùvÇ�¼
ÀYÍ�QM�A*�º~ÇxÎSQ8¿!¹8Á�Á)Ç@Õ	Â�ùvÇ�¼#Q��#¹8º~ÅµÁ QbÎ�Q�ÀY¹8Ï)ÁYQrÎãÂ(À$ÃµÎµÏ Q�Â0ÇGùP�WÃ�¹8¼k	N5W½�Á)ÃµÇ8»ÔÅµÁ)¹8Â$ºI¹�ùvÇ�¼$ºI¹GÀYÏ�Ç�»ã¹GÀ
Ó1Q�¼(¾ÄÍµÏ�½�Í1ÀXQrº~Å Qr¼Y¹�ÀYÃµ¼UQb¸#Ã#ÀP¼TQrÁ)¹GÀYÏ�Ó1Q�Á�¾IÁ)Ç@Õ�»WÃµÐ�Á Qr¹8¼	Î�Qr»µÂ(Ï�À%¾8¿2Ç8¼�Ç8ù�º�Ã#Á�ÀYÏ�Öv�WÃ�¹8¼k	IÐ�Á)ÃµÂdÀXQ�¼$Â	Ï)»
»WÃµÐrÁYQrÏ Ê

687:9;7�� � F >�T(D�X QS?	� 2PDGFPBSFaHOQ
ß Í�Q®Î�Q�ÀY¹8Ï)ÁYQrÎ ÂdÀYÃµÎ#¾ÝÇ8ùLÀ$Í�Q®»WÃµÐrÁYQrÇ�»ÆÂ$Å#Ï)»ÆÂ(À$¼$ÃµÐ�ÀYÃµ¼UQÑÕj¹8ÂÄÏ)»µÏ�ÀYÏ)¹GÀXQ�ÎÝ¸�¾ÝÀYÍ�Q 3 � i º�ÃµÇ�»
Q��xÅ Qr¼$Ï�º-Q�»�À \NÈ � 
�` ¿�Õ	ÍµÏ)Ð&Í ùvÇ�Ãµ»µÎãÀYÍ�¹GÀPÀYÍSQ �WÃ�¹8¼k	ãÐ�Ç�»�ÀY¼(Ï)¸µÃ#À$Ï)Ç�»ÄÀYÇîÀYÍSQK»WÃµÐrÁYQrÇ�» Â$ÅµÏ�»�Ï)Â	Â(Ãµ¼dÖ
Åµ¼$Ï�Â$Ï�»µ½�Á�¾KÂ$ºI¹8Á)Áµ¹8»µÎIÀ$Í�¹GÀ-Í�Qr»#Ð�Q0À$Í�QP»�Ã#ÐrÁ Q�Ç�» Â(ÅµÏ)»~Ð`¹G»µ»µÇ8À-¸WQPÃµ»µÎSQr¼$ÂdÀYÇ�ÇxÎ~Õ	Ï�À$ÍµÏ)»îÀYÍ�QP»�¹8Ï�Ó1Q
�WÃ�¹8¼�	KÅ�¹8¼(À$Ç�»îºIÇ�Î�Q�Á Ê - Ï)»µÐ�Q�ÀYÍ�Q�»~¹�Õ Q`¹GÁ�ÀYÍîÇ8ùUÎ�¹GÀY¹�ùv¼$Ç�º ' � QrÎxÖ À&¹8¼(½1Q�ÀVQ �#Å Qr¼(Ï)ºRQr»�ÀYÂ�Ç8»~Â(ÅµÏ)»
Â(À$¼$ÃµÐ�ÀYÃµ¼UQ�Í�¹8Â�¸ Q�Q�»î¹8ÐrÐ�Ãµº�ÃµÁ)¹GÀXQ�Îu¹8»µÎuÂ(ÅµÏ)»LÀYÍ�Q�Ç�¼(¾L¸WQ�Ð`¹8ºRQjºKÃµÐ&ÍuºIÇ8¼TQ:Â$Ç�ÅµÍ#Ï)Â(À$Ï)Ðr¹GÀXQ�Î Ê¶ß Í�Q
ÅµÃµó�órÁ)Ï�»µ½c�WÃ�QrÂdÀYÏ)Ç8»£Ç8ù-ÀYÍ�Q~»WÃµÐrÁYQrÇ�»¯Â$ÅµÏ�»¯Ð�Ç�ºIÅ2Ç�Â(Ï�ÀYÏ�Ç�»�Ï)Â5ÂdÀYÏ)Á�Á�Ãµ»µ¼UQrÂ(Ç�Á�Ó�QrÎÆÜ�ùvÇ�¼�ÀYÍ�Q~Åµ¼TQ�ÂTQ�»WÀ
Â(ÀY¹GÀYÃµÂîÂUQ�Qj\�È � #m` Þ Ê£ß ÍSQãÏ�ºIÅ2Ç�¼dÀ&¹8»µÐ�Q+Ç8ù Q���ÀTQr»µÎµÏ�»µ½®ÀYÍ�Qc	WÏ)»�Q�º ¹�ÀYÏ)ÐI¼Y¹8»#½1Q1Ç8ù0Â$ÅµÏ�»áÅ#ÍW¾�Â(Ï)ÐrÂ
¸�¾´¹8»´Ú+*áÐrÇ�Á�Á)Ï�Î�Qr¼LÍ�¹8Âu¸ Q�Qr»áÏ)»�Ó�QrÂ(À$Ï)½�¹�ÀXQrÎá¹8»#Î Q�ºIÅ#Í�¹8Â$Ï�ÂTQ�ÎáÏ�»´¹�ÂTQr¼(Ï Q�ÂuÇ8ù	ÕjÇ�¼k	WÂ$ÍµÇ�Å#ÂIÇ�»
ÅUÇ8Á]¹8¼(Ï)ÂTQ�ÎÄÚ+*ÔÅ#ÍW¾�Â(Ï)ÐrÂ0¹GÀ 1�3 �24 \�È ��� 5!È ��!W`�Ê

, »�ÅUÇ8Á]¹8¼(Ï)ÂTQ�Î [ ,.- ¿!À$Í�QKÂ(ÅµÏ)»�Ö%Î�Q�ÅWQ�»µÎ�Qr»�À�ÀTQr¼(ºIÂPÇ�»µÁ�¾Äº ¹�	>QK¹~Â$ºI¹8Á)ÁtÐ�Ç�»�ÀY¼(Ï)¸µÃ#À$Ï)Ç�»ãÀYÇ~ÀYÍ�Q
ÀYÇ8ÀY¹8Á�Ð�¼$Ç�Â(Â ÂTQ�Ð�À$Ï)Ç�» Êáß Í�Q�¾ Ðr¹8»á¸WQJQ���À$¼Y¹8Ð�ÀXQrÎ ùv¼$Ç�º ºRQ`¹GÂ$Ãµ¼UQrºRQr»�ÀYÂ~Ç8ù0Ðr¼$Ç8Â$Â~ÂTQrÐ�ÀYÏ�Ç�»ÒÎµÏ�ù]Ö
ù�Qr¼UQr»µÐ�QrÂ�ùvÇ�¼�Ï�»WÀTQr¼$¹8Ð�À$Ï)Ç�»µÂ0Õ	Ï�ÀYÍ�Ç8ÅµÅUÇ8Â$Ï�ÀTQK¼UQrÁ]¹�ÀYÏ�Ó�Q�Ç�¼(Ï Qr»�ÀY¹GÀYÏ�Ç�»µÂ�ÇGù-ÁYQrÅ#À$Ç�»®¹8»µÎ�»WÃµÐ�Á Q�Ç�»®Í�Q�Ö
Á)Ï�ÐrÏ�À$Ï Q�Âr¿2Ï)»�Õ	ÍµÏ�Ð&ÍÑÀ$Í�QuÂ$ÅµÏ�»xÖ%Ï�»µÎ�Q�ÅWQ�»µÎ�Qr»�ÀbÐrÇ8»WÀ$¼$Ï�¸µÃ#ÀYÏ�Ç�»µÂ�Ðr¹8»µÐ�QrÁ Ê 4ïÐrÁ)¹8Â$Â(Ï)Ð �WÃ�¹8»�ÀYÏ�À%¾�Ï�Â�ÀYÍ�Q
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� G EÒñµÜ�È;� � Þ
� Ü ñL� � Þ � Ü ñ Ê%
µÊ ñ�Þ

3 � Ê ñ Ê%
µÊ ñãÏ)Á)Á�ÃµÂ(À$¼Y¹GÀTQrÂ5ÀYÍ�Q »�Q�Q�Î´ùvÇ8¼KÍµÏ�½�ÍìÅ2Ç�Á]¹8¼(Ï)Â$¹GÀYÏ�Ç�»µÂr¿�����¹8»#Î�� ¥ ¿�¹G»µÎ§¹ÔÅµ¼UQ�ù�Q�¼TQr»#Ð�Q1ùvÇ�¼
º-Qr¹8Â$Ã#¼TQrºRQr»�À$Â�¹GÀ�Á)¹8¼$½�QbÓG¹8Á�Ã�QrÂ0Ç8ù � ÊPß Í�Q:Q�Á Q�Ð�ÀY¼(Ç�»�Å2Ç�Á]¹8¼(Ï)Â$¹GÀYÏ�Ç�»ã¹GÀ ß23"-FE 4ïÕ	Ï�Á)Áq¸WQLÍµÏ)½8Í�¿��� 
 ��� !#Ê #�Ç8Á]¹8¼(Ï)ÂY¹�ÀYÏ)Ç8»µÂ�� ¥ 
 �� � º ¹`¾Ñ¸ Q+¹8Ð&ÍµÏYQ�Ó�QrÎ§Ï)»¯ÀYÍ�Q 1 3 �84 Åµ¼$ÇGÀYÇ�»ì¼(Ï)»µ½ ÊÔË ¼$Ç8º
Q�� Ê ñ Ê%
µÊ ñ�Ï�ÀîÐ`¹8»á¸WQÄÎ�Q�ÎµÃµÐ�QrÎÒÀ$Í�¹GÀ~Ï)»�ÀXQ�½�¼Y¹�ÀXQrÎ´Á�ÃµºIÏ�»µÇ�Â(Ï�ÀYÏYQrÂ Q��xÐ�Q�QrÎµÏ�»µ½ÒÈ �"� Å#¸  � Å Qr¼îÅ2ÇGÖ
Á]¹8¼(Ï)Â$¹GÀYÏ�Ç�»ÄÂ(À&¹�ÀXQu¹8¼UQ�»�Q�Ð�QrÂ(ÂY¹8¼d¾�ùvÇ�¼0Â(ÀYÃ#Î#¾�Ï)»µ½ À$Í�Q�Åµ¼(Ç8ÀYÇ8»�Â$ÅµÏ�»�Â(À$¼$ÃµÐ�ÀYÃµ¼UQuÏ)»�¹ ��Ãµ¹8»�ÀYÏ�ÀY¹GÀYÏ�Ó1Q
º ¹G»µ»�Qr¼ Êuß Í�Qr¼UQ�ùvÇ�¼UQ8¿lÎ�QrÎ#Ï)Ð`¹�ÀXQrÎÑÍµÏ�½�ÍxÖ%Á�Ãµº~Ï)»µÇ�Â(Ï�À%¾ãÚ�5�»WÃµÐ�Á Q�ÃµÂL¼(Ï)»µ½+ù�¹GÐrÏ)Á�Ï�À$Ï QrÂ�¹8¼TQîÃµ»#Î�Qr¼5ÎµÏ�ÂdÖ
ÐrÃµÂ(Â$Ï�Ç�» \NÈ ��6 ¿�È � � ` Õ	Ï�À$Í¯À%¾�ÅµÏ�Ð`¹8Á=Q�»�Qr¼(½�Ï Q�ÂKÇ8ù � � 
 # � ( Q(â Ê 1 Ï�½�ÍxÖ%ÂdÀ&¹GÀ$Ï)ÂdÀYÏ)Ð�ÂI' � QrÎ£ÀY¹8¼$½�Q�À
Q��xÅ Qr¼$Ï�º-Q�»�ÀYÂ~¹8¼TQ1¸ QrÏ�»µ½®Ð`¹8¼(¼$ÏYQrÎ´Ç�Ã#À~¹GÀ4i 3 � & ¿ [ 3"-�� ¹8»µÎ -FE 4;i ¹G»µÎ Å#¼$Ç�Å2Ç�ÂTQ�ÎáÀ$Ç®¸WQ
ÅµÃµ¼(Â$Ã�Q�Î�¹GÀ ß23"-FE 4/\�È � È ` Ê
ß Í�Q�Ç�Ã#À$Â(ÀY¹8»µÎµÏ�»µ½ì¹8ÎxÓ8¹G»WÀY¹8½1Q Ç8ù�ÀYÍSQ ß21 3 �24òù�¹8Ð�Ï)Á)Ï�À%¾ìÏ�Â~À$Í�Q�Á]¹G¼$½1QJQ���ÀTQr»µÂ(Ï)Ç�» Ç8ù�ÀYÍ�Q

	WÏ)»�Q�º ¹GÀ$Ï)ÐI¼Y¹8»µ½�Q Ê [ Ã�Q ÀYÇ�À$Í�Q+Ó1Q�¼(¾§Á)¹8¼$½�Q Ð�Q�»�ÀY¼TQ�Ö%Ç8ù]Öfº ¹GÂ$Â�Qr»SQr¼$½G¾�¿ � � 
 È ß Q$â�¿�À$Í�Qc�HG
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Stasto,Golec−Biernat & Kwiecinski ;

Bartels & Levin(92); McLerran & Venugopalan(94);

Levin &Tuchin(99);   McLerran & Kovchegov (98);
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p{zI|�s }Pt +�-�. o �`� v e�w �Rx Y � � �rx Y
p{zI|�s }Pt +�-�. i �`� v e�w � x � ] i �Rx 5
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p jfeXq c q?k R i�jIk(g*l k�TfdLmoe�k(p�qts ufg c dfprihq�S c TFihg c q�q#q*e�i7q�S c T>q�k�q p{zI|�s } �{S�q?jn+�- .
��� � v e�w�k(g�e R k(g �(e�g,q*jIk�T�q?j c q�eQk�q zI|�s }�m�s � k(i7q c g�qL� ]Yk�Tfd�� � t.g*ejqruoe�ihqrS��(e R s(x p jrejs
�Rg c � � pfg�q*jfe�gN�{S�q?j�q*jfe SUTfihg*e�k�q*e c � q?jre|e R ehihq*g c T�moe�k(l�e3Tfehg ��s(x p jfe6�Rg c �Tq*j*S�q R k�g �Rehg � c g
jfe�kl��s��8pIk�gr��urg c dfpfihqrS c T�SUT�q?jre;g*ejq c R �Re�d�ufj c q c T#urg c i�e3q�q*ejq�x p jre;q c q?k R ihg c q�q8q*ehihq�S c T>q c �
q c u��<pfk(gr�*ufg c dfpfi7q�S c T�k�q p{zI|�s } �{S�q?j +�- . ��� � v e�w�k�Tfd +�- . i �`� v e�w�k(g*e c � q?jfe
c g*dre�g c � ��� � mYk�Tfd*���`� � m�tIg�e3qruoe�i7q�SX�Re R sRx

�������N� ���.�K�.���T�	�^" ���#�m$ � $J�'"%$T���'&����($ !]��!	���m"%$ ��$ ! ���4�'$ !]  �1"2�m&4�r��"7�
b jIk(g�l¡k�Trd�m�e�k(prqts1ufg c dfpfi7q�S c T�SUT xry i c R�R S�qrS c T>q SUq�d c l SUTIk�q*e�d�m�s1ufj c q c ufg c drpfihqrS c T��{S�q?j
� � � �rx _ T¢q?j>S�q£g�e �`S�l~eYm c q?j¤d>S:g�e�ihq¥k�Tfd¦g�e3q c R �(e�d�ufj c q c T¢i c T�q?g�S:mfp�q�S c T>q£k�g*e�q�S u�k(m R e�x
0Vg c q�u�ehihq�q � c g S�T��Re3q�q�S ��k�q�S c T>q c � jfe�kl�ws.�8pIk(g��.ufg c drpfihqrS c T.SUT£g�e3q c R �(e�dBufj c q c T�ufg c i�ejqrq*ejq�k�q
p{zI|�s }§k�g*eTd>S�q*i�p�qrq*ehd£e R q*e ��jfe�g�e6S�T|q?j>S�qVm c<c �O; �p5G=¨x _ T9q?j�SUqJq*ehihqrS c T �#e��{S RUR d�SUq*ihp>qrq�i�jIk�g*l
k�Tfd~m�e�k(prqts ufj c q c ufg c dfprihq�S c T SUTQd>S:g�e�ihq ufj c q c T.ufg c i�ejqrq*ejqTk�Tfd.S�qrqdq�e3T>q�S�qrS��wS�qts|q c q?jre!� R p c T
q�q*g*pfi7q?pfg�e c � q?jre�urg c q c Tnx
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D SVUfx � q*j c �{q�q?jfe i c T8q*grS�mfprq�S c T>q cTW ufj c q c TwvXU R p c T W p>q�S c TYq c q?jfe d>S F�ehg*e3T�qrS k R ihg c q�qIq*ehi *
q�S c T>qZY\[ q Y y chd f8 k�Trd]Y-[ q Y-^ ced f > y ced f8 k�Tfd�^ chd f dre3T c qrSUT_U q?jfe1�8pIk(gr��q*g?k�T>q �Rehgrq*e l c lQe3T�q?prl
k�Tfd�u>q�e�pfd c g?k�u�S:d>S�qts � ? k�q z6|%s } k�Tfd p{z6|�s }ut i�k R i�p R k�q*e�d��{S�q?j>S�T /�` � � bba ; �pYG= W4c g
� � � � v e�w � x p jfeHd>S F�ehg*ejTfi�e¥moehqt�#e�ejT q*jfe¥jfe�kl�ws��<pfk(gr�*ufg c dfpfi7q�S c TXi�g c qrq q�e�i7q�S c T>q9k�q
p{zI|�s }Fk�Tfd zI|�s } SUTfihg*e�k�q*ejqD�{S�q*j�SUTri�g*e�k�qrS�T_U y ced f8 t�q*jfe�g�e�m�s£ihg*e�k�q�S�T_Uuq*jfe c u�u c g�q?p>T�S�qts9q c
l~e�k�q*prg*e�i�jIk(g*l k�Trd£moe�k(prqts �8pIk(g���qTk�q p{zI|�s } SUT~k��{S�dfe�g�q?g*k�T>q �Re�g�q*eMl c lQe3T�q?pfl g?k�T_U(e(x
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g ��|ey��{g2�%�`�



��� i � � �	� 	 �
� � 	 � ��
L	B� � ���3� ����� �3� 	e����� � �	� � � � �9��� � � 
 

S pfi�j lQe�k�q�pfg*ehl~ejT8qrq~�{S R�R ufg c �eS�dfeYk�q c R S:d mIk�q�SUq W4c g q?e3q�q�S�T_U�q?jfeB���rehd * c g*dfehg�t�g*ejq*pflQl~ehdnt
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k6dfehq*e�i7q c g W4c g p{zI|�s }�q�j c p R d9m�e�ej�8p>SUuoe�d �{S�q*j qruoe�ijS k R q*g?k(i ��S�T_U}k�Tfd9l;p c T S:dfejT8qrS��Ii�k�q�S c T
dfej�wS�i�e3q�SUTHq*jfe}mIk(i ����k�g*d d�S:g*ehihqrS c Tnx
� e�k�q�pfg*ehl~ejT�q�q cTW q?jre6jfe�kl��sB�8pIk�gr��q ufg c dfpfihe�dZS�T£q?jfeIufg c i�ejqrq cTW ufj c q c T�vXU R p c T W p>q�S c T

i�k�T9moe�p>q*ehd W4c gDq?jfe�d>S�g*e�i7q�g*ehi c T>q�q?g�pfihqrS c T cTW q?jfe U R p c T q�q?g*prihq?prg*e cTW q?jfe ufg c q c TN; � =¨x D S Ufx �q*j c �{qYq?jfe d�SvF�e�g*ejT�q�S k R i�g c qrq�q*ehihqrS c T>q Y-[ q Y R c U 7
	 ��� > ����dfejT c q�S�T_U�q?jfe U R p c T W g*k(ihqrS c TIk R
l c l~ejT8q*pfl SUT q?jfe#urg c q c T ? W4c g¥i�jfk(g*l k Tfd m�e�k(prqts�ufg c drpfi�ehd S�T�� v D k�q z6|%s } k�Tfd
p{zI|�s }Px p jfe9ihg c q�q8q*e�i7q�S c T>qN�#e�g*e9i�k R ihp R k�q*e�d��{S�q?j>S�T���`�� � bba ; �pYG= W4c g8� � � � v e�w � x
p jfe�SUTfihg*e�k�q*e cTW q*jfe e R e�ihq*g c T moe�k(l e3TfehgBU�s �{S RUR ufg c �wS�dfe�k�T c u>u c g�q*p>T>S�qts¤q c urg c moe�k�q
p{zI|�s } c Tfe c g*dfehg cTW l~kTU`T�S�q?prdfeBq*l~k R�R e�gL������k R pre3q �{S�q*j g�e3q�u�ehihqQq c q?j c q*e k�q zI|�s }Px
p jfe8��SUTfehl£k q�S:i R S�l.S�q�q cTW q?jfeN����lQe�k�q�pfg*ehl~ejT8qrq�k�q p{z6|%s }�k(g�e ���w����k�Tfd#�l�w��� W4c gJi�jIk�g*l
k�TfdYmoe�k(prqts�urg c dfpfihqrS c T�trg*ejqruoe�i7q�S��(e R sRx z c �Je �Rehg�t q c m�e8q�e3T>q�S�qrS��ReMq c q*jfe8���I��k R pfe3q�k(g c p>Tfd
q?jfeM��SUTre�l~k�q�S�i R S�l.S�q�q c TfeN�{S R�R Tfehe�d q c q�kTU9jfe�kl�wsB�<pfk(gr��q�SUTHq?jfeN�(e�g sYmIk(i ����k�g*d d�S:g*ehihqrS c T
k�q p{zI|�s }Px�� R c qrqL>4i ? k�Tfd[>Nd ? SUT D S Ufx � q*j c � q*jfe.urg*e�d�S:ihqrS c T�q W4c g p{z6|�s } �{S�q?jg+�-@.
��� � v e�w�S�l.u c qrS�T_UXk�dfd>S�qrS c Tfk R ihprq�q
	 chd f � � / 5 � t�	 chd f � � /�� � k�Tfd�	 ced f � � / � � x��NT R s
i�jIk(g�l �8pIk(gr��qM�{S�q*j	 c T � /�� � dfe�l c T>q�q?g*k�q?e�q*ejT>qrS�q�SX�eS�qts q c q*jfeQk�q8sRe7qup�Tfe��eu R c g*ehd g*k�T_URe
��� ��� � ��� � ��� ��� x

� ������� ���.�K�.���T�	�^"����m"%$T�T�'&��8�($)! ��! !	�	���#"7����&K��"p"7��!����  ��
| R e�i7q?g c Twvwufg c q c T q�i�k�q�q?e�g�SUT_U¤k�q�� � � � p e�w �{S RUR c uoe3T(Tfe � g*e6U�S c T>q W4c gHjre�kl��s �8pIk�gr�
ufg c dfpfi7q�S c T�SUT a _�S Trej�Rehg,lQe�k�q�pfg*ehd�moe W4c g*e(x��NTfe cTW q?jfe R e U�k(i3S�e3q cTW zI|�s } S�q�q?jfe e��euoe�g�S *
l~ejT�q�k R i c Te�Ig*l~k�q�S c TYq?jIk�q,i�jIk(g�l�e R e�i7q?g c ufg c dfpfi7q�S c T�S�T�q?jre zI|�s } g*e U`S:lQe�SUq�d c l SUTIk�q*e�d
m�s
� v D ; � t o =¨x _ q6S�q�trq*jfe�g�e W4c g�e(t k9d>S:g�e�i7q{ufg c moe cTW q?jfeDU R p c TZSUTHq*jfeMufg c q c Tnx

}���`�� � bba � c T8q*e b k(g R c ufg c U(g?k(l z w � a _�S ; ���l=��Jk�q~p>q*ehd¦q c q�q?pfdes q*jfe�q�e3T>q�S *
q�SX�eS�qts W4c gPi�jIk(g*l k Tfd m c q�q c l ufg c dfpfi7q�S c T k�q p{zI|�s }��{S�q?j g*ejqruoe�i7q~q c q*jIk�qQk�q z6|�s }
W4c ihp>qrS�T_U~S�T¥q?jfe8S�Tfi�g�e�k�q�e�dYg*e�k(i�j k�q q*l~k R�R�� � c gr�(ejTZ����k R pfe3qhx p jfe z w � a _�S ufg c URg?k�l ufg c *
dfpfihe3q W p R�R s9d>S F�ehg*ejT8qrS k R d>S�q�q*grS:mrprq�S c T>qdSUT~q*jfe6jfe�kl�ws.�8pIk(g��~l c lQe3T�q�krx _ q S:l u R e�lQe3T�q�q�q?jfg�e�e
P kl� c prg DmD � S l~k�q?g�S � e R e�lQe3T�q�q q c�c g*dfehg�� � i�k R i�p R k�q?ehd�ufg�ej�wS c p>q R s"S�T�; � �B=¨t	k�Tfd�U`S��(e3q|k
W k�S:gJdfe3q�i�grS�urq�S c T cTW i�jIk(g*l e R ehihq?g c ufg c dfprihq�S c TYk�q zI|�s } ; o = x

_ qd�Jk�q#k�qrq�pflQe�d~q*jIk�qdq*i�k�q*q*e�g�e�d£e R ehihq?g c T>qJ�{S R�R moe�lQe�k q*pfg*k(m R eTd c �{TQq c �Rehg�s R c �¦k�T_U R e3q
k RUR c �{SUT_U.qrS u�k(m R e;k(ihi�e3u�q�k�Tfihe W4c g a _�S ej�(e3T�q�qM�{S�q*j�� � T � v e�w � x D SVUfx ]Bq*j c �{qMq*jfe q*i�k�q *
q?ehg*e�d e R e�i7q?g c T�k T_U R e6k�TfdYe3TfehgBU�s¥i c T>q�q�k�T�q R S�Tfe3q W4c g zI|�s }]k Tfd p{zI|�s }ux p jfe k�T_U R e R S�Tfe
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i c T�q*grS:mrprq�S c T��{S RUR ufg c mIk(m R sYg*ej�<p�S:g*euk�q�e R ehihqrS c T cTW ej�(e3T�q�qN�{S�q?j c T R s c Tfe{��e7q,g�e3ufg�e3q*ejT�q�SUT9U
q?jfe}i�jIk�g*l�8pIk(g�� x

� ����� � �,� � � �^"7�
p jfe;q c q�k R i�g c qrq8q*ehihqrS c T>q c�W i�jIk(g*l¡k�Tfd�moe�k(prqts�ufg c dfpfi7q�S c T k�q p{z6|�s }�k(g�e;e��euoe�i7q?e�d q c
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cTW l£kTU�T>S�q*pfdfe R k(gBURehg q?jfk�TQq*jIk�q%k�q z6|�s }utRq?jfehg*e�m�s9ihg*e�k q�SUT9U6q?jfe c u>u c g�q?p>T>S�qtsPq c q�q?pfdes|q?jfe
ufg c i�ejqrqhx

� & �'!'$�� ���.� ��� �m! �R 

� e�� c p R d R SU��e q c q?jfk�T>� S x D g�S �eS c Tfe k�Tfd � x z k�g*grS�q W4c g6ufg c �eS�d>SUT9U~p>q6�{S�q?j q?jfeLufg c URg?k(l q
W4c g�q?jre3S:g � `�� i�k R i�p R k�qrS c T>qhx



� ] i � � �	� 	 �
��� 	 � ��
L	B� �����3����� � �3� 	e�
	�� � �	� 	 �� �9��� 	 � 
 
�������������
	����

; �B= S x D grS ��S c Tfe6e7q�k R x�t �Vj�seqhx `Ae7q*q�x�������At �p] / > �p5 5�] ? x
; � = z � bJc RUR x�t b x�},d R c F e7q�k R x�t ��pfi R x �Vj�swq�x�������nt � �Q> � 5�5�5 ? x
;Z]G= ! |�V4S bJc RUR x�t��rx � g*ejS�qt�#e6UQehq�k R x�t | pfghx ��j�swq�x��rx����nt Y / > �p5�5�5 ? x
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;ZYG= S x D grS ��S c Tfe6e7q�k R x�t �Vj�seqhx `Ae7q*q�x�������At Y�]�] > �p5 5 ��? �

S x D grS ��S c Tfe6e7q�k R x�t ��pri R x �Vj�swq�x�%�����.t ] > �p5 5 ��? x
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; i =(�rx � SUT�Tfej�{S�e3q�ehq�k R x�t �Vj�swq�x s ej�ox�)*���nt ��� o ��� o > �p5�5 i ? x
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; � o = z � bJc RUR x�t b x�},d R c F e7q�k R x�t �Vj�swqhx `Ae7q*q�x�%����'�t � � Y > �p5�5 5 ? x
; � � = ! |�V4S bJc RUR x�t��rx � g*ejS�qt�#e6UQehq�k R x�t | pfghx ��j�swq�x��rx��1 #�nt Y ��� > � �`��� ? x
; � YG= S x D grS ��S c Tfe6e7q�k R x�t ��pri R x �Vj�swq�x�%�2 #"nt ����� > �p5�5 o`?��

� x `�x � k�T_U�k�T c t �Dx ��k�q c T�k�Tfd v x s S:d c R �At ��pfi R x �Vj�swqhx����'��nt � 5 � > �p5�5 ��? x
; � / = z � bJc RUR x�t436587:9<;>=@?�ACBED:9�FG;>HIBKJ+HLJ�D#5C5M?NHLJ�5GOP7KQG;>HIF6QRF87:;S;M5GATHLJ#U(x �Vg*e3q�e3T�q?ehd�m�s p x S R c k�T

k�qWVXV�V,w _ q*j s e3Tri c T�q?g�e3q�dfe � c g�S c Tfd�A � bba t_`.ejq6}�g*ijq�t D g?k�Tri�e(t � k(g*i�j � �`���(x

; � i = v x � k(g*i�jfejqrS�T>SAehq�k R x�t bJc l.unx �Vj�swq�x bJc lQl�x���'�t o Y � > �p5�5 ��? x
; � 5G= �Dx��Rk�T�� c �{qr��S t � x�&Mg*k��#iBu sw��k Tfd � x � SUT_Uft4Y(587:ZR=\[E9�7:A^]@?�A^BED:9�FG;SHIBKJ�7:;`_�Y�a-b�cMt

dfe _�g�5h_�Yia-bjck36BRBR]<; � Yl= x
; � �G= S x �Dx � k(g*k e c �Hk e d � x �Kx�! c q c �otlY(587:ZR=\[E9m7:AC]@?�A^BED:9�FG;SHIBKJnHLJo;pg�5@QR5GqrHfgm7:AsDt7G?u?�A^BE7#FCg

7:;�_�Yia-b�c}t dfe _�g�5v_�Yia-bjcw36BRBR] ; � Yl= x
; � �B= | x�`Kk�e e e e ehq�k:x¨x�t ��pfiyx x �Vj�swq�x����z�"nt��pY � > � 5�5 ��?��

� x � x z k(g�g d q�k e d+�rx S l d q?jnt �Vj�swq�x5`Aehq�q�x�������nt � ] � > �p5�5 ��? x
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�#� ��� �  ����	 	 � 	���� KG � � u��8� �#	&��� � �
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h#i ; wHm²v ��v`; º j�m �:º z·µ%;Dv�÷;zRmVvq÷ l 9 o j�j q ;!� i4h.q zJj ù w h v ø i m ø h � h j ;_z�v�j q ;!;�ÿ!j i4h º z�µ!;xvq÷;zJm²vq÷
h ÷ � ; ¹�¹ e = zJj q q ; i ù ¹ h�i ��; ;�ÿ!j i4h º z�µ!;xvq÷;zJm²vq÷ l j q ;�;x¸7;Dw�j�z q ;�� ¹ h v�y]÷gw h ¹ ; Èl� w h v 9 ;�mV´
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j q ; m i º ; i mV´ j ; � e j q ;�� i�h.q zpj4m²v l h ´dj�; i ÷ o µbµ z·v`� j q ; ;x¸7;Dw�j�÷�m�´	zpj�÷ ;�ÿ¢wDzpj h j;zRm²v�÷_z·v j q ;;�ÿ!j i�h º z·µ%;Dvq÷gzRm²vq÷ l wom o�ø ¹ ;x÷ j�m~j q ; � j h v º h#i º îrm º ; ¹ ø h#i j;z·w ¹ ;D÷ � zpj q h v ;x¸7;Dw�j�z q ;í÷�j i ;Dv`�#j q mV´
8�� È � e r j q z<� q ;Dv`; i �²zm;D÷ l � i�h7q zpj h j;zRm²v z·v=j ; i4h w�j�zJm²vIw h v 9 ;xwom²µ%;	wHm²µ ø h#i4h 9q¹ ;cz·vn÷�j i ;Dv`�#j q j4m
; ¹ ;DwHj i m � ; h y_z�vfj�; i�h wHj;zRm²vq÷ e � z i j o h ¹ � i�h.q zpj4m²v ;�ÿ�w q h v`��;íwom²v=j i z 9 o j�zRmVv\j�mQ¿�ÅQÆ ¿�Å8÷gw h jEj ; i z·v`�w h v 9 ; º ;x÷;w i z 9 ; º 9®ù h v
;�¸X;xwHj;z q ; womVvfj h wHjQz�vfj�; i�h wHj;zRm²vq÷ e h mVvfj i z 9 o j�zJm²v�j4m j q ; ÷gw h jEj ; i z·v`�
h µ ø ¹ zpj oqº ; v�ê e 8 e 8 y l ;Dð o z q�h ¹ ;xvfjOj4m j q ;jw i m²÷;÷�ú ÷G;DwHj;zRm²vû´Pm i µ o ¹ h �²z q ;xv&z·v z 
 } l w h v 9 ; � i zJjEj ;Dv
h ÷ ?
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� q ; i ; Ð h v º Ù h#i ; j q ;_î h v º ; ¹ ÷�j h µ q�h#i z h 9q¹ ;x÷ º ;D÷;w i z 9 z·v`�w; ¹ ;xwHj i m²v¢úïð o h#i y:÷;w h j�j�; i z·v`� e+~ ùwom²v q ;Dv=j�zJm²vrj q ;Kwom oqø ¹ z·v��_÷Ej i ;Dv`��j q z·÷[÷�;�jOj�m �nÑ�z 8 e
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Ã v j q z�÷ ø h ø ; i h ��;xv`; i�h ¹ w ¹ h ÷g÷;z �qw h j;zRm²vsmV´ ¹ ; ø j4m�ð o h#i yG÷�j h j�;D÷ ø i m ø mV÷�; º 9®ù ~ o w q µ'&o ¹·¹ ; i l
� &o w�y ¹ h v º =@ù�¹ ; i z)(Q} � z ¹·¹�9 ; o ÷�; º e j q ; ~ o w q µ'&o ¹�¹ ; i ú � &o w�y ¹ ú =@ù¢¹ ; i v ~ � = y µnm º ; ¹ z·÷ 9 h ÷�; ºm²v�j q ; h ÷;÷ o µ ø j�zRmVv�j q h j£v`; � z�vfj�; i�h wHj;zRm²vq÷£÷ q m o ¹ º i ;x÷ ø ;DwHj j q ;�*,+ v { y {.- *,+ v f y � - + vx8 y0/÷ ù µ µ!;�j i ù mV´yj q ; � j h v º h�i º îrm º ; ¹ e Ã v h º�º zJj;zRm²v ¹ ; ø j4m�ð o h#i y*wom oqø ¹ z�v`�²÷ h#i ; h ÷;÷ o µ%; º j4m
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9 ;&´ h µ z ¹Ìù º z h ��m²v h ¹ v j4m h.q mVz º s h Á h ø i m�w�;D÷g÷�;x÷ y h v º j4mGwom²v�÷�; i�q ; ¹ ; ø j4m²v h v º 9 h#i ù m²vv o µ 9 ; i ÷ v j�m h7q m²z º i4h ø z ºÂø i m#j4m²v º ;xw h ù y e j h y{z�v`�bz�v=j4m h wDwHm o v=j q ; i ù ÷Ej i m²v`� 9 m o v º ÷[´ i m²µ
i4h#i ; º ;xw h ù ÷�z ü }³zJjUz·÷ h ¹ ÷Em h ÷g÷ o µ%; º j q h j ¹ ; ø j4m�ð o h#i y{÷jwHm oqø ¹ ;w;Dzpj q ; i j4m ¹ ;x´dj©ú?m i j4m i z<� q j©ú
q h v º ; º ¹ ; ø j�m²vq÷ e = zpj q h ¹·¹ j q ;D÷G; h ÷;÷ o µ ø j;zRm²v�÷^j q ; i ; h�i ; 8 �cø m²÷g÷;z 9q¹ ;þ÷�j h j�;D÷ v z·÷Em²÷ ø z�vK÷;z·v�� ¹ ;�j�÷m i µ o ¹ j;z ø ¹ ;Hj�÷ y mV´Ö÷;w h ¹ h�i�h v º q ;Dw�j4m i ¹ ; ø j4m�ð o h#i y{÷ e j h 9q¹ ; ê e 8 e { ¹ z·÷Ej;÷2j q ;D÷G;8÷Ej h j ;x÷ h wDwHm i º z·v`�j4m j q ;û÷Em�ú w h ¹·¹ ; º r h w q ;xv@v}m#j h j�zRmVv@z � } e r v � v ��ybº ;xv}m#j�;D÷ h ÷gw h ¹ h#i v q ;Dw�j4m i y ¹ ; ø j�m¢ð o h#i y
h v º j q ;Q÷ o 9 ÷;w i z ø j º ;Dv�m#j ;x÷Oj q ; � ; h yÂz�÷�m²÷ ø z·v e = q ;Dv�j q ; ¹ ; ø j4m�ð o h#i y¶w h v,wHm oqø ¹ ;~j�m 9 m#j q
i zm� q jgú h v º ¹ ;�´djgú q h v º ; º ¹ ; ø j4m²vq÷ l h v h º�º zJj;zRm²v h ¹ ÷ oqø ; i ÷gw i z ø j�z�v º z·w h j ;x÷ j q ; ¹ ; ø j4m²v¶w q z i4h ¹ zJj ù er j�z ¹ º ;Qz·÷íz·v=j i m º�o w�; º j4m º zÌ¸X; i ;Dv=j;z h j�; 9 ;Hj � ;�;Dv ¹ ; ø j4m�ð o h#i y�÷ � zJj q º z�¸7; i ;Dv=j q®ù ø ; i w q h#i ��; e
k z·÷Ej�; º z·v j h 9 e ê e 8 e { h#i ;�j q ; ¹ ; ø j�m¢ð o h�i y ´�; i µ zRm²v°v o µ 9 ; i sKl ; ¹ ;Dw�j i z�w w q h#i �]; k l h v ºj q ; 9 i4h v�w q z·v`� i�h j�zJmlj�m h v3; ¹ ;Dw�j i mVv¢ú ð o h#i y ø h z i v m i ; ¹ ;xwHj i m²v¢ú h v=j�z·ð o h�i y ø h z i y l�� e j q ;
¹ ; ø j4m�ð o h#i y 9 i�h vqw q z�v`�U´ i�h wHj;zRm²v�÷ h#i ; ø i ; º z�wHj�; º 9®ù j q ; ~ � = µ�m º ; ¹ h v º h#i ;';Dzpj q ; i 8 l��Ü m i� eKs m i?h �²z q ;Dv ; ¹ ;Dw�j i mVv¢ú ð o h#i y 9 i�h vqw q z�v`� i�h j�zJm � l j q ; 9 i4h vqw q z·v�� i4h j;zRm�j�m j q ;òv`; o j i z�v}m�ú
ð o h#i yQz·÷ 9®ù º ; ��vqzpj�zJm²v v 8 Ó � y e r ¹ ÷Em	z·v�w ¹ o�º ; º z�v j h 9 e ê e 8 e { h#i ;2j q ;£¾ h.q m o i ÷ h v º w q z i4h ¹ zJj;z<;x÷mV´~j q ; ¹ ; ø j4mVv¢ú ð o h#i y ø h z i ÷¶wHm oqø ¹ z·v`� j�m h �²z q ;xv ¹ ; ø j�m¢ð o h�i y j ù ø ; e Ã v j q i ; ; w h ÷G;D÷ j q ;÷;ð o h#i y ¾ h7q m o i ÷ v z·vb÷ oqø ; i ÷ ù µ µ!;�j i z�wOj q ;om i z<;x÷ � zJj q 9 i m²y];xv � ú ø h#i zpj ù yp� zpj q wHm i�i ;D÷ ø m²v º z·v`�wom o�ø ¹ z�v`�²÷ h#i ; h ¹ ÷Emcz�v º z�w h j�; º e � i ;x÷�;Dv=j h v h ¹Ìù ÷gz·÷�j h y];x÷Xz�vfj�m h wDwHm o v=jMm²v ¹�ù�¹ ; ø j4m�ð o h#i y{÷ � q z·w qwom o�ø ¹ ; j4m�j q ; � i ÷Ej©ú���;xv`; i�h j�zJm²v ¹ ; ø j�m²vq÷ v ¿ l	� É y h v º � i ÷�jgú��];Dv`; i4h j;zRm²vUð o h#i y{÷ v & l % y e Ã jhz�÷ h ¹ ÷�m
h ÷;÷ o µ%; º j q h jBm²v`;2mV´�j q ; ¹ ; ø j4m�ð o h#i y�j ù ø ;D÷��Vz q ;x÷Mj q ; º m²µ z·v h v=j(wHm²v=j i z 9 o j;zRm²v l h ÷(womVµ ø h�i ; º� zJj q m�j q ; i ¹ ; ø j�m¢ð o h�i y ÷�j h j�;D÷ h v º j q h j_j q ;Âz·v=j ; i ´�; i ;Dv�w�; 9 ;�j � ; ;Dv º zÌ¸X; i ;xvfj ¹ ; ø j�m¢ð o h#i y÷Ej h j ;x÷cw h v 9 ;Kv`; � ¹ ;xwHj ; º e � ÷gz·v`�_j q z·÷[÷;z�µ ø ¹ z�´ ù z�v`� h ÷g÷ o µ ø j;zRm²v l º z�¸7; i ;Dv=j ¹ ; ø j4m�ð o h#i y�j ù ø ;D÷w h v 9 ;nwHm²vq÷;z º ; i ; º ÷�; ø h#i�h j ; ¹�ù e s z·v h ¹�¹�ù l zpjjz·÷ h ÷;÷ o µ%; º j q h j º z�¸7; i ;Dv=j ¹ ; ø j�m¢ð o h#i y ÷Ej h j ;D÷� zJj q z·v¶z�÷�m²÷ ø z·v º m o 9q¹ ;�j�÷ h v º j i z ø ¹ ;Hj�÷ q h.q ;�j q ;K÷ h µ!;8µ h ÷;÷ eÃ v j q ; ¹ z�µbzpjnmV´ q ; h.q ù@¹ ; ø j4m�ð o h#i y µ h ÷;÷G;D÷ v È �	
�� � Ù y j q ; ;�¸X;xwHj mV´ ¹ ; ø j�m¢ð o h#i yø i m º`o w�j�zJm²v�m i ;�ÿ¢w q h v`��; z·÷+;xð o z q�h ¹ ;Dv=jVj4m h�q ;xwHj�m i j ù ø ; ¿�¿�Å�ÅIwom²v=j h wHjKz·v=j�; i4h wHj�zJm²v e h m²v¢ú
j i z 9 o j;zRm²v j4mnj q ;U¿�Å_Æ ¿�Å ÷;w h j�j�; i z·v`� h µ ø ¹ zJj oqº ; v�ê e��e� y³º m�;D÷ív}m#j º ; ø ;Dv º mVvrj q ; ø i m¢w ;D÷;÷y{z·v`;xµ h j;z·wx÷ h v º w h v 9 ; � i zJjEj ;Dv h ÷
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THERA-800Tevatron  10 fb-1

LHC  100 fb-1
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c]�£¢@¤]¥�¦Dh}§¨n � � Mqx ��� L g x g OQK h L{� h/evh/d�h O � K c@g�nah L m(hQgih K z R c]�q¤]©]¥�¦ªhQ§ L d�dfc Mqx gFz-� x z@�Fh K��O/L dfh �/�¬«�® �¯L gFe°dfc M h Ko±{L d � h � c]��� L]K ��c@g°muc@muh/g�� � m²� K�L{O � x c@g x g#���ih-�i�Fc]��c@g ��³i´T� ��cn�h
� K c]n�hQe J
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� ¤]¥ � %����	� ���?���	�d� 

�	�<�_�/�+�����F� � �F��b�?���[��� �?� �F

�	�&
 �b�+���

� � g O � x c]g O/L g*nah x g�� K c`e �iO hQe ��� ´®�� ³�� «�®�� ��M �ih K h «D® x�� ���ih ��O/L dfh L � M � x�O �����ih�� � L{��x j=K h L d
�i�ic]��c@g xf� � K c]n�hQe J � ��dfc M$E�� c K�S h/g ³ ��� x���� � K��iO � �iK hD� � g O � x c]g x�� h��`��h O ��hQe���cunah/� LN± hÊd x�S h���® �&x J h Jªx � x g O/K h L]� h � ��c MGL]K e � dfc M h K1³vL � ��� SuO/x hQg���d R d L]K z@h «�® �IM �Fh K h «D® xf� ���ih ��ONL d�h L �M � xfO �°���ih � �iL]��x j K h L dG�F�ic]��c]g x�� � K c]n�hQe J D g x � � h-h!�`�ah O � L � x c@g � ��c K ���ih �i�ic{��c@g L]K h����ih
dfc@z L]K�x ���im xfOuK�x�� h c]�1���ih � � K��iO � �iK h � � g O � x c@g �"� ´® �¯Mqx ���°���ih ��ONL d�h «�® L gie L d L]K z@h#� � L{K�S
eih/g ��x � R-L ��d L]K z@h ³ �%$ ³i´ � J)� n � h K�±{L � x c@g � c{�6���ih � hÊ�i�Fh/gic@muh/g LBL]K hªn L]��xfO ��h � � � c]��Ä P:=oJ

k gÊeihQh/� j=x gihQd L]� � x�O h G���ONL ����h K�x giz L �»h/�Ih�� O c@d�d x eih K�� ���ih ��ONL d�h «D® xf� z x ± h/g�n R ���ih ±TxfK � � L d x � R�® c]�T���ih¯� K c]n x giz ±TxfK � � L d@�i�ic]��c@g M �ih K h L]�6x gª���ih��i�Fc]��c@� K cTe �iO � x c@g K hQz x muh � �®'&)( ¦Dh}§ ®��x g h/� O c]dfd x���x c@g �qL gie O c@dfd xf��x c@g � c{�*� �iL]��x j K h L d»�i�ic]��c@g �/�,+-+v��ONL ����h K�x gFz �Ix g�h � h � O c]dfd x eih K��qx �xf�£�i��� L d�d R z x�± hQg n R ���ihª� K�L g ��± h K�� h4muc@muh/g�� � m/.10 c]� � h}� � c K"2 g L d � � L ��hD� L]K � x�O dfh �/J
� �ihÊhQ� O c@dfd x eih K/�F�q����l � �sM c � d�e c43Ih K ���ih�c@�i�ac K � � g x � R ��c � � � e R ���ihÊ� L]K ��c@g xfOª� � K��iO}j

� �iK hÊc{�"���FhÊ�i�Fc]��c@g h!�T��hQgie x gizB���ih S�x gih/m L � x�ODK�L giz]h x g ³i´$L gie «D® c ± h K h�� xf� � x giz O c]dfd x eih K��
� ���¯l � L gie g���  � n RvL �i� K c� x m L ��hQd R c@gFhBc K eih K c]�Gm L z]g x � � eih J � �4d�c M h � �4c K eih K/�6³i´-xf�
h5� � L d&��c � g x � R ��c K$Æ e xfK h O ��Ç�� K c O h ��� h � �%6 x z J ( L � �`M �Fh K h L]�BÆ�K h � c@d ± hQeiÇB� K c O h ��� h � �76 x z J ( L � �M �ih K hG���FhÃ�i�ic]��c@g x g���h K�L]O � �6±TxÂL�x � � � L]K ��c@g x�O¡O c@g���hQg�� ��L]K h O � L]K�L]O ��h K�x�� hQe�n R4L1� m L d�dfh K�±{L d � h
c]� ³i´TJRk g L eFe x � x c@g � ���ih$�i�ic{��c@� K c`e �iO � x c@gc]�¡� L]K � x�O dfh � � � L e K c@g � c K � K c@mu�F�D�i�Fc]��c@g � � c K� hQ� �1L �q� x z@�8.10È� K c ±Tx eih ��O c@mB�Fdfh/muh/g�� L]K�R9x gF��c K m L � x c]g9��c$��� L ��� K c@m)eihQh/� j=x gihQd L]� � x�O h + c@g
���ih-� L]K ��c@g xfO{��x g�� L]K � xfOQ� d L{K z@d � c@g x�O �%6 x z J ( n � ��O c]g���h/g��Bc]�q���ih � � L]��x j K h L dG�i�ic]��c@g J#� �ih�i�ic]��c@� K c`e �FO � x c@g-c]�6e x9� h}� �Q� �ih LN±�R � � L]K�ST��L gFe � K c@mu�F�£�i�ic{��c@g � � LN± h�nah/hQg � � � e x h/e;: (!<>=4? �Mqx �������ih$h/mu�i� L]��xf� c@g���FhB�ac]��hQg�� xÂL d�c]� �q�1��l � ��c RTx hQdfe x g`��c K m L � x c@g�c]g����ih � � K��iO � �iK h
c]�����Fh K h L d"�i�Fc]��c@g Jª� �ih���c ����x n x d x � R c{� � � � e RTx giz����ih � � K��iO � �iK h�c]�����ih ±`x�K � � L d»�i�ic]��c@g L ��q�1��l � � L]��L d � cunah/hQg O c@g ��x eih K h/e@: © ? J
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¦DcTc`e S gFc M d�h/eiz]h�c{�a���ih£� L e K c@g x�OÃx g���h K�L{O � x c@g � c{� L � � gFe L muh/g�� L dF� L]K � xfO dfh j ���ih£�i�Fc]��c@gjox�� h ��� h/g�� xfL d���c K ���Fh � � � �iK h � x z@�¬h/gih K z R �i� RT��x�O/� � K c@z K�L mBmuh Jy� �ih � K h � hQg�� ��x � � L � x c@gxf� gic]� ��L � x�� � L]O ��c K:R*L{� e L � L ��c K4� c@mBh9� K c O h ��� h �/�¯���iO � L]� ��� L �4��c K ���ih��i�ic{��c@� K c`e �iO � x c@g
c]� e x9� hQ� �9L � ����l � L]K h gic]� x g L z K h/hQmBhQg�� Mqx ��� h�� x�� � x giz�gih!�T� j ��c j dfh L e x giz �%Q g'� � Ä�R =
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ONL d O/� d L � x c@g � :.- �q) ? J�� �ih L z K h/hQmBhQg��ª��c K � K c O h ��� h �4x g ± c@d ±Tx giz K h � c@d ± h/e ±TxfK � � L d��F�ic]��c]g �Dxf�
h ± h/g°muc K h$� K c@nidfhQm L � xfO{J � � K c@�ah K eih ��O/K�x �F� x c@gvc]�Ã���ihB� L e K c]g xfOux g���h K�L]O � x c@gvc{�£�i�ic]��c@g �xf�ªL d � c-gFh/h/eFh/ev��c ONL d O/� d L ��h4���ih0/T� L gie L]K e21 c`eFh/d�n L]OYS z K c � gie x g � h L]K�O �ih � ��c K ���ih ��x z@z �
� L]K � xfO dfh L gie c{���ih K gFh M �F�ih/gic]mBhQg LBL �£� � � �iK h O c@d�d x eFh K��QJ

k g x � xÂL d�d R1L�O c@mB� L]K�x�� c@g xf� m L eih�c]�i���ih S�x gih/m L � x�O�K hQz x c@g �6L{O/O h ����x nid�h L � ±{L]K�x c �i��O c]dfd x eih K��M �ih K hB���ih � � K��FO � �FK h9c{�Ã���ihu�i�ic{��c@g O/L g*nah$��h � ��hQe43 g��¯ »�"����l � L gie*���ih$� � � �iK h9d x gih L]KO c@d�d x eih K � �q� / g � � x g°���Fh n L{��xfO h � h � mBcTeih J%� �Fh L]x m c]����� xf�$� h O � x c@g xf� ��c � �Fc M �ic M�q�1��l � ONL g�h/g K�xfO �u���ih���c]��h/g�� xfL dsc]� �q� / g � x g x � �¯� � L gie L]K e�h � h � muc`eFh L gie � cÊeihQ� L]x d�h/eO c@mu� L]K�xf� c@g �GMqx ���-�i�ic{��c@g O c]dfd x eih K�� � +,+ c K h + muc`eFh � � L{K h gic{� O c@g ��x eih K hQe J&k � xf�qL]����� muh/e��� L � ���ih4h/gih K z R c]�����ih4h/dfh O � K c@gnah L m xf� ¤@©]¥-¦ªhQ§ L gieÈ��� L � c]�����Fho� K c{��c@gÈnah L m xf� ¢�¤]¥
¦Dh}§ J
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T g O c@g ��x eih K�x giz���ih nah/gih 2 � � c]� �q�1��l � ��c K�� � � e RTx giz����ih � � K��iO � �iK h�c]�����ih-�i�Fc]��c@g �GL d�dO/�iK�K hQg��qm L]O � x gih �ÃL gie-���ic � h c]�����ih � � � �FK h L]K h e x���O/�F��� hQe���c KÃO c@mu� L]K�xf� c@g J�� �ih S�x gih/m L � x�OK h L]O �¬c{� �q���¯l � �VU W8X ( � hQ§ � x���O c@mu� L]K h/e Mqx ���°���ic � h c]�ZY ��  �[U W8X ¤]¥@¥�¦ªhQ§ � ��1��l � � U W\X � ¥@¥�¦ªhQ§ � L gie L � � � �FK h4d x gih L]K hN�Ih|� O c@d�d x eih KQ�a�q� /PY � � � U W\X ©{¥@¥�¦ªhQ§ � �M �ih K h U W eihQgic]��h � ���ih O hQg�� K h j c]� j m L]��� h/gih K z R c{�4���Fh O c@dfd x e x giz*� K�x m L]K:R nah L m �/J � �ih
gic@m x g L dGh/� L gie%h � h � c@�F� x c@g �$L]K h O c@g ��x eih K hQe¬��c K��q���¯l � L gie �q� /PY � ��K h � �ah O � x�± h/d R+]
���ih O c K�K h � �ac@gie x giz + � L gie + hBc K�+,+ c]�F� x c@g �ªO c ± h KoL ��x m x d L]K�S�x gihQm L � xfOoK h/z x c@g Mqx ��� L gx g OQK h L]� hQe OQK c ���Ê� h O � x c@g�n � �Êdfc M h K d � m x gic ��x � R@J�� � x g���h K h � � xf� ��c O c]g ��x eih K ���FhBm x g x m � m³i´T� ���ih K�L giz@hqc]� «D® L gieu���ihq��c]d L]K�L gFz@dfh � K�L � x e x � R � c]�a���Fh � h}� ��x g K h � c@d ± h/eB�i�ic]��c@guh ± hQg�� �/J
6 c K1O c@mB� L]K�x�� c@gÈ���ih4��c@d�dfc Mqx giz�� � L g�� x � x h �ªL]K h x g�� K c`e �FO h/e �&K hQdfh ±{L g��ª��c K eih/hQ� j x gih/d L]� � xfO h +��O/L ����h K�x giz L gie K h � c@d ± h/e��i�ic{��c@g�� K c O h ��� h �1x g-hN�&h|� L gFe�hQ� O c@dfd x eih K�� 3

 ®^I_a`�b ^dcfehg i"jki,l0m
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.10 v'~ x��o�¤ u i p .10 v'� x �o�
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�

� - J ( J ¤ �
M �ih K h n eihQgic]��h � ���ih x g ±{L]K�xÂL g��Im L]��� c]�����ih�� L e K c]g xfO 2 g L d � � L ��h JT g 6 x z J ¤ LF� ���ih�m x g x m � m�i�ic]��c@g�mBc@muh/g�� � m � K�L]O � x c@g ��³ ^dcfe´ �{x�� � �ic M g���c K�L z x�± hQgª� K�L g ��± h K�� hGmuc@muh/g�� � m � .10 � � m u 0��c K m L]��� d�h ��� � L]K � xfO dfh � � c{� ( ¥È¦ªhQ§ �"L]�oL � � g O � x c@g#c]�£���ih K�L � x e x � R@���� c]�Ã���Fh � hQ� �4x gv���ih
d L nac K�L ��c K:R � K�L muh���c K hN��h�� O c@d�d x eFh K�� � h � �Fx�±{L dfhQg�����c���ih O h/g�� K h j c{� m L]��� � K�L mBh � L gie%h/�O c@d�d x eih K��/JCT � O/L g�n�h � h/h/g ��� L �£��c K£L z x ± h/g K�L � x e x � R@�FL g c K eFh K c]�»m L z@g x � � eih � m L dfd�h K¡±{L d � h
c]� ³ ^dcfe´ L � �q�1��l � O/L g-nah � K c]n�hQe O c@mu� L]K hQe Mqx ��� �1��l � e � h ��co���ih x g O/K h L]� h/e h/d�h O � K c@g
n�h L m hQgih K z R@� u i J � �ih�m x g x m � m ³ ^dcfe´ L � �q� /PY � M c � d�e L d � c°h!�T��hQgiey���ihm x g x m � m
��c ����x nidfh L �EY �� *L gie �1��l � J@� c M h ± h KQ�`� m L dfdfh K»±{L d � h � c]� ³ ^dcfe´ O/L g�n�h K h L{O �ih/e L � �q�1��l �
��� L g L � �q� / Y � x g9���ih ± h K�R ��c K:MÃL]K e K�L � x e x � R e xfK h O � x c]g � �hi �������� ¤ � K h L]O � x giz L m x g x m � m
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	 L gie L giz@dfh�� � _
	 c]�Ã���Fh ��ONL ����h K h/e°hQdfh O � K c@g J � m �iO �*d L]K z]h KS�x gihQm L � xfO K�L giz@h O c � dfe nah O c ± h K hQe Mqx ��� L g h +O c@d�d x eih K n L]� hQe c]g �q� /PY � :� ?

ACBED AGF@D

10
-4

10
-3

10
-2

10
-1

1

-4 -2 0 2 4 6

ηCM
e+e-  , ηep

 LAB

x γ
   

  m
in

pT = 10 GeV

LEP 180 GeV
HERA 300 GeV
TESLA 500 GeV
THERA 1000 GeV

10
-1

1

10

10 2

10 3

10 4

10 5

10 6

10
-3

10
-2

10
-1

1

Photon Structure

γp jets (HERA)
γp jets (THERA)

F2
γ (TESLA)

F2
γ (LEP2)

e+e- : Etag>0.7Ebeam, 3<W<√s/3 GeV, θtag>25 mrad
(T)HERA: y<0.85, Ee=30/250 GeV, ηmax=η1=η2=2.5

x,xγ

Q
2 ,E

T2  (
G

eV
2 )

HJILK�MON������������������! #"%$&"% �'� )(*��+-,.+-$/ 0+1 2�3$*,4'� 65879��:;,4"<+1$x!>= ^dcfe´ ! �1�378?8'�?�,%���#7
�8(@"4A1"4,4BC+
5!,%���
D �;,%?E"F$G,%���H:8�I$*,479�T�
+95 �J 0�K?L?M5�7
�- 0�N5I+17O� � � �  0��:3�P"F$@�3?O�1$QA�RS� ��+179�-,.+17�BE5879�1 2�N5I+17O��(C 0��:3�T"%$@�3?�/
�d�
��&E�-$PUP��"%$WVX ® � X ® 53+17ZY ´® +17\[ ®0 5I+17^]&( D �I,%?_� �1�I7L?�'�?^= ´ P`"%,%�G7����1Ra"b?3,4"4:cAP�I,_��:d,.+17�?3:��3$Q�-78"<+K?
?L��+�P`$Y/2�����!7��.U�"4+1$c5I+17e�>#Hf'&)(g"b?�:L+- h(i�179�LA P`"4,%��,%���-,E+
5e�jfEk�l,( !F#Hf'&L(m�1$QA0lNfon)/

RGc@g ��x eih K�x giz � c@muh K h � � K�x�O � x c@g �Êx g����ihBeihQ��h O ��c K d L�R c � � � ���Fh ±{L d � h � c{� «�® c]nF� L]x g L nid�hL]K h � �Fc M g ± h K����i�¯³i´Dx g 6 x z J ¤{n J@= hQ��h O � L nidfh ��O h/g L{K�x c � ��c K Y �� °L gie �1��l � L]K h�eFh ��OQK�x n�hQex g 6 x z J ¤{n L gie ���ih ��L mBh���c K9�q� /PY � L gie �q�1��l � L]K h L d � c x mB�ac � h/e �£L d����Fc � z@� x � xf�
�ic@�ah/e���� L �Ã���ih � � � �FK hªh!�`�ah K�x muh/g�� �GM c � d�e-� LN± h x mu� K c ± h/e-eih}��h O ��c K��£x g����ih ± h K�R ��c K�MGL]K eL gie-n L{OYS�MGL]K e K h/z x c@g �/J�� h K h x � O/L g n�h � h/hQg ��� L � L d ���ic � z@�9���ihªhN�Ih|� m L]O � x gih �GMqx d�d RTx hQdfe
���ih�d�c M h � � ±{L d � h � c]� ³i´T� x � x��ªL d � c L �i� L]K hQg��D��� L �ª���Fh�h/��m L{O � x gih �ªONL g�� K c@n�h L�� m L dfdfh K
±{L d � h c]� ³i´ ��c KuL z x�± h/g «�® J T g¬� L{K � x�O/� d L]K/�¯�q�1��l � Mqx dfdÃ� K c ±Tx eih ±{L d � L nidfh L eFe x � x c@g L dx gF��c K m L � x c@g�c@g*���Fh � � K��iO � �iK h�c]�£���Fh9�i�ic{��c@g x gv���Fh K hQz x c@g �6³i´ � ¥ � ¥ ( � � L]K � x�O/� d L]K d R�L �
� x z]� j .10 �iO c@mu�id�h/muh/g�� x giz �q� /PY � L gFe ���ih O/�iK�K hQg���h!�`�ah K�x muh/g�� �QJ

µq¶:·¯¶_p q1¿SDKD F6¼dr
  �ic]��c]� K cTe �iO � x c]g L � �q����l � O/L g	� �iK ���ih K�O/�iK�K hQg�� S gic M d�h/eiz@h�c]�ª���ih � � K��iO � �iK hc{�ª���ih
�i�ic]��c@g � h��T��h/gFe x giz����ih OQ�iK�K h/g�� O c@dfd x eih K��/�{�1��l � L gFe Y �¯ �L gie O c@mu�idfhQmBhQg�� x gFz����ihG� � � �iK h
d x gih L]K h/�Ih�� O c@dfd x eih K � K c]z K�L m J�� �ih S�x gih/m L � x�O K�L giz]h O/L g	nah�h!�T��h/gieihQe � ��c K � � L{��x j=K h L d



� � � � �������	��
���������!�������%�����1������� � ����� ��� �G�!�"�
�$#%����&�'���(���)�'
*���
�����+�&�,��� � ¤ �

�i�ic]��c@g �Q�Ix g ³i´BL gie����iho� L{K e ��ONL d�h � «D® $ . ®0 J � d � c9���Fh � � K��iO � �iK h�c]�����ih ±TxfK � � L d��i�Fc]��c@g��c K d L]K z@h KD� � � L{K h�c]� x � � m L]���Q� D® �"ONL g#n�hu� K c@n�hQe J�T g O d �i��x ± h9e x9� hQ� �/� �ih LN±�R � � L{K�S���L gie
� K c]mB�F�o�i�ic]��c@g � � LN± h nah/h/g � � � e x h/e L]� ��cTc@d � ��c�� K c]n�h����ih � � K��iO � �iK h c]�����Fh � � L{��x j=K h L dL gie ±Tx�K � �iL d¡�F�ic]��c]g JÈ� �ih�n �ix d�e x giz�c]� �q���¯l � Mqx dfd � ���Fh K h}��c K h � h/g K�xfO �#���ih 2 hQdfe°c@gv���ih� � K��iO � �iK hÊc]� L � � gie L mBhQg�� L d z L]� z@hªn�c � c@g j ���ihD�i�Fc]��c@g J

A ÀIB"¹"½ N2Q�9�¾�H�9EDG9�¹»º�L
w h M c � dfeBd xfS h���cÊ��� L g S ���Fh1c K z L g x�� h K�� ��c KGL g x g���h K h � � x giz L gFe�� K cTe �iO � x ± h � h K�x h � c]� M c K�S@j� �ic]� �/J2� gihBc]� �i� � 1 < � � LN± h-nah/hQg°� L]K ��d R���� �i�ac K ��h/e°n R ���ih   c@d x�� �=/�� L ��h RGc@mum x ����hQh
��c K / O/x hQg�� x 2iOªl h � h L]K�O � � z K�L g���¤   ¥ � E ¥�© ( ( ¢ � ¤]¥]¥@¥ j ¤{¥@¥ (�� J 1 < xf�GL d � coz K�L ��hQ� � d���co���ih ���`jK c@�ah L g RGc@mum x�����x c@gv©]¥{��� 6 K�L mBh M c K�S RGc@g�� K�L]O � �1 �l Q j R �Gj ¤]¥@¥@¥ j ¥@¥ (5= ¢ L gie =ª� / � ��c K2 g L g O/xÂL d ��� �F��c K � J

02143�165�16798:14;

: (5? 1 J�< d L]� h/g ���>M[\ i>S>W\�WTi,P�W�_]U>R[\ ZdWe OQ\��No`q)r:sª��x g �NS>M��No`q)r:s�� W�W ^ : ¢ ? J
: ¤ ? 1 Jiwyx gFz �)y[eFR[k Uxf[Z]�QMn_QZ ��M[\Ni>S>W\�WTi,P�W�_]U>R[\ ZdWe OQe,_�\ S>M6P�MTf�Wkl�QM*_+i>S>W\^We OQ\��No4qLr:sD��x g

�NS>M	�No4qLr:s
� W�W ^ : ¢ ? J
: � ?  6J,�@L g S c Mq��S�x � 1 J��ªK�L�M¡O/P}RTS L gie 1 Jiwyx giz �)onM*OQ��W�/U OQP ^ i,P�W�_]U>R[\ ZdWe2OQ\��No4qLr:sª�

x g �NS>M��No`qLr s�� W�W ^ : ¢ ? J
: =4? 1 J��ªK�LNM¡O/PQRTS�L gie � J�� hQmon K�P/�i��STxV�%t}PTWa	i,\ i>S>W\^We i,P�W�_]U�R[\�ZdWe2OQ\��No`qLr:sD��x g �NS>M

�No4qLr:s��	W�W ^ : ¢ ? J
: © ?�� J,� h P/�ix � L�j��ªL n K c Mq��S{L$L gFe 1 J��ªK�L�M¡O/P}RTSa���:e�\]S>M6Z]a	i>WP[\dOQeFRTMKW�UV\]S>M6Z]e>\^M[P U�M[P�M[eFRTM

\�M[Pba9f9OQe,_ kmWe��QZ]\[Ug_QZ]e,OQkN��Z]Pb\VUgOQk i>S>W\�We RTWe>\�PbZ[t/UY\�ZdWe2OQ\��No4qLr:sD��x g �NS>M	�No4qLr:s
� W�W ^ : ¢ ? J

: - ? �&� � / RGc@dfd J�� �FJ��GK h x � M h/zuhQ� L d J �����iK c Js  � RT�QJN�FJ������ � � © � ( ¢@¢@¢ � ]�&� � / RGc@dfd J����NS>M	f[\ P�U>R[\VU�P�M.W�U+\]S>M i>S>W\^We OQe,_ \]S>M9_]W e,OQacZdRTfKW�U+P�MTf�Wkl�QM*_Qvmi>S>W\^We
i,P�W�RTMTfTf�MTf+Z]e2_QZ ��M[\Ni>S>W\�WTi,P�W�_]U>R[\ ZdWe J / � nim J ��c y z{o`q)t}|g~x~x~�� �ª��L]S�LF�,�@L � L g �
� L �ah K =1(  � ¤]¥@¥@¥ ]
�&� � / RGc@dfd J��}�2M*Of}U�PTM[a�M[e>\ W�U6_QZ ��M[\ i>S>W\�WTi,P�W�_]U>R[\ ZdWe OQ\LS�Z �S \�P OQegf[�QM[P�f�McM[eFM[Pd�QZdMTf6OQ\
o4qLr:sªJ / � nim J ��c qLt}u�vdo`qLt:wxw]� �"L mu�ah K h � 6 x gFd L gie � � L �ah K © = ¥ � ( ¢]¢@¢ J

:�� ? 1 J��ªK�LNM¡O/PQRTSs� � J�� h/m4n K�PQ�i��S�x»L gie!1 J /T� L]��P h/d ��usU�Pb�QM}W W�U:i,P�MTf�M[e>\}_xOQ\dO We i>S>W\�We
f[\ P�U>R[\VU�P�M)U�UYeFR[\�ZdWegf9OQe,_ P�MTf�Wkl�QM*_+i>S>W\^We i,P�W�RTMTfTf�MTf}J� �K h/� K�x g�� T 6 �Gj ¢@¢ j ( ©
� �ihQ� j �F���]¥@¥ (4( ¥� � � � ¤]¥@¥]¥ J / � nFm J ��c   � RT�/Jal h/�F� J

:  ? � J §�c@z{� � Q �FO d Ji  � RT�/J� �K c O]J / � �i�id J! �"&� � ¢ = � ¤]¥@¥@¥ � J
: ¢ ? �NS!#	�No4qLr:s
� W�W ^ � l h/�ac K � �ª� / ��j Y R jkl�� § j ¤{¥@¥ ( j ¥k-�¤ � ¤]¥@¥ ( J

$&%&%('�)+*,*.-,-,-0/214345768/21439*9:<;&=?>�@7%43A5 J



� ¤ = � � � �������'���	���"�
���:� ���,�������s#%����&�'���(��� �'
*���
�����+�&�,���

+-,�� ����� 8:3���;
	��  ; ����5²?��Ê2Ê5&2����@29<-3 � 5»;=2 � 0 � < 5���� ������298�	�� <
?���245&2 � 0 5������ �"!

1 Jiwyx giz# ${r&%('('qZ*)+%(, #�-/.�%(0[W|X1# 23)+04- #�56' X�7856)95;:;5
\1%()=< _&> 56%('@?(:&#A.}WB?(:&#

~��"�Q�N���i�]�
� � � � �iK h v .�� L]O/x d x � R@�F�q����l � �sM �Fh K h�h/d�h O � K c]g � c{��¤@©{¥9¦ªhQ§ L gie�� K c]��c@g � c{��¢�¤]¥u¦ªhQ§L]K h O c]dfd x eih/e O c � dfeÊ� K c ±Tx eih ±{L d � L nidfh x g`��c K m L � x c@gªc@g����ih � � K��iO � �iK hGc]�i���FhG�i�ic{��c@g J�wyx ��� L gx g OQK h L]� h x gB���ih O h/g�� K h j c]� j m L]��� h/gFh K z R c]� L � L]O ��c K c]� � L gie L gBh!�T��hQg ��x c@g�c]� ���ih1m x g x m � m

�i�ic]��c@g-h/gFh K z R � K�L{O � x c@g ONL{K�K�x h/e�n R ���ih x g���h K�L]O � x gizo� L]K ��c@g-c]� L � L]O ��c K c]� ( ¥ O c@mu� L]K h/e-��c�1��l � �&L gFh M STx gih/m L � xfO�K h/z x muh x g ���ih � � � e R c]�����Fh��i�ic]��c@g Mqx d�d6nahoc@�ah/gFh/e J)T g O d �i��x ± h
e x9� h}�G� K cTe �iO � x c@gu� L]� n�hQh/g � � � e x h/e L gieB���ih1�ac]��h/g�� xfL dsz L]x g � ���ih1gFh MHO c@d�d x eih K�M c � d�e9n K�x gizL]K h�e x���OQ�i��� h/e J6� �ih¡e x 3�h K hQg O h � nahQ� M h/hQg O/�FK�K hQg��6� L]K�L muhQ� K�x���L � x c@g � c]�`���ih��i�ic]��c@g � � K��iO � �iK hx g��� xf� gih M S�x gihQm L � xfO�K h/z x c@g L]K h � �Fc M g���c nah � ����cÈ©]¥BC J RGc@mu� L]K�xf� c@g � c]� �q�1��l �ED �ONL � L n x d x � x h �"L]K h£m L eih Mqx ��� M � L � ����l � ONL g OQ�iK�K h/g���d R � K cTe �iO h L gie$�ic M	x � O c@mu�idfhQmBhQg�� �
v � v � O c@d�d x eFh K��ÃL eie K h ��� h/e J

µq¶"5q¶k· ¸k¹»ºF¼}½£¾£¿"Àaº�ÁÂ½Ã¹
� ��x giz4���ih � K c]��c]g L]O/O h/d�h K�L ��c K¡K�x gFz4� K c@m ���¯l � L gFe9���ih1dfh/�`��c@g L{O/O hQdfh K�L ��c KGO � L{x g���c K ���ih
� K c]��c � h/e d x gFh L]KqO c]dfd x eih KQ�i�q� /PY � ��LBO h/g�� K h j c{� j m L]��� h/gih K z R ��c K v . O c@d�d xf��x c@g � c]� $ ( � hQ§O c � dfeÈnah L]O � x h ± h/e : (5? Jª� �ih�� K c@�ac � hQeÈ� L]O/x d x � R]�s�q�1��l � �&�i��x giz-� K c]��c]g � c]�¯¢�¤{¥-¦Dh}§ L gie
dfhQ�F��c@g � c]�¡¤@©{¥-¦Dh}§ M c � d�e � e � h4��c9���ih x g O/K h L]� h x g�dfh/�`��c@gÈnah L m hQgih K z R@� z K h L ��d R h��T��h/gFe
���ih S�x gFh/m L � x�O K hQz x muh O/�FK�K hQg���d R�L{O/O h ����x nid�hD��c �1��l � : ( � ¤ ? J� �ih muh L{���iK h/muh/g��9c{� � hQ�u�i�Fc]��c@� K cTe �iO � x c@g x g v . O c@d�d xf��x c@g �oL d�dfc Mq� ���ih � � K��iO � �iK h�c]����ihÊ�i�ic]��c@g � h/m x ����h/e�� K c@m ���ih x g O c@m x gFzud�h/�F��c@g � ��cBn�hÊ� K c@nah/e JsT g8Y h L e x gizGF K eih K � Y*F �� � L g�� � m O � K c@mBcTe R g L m xfOQ� � Ä�R � � � � M c9� R �ah � c]��� K c O h ��� h �ªO c@g�� K�x n � ��h���c � h}� �i�ic{��c@� K c je �iO � x c]g43¡���ihÊe xfK h O ���i�ic{��c@g � K c O h ���/��x g M � xfO �����ih��i�ic{��c@g x � � h/d � x g���h K�L]O � ��Mqx ��� L � L]K ��c@g
� K c@m ���Fhª� K c]��c@g L gie-���Fh K h � c@d ± h/e �i�ic{��c@g � K c O h ���qx g M � xfO �-���Fhª�i�ic]��c@g L]O � �qL]�qLo� c �FK�O h
c]�¯� L]K ��c@g �Q� c@gih�c{� M � xfO � x g���h K�L]O � � Mqx ��� L � L]K ��c@gÈ� K c@m>���ih�� K c]��c]g J4� � L mu�idfh � c]�����Fh � h
� K c O h ��� h �ªL]K h � �ic M g x g 6 x z J ( � M �ih K h 6 x z J ( Lu� �ic Mq� ���ih4nac � c@g j z]d � c@g � �i��x c@g�e xfK h O �1� K c jO h ��� L gie 6 x z J ( n	z@d � c@g j z]d � c@g�� �i��x c@g K h � c@d ± h/e�� K c O h ���/J � ��ONL g n�h � h/hQg	� K c@m 6 x z J ( ��i�ic]��c@� K c`e �FO � x c@g°� K c O h ��� h � eih/�ah/gFe¬c@g°nac]�������ih � � K��iO � �iK h c]�q���ih �i�ic{��c@g L gFe%� K c]��c@g ]
���ih OQK c ���:j � h O � x c]g ��H;IF´KJMLONQP ��c K ���ihD� K c`e �iO � x c@g c]�»� M cB� L]K ��c@g � nah x giz �

H;IF´KJ�LONRP mTSVUXWZY\[�] H@³^J Y_[A` H@³i´6a�J�L W � ³^JO�/b ® � a�´ML U � ³i´>�/b ® � H «IdcKe4Lgfih4� � - J ¤ J (��



� � � � �+�I�������������$� �5���E�E� �h�,���%��� �-�&����������� �+�8���
� � ������� ���y� �E� �&�V��� � ���
	�� �� � ¤@©

M �ih K h a�J�L W � ³^JO�/b ®�� eih ��O/K�x n�h � ���ih1� K c]��c@g�� L{K ��c]g�eih/g ��x � R c]� L � L{K ��c]g�c]��muc@mBhQg�� � m � K�L{O}j
� x c@g �6³^J��1a�´ML U � ³i´>�/b ®�� ���Fh��i�ic]��c@g#� L{K ��c]g#eih/g ��x � R c]� L � L]K ��c@g#c]�qmuc@muh/g�� � m � K�L]O � x c]g �³i´T� nac]��� L � � c@muh K hQgic K m L d xf��L � x c]g L gieÈ� L{O ��c K�xf��L � x c@g ��ONL d�h � b ® �&L gie H «IdcKe�L f h4xf� ���Fh���h K:j
� �iK n L � x�± hQd R�O/L d OQ� d L nFdfh � �ic K �Be xf� � L g O h OQK c ���:j � h O � x c]g J � � gFh!�T� j ��c j dfh L e x giz �%Q Y*F � c K eih K� K c]z K�L m � K h L]� c@g L nid R eih ��OQK�x nah � hQ�D� K cTe �iO � x c@g � c@gih O/L g O �ic`c � h L�K hQz x c@gc{�¡�F� L]� h � � L]O hM �ih K h����ih�� K c]��c@g � � K��iO � �iK h xf��M hQdfd O c@g � � K�L]x gih/e L gieu���ih�c@gid Ro� g O h K � L]x g�� R]�iL]��O/L g9nah � h/hQgx g � � J - J ¤ J ( �&x�� ���ih/gÈ���iho�i�ic{��c@g � � K��FO � �FK ho� � g O � x c@g J@T � x�� gic]��h/e � L d����ic � z@� gic]� � � � e x h/e� �iK ���ih K � ��� L �De x9� h}�D� K cTe �iO � x c]g L � �1��l � L gie �q����l � O c � dfe L d � c-� K c ±Tx eih x gF��c K m L � x c@g
c@go���FhÃ� K c{��c@g � � K��FO � �FK h �i��x gizª� x z@�4� K�L g �:± h K�� hqhQgih K z R c K � ± h K�R � ��c K:MÃL]K e � hQ� �/J�� � x��"M c � dfe� K c ±Tx eFh x gF��c K m L � x c@g c@gÈ���ih4� L]K ��c@geihQg ��x � x h �ªL �1� x z@� ±]L d � h � c]� ³^JuL � d L]K z]h ��O/L dfh �/� L{� x g
.��. O c@d�d x���x c]g �/��M � xfO � L]K h�gFc]� M hQdfd O c@g � � K�L]x gih/e�n R ���ih � J® �$T / muh L]���iK hQmBhQg�� �/J

A	BED AGF@DP

e+ e+

P

γ

HJILK�MON����1� f��T�- h(@R �3? +
5 l�� �J��� A1"F7���:d,H(*��+�,.+1$ �-$QA ���J� 79�3?3+1R��1�LA (*��+-,.+1$ (Q7
+d:8��?8?I�3? "%$��9[
:L+1R%Ra"b?�"4+1$&?��

1 h L]���iK hQmBhQg�� � c{�Ê���ih��i�ic]��c@g � � K��iO � �iK h�� � g O � x c]g ��� ´® �ªL � v � v � h!�`�ah K�x muh/g�� � � LN± hO c@g � � K�L]x gFh/e ���ih�� � L]K�S eih/g ��x � R x g-���ih K hQz x c]g ( ¥T��� & ³i´ & ¥ � © : � ? J¯  �ic]��c@� K c`e �FO � x c@g ONL g
� K c ±Tx eFhq� �FK ���Fh K�O c]g � � K�L]x g�� � c@g����ih � � L]K�S eih/g ��x � R$L ��� x z@� ³i´ L gieuc@g����ihqz@d � c@g�eihQg ��x � RuL �L dfd ³i´�JZT g � hQ�1�i�ic]��c@� K c`e �FO � x c@g �s� gid xfS h x g v � v � ��ONL ����h K�x giz � ���ih K h xf� e xfK h O � L]OQO h ��� ��cB���ihz@d � c@goeihQg ��x � Rox go���ihÃ�i�Fc]��c@g L ��Y*F J{� �ih£�ac`c K d R�O c]g � � K�L]x gih/e$z@d � c@goeihQg ��x � Rox�� h!�`�ah O ��h/e$��c
n�h O c@muhqmBc K h ��x z@g x 2 ONL g�� Mqx ���$eih OQK h L{��x gFz ³i´�J 1�h L]���iK hQmBhQg�� � � LN± h1nah/h/gBm L eih L � �1��l � �M � xfO �*� K c@nah$���ih � h � g O h K � L]x g*� L{K � � c]�Ã���ih � � K��FO � �FK h9c{�Ã���ihB�i�ic]��c@g : = < - ? J � gvh/d�h O � K c@g
n�h L m h/gih K z R c]� L � L]O ��c K c]� ( ¥Ê� x z@�ih K ��c K¯�q�1��l � ��� L gB��c KG����l � z x�± h �ÃL g9h!�T��hQg ��x c@g x g
���ihDm x g x m � m ³i´$L d � c$n R�L � L]O ��c K c]� ( ¥ : ¤ ? J¡�q���¯l � M c � dfe�dfh L e ��c L g�h��T��h/g ��x c]g�c]�6���ihS�x gihQm L � xfOqK�L giz@h x g���c L4K hQz x c@g M �ih K h L]OQO/�iK�L ��h�mBh L]���FK h/muh/g�� � c]�&���ih1z@d � c@gueih/g ��x � RBO c � dfe
n�hDm L eih L gFe ���ih K�x�� h x g-���Fh � � K��iO � �iK hª� � g O � x c@g �-� ´® � ���Fc K c � z@�id R ��h � ��hQe J
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R �iK�K h/g���d R�L � ���¯l � � ���ih$� x z@�id R�L]�:R mumuhQ� K�xfO nah L m h/gFh K z x h � � K c ±`x eih$� K c]nidfhQm � x gmBh L�j���iK�x giz K h � c@d ± h/e$�i�ic{��c@g�� K c O h ��� h �QJET g$z@h/gih K�L d � ���ih K h xf��L � � K c@giz ��hQgieihQg OQR ��c K h ± h/g�� � ��cªn�h± h K�R ��c K�MGL]K e x g ���ihÊ� K c{��c@g�n�h L m>e xfK h O � x c]g JÃ� � x�� muh L g � ��� L ��m L g R h ± h/g�� � � L dfd c � � ��x eih
���ih L]OQO h/�`� L g O h1c]�I���ih O/�iK�K hQg��GeihQ��h O ��c K�� c K¡L]K h�m x �`h/e � � Mqx ���$���Fh�� K c]��c]g K hQmBg L g��¡m L]S@jx gizq���Fh xfK muh L]���iK hQmBhQg���e x��BOQ� d�� J6� � xf�»xf� � L]K � xfOQ� d L{K d R L]O/� ��h x g����ih O/L]� h¡c]� K h � c@d ± h/eo�i�Fc]��c@g
� K c O h ��� h � x g M � x�O � � h}� ��L]K h�z@h/gFh K�L dfd R � K cTe �iO h/e x g����ihD��c K�MGL]K e e xfK h O � x c]g ] e xfK h O ���i�Fc]��c@g
� K c O h ��� h � z@h/gFh K�L dfd R nah x giz O hQg�� K�L d J � �ih K hQe �iO h/e L]��R mumBh}� K:R �q���¯l � M c � dfe�� K c ±Tx eihMqx d�d ��x z]g x 2 O/L g���d R�O � L giz]h����Fh���c@��c]dfc@z R c]� �i�ic{��c@� K c`e �iO � x c@guh ± h/g�� �QJ0� x�K h O �¯�i�ic]��c@g9h ± h/g�� �M c � dfe-���Fh/g n�h O c@g O h/g�� K�L ��hQe x g����ih K h L]K e x�K h O � x c@g L gie K h � c]d ± hQe �F�ic]��c]g�� K c O h ��� h ��x g����ihO hQg�� K�L d L gie9��c K�MGL]K e�� L]K � � c]�&���ih eih}��h O ��c KQJ�� � xf�¯M c � dfe9���ih/g x g O/K h L]� h1���Fh L]OQO h/�`� L g O h ��c KK h � c@d ± h/e��i�ic{��c@g�h ± h/g�� �1L gie��ih/g O h x mu� K c ± hª���ihDmBh L]���iK h/muh/g�� �QJ

1 h L]���iK hQmBhQg�� � c]�Fe x9� hQ�&�i�ic]��c@� K cTe �iO � x c@g L � ���¯l � ONL gDnah � � c@mBh M � L � L]K � x 2 O/xfL dfd R � ONL � jh/z@c K�xf� h/e x g���c1���ic � h Mqx ���4dfc M � K�L g ��± h K�� h£h/gih K z R � hQ� �/� d�c M p u�� i �� �@L gieo���Fc � h Mqx ���o� x z@� p u�� i ��M � xfO � � � L]K � L � L{K c � gFe�©D¦ªhQ§ L gie ( ¥Ê¦Dh}§ �@K h � ��h O � x ± hQd R@J�� �Fh L e ±]L g�� L z@h£c]�����ihqd�c M p u � i ��mBh L]���FK h/muh/g�� ��x�� ���ih x g OQK h L{� h/e K h � c@d ± h/e �i�ic]��c@g OQK c ����� h O � x c@g �ax g � L]K � xfO/� d L]KqL ��d�c M p ³i´TJ� �ih�mBh L]���iK h/muh/g�� �u��� 3Ih K/� �ic M h ± h K/� � K c@m L d L]OYS c]� � gFeih K�� � L gie x gFz*c]� � c]� � � gieFh K d RTx giz
�i� RT��xfOQ�¯M � xfO �uh x ���ih K d�h L e � ��c K h ��� d�� ��Mqx ���ud L]K z@h �:R`� ��hQm L � xfOq� g O h K � L]x g�� x h � c K�x g O c@g O d �i��x ± hO c@mu� L]K�xf� c@g �¡Mqx �������ih/c K:R@J � �£� x z@� p u � i �� � ���ihªh!3Ih O �qc]� � c{� � � gieih K d R`x gizo�i� RT��x�O/�qxf� z K h L ��d RK hQe �iO hQe � n � � � c x�� ���Fh K h � c@d ± h/e OQK c ����� h O � x c@g L �"dfc M p ³i´TJ"� � x��"ONL g�n�h � h/hQg$n RÊO c]g ��x eih K�x giz
���ih�c@n � h K:±]L nidfh ³	��
�´ ��M � x�O � x�� ���ihq� K�L]O � x c]gBc]�����ih��i�ic{��c@g D � h/gih K z R � K c`e �iO/x giz����ihq� M c � h}� �
c]�6� x z@�Fh � �q� K�L g �:± h K�� h�h/gFh K z R : � ? ]

³ ��
�´ m u � i ���� h�� x�������� } u � i � ®� h|� x��������¤ t u��
� � - J ¤ J ¤ �

M �ih K h � � i � x�� ���ih�� � h � eic K�L � x e x � R c]�����ih � h}� L gFe u�� xf� ���ih�h/d�h O � K c]g¬hQgih K z R¬L gie t ���ih� K�L]O � x c@g-c]�»���ihDh/d�h O � K c]g D � hQgih K z R ONL]K�K�x h/e n R ���ihD�i�ic{��c@g J
l h O h/g�� K h ��� d � � � K c]m �1��l � L]K h � �ic M gu��c K dfc M p u � i �� h ± hQg�� � � u � i �� � -�¦ªhQ§ � x g 6 x z J ¤ LL gie#��c K � x z]� p u � i �� h ± hQg�� � � u � i �� � (= ¦ªhQ§ � x g 6 x z J ¤{n J /`�ic M g L]K hB���ih�eFhQ��h O ��c K:j dfh ± h/d

e xf� � K�x n � � x c@g � ��c K�³	��
�´ O c@mu� L]K hQe���c 1 c@g���h R L]K dfc � 1 R � mucTeih/d �/JsT g 6 x z J ¤ LF� ���ih4e L � LBxf�O c@mu� L]K h/e���c)1 R%muc`eihQd �"Mqx ��� L gie Mqx ���ic � ��m � d � x � L]K ��c@g x g���h K�L{O � x c@g � � 1  ET � J�� h K h x � ONL gn�h � h/hQg���� L � ���ih 1 R Mqx ���ic � � 1  ET z K h L ��d R � gieih K h � � x m L ��h � ���ihoe L � L-L �ªd�c M p ³ ��
�´ � L gie
��� L � L���x z]g x 2 O/L g���d RBx g O/K h L]� h/e O/K c ���kj � h O � x c@g xf� c@n � h K�± h/e x g����ih)1 R Mqx ���-���ih x g O d �i��x c@g�c]�
1  ETYJ&� �ih�e L � L�xf�Q� �ic M h ± h K/�»� � x dfd��ac`c K d R eih ��OQK�x nah/e�n R ���ih01 R L � ��� xf� d�c M p ³ ��
�´ K h/z x c@g
��c K�� hQ� � c{��dfc M p u � i �� JST g 6 x z J ¤{n � ���ihDe L � LuO c@mB� L]K h ��M h/d�d � c ± h K ���ihª� � dfd ³	��
�´ K�L giz@h �sMqx ���
1 R muc`eihQd �qO c]g�� L]x g x giz$gic 1  ETY� e � hÊ��c$���Fh x g O/K h L]� hQe u � i �� J£� �ih ��x z@g x 2 ONL g���eih O/K h L]� h x g���ihDg � monah K c]�6dfc M p ³	��
�´ h ± h/g�� �1L ��� x z]� p u � i �� xf��L d � c L �i� L{K h/g�� J

wyx �������Fh x g O/K h L]� h/e*d�h/�F��c@g�n�h L m(h/gih K z R��q����l � O c � dfe*� K c ±Tx eih����FhBc@�`� x m � m ��O h j
g L]K�x c x g M � x�O � muh L{���iK h/muh/g�� ��O c � dfe n�hªm L eih L � K h/d L � x ± h/d R � x z@� p u � i �� L gie�dfc M p ³	��
�´ J
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µq¶"5q¶_p J9¼}½�L�L L�9»Àsº�ÁÂ½Ã¹ ¾S9LK ¹�Á�º�ÁÂ½Ã¹
�NM hPO]d x�� � x%Q O{�i� M cRO Q �-��O � nah/hQg��ah M ��c M muh/e���c�h ± O]d � O{��h����ih h��T��h/g��q��cTSq� x%Q � e x9� h}�Ã� M c`e �UQ}j
� x c@gEO{� �q�1��l � Q O{g RTx h/d�e gFhAS x gF��c M m�O{� x c@g c@g ���ih � � M �UQ � � M hoc]�����ih4�F�ic]��c]gWV � �Fh M h}��c M h
O S�x gFh/m�O{� xXQ M O]giz]hÊ��O � nah/hQg Q c@g ��x eFh M hQeYSq� xXQ � Q c � dfe ��c ����x nid R nah4muhZO ��� M h/e M O{���Fh M ����O]g
Q �icTc ��x gizo���ihª� � d�dI�i�UO � h � �UO Q h[V � �Fh S�x gih/m�O{� xXQ M hQz x c]g xf� n�O � h/e c@g+O�� x z]� p u � i �� mBhPO ��� M h j
mBhQg��£� M c@m¨���ih �&� � / Q c@d�d\O]nac M O�� x c]g : © ? V

� c�eih 2 gihB���ih M h/z x c@g��c�nahu�F�ic]��c]� M cTe �UQ � x c]g � O ± O]d � h$c]�¯���ihu�i�ic]��c@g ±`x M � � O]d x � R@� D® �
c]��dfh ��� ����O{g ( ¦ªhQ§ ® ��O � n�hQh/g]O]�i�id x h/e5V R � MHM hQg���d R O�� �1��l � � ���Fh M h5� �ix M hQmBhQg��-����O{�
���ih ��Q O{����h M h/e d�h/�F��c@g xf� gic]� � hQh/g x g����ih Q O]d�c M x mBh}��h M x mu�id xXQ/x ��d R d�hZO]e � ��c����ih Q c@gie x � x c@g
c@g����ih�F�ic]��c]g ±Tx M � � O]d x � R V � c�O Q � x h ± h���ih � O]mBh  ® M h5� �ix M hQmBhQg��^S x ���	���ih x g Q M hZO � h/e
dfhQ�F��c@g�nahZO]m hQgih M z R@� ���ih#O]giz]dfhDc]� �HQ O{����h M S x dfd nahÊm �7Q � � m�O]d�dfh M V � � xf� SGc � dfe�mBhPO]g�����O{�
���ih Q O]d�c M x mBh}��h M � c M � c@muh�c]���ih M eihQ��h Q ��c M � S¡c � d�e°gih/hQe°��cÈnah-��c ��x � x c@gFh/e ± h M R;Q d�c � h � x g�-O Q �1��c_S x ��� x g $ ¥ � ©a` � ��c-���ih�nahZO]m j � x �ah x g ���ih M hZO M e x M h Q � x c@g���cbO Q � x h ± h����Fh � O]muh �®
M h � �Fx M hQmBhQg�� �F��x gFzD���ihFO]g�� x j �cO{z Q c@gFe x � x c@gWV � �ih x gihQd\O � � xXQ/x � R]� t ��xf�3Q �ic � h/gu��cDn�h�S x ��� x g����ihM hQz x c@g � ¥ � ¤ & t & ¥ � @© � Sq� x%Q � Q c MHM h � ��c]gie � ��cEO �i�ic]��c@g j � M c]��c@g Q h/g�� M h j c]� j m�O ��� hQgih M z R
c]�¯n�h}�/SGhQh/g = ¤]¢-¦ªhQ§dO{gie � = ¦ªhQ§eV � �ih � h}� � O M h M h � �Fx M hQe��c-��O ± ho� M O]g ��± h M � hBhQgih M z x h �/�
u � i � �Vb ®� � (= � ( ( ¦Dh}§ x g-���ih M h/z x c@g c]�"� � h � eic M O{� x e x � R@� p ( & � � i � & ¤fV T g Q M hZO ��x gFzu���ih Q/� �c@g-���ihª� M O]g �:± h M � h�h/gFh M z R S�O � O]d � c Q c]g ��x eih M h/eWV � d�dfc!S x gFz4���ih � h}� � ��c$z@c$muc M h ��c M S�O M e x g
� � h � eic M O]� x e x � R SGc � dfe x g Q M hPO � ho���ih M h � c@d ± hQev�i�Fc]��c@g Q M c ���ª� h Q � x c@g<O]gie'SGc � dfe�ic]��h}� � dfd R
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n�h�ac ����x nFdfheihQ��hQgie x gFz¬c@g����ih�eihQ��h Q ��c M Q c@g 2 z � M O{� x c@gWV � � ���¯l � Sq�ih M h����ih� M c]��c@g
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�Ò�Ô�Ü\Ò�	$�RÑ#
ÏRÑ$Ô�Ï+Ñ$Ò,Ï+Ü\Ø+Ü\âBÜ\Øqã�Øm×òØ Í Ñ�ê�×��RÖ�×ê¥Ø Í Ñ�	 ä �R�+ÑÓÒdØ
í�
�+
Ö�ÑlØm�RÜoÏm
'ØmÜo×Ò�Ï  ë Í Ñ�ÏRÑ$Ò�ÏRÜ\ØmÜïâBÜ\ØqãÌÜ\Ï{
ÙoÏR×zÙ%
�RÞ�Ñ�ÜoÒ£Ø Í Ñ�	ÓÑ$ÒJØm�+
Ù _ �+ÑÓÞ�Üo×Ò�� Í Ñ$�+Ñ�Ø Í Ñ$�+Ñ�ÜoÏ Ú
Ñ ^ í¯Ñ$�+Ü\Ö�ÑÓÒJØ�
Ù\Ù\ã Ú 
�Ù%
�RÞ�Ñ�
	$	ÓÑ$í,Øm
Ò�	ÓÑ  

ACBEDCB D �� , L�$ P UWS JVUWNXI.-hN���P U ��$ J ,#LONQPCR#STJ UWNXI�� U J / S°/3&KL10 & I P���$°&=RKJ��2QR.&�L14v-
ë Í ÑzÔ�Ü  RÑÓØrÏ4ãBÏRØmÑÓÖ 	$
ÒÈÐßÑ�ê�×��+Ö�Ñ$Ô�ê��R×�ÖùØ Í Ñ)í,�+×BÔ ä 	ÓØ+Üo×�Ò�×êà
 Í Ñ#
#âdã 8dä 
��+å�í�
Üo�½Ï ä 	 Í 
Ï
ÜoÒ£Ø Í Ñ�Ð¯×�ÏR×�ÒTáqÞÙ ä ×�Ò£ê ä ÏRÜo×�Ò�í��R×T	ÓÑ$ÏRÏ  �� Í Ñ$Ò�Ø Í Ñ Í Ñ#
#âdã 8dä 
�Rå£ÜoÏ�
Ò 
	ÓØ+Ü\âÑ�í�
�RØ+×�Ò Ü\Ò£Ø Í Ñ
í Í ×Ø+×�ÒuØ Í ÑÓÒ�Ø Í Ñ�Ô�Ü  RÑlØàÏ4ãBÏRØmÑÓÖ¼ÜoÏ-ê�×��RÖ�ÑÓÔuê��R×�Ö ×Ò�Ñ Í Ñ#
#âdã 8Bä 
�+åu
Ò,ÔÝ
�Þ�Ù ä ×�Ò  ë Í Ñ{×Ø Í Ñ$�Í Ñ#
#âdã 8dä 
�Rå¶Ü\ÒÌØ Í Ñ�Ñlâ�Ñ$ÒJØ{ÜoÏ�í��+×BÔ ä 	ÓÑ$Ô�
�ØòÙ\×��ÁØ+�m
Ò�Ï4â�ÑÓ�+Ï+Ñ�Ñ$Ò,Ñ$�+Þ�ã£
Ò�Ô£ê�×��RÖ�Ï�í�
�RØº×ênØ Í Ñ
í Í ×Ø+×�Òu�+ÑÓÖ�Ò�
�ÒdØ  

éìÒ�
'Ø ä �+
ÙFâ�
�+Üo
Ð�ÙoÑàØm×�Ô�Ñ$ÏR	$�+Ü\ÐßÑ{Ô�Ü  RÑÓØ�í��+×BÔ ä 	lØmÜ\×�ÒÝÜ\ÏNØ Í Ñ{×�Ð�ÏRÑ$�4â
�Ð�ÙoÑ������ �c Ú � Í Üo	 Í Ü\Ï-Ø Í Ñ
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DFE7G�HJILK��JO !�Z #*]�`q]�QBk%Z%_�UFSV`ih$YRYR¸�Y�]4SVk%Zth#Q{|�h#`-�i~�¨ ©V«¬©! |�h#`�~d�u��M����n]Bv�SR_#U¿SVW�U¿_�ks]4j�·!Z%ko^Îko^�]
³n���-ÉnÊl®�fJ_#`+k�h�Q)f�_#`q_#a{]�k%`+ZïY�_�k%Zth#Q�hi|½ko^�]�fT`qh�k�h#Q _#Q,j)ko^'`q]R]�[$_�`RZth#WY�®öËµf�_#`mk�h#Q)f�_�`i_#a{]Vk%`RZo¸
Ym_�k%Zth#QJYòhi|�ko^�]�fB^h�k�h#Q�Z\Qzko^�]�a�_$YRYRU�]+YRY½�Óv�wFx-y��{YmSm^J]ma{]VÇ��ö��®.h�·�]m`�UXZoQ,]+YàSRh#`+`q]mY�f�h#Q,j�k�hrko^�]
�����n��S4h�U\U Z%j�]m`�]�Q,]m`tp�Z�]+Y������lÇoÊ 	����
	��n]dvd�l¤n·F^'ZoU7]½WÓf�fd]m`½k�hÎko^�]z���*�g���ìSRh#UoUXZtj']m`�]mQ,]�`%p�Zt]mYmÇ
���r®.h#·�]�`�_#QTj)WÓf�fJ]�`½U ZoQ,]+Y*|mh#`�]L_�S�^�fB^h�k�h#QufJ_#`i_�a�]Vk%`RZ\Ym_�k%Z%h#Q�YR^h#· `L]+YsfJ]LSlk%Z\[�]mU%$)ko^J]rU7h#·�]+Ymk
_#QTjrp�`L]L_�ks]+Y+k�[$_�UXWB]+Y�hi|�ko^�]�SV`ih$YRYR¸�Y�]4SVk%Zth#Q�S4_#U7S�W�U7_�ks]LjÎ·!Z%ko^zj�Z #*]�`q]�QBkn[#_#U Wd]mY{hi|�ko^�]�^_#`qj�YmS4_�U7]
���ÕMl«#���VM ��µ� 	 � � Z\Q)ko^�]r����v�S4_$YV]º_#QTj ���ÕM �4� 	 � � ZoQ)ko^J]r��y��'ÅrS4_#Y�]VÇ

ê��m
	lØmÜ\×�Òr×ê.Ø Í Ñ-í Í ×Ø+×�Ò�|¢Ï�ÑÓÒ�Ñ$�RÞãrí,�+×BÔ ä 	$Ü\Ò�ÞºØ Í ÑNØq�*×� RÑÓØ+Ïö×ê Í ÜoÞ Í Ñ$ÏRØ�Øm�m
�Ò�ÏRâÑ$�+ÏRÑàÑÓÒ�Ñ$�RÞã '7ø�ø )��
����� �c M ~������ A� Ñ 0�������� � A ~!�"��� a� Ñ 0��#������$

ñ f ~�� y -Hz  õ  ñ /
� Í Ñ$�RÑ _ ����� Ü\Ï�Ø Í Ñ�í�Ï+Ñ ä Ô�×��+
í�Ü\Ô�Ü\Øqãµ×êàØ Í ÑJ RÑlØ)
Ò,Ô ~�� ÜoÏ�Ø Í Ñ�Ñ$Ù\Ñ$	lØm�+×Ò§ÑÓÒ�Ñ$�RÞã§
Ò�Ô f�Ø Í Ñ
ê��m
	lØmÜ\×�Òz×êgØ Í Ñ�Ñ$Ù\Ñ$	lØm�+×Ò�|XÏ�ÑÓÒ�Ñ$�RÞãu	#
�R�+Ü\Ñ$ÔuÐJãzØ Í Ñ�í Í ×�Øm×�Ò  Q ä Ñ*Øm×ºØ Í ÑNÜ\Ò�	$�RÑ#
ÏRÑNÜoÒrØ Í ÑNÐ¯Ñ#
Ö Ñ$Ò�ÑÓ�+Þã Ú Ø Í ÑÓ�+Ñ-Ü\Ï}
º	$×�+�+ÑÓÏ+í¯×�Ò�Ô�Ü\Ò�Þò×��RÔ�Ñ$�}×�ê.ÖÎ
ÞÒ�Ü\Ø ä Ô�Ñ
Ñ ^ ØmÑÓÒ�Ï+Ü\×�Ò�ÜoÒrØ Í Ñ�Ö�ÜoÒ,ÜoÖ ä Ö � ��� �c  ë Í Ü\ÏöÜoÏöÏ Í ×���Ò�ÜoÒ�ð�Ü\Þ  zòÜ\Òr� Í Üo	 Í Øq�*×{ë�æ�çnè�é Ï+	$ÑÓÒ�
�RÜo×�Ï
-���ÜïØ Í Ø Í Ñ�Ñ$Ù\Ñ$	ÓØ+�+×�Ò§ÐßÑ$
Ö Ñ$Ò,Ñ$�+Þ�ã ~��sM ñ �  & Ñlóô
�Ò�Ô ~�� M �  � & Ñló2/�
�+Ñu	$×Ö�í�
��+Ñ$Ô
��Ü\Ø Í æ�çnè�é  é�Þ��+Ñ$
�ØmÙïã�Ü\Ò�	$�RÑ#
ÏRÑ$Ôz	Ó�+×�ÏRÏ4áqÏRÑ$	lØmÜo×Òzíß×�ÏRÏ+Ü\Ð�ÙoÑ�
�ØNë�æàç�è�éî×�â�ÑÓ�*Ø Í 
'Ø�
�Ø-æàçnè�é
ê�×���Ùo×�� l ����� �c Ú í�
�4ØmÜo	 ä Ù%
��+Ù\ã�Ü\Ò§Ð¯Ñ#
 ä ØqãÈí��+×BÔ ä 	lØmÜ\×�Ò Ú ÜoÏ�Ï+ÑÓÑ$Ò  è�Ñ$
ÙoÜ\ÏRØ+Üo	)ÏR	$Ñ$Ò�
�+Ü\×�Ï�ê�×���Ø Í Ñ
	 ä Ø+ÏÎ×�Ò�Ø Í Ñ  RÑÓØ 8dä 
ÒJØmÜïØmÜoÑÓÏ Í 
�âÑ¶Ð¯Ñ$ÑÓÒÕÖÎ
�Ô�ÑÝ×�ê�Øm�+
Ò�Ï4â�Ñ$�RÏ+Ñ£ÑÓÒ�Ñ$�RÞã ~!�"�%� A'& a� K ø  Ú � & ÑÓó

Ò�Ôzí�ÏRÑ ä Ô,×��m
í,ÜoÔ�ÜïØqã _ ����� ( ñT �  ë Í ÑòÔ,ÜoÏRØ+�+Ü\Ð ä ØmÜ\×�ÒÎÜ\ÏNí¯Ñ#
å�Ñ$Ô�
�Ø Í Ü\Þ Í á ����� �c Ú 	$×�Ò,Ï+ÜoÏ4ØmÑÓÒdØ-��ÜïØ Í
Ô�Üo�RÑ$	lØ)í Í ×�Øm×�ÒÕí,�+×B	$Ñ$ÏRÏ+ÑÓÏ Ú Ð ä Ø Í 
Ïz
 ÏRÜoÞ�Ò,Ü r 	$
ÒJØ)	$�R×�Ï+ÏLáqÏRÑ$	ÓØ+Üo×�ÒÕ
�Ø)Ù\×��Ná ����� �c 
�+Ü\Ï+ÜoÒ,Þ�ê��R×�Ö
�+ÑÓÏ+×�Ùïâ�Ñ$Ô�í Í ×�Øm×�Ò�ÑÓâÑ$ÒJØmÏ  
> Í 
�+Ö 
Ò�Ô¶ÐßÑ$
 ä Øqã�í��+×BÔ ä 	lØmÜ\×�ÒÌ
�Øº
�� ; 	Ó×�ÙoÙ\ÜoÔ�ÑÓ� Í 
Ïº
Ù\Ï+×�ÐßÑÓÑ$Ò£	$×Ò�Ï+Ü\Ô�Ñ$�RÑ$Ô£
Ò,ÔÌ	$×�Ö�á

í�
�RÑ$Ôu��Ü\Ø Í Ø Í Ñ�Ò�×�Ö�ÜoÒ�
Ù :�; Ï+	$ÑÓÒ�
�RÜo×�ê�×��-ë�æ�çnè�é  ë Í Ñ{í Í ×Ø+×�ÒuÐßÑ$
Ö ÑÓÒ�Ñ$�RÞãzÜoÏ�
ÏRÏ ä Ö�Ñ$Ô
Øm×ÌÐ¯Ñ   � ~��lÚ Ü  Ñ  ¶ñ  � & ÑÓó 
Ï+Ï ä Ö�ÜoÒ�Þ¶
Ò�Ñ$Ù\Ñ$	lØm�+×Ò�ÐßÑ$
Ö ×ê-Ñ$Ò,Ñ$�+Þ�ã ñ �  & Ñló  ë Í Ñ)í��RÑlá
Ô�Üo	lØmÜ\×�Ò�Ï�ê�×��{Ø Í Ñ :�; 
�Ò�Ô�� ; ×�í,Ø+Üo×�Ò,Ï½��Ü\Ø Í Ø Í Ñ)Ïm
�Ö�Ñ: RÑÓØ�	 ä ØmÏ�
�+ÑÎÏ Í ×���ÒÈÜoÒ�ð�ÜoÞ  �  ë Í Ñ
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DFE7G�HJILKö¡O-�¯^J]n`q_�k%Zthºhi|öko^�]�`q]mYmh#U [#]4jºk�h�ko^�]�j#Zo`q]4SVkdfB^h�k�h�Q�SRh#QBk%`+Zt¾�WJk%Z%h#Q�hi|g� / � 0 ¨¼� / � 0 ©V«¬©�
� |�h#`� a�� «����V~ a� �N|�h#`}~d����� 	Ý�n]dvÈSR_#U¿SVW�U¿_�ks]4j�Z\Qu®öË ·!Z%ko^zko^�]Î³n���-ÉnÊl®£f�_#`mk�h#QÎf�_�`i_#a{]Vk%`RZo¸Ym_�k%Zth#Q�hi|�ko^�]-fT`qh�k�h#Q�_�QTjÎko^'`q]R]{[$_#`+Z%h�W�Y�®nË�f�_#`mk�h#QÎf�_�`i_#a{]Vk%`RZ\Ym_�k%Zth#QJY�hi|�ko^�]-fB^�h�k�h#Q£ZoQ¶ko^�]
a�_$Y4Y+U7]mY4Y½�$v,wFx�y��òYmS�^�]ma{]VÇn�ö�à�����n�-¤ �!�����*�g�n��SRh#UoUXZtj']m`�Ç

	$�R×�Ï+ÏLáqÏ+ÑÓ	ÓØ+Üo×�ÒÌí,�+Ñ$Ô,Üo	ÓØ+Üo×�Ò�ê�×���Ø Í Ñ����¶×�í,ØmÜ\×�Ò¶Ü\Ï�
�ês
	ÓØ+×��à×�ê a ñ � Í ÜoÞ Í Ñ$��Ø Í 
�Ò¶Ø Í Ñ½Ò�×�Ö�ÜoÒ�
�Ù
� �)×�íTØmÜo×Ò  ë Í Ü\Ï�ês
�	ÓØm×��
��+ÜoÏRÑ$Ï�Ï+Ü\Ö�í�Ùïãrê��+×Ö�Ø Í Ñ � ÑÓÜ��ÓÏ��
	�å�Ñ$�4á � ÜoÙ\ÙoÜ%
�Ö�Ï 6 ä ^ 
Ï+ÏR×T	ÓÜ%
�Ø+Ñ$Ô���ÜïØ Í
Ø Í Ñ�ÑÓÙoÑ$	lØm�R×�Ò  

ð ä �RØ Í Ñ$�)�RÑ� ä Üo�RÑ$Ö�Ñ$ÒJØmÏÎ	#
Ò Ð¯Ñ¶Ö�
Ô�ÑÝÏ ä 	 Í Ø Í 
�ØÎØ Í ÑÌådÜoÒ�ÑÓÖÎ
'ØmÜo	��m
�Ò�Þ�Ñ¶	ÓÙo×�ÏRÑ$Ùïã§	Ó×��+�RÑlá
Ï+í¯×�Ò�Ô�Ï{Øm×�� Í 
�Ø½	$× ä Ù\Ô�Ð¯Ñ�Ö�Ñ#
�Ï ä �RÑ$Ô  ë Í ÑÓ�+ÑÓê�×�+Ñ�Ø Í ÑÎ×Ð�Ï+ÑÓ�Râ�
�ØmÜ\×�Ò�×ê�
 r Ò�
ÙnÏRØm
�ØmÑ�Ö ä ×�Ò
ê��+×�ÖÀØ Í ÑrÏ+ÑÓÖ�Ü�áqÙoÑÓí,Øm×Ò�Üo	{Ô�Ñ$	$
#ã£×ê�
)Ð¯Ñ#
 ä Øqã! ä 
�+åÝÜoÏºÜ\Ö�í¯×�ÏRÑ$Ô  ë Í Ñ�Ö�×�Ö�Ñ$ÒJØ ä Ö 
Ò,Ô�
ÒTá
Þ ä Ùo
�º�+Ñ" ä Üo�RÑ$Ö�Ñ$ÒJØmÏ{ÜoÖ�íß×Ï+Ñ$Ô£×Ò�Ø Í Ñ�Ö ä ×�Ò�
�RÑ�ØqãBí�Ü\	#
Ùö×�ê�Ø Í ×�Ï+Ñ�
�Ø½æàç�è�é  >*×Ò�Ï+Ü\Ô�Ñ$�RÜoÒ�Þ RÑÓØ+Ïò×ê�Ï+ÙoÜ\Þ Í ØmÙïãÝÙ\×��*ÑÓ��Øm�+
Ò�ÏRâÑ$�RÏ+Ñ�Ñ$Ò�ÑÓ�+Þã+- ~!�"��� A'& a� K �TÚ z & ÑÓó2/ Ú Ø Í Ñ�Ñ e Ñ$	ÓØ�×ÒÌØ Í Ñ�Ù\×��Ná ����� �c
	$×�Ö�í¯×�Ò�Ñ$ÒJØ{×ê*í�Ï+Ñ ä Ô�×��+
í�ÜoÔ,Ü\Øqã£	 ä Ø�Ü\Ï�Ï Í ×���Ò�Ü\Ò�ð�ÜoÞ  �  [iØ{	#
�Ò�Ð¯Ñ�ÏRÑ$ÑÓÒ�Ø Í 
'Ø{ê�×�½
uí�ÏRÑ ä á
Ô�×��+
í�ÜoÔ,Ü\Øqã�	 ä Ø�×ê _ ����� K l ø Ú Ø Í Ñ)Ô�Üo�RÑ$	lØ�íßÑ$
å 
�Ø Í Ü\Þ Í á ����� �c Ü\Ï�Ô��+
ÏRØ+Üo	$
ÙoÙïã��+Ñ$Ô ä 	$ÑÓÔµ��ÜïØ Í
�+ÑÓÏ+í¯Ñ$	ÓØòØ+×z
Î	 ä Øò×ê _ �"�%� K l ñB ë Í ÜoÏàÔ�Ñ$Ö�×�Ò�Ï4Øm�+
�ØmÑÓÏ�Ø Í 
'ØòÐJãÌ
í,í�Ù\ãBÜoÒ,Þ)
Î	 ä Øò×ê _ ����� Kkl ø
ÜoÒJØmÑÓ�m
	lØmÜ\×�Ò�Ï-×ê�
ÙoÖ�×�Ï4Ø-Ñ ^ 	$Ù ä Ï+Üïâ�ÑÓÙ\ã)Ø Í Ñ��+Ñ$ÏR×�Ù\âÑ$ÔÝí Í ×Ø+×�Ò�
�+Ñ�Ð¯Ñ$ÜoÒ,Þ�í,�+×�Ð¯Ñ$Ô  

ë Í ÜoÏ��m
'Ø Í ÑÓ�ºØmÜoÞ Í Øº�+Ñ$Ï4Øm�RÜo	ÓØ+Üo×�Ò�×�Ò£Ø Í Ñ�í�Ï+Ñ ä Ô�×��+
í�ÜoÔ,Ü\ØqãÌ×�ê�Ø Í ÑT RÑÓØ+Ï{×�ê l øz( _ �"��� ( ñ ÜoÏ
ÜoÖ�íß×Ï+Ñ$Ôu
�Ò�Ô�Ø Í ÑòÏ+ÑÓÒ�Ï+ÜïØmÜïâTÜïØqã)×êgØ Í Ñ{	Ó�+×�ÏRÏ4áiÏ+Ñ$	lØmÜ\×�Ò�Ø+×�Ø Í Ñò	 ä �+�RÑ$ÒJØ�í�
�m
Ö�ÑÓØ+�+Ü\Ïm
�Ø+Üo×�Ò�Ï�×êgØ Í Ñ
í Í ×Ø+×�Ò�ÏRØm� ä 	ÓØ ä �+Ñ�ê ä Ò�	lØmÜo×Ò�Ü\ÒdâÑ$Ï4ØmÜoÞ�
�ØmÑÓÔ�ê�×��në�æ�çnè�é  [qÒ)ð�ÜoÞ  ��í��RÑ$Ô�Ü\	ÓØmÜ\×�Ò�Ï�
�RÑàÏ Í ×���ÒÎê�×��
ÑÓâÑ$ÒJØmÏ{� Í Ñ$�RÑ)
uÐßÑ$
 ä Øqã# ä 
�Rå£Ô�Ñ$	$
�ãBÏrÜ\ÒJØm×�
�Ö ä ×�Ò  3n�RÑ$Ô�Ü\	ÓØ+Üo×�Ò�Ï{
�RÑ�Ï Í ×���Ò ä Ï+ÜoÒ,ÞÝÐ¯×Ø Í
$&%('*),+.- '7ø ñ*) 
�Ò�Ô0/�1�243 +65 '�ø�õ )�4 >±Þ�ÑÓÒ�Ñ$�+
�Øm×�+Ï-ê�×��-ê�× ä �-Ô�Ü e ÑÓ�+ÑÓÒdØ ?'� í Í ×Øm×�Ò 3�Qòð�Ï  éNØ
â�
Ù ä ÑÓÏ}×ê ����� �c M   ø Ú Ô�Ü e Ñ$�RÑ$Ò�	ÓÑ$ÏöÐ¯ÑÓØq��Ñ$Ñ$Ò�Ø Í ÑNê�× ä �}í�
�+
Ö�ÑÓØm�RÜoÏ+
�ØmÜ\×�Ò�Ïg×ê ä írØm× �  *7 
�RÑ-Ï+ÑÓÑ$Ò  
ë Í Ñ�í,�+Ñ$Ô,Üo	ÓØ+Üo×�Ò,Ï�ê��R×�Ö & è!óì
Ò,Ô & 9 �Pz�ÞÑ$Ò�ÑÓ�m
Ù\Ù\ã Í 
#âÑ½Ø Í Ñ½Ùo
�+Þ�ÑÓÏRØ�	$�R×�Ï+ÏLáqÏRÑ$	ÓØ+Üo×�Ò,Ïò
�Ø�Ùo×��Ná
����� �c 
Ò�ÔÝ
ÙoÏR×��+ÜoÏRÑ�Ö�×��RÑ8 ä Üo	�ådÙ\ã  ë Í Ñ{Ù%
�RÞ�ÑòÔ�Ü e ÑÓ�+Ñ$Ò,	$Ñ{ÜoÒzØ Í Ñ9/:1;2<3 +65 
Ò,Ô $&%='*)>+.- 4 >
í��+ÑÓÔ�Üo	lØmÜ\×�Ò�Ïò	$×Ö�ÑÓÏ{Ö�
Ü\Ò�Ù\ãuê��+×Ö Ø Í Ñ�Ô�Ü e ÑÓ�+ÑÓÒdØ�Ô,ÑÓês
 ä ÙïØòØm�RÑ#
�Ø+Ö�ÑÓÒdØ+Ï�×ê�� Z Ú Ô,Ü e Ñ$�+ÑÓÒJØ½ÏR	#
Ù\Ñ$Ï

Ò�Ô Í 
�Ô��+×�Ò,ÜoÏm
'ØmÜo×Ò)
Ò�Ô)Ø Í Ñ ä ÏRÑò×ê�Ö�
Ï+ÏRÜ\â�Ñ�ÖÎ
�Ø+�+Ü ^ ÑÓÙoÑÓÖ�ÑÓÒdØ+ÏNÜoÒ $?%='*)>+.- 
�Ò�ÔzÖÎ
�Ï+Ï+Ù\Ñ$ÏRÏNÜoÒ
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6 ��� ¹/� 8 7! �% 8Zj ¸D�/+a¸D�/�D� � ���r�����P+a¸��L+a¾ � ¾f����¸^� 0x�����k�~m ¹ �¿¾ ��� �-.v+����f��� �M��� ����� · �-E � Q�¾ �M� ¾ @ � �� � �É¹Ê¾ � .��Ê¹-�LQC+H�L�D�e�O½r�`+a¸D�L+¿¾ � ¾f����¸D�R0�¸�� Q���� ¼�mQ»�¼ c ¼ c o�N�E|@�� ����� �����É¹/� QM+�AF�-��� � �-���§¸��-A�¾f� � � �xJ

: 5 7! 8 j
Ã 7 ) : ^+7) :� ) : : ^+7` :� ` : 8 7 8  8 j < mQ»�¼ c ¼°» o

8 @������v����� � ¾ @ � � ��� u,¾�¸ � ¾ � ¹-� a²� ¼ � ¼ 8 7 B 7! Á
Ã 8 7 " 7# Â

Ã � a ���������Ê¸�Q 8 7 8  % 8 j,0�¸��LQ mQ»�¼ c ¼°» o¹1¾ � N��i�LQ � �����/. �F� 02@a¸D�����Ê¸�¹Ê¾ A�¹-@�A�¾f� � � � � 0 "h$ Á�Â 4 Á 5 ¼ > ��� �?�F� ��� ¼�m�»�¼ c ¼ c ov¾1�D�/+¿¾,¸�¾f� � � �NH�9�O½r�-� � �G¸�¾ � �DuL�"¸��D�/AFEv¾ � .bA�� ���L� ��@�. �F� ¾ A�ABES+H� A�¾�¸ � ���-. ��� ���"¸�QC�/. � ¾f���s+��*� ��� � ¾ +�+��1¾,¸�� af� ¾ QC�/ABE
"�$ Á�Â 4 Á 5 Ã "�$ Á�Â 4 Á 5) Å "�$ ÁyÂ 4 Á 5` ¼ > � � �`QC�-���*��. � �X�-��+��Ê¹ � ¾ AFAFE5@����902@�A ��� ¾ � ¾fAFE�� �F��� ��������-Q � � ��� ¹/A�@*� � u �,+a¸D� ¹-�/���D�/� a ½S� � ¹ ��½l� ½ � AFAx. � �G¹/@*���PNH�-A���½ ¼
������������� 2�%:9 !<;�!y�a������"!$#&% '�)+*���%&�.� a�'Tb ac]ed />= *�9 '�?�*��(' )g*���%&�"��@
A �-�X@�� � ��½ ¹/� � � � .��"¸!�����C���-Q � � ��� ¹/A�@*� � u �|+a¸��-¹/�-��� a�'Qb a | d ½S���"¸�� ��� ¹/�LQC+¿¾�¸ � �D� � ½ � ���8 0 6 m a�'Db acd oY� � �ª¾ .�. � � � � � ¾ A²+¿¾,¸D� � ¹/AF� ��� ����� �W� ¾fA��D�C¾���� � �S+a¸���.�@a¹-�/. ¼�0 � �����X02� A�A���½ �F���½r��¹ ����� ���b�����b+¿¾,¸D� � ¹/@�A�¾�¸ �W� ¾ A��D��¾f���ª½ � ���5�����yA�¾�¸ � � '�) +a¸��LQC+*�k+���� ��� �²aH� ¼ � ¼ | Ã ] ¼ � �½ � AFA²�D��@�.*Ei���*�X0�¾�¹9����¸ � �G¾f� � � � � 0R�����ª¹Ê¸�� ���P���Ê¹9� � � � 02��¸e�����X+a¸���.�@a¹9� � � � � 0RA�¾�¸ � � '*) +���� ��� �²a¾ ���D@�Q ����� ���¿¾f� � � � �,�/Q � �D���/.50�¸��LQ �����|�a¾ .a¸�� ��� ¹B,�uL�"¸D���~m
. m · ��� ¼ 6Lo ¼ > ��� �W� ¾ AR+���� ��� �t�������� a�' ¹/� A�A � � � � � ¹Ê¾ � NH�`�/Q � �D���-.c¾ A��D��0�¸��LQz�����`�/AF�Ê¹9��¸�� � A ��� � m ���*� � �-�����9� Z � � ��AF�Ê¸Y+a¸D� ¹-�/����o a02��¸YQC��¸��!.��9�C¾ � A��e�D�/�`�����`. � �G¹-@���� � � �n��� ���*�XN�� � �������F��� � 0 6 �Ê¹9� ¼ »�¼ c ¼ 3 ¼
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j�kmlon�p\q*0�t u;w�x�z�{}|�~�wi��� |1x �(x ��~�|o~�w��1x �C�1��~���zc��x����1�m|1��wy�Cz�� �CzC{ºw��+wyx ���°���Gw21�zv� �O����z������O� ��43�� �
w�~�� �1x�z���-���o~��1x z\���C��|1x,��z�  ¡£��z ���a~�w���|1�©~���z��1�OzC{ ����wi���¶�\z��m|�~�zG�6587i�g� � �43��:9�~��~���zvw�{ |.��w�x |1�G}��|��G~É�g�ª~���z��C�1�G�«|1�O�c|1{¤� �$w�~��&��z �C�1�ª~���z®� �g�.��zG���¢�O� Ç; � �g� ���1�G�\zG�����1x �1w�x,�c~��
3 ^ � Ç; �<3 ^ � w�;|1�°���v�����1�
x  

> ��� ��� u,¾�¸ � ¾ � �S. �Fµ �Ê¸D� � � � ¾ A�¹"¸��L�D�k�D�Ê¹9� � � � 02��¸e�����`@ � +��LA�¾,¸ � �D�/.i+a¸D� ¹-�/�D�
a�'�b ac]ed � mQ»�¼ c ¼ � o

¹1¾ � N��¢½®¸ � �D��� � ¾ �Y02��¸e�����`+a¸��-¹/�-��� mQ»�¼ c ¼ �
o a*� ¾ QC�/AFE

"�$�ÁyÂ 4 Á Ç 5 } B 2�4Á
5 2 78 j

5  48 j > 7! � mQ»�¼ c ¼ ¹�o
½S���Ê¸D�s�����§¹-��¸G¸D�/��+�� � . ����� �¿¾ .�¸�� ��� ¹R��� � ����¸�> 7! m ' � 8 � ' Ç o � � ��� �G¸���.�@a¹/�-. a

m ¹-�LQM+a¾�¸��R��� mQ»�¼ c ¼ c o�o ¼> ���b�a¾ .a¸�� ��� ¹`��� � ����¸®> 7# m ' � 8 � ' Ç oS.*�/+�� � .�� � � �k� � AFEg� � ���*�X02�L@�¸���QC�LQC� � �C¾V� 0������ ��� ���"¸��QM�-. � ¾����b+*��� ��� � ¾ � .t+a¸D� ��� � N�@*�}¾ AF���v� � �����b02� @a¸�� QM�LQC� � ��@�Q � 0s����� �W� ¾ A�+���� ��� � m ' Ç o
¼

= � � �D���h@�� � ��AFEi���*� �F� ���Ê¸�02�Ê¸D� � ¹-�XN��-�O½l�/� � �O½l��¹-� � ��¸ � N�@*� � � � �r02��¸Y. �Bµ �"¸�� � �Y�G¸�¾ � ��uL�"¸���� m >Y> o��¸�N��-�O½l�/� � ����� �G¸�¾ � �DuL�"¸��D�È¾ � .!�����sA�� �*�L� ��@�. ��� ¾ A m A > ox+��LA�¾,¸ � �G¾f� � � � ���C¾f���/�&� 0������s�~m ¹ �¿¾ ��� �-.+���� ��� � Qs¾(E(¾ +�+��1¾,¸ ¼ Z � � ¹-�M����� �F� u�¾,¸ � ¾ � �`. �Fµ �Ê¸�� � � � ¾fA±¹Ê¸D�L���y���Ê¹9� � � � 02��¸`������¹/� � � � .��"¸��-.+a¸��-¹/�-��� m�»�¼ c ¼ � oª¹/� � �C¾ ��� � "�$*)Ka^"�$ ` ¾ � . �F� ¾ .�. � � � � � �O½l�1���Ê¸DQM� a ¹1¾ AFA��/.������ �F� ���Ê¸�02�Ê¸�� � ¹/����"¸�QC� m ���-�y� � ¼ § �L� ¨A¾ � .�¸D�-02�Ê¸D� � ¹-�/�S�����"¸�� ��� o J
"h$ Á�Â 4 Á Ç 5 Ã "�$*) Å " n )�) Å "�$ ` Å " n ` ) < mQ»�¼ c ¼ ��o

> ���/�D�b02�L@a¸P���"¸�QC�º¾�¸D��¸D�/A�¾����/.nu � ¾C�����b� +*� � ¹1¾ A����*�/��¸D�/Q m �D�/� · �F� ¼ 6Lor���M������¹-��¸G¸D�/�D+H� � . �����¾ QC+�A � ��@�.��-�É¾ �Y02�LAFA���½S� J
"�$*) } § )

<?>�@�> )BA�C )ED
m : ^< o 7 B 7! 

m : @ o  ¨GF
§ )
<?>�@�> )BA�C )ED

m : < o 7 > 7# 
m : ^@ o  ¨ �

mQ»�¼ c ¼ ����o
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6Lo

n ` ) } § )
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m : ^` o 7 B 7! 
m : @ o  Å )
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½S���Ê¸D� : < .�� � � ���/�P+H�LA�¾�¸ � ��¾f� � � � 02�L@a¸�� uL�"¹-����¸��P� 0K�����!u � ¸���@¿¾ Ax+���� ��� � m§= Ã >«@ � > j ¾ � . B o ¼
0 � � �«½r��¸���� � �f� � ¹ ����� ���¿¾��R���*�e.��Ê¹-�LQC+H�L� � � � � � � 0W�����r. �Fµ �Ê¸D� � � � ¾ A&¹Ê¸�� ���s���"¹-� � � �|"�$ ÁyÂ 4 Á Ç 5� � ���S���a¸D�/�¯¹/�LQC+�� � � � ��� JK" ?$*) Ã "�$*) Å " n )h)Kaf"h$ ` ¾ � . " n ` )�a .����-� � � �K.��/+�� � .b� � �����¯¹ ��� � ¹/�� 0K�����`N¿¾ � � �Y� 0K���*�X+��LA�¾�¸ � ��¾f� � � � u �Ê¹9����¸D� § �L� ¨ ¼ ' � ��� a ���¿¾f� ��� �����`. �Fµ �Ê¸D� � � � ¾ A�¹Ê¸D�L���S�D�Ê¹-� � � �"�$ Á�Â 4 Á Ç 5 ���*�Ê¸��®¾,¸��r�O½l� ��� .*�/+�� � .�� � �s���Ê¸DQM� ¸��-A�¾f���/.����k�����eAF� ���L� ��@�. ��� ¾ A�+��LA�¾�¸ � ��¾f� � � � �D��¾f���� 0K�����!u � ¸���@¿¾ Ax+���� ��� �²a®"�$ ` ¾ � . " n ` ) ¼
� N�u � � @���ABEv�����ª¾ N���uL�`0�¾�¹-����¸ � ��¾f� � � � 02��¸�Q�@�A�¾ mQ»�¼ c ¼ ��or���LAF.��Y02��¸®¾ � Eg���-Q � � �F� ¹/AF@�� � uL�,+a¸D�f�¹/�-���®½ � ���i�����`� � �9� +���� ��� � �om ¹ �¿¾ ��� ��¾ � . ½ � ��� ¾ � ¾�¸�N � ��¸G¾�¸DE �W� ¾ A�+a¾�¸D� � ¹/AF�p| ¼· ��¸É¾�+¿¾�¸�� � ¹-@�A�¾,¸l+¿¾,¸D� � ¹/AF�-| ��� ��� � ¸�¾f� � � � �
u �Ê¸e02@�AFAH+*�¿¾ ���`�D+¿¾�¹/�!�f0K��� � �r+¿¾�¸D� � ¹-A��\AF�1¾ .*�r��������}¹"¸��L�D�P�D�Ê¹9� � � � 0�¸D�LQ m�»�¼ c ¼ 6Lo a ���V���*� �F� ���Ê¸�02�Ê¸D� � ¹-�X���Ê¸�QC�eu,¾ ��� ��� ¼

���sr���� �
	 w ������ ���P� � �����q�Ow������w�����xw �e� � � �������� � � w��w �R� �!�"�xw��#� �"� �Y� �#� �
0 � �D��@*. � �-�|� 0S�����i+a¸D� ¹-�/�D��y�$ b ys| d m �F� +¿¾�¸�� � ¹/@�A�¾�¸ a�' b ac]ed ov½l��¹1¾ � ¹-� � � � .��"¸������. �Fµ �Ê¸D� � � � ¾ AÈ¹"¸��L�D�C�D�Ê¹9� � � �?�F� 02��¸�Q¾�f0k�����g. � ����¸ � N�@*� � � � �f0k����� ¾ ´/� Q�@*���a¾ AÈ¾ �*� A�� q ¼ > � � �¾ ��� AF� � �Y.�� �W� �-. ¾ �

q Ã q&% : q&' � mQ»�¼ c ¼ �(3ho
� ¼ � ¼ � � � �!���h@¿¾fAR���v�����|. �Fµ �Ê¸D� � ¹-�V� 0^�����¦¾ ´-� Q�@����¿¾ A ¾ ��� A���� 0^����� �W� ¾ ARA��/+���� � m q(% oº¾ � .1� 0����� ��� ¾ AR+a¾�¸D� � ¹/AF��| m q(' o ¼�0 �t� � � �Ê¸G¾ AR����� q � .��/+�� � .*� � ¹-�C�f0w������. �Bµ �"¸�� � � � ¾ A ¹Ê¸D�L���!�D�Ê¹-� � � �02��¸e���*�X�D�/Q � � ��� ¹-A�@�� � uL�-y�$ ¹-�LA�A � � � � � ¹Ê¾ � NH� ½®¸ � ����� � ¾ � § 6 � À � �/¨ J

"�$ %*) 4 %+' 5
"&q

Ã $-, Å $ @�¹/�L� q Å $ j ¹/�L��6 q Å $/.@ � �F� q Å $/.j � ��� 6 q � mQ»�¼ c ¼ � c o
½S���Ê¸D�Y�����e02@ � ¹-� � � � � $-,�a�$ @ a�$ j a�$ . @ ¾ � . $ .j .��-+H� � .M� � � �F� �/Q�¾f� � ¹1¾ Ahu,¾�¸ � ¾ N�AF�/� a ��� +¿¾�¸�� � ¹/@�A�¾�¸� � �����ª¾ �*� A�� q @ ¼
0214365�7986:<;2=?>A@B:<CED<FHGID 0 G6D É GKJ*JAJ&LNMO5�PQ5R:6@B=?5SPT>A:UC�@HV�5"WILNW�5RMXC4Y[ZT\]G<^�GI_�GKJAJ*JAG6MO5`C?WI5S;a=?>AbB5`c*ZHJ
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> ����¹ ��� � ¹/�v� 0Y�����i��+��Ê¹ � ¾ A¤¸��902�Ê¸�� � ¹/�v0�¸G¾ QC�C�,�����vNa¸ � ¹ �L�g½ ¾ AFA m � ¸�� � � o!0�¸�¾ QC� �F� ½S� � ¹ ������|QC�LQC� � �C¾v�f0w������u � ¸���@¿¾ A�+���� ��� � ¾ � .t���*�|+a¸�� ��� � ¾�¸���¾ � � � � +¿¾�¸G¾ A�AF�/A j Qs¾f� �/�,������¹Ê¸D�L������"¹-� � � �n"�$ % � 4 %*' 5 % "&q A �F� �1¾�¸ ��� ¹-�L� qKa ¹-�L�H6 qKa � �F�lq ¾ � .g� �F� 6 qKa�� ¼ � ¼ ¾ AFA $ < ¾�¸D� ��� .��-+H� � .�� � �� �Mq ¼ ³5��¸��-��uL�Ê¸ a 02��¸l����� ¹Ê¸D�L���Y�D�Ê¹9� � � � �È¹1¾fA�¹/@*A�¾f���/. �F� ����� � ��¸ � ¾f+�+a¸��Xm � Q�¾f� � � � �����\���Ê¸DQM�¹/� � ��¾ �����F��� � �F�lq ¾ � .;� �F� 6 q u,¾ ��� ��� ¼ = � � ��� ��@*� � ��ABEG����� ¾ ´-� Q�@*���¿¾ Al. � ����¸ � N�@*� � � � 02��¸������
���-Q � � ��� ¹/A�@*� � u � a�' +a¸��-¹/�-���©¸��/.*@a¹/�-� ��� ��� � �S+¿¾�¸�� � ¹/@�A�¾�¸r0�¸�¾fQM�}¾ � . �F� ����� � ��¸ � ¾ +�+�¸��Xm � Q�¾��� � � � ���V�����!02�LAFA���½ ���*� 02��¸DQ J

"�$ Á�Â 4 Á ' 5
"&q

Ã $-, Å $ @�¹-�L� q Å $ j ¹-�L��6 q < mQ»�¼ c ¼ � » o
� � � ¹1¾ ���W� .G���¿¾�� ��� ����� ¹ ��� ��� � ¸��902�Ê¸D� � ¹-�v0�¸�¾ QC� m ����� � ¸D� � �b0�¸�¾fQM�(o`���*�O02@ � ¹9� � � � � $-,�a$ @v¾ � . $ j ¾�¸���¸��/A�¾f���-. ���n�����M02�L@a¸ª¹/� � ��¸ � N�@�� � � � � as"�$*)Kas"�$ ` as" n ` ) ¾ � . " n )h)Ka . � �G¹/@*�����-.+a¸��9u � �L@��DAFE�� m �D�/� 6 �Ê¹9� ¼¯»�¼ c ¼ 6 ¼ 6Lo ¼ > �*�n���Ê¸�Q $ j ¹-�L�H6 q ¾�¸ � ���-�C0�¸D�LQ ����� �F� ���Ê¸�02�Ê¸D� � ¹-�ºN��9�
�O½r�-� � �O½r�n. �Fµ �Ê¸D� � �!��¸G¾ � ��uL�Ê¸D���M+H�LA�¾�¸ � ��¾f� � � � �D��¾f���-�X�f0w�����V�om ¹ �¿¾ �*� �/.�+���� ��� � m } " n )h) o ¼> ���bAF� ���L� ��@�. ��� ¾ A{� �G¸�¾ � ��uL�"¸���� �F� ���Ê¸�02�Ê¸�� � ¹/� m } " n ` ) o �L� u �/�º¸ � �D�y���C�����X���"¸�Q $ @a¹-�L� q ¼ > ���02@ � ¹9� � � �º$-, ¹-� � � � �D���\� 0 ������¸D�/Q�¾ ���*����� ¹/� � �G¸ � N�@*� � � � � a ���¿¾f� � � � �P.�@��X���M������¹"¸��L�D�\�D�Ê¹-� � � �� 0K�����!u � ¸���@¿¾ Ax+���� ��� � +��LA�¾�¸ � ���/.v�G¸�¾ � �DuL�"¸��D�/AFE ¾ � .5AF� ���L� ��@�. ��� ¾ AFAFE m } m "�$ ` Å "�$*) oDo ¼Z � � ¹/� �F� �����ºNa¸ � ¹ �L�g½ ¾ AFA m � ¸D� � � ob0�¸�¾ QC�n������¾ ´/� Q�@*���a¾ A®¾ ��� AF�5. � �D�G¸ � N�@*� � � � "�$&% "&q � �. � ¸D�Ê¹9��AFE�¸��-A�¾f���/.t���v����� ��� ���"¸D02�"¸�� � ¹/�|���"¸�QC� ¼ = � � ��� ��@*� � ��ABE � �!Q�¾(ET+a¸D�
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_�t 2 � .A)��JH � ��� � � � I ' � i � � � B4�<HRC � � HJI � E�� �1� i � � � B,�FC w BDI � � � C(�3�FH\'KHJI� � E � i B,�0. �<� HRB�I B i � E �¹|��� � � �B� HRBDIS7 � IKB � E � � � � E � E � �#� HJI �#� � � � � HRBDI9" H � E � E �h�K� �# �6� 7 � I�� � ¸(I � � i � � � B,� � � C2�5�<H\'SHRI� 
� E � i B,�#. �B� HJBDI B i � E � E � ���FBDIKH$� ¸(I � �QC �K�B�,� / & E � �9>� �KH)QB�� � HJC � E � �KB�. HRI � I � ¹|��� � � �B� HJBDI �B�C<EKB4� �E� � � IKC T@� �FC � �KHRC �1� I�� � C17 � I�� " � �6BDISC<H\� � � H � C HRI �,� � � � � HRB�I�)��<H\. � �FH\�+ HJIB" E �B� i B��\�JB#" C3/

1 H � ESHRI � EKHRC ESH\ DE 5 � I � �# @+ i � � � B,�FHNK �<� HRB�I i � � . � "�B4��I � E � C � �#��� � ��� � i �KI�� � HJBDIKC%7tÀ , � I��À 9 7|. � +-' � "	�FH �0�,� I HJI � E � i B��\�JB#" HRI� CFH\.A)�� � " � +
À-, ; 9 = Ê�Í Ç Â ?�
@? O%A�O Â O 	CB � �, ; 9 = A Í O Â 	 Í Ç Â ? B Â�D É � = 1 Í + 
 � Í O Â 	 ?1 Í = 0 / A / oT?

" E � � �P� �, ; 9 = A Í O Â 	 Í Ç Â ??� � �J� E � �JH\ DE � 5 �6B�I � " � T�� i �KI�� � HRBDISC B i � E � �RBDI� �H � ���KHRI � �\�+ � I�� � � � IKC 5T�� �<C � �+ )QB�� � �<HJC � � T H$� � � � ��)KEKB � BDI$7�� � C0) � � � H T�� �+�7 A HJC � E � )KEKB � BDI4. B�. � I � ��. i � � � � HJBDI!� � � 5
�<H � � '�+ B�I � B i � E � �KH\)�B�� � �6B�IKC � H � � � I � C17 1 HRC � E � HJI T�� �FH � I �"� I � �# @+ B i � E � �SH\)�B�� � 5 �1� �# �6�
C0+�C �#� . = 1 
 =FEHG � ? Â i B,� � E � �9>� �SH\)�B�� ��? 7 + 
 % BJI�LK 	 B Â HRC � E � . B�. � I � ��. � � � ISC i � � � I�� O 	
HRC � E � �KH\)�B�� �NM C � � � IKC T@� �<C � �KH � . �1�,� �3/
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oT0 . � � � � � ����� ����� ��� � � � �	� � �S�<����� � � 	

& E � �KH)QB�� �65 �1� �0 �1� C2� �B�#�#� �FHRI� � ./)��JH � ��� � � = 1 Í + Í O Â 	 ? � � I�' � �� )�� � C<C � � T H ��� E � �6B4� 5� � C#)�BDI��KHJI� � .A)��JH � ��� � 7 � =�� Í��#Í O Â 	 ? 7WHRI H\.A) � � �05 ) � � � . �1�#� �17 � 7 C#) � � � = � 
 � 	 HJC � B@���<H � ��6BDI � �� �B�#� � B ���	 ? w
� =�� Í + Í � Â ? L G�� ? O Â �
	���� K�� � � =�� Í��#Í � Â ? X = 0 / A / >@?

& E � C(� �B�0�,� �<HRI� � .A)��JH � ��� � � =�� Í��#Í O Â 	 ? HJC � � � �<�,� � � B � E �E� B �1� �+�5�<BDCFC�C � � � HRBDI i B,� � E � C2� �<�#�,� � 5HRI� B i �KH)QB�� � CWB i ¸ �d� � � � � IKC T�� �FC � �KH � . �1�#� �17 O 	 7�'�+ � E � B@) � HG� � � � E � B4� � . w
N
 �  =�� Í O Â 	 ?�
 G ? O Â � D É � =�� Í��_Í O Â 	 ? X = 0 / A / 4D?

& E � �KIKH �1� �FH � + B i � E � C2� �B�#�#� �<HJI� S 5 . �B� �FH �;¾ oT0p¿ = S
� � 
���� � G�� � � � Í S����� S
� � 
���� � ? H\.A)QB�C � C � E �i B��\�JB#" HRI� P�$BDI��KH � HRB�IKC� �BDI � E � C(� �B�0�,� �FHRI� � .A)��RH � ��� � C = i B,� �3� ��E � 7 � �$BDI � HRIb����. � I � �JB� @+ B i
� I� ���� � �Y. B�. � I � ��. HJI � ) � � � H � � " ��T@�O� I � � +
CFHRCWHJIMIKBDI 5 � � � �B� H T HRC � H$� ½ � � I � ��. . � ��E � IKHG�6C ?6w

D É � ��� =�� Í��_Í O Â 	 ? 
 A
G = � ���� � �!� G#" � ; � V8 � � ��!� � ���6? Í =�$ / A /&% ?

" E � � � ) � 7 � * � � � � � ' � �JC i B,�[� � ¸(IKH �#� C �1�B�#� C = BDI � E � �FH\ DE � E � I�� CFH\� � " � C0��)�)�� � C<C � E � T�� �<H 5
� '�� � C � Í��_Í O 	 i B,�	�%� � �<H � + ? / & E � ¸��<C � � I�� C � �$BDI�� �#� �0. C:BDI � E � �FH\ DE � E � I�� C<H� � B i =�$ / A /&% ?HRI T B@� T�� � � � C � H$� � I���HRI � � � C � H$�s¸(I � � C �1�B�#� C%7+� � C0) � � � H T�� �+,/

& E � '�� � �bIi'QB	��+��RH. H � = ¼�¼ R ?)� C<C0��. � C � E �B� w = H ? �6BDIJ¸� ���� �<� HRB�IKC�" H � E � E � H./) � � � ) �<5
� � . �1�#� �FC C �B� HRC i +
HJI� � Â � � Â� � - � � � �$B�./)�� �1�#� � + � 'SC<B,�0' � �H'�+ �1� �0 �1� 72H / � / � E �9� � � C � HG�(. �<5
� �FH � � � � . � I � CPB i � E � S 5 . �<� �<H � � � � K � �<B i B,� � EKB�C � H./) � � � ) � � � . �6�,� �FC w�S
��� = � � � �

� - ? 

����� G'� � ��� = � � � �

� - ? 
 � / & EKHRC H\.A)��RH � C � E �B� D É � �!� =�� Í��)( � � - Í O Â 	 ? 
 A 7 � I���� �3� �KC � BB � �!� =�� Í��#Í O Â 	 ? B Â 
 " � ; � V8 � B � �!� =�� Í��#Í O Â 	 ? B Â � E �B� HRC � B � E �"� ½ � � �RH � +MB i � E � � � � C � H$� � I���HRI � � � C � HG��6BDI � �<H\'�� � HJBDIKC � B � E �(� B �1� � �3�FBDC<C C � � � HRB�I0/ = HRH ?[� E � � �  DHRB�I � Â � � Â� � -  DH T�� C � E � �KB@. HJI � I ��6BDI � �<H\'�� � HJBDI � B � E � C(� �B�0�,� �FHRI� � .A)��RH � ��� � =�$ / A / 4D? / & E �  ,� �:�B�O� � T4� I �K�  � B i � E ��¼�¼ R HRC
� E �<� � � �$�1��� �B� HRBDISC B i � E � � ./)��JH � ��� � C4B i C<B�. � C#. � �\� 5 Ê )��<B'� � C<C � C(�KB IKB � � � ½ �SH$� � C#) � �$H»¸+�. B	� � � � C<C0��./) � HRB�IKC3/ Î B,� � B T�� �%7 � C;" H\���' � �KHJC2�%�SC<C � �9� �B�#� �17 � E �.¼.¼ R � )�)��FB � H. �<� HRB�I C �%� . C
� B ' � � �:� �JHRC � H$� i B,� _�t 2 BDI E �:� T +�I	���%� �3� � �1� �# �6� C3/& E � � � ) � I�� � I�� � B i � =�� Í��#Í O Â 	 ? BDI � E � H\.A) � � � ) � � � . �6�,� �%7 � 7 �B� � � �# � � i B���RB#" C i �FB�.� I � � + � H$�[)��<B�) � � � H � C�B i � E � C(� �B�0�,� �<HRI� � .A)��RH � ��� � � =�� Í!*¦Í O Â 	 ? HRI * 5 )�� � I � / x CFH\.A)�� �	� I � �+�CFHRC� �3� �KC � B � =�� Í��_Í O Â 	 ? 
 Ë �3� ) = %,+ � ?9�B� � � �# � � 7 " E � � � Ë Ã Ê� 9 = Ê�Í O Â 	 ? Ã A_È Ê � / Cv� I�� � 7i B��\�JB#" HRI� � �<BDHJC<C � � �2¾ o�> 7 o $ ¿ " � . � + �6T4� �\� �B�#�D� E � . � � H. � ��H./) � � � ) � � � . �6�,� � ��E � � � � �,� � 5HRCFHRI� � E � '�� � �bI4'�Bd��+i�JH\. H � / n I � B�' �1� HJIKC � Â� � - Ã A_È + Â �RI Â A_È Ê i B,� � Ib���1� � BDI �K� �# �6� 7 � I��
� Â� � - 
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7 C<HJI� � E � C � � � � �B� HRBDISC<EKH)KC%7 i B,� � E �L� B �K� �V�KH\)�B�� �65 Ib���1� � BDI C(� �B�0�,� �<HRI� �3�FBDC<CPC � � � HJBDI = C �%�
� �RCFB =�$ / A / 4D?<? HJI � E ��¼�¼ R � )�)��FB � H. �B� HRBDIS7
BDI � B@' �1� HJIKC

�N  �  =�� Í O Â 	 ?�
 G Ä = Æ Â� G > Ë � �JI Â A_È Ê ? X =�$ / A / $ ?

t I � ���KH � HRB�I � B � E �(� B �K� � �5�<BDCFC4C � � � HJBDI$72BDI � � � I ���� . HRI �O� E � * 5 � � ) � I�� � I�� � B i � E � �3�FBDC<CC � � � HJBDI$7+�$B,�2� � C#)�BDI��SHRI� � B � E �O� ./)��RH � ��� � HJI =�$ / A / >@? 7�� � ¸(I � � � E��<B��� DE H � C C0�RB�) � 7�� w
O �RI N =�� Í * ?O *

��� 
 8�� 
 � 
 � � G G * ��dc �JI A_È Ê 
�� O Â � � Â � =�� Í��#Í O Â 	 ?G � O Â � � =�� Í��_Í O Â 	 ? Í =�$ / A / 
 ?

" E � � � * ��Qc L O = � È G ?�È O �RI A_È Ê / 1 � �KC �!� '�B T��A� E �B�L� E � * 5 � � ) � I�� � I�� � B
� � E � � �:� � � I��H\. �  DHJI � �0+A) � � � C B
� � E ��� ./)��JH � ��� � HJC � E � C � . � / t I � E ��¼�¼ R 7KBDI � B�' �1� HJIKC
� 
 � Â� � -> 
 Æ Â9> GºË 9 �RI Â A_È ÊuÍ
* ��dc 
 Ë 9 �JI A_È Ê X =�$ / A / �T?

CJ� � � Æ 9 HJC � E � � � �KH�KC B
� � E �4�1� �# �6� 7 Ë�9 HRC � � � � � B,�@" EKHG��E HJC C<H. H� � ��� B,� Ib���%� � BDI � I��
Ib���%� � �KC �1� �# �6� C3/ CJ� I�� � � B,�O)�� � � � HG� � �P)����#)�BDC � C%7 BDI � � � I I �  �� � � � Ë�9 � B,� E �:� T + Ib���%� �:� �
�1� �0 �1� C3/

� HRI � �\�+@7 � E � )��<B � BDI C � �#��� � ��� � � �SI�� � HRBDI = �<� ¸ �d� � Ç Â ? HRI � E ��¼�¼ R � �:� �KC
À��Â = Ê�Í Ç Â ? Ã 7

�
	 Â� Ç

Â G Ä�Æ Â�A G Ä M = A G
> Ë Â �
Æ Â� �RI Â Ê � È Ê ? �JI A_È Ê X =�$ / A / A0�T?

CJ� � ��� E � C#��. HRC �K� I � I�B T@� � � � � � � �<HG� ��E � �0 � C 	 � B
� � � � H T��d½ � � ��I�¹ � T B����<C � / : B �#��� E �B�h� E �� ���KH � HJBDI � ��� � � � B,� B
�V�RI A#È Ê HRI =�$ / A / A0�D??� C �6B�.A) � � � � � B =�$ / A / $ ? HJCh��� �D� B � E � �$BDI � �<H'�� � HRBDIB
�P� � �# � . � CFC � CO� � C#��� � HJI� �� �FB�. � E � CFHRI� ���� � � I �<� ��� � B
� � E � )KEKB � BDI " � T�� � �KI�� � HRBDI / & EKHRC
� � ¹ � � � C � E � �RB� � �<H � E�. H$�Y�KH T@� �# � I�� � B
� � � IKB,�#. � �JHNK �<� HRB�I@�6B���)��RHJI� P�6BDISC �1� I � � B,� � E �J� � � � � �FH$�
��E � �0 � = � � / =�$ / A / A"!T? ' � �JB#" ? /�x�C BDI � C �1� C�� �<B�. =�$ / A / A0�T? 7� � I � � � �^)��<HRI��6H\)�� � C B#� ��$ _ � I��$7
HRI;) � � � HG�%��� � �%7 � E �	¼�¼ R � )�)��<B � H\. �B� HRBDI$7��KBMIKB �g�� �%���� ��� � � C � = �JI M A_È Ê ? HJI��3� �:� C � B
� � E �C � �#��� � ��� � � �KI�� � HRB�IKC�B
� � Ib���%� � BDI �B� Ê " � / t I � ���SH � HJBDI$7 � E � �6BDI � �<H\'�� � HJBDI%� �FB�. �KH\)�B�� � C
" H � E � E � H\.A) � � � ) � � � . �1�#� �FCL� � �# � � � E � I � �

� - B,�4C#��=��$H � I � �+ C#. � �� �KH\)�B�� � C = " ESH$��E � � �
� C<C0��. � � � B  �H T���� C#. � �\� �$BDI � �FH\'�� � HRBDI HJI � E �;¼.¼ R � )�)��<B � H\. �B� HJBDI ? CFEKB����� �6B�I � HRIb� � � B
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