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������� �7 `h+ B ��8 � �7 !P^ B ��8 9��7 !h\ B ��80=
 ����!� .1!h+�^kB ��8p;#< � .1!  + B �_8p;#< .1! �J7 B ��8p;#<
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"$+ \ �� ,/. B ��80;#< ' � \ � )-,  B ��80;#< ' \ � )-,  B ��80;#< '

 1�[FZ � +�T �`qH^ Vug�sAaYi��#^_g ^_Ztk i npU ieZtk ^ 5Bd a�Xi�fJd k d-, d k 9�;< =SU ^ ?BA < 	_^�d g gjiegj^_Z 2
k l�g/.hlJW_VuZ�\ kuqH^pZ`^�� ^�Z>^_ab\#c rEi"a_aY^Er_k VbieZ*nEl�Z>r�kmV ieZ]W1v


 I~� V 1�Z C �L8j9�� , M , ������� �P6'� U-J 148R8Y= M
�9E 39	RIV� 6REHM�I 		5FEH6��LG3	RE ��3>� [ C 	�:���6	6 �Y1�Z�5#1s	Q1
	RIV�	3V��; G ��6R6 �LG3	QE �P3O: C 3#GG	QE �P3F8 5~��3~�
	 N-E �LZH5D1 [FEHMkE J �F6 � V � J �L3�		9 
 1�[FZ ��J= T
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� E M C 6 �p T �`qH^ s Xiek�WYqHi�� W0kuqt^SrYiea_aY^Er_k VbieZFn_l�Z>r_k VbieZ2W d(. n1iea �&% 9jd Z>f2	 . n1i"a �'% < v
( ^ d���d aY^*i npkuqt^*feV �'^_aY^�Ztk =*) fL^��1Vbdek V i"Z �VuZ>^ v

��������� �F��� � ��� ��� � &'���h�(\ �P�#(
������� �7 \P\ B ��8 � �7 \�^ B ��8 9��7 !h\ B ��80=
 ����!� .1! 7 ) B ��8p;#< � .1!h+ ) B �_8p;#< .1! �J7 B ��8p;#<
" #&% . s� , ^kB ��80;#< ' � . s� ,@+ B ��80;#< ' . s� ,Q! B ��80;#< '
"$+ \  ` ,*) B ��80;#< ' � \ �� , � B ��80;#< ' \ � )-,  B ��80;#< '

 1�[FZ �� T �`qH^ Vug�sAaYi��#^_gj^�ZtkuW�VuZ aE^�d�AfJd k d ,,+3^ sAk ^�g 	_^_a 9 ;�;.-FfJd k d d k 	_^�d gCgjiegj^_ZHkml�g
9�;< =	U ^@?@A < .hlJW�V[Z]\ kuqt^FZ>^��o^_Z>^�ab\ c�rYiea_aY^Er_kmV ieZ n_l�Z>r_k VbieZ2W v

� o�N oH� /�0�1'� �����.2%�P�#(K\ ����� �(\)&'�

0 EH3#G ��	RI~� � E 3~� J 1s	RE GY14Z Z/Nj�~	 	J�L5 T2U V �L6 	��XW 5~� V E 1i	J�L8 8 	R6 �P3FMPZ/NO:)6 � J 	QI~� 6 �LG �P3F8 	R6 C G3	��L5
V �L6 	��XW �d;��lI#1 V � C 8��L59	QI~�l3~��; G ��6R6 �LG3	RE ��3 : C 3#G3	RE �P3F8�� [ C 	 I#1 V � GY14Z EH[F6R1s	J�L5 1i	Y�
	RI~�L6
T � V �L6 	REHG �L8��y	J� 8�� �9E/:*	RIV�L6 �9EH8k143hN E J �F6�� V � J �L3 	 , Rm	 ; 1�86�XW]�z�LG3	J�L5>� [z�LGY1 C 8�� . G J
T2U V �L6 	��XW 5FEH8��FZ 1�G � J �L3 	lG2I#1�3FM��L8C	QI~� J 1�878C��: 1 ^ 7�7 B ��8 } ~ EH3 :��P6 ; 1�675 5#EH6 �LG3	QE ��3
[hN J �P6 � 	RI#1�3@ 6 , 0 E 3FG ��;y�	GY1�ZHEH[#6R1s	�� ; E 	RI98 C G2I }3~�� 8���	QI~��; 6 �P3FM V �L6 	��XW98 ����E ZH8�	RIV�
; I~�PZ �	GY1�ZHEH[F6Q1i	QE �P3 ,

Rt:�	QI~� V �L6 	��XW ZHE �L8 C �#8 	Q6 �Y1 J 9)E , � , 	RI~� T2U V �L6 	��XW E 8 3~�LMh1s	RE V �1=E�z	QI~� �FE ��3R	 C 6R3F8�� C 	
	��l[���6 �LG �P3F8 	Q6 C GG	J�L5 9)1s	 T � 7 , 7�=�; E 	QIO1�	��t�lIV�Y1 V N J 1�878 , 
 I#1i	 J �Y1�3F8��#1�ZHZ'GL1�ZHE [F6R1i�
	RE ��3fG �P3F8 	2143 	Q8lEH3 :��P67;=1�675e5#EH6 �LG3	QE �P3 ; E ZHZ 5~�LGL6 �Y1�8 �91�3F5 ; EHZHZ EH3#GL6 �Y1�8 � EH3f[#1�GY�h; 1�675
5FEH6��LG3	RE �P3 ,
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0 � J �R��:�	QIFEH8L��?��LG3	 GY1�3 [z� 6 �LG � V �L6 �L5 [hN 	RI~�DGY1�ZHE [F6R1s	RE ��3`� [ C 	 �=8REH3FG �R	QI~�D3~�3	
3 CFJ [��L6C��: } ~ � 8 E 3f:��P6 ; 1�675 1�3F5e[#1�GY�h; 1�675 5FE 6 �LG3	QE ��3fEH8>5#E�?B�L6 �L3 	C	RIV�L	J�s	214Zy�L3V�L67M�N
JlC 8 	 [�� ; 6��P3FM ,

gk518 charged z-vertex
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g*V���^Yf kma_V�\"\L^_aY^Yf W1rYd Z:fJd k d k d_st^ d k
9��+=�=jU ^@?@A < v �`qH^jrE^_ZHk ^_aE^�f4 V[Z>^ fL^12
�BZ>^YW4kuqH^���
)�#^�aEk ^� d k 2 =�v�� - r_g�� kuqH^
iekuqt^�a �VuZ>^EW fL^ �BZ>^ kuqH^ k d ab\L^_k W�V��e^
�>+! /. <#" v

� o�N oHa r �-�Yc�( ���


 I~� 3V��; GY1�ZHEH[F6Q1i	QE �P3?;=1�8��z�L67:��P6 J �L5 :��P6�5�1i	21�1s	 .�\P+P\ B ��80;#< EH3 ."!#!P^ C 87E 3FM V �L6 	QEHG �L8
9%$ � 7'&�( � 7!&*) �+) ~ = ; E 	QI�) ~ � 7  7'&�,�7  @\ &�, .� 7'&�, .� @\ <#" , Rm	X	 C 673V�L5.� C 	���	QI#1s	X	RIV�
����	RE JlCFJ Z E �L8 1�6 � C 3#5-) ~ �., 7  ^h\ <*" 9 8��3�*�#M C 6 � \ 1J=�= , 
 IV� 3~��; GY14Z EH[F6R1s	QE �P39; E 	RI
T2U V �L6 	��XW 1i	/,�7  ^h\ <*" I�148 [�� �L3 C 8��L5D:��P6=: C 6 	QI~�L6 1�3#1�Z/N-87E 8 143#59EH8 3~��; 	RI~�	6 ��:��L6 �L3FG �
GY1�ZHEH[F6Q1i	QE �P3 , 
 I~� V 1�Z C � :��P60) ~ �1,�7  ^h\ <*" EH8 8 C �2����6 	��L5O[hNkG2I#1�67M��L5�� V �L3 	 5#1s	21$9 8�� �
�#M C 6�� �L= ,.��C 6 	QI~�L6 J �P6 � � 	RIV� 5V� V E 1i	QE �P3]�4: 	QI~� }`~ U-J 1�878���� U-J 1�878�� � ����� 1�3F5  ����� EH8
J E 3FE J 14Zb� 1�8 N�� C GY1�3D8 � �>E 3$�#M C 6 � \ 1J= ,


 IFEH8?6��L8 C Z 	?I�148?[�� �L3 G2I~�LGE�
�L5e; E 	RI 5#1s	Q1�:)6 � J .�^ � +9B ��80;#<�9 . 6 C 3A=�1�3F5 .�` 7�7
B ��8p; <.9 . w 	 
 =>1�3F5d	RIV� V �L6 	J�XW]�z�P87E 	RE �P3e; 148 8 C �t�z�P6 	J�L5 [hN/	QI~�L8�� J � J �L3 	Q1 9 8�� �
�#M C 6�� \ [H= 1�3F5DG1=�= , 
 IV�>6 �L87E 5 C 1�Z��L676 �P6R8�� C 8REH3FML	RI~�?3~��; J �3	RI~�-5`��146�� T
������� 2 . 6 	��t�k8 J 1�ZHZ�9)8 N-8 	J� J 1s	RE GL1�ZHZHN2=
 ����� 333

4655 333!7
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� E M C 6 � \LT���Xiek d�.5WEqti�� WjkuqH^�fL^��1Vbdek V i"Z V[Z ) , ��^_a_k ^��V[Z r�g/.Fn1iea�f V �'^_aY^_ZHk���^_aEk ^�
sti1W�V[k VbieZ]W�� q�V rYq���^_aE^0lJW1^Yfyn iea	r�d� V 	�a�d k VbieZ]W dek d 	_^�d g g i"g ^_Ztk l�g i n 9.-�� -	U ^@?BA3r v
� W 	_^YW�k �#^_a_k ^�4sti1W_Vuk VbieZ ) ~ � ,�7  ^h\ ��d"W n iel�Z fJv 	 . d Z f r .,WYqHi�� k[qH^�fL^��1Vbdek V i"Z
V[ZofL^ st^_Z>fL^_Z>rE^4i n4d,WYq�V nEk ^�f ��^_a_k ^ � lJW�V[Z]\ kuqH^�Z>^ � rYd� V�	�aYdek V i"Zod k � % 2 =�v ��- r�g d k
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f V �'^_aE^_Ztk 	E^Yd g gjiegj^�Ztk dJv

����� H/#&� !$,�� L�, �[O , !


 I~� [z�L3V���~	R�4:p	QI~� 3~��; J �3	RI~�-5 EH8O143 E J �F6 � V �L5 14GLG ���~	Q1�3FG ���,9)EH3 	��LMP6Q1i	J�L5�� V �L6
�FI#1�8��L8 �#1�G �1= 6���Z 1i	QE V �*	��C	RI~��8 	2143#5#1�675��3C�EH3~� , 
 14[#Z � \ M�E V �L8 1�3�� V �L6 V E ��; 14[�� C 	�	RIV�
6 �LZ 1i	QE V �	E J �F6�� V � J �L3 	R8 ,
4��
� ��G��AGfn �JI4K < �LO�g�gfn �JI4K <

}3~ }3~ \-, ` 6 U
}3~	� ! ,*) 6 .u+ ,@\ 6
� � .�` , � 6 .�`-,@\ 6
��
 � + )-,  6 +�`-,*) 6


 1�[FZ � \�T �3qt^$aY^� d kmV �#^$Vug�sAaYi��#^_g ^_Ztk 4��� i n$kuqt^�Z>^�� gj^_kuqHi f , V[Z`r� ltfJ^�V[Z]\.k[qH^�Z>^��
rYd� V 	�a�d k VbieZ
. n iea0k���i 	_^�d g g i"g ^_Ztk d d Z fSW1^ �#^_a�d�)��Z>d� W�k dek ^YW1v


 1�[FZ � ^ G � J �#1�6��L8�	QI~��3 CFJ [��L678���: 6 �LG �P3F8 	Q6 C G3	J�L5@� V ��3 	Q8 :��P6y	 ;�� 6��LG3�P3F8 	R6 C G3	RE ��3
J �3	QI~�-5F8>1�3F5 :��P6	5FE�?B�L6 �L3 	F�FI~�
	J��3 JlC Z 	RE �FZ EHGLE 	QE �L8 , 
 I~��8 	2143F5�146R5 J �3	RIV�-5 1�3F5 	RIV�
3~��; J �3	QI~�-5�1�6�� G � J �#1�6 �L5�:��P6���3V� w 	 
 ; E 	RI !#!h+�^#!�) � V �L3 	Q8 1i	 .u\P+�\?B ��8p;#< [��Y1 J
J � J �L3 	 CFJD, 
 I~�kE J �F6�� V � J �L3 	?EH8?[FEHMPM��L8 		:��P6p	RIV� \� �FI#1�8 ��8 ��14G � � V �L3 	Q8$9[�~	�	��L5
; E 	QI . 6 G �P3]�#5V�L3FG � Z � V �LZ[= ,

8 	Q1�3F5�146R5D8 ��: 	<;=1�6 � 3V��; J �3	RIV�-5
R I~�
	��P3 JlC Z 	 , M�Z ��[�14Z�	R6Q14GE� EH3#M � �=6Q14E 3�3 MPZ �P[#1�Zz	Q6R1�GY� E 3FM ���=6R1�EH3�3

� ."!�)
) 7 +-. 7 .�^ + . ) ��759 . 7 , 7 6 = + �7 )#! 9 ! , ` 6 =
\ +-. 7s� ` + �� \#! + � + )�\ 9 .u\-,  6 = + )#! � ! 9 . � ,*) 6 =
^ ^h+#!P\�^ ^ � )  . ^ ) 7 + 59 )-, 7 6 = ^P` � ) 7�9 \-, ` 6 =
)  ) )�+ )  `P+P+P+ ��7�7 +4^ 9 ^ ,/. 6 = �J7 `-.P. 9 ^ , ` 6 =
` � +#! � ^ � .�+ )P+ �
� \P+
) 9� ,*) 6 = � +P\ !P^ 9P ,@+ 6 =
! + ���
� ` +  +P+ ) +�\ � \ 59 � ,/. 6 = + � +4` . 9�� ,@\ 6 =
. 7 +P+ )�+P+ ."! 7�7 ^ +�+#! � ^ 9 .P, 7 6 = .�`P` ) ) 9 � 7 ,*) 6 =


 1�[FZ � ^]T 5�ieg�s2d a_V W"ieZ i n�kuqH^�W�k d Z fJd a�f0aY^ErYieZ]W�a_lHr_k VbieZ ��Vuk[qSkuqH^ Z`^�� gj^_kuqHi f , V[Z`r� ltfJ^ 2
V[Z]\pkuqH^ Z`^�� rYd� V 	�a�d k VbieZ
. n1iea0���+� ��� -< ����d 9.- � -�U ^ ?BA3r�k d_st^���Vukuq ;�; � � ;��p^��#^�ZtkuW v
�`qH^ stqHi"k ieZ.gSl  kmV�s �V r_Vukmc V W stqtd1W"^�W s2dLrY^ ��k k ^Yf ��Vukuq4d�rEieZ � fJ^�Z>rE^ X^��#^� i n 9 )Fv


 I~��E J �F6 � V �L5 14GLG ���~	Q1�3FG �kZ �Y145#8 	J� 1O5FE�?B�L6 �L3 	>1�3FM C Z 1�6�5#EH8 	Q67EH[ C 	RE ��3 , 
 IV� 5FE/: �
:��L6��L3FG �L8 1�6 � � &�� '1i	=1�3F56	QI~�L6 ��:��P6 � G � C ZH5 1 ?��LG3	=1 R 1�6 	QE 14Z � 1 V ��� 3�14Z/N-8REH8 � R 3 �#M C 6��
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^ 1J=?N�� C GY1�3 8 � ��	QI~� � U 1�3FM C Z 1�6>5FEH8 	R67E [ C 	QE �P3z9m�F6 �-5 C G3	RE ��3 1�3F5 5~�LGY1�N2=l1�3F5 EH3e[H=
	RIV� 5FE�?B�L6 �L3#G �*9)EH3h���L67G �L3 	_=��4:�	RIV� 8 	21�3F5#1�675 J �3	QI~�-5 G � J �#1�6 �L5 	���	QI~� 3V��; J �3	RI~�-5 ,
��[ V E � C 87Z/N#��	QI~�>5~� V E 1i	QE �P395FEH8 	Q67EH[ C 	RE ��39E 8 3~�
	��1s	 , 
 IFE 8 [��LI#1 V E � C 6 E 8 G2I~�LGE�s�L5 ; E 	RI
.�` 7�7 B ��80;#<�5#1s	Q1 , � EHM C 6�� ` 1J=l8RI~��; 8L	RI~�95#E�?B�L6 �L3FG �D[��3	 ;�� �L3�	QI~�93~��; J �3	RI~�-5
G � J �#1�6 �L56	���	QI~� 8 	21�3F5#1�675 J �3	QI~�-5>� ` [A=�8RI~��; 8�	QI~� 5FE ?��L6��L3FG � 3~��; J �3	QI~�-5 U A?B �
J �3	QI~�-5 1�3F5 �#3#1�ZHZ/N E 3 G1=Q	QI~�DG � J ��146REH8 �P3 A?B � J �3	QI~�-5 U 8 	21�3F5#1�675 J �3	RIV�-5 EH8
���L6 :��P6 J �L5 , � 8 [���:��P6 � �V	QI~�?8 	Q6 C G3	 C 6 �>EH3�	QI~�p�FZ �
	R8 EH8 3~�
	 �1s	 ,

� �P6�	RI~��	 ;��	�F8�� C 5~�P87GY1�Z 1�6��#3#1�Z 8 	Q1s	�� }3~ }3~ 	QI~� [��LI#1 V E � C 6 E 8"	QI~� 8R1 J � , R 3j�#M C 6��
) �t	QI~��G � J �#1�67EH8���3�EH8 J 1�5~� :���6y	QI~� } ~ } ~ 1�3FM C Z 1�6 5FEH8 	R67E [ C 	QE ��3�1s	 [z�Y1 J J � J �L3 	 CFJ
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�sAaYi f lHr_k VbieZ d Z>f�fL^Er�d c deZ]\ l  d a�f VXW_k a_V�	�l�kmV ieZ]W n1ieajkuqH^ �B} ~ ��Z>d�BW_k d k ^
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