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7]9d l eg`Dv ^�j�ZgWnY[^pjthudfY_Zg`AW.j�hPY_^0�U]UY�ZyX hD�Ueg^
Y[` � j[`D�nZoz�^7lUZ\�ulUe\m � `ueyhPj_Zg�p^Dz,�9^Dh6
 X vHl�Zod�l��uZ\��^DX � hPj_Y[Zodr]UeohDj|hAz��AhPWnY�hD�u^DX a `Aj|^pe\^DdfY[j_`Dv ^DhD�

�^DhAX�]Uj_^	
�^pWnY�Xr��� �x^DdfY[Z\��^pegmwY_lU^0Y<v `�
 hud�lUZgW�^DX��uZ\��^0dr`H
 � hDY[Z\�Ueg^>X<^pW9X�Z\Y[Z\��Z\Y�mwY_`'
�`�X<Y `DaNY[lU^^pe\^DdfY[j_`Dv ^DhD� � hPjth6
�^pY_^pj�X�hDY Y[l�^ ) * j[^iX�`uW�hPW9df^ �O� lU^�j[^fa `Aj[^�q�Y[l�j[`u]��ulU`A]UY�Y_lUZoX � h � ^pjHvc^0vHZge\ej�hDY[lU^�j�- ]�`uY[^7dr`H
7�UZgWU^iz j_^DX�]�egY�XHa j[`H
�hPe\e(����k ^	� � ^pj[Z�
�^pWnY�XHhDW9z3Y[lU^�%4��� ^	� � ^pj[Z�
�^pWnYHhDY
%S�R�0s>�$AU`uj X�`>
�^,
 ^DhuX<]Uj[^	
 ^pW�Y�XNdf`uW�df^pj[W�ZgWU��+ � lnm�X�Zod�X'j_^DX�]�egY�X�a j[`>
 Y_lU^ s��BA ^�� � ^pj_Z=
�^pWnYhPYwY_lU^�� ^��uhDY[j_`uW ���� dr`uege\Zoz�^�j�vHZ\egeN�@^7hAzUz�^Dz huX0vc^pege � � lU^�����k#.���%S����� s���A"7wdr`H
7�UZgWU^izj[^iX�]Ue\Y�X - ]�`uY[^iz lU^�j[^>hPj_^�Y_lU^>�@^iX�YHdr`H
 � Z\eohDY[Zg`AW9XR`PaNj[^iX�]Ue\Y�X�a j[`>
 Y[lU^>������k !|qS��� �Rk !0V�qS��C
hPW�z "~k ��� .1%4���|q s��BA"7�^	� � ^�j[Z=
 ^pW�YtX�Y�hP��^�W a j_`H
 % �	C2&:qL%�� 5S& q %���ES&:q %�� �2&NhPW9z %��D��&:�

� Y�����k hPW�������� hPWUW�ZglUZ\eohPY_Zg`AW.dphDW � j_`ndf^p^Dzw^pZgY_lU^pjR�nZoh>h lUZ\�ulUe\m0�nZgj[Y_]9hPe�� � hDj[Y[Zydfeg^�`Aj��nZohh )#*�
�^Dz�ZyhPY_ZgWU� v ^DhD�5WU^�]UY[jthPeRZgWnY[^�j�hudrY[Zg`AW9Xf��% `AY[l ZgWnY[^�j�
�^DznZohPY_^H�9`�X�`AW9X0X<]U�9X�^D- ]U^�W�Y_egm z�^	?
dphpm0Z\W�Y_`>h a ^pj�
�Z\`uW � hPZgj � ����(� lU^#%�YthPW9z�hPj�z�&3`nz�^peua `Aj�
7]UeohD^��u`D��^pj_WUZgWU�HY_lU^DX<^ � j[`ndf^DX_X�^DXRvHZge\e�9^cz�ZoX_df]9X[X<^Dz0ZgW X�^idfY[Z\`uW�C�� � YRY_lU^�df^pWnY[^�j `Pa 
 huX_X ^pWU^pj_�um~dfeg` X�^�Y[`>Y[lU^#)#*�
 hAX[X . Y[lU^#)#*Nj[^iX�`H?
W9hDW9df^H79Y_lU^cdfj[` X[X1? X�^idfY[Z\`uWwZoXRz�`>
�ZgW�hPY[^iz �nm0Y[l�^ ) *R^	�Ud�l9hDWU�u^��nm0hDe=
�` X�Y Y_lUj[^�^�`ujtz�^pj�XR`Pa;
 hD�H?
WUZ\Y[]9z�^ � � lU^�j[^fa `Aj[^�q9ZgY0ZyX�`Pa Y_^pW huX[X<]$
�^Dz Y[l9hDYw^p��^pWnY�XH`u�9X<^pj[��^Dz hPY�����kH�5`uj_Zg�AZgW9hDY[^.^	��dfeg];?
X�Z\��^pegm>a j[`H
 )#*cz�^idphpmUXr� ' ^>X[hpm Y[l9hDY�h )#*�zn^DdphpmUXRl9hAz�j[`AWUZodphDege\m|vHlU^pW ZgY � j[`nz�]9dr^DX�h"! �! � hDZgjvHlUZyd l X�]U�9X<^�-�]U^pWnY[egm l9huz�j_`uWUZ\�p^DX>hPW9z,d�huX[d�huz�^DX>ZgWnY[`$#<^pY�XH`Pa � hPj[Y_Zodfe\^DXf� � lUZoX0d�hPY[^��u`uj_m df`uW$?Y�hDZgW9X hPeoX<`0^p��^pWnY�X vHZ\Y[l `uWU^H`Aj(
�`uj_^�l9hPjtz|�ueg]�`uW9X�jthuz�ZyhPY_^Dz a j[`>
�Y[l�^ �9W9hDeUX<Y�hDY[^%! �!�� � lU^HeohDY�?Y[^�j�e\^DhuzwY[`>^p��^pWnY�XRdf`AW�YthPZgW�ZgWU�>Y[lUj_^p^�`uj(
 `uj[^&#<^pYtX `Aj[Z\�uZgW�hPY[Z\WU�Ha j[`H
 Y_lU^ Z\WUZgY_ZohPe � hPj[Y_`uW9X�.'! �!)(xq
! �!)(*(xqR^pYtdu� 7t� !~huz�j_`uWUZyd ^p��^�W�YtX�hAdpdf`u]�W�Y0a `uj7��3*+	`Pa~hPe\eO)#* z�^Ddphpm�X .'�-,/.10�23� �4�1� N . �u�SR �H3 G
51687:9';1<>=@?�A)B@=DC>; E/;GFHBDIKJML)L/NOFQP:R"JML)LHSKE/;GFHBDI&T�6-UWV&FHI@A)<:;1B'FH=YXZP>[\FH=^]/FHBYX_FQ`bac;d;�Pb;1BD[)Xc;1IdI'91FHP>PbXcPb[\=YCb;fehg

BD;�IDA/P�FHP:9';)idj&C>;fk"FHXcPlI�9�FHP"I�9YCb;1k�;KVmFQIMn@o p>qsrst�u&vbt%uxwyN/zK;1{sFQP:R%t�u"|yN/z};1{\i
~�j&Cb;�a�FQ=D;1IY=�<>BD;1acXck%XcP:FQBDE�BD;�ID�bac=DI��)�bA)=D;MR�XcP��cJM����FQBD;/n�t%u r LbJ)�ZJG�/�)�W���>���/�/N)��zK;1{�FHP:R

� uh���'� r�NHS�LQS:���^�yNb�����";1{
�Gj&Cb;hk�FG7bXckl�bk�XcP�=D;1[)B�FQ=D;MR�aZ�>k%XcPbA/IYXc=�EO<:;�B T�6@U�;'7b<�;1BDXck%;�P�=^XcP�FQP�E�E/;GFHB&V&FHI&FH=D='FHXcPb;MR�XcP�JML)LHSOV&C>;1P

Xc=&BD;MF)9YCb;MR$F�]/FHac�b;KAH?@�HS�<b`* 85\�cJM���
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j_^DdfY_egmw`u�9X<^pj[��^iz.X�ZgW�df^HY[lU^�m|eg^ihuz|Y[`w^	
 � Y<m0^p��^pWnY�XRZgW7Y[lU^>zn^pY[^DdrY[`uj'h �U� hDj�hDY[]9Xr�O� lU^�m.hPj_^�`Da ?Y_^pW.d�hPege\^Dz
�[Z\W��nZoX<Zg�Ue\^��,) * z�^idphpmUXr� � l�^,) * � hPj[Y_ZohDe�vHZyz�Y[l9X�
�^DhuX<]Uj[^iz hDY ����k hDj[^ huX a `Aegeg`Dv>X I
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����k ZoXHhDW3^	��df^pe\eg^pWnYchudpdr^peg^pjthPY_`uj a `Aj�^�� � e\`uj_ZgWU�.j_^DhudfY_Zg`AW9X ZgW vHlUZyd l +�-�]9hPj_�UX YthP��^ � hDj[Y
% FH32&:�") * l9hAX h eyhPj_�u^~df`u] � egZgW�� Y_` +�-�]9hPj_�UXr��� + � + � hDZgj�ZoX � j_`nz�]9df^Dz7ZgW h l�Zg�ul7a j�hudrY[Zg`AW5`Da hPe\e
) *wz�^Ddphpm�X . %*0�.1)#*�P � + � + 7#N ._�	ESRT5ME�G 38RaFn�67M+ %����S& 7 hPW9z,h�
�`u]�W�YtX Y_`<FHF*+ `Pa�)#* z�^Ddphpm�X
Z\W�Y_`$! �! � hDZgj�Xr� � lU^Ha j�hudrY[Zg`AW.`Pa X�`.d�hPege\^Dz +�^���^pW�YtX j_^peohDY[Z\��^ Y[`wY_lU^HY[`AY�hPe9Wn]$
7�@^�j�`DaRl9hAz�j[`AWUZod
) *.z�^Dd�him�X ZyX|hDW Z�
 � `uj_Y�hPWnY'%�Y�hDW9zUhDj�z &3`nz�^pe � j[^DznZodfY_Zg`uW vHlUZod�l l�huX|�9^p^pW�dr`uW �9j[
�^Dz,��m^�� � ^pj_Z=
�^pWnY�hDe 
 ^DhuX<]Uj[^	
 ^pW�YtX�hDY'����k�hDW9z %S�R�0s>�(� lU^ dr`H
7�UZgWU^iz ��� k���%S��� j[^DX<]UegYwa `uj
�B�9N�� 	�� � � � 2b� 	�� ,/.10"! � �$# ZyX�I%�B�9N 3SRaFn�P��3 G 3SRa3>3H3u�n�#� lU^�+�l9huznj[`uW�X � j_`nz�]9df^Dz7hPY�����k�l9hp��^eyhPj_�u^.�9`�`�X<Ypq�
 hP�nZgW��5Y_lU^	
 
�`uj_^|^DhAX�Z\egm Zoz�^�W�Y_Z �xhD�Ueg^wZgW,Y_lU^|j_^peohDY[Z\��^pegm dreg^DhDW3^pWn��Z\j[`AW$
�^pWnY
`DaO�����6� df`AegegZyX�Z\`uW9Xr�

� lU^~lUZg�Al ^�WU^pj[�Am �&�� df`ue\egZyz�^pj�X � j_`nz�]9df^'+^? l9huznj[`uW�X Z\W�eohDj[�u^wWn]$
7�@^�j�XO. ^�� ��� � ^p�AhDY[j[`AW hPY
AU^pj[
�ZgeyhP� 7��U]UY � j[`AY[`AW5Z\W�Y_^pj�hAdfY[Z\`uW9X e\^DhuzwY[`0lUZ\�ul'
7]UegY_Z � e\Zod�ZgY_Z�^iX hPW�z|lU^pW9df^ch�ln]U�A^>df`H
7�UZgW�h6?Y_`uj_ZohPex�9hud��n�uj[`A]UW9z Y[`7hPWnm7^	�Udreg]9X<Zg��^�+HX<Zg�uW�hPe:� !>`Pvc^p��^pj�q�zn]U^wY[`.Y[l�^0��^pj[m7lUZ\�ul � j[`nzn]9dfY[Z\`uWjthPY_^ l�huz�j_`uW,dr`uege\Zoz�^�j�X d�hPW,hDeoX<`.�uZg��^w�AhPe\]9hP��eg^ df`uWnY[j_Zg�U]�Y[Zg`AW�Y[`7Y[l�^ + X � ^DdfY_j[`�X_df` � m��

V:W � hPj[Y_Zodf]�eohPj Y[lU^ hPW9hDegm�X�ZoXN`Pax�9hPj_m�`uW9X df`uWnY�hDZgWUZ\WU�wh�lU^ihi�nm�- ]�hPj[�'+ l9huX��9^p^�W.`Pax�uj_`PvHZ\WU�Z\W�Y_^pj[^iX�Y>Y[` hDege ����k ^	� � ^pj[Z�
�^pWnY�X�`P��^�j0Y[lU^.eyhuX<Y0m�^DhPjtXf�'%�`5a hDj `AWUegm Y[lU^.e\Zg�Al�Y_^DX�Y>�9hPj_m�`uWUZydX<Y�hDY[^H`PaxY_lUZoXRY<m � ^"2 
 � 2 l9huXN�@^�^pW.v ^pe\e�^	� � eg`Aj[^Dz ��� lU^�
 � �9hPj_m�`uW7df`AW9X�ZyX�YtX�`PaxY[l�j[^p^c�uhDeg^pW�df^
-�]9hDj[��X .'&�(�)67���� lU^7egZg�Al�Y � hDZgj�.�(�)67Ha `uj�
 X0h�egZg�Al�Y z�Z -�]9hPj_�3`Da>h Y_`uYthPecX � Z\W+* N 3�� AUj[`H

Y_lU^'-�]9hDj[� 
 `nz�^peNY[lU^ 
 � -�]9hPWnY[]$
�W�];
5�9^pjtXHhPj[^ � j[^Dz�ZydfY[^iz Y[` �@^VI-, ./.10 7#N 38. _\

� 7���� l�ZoX
� j[^Dz�ZydfY[Z\`uW lU`Dv ^p��^pj>l9hAX W�`uYwm�^pY>�@^�^pW ^�� � ^pj_Z=
�^pWnY�hDege m df`uW ��j�
�^Dzx� � lU^	��j�X�Yw`A�9X�^pj_�AhPY[Z\`uW`Da 
 � vHhAXO
 huzn^��nm5Y_lU^$�0� �0df`AegeohD�9`uj�hDY[Z\`uW ZgW �p�A��� %TFn� &RhDW9z�ZgYtX"
 hAX[X v huXHz�^�Y[^pj[
�ZgWU^iz|Y[`
�9^ . E#��5M3 G EH3�G CH347`&3^��32id \ ��%�]U�9X<^�- ]�^pW�Y_egm�qUY_lU^|eyhPj_�u^'
 h>#<`Aj[Z\Y�m7`Pacj_^DX�]Ue\Y�XH`uW +[? ��hPj[m�`AW9X
l�hi��^ df`>
�^�a j_`H
	Y[lU^ ����k ^	� � ^pj[Z�
�^pWnY�Xr� � lU^	�9j�X<Y�^���Zyz�^pW9df^~`Pa�+^? ��hPj[m�`AW � j[`nzn]9dfY[Z\`uW,v huXj_^ � `uj_Y[^Dz hPegj_^Dhuznm3ZgW Y[lU^ ^DhPj_egm m�^DhDj�XH`PacY[lU^ ����k ` � ^�j�hPY_Zg`AW %TFHFUq FHCUq F656&:�B�RhPY[^�jpq Z\Y�X#
 huX_Xv huXNz�^pY_^pj�
�Z\WU^Dz�vHZ\Y[l �@^�Y[Y[^�j�hAdpdf]Ujthudfmw]9X<ZgWU�Ha ]Uege\m0j[^idf`uW9X<Y[j_]9dfY[^iz 
O�xz�^Ddphpm�X % FHEnqHF �,&:��s�`H
�?
��ZgWUZ\WU�5Y_lU^	�9jtX�Y$�0� �|W�];
5�9^pjHvHZ\Y[l,Y[l�^'
�^DhuX<]Uj[^�
�^pW�Y�XchPY�����k �uZ\��^DXHY[lU^.j_^DX�]Ue\Y	I � K L#N
E �HCA� G�� � &3^��32id	\�� 0 ^idf^pWnY[egm q ��m a hPj Y[lU^7�9^DX�Y�
�^DhuX<]Uj[^�
�^pWnYH`Pa>Y[l�^�
�� 
 hAX[X0l9hAX �9^p^pW
j_^ � `uj_Y[^Dz �nm Y[lU^3s��BA dr`uegeyhP�9`ujthPY_Zg`uW � 0H^Ddf`uW�X�Y[j_]9dfY_ZgWU�/0�FH33^���^pW�YtX0vHlU^pj[^@
O� � .^254B
 *
Y_lU^pm z�^pY_^pj�
�Z\WU^HY[l�^ 
��(
 huX_X�I � KML N E#�>F��#G 5�G C'&3^��32Dd�\�%���56&:��� eg`AY `Da�^��x`uj_YHl9huX>hPeyX�`
�9^p^�W � ]UYcZgWnY[`|Y_lU^�
�^ihuX�]�j[^	
�^�W�YN`Pa Y[lU^B
�^DhPW<+^? �9hPj_m�`uW egZ a ^pY[Z�
�^HhDW9z�ZgY�Xcdf`H
 � hPj_ZoX�`AW5vHZ\Y[lY_lU^'
�^DX<`uW X<^DdfY[`Ajp�'� l�^�����k�� %S���$�|s���A dr`H
7�UZgWU^iz j[^iX�]Ue\Y�X�`AW +wl9hAz�j[`AW e\Z�a ^pY_Z=
�^iXHhPj[^VI
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!�^pj_^0hDege - ]U`AY[^Dz7�9hPj_m�`uW hDW9hPe\mUX<^DX X<^peg^DdrY Y_lU^�
 � X�Z\�uW9hDeNhuX Y_lU^0^DhAX�Z\^DX�Y hPW9z�
�` X�Y � ` � ]UeyhPY_^Dz�9hDj[m�`uW j[^ � j[^DX<^pW�YthPY_Zg��^��
0 ^idf^pWnY[egm	��j�X�YH^���Zyz�^pW9df^ a `AjHY[lU^ X<Y[j�hDWU�u^'+[? ��hPj[m�`AW��"�Ra j[`H
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 hAX[X#
�^DhuX<]Uj[^�
�^pWnY ]�X�ZgW��a ]Ue\e j[^idf`uW9X<Y[j_]9dfY[Z\`uW ZoXHX^
 hPe\e:�
� lU^/��� �Rk !0V.df`AegeohD�9`uj�hDY[Z\`uW l9hAX�hPeyX�` a `A]UW9z Y[l�^ �9jtX�Y�^p�nZozn^pW9df^5a `Aj�Y[l�^�
��.hPW�z�
�
�

�9hDj[m�`uW�X/%TE>F,& ��� lU^ X<Zg�AW9hPe�vHhAX a `A]UW9z�df`Aj[j_^peohDY[ZgW��3h X�`Da Y � Z\`uW vHZgY[l Y[l�^��9hPj_m�`uW ^pWUj_Zod�lU^DzZgW�dfeg]9X<Zg��^�+H��^pj_Y[Zodr^DX#. 
O����� 
 � 
�����
�
� 7t�
��egj_^Dhuznm�Y[lU^ egZ\�ulnY[^DX<YH�9hPj_m�`uWUZyd �Aj[`A]UW9z,X�YthPY_^'
O���uZ\��^DXHh ]�WUZ -�]U^ � `�X[X<Zg�UZ\egZ\Y�m `Pa�Z\W���^DX<Y[Z�?��hDY[Z\WU�.X<`H
�^ � l�^pWU`H
 ^pW9h0ZgW9hAdpdf^DX_X�Z\�Ueg^cZgW dphuX<^0`Pa Y[lU^Ha hPj�
�`uj_^ a j[^�-�]U^pWnY[e\m `nd�df]Uj[j_ZgWU�wlU^ihi�nm


�^DX<`uW9Xr� ">WU^>X<]9d l.Z\W�Y_^pj[^iX�Y[Z\WU�0^��x^DdrY�ZoX�h � `�X_X�Z\�UZge\ZgY<m|`DaRhwX<Y[j[`AWU�|e\`uWU�AZgY_]9z�ZgW�hPe � `ueyhPj_Zg�DhDY[Zg`AW`PaxY_lU^�
O�[qAY[lUZyX��9^pZgWU� h znZgj[^idfY�dr`uW9X<^�- ]�^pW9df^c`PaxY[lU^ � `AeohPj_Zg�DhDY[Z\`uW.`Pa � j[Z�
 hPj_m + -�]9hDj[�.dr`H
�Z\WU�a j[`>
�h )#*cz�^Ddphpm�� k�`ueyhPj[Z\�DhPY_Zg`AW.j[^��9^idfY�X�Y_lU^~z�m�W�h6
�ZydpX `DaRY_lU^Hj[^DhAdfY[Z\`uW hPW9z.ZoX z�^��9WU^iz5hAX hDW
huX<m8
 
�^pY[j_m|Z\W Y_lU^ X � Z\W3`Aj[Zg^�W�YthPY[Z\`uW `Pa Y[l�^ � hPj[Y_Zodfe\^���V:Y vHZ\egeR�9^ � j[^DdrZoX�^�egm z�^��9WU^iz Z\W d l9h � ?Y[^�j Cn��� lU^<%�YthPW9zUhDj�z &3`nzn^pe � j[^DznZodfY_Zg`uW�X a `uj Y[lU^ � j_Z=
 hDj[m - ]9hDj[� � `ueyhPj_Zg�DhDY[Zg`AW � j[`nz�]9dr^DzZgW � � � ��� ) *�� ! �!7hPj_^ � j_^DX�^�W�Y_^Dz Z\W X�^DdfY_Zg`AW/C��g�A�'� lU^pW Y[l�^7z�ZoX_df]9X[X<Zg`AW,`PaHY_lU^ � `ueyhPj[Z\�Dh6?Y[Z\`uW Y[jthPW9X:a ^pj>Y[`.Y[l�^ ��W9hPe X�YthPY[^wl9hAz�j[`AW,Y[`A�u^pY_lU^pjHvHZgY_l � ` X[X<Zg�Ue\^|X<`u]Ujtdf^DXH`Paczn^ � `ueohDj[Z\�DhPY_Zg`uWa `ue\eg`Dv>XHZgW X�^DdrY[Zg`AW9X�C��aF7hPW�z C��aCn�#A�Z\W9hPe\egm�qnY[lU^ z�^pY�hDZge\^Dz z�ZoX_df]9X[X<Zg`AW3`Pa'Y[lU^ z�m�W�h6
�ZydpX `Da�Y[lU^
X�^�
�Zge\^ � Y[`AWUZod vc^DhP� z�^Ddphpm�`Da�h � `ueohDj[Z\�p^Dz +�-�]9hPj_��ZoX �AZg��^pW ZgW X�^DdfY_Zg`AW Cn�T5��

� lU^�
�^DhAX�]Uj_^	
�^pWnY�`Pa Y[l�^�
O� � `ueyhPj[Z\�DhPY_Zg`AW ZyX �9huX<^Dz�`uW Y[l�^|hAX�mS
�
�^pY_j[m ZgW�Y_lU^ hPWU�A]UeohDjz�ZyX�Y[j_Zg�U]�Y[Zg`AW9X0`Pa>Y_lU^�d�l9hDj[�u^iz e\^ � Y[`AW�hPW�z WU^p]UY_j[Z\WU` ZgW9z�]�df^Dz,��m Y[lU^ + � `AeohPj_Zg�DhDY[Z\`uWR�<� lU^
� j_^DdfZoX<^wz�^DX_dfj[Z � Y[Z\`uW `Pa Y[l�^ 
 ^DhuX<]Uj[^	
 ^pW�Y 
�^�Y[lU`nz�`Aeg`A�um�Y_`u�u^�Y[lU^pjHvHZ\Y[l Y[l�^�#<]�X�Y[Z��xdphDY[Zg`AW `PaY[l�^|d�lU` X�^pW ^	� � ^pj[Z�
�^pWnY�hPe�h �U� j_`�hAd l ZoX � j_^DX�^pWnY[^iz Z\W X�^DdfY_Zg`AW 5��

%�^DdfY_Zg`AW E df`AW�YthPZgW�X.h,z�^pY�hDZge\^Dz�hudpdf`A]UWnY.`Pa~Y[lU^ hPW�hPegm�X�ZyX � j[`ndf^Dzn]Uj[^���V:Y7z�^iX[dfj_Zg�9^DX'
O�X�Z\�uW9hDe>X�^pe\^DdfY_Zg`uW . E�� F47tq�z�ZoX_df]9X[X<^DX|^	�nZoX<Y[ZgW��3�9hAd �n�uj_`u]UW9z X�`A]Uj�df^iX�. E�� C47 hDW9z �9W9hPe\egm Y[lUj_`Dv>X
egZ\�ulnY�`uW�Y_lU^0drj[]9dfZyhPe9^	� � ^pj[Z�
�^pWnY�hPe�z�Z�� df]�egY<mw`PaNj[^idf`uW9X<Y[j_]9dfY[Z\WU�|Y_lU^>^pWU^pj_�um.`PaNY_lU^0^DX_dph � ZgWU�hPW�z ]UW�z�^pY[^idfY�hD�Ueg^ WU^p]UY_j[ZgW�` � hPj[Y_Zodfe\^|vHlUZyd l Y[]Uj_W9X0`u]UYwY_`3d�hPj[j_m 
�` X�Y0`DacY[lU^ � `ueyhPj_Zg�DhDY[Zg`AWZgWna `uj�
 hPY[Z\`uWQ. E��aEM7�� %�]U��X�^DdfY_Zg`AW E��T5 z�^DX_dfj[Z\�@^iX5Y[lU^ X<^peg^idfY[Z\`uW `Pa Y[lU^ hP];��Z\egZohDj[m X�Z\�uW9hDew`Pa
X�^�
�Zge\^ � Y[`AWUZod�� *cz�^Dd�him�X�]9X<^Dz7huX�hPW hAzUz�Z\Y[Zg`AW9hPe�dfj[` X[X1? d�lU^Dd��|`Pa Y[lU^~df`AW9X�ZyX�Y[^�W9dfm|`DaRWU^�]UY[j_ZgWU`^pWU^�j[�um j[^Ddf`AW9X�Y_j[]9drY[Zg`AWR�



���������
	���
�������	�� E

� lU^ 
 ^DhuX<]Uj[^	
 ^pW�Y j[^DX<]UegY7ZoX � j[^DX<^pWnY[^Dz Z\W X�^idfY[Z\`uW ���\�u� � lU^3a `ue\eg`DvHZgW���X�^DdrY[Zg`AW9X��n�aF
hDW9z ��� C5df`AW�YthPZ\W3h7z�ZyX[df]9X_X�Z\`uW `Pa�Y_lU^ X�YthPY[ZyX�Y_ZodphDe ^pj_j[`uj~hPW�z Y_lU^ X�m�X�Y_^	
 hPY_Zod�]�W9df^pj_Y�hPZ\W�Y<m.j_^	?
X � ^DdfY[Z\��^pegm ��b>^	��Y�q@Z\W X�^DdrY[Zg`AW ��� 5�v ^ � j_^DX�^�W�Y0j_^DX�]�egY�X>`PacY[lU^.Zyz�^pWnY[ZydphPeNhDW9hPe\mUX<ZoX � ^pj�a `Aj�
�^Dz`AW�� 
�^DX<`uW9Xr� � lU^�`A�UY�hDZgWU^iz j_^DX�]�egY|�9^pZ\WU�,dr`H
 � hDY[Z\�Ueg^.vHZ\Y[l��p^pj_`,df`AW �9j�
 X dr`uW9X<ZoX�Y_^pW9dfm`Da�Y_lU^ � j_^DX�^�W�Y_^Dz5^	� � ^pj[Z�
�^pWnY�hPe;
�^pY[l�`nz�hPW9z ZgW � hPj[Y_Zodf]�eohPj � j[`D��^DX dr`uj[j_^DdfY_WU^DX[X�`Pa�Y_lU^0WU^�]$?Y_j[Z\WU` ^pWU^pj_�um,j[^idf`uW9X<Y[j_]9dfY[Z\`uWR� V:W�X<^DdfY[Z\`uW �n�aE vc^ � j[^DX<^pW�Y~Y[lU^ ������k ! j[^DX<]UegYtX0`uW Y[lU^ 
 �
� `AeohPj_Zg�DhDY[Z\`uWR� � lU^ df`>
 � hDj[ZoX<`uW hPW�z df`>
 � ZgeyhPY_Zg`uW `Pa~Y[lU^ ������k !	hPW9z ��� �Rk"!~V|j[^DX<]UegYtX
ZyX0z�`AWU^5Z\W�hAzUz�Z\Y[Zg`AWR��%�^DdfY_Zg`AW ���.� �uZ\��^DX � `�X_X�Zg��eg^7ZgWnY[^pj � j[^pYthPY_Zg`uW�X�`Pa Y[lU^.`A�UY�hDZgWU^Dz j[^DX<]UegYtXvHl�^pW df`H
7�UZgW�^Dz vHZ\Y[l `uY_lU^pj�
�^DhAX�]Uj_^	
�^pW�YtX hDW9z Y_lU^p`Aj[^pY_ZodphDe � j_^Dz�ZodrY[Zg`AW9Xf�

� lU^ df`AW9dfe\]9X�Z\`uW9XHhDj[^|�AZg��^pW ZgW X�^DdrY[Zg`AW,���
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��� �Rk"!~V,.�� .�Y_^DdfY_`ujHvHZgY_l]- ^ � Y_`uWRq9F0lU`AY[`AW hPW9z��3huznj[`uW��pzn^pW�Y_Z �xd�hPY[Z\`uW 7�ZyXHh �A^pWU^pjthPe
� ]Uj � `�X�^ z�^�Y[^DdfY_`uj�a `uj�������� df`AegegZyz�^pj � lnmUX<ZodpXrqnz�^DX�Z\�uWU^iz Y_` � j[`D�nZoz�^>lUZ\�ul �ujthPWn]UeohDj[ZgY<m7`D��^pjch
5 � X�`AegZyz�hPWU�Aeg^�q9hDW9z hPe\eg`DvHZgWU� � `Dv ^�j�a ]Ue � hPj_Y[Zodreg^0Zyz�^pWnY[Z �@dphPY_Zg`uW ��V:Y ZyX ZgW9X<Y�hPe\eg^Dz hPYHY[l�^ ����k
������� df`ue\egZozn^pj.hDY3s���0�b|q�W�^DhPj $>^pWU^p�Ah�� � lU^ ��� �Rk !0V.z�^�Y[^DdfY_`uj7l9huX.�9^p^pW ` � ^pj�hDY[Z\`uW9hDeX�Z\W9df^.���HUA���

� lUZoX d l�h � Y_^pjwZoX0�9huX<^Dz `AW�Y<v ` � ]U�Ue\ZodphDY[Z\`uW9X %TEHC2&:q %TE652&cdf`AW9df^pj_WUZgWU� df`>
 � `uWU^�W�YtX `Da>Y[lU^
��� �Rk !0V X � ^DdfY[j_`H
�^�Y[^pj hPW9z�ZgYtX � ^pj�a `Aj�
 hDW9df^�� !�^pj[^~v ^wvHZge\eRdf`AW9df^pWnY[jthPY[^~`uW Y[lU` X�^ X�]U�xz�^	?Y[^idfY[`Aj�X vHlUZyd l hPj_^�^DX[X<^pW�Y_ZohDeua `ujRY[l�^ � j[^DX<^pW�Y_^DzwhPW9hDegm�X�ZyX Z:� ^ �fY[jthud���Z\WU�Hzn^pY[^DdrY[`ujtXfqAdphPe\`uj_Z=
�^pY_^pj�XhPW�z3eg^ � Y_`uW Zoz�^pWnY[Z��xdphDY[Zg`AW,z�^���Zydf^DXf� �0zUz�Z\Y[Zg`AW9hPe\egm�vc^|�Uj_Zg^���m � j[^DX<^pW�Y>Y[l�^D0>Vts�!%z�^pY_^DdfY[`Aj�X
vHlUZyd l hDj[^wY[l�^ 
 `�X�YcZgWnY[^pj_^DX�Y_ZgWU� `uWU^iXHhPW9z X � ^DdrZ �xd�a `uj��B�"�Rk !0VchPe\Y[lU`A]U�ul z�`.WU`uY>znZgj[^idfY[e\mdf`AW�Y_j[Zg��]UY[^0Y_`5Y_lUZoXHhDW9hPe\mUX<ZoXr�

�����  "!#!%$'&($*),+�-
V:W7Y[lU^ X�Y�hDW9zUhDj�z<��� �Rk !0V�df`�`ujtz�ZgW9hDY[^wX<mUX<Y[^	
 Y_lU^/. h6�nZoX e\Zg^DX�hDeg`uW��|Y[l�^0^peg^idfY[j_`uW7�@^ih6


z�Z\j[^DdfY_Zg`AWRq@Y_lU^10 h6�nZoX � `AZgWnY�X�Y_`DvHhPjtzUX�Y_lU^7df^pWnY[^pjH`Da ��� k hPW9z3Y_lU^32 h6�nZoX � `uZ\W�Y~] � v hPjtzUXf�
� lU^ � `ueohDj>hPWU�Aeg^�
�^DhAX�]Uj_^Dz a j[`>
 Y_lU^%. h6�nZoX�ZoXcdphPe\eg^Dz14whDW9z5Y[l�^0hD�pZ=
7]UY[l�hPe9hDWU�ue\^0hDj[`u]�W9z5.
ZoXNdphDegeg^iz7698AY[lU^cj�huznZohPe�df`�`Aj�z�Z\W9hPY_^HZoX%� N;: 0 \ �<2 \ � � lU^>z�^pY_^DdfY_`ujNdf`AW9X�ZyX�Y�XN`Pa h0dfmnegZ\W9z�j[ZydphPe
X�^idfY[Z\`uW.dr`P��^�j[ZgW��HY[lU^ �[�9hDj[j[^�e �Hj[^p�AZg`uW.`Da=4�. Y<m � ZodphDegegm�5M3?> 27��5V3@>�7NhDW9z Y<v `>^pW9z�dph � X df`D��^pj[Z\WU�Y[l�^3��a `Aj[v hPj�z � j_^p�uZ\`uW9Xr� � lU^HhDWU�u]�eohPjcdf`D��^pjthP�A^ `PaxY_lU^3�<a `uj[v hPjtz �wX�]U�xz�^pY_^DdfY_`uj�XN�u`wY<m � ZydphPe\egmz�`DvHW Y[`34 N ��3@>�. `uj�4 N �D��3?>�7�� A�Z\�u]Uj_^ F.X_d l�^	
 hPY_ZodphDege\m|X<lU`Dv>X Y_lU^ � j_^DX�^�W�Yceohpm�`u]UYc`Pa Y[lU^�9hDj[j[^�e � hPj[Y hPW9z�`Da>`uWU^�^�W9zUdph � �<� lU^ df^�W�Y_j�hPe � hDj[Y `Pa>Y[l�^�z�^�Y[^DdfY_`uj df`AW9X�ZyX�Y�Xw`Pa>Y_j�hud��nZgWU�z�^pY_^DdfY_`uj�X�hDW9z5X � ^DdfZohDegZ\�p^Dz|l9hAz�j[`AW�Zoz�^�W�Y_Z �xdphDY[Z\`uW7z�^p�nZodr^DX�2 0�V[s�!�^iXf��V:W7Y[lUZyX�j[^p�AZg`uW q�d�hPege\^DzY[l�^.df^pWnY[jthPeNY[jthud���Z\WU�5��`Aeg]$
 ^�qUh5l�Zg�ul�egm ]UWUZ a `uj�
 
 hD�uWU^�Y[Zod �9^�eoz `Da>�u� FHC<� � hDj�hDegeg^�e�Y_`�Y[lU^
.3h���ZyX�ZoX � j_`D��Zyz�^Dz3�nm3Y[l�^�X<] � ^pj�df`AW9z�]9drY[ZgW��3X<`ue\^pWU`uZyz �'� lU^7^pe\^DdfY[j_`H
 hD�uWU^�Y[ZodwdphDeg`Aj[Z=
 ^pY[^pjZoX � eohAdf^Dz,�9^pY<v ^p^pW Y[jthud���Z\WU� z�^pY_^DdfY[`Aj�X hPW9z Y_lU^ X<`ueg^�WU`uZyz � ">]UYtX�Zyz�^�Y[l�^�X<] � ^pj�df`AW9z�]9drY[ZgW��X�`Aeg^pW�`uZoz.Y[l�^pj[^~hPj_^MI�l9hAz�j[`AWUZod~dphPe\`uj[Z�
�^pY_^pjNX�^pj_��Z\WU� huzUznZgY[Z\`uW9hDege\m7huX h�
 hP�AWU^pY_Zod)��^peoz.j[^pY_]Uj[W
m�`u��^ hDW9z Y[lU^,`A]UY[^pj[
�`�X<Y z�^pY_^DdfY_`uj�X 2 
7]U`uW d�l9h6
7�9^pj�X � eyhudf^Dz Z\W9X�Zyz�^ hPW�z `A]UY�X<Zoz�^ Y[lU^
l9hAz�j[`AWUZod dphPe\`uj[Z�
�^pY_^pjp�

A J SUMDO9B TDCFEDG � GnM �IH9J6�
s�l9hDj[�A^Dz � hPj[Y_Zodfe\^|j_^Ddf`uW�X�Y[j_]9dfY_Zg`uW ZoX � ^pj<a `uj[
�^Dz �nm Y[lU^.Y_j�hAd �nZgWU� z�^pY_^DdfY_`uj�Xr��� lU^pm hPj[^z�^DX<Zg�AWU^Dz5Y_`|j[^idf`uW9X<Y[j_]9dfYHh d l�hPj[�A^Dz � hDj[Y_Zodfe\^ � hDY[l �nm � j[`A�UZgWU�.Z\Y�X � ` X�Z\Y[Zg`AW hPY#
 hPWnm � `uZ\W�YtXhPe\`uWU� Y[lU^ Y[jth>#<^DdfY_`uj_m�� � l�^,d�l9hPj_�u^Dz � hPj_Y[Zodreg^�
�`>
�^pWnY[]$
 ZyX.z�^pY_^pj�
�Z\WU^Dz Y_l9hPW��UX.Y[` Y[lU^

� j_^DX�^pW�df^w`PacY[lU^ X�Y_j[`uW���
 hP�AWU^pY_Zod �9^peyz ZgW Y[lU^ Y[jthud���Z\WU�.��`ue\]$
�^��Hs�l9hPj_�u^Dz � hDj[Y[Zydfeg^iXO
�`D��^hPe\`uWU� h lU^pe\Z=�3vHl�`�X�^ j�huznZg]9X �%J�ZgW Y[lU^50K2 � j_`�#<^DdfY_Zg`AW�z�^ � ^�W9zUX `AW�Y[l�^pZgjwY[jthPW9X<��^pj�X<^ 
 `H?

�^pWnY[];
,��� lU^ � hPj[Y_Zodfe\^,
 `H
�^pWnY[];
 ZyX j_^peohDY[^Dz5Y_`.ZgYtX Y[jth>#<^DdfY_`uj_m7df]Uj[�AhDY[]Uj_^0��m7Y[l�^�a `uj[
5]Ueyh
L N 38R 3H3>CNM��OM �%J>2iX�ZgWP4�q vHlU^�j[^ � ZyX�Y[lU^�
 hP�AWU^pY_Zod �9^peyz ZgW/�R^DX<eoh�qQ45z�^�WU`uY_^DX�Y[l�^ � `AeohDjhPW��ueg^7`PacY_lU^ � hPj[Y_Zodfe\^ 
�`>
�^pWnY[]$
 hPW�z+�%J.ZoX�Z\W d�
,��� lU^7Y[jthud���Z\WU��ZgW,Y_lU^.�9hDj[j[^�e � hPj_Yw`Pa
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DELPHI
Vertex Detector

Inner Detector

Time Projection Chamber

Small Angle Tile Calorimeter

Very Small Angle Tagger

Beam Pipe

Quadrupole

Barrel RICH

Outer Detector

High Density Projection Chamber

Superconducting Coil

Scintillators

Barrel Hadron Calorimeter

Barrel Muon ChambersForward Chamber A

Forward RICH

Forward Chamber B

Forward EM Calorimeter

Forward Hadron Calorimeter

Forward Hodoscope

Forward Muon Chambers

Surround Muon Chambers

A�Z\�u]Uj_^�F8I*46587:9<;+=�>?R5O@=��,C2Y:>�C�E>87:9�
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U

��� �Rk !0V�ZoX�z�`AWU^��nm.Y[l�^���^pj_Y[^	� ��^pY[^idfY[`Aj,.D��� 7tquY[lU^~V:WUWU^pj���^�Y[^DdfY_`uj�.:V^� 7tquY[l�^�� Z=
�^ k�j[`H?
#<^DdfY_Zg`AW s�l9h�
5�9^pj�. �Hk s#7'hPW9z�Y_lU^ ">]UY_^pj#�>^pY[^DdrY[`uj�. "���7��nV:W�Y[lU^Ha `uj_vHhDj�z�j[^p�AZg`AW�Y[lU^�j[^~hPj[^
Y<v `.Y_j�hud��nZgWU�7z�^���Zydf^DX 8SAU`uj_vHhDj�z s�l�h6
7�@^�j�XH� . A'sc� 7chDW9z AU`Aj[vHhDj�z3s�l9h�
5�9^pjtX+%�. A's %,7t�

� lU^%��� %TE>E�qME �S&UZoX�Y_lU^HZgW�WU^pj�
 `�X�Y X�]�� zn^pY[^DdrY[`uj `PaRY_lU^���� �Rk !0V�h �U� hPjthPY_]9Xf��V:Y�df`AW9X�ZyX�YtX`Pa Y[l�j[^p^ df` h6�nZohPeReyhpm�^pj�X�`Pa'� s df`u] � eg^Dz X�Zge\Zodf`AW X�Y_j[Z � zn^pY[^DdrY[`ujtXHhPY~hp��^pj�hD�u^0jthuz�Z\ZR`Pa)���aCnq9��� 3hPW�z ��3�� �wd�
 ����hud�l.eohpm�^pj df`D��^pj�XRY[lU^ a ]�ege�hP�pZ�
5]UY_l9hPenhDWU�ue\^HvHZgY_l.`P��^�j[eoh � X��9^pY<v ^�^pW.hAz>#_hudf^�W�Y

�`nz�]�eg^DXr��� lU^pj[^7hDj[^'5 z�^pY_^DdfY_`uj�X>hPe\`uWU� Y_lU^.�9^Dh6
�z�Z\j[^DdrY[Zg`AW3Z\W3^DhAd l 
�`nzn]Ueg^���� l�^ � `AeohDjdf`D��^pjthP�u^c`PaxY[l�^l��� df`Aj[j_^DX � `uW�zUX�h �U� j_`���Z�
 hPY_^pegm0Y_`0Y[l�^H�9hPj_j[^pe � hPj_Y�`Pa ��� �Rk !0V��MAU`uj � `AeohDjhPW��ueg^iX `Da#5>5 >�� 4�� �	C �@>.h � hPj_Y[Zydfeg^ dfj[` X[X�^iX|hPe\e�Y[l�j[^p^.eyhim�^�j�Xf� ��W�Y_ZgeH���u�>C ��� ��hp��^.`uW�egm
Y[l�^�� 6�Z\W�a `uj[
 hPY_Zg`uWwa j[`>
�X�ZgW��ueg^�?:X<Zoz�^Dz.zn^pY[^DdrY[`ujtXf� V W �p�A�65 Y[lU^ �9jtX�Yceohpm�^pj�.�s�eg` X�^pj 7 hPW9z.Y[lU^
Y[l�Zgj�z,eohpm�^pj . ">]UY[^�j�7H`Da>Y[lU^7��^pj[Y_^	� z�^pY_^DdfY[`Ajwv ^pj_^.^�- ]�Z �U� ^Dz,vHZgY_l�z�`A]U�Ue\^	?:X<Zoz�^iz 
�`nzn]Ueg^DXrql9hp�nZgWU� huzUz�Z\Y[Z\`uW9hDeR`uj[Y_lU`u�A`uW9hDe�X<Y[j_Z � X `AW Y_lU^0` �U� `�X�Z\Y[^ X�Zyz�^0`Da � eyhH-�]U^pY_Y[^DXr��V:W�Y[l�ZoX vHhpm7Y[lU^
��� � hPZgW�^Dz.hPW huzUznZgY[Z\`uW9hDe9dph � hP�UZ\egZ\Y�mwY_`�
�^DhAX�]Uj_^ Y[l�^�. dr`�`uj�znZgW9hDY[^�� � lU^ �/6.j[^DhAz�`u]�Y � ZgY�d�lZoX�EH3 � 
 hDW9z�ZoX ]�WUZ�a `Aj�
 a `uj.Y[l�^�vHlU`ue\^ z�^pY_^DdfY_`ujp� � lU^ X�Z\WU�ue\^�lUZ\Y � j_^DdfZoX<Zg`AW v huX a `u]�W9zY[` �9^���� ��� 
,��� lU^ . df`�`ujtz�ZgW�hPY[^7j[^ihuz�`A]UY � ZgYtd l ZoX�WU`AYwZoz�^pWnY[ZydphPe a `AjwY[lU^.vHlU`Aeg^7z�^�Y[^DdfY_`ujhPW�z j�hDWU�u^DX a j_`H
 5VF � 
 Y[` U65 � 
,��� lU^ X�ZgW��ueg^7lUZ\Y � j_^DdfZoX<Zg`AW `Da>Y[lU^ . 
�^DhAX�]Uj_^	
�^pW�Y>ZoXh5a ]UW9dfY_Zg`AW `DaHY[l�^.ZgW9dfZyz�^pW9dr^.hPW��ueg^ 4�hDW9z �AhPj_Zg^DX a j_`H
���� 
 Y_` `P��^�j�CH3�� 
 �'� lU^W��� ZoX
Y[l�^#
�`�X<Y � j[^idfZoX<^HY[j�hAd �nZgW��wz�^p�nZodf^c`Pa���� �Rk"!~V � V Y 
 hD��^DX � ` X[X<Zg�Ue\^>h � j[^DdfZyX�^Hj_^Ddf`uW�X�Y[j_]9dfY_Zg`uW`Pa Y[lU^ � j[Z=
 hPj[m ZgWnY[^pjthudfY_Zg`uW,��^�j[Y[^�� hPW9z,^p��^pWnY[]�hPege\m�Y[l�^7X�^ � hDj�hDY[Zg`AW `Da>X<^Ddf`uW�zUhPj_m,��^pj[Y_Zodf^DXj[^iX�]Ue\Y[ZgW��5a j[`>
)Y[l�^7z�^Ddphpm�X�`Pa eg`uW��H? egZg�nZgW���l9huznj[`uW�X|df`AW�YthPZgW�ZgWU� + hPW9z�� -�]9hDj[��X hAX0v ^pe\e�hAX
Y[l�^ l�^Dhp��m�e\^ � Y_`uW � . Z:� ^���egZ a ^pY[Z�
�^DX�`Da�Y[lU^w`Aj�z�^pjH`Da�3�� C����u�.� � X 7��

� lU^ V^��X�lU`A]Ueoz �9^ df`uW�X�Zozn^pj[^Dz X�^ � hPjthPY[^�egm,ZgW Y[l�^ � ^pj_Zg`nzUXw]UW�Y_Zge�Y_lU^7^pW9z `Daw�p�A�65 hDW9za j[`>
��p�u�>E�`uWR�B��]Uj[Z\WU��Y_lU^.��5 2D�>E�vHZgWnY[^pj~X�ln]UY�zn`PvHW,Y_lU^ �tX�YthPW9zUhDj�z � V:WUWU^�j���^�Y[^DdfY_`uj>vHhAX
j[^ � eohAdf^Dz3�nm h dr`H
 � e\^pY[^�egm WU^pv%eg`uW��u^pj z�^p�nZodr^��'� lU^+�tX�YthPW9zUhDj�z �,V^� ZoXwdf`>
 � `�X�^iz3`Pa>Y<v `ZgW�z�^ � ^pW9z�^�W�Y � hPj[YtXf� � lU^>ZgW�WU^pjcz�j[Z a Y�d�l9h6
7�9^pjO.�#<^pYcd l�h6
7�@^�j�7 � j[`D�nZoz�^DX�] � Y[`�F�5 � 6 � `uZ\W�YtX
� ^pjHY[jthud����9^pY<v ^p^�W�j�hAz�ZgZx`Pa>��F.hPW9z FHC7d�
,��� lU^l#<^pY>d�l9h6
7�9^pj�ZoXHX�]�j[j[`A]UW9z�^iz �nm�E'& ' k seohpm�^pjtX � j_`P�nZoznZgWU� �9`uY_l �/6�j[^ihuz�`A]UY�. vHZgj[^iX 7~hPW9z �%.3ZgW�a `Aj�
 hDY[Z\`uW .:dphDY[lU`nz�^ X�Y[j_Z � XX7��<� lU^
& ' k s ZgW�a `Aj�
 hDY[Zg`AW ZoX�]9X<^Dz 
 hPZgW�egm5a `Aj0Y[j_Zg�u�A^pj[Z\WU�7�U]UYwhDeoX�` � j[`D�nZoz�^DXH�AhPe\]9hP�Ue\^ �%.�
�^Dh�?
X�]�j[^	
�^�W�YtX�hDW9z �AZg��^DXNY[lU^ � `�X_X�Z\�UZge\ZgY<m|`DaRj[^iX�`ue\��Z\WU�0Y_lU^�e\^fa Y 2�j[Z\�ulnY�z�j_Z�a Y�h�
5��Zg�u]�ZgY[Z\^DXRZgWUlU^�j[^pWnYZgW.Y_lU^O#<^pY�d�l9h6
7�9^pjp��� lU^ � `ueohDjHhDWU�ue\^>hudpdf^ � Y�hDW9df^>`PaRY_lU^>V^� ZyX CH3@>�� 4�� �	EH3?>P� � lU^~X�ZgW��ueg^
Y[jthud��3^pe\^	
�^pWnY>j[^Ddf`AW9X�Y_j[]9drY[^Dz3Z\W Y_lU^�#<^�Ywd l�h6
7�@^�j0ZoX�
�^DhAX�]Uj_^Dz vHZ\Y[l
	(. � 6 7�NBEH3 � 
�hDW9z
Y[l�^HY�vc`0Y[jthud��wj[^DX<`ueg]�Y[Zg`AW.ZoX�hD�9`u]UY>�O
�
 �R� X<ZgWU�Aeg^�& ' k s eohpm�^pjR�uZ\��^DX�h%. � j_^DdfZyX�Zg`AW|`Da �9^	?Y<v ^p^�W�3��aEwhDW9z3�#
�
%z�^ � ^pW9znZgWU�w`uWN4��"% ZgW9df^w���u�>E.h W�^pv e\`uWU�A^pjcV1� l9hAX �9^p^pW.` � ^�j�hPY_Zg`AW9hPe �
� lU^ WU^pv ZgWUW�^pj0znj[Z�a Y~d�l9h6
7�9^pj l9hAX�^	��hudfY_egm Y[l�^.X[h�
�^wvHZgj_^.df`AW �9�u]�j�hPY_Zg`AW�hAX�Y[lU^ � j[^���Z\`u]9X`uW�^ vHl�Zgeg^ Y[lU^ X�]�j[j[`A]UW9z�Z\WU� � j[` � `Aj[Y_Zg`uW�hPewd�l9h6
7�9^pj�X0l9hp��^��9^p^�W j_^ � eyhudf^Dz ��m E3eyhpm�^pj�Xw`PaX�Y_j�hpv Y_]U�9^|zn^pY[^DdrY[`ujtXf��� lU^ X�Y_j�hpv Y[]��@^iX l9hp��^0Y_lU^.X_h6
�^>a ]UW9dfY_Zg`uW�hPegZ\Y<m�hAX Y_lU^w`ueoz<& ' k s
Y[j_Zg�A�u^pjweohpm�^pjtX0hPe\Y[lU`A]U�ul Y[lU^pm zn`3WU`AY � j_`P�nZozn^7hPWnm . 
�^DhAX�]Uj_^	
�^pWnYp��� lU^7WU^pv e\`uWU�A^pj V1�
l9hAX�h � `ueyhPj>hDWU�ue\^|hAdpdf^ � Y�hPW�df^0`Pa �	E?>�� 4�� � �HE?>0hPW�z h.X<ZgWU�Aeg^0Y_j�hAd ��^�eg^	
�^�W�Y � j[^idfZoX<Zg`uW `Pa
	(. �/6 7�N�5V3 � 
,�

� lU^ �Hk s X�^pj_��^DX�hAX Y_lU^ 
 hDZgW Y_j�hAd �nZgWU� z�^p�nZodf^ `Pa.Y_lU^/��� �Rk !0V�X � ^idfY[j_`H
�^pY_^pjp� V:Y
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� j[`D��Zyz�^DX|] � Y_` � � Y[l�j[^p^	? z�Z�
�^pW9X<Zg`uW�hPeHX � hudr^ � `uZ\W�YtX � ^pj � hPj[Y_Zodfe\^ Y[j�hb#<^DdfY[`Aj[m hPY7j�hAz�ZgZ>`Pa�9^pY<vc^p^pW CHE3hDW9z �u�A� d�
,� V:Y�X � `AeohDj7hudpdf^ � Y�hDW9df^ df`D��^pj�XwhPW��ueg^iX|z�`DvHW�Y[` FH3 > � 4 � � �H3 >
a `Aj0Y[jthud��UXH�uZ\��Z\WU� hPY0e\^DhuX<Y0Y[lUj_^p^.X � hudr^ � `uZ\W�YtXf� % `uY_l,^pW9z8? � eyhPY[^iX `Da Y_lU^��Hk s hPj[^7znZg�nZoz�^Dz
Z\W�Y_`,X<Z=� hP��Z=
7]UY[l9hDecX�^DdfY_`ujtXfq�^DhAd l�vHZ\Y[l ���HF,X<^pW9X�^ vHZ\j[^DX hPW9z � � drZgj�dr]UeohDj � huz�j[`Dv>X vHZ\Y[ldr`uW9X<Y�hPWnYHX � hudrZgWU���O%�^pW9X<^0vHZgj_^DX Y_`u�u^�Y[lU^pjcvHZgY_l � huz�j_`Pv>X � j[`D�nZoz�^~Y[lU^�
�^DhAX�]Uj_^	
�^pWnY�`DaNY<v `znZ=
�^pW�X�Zg`AW9X�ZgW�Y_lU^ � 6 � eohPW�^0vHlUZge\^0Y[l�^wz�j[Z a Y Y_Z=
�^~z�^pY_^pj�
�Z\WU^DX�Y_lU^/. � `�X�Z\Y[Z\`uW `Pa Y[lU^~Y[j�hAd �Y_j�h>#<^idfY[`Aj[m��'� l�^�X<ZgWU�Aeg^ � `uZ\W�Y � j_^DdfZoX<Zg`AW Z\W,Y[lU^ � 6 � eohDWU^7ZoX�FHE>3 � 
�hDW9z/UHUH3 � 
 Z\W Y_lU^
�#. � eyhPWU^ � � lU^|Y<v ` � `AZgWnYHj[^DX<`ueg]�Y[Zg`AW ZoXHhP�9`A]UY.�pd 
 ZgW �9`uY_l,z�Z\j[^DdfY_Zg`AW9Xf�

� lU^!"B� df`uW9X<ZoX<Y�X�`Da#E7eohpm�^pj�X `Da z�j[Z a Y�Y_]U�9^DX�` � ^pjthPY_^Dz3ZgW,Y_lU^|e\Z=
�Z\Y[^Dz�X<Y[j_^Dh6
�^�j#
�`nz�^��V:Y0ZyX�eg`nd�hPY[^iz3�@^�Y�vc^p^pW,jthuz�Z\Z ��� � hDW9z/FH3#� d�
 ��� lU^.Y[]U�9^DX � j_`D��Zyz�^.Y[lU^ �/6 
 ^DhuX<]Uj[^	
 ^pW�Y
vHZ\Y[l7hwX�Z\WU�ue\^ � `AZgWnY � j[^DdfZyX�Z\`uW.`Pa'�u��33� 
 ���~zUz�ZgY_Zg`AW9hPe\egm�qDY[lUj_^p^Heohpm�^pjtX�hPj_^�^D- ]UZ �U� ^Dz|Y[`wj_^DhuzY_lU^#.|df`�`Aj�z�Z\W9hPY_^0��m Y[Z�
�ZgWU�~Y[lU^~X�Z\�uW9hDeoX�hPYcY[lU^>^pW9zUX�`Da hPWU`nz�^~vHZgj[^iXf�(� l�ZoX Y_^Dd�lUWUZ -�]U^c�uZg��^iX
h1. � j_^DdfZoX<Zg`AW `Da Cn�aE7d�
,�

V:WwY[lU^�^pW�zUdph � X Y_lU^pj[^chDj[^ Y<vc`HY[j�hAd �nZgW��>z�^pY[^idfY[`Aj�X�I�A�sc��hPW9z�A's %0��A'sc��z�j_Z�a YNd�l9h6
7�9^pj�XhDj[^<
�`A]UW�Y_^Dz�hPY h znZoX�YthPW9dr^3`Pa hP�9`u]UY � �H3 d�
 ZgW � . � a j_`H
 Y_lU^3Z\W�Y_^pj�hAdfY[Z\`uW � `uZ\W�Y�� � lU^
d�l9h�
5�9^pj df`D��^pj�X � `ueyhPj hDWU�ue\^DX5`Da��A� > � 4�� C>F > hPW�z ��5MU > � 4�� � �A� > � A�sc� �uZg��^iX Y_lU^
� j[^DdfZyX�Z\`uW.`Pa Y[lU^>j[^idf`uW9X<Y[j_]9dfY[^iz|Y[j�hAd �.^�eg^	
�^�W�YR`Da�U�� E�
�j�hAz|ZgW 4 hDW9z�F�5 
 j�huz|Z\W 6 �(A�s % ZyXh.znj[Z�a Y>d�l9h�
5�9^pj hPY~hPW,hp��^pjthP�A^|znZoX�YthPW9dr^ `Da � . � NBF ��E7d�
 a j[`>
 Y_lU^wZgWnY[^pjthudfY_Zg`AW � `uZgWnYp��� lU^X<^pW9X<ZgY[Z\��^ hPj[^ih5`PacY[l�^.d�l9h6
7�9^pj>df`D��^pj�X � `ueyhPjwhDWU�ue\^DX|�u� >�� 4�� C#�@>whDW9z���5>5 >�� 4�� � �A�@>D�
� l�^ � j[^DdfZyX�Z\`uW9Xchud�lUZg^p��^iz `AW3Y[l�^ � hPjth6
�^�Y[^pjtX `Pa Y[l�^ j_^Ddf`AW9X�Y_j[]9dfY_^Dz�Y[jthud��5^pe\^	
�^pWnY�X hPj[^�Cn�aE

 j�huz7ZgW�4.hPW9z<5U� 3 2DX<ZgWK4'
�jthuz5Z\W 6 �

�3��� � E G � G�M � H@J��
� l�^ 0HZgW��,V 
 hP�AZgWU� s�lU^pj_^pWU��`D� .W0�V[s�! 7 z�^pY_^DdfY[`Aj�X.hDj[^<
�`u]�W�Y_^Dz �9`uY_l Z\W�Y[lU^ �9hDj[j[^�e

. %*0�V[s�! 7~hDW9z Y_lU^�a `uj[v hPjtz j_^p�uZ\`uW . A 0�V[s�! 7~`Pa���� �Rk !0V hPW9z df`D��^pj hPe=
 `�X�Y.Y_lU^�vHlU`Aeg^
5 � X�`AegZoz�hDWU�ue\^�� � lU^�m�df`H
7�UZ\WU^.egZ - ]UZyz�hPW�z � huX.j�hAz�ZohDY[`ujtX Y_`,Zoz�^�W�Y_Z�a m d�l9hPj_�u^Dz � hDj[Y[Zydfeg^iX`D��^pj'
 `�X�Y.`DawY[l�^ 
 `H
�^pWnY[];
 j�hPW��u^ hPY ����kH�u� � lU^pZ\j�dph � hP��ZgegZ\Y<m Y_`�z�ZyX�Y_ZgWU�A]UZoX<l � hDj[Y[Z�?dreg^DX0vHZgY_l�znZ �x^pj[^�W�Y�
 huX_X�^DX0ZoXw]9X�^iz 
 hPZ\WUegm a `uj Y[lU^ d l�hPj[�A^Dz l9hAz�j[`AW�Zoz�^pWnY[Z��xdphDY[Zg`AWR�<� lU^
d�l9hDj[�u^iz eg^ � Y[`uW Zozn^pW�Y_Z �xd�hPY[Z\`uW vHZge\e �9^ zn^DX[dfj_Zg�9^Dz ^�eoX�^�vHlU^pj[^7ZgW Y[lUZyX d�l9h � Y[^pj�� � lU^�e\Z -�]UZozjthuz�ZyhPY_`uj|ZyX0]9X�^Dz,a `uj|Y_lU^ � hPj_Y[Zodreg^7Zoz�^pWnY[Z��xdphDY[Zg`AW,ZgW�Y_lU^�
�`H
�^�W�Y_]$
 j�hDWU�u^7a j[`H
 3�� ��Y_` U
$>^�� 2 �D�(� lU^0� huX jthuz�ZyhPY[`AjH�uZ\��^DX�Zoz�^pWnY[Z��xdphDY[Zg`AW5Z\W�a `uj[
 hPY_Zg`AW5Z\W5Y_lU^0j�hDWU�u^~�@^�Y�vc^p^pW F�� E.hPW9z
F>E $>^��32��P��� lU^�0>V[s�!�z�^�Y[^DdfY_`ujtX�hDj[^.�9hAX�^Dz,`uW,Y_lU^�s�lU^pj_^pWU��`D��egZ\�ulnY�^�
�ZoX_X�Zg`AW � j_ZgW9drZ � e\^��s�l�hPj[�A^Dz � hPj_Y[Zydfeg^DX Y_j�hp��^pjtX�ZgW��.h.z�Z\^peg^DdrY[j[Zyd 
 ^Dz�Zg];
 a huX<Y[^pjHY_l9hPW Y[lU^ X � ^�^Dz�`Pa egZg�Al�YcZgW Y[l�hPY

 ^Dz�Zg];
 j�huznZohPY_^ � lU`AY[`uW�X�`uWnY[` h7df`AWU^|`Dacz�^��9W�ZgY[^ hPWU�Aeg^ 4��chPj_`u]UW9z3Z\Y�X#
�`H
 ^pW�Y_]$
�z�Z\j[^Dd�?
Y_Zg`AWR��� lU^.^	
�ZyX[X�Z\`uW hDWU�ue\^�z�^ � ^�W9zUX0`uW Y[lU^�
 hAX[X�� hPW9z/
�`H
�^�W�Y_]$
 L ��Zyh5Y[l�^5j_^peohDY[Zg`AWdr`�X 4��(N �>2
	 M�� � �
� \ 2 L \ q�vHlU^pj[^�	 ZoX|Y[l�^ j_^fa j�hAdfY[Z\��^5Z\W9z�^	� `Pa~Y[l�^�j�hAz�ZohDY[`uj�
�^DznZg]$
,�
� l�^3Wn]$
5�9^pj.`Da � lU`uY_`uW9X�^	
 ZgY[Y_^Dz � ^pj7]UWUZ\Y�eg^pW��uY[l ZoX � j[` � `uj[Y_Zg`AW9hPewY[` X�ZgW \ 4��_� k�hDj[Y[Zydfeg^
Zyz�^pWnY[Z��xdphPY_Zg`AW|ZgW 0>Vts�! zn^pY[^DdrY[`ujtX�j[^pe\Zg^DX�`AW5Y_lU^>j[^Ddf`AW9X�Y_j[]9drY[^Dz�s�lU^pj_^pWU��`D�.hDWU�ue\^0hDW9z5Wn]$
�?
�9^pj7`Pa � lU`uY_`uW9X huX[X<`ndfZohDY[^Dz Y_`�h,Y[jthud�� � � lU^ a hAdfY5Y_l9hPY � hDj[Y[Zydfeg^iX|�@^�eg`Dv Y[l�^ s�l�^pj[^pW���`P�
Y_lUj[^iX�lU`Aeoz z�`7WU`uYH^	
 ZgY e\Zg�Al�YcZoXHhPeyX�`7]9X�^iz a `Aj�Y_lU^wZoz�^�W�Y_Z �xdphDY[Z\`uW . �P��^pY_`.Zoz�^pWnY[Z��xdphDY[Zg`AW��47t�



�	3

� S�� H9J B Q<G � G J��
schPe\`uj[Z�
�^pY_^pj�XNX�^pj_��^ a `ujcY[lU^>z�^�Y[^DdfY_Zg`AW5`DaRWU^p]�Y[j�hDe9l9huz�j_`uW9XchPW9zy� � hPj_Y[Zydfeg^DXN��Zyh Y_lU^HY[`AY�hDehPY_Y[^pWn]9hDY[Zg`AW `Da|Y_lU^pZ\j.^pWU^pj_�um�� � l�^ 
�^DhAX�]Uj_^	
�^pW�Yw�AZg�nZgWU� �9`uY[l Y_lU^ � hPj[Y_Zodfe\^ ^pWU^pj_�um�hDW9zh ��� j[`��nZ=
 hDY[^ � ` X�ZgY_Zg`AW�j[^pe\Zg^DX>`uW Y[lU^ z�^pY_^DdfY[Z\`uW,`DaHWn]9dfeg^ihPjwhDW9z ^�eg^DdfY_j[`>
 hP�AWU^pY[ZydwdphuX_dphuz�^iXZgW�z�]9df^Dz7��m7ZgYcvHlUZge\^ � huX_X�Z\WU�5Y_lUj[`A]U�ul<
 hDY[Y_^pjp� � lU^pj[^ hPj[^wY<v `�
 hPZ\W��nZgW9zUX�`Pa'dphPe\`uj_Z=
�^pY_^pj�XZgWwY_lU^#��� �Rk !0VxX � ^DdfY_j[`H
 ^pY[^pj 8p^peg^idfY[j_`H
 hD�uWU^pY_ZodNdphPe\`uj_Z=
�^pY_^pj�X�. !0k s ZgWwY[l�^ �9hDj[j[^�e � hPj_Y�hDW9z

A(� & s Z\W Y_lU^0a `uj_vHhPjtz 7 hPW9z3l9hAz�j[`AW,dphDeg`Aj[Z=
 ^pY[^pjtX#. !0�0s#7�� ��eg^idfY[j_`H
 hD�uWU^pY_Zod>dphPe\`uj_Z=
�^pY_^pj�X
X�^�j[��^7huz�z�ZgY_Zg`uW�hPege\m huXwh 
 hPZgW X<`u]Ujtdf^7`PaH^�eg^DdfY_j[`AW,Zoz�^pWnY[Z��xdphDY[Zg`AW .:X<^p^5Y_lU^.a `uege\`DvHZgWU� � hDj�h6?�ujth � l 7��

� lU^|��hPj[j_^peN^peg^DdrY[j[`>
 hP�AWU^pY_Zod>dphPe\`uj[Z�
�^pY_^pjpq;!0k sQ. !�Z\�ul z�^pW�X�ZgY<m k�j_`�#<^DdfY_Zg`uW s�l9h6
7�9^pj�7tq
df`AW9X�ZyX�Y�X.`Pa ��5H5/
�`nz�]�eg^DX.hDj[j�hDWU�u^iz ZgW � j_ZgWU� X|ZgW9X<Zoz�^ Y_lU^<
 hP�AWU^pY[Zyd �9^peyz � � hAd l�j_ZgWU� ZoX
df`>
 � `�X�^iz `Da�F65'
 `nz�]Ueg^iX�df`�h���ZyhPe\egm.hDj[jthPWU�A^Dz hPj[`A]UW9z5Y_lU^>�@^ih6
�h6�nZoX�vHZgY_l�hDW�ZgWUW�^pj�j�hAz�Zg]�X
`Pa FH3>U d 
�hPW9z hPW�`u]UY_^pj|jthuz�Z\]9X|`Pa F#�>3 d 
,� ��hAd l !0k sQ
�`nz�]�eg^7ZoX.h,X1
 hPege��Hk s%vHZgY[l
eohpm�^pjtX `Da�lUZg�Al z�^pW9X<ZgY<m 
 hPY[^�j[ZohDe Z\W Y_lU^w��hAX ��`Aeg]$
�^ � � l�^DX�^weohpm�^pjtX hDj[^�
 huzn^ `Da�e\^Dhuz�vHZ\j[^DX
vHlUZyd l7X<^pj[��^>WU`uY�`AWUegm7hAX df`AW���^pj_Y[^pj�
 hDY[^pj_ZohPe��U]UY � j[`D�nZoz�^HY_lU^~z�j[Z a Y)��^peoz.hAX v ^�ege:��� lU^>Y[`AY�hDedf`AW���^pj_Y[^pjNY[l�Zod���WU^iX[XRZoX ��U�� * 2DX�Z\WK4�� � lU^>j[^peyhPY[Z\��^ � j[^DdrZoX�Z\`uW.`AW.Y[lU^#
�^ihuX�]�j[^Dzw^pWU^pj_�um.d�hPW7�@^� hDj�h6
 ^pY[^pj_Zg�p^iz|huX 	(.'�'7G2b�QN 38R 365MC"� 38R CHF*2 : � vHlU^pj[^�� ZoX�^	� � j[^iX[X�^iz Z\W $>^�� � � lU^B!0k sY[^id lUW�Z -�]U^ � j_`D��Zyz�^DX>hPeoX<` ��^pj[m �u`�`nz�X � hPY_ZohPe j[^DX<`ueg]�Y[Zg`AWR�'� lU^7hDWU�u]�eohPj � j_^DdfZyX�Zg`AW9X a `Aj l�Zg�ul^pWU^�j[�um � l�`uY[`AW9X�hDj[^0�A���#
 j�huz0Z\W|Y[l�^HhP��Z=
7]UY[l9hDe�hDWU�ue\^ 67hDW9z5�A�a3,
�jthuz0ZgW Y[lU^ � `ueohDj�hPW��ueg^ 4��

� lU^'AU`Aj[vHhDj�z �'e\^DdfY_j[`M&,hD�uWU^�Y[Zod|schDeg`uj_Z=
�^�Y[^pjB. A(� & s#7 df`uW9X<ZoX<Y�XH`Pa�Y<v ` hPj_j�hpm�X `Da 5ME>CHF
s�lU^pj_^pWU��`D� eg^DhAz3�ueyhuX[X0�Ue\`nd ��X 8xY[lU^|a j_`uWnY a hAdf^DX0hDj[^ � eyhudf^iz,hPY � . � N F>U65 d�
,qxdf`D��^pj_ZgWU�7Y[lU^
� `ueyhPjHhDWU�ue\^DXOU?> � 4�� CHE?>HhPW9z,� 5ME@>�� 4 � �P��F?>P� � l�^0�ueyhuX[X��Ueg`nd���X'l�hi��^~z�^ � Y[l9X�`Pa�5M3 d�
df`Aj[j[^iX � `uW9znZgWU�,Y_` FH3 j�hAz�ZohDY[Zg`AW�eg^pWU�AY[l9Xr�<� lU^3s�lU^�j[^pWU��`D�,e\Zg�ulnYwZgW9zn]9df^Dz,��m,Y_lU^ d�l9hPj_�u^Dz
� hDj[Y[Zydfeg^iX ZgW3Y_lU^.X<lU`Dv ^pj~ZoXHj[^DhAz `u]�Y0��m h7X�Z\WU�ue\^.X�YthP�A^ � lU`uY_`H
7]UegY_Z � e\Zg^pjB. Y_j[Zg`nzn^H7Hzn^DX�Z\�uWU^DzY[`7` � ^pjthPY_^|ZgW�X�Zozn^ Y_lU^'�B�"�Rk !0VO
 hP�uW�^pY[Zyd��9^peyz �O� l�^ j_^peohDY[Z\��^ � j[^idfZoX<Zg`uW `AW3Y[l�^ 
�^DhAX�]Uj_^Dz^pWU^�j[�um dphDW �9^ � hDj�h6
 ^pY[^pj_Zg�p^iz�huX 	(.�� 7M2b��N 3SRa3>Cx� 3SRg�	F*2 : � � 3SRg�A�>2b� vHlU^�j[^�� ZoX.ZgW
$>^��.��AU`ujwWU^p]UY_j�hDe�X�lU`Dvc^pj�X0`Pa ^pWU^pj_�um eohPj_�u^pj~Y[l9hDW F $>^�� q Y_lU^7hp��^pj�hD�u^ � j_^DdfZyX�Zg`AW,`uW Y[lU^j[^idf`uW9X<Y[j_]9dfY[^iz l�ZgY � `�X<ZgY[Z\`uW ZgW50 hPW9z�2 � j[`:#<^DdfY[^iz5Y[` � . � N�F>U65 d�
 ZyXHhP�9`u]UYB3�� E5d 
,�

� lU^�!0hAz�j[`AW�sc��� `uj_Z=
�^pY_^pj�. !wsc��� 7HZoXHZgW�X�Y�hDege\^Dz Z\W,Y[lU^ j[^pY_]Uj[W,m�`A��^|`PacY_lU^'��� �Rk !0V
X�`Aeg^pW�`uZozx��V YcZoXO
 hAz�^>`Pa'h �9hDj[j_^peRX<^DdfY[Z\`uW�vHl�Zod�l df`uW�X�ZoX<Y�XH`Pa9F65'
�`nzn]Ueg^DXchPW9z�Y<v `.^�W9zUdph � Xfq^DhAd l df`uW9X<ZoX<Y[ZgW�� `Da���F�X�^idfY[`Aj�Xf� � lU^3vHl�`ueg^ ! sc��� df`D��^pjtX.hPe=
 `�X�Y.Y_lU^ a ]�ege~X�`ue\Zoz hPWU�Aeg^MI
�u� > � 4�� � �A�@>D��V:Y.l9huX7h �uX_hPW9z�vHZyd l � X<Y[j[]�dfY[]Uj_^�� &3`uj_^ Y[l9hDW ����q 3H3H3 egZ=
 ZgY[^iz,X�Y[j_^Dh6
 ^pj
Y[]��@^iX0hPj_^.ZgW9X<Y�hPe\eg^Dz3Z\W3Y_lU^ �	U�
�
 vHZyz�^7X�e\`uYtX��9^pY<v ^p^pW Y[lU^�E>3�
�
 Y[l�Zod�� Z\j[`AW � eohDY[^DXr�wV WY[l�^ ��hPj[j_^peNj[^p�AZg`uW . E>F@> � 4�� ��FHU@>	7cY[lU^w^pWU^�j[�um � j[^DdrZoX�Z\`uW ZgW Y[lU^wl9hAz�j[`AW dphPe\`uj_Z=
�^pY_^pj�vHhAXa `u]�W9z�Y[`|�9^ 	(.'�'7G23� N 38R F��l� �HR\�	F 2 : � vHlU^pj_^$� ZyX ^	� � j_^DX[X<^Dz5ZgW'$�^��|� � lU^~�uj�hDW�]�eohPj_ZgY<m`Pa Y[lU^ ! sc��� ZyX j_^peohDY[Zg��^�egm � `�`uj��Q� lU^,X<ZgWU�Aeg^ d l�hPWUWU^�eHj[^DhAz�`u]UY df^pegeyX|l9hp��^ Y[lU^ hPWU�A]UeohDj
z�Z�
�^pW9X<Zg`uW�X�`Pa�� 6 N C8R ��E@>.hDW9z��34 N FSR � �@>|ZgW Y[l�^5�9hDj[j_^peHhDW9z��34 N F8R.�>F@>|Z\W�Y[lU^7^pW9z
dph � Xf�
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� l�^ Zyz�^pWnY[Z��xdphPY_Zg`AW5`Da 
5]�`uW9X�ZoX �9hAX�^Dz�`uW Y[lU^~ZgW�a `Aj�
 hDY[Zg`AW df`>
�ZgWU�wa j[`>
 Y[lU^�
7]U`uW d l9h�
�?
�9^pjtX . &��ws#7���� lU^iX�^7hPj_^�X<^pY0`Da>z�j_Z�a Ywd�l9h6
7�9^pj�XHvHZgY_l Y_lU^.Y[l�j[^p^	? z�Z�
�^pW9X<Zg`uW�hPeRj[^ihuz�`A]UY X�ZgY[?
]�hPY[^iz3hPY~Y[lU^ � ^pj_Z � lU^�j[m `Pa�Y_lU^���� �Rk !0V>h �U� hDj�hDY[]9Xr�wV W,Y_lU^|��hPj[j_^peNY[lU^pm df`AW9X�ZyX�Y0`DacY[lUj_^p^eyhpm�^pj�X ^DhAd l ZgW9dreg]9z�Z\WU�>Y�vc` � eohPW�^DX�`Pa hAdfY[Z\��^ d�l9h�
5�9^pjtXf�NV:W|Y[l�^ ^pW9z�dph � XNY[lU^DX<^HhDj[^HY<v `>eohpm�^pjtXdr`uWnY�hPZ\WUZgW��|Y<v ` d l9h�
5�9^pj � eohDWU^DX ^ihud�lR� � lU^0Z\j[`uW `Pa Y[lU^0l�huz�j_`uW dphPe\`uj_Z=
�^pY_^pj#.^0.�,
�Y[l�Zod�� 7
� j[`D��Zyz�^DX�h �9e\Y[^pj�vHlUZyd l��AZg��^DX�h �9j�X<YHeg^p��^pe�X�^ � hDj�hDY[Zg`AW �@^�Y�vc^p^pW�
5]�`uW9X�hPW�z l�huz�j_`uW9Xr�O&3` X�Yl�huz�j_`uW9XwhPj_^.X<Y[` ��� ^iz �nm Y[lUZyX 
 hDY[^pj_ZohDe:qUvHlU^pj_^DhuX~hPege�
7]U`uW9XH`Pa�
�`>
�^pWnY�h hP�9`D��^'F $>^��32��
hDj[^w^	� � ^DdfY[^iz5Y[` � ^pWU^pY_j�hPY_^wY[`7Y[lU^�
7]U`uW d�l9h�
5�9^pjtXf�

s�l9hDj[�A^Dz � hDj[Y_Zodfe\^ Y_j�hAd ��Xfq�j[^Ddr`uW9X<Y[j[]�dfY[^Dz�Z\W Y_lU^,dr^pW�Y_j�hDeHz�^pY_^DdfY_`uj�Xrq hDj[^ ^	��Y_j�h � `AeohDY[^DzY_lUj[`A]U�ul Y_lU^wX�`Aeg^pW�`uZoz hPW9z�Y[l�^0Zgj_`uW `Pa ! sc�B�3Y[`.Y[l�^�
5]�`uW d l9h�
5�9^pjtXf� � lU^0^	�nY[jth � `ueyhPY[Z\`uWZyXHz�`uW�^ j_^fa ^pj_j[ZgW��|Y[`7Y[l�^ 
 h � `Da�Y[lU^wj_^pY[]Uj_W�
 hD�uWU^pY_Zod���^peoz hPe\`uWU�7Y[l�^ Y_j�hAd � � hPY_l,hDW9z Y_lU^dr`P�AhDj[ZohDW9df^�
 hPY[j_Z=�7`Pa Y[jthud�� � hDj�h�
�^pY[^�j�X ZoXchPeyX�` � j[` � hP� hPY[^iz3Y�hP�nZgW��.ZgWnY[`7hud�df`u]UWnY#
7]UegY_Z � e\^X_dphPY_Y[^pj_ZgWU���(� lU^�W3h�� \ ��huX�^iz�huX_X�`ndfZyhPY[Z\`uW �@^�Y�vc^p^pW7^	�nY[j�h � `ueohDY[^Dz7Y[j�hAd ��X hDW9z�lUZgYtX Z\W<&�� sZyX0z�`AWU^��7��egeNY[jthud��UX0l9hp�nZgWU� hPYweg^DhAX�Y7�7huX_X�`ndfZyhPY[^iz lUZgY hPj[^ df`AW9X�Zyz�^pj[^iz,huX � `uY[^�W�Y_ZohPe 
5]U`AWd�hPW9z�ZyzUhPY_^DXf� � lU^ a ]Uj_Y[lU^pj'z�^pY�hDZge\^Dz YthP�u�AZgWU�wZyX��9huX<^Dz.`uW.Wn]$
5�9^pjR`DaNhAX[X�`ndrZohPY_^Dz.lUZgYtX�ZgW�
5]U`AW
d�l9h�
5�9^pjtXHhPW9z,Y<v `�� \ z�ZyX[dfj_Z=
�Z\W9hPY_`uj�X 8�� \��� ��� . � 2 �Aeg`A�9hPe�� \ `Pa Y[lU^ Y[j�hAd � �9Y0Y_`�Y[lU^7hAX[X<`ndfZ=?hDY[^Dz,lUZ\Y�X0ZgW &�� s hDW9z�� \

 "!
2 Y[lU^#� \ df`uWnY[j_Zg�U]�Y[Zg`AW3a j[`>
 Y[lU^7Y[jthud��,^	��Y_j�h � `AeohDY[Zg`AW�hPe\`uWU^ �

� l�^ �9W9hDe�Zyz�^pWnY[Z��xdphPY_Zg`AW �xhP� X0hPj_^.X<^pY�Z\W dphuX<^|Y[l�^.hP�9`D��^|�AhDj[ZohD�Ueg^iXHX[hPY_ZoX:a m3dr^pj[YthPZgW dfj[Z\Y[^pj_Zoh
zn^��9WU^Dz5a `AjH^Dhud�l Y�hP�7eg^���^pe:�

� lU^ X�` dphPe\eg^Dz % Y�hPW�zUhPjtz Y�hD�3�uZ\��^DX�Y_lU^5YthP�A�uZgW��3^�� dfZg^�W9dfm `Pa . U#�SRg��G 3SRaF47M+	vHZgY_l Y_lU^

 ZoX�Zyz�^pWnY[Z��xdfhDY[Z\`uW � j_`u�9hD�UZge\ZgY<m . 38R��#G 38R\�67M+�hPW9z3Y_lU^�� `�`�X<^5`AWU^|l9hAX�hDW,^�� dfZg^pW�dfm<.:��5$RaU�G
3SRg��7G+ vHZ\Y[l<
�ZoX<Zoz�^�W�Y_Z �xdphDY[Z\`uW.`Pa .[�HR E,G 38R\�67G+ �

. � GnM �DJIH T�B E G�T � B$� M�S � B H T
� l�^0^peg^idfY[j_`uW7Zoz�^pWnY[Z��xdphDY[Zg`AW5Z\W<��� �Rk !0V�ZoX�eg^DX_X � ^pj�a `Aj�
 hDW�YcY[l9hDW Y[lU^�
5]�`uW�Zyz�^pWnY[Z �@dphPY_Zg`uWX<ZgW9dr^ Y_lU^.X<ZgY_]9hPY_Zg`uW ZoX>df`H
 � egZydphPY_^Dz5�nm ^�eg^DdfY_j[`>
 hP�AWU^pY[Zyd�ZgWnY[^�j�hudrY[Zg`AW9X ZgW a j[`AW�Y>`PacY[l�^ ^�eg^Dd�?Y_j[`>
 hP�AWU^pY[Zyd5d�hPeg`Aj[Z�
�^pY[^�j�X . !0k s ZgW��9hPj_j[^pe hPW9z A(� & s Z\W�Y[lU^7a `uj[v hPjtz j[^��uZg`AW 7�� V W�Y_lU^
��hPj[j_^peRj[^��uZg`AW<
 hPY_^pj[ZyhPeRh�
�`u]�W�YtX Y[` hP�9`u]UY 38RaU � * 2DX<ZgWK47hPW9z ZgW Y[l�^ a `uj_vHhDj�z j_^p�uZ\`uW ZoX ^���^pWeyhPj_�u^pj��

� lU^>^pe\^DdfY[j_`uW.Zyz�^pWnY[Z �@dphPY_Zg`uW.Z\W5��hPj[j_^pe9j[^p�AZg`AW5ZyX � ^pj�a `Aj�
�^iz|]9X�Z\WU�wY�vc`wZgW9z�^ � ^�W9z�^pWnYchPW9zdr`H
 � e\^	
7^pW�YthPj_m�
�^DhAX�]Uj_^	
�^pW�YtXfq9Y[lU^&%*�W2'% � 
 ^DhuX<]Uj[^	
 ^pW�YH`DaHY_lU^��Hk s%hPW9z,Y[lU^7^pWU^�j[�um
zn^ � `�X�Z\Y[Z\`uW�Z\W�Y[lU^@!0k s>� � l�^ df`H
 � hPj_ZoX�`AW�`Pa>Y_lU^ d�l9hPj_�u^Dz Y[j�hAd �/
�`>
�^pWnY[]$
 . 
 ^DhuX<]Uj[^Dz
a j_`H
 Y_lU^ Y[jthud���df]�j[�AhPY_]Uj[^H7wvHZ\Y[l�Y[l�^ ^�WU^pj[�Am�`Pa~Y[l�^3hAX[X<`ndfZohDY[^Dz�^peg^DdrY[j[`>
 hP�AWU^pY_Zod.X�l�`Pvc^pj
�AZg��^DX.Y[l�^ � `Dvc^pj�a ]Ue>Zozn^pW�Y_Z �xd�hPY[Z\`uW Y[`�`ue � !~hi�nZgW���df`Aj[j_^DdfY[^iz a `uj�Y_lU^ 
5]�egY[Z � eg^ X[d�hPY[Y_^pj[Z\WU�e\`�X_X�^DX�hPW�z5WU`uW�egZgW�^DhPj_ZgY[Z\^DX�ZgW7Y[lU^~dphDeg`uj_Z=
�^�Y[^pjNY[lU^>^pe\^DdfY[j_`uW7^pWU^pj_�um7z�^ � ` X�Z\Y X<lU`u]�eoz5�9^0^�-�]9hDeY_`,ZgYtX 
�`H
�^�W�Y_]$
	vHlUZge\^�l9huznj[`uW�X5dphDW��uZg��^ `uWUe\m a j�hAdfY[Z\`uW9hDe>z�^ � `�X<ZgY�Xr� � lU^ dphDeg`Aj[Z=
 ^pY[j_Zod
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Zozn^pW�Y_Z �xd�hPY[Z\`uW ZoX��9huX<^Dz.`uW7Y[lU^ � \ � j_`u�9hD�UZge\ZgY<m|`DaRY_lU^H^	�nY[j�h � `ueohDY[^Dz.Y[jthud�� �9Y�Y_` Y_lU^Heg`AWU�uZ\Y[]$?z�Z\W9hPe � j[` ��eg^>`PaRY_lU^>WU^DhPj_^DX�Y ^peg^DdrY[j[`>
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�^�Y[j[Z\^DXRZgW7Y[lU^~z�^Ddphpm�X�`Pa � `ueyhPj[Z\�p^Dz � hPj_Y[Zydfeg^DXr�N��ege9eg^ra Y�? l9hPW9zn^Dz a ^�j�
�Z\`uW9Xdr`u] � e\^,Y[` Y[lU^ ��
 vHZ\Y[l Y[lU^ X[h�
�^ X�Y_j[^pW��uY[l�(x� V:Y ZoX7j[^peyhPY[^iz Y_` Y_lU^ ^peg^DdrY[j[`>
 hP�AWU^pY_Zod
dr`u] � e\ZgWU� � ��Zyh Y_lU^ ^peg^DdrY[j[`Dvc^DhP�/
�Z=�nZgW��3hDWU�ue\^ � � I�(�N �b2DX<ZgW � � � � lU^ ) * �9` X�`uW l�huX
Y_lU^�
�`�X<Y dr`H
 � e\ZodphDY[^Dz.dr`u] � e\ZgWU�wY_` a ^pj[
�Zg`AW9X�vHlUZyd l7ZoXch egZ\WU^DhDj dr`H
7�UZgW9hDY[Z\`uW.`PaN��^idfY[`Aj,.�� 7hDW9z,h6�nZohDe=? ��^DdfY_`uj�. �<7>df]Uj_j[^pWnY�Xr�,� l�^7huz8
�Z���Y_]Uj[^iX `Pa�� hDW9z ��df`u] � egZ\WU� hPj_^.z�Z��x^pj[^pWnYHa `ujznZ �x^pj[^�W�YHa ^pj�
 Zg`uW X � ^idfZg^DX>hPW�z,hPj[^7zn^pWU`uY_^Dz3�nm ��� hDW9z ��� j_^DX � ^DdfY_Zg��^pe\m���� lU^pZ\j�Wn]$
�^pj_ZodphDe�AhDeg]U^DXNhPj_^HX<]$
�
 hDj[Zg��^Dz�ZgW ��hD�Ueg^ F�� %�ZgW9dr^ Y[l�^�� 
 �9` X�`uW�X hPj_^ WU`AY�ZgWn��`ue\��^Dz�Z\W|Y[l�^ � j_Z=
 hDj[mZ\W�Y_^pj�hAdfY[Z\`uW hDY'����kH�5v ^7vHZge\e�df`AW9df^pWnY[jthPY[^.Z\W Y_lU^.a `uege\`DvHZgWU� `uW Y[lU^7^peg^idfY[j_`H
 hD�uWU^pY_Zod hPW9z
Y_lU^wv ^DhD��WU^p]�Y[j�hDeNdf]Uj_j[^pWnY�X�`uWUe\m��
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����kH�uq�vHlUZyd l ` � ^pj�hDY[^DX hPY�Y_lU^�)#*�j_^DX�`AW9hPW9dr^�qul9hAX h>]UWUZ -�]U^�_N` �U� `uj_Y[]UW�ZgY<m|Y_`0ZgWn��^DX�Y_Zg� hPY[^X � ZgW � l�m�X�ZydpX �nZoh Y[lU^ e\`uWU�AZgY[]�z�ZgW9hDe � `ueyhPj_Zg�DhDY[Zg`AW�`Pa>a ^pj�
�Z\`uW9X � j_`nz�]9df^iz Z\W�Y[l�^ ) * �@` X�`AWzn^Ddphpm��%V W Y_lU^ �9j�X<Y h �U� j[`���Z�
 hPY_Zg`AW Y[lU^ ������� hPW�WUZglUZ\eohDY[Zg`AW dphPW �u`�^pZ\Y[lU^�j�Y[` h�lUZg�AlUegm
�nZgj_Y[]9hDeO� � hDj[Y[Zydfeg^7`uj.Y_` h3v ^DhD� Z\W�Y_^pj�hAdfY[Z\`uW WU^p]UY_j�hDe �9`�X<`uW ) *7huX.X�l�`PvHW ZgW ANZg�U��En��V:W
Y_lU^,dr`uWnY[ZgWn]U]$
 j[^p�AZg`uW q Z:� ^�� hPY7Y[lU^ df^pWnY[^pj.`Da 
 huX[X.^pWU^�j[�um hpvHhpm�a j[`>
 � 	 q Y_lU^ dfj_`�X[X^?
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X�^idfY[Z\`uW ZoXwz�`H
 ZgW9hDY[^Dz3�nm3^pe\^DdfY_j[`H
 hP�uW�^pY[Zyd Z\W�Y_^pj�hAdfY[Z\`uW . 
�^Dz�ZyhPY[^iz3��m ��7t� � lU^7j[^ihudfY_Zg`uW
� � � ��� � � � �� ZoX0ZgW Y[l�^�% `Aj[W�h �U� j[`��nZ=
 hDY[Z\`uW z�^DX_dfj[Z\�9^Dz �nm3Y_lU^�
 hPY_j[Z=� ^peg^�
�^pWnY+%TEu�S& I

��� N P�! � ! ��� ��-� � ����� � � �	 \�
 % ��/� � �
& . 3n�.�M7

vHlU^pj_^ � hDW9z � hPj[^ Y[l�^ a ^pj[
�Zg`AW �9^�eozUXrq"! � hPW�z ! � Y[lU^�Zgj d�l9hPj_�u^DX hDW9z 	 \ ZoX5Y_lU^ a `A]Uj�?

�`>
�^pWnY[]$
�X�-�]9hDj[^Dz dphPj_j[Z\^Dz �nm,Y[lU^�
�^Dz�ZyhPY_ZgWU� � lU`uY_`uWR� � � q � � zn^pWU`uY_^�X<Y�hDW9zUhPjtz 5 M 5
��h�
�
 h#
 hPY_j[Zydf^DXRhPW�z � � �0ZoX�h0Y_`uY�hDege\m.hPWnY[ZyX�mS
�
�^rY[j_Zod�Y_^pW9X�`Ajp� !�^pj[^HW�` � `ueohDj[Z\�DhPY_Zg`uW7ZoXN�u^pW$?^pjthPY[^iz|X�Z\W9df^�Y[l�^ ��^pj_Y[Zodr^DXRdf`uWnY�hDZgW `uWUe\m � hPj[Z\Y<mwdf`uW�X�^pj_��Z\WU� ��dr`u] � e\ZgWU����k�j[^idfZoX<^pegm�qr^	
�^pj_�uZ\WU�a ^pj[
�Zg`AW9X hDj[^.]UW � `AeohPj_Zg�p^iz Z\W,dphAX�^ `Pa�]UW � `AeohDj[Zg��^Dz ��� hPW9z ��� �@^ih6
 XHvHlUZod�l ZoXHY[lU^ dphAX�^ `Pa
����k���� lU^7^peg^idfY[j_`H
 hD�uWU^pY_Zodwdfj_`�X[X^?:X<^DdfY_Zg`uW z�j_` � XwhuX7� 2D� vHlU^�j[^ �6N�� \��� �.V:W df`uWnY[jthuX<YpqRY[lU^v ^ihP�|Z\W�Y_^pj�hAdfY[Z\`uW�
�^Dz�ZyhPY[^iz �nm|Y_lU^#
 hAX[X�Z\��^#) * l9huX�h0j_^DX�`AW9hPWnYcd l9hDj�hAdfY[^pj��NV W.Y_lU^ % `uj_W7h � ?
� j_`6�nZ=
 hPY[Z\`uW>ZgYRZyX@�u`D��^pj_WU^Dz��nm0Y_lU^(
 hDY[j[Z��H^peg^�
�^pWnYL%TEA�S& I� 	 N P (;\
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vHlU^pj_^ h � hDj[Y a j[`H
 hPe\j[^DhAz�m z�^��9W�^Dz X�mS
5�9`AeoX.v ^ l9hp��^MI 	 � � � z�^pWU`AY[ZgW�� a `A]Uj�? 
�`>
�^pWnY[]$

Y[jthPW9X:a ^pj[j_^Dz,��m,Y_lU^ ) * q�v ^ihP� df`A] � egZ\WU� df`uW�X�Y�hDW�Y$( hDW9z Y[l�^ ) * 
 huX[X � 	 ��� lU^ ��^pj[Y_Zodf^DX�9^pZgW�� e\ZgWU^ihPjwdf`>
5��ZgW9hDY[Zg`AW9X�`Da�� hPW9z ��df`A] � egZ\WU��X0e\^Dhuz,Y[` h5a j�hAdfY[Z\`uW9hDe � hPj[Z\Y<m3�nZg`ueyhPY_Zg`uWhPW�z a ^�j�
�Z\`uW9X � j_`nz�]9df^Dz�ZgW�Y_lU^ ) * z�^Dd�him `u��Y�hPZ\W h3WU`uW$? �p^pj_`,eg`AWU�uZ\Y[]9z�Z\W9hPe � `AeohPj_Zg�DhDY[Z\`uWR�V:Y�X0�AhPe\]U^ z�^ � ^pW�zUX `AW���^DdfY_`ujwhDW9z�h6�nZohDe=? ��^DdfY_`uj df`u] � egZ\WU��X0`Pa>Y_lU^�^pe\^DdfY_j[`uW hDW9z Y_lU^��uZ\��^pWa ^pj[
�Zg`AW5Y_`5Y_lU^')#*��9` X�`uW hAX vHZ\egex�@^ X<lU`DvHW3ZgW Y_lU^0a `uege\`DvHZgWU�7X<^DdfY[Z\`uWR�

� Y}����� dfeg` X�^>Y[`wY[lU^�)#* 
 hAX[X�Y[lU^>v ^ihP�|W�^p]UY[jthPe9ZgWnY[^�j�hudrY[Zg`AW7df`H
 � eg^pY_^pegm � j[^Dzn`H
�Z\W9hPY_^DX`D��^pj Y_lU^�^pe\^DdfY_j[`H
 hP�uW�^pY[Zyd�df`AW�Y_j[Z\�U]UY[Z\`uWR��� lU^ Y[`uYthPendfj_`�X_X1? X�^DdfY_Zg`AW|`Pa�Y[l�^O� � � � � ) * .Y��7 � � ��
ZoX X�lU`DvHW ZgW A�Z\�U� ��� ��j[`A]UW9z�Y[l�^ )#*.j[^iX�`uW�hPW9df^ Y_lU^ dfj_`�X[X^?:X<^DdfY_Zg`uW�ZyX.z�`H
�Z\W9hPY_^Dz,��m Y[lU^
v ^ihP�,WU^p]�Y[j�hDe��9`�X<`uW�^	��d l9hDWU�u^.�nm,hDe=
�` X�Y0Y_lUj[^�^5`Aj�z�^pjtX0`Pa#
 hP�uW�ZgY[]�z�^��'� lU^�j[^fa `Aj[^�qRvHlU^pW
z�ZyX[df]9X_X�Z\WU�5Y_lU^ � j[` � ^pj[Y_Zg^DX `Da�a ^pj�
 Zg`uW�X � j_`nz�]9df^Dz hPYB����k �wv ^ dphDW 
 hD��^0h.�u`�`nz h ��� j[`��nZ=?

 hDY[Zg`AW�Y[l�hPY>Y[lU^'������� hPW�WUZglUZ\eohDY[Zg`AW ZoXHX[hDY[]UjthPY_^Dz3��m<)#* � j[`nzn]9dfY[Z\`uWR�

AUj[`H
 ^D- ]9hDY[Z\`uW . 3n���>7�Z\W,Y[lU^7egZ�
�ZgYH`DaHWU^��uegZ\�uZ\�Ueg^wa ^pj�
�Z\`uW 
 huX_X�^DX0hDW9z3a `ujw]UW � `ueyhPj_Zg�p^Dz
����hPW9z ��� �@^ih6
 X0`uW�^ 
 hpm z�^pj[Z\��^.Y[lU^.a ]UW9z�h6
�^pWnY�hDe�^pe\^DdfY[j_`Dv ^DhD� � j[^Dz�ZydfY[Z\`uW9X�a `Aj ����kH�
� lnmUX<ZodpX I� )#*>�UjthPW9d�lUZgW��|a j�hudrY[Zg`AW9X�I
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vHlU^pj[^ � N F � � � 

� \� � � \
 8 � � hPW9zs� � j[^ � j_^DX�^�W�Y>Y[lU^ � j_`u�9hD�UZge\ZgY[Z\^DXH`Pa ��W9z�ZgW�� h �9W9hPe�?

X�Y�hDY[^.a ^pj�
 Zg`uW,Z\W Y_lU^7ZgW9df`>
�ZgW�� � � �9^Dh�
 lU^	
�ZyX � l�^pj[^ hPW9z Y_lU^7ZgW9df`>
�ZgW�� � � �9^Dh�
lU^	
�ZyX � lU^�j[^>j[^DX � ^idfY[Z\��^pegm��� 
�^DhPW7a ^pj�
�Z\`uW7eg`AWU�uZ\Y[]9z�Z\W9hPe � `AeohPj_Zg�DhDY[Z\`uW�I
� J ��� N P � � . 3n�g��347

� l�^�eohDY[Y[^�j|`uW�^ ZyX `Da�a ]UW�zUh6
�^�W�YthPe�ZgWnY[^pj_^DX�Y Y[`,`A]Uj7hPW9hDegm�X�ZyX|hPW�z Y[ln]9XwvHZgegec�9^ z�ZoX_df]9X_X�^Dz
X<^ � hDj�hPY_^pegm ZgW�
�`Aj[^wzn^pY�hDZgeRZgW Y_lU^0a `uege\`DvHZgWU�7X<^DdfY[Z\`uWR�
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� l�^ � `ueohDj[Z\�DhPY_Zg`uW `PaNa ^pj�
�Z\`uW9X � j[`nz�]�df^Dz�ZgW7Y[lU^~j[^DhAdfY[Z\`uW ������� � )#* � � ��3ZoX � j[^idfZoX<^pegm

� j_^Dz�ZodrY[^Dz3Z\W Y_lU^ a jth6
�^�v `uj_�3`DaHY[l�^ %�YthPW9z�hPj�z &3`nz�^�e:��V:W Y[lU^ dphAX�^7`PaH]�W � `ueohDj[Z\�p^Dz �	� ����9^Dh6
 X Y_lU^ a `uj[
5]Ueyh a `Aj�eg`AWU�uZ\Y[]9znZgW9hDe � `ueohDj[Z\�DhPY_Zg`uW huX h~a ]�W9dfY[Z\`uW.`Da Y_lU^ a ^pj[
�Zg`AW � j[`nz�]9drY[Zg`AWhPW��ueg^ 4 j_^DhuzUX�% �H32& I

J � N P � � .[� ��df` X�\ 447�� F � �_df`�X�4
� ��df` XX\ 4 � F � � � � df` X 4

vHlU^�j[^ � N F ��� ���
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!�^pj_^ 4|ZoXHY[lU^ hPW��ueg^ �9^pY<v ^p^pW Y_lU^w^	
�^pj_�uZgW�� a ^pj[
�Zg`AW
� hDW9z Y_lU^ ��� �9^Dh�
 Z\W3Y_lU^ df^pWnY[^pjc`Pa

 hAX[X�j_^fa ^pj[^�W9df^ a jth6
�^ ����� hPW9z���� zn^pWU`uY_^.Y[lU^7��^DdfY_`ujwhDW9z h6�nZohPe�? ��^idfY[`Ajwdf`u] � egZ\WU��X0`Pa Y[lU^a ^pj[
�Zg`AW|Y[` Y[lU^�) * �9`�X<`uWR�#� l�^ a `Aj�
7]UeohHZoX�^	��hudfY�Z\W5Y_lU^�e\Z=
�Z\YR`Pa WU^p�ue\Zg�AZg�Ue\^ a ^pj�
�Z\`uW�
 huX_X�^DX
. ��� 2 � 	 � � 347��Hs�l9hDj[�u^iz a ^pj[
�Zg`AW � `ueohDj[Z\�DhPY_Zg`uW � eg`AY[Y_^Dz huX0h|a ]UW9dfY_Zg`AW `Da�Y[l�^ � j[`nz�]9drY[Zg`AWhPW��ueg^ 4|ZoXHX<lU`DvHW3ZgW A�Z\�U� � �O� lU^ hP�9X<`ue\]UY[^�
 hP�AWUZgY_]9z�^0`Da�Y[lU^ � `ueyhPj_Zg�DhDY[Zg`AW3ZyX Zoz�^pWnY[ZydphPeUa `Aj
��hPW9z �� vHlUZ\eg^.Y[l�^�X<Zg�uW ZoX0` �U� `�X�Z\Y[^ . ���l9hp��^ � ` X�Z\Y[Zg��^ � `ueyhPj[Z\�DhPY_Zg`AW 7�� !0hp��Z\WU��ZgWnY[^��uj�hDY[^Dz`D��^pj Y_lU^ 45hDWU�ue\^wv ^ hPj_^ e\^fa Y vHZ\Y[l Y[lU^�
�^DhDW5a ^pj[
�Zg`AW � `ueyhPj_Zg�DhDY[Zg`AW�I

� J ��� ��� � � N P � � �N P�38R\� �
� J���� � � N P � � �N P�3SR.� �
� J��"� ��� � � N P � � � N PB38R ��5
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s�e\^DhPj_egm�qNY[lU^ z�`DvHW$? Y<m � ^ - ]�hPj[��X�.:hDW9z +.h�
�`uW��,Y[lU^	
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 �� ) X|hDj[^7^DX�Y_Z=
 hDY[^Dz3Y_`,hud�df`u]UWnY a `Aj|j_`u]U�AlUegm l9hPe a>`Pa>Y_lU^5Z\WUZgY_ZohDe +��hPj[m�`AW X�Y�hDY[^DXr�O� l�^ j_^DX�]�egYHZgW�z�ZodphDY[^DXch|lUZg�Al,df`AW�Y_j[Z\�U]UY[Z\`uW�`Da�Y[l�^ ^��UdfZ\Y[^Dz7X�YthPY_^DXfq9hDegY[l�`u]U�Al
`AWU^ X<lU`u]Ueyz��@^ihPj.ZgW 
�ZgW9z,ZgYtX|�UZg� ^pj[j_`uj.`Da�C>3 + ��s�`H
7�UZ\WUZgWU� Y_lU^�^	� � ^pj[Z�
�^pWnY�hPe j[^DX<]UegYtXvHZ\Y[l,Y_lU^.Y[lU^�`uj[^�Y[Zod�hPe�hDj[�u];
�^pWnY�XH�uZg��^�W hP�9`D��^.`uWU^7^	� � ^idfY�X�Y_l9hPYwY_lU^.ZgW9dreg]9X<Zg��^�
O�>X[h�
 � eg^X<lU`u]�eoz,j[^pYthPZgW hDY0eg^ihuX�Y�. �HC + G ��U47M+	`PaHY_lU^.ZgW�ZgY[ZyhPe - ]�hPj[� � `ueohDj[Z\�DhPY_Zg`uW �'� lU^7egZ=
 ZgYH�AhPe\]U^dr`uj[j_^DX � `AW9zUX Y[`�� _ N 3n� AUj[`H
�Y[l�ZoXfqM
7]UegY_Z � e\m�Z\WU�>��m7Y[lU^~ZgWUZ\Y[ZohDe + � `AeohDj[Zg�ihPY[Z\`uW J��9NQPB38R �65
vc^0`u��Y�hPZ\W,h � j[^iz�ZodfY_Zg`AW5a `uj>Y[lU^w^��x^DdrY[Zg��^B
O� � `ueyhPj_Zg�DhDY[Zg`AW J  
�  �� � � �  �� P�3SRaEu��G 3SRg�D���

%�];
�
 hPj_Zg�pZ WU��qfvc^ l�hi��^cX<lU`DvHW|lU^pj_^�Y[l9hDY�Y_lU^�
O� � `ueohDj[Z\�DhPY_Zg`uW�
�^DhAX�]Uj_^	
�^pWnY9X�l�`u]Ueyz �uZ\��^�nZgYthPexZgW�a `Aj�
 hDY[Zg`AW hP�9`A]UY0Y[l�^ + - ]9hDj[��l�huz�j_`uWUZ\�DhPY_Zg`uW ZgWnY[`.lU^ihi�nm��9hDj[m�`AW9X�hDW9z df`uW�X�Y[Z\Y[]UY_^DX
h.X<]U�9X<^�- ]�^pW�YHY_^DX�Y>`Pa Y[l�^'! :B� � hAX vc^pege huXH`Pa�Y_lU^'%S& � j[^DznZodfY_Zg`uW7a `uj>Y[lU^ � `ueyhPj[Z\�DhPY_Zg`AW3`PaY_lU^ � j[Z�
 hPj_m�+G� + - ]9hDj[��Xf�
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� � ���
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� 	�� �9$���� �� � � 
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V:W Y[lU^ % `uj_W.h �U� j[`��nZ=
 hDY[Z\`uW0`Da9Y[lU^�a j[^p^9- ]9hDj[�wY[l�^ znZ �x^pj[^�W�Y_ZohPe�jthPY_^ `Da9Y[l�^Hz�^Dd�him�+ � � �

� � �
 ZoX � j[` � `Aj[Y[Z\`uW9hDe�Y_`>hHX�Z�
 � eg^�
 hDY[j[Z��H^peg^�
�^pWnYL% ��5S& I
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 Zg`uW�X hPW�z  � ZoXHY[l�^
&�-�]9hDj[� X � ZgWa `A]Uj�? ��^DdfY_`uj�� � l�^HX � ZgW.zn^ � ^pW9z�^pW�df^�`PaxY[lU^�
 hPY_j[Z���^pe\^	
�^pWnYxdf`H
 ^DX@a j[`>
 Y_lU^ 
 h6�nZ=
 hPege\m � hPj[?Z\Y<m.��Z\`ueohDY[Z\WU�.d�l9hPjthudfY_^pj `DaNY[lU^ ���X�	df]Uj_j[^pWnYchPY_Y[j[Z\�U]UY_^Dz�Y[`|Y_lU^�� 
 ^	��d l�hPWU�A^���V:W�Y_lU^0j[^iX�Y
a jth6
�^H`Da�Y_lU^�+#-�]9hPj_�  � l9hAX Y[lU^>a `uj�
 � 3 #� 
 � !�^pW9df^>Y[l�^�
 hPY_j[Z��|^pe\^	
�^pWnY�^���lUZ\�UZgYtX�h WUZydf^
a hAdfY[`Aj[Z\�DhPY_Zg`uW~`Pa�Y[lU^cX � ZgW z�Zgj_^DdfY_Zg`uW df`H
 � `AWU^pWnY�% �DE,& I
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�`H
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�hPW9z3Y_lU^7X � ZgW/-�]9hPWnY[Z\�DhPY_Zg`uW h6�nZoX
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� lU^0a `uj[
5]Ueyh�a `uj>Y[lU^wzn`u]U�Ue\^	? z�Z �x^pj_^pW�Y_ZohDeRz�ZyX�Y[j_Zg�U]�Y[Zg`AW .�4.hDWU�ue\^ hPW9z�^pWU^�j[�umN2 7 `Pa Y[lU^'+
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!�^pj_^W� ZyX0Y[lU^7z�^idphpm � j[`nz�]9drY ^�WU^pj[�Am3Z\W,Y[lU^�+~j[^DX<Y�a j�h�
�^|vHlUZ\eg^ � � hDW9z � � zn^pWU`uY_^|a j[^p^
+ hPW9z ��-�]9hPj_� 
 hAX[X<^DXf�<J ZoXwY[lU^ +�- ]9hDj[� � `ueohDj[Z\�DhPY_Zg`uW � � lU^5a `Aj�
7]Ueoh . 3�� FH347wZyXwz�^pj[Z\��^DzZgW�Y_lU^3e\Z=
�Z\Y `Daw�AhPWUZyX�lUZ\WU� eg^ � Y_`uW 
 hAX[X�. � 	42 � � � 347t� AU`uj7Y[lU^ WU^�]UY[j_ZgWU` v ^ l9hp��^ Y[lU^
a hudrY[`uj_Zg�DhDY[Z\`uW `DawY[l�^,hPW��u]UeyhPj z�^ � ^pW9z�^�W�Y7Y[^pj[
 X�Z\W9df^ � �6. 2 7�� �u� !�`Dv ^p��^�jpq�Y[l�ZoX.ZoX|WU`AY
Y[l�^ dphuX<^�a `uj.Y[l�^ d l�hPj[�A^Dz e\^ � Y[`AWR�/� lU^ � df`�^�� dfZ\^pW�YtX�a `uj7d�l9hPj_�u^Dz e\^ � Y_`uW hPW9z�WU^�]UY[j_ZgWU`huX~h a ]UW9dfY_Zg`AW3`PacY_lU^ a jthudfY_Zg`uW�hPeN^pWU^pj_�um�2 hPj[^7X<lU`DvHW,ZgW A�Zg��� �n��� lU^pm j_^��9^DdfY>znZgj[^idfY[e\m�Y[lU^
X�^�W9X�Z\Y[Zg�nZgY<m7Y[`7Y[lU^'+ � `ueyhPj[Z\�DhPY_Zg`AWR�#� lU^ hPWU�A]UeohDj0hAX�mS
�
�^pY_j[m|a hudrY[`uj � a `uj~d l�hPj[�A^Dz e\^ � Y_`uW9XZoX~X1
 hDegeg^�j�Y_l9hPW �.hPW�z ^p��^�W d l9hDWU�u^iX�ZgYtX0X�Z\�uW,a `uj X1
 hDege�2@� V:W df`uWnY[jthuX<Y W�^p]UY[j_ZgWU` hPWU�A]UeohDj
huX<m8
 
�^pY[j_m ZoX0Zoz�^�W�Y_ZodphDegegm ^�-�]9hDe Y[` ]UWUZ\Y�m hPW9z�Y_l�]9X0j_^��9^DdfYtX0Y[lU^�`Aj[Z\�uZgW�hPe � `ueohDj[Z\�DhPY_Zg`uW `PaY[l�^ �9`AY[Y[`>
 - ]9hDj[��vHZ\Y[lU`A]UY~hPWnm�eg` X[XH`Pa ZgW�a `Aj�
 hDY[Zg`AWR�

%�`�a hPjwv ^ l9hp��^7z�ZoX_df]9X_X�^Dz3`AWUegm Y[lU^�3�? `Aj�z�^pj h �U� j[`���Z�
 hPY_Zg`AW,z�^DX_dfj[Z\�9^Dz3��m Y_lU^'
 hPY_j[Z��^pe\^	
�^pWnY � � � * � � � � lU^�W�hPY[]�j�hPe - ]�^DX�Y_Zg`uW hPj_ZoX<^DX�Y[`|vHl�hPY ^���Y_^pW�Y Y[lU^>lUZg�AlU^pj�`ujtz�^pjcdf`Aj[j[^idfY[Z\`uW9X
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znZoX�Y_`uj_YRY[lUZyX�X<Z=
 � e\^ � ZodfY_]Uj[^���A�Z\j�X<YR`uj�zn^pj(:ws�� df`Aj[j[^idfY[Z\`uW9X@a `Aj�Y_lU^ � j[`ndf^iX[XO. 3��g��U47xl9hp��^��9^p^pWd�hPeodr]UeohDY[^Dz % �	5�q ��EUq � �S& ��� ��Z\j[Y[]�hPeR�ue\]U`uW ^	��d l9hDWU�u^ hDW9z3h|j_^DhPeR�Aeg]U`AW3^	
�ZyX[X<Zg`uW df`uWnY[j_Zg�U]UY_^
Y_`,Y[lU^ Y_`uY�hDe#
 hPY_j[Z�� ^pe\^	
�^pWnY � � � \"N � � � * � � \ � � �  "! � ,/. � �
 � \ � � �  �� � # # � � � � \r��� � j[Zg`Aj[ZHY_lU^dr`uj[j_^DdfY_Zg`uW Y[^pj[
 X�z�`.WU`uY>j[^�Y�hPZ\W�Y[l�^|X<Y[jthPZg�Al�Y<a `uj_vHhPjtz5a hudfY_`uj[Z\�DhPY_Zg`AW . 3��\�p�47c�U]UY a `Aj[Y_]UW9hPY_^pegm
^���^pW.ZgW7Y[lUZyX�dphuX<^�Y_lU^whPW��u]UeyhPjHzn^ � ^pW9z�^pWnYchPW9z7ZgW9z�^ � ^�W9z�^pWnY � hDj[Y�XcdphPW�df^pe9Y[` h eyhPj_�u^0^	�nY[^�W�YZ\W3Y_lU^.j�hDY[Zg`��.V:W � jthudfY_Zodf^|a hAdfY[`Aj[Z\�DhPY_Zg`uW,ZyX��nZg`ueyhPY_^Dz `AWUegm hPYwY[lU^.e\^p��^peR`Da `AWU^ � ^pj�dr^pW�Y hPW9zl�^pW9df^>l9hp��Z\WU�.hD�9X�`Aj[�9^Dz hPege df`uj_j[^DdrY[Zg`AW9X Y_`|Y_lU^0`D��^pj�hDege9WU`Aj�
 hDegZg�ihPY[Z\`uW7v ^wd�hPW hAX[X�];
�^0Y[l�hPY
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AU]Uj_Y[lU^�j�
�`Aj[^�quZ\YHX<lU`u]Ueyz��@^ X�Y[j_^DX[X<^Dz�Y[l9hDY Y_lU^wdphDeodf]UeyhPY_^Dz :ws�� df`uj_j[^DdfY_Zg`AW9X�hPj[^w��^pj_m7X1
 hDege
vHl�^pW df`>
 � hDj[^Dz vHZ\Y[l Y[lU^ � j[^DX<^pWnY.^	� � ^pj_Z=
�^�W�YthPechudpdr]Uj�hAdfZg^DXr� �~X5X<]9d l�Y_lU^pm�l9hp��^ �9^p^pWdr`uW9X<Zoz�^pj_^Dz�WU^p�AegZg�AZg�Ue\^whPW�z3hPj_^wWU`uY>Y�hD��^pW ZgWnY[`7hud�df`u]UWnY>ZgW Y[lU^0a `Aegeg`DvHZ\WU�7hPW9hDegm�X�ZyXf�cV W � hPj[?Y_Zodf]�eohPjHY_lU^�
 � � `ueohDj[Z\�DhPY_Zg`uW,Z\W3Y_lU^'&3`AW�Y_^5schPj_eg` X�Z�
5]�eohPY_Zg`AW�vHZge\e��9^|�A^pWU^pjthPY_^Dz3]9X�Z\WU��Y_lU^h �U� j_`6�nZ=
 hPY[Z\`uW . 3�� F��67t�

V:YHd�hPW �9^|hDj[�A]U^Dz�Y[l9hDYHvHlU^pW �u`AZgWU�.Y_`5j_^DhPexlU^Dhp�nm5�9hDj[m�`AW3zn^DdphpmUX�Y[lU^ z�m�W�h6
�ZydpX `Da�Y_lU^
j_^DhudrY[Zg`AW/
"*� � 
O�� � � 
 . A�Z\�U��U47>j[^�
 hPZ\W9X�Zozn^pW�Y_ZodphDe�vHZ\Y[l Y[lU^.a j[^�^�- ]9hDj[� dphAX�^ z�ZoX_df]9X_X�^Dz
hD�9`P��^ % �u�S&:��� lUZyX�h �U� j[`��nZ=
 hDY[Z\`uW ZoXHz�^�j[Zg��^iz a j[`>
 Y_lU^|e\^DhuznZgWU�.`Aj�z�^pj>`Pa'Y[lU^ !�^Dhp��m<:>]9hPj_�
� �x^DdfY_Zg��^ � lU^p`uj_m vHl�Zod�l,l9huX hPegj_^Dhuznm�df`AW �9j[
�^Dz Z\Y�X � j[^DznZodfY_Zg��^ � `Pvc^pj|Z\W +wl�huz�j_`uW�X � ^id�?Y_j[` X[df` � m % � � &:�

�0X hPegj_^Dhuznm'
�^pWnY[Zg`AWU^Dz0Y[l�^ � +9- ]9hDj[��X�hPj[^>�9`uj_W�vHZgY_l.` �U� `�X<ZgY_^0eg`AWU�uZ\Y[]9z�Z\W9hPe � `AeohDj[Zg�ihPY[Z\`uWY_`wY[lU^�+�-�]9hPj_�UXr� !�`Dv ^p��^�j a j_`H
�Y_lU^wsck ZgWn�AhPj[ZyhPW9dr^H`PaRY_lU^>v ^DhD�7z�^Ddphpm'
 *� � 
O�� � � 
 Y_lU^
��W9hPe�znZ �x^pj[^�W�Y_ZohPe z�ZyX�Y[j_Zg�U]�Y[Zg`AW9X�`Da Y_lU^7d�l9hPj_�u^Dz,eg^ � Y[`uW hDW9z3WU^p]�Y[j[Z\WU` eg`�`A�3Y[l�^7X[h6
 ^.hia Y_^pj



F65

Y[l�^3d�l9hDj[�u^ df`AW�#<]U� hPY[^ ` � ^�j�hPY_Zg`AWR� s�`AW9X�^D- ]U^�W�Y_egm�q��9`uY_l 
�� hDW9z �
 * � X�^	
 Zgeg^ � Y[`AWUZod.z�^idphpmUXeg^ihuz�Y[`7Y[lU^ X_h6
�^�
 `H
�^pWnY[];
 z�ZyX�Y[j_Zg�U]�Y[Zg`AW9X `Pa Y[l�^|zn^Ddphpm � j_`nz�]9dfYtXf�
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V W Y[lUZyX�d�l9h � Y_^pjNv ^HvHZge\e���j[Zg^ �9m X�]$
�
 hPj[Z\�p^�Y_lU^ � l�^pWU`H
 ^pWU`ue\`u�AZodphDeUhAX[X�];
 � Y[Z\`uW9XN]9X�^Dz|Z\WY_lU^ � j_^DX�^�W�Y_^DzwhPW9hDegm�X�ZoXr��� lU^cd lU`AZodf^ `Pa9Y_lU^ 
 � z�^idphpmwd l�hPWUWU^�e�huXRv ^�ege�hAX Y[lU^�`A�9X�^pj_�AhP�Ue\^ ]�X�^DzY_`,z�^�Y[^pj[
�ZgWU^.Z\Y�X � `ueyhPj[Z\�DhPY_Zg`AW vHZ\ege��9^�ZgWnY[j_`nz�]9df^iz � � l�j[`u]��ulU`A]UY5Y_lUZoX � h � ^pj.�nm d�l9hPj_�u^Dze\^ � Y_`uW.v ^cj[^fa ^�j�Y[`0^�ZgY[l�^pj�^�eg^DdfY_j[`AW.`uj(
7]U`uW ��V:W7hDege9z�ZyX[df]�X[X�Z\`uW9X�d�l9hPj_�u^>df`AW�#<]U� hPY[^Hj_^DhudrY[Zg`AW9XhDj[^wZ=
 � egZ\^Dz �

�#� � � � � �
� � � � )�� � 	�� �9$���� ��$ ��� ���
V:WwY[lU^ hPW9hDegm�X�ZoX � j_^DX�^pWnY[^iz l�^pj[^�Y[l�^#
O� � `ueohDj[Z\�DhPY_Zg`uW ZoXRX<Y[]9z�Z\^Dz Z\W|Z\Y�XRX�^�
�Zge\^ � Y[`AWUZodNz�^Dd�himd�l9hDWUWU^peyX vHZgY[l h�
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O� � `AeohPj_Zg�DhDY[Z\`uW�]9X�Z\WU�`AWUegm hPW hp��^pjthP�A^ d l9hDj[�A^Dz e\^ � Y_`uW ^pWU^pj_�um ZgW Y[l�^,eohP�9`Aj�hPY_`uj_m a j�h�
�^ % �H3�q �A�Uq�����& � � l�ZoX

 ^pY[lU`nz,l9hAX|Y�vc`,df`AW9X�Zyz�^pjthP�Ue\^�z�ZyX[hAz��AhPWnY�hP�A^DX 
 hD��Z\WU� ZgY|]�WUj[^DhDegZyX�Y[Zydu�<A�Z\j�X�Y Y[lU^ d�l9hPj_�u^Dz
e\^ � Y_`uW,X<lU`Dv>X0Y[`�`3e\ZgY_Y[eg^ X<^pW9X�Z\Y[Z\��Z\Y�m Y[`�Y_lU^�
 � � `ueyhPj_Zg�DhDY[Zg`AW�hDW9z,X�^idf`uW9znegm,hDW9z,^p��^pW 
 `uj[^Z�
 � `uj_Y�hPWnYpqAZgY�ZoX�^�� � ^pj_Z=
�^pWnY�hDege\m0Z=
 � ` X[X�Z\�Ueg^cY[` z�ZoX<^pW�YthPWU�Aeg^>Y[lU^>h � j[Z\`uj_Z@]�WU��W�`PvHW 
 � a j�hD�H?

 ^pW�YthPY_Zg`uW�a ]UW�dfY[Z\`uW3a j[`>
)Y_lU^.j[^Ddr`uW9X<Y[j[]�dfY[^Dz3e\^ � Y_`uW X � ^DdrY[j[];
,�0V:W,`uY_lU^pj0vc`ujtzUXfqRY[l�^pj[^.ZyXW�`,�u`�`nz ]�W � `ueohDj[Z\�p^Dz�j[^fa ^�j[^pW9dr^5Y_` df`H
 � hPj[^7Y[`�� %�`>
�^ hP]UY_lU`ujtX % �H3�q �HFS&cl9hp��^ � j[` � `�X�^iz]�X�ZgW�� � 
�^DX�`AW,X<^	
�Zge\^ � Y_`uWUZyd0z�^Ddphpm�X0hPY ��� k huXwhPW ]UW � `ueyhPj_Zg�p^Dz3j_^fa ^pj_^pW9df^w`ujwY_`�eg`�`A� hPYY_lU^Heg`Dvc^pj�^pWU^pj_�um �����6��
 hAd l�ZgWU^DX . e\Zg��^>k � �*0�� hPY����O%	��7�vHl�^pj[^>Y[lU^>eohAd � `Pa � `AeohDj[Zg�ihPY[Z\`uWZyX �A]9hPjthPWnY[^p^Dz��nm5Y_lU^w^peg^idfY[j_`H
 hD�uWU^pY_ZodHd�l9hPjthudfY_^pj `Da�Y_lU^0j_^DhudfY_Zg`AW ��� �6� � � � ! �!7�O��W�a `uj[?Y_]UW9hDY[^pe\m.ZgW��9`uY_l dphAX�^DX Y_lU^p`uj_^pY[ZydphPe�]UW9df^pj_Y�hDZgWnY[Zg^iX'`AW�Y[l�^ + a jthP�>
�^pWnY�hPY_Zg`AW�hDj[^0`DaNY[lU^~X[h�
�^
`Aj�z�^�j>huXHY[lU^weg^ � Y[`AW3X � ^DdfY[j_]$
 �AhPj_ZohDY[Zg`AW9XHZgW9z�]�df^Dz5�nm�Y[l�^ � `AeohPj_Zg�DhDY[Z\`uWR�

s�`AW9X�Zyz�^pj[Z\WU�|�9`AY[l Y[lU^ d l9hDj[�A^Dz5eg^ � Y[`AW hPW9z7Y[lU^0W�^p]UY[j_ZgWU`wa j[`>
 X<^	
�Zge\^ � Y_`uWUZydO
O� z�^Ddphpm�XhAX Y_lU^ � `ueohDj[Z\�DhPY_Zg`uW � j[`A�9^ Y[]�j[W9XR`u]UYRY_`��9^�a hPj�
�`uj_^ � j[`>
�ZoX<ZgWU� h �U� j[`�hAd l quvHlUZod�lw^p��^pWnY[]9hDege\m
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 hD��^DX|Y[lU^ 
�^DhAX�]Uj_^	
�^pWnYw`Pa 
O� � `AeohDj[Zg�ihPY[Z\`uW a ^DhAX�Z\�Ueg^�� �0X.vHhAX�X�l�`PvHW ZgW Y[lU^ � j[^���Z\`u]9Xd�l9h � Y_^pjpqDY[l�^HWU^p]UY_j[ZgW�`�ZyX Y_lU^Hz�^idphpm � j[`nz�]9drY(
�`�X<Y�X<^pW9X<ZgY[Z\��^�Y[`0Y_lU^#
�� � `AeohDj[Zg�ihPY[Z\`uW1% �	59q���ES& �V:W9z�^p^iz quY[l�^0d�l9hPj_�u^Dz.eg^ � Y[`AW5ZyX�`D��^pj�Y[l�j[^p^>Y[Z�
�^DXReg^DX_X X<^pW9X<ZgY[Z\��^���� lU^>] �U� ^pj � eg`AY�X�ZgW A�Z\�U�U��3X�l�`Pv�Y[lU^ z�^ � ^pW�z�^pW9df^,`Da � � 	 � 2 � � 	 � 0	� * hPW�z � � � � 2 � � � � 0	� * `uW Y_lU^/
O� � `ueyhPj[Z\�DhPY_Zg`AW hAX
� j_^Dz�ZodrY[^Dz��nm Y_lU^�%�YthPW9zUhDj�z &3`nz�^�e�hPW9z3Y_lU^'!�:�� �0� A�j_`H
	Y[l�^ � eg`AY�XHZgW/A�Z\�U�R�	3�`AWU^7dphPWX�^�^.Y[l9hDY Y_lU^7hp��^pj�hD�u^.^pW�^pj[�AZg^DX�`DaHY_lU^7d l�hPj[�A^Dz,eg^ � Y_`uW hDW9z Y_lU^.WU^p]�Y[j[Z\WU` hPj_^.j[^DX � ^idfY[Z\��^pegm
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hDW�Y_Z=? df`uj_j[^peyhPY_^Dz hDW9z�df`uj_j[^peyhPY_^Dz vHZ\Y[l�Y_lU^ � `ueyhPj_Zg�DhDY[Zg`AWR� !�^�W9df^�qNY[lU^7�AhPj[ZyhP�Ue\^ z�^���WU^Dz�hAX�I

� N
� � 	 �
� ��� � . 3n�aF��H7

Y_]Uj[W�X'`A]UY�Y[`w�9^�l�Zg�ul�egm.X<^pW9X<ZgY[Z\��^ Y_` 
�� � `AeohPj_Zg�DhDY[Z\`uW % ��U2&:� &3`uj[^�`P��^�jpquY_lUZoX�`A�9X�^�j[�AhP�Ue\^�ZyX�^	�8?
� egZodrZgY[e\m Z\W9z�^ � ^pW9zn^pW�Yx`Pana j�hD�H
�^pWnY�hDY[Z\`uW0]UW�df^pj[YthPZ\W�Y_Zg^DXr�3' ^�l9hp��^MI
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!>^pj[^ L � ZyX|Y[lU^ � hPj[Y_Zodfe\^ 
 `H
�^pWnY[];
 � j[`�#<^DdrY[Zg`AW�`uW�Y_lU^<
O�~z�Zgj_^DdfY[Z\`uW�`Da �9Zg�Al�Y��/� lU^�eg^ra Y^D- ]9hDegZ\Y�m7ZoX � ^pj<a ^DdfY_egm X_hPY[ZyX �9^iz ZgW Y_lU^'����k ^pW��nZgj_`uW$
 ^pW�Y�vHlU^�j[^0a `uj>eg^ � Y[`uW�X L � 
 �� N�� � 
 �
Y_`7h � ^pjtdf^pWnY e\^p��^pe:� � lU^wj[Z\�ulnYH^�- ]�hPegZ\Y<m.ZoX ^	��hudfY>hDW9z3dr`H
�^DX�a j[`>
 Y[lU^w^	� � e\ZodfZ\YO� `Aj[^pWnY[�wZ\W$?�AhDj[ZohDW9df^0`Da�Y_lU^0j_Zg�ulnY l�hPW9z<-�]9hPWnY[Z\Y�m<. X�^p^>a `uj�
7]Ueyh 3n�aF �47���� lUZyXHdfj[]9drZohPe9`A�9X�^pj_�AhPY[Z\`uW hPe\eg`Dv>X
`AWU^wY[`7`D��^pj�df`>
�^HY[l�^|X<]U�9X<Y�hPWnY[ZyhPe � j[`A�Ueg^�
 `Pa9
O��^pWU^�j[�um j[^Ddf`AW9X�Y_j[]9drY[Zg`AWR�

V:W�j_^DhPe\ZgY<m5Y_lU^0`A�9X�^pj_��^Dz5^pW�^pj[�Am X � ^DdfY_j�h|]UW�z�^pj[�A`7X�^p��^�j�hPe z�^fa `Aj�
 hDY[Zg`AW9X �9^Dd�hP]9X<^ `Da�zn^	?Y_^DdfY_`ujHj[^iX � `uW9X<^.hDW9z3X<^peg^DdrY[Zg`AW df]UYtXf��� ` df`Aj[j[^idfY a `ujHY_lU^DX�^ ^��x^DdfYtX Y[lU^w�AhPj_ZohP��eg^ � `u��Y�hPZ\WU^Dz
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� lU^ `P��^�j[eohDZoz<&3`uWnY[^7schPj_eg` � `AZgWnY�X�Z\W A�Z\�U�R��3�X�lU`Dv Y[l�^.hudrY[]9hDe�^	� � ^pj[Z�
�^pWnY�hDe@j_^DX � `AW9X�^.Y_`Y[l�^#
 � � `AeohPj_Zg�DhDY[Z\`uW.hpa Y[^pj Y[lU^c^pW�Y_Zgj_^ hDW9hPe\mUX<ZoXRvHlUZod�l|vHZ\ege��9^>z�^DX_dfj[Z\�9^Dz Z\W.X�^idfY[Z\`uW'En�(��^�Y�hPZ\eoX`PacY_lU^7X�Z�
5]UeyhPY_Zg`uW `Da � `ueyhPj[Z\�p^Dz 
 � z�^Dd�him�X�vHZ\egeN�@^.�AZg��^pW ZgW X<^DdfY[Z\`uW 5U�aCn�|�~X0dphPW,�9^7X<^p^pWRqY[l�^0hDW9hPe\mUX<ZoX�df]UYtX hDW9z5Y_lU^>z�^pY_^DdfY[`Aj�ZgWU^�� dfZ\^pW9dfZ\^DX ZgWnY[j_`nz�]9df^~hwdf^pj[YthPZ\W.eg`�X_X `DaNX�^�W9X�Z\Y[Zg�nZgY<mwZgW
� hDj[Y[Zydf]UeyhPj>ZgW3Y_lU^.d�l9hDj[�u^iz eg^ � Y[`AW,X�^idfY[`Ajp��!>`Pvc^p��^pj�q�Y[l�^.hPY_Y[^pWn]9hDY[Zg`AW,`PacY[l�^.X�^�W9X�Z\Y[Zg�nZgY<m7ZoXX1
 hPege .:hDj[`u]�W9z ��3 + 7chPW9z Y[lU^ �9W9hDe �

�
df]Uj_��^ �9Y[Y_^Dz�Y[`7Y[lU^�&3`uWnY[^.schDj[eg` � `uZ\W�YtXHX�Y[Z\ege � j_^	?X�^�j[��^DX�lUZg�Al X�^pW�X�ZgY_Zg�nZgY<m|Y_`.Y[lU^ � `AeohDj[Zg�ihPY[Z\`uWR�cV:YcX�lU`A]Ueoz��9^wWU`uY_^Dz q�Y_l9hPYHY_lU^wdf]�j[��^>j[^DX<]UegY_ZgWU�a j[`>
 h �9YHY[` Y[lU^ �

� � `AZgWnY�X j_^Ddf`AW9X�Y_j[]9dfY_^Dz5Z\W�X<Z=
7]UeohDY[Zg`AW5ZyX�`Pa'h a ]UW9z�h6
�^pWnY�hDe9Z=
 � `uj_Y�hDW9df^Y[`.Y_lUZoXHhDW9hPe\mUX<ZoXr��V YHvHZ\ege9�9^w]9X�^Dz�Y_`5^	�nY[jthudfYcY[lU^ � `AeohDj[Zg�ihPY[Z\`uW `Pa9
O��hia Y_^pjHz�^�Y[^pj[
�ZgWUZ\WU�wY[lU^�AhPe\]U^w`Pa �
�
a j[`H
 zUhPYth��

A�Zg�����A�7X�lU`Dv>X�Y_lU^.Y[lU^�`uj[^�Y[Zod�hPeNz�^ � ^pW�z�^pW9df^ `Pa � 2 � 0 � * . vHlU^pj_^ � ZoXHWU`uj[
 hPe\Zg�p^Dz�Y_`�Y[lU^
]UW � `AeohPj_Zg�p^iz5dphAX�^H7'huXch a ]UW9drY[Zg`AW5`DaRY_lU^�
O� � `ueyhPj[Z\�DhPY_Zg`AWR� !�^pj_^HY[lU^>`uWUe\m5Y_lU^p`Aj[^pY_ZodphDeU]UW9df^�j�?Y�hDZgWnY<m.df`>
�^DX a j[`H
 Y_lU^>]UWU�nWU`DvHW�-�]9hPj_�'
 huX_X�^DX � �NhPW�z � ����V:W � j�hAdfY[Zydf^ Y_lU^pm.^pWnY[^pj Y[`wY[lU^dphDeodf]UeyhPY_Zg`uW�X�hAX0h�X�Z\WU�ue\^ � hDj�h�
�^pY[^�j � \� 2 � \� �0�~X0X�^p^�W a j[`>
 A�Zg�����A� � ZoX a `Aj[Y[]�W9hPY_^pegm ��^pj_m
v ^ihP�negm,X<^pW9X<ZgY[Z\��^|Y_` -�]9hDj[� 
 huX[X<^DXf� !�`Dv ^p��^pj�q@Y_lUZoX � `�X_X�Z\�Ueg^7�AhPj[ZyhPY_Zg`uW vHZge\e��9^ hudpdr`u]UWnY[^Dza `uj>ZgW Y[lU^ X�m�X�Y_^	
 hDY[Zod>^pj[j_`ujp�

� lU^ � j[` � ` X�^Dz�h �U� j[` hud�l j_^�-�]UZgj_^DX0h j_^DhuX<`uW9hD�Ueg^7�nWU`DvHeg^Dz��A^5`DaHY_lU^5^iX[dph � ZgWU� WU^�]UY[j_ZgWU`^pWU^�j[�um � � � V:W Y[lU^/����k ^pWn�nZgj[`AW$
�^pWnY7X�]�d l h�z�^pY_^pj�
 ZgW9hDY[Zg`AW ZyX�hud�lUZg^��uhD�Ueg^ ]9X�Z\WU��Y[lU^
lU^	
 ZoX � lU^pj[^ 
�ZoX_X�ZgW���^pW�^pj[�Am 
 ^pY[lU`nz z�^DX_dfj[Z\�@^iz ZgW z�^pYthPZgenZgW X�^DdrY[Zg`AW'En�aE����~X vHZ\egen�@^>hDj[�A]U^Dz qY[l�^0lU^	
�ZyX � l�^pj[^>^pWU^pj_�um z�^pY_^pj�
�Z\W9hPY_Zg`AW5ZyX v ^�ege9j[^ � j[`nz�]9dr^Dz���m7Y[lU^ X�Z=
7]UeyhPY[Z\`uWR� � lU^pj_^fa `uj_^�qhPWnm.zn^p��ZyhPY_Zg`uW `Pa1�

�
a j[`H
 ]UW�ZgY<mw`u�9X<^pj[��^Dz|Z\W|Y_lU^H�9hud��n�uj[`A]UW9z.X<]U�UY[jthudfY_^Dz'
 � X<Zg�AW9hPe9X_h6
 � eg^vHZge\e �9^.hDY[Y_j[Zg��]UY[^Dz�Y_`.Y[lU^�
 � � `ueyhPj_Zg�DhDY[Zg`AWR�
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� lU^��M� �,%S� � � j[`A�ujth6
 % �D�S&H�nm�ZgY�X7df`AW9X�Y_j[]9dfY_Zg`AW z�`�^DX7WU`uY7j[^pYthPZ\W hPWnm�ZgW�a `Aj�
 hDY[Z\`uW

hP�9`A]UY|Y_lU^7X � Z\W,`Pa Y[lU^ � hDj[Y_`uW9X hPW9z,lU^pW9dr^|`Pa Y[lU^ � j[`nz�]9dr^Dz l�huz�j_`uW9Xr�5V:W � hDj[Y_Zodf]UeyhPj�q Y[lU^X�^�
�Zge\^ � Y[`AWUZodwz�^idphpm,`PaHY_lU^ 
 � �9hDj[m�`AW ZyX X<Z=
7]UeohDY[^Dz,hAX Z a Y_lU^ 
 � v huX0]UW � `ueyhPj_Zg�p^Dzx�<� lUZoX

�^DhDW9X Y[l�hPY0Y_lU^7z�^Ddphpm5a `Aege\`Pv>XHY[l�^'
 hPY_j[Z=�7^pe\^	
�^pWnY � $ �	% � � hPW9z,X<ZgW9dr^|Y[l�^pj[^ ZoXHWU` z�ZyX�Y[Z\W$?�u]�ZoX�l�^Dz�z�Z\j[^DdfY_Zg`AW,Y[lU^ X�Z\WU�ue\^	? � hPj[Y_Zodfe\^�hDWU�u]�eohPj z�ZoX<Y[j_Zg�U]UY_Zg`AW `Da~hPWnm z�^Ddphpm � j_`nz�]9dfY l9huX hX � lU^pj[ZydphPe X�mS
�
�^pY_j[m��

V:W,Y[lU^ � j[^DX<^pW9df^ `Pa � `ueyhPj[Z\�DhPY_Zg`AW,Y[lU^ eohPY_Y[^pj>ZoX>WU`�eg`AWU�u^�j0Y[j_]U^���� l�^7X � Z\W -�]9hPWnY[Z\�DhPY_Zg`uWh6�nZoX�.:z�Z\j[^DdfY_Zg`AW vw� jp� Yp��vHl�Zod�l3v ^ z�^��9W�^ � `AeohDj[Zg�ihPY[Z\`uW 7 ZoXHWU`Dv vc^pegeNzn^��9WU^Dzx�wV W dphuX<^.`Pa 
O�
Y[l�ZoX|h���ZyX � `uZ\W�YtX|hDeg`uW��,Y[lU^<
����9`�`�X<Y�z�Z\j[^DdrY[Zg`AWR� �0XwZoX|hDj[�A]U^Dz Z\W�X�^DdrY[Zg`AW Cn�T5�q�ZgW�Y_lU^<
O�



� 	�� ���<�N� ���<��� ��� ��� �J� 	��:� � �F	/� � � �	� �L	�� ��� �
	 � ����	 � ����� �

S� � ���<����� �L	 � �8���,�
�@����� ��� � � �
�@� �/�W� � ����	 � ��� C��
X<^	
�Z\eg^ � Y_`uWUZyd�z�^Dd�him h0X � ^DdrZohPe�j[`ue\^HZoX � eohpm�^Dz �nm|Y_lU^>hPW��ueg^#4��9^pY<v ^�^pW|Y_lU^>X � Z\W�-�]9hDW�Y_Zg�DhDY[Zg`AWh���ZyXHhPW9z Y[lU^ z�Z\j[^DdrY[Zg`AW�`Pa Y[l�^ 
 `H
�^pWnY[];
�`Pa'Y[lU^wWU^p]�Y[j[Z\WU`.ZgW Y_lU^�
 � j[^DX<Y a j�h�
�^��

�R`0X<Z=
7]UeohDY[^�X<^	
�Z\eg^ � Y_`uWUZyd�zn^DdphpmUX `Da � `AeohDj[Zg��^Dz�
 � Z\Y�ZyX�X<] � dfZg^pWnY Y_`0X_dphPe\^ Y_lU^ jthPY[^c`Pa9]�W$?
� `AeohPj_Zg�p^iz.z�^Ddphpm�X'�nm|Y_lU^Ha hudfY_`uj�.[���@J dr`�X 447 hAX'�AZg��^pW.Z\W a `Aj�
7]Ueoh�3�� F��A� � lU^pj[^ra `uj[^ q Z\W.`ujtz�^pjY_`#
�Z=
 Zgd Y_lU^ � `ueyhPj_Zg�DhDY[Zg`AW|vc^ � ^pj�a `Aj�
 Y_lU^ &3`uWnY[^HschDj[eg`Hj_^G#<^DdfY_Zg`AW�I

��� .#.[� � � J � 7 0������
	 .[� � J���
��I447�7���� ������������������� . 3n�aC>347

v������ ��J"!$#&% ����
O�('�)�*,+�� !.-/+�%0!1)324+/2�5 0 ���6� !$#&+7�8+/2�59)3:;29<=:?>�����@A� )�:B+ �C+�%D59!,#�% �0!1>=<�% !1)32
�E+�2=F3!12=FG@A� )3:H-����0)G% )G)32=�JI

K(�=�
59�/#0LM� !.>N�O5P'�� )�LM�/5�<=� �Q!$#R��S�+�LM%T+/%U%0�=�+%()3� 2D*1��VJ��*3+/2�5G#�%0!1*1*3:W+�XJ�O#Y+Z#6< �WL[!1��2�% *.\�F�)J)�5
+/'='=�0)�S�!1:]+�% !.)�2W+�@A% ����!.2�LM*.<�59!12�F_^a`QbcLM)3� �0�/LM% !.)�2�#�+3#Z+/� F3<=�/5d!.27% ���e'�� ��V�!1)3<�#ZL8��+/'=% ���fI



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

K(�=!,#ZL8��+�'�% ����59�O# LM�0!1>��/#(!12 59�f%8+�!.*Y+/*1*Y��S�'���� !.:7��2�%8+�*C+3#�'��/LM%E# )/@ %0�=�a'=� �/#6��2�% �/5W+�2 +�*1\�#�!,#MI�U!.�8#�%Q% �=� F���2=�f�8+�*C��VJ��2�% � �
�J<=!1�0��:7��2J%E#U% )3F���%0�=������!1% � % �=�a#6!1F32�+�*T#6��*1�/L[% !1)327+/� �aL[)�:7'=�0���=��2! 
#�!.VJ��*1\]59�/# L[� !1>��/5CIZK(����2
�Q�G59!,# LM<�#0#Z% ��� >�+3L X�F��0)�<=2�5 L[)�:7'�)J#6!1%0!1)�2 +�2�5W% �=�G: ��% �=)�57)/@(!.%8#
#�<�>=% �E+�LM%0!1)�2 I"�T!12�+/*1*1\#�Q�GF�!1VJ�?+/2 �fS9%0��2�#�!.VJ�G+3L�LM)�<�29%a)�@
% �=�G2���<=% �0!12=) ��2=���0F�\ � �OLM)�2�#6% �0<�L$ 
% !.)�2 +/*1F3)�� !.% �=: I7K(�=!,# L8��+�'=%0���D+�*,#�) L[)�2�%8+�!.2�# +W>=� !.�M@
59�/#0LM� !.'=% !.)�2 )�@�% ���W#���*.�/LM%0!1)�2 )/@�% �=�
+�<�S9!.*1!$+/� \&% :7�/#�)327#6!1F32�+�*C<�#��/5 +�#�+ L[)�2�#6!$#�%0��2�LM\?L8�=�/L8X )/@ %0�=��� �/#6<=*1%E# )�>�%8+�!.2=�/5 @A)3�(%0�=�('*)
>�+/� \J)�2 I

K(�=� +/2�+�*.\=#6!$#G!$# >�+3#��/5 )32,+ �.-0/2143 � +�59�0)�2=!,L6507 59�/L�+�\�#_L[)�*1*.�/LM%0�/5 >�\4% �=� b98�:<;�=9>
59��%0�/LM%0)���!12W%0�=� /�?�?@� %0) /2?�?@A 5=+�%E+4 A%8+/X9!.2=F_'����0!1)�5=#[I

K )?��V3+�*.<�+�%0� %0�=�a� �M@A���0��2�LM� �CB �ED #6���&@A)��0:_<=*,+�� D 1 I �CF�G +�2 5 D 1 I �@?CGHG �(�a<�#��D+?# +/:7'=*1� )�@IJALKM1@1�1 >�+�L8X9F3� )3<=2�5]@A�0���ON0PQ'R7)TS )�2�% �D`Q+�� *.)_�fVJ��29%E# '=� )�LM�O# #��O5d% ��� )�<�F�� %0�=�Z@A<=*.*Y#6!1:?<=*$+
 
% !.)�2G)/@Y% ����b98�:<;R=U>U+/'='�+��E+�%0<�#MI��=� )�: % �=!,# # +/:7'=*.� )/VJ��� �VKM1@1�1 L�+/2�59!$5�+�% �O# @A)�� % ����L�+�#0L�+�59�
59�/Lf+O\W'R7) P XZYC'R7\[ � ��:]+�!12 +O@A%0���a% �=�]���=)3*1�?� �/L[)�2�#6% � < LM% !.)�2 +�2�5 % �=� LM)3:7'=*1�f% �G+/2�+�*.\=#6!$#
#��f*1�/LM%0!1)32YI�>�2d%0�=!$#�+�2 +�*1\�#�!,# > +�L8X9F3� )�<�2�5d��VJ�f29%E# F�!.VJ�a% �=�a:W+/!12 LM)�2�% �0!1>=<�% !1)32W% )?% �=�D#�%E+�%0!$#^ 
% !,L�+�* ��� �0)���IWK(����� �M@A)3� � K !.2 %0�=�_��!1F���*1\ '�)�'=<�*$+�%0�/5 >�+3L X�F��0)�<=2 5 @A� ���?#0+�:7'�*1�G% ���_�0�M@A��� �f2�LM�
�JB � @A)��Q% �=�&F3��2�<=!12=�U'*) #�!1F32�+�*C!$#Q59��% �f� :7!.2=�/5���!.% �W+ VJ�f� \G�=!.F��W#6%8+�%0!$#6% !$Lf+�*C#���2 #�!1%0!1V�!1%6\JI`_&#
+_�0�/#�<=*.%&% ���G#�%E+�%0!$#�%0!$L�+/* ���0� )���)�2 % ��� ��S�% �E+�LM%0�/5
a

�
!12�5�<�LM�/5W>9\ % �=� S ` �0�M@A���0��2�LM� D �JB � G

��+3# >�����2W�0�/59<�LM�O5]%0)?+�2 +�*1: )J#�%Q2=��F3*1!1F3!1>=*.�&*1�fVJ��*�I

K ) LM�0)J#0#^ L �=�OL XW)�<�� #6!1F32�+�* #6��*1�OLM% !.)�2 +/2�5 � �/#6<=*1%���S�% �8+3LM% !.)�2��Q� <�#6�7+/2 <=29>�!$+�#6�/5 # +/:b 
'=*.� )�@ )�VJ�f� I : !1*1*.! )�2 S )329%0�_`Q+��0*1)7� +�59�0)�2=!,L"507&��VJ��2�%8#*����!$L8�d� +OVJ��+�*,#�)7>�����2 '=� )�L[�/# #6�/5
% ��� )�<�F�� % �=�G@A<=*.*(#6!1:?<=*$+/% !.)�2 )/@�% �=� b98�:<;�=9>a+�'=' +��8+/% <�#[I�>�2 %0�=!$#D# +/:7'=*1�?+/>�)�<=% IcA�1 '*)
#�!.F�2�+/* ��VJ��2�%8#Z��+�VJ�?>�����2 � �/LM)32�#�%0� <�L[% �/5RI K(�=!$#('�)Z'�)�'=<=*,+�%0!1)�2 !$#&)�2=*.\
d�VJ�G% !.:7�/#&#6:W+�*.*1���
% � +�2G% ���()�2���)�>=%E+�!12��/5P@A�0)�:c%0�=��5��/59!$Lf+�% �O5 S )�2�% ��`Q+/� *1)P59!$#0LM<�# #6�/5G+�>�)/VJ�JIe=Z)
�(��VJ��� K #6!12�LM�
�=���0��% �=� #�!.F�2�+/*�!$# 2=)�% >�+3L X�F��0)�<=2 5 @A� ����!.%U@A)�*.*1)
��# % ��+/% % �=��V3+�*1<���)�@ �JB � !$# ��S�% �8+3LM% �O5O��!1% �
+ L[)�2�#6!$59���E+�>=*.�7���0� )��fI
=���2�LM� K %0�=!$#D# +�: '=*1�G!,#e2=)3%G<�#��/5 +�#e)3<=� S ` �0�M@A���0��2�LM�JI#>�%�#����0VJ�/#
)�2�*1\W+3#Z+/2 !12 59��'���2�59�f29%
LM)�2�#6!$#6% ��2�L[\WL ���/L XG)/@ % ��� +/2�+�*.\=#6!$#[I

K(�=�D+�>�)/VJ� %f�() S )329%0� `Q+��0*1) # +/:7'=*1�O#(+��0�e@A<=*.*1\?!12�5���'���2�59��2�%�I

gih<j
kml$n@oqp�rtsMrvu]rtj
wZn
xtr9yzsMxT{�k.$@p
kH{�oqx}|~y����Uo��� �
� � g
����� �b�����\�
� � � ����� �z� j
kfwZk(rtj4k(xtn
���$��kfx0�\��kfw9o\�M�

� oqwtrts��i�Mkfx�wZk}�i��p4xtrtwZn@�irZk}{]sMp(rZj
k�k^��kfp�r}� � {�kfp
�$rtkfx�rZj
k � o\wtrZs��i�Mk�rZj
wtkfk���� ���Tk^p2rZn
�¡o\p@{ � sMx�o0n
p
sMr¢���Mkfp
�$rtjx � o��ik��$k}�irZ��w}��h<j4k�rtj
wZn
xtr`o��
s£x<sMx¤��sM��k^pT¥�uTrZj
k �b¦ ��w � j4s§�Zj9o*�UoH�
sM�*n
��sMx`o\rtrio\sMp
k}{C��h<j
k�o\�M�M� � k}{*wio\p
�$ksMx�¨}©$ª�«"y�«�¨ ��� sMrZjUo0ªH�­¬ikfr<k^��kfp�r`�i�$wtwtk^x � ��p@{�sMp
� rt�0yb®�¨�oqp@{ToqpUsMxZ��rtwZ� � s��¯kf�$kfp�r<rt�0y#®�¨}©$ª
�



���������
	���
�������������������� ���
� �"! #%$�&('*)+$-,/.0,21+354�,6$�,87�3:9�& 1

_<;>=
d�?@;�AB;�A"C�DEC�VFC�G�A@;H=�?"CI?"C
�FJ�KL?"C�MNA"OP;"=�A"KQ; @A\RA"S�CT;�A@=UGVM�=U?WM�b98�:<;R=U>H;XC�YLC/L�A"KLO�GRO�@
SV=�MZ?[O�G�K,L\C�VFC�G�A@;�] A
I�^ I&K(S�C�S�=�MZ?[O�G�K,L_C�VFC�G�A�;XC�YLC/L�A[K`O�GTK`G b98�:<;R=U> KQ; aBCb=UG�AcA"O7FdJ�=U?W=UG�A"C�C
=eS:K1F�Sf=UG�ME=
�(C�YLY(J�GVMZC�?@;�A"OFO�MgC�h]L�KLC�G�LM\JI�=*=dMZ?"OdG�K$L
5 7 MZC/Li=O\:;H=U?[CT;XC�YLC/L�A"CbMN=�;HC�VFC�G�A@;�cKLA"Sj=>a-J�YLA"K`D:Y`K$L@K`A6\-=�klO/VFC I O�@
L@S�=U?0F�C�MeDV=U?"A[K$L�YLC�;0�cK`A"SImPn 1Zo ITp Ciq_r�s K<��1dtHuwvxu /�y�1dt
=�G�Me=HA"?W=�z@{IY`C�G�|dA"SIOU}�=UA*YLC�=�;�A ��1 z�a~K`GeA[S�C��0;(` K �cK`A[Se=-A"O�AW=UY6C�G�C�?[|��Izi=U?"?[K`C�MBk��IA"S�C�;�C
DV=U?"A[K�z�YLC�;cOU}�=�k�OU�FC 1�o /2�W-��c����� _*M�M�K`A"KLO�G�=�Y`YL�xA[S�C-z�=�Y�z�J�YQ=UA[C�MeA"S�?[J�;XA�=U��K�;"�*S�=d;\A[OI;"=�A"K�;�}��
=Iz�OdG�MZKLA"K`OdG�� z�OF; v����@�`���L� � u 1ZoM?@AZ� �(S�C-C�h�z�K`CiG�z��IOU} ;XJ�z@SN=�GNC��FC�G�A<;XC�YLC�z�A"KLO�G�KQ;�O��FC�? ?�A����
�(S:C*k�=�z@{�|�?"OdJ�G�M K a�=UK`G:Y`�\}�?[O�a��:���l�ID�=�K`?W;*�cK`A"S�;XaI=�Y`Y`Ci?(z�O�G�A"?"KLk�J�A[K`O�G�OU} �l�Tz�OdY`YLK�;XKLO�G�; K KQ;
k�C�YLO
� 1�� F����

¡¢Ci�ZA K C��FC�G�A@;c=�?"C£;XJ�k¤MZKL�ZKQMZC�MxKLGZA[OHAf�(O-S�C�aBKQ;XD�S�Ci?"C�;+kZ�T=HD�Y�=�G�C_D�C�?[DlCiG�MZK�z�J�Y�=�?cA"OBA[S�C
A[S�?"JV;XA�=U��K�;c=�G�Mez�O�G�A@=UKLG�K`G:|HA"S�C*KLGZA[C�?@=dz�A"KLO�GBD�OdK`G�A D �8K`| �¤/��JG@� _�A"KL|�S�A"C�?�z�J�AcO�GIA"S:C\A[S�?"JV;XA
=��ZKQ;¢M�K`?"Cbz�A"KLO�GeKQ;¢=�D�D�YLK`C�M � 8+=�z@S�C��FC�G�AcK�;c?"C ��J�KL?"C�MIA"O-S�=��FCe��z�O¥; D vb¦L§"¨�©�ª�¦fG � u 1��¬«�ydy �cS�K�z@S
z�O�?"?[C�;XD�OdG�M�;\A[OeA[S�C v ?W=UG�|dC D �@1 t�­ /2A�1 t GW� ��O�?®A"S:C>aBKQ;";�K`G�|BCiG�C�?"|d��aBC�=d;XJ�?[C�aBC�G�AcK`A®K�;*C�;f 
;�C�G�A"K�=�Y¯A"OBSV=b�FC®C��FCiGZAW;*�(C�YLY6z�O�G�A@=�K`G�C�MIK`GTA"S�C£MZC�A"Cbz�A"Od? d¤M�J�z�K�=�Y¯�FO�YLJ�aBC9�cS�Ci?"C_A[S�C_?[C�z�OdG� 
;�A"?[J�z�A"KLO�G�C�h�z�KLC�G�z��BKQ;¢S�KL|�SP=UG�M�?"C�YQ=UA[K`�FC�YL�b�(C�YLY2z�O�G�A"?"OdY`YLC�M � >�G�O�?WMZC�?®A"OT;XJ:D�D�?"Cb;";*C��FC�G�A@;�cKLA"SBSV=U?@MB|dY`J�OdGx?W=�MZKQ=UA[K`O�GIA[S�C®z�=�Y�z�J�YQ=UA[C�M>A"S:?"J�;�A(�d=UYLJ�C®K�;�?[C
�FJ�K`?[C�M°A[OHC��:z�C�C�M 1Z��F
AZ� S O�?[C
KQ;XOdA"?"OdD�K�z+C��FC�G�A@;¯=�?"C(YLK`{FC�YL�¢A[O*z�O�G�A@=UKLG_A[S�?"C�C0O�?6aBO�?[C+C�G�C�?[|�C�A[K�z�±�C�A@;6=UGVM_S�C�G�z�C+A[C�G�M_A"O<;XD�OdK`Y
A[S�C_S:C�aBK�;�D�S�C�?[C*C�G�Ci?"|��TC��d=UYLJ�=UA[K`O�G � S O�?[C�O��FC�?�A"S�C�A"O�AW=UY2��K�;�K`k�YLC®C�G�C�?[|��I?"C�z�O�G�;�A"?"JVz�A"C�MeKLG
=�GHC��FC�G�A8SV=�;2A"O®k�Cck�C�Af�(C�C�G ��1_p C�q%=UGVM /2��1°p C�q � �(S:K�;+z�J�A2?[C"±�C�z�AW;8=*�FC�?[��;XaI=�Y`Y�}�?@=dz�A"KLO�G
O�}�C��FC�G�A@;9�cS�C�?[CBA"S:CBA"OdA@=UYcCiG�C�?"|d��K�;�=Uk�G�Od?"aI=�Y`YL�²k�=dMZY`�jaBC�=d;XJ�?[C�MjMZJ�CBA[O�=eY�=�?"|dCBG�O�KQ;XC
z�Y`J�;�A"C�?®K`GjA"S:CIz�=UYLO�?[K`aBC�A[C�?�O�?HA"OdA@=�Y`Y`�j;[z�?"C2�(C�M�aBO�a�C�GZA[J�a³=�;[;XK`|dG�C�MNA"O�=ez@S�=U?[|�C�MjA"?@=dz´{D A"?W=�z@{ZKLG�|_KLaBD�C�?X}�C�z�A"K`OdG G@�
� �¶µ ·N¸j4�9�¹ 1 )�$-4�,6$�,87�3:9�& 1

_*;�MZK�;[z�J�;[;XC�MeKLG�;XCbz�A"KLO�G I:� /@K C��FC�G�A@;*�cKLA"S�=-S�K`|dS�D�ºjz´SV=U?"|dC�MxYLC�D�A[O�G�=�G�Mj="'�7*K`G�A[S�CdVG�=UY6;�A@=UA[CHz�OdGZA[?"KLk�J�A"C<A"O-A"S�Cm'*)+;�K`|�GV=UY �
»½¼�¾¿¼�À�Á�Â�ÃlÄRÃ�Å�¾�¼ZÆ¯Á�Ã�Ä8Ç_Å¶ÈUÃ�É Á�Ê6¼6N®Ë¯Ì6Í�È�ÎRÏ8¼�ÀFÍ�Ð

:�C�D�A[O�Gfz�=UG�M�K�M�=�A"C�; D C�YLC�z�A[?"O�GV;°Od?>a-J�O�GV; G =U?[C�;�C�Y`C�z�A"C�M²?[C
�FJ�K`?[K`G�|j=�ÑW;XAW=UG�M�=�?@MgAW=U|FÒ
=dz�z�Od?@MZKLG�|HA"OHA[S�C®K�MZC�G�A"K�d¤z�=�A"K`OdGI=UYL|�Od?"K`A[S�aI;0MZC�;"z�?"K`k�C�M-K`GTz´SV=UD�A[C�? �Z�£�Z� ��J�?"A[S�C�?[aBO�?[C K A"S�C��
SV=b�FCcA[OH;[=UA"KQ;¶}��HA[S�C*;�OHz�=�Y`YLC�MeÑ"|dOFO�MxA"?W=�z@{�Ò*?[C
��J:K`?"CiaBC�G�A@; ­ A"?W=�z@{_YLC�G�|�A[S�n �@1 z�a K C�?"?[O�?+O�G
a�O�aBC�G�A"J:a u��@A�� K a\ÓZÔ �¯Õ�Ö����8Õ�Ö���Ö��6×¿�L×�� u I z�aØ=UG�MEa<ÙiÔ �¯Õ�Ö����/Õ�Ö��QÖ¶�6×��`×���u~/21 z�a � �/OIA"S:K�;
D:?"C�;�C�Y`C�z�A"C�MHY`C�D:A"O�GT;[=UaBD�YLC*Af�(OHaI=�K`GB{�K`G:C�aI=UA[K�z�=�Y¤z�J�A@;c=�?"C�=UD:D�Y`KLC�M�Ú

Û D D X G n ���M1Bp C�q_r�s*ÜBk�C�YLO
� �Bp C�q_rbs\A"S:C_D�C�?X}�Od?"aI=�G�z�C®OU}ÝA"S�C�Y`C�D�A[O�G�KQMZC�G�A"K dlz�=UA[K`O�G
MZC�|�?W=�MZCb;c;XK`|dG�K dlz�=UG�A"YL� K

Û D�Þ ©@¦º D X G n 1Z�ß«²p Ciq_r�s°ÜjA[S�K�;_CiG�?"KQz´S�Cb;�A[S�CT;"=�aBD�Y`C�K`GNYLC�D�A"OdG�;\}�?"Oda ;XCiaBK`YLC�D�A"OdG�K�z"N
MZC�z�=��:;(=�;c=�?"|dJ�C�MBK`GI;�C�z�A[K`O�G I�� / ­ A"S�C�;XJ�D�C�?W;"z�?[K`D�A�à�á�â+aBC�=UGV;�A"SV=UAcA"S:C(±�C�A(KQ;cMZC$d�G:C�M



�4I

z

➢

TH
R

U
ST

 A
X

IS

<

θThrust

opposite
hemisphere

event
hemisphere

>
J  

E 
 T

➤

➤

➤

➤

➤

➤

Λb

Λc

l

ν

Λ0

hadrons
or/and
(l + ν)

�8KL|�J�?[C /�� Ú����������	��
��
�����������������������������! #"$��%&�(' )*) �+���+�$,-,.��/0�1�2���$�3�����������1�2�4��� ) �$%3� )�5 �6�+,7' 7
���8�&"$����� ) �����	�9, ) �+�����:�&"��;�2�=<>��"$�(���������8��,0, 5$?@) �	��� ) � ) �	���&�>�� ��A"$��/0��,��$"$��%&�+, ? �B�&"$���������$�
��%&�3"$��
��������=�&�C�&"$�-�&"$% 5 ,��D��E���,�<#��"$�0���$�-�6�����9���	���	�$
A�&"$�-'�) ) �+�����A�$%&� )�5 �6�9,* ��1�1� ? �-����/(� ) �&"$�
F ���������0"$��/0��,��$"$��%&�+GH #"��1�	�I�&"$�����&"$��%(���$�(��,0%&�6�J��%&%&� ) �3�K��,-�3"$� F ���$����,L�	�&�A"$��/M�N,.�$"$��%&�+G$<4��"$�
�$� 5 �&%9�;�O' 7 ����%&�����3�	�0��,*%&�+�6����,��&% 5 �6�&� ) �	�>�	�9, ) �+�����A' 7-P ��Q � �����A�(���;�2%!���R���$����,S�2�3�6�2�B�3"���%&
�� )
�&%9���&T$,U�����	�����	�$
A�&�(�(�6��/(/(���A����%&�&�6E=<

C��:z�YLJ�MZK`G:|\A[S�C*YLC�D�A"OdGIz�=�G�MZK�M:=UA"C � �(S�CIV�WUX#V�WZY°±�C�A�d�G�MZKLG�|H=�Y`|dO�?"KLA"S�aØ] F ?U^ S�=�;(k�C�C�G
J�;�C�M �

>�G5=dM�MZK`A[K`OdG5C�Y`C�z�A"?"OdG5z�=�G�MZKQM�=UA[C�;B=U?[Ce?[C"±�C�z�A[C�M KLG5z�=d;XC�;"�cS:C�?"CTA"S�C��RaI=�A@z@SRA"S�C�D�S:O�A"OdG
z�OdGZ�FC�?W;XKLO�G5S��ZD�O�A[S�C�;�K�;>AW=U|�|dC�M�k��5=N;�J�z�z�Cb;";¶}�J:Y*�FC�?"A[C��Ed�A#�cK`A[S%=UG%O�D�D�OF;�K`A[C�Y`�%z@S�=U?[|�C�M
C�YLC�z�A"?[O�GPz�=UGVMZK�M�=�A"C-|�KL�ZKLG�|T=UGNKLGZ�d=U?[K�=�GZA®aI=d;";*k�C�Y`O
� ��1 S C�q_rbs�[ � �(S�CIz�OdaBD�=UA[K`k�KLY`KLAX��OU}
?"Cbz�O�G�;�A"?[J�z�A"CbM YLC�D�A"OdGR;XD�C�z�A"?@=IK`GRM:=UA@=�=�G�M²KLG S O�G�A"CW`0=U?[Y`OeKQ;_MZKQ;"z�JV;";XCbM²K`GP;XC�z�A"K`OdG AZ�£AZ�
�(S�C�=U|d?"C�CiaBC�G�A(K�;c;[=UA[K�;¶} =dz�A"Od?"� �

'R7�È�¼�ÀFÃlÄ6Ç�Á�È�Ì6À�Á�Â�ÃlÄ
'R7�z�=�G�MZK�M:=UA"Cb;*=U?[C>?[C�z�O�GV;XA"?[J�z�A[C�MeK`G�A[S�C-z´SV=UG�G�CiY�'R7OP D=\8� � �(S�KQ;\M�C�z�=��IaBO�MZCHS�=d;

=_S�KL|�SIk�?@=�G�z@S�K`G�|®}�?@=dz�A"KLO�GIOU} D y@�ZoM?!] 1�oMACG[� ] /2?U^ � �(S�C®;XAW=UG�M:=U?@M b98�:<;�=9>�?[C�z�O�GV;XA"?[J�z�A[K`O�G



���������
	���
�������������������� ��A

0

2500

5000

7500

10000

12500

15000

17500

20000

22500

1.08 1.1 1.12 1.14 1.16 1.18

GeV/c2

en
tr

ie
s/

2M
eV

/c
2 /1

M
Z

0

GeV/c2

en
tr

ie
s/

2M
eV

/c
2 /1

M
Z

0

P(Λ) > 1.0 GeV/c

P(Λ) > 4.0 GeV/c 0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4

0 10 20 30

DELPHI

GeV/c

ef
fi

ci
en

cy

0
0.5

1
1.5

2
2.5

3
3.5

0 10 20 30

GeV/c

da
ta

/M
on

te
C

ar
lo

(a)

(b)

(c)

�6K`|�J:?"C /2� Ú-' 7 %&�+�6����,��&% 5 �6���	��� �	� �������	��

� �����&"$��� ��Q��Z�	���;��%.�N�����!/���,&, ) ��,��3%�� ?$5 ���	���>�J��%D�3"$�
' 7 ����� ) � ) ���3�+,!%&�+�6����,.�&% 5 �6�&� ) �	� ���	������
 < ��"$�C� 5 / ? ��%0���������3%��	�+,*��,8�$��%&/����1����� ) �&���(/0�1�1�1�	���
"�� ) %&��������� 7 ���������9, < ��"$�8"����9�3"$� ) "���,��&��
�%9��/ 
��2���+,��&"$� �6�����&%.� ?$5 �.�2���I�J%&��/ ' 7 ����� ) � ) ���&�+,* ��2�3"
/(��/(�����9�-� ? ��������<����D���! #" � ? �Z�&"$�*%&�+�6����,��3% 5 �6���	�����%$ �3�	�����6�I��,��*� 5 ���6���	���A��� ' 7 /(��/(����� 5 / �
�&� �&"$�8�%$ �3�	�����6�>%9�����	�'� (*) ¦ )B Þ,+ ¦.-,/ ) ¨*0 Þ ����,D�8� 5 ���6���	���>���R' 7 /(��/C����� 5 / � ��"$�0���;�;� 5 �����	��� �N, ) ���$�
� ��%#���1�Z' 7#1 ,� #"$��%&�320���Z�&"$�54$�2
�"�� ) �	%&�+�6�.�2���I�1�	�+, ? ���� ������768� t ��� ) �:98� t < ��"$�!�%$ �3�	�����6�A�	���3� 5�) �+,
�&"$�*�	��,&,#�6��/M�2�$
C�J%&��/<;=689�> ���O' 7?1 , ) �+�������	�$
C�	���&�C��Q 7 <

=�Y`|dO�?"KLA"S�a ] A
I�^ z�O�G�;�K�MZCi?@;_=�Y`Y+?"Cbz�O�G�;�A"?[J�z�A"CbMNMZK�;�A"KLG�z�A®�FC�?"A[K�z�Cb;¢OU}�Af�(OTO�D�D�O¥;XK`A[C�Y`�Pz@S�=U?[|�C�M
A[?@=dz´{:; � �(S�C��FC�?"A[C��IMZC$dVG�C�Mxk��IC�=�z@SID�=UKL?*K�;�MZC�A[C�?"a�K`G�C�M-kZ�Ba�K`G�KLaBK�@�K`G�|®A[S�C'A [ O�k:A@=UKLG�C�M
}�?[O�a�A"S:C_M�K�;XAW=UG�z�C�; D =�G�MxA[S�C�KL?¢C�?[?"Od?@; G }�?"Oda�A"S�C��FC�?"A[C��>A[OBA"S:C_C���A"?W=UD�O�YQ=UA"CbMxA"?W=�z@{�; � �(S�C'�7�z�=UGVMZK�M�=�A"C�;cS�=��FC*A[OB;[=UA"KQ;¶}��BA[S�C*}�O�YLY`O
�cK`G�|H?[C
�FJ�K`?[C�aBC�G�A@;�Ú

ÛCB Ó u D 1Zo£1V/ED 1Zo£1��GF m ¦ G ?W=�M K �cS�C�?"C B Ó�K�;�A[S�C®=�G�|�YLC\KLGBA"S:CIH�J_D�Y�=�G�C*k�C�Af�(C�CiGBA"S�C ' 7
aBO�aBCiGZA[J�a =�G�M�A"S�CHYLK`G�C�±�O�K`G:K`G�|BA[S�CHD�?[K`aI=�?"��5 7 MZC�z�=��I�FC�?[A"C��T=UGVM A[S�C&' 7 MZC�zi=b�
�FC�?"A[C�� K m ¦ KQ;(A"S�C�A"?W=UG�;��FC�?@;�C_aBOdaBC�G�A"J�a OU}+A[S�C]' 7 z�=�G�MZKQM�=UA[C_?"CiY�=UA[K`�FC*A[OBA"S:C\k�C�=�a
=U��K�; K K`G p C�q_rbs K

Û a n ILK�K �cS�Ci?"Cmaw=UG�M K =U?"C®?[C�;XD�C�z�A[K`�FC�YL�HA"S�C<?"C�z�OdG�;XA[?"J�z�A"C�MIMZKQ;XA@=�G�z�C®=�G�MxKLA@;+C�?"?[O�?
klCiA^�0C�C�GBA[S�C®D�?"KLaI=U?[�B=�G�M#'R7��FC�?"A[K�z�Cb;�K`G�A"S�CMH�J>D�YQ=UG�C K

Û A"S�CMA [ D�?"Odk�=Uk�KLY`KLAX�-OU}ÝA"S�Cm'R7��FC�?[A"C��Od�A�K�;(YQ=U?[|�C�?cA[S�=UG 1Z�M1L/�K
Û A"S�CHA[?@=UGV;X�FC�?W;XCHaBOdaBC�G�A"J�a O�}cC�=dz´S�DV=U?"A[K�z�YLC_O�}cA"S:Cb'�7��cKLA"Sj?"C�;�D�C�z�A*A[OxA[S�CHY`KLG�CHOU}
N K`|dSZAcKQ;(|�?"Cb=UA"Ci?cA"S�=�G 1Z�£1��Bp C�q_r�s K



��y

Û �cS�CiG A[S�CB?[C�z�O�GV;XA"?[J�z�A[C�ME'R7-�FC�?[A"C���KQ;\k�C��FO�GVM A[S�CBq+C�?[A"C�� b¢CiA"C�z�A[O�?H?W=�MZKLJ�; K A[S�C�?"C
a-J�;XA0G�O�A�k�C�=UG��Bqabw;XKL|�G�=�Y2=d;";XO�z�K�=UA[C�MxA[OHC�K`A[S�C�?cO�}2A[S�Cm' 7 A"?@=dz´{:; K

Û D�?[O�k�=�k�K`YLK`A��HA"OHOdk�;XCi?"�FC*A[S�C('R7�MZC�z�=��&�cK`A[S�K`GBA[S�C d�A[A"C�M�MZK�;�A@=UGVz�C®;XS:O�J�YQM>k�C\k�C�Af�0C�C�G1��M1�� =UGVM 1Z�£?�ALK

Û������ u /doM�°p C�q�r�s [ K �cS:C�?"C*A[S�C�K`G���=�?"KQ=UG�A�a�=�;";+K�;+z�=�Y�z�J�YQ=UA[C�M>=�A"A[?"K`k:J�A"KLG�|_A[S�C*D�?[O�A"OdG
aI=d;";(A[OHA"S�C®S�KL|�S�C�?ca�O�aBC�G�A"J:a D�=�?"A"KQz�Y`C �

�(S�C�k�=�z@{�|�?"OdJ�G�MBz�O�aBKLG�|¢}�?"Oda A"S�C�?"Cb=UY��
7	�¬;8KQ;+;XJ�D�D:?"C�;[;XC�M>k��H?"C ��J�KL?"KLG�|*A"SV=UAc=�GB=�k�;XOdY`J�A[C
�d=UYLJ�CIOU}®A[S�CIaI=�;[;_D�J�Y`Y � }�Od?HA"S�C
�
7>S���DlOdA"S�Cb;XK�; K�;_C�KLA"S�C�?H|d?"C�=�A"C�?HA[S�=UGEA"S�?[C�CIO�?-K�;H=�A
Y`Cb=�;XA�|�?[C�=UA[C�?HA"S�=�GRA"S�CIz�O�?"?[C�;XD�OdG�MZK`G:|j=Uk�;�O�Y`J:A"CIaI=�;[;\D�J:Y`Y�}�Od?HA"S�C 'R7HS��ZD�O�A[S�C�;�K�; � �(S�C
k�=dz´{�|�?[O�J�G�M_}�?"Oda z�O�G��FC�?[A"C�M_D�S:O�A"OdG�;�KQ;2?"C�MZJVz�C�M_k��_?"C ��J�KL?"KLG�|*A"SV=UA(A[S�CcaI=d;";8}�O�?+A"S:C����
���
S��ZD�O�A[S�C�;�K�;(K�;(YQ=U?[|�C�?�A"S�=�G 1Z� /iy�p C�q�r�s [ �

>�GxA[S�C®=�G�=UYL��;�K�;(D�?[C�;XC�G�A"CbM�S:C�?"C*OdG�Y`� 'R7�z�=�G�MZK�M:=UA"Cb;*�cK`A"S-m��²n IBp C�q_r�s<=U?"C�;�C�Y`C�z�A"C�M �
�(S�KQ;(?"C
�FJ�K`?[C�aBC�G�A+;�J�D�D�?[C�;";�C�; G�J�aBCi?"O�JV;�Y`O
�%C�G�C�?[|��#' 7 �¬;�}�?[O�a }�?W=U|�a�C�GZAW=UA[K`O�G �

�/O-C���A"?W=�z�AcA[S�C9d�G�=UY6;�K`|dG�=UY6OU}+A[S�Cm' ) k�=�?"�FO�GV; ' 7 z�=�G�MZKQM�=UA[C�;*�cK`A[S�=UGTK`G��d=U?"KQ=UG�A(aI=d;";
OU}0A[S�CHD=\ � ;���;�A"C�a�K`GTA"S�CH?W=UG�|dC D /d� /�1d« ­ /�� /2��«JG_p C�q_rbs�[¢SV=b�FC�k�C�C�G�J�;�C�M � >�A®z�Od?"?"Cb;XD�O�G�M:;
A"O�=]�cK`G�MZO
�wOU} ]®« S C�q_r�s+[�=U?"OdJ�G�MIA"S�C�G�O�aBKLG�=UY`' 7 a�=�;";(Ci�ZA[C�G�MZC�MBk�� I S C�q�r�s+[�}�?[O�a
A"S:CHS�K`|dS�C�?�aI=�;[;*;XKQMZC � �(S�KQ;¢C���A"C�G�;�K`OdGeK�;�A"OT=�z�z�O�J�G�A }�Od?®A"S�C�aI=�;[;¢A@=�K`Y z�O�aBKLG�|H}�?"O�a³A"S�C
K`a�DlCi?X}�C�z�A[K`OdG>O�}2A[S�C®S�K`|dSeaBOdaBC�G�A"J�a 'R7�?"C�z�OdG�;XA[?"J�z�A"K`OdG �

�8K`|dJ�?"C /2� =I;XS:O4��;*A[S�C D D=\ G ;X�:;XA"Cia a�=�;";<;XD�C�z�A[?"J�a�}�O�?*A[S�CH?"C�z�O�G�;�A"?"JVz�A"C�M�'�7�z�=UG�M�K  
M�=�A"C�;*�cKLA"SIaBO�a�C�GZAW=*=Uk�O��FC /��£1>p Ciq A[O�|dC�A"S�Ci?0�cK`A"SIA[S�C®z�OdGZA[?"K`k:J�A"KLO�GB}�?"Oda A[S�C®C�G�C�?[|�C�A[K�z'R7	�ß; � _*;®;XS:O4�cGPK`G �8K`| �R/2� kNA[S�C-?"C�z�OdG�;XA[?"J�z�A"K`OdG²C�hIz�KLC�G�z���;XA"?[O�G�|dY`�PMZC�D�C�G�M:;\O�GjA"S:Cb'�7
aBOdaBC�G�A"J�a � >�A¯?[C�=�z@S�C�;¯K`AW;/aI=��ZKLaHJ�a D + ��AF�"G =U?[O�J�G�M ���MA\p C�q�r�s+=UG�M®A"S�CiGHMZ?[O�D�;2;���;�A"C�a  
=UA[K�z�=�Y`YL�b�cK`A[SxKLG�z�?[C�=�;�K`G�| 'R7�aBO�a�C�GZA[J�a � �(S:C_aBC�=�GIC�hIz�K`C�G�z��_}�O�?U'R7	�¬;*�cKLA"STaBO�aBCiGZA[J�a
=Uk�O��FC I��£1�p C�q SV=�;cklCiC�GB}�O�J�G�MIA"O-k�C �@1��³� �(S�C®Y`KLaBK`A[C�MHC�hIz�K`C�G�z��HA"OH?"Cbz�O�G�;�A"?[J�z�AcC�G�Ci?H 
|�CiA"K�zU'R7	�¬;(KLGIA"S�CabU8R:<;�=9>(Ci�ZD�C�?[K`aBC�G�A2KQ;(aBOF;�A"Y`�-?"CiY�=UA[C�M>A[O>A[S�C®;Xa�=UY`Y½MZK`a�C�G�;XKLO�G�;+OU} A"S�C
�0;(`5M�C�A"C�z�A"O�? D OdJ�A"C�?c?W=�MZKLJ�;�� /@/�/ z�a G =�;cz�O�aBD�=�?"C�M-A"OHA"S:C*Y`OdG�|&'R7cYLK�}�C�A[K`aBC D s���� F¥o¬«@?
z�a ] /�?�^ZG@� S Od?"C�O��FC�? K A"S�Cm'R7<MZC�zi=b�-O�D�C�G:K`G�|�=UG�|dY`C®K�;�} =�K`?[Y`�I;�aI=UYLY�M�J�C®A"O-A"S�C®Y`KLA"A[Y`C�C�G�C�?[|��
=��d=UK`YQ=Uk�YLC D � ��� � Õ � ��� � �d« S Ciq_r�s [ G�K a�=U{�K`G�|�K`A+=�|F=�K`GBaBOd?"C�MZK�h�z�J�YLA8A[O_;�C�D�=�?@=UA[C¢D:?"O� 
A"OdGB=�G�MHD�K`OdGHA"?@=dz´{:;8}�?"Oda =*D�?"OdaBD�Ae'R7+K�}¤OdG�Y`�£=\;�aI=UYLYZDV=U?"A+O�}¯A"S:C�;XCcA[?@=�z@{:;2=U?[CcaBC�=�;�J�?"CbM �

�(S�Cjz�OdaBD�=U?[K�;�O�Ggk�C�Af�0C�C�G5M:=UA@=R=�G�M S OdGZA[C `0=�?"Y`O D �8KL| �9/2� z G ;�S�O
��;BG�OR;XKL|�G�K�d¤z�=�GZA
MZKQ;"z�?[C�D�=UGVz��>KLGIA"S�C®aBOdaBC�G�A"J�a MZC�D�C�G�MZCiG�z�C®OU} A"S�Cm'�7¢?[C�z�O�GV;XA"?[J�z�A[K`O�GIC�h�z�KLC�G�z�� �
g���n
�M�JsMx`{�k���p
k}{(oqx<rtj
k�xtj4s ¦ r<� ¦ o*� k}o\xZn
wtkH{Ul$n@oqp�rtsMrvu ¦ wt�$� sMrtx<p
�$�TsMp@oq�
��o\�Mn
k�{�sM��s�{�k}{0¥�u rtj
k�kfwZwt��w¯� ¦rtj4ke� k}o\xZn
wtk^�Tkfp�r}�



���������
	���
�������������������� �CF

� Á�Í�����Â¿Ä��
�(S�CB=�Y`|dO�?"KLA"S�a A[OIA@=U|IA[S�C>?[C�=�z�A"K`OdG �i� ���0P 507�P N�� N K MZCb;"z�?[K`k�C�MeK`GE] «�1�^ K K�;*k�=d;XC�M�O�G

=-MZKQ;XA"KLG�z�AcYLO�G�|#N�S�=�MZ?[O�G�YLK�}�C�A[K`aBCcKQMZC�G�A"K dVC�MBJ�;XKLG�|>A[S�C_YQ=U?[|�C_A[?@=dz´{BKLaBD�=dz�A(D�=�?@=�aBC�A"Ci?@;(OU}
A[S�C-MZC�zi=b�TD�?"O�M�J�z�A@; � �(S�C-aBC�A[S�O�MxD:?"O4dVA@;�}�?[O�a A[S�CH|�OFO�MND�C�?X}�Od?"aI=�G�z�CHO�}cA"S:C?b98�:<;R=U>
;�K`YLK�z�OdGBq+C�?"A[C��7b�C�A"C�z�A"O�? D qab G MZCb;"z�?[K`k�C�M>KLG ��� /d�

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Purity

E
ff

ic
ie

nc
y

RΦ+z

RΦ

Z → b b

DELPHI

�6K`|�J:?"C /$I Ú#��"$�D�%$A�3�2�����6�A��� ) � 5 %��	���(���=�&"$�*�9��
�
�� )�� ,&��/(���	�*�J��% ) �
	=��%&�������;��� 5 �+,U��� �&"$�!� 5 �R���
� ) ����
�� ��, � ? �9���	�$� ) �2� ���	������
���� ��� <R��"$�7�	�; ���%D� 5 %3��� ,�"$�� D,��&"$�-�9��
�
��	�$
(����%.� ��%3/������6�- "$���
�����	� ������� /(�+��, 5 %&��/C�����U��,D�������1�N� ? �2��<

=*=dMZ?"OdG�;_z�O�G�A@=UKLG�K`G:|6N �FJ�=U?[{�;*S�=��FC�=xY`OdG�|eYLK�}�C�A[K`aBC(�cS�O¥;XCI=��FC�?W=U|dC>�d=UYLJ�C K =�z�z�Od?@MZKLG�|
A[O_A[S�C*Y�=�A"C�;�A(aBCb=�;XJ:?"C�aBCiGZAW; K K�;(=�?"OdJ�G�M /d�¬y D�; D ;�C�C(>�GZA[?"O�MZJVz�A"KLO�G>}�Od?cA"S�C*Ci��=dz�A+GZJ�a-k�C�?@; G@�
S Od?"C�O��FC�? K A[S�C��j=U?[CIaI=�;[;XK`�FC&�cS�KQz´SPz�=UJV;XC�;_A[S�C�K`?£MZC�z�=��jD�?"O�M�J�z�A@;_A[O�S�=��FCBY�=�?"|dCBK`aBDV=�z�A
DV=U?@=�aBC�A[C�?@;2?"CiY�=UA[K`�FCcA[O_A"S:C � � � � KLGZA[C�?@=dz�A"KLO�G-DlOdK`G�A D D�?"KLaI=U?[�_�FC�?[A"C�� G@� >�Ac;�S�O�J�YQM>k�C*G�OdA"C�M
S:C�?"C K A"S�=�ABC���DlCi?"K`a�C�GZAW=UY0aBC�=�;�J�?"CiaBC�G�A@;\O�}�A"S�CEN} ¿kV=U?"�FOdG5Y`K
}�C�A"KLaBCI;XS:O4�³=N;�K`|dG�K d¤zi=UG�A"Y`�
;�S�O�?[A"C�?�Y`K
}�C�A"KLa>C�OU}<=U?[O�J�GVM /d�M� D�; K �cS�K�z@SN;�A"KLY`Y+?"C�a�=UK`GV;*=UGNJ:G�;XOdY`�FC�M�A"S�CiO�?"CiA"K�zi=UY+D�J @?@iY`C �
¡�C��FC�?"A[S�C�YLC�;"; K k�O�A[S
N} ¿aBCb;XO�GV;�=�G�M�Nf �k�=U?[�FO�G�;(YLK`�FC0Y`O�G:|_C�G�OdJ�|�S�A"O_D:?"O�MZJ�z�C®;XC�z�O�G�M�=�?"�-D�=U?} 
A[K�z�YLC�;*�cK`A[SeKLaBD�=�z�AcD�=U?W=UaBC�A[C�?@;c;�K`|dG�K d¤zi=UG�A"Y`��Y�=U?[|�C-z�OdaBD�=�?"C�MBA"O�A"S�C£MZC�A"Cbz�A"Od?¢?[C�;XOdY`J�A[K`O�G �
� GRA"S:K�;_k�=d;XK�;_Ci�FC�GZAW;\KLG �cS:K�z@SzN&�FJ�=U?[{�;H=�?"CID�?"O�M�J�z�C�MEz�=UGRk�CTMZK�;�A"K`G:|�J�KQ;XS�C�M²}�?[O�a A[S�C
OdA"S�Ci?cS�=�MZ?[O�G�KQz*C��FC�G�A@; �

�(S�C�D�?"O�z�C�MZJ�?[C_A"O�A@=U|�N¢Ci�FC�GZAW;(J�;XCb;¢=�Y`Y z´S�=�?"|dC�MxD�=�?"A[K�z�YLC�;¢;[=UA[K�;¶}���K`G:|Bz�Ci?"A@=�K`GI?"C ��J�KL?"C� 
a�C�GZAW;8}�O�?�A"S�C�KL?(?[C�z�O�GV;XA"?[J�z�A[K`O�G��FJ�=UYLK`A���=UG�MTz�O�G�;�K�;�A@;cOU} A"S�?[C�C®aI=UKLGI;XA[C�D�;�Ú



��«

/�� �8KL?@;�A¯A"S�C0DlO¥;XKLA"K`OdG_KLG_;�D�=�z�C(OU}VA"S�C0D�?"KLaI=U?[��507 MZC�zi=b�<K�;¯MZC�A[C�?"a�K`G�C�M�J�;XKLG�|*=�Y`Y�z@S�=U?[|�C�M
D�=�?"A[K�z�YLC�; k�C�KLG�|Tz�O�GV;XK�;�A"C�G�AT�cK`A"Sj=Iz�OdaBaBOdGx�FCi?"A"Ci�e=�G�M
�cK`A[S�A"S�C � � � � KLGZA[C�?@=dz�A"KLO�G
D�O�KLGZA�z�O�G�;�A"?@=�K`G�CbM��cK`A[SIA"S�C®k�C�=Ua~DlO¥;XKLA"K`OdG �

�Z� ¡¢Ci�ZAcC�=dz´S�z´SV=U?"|dC�MxDV=U?"A[K�z�YLC®K�;*=d;";XKL|�G�CbM�=UGeKLaBD�=dz�AcD�=U?W=UaBCiA"C�?0�cKLA"Se?[C�;XD�C�z�A¢A[OBA"S�C
?[C�z�O�GV;XA"?[J�z�A[C�MBD�?"KLaI=U?[�>�FC�?[A"C�� � >�A�K�;cMZC�d�G�C�MI=�;�=-MZK�;�A@=UGVz�C_O�}2A[S�CHz�YLOF;�C�;XA�=�D�D�?"O¥=�z@S
O�}2A[S�C®A"?@=dz´{�A"O-A"S�C®D�?[K`aI=�?"�H�FC�?[A"C�� � �(S�C�;�K`|�GIO�}+A"S�C®KLaBD�=�z�A�DV=U?@=�aBC�A[C�?(KQ;(DlO¥;XKLA"K`�FC
K
}cA"S:CH�FC�z�A"Od?c±�O�K`G:K`G�|IA"S:C>D�?[K`aI=�?"�I�FC�?[A"C��TA"OIA"S�C-D�O�KLGZA®OU}<z�Y`OF;�C�;XA�=�D�D�?"O¥=�z@SNOU}�A"S�C
A[?@=�z@{IaI=U{FCb;c=UGj=UG:|�Y`CHO�}0Y`C�;[; A[S�=UG ?@1 t �cK`A[S�A"S�C£MZK`?[C�z�A"KLO�GTOU}0A"S�C�±�C�A�A"Ob�cS�KQz´STA"S�C
A[?@=�z@{Nk�C�YLO�G�|¥; � � A[S�C�?}�cK�;XC�A"S�CT;XKL|�GEK�;_G�C�|¥=UA[K`�FC � �(S�CIK`aBD�=dz�A_DV=U?@=�aBC�A[C�?@;®K`GRA"S�Ca\Ó =UG�M¡a*ÙjD�Y�=�G�C�;B=�?"CeCi��=�Y`J�=�A"C�ME;XC�DV=U?@=�A"C�YL�Rk�J�AI=�?"Ce|dK`�FC�Gf=Nz�OdaBaBO�G ;XK`|dG }�Od?
=�|�KL�FC�GgA[?@=�z@{ ��� K`A[S5;XJVz´Sf=²MZC�d�G�K`A[K`OdGgK`AH}�O�YLY`O
��;HA"S�=�AB;�O�aBCTD�=U?[A"K�z�Y`C�;\}�?[O�a A"S�C
MZCbz�=���;(O�}*N} ¿SV=�MZ?[O�G�;*;�S�O�J:Y�MxSV=b�FC�;XK`|dG�K dlz�=UG�AcD�OF;XKLA"KL�FC\KLaBD�=dz�A(D�=�?@=�aBC�A"Ci?@; K �cS�Ci?"C�=d;
=�Y`YcO�A[S�C�?-z@S�=U?[|�C�MND�=�?"A[K�z�YLC�;_;�S�O�J�YQMgz�OdGZA[?"KLk�J�A"C�A"OjK`aBD�=dz�A®D�=U?W=UaBCiA"C�?£MZK�;�A"?"KLk�J�A[K`O�G
;��ZaBa�C�A"?[K`zi=UY`YL�T=U?"OdJ�G�M @�Ci?"O � � GgA"OdDROU}®A[S�=UA K }�Od?HC�=�z@SRA"?@=dz´{ =�;XK`|dG�K dlz�=UG�z�C�� K�;
MZC�d�G�C�MI=�;�=_?@=�A"KLO>O�}+A"S�C®KLaBD�=�z�A�DV=U?@=�aBC�A[C�?(A[O>KLA@;(C�?[?"O�? �

�Z� �8KLG�=UYLY`��A"S�C0N¯AW=U|d|�K`G:|*=�Y`|�Od?"KLA"S�a KLA@;�C�Y�}:z�=�G_k�C0=UD�D:Y`K`CbM � >¶A¯JV;XC�;¯=cD�?"CbMZC$d�G�CbM¢D�?"Odk�=Uk:K`Y  
KLAX��}�J�G�z�A[K`O�G�� D � G�K �cS�K�z@S®K�;¯A"S�C+D�?[O�k�=�k�K`YLK`A��¢}�Od?2=�z´SV=U?"|dC�M\DV=U?"A[K�z�YLC2}�?"O�awA[S�C+D�?"KLaI=U?[�
KLGZA[C�?@=dz�A"KLO�GIA"O-S�=��FC�=>;�K`|�G:K d¤z�=�G�z�Cm�cK`A"ST=�k�;XOdY`J�A[CH��=�Y`J�C��ROd?¢|d?"C�=�A"C�? � �(S:C_¡T ¿A[?@=�z@{
D�?[O�k�=�k�K`YLK`A���K�;�M�C$d�G�C�M®=d;�Ú

��� �
	��
� � ��
��
 7

D �¢Y`G�	 G � F������ �cS�Ci?"C 	��
�
�
��
 �

� D � � G D 1Z�£�V/
G

�(S�KQ;¢�d=U?[K�=Uk:Y`C_|dK`�FC�;cA"S:C_D�?[O�k�=�k�K`YLK`A��B}�O�?®=>|d?"OdJ�D²O�}�¡ A"?W=�z@{�;�=UYLY8A[OIz�OdaBC*}�?"O�a³A"S�C
D�?[K`aI=�?"�I�FC�?[A"C�� ��� �Tz�OdG�;XA[?"J�z�A"K`OdG K MZK�;�A"?[K`k�J�A[K`OdG²O�}����wK�; N =UA\}�Od?*|�?[O�J�DV;\OU}�A"?W=�z@{�;
}�?[O�a A[S�C®D�?"KLaI=U?[�>�FC�?[A"C�� K �cS�K`YLC¢}�O�?(N} ¿S�=dMZ?"OdG�MZCbz�=��BD�?"O�M�J�z�A@;cS�=d;¢=-;XS�=�?"DTDlCb=U{I=�A
@�Ci?"O �

�(S�C�¡  ¿A[?@=dz´{ID�?[O�k�=�k�K`YLK`A���MZCiA"C�?[aBK`G�CbM°}�O�?�=UYLY2A"?W=�z@{�;T�cK`A"S�D�O¥;XK`A[K`�FC-;�K`|�G:K d¤z�=�G�z�CHKQ;¢A"S�C
�d=U?[K�=Uk:Y`CNJ�;�C�M }�Od?�A@=U|d|�KLG�| NeCi�FC�GZAW; � >�A#�cK`YLY_k�CNS�Ci?"C�=�}�A"C�?�z�=UYLY`C�M%=,Nf ¿AW=U|%D�?"Odk�=Uk:K`Y`KLA��D ;�) ��� 
�� GW� �(S�CIz�J:A_O�G ;�) ����
�� MZC�A"Ci?"aBKLG�C�;cA"S�C
N�C�h�z�K`CiG�z���=�G�MND�J�?[K`A���OU}�A[S�CI;XCiY`C�z�A[C�M
C��FC�G�A6;"=�aBD�YLC � �8KL|�J�?[C /$I ;XS:O4��;6A"S�C0C�hIz�K`C�G�z��*=�G�M_D�J�?[K`A��*OU}VA"S�C0A@=U|d|�C�MH;[=UaBD:Y`C0MZC�D�C�G�M�K`G�|
O�G-A"S:Cc��=�Y`J�CcO�}¤A"S�C�z�J:A2O�k�AW=UKLG�C�MHK`GGbU8R:<;�=9>¯}�O�?2A[S�Cc�FC�=U?W; � ?
I =UG�M � ?�AZ��� K`G�z�C0K`G /2?�?�� A"S�C
qab,��=�;0;XA"KLY`Y¤;XKLG�|�YLC� ;XK�M�C�M D OdG�Y`�&a®ÓI?"C�=dMZO�J�A�=���=�K`YQ=Uk�YLC G A[S�C¢YLO
�(C�?�z�J�?"�FCcKLG#�8KL| � /$I ;�S�O�J�YQM
k�C�z�O�G�;�K�MZCi?"C�MI=�;�=H|�OFO�M�=UD:D�?"O���K`aI=�A"K`OdGBOU}ÝA"S�C]NcAW=U|�|dK`G�|-D�C�?X}�Od?"aI=�G�z�C*KLGIA"S�=�A¢�FC�=�? �
'R7�XÝÀFÃ�ÈUÈ�¼�¾¿Í�Á�Â¿Ã�Ä6Ç

�(S�C�;XKL|�G�=�Y¯OU} A"S�C '*)+;XC�a�K`Y`CiD�A"OdG�K�zcMZCbz�=��>KQ;(C��ZA[?@=dz�A"C�M-J�;XKLG�|-z�O�?[?"C�YQ=UA[K`O�GV;(klCiA^�0C�C�GB?[C� 
z�OdG�;XA[?"J�z�A[C�M('R7+zi=UG�MZKQM�=UA[C�;¯=UGVM\K�M�C�GZA[K d�CbM*z´SV=U?"|dC�M\YLC�D�A[O�G�;l}�OdJ�G�M\KLG_A[S�C0;"=Ua�C2S�C�aBKQ;XD�S:C�?"C �_*;0=UY`?[C�=�M��>C���D�YQ=UK`G:C�M°KLGI;XCbz�A"KLO�G I:� / '�)2MZC�zi=b�:;(z�O�G�A"?"KLk�J�A[C¢J�G:Kv�FJ�C�Y`�HA[O_A[S�C! #"%$'&)(+*-,."%$0/"'�7$X
z�Oda>k�KLG�=UA[K`OdG�; � S O�?[C�O��FC�? K ;XKLG�z�C0A"S�C0��=d;XA+aI=U±�Od?"KLAX�<OU}¤k�=�z@{�|�?"OdJ�G�M_S�=d;2G�O*D�?[C�}�C�?"?[C�M_z@S�=�?"|�C



���������
	���
�������������������� ��?

0

1000

2000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

DELPHI

Pbtag

en
tr

ie
s/

0.
02

pure Λb signal

0

100

200

300

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

R.S. correlations

W.S. correlations

no  b-tag

0

100

200

300

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

R.S. correlations

W.S. correlations

Pbtag < 0.10

�6K`|�J:?"C /2A Ú ��"$� 5 �$� ��%I���	���A
��	���+,��&"$�>�$%&� ? � ? �1� �	��� ) ��,��&%�� ?$5 ���	��� ���-�&"$� ��� �9��
�
��	�$
4���	
���%��	�&"$/
�6��%&%&�+,�� ��� ) �	�$
A�&�A�(� 5 %&�(,&��/(���	� ���R' ) ,L�	/ 5 �����3� ) ���������9, <D��"$� ) ���&�3� ) �1�	�$�0�	� ) �N�����&�+,!�&"$�8�;��� 5 �
��� �&"$��� 5 � 5 ,�� ) �	� �&"$�������;�2�$,L��,�<���"$�(�� ����2�� ���%!���	���9,8,�"$�� �&"$�(��Q /���,&, ) ��,��&%�� ?$5 ���	��� �J��%!' 7
����� ) � ) ���&�+, �6��%&%&�6�����&� ) �&�!�#�&"���%&
�� ) �	���$�&��� ? �6� ��%&� ��� ) ���J�&��%=�&"$��� 5 � ���8�&"$� ��� �6��
�
��	�$
#�$%&� ? � ? �1� �	����<

z�O�?"?[C�Y�=�A"KLO�G K A"S�C*Ci��z�Cb;";�O�}  #"%$'&)(-*+,."%$0/HC��FC�G�A@;2O��FC�?(A[S�C �  ��0/ $ *+,."%$0/HO�G�Cb;cz�=UGIk�C�MZK`?[C�z�A"YL�_?[C� 
YQ=UA[C�MBA"S�Cm' ) ;�K`|�GV=UY �

�(S�C�K`G�KLA"KQ=UY6;"=�aBD�YLC_OU}R' 7 X6D�=UKL?@;*;�A"KLY`Y6z�OdGZAW=UK`GV;*=>Y�=�?"|dC\}�?@=dz�A"KLO�G�O�}(kV=�z@{Z|d?"O�J:G�MeC��FC�G�A@;
a�=UK`G:Y`��MZJ�CHA"O ' 7 k�=�?"�FOdG�;¢}�?"O�a }�?W=U|�a�C�GZAW=UA[K`O�G�=UG�Me}�?"Oda�G�O�G� fN®C��FC�G�A@; � �/OI?"CbMZJ�z�C®A"S:K�;
kV=�z@{Z|d?"O�J:G�MBA"S�C*}�O�YLY`O
�cK`G:|H{ZKLG�C�aI=�A"K�zi=UY¤z�J�AW;(S�=��FC\k�C�CiGe=�D�D�YLK`C�M�Ú

Û � D 'R7�X G�� D �Z�£1 ­ I:�MACG�p C�q_rbs [ K
Û m D '�7�X G n ?Z�£1>p Ciq_r�s K
Û u G D��Æ 0 � �Æ � G�u ?�1 t K



IJ1

Û u G D �Æ � � 0ZK A[S�?"JV;XA�MZKL?"C�z�A[K`OdG Gcu IJA t �
�(S�C*d�?W;XA6Af�(O®z�J:A@;6;XC�YLC�z�A6aI=�;[;XK`�FC ' 7 X:;X�:;XA[C�aI;�O�?[K`|dK`G�=�A"K`G:|¢}�?"Oda =*z�OdaBaBOdG*D�?"OdaBD�A ;XOdJ�?@z�C�cS�KQz´S�aBOF;�A8D�?[O�k�=�k�Y`��K�;2=(N8kV=U?"�FOdG � �(S�C0G�C���A2Af�(O<z�J�A@; =U?"C(} =�K`?[Y`�*YLOFOF;XC<=UGVM_aI=UKLG�Y`�*|dJ�=U?WM
=U|¥=UKLG�;XA�=�z�z�KQMZC�G�A@=�Y�z�O�a-k�KLG�=UA[K`O�GV; �cS:C�?"C�C�K`A[S�C�?2A[S�C�Y`C�D�A[O�G-O�?0A"S�CU'R70klCiY`O�G:|F;�A[OH=�MZK�;�A"K`GVz�A
S�=�?@Mx|dY`J�OdG>±�C�A �

0

100

200

300

400

500

600

700

800

900

1000

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

DELPHI

(a)

(b) (c)

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

0

50

100

150

200

250

300

350

400

0 10 20 30

GeV

en
tr

ie
s/

2G
eV

0

100

200

300

400

500

-20 0 20 40

GeV

en
tr

ie
s/

4G
eV

�8KL|�J�?[C /�y Ú � �	
������U� %&��/ �&"$�(
���� 5 �	�$�('�)!,���/0�1�	���$�&������������,&��� ) � ) �+�����>' 7 ) P�� ���� 0 ' 7�� � �S���#�&"$�
� ��Q��0,�� ,.�&��/ �	������%��������A/���,&, ) �N,.�&%�� ?$5 ���	��� � ��%��&"$� %&�+�6����,��3% 5 �6�&� ) ' 7 1 ,
	U"����9�3"$� ) %&��
��2��� ,�"$�� D,
�&"$�0/���,3,*%9���$
��8�J%&��/  #"����&"B ��(�����6���$�8' 7 ����� ) � ) ���&�+, � � ? �#���$��%3
��
,�� �+�6�&% 5 / ��� %&�+�6����,��&% 5 �6�&� )
�3"���%&
�� ) �	���$�&����, � �S�&�Z���$��%&
��I,����+�6�&% 5 / ���Z%&�+�6����,��&% 5 �6�&� ) �$� 5 �&%��	�$��,�<

� G�A"O�D�O�}0A"S�C-=�klO��FC�{ZKLG�C�aI=�A"K�zi=UY¯z�J�A@;*=#N*A@=�|�|dK`G�|T=UYL|�Od?"K`A[S�a D ;�C�C-;XC�z�A"K`OdG A��M�CG �cK`A"S
A"S:CcD�?"Odk�=Uk�KLY`KLAX�£z�J�A�;�) � º���
 u 1�� / �c=d;�=�D�D�YLK`C�MHA"O®A"S:C�;XC�YLC�z�A"CbM\C��FC�G�A+;[=UaBD�YLC � �(S�C S O�G�A"C
� =U?[Y`O-MZKQ;XA[?"K`k:J�A"KLO�G-OU} A"S�CU;�) � º���
e}�O�?(|dC�G�J�K`G�CU'*)6C��FC�G�A@;+=UG�MBA[S�C*K`a�D�=�z�A OU}6A"S:CONH �A@=�|-z�J�AO�GjA"S:Cb'�)¢;�K`|�GV=UY+K`GjA"S�C�M�=�A@=I=U?[CI;XS�O
�cGjK`G �8K`| ��/�A�� �(S�KQ;®z�J�A�;XJ�D:D�?"C�;[;XC�;]+ Ic1�� OU}�A"S�C
k�=dz´{�|�?[O�J�G�MT=UAcA[S�C®D�?"KQz�C®OU}Ý=Uk�O�J�A /�A�� ;XK`|dG�=UY =UA[A"C�G�J�=�A"K`OdG#�cS�K�z@STz�O�?[?"C�;�DlOdG�M�;cA"O�=HMZ?"OdD
OU}ÝA"S�C®k�=dz´{�|�?[O�J�G�M>}�?W=�z�A[K`O�GI}�?"Oda A�«F� A"O IF«F� �

�8K`|dJ�?"C /iy =�;XS�O
��;�A[S�C D D \ G ;X�:;XA[C�a K`G��d=U?"KQ=UG�A2aI=d;";2MZKQ;XA[?"K`k:J�A"KLO�G_}�O�?+A[S�C¢|dC�G�J�K`G�C�;�K`|dG�=UY
OU}ÝA"S�C�z�=d;"z�=dMZCHMZCbz�=��b'�7) P X¿� �Y 0 'R7\[ ?"Cbz�O�G�;�A"?[J�z�A"CbM�KLGIA"S�C�;XKLa>J:Y�=UA[K`OdG � �(S�C�z�Od?"?[C�;XD�O�GVMV 



���������
	���
�������������������� I�/

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

x(Λb)

re
co

ns
tr

uc
ti

on
 e

ff
ic

ie
nc

y

DELPHI

〈ε〉 = 0.062 ±0.002

�6K`|�J:?"C /4F Ú � $ �3�	�����6�(���@�3"$�#' 7 ) P�� � ' 7�� � ���������U%&�+�6����,��&% 5 �6���	�������J�&��%Z�&"$�D�6��/(���	���&� �������	� ,L��,�<
� � '�) ����� ���
	��
� ×¿Ö�� <

KLG�|�?"Cbz�O�G�;�A"?[J�z�A"CbMNz´SV=U?"|dC�MNY`C�D:A"O�GE=�G�M G�CiJ�A"?[K`G�Oj;�DlCbz�A"?W=�=U?"CT|�KL�FC�GNK`GEd�|dJ�?"Cb;_kg=�G�Mgz �
�(S:C¢aBCb=�;XJ:?"C�M_C�G:C�?"|d�-MZK�;�A"?"KLk�J�A[K`O�G-K�;+=�z�O�G��FO�YLJ�A"KLO�G-OU}6A"S:C¢Od?"K`|dK`G�=�Y¤;XD�C�z�A[?"J�a =�G�M>A"S:C¢?[C� 
z�O�G�;�A"?"JVz�A"KLO�Ge?[C�;XOdY`J�A[K`OdG � S O�aBCiGZAW=_OU}�z´SV=U?"|dC�MxDV=U?"A[K�z�YLC�;�=U?"CHa�C�=�;�J�?"C�MIMZKL?"C�z�A"Y`��A"S�?[O�J�|dS
A[S�C_A[?@=dz´{�z�J�?"�d=�A"J�?[CH=�;9��=�;*MZCb;"z�?[K`k�C�MeK`G�;XC�z�A"K`OdG�� � /�� � S�=�A�}�OdY`YLO4��; K K`G�z�=�;�CHOU}�z@S�=U?[|�C�M
YLC�D�A[O�G�;cA"S�C(d�G�KLA"C®?"C�;�O�YLJ�A"KLO�GeO�}0A"S�C�C�G�C�?[|��B?[C�z�O�GV;XA"?[J�z�A[K`O�GTK�;cG�C�|dY`K`|dK`k�YL�I;Xa�=UY`Y½z�O�a�D�=U?[C�M
A[O_A[S�C®;XAW=UA[K�;XA[K�z�=�Y N J�z�A[J�=UA[K`O�GIO�}6A"S�C*|dC�G�J�K`G�C<;XD�C�z�A"?"J:a � >�GIz�OdGZA[?@=d;XA K A"S�C<G�C�J�A[?"K`G:O_C�G�Ci?"|��
KQ;\G�OdA-MZK`?[C�z�A[Y`�j=�ziz�C�;";�K`k�YLC>Ci�ZD�C�?[K`aBC�G�A@=�Y`YL� � >�A_S�=d;_A"O�k�CIC�;XA[K`aI=�A"C�MeOdG A[S�CIk�=�;�K�;_O�}*A[S�C
a�K�;";�K`G�|�C�G�C�?[|��jK`GjA"S�CBCi�FC�GZA<S�C�aBKQ;XD�S�Ci?"C-=�;O�cKLY`Y2k�CID�?[C�;XC�G�A"CbM KLGNMZCiA@=UKLY+K`GR;�C�z�A"KLO�G AZ�£AZ�
�(S:CB=�Y`|�Od?"KLA"S�a³Y`C�=dM�; K S�O
�(C��FC�? K A[O�=BY�=�?"|dC>C�?[?"Od?\OdG²A[S�C-?"C�z�OdG�;XA[?"J�z�A"C�M�G�C�J�A[?"KLG�OBC�G�Ci?"|�� �
�(S:K�;\YLK`aBKLA"C�Me?[C�;XOdY`J�A[K`OdGN|�KL�FC�;_=�;�K`|�G:K d¤z�=�GZA£z�O�G�A"?[K`k�J:A"K`OdGNA"OTA"S�CT;�A@=UA[K�;�A"K�zi=UY+C�?"?[O�?HO�}*A[S�C
D�OdY�=U?[K @�=�A"KLO�GIaBC�=d;XJ�?[C�aBC�G�A �

�(S�C-C�;�A"K`a�=UA"CbMe?"C�z�OdG�;XA[?"J�z�A"K`OdG²C�hIz�KLC�G�z��T=d;H=�}�J:G�z�A"KLO�GNO�}cA[S�C>}�?@=dz�A"KLO�GjOU}�A[S�C>k�C�=�a
CiG�C�?"|d�Tz�=U?[?"K`CbMxk��eA"S:C]'*)(KQ;*;XS:O4�cGjK`GW�8K`| ��/4F¥� �(S:CHC�;XA[K`aI=�A"K`OdGIK�;¢D�C�?�}�O�?"a�C�M>}�O�?®C��FC�G�A@;
;[=UA[K�;¶}���K`G:|²|dC�G�C�?W=UY®;�C�Y`C�z�A"K`OdGEz�?"KLA"C�?[K�= D M�C�;"z�?[K`k�C�MRK`G%;XCbz�A"KLO�G A�� /
G �cK`A[S¡'*)HM�C�z�=���;]�cS�C�?[C
D D X G n�� �£1xp C�q_r�sH=�G�M�D D '�7 G n I��£1xp C�q_r�s � �(S�C-z�Od?"?"Cb;XD�O�G�M�K`G�|TaBC�=UGT?"C�z�O�G�;�A"?"JVz�A"KLO�GjC�hb 
z�K`C�G�z��HK�;�}�O�J:G�MxA[O>k�C 1Z�£1�y � ](1Z�£1�1 � �

�(S�C-?"Cbz�O�G�;�A"?[J�z�A"CbM�'R7_a�=�;";<MZK�;�A"?"KLk�J�A[K`O�GV;<}�Od?  "%$'&)(-*+,."%$0/T=UG�M �  ��0/ $ *+,."%$0/
'�7�X+z@S�=U?[|�C
z�O�?"?[C�Y�=�A"KLO�G�;8Odk�;XCi?"�FC�MHK`GHA[S�C�M�=UAW=_=�?"C<;XS�O
�cG-K`G �8K`| ��/�«�� �(S�C¢Ci��z�Cb;";8O�}  #"%$'&)(+*-,."%$0/\z�O�?"?[C�Y�=
 



I �

0
25
50
75

100
125
150
175
200
225
250

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

DELPHI

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

R.S. correlations

0
25
50
75

100
125
150
175
200
225
250

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

W.S. correlations

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

�8KL|�J�?[C /�« Ú � ��Q���/���,&, ) ��,��&%�� ?$5 ���	����, � ��%D' 7 ����� ) � ) ���&�+,-�6��%3%&�6�����&� )  ��2�3"K���I� ) ����������� ) "��	
�">�Fº
�	���$�&���H�	� �����86�� �����89 ) ���9�$<A��"$���6E �6�+,&,8�����
	���
�������	���� �;����%���������������	���� ���������9,*��,0���&�3%�� ?$5 �&� ) �&�
�&"$� �*? ��%3�����I,L�	
������ <R��"$� � 5 %&���+, ��%&�!�&"$�!%&�+, 5 �2�*���Z�&"$� ) � 5$? �	� � � � 5 ,&,L����� ���9,�<

A"KLO�G�;2O��FC�?+A"S:C �  ��0/ $ *+,."%$0/_O�G�Cb;ÝKLG>A[S�CU'R7(a�=�;";6DlCb=U{�=UaBOdJ�GZAW;8A"O � Fc/C] � �O'�)8z�=�G�MZKQM�=UA[C�; �
�(S�C<z�O�?[?"C�;�D�O�G�MZKLG�|&'R70aI=�;[;+MZK�;�A"?"KLk�J�A[K`O�GV; }�Od?  #"%$'&)(-*+,."%$0/_=�G�M �  ��0/ $ *+,."%$0/Hz�Od?"?[C�Y�=�A"K`OdG�;2O�k� 
A@=�K`G�CbM�}�?[O�a O��FC�? I&-�/�1
3"! �! S OdGZA[C � =U?[Y`OHC��FC�G�A@;0=U?[C_;�S�O
�cGIK`G#�8KL| � /�?Z� �(S�C���?"C�D�?[O�MZJ�z�C�(CiY`Y�A[S�C�;XKL|�G�=�Y¯O�k�;�C�?"�FC�MBKLGxA[S�C�M�=UAW= �

���$# %P)�7'&c¹)(�&+**1+, ,84Z3:9
- )23:9�& 1³)(1�, 4.*�'�3/(�)+7�3:9�& 1
�¯O_Ci�ZA[?@=�z�A�A[S�C<=b�FCi?@=U|dC*z@S�=�?"|�CbM>Y`C�D:A"O�G�=UGVM�G:C�J�A"?[K`G�O®C�G:C�?"|dK`C�;8}�O�?0A"S�CU'*) ;XK`|dG�=UY K k�O�A[S

A"S:Cek�=dz´{�|�?[O�J�G�Mg}�?@=dz�A"KLO�Gf=UG�M5A"S�C�z�O�?[?"C�;�D�O�G�MZKLG�|Rk�=�z@{�|�?"OdJ�G�M5=��FC�?W=U|�C�CiG�C�?"|dK`C�;HK`GEA"S�C
 #"%$'&)(+*-,."%$0/>;[=UaBD�YLC¢SV=b�FC<A"OHk�C®{ZG�O
�cG � _*;��cK`Y`Y¤k�C_;�S�O
�cGIK`GIA"S�KQ;(;�C�z�A"KLO�G K A[S�C�;�C®z´SV=U?@=dz�A"Ci?H 
K�;�A"KQz�;(z�=�Gek�C®C���A"?@=dz�A"CbMxM�K`?"Cbz�A"YL�_}�?"O�a~A"S�C �  ��0/ $ *+,."%$0/B;[=UaBD:Y`C �

0HÍ�À�Î ��È�ÃlÌ6Ä6Ï5ÀFÃlÉRÆ+Ã�Ç�Â�Á�Â¿Ã�Ä
>�GBA[S�C*}�O�YLY`O
�cK`G�|m�(C9�cKLY`Y¤;XS:O4�%A"SV=UAcA"S:C*k�=�z@{�|�?"OdJ�G�MIz�OdGZAW=UK`G:C�M>K`G�A"S�C! #"%$'&)(-*+,."%$0/H;"=�ab 

D�YLC\KQ;(A"O-=H|�OFO�M�=�D�D�?"O���K`aI=�A"KLO�GBaBKLaBK�z"{dC�M_k��BA"S�C �  ��0/ $ *+,."%$ /B;"=Ua�D�Y`C �



���������
	���
�������������������� I �

0

50

100

150

200

250

300

350

400

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

DELPHI

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

R.S. correlations

0

50

100

150

200

250

300

350

400

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

W.S. correlations

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

�6K`|�J:?"C /2? Ú �L��Q��!/���,&,7�J��%0�&"$�A' 7 ����� ) � ) ���3�+,(�6��%&%&�6�����3� )  ��	�&" ��� � ) �����.����� ) "��	
�"4�Fº �	���$�&���
� ? �9���	�$� ) �J%&��/ �&"$�-,S�2/ 5 �������	���=<���"$�0� 5 %&���+,#��%3�!�&"$�!%&�+, 5 �	�*��� �&"$� ) � 5$? �	� � � � 5 ,&,S�N��� ���9,�<

82�:z�C�D�A+}�O�?<=>;�aI=UYLYV}�?W=�z�A[K`OdGxO�}+D�=�?"A"KQz�J�YQ=U?cD�S���;�K�z�;+D�?"O�z�C�;";�C�; A[S�C®k�=�z@{�|�?"OdJ�G�MTz�O�G�;�K�;�A@;
A[OB=HY�=�?"|dC\Ci�ZA[C�GZAcO�}0=�ziz�K�MZCiGZAW=UY¯z�O�a-k�K`G�=�A"KLO�G�;+klCiA^�0C�C�GIY`CiD�A"OdG�; D aI=UKLG�Y`�_}�?[O�a N G =UG�M�'�7@;
}�?[O�a }�?@=�|�aBC�G�A@=�A"KLO�GNOd?_} =U{FCBOdG�C�; D k�=dz´{�|�?[O�J�G�MNA[O�A"S�C�'R7-;�K`|dG�=UY G@� �(S:C  #"%$'&)(-*+,."%$0/j=UG�M
�  ��0/ $ *-,."%$0/ S O�G�A"C � =U?"YLO�;[=UaBD�YLCBz�O�aBD�OF;�K`A[K`O�GjK�;®;�S�O
�cG KLGE�6K`| � � 1 =UG�MN;�J�aBaI=�?"K.@�C�MxKLG
�6=Uk:Y`C � �

_*;6S�=�;0=UY`?[C�=�M��HklCiC�GHaBC�G�A"KLO�G�C�M K A[S�C¢|dC�G�J�K`G�C�M�C�z�=��]' ) P XtYL' 7 [³z�OdGZA[?"K`k:J�A"C�;6O�G�YL�HA"O
A[S�C  #"%$'&)(-*+,."%$0/ez�O�?"?[C�Y�=�A"KLO�G�; � =¢O
�(C��FC�? K N} �k�=U?[�FO�G�;*zi=UGjklCHA[S�C-;XOdJ�?@z�CHOU}�=Bk�=�z@{Z|d?"OdJ�G�Mj=�;�0C�Y`Y � >¶GT�6=Uk�YLC �_A[S�C�?"C�=�?"C®A"S�C*}�OdY`Y`O
�cKLG�|HA"S�?[C�C�z�=UA[C�|�Od?"KLC�;(OU} A"S�C®k�=�?"�FOdG�K�z*k�=dz´{�|�?[O�J�G�M¤Ú
/�� [&) P XZYJ[

�

�cS�Ci?"C<=_A"?"J:C¢YLC�D�A"OdG>}�?"Oda A[S�C*k�=�?"�FOdGIMZC�z�=��HS�=d;(k�C�C�GB?[C�z�O�GV;XA"?[J�z�A[C�M
k�J�ABA[S�C�'�7xKQ;°CiK`A"S:C�?°} =�{FC�O�?IM�OFC�;BG�O�AIz�O�aBCB}�?"Oda A[S�CENf ¿kV=U?"�FOdG zi=�;"zi=�MZC � �(S:K�;
z�=UA[C�|�Od?"�BKQ;¢=�Y`aBO¥;XA(C ��J�=�Y`YL�BMZKQ;XA[?"K`k:J�A"C�MI=�aBO�G�|-A"S:C\Af�0O-;XK`|dG�z�Od?"?[C�Y�=�A"K`OdG�; � _ D�?"KLO�?[K
A"S�C�?[Cc;�S�O�J�YQM°k�C�=®;Xa�=UY`Y�C�G�SV=UG�z�CiaBC�G�A¯K`G_A[S�C �  ��0/ $ *+,."%$0/�MZJ�CcA"O*}�?W=U|�a�C�GZAW=UA[K`O�G �'R7	�ß;
z�O� �D�?"O�M�J�z�C�M#�cK`A"SIA[S�C]Nck�=U?[�FO�G � =�O4�0C��FC�? K A[S�K�;c;�O�J�?Wz�C®K�;(S�KL|�S�YL�I;XJ:D�D�?"Cb;";XCbMxK`GIA[S�C
;XC�YLC�z�A"KLO�GI=�G�MBS�=�;ck�C�C�GI}�O�J�G�MBA[O>k�C®G�C�|dY`K`|dK`k�YLC �

� � [&)RP 'R7\[
�

�cS:C�?"C£=°A[?"J�C 'R7¢}�?[O�a�A"S�C�k�=U?[�FO�G�z�=�;[z�=�MZC�S�=�;�klCiC�Ge?[C�z�O�GV;XA"?[J�z�A[C�M
k�J�A2A[S�C(YLC�D�A"OdGHK�;¯C�K`A[S�C�?6aBK�;�K�MZCiGZA[K d�C�M�O�?+MZOFCb;8G�O�AÝz�O�aBC+}�?"Oda A[S�C9N ;XC�a�K`Y`CiD�A"OdG�K�z2M�C� 



I�I

Ci�FC�GZA�z�=UA[C�|�Od?"� � KL|�S�AH � K`|dG � ?[O�G�|@ � K`|�G
'�) P XtYL'R7\[ I � F�] � /

�

N�ÜFkV=U?"�FOdG�;[ ) P XtYJ[ A � ]®« A�y ]mF
N�ÜFk�=�?"�FO�GV;[&)�P '�7H[ /�«$]9I � « ] A
N�Ü¥k�=U?[�FO�G�;[&)�P�[ ? ] � � ] �

% aBC�;�O�G�; � 1 � ]]/4F � ACF�] /�y
s"Ü�±�CiA@; � ?$]®y IF« ]mF
á ��� ��� O�?�� � F�]®y IJ1 ]�y

A[O�A@=�Y
kV=�z@{Z|d?"O�J:G�M I¥yV/�] � / I � ? ] � /

�6=Uk�YLC��ZÚ�� �����&�
	 ��%��	� �6��/(����,L�	���	��� ��� �&"$� � 	���
 ������	���� ��� ) ���$����������	����:���������A,&��/(���	�+,A���J�&��%
���$���	���2�$
I�;� �Z,��6�	�+�6���	���
�6%��	�&��%.�N� <

z�=�� � =¢C�?[C¢A[S�C�?"C�aBKL|�S�A2k�C*Af�(O®D�S���;�K�z�=�Y�;�O�J�?Wz�C�;+OU} MZC$dVG�K`A[C*;�K`|�G�z�O�a-k�K`GV=UA"KLO�G�; � �(S�Cd�?W;XA�O�G�C K N} �k�=U?[�FO�G�P s\ �k�=U?[�FO�G P X � Y 0 ' 7 [ �cS�C�?[CBA"S:CBY`C�D:A"O�G�}�?"Oda A[S�CI;�C�aBK`YLC�D� 
A[O�G�KQzxs�MZC�z�=��NS�=d;°k�C�CiGg;�C�Y`Cbz�A"C�M K K�;H=�;XOdJ�?@z�CeOU} �  ��0/ $ *+,."%$0/Nz�O�a-k�K`G�=�A"KLO�G�; � >�AHK�;
S�KL|�S�YL�H;�J�D�D�?[C�;";�C�M>k��_A"S:C¢?[C
��J:K`?"CiaBC�G�A@;�OU} =*S�KL|�S-Y`C�D:A"O�G-D�ºI=�G�M-=\aI=d;";/}�Od?(A"S:C9'�7$X
;���;�A"C�a A[O>Ci��z�CiC�M � p C�q_rbs [ � �(S�C�?[C�}�O�?[C K K`A@;cz�O�G�A"?"KLk�J�A[K`O�GIA[OBA"S�C®A[O�A@=�Y8kV=�z@{Z|d?"O�J:G�M
MZOFCb;°G�OdA>Ci��z�CiC�M�� � � �(S�C�;�C�z�OdG�MNO�G�C K NH �k�=U?[�FO�G�P � �Y���'�7\[ �cS�C�?[C��
P Y��4X �Y 0vK
KQ;¢K`G�A[J�?"GP=B;XOdJ�?@z�C>O�}� #"%$'&)(+*-,."%$0/xz�O�a-k�K`G�=�A"KLO�G�; � �(S�C � � D N�P �l�
P X�� G S�=�;*k�C�C�G
C���D�C�?"KLaBC�G�A@=�Y`Y`�®C�;�A"KLaI=UA[C�M°A[OHk�C D 1Zo�F*] 1�o � G"� ] /�y�^ =UG�MBKQ;�G�OdA¢G�Ci|�Y`KL|�KLk�Y`C � _ z�C�?"AW=UK`G
=�A"A"CiGZJ�=�A"KLO�GBO�}2A[S�K�;0;XK`|dG�=UY¤K�;+O�k�AW=UK`G:C�MBkZ�-=_?[C
��J:K`?"CiaBC�G�A8O�}6A"S�C*S:K`|�S�aBO�aBCiGZA[J�awOU}
A[S�C*Y`CiD�A"OdGe;�K`G�z�C*A"S�C<Y`C�D�A[O�GB}�?"Oda A"S:C®�Iz�=�;[z�=�MZC®KQ;�Y`Cb;";�CiG�C�?"|dC�A"KQz � ��?[O�a A[S�C S O�G�A"C
� =�?"Y`O-C�;�A"K`a�=UA"KLO�GI�Bk�=dz´{�|�?[O�J�GVMx|�KL�FC�;c=-;XaI=�Y`Y¤z�O�G�A"?[K`k�J:A"K`OdG D k�C�Y`O
� � �"G�K k�J�A�;�K`G�z�C
KLA�KQ;+z´S�=�?@=dz�A"C�?[K @�CbM_kZ�HC��:z�C�D:A"K`OdG�=UYLY`�®S�KL|�S-aBK�;[;XK`G:|*C�G�C�?[|�� D Y`O
� J_�d=UYLJ�C�; G K`A0z�=�G>YLC�=�M
A[Oe=BD�C�?Wz�C�D�A[K`k�YLCH;X�:;XA[C�aI=�A"K�z®;�S�K�}�A � �(S�C-C���z�C�D�A"KLO�G�=�Y`YL�BS�K`|dS²a�K�;";�K`G�|-C�G�Ci?"|���z�O�a�C�;
}�?[O�a A"S:C_} =�z�A®A"SV=UA®K`G�A[S�CHD�?"O�z�C�;";®A"S�C�?[C-=U?[CHA"S�?[C�CHC�;"zi=UD�KLG�|IG�C�J�A[?"K`G:OF;�Ú®= �Y��°}�?[O�a
A[S�C�;XC�aBKLY`C�D:A"O�G:K�z N�MZCbz�=��BA"O-=-�I=UG�MT= Y�� D �Y 0 }�?"O�a~A"S�C��IMZC�z�=�� �

� � [&)�P [
�

�cS�Ci?"C(G:C�K`A[S�C�?6A"S�CcYLC�D�A"OdG_}�?"Oda A"S:C9N+MZC�zi=b�®G�Od?+A"S�CT'�7Ý}�?[O�a K`A@; z�=�;[z�=�MZC
S�=��FC*k�C�CiG>}�O�J�GVM � �(S:K�;(zi=UA"Ci|�O�?[�BK�;(�FCi?"�HD�OFO�?[Y`�BD�O�D:J�Y�=�A"C�MT=UG�MBk�C�;XKQMZC�;0;XS�OdJ�Y�MBG�OdA
z�OdGZAW=UKLGe=�GZ��k�K�=d; A[O4��=U?WM�;(C�K`A[S�C�?�;�K`|�GTz�Oda>k:K`G�=�A"K`OdG �



���������
	���
�������������������� IJA

0

50

100

150

200

250

300

350

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

DELPHI

R.S.

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

Λb → lνΛX

b-baryons  (bck)

b-mesons

c   jets

uds+g   jets

0

50

100

150

200

250

300

350

1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16 1.17 1.18

W.S.

GeV/c2

en
tr

ie
s/

4M
eV

/c
2

b-baryons  (bck)

b-mesons

c   jets

uds+g   jets

�6K`|�J:?"C � 1 Ú � �����3� 	���%��	�-�6��/(� ��,L�	���	���(��� �&"$� � 	���
 ������	����-��� ) �&"$� ��������������	����*���������R,&��/C���2�+,U���J�&��%
���$���	���	�$
����1� ,��6�	�+�6���	���I�6%��	�&��%.�N� < ��"$�!,L�	
������ ��,U�6E �$%3�+,&,�� ) �	�A�&��%&/�, ���	� ��Q � /���,3, ) ��,��&%�� ?$5 ���	����,��J��%
' 7 ����� ) � ) ���&�+,*�6��%&%3�6�N���&� )  ��	�&"
����� ) ����������� ) "��	
�"I�Fº>�	���$�&���=<

_*;(KLA(KQ;c;XS�O
�cGeKLGI�6=Uk�YLC �HaI=U±�Od?"KLAX�HO�}2A[S�C®k�=�z@{�|�?"OdJ�G�MIz�OdaBC�;Ý}�?[O�a % aBC�;�O�G�; � S O¥;XA
O�}¤K`A =U?"C�=dz�z�KQMZC�G�A@=UY�z�O�a-k�K`G�=�A"KLO�G�;<�cS�K�z@SH=�?"CcG�OdA2k�KQ=�;XCbM_A"O
�c=�?@M�;8CiK`A"S:C�?8O�}¤A^�0O®;XKL|�G-z�Oda>k:K  
GV=UA"KLO�G�; � =¢O
�(C��FCi? K K`GBA[S�C*aBCb;XO�G�;"=�aBD�YLC �0C®=UYQ;XOOd�G�MI;�O�J�?Wz�C�;�O�}2D�O¥;";XKLk�Y`C®k�KQ=�;�C�;�k�C�Af�(CiC�G
 #"%$'&)(-*+,."%$0/B=�G�M �  ��0/ $ *+,."%$0/I;"=�aBD�Y`Cb; � _*;�;XC�C�GTK`GTA"S�C�A@=Uk:Y`C_A[S�C��T=Ua�O�J�G�A¢A[OI;XOdaBC /�1F� OU}
A[S�C*A[O�A@=�Y�k�=dz´{�|�?[O�J�GVM � �(S:C*C��:z�C�;";2KLGBA"S�C  "%$'&)(-*+,."%$0/-;"=�aBD�Y`C�O�?[K`|dK`G�=�A"C�;2}�?"O�a A"?[J�C*YLC�D�A"OdG�;



IFy

W−
l−

νl
c

b

q
–

q

q′
q″

q
–

′
q
–

″
q
–

″′

➢
E

N
E

R
G

Y
  R

A
N

K









baryon

anti-baryon

�8KL|�J�?[C � / Ú � ,L�	/(���1����� ) ���N�6� 5 %&�!��� �&"$�!"�� ) %&�������+�����	�����	�+� ) �	�$
��&�0�&"$� ,.�&%&���$
0���$��%&
��C%9���$T��2�$
C���
�&"$�*�J%9��
�/C�����9�����	�����$%3� )�5 �6�9, <

}�?"Oda�;XCiaBK`YLC�D�A"OdG�K�z0% MZC�zi=b�:;�DV=UK`?[C�Mb�cK`A[SxD:?"O�a�D�A0'�7 �¬;�}�?[O�a }�?W=U|daBC�G�A@=UA[K`OdG � >�GIA"S�C*}�?W=U|� 
aBC�G�A@=�A"KLO�GekV=U?"�FOdG�;*=�?"C�=UY ��=���;¢D:?"O�MZJ�z�C�MeK`G�k�=�?"�FOdGN=�GZA[K  �k�=U?[�FO�G�D�=�K`?@;®z�OdaBD�YLC�A"C�YL�B;��Za  
aBC�A[?"KQz�=UYLY`� � =�O4�0C��FC�? K A"S�C�;�A"?"OdG�|HC�G�Ci?"|��-?@=�G�{�K`G�|Hk�J:K`Y`A} ¿KLGBA"OHA[S�C S OdGZA[C � =U?[Y`O-aBO�MZC�Y�S�=d;
A"S:C(C��¤C�z�A¯A[S�=UA =UGHCiG�C�?"|dC�A"KQz2k�=U?[�FO�G\}�?[O�a }�?@=�|�aBCiGZAW=UA"KLO�G®aBO¥;XA¯D�?[O�k�=�k�Y`��z�OdGZAW=UK`GV;/A[S�Cc=�GZA[K  
D�=�?"A"G:C�?(O�}¯A"S:C¢YLK`|�S�A���JV=U?"{Hk:J�K`YQMZK`G�|®A[S�C9%waBC�;�O�GT] « � ^�� _�;�K`aBD�YLK d�CbM�D:K�z�A[J�?"C<;XS�O
�cKLG�|_A[S�K�;
aBC�z@S�=�G�K�;�a K�;8|dK`�FC�G�K`G&�8KL| � � /�� �(S�Ci?"C�}�Od?"C K kZ�£=�;�{ZKLG�|*}�O�?�'�7	�¬;8aBOdaBC�G�A"J�aTn I��­1¢p C�q_rbsR�(C
} =��FO�J�?6D�=�K`?@;¯OU}VA"S�C0AX��D�CFÚ D �% � N �!JG D D !�!�� !�� � �5k�=�?"�FOdG G �cS:K�z@SHz�OdGZA[?"K`k:J�A"C+A"O�A"S:C  #"%$'&)(+*-,."%$0/
;"=�aBD�YLC � >�GxA[S�K�;cD�KQz�A"J�?[C®A"S�C�=UG�A"K  ¿kV=U?"�FOdGx}�?[O�a }�?W=U|�a�C�GZAW=UA[K`O�GIS�=d; A[O>k�C�Y`O
�(C�?cKLGIA"S�C�C�G� 
C�?[|��5?@=�G�{%=UGVM S�CiG�z�C�S�=d;x;�aI=UYLY`C�?-D�?[O�k�=�k�K`YLK`A��gA[O DV=�;";IA"S�CP;XCiY`C�z�A[K`OdG�; � � kZ��K`OdJ�;XYL�z�(C
z�=�G�G�O�A�MZKL?"C�z�A[Y`�j=d;";XJ:aBCIA"S�=�A>A[S�CT;"=Ua�CBaBC�z@S�=UG:K�;Xa Ci�ZKQ;XA@;_KLGR?"C�=�Y`K`A�� � � �(S�C�?"C�}�O�?"C K A[S�K�;
D�S�CiG�O�aBCiG�O�G-z�=�GBk�C¢OdG�Y`�HA[?"C�=�A"C�M-=�;+=�;XO�J:?@z�C�OU} ;���;�A"C�aI=�A"KQz�J�G�z�C�?"AW=UK`G�A���=UG�MB=d;(;�J�z´S&�cK`YLY
k�CcK`G�z�Y`J�MZCbM\K`G�A"S�C*dVG�=UY�Ci?"?"Od? � � CiaBK`YLC�D�A"OdG�K�ze% MZC�z�=��:; K ;�J�z@S-=�;�%�P '�� �� XtYJ[ D �cS:C�?"C ��
K�;c=�G�=�GZA[K`k�=�?"�FO�G G z�O�J�YQMe=�Y�;XO-|�KL�FC*?"KQ;XC®A"O�=UGIC��:z�C�;[;(OU}+A[S�C  "%$ &)(+*+,."%$ />z�Oda>k�KLG�=UA[K`OdG�; � �(S�C
=�z�A"J�=�Ylk:?@=UGVz´S�KLG�|\}�?W=�z�A[K`OdG°}�Od?c;XJVz´S-D�?"O�z�C�;";�C�;�KQ;Ý�FCiA2G�O�A0aBC�=d;XJ�?[C�M_k�J�A+}�?"O�a A[S�C<=b�d=�K`Y�=�k�Y`C
Y`KLaBK`AW;8A"S:C_z�O�G�A"?"KLk�J�A[K`O�GIO�}2A[S�K�;(k�=dz´{�|�?[O�J�GVM�SV=�;cklCiC�GIC�;XA[K`aI=�A"C�MHA"OHk�C_G:C�|�YLK`|�KLk�Y`C£] IcAU^ � >¶G
} =�z�A K K`GIA[S�C S O�G�A"C � =�?"Y`O&�(C�MZO-G�OdAcO�k�;�C�?"�FC�=UG��BC��FCiGZAW;�OU}ÝA"S�KQ;(AX��D�C �

�(S�C�A"S�KL?@MHz�YQ=�;";6OU}¯A[S�Cck�=dz´{�|�?[O�J�G�MHK�;6A"S�CcOdG�CcO�?[K`|�KLG�=UA[K`G�|*}�?[O�a =®s���J�=�?"{ � _¢DV=U?"A2}�?[O�a
=�ziz�K�MZCiGZAW=UY¤z�O�a-k�KLG�=UA[K`O�GV;8K`A�z�O�G�A@=�K`G�;�'R7�X�D�=�K`?@;2}�?"Oda A[S�C*D�?[O�z�C�;";cs\ �k�=U?[�FO�G�P '�7\[ �cS�KQz´S
z�OdGZA[?"K`k:J�A"CHA[OeA"S:C �  ��0/ $ *+,."%$ / ;[=UaBD:Y`C � �(S�C�KL?�z�O�G�A"?[K`k�J�A[K`OdG²KQ;�S:K`|�S:Y`��;�J�D�D�?[C�;";�C�M²k���A"S�C
z�J�AcOdGeA[S�C®Y`C�D�A[O�G-m º =UG�MIkZ��A"S�C]Nf �A@=U|d|�KLG�|I=UGVMe;XS:O�J�YQMe;XAW=��I=UAcA[S�C � � Y`C��FCiY �
g
	¯p
kU����n
��{Ortj4s£p��]� ¦ �Tk}oqxtn
wZs£p4�(sMr�sMp]rtj
k9{
o\rio9n
xtsMp
�Ok�� �@�9xZsM��p&�i�$wtwtk^�§oqrtsM��p"¥@k^r � kfk^p wZk}�i�$p
xtrZwtn@�irZk}{��
�� x oqp@{���� � x¤��w � wZ��rt�$p
x`o\x<o ¦ n
p��irtsM��p � ¦ rZj
k�kfp
kfwZ��u9� ¦ rZj
k��§oqrtrZkfw}� h<j
sMx � j
� � k^��kfw � {�kfxZkfwt�$kfxeoRxtk � o\wio\rtko\p�o\�Mu�xtsMx oqp@{ j@o\x<p4��r<¥�kfkfpm{��$p
k�n � rt�0p
� � �



���������
	���
�������������������� IVF

S � k�=�z@{Z|d?"OdJ�G�M � KL|�S�AH � K`|dG D p C�q G � ?[O�G�|@ � K`|�G D p C�q G
=��FC�?@=�|�C �30 ?Z��F
1 ] 1Z� � y ?�� � I�](1�� � y
=��FC�?@=�|�C ��� yZ�£1�A ] 1Z� � A A��¬«�«$](1�� � A
J /��ßy�1 ] 1Z� /�1 /d�MACF�](1�� /�1

�6=Uk:Y`C I Ú � ����%9��
��(%&�+�6����,��3% 5 �6�&� ) �3"���%&
�� ) �2���$�3��� ��� ) �$� 5 �&%.�2�$�>���$��%&
��2�+,C��� ) �&"$�6�	%0%9�����	���A�	�
� 	���
�������	����(��� ) ���$����������	���� � �����3� 	 ��%��	� ? ���3T�
�%3� 5 � ) <

�8KLG�=UYLY`� K A[S�C_YQ=�;�A*z�YQ=�;[;*z�O�G�A@=�K`G�;T'R7�X6D�=�K`?W; ?[C�z�O�GV;XA"?[J�z�A[C�MxKLGeA"S:CHá K ��K � O�?*|dY`J�OdGB±�C�A@; �
�(S:C�;XC�z�O�a-k�K`GV=UA"KLO�G�;H=�?"C�D�J:?"C�YL�R=�z�z�K�MZC�G�A@=�Y�=UG�MgS:C�G�z�C�=U?"CTC
�FJ�=UYLY`�EMZK�;�A"?[K`k�J�A[C�MR=UaBOdG�|
 #"%$'&)(-*+,."%$0/-=UG�M �  ��0/ $ *+,."%$0/>;[=UaBD:Y`C�; �

� OdG�z�Y`JVMZK`G�| K =UD�=�?"A(}�?"Oda A[S�C�Y`K`a�K`A"CbM\D�S���;�K�z�;2k�KQ=�;+A"S�C�A"OdA@=UY  "%$ &)(+*+,."%$ /°=�G�M �  ��0/ $ *+,."%$ /
kV=�z@{Z|d?"O�J:G�MN;"=�aBD�YLC�;®;XS�O
� =UGE=�|�?"CiC�aBC�G�A � � K`aBKLY�=�?"Y`� K A"S�C�z�Od?"?"Cb;XD�O�G�M�K`G�|�YLC�D�A"OdGNC�G�Ci?"|��
M�K�;XA[?"KLk�J�A"KLO�G�;�;XS:O�J�YQM k�C-z�OdaBD�=UA[K`k�YLC®K`G�A"S:C_Af�(OIzi=�;XCb; � _¢�FC�?@=�|�C�C�G�C�?[|�K`Cb; O�}cA"S:CHz@S�=U?[|�C�M
YLC�D�A[O�G�=UG�MBA"S:C¢G�CiJ�A"?[K`G�O�K`G-A"S�C*Af�0O\kV=�z@{Z|d?"O�J:G�MI;"=Ua�D�Y`C�;¯}�O�?(A[S�C S � C��FCiGZAW;2=U?[C*|�KL�FC�G>KLG
�6=Uk:Y`C I�� >�GID�=U?[A"KQz�J�Y�=�?cA"S�C®?[C�;XJ�YLA"KLG�|7J>�d=UYLJ�C�;c;XAW=��BK`GT=H|�OFO�M�=U|d?"C�CiaBC�G�A �

;8O¥;";�K`k�YLCjMZC���K�=UA[K`OdG�;>A"OPA"S�C�D�O�YQ=U?[K @�=�A"K`OdG�a�C�=�;�J�?"C�a�C�GZA£=U?[K�;XKLG�|²}�?[O�a A"S:C�D�=U?[A"K�z�J�Y�=�?
D:SZ�:;XKQz�;/D:?"O�z�C�;[;XC�;0MZK�;[z�J�;[;XC�MH=�klO��FCT�cK`YLYZk�C<;XJ�aBa�=U?"K.@�C�M¢KLGB;�C�z�A[K`O�G y�� �®=UGVM �cKLY`Y:z�O�G�A"?[K`k�J�A[C
A[OHA"S�C�;���;�A"C�aI=�A"KQz¢C�?"?[O�? �

0HÍ:ÀUÎ ��È�Ã�Ì8Ä6Ï5Ç�Ì��/ÁbÈUÍ:À�Á�Â¿Ã�Ä
=*=���K`G�|��FC�?"K�d�C�M*A"S:Cc=�;[;XJ�a�D�A"KLO�G_A[S�=UA A"S�C� "%$'&)(-*+,."%$0/¢kV=�z@{Z|d?"O�J:G�M_K�;<�(C�YLYF?"C�D:?"O�MZJ�z�C�M_kZ�

A[S�C �  ��0/ $ *-,."%$0/_;"=�aBD�YLC�KLA2K�;6DlO¥;";�K`k�YLCcA"O*C��d=�Y`J�=�A"CcA"S:CcD�?"OdDlCi?"A"KLC�;8O�}�A[S�Cc|�CiGZJ�KLG�C0'�)8z�O�aBD�O� 
G:C�GZA � >�G-D�=U?[A"K�z�J�Y�=�?(A"S:C®=��FC�?@=�|�C<z´S�=�?"|dC�M>Y`CiD�A"OdG>C�G:C�?"|d�B=�G�M>A"S:C®=��FC�?@=�|�C�G�C�J�A[?"K`G:O_C�G�Ci?"|��
Od?"KL|�K`GV=UA"KLG�|H}�?"O�a³A"S�C '*)c;�C�aBK`YLC�D�A[O�G�KQz¢MZCbz�=��ezi=UG�k�C_Odk�A@=�K`G�C�MeJV;XK`G:|BA"S�C®}�O�YLY`O
�cK`G�|�k�=�z@{V 
|d?"OdJ�G�M®;XJ�k:A"?@=dz�A"KLO�G¯Ú

� �30�� �
	 � // ��� ) ��
 D � ����� ���0�� � 	 ����) ��
 � ����� �
�0�� � 	 G D 1�� � � G
�cS:C�?"C � � ��� �
�0�� � 	 =UGVM � � ��� �
�0�� � 	 =�?"C(A[S�Cc=��FC�?W=U|dCcz@S�=U?[|�C�M®Y`C�D�A[O�G�O�?2G�CiJ�A"?[K`G�O�C�G�C�?[|�KLC�;/a�C�=�;�J�?"C�M
KLG®A"S�C� "%$'&)(-*+,."%$0/*=�G�M\KLG_A[S�C �  ��0/ $ *+,."%$0/®;"=Ua�D�Y`C�;�?"C�;�D�C�z�A"KL�FC�Y`� � � ) ��
2K�;¯A"S:C(k�=dz´{�|�?[O�J�G�M*}�?@=dz$ 
A[K`OdG®MZC$d�G:C�M®=�;�Ú

�@) ��
 � ¡ ��� �
�
¡ ��� ���

D 1�� � � G



IF«

0

20

40

60

80

100

120

0 10 20 30

GeV

en
tr

ie
s/

2G
eV

(a)

0

20

40

60

80

100

120

-20 0 20 40

GeV

en
tr

ie
s/

4G
eV

DELPHI

(b)

0

10

20

30

40

50

60

70

80

0 10 20 30

GeV

en
tr

ie
s/

2G
eV

(c)

0

10

20

30

40

50

60

70

80

-20 0 20 40

(d)

GeV

en
tr

ie
s/

4G
eV

�8KL|�J�?[C � �ZÚ � ���$�3��� ���$��%&
�� ,�� �+�6�&%9� �J��%0�&"$� �������*' 7 � ,&��/C���2� � � 5 � ) �2� ) ���9�$< � �2���9, �S���-��� )
�S�&�#,�"$�� �&"$�0�&"���%3
�� ) �	���$�&���>���$��%&
��A #"��1�2�0���	���9,5� ? �#��� ) � ) � 
��	���0�6��%&%&�+,.����� ) �	�$
 ) ��,��&%�� ?$5 ���	����,
�J��%-�&"$���$� 5 �&%��	�$��<B��"$� 5 �$� ��%(���	���9,0,�"$�� ) ��,��&%.� ?$5 �.�2����,0�J��% �
	���
�������	���� � ? �����$T "��N,.�&��
�%9��/'�D��� )
���$����������	���� � "����9�3"$� ) "���,��&��
�%9��/'�!' 7 � ���;�2%6,�<4��"$���	�; ���%(���	���6,(,�"$�� �&"$�I�6��%3%&�+,������ ) �2�$
 ? ���3T �

�%&� 5 � ) , 5$? �&%9���6�3� ) ,����+�6�&%6�0�J��%��&"$�!'�)�,L�	
������	� �
	���
�������	������ ��������������	������6<

�cS�C�?[CB¡ ��� �
� =UGVM²¡ ��� �
� =�?"C-A"S�C-G�J�a>k�C�?<OU}�;�C�Y`Cbz�A"C�MeCi�FC�GZAW; }�O�J:G�M²K`GjA"S:C  #"%$'&)(-*+,."%$0/e=�G�M
�  ��0/ $ *+,."%$0/B;[=UaBD:Y`C�;+?"C�;�DlCbz�A"KL�FC�Y`� �

�8K`| � � ��;XS�O
��;8A[S�C0z´SV=U?"|dC�M*Y`C�D:A"O�G£=UG�M®G�C�J�A[?"KLG�OcC�G�C�?[|��®;�D�C�z�A"?W=�}�Od?8k�OdA"S  #"%$'&)(-*+,."%$0/*=�G�M
�  ��0/ $ *+,."%$0/T;"=Ua�D�Y`C�;<=UG�Me}�O�?®A"S:Cb'�)¢;�K`|�GV=UY+O�k�AW=UKLG�C�Mj=b}�A"Ci?\A[S�CHk�=dz´{�|�?[O�J�G�MP;XJ�k�A[?@=dz�A"KLO�G ��8KL|�J�?[C � �I;�S�O
��;�A[S�C-;"=�aBCHM�K�;XA[?"KLk�J�A"KLO�G�;cO�k:A@=UKLG�C�Me}�?"Oda A[S�C S O�G�A"C � =�?"YLO � �(S�C-;�DlCbz�A"?W=
C�;�DlCbz�K�=�Y`Y`��K`G-A"S�C �  ��0/ $ *+,."%$0/_YLOFO�{�;XK`a�K`Y�=�? � =�O4�0C��FC�? K K`G S O�G�A"C � =U?[Y`O_A[S�C�?[C*;�C�C�aI;8A[O_k�C<=
S�=�?@MZC�?2}�?W=U|�a�C�GZAW=UA[K`O�G®}�J�G�z�A[K`OdGHA"Om'*)�k�=�?"�FOdG>A[S�=UG-O�k�;�C�?"�FCbM_K`GHA"S:C�M�=UAW= � >�A2K�;6aI=UG�K
}�C�;XA[C�M
K`G5A[S�C�S�=�?@MZC�?�z´S�=�?"|dC�MgY`C�D:A"O�G%;�D�C�z�A"?[J�a � �(S�C�D�O¥;";XKLk�Y`CjK`a�D�=�z�AHO�}HA[S�Ce}�?@=�|�aBC�G�A@=�A"KLO�G
}�J�G�z�A"K`OdG5O�G5A[S�C�D�O�Y�=�?"K.@�=UA[K`O�G5a�C�=�;�J�?"C�a�C�GZAm�cK`YLY¢k�Cjz�O��FC�?[C�M KLG5;XCbz�A"KLO�G yZ� � �cS�C�?[C�A"S�C
;X�:;XA[C�aI=�A"K�zcC�?[?"O�?�K�;(Cb;XA"KLaI=UA[C�M �



���������
	���
�������������������� IJ?

0

20

40

60

80

100

120

140

160

180

0 10 20 30

GeV

en
tr

ie
s/

2G
eV

(a)

0

25

50

75

100

125

150

175

200

225

-20 0 20 40

GeV

en
tr

ie
s/

4G
eV

DELPHI

(b)

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30

GeV

en
tr

ie
s/

2G
eV

(c)

0

20

40

60

80

100

120

140

-20 0 20 40

(d)

GeV

en
tr

ie
s/

4G
eV

�6K`|�J:?"C � ��Ú � ���$�3���I���$��%&
��I,����+�6�&%6�0�J��%#�&"$�+������� ' 7 � ,&��/C���2�7� � 5 � ) �	�>�&"$� � �����3� 	 ��%��	��< � �	���9,
�S���O��� ) �S�&�Z,�"$�� �&"$�!�3"���%&
�� ) �	���$�&���A���$��%&
��C #"��1�2�!���	���6,�� ? � ��� ) � ) � 
��	���!�6��%&%&�+,�� ��� ) �	�$
 ) ��,��&%�� �
?$5 ���	����, � ��%Z�3"$�D�$� 5 �&%.�2�$� <O��"$� 5 �$� ��% ���	���6, ,."$�; ) ��,��3%�� ?$5 ���	����,U�J��%)�
	���
�������	���� � ? �����$T0"��N,.�&��
�%9��/'�
��� ) ���$����������	������ "����6�&"$� ) "���,��&��
�%9��/'�=' 7 � �����	%9,�<Z��"$���	�� ���%R���	���9,U,�"$�� 4�&"$�D�6��%3%&�+,������ ) �2�$
 ? ���3T �

�%&� 5 � ) , 5$? �3%9���6�&� ) ,�� �+�6�&%9�8�J��%#�3"$�!' )�,L�	
����;�	� �
	���
�������	���� � ���$��� ������	������9<

� ��� ���R4�9�¹ 1 )�$-4�,6$�,87�3:9�& 1
=¢C�?[C9�(C9�cKLY`Y¤k�?"KLC N ��MZC�;"z�?"K`k�C*A[S�C�;XC�YLC�z�A[K`O�G-OU} A"S:CO%O7ca�C�;XOdGI;XC�a�K`Y`CiD�A"OdG�K�z0MZC�z�=��:;(�ZKQ=

A[S�C*D�?[O�z�C�;[;0%O7��¤P ���$XQ�.Y 0�� _*;c=�Y`?[C�=�MZ��=U?[|�J�CbMxK`G�;XC�z�A[K`OdG � � �_aBC�;XOdG�;(;�S�O�J:Y�MxG:O�Ac?"CiA@=UKLG
=�GZ��DlOdY�=�?"K @b=UA"KLO�GTOU}+A[S�C®D�?"KLaI=U?[��NT�FJ�=�?"{ � �(S�Ci?"C�}�Od?"C K A[S�C®aBC�;XOdGTMZC�z�=��:;cz�=UGT;XCi?"�FC�=�;�=UG
KLG�MZC�D�C�GVMZC�G�AcA"C�;�AcOU}0A"S�C�=�G�=UYL��;�K�;cD�?"O�z�CbMZJ�?"C � >�GIO�A[S�C�?T�(Od?@M�;¢A[S�C®D�O�Y�=�?"K.@�=UA[K`O�G�a�C�=�;�J�?"C�M
OdGIA"S�Cm%O7<;"=Ua�D�Y`C®;�S�O�J:Y�MBk�CHz�OdG�;XKQ;XA"CiGZA0�cKLA"S�@�C�?[O �

�(S�C	� � aBC�;�O�G�;+=�?"C�?"C�z�OdG�;XA[?"J�z�A"C�M_KLG>A[S�C*z@S�=�G�G�C�Y
� � P�� 7 \ ��
���ß� �cS:C�?"C	� 7 P � � \ � �
�(S:C d�?W;XA£MZC�z�=��eSV=�;_=IS�K`|dS²k:?@=UGVz´S�KLG�|x}�?W=�z�A[K`OdG²O�}��� yd«�� =UG�MjA"S�C�;XC�z�O�G�M²OdG�C�=�z�z�OdJ�G�A@;
}�Od?�� � I�� OU}�� 7 MZCbz�=���;<] /�?�^ �

�(S�C&%O7�;XC�YLC�z�A"KLO�G#�c=d;¢D�C�?X}�Od?"aBCbMxO�G�Ci�FC�GZAW;¢;[=UA[K�;¶}���K`G:|BA"S�C�|�C�G:C�?@=�Y2?"C
�FJ�KL?"C�aBCiGFA@;(M�C� 
;[z�?"KLk�C�M\KLGH;XCbz�A"KLO�G A�� /d� �]7�;6=U?[Cc?"C�z�OdG�;XA[?"J�z�A"C�M®J�;XKLG�|®=UYLYFD�=UKL?@;8O�}¤O�D�D�OF;�K`A[C�Y`��z@S�=U?[|�C�M_A[?@=�z@{:;



A�1

S�=���K`G�|I=�A®Y`C�=d;XA*Af�(O�q�� S�K`AW;¢C�=dz´S � � Gj;XJ�z@S�D�=�K`?@;*A[S�C_}�O�YLY`O
�cK`G�|�{ZKLG�C�aI=�A"K�zi=UY¯z�J�A@;9�(Ci?"C
=UD:D�Y`KLC�M�Ú

Û ���%n /�o£1�p C�q
Û � � n /�o£1>p Ciq
Û ;�J�z�z�C�;[;¶}�J�Y �4\e�FCi?"A"Ci� d�A0�cKLA"SID�?[O�k�=�k�K`YLK`A���n 1��M1@1V/
Û �����*n AZo£1�p C�q
Û n � K KLG�z�OdaBD�=UA[K`k�KLY`KLAX�m�cK`A[SxA[S�C®D�?"KLaI=U?[�H�FC�?"A[C��
Û N KL|�S�A�MZK�;�A@=�G�z�C u � �M1 z�a
Û u G D �Æ ��� K Y`KLG�C*OU} N KL|�S�A G�u /21 t
Û��

D �]7 G � D /d�¬«@1 ­ /��£? � G¢p C�q_rbs [
¡¢C���A K A"S�C � 7 z�=UG�M�K�M�=�A"C�;0�(C�?[C�z�O�a-k�K`G:C�M"�cK`A[ST=°D�KLO�G�z�=UG�M�K�M�=�A"C D =>z@S�=�?"|�CbM�A[?@=dz´{ G SV=b�L 
K`G:|BaBO�a�C�GZA[J�a klCiA^�0C�C�G 1Z� � A =UGVM � �MAxp C�q_rbs � �(S:C�� �®;XKL|�G�=�Y2K�;�O�k�;�C�?"�FC�MT=�;®=>D�C�=�{eK`G
A"S:C B � � �

D � 7+\ G � �
D �]7 G MZK�;�A"?"KLk�J�A[K`O�Gj}�O�?-A"S�CB\%z�=�G�MZK�M:=UA"Cb;O�cK`A"SE=�z@S�=U?[|�CIO�D:DlO@ 

;XKLA"CBA[O²A[S�CTz´SV=U?"|dCT=UA"A[?"KLk�J�A"CbM²A"O � }�?[O�a A[S�C � 7 � �(S:C ���-;XK`|dG�=UY�D�C�=U{PK�;HMZC$dVG�C�M }�Od?
B � � D /��ß«V/�A ­ /d�M?V/2ACG*p C�q�r�s [ �

¡¢C���A K A"S:C � � z�=UGVMZK�M�=�A"C�;(�(C�?[C-z�O�?[?"C�YQ=UA[C�M6�cKLA"SjS�K`|dS�mZºPY`C�D�A[O�G�;*}�O�J�GVM²K`GjA"S�C�;"=�aBC
S�C�a�K�;XD:S�C�?"C � :�C�D�A"OdGj;XC�YLC�z�A[K`O�G#��=�;cA"S�C£;"=Ua�C_=d; A[S�=UA�MZC�;"z�?"K`k�C�MBKLG AZ� � � �(S:C_{�K`G�C�a�=UA"KQz�=UY
z�J�AW;(O�GTA"S�C ��� X¤D�=UKL?@;0�(C�?[C*A"S:C�}�OdY`YLO4�cKLG�|�Ú

Û��
D � 7 X G � D � �M1 ­ A�� � Gcp C�q�r�s [

Û u G D �Æ 0 � �Æ���� G�u ?@1 t
Û �`) � º���
 u�1Z� /�1

�(S�C	� �$XQ�I=UG�M �� � X��-D�=UKL?@;2O�?[K`|�KLG�=UA[C¢a�=UK`G:Y`�*}�?"Oda |�CiGZJ�KLG�CT%O7(a�C�;XOdGH;XCiaBK`YLC�D�A"OdG�K�z+MZCbz�=���;D � � D % 7 �.P�� � X � Y 0 G � D I�o­IU]#1�o ILG"� ] /2?U^ZGW� �(S�Cb;XC�z�Oda>k�KLG�=UA[K`OdG�;.�cKLY`Y�k�C�z�=UYLY`C�M  "%$'&)(-*+,."%$0/ �
� D�D�OF;�K`A"C�;XK`|dGNz�O�a-k�K`G�=�A"KLO�G�; D �  ��0/ $ *+,."%$0/ G SV=b�FC-=ID�J�?[C�Y`��k�=dz´{�|�?[O�J�GVM²O�?[K`|�KLG � �(S:C B �
MZKQ;XA"?[K`k�J:A"K`OdG�;�}�O�?2A[S�C� "%$ &)(+*+,."%$ /*=UG�M �  ��0/ $ *+,."%$0/*;[=UaBD�YLC�;6=U?"C�;XS�O
�cG-K`G �8K`| � � I�� >�G_A[S�C B �
D�C�=U{-A"S:C¢C��:z�C�;[;2K`GBA[S�C� #"%$'&)(-*+,."%$0/H;"=�aBD�YLC�=UaBOdJ�GZAW;2A"O � «V/U] F % 7 z�=�G�MZK�M:=UA"Cb; � _¢G�=�Y`Od|�O�JV;
D�YLO�A@;*Odk�A@=�K`G�C�M�}�?"O�a³A"S�C�;XKLa>J:Y�=UA[K`OdGeOU}(N � N*Ci�FC�GZAW;*=U?[C>|dK`�FC�G�KLGE�6K`| � � AZ� �(S�C-GZJ�a-k�C�?�OU}
S O�G�A"C � =U?[Y`OON � N6C��FC�G�A@;¯z�Od?"?"Cb;XD�O�G�M:;ÝA[O*Af�cK�z�C+A[S�Cc;�A@=UA[K�;�A"K�zi;8OU}�A[S�Cc?"Cb=UY:M�=UAW= � �(S�C0O�k�;�C�?"�FC�M
;XKL|�G�=�Y6;"z�=�Y`C�;��(C�YLY�klCiA^�0C�C�G�M�=UAW=H=UG�M S OdGZA[C � =U?[Y`O � =�O4�0C��FC�? K A[S�C9�cKQMZA"SBO�}2A[S�C B � D�C�=U{
K`GIA[S�C�M�=UAW=°KQ;c;XY`KL|�S�A"YL�>k�KL|�|dC�?cA"S�=�GeKLGxA[S�C S O�G�A"C � =U?[Y`O �

�(S�C&%O7 �¤P ��� XQ�.Y 0 ;�K`|dG�=UY2KQ; �FCi?"�ID�J�?[C � �(S�KQ;*z�OdaBC�;(}�?"O�a�A[S�C_} =�z�A�A"SV=UA®A"S�Ci?"C_KQ; G:O
;XOdJ�?@z�CBOU}�=�z�z�K�MZC�G�A@=�Y�� � Xcz�O�a-k�K`G�=�A"KLO�G�; � � � ;H=U?[CBG�O�A-z�O�D�KLO�J�;�Y`�jD�?"O�MZJVz�C�MNK`GNA[S�C>}�?W=U|� 
aBC�G�A@=�A"KLO�G�=�;(K`G�A"S�C�z�=d;XC*O�}�'�7ck�=U?[�FO�G�; � �(S�Ci?"C*KQ;(=UYQ;XOHG�OHOdA"S�Ci?�z�O�aBD�C�A[K`G�|®D�?[O�z�C�;[;(A"S�=�A
z�OdJ�Y�M_YLC�=�M_A[O ����X�D�=�K`?@; � �(S�C�C���K�;�A"K`G:|*;�aI=UYLYZk�=dz´{�|�?[O�J�GVM>z�OdaBC�;¯C�K`A[S�C�?¯}�?"Oda aBK�;�K�MZC�G�A"K�d�C�M
Y`CiD�A"OdG�;(O�?�A"S�C�z�Oda>k:K`G�=�A"O�?[K�=�YlkV=�z@{Z|d?"O�J:G�MxA[O>A[S�C � �*;�K`|dG�=UY �



���������
	���
�������������������� AV/

0

20

40

60

80

100

0.135 0.1375 0.14 0.1425 0.145 0.1475 0.15 0.1525 0.155 0.1575 0.16

DELPHI

GeV/c2

en
tr

ie
s/

0.
5M

eV
/c

2

R.S. correlations

0

20

40

60

80

100

0.135 0.1375 0.14 0.1425 0.145 0.1475 0.15 0.1525 0.155 0.1575 0.16

W.S. correlations

GeV/c2

en
tr

ie
s/

0.
5M

eV
/c

2

�6K`|�J:?"C � I Ú���� ��� ��� 7 Q�� ��� ��� 7 � ) ��,��3%�� ?$5 ���	����,C� ��% �3"$��� � ����� ) � ) ���3�+,A�6��%&%&�6�����&� )  ��2�3"
���>� ) �����.����� ) "��	
�" �Fº4�	���$�&���:� ? �6���	�$� ) �	� �&"$� �����86�� �����89 ) ���6�$<A��"$��� 5 %&���+,0��%3�(�&"$�(%&�+, 5 �2�0���
� � 5 ,&,S�N��� ���9,�<

� �¶� 	w, *c3/(:9W1 & ,Ý1 , (�¹�
 (�,87¯&c1�4Z3 (.*�7�3:9�& 1
�(S:CeG�C�J:A"?"KLG�O�C�G�Ci?"|��PK�;HaBC�=�;�J�?"CbMN=�;-= a�K�;";�K`G�|TC�G�C�?[|�� D � � Ô �L� G KLGRA"S�CTS�C�aBKQ;XD�S�Ci?"C

z�O�G�A@=UKLG�K`G:|*A"S�CT'�7$XV;X�:;XA"Cia D Ci�FC�GZA6S�C�a�K�;XD:S�C�?"C G@� �¯O*C��d=UYLJ�=UA[CcA"S�CcS:C�aBK�;�D�S�C�?[C+A"O�AW=UY���K�;XKLk�Y`C
CiG�C�?"|d�HA"S�C<;XJ:a O�} =UY`Y¤z@S�=U?[|�C�MHA"?W=�z@{HC�G�C�?[|�KLC�;+=UG�M>G:C�J�A"?W=UY�C�G�Ci?"|���MZC�D�O¥;XK`AW;�?[C�z�O�GV;XA"?[J�z�A[C�M
KLGgA[S�C �98�:<;�=9>-=UD�DV=U?@=�A"J�;BS�=��FCIk�C�C�G5J�;�C�M � �(S�C�G�CiJ�A"?[K`G�OjC�G�C�?[|��RK�;HO�k:A@=UKLG�C�M }�?[O�a�Ú

� � + � � Ô �`� � � �
� � � � �����`�� Ô �
� �
� � � � �� D

D�� × � ×��W� G [ � D�� ��Õ@Õ � G [
� � �

D 1�� � IVG

�cS:C�?"C � � ���`�� Ô � K�;+A"S�C�;XJ�a OU}Ý=UYLY�z@S�=�?"|�CbM>A"?W=�z@{>C�G:C�?"|dK`C�;+=UGVM�G:C�J�A"?W=UY½z�=UYLO�?"KLaBC�A[C�?2C�G�Ci?"|��-M�C� 
D�O¥;XK`AW; KLGeA[S�C®C��FC�G�AcS�C�aBKQ;XD�S�Ci?"C D � � Ô � G z�O�?[?"C�z�A[C�M>}�O�?�A"S�C£MZC�A[C�z�A"Od?cK`G�C�hIz�KLC�G�z�KLC�; � � �
��� KQ;A[S�C*A[O�A@=�Y�C�G:C�?"|d�B=��d=UKLY�=Uk:Y`C�K`GBA[S�C*C��FC�G�A2S�CiaBK�;�D�S�C�?[C � �(S�C*Y`O
�0C�?+C
��JV=UA"KLO�GB?[C�;XJ:Y`A@;0MZK`?[C�z�A[Y`�
}�?[O�a�A"S:C\}�O�J:?H �aBO�aBCiGZA[J�a z�O�G�;�C�?"�d=UA[K`OdGN=�D�D�Y`KLC�MxA[OBA"S:C_C�G�A"KL?"C®C��FC�G�A � � × � ×��W� =UG�M � �¶Õ@Õ �
=�?"CHA[S�CHC��FC�G�AcS�C�aBKQ;XD�S:C�?"C®K`G��d=U?[K�=UG�A*aI=d;";*=�G�MeA"S:CHO�D�D�OF;�K`A[C>S�CiaBK�;�D�S�C�?[C\KLGZ�d=�?"K�=�GZA<aI=�;[;
?[C�;XD�C�z�A"K`�FCiY`� � � � M�C�G�O�A[C�;*A"S�CHA[O�AW=UY+C�G�C�?[|��TK`G�A"S:C-z�C�G�A"C�?*O�}caI=d;";¢O�}0A"S�C�z�O�YLY`KQMZK`G�| �i� ���D �����9G =�G�MxKQ;(C
�FJ�=UY¤A"O-A"S�C]507�aI=�;[; �



A �

0

25

50

75

100

125

150

175

200

0.135 0.1375 0.14 0.1425 0.145 0.1475 0.15 0.1525 0.155 0.1575 0.16

DELPHI

GeV/c2

en
tr

ie
s/

0.
5M

eV
/c

2

R.S. correlations

0

25

50

75

100

125

150

175

200

0.135 0.1375 0.14 0.1425 0.145 0.1475 0.15 0.1525 0.155 0.1575 0.16

W.S. correlations

GeV/c2

en
tr

ie
s/

0.
5M

eV
/c

2

�8KL|�J�?[C � A Ú ��� � � ��� 7 Q�� � � ��� 7 � ) �N,.�&%�� ?$5 ���	����,*�J��%#�3"$� � � ����� ) � ) ���&�+,*�6��%&%3�6�N���&� )  ��	�&"B���
� ) �����.����� ) "��	
�"��FºA�	���$�&����� ? �6���	�$� ) �J%&��/ �&"$�*,L�	/ 5 �����.�2���A��� � � � ���������9, < ��"$�!� 5 %&���+,U��%&�#�&"$� %&�+, 5 �	�
���E� � 5 ,3,L����� ���9,�<

>�G�MZK`��K�M�J�=UY+S�KLA@;_K`GPa>J�YLA"KLD�Y`C�Y�=��FC�?@;*O�}*k�O�A[SgA[S�CBC�YLC�z�A"?[O�aI=�|�G�CiA"K�zHzi=UY`Od?"KLaBC�A"Ci?@; D =9; �
O�? ��8 S � G =UG�MNS�=dMZ?"OdG�K�zBzi=UY`Od?"KLaBC�A"Ci?@; D = � _9: G =�?"CIz�YLJ�;XA[C�?"CbM�=�z�z�Od?@MZKLG�|eA[OeA[S�CI;XDV=UA"KQ=UY
?"Cb;XO�YLJ�A"KLO�GROU}�A[S�CI|�KL�FC�GNzi=UY`Od?"KLaBC�A"Ci?*A"Oe}�Od?"a k�KL|�|dC�?-MZC�D�OF;�K`AW;O�cS�K�z@SR=U?[CBY`KL{FC�Y`�TA"Ojz�OdaBC
}�?"Oda ;�K`G�|dY`CHD�=�?"A"KQz�Y`C£;XS�O
�0C�?@; � �(S�C�Gj=BaI=�A@z@S�K`G�|-k�C�Af�(C�CiGe?"Cbz�O�G�;�A"?[J�z�A"CbM�z´S�=�?"|dC�MeA"?W=�z@{�;
=UGVMxA"S:CHz�=�Y`O�?[K`aBCiA"C�?0;XS:O4�0C�?@;(KQ; D�C�?�}�O�?[aBC�M � �(S�C�G�C�J�A[?@=�Y6MZC�D�OF;�K`A@;cG�OdA*=d;";XO�z�K�=UA[C�MeA"O�=UG��
z@S�=U?[|�C�M>A[?@=dz´{�=U?[C_=d;";�J�aBC�M>A[OHO�?[K`|�KLG�=UA[C¢}�?"Oda =_G:C�J�A"?W=UY¯D�=�?"A[K�z�YLC*z�=d;"z�=dMZC � �¯O�|dC�A"S�Ci?0�cK`A"S
=UYLY�?[C�z�O�GV;XA"?[J�z�A[C�MBz@S�=U?[|�C�M>A[?@=dz´{:;�A[S�C���z�O�G�A"?[K`k�J�A[C*A"OHA[S�C*A[O�A@=�Y¯�ZKQ;XKLk�Y`CcC�G:C�?"|d� � � Ô � =UG�MBA[OA"S:C_z�O�aBD�J:A@=UA[K`OdGxO�}2A[S�C®S�C�aBKQ;XD�S:C�?"C�aI=�;[;XC�; � �� Ô � �

��O�?6A"S�C0?"C�z�OdG�;XA[?"J�z�A"K`OdG®OU}�A[S�C(S�CiaBK�;�D�S�C�?[C2aI=�;[;�A"S�C+}�O�YLY`O
�cK`G�|(}�Od?"a-J�Y�=*��=�;�}�O�J�GVM\A"O<klC
A"S:C�k�C�;�A6=UD�D:?"O��ZKLaI=UA[K`OdG ­

� � � � �� Ô � � �� � � Ô �
D 1Z� � AJG

�cS�C�?[C � �� Ô � KQ;2A"S�C�S�C�aBKQ;XD�S:C�?"C+K`G��d=U?[K�=UG�A+aI=�;[;2z�=�Y�z�J�YQ=UA[C�MHMZK`?[C�z�A[Y`�\}�?[O�a A"S�C�?"C�z�O�G�;�A"?"JVz�A"C�M
z@S�=U?[|�C�MI=UGVMxG�C�J:A"?@=�Y¯D�=U?[A"KQz�Y`C�;0=�;�MZC�;[z�?"KLklCbMx=�k�OU�FC �



���������
	���
�������������������� A �

0

50

100

150

200

250

300

350

400

450

500

-40 -30 -20 -10 0 10 20 30 40

DELPHI

Eν 
rec

  −  Eν 
gen

         [ GeV ]

en
tr

ie
s/

2G
eV

σ = 4.2 GeV

σ = 4.5 GeV

�6K`|�J:?"C � y Ú � �2���;� � � %&�+,���� 5 ���	���>� ? �9�;�2�$� ) �J��% � �����&� 	���%��	�('�) P � � ' 7 � ���������9,�< � ���2���9,*,�"$�� 
�&"$�(�6�����3%�� ?$5 ���	���B�J%&��/ "�� ) %&�������0' � ) �+����� ,8��� ) �&%������$
��2�+,7�&"$���6�����&%�� ?$5 ���	���K� %&��/ ,���/0�1�	���$�&�������
' � ) �+�����$,�<

>�GNA[S�CIK�MZC�=�Ycz�=d;XC � � Ô �`� ;XS�OdJ�Y�MRklCIC
�FJ�=�Y(A"O � � � >�GND�?W=�z�A[K�z�C�A"S�CIC�G�Ci?"|��j?"Cb;XO�YLJ�A"KLO�G
a�C�=�;�J�?"C�M®kZ�-=®MZK �¤C�?"C�GVz�Cck�C�Af�(C�C�GHA[S�C�?"C�z�OdG�;XA[?"J�z�A"C�M-=UG�MHA"S:C¢|dC�G�C�?W=UA"CbM°G�CiJ�A"?[K`G�O®C�G�Ci?"|��D � �Q×¿�� � ��� × �� G K�;6MZK�;�A"?"KLk�J�A[C�M®=�z�z�Od?@MZKLG�|�A"O<= �cKQMZC p =�J�;";�K�=�G � �(S�C(?[C�;XOdY`J�A[K`OdG_OU}VA"S�C+G�C�J:A"?"KLG�O
CiG�C�?"|d�®?"C�z�OdG�;XA[?"J�z�A"K`OdGHO�k�AW=UKLG�C�MHK`GHA"S:C S O�G�A"C � =�?"YLO\Ci�FC�GZAW;.�cKLA"S-=(' ) ;�C�aBKLY`C�D�A[O�G�KQz2MZC�zi=b�
KQ;(;�S�O
�cGeK`G��8KL| � � yZ� �(S�C®Af�(OOd�AW;¢z�O�?"?[C�;XD�OdG�MxA[O-z�O�G�A"?[K`k�J�A[K`OdG�;�}�?"Oda D�J�?[C�Y`�-S�=�M�?"O�G:K�z(' �
M�C�z�=���;®=�G�MN;XCiaBK`YLC�D�A"OdG�K�zm' �*M�C�z�=���; � � YLC�=U?[Y`� K A"S�C-Af�(O�zi=�;XCb;\=�?"CIz�O�G�;�K�MZC�?W=Uk�YL�jMZK �¤C�?[C�G�A
;�K`G�z�CBK`GEA"S�CIY�=�A"A[C�?HA"S�Ci?"CIK�;H=�G5=�M:MZK`A[K`O�GV=UY�G�C�J�A[?"K`G:Oe}�?"O�a A[S�C�' �_M�C�z�=��NC�;[z�=UD�KLG�|e}�?"Oda
A[S�C�=UD�D�=�?@=�A"J�; � �(S:C"d�A"A[C�M²?[C�;XOdY`J�A[K`O�G =UaBOdJ�GZAW;*A"O I:� � p C�q~=UG�M I:�MA p C�q ?"Cb;XD�C�z�A[K`�FC�YL� �
S Od?"C�O��FC�?�A"S�C � � ?"Cb;XK�M�J�=UYQ;\}�O�?-S�=�MZ?[O�G�KQz#' � M�C�z�=���;�=U?[CeG�KQz�C�Y`�jz�C�GZA[C�?"CbM²O�G @�C�?[O��cS�K`YLC
;�C�aBKLY`C�D�A[O�G�KQzb' � M�C�z�=��E;XJ�k�;[=UaBD:Y`C�;�S�O
��;I=²Y�=�?"|�C�O��½;XC�AIOU}&+ � �¬«Rp Ciq � �(S�C�O�kV;XC�?[�FC�M
O��½;XC�AcKQ;�C
�FJ�=UY¤A"O�A"S�C®=��FC�?W=U|dC*C�G�C�?[|��-OU} A"S�C<G�C�J�A[?"K`G:O\}�?"Oda A[S�C(' � M�C�z�=�� � >�GBA[S�C®=�G�=UYL��;�K�;
D:?"C�;�C�GZA[C�M�S�C�?"C �(C-S�=��FCBG�O�S�=�G�MZY`C�A"O�M�K�;XA[K`G�|dJ�K�;�SRklCiA^�0C�C�GjS�=�M�?"O�G:K�zB=�G�MR;XC�aBKLY`C�D:A"O�G:K�z' � MZC�zi=b�:;*K`GNA[S�CB?[C�=UY0M�=�A@= � �(S�C�?"C�}�O�?"C�A"S�CBAf�0Oez�O�G�A"?"KLk�J�A[K`O�GV;\S�=��FC-klCiC�GND�J�A�A"Od|�C�A[S�C�?
=�G�Mjz�C�?"AW=UKLGj=�;";�J�aBD�A[K`OdG�;®=U?"CHa�=�MZC-=�klOdJ�A_A[S�C_}�?@=dz�A"KLO�GjOU} ' � ;XC�aBKLY`C�D:A"O�G:K�z*MZCbz�=���; �cKLA"S
=&'R7�D�?[O�MZJ�z�C�MIK`GTA"S�C9d�G�=�Y2;�A@=�A"C � >�GIA"S:CH;XKLa>J:Y�=UA[K`OdGI=b}�A[C�?cA"S�Cm�cS�O�YLC�;XK`|dG�=UY ;XCiY`C�z�A[K`OdG��0C
}�OdJ�G�M D /�y ] /4G[� OU} ;XC�a�K`Y`CiD�A"OdG�K�z9' � MZC�z�=��:; �cKLA"S�KLGeKLG�z�Y`JV;XK`�FCm' � P 'R7 D [ MZCbz�=���; � �(S�C



A4I

-10

-5

0

5

10

15

20

25

30

0 5 10 15 20 25 30

DELPHI

Eν 
gen

     [ GeV ]

E
ν re

c    
  [

 G
eV

 ]

Eν 
rec

 = Eν 
gen

Eν 
rec

 = Eν 
gen

 ±4.2 GeV

�8KL|�J�?[C � F Ú � �����&�&��%!���	���8���R�&"$�(%&�+�6����,��&% 5 �6�&� ) � � ����%9, 5 ,*�&"$�(
����$��%9���&� ) ���$�8�2�H�&"$��,L�	/ 5 �����&� )
,&��/C���2�����D'�)!,���/M� �	���$�&�����N� ) �+����� ,�< � ��/0�1�	���$�&�������A' � ) �+���+�$,-��%&���6E��3� 5�) � ) <:��"$� ) ���&�3� ) �1�2�$�+,
,�"$�� �&"$�I��� ? � 5 � ) ��%&� 5 � ) �3"$�!
����$��%9���&� ) ����� 5 ��<

� 8 	 D p C�q G M�=UAW= S O�G�A"C � =U?[Y`O
;R) � ��
�� u¡1Zo£1V/ « � �¬« � ](1��M1@A « � � F2I ] 1Z�M1@A
;R) � ��
�� n 1Zo£1V/ « � � / � ](1��M1 � « � � � 1 ] 1Z�M1 �

�6=Uk�YLC A Ú�	R��/(����%���,�������� �&"$�!������%9��
�� �&���9��������,L� ? �	�-�������������$��%&
���%&�+�6����,��&% 5 �6�&� ) �	�A�&"$� ) ���9�8��� )
�	� �&"$� � �����&� 	 ��%��	��< � �������9,(�6�����9���	���	�$
H� ) ����������� ) �	���$�&����,C ��	�&"���� 6������*���3 ?"�"��+��� ? �����
�6E��3� 5�) � ) <

J�G�z�C�?"AW=UK`G�A��Tz�O�aBKLG�|>}�?[O�a A[S�CHJ�G�{�G�O
�cG�}�?@=�z�A"K`OdG	� ��
 �
��� 0 � � ������ ��
 �
��� � � ��� K�;�A@=U{FCiG�K`G�A"OI=dz�z�O�J:GZA®K`G
A"S:CI;X�:;XA[C�aI=UA[K�z_C�?[?"Od? � �(S�CBG�CiJ�A"?[K`G�OTC�G�C�?[|��jC�;XA[K`aI=�A"K`OdGNM�OFC�;_G�O�A-;�S�O
� =�GZ�P;XKL|�G�K�d¤z�=�GZA
C�G�Ci?"|���MZC�D�C�G�MZCiG�z�C � �(S�C�;"z�=�A"A"Ci?cD�Y`OdAcOU} A"S�C®?"Cbz�O�G�;�A"?[J�z�A"CbM�CiG�C�?"|d�>�FCi?@;XJV;(A"S�C®|�CiG�C�?@=�A"C�M
O�G:C*K�;+D�?"C�;�C�G�A"C�MHK`G#�6K`|�J:?"C � FF� �(S�C®M�O�A"A[C�M>YLK`G�C�;2KLG�MZK�zi=UA"C�A"S:C®=�;[;XJ�aBCbM°C�G:C�?"|d�>?[C�;XOdY`J�A[K`O�Gd�A[A"C�M>}�O�?�A"S:C\SV=�MZ?[O�G�KQz�' � MZCbz�=���;0=�;�;XS�O
�cGeKLG��8K`| � � yZ�

_*;_=IG�C���A�z�?"J�z�K�=UY0;�A"C�DE�0C>SV=b�FC-A"OTaI=U{FC-;�J�?"C�A"S�=�A_A"S:C�?"C�=U?[CBG�O�;�C��FC�?[CB;���;�A"C�aI=�A"KQz
MZK ��Ci?"C�G�z�C�;*K`GNA[S�CBaBKQ;";XKLG�|IC�G�C�?[|��jC��d=UYLJ�=UA[K`O�GPklCiA^�0C�C�GPM�=UAW=�=UG�M S OdGZA[C � =U?[Y`O � � CIM�O
K`A�J�;�K`G�|T;XCi�FC�?@=�Y2;[=UaBD�YLC�; � =¢C�?[C_A"S:C_|�YLO�k�=�Y+C��FC�G�A�;XC�YLC�z�A"KLO�G�;�MZC�;[z�?"KLk�C�MxKLGj;XC�z�A[K`OdG AZ� / =U?"C
K`a�D�Y`KLC�M �



���������
	���
�������������������� A�A

_*;<= d�?@;�A®=UD:D�?"O���K`aI=�A"K`OdG
�0C-z�O�aBDV=U?"C®A[O�A@=�Y+�ZKQ;XK`k:Y`C®C�G�C�?[|�KLC�;�}�Od?®C��FC�G�A@;*�cK`A[S�O�J:A®=UG��
KQMZC�G�A"K�d�C�M_Y`CiD�A"OdG�;��cK`A"S�aBO�aBCiGZA[J�aw=Uk�O��FC � �M1Hp C�q � �(S:C®z�O�a�D�=U?[K�;XOdG>KQ;+MZO�G�C<O�GBAf�(O£MZK�}t 
}�Ci?"C�G�A�;"=�aBD�Y`Cb;(K`G�MZCiDlCiG�MZC�G�A¢k��BA[S�C�K`?<z�OdG�;XA[?"J�z�A[K`OdG � >�GeA[S�C�dV?@;XA�O�G:C-= Ñ[A"K`|dSZAWÒ�N} ¿AW=U|�|dK`G�|D ; ) � º���
 uT1Z�£1V/
G K�;¢?[C
�FJ�K`?[C�Mx|dK`��K`G�|�=UGjO��FC�? «@A�� D�J�?"CbN<C��FC�G�A�;"=�aBD�Y`C � �(S�C-;�C�z�O�GVMeO�G�C
KQ;°A[S�C�z�O�aBD�YLC�aBC�GZAW=U?[�²OdG�C�z�OdG�;XKQ;XA[K`G�|NKLG ?@1�� O�}®G�OdG� ^N�C��FC�G�A@; D ;�) � º���
 n 1Z�M1L/4GW� �(S�C
Ci��=�aBD�Y`C�MZK�;�A"?"KLk�J�A[K`O�GI}�O�?*A[S�C"N} �A@=U|d|�C�M�;[=UaBD:Y`C®K�;�;XS�O
�cGjK`GW�8K`| � � « = � � C_Odk�;XCi?"�FCH=-;"=�AH 
KQ;¶} =dz�A"Od?"��=U|�?[C�C�aBCiGZA+k�C�Af�(C�CiGBM�=�A@=-=UG�M S OdGZA[C � =U?[Y`O K A[S�C*OdG�Y`��MZK �¤C�?[C�G�z�C<klCiK`G�|HA[S�=UAcA[S�C
M�K�;XA[?"KLk�J�A"KLO�G�;_KLGg?[C�=UY�M�=�A@=²A[C�G�MRA"OjklC�;XYLK`|�S�A"YL�E�cK�M�C�? � =�C�G�z�C>}�Od?>A[S�CeG:C�J�A"?[K`G�OjC�G�Ci?"|��
?[C�z�OdG�;XA[?"J�z�A[K`OdGxKLGTM�=UAW= �0C\KLG�z�?[C�=�;�C\A[S�C�=�;[;XJ�aBCbM�?[C�;XOdY`J�A[K`OdG��cKLA"ST?"C�;�DlCbz�AcA"O-A"S�C®OdG�C_Odk� 
AW=UKLG�C�Me}�?"O�a ;XKLa>J:Y�=UA[K`OdG � �(S�C I��£A p C�q��cK`YLY�k�CBAW=U{FC�G � �(S�CB?"Cb;XJ�YLA@;*OU}�A[S�CIM�=�A@=�r S O�G�A"C
� =�?"YLO-z�O�aBDV=U?"KQ;XOdGe=�?"C�;XJ:aBaI=U?[K @�CbM_K`GI�6=Uk�YLC AZ� �(S�C®O�k�;�C�?"�FC�MIMZKQ;"z�?[C�D�=�G�z�K`Cb;�K`G�A"S�C�=��FC�?H 
=�|�C�C�G�C�?[|�K`Cb;c;XA@=��T=UA<A"S�C 1Z�M1@1V/ YLC��FC�Y¤=UGVMeK`G�MZKQz�=UA[C�=°�FC�?[�B|�OFO�Mj=U|d?"C�CiaBC�G�A(k�C�Af�(C�CiGeM:=UA@=
=�G�M S O�G�A"C � =U?"YLO � =¢O
�0C��FC�? K A"S�C�;�C>G�J�a-k�C�?@;�=U?[CBO�k�AW=UKLG�C�M�O�GNS�KL|�S�YL�eKLG�z�Y`JV;XK`�FC£;"=�aBD�Y`Cb;
=�G�M\a�O�?"CiOU�FCi?¯MZO*G:O�A+z�OdGZAW=UKLG_D�OF;[;XK`k:Y`CcM�K�;XA[O�?[A"K`OdG�;/}�?[O�awA"S�C0S�C�aBKQ;XD�S:C�?"C ;XC�DV=U?@=�A"KLO�G � �(S�J�;
A[S�C���z�=UG:G�O�A�k�CHz�OdG�;XKQMZC�?"CbMB=�;�=UGTJ�Y`A[K`aI=�A"C�D�?"OFO�} �

�(S�C�G:C��ZA K aBOd?"Ce?[C$d�G�CbMgz�?[OF;";f �z@S�C�z@{RK�;BM�O�G�C�OdG5A"S�C�KLG�z�Y`JV;XK`�FCT;[=UaBD�YLCIOU}&NH �S�=dMZ?"OdG
;�C�aBKLY`C�D�A[O�G�KQzHMZC�z�=��:; � �(S�CT;"=Ua�D�Y`C-K�;H;�C�Y`C�z�A"C�M²?[C
�FJ�K`?[K`G�|�=UGRK�MZCiGZA[K d�C�MjC�G�C�?[|�C�A[K�z>YLC�D�A"OdGD mNn � o£1ep Ciq_r�s G �cK`A[Sj=BS�K`|dSImZº D mZºRn /�oM1Ip Ciq G z�OdGZAW=UK`G:C�MeK`Gj=
N} ¿AW=U|�|dC�M�C��FC�G�A � �(S�C
z�O�aBD�=�?"KQ;XO�G®KQ;�DlCi?X}�O�?[aBC�M¢}�O�?6Af�(OcYLC��FC�Y�;�OU}�AW=U|d|�K`G:| ­ D �`) ����
�� u¡1Zo£1V/
G =�G�M D �¯) ��� 
�� u¡1�o /21CG
z�O�?"?[C�;XD�OdG�MZK`G:|\A[OON2D:J�?"KLA"K`Cb;/O�}¯+ «�AF� =UGVM + y�1�� ?"C�;�D�C�z�A"KL�FC�Y`� � � K`GVz�C ?@1�� OU}`N �¬;¯S�=�M�?"O�G:K @�C
KLGZA[O(aBCb;XO�GV;�A"S�C+K`GVz�Y`J�;�K`�FC ;"=�aBD�Y`CÝ;XS�OdJ�Y�M*G�OdA8?[C�A@=�K`G�=UG��®;XKL|�G�K�d¤z�=�GZA¤DlOdY�=�?"K @b=UA"KLO�G£=�;6=U?"|dJ�C�M
KLG � � � � �(S:C�?"C�}�Od?"C K A"S�CT?"C�z�OdG�;XA[?"J�z�A"C�MgYLC�D�A"OdG5=�G�MgG�C�J�A[?"KLG�ONC�G�Ci?"|��E;�DlCbz�A"?W=N;XS�OdJ�Y�Mgk�C
z�O�aBD�=�A"KLk�Y`C*KLGjM�=UAW=B=UGVMeK`G S O�G�A"C � =U?[Y`OI=�G�MeK`G�D�=�?"A[K�z�J�YQ=U?<;XS�OdJ�Y�Me?[C�;XJ:Y`A�K`G�A"S:CH;"=�aBC'J
�d=�Y`J�C�; � ;2Y`O�AW; � « kZÜFC£;XS�O
� A[S�C�z�O�aBDV=U?"KQ;XOdGBOU}+A[S�C�z´SV=U?"|dC�MBY`C�D:A"O�GT=�G�MBOU}+A[S�C®S�C�aBKQ;XD�S�Ci?"C
a�K�;";�K`G�|<C�G�C�?[|�� ��� Ô �L� ;�DlCbz�A"?W=\?"Cbz�O�G�;�A"?[J�z�A"CbM>K`GIM:=UA@=H=�G�M>KLG S O�G�A"C � =�?"YLO_K`G�z�=�;�C*OU} A"KL|�S�ANf �A@=�|�|dK`G�| D � ) ��� 
�� u¡1Zo£1V/4GW� ;2Y`O�AW;2K`G-A"S�CcYLC�}�A+z�OdY`J�aBG£z�O�?[?"C�;�D�O�G�M>A[O®A"S�C�a>J:O�GH;�J�k�;[=UaBD�YLC�cS:K`Y`C0A"S�CcOdG�C�;2K`GHA[S�Cc?"KL|�S�A+z�OdY`J�aBG£z�O�?[?"C�;�D�O�G�MHA"O®A"S:CcC�Y`C�z�A"?"OdG-;XJ�kV;"=Ua�D�Y`C � � OdA"S-z@S�=U?[|�C�M
YLC�D�A[O�GH;�D�C�z�A"?W=*=UGVM � � Ô �L� ;�D�C�z�A"?W=*;XS:O4�f=¢G�KQz�Cc=�|�?"CiC�aBC�G�A�k�C�Af�(CiC�GHM�=�A@=®=UGVM S O�G�A"C � =�?"YLO �>�G�=�M�M�K`A"KLO�G K D�YLO�AW; � « } =UG�M � « |H|dK`�FC�;�DlCbz�A"?W=\OU}½�ZKQ;XKLk�Y`CcC�G:C�?"|d�HK`G-A"S�C�S�C�aBKQ;XD�S:C�?"CcOdD�D�OF;XKLA"C
A[OHA"S�C<?"C�z�OdG�;XA[?"J�z�A"C�M>YLC�D�A[O�G � >�GBA[S�K�;(S�CiaBK�;�D�S�C�?[C�=UGT=�M�M�K`A"KLO�G�=�Y¯?"C
�FJ�KL?"C�aBCiGZA6G�O�AcA[OHS�=��FC
=�GZ��K�MZCiGZA[K d�C�M*YLC�D�A"OdG�;¯�cKLA"S®men � o£1_p Ciq_r�s+K�;2=�D�D�Y`KLC�M � =¢C�?"C�=U|¥=UK`G-M:=UA@=®=�G�M S OdGZA[C � =U?[Y`O
D:Y`O�AW;8;�S�O
�E=UY`a�OF;XA6D�C�?X}�Cbz�A2=�|�?[C�C�aBC�G�A � �(S�CcMZCiA@=UKLY`C�M®GZJ:aBC�?"KQz�=UY�?[C�;XJ�YLA@;¯OU}¤A"S:C*�cS�OdY`C�z�?[OF;";f 
z@S�C�z@{�=U?[C*;�J�aBaI=�?"K @iC�M*K`G��8=�k�Y`C y�� �(S�C¢AW=Uk�YLC*z�O�G�A@=UKLG�;8}�O�J�?��FJ�=UG�A"KLA"KLC�;8C���A"?W=�z�A[C�M£}�Od?+C�=�z@S
;[=UaBD:Y`CFÚ

/�� =b�FCi?@=U|dC*C�G�Ci?"|���OU}+A[S�C�z´S�=�?"|dC�MBY`C�D�A[O�G D�� Od? � G�K
� � =b�FCi?@=U|dC_aBKQ;";�K`G�|-C�G�C�?[|��TK`G�A"S:CHY`C�D�A[O�G�S�CiaBK�;�D�S�C�?[C\Odk�A@=�K`G�CbM J�;�K`G�|�A"S�C-;[=UaBC£=UY`|dO� 
?"K`A[S�a~=�;(}�O�?cA"S:C � � ?"C�z�O�G�;�A"?"JVz�A"KLO�G K

� � ?@=UA[K`OBO�}0A"S�C£=Uk�O��FCHA^�0OBaBC�=�Ge�d=UYLJ�C�;0�cS�K�z@SeKQ;¢A"S:CHO�k�;�C�?"�d=Uk:Y`C-MZKL?"C�z�A[Y`�I;�C�G�;�K`A"KL�FC®A"O
DlOdY�=�?"K @b=UA"KLO�G K



A�y

10
-4

10
-3

10
-2

10
-1

0 20 40 60 80 100 120 140

GeV

en
tr

ie
s/

2G
eV

/c

(a)

DELPHI

0

0.025

0.05

0.075

0.1

0 10 20 30

GeV/c

en
tr

ie
s/

1G
eV

/c

(b)

0

0.02

0.04

0.06

0.08

0 10 20 30

GeV/c

en
tr

ie
s/

1G
eV

/c

(c)

10
-4

10
-3

10
-2

10
-1

-40 -20 0 20 40

GeV

en
tr

ie
s/

1G
eV

/c

(d)

10
-3

10
-2

10
-1

-40 -20 0 20 40

GeV

en
tr

ie
s/

1G
eV

/c

(e)

10
-3

10
-2

10
-1

0 25 50 75 100

GeV

en
tr

ie
s/

2G
eV

/c

(f)

10
-3

10
-2

10
-1

0 25 50 75 100

GeV

en
tr

ie
s/

2G
eV

/c

(g)

�8KL|�J�?[C � « Ú 	U��/(����%���,���� ��� ) �
	=��%&������%&�+�6����,��&% 5 �6�&� ) ���$��%&
�� ,�� �+�6�&%9�K�	� �3"$� ) ���9� ��� ) �2� �&"$�
,L�	/ 5 �������	���=<I��"$� �I�����&� 	 ��%��	�I%&�+, 5 �	�9,0��%3�M�;�2 #���$,!�$%&�+,������&� ) ��,-�I,."�� ) � ) "���,��3��
�%9��/ ��� ) %&�+���
) ���9� ��,8�����	���9,8 ��	�&" ��%&%&��% ? ��%9,�<>��"$��
��	� ? ��� ���������(,��6�	�+�6���	����,0 ���%&�����$���1�2� ) �S,����A,��+�6���	��� 9$<��?�6<
�S��� �&"$�*�&���9��������,L� ? �	�-�������������$��%&
��0�	� ��� �9��
�
�� ) ���������6,Z ��	�&"$� 5 �U� ) ����������� ) �	���$�&����,����¤) ¦ )���� ��� �G�?� �
� ? �*/(��/(����� 5 / ,.���+�6�&% 5 / ����� ) ����������� ) / 5 ����,! ��	�&" � � 6 � � �D���! #"(��� ) �Fº � � � � �D���! #"8�	�
��� �9��
�
�� ) ���������6, � �S�&�#/C��/(����� 5 / ,����+�6�3% 5 / ���U� ) ����������� ) �6�	�+�6�&%&����,8 ��	�&" � � 6�� � �*���3 #"8��� )
� º � � � �!�D���! #"U�	� ��� �9��
�
�� ) ���������9, � � ) �=/M�N,3,L�	�$
 ���$��%3
��0�	�(�&"$�*/ 5 ���("$��/0��,��$"$��%&�!�S,&��/(���	�#�1�	T��
�	� ? � � � �?��/0��,&,L�	�$
����$��%&
�� �2�>�&"$�8�6�	�+�6�&%&��� "$��/0��,��$"$��%&�'�S,3��/(���	�!�1�	T��0�	�
�&� � �J�:�U����,L� ? �	�����$��%3
��
�	�B�&"$�0"$��/0��,��$"$��%&�C���$����,S�2�3�(�&���&"$�0/ 5 ��� ��,&��/(���	�8�1�2T��0�	� ? �  ��2�3"B�&"$�(� )$) �	���	�������R%&��� 5 �	%&��/(�����
��� �$�M� ) ����������� ) �	���$�&����,U�	�I�&"���,U"$��/0��,��$"$��%&� � �L
 �Z����,L� ? �	�0���$��%&
��0�	�I�3"$�D"$��/0��,��$"$��%3�-���$� ��,L�	�&�!�&�
�&"$�*�6�	�+�6�&%&��� �S,&��/C���2� �1�	T��*�	� �&�  ��	�&"��3"$� � )$) �	���	�����;� %3��� 5 �	%&��/(���������=�$�8� ) ����������� ) �	���$�&����,Z�	���&"���,
"$��/0��,��$"$��%&��<



���������
	���
�������������������� ACF

� 8 	 D p C�q G M�=UAW= S O�G�A"C � =U?[Y`O
a>J:O�G�; K ;�) ����
�� u 1ZoM1L/men � oM1Bp C�q_rbs K m�ºen /doM1Bp C�q_r�s

� 8 	�� /�1�� � « ](1��M1JF /21Z�­I�/�] 1Z�£1CF
� 8 	¿� Ô �L� ?�� /�A$](1�� /�1 ?Z� / � ] 1Z� /21
J�� � 8 	 � F � 8 	 � Ô �`� /�� / � I�](1��M1V/2A /d� /$Ic1 ] 1Z�M1L/�A
� 8 	 ��Õ@Õ � I�/d� � 1 ](1�� /21 I!/�� � � ] 1Z� /�1

C�Y`Cbz�A"?[O�G�; K ;�) ����
�� u 1ZoM1L/men � oM1Bp C�q_rbs K m�ºen /doM1Bp C�q_r�s
� 8 	 - /�1��M1
I ](1��M1JF /21Z� � F�] 1Z�£1CF
� 8 	¿� Ô �L� «��¬«�«$](1�� /�1 ?Z�M1dy ] 1Z� /21
J�� � 8 	 - F � 8 	 � Ô �`� /�� / � /�](1��M1V/2A /d� /$IcA ] 1Z�M1L/�A
� 8 	 ��Õ@Õ � I�/d�¬yJF�](1�� /21 I!/��ßy�? ] 1Z� /�1

a>J:O�G�; K ;�) ����
�� u 1Zo /21men � oM1Bp C�q_rbs K m�ºen /doM1Bp C�q_r�s
� 8 	�� /�1�� � « ](1��M1JF /21Z�­IJ1 ] 1Z�£1CF
� 8 	¿� Ô �L� ?�� / � ](1�� /�1 ?Z� � � ] 1Z� /21
J�� � 8 	 � F � 8 	 � Ô �`� /�� / � «$](1��M1V/2A /d� / � « ] 1Z�M1L/�A
� 8 	 ��Õ@Õ � IJ1��M? � ](1�� /21 I!/��£1�y ] 1Z� /�1

C�Y`Cbz�A"?[O�G�; K ;�) ����
�� u 1Zo /21men � oM1Bp C�q_rbs K m�ºen /doM1Bp C�q_r�s
� 8 	 - /�1��M1d« ](1��M1JF /21Z� � I ] 1Z�£1CF
� 8 	¿� Ô �L� «�� F � ](1�� /�1 «Z�M?dy ] 1Z� /21
J�� � 8 	 -&F � 8 	�� Ô �`� /�� /�A�y$](1��M1V/2A /d� /�A
I ] 1Z�M1L/�A
� 8 	 ��Õ@Õ � I�/d�MAL/�](1�� /21 I!/��£A�? ] 1Z� /�1

�6=Uk:Y`C y Ú � ��/0��,��$"$��%&� ���$��%&
��!%&�+�6����,.�&% 5 �6���	���8�	�0�&"$� ) ���9�#��� ) �	�0�&"$� � �����&� 	 ��%��	��< ��"$�����$����,S�2�3�
"$��/0��,��$"$��%&�+,5��� ��� ��Õ@Õ � �R�6�����9���	���	�$
C� ) ����������� ) �	���$�&����,� ��	�&" � � 6 � � �D���! #"*"������ ? �����>�6E �3� 5�) � ) <

I�� =b�FCi?@=U|dC�C�G�C�?[|��5O�}-A"S�C�OdD�D�OF;XKLA"CNS:C�aBK�;�D�S�C�?[C ­ C��FC�G�A@;-A"S�=�AxSV=b�FCjK`G%A"S:C²OdD�D�OF;XKLA"C
S�C�aBKQ;XD�S�Ci?"C�K�MZC�G�A"K�d�C�MHY`C�D:A"O�GV; �cKLA"S-mIn � o£1>p Ciq_r�s*=�?"C�C���z�Y`J�MZCbM �

�(S:CeAf�(Oja>J:O�GE;"=�aBD�Y`Cb;_|�K`�FC�=UYLaBOF;�AHDlCi?X}�C�z�A�=U|d?"C�CiaBC�G�A_K`GEk�O�A"S%Y`CiD�A"OdG5=UGVM G�C�J:A"?"KLG�O



A�«

;XD�C�z�A"?@=I=�G�M6d�G�=�Y`YL�eK`G�A[S�C-C��ZA[?@=dz�A"C�M JI�d=UY`J:C � �(S�CHC�Y`Cbz�A"?[O�Gj;"=�aBD�YLCHK�;*=Bk�KLA\a�O�?"C£MZK�h  
z�J�YLA*zi=�;XC£=�;¢A[S�C_CiY`C�z�A[?"OdGxKQMZC�G�A"K�d¤z�=UA[K`OdGxKQ; a�O�?"C�z�OdaBD�YLC�� K Y`C�;[; C�hIz�KLC�G�Ac=UGVM�d�G�=UYLY`�IaBOd?"C
z�OdaBD�Y`KQz�=UA[C�MHA"O-z�OdGZA[?"O�Y � >�GIA"S�C�M�=�A@=_A[S�C®?"C�z�OdG�;XA[?"J�z�A"C�M>CiY`C�z�A[?"OdGI;XD�C�z�A[?"J�a~K�;(;�OU}�A[C�?cA"S�=�G
K`GTA"S�C£;XKLa>J�YQ=UA[K`O�G � >�A<z�=UGTklC-=H?"Cb;XJ�YLA¢O�}(CiK`A"S:C�?�MZK �¤C�?[C�G�Ack�=�z@{Z|d?"OdJ�G�M�z�OdaBD�OF;XKLA"KLO�GeOd?*=�G
J�G�C ��J�=�Y2C�h�z�K`CiG�z��>}�J�GVz�A"KLO�G�K`GjM:=UA@=I=�G�M S O�G�A"C � =�?"Y`O � �(S:C>?[C�;XJ�YLA@;¢?W=UA[S�C�?*KLG�MZK�zi=UA"C�A"S�C
Y�=�A"A[C�?®;"z�C�G�=U?[K`O � �(S:CHaBK�;[;XK`G:|BC�G�C�?[|���;XD�C�z�A[?"J�a�}�O�Y`YLO
��;�A[S�C-MZKQ;"z�?[C�D�=UGVz��eKLG�A"S�C-C�Y`Cbz�A"?[O�G
;XD�C�z�A"?"J:a =�G�M²A"Od|�C�A[S�C�?H?[C�;XJ�YLA®K`GNA[S�C J�k�C�K`G:|�z�OdaBD�=UA[K`k�YLCHK`GRM:=UA@=�=�G�M S � �cKLA"S�KLGNA"S�C
;XAW=UA[K�;XA[K�z�=�Y8J:G�z�C�?[A@=UKLGZA�� � _¢G���S�O
� K K`GeA[S�C&'*)0;XKL|�G�=�Y+=UYLY2;���;�A"C�aI=�A"KQz�;cz�O�a�K`G�|_}�?[O�a A[S�CHM�K�}t 
}�C�?[C�GZA+k�=dz´{�|�?[O�J�GVMBz�O�a�DlO¥;XKLA"K`OdG�;+z�=UGVz�C�Y�O�J�A�=b}�A[C�?(A[S�C¢kV=�z@{Z|d?"O�J:G�MB;XJ:k�A"?W=�z�A[K`O�G�MZC�;"z�?"K`k�C�M
K`G AZ� � � _¢G�=dM�MZKLA"K`OdG�=UY M�=�A@=°Ü S O�G�A"C � =U?"YLOBz�O�aBD�=�?"KQ;XO�GTOU}+A[S�C_CiG�C�?"|d�IC�;XA[K`aI=�A"K`OdGBK`GTA"S�C
O�D:DlO¥;XKLA"C_S:C�aBK�;�D�S�C�?[C*;�S�O
��;¢=HG�KQz�C®=U|d?"C�CiaBC�G�AÝ}�Od?*=�Y`Y¯D�?[C�;XCiGZA[C�MB;"=�aBD�YLC�; �

� O�G�;�K�MZCi?"K`G:|²a-J�O�GV;H=�;B=�aBO�?[CB?"CiY`K�=�k�Y`CID�?[O�k�C
�0C�z�OdG�z�YLJ�MZCIA"S�=�AB=�Y`Y�M�=�A@= Ü S O�G�A"C
� =U?[Y`O�MZK�;[z�?"C�DV=UG�z�KLC�;*;�A@=����cK`A[S�K`GjO�G�C�;XAW=UG�M:=U?@MRMZCi�ZKQ=UA"KLO�G�O�}�A"S�C�;XAW=UA"KQ;XA[K�z�=�Y�J:G�z�C�?[A@=UKLGZA�� �
�(S�C�?[C�}�O�?[C K A@=�{ZKLG�|�=_z�OdG�;XC�?[�d=UA"KL�FCc�d=UY`J:C¢O�} /�oMA K �0C*z�=�GB=d;";�J�aBC�A"S�=�A(O�J:?(;���;�A"C�a�=UA"KQz(C�?"?[O�?
O�G � � ;�S�O�J�YQMBG�O�A�C��:z�C�C�M � 1�1 S C�q �



���+���¿�i�"
�������
¿�����e�i�����d���	�e�W�
���������d�����¢�i�¯�x�W�"���i�*������

�e���¿
���� A�?
� � �����O�����������2��� � ����������� � � �!� ��� �e�"���#�$�%��� �9�����]� � �&�#�('

� �����2���
) �"! * ,8)+4.*�(:, ,�.2)+$
*�, &,+B3.-�, · ¸0/ &($�) (�921¯)23�9�&c1

�(S�C('�)8D�O�Y�=�?"K.@�=UA[K`O�G�K�;(M�C�A"C�?[aBK`G:C�M\}�?"Oda A[S�C¢�d=�Y`J�C*O�}2A[S�CUa�3¢Odk�;XCi?"�d=Uk�YLC9�cS�KQz´SBKQ;�A[S�C
?W=UA[K`O_O�} J_�d=UY`J:C�;�aBCb=�;XJ:?"C�MHK`G�M�=UAW=H=UG�M-K`G-A"S�C*?[C�}�C�?[C�G�z�C�;�K`a-J�Y�=�A"K`OdG]�cS�C�?[C¢A[S�C('*) MZC�z�=��:;
=�?"C�J�G�D�O�YQ=U?"K.@�C�M � _*; ��=�;¢Ci�ZD�YQ=UKLG�C�MBK`G�;XC�z�A[K`OdG I:� � J-K�;cA"S�C�?@=UA[K`OBO�}+A"S:CH=��FC�?@=�|�C�z@S�=U?[|�C�M
YLC�D�A[O�GjC�G�C�?[|�� � �30 	 =�G�MNA"S�C�=b�FCi?@=U|dC>G:C�J�A"?[K`G�OTC�G�C�?[|�� � � � 	 Odk�A@=�K`G�CbM =�}�A"C�?�k�=�z@{�|�?"OdJ�G�M
;�J�k�A[?@=�z�A"K`OdG � _*;*=UGjJ�G�D�OdY�=U?[K @�CbMe?"C�}�C�?[C�G�z�C�A"S�C-M�C�MZK�zi=UA"CbM
'*)(CiG�?"KQz´S�CbM S O�G�A"C � =�?"YLOxSV=�;
k�C�CiGxJV;XC�M � _*;c=�Y`?[C�=�MZ�IaBCiGZA[K`O�G:C�M>K`GIA[S�C_k�C�|dK`G�G�KLG�|-OU}0z@S�=UD:A"C�? A KLA¢KQ;(S�K`|dS�Y`�ID�O�D:J�Y�=�A"C�M
=�G�Mjz�O�G�A@=�K`G�;¢D:?@=�z�A"K�zi=UY`YL�IG�OIk�=�z@{Z|d?"OdJ�G�M � �(S:C�?"C�}�Od?"C K KLG�A"S�KQ;*;XKLa>J�YQ=UA[C�MI;"=Ua�D�Y`C�A"S�C-?"C�}t 
Ci?"C�G�z�C�J B / }�Od?*A"S:CH|�C�G�J�K`G:C]'*)c;�K`|dG�=UY6K�;*M�C�A"C�?[aBK`G:C�M"�cK`A[Sj=>S�KL|�Sj;XAW=UA[K�;XA[K�z�=�Y2;�C�G�;�K`A"KL�ZKLA�� �
�(S:CH;XKLa>J:Y�=UA[C�M>J�G�k�KQ=�;XCbM ! �! Ci�FC�GZAW;(S�=��FC®klCiC�GeJ�;�C�MeO�G:Y`�T=�;�=UG�KLG�MZC�D�C�G�M�C�GZA�z�?"OF;[;^ z´S:C�z´{
O�}2A[S�C®O�k�AW=UKLG�C�Mx?[C�;XJ:Y`A@; �

;[=UaBD:Y`C '�)ÝCiG�?"KQz´S�CbM S � ! �! S � /2?�? �bÜ /2?�?@A M�=�A@=
4 OU}�'�)
z�=UGVMZK�M�=�A"C�; � � A�?$]]/ � IFy@? ] � ? � FJ/�] � �
�@) ��
 1��M1 � I ] 1Z�M1@14I 1Z�­IF«$](1Z�£1 � 1Z�­IF« ] 1Z�£14I
� �!0 	 D p C�q G /@/��£?V/�] 1Z� / � / � � /i« ] 1Z� � ? /�1Z�£A � ](1Z�£A �
� � � 	 D p C�q G «Z� /iy ] 1Z� /iy «Z� /4F�](1Z�£ACF AZ�ß«CF�] 1Z��F�I
J /�� I¥y ] 1Z�M1
I /��­IJ?$](1Z� / � /���F
? ] 1Z� � A
�53 /��M1 /��£1 � ](1Z�£1�? /�� � � ] 1Z� /4F
� 1Z�M1 � 1Z�M1@A �V7 � [�6�J7 � [ 7 � 1�� I¥« �V7 � 687�J7 � [29

�6=Uk:Y`C F Ú � �����	� ,L��, %&�+, 5 �	�9,U� ? �9�;�2�$� ) �J��%U�&"$�D%3�6� ��%&�����6�!'�) � �����&� 	 ��%��	��	��&"$� ,S�2/ 5 �����&� )�5 � ? ����,�� )
: �: ���������9,���� ) �&"$� ) ���9�$<Z��"$� � 5 ���&� ) ��%&%&��%6, ��%&�-,��9���.�N,.��������� �����	��<

�(S�CH?[C�;XJ:Y`A@;cO�k:A@=UKLG�C�Mx}�Od?*A"S�CH?[C�}�C�?[C�G�z�Cm'*) S OdGZA[C � =�?"Y`O K A"S�C£;XK`a-J�YQ=UA"CbM�J:GZk�KQ=�;�C�M ! �!
Ci�FC�GZAW;¯=UG�MHA"S:C�M�=UAW=\=�?"C�;�J�aBaI=�?"K @iC�M¢K`G-�6=Uk:Y`C F¥� �¢J�CcA[O*S�K`|dSB;�A@=�A"K�;�A"KQz�;8=�G�MHY�=�z@{®OU}½k�=�z@{V 
|d?"OdJ�G�M_A"S:C S � ?"C�}�Ci?"C�G�z�C D J B / G S�=�;8k�C�CiGHC��d=UY`JV=UA"CbM��cK`A[SH=�G-=UY`a�OF;XA6G�C�|dY`KL|�K`k:Y`C0;XAW=UA"KQ;XA[K�z�=�Y
Ci?"?"Od? � �(S�C�z�O�?[?"C�;�D�O�G�MZKLG�|]a;3c=UGVM°D�O�YQ=U?[K @�=�A"K`OdG �g}�O�?+A[S�CT'*)¯C�G�?[K�z@S�C�M_;[=UaBD:Y`Cc=�?"Cck��HMZC�d  
G:K`A"KLO�G-C
�FJ�=UY�A[O_OdG�C®=UGVM @�Ci?"O®?"C�;�D�C�z�A"KL�FC�Y`� � �(S:C �cS�OdY`C<=UG�=�Y`�:;XKQ;(=UD:D�Y`KLC�M_A"O�A"S�C<;XKLa>J�YQ=UA[K`O�G



y�1

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0.6 0.8 1 1.2 1.4 1.6

DELPHI

Ry

Λ
b 

po
la

ri
za

ti
on

Ry = 1.23 ±0.17(stat.)  +0.081(syst)-0.077

P  = −0.48  +0.35 (stat.)  +0.15 (syst)-0.27 -0.13
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systematic error band
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