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�r��� dX[]s � [Gbe[¢½ �¿¾ `�^�À ���
	 �q[_ÁA`�sfdzbe[�Â � p£Ã�\ ��¾ W � VfY[9��[JÄ
Å6¾ [�Æ � ` � ^cs�[ �ZÇ YÈ¦� YÈ��ÉÇ�È#Ê~Ë Ì�Í~ÎÏÊ �Z�t� �q^ep£[]\�dXpx^a\�[���[�d£Ð�Ñ[]VX[
Å Æ Ò�px`�s�Ó Ò ÎÏ�ÕÔ¨Ö~Ë Ì�Ô È�× ` ¾ ^csq`tdX[ � p
Å Æ � Ð�px^cV£d � W�Ð�[ Ò Ì~Ç¨ØÙÈ#Ô � prY[]V£^c��[]sfdz� � Â � p£Ã
Å Æ È px^c\ Ú Ë~Û Ò ËÙ�qÜ Ç `tWqW � p£dX[ � p
Å Æ Å ^c\ÝÐq`fÞ[]b Ú ��Ë��ÕÈ#Ê È�× ` ¾ ^csq`tdX[ � p
Å Æ Ë pxs�` � � ��Ì��¨ßÙÔ¨Ô¨È Í ^epx[]\�dX[ � p���[�d£Ð{Ñ[]V£[
Å Æ Í���¾ ^csq^cà � [ �lË~����ÎáÊ Ç `tWqW � p£dX[ � p
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Û [GV ��� Ð�`�^edX[_px`�^cV¨V ��� bc^e��s�[_p¨^a\_^³be[�p��� bc[�^ ¾ W � p£d£`�sfdz��[ ¾J� s2[]s
d ��� pÝ`t��[9Wqp ��� []V£Vx^ � sqs�[]b�[_d�Wl[_pÝV � sqs�[]b��
ÂX[�s�� ` � px`�^�W `�V W � [���[]\�d � [_p�bc[�dXpx`]Át`�^cb³��Y[]\�px^cdz�q`�sqV¨\�[_dXdX[9d£Ð�Ñ[]VX[9Vx`�sqV [ �Õ× Æ

Û [¬px[ ¾ [_px\_^e[�d ��� dJ��� ` ��� px�(be[]V3��[ �Õ× �q^cp£[]\�dX[ � pxV3� �(���Z�q����Û�� Ðq`�sqs ��� bcb � d9[_d � [_p£��[ Ú ��× W ��� p
¾ � `�Á � ^ep�`�\_\ � []^cbcbc^��q`�sqVzbe[ � p¨bc` ��� px`td � ^epx[�Æ
Û ['Á ��� ��px`�^cV~p£[ ¾ [_px\_^e[_p � Ð�pÝ^cVXd � W�Ð�['Ò � px��[_d���� `]Á � ^ep � ^e[]sªÁ ��� b � WqpÕY[]V£^a��[_p ¾J� s¬Â � p£Ã6��['d£Ð{Ñ[]VX[�Æ Û [

p£[ ¾ [_px\_^e[¿Y[_��`�be[ ¾ []sfd È pÝ^c\¦ÚG`*Â � `�V�� [_d Í~��¾ ^csq^aà � [ � `�bcbc^cs3à � ^ � s
d�`�\_\�[_WqdrY[Ù�����[_dXp£[¨be[]V®px`tW�W � pxdX[ � pxV®��[ \�[
dXpx`�ÁA`�^ab � `�^csqV£^�à � [�Ò�px`�s�Ó Ò®^cbed£Ðq` � d¦[_d Å ^c\ÝÐq`t[]b³Ú�bc`�V£[]s � W ��� pZbc[ � pxV�p£[]be[]\�d � px[]V [_d¨be[ � pxVZ\ ��¾¢¾ []s
d£`�^epx[]V
��[ ¾¢� s ¾ `�s � V£\�px^ed ��[�d£Ð{Ñ[]V£[�Æ
Û ['p£[ ¾ [_px\_^e['ÁÕ^eÁ�[ ¾ []sfd Ë pÝsq` � � ��� \ � dXdX[ ��¾J� s7�q^ep£[]\�dX[ � p���['d£Ð�Ñ[]VX[ � [_d � ` � ^as�[ � prY[_W�Y[ �ÉÇ []sq` � ��^cs �

¾ `3\ �t� �q^epx[]\�dXpx^c\�[ � W ��� p�bc[ � p¦��pÝ`�sq��[Ù�q^cVXW � sq^ � ^cbc^edrY[ � be[ � pÝV¦\ � sqV£[]^cbcV¦[_d�W ��� p ¾ � `�Á � ^ep � `�^cd¦W�`tpxd£`t��[_p¨be[ � p
W�`�VxV£^ � s9W ��� p®ba`zW�ÐfÃÕV£^cà � [��q[]V�W `tp£d£^c\ � be[]V]Æ Û [ZV � ^cV�W�`tp£d£^c\ � ba^ Ñ[_p£[ ¾ []sfd®Ðq[ � p£[ �Õ× ��� `]Á � ^ep3Y[_dfY[�be[ � p�W�p£[ ¾ ^e[_p
d£Ð�Y[]V£`tpÝ���tÂX[�be[ � pzV ��� Ðq`�^edX[���[�\ � sfd£^cs � [_pz`�^csqVx^ Æ

Û [3V � ^cV�W�`tp£d£^c\ � ba^ Ñ[_p£[ ¾ []sfd�p£[]�q[_ÁA` � bc[ Ñ`�d ��� VÙbe[]V ¾ [ ¾9� p£[]VÙ��[]V~��p ��� W�[]V Ë�Ô¨��Ë�� [_d Í� � � bc` ���t�
px`td � ^cp£[�W ��� pzbe[ � pz`�^c��[�W�prY[]\_^e[ � VX[!� [_dz[]s6W�`tp£d£^c\ � ba^e[_p9Ñ`¿be[ � p¨p£[]VXW � sqV£` � be[�p£[]VXW�[]\�d£^ � Òq`�^ep ��� � Å `�be[_Ó�[_d
Ø Y[_px`tpÝ� � `*Â � dGW ��� p9b"� `�\_\ � []^cb¦à � � ^abcV ¾ � � sfdGpÕY[]VX[_pxÁ�Y[ [_dGW ��� pG`�Á � ^epJV � ��Y[_p£[_p ¾J� s�� ����� bc[¢VXd£`td � d_Æ Û [
d£^e[]s�VJÑ`�p£[ ¾ [_px\_^e[_p.Y[_��`�be[ ¾ []sfd�d ��� V�be[]V ¾ [ ¾G� px[]V~�q[]V�\ � bcbc` ��� px`td£^ � sqV Í# �� Ò�pÝ`�sq\�[J[_d Ë�Ô¨��Ë��f� Ò�pÝ`�sq\�[
W ��� p be[ � pÝV \ � sqVX[]^cbcV¨[_dzbe[]V¨V � ^cprY[_[]V¨W�`�V£VrY[_[]Vz[]sqVX[ ¾9� be[�Æ
Û [�p£[ ¾ [_pÝ\_^e[�ÁÕ^eÁ�[ ¾ []sfdzbe[]V ¾ [ ¾9� p£[]V�� � ��p ��� Wl[%$ � ÐfÃrV£^aà � [��q[]V prY[]`�\�dX[ � pxV'&�� � ba` �l� pÝ`td � ^ep£[ � `�Á�[]\

à � ^qÂ�� `�^�\�[_p£d£`�^cs�[]V�`)(¬sq^edfY[]V_Æ � []VÙ�q^cVx\ � V£V£^ � s�Vz� �ª¾ ^c�q^�V � sfd~d ��� Â ��� pÝV�dXp]Ñ[]V�^as
drY[_p£[]V£Vx`�s
dX[]V � \ ��¾¢¾ ['W�`tp
[ × [ ¾ W�be[�V � p¨be[]V W�[_pxVXW�[]\�d£^eÁ�[]VZpÝ`�^cV � sqs�Y[_[]V���[�bc`'Wqp � � � \�d£^ � s0Y[]sq[_p£��Y[_d£^cà � [�Æ
Û [Zd£^e[]sqV¨Ñ`~p£[ ¾ [_px\_^e[_p�\�[]babe[]V�[_d�\�[ �Õ× à � ^ÕV � sfd®^asq�q^cVXW�[]sqVx` � be[]V¦Ñ`Ùbc`~ÁÕ^e[�� � ba` �l� pÝ`td � ^ep£[ÙÄÝÂÏ[ZÁ�[ �Õ× W�`tp �

be[_p¨� � VX[_p£ÁÕ^c\�[G`�� ¾ ^csq^cVXdXpÝ`td£^ � s�[_dz� � VX[_pxÁr^c\�[9^cs � � p ¾ `td£^cà � [ � V£`�sqV ���q� bc^e[_p¨be[�V£[_p£Ár^a\�[G� � \ �q¾ []sfd£`td£^ � s{Æ
Û [�be[ � p¨`�^³V ��� Á�[]s
dz`tW�W � pxdfY[9��[]V*$X\ � bcbc[]V'&'[_dz^cbcV � sfd¨d ��� Â ��� pxVzV � dXp ��� Á�[_p � s�[�V � b � d£^ � s{Æ
Û [¢� � ^cV � []` � \ ��� W Ñ` Û []`�s ��Å `tpx^e[¢��[ �Z� s
d � ��p)�`�\�[ªÑ`2à � ^ Â�� `�^®W �)¾ � [ × [_px\�[_pG` � �q^+(¿\_^cbe[3[ × [_pÝ\_^c\�[

à � � []VXd b"� []sqV£[]^e��s�[ ¾ []sfd_Æ � [ � � d � sq[~[ × WZY[_px^e[]s�\�[�dXp_Ñ[]V¨[]s�px^a\xÐq^cVxV£`�s
dX[�Æ Å [_px\_^�Y[_��`�be[ ¾ []sfd3Ñ`J\�[ �Õ× à � [¦Â,� `�^
p£[]s�\ � s
dXpÕY[]V�W�[]sq��`�s
d ¾ `�d£Ð�Ñ[]VX[J[_d�\xÐ�[,�¢à � ^�Â,� `�^�W � dXp ��� Á�[_p�V ��� d£^e[]sª[_d�\ � sqVX[]^abcV3Ä�Òqpx`�sq\�[ ��Û�� \�[]beÃÕs�[ �
Å `�Ð � ��� ��[_d Å ^c\xÐq[]b Æ � [ � pJ\ � s
d£`�\�dJ[_d'be[]V'�q^cV£\ � V£V£^ � sqV ¾ � � s
d � []` � \ ��� W(`tWqW � p£drY[�Æ Û [�d£^e[]sqV3` � V£V£^�Ñ`
p£[ ¾ [_px\_^e[_p È baV£`'[_d Ë pxsq` � ����� `�Á � ^ep�Y[_drY[3W�b � V à � [���[]V¨\ � bab Ñ[_� � []Vz��[GdXpx`]Át`�^cb Æ

Å [_px\_^ � []` � \ ��� W�Ñ`'d ��� V¨be[]V d£Ð�Y[]Vx`tpx�qV � W ��� p b"� ` ¾9� ^c`�s�\�[�[_d¨b"� `�sq^ ¾ `td£^ � s-� ¾ [_px\_^{W�`tpxd£^c\ � bc^ Ñ[_p£[ ¾ []s
d
Ñ` Ë sqsq[ � Ò�bc[ � p ��Ë sqs�[ ��Å `tpx^e[ �/. []sAÂX` ¾ ^cs �0. [_pxs�`tpx� �1�0. [_p£dXpÝ`�sq� �2. Â�Þ� pxs �®Û�� sq`td£Ð�`�s �®Û
� bc^e[]s �³� ` � p£[]sfd �
��� � �1��ß b �1� � ` ¾3� []b ��� ÃÕbeÁt`�^cs�[_d Ô Ð ��¾ `�V]Æ Ì s ¾ [_px\_^{VXWZY[]\_^c`�b¦Ñ` ¾ []V¨\ �t� b � \_`td£`�^ep£[]V���[ ��� p£[]` � Ä Û
� bc^e[]s





à � ^ ¾ � ` � []` � \ ��� W.`�^c�¦Y[ � [_d . []s � � �ed�à � ^{`¢p£[]b � [_dz\ ��¾¢¾ []s
drY['\�[_dXdX[Gd£Ð{Ñ[]VX[�Æ
Û [ p£[ ¾ [_px\_^e[�[]s���s ¾ []VJ` ¾ ^cV � � � s
dJ\�[_p£d£`�^asqVJV � sfd3W�p � \ÝÐ�[]VJ��[�bc`ª�¦Y[]bc^eÁrpx`�sq\�[?Ä . []s � � �ed �#ß bc^eÁÕ^e[_p �

Å ` � � ��� Y[ � `�VXd£^e[]s �ÕË~� prY[]bc^e[]s¿[_d Û []`�s � . [_pxsq`tpx�{Æ Û [~s�� `�^ W�`�V#d ��� Â ��� pÝVJY[_dfY[�dXp_Ñ[]V �q^cVXW � sq^ � be[�Wl[]s��q`�s
d¦\�[]V
dXp � ^aV#`�sqs�Y[_[]V_Æ Å []VZ��[_pxsq^e[_pÝV�p£[ ¾ [_px\_^c[ ¾ []s
d£VZV � sfdZ`���p£[]V£VrY[]V�Ñ` ¾ ` � ` ¾ ^cbcbc[¨W ��� p#be[ � pÝV�[]sq\ ��� pÝ`t��[ ¾ []s
d£V �
[_d3Ñ` Å `tpx^e[ �ÉË sqs�[GW ��� p¨V£`'W�`td£^e[]sq\�[ � [_d¨W ��� p¨V � s�pÕY[]\ � s � � p£d~�q`�sqV¨be[]V ¾¢��¾ []s
d£V��q^ (¿\_^abe[]V_Æ
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½tÆc½ Í []V£\�px^cWqd£^ � s�� �6Å6� ��Ñ[]be[ � d£`�sq��`tpx� Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KJ

½tÆc½tÆc½ Ô px`�sqV ��� p ¾ `td£^ � sqVZ[_d¨��p ��� Wl[]Vz��[�VXÃ ¾ Y[_dXpx^e[�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KL
½tÆc½tÆ À � []V¨\xÐ�` ¾ W�Vz�q[ ¾ `td£^ Ñ[_p£[ Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KL
½tÆc½tÆ  � []V¨\xÐ�` ¾ W�Vz�q[�ÂX` � ��[RÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½ 	
½tÆc½tÆ � � [ ¾ Y[]\_`�sq^cV ¾ [9��[ Ö ^e����V Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ½KM
½tÆc½tÆNJ Ø Y[]s�Y[_pÝ`td£^ � s.�q[]V ¾ `�V£V£[]V¨��[]V W�`tpxd£^c\ � be[]V¬Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À �
½tÆc½tÆNL � [ Å2� �{Ñ[]be[ � d£`�sq�q`tpx��` ��×�� px�qp£[]V¨V � WZY[_pÝ^e[ � pxV�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À�À
½tÆc½tÆ 	 Î sqV � (¿V£`�sq\�[]V � �2Å6� ��Ñ[]be[ � d£`�s��q`tpx�.Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ÀOJ

½tÆ À � p � � � \�d£^ � s�� � à � `tp£Ó�d � W.` � W�p_Ñ[]V¨��[�\ � bcbc^aV£^ � sqs�[ � pxV¦Ð�`���p � sq^cà � []V�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À 	
½tÆ ÀrÆc½ � `�bc\ � bcV ��[]VzVX[]\�d£^ � sqV [,(¬\_`�\�[]V���[�W�p � � � \�d£^ � s ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ À 	
½tÆ ÀrÆ À � p � � � \�d£^ � s���[�W `�^ep£[]V ��[�à � `tp£Ó�d � W Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ÀOM
½tÆ ÀrÆ  � p � � � \�d£^ � s�V£^ ¾ W�be[2Y[]be[]\�dXp ��� `�^ � be[G�q[�à � `tpxÓrV d � WNÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ t�
½tÆ ÀrÆ � Í Y[]V£^csfdfY[_��px`td£^ � s?� � à � `tp£Ó�d � W6Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ  ½

½tÆ  � Ð¦Y[]s ��¾ Y[]s � b � ��^e[3� � à � `tp£Ó�d � W.` �Õ× \ � bcbc^cVx^ � sqs�[ � pÝV¦Ðq`��qp � sq^cà � []VLÆ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ  À
½tÆ  Æc½ � ^e��sq`td � p£[]V �q[]V W�`�^ep£[]Vz��[�à � `tp£ÓrVZd � W.Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ  À
½tÆ  Æ À � p � � � \�d£^ � s ¾3� bed£^ ÂX[_d£V�Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ  L
½tÆ  Æ  � p � � � \�d£^ � s���� � s �l� V � sQP `�Á�[]\9�q[]V�ÂÏ[_d£V�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ ��
½tÆ  Æ � � p � � � \�d£^ � s���� � s �l� V � sQR�S9T/U�`]Á�[]\3��[]V�ÂX[_d£V0Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ  M
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D/E�Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ M �
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JrÆ  Æc½ � Y[]bc[]\�d£^ � s6� � Á�[_pxdX[ × Wqpx^ ¾ `�^cp£[GÆ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½�½KM
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JrÆ  Æ � � Y[]bc[]\�d£^ � s6��[]V®ÂÏ[_d£V8Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À�À
JrÆ  ÆNJ � Y[]bc[]\�d£^ � s6��[�b ��Y[]sq[_p£��^e[�dXpx`�s�VXÁ�[_pxVX[ ¾ `�sqà � `�s
dX[PÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À �
JrÆ  ÆNL � Y[]bc[]\�d£^ � s6��[]V®ÂÏ[_d£V���[�à � `tp£ÓrV � []` �Õ× Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]ÀOJ
JrÆ  Æ 	 È (¿\_`�\_^edrY[9�q[�VfY[]be[]\�d£^ � sª��[]V¬Y[_Á�Y[]s�[ ¾ []s
d£V~d f d�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À 	

JrÆ � È ÁA`�b � `td£^ � s���[]V � � sq�qV�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À �
JrÆ � Æc½ È VXd£^ ¾ `td£^ � s���[]V � � sq�qV ¾3� bed£^ ÂX[_d£VµÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½]À �
JrÆ � Æ À È VXd£^ ¾ `td£^ � s���[]V � � sq�qV	��
6ÂX[_d£V ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ t�
JrÆ � Æ  È VXd£^ ¾ `td£^ � s���[]V � � sq�qV Ü 
2ÂX[_d£V Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
JrÆ � Æ � È VXd£^ ¾ `td£^ � s���[]V � � sq�qV Í ^ ��� V � sqV ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½  J
JrÆ � ÆNJ È VXd£^ ¾ `td£^ � s���[]V � � sq�qV¨`�Á�[]\Gà � `tp£Ó�d � W�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½  J
JrÆ � ÆNL È (¿\_`�\_^edrY[]V~��[�VfY[]be[]\�d£^ � s.��[]V � � sq�qV!Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �	

JrÆNJ È�× dXpx`�\�d£^ � s6��[�bc`JV£[]\�d£^ � s�[,(¿\_`�\�[(Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½  M
JrÆNJrÆc½ Å Y[_d£Ð � ��[9^edrY[_px`td£^cÁ�[ ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½  M
JrÆNJrÆ À Å Y[_d£Ð � ��[9��[�Árpx`�^cV£[ ¾G� ba`�sq\�[�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ ���
JrÆNJrÆ  Å Y[_d£Ð � ��[9��[�Árpx`�^cV£[ ¾G� ba`�sq\�[�`]Á�[]\GW�`tpx` ¾ Ñ[_dXp£[]V~��[�s � ^cV£`�sq\�[²ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � ½

JrÆNL Î sq\�[_p£d£^ed � ��[]V VXÃÕVXdfY[ ¾ `td£^cà � []V¿ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � À
JrÆNLrÆc½ Î sq\�[_p£d£^cd � ��[]V V � p¨ba` ¾ []V � p£[��q[Gbc`Jb �q¾ ^cs � V£^edrY[ ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � À
JrÆNLrÆ À Î sq\�[_p£d£^cd � ��[]V V � p¨bc[��¦Y[]\_be[]sq\xÐq[ ¾ []s
d6Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � À
JrÆNLrÆ  Î sq\�[_p£d£^cd � ��[]V V � p¨ba`'p£[]\ � sqVXdXp � \�d£^ � s2� � Á�[_pxdX[ × W�px^ ¾ `�^epx[ Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �

JrÆNLrÆ � Î sq\�[_p£d£^cd � ��[]V V � p¨b � ^c��[]sfd£^ ��\_`td£^ � s���[�b ��Y[]bc[]\�dXp � sNÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �

JrÆNLrÆNJ Î sq\�[_p£d£^cd � ��[]V V � p¨b � ^c��[]sfd£^ ��\_`td£^ � s�� ��¾3��� sºÆ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � �
JrÆNLrÆNL Î sq\�[_p£d£^cd � ��[]V V � p¨b ��Y[_d£^aà � [_d£`t��['��[]V�ÂX[_d£V Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � �
JrÆNLrÆ 	 Î sq\�[_p£d£^cd � ��[]V V � p¨ba`'p£[]\ � sqVXdXp � \�d£^ � s�[_d�ba`J\_`�bc^ � px`td£^ � s��q[]V�ÂÏ[_d£V)Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � L
JrÆNLrÆ � Î sq\�[_p£d£^cd � ��[]V V � p¨b ��Y[_Át`�b � `td£^ � s6��[]V � � sq�qV ¾3� bed£^ ÂÏ[_d£V [_d��
6ÂX[_d£V©Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �f	
JrÆNLrÆNM Î sq\�[_p£d£^cd � ��[]V V � p¨bc[]V � pÝ`�\�d£^ � sqV¨��[���
6ÂX[_d£V Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �f	
JrÆNLrÆc½ ��Î sq\�[_p£d£^cd � ��[]V V � p¨b ��Y[_Át`�b � `td£^ � s6� � � � sq� Ü 
¦ÂÏ[_d£V7ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
�
JrÆNLrÆc½�½ Î sq\�[_p£d£^cd � ��[]V V � p¨ba` ¾ `�V£VX[G� � à � `tpxÓ¬d � WQÆ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �
�
JrÆNLrÆc½]À Î sq\�[_p£d£^cd � ��[]V bc^ Y[_[]V'Ñ`Jbc`JVXd£`td£^cVXd£^aà � [���Y[]s�Y[_pÕY[_[¢bc^ ¾ ^edfY[_[ Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � M

JrÆ 	 Ç Y[]V � bed£`td£V Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � M

	



JrÆ 	 Æc½ � `�sq`�b{[ 
#ÂX[_d£V²Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJ �
JrÆ 	 Æ À � `�sq`�b � 
#ÂX[_d£V Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJÕ½
JrÆ 	 Æ  Ç Y[]V � bed£`td£V�\ ��¾G� ^as¦Y[]V¬ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJÕ½

JrÆ � � Y[_px^ ��\_`td£^ � s�VzV � W�W�bÝY[ ¾ []sfd£`�^ep£[]V Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJ �
JrÆ � Æc½ Å []V � px[���[Gb"� [,(¿\_`�\_^cdfY[3����Y[_d£^cà � [_d£`t��[ Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJ �
JrÆ � Æ À Å []V � px[���[Gbc`JVX[]\�d£^ � s�[,(¿\_`�\�[9`�Á�[]\9ba` ¾ Y[_d£Ð � �q[G^edfY[_px`td£^eÁ�[LÆ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJOL
JrÆ � Æ  � `tpÝ^c` � be[]V¨\_^as¦Y[ ¾ `td£^cà � []V [_d¨��b ��� `�be[]V=Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJOL

JrÆNM ��� s�\_b � V£^ � s Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KJOM
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LrÆc½ � [ ��Ö�� Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KL 
LrÆ À � [G�¦Y[_dX[]\�dX[ � p Ë�Ô¨��Ë�� Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KL �

LrÆ ÀrÆc½ � prY[]VX[]sfd£`td£^ � s6��Y[]s�Y[_px`�bc[ Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KL �
LrÆ ÀrÆ À � ÃrVXd_Ñ[ ¾ []V���[G��Y[_dX[]\�d£^ � s6[_dzW�[_p � � p ¾ `�sq\�[]V¬Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KLOJ

LrÆ  Î ��[]sfd£^ ��\_`td£^ � s2�q[]V ��� ÂX[_d£V·Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 �
LrÆ  Æc½ Î ��[]sfd£^ ��\_`td£^ � s��q[]V�Y[]be[]\�dXp � sqV�Y[]s�[_p£��Y[_d£^cà � []V~^cV � b Y[]V.Æ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 �
LrÆ  Æ À Î ��[]sfd£^ ��\_`td£^ � s��q[]V ¾3��� sqV�Y[]s�[_p£��Y[_d£^cà � []V~^cV � b Y[]V�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 �
LrÆ  Æ  Î ��[]sfd£^ ��\_`td£^ � s��q[]V®ÂX[_d£V¨Ðq`���p � s�^cà � []V²Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 J
LrÆ  Æ � È d£^cà � [_d£`t��[G��[]V�ÂX[_d£V)ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 L

LrÆ � � `¢V£^ ¾3� bc`td£^ � s ��[]V Y[_Á�Y[]s�[ ¾ []sfd£V�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	�	
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	 Æc½ Í []V£\�px^cWqd£^ � s���[]V¨� � sqs¦Y[_[]VzV£^ ¾9� b Y[_[]VnÆ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ 	 M
	 Æ À � Y[]be[]\�d£^ � s6��[]V�Y[_Á�Y[]s�[ ¾ []sfd£V�dgf dNÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ �t�

	 Æ ÀrÆc½ � prY[ � VfY[]be[]\�d£^ � sª��[]V Y[_Á�Y[]s�[ ¾ []sfd£V�d f d7ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � ½
	 Æ ÀrÆ À Ç []\ � sqVXdXp � \�d£^ � s�[_dzVrY[]be[]\�d£^ � s6��[]V �l� V � sqV P Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ � J
	 Æ ÀrÆ  � `tpÝ^c` � be[]V d � W � b � ��^aà � []VZ��b ��� `�be[]VPÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½ ���
	 Æ ÀrÆ � È (¿\_`�\_^edrY[9�q[�VfY[]be[]\�d£^ � sª��[]V¬Y[_Á�Y[]s�[ ¾ []s
d£V~dgf d�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM �

	 Æ  È�× dXpx`�\�d£^ � s6��[�bc`JV£[]\�d£^ � s�[,(¿\_`�\�[(Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KMOL
	 Æ � Î sq\�[_p£d£^ed � ��[]V VXÃÕVXdfY[ ¾ `td£^cà � []V¿ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM 	

	 Æ � Æc½ Î sq\�[_p£d£^cd � ��[]VZd£Ð�Y[ � px^cà � []V9Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM 	
	 Æ � Æ À Î sq\�[_p£d£^cd � ��[]VZ[ × W�Y[_px^ ¾ []sfd£`�be[]V�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ�Æ�Æ�Æ�Æ�ÆGÆ�Æ)½KM �
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Kidonakis and Vogt, PRD 68, 114014 (2003)  

Cacciari et al., JHEP 0404, 068 (2004)
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0.07 Impulsion transverse de l’electron :
 e+jets→tt
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Pseudo-rapidite de l’electron :

 e+jets→tt
W+jets
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Impulsion transverse du muon :

+jetsµ →tt
W+jets
Z+jets
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Pseudo-rapidite du muon :

+jetsµ →tt
W+jets
Z+jets
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Multiplicite en jets :

 l+jets→tt
W+jets
Z+jets
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Pseudo-rapidite des jets :

 l+jets→tt
W+jets
Z+jets
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Energie transverse manquante :
 l+jets→tt

W+jets
Z+jets
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Donnees avant coupures
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 e+jets→t t
 single top voie t
 W+jets
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Sphericite totale :

 e+jets→t t
 single top voie t
 W+jets
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ln(Aplanarite totale) :

 e+jets→t t
 single top voie t
 W+jets
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Centralite totale :
 e+jets→t t

 single top voie t
 W+jets
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Pousse totale normalisee :
 e+jets→t t

 single top voie t
 W+jets
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