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ALEPH

DELPHI

L3

OPAL

LEP

91.1893±0.0031

91.1863±0.0028

91.1894±0.0030

91.1853±0.0029

91.1875±0.0021

common:  0.0017

χ2/DoF = 2.2/3

mZ [GeV]
91.18 91.19 91.2

ALEPH

DELPHI

L3

OPAL

LEP

 2.4959±0.0043

 2.4876±0.0041

 2.5025±0.0041

 2.4947±0.0041

 2.4952±0.0023

common:  0.0012

χ2/DoF = 7.3/3

ΓZ [GeV]
2.48 2.49 2.5 2.51

ALEPH

DELPHI

L3

OPAL

LEP

41.559±0.057

41.578±0.069

41.536±0.055

41.502±0.055

41.540±0.037

common: 0.028

χ2/DoF = 1.2/3

σ0  
had  [nb]

41.4 41.5 41.6 41.7

ALEPH

DELPHI

L3

OPAL

LEP

20.729±0.039

20.730±0.060

20.809±0.060

20.822±0.044

20.767±0.025

common: 0.007

χ2/DoF = 3.5/3

     R0
l

20.7 20.8 20.9

ALEPH

DELPHI

L3

OPAL

LEP

0.0173±0.0016

0.0187±0.0019

0.0192±0.0024

0.0145±0.0017

0.0171±0.0010

common: 0.0003

χ2/DoF = 3.9/3

Afb
0,l

0.015 0.02 0.025

� .NA�7�$=6 �
� � � �G6:%�' 7�$>6:)�6:3#+,' ;�= ��� - ��� -
�
��
	�� - � �� %�3
� � � � � �" � �(2 69%p>56:$ %�A96:'O.03��
.0?q%e+[6:�

�@6:$=6z;�!�+H%�.N3;6:�m7�'�.03�A{+ 2 6|?:;�)*)^;�3 6:$ $�;�$ '
%�3�� ?:;�)9!�.03�%�+,.N;�3 )�64+ 2 ;�� ��.0'�?:7�'�'=64� .03
+ 2 6\+=6RQ
+q� �(2 6\>�%�@N7;6:'*;�=4K n 3764$^�;64A�$=6!6B;�=
=C$=6!6:��;�) �@6:$>6\?:%�@0?47�@Y%e+[6:�&?:;�3�'�.0�;64$ .N3�A�6:$�$ ;�$
?:;�$ $=64@Y%�+ .0;�3
'1!76�+F�W6!6:3a)�6q%�'�7�$=64)"6438+ '];�=l+ 2 6
',%�)"6X3�%�$ %�)"6�+[64$:-
!�7
+l3�;�+i64$ $�;�$l?4;�$ $>6:@0%�+,.N;�3�'
!864+F�@6T6:3B��.
	76:$>6:3#+X3�%�$ %�)"6�+[64$ ':�

���



ID;�$�$=64@Y%�+ .0;�3�'
��� ���

�
��
	�� � �� � � � � �"

K n�����;�= Q k �����Sk �9N b�ACB�D 

��� ) ��6�� + �Hk�� k ����� : N
� N9N��Sk k�� N9N9N
��� ) �J6 � + ��� L�� � � : N
� N9N5L�� N
� N���� k�� N9N9N

�
��
	�� ) 38! + L;k�� ��� � : N
� N � � � N
� N���� � N
�	����� k�� N9N9N

� �� �5N
� ��� � : N
� N���� N
� N���� N
� NHk9k N
� �jL�� k�� N5N9N� � � � �" N
� NHk ��� : N
� N9NHk�� N
� N��Sk N
� N9N�� N
� N9NHk � N
� N���� k�� N9N5N
K n�����;�= Q k �����Sk ��� ��B�ACD 
��

��� ) ��6�� + �Hk�� k ����� : N
� N9N�� � k�� N9N9N
��� ) �J6 � + ��� L������ : N
� N9N5LHk N
� N5L�� k�� N9N9N

�
��
	�� ) 38! + L;k�� � � � : N
� N���� � N
� N��5N � N
� ���5N k�� N9N9N

� �� �5N
� ���9N : N
� N��9N N
� N�� � � N
� N9N�� N
� �jL
� k�� N5N9N� � � � �" N
� NHk ��� : N
� N9NHk�� N
� N�� � N
� N9N�� � N
� N9N � N
� N5N9N+k�� N9N5N
K n ����;�= Q k������Sk �5N A/�

��� ) ��6�� + �Hk�� k ���5L#: N
� N9N��5N k�� N9N9N
��� ) �J6 � + ��� � N�� � : N
� N9N5LHk N
� N���� k�� N9N9N

�
��
	�� ) 38! + L;k�� � ��� : N
� N ��� N
� NHk L � N
�	�5L�� k�� N9N9N

� �� �5N
� �9N�� : N
� N��9N N
� N���� N
� N��5N N
� k9k9k k�� N5N9N� � � � �" N
� NHk ��� : N
� N9N�� L N
� N5L;k N
� N��5N N
� N9N � � N
� N��jL k�� N9N5N
K n�����;�= Q k � ���Sk ��� ��D7b�A

��� ) ��6�� + �Hk�� k � � � : N
� N9N�� � k�� N9N9N
��� ) �J6 � + ��� L��5L
� : N
� N9N5LHk N
� N � k k�� N9N9N

�
��
	�� ) 38! + L;k�� � N�� : N
� N ��� N
� N��9N � N
�	� � � k�� N9N9N

� �� �5N
� ����� : N
� N5L9L N
� N5L#� N
� N��jL N
� � �9N k�� N5N9N� � � � �" N
� NHk L � : N
� N9NHk � N
� N�� � � N
� N9N � N
� NHkp� � N
� NHk �+k�� N9N5N

� %�!
@:6 �
� � ���X64' 7�@K+,'o;�3 � 3�%�$,%�)�64+=6:$ 'o%�3��&64$ $�;�$O?4;�$ $>6:@0%�+,.N;�3B)^%�+ $ .0?!6:'J=C$ ;�) + 2 6<=C;�7�$ 6VQS3764$ .0)�6:3#+ ':-
�J.N+ 2 @?6T3
+ ;�367�3�.N>56:$�',%�@N.N+F(9.N)"3 ;�'>6:�P��F
(
'�+[64)V%e+,.0?(64$ $�;�$ 'w%�$>6J.03�?4@07��;64� 2 6:$>6 6RQ�?T6!3
+l+ 2 ;�'>6�'�7�)*)V%�$�.0'>6:�
.03 � %�!�@:6 ��� ���

-U
�� �  "% %  �� � ��' ������� � �����T��/

� )"3 ;�$�+,%�3#+t?4;�)*)^;�3+6:$�$ ;�$�'i%�)*;�3�A`+ 2 6W$=64' 7�@K+,'B=C$�;�) %�@N@�A�B�D 6RQS386:$ .N)"643#+,'i%�$ .0'>6j=C$�;�) '=6�>964$,%�@
' ;�7�$�?T64':� �(2 6:'>61.03�?4@07��;6O+ 2 6h?:%�@0.N!�$,%e+,.0;�3^;�=u+ 2 6h!86q%�) 6:3H6:$ A�(�-�+ 2 6o+ 2 64;�$=6�+,.N?q%�@86:$�$ ;�$I;�3U+ 2 6h?:%�@0?47�@Y% E
+,.0;�3^;�= + 2 6�' )^%�@0@ E %�3
A�@:6�� 2 %�! 2 %<?:$�;�' '`EF'>6:?4+ .0;�3V7�'=64�g%�'w+ 2 6O3�;�$ )^%�@N.0',%e+,.0;�39$=6:%�?4+ .0;�3P-#+ 2 6�+ 2 6:;�$=64+ .0?:%�@
7�3�?T64$�+,%�.03#+,.?6:'<.03&+ 2 6 � E"? 2 %�3�3;64@I%�3
� �!E �f.03#+=6:$�=\64$=643�?T6U?4;�3#+,$�.0!�7
+ .0;�3j+,;\+ 2 6^��.
	76:$>6:3#+,.0%�@l@0%�$ A56RE %�3�A�@:6
� 2 %�! 2 %6?4$ ;�'�' E"'=6:?�+,.N;�3P-�+ 2 6h+ 2 64;�$=6�+,.0?:%�@ 7
3�?T64$�+H%�.03#+,.?6:'�.03U+ 2 61?q%�@0?:7
@Y%�+ .0;�3�'l;�= ��B �{$ %���.Y%e+,.N>5646 	76:?�+,'
%�3��P-b2�3�%�@0@N(�-�=C$ ;�) '�)V%�@N@l7
3�?T64$�+H%�.03#+,.?6:'T.03W+ 2 6a3�%�$,%�)�64+ $ .0' %�+,.N;�3j;�=J+ 2 6a64@:6:?�+,$�;~�@6q%�G&?:$�;�' '`EF'>6:?4+ .0;�3
3;6q%�$l+ 2 6 �t$=6:'�;�3�%�3
?T6h.N3^+[64$ )*'D;�= + 2 6h'd+H%�3
��%�$ �V'=64+I;�=h3�'>6:7���; EF;�!�'>6:$d>�%�!�@:64':� �(2 6:'>61?:;�)*)*;�3 64$ $ ;�$ '
%�$=6 �87�%�3#+,.K2Z6:�\!86:@0;p�x%�3��\%�$=6f7�'>6:�B.03U+ 2 6Z?4;�)9!�.N3�%�+ .0;�3P�

� ;�$D+ 2 6�3�7�$>3X;�'=6f;�= ?:;�)]!�.03�.N3�A]+ 2 6J6RQS3764$ .N)"6438+,%�@P$>6:' 7
@N+,'J%e+�+ 2 6�3�%�$,%�)�64+=6:$I@?64>964@ -
+ 2 6f?:;�)*)*;�3
' ;�7�$�?T64'o;�=f6:$�$ ;�$J;�3 6q%�? 2 .03
��.N>
.0�
7�%�@P?4$ ;�'�' EF'>6:?�+,.0;�3B;�$�%�'d(
)^)�64+ $�(g)�6q%�'�7�$=64)"643#+O3H6T6:�\+,;6!86f+ $,%�3
' E
=C;�$ )�6:�`.03#+,; 64$ $ ;�$ '6;�3�+ 2 6 6RQ
+,$ %�?4+=6:� 3�'=647���;jE";�!�'=64$�>�%�!�@?6:'4�gb 3X;53�7�@Y%�$T)"6�+ 2 ;
�`+ ;L)"6:%�' 7�$>6\+ 2 6
?:;�3#+,$�.0!�7�+,.0;�3\;�=b%�3 6:$�$ ;�$J?:;�)"3 ;�3;6438+�;�=�%�3\.03;3
7
+��
7�%�3#+,.N+F(U;�3t%T2�+X3�%�$ %�)�64+[64$�.0'�+,;6'>64+�+ 2 6Z.03;3
7
+
6:$ $�;�$1+,; �T64$ ;B%�3��j$=6T386q%e+Z+ 2 6T2�+q� 
 ;~�@64>56:$4-�+ 2 .N'h�J.0@N@r%�@N' ;M@:6:%��5+,;\' 2 .K=y+,'f.03L?T643#+,$,%�@r>�%�@07;64'Z.K=l+ 2 6

�5L



;�)^.K+ +=6:� 64$ $ ;�$]?:;�)"3 ;�3;6438+9.0']@0%�$ A56�� F�7
? 2 ' 2 .N=y+ '9.03
��.0?:%�+[66+ 2 %e+9+ 2 6V.03#+[64$ 3�%�@s�W64.0A 2 + .03�Ai;�=J.03;3�7�+,'
2 %�'h? 2 %�3�A96:� -u%�3��t+ 2 6#64'�+,.N)V%e+[6:�G6:$�$ ;�$O?:;�3#+,$�.0!�7�+,.0;�3i)V%q(M!86]�J$ ;�3�A���b !76�+ +=6:$h)�64+ 2 ;��B+ 2 64$=64=C;�$=6
.0'<+ ;�6RQ
%�)*.03;66+ 2 6U? 2 %�3�A56:'T.03W+ 2 6�64$ $�;�$])^%�+,$�.0?!6:']$>6:'�7�@N+ .03�A\=C$ ;�) '=386:?4.Y%�@s2�+,'<�J.N+ 2 ;�3�@N(j'�@0.0A 2 + @N(
)^;
��.N2;6:�5.03H3�7
+�64$ $ ;�$ ':� �(2 66?:;�3#+ $ .0!
7
+,.N;�35;�=d6q%�? 2 .N3;3�7
+J64$ $ ;�$h?:;�)�3 ;�3;6:3#+1+ ;U+ 2 69=C7�@N@�?4;~>�%�$�.Y%�3
?T6
)V%�+ $ . Qi;�=w+ 2 692�+J3�%�$ %�)�64+[64$ '1?:%�35+ 2 643j!86T�;6�+[6:$�)^.N3;6:�L7�3
�;6:$h+ 2 6T?:;�3
'�+,$ %�.03#+f;�=s)^%�.03#+,%�.03�.N3�A^+ 2 6
�W64.0A 2 +,'9%�+<+ 2 6:.N$]%�?4+,7�%�@b>�%�@07;64':� �(2 .0'<)"6�+ 2 ;
�W�J.N@0@b!86^7
'=6:��%�3��&.N@0@07
'�+,$ %�+[64�W)*;�$>6^?4@:6q%�$ @N(i.03W+ 2 6
=C;�@0@N;~�J.N3�A9'>6:?4+ .0;�3
':�

��������� � � �
� � ? �/� � "������ �#"�$������ �	�!� ��� " � � "��!�
�(2 6t2�$�'�+^'�+[6!3|.03�+ 2 6B�;64+=6:$�)^.N3�%�+,.N;�3�;�=1?4;�)^)*;�3 6:3;64$ A�(`$>6:@Y%e+[6:��7�3�?!6:$�+,%�.03#+ .:6:'^;�3�+ 2 6 3�'=647���;jE
;�!�'=64$�>�%�!�@?6:' .0'u=C;�$�6q%�? 2 6RQS386:$�.0)�6:3#+[+ ;O'�?q%�@?6b+ 2 6d6:3;64$ A�(J64$ $�;�$ ' !#(1= %�?4+ ;�$ '/;�= k9: �:-e� 2 .0@?6b)V%�.03#+H%�.N3�.03
A
+ 2 6�6RQS3764$ .N)"6438+,%�@h6:$�$ ;�$�'�2SQH64�P� � (S3
.0?q%�@ >�%�@N7;6:'J;�= �O7�'>6:�5%�$>6<!864+F�@6T643 � � %�3�� �5N �U�(Df64$�=C;�$�)^.N3�A
+ 2 6U'd+H%�3
��%�$ �_2
+,']+ ;t+ 2 6V?:$ ;�' ' E"'=64?4+,.N;�3�%�3���%�'�(
)^)�64+ $�(j)�6q%�'�7�$=64)"6438+ ']�J.N+ 2 + 2 6:'=6g'�?q%�@?6:� 64$ $ ;�$ '
A96:3;64$,%�+=6:'6+F�D;c3�'>6:7���; EF;�!�'>6:$d>�%�!�@:6\?:;p>�%�$ .0%�3�?!6g)V%�+ $ .N?T6:'4-��
	�-w=C$ ;�) � 2 .N? 2 + 2 6M?:;p>�%�$ .0%�3�?T6M)^%�+,$�. Q
��7;65+,;^6:3H6:$ A�(�6:$ $�;�$ '4-�� � -o?:%�3z!76L'=6!3�%�$ %�+[64�R=C$�;�) + 2 6L;�+ 2 64$a6:$�$ ;�$�':-�� ��� � -o7�'�.03�Aa+ 2 6j$>6:@0%�+,.N;�3
� ��	 � Q � k :���� n � � � ��
 � � ��� � � � �(2 6b>�%�@N.0��.K+F(O;�=
+ 2 .0'h3
$ ;
?T6:�
7�$=6b�D%�'u>96:$�.N2Z64�<7
' .03
AJ%J��%�+H%�'=6�+ $=6:'d+,$�.0?4+=6:�
+,;]+ 2 6 2 %���$ ;�3
.0?�?:$ ;�' ' E"'=64?4+,.N;�3U)�6q%�'�7�$=64)"643#+,'D;�=P+ 2 6�(96:%�$ '4k������ � k���� � -�� 2 .N? 2 �@6:$=6o?:;�)9!
.03;64�V! ;�+ 2
%�+J+ 2 6f?:$�;�' '`EF'>6:?4+ .0;�3\@:6�>964@/%�3��B%�+�+ 2 6J3�%�$,%�)�64+=6:$�@:6�>964@ �

�(2 6�6:'d+,.0)^%�+=6:� 6:3;64$ A�(G6:$�$ ;�$�'O��. 	 64$O;�3�@N(M'�@0.0A 2 + @N(V�;6T386:3��
.03�AU;�3B� 2 .N? 2 6RQS386:$�.0)�6:3#+H%�@ ��%�+,%*'>64+
.0'97�'>6:��+,;5�;64$ .K>96U+ 2 6:)\� ID;�)9!�.03�%�+,.N;�3�'])^%q(&!86M%�+�+[6:)�3
+=6:�a!�%�'>6:�`;�3 6q%�? 2 ;�=�+ 2 6:)\-b;�$9;�3�+ 2 6
%p>56:$ %�A96�� � ;�$o%�@0@/' 7�? 2 ? 2 ;�.0?!6:'o+ 2 6]?!6:3#+,$ %�@ >�%�@N7;6:'o%�3��&64$ $�;�$ 'O;�=�6q%�? 2 ;�=r+ 2 69%q>964$,%�A964��3�%�$ %�)"6�+[64$ '
%�A�$=6!6*+ ;g�W64@0@r�J.N+ 2 .03 � �v;�=D+ 2 6�64$ $�;�$:� � +Z.0'h+ 2 6:$=6�=C;�$=6*)*;�'�+Z%53H3�$ ;93
$ .Y%e+[69+,;M+H%�G56T+ 2 6^%q>964$,%�A96*;�=
+ 2 6 6:$�$ ;�$�64'�+,.N)V%e+[6:'6;p>964$*+ 2 6U6RQS386:$ .N)"643#+,'*%�'T+ 2 6\?:;�)^)*;�3 6:3H6:$ A�(^6:$ $�;�$ '4-l� 2 .N? 2 %�$=6M' 2 ;p�J3�.03
� %�!
@:6 �������

��� ���
�
��
	�� � ��

��� ) ��6�� + N
� N9NHk �
� � ) ��6�� + � N
� N9N9N�� N
� N5NHk �
�
��
	�� ) 38! + � N
� N9NHk�� � N
� N5N���� N
� NSk9k

� �� N
� N9NHk � � N
� N5NHk L N�� N9N���� N�� NHkq�

� � � � �" � � ��� �" � � � � �"
� � � � �" N
� N9N9N5L� � � � �" � N
� N9N9N�� N
� N9N9N��� � � � �" � N
� N9N9N�� N
� N9N9N�� N
� N5N9N��

� %�!
@:6 ����� ��ID;�)^)*;�3�6:3H6:$ A�(�6:$�$ ;�$�'w=C;�$r3�.03H6REY3�%�$,%�)�64+=6:$r2�+ ':���s%�@07;64'w%�$=6�A�.K>9643V%�'r+ 2 6J' .NA�3;6:�6' �
7�%�$=6
$ ;
;�+*;�=o+ 2 6M?:;p>�%�$ .0%�3�?T6\)^%�+,$�. Q 6:@:64)"643#+,' �X6:@?6:)�6:3#+,'*%�! ;p>96M+ 2 6\��.0%�A�;�3�%�@ 2 %q>96B!76!6:3 ;�)^.K+ +[64�a=C;�$
' .0)�3�@N.0?:.K+F(�� �(2 61%�3#+ . EF?4;�$ $>6:@0%�+,.N;�3T!76�+F�W6!6:3U6:@?6:?�+,$ ;�3U%�3��V)97�;�3^;�$s+,%�7U%�'�(
)^)�64+ $ .?6:'l%�$ .N'=6:'w=C$ ;�)m+ 2 6
��.
	76:$>6:3#+X6:3;64$ A�(M�;6!37643��;643�?T6<;�=[+ 2 6J6:@?6:?4+ $ ;�3\%�'d(
)^)�64+ $�(g��7H6f+ ;T+ 2 6 � EF? 2 %�3�3;64@ ?4;�3#+,$�.0!�7
+ .0;�3 �

��������� ��� �	�
� � � " ���#"��
� � � � � � � � � $ ��� ���3�	�_��� � � � �
�(2 6 �J? 2 %�3�3H6:@r%�3�� �!E �J.03#+=6:$�=\64$=643�?T69?4;�3#+,$�.0!�7
+ .0;�3
'o%�$>69?q%�@0?:7
@Y%�+=6:�t.N3B+ 2 6 F�� 7�'�.03�A*+ 2 6 3�$ ;�A�$,%�)*'
b4A � �Wb �@b ) � ��+s%�3�� � �JD8b ��N ) �9N�+ � �(2 6T+ 2 64;�$=6�+,.0?:%�@b7�3�?!6:$d+H%�.N38+F(i;�35+ 2 6 � EF? 2 %�3�3;64@s?4;�$ $>6:?�+,.0;�3j.N'
��.0'�?:7�'�'=6:�T.N3]�;6�+H%�.N@#.03 �X6�=\6:$=643�?T6 �9N
� �(2 6D'�.��T6s;�=�+ 2 6D7
3�?T64$�+H%�.03#+F(Z.0'u+F( 3�.0?:%�@0@K(�k�� kW3�!]=C;�$/+ 2 6l=C;�$��D%�$ �
?:$ ;�' ' E"'=64?4+,.N;�3M%�3��UN�� � 3
!U=C;�$s+ 2 6h!�%�?HG8�D%�$��\?4$ ;�'�' E"'=6:?�+,.N;�3M%�3��g�;6!37643���'�'�@0.0A 2 + @N(T;�3U+ 2 61%�?:?T6!3
+H%�3�?T6
?:7
+ ' ) �Hk + �#bO@0@�?4;�@0@0%�! ;�$,%�+ .0;�3
'O.N3�?:;�$>3X;�$,%�+=6]+ 2 69+ 2 6:;�$�(57�3
?T6:$d+H%�.N3#+F(L%�'f%�3j%����
.N+,.N;�3�%�@C6:$�$ ;�$1;�3L+ 2 6
6:@:64?4+ $ ;�3�3�%�.0$�?:$ ;�' ' E"'=64?4+,.N;�3L%�3��i%�'�(
)*)"6�+,$�(�� � 35;�$��;6:$�+,;�6�>�%�@07�%�+=6<+ 2 69?:;�)^)*;�3 64$ $�;�$o��7H6]+,;V+ 2 6� -��!E �1+ 2 6:;�$d(c6:$ $�;�$:-C6q%�? 2 ?:;�@N@Y%�! ;�$ %�+,.N;�3�3764$�=C;�$�)"64�W+F�l;t2�+ ':-[�J.K+ 2 %�3��W�J.K+ 2 ;�7
+<+ 2 66+ 2 64;�$�(c6:$�$ ;�$4-

� �



%�3��L+ 2 6 �87�%���$ %�+,.N?T��.
	76:$>6:3�?!6:'f;�=s+ 2 66?4;~>�%�$�.Y%�3
?T6T)^%�+,$�. Q 6:@:64)"643#+,'1=C;�$ � �� %�3�� � � � � �" %�$=6T+H%�Gj6:3W%�'
%�3a6:'d+,.0)^%�+=6o;�=u+ 2 6o?4;�)^)*;�3�64$ $�;�$:� �(2 617�3�G83�;p�J3U6:$ $�;�$D?4;�$ $>6:@0%�+,.N;�3V!864+F�@6T643G643;6:$�A�( 3 ;�.N38+ 'D!86:@N;~�
%�3��a%�! ;p>96*+ 2 6"376:%�GL.0'Z.03�?4@07��;64�&.N3W+ 2 6 6:$�$ ;�$P6:'d+,.N)V%�+=6:'Z!#(_%��
��.03�A\.03 �87�%���$ %�+,7�$>6^+ 2 6V;�!
'=6:$d>964�
' 2 .K=y+,'1.03t)"6:%�3i>�%�@07;64'1;�= � �� %�3�� � � � � �" � 2 6:35>�%�$�(
.N3�AU+ 2 .N'h?:;�$ $=64@Y%�+ .0;�3t!76�+F�W6!6:3 � k*%�3�� 
#k�� �(2 6� -��!E ��$>6:@0%�+[64�G64$ $ ;�$ 'X6:'�+ .0)^%�+[64�B!#(M.N3���.N>
.N��7�%�@�6VQS3764$ .0)�6:3#+ 'o%�$>6Z%�@0@P>56:$�(\'�.0)*.0@Y%�$:-�%�3��B+ 2 6:$>64=C;�$>6Z+ 2 6
%p>56:$ %�A96Z.0'I+H%�G56:3t%�'I+ 2 6Z?4;�)*)^;�3U64$ $ ;�$�)V%�+ $ . Q -
%�'J' 2 ;p�J3B.03 � %�!�@:6 ��� ���

� �� � � � � �"
� �� N
� N��jL� � � � �" � N
� N9N � L N
� N9NHk L

� %�!
@:6 ��� � �XID;�)*)*;�3t7�3
?T6:$d+H%�.N3#+,.:64'1%�$�.0' .N3�A^=C$�;�) + 2 6 �J? 2 %�3�3;64@b%�3�� �!E �J.03#+[64$�=\6:$>6:3�?!69?:;�38+ $ .N!�7
+,.N;�3
+,;6+ 2 6J6
�76��B2�3�%�@u'd+H%�+=6:':-�A�.N>9643t%�'J+ 2 6f' .NA�3;6:�M' �
7�%�$=6Z$ ;
;�+J;�= + 2 6f?4;~>�%�$�.Y%�3
?T61)^%�+,$�. Q 6:@:64)"643#+,':�

�(2 6 �!E �b.N38+=6:$d=\6:$=643�?T6o?:;�3#+,$�.0!�7�+,.0;�3*+ ;<+ 2 6�� EF? 2 %�3�3;64@X?4;�$ $>6:?4+ .0;�3^.03 � 2 %�! 2 %<2�3�%�@�'d+H%�+=6:'I�;6!37643���'
;�3t+ 2 6<>�%�@07H6];�=r+ 2 6��&)^%�'�':� � ;�$�+ 2 6 3�7
$=3 ;�'=69;�=r+ 2 .N'O?4;�)9!�.N3�%�+ .0;�3P- %�@N@�6RQS3764$ .N)"6438+ '�3�%�$,%�)�64+ $ .0'>6
+ 2 6 �6%�3�� �!E �9?4;�3#+,$�.0!�7
+ .0;�3
'6%�'V%5=C7�3�?�+,.N;�3�;�= ��� � �(2 .0'^%�@N@0;p�J'9+ 2 6 � - �!E �9?4;�$ $>6:?�+,.0;�3`+ ;j=C;�@N@0;p�
+ 2 69�H64+[64$ )*.03�%e+,.0;�3B;�= ��� .03\+ 2 6Z2�+,'4- � 2 .0? 2 $>6:'�7�@N+ 'o.03t?:;�$�$=6:@0%�+,.N;�3�'J!864+F�@6T6:3 ��� %�3�� � �� ;�$ � � � � �" �
� ( 3�.N?q%�@/? 2 %�3
A96:'J;�=[+ 2 61?4;�$ $>6:@Y%e+,.0;�3g?:; 6��*?:.?6:3#+,'O%�)*;�7�3#+�+,;*%�! ;�7
+ 
#k N � =C;�$I+ 2 6f?4;�$ $>6:@Y%e+,.0;�3 ��� �
� �� %�3�� � k N � =C;�$ ��� � � � � � �" � �(2 6�3�$>6:'=643�?T6Z;�=/+ 2 6:'=6f?4;�$ $>6:@Y%e+,.0;�3�'D.N3���7�?!6:'J? 2 %�3�A56:'�.03 � �� %�3
� � � � � �"
� 2 6:3 ��� +H%�Gj6:'�.N+,'J%q>56:$,%�A96Z>�%�@N7;61.03g+ 2 6f?:;�)9!
.03�%�+ .0;�3V;�=[+ 2 61=C;�7�$(6VQH386:$�.0)�6:3#+,'4�

��������� ����� " � $�� "���� � � �	�
� ��� " ��� " �
�
�(2 6h=C;�7�$I?4;�@0@0%�! ;�$,%�+ .0;�3
'b7�'=61'�.0)*.0@Y%�$w+=6:? 2 3
. �87;6:'I+ ;T)"6:%�' 7
$=6o+ 2 6h@07
)^.N3�;�' .K+F(6;�=u+ 2 6:.0$l��%�+,%9',%�)�3�@:64'
!8(i?:;�7�3#+ .03�Ag+ 2 6*387�)]!764$1;�=D'�)V%�@0@ EF%�3�A�@?6 � 2 %�! 2 % EF'�?q%�+�+[6:$>6:�c6:@?6:?4+ $ ;�3
':� �(2 6 6VQH386:$�.0)�6:3#+H%�@r�;64+,%�.0@N'
;�=b+ 2 6<=C;�7�$o)�6q%�' 7�$>6:)�6:3#+,'1%�$=6]'�7 �*?:.?6:3#+,@K(t��. 	 64$=6438+o+ 2 %�+o3�;U?4;�$ $>6:@Y%e+,.0;�3�'o%�$=6]?4;�3�'�.0�;64$=6:�i+ ;�6RQ�.N'�+
.03B+ 2 6 6VQS3764$ .0)�6:3#+,%�@[?4;�)�3X;�3H6:3#+o;�=r+ 2 6<@07�)*.03
;�' .K+F(�6:$�$ ;�$�':�Xbo@N@/=C;�7�$O?4;�@0@0%�! ;�$,%�+ .0;�3
':- 2 ;p�@64>56:$:- 7�'=6
� 
 A � � � L�� N5L ) ����+ -P+ 2 69!764'�+Z%q>�%�.0@0%�!�@?6 �\;�3#+[6�II%�$�@0;UA9643;6:$ %�+,;�$h=C;�$o'�)V%�@N@ EF%�3�A�@?6 � 2 %�! 2 %U'�?q%�+�+[64$ E
.03�A�- +,;g?:%�@0?47�@Y%�+=6<+ 2 6T%�?4?T6T3�+[6:�j?:$�;�' '`EF'>6:?4+ .0;�3L;�=b+ 2 6:.N$h@07
)^.N3�;�' .K+F(g?:;�7�3#+[6:$�':� �(2 6:$>64=C;�$>6T' .0A�3�.N2�?:%�3#+
?:;�$�$=6:@0%�+,.N;�3�'X6RQ�.0'd+1.03\+ 2 6�6:$�$ ;�$�'1%�' '�.0A�3H6:�t+ ;V+ 2 6<' ?:%�@:6<;�=b+ 2 6<)"6:%�' 7
$=6:�5?4$ ;�'�' E"'=6:?�+,.N;�3�'h��7H6]+,;V+ 2 6
7�3�?T64$�+,%�.03#+F(M.03g+ 2 .0'�?4;�)^)*;�3U+ 2 6:;�$>64+ .0?q%�@u?q%�@N?:7�@0%�+,.N;�3P�

�(2 6l+,;�+,%�@#+ 2 64;�$=6�+,.0?:%�@
7�3�?T64$�+,%�.03#+F(�-�.03�?4@07���.N3�AO%�3#6:'d+,.N)V%�+=6l@0%�$ A56@643�;�7�A 2 +,;h?4;~>56:$�+ 2 6W643#+,.0$>6D?4;�3SE
+,$ .N!�7
+ .0;�39=C$�;�) @N.0A 2 +�=\64$ )*.0;�3�3�%�.0$�3
$ ;
��7�?4+ .0;�3 -�� 2 .0? 2 .0'r3
;�+w.03�?4@07��H6:�6.03 � 
 A � � � -#.0'�N
� N��Hk � ) ����+ �
�(2 6B?4;�3#+,$�.0!�7
+ .0;�3a;�=o@N.0A 2 +�3�%�.0$ ' 2 %�'6!76!6:3`?q%�@N?:7�@0%�+[64� ) ����+ -D%�3��^6RQS3�@N.0?:.K+T.03
?:@07
' .0;�3a;�=O+ 2 .0'�6 	 64?4+
%�@0@N;~�@6:� �JD8b4A|+,;i$>6:��7
?T6U+ 2 6V+ 2 64;�$=6�+,.N?q%�@s7�3�?!6:$�+,%�.03#+F(j+,;�N�� N � L �g� �(2 .0'�N�� N � L � 64$ $�;�$].N'<+H%�G56:3
+,;V!861=C7�@0@K(g?:;�$ $=64@Y%�+=6:�M�J.N+ 2 + 2 6�64$ $�;�$ '�;�=�+ 2 6Z;�+ 2 64$�+ 2 $=6!6�6VQS3764$ .0)�6:3#+ ':-�� 2 .0? 2 %�)^;�3�AT+ 2 64)^'>6:@N>56:'
' 2 %�$>6]%T)97�+,7�%�@ ?:;�$�$=6:@0%�+[64�G64$ $�;�$�;�=�N
� N��Hk �U�

�(2 64'=6464$ $�;�$ 'D%�	 64?4+I%�@0)*;�'�+d6VQ
?4@07�'�.N>56:@N(*+ 2 6 2 %��
$ ;�3�.N? 3 ;�@?6O?4$ ;�'�' EF'>6:?�+,.0;�3P-�%�3
�U?:;�3#+ $ .0!
7
+[6o%�!X;�7
+
2 %�@N=I.N+,'Z+,;�+,%�@d6:$ $�;�$9%e=y+[6:$<?:;�)]!�.03�%e+,.0;�3P� �(2 6U?:;�)^)*;�3&@N7�)*.03�;�'�.N+F(�64$ $�;�$9%�@N' ;B.03#+,$�;���7
?T6:'9%B' )^%�@N@
?:;�3#+,$�.0!�7�+,.0;�3z+ ;a+ 2 6L?:;p>�%�$�.Y%�3�?!65)V%e+,$ . Q 64@:64)"6438+M!864+F�@6T643 ��� %�3��

�
��
	�� � �(2 .0'M?:;�$�$=64@Y%�+ .0;�3 �D%�'

3;6:A�@?6:?�+[6:�].03<+ 2 6s?:;�)*)^;�3�64$ $ ;�$[+H%�!�@:64'[A�.K>96439%�! ;p>96�-�%�'[.K+ 2 %��]3�;O3�;�+ .0?T6:%�!�@?6d6 	 64?4+b;�3<+ 2 6l?4;�)9!�.N3;6:�
$=6:'�7�@N+:�

���



��������� 
&� ��$�� � � � �	�
� ��� " ��� " �
�
bo3a%��
��.N+ .0;�3�%�@r?:@0%�' 'Z;�=�?4;�)^)*;�35+ 2 6:;�$>64+,.N?q%�@�64$ $ ;�$ '<%�$ .N'=6:'f=C$ ;�) + 2 6V%53;3�$�; Q�.N)V%�+ .0;�3
'f%�3��&'>3764?:.0%�@
? 2 ;�.0?!6:' )V%��;6w.03f+ 2 6b2�+�+,.03
AO?4;��;64':� �(2 6:'>6D?:;�)"3�$�.0'>6b?:;�3#+,$�.0!�7�+,.0;�3�'u=C$ ;�) ��B ��$ %���.0%�+,.K>96b?:;�$ $=64?4+ .0;�3�'4-
.03�?4@07���.N3�AM.03�.K+,.0%�@ E"'�+H%e+[6#3�%�.0$f$,%��
.Y%�+ .0;�3P-/%�3��W+ 2 6"3�%�$,%�)�64+ $ .N',%�+ .0;�3L;�=l+ 2 6*��.
	76:$>6:3#+,.0%�@b?:$�;�' '`EF'>6:?4+ .0;�3
%�$ ;�7
3��W+ 2 6 ��$=64' ;�3�%�3�?T6^.03L+[6:$�)^'f;�=W3�'=647���;jE";�!�'>6:$�>�%�!
@:6:'<�;642�3;6:� 3
$=6:?4.0'>6:@N(j%e+Z+ 2 6�376:%�GL%�3��j=C;�$
3�7�$=6 � 6VQ
? 2 %�3�A966;�3�@K(�� � 35;�$��;6:$h+ ;�6:'d+,.0)^%�+=6]+ 2 6]7�3�?T64$�+,%�.03#+,.?6:'h=C$�;�)k+ 2 6#3�%�$,%�)�64+ $ .0' %�+,.N;�3t;�=s+ 2 6
6:@:64?4+ $ ;p�W6:%�G ?4$ ;�'�' EF'>6:?�+,.0;�3�'M3;6q%�$^+ 2 6 �x$=64' ;�3�%�3�?T6i+ 2 6i+F�l;`)*;�'d+g%��
>�%�3
?T6:�R?q%�@0?:7
@Y%�+ .0;�3�%�@I+,;
;�@0'4-
� �JD8b ��N ) �9N�+I%�3�� � ���F��� B � ) �Hk +s�W64$=6g?:;�)"3�%�$=6:� � � 3�%����
.N+,.N;�3P-/+ 2 64$=6g%�$=6 � 3�%�$,%�)"6�+,$ .N?^7
3�?T64$ E
+H%�.N38+ .:64' � %�$ .N' .N3�A9=C$ ;�)<3�%�$ %�)"6�+[64$ 'J;�= + 2 6�F�� + 2 %e+�%�$=6f3;6!6:�;64�B+,;T2HQU+ 2 6�F�� $=64)^3�%�38+ ':�

� ����� %�� �	 "& ��. %�&".0�$�
�(2 6#6 	76:?�+,'O;�=b.03
.N+,.0%�@ 'd+H%�+=6]$ %���.Y%e+,.0;�3 � � F � ��%�$>6<)*;�$>6Z+ 2 %�3B+F�l;U;�$��;6:$�'O;�=b)V%�A�3�.N+ 7��;6f@Y%�$ A964$J+ 2 %�3
+ 2 646VQS3764$ .0)�6:3#+,%�@ 3�$>6:?4.0' .N;�3P-8� 2 .0? 2 .N'D!86:@0;p�|+ 2 64386:$ E")^.N@0@?6�@:64>56:@X.03V+ 2 6h?q%�'=61;�=u+ 2 6 2 %��
$ ;�3�.N?o?4$ ;�'�' E
'=6:?�+,.N;�3P� �(2 6^$ %���.0%�+,.N;�35;�=s=\6:$ )*.0;�3c3�%�.0$�' � � FHD�D ��- %�@K+ 2 ;�7
A 2 )97�? 2 ' )^%�@0@?6:$o+ 2 %�3 � F ��.03j%�!�'�;�@07�+[6
6 	76:?4+:-46RQ 2 .N!�.N+ 'M%a@Y%�$�A96:$^7�3�?T64$�+,%�.03#+F(�� �(2 6:$=6�=C;�$=65+ 2 6:'>6W?4;�$ $>6:?4+ .0;�3
'a3�@Y%q(|%_?!6:3#+,$ %�@1$ ;�@:6i.N3z+ 2 6
6RQ
+,$ %�?4+ .0;�3\;�= + 2 6J3�'>6:7���; EF;�!�'>6:$d>�%�!�@:64'�=C$�;�) + 2 6f)"6:%�' 7�$>6:�\?:$�;�' '`EF'=64?4+ .0;�3�'O%�3��B%�'d(�)*)�64+,$�.:64':�

�(2 6o)^;�'d+I7;3 E"+,; EF��%�+=6�6�>�%�@07�%�+ .0;�3
'D;�=�3 2 ;�+,;�3
.0?o?4;�$ $>6:?�+,.0;�3�'l+ ;9+ 2 6h)�6q%�' 7�$>6:)�6:3#+,'�%�$=6h?4;�)"3
@:64+=6
.03�� � � n��f%�3��W=C;�$f+ 2 66+,;�+,%�@w?:$ ;�' ' E"'=64?4+,.N;�3�']%�@0'�;B.N3�?:@N7��;6T+ 2 6*@:6:%���.N3�AB?4;�3#+,$�.0!�7
+ .0;�3
'Z7H3W+,;�� � � � � �
� �D;^��.
	76:$>6:3#+�' ? 2 64)"64'o%�$>6Z%p>�%�.N@Y%�!
@:6O+ ; 6:'�+ .0)^%�+[6h+ 2 6f$=64)V%�.N3�.03
A97�3�?!6:$�+,%�.03#+ .:6:' �
k��
	 � ��� � � n �]?q%�@N?:7�@0%�+,.N;�3�' ) �5L�+J.N3�?:@N7���.N3�At+ 2 6 6VQS3X;�3H6:3#+,.0%�+,.N;�3a' ? 2 64)"6\;�=�	17�$,%j64>OE � %���.N3 ) � � +

�J.N+ 2 � � � � � ) ����+ � �
����
 � F ��+ 2 6 ��� � ;�$ �;64$s.N3�?:@N7�' .K>96(6VQH3 ;�3;643#+,.Y%e+,.0;�3*'�? 2 6:)�6J;�=��X6�=\6:$=643�?T64' ���1%�3�� ����-#!�%�'>6:�*;�3*+ 2 6


 � FM%53;3
$ ;#%�? 2�� ����� � �(2 .0$��\;�$ �;64$J+=6:$�)^'�%�$>6f%�@0'�;*G83�;p�J3t%�3�� 2 %q>96Z;�3�@K(g%6' )^%�@0@76 	76:?4+ � �5N�� �
�h.
	76:$=643�?T64'<!864+F�@6T643W+ 2 6:'>6^'�? 2 6:)�6:'4-[� 2 .N? 2 %�$>66!X;�+ 2 .N)"3
@:6:)�6:3#+=6:�5.03 � ��D7b ��N
- � � �F��� B�� %�3��
� � � b � �Sk�� -P%�3��t7�3�?T64$�+,%�.03#+,.?6:'O��7;6]+ ;U)^.N' '�.03�A 2 .0A 2 6:$O;�$ �;64$o?4;�$ $>6:?4+ .0;�3
' � �jN�� -P%�)*;�7�3#+o+ ;g%�+o)^;�'d+
:PN
S k �G6�� ;�3 ��� %�3�� � � -�%�3�� :JN
S NSk � ;�3

�
��
	�� �

�(2 6].03 ��7H6:3�?!69;�=b+ 2 6].03#+=6:$�=\64$=643�?T6T!864+F�@6T643j.N3�.N+ .Y%�@/%�3��t2�3�%�@['d+H%�+=69$,%��
.Y%�+ .0;�3\;�3t+ 2 6#6RQ
+ $,%�?�+[6:�
3�%�$,%�)"6�+[6:$�' 2 %�'^%�@0'�;j!86T643�'d+,7��
.:6:� � � ��� -I%�3��`7�3�?!6:$d+H%�.N38+ .:64'*;�3 ��� ;�=o%�+*)^;�'�+ :JN
S?k �G6 � =C$ ;�)
+ 2 .N'T' ;�7�$�?T6B%�$=6a6VQS3764?4+[64��=C;�$�6VQS3764$ .0)�6:3#+,%�@I)�6q%�'�7�$=64)"6438+ 'T� 2 .0? 2 %�?:?!6T3
+�6�>96:3#+ '^��;p�J3`+,;5' )^%�@N@
>�%�@07;64'�;�= � � -
+ 2 6J6 	76:?�+,.N>56<' �87�%�$=64�t?!6:3#+,$>6REF;�= EF)^%�' ' 6:3H6:$ A�(\%�=y+[64$(3 2 ;�+ ;�3B$ %���.0%�+,.N;�3V=C$ ;�)c+ 2 6f.N3�.N+ .Y%�@
'�+H%e+[6�� �(2 6�)�64+ 2 ;
��'�=C;�$r+ 2 6(6RQ
+,$ %53 ;�@Y%�+ .0;�3];�=X+ 2 6�@:6!3
+,;�3�.0?
�!E"? 2 %�3�3;64@�?:$�;�' '`EF'=64?4+ .0;�3�'w+,;h=C7
@0@�%�3�A�7�@0%�$
%�?:?!6T3
+,%�3�?T6Z%�3
�V=C$ ;�) @Y%�$ A96J+,;9'�)V%�@0@ � ����.
	76:$D%�)^;�3�A<+ 2 646RQS386:$�.0)�6:3#+,'�%�3��U+ 2 64$=6�=C;�$=6o+ 2 6h$>6:' 7
@N+,.N3�A
7�3�?T64$�+,%�.03#+,.?6:'�%�$>6Z!86:@N.:6�>96:�g+ ;^!861@Y%�$�A96:@K(V7
3�?:;�$�$=64@Y%�+=6:�P�

bO@N+ 2 ;�7�A 2 ?4;�3#+,$�.0!�7
+ .03�AV;�3�@N( k � ;�=w+ 2 6 � F�� ?:;�$�$=64?4+,.N;�3P- + 2 6T$ %���.Y%e+,.0;�3t;�=b=\64$ )*.0;�3&3�%�.0$�'O=C$ ;�)
+ 2 6<.03�.K+,.Y%�@X'd+H%�+=6]��;�)*.03�%�+[64'I+ 2 6 ��B � $=6:@0%�+[64�B7
3�?T64$�+H%�.03#+,.?6:':�(F
+H%�$d+,.N3�A*=C$�;�)c+ 2 6Z=C7
@0@u'=64?:;�3
�i;�$ �H6:$
3�%�.0$w$ %���.Y%e+,;�$ � �5L�- ����� -
%f' .N)97�@N+,%�3;64;�7�'�6RQS3 ;�3;6438+ .Y%�+ .0;�3*' ? 2 6:)�6�=C;�$w$ %���.Y%e+[6:� 3 2 ;�+,;�3
'l%�3�� 3�%�.0$ 'r�D%�'
3�$ ;93 ;�'>6:�].N3��X6�=\6:$=643�?T6 �jL
�fba+ 2 .N$ �SE";�$ �;64$h3�%�.N$u$,%���.0%�+,;�$ �I%�'[?:%�@0?47�@Y%�+=6:� � � ���
%�3��Z?:;�)"3�%�$=6:�f�J.N+ 2 + 2 6
;�+ 2 64$ 6VQ
.N'�+ .03�AB' ? 2 64)"64':-�� 2 .N? 2 %�$>6U%�@N@w%p>�%�.N@Y%�!
@:6T.03 � � �F��� B��m' .03
?T6^>56:$�' .0;�3 �
� ���
� � 3��;6!37643��;6438+
.0)�3�@:64)"6438+,%�+,.N;�3�'*;�=<' ;�)�6i' ? 2 6:)�6:'U6RQ�.0'd+M.03 � ��D7b ��N�%�3��z.03 � � � b<� �(2 65@0%�$ A964'�+g7
3�?T64$�+H%�.03#+F(
%�$ .N'=6:'O=C$ ;�) + 2 69' 7�! EF' 7
!SEF@?6q%���.N3�A^+=6:$�)^'O;�=b+ 2 6<+ 2 .N$ �t;�$ �;64$1%�3��t=C$�;�) + 2 69%53;3�$�; Q�.N)V%�+=6Z+ $=6:%�+,)�6:3#+
;�= 2 %���$�;�3�.N? 3�%�.N$ '4� �(2 6])V% Q�.N)97�) ��. 	 64$=6:3
?T6:'h%�$=6 N
S � �G6��m;�3 ��� -�N�S � �G6�� ;�3 ��� %�3���N�S NHk � �
;�3

�
�� 	�� �

��� ��!#"%$ <'&("%$*)+"-,%)."%/10 23&4" ,%��)�5�670%89��)./:);��<4$=<4>#0?&�@A).)+B�8.<C>D8FE�>#<C,?)+$�G�"%).HI!#&4E�0?>KJ  � +�"'L

���



� 3\' 7�)*)^%�$�(�-�?:;�)�3�%�$�.03�A9+ 2 6<�
.
	76:$=643#+O;53
+,.N;�3�'�=C;�$(3 2 ;�+,;�3�.N?Z%�3��M=\6:$ )*.0;�3SEY3�%�.0$D$ %���.0%�+,.N;�3g@:6:%���'
+,; 64$ $�;�$ 6:'�+ .0)^%�+[64'O;�= :JN
S � �G6 � ;�3 ��� %�3
� :JN
S � �G6���;�3 ��� � �(2 6<;�!�'=64$�>56:�i��. 	 64$=643�?T64'o.03

�
��
	��

%�$=6J' @N.0A 2 + @N(<' )^%�@0@?6:$[+ 2 %�36+ 2 6(64$ $�;�$�6:'�+ .0)^%�+[6D;�=?:JN
S N�� � .037� 64=\64$=643�?T6 �5N
-�� 2 .N? 2 .N'r+ 2 64$=6�=C;�$=6�+H%�G56:3
%�'�+ 2 6J6:$�$ ;�$�=C;�$I+ 2 6���B � E"$=64@Y%�+=6:�g7�3�?!6:$d+H%�.N38+ .:64':�

���
(�. � � ( *����� � #�� &  . ����&".0(�% ( * +�. %
�$���
����� ��%��
	 � 2
#/#�� &  .1�$�

� 3t%]>56:$�(U�;64+,%�.0@?6:�g?:;�)"3�%�$ .0'�;�3 � � � �u;�= ��� D7b ��N6%�3�� � � �F��� B��f-�?:$ ;�' ' E"'=64?4+,.N;�3�'�%�3��\%�'d(
)^)�64+ $ .:64'
=C$ ;�) F � ?:%�@0?47�@Y%�+ .0;�3
'g%�3��|=C$ ;�) ��.
	76:$�.03�Aa? 2 ;�.0?!6:'M.03|+ 2 6j)*;
�;6:@ EF.03
�;6T386:3��H6:3#+U3�%�$ %�)"6�+,$�.0',%e+,.0;�3
�W64$=6f?:;�3
' .0�H6:$=64�P��
O3
?T6:$d+H%�.N3#+,.:64'I;�3U+ 2 6o2�+�+[6:�U3�'>6:7��
;jEF;�!
'=6:$d>�%�!�@:64'�)V%q(^!76�6RQS3764?4+=6:�g+,;6%�$�.0'>6O=C$ ;�)
+ 2 64'=6\? 2 ;�.0?!6:'*.03^3�%�$ %�)�64+,$�.0' %�+,.N;�3_;�=�+ 2 6 6:@?6:?�+,$ ;p�@6q%�Ga?4$ ;�'�' E"'=6:?�+,.N;�3�'63;6q%�$6+ 2 6 �z$>6:' ;�3�%�3�?!6�� � ;
64>�%�@07�%�+[6i'�7�? 2 ��.
	76:$>6:3�?!6:'4-O?4$ ;�'�' EF'>6:?�+,.0;�3�'M%�3�� =C;�$d�I%�$ �SE"!�%�?HG#�I%�$ �}%�'�(
)*)"6�+,$ .?6:'*�W64$=65?q%�@0?:7
@Y%�+=6:�
�J.N+ 2B��� D7b ��N^%�3��t+ 2 6:'>6]$>6:' 7
@N+,'J2�+�+[6:�B�J.N+ 2 � � �F��� B��Z�8Bb$ $�;�$ '��W64$=6]%�' '�.0A�3;64�t+,;*+ 2 6Z?q%�@0?:7
@Y%�+=6:�
?:$ ;�' ' E"'=64?4+,.N;�3�'l%�3��T=C;�$d�I%�$��SEF!�%�?HG#�I%�$��U%�'d(
)^)�64+ $ .:64'r� 2 .0? 2 $=6 �Z6:?�+w+ 2 6J.03#+=6:A�$ %�+[64�*@N7�)*.03�;�'�.N+F(f+H%�G56:3
%�+X6q%�? 2 6:3;64$ A�(�-�+ 2 7�' 6:3�'�7�$ .N3�A6+ 2 %�+ 6:%�? 2 643;6:$�A�(U3 ;�.03#+(6438+=6:$>6:�B�J.K+ 2 + 2 6Z%53H3�$ ;93
$ .Y%e+[6o�@6:.NA 2 +q�

�(2 6J��;�)^.N3�%�3#+�3�%�$d+s;�=X+ 2 6J' )^%�@0@���.
	76:$>6:3�?!6:'w!864+F�@6T6:3^+ 2 6�+F�l;<?4;��;64'w$=6:'�7�@N+ 'b=C$ ;�) �;64+,%�.0@N'b;�=X+ 2 6
.0)�3�@:64)"6438+,%�+,.N;�3\;�=b+ 2 6T?4$ ;�'�' E"'=6:?�+,.N;�3�3�%�$ %�)"6�+,$�.0',%e+,.0;�3B.N3t+[64$ )*'h;�=b+ 2 6#3�'=647���;jE";�!�'>6:$�>�%�!
@:6:'4� �(2 .0'
.0' 3�%�$d+,.0?47�@Y%�$ @N(6>
.0'�.0!�@?6h=C;�$I+ 2 6Z;�	8E 376:%�G�3 ;�.03#+,'4-
� 2 64$=6f+ 2 6Z%�'�' .0A�3�)"643#+O;�= 2 .NA 2 64$ EF;�$ �;64$�?:;�$�$=6:?�+,.N;�3�'
+,;t+ 2 6�� $=64' ;�3�%�3�?T6V;�$<+ ;t+ 2 6aF�� $=64)^3�%�38+ '].N']3�;�+].03a%�@0@w?q%�'>6:'97
3�%�)9!�.NA�7�;�7
':� �(2 6U' .��T6U;�=�+ 2 6
��.
	76:$>6:3�?!6:'B%�@0'�;`�H6T386:3���'B;�3z+ 2 6 3�%�$d+,.N?:7�@0%�$V>�%�@07H6:'M;�=Z+ 2 6c3�'=647���;jE";�!�'>6:$�>�%�!
@:6:'4-1' .N3�?T65+ 2 6:'=6j��;
3�;�+f3;64?T6:'�',%�$�.0@K(t$>6:'=386:?�+f+ 2 6�6VQ�%�?4+�F�� $=64@Y%�+ .0;�3
':�PF�@N.0A 2 +,@K(M��.
	76:$>6:3#+f? 2 ;�.N?T64'f%�$=69)^%��;6].03i+ 2 6]+F�D;
?:;
�;6:'1.K=b+ 2 6�F�� $>6:@0%�+,.N;�3�'o!864+F�@6T643j+ 2 6�3�'>6:7���; EF;�!�'>6:$d>�%�!�@:64'f%�$=693
;�+h=C7�@K2�@0@?6:�P� � .03�%�@N@N(�-�>�%�$�.Y%�+ .0;�3
'
;�=J= %�?4+ ;�$ .N',%�+ .0;�3W' ? 2 64)"64'V%�3
�a;�+ 2 64$9;93
+ .0;�3
'9.03_+ 2 6�6:@?6:?�+,$ ;p�@6q%�G&?q%�@N?:7�@0%�+,.N;�3�'])^%q(_% 	 64?4+9+ 2 6U2�+
$=6:'�7�@N+ '�+ 2 $�;�7�A 2 + 2 6�F�� $=64)^3�%�3#+,':-�!
7
+J�W64$=6f=C;�7�3��M+,; 2 %q>96<%T3;6:A�@0.0A�.0!�@?6�6 	76:?�+q�

� 3 � %�!�@?6 ��� �i��.
	76:$>6:3�?!6:'T!864+F�@6T6:3 ��� D7b ��N5%�3�� � � �F��� B�� %�$>6U' 2 ;~�J3 -w� 2 .0? 2 %�$=6^+H%�Gj6:3`%�'
'�(
'�+=6:)^%�+,.N?17�3�?T64$�+,%�.03#+,.?6:'4� �(2 64(^�W64$=6�64>�%�@N7�%�+=6:�M%�$�;�7�3��U+ 2 6h'=6�+J;�=�3�'>6:7���; EF;�!�'>6:$d>�%�!�@:64'�$>6T3�$>6:'>6:3#+>E
.03�Af+ 2 6o%q>96:$ %�A96�;�=P+ 2 6�=C;�7�$@6VQS3764$ .0)�6:3#+ '��
?:$ ;�' ' E"'=64?4+,.N;�3�'D%�3��U%�'�(
)^)�64+ $ .?6:'w�W64$=6o?:%�@0?47�@Y%e+[6:�6=C;�$b=C7�@N@
%�?:?!6T3
+,%�3�?T6U�J.K+ 2 ;�3�@N(j%t?47
+9;�3 ����� N
S NHk���� �(2 6U;�3�@K(W3
;�3SEF3H6:A�@N.0A�.N!�@:69'd(
'�+[64)V%e+,.0?"6:$�$ ;�$<;�=I+ 2 .0'
G
.N3��\.0'I+ 2 %�+J;�3 � �� -�� 2 .0? 2 %�)*;�7�3#+,'�+ ; k � � ;�= + 2 6f?4;�)9!�.N3;6:� 6:$�$ ;�$4�


���� 

��� 

�
�� 	�� 
 � �� 
�� ��� ������� 6���� � � 6���� � 3
!��

N
� N9N9NHk N
� N5N9NHk N
� N9NHk N
� N5N5L N�� N9N5NHk
� %�!
@:6 ��� � � �h. 	 64$=6:3
?T6:'s.03T2�+l$=64' 7�@K+,'w;�!
+,%�.03H6:�6�J.N+ 2*��� D7b ��N<%�3
� � � �F��� B��f-�+H%�Gj6:3g%�'�3�%�$�+s;�= + 2 6
?:;�)*)^;�3\'d(
'�+[64)V%e+,.0?�64$ $�;�$ '4�

Db7
+�+,.03
A1%�@0@
' ;�7�$ ?!6:'b+,;�A564+ 2 6:$:-�+ 2 6�;p>964$,%�@N@�+ 2 6:;�$>64+ .0?q%�@S64$ $ ;�$ 'w%�'r@N.0'd+[6:�].03 � %�!�@?6 ��� �1%�$=6I;�!
+H%�.N3;6:� -
%�3��M+ 2 64'=6<%�$=6f7�'>6:�B%�'J?:;�)*)^;�3a6:$ $�;�$ 'J.N3M+ 2 6f?:;�)]!�.03�%e+,.0;�3P�

���  "��#�� &  . � � %�� �	 "& ��. %�&".0�$�
�(2 $ ;�7
A 2 + 2 64F �k$=64)^3�%�3#+,'w+ 2 6�2�+l$=64' 7�@K+,'s�;6T386:3��^' @N.0A 2 +,@K(9;�36+ 2 6�>�%�@N7;6:'w;�= ' ;�)�6 F��)3�%�$,%�)�64+=6:$ '4�
�s%�$�(
.03
A^+ 2 6:'=6<�J.N+ 2 .03B+ 2 6:.N$ 3
$=6:'>6:3#+�6VQH386:$�.0)�6:3#+H%�@f64$ $ ;�$ ':-X;�$�!76�+F�W6!6:3^k N9N � 6!�m%�3�� k N9N9N � 6���.03
?q%�'>6<;�= + 2 6�"�.0A�A�'�!X;�'�;�3M)V%�' ':-�@?6q%��
'I+,;6;�!�'>6:$�>�%�!
@:6J6 	76:?�+,'�;�3�@N(V;�3M+ 2 6 �L)V%�'�':-
� 2 .0? 2 .0'J%�	76:?�+[6:�
+ 2 $�;�7�A 2 + 2 6�# � �\.03#+[64$�=\6:$>6:3�?!6O+=6:$ )\� �(2 6o��;�)*.03�%�3#+s�;6!37643��;6:3
?T61.0's;�3 �%$ -8=C;�@0@N;~�@6:�*!#('&)( 0+*�
	�� � � n � � �

���



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

��� � � 6!�=� N
� N9N9N��
��� � � 6!��� N
� N9N9N��

�
��
	�� � 38! � N
� N9N��

� �� N
� N5N5L
� �� N
� N5N5L N
� N9N5L
� �� N
� N5N5L N
� N9N5L N
� N9N5L
� ��� ���� N
� N5N9NHk
� ��� ���� N
� N5N9NHk N�� N9N5NHk
� ��� ���� N
� N5N9NHk N�� N9N5NHk N�� N9N5NHk

� %�!
@:6 �
� � ��ID;�)^)*;�36+ 2 64;�$=6�+,.N?q%�@ 6:$�$ ;�$�'D��7H6o+,;�3 2 ;�+ ;�3g%�3��^=\6:$ )*.0;�3SEY3�%�.0$r$ %���.Y%e+,.0;�3V%�3
�V+ 2 6O? 2 ;�.N?T6
;�= )*;
�;6:@ EF.03
�;6T386:3��H6:3#+�3�%�$ %�)"6�+,$�.0',%e+,.0;�3P-�A�.K>9643^%�'w+ 2 6J' .NA�3;6:�6' �
7�%�$=6J$ ;
;�+w;�= + 2 6�?:;p>�%�$ .0%�3�?T6J)^%�+,$�. Q
6:@:64)"643#+,':�

�(2 6 6 	76:?4+9;�3 ��� =C$ ;�) %B>�%�$�.Y%�+ .0;�3j;�= 
 &�( 0+*�
	�� � � n � �Z!#(W.N+,'P6:$�$ ;�$<;�= :JN
� N5N9N�� � .0' :JN
S N � �G6!�6-
� 2 .0? 2 .0'T3;64A�@0.NA�.0!�@K(j' )^%�@0@l?:;�)�3�%�$>6:�a+,;L+ 2 6M'd(�'d+[64)V%�+ .0?U6:$�$ ;�$T;�3 ��� %�$�.0'�.03�Ai=C$�;�) ;�+ 2 6:$ ��B � E
$=6:@0%�+[64�g7�3�?!6:$�+,%�.03#+ .:6:' � '=6!6 � %�!�@:6 ��� � ��� �(2 6h? 2 %�3�A961.N3 ��� ��7H6h+,; �%$ %�)^;�7
38+ 'l+ ; 
JN�S ��� �G6�� 386:$
7�3�.N+f? 2 %�3�A96T.N3j@N;�A 5 � � �%$ � � 6�� ������;�+[69+ 2 %�+1+ 2 .0'1.N'h' )^%�@0@[?:;�)�3�%�$>6:�i+ ;M+ 2 69+,;�+H%�@�64$ $�;�$h;�3 ��� ;�=
: ��S k �G6!�k%�3��W.0'Z3�;�+<?:;�3�'�.0�;64$=64�a%�'9%�3 6:$�$ ;�$4-�!�7�+9$,%e+ 2 64$]%�']%B?4;�$ $>6:?4+ .0;�3j+,;B!76V%53;3�@N.:6:�j.N=I%�3��
� 2 6:3a% F�� "�.0A�A�'Z! ;�'�;�3&.N'Z=C;�7
3��&%�3��&.K+,'Z)V%�'�'f)"6:%�' 7�$>6:�P� �(2 6V?:;�3�'=6 �
7H6:3�?!6:'T;�=J%M?:;�)"3�@?64+=6:@N(
)^;
�;6:@ EF.N3��;6T386:3
�;6:3#+J+,$>6q%�+ )"6438+O;�=[+ 2 6 # � �j.N38+=6:$d=\6:$=643�?T6<.03M+ 2 6 2 %��
$ ;�3�.N?f? 2 %�3�3;64@�%�$=6f��.0'�?:7�'�'=64�5.03
FS6:?�+,.0;�3 ��� � �	���

-���� �  "% ��� �&�P���T ��  �*_-.��/�0�1!��/

�(2 6^?4;�)9!�.N3�%�+ .0;�3i;�=D$>6:' 7
@N+,'f;�35+ 2 6 �^3�%�$,%�)�64+=6:$ '1.N'1!�%�'>6:�j;�3j+ 2 69=C;�7�$f'>64+,'f;�=l3�.N3;6�3�%�$ %�)"6�+[64$ '
��� - � � -

�
�� 	�� - � �� - � �� - � �� - � ��� ���� - � ��� ���� %�3�� � ��� ���� %�3��W+ 2 6^?4;�)*)^;�3c6:$�$ ;�$�'<A�.N>9643&.N3j+ 2 6"3
$=64>
.N;�7�'

? 2 %53
+=6:$:�
� ;�$D+ 2 .0'W3�7�$=3 ;�'>6Z.K+I.N'�3;6:?!6:' ' %�$�(g+ ;T?:;�3
'�+,$�7�?4+J+ 2 6h=C7�@0@ � L	� � �
� � L	� � �D?4;p>�%�$ .Y%�3�?T6h)^%�+ $ . QV;�=

+ 2 6�6:$ $�;�$ '4� �(2 6<=C;�7�$�;�3SE"��.Y%�A�;�3�%�@ ��� �^)^%�+,$�.0?!6:'J?:;�3
' .0'd+h;�=�+ 2 6Z=C;�7�$X6:$ $�;�$�)V%�+ $ .N?T6:'�'=386:?4.N2Z64�i!#(
6q%�? 2 6VQS3764$ .0)�6:3#+ � � %�!�@?6 �
� L � � �(2 6 ��� �<?4;�)*)^;�3 64$ $ ;�$l)^%�+,$�.0?!6:'w!�7�.N@0�T+ 2 6�; 	 EF��.0%�A�;�3�%�@;6:@?6:)�6:3#+,'4�

b '�(
)9! ;�@N.0?i$>6T3�$>6:'=643#+H%�+ .0;�3};�=<+ 2 65=C7�@0@�6:$ $�;�$M)V%e+,$ . Q .N'g' 2 ;p�J3}.03 � %�!�@:6 ��� k N�� Bw%�? 2 +H%�!�@?6
6:@:64)"643#+J$=6T3
$=6:'>6:3#+,'o% �	� �9)^%�+,$�. Q � ��
������ �s=C;�$������ Q b<- �9-ZA&%�3�� � %�$>6h+ 2 61?4;~>�%�$�.Y%�3
?T61)^%�+,$�.0?T64'
;�=O+ 2 6U6RQS386:$ .N)"643#+,' � '>6T6 � %�!
@:6 ��� L ��-l%�3�� ��
 � � Q ��
 � ��
 ��
�� ��
 ��
�� � 
 ��
��� "! � � � �T.N'9+ 2 6M)^%�+,$�. Q
;�=9?4;�)^)*;�3 64$ $ ;�$ ':� ��
 � � � � %�!�@?6 ����� �U.0'U+ 2 6c64$ $�;�$M)V%�+ $ . Q ��7H6L+ ;gA�B�D 643;6:$�A�(z7�3�?!6:$�+,%�.03#+ .:6:'4-
��
�� � � FS64?4+ .0;�3 ��� L��	� �h%�$ .N'=64'h=C$ ;�) + 2 69+ 2 6:;�$>64+,.N?q%�@�64$ $�;�$1;�35+ 2 66'�)V%�@N@ EF%�3�A�@?6 � 2 %�! 2 %g?:$�;�' '`EF'>6:?4+ .0;�3
?q%�@N?:7�@0%�+,.N;�3�':- 
#� � � %�!�@:6	��� � ��?4;�3#+H%�.N3�'O+ 2 6#64$ $ ;�$ 'O=C$�;�) + 2 6%$ EF? 2 %�3
3;6:@ +,$=6:%�+,)�6:3#+o.03B+ 2 6#6�& 6('L2�3�%�@
'�+H%e+[6�-s%�3
� ��
��� "! � � � �<?4;�3#+H%�.N3�']+ 2 6a6:$ $�;�$ '<=C$ ;�) .03�.K+,.0%�@b'�+,%�+[6a3 2 ;�+,;�3�%�3��_=\6:$�)^.N;�3 3�%�.0$]$ %���.0%�+,.N;�3
%�3��B=C$�;�)c+ 2 6<)*;
�;6:@ EF.03
�;6T386:3��H6:3#+ 3�%�$ %�)"6�+,$�.0',%e+,.0;�3 � � %�!�@:6 ��� � � �(F�.N3�?T61+ 2 6<@0%�+ +=6:$(64$ $ ;�$ 'J�W64$=6Z3�;�+
.03�?4@07��;64�M.03U+ 2 6P6VQS3764$ .0)�6:3#+,%�@�6:$�$ ;�$�)^%�+ $ .0?!6:'4-
+ 2 6�(U�@6:$=6Z%�@N' ;6%��
�;6:�M+,;T+ 2 61!�@0;
?HGV)^%�+,$�.0?!6:'I.N3M+ 2 6
��.Y%�A�;�3�%�@P;�= � %�!�@?6 ���?k N��

�(2 6D?:;�)9!
.03;64��3�%�$,%�)"6�+[6:$['=6�+s%�3��9.K+,'r?4;~>�%�$�.Y%�3
?T6D)^%�+ $ . Q]%�$>6D;�!�+H%�.N3;6:�9=C$�;�) %4K n )*.03
.0)*.0',%e+,.0;�3P-
�J.N+ 2

K n Q �*) � )�+ �-, ��
 � ' 5 ��) � )�+ � � � ��� � �

���



��
 � b4A�B�D " ��B�A�D�" � A/� � D8b4A
b ��
�� � 
 ��
��� "! � � � �� ��� � � ��
�� � 
 ��
��� "! � � � �A ��� � � ��� � � ��
�� � 
 ��
��� "! � � � �
� ��� � � ��� � � ��� � � ��
�� � 
 ��
 �� ! � � � �

� %�!
@:6 ��� k N �CF
(
)9! ;�@N.0?�$>6T3�$>6:'>6:3#+H%�+ .0;�3Z;�=
+ 2 6b?4;p>�%�$ .Y%�3�?T6b)^%�+,$�. QX- ��
 ��-~7�'>6:�f+,;J?:;�)]!�.03;6[+ 2 6w@0.N3;6:' 2 %5386
%�3��L%�'d(�)*)�64+,$d(t$>6:'�7�@N+ 'h;�=b+ 2 6]=C;�7�$ 6RQS3764$ .N)"6438+ ':� �(2 69?4;�)�3X;�3H6:3#+,'h;�=s+ 2 69)^%�+,$�. QB%�$>6 6VQH3
@Y%�.N3;6:�
.03g+ 2 61+=6RQ
+q�

��) � )�+ �I.N'I+ 2 61>964?4+ ;�$O;�=�$>6:' .N��7�%�@N'�;�= + 2 6f?:;�)9!�.03H6:�U3�%�$ %�)"6�+[64$�'=64+�+,;T+ 2 6f.03���.K>
.0��7�%�@ $=64' 7�@K+,'4�
F�;�)"6U? 2 6:?HG8'V;�=J+ 2 6g?:;�)]!�.03�%e+,.0;�3 3�$ ;
?T64��7�$>6g;�7
+,@N.03;64��%�! ;~>56M%�$=6g�H6:' ?4$ .N!764��.N3_+ 2 6U=C;�@N@0;p�J.03
A

' 7�!�'>6:?�+,.0;�3�':-X%�3��g+ 2 6Z?4;�)9!�.N3;6:�\$=64' 7�@K+,'�%�$>61A�.N>56:3\.03g+ 2 61+,%�!�@:64'�;�=�FS6:?�+,.0;�3 �������

��������� 
 � � � "
	 � ����� 
 ������� " ���
� 3ck������]%�3���k ��� � -�+ 2 6o+F�D;9(56q%�$�'I� 2 6:3 A�B�D 386:$d=C;�$ )�6:��3
$=6:?4.0'�.0;�3�643;6:$�A�(U'�?q%�3
'I+,;9)�6q%�'�7�$=6O+ 2 6 �
@0.03H6:' 2 %5376�- + 2 6�6RQS3764$ .N)"6438+,%�@�64$ $ ;�$ 'f%�$>6]>964$�(5?4;�)"3�%�$,%�!
@:6�-X!�7
+1+ 2 6 A�BdD+6:3;64$ A�(B�I%�'<%j3;3�$=64?:.0%�!�@N(
!76�+ +[64$O7
3��;6:$�'�+ ;�;
�B.N3 k ��� � + 2 %�3\.03 k ������� � ;�$J%6'�.03�A�@:6�6RQS386:$�.0)�6:3#+J+ 2 6J6:$�$ ;�$�'�%�$=6f3�;�+J�
;�)^.N3�%�+=6:�
!8(<+ 2 ;�'=6D=C$�;�){+ 2 6i643;6:$�A�(�� �(2 .0'[? 2 %�3�A964'b.N=�+ 2 6I?4;�)9!�.N3;6:�9��%�+H%o'>64+b.N'�?4;�3�' .N�;6:$>6:�P-�' .03
?T6D+ 2 6:3�643;6:$�A�(
6:$ $�;�$ 'w%�$=6I?4;�)"3�%�$,%�!
@:6D.N3T' .��T6D+ ;h+ 2 6�?4;�)9!�.N3;6:��6VQH386:$�.0)�6:3#+H%�@H6:$�$ ;�$�':� � 36�;6�+[64$ )*.03�.N3�AO+ 2 6�;93
+ .0)97�)
>�%�@07;6Z;�= ��� .03B%^'d+H%�+ .0'�+ .0?:%�@/'=6:3
'=6�- + 2 64$=6�=C;�$=6�- )*;�$=61�@6:.0A 2 +o' 2 ;�7�@0�B!76ZA�.N>56:3t+ ;^+ 2 6"k���� � ��%�+H%6=C;�$
=C;�7�$X6RQS3764$ .N)"6438+ 'o?4;�)9!�.N3;6:�M+ 2 %�3t.0'JA�.K>9643t+,;6+ 2 6�k ��� � ��%e+H%^.N3\+ 2 6Z.03��;6!37643��;6438+o�;64+=6:$�)^.N3�%�+,.N;�3�'4�
� ; �87�%�3#+,.K=y(^+ 2 .0'D.0' '�7;6o+ 2 61)"6:%�' 7
$=6:)�6:3#+ '�;�=�6q%�? 2 6RQS386:$�.0)�6:3#+I�@6:$=6h2
+I+,;T�;6�+[64$ )*.03;6h.N3��;6!37643��;6:3#+
>�%�@07;64'o;�= ��� =C;�$J+ 2 6f+ 2 $=6T6 3764$ .0;
��'Jk ���5N � k ������-hk ����� � k ���5L^%�3�� k ��� � � � 3t+ 2 .N'�
 6:@:6�>9643SEY3�%�$,%�)�64+=6:$
2�+���-O6:%�? 2 ;�=�+ 2 6I+ 2 $=6!6�)V%�' '�>�%�@N7;6:' ��� � ' � n� - ����� ' ���� %�3�� � � 0� 2 %�'b.K+,'['=386:?:.K2�?(6:3H6:$ A�(�6:$�$ ;�$r$>6 �Z64?4+ .03�A
+ 2 6<��.
	76:$>6:3#+o'd(
'�+[64)V%e+,.0?�6:$�$ ;�$�'O;�3\+ 2 6]%�!�'�;�@07
+=6�643;6:$�A�(\' ?:%�@:6Z;�=�A�B�D�� �(2 6<?:;�)]!�.03�%e+,.0;�3\;�=r+ 2 64'=6
=C;�7�$h'>64+,'1;�= k9k#3�%�$ %�)�64+[64$ 'o�D%�'h?:%�$ $�.:64�i;�7
+f%�3��i+ 2 7�'o+ 2 6T$=64@Y%�+ .N>56].0)�3 ;�$�+,%�3�?T6Z;�=�643;6:$�A�(OEF$=64@Y%�+=6:�
%�3��\.03��;6!37643��;6438+ 6RQS386:$�.0)�6:3#+H%�@ 6:$ $�;�$ 'J;�3M+ 2 6Z)^%�'�'I>�%�@07;64'�.N'(3�$ ;53764$ @N(^+,$>6q%�+=6:�P�

��2 643_+ 2 6*+ 2 $>6T6V>�%�@N7;6:'Z;�= ��� %�$=6^?:;�3
�;6:3�'>6:��.03#+ ;i;�3;6�-�+ 2 6"6 	76:?�+,'9;�=�+ 2 6^+ .0)�6^�H6T386:3��;643�?T6
;�=b+ 2 6 3�$=64?:.0'�.0;�3B.03t+ 2 6 643;6:$�A�(i?:%�@0.N!�$,%e+,.0;�3B%�$=6<+,%�G56435.03#+,;U%�?:?4;�7�3#+q� �(2 69��.
	76:$>6:3�?!69;�= � N
� ���G6��
=C$ ;�) + 2 6 ��� >�%�@N7;6J=C$ ;�)�+ 2 6h3�.N3;6RE 3�%�$,%�)"6�+[6:$b2�+ 'I?:;�$ $=64'=3 ;�3���'l+,; k N � ;�=u+ 2 6O?:;�)9!
.03;64� 6:$�$ ;�$4��bo@N@
;�+ 2 64$�3�%�$ %�)"6�+[64$ 'f%�$>6T.0�;6438+ .0?:%�@[+ ;M+ 2 6:.N$o>�%�@07H6:'h=C$ ;�)v+ 2 6T3�.03;6VEY3�%�$,%�)�64+=6:$o2�+1+ ;U�J.N+ 2 .035@?6:' 'h+ 2 %�3
� �k;�=s+ 2 6T?4;�)9!�.N3;6:��64$ $�;�$:� �(2 .0'1$>6:' 7
@N+�(�7�'d+,.N2;6:'17�'�.03�AU+ 2 66'�+H%�3���%�$��j?4;�)9!�.N3�%�+ .0;�3B!�%�'=64�W;�3L+ 2 6
3�.03;6J3�%�$,%�)�64+=6:$ '4�

�(2 6M%q>56:$,%�A96:'6;p>964$6+ 2 6U=C;�7�$ 6RQS3764$ .N)"6438+ 'T;�=�+ 2 6U+ 2 $=6!6U>�%�@07;64' � � � ' � n� - � ��� ' ���� %�3�� � � 0� %�@N' ;
3�$ ;p>
.0�;6<%T?:$�;�' '`EF? 2 64?HGB;�3M+ 2 6Z?4;�3�'�.0'�+=6:3�?�(\;�=[+ 2 6P6:3;64$ A�(M?:%�@0.N!�$,%�+ .0;�3 -
� 2 .N? 2 �
;�)^.N3�%�+=6:'I+ 2 6�64$ $ ;�$ '
;�3 ��� .03�6:%�? 2 ;�=b+ 2 6�3764$ .0;
��'h?4;�3�'�.0�;64$=6:� � �(2 6T)^%�'�'o>�%�@07;64'o=C;�$o+ 2 6]+ 2 $=6!6T��.
	76:$>6:3#+�386:$ .N;��
'1%�3��
+ 2 6Z?:;�$�$=64@Y%�+=6:�\%�3��\7�3�?4;�$ $>6:@Y%e+[6:�U3�%�$�+,'J;�=[+ 2 64.0$(64$ $ ;�$ '�%�$=6f' 2 ;p�J3t.03 � .0A�7�$>6 ��� k N
� �(2 6Z��.
	76:$>6:3�?!6:'
%�)^;�7�3#+�+ ;�� � � � ' � n� � � ��� ' ���� � Q �Sk �U-�� � � � ' � n� � � � 0� � Q � � � %�3���� � ��� ' ���� � � � 0� � Q L�� �m;�=�+ 2 6
7�3�?:;�$ $=64@Y%�+=6:� 6:$�$ ;�$�':- �
		� 	s+ 2 6f+ 2 $=6!6��L)^%�' '�>�%�@N7;6:'J%�$>6f?:;�3�'�.0'd+[6:3#+:�

��������� �O� "�� � ��� $ ��� � �� ��/�"!$#%	 �
� " � ����� � �&! ���#$����
��2 6:3a+ 2 6g%q>96:$ %�A96g;p>964$9+ 2 6 6RQS3764$ .N)"6438+ '9.0'�3764$�=C;�$�)"64��%�+]+ 2 6U@?64>964@D;�=J+ 2 6�3�'>6:7���; EF;�!�'>6:$d>�%�!�@:64':-
.03
=C;�$�)V%e+,.0;�3Z;�3]+ 2 6l.03��
.N>
.0��7�%�@#?:;�3#+ $ .0!
7
+,.N;�3<;�= 3�%�$�+ .0?47�@Y%�$u��%�+H%�3 ;�.N38+ ' + ;O+ 2 6�%q>964$,%�A96l.0' @0;�'d+q� �(2 7�':-
.N=w+ 2 6*%q>964$,%�A566�@6:$>6T+,;M!76�386:$d=C;�$ )�6:�L;p>964$1+ 2 6T��%e+H%a3X;�.03#+,'o+ 2 6:)*'=64@N>56:':-/+ 2 6T$=6:@0%�+,.K>96T.N)"3 ;�$�+,%�3�?!6

�5N



1990-1992

91.1904±0.0065

1993-1994

91.1882±0.0033

1995

91.1866±0.0024

average

91.1874±0.0021

mZ [GeV]
91.185 91.19 91.195
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x tKORMIO­]7DGMftKOezKu���Y}Mft�]7Y}JI]7HvT�DRJ_T}d x O`T�DGJIY[F_u7zºT[Y}Z`tNM x JIOezKHK]7ubz*nNd�D B Y�±gw­D xKx tKY}JIu�T�DRF_u7J4� Þ O`T}T[O1��Y[LvZPMItKuDRzvy`ubLNM�ORQ�tvY[Z`t x ORT�DRJ_Y[FfD�MfY[ORLºË_F_MIJfDRY}LKu7z|T�DGM_MfY[]bu7Ì20�DRâ@F x tKOGMfOe]EDGMItKO­zvu7F�Y}L�¼Eß`ß3. q ¿`á r h\��tKubJIu@C�u7]�tKDRL­±Y[]EDGTKF_MIJfDRY}L°Y[LKzKHv]7u7z�Y[L{D Î ��¼54�C60�DRâ@F=T[D1dRu7J�T[Y�QWMfF�DRL�DRLKZ`HKT[DRJ<C�O`C�u7LNMfHKC	zKubZ`u7LKubJfDR]Vd{Y[L°Mftvu�yRDGT[u7Lv]7un~DRLKz�OGQ<MftKu�C^D�Mfu7J_Y�DRT hvMftvu�DEy`ubJfDRZ`u�u7T}u7]bMIJIO`L x O`T[DRJIY}FfDGMIY[O`LPD�M�MItKu§u7·�u�²UY}LNMfu7JIDR]bMIY[O`L x O`Y[LNM§¹¤��7¬À���DRFY[L�Mftvu�JIDRLKZ`u°à�� Ð MIO/à`à Ð hÆO`LKT�d&F_T[Y}Z`tNMfT}d/T}O���u7J4MIt~DRLAMftvu�yRDGT[HKu x JIOezKHK]7ubz�D�M4MftKu°F_O`HKJ_]7uRhpF_u7u Þ Y[Z�±HKJIu/¼��¾½�� B tvu|]bO`JIJ_u7F x O`LKzvY[LKZ x ORT�DRJ_Y[FfD�MfY[ORL�JIubFIHKT�MfF���ubJIu^DRnªORHvM§Í`Í Ð Y}L³¼Eß`ßNÍ�HKFIY}LKZ�DRL�HvLKF_MIJfDRY}LKu7zË_nKHKT}�eÌ80SDGâ@F�]EDGMItKO­zvuRh�DRLKzØá�� Ð Y[L ¼1ß`ß���HKF_Y[LKZ�D Î �	�34�C FgMfJfDGY[LKubz­±aT[D1dRu7J�]EDGMItKOezKu�zvu7FIY}Z`LP� B tKuu7T[ub]bMIJIO`L�tvu7T[Y}]7Y�Mads��DRF�]�tKO`F_u7LUJfDRLvzKO`C�T}d x HvT[FIu�±XMIOG± x HvT[FIu�DGMkMftKu�C^DG]�tKY[LKu�JIu x uVMfY}MIY[O`L/JfD�Mfu§OGQ�¼�Í Î:9 Ûn\dP]bO`LNMfJ_O`T[T}Y[LKZ§MItKu�]7Y}JI]7HvT�DRJ x O`T[DRJIY}FfDGMIY[O`L�OGQ MItKu�FIO`HKJ_]7u�T�DGFIu7J4�B tKuUubT[u7]VMfJ_O`L F x Y}L ORJIY[ubLNM�DGMIY[O`LØ��DRFPT[O`LvZ`Y}MIHKzKY[LKDRTkDGMsMftKuUF_O`HKJI]buºDRLKz JIubC^DRY}LKu7z T}O`LKZ`Y�MfHKzKY}L~DRTHKLNMfY[TpY�Mk��DRF@MIJfDRLvF x O`J_MIu7z�MIO|MItKu§z~DGC x Y}LKZ{JIY}LKZ�¹ o<; À � �aL�MftvY[FkT[Y[LKDR]V±ÙMfOG±XJIY[LvZP¹=� B�; À�MfJIDRLKF x O`JgM@T}Y[LKuGhMftKu�ubT[ub]bMfJ_O`L�F x Y[LKF x JIub]7ubFIFIubz³tvO`JIY}Û7O`LNM�DGT[T}d�zKHKu^MIO&MftKu|zKY x O`T}u|n�u7LKzvY[LKZ�C|DRZ`LvubMfFbh ��tKubJIu�MItKu^F x Y[Lx JIub]7u7F_FIY}O`L�DRLvZ`T[u�Y}F=Z`Y}yRu7L{Y[L°MIu7JIC�F=ORQ�MftKu�DGLKO`C|DRT[O`HvF<C^DGZ`LKubMIY[]�C�O`C�u7LNME© ¡7£?>}�¤É¨�A@B@DCFEHG�Á�¹JI ²    ÀLKM ¡ON��PGRQ#�S d�zKubFIY[ZRL�h1MftKu=n�u7LKz�DRLKZRT[u=¡ON��AG?Q¬JIubFIHKT�Mfu7z�Y}L4MfJfDGLKF_yRu7JIF_u�F x Y[L�O`J_Y[ubL\MfDGMfY}O`L�DGMÆMItKu=u7LNMIJfDRLK]bu=MfO�MftKuT� B�;F x Y}L�J_ORM�D�MfO`J<C|DRZ`LvubMq� B tKY[F=F_H x u7JI]bO`LKzKHv]bMfY}LKZ�FIO`T}u7LKORY[z°C|DRZ`LKuVM<��DGF¬HvFIu7z°MIOSJ_ORM�D�Mfu�MItKu x ORT�DRJ_Y[FfD�MfY[ORLDRnªORHvM<Mftvu�nªu7DRCÜzKY}JIub]bMfY}O`L�Y}L\MIO4MftKu�yRu7JgMfY[]7DRTvORJIY[ubLNM�DGMIY[O`L§Q¨ORJ<F_MIO`JfDRZRu�Y[L§MItKu o<; � B tKY[F ��DRF�LKub]7ubFIFfDGJ_dDRF¬DRLNd{tKO`JIY}Û7O`LNMfDRTKF x Y[L�]7O`C x ORLKu7LNMfF x J_u7]bu7FIF_u7z�JID x Y}zKT}d�DRLKz°��ubJIu�]7O`C x T[uVMfubT}d�zKY[F_FIY x DGMfubz|zKHvJIY[LvZ�MItKu¿
� ��C�FIu7]@¹g¼U�­¼�Í Î FIub]7O`LKzvF�ÀmFgMfO`JIDRZ`u=MfY}C|u=zvHKu¬MIO@ubLKu7J_ZRd�F x J_uEDRz�Y[L�MftKu¬nKHKLv]�tP� B tKu x ORT�DRJ_Y[FIubz�u7T[ub]bMIJIO`LnKHKLK]�tKubF�]7O`HvT[z&n�u§FgMfO`J_u7z�Y}L&O`Lvu§ORQ<Ma��O x O`FIF_Y[nKT}u�]bO`LvÅ~ZRHKJfDGMIY[O`LvF�nNdPMftKu�JIuVy`u7J_FfDRT�ORQ<MftvuV� B�; F x Y[LJIORMfDGMfO`JkFIORT[u7LvO`Y[z/C^DGZ`LKubM:� B tKubFIu�J_uby`ubJIFIDRT[FbhªMad x Y[]7DRT[T�dszKO`Lvu�DGMkMftKJ_u7u�C|O`LNMIt&Y[LNMIu7J_yGDRT}F7h~��u7JIu�HKFIuVQ¨HKTQ¨O`J4Y[zvu7LNMfY�QWd­Y}LKZ�DGLKzAC|Y}LKY[C�Y[F_Y[LKZ�MItKu�F_C^DRT}T�¹XWP¹ ¼ Î ²ZY�ÀIÀ x O`T�DGJIY[FIDGMfY}O`L�DRF_deC�C|uVMfJIY}u7F x JIOezKHK]bu7zUDGM4MItKuFIO`HKJ_]7u��B tKu�ubT[ub]bMfJ_O`L�F x Y[L���DRF<y`ubJ_MIY[]EDGTvY[L�MftKu�T}Y[L~DG]�DRLvz°t~DRz�MfO�n�u�J_u7O`J_Y[u7LNMIu7z�Q¨O`J C^D��­Y}C^DRT\T}O`LKZ`Y�MfHKzKY}L~DRTx O`T[DRJIY}FfDGMIY[O`L&DGM�Mftvu���7 �mw x Y}LAC^DRLvY x HKT[DGMfY}O`L���DRF x O`FIF_Y[nKT}u°zKHKJIY}LKZ�MfJIDRLKF x O`JgM�MftKJ_O`HKZ`tUMftvu°u7T[ub]bMIJIO`LDRJI]snNd�ubC x T[O1deY[LKZ/Ma��OUT�DGJIZ`u�y`u7JgMfY}]EDRT�n�ubMfDGMfJ_O`L*O`F_]7Y[T}T�DGMIY[O`LvFSY}L�Mftvusnªu7DRC ORJInKY�MP¹7ËgF x Y}L*nKHKC x FIÌ\À �â@F�MftvusnªuVM�DGMIJIO`L x t~DRFIuPDGzvyGDRLK]7us]bT[O`F_u7T�d�C|DGMf]�tvu7z�MftvusF x Y}L x JIub]7u7F_FIY}O`L�h�¼ Î ¿ Î DRLKz ¼ Î ¿N½/zKu7Z`J_u7ubF7hJIu7F x ub]bMIY}y`ubT}dRh Y}LAuEDR]�tºORQ¬MftKu�Í��sn�u7LKzvY[LKZG±XC^DGZ`LKubM�DRFIF_u7C�nKT}Y[ubF�¹7ËIDR]�tvJIO`C|DGMfF_Ì\À�HKF_u7zºY[LAMftvu{DRJI]GhpMItKuu7T[ub]bMIJIO`L�DRJI]�O x u7JIDGMfubz�]7T[ORFIu=MfOkD�F x Y}L­±XMIHKLKu=JIubFIO`LKDRLK]7uGh`DRLvz�tKubLK]7u�DRL�Y}MIu7JIDGMfY�y`u=F x Y[LSnKHKC xSx JIOe]7u7zvHKJIu��DRF�ub�ªu7]VMfY}yRu^Y}L�O x MfY[C�Y[F_Y[LKZs��7 x O`T[DRJIY}ÛEDGMIY[O`L q ¿Nà r ��â@F�D�J_u7F_HKT}M7h u��v]bu x MIY[LKZ�Q¨O`J�MftKu�¼1ß`ßNÍsJIHKLvLKY[LKZvhMftKu{Ma��O�DRzKzKY�MfY[ORL~DRT=w � Ý	F x Y}L�JIOGM�DGMIO`J�FIO`T}u7LKORY[zKF�T[Oe]ED�Mfu7zºzKO1��LKFgMfJIu7DRC ORQ�MItKu�z~DRC x Y[LKZPJ_Y[LKZP��ubJIuLKORM|LKu7]bu7FIFIDRJ_d(Q¨O`J�F x Y}L³ORJIY[ubLNM�DGMIY[O`L(DRLKz(��ubJIu�HvFIu7zÖO`LKT}d�Y[L³D�FIubJIY}u7F�ORQ4F x ub]7Y�DGT[Y[F_u7z x ORT�DRJ_Y[FfD�MfY[ORLuV� x ubJIY}C|ubL\MIF:�
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B tKu�w�� o ]bO`T[T[DRn�O`JfDGMIY[O`LºC�O`LKY}MIO`JIubz�MftvusT[O`LKZRY}MfHvzKY[L~DGT x O`T[DRJIY}ÛEDGMIY[O`L�ORQ�MftKusubT[u7]VMfJ_O`L*nªu7DRC ��Y�Mft¯DÝ�O`C x MfO`LPFI]7DGMIMIu7J_Y[LKZ x O`T�DRJ_Y[C�ubMIu7J:� B tKu�Ý�O`C x MfO`L x O`T�DGJIY[C�ubMIu7J¬zKubMIu7]VMfu7z�nªu7DRC
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x DRFIF_u7z�MftKJ_O`HKZ`t�D4MftKY}L°��Y[LKzKO1�ÖDRLKz�O`HvM�ORQ MItKu�nªu7DRC|T}Y[LKu¬yGDR]7HKHvC�Y[LNMfOSD4LKY}LKuV±X]�t~DRLKLvu7TKMfJIDRLKFgy`u7J_FIubT}dFIu7ZRC|ubL\MIu7z�Z`DRF�Ý�tKu7J_u7LK�GO�y�zKuVMfu7]VMfO`Jbh u7DR]�t�]�tKDRLKLKubT�]bO�yRu7J_Y[LKZº¼|]bC � S dAzvubMfub]bMIY[LKZ/MftKu|Ý�O`C x MfORL­±FI]ED�MIMfubJIubz�u7T}u7]VMfJIORLKF4��Y}MItUD�Ý�tvu7JIubLK�RO1yUzKuVyeY[]7u°��tKORFIu°MftKJ_u7F_tKO`T[zA��DRFSDRn�O`HvM°¼`¼ ��u��{h�MftKu°]bO x Y}O`HKFFIORQWM¬n~DR]��\Z`J_O`HKLKzvF�O`J_Y[Z`Y}L~DGMIY[LKZkQ¨JIO`C	MftKu�n�uEDRC°±an�uEDRC�Y[LNMfubJfDR]VMfY}O`LKF�DRLKz°Q¨J_O`CÜFgd­Lv]�tKJIORMIJIO`L|JfDRzvY�DGMIY[O`L�h��ubJIuSzKJfDRC|DGMIY[]EDGT[T}d�J_u7zKHK]bu7z �B tKusC�Y[LvY[C�HKC ubLKu7J_ZRd×¼�à Ä . 0�u���ubT[u7]VMfJ_O`LKF7h¬]7ORJIJIubF x O`LKzKY}LKZ�MfO�Q¨HvT[T�nKDR]��\FI]ED�MIMfubJIY}LKZKh�Z`u7Lvu7JfDGT[T}dQ¨u7T[TªY[LNMfO�MftKu�à�Mfts]�t~DRLvLKu7T�¹¨FIubu Þ Y[Z`HvJIu�� � ÍGÀ � â�M�MItKY[F x O`Y}L\M�Y[L^MItKu4ubT[u7]VMfJ_O`LsF x u7]VMfJIHvC�h­�eLvO���L�DRF�MItKuËfÝ�O`C x MfO`L*ubzKZ`ubÌKh<MftKu x O`T[DRJIY}FfDGMIY[O`L�DRFgd­C�C�ubMfJgd�Q¨HvLK]bMIY[O`L�J_uEDR]�tvu7z¯Y}MIF�C^D��vY}C�HKC yGDRT}HKu�ORQ Î � à .N¿ �â�L\HKC§nªubJ�OGQ�uV��ub]bMIF7h�Y}LK]7T}HKzKY[LvZ�u7T}u7]bMIJIO`L¯F_]EDGM_Mfu7J_Y[LKZ�DRLKz¯F_tKO1��ubJIY[LvZ�Y}L¯MItKuPzKubMIu7]VMfO`J�DRLKz¯Y}L¯MItKuzKubMIu7]bMIO`J�yeY[]bY[LKY�Mad`h�FIY}Z`L~DRTkJIubF x O`LKFIuUY}LÖMftKuAzvubMfub]bMIO`J7h�DRLKz n�uEDRC F_MIu7u7J_Y[LKZ¯DGLKz×Q¨O­]bHKFIY}LKZKh�MfubLKzØMfOFIT[Y}Z`tNMfT�d{FIC�uEDRJ¬MftKu�DGF_deC|C�ubMIJ_d{Q¨HKLK]VMfY}O`L � w­C|DRT}T�zvubyeY�DGMIY[O`LvF�Q¨JIORC MItKu�MItKu7ORJIubMIY[]7DRT�Ý�ORC x MIO`L�ubLKu7J_ZRdzKu x u7LKzvu7LNM�DRFgd­C�C�ubMfJgd°Q¨HKLK]VMfY[ORL�h\ORQ�O`J_zKu7Jk¼ Ð LvuEDRJ�MftKu@Ý�O`C x MfORL|ubzKZ`uRhe��ubJIu�zKubMIu7JIC�Y[Lvu7z�n\d�C�O­ze±u7T[T}Y[LKZ{Mftvu§zKuVMfu7]VMfO`J@JIu7F x ORLKFIu§Q¨HvLK]bMIY[O`LKFkQ¨O`JkuEDR]�t�OGQ=MftKu�LKY[LKu�]�t~DRLKLvu7T[F � â�LA» 0�w .|FIY}C�HKT�D�MfY[ORLP��DRFHKFIubz�Q¨O`J�MftvY[F�]EDGT[]7HvT�DGMIY[O`L�he��tKY[]�t/Y[Lv]7T[HvzKu7z�D°zKubMfDRY[T}u7z���O`LNMfu§Ý�DRJ_T[O{ORQmMftKuSzKubMIu7]VMfO`J�Z`ubO`C|uVMfJgdPDRLKzJIu7T}ubyGDRLNM�nªu7DRC|T}Y[LKu§u7T[ubC|ubLNMfF7hpMftvu^Ý�tvu7JIubLK�RO1y�T[Y}Z`tNM�Z`u7Lvu7JfD�MfY[ORL�DRLvzºMIJfDRLKF x ORJ_MEh DRLKzUMftvu�C|DRZ`LvubMfY}]F x u7]bMIJIO`C�ubMIu7J q ß Î h¨ßv¼ r � B tKu�zKuVMfub]bMfORJ���DRF¬C|ORHKLNMfu7z{O`L|D�C|O1yGDRnKT}u x T[DGMIQ¨O`J_CÜDGLKz�MItKu�Ý�O`C x MfO`L{ubzKZ`u��DRF{F_]EDRLKLvu7z(DR]7J_O`FIF°F_ubyRu7JfDGT�]�t~DRLKLKubT[F{DGM�JIu7ZRHKT�DRJ�Y[LNMfubJ_yGDRT}F�Y[L�ORJIzKubJ§MfOA]bO`LKF_MIJfDRY}L�MftKusY}LKzKY�y­Y}zKH~DRT]�t~DRLKLKubT�ZNDGY[LKFbh~C|O`LvY}MfORJ�MftKu�T[Oe]EDGMIY[O`LsORQ�MftKu§Ý�O`C x MfO`L/u7zvZ`u�DRLvz�MfO|uV� x u7JIY}C|ubLNM�DRT}T}d�]bO`LKFgMfJfDGY[L�MItKuzKubMIu7]bMIO`J ��F x u7]bMIJIO`C�ubMIu7J�FIY}C�HKT�D�MfY[ORL � Þ O`J°uEDR]�t¯ubzKZ`uPFI]7DRL�h�DUC§HKT}MIY�± x DRJfDRC�ubMIu7J�ÅKM°MfO�MItKuP]�t~DRLKLvu7T
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Þ Y[Z`HvJIu � � ¼R©mâ³]7O`Lv]7u x MfH~DRTezKY[DRZ`JfDGC ORQKMftvu�w�� o Ý�O`C x MIO`LV7mO`T�DRJ_Y[C�ubMIu7J � B tKu�T�DRF_u7Jmnªu7DRC/hR]7ORLKFIY}F_MfY}LKZORQª½ �NÍ�LvC	��DEy`u7T}u7LKZGMft�¿@LKF x HKT[F_u7F x J_O­zKHv]7u7z{D�M�¼�à 9 Û�DRLKz{D x u7DR� x O1��ubJ<ORQ~Mad x Y}]EDRT}T}d§Í`½ � � h���ubJIu]7Y[J_]7HKT[DRJIT�d x O`T�DRJ_Y[F_u7z|DRLKz|MIJfDRLvF x O`J_MIu7z�Y}L\MIO�]bO`T[T}Y[F_Y[O`L°��Y}MIt�MItKu@ubT[ub]bMfJ_O`L^n�uEDGC�D�M�DS]7JIORFIFIY}LKZ�DGLKZ`T[ukORQ¼ Î C�JfDRzsD xKx JIOE�­Y[C|DGMIu7T}d � Î C|uVMfubJIF�Q¨J_O`C)MftKu@��7 � Þ O`T}T[O1��Y[LvZSMItKu@T[DRFIubJ �GubT[u7]VMfJ_O`L­±an�uEDGC ]bO`T[T}Y[F_Y[O`L�h`MItKuu7T[ub]bMIJIO`LKF�DRLKzPÝ�ORC x MIO`L­±XFI]ED�MIMfubJIubz x tKORMIO`LKFbh­��tKY}]�tsDRJIukF_MIJIO`LvZ`T}d�n�O­O`FgMfubz�DRT}O`LKZ�MftKu�u7T[ub]bMIJIO`L�n�uEDGCzKY[J_u7]bMIY[O`L�h�]7ORL\MIY[L\HKu�zvO���LvF_MfJ_uEDRC HKLNMfY}T�DGL~DRT}deF_Y[LKZ�nªubLKz�C|DRZ`LKuVMfF§zvu-,~ub]bM�MItKuPÝ�O`C x MfORL­±aF_]EDGM_Mfu7J_u7zu7T[ub]bMIJIO`LKF�Y[LNMfO§DSMIJfDRLKFgy`ubJIFIubT}dN±aF_u7Z`C�u7LNMIu7z�Ý�tKu7J_u7LK�GO1y�zKuVMfu7]VMfO`J � B tKu x tKORMfORLKF�]bO`LNMfY[L\HKu�HKLKzKu ,~u7]VMfubzDRLKz DRJ_u�zKubMIu7]VMfu7z nNd×D�ZNDRC�C^Dº]7O`HKLNMIu7JU¹P7	0SÝ�À^DRLvz D�]EDRT}O`JIY}C|uVMfubJ�¹ Ú Þ Ý�À���tvY[]�t DRJ_u�HKFIubzØMfO]7JIORFIFg±X]�tKu7]��PMftvu x O`T[DRJIY}C|uVMfu7J�]EDRT}Y[nKJIDGMfY}O`L �
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FI]EDGLsz~DGM�DSQ¨O`J¬MItKu�¼1áSFI]7DRL x ORFIY}MIY[O`LvF���DRF x u7JgQ¨O`JIC�u7z|MfO§zvubMfubJIC�Y[LKukMftKu�nªu7DRC x O`F_Y}MIY[O`L�h`MItKu4J_u7T�D�MfY}yRu]�t~DRLKLKubT�Z`DRY[LKF�OGQ�DPFIubM�ORQ�O`HvMIu7JS]�t~DRLKLKubT[F^¹¤HKF_H~DRT}T}d`hp]�t~DGLKLKu7T}F�½1± ¿NÀ�hpD/LKORJIC|DRT[Y}ÛEDGMIY[O`L�¹¤T[HvC|Y}LKO`FIY�MadvÀDGM�uEDR]�t x T[DGMIQ¨ORJIC x O`F_Y}MIY[O`L�hªDRLKzAMItKu x ORT�DRJ_Y[FfD�MfY[ORL x J_O­zKHv]bM4µ���µ�� � Þ JIO`C MftKubFIu�ÅKMIF7hÆMftvu°JIu7T}Y�DRnvY[T[Y�MadORQ�MftKu°F_Y[C�HKT[DGMfY}O`LP��DRF4MIu7FgMfu7z � Þ O`J4u��KDGC x T}uRh�MftKu°C|DRY[L�]EDRHvFIu{ORQ�MftKu§FIC|DRT[TmzKubyeY[DGMfY}O`LKF@Q¨J_O`C�Y}zKuEDGTJIu7F x ORLKFIu{Q¨HKLK]VMfY[ORLKF�DRJIORFIu°zKHKu�MIOPFItKO1��u7JIY}LKZ/Y[LUD�T[u7DRz x JIu�±aJIDRzKY�D�MfO`J�Y[L�Q¨JIORL\M�OGQ¬MItKu{zKubMIu7]VMfO`J4MIt~DGMt~DRz¯nªubu7L(Y[LKFgM�DRT}T[ubz�MfOAO x MfY[C�Y[Ûbu^F_Y[Z`L~DGT�MfOALvO`Y[F_u � B tvu/J_u7F_HKT}MIY[LKZ�F_C|u7DRJIY}LKZAORQ�MftvuPDR]7]bu x MfDRLK]7u/ORQuEDR]�t�]�tKDRLKLKubT���DRFSFItKO1��L�MIO�n�u°��ubT[T�C�O­zKubT[ubzU��tvu7L�]bO`C x DRJIubzº��Y�MftUMftKu�u7zvZ`uV±XFI]EDGL�z~DGMfD � â@zKzKY�±MfY[ORL~DRT�]bJIO`F_Fg±X]�tKu7]��\F§MIJfDR]��Gu7z�MItKu°F_MfDRnKY}T[Y}Mad�ORQ¬MftKu{DGL~DRT}deF_Y[LKZ x O1��ubJIFSzKHKJIY}LKZsMfY}C|u x ubJIY[OezKF�n�ubMa��u7ubLu7zKZ`u/FI]7DRLKF�¹¨Q¨O`J{uV�vDRC x T}uRh�MftKu/JfDGMIY[O`F{n�ubMa��u7ubLØFIubT[u7]VMfubzÖ]�t~DRLvLKu7T�DRF_deC�C|uVMfJ_Y[u7F°��u7J_u&C�O`LKY}MIO`JIubz À �; u x JIubFIu7LNMfDGMfY�y`u�z~D�M�DPFItKO1��Y[LvZ�Mftvu|]bO`JIJ_u7]bMIu7z�Ý�O`C x MfO`L�DRF_deC�C|uVMfJgdºDRFS��u7T}T¬DRF�MftKu�C^DGZ`LKY}MIHKzKu{ORQMftKu�]7O`J_JIu7]VMfY}O`L�hªDRF@D{Q¨HKLK]VMfY[ORL&ORQ x O`F_Y}MIY[O`L�DRLKz�FI]ED�MIMfubJIubzAu7T[ub]bMIJIO`L�u7LKubJIZRdRhªY}F�F_tKO1��LAY[L Þ Y[Z`HvJIu � � Í �B tKu7J_u�Y}F�Z`O­Oez/DRZ`J_u7u7C�u7LNMkn�ubMa��u7u7L/MftKu�]bO`JIJ_u7]bMIu7z&DRF_deC�C|uVMfJ_d�DRLKzPMftKu�z~D�M�D°Y[LPuEDG]�t&]�t~DRLvLKu7T �
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Þ Y[Z`HvJIu � � Í­©�Ý�ORC x MIO`LAFI]7DGMIMIu7J_Y[LKZ/DRFgd­C�C�ubMfJgdADRF�D^Q¨HvLK]bMIY[O`LUORQ¬]�t~DRLvLKu7T x O`FIY�MfY}O`L � B tKu{zKu-,~ub]bMIY[O`LORQ�MftKusubT[u7]VMfJ_O`L*nªu7DRC Y[L�Mftvu�F x u7]VMfJIORC|uVMfu7J°Y}F�FItvO���L¯O`L�MItKustKO`J_Y[ÛbO`LNM�DRT�D��­Y[F°DGF�MftKu�zvY[F_MfDRLK]busY[L
C|C Q¨J_O`C!Mftvu|]bu7LNMfJ_u^ORQ�MftKu�zKubMIu7]VMfO`JS]�t~DRLKLvu7T[Fbh�u7DR]�tØ¼�]7C ��Y[zvuRh MIO/MItKu x DGMftºORQ�D�tNd x ORMItKubMIY[]7DRTY[LvÅ~LvY}Mfu@C|O`C�u7LNMIHKC�ubT[ub]bMfJ_O`Lsn�uEDRC � B tKu�Y[LvFIubM�FItKO1��F�MftKu�F_ubyRu7L&Y}LKLKubJ�zKubMIu7]VMfO`J�]�t~DGLKLKu7T}F7h~F_Y[Û7ubz�MfOC^DGMI]�t�MItKu|tvO`JIY}Û7O`LNM�DGT¬F_]EDRT}u � B tvu x u7JS]�t~DRLKLKubT�DGF_deC|C�ubMIJ_dUz~D�M�D�Y}F x T[ORM_Mfubz�DRFSO x u7L�]bY[J_]7T[ubF7h DRLKzMftKu�]7O`J_JIu7]VMfubzADRF_deC�C|uVMfJgdsQ¨HKLK]bMIY[O`L�Y[F�Mftvu§FIORT[Y[zP]bHKJ_yRu � B tKu§J_u7T�D�MfY}yRu�FIY[Ûbu�OGQ<MftKuS]7ORJIJIub]bMIY[O`L/MfO|MItKuMftKubO`JIuVMfY[]7DRTmÚ�» o ]7DRT[]bHKT�DGMIY[O`L^Y[F�Y[LvzKY[]7DGMfubz/nNd�MItKu�z~DRF_tKu7z�]7HKJgy`u�DRLKzPMftKu�JIY}Z`tNM_±XFIY[zvu@y`ubJ_MfY}]EDRTÆF_]EDRT}u �
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o uVMfu7]VMfO`J�uV��ub]bMfFSFIHv]�t�DRF�LKO`Le±aT[Y}LKuEDGJIY}Mad�Y[LAMItKu{u7T[ub]bMIJIO`LKY}]7FSDRLKz��GO`J�MftKu x tvORMfO`C§HKT}MIY x T}Y[u7J�MfHvnªubF7hDRLKzAu7T}u7]VMfJIORLKY[]SLKO`Y}FIuRhªC^DGY[LKT�dszKHKu§MIO x Y}]��eH x Q¨JIO`C"Mftvu�T�DRF_u7J4Ú@±XF_��Y�Mf]�t�HKF_u7z�MIO x JIOezKHK]bu§Mftvu�FItKORJ_MtKY[Z`t x uEDG� x O1��u7J°T[DRFIubJ x HKT[F_uRh¬DRJ_usC|u7DRFIHKJ_u7z*Q¨JIORC Mftvusz~DGM�D � Þ Y}JIF_MIT}dRh<MftKustKY}Z`tKT�dºyGDRJ_Y�DRnvT[u^u7·�u�²]7O`T}T[Y[F_Y[O`Le±aJIubT�DGMIu7zUn~DR]��\Z`J_O`HKLKzvF�Y[LºMftKu x O`T[DRJIY}C|uVMfu7JbhmDRF§��u7T[T�DRFSMftKu^yGDRJgdeY[LKZ�Ý���7	T}HKC|Y}LKO`F_Y}Mad`h x J_OG±zKHK]7ubz{FIY[ZRL~DRT[FpO1y`ubJ�Dk��Y}zKu�zvdeL~DGC|Y}]�JfDGLKZ`u�Y}L§u7DR]�t°]�t~DRLKLvu7TÙhG��tKY[]�t°DGT[T[O1��u7z§Q¨ORJ�DRL§ub�ªu7]bMIY}yRu�T[Y}LKuEDRJ_Y}MadC|u7DRFIHKJ_u7C�u7LNMEh�DRF�F_tKO1��L&Y}L Þ Y[Z`HKJ_u � � � �
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Þ Y[Z`HvJIu � � �v© B tvu§T[Y}LKuEDGJIY}Mad^ORQ<]�tKDRLKLKubT<à{Y[F�FItKO1��L&Q¨ORJ�D°��Y[zvu�JIDRLKZ`uSORQ<zvubMfub]bMIO`J�nKDR]��\Z`JIO`HvLKz�T[uVy`ubT[F¹¤uV� x J_u7F_FIu7z�tKu7J_u°Y[L x u7zKubF_M�DGT<FIHKn­MfJfDG]bMfubz�â o Ý ]bO`HKLNMfFfÀ � 7=T}ORMIMIu7zAO`L�MItKu�y`ubJ_MfY}]EDRT<D��­Y[F4Y}F4MftKu�Q¨HKT}T}d]7O`J_JIu7]VMfubz x ORT�DRJ_Y[FfD�MfY[ORL§JIubFIHKT�MEh\LKO`J_C^DGT[Y[F_u7z°MfO�MItKu�ËgÛ7u7J_O�nKDR]��\Z`JIO`HvLKzKÌ§]7DRFIu � B tKukJIu7F_HKT}M�tvu7JIukY[F�F_u7u7LMfO/nªu�]7O`LvF_M�DGL\MSMfOP��Y}MItKY[L Î � Í Ð O1yRu7J�MftKu{Q¨HKT[T�JfDRLKZRu � ; HKLKLvY[LKZ/]7O`LvzKY}MIY[O`LKF4yGDRJ_Y[ubzU��Y}zKu7T�d`hmnKHvMSO`LD1yRu7JIDRZ`u���ubJIu�D°MIORM�DGT�JIubF x O`LKFIuSORQ<½ Î`Î ]7ORHKLNMfF7h Y}LK]7T}HKzKY[LvZ � Î`Î ]7O`HvL\MIF�ORQ�F_Y[Z`LKDRT �
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-
À4MfO&J_uEDR]�t�D�F_MfDGMfY}F_MIY[]EDGT x JIu7]bY[F_Y[O`LºO`L�MItKu x uEDR� x O`F_Y}MfY}O`LºORQkÍ Î ��u�� � B tKuJIu7F_HKT}MIF�OGQ�D�]7O`C x T}ubMfu�DGL~DRT}deF_Y[F=ORQªF_deF_MIu7C|DGMfY}]�ub�ªu7]bMIF�zvubMfubJIC�Y[LKubz^DGL|OR�ªFIuVM¬ORQ�Â).Ná ��u�� DRLKz|D�MIORM�DGTÈ�É¨Ê¯HKLK]bu7JgM�DRY}L\Mad�ORQ�ÍRßQ��u��{h­MftKu�T[DGMIMIu7J�]bO`JIJ_u7F x O`LvzKY[LKZ°MIO{D Î � �Rß Ð HvLK]7ubJ_M�DGY[LNMadsO`Lsi Ôj1l h~DRF�FItvO���LY[L B DGnKT[u � � ¼ q ß`á r � B tKuPC�uEDRF_HKJIubzÖOR�ªFIuVM�D xKx uEDRJ_u7z(MfOUnªuP]bO`JIJ_u7T�D�Mfu7z*��Y�Mft¯u7LKubJIZRd¯F x ub]bMIJIO`C�ubMIu7Jn~DR]��\Z`JIORHKLKzKFSzKHKJ_Y[LKZ�MItKu°tKY[ZRtºT}HKC�Y[LKO`F_Y}MadPO x u7JIDGMfY}O`LAORQ�Mftvu^w � Ý Y[L*¼Eß`ßNà�±f¼1ß`ß`¿vh�DRLKzºD�]7ORJIJIub]bMIY[O`L��DRF�D xKx T[Y[ubz�MfO�O`LKT�d^MftvY[F�JIHvL�¹W��tKY[]�t/]7O`LvF_MfY�MfHvMIu7z�DRn�O`HvMká ÎNÐ ORQmMftKu�z~DGMfDNÀ �

¿N½



� LK]bu7JgM�DRY}L\Mad ��µ�� � µ�� ��ikj1l � i�j1l ��i ÔjEl � i Ôj1lq Ð r q Ð r q Ð r
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FIY}C x T[u{]EDRT}O`JIY}C|uVMfJ_Y[]�uVy`u7LNM°F_u7T}u7]bMIY[O`L�Y[LºMftKu:�ÆY[�\HKY[z�â@J_Z`O`L*Ý�DGT[O`J_Y[C�ubMfubJ�¹=�ÆâkÝ�ÀVhmFIH xKx T[ubC|ubLNMfu7zn\d�MfJIDR]���C�HvT}MfY x T[Y}]7Y�MadADRLKz�MIO x O`T[O`ZGdUJIu7�\HKY}JIubC|ubL\MIF°Y[L�MItKu/Ý�u7LNMIJfDRT o JIY}QWM°Ý�t~DRC�n�u7Js¹ÙÝ o Ý�ÀVhm��ubJIuHKFIubzPMIO°FIubT[u7]VM�t~DRzvJIO`LKY}]�«&zKub]EDEdeF � Þ ORJ�uEDG]�t/uVy`ubL\M�]7DRLKzKY}z~DGMIuRhvubLKu7J_ZRd�]bT[HKFgMfubJIF���u7JIu�J_u7]bO`LKF_MIJIHK]VMfubzY[L MftKu �ÆâkÝ � w­ubT[ub]bMfubz'uVy`u7LNMIF&��ubJIu�JIu7�\HKY}JIubzcMfO(]7ORL\MfDRY[L'DGM/T[u7DRF_M&Í`Í#0�u��,ORQ§u7LKubJIZRd O`nvFIu7Jgy`ubzY[L¯MftKuP]7T}HKF_MIu7J_F|DGLKz(MIO�tKD1yRu&DULKO`J_C^DGT[Y[F_u7z*ubLKu7J_ZRd*Y[C§n~DRT�DGLK]7usORQ�T[ubFIF°MftKDRL Î � á �

* B tvu�T}ubQWM_±XJIY}Z`tNMDRF_deC�C|uVMfJ_d�DRFIF_O­]bY�DGMIu7zA��Y}MIt�Å~L~DRT�±aFgM�DGMIu�uE·�u�²�uVy`ubL\MIF�Y}F4uV� x u7]VMfu7zºMfOsn�u°zKY[T}HvMfubzAnNd�MftKu��X±X]�t~DRLKLvu7Tx tKORMIO`LAuV�­]�t~DRLvZ`u{FIHKn x JIOe]7u7F_F � B tKu7J_ubQ¨O`J_uRh���u°uV�­]7T}HKzKubzºu7·�u�²UÅ~LKDRT�FgM�DGMIu7F�nNd�J_u7�\HKY[J_Y[LKZ|Mft~DGM@uEDR]�tuby`ubLNM<]EDGLKzKY[zKDGMfu=]bO`LNM�DRY}L�D�MpT[uEDGF_M�.�FIubT[u7]VMfubz�Ý o ÝAMfJfDG]��eFbh���Y�MftSDGMpT}uEDRFgM Í�MIJfDR]��\FmY[L�u7DR]�t§tKubC|Y}F x tvu7JIuGhzKubÅ~Lvu7z*��Y}MIt�JIubF x u7]VM°MfO�MItKu�n�uEDRC D��­Y}F7h<O`J�DGM§T[uEDGF_M2.&MfJIDR]��\F�Y[L�u7Y}MItKu7J�tKu7C�Y[F x tKubJIu � B tKY[FSMfJIDR]��MfO x O`T[ORZRd4J_u7�\HKY[J_u7C�u7LNMmuV�­]7T}HKzKubF S t~DGnKt~D�uby`ubLNMfF ��tvY[]�t§]bO`LNM�DRY}LSDkJ_u7]7ORLKF_MIJIHK]VMfu7z§ZNDRC�C^D�]bO`LNy`u7J_FIY}O`L �â�FIY[zvu<Q¨JIO`C��X±a]�t~DRLvLKu7TNuV��ub]bMfFpY}L�u · u ² x J_O­zvHK]bMIY[O`L�h1ikj1l§Y}FÆY[LKzvu x u7LKzKubLNM OGQeMItKu=Å~L~DRT�±aFgM�DGMIu�Q¨u7J_C|Y}O`L, DEy`O`HKJbh~DRLKz|tKu7Lv]7u@MfDRHsDRLKz|C�HKO`L x DRY}JIF�DRJIu�LKORM�D§n~DR]��\Z`J_O`HKLKz � 9 O1��uVy`u7JbhKMftKu�ubyRu7LNM�FIubT[ub]bMfY}O`L|��DRFO x MfY}C|Y}FIubz�Q¨O`J=t~DRzKJ_O`LKY}]�uby`ubLNMfF � B DRH�DRLKz�C�HKO`L x DGY[JIF<��u7J_ukDRT[C�O`F_M<]7O`C x T[uVMfubT}d�JIu7C�O1y`ubz�h Y�nKHvM���ubJIuY[LKFgMfuEDGzsY[LK]bT[HKzKubz�Y[L�MftKu@]7O`C x T[ubC|ubLNM�DRJgd^DGL~DRT}deF_Y[F�zvu7FI]bJIY}nªubzsY[L^F_u7]VMfY[ORL	� � Í � w­C|DRT[T n~DR]��\Z`J_O`HKLKzvF�Y[LMftKu{i�jEl�z~DGMfD/FIDRC x T[u§��u7J_u|zKHvu{MIO�J_u7F_Y[zKH~DGT<uE·�u�²�Å~LKDRT�±XF_M�D�Mfu°ubyRu7LNMfFbh<DRLvzºMIOPMa��OG± x tKORMIO`L�uVy`ubL\MIF7hnªu7DRC{±XJIubT�DGMIu7z×LKO`Y}FIuGh4DRLKz ]bO`FIC�Y[]AJID1deF � Þ ORJ^MftKuUz~D�M�D*]7O`T}T[ub]bMfubzØQ¨JIO`C ¼1ß`ß`á�MIO ¼1ß`ß`¿vh�MftvuUMIORM�DGTn~DR]��\Z`JIORHKLKz°]7ORL\MfDRC�Y[L~DGMIY[O`L���DRF�ubF_MIY[C|DGMfubz�MfOkn�u	� Î­Ä¾Î ½ Ð Q¨O`J�Dkt~DRzKJ_O`LKY}]�uVy`u7LNM=F_u7T}u7]bMIY[O`L�ubÇ�]7Y}u7LK]VdORQÆ¹¤ßv¼ �°¼�À Ð � Þ O`JÆD�zKY[F_]7HKF_FIY}O`L�ORQeuby`ubLNM�F_u7T[ub]bMIY[O`L�HKF_u7z�Y[L4Mftvu=uEDRJ_T[Y[ubJ�ikj1l�DRLKDRT}deFIubF7h�FIubu¬J_ubQ¨ubJIu7Lv]7u q ß`à rDRLKz/JIubQ¨ubJIubLK]7u q ßR¿ r Q¨O`J�Mftvu�¼Eß`ßNÍ�DRLKzº¼1ß`ß ��z~DGM�DGFIubMIF7h JIubF x u7]VMfY}yRu7T�d �
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B tKu�ikj1lØC�uEDRF_HKJIubC|ubLNM|Y}F°JIubC^DRJ_��DRnKT}d�JIubFIY}F_M�DGL\M{MIO�zKuVMfub]bMfORJ�zvu x u7LKzKubLNM^Fgd­FgMfubC^DGMIY[]Pub�ªu7]VMfF|DRLKz��O`LNMfuPÝ�DGJIT[O�C|OezKubT[T[Y}LKZPHKLK]bu7J_MfDRY[LNMIY[u7F � S dUQ¤DRJSMftKu|zKO`C�Y[L~DGL\M�F_deFgMfu7C|DGMIY[]^uV��ub]bMIF{DRJIY}FIu{Q¨JIO`C x OG±T�DRJ_Y[C�ubMfJgd�DGLKzAQ¨JIO`C�MftKu{zKuVMfu7J_C|Y}L~DGMIY[O`L�OGQ�MItKu°]7O`T}T[Y}FIY[ORL�u7LKubJIZRdRhpJfDGMItKu7J4MIt~DRLUQ¨JIO`C!DRLNd�zKuVM�DRY}T[F�ORQMftKu�DRL~DRT�deFIY[F�O`J�MItKu�O x ubJfDGMIY[O`L/ORQ�MItKu§w�� o � B tKu�F_Y[C x T[u�u�� x JIubFIFIY}O`L�Z`Y�y`ubL&Y[L�»=�\H~DGMfY}O`L � � ¼�D xKx T[Y[ubFMfO§MItKu@Y}zKuEDRT�]EDGFIu@Y}L^Mftvu4DRnKF_u7LK]bu4ORQpFgd­FgMfubC^DGMIY[]�ub�ªu7]bMIF7h~DGLKzsDRF�FIHK]�tsY�M�Y}F�D§ZRO­Oez�D xvx JIOE�­Y[C|DGMfY}O`L°MfOnªuVMIMfubJ�Mft~DRL�D°JIubT�DGMIY}y`u Î � Í Ð �
 uby`ubJ_MItKu7T}u7FIFbh�F_deF_MIu7C|DGMfY}]�T}ubQWM_±XJIY}Z`tNM�DRF_deC�C|uVMfJIY}u7F{Y[L(T[HvC|Y}LKO`FIY�Mad`h x O`T�DRJ_Y[FIDGMfY}O`L�h�nªu7DRC u7Lvu7JIZGd`hDRLKz�DR]7]bu x MfDRLK]7uGh<DRF4��u7T}T�DRF�n~DR]��\Z`J_O`HKLKz�DRLKz x ORFIY}MIJIO`L x O`T�DGJIY[FIDGMfY}O`L&uV��ub]bMIF7hm]EDRLºnªu{Y}LK]7O`J x ORJfDGMIu7zY[LNMfO¯DRLÖuV�eMfubLKzKu7z uV� x J_u7F_FIY[ORL Q¨ORJ^MftKu&]7JIORFIFg±XFIub]bMfY}O`L DRF_deC�C|uVMfJgd � 
 OGMfu&MIt~DGM���tKY}T[u/MftKu�JIDRLKzKORCtKu7T}Y[]7Y�Mad°ORQªMftKu�zKu7T}Y}y`ubJIubz^u7T}u7]VMfJIORL^nKHKLv]�tKu7F�Y}F�uV�vDR]bMIT}d|½ Î`Ð JIY[ZRt\Mg±at~DGLKzKu7z�heY�M¬Y[F�Y[L x JIY}LK]7Y x T[u x O`FIF_Y[nKT}uMft~DGMPMItKuUC^DRZRLKY}MIHKzKu�ORQSMftvuºT}HKC�Y[LKO`F_Y}Mad³Y[FsLKOGMPu7�\H~DRT4Q¨O`JsMItKu�Ma��O³tKu7T}Y[]bY}MfY}u7F � �aLcDRzKzKY�MfY[ORL�hkMItKuY[LKzKY�yeY[zKH~DGT x O`T�DRJ_Y[FIDGMfY}O`L&C�uEDRF_HKJIubC|ubLNMfF�ORQ�»=�eHKDGMfY}O`L � � àsDEy`ubJfDRZRu�O1yRu7J�C^DGL\d&nªu7DRC!]bJIO`F_FIY}LKZ`FSDRLKzO�yRu7J�DRLNd�F_deF_MIu7C|DGMfY}]�T}ubQWMg±aJIY}Z`tNM x O`T�DRJ_Y[FIDGMfY}O`L@zKY���ubJIubLK]7uGh`DRLKzStKubLK]7u�DRzKzKY�MfY[ORL~DRTRY}LvQ¨O`J_C^DGMIY[O`L@Y[FpLKu7ubzKu7zMfO�C|DR�Ru�Mftvu§JIub�\HKY[J_u7z�]bO`JIJ_u7]bMIY[O`L ��� LKuSÅ~LKzKFkMftKu�C|u7DRFIHvJIu7z�DRF_deC�C|uVMfJ_d/ikÊÖY}F�J_u7T�D�Mfu7z/MfO�ikj1lAnNdMftKu@Q¨ORT[T[O1��Y}LKZ�u�� x JIubFIFIY}O`L���tKY}]�tsY[LK]bO`J x O`JfD�Mfu7F�D§L\HKC�n�u7J�ORQpFIC|DRT[T ]bO`JIJ_u7]bMIY[O`L|Mfu7J_C|F�Y[L�T}O1��ubF_M_±XO`JIzvu7JD xKx J_O1�­Y}C^DGMIY[O`L�h
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x O`F_Y}MIJIO`L x O`T�DRJ_Y[FIDGMfY}O`L�ORQ@]7O`LvF_M�DGL\M�tKubT[Y}]7Y}Mad � w­Y}LK]7usMftvu/]bO`T[T}Y[zKY}LKZ&ubT[ub]bMfJ_O`L³DRLKz x ORFIY}MIJIO`L¯nKHvLK]�tKu7F��ubJIu x JIOezKHK]7ubzÖO`L(zKY���ubJIu7LNM|C^DG]�tKY[LKuP]Vd­]bT[ubF^DRLvz³F_Y[LK]bu/MItKu�ubT[ub]bMfJ_O`L(tKu7T}Y[]7Y�Mad�ORQ@uEDR]�t³]bde]7T}u/��DRF]�tKO`FIubL�JfDGLKzKO`C�T}dRhpDRLNd x O`F_Y}MIJIO`LUtKubT[Y[]bY}Mad�DRJIY}FIY[LvZPQ¨J_O`C�MItKu x O`T[DRJIY}FfDGMIY[O`L&ORQ�MItKu7Y}J x DRJIubLNM§ubT[u7]VMfJ_O`LKF��DRF�HvLK]7O`J_JIubT�DGMIu7z&��Y�Mft�ubT[u7]VMfJ_O`LAtKu7T}Y[]bY}Mad/DGM�MftKu���7 � B tKu§LKubM�uV��ub]bM�ORQ x O`F_Y}MfJ_O`L x O`T[DRJIY}FfDGMIY[O`LsQ¨JIORCMftKY}F x J_O­]bu7FIF yRDGLKY[F_tKu7F<J_Y[Z`ORJIO`HKF_T}d � 9 O1��uVy`u7Jbh x O`F_Y}MIJIO`L x O`T[DRJIY}FfDGMIY[O`L�OGQ ]7O`LKFgM�DRLNM�tKu7T}Y[]7Y�Mad���ORHKT[z°D���ub]bMMftKu�C�uEDRF_HKJIubC|ubL\M �B tKuk]7T}O`FIu�MIY[u7F�n�ubMa��u7ubL^MftKY}F�C|u7DRFIHKJ_u7C�u7LNM�DRLKz�MftKu�w��mÝÖDR]b]7ubT[u7JIDGMfORJ¬]bO`C x T[u��{DRJ_ukuVyeY[zKubL\M¬Q¨JIORCLeHvC|ubJIO`HKFSDR]b]7ubT[u7JIDGMfORJg±anKDRFIubzAuV� x ubJIY}C|ubL\MIF�zKu7zvY[]ED�Mfu7zAMIOPMItKu�w�� o x tNdeFIY[]bF x JIO`ZRJfDRC�C|uGhªQ¨O`J���tKY[]�tMftKu�u7Lvu7JIZGd\±X]EDRT}Y[nKJIDGMfY}LKZ�«�± x uEDG�^FI]7DRL/Y[F�O`LKu�u��KDGC x T}u ��� Mftvu7J�uV�vDRC x T[ubF�Y[LK]bT[HKzKuG©
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��DGFmMIHKJILKubz§OR� hGDRLKz�MftKu¬u7T}u7]bMIJIO`LSn�uEDRC'��DRFmzKu7T}Y}yRu7JIubzSMIOkMItKu���7 � S u7DRC{±XJIubT�DGMIu7z�n~DR]��\Z`J_O`HKLKz�Y[LMftKu�w�� o T[Y}�\HKY[z­±aDRJIZRO`L�]EDRT}O`JIY}C|uVMfubJ¬¹=�ÆâkÝ�Àp��DRF<zKuVMfub]bMfubz�h`nKH­M<O`LKT�d�Q¨O`JÆMftKu�LKO`L­±XuV�eMfY}LK]bM x HKT}FIubF �S dPMftKY}F�C|u7DRLKF7h~MItKu�u�� x ub]bMfubzA]7O`J_JIubT�DGMIY[O`LPn�ubMa��u7u7LAtvu7T[Y}]7Y�MadsDRLKz/MftKu x J_u7FIubLK]7u§ORQ=n�uEDRC/h DRLKztKu7Lv]7u�Mftvu��pâkÝ�z~D�M�D@FgMfJIu7DRC/hR��DGF<y`u7J_Y}Å~ubz q ß`ß r � �aL{DRzKzKY�MfY[ORL�h�MItKu�tKubT[Y}]7Y}MadSF_u7�\HKu7Lv]7u�Z`u7Lvu7JfD�Mfu7zDGM�Mftvu�F_O`HKJ_]7u{��DRF x F_u7HKzvOG±aJIDRLKzKO`C DRLKzºzKubMIu7JIC�Y[LvY[F_MIY[]GhÆDRLKz x HKT}FIu x DGM_MfubJILKF�JIub]7ubY}y`ubz�DGM�MItKuw�� o ]bO`HKT}z�n�u4y`ubJIY}ÅKu7z �
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� ��� )��()�� ��)72/"%. � � � � � Ð >(@BABAFEFD�@BABA��/G;H�� �`T[T}u7J x O`T�DRJ_Y[C�ubMIu7JIF@T[Oe]EDGMIu7z�DGM�MftKu�u7LKz�ORQ�MItKuw��ÆâkÝ(T}Y[L~DR]�DRLKz{Y}L§MftKukw � Ý*u7T}u7]VMfJIORL°uV�eMfJIDR]bMIY[O`L°T}Y[LKu¬��ubJIu�HKF_u7z{MfO�]7J_O`FIF ±a]�tKub]���MftKukÝ�ORC x MIO`Lx ORT�DRJ_Y[C�ubMfubJ � B tvu x u7J_Y[T}F°ORQ@ubC x T[O1deY[LKZUDAT[ubFIF�JIubT[Y�DGnKT[u|C|uVMftKOez*MfOAMfubF_M^D x JIu7]bY[F_Y[O`L¯zKuVy­Y}]7u��ubJIu@D xKx DRJ_u7LNM¬��tKu7L�T[DRJIZRu�]7O`J_JIu7]VMfY}O`LKF=Q¨O`J¬DGMfORC|Y}]�u7T[ub]bMIJIO`L�C|ORC|ubL\MIHKC�uV��ub]bMfF�Y[L{MftKu4���`T}T[ubJM�DRJ_Z`ubM���u7J_u|zKY}FI]bO�yRu7J_u7z q ¼ Î`Î r hmDGQWMIu7J���tKY[]�t�h Z`OeOezUDRZ`JIubu7C�u7LNM���DGF�O`n­M�DRY}LKu7z � �aL�DRzKzKY�MfY}O`L�hÆDT[ubFIF�zKY}JIub]bM�]bO`C x DRJIY}FIO`L���DGF x JIO1yeY[zKubz�nNd ��OGMIM x O`T[DRJIY}C|uVMfu7J�n�u7LK]�t�MIu7FgMfF�ORQÆMItKu 0�DRâ@F x tKORMIOG±]EDGMItKOezKu7F q ¼ Î ¼ r �
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� "B2�� )�5 � â FIu7J_Y[ubFkOGQ�u�� x u7J_Y[C�u7LNMfF���DRF�zKO`LKu�MIt~DGM�F_MIHKzKY}u7zsMftKu�n�uEDRC x ORT�DRJ_Y[FfD�MfY[ORLJIu x O`JgMfubz/nNd|MftKuSÝ�O`C x MIO`L x ORT�DRJ_Y[C�ubMfubJ�DGF�D§Q¨HKLK]bMIY[O`LsOGQ n�uEDGC�ubLKu7J_ZRd`h~n�uEDRC�u7LKubJIZRd^F x J_uEDRzDRLKz�n�uEDGC MIJfD��_ub]bMIO`J_d|Y[L�MftKu4w��mÝ DGJI]7F � B ��O°F x Y[L|JIORMfDGMfORJIF�¹¨Y[L�MftKu�T[Y[LKDR]RheDRLKz^Y[L|MItKu@J_Y[LKZ�±XMfO�±T[Y}L~DR]�JIuVMfHKJ_L�T[Y}LKu1À���u7JIu�FI]7DRLKLKubzAY[L/O`JIzKubJ�MIO^zKuVMfu7J_C|Y}LKu�MftKu���7 x O`T[DRJIY}FfDGMIY[O`LsC|D��­Y[C§HKC � â@LY[C x ORJ_M�DGL\M�J_u7F_HKT}M¬ORQªMftKubFIu@u�� x ubJIY[C�u7LNMIF¬��DRF�MftKukzKY[F_]7O1y`ubJ_d{MftKDGM�MftKu@w��mÝÖDRJ_]7F�O x u7JfD�MfukLKuEDRJ¬DF x Y}LsMfHKLKu�J_u7F_O`L~DRLK]buRh T[u7DRzKY}LKZ§MfO�MItKuSDRzvyRu7LNMkORQmF x Y}L/C|DRLKY x HKT[DGMfY}O`L�yeY[DUË_F x Y}LPnKHKC x FIÌ{Y[L�MItKuw��mÝÜDRJ_]7F�C|ubLNMfY[ORLKu7zºuEDRJ_T[Y}u7J � B tvY[F x JIOe]7ubzKHKJ_u|ubT[Y[C�Y[LKDGMfubz&MftKu�LKubu7z�Q¨ORJ4MftKu{Ma��O/F x Y[LºJIORMfD�±MfO`J_FkDRLKz�DRT[T}O���u7z�MItKu�F x Y}L�]�tvJIO`C|DGMfY}]7Y�MadA¹¨zvµ � z È�À�MfO{n�u�C|Y}LKY[C�Y[F_u7z�heJIubzKHK]7Y}LKZ°MftKu�J_u7FIHvT}MfY}LKZx ORT�DRJ_Y[FfD�MfY[ORL&]7ORJIJIub]bMIY[O`L�Q¨J_O`C � ¼ Ð Y[L*¼1ßRß �|MfO � ÎvÄ Í Ð n\d�¼1ß`ßN½ � �aLUFIHvnKFIub�eHvu7LNM§dRuEDRJ_F�MItKuF x Y}L/MIJfDRLvF x O`J_M x J_O x u7J_MIY[ubFkOGQ MItKu�w��mÝcDRJ_]7F���ubJIuSC|ORLKY}MIO`JIubzPDGM�JIubZ`HKT�DGJ�Y[LNMfubJ_yGDRT[F �
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� $�)�5BHA�aL×¼Eß`ß`¿vh=D�zKu7zKY}]EDGMIu7z*u�� x u7J_Y[C�u7LNM��DGF x ubJ_Q¨O`J_C|ubz�Y}L§O`J_zKu7JpMfO�zKY[J_u7]VMfT}d�MIu7FgM�Mftvu�uV� x u7]VM�DGMIY[O`LSMft~DGM HKLKY}LNMfu7LvzKu7z x O`T�DGJIY[FIDGMfY}O`L�ORQKMItKux ORFIY}MIJIO`L°n�uEDGC���DRF�LKu7Z`T}Y[Z`Y}nKT[u��NMftKu x O`F_Y}MfJ_O`L°n�uEDRC	��DRF�zKubT[Y�y`u7J_u7z°MfOSD ���RT[T[ubJ x O`T�DRJ_Y[C�ubMIu7JmY[LMftKu@w��ÆâkÝØ»=LKzsw\M�DGMIY[O`L{âÜ¹ »¬w­â�À � »<� x u7J_Y[C�u7LNM�DRT~]bO`LNMfJ_O`T~��DRF�DRF_FIHKJ_u7z�nNd°Å~J_F_M�zKu7T}Y}y`ubJIY}LKZSMItKux ORT�DRJ_Y[FIubzAu7T}u7]bMIJIO`LUn�uEDRC/hpDRLKzUMftvu7L�DRLUHKL x O`T�DRJ_Y[F_u7zAu7T}u7]VMfJIORLºn�uEDGC ¹¤F_O`HKJI]bu7zºQ¨JIO`C w��ÆâkÝ��ÏFMftKubJIC�Y[O`LvY[]�u7T}u7]bMIJIO`L^Z`HKL À�heMIO§MftKu@»¬w­â§he]7O`L­Å~JIC�Y[LKZ x ORT�DRJ_Y[C�ubMfubJ=O x u7JfD�MfY[ORL � �aLsDGzKzKY}MIY[O`L�h\MItKuF x Y}L{JIORMfDGMfO`J�C^DRZRLKubM=T}O­]7DGMfubz°Y[L�MItKu)�pY}L~DR]���DRF�JIuVy`ubJIFIubz^t~DGT}QW��D1d�MftKJ_O`HKZ`t°MItKu x ORFIY}MIJIO`L°n�uEDGCJIHKLvLKY[LKZvhKJIuVy`u7J_FIY}LKZ�MItKu�FIubLKFIuSORQ x O`T�DRJ_Y[FIDGMfY}O`L^D�M�MftKu ���RT[T[ubJ�M�DGJIZ`uVM�DRLKzPJIubzKHK]bY[LKZ{F_deFgMfu7C|DGMIY[]u7J_JIO`J � B tKu�Å~L~DRT\J_u7FIHvT}Mpy`ubJIY}ÅKu7z§MIt~DGM x ORFIY}MIJIO`L x O`T�DRJ_Y[FIDGMfY}O`L@��DRF�]bO`LKFIY}F_MIu7LNM ��Y�MftSÛ7ubJIO°¹ Â Î­Ä¾Î Í �ÎvÄÏÎ à`À Ð q ¼ Î Í r �
B tKu|DRFgd­C�C�ubMfJ_Y[ubFSY}L�T}HKC�Y[LKO`F_Y}MadRh x O`T[DRJIY}FfDGMIY[O`L�hÆDRLKz�nªu7DRC u7LKubJIZRdRh<D xvx JIOE�­Y[C|DGMfubT}d�¼ Î ²ZY1h¬¼ Î ²

*
DRLKz ¼ Î ²��7h¬JIubF x u7]bMIY}yRu7T}dRh���u7J_u&DRT}T�]bO`LNMfY[L\H~DGT[T}d�C�O`LKY}MIO`JIubz*HKFIY}LKZ�DUF_C^DGT[T�±aDRLKZ`T}u|JIDRzKY[DGMfY�y`u S tKDRnKt~D]7O`HKLNMIu7JPT[Oe]EDGMIu7z � . Î C Q¨JIORC MftvuA��7 h�n�uEDRC�F_MIJfDRtvT[HKLKZ*C�O`LKY�MfO`J_F7h�n�uEDRC ]bHKJIJ_u7LNM/C|ORLKY}MIO`JIFbh�MItKuÝ�O`C x MfO`L x O`T�DRJ_Y[C�ubMIu7J7hkDRLvz ubLKu7J_ZRd×F x ub]bMfJ_O`C�ubMfubJPz~DGM�D � B tKuUT[O`LvZG±XMIu7JIC DEy`ubJfDRZ`uAyGDRT}HKu7FsORQ§DRT}TDRF_deC�C|uVMfJIY}u7F�ORQ�MftKY}F�Mad x u^��ubJIu�J_u7zKHv]7u7z¯nNdºMftKu�J_O`HKZ`tvT}dUMfJ_Y�±aC�O`LNMftvT}dAJ_uby`ubJIFIDRT�ORQ�MItKu^MIJfDRLKFgy`ubJIFIu
x O`T[DRJIY}FfDGMIY[O`LSFIubLKFIu�Y}L§Mftvu�u7T}u7]bMIJIO`L°zKDRC x Y[LKZ�JIY[LvZ4JIuVQ¨u7JIJ_u7z�MIO�Y[L{w­ub]bMIY[O`L � � ¼ � ¼ � B tKu�zKO`C�Y[L~DGL\M ]EDGHKFIuORQ�MItKu�O`nKFIubJ_yRu7zADRFgdeC|C�ubMIJIY[ubF���DRF�MftvuSF_C^DGT[T�]bHKJIJ_u7LNM4DGF_deC|C�ubMIJ_d x JIOezKHK]7ubz�DGM�MItKu�w��mÝ x ORT�DRJ_Y[FIubzFIO`HKJ_]7u � B tKY}F�ub�ªu7]bMSDGJIO`F_u�nªub]EDRHvFIu{ORQ�MftKu°F_O`HKJ_]7u x tKOGMfOG±X]EDGMItKO­zvu�FIubLKFIY�MfY}yeY�Mad�MIOsT[Y[LvuEDRJ_T}d x ORT�DRJ_Y[FIubzT[Y[ZRt\M7hGMIO`Z`ubMItKu7J<��Y�Mft�J_u7F_Y[zKH~DGTvT[Y}LKuEDGJ x O`T�DRJ_Y[FIDGMfY}O`L�Y}L§Mftvu�FIO`HKJ_]7u�T[DRFIubJ�T[Y}Z`tNM�MIt~DGM<��DRF=]7ORJIJIubT�DGMIu7z���Y�Mft
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MftKu�T[Y}Z`tNM�tKu7T}Y[]7Y�Mad � B tKY}FSuV��ub]bMS��DGF�C�Y[LKY}C|Y}FIubz�nNdºD x O`T�DGJIY[FIDGMfY}O`L�]bO`LNMfJIORT�DGLKz�Y}LNMfu7LvFIY}Mad&Q¨u7u7zvn~DR]��F_deF_MIu7C F_MfDRJ_MIY[LKZ{Y[LA¼Eß`ß �vh~DGLKz/��DRF�Z`ubLKu7JIDRT[T�d�C|DRY[LNM�DGY[LKubzPDGM�nªubT[O1��¼ Î ²ZY �B tKu4yGDRT}HKu�ORQmi�jEl&Y[F�HKL~DG�ªu7]VMfu7z/nNdszKub]EDEdN±aC�O­zKu�±azKu x ubLKzKubL\M�yGDRJ_Y�DGMIY[O`LKF�Y[LszKuVMfub]bMfORJ�DG]7]7u x M�DGLK]7uDRLKzPubÇ�]7Y}u7LK]Vd x J_O1y­Y}zKu7z�hvQ¨O`J�MItKu�FIY}C x T}u�]7DRFIu�OGQ<«�zKub]EDEd�MIO°D§Q¨u7J_C|Y}O`L x DRY}J7h\Mft~D�M�MftKu�uVÇ�]7Y[ubLK]bd^Q¨O`JzKubMIu7]bMIY[LKZ�D�Q¨u7J_C|Y}O`L�DGM@F_O`C�u x O`T�DRJkDRLvZ`T[u�Y[Fku7�\H~DGTmMIO^MftKu�ubÇ�]7Y}u7LK]VdPQ¨O`J�zvubMfub]bMIY[LKZsDGL�DRLNMfY�Q¨u7J_C|Y}O`LDGM@MItKu§FIDRC|u x O`T�DRJkDRLvZ`T[u � �aL�t~DRzKJ_O`LKY}]�«�zvu7]EDEdeF7hªMftKuSQ¨u7JIC�Y[ORLKF�Y}L&�\HKubF_MfY}O`LADRJ_uSMItKu§Y}LKY}MIY�DRT��eHKDRJI�`±DRLNMfY[�\H~DGJI� x DRY[Jbh���tKY}]�t(C|DGMIu7JIY[DRT[Y}FIu{DRF§C�HKT}MIY�± x DRJ_MIY[]bT[u �_ubMIF � B tKubFIusQ¤DR]bMIF7h�DRLvz�MftKu�tvY[Z`t�zvu7Z`J_u7usORQ
x O`T[DRJ{F_deC�C|uVMfJ_d¯Y}L³MItKu�w � o zKubMIu7]bMIO`J7h�J_u7LKzvu7J^i���]7O`C x T[uVMfubT}d*LKubZ`T[Y}Z`Y[nvT[u � Þ Y}L~DRT[T�d`h=µ�£���DRF|uV�\±
x ubJIY[C�u7LNMfDRT[T�d&zKubC|ORLKF_MIJfDGMIu7zUMfOPnªu°]bO`LKF_Y[F_MIu7LNMS��Y}MftUÛbu7JIOPMfO/D x J_u7]7Y}FIY}O`LUORQ�à � ¼ Î ²ZY DRF�zKubFI]bJIY[n�u7zDRnªO1yRu � Ý�DRT[]bHKT�D�MfY[ORLKF�n~DRF_u7z�O`L x ORT�DRJ_Y[FfD�MfY[ORL�nKHKY}T[zKH x Y[LUMftvu x O`FIY�MfJIORL�z~DGC x Y}LKZPJIY}LKZ�F_HKZ`Z`ubF_MIu7z*DC�HK]�t&F_C^DGT[T[ubJ�L\HKC�n�u7JbhKµ�£ � Ws¹g¼ Î ² � À � 9 ubLK]7uGh LKO|]bO`JIJ_u7]VMfY[ORLPQ¨ORJ�µ�£���DRF�D xKx T[Y[ubz�MfO°MftvuSzKDGM�D �B tKu�F_deF_MIu7C|DGMfY}]�uV��ub]bMfF zKY[F_]7HKF_FIubz�Y}LSMItKY[FmFIub]bMIY[O`L°DGJIu¬FIHKC�C^DGJIY[F_u7z�Y[L B DRnvT[u � � Í � B tKu�]7O`J_JIu7]VMfY}O`LKFQ¨O`Jsn~DR]��\Z`J_O`HKLKzKF/DRLvz'DR]b]7ubT[u7JIDGMfORJsDRF_deC�C|uVMfJ_Y[u7Fbh@DGLKz×MftKuºDRF_FIOe]7Y�D�Mfu7z×HvLK]7ubJ_M�DGY[LNMfY}u7F7hk��ubJIuºC�HK]�tFIC|DRT[T}u7J�MIt~DRL�MItKu�T[u7DRzKY[LvZ§F_deFgMfu7C|DGMIY[]�u7J_JIO`J_F�zKHKu4MIO x ORT�DRJ_Y[C�ubMfJgd�DRLKzsubLKu7J_ZRdsHKLK]bu7JgM�DRY}L\MIY[ubF7hKDGF�]EDRLnªu�FIubu7L�n\dP]bO`C x DRJIY}LKZ�Mftvu x u7L\HKT�MfY}C^DGMIu�MItKJIubu�J_O���F�ORQ B DRnKT[u � � Í �
�����	��� � 
����<�H���
B tKu°JIHKLe±anNdN±aJIHvLAi�j1lºJIubFIHKT�MfF4DGJIu�F_tKO1��LºY}L B DRnKT}u � � � � B tKu{È�É¨Ê×zKu x ubLKzKu7LNM�JIDRzKY�D�MfY}yRu�]bO`JIJ_u7]VMfY[ORL�hDRLKz/Y}MfF�HvLK]7ubJ_M�DGY[LNMad`h Y[F�uVyeY[zKubL\MkY}LPMItKu�zKY}�ªu7J_u7LK]bu�nªuVMa��ubu7L�ikj1lADRLKzPi Ôj1l � B tvu7FIu�ÅKyRu�J_u7FIHvT}MfF�F_tKO1�D��   ORQ@à � .L.�Q¨O`J .AzKu7Z`J_u7ubF�OGQkQ¨J_u7ubzKO`C/h=]7O`J_JIu7F x ORLKzKY[LvZUMIOUD x JIORn~DRnKY}T[Y}MadUOGQ�¼R¼ � . Ð ¹ Þ Y[Z`HvJIu � � á`À �B tKu°FIY}LK �¡ ¢ �¨£I¥�¨¦ J_u7F_HKT}MIF4zKu7J_Y}yRu�Q¨JIO`C"Mftvu�u7�\HKY�yRDGT[u7Lv]7u�i Ôj1l Õ ����hª��tKY}]�t�DGT[O`LKZ���Y}MItU»��\H~D�MfY[ORLKF�¼ � ½RáDRLKzº¼ � àe¼ x JIO1yeY[zKu�MftKDGM

i@Ôj1l Á ÍK¹g¼�Â .�F_Y[Lv �¡�¢ �¤£_¥�W¦ À
¼�Ã'¹g¼�Â8.�F_Y[Lv �¡�¢ �¤£_¥�W¦ À   Ä ¹�� � ßNÀ

B tKu§DEyRu7JfDGZ`uSQ¨ORJ�MftKu�]7ORC x T}ubMIu�w�� o z~D�M�D°FfDRC x T}u4Y[Fb©
i@Ôj1l Á ÎvÄ ¼�½­¼5. � ÎvÄÏÎ`Î ÍRÍ ¹�� � ¼ Î À

O`J�u7�\HKY}yGDRT}u7LNMfT�d�©
F_Y[L   ¡ ¢ �¤£_¥�W¦ Á ÎvÄ Í � Î ßNà � ÎvÄ¾ÎRÎ`Î Í`à Ä ¹�� � ¼R¼�À

w­C^DGT[T\]7O`J_JIubT�DGMIu7z§FgdeF_MfubC^D�MfY[]�ub�ªu7]VMfF=zKHKu¬MfO x O`T[DRJIY}C|uVMfJ_d4DRJIu�DR]7]bO`HKLNMfubz�Q¨O`J�Y}L�Q¨O`J_C|Y}LKZ�MftKY}F�DEy`ubJfDRZRu �B tKu�ubF_MIY[C|DGMfubzSFgdeF_MfubC^D�MfY[]�HKLv]7u7JgM�DRY}LNMfY[ubFÆQ¨O`JÆMftKubFIu¬JIu7F_HKT}MIFmDRJIu � ÎvÄ¾ÎRÎ ¼`¼¬DRLKz�� Î­Ä¾Î`ÎRÎ ¼��vh�JIubF x u7]VMfY}yRu7T�d �
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®�j ½­h¾Í`ÍRá Í`àeh Í`ÍR½ ½`Í­h�¼�àRß ÍRßvh Î ¼1á ¼1¿ �vh � �N½
®�l .KhÏß`ß`¿ Í`Íeh}¼1á`à .K¼`h .NáN½ Í`Í­hÏ¿N½`à ¼5.N¿vh¾Í`½Rß
ikÊ ÎvÄÏÎ Í`Í � ÎvÄ ¼ Î Í . ÎvÄ ¼`¼5.L. ÎvÄ ¼`¼1¿Nà ÎvÄ ¼ Î ½R¿

� ÎvÄÏÎ`Î ßRß � Î­Ä¾Î`Î .\½ � Î­Ä¾Î`Î �NÍ � ÎvÄÏÎ`Î .3. � ÎvÄÏÎ`Î ¼�à	 N���
{¹ Ð À ¼ Ä . Î­Ä Í`½ ÎvÄ ¼`¼ ÎvÄÏÎ ÍRß ÎvÄÏÎ .\Í
�{¼ Ä . � ÎvÄ ¼ Î � ÎvÄ¾Î ¿ � Î­Ä¾Î Íe¼ � ÎvÄÏÎ �NÍi N���
 ÎvÄÏÎ �v¼ ÎvÄÏÎ ½`½ ÎvÄÏÎ � � ÎvÄÏÎ Í �

� ÎvÄ¾Î ¼ Î � Î­Ä¾Î Íe¼ � Î­Ä¾Î ÍGá � ÎvÄÏÎ Í`Íi��º¹g¼ Î ²ZY�À ¼ Ä ¿ Î­Ä �`¿ ÂS¼ Ä ß Ã ÎvÄ¾Î � Â�¼ Ä �
� . Ä Í � Î­Ä ½ Î � Î­Ä � � ÎvÄ ½ Î � ÎvÄ ài��Ø¹g¼ Î ²ZY À Â@ÍRß Â � � Ã�Í . Ã�ÍRß Ã�ÍR¿

�c¼ �c¼ Î �#.�� �ØáRß
i K ¹g¼ Î ²ZYVÀ ÎvÄÏÎ`Î .3. ÎvÄÏÎ`Î ßNÍ Â ÎvÄÏÎ`Î`Î ¼ Ã ÎvÄÏÎ`Î ÍG¿

� Î­Ä¾Î`ÎRÎ ¼ � Î­Ä¾Î`ÎRÎ Í � ÎvÄÏÎ`Î �`½ � ÎvÄÏÎ`Î ¼5.È�É¨Ê ����� K����
���� K������ ÂS¼ Ä ß Î­Ä¾Î Í ÄÏÎ . Ä �
�×Í Ä ½ ��� ÄÏÎ �ØÍ Ä ßi�� Î Î Î Î Î

µ�£^¹g¼ Î ²ZY À � ÎvÄ ¼Eá � ÎvÄ ¼1á � ÎvÄ ¼1á � ÎvÄ ¼1á Â@Í
�Öà

B ORMfDRT�]7ORJIJIub]bMIY[O`L�h Ã C Ä C Ã ÎvÄ ¼ Î Ã ÎvÄ Í Ã ÎvÄ¾Î Í Ã Î­Ä ¼1áÓ°ikj1l � i�j1lphp¹ Ð À � C Ä E � Î­Ä¾Î ¿ � ÎvÄÏÎ á � ÎvÄÏÎ ½ � ÎvÄÏÎ à�1µ�� � µ���¹ Ð À Í � à ¼ � à Î � áNà Î � ½`Í Î � ½`Í
»�T}u7]VMfJIO1��uEDR�sY}LNMfu7JgQ¨u7J_u7LK]bu Â C Ä�� Ã ¼ Ä à Ã ¼ Ä ¿ ÃÖÍ Ä Í ÃÖÍ Ä ½]7ORJIJIub]bMIY[O`L q JIu7T[DGMfY�y`u�¹ Ð À r � @ Ä�� � ÎvÄ � � Î­Ä � � ÎvÄ . � ÎvÄ �`ßB ORM�DGT�F_deF_MIu7C|DGMfY}] � � ß ¼ � à Î � à`½ Î � á � Î � á3.ubJIJ_O`J q J_u7T�D�MfY}yRu�¹ Ð À r

B DRnvT[u'� � Í­©m«{uVy`ubL\M ]7ORHKLNMfF DRLKzS]7O`J_JIu7]VMfY}O`LKF�¹¤F_u7u¬»=�eHKDGMfY}O`L � � ¿RÀ�Q¨ORJpDRT[T`w�� o J_HKL x u7J_Y[OezKF � â@T}FIO�FItvO���LDRJIu4MItKu4MfORMfDRT x O`T[DRJIY}C|uVMfJ_d�ubJIJIORJIFS¹¤Y}LK]7T}HKzKY}LKZ�]�tKJ_O`C^D�MfY[]bY}Mad|DRLKzP��7(ub�ªu7]bMIF�À�hKMftKu�J_u7T�D�MfY}yRu4u7J_JIO`J_F�zKHKuMfO�Mftvu�u7T}u7]bMIJIO1��uEDR��Y[LNMfubJ_Q¨u7J_u7LK]bu�]7ORJIJIub]bMIY[O`L�Lvu7u7zvu7z¯Q¨O`J�MItKu�]7ORL\yRu7J_FIY[ORL*ORQ�i�j1l¯MfO&i Ôj1l h�DRLKz�MItKuMfORMfDRT F_deF_MIu7C|DGMfY}]@u7J_JIO`J_F � 
 ORMfukMft~DGM�zKHKukMfO�T[O1�×F_MfDGMfY}F_MIY[]7F�D�L\HKC§nªubJ�ORQÆuV��ub]bMIF���ubJIu4Y}Z`LKO`J_u7z�Q¨O`J¬MItKu¼1ß`ßNÍPz~DGM�D�DRLKz�LKO&]bO`JIJ_u7]bMIY[O`LvFS��u7J_usD xKx T}Y[ubzØ¹¨Z`Y}yRu7L�tvu7JIu|Y[L�Y}M�DGT[Y[]bF�À � â@T}FIOKhmMftKu{MfOGM�DRT�F_deFgMfu7C|DGMIY[]u7JIJ_O`J�JIu x O`JgMfubz�Y}Lº¼Eß`ßNÍs¹�� � á Ð À�Y[ZRLKO`JIubz�MftKu�HKLv]7u7JgM�DRY}LNMadPzKHKu�MfO°MftvuSubT[ub]bMfJ_O1��u7DR�s]7O`J_JIub]bMfY}O`L �

ß Î



´¤µ��f¶ ikj1l i Ôj1l FIY[L   ¡�¢ �¨£I¥�W¦
¼1ß`ß`Í ÎvÄ Í .L. ÎvÄ ¼ Î`Î ÎvÄ ¼ Î`Î ÎvÄ Í �NàR¿

� ÎvÄ¾ÎRÎ á � ÎvÄÏÎ .L. � ÎvÄÏÎ`Î . � ÎvÄÏÎ .L. � ÎvÄÏÎ`Î . � ÎvÄ¾ÎRÎ ½Rá � ÎvÄÏÎ`Î`Î ½¼1ß`ß � ÎvÄ á � Î ÎvÄ ¼1áNÍG¿ ÎvÄ ¼1áN½Rá ÎvÄ Í`ÍRßNÍ
� ÎvÄ¾Î ¼`¼ � ÎvÄÏÎ`Î à­¼ � ÎvÄÏÎ`Î ÍG¿ � ÎvÄ¾ÎRÎ à­¼ � ÎvÄÏÎ`Î ÍR¿ � ÎvÄ¾ÎRÎ`Î ß � ÎvÄÏÎ`Î`Î .¼1ß`ß3.Z�GßN½ ÎvÄ à`à`Í � ÎvÄ ¼5.N¿`½ ÎvÄ ¼�½­¼�Í ÎvÄ Í �v¼ ÎRÎ
� Î­Ä¾Î`Î ½`Í � ÎvÄÏÎ`Î .\Í � ÎvÄÏÎ`Î ¼ Î � ÎvÄ¾ÎRÎ .\Í � ÎvÄÏÎ`Î ¼`¼ � Î­Ä¾Î`ÎRÎ ½ . � ÎvÄÏÎ`Î`Î ¼O.¼1ß`ßRá ÎvÄ àRáv¼1á ÎvÄ ¼�½`½Gß ÎvÄ ¼�½Rß � ÎvÄ Í`ÍRß`ßRá
� Î­Ä¾Î`Î . Î � ÎvÄÏÎ`Î ½`à � ÎvÄÏÎ`Î`Î ¿ � ÎvÄ¾ÎRÎ ½`à � ÎvÄÏÎ`Î ¼ Î � Î­Ä¾Î`ÎRÎ à � � ÎvÄÏÎ`Î`Î ¼ �¼1ß`ßNàL�Gß`¿ ÎvÄ à`ÍRßNÍ ÎvÄ ¼5.\½ . ÎvÄ ¼5.Nßv¼ ÎvÄ Í �v¼�ÍGá
� Î­Ä¾Î`Î �`¿ � ÎvÄÏÎ`Î Í . � ÎvÄÏÎ`Î`Î ¿ � ÎvÄ¾ÎRÎ Í . � ÎvÄÏÎ`Î ¼ Î � Î­Ä¾Î`ÎRÎ � Î � ÎvÄÏÎ`Î`Î ¼1Í

â�T[T ÎvÄ ¼�½­¼5. ÎvÄ Í � Î ß`à]7O`C§nKY[LKubz � ÎvÄ¾ÎRÎ ¼1ß � ÎvÄÏÎ`Î ¼`¼ � Î­Ä¾Î`ÎRÎ Í . � ÎvÄÏÎ`Î`Î ¼ �
B DRnvT[u � � �v©|w­HvC|C|DRJ_dUOGQ�MftKusw�� o i�j1l¯C�uEDRF_HKJIubC|ubL\MIF§Q¨O`J§DRT[T�JIHvLKF � �ÆY}F_Mfubz*DRJ_u|Mftvu�T[HKC�Y[LvO`FIY�Mad\±��ubY[Z`tNMfubz|C�uEDGL°u7T[ub]bMIJIO`L x O`T�DRJ_Y[FIDGMfY}O`Ls¹_´¤µ��_¶fÀ�h`MftKu�C�uEDRF_HKJIubz|ikj1lphNY}MIF�yGDRT[HKu�]7O`J_JIu7]VMfubz�MIO�MItKuk«�± x O`T}u¹¤i ÔjEl À�DRLKz�FIY}Lv �¡�¢ �¨£I¥�W¦ � Þ O`J�´¤µ��I¶4MftKu{MfOGM�DRT=ubJIJIORJSF_tKO1��L�Y[F�zKORC|Y}L~DRLNMfT�d�F_deFgMfu7C|DGMIY[] � Þ O`J�MftKu�ORMftvu7J�eHKDRLNMfY}MIY[ubF7h�Mftvu�u7J_JIO`J_F�DRJ_u�Mftvu&F_MfDGMfY}F_MIY[]EDGT�DGLKzØF_deFgMfu7C|DGMIY[]&]bO`C x O`Lvu7LNMfF�J_u7F x ub]bMfY�y`ubT}d � B tKu&Å~LKDRT]7O`C�nvY[LKubz�J_u7FIHvT}MkDR]b]7O`HKLNMIFkQ¨O`J�]bO`JIJ_u7T[DGMfubz/HvLK]7ubJ_M�DGY[LNMfY}u7F �
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0
LRA

0.10 0.12 0.14 0.16

92

93

94-95

96

97-98

Average

 0.004  0.044 ±
0.100  

 0.0028 0.0071 ±
0.1656 

 0.0011 0.0042 ±
0.1512 

 0.0010 0.0057 ±
0.1593 

 0.0010 0.0024 ±


±


±


±


±


±
0.1491 

 0.0019±
  0.0011±
0.1514

/DOF=7.4/4  Prob.=11.4%2χ

Þ Y[Z`HvJIu
� � áv©mâ×]7O`C x Y}T�DGMIY[O`L�ORQ MftKu x HvnKT[Y}FItKubz^w � o i Ôj1l J_u7FIHvT}MfFbh\O`JIzKubJIubz�nNd�dRuEDRJ � B tKu�Å~L~DGT~DEy`u7JIDRZ`uY[F�Q¨O`JIC�u7zsY}LK]7T}HKzKY}LKZ°]7O`J_JIubT�DGMIY[O`LKF�Y[LPF_deF_MIu7C|DGMfY}]�u7JIJ_O`JIF �
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B tKu|w�� o ]bO`T[T[DRn�O`JfDGMIY[O`L�zKubMIu7J_C|Y}LKu7z�MItKu°Y[LKzvY}yeY[zKHKDRT�T}u x MIO`LUDRF_deC�C|uVMfJgd x DGJfDRC�ubMIu7JIF�HvFIY[LvZ/T}u x MIO`LÅ~L~DRT�±aF_MfDGMfukubyRu7LNMfF q ¼ Î �vh_¼ Î . r � »=T[ub]bMfJ_O`L x O`T[DRJIY}FfDGMIY[O`L{DRT}T[O1��F�O`LKu�MfO�zKubMIu7JIC�Y[LvukMItKukÅKL~DRT�±XF_MfDGMfu�DRF_deC°±C|uVMfJ_d x DRJfDRC�ubMIu7J���� Q¨O`J�T[u x MfO`L��kY[L�DSFIY[LvZ`T[u�C�uEDRF_HKJIubC|ubLNM�HKF_Y[LKZ�Mftvu�T}ubQWM_±XJIY}Z`tNM=Q¨O`J_��DRJIze±an~DR]��N��DRJIzDRF_deC�C|uVMfJ_dRhÆi Ô 
��j1l�� � Á *

Y"! µ�� ! ��� � â@LºDRzvyGDRLNMfDRZ`u°ORQ x O`T�DRJ_Y[FIDGMfY}O`L�Y}F@MftKDGM���Y}MIt�µ���Á à`½ Ð h�Mftvu°T[ubQWMg±JIY[ZRt\M�Q¨O`Jg��DGJIz­±Xn~DR]��N��DGJIzsDRFgdeC|C�ubMIJIY[ubF=d­Y}u7T}z^DSF_M�D�MfY[FgMfY}]EDRT x JIu7]bY[F_Y[O`L�u7�\HKY�yRDGT[u7LNM¬MfOSC|u7DRFIHvJIu7C�u7LNMIF�ORQMftKu�HKL x O`T[DRJIY}FIu7zsQ¨O`Jg��DGJIz­±Xn~DR]��N��DGJIz�DGF_deC|C�ubMIJ_d^HKFIY}LKZ^D�Í`½§MIY[C�u7F�T�DGJIZ`ubJ�ubyRu7LNM4FIDRC x T[u ��XQªT[u x MfO`L{HKLvY}y`ubJIFIDRT[Y�Mad°Y[F�DRF_FIHKC�u7z�h\MItKu�JIubFIHKT�MfF=Q¨O`J�DRT}T­MftvJIu7ukT[u x MfORL ,~D1yRO`HKJ_F�]7DRL{nªu�]7ORC�nKY[Lvu7z°MfOd­Y}u7T}z�D{zKuVMfu7J_C|Y}L~DGMIY[O`LsORQ FIY}L   ¡ ¢ �¨£I¥�W¦ hK��tKY[]�t/Y[LsMIHKJIL/]EDRL/n�uS]bO`C�nKY}LKu7zs��Y�MftPMftKu�C�O`JIu x J_u7]bY[FIu�J_u7FIHvT}MQ¨JIO`C ikj1l � B tKu¬ubyRu7LNM=FIDRC x T[u=HKF_u7z�Q¨ORJmikj1l°Y[FmDRT}C|ORF_M x HvJIu7T�d�t~DRzKJ_O`LKY}]�DRFmMItKu7J_u�Y}FpO`LKT}d�D�yRu7J_d�F_C^DGT[TÙh¹ ÎvÄ � � Î­Ä ¼�À Ð hvDRzvC|Y��­MIHKJIu�ORQ�M�DGH x DGY[J�ubyRu7LNMfF�±�tvu7LK]bu�MftvukT}ubQWMg±aJIY}Z`tNM�DRFgd­C�C�ubMfJgd{ORQ�MftKukT[u x MfO`L�ubyRu7LNMfF��DRF�DPF_M�D�MfY[FgMfY}]EDRT}T}d�Y[LKzKu x ubLKzKubL\M�C�uEDRF_HKJIubC|ubL\M � � tKY}T[u�MItKu{T[u x MfO`LUÅ~L~DRT�±aFgM�DGMIu{DRL~DRT�d­F_Y[F�zKubFI]bJIY[n�u7zY[L���tKDGM@Q¨O`T}T[O1��F�Y[FkC|ORJIuSFIO x tvY[F_MIY[]7DGMfubz�MftKDRL�DRL&i�j1lK±aFgMadeT[u§]bO`HKLNMfY}LKZ^C�uEDGFIHKJ_u7C�u7LNMEh�u7F_FIu7LNMIY�DRT}T}d/DRT}TMftKusY}LvQ¨O`JIC|DGMIY[O`L�O`L*FIY}LK �¡�¢ �¨£I¥�¨¦ Y}F�O`nvMfDRY[Lvu7z�Q¨JIORC MftvusT[ubQWMg±aJ_Y[Z`tNM§DRF_deC�C|uVMfJ_d�ORQ�MftKubFIusuVy`u7LNMIF � B tKuY[LK]bT[HKF_Y[O`LºORQ�MItKu^zKY}F_MIJIY[nvHvMfY}O`LKF�Y[L x ORT�DRJSDRLKZRT[u°Mft~D�M�DRJ_u|ubFIF_u7LNMfY[DRT�Q¨O`J�MItKu^u��­MIJfDR]VMfY}O`L�ORQ�MftKu{Å~L~DRT�±F_M�D�MfukDRF_deC�C|uVMfJ_Y[u7F�Y[C x JIO1y`ubF<MftKu�J_u7FIHvT}MfY}LKZ x J_u7]7Y}FIY}O`L°O`L{FIY}LK �¡�¢ �¨£I¥�¨¦ hNnKHvM�O`LKT�d§MIO � ÎvÄÏÎ`Î`Î àRá4]7O`C x DRJ_u7zMfO|DRnªORHvM � Î­Ä¾Î`ÎRÎ àR¿°O`nvMfDRY[LKubzsQ¨JIO`C
D{F_Y[C x T[u@T[ubQWMg±aJ_Y[Z`tNM�uVy`u7LNM�]7O`HvL\M �B tKu�zKY}�ªu7J_u7LNMfY[DRT�]7J_O`FIF ±aFIub]bMIY[O`LÖQ¨ORJ�MItKu x HvJIuA«cDRC x T[Y}MIHKzKusu7·�u�²$# «%# Q Q�Y[F{Q¤DR]bMIO`JIY}Û7u7zÖDRFQ¨O`T[T}O���Fb©&& � � �K¹ � 	('
	 µ��/�f��� 	 ���gÀ Õ 	 �v¹ ' À*) �K¹ � 	 µ��/�f��� 	 ��� À
Á 	 �v¹ ' À,+¨¹g¼�Â�µ�� ���_Àb¹g¼�Ã �   ÀÆÃc¹¤��� Â�µ��IÀg��� Í �.- 	 ¹�� � ¼1Í`À

��tKu7J_u 	 ��Y}FIO`T[DGMfubF°zKu x u7LvzKu7LK]bu�O`L ' h�MItKu�F_�\H~DRJIubzÖ]bu7LNMfJ_uV±aOGQ�±aC|DRFIF{u7Lvu7JIZGd`h�DRLvz/) �A]7ORL\MfDRY[LvF{MItKuzKu x u7LKzvu7LK]buAO`L � Á ]bO`F ¡­h���tvY[]�tÖZRY}y`ubF|MItKu�zvY[JIub]bMIY[O`L(ORQ@MItKu&ORHvMfZ`ORY[LKZUT[u x MfORL0� ² ��Y�Mft³JIu7F x ub]bMMfOsMftKu§u7T[ub]bMIJIO`L­±Xnªu7DRC!zvY[JIub]bMIY[O`L � Þ O`J@D�]7O`C x T[uVMfu�zvu7FI]bJIY x MfY}O`LAORQ¬T[u x MfO`L x DRY[J x JIOezKHK]VMfY[ORL�h x tKOGMfO`LuV�­]�t~DRLKZRu�MfubJIC�FkDRLKz�h~Y�QmMItKu�Å~L~DRT�±aFgM�DGMIu�T[u x MfO`LKFkDRJ_u�u7T[ub]bMIJIO`LKFbh �X±a]�t~DGLKLKu7Tp]bO`LNMfJIY}nKHvMIY[O`LKF�tKD1yRu�MIO�n�uM�DR�Gu7L&Y}LNMfO�DR]7]bO`HKLNMEh DGF���uSzKu7F_]7JIY}nªu�n�u7T}O�� �

���X[���� 1 �%�T�H_ �����/2 
^��$%�43
Þ Y[Z`HvJIu � � à&F_tKO1��F�MftKus]bO`F ¡&zKY}F_MfJ_Y[nKH­MfY[ORLKF�Q¨O`J�u · u ² h�4 · 4 ² h�DRLKz65 · 5 ² ]EDRLvzKY[z~D�Mfu7F�Q¨O`J�MItKuA¼1ß`ßNà1±¼1ß`ß`¿Pz~DGMfD � �Æu x MIO`LKY[]°Å~LKDRT�±XF_M�D�Mfu{ubyRu7LNMfF{DRJ_u{Y[zKubL\MIY}Å~ubz�h<DGLKz B DRnKT}u � � .�FIHKC�C^DGJIY[F_u7F�Mftvu^FIubT[ub]bMfY}O`LubÇ�]7Y}u7LK]bY[u7Fbh nKDR]��\Z`JIO`HvLKzKF�DGLKz�L\HKC§nªubJIF�ORQ�F_u7T}u7]bMIu7z�]EDRLKzvY[z~DGMIu7F�Q¨O`J�u · u ² h�4 · 4 ² hmDRLKz75 · 5 ² Å~LKDRTF_M�D�Mfu7F � B tKu x JIu�±�¼1ßRßNà�JIubFIHKT�MfF¬DRJ_u�FIY}C|Y}T�DRJmnKHvM�t~DEyRukF_C^DGT[T[ubJ<DR]b]7u x M�DRLv]7u ! ]7O`F ¡ !�8 ÎvÄ ¿vhNJIu ,~u7]VMfY[LvZ�MItKuY[C x JIO1y`ubz^DG]7]7u x M�DGLK]7u�ORQ�DGL|H x Z`JfDRzvu7z|yRu7JgMfuV�|zKuVMfub]bMfORJ�HKF_u7z�Q¨O`J<MftKukLKuV��ubJ�z~D�M�DvhN��tKY}]�t^DRT}T[O1��u7z{Q¨O`JubÇ�]7Y}u7LNM�MfJfDG]��^Å~LKzKY}LKZ°H x MfO ! ]bO`F~¡ ! Á ÎvÄ ß � B tKu�w�� o uVy`u7LNM�MfOGM�DRT}F7hvY}LK]7T}HKzKY}LKZ°DRT}T�z~DGMfDvh~DRJ_uSÍ`Í�Í`½ .Kh¼1á�¿3.L.{DRLKzº¼1á Î ¿3.�Q¨ORJ�MftKu�u7T}u7]VMfJIORL­±�hKC§HKO`L­±�DRLvz/MfDRH­± x DRY[J�ÅKL~DRT�FgM�DGMIu7FkJIu7F x ub]bMIY}y`ubT}d �â�L�uVy`ubL\Mg±anNdN±auVy`u7LNM�C|D��­Y[C�HvC�T}Y[�RubT[Y}tKO­Oez�ÅvM�Y}F=HKFIubz�MIO�Y[LK]bO`J x O`JfD�Mfu�Mftvuk]bO`LNMfJ_Y[nKHvMIY[O`LvF<ORQ�DRT[TvMItKuMfu7J_C|F�Y}LUMItKu°]7J_O`FIF ±aF_u7]bMIY[O`L�DRLKzAMfOPY}LK]7T}HKzKu�Mftvu�uV��ub]bM�ORQ�Y[LKY�MfY�DGT�±aFgM�DGMIu�JfDRzKY[DGMfY}O`L � B tKu7J_u^DRJ_u�MftKJ_u7uT[Y[�Gu7T}Y[tKOeO­z�Q¨HvLK]bMIY[O`LKF�Q¨O`J¬Y[LKzvY}yeY[zKHKDRTKT[u x MfORL|Å~L~DGT�FgM�DGMIu7F � â@T[T~MItKJIubu�T}u x MIO`L|Å~LKDRT F_M�D�Mfu7F�]7O`LNMIJIY[nvHvMfu�MfOMftKu{C�uEDRF_HKJIubC|ubL\M�OGQ�����h���tKY}T[uV4 · 4 ² DRLKz95 · 5 ² Å~L~DRT<FgM�DGMIu7FSDRJ_u°HKFIubz�MfOszvubMfubJIC�Y[LKu°��:�DRLKzº��;JIu7F x ub]bMIY}y`ubT}d �B tKu�T}Y[�RubT[Y}tKO­Oez^Q¨HKLv]bMfY}O`LsQ¨O`J�C�HKORL­±�DRLKzsM�DGH­± x DGY[J�Å~LKDRTÆF_MfDGMfubFkY}F�zKubÅ~Lvu7z�DGF�Q¨O`T[T}O���Fb©
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7�DRJ_Y}Mad�yeY[ORT�DGMIY[O`L�Y[L�Mftvu{��uEDG��LKu7H­MfJfDGT=]7HKJ_JIu7LNMSJIubFIHKT�MfF�Y[LUDsLKORL­±aÛbu7JIOPT}O`LKZ`Y�MfHKzKY}L~DRT x ORT�DRJ_Y[FfD�MfY[ORL&ORQQ¨u7JIC�Y[ORL x DRY}JIF x J_O­zvHK]7ubz(Y}L�MftKusJ_uEDR]VMfY}O`L�u · u ² # Q Qbh=��Y�Mft�Mftvu�5*T[u x MfO`L*n�u7Y}LKZ�MftvusO`LKT}dºQ¨HKLKzKD�±C|ubL\MfDRT�Å~LKDRT�±XF_M�D�Mfu@Q¨ubJIC�Y[O`L^��tvO`FIu x O`T�DRJ_Y[FIDGMfY}O`L^Y}F�uV� x u7JIY}C|ubLNM�DRT}T}d|DR]7]bu7F_FIY[nvT[uSDGM��p»T7 q ¼ Î á r � B tKu�5
x O`T[DRJIY}FfDGMIY[O`L�heµ ;Rh~Y[F�Z`Y�y`ubL�nNd

µ ; Õ ¹9� · Â � ² À � ¹ � · Ã � ² À 	 ¹A. � ¼�À��tKu7J_uV� · J_u x J_u7F_u7LNMfF�MftKu§]7JIORFIFg±XFIub]bMfY}O`LAQ¨O`J x JIOezKHK]7Y}LKZ x O`FIY�MfY�y`u�tKubT[Y}]7Y}Mad 5�²ºT[u x MfO`LKF4DRLKz � ² MftvO`FIuORQ�LKubZNDGMfY�y`u�tKu7T}Y[]7Y�Mad � B tvu&%Gj�DRLKz�%Rl×Lvu7HvMIJfDRTk]7HKJ_JIubL\M^]7O`H x T[Y}LKZ`F7h�Y[LNMfJ_O­zKHv]7u7z³Y[LÖ»��\H~D�MfY[ORLKF&¼ � áDRLKz ¼ � à­h��eHKDRLNMfY}QWd�MftKusFgMfJ_u7LKZRMIt¯ORQ�MftKusY}L\MIu7JIDR]bMIY[O`L*n�ubMa��u7ubL³Mftvu/« DGLKz*MftKus]�tKY}JfDRT�F_MfDGMfubF�OGQkMItKuQ¨u7JIC�Y[ORLKF � â F_HKnvMfT}uRhÆnKH­M�]bO`LK]bu x MIH~DRT[T�d�Y}C x O`J_MfDRLNMEh x O`Y}L\M4Y[F4MftKDGM�MftKu x O`T�DGJIY[FIDGMfY}O`L&C�uEDGFIHKJ_u7C�u7LNMfFY[LNy`O`T�y`uSMftKu�Q¨u7J_C|Y}O`LPtKu7T}Y[]7Y�MadsF_MfDGMfubF7hªDRFkO xKx O`FIubz�MfO{Mftvu7Y[Jk]�tKY}JfDRTÆFgM�DGMIu7F � B tvus¹g¼ �³Ñ � ÀR�RÍ{O x u7JIDGMfORJIFx JIO �_ub]bMkO`HvM�FgM�DGMIu7F�ORQ D°zKubÅKLKY}MIu�]�tKY[JIDRT[Y�Madª©�¹g¼�Â�Ñ � À �`Í x J_O �_u7]VMfF�O`HvM�MItKu�T[ubQWMg±at~DGLKzKu7zs]�tvY[JfDGT�Q¨u7J_C|Y}O`L¹ DRLKz³JIY}Z`tNM_±atKDRLKzKubzÖDRLNMIY�±XQ¨ubJIC�Y[O`L~À�F_MfDGMfubF^DRLvz ¹g¼4Ã'Ñ � ÀR�`Í�MftKu/JIY}Z`tNM_±Xt~DRLKzKubz³]�tvY[JfDGT�Q¨u7JIC�Y[ORL'¹¤DRLKzT[ubQWMg±at~DGLKzKu7z³DRLNMfY�±XQ¨ubJIC�Y[O`L À�F_MfDGMfubF � �aL³]7O`LNMIJfDRFgMEh�tvu7T[Y}]7Y�Mad�Y[F�MItKu x JIO �_ub]bMIY[O`L(ORQkMftKu/F x Y}L³ORL\MIOºMItKuzKY[J_u7]bMIY[O`L*OGQkMItKusQ¨u7J_C|Y}O`L�C�O`C|ubLNMfHKC/©|Y�Q�MftKusF x Y[L(DRLKz¯C�O`C�u7LNMfHKC DRJ_usO xKx O`FIY�Mfu7T�d�DGT[Y[ZRLKu7z�h<MItKutKu7T}Y[]7Y�MadPY[FkLKu7Z`DGMfY�y`u���tvu7JIu7DRF4Y�Q�Mftvu§F x Y[LADRLvz�C|ORC|ubL\MIHKC DRJ_u�DRT}Y[Z`LKubz�hKMftvu§tKubT[Y[]bY}MadPY}F x O`FIY�MfY�y`u � �aLMftKu�u��eMfJIubC|u|JIubT�DGMIY}yeY[FgMfY[]°T}Y[C�Y}M7h¬¹g¼�ÂÖÑ � ÀR�RÍ x J_O �_u7]VMfF�O`H­M�LKubZNDGMfY�y`u�tKu7T}Y[]bY}MadUF_MfDGMfubF�DRLvz ¹g¼�Ã Ñ � À �`Íx O`F_Y}MIY}y`uStKubT[Y[]bY}MadsFgM�DGMIu7F � B tKu§T[ubQWMg±at~DGLKzKu7z/]�tKY}JfDRTpQ¨u7J_C|Y}O`L�¹ DRLKz&JIY[ZRt\Mg±at~DGLKzKu7z&DRLNMfY�±XQ¨u7J_C|Y}O`L À�FgM�DGMIu7Fnªub]7O`C�u�Y}LKzKY[FgMfY}LKZ`HKY}FIt~DRnvT[u<Q¨JIORC MftKu�C|u7DRFIHKJ_u7z�Lvu7ZNDGMIY}yRu�tKubT[Y}]7Y}Mad�FgM�DGMIu7F�DRLKz§MItKu�J_Y[Z`tNMg±at~DRLvzKu7z�]�tKY[JIDRTQ¨u7JIC�Y[ORL¯¹ DRLvzºT}ubQWMg±at~DRLvzKu7zUDRLNMIY�±XQ¨ubJIC�Y[O`L~À�FgM�DGMIu7F4Q¨J_O`C�MItKu x O`FIY�MfY}yRu�tKubT[Y[]bY}Mad/F_MfDGMfubF � Ý�O`LKFIub�\HKu7LNMfT�d`hDGM �p»T7 hN��tKubJIukMftKu45^T}u x MIO`LKF�DRJIu x J_O­zvHK]7ubz^��Y}MIt|tKY}Z`tKT�d�JIubT�DGMIY}yeY[FgMfY}]�u7LKubJIZ`Y}u7F7h\µ ; x JIO1yeY[zvu7F�DSzKY}JIub]bMC|u7DRFIHKJ_u7C�u7LNM/ORQSMftKuA]�tKY}JfDRT4DRF_deC�C|uVMfJIY}u7FsORQ�MItKuULKu7HvMIJfDRT�]bHKJIJ_u7LNM � S d×]7O`LNyRu7LNMfY}O`L�h@µ ; Õ µ ;('DRLKz FIY[Lv]7uRh�MfO³D*yRu7JgdcZRO­Oez D xKx J_OE�vY}C^D�MfY[ORL�hkMItKu95 ² DRLKz 5 · t~DEy`uºO xKx O`FIY�MfuAtKubT[Y}]7Y}MIY[ubFsDGM��p» 7mhµ ;)' Á	Â�µ ;+* �Þ O`J x HKJ_u°«�u��v]�tKDRLKZ`u°Y}L�Mftvu§Y[LNMIu7JfDG]bMfY}O`L&OGQ<MftKu�HKL x O`T�DGJIY[F_u7z�u · u ² nªu7DRC�F4DGM �p» 7mh�MItKu�zKu x ubL­±zKu7LK]bu�OGQmµ,;�O`L/¡ ;)' h­MftKu�DRLvZ`T[u4n�ubMa��u7ubL�MItKu�5ª²�C�O`C|ubLNMfHKC
DRLKzPu�²�n�uEDRC/hv]7DRLPnªu�zKubFI]bJIY[n�u7z/nNdsDFIY[C x T}u§JIubT�DGMIY[O`L�uV� x J_u7FIF_u7z�Y[L&MIu7JIC�F4ORQ=MItKu�Ma��OsLKu7HvMIJfDRT�]7HKJ_JIu7LNMSDRFgdeC|C�ubMIJ_d x DRJfDGC|uVMfu7J_F7hª��;{DRLKz���bhKDRLKzPMftKu�Q¨O`Jg��DRJ_z­±anKDR]��N��DRJ_z�DRFgdeC|C�ubMIJ_d�OGQ MItKu�5�h i ;� � ©
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B tKu�Q¨O`HvJ��m»T7Öu�� x ubJIY[C�u7LNMIF�HKF_u��eY}LKu7C|DGMIY[]4zKY}F_MIJIY[nvHvMfY}O`LKF�ORQmMftvuSORnKFIubJ_yGDRnKT}u 5Pzvu7]EDEd x J_O­zvHK]bMIF7hDRLKz³MItKu	��Âkâ�L~D�MfHKJ_u/OGQ@Mftvu�]�t~DGJIZ`ubz³��uEDR�¯]7HvJIJIubLNM^zKub]EDEdeF7h�MIO�C�uEDRF_HKJIuPMftvu x O`T�DGJIY[FIDGMfY}O`L*DRF�DQ¨HKLK]bMIY[O`L&ORQ=]7ORF ¡ ; ' Y[L&zKDGM�D�]7O`T}T[u7]VMfubz&zKHKJ_Y[LKZ�MftKu|¼1ß`ß Î ± ßN½�«�JIHvLKLKY[LvZ x u7JIY}O­z � S u7]EDGHKFIu§MItKu�DG]bMfHKDRTJIuEDG]bMfY}O`LPzKOeu7F�LKORMkO`LKT�d�]bO`LNM�DRY}LPMItKu x HKJ_u§« x JIO x DRZNDGMIO`J�nKH­M@DGT[FIO{Y}LK]7T}HKzKu7F�]bO`LNMfJ_Y[nKHvMIY[O`LvF�Q¨JIO`C
MItKu
x tKORMIO`L x JIO x DGZNDGMfORJ7h­ÑKÒv«AY[LNMIu7J_Q¨ubJIubLK]7uGh DRLKz/ORMftKubJ x tKORMIO`LKY}]�JfDRzKY[DGMfY�y`u4]bO`JIJ_u7]VMfY[ORLKF7hvMItKu x DRJIDRC|uVMfubJIFO`nvM�DGY[LKubz|HKF_Y[LKZ§»=�eHKDGMfY}O`L:. � Í�DRJIukD xvx JIOE�­Y[C|DGMfY}O`LKF<MIO���;�DRLKz|��� � �aL^ORJIzKubJ¬MIO�zKY}F_MIY[LKZ`HvY[FIt{n�ubMa��u7ubLMftKubFIu x HvJIu�« x DRJIDRC|uVMfubJIF�DGLKz|MItKO`FIuk��tKY[]�t^Y[LK]bT[HKzKu�MItKu@F_C^DRT}T~LKO`L­± «/uV��ub]bMfFbh­MItKu@C�uEDRF_HKJIubz x DRJIDRC°±ubMfubJIF�DRJIu�zvu7LKORMIu7z�DRF�´¤µ ;1¶�DGLKzPi £JE ¢� � Y}L�MftKu�T}Y}MfubJfDGMIHKJIu � ´¤µ ;1¶�Y[F�Mftvu�DEyRu7JfDGZ`u�5 x O`T[DRJIY}FfDGMIY[O`L|O�yRu7JkDRT}T
x JIOezKHK]VMfY[ORLUDRLKZ`T}u7F�DRLvzºi £JE ¢� � Y}F@Mftvu�Q¨O`J_��DRJIze±an~DR]��N��DRJIz x O`T�DGJIY[FIDGMfY}O`L�DGF_deC|C�ubMIJ_d � �XQ¬O`LKu°tKDRzUO`LKT}dx HKJIu�«suV�­]�t~DRLvZ`uRh\MftKubFIu���O`HKT[z{n�u�MfJIY�yeY�DRT}T}d�JIubT�DGMIu7z°MfO4MItKu�LKu7H­MfJfDGT~]7HKJ_JIu7LNM�DRFgd­C�C�ubMfJgd x DGJfDRC�ubMIu7JIFb©´¤µ ;�¶�Á�Âk��;kDRLKz�i £JE ¢� � Á�Â *Y ��� � « Þ � B�B » ;�q �v¼ r Y[F=HKF_u7z|MIO�]bO`LNy`ubJ_M¬Q¨JIO`C ´¨µ ;�¶=DRLKz�i £JE ¢� � MfOS��;kDRLKz���bheJIubF x u7]VMfY}yRu7T�d`hvnNd�]7ORJIJIub]bMIY[LKZSQ¨O`J¬MItKuk]7O`LNMfJ_Y[nKH­MfY[ORLKF�OGQ�MftKu x tKORMIO`L x JIO x DGZNDGMfORJ7hNÑKÒv«�Y[LNMIu7J_Q¨ubJIubLK]7uDRLKz&ubT[ub]bMfJ_O`C|DRZ`LKuVMfY[]�JIDRzKY[DGMfY�y`u�]7ORJIJIub]bMIY[O`LKF�Q¨O`J�Y}LKY}MIY�DRTªF_M�D�Mfu�DRLKzPÅ~L~DRTpF_MfDGMfuSJfDGzKY�DGMIY[O`L � B tKu7F_u�]7O`J ±JIu7]VMfY}O`LKF�t~DEyRuPD � ' zKu x ubLKzKu7Lv]7us��tKY[]�t¯DGJIY[F_u7FSQ¨JIO`C MftKu|LKO`L­± «Ö]7O`LNMIJIY[nvHvMfY}O`LKF�MIO¯´¤µ ;1¶§DRLKz*i £JE ¢� � �B tKY[F�T�D�MIMfubJ@Q¨uED�MfHKJ_u°Y[F�Y[C x O`J_MfDRLNM4FIY}LK]7u�MItKu{OR� ± x uEDR��z~DGM�DsDGJIu°Y[Lv]7T[HvzKu7zUY[LAMItKu°ubyRu7LNM§FIDRC x T[ubF4Q¨O`JDRT[TÆu�� x u7J_Y[C�u7LNMfF � � T}MfY}C^D�Mfu7T�d`hvDRT[T �p»T7Ø]7ORT[T�DGnªO`JIDGMfY}O`LKF�uV� x JIubFIF@MItKu7Y}J 5 x O`T[DRJIY}FfDGMIY[O`L�C�uEDGFIHKJ_u7C�u7LNMfFY[LsMfubJIC�FkOGQ���;SDRLvz���� ��XM�Y[F�Y}C x O`J_MfDRLNM�MfO�J_u7C|DRJI�{Mft~D�M�MftvY[F�C�ubMItKOez�ORQpC�uEDRF_HKJIY}LKZ§µ ;N¹¤]7ORFª¡ ;(' À�d­Y}u7T}zKF�LKu7DRJIT�d�Y[LKzKu x ubL­±zKu7LNM�zvubMfubJIC�Y[L~D�MfY[ORLKF=ORQ���;�DRLvz^��� � Ý�O`LvFIu7�\HKubLNMfT}dRhvMftvu 5 x ORT�DRJ_Y[FfD�MfY[ORL�C|u7DRFIHvJIu7C�u7LNMIF x J_O1y­Y}zKukLKORMO`LKT}d§D�zKubMIu7J_C|Y}L~DGMfY}O`L§OGQªF_Y[LK �¡ ¢ �¤£_¥�W¦ nKHvM¬DGT[FIO4MIu7FgM=MftKu�tNd x OGMftKubFIY[F=OGQ�MItKu�HKLKY�y`ubJIFfDGT[Y}Mad�ORQ Mftvu�]7O`H x T[Y[LvZ`FORQ�MItKu�«AMIO{MItKu�u7T}u7]bMIJIO`L/DRLvz�5/T[u x MfORL �â×Z`ubLKu7JIDRTKO1y`ubJ_yeY[uV�ØzKubFI]bJIY[nvY[LKZ�Mftvu�uV� x ubJIY}C|ubL\MfDRTKC�ubMItKO­zvF�Q¨O`J=C�uEDRF_HKJIY}LKZ@Mftvu45 x O`T[DRJIY}FfDGMIY[O`L�DGM�m»T7*Y[F�]bO`LNM�DRY}LKu7z�Y[L^w­u7]VMfY}O`L:. � Í � B tKY[F¬Y[F=Q¨O`T}T[O1��ubz{Y[L^w­u7]VMfY[ORL:. � ��n\d|D�zKY[F_]7HKF_FIY}O`L^ORQªMftKu�zKORC|Y}L~DRLNMF_deF_MIu7C|DGMfY}]�HKLK]7ubJ_MfDRY[LNMfY}u7F�J_u7T}ubyGDRLNM�MfO�MftKubFIu�C�uEDRF_HKJIubC|ubL\MIF � B tKu�J_u7FIHvT}MfF�Q¨O`J���;�DGLKzP���¬Q¨J_O`C uEDR]�tORQ�MItKuSQ¨ORHKJ��p» 7Øu�� x ubJIY[C�u7LNMIF@DRJ_u x JIubFIu7LNMIu7z�Y}L�w­ub]bMIY[O`L . � .^DRF���u7T}TpDRFkMItKu�]7O`C§nKY[LKubz�J_u7F_HKT}MIFk��Y�MftDRLKz���Y�MftKORHvM�MftKu�DRFIF_HKC x MfY}O`LPORQ<T}u x MIO`L�HvLKY}yRu7JIFIDRT[Y�Mad � B tKuSMIJIu7DGMfC�u7LNMkORQ<]bO`JIJ_u7T[DGMfY}O`LKF�n�ubMa��u7u7L�MItKuC|u7DRFIHKJ_u7C�u7LNMfFkY[LsMItKu�]7O`C�nvY[LKubz/J_u7F_HKT}MIFkY}F�DRT[F_O{zKY[F_]7HKF_FIu7z�Y[LsMftKDGM�FIub]bMfY}O`L �
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]bO`LKFIubJ_yGDGMIY[O`L x J_O­zKHv]7u7F�D � ��Y}MftPC�O`C�u7LNMfHKC x JIuVQ¨u7J_u7LNMfY[DRT[T�d�DRT}Y[Z`Lvu7z���Y}MItsMftKu�tKubT[Y}]7Y}MadORQ�MItKu 5^DRF¬zKu x Y[]bMIu7z|Y[L Þ Y[Z`HvJIu�. � ¼ � �aL�MftKu�T�DGnªO`JIDGMfORJ_d§Q¨JIDRC�u�MItKY[F�C�uEDRLvF�MIt~DGM�D � ² x J_O­zvHK]7ubz|Q¨JIORCMftKu�zKu7]7D1d�ORQ�D x O`FIY�MfY�y`uV±XtKu7T}Y[]bY}Mad 5�²���Y}T[TÙhRO`L�DEy`ubJfDRZRuRhvn�ukC|O`J_u�u7LKubJIZ`uVMfY[]�MftKDRL�D

�
² x J_O­zvHK]7ubz|Q¨JIORCMftKuSzKu7]7DEd�OGQ=D{LKu7ZND�MfY}yRuV±XtKu7T}Y[]7Y�Mad 5 ² �

- �aL/MftKu�tKubT[Y[]bY}MadsJ_u7FgM�Q¨JIDRC|u�OGQ�Mftvu 5�h   MftKuSzKY}�ªu7J_u7LNMfY[DRTÆzKub]EDEd
.��2K8:�����T�1CGF5�O�7 J'021 GFD2:':L1F? J >67 �SV
	 5I?ET J'021NK8b2bXK87'>aJL1 �W>6?21FMN5IJ'>[G<:L1F3[5�JL>PK8?E7c02K�3[T
j�� K�H 1F\81F: �XUX1�G�5IDE7'1�J'021���
5�?ET���� 5�:'1 b2:LK�T�DEGF1�T�H`>aJL04K8b2bXK87'>aJL1^021F36>6GF>aJL>P1C7��WR)K8: 5�@�>6\�1�?����fJL021]T�1CGF5�O T�>[79J':L>PU2D2J'>6K�?E7`5�:'1cJ'0E1]7'5�M�18j
� /�021�� :'1C7 J�R):_5IM 1 H`02K87'1�� � 5���>[7 >[7 5�3P>6@�?21CT H`>PJ'04JL021���M K8M�1�? J'D2M�5�7�M 1�5879D2:L1�T�>6? JL021^365�U=K8:L5IJ'K8:'O R):_5IM 1�j

ß`ß



ντ

⇒
π−

Spin 0

τ−
⇒

π−
Spin 0

ντ

⇐

τ−
⇐

Þ Y[Z`HvJIu�. � ¼`© o ub]EDEdÖ]bO`LvÅ~ZRHKJfDGMIY[O`LvF|Q¨O`J�Ma��O�5×tvu7T[Y}]7Y�Mad³FgM�DGMIu7F^Q¨ORJ|Mftvu�zKu7]7DEd/5ª² #
�
²
�
; � B tKu

x O`F_Y}MIY}y`u�tvu7T[Y}]7Y�Mad�]7ORLvÅ~Z`HKJIDGMfY}O`LsY[F�O`LsMItKu�T[ubQWMkDGLKzsMftKu�LKubZNDGMfY�y`u�]7ORLvÅ~Z`HKJIDGMfY}O`LPY[F�O`LsMItKu�JIY[ZRt\M � Þ O`JuEDR]�t x DRJgMfY[]bT[uGh�MftKusT}O`LKZUDRJ_JIO1� zKu x Y[]bMIF�MftKusC�O`C�u7LNMfHvC zKY}JIub]bMfY}O`L���tKY}T[u^MItKusFItvO`J_M{zKORHKnKT[u�DRJIJ_O��Mft~DGM�ORQÆMftKu@F x Y}L � B tKu4T}O���u7J x DRY[J¬ORQÆÅ~ZRHKJIubF�Y[F�zvu x Y}]bMfubzsY[L^MItKu4tKubT[Y}]7Y}Mad{J_u7FgM�Q¨JfDRC�u�OGQÆMftKu x DRJIubL\M 5 �

��Y[zvMIt�Y}F
¼
�

& �& ]7ORF ¡�� Á ¼
Í ¹g¼�Ã¯µ,;p]7O`F ¡��`À 	 ¹A. � �NÀ

��tKu7J_u�¡���Y[F°MftKu x O`T�DRJ{DGLKZ`T[uPORQ � C�O`C�u7LNMfHKC Y[L¯MftKu 5ØtKubT[Y}]7Y}Mad�JIubF_M�Q¨JfDRC�u/DRLKz³µ,;&Y}F�MItKu�LvubM
x O`T[DRJIY}FfDGMIY[O`L/Q¨O`J�DRLUu7LvFIu7C§nKT[u{ORQ 5UT[u x MfO`LvF � B tKY}F�uV� x JIubFIF_Y[O`L�hp��tKubL�n�O­ORF_Mfubz�Y}LNMfO�Mftvu�T[DRn�Q¨JfDGC|uGhZ`Y}yRu7FkD�zvY}�ªu7JIubLNMfY�DGT�zKub]EDEds��Y[zvMIt�OGQ

¼
�

& �& � � Á ¼¬Ã¯µ ;e¹ Í � ��Â×¼�À 	 ¹A. � .\À
��tKu7J_u � ��ÁcÈ�� � È ;�Y[F=MftKu x Y}O`L|ubLKu7J_ZRd�Y[L�MftKukT�DRn{Q¨JfDGC|u�FI]7DRT[ubz^nNd{MftKukC|D��­Y[C�HKCÜu7LKubJIZRd|DEyGDRY[T[DRnKT[uDRLKz�MIu7JIC�F§OGQ�O`JIzKubJs¹���� � ��;1À   t~DEyRu�nªubu7L*LKubZ`T[ub]bMIu7z � B tKY[F�Y[FSzKu x Y}]bMIu7z*Y[L Þ Y[ZRHKJIu . � ÍGD�Q¨O`JSn�ORMfttKu7T}Y[]7Y�Mad�FgM�DGMIu7F ���ORJIu�]7ORC x T}uV�^Y[F�MItKu�5 # �

�
zKu7]7DEd � B tKu�]�t~DRJIZRu7z��^Y}F�D�y`u7]VMfO`J�C�u7F_O`Ls��Y}MftPD�à`à Î ��u���C^DGFIF��tKY[]�t�zvu7]EDEdeF x J_O`C x MfT�d�yeY�D	��#
� � Ô � 9 D1yeY}LKZ�F x Y[Le±�¼`hNMftvu
��Y�MfFIubT}Q�Y[F x ORT�DRJ_Y[FIubz���Y�Mft�u7Y�MftKubJ�tKubT[Y}]7Y}Mad�
� Á Î O`J ��� Á �°¼&Q¨O`J�uEDG]�t 5ØtKubT[Y[]bY}Mad*]bO`LvÅ~ZRHKJfDGMIY[O`L � B tvu&]EDGFIu7F|��tKu7J_u&MftKu��*Y[F x ORT�DRJ_Y[FIubz³��Y�Mft

�
� Á Î DRJIu�ub�\HKY}yGDRT}u7LNM�MfO�MItKu�5�#
���

]7O`L­Å~Z`HKJIDGMfY}O`LKF7h­nKHvM�Mftvu �
� Á �°¼ x O`T[DRJIY}FIu7zs]7DRFIubF x JIOezKHK]bu�MItKuO xKx O`FIY�Mfu�DRLKZRHKT�DRJ�zvY[F_MIJIY}nKHvMfY}O`L �B tKu�zKY���ubJIubL\MIY�DRTª��Y[zvMItKF�Q¨O`J 5 # �
�
DRJIu�Z`Y�y`ubL�nNd q ¼ Î à r

¼
�
& ����� � Ô& ]7ORF ¡�� Á �  ; � Í

�  ; ÃÖÍ��  � ¹g¼�Ã*µ ;p]7O`F ¡ � À ¹A. � ½`À

¼
�
& ����� �
� -& ]bO`F ¡ � Á �  �

�  ; ÃÖÍ��  � ¹g¼�Â�µ ;p]bO`F�¡ � À ¹A. � áNÀ
��tKu7J_u°¡ � Y[F�MftKu§DRLKZ`T}u�nªuVMa��ubu7L�Mftvu���C�O`C�u7LNMfHvC"Y[LPMftKu 5&J_u7FgM@Q¨JfDGC|uSDRLKz/MftKuSzKY}JIu7]VMfY}O`L�OGQ�Mftvu�5Y[LPMftKu�T�DGnªO`JIDGMfORJ_d�Q¨JfDRC�u � B tKuST�DGM_MfubJ�]EDRF_u�uV��ub]bMfY�y`ubT}dPzKY}C|Y}LKY[F_tKu7F�MItKuSFIu7LvFIY}MIY}yeY}Mad|MfO{µ ;S��tKu7L�O`LKT}dMftKuS¡ � DRLKZ`T}u4Y[F�HvFIu7z�h�ORJ7h~u7�\HKY�yGDRT[ubL\MIT}dRhvY[LsMItKu�T�DRn�O`JfD�MfO`Jgd|Q¨JIDRC|u4��tvu7L&ORLKT}d|MftKu	��u7LKubJIZRdPY}F�HKFIubz �

¼ Î`Î



��Hv]�t&ORQmMftKY}F�FIubLKFIY�MfY}yeY�Mad`hKtKO1��ubyRu7J7h�C|D1d^nªu�J_u7]7O1yRu7JIubz�nNdsHKF_Y[LKZ{Y[L­Q¨O`JIC|DGMfY}O`L^Q¨J_O`C�MItKu	�^zKub]EDEd
x JIOezKHK]VMfF�nNd`hvY[L^uV��ub]bM7hKF x Y}L­± DGL~DRT}deF_Y[LKZ�MftKu
� � B tKu4�\Y[LKubC^D�MfY[]�yGDRJIY[DRnKT}u�MIt~DGM x JIO1yeY[zKubF�MftvY[F�Y}LvQ¨O`J_C^D�±MfY[ORL�Y}F�MItKu�DRLKZ`T}uRh��kh�n�ubMa��u7ubL�MftKuS]�t~DRJ_Z`u7z x Y[ORL�C�O`C�u7LNMfHKC
Y[LPMftKu �^J_u7F_M�Q¨JfDRC�u�DRLKz/MftKu �1,~Y}Z`tNMzKY[J_u7]bMIY[O`L^Y[L|MItKu4T[DRnªORJfDGMIO`J_d�Q¨JIDRC�u � B tKu�Ma��O�yGDRJ_Y�DRnKT}u7F¬]EDRLsn�u@]bO`C�nKY}LKu7z|MfO§Q¨O`J_C D§FIY}LKZ`T[u�yGDRJIY[DRnKT}u��Y}MftvO`HvMkT[O`F_F�ORQ x O`T[DRJIY}FfDGMIY[O`L|FIubLKFIY�MfY}yeY�Mad q ¼ Î ¿ r � B tKY[F��ÏO x MIY[C|DRTªyGDRJ_Y�DRnKT}u ��h�� � h~Y[F�ZRY}y`ubL�nNd

� � Á � · ¹¤¡ � 	 ��À�Â � ² ¹¤¡ � 	 ��À
� · ¹¤¡ � 	 ��ÀÆÃ � ² ¹ ¡ � 	 ��À 	 ¹A. � à`À

��tKu7J_u � · � ² � Y}F x J_O x O`J_MIY[O`L~DGT�MfO/MftKu|zKY}�ªu7J_u7LNMfY[DRT=zKu7]7DEdº��Y}zvMftºQ¨O`J x O`F_Y}MIY}y`u�¹¨LKu7ZND�MfY}yRu1À�tKu7T}Y[]7Y�Mad 5T[u x MfO`LKFbh�DRF{DAQ¨HKLK]VMfY}O`L¯ORQ4¡ � DGLKz�� � B tKuPzKY[FgMfJ_Y[nKHvMIY[O`LvF�ORQ�� � h�Q¨O`J°n�ORMft x O`FIY�MfY}yRuPDRLKz(LKu7Z`DGMfY�y`utKu7T}Y[]7Y�Mad 5/zKub]EDEdeF7h�DRJIu�F_tKO1��L&Y[L Þ Y}Z`HKJ_u%. � ÍGn �â�F���Y}MIt/MItKu�5 # �
�
zKu7]7DEd`hªMItKu 5 # D -

�
]�tKDRLKLKubT u��vtvY[nKY�MfFkFIY[ZRLKY}Å~]7DRLNMfT�dPJIu7zvHK]7ubz x ORT�DRJ_Y[FfD�MfY[ORLFIu7LvFIY}MIY}yeY}Mad&��tKu7LºO`LKT�d�MftKu{D - ubLKu7J_ZRdUY[F�C�uEDRF_HKJIubz�Y}LAMftKu{T�DGnªO`JIDGMfORJ_dPQ¨JfDRC�u � B tvu|D - Y}F�DRLºD��­Y�DRT�±y`u7]VMfO`J|C|ubFIO`L¯��Y}MIt³C|DRF_F|DGLKz³��Y}zvMft(ORQ�D xKx JIOE�­Y[C|DGMIu7T}dÖ¼�Í � Î ��u�� DRLKzÖ½ Î`Î ��u��{h�JIubF x u7]VMfY}yRu7T�d`hDRLKz&zvu7]EDEdeF@MIO

�
²
�
²
�
·ºO`J

�
²
� Ô � Ô ��Y}MIt&LKu7DRJIT�dsu7�\H~DGT x J_O`n~DRnvY[T[Y�Mad � B tKubJIu�DGJIu�DRZNDRY}LPMa��O x O`FIF_Y[nKT}uF x Y}L�]7ORLvÅ~Z`HKJIDGMfY}O`LKF���tKu7J_u^C�Hv]�t�ORQ�MItKu|F_u7LKF_Y}MIY}yeY}MadU]7DRL�n�u^J_u7ZNDRY}LKu7zUMftvJIO`HKZRt�D�F x Y[L�DRL~DRT�deFIY[FSORQMftKu^D - zKub]EDEd � �aL�MftKY}F�]7DRFIu|FIY���yGDRJ_Y�DRnvT[u7FSDRJ_u^HKF_u7z���tKY}]�t�Y[Lv]7T[HvzKuR©§MItKu�DGLKZ`T[u�¡ � nªuVMa��ubu7L*Mftvu�D -C|O`C�u7LNMIHKC Y[LAMftvu�5�JIubF_MSQ¨JfDRC�u�DRLKz�MItKu 5�T[DRn�O`JfDGMIO`J_d�,~Y[ZRt\MSzKY}JIub]bMfY}O`L��mMftKu|DRLKZ`T}u�� Y[LUMftKu{JIubF_MQ¨JfDRC�u�OGQ�Mftvu�D - nªuVMa��ubu7L�Mftvu�y`ub]bMIO`J x u7J x ubLKzKY[]bHKT�DGJkMIO|Mftvu§D - zKu7]7DEd x T[DRLKu�DRLKz/MftKu�D - T[DRnªORJfDGMIO`J_d,~Y[Z`tNM@zKY[J_u7]bMIY[O`L�� MItKu°DRLvZ`T[u�ÑºY[L/MftKu§D - JIubF_M4Q¨JIDRC�uSn�ubMa��u7ubLAMftKu�HKLKT[Y}�Ru�±aFIY}Z`L x Y[O`L�C|O`C�u7LNMIHKC DRLKzMftKu/D - T�DGnªO`JIDGMfORJ_d ,~Y[ZRt\M�zKY[J_u7]bMIY[O`L x JIO �_ub]bMfubz³Y}LNMfO�MftvuPD - zKu7]7D1d x T�DRLKu � * MItKu	�

�
±XY[LNyGDRJIY[DRLNM�C|DRFIF��DRLKz�MItKu|Ma��O�HKLKT}Y[�GuV±aF_Y[Z`L x Y[ORL�C|DRFIF�]7O`C§nKY[L~D�MfY[ORLKF x JIubFIu7LNM°Y}L�MItKu^zKub]EDEdeF � �aL�]7O`C x T}ubMfu|DRL~DGT[O`ZRd��Y}MftAMItKu�5�# �

�
h�Mftvu x O`T[DRJIY}FfDGMIY[O`L�Y[LvQ¨ORJIC|DGMfY}O`L�Q¨J_O`C�MItKu7F_u�F_Y��&yRDGJIY�DGnKT[ubF4Y[F@Q¨HvT[T}d�]7ORL\MfDRY[Lvu7zUY[LUDFIY[LvZ`T[u4O x MfY}C^DRT�yGDRJIY[DRnKT[uGh	��

� q ¼ Î ¿ r � B tKu���

�¬zKY[FgMfJIY}nKHvMIY[O`LKF�Q¨O`J�nªOGMft x O`FIY�MfY}yRu�DRLKzPLKubZNDGMfY�y`u�tKubT[Y}]7Y}Mad5�zvu7]EDEdeF4DGJIu x T}ORMIMIu7zPY[L Þ Y}Z`HKJIu<. � Í�] �Þ O`J�MItKu�T[u x MfO`LKY}]�]�t~DRLKLvu7T[Fbh 5�# u

� �
DRLKz 5�# 4

� �
hKMftKuSFIY�MfH~D�MfY[ORLsY[F�T[ubFIF�Q¤DEy`O`HKJIDRnKT}uR©¬DRT[T�MftKJ_u7uÅ~L~DRT�FgM�DGMIu x DRJgMfY}]7T[ubF§]7DRJIJgd�OR�ØDRLKZ`HvT�DRJ�C|O`C�u7LNMIHKC�h nKHvM°ORLKT}d�O`LKu�OGQkMItKu x DGJ_MfY}]7T}u7F§Y}F�C�uEDRF_HKJIubz �B tKY[F¬]EDRHvFIu7F�DSF_HKnKFgM�DRLNMfY[DRT HKLKJ_u7]7O1yRu7JfDGnKT[u�JIu7zvHK]bMIY[O`L|Y[L{FIubLKFIY�MfY}yeY�Mad{JIu7T[DGMfY�y`u�MIOSMItKu 5�#

���
]�t~DGLKLKu7T �Þ ORJ4MftKubFIu{zKu7]7DEd­F�MItKu°yRDGJIY�DGnKT[u�Y[F@MItKu{FI]EDGT[u7zUubLKu7J_ZRdAORQ�Mftvu°]�t~DRJIZRu7zºzKu7]7D1d x JIOezKHK]VME© � ��Á)È,� � È ;Q¨O`J	��Á u 	 4 � B tKukzKub]EDEd�zKY[FgMfJIY}nKHvMIY[O`LKF�ORQ�MItKu�Ma��O�T[u x MfO`LKY}]�]�t~DRLKLvu7T[F�DRJ_u�DGT[C�O`F_M�Y}zKu7LNMfY}]EDRT � �aZRLKO`JIY}LKZMftKu�C|DRFIF_u7FkORQ MItKu�z~DRHKZRt\MIu7J�T[u x MfORLKF7hKMItKu�zKY}�ªu7J_u7LNMfY[DRT�zKub]EDEds��Y[z­Mft/Y[F q ¼ Î ß r ©¼

�
& �& � � Á ¼

� + ¹Ù½4Â*ß �  � Ã#. �
*� ÀÆÃ*µ ;\¹ ¼�Â¯ß �  � Ã(¿ �

*� À - Ä ¹A. � ¿NÀ
w­tKO1��LØY[L Þ Y}Z`HKJ_u . � Í�zÖDRJ_u/MItKuPzKY[FgMfJ_Y[nKHvMIY[O`LvF�Q¨O`J{nªORMIt x O`F_Y}MfY�y`uPDRLvzÖLKubZNDGMfY�y`uPtKubT[Y[]bY}Mad 5�# 4

� �zKu7]7D1deF4��tKubJIu§MItKu§zvu7]7J_uEDRF_u�Y[L�FIubLKFIY�MfY}yeY�Mad�Y}F@D xKx DRJ_u7LNM � �XM@F_tKO`HKT}zADRT[F_O^n�u�LvORMfubz�Mft~DGM7hªY}L&]bO`LNMfJfDGF_MMfOsMftKu�5 #
���

]�tKDRLKLKubTÙh�Mftvu x O`F_Y}MfY�y`u�tvu7T[Y}]7Y�Mad&]7DRFIu{LKO1� x JIOezKHK]7ubFSDP]�tKDRJIZ`ubz x DRJ_MIY[]7T}u���Y�MftUT[O1��u7Ju7LKubJIZRdPO`L�DEy`ubJfDRZ`u�MIt~DRLPMftKu�LKubZNDGMfY�y`u�tKubT[Y}]7Y}Mad^]EDRF_u �»�DR]�tb�m»T7Üu�� x ubJIY[C�u7LNM�C�uEDRF_HKJIubF�µ ;/HKF_Y[LKZUMftvuPÅvy`u 5(zKub]EDEd¯C�O­zKubF{u
� �
h	4

� �
h
���
h �
�
DRLKz� -

�
q ¼`¼ Î h�¼`¼R¼Rh�¼`¼�Í\h�¼`¼�� r ]7O`C x JIY}FIY}LKZ{D xKx J_OE�vY}C^D�Mfu7T�d�¿ ÎNÐ ORQ 5&zvu7]EDEdeF � YPâ@F �_HKFgMkzKu7C�O`LKFgMfJfD�Mfu7z�h MItKuÅKy`u4zvu7]EDEd|C|OezKubF�zKO�LKORM�DRT[T~tKD1yRu�MItKu@FIDRC|ukFIubLKFIY�MfY�y­Y�Mad°MfOSMftKu 5 x O`T�DGJIY[FIDGMfY}O`L � B tKu@C|D��­Y[C§HKC�FIubL­±FIY}MIY}yeY}Mad°Q¨ORJ�u7DR]�tszKu7]7DEd^C�O­zvuRhezKubÅ~Lvu7zPDRF -

� � � ��tKu7J_u �&Y}F�Mftvu@F_MfDGMfY}F_MIY[]EDGT�ubJIJ_O`J�ORL^MftKu x ORT�DRJ_Y[FfD�MfY[ORLC|u7DRFIHKJ_u7C�u7LNM�HKFIY}LKZ^® uVy`u7LNMIF@Q¨O`J�µ ;�Á Î h~Y}F�Z`Y}yRu7L/Y[L B DGnKT[u<. � ¼ � �XM�DRFIF_HKC|ubFkMIt~DGM�DRT}T�MftKu�DEyGDRY[T[DRnKT[u

 /�021�� D2?236> �81 � 79>6@�?4b2>6K�?	��>[7 T�1F;E?21�T 587 J'021�� � >P?4JL021�� 
 � 
 � � T�1�G�5�O 5I?=T JL021�� 
 >P?�J'0E1�� 
 �������]T21�GF5�O8j
* 	 7�?2Kc1 ��bX1F:L>PM 1�?8J�T�>[7LG,:L>PM >6?E5�JL1�7iU=1FJ H 1�1F? G_0E5I:L@�1CT^b2>6K�?E7 5�?ET ��5�K�?E7!��J'0E1 �������<G_0E5�?2?21F325�367'Kc>P?EGF3PD=T�1�7 �������T21�GF5�O�7 5I?ET J'021
����� � G_0E5�?2?21F3!5I3[7'Kf>6?EG,36DET�1C7 ���!�"� � � T�1�G�5�OW7�j$# 1F@83P>6@�>6U2361c7'1F?=79>PJ'>6\W>aJ O >[7 36K879J UWO GFK�MfUE>P?2>6?2@fJ'021C791M K�T�1C7Fj

¼ Î ¼



0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

0 0.2 0.4 0.6 0.8 1
xπ

1/
Γ 

 d
Γ/

dx
π

a)

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

-1 -0.5 0 0.5 1
ωρ

1/
Γ 

 d
Γ/

dω
ρ

b)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-1 -0.5 0 0.5 1
ωa

1/
Γ 

 d
Γ/

dω
a

1

1

c)

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

0 0.2 0.4 0.6 0.8 1
xµ

1/
Γ 

 d
Γ/

dx
µ

Helicity=+1
Helicity=-1

d)

Þ Y[Z`HvJIu . � Íe©Q��O`LNMfu�Ý�DRJIT}O&F_Y[C�HKT[DGMfubz�zvY[F_MIJIY}nKHvMfY}O`LKF�ORQ x O`T[DRJIY}FfDGMIY[O`LAF_u7LKF_Y}MfY�y`u|�eY}LKu7C|DGMIY[]°yGDRJIY[DRnKT[ubFzKubÅ~Lvu7z^Y}L�MftKu�MIuV�eM�Q¨O`J�¹ D`ÀA5�#
���
h�¹¨n ÀA5 # �

�
h�¹¤]EÀ 5 # D -

�
DRLKz&¹¤z ÀA5 # 4

� �
zKu7]7D1deF�Q¨O`J x O`FIY�MfY}yRuDRLKz/LKu7ZND�MfY}yRu�tKu7T}Y[]7Y�Mad 5/T}u x MIO`LKF�uV�­]7T}HKzKY}LKZ°MftKu�ub�ªu7]VMfFkORQ FIu7T}u7]VMfY[ORL�DGLKz�zvubMfub]bMIO`J�JIu7F x ORLKFIu �

¼ Î Í



5 # �
�

5�#
���

5 # u
� �

5 # 4
� �

5 # D -
�D - #

�

�
�
·
�
²

S JIDRLK]�tKY}LKZ°Q¨JfDR]VMfY}O`L Î � Í`½ Î � ¼�Í Î � ¼E¿ Î � ¼�à Î � Î ß�&D��vY}C�HKC�FIu7LvFIY}MIY}yeY}Mad�©
LKO � o 5/zKY[J_u7]VMfY[ORL Î � .Nß Î � ½R¿ Î � ÍRÍ Î � Í`Í Î � .N½��Y�Mft � o 5�zvY[JIub]bMIY[O`L Î � ½R¿ Î � ½R¿ Î � ÍRà Î � Í`à Î � ½G¿


 O`JIC|DRT[Y}FIubz�Y[zKu7DRT���u7Y[ZRt\M7©
LKO � o 5/zKY[J_u7]VMfY[ORL Î � .L. Î � � Î Î � Î á Î � Î á Î � ¼ ���Y�Mft � o 5�zvY[JIub]bMIY[O`L Î � .\à Î � Í`Í Î � Î à Î � Î à Î � ¼1à

B DRnvT[u%. � ¼`© B tvu�nKJfDRLv]�tKY[LKZ�Q¨JfDR]VMfY[ORLKF7h­C^D��­Y}C�HKC)FIubLKFIY�MfY�y­Y�Mad q ¼ Î ¿ r DRLvzsLKO`JIC|DRT}Y[FIubz|Y}zKuEDGTª��u7Y[ZRt\M�Q¨O`JMftKu�ÅKyRuszKu7]7DEd*C|OezKubF§T[Y}F_MIu7z � B tKusY}zKuEDRT���u7Y[ZRt\M�Y[F�]7DRT[]bHKT�DGMIu7z*DGF§MftKu x JIOezKHK]bM�ORQ�MftKu�nvJfDRLK]�tvY[LKZQ¨JfDR]VMfY[ORL�DRLKz�MftKu�FI�\H~DRJ_u@ORQ�MftKu�C^D��­Y}C�HKCÜF_u7LKF_Y}MIY}yeY}Mad � 7�J_u7F_u7LNMfubzsY[L|MItKukT�DRFgM�Ma��O�T[Y}LKu7F�ORQ�MftKukM�DRnKT}uY[F=MftKukY[zvuEDRTK��u7Y}Z`tNM�Q¨O`J�u7DR]�t^]�t~DGLKLKu7T�zKY�y­Y}zKu7z�nNd°MftKukFIHvC)ORQ�MItKu�Y}zKuEDGTK��ubY[Z`tNMfF¬ORQªMftKu�ÅKy`uk]�t~DRLvLKu7T}F �

Y[LvQ¨O`J_C^D�MfY[ORL�Y[L�MftKu�zKu7]7D1dSY}F HKF_u7z§��Y�Mft�Q¨HKT[TNuVÇ�]7Y[ubLK]bd�n�ORMft�Q¨O`JpMftKu¬]EDRF_u���tKubL§Mftvu¬MItKJIubuV±azvY[C�u7LKF_Y[O`L~DGT5AzKY[J_u7]VMfY[ORL�Y[LvQ¨ORJIC|DGMfY}O`LPY[F4LKOGM4HKF_u7zºDRLKz�Q¨O`JkMftKu§]EDRF_u§��tKu7LUY�M4Y[F�HKFIubz � B tKu°DRzvzKY}MIY[O`L~DGTmY}LvQ¨O`J_C^D�±MfY[ORL x J_O�yeY}zKu7zAnNd/MftKu 5AzKY[J_u7]VMfY[ORL&Y[F�DRLADGÛ7Y[C§HvMft~DGT DGLKZ`T[u�ORQ<MItKu�zKub]EDEd&OGQ=MftKu�t~DRzKJ_O`LKY[]�F_deF_MIu7C�Y[LMftKu�5UJIubF_M�Q¨JfDGC|u q ¼ Î ¿ r � � tKu7LºY[Lv]7T[HvzKu7zUY[L�MItKu°zKub]EDEdAzKY}F_MfJ_Y[nKH­MfY[ORLKF4ORQ¬F x Y[L­±f¼°t~DRzKJ_O`LKY[]§]�t~DRLKLKubT[F��Y}Mft�ubyRu7L�C�O­zvu7F_M x J_u7]bY[FIY}O`L�DRL�Y}C x J_O1y`u7C�u7LNMSY[LUMftvu|F_u7LKF_Y}MfY�yeY}MadUY[FSDR]�tvY[ubyRu7z � â C�uEDRF_HKJIu�ORQ�MItKu��ubY[Z`tNMS��Y}MftU��tKY}]�t�DPZ`Y}yRu7LºzKu7]7DEd�C�OezKu°Y[zKu7DRT[T�d&]bO`LNMfJ_Y[nKHvMIu7F�MfOPMftKu{O1y`ubJfDRT}T�C|u7DRFIHKJ_u7C�u7LNMSORQ�MItKu
x O`T[DRJIY}FfDGMIY[O`L�Y[F�Z`Y}yRu7LsnNd^MIt~DGM�zvu7]EDEd^C|OezKu � F�F_u7LKF_Y}MfY�yeY}Mad�FI�\H~DRJ_u7zPC�HKT�MfY x T[Y}u7z�n\d^Y}MIF�nKJIDRLK]�tKY}LKZ�Q¨JfDR]�±MfY[ORL � 
 O`JIC|DRT[Y}FIubz�Y}zKuEDRT\��u7Y[ZRt\MIF7h`��tKY}]�t{DRJIu�]EDRT}]7HKT[DGMfubz�DRF_FIHKC�Y[LKZ@C^D��­Y}C�HKC FIubLKFIY�MfY�y­Y�Mad�DGLKz x ubJ_Q¨ub]bMY[zKubL\MIY}Å~]7DGMfY}O`LUubÇ�]7Y}u7LK]VdºDRLKz x HKJIY�Mad`hÆQ¨O`J�uEDG]�t�zKub]EDEdUC|OezKuGh DGJIu�DRT[F_OPZ`Y}yRu7L�Y}L B DRnvT[u . � ¼ � â@FS]EDRLnªu4F_u7ubL�hvMftvu 5 # �

�
DRLvz 5 #

���
]�t~DGLKLKu7T}F�DRJ_u@uV� x u7]VMfu7zsMIO�zKO`C�Y[L~D�Mfu�MftKu�]7O`C�nvY[LKubz x ORT�DRJ_Y[FfD�MfY[ORLC|u7DRFIHKJ_u7C�u7LNMEh~ubF x u7]bY�DRT}T}d�Y}QmY[L­Q¨O`JIC|DGMfY}O`L{Q¨JIO`C MftKu�5PzKY}JIub]bMfY}O`LsY[F�LKORM�HKF_u7z � B tKu�DR]VMfH~DGT�FIubLKFIY�MfY}yeY�MadDR]�tKY[uVy`ubzAn\dPu7DR]�t�u�� x u7J_Y[C�u7LNMkQ¨O`J�Y}MfF�F_u7T[ub]bMIu7z�uVy`u7LNM�FIDRC x T[u�Y[F�zKubZ`JfDGzKu7z�n�u7]7DRHKF_u§ORQ�Y[LKuVÇ|]bY[ubLK]7Y}u7FY[L�MItKu x J_O­]bu7FIF§ORQ�FIubT[u7]VMfY}LKZAD&FIDRC x T[u^OGQ�zKu7]7D1deFbh¬nNdºMftKu x JIubFIu7Lv]7usORQ�n~DG]��eZRJIO`HKLvz(Y}L�MItKu�FfDGC x T}uDRLKz�hNMfOSD�T[ubFIF_u7J�uV�eMfubLNMEhen\d�JIu7F_O`T[H­MfY[ORL°ub�ªu7]bMIF � ��Hv]�t^ORQ�MftKu�nKDR]��\Z`JIO`HvLKz|Q¨J_O`CÜ]bJIO`F_Fg±a]bO`LNM�DRC�Y[LKDGMfY}O`LQ¨JIO`C)ORMItKu7J 5^zvu7]EDEd|]�t~DRLKLvu7T[Fbh­tvO���ubyRu7Jbh~JIubMfDRY[LvF�F_O`C|u x O`T�DRJ_Y[FIDGMfY}O`L�Y[L­Q¨O`JIC|DGMfY}O`L���tKY}]�t�Y[F¬uV� x T}O`Y}MIu7zn\dsMItKu�ÅKMIMIY[LKZ x J_O­]bu7zKHvJIu ��aL�DRT[T<DRL~DRT�d­F_u7Fbh<DsyRDGT[HKu°ORQ�µ ;�Y[F�uV�eMIJfDR]VMfu7z�Q¨JIO`C!MItKu{z~DGMfD/nNdAÅKM_MfY[LvZ/T}Y[LKu7DRJ�]7ORC�nKY[LKDGMfY}O`LKF�ORQ

x O`F_Y}MIY}y`u�DRLKz�LKu7Z`DGMfY�y`uStKu7T}Y[]7Y�Mad�zKY}F_MIJIY[nvHvMfY}O`LKF�Y[L/�\Y[LKubC^DGMIY[]4yGDRJ_Y�DRnKT}u7F�D xvx JIO x JIY�D�Mfu�MfO|uEDR]�t�5�zKub]EDEd]�t~DRLKLKubT�MIO�Mftvu^z~DGMfDvhp��tKu7J_u^MftKu{Ma��O�zKY[FgMfJ_Y[nKHvMIY[O`LvF�DGJIu�O`nvM�DGY[LKubz�Q¨JIORC ��O`LNMfu�Ý�DRJIT}O�F_Y[C�HKT[DGMfY}O`L �â@F�zKY}FI]7HvFIFIubz&DGnªO1y`uGh~Y[L^MItKu�5 # 4
� �
h 5 # u

� �
DRLKz 5 #

� �
]�tKDRLKLKubT[F7h­MftKu�ubLKu7J_ZRd�ORQpMItKu4]�t~DRJ_Z`u7z

x DRJ_MIY[]bT[u|Q¨J_O`C MftKu 5¯zKu7]7D1d�zKY}yeY}zKu7z�nNd�MftKu�n�uEDGC ubLKu7J_ZRd�Y}F§MftvusD xKx J_O x J_Y�DGMIu^�\Y[LKubC^D�MfY[]{yGDRJIY[DRnKT}u��tKY[T}u�Q¨ORJ�MItKu 5�# �
�
DRLvz�5 # D -

�
]�t~DGLKLKu7T}F7h MftKuSD xvx JIO x JIY�D�Mfu�O x MIY[C|DRT�yGDRJIY[DRnKT}uRh �kh~Y}FkubC x T[O1d`ubz �

� FIY}LKZQ��ORL\MIu�Ý�DRJ_T[O§zvY[F_MIJIY}nKHvMfY}O`LKF¬Y[L�MftKukÅKMIMIY[LKZ x JIOe]7ubzKHKJIu4DRT[T}O���F�Q¨O`J�FIY[C x T}ukY}LK]7T}HKFIY}O`L^OGQÆzKubMIu7]VMfO`Jub�ªu7]bMIF�DRLvz(MItKu7Y}J°]7O`J_JIu7T[DGMfY}O`LKFbh�uVÇ|]bY[ubLK]7Y}u7F�DRLKz(n~DR]��\Z`J_O`HKLKzKF � â@LNd x O`T�DGJIY[FIDGMfY}O`L�zKu x ubLKzKubLK]7u�Y[LMftKu�n~DR]��\Z`JIORHKLKzKFkQ¨JIO`C"ORMItKu7J 5&zKu7]7D1deF@DRJIu�DRHvMIO`C^D�MfY[]7DRT[T�d�Y[LK]bO`J x O`JfD�Mfu7z/Y[LNMIO�MItKu7F_u�DRL~DGT}deFIubF � B tKuF_deF_MIu7C|DGMfY}]�u7J_JIO`J_F�DRF_FIOe]7Y�D�Mfu7z���Y�MftºMftKu�zvubMfub]bMIO`J§Mftvu7L¯DRC�O`HKLNM§MIO&HKLv]7u7JgM�DRY}LNMfY[ubF�Y[L�tKO1� ��ubT[T�MItKuzKubMIu7]bMIO`J�J_u7F x O`LvFIu�Y}FpC|OezKu7T}T[ubzSnNd�Mftvu ��ORL\MIu�Ý�DRJ_T[OkFIY}C�HKT�D�MfY[ORL�h7��tKubJIuEDGF�MftKu¬u7J_JIO`J_F�DGFIFIOe]7Y[DGMfubz���Y�MftHKLK]7ubJ_MfDRY[LNMfY}u7F�Y[LPMftKuSHKLKzKubJIT�d­Y}LKZ x t\deF_Y[]7F@]7O`LNMfubLNM4Y[LPMftvu§zKY}F_MfJ_Y[nKH­MfY[ORLKF�DRJIY}FIu�Q¨JIO`C"HvLK]7ubJ_M�DGY[LNMfY}u7FkY[LMftKuZ��O`LNMfu�Ý�DRJIT}O{Z`u7LKubJfDGMIO`JIFkORQ MftKuSFIY}Z`L~DRTpDRLvz�n~DG]��eZRJIO`HKLvzKF � B tKu�F x Y}L�]bO`JIJ_u7T[DGMfY}O`LKF�n�ubMa��u7u7L�MItKu
¼ Î �



Ma��O 5­±aT}u x MIO`LKF x J_O­zKHv]7u7z|Y[L�D�«/zKub]EDEd�DRJIu�MIJIuED�Mfu7z|zKY}�ªu7J_u7LNMfT�d�Y}L�MItKu�zKY}�ªu7J_u7LNM¬uV� x ubJIY}C|ubL\MIF�DGLKz^DGJIuzKY[F_]7HKF_FIu7z&nªubT[O1� �â�T[T Q¨ORHKJ<�p»T7cuV� x u7J_Y[C�u7LNMfF�DRLKDRT}deFIu�MItKu�ÅKyRu°uV�­]7T}HKFIY�y`u{]�t~DRLKLvu7T[F�T}Y[FgMfu7zAY}L B DGnKT[uV. � ¼ q ¼`¼ Î hV¼`¼�Í\h¼`¼`¼`h1¼`¼ � r � �aLÖDRzvzKY}MIY[O`L�MIOUMItKO`F_uRh¬â%�p»T7 9 h o »T� 7 9 ��DRLKz ���AY[LK]bT[HKzKu|MftKu 5 #
�
Í
� Ô � C�O­zvusY[LMftKubY[J4u��v]bT[HKF_Y}yRu�]�tKDRLKLKubT�5 # D -

�
DRLKDRT}deFIubF � â%�p»T7 9 DRT[F_O�HKFIubF�Y[LvQ¨O`J_C^D�MfY[ORL/Q¨J_O`C�MItKu�5AzKY}JIub]bMfY}O`LQ¨O`J�MItKu/t~DRzKJ_O`LKY[]PzKub]EDEdeF7h�DRF�zKY}FI]7HvFIFIubzØY[L q ¼ Î ¿ r � B tKu&DRzKzKY�MfY}O`L¯ORQ@MItKu�5³zKY}JIu7]VMfY}O`L¯Y[LvQ¨O`J_C^D�MfY[ORLY[zKu7DRT[T�d|Y}LK]7J_uEDRF_u7F�MItKu�FIubLKFIY�MfY}yeY�Mad�ORQÆMItKu�5 # D -

�
DRLvz�5 # �

�
]�t~DRLKLKubT[F�nNd�MItKu�DRC�O`HKLNMfF�Y}LKzKY}]EDGMIu7zY[L B DRnKT}u . � ¼ � »��KDGC x T}u7FkORQ�MItKu§zvY}�ªu7JIubLNM@�\Y[Lvu7C|DGMfY}]�zKY[FgMfJIY}nKHvMIY[O`LKF�Q¨J_O`C
Mftvu�zKY���ubJIubL\M@uV� x u7JIY}C|ubLNMfFDRJIu�FItvO���L�Y[L Þ Y}Z`HKJIubF�. � �°MIO . � á �B O�MftKubY[J�u��­]7T[HvFIY}yRuA]�t~DRLKLvu7T�DRL~DGT}deFIubF7h@â �p» 7 9 q ¼`¼ Î r h o »T� 7 9 � q ¼`¼`¼ r DRLKz ��� q ¼`¼�Í r DRzKz DRLY[LK]bT[HKF_Y}y`u�t~DRzKJ_O`LKY}]�zKub]EDEdsDGL~DRT}deF_Y[F¬Y[L|��tvY[]�t^MItKu4FIY}LKZ`T}u�]�t~DGJIZ`ubz^MfJIDR]���¹¨O`LKu�± x J_O`LKZ\À=t~DRzKJ_O`LKY}]@zKub]EDEdC|OezKu7FkDRJ_u�]7O`T}T[ub]bMfY�y`ubT}d^DRL~DRT�d­F_u7z � B tKY}FkD xKx J_ONDR]�tPd­Y}u7T}zKF�D°tKY[Z`tPO1y`ubJfDRT}TÆubÇ�]7Y}u7LK]VdsQ¨O`J�Mftvu7FIu�C�O­zvu7Fn\dºFIDR]7J_Y}Å~]bY[LKZPMftKu�O x MIY[C|DRT�F_u7LKF_Y}MIY}yeY}MadU]�t~DGJfDR]VMfu7J_Y[F_Y[LKZPMftKu|DRL~DGT}deFIY}FSOGQ�tKY}Z`t x HKJIY�MadU]�t~DRLKLKubT[F � Þ O`Jo » ��7 9 ��DRLKz ���^Mftvu°]7O`J_JIu7T[DGMfY}O`LKF�nªuVMa��ubu7LUMftKu x O`T�DGJIY[FIDGMfY}O`L/C|u7DRFIHKJ_u7C�u7LNMfF�Q¨J_O`C�MItKu7Y}J4Y[Lv]7T[HvFIY}yRut~DRzKJ_O`LKY[]�DGL~DRT}deF_Y[F�DRLKzPC�uEDRF_HKJIubC|ubLNMfFkHKFIY}LKZ{FIu x DRJfDGMIu7T�dsY[zKubLNMfY}ÅKu7zPFIY}LKZ`T[u�±XMIJfDR]���t~DRzKJ_O`LKY}]�]�t~DRLKLKubT[FDRJIu�FIC|DRT[T�ubLKO`HKZRt&Mft~D�M@F_Y[Z`LKY�Å~]EDGL\MkY}C x J_O1y`u7C�u7LNMIF4DRJ_u§DR]�tvY[ubyRu7z&��tvu7LAn�ORMft�JIu7F_HKT}MIF@DGJIuS]7O`C�nvY[LKubz ��aL¯MItKu�]7DRFIusORQ�â �p» 7 9 h<tKO1��uVy`ubJ7h�MItKu�u��v]bT[HKF_Y}yRusJIu7]bO`LKFgMfJIHv]bMfY}O`L*ubÇ�]bY[u7Lv]7Y[ubF{DRJIu^tKY[Z`t�u7LKO`HvZ`t�MfO

x JIOezKHK]bu&F_MIJIO`LvZ�]7O`J_JIubT�DGMIY[O`LKF{n�ubMa��u7ubLØMftKu�uV�­]7T}HKFIY�y`u�DGLKzÖY}LK]7T}HKFIY�y`u/C|u7DRFIHKJ_u7C�u7LNMfFbh�DRLKzØT}Y}M_MfT[usY}FZNDRY[Lvu7zsQ¨JIO`C�MftKu�Y[Lv]7T[HvFIY}yRu�DRL~DRT�deFIY[F �B tKu � 7ªâ � q ¼`¼�� r ��;ºDRLKz ���^J_u7F_HKT}MIF�DGJIuAn~DRF_u7z u7LNMfY}JIubT}dØORLcDGLcDGL~DRT}deF_Y[FsY[LØ��tvY[]�tcDRT[TkÅKy`uuV�­]7T}HKFIY�y`u&]�tKDRLKLKubT[F^T}Y[FgMfu7z(Y[L B DRnKT[u . � ¼�DRJIu/]7O`C§nKY[LKubz³Y}LÖDºZ`T[ORn~DRT�nKY}LKLKubzÖC|D��­Y[C�HKC T[Y}�Ru7T}Y[tKOeOezDRL~DRT�d­F_Y[F � â�F_Y[LKZRT[u§ÅKM@MfO/DRT[TmzKY}F_MfJ_Y[nKH­MfY[ORLKF@Y}L�MftKu��\Y}LKu7C|DGMfY}]§O`nvFIu7JgyGDRnKT[ubF�ORQ�DRT[TmzKu7]7DEdAC|OezKubF�DRLKz]7O`F�¡ ; ' deY}u7T[zvFP´¤µ ;�¶°DRLvz(i £JE ¢� � � � tKu7L(n�ORMft65 · DRLKz65 ² zKub]EDEdeF|OGQ@DAZ`Y�y`ubL³uVy`u7LNM^DRJIusY}zKu7LNMIY}Å~ubz�hMftKu�ubyRu7LNM4Y}F�DRL~DRT�deFIu7z/DRFkD���tKO`T}u � B tKY}F�Z`T[O`nKDRT�DRLKDRT}deFIY}F�D xKx J_ONDR]�tPQ¨HKT[T�d�DG]7]7ORHKLNMfF�Q¨O`J�MftKu�Y}L\MIJIY}LKFIY}]]7O`J_JIu7T[DGMfY}O`L�n�ubMa��u7ubL(MItKu�tKubT[Y}]7Y}MIY[ubFSOGQ�MftKu 5K·×DRLKz�5�² x JIOezKHK]bu7z*Y[L�MftKu�FIDRC�us«ÖzKub]EDEd`h¬DRL�uV��ub]bM��tKY[]�t°Y}F�DR]b]7O`HvL\MIu7z�Q¨O`JmnNd�MftKu�ORMftKubJ�u�� x u7J_Y[C�u7LNMfF nNd�D xvx T}deY[LvZ@D@]bO`JIJ_u7]VMfY[ORL�MfOkMftKu�F_MfDGMfY}F_MfY}]EDRT\ubJIJIORJIFORQ MftKu�ÅvM=JIubFIHKT�MfF � �aL°FIHK]�t|D@Z`T}O`n~DRT­DRL~DGT}deFIY}F7hGMItKu�uVyRDGT[H~DGMIY[O`L�ORQ~Mftvu�F_deF_MIu7C|DGMfY}]�u7J_JIO`J_F�DRHvMIO`C^D�MfY[]7DRT[T�dY[LK]bO`J x O`JfD�Mfu7F¬DRT}TK]7ORJIJIubT�DGMIY[O`LvF=nªuVMa��ubu7L^MItKu�FgdeF_MfubC^D�MfY[]�HKLv]7u7JgM�DRY}LNMfY[ubF�Y}L°MftKukzKY}�ªu7J_u7LNM¬]�t~DRLKLvu7T[F � Þ O`JMftKu�]�t~DRLKLKubT�±Xn\dN±X]�t~DRLKLKubT�DGL~DRT}deF_u7F�OGQ�â%�p»T7 9 h ����DRLvz o »T��7 9 ��heMItKuk]7O`J_JIu7T[DGMfY}O`L{Y[L{MftKukF_deFgMfu7C|DGMIY[]u7JIJ_O`JIF�n�ubMa��u7ubL�]�t~DRLKLvu7T[FkDRJ_u�M�DR�Gu7L&Y}LNMfO{DR]b]7O`HKLNM�Y[LsMftvuS]bO`C�nKY}L~DGMIY[O`L �o »T��7 9 � q ¼`¼R¼ r DRHKZRC|ubL\MIF<MftKubY[J=u��v]bT[HKF_Y}yRu�Åvy`uk]�t~DRLKLKubT DRLKz�Y[LK]bT[HKF_Y}yRu�O`LKu�± x J_O`LKZSDRL~DRT�deFIY[F<��Y�Mft{DFIu x DRJfDGMIu�Lvu7HKJIDRTNLKubMa��O`J_��DRL~DRT�d­F_Y[FÆORQ­Y}MIF=¼1ß`ß ��±�¼1ß`ß`½�O`LKu�± x J_O`LKZ�z~DGMfD�F_ubM � B tKu¬LKu7HvJfDRTNLKuVMa��ORJI��Y[FÆHvFIu7zMfOS]7T�DGFIFIY�QWd{DRT}TKO`LKu�± x J_O`LKZSzKu7]7D1deF�DRF�u7Y}MItKu7J�5 # �
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� Ô � � âFIY[C§HKT}MfDRLKu7ORHKF�ÅKM�Q¨O`J�µ ;�DGF�D{Q¨HKLK]VMfY[ORL/OGQ<]7ORFª¡ ;(' Y[F x u7J_Q¨ORJIC�u7zP��Y}Mft/��;�DRLKz�����zKuVMfu7J_C|Y}LKu7zPQ¨JIORC

D/F_u x DRJIDGMfu{ÅKM�MfOPMftvu{µ,;e¹¤]bO`F ¡ ;)' À�Q¨HKLK]bMIY[O`LKDRT<Q¨O`JIC DRF�zKu7F_]7JIY}nªubz�n�u7T}O�� � â�FS��Y�Mft � 7�â%� � FSZRT[O`n~DGTDRL~DRT�d­F_Y[FbhGMftvu�]�t~DRLKLvu7T�±ÙMfOG±X]�t~DRLKLvu7Tv]bO`JIJ_u7T[DGMfubz§F_deFgMfu7C|DGMIY[]�ubJIJ_O`JIF=DGJIu�DGHvMfO`C|DGMIY[]EDGT[T}d�ubyGDRT}H~DGMIu7z�Y}L�MftvY[FDRL~DRT�d­F_Y[F �â �m»T7 9 q ¼`¼ Î r DRLKz ��� q ¼R¼�Í r ]7O`C x T[ubC|ubLNM^Mftvu7Y[J�DRL~DRT�d­F_u7FsORQ�MItKu��\Y[LKubC^D�MfY[]�zKY[FgMfJ_Y[nKHvMIY[O`LvF^ORQMftKu�zKY}�ªu7J_u7LNM@zvu7]EDEd/C�O­zKubF7h nNdPY[LK]bT[HKzvY[LKZ{Y[L­Q¨O`JIC|DGMfY}O`L�Q¨JIORC¸ubyRu7LNM�DR]bO`T[T}Y[LKu7DRJIY�Mad|MIO|C�uEDRF_HKJIuSMftKu 5
x O`T[DRJIY}FfDGMIY[O`L � â�T}MItKO`HKZ`tUORQ¬C�O­zvu7F_M x O`T[DRJIY}FfDGMIY[O`L�FIu7LvFIY}MIY}yeY}MadRh�MftKY}F�Y[LvQ¨ORJIC|DGMfY}O`L&t~DGF4MftKu�DRzvyGDRLNMfDRZ`uORQ�n�u7Y}LKZ°FIubLKFIY�MfY�y`u�MfO{zKuVMfu7]VMfO`J ±aJ_u7T�D�Mfu7zsFgdeF_MfubC^D�MfY[]�ubJIJIORJIF�MftKDGMkDRJIu�zvY}�ªu7JIubLNM�Q¨JIO`C MftKO`F_u�DRFIF_O­]bY�DGMIu7z��Y}MftPMftvuSC�uEDGFIHKJ_u7C�u7LNMfF�ORQ F x u7]VMfJfD ��aL³O`JIzKubJ|MIO�uV�eMIJfDR]VM���;&DRLKzÖ���°Q¨J_O`C,Mftvu7Y[J�z~DGMfDvh�â �m»T7 9 h o »T��7 9 �{DRLKzb� �ºC|u7DRFIHvJIu�MItKu
x O`T[DRJIY}FfDGMIY[O`L�DGF<DkQ¨HvLK]bMIY[O`L�ORQK]bO`F�¡ ; ' DRLKz§MItKu7L x ubJ_Q¨O`J_C D�FIu x DRJIDGMfu¬ÅKM Q¨ORJmMItKu¬Ma��O x DGJfDRC�ubMIu7JIFmHKF_Y[LKZMftKu�MftKubO`JIuVMfY}]EDRTNu�� x u7]VM�DGMIY[O`LSORQ­MftKu�zKu x ubLKzKu7Lv]7u � B tvu�J_u7FIHvT}MfFm�\HKORMIu7z§nNd � 7ªâ � q ¼`¼�� r h���tKY[]�t�zKu x u7LKzO`L×D�F_Y[LKZ`T}u�C|D��­Y[C§HKC,T[Y}�RubT[Y[tvO­Oez*ÅKMEh�zKO�LKORM|uV� x T[Y}]7Y�MfT}d�HKFIu�C�uEDGFIHKJ_u7C�u7LNMfF�OGQ4MftKu x ORT�DRJ_Y[FfD�MfY[ORLDRF�DUQ¨HKLK]bMIY[O`L³ORQ4]bO`F�¡ ;)' h�DRT�MftKO`HvZ`tÖF_HK]�tÖÅKMIF�DRJ_u x u7JgQ¨O`JIC�u7zÖDRF|]bJIO`F_Fg±X]�tKu7]��\F/DRLKz(Q¨O`J|ZRJfD x tvY[]EDGT
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Þ Y[Z`HvJIu . � �v© B tKu|C�uEDGFIHKJ_u7zºzKY[FgMfJIY}nKHvMIY[O`LKF@Y[L�Mftvu x O`T[DRJIY}FfDGMIY[O`L­±XFIubLKFIY�MfY}yRu�yGDRJ_Y�DRnKT}u�Q¨O`J4MItKu�5 #
���zKu7]7D1deF�Y[L�MItKu � 7ªâ �cuV� x u7J_Y[C�u7LNM � B tKusyGDRJIY[DRnKT[u�Y[F�MftKusJIDGMfY}O�ORQ�MftKusC�uEDGFIHKJ_u7z¯]�t~DRJ_Z`u7z¯t~DRzvJIO`LC|O`C�u7LNMIHKC	MIO@Mftvu�nªu7DRC�ubLKu7J_ZRd`h`��tvY[]�t°Y[F�DRL{D xKx JIOE�­Y[C|DGMfY}O`L§ORQ � ��ÁcÈ � � È ; � B tvu�z~DGM�D­h`FItKO1��L{nNdx O`Y}LNMfF ��Y�Mft�ubJIJ_O`J<n~DRJ_F7hNDGJIu�Y}LNMfu7ZRJfDGMIu7z�O1y`ubJ<MftKu¬��tKO`T}u�]7O`F ¡ ;(' JIDRLKZ`u �S� y`ubJIT�DEdeY[LvZ@MftKY}F�zKY}F_MIJIY[nvHvMfY}O`LDRJIu ��O`LNMIu§Ý�DGJIT[O{zKY}F_MIJIY[nvHvMfY}O`LKF�Q¨ORJ�MftKu x O`FIY�MfY}yRu�¹¤zKOGMIMfubz�T}Y[LKuEÀ�DRLKzPLKubZNDGMIY}y`u|¹¨z~DRFItvu7z/T[Y[Lvu1À�tKubT[Y}]7Y}Mad5�T[u x MfORLKF¬DRLKz|Q¨ORJ�MItKu7Y}J�FIHKC Y[Lv]7T[HvzKY[LKZ�n~DG]��eZRJIO`HKLvz�hvDGFIFIHvC|Y}LKZ§D�yGDRT[HKu�Q¨O`J�´¤µ,;�¶¬ub�\H~DRT~MfO�MftKukÅKMIMIu7z

x O`T[DRJIY}FfDGMIY[O`L � B tKu�t~D�Mf]�tKubz/tvY[F_MIO`Z`JIDRC�J_u x J_u7F_u7LNMfF�MftKu ��O`LNMfu�Ý�DRJ_T[O�u�� x u7]VM�DGMIY[O`LvF�ORQm]7O`LNMfJ_Y[nKH­MfY[ORLKFQ¨JIO`C¸]bJIO`F_Fg±X]7O`LNM�DGC|Y}L~DGMfY}O`L^Q¨J_O`C
ORMItKu7J 5/zKub]EDEdeF@DRLvzPMItKu�z~DRJ_��FIt~DGzKu7z�tKY[FgMfO`Z`JIDRC MftKu�n~DR]��\Z`J_O`HKLKzQ¨JIO`C LKO`L­± 5�F_O`HKJI]bu7F � B tvu�T[ubyRu7TªORQmDRZ`J_u7u7C�u7LNM�nªuVMa��ubu7LPMftKu4zKDGM�D�DGLKz ��O`LNMIu�Ý�DRJIT}O�zKY}F_MfJ_Y[nKH­MfY[ORLKF�Y}F�eHKDRLNMfY}ÅKu7z&nNds�\HKOGMfY[LvZ{MItKu �   DRLvz/MItKu�LeHvC�nªubJ�ORQ�zvu7Z`J_u7u7FkORQmQ¨JIubu7zKO`C �
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Þ Y[Z`HvJIu . � .K© B tKuSC|u7DRFIHvJIu7z�F x u7]VMfJIHvC"ORQ�MItKu x O`T[DRJIY}FfDGMIY[O`Le±aFIubLKFIY�MfY�y`u@yGDRJ_Y�DRnKT}u�� � h~zKu7F_]7J_Y[n�u7z&Y}L/MItKuMfuV�eM7hpQ¨ORJ@MftKu�5 # �
�
zKu7]7DEd­F�Y}L�MftKu°â �m»T7 9 uV� x u7J_Y[C�u7LNM � B tKu°z~DRF_tKu7z�DRLKzAz~DGFItKubz­±azKOGMIMfubz�T}Y[LKubF]7O`J_JIu7F x ORLKz�MfOPMftvu|]bO`LNMfJIY}nKHvMIY[O`LKF�ORQ�LKu7ZND�MfY}yRu�DRLKz x O`F_Y}MfY�y`u{tKubT[Y[]bY}Mad 5 �ÏFbh�J_u7F x u7]VMfY�y`u7T�d � B tKu�FIC|DRT}TFIt~DRzvu7z�DGJIuED{LKu7DRJ���Á�¼SY}F�MftKu�LKORL­± 5/n~DR]��\Z`J_O`HKLKz/]7ORL\MIJIY}nKHvMfY}O`L �
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Þ Y[Z`HvJIu<. � ½­© B tKu�C�uEDGFIHKJ_u7z/F x u7]bMIJIHKC ORQmMftvu x O`T�DGJIY[FIDGMfY}O`L­±XFIu7LvFIY}MIY}yRu�yGDRJIY[DRnKT}u���
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�
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Þ Y[Z`HvJIu . � áv© B tKuPC|u7DRFIHvJIu7z¯F x ub]bMfJ_HKC ORQ�Mftvu x O`T[DRJIY}FfDGMIY[O`L­±XFIubLKFIY�MfY}yRu�yGDRJ_Y�DRnvT[u^Q¨O`J�MftKu 5 # 4
� ��zKu7]7D1deF�Y}L°MftKu o »T� 7 9 �<uV� x u7JIY}C|ubLNM � B tKukyGDRJIY[DRnKT[u�Y[F=MftKukJfD�MfY[O�ORQªMftKukC�uEDRF_HKJIubz|C�HvO`L^C�O`C�u7LNMfHKCMfO°MftKu�n�uEDGC
u7Lvu7JIZGd`hK��tKY}]�t�Y}F�DRL/D xKx J_OE�vY}C^D�MfY[ORL�ORQ � :�ÁcÈ : � È4; � B tKu�z~DGM�D{DRJ_u�]7O`C x DRJ_u7z�MIO{MItKuJIu7F_HKT}MIF=ORQ MftKu x O`T[DRJIY}FfDGMIY[O`LSÅKM � B tKu x O`Y}LNMfF���Y�Mft°u7J_JIO`J�n~DRJIF�DGJIu�z~DGMfD�DRLKz�MItKu�FIO`T}Y[z�T}Y[LKu�Y[F<F_Y[C�HvT�DGMIu7zz~DGM�D�Q¨O`J�MftKu°ÅKM_Mfu7zAyGDRT}HKu7F�ORQ¬��;�DRLvzº��� � B tKu°FIt~DGzKu7z�DRJIu7DsY[F�n~DR]��\Z`J_O`HKLKz�DRLKzAMItKu°z~DRF_tKu7z�DRLKzzKORMIMIu7z/T[Y}LKu7F�]bO`JIJ_u7F x O`LKz/MfO°Mftvu x O`F_Y}MfY�y`u�DRLvz/Lvu7ZNDGMIY}yRuStvu7T[Y}]7Y�Mad�]7ORL\MIJIY}nKHvMfY}O`LKF�J_u7F x u7]VMfY�y`u7T�d �
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x JIubFIu7LNMfDGMfY}O`L � â%�p»T7 9 h�� �§DRLKz � 7�â%�AHKFIu4»��\H~D�MfY[ORL1. � Í�Y[L�MftKubY[J�ÅKMfF�nKHvM�MfJIu7DGM�i ;� � zKY���ubJIu7LNMIT}d|DRFzKY[F_]7HKF_FIu7zAY}L�weu7]bMIY[O`L�. � � � w­C|DRT[T�]7O`J_JIu7]VMfY}O`LKF�Q¨O`JkMItKuSub�ªu7]bMIF@ORQ�Y[LKY�MfY[DRT�F_MfDGMfuSJfDGzKY�DGMIY[O`L�hvMftKu x tKOGMfO`Lx JIO x DRZNDGMIO`J�DGLKz§ÑKÒv«|Y}L\MIu7JgQ¨u7JIubLK]7uGh\DRLKz§MItKu�Q¤DG]bM�MIt~DGM�LKORM�DRT[T\z~DGMfD4DRJ_u�]bO`T[T}u7]bMIu7z°D�M MItKu x uEDR��ORQKMItKu�«JIu7F_O`L~DRLv]7u�DRJ_u�Y}LK]7O`J x ORJfDGMIu7z§Y}LNMfO�MftKu��eHvORMfubz�yRDGT[HKubF ORQK��;�DRLKz���� � B tKubFIu�]bO`JIJ_u7]VMfY[ORLKF7h`OGQ�WP¹ ÎvÄÏÎ`Î ½`À�hDRJIu�]7DRT[]bHKT�D�Mfu7z§HKFIY}LKZS« Þ � B�B » ; q �v¼ r � o »T��7 9 �pY[LK]bO`J x O`JIDGMfubF Mftvu7FIu�]bO`JIJ_u7]bMIY[O`LvF<zKY[J_u7]VMfT}dSY}L\MIO@Mftvu�ÅKMMftKuVd x ubJ_Q¨O`J_C�nNd{HKFIY}LKZ�« Þ � B�B » ; MIO x JIubzKY[]VM¬µ,;e¹¤]bO`F ¡ ;)' ÀVh\DEy`ubJfDRZ`ubz^O1y`ubJ¬MItKukT[HKC�Y[LKORFIY}MadN±Ù��ubY[Z`tNMfubz]7u7LNMIJIuV±XORQ�±aC|DRF_F�u7LKubJIZ`Y}u7FbhKDRF�D�Q¨HKLK]VMfY[ORL^ORQp��;4DRLKz���� � B tKY}F�DRH­MfO`C|DGMfY}]EDRT}T}d§Y[LK]bT[HKzKubF�MItKu�Ú�» o DRLKz��u7DR�Aub�ªu7]VMfF�DRFSDPQ¨HKLv]bMfY}O`LUORQ�]7O`F ¡ ;)' hpJfDGMItKu7J�MIt~DRL�DRFSDPF_u x DGJfDGMIu�]bO`JIJ_u7]VMfY[ORL�DRF�Y}LUMItKu�D xKx J_ONDR]�tM�DR�Gu7L&nNd�MItKu�ORMftvu7J�MftKJ_u7u �p»T7ØuV� x ubJIY}C|ubL\MIF �â�T}MftvO`HKZ`t*Mftvu/F_Y[Ûbu/OGQ�MItKuPuby`ubLNM^FIDRC x T[u7F{HKF_u7z(nNd*MftKusQ¨O`HKJ°u�� x ubJIY[C�u7LNMIF^DRJ_usJIO`HvZ`tKT}d�u7�\H~DRT hFIC|DRT[T}u7J�ubJIJIORJIF{O`L¯MftKu/DRFgd­C�C�ubMfJ_Y[ubF{DRJIuPO`nvMfDRY[Lvu7z¯nNd¯â%�p»T7 9 ¹¤F_u7u B DRnKT[u . � �NÀ � B tKY[F{Y[F{T[DRJIZ`ubT}dDRFIF_O­]bY�DGMIu7z ��Y}Mft Mftvu�tKY}Z`tKubJPDRLKZ`HKT[DRJsZ`JIDRL\HKT�DRJ_Y}MadÖORQ�MItKuºâ%�p»T7 9 u7T}u7]VMfJIORC^DRZRLKubMIY[]�]7DRT[O`J_Y[C�ubMIu7J �B tKu�5 � �_uVMfF � x JIOezKHK]7ubz^Y}L|t~DGzKJIO`LvY[] 5�zKu7]7D1deF�DGJIu�MfY}Z`tNMfT}d§]7O`T}T[Y}C^DGMIu7z{DGM	�p»T7�u7LKubJIZ`Y}u7F���tKY[]�t|JIubFIHKT�MfFY[L¯DAFIHKnvF_M�DGL\MIY�DRT�O�yRu7J_T�D x ORQ�MItKusu7LKubJIZRd�zKu x O`FIY�Mfubz(Y}L�MftKus]7DRT[ORJIY[C�ubMIu7JSnNd*zKY}�ªu7J_u7LNM x DGJ_MfY}]7T}u7F � â]EDRT}O`JIY}C|uVMfu7J���Y�Mft�D�tvY[Z`tKubJ�Z`JfDRL\HKT[DRJIY�Mad�Y}Fkn�ubM_MfubJ@DRnvT[u4MfO�Y[zvu7LNMfY�QWd�MftKuSY[LvzKY}yeY[zvH~DRT x tvORMfO`LvFkQ¨J_O`C � ÔzKu7]7D1dsDRLKzsMftKubJIuVQ¨O`JIu x J_O1y­Y}zKu7F�Z`J_uEDGMIu7J�zvY[FI]bJIY}C|Y}L~DGMfY}O`L�nªuVMa��ubu7L&tKDRzKJIORLKY[]4zvu7]EDEds]�tKDRLKLKubT[F�ORQmMftKu�5 �B tKY[F4J_u7F_HKT}MIF4Y[L�Y}C x JIO1y`ubzAFIY[ZRL~DRT�±ÙMfOG±XLKO`Y}FIu4Mftvu7JIubnNd x JIO1yeY[zvY[LKZ|Z`JIu7DGMfubJ x ORT�DRJ_Y[FfD�MfY[ORL/F_u7LKF_Y}MIY}yeY}Mad&DRLKzFIC|DRT[T}u7J�Fgd­FgMfubC^DGMIY[]�u7J_JIO`J_F �B tKu �p»T7�]7O`C§nKY[L~D�MfY[ORL°Y[F=C|DRzKu�HKFIY}LKZ�MftKukO1y`ubJfDRT}TKJIubFIHKT�MfF¬ORQ���;�DRLvz|���mQ¨JIO`CÜuEDR]�t|uV� x ubJIY}C|ubL\M7hJfDGMItKu7JSMft~DRL�n\dUÅ~J_F_M§]7O`C�nvY[LKY}LKZ/MItKu�JIu7F_HKT}MIF�Q¨O`JSuEDG]�t*zKu7]7D1dºC�O­zvu � Ý�O`JIJ_u7T[DGMfY}O`LKF�nªuVMa��ubu7L¯zKub]EDEd]�t~DRLKLKubT[F�DRJ_uszKO`C�Y[L~DGMIu7z*nNd*zKuVMfub]bMfORJg±aF x ub]7Y�Å~]sF_deF_MIu7C|DGMfY}]su7J_JIO`J_F{��tvY[]�t(DRJIusC�O`FgM°JIubT[Y�DGnKT}dUM�DG�Ru7LY[LNMfO�DR]7]bO`HKLNM�n\dAMItKu{Y[LKzvY}yeY[zKHKDRT<uV� x u7J_Y[C�u7LNMfF�DRF�zKY[F_]7HKF_FIubz�Y[L�w­ub]bMfY}O`L . � � � B tKu�]7ORC�nKY[LKDGMfY}O`LKF�ORQMftKu°ubY[Z`tNM4C�uEDGFIHKJ_u7C�u7LNMfFbh�Q¨O`HKJ@u7DR]�tUORQ���;{DRLvzA����hªM�DG�Ru°Y[LNMIOsDR]7]bO`HKLNMSDRT}T ORMItKu7J@]7O`J_JIu7T[DGMfY}O`LKF�DRLKzDRJIu x J_u7FIubLNMfu7z&Y[LsMftKu�Q¨O`T}T[O1��Y[LvZ�FIub]bMfY}O`LKF �
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Measured Pτ vs cosθτ
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Al (LEP)=0.1465±0.0033
 χ2/DoF=4.7/7

ALEPH

DELPHI

L3

OPAL

Aτ (LEP)

0.1451±0.0060

0.1359±0.0096

0.1476±0.0108
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0.1439±0.0043
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L3
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Ae(LEP)

0.1504±0.0068

0.1382±0.0116

0.1678±0.0130

0.1454±0.0114

0.1498±0.0049
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LEP+SLD 0.21629 ± 0.00066

SLD vtx mass
    1993-98

0.21576 ± 0.00094 ± 0.00076

OPAL mult
    1992-95

0.2176 ± 0.0011 ± 0.0012

L3 mult
    1994-95

0.2166 ± 0.0013 ± 0.0025

DELPHI mult
    1992-95

0.21643 ± 0.00067 ± 0.00056

ALEPH mult
    1992-95

0.2158 ± 0.0009 ± 0.0009

0.214 0.216 0.218
Rb

LEP+SLD 0.1721 ± 0.0030

OPAL
charm count. 1991-93

0.164 ± 0.012 ± 0.016

DELPHI
charm count. 1991-95

0.1693 ± 0.0050 ± 0.0092

ALEPH
charm count. 1991-95

0.1735 ± 0.0051 ± 0.0110

SLD
mass+lifetime 1993-98

0.1741 ± 0.0031 ± 0.0020

OPAL
D-meson 1990-95

0.177 ± 0.010 ± 0.012

DELPHI
D-meson 1991-95

0.161 ± 0.010 ± 0.009

ALEPH
D-meson 1991-95

0.1682 ± 0.0082 ± 0.0082

ALEPH
lepton 1992-95

0.1685 ± 0.0062 ± 0.0080

0.16 0.18
Rc
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LEP 0.0992 ± 0.0016

OPAL
inclusive 1991-2000

0.0994 ± 0.0034 ± 0.0018

L3
jet-chg 1994-95

0.0948 ± 0.0101 ± 0.0056

DELPHI
inclusive 1992-2000

0.0978 ± 0.0030 ± 0.0015

ALEPH
inclusive 1991-95

0.1010 ± 0.0025 ± 0.0012

OPAL
leptons 1990-2000

0.0977 ± 0.0038 ± 0.0018

L3
leptons 1990-95

0.1001 ± 0.0060 ± 0.0035

DELPHI
leptons 1991-95

0.1025 ± 0.0051 ± 0.0024

ALEPH
leptons 1991-95

0.1003 ± 0.0038 ± 0.0017

0.08 0.09 0.1
A

FB

0,b

LEP 0.0707 ± 0.0035

OPAL
D* 1991-95

0.0761 ± 0.0109 ± 0.0057

DELPHI
D* 1992-95

0.0695 ± 0.0087 ± 0.0027

ALEPH
D* 1991-95

0.0698 ± 0.0085 ± 0.0033

OPAL
leptons 1990-2000

0.0643 ± 0.0051 ± 0.0037

L3
leptons 1990-91

0.0834 ± 0.0301 ± 0.0197

DELPHI
leptons 1991-95

0.0725 ± 0.0084 ± 0.0062

ALEPH
leptons 1991-95

0.0734 ± 0.0053 ± 0.0036

0.06 0.08 0.1
A

FB

0,c
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SLD 0.923 ± 0.020

SLD
lepton

0.939 ± 0.030 ± 0.023

SLD
Kaon 94-95

0.855 ± 0.088 ± 0.102

SLD
jet charge

0.907 ± 0.020 ± 0.024

SLD
vtx charge + Kaon

0.917 ± 0.018 ± 0.017

0.8 0.9
Ab

SLD 0.670 ± 0.027

SLD
lepton

0.587 ± 0.055 ± 0.053

SLD
D*

0.689 ± 0.035 ± 0.021

SLD
vtx charge + Kaon

0.674 ± 0.029 ± 0.023

0.6 0.7
Ac
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L3

OPAL

 0.2322 ± 0.0008 ± 0.0011

 0.2345 ± 0.0030 ± 0.0027

 0.2327 ± 0.0012 ± 0.0013

 0.2321 ± 0.0017 ± 0.0029

(90-94)

(90-91)

(91-95)

(90-91)

LEP 0.2324 ± 0.0012
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sin2θ
eff

lept

ª¯DF\C0M23'+ÚMe U �c$&%M'KDF6MG(0M7VdH,/?F0('4.�,/6(B#BM'R23D§dC'4B�,-dC'42>,/\C'59/;:.1DF6 � �������1���� ;l239C)«x yoz|{}k~ )5'R,/.30(21'R)+'R687>.4e�$&%('
7>9/7>,/?w0(6(E4'R2Z7o,/D[6a73DF'4.�,/23'
D[6(B(DFER,H7>'4B P8iÁ7>%('
.19C?FD[BÁ?FD[6('R.4j*,H6(B 7>%('
.ZiJ.Z7>'4)K,H73DFE
E49C687>23D[P(0M73DF9C6Á739¨73%('
0(6(ER'4217>,/DF687>D['R.=P8ip7>%('VB(9H737>'4B!?[DF6('4.Re

��ÚCØ



� � ��� ���	� 


� � ��

��� � ����� �	��������
 ��� � � � �����������
� �� � !"�"� ��


$&%('� (6A,/?�ER9/)ÍP(DF6M'RB�NQmnGQ9C?F'w21'R.10(?[73.t,H.�BM'R23D§dC'4B!;l239/)�7>%('cfMÓ�ÞÝ,/6(B!ÓvÔYÕ¥)+'-,H.30(21'R)+'R687>.4jQD[6(ER?[0(B(D[6(\
7>%('4DF2+ER9C2123'R?F,H7>D[9C6(.4jTER9/6(.173D[7>0J7>'!73%('�)K,/D[6Ò21'R.10(?[759/;w73%(DF.+23'4G_9C2Z7-e $&%('!B('4 (6(D[73DF9C6(.+9/;w73%('�G(.3'40(B(9Hm
9CP(.3'421dH,/P(?['R.+B('R.1ER21DFP(D[6(\�73%('�23'R.19C6A,/6MER'�GM239CGQ'R2Z7>DF'4.]9/;*73%('!%M'-,-daiÁNÏP_9/.39C6¤%A,-dC'!P_'4'R6¥D[687>239qB(0(E4'RB
DF6¤ST%A,/GJ7>'R2p�/e�$&%M'p's�JG_'423D[)5'46a7>,/?T)+'-,H.30(21'R)+'R687>.r%A,-d/'�PQ'R'46¨B(DF.1ER0(.1.3'RB¤DF6�ST%A,/GM73'R23.+U!739�Ú
,/6(B
,/23'rP(21DF'sb(i�.10()+)K,/21DF.1'RB
,/\C,/DF6�%M'R23'Hj<DF6MER?F0MB(DF6(\�,/6�,/.3.1'R.1.3)+'R687�9/;Y\C?F9/PA,/?vER9C2123'R?F,H7>'4B
0(6(E4'R217>,/DF6873DF'R.4e
#:,/.3'4B�9C6+7>%(D[.gD[6(G(0M7RjqGM%aiq.1DFER.T,/6A,/?§iq.3'R.T,/23'�G(21'R.3'4687>'RBp.1%(9�I=DF6(\cER?['-,/21?[iÍ73%('t%MDF\C%+G(23'4ERD[.3DF9/6K9CPM7>,/DF6M'RB
DF6Í7>%M'�)+'-,H.30(21'R)+'R687Y9/;LN�23'R.19C6A,/6MER'=GA,/23,/)5's7>'423.Rja,H6(Br7>%('&21'R.30M?[7>D[6(\OG(21'RB(D[E47>D§dC'&GQ9�IT'42X9H;Q73%('�NQmnGQ9C?['
)5'R,/.30(21'R)+'R687>.4e

$&%(']GA,H217>DF,/?�B('4E-,-i
I=DFBJ7>%(.�,/6(B
73%('5BM'RE-,-i�P(23,/6(Eo%(D[6(\p;l2>,/Es7>D[9C6(.O9/;X7>%('5N¨P_9C.19C6�,/23']G(21'R.1'R687>'4B
DF6�fq'RE473DF9C6 �Je Uqj¯9CPM7>,/DF6M'RB#;l219C) 7>%('K23'R.10(?[73.u9/;=ST%A,/GM73'R23.rU�,/6(B¨¢�0(.3D[6(\�.1DF)+G(?F']GA,/23,/)+'47>'42�732>,/6M.Zm
;l9C23)5,H7>D[9C6(.4e�®*6�DF)+G_9/217o,H6a7:,/.3GQ'REs7�DF.:7>%M'�BM'47>'423)+DF6A,k7>DF9/6�9/;v7>%('V6a0()ÍPQ'R2=9/;v?FD[\C%87&6('40M7>21DF6(9].3GQ'RE4DF'4.Rj
,�ER230MERDh,H?T23'4.30(?§7],/?[.39�D[6�,/.173239CGM%aiq.1DFER.+,/6MB�ER9C.1)59C?[9C\/i/e�$&%('p'4^_'REs7>D§dC'p6('40M7>23,/?TIg'-,/W�ER0(2123'R687]E49C0Jm
G(?FD[6(\C.Rj@.10(Eo%
,/.�7>%('c,/.1iq)+)5's7>2Zi�GA,/2>,H)5's7>'R21.*,H6(B�7>%M'c's^L'4E47>D§dC'cER9C0(GM?FDF6M\5E49C6(.17>,/687>.4j<,/21'cB('423D§dC'RB�DF6
fJ'REs7>DF9/6 �Je ��DF6�?h,/21\C'R?§i�)59qB('R?­mnD[6(B('RGQ'R6MB('R687u,/6A,/?§iJ.1'R.4e�$£'4.173.Í9/;=?F'4GM7>9/6#0(6(D§dC'423.>,H?FD[7ni�,/6MB�ER9C)+GA,/2 m
DF.39/6(.�I=D§7>%�'s�JGQ'RE47>,H7>D[9C6(.�DF6p7>%M'�;l23,/)5'sIT9/23Wp9/;£7>%('ufq7o,H6(BA,/21B��!9qB('4?T� f(���=,/23'VD[6(ER?[0(B('RBLeT�n6�,r A21.17
.17>'4G�739�IT,/21B(.�73%('Kf(��j�7>%(']'4^_'REs7>D§dC'%$'&=GA,/23,/)5's7>'423.�,/6(B�7>%(']'s^L'4E47>D§dC'+'R?['RE473239�Ig'-,/W�)+D§�JDF6(\�,H6(\C?F'4.
.3DF6M�_� &��� ,/23'rB('423D§dC'RBLeÍ®*.OB('4.3E423DFPQ'RB�DF6
fJ'REs7>DF9/6 �qe Ù(j_7>%(']%(D[\C%�G(21'RERD[.3D[9C6�9/;Y7>%('+NQm|G_9C?['uBA,k7o,p,/?[?F9�I=..17>21DF6(\/'R687Í7>'4.173.r9/;=2>,/BMDh,H73D[dC'5ER9C2123'4E47>D[9C6(.4j�I=%(DFEo%¨,/21'�6(9�IÑ0(6A,/)uP(DF\C0M9C0(.3?§i�B('R)+9C6(.Z7>23,H7>'4B¨739�'s�JD[.17
P_'siC9C6(B �OÔYÞÍe£®t6A,/?§iJ.1'R.],/6MB#7>'4.17>.ÍI=D§7>%(D[6�73%('�ER9/6(.1732>,/D[6(DF6(\!;l2>,/)+'4Ig9C23W�9/;&73%('�f(�#j¯.30(Eo%¤,/.u73%('
DF6(B(D[23'4E47tB('473'R23)+DF6(,H7>D[9C6�9/;¯73%('c)5,/.1.t9/;¯7>%('V7>9CG!`a0A,/23W�,/6MB!7>%M'c)5,/.3.�9/;�73%('uf(�ËÜtD[\C\C.=PQ9C.39C6Lj_,H23'
B('4;l'42323'4Bp7>9rST%(,/GM7>'42 � eYÕ�23'4B(DFEs7>D[9C6(.T9H;�)K,H6ai+9CPM.3'R2ZdH,/P(?F'4.TI=D[73%(DF6+7>%('Of(� ;l2>,H)5'sIT9C21WK,H23'*21'RGQ9C2173'RB
DF6�®*G(GQ'R6MB(D§� �re

( ²�³ ��Ä
¸ ¸ ÂÍ»�· ¼+½�)�Å 
�¼+ÀR¹ � ¹Oµ�Ä
À4º�µ
*,+.-/+.- 021/3�4517683:9
$&%('� (6A,/?�ER9/)ÍP(DF6M'RB!NQmnGQ9C?F'*23'R.10(?[73.�,/23'OG(21'R.1'R687>'4B
,H7&7>%M'V;l9/?F?F9�I=D[6(\Í?F9qE-,k7>DF9/6(. �
; ST%A,/GM73'R2KU ��NÏ?[DF6('4.3%A,/GQ'�,/6(B¤?F'4GM7>9C6MDFE�;l9C2ZI:,/21BJmnP(,/EoW8I:,/21B ,/.ZiJ)+)+'47>21DF'4.Í;l239C) Ó�ÔYÕ DF6¤$£,km
P(?F'�Uqe[���=<

���/á



; ST%A,/GM73'R2&� �YÓ�'s;�71m|23DF\/%a7T,/6(BK?F'RGJ7>9C6(D[Et?['4;�7Zmn23D[\C%87Y;l9C21IT,/23BqmnPA,/EoW8IT,/23B�,/.Ziq)5)+'47323DF'4.g;l219C)�fMÓ�Þ©DF6
$¯,HP(?F'��Me Ú],/6(B�Ô�`q0(,H7>D[9C6��Je[��¢ <

; ST%A,/GM73'R2�Ù �Y$£,/0!GQ9C?F,/23D[.>,H73DF9C6+;l239C)�ÓvÔYÕÁD[6�ÔY`a0A,k7>DF9/6(.=Ù(e ØJj(Ù(e§��á],/6(B�Ù(e[�/� <
; ST%A,/GM73'R2g¢ �¯Üt'-,-dai]`a0A,/21Wub@,-dC9C0M2X'4?F'4E47>219�IT'R,/Wr23'4.30(?§7>.�;l239C) fMÓ�Þ°,H6(BKÓ�ÔYÕ#D[6r$¯,/PM?F'�¢Je§��áV,/6(B
$¯,HP(?F'c¢Je§�C�'<

; ST%A,/GM73'R2tÚ �Y�n6(E4?F0(.1D[dC'V%A,HB(239C6MDFEOEo%A,/21\C'�,/.1iq)+)5's7>2Zi�;l239C)�Ó�ÔXÕÒDF6�Ô�`q0(,H7>D[9C6�ÚJe �qe
$&%('!D[687>'R21G(23's7o,H73DF9C6¨9/;�7>%M'R.3'!G(.3'40(B(9�9CP(.3'421dH,/P(?['R.]B('4.3ER21DFP(D[6(\�7>%('�G(219CG_'42173DF'R.]9/;�7>%M'�NÏ23'4.39C6A,H6(ER'
DF.Í?F,/23\C'4?[i�)+9JB('4?TD[6(B('RGQ'R6MB('R687-e #:,/.1'RB¨9C6�7>%M'pB(DF.1ER0(.1.3DF9/6(.rG(23'4.3'46a73'RB¤DF6¤ST%A,HGM7>'42p�Ce ¢qe ÙJjY73%('�;l'4I
0(6(B('423?[iqD[6(\�,H.3.30M)5GM73DF9C6M.�E49C6(E4'R236MDF6(\�7>%('+'4d/'R687Í.3,/)+G(?F'4.O.3'R?['REs7>'RB�;l9C2O7>%('+)+'-,/.10(23'4)5'46a73.u,H6(B�73%('
DF687>'423G(21'47o,k7>DF9/6�9H;£73%('V23'R.10(?[73.�,/23' �
; ®*.1.39qERDh,k7>'RB
N<Ü¿GM239qB(0(E473DF9C6!DF.=6('4\C?FD[\CDFP(?[']��D[)5GM?[iqDF6(\]Ü�DF\C\/.ZmnPQ9C.19C6!)5,/.1.3'R.tDF6!'s�JER'4.3.w9/;�,/P_9/0M7¢/á �V'��c�OÖ �/ØHÛ <
; ST9C687>21DFP(0M73DF9C6M.�;l239C)Ý6(9C6Jm|23'R.19C6A,/687XG(219JE4'R.3.1'R.X.30(Eo%K,/.�ÙHm�;l'R23)+DF9/6ÍG(239qB(0(Es7>D[9C6+,/23'&B('4.3E423DFPQ'RB+P8i
7>%('+fM� Ö×��Ø ��Û£m=9C2w,/23'],H7w?F'-,H.17OE4'R687>21'smn9H;hmn)5,/.3.w'46('R21\/i
D[6(B('RGQ'R6MB('R687�ER?[9C.3'u739�7>%('+NQm|G_9/?F'/jL,/.
B(DF.1ER0(.1.3'4B�DF6�ST%A,HGM7>'42wU=<

; Ô�^L'4E47>.�9/;¯,+.1'RE49C6(B�%('-,-dai�6('R0M732>,/?�PQ9C.19C6���N��­�&,/21'O6('R\/?FDF\/DFP(?['rÖ×��Ø � Û <
; Ô�^L'4E47>.K9/;*73%('�.Z7>239/6(\#D[6a73'R23,/E473DF9C6¤DF6¤%('-,-dai¤b@,-dC9C0(25G(239qB(0(Es7>D[9C6<jT6(,/)5'4?[i�;l9/2K,/.Ziq)5)+'47323DF'4.6('R'4B('RB�739�'s�q732>,/Es7*7>%M'uGQ9C?F'�,/.ZiJ)+)+'47>21DF'4.Í� fJ'REs7>DF9/6�¢Je �Je UH�t,/6MB!;l9C2�GA,/2Z7>Dh,H?�I=D[BM7>%M.t6('4'RB('4B�7>9
's�q7>23,/E47t'4^_'REs7>D§dC'VER9C0MG(?FD[6(\rER9C6M.17o,H6a73.Í� fJ'REs7>D[9C6��/e ¢Je§���&,/21'OER9C2123'4E47>?§ipB('4.3ER21DFPQ'RB�P8i ��S:Þ <

; Ô�?F'REs7>219C)K,H\C6('473DFE=2>,HB(Dh,H73D[d/'t's^L'4E47>.:,/23'tB('R.1ER23D[P_'4B�P8i��OÔYÞ°739c7>%M'*23'4`a0(DF21'RB�?['4dC'4?_9H;�G(23'4ERDF.1DF9C6Le
®*?F?<73%('R.1'uGQ9CDF6873.=,/23'�'RD§7>%('42=Ig'R?[?�.30(GMG_9C2Z7>'4B�P8ip7>%('VERD§7>'4B�'s�JGQ'R21DF)+'R687o,/?�21'R.10(?[73.Rj@9C2�,/23'VPQ'R?[DF'4d/'RB�7>9
P_'OIg'R?F?­mn0(6MB('R21.17>9q9qB�73%('R9/23'473DFER,/?F?§iCe

®t?F?:E49C2321'R?h,k7>DF9/6(.uI=D[73%(DF6¨'R,/Eo%¥\C219C0(G¤9/;t)5'R,/.30(21'R)+'R687>.+%A,-dC'�PQ'R'R6ÒB(DF.1ER0(.1.3'4B¥DF6�73%('!GM23'4dqD[9C0(.
Eo%A,/GM73'R23.V,H6(B
DF6(E4?F0(BM'RB�D[6!7>%M'ÍER9C2123'4?h,H73DF9C6�)K,k7>23D[ER'4.Re*$&%M'r)K,�â19/23D[7ni�9H;�7>%('4.3'rE49C2321'R?h,k7>DF9/6(.tE49C6(E4'R236
7>%('t%('-,-dai�`a0A,/21Wrb@,-dC9C0(2g)5'R,/.30M23'R)+'R6873.RjJI=%M'R23'*)59C.Z7T`a0A,H6a73D[73DF'R.g%A,-dC'tER9C2123'R?F,H7>D[9C6(.X's�JER'4'RB(D[6(\���á��
I=D[7>%�;l9C0(2=9C2=)+9C23'V9/73%('R21.RjQ,/.=B('4.3ER21DFPQ'RB!DF6�$¯,/PM?F'c¢Je§�C�/eX�n6�,/BMB(D[73DF9C6<jMDF)+G_9C2Z7o,/687&E49C2321'R?F,H7>D[9C6(.&'s�JD[.17
P_'s7nIT'4'R6�73%('V?FDF6M'R.3%(,/G_'OG(,/2>,/)+'473'R21.u�����qj	��
y>z|{ �:,/6(B#� 	 

� �}k~ j � 
� �sjA,/.=B('4.3E423DFPQ'RB�DF6�$£,/P(?['�UJe[�-�MeST9C6M.3DFBM'R23D[6(\�GQ9C.1.3DFPM?F'KE49C2321'R?F,H7>D[9C6(.VP_'s7nIT'4'R6¨23'4.30(?§7>.Í' �q7>2>,HE47>'4B�;l239C)ãB(D§^L'423'46a7u\C239/0(G(.Í9/;:)5'R,km
.30(21'R)+'R687>.4j(DF6(E4?F0(BMDF6(\V7>%('OfMÓvS¥P_'R,/)¬G_9C?F,/23D[.>,H73DF9C6Lj/7>%(' �VS:Þ©ER9C2123'REs7>D[9C6K;l9C2X`a0A,/23WCm|GA,/DF2Y A6A,H?§mn.Z7o,H73'
,/.1iq)+)5's7>23D['R.4j8,/6(BÍ73%('TE49C2321'R?h,k7>DF9/6uPQ'47nIg'R'R6+DF6MER?F0M.3D[d/':,/6MBu7o,/\/\C'RBr%('R,-dqi8m�b@,-dC9C0(2Y,H.1iq)5)+'47323D['R.Rj/9C6(?[i
7>%(':0M6(ER'4217o,HDF687niÍD[6u7>%('&fMÓvS�PQ'-,H)	GQ9C?F,/23D[.>,H73DF9C6�ER21'-,H73'R.�,w6(9/6Jmn6('4\C?FD[\CDFPM?F'�'4^_'REs7-e�$&%a0(.�73%('T;l9C?[?F9�I=DF6M\
,/B(B(D§7>DF9/6A,/?QER9C2123'R?F,H7>D[9C6�E49J's¡5E4DF'46a73.��X����� � � � �TPQ'47nIg'R'46�73%('O23'4.30(?§7>.&9C6����*� ST%A,/GM73'R2=�8�g,/6(B�9C6�� � j
��ST%A,/GJ7>'R2*¢C�:,/21DF.1'V,/6(B!,/23'w7>,/W/'46�DF687395,HERER9/0(687��

�X����� � � � � � � á�� áCØ � �Je§���
�Y����� � ���1� � � á�� á8¢ � � �Je UC�

$&%('R.1'cE49C2321'R?h,k7>DF9/6(.T)+9JBMD[;�i]dH,/?F0('4.:9/;v`a0A,/687>D§7>D['R.&B('423D[d/'RBp;l239/)Ñ73%('OER9C)uP(DF6('4B�,-dC'R23,/\C'4.t,k7&7>%('O?['4dC'4?
9/;�.1'4dC'42>,/? ��9H;£73%('V23'R.1G_'4E473D[dC'V7>9H7o,/?<0M6(ER'4217o,HDF687niCe

Ô�dC'46�73%(9C0(\/%�73%('OdH,/23D[9C0(.:.1'47>.=9/;vGA,H2>,/)+'473'R23.&21'RG(21'R.1'R687>D[6(\+73%('cNQmnGQ9C?F't)5'R,/.30M23'R)+'R6873.=,/23'OE49C6Jm
.17>210(E473'RB�D[6!.10(Eo%�,rIT,�i!,/.&7395)+DF6(D[)5D[.3'tER9C2123'R?F,H7>D[9C6(.&PQ'47nIg'R'46�.3's7>.w,H6(B!D[6(.3D[B('V.3's7>.�9/;�GA,H2>,/)+'473'R23.4j
7>%('
E49C2321'R?h,k7>DF9/6(.K' �ME4'R'4BÝ��á�� D[6Ï,�;l'4I .3's7>.�,/6MBÁ7>%a0(.p6('4'RB 7>9�PQ'�7o,HW/'R6ÏD[6a739�,/E4ER9C0(687p;l9C2K,/68i
G(23'4ERDF.1DF9C6�,/6(,/?[iq.3D[.&0(.3D[6(\]7>%('4.3'O A6A,/?vNQm|G_9/?F'w21'R.30M?[7>.4e

���J�



( ²�� )�Å���¼+µ¯¼+Ç �¶¹OÈ=Â*· � É-Ì�º��
µ ÂuÇ
Ì ��»�ÂÍÇ
È��
É-Ç�� ¾�»�ÂuÈ=º�ÉR¼+Ç
µ
®*.�B(D[.3ER0M.3.3'4B]DF6]ST%A,HGM7>'42XUqjC7>%M':'R?['RE473239�Ig'-,/Wc)5'R,/.30(21'R)+'R687>.�,/23':`a0(9H7>'RB]D[6u7>'423)+.¯9/;Q's�JGQ'R21DF)+'R687o,/?[?[i
)59/73D[dH,H73'RB]G(.3'40(B(9Hm|9CP(.1'R21dH,/PM?F'R.gB('4 (6('RB5.30(Eo%K73%A,H7XER9/2323'4?h,H73DF9C6M.�P_'s7nIT'4'R6K73%('R)¬,/21'=23'RBM0(ER'4B<egßw73%('R24j
)59C21'u;�,/)+DF?[Dh,/2=G(.1'R0(B(9kmn9CP(.1'R2Zd/,HP(?F'4.�BM'R.3E423D[P(DF6(\�NQm|P_9/.39C6
G(219JBM0(E473DF9C6�,/6MB�BM'RE-,-iq.Rj�.10(Eo%#,H.O?F'RGJ7>9C6(D[E
G_9C?[':ER219C.3. mn.1'RE473DF9C6M.RjJNQmnPQ9C.39/6rGA,/2173Dh,/?qB('4E-,-iÍI=DFBJ7>%(.Y,/6MB+PM2>,/6(Eo%MDF6(\w;l23,/E473DF9C6(.4ja,/23'T9CPM7o,HDF6('4BÍ7>%(219C0(\C%
.3DF)+G(?['wGA,/23,/)5's7>'42=732>,/6M.1;l9C21)K,H73DF9C6M.Re

®t.3.30M)5D[6(\r?F'4GM7>9C6�0(6MD[dC'423.3,/?FD§7niCjM73%('O?F'4GM7>9C6MDFEwGQ9C?F'*ER239/.3.Zm|.3'4E47>D[9C6 � 
����� jAB('4 (6('RB�DF6�,/6(,/?F9C\Hi5739]73%('%A,/B(219C6(DFEOGQ9C?['OER239/.3.Zm|.3'4E47>D[9C6<jAD[.�)+'-,H.30(21'RB�7>9]P_' �
� 
���l� æ ��U	�


 � �
� �� �
� � � � � 
yoz|{� 
� � U�� áCáCá/���Òá�� á/á8U �Í6aP � � �Je �8�

DF6�dC'R2Zi�\C9J9qB�,/\C21'R'R)+'R687�I=D[73%�73%('cf(�¶' �MGQ'REs7o,H73DF9C6Le��t9H7>'V7>%A,H7=73%(DF.=G(0(21'R?§ip?F'4GM7>9C6MDFEV`a0A,/687>D§7ni�%A,/.
,�%(D[\C%('42+.1'R6(.1D[73D[dqD[7ni�7>9�
��/� 
 � � �u73%A,/6Ò,/68i�9/;*73%('�%A,/B(219C6(D[E�NQm|G_9/?F'�9CPM.3'R2ZdH,/P(?F'4.RjT,/.]B(DF.1ER0(.1.3'RB¥DF6fJ'REs7>DF9/6 � e ÚMe

*,+��,+.- ��������������� 3! #"!$&%'""4("*) 3,+53�4(�
$&%(':GA,/2Z7>DF,/?qN5B('4E-,-icI=D[BM7>%M.�,/21'g.10()5)5,/21DF.3'4BuD[6u$£,/P(?F'��Je§�/e-�t9/73'g7>%(,H7£73%('4i�%A,-d/':?h,/21\C'R2�E49C2321'R?h,k7>DF9/6(.
7>%A,/657>%('t9C23D[\CDF6A,H?(.3's7:9/;�21'R.10(?[73.T23'4G_9/217>'4B�DF65$¯,HP(?F'*UJe§���Je��|;�?['RGM739C6K0M6(D[d/'R23.3,/?FD§7ni]DF.XDF)+G_9/.3'RBLjM,�)59C21'
G(23'4ERDF.1'udH,/?F0M'u9/; � yoz|{ D[.t9/PM7o,/D[6('RBLjLPQ'RE-,H0(.3' � �l� DF6�73%('u21'R?F,H7>D[9C6�PQ'47nIg'R'46�73%('Í%A,HB(239C6MDFE�G_9C?['uE4239C.1.Zm.3'REs7>D[9C6#,H6(B
7>%(']GA,/2Z7>DF,/?£I=D[BM7>%(.OD[.O23'4G(?h,/E4'RB�P8i
7>%('r)+9C21'rG(23'4ERDF.1'rd/,H?F0('Í9H; ��� �oeÍ$&%('5N¨PM2>,/6(Eo%MDF6(\
;l2>,/Es7>DF9/6(.Rj/.101230Fjv73%('+2>,H73DF9C.VPQ'47nIg'R'R6�'R,/Eo%�GA,H217>DF,/?�B('4E-,-i�I=DFBM73%�,/6MB�7>%M'+739/7o,/?�I=D[BM7>%�9/;T73%('pN¯j�,H23'
.3%(9�I=6�D[6�$¯,/PM?F'��Je UJe

�n6¤9C23BM'R2r7>9
7>'4.17+?F'4GM7>9/6¤0M6(D[d/'R23.3,/?FD§7ni�DF6ÒN B('RER,-iJ.5`a0A,/687>D§7o,H73D[dC'4?[i/jY73%('�2>,H73DF9C.r9H;t73%('�?F'RGJ7>9C6(D[E
GA,/2173Dh,/?(I=D[BM7>%M.T9C2X'R`a0(D§d/,H?F'R6873?[iÍ73%('*23,H7>D[9C.Y9/;L73%('*?['RGM739C6(DFE=P(23,/6(Eo%(D[6(\c;l23,/E473DF9C6M.T,/21'tER,/?FE40(?h,k7>'RBLe¯$&%('
23'R.10(?[73.�,/23' �

�,454
� �l� � 6 ��N�Ð 7 � 7 � �

6 ��N�Ð ' � ' � � � ��� áCáCá/Ø��Òá�� á/á8U � � �Je Ùa�
�,898
� ��� � 6 ��N�Ð : � : � �

6 ��N�Ð ' � ' � � � ��� áCáM�-Ø �Áá�� á/áC�8U � �Je ¢C�
I=D[7>%+,wE49C2321'R?h,k7>DF9/6Í9/; � á�� Ú/�Me¯�n6]PQ9/7>%rER,/.3'4.Rja\C9q9JB],/\/23'R'4)5'4687�I=D[73%+?['RGM739C6r0(6(D§dC'423.>,H?FD[7nicDF.¯9CP(.3'421d/'RB<e®*.3.10()+DF6(\c?F'RGJ7>9C650(6(D[d/'R21.>,/?[D[7niCj;:�)5,/.1.g's^L'4E47>.:,/23'�'s�JGQ'RE473'RBp7>9cB('RE423'R,/.3' �,898*,/6(B #O��N�Ð : � : � �Y,/.
`q0M9/7>'4B�%('423'VP8i�áMe UH���Ñ21'R?h,k7>D[d/'w7>9r7>%M'�?[DF\C%87&?['RGM739C6�.3GQ'RE4DF'R.�'V,/6(B<7�e
*,+��,+�� =;� 1 6>�56@?BA.3DC 6@EF+HGI"*�JELKNMB)O? 3�4P��QSR%6@T�G�+PK 3UMV+ 4 6W�J�YXVZ 3! �6.3!�
$&%('pDF68dqDF.1DFP(?['5I=DFBJ7>%<j �,[]\>^ � ���Í�	� � yoz|{ � � �l� � �,4_4 � �,898�� j�DF.u,/?F.19
.3%(9�I=6¨DF6�$£,/P(?[' �Je§�/e�$&%('
P(2>,/6MEo%(DF6(\�;l2>,HE47>D[9C6�7>9�D[6adqD[.3DFPM?F'uG(,/2173DFER?['R.4j�23'RGQ9C2Z7>'RB�D[6�$£,/P(?[' �Je Uqj�DF.OB('423D§dC'RB�P8i
ER9/6(.1732>,/D[6(DF6(\�73%('
.30()Ñ9/;L73%('*D[6(ER?[0(.3D§dC'�%A,/B(219C6(D[E/ja?F'4GM7>9C6MDFE�,/6(B5DF68dqDF.3D[P(?F'=P(23,/6(Eo%(D[6(\c;l23,/E473DF9C6M.Y739u0(6MD[7niCjJ,/6(B57>%('423'4;l9/23'
B(9J'4.£6M9/7¯E49C6(.Z7>D[730M7>'X,/6cDF6(BM'RGQ'R6(B('4687¯21'R.30M?[7-e£$&%('X23'R.10(?[7£9C6��,[]\@^gDF.�E49C)5G(,/23'4B�739�73%(':fM�Ñ's�JGQ'REs7o,H73DF9C6
E-,/?[ER0(?F,H7>'4BÍ,/.¯,t;l0(6(Es7>DF9/6u9/; 
 � ,/6(B 
a` DF6uª¯DF\/0(23'��Je§�/e¯�|7¯.3%(9�I=.Y,�.3)5,/?F?aB('s AERD§7�9/;@,HP_9C0J7YU�� �*�!'��Ï9C2�Ce � .Z7o,/6MBA,/23B�B('sdqDh,H73DF9C6(.gER9C)+GA,/21'RB�739Í7>%('�f(� ' �JG_'4E47o,k7>DF9/6�ER,/?FE40(?h,k7>'RB5;l9C2 
 � � � � � �O' �]jM)5,/D[6(?[i
23'4b('RE473DF6(\]7>%M'�9/P(.3'421dH,H7>D[9C6p7>%A,k7�73%('V%A,/B(219C6(D[EOG_9C?['wER219C.3. mn.1'RE473DF9C6!DF.&.1?FDF\/%a73?[i5?h,/21\C'R2g7>%A,/6�'s�JGQ'REs7>'RBLe

$&%('u?FDF)+D[7:9C6�'s�q732>,Mj<6M9C6Jmn.Z7o,/6MBA,/23B�ER9C687>21DFP(0J7>DF9/6(.�739K7>%M'uDF68dqDF.1DFP(?['�I=D[BM7>%Lj�.101230Fj_6(9/7w9/23DF\/DF6A,H73DF6(\
;l239C) N�Ð b bLj<D[.*ER,/?FE40(?h,H73'RB!Pai!7o,/WaD[6(\K7>%M'uB(D§^L'423'R6MER'rPQ'47nIg'R'R6
73%('udH,/?F0M'u\CD§dC'R6
D[6�$£,/P(?F'��Je§�r,/6(B

���CU



Õ£,/2>,H)5's7>'R2 ®td/'R2>,H\C' ST9C2123'4?h,H73DF9C6(.
� & & Ö ��' �VÛ


ÏD[7>%M9C0M7=Ó�'RGJ7>9C6��t6(D§dC'423.>,H?FD[7ni
� yoz|{ � �l� �,4_4 �,898 � � � � � � �,[]\>^

� yoz|{ ���HÙa¢Je � � Uqe � �Ce áCá
� �l� � �Je Ø8U � áJe[��U �*áJe U/Ø �Ce áCá
�,4_4 � �Je ØCØ � áJe[� � áMe ÚCÚ �*áMe U/á �Ce áCá
�,898 � ÙMe á � � áJe UCU áMe ¢HÙ �*áMe§��� áMe �CØ �Ce áCá
� � � � � �Je Ú ���/e � áMe Ùa¢ �*áMe§��� áMe U/Ø áMe UHÙ �Ce áCá
� � � �CáCáMe ¢ � ¢qe � áMe áCØ �*áMe á8U áMe áCÚ áMe á8¢ �táMe§��U �Ce á/á
�,[]\>^ Ù8Ø �Je Ù � Uqe ¢ �*áJe Ú � áMe � � �*áMe Ùa¢ �táMe Ù8á �táMe �Cá �táMe áCÚ �Ce áCá


ÏD[7>%�Ó�'RGJ7>9C6��t6(D§dC'423.>,H?FD[7ni
� yoz|{ ��� � � � � � � � �,[]\>^

� yoz|{ ���HÙCÙ(e Ù � Uqe á �Ce áCá
��� � � �Je Ø � ¢ � áJe á � Ú áMe �CØ �Ce áCá
� � � � � �Je � ���/e U áMe �8¢ áMe§��� �Ce áCá
� � � �CáCáMe U � ¢qe U áMe áCÚ áMe áC� �*áMe§��¢ �Ce áCá
�,[]\>^ Ù8ØCØMe á ���/e ¢ �*áJe U/Ø áMe Ù8Ø �*áMe§��á �táMe á8U �Ce áCá

$¯,/PM?F'��Je§� �TÕ£,/2173Dh,/?vN�B('RER,-ipI=DFBM73%(.Rj@B('423D[d/'RB�;l219C)�73%('c21'R.10(?[73.�9H;�$£,/P(?F'4.wUqe[���qj_¢Je[�-á+,H6(B
¢Je§�C�HeT$&%('
I=DFBM73%rB('R6(9H7>'RB+,/.�� � � � DF.£73%A,H7�9H;Q,w.3DF6M\C?F'XEo%A,/21\C'RB])5,/.3.1?F'R.1.�?F'4GM7>9/6Í.3GQ'RE4DF'R.4e�$&%(':I=D[BM7>%u739ODF68dqDF.1DFP(?['
GA,/2173DFE4?F'R.&D[.&E-,/?[ER0(?F,H7>'4B�,/.&7>%('VB(D§^L'423'R6MER'V9/;v7>9/7>,/?�,/6(B!,/?[?L9/73%('R2=GA,/2Z7>DF,/?_I=D[BM7>%(.4e

7>%('�fM� 's�JG_'4E47>,H7>D[9C6Á9/;+���,[]\@^�� ��� � ¢/áM��� � �	á�� U � 
����� 
�� 	 �!' �+j:I=%('423'�73%('� A21.17p'423219C2KD[.5B(0M'�7>9#73%('0(6(ER'4217>,/DF687>D['R.OD[6�7>%('+fM� D[6(G(0M7wGA,/2>,H)5's7>'R21.O,/6(B�73%('r.3'4ER9C6MB�9C6M'ÍDF.wBM0('Í7>9�73%('Í0(6(Wa6(9�I=6�)K,H.3.O9/;
7>%('VÜ�DF\C\C.gP_9/.39C6<jq7o,/WH'R6p7>9uP_'wPQ'47nIg'R'46��/�-Ù �O' �	,/6(B
�-áCáCá �O' � I=D§7>%�,uE4'R687>23,/?LdH,/?F0M'*9/;Y��¢Há �V'��]e
$&%(DF.V\CD§dC'R. ��
[]\>^ � �*U�� � � ��� �� ��� 
 �!' �+j�9C2O' �MGM23'R.1.3'4B�,/.�,p?FDF)+D[7Rj�� ��
[]\>^�� U�� á!��' ��,H7�Ø8¢�� S:ÓYe�$&%MDF.
?FDF)+D[7vD[.�ER9C6M.3'R2ZdH,H7>D§dC'R?§iÍER,/?FE40(?h,H73'RBr,H?F?F9�I=D[6(\*9C6M?[i�d/,H?F0('4.�9/;��,[]\@^&,/P_9�d/':7>%('&)+DF6(D[)K,H?Cd/,H?F0(':9H;Q73%('�f(�
G(23'4B(DFEs7>DF9/6�;l9C2 
a` � ��áCáCá �O' �]e*�n6�7>%('Í.3,/)+'uI:,-i/j�0(G(GQ'R2w?[DF)+D[7>.&9/6
6(9C6Jm|.17o,H6(BA,/21B
ER9C687>21DFP(0J7>DF9/6(.
7>9+9/7>%('42�N�B('4E-,-iq.tER,/6�P_'VE-,H?FER0M?h,H73'RB�,/6(B!,/21'O.30()+)K,H23D��4'RB�DF6�®tG(G_'46(B(D­��Þue

®t.3.30M)5D[6(\w9C6(?§iuf(��GA,/2Z7>DFE4?F'4.�,/.�NKB('RER,�iuG(239qB(0(Es7>.4jC7>%(':D[68dJD[.3D[P(?F'TNQmnB('4E-,-i�I=DFBM73%ÍB('473'R21)5D[6('R.¯73%('
6q0M)ÍP_'42�����9H;�?FD[\C%87Y6('R0M7323D[6(9C.X.3GQ'RERD['R. � �,[]\@^ � ������� �HeYfJDF6MER'=7>%('�2>,H73DF9 �,[]\@^�� ��� �¯DF.X's�JGQ'R21DF)+'R687o,/?[?[i
B('473'R23)+DF6M'RBpI=D[73%p%(DF\C%M'R2:G(21'RE4DF.3D[9C6�7>%(,/6 �#[]\>^/jA,/6(Bp7>%M'�f(� G(23'4B(DFEs7>DF9/6p9/; ��� ��� ��� �X.1%(9�I=.�,]21'RB(0MER'RB
B('RGQ'R6(BM'R6(E4'u9C6�7>%('V0(6MWq6M9�I=6�f(�«GA,/2>,H)5's7>'R21.Rj(73%('V6q0M)ÍP_'42=9/;¯6M'R0M7323DF6M9C.=DF.&B('423D[d/'RB�;l239C) �

� 
[]\>^ æ �,[]\>^
��� � � ����� ��� �

��� ��� ��� � � �Je Ú8�
��'4E-,/?[?L7>%A,k7=DF6pE-,H.3'V9/;£?F'RGJ7>9C6�0(6(D§dC'423.>,H?FD[7ni/j ��� �XD[.&B('4 A6M'RB�,H.:7>%('VGA,/2Z7>DF,/?LB('4E-,-i�I=D[BM7>%p;l9C2&)5,/.3.1?F'4.3.
?F'RGJ7>9C6(.4j@,/6(B�7>%('VE49C2321'RE473DF9C6p;l9C2:73%('B:�)K,/.1.=DF.=,/G(GM?FDF'4Bp's�JG(?[DFERD§7>?§iKD[6�73%('�,/6A,/?§iq.3DF.4e

$&%('!f(� dH,/?F0('�;l9/2Í7>%('�2>,k7>DF9�9/;�7>%M'�G(,/2173Dh,/?TI=D[BM7>%M.]739�6('R0M7323D[6(9C.+,/6(B¨7>9�Eo%A,/21\C'RBÒ?F'4GM7>9C6M.+D[.
�Ce Ø/ØM��UC¢��VáMe áCáCá � �MjCI=%('R21't73%('t0M6(ER'4217o,HDF687ni5,/23D[.3'R.Y;l239/) dH,/23DF,H7>D[9C6(.�9/;<73%('=7>9CG5`q0(,/23Wr)5,/.3.YI=D[73%(DF6+D[73.
's�JG_'423D[)5'46a7>,/?�'R21239C24j 
 � � ��� � � á �ÏÙ � � �O' �rjv,/6MB�9H;g73%('+ÜtDF\/\C.O)K,H.3.wI=D[73%(DF6��-áCá �V'�� � 
a` ���áCáCá �O' �]e�®*.1.30()+DF6M\+?['RGM739C6�0(6(D§dC'R21.>,/?[D[7ni/j(7>%('V)+'-,/.10(23'4B�dH,/?[0('O9/; � 
[]\@^ D[. �

� 
[]\>^ � ¢�� ØHÙ8� �Áá�� áM��Ú � � �Je �C�
���/�



Õ¯,/23,/)5's7>'42 ®td/'R23,/\C' ST9C2123'4?h,H73DF9C6(.
6 ��N!Ð ; ;3� Ö �uÛ


ÏD[73%(9C0M7�Ó�'RGJ7>9C6��t6(D§dC'423.>,H?FD[7ni
` ` ' � ' � 7 � 7 � : � : � P P E E DF68d

` ` ÚCØMe ØCÚ � � áJe áCØ/� �/e áCá
' � ' � �Me �CÚC�8U � áJe áCáHÙaU �*áJe �/Ú �Ce áCá
7 � 7 � �Me �CÚCÚ8U � áJe áCá/ÚCÚ áJe ¢/Ø �*áJe ¢/á �Ce áCá
: � : � �Me �CÚCØCÚ � áJe áCá � � áJe Ù � �*áJe Ù8á áMe �C� �Ce áCá
P P ��¢Je§���C� � áJe á8¢Há áJe Ù8á �*áJe �Cá áMe UHÙ áMe§��Ø �Ce áCá
E E ��UJe á/Ù � áJe UJ� áJe á � �*áJe áCÚ áMe á8¢ áMe á/Ù �táMe§��� �Ce áCá
DF68d ��ØMe ØC�/Ù � áJe áCØ � �*áJe ØCØ áMe �C¢ �*áMe ÚC� �*áMe ¢HÙ �táMe Ù8á �táMe á � �Ce áCá


ÏD[7>%�Ó�'4GM7>9C6��t6MD[dC'423.3,/?FD§7ni
` ` � � � � P P E E DF68d

` ` ÚCØMe ØM�C� � áJe á8¢ � �/e áCá� � � � �Me �CÚ8¢ � � áJe áCáCU/� �*áJe U/Ø �Ce áCá
' � ' � � 7 � 7 � � : � : � ��áMe á � ØCØ � áJe áCá/Ú � �*áJe U/Ø �Ce áCá
P P ��¢Je§��UJ� � áJe á/Ù � áJe U/Ú �*áJe á � �Ce áCá
E E ��UJe áC� � áJe UJ� áJe á8¢ �*áJe áM� �*áMe§��Ú �Ce áCá
DF68d U/áMe áCáCá � áJe á8¢/¢ �*áJe ØCØ áMe§� � �*áMe UC¢ �*áMe á8¢ �Ce áCá
$¯,/PM?F' �Je U �ON�P(23,/6(Eo%(D[6(\�;l2>,HE47>D[9C6(.4j<B('R21D[d/'RB�;l239C)�7>%('r21'R.10(?[73.O9/;X$¯,/PM?F'R.�Uqe[���qjv¢Je§��áp,/6(B�¢Je§�C�Ce�$&%('
P(2>,/6MEo%(DF6(\�;l23,/E473DF9C6#B('R6(9H7>'RB¤,/.�� � � � D[.c73%A,H7r9/;t,�.1DF6(\/?F'KEo%(,/23\C'4B¨)K,/.1.3?['R.3.u?F'RGJ7>9C6�.1G_'4ERDF'4.Re�$&%('
P(2>,/6MEo%(DF6(\+;l2>,/Es7>D[9C6�7395D[68dJD[.3D[P(?F'OGA,H217>D[ER?['R.=DF.&;l0(?[?[ipE49C2321'R?h,k7>'RB�I=D[73%!73%('c.10()�9/;¯73%('�P(2>,/6MEo%(DF6(\+;l2>,/E m
7>DF9/6(.&9/;�?['RGM739C6(D[EO,/6(B�DF6(E4?F0(.1D[d/'O%A,/B(219C6(DFEOBM'RE-,-iq.Re

,/6(B�7>%('VER9/2323'4.3GQ9C6(B(D[6(\+6q0M)ÍP_'42=9/;¯?[DF\C%87&6M'R0M7323DF6M9+.1G_'4ERD['R.=DF.:73%('R21'4;l9C21'cB('s7>'423)+DF6('4B�739]P_' �
��� � U�� Ø � Ù8á �Òá�� á/á � U � � �Je � �

,/P_9/0M7uUJe áp.Z7o,/6(B(,/23B�B('4dqDF,H7>D[9C6(.O.3)5,/?[?F'R2�7>%A,H6�73%(23'4'/j�B(23D§dC'46�P8i
7>%M'+9/P(.3'421dC'4B�dH,/?[0('r9/;��#[]\>^8er$&%MDF.
23'R.10(?[7] M�J'4.+73%('�6q0M)ÍP_'42]9/;t;l'423)+DF9C6�;�,H)5D[?FDF'4.�I=D§7>%¤?FD[\C%87r6('R0J7>23D[6(9C.Í739�73%('�9CP(.1'R21d/'RB¥73%(23'4'/e¨$&%('
B('RE49C)5GQ9C.1D[7>D[9C6p9/;v7>%('V'423239/2�9/6����VDF.&\CD§dC'R6�P8i��

� ��� � �-á�� ¢ � � yoz|{
� y>z|{

� ��� á � � ���l�� �����
� ��� ¢ ���

�
� � �Je Ø8�

I=%('R21' � � y>z|{ � � y>z|{ j � � ���l� � � ���l� ,/6(B ��� � � B('R6M9/7>'O21'R.3GQ'REs7>D§dC'R?§i�7>%M'w7>9/7>,/?L'423239/23.:9C6p73%('O6a0()ÍPQ'R2 � 9/;.3'R?['REs7>'RBK%A,/B(219C6(DFEt,/6(B5?F'4GM7>9C6MDFE='4d/'R687>.4jA,/6(B5ER239/.3.Zm|.3'4E47>D[9C6K.1E-,/?['t0M6(ER'4217o,HDF687>D['R.Y;l239C) 73%('t?[0()+DF6(9C.1D[7ni
B('473'R23)+DF6(,H7>D[9C6<j8I=%(DF?[' � B('46(9/7>'4.&,/B(BMD[7>D[9C6]DF65`q0(,/B(2>,k7>0(21'/eY$&%('*?[0()+DF6(9C.1D[7niÍ73%('R9/21i+'R21239C2g9/;�áMe áCÚM� �
DF.u9/6('K9/;T7>%('5?h,/21\C'R.Z7uE49C687>23D[P(0M73DF9C6(.V7>9!7>%('+7>9/7>,/?Y'R23219C2u9/6�7>%M'�6a0()ÍPQ'R2u9H;&6('R0J7>23D[6(9C.4j�E-,/0M.3DF6M\�,/6
'R23219C2=9/;¯áMe á/á/Ù8ÚÍ9C6����He

���HÙ



100

175

250

0.495 0.5 0.505

Γinv  [GeV]

m
t  

[G
eV

]

Measurement

∆αhad= 0.02758 ± 0.00035∆α(5)

αs= 0.118 ± 0.003
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∆αhad= 0.02758 ± 0.00035∆α(5)

αs= 0.118 ± 0.003

mH= 114...1000 GeV
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|∂Otheo/∂logMH| δ(logMH)/σmeas

*preliminary

∆α(5)∆αhad

MZMZ

ΓZΓZ

σhadσ0

RlR0

AfbA0,l

Al(Pτ)Al(Pτ)

RbR0

RcR0

AfbA0,b

AfbA0,c

AbAb

AcAc

Al(SLD)Al(SLD)

sin2θeffsin2θlept(Qfb)

mW*mW

ΓW*ΓW

MtMt

QW(Cs)QW(Cs)

sin2θ−−(e−e−)sin2θMS

sin2θW(νN)sin2θW(νN)

gL(νN)g2

gR(νN)g2

0

24

0 0.2 0.4 0.6 0.8 1

ª¯DF\C0M23' � e U �rfJ'46(.3D§7>D§dJD§7ni�9/;:'R,/Eo%�G(.1'R0(BM9Hmn9CPM.3'R2ZdH,/P(?F'+7>9�7>%('+)K,H.3.�9/;T73%('�Ü�DF\C\C.VPQ9C.39/6<j¯B('s A6('4B�,/.
7>%('ÍG(,/2173Dh,/?�B('423D§d/,k7>D[d/'u9/;¯7>%('Íf(�ËE-,/?[ER0(?F,H7>D[9C6�9/;�73%('Í9CP(.1'R2Zd/,HP(?F'�I=D[7>%!23'4.3GQ'RE47*7>9�?[9C\ ��
 � 
a` � �O' ��� j23'R?F,H7>D§dC'&7>9O73%('&7>9/7>,/?A)5'R,/.30M23'R)+'R687X'R21239C2 ��9C6r7>%('�G(.1'R0(B(9kmn9CP(.1'R2Zd/,HP(?F'HjJ,H6(B5)u0(?[73DFG(?[DF'RBuPair73%('���á�� U
0(6(ER'4217>,/DF687ni � D[6Ò?[9C\ ��
 � 
a` � �O' �c����.1'R'!$¯,/PM?F'R. � e§��,/6MB � e �8�se $&%M'�9/73%('R2�f(� D[6(G(0M75GA,/23,/)5's7>'423.
,/23'�WH'RGM7p J�M'4B�,k7KdH,/?F0M'R. � 
 � 
��yoz|{ � 
 � � � � á�� á8U �C¢ � j 
��C� 
 � � � � á��[�/� � j 
 � � ØM���§� � �/¢ �O' �]j�,/6(B

 � � ��� � �O' �]eY$&%('VB(D[23'REs7=)5'R,/.30M23'R)+'R6873.t9/; 
 � ,/6(B � � 0(.3'4B�%('423'�,/21'�GM23'R?[DF)+DF6A,H21iCe

U/áCá



�='R?F,H7>D§dC'V7>9�7>%M'RDF2t)5'R,/.30M23'R)+'R687V,HERER0M2>,/EsiCjL;l9C0M2*G(.1'R0(B(9kmn9CP(.1'R2Zd/,HP(?F'4.V,/23'ÍG(,/2173DFER0M?h,/21?[ip.1'R6(.1D[7>D§dC'
7>9�7>%('
)5,/.1.3'R.p9H;�73%('
DF6873'R23'4.173DF6(\Òf(� GA,/2Z7>D[ER?F'4.Rj&7>%M'�7>9CGÏ`a0A,/21W¥9C2�73%('�ÜtD[\C\C.KPQ9C.19C6<jtI=%MDF?F'�,H7
7>%('Í.3,/)+'c7>D[)5'c,/21'u?h,H23\C'4?[i�DF6MB('RGQ'R6(BM'R687O9/; �VS:Þ '4^_'REs7>.4ew$&%('R.1'rG(.3'40(B(9Hm|9CP(.1'R21dH,/PM?F'R.V,H23' � 
� j ��� �oj.3DF6M�_�����l�3���� ,/6MB 
 � eYÔY,/Eo%�9/;�7>%('4.3'O)+'-,/.10(23'4)5'46a73.&DF)+G_9/.3'R.:,ÍER9C6(.Z7>23,/DF687&9C6�73%('O.3D �R'w9H;£'4?F'4E47>219�IT'R,/W2>,/B(DF,H7>D§dC'=ER9/2323'4E473DF9C6(.4jqI=%MDFEo%KD[.Y\C2>,/GM%(DFER,/?F?§iÍ.3%M9�I=6KDF65ª¯DF\C0M23' � e �u,/.X,�PA,/6(B5DF6]7>%('u� 
a` � 
 � ��GM?h,/6('HefJDF\C6MD[ AER,/687=6(9C6Jm|?FDF6M'-,/21D[7>D['R.g9JE4ER0(2=DF6�73%('R.1'cE49C6(.Z7>2>,HDF687>.=9�dC'42�73%('�,/?F?[9�Ig'RB 
a` 23,/6(\C'Heß*I=DF6M\!7>9�7>%('+7>9CGqmnB('4G_'46(B('R687Íd/'R2Z7>'s�#ER9/2323'4E473DF9C6(.u,/.u.1%(9�I=6�DF6#ª¯DF\C0M23'��Ce§��áMj£73%('K`a0A,H6a73D[7ni � �DF.+.3'R6M.3D[73D[d/'!7>9 
 � j:I=%MDF?F'�,/.K,�23,H7>D[9�9/;w%A,/B(219C6(DFE�B('4E-,-i¨I=DFBM73%(.KD§7KD[.+?F,/23\/'R?[i�DF6(.1'R6(.1D[7>D§dC'�7>9�73%('9/7>%('42�;l9C0(2Xf(�àDF6MG(0M7YGA,/23,/)+'47>'423.4jqD[6(ER?[0(B(D[6(\*7>%M'&)K,/.1.Y9/;@7>%('�ÜtD[\C\C.�PQ9C.19C6<jq,/.�.3%M9�I=65DF6]ª¯D[\C0(21' �Je � e

ÏD[7>%MDF6u73%('=f(��;l23,/)5'sIT9/23W@j/7>%M':)5'R,/.30M23'R)+'R687�9H; � 
� 7>%M'R23's;l9C23'TG(239�dqDFB('4.�GA,/2Z7>D[ER0(?F,/23?§iV0(6A,/)ÍPMDF\C0(9/0(.DF6M;l9C21)K,k7>DF9/6*9C6 
 � e£�|; � 
� %A,/BVPQ'R'46�)+'-,H.30(21'RB�.3)5,/?F?['R2¯��D�e '/e§j�D[73.<PA,/6(BV.1%(D[;�73'RBV0(G8I:,H23B(.vDF6Vª¯D[\C0(21' � e �C�Pair,w.17o,H6(BA,/21B+BM'4dqDh,H73DF9C6Lj/7>%('TDF6(B(D[23'4E47�E49C6(.1732>,/D[687>.�9C6 
 � ,H6(B 
a` Ig9C0(?FBrPQ9/73%+)+9�dC':739�IT,/21B+%MDF\C%('42d/,H?F0('4.Rj8,/?[9C6(\�7>%('T,/?F)+9C.17vGA,H2>,/?[?F'R?a,H6(Br9�dC'R21?h,/GMG(DF6(\tPA,/6(BM.�9/;(73%(' ��� �>jC.3D[6(�Q� ���l�3��l� ,/6(B 
 � ER9C6(.Z7>23,/DF687>.4e$&%(' ��� �gPA,H6(B�.3%(9�I=6�DF6�ª¯DF\/0(23' � e �rDF)+G(?[DF'R.Y7>%(,H7&7>%('VG(21'4;l'42323'4B 
 � 's�J%(DFPMD[7>.=,rP(2198,/Bp)+DF6(D[)Í0(),/239C0M6(B 
a` 
 ¢Há �O' �ÍeX�n6�E49C)ÍP(D[6A,H7>D[9C6�I=D[73%p7>%(' � 
� PA,H6(B!GM23'4;l'42321DF6(\+,/6�'4d/'R6!?F9�IT'42&d/,H?F0('w9H; 
 � j7>%(D[.&23'R.10(?[73.:DF6�,H6�D[6(B(D[23'REs7:B('s7>'423)+DF6A,H73DF9C6K9/; 
 � I=%(D[Eo%�D[.:23'4)K,H23Wk,/P(?§iK.Z7o,/P(?['O,/\8,HDF6(.Z7TdH,/23DF,H7>D[9C6(.gDF6.3DF6M�_�����l�3���� e��n6
ER9/6a732>,/.Z7*I=D§7>%�73%('u'46(%A,/6(E4'RB
.Z7o,/P(D[?FD§7ni�9/;�7>%M' 
 � B('473'R23)+DF6(,H7>D[9C6<jA7>%('�;�,-dC9C0(21'RB�dH,/?[0('9/; 
a` D[.Xd/'R2Zi�.3'46(.3D§7>D§dC't739Í.3D[6(�Q�k���l�3���� e��|7:.1%(9C0(?[Bp,/?[.39uPQ'*6M9/7>'4BK7>%A,k7-jq9/;v,/?F?A73%('*PA,H6(B(.RjJ9C6(?§i].3DF6M�_�����l�3����DF.=.3'46(.3D§7>D[d/'O7>9r7>%('OdH,/?[0('O9/; � 
�� 
��yoz|{ � 
 � � � jA,/.=DF6(BMDFE-,k7>'RB�P8i�73%('�,/23219�I�DF6�ª¯D[\C0(23' � e �Je$&%('�'4^_'REs7>.+9/;VN<Ü G(219JBM0(E473DF9C6<jX9C2r21'-,/?�ÜtD[\C\C.1.17>23,/%(?[0(6(\(jX,/21'�D[\C6(9C21'RB¤%('R21'/jT,/.rIT'4?F?�,/.]DF6¤,/?[?
23'R.10(?[73.&`a0(9/7>'4BpDF6K73%(DF.gGA,/GQ'R24e�$&%('4i�,/23'w6M'R\C?[DF\CD[P(?F'&;l9C2 
a` � ¢/á �O' �reYªA9C2 
a` � ¢/á �O' �ÍjJ7>%M'w23D[.3'9/; 
 � I=D§7>%+B('RE423'-,H.3DF6M\ 
a` G(23'4B(DFEs7>'4B5P8i]7>%(' ��� �¯ER9/6(.1732>,/D[6a7XPA,H6(B5Ig9C0(?[B5PQ't.19C)+'4I=%A,H7X.10(G(G(21'R.3.1'RB<jB(0('5739�73%('];�,/E47�7>%A,k7u)+9C.17Rj�P(0M7c6(9/7u,/?F? jvN<ÜÑ'sdC'R6873.uI=%('R21'573%('�N¨B('RER,-iJ.c7>9�?F'RGJ7>9C6(.VIg9C0(?FB�%A,-dC'
P_'4'R6¨ER?F,/.3.1'RB¤,/.ÍE49C687>23D[P(0M73DF6(\�739 � yoz|{ 2>,H73%('R2c7>%A,/6 ��� �oe�#:,/.3'4B¨9C6¨,�B('47>,/DF?['RB�,H6A,/?[iq.1DF.�Ö U/ØkÛ:D[7ÍD[.
ER9C6(E4?F0(BM'RBÁ7>%(,H7-j=,/G(,/217+;l239C) 73%('�B('s7>'423)+DF6A,H73DF9C6¨9/; 
U�Hj=Ü�DF\C\/.3.1732>,/%M?F0(6(\�Ig9C0(?FB¥6(9/7p,HG(G(23'4ERDF,/P(?[i
.3%(D§;�7&7>%('V23'4.30(?§7>.=9/;£7>%('cf(�ã,/6A,/?§iq.3'R.=G(21'R.1'R687>'4B�DF6�fJ'4E473DF9C6 � e ÚMe

$&%('�B('4G_'46(B('R6MER'w9/;�,/?F?(GM.3'R0MB(9Hmn9/P(.3'421dH,/P(?['R.T9/657>%M't)5,/.3.Y9/;_7>%('tÜtD[\C\C.YPQ9C.39C6+I=D[73%(DF6r7>%M't;l2>,H)5' m
IT9C21Wp9/;v7>%('uf(�«DF.:dqDF.10A,/?FD[.3'4B�D[6�ª£DF\C0(21'R. � e Ùr7>9 � e �qjAER9/)5GA,H23DF6M\Í7>%('�'s�JGQ'R23D[)5'4687o,/?<21'R.10(?[7=I=D[73%�73%('
d/,H?F0('=9/;_7>%('�9CP(.1'R21dH,/PM?F'�E-,/?[ER0(?F,H7>'4B]I=D§7>%(D[6+73%('&;l2>,/)+'4Ig9C21Wr9/;L73%('t)+DF6MDF)5,/?(fM� ,/.g,V;l0M6(E473DF9C6+9/;L73%('
ÜtDF\/\C.Zm|P_9C.19C6�)K,H.3.Re*��9C6Jm|?FDF6M'-,/2:'s^L'4E473.RjQ,/.�,/?F21'-,/BJi�9CP(.1'R2ZdC'RB!DF6�ª¯D[\C0(23' � e �qj@,/23'VER?['-,/21?[i+dqDF.3D[P(?F'He

ªA9C2*73%(']`a0A,/687>D§7ni
.3D[6(�Q�k���l�3��l� B('s7>'423)+DF6('4B�D[6
d/,H23DF9/0(.V,/.1iq)+)5's7>2Zi�)+'-,/.10(23'4)5'46a73.Rj�D[7V%(,/.�,/?F21'-,/BMi
P_'4'R6#.1%(9�I=6�D[6�ª¯DF\C0M23' �Je Ú�7>%A,k7�73%(']GA,/23,/)5's7>21DFEÍ0(6MER'R2Z7o,/D[687ni
9C6
7>%('5f(� G(21'RB(D[E47>D[9C6�,/23D[.3D[6(\K;l239/)� 
�� 
��yoz|{ � 
 � � �VDF.�6(9C6Jm|6('R\C?[DF\CD[P(?F'rE49C)+GA,/23'4B�739�7>%('5's�JGQ'R23D[)5'4687o,/?X0(6(E4'R217>,/DF687ni�9/;&73%('�,-dC'42>,/\/'/e�®t.Í,ER9C6(.1'R`a0('46(ER'Hj(7>%('�0(6(E4'R217>,/DF687ni+9C6]7>%('�%A,/BM239C6(D[E&d/,HER0(0()¬GQ9C?h,H23DF.3,H7>D[9C6ÍD[.X9/6('t9H;L7>%M't?[DF)+D[7>D[6(\t;�,HE47>9/23.
DF6!73%('u' �q7>2>,HE47>D[9C6�9H;�7>%('c)K,H.3.�9/;�7>%M'ÍÜtD[\C\C.�P_9/.39C6<e=$&%(D[.t.1D[730A,H7>D[9C6�0(6(B('423?FD[6('R.�7>%('cDF)+G_9/217o,H6(ER'V9/;
;l0(2173%('R2�DF)+G(239�d/'RB�B('473'R23)+DF6(,H7>D[9C6(.O9/;g7>%('+%A,/B(219C6(D[E]dH,/E40(0()«GQ9C?h,H23DF.3,H7>D[9C6�73%(239C0M\C%�)+'-,H.30(21'R)+'R687>.
9/;�7>%('u%A,/B(219C6(DFE�ER219C.3. mn.1'RE473DF9C6
D[6�'4?F'REs7>219C6JmnGQ9C.1D[7>219C6�,H6(6(DF%MDF?h,k7>DF9/6(.=,H7w?[9�I ER'46a7323' mn9/;hm|)K,/.1.w'R6M'R23\/DF'R.4e
ST9C)5G(,/23'4B!7>95.3D[6(�Q� ���l�3��l� j@73%(' 
ÁmnPQ9C.39C6!)K,H.3.�DF.�23'R?F,H7>D§dC'4?[i�?['R.1.*.3'46(.3D§7>D§dC'V7>9 � 
 � 
��yoz|{ � 
 � � �:7>%A,/6�7>9 
 �,/6(B 
a` jA)5,/WaDF6(\ 
 � j()+'-,/.10(23'4B�,H7=73%('O$£'sdH,H7>219C6�,H6(B�,k7�ÓvÔYÕ¯mn�1�oj@,/6�DFB('R,/?<9CPM.3'R2ZdH,/P(?F'O739];l0M217>%M'R223'RBM0(ER'V7>%('V'423239/2�9/6�73%('VG(23'4B(DFEs7>D[9C6�9/;£73%('�ÜtD[\C\C.Zm|P_9/.39C6p)5,/.3.4e

� +
�7+�� � G 3U� 4 3,+ 6> #"*A�� �J :3 4 + " 6@��+5683U�
$&%('R9C21'473DFE-,H?J0(6MER'R2Z7o,/D[687>DF'4.£D[6c23,/B(DF,H7>D§dC'�ER9/2323'4E473DF9C6(.£,/6(B�7>%('gE-,/?[ER0(?F,H7>D[9C6O9/;MG(.3'40(B(9Hm|9CP(.3'421dH,/P(?['R.�,H23DF.1'
B(0('g739�73%('Y;�,/E47�7>%(,H7£73%('XG_'4217>0M23PA,H73D[d/'g' �MG(,/6(.3D[9C6uD[.�Wq6M9�I=6Í,/6(B�E-,/?[ER0(?F,H7>'4Bc9C6M?[iO0(G�7>9t,� A6MD[7>'Y9C21B('R24e
��,/68i�7>%('49C23D[.17>.=GQ'R2Z;l9C23)�73%('Vd/,H23DF9/0(.&ER9C)+G(?[DFE-,k7>'RB�ER,/?FE40(?h,H73DF9C6M.:9/;�23,/B(DF,H7>D§dC'OER9/2323'4E473DF9C6(.4eg�n6!9C23BM'R2
7>9�)5,/W/'�7>%(D[.�Ig9C21W�,/E4ER'4.3.3D[P(?F'�7>95's�JG_'423D[)5'46a7>,/?FD[.173.tD[6�,5E49C6(.1DF.173'R687wIT,-iCj_73%('u21'R?['4dH,/687wER,/?FE40(?h,H73DF9C6M.

U/áM�



130

150

170

190

210

10 10
2

10
3

mH  [GeV]

m
t  

[G
eV

]

68 % CL

sin2θleptsin2θeff

mW

prel.

Γll

Rb

∆α

ª¯DF\C0M23' � e � �YST9C6M.17>23,/DF6873.�9/6 
 � ,/6(B 
a` ;l239C)�)5'R,/.30M23'R)+'R6873.�9H; � 
� j ��� �ojA.1DF6(�Q� �����1���� ,/6(B 
 � eYÔY,/Eo%PA,/6(B�\CD[d/'R.w73%(' �]� �ÒE49C6(.1732>,/D[687w;l239C) 7>%(']D[6(B(DFER,H7>'4B
)5'R,/.30M23'R)+'R687ReÍ$&%(']GA,/23,/)5's7>21DFEu0M6(ER'4217o,HDF687ni
B(0('=7>9O7>%('�0(6(E4'R2Z7o,/D[6a7niÍDF6r7>%('�%A,/BM239C6(D[E:dH,/ER0(0M) G_9C?F,/23D[.>,H73DF9C6Lj � 
 � 
��yoz|{ � 
 � � � � á�� á8U �C¢ � �!á�� á/áCáC�8¢Jj8D[.6(9/7=DF6MER?F0MB('RB�DF6�73%('OI=DFBM73%�9/;�7>%('4.3'VPA,/6(BM.t,H.&D[7&D[.&.3)5,/?F?_'s�JER'4GM7=;l9C2:7>%('O.1DF6(�Q�������1���� PA,/6(BLjMI=%('R21'�73%('
�]� �¨0(6MER'R2Z7o,/D[687ni
DF.wD[6(B(D[E-,H73'RB
P8i�7>%M'],/23219�IÝ?h,HP_'4?F'RB � 
Xeu$&%('rB(D[23'4E47V)+'-,/.10(23'4)5'46a7V9H; 
 � 0M.3'RB
%('R21'cD[.&G(23'4?FDF)+DF6(,/21i/e

U/á8U



10 2

10 3

2.49 2.5

ΓZ  [GeV]

m
H
  [

G
eV

]

10 2

10 3

41.4 41.5 41.6

σ0
    had    [nb]

m
H
  [

G
eV

]

10 2

10 3

20.7 20.75 20.8

R0
l

m
H
  [

G
eV

]

10 2

10 3

0.014 0.017 0.02

A0,l
FB

m
H
  [

G
eV

]

10 2

10 3

1.994 2 2.006

σ0
    lep    [nb]

m
H
  [

G
eV

]

Measurement

∆αhad= 0.02758 ± 0.00035∆α(5)

αs= 0.118 ± 0.003

mt= 178.0 ± 4.3 GeV
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Measurement
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Top-Quark Mass   [GeV]

mt   [GeV]
125 150 175 200

χ2/DoF: 2.6 / 4

CDF 176.1 ± 6.6

D∅ 179.0 ± 5.1

Average 178.0 ± 4.3

LEP1/SLD 172.6 +  13.2172.6 −  10.2

LEP1/SLD/mW/ΓW 181.1 +  12.3181.1 −   9.5
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W-Boson Mass  [GeV]

mW  [GeV]
80 80.2 80.4 80.6

χ2/DoF: 0.3 / 1

TEVATRON 80.452 ± 0.059

LEP2 80.412 ± 0.042

Average 80.425 ± 0.034

NuTeV 80.136 ± 0.084

LEP1/SLD 80.363 ± 0.032

LEP1/SLD/mt 80.373 ± 0.023
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Measurement Fit |Omeas−Ofit|/σmeas

0 1 2 3

0 1 2 3

∆αhad(mZ)∆α(5) 0.02758 ± 0.00035 0.02767

mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874

ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4965

σhad [nb]σ0 41.540 ± 0.037 41.481

RlRl 20.767 ± 0.025 20.739

AfbA0,l 0.01714 ± 0.00095 0.01642

Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1480

RbRb 0.21629 ± 0.00066 0.21562

RcRc 0.1721 ± 0.0030 0.1723

AfbA0,b 0.0992 ± 0.0016 0.1037

AfbA0,c 0.0707 ± 0.0035 0.0742

AbAb 0.923 ± 0.020 0.935

AcAc 0.670 ± 0.027 0.668

Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1480

sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314

mW [GeV]mW [GeV] 80.425 ± 0.034 80.389

ΓW [GeV]ΓW [GeV] 2.133 ± 0.069 2.093

mt [GeV]mt [GeV] 178.0 ± 4.3 178.5
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¡Z¢�¡"¡"¡"¡.z,z ¡Z¢�¡"�"�.£,\,�¨¥
¡Z¢�¡"¡"¡"¡"z,¡
� GIv�� D$D8J ¡Z¢-nR£,�,�.§,�¨¥ �(³ ��������� �

�(³ ����������� ¡Z¢Nn®£,�,�.\:�X¥
¡Z¢�¡"¡"¡"¡[nU�
� GIv�� #&# J ¡Z¢-nR£,�,�.§,�¨¥ �(³ ��������� �

�(³ ����������� ¡Z¢Nn®£,�,�.\:�X¥
¡Z¢�¡"¡"¡"¡[nU�
� GIv�� e$e8J ¡Z¢Nn®£,¡"§.py¥ �(³ ����� � �

�(³ ��������� ¡Z¢Nn®£,¡.£,z�¥
¡Z¢�¡"¡"¡ZnU¡
� GIv�� V$V8J ¡Z¢-nRz,¡.z"p,��¥ �(³ ����� 	�	 ��(³ ������� � ± ¡Z¢Nn®z,¡"�"¡"p�¥
¡Z¢�¡"¡"¡"¡,§"¤
� GIv�� O5ORJ ¡Z¢-nRz,¡.z:�.\�¥ �(³ ����� 	�	 ��(³ ��������� 	 ¡Z¢Nn®z,¡.z,\"z�¥
¡Z¢�¡"¡"¡"¡"p,�
� GIv�� +-!WM$J ¡Z¢qz,¡ZnR¡"¡�¥
¡Z¢�¡"¡"¡ZnR� ¡Z¢qz,¡ZnR¡"z�¥
¡Z¢�¡"¡"¡ZnRz
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��� � ¡Z¢q£,¡ZnR¤"¤�¥ �(³ ����� 	 ±�(³ ����� � � ¡Z¢q£,¡.z[n,n®z�¥
¡Z¢�¡"¡"¡,¡"§"¤
��� � ¸?¡Z¢q£,¡Zn®z"py¥ �(³ ����� � �

�(³ ����� 	 ± ¸¹¡Z¢q£,¡ZnU�"\"¤X¥
¡Z¢�¡"¡"¡,¡"§"\
��� � ¸?¡Z¢q£,¡Zn®z"py¥ �(³ ����� � �

�(³ ����� 	 ± ¸¹¡Z¢q£,¡ZnU�"\"¤X¥
¡Z¢�¡"¡"¡,¡"§"\
��� � ¸?¡Z¢q£,¡Zn®z"py¥ �(³ ����� � �

�(³ ����� 	 ± ¸¹¡Z¢q£,¡ZnU�"\"¤X¥
¡Z¢�¡"¡"¡,¡"§"\
��� � ¸?¡Z¢q£,¡ZnR§"\�¥ �(³ ����� � �

�(³ ����� 	 ± ¸¹¡Z¢q£,¡ZnU\"¡"�X¥
¡Z¢�¡"¡"¡,¡"§"\
��� � ¸?¡Z¢q£,¡ZnR§"\�¥ �(³ ����� � �

�(³ ����� 	 ± ¸¹¡Z¢q£,¡ZnU\"¡"�X¥
¡Z¢�¡"¡"¡,¡"§"\
��� � ¸?¡Z¢��.¤"\.£,§�¥ �(³ ������� 	�(³ ����� � � ¸¹¡[¢��.¤,\,�"�]¥ �(³ ����� 	 ��(³ ����� 	 �
��� 
 ¡Z¢q£,¡ZnU�"�¨¥ �(³ ����� 	 ±�(³ ����� � � ¡Z¢q£,¡Zn®£:§.z�¥
¡Z¢�¡"¡"¡,¡"§"\
��� � ¡Z¢q£,¡ZnU�"�¨¥ �(³ ����� 	 ±�(³ ����� � � ¡Z¢q£,¡Zn®£:§.z�¥
¡Z¢�¡"¡"¡,¡"§"\
��� � ¡Z¢q£,¡ZnR¤"¤�¥ �(³ ����� 	 ±�(³ ����� � � ¡Z¢q£,¡.z[n,n®z�¥
¡Z¢�¡"¡"¡,¡"§"¤
��� � ¸?¡Z¢�¡"�.p[n®zy¥
¡Z¢�¡"¡"¡"�.z ¸¹¡[¢q¡"�"p,�"¡X¥
¡Z¢�¡"¡"¡"z,\
��� � ¸?¡Z¢�¡"�.p[n®zy¥
¡Z¢�¡"¡"¡"�.z ¸¹¡[¢q¡"�"p,�"¡X¥
¡Z¢�¡"¡"¡"z,\
��� � ¸?¡Z¢�¡"�.p[n®zy¥
¡Z¢�¡"¡"¡"�.z ¸¹¡[¢q¡"�"p,�"¡X¥
¡Z¢�¡"¡"¡"z,\
��� � ¸?¡Z¢��,�.§"¤"¤�¥
¡Z¢�¡"¡"¡Zn®p ¸¹¡[¢q�,�.p[nU�]¥
¡Z¢�¡"¡"¡[n®z
��� � ¸?¡Z¢��,�.§"¤"¤�¥
¡Z¢�¡"¡"¡Zn®p ¸¹¡[¢q�,�.p[nU�]¥
¡Z¢�¡"¡"¡[n®z
��� � ¸?¡Z¢��,�.�.p"zy¥ �(³ ������� �

�(³ ����� ��� ¸¹¡[¢q�,�"�"§"¡X¥ �(³ ����� 	 ��(³ ����� 	 �
��� 
 ¡Z¢NnR¤.z,¡,�¨¥
¡Z¢�¡"¡"¡.z,� ¡Z¢NnR¤.z,z[n�¥
¡Z¢�¡"¡"¡"z,¡
��� � ¡Z¢NnR¤.z,¡,�¨¥
¡Z¢�¡"¡"¡.z,� ¡Z¢NnR¤.z,z[n�¥
¡Z¢�¡"¡"¡"z,¡
� � � ¡Z¢q£,¡ZnR¤"¤�¥ �(³ ����� 	 ±�(³ ����� � � ¡Z¢q£,¡.z[n,n®z�¥
¡Z¢�¡"¡"¡,¡"§"¤
� � � ¸?¡Z¢qz,§"¤ZnR¤�¥
¡Z¢�¡"¡"¡.z,¡ ¸¹¡[¢{z,§,¤"�.£¨¥
¡Z¢�¡"¡"¡[nR§
� � � ¸?¡Z¢qz,§"¤ZnR¤�¥
¡Z¢�¡"¡"¡.z,¡ ¸¹¡[¢{z,§,¤"�.£¨¥
¡Z¢�¡"¡"¡[nR§
� � � ¸?¡Z¢qz,§"¤ZnR¤�¥
¡Z¢�¡"¡"¡.z,¡ ¸¹¡[¢{z,§,¤"�.£¨¥
¡Z¢�¡"¡"¡[nR§
� � � ¸?¡Z¢��Wz:�.�,�¨¥ �(³ ����� 	 ��(³ ����� 	 � ¸¹¡Z¢��Wz:�,�Wp,¡X¥
¡Z¢�¡"¡"¡,¡"\.p
� � � ¸?¡Z¢��Wz:�.�,�¨¥ �(³ ����� 	 ��(³ ����� 	 � ¸¹¡Z¢��Wz:�,�Wp,¡X¥
¡Z¢�¡"¡"¡,¡"\.p
� � � ¸?¡Z¢��Wz[n"nU�¨¥ �(³ ������� �

�(³ ����� � � ¸¹¡[¢��WzBnR¡.z¨¥ �(³ ����� 	 ��(³ ����� 	 �
� � 
 ¡Z¢��,�.§.p:�¨¥
¡Z¢�¡"¡"¡Zn®p ¡Z¢��,�.§,\"\¨¥
¡Z¢�¡"¡"¡[n®z
� � � ¡Z¢��,�.§.p:�¨¥
¡Z¢�¡"¡"¡Zn®p ¡Z¢��,�.§,\"\¨¥
¡Z¢�¡"¡"¡[n®z
� � � ¡Z¢qz,�.z,¡"\�¥ �(³ ����� 	 ��(³ ����� 	 � ¡Z¢qz,�.z:¡,�X¥
¡Z¢�¡"¡"¡[nR�
� � � ¡Z¢qz,�.z,¡"\�¥ �(³ ����� 	 ��(³ ����� 	 � ¡Z¢qz,�.z:¡,�X¥
¡Z¢�¡"¡"¡[nR�
� � � ¡Z¢qz,�.z,¡"\�¥ �(³ ����� 	 ��(³ ����� 	 � ¡Z¢qz,�.z:¡,�X¥
¡Z¢�¡"¡"¡[nR�
� � � ¡Z¢q¡"p"p,�,�W£y¥ �(³ �����������

�(³ ��������� 	 ¡Z¢�¡.p"p,�,�"�¨¥
¡Z¢�¡"¡"¡,¡,�"�
� � � ¡Z¢q¡"p"p,�,�W£y¥ �(³ �����������

�(³ ��������� 	 ¡Z¢�¡.p"p,�,�"�¨¥
¡Z¢�¡"¡"¡,¡,�"�
� � � ¡Z¢q¡"p"p:�Wz,¡�¥ �(³ ��������� �

�(³ ��������� 	 ¡Z¢�¡.p"p:�Zn®p�¥
¡Z¢�¡"¡"¡,¡,�.¡
� � 
 ¸?¡Z¢Nn®£:�Wp,¡�¥
¡Z¢�¡"¡"¡Zn"n ¸¹¡Z¢Nn®£:�"§.p"p¨¥
¡Z¢�¡"¡"¡,¡"\.p
� � � ¸?¡Z¢Nn®£:�Wp,¡�¥
¡Z¢�¡"¡"¡Zn"n ¸¹¡Z¢Nn®£:�"§.p"p¨¥
¡Z¢�¡"¡"¡,¡"\.p
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�
�

¡Z¢NnU�Wp:�X¥
¡Z¢�¡"¡Zn®z ¡Z¢NnU�.\,¡X¥
¡Z¢�¡"¡Zn"n
�
�

¡Z¢NnU�Wp:�X¥
¡Z¢�¡"¡Zn®z ¡Z¢NnU�.\,¡X¥
¡Z¢�¡"¡Zn"n
�
�

¡Z¢NnU�Wp:�X¥
¡Z¢�¡"¡Zn®z ¡Z¢NnU�.\,¡X¥
¡Z¢�¡"¡Zn"n
� � ¡Z¢�¤"�.£,§,¤X¥
¡Z¢�¡"¡"¡ZnR¡ ¡Z¢q¤,�.£"p:�.\�¥
¡Z¢�¡"¡"¡"¡"\,\
�
�

¡Z¢�¤"�.£,§,¤X¥
¡Z¢�¡"¡"¡ZnR¡ ¡Z¢q¤,�.£"p:�.\�¥
¡Z¢�¡"¡"¡"¡"\,\
� � ¡Z¢�¤"�,�.§"z¨¥ �(³ ����� 	 ��(³ ����� � � ¡Z¢q¤,�,�W£,\"\�¥
¡Z¢�¡"¡"¡ZnR¡,¡
�



¡Z¢�§"§.p,¤,\X¥
¡Z¢�¡"¡"¡.£"£ ¡Z¢�§"§"\.z,¤�¥
¡Z¢�¡"¡"¡,�.\
�
�

¡Z¢�§"§.p,¤,\X¥
¡Z¢�¡"¡"¡.£"£ ¡Z¢�§"§"\.z,¤�¥
¡Z¢�¡"¡"¡,�.\
� ��

¡Z¢NnU�Wp:�X¥
¡Z¢�¡"¡Zn®z ¡Z¢NnU�.\,¡X¥
¡Z¢�¡"¡Zn"n
� ��

¡Z¢NnU�Wp:�X¥
¡Z¢�¡"¡Zn®z ¡Z¢NnU�.\,¡X¥
¡Z¢�¡"¡Zn"n
� ��C�d� ª !We « �$n,¢��Wp:§X¥
¡Z¢�¡Zn®£ �$n,¢��.\[n�¥
¡Z¢�¡ZnU�
� ��

ª !We « n"¢�¤"¤"¤:�]¥
¡Z¢�¡"¡.z,§ z[¢�¡"¡"¡[n�¥
¡Z¢�¡"¡.z:�
� ��

ª !We « n"¢�¤"¤"¤,�X¥
¡Z¢�¡"¡.z,§ z[¢�¡"¡"¡[n�¥
¡Z¢�¡"¡.z:�
� ��

ª !We « n"¢�¤"¤,�"\X¥
¡Z¢�¡"¡.z,§ n"¢�¤"¤.£:§X¥
¡Z¢�¡"¡.z:�
� ��

z,¡[¢{p:�,�]¥
¡Z¢�¡ZnR¤ z,¡[¢{p,�,¤X¥
¡Z¢�¡ZnR\
� ��

z,¡[¢{p:�.£¨¥
¡Z¢�¡ZnR¤ z,¡[¢{p:�"¡X¥
¡Z¢�¡ZnR\
� ��

z,¡[¢{p,¤"z¨¥
¡Z¢�¡ZnR¤ z,¡[¢{p,\,§X¥
¡Z¢�¡ZnR\
� �� ¡Z¢{zBnR¤"\.z:�¨¥ �(³ �����������

�(³ ������� �x� ¡Z¢{zBnR¤"\"§"\�¥
¡Z¢�¡"¡"¡"¡.£,£
� ��

¡Z¢{zBnR¤"\.z:�¨¥ �(³ �����������
�(³ ������� �x� ¡Z¢{zBnR¤"\"§"\�¥
¡Z¢�¡"¡"¡"¡.£,£

� �� ¡Z¢qz[n®£,\,�X¥ �(³ ���������
�(³ ������� � ¡Z¢qz[n®£,§.zy¥
¡Z¢�¡"¡"¡ZnR�

� �

¡Z¢Nn®p"z"z:\X¥ �(³ ����� 	 ��(³ ����� 	�	 ¡Z¢-nRp"z,�,�$n�¥
¡Z¢�¡"¡"¡"¡"§,�

� ��
¡Z¢Nn®p"z"z,£¨¥ �(³ ����� 	 ��(³ ����� 	 � ¡Z¢-nRp"z,�"¡.£y¥
¡Z¢�¡"¡"¡"¡"§,\

� ��� �
���

¡Z¢�¡ZnR§.z,p¨¥
¡Z¢�¡"¡"¡.z"p ¡Z¢�¡ZnR§,�Wzy¥
¡Z¢�¡"¡"¡.z:�
����� �
���

¡Z¢�¡ZnR§.z,p¨¥
¡Z¢�¡"¡"¡.z"p ¡Z¢�¡ZnR§,�Wzy¥
¡Z¢�¡"¡"¡.z:�
� ��� �
���

¡Z¢�¡ZnR§.z,p¨¥
¡Z¢�¡"¡"¡.z"p ¡Z¢�¡ZnR§,�Wzy¥
¡Z¢�¡"¡"¡.z:�
� ��� �
���

¡Z¢NnR¡"�"�"£¨¥
¡Z¢�¡"¡"¡"\"\ ¡Z¢NnR¡"�"\.£y¥
¡Z¢�¡"¡"¡.p,\
� ��� �
���

¡Z¢NnR¡"�"�"£¨¥
¡Z¢�¡"¡"¡"\"\ ¡Z¢NnR¡"�"\.£y¥
¡Z¢�¡"¡"¡.p,\
� ��� �
���

¡Z¢NnR¡"�.zh�]¥
¡Z¢�¡"¡"¡"\"\ ¡Z¢NnR¡"�.p,��¥
¡Z¢�¡"¡"¡.p"p
����� 

���

¡Z¢�¡.p,�.p:\X¥
¡Z¢�¡"¡"¡"§"\ ¡Z¢�¡.p:�$n®py¥
¡Z¢�¡"¡"¡"§"¡
����� �
���

¡Z¢�¡.p,�.p:\X¥
¡Z¢�¡"¡"¡"§"\ ¡Z¢�¡.p:�$n®py¥
¡Z¢�¡"¡"¡"§"¡
ly),eZFP1¹m>^��$º¨@ZE»6$'&1=D$+-O5%*+-�"!$#X24�"'X6$#(15V$D$�:cd�"e$#&1='&M:),eZFP1=#tD$1='&+-M,1=D­24'&�"9¼%*0$1¹vjcx6j�"F-1b),!$D;%(0$1w0$+P}"0Bc�~ � @$E
� %*#5^

z,\,�



��e$#&1='&M:),eZFP1 @B%C):!$D8),'&DfEo�[D$15F @B%C),!ZD8),'(DfEA�BD$1=F
vjcx6j�"F-1 � +-% �w+P}"0[cx~ ��� +N%

� � n"¢�¡"¡.p,¤,¤¨¥ �(³ ������� �
�(³ ����� � 	 n"¢�¡"¡"\,�Wp¨¥¦¡Z¢q¡,¡"¡.z,\

� � n"¢�¡"¡.£,¡,¤¨¥ �(³ ������� ±
�(³ ����� � 	 n"¢�¡"¡.£"£,§X¥¦¡Z¢q¡,¡"¡.z"p

� � n"¢�¡"¡.£,¡,¤¨¥ �(³ ������� ±
�(³ ����� � 	 n"¢�¡"¡.£"£,§X¥¦¡Z¢q¡,¡"¡.z"p

� � n"¢�¡"¡.£,¡,¤¨¥ �(³ ������� ±
�(³ ����� � 	 n"¢�¡"¡.£"£,§X¥¦¡Z¢q¡,¡"¡.z"p

� � n"¢�¡"¡"§.p,£�¥ �(³ ������� ±
�(³ ����� � 	 n"¢�¡"¡.p"z,�X¥¦¡Z¢q¡,¡"¡.z"p

� � n"¢�¡"¡"§.p,£�¥ �(³ ������� ±
�(³ ����� � 	 n"¢�¡"¡.p"z,�X¥¦¡Z¢q¡,¡"¡.z"p

� � ¡Z¢�¤"¤,�Wz:§¨¥ �(³ ����� ± �
�(³ ��� 	 ��� ¡Z¢�¤"¤"�.p,§X¥ �(³ ������� �

�(³ ������� �
� 
 n"¢�¡"¡.£"p:\¨¥ �(³ ������� ±

�(³ ����� � 	 n"¢�¡"¡"§.z,§X¥¦¡Z¢q¡,¡"¡.z"p
� � n"¢�¡"¡.£"p:\¨¥ �(³ ������� ±

�(³ ����� � 	 n"¢�¡"¡"§.z,§X¥¦¡Z¢q¡,¡"¡.z"p
#&+P! � µ ���� ¡Z¢qz,�Zn"n,n�¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�ZnR¡.z¨¥¦¡Z¢q¡,¡"¡ZnU�
#&+P! �jµ ���� ¡Z¢qz,�ZnU�"¤¨¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�ZnU�.¡X¥¦¡Z¢q¡,¡"¡ZnU�
#&+P! � µ �

���
¡Z¢qz,�ZnU�"¤¨¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�ZnU�.¡X¥¦¡Z¢q¡,¡"¡ZnU�

#&+P! �jµ ���� ¡Z¢qz,�ZnU�"¤¨¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�ZnU�.¡X¥¦¡Z¢q¡,¡"¡ZnU�
#&+P! �jµ �

���
¡Z¢qz,�Zn®z:§¨¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�Zn"n®p¨¥¦¡Z¢q¡,¡"¡ZnU�

#&+P! �jµ ���� ¡Z¢qz,�Zn®z:§¨¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�Zn"n®p¨¥¦¡Z¢q¡,¡"¡ZnU�
#&+P! �jµ �

���
¡Z¢qz,�.z,¤,�¨¥ �(³ ������� 	�(³ ����� � � ¡Z¢qz,�.z,¤"\X¥¦¡Z¢q¡,¡"¡ZnR§

#&+P! �jµ 
��� ¡Z¢qz,�ZnR�,\¨¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�Zn®z,¤X¥¦¡Z¢q¡,¡"¡ZnU�
#&+P! �jµ ���� ¡Z¢qz,�ZnR�,\¨¥
¡Z¢�¡"¡"¡ZnU§ ¡Z¢qz,�Zn®z,¤X¥¦¡Z¢q¡,¡"¡ZnU�
� � n"¢�¡"�,�"¤¨¥
¡Z¢�¡"¡.z,§ n"¢�¡"�"§"\X¥¦¡Z¢q¡,¡Zn®z
� � n"¢�¡"�"§,§¨¥
¡Z¢�¡"¡.z,§ n"¢�¡"�"\.£¨¥¦¡Z¢q¡,¡Zn®z
� � n"¢�¡"�"§,§¨¥
¡Z¢�¡"¡.z,§ n"¢�¡"�"\.£¨¥¦¡Z¢q¡,¡Zn®z
� � n"¢�¡"�"§,§¨¥
¡Z¢�¡"¡.z,§ n"¢�¡"�"\.£¨¥¦¡Z¢q¡,¡Zn®z
� � n"¢�¡"�.£:§¨¥
¡Z¢�¡"¡.z,§ n"¢�¡"�.p"£¨¥¦¡Z¢q¡,¡Zn®z
� � n"¢�¡"�.£:§¨¥
¡Z¢�¡"¡.z,§ n"¢�¡"�.p"£¨¥¦¡Z¢q¡,¡Zn®z
� � n"¢�¡,�.�[n�¥
¡Z¢�¡"¡"�"§ n"¢�¡,�W£,§X¥¦¡Z¢q¡,¡Zn®£
� 
 n"¢�¡"�"§[n�¥
¡Z¢�¡"¡.z,§ n"¢�¡"�"\Zn�¥¦¡Z¢q¡,¡Zn®z
� � n"¢�¡"�"§[n�¥
¡Z¢�¡"¡.z,§ n"¢�¡"�"\Zn�¥¦¡Z¢q¡,¡Zn®z
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� 	 ¡Z¢q¡,¡.£,¡"§¨¥ �(³ ���������
�(³ ����� � � ¡Z¢�¡"¡.£,£,�¨¥
¡Z¢�¡"¡"¡"z"p

� � ¸?¡Z¢q¡,¡.p:�.§¨¥ �(³ ����� 	 ��(³ ����� � 	 ¸?¡Z¢�¡"¡.p,§[n®z�¥
¡Z¢�¡"¡"¡[nR¡"¡
� � ¡Z¢q¡,¡.£,¡.z�¥ �(³ ���������

�(³ ����� ± � ¡Z¢�¡"¡.£Bn"n�¥ �(³ ����� � ±
�(³ ���������

� � ¸?¡Z¢q¡,¡.£:�.¡¨¥ �(³ ����� ± �
�(³ ��� 	 � � ¸¹¡[¢q¡"¡"£,\"\X¥
¡Z¢�¡"¡"¡,�.z

������� ¡Z¢q£,¤"\¨¥ �(³ �����
�(³ ����� ¡Z¢�§"¡"\X¥ �(³ ��� �
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