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�

×��y� � wsZmd\b}^WUWklZmY[bew ���e×
×��Ô� Á�bewsxe]�w�Z\YpbewOT ���e×
×��Ë  �ugW] Ç t�|�YpX¾UWX �JY ��]_o[YpgWb}b�^ �����
×�� � � bew+n»t�dmt�X0]�Z\d\Y[k Ç ]�Z\gWb�^OT®`cb�d®n't�d\t�X>]lZm]�d�«»Y[Z\Z\YpwWi ���e¡

×�� �W�[� Á�b�wWT<Z\d\UWklZmYpwOi�t ��q¤t�k_]�`cd\beX t �}]�ZÃb�`�{�VOT\]_dCx�t�VWop]�T �����
×�� �W�Å� �ugO] � ]�d\wW]�o Ç ]�ZmgOb�^ �����
×�� �W�Ô  �ugO] �HYpwWwW]�^ �JY���]_o[YpgWb}b}^ �Î  �

×��Ô× � wsZmd\b}^WUWk�YpwWi.Z\gW]�� ^O]_q�]_wW^W]�wWk_]ªYpwsZmb.Z\gW]3nRj�« �Î e�
×�� � �»]�T<Z\T�b�`�ZmgO] Ç ]�ZmgOb�^�Æ ��Ypt�T®t�wW^ ��]�wWT\YyZmYyx�YyZzr � �W�
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×�� �O�[� Áft�opYpVOdmt�Z\Ypbewa«»Y[ZmTHZmb>t �©t�d<ie] Ç bewsZ\]ÂÁft�d<opb �Ot�X>qWo[] � ���
×�� �O�Å� «»Y[ZmTHZmb>t opt�d\i�](w�UWXÂV�]_d®b�`»^¤t�Z­t �zT\Y �_]�^�T\t�X>qOop]_T � ���

×��Ô¡ ��qWqOo[r}YpwWiÂZ\gW]hX>]lZmgWb}^aZmb Ç!È t�wW^ Ö�È � � �
×��Ô¡��[� �ugO] �JY���]_o[YpgWb}b}^ � |�qWd<]_T<T\Ypb�w � ��×
×��Ô¡��Å� Áft�opk_UOo�t�Z\YpwWi¾Z\gW]�À¼]�YpiegsZ\T � ��×
×��Ô¡��Ô  n»t�dmt�X>]lZmd\Y[T\Y[wWiÂZmgW] �ft�k��}i�d\beUWwO^ � � �
×��Ô¡�� � z ¯�� �.n#UWd\YyZzr � T<Z\YpX>t�ZmY[bew ��×��
×��Ô¡��Å× Á�gOb�beT<YpwWi.Z\gW]�x�t�d\Y�t�VWop]�TfYpw��� ��× �
×��Ô¡�� � � ]�`c]�d\]�wWk_] �Ot�X0qWop]�T ��×e¡
×��Ô¡��Å¡ �HY�t�T®t�wO^ � |�q�]_k�Z\]_^ �}]_wWT<Y[ZmYyx}Y[Zzr ��×��

�NZ � |�Xh\pm), � �~}�] X`\�e � X[_{tL���@t \pm[X � _a�qX[_{\^] ���.�

�O�y� � wsZmd\b}^WUWklZmY[bew ��¡� 
�O�Ô� j(]�Z\]_k�Z\bed � ��]�k�Z\T ��¡ �

�O�Ô���[� �J]�qOZmbew � wW]_d<i�r!t�wO^ Ç b�X>]�w�Z\UWX ��k_t�op]3t�wO^ � ]_T<beopU�ZmYpb�w ��¡e×
�O�Ô���Å� !�]lZ � wO]_d\i�r!t�wW^+��k�beopo[YpwW]_t�d\YyZzr ��¡��
�O�Ô���Ô  ��T\q�]_klZ � t�Z\Ypb.b�`'j � ��n ~ � ��¡��

�O�Ë  � ��]�k�ZmTÃ^WUW]�Z\b Ç b�^W]�opo[YpwWiÂb�`�n#gsr}T\Ypk�T �Î�e�
�O�Ë O�[� «¤d\t�ieX0]_wsZ­t�Z\Ypbew �Î�e�
�O�Ë O�Å� � wOY[ZmYpt�o ��Z­t�Z\] � t�^OY�t�Z\Ypbew �Î� �

�O� � �ft�k���ied<beUWwW^ �Î�s¡
�O�Ô× � � n ��]Ît�X � wO]_d\i�r �Î�e�
�O� � Ç bewsZm]ªÁft�d<opb �}Zmt�ZmY[T<ZmY[k_T �Î�e�

�O� �O�[� Áft�opYpVOdmt�Z\Ypbew ��t�X>qOop]_T �Î�e�
�O� �O�Å� � ]�`c]�d\]�wWk_] �Ot�X0qWop]�T �Î�e�

�O�Ô¡ Á�bed\d<]_opt�ZmY[bewWTut�wO^�Á�beX¾VWYpw¤t�ZmYpb�w �Î�e�
�NZ � |�Xh\pm�� � �v\�]cbfzgX[] � �@i �Nkq�@t zab@]`_ kq�f] �����

¡��y� � wsZmd\b}^WUWklZmY[bew �Î�e 
¡��Ô� � � � ]_T\UOo[ZmTu`cbed��Î�e�e�.t�wW^ ���e��� �Î�e 
¡��Ë  	 � � ]�T\UWoyZmTu`cbed������e�.t�wW^ ���e�e� �Î�s¡
¡�� � Á�beX0q¤t�d\Y[T\bew��®YyZmg+j � �©n ~ � t�wO^ � � n � ]_T\UOo[ZmT �Î�s¡
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�e� � ��YpwOieop]�
 dmt�^OY�t�Z\Ypbewa«¤]lr�wOX�t�w+^WYpt�iedmt�X ���
�e�Ô× ��UWVWT<]�ZÃb�`�
 � ¯a«¤]�r}wWX>t�w+^WY�t�iedmt�X0T ���
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 ¢�Y[w!Z\gW] ��bed<w�o[]�xe]�o ���
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 ¢ YpwaZmgO]3^OY �5]_d\]�wsZ�t�qWqWd\bÎ|�YpX>t�Z\YpbewWT ���
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 T<]_o[`��8]_wW]�d\i�r�opb}beqWT �e�

���y� �Jb�k_t�ZmY[bewab�`�ZmgW]��h����� ��t�V5bed\t�Zmb�d<rat�wW^+Z\gW]ª�����a��k_k�]_o[]_dmt�Zmbed � �
���Ô� ��^WY�t�iedmt�X b�`�ZmgW]ª�����aYpw��<]�k�Z\Ypbew!T<r}TCZm]_X �e×
���Ë  «'opU}|aopb}beqWTft�wW^ �(Ç � qWd<beV�]_T®bewaZmgW]ª�H���!X�t�Ypwa^WY[q5beo[]_T  e 
��� � � ]�T\Y[^WU¤t�o#^WY ��]�d\]�wWk_]�TªV�]�Zz�H]_]�w�«'opU}|�opb}beq t�wW^ �(Ç � X>]lZmgWb}^ `cb�d(ZmgW]+���e�e�

^¤t�Zmt   �
���Ô× �ugW]hYp^W]_t.V5]�gWYpwW^aZ\gW]Â�H��� ��q�]_klZmd<beX>]lZm]�d  s×
��� � �ugW]ho�tÎreb�UOZ®b�`'Z\gW]ª�����aT\q�]_k�Z\d\beX0]�Z\]_d   �
���Ô¡ Áft�opY[VWdmt�ZmYpb�w�b�`»ZmgW]ª����� ��q�]_k�Z\d\beX0]�Z\]_du�®Y[Z\g � ]�T\bew¤t�w�Z�j(]_q�beopt�d\Y[Tmt�Z\Ypbew  s¡
���Ë� � �fn Ç TCZ­t�Z\Ypbew  e�
���Ë� ��]Ît�X V¤t�T<]_^+k_d\b�T\TÃkÎt�o[YpVWd\t�ZmY[bew�b�` �fn Ç iet�YpwWT �W�
���y��� � ]�o�t�Z\Ypbew�V5]lZz��]�]_w�d<]_o�t�ZmY[x�]�V5]_t�X V�]_wO^�t�wWi�op]�t�wO^ � «�`cd\]_±�UW]�wWk�r ���
���y�e���ugW]ª����� �}q5]�k�Zmd<beX0]�Zm]�d®X�t�qOqWYpwWi.V�]_wOk­g¸T\]lZmUWq �s 
���y� ��{ ��T<]�ZmT®Y[w!Z\gW] ~ t�o[o�qWd<beV5]�]�T<Z\YpX>t�Zm]�b�`���������� � � �
���y��  � w �¤UW]�wWk_]3b�`©ZmgO]3T<kÎt�wOwWYpwWi0t�d<X bewaZ\gW] � º¤]_o[^+T<]_]�w¸Vsr�ZmgO]�T<Z­t�ZmYpb�w¤t�d<r �(Ç � T �s�
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���y� � � ]�o�t�Z\Y[x�](d\]�T\Yp^OU¤t�opTf`cd<beX Z\gW]�� ����� ����ºWZ®Z\b � ��������� �"! # % �s�
���y� ×�«¤dmt�klZmYpb�wab�` � ��������� �"! # %©^WUW]�Z\b Z\gW]h]_wW^}�8º¤]�op^ ×��
���y����n#d\beV�]l�8V�rs�8qWd\beV�]hd\]�o�t�Z\Y[xe]�d\]_T<Yp^WUWt�opTu`cd\b�X ZmgO] �	��

�¸x}T_� � �������'opY[wW]Ît�d�ºWZ ×��
���y� ¡�{ ��T<]�Z<�8k_bed<d\]�k�Zm]�^ � ]_opt�ZmYyxe]�d<]_T\Y[^WU¤t�o[Tf`cd\beX ZmgW]�� ����� ���5ºWZ®Zmb � ��������� �"!$#$% ×e�
���y��� � ]�o�t�Z\Y[x�]>d<]_T\Y[^WU¤t�o[T¾`cd\b�X Z\gW]�� ����� ����ºWZÂZ\b � � � ����� �"!$#$%y`cbed¾^OY �5]_d\]�wsZ.T\UWV}�

Tmt�X0qWo[]_Tub�`»X�t�qWT ×e×
���y����Á�beX0q¤t�d\Y[T\bew½b�`RZmgO]��H��� ��q�]_k�Z\d\beX0]�Z\]_d3]_wW]�d\i�r½]�T<Z\YpX>t�Zm]Â�®YyZmg½Zmg¤t�Z3b�`RZmgO]

� ]�T\bewWt�wsZ�j(]�q5b�o�t�d<YpTmt�ZmYpb�w Ç ]lZmgWb}^ ×��
���Ô����Á�beX0q¤t�d\Y[T\bew½b�`RZmgO]��H��� ��q�]_k�Z\d\beX0]�Z\]_d3]_wW]�d\i�r½]�T<Z\YpX>t�Zm]Â�®YyZmg½Zmg¤t�Z3b�`RZmgO]

�(Ç � Ç ]�Z\gWb�^ �e�
���Ô��� Ç ]Ît�T\UWd<]_X0]_wsZ�b�` & ��t�TÃtÂ`cUWwWklZmY[bew!b�`������ �O�
���Ô�e� & ( ����
 ���½X0]Ît�T\UWd<]_X0]_wsZmTÃYpw������e� t�wW^ ���e�e� �s�

 O�y� ��^WY�t�iedmt�X b�`�ZmgW]ª¥���¦���§©¨J^O]�Zm]�k�Z\bed �s×
 O�Ô� �ugW]ª¥���¦���§�¨Jk_b}bed<^WYpw¤t�Zm](TCr�TCZm]�X �s¡
 O�Ë  �ugW]hT\Y[opYpk�bew�Zmd\t�k���]�d �e�
 O� � �ugW]h�uYpX0]hn#d\b��<]�k�ZmY[bew�Á�g¤t�XÂV�]_d ¡��
 O�Ô× Á�UOZ�tÎ�ftÎrax}Yp]l�Íb�`�t�w ~ nRÁ%X0b�^OUWop] ¡� 
 O� � �ugW]hd\]_t�^WbeUOZÃie]�beX0]�ZmdCr�b�`�ZmgO] ~ Á�� � ¡e×
 O�Ô¡ ��T\]�k�ZmY[bew!ZmgWd<beUWieg!q¤t�dCZÃb�`»Z\gW] Ç v ��^W]lZm]_klZmbed ¡e¡
 O�Ë� ��T\]�k�ZmY[bew!ZmgWd<beUWieg+t Ç v ��^Wd\Yy`´Zuk­g¤t�X¾V5]�d ¡��
 O�Ë� ��k_UOZ�tÎ��t�r!^OY�t�ied\t�X:b�`#t�w+t�d<X b�`�ZmgW] ��� � Á ¡��

�W�y� � jÃ� x�t�d<Y�t�VOop](qWo[b�Z���]lr �Î�e�
�W�Ô� ] ¯}°C±�²±s³'�Î�e�0�h]l� � jÃ��x�t�d\Ypt�VWo[]_T(� �Î�O�
�W�Ë  ] ¯}°C±�²± ³ �Î�e�0�h]l� � jÃ��x�t�d\Ypt�VWo[]_T®� �Î�s�
�W� � ] ¯}°C±�²±s³'�Î�e�0�h]l� � jÃ��x�t�d\Ypt�VWo[]_Tu  �Î�e 
�W�Ô× µ ¯}¶�±�²±s³'�����>��]�� � j®� x�t�d\Ypt�VWop]�T(� �Î� �
�W� � µ ¯}¶�±�²± ³ �����>��]�� � j®� x�t�d\Ypt�VWop]�T®� �Î�s×
�W�Ô¡ µ ¯}¶�±�²±s³'�����>��]�� � j®� x�t�d\Ypt�VWop]�Tu  �Î� �
�W�Ë� · ¯�¹_±�²±s³����e�0��]�� � j®� x�t�d\Y�t�VWop]�T�� �Î�s¡
�W�Ë� µ ¯}¶�±�²±s³'�����>��]�� � j®� x�t�d\Ypt�VWop]�T®� �Î�e�



� _{] XCk
j��4_{oqb�m�\^] ���Q_a_

�W�y����µ ¯}¶�±�²±s³'�����>��]�� � j®� x�t�d\Ypt�VWop]�Tu  �Î�e�
�W�y�e��] ¯}°C±�²±s³J���e�0�h]l� � jÃ��x�t�d\Ypt�VWo[]_T(� �����
�W�y� ��] ¯}°C±�²±s³J���e�0�h]l� � jÃ��x�t�d\Ypt�VWo[]_T®� ���e�
�W�y�� �] ¯}°C±�²± ³ ���e�0�h]l� � jÃ��x�t�d\Ypt�VWo[]_Tu  ��� �
�W�y� ��µ ¯}¶�±�²±s³J�����>��]�� � j®� x�t�d\Ypt�VWop]�T(� ���� 
�W�y� ×�µ ¯}¶�±�²± ³ �����>��]�� � j®� x�t�d\Ypt�VWop]�T®� ��� �
�W�y����µ ¯}¶�±�²± ³ �����>��]�� � j®� x�t�d\Ypt�VWop]�Tu  ��� ×
�W�y� ¡N· ¯�¹_±�²± ³ ���e�0��]�� � j®� x�t�d\Y�t�VWop]�T�� �����
�W�y����· ¯�¹_±�²±s³����e�0��]�� � j®� x�t�d\Y�t�VWop]�TÃ� ��� ¡
�W�y����· ¯�¹_±�²±s³����e�0��]�� � j®� x�t�d\Y�t�VWop]�T®  �����
�W�Ô����· ¯�¹_±�²±s³����e�0��]�� � j®� x�t�d\Y�t�VWop]�T � �����
�W�Ô��� Ç!È d\]�T\beo[UOZmY[bewaV�]�`cbed<]ªt�wW^¸t�`´Zm]_dfZ\gW]���YpwW]�X�t�Z\Ypk�ºOZ ��� �

×��y� � Zz��b��z^WY[X>]�wWT\Y[bew¤t�o � ]�d\wW]�o©«�UOwWk�Z\Ypbew �����
×��Ô� Á�beX0q¤t�d\Y[T\bewab�`'gsr}q5]�d\T<qWgW]_d<Ypk_t�o�nRj�«»TÃb�`'^WY ��]�d\]�w�ZÃd\t�^WYpUOT �Î e�
×��Ë  �ugW]ª�3t�UWT\T<Y�t�w � ]_d<wW]_o�`cUWwOk�ZmY[bew �Î O�
×�� � Á�beX0q¤t�d\Y[T\bewaV�]�Zz�H]_]�w ~ r}q�]_d<T\qWgW]�d\]¾t�wW^��3t�UWT\T<Y�t�w+n�j�«'T �Î s�
×��Ô× �3t�UWT\T<Y�t�w+n�j�«'T �Î e 
×�� � � � �z^OYpX0]_wWT<Ypbew¤t�o � ]_d<wW]_oJ] |�Z\]_wW^OYpwWi0V5]lrebewO^¸V�beUWwW^¤t�d\Yp]�TuYpX0q5b�T\]_^!Vsrak�UOZmT �Î  �
×��Ô¡ � � �z^OYpX0]_wWT<Ypbew¤t�o � ]_d<wW]_oJ] |�Z\]_wW^OYpwWi0V5]lrebewO^¸qWgsr}T\Y[kÎt�oJV�beUWwW^Wt�d\Y[]_T �Î s×
×��Ë� �Rt�d\Ypt�ZmY[bew�b�`�ZmgO]hZ\d\UW]3n�j�«�YpwWT<Yp^W](Z\gW] � ]_d\wO]_o �Î  �
×��Ë� Á�beX0q¤t�d\Y[T\bewaV�]�Zz�H]_]�w�n�j�«'Tuk_b�wWT<Z\d\UWklZm]_^+`cd\beX VWYpwWTub�`'^WY ��]�d\]�w�Z®�®Y[^OZmgWT �Î s¡
×��y��� � ]l��]�YpiegsZ\]_^ � ���hT<q5]�k�Zmd\t �Î e�
×��y�e� � ]l��]�YpiegsZ\]_^ � ���hT<q5]�k�Zmd\t � �s�
×��y� � � ±}UOY[x�t�op]�wsZ®d\]�`c]�d\]�wWk_]3Tmt�X0qWo[]�T<Z­t�ZmYpTCZmY[k_T � �W�
×��y��  � ¯�� �.n�j�« � ��¡
×��y� ��µ©¯�� �.n�j�« � �s�
×��y� ×N·�¯�� � n�j�« � �s�
×��y����·�¯�� � �ft�k���ied<beUWwW^+^W]�T\k_d<YpqOZ\Ypbew ��×��
×��y� ¡������	�¸^WYpTCZmd\Y[VWUOZ\YpbewWTH`cbedfZmgW]�Z\gWd\]�] �;¯�� �.^W]�kÎtÎr!k­g¤t�wWwO]_opT ��×��
×��y��� � xe]_wsZ�Vsr!]�xe]�wsZ�qWUOd\Y[Z\Yp]�T®t�TÃt.`cUOwWk�Z\Ypbew!b�`
�����	� ��×� 
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×��y��� � ¯�� ��V¤t�k���ied<beUWwW^Nq¤t�dmt�X>]lZmd\Y[Tmt�Z\Ypbew�t�wW^7^WYpTCZmbedCZmYpb�w�`cd\beX X�t�T<T ^W]_q�]_wW^O]_wsZ
]�x�]_wsZ�Vsra]lxe]�w�Z�qWUWd<Y[ZmY[]_T ��× �

×��Ô����n»b�Z\]_wsZmYpt�o�ºWZÃbeVOT\]_dCx�t�VWop]�T��� ��×e×
×��Ô���Fj(YpT<k_d\]�q¤t�wWklraV�]�Zz�H]_]_w�b��0k_Ypt�oJt�wW^+qWd<Y[x�t�Zm].�Î�e�0�h]l��À � À ¢ Tmt�X0qWo[]_T � �e�
×��Ô�e� Ç!È kÎt�opYpVOdmt�Z\Ypbew�qOopb�Z\T � �O�
×��Ô��  Ö�È kÎt�o[YpVWd\t�ZmY[bew � �s�
×��Ô� � Ç!È VWYpt�T®t�TÃtÂ`cUWwWk�Z\Ypbew!b�`�� Ð � �e�
×��Ô�e×Í���e� ��]�� Ç!È n#UWo[oJ^WYpTCZmd\Y[VWUOZ\Ypbew ��¡��
×��Ô��� ���e� ��]�� Ç!È n#UWo[oJ^WYpTCZmd\Y[VWUOZ\Ypbew ��¡��
×��Ô�e¡ Ö�È n�UOopo�^WY[T<Z\d\YpVOUOZmY[bewWT ��¡e�

�O�y� j�t�Z­t � Ç bewsZ\]3Áft�d\o[b.k_beX0q¤t�d<YpT\b�wab�`�XÂUObew!X>beX0]_wsZ\UWX ��¡��
�O�Ô� j�t�Z­t � Ç bewsZ\]3Áft�d\o[b.k_beX0q¤t�d<YpT\b�wab�`�XÂUObew!X>beX0]_wsZ\UWX d<]_T\b�opUOZ\Ypbew ��¡e¡
�O�Ë  j�t�Z­t � Ç bewsZ\]3Áft�d\o[b.k_beX0q¤t�d<YpT\b�wab�` �<]lZ®]_wW]�d\ieY[]_T �Î�e�
�O� � j�t�Z­t � Ç bewsZ\]3Áft�d\o[b.k_beX0q¤t�d<YpT\b�wab�` �<]lZ®]_wW]�d\i�r!d<]_T\b�opUOZ\Ypbew �Î�O�
�O�Ô× j�t�Z­t � Ç bewsZ\]3Áft�d\o[b.k_beX0q¤t�d<YpT\b�wab�` �<]lZÃt�wWieUWopt�dfd<]_T\b�opUOZ\Ypbew �Î�s�
�O� � «¤dmt�ieX0]_wsZmt�ZmY[bew�] �5]_klZmTÃYpw Ç!È ^W]lZm]�d\X0Ypw¤t�Z\Ypbew �Î�s×
�O�Ô¡ «¤dmt�ieX0]_wsZmt�ZmY[bew�] �5]_klZmTÃYpw Ö�È ^W]�Z\]_d<X>Y[w¤t�ZmY[bew �Î� �

¡��y� �+Ï���� ���
	�Ï � Ó\Ó�k�UWd<x�]_TÃ`cbedfZmgW] Ç!È ºOZ �Î�s×
¡��Ô� ��d\]_t���^Wb��®w¸b�` Ç!È ]�d\d\b�d\T �Î� �
¡��Ë  Á�bewsZmd<YpVWUOZ\YpbewOT®Z\b Ç!È `cd\b�X ]Ît�k­g�b�`�ZmgW] �;¯�� �0k­gWt�wWwW]�opT(t�wW^�]Ît�k­g�k_]�w�Z\d\]ªb�`

X�t�T\Tu]_wO]_d\i�r!q5beY[wsZ �Î� �
¡�� � �+Ï���� ���
	�Ï � Ó\Ó�k�UWd<x�]_TÃ`cbedfZmgW] Ö�È ºWZ �Î�e�
¡��Ô× Ç!È d\]�T\UWoyZmT®k_b�X>q¤t�d\]_^aZ\b�¥>��¦���§©¨�x�t�opUW]�T ���e�
¡�� � Ö�È d\]_T<UWo[Z\T®k_beX0q¤t�d<]_^aZmb>¥���¦���§©¨Jx�t�o[UW]_T ���O�
¡��Ô¡ Ç!È t�wW^ Ö�È d\]�T\UWoyZmT®k_beX0q¤t�d<]_^aZmb>�H���ax�t�opUW]�T ���s�
¡��Ë� �����!t�x�]_d\t�ie]hx�t�opUW]�Tf`cbed Ç!È t�wW^ Ö�È ��� �
¡��Ë� �ugW]���b�d\op^+tÎxe]�dmt�i�] Ç!È x�t�o[UW] ��� �
¡��y�����ugW]�À V�beT\b�w+X>t�T<T®x}T���Z\gW]�Zmbeq+±�U¤t�d ��X�t�T\T ���s¡
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�e�y� �(U¤t�wsZmUWX w}UOXÂV5]�d\Tu`cbedfZ\gW]�`c]_d\X0Ypb�wWTuYpwaZmgO]3TCZ­t�wO^¤t�d\^+X0b�^W]�o  
�e�Ô� �(U¤t�wsZmUWX w}UOXÂV5]�d\Tu`cbedfZ\gW]hV5beT<bewWT®YpwaZ\gW]hT<Z­t�wW^¤t�d<^�X0b�^O]_o �

���y� �ugW] � «�k_t�x}YyZzrak_bew�º¤ieUWd\t�ZmY[bew��.�	��
 ���½t�wW^ ��� ^OÑHb�`��H���aYpw½�����s×¾Zmb!���e�e� ���
���Ô� � ]�o�t�Z\Y[x�] ��Ç �!b�`»X0]Ît�T<UWd\]�^�T<q5]�k�Zmd<beX0]�Zm]�d®]_wW^���º¤]_o[^WT � �
���Ë  � ]�o�t�Z\Y[x�] ��Ç �!b�` ��q�]_klZmd\b�X>]lZm]_d®V�]_wW^OYpwWi.º¤]�op^WT ��¡
��� � Áft�opY[VWdmt�ZmYpb�wÂn't�dmt�X0]�Z\]_d\T#b�`�Z\gW]Ã����� ��q�]_k�Z\d\beX0]�Z\]_d Ç t�iewW]�Z�d<]�`c]�d\]_wOk_] �(Ç �

qWd\b�V5]�T ×� 
���Ô× �»]�X>q�]_d\t�ZmUOd\]3Á�b}] �0k_Y[]_wsZmTÃb�`�ZmgW]ª����� ��q5]�k�Z\d\beX0]�Z\]_d Ç t�iewO]�Z ×� 
��� � «'Y[Z®Á�b�] �>k�Yp]�w�Z\T�b�`»Z\gW]�`cdmt�klZmYpb�w¤t�o�]�wW^���º¤]_o[^��H��� ��q�]_klZmd\b�X>]lZm]_d Ç t�iewW]�Z × �
���Ô¡ � ]�T\beo[UOZmY[bewWTut�wW^�VOY�t�T<]_T®Ypw!dmt�ZmYpb�TfV5]lZz��]�]_w¸ºOZ\Zm]�^ �	��������� �"! # %yx�t�opUW]�T ×e¡

 O�y� ��q�]_k_Yyº¤kÎt�ZmYpb�wWTub�`�ZmgW]�Zmd\t�k���YpwWi T<UWV��z^O]�Zm]�k�Z\bed\T �s¡
 O�Ô� ��q�]_k_Yyº¤kÎt�ZmYpb�wWTub�`�ZmgW]hkÎt�opbed<YpX0]�Zm]�d\T ¡e�
 O�Ë  ��q�]_k_Yyº¤kÎt�ZmYpb�wWTub�`�ZmgW]hXÂUWb�w+k­gWt�XÂV�]_d\T ¡��

�W�y� « �RÇ Á k�opUWTCZm]�dÃd<]_T<beopUOZ\YpbewaqWt�dmt�X0]�Z\]_d<T �O�
�W�Ô� � UOw �}]_op]�k�Z\Ypbew�Á�d\YyZm]�d\Y�t �s�
�W�Ë  ���e� ��]�� � jÃ� qWd<]l�8T\]_o[]_klZmYpb�w+k�UOZmT �s¡
�W� � ���e� ��]�� � jÃ� qWd<]l�8T\]_o[]_klZmYpb�w+k�UOZmT �s¡
�W�Ô× � jÃ� Z\UWwWY[wWi k­g¤t�dmt�k�Zm]�d\Y[T<ZmY[k_T �e�
�W� � ���e� ��]�� � jÃ� ��]�op]�k�ZmY[bew+n»]�d<`cbed<X�t�wOk_] �����
�W�Ô¡ ���e� ��]�� � jÃ� ��]�op]�k�ZmY[bew+n»]�d<`cbed<X�t�wOk_] �����

×��y� ��]_wOT\Y[Z\Y[x}Y[Zzr>Zmb �	� `cbedu^WY �5]_d<]_wsZÃq¤t�Y[d\Tub�`»beVWT<]_d<x�t�VOop]_T �� ��×e¡
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×��Ô� �	����� �»x}T_� �	� � ��� �fk_t�opY[VWdmt�Z\Ypbew�opYpwO]Ît�d�ºOZ�b	��T<]�ZmT � �e 
×��Ë  Ö ����� �©x}T_� Ö � � ��� �fk_t�opY[VWdmt�ZmYpb�w�opY[wW]Ît�d�ºWZÃb �5T\]�Z\T � �e 
×�� � �	����� �»x}T_� �	� � ��� �fk_t�opY[VWdmt�Z\Ypbew�opYpwO]Ît�d�ºOZ�T<opbeq�]_T � � �
×��Ô× Ö ����� �©x}T_� Ö � � ��� �fk_t�opY[VWdmt�ZmYpb�w�opY[wW]Ît�d�ºWZÃT\o[beq5]�T � � �
×�� � �	� x}T�� � Ð¾«'YyZ®n't�d\t�X0]�Zm]�d\T � �s×
×��Ô¡ Ö � x}T_� � Ð3«'Y[ZÃn»t�dmt�X>]lZm]_d<T � �s×
×��Ë� � |Oq�]_klZm]�^��}Zmt�ZmY[T<ZmY[kÎt�o � d\d\b�d\T®bew Ç!È � � �
×��Ë� � |Oq�]_klZm]�^��}Zmt�ZmY[T<ZmY[kÎt�o � d\d\b�d\T®bew Ö�È � � �
×��y��� ��Ç �!t�wW^+�®Y[^OZmg+b�`'n#UWopo�^OYpT<Z\d\Y[VWUOZmY[bewWT�`cb�d Ç!È ºWZmT � �s¡
×��y�e� ��Ç �!t�wW^+�®Y[^OZmg+b�`'n#UWopo�^OYpT<Z\d\Y[VWUOZmY[bewWT�`cb�d Ö�È ºOZmT � �e�

�O�y� Ç UWbew+X0beX>]�wsZmUWX T\kÎt�op]ht�wW^+d\]�T\beo[UOZmY[bewaT<r}TCZm]_X>t�Z\Ypkh] �5]_klZmTÃbew Ç!È ��¡e×
�O�Ô� Ç UWbew+X0beX>]�wsZmUWX T\kÎt�op]ht�wW^+d\]�T\beo[UOZmY[bewaT<r}TCZm]_X>t�Z\Ypkh] �5]_klZmTÃbew Ö�È ��¡e×
�O�Ë  � op]_klZmd<bew!]_wW]�d\i�r!T<kÎt�o[]ht�wW^+d\]_T<beopU�ZmYpb�waT<r}T<Z\]_X>t�ZmY[k3] ��]�k�Z\T�bew Ç!È ��¡��
�O� � � op]_klZmd<bew!]_wW]�d\i�r!T<kÎt�o[]ht�wW^+d\]_T<beopU�ZmYpb�waT<r}T<Z\]_X>t�ZmY[k3] ��]�k�Z\T�bew Ö�È ��¡��
�O�Ô× !�]�ZÃ]_wO]_d\i�r!t�wW^�t�wWieUOo�t�dfd<]_T<beopUOZ\YpbewaTCr}T<Zm]�X�t�ZmYpkh] ��]�k�Z�bew Ç!È ��¡��
�O� � !�]�ZÃ]_wO]_d\i�r!t�wW^�t�wWieUOo�t�dfd<]_T<beopUOZ\YpbewaTCr}T<Zm]�X�t�ZmYpkh] ��]�k�Z�bew Ö�È ��¡��
�O�Ô¡ ��T<q5]�k�ZÃdmt�Z\Ypb.TCr�TCZm]�X�t�Z\Ypkh] �5]_klZÃbew ÇaÈ ��¡��
�O�Ë� ��T<q5]�k�ZÃdmt�Z\Ypb.TCr�TCZm]�X�t�Z\Ypkh] �5]_klZÃbew Ö�È �Î�e 
�O�Ë� «¤dmt�ieX0]_wsZmt�ZmY[bewan't�dmt�X0]�Z\]_d\Tu`cbed ��r�TCZm]�X�t�Z\Ypk�] ��]�k�Z�]�x�t�opUWt�ZmY[bew �Î� �
�O�y��� Ç!È `cdmt�ieX>]�wsZ­t�Z\YpbewaTCr�TCZm]�X�t�Z\Ypk�]�d\d\b�d\T �Î� �
�O�y�e� Ö�È `cdmt�ieX0]_wsZmt�ZmY[bew�T<r}TCZm]_X>t�Z\Ypkh]_d<d\bed<T �Î�s¡
�O�y� � �ft�k���ied<beUWwW^+op]lxe]_oJTCr}T<Zm]�X�t�ZmYpkh] ��]�k�ZÃbew Ç!È �Î�e�
�O�y��  �ft�k���ied<beUWwW^+op]lxe]_oJTCr}T<Zm]�X�t�ZmYpkh] ��]�k�ZÃbew Ö�È �Î�e�
�O�y� ��«'YpwOY[Zm]�d\]l`c]_d\]�wWk_] Ç bewsZm]ªÁft�d<opb T<Zmt�ZmY[T<Z\Ypk_TuTCr}T<Zm]�X�t�ZmYpk�]�d\d<bed®bew Ç!È �Î�e�
�O�y� ×�«'YpwOY[Zm]�d\]l`c]_d\]�wWk_] Ç bewsZm]ªÁft�d<opb T<Zmt�ZmY[T<Z\Ypk_TuTCr}T<Zm]�X�t�ZmYpk�]�d\d<bed®bew Ç!È �Î�e�
�O�y��� �}r}T<Z\]_X>t�ZmY[k � d<d\bedÃÁ�b�d\d\]�o�t�Z\YpbewOT �Î�O�
�O�y� ¡ �}r}T<Z\]_X>t�ZmY[k�] �5]_k�Z\T�b�w ÇaÈ ^O]�Zm]�d\X0Ypw¤t�ZmYpb�w �Î�s�
�O�y��� �}r}T<Z\]_X>t�ZmY[k�] �5]_k�Z\T�b�w Ö�È ^W]lZm]�d\X0Ypw¤t�Z\Ypbew �Î�s�

¡��y� �	� � ]_T<UWo[Z\Tu`cbed����e�e� t�wO^ �Î�e�e� �Î� �
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� w�ZmgWY[Tak­g¤t�qOZ\]_d�ZmgO] X0beTCZaYpX0q5b�d<Z­t�w�Z�k_beX0q�bewW]_wsZ\Tab�`hZmgW]�TCZ­t�wW^Wt�d\^ X>b}^W]�o.Ï � Ç Ó�b�`
q¤t�dCZmYpk�op]�qWgsr}T\Y[k_T�t�d\]hbeUOZ\opY[wW]_^�� � ZÃYpTÃt�T<T\UWX0]_^+Zmg¤t�ZÃZ\gW]hd\]_t�^W]_dÃYpTu`;t�X0Ypo[Y�t�d��®Y[Z\gaZmgW] � Ç
t�wW^�YyZmT�k_b�wWT<Z\Y[ZmUO]_wsZmTut�wW^�T<bÂ]_X0qWg¤t�T<YpTRYpT�X>t�^W]Ãbew>Z\gW](t�T<q5]�k�Z\Tfd\]�o�t�Z\]_^ ZmbªZ\gW]�À V5beT<bew
t�wW^!bewaYyZmTfY[X>q�bed<Zmt�wWk�]��®Y[Z\gWYpw>ZmgW]�X0b�^O]_o��»��`´Z\]_d®tÂVWd<Yp]�`©d<]�x}Yp]l�Íb�`�Z\gW]�Tmt�opYp]�wsZf`c]Ît�Z\UWd\]�T
b�`�ZmgO]�� Ç Z\gW]_d<]¸`cbeo[opb��®T�t T\]�k�ZmY[bew�bew7ZmgW]�qOg�r}T<Ypk_T�b�` 
��%qWd<b�^WUOk�ZmY[bew�t�wW^�^W]�kÎtÎr}T_�
k_bewOk_]_wsZ\dmt�Z\YpwWi0bew 
%�zq¤t�Y[d�qWd<b�^OUWk�Z\Ypbew!Ypw ����� ¢ k�beopo[YpT\Y[bewWT��}`cbeo[opb��H]_^!Vsr!t.^W]_T<k_d\Y[qOZmY[bew!b�`
ZmgW]hY[X>q�bed<Zmt�wWk�](b�`�ZmgW]hX0]Ît�T<UWd\]�X>]�w�ZÃb�` Ç!È t�wW^ Ö�È �
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�ugW]�T<Zmt�wW^¤t�d\^�X0b�^W]�o�b�`hq¤t�d<Z\Ypk�op]+qWgsr�T<Ypk�T � �e�f�}��  �(^W]�T\k�d\YpV�]_T>ZmgW]�qOd\beq�]_dCZmYp]�T�b�`�`cUWw}�
^¤t�X0]_wsZ­t�oHq¤t�d<ZmY[k_o[]_T_��t�wW^¼Z\gW]_Y[d¾YpwsZ\]_dmt�k�ZmY[bewWT3ZmgWd<beUWieg¼Z\gWd\]�]�`cbed<k_]_T����ugW]�`cUOwW^¤t�X0]_wsZ­t�o
k_bewOT<ZmYyZmUW]�wsZmT3b�`�ZmgW] X0b�^W]�o�t�d<]0t!T<]�Z3b�`RT\qOYpw�� £� `c]�d\X0YpbewWT��JtaT\]lZªb�`�T<qWYpw��m�.V5b�T\bewWT���t�wW^
t>T<kÎt�opt�d®V5beT<bew��u�ugW]3xe]�k�Zmb�d�V�beT\bewOT�t�klZ(t�T�`cbed<k_]3kÎt�d<d\Yp]�d\T�t�wW^�T\b�X0]_^OY�t�Z\]hZ\gW]3YpwsZm]�dmt�k �
ZmY[bewWTRV5]lZz��]�]_w�ZmgO]�`c]_d<X>Y[bewWT��'�ugW]�ist�UWie]ÃV�beT\bew>YpTHtªk�bewWT\]�±�UW]_wWk�]�b�`�Z\gW]�X0]_k­gWt�wWYpT<X V�r
�®gWYpk­g ZmgO]Ãk�bewWTCZmY[Z\UW]_wsZ\TRb�`5Z\gW]uX>b}^W]�o¤t�k_±�UWY[d\]®t�X>t�T\T�� � Z�YpT�t(d<]_o�t�ZmY[x}Y[T<ZmY[k�±�U¤t�wsZ\UWX º¤]_o[^
ZmgW]�bed<r��®gObeT\]>YpwsZm]�dmt�klZmYpb�wWT3t�d\] ^W]�T\k_d<YpV�]_^¿V�r t+T\]lZ¾b�`;:=<?>A@B:?C�DFEHGJI�DLK�EJ<�ist�UWie].ZmgW]�bed\Y[]_T��
w¤t�X0]_oyr �(U¤t�wsZmUOX Á�gWd\b�X>b}^Or}w¤t�X0Ypk�T Ï �hÁfjÂ��ZmgO] Z\gW]_b�d<r�b�` �}Z\d\bewWi!Y[w�Z\]_d\t�k�Z\YpbewWTmÓl��Z\gW]
À¼]_t���«¤bed<k_]��©t�wW^ �(U¤t�wsZmUWX � op]_klZmd<b�^Or}w¤t�X>Y[k_T Ï � � jhÓ ����beie]�Z\gW]_d���ZmgW]�T\].`cbed<X Z\gW] � Ç
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ist�UWi�]ªied<beUWq�� �ÂÏ; sÓ������ �ÂÏ
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R�u�ugO] � Ç ^Ob�]�T�wWb�Z�d<]_±�UWYpd<]¾YyZmT®k_bewOT<ZmYyZmUW]�wsZmT
Zmb!V�].X�t�T<T\Yyxe]��JY[w¸`;t�klZÎ��ZmgO].X�t�T<T�ie]_wO]_dmt�ZmYpb�w�YpT(Y[w�Z\d\b}^WUWk�]_^½Ypw½taist�UOie]l�8Ypwsx�t�d\Ypt�wsZ���tÎr
x}Y�t�ZmgO] ~ Ypi�ieT Ç ]�k­g¤t�wWY[T\X b�`�T<q5bewsZmt�wW]_b�UWT�T<r}X>X0]�Z\d<rªVWd\]_t���YpwWiO��j(]_T<qWY[Z\]uV5]�YpwWi�b�`5i�d\]Ît�Z
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EPA - Electron Positron Accumulator
LEP - Large Electron Positron collider
LIL - LEP Injector Linac

LPI - LEP Pre-Injector
PS  - Proton Synchrotron
SPS - Super Proton Synchrotron
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Inner Layer (R1=89,5 mm, R2=93,5 mm, minimum angle: 20,7° to 22,4°)

Pixel Layer 1: (angular acceptance: 15,6° to 25,6°)

Pixel Layer 2: (angular acceptance: 12,1° to 21,0°)

Outer Layer (R1=103 mm, R2=108 mm, minimum angle: 23° to 24,7°)

Closer Layer (R1=63 mm, R2=68 mm, minimum angle: 24° to 27°)

2 Ministrip Layers (angular acceptance: 10° to 18°)
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drift of ionisation electrons

track of a charged particle

chamber wall




H.T. plate




 

beam axis



amplification wires


pads
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PY2

Inner

Outer

�! �"$#&%(' )
+��,.�/�O,� � 1 2 4J6 8Y: <>=?4 V T �Y8���<�8;: T ����� N>4JIK<>8MLJ_���=?4 PYLU4	� N�=]TMH�25O?P 2 O$H�25IJT(<U4JN!<U=?4 ^�8MN>2 <U2 8MO
8;: <>=?4 � �0/ ��_

14A � fg1�:=0�>I<?3I8h<-5W:O:I@u:=02<~@c:=02<?>}:�fr@°14Aw@9>IH2<?>}:=@K5-@�b9<->+:=02<�7 '-14oa\;:=0�7cG³>I<?EB14@9A#@B\;:g@9L!:I02<
795-5?<-8;:=79A25?<l@9Lg:I02<w14A2A;<->°79A2H @B\_:=<->Ko.@TH2\2G4<?3-Xº/+02<�3`:=79EBEB<?>I<-H 3I<W:=\28 @9Lg:=0;<wH21�'i<->`<-AC:
G®7tZB<?>I3g143+:I@.>`<-3`@BGJb9<�:I02<�G4<WL :`^�>`14EB0C:g7cou]214E9\21J:I14<-3q@9L¶3I14A;EBG4<FH;>I1JL :g560279ou]h<->I3?X

�D79560�560�7cou]i<?>g5-@BA23`143©:=3+@9Lp7abB@BGJ\2o.<~@9L�EC793I<?@B\23go.1�¨)��¢ ½�9 ½ : 79>IE9@BA y ¢ 9 ½ :�oQ<W:=0�7cA2<
79A2H �;:�5-79>I]h@BA.H214@t¨_14H2< � fg0214560.560�79>`EB<-HQ8�79>©:=145?G4<?3%14@BA21J3I< y 79A.79A2@TH2<+fg14>I<g>`\2A2A21JA2E[79G4@BA;E
:=02<�5-<-AC:I>I<F@9L�:I02<F560�7cou]i<?>r8�7c>=79GJG4<-G2:I@a:=0;<�
K7 ¨_143 y 79A;H#5t7c:I02@TH2<FEB>I79H214A;Ea3`:I>I1J823r>`\2A2A21JA2E
79G4@9A2E.:I02<[14A2A2<?>Ofr79GJG43g@9Ls:I02<§560279ou]h<->-Xg/+02<a79A2@TH2<�fg14>I<�1J3ª¬c<-8;:F7c:F7.A2@Bo.14A�7cG³bB@BG�:679E9<
@9L �;XJ¸ ½ ¬C¿ 14A°@B8h<->I7c:=1JA2E~5-@9A2H21J:I14@BA;3 y 3I@~:I0�7c:D:=02<g560�7cou]i<?>I3D@B8h<->I7c:=<+1JA°:I02<g82>I@98i@B>©:=1J@BA�79G
3`:I>I<t7coQ<?>«o.@TH2<9X¶/+02<ªH;>I1JL :%�2<-G4H.143%¬c<-8;:r5-@BA;3`:67cAd:q7c: -C¼9¼~¿�5-o ���s]CZK:I02<g5-@B828h<->«EB>I79H214A;E
3`:I>I148;3-X[/+02< � � 5-@T@B>IH;14A�7c:I<a1J3FEB1Jb9<-A)]CZ�:I02<u:=1JoQ<§H2<-G47�Zl14A�:I02<u3`14EBA�7cGp@BA�:I02<K5t7c:I02@TH2<
fg14>`<Ofg1�:=0.>I<-3`8i<?5?:q:=@�:=02<O]i<-79o�5->`@B3I3 ^�@�bB<?>~� 1+² Y � 79A;HQ1J3«\;3I<-HQLn@B>%:=>I1JEBEB<?>I14A;E~H2<-5?143I1J@BA23?X
/+02< 
F5?@_@B>`H214A27c:=<«143¶5t79GJ5-\2G47c:=<?Ha]CZ§:I02<}>`<-G®7 :=1Jb9<«:I14o.<qH;1�'i<->I<?A25-<r14A§:I02<+79>`>I1�b97cGT@cLM7�3I1JEBA�79G
7c:+<?1J:=0;<->r<?A2H�@9L�:=0;<~560�79ou]h<->?X%/¶@u:I02143}<('³<?5?: y @BA2<F@cL�:=02<~5-7c:=02@TH2<FE9>=79H21JA2Ea3©:=>`14823}1J3}3I<W:
\28 793�7mH2<-G47tZ¥GJ14A2<�fg0214560¥821456¬d3F\28 7Q3I14E9A�79G!Ln>I@Bo :=0;<u7tbc79G®79A;560214A2EQ<-GJ<-5?:I>I@BA;3�Ln>I@Bo :I02<
EC793?X«� 5?>I@B3`3ª3`<-5W:=14@9Al@9Lp7u:�ZT82145-79G�560�79ou]h<->g5-79A�]i<�3I<?<-Al14A�·p14E9\2>I< z X ¢;X
	�
 � 
�� 
���!�� #%!�� � ����� ����#�� � �)!�� !�� ��
 %

/+02<~k ��·¡5?@BA23I1J3`:I3r@9Li:�fr@u8;G®79A2<?3r@9L³G41JoQ1�:=<-H°3©:=>I<-79o.<->«H2>I1�L :q560279ou]h<->I3q@BAm<-79560#<?A2H25t7c8jX
/+02<-1J>FH2<?3I14E9A�143ª3I14o.14G479>}:=@#:I0�7c:�@9L%:=02<Kk�� 1 560�7cou]i<?>I3?X~/+02<u82G479A2<-3F79>I<§H21JbT14H;<-H�1JAd:I@



����� ����������� ��� � � � ��� � �,� �
� �$�

Anode (r/o one end                )[r-phi]

(r/o both ends        ) [z]
Grading line Cathode Delay Line
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������I M !�����< ">=@?A=CBED j�FHGJILKNM ?COQPSRTP&BEU.VJWXVYP I =@?COQ= I>ZJ[ O [ BEV F W M ?AOJP
� ��������� G P\?CP]D]? I =&^

0 T M P&= [ P]?AWXD`_ba � VJO I ? I>MQF P F D&BEVJW MQ[.ZQMJG P]?AP&D\?CP GcGJILKNM ?AOJP`RTP&BEUdVJWeVTP:^

0gf OJP�VJ=AP F P M D&P I:h)I>M P`P M P&= [ P]?AWXD M P Z ?A=AW MJIih = I Uj?AOJP�kXP&Vl? I>M WeD r G P&D&Bnm>^ f OJW FN[>I P F
ZJMJG P]?CP]D]?AP G ^

0 � P FAI k Z ?AW I>M$IEh h P]? F P M P]= [ moU.PnB FpZ =AP]UqP M ?n^

f OJPiBER ILr P h BED]? I = F D I>M ?A=AWXR Z ?CP�? IsF UqP&BE=tB MJG RJWXB F ?COJPuW Mvr BE=AWXB M ?tUqB FpFtG W F ?A=AWXR Z ?CW I>MJFNIEh
?COJPqkXP]VQ? I>M WXD!B MJG O8B G = I>M WeD F m F ?CP]U F ^w_ M ?COJP.DnB F P I:h ?COQP G Wyx h P]? F m F ?CP]U@z � I>M ?CP � BE=Ak I
F ? ZJG WXP FuF O ILK ?COQP.U.PnB FAZ =pP G h P]?�P M P]= [ m{W F D I>MJF W G P]=CBERQkem�k ILK P]=`?AO8B M ?COJP!?C= Z P!VJ=AWeUsB:=pm
| Z BE=A}iP M P&= [ m>^ f OQW F RJW~B F P F ?COQP�W Mvr B:=AW~B M ?�UqB FpF�G W F ?A=AWeR Z ?CW I>M ? ILK BE= GQF k I�K P&= r BEk Z P F ^ f OJP
h P]?uP M P]= [ m�=pP FAI k Z ?AW I>M P �TP&D\? F RJ= I B G P M ?AOJP G W F ?A=AWeR Z ?CW I>M ^q_ M ?COJP.kXP]VQ? IEM WXD F m F ?CP&Uwz�?AOJP
P&keP&D]?A= I>M B MJG U ZQI>M P M P]= [ m!=pP FAI k Z ?AW I>M W F D I>MJF W G P]=CBERQkemiRYP]?p?CP&=�?AO8B M ?COJP h P\? IEM PEz�B MQG ?AOJP
RJW~B F D I =p=AP F V IEMJG W MQ[ kem F UqBEkXkeP&=]^u��VJ= I RJkeP&U�B:=AW F P F�h = I U�?AOJPiVJ=AP F P M D&P IEh ?COJP M P Z ?C=pW MJI z
K O I>F P h�I>Z =�U I U.P M ? Z U�W F�MQI ? K P]kXk G P\?CP]=AU.W M P G ^ f OJW F W F�GJZ P(? I ?AOJPNVJ=AP F P M D&P I:hTh�Z =b?COJP]=
FAI>Z =AD&P FqI:h U.W FpF W MQ[ U I U.P M ? Z U@z FpZ D�O5B F _bal��z K OJWeD�O�W F ?�m
VJWXD&BEkXk�m�P]UqW�?A?CP G�GJILKNM ?AOJP
RTP&BEUdVJWeVTP:^
�p� 3Z183:EF3:1 =8@ #e6 �S3 ;>=�1 #sH�3<183�#J6��$3�#a1�3Z;5@JAS6�? &&3:1�?-A�Q = �$@ � �S@ 6�@BA`6 �S3<1 3 ! 3:A = #aA & H�3:AS;53 � = �$@

?-A ! #J18? #aA =�# #J6�6�3 6:R
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�tke?AO I>ZJ[ O ?AOJP�
Q?sU.P]?AO IlG VJ=pP F P M ?CP G W M � OJBEVQ?CP]=
�HW F.ZJM RJWXB F P G B MJG�G P F W [>M P G ? I
?�BE}:PcB:kXk FpZ D�O P4� P]D]? F W M ? I BED&D I>ZJM ?nz We? FiF P MJF We?AW r We?�m G P&VYP MJGJF.[ =pPnB:?Akem IEM ?AOJP F O8BEVYP IEh
?COJP@W Mvr BE=AWXB M ?!UsB FAF.G W F ?C=AWeR Z ?AW I>M B MJG�FAI W F keWXU.We?AP G Rvmg=AP FpI k Z ?CW IEM P4� P]D]? F ^ � ILK P r P]=&z
P��
?C=AB�W MQh�I =pUsB:?AW I>M UsBnm RYPwB GJG P G ? I ?AOJPoDnBEkeD Z kXB:?CW I>M IEh ?COJPoW Mvr BE=pW~B M ?!UqB FAF ^�� F W MJ[
} MJILK kXP GQ[ P IEh ?AOJPoD&P M ?A=AP IEh UsB FAF P M P&= [ m IEh ?AOJP j&q_j k D I kekXW F W IEMJF z K PoDnB M BEVJVQkem�? K I
F P\? F�IEh D I>MJF ?C=CB:W M ? F ^���WX= F ?nz K P.WXU.V I>F P D IEMJF P]= r B:?CW I>M{IEh P M P]= [ mEz ?AO8B:?`W F z ?CO8B ?�?AOJP FAZ U
IEh ?AOJPcP M P&= [ m IEh ?COQP��pVJBE=p?AWXD&keP F���� B MQG B M m G P]?AP&D\?CP G _bal� VQO I ? IEM W F P | Z B:k�? I ? K WXD]P
?COJPoU.PnB FpZ =AP G������ RYPnBEU P M P]= [ mE^galP&D I>MJG z K PwWeUqV I>F P�D I>MQF P&= r B:?CW I>M�IEh U I U.P M ? Z U@z
K OJP&=pP&Rvm�?COJP r P&D\? I =pW~BEk FpZ U IEh ?COJP$U I U.P M ?�B IEh V8B:=p?CWeD&keP F B MJG _baQ�dVQO I ? IEM U ZJF ?!RYP
� P]= I ^ f OJP F P h�I>Z = D I>MJF ?C=ABEW M ? F B FpFAZ U.P�?CO8B ? ?COJP]=AP�BE=AP MQI _baQ� VJO I ? I>MJF P F DnBEVJW MJ[�GJILKNM ?AOJP
RTP&BEU.VJWXVYP B MJG ?CO ZJF B:VJVJ= I �lWXUqB:?AP&kem$B FAF W [>MJF ?COJPuUqW FAF W MJ[ U I U.P M ? Z Ud? I ?AOJP M P Z ?C=pW MJI ^
� 
 h ?AO�D IEMJF ?A=CBEW M ?�W F BEVJVJkeWXP G ? I WXU.VJ= ILr P�?COJPtW Mvr BE=AWXB M ?�UqB FpF =AP FAI k Z ?CW I>M � ?COJPtUsB FpF P F IEh
?COJP�kXP&Vl? I>M WeD�B MJG O8B G = I>M WeD F m F ?CP]U F B:=AP =pP | Z WX=pP G ? I RYP�?COJP F BEU.PE^ �`W r P M ?CO8B ?�?COQP K W G ?AO
IEh ?AOJP�W Mvr BE=AWXB M ?NUsB FpFNG W F ?C=AWeR Z ?AW I>M W F(GQI UqW M B:?AP G R�m$?AOJP G P]?AP&D]? I =�=AP FpI k Z ?CW IEM P4� P]D]? F W�?
W F�MJI ? ZQM =AP&B FAI>M BERJkXPN? I ?A=APnB ?�?AOJP r R IEFAI>MJF W M B M P r P M ? B F�I>M x F OJP&kek�B MJG B FAF W [>M ?AOJP�? K I
UsB FAF P F ? I RTPtP | Z BEk ^ f OJW F =AP FpZ ke? F W M ?COQP�=AP]D I>MJF ?C= Z D]?AW I>M�I:h I>M kem IEM P r W Mvr BE=AWXB M ?�UqB FpF
h�I =(PnB:D�OcP r P M ?n^

f OQP D I>MJF ?A=CBEW M ? F B MJG ?COJP{DnB:kXD Z k~B:?AW I>M IEh ?COJP�W Mvr BE=pW~B M ?oUqB FAF P F BE=AP I RQ?CBEW M P G R�m
VTP]= h�I =pUqW MJ[ B$D I>MQF ?C=ABEW M P G }
W M P&UqB:?AWXD"! 1 
Q? ZJF W MJ[�#�$&%�'	(&)+* d X�� f ^ f OJPqW M V Z ? F BE=APi?AOJP
UqP&B FAZ =AP G G We=AP]D]?CW I>MJF B MJG P M P]= [ WeP F$I =oBER FAI k Z ?CP�U I U.P M ?�B I:h ?AOJPHV8BE=b?CWeD&kXP F B MJG _bal�
VJO I ? I>M DnB MJG W G B:?CP:z B MQG ?COJP�P]=A= I = F B FAFAI D&WXB:?CP G ? I P&BED�O IEh ?CO IEF P | Z B M ?CW�?CWeP F ^ _ M ?AOJP
DnB F P IEh h P\? F ?AOJP�P&=p= I = F BE=pPsV8BE=ABEU.P]?C=pW F P G B F B h�ZJM D\?CW I>MSIEh ?AOJP h P\?iV I k~BE=uB MJ[ kePE^ f OJP
W M W�?CWXBEk M P Z ?C=pW MJI U I UqP M ? Z U r P&D]? I = W F ?�BE}:P Mch = I Uj?COQP P r P M ?�U.W FpF W MJ[ U I U.P M ? Z U@z8R Z ?
W F�[ W r P M B�k~BE= [ P P]=A= I = FAI ?AO8B:?`We? O8B F keWe?A?AkXP`V Z kek I>M ?AOJPi=AP FAZ k�? h = I U ?AOJP"! 1 
Q?n^ f OJPe�
kXP]VQ? I>M W F ?A=AP&B:?CP G B F B h P]?tB F W�?(O8B FNK P]kXk G P,
 M P G�G We=AP&D\?CW I>M R Z ? ZJMJG P,
 M P G P M P&= [ m>^ f OJP
G P]?CBEWXk FNIEh ?AOJP }�W M P&UqB:?CWeD-
J? D&B M RYP h�IEZJMJG W M �tVJVYP MJG W.� ; ^ ; moD I>MJF W G P&=pW MJ[ ?COJP�P&=p= I = F
I>M ?COJP{U.PnB FpZ =AP G | Z B M ?CWe?AWXP F W M ?COQPHP r P M ?@?AOJP{}
W M P&UqB:?AWXD/
Q?oP��lVJk I We? F ?AOJPHVJ=pP&D&W F W I>M
W M ?AOJP�P]kXP&D\?C= I>M P M P&= [ m I =qU ZJI>M U I U.P M ? Z U@z(B MJG W M ?AOJP | Z BE=p} I = � h P\? G WX=pP&D\?CW IEM
UqP&B FAZ =AP&U.P M ? F ^

f OQPHWXU.VJ= ILr P]UqP M ?$W M ?AOJP G P]?AP&=pUqW M B:?CW I>M5IEh ?AOJPHW Mvr BE=AWXB M ?�UqB FAF D&B M RTP F P&P M W M
��W [EZ =AP � ^1032>z K OQWXD�O F O I�KNF ?COJP G W�x h P\? UqB FpF =AP FAI k Z ?CW I>M RYP h�I =pP B MQG B h ?CP]=t?AOJP }�W M P]UsB ?CWXD

J?n^ f OQP }�W M P]UsB ?CWXD4
J?�m
WXP]k GJF B M WeUqVQ= ILr P G U.PnB FpZ =AP]UqP M ? IEh B F P\? IEh P r P M ? I R F P]= r BERJkeP F ^
5 �$3 ;:@JA`68? &�3:1 #B6��$#a18=8? ;59-3<6 =�H�3��
35=�6"#JA & 9-3 �&=�@JA`6�EF18@ # �GH�?-; H^=8H�3 ?�A ! #a1�? #aA = # #J6�683<6�;�#aA ��3 @ �&=%#a?-A�3�& R
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Mjj  Reconstructed  - Mjj Generated  (GeV)
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;:@JA`6�=81%#a?-A�3�&�� ?�A`3 # # =�?-; ��=PH$#J6 ��3:3:A ��3:18EF@J1 #L3�& R��$3<68? &�3<6_? # �`18@ ! ?-A�Q =8H�3 1�3<68@J9-D&=8?-@JA � =�H�3�� ?-A�3 # # =�?-; ��=

1�3�&&D`;:3<60=8H`3���? #B6G?-A^=�H�3 183 ;5@BA`6
=�18DS;>=83 & # #B686<R
� h V8B:=p?CWeD Z kXBE= WeUqV I =p?CB M D]Pq? I ?AOJW F B M BEkem F W F BE=AP�?AOJPoW Mvr BE=AWXB M ? UqB FAF P F =AP FAZ k�?CW MJ[Hh = I U
G W �TP&=pP M ? D I>MJF ?C=ABEW M ? F zvB MJG ?COJP�P&=p= I = I>M ?COJP F P | Z B M ?AWe?AWXP F ^ f OJP VJ=AWeD&P�? I V8Bnm h�I = ?AOJP [ BEW MQF
=AP FAZ k�?CW MQ[!h = I Uj?AOJP`D I>MJF ?C=ABEW M P G 
Q?tW F ?COJP G We=AP]D]? G P&VYP MQG P M D]P IEh ?COQP 
J?p?CP G }�W M P&UqB:?CWeDnBEk
r BE=AWXBERJkXP F I>M ?AOJP ����� RYPnBEU P M P]= [ mE^ f OQP ZJM D&P]=p?CBEW M ?�m�W M ?COJP P M P]= [ mHD&BEkXWeRJ=CB ?CW IEM@MJILK
P M ?CP]= FqG WX=pP&D]?Akem W M ? I ?COJP F P MJF W�?CW r W�?�m K We?AO K OJWeD�O�VJBE=CBEU.P]?AP&= F D&B M RYP 
J?A?AP G�h = I U ?AOJP
}�W M P]UsB:?AWXD&BEk r BE=AWXBERJkXP G W F ?A=AWeR Z ?CW I>MJF	� ^(_ ? F P �TP&D\? I>M ?COJPs����U.PnB FAZ =pP&U.P M ? W FtG W F D ZJFAF P G
W MoF P]D]?AW I>M X ^1�l^
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f OJW F D�O8BEVQ?AP&= G P F D]=AWeRTP F ?COJP 
J?A?AW MJ[ UqP\?CO I
GsZJF P G ? I P��
?C=ABED]?"!�� B MJG ��� h = I U j&qGj k �
r q r k � k �$# | �| � P r P M ? F�F P]kXP]D]?CP G B:?�D&P M ?C=AP I:h UqB FpF P M P]= [ WeP F RYP]? K P&P M 2�% � B MJG 0'& 0)(�P+* ^
alP&D\?CW I>M �l^ � K WXkXk�W M ?C= IlGJZ D&P!?COJP!R8B F WXD.VJ=AW M D&WeVJkXP F RTP]OJW MQG�MJI>M x�V8BE=ABEU.P]?C=pWXDiU.P]?AO IlGQF`h�I =
VJ= I R8BERJWekXWe?�m G P MJF We?�m P F ?AWXUqB:?CW I>M B MQG ?AOJP&We=)BEVQVJkXWeDnB:?AW I>M ? I V8BE=ABEU.P]?CP]= 
J?p?CW MJ[ B MJGiZJMlh�I k G x
W MJ[ ^)_ M alP]D]?CW I>M �l^ � ^10 B M�ZQM RQW MJM P G UqB �lWXU Z U�keWX}:P&kXWeO I
IlG U.P]?CO IlG.K WXkXk�RYP G P F D]=AWXRYP G W M
G P]?CBEWXk ^!� F WXU.VJkXP]=�RJW MJM P G UsB��QWeU Z U kXWe}EP&keWXO I
I
G UqP\?CO I
G z ZJF P G B F BoD&= I>FAF D�OJP&D�}�z K WekXk
BEk FpI RTP G P F D]=AWeRTP G ^ f P F ? F!IEh ?COJP$VYP&= h�I =AUqB M D]PoB MJG D IEMJF W F ?CP M D]m I:h ?AOJP$U.P]?CO IlGJF K WekXk
RTP F O I�KNM W M alP]D]?CW I>M �l^ X ^ f OJP&We=�WeUqVQkXP&U.P M ?CB:?CW I>M ? I ?COQP.U.PnB FAZ =pP&U.P M ? I:h !�� B MJG
��� W MqF P]UqWyx�kXP]VQ? IEM WXD r q r k P r P M ? F(K WXkek�RTP G P F D&=AWeRTP G W M alP&D\?CW IEM �l^ V ^ f OJP�=pP FpZ ke? F IEh
?COJPtUqP\?CO I
G BEVJVJkeWXP G ? IuG B:?CB h = I U ?COJP 2 ��� % B MJG 2 ����� = ZQMJM W MQ[ VYP&=pW I
GJF), D I =p=AP F V I>MJG W MJ[
? I.- / =AB MJ[ W MJ[ RTP\? K P]P M 20% � B MJG 0'& 01(`P2*43 K WXkek RYP�VQ=AP F P M ?CP G W M65 OJBEVQ?CP]= V ^

�$
87 9 �.�$,.�����: &�.�H/

f OJP�U.P]?AO IlGQFqh�I =qV8BE=CB:UqP\?CP&= 
J?A?AW MJ[ B MJG5ZQMQh�I k G W MJ[�G P F D&=pWXRYP G W M ?COJP h�I kXk I�K W MJ[�F P&D�x
?CW I>MJF BE=AP [ P M P&=ABEkXW F BERQkXP ? I@G W�� P]=AP M ?�}�W MQGJFuI:h VJ= I RJkeP&U F B MJG FpI B:=AP I>Z ?AkXW M P G W M ?CP]=AU F
IEh BER F ?A=CBED\? F P]? FqI:h I R F P&= r BERJkXP F B MJG V8BE=CB:UqP\?CP&= F ^ _ M�K O8B:? h�I kek ILKNF z<;>=�=AP&VQ=AP F P M ? F B
r P]D]? I = IEh�I R F P]= r BERJkeP F?,A@CBEDF@ 1 DF@HGID �\�\�JDF@ $ k B8DF@ $ 3 h�I =�B M P r P M ?4K(B MJG�L;>=�=AP&VQ=AP F P M ? F ?AOJP
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 0.1513E-01
 0.9968

  38.81    /    44
Constant   1275.
Mean  0.1511E-01
Sigma  0.9955

Mean
RMS

-0.2164E-01
  1.019

  31.20    /    46
Constant   1277.
Mean -0.2263E-01
Sigma   1.017

Mean
RMS

 0.9154E-02
  1.110

  43.84    /    43
Constant   1278.
Mean  0.7128E-02
Sigma   1.108
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Combined 192-202 GeV
Mean
RMS

 0.7331E-02
 0.9901

  62.03    /    44
Constant   1278.
Mean  0.7426E-02
Sigma  0.9865

Mean
RMS

 0.4912E-04
 0.9952

  40.09    /    44
Constant   1275.
Mean -0.1208E-02
Sigma  0.9934

Mean
RMS

 0.7340E-02
  1.000

  68.98    /    45
Constant   1286.
Mean  0.8956E-02
Sigma  0.9908
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Combined all channels
Mean
RMS

-0.8827E-01
 0.9973

  348.4    /    43
Constant   1311.
Mean -0.8113E-01
Sigma  0.9556

Mean
RMS

-0.9017E-01
  1.003

  292.0    /    42
Constant   1324.
Mean -0.8329E-01
Sigma  0.9762

Mean
RMS

-0.6188E-01
 0.9890

  189.7    /    44
Constant   1293.
Mean -0.5501E-01
Sigma  0.9687
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80.0 81.0

MW[GeV]

LEP working group
χ2/dof = 31.8 / 37

ALEPH [1996-2000] 80.471±0.049

DELPHI [1996-1999] 80.381±0.072

L3 [1996-2000] 80.398±0.069

OPAL [1996-1999] 80.485±0.065

LEP 80.446±0.040

 Winter 2001 - LEP Preliminary

1.5 2.0 2.5

ΓW[GeV]

LEP working group
χ2/dof = 17.7 / 21

ALEPH [1998-2000] 2.13±0.14

DELPHI [1997-1999] 2.10±0.14

L3 [1996-2000] 2.24±0.19

OPAL [1996-1998] 2.04±0.18

LEP 2.15±0.10

 Winter 2001 - LEP Preliminary
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W-Boson Mass  [GeV]

mW  [GeV]

χ2/DoF: 0.0 / 1

80 80.2 80.4 80.6

pp
−
-colliders 80.452 ± 0.062

LEP2 80.446 ± 0.040

Average 80.448 ± 0.034

NuTeV/CCFR 80.25 ± 0.11

LEP1/SLD/νN 80.357 ± 0.033
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