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� Z���Z]\QX[b�d � ` h bw\Q`a^[bw\Qx VYd���Z�� r bw\Q^��%Z���X]����T � � b�di��Vc^ f lPVYd0` tYt x r b t `a\QV�
]Zml Z t Z � �
^[\_b�d0X�bw�WVYd � VYliZmd�^LZmdiZ]\_�wx ��\_b j � � � zWZ���^[b! � � z9Z��"�'Z]\_Z*X � `a^[^[Z]\_Zml � \_b j `
o0Vc��o r \_ZmX_X f \_Z r b t `a\QV�
]Zml � ��ZW^_`a\_�wZ]^�V�d Z�� r Z]\QV j Zmd�^_` t �%` tYt T ��� ��Z#��`wX f X[Zmln`wX
`wd�Z���Z � ^_VYvwZ diZ f ^[\_b�d=^_`a\_�wZ]^]�q^_`�$gVYdi�*`wliva`wd�^_`a�wZ bw�'^_oiZs` r0r \_b%�gV j `a^[Z � `wd � Z tYt `&�
^_Vcb�d�bw�$^_o0Z�^
�'b X r V�d�� r `wVc\_Zml r \_bw^[b�d0XKVYd ^_oiZ'�]��Z��w\Qb f d0l�X[^_`a^[Z � � b�di��Vc^ f l0V�d0` t
`wd0l ^[\Q`wdPX[vwZ]\QX[Z*^_`a\Q�wZ]^ r b t `a\QV�
m`a^_VYb�d0X��8Z]\QZ j `wVYd�^_`wVYdiZml
�8` tYt b(��VYdi�=` r \_Z � VYX_VYb�d
liZ]^[Z]\ j VYdP`a^_Vcb�dnbw� h bw^_o{X r VYdnX[^[\ f � ^ f \QZ9� f d � ^_VYb�d0X'��)(*,+q�.-�/%0'`wd0ln� / *,+��.-�/%0 � p�o0Z
X[^[\ f � ^ f \QZ	� f d � ^_Vcb�d0X1�8Z]\QZ>Z�� ^[\�` � ^[Zml*��\_b j `wd*VYd � tYf X_VcvwZ r b t `a\QV�
]Zml � \_b�XQX�X[Z � ^_Vcb�d
j Zm`wX f \_Z j Zmd�^�`a^ t b%� j b j Zmd�^ fPj ^[\Q`wdPX[� Z]\#* � � �324- / 2�� � �Lz9Z�� / 0$VYd�^_oiZ9^_oi\_ZmX_o��
b t l��0� f `wX_VcZ t `wX_^_V � �0`wd0ln\_ZmX[b�dP`wd � Z>\_Z]��Vcb�dPX �

p�oiZ:�wb�` t bw��^_o0VYX Z�� r Z]\QV j Zmd�^{o0`wX h Z]Zmd ^[b ^[ZmX[^{b f \{�w\�`wX r bw��- f `wd�^ f0j
��oi\_b j bglixgd0` j V � X4*5->��U60���^_o0Z%� f d0l0` j Zmd�^_` t ^_oiZ]bw\_x�bw�
^_oiZ9X[^[\_b�di��VYd�^[Z]\Q` � ^_Vcb�d��
VYd ^_oiZ�dib�d�� r Z]\_^ f \ h `a^_VcvwZK\_Z]��VYb�d � ->��UBo0`wX h Z]Zmd vwZ]\�V � Zml:V j�r \QZmX_X_VcvwZ t x{VYd ^_oiZ
o0Vc��o	ZmdiZ]\Q�wx	\_Z]��Vcb�d	bw�0`wX[x j�r ^[bw^_V � � \QZ]Zmlib j � ^_o0`a^�VYXm�(��o0Zmd	^_oiZ j `a��dPVc^ f liZ bw�i^_oiZ
� bw\ � Z h Z]^7�8Z]Zmd � f `a\8$ X5VYX�\QZ t `a^_VcvwZ t x X j ` tYt � �%b%�'Z]vwZ]\m�PZ�� r Z]\QV j Zmd�^_` tYt x vwZ]\QV � ` hPt Z
r \_Zml0V � ^_VYb�d0X�`a^ t b%�:96/Wo0`mvwZ h Z]Zmd{o0`a\�liZ]\5^[b ` � oPVcZ]vwZKl f ZW^[b�^_oiZ � b jsrPt Z��iVc^ x bw�
^_oiZ5VYd�^[Z]\�` � ^_Vcb�d0X h Z]^
�'Z]Zmd � b�d0X[^_Vc^ f Zmd�^_X � U9Z � d0VY^[Z r \QZml0V � ^_Vcb�d0X�libWZ��iVYX[^�oib%�'Z]vwZ]\m�
� bw\ ^_oiZ � \QX_^;* `wd0l�oPVc��oiZ]\<0 j b j Zmd�^_X�bw�P^_oiZ5X r V�dKX[^[\ f � ^ f \_Z'� f d � ^_Vcb�d0X�VYd�^_oiZ�� bw\ j
bw�'^_o0Zsv `a\�Vcb f X�->�5U�X f0j \ fPt ZmX � p�oiZ | f \=$ oP`a\Qli^?>g�'bw^[^_VYd0��o0` j X f0j \ f0t ZsVYX>`
9#/@>�liZ r Zmd0liZmd�^
\_Z t `a^_Vcb�d#��o0V � oKV j�rPt VcZmX�^_o0Z3v `wdPVYX_o0VYd0�5bw� ^_o0Z � \QX_^ j b j Zmd�^qbw�i^_oiZ
A / X[^[\ f � ^ f \_Z'� f d � ^_Vcb�d��&��o0V t Z8^_oiZ�|CB[bw\=$wZmd�`wd0lLZ��g^[Zmd0liZml zWUW� X f0j \ f0t ZmX���b tYt b%�
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� VY\QX[^	`wd0l:��bw\_Z j b�X[^]� ��� l t V $wZL^[b{^_oP`wd�$ j x `wl0v VYX_bw\>U%\ � � ZmV�d��
	$l0lPVYdiZ � Z�
mVY`wd0V
� bw\'o0VYX3X f0r0r bw\_^ `wd0ls� f V�l0`wd � Zw��`wd0l � bw\'VYd�^[\_b l f � VYdi� j Z�^[b�^_o0VYX Z�� � Vc^_VYd0� � Z t l � �
�'`wX�� bw\_^ f d0`a^[ZK^[b oP`mvwZK^7�8b bw^_oiZ]\�Z��g^[\_Z j Z t x ^_` t Zmd�^[Zml X r b3$wZmX j Zmd*\ f d0d0VYd0� j x
^_oiZmX_VYX�Z�� r Z]\QV j Zmd�^�� � VY`wd�� �8VYdi� ��o0Zmd `wd0l z9bw\Ql0b�d �5`a^[ZmX]�$`wd0l � t Zm`a\Qd0Zml ` t bw^
� \_b j ^_oiZmVY\ r \_bw��ZmX_X_VYb�d0` t Z��i` j�rPt Z � � ` t X[b�` rPr \_Z � VY`a^[Z9^_oiZWVYd rPf ^$bw�
^_oiZ j Z jKh Z]\QX
bw� j x*^_oiZmX_VYX � b jsj VY^[^[Z]Z ��oib oP`mvwZsX r Zmd�^9X[b jLf � o ^_V j ZLZmd0X f \QVYdi�s^_o0Z�� f ` t VY^ x
bw��^_oPVYX5lib � f0j Zmd�^ �

p�oiZ'	1� ��� ���]� � b tYt ` h bw\Q`a^_VYb�d ��`wXK`n�w\QZm`a^>�w\_b fir ^[b �'bw\=$���Vc^_o � p�oiZ�^_oi\_Z]Z
j b�d�^_o \ f d{dib(�Ib�d t x h \�VYdi��X h ` � ${�wb bgl j Z j bw\QVYZmX]�0Z]vwZmd*^_o0b f ��o � �'`wX%X f \_Z>VY^
�8b f0t l $gV tYt
j ZL`a^9^_oiZL^_V j Z � � d r `a\_^_V � f0t `a\ � ��V t�t \_Z j Z j�h Z]\9^_oiZ�� ��p�U X_� f `wl � �
T t Z������8V h Z]\_bi� � b�d0VYX]�
`wd0l e ^[Z r oiZmd � ��� l t V�$wZ�^[b*` t X_b j Zmd�^_VYb�d
	=`wdi� ��f � � Zmdi�
� Vcb�d0�i� 	$d�$wZ t ZmVYl0` � `�$ f \QVY� V ��	 jsj `=z9b t l h Z]\_� `wd0l � `a\=$ � b�diZmX � p�o0`wd�$gXK^[b
T t Z��i`wd0li\QZ'��bw\ j `wd�xLdPV � Z � b�d�vwZ]\QX_`a^_VYb�d0X3b�d r o�xgX_V � X�`wd0l r b t Vc^_V � X�b vwZ]\8^_oiZ�xwZm`a\QX
`wd0l{��bw\ � b jsj Zmd�^_VYdi�sb�d*^_o0VYX�^_oiZmX_V�X �

� f \ r b�X[^ � lib � X��8Z]\QZ�`wX��wb�bgl�`wX�^_oib�X[Z5bw��`wd�x � b tYt ` h bw\Q`a^_Vcb�d�`wd0l ��� j � Z]\_^_`wVYd
^_o0VYX�Z�� r Z]\�V j Zmd�^ � b f0t l�dibw^$oP`mvwZ�X f � � Z]ZmliZml'��VY^_oib f ^�^_oiZ�VYd�^[Zmd0X[Z�Z���bw\_^$bw� e Z h `&�
^_VcZmd � d � Z]\_^_V�l f \�VYdi�K^_o0Z	\ f d{`wd0ln^_oiZ t b�di� j b�d�^_o0X�bw� r \_Z r `a\Q`a^_Vcb�d h Z]��bw\_Zmo0`wd0l �
	�� ��� ���]� V�X r `a\_^_V � f0t `a\ t x*VYd0liZ h ^[Zml ^[b e Z]b�dPoib ��oib�V ��oib ��`wXW^_oiZ h ` � $ h b�diZ�bw�
^_oiZ `wd0` t xgX_VYXW^[Zm` j ��`wd0l r \_bgl f � Zml�X[b j `wd�x:bw�'^_oiZ d0V � Zsd0Z f ^[\_b�d�\_ZmX f0t ^_XW^_o0`a^
�8Z�` tYt�r \_ZmX[Zmd�^[Zml `a^ va`a\QVcb f X � b�di��Z]\_Zmd � ZmX � � ` j �w\Q`a^[Z]� f0t � bw\{o0V�X `wd0X �'Z]\QVYd0�
� b f d�^ t ZmX_X�� f ZmX_^_Vcb�d0X8b vwZ]\�^_oiZ9xwZm`a\QX]�i`wd0ln` j X[^_V t�t �'`wVY^_VYdi�L� bw\�^_oiZ � \QX[^
� � lib�d � ^
$ dib(����\_ZmX r b�dPX[Z �
� V�`ab lib�d0� � VY`wdi� r \_b vgVYliZml ^_oiZ:diZ � ZmX_X_`a\_x j b�d�^[Z�� � `a\ t b `wd0` t xgX_VYXs��bw\ 	�� ���

���]�=`wd0l h \_b f ��o�^��wb�bgl o f0j bw\�^[b�^_oiZ{d f0j Z]\_b f XLbw^_oiZ]\ ^_`wX $ X�o0Z r Z]\_��bw\ j Zml �
�%V t `wdi��` � Vcx�`wd0`a�wZ r \_b vgVYliZml ^_oiZ:b r ^_V � X{`wd0` t x X_V�X `wdPl ��`wX{` t ��`mxgX*o0` r0r x ^[b
`wd0X �'Z]\ j x*� f ZmX[^_Vcb�d0X9dib j `a^[^[Z]\	oib%� VYd0`wd0Z � pqbgl0l T�vwZ]\_Z]^[^W��` vwZ�X_b j Z�\QZm` tYt x
f X[Z]� f0t `wd0` t xgX_VYXK^ f ^[bw\QVYd0�*Zm`a\ t x:b�d ��oiZmd � X[Z]\�Vcb f X t x:o0`wl dib � tYf Z'��o0`a^ � �'`wX
lib�VYdi� � p�o0`wd $ X�` t X_b�^[b:�9vwZmX ��b hPt V�d�� � `a^_o�x � � �'bw\ j V � $ `wd0l ��b�d zWV tYj `wd
� bw\9^_oiZmVc\ � b�dPX_VYliZ]\Q` hkt Z � b�d�^[\QV hPf ^_VYb�d0X � U9` vwZ��3\QV r X[^[ZmVYd{VYd�^[\_bgl f � Zml*X[b j Z jLf � o
diZ]ZmliZml t ` f ��o�^[Z]\�^[b%`�oPVc��o r \_ZmXQX f \_Z Zmd�v VY\_b�d j Zmd�^ � �%Z8`wd0lKp�V j | t ` � $ j `wliZ3^_oiZ
Z�� r Z]\QV j Zmd�^�` t bw^ j bw\_ZWZmd&B[b x�` hPt Z � p�o0`wd�$gX$^[b�^_o0Z � Zmd�^ f � $�x �w\_b fir ��	�b t ����`wdi�
`wd0l��$Vcbw^[\�^
�'b	bw�0^_oiZ5d0V � Z � ^ r Z]b rPt Z ��� vwZ�Zmd � b f d�^[Z]\_Zml�`a^ � � ` h�� � ` r0r \_Z � VY`a^[Z�^_oiZ
o0`a\Ql �'bw\=$:bw� 	 f �wZmd0Z ��o f l0`�$wb v=`wdPl=^_oiZ ��� tYt Z]\K�w\_b fir ��`wd0l=|'b h � V � o0`aZ t X �
Z���bw\_^_XK^[b $wZ]Z r ^_oiZsU�T -�\ f d0dPVYdi� `a^>` t�t oib f \QX9bw�'^_oiZsd0Vc��o�^ � T t X[bn^_o0`wd $ XW^[b
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� Z]ZmX liZ � `a�wZ]\ ��bw\�oPVYX�X fir0r bw\_^qbw�P^_oiZ � �%Z r \_bw�w\Q` j VYd��wZmdiZ]\Q` t � � ` j �w\�`a^[Z]� f0t ^[b
` tYt ^_oiZ � � ` h X[^_`&�=��bw\�^_oiZmVc\ � b�d�^[\QV hPf ^_Vcb�d0X�^[b 	�� ��� ���]� � � d r `a\_^_V � f0t `a\ � � �'b f0t l
t V�$wZW^[b�^_o0`wd�$ 	$l � b t ^_Xm� � ` � $ e Z]��` t �0T t zW` v ` t x�`g� � b x � Z�� V tYt Z]\'`wd0l eif X_`wd 	$X r
� bw\�^_o0ZmVc\�VYd�^[Zmd0X[Z	Z���bw\_^_X �

p�o0`wd�$gX
^[b � VY`wd�� �$VYdi�%�5oiZmd	��bw\ � `a\_Z]� f0tYt x9\_Z]vgVcZ���VYd0�5^_o0VYX j `wd f X � \�V r ^
`wd0lK� bw\
o0VYX�^_Vc\_Z t ZmX_X�Z���bw\Q^_X�^[bsZmd0X f \_Z#	�� ��� ���]� � XWX f � � ZmXQX � ��� vwZ h Z]Zmd*vwZ]\_x t�f � $ x ^[b o0`mvwZ
X f � o `wd�Z�� � Z tYt Zmd�^3b�d�� X_Vc^[Z%`wliv V�X[bw\���o0V t Z�X_b>��`a\8`���`mx���\_b jSj x�o0b j Z f d0VYvwZ]\QX_Vc^yx �
|8Z]��bw\_Z 	1� ��� ���]� Vc^�diZ]vwZ]\�b � � f \_\_Zml ^[b j Z{oib(� j�f � o h ` � $ � h \QZm`�$ VYd0� j `wd f ` t
t ` h bw\��wb�ZmX VYd�^[b=` t `a\_�wZ{Z�� r Z]\�V j Zmd�^ � � � � � ��V tYt ` t ��`mxgXso0` vwZ j x \QZmX r Z � ^�� bw\
�8bw\=$gVYdi�>`wX8o0`a\Ql�`wX]� `wd0l j `wd�x�^_V j ZmX Z]vwZmd o0`a\QliZ]\ ^_oP`wds^_oiZ5�w\Q`wl f `a^[Z�X[^ f l0Zmd�^_X
b�d*^_oiZ>d f ^_X�`wd0l h b t ^_X�bw��	1� ��� ���]� �

� ` j �w\Q`a^[Z]� f0t ^[b 	=` tYt x6� Z t d0Vc^ � oib f $9� bw\�X[Z]vwZ]\Q` t ^_oiZ]bw\_Z]^_V � ` t l0VYX � f XQX_Vcb�d0X�`wd0l
^[b � ` � Z�$ z9b t `�$k�P`wdPl e Z]\_��Vcb e � b r Z]^[^_` � bw\ r \_b vgVYl0VYd0��^_oiZmVY\ - � 	 � � ` t � f0t `a^_Vcb�d0X �

p�oiZ]\_Z�`a\QZ�`W� Z�� Z�� � Z r ^_Vcb�d0` t ^[Zm` � oiZ]\QX ��oib � oib t l�VYd�o0Vc��oL\_Z]��`a\�ls`wd0l j Z]\QVY^
j Zmd�^_VYb�d0VYdi��� � X � � `a\_��`a\QZ]^���Z � fir VYl0bi�%��oib�^_` f ��o�^ �'bw\ t lKoPVYX[^[bw\_xW`wd0l>^_o0Z � diZ]\
r b�V�d�^_X�bw� t `��)`wd0l liZ h `a^_VYd0� � U9\ � UWVcZ]^[Z]\ � bw\QX[^[Z]\���o0b�X[ZKZmd�^_o f X_VY`wX j `wd0l X $ V tYt
� b�d�vwZ]\_^[Zml j Z���\_b j ` � ` t � f0tYf X � � Zm`a\QV�di� 	$d0� t VYX_o j `(B bw\	VYd�^[b `wd Z]vwZmd�^ f ` t �$oPU �
� `wd0l0VYl0`a^[Z � U9\ � p�oiZ]bglibw\_Z�| f \=$go0`a\Qli^9��bw\ j `wd�x VYd�^[Z]\_ZmX[^_VYdi� �w\Q`wl f `a^[Z � t `wX_X[ZmX
`wd0l ��bw\ r b�V�d�^_VYd0�=b f ^ ^_oiZ � b b t ZmX[^ ^_o0VYdi� � t Zm`a\QdiZml VYd �w\�`wl f `a^[Z:X � oib b t ��^_oiZ
fih VY� f Vc^yxsbw��^_oiZ r \QV�d � V rPt Z%bw� t Zm`wX[^�` � ^_Vcb�d*V�d{X[b j `wd�x h \Q`wd � oiZmX5bw� r o�xgX_V � X �

��� l t V�$wZ ^[b ^_o0`wd $ 	$l � ` � 
m`wd0b%��V � 
���bw\*X � oib�b t VYdi� j Z ^_o0Z hkt ` � $O`a\_^_Xnbw�
j ` � o0V�d0VYdi�s`wd0l li\Q`a��^_VYdi� � T9d�x � b j�r Z]^[Zmd � Z � o0`mvwZ��8bw\=$gVYdi� ��Vc^_o j xnoP`wd0l0X�VYX
j b�X[^ t x l f ZK^[b 	$l � X r `a^_VYZmd�^W^[Zm` � oPVYdi� b vwZ]\ � b f d�^ t ZmX_XWoib f \QX%V�d*^_oiZ�X_oib r � p�o0Z
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^_oiZ � o0`a\Q�wZml�Z t Z � ^[\_b�d�\Qbw^_`a^_VYdi�Wb�dsVc^_X�`&�iVYX `wd0l � \_Zm`a^_VYd0�>Vc^_X�b%��dsX j ` tYtgj `a��diZ]^_V �
� Z t l � ��b(�8Z]vwZ]\ �i^_oiZ�Z t Z � ^[\Qb�d ` r0r Zm`a\QX$^[b h Z r b�VYd�^ � t V�$wZw��^_o0`a^'V�X ��Vc^_o0b f ^3l0V j Zmd��
X_Vcb�d��
��\_b j ` t�t Z j�r Vc\QV � ` t Z]vgVYliZmd � Z�^[b l0`a^[Z � p�oPVYX j `�$wZmX�`wd VYd�^[Z]\ r \_Z]^_`a^_Vcb�d�VYd
^[Z]\ j X5bw��`�^_VYd�x X r VYd0dPVYdi�>bw\ h*f di� Zm`wXQV hPt Zw�gX_VYd � Z9^_oiZ	\_bw^_`a^_VYb�d �8b fPt lndiZ]Zmln^[b h Z
VYd � d0VY^[Z t x � `wX[^ � � d0X[^[Zm`wl���u9o t Zmd h Z � $ `wd0l�z9b f lPX j Vc^WVYd�^[Z]\ r \_Z]^[Zml ^_oiZ j `a��diZ]^_V �
j b j Zmd�^9`wX9`a\QVYX_V�di�s��\_b j `wd VYd�^[\QVYd0X_V � r \_b r Z]\_^ x{bw� ^_oiZ�Z t Z � ^[\_b�d � p�oiZ�X r VYd*` r �
r Zm`a\�X$VYd�Z]vwZ]\_x ��`mx t V�$wZ�`wd `wdi� fPt `a\ j b j Zmd�^ f0j ��Z�� � Z r ^$^_o0`a^'Vc^3VYX f d0\_Z t `a^[Zml�^[b
`wd�x:X r `a^_VY` t�j bw^_Vcb�d:bw�8^_oiZ r `a\_^_V � t Z � � d ^_o0V�X9X_Zmd0X[Z�Vc^	VYXW` h `wX_V � � o0`a\Q` � ^[Z]\�VYX[^_V �
t V�$wZ j `wX_X�bw\ � oP`a\_�wZ �

� d ���w� G U9VY\Q` � rPfihPt V�X_oiZml oPVYX'��` j b f X�\_Z t `a^_VcvgVYX[^_V � �'` vwZ>Zm� f `a^_Vcb�d{�wb vwZ]\Qd0VYdi�
^_oiZ h Zmo0` v VYb f \ bw�>� f d0lP` j Zmd�^_` t�r b�VYd�^ � t V�$wZ r `a\_^_V � t ZmX � � d ^_oPVYX ` r0r \_b�` � o X r V�d
Z j Z]\_�wZml `wX�`�d0`a^ f \Q` t � b�dPX[Zm� f Zmd � Z	bw��^_o0Z>� bw\ j ` t VYX j � p�o0Z j `a��diZ]^_V � j b j Zmd�^
bw��` X[^[\ f � ^ f \QZ t ZmX_X5X r V�d��8� �a� r `a\_^_V � t Z#�'`wX r \_Zml0V � ^[Zml h xnU9VY\Q` � ^[b h Z3�
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|'x ��� H H � e ^[Z]\Qd o0`wl V jsr \_b vwZml o0VYX$` r0r `a\Q`a^ f X'X f � � VcZmd�^ t xL^[b�liZ]^[Z]\ j VYdiZ�^_oiZ
r \_bw^[b�d � X jLf � o X j ` tYt Z]\ j `a��diZ]^_V � j b j Zmd�^ � �%Z `wd0l o0V�X � b tYt ` h bw\�`a^[bw\QX r Z]\=�
� bw\ j Zml ^_o0Z j Zm`wX f \_Z j Zmd�^�� ���3`wd0l b h ^_`wVYdiZml:` \_ZmX fPt ^%^_oP`a^WlPVYX_`a�w\_Z]Zml���Vc^_o ^_oiZ
U9VY\Q` � r \QZml0V � ^_Vcb�d h x �� a�����*p�o0V�X 	������"��$ �	� � j `a��diZ]^_V � j b j Zmd�^ ��`wXL` � t Zm`a\
X_Vc��d�^_o0`a^8^_oiZ r \_bw^[b�d'��`wX$dibw^ r b�VYd�^ � t V�$wZw� hPf ^3V�d0X[^[Zm`wl r b�X_X[ZmXQX[Zml ` � b jsrPt V � `a^[Zml
VYd�^[Z]\�d0` t X_^[\ f � ^ f \_Z � �9� � b f \QX_Zw��VYd ^_o0Z � `wX[Z:bw�>^_o0Z f d � o0`a\_�wZml diZ f ^[\Qb�d `wd�x
j `a��diZ]^_V � j b j Zmd�^%`a^�` tYt �'b f0t l h Z	`wdib j b t b f X �

p�oiZ j Zm`wX f \_Z j Zmd�^_X bw��^_oiZ j `a��diZ]^_V � j b j Zmd�^_X��8Z]\QZ ^_oiZ � \QX[^ � b�d � \_Z]^[Z
liZ j b�d0X[^[\�`a^_Vcb�d bw�3^_oiZ�d f � t Z]b�d � X%V�d�^[Z]\QdP` t X[^[\ f � ^ f \_Z � � `wd�x liZ � `wl0ZmX t `a^[Z]\m��Z�� �
r Z]\�V j Zmd�^_X�`a^ r b%�'Z]\_� f0t ` � � Z t Z]\Q`a^[bw\QX r \Qb vgVYliZmlLVYd0liZ r Zmd0liZmd�^ � b�d � \ j `a^_Vcb�d�bw�P^_oiZ
d f � t Z]b�d � X�VYd�^[Z]\Qd0` t X[^[\ f � ^ f \_Z � p�o0ZmX[Z>o0Vc��onZmdiZ]\Q�wxnX � `a^[^[Z]\QVYdi�sZ�� r Z]\QV j Zmd�^_X5` t X[b
Zmd0` hPt Zml f X�� bw\�^_oiZ � \QX[^�^_V j Z8^[bWZ��g` j V�diZ$^_oiZ � b�d0X_^_Vc^ f Zmd�^_X�bw�P^_oiZ'd f � t Z]b�dPX]�wdib%�
\_Z]� Z]\Q\_Zml�^[bK`wX3� f `a\=$gX `wd0l�� tYf b�d0X]��`wd0l�^[b h Z]��VYdL^[bK`wdPX �8Z]\$^_oiZ�� f ZmX[^_Vcb�d�bw��oib%�
^_oiZmX[Z � b�d0X[^_Vc^ f Zmd�^_XWVYd�^[Z]\Q` � ^9^[b r \_b l f � ZK^_oiZ�X r V�d `wd0l bw^_oiZ]\W� t b h ` t�r \_b r Z]\_^_VYZmX
bw��^_o0Z>d f � t Z]b�d �

e bi��`wd�`wdib j b t b f X j `a��diZ]^_V � j b j Zmd�^�X_Z]\_vwZmX�`wX�` � t Zm`a\ X_VY��d0`a^ f \_Z8bw� � b j�rPt V��
� `a^[Zml�VYd�^[Z]\�d0` t X_^[\ f � ^ f \_Z � T9d0l `wd�x r `a\Q^_V � t Z �%Vc^_o `wd:VYd�^[Z]\Qd0` t X[^[\ f � ^ f \_Z jLf X[^
diZ � ZmX_X_`a\QV t x oP`mvwZ�`wd*Z�� � Vc^_`a^_Vcb�d X r Z � ^[\ f0j � p�oiZ>X f0j \ f0t Z	bw�$z9Z]\Q`wX_V j b v��kU9\_Z tYt
`wd0l���Zm`a\�d *
zWUW� 0�d0V � Z t xK� f `wd�^_V � ZmX�^_o0VYX�\_Z t `a^_Vcb�dPX_o0V rLh x t VYd�$gVYdi��^_oiZ�oiZ t V � VY^ x �
liZ r Zmd0liZmd�^ � \_b�X_X�X[Z � ^_Vcb�dPX j Zm`wX f \_Zml V�d r oibw^[b�d X � `a^[^[Z]\QV�di� ^[b ^_oiZ `wd0b j b t b f X
j `a��diZ]^_V � j b j Zmd�^�bw��`soP`wli\_b�d0V � ^_`a\_�wZ]^ � p�o0VYX5X f0j \ f0t ZW��bw\�\_Zm` t�r oibw^[b�d*X � `a^ �
^[Z]\QVYdi�=o0`wX r \_b v VYl0Zml `�� b f d0l0`a^_Vcb�d ��bw\ ` r b(�8Z]\_� f0t ` r0r \_b�` � o ^[b VYd�^[Z]\ r \_Z]^_VYd0�
^_oiZ�Z�� r Z]\QV j Zmd�^_` t \QZmX f0t ^_XWbw�'Z t Z � ^[\_b�d=X � `a^[^[Z]\QVYdi�{Z�� r Z]\QV j Zmd�^_X � � d:^_oPVYXW^_oiZmX_VYXm�
�8Z ��V t�t Z��i` j VYdiZn�wZmdiZ]\Q` t V�
m`a^_Vcb�d0XLbw��^_oiZ zWUW� X f0j `wd0l \_Z t `a^[Zml VYd�^[Z]�w\Q` t X�`wX
` r0rPt VcZmln^[b ^_oiZ>X[^ f lix bw��^_oiZKdiZ f ^[\Qb�d{`wd0l �]�%ZKX r VYdnX[^[\ f � ^ f \_Z �

T%d f0t ^_V j `a^[Z9�wb�` t bw��^_o0VYX5Zmd0l0Zm`mvwbw\%V�X5^[bs^[ZmX[^#- f `wd�^ f0j ��oi\_b j b lixgd0` j V � X
bw\ ->�5U�� ^_oiZ%� f dPl0` j Zmd�^_` t ^_oiZ]bw\_x�bw�q^_oiZ%X[^[\Qb�di��VYd�^[Z]\Q` � ^_Vcb�d *qb�diZ�bw�
b�d t x�� b f \
$ dib(��dn��bw\ � ZmX�VYdnd0`a^ f \QZ60 � � d ^_oiZ>o0VY��o Zmd0Z]\_�wx \QZ]��Vcb�d�� ->��U o0`wX h Z]ZmdnvwZ]\QV � Zml
V j�r \_ZmXQX_VcvwZ t x	��b tYt b(��VYdi�WliZ � `wliZmX bw�kZ�� r Z]\QV j Zmd�^_` t \_ZmX f0t ^_X ��o0V � o�o0`mvwZ h Z]Zmd � b j �
r `a\_Zml ^[b r Z]\_^ f \ h `a^_VcvwZKX[b tYf ^_Vcb�d0X5bw� ^_oiZ ->��U � `a�w\Q`wdi��VY`wd � � d ^_oiZ t b(�.Zmd0Z]\_�wx
\_Z]��Vcb�d��P`wd*Z���Z � ^_VcvwZ � Z t ln^_oiZ]bw\Qx ` r0r \_b�` � o $ dib(��d*`wX � o0Vc\Q` t�r Z]\_^ f \ h `a^_Vcb�dn^_oiZ��
bw\_x o0`wX h Z]Zmd V jsrPt Z j Zmd�^[Zml � | f ^9^_oiZ]\_Z�VYX�` X j ` tYt VYd�^[Z]\ j Zml0VY`a^[Z�\_Z]��Vcb�d���oiZ]\QZ
diZmVc^_oiZ]\�bw�
^_oiZmX_ZW` rPr \_b�` � o0ZmX5VYX'Z�� r Z � ^[Zmln^[b h Z9` r0rkt V � ` hPt Z � p�oiZ]\QZ9VYX8�wb b l \_Zm`&�
X[b�d:^[bnZ�� r Z � ^	^_o0`a^W^_oiZ � ` t � f0t `a^_Vcb�d0` t ^[Z � o0dPVY� f ZmX%bw� t `a^[^_V � Z���` f �wZ�^_o0Z]bw\_x � `wd
X[b�b�d h Z	` r0rPt VcZml�� hPf ^5dib j `a^[^[Z]\ ��oP`a^5^_oiZWZ]vwZmd�^ f ` t ^_oiZ]bw\_Z]^_V � ` t ` rPr \_b�` � o
�iZ�� �
r Z]\�V j Zmd�^_` t l0`a^_`���V tYtgh Z�diZ � ZmXQX_`a\_x�^[b r \_b vgVYliZ � ` t � f0t `a^_Vcb�d0` t0h Zmd � o j `a\8$ X � p�o0Z
�wb�` t bw� 	�� ��� ���]� ��`wX9^[b r \_b vgVYliZ r \_Z � VYX_ZLl0`a^_`nVYd ^_o0VYX9VYd�^[\QVc� f V�di�sVYd�^[Z]\ j Zml0VY`a^[Z
\_Z]��Vcb�d*`wd0l*^[bs^[ZmX[^�X[Z]vwZ]\�` t X f0j \ f0t Z r \_ZmlPV � ^_Vcb�d0X �

p�o0VYX ^_oiZmX_V�X VYX bw\_��`wd0V 
]Zml `wXn��b tYt b(��X � �5o0` r ^[Z]\QXn� � H `wd0lO� r \_ZmX[Zmd�^ ^_oiZ
^_oiZ]bw\_Z]^_V � ` t � bw\ j ` t VYX j � ��o0` r ^[Z]\  =lPVYX � f X_X_ZmX�^_oiZ � � ` h ` � � Z t Z]\Q`a^[bw\{`wd0l ^_oiZ
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p�oiZ j b l0Z]\Qd Z]\Q` bw�%Z t Z � ^[\_b�d X � `a^[^[Z]\�VYdi� � `wd ^[\Q` � Z*Vc^_X�\_b bw^_X�^[b:� f ^_oiZ]\_��bw\Ql � X
� t `wX_X_V � Z�� r Z]\QV j Zmd�^_X
VYd �����3�8X � `a^[^[Z]\QVYd0� r b�X_Vc^_VcvwZ t x � o0`a\Q�wZmlK` tcr oP`&� r `a\_^_V � t ZmX
� \_b j
^_o0VYd j Z]^_` t ��b�V t X ��� \_b j ^_o0ZmX[Z�Z�� r Z]\QV j Zmd�^_X]��` � \ f liZ hPf ^�ZmX_X[Zmd�^_VY` tYt x � bw\_\_Z � ^ r V � �
^ f \_Z5bw��^_oiZ5`a^[b j V � d f � t Z f X�Z j Z]\Q�wZml�� ��VY^_oL`wd `a^[b j r b�X_X[ZmX_X_V�di�9` j `wX_X_VcvwZw� r b�X �
Vc^_VcvwZ t x � o0`a\_�wZmlnd f � t Z f X �%Vc^_o `�\Q`wl0V f X bw�q` r0r \Qb��iV j `a^[Z t x �]��� ) � > �]��� )�� j � 	 � �
r Z]\�V j Zmd�^_X ^_o0`a^8`a\QZ�ZmX_X[Zmd�^_VY` tYt xLZ��g^[Zmd0X_Vcb�d0X$bw��� f ^_oiZ]\Q� bw\Ql � X Zm`a\ t x��'bw\=$�`a^ j bw\_Z
`wd0l j bw\QZ r b%�'Z]\_� fPt ` � � Z t Z]\Q`a^[bw\QX'o0` vwZ%\_Z]vwZm` t Zmls^_oiZ9d f � t Z f X ^[b h Z � b j�r b�X[Zml bw�
d f � t Z]b�d0X6* r b�X_Vc^_VcvwZ t x � o0`a\Q�wZml r \_bw^[b�d0X�`wd0l f d � o0`a\_�wZml*diZ f ^[\_b�d0X@0 ��o0V � on^_oiZ j �
X[Z t vwZmX�` rPr Zm`a\�^[b o0`mvwZ�`�\QV � o*X fih X_^[\ f � ^ f \_Z9bw� � f `a\=$ X�`wd0ln� tYf b�d0X �

� d ^_o0VYX%X[Z � ^_Vcb�d �8Z���V tYt X[^_`a\Q^���\_b j � f ^_oiZ]\_��bw\Ql � X h `wX_V � ��bw\ jLf0t `g�k`wdPl*�w\Q`wl��
f ` tYt x*`wl0l b�d:^_oiZ r VcZ � ZmX	d0Z � ZmX_X_`a\_x * V�d `nX[b j Z���o0`a^ � \Q`wd�$wZmdPX[^[ZmVYd0VYXQo � `wX_o0Vcb�d 0
^[b j `�$wZsVc^	` r0rPt V � ` hPt Z�^[b{^_oiZ�Z t Z � ^[\_b�d=X � `a^[^[Z]\QVYdi� r Z]\_��bw\ j Zml:`a^ � � ` h�� � `wd�x
bw�>^_oiZ � bw\_\_Z � ^_Vcb�d0X �'Z]\_Z r oiZmdib j Zmd0b t bw��V � ` t VYd d0`a^ f \_Z ��o0Zmd ^_oiZ]x �8Z]\_Z � \QX_^
VYd�^[\Qb l f � Zml��P`wd0l Vc^�VYX%VYd{^_o0VYX �'` x{^_o0`a^ �'Z r \_ZmX[Zmd�^�^_oiZ j VYd{bw\Ql0Z]\�^[bnoiZ tcr f d��
liZ]\QX[^_`wd0l ^_oiZmVc\ r o�xgX_V � ` t3j Zm`wd0VYdi� � � `a^[Z]\ �8Z'�%V tYt X[Z]Z o0b%�B^_oiZmX[Zs��bw\ jLf0t `*`a\_Z
`LdP`a^ f \Q` t \_Z t `a^_VcvgVYX[^_V � � b�d0X[Zm� f Zmd � ZWbw� � bw\_Zmd�^ 
	`wd0l ��` f �wZ>VYd�va`a\QVY`wd � Zw� ^[bw�wZ]^_oiZ]\
��Vc^_o r `a\QVY^ x � b�d0X[Z]\_va`a^_Vcb�d �
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p�oiZ � \QX_^�bw\�liZ]\$|'bw\Qds` r0r \_b��iV j `a^_Vcb�d���bw\$VYd � tYf X_VcvwZ�X � `a^[^[Z]\QV�di�>bw��Z t Z � ^[\_b�d0X$� \_b j
` oP`wli\_b�d0V � ^_`a\_�wZ]^>VYXWX_o0b%��d:VYd � � f \_Z�� � � � � d ^_o0VYXWX � Zmd0`a\�Vcbi�
`wd Z t Z � ^[\_b�d ��Vc^_o
� b f \ j b j Zmd�^ f0j r�
 � *
�������0KV�d�^[Z]\Q` � ^_X ��VY^_o `:o0`wli\Qb�d0V � ^_`a\_�wZ]^�bw��� b f \ j b��
j Zmd�^ fPj � 
 � *���� �� 0�v VY` ^_oiZKZ�� � oP`wdi�wZ�bw�3` X_V�di� t Z	vgVc\_^ f ` tqr oibw^[b�d � p�oiZ � d0` t
o0`wli\_b�d0V � X[xgX[^[Z j ��Vc^_o ��b f \ j b j Zmd�^ f0j � � 
 � *�� �
� �� � 03�wb ZmX f d0b h X[Z]\_vwZml�� ��o0V t Z
^_oiZ Z t Z � ^[\_b�d V�X�liZ]^[Z � ^[Zml `a^�`wd `wd0� t Z � ��Vc^_o � b f \ j b j Zmd�^ f0j ��� 
 � *
� �
�����0 �
p�oiZLv Vc\Q^ f ` t
r o0bw^[b�d V�X%b�� Vc^_X j `wX_XWX_oiZ tYt �kX[bn^_oiZL� b f \ j b j Zmd�^ f0j � 
 � *������� 0
X_`a^_VYX � ZmX � /��� � � � bw\ `�X r ` � Z�� t V�$wZ{vgVc\_^ f ` t'r o0bw^[b�d � / 2��g�8X[b�^yx r V � ` tYt x=^_oiZ
v `a\QV�` hPt Z 9#/ ��� � /WVYX f X[Zml{VYd0X_^[Zm`wl �
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 � Vc\QX[^�bw\QliZ]\%X � `a^[^[Z]\QVYdi� l0VY`a�w\Q` j �
� d ^_oiZ r \_b � ZmX_X]�k`wd ZmdiZ]\_�wx � � �
� �� `wd0l j b j Zmd�^ fPj �� � �� � �� � `a\_Z�^[\Q`wd0X �

� Z]\_\QZml*^[b ^_oiZK^_`a\_�wZ]^ � � d ^_oiZ�VYd � tYf X_VcvwZW\_Zm` � ^_VYb�d��kb�d t xn^_oiZ � dP` t X � `a^[^[Z]\_Zml Z t Z � �
^[\_b�d VYX l0Z]^[Z � ^[Zml��%X[b �'Z ��V tYt bw��^[Zmd j `�$wZ f X[Z bw�>^_o0Z VYd�va`a\QVY`wd�^ j `wX_X bw�>^_oiZ
\_ZmX_VYl f ` t o0`wli\_b�d0V � X[x X_^[Z j � � ��� * ��� � 0 / � 	�Z ` t X[b VYd�^[\Qb l f � Z*oiZ]\_Z*^7�8b
X � ` t `a\WVYd�va`a\QVY`wd�^_X + � ���/ �
� � `wd0l�� � �
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d f � t Z]b�d{^_`a\_�wZ]^WVYd � �]�	� �8� VYdP` tYt xw�iVc^�X_oib fPt l h Z	\_Z � ` tYt Zml{^_oP`a^�^_oiZ>va` t VYl0VY^ x bw��^_oiZ
	=`wd0l�
 f \Q`(> 	 V t � 
]Z�$ \_Z t `a^_Vcb�d V j�rkt VcZmX ^_oiZW| f \=$go0`a\Qli^?>g��bw^[^_VYdi��o0` j \_ZmX f0t ^8X_VYd � Z
Zm� f `a^_VYb�d*� �IH G � `wd h Z	b h ^_`wVYdiZml*l0VY\_Z � ^ t x ��\_b j H � �3� h x{VYd�^[Z]�w\Q`a^_Vcb�d �

���
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Description

Q (GeV  )
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0.2 0.5
( # � ��� 
�E 	 E 
 ��b�d0diZ � ^_VYdi��^_oiZ r `a\_^[b�d0V � `wdPl*o0`wli\_b�dPV � liZmX � \QV r ^_Vcb�d0X �

����� ����6 6 �5
 �

T�^ t `a\Q�wZ�- / � ^_oiZ%X r `a^_VY` t \_ZmX_b tYf ^_Vcb�d�bw��^_o0Z%VYd � V�liZmd�^ Z t Z � ^[\_b�d r \_b h Z�VYX$oPVc��o `wd0l
^_oiZ VYd�^[Z]\Q` � ^_Vcb�d � `wd h ZsvgVcZ��'Zml `wXK`wd VYd � b�oiZ]\QZmd�^KX f0j bw��X � `a^[^[Z]\QV�di�*��\_b j VYd��
l0VcvgVYl f ` t�r `a\_^[b�dPX � � d{^_o0V�X $ V�diZ j `a^_V � \QZ]��Vcb�d��0^_oiZ�X[^[\ f � ^ f \QZ>� f d � ^_Vcb�d j b j Zmd�^_X
� `wd h Z�Z�� r \_ZmXQX[Zml V�d ` r Z]\_^ f \ h `a^_VcvwZ�Z�� r `wd0XQVcb�d VYd�0 �m� `wdPl o0Vc��o0Z]\$^
�%VYX[^$Z�� r `wd��
X_Vcb�d:VYd � � 9#/ � T9X -�/LliZ � \_Zm`wX[ZmXm�
^_oiZ�o0Vc��oiZ]\W^7��VYX[^9Z���Z � ^_XKbw�$^_oiZ �W��	 X_oib f0t l
�w\_b%� V�d X_VY��d0V � � `wd � Z f d�^_V t ^_oiZ�Z�� r `wdPX_Vcb�d h \_Zm`�$gX	lib%�%d � � V�`wd0l=�WX h bw\Qd0Z � J J �
`a\_� f Z�^_o0`a^ ^_o0Z�\_Z t Z]va`wd�^3X � ` t Z r `a\Q` j Z]^[Z]\$VYX�^_oiZ�` vwZ]\Q`a�wZ r `a\_^[b�d�^[\Q`wd0X_vwZ]\QX[Z j b��
j Zmd�^ fPj ��� � p�oiZ]x f X[Z�^_oPVYX3� ` � ^8^[b � b�d � tYf l0Z�^_o0`a^8^_oiZ�� � 96/�Z�� r `wd0X_Vcb�d X_oib f0t l
h Z�va` t VYl�lib(��d�^[b>` h b f ^ � �  Kz9Z�� / � � d�`wd�x�Z]vwZmd�^]��^_oiZ%�	� 	=X_o0b f0t l h \_Zm`�$�lib%��d
� b j�rPt Z]^[Z t xn`wX �'ZK` r0r \_b�` � o ��/ �
	 3 ��\_b j ` h b vwZ �

�Wd ^_oiZ bw^_oiZ]\�o0`wd0l
� � o0Vc\Q` t$r Z]\Q^ f \ h `a^_Vcb�d=^_oiZ]bw\_x�Z��g^[Zmd0l0X�^_oiZ t b(�CZmd0Z]\_�wx
^_oiZ]bw\_Z j r \QZml0V � ^_Vcb�d0Xn`%�'` xO��\_b j ^_oiZ�\QZm` tWr oibw^[b�d r b�VYd�^n`a^ 96/ �G� � p�o0V�X
` r0r \_b�` � o v VcZ��%X�Z t Z � ^[\_b�d X � `a^[^[Z]\QVYd0�=`wX�` � b�o0Z]\_Zmd�^sV�d�^[Z]\Q` � ^_VYb�d VYd!�%o0V � o ^_oiZ
f d0liZ]\ t x VYd0� r `a\Q^[b�d0V � liZ]�w\_Z]ZmXKbw�8��\_Z]Zmlib j `a\_ZsVc��dibw\QZml � � ^>VYX>`a\_� f Zml=^_o0`a^>^_o0VYX
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Z���Z � ^_VcvwZ ^_oiZ]bw\_x � `wd h Z f X[Zml ^[b liZmX � \�V h Z�^_oiZ - / Z]vwb tYf ^_Vcb�d=bw�5^_oiZn�'b j�r ^[b�d
` j�rPt Vc^ f liZmX f0r ^[bs` h b f ^�� � �sz9Z���/ � � d ^_o0ZWV�d�^[Z]\ j Zml0VY`a^[Z
� ��VYd0l0b%� � \_Z]��Vcb�d��g^_oiZ
VYd�^[Z]\�` � ^_Vcb�d � `wdndibw^ h ZWX_V jsrPt x f d0liZ]\�X[^[b�bgl V�d ZmVY^_oiZ]\8^_o0Z r `a\_^[b�d0V � bw\5o0`wli\_b�d0V �
v VcZ��K� hkf ^'V�X'd0Z � ZmX_X_`a\QV t x X[b j Z � b j�rPt V � `a^[Zml j V �g^ f \_Z%bw�q^_oiZW^
�'bsZ���Z � ^_VcvwZ	^_oiZ]b��
\QVcZmX � p�o0V�X j `�$wZmX'Z�� r Z]\�V j Zmd�^_` t l0`a^_`LVYd ^_o0VYX3\�`wdi�wZ%Z��g^[\_Z j Z t x f X[Z]� f0t VYd ^[ZmX[^_VYdi�
Z�� ^[Zmd0XQVcb�d0X%^[b ^_oiZ�Z��gV�X[^_VYdi�s^[b b t X9`wd0l ^[b r \Qb vgVYliZK` h Zmd � o j `a\8${� bw\9`wd�x*� f ^ f \QZ
� ` t � f0t `a^_Vcb�dPX	X f � o:`wX	^_o0b�X[Z�Z�� r Z � ^[Zml:��\_b j t `a^[^_V � Z���` f �wZ�^_oiZ]bw\_x � � ^	VYXWVYd ^_o0VYX
\_Z]��Vcb�d ^_o0`a^K^_oiZ 	�� ��� ���]� � b tYt ` h bw\Q`a^_VYb�d r Z]\_� bw\ j Zml ` r \_Z � VYX_VYb�d j Zm`wX f \QZ j Zmd�^
bw�3^_oiZ�diZ f ^[\_b�d `wd0l � �%Z�X r VYd X[^[\ f � ^ f \QZK� f d � ^_Vcb�d0X ��o0V � o �%V tYt�h Z�l0ZmX � \QV h Zml*VYd
^_oiZ>\_Z j `wV�d0liZ]\5bw��^_o0VYX�^_oiZmX_V�X �

�w�



NO� 1�� �O; R �

�O��; ; � � ; R D 2 ; # �

	�� r Z]\QV j Zmd�^�� ��� ���]�n\�`wd V�d � Z���Z]\�X[b�d � ` h �%` t�t TS� \_b j7e Z r ^ � �3 ��� ^[bnU9Z��
� Z jKh Z]\�� � ��� ���3� G � � ^�\_Z r \_ZmX[Zmd�^_XL` r \_Z � V�X[Z VYd � t�f X_VcvwZ r b t `a\QV 
]Zml � \_b�X_XLX[Z � ^_Vcb�d
j Zm`wX f \_Z j Zmd�^�`a^ t b%� j b j Zmd�^ fPj ^[\Q`wdPX[� Z]\#* � � �324-�/32�� � �Lz9Z���/%0$VYd�^_oiZ9^_oi\_ZmX_o��
b t l���� f `wX_VcZ t `wX[^_V � ��`wd0l�\QZmX[b�d0`wd � Z�\QZ]��Vcb�d0X � p�oiZ;$gVYdiZ j `a^_V � � b vwZ]\Q`a�wZWVYX3X_o0b%��d�VYd
� � f \_Z� � � � p�oiZK�wb�` t bw� ^_o0Z�Z�� r Z]\QV j Zmd�^ ��`wX�^[b Z�� ^[\�` � ^9^_o0Z��]�%Z�`wd0l diZ f ^[\_b�d
X r VYd�� l0Z r ZmdPliZmd�^�X[^[\ f � ^ f \_Z{� f d � ^_Vcb�d0XL��)(*,+��.-�/%0L`wd0l � / *,+��.-�/%0L`wd0l f0t ^_V j `a^[Z t x^_oiZ \_Z t Z]v `wd�^�o0VY��oiZ]\ j b j Zmd�^_X�bw�5^_oiZmX[Z � f `wd�^_Vc^_VcZmX � � b�d0��Vc^ f l0VYdP` tYt x r b t `a\QV 
]Zml
Z t Z � ^[\_b�d0X�bw�qV�d � VYliZmd�^3ZmdiZ]\_�wx � \Qb j � � ��z9Z��.^[b  � �>z9Z��:�8Z]\QZWX � `a^[^[Z]\_Zmln� \Qb j `

�  
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( #�� ��� 
 � 	 2,
 � V�diZ j `a^_V � �'b vwZ]\Q`a�wZ�bw��	�� ��� ���]�
o0Vc��o r \_ZmXQX f \_Z r b t `a\QV�
]Zml��]�%Z5^_`a\_�wZ]^ � p�oiZ h Zm` j oiZ t V � Vc^ x��'`wX r X[Z f lib�� \Q`wdPlib jst x
� V r0r Zml�`a^���bw\ H �w� 
W`wX��<�8�� � T ��`wX$\�`wX[^[Z]\_Zml b�d ^_oiZ%� t `wX_X � ��Z9^_`a\_�wZ]^ � Z tYt � � d
bw\QliZ]\�^[bsZ��g^[\Q` � ^ h bw^_o r b t `a\QV�
]Zml{X[^[\ f � ^ f \_Z	� f d � ^_Vcb�d0Xm� t b�di��Vc^ f l0V�d0` t `wdPl{^[\Q`wd0X �
vwZ]\QX[Z>^_`a\_�wZ]^ r b t `a\QV�
m`a^_Vcb�d ��`wX j `wVYd�^_`wV�diZml �

p�oiZnZ�� r Z]\�V j Zmd�^ f ^_V t V�
]Zml ^
�'b=diZm`a\ t x VYliZmd�^_V � ` t o0Vc��o \_ZmX[b t�f ^_Vcb�d j `a��diZ]^_V �
X r Z � ^[\_b j Z]^[Z]\QX r b�X_Vc^_VYb�diZml>`a^ �� �  �
���Vc^_o>\QZmX r Z � ^�^[bW^_oiZ h Zm` jst VYdiZ � |8Zm` j)r b t `a\=�
V�
m`a^_Vcb�d���`wX j b�d0Vc^[bw\_ZmlL` h b f ^�b�d � Z�Z]vwZ]\_xK��b f \ l0` x X���VY^_o�`#��� tYt Z]\ r b t `a\QV j Z]^[Z]\ �
T�vwZ]\Q`a�wZ h Zm` j r b t `a\QV�
m`a^_Vcb�d0X4��`wX F � � � T � bw^[^ r b t `a\QV j Z]^[Z]\9` t X_b j b�d0Vc^[bw\_Zml
^_oiZ�VYd0VY^_VY` t h Zm` jSr b t `a\QV�
m`a^_Vcb�d�`a^3^_o0Z�VYd&B[Z � ^[bw\ h Z]� bw\QZ�` � � Z t Z]\Q`a^_Vcb�d � T�^8^_oiZ5^_V j Z
bw�6	�� ��� ���]� ^_o0VYX r b t `a\QV j Z]^[Z]\sZ�� r Z]\�VcZmd � Zml va`a\QVcb f XsoP`a\Ql���`a\_Z l0V � � f0t ^_VcZmX�`wd0l
^_oiZ�� bw^[^ r b t `a\QV j Z]^[\_xs\_ZmX fPt ^_X;�8Z]\QZKdibw^ f X_Zml{VYdn^_oiZ � dP` t `wd0` t xgX_VYX �

��`a\_^_V � t Z � U���`wX r \_b vgVYliZml h x�`>��`wX ��'Z]\QZmd�$wb vs`wd0l ^[bw^_` t ` h X[bw\ r ^_Vcb�d X_oib(�8Z]\
� b f d�^[Z]\ � p�o0ZK\_ZmX fPt ^_VYdi� r VYb�d \_Z?B[Z � ^_Vcb�d �'`wXW` h b f ^ �]� � � �%o0V � o �'`wX j bw\QZK^_o0`wd
X f � � VcZmd�^5^[b � b�d�^[\_b t ^_o0Z r Vcb�d � b�d�^_` j VYd0`a^_VYb�d*VYdnb f \�lP`a^_` �

� d ^_o0VYX � o0` r ^[Z]\m� �'Z �%V tYt l0VYX � f X_X�^_o0Z��'b�d�^_VYd f b f X 	 t Z � ^[\_b�d |8Zm` j T � � Z t Z]\ �
`a^[bw\ � ` � V t Vc^ x * �;	8|'T � 0��k`wd0ln^_o0Z>Z�� r Z]\QV j Zmd�^_` t X_Z]^ fir VYd{�9` tYt T �

� J



m = 3/2
m = 1/2m = -1/2

m = -3/2

m = 1/2
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Conduction
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1/2

γ

( #�������
 ��	 ?�
 	$diZ]\Q�wx t Z]vwZ t l0VY`a�w\Q` j ��bw\�lib r Zml zW`wT9X �

�W� � � "�� 1 � � �$FQ�3
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p�oiZ � � ` h�r b t `a\QV 
]ZmlKZ t Z � ^[\Qb�d�X[b f \ � Z � G F � f ^_V t V�
]ZmX�` r o0b�X r oibw\ f Xqlib r ZmlLX[^[\Q`wVYdiZml
zW`wT%X � `a^_oibgliZ�V tYtYfPj VYd0`a^[Zml ��Vc^_o�` r b t `a\QV 
]Zml>l0VcbgliZ t `wX_Z]\ � p�o0Z4� � � F � �4
8lPVcb l0Z
t `wX[Z]\�b r Z]\Q`a^[ZmX9`a^ F G � d j `wd0l � `wd r \_b v VYl0Z fir ^[b �]�w� � T)bw� r b t `a\QV�
]Zml h Zm` j �
p�oiZ�l0VYb liZ t `wX[Z]\ � `wd h Z�X �'` rPr Zmlsb f ^8`wd0l \_Z rPt ` � Zml ��Vc^_os`Kp�Vc^_`wd0V fPj e ` r0r o0VY\_Z
* p�V � e ` r 0 t `wX[Z]\m�0` tYt b(��VYdi� r \Qb l f � ^_Vcb�dnbw� r b t `a\�V�
]Zml h Zm` j bw� f0r ^[b �a�w� � T �
p�oiZ � `a^_oib l0Z � G G � � b�d0X_VYX[^_X bw�>X[Z]vwZ]\Q` t9t ` xwZ]\QX bw��z	`wT%Xnlib r Zml ^[b v `a\Qx VYd0�

liZ]�w\_Z]ZmX#��VY^_o r oib�X r o0bw\ f X � p�o0Z�l0b r VYdi� � \_Zm`a^[ZmXK`{X_^[\Q`wVYd b�d�^_oiZ zW`wT9XKVYd ^_oiZ
` � ^_VcvwZ t ` xwZ]\m��^_o0Z]\_Z h x h \QZm`�$ VYd0�	^_oiZ�liZ]�wZmdiZ]\Q` � x�bw��^_oiZ�� ��� / t Z]vwZ t bw��^_oiZ�va` t Zmd � Zh `wd0l*`wX%X_oib%�%d*VYd � � f \_Z  � � � � Z]� ^ � oP`wd0liZml � VY\ � f0t `a\ t x r b t `a\QV�
]Zml t VY��o�^�VYd � VYliZmd�^
b�d ^_o0Z � `a^_oibgliZ�VYX%^_oiZmd:` hPt ZK^[b r \Qb j bw^[Z�Z t Z � ^[\_b�d0XWVYd ^_oiZ j � H �a� X fihPt Z]vwZ t bw�
^_oiZ>va` t Zmd � Z h `wd0ln^[b ^_oiZ j ��� �a�sX fihPt Z]vwZ t bw��^_oiZ � b�d0l f � ^_Vcb�d h `wdPl�����oiZ]\_Z	^_oiZ
Z t Z � ^[\_b�d*VYX�` hPt Z9^[b�ZmX � ` r Z � p�oiZWZ t Z � ^[\_b�d0X5`a\_Z	Z j Vc^[^[Zml{VYdn`�l0Vc\_Z � ^_Vcb�d b r0r b�X_VY^[Z
^[bs^_oiZKVYd � VYliZmd�^ t `wX[Z]\�`wd0l{^_o0Z]\_Z]� bw\QZ>o0`mvwZ�\QVc��o�^ � o0`wd0liZml{oiZ t V � Vc^ x �

p�oiZ�Z t Z � ^[\Qb�d h Zm` j oiZ t V � Vc^ x VYX>` t ^[Z]\QdP`a^[Zml�^[b Zmd0` hkt Z�^_oiZ j Zm`wX f \_Z j Zmd�^>bw�
`wX[x j j Z]^[\_x `wd0l � \_b�X_X{X[Z � ^_Vcb�dIl0V ��Z]\_Zmd � ZmX � � ^{VYXnliZmX_Vc\�` hPt Z ^[b r Z]\_��bw\ j ^_o0VYX
oiZ t V � Vc^yx � V r0r VYdi�=� f V � $ t x VYd bw\QliZ]\ ^[b t V j Vc^ ^_oiZ V j�r ` � ^ bw��`wd�x ^_V j Z l0Z r Zmd��
liZmd�^5X[xgX[^[Z j `a^_V � Z���Z � ^_X � p�oiZWX[b f \ � Z t `wX[Z]\ r `wXQX[ZmX'^_oi\_b f ��on` r b � $wZ t � Z t�t �%o0V � o
\Q` r VYl t x{v `a\QVYZmX%^_o0Z�o0Z t V � Vc^yx{bw�$^_oiZ h Zm` j VYd ` r X[Z f lib�� \Q`wdPlib j ��`wX_oPVcb�d `a^'�Lbw\
H �w� 
 � T \_Z j b v ` hkt Z	o0` t � �5�'` vwZ rPt `a^[Z � `wd{` t X[b h Z9VYdPX[Z]\_^[ZmlnVYd�^[b�^_oiZ t `wX_Z]\ h Zm` j
^[b�\_Z]vwZ]\QX[ZW^_oiZWoiZ t V � VY^ x � p�o0V�X ��`wX5lib�diZWX[Z]vwZ]\Q` t ^_V j ZmX�l f \QVYdi� 	�� ��� ���]��VYd bw\QliZ]\
^[bsZ]v ` t�f `a^[ZKoiZ t V � Vc^ xnliZ r Zmd0liZmd�^5X[x X_^[Z j `a^_V � Z���Z � ^_X �

p�oiZ r b t `a\QV�
]Zml Z t Z � ^[\_b�d0X `a\_Z ^_o0Zmd ` � � Z t Z]\�`a^[Zml ^[b �  �*Z�� h Z]��bw\_Z h ZmVYd0�
VYd&B[Z � ^[Zml�VYd�^[bn^_oiZ � \�X[^ t VYd0` � �Le Z]Z � � f \_Z� �IH � p�oiZ t VYdP` � X � b�dPX_VYX[^9bw���a�nX f0r Z]\=�
� b�d0l f � ^_VYd0� � \Qxwb j b l f0t ZmX]�8Zm` � o � b jsr b�X_Zml bw� G X f0r Z]\ � b�d0l f � ^_VYd0� d0VYb h V f0j \_�
� `mvgVc^_VcZmX � b�b t Zml ^[b�� � � p�oiZ � ` v Vc^_VYZmX�`a\_Zn` hPt Z ^[b r \_b l f � Z ` � Z t l=�w\Q`wlPVcZmd�^�bw�
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A
B

C
End

Stations

Helium
Refrigerator

Extraction
Elements

0.4-GeV Linac
(20 Cryomodules)

Recirculation
Arcs

45-MeV Injector
(2 1/4 Cryomodules)

( # � ��� 
 ��	 K 
 � 	$|�T � j ` � o0VYd0Z � b�d � � f \Q`a^_VYb�d �
F � Z�� � j `wd0l bw\_��`wd0V�
]Z�^_oiZ h Zm` j VYd�^[b `wX j `wd�x{`wX�^_oi\QZ]ZK� �3� � �4
 hPf d � oiZmX �
T���^[Z]\�^_oiZ � \QX[^ t VYd0` � ��^_o0Z%Z t Z � ^[\Qb�d0X'Zmd�^[Z]\5`�\_Z�� � Vc\ � f0t `a^_Vcb�d `a\ � `wd0l `a\_ZWl0Vc\_Z � ^[Zml
VYd�^[b ^_oiZ X_Z � b�d0l t VYd0` � ��o0Z]\_Zs^_oiZ]x � `wd h Z ` � � Z t Z]\Q`a^[Zml `a��`wVYd � T�^�^_o0V�X r b�VYd�^]�
`wd:Z t Z � ^[\_b�d hPf d � o ��V tYt ZmVc^_oiZ]\WZmd�^[Z]\	^_o0Z�X_Z � b�d0l \_Z � Vc\ � f0t `a^_Vcb�d `a\ � ��Z]vwZmd�^ f ` t�t x
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HIGH ACCURACY BEAM CURRENT MONITOR SYSTEM FOR CEBAF’S 
EXPERIMENTAL HALL A * 

J.-C. Denard†, A. Saha , Jefferson Lab., Newport News, Virginia, USA 
G. Lavessière, Université de Clermond-Ferrand, France 

Abstract
CEBAF accelerator delivers continuous wave (CW) 

electron beams to three experimental Halls. In Hall A, all 
experiments require continuous, non-invasive current 
measurements and a few experiments require an absolute 
accuracy of 0.2 % in the current range from 1 to 180 ���

A Parametric Current Transformer (PCT), manufactured 
by Bergoz, has an accurate and stable sensitivity of 4 
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preclude its direct use for continuous measurements. Two 
cavity monitors are calibrated against the PCT with at 
least 50 µA of beam current. The calibration procedure 
suppresses the error due to PCT’s offset drifts by turning 
the beam on and off, which is invasive to the experiment. 
One of the goals of the system is to minimize the 
calibration time without compromising the measurement’s
accuracy. The linearity of the cavity monitors is a critical 
parameter for transferring the accurate calibration done at 
high currents over the whole dynamic range. The method 
for measuring accurately the linearity is described.

1 INTRODUCTION 
The CEBAF accelerator delivers continuous wave 

(CW) electron beams to three experimental halls. Most of 
the experiments need to measure the beam current with an 
absolute accuracy of about 1%. A few experiments in Hall 
A require an improved accuracy of 0.2% in the 1 to 180 

� dynamic range. Two cavity monitors equipped with 
linear, stable and low noise detection electronics require 
periodic calibrations against a parametric current 
transformer (PCT) manufactured by Bergoz (Crozet, 
France). The PCT is an absolute measuring device.  
However, its excessive offset drifts preclude its direct use 
for accurate current measurements. It is possible to 
calibrate the cavity monitors against the PCT with 50 �

or more beam current in a reasonable time (~1/2 hour). 
The good linearity of the cavity electronics allows 
accurate extrapolation of the result obtained at one current 
measurement to the whole dynamic range. The next 
sections describe the detailed design of the monitor, the 
errors contributing to the system performance, the high 
accuracy method used for measuring the linearity of the 
electronics and the results of the past few years of 
operation. In addition to beam current, the experiments 
require measurement of the beam charge. This 

necessitates additional circuitry with better timing 
precision than that of the current monitor. 

2 SYSTEM DESCRIPTION 

2.1 PCT related components 
Figure 1 shows the beam line components, which 

consist of the toroidal PCT sensor, a cavity on its 
upstream side and a cavity on its downstream side. The 
PCT toroid is sensitive to the DC component of the 
magnetic field generated by the beam current around the 
beam pipe [1].  

Figure 1. Current Monitor components on the beam line 

A ceramic gap interrupts the beam pipe’s conductivity 
and prevents any parasitic currents from flowing inside 
the toroid. Three magnetic shields, two of iron and the 
innermost one of µ metal, suppress the offset drifts due to 
external varying magnetic fields. A thermoregulated 
enclosure, surrounding the entire assembly, reduces 
further the PCT offset drifts. An electric shielding 
prevents the high frequencies of the beam spectrum from 
propagating outside the monitor from the ceramic gap. 
Absorbing materials prevent RF noise from reaching the 
sensor.  

The PCT front end, which is two meters from the 
sensor, sends the signal to a remote unit located 50 m 
away in the counting house. The remote unit delivers to 
an HP34401A multimeter, used as a voltmeter, a DC 
voltage consistently equal to 4.000 mV per µA of beam. 

By sending a DC current into a wire passing through 
the toroid (figure 1), one can periodically calibrate the 
PCT sensitivity. A Keithley current source sends a known  
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Target: Be Happy
Target: Armegeddon  
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Target: Nephali
Target: Sysiphos  
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#%$o>;WJC 5)3 u ¥ a ��7�3�1;ALFB& &)( 3 � � ±2��¥ u ¥dOR3<0B+)C 5S3<Mo[ 0BA,C�3<+ FBD�� ­ � � ­ 
 0B+�&)( 3^+4FJA,*lM-6*L5S-6AL3<+�02&�+S* �R[ 0BA,C�3<+?FBD���­^\I3<ALF�7 u ��3���­ a �P&)02&)*l+4&)*,-60BA;C;$�-U365)&)0B*,$=&)*L3<+�025)3�+S( F�7Y$FJ$�&)( 3`M�02&)0³1IFJ*,$=&)+6T�7Y(�*,A,3�&)( 3p+4Nm+4&43<On02&)*l-k365)5)FB5n*,+�5)361�5S3<+43<$�&43<M�\PN�&)(�3pWB5)36N\;0B$�MnFJ$�&)( 31�=��0 � *,+ a j ( 3XFB1I3<$Q-6*L5S-6A,3<+?*,$�-6AlC�M 3^0B$�3<+4&)*,On02&43XFBDE&)( 3�C;$�OR3<0B+)C 5S3<M

�X#���5S36WJ*LFJ$�\;0B+)3<M�FJ$�&)( 3�AL3<0BM�*,$ W{&�7Y*,+4& � 0B$�M K<C 5S0 � � *,A,-UK63<-!��5)3<A,02&)*,FJ$ a j (�3&4FB&)0BA�*l$�&436WB5S0BA � +)FJA,*,MQ+S�=C�025S3<+ 
 0BA,+4Fd*l$�-6A,C�M 3<+:&)( 3Y3<A,0B+)&)*,-Y-UFJ$=&45S*L\;C�&)*LFJ$Q02& � s u7Y(�*,-/(�*,+�36[20BA,C�02&43<M�D�5)FJO &)( 3 ° OR5SFJC�$ � � � ¡ u ¨ � £ � � 3�3<A,0B+4&)*l-YD�FB5SO D�0B-U&4FB5/+ a j (�*l+OdC�+)&�\I3�-UFJ$�+)*,M�365)3<MQ7X( 3<$k-UFJOR1;025S*,$�Wd&4FR&)( 3 	�C 5��m(�025)&(�m®�FB&4&)*l$ WJ(�0BO
+)C�O 5SC�A,30B$�M{*,+�5)361�5)3<+)3<$�&43<M³\PN�&)( 3R+4FJAl*,M�$�36WJ02&)*L[B3n-6C 5)[B3 a�° +�7Y*,&)( � ¬ � �Z­ 
 &)( 3o3<A,0B+4&)*,--UFJ$�&45S*,\;C &)*LFJ$p*,+Y$ 36WJA,*LWJ*L\@AL3�02\IF [B3�FJC 5Y+43<-UFJ$;M�M�02&)0R1IFJ*,$=& a j ( 3Z1;(�3<$ FJOR3<$ FJALFBW2�*,-60BA.ORFmM 3<A � ° # ��*,$=&436WB5S02&43<M�&4F�0nOn0 � *,O�C�O � FBD.� ��3���*,+^+S( F�7Y$`7Y*L&)(p&)( 3M FB& ��M�0B+)( 3<M�A,*l$ 3 a � 3p(�0�[B3k*l$�-6A,C�M 3<M�0B$
3<+)&)*,On02&43kFBD^&)( 3k-UFJ$�&45/*L\;C &)*LFJ$
\I3<ALF�7&)( 3�1;*LFJ$d1�5)FmM�C�-U&)*LFJ$d&)( 5)3<+)(�FJA,M'C�+S*,$ WY&)(�3�&43<-/(�$�*,�PC 3�M�*,+)-6C;+)+43<M�*,$d+)3<-U&)*LFJ$ � a � a u a� ° # � DGFJAlALF�7Y+?&)( 3Y&45S3<$�MnFBDIFJC 5�OR3<0B+)C 5S3<Mn1IFJ*,$=&)+�\;C &?M;* ��365/+?*,$n02\@+4FJA,C &43X[ 0BA,C�33<+41I3<-6*,0BA,ALN�02&YA,025)WB365���­ a° AlA�FBDdFJC 5`M;02&)0�1�FJ*l$�&)+p025)3�-UFJ$;+)*,+4&43<$=&p7Y*L&)(ª&)( 3 	�C 5!�P(�025S&(�m®�FB&4&)*,$ WJ(�0BO+)C�O 5SC;AL3 a ��02&)0�D�5)FJO &)(�*l+Z+)0BOR3n3��m1I365S*,OR3<$=&�(�0B+'0BAl+4Fp\I363<$�C�+43<M{&4F�&43<+4&'&)( 3
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 j ( 3o3��P&43<$;M 3<M � � � +)C;O D�FB5 � � 3 a �PFJA,*,M -6*L5S-6A,3<+6q � � ±2��¥ u ¥ � � 3M�02&)0YD�FB5 � � � ��3�� a �mFJA,*,MZ+)�PC�025)3<+6q � � ±2��¥ u ¥ � � 3�M�02&)0X1;A,C�+ ��#��Z1@025S0BOR36&45S*LK<0 �&)*LFJ$�DG5)FJOe5)36D a ¡ u ¤B¤ £ a ��FB& ��M�0B+S( 3<M�\;A,C 3�A,*,$ 3Bq�� ° # �%�2¥B¥ �³ORFmM 3<A�¡ ±J¥ £ a �m&)025�qj ( 3�� � � +)C�O
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*,+oORFJ+)&)ALNC�$�*,OR1IFB5)&)0B$=& a #%$;+4&43<0BMET 793k+4363�0�\;0BAl0B$�-U3�+4&45/C�-��{\I36&�7�363<$�&)( 3�Al025)WB3Q1IFJ+)*L&)*,[B3-UFJ$�&45S*,\;C &)*LFJ$RD�5)FJO�&)(�3Y*,$=&436WB5S0BA�02\IF�[B3X&)( 3^1;*LFJ$n&)( 5)3<+)( FJAlMR0B$�Mn0�A,025SWB3Y$ 36WJ02&)*L[B3-UFJ$�&45S*,\;C &)*LFJ$kD�5)FJO
&)( 3d�=C�0B+S*L3<A,0B+4&)*,-�5)36WJ*,FJ$ a
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� *,WJC 5)3 u ¥ a �³M�*,+41;Al0<Nm+�FJC 5ROR3<0B+)C�5)3<M�[ 0BA,C�3<+ � +4FJA,*lM�-6*L5S-6A,3<+ 
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� � ±��=¥ u ¥�1I365)D�FB5SOR3<Mª&)( 3�>;5S+4&�OR3<0B+SC 5)3<OR3<$=&`FBDo&)( 3 � � 3 � $ 3<C &45SFJ$ 
 +41;*l$+4&45SC�-U&)C 5S3`D�C;$�-U&)*LFJ$�+R*,$�&)( 3�*,$=&4365SOR3<M�*l02&43  �­k5S0B$ WB3�¥ a u &4F
¥ a � ��3���­2T�7X(�*,-S(\�5S*,M WB3<+9&)( 3�WJ021pD�5)FJO &)( 3�-UFJ$�>;$ 3<OR3<$=&�5)36WJ*,OR3�02&�ALF�7tORFJOR3<$=&)C�O�&45S0B$;+4DG365�T=&4F&)( 3YA,025)WB3 ��­�5)36WJ*LFJ$R7Y(�365)3�&)( 3^-UFJ$�+4&)*,&)C 3<$�&)+?\I3<(�0<[B3^7X*L&)(o0B+4NPOn1�&4FB&)*,-�D�5)363<M FJO a
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 j 0B$�M &)( 3o&�7Y*,+4&�3��P1@0B$�+)*LFJ$ET�7Y(�*lAL3'1�5SF�[m*,M�*,$ W�0�(;*LWJ(�1;5)3<-6*,+)*LFJ$�\I3<$�-S(;On025��*,$ &)( 3R5)36WJ*LFJ$³7Y(�365)3�$�3<*L&)( 365ZFBD?&)(�3<+43R&�7�F`021�1�5)FJ0B-/( 3<+�025)3R3��m1I3<-U&43<M{&4Fp7�FB5�� a° +9A,02&4&)*,-U3^WJ0BC WB3X&)( 36FB5)No&43<-S(;$�*,�PC 3<+�\I3<-UFJOR3YORFB5S3^+4FB1;(�*,+)&)*,-602&43<METJFJC 59M�02&)0�7Y*lA,A1�5)F�[m*,M 3�+)&45S*,-U&^-UFJ$�+4&45/0B*,$�&)+^7Y*L&)(k7Y(�*l-S(k&4FQ&43<+)&^&)( 3�$ 367 -60BAl-6C�A,02&)*LFJ$�+ aj (�*,+�3��m1I365S*,OR3<$=&�0B$�0BALNPK63<M�0o5)3<OQ025�� 02\@AL3�0BORFJC�$=&^FBD M�02&)0n7Y(;*,-S(p(�0B+^\�363<$C�+43<M�&4F�*,$=[B3<+4&)*LWJ02&43 On0B$�N�FBDZ&)(�3�$ 3<C &45SFJ$ed +Q+41@*,$ �=M 361I3<$�M 3<$=&o1�5)FB1I365)&)*L3<+<T�*,$ �-6A,C�M�*,$�W q u 
 &)( 3`3��m&43<$�M 3<M � � � +)C�O ¡ u � ¨ £ T#� 
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 0B$;M³&)( 3 	 � FB5��B3<$
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 a #%$�0BM�M�*L&)*,FJ$ET�&)( 3 � � ±2��¥ u ¥&43<+4&)+QFBDZ&)(�3 � � 3 0B$�M"$�3<C &45)FJ$ 	
a ® a +)C�O 5/C�AL3`*,OR1;5)F�[B3�+S*LWJ$�*L>;-60B$=&)ALN�FJ$�&)( 31�5)3<-6*,+)*,FJ$kFBDH1�5S36[P*LFJC;+�79FB5SAlM`M�02&)0 a
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�P*,$�3<On02&)*,-�5)36WJ*LFJ$`FBD � � ±2��¥ u ¥�-UFJ$=&45S025)Nk&4Fn3��m1I3<-U&)02&)*LFJ$ a�° $`0B$;0BALNP+S*,+�DGFJAlALF�7Y*l$ W&)( 3 021;1�5)FJ0B-S(�FBD�5S36D a ¡ � ± £ \;C &�*l$"&)( 3³$PC�-6AL3<025k-UFJ$�&43��m&6TX7�FJC�A,M�\I3�\I3<$ 36>;-6*l0BA&4F"�=C;0B$�&)*L&)02&)*,[B3<ALN�M 36&4365/On*,$ 3³&)( 3�+)*,K63{FBD'&)( 3�(�*,WJ( 365p&�7Y*l+4&p-UFJ$�&45S*,\;C &)*LFJ$�+�&4F
� � ��
¬ � �Z­ 
 T90B$�M�&4F{3��m0BOn*l$ 3�(�F�7
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