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k ~ d � ��}�a�{ ~ � + c ��l � � cep,{�}�a�{ l�n c��fd � c t ~ c�}�p nuz { o@? 0 n }�a o�n ~ g t }�c � {rdfg o { n �f{ �_m { z }�dfp o
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1 ��- �D�+8

��� }�a�{ � � � }�a&{�dfp ^ ? }�a�{ o }�p,d � � z d t dfp � { t?l�n?o ~ { l&n c�}�{ l ]_^ ~ c o,o�t { o�o�m { z }�dep�� t g�d ��o@?
0 a nuz a z d ~ { nu� { n �fa_} l�n �={�p,{ � } z d t dfp z d ~ ] nu� c�} n d ��o q

� � � � � � � � � � � � � � � � � �
� �

� 1 � � � � � 8 � � �� 1 � � � � � � � � � 8 1 ��- � � 8

| a�{�p�{ ~ c nu��n?� � z d ~ ] nu� c�} n d ��? }�a�{ ��� 1 / 8 z d t dfp o,nu� � t {r} ?

� �
/ 1 � � � � � � � ��8 1 ��- � / 8

l db{ o�� de} z cep,p ^ z d t dep(c ��lxz c ��� de} ~ { l�n c }�{�}�a&{ n?� }�{�p�c z } n d � ] {r} 0 {�{ � z d t dfp z a�cep��f{ o -
| a�{ o }�p,d � � z dfg v�t?nu� � v cep�c ~ { }�{rp ��� n?o%� d�}Pc z d ��o }�c � } ?An?��o }�{ c l ?In } z a�c � �f{ o 0 n }�a

}�a�{0{ � {�p�� ^ o�z c t {G-�i�dfp m�n d t { � } z d tut?nuo�n d ��o 0 n }�a m {�p ^ a n �fa � H'1 }�a�{ ~ d ~ { � }�g ~ }�p�c �&o �
� {rp�p,{ l 8 ? }�a�{ o }�p�d � � z dfg v&tunu� � ����� ��- | ahg o v {�p,}�g�p ] c�} n d � }�a�{�dfp ^3~ c ^ ] {Cg o { l }�d
z c tuz g t c }�{ o a�dfp } � l�nuo } c ��z { 1 n - {D-�a n �fa ��{ � {�p�� ^ 8 nu� }�{�p�c z } n d ��o - � { ��z { ? }�a&{�}�a&{�dfp ^ n?o�z c tut { l
.,c o ^�~ v }�de} nuz c tut ^ � p,{�{ 0 ? 0 a nuz a ~ { c ��o }�a�c�}�c�} m {�p ^ o a�dfp } l�nuo } c �&z { o@? {D- � - nu��o,nul { }�a�{
p�c l�n g o d � }�a�{ v p,de}�d � ? }�a&{0��g�cep%� o ] {�a�c m {#c o�n?� }�a�{ ^ 0 {rp�{ � p�{r{ v cep } n?z�t { o - k } t d 0 � H
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1 dfp0{��hg n�m c t { � } t ^ ?�t cep��f{rp l�n?o } c ��z { o 8 ? }�a�{ z dfg v�t?nu� � z d ��o }�c � } ��� ] { z d ~ { o#t cep,�f{�c ��l
}�a�{ }�a�{�dep ^ nuo }�ahg o�� d � � v {�p }�g�p ] c�} n?m {G- � d 0 { m {rp t c�},} nuz { �_ceg��f{ z c tuz g t c�} n d ��o(z c � v p,d �
m�n?l { c ��o 0 {�p o�nu� }�a�c�}�p�{�� n ~ {D- | a nuo t cep,�f{ � l�nuo } c �&z { ] {ra�c m�n dfp nuo p,{ o�v d ��o,n ] t { � dfpP}�a�{
z d �&��� { ~ { � }Yd � �hg�cep
� o c �&l � t g�d �&o�nu��o,nul {Pa�c l p�d �&o -

����� � 
�� � � � � � 
 ��� � � �
� � � 
 � ��
��

k%t }�a�dfg��fa }�a�{C`�} c �&l cep l w d l { t d �5v cep,} nuz�t { v a ^ o�n?z�o a�c o ] {r{ � }�{ o }�{ l p,{ v { c�}�{ l�t ^
c ��l � deg ��l }�d ] { nu� �fd�d l ce�ep�{�{ ~ { � } 0 n }�a }�a�{#{ �bv {�p n ~ { � } c t { mbn?l { �&z { 1 c o,nul { � p�d ~
c � { 0 } 0 dydfp�}�a&p�{�{ o }�c ��l c�p l3l { m�n c�} n d � {��I{ z } o 8 ? }�a�{rp�{Ccep�{#p,{ c o d ��o }�d ] { tun { m {0}�a�c�}
}�a�{P`h} c ��l cep lxw d l { t=n?o5� de}�}�a�{%g t } n ~ c�}�{�}�a�{�dfp ^ d �E� g ��l c ~ { � }�c t
v cep,} nuzrt { o c ��l }�a�{ n p
n?� }�{�p�c z } n d �&o - | a�{ `h} c ��l cep l w d l { t a�c o c � 
�� ? �&; z a�d nuz { d � }�a&{ �_c�g��f{ �fp�deg v�o
c ��l v cep,} nuzrt { ~ g t } nuv�t {r} o - � } z d � } c nu��o0� d { �bv�t c � c�} n d � � dfp�}�a�{�c v�v c�p�{ � } o ^�~j~ { }�p ^
] {r} 0 {�{ � }�a&{ �hg�cep
�xc ��lxt { v }�d �xo { z }�dep o�1 n - {D-V}�a�{ o�n ~ n?t cep n } ^j] {r} 0 {�{ � }�a�{ � c ~ n?t ^ c ��l
�e{ � {rp�c�} n d � c t�o }�p�g z }�g�p,{ o {�{ ��nu�W| c ] t { �D- �+8 - kY��l }�a�{rp�{ nuo � d p�{�c o d � 0 n }�a n?� }�a�{
`h} c ��l cep l:w d l { tA� p�c ~ { 0 dep%� � dep�}�a�{ � g ~ ] {�p(d � �f{ � {�p�c } n d ��o -

� � { d � }�a�{ g �&o c�} nuo,� c z }�dep ^ � {�c�}�g&p�{ o d � }�a�{ `h} c ��l cep l�w d l { t�nuo � � d 0 � c o }�a�{
? �=����
��:; ?  v p,d ] t { ~ - | a�{�p,{ cep,{ ahg��e{ l�n �I{rp�{ ��z { oYnu� }�a&{ { � {�p,� ^ o�z c t { o d � }�a�{ m c�p n deg o
n?� }�{�p�c z } n d �&o qA}�a&{ � � � o�z c t { nuo d � dfp l {�p>���P{ �#E z H 1"� r����
	 ��	
��8 $ }�a�{O{ t { z }�p,d 0 { cG� o�z c t {
n?o d � dep l {rp�� �f� �P{ � E�z H 1"� r � ��� 	 � 8 $�}�a�{ o�z c t {Od � �ep�c ��l g �&n?��z c�} n d ��1 � � | 8 nuo cep,dfg ��l
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� � ; � �P{ � E�z H $fc ��l }�a�{�s t c ��z � ~ c o�oQo�z c t { nuo c ] dfg&}�� � ;�� �P{ �#E z H 1 r������ �	��
 �
� �� F � � 8 -
k%� de}�a&{�p g �&o c�} nuo,� c z }�dep ^ � { c�}�g�p�{Cd � }�a�{ `�}�c ��l c�p l w d l { t5nuo � � d 0 � c o }�a�{ �[�Y��G

1%5��"����� v p�d ] t { ~ - | a&{0`�}�c ��l cep l w d l { t�� {r{ l�oYo�z c t cep �%n �f� o ] d o d ��o }�d nu��l g z { o�v d � �
}�c � {rdfg o ] p�{�cD� nu� �#d � }�a�{ �_ceg&�f{ o ^�~C~ {r}�p ^ c �&l }�dj� n?m { ~ c o�o }�dj}�a�{ de}�a�{rp v cep,} nuz�t { o -
� d 0 { m {�p ? }�a&{ ~ c o�o d � }�a�{ o�z c t c�p ��n �f� o ] d o d ��l&n?m {rp��f{ o �hg�c l p�c�} nuz c tut ^ n?� v {�p }�g�p ] c�} n d �
}�a�{�dep ^ - | d t d 0 { o }�dfp l {�p nu��v {�p }�g�p ] c�} n d � }�a�{rdfp ^

� H � � � H� ��� � H � � � H� � � H�� H 1 ��- � � 8

0 a&{�p�{ � � nuo }�a�{ o�z c t c�p ��n �f� o ] d o d � ~ c o�o@? � � n?o }�a�{ ] cep�{ �%n �f� o ] d o d � ~ c o�o
v cep�c ~ {r}�{�p ? � n?o c l&n ~ { ��o,n d ��t { o,o�z dfg v�t?nu� � z d ��o } c � } ? c ��l � nuo }�a&{Y{ � {�p�� ^ o,z c t {D- | a�{
~ c o,o d � }�a�{ �%n �f� o ] d o d ��? � � ?�nuo�v p�{ l�nuz }�{ l }�d ] { z d ~ v cep�c ] t {0}�dy}�a&{C{ ~ v�n p n?z c t?t ^
~ { c o g�p,{ l { t { z }�p�d 0 { cD� o�z c t { 1&���,1 � � H 85� { �#E�z@H 8 � 6 � -V`�d n?� � H � �Pc ��l � n?o c o5t cep,�f{
c o r���� � 1 � � ; � �P{ � E�z H 8�dfpWr������ �	��
 1 � � ;�� � { �#E�z@H 8 ? � H� ~ g o } ] { v p�{ z�n?o { t ^ c l  g o }�{ l
o d3}�a�c�} }�a�{y} 0 d3}�{rp ~ o n?�X� �hg�c�} n d � ��- � � ? { c z a�d � 0 a nuz a n?oCn?� }�a&{:dfp l {�pCd � � � + �

1 � { �#E�z@H 8 H(?Ez c ��z { t }�d t {�c m { � � ���,1 � � H 8P�P{ � E�z H - $ a nut { }�a n?oPnuoP� de} n ~ v d o,o�n ] t { ?
}�a�{Vp�{��hg n p�{ ~ { � }Qd �&o g z a c v p,{ zrnuo {�c l  g o } ~ { � }Qd � }�a�{ nu��v g&} v cep�c ~ { }�{�p o }�d �D/ l { z�n ~ c t
v&t c z { o�1 dfp ��� { � }�g ��n?� � 8 n?o g ��� c�}�g�p�c t -

i n?� c t?t ^ }�a�{rp�{ nuo }�a&{ v p�d ] t { ~ }�a�c�}Q�fp�c m�n } ^ nuo�� de} n?��z�t g l { l n?� }�a�{�`�} c �&l cep l�w d l { t -
k%o5o } c�}�{ l ] { � dfp,{ ? }�a�{��ep�c m�n } c } n d � c t�n?� }�{�p�c z } n d �Cnuo5o g �jz�n { � } t ^ 0 { cG�j}�a�c�} n } v&t c ^ o5� d
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p,d t { n?� � g �&l c ~ { � } c t�v cep,} nuz�t { nu� }�{rp�c z } n d ��o - �%d � { }�a�{ t { o�o ? cx}�a�{�dfp ^ 0 a nuz a l d�{ o�� de}
n?��z�t g l { d � { d � }�a&{ � dfg�p � dep z { o d ��v a ^ o�nuzro#nuo�v p�d ] c ] t ^ � de}#c � g ��l c ~ { � } c t }�a&{�dfp ^ -
$ a nut {�}�a�{rp�{ n?oY� d { ~ v&n p n?z c t { mbn?l { �&z { � dfp n } ? ~ d o } v a ^ o,nuzrnuo } o ] { tun { m { }�a�c�}%}�a�{ � dfg�p
� dep z { o cep,{  g o } l&n �={�p�{ � } c o�v { z } o d � c o,nu� � t { ? g ��n�� { l � dfp z {�}�a�c�} 0 dfg tul ] {0c v�v c�p�{ � }
c } o g �jzrn { � } t ^ a n �fa { � {�p,� ^ o,z c t { 1 {G- � - ? r���� �:dfp�r������ �	��
 ? }�a�{ o�z c t { c m c nut c ] t {�c�}5}�a�{
~ d ~ { � }jd � }�a�{ ] n � ] c � � 8I- $ n }�a n?� }�a�{:`�} c ��l cep l�w d l { t ? }�a nuo g ��n���z c } n d � n?o#� de}
v d o,o�n ] t {D- | ahg o@? ~ c � ^ v a ^ o,nuz�n?o } o ] { t?n { m {�}�a�c }Yc � { 0 }�a&{�dfp ^ nuo p,{��hg n p,{ l 0 a nuz ax�fd�{ o
] { ^ d ��l }�a�{ `�}�c ��l c�p lNw d l { t - | d l c ^ ? }�a�{rp�{ cep�{ ~ c � ^ }�a�{�dfp n { o �fd n?� � ] { ^ d ��l }�a�{
`h} c ��l cep l w d l { t - kU� { 0 v d v g t cep ~ d l { t?o c�p�{ nu� }�p,d l g z { lynu� }�a�{ � d tut d 0 nu� � o { z } n d �&o -
| d l c�}�{ ?5� d z d ��z�t g o�n�m {x{ �bv {rp n ~ { � }�c t { m�n?l { ��z { � dep v a ^ o,nuz�o ] { ^ d ��l }�a�{ `h} c ��l cep l
w d l { t a�c o ] {�{ � d ] o {�p m { l -

����� ��� �����O����� �P��� � � B 	���
V�[� ���

� ��
��2�����"� � ��� j ? �8���Q�=�8' 1 � � |�o 8 � �'� v p�d v d o {�c o,nu� � t { n?� }�{�p�c z } n d � }�d l { o�z p n ] {
{ t { z }�p,d ~ ce� � { } nuzG? 0 { cD� ? c ��lNo }�p�d � � nu� }�{rp�c z } n d ��o 0 n }�aNc g �&n �hg�{ nu� }�p nu�&o�nuzjz deg v�tun?� �
c }5}�a&{Pg ��n?��z c�} n d � { � {rp�� ^ r���� � � � � ; � �P{ � E�z H ? c ��l c v�v {�c t }�d � g�p,}�a�{�p o ^�~C~ {r}�p ^ �
] p�{ cG� n?� � v p,d z { o�o { o }�d#c zrz dfg � } � dfp�}�a�{ n p l�n �I{rp�{ � }�c v�v cep,{ � } o }�p�{ � �e}�a o(n?� }�a�{P{ � {�p,� ^
l d ~ c nu� 0 { tut ] { t d 0 }�a�{ g ��n?��z c�} n d � o,z c t {D-

| a�{ o�n ~ v&t { o }�d � }�a�{���� | }�a�{�dfp n { oQn?o ] c o { l d � }�a&{ ��� 1 6D8 o ^�~C~ {r}�p ^ �fp,dfg v 0 a nuz a
n?��z dep v dfp�c�}�{ o }�a�{ ��� 1 / 8 ? � � 1 � 8 ? c �&l � 1 �+8 o ^�~j~ { }�p ^ �fp�deg v�o 0 n }�a nu� n } - � d 0 { m {�p ?
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}�a�{ ��� 1 6�8Y�fp,dfg v a�c o ] {r{ � p�g t { l dfg&} ] { z ceg o { n } v p�{ l�nuz } o }�a�c } v p�de}�d ��o 0 nut?t�l { z c ^
0 n }�axc0a�c t�� � tun�� { 0 a nuz axa�c o ] {�{ � { �bzrt g l { l ]_^ { �&v {�p n ~ { � } -V�Y}�a�{�p v d v g t cep�{ � c ~ v�t { o
d � � � |�o(nu�&z�t g l {�}�a�{ ��� 1 � � 85c ��l � � �fp�dfg v�o -

����� ��� ���&��
5��R.G �%���OZ.� �E�

��� }�a�{P`�} c �&l cep lxw d l { t }�a�{�{ t { z }�p�d 0 { cD� o ^�~j~ { }�p ^C] p,{ cD� nu� � nuo�nu� }�p,d l g z { l 0 n }�a
}�a�{ja�{ t?v d � ��n �f� o ] d o d ��o - k%� c t }�{�p � c�} n?m { m�n { 0 v g&} o }�a&{ dfp n � n?� d � }�a&{ o ^�~j~ { }�p ^
] p�{ cG� n?� � nu� c l�n �={�p,{ � } o { z }�dfp d � }�a�{ }�a�{rdfp ^ ? d � { 0 n }�a � { 0 � g �&l c ~ { � } c t�� {�p ~ n d ��o
}�a�c�}�a�c m { � { 0 �_c�g��f{ nu� }�{�p�c z } n d ��o - ��� }�a nuo c v�v p�dfc z aW{ t { ~ { � } cep ^ o�z c t cep ] d o d ��o
c�p�{ z d ~ v�t { }�{ t ^ c ] o { � } -�` z c t cep�c ��l:v�o {rg l d o,z c t cep ] d o d ��o }�a�c�}Ycep�{ ] g nut }�d � }�a&{ � { 0
� g ��l c ~ { � } c tb� {�p ~ n d ��o z c � { �bnuo } 1 n?� c � c t df� ^ 0 n }�a }�a�{ 0 c ^0~ { o d ��o�o g z aCc o�v�n d ��o c�p�{
] g nut }�d � �hg�cep%� o 8I-�`bg z a }�a�{�dfp n { o5nu�&z�t g l { ? {D- � - j �8; ? �"�=;8��,.��� � �'� ? T*U 1E���2����� j �8; ? �"�=;8��,.���
� 4 � ?�� 
�, 7������ j �8; ? �"�=;8��,.��� � � � ? j �8/";8��,.����GH
�'8'��.'�10��� j �8; ? �"�=;8��,.��� � � � � -

����� ��� �%)P$������1�YZ.ZS�E�&���

�<5�/"���:'� �!I!]��1Z�Q j ? �8���Q�=�8' 1 `&�Y` � 8 � ��� � v d o }�g t c�}�{Pc p�{ t c�} n d � ] { } 0 {r{ � }�a�{ ] d o d ��o
c ��l }�a&{ � {�p ~ n d ��oOnu� }�a�{�`�} c ��l cep l w d l { t - � c z ax`�}�c ��l cep l w d l { t=v c�p,} n?z�t {%a�c o c o g �
v {�p o ^�~j~ { }�p n?z%v cep,} � {�p 1 c o g v {�p v cep,} � {�p ?�z c tut { l c . o�v cep,} nuz�t { 0 8 0 n }�a o,v�nu�Cl�n �={�p nu� � ]_^
;H �� ? ] gb} 0 n }�a0}�a�{�de}�a&{�pO�hg�c � }�g ~ � g ~ ] {rp o p�{ ~ c nu��n?� �Y}�a&{ o c ~ {D- | ahg o }�a&{Y`h} c ��l cep l
w d l { t ] d o d �&o a�c m { o g v {�p v cep } � {rp � {rp ~ n d �&o c ��l }�a&{j`�} c �&l cep l w d l { t�� {�p ~ n d ��o c z �
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�hg n p�{ o g v {rp v cep } � {rp ] d o d ��o - | a�{ o g v {�p v cep,} � {�p o�z c ��z { t }�a�{(�hg�c l p�c�} n?z�l�n?m {�p,�f{ ��z { o�nu�
}�a�{ ~ c o,o { o d � }�a&{P`�}�c ��l cep l�w d l { t=v cep } nuzrt { o }�a�g o ^ n { tul�n?� � ���&n }�{ z c tuz g t c�} n d � p�{ o g t } o
0 n }�a�deg&} ��� { ��}�g ��nu� � -

��� }�a�{�`&�Y` � v cep } n?z�t { o a�c m {�}�a�{ o c ~ { ~ c o�o { o c o }�a�{V`h} c ��l cep l w d l { tev cep,} nuzrt { o@? 0 {
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���"'�� � �%2345�-!76 � � � �9! �#��������6�� ���5�@�����-0K4 ��� F3! �#' ����
+!���� 0K4�� ��M

( D�^ Q B @ (*��G$�$( D	1 R C$_ V � Wz.
0HG$6	DO0$+g�HG$Sd_`+2�	1 R A5+-C�DO1LEHG, "�4JL6
C��!1L#$G$M2+-#U D
DO0$+gM-13A5A*(5#$+-�

(*6 DO0$+�C$�41F#�G$M-D B���RjW

�b^8#$+-Sw I�$#$(5��[fDO0�+�k  "[3�! "�$[3(5 "�8a	0�(5M;0B#$+-6!M-�!(5_`+26bDO0$+'(5�VDO+-�O "MhDO(51"�$6b1 R A5+2CFDO1LELG$ "�!JH6

a	( DO0�DO0$+bJL��1 a	��C$ "�4D!(5M2A*+26lDO1��!+264C}+-M-DiDO0$+ ���d7 > :���� ���d7 � :������d7 < :! �64^LS\S8+-D!�4^�1 R DO0$+

sHD; "�$#$ "�!#�� 1L#$+-A @ D!0$+�M-13G$C$A*(5�$[36b1 R DO0�+�A5+-C�DO1LEHG, "�!JH6 D!1ZDO0$+�[V "G$[3+�_}136413�$6
 I�!+�a	(*#$+2A ^

(*�$#$G$M-+2#XWw.
0$+264+wA5+-C�DO1LEHG, "�4JL6f "�4+\M-13A513�gD!�!(5C�A5+-D!62W $,13�gDO0$+86!M2 "A] "��A*+2C�D!1FEHG, "�4JH6 @ DO0$+-(5�

M-13G$C$A*(5�$["6 DO1�DO0$+�[V "G$["+�_`136413�$6  "�!+	M-13S\C�A5+-D!+2A ^�#$+-D!+2�4S\(*�$+2#.E ��� G W2D��$A*^dD!0$+�64DO�4+2�$[IDO0$6

1 R DO0�+ZA5+-C�DO1LEHG, "�4JVP R +2�4S\(*13��M213G$C�A5(5��[36f7 (9W +"WeA5+2CFDO1LELG$ "�!J#"LEHG, "�4J#"LA5+-C�DO13� M213G�C$A5(*�$[36;: �4+hP

S\ "(*�  "6 R �!+-+&C, "�O IS\+hDO+2�462W .
0$+&C$�!1L#$G$MhDO(51"� M-�!13646�6!+2MhDO(*13� R 13�B6!M2 "A] I��A5+2CFDO1LELG$ "�!JH6

(*6d(5��#$+2C`+2�$#�+2�VDw1 R D!0$+�B2C$"&%'")(�M213G$C�A5(5��[ E < & G W|���nD!0$+�M� "64+�1 R y3+2MhDO13� A*+2C�D!1FEHG, "�4JH6 @
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D!0$+�C$�!1L#$G$MhDO(51"�wM2�4136!6b6!+-M-DO(*13�$6b "�!+�M21"S\C$A*(5M2 IDO+-#\_V^ DO0$+' "�$1"Sw "A*13G$6zA*+2C�D!1FEHG, "�4J3P�[3A*G$13�

M-13G$C$A*(5�$["6  "�$#\DO0HG$6	 "�4+�S\1L#$+-A}#$+-C}+-�$#$+-�HD2W $,13� +��� "S8C$A*+ @ D!0$+2�4+�(56  �� (5��(5S\ "A�� +2M-D!13�

M-13G$C$A*(5�$[�E � ��G  "�$#  ��b I�$[IP �K(5A5A*6eM-13G$C$A*(5�$[�E � > G W

$j(*[3G$�4+ � W > 6!0�1 a	6 DO0$+ DO0�+213�4+-DO(*M� "AVM-�!13646j64+2M-D!(513� R 13� 6!M2 "A] I� A*+2C�D!1FEHG, I�!J�C, I(5�lC$�41F#$G�MhP

D!(513�Z ID DO0$+b.i+hy" DO�!1"�  "6  R G$�$M-D!(513�f1 R DO0�+eA5+-C�DO1LEHG, "�4J�S\ "6462W5D��ZD!0$+eC�A51"D @ D!0$+eA*+� "#$(*�$[

1"�!#$+-�e7 k=D�:XM-�!13646j6!+-M-D!(513�$6i "�4+ M-13S8C, "�!+-#�a	( DO0�DO0$+ 13�$+-6i(*�$M2A*G$#$(*�$[
DO0$+ �$+��LDQP DO1 P�A5+2 "#$(*�$[

1"�!#$+-� 7 I'k D�:'C��!1LM2+2646!+-6 E � < G W����NDO0$+ZM2�!1"6!6g6!+-M-D!(513�&M� IA5M2G�A] ID!(513�$6�G$64(5�$[7<���� DO0�+213�Q^ @

ab+KM;0$1F1"6!+�DO0$+��!+-�$13�4Sw "A*(	�2 IDO(*13��
 R  "MhDO13�4(	�2 IDO(*13�&6!M� IA5+c7
� :fD!1&_}+Ix�� T�� ��� R 1"�dDO0$+

M-+2�VDO�! "A}yI "A*G$+26b1 R DO0�+�k=D  "�$#wD!0$+FI�k=D M2�4136!6e6!+2MhDO(*13�$6��$ "�$#�� T � � ���n7
� T �Y � ��� :

R 1"�eDO0$+�A*1 ab+2��7p0$(5["0$+2�O:e_}13G��$#�y" IA5G$+-6
1 R D!0$+;I�k=D M2�!1"6!6	6!+-M-DO(*13�$6
a	0$(*M;0U "�4+�D; "JI+2�  "6

D!0$+8G$�$M2+-�4DO "(5�VDO(*+26�1 R D!0$+8D!0$+21"�!+-D!(5M2 "A M� "A*M2G$A5 IDO(*13�$6 Y @ a	0$+2�4+�� ����(56�DO0$+8A5+-C�DO1LEHG, "�4J

S\ "6462W

����� �����8�! - �#" ,%$'& /(" -*) �+$,� ,- "28.)

� R A5+-C�DO1LEHG, "�!JH6f "�!+�C��!1L#$G$M2+-#|(*�&D!0$+F>0/>cM213A*A5(564(513��6 @ D!0$+-^Na	(*A5A #�+2M� �^&_`+ R 13�4+�DO�O �yVP

+-A5(*�$[n 6!(5["�$(*),M2 "�VD�#$(*64D; I�$M2+� "6�A*13�$[n "6BD!0$+2(*��M213G$C�A5(5��[ 64DO�4+2�$[IDO0$6K "�4+���1"D�6!(*[3�$(*)FP

M2 "�VDOA ^ ab+� "JI+2��DO0, I�NDO0$+�+-A5+2MhDO�41 ab+� IJUM21"G$C$A5(*�$[B6QDO�!+-�$["D!0�7  B�!+2 "6!13�$ "_$A5+d "6!64G$S\CFDO(51"� @

��132547684�9;:<6>=@?BADCDEF?HG8CI:<9�JLKM?<NOG8:P68CIEL?HG>CD:P9RQ>NF?BAD4TS�CUQV?B9XW;9;Y+9;:HZ[9��H?BADW;47CD9\G82;4%]_^a`cbd4F6
G8W;68e5?HG8CI:<9
G>2;4F:P68fPg�h!Ni:P9��<4�9�G>CD:P95?PAdNj2;:<CDN�4kCD9TG82;4_N�?PADN�W;AD?BG>CD:P95QlKm:<6lG82;4nAI4FboG>:op�W5?B68YTNi68:<Q8QaQ
4LNOG>CD:P9qCDQlG8:0Gj?BY<4rS�s
t\u;v G8:.NF?BAUNiW;AU?HG84rG82;4_Ni4F9<G868?PA3�w?PAIW54ke5?<Q
4@?T:<97G82;4n?<Q>Q>W;=�boG8CI:<9TG>2d?HG3G>2;4*=�:<Q
G[bd:�Q>Q>CDe;AI4n=�:P=�4�9�G8W;=G>6j?B95Q
Km4�6[CD9xAI4FboG>:op�W5?P6>Yqb;6>:5?oWdNOG>CD:P9%CUQ[4Fp�W5?PAyG>:�G82;4zAD4�boG8:op<Wd?B68YT=@?PQ8Q�{�?B9�?qG>:�Gj?BY<4*G>2;4 �H?P6>CU?HG8CI:<9q:PK
S|e�4iG}Za4�4F9qS�s�~ t\u;v ?B9�?qS�sc�� t\u;v G>:�:Pe;G8?BCD9-G>2;4*G82;4�:<6>4�G>CUN�?PA�W595Ni4F6
Gj?BCD9<G8CI4LQ3e+fqNi:<9��P4�9�G8CI:<9�g
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LQ=MµNLO   : 

]LQ/2, 2MLQ=[Mµ             

LQ=MµLO      : 

 (+X)LQ LQ+→ p (pb): pσ

 = 1.96 TeVs
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C$ "�4D!(5M2G�A] "�4A*^K( R DO0$+ A*+2C�D!1FEHG, "�4JH6f I�!+ [V "G$["+8_`136413�$6�(5�� �%'�$( ),+2#�.
0$+-13�4^�:hW8.
0$+8A5+-CFP

D!1FEHG, I�!J|64+� "�4M;0 (*� A5+-C�DO13� "LEHG, "�!JcM213A*A5(*6!(51"�$6ZG$64G, "A*A*^| "6!64G$S\+-6�DO0$+7B2C "&% "&('M21"G$C$A5(*�$[

� ��������7 < � V � : E <#" G W

kl+2CFDO1LELG$ "�!JH6za	(*D!08G��$(*y"+2�!6! "A$M-13G$C$A*(5�$[36iDO1� "A5AFA5+-C�DO13��6z "�$# EHG, "�4JL6za	(*A5A�["(*y3+
�4(564+eDO1

�  ?y"13�QP M;0, "�$["(5�$[\�$+2G�D!�O "A M-G$�!�4+2�VDO6d7 $r� I%��� 6;:� "�$#N I�!+�6!+-y"+2�4+2A*^ M21"�$64D!�O "(*�$+2# E � o G W	�|+

 I6!6!G�S\+8DO0, IDfDO0$+-�!+w "�!+8DO0$�4+2+B#$(*64D!(5�$MhDZ[3+-�$+2�! IDO(*13�$6�1 R A*+2C�D!1FEHG, "�4JH6� "�$#c+� "M;0 A*+2C�D!1IP

EHG, I�!J8M213G$C�A5+26b13�$A ^8D!1ZDO0�+�M21"�!�!+-6!C`13�$#$(*�$[d[3+-�$+2�! IDO(*13�w1 R ELG$ "�!JH6
 "��#BA5+-C�DO13��62W %'��#$+2�

D!0$+264+gM213��#$(*D!(513�$6 @ +!�FC}+-�!(5S8+2�VDO "A}M-13�$6QDO�O I(5�VDO6 M2 "��_`+�6O DO(56Q),+2#Ba	( DO0$1"G�D �4+2EHG$(5�4(5�$[�y3+-�4^

A5 "�!["+ZA5+-C�DO1LEHG, "�4JUS\ "6!64+26 @ D!0$+2�4+2_V^/S\ "JH(5�$[BA*+2C�D!1FEHG, I�!JH6� "M2M-+2646!(5_�A5+  ID�M-G$�!�4+2�VD�+2�$+-�QP

["(5+26-WZ.
0HG$6� BA5+-C�DO1LEHG, "�4JU#$+-M� �^L6�D!1K BA5+2CFDO13�u7  �M;0$ "�![3+-#&A5+2CFDO13� ( 13�� B�$+2GFDO�!(*�$1�
$:

 I�$#U �EHG, "�4J&7 %": 1 R DO0$+�6O IS\+g[3+-�$+2�! IDO(*13�XW

.
0$+�#$+-M� �^L6 1 R A5+2CFDO1LELG$ "�!JcC, "(5�46Zab13G$A5# D!0$+2�4+ R 13�4+�_}+�+!�FC}+-M-DO+-# D!1N^F(*+2A*# 13�$+B1 R

D!0$�!+-+wC`136!64(5_$A*+8)$�, "A 64DO IDO+-62x (�� ( V % % @ (�
�
&% % @  "��#�
 
 % %FW�� R D!0$+�F3!���� ����� � ��!.��
J��� 7 (vW +IW

D!0$+ C$�!13_$ "_$(5A*(*D�^'1 R  	C, "�QDO(*M2A5+zD!1'#$+-M� �^�(5�VD!1'M-+2�4DO "(5��M;0, "���$+2A]: 1 R  �A*+2C�D!1FEHG, I�!J�#$+-M� �^L(5�$[

(*�VDO1� �M;0, "�4[3+2#�A5+-C�DO13�& I�$#� �EHG, I�!JU(*6g#$+-)$�$+2#c "6�� @ DO0$+-��D!0$+�#$+-M� �^ R �O IM-DO(*13�$6g1 R  

A*+2C�D!1FEHG, I�!J8C, "(5� (5�\DO0$+�( � ( V % % @ ( 
 
)% % @  I�$#�
 
 % %f),�$ "A 6QD; ID!+26	 "�4+�� Y @ � �b7 < ���i: @  "�$#

7 < ���i:BY��!+264C}+-M-D!(*y3+-A*^"W

���8DO0$(*6 ab13�4J @ ab+'#$+-6!M-�!(5_`+' �64+� "�4M;0 R 13�zDO0$+	),�464Db[3+2�$+-�O ID!(513� 64M� "A5 "� A5+2CFDO1LELG$ "�!JH6 (5�

D!0$+�� � � V % %�),�, "A}64D; DO+ @ a	0$+2�4+�%fM2 "��_}+��K1"����ELG$ "�!J W .
0$(56e6!+� I�!M;0�(56bS\136QD 64+2�$64(*DO( y3+

D!1wDO0�+dM� "64+d1 R D!0$+d_$�! "�$M;0$(*�$[B�O DO(51�� T < W��zA5+-M-DO�413�$6 7pC}1"6!(*D!�!13��6;:�M2 "�N_`+d(5#�+2�VDO( ),+2#
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(*��D!0$+ #$+-D!+2MhDO13�f_H^� �M;0, "�4[3+2#cC, "�QDO(5M-A5+dD!�O "M;J� "�$#c "��+2�$+-�!["^�#$+-C}1"6!(*D!(513�&C, D!DO+-�!�c(5�

D!0$+�M� IA513�4(5S8+-DO+-��D!0, IDg(*6�M-13�$6!(*64D!+2�VD�a	(*DO0& I�/+2A5+-M-D!�!13�/C, D!DO+-�!�XW�.
0$+ �� "�$# ��EHG, "�!JH6

a	(*A5A`0, "#$�413�$( �2+�_V^ R 1"�!S8(5�$[ � +-DO6 a	0�(5M;0�M� I�K_`+�(*#$+2�VDO( ),+2#�_V^\DO0$+-(5� +-�$+2�4["^B#$+-C}1"6!(*D!(513� W

.
0�+2�!+ R 13�!+�DO0�+�64(5[3�$ IDOG$�4+26 R 13� D!0$(56	64+� "�4M;0N "�4+ � ��� � � +-D!6�(*��DO0$+�#$+hDO+2MhDO13�-W

����� �����+$ - �2�!� � �
	 � - $

sF(*�$M2+�A5+-C�DO1LEHG, "�!JH6 ae+-�!+�),�!6QDeC$�4+2#$(*M-D!+2# @ SdG$M;0\+��FC}+-�!(*S\+-�HDO "A,ae1"�!J 0, "6 _}+-+2�\#$13�$+

D!1 M213�$6QDO�! "(5��DO0�+�S\ "646�1 R A*+2C�D!1FEHG, "�4JH6' I�$#KD!0$+�M213G�C$A5(*�$[�M213��64D; I�HD!62W

� �FC}+-�!(*S\+-�HD!68 ID�DO0$+�� �2()I k  I�![3+��zA5+-M-D!�!13�FP�qi1364(*D!�!13� 7 k � q :dM213A*A5(*#$+2�f6!+� I�!M;0$+-#

R 1"�gA5+2CFDO1LELG$ "�!JH6ga	0$(5M;0�ae1"G$A5#&_`+8C$ "(5�gC$�41F#�G$M2+-#|(5� � � � V M21"A5A5(*6!(*13�$6'yL(5 K �yL(5�QDOG, "A��

1"��
��	(5�BD!0$+ �2P M;0, "�$��+2A9W �e "6!+-#K1"��D!0$+g#, IDO �1 R  "��(5�VDO+-[3�O DO+2#�A*G$S\(*�$1364(*D�^81 R 6 " C$_ V �

M-13A5A*+2MhDO+2#K ID' �M2+-�VDO+2�'1 R Sw "646	+2�$+-�!["^ � ��� <#'3> ��+P� @ D!0$+ D�q`Y�k|M-13A5A5 "_`13�O ID!(513�\0, "6

64+� "�4M;0$+2# R 13�	y3+-M-D!13�g "�$#U6!M� IA] "�'A5+2CFDO1LELG$ "�!JH6'a	( DO0N64C}+-M2( ),Mfab+� "J (564136!C$(*�$6' "�$#N#$+-M� �^

S81L#$+2A*6 E ��6 G W�$,13��),�!6QDd[3+-�$+2�! IDO(*13�|64M� "A5 "�ZA*+2C�D!1FEHG, I�!JH6fa	( DO0|ab+� "J�(564136!C�(5�|1 R <  "�$#

D!0$+�#$+2M2 ?^KB2C @ �'%8_��O "�$M;0�(5�$[\�O ID!(51 1 R �CT < @ Dgq}Y�k 0, "6�6!+hDg Sw "646'A*(5S8(*De1 R ' & W '

�g+<�x
IM3Y?W $,13� 1"D!0$+2�jyI "A*G$+26z1 R ab+� IJd(564136!C$(*� @ D!0$+
Sw I6!6 A*(5S8(*D �O "��[3+26 R �413S 'F< W ' �g+<�x
IM3Y

D!1 ' & W � �g+<�x
IM3Y?W

.
0$+fC$�!1L#$G$MhDO(*13�U1 R A5+-C�DO1LEHG, "�!JH6� ID����2(�Y @ D!0$+ � >/M213A*A5(*#$+2�
(*� ��� s�� @ �g+2�4Sw I�H^ @

(*6	#$+2C`+2�$#�+2�VDg13��DO0$+�G$�$JH�$1?a	�NA*+2C�D!1FEHG, I�!J�M21"G$C$A5(*�$[$W ��� � > M213A*A5(*6!(51"�$6 @  A5+-C�DO1LEHG, "�4J

ab13G$A*#U_`+ZC$�41F#�G$M2+-#/ "6� I� �-P�M;0, I�$�$+2A �!+-6!13�$ "�$M2+fyF(5 \+-A5+2MhDO�413�FP�EHG, I�!J R G$64(513�XW	.
0$+�� <
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 I�$#�� � %�s [3�!13G�C$6� ID � � (	Y 6!+2 "�!M;0�+2# R 13�Z),�464D [3+-�$+2�! IDO(*13� A5+-C�DO1LEHG, "�!JH6�_, I6!+2#u13�

#$ ID; Z6! "S8C$A5+-6 M213A*A5+-M-DO+-#� ID � ��1 R > � � " > ��� �g+<� E � " G Wz���7$,+2_��!G, "�Q^ <#*�* & @ DO0$+ � <  "�$#

� � %�s�+!�FC}+-�!(5S8+2�VD!6
�!+2C`13�QDO+2#K "��+!��M-+2646'1 R +-y"+2�VDO6' ID
0�(5[307C Y 7 S813S\+-�VDOG$S DO�O I�$6 R +-�;:

E � & G W Y C}1"6!6!(*_$A5+	(*�HD!+2�4C$�!+hD; ID!(513�81 R D!0$+264+�+-y"+2�VDO6e(56 DO0$+�C$�!1L#$G$MhDO(*13�w1 R ),�!6QD [3+-�$+2�! IDO(*13�

A*+2C�D!1FEHG, I�!JH6  IDi �S\ "6!6 �$+2 "� ��� � ��+P��
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Scalar Leptoquark Mass (GeV)
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